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In the present work it has been shown that 3-(2-selenenoylacetyl)- 
selenophene is enolized at the carboxyl group adjacent to the 2-sel- 
enienyl radical and 3-(benzoylacetyl)selenophene at the earboxyl 
group adjacent to the phenyl radical (judging from the formation 
of the corresponding isoxazoles by the reaction of these diketones 
with hydroxylamine). On reduction with lithium aluminum hydride, 
methyl 3-selenophenecarboxylate has given 3-selenienylmethanol 
and the nitrile of the same acid has yielded 3-selenophenealdehyde. 
Several new chalcones and isoxazoles with B-selenienyl radicals 
have been described. 

In our  p r e c e d i n g  p a p e r s  [1,2] i t  was  shown that  
the r e a c t i o n  of f i -d ike tones  of the  se lenophene  s e r i e s  
wi th  h y d r o x y l a m i n e ,  t ak ing  p l a c e  with the  f o r m a t i o n  
of the c o r r e s p o n d i n g  d i subs t i t u t ed  i s o x a z o l e s ,  p e r m i t s  
a d e t e r m i n a t i o n  of the  d i r e c t i o n  of eno l i za t ion  in 
f l -d ike tones  conta in ing  a phenyl  or  a - t h i e n y l  r a d i c a l  
in addi t ion  to the a - s e l e n i e n y l  r a d i c a l .  It was  e s t a b -  
l i shed  that  the  capac i ty  of t h e s e  a r o m a t i c  s y s t e m s  
for  caus ing  the eno l i za t ion  of a ne ighbor ing  ea rbony l  
group r i s e s  in the  sequence  C~H 5 < a-C4H3Se < a-C4H3S. 

In the  p r e s e n t  w o r k  we have used  the s a m e  r e a c t i o n  
to d e t e r m i n e  the d i r e c t i o n  of eno l i za t ion  in f i - d i k e -  
tones  i nwh ich  the inf luence  of a / 3 - s e l e n i e n y l  r a d i c a l  
and that  of an a - s e l e n i e n y l  or a phenyl  r a d i c a l  compe te .  

The r e a c t i o n  of 3 - ( 2 - s e l e n e n o y l a c e t y l ) s e l e n o p h e n e  
[3] and 3-{benzoylace ty l )  se l enophene  [3] with h y d r o -  
x y l a m i n e  gave 5 - ( a - s e l e n i e n y l ) - 3 - ( f l - s e l e n i e n y l ) i s -  
oxazo le  (yield 94.5%) and 5 - p h e n y l - 3 - ( f l - s e l e n i e n y l ) -  
i s o x a z o l e  (92.5%), r e s p e c t i v e l y :  

RCOCH2COR' N'H2OB - R ' " - ~ N  R 

I a , b  

R=[3-C4HaSe; R'=a-C4HaSe(a), C6H~(b). 

The s t r u c t u r e  of the  i s o x a z o l e  Ia  was shown by 
the independent  s y n t h e s i s  of i t  and the i s o m e r i c  
3 - ( ~ - s e l e n i e n y l ) - 5 - ( / ~ - s e l e n i e n y l ) i s o x a z o l e  by  the 
r e a c t i o n  of the  c o r r e s p o n d i n g  eha lcones  wi th  h y d r o -  
x y l a m i n e  and the subsequen t  cyc l i za t i on ,  in the  
p r e s e n c e  of ace t i e  ae id ,  of the  h y d r o x y a m i n o  o x i m e s  
f o r m e d :  

rcoc.~ r'c,o r c o c . = c . r .  

I I  a - - I  

CHaCOOH R 
�9 R--C--CH2--CH--R~[I I ~R' ' -~o/N 

NOH NHOH 

I | l  a - - r  I V a - - r  

R= ~-C4HaSe; R~-C4HaSe (a), C6H~ (b). 
R=~z-C4HaSe (c), C6H~ (d); R!= ~-C4HaSe. 

*For  p a r t  LIX, see  [5]. 

The in i t i a l  cha lcones  [ 3 - ( 2 - s e l e n e n y l i d e n e a c e t y l ) -  
se l enophene  and 2 - ( s e l e n e n y l i d e n e a c e t y l ) s e l e n o p h e n e ]  
w e r e  obta ined  by the condensa t ion  in the p r e s e n c e  
of a lcohol ic  a lka l i  of 2 - s e l e n o p h e n e a l d e h y d e  with  
3 - a c e t y l s e l e n o p h e n e  and of 3 - s e l e nophe ne a lde h yde  
with  2 - a c e t y l s e l e n o p h e n e ,  r e s p e c t i v e l y .  

The i s o x a z o l e  Ia  was  iden t i ca l  wi th  the  i s o x a z o l e  
IVa, judging  f r o m  the me l t i ng  poin t  (a m i x t u r e  gave 
no d e p r e s s i o n ) ,  the  IF{ and UV s p e c t r a ,  and the r e -  
su l t s  of c h r o m a t o g r a p h y  in a thin l a y e r  of a l u m i n a  
in benzene ,  but  d i f f e r ed  f r o m  the i s o x a z o l e  IVc in 
r e s p e c t  to i t s  me l t i ng  po in t  and UV s p e c t r u m .  

The r e s u l t s  obta ined show that  3 - ( 2 - s e l e n e n o y l -  
ace ty l ) s e l enophene  is  eno l i zed  at the ca rbony l  group 
ad jacen t  to the  c~-selenienyl r a d i c a l .  

The r e a c t i o n  of 3 - ( b e n z o y l a c e t y l ) s e l e n o p h e n e  with 
h y d r o x y l a m i n e  l ed  to the f o r m a t i o n  of 5 - p h e n y l - 3 -  
( f i - s e l en i eny l ) i soxazo l e  (Ib), which was  iden t i ca l  
wi th  r e s p e c t  to i t s  me l t i ng  point ,  IR and UV s p e c t r a ,  
and the r e s u l t s  of c h r o m a t o g r a p h y  in a thin l a y e r  
of a l u m i n a  in benzene  with  the i s o x a z o l e  IVb but  
d i f f e red  f r o m  the i s o m e r i c  3 - p h e n y l - 5 - ( f l - s e l e n i e n y l ) -  
i s o x a z o l e  (IVd) with r e s p e c t  to i t s  me l t i ng  poin t  and 
UV s p e c t r u m .  

On the b a s i s  of the r e s u l t s  obta ined,  i t  was  e s t a b -  
l i shed  that  3 - ( b e n z o y l a c c t y l ) s e l e n o p h e n e  i s  eno l i zed  
at  the ca rbony l  group ad j acen t  to the phenyl  r ing .  

Thus,  in f i -d ike tones  of the se lenophene  s e r i e s  
with a 3 - s e l e n i e n y l  r a d i c a l  the  capac i ty  of the  s u b -  
s t i tuen t s  for  caus ing  eno l i za t ion  of an ad jacen t  c a r -  
bonyl  g roup  r i s e s  in the sequence  f i - se l en ieny l  < p h e -  
nyl  < a - s e l e n i e n y l .  

A c o m p a r i s o n  of the  e l e c t r o n - a c c e p t i n g  p r o p e r t i e s  
of t h e s e  r a d i c a l s  f r o m  t h e  s t r e n g t h  of the  c o r r e s -  
ponding m o n o c a r b o x y l i c  ac ids  enab les  t hem to be  
a r r a n g e d  in an analogous  sequence :  pK a in w a t e r  a t  
25 ~ C ( d e t e r m i n e d  by the p o t e n t i o m e t r i c  t i t r a t i o n  
method) is  2 . 6 1 . 1 0  -5 for  3 - s e l e n o p h e n e c a r b o x y l i c  
a c i d ,  6 . 46 .10  -~ for  benzo ic  acid ,  and 2 . 6 3 . 1 0  -4 fo r  
2 - s e l e n o p h e n e c a r b o x y l i c  ac id  [2] ; the  s a m e  r e l a t i o n -  
sh ip  ex i s t s  for  the  d i s s o c i a t i o n  cons tan t s  of the  f i -  
d ike tones  conta in ing  the s a m e  r a d i c a l s  [4, 5]. 

Consequent ly ,  in the  c a s e s  c o n s i d e r e d  above,  the  
eno l i za t ion  of the  f l -d ike tones  t akes  p l a c e  at the  c a r -  
bonyl  group ad jacen t  to the  m o r e  s t r o n g l y  e l e c t r o n -  
accep t ing  subs t i tuen t .  

3 -Se lenophenea ldehyde ,  the s t a r t i n g  m a t e r i a l  for  
the  s y n t h e s i s  of the  cha lcones  IIc and IId, was ob t a in -  
ed by the l i t h ium a luminum hyd r ide  r e d u c t i o n  of 
3 - s e l e n o p h e n e c a r b o n i t r i l e  ( i so la ted  in the f o r m  of 
i ts  s i m p l e s t  d e r i v a t i v e s ) :  
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Com- 
pound 

IIa 

IIb  

I I c  

i Id  

~-C4H3Se 

~-C4HaSe 

~-C4HzSe 

C6H5 

R' 

a-C~H3Se 

C6Hs 

~-Cj-hSe 

~-C4H~Se 

T a b l e  1 

C h a l c o n e s  R C O C H  = C H R '  
m 

Mp, "(2 

89.5--91 

107--108 

69--69.[ 

88--89 

Empirical Found, % 
formula 

C H 

CIIHsOSe2 42.17 2.56 
42.15 2.77 

Cl3HloOSe 50.02 3.80 
59.824,08 

CnHsOSe~ 42.07 2.40 
42.26 2.67 

C,3HloOSe 60.18 3.87 
60,243.84 

Calculated, 
% 

C H 

42.06 

59.78 

42.06 

59.78 

Yield, 
% 

2 . 5 7 8 7  

3.85 87 

2.57 61.5 

3,85 77 

CsHsCONH CH2 cOOH ~ [ ' - -  CH = I "' ,l=O 

\ s ~  N%..o 
I 
C~H s 

I t  i s  k n o w n  t h a t  3 - t h i o p h e n e a l d e h y d e  c a n  e a s i l y  b e  
o b t a i n e d  b y  t h e  S o m m l e t  r e a c t i o n  f r o m  3 - b r o m o m e -  
i t h y l t h i o p h e n e  [6];  h o w e v e r ,  t h i s  r e a c t i o n  c o u l d  no t  
b e  c a r r i e d  out  in  a s e l e n o p h e n e  s e r i e s  s i n c e  w h e n  

3 - m e t h y l s e t e n o p h e n e  w a s  b r o m i n a t e d  w i t h  b r o m o -  

s u e c i n i m i d e  in  t h e  p r e s e n c e  of b e n z o y l  p e r o x i d e  on ly  
t h e  a - h y d r o g e n  of t h e  s e l e n o p h e n e  r i n g w a s  r e p l a c e d  

b y  b r o m i n e .  

H~c--CO\ 
[ ~NBr 

e~'---CH 3 H2C--CO/ / ~ - - -C l1  s 

C o n s e q u e n t l y ,  a t t e m p t s  w e r e  m a d e  t o  o b t a i n  3 - s e l e n -  
o p h e n e a l d e h y d e  f r o m  3 - c h l o r o m e t h y l s e l e n o p h e n e  by  

t h e  S o m m l e t  r e a c t i o n  [7].  T h e  l i t h i u m  a l u m i n u m  
h y d r i d e  r e d u c t i o n  of m e t h y l  3 - s e l e n o p h e n e c a r b o x y l a t e  

w i t h  t h e  s u b s e q u e n t  r e p l a c e m e n t  of t h e  h y d r o x y l  in  

t h e  3 - s e l e n i e n y l m e t h a n o l  f o r m e d  by  c h l o r i n e  y i e l d e d  
3 - c h l o r o m e t h y l s e l e n o p h e n e ,  w h i c h  w a s  i s o l a t e d  in  

t h e  f o r m  of t h e  t h i o u r o n i u m  p i c r a t e .  

"--COOCH3 LIAIH 4 e ~  CH2OH ' SOCI2 e ~  CH2CI 

An a t t e m p t  to  o b t a i n  3 - s e l e n o p h e n e a l d e h y d e  b y  t h e  

r e a c t i o n  of 3 - b r o m o s e l e n o p h e n e  w i t h  d i m e t h y l f o r -  

m a m i d e  w a s  a l s o  u n s u c c e s s f u l ,  a l t h o u g h  in  t h e  t h i -  
o p h e n e  s e r i e s  3 - t h i o p h e n e a l d e h y d e  h a s  b e e n  o b t a i n e d  

in  7 0 % y i e l d  by  t h i s  r e a c t i o n  [8] .  

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

Chalcones with a B-selenienyl radical (IIa-d). Three milliliters 
of a saturated solution of caustic soda in methanol was added to 35 
mmole of 2-selenophenealdehyde and 35 mmole of 3-acetylseleno- 
phene in 150 ml of absolute methanol, the mixture was left at 
20~ for 48hr, the solvent was distilled off, and the residue of 
IIa was washed with water and recrystallized from heptane (Table 1). 
The other chalcones IIb-d were obtained similarly (Table 1). 

Oxime of 2-hydmxyamino- l-phenyl-2-(3-selenenoyl) ethane 
(IIIb). A solution of 18 mmole of 3-(benzylideneacetyl)selenophene 
and 18 mmole of hydroxylamine hydrochloride in 150 ml of ethanol 
was treated with 95 ml of 10% aqueous caustic soda, boiled in the 
water bath for 2 hr. left to stand for 20 hr, poured into 500 ml of 
water, and extracted with ether, after which the ethereal extract 
was dried with magnesium sulfate and the ether was distilled off 
in vacuum to give 4. 5 mmole of the oxime IIIb (25%) with mp 
186~176 (from 60% aqueous ethanol). Found, %: 51.28. 51. 20; 

H 4.36, 4.23. Calculated for C13H14NzOzSe, %: C 50.49; H 4.56. 
Compounds Ilia, c, and d were obtained by the same method in the 

form ofnoncrystallizing oils withyieldsof31.5 , 19, and 3~Y]% respectively. 

The isoxazoles Ia and Ib.  A mixture of 1 mmole of 3-(2-sel- 
enenoylacetyl)seleuophene or 3-(benzoylacetyl)selenophene and 
3 mmole of hydroxylamine hydrochloride in 2 ml of dry pyridine 
and 10 ml of anhydrous ethanol was boiled in the water bath for 
4 hr and poured into 200 ml of waterl the precipitate was filtered 
off and washed with 50% aqueous ethanol, and the/soxazole was 
recrystallized from heptane (Table 2). 

! R R" 

1a! r 
1Va 

lb 13-C4HaSe C6H5 
IVb 

IVc a-C4H3Se ~-C4HaSe 

IVd!C6H5 Ig-C4H3Se 

T a b l e  2 

I s o x a z o l e s  R,--~--O~N e 

m d % i Calculated' Fo 
Mp, "C Empirical ~_- ' % 

i 

I I 107.5--109 CIIH7NOSe2 40.81 2.28 40.39 2.16 
 0.69 2:,51 I 

107.5--109 40.84 2.14 [ I 
40.851.92 I I 

1~1--421.5 CIsH~NOSe 56,68 3,47156,95[ 3.31 
57.43 3,48 I [ 

120.5--121.5 56,97 3,25 1 i 
57,20 3.33 I i 

104.5--106: CnHrNOSe2 4O.44 231 / 
2122 ! 40392,16 40,40 

118.5--119 CIsHgNOSe 57,363.12156,9513.31 
/ 

57.393.27 I I 

spUVum 
�9 ~, 

~1;;' log I g~: 
270 4.30194.5 
295 4.30 
270 4,301 91.5 
295 4~30 I 
2734,4892,5 

273 4.4985 

2264.26159 
4.40 I 

285278 4,2673.5 
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The isoxazoles IVa-d. A solution of 4 mmole  of a hydroxyami- 
noketone oxime IIIa-d (obtained from the corresponding chalcone) in 
20 ml  of glacial acetic acid was boiled in the oil bath at 125*C for 
2 hr and was poured into 200 rnl of water, and the mixture was 
made alkaline with 2 N aqueous caustic soda solution. The precipitate 
was filtered off and washed with water, and the isoxazole obtained 
was recrystallized frora heptane (Table 2). 

2-Bmmo-3-methylse lenophene.  With stirring and ice cooling, 
24 g of N-bmmosuccinimide and 0.2 g of benzoyl peroxide were 
added to 20 g of 3-methylselenophene in 50 ml of absolute benzene 
containing 0. 2 g of benzoyl peroxide. The succinimide was sep- 
arated off and washed with absolute benzene. After the benzene had 
been driven off, vacuum distillation of the residue yielded 22. 5 g 
(74%) of the bromide: bp 70~ (10 ram) d42~ 1. 9271; nD 2~ 1. 6131. 
Found, %: C 27.02, 26.94; H 2. 35. 2.48; MR D 40. 45. Calculated 
for C~I~BrSeF 2, %: C 26.81; H 2.20; MR D 40.56. 

3-Selenienylmethanol.  To 4. 8 g of l i thium aluminum hydride 
in 200 ml of absolute ether was added 22.2 g of raethyl 3-selenoph- 
enecarboxylate, bp 95~ (12 mrn)[3], in 150 re1 of absolute ether 
at such a rate that the ether boiled gently; it was heated at 40~ for 
another 1 hr and left at 20~ for 20 hr and was then decomposed 
with 200 ml  of 20% Rochelle salt solution. The ethereal layer was 
separated off and the aqueous layer was extracted with ether in a 
liquid extractor for 30 hr. The ethereal solutiom were dried with 
magnesium sulfate, the solvent was evaporated off, and the residue 
was distilled in vacuum. This gave 19 g (90%) of a substance with 
bp 110 ~ (10 mm); d4 z~ 1. 6250; nD z~ 1. 6027. Found, %: C 37.82, 
37.83; H 3.77,  3.48; MR D 34. 05. Calculated for CsHsOSeF z, %: 
C 37.29; H 3.78; MR D 34.29 Phenylurethane, yield 92%, mp 
60. 5-61 .5~ (from petroleum ether). Found %: C 52.00, 51.82; 
H 3.96, 4. 07. Calculated for Cj~HllNO2Se, %: C 51.44; H 3.96. 

3-Chloromethylselenophene. With stirring at -10*C, 8 .4  ml 
of thionyl chloride in 200 ml of chloroforra was added dropwise 
to 14 g of 3-selenienylraethanol in 30 ral of dry chloroform and 
18 ml  of dry pyridine and the mixture was stirred at -15"C for 1 hr 
and was poured onto ice; the organic layer was separated off and 
washed with dilute (1:10) hydrochloric acid and then with 3% 
caustic soda solution and was dried with potassium carbonate; the 
solvent was driven off in vacuum in a current of  nitrogen and the 
residue was distilled, also in a current of nitrogen. This gave 2.5 g 
(16%, very pronounced resinification during distillation) of a sub- 
stance with bp 69 ~ 71. 5~ (5ram). Chromatography on an alumina 
plate in chloroforra gave two spots (Rf 0, 1 - -  3-selenienylmethanol--  
and Rf 0.85 - -  3-chlororaethylselenophene). Thiouronium piera te- -  
yield 54%, nap 160-161"C (from aqueous ethanol). Found, %: 
C 32.59, 32.28; H 2.69,  2.72. Calculated for C~HnNsOTSSe, %: 
C 32.15; H 2.47. 

S-Selenophenealdehyde. Lithium aluminum hydride (0. 76 g 
in i00 ml of absolute ether) was added to a boiling solution of I0 g 
of 3-selenophenecarbonitrile, bp 90~176 (i0 mm) [9] in 20 ml of 
absolute ether, and the mixture was heated at 40~C for i hr, left 
at 20~ for 20 hr, and decomposed wkh 7 ml of water; the ethereal 

layer was separated off and the residue was repeatedly washed with 
ether; the ethereal extract was dried with magnes ium sulfate and 
the ether was driven off. The aldehyde was extracted from the 
residue with petroleum ether, the solvent was driven off in a current 
of nitrogen, and the residue was vacuum-dist i l led in a current of 
nitrogen. This gave 4 g of the aldehyde (89%); by 81.5-82.  5~ 
(4 rare). Chromatography on a plate of hydrated silica in benzene 
gave two spots (Rf 0.25 and 0. 8). It was impossible to purify the 
aldehyde via the bisutfite derivative. 2, 4-Dini trophenylhydrazone-  
yield 87%, mp 231-232~ (from ethyl acetate).  Found %: C 38.95, 
38.70; H 2.53, 2. 55. Calculated for CnH~iq404Se, %: C 38.91; 
H 2. 38. Semicarbazone-y ie ld  68%, mp 218-219~ (from aqueous 
ethanol). Found, %: C 34.63, 34.49; H 3.70, 3.57; Calculated for 
C6HTN3OSe, %: C 34. 97; H 3.43. Thiosemicarbazone-y ie td  84%, 
mp 157-158.5" C (from aqueous ethanol). Pound, % : C 31.46, 31.38; 
H 3.23, 2 .90 .  Calculated for C6HsNsSSe , %: C 31.03; H 3.04.  

2-Phenyl-5-(3-selenenylidene)-4-oxazolone.  A mixture of 
0. 4 g of 3-selenophenealdehyde, 0. 45 g of hippuric acid, and 0. 2 
g of anhydrous potassium acetate in 2 .4  ral of acetic anhydride was 
heated in the water bath at 60~ for 1 hr. This gave 0.45 g 
(59%) of a product with rap 187~176 benzene). Found, %: 
C 55.53, 55.67; H 3.14, 3.06. Calculated for CI4H~NOfie , %o: 
C 55.64; H 3.00. 

REFERENCES 

i. Yu. K. Yur'ev, N. N. Magdesivea, and V. V. 
Titov, ZhOKh, 33, 2158, 1963 

2. Yu. K. Yur'ev, N. N. Magdesieva, and V. V. 
Titov, ZhOKh, 34, 1078, 1964 

3. Yu. K. Yurrev, N. N. Magdesieva, and A. T. 
Monakhova, ZhOrKh, I, 1094, 1965 

4. I. P. Efimov, O. D. Lagunova, N. N. Magdes- 

ieva, V. V. Titov, Yu. K. Yur'ev, and V. M. Pesh- 

kova, Vestn. MGU, ser. khim., 5, 49, 1963 

5. I. P. Efimov, V. V. Titov, N. N. Magdesieva, 

A. T. Monakhova, Yu. K. Yur'ev, and V. M. Pesh- 

kova, Vestn. MGU, ser. khim. 2, 90, 1966 

6. E. Campaigne and W. M. LeSuer, J. Am. Chem. 
Soe., 70, 1555, 1948 

7. Yu. K. Yur'ev, M. A. Ga]'bershtam, and 

N. K. Sadovaya, ZhOKh, 32, 1301, 1962 

8. S. Gronowitz, Ark. Kern, 8, 444, 1955 

9. Yu. K. Yur'ev, N. K. Sadovaya, and E. A. 
Grekova, ZhOKh, 34, 847, 1964 

2 J u l y  1 9 6 6  L o m o n o s o v  M o s c o w  S t a t e  

U n i v e r s i t y  


