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Tet ramethy 1 tet rasel enafu 1 val ene (TMTSF) and 
hexamethylenetetraselenafulvalene (HMTSF) can be con- 
veniently synthesized using dimethylphosgene iminium 
chloride as a starting material. 
detailed experimental conditions are described. 

The method and 

Preliminary reports on the synthesis of tetramethylietra- 
se lenaf ul val ene (TMTSF) and hexamethyl enetet rasel enaf ul va 1 ene 
(HMTSF) starting from dimethylphosgene iminium chloride and 
the piperidinium salt of hydrogen selenide have recently been 
presented. 1 The detailed synthetic method and experimental 
conditions are reported in this paper. 

Uiselenocarbamates 2_,  6 ,  i p  and !z are key intermediates 
in the synthesis o f  TMTSF and HMTSF. In the earlier synthe- 
ses of TMTSF and HMTSF, these intermediates were derived from 
carbon diselenide or selenourea as described in Scheme l.2,3 
However, both of these approaches have certain limitations. 

;:Supported by NSF through DMR80-15318 
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284 17681 L.-Y. CHIANG er 01. 

CSe2 560 ‘C 
Se + CH2CI, 

2 

H,Se CIO, 

\ a$$ I 

j: x = s  3:  X . S  

6 :  X :  Se 4 :  X =  Se 

SCHEME 1 
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I H;"3 (\"HZ -CI 
SeH 

7 

12 

SCHEME 2 
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CI O4 

13 

15 

16 

14 

17 

a s e > s .  se 

20 

TMTSF 

HMTSF 

SCHEME 3 
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SYNTHESIS OF TETRASELENAFULVALENES [ 1771113 1 

Tedious gas phase generat ion o f  carbon d i se len ide  and i t s  
t o x i c i t y  and odor a re  major drawbacks i n  the  f i r s t  approach. 
The second approach,while successful i n  the  prepara t ion  o f  
mixed su l furse len ium analogs,gavea low y i e l d  i n  the  prepara- 
t i o n  o f  6 .  When 9 was reacted w i t h  hydrogen selenide, e l  im-  
i n a t i o n  o f  the a-selenidocyclopentanone moiety was the  major 
reac t  ion pathway. 

phosgene iminium c h l o r i d e  was al lowed t o  reac t  w i t h  two 
equiva lents  o f  p ipe r id in ium hydrogen se len ide t o  g i ve  i n t e r -  
mediate 1,O. The reac t i on  mechanism i s  depic ted i n  Scheme 2. 
Hydrogen se len ide ion a t tacks  the dimethylphosgene iminium 
c h l o r i d e  w i t h  loss o f  ch lo r i de  ion t o  g i ve  in termediate 8,. 
Subsequent a t t a c k  by hydrogen se len ide i on  on 8, fo l lowed by 
loss o f  a second c h l o r i d e  i on  r e s u l t s  i n  lO_. Excess hydrogen 
se len ide was removed before the  a d d i t i o n  of another two 
equiva lents  o f  p i p e r i d i n e  t o  generate an in termediate 11. 
The reac t i on  o f  11 w i t h  a-bromoketone gave two major products  
i dent i f ied as (2-oxobu t y  1 ) -N, N-pentamethy lened i selenocarba- 
mate (2) (23%) and (2-oxobu t y  1 ) -N, N-d imethy I d  i selenocarba- 
mate (12) (61%) as shown i n  Scheme 3. Apparently, an 
exchange reac t i on  between dimethylamine and p i p e r i d i n e  occurs 
dur ing  the format ion o f  the  s a l t  o f  diselenocarbamate. Since 
i t  i s  known tha t  1 i s  i n  e q u i l i b r i u m  w i t h  p i p e r i d i n e  and 
carbon d ise len ide ,  i t  i s  reasonable t o  propose t h a t  the 
p ipe r id in ium adduct i s  der ived  via the reac t i on  shown i n  
Scheme 4. 

3-bromo-2-butanone conta ins a t race  amount of l-bromo-2- 
butanone. Several attempts t o  remove t h i s  impur i t y  by 
chemical and/or phys ica l  methods proved unsuccessful. Thus, 
a d i s t i l l e d  sample o f  3-bromo-2-butanone conta in ing  the  iso- 
meric impur i ty  was al lowed t o  reac t  w i t h  the  diselenocarba- 
mate 11. The product 21 der ived from the  impur i ty  was sep- 
a rab le  f r a n  ,2 and !I by ca re fu l  t h i n  layer  chromatography. 

Cyc l i za t i on  o f  2 and/or 12 w i t h  concentrated s u l f u r i c  
ac id  fo l lowed by exchange o f  the s a l t  w i t h  p e r c h l o r i c  a c i d  
gave 1,3-diselenol ium perch lo ra te  s a l t s  (13 and/or l4) i n  
75% y i e l d .  

I n  the  present syntheses o f  TMTSF and HMTSF, d imethy l -  

NMR spectroscopy ind ica ted  t h a t  commercially a v a i l a b l e  

The treatment o f  12 and/or -”- 14 w i t h  hydrogen 

n 

l-N’ 
H 

SCHEME 4 
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S. > 
“ A S .  
/ TSL S. 

21 22 

selenide 
There was no evidence for any contamination of selone /5 
w i t h  selo e 22. 
phi te  o r  t r ie thy lphosphi te  gave TMTSF i n  80% y ie ld .  

d i sel enocarbamate (l$) and (2-oxocycl openty 1 ) -N, N-pentamethy 1- 
ened i se 1 enocar bama t e  (1lJ) cou 1 d be prepared i n 42% y i e 1 d 
from dimethylphosgene iminium chlor ide and 2-bromocyclopenta- 
none (prepared f reshly  from cupr ic  bromide and cyclopenta- 
none). The mixture was d i r e c t l y  cyc l ized t o  a mixture of 
diselenolium s a l t s  and 12 i n  60% y ie ld .  Selone zg was 
prepared by the treatment o f  lg and 19 wi th  hydrogen sele- 
nide i n  near quant i ta t ive y ie ld .  
induced coup1 ing o f  selone ZCJ gave HMTSF i n  65% y ie ld .  

n absolute methanol gave selone Ls i n  95% y ie ld .  

Coupling o f  selone 15 w i t h  trimethylphos- 

I n  a simi l a r  manner, (2-0xocyclopentyl)-N,N-dimethyl- 

Trls lkylphosphi te-  

EXPERIMENTAL SECTION 

(2-Oxobu t y  1 ) -d i sel enocar bama tes 2 and 1; 
To a so lu t i on  o f  20 mmole o f  p iper id ine ( d i s t i l l e d  from CaH2) 
i n  100 m l  of CH2C12 ( d i s t i l l e d  from P2O5) a t  0°C under an 
i ne r t  atmosphere was slowly added an excess of hydrogen sele- 
nide t o  give a c lear  orange so lu t i on  of p iper id in ium hydro- 
gen selenide. Meanwhile, i n  a glove box 10 mmoles o f  d i -  
methyl phosgene iminium chlor ide was transferred t o  a pear- 
shaped f lask. This f l a s k  was attached t o  the react ion f lask 
j u s t  p r i o r  t o  the addi t ion o f  dimethylphosgene iminium chlo- 
r i de  t o  avoid the formation o f  an insoluble red s o l i d  resu l t -  
ing from the react ion between gaseous hydrogen selenide and 
the s o l i d  dimethylphosgene iminium chlor ide.  Addi t ion of 
dimethylphosgene iminium chlor ide i n  small port ions over a 
period o f  20 minutes, followed by warming o f  the react ion 
mixture to  room temperature and s t i r r i n g  a t  that  temperature 
for one hour, resul ted i n  a white suspension. Excess hydro- 
gen selenide was removed from the react ion by bubbling argon 
through the solut ion.  
i n  a t rap containing an aqueous so lut ion o f  potassium 
hydroxide and hydrogen peroxide. 
then cooled t o  O°C and 20 mmole o f  piperi ’dine was added 

-, 

The hydrogen selenide was destroyed 

The react ion mixture was 
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SYNTHESIS OF TETRASELENAFULVALENES [ 17731133 

dropwise via a syr inge.  
add i t i ona l  10 minutes, 15 mmole o f  3-bromo-2-butanone was 
added. The r e s u l t a n t  m ix tu re  was s lowly  warmed t o  room 
temperature and s t i r r e d  f o r  four hours. A t  the end o f  
the reac t ion ,  50 ml o f  10% H C I  was added and the m ix tu re  was 
ex t rac ted  w i t h  methylene ch lo r i de .  
then washed wi th  water and d r i e d  over MgSO . Evaporation o f  
the so lvent  gave a crude o i l ,  which was co 4 umn chromato- 
graphed on s i l i c a  ge l  us ing AcOEt-hexane/l:5 as e luant ,  t o  
o b t a i n  2 and 12 (Rf = 0.2). Compounds ,2 and 12 could be 
separated by ?$in layer  chromatography ( s i l  ic"age1; AcOEt- 
hexane/l:3) and were i s o l a t e d  i n  23% and 61% y i e l d ,  respec- 
t i v e l y .  Spectral data f o r  compound ,2 has been repor tedP2 
cha rac te r i za t i on  o f  12 i s  as fo l lows:  
(d, 3H, J = 8 Hz), 2.36 ( s ,  3H) , 3.40 ( s ,  3H), 3.72 (5,  3H),  
and 5. I 4  (4, I H ,  J = 8 Hz) ; m/e 287 (m+), 217 (m+-CbH 0), 

A f t e r  s t i r r i n g  a t  0°C for an 

The organic e x t r a c t  was 

NMR (CDCI3); 6 1.65 

( s ) ,  f665 
1130, 892 

and 137 (m'-C H i  
( s ) ,  1495, 1420, 
( 5 ) .  

1,3-Diselenolium 

A mix tu re  o f  pur 

-Se). IR-(CHC13): -2930, 1710 
1405, 1375 ( s ) ,  1305 (w),  1250 

perch lo ra te  s a l t s  ..,." 13 and 15 
f i e d  ,2 and 12 (810 mg, 2.7 mmo e) was 

added dropwise w i t h  s t i r r i n g  l a  drop was added a f t e r  the 
previous drop homogeneously dispersed i n t o  the v iscous so lu-  
t i o n )  t o  2 ml o f  concentrated s u l f u r i c  a c i d  cooled i n  a c o l d  
water bath. A f t e r  the  r e s u l t i n g  m ix tu re  was s t i r r e d  f o r  one 
hour, an orange suspension was obtained. Ethy l  ace ta te  
(3 ml) was added w i t h  coo l ing .  The suspension was f i l t e r e d  
i n t o  a mix tu re  o f  absolute ethanol (10 ml )  and 70% p e r c h l o r i c  
a c i d  (0.8 ml). The r e s u l t i n g  s o l u t i o n  was then f u r t h e r  f i l -  
tered i n t o  500 ml o f  anhydrous e ther  t o  g i v e  a p r e c i p i t a t e  
a f t e r  the mix tu re  was cooled i n  a f reezer .  The p r e c i p i t a t e  
was i s o l a t e d  and d isso lved i n  a c e t o n i t r i l e .  The a c e t o n i t r i l e  
s o l u t i o n  was decolor ized and f i l t e r e d  i n t o  anhydrous e ther  
t o  produce a wh i te  p r e c i p i t a t e  o f  1J2 and 1l (75% y i e l d ) .  

1,3-Diselenole-2-selone 12 
Diselenol  ium perch lo ra te  s a l t s  12 and 15 (630 mg, 1.7 mmole) 
were suspended i n  40 ml o f  absolute methanol a t  -30°C under 
an i n e r t  atmosphere. An excess o f  hydrogen se len ide  was 
bubbled i n t o  the suspension. The mix tu re  was s t i r r e d  a t  
-30°C f o r  one hour and a t  0°C f o r  three hours. The excess 
hydrogen selenide was removed and destroyed i n  a t r a p  con- 
t a i n i n q  an aqueous mix tu re  o f  potassium hvdroxide and hvdro- 
qen peroxide. Methvlene c h l o r i d e  was then added to  the  
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344 17741 L.-Y. CHIANG et ul. 

reaction mixture. The resu l t i ng  so lu t i on  was washed w i th  
water, dried, f i l t e r e d ,  and the solvent evaporated t o  give 
510 mg (98%) of selone I S 2  as red crysta ls .  The physical 
propert ies are the same"a"s those reported ea r l  ier .2 

Tet ramet hy 1 t e t  rase1 enafu 1 va I ene (TMTSF) 

A mixture of 550 mg o f  selone Jl, 10 m l  o f  benzene, and 3 m l  
of tr imethylphosphite was ref luxed under argon for f i ve  hours. 
The resu l t i ng  suspension was cooled t o  cause fu r the r  precip- 
i t a t i o n .  The p rec ip i t a te  was f i l t e r e d  and washed w i t h  
hexane t o  g ive 320 mg o f  product. 
concentrated t o  3 m l ,  which upon cool ing gave another 25 mg 
of product. The combined products were chromatographed on 
s i l i c a  gel using benzene as an eluant and then rec rys ta l -  
l i zed  from hexane-methylene ch lor ide t o  give 315 mg (80%) o f  
TMTSF as purple crysta ls .  
ident ica l  t o  those reported ear l  i e r .  

The mother l i quo r  was 

Physical y o p e r t i e s  o f  TMTSF are 
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