
B R I E F  C O M M U N I C A T I O N S  

CYCLIZATICN OF 3-FORIViYL-2- 

ACETYLENYLINDCLE CXIMES 

T~ A. Prikhod'ko, S. F. Vasilevskii, 
and M. S. ShvartsDerg 

UDC 66. 095.252:547.15. 

The cyclization of ortho-substituted arylacetylenes is the basis for the synthesis of various condensed 

heterocyclic systems [I]. In the present work, we studied the possibility of cyelizing oximes of 2-acetylenyl- 
N-methylindol-3-aldehydes (I). Information on the intramolecular addition of the aldoxime group to an adja- 

Cent acetylenic group in aromatic compounds was lacking. Anderson and Sharp [2] reported that sulfonyl- 
hydrazones and aroylhydrazones of 2-ethynylbenzaldehyde cyclize in the presence of a base to give isoquinoline- 
N-imines, while the semicarbazone and 2,4-dinitrophenylhydrazone of this aldehyde and all these derivatives 
of 2-(phenylethynyl)benzaldehyde either do not react at all or are converted to polymer products. These re- 

sults obviously cast doubt on the possibility of carrying out the cyclization of oximes of vicinal aromatic acetyl- 
enylaldehydes. In addition, it is difficult to predict the direction of such a cyclization since the functional 

group in the starting compounds have N- and O-nucleophilic reaction sites and reaction is likely at either of 
these sites as well as at both the fi- and s-carbon atoms of the acetylenyl suDstituent. 

We have found that aldoximes (I) which contain various acetylenic groups are readily cyclized upon heat- 
ing to give the N-oxides of T-carbolines (II) 
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Oximes (Ia) and (Ib) undergo rapid cyclization even under the conditions for their formation from al- 
dehydes (IIIa) and (IIIb) upon heating at reflux in ethanol with NH2OH to give N-oxides (IIa) and (lib) in 85% and 

45% yield, respectively. Oxide (IID) was isolated as the stable hydrate C17HIsNIG2.H20 which retains water 
upon prolonged heating at 80~ at 2 ram. Ring closureofthe pyridine-N--oxide ring in (Ic) occurs with consi- 
derably greater difficulty. Heating (IIIc) with NH2OI-I in ethanol for 2.5 h gives oxime (Ic) in 73% yield; about 

20% (IIc) forms in addition to (Ic). The cyclization of (Ic) to (IIc) proceeds completely upon heating for several 
hours in pyridine or toluene at II0-I15~ The presence of KOH or Cu(I) compounds does not have a signifi- 

cant effect on the reaction rate. In order to confirm the structure, products (II) were reduced by PCI 3 to 7 - 
carDolines (IV) in 62-72% yields. The analytical and spectral data correspond to the structure of the com- 
pounds synthesized. 

We propose that this reaction may be rather general in light of the high nucleophflicity of the oxime 
group and the lack of steric hindrance to addition at the triple bond~ 

EXPERIMENTA L 

The NNIR spectra were taken on a Varian XL-200 spectrometer in CDCI 3 and the IR spectra were taken 

on a UR-20 spectrometer in CHCI 3. 
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2 - H e x y n - l ' - y l - l - m e t h y l i n d o l e  (V). A sample  of 7.7 g 2 - iodo- l -me thy l indo le  and 5.5 g n-BuC - CCu 
in 50 ml  pyridine was heated in an a rgon  a tmosphe re  at 110~ for 2 .5  h and then diluted with 0.5 l i te r  e ther  
and f i l t e red .  The e therea l  solution was washed with aqueous ammonia  and wate r  and dr ied over  Na2SO 4. 
Chromatography  on a lumina (grade II activity) and c rys ta l l i za t ion  f rom hexane gave 5.1 g (80.6%) (V), mp 
32 .5-33 .5~  Found :C  85.30; H 8.10; N 6.87%. C15Hj7N. Ca lcu la t ed :C  85. 26; H S.11; N 6. 63%. L R s p e c -  
t r u m  ( , ,  cm -1) : 2230 (C - C). PMR s p e c t r u m  (5, ppm) : 0.98 t (CH 3-C)  , 1 . 4 - 1 . 7  m (fi- and T-CH2), 2.52 t 
(~-CH2), 3.78 (CH 3 - N ) ,  6.67 (H3), 7 . 1 - 7 . 3  m (H4-6), 7.57 d (HT). 

3 - F o r m y l - 2 - h e x y n y l - l - m e t h y l i n d o l e  (Ilia). A sample  of 5.4 g (3.2 ml) POC13 was added gradual ly  to 
5 ml  DMF with cooling and then 5.7 g (V) in 5-7 ml  DMF was added. The mix tu re  was s t i r r e d  for 5.5 h at 
40-45~ poured onto 200 g ground ice ,  then made basic  with aqueous NaCH, and rapidly  heated to ref lux and 
mainta ined at this  t e m p e r a t u r e  for  1 rain. The product  c rys t a l l i zed  upon cooling (6.2 g). The solid was f i l -  
t e r e d ,  washed with wa te r ,  dr ied in a d e s s i c a t o r  over  P205, and r e c r y s t a l l i z e d  f rom hexane to give 5.6 g (IIIa) 
(86.7%), m p 4 4 . 5 - 4 5 . 5 ~  Found :C  8 0 . 2 5 ; H  7 . 4 1 ; N  5.76%. C16H17NO. Ca lcu l a t ed :C  8 0 . 3 0 ; H  7.16; N 
5.85%. IR s p e c t r u m  (v, e ra- l ) :  1625 ( C - O ) ,  2230 (C---C). PMR spec t rum (5, ppm): 0.97 t (CH3-C) ,  1 .5 -  
1.7 ( f i - andT-CH2) ,  2 . 5 8 t  (~-CH2), 3.76 (CH3N), 7 . 2 - 7 . 4  (H4-6), 8.28 d (HT), 10.13 (CHO). 

Analogous p repa ra t ions  were  c a r r i e d  out for:  (IIIb), 63.9% yield,  mp 160-161~ (dec, f rom benzene).  
Found :C  7 2 . 5 4 ; H  6 . 4 0 ; N  9.77%. Calculated for  C17H18N202: C 7 2 . 3 2 ; H  6.43; N 9.92%. IR s p e c t r u m  (v, 
cm -~): 1670 (C=O),  2 2 3 0 ( C - C ) .  PMR s p e c t r u m  (5, p p m ) : 2 . 6 5 t  (CH2NCH2), 3.68 ( C H 2 C - C ) ,  3 . 7 5 t  
(CH2OCH2), 3.81 (CH3N), 7 . 3 - 7 . 4  m (H4-6), 8.27 d (HT), 10.15 (CHO). 

(IIIc),  88.5% yie ld ,  mp 120-121~ (from 1:5 b e n z e n e - p e t r o l e u m  e ther ) .  Found: C 83.14; H 5.01; N 
5.27%. Calcula ted for  C18H13NO: C 83.37; H 5.05; N 5.40%. IR s p e c t r u m  (v, cm-1): 1675 (C-~O), 2230 ( C -  
C). PMR s p e c t r u m  (5, ppm): 3.91 (CH3N), 7 . 3 - 7 . 7  m (Ph, H4-G), 8.35 d (HT), 10.28 (CHO). 

2 -Bu ty l -9 -me thy l -T-ca rbo l ine  N-Oxide (Ha). A solution of NH2OH p r e p a r e d  by the neutra l iza t ion of 1.5 
NH2OH.HC1 by 1.1 g Na2CO 3 in 15 ml  was added to 3 .2  g (IIIa) in 25 ml ethanol and the mix tu re  was heated at 
ref lux for  2 .5  h, diluted with 30-40 ml  wa t e r ,  and evapora ted  in vacuum to a smal l  volume.  The res idue  was 
f i l te red  off,  washed with w a t e r ,  dr ied over  P205 and r e c r y s t a l l i z e d  f rom toluene to give 2 .9  g (85.3%) (IIa), 
mp 182-183~ (f rom ethyl aceta te) .  Found: C 75.58; H 7.16; N 10.98%. C16H18N20. Calcula ted C 75.56; H 
7 . 1 3 ; N l l . 0 1 % .  P M R s p e c t r u m  (5, ppm): 0 . 9 8 t C H 3 C ) ,  1 . 4 9 s e x t  (T-CH2), 1 . 8 0 q  (fi-CH2), 3 . 0 9 t  (~-CH2), 
3 .80 (CH3N), 7.14 (H i ), 7 . 3 - 7 . 6 m  (H5-7), 7.95 d (HS), 9.0 (H4). 

By analogy,  (IIIb) yielded 44.7% 2 - (N-morpho l ino )me thy l -9 -me thy l - -y -ca rbo l ine  N-oxide hydrate  (IIb)- 
hydra te ) ,  mp 189.5-190.5~ (f rom benzene).  Found: C 64.63; H 6.80; N 13.17%. Calculated for:  C17H21N3C3: 
C 64.74; H 6.71; N 13.32%. PMR s p e c t r u m  (5, ppm): 7 . 7 0 t  (CH2NCH2), 3.87 (CH3N), 4.04( ~ C - C H 2 - N ) ,  
7 . 3 - 7 . 6  m (H i ' 5-7), 7 .99 d (H 8) , 9.01 (H ~) , 1.92 (the signal is broadened upon the addition of PhCO2H and is 
not obse rved ,  H20 ). 

3 - F o r m y l - 2 - p h e n y l e t h y n y l - l - m e t h y l i n d o l e  Oxime (Ic). A sample  of 4 .4  g (IIIc) in 40 ml  ethanol and a 
solution of NH2OH p r e p a r e d  by the neut ra l iza t ion  Of 1.9 g NH2OH. HCI by 1.4 g Na2CO 3 in 10 ml wa te r ,  heated 
at  ref lux for  2 .5  h,  diluted with w a t e r ,  and evapora ted  to a smal l  volume in vacuum.  The res idue  was f i l -  
t e r ed  off ,  washed with wa te r ,  d r ied ,  and r e e r y s t a l l i z e d  f rom 320 ml  benzene.  Chromatography  of the product  
(4.4 g) consis t ing of (Ie) and (I/c) on s i l ica  gel us ing dichloroethane gave 3 .4  g (73.2%) (Ic), mp 147-148~ 
(dec . ,  f r om benzene).  Found: C 78.77; H 5.32; N 10.17%. Calculated for C18H14N20: C 78.81; H 5.14; N 10.21%. 
IR spec t rum (v, era- i ) :  2220 (C=-C), 3600, 3380 br (OH). PMR s p e c t r u m  (5, ppm): 3.86 (CH3N), 7 . 2 - 7 . 4  m 
(Ph), 7 . 5 - 7 . 6  m (H4-~), 8.13 d (HT), 8.60 (CH=N) .  

2 -Pheny l -9 -me thy l -T -ca rbo l ine  N-Oxide (Ifc). A sample  of 4.1 g (Ic) in 60 ml pyridine was heated at 
ref lux  under  argon for  4 h (un t i l th in - layer  ch romatography  on silufol with 2:1 d i ch lo roe thane -ace tone  as the 
eluent) indicated comple te  d i sappearance  of (Ic) and evapora ted  to d ryness  in vacuum.  The res idue  was r e c r y s  
ta l l ized  f rom ethanol to give 3.4 g (83%) (IIc), mp 221-222~ Found: C 78.76; H 5.04; N 10.21%. Calculated 
for  ClaHi4N20: C 78.81; H 5.14; N 10.21%. PMR spec t rum (5, ppm): 3.83 (CH3N) , 7 . 3 - 7 . 9  m (H 1 '5 '6 '7 ,  Ph),  
7 . 9 9 d  (H 8), 9.08 (H4). 

The introduction of KOH, CuC1 or  CuC - CPh to the reac t ion  mix tu re  or  the r ep lacemen t  of pyridine by 
toluene did not affect  the r e su l t  of the reac t ion .  

2 -Buty l -9-methyl - -y-carbol ine  (IVa). A sample  of 3 .5  g (2.3 ml) PC13 was added to 3.1 g (IIa) in 40 ml  
CHC1 a at 0-3~ heated at ref lux for 135 rain and poured into ice wa te r .  The mix tu re  was made basic  with 
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aqueous NaOH. The organic layer  was separa ted  and the aqueous layer  was extracted with CHCls. The chlo-  
ro fo rm solution was dried over  Na2SO 4. Recrys ta l l iza t ion  f rom hexane gave 2.1 g (72.5%) (V/a), mp 68-69~ 
Found :C  80 .62 ;H  7.72; N 11.78%. Calculated for C16H18N2:C 80 .63 ;H  7 . 6 1 ; N  11.75%. PMR spec t rum (5, 
ppm): 0 . 9 6 t  (CH3-C),  1.43 sext (T-CH2), 1 . 8 0 q  (fi-CH2) , 2 . 9 5 t  (~-CH2), 3.79 (CII3N), 7.11 {Hi), 7 . 3 - 7 . 5 m  
(H~-7), 8.10 d (HS), 9.19 (H4). 

Analogous preparat ions  were ca r r i ed  out for:  (IVb), 62.8% yield,  mp 114-115~ (from 1:2 b e n z e n e -  
hexane). Found: C 72.47; II 6.60; N 15.05%. Calculated for C17iil~N3�9 C 72.57; H 6.81; N 14.93%. PMR 
spec t rum (5, ppm): 2.57 t (CR2NCH2), 3.76 t (CH2OCH2), 3.81 ( )CH2N),  3.84 (CII3N) , 7 . 3 -7 .5  m (Hl'~-7), 
8.12 d (HS), 9.22 (Ha). (IVc), 62.1% yield,  mp 106-107 ~ {from hexane). Found: C 83.59; FI 5.67; N 11.00%. 
Calculated for C18HI4N2: C 83.69; H 5.46; N 10.84%. PMR spect rum (5, ppm): 3.85 (CII3N), 7 .3 -8 .1  l~l (if 1'5-7, 
Ph), 8.15 d (HS), 9.34 (Ha). 

C O N C L U S I O N S  

3 -Formyl -2 -ace ty l eny l - l -me thy l indo le  oximes readily undergo in t ramolecular  heterocycl izat ion with 
c losure  of a pyridine r ing and format ion of substituted 7-earbol ine  N-oxides.  
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The composi t ion and stabili ty of complexes of crown ethers  with metal  ions in solution are  determined 
to a significant extent by the nature of the solvent [1]. The react iv i ty  of the mac ro r ing  may  be evaluated in-  
dependently by ca r ry ing  out the complexation in the gas phase in the absence of solvent by mass  s p e c t r o m e -  
t r ic  methods.  In our previous work [2, 3], we showed that 18-crown-6 and macroeye l ic  thiourea derivat ives 
in the gas phase form 1:1 complexes with Group HI e lements .  In the present  work,  we studied the gas-phase  
complexation react ions  between 15-crown-5 (L 1) and b i s -15 -c rown-5  (L 2) and cations containing t ransi t ion 
meta l s ,  Group III meta l s ,  and r a r e - e a r t h  elements  

\ / 

L 1 L 2 

Acetylacetonate complexes (acac)nM , where M = Co (n = 3), Fe (n = 3), Cr (n = 3), Ni (n = 2), Mn (n = 2), 
Ga (n = 3), In (n = 3), Nd (n = 3) were used as the sources  of metal-containing cat ions.  The electron impact  

* Deceased.  
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