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The syn~esis  of a number of ~-diketones and 3, 5-disubstituted py- 
razoles with 3-selenienyl radicals has been described. 

In one of the preceding  communicat ions [11 the syn-  
thesis  of f l -diketones containing o~-, fi-, or y -py r idy l  
r a d i c a l s ,  in addition to a 2-se len ienyl  r ad ica l ,  has 
been repor ted .  It was shown that these fl-diketones are  
effective inhibi tors  of the oxidation of s i l icone liquids 
used as lubr icants  and as d i spers ion  media  in bodied 
g r e a se s  [2]. 

In the p resen t  paper  we desc r ibe  the synthesis  of 
fl-diketones i s o m e r i c  with those containing a 3 - s e l e -  
nienyl rad ica l - -3 - (p ico l inoy lace ty l )  and 3 - ( i son ico-  
t inoylacetyl)selenophenes and also 3 - (2- furoy lace ty l ) -  
and 3-(2- thenoylacetyl )se lenophenes .  

The synthesis  of the f i r s t  three diketones was ef-  
fected by condensing 3-acetylse lenophene with e s t e r s  
of p icol in ic ,  isonicot inic ,  and pyromucie  acids,  r e -  
spectively;  3 - (2- thenoylace ty l ) se lenophene  was ob- 
tained by the reac t ion  of 2-acetyl thiophene with methyl 
3-se lenophenecarboxyla te .  It was imposs ib le  to ob- 
tain di(3-selenenoyl)methane by condensing 3 - a c e t y l -  
selenophene with methyl 3-se lenophenecarboxyla te  
( res inif icat ion) .  

~ - c ~  rc~176 - ~ f~~176  RCOC"3 ~ T c ~ 1 7 6  naN.2 N~N.~ 

(a-c) I(a-d) (d) 

a R--a-C~H4N~. R'-C2H5 c R--a-C4H~O~ R'--CH3 
b R--u d R--a-C4H3SJ 

On reac t ion  with copper aceta te ,  the fl-diketones 
synthes ized read i ly  formed Cu 2+ complexes ,  and with 
hydrazine  hydrate  they formed 3 , 5 - d i s u b s t i ~ t e d  py r -  
azoles.  

R--C--Clt=~--R' (CH3COO)2Cu NH2NH2. f f--F]-r,(r) 
0 .cB/.. o - -  r--cocl%cor' (r) R'--~.~.~N 

If(a-d) l(a-d) III(a-d) 

R--]~-C4H~Se; R'--a-CsH4N (a), 

y-CsH4N (b), a-C4H30 (c), (z-C4H~S (d). 

Table 1 gives detai ls  of the IR and UV spec t r a  
(taken in methanol) of the fl-diketones with a 3 - s e l e -  
nienyl rad ica l  that have been synthesized and also the 
UV spec t ra  (taken in chloroform) of thei r  Cu 2+ com- 
plexes .  

*For part LX, see [7]. 

F r o m  the informat ion given in Table 1, i t  can be 
seen that the UV spec t ra  of the fi-diketones synthe-  
s ized ,  unlike the UV spec t ra  of the i s o m e r i c  f l -dike-  
tones with a 2-se len ienyl  rad ica l  [1] have two and not 
three absorpt ion maxima and these are  shifted into 
the region of shor t e r  wavelengths,  as we have found 
previous ly  for the UV spec t ra  of fl-diketones with a 
3 -se len ienyl  r ad ica l  [3]. The in tensi t ies  of absorpt ion 
r ema in  high (log e ~ 4). 

The UV spec t ra  of the Cu 2+ complexes of f l -dike-  
tones with a 3-se lenienyl  rad ica l  have three maxima 
ins tead  of the two cha rac t e r i s t i c  for  the i s o m e r i c  
Cu ~+ f l-diketonates with a 2-se lenienyl  rad ica l .  

The IR spec t ra  of the fi-diketones with a 3 - s e l e -  
nienyl rad ica l  have absorpt ion bands in the 1539-1596 
cm -1 region (chelate carbonyl) and a broad absorpt ion 
band in the 2550-2770 em -1 region (chelate hydroxyl) ,  
while the absorpt ion bands c h a r a c t e r i s t i c  for f ree  
carbonyl  and hydroxy groups are  absent; thus, these 
fl-diketones exis t  in the c i s -eno l i c  chelate form [4,5]. 
The NMR spec t ra  of the fi-diketones containing a 3- 
selenienyl  rad ica l  synthesized prev ious ly  [3] and in 
the p re sen t  work have been recorded.  

To evaluate the enolizing power of the r ad ica l s  in 
these f l -diketones,  whieh are  a lmost  completely eno- 
l ized ,  we pa r t i a l l y  suppressed  the enolization by d i s -  
solving them in acetone and de termined the keto-enol  
equi l ibr ium from the NMR spec t ra  (Table 2). 

The re l a t ive  concentrat ion of the enolic form was 
de te rmined  by measur ing  the intensi ty of the s ignals  
from the methylene group of the keto form and from 
the ==CH-- group of the enolic form. Since the degree  
of enolizat ion of the fl-diketones depends on the con- 
centrat ion (because of solubil i ty di f ferences) ,  the 
evaluation of the enolizing power of the r ad ica l s  was 
made approximately .  It can be seen f rom the f igures  
of Table 2 that the methyl group has the lowest  eno- 
l izing capacity and then in r i s i ng  sequence come the 
a - f u r y l ,  c~-thienyl, phenyl, and c~-pyridyl groups. 
We have observed  a s i m i l a r  dependence of the degree  
of enolizatlon on the nature of the rad ica l  in the s e r i e s  
of fl-diketones with 2-se lenienyl  r ad ica l s  [6]. 

The chemical  shifts of the signals  given in Table 3 
were m e a s u r e d  with r e s pe c t  to hexamethyldis i loxane 
as in ternal  s tandard  and were expres sed  in the units 
6 = A f / 6 0  mill ionths of the resonance  frequency (ppm). 
Here Af is  the dis tance between the s ignals  in Hz and 
60 is the working frequency of the INIV[-3-60 s p e c t r o m -  
e ter .  
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Table 1 

8-(Acylacetyl)selenophenes Cu z+ corn )lexes 

Acyl kmax,NM log s u, cm -1 kma x, NM log s 

Picolinoyl 
Isonico~noyl 
a-Furoyl  
a -Thenoyl  

27,5, 352 
270, 365 
277~:63 

3.83; 4.34 
4.02; 4,40 
4.05; 4.51 

4.36 

1560, 1580 
1570 

1578, 1596 
1539, 1595 

285, 365, 610" 
300, 355* 
305, 365, 640 
305, 365, 645* 

*The intensity of absorption was not determined because of the low 
solubility of the Cu z+ complexes in chloroform. 

4.53; 4.78; 1.69 

Table 2 

Enolizat ion of 3- (Acylacety l ) -  
selenophenes in Acetone 

Acyl 

Acetyl 
Benzoyl 
a-Furoyl 
a-Thenoyl 
Picolinoyl 

Molar 
concentra- 
tion, % 

22 
24 
15.5 
9 

18.5 

Content of 
the enol, % 

Table 3 

Chemical  Shifts of the Pro ton  Sig- 
nals of 3-(Acylacetyl )se lenophenes  

Acyl 

83 Acetyl 
95 Benzoyl 
91 a-Furoyl  
90 a-Thefioyl  
96 Picolinoyl 

Molar 
concentra- 
tion, % 

22 
24 
15.5 
9 

18.5 

Chemical. shift, 6, 
ppm 

[--CH..-- =CH-- --OH 

4.30 16,48 9.4 
4.82 ] 7.30 9,55 
4.59 ]6.80 9.12 
4.80 17.14 9.44 
4.89 17.63 9.40 

Table 4 

3- (Acylacetyl)selenophenes (la-d) 

Acyl 

Picolinoyl* 

Isonicotinoyl 

-Furoyl** 

a -Thenoy l  

Mp, ~ 

78--79.5 

129,5--130.5 

78--79.5 

90--91 

Empirical 
formu la 

Found, % Calculated, % 
.. . . . . . . . . . . . . . . . . . .  Yield, % 

C12HaNO2Se 

CI2H9NO2Se 

CuHsOaSe 

CuHsO2SSe 

5i .65 3.22 
51.73 3.26 

51.37 3.15 
51.37 3.24 

49.56 3.07 
49/26 3.21 
46.48 2.93 
46.67 3.02 

H 

3.26 

3.26 

3.Ol 

2.84 

51.81 

51.81 

49.45 

46.72 

76.5 

76 

94 

76 

*Found, %: Se 28.04, 28.13. Calculated, %: 28.38. 
**Found, %: Se 29.57, 29.39. Calculated, %: 29.56. 
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Acyl 

PicolinoyP 

Isonicotinoyl 

-FuroyP* 

a-Thenoyl  

Table 5 

Cu z+ Complexes  of 3-(Acylaeetyl)selenophenes (IIa-d) 

Found, % . ~Calculated'~i 
Mp, ~ c H ! - - ~  

272--273,5 
decomp. 

285--287 
decomp. 
253--255 
decomp. 
283--284 
decomp. 

Empirical 
formula 

C24HI6CuN204S% 

C~HI~CuN204Se2 

C22H14CuO6See 

C2~HI4CuO4S2Se~ 

47.19 2.86 
47.29 2.81 
46.16 2.90 
46.09 2,83 

4-t.06 2.63 
44.32 2.50 
41.88 2.46 
41.67 3.55 

46.65 

46.65 

44.34 

42,08 

*Found, %: Se 25.50, 25.63. Calculated, %: 25.56. 
**Found, %: Se 26.11, 26.07, Calculated, %: 26.56. 

%~ Yield, % 
h 

2,61 86 

2,61 95,5 

2.36 94.5 

2.24 91 

Table 6 

(5)3- (3- Selenlenyl)-5 (3)-I I -pyrazoles  (IIla-d) 

R Mp, ~ Empirical for- Found, % Calculated, % 
mula - - - C  ............ 11 ......... C-------H -iYield' % 

179.5-- 180,5 

189--190 

186--187.5 

200--200.5 1 
I 

CI2HoNaSe 

C12HgN3Se 

ClIHsN2OSe 

CuHsN2SSe 

cz -Pyridyl* 

T-Pyridyl 

a-Furyl 

a - Thienyl 

52,48 
52.33 
52.55 
52.55 
50,09 
49,97 
46.40 
46,51 

3.26 
3,20 
3.29 
3.63 
3.22 
3.10 
2.84 
2.93 

52.57 

52.57 

50,29 

47.01 

3.31 

3.31 

3.05 

2.88 

85 

81 

81.5 

86 

*Found, %: Se 28.56, 28.98. Calculated, %: Se 28.80. 
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EXPERIMENTAL 

3-(Acylacetyl)selenophenes (Ia-d). In drops, 29 mmole of a 
ketone in 25 ml of absolute er_her was added to 63 mmole of sodium 
amide in 25 ml of absolute ether, the mixture was stirred for 20 min- 
utes, Then 36 mmole of the ester in 20 m 1 of absolute ether was added and 
the mixture was heated at 36 ~ C for 3.5 hr, left for 20 hr, poured onto 
150 g of ice and 22 ml of acetic acid (in the preparation of compounds 
Ic and Id the reaction mixture was decomposed with a mixture of 200 
g of ice and 50 ml of concentrated hydrochloric acid), and extracted 
with ether, The ethereal solution was then washed with saturated so- 
dium carbonate solution and dried with magnesium sulfate, the sol- 
vent was driven off in vacuum, and the 13-diketones were recrystal- 
lized from heptane (Table 4). 

The Cu 2+ complexes of the 3-(acylacetyl)selenophenes (IIa-d) were 
obtained by the reaction of a saturated ethanolic solution of 0.7 
mmole of a B-diketone and a saturated aqueous solution of i mmole 
of copper acetate; they were crystallized from acetone (Table 5). 

3-(3-Selenienyl)-5-R-pyrazoles (IIIa-d). A mixture of 4.5 mmole 
of a ~-diketone and 1.a ml of hydrazine hydrate in 10 mI of 
ethanol was heated in the water bath for 1 hr and the solvent was dis- 
tilled off in vacuum; the pyrazoles were recrystallized from ethanol 
(Table 6). 
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