
SYNTHESIS AND STRUCTURE OF 

i, 3-DISE LENOL-2-SE LE NONE 

R. N. Lyubovskaya, Ya. D. Lipshan, 
O.  N .  K r a s o c h k a ,  a n d  L .  O .  A t o v m y a n  

UDC 542.91: 541.6:547.739.3 

Ion- rad ica l  sa l t s ,  which contain an Se compound as  the donor component ,  r e p r e s e n t  cons iderable  
i n t e r e s t  [1,2]. We developed a convenient  method fo r  the synthes is  of 1, 3 -d i se l eno l -2 - se l enone  (I) and 
studied i ts  s t ruc tu re .  Compound (I) can be the donor in c h a r g e - t r a n s f e r  complexes ,  and an in te rmedia te  
for  obtaining organic  conductors  [2]. We synthes ized (I) by the following scheme:  

Se 
H,o, di]* HCI f ~ 

CH_~CNa + CSe~ + Se. ~ =Se (I) 
\ 

Se 

1, 3 -Dise leno l -2 -se lenone  (I) is  obtained in only 10-15% yield by this  route [3]. In con t ras t  to this  method,  
a second synthes is  path,  which i s  also used  to obtain s i m i l a r  sulfur  compounds [4], includes a g r e a t e r  
n u m b e r  of s teps:  

Se R00C Se H00C Se 

( ~ S e  ROoCC~:CCOOR ~ ~ HCI,H20/=Selc_~sC~_H ~ ~ = S e - ~  (I) 

Se R00C Se H00C Se 
(II) (III) (IV) 

R = CH8 R = CH~ 

However ,  h e r e  the yie ld  in each  step r eaches  60-80%. The redd i sh -purp le  (I) c r y s t a l s  a re  shaped as  thin 
p la tes  and belong to the rhombic  sys t em.  The pr incipal  c rys ta l lograph ic  data are:  S%C3H2; a = 9.273 (3), 
b = 8.525 (3), c = 7.483 (3)A; M = 274.93; V = 591.55 ~3; Z = 4; P x - r a y  + 3.105 g/cm3; space group Pnma.  
The coordinates  and individual hea t  f ac to r s  a re  given in Table  1. The (I) molecule  has  a C s s y m m e t r y ,  in 
which connection the c rys ta l lograph ic  plane of s y m m e t r y  i s  perpendicu la r  to the plane of the molecule .  
We have drawn molecu le  (I) in Fig.1 and given the in te ra tomic  d i s tances  and valence angles.  All of the 
lengths of the Se--C bonds a re  equal to 1.85 A, which c o r r e s p o n d s  to a mul t ip l ic i ty  of approx imate ly  1.5. 
The length of the C 2 C 2' bond co r r e sponds  t o  that  of a C--C double bond, s i m i l a r  to that  found in the s t r u c -  
ture  of 2 , 2 - b i s - l , 3 - d i t h i o l  C6H4S 4 (1.314 A) [5]. The (I) molecule  is  f iat ,  and the deviat ions oi the a toms  
f r o m  the r a y s  of the plane,  6.20x + 5.56y = 1.33, a re :  Se i --  0.06, Se 2 0.04, Se 2' 0.04, C i 0.05, C 2 --  0.04, 

2 ~ C --  0.04 ]~. The in t e rmolecu la r  contacts  in the c rys t a l  do not exceed 3.64 ]~. 

E XPERIMEI~TAL METHOD 

T h e i r  s p e c t r a  were  taken on a UR-20 ins t rument ,  the absorpt ion  spec t r a  were  taken on a Specord 
UV-Vis  ins t rument ,  and the NMR s pec t r a  were  taken on a JNM-60 ins t rument .  The x - r a y  s t ruc tu re  
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TA]3LE 1 

ATOM x y z B], A~ 

S e  1 

S e  2 
C1 
C2 

0,049t(7) 
0,2864(5) 
0,205(6) 
0,407(4) 

t14 
0,0679(6) 

i/4 
0,i73(4) 

0,3047(8) 
0,5505(6) 
0,459(7) 
0,705(4) 

5,2(1) 
4,7(i) 
4, t (9) 
4,0(7) 

ana lys i s  (] 59 independent nontr iv ia l  re f lec t ions)  was run on a DAR-UM d i f f r a c t o m e t e r  [6] using Mo--K~ 
radia t ion.  The s t ruc tu re  was d e t e r m i n e d  by the heavy  a tom method and re f ined  by the method of l eas t  
s q u a r e s  ~:LS)  as  a fu i l -maLrix  i so t rop ic  approx imat ion  to the R f ac to r  0.115 [7]. 

1, 3 -Dise l eno l -2 - se l enone  (I). To a solution of 2 g of Na in 130 ml  of NH 3 at --70~ was  added 100 
m[ of abs .  e ther ,  and then ethylene was  pa s sed  in for  1 h. Then the cooling was  r e m o v e d  and, with g rad -  
ual r e m o w d  of the NH 3, 5 g of powdered  Se was  added to the f lask.  The reac t ion  m a s s  turned  green ,  and 
then a red(fish brown color .  The m i x t u r e  was  s t i r r e d  at 10 ~ for  1 h, and then were  added 100 ml  of CH3CN 
and, in d rops ,  8 ml  of CSe 2 in 40 rnl of CH3CN , a f t e r  which the s t i r r ing  was  continued fo r  another  2 h, 
100 ml  of (ill. HC1 solution was  added, the mix tu r e  was s t i r r e d  for  5 rain, and the f l a sk  contents were  
poured  into 1 l i t e r  of wate r .  The organic  l a y e r  was  repea ted ly  ex t rac ted  with e ther ,  d r ied  o v e r  CaC12, 
and the e the r  was dis t i l led  off comple te ly .  The solid res idue  was  repea ted ly  ex t r ac t ed  with boiling hexane.  
We obtained 2.1 g (10%) of (I) with mp  114-115 ~ ( f rom hexane).  Found: C 12.88; H 0.82%. C3H2Se 3. Calcul -  
ated: C 13.07; H 0.79%. I n f r a r e d  s p e c t r u m  (KBr, era-l):  1520, 1420, 1350, 1250, 1080, 920,750,740,690.  Ul- 
t r av io le t  s p e c t r u m  (CH3CN,nm): 236 ,265 ,298 ,420 .  NMR s p e c t r u m  (CDC13, TMS, 8): 7.90 ppm.  

l_,_3=3-Diselenolane-2-selenone (II). S imi la r  to [8], we obtained 2.5 g (40%) of product  as  r edd i sh  pu r -  
ple c r y s t ~ s ,  mp  95-96 ~ Found: C 12.89; H 1.53%. C3HdSe 3. Calculated: C 13.01; H 1.46%. Ul t raviole t  
s pec t rum (CH3CN): 565 nm.  

Dimethyl  E s t e r  of 1 , 3 - D i s e l e n o l - 2 - s e l e n o n e - 4 ,  5 -d lca rboxyl ic  Acid (III). To a Solution of 2.4 g 
(0.0086 mole)  of (II) was  added 1.3 g (0.0086 mole)  of dimethyl  ace ty lenedicarboxyla te  and the mix tu re  was 
hea ted  at ~0 ~ fo r  6 h. D a r k  red  c r y s t a l s  deposi ted  on cooling. We obtained 3 g (87.5%) of (III), m p  125-126 ~ 
( f rom toluene).  Found: C 21.57; H 1.8; Se 60.3%. CTHsSe304. Calculated:  C 21.7; H 1.54; Se 60.5%. I n f r a -  
r e d  s p e c t r u m  (K]3r, em-1): 1720, 1550, 1420, 1240, 1080, 1005, 980, 930, 895, 845, 790, 750, 650, 550. 
Ul t ravio le i  spect r t tm (CH3CN , nm): 222, 252, 272, 420. NMR s p e c t r u m  (CDC13, TMS, 8): 3.93 ppm. 

1, 3 - D i s e l e n o l - 2 - s e l e n o n e - 4 ,  5 -d icarboxyl ic  Acid {IV). A mix tu r e  of 1.2 g (0.0031 mole)  of (HI), 10 
m i  of wa t e r ,  6 ml  of cone.  HCI,  and 8 ml  of AeOH was  hea ted  in an argon a t m o s p h e r e  fo r  8 h at 80-90 ~ 
(the product  decomposes  at h igher  t e m p e r a t u r e s  with the l ibera t ion  of e lementa l  Se), f i l t e red  hot, and let  
s tand overa ight .  The obtained lus t rous  pu rp le -b rown  c r y s t a l s  of the product  were  d r ied  in vacuo ove r  P205. 
We obtained 0.62 g (60%) of (IV), m p  109 ~ (decompn.).  Found: C 16.03; H 0.90%. CsH204Se3. Calculated:  
C 16.6; H 0.60%. I n f r a r e d  s p e c t r u m  (K]3r, cm-1): 2930, 2370, 2350, 1710, 1670, 1580, 1528, 1445, 1287, 1060, 
950 ,920 ,890 ,733 ,680 ,420 .  Ul t rav io le t  s pec t rum (CH3CN,nm): 274,334,420.  NMR s p e c t r u m  (DMSO.d6, 
T ~ S ,  6): 4 ppm.  

!~ 3 -Di se l eno l -2 - se l enone  (I). A mix tu re  of 0.5 g (0.0014 mole) of (IV) and 10 ml  of pyr idine was 
hea ted  in zal a rgon  a t m o s p h e r e  for  8 h at 80-95 ~ The pyridine was r emoved  on a r o t o r  e v a p o r a t o r  at 40 ~ 
The res idue  was  ex t r ac t ed  th r i ce  with boiling pentane.  The pentane solution on cooling deposi ted 0.18 g 
(60%) of product  as  br ight  r e d - p u r p l e  c r y s t a l s ,  mp  114-115 ~ ( f rom pentane),  which was comple te ly  iden-  
t i ca l  with ~;hat described above. 

The authors express their gratitude to M. L. Khidekel for his interest in the work and a discussion 
of the results, and to G. V. Lagodzinskaya for taking the NMR spectra. 

CONCLUSIONS 

The reac t ion  of 1, 3 -d i se l eno lane -2 - se l enone  with dimethyl  ace ty lened iearboxyla te ,  and subsequent  
saponif icat ion and decarboxyla t ion  of the f o r m e d  dimethyl  e s t e r  of 1, 3 -d i s e l eno l -2 - se l enone -4 ,  5 -d lca rbox-  
y l ie  acid,  gave 1, 3 -d i s e l eno l -2 - se l enone ,  whose m o l e c u l a r  s t ruc tu re  was de te rmined .  

2. 
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