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4 -Chlo robenzopyry l ium and 4-ch lorof lavy l ium sa l t s  have been synthesized,  and some  r e a c -  
t ions of benzopyry l ium cat ions of this type have been studied. 

4 -Ch lo robenzopyry l ium sa l t s  a r e  l i t t l e -s tudied  compounds.  2 -Alkoxyca rbony l -4 -ch lo robenzopyry l -  
ium hexach loroan t imona tes  have been obtained [1]. It is a s s u m e d  that  the nucleophil ic r e p l a c e m e n t  of the 
halogen in 4 ,4 -d ich lo rochromenes  takes  place  through the in te rmedia te  fo rmat ion  of a 4 -ch lo robenzopyry l -  
ium cation [2]. 

In the p r e s e n t  work we have synthes ized  4 -ch lo robenzopyry l ium and 4-ch lorof lavy l ium sa l t s  in the 
f o r m  of the hexach loroan t imona tes  (I,II) for  the f i r s t  t ime .  The cation of I is the s imp le s t  4 -ch lo robenzo-  
py ry l ium cation.  The sa l t s  I and II were  obtained by the reac t ion  of 4 ,4 -d ich lo rochromene  (IIIa) [3] or  4.4- 
d ichlorof lavene (IIIb) [4] with ant imony pentachlor ide  in neut ra l  solvents .  Compound HIa is obtained m o r e  
conveniently f r o m  chromone  by the act ion not of thionyl chlor ide  [3] but of d ich loromethyl  methyl  e ther ,  
which is an effect ive halogen c a r r i e r  [5]. 
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The reac t ions  of I and II with p-n i t roani l ine  lead to 4 -p -n i t ropheny l iminochromene  (IV) [3] and 4 -p -  
n i t rophenyl iminof lavene  (V). S imi la r ly ,  the a t tack  of p -n i t roani l ine  on the cation of 4 - c h l o r o - 2 - m e t h o x y -  
ca rbony lbenzopyry l ium ant imonate  (VI) is d i rec ted  to pos i t ion  4, with the fo rmat ion  of 2 -me thoxyca rbony l -  
4 -p -n i t ropheny l iminochromene  (VII). Compound VI [1] is decomposed  by water  to 2 -methoxycarbony l -  
chromone  (yield 84%). A fu r the r  s im i l a r i t y  in r eac t iv i ty  between 4 -ch lo robenzopyry l ium hexachloroant i -  
monates  and the cor responding  4 ,4 -d ich lo rochromenes  was demons t r a t ed  on the ba s i s  of the reac t ions  of 
the sa l t s  (VI) and 4 -ch lo ro -  2- e thoxycarbonylbenzopyry l ium sa l t s  (VIH) [ 1 ] with cyanoac etie e s t e r ,  as  a r e -  
sult  of which the known [6] 2 -me thoxyca rbony l -  and 2 -e thoxycarbonyl -4 - (e thoxycarbonylcyanomethy lene) -  
c h r o m e n e s  (IX, X) a r e  fo rmed .  It  is t rue  that  in con t r a s t  to the reac t ion  of cyanoacet ic  e s t e r  with the c o r -  
responding 2 -a lkoxyea rbony l -4 ,4 -d i ch lo roch romenes ,  in the p resen t  c a s e s  it is imposs ib le  to isola te  p rod-  
ucts of the a t tack  of the nucleophil ic  r eagen t  on posit ion 2 of the ch romene  sy s t em,  probably  because  of 
the i r  instabi l i ty,  leading to the i r  res in i f i ca t ion  under the reac t ion  conditions.  Compound VI a lso  r e a c t s  
m o r e  smoothly  than the initial  dichlor ide [1] with 1-piper id inocyclohexene ,  forming (after  h y d r o l y s i s ) t h e  
known 4 - c h l o r o -  2 -me thoxyca rbony l -  2- (2-oxocyclohexyl )chromene (XI) [ 1 ]. 

Thus the cat ions of the 4 -ch lo robenzopyry l ium s e r i e s  may  undergo the action of nucleophil ic reagen ts  
at posi t ions  4 and 2. In o r d e r  to evaluate  the dis t r ibut ion of the 7r-electron density in the 4 -ch lo robenzo -  
pyry l ium cation,  we have calcula ted  its mo lecu l a r  d i ag ram by H~ickelts MO LCAO method.  Fo r  compar i son  
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TABLE 1. Values of the 7r-Electron Densities on the Atoms Given* 

L 
Cation o(,) c(2 ) c(3 ) ca) c(5 ) c(6 ) c(7 ) c<8) I cl 

i 

Benzopyrylium~ 1 724 0,795 
4-Chloroben- t 11719 0,755 

zopyrylium I 
3,4-Dichloro- 1,718 0,733 

benzopyryl- 1 
l u r e  

0,975 0738 09 9 0,937 
0,987 0,956 0,811 0,9~6 

1,021 0,792 0,949 0,987 0,933 

1,004 
1,003 CI(4) 1,97'I 

1,003 Cl(~) 1,984; 
CI(4) 1,971 

*The pa ramete r s  recommended by A. Strei twieser  [7] were used in 
the calculation: h~ 2.5; hc1 2; k C = ~) 1; kC_C1 0,4; auxil iary in- 
duction parameter  0.1 h X. 

we also give calculations* with the same pa ramete r s  of the heteroatoms of the unsubstituted benzopyryl ium 
and 3,4-dichlorobenzopyryl ium cations (for the react ivi ty of 3 ,4 ,4- t r ichlorochromene,  see [3]). 

The calculations show that the carbon atoms with the grea tes t  positive charge  are  C 2 and C4, which 
must  obviously also exhibit the grea tes t  electrophil ici ty.  This is in harmony with the experimental  resul ts .  
However, a quantitative evaluation of the relat ive electrophil ici t ies  of the C 2 and C 4 atoms during reaction 
is difficult, since the p r imary  orientation of the nucleophile must  be affected not only by the magnitude of 
the positive charges  of the electrophilic centers  but also by thenucleophil ici ty of the reactant ,  which (espe- 
cially the polarizabil i ty component) will affect the energy of the transit ion state in the localization of the 
nucleophilic part icle  at the par t icular  electrophilic center .  

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

4-Chlorobenzopyryl ium Hexachloroantimonate (I). A mixture of 2 g (13.7 mmoles)  of chromone and 
7 ml of dichloromethyl methyl ether was boiled for 4 hr,  the excess of the dichloro ether was driven off in 
vacuum, and the residue was distilled in vacuum to give 1.76 g (63.5%) of IIIa, bp l l0~  (2 mm). To a so-  
lution of 0.8 g (4 mmoles)  of IIIa in 30 ml of anhydrous benzene was added 1.16 g (3.9 mmoles)  of SbC15, and 
the mixture was left for 3 hr.  The precipitate that had deposited was separated off and washed with anhy- 
drous benzene and absolute ether to give 1.9 g (95~) of the light yellow salt  (I), decomp, t empera tu re  > 
300~ Found, 70" C1 49.5. Calculated for  CgH6CI~OSb, %" C1 49.6. 

4-Chloroflavylium Hexachloroantimonate riD. A mixture  of 1.1 g (5 mmoles)  of flavone and 10 ml of 
SOC12 was boiled for  10 hr, the excess of SOCI 2 was driven off in vacuum, the residue of 4 ,4-dichrof la-  
vene was dissolved in 100 ml of anhydrous benzene at the boil, and the solution was f i l tered and t reated with 
1.86 g (6.2 mmoles)  of SbC15. The react ion mixture was left for 2 hr  and heated to the boil, and the prec ip-  
itate was f i l tered off and washed with benzene and ether to give 2.7 g (93.6%) of the ye l low-orange  salt  (II) 
decomp, t empera tu re  ~260~ Found, 70:C1 42.7. Calculated for CisH10C17OSb, 70:C1 43.1. 

4-p-Nit rophenyl iminochromene (IV). A solution of 0.57 g (4 mmoles)  of p-nitroanil ine in 15 ml of 
dichloroethane was added to a suspension of 1.9 g (3.8 mmoles)  of I in 100 ml of dry dichloroethane, the 
mixture was boiled for 12 hr and cooled, a solution of sodium carbonate was added, and the resul t ing mix- 
ture was s t i r red  and rapidly fi l tered.  The organic layer  was separated off, washed with water,  and evapo- 
rated in vacuum, and the res idue was t r i tura ted with 10 ml of ethanol, after  which 0.6 g (59. 470) of IV was 
f i l tered off, mp 187-187.5~ (mixed melting point) [3]. 

4-p-Nitrophenyliminoflavene (V). A solution of 0.64 g (5 mmoles)  of p-nitroanil ine in 20 ml of dichlo- 
roethane was added to a suspension of 2.88 g (5 mmoles)  of II in 100 ml of dry dichloroethane at ~40~ and 
the mixture was boiled for 2 hr.  In a s imi la r  manner  to IV, 0.95 g (5670) of V was isolated, mp 189-189~176 
Found, %: C 73.7; H 4.3; N 8.5. Calculated for C2iH14N203, 70: C 73.7; H 4.1; N 8.2. 

2-Methoxycarbonyl-4-p-ni t rophenyl iminochromene (VII). A solution of 0.5 7 g (4 mmoles) of p -n i t ro -  
aniline in 15 ml of dichloroethane was added to a solution of 2.3 g (4 mmoles)  of VI in 150 ml of dry dichlo~ 
roethane,  the mixture was left for 16 hr  and was then rapidly evaporated in vacuum at 40-50~ and the 

*We extend our deep grati tude to V. I. Minkin and V. G. Vinokurov for the quantum-chemical  calculations 
which they performed.  
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r e s idue  was t r ea t edwi th  sodium carbona te  solution and ex t rac ted  with benzene.  The ex t rac t  was evapo-  
ra ted  in vacuum, the r e s idue  was t r i tu ra ted  with 15 ml  of methanol ,  and 0.8 g (60%) VII was f i l t e red  off, 
mp 202-203~ (from a mix tu re  of ethanol and benzene).  Found, %: C 63.1; H 3.8; N 8.9. Calculated for  
C17Hi2N2Os, %: C 63.0; H 3.7; N 8.6. 

4 - (E thoxyca rbony lcyanomethy lene ) -2 -me thoxyca rbony lch romene  (IX). 10 ml of cyanoacet ic  e s t e r  was 
added to 2.4 g (4.3 mmoles )  of VI, and the mix tu re  was lef t  for  18 hr .  The p rec ip i t a te  that deposi ted was 
sepa ra t ed  off and washed with a mix tu re  of benzene and pe t ro leum ether  (1 : 3) to give 0.5 g (38%) of IX 
[6] (mixed mel t ing  point). 

2 -E thoxyca rbony l -4 - (e thoxyca rbony lcyanomethy lene )ch romene  (X). Similar ly ,  5.72 g (10 mmoles )  of 
VIII and 10 ml  of cyanoacet ic  e s t e r  (the excess  of e s t e r  was dis t i l led off) gave 1.06 g (33%) of X [6] (mixed 
mel t ing point). 

4 -Ch lo ro -2 -me thoxyca rbony l -2 - (2 -oxocyc lohexy l ) ch romene  (XI). A solution of 16.5 g (200 mmoles )  
of 1-piper id inoeyclohexene was added to a suspens ion of 11.16 g (20 mmoles )  of VI in 100 ml of anhydrous 
benzene,  the mix tu re  was left  for  two days and f i l tered,  the f i l t r a te  was t r ea ted  with 150 ml of 2N HC1, and 
a f t e r  about 18 hr  the benzene l aye r  was sepa ra t ed  off and the benzene was dis t i l led off in vacuum. The r e s -  
idue was t r i t u ra t ed  with a smal l  amount  of methanol ,  giving 0.5 g of a mix tu re  of two r a c e m a t e s  of  XI (ac- 
cording to t h in - l aye r  ch roma tog raphy  the low-mel t ing  i s o m e r  [1] was p resen t  in insignif icant  amounts) .  
The washing solut ions yielded another  0.24 g of the mix tu re  of i s o m e r s ,  the total  yield being 0.74 g (11.5%). 
The high mel t ing  i s om er ,  mp 168-169~ identical  with that  obtained previous ly  (mixed mel t ing point), was 
isola ted by f rac t iona l  c rys t a l l i za t ion  [ 1]. 
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