
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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mit ted December  22, 1983. 
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T A B L E  1. R e l a t i v e  Yie lds  of  S e c o n d a r y  Ions* in the  M a s s  S p e c t r a  

Ob ta ined  by the  C o m b i n e d  I o n i z a t i o n  o f  (acac)nM and 1 5 - C r o w n - 5  
(L = L i) o r  B i s - 1 5 - c r o w n - 5  (L = L 2) 

C r ( n = 3 }  N i ( n ~ 2 )  M n { n ~ 2 )  F e ( n ~ 3 )  

[ o n  

L* L 7 L ~ L z L h L 1 L ~ 

/o,,,o., o,771o.o I (acae) ~_2ML+ 0,23 0,t3 0,23 0,20 - t~0 ~0 
(acac) ~-2M (L-H) + . . . .  -. - 

1 C,o(n=S) Nd(n=31 I I n ( ~ 3 )  G a ( n = ~ }  

Ion 
LI 12 LI ' L~ I Ll L'  

(acac),~_~ML+ 0,83 0,87 i,0 i,0 

(acac) ~-2M (L-H) 4 - - 057 033 - 

The  p e a k  a m p l i t u d e s  a r e  0 . 0 1 - 0 . 1 ~  os the  a m p l i t u d e s  of  the  
pea~s  fo r  the  (aeae)n_ lM + i o n s .  

m a s s  s p e c t r a  of  t h e s e  compounds  at  low i o n i z i n g  p o t e n t i a l  (10 V) show p e a k s  for  the  m o l e c u l a r  ions  (acae)n  M+ 
and f r a g m e n t  ions  (acac )n_ lM +. The p r o d u c t s  of the  i o n - m o l e c u l e  r e a c t i o n s  of  the  m e t a l - c o n t a i n i n g  ions  wi th  
n e u t r a l  m a c r o c y c i i c  p o i y e t h e r  m o l e c u l e s  (L = L ~ o r  L 2) a r e  g iven  in  Tab le  1. 

The c o m b i n e d  i o n i z a t i o n  of v a p o r s  of  m e t a l  a e e t y l a c e t o n a t e s  and t h e s e  c r o w n  e t h e r s  g ive  s e c o n d a r y  ions  
[ (acac)n_iML] +, [(acac)n_2MLJ+, and [ ( a c a c ) n _ ~ M ( L - H ) ]  + ( see  TabIe  1). The p r o d u c t s  of  the  a d d i t i o n  of  a 
c r o w n  e t h e r  m o l e c u l e  to the  m o l e c u l a r  ion of  the  m e t a l  c o m p l e x ,  ( acac )nML+ w e r e  not  o b s e r v e d  in  any c a s e .  
The m o s t  l i k e l y  pa thway  fo r  the  f o r m a t i o n  of  ( a c a c ) n _ l M L  + ions  i s  r e a c t i o n  (1) i nvo lv ing  the  a d i t i ou  of  (acac)n_ 1 
M + ions  to the m a c r o r i a g  m o l e c u l e  and not the  s u b s t i t u t i o n  of  the  a c e t y l a c e t o n a t e  l i gand  in  the  m o l e c u l a r  ion .  
T h i s  h y p o t h e s i s  i s  s u p p o r t e d  by  the  m a s s  s p e c t r u m  fo r  In t r i s a c e t y l a c e t o n a t e ,  in  which  the  i n t e n s i t y  of the  
m o l e c u l a r  ion  p e a k  i s  n e g l i g i b l e .  N e v e r t h e l e s s ,  [(acae)2InLJ + ions  a r e  f o r m e d  in the  c o m b i n e d  i o n i z a t i o n  of  
th i s  c o m p l e x  wi th  the  c r o w n  e t h e r .  

T h e r e  w e r e  no (acac)n_xM+ ions  in  the  l o w - p o t e n t i a l  s p e c t r a  of  the  c o m p l e x e s  s t u d i e d .  T h u s ,  the  a p p e a r -  
ance  of  [(acac)n_2ML] + s e c o n d a r y  ions  a l so  m a y  be c o n s i d e r e d  to r e s u l t  f r o m  the  r e p l a c e m e n t  of  the  a c e t y a c e t o -  
na te  l i g a n d  in (acac)n_ lM + ions  in to  the  m a c r o r ~ n g  m o l e c u l e  ( r e a c t i o n s  2)). D u r i n g  t h i s  p r o c e s s ,  the  m e t a l  ion 
i s  r e d u c e d  to  the  n e a r e s t  low o x i d a t i o n  s t a t e .  T h u s ,  we m a y  a s s u m e  tha t  the  r a t i o  of  the  i n t e n s i t i e s  of the  
[ (acac)n_lML]  + and [(acac)n_2ML] + ions  i s  a func t ion  of  t he  e a s e  o f  c o n v e r t i n g  the  m e t a l  ion to the  l o w e r  o x i d a -  
t i on  s t a t e .  This  i s  s u p p o r t e d  by the  da t a  g iven  in T a b l e  1. F o r  e x a m p l e ,  t h e r e  a r e  no [(acac)n_2ML] + ions  for  
c o m p l e x e s  of  Nd,  Ga ,  and In which  do not have s t a b l e  +2 ox ida t i on  s t a t e s .  In the  c a s e  of  c h r o m i u m ,  which  has  
a s m a l l  p o s i t i v e  e l e c t r o d e  po t en t i a l  (+0. 407 V) fo r  the  r e a c t i o n  Cr(III )  ~ Cr(II)  [4| ,  we f ind both t h e s e  i o n s ,  
wh i l e  fo r  c o b a l t  and i r o n ,  which  have n e g a t i v e  p o t e n t i a l s  ( - 1 .  808 and - 0 .  771 V, r e s p e c t i v e l y ) ,  only  [ (aeac)ML]  + 
i o n s  a r e  f o r m e d .  In th i s  c a s e  the  r a t i o  of  the  r a t e  c o n s t a n t s  fo r  the  f o r m a t i o n  o f  [ acacCoL]  + and [ a c a c F e L ]  + 
ions*  o b t a i n e d  e x p e r i m e n t a l l y  in  the  c o m b i n e d  i o n i z a t i o n  of  (acac)3Co,  (acac)3Fe  and b i s - 1 5 - c r o w n - 5  i s  g r e a t e r  
t han  u n i t y ,  wh ich  i s  in  a c c o r d  wi th  the  g r e a t e r  e a s e  of  r e d u c i n g  Co(IIt) to Co(II) .  

In c o n t r a s t  to t r a n s i t i o n  m e t a l s  which  d i s p l a y  v a r i a b l e  v a l e n c e ,  on ly  r e a c t i o n s  (1) and  (3) a r e  found fo r  

Group  i i i  m e t a l  and  r a r e - e a r t h  t r i s a c e t y l a c e t o n a t e s  

(acac),~-lM + + L --~ [(acac)n-zML] + (1) 

(acac)n_lM + + L --~ [(acac)~_sML] + + acac (2) 

(acac),_lM + + L --~ [(acac),_~M(L--H)] + + Hacac (3) 

Kre 1 -- [acacC~ : ~acacFeL+] --4.2 
l(acac)eCo+J.[L+] [acac)~Fe+].[L +] 

The  s q u a r e  b r a c k e t s  i n d i c a t e  the  p e a k  i n t e n s i t i e s  of  the  c o r r e s p o n d i n g  ions  ; the  i n t e n s i t y  of  the  ions  of  l i gand  
L 2 which  c h a r a c t e r i z e s  the  c o n c e n t r a t i o n  of  n e u t r a l  m o l e c u l e s  r e m a i n e d  c o n s t a n t  d u r i n g  the  e x p e r i m e n t .  
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In both c a s e s ,  the me ta l  ion is  found in the s tab le  +3 oxidat ion s ta te  in the s econda ry  ions fo rmed .  We ob-  

s e r v e d  s i m i l a r  r eac t ions  in a s~ady of the r e a c t i o n  of r a r e - e a r t h  ace ty lace tona tes  with m a c r o c y c l i c  th iourea  
d e r i v a t i v e s  [3]. The [acacNd(L-H)]+/[ (acac)2NdL]  + ion in tens i ty  r a t io  for the th iourea  m a c r o r i n g s  is  s i g n i -  

f i can t ly  g r e a t e r  than the co r r e spond ing  ra t io  for 15 -c rown-5  and i ts  d i m e r  which lack  lab i le  hydrogen a toms .  

We e s p e c i a l l y  note the fo rmat ion  of L 1 and L 2 complexes  with nickel  ions comple t e ly  lacking  a l igand 
environn~lent (see Table 1). This finding ind ica tes  the p o s s i b i l i t y ,  in p r i n c i p l e ,  of using 15 -c rown-5  and i ts  
analogs for  fixing t r an s i t i on  m e t a l s  in uns tab le  oxidat ion s t a tes  o 

Table 1 ind ica tes  that  t he re  a r e  no qua l i ta t ive  d i f fe rences  in the r eac t i on  of (acac)n_lM + ions wi~h 15- 
c rown-5  o r  with b i s - 1 5 - c r o w n - 5 ,  while the r e l a t i v e  y i e lds  of the produc ts  of the i o n - m o l e c u l e  r eac t ions  for  
L ~ and L 2 a r e  s i m i l a r .  This ind ica tes  a s i m i l a r i t y  in the m e c h a n i s m s  of these  r eac t i ons  for  15-c rown-5  and 
i t s  d i m e r .  

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

The m a s s  s p e c t r a  were  taken on an AEI MS-30 m a s s  s p e c t r o m e t e r  by our p rev ious  method [3]. The 
e r r o r  in the r e l a t i v e  ion peak in tens i t i e s  given in Table 1 was not g r e a t e r  than • The crown e the r s  were  
p r e p a r e d  accord ing  to our  prev ious  p r o c e d u r e  [5]~ 

The authors  e x p r e s s  t he i r  g ra t i tude  to V. S. Ka leshev ich  for  provid ing  samples  of the ace ty lace tona te  
c o m p l e x e s .  

C O N C L U S I O N S  

1. A study was c a r r i e d  out on the i o n - m o l e c u l e  r e a c t i o n s  of ions a r i s i n g  in the d i s soc i a t i on  of f e r r i c ,  
coba! t i c ,  c h r o m i c ,  manganous ,  neodymium(II) ,  ga l l ium(II I ) ,  and indium(iII) a ce ty l ace tona t e s  upon e l ec t ron  
impac t  with 15-crown-5  and b i s - 1 5 - c r o w n - 5 .  

2. The r a t i o  of the y i e lds  of (acac}xM+L and (acac)x_tM+L lens  (M is a meta l ,  L is  a m a c r o c y c l i c  l igand, and 
x = l or  2) [s de t e rmined  by the case  of r educ t i ono f  M(x+0 + to M x+ and for  (acae)3M complexes ,  this  r a t i o  d e c r e a s e s  in 

the s e r i e s  Nd, In, Ga > Cr > F e ,  Co. The r a t e  constant  for  the fo rmat ion  of aeacCoL + ions is g r e a t e r  than 
for  a e a c F e L  + ions~ 

3. The p o s s i b i l i t y  of fixing t r a n s i t i o n  me ta l s  in uns table  oxidat ion s t a t e s  by crown e the r s  was d e m o n s -  
t r a t e d  in the ca se  of rAckel o 
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