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The r eac t ion  of subst i tu ted  az i r td tnes  with indole was studied. It is shown that the p re sence  
of e l ec t ron -donor  subst i tuents  a t tached to the carbon a tom or of bulky subst t tuents  a t tached 
to the ni t rogen a tom in az i r id taes  favors  c leavage of the azt r id ine  r ing  by  indole to give de-  
r i va t ives  of t ryp tamine  and t ryptophan.  

It  is known that az t r id ine  r e a c t s  with indole or  [ndolylmagnesium bromide  to give t ryp tamine  [2, 3]. 
In addition, we have p rev ious ly  es tab l i shed  that 3 -pheny laz i r id ine -2 -ca rboxy l t c  acid e s t e r  is c leaved by in- 
dole to give /3-phenyltryptophan e s t e r  [4]. In the p r e sen t  communica t ion  we desc r ibe  exper iments  under -  
t aken  in o rde r  to de te rmine  the r ange  of appl icat ion of this r eac t ion  for the synthes is  of t ryp t amtnes  and 
t ryptophans  subst i tu ted  in the side chain. In doing so we es tab l i shed  that nei ther  mono-  and 2 ,3-d ia lkyl -  
az i r id tnes  t h e m s e l v e s  nor  the i r  t e t r a f luo robora t e s  r e a c t  with indole or  indoly lmagnes ium halides.  We were  
also unable to introduce tmsubsti tuted or  1- and 3 -a lky l - subs t i tu ted  e s t e r s  of az i r id inecarboxyl ic  acid into 
this reac t ion .  In all of these  ca s e s ,  po lymer iza t ion  of the e thylenetmtnes  predominated .  However ,  2 -phe-  
nylaz t r id ine  (I) r eac ted  with indole under the influence of boron t r i f luor ide  e thera te  and p a r t i c u l a r l y  r ead i ly  
when it was heated  with t e t r ace ty l  diborate .  According to the r e su l t s  of th in - l ayer  ch romatography  (TLC), 
the amine  por t ion  of the r eac t ion  products  consis ted  of one substance ,  for which it was shown that it was 
identical  to /3-phenyl t ryptamine.  The faci l i tat ion of the reac t ion  of this case  is p robably  a s soc ia t ed  with 
an e lec t ron ic  fac tor  - s tabi l iza t ion of the posi t ively  charged  C(2 ) carbon a tom of the azt r td ine  r ing by con-  
juga t ionwi th the  r e lec t rons  of the benzene r ing.  He te rocyc l tc  subst i tuents  manifes t  a s im i l a r  effect.  When 
az t r id tne  Ib t was heated  with indole and t e t r ace ty ld ibo ra t e  in n i t romethane ,  g l a s sy  t ryptophan e s t e r  l ib,  
which we were  unable to p r e p a r e  in analyt ical ly  pure  fo rm,  was formed.  It  was saponified with alkali ,  and 
/3-carbol ine IIIb was obtained a f te r  t r e a t m e n t  with acetaldehyde and d ichromate  by the method in [4]. 
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I a - c  II a - d  III b 

[--Iti., R = R " - H ,  R'=C~Hs; b R=H, R'=l-benzimidazol-2-yl ,  R~=CO2--/-CaH7; 
c R=C tCHa)a, R'=H, R"=CO..--i-CaH7; I:d R=C(CHa)a, R'=CQ--i-CaHT, R"=H: 

Ster ic  f ac to r s  a lso  affect  the reac t ion  under considerat ion.  A bulky subst i tuent ,  by hindering poly-  
mer iza t ion ,  favors  r eac t ion  with indole. However ,  s t ruc tu ra l  speci f ic i ty  in this case  is p robab ly  lost .  

* For  Communicat ion VI see  [1]. 
For  the synthes is  of Ib, 1 -benzy l -2 - fo rmy l tmidazo l e  was condensed with i sopropoxyearbony lb romoe thy l -  

ene t r iphenylphosphorane  [5] to give ( 1 - b e n z y l - 2 - t m i d a z o l y l ) - a - b r o m o a c r y l i c  acid e s t e r ,  which was cycl ized 
to Ib by t r e a t m e n t  with ammonia  in dimethyl  sulfoxtde. The s i m i l a r l y  obtained indole b r o m o a c r y l a t e  did 
not undergo the cycl tzat ion reac t ion .  
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Thus, t rea tment  of 1- ter t -butylaz i r id inecarboxyl ic  acid es te r  Ie and indole with boron tr i f luoride etherate 
gave two i somers ,  which we were able to separate  by chromatography on si l ica gel. Intense peaks with 
m/e  172, 130, and 74, which cor respond  to ions a, b, and c, were r ecorded  in the mass spec t rum of the 
h igher-mel t ing  product .  One cannot exclude the possibi l i ty that the peak with m/e  130 is a composite peak 

+ 
containing a contribution f r o m  the (CH3)3C - N H  = CH-COOH fragment  ion, which is formed f rom ion a after  
loss  of a propylene molecule with hydrogen migration. The presence  of ion a at tests  to the fact that the iso-  
propoxycarbonyl  res idue  is in the (x-position with r e spec t  to the amine nitrogen, and the high-melt ing prod-  
uet, consequently, has s t ruc ture  IIc. 

+ ~ ' ~ - ~  ~cH2 I~H3_C(CH3)~. (CH3):,C--NH:CH--CO2--C3H 7 

H 

m/~ ,r2 b ,,/~ ~3o c m/e 74 
(~ t + 

d m/e 217 

~ CHCOOH f ~ . V _ . _ ~ C  H = C H2 

H H 

e m/e 171 f m/e ,4:~ g m/e ,~6 

The mass spec t rum of the low-mel t ing product contains intense peaks with m/e  217, 174, 143, and 86, 
which cor respond to ions d, e, f, and g. The es te r  function is, consequently,  in the f l-posit ion with respec t  
to the amine nitrogen, and i somer ic  s t ruc ture  lid should be assigned to the low-melt ing product.  

The other peaks in the mass spec t ra  conf i rm the proposed formulas .  The stabili ty of the molecular 
ions with respec t  to e lectron impact (W M) and the select ivi ty  (SJ2) proved to be grea te r  for the h igh-mel t -  
ing product.  

E X P E R I M E N T A L  

The melting points were determined with a Koffler block and were not correc ted .  The IR spec t ra  of 
KBr pellets of the compounds were  r ecorded  with a UR-10 spec t rometer .  The UV spect ra  of alcohol solu-  
tions of the compounds were obtained with a Speeord UV VIS spectrophotometer .  The mass spec t ra  were 
r eco rded  with an MKh-1303 spec t romete r  at an ionizing-chamber  tempera ture  of 150 ~ and an ionizing vol-  
tage of 70 eV. 

Isopropyl 2 -Brom0-3- (1 -benzy l -2 - imidazo ly l )ac ry la te .  A 7.5-g (0.04 mole) sample of 2 - fo rmyl imid-  
azole [6] was added cautiously to a solution of 20 g (0.04 mole) of i sopropoxycarbonylbromomethylenet r i -  
phenylphosphorane in 75 ml of pure methylene chloride,  and the mixture was allowed to stand at r o o m  t em-  
pera ture  for 20 h. It was then extracted with 5% HC1, and the precipi tated hydroehloride was removed by 
fi l t rat ion and s t i r r ed  with a sa turated sodium bicarbonate  solution. The solution was then extracted with 
ether.  The extract  was dried, and the ether  was evaporated to give white c rys ta l s ,  which were crys ta l l ized 
f rom benzene to give a product with mp 128-130 ~ in 68% yield. IR spect rum,  cm- l :  530 (C-Br ) ,  1620 
(C =C), and 1670 (C =O). Found.. C 55.4; H 5.4; Br 22.9; N 8.0%. C16Ht2BrN202. Calculated: C 55.0; H 4.9; 
Br 23.1; N 8.0%. 

Isopropyl  3 - (1 -Benzy l -3 - indo ly l ) -2 -bromoacry la te .  A solution of 4.61 g (0.0105 mole) of isopropoxy- 
carbonylbromomethylenetr iphenylphosphorane and 2.35 g (0.01 mole) of 1-benzyl-3-formyl indole  in 24 ml 
of benzene was refluxed for 8 h, after which the solvent was removed  by distillation, and the res idue was 
extracted thoroughly with boiling pe t ro leum ether.  The pe t ro leum ether was removed,  and the res idue was 
ehromatographed on 120 g of activity III aluminum oxide with b e n z e n e - p e t r o l e u m  ether (1 : 9) to give 1.5 g 
(40%) of color less  c rys ta l s .  Crystal l izat ion f rom cyclohexane gave an analyt ical ly pure sample with mp 
87.5-89 ~ . IR spec t rum,  em -L  700 ( C - B r ) ,  1620 (C =C), and 1715 (C =O). Found: C 63.5; H 5.1; Br 20.1; 
N 3.3%. C21H20BrNO 2. Calculated: C 63.3; H 5.0; Br 20.1; N 3.5%. 

2-(3-Indolyl)-2-phenylethylamine (IIa). A mixture of 344 nag (2.9 mmole) of indole and 950 mg (3.5 
mmole) of t e t r aace ty ld ibora te  i l l l .Sml of ni tromethane was maintained at 20 ~ for 15 min, after  which 294 
mg of phenylhydrazine [7] in 1.5 ml of ni tromethane was added. The mixture was s t i r r ed  f rom 3 h, after 
which dilute hydrochlor ic  acid was added, and the mixture was extracted with ether.  The aqueous l a y e r w a s  
made alkaline with po tass ium carbonate and extracted with methylene chloride. The extract  was dried with 
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sodium sulfate  and evapora ted ,  and the r e s idue  was c rys t a l l i zed  f r o m  benzene to give 300 mg (65%) of I Ia  
with mp 127-130 ~ No mel t ing-point  depress ion  was obse rved  for a mixture  of this product  with a s ample  
of known s t ruc tu re  [4]. 

T e t r aace ty l  d ibora te  was obtained by heating a suspens ion  of 20 g of bor ic  acid with 130 ml of acet ic  
anhydride until a v igorous  r eac t ion  developed. The hot solution was then f i l te red ,  and the product  was 
c rys t a l l i zed  by cooling the f i l t ra te .  

1 -Me thy l -4 - (1 -benzy l -2 - i m i dazo l y l ) - f i - c a rbo l i ne  (IIIb). A 10.0-g (0.035 mole) sample  of azi r id ine  Ib 
was added with wa te r  cooling to a s t i r r e d  solution of 19.2 g (0.07 mole) of t e t r aace ty l  diborate  and 6.2 g 
(0.053 mole) of indole in 50 ml of n i t romethane ,  and the mixture  was maintained at 25 ~ for 20 h. It was then 
poured into dilute hydrochlor ic  acid, and the acidic mixture  was ex t rac ted  with e ther .  The aqueous l aye r  
was made alkal ine with p o t a s s i u m  carbonate  and ex t rac ted  with ethyl aceta te .  The ex t rac t  was cooled in a 
r e f r i g e r a t o r ,  the prec ip i ta ted  c rys t a l s  were  sepa ra ted ,  and the f i l t ra te  was dr ied with sodium sulfate and 
evapora ted  to d ryness  to give 8.5 g of crude t ryptophan e s t e r  lib. A 7-g sample  of this product  was dis-  
solved in 17.5 ml of 2 N aqueous alcoholic sodium hydroxide,  and the solution was maintained at r o o m  t e m -  
pe r a tu r e  for  26-30 h. It was then neut ra l ized  with 35 ml of 1 N sulfur ic  acid, and the resu l t ing  oil was s ep -  
a r a t ed  and d isso lved  in 70 ml of 50% fo rmic  acid. The fo rmic  acid solution was mixed with 7 ml of ace t a l -  
dehyde, and the mixture  was allowed to stand at 17 ~ for 48 h. The acid and wate r  were  r e m o v e d  by vacuum 
dist i l lat ion to give 5.2 g of crude res idue ;  4.2 g of this r e s idue  was dissolved in 440 ml of wate r ,  and the 
solution was heated to the boiling point and mixed with 122 ml of 12% po ta s s ium d ichromate  and 26 ml of 
acet ic  acid. The mixture  was ref luxed for 5 rain, af ter  which it was cooled and t r e a t ed  with sodium sulfi te 
and neut ra l ized  with p o t a s s i u m  carbonate .  The resu l t ing  suspens ion was ex t rac ted  with ch lo ro fo rm,  and 
the subs tance  that  pa s s ed  into the ch lo ro fo rm phase was pur i f ied by ch roma tog raphy  on act ivi ty  III a lumi-  
num oxide. B e n z e n e - p e t r o l e u m  ether  eluted a f i r s t  f rac t ion ,  which was discarded.  Benzene elated 0.76 g 
of solid co lo r l e s s  f l -carbol ine  lIIb. UV s p e c t r u m ,  A.max, nm (log ~): 212 (4.44), 241 (4.45), 254 (4.46), 285 
(3.98), 294 (4.13), 349 (3.79), and 357 (3.90). The dihydrocblor ide  of IIIb had mp 360 ~ ( f rom methanol ,  in a 
sea led  capi l lary) .  Found.* C 64.1; H 5.2; C1 16.9; N 13.7%. C22H18N4.2HC1. Calculated:  C 64.0; H 4.9; 
C1 17.1; N 13.7%. 

I sopropyl  2 - t e r t -Bu ty lamino-3 - (3 - indo ly l )p rop iona te  (IIc) and Isopropyl  3 - t e r t - B u t y l a m t n o - 2 - ( 3 - i n -  
dolyl)propionate (IId). A solution of 0.50 g (2.7 mmole)  of az i r id inecarboxyl ic  acid e s t e r  Ic [8] and 0.48 g 
(4.1 mmole)  of indole in 4 ml of t e t r ahydro fu ran  (THF) was added to a cooled solution of 0.35 g (2.5 mmole)  
of boron t r i f luor ide  e thera te  in anhydrous THF. The solvent  was then r e m o v e d  rap id ly  in vaeuo,  and the 
res idue  was heated  at 100 ~ for 3 h. The g las sy  reac t ion  mixture  was shaken with 5% hydrochlor ic  acid and 
e ther ,  and the aqueous l aye r  was s e p a r a t e d  and made alkal ine with sodium bicarbonate .  The alkal ine mix-  
tu re  was ex t rac ted  with e ther  to give 0.5 g of an oil,  which c rys t a l l i zed  on t r i tu ra t ion  with cyclohexane.  
According to TLC,  these  c r y s t a l s  const i tuted a mixture  of two subs tances .  They were  spea ra t ed  by ch ro -  
ma tography  with a column fil led with s i l i ca  gel and elat ion with b e n z e n e - p e t r o l e u m  ether  (4 : 1) sa tu ra ted  
with a m m o n i u m  hydroxide.  The f i r s t  f rac t ions  contained 0.14 g of t ryptophan der iva t ive  lic with mp 120 ~ 
( f rom carbon te t rach lor ide) .  IR s p e c t r u m ,  cm- l :  1740 (CO), 3300 (NH), and 3420 (indole NH). Mass spec -  
t r um,  m/e (%): 302 (6), 287 (0.4), 245 (0.5), 230 (16), 215 (12), 188 (0.8), 172 (74), 159 (15), 130 (77), 116 
(59), 74 (100), 57 (48), 43 (12), 41 (25). Found.* C 66.9; H 7.9; N 8.6%. CIsH2~N202.H20. Calculated: C67.5; 
H 8.1; N 8.7%. 

Workup of the subsequent  f rac t ions  gave 0.1 g of lid with mp 101-103 ~ ( f rom carbon te t rachlor ide) .  
IR spec t rum:  1740 (CO), 3310 (NH), and 3400 (indole NH). Mass s p e c t r u m ,  m / e  (%): 302 (12), 287 (3), 245 
(1), 230 (2), 217 (24), 175 (20), 174 (33), 159 (8), 157 (11), 143 (32), 130 (44), 86 (I00), 57 (66), 44 (40), 43 
(45), 41 (71). 
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