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T H E  F R I E D E L - C R A F T S . R E A C T I O N  O F  P H E N O L S  

W I T H  C A R B E T H O X Y  I S O T H I O C Y A N A T E  

Tadeusz J a g o d z i 6 s k i  

D e p a r t m e n t  o f  O r g a n i c  C h e m i s t r y  
T e c h n i c a l  U n i v e r s i t y  o f  S z c z e c i n  

71-065 S z c z e c i n ,  POLAND 

A f a c i l e  procedure f o r  the Fr iede l -Cra f ts  synthesis o f  secondary aro- 

m a t  i c  th ioamides’  and o f  2- and 3-benzo[b]thiophenecarboxyl i c  acids2 has 

been developed e a r l i e r  in t h i s  laboratory.  The homogeneity of  the reac t ion  

mix tu re  ( a s o l u t i o n  o f  a luminum ch lo r ide  in n i t romethane was used) s im- 

p l i f i e d  the i s o l a t i o n  of the products and consequently the y i e l d s  improved 

considerably. The present inves t iga t ion  i s  concerned w i t h  a s i m i l a r  r e a c t i o n  

o f  phenols w i t h  carbethoxy isothiocyanate,  which had been used e a r l i e r  by 

Papadopoulos3 w i t h  a r o m a t i c  hydrocarbons. By working in  a heterogeneous sy- 

s t e m  ( a luminum c h l o r i d e  in  methylene c h l o r i d e ) ,  Papadopoulos obtained 

e i t h e r  N-carbethoxythioamides or  p r i m a r y  thiobenzamides. I t  was r e c e n t l y  
n 

shown’ that  the hydroxy group i s  the major  s i t e  o f  a t tack  in such a hetero- 

geneous system t o  g ive  a thiocarbamoyloxy d e r i v a t i v e  (2) and not a t h i o -  

ami de . 
The present study shows tha t  the course o f  the reac t ion  i s  highly de- 

pendent on the h m g e n e i t y  of the reac t ion  mixture.  Thus, in a heterogeneous 

system (atuminum ch lo r ide  in methylene ch lo r ide) ,  an urethane-type com- 

pound, N-carbethoxythiocarbamoylphenol (2) i s  formed, whereas i n  n i t r o m e -  

thane, a t tack  occurs p r i m a r i l y  on the benzene r i n g  t o  y i e l d  4-hydroxy-N- 

carbethoxythiobenzami de ( 3 ) .  Simi l a r  l y  2 are  formed in the react  ion  c a r r i e d  

out in te t rahydrofuran and t r i e t h y l a m i n e .  In ni t romethane, smal I amounts 

q!HO by Organic Preparations and Procedures Inc 
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JACODZINSKI 

o f  urethanes are i s o l a t e d  as the r e a c t i o n  by-products; they are not  i n t e r -  

mediates s ince no i s o m e r i z a t i o n  o f  2 t o  3 occurs under the r e a c t i o n  condi-  

t i o n s .  The r a t e  o f  the 

OH 

R+$ 1 R’ 

+ 
Et 0, CNCS 

r e a c t i o n  i s  markedly  increased w i t h  C - a l k y l a t e d  

S 
// 

OCNHCOZEt 
I 

AK13 

2 ‘R’ 

OH 
I 

C- NHC02Et 
// 

S- 
3- 6 

phenols (moni tored by TLC). W i l e  I-naphthol reacts  s i m i l a r l y  t o  y i e l d  the 

pa ra -subs t i t u ted  product 1 , s u b s t i t u t i o n  o f  2-naphthol occurs, however, a t  

the I - p o s i t i o n  t o  y i e l d  the i n te rmed ia te  N-carbethoxythioamide, which c y c l i -  

zes t o  3,4-dihydro-2-oxo-2H-naphth[l,2-e]-1,3-oxa~in-4-thione 8 ;  a simi l a r  

product 9 i s  obtained w i t h  r e s o r c i n o l .  3,4,5-TrimethylphenoI a l s o  reacts  a t  

the o r tho -pos i t i on  t o  y i e l d  a m i x t u r e  o f  N-carbethoxythiobenzamide 3 and 

o f  3,4-dihydro-2-oxo-5,6,7-trimethyl-2H-1,3-benzoxazine-4-thione 11 i n  a 

4 : l  r a t i o  ( H-NMR). A l t h o u g h  chromatographic separat ion o f  the m i x t u r e  1 

f a i l e d ,  pure 11 was obtained on r e f l u x i n g  the m ix tu re  in  p y r i d i n e ;  a t temps 

t o  i s o l a t e  10 were unsuccessful. A r a t i o  o f  1:1:2 o f  phenol-carbethoxy 

isoth iocyanate -a luminum c h l o r i d e  a t  0-5Owas found t o  be the opt imum 

cond i t i ons  (Table 1). 
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FRIEDEL-CRAFTS REACTION OF PHENOLS WITH CARBETHOXY ISOTHIOCYANATE 

OH OH 

C-NHC0,Et 
7 

S)’ 

Y moH 

a) Et02CN=C=S, AlC13-MeN02 

The I R  spectra of the nitromethanesolutions o f  carbethoxy isothiocya- 

nate and of its complex with aluminum chloride, in agreement with our 

ear I i er conc I us ions 

which may account for activation of  the carbethoxy isothiocyanate molecule. 

provide evidence of comp I exa t ion on the su I fur atom 

ndicate some interaction between the isothiocyanate car- The spectra also 

bony1 group and a umi num chloride. 
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J AGODZINSKI 

EXPERIMENTAL SECTION 

M e l t i n g  po in ts  were obtained on a Boet ius apparatus and are uncorrected. 
I n f r a r e d  spectra were recorded 9f a Pye U n i c a m  IR-1100 ins t rumen t  in N u j o l  
and hexachlorobutadiene m u l l s .  H-NMR s p e c t r a  w e r e  p e r f o r m e d  o n  a 
Tesla BS 487 C inst rument  ( f o r  solvents c f .  Table 1) .  The r e s u l t s  o f  e le -  
r e n t a l  analyses are presented i n  Table 2. 

4-Hydroxy-N-ethoxycarbonylthiobenzamides (3-7) and 3,4-Dihydro-Z-oxo-ZH- 

1,3-benzoxazine-4-thiones (8.9.11). General Procedure.-Carbethoxy i s o t h i o -  

cyanate (2.62 g, 20 m o l  ) was added a t  0-5' t o  a s t i r r e d  s o l u t i o n  o f  5.5 g 

(40 m o l  ) a n h y d r o u s  a l u m i n u m  c h l o r i d e  in 30 mL n i t romethane.  The appro- 

p i a t e  phenol (22 rrmo I ) was then added p o r t  ionwise a t  the same temperature.  

The m i x t u r e  was s t i r r e d  a t  0-5' f o r  1 h r  ( i n  the case o f  thiobenzamides 3- 

- 7 f o r  2 h r s ) ,  then l e f t  overn ight  in a r e f r i g e r a t o r  and f i n a l l y  hydrolyzed 

by pour ing onto crushed ice.  I f  the product p r e c i p i t a t e d  i n  q u a n t i t y ,  i t  was 

c o l l e c t e d  and washed w i t h  c o l d  water. I n  case of  incomplete p r e c i p i t a t i o n ,  

the m i x t u r e  was ex t rac ted  w i t h  e thy l  acetate and the ex t rac t  washed w i t h  

water, d r i e d  over anhydrous magnesium s u l f a t e  and evaporated under reduced 

pressure. The res idue was d isso lved in  e t h y l  acetate (50-100 mL)  and f i l t e -  

red through a layer (10x2 cm) o f  a lum inum ox ide ( B r o e c h a n  I I ,  n e u t r a l ,  

standard),  us ing  e t h y l  acetate as the e luent .  Reduced pressure helped t o  

m k e  th i s  operat ion less tii-ne-consulning.The f i l t r a t e  was again evaporated 

under reduced pressure and the crude product r e c r y s t a l l i z e d  f rom a s u i t a b l e  
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FRIEDEL-CRAFTS REACTION OF PHENOLS WITH CARBETHOXY ISOTHIOCYANATE 

TABLE 1. Y i e l d s ,  Physical  P roper t i es  and Spectral  Data o f  Compounds 2-u 

Compd. Yie lda mp.(°C)b I R-1 'H-NMR (acetone-d6/MDSOint. )' 
( % )  ( s o l v e n t )  (cm 1 6 (ppm), J ( H z )  

2 

1 R=R =H 

- 

3 

1 R=R =H 

- 

4 

R72-Me 
R =H 

5 

R73-k 
R = 5 - k  

6 

R73-Br 
R =H 

7 

- 

- 

- 

- 

8 - 

9 - 

11 - 

98 

89 

93 

84 

34 

82 

55 

71 

95 

bp. 54-56 
( 3  T o r r )  

175-177 
(aq. EtCH) 

139- 1 4  1 
(aq.EtO 1 

154-155 
(%NO2 

180-182 
(MeN02 1 

179-180 
(MeNG2 1 

251-252 
(&NO2 1 

260-261 
(decompn . ) 

(MeN02 ) 

(%NO2 1 
235-236 

3380 ( b r )  
1760 J=6);  6.6-7.5 (m,5H,Ar) 
1740 ( s h )  
1605 ( s h )  

1.2 (t,W,Me,J=6); 4.1 (q,2H,CH2, 

1595 

3380 
3320 
1742 
1600 

3340 
3200 
1732 
1612 

3420 
3160 
1744 
1596 

3320 
3180 
1710 
1600 

3276 
3184 
1714 
1585 

3230 
3148 
1786 
1760 

1.1 (t,3H,Me,J=6); 4.1 (s,2H,CH2, 
J=6); 6.7 (d,ZH,Ar,J=8); 7.6 (d, 
2H,Ar, J=8) 

3240 ( b r )  6.5-7.1 (m,2H,Ar); 8.2 (m,lH,Ar); 
1730 11.4 (b r .  s ,  1H,NH) 
1617 

3120 ( b r )  2.3 ( s , 3 H , k ) ;  2.4 (s,3-l,Me); 
1770 2.9 ( s , 3 H , k ) ;  7.0 (s, lH,Ar)  

3)  Yie lds  of  i s o l a t e d  product based on compound 1. 
5)  M e l t i n g  p o i n t s  a re  uncorrected. 
c )  Compd. 2 in CDC13; compds and in DMSO-d6; compd. I l i n  TFA. 
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JACODZINSKI 

TABLE 2. E l e m e n t a l  A n a l y s e s  o f  Compounds 2-11 

C a l c u l a t e d  Found  
Compd. C; H N S C H N S 

- 2 53.32 4.92 6.22 14.23 
- 3 53.32 4.92 6.22 14.23 
- 4 55.21 5.48 5.85 13.40 
- 5 56.90 5.97 5.53 12.66 
- 6 39.49 3.31 4.60 10.54 
- 7 61.07 4.76 5.09 11.64 
- a 62.87 3.08 6.11 13.98 
- 9 49.23 2.58 7.17 16.43 
- 11 59.71 5.01 6.33 14.49 

53.58 5.01 6.32 14.13 
53.62 5.10 6.40 14.43 
55.11 5.71 6.15 13.78 
57.21 6.31 5.79 12.57 
39.84 3.26 4.87 10.87 
60.83 5.18 5.00 11.92 

49.57 2.91 7.53 16.48 
59.62 5.45 6.77 14.53 

63.11 3.48 5.98 13.80 

solvent (Table 1). I n  the case o f  compound ll, the crude m i x t u r e  of  10 and 

- 11 was r e f l u x e d  10-15 m i n  w i t h  25 mL p y r i d i n e  and the s o l u t i o n  d i l u t e d  w i t h  

water. The p r e c i p i t a t e d  11 was co l l ec ted ,  washed w i t h  water, d r i e d  and r e -  

c r y s t a l  I ized f rcm n i t romethane.  

N-Ethoxycarbonyl thiocarbamoyloxybenzene (2). -To a s o l u t i o n  o f  phenol (1.9 i:, 

20 m o l  ) i n  15 mL d ry  te t rahydrofuran were added 2.62 g (20 r rmol ) o f  carb- 

ethoxy isothiocyanate and 1 mL t r i e t h y l a m i n e .  The m ix tu re  was l e f t  standir;! 

0.5 hr  a t  room temperature in  a t i g h t l y  stoppered f l a s k  and then evaporate[ 

under reduced pressure. The o i l y  res idue was d i s t i l l e d  under reduced pressu- 

r e  t o  g i ve  the m a i n  f r a c t i o n ,  b.p. 54-55'/3 Torr .  
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