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number of procedures have been employed f o r  t h e  syn- 

t h e s i s  of s u l f u r - s u b s t i t u t e d  aromatics; e.g., electro- 

p h i l i c  s u b s t i t u t i o n  w i th  su l fu r -conta in ing  e l e c t r o p h i l e s  

such as s u l f e n y l  hal ides'  82, ch lo rosu l fon i c  acid3 and 

su l fox ides4 ,  nuc leoph i l i c  s u b s t i t u t i o n  o f  a r y l  h a l i d e s  

with m e t a l  mercaptides5' 6 ,  replacement r e a c t i o n s  in-  

volving diazonium intermediates'  ' *, and conversion of  

phenols t o  th iophenols thermal rearrangement of t h io -  

carbamates . Aromatic systems w i th  su l fu r - con ta in ing  

s u b s t i t u e n t s  have also been prepared by nuc leoph i l i c  ad- 

d i t i o n  t o  quinones 'O'" or t h e i r  mono12 o r  d i k e t a l s  
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The reac t ion  o f  a r y l  l i th ium compounds with elemental  

su l f  ur14 or dialkyldisulfides15-18 has also been 

repor ted bu t  t h i s  approach has not  received much at ten-  

t i o n  as a syn the t i c  procedure. 

W e  have found t h a t  t h e  meta l la t ion  of  both aromatic and 

hetero-aromatic compounds 1 with buty l l i th ium tetra- 

methylethylenediamine (TMEDA) complex, followed by 

reac t ion  wi th d ia l ky l  or  d iary1  d i su l f i des ,  provides 

- 

t he  corresponding unsymmetrical s u l f i d e s  2 i n  genera l ly  - 

BuL I 
> RSSR > ARSR 

exce l l en t  y ie lds  (Table).  Since the  meta l la t ion  of  

aromatic substrates leads, as a ru le ,  to subs t i t u t i on  

o r tho  to  act iva t ing  subs t i tuents f9 ,  the  meta l la t ion  - 
su l f i da t i on  procedure presented here provides a spec i f i c  

route to  products no t  accessible the usual  electro- 

phi1 ic  react ions.  

Using dimethyldisul f ide as a m o d e l  d isu l f i de ,  have 

explored the  genera l i t y  of t h i s  reac t ion  employing a 

va r ie t y  of aromatic systems. The three dimethoxy- 

benzenes, as w e l l  as -a  of representa t ive  a p r o t i c  
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TABLE: of ArH (I) BULi (TMEDA), to yield ArSR (2) 
H 
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Compound Ar 
cn 

(%) b,p.OC/torr data (a) 5 ( g - (y - 
71 36.5-37 (b) 

3 -CH 

2b - GH3 
O C H ~  

‘CH3 
85 81-82 

H 
H 
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CC H3 

(continued) 
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W 
m cont. 0 

NMR: 2.10,2.19(d) 
83 37-38 (C€13) 2CH(6H);4.41(m) 

2d - 90-98/0.4 CH(1H);3.86(s)oCH3 - 
(6H) ; 6.54 (a) 7.19 (t) 
ArH(3H). 

OCH3 

2e - 

2f - 5 85.5-87.5 IR: SH 2575 m"; 
1029, 939, 768. 713. 

81 95-105/0.5 NMR: 1.30(~) (CH3) 

9H; 3.70,3.75 (2s) 
(OCH3) 2(6H) ; 6.72, 

-7.03 (m) ArH 3H. 
CH3O 

CH30 
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N 56 66-68/25 2m - - CH 

CH3O 
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A l l  microanalyses (C,H) w e r e  2 0.4% of t h e  t h e o r e t i c a l  values. 

L i t .  value 80 
P. JacoB I11 and T. Shulg in ,  J.Med.Chm., I N  PRESS. 

J. Birch -- e t  al. ,  Aust.J.Chem. 24 n 7 9 7 1 ) .  c 

0 
No product isolated. % 
Elemental s u l f u r .  W 

!5 L i t .  va lue  156-158 (A. A l b e r t  and G. B. B a r l i n ,  J.Chem.Soc. 2384 (1959). tl 

Nine of l the  1 0  major absorp t i on  peaks i n  the 600-1400 cm 3 
2 cm of t h e  pub l ished values, i n :  M. S t o l l  et al. Helv.Chim.Acta 0 628 cl 
(1967). L i t .  b.p. 80/45-50. 2 

Only recovered s t a g t i n g  material isolated. 

L i t .  value 28-29; 153-154/9 (R.  P. Dickinson and B. IddoZi J.Chem.Soc. 182 (1971) .  cn 

r 
I R  reg ion  l i e  w i t h i n  

H 

Mixture products :  experimental s e c t i o n .  
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heterocycl ics,  a l l  reacted i n  good y ie lds  to  give unique 

products. 

by l i th ium halogen exchange. 

t ion  would be expected t o  give a mixture of l i t h i a t e d  

products2' gave a corresponding mixture of su l f i des .  

The v e r s a t i l i t y  w i t h  regard to the  d i su l f i de  w a s  estab- 

l ished using 1 , 4-dimethoxybenzene as a model aromatic. 

wide range of d i su l f i des  underwent successful  react ion,  

including the  s t e r i c a l l y  hindred di-2-butyldisulf ide, 

and d i su l f i des  containing hetero-atoms. 

The l i t h i a t e d  intermediates w e r e  also prepared 

Examples wherein l i t h i a -  

The qetermination of the steric l im i ta t ions  of t h i s  

react ion was ca r r i ed  ou t  using 2-lithio-l,3-dimethoxy- 

benzene and d ia lky ld isu l f ides  of varying steric bulk. 

Methyl, e thy l ,  and isopropyld isu l f ide reacted smoothly 

between the adjacent  methoxyl groups, but t -buty ldisul-  

f i d e  gave a complex mixture of products which was un- 

resolved. Using the same a r y l  l i th ium, t he  react ion 

with elemental sulfur produced a mixture o f  the  th io-  

phenol and the  a r y l  d isu l f ide .  

It appears t h a t  this metal la t ion - su l f i da t i on  procedure 

is a general  snd e f f i c i e n t  method f o r  the  in t roduct ion 

of a lky l th io  and a ry l t h io  groups i n t o  aromatic nucle i  

The experimental procedure is simple, and t h e  react ions 

are complete wi th in an hour a t ,  or b e l o w ,  room tempera- 
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tu re .  Since a wide range of aromatic compounds can be 

converted i n t o  l i t h i o  der iva t ives  e i t h e r  by meta l la t ion  

or metal-halogen exchange22, t h e  method should f i nd  broad 

appl icat ion.  

1 9 , 2 1  

I R  spec t ra  w e r e  recorded on a Beckman Acculab-2 g ra t i ng  

spectrophotometer; spec t ra  were recorded on a Varian 

FT-80 instrument, i n  CDC13 with i n t e r n a l  and 

analyses w e r e  performed on a H e w l e t t  Packard 5750. Micro- 

analyses were c a r r i e d  ou t  by Galbra i th  Laboratories, Knox- 

v i l l e ,  Tenn. Sa t i s fac to ry  microanalyses (5 0.4%) were 

obtained f o r  a l l  new compounds reported. Var ia t ions from 

t h e  genera l  procedure reported i n  the  table, are detiai led 

separa te  e n t r i e s .  

General Procedure f o r  Meta l la t ion - Sul f ida t ion .  

Preparat ion of 2,6-Dimethoxythiophenetole ( 2 c ) :  

A magnetical ly s t i r r e d  so lu t ion  of m_-dimethoxybenzene 

(13.8 g, 100 and (12 .1  g, 105 i n  30-60° 

b.p. pe t .  e t h e r  (200 m l )  w a s  cooled, under n i t rogen,  

wi th an externa l  ice-water bath. Butyl l i th ium (66 m l  

of 1.6 g so lu t ion  i n  hexane, 105 w a s  added over 1 0  

minutes, r e s u l t i n g  i n  t h e  formation of a granular ,  e a s i l y  

s t i r r e d ,  p rec ip i t a te .  There w a s  then added d ie thy ld i -  

s u l f i d e  (12.2 g, 100 over a few minutes, leading t o  
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an exothermic reaction with the  change of the  p rec ip i t a te  

character t o  a th ick ,  creamy texture.  The react ion w a s  

brought t o  room temperature, s t i r r e d  an addi t ional  30 

min. 8 then poured i n t o  d i l u t e  H2S04 (500 m l )  . 
ganic layer w a s  separated and t h e  aqueous phase extract- 

ed with e ther  (200 m l ) .  The organic phases were combined, 

the solvent removed i n  V ~ C U O ,  and the  resu l t i ng  o i l  dis-  

t i l l e d  (Kugelrohr oven, 0.4 m). A forerun (0.8 g8 75-85O) 

w a s  discarded, and the  main f rac t ion  (85-96O) s o l i d i f i e d  

i n  the receiver (16.4 g,  y ie ld  83%).  An ana ly t i ca l  sample 

from hexane had a m.p. 45-46O. 

The or- 

2 , 6-Dimethoxythiophenol. 2f. The general  procedure was 

modified i n  t h a t  the  s u l f u r  w a s  added a s  a so l id ,  and 

the react ion mixture w a s  quenched with water. The white 

f locculant  so l i ds  t h a t  resu l ted  ( inso lub le i n  e i t h e r  phase) 

were removed by f i l t r a t i o n .  The aqueous layer  w a s  separated 

and the  organic layer  ext racted t w i c e  with 5% NaOH. The 

pooled aqueous por t ions w e r e  ac id i f i ed  (HC1) and the  re- 

su l t i ng  o i l  extracted with methylene chlor ide.  The solvent 

was removed i n  vacuo and the  resu l t i ng  s o l i d s  sublimed 

(0.5 mm, goo) .  The f i n a l  ana ly t i ca l  sample w a s  c rys ta l -  

l i z e d  from methanol, m.p. 85.5-87.5O. 

above, upon rec rys ta l l i za t i on  from to luene,  yielded di- 

(2,6-dimethoxyphenyl) -d isu l f ide as white c rys ta l s ,  m.p. 

206-209O. Reduction of t he  d i su l f i de  (Zn, HOAc) yielded 

- 

The insolub le s o l i d s  
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the thiophenol 2f as shown by TLC (Silica gel, CHC13; of 

0.30; Rf 0.85) .  
- 

3-Methylthiopyridine. G .  solution of buyllithium in 

hexane (6.3 ml, 1.6 g,10 a!) was added under a nitrogen 

atmosphere to a stirred solution of 3-bromopyridine (1.0 

ml, 1.64 10.4 in 20 ml ether cooled with external 

dry ice acetone. There imediate formation of a 

light yellow precipitate. 

stirred for 5 minutes, and then dimethyl disulfide 

(1.0 ml, 1.0 g., 11 was added. The reaction 

worked up as described in the general procedure. 

- 

The reactjon mixture was 

Methylsulfidation of Lithiated 2,3-Dimethoxytoluene and 

Lithiated 3,4-Dimethoxytoluene (Attempts to prepare 2n 

and 20) : The final isolate from 2,3-dimethaxytoluene 

distilled at 80-120° (0.3 mm) and showed two peaks 

by GC, in a ratio of 3:l. 2-methoxytoluene is known 

to lithiate to give lithiation on ArCH3 group 

the products may be assumed to be a mixture of 2,3- 

dimethoxy-rl-methylthiotoluene (&) and 2,3-dimethoxy- 

alpha-methylthiotoluene. The final isolate from 3,4- 

dimethoxytoluene distilled at 77-84O/O. 05 mm and showed 

again two major peaks by GC in a of 3:2. 3- 

methoxy toluene is known to lithiate in both 2- and 

the 4-positions2', the products may be assumed to be 2- 

- 
- 

23 , 

- 



METALLATION - SULFIDATION 96 7 

methylthio-3,4-dimethoxytoluene and 5-methylthio-3,4- 

dimethoxytoluene. 

isolated or characterized. 

In neither case were the products 
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