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--The synthesis and react ions the  b is(d i th io1 ium) s a l t s  and 8 are described. 

Conversion t o  iod ine and TCNQ complexes were invest igated. 

As a con t r i bu t i on  t o  the  understanding o f  m e t a l l i c - l i k e  conduct iv i ty  i n  donor-acceptor systems 

(50 c a l l e d  ' 'organic metals")', we have undertaken t h e  synthesis o f  two naphthalene-inserted t e t r a -  

th ia fu lva lene donors, 1 and & which have s t ructures analogous t o  the  e lect ron donors t e r r a t h i a -  

fulvalene and &2'3 
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The synthesis of the precursors of 1 and 2 i s  ou t l i ned  i n  Scheme I. The unknown piperdinium s a l t  

of 2.6-naphthalenedicarbodithioic ac id  5 was prepared i n  58% y i e l d  from the react ion o f  2.6-bis(br0- 
3 4 

m0me;hyl)naphthalene w i t h  su l fu r  and sodium methoxide (method o f  ueno2, Farbre and Becke ). The 

f ree  ac id  5 was unstable. Reaction of t he  s a l t  w i t h  e i the r  phenacyl bromide o r  3-chlorobuta- 

none gave the d i t h i o e s t e r  5 (87% y i e l d )  and 6 (30% y i e l d )  respect ive ly .  The b i s -cyc l i za t i on  

react ion, c a r r i e d  ou t  by d i sso lv ing  the  d i th ioes te rs  i n  cold concentrated ac id  (H2S04, CF3. FS03H 

o r  C1S03H), gave the  orange b i s -d i th io l i um s a l t s  L a n d  8 (Table I ) .  The f luoroborate s a l t  76 was 

prepared by heat ing the  d i t h i o e s t e r  5 w i t h  phosphorus pentasulfide and f luorobor ic  ac id  (method 
4 o f  Takamizawa and H i r a i  ). The trif luomethanesulfonate 2 was i so la ted  as t h e  nwnohydrate wh i le  

the b i s u l f a t e  s a l t  &was complexed w i t h  one equivalent of  s u l f u r j c  acid. 

The s t ructures of l a n d  8 were substant iated by spectral  data. The charac te r i s t i c  CxO and C=S 

bands i n  the  in f rared were absent. The NMR spectra of /have,in add i t i on  t o  the cent ra l  aromatic 

hydrogens (6H) a t  6 8.2-8.4 ppm, a s i n g l e t  f o r  the 1.3-dithiolium r i n g  hydrogens (2H) a t  6 8.8 
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7 - 8 - 
d i t h i o l i u m  

s a l t  
mp y i e l d  mp y i e l d  

b) C F ~ S O ~ -  227-230' (d) 95% 313-314' (d)  62% 

C) FsO3- 256-257' (d)  90% ---- --- 

e l  C I S ~ ~ '  268-270' (d) 73% ,320' 38% 

Ppm and a m u l t i p l e t  of aromatic hydrogens (10H) centered a t  7.8 ppm. The spectra o f  & have 12 

methyl hydrogens a t  6 2.82 ppm and 6 aromatic hydrogens a t  8.0-8.6 ppm. Sodium methoxide con- 

ver ts  1 and & t o  the dimethoxy der ivat ives 2 and 10 i n  near q u a n t i t a t i v e  y i e l d .  Reaction 

o f  2 o r  10 w i t h  concentrated ac id  gives back the  corresponding s a l t  I o r  &. 

The reduct ion o f  the d i ca t i on  1 w i t h  l i t h i u m  iod ide  o r  tetrabutylamnonium iod ide  proceeded c lean ly  

t o  give a black, m ic roc rys ta l l i ne  iod ine conplex fi (80% y i e l d ) .  Elemental analysis of fi i n d i -  

cates t h a t  i t  i s  a non-stoichiometric compound having a cat ion t o  iod ine r a t i o  of 25:49. The long  

wavelength absorpt ion of t h i s  complex a t  675 nm, a bathochromic s h i f t  o f  210 nm from the  d i c a t i o n  

7, i s  t he  r e s u l t  of a h igh ly  delocal ized, conjugated system. The d i t h i o l i u m  s a l t  1 was recovered - 

from the  complex 11 upon treatment w i t h  excess concentrated acid. The formation o f  fi i s  probably 

the r e s u l t  o f  e lec t ron  transfer from iod ide  t o  t h e  dicat ion 1 followed by iod ine- iod ide aggrega- 

t i o n  t o  form a non-stoichiometric, complex rad ica l  cat ionic sa l t .  

I n  cont rast  t o  1, t he  d i t h i o l i u m  s a l t  8 d i d  not  form an iod ine complex when t reated w i t h  tetrabu- 

t y l a m n i u m  iodide. However, when E w a s  t reated w i t h  hydriodic a c i d ,  a black s o l i d  was formed 

which appeared t o  be an impure sample of c o w l e x  12. The d i t h i o l i u m  s a l t s  8 can be regenerated 

from 12 by treatment w i t h  concentrated acid. 



Reaction o f  the b is(d i th io1 ium) s a l t  a w i t h  two equivalents of L i t  TCNQ' i n  a c e t a n i t r i l e  affords 

a dark green so!ution which displayed uv -v i s ib le  absorpt ion bands c h a r a c t e r i s t i c  o f  neut ra l  t e t r a -  

cyano-p-quinodirnethane (TCNQ) and the  rad ica l  anion TCNQ-. Thus, i t  appears t h a t  i n  so lu t i on ,  a 

mix-valence complex s a l t  has been formed. Thus far ,  su i tab le  condi t ions have n o t  been found which 

would y i e l d  a c r y s t a l l i n e  complex. 

EXPERlMENTAL SECTION 

Oipiperidium 2,G-Naphalenedicarbodithioate ( 4 b L  A so lu t i on  o f  sodium methoxide (80 mM), and 

sul fur (2.569, I30 mM) i n  60 mL o f  d r y  methanol was ref luxed f o r  2 h. To t h i s  r e f l u x i n g  solu- 

t i o n  was added 2.6-bis(bromomethy1)naphthalene (5.89, 18.5 mM) over 1 h. This so lu t i on  was 

refluxed fo r  7 h, cooled and the solvent evaporated in. The residue was dissolved i n  a 

minimum amount o f  water and f i l t e r e d .  The deep v i o l e t  f i l t r a t e  was a c i d i f i e d  w i t h  10% HCl t o  g i v e  

a green p r e c i p i t a t e  o f  5. This p r e c i p i t a t e  was dissolved i n  chloroform (1.5 L) t o  which was 

quickly added p ipe r id ine  (3.59, 35 rrM). The r e s u l t i n g  s o l u t i o n  was taken t o  near dryness in. 
F i l t r a t i o n  afforded the ol ive-green product 4b (4.89, 58% y ie ld) ,  mp 154-156°C; 1 ~ ( ~ u j o l ) : 1 0 0 0 c m - ~  

(5.C-S). 

Diphenacyl 2,6-Naphthalenedicarbodithioate (5). To a s t i r r e d  suspension of t he  d ip ipe r id in ium 

s a l t  (0.459, 1 mM) i n  100 mL o f  methylene ch lo r ide  was added dropwise a s o l u t i o n  of phenacyl 

bromide (0.3989, 2 mM) i n  25 mL o f  methylene ch lo r ide  a t  room temperature. A f t e r  s t i r r i n g  for  4 h, 

the solvent was removed invacuo. The residue was c r y s t a l l i z e d  from chloroform/hexane t o  y i e l d  red  

crystals o f  5 (0.459, 87% y i e l d ) ,  mp 198-199'0; IR (Nujo l )  1690cm-' (C=O, 1205 (C=S), 1050, 880; 

Calcd. f o r  C28H2002S4: C, 65.08; H, 3.90. Found: C, 64.93; H, 3.86%. 

Bis(l-methyl-2-oxoprop~l)-2,6-naphthalenedicarbodithioate (61. To a s t i r r e d  suspension o f  4b 
(0.459, 1 mM) i n  100 mL o f  dry  ethanol was added 3-chloro-2-butanone (0.219, 2 nf4) i n  10 mL of 

ethanol. The brown suspension dissolved w i t h  spontaneous formation o f  orange c rys ta l s .  Af ter  

s t i r r i n g  f o r  1 h a t  room temperature, the solvent was removed in and the residue c r y s t a l -  

l i zed  from chloroform t o  g i ve  red c r y s t a l s  o f  6 (0.039, 30% y ie ldXmp 180-181'0; IR (Nudol) 

1700cm'' (c=o). im, 1220 (c=s), 1175, 1150, 1130, 1045, 925, 880, 815, 800; uv (CHCI~) xmax: 

345, 505 nm; PMK (CDC13): 6 ppm 1.65 (d, 6H), 2.4 (s, 6H), 4.9 (q, 2H) and 7.6-8.4 (m, 6H); Calcd. 

for C20H2002~4': C, 57.11; 4.79. Found: C, 57.14; H, 4.93%. 
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2,6-Naphthalene-bis(4-~henyl-l,3-dithiolium) Trifluoromethanesulfonate (7b). Phenacyl 2,6-naph- 

thalenedicarbodithioate (51, (O.lg, 0.2 mM) was c a r e f u l l y  dissolved i n  10 mL of co ld  t r i f l uo roace-  

t i c  acid. The co ld  so lu t i on  was poured i n t o  50 mL o f  ethyl acetate t o  give, a f t e r  washing w i t h  

e thy l  acetate, t he  b is - t r i f luoromethanesu l fonate  s a l t  (O.llg, 85% y i e l d )  mp 246-249°C (dec); 

PMR (CF3COOH): 6 ppm 8.8 (2, ZH), 8.1-8.8 (m, 6H); UV (CH3CN) I,,: 465, 340, 250, 225 nm; Calcd. 

for  C30H18F606S6.H20: C, 45.10; 2.52. Found: C, 45.08; H, 2.62%. 

fonate 3 and chlorosulfonate 2 s a l t s  were prepared by the same procedure. 

2,6-Naphthalene-bis(4-phenyl-1.3-dithiolium) Fluoroborate (7d). Phenacyl es ter  5 (1.29, 2.3 mMl), 

0.95 mL o f  f luorobor ic  ac id  (48% aqueous so lu t ion)  and P2S5 (0.69, 2.7 mM) were ref luxed i n  14 mL 

o f  g l a c i a l  ace t i c  ac id  fo r  20 h. An orange suspension was obtained a t  t he  end of the heat ing 

period. The solvent was removed in and the residue was washed w i t h  50 mL o f  ethanol t o  

y i e l d  (1.39. 85% yield). mp 249-252°C (dec). 

2,6-Nathalene-bis(4,5-dimethyl-1 ,3-di thiol ium) B isu l fa te  (8a). Carefully, the ester  f? (O.lg) was 

dissolved i n  10 mL o f  co ld  concentrated s u l f u r i c  acid.  The r e s u l t i n g  so lu t i on  was poured i n  150 mL 

of e thy l  acetate w i t h  s t i r r i n g  t o  p r e c i p i t a t e  the s a l t  & (O.llg, 73% yield),mp > 350°C; PMR 

(CF3COOH): 6 ppm 2.82 (s, 12H). 8.0-8.6 (m, 6H); UV (CH3CN) Amax: 442 nm; Calcd. f o r  C20H2008S8. 

H2S04: C, 35.39; H, 3.27. Found: C, 35.32, H, 3.51% The trif luoromethanesulfonate &I and 

chlorosulfonate & s a l t s  were s i m i l a r l y  prepared. 

Reaction of 7b w i t h  Sodium Methoxide. To a so lu t i on  of the tr i f luoromethanesulfonate s a l t  3 

(O.lg, 0.13 mM) i n  dry methanol was added a so lu t i on  of sodium methoxide (0.26 mM) i n  methanol. 

The orange co lo r  o f  the o r i g i n a l  so lu t i on  faded away imnediately. Af ter  s t i r r i n g  a t  room temp- 

erature f o r  1 h, t he  solvent was removed -. The white s o l i d  obtained was co l lec ted,  

washed w i t h  methanol and d r ied  t o  g ive the dimethoxy der ivat ive 9 (0.05g. 72% yield),mp 175-180°C; 

I R  (Nujo l )  1550, 1165, 1130, 1080, 730cm-l; PMR (CDC13): 6 ppm 3.5 (s, 6H), 6.4 (s, 2H), 7.1-7.5 

(In, 10H), 7.6-8.3 (m, 6H). Mass spectrum m/e: 544 (parent), 513, 482, 379, 304, 241, 149, 134, 

121, 57.40. Calcd. fo r  C30H2402S4: C, 66.14; H, 4.44. Found: C, 65.83; H, 4.61%. 

Reaction of s a l t  8b w i th  sodium methoxide. The procedure described above f o r  s a l t  was followed. 

The y i e l d  of the dimethoxy d e r i v a t i v e  10 was quant i ta t ive;  mp > 3509:; PMR ( c D c ~ ~ )  : 6 PPm 1.95 

(5, 12H), 3.47 (5, 6H), 7.67-8.17 (m, 6H). 

Reaction of 10 w i t h  HI. To a suspension o f  10 (0.459, 1 rrM) i n  10 ml o f  water was added 15 mL o f  

48% aqueous HI. The r e s u l t i n g  brown suspension was s t i r r e d  for  1 h a t  room temperature. The 

Prec ip i ta te  was co l l ec ted  t o  g ive a black so l i d ,  12, i n  quant i ta t ive y i e l d .  The b i s u l f a t e  s a l t  & 
could be recovered by d i sso lv ing  t h e  complex 12 i n  excess concentrated s u l f u r i c  acid.  



Reaction o f  Sa l t  7b w i t h  T e t r a b u t y l a m n i u m ~ .  To a 50 lu t i 0n  of t he  S a l t  2 (0.05g. 0.068 

mM) i n  100 mL of d r y  a c e t o n i t r i l e  was added dropwise a so lu t i on  of 2 equivalents o f  t e t rabu ty l -  

ammnium iod ide i n  a c e t o n i t r i l e .  The c o l o r  of t he  s o l u t i o n  changed from orange t o  green whereupon a 

black s o l i d  prec ip i ta ted.  The black, m ic roc rys ta l l i ne  s o l i d  was co l l ec ted  and washed w i t h  aceton- 

i t r i l e  t o  give the  iod ine complex fl (0.0379, 80% yield),mp 301-302°C; UV (CH3CN) Amax 675 nm. 

Calcd. f o r  C28H8S411.96: C, 45.98; H, 2.48; I, 34.01. Found: C, 46.19; H, 2.57; I, 34.25%. 

Reaction w i t h  l i t h i u m  iod ide  was c a r r i e d  out  i n  the  same manner. The s a l t  was recovered by d i s -  

solving complex f l i n t 0  cold, concentrated acids. 
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