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Abstract - The Bischler-Napieralski cyclisation of N-aoetyltryptarnine (3) in 
the presence of indole (5) affords a moderate yield of the diastereomeric 
spiroindolines 3 and 10 suggesting the intermediacy of a spiraindolenine a 
in this reaction. Evidence is provided to show that the minor reaction pro- 

ducts 2-methyltryptamine (z), tris-(3-indoly1)methane (2) and 6-[(o-amino- 

phenyl)methyl]-5,11dihyd~~ind~1~[3,2-bloarbzole (Ij) are derived from 

the spiroindolines 9 and 10. 

In 1985 we reported that during the phosphorus oxychloride-induced Bischler-Napieralski cyelisa- 

tion of Naoetyltryptamine (la) to the 3,qdihydro-8-carboline (see scheme 1) a small amount of 

the novel polyoyclic heterocycle 6 was formed. Two related heterocyoles,l and 4, were obtained in 

combined yields of aver 501, as determined by HPLC, from the acylated tryptamine a. 
The formation of compounds 6 ,  1 and 4 was rationalised by the mechanism depleted in scheme 1, 

in which a spiroindolenine intermediate 2 is intercepted inter-moleoularly by unconsumed starting 

material present in the reaction mixture. A rearrangement and subsequent cyclisation 

reactions then lead to the isolated polyoyles. 

It was of interest to ascertain whether the spiroindolenine intermediate 2 could be intercepted by 

other nucleophiles and, in this regard, the Bischler-Napieralski cyclisation of N-acetyltryptamine 

(la) in the Presence of excess indole (15) is described (see soheme 2). 

Indole (15) was chosen tbr this study, because it would be expected to retain its nucleophilicitY 

under the acid reaction conditions. Furthermore, since its 3-substituent is hydrogen and not an 

acylaminoalkyl group. its reaction with a spiroindolenine would be expected to lead to different 

reaction products. 2 



a) R =  CH, 

b) R = (CH~)~CO,CH, 

R-CH, 

1 R'. - 
- 6' 

In a typical experiment, N-acetyltryptamine (2) (50 mmol) was refluxed for 15 mi" in acetonitri- 

le (loo ml) oontaining phosphorus oxychloride (150 moll and indole (W (150 mmol). After cooling 

the solvent was evaporated under reduced pressure, the residue was basified carefully with 10% 

aqueous ammonia and the mixture was extracted with ethyl acetate (600 ml). Removal of the solvent 

and column chromatography (silioa gel) of the residue afforded a ca. 3:1 mixture (as determined by 

'H nor and HPLC) of diastereomerio addufts 9 and 10 (52.4% yield) as a white solid. This mixture 

was crystallised from methanol as a methanolate and characterised fully by physical methods. The 

stereochemistry of 2 and 10 was determined by NOE experiments and mass spectrometry (HPLC-FAB-MS- 

MS) performed on the mixture. 3~arious attempts to separate 9 from 10 on a preparative scale failed. 
4 5 Minor products of the reaotion were: 2-methyltryptamine (&I (9.6%), tris-(3-indoly1)methane (12) 

6 (0.81) and 6-[(~-aminophenyl)methyll-5,ll-dihydroindolo[3,2-blcarbazale (a) (3.5%). 
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Indole (a), i ndo l e  dimer 2 and indole  t r i m e r x  were a l s o  i s o l a t e d  from t h e  r eac t i on  mixture. 

1 Compounds z, l2, 15, & a n d  =were i d e n t i f i e d  by comparison o f  t h e i r  H nmr andtor  i r  s p e c t r a  

with those of au then t i c  samples. The s t r u o t u r e  of compound Q was determined by physioal  methods 

and oonfirmed by NOE experiments done on i t s  5 , l l -d imethyl  d e r i v a t i v e  s.' 

A p laus ib l e  mechanism f o r  t h e  formation of  t h e  r eac t i on  products 2,  l0, ll, 12 and u i s  shown i n  

scheme 3. The i n i t i a l l y  formed spi ro indolenine  % i s  in t e r cep t ed  by indole  (&), a f fo rd ing  i n t e r -  

mediate s. The l a t t e r  i s  analogous t o  in termedia te  * (scheme 1 )  obtained on sp i ro indolenine  & 

being in tercepted  by s t a r t i n g  ma te r i a l  la. 

Sinoe ,  however, i ndo l e  (15) is t h e  nueleophi le  i n  t h e  present  ease, t h e  indolenine  moiety of  i n t e r -  

mediate g b e a r s  a hydrogen atom a t  i t s  3-pos i t ion ,  t h e  l o s s  of which permits re -aromat isa t ion ,  

a f ford ing  t h e  diastereorners 2 and 10. 

The minor r eac t i on  Products 11, 12 and 11 oan be envisaged t o  a r i s e  from t h e  adducts 9 and 10 by a 

ring-opening process involv ing  aoid (see scheme 3).  F iss ion  o f  t h e  i ndo l ine  r i n g  of  t h e  sp i ro indo-  



l i n e s  2 and 2 affords  i n t e r m e d i a t e g ,  which reoYcl i ses  as  indicated and r e a c t s  with indole  (a) 
8 g iv ing  intermediate 20 ( c f .  indole  trimerisation ). F i n a l l y ,  the  l a t t e r  undergoes fragmentation 

affording 2-methyltryptamine (3) and the  h ighly  s t a b i l i s e d  cation a. 
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The conversion of  sp i rooyc l i c  compounds 2 and s i n t o  Z-methyltryptamine (11) was v e r i f i e d  exper i -  

mental ly.  Thus, when a ca. 3 : l m i x t u r e  of compounds 9 and 10 was heated i n  1 N  HC1 so lu t i on  fo r  30 

min, 24e thy l t r yp t amine  (g) ( i s o l a t e d  as its o x a l a t e  s a l t )  was obtained i n  20% y i e ld .  A smal l  

quan t i t y  o f  i ndo l e  (15) was a l s o  i s o l a t e d  from t h i s  r e ac t i on .  

The mechanism pmposed i n  scheme 3 f o r  t h e  formation o f  Z-nethyltryptamine (11) r e q u i r e s  t h e  car- 

bony1 oarbon of N-acetyltryptamine (&) t o  become carbon-2 of t h e  i ndo l e  moiety o f  tryptamine 11. 
1 3  I n  o rde r  t o  v e r i f y  t h i s  hypothes is ,  a c e t y l  [l- C1 tryptamine (z) was prepared from 901 13c-enri- 

ched a c e t y l  ch lo r i de  and tryptamine.  

The product  was submitted t o  a Bischler-Napieralski  r e ac t i on  of 1 h du ra t i on  i n  t h e  presence of 

i ndo l e  (3). me 13c-enriched 2-methyltryptamine (2) t hus  obtained ( y i e l d  8.31) was analysed as  

1 
i t s  oxa l a t e  s a l t  by H and 13c nmr spectroscopy ( t a b l e  1 ) .  

Table 1 - and 13c nmr Spectra o f  Compound a i n  DHSO-D, 

1 3 c  ( 5 0 . 3 2  MHz) 



The soectra were consistent with the 13c label being at the C-2 position of the indole molety, as 

required by the proposed mechanism. 

Evidence for the existence of cation1 is provided by the isolation of a small quantity of its 

reaction product with indole (151, tris-(3-indoly1)methane (Z). 

Cation 1 is also proposed to be the intermediate for the formation of the isolated indalo[3,2-bl- 

carbazole u. Some plausible mechanistic steps are shown in scheme 4. Formally, two further steps 
lead from 3 to : the cyclisation to the indolo[3,2-blcarbazole and the elimination of an 

indolyl group (in its protonated form). 

SCHEME 4 

In conclusion, the formation of the spiroindolines g and 2 during the Bisohler-Napieralski 

cyclisation of N-acetyltryptarnine (a) in the presence of indole further corroborates9 the 

exi~tence of a spiroindolenine as a central intermediate in this reaction. 
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3. 9 +lo (0.. 3:l) Methanolate. 

1 
9 (major) H Nmr (DMSO-D6;200 MHz)61.55 (m,lH-8); 2.00 (s.CH and m,lH-8); 2.90 (m,lH-9); - 3 

3.48 (m,lH-9); 5.10 (d,J=2.2Hz,H-2); 6.00 (d,J=Z.ZHz,H-1) 6.50-7.40 (m,ArH); 7.15 (dd,~dHz and 

1Hz,H-4'); 7.28 (d,J=2.5Hz,H-2'); 11.00 (br s,H-1'). 

NOE : irradiation H-2 enhancement CH ,H-1,H-2',H-4' 
3 

: irradiation CH (and one H-8) enhancement H-2, H-2', HA', other H-8. 3 

10 (minor) 'H Nmr (DMSO-D6;200 MHz) 61.45 (s,CH3); 5.22 (d,J=2.8Hz,H-2); 6.02 (d,J=2.8Hz,H-1). - 
Other signals obsoured by those of 2 and the solvent. 

NOE : irradiation CH enhancement H-2'. 
3 

C OH of solvation 3.14 (d,J=5Hz,CH3); 4.07 (q,OH). !3 
EIMS ( 70 eV, source 200°C) m/z 301 (M', 27%). 232 (100). 

HPLC - FIIB - MS - MS : 
- HpLC -micropacked capillary column (0.22 mm x 15 cm, 3 Nm ODE); mobile phase: C CN/H20, 5 
50/50 ( v l v ) ;  flow rate: 3 plhin; injected solution: 60 nl (1 pg/ml). 

- dynamic FAB source - matrix addition: glyoerol/water, 15/85 ( v / v ) ;  

flow rate: 2 Illlmin; 8 kV Xe gun; temperatme 40'C. 

- MS-MS - 26 ev Ar collision (EBQ : 3FFR); daughter ions of m/z 302 (M + H)*: 9 m/z 158 = 140% 

of parent, 10 m/z 158 = 80% of parent. 

287 (3.95), 279 (3.97), 211 (3.94), 215 (4.62). Anal.Calcd. for C20HlgN3.CH30H Cz75.65, 

Hz6.95, N.12.60 ; found C.75.79 Hz7.04 N-12.93. mp 155-160°. 

4. (oxalate salt) 'H Nmr (DMSO-D6;200MHz) 62.35 (s,CH ) ;  2.95 (S,(CH~)~); 6.87-7.05 (ZH), 
3 

7.25 (1H) and 7.45 (1H) (m,ArH); 8.33 (br s,NH2 and (co~H)~); 10.85 (br s ,  NH indole). 

mp and mmp 194-5' (authentic 2-methyltryptamine oxalate salt was prepared from Z-methyl- 

indole by treatment with i) oxalyl chloride ii) aqueous ammonia ili) lithium aluminium 

hydrlde iv) oxalic acid). 

1 
5. 2 H Nmr (DMSO-D6 ;200MHz) 6 6.06 (s,H-8) ; 6.84 and 7.01 (ddd,~=BHz, 8Hz and 1Hz,3H-5 and 3H-6); 

6.94 (d,J=2.2Hz,3H-2); 7.34 and 7.41 (br d, 3H-4 and 3H-7); 10.68 ( b r  d,J=2.2Hz, 3H-1). 

mp and mmp 244-50 (authentic sample prepared by method of Bahner, J. Med. Chem., 1965, 8,  397). 
1 

6. U H Nmr (DMSO-D~;~OOMHZ)~ 4.58 (s,CH2); 5.35 (s.NH2); 6.15-8.26 (m,ArH); 8.08 (s,H-12); 

11.00 (1H) and 11.07 (1H) (s,H-5 and H-11). 

Ir (~~r)cm-' 3400 (~H),1620,1580,1525,1490,1460 and 1425 (heterocycle). Uv (EtOH 95%)hmax nrn 

(log€ 400 (3.821, 380 (3.75), 333 (9.78). 317 (4.50), 275 (4.11), 262 shoulder (4.50), 

249 (4.491, 242 (4.49), 210 inflection (4.64). EIMS (70 ev, source 200°C) m/z 361 (M+, loo%), 

268 (64) 256 (M-C H N+H, 42). Anal. Calcd. for C H N C.83.08 H.5.30 Nz11.63 ; 
7 8 25 19 3 

found C.83.18 H.5.49 N.11.71. mp 353'(as determined by DTA). 



I. Methylation of (NaH/DMF/CH31) afforded compound 14. 

14 'H Nmr (DMSO-D6;200MHz) 6 3.86 (s,N5-CH3); 3.96 (s,Nll-CH3) ; 4.78 (br s ,  CH2) ; 5.35 - 
(b? s,NH 1 ;  6.24 (m,H-14); 6.36 (m,H-13); 6.82 (m,H-16); 6.91 (m,H-15); 6.99 (m,H-8); 2 

7.21 (m,H-2); 7.40 (m,H-9); 7.46 (m,H-3); 7.51 (m,H-4); 7.56 (m,H-10); 7.69 (m,H-7); 

8.29 (m,H-1); 8.31 (s,H-12). 

NOE : irradiation CH enhancement H-7,H-13,NH ,N -CH 2 2 5  3 

: irradiation N -CH enhancement H-4,H-13,CH2 
5 3 

: irradiation NlrCH enhanoement H-10,H-12. 
3 
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D. PrCchet, and L. Ngdelec, Ann. Pharm. Fr., 1978, &, 401; b) K.M. Bisvas and A.H. Jackson, 

J .  Chem. Soc., Chem. Commun., 1983, 85;,0) A.H. Jackson, P.V.R. Shannon, end D.J. Wilkins, 

Tetrahedron Lett., 1987, 28, 4901. 
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a )  J.R.Frost. B.R.P.GaudilliBre, and A.E.Wick, ref. 1; b) K.M. Bisuas, A.H. Jackson, and 

M. Tehrani, J. Cbea. Soc., Chem. Commun., 1982, 765. 

Received, 2nd September, 1988 


