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The reac t ion  of a lkylace ty lenes  and ace ty lenes  with 2 - formylse lenophene  and i ts  de r iva t ives  
has  given the prev ious ly  unknown selenienyl  alkynyl alcohols ,  which a re  oxidized to the c o r -  
responding  ketones  by MnO 2. The reac t ions  of the la t te r  with hydraz ine  and hydroxylamine  
were  invest igated,  as a r e s u l t  of which se len ienyl -subs t i tu ted  pyrazo les  and i soxazoles  were  
obtained. 

A large  number  of studies [1-5] have been devoted to the synthes is  and sy s t ema t i c  study of the p rop -  
e r t i e s  of oxygen-containing alkynyl de r iva t ives  of furan and thiophene. In the selenophene s e r i e s ,  this 
c l a s s  of subs tances  was unknown until now. It s eemed  of in te res t  to compa re  the p rope r t i e s  of the alkynyl 
alcohols  and ketones of the selenophene s e r i e s  with the analogous compounds of thiophene and furan.  In ad-  
dition, the alkynyl de r iva t ives  of selenophene open up poss ib i l i t ies  for the synthes is  of compounds that  a r e  
p romis ing  in a p rac t i ca l  r e s p e c t .  

In this  paper  we have accompl i shed  the synthes is  of alkynyl alcohols of the selenophene s e r i e s  by the 
r eac t i on  of subst i tuted 2 - fo rmylse lenophenes  with a lkynylmagnes ium b romides  under the conditions of the 
Io ts ich  r eac t ion  and with sodium acetyl ide in liquid ammonium.  

Alcohols I and II  (obtained in 80-85% yields)  and III  and IV (obtained in 65-80% yields) a r e  oily liquids 
that  a r e  s table  on s to rage  in a i r  and have higher boiling points than the thiophene analogs [3]. 

~ R--~e -CHOH--C-~CR' 
Ill-VII ~ e  I R=H;  II R=CH3; III R=H, R'=C4tls; 

R-- --CHO IVR=H,  R'= C6 HI3; Y R= if, R'=C~H~; ' 
Nac~ctl Vl R=Br,R'=C6HsI ,VU R=CH~., R'=C6H 5 

R --CflOH--C=--CH 
liquid I. II 

Phenyl - subs t i tu ted  selenienyl  alkynyl alcohols V-VH are  e x t r e m e l y  unstable  c o m p o u n d s  Because  of this,  
they w e r e  oxidized to the cor responding  ketones  without p r io r  purif icat ion.  

The IR s p e c t r a  of I-IV have b road  absorpt ion  bands of a s soc ia ted  hydroxyl  groups at 3400-3430 cm -l ,  
absorp t ion  bands of the t r ip le  bond at  2220-2240 c m  -1 (for IH and IV) and at 2100 cm -1 (for I and II), as 
well  as bands at 1425-1450, 1310-1345, 1215-1230, 835-850, and 718 cm -1, which a re  c h a r a c t e r i s t i c  for the 
selenophene r ing .  It  should be  noted that  the re  is an absorpt ion  band of a conjugated ca rbonyl  group at 
1615-1627 c m  -~ in the IR s p e c t r a  of III  and IV obtained via  the Io ts ich  r eac t ion .  The fo rmat ion  of a sma l l  
amount  of ketone can be explained by the side reac t ion  of the s ta r t ing  2- formylse lenophene  with magnes ium 
alkoxide [6]. 

Selenienyl alkynyl ketones were  obtained by oxidation of the cor responding  alcohols with act ive  
manganese  dioxide in e ther  (Table 1). Alcohols I and II, with labile alkynyl hydrogens,  a re  oxidized to fo rm 
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amorphous brown powders that have melting points of about 200 ~ . The molecular  weights (determined by 
the Ras t  method) indicate that these compounds are  d imers .  

There  is a nar row absorption band of the C ~ C bond at 2210-2235 cm -1 in the IR spec t ra  of 
selenienyl alkynyl ketones VIII-XII.  The,absorpt ion band at 1615-1620 cm -1 cor responds  to a con]ngated 
carbonyl  group.  The ~requency of the C = O  vibrations for analogous thiophene compounds lies at 1635- 
1640 cm -1 [3]. The dec rease  in v C ~ O  by 20 cm -t in the spect ra  VIII-XII as compared  with the analogous 
thienyl alkynyl ketones is explained by the fact that the selenienyl radica l  has s t ronger  e l e c t r o n - d o n o r  
cha rac te r  than the thienyl radica l ,  in agreement  with the resu l t s  in [7]. 

XI I I  - X V I I  '~ 
R_~--s~_CO_C~cR ' tt 

V I l l  - X X I  \ 0 /  

The selenienyl akynyI ketones readi ly  r eac t  with hydrazine and hydroxylamine in aqueous ethanol by 
undergoing in t ramolecular  cyclizat ion to form the correspending~selenienyl-substi tuted pyrazoles  (XIII- 
XVII) and isoxazoles (XVIII-XXI) (]7able 2). 

In addition to the frequencies of the selenophene ring,  the IR spec t ra  of XIII-XVII contain an intense 
absorption consist ing of a number of bands at 1405-1580 cm -l .  They can be assigned to the vibrations of 
the C = C  and C = N  bonds of the pyrazole r ing.  The broad band at 3430 cm -1 is assigned to the vibrations 
of the three N - H  bonds. 

The se r i e s  of bands at 1400-1605 cm -I in the IR spect ra  of XVIII-XXI cor responds  to the vibrations 
of the C = C  and C = N  bonds of the isoxazole r ing,  while the nar row band at 930 cm -I cor responds  to v ib ra -  
tions of the C -  O bond. 

EXPERIMENTAL 

1- (2 -Se len ieny l ) -2 -p ropyn- l -o l  (I). A solution of 15.9 g (0.1 mole) of 2-formylselenophene in absolute 
ether was added to sodium acetylide obtained f rom acetylene and 4.6 g (0.2 g-atom) of Na in 700 ml of liquid 
ammonia .  The contents of the flask were s t i r r ed  for 2 h and allowed to stand overnight.  The reac t ion  mix-  
tare  was decomposed with dry NH4C1 , the ammonia was evaporated, and 200 ml of ether was poured into the 
flask.  The insoluble mater ia l  was separated and washed repeatedly with ether .  The ether layer  was c o m -  
bined with the ether extracts ,  washed with 1070 NaHSO 3 and water ,  and dried with MgSO 4. The solvent was 
evaporated,  and the res idue  was vacuum distilled to give 15.7 g (85%) of I. Compound II was s imi la r ly  ob-  
tained. 

1 - (2-Se len ienyl ) -2-hep tyn- l -o l  (III). A 4.1 g (0.05 mole) sample of butylacetylene in an equal volume 
of te t rahydrofuran  was added to a Grignard reagent  prepared f rom 1.2 g (0.05 g-atom) of magnesium and 
5.46 g (0.05 mole) of ethyl bromide in 70 ml of te t rahydrofuran  with cooling to 0 ~ . The mixture was heated 
on a water bath for 5 h, cooled to 0 ~ and 8 g (0.05 mole) of 2-formylselenophene was added. The mixture 
was s t i r r ed  for another 2 h and allowed to stand overnight.  It was decomposed with 10% NH4C1. The o rgan-  
ic layer  was separated,  and the aqueous layer  was extracted three t imes with ether .  The ether extracts  
and the organic layer  were washed with water until they gave a neutral  react ion and were then dried with 
MgSO 4. The solvent was evaporated,  and the res idue was vacuum distilled to give 9 g (75~) of Ill. Com-  
pounds IV-VII were  s imi la r ly  obtained. Alcohols V-VII were  oxidized to the corresponding ketones without 
pr ior  purification. 

1.7 (2-Selenienyl)-2-heptyn- l -one {VIII). Active manganese dioxide [4.35 g (0.05 mole]) was added in 
small  portions with vigorous s t i r r ing  to a solution of 2.41 g (0.01 mole) of I]I in 60 ml of dry  benzene. The 
mixture was s t i r r ed  for 3 h under nitrogen at the boiling point of the solvent, and the resul t ing precipi tate  
was f i l tered and thoroughly washed on the filter with e ther .  The fi l t rate was washed with water and dried 
with Na2SO4. The ether was evaporated,  and the res idue was vacuum distilled to give 1.43 g (60qc) of VIII. 
Compounds IX-XII were s imi la r ly  obtained. Ketone IX was isolated by chromatography on A1203 with elution 
by e t h e r - b e n z e n e  (1 :3) .  Ether was used as the solvent to obtain X-XII, and the react ion t ime was 2 h. 
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Dimer  f rom the Oxidation of 1 - (2 -Se len ieny l ) -2 -p ropyn- l -o l  (I). Active manganese dioxide [7.4 g 
(0.085 mole)] was added in smal l  portions to a solution of 3.1 g (0.017 mole) of I in 70 ml of d ry  e ther .  The 
mixture  was s t i r r e d  under ni trogen for 1 h at the boiling point of the solvent,  and the precipi ta te  was f i l tered 
and washed repea ted ly  on the f i l ter  with e ther .  The f i l t ra te  was washed with water  and dr ied  with MgSO 4. 
The ether  was par t ia l ly  evaporated,  and the d imer  was prec ip i ta ted  with alcohol (brown powder) to give 
2.5 g (83%) of a product  with mp 200-202 ~ Found ~c: C 41.59; H 3.51; Se 45.60; tool.  wt. 372 (Rast method). 
C14Hl202Se 2. Calculated %: C 41.62; H 3.47; Se 45.66; tool. wt. 370. The IR spec t rum of the dimer  con-  
tained an absorpt ion band f rom a conjugated carbonyl  group at 1633 cm-1; C ~ C bond absorpt ion was absent.  
The d imer  was s imi la r ly  obtained in a yield of 91% (brown powder) by oxidation of 1 - (5 -methy l -2 -se len ieny l ) -  
2 - p r o p y n - l - o l  (II). This product  had mp 211-213 ~ Found %: C 48.12; H 4.11; Se 39.58; tool.  wt. 395. 
Cl~Hi~O2Se 2. Calculated %: C 48.24; H 4.02; Se 39.70; tool.  wt. 398. 

3 -Buty l -5 : (2 - se len ieny l )pyrazo le  (~H) .  A mix ture  of 0.5 g (0.002 mole) of VIII and 0.26 g (0.002 
mole) of hydrazine sulfate in 10 ml of alcohol was heated to the boiling point, and a solution of 0.27 g (0.002 
mole) of potassium carbonate  in a smal l  amount of water  was added. The m i x , r e  was heated on a water 
bath for 3 h, cooled, and poured into water .  The resul t ing  precipi ta te  was f i l tered,  washed with water ,  and 
r e c r y s t a l l i z e d  f rom alcohol to give 0.48 g (90%) of l ight-yel low c rys t a l s  of XIII. 

P y r a z o l e s  XIV-XVII were  s imi la r ly  obtained. 

3 -Pheny l -5 - (5 -b romo-2-se len ieny l ) i soxazo le  ~VIII) .  A mixture  of 1.5 g (0.004 mole) of XI and 0.28 
g (0.004 mole) of hydroxylamine hydrochlor ide  in 10 ml of alcohol was heated to the boiling point, and a 
smal l  amount of water  was added. A solution of 4.2 g (0.004 mole) of sodium carbonate  in a smal l  amount 
of water  was added dropwise.  The mixture  was heated on a water  bath for 3 h and poured into water .  The 
prec ip i ta te  was f i l tered,  washed with water ,  and r e c r y s t a l l i z e d  f rom aqueous alcohol to give 1.26 g (80%) of 
yellow c rys t a l s  of XVIH. 

Isoxazoles  XIX-XXI were  s imi la r ly  obtained. 
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