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As in the case of alkyl 2-thienyl selenides,  replacement  of the alkylseleno group to form the 
corresponding lithium derivative is observed when n-butyll i thium acts on alkyl 2-furyl  and 
alkyl 2-selenienyl selenides.  The alkylselenide flmction is also replaced when alkyl 2- 
thienyl selenides are t reated with excess bromine.  A scheme of the mechanism for the r e -  
action of alkyl 2-hetaryl  selenides with n-butyll i thium is proposed.  Alkyl 2-furyl  selenides 
undergo the diene synthesis  with maleic  anhydride to give phthalic anhydride without a 
selenide function as the final product.  

We have previously observed that, under the conditions of metallation with n-butylli thium, alkyl 2- 
thienyl selenides split out an alkylseleno group to form 2-thienyllithium [2,3]. It was of in teres t  to a s c e r -  
tain the behavior ofsubst i tuents  (in the 2 position of the alkylseleno group) of other f ive -membered  he te ro -  
cycles  - furan and selenophene - under s imi lar  conditions. We found also in this case that the alkylseleno 
group is replaced to form the corresponding Li derivative and dialkyl selenide.  In par t icular ,  2-methyl -  
selenofuran and 2-methylselenoselenophene form,  respect ively,  furan-  and selenophene-2-carboxyl ic  acids 
as a resul t  of the action of n-butyll i thium and subsequeat carbonation.  

In order  to ascer ta in the effect of the nature of the alkyl group bonded to the selenium atom on the 
elimination of an alkylseleno group, we made a study of the action of n-butyll i thium on 2-butylselenothio-  
phene. The yields of reaction products in this case  are  somewhat higher than in the case  of 2-methyl -  
selenothiophene [2], which can apparently be explained by the relat ively g rea te r  inductive effect of the butyl 
group as compared with the methyl group. 

In order  to compare the behavior of aromatic  and he teroaromat ic  selenides under the conditions of 
the metallation with n-butylli thium, we studied the behavior toward the lat ter  of selenoanisole under s imi lar  
conditions. Replacement of an alkylseleno group did not occur  in this case ,  and up to 82% of the s tar t ing 
selenoanisole was recovered .  We note, however,  that cleavage of the A r - S e  bond in selenoanisole does 
occur  but under more  severe  conditions and to a much l e sse r  degree [4, 5] than in the case  of the cleavage 
of the hetaryl  - selenium bond that we observed.  

The process  that occurs  during the react ion of 2-alkylseleno derivatives of f ive -membered  he te ro -  
cycles  with n-butyll i thium can be depicted as shown by the following scheme.  The proposed scheme 
differs f rom the mechanism for the elimination of an alkylmercapto group in alkyl phenyl sulfides [6] in 
that, in the lat ter  case,  metallation occurs  at the a - c a r b o n  atom of the side chain, and a fou r -membered  
cyclic transit ion state then develops, and the A r - S e  bond is cleaved. 

*See [1] for communication VI. 
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Since substitution of an alkylseleno group by lithium under the influence of n-butyll i thium can, in pr in-  
ciple, be used for the synthesis  of diff icult- to-obtain 2,3- and 2,4-derivat ives  of thiophene and, possibly, 
other f ive -membered  he terocycles ,  we attempted to find a different method for cleaving the h e t a r y l -  
selenium bond since, in the case of alkyl hetaryl  selenides bearing functional groups of the OH, CHO, COR, 
etc.  type, attack of n-butyll i thium can be directed p r imar i ly  to these groups.  

We observed another type of cleavage of the C - S e  bond in a study of the bromination of alkyl 2- 
thienyl selenides.  Proceeding f rom the noted analogy in the behavior of sulfides and selenides of the thio-  
phene ser ies  in electrophflic substitution react ions [7, 8], it might have been expected that in the b romina -  
tion of 2-methylselenothiophene,  bromine would enter the free w position of the thiophene ring, as in the 
case  of 2-methylmercaptothiophene [9]. In fact, the action of a b r o m i d e - b r o m a t e  solution, in the amount 
n e c e s s a r y  for  the liberation of one equivalent of bromine,  on 2-methylselenothiphene gave 40-45% 5 -b romo-  
2-methylselenothiophene,  which, however,  according to gas- l iquid chromatography,  contains 10% 2,5-di-  
bromothiophene,  the formation of which was not noted in the bromination of 2-methylmercaptothiophene [9] .. 
Moreover ,  the direct  attack of the free a position is not observed in the action of bromine in chloroform at 
lower t empera tu res  on 2-methylselenothiophene,  but a quantitative yield of a colored,  crys ta l l ine  substance,  
which is the product of the addition of two bromine atoms to the selenium atom, is formed.  5-Methyl-  
se leno-2-methyl thiophene behaves s imi la r ly  under these conditions. The dibromides obtained apparently 
contain ionogenic bromine,  since they t i t ra te  potent iometr tcal ly .  The ionagenic cha rac t e r  of bromine in di-  
bromides  of seienides has been repor ted  (see, for example, [10, 11]), but, in addition, data on the poor con-  
ductivity of a solution of 4-methylselenoacetophenone dichloride served as a basis  for the assumption of co-  
valent cha rac te r  of the H a l - S e  bond in such compounds [12]. 

We studied severa l  t ransformat ions  of the dibromides obtained. The Mkylseleno group is replaced to 
fo rm 2,5-dibromothiophene by the action of aqueous potass ium bromate  on the dibromide of 2 -methy l -  
selenothiophene. However, on contact with water ,  the dibromide is slowly converted to 5 - b r o m o - 2 - m e t h y l -  
selenothiophene, which is converted to 2,5-dibromothiophene on react ion with bromine water .  2 ,5-Dibromo-  
thiophene is also formed by the action of a b romide-b romate  solution (in the amount n e c e s s a r y  for the l ibera -  
tion of 2.5 mole of bromine) on 2-methylselenothiophene.  

. ~ , ~ . ~ ~  tH20 " ~ . . . ~  

. / rO ,IL~O li i ]  

U >L,I+ ~ '  
] ~S / SeClt 3 [ 

KBr, KBr03, H + fir- 1 
(2,s mole Brz) 

Like the bromination of 2-alkylselenothiophene in the free ~ position of the ring under the influence 
of bromine,  the clarif icat ion of the mechanism of the cleavage of the C - S e  bond requires  additional thorough 
investigation. 

R R v 

o - - -  

R=H, aUv]l; R'~ alkyl  

Continuing our study of the proper t ies  of alkyl hetaryl  selenides in compar ison with the proper t ies  of 
the analogous sulfides, we investigated the reaction of alkyl furyl selenides with maleic anhydride.  As in 
the case of the corresponding alkyl furyl sulfides [13, 14], adducts, which split out a molecule of water  to 
give phthalic anhydrides containing a selenide function, are formed.  This makes it possible to real ize  the 
transit ion f rom selenides of the furan se r ies  to selenides of the benzene se r i e s .  
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E X P E R I M E N T A L  

Action of n-Butyl l i thium on 2-Methylse lenofuran.  A total  of 5.1 ml  of a 1.8 N e ther  solution of n -  
butyll i thium was added under  ni t rogen to a solution of 1.5 g (93 mmole)  of 2-methylse lenofuran  in 20 ml  of 
absolute e the r .  The mix tu re  was s t i r r e d  for 2 h at room t e m p e r a t u r e  and poured over  f inely c rushed  dry 
ice .  The d ry  ice was evapora ted ,  and the res idue  was dissolved in the min imum amount of wa te r .  The 
aqueous solution was ex t rac ted  thoroughly with e ther ,  and the ex t rac t  was dr ied  with anhydrous MgSO 4. R e -  
moval  of the e ther  by dist i l lat ion gave 0.84 g (64%) of methyl  butyl selenide with bp 141-142 ~ and n~  1.4764 
COp 141 ~ and n~ 1.4771 [15]). The aqueous layer  was acidified with 1 N HC1 and ex t rac ted  thoroughly with 
e the r .  Remova l  of the e ther  by dist i l lat ion gave 0.65 g (62%) of fu ran -2 -ca rboxy l i c  acid with mp 132-133 ~ 
(from water)  [16]. 

Action of n-Butyl l i th ium on 2-Methylselenoselenophene.  As above, 1.13 g (5 mmole)  of 2 -me thy l -  
selenophene gave 0.77 g (88%) of se lenophene-2-carboxyl ic  acid with mp 120-121 ~ (from water)  [17]. Gas -  
liquid ch romatography  of the e ther  l ayer , shewed  one peak that  had the s ame  retent ion t ime as the peak of 
methyl  butyl selenide.  

Action of n-Butyl l i th ium on 2-Butylselenothiophene.  An exper iment  with n-butyl l i th inm and 2-buty l -  
selenothiophene was c a r r i e d  out under  the conditions indicated above. Af ter  carbonat ion,  the acidified 
aqueous l aye r  gave 91% th iophene-2-carboxyl ic  acid with mp 125.5-126 ~ (from water) .  The e the r  l aye r  
f rom the carbonation product  gave 90% dibutyl selenide with bp 102 ~ (31 ram) and n~  1.4763 Cop 82-83 ~ 13 
ram,  and n~  1.4753 [18]). 

The above acids were  identified by compar i son  of the i r  UV spec t r a  with the s p e c t r a  of genuine 
s amp le s ;  the s amples  obtained did not dep re s s  the mel t ing  points of the genuine samples .  

Action of n-Butyl l i th ium on Selenoanisole.  Under s i m i l a r  conditions,  0.86 g of se lenoanisole  gave 
0.7 g (81%) of the s ta r t ing  compound with bp 94-95 ~ (24 ram) and n~  1.6047 [bp 202-203 ~ (743.8 ram), n~  
1.6039 [19]]. The aqueous l ayer  a f te r  acidification ~6 prec ip i ta te  was observed)  was ex t rac ted  with e ther .  
The e ther  was r em oved  by disti l lation, but no res idue  was observed .  

Action of n-Butyl l i th ium on 2-Methylmereaptose lenophene .  Under s i m i l a r  conditions,  the metal la t ion 
of 1.77 g (0.01 mole) of 2 -methy lmercap tose lenophene  and subsequent  carbonat ion gave 1.81 g (82%) of 5-  
me thy lmercap tose l e~ophene -2 -ca rboxy l i c  acid with mp 119-120 ~ (from 20% alcohol).  Found: C 32.7, 32.9; 
H 2.9, 3,0%. CsH602SSe. Calculated:  C 32.6; H 2.7%. 

2-Methylselenothiophene Dibromide .  A solution of 2.5 ml  of b romine  in 10 ml  of CHCI~ was added 
with vigorous  s t i r r ing  to a cooled (--40 to " 2 0  ~ solution of 7.08 g (40 mmole)  of 2-methylselenothiophene in 
35 ml  of CHC13 . Af ter  5-10 rain, the resul t ing orange prec ip i ta te  was r emoved  by f i l t ra t ion and washed with 
cold e ther  to give 13.02 g (97v/c) of the unstable 2-methylselenothiophene dibromide with m p  64-65 ~ (deter-  
mined d i rec t ly  af ter  prepara t ion ,  s ince the mel t ing point d e c r e a s e s  with t ime) .  Found: C 18.2, 17.8; H 1.8, 
1.6; Br  Coy potent iometr ic  t i t rat ion) 46.5; 47.5%. CsH6Br2SSe. Calculated:  C 17.8; H 1.8; Br  47.4%. 

A mix tu re  of 9.8 g (29 mmole)  of 2-methylselonothiophene d ibromide  and sa tu ra ted  aqueous KBrO 3 in 
75 ml  of water  was shaken in an open vial .  The solution rapidly  became  turbid with sl ight warming  and 
evolution of b romine  vapors .  The l ibe ra ted  oil was ex t rac ted  thoroughly with e ther ,  and the ex t rac t  was 
washed with 10% NaOH and water  and dr ied with anhydrous MgSO 4. Dist i l lat ion gave 6.4 g (91%) of 2 ,5-d i -  
bromothiophene with bp 110-111 ~ (26 ram) and n~ 1.6290 ~a~ 1.6288 [20]). Found: C 19.6, 19.4; H 1.0, 1.0; 
Br 65.3, 66.1; S 13.1, 13.3%. C4H2Br2S. Calculated:  C 19.9; H 0.8; Br  66.1; S 13.3~. 

A 10-g (30 mmole)  sample  of 2-methylselenothiophene d ibromide  was s t i r r e d  with 120 ml  of water  for 
5 h. After  2 days at 20 ~ the l ibera ted  oil was ex t rac ted  thoroughly with e ther .  The ex t rac t  was washed 
with 10~ NaOH solution and wate r  and dried with MgSQ.  Dist i l lat ion gave 4 g (53%) of 5 - b r o m o - 2 - m e t h y l -  
selonothiophene with bp 95 ~ (5 mm) and n~ 1.6576. Found: C23.5, 23.6; H 2.0, 2.2; Br  31.2, 31.0; S 12.5, 
12.4; Se 30.8, 30.6%. CsHsBrSSe. Calculated:  C 23.5; H 2.0; Br  31.2; S 12.5; Se 30.8%. 

5 -Bromo-2-methy l se leno th iophene  Fop 102-103 ~ (6 turn), n~  1.65561 was also obtained in 45% yield by 
the addition of 19 ml  of concent ra ted  hydrochlor ic  acid in the cour se  of 30 rain to a mix tu re  of 5.31 g (0,03 
mole) of 2-methylselenothiophene,  50 ml  of e ther ,  and 60 ml  of a b r o m i d e - b r o m a t e  solution (0.08 g / m l  of 
bromine)  at 10-15 ~ with subsequent s t i r r ing  for 10 h at 20 ~ The identical  c h a r a c t e r  of the compounds ob-  
tained by these two methods was conf i rmed by gas- l iquid  ch romatography  and UV spec t roscopy .  

426 



A solution of 3.3 g (13 mmole)  of 5 -b romo-2-me thy l se l eno th iophene  in 200 ml  of bromine  water  con-  
taining 2.5 ml  of b romine  was s t i r r ed  at 20 ~ for  5 h.  Af ter  dece lera t ion  of the b romine  wa te r ,  the l ight-  
yellow e ther  l ayer  was separa ted ,  and the aqueous l ayer  was ex t rac ted  th ree  t imes  with e the r .  The c o m -  
bined e ther  ex t r ac t s  were  washed with 10% NaOH solution and water  and dr ied with anhydrous MgSO 4. D i s -  
t i l lat ion gave 2.86 g (92%) of 2 ,5-dibromothiophene with bp 93-94 ~ (18 ram) and n~  1.6300. 

A tota l  of 47 ml  of concent ra ted  hydrochlor ic  acid was added with vigorous  s t i r r ing  in the cour se  of 
1 h to a cooled (10-15 ~ mix tu re  of 5.31 g (0.03 mole) of 2-methylse lenothiophene,  50 ml  of e ther ,  and 150 
ml  of a b r o m i d e - b r o m a t e  solution (0.08 g / m l ) ,  and the mix tu re  was  s t i r r ed  for  5 h. The mix ture  was then 
allowed to stand a t20~  2 days.  The e ther  layer  was sepa ra ted ,  and the aqueous l aye r  was ex t rac ted  
thoroughly with e the r .  The combined e the r  ex t r ac t s  were  washed with 10fie NaOH solution and dr ied with 
MgSO 4 to give 3.3 g (46~ of 2 ,5-d ibromothiophene  with bp 99-101 ~ (20 mm) and n~  1.6288. 

The identical  c h a r a c t e r  of all  of the samples  of 2 ,5-dibromothiophenes  obtained was conf i rmed  by 
gas- l iqu id  ch roma tog raphy  and UV spec t ro scopy .  

5 -Methy lse leno-2-methy l th iophene  Dibromide .  This  compound was s i m i l a r l y  obtained in 87~c yield 
and had mp  55-56 ~ (for the uncrys ta l l i zed  d ibromide;  the product  decomposed  on a t tempts  to r e c r y s t a l l i z e  
i t .  The d ib romides  a lso  decomposed  on standing at  r oom t e m p e r a t u r e . )  Found: C 20.3, 21.1; H 2.2, 2.4; 
Br  (by poten t iomet r ic  t i t ra t ion)  44.9, 45.1~c. CsHsBr2SSe. Calculated:  C 20.5; H 2.3; Br  45.5~.  

3-Methylselenophthal ic  Anhydride.  A 4.9-g (0.05 mole) sample  of male ic  anhydride was dissolved by 
heat ing in 8 ml  of benzene.  The solution was then cooled to 20 ~ and 8.05 g (0.05 mole) of 2 -me thy l se l eno-  
furan was added to it .  The react ion mix tu re  was ref luxed on a wa te r  bath  for 4 h and allowed to stand at 
20 ~ for  50 h. The resu l t ing  prec ip i ta te  was r e m o v e d  by f i l t ra t ion and washed twice with e the r  to give 5 g 
(42~c) of 3-methylse lenophtha l ic  anhydride with mp 176.5-177.5 ~ (from ch loroform) .  Found: C 44.7, 44.6; 
H 2.6, 2.5%. CgH603Se. Calculated:  C 44.8; H 2.5~.  

6 -Methy lse leno-3-methy lph tha l ic  Anhydride.  As in the preceding exper iment ,  5.8 g (46%) of 6- 
me thy l se leno-3-methy lph tha l i c  anhydride with mp 196-19T (from chloroform)  was obtained f r o m  4.9 g 
(0.05 mole) of ma le ic  anhydride and 8.8 g (0.05 mole) of 5 -methy l se leno-2-methy l th iophene .  Found: C 
46.9, 46.8; H 3.0, 2.9%. C10HaO3Se. Calculated:  C 47.1; H 3.2~c. 
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