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The corresponding 2-chloroethyl (2-chloroethylthiol) esters are syn- 
thesized by the action of e~hylene chlorohydrin (chloroethylmereap- 
tan) on the acid chlorides of 5-nitrofuran carboxylic acid and 3-(5- 
nitrofuryl-2)acrylic acid. The acid chlorides of benzoic, furan car- 
boxylic, and 3-(furyI-2)-acrylic acids react with ethylene sulfide, to 
give 2-ehloroethyl esters of those acids. Ethylene oxide does not re- 
act with the acid chlorides of benzoic acid and furan series carboxylic 
acids either at room temperature or on heating at 50 ~ for 1 hour. 

Ethylene oxide r eac t s  read i ly  with acetyl  iodide,  
giving 2- iodoethyl  aceta te ,  whereas  aeetyl  chlor ide  
r eac t s  ex t r eme ly  s lowly [1]. Ethylene sulf ide behaves  
s i m i l a r l y .  The acid iodides and b r o m i d e s  of acet ic  
and benzoic  acids r e ac t  read i ly  with ethylene sulf ide 
[2 -5 ] ,  but  i t  r e q u i r e s  a long t ime  to p r e p a r e  the 2- 
chloroethyl  e s t e r  f r o m  acetyl  chlor ide and ethylene 
sulf ide [6]. The l i t e r a t u r e  does not give any i n f o r m a -  
t ion  r ega rd ing  the r eac t i on  of acid ch lor ides  of a r o -  
mat ic  and he te roeyc l ic  carboxyl ic  acids with e thylene 
sulfide.  

We inves t iga ted  the r eac t ion  of acid ch lor ides  with 
e thylene oxide and ethylene sulf ide with a view to p r e -  
pa r ing  the chloroethyl  and chloroethyl th iol  e s t e r s  of 
benzoic  and fu r an  s e r i e s  acids.  

Even over  a per iod  of s e v e r a l  months  at r o o m t e m -  
p e r a t u r e  the acid ch lor ides  of f u r an  ca rboxy l ic ,  f u r y l -  
a c ry l i c ,  5 - n i t r o f u r a n  ca rboxy l ic ,  5 - n i t r o f u r y l a c r y l i  c 
acids  and benzoyl  ch lor ide  do not r e ac t  with e thylene  
oxide. Benzoyl  chlor ide  does not undergo r e a c t i o n  with 
e thylene oxide in  1 h r  at 50 ~ The 2 -ch loroe thy l  e s t e r s  
of 5 - n i t r o f u r a n  carboxyl ic  (I) and 5 - n i t r o f u r y l a c r y l i c  
(H) acids were  p r e p a r e d  by t r e a t i n g  the ac id  ch lo r ides  
with ethylene eh lo rohydr in  in toluene in  the p r e s e n c e  
of t r i e t hy l amine .  

The 2 -eh lo roe thy l  e s t e r s  of furan carboxyl ie  and 
fu ry l ac ry l i c  ac ids ,  p r e p a r e d  s i m i l a r l y ,  a re  desc r ibed  
in the l i t e r a t u r e  [7]. 

Ethylene  sulf ide r eac t s  m o r e  r ead i ly  with acid 

ch lor ides  than does ethylene oxide. Thus by heat ing 
e thylene sulf ide with benzoyl  chlor ide  and the acid 

RCOCI+ HOCH2CH2CI -+ RCOOCH2CH2CI 
J, II 

I R= 02N-~. )~- " 0 "  

II R= O2N-~CH=CH-- 

chlor ide  of furan  earboxyl ie  and fu ry l ac ry l i c  acids,  in the 
absence  of solvent,  for 10 hours  at 50-60  ~ the c o r r e -  
sponding 2-eShylthiol e s t e r s  a r e  fo rmed  (III, IV, V). 

III 

RCOCI+ CH2--CHz --~ RCOSCH2CH2CI 
\ S  / m. ~v, v 

v R = ~ C H = c H -  

Reac t ion  does not  take p lace  in dry  e ther .  
It  did not prove  poss ib le  to i so la te  the de s i r ed  r e a c -  

t ion  product  when the acid ch lor ides  of 5 - n i t r o f u r a n  
carboxyl ic  and 5 - n i t r o f u r y l a c r y l i c  acids  we re  t r ea ted  
with ethylene sulfide.  The 2-ch loroe thy l th io l  e s t e r s  
of those acids a re  obta ined by t r e a t i n g  the c o r r e s p o n d -  
ing acid ch lo r ides  with 2 -ch loroe thy l  m e r c a p t a n  in the 
p r e s e n c e  of pyr id ine .  

pyridine 
RCOCI+HSCH2CH2CI RCOSCH2CH2C1 

VI, VII 

vl R= O2N'- ~ VII R- O2N-~CH=CH-- 

Compound 
NO. 

I 
II 
III 
IV 
V 
VI 

VII 

Mp, ~ 

59--60 
89--90 

38--39 

51--52 
104--105 

Table  1 

2 -Chloroe thy l  and 2 -Chloroe thy l th io l  E s t e r s  Synthes ized  

Bp, *C (pres- 
(sure, mm) 

1 4 1 - - 1 4 5 ( 5 )  
117--118(I--2) 
136--139(I--2) 

Formula 

CTHsCINO5 
CgHsC1NO5 
CgHgCIOS 
CTHTCIO~S 
C9H9CIO2S 

CTH~CINO4S 
CgHsCINO4S 

C 

38.39 
44.16 
53.80 
44.38 
50.01 
35.80 
41.67 

Found, 
H c[ 

2.85 16.22 
3.33 14.35 
4.35 -- 
3.67 18.37 
4.24 
2.60 15.69 
3.10 13.82 

N S 

6.45 
5.76 

16.54 

5.95 13,57 
5.45 12.37 

C 

38.29 
44.01 
53.86 
44.09 
49.88 
35.68 
4t.31 

Calculated, 

H C! 

2.75 16.15 
3.28 14.44 
4.52 
3.70 18.60 
4.19 
2.57 15.05 
3.08 13.55 

% 

N 

6.38 
5.70 

5.94 
5.35 

s 

16.82 

13.61 
12.37 

Yield, 
% 

95 
95 
76 
74 
69 
77 
80 
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T a b l e  2 

2 - I o d o e t h y l  a n d  2 - I o d o e t h y l t h i o  E s t e r s  S y n t h e s i z e d  

Compound Reaction 
no. time, hr 

VIII 60 
IX 90 
X 50 

XI 50 
XII 40 
XIll 50 

Mp, *C 

90--91 
89--90 
63--64 

64--66 
76--78 

125--127 

Recrystal- 
lization Formula 
solvent 

Heptane CTHsINO 
Heptane C~qslNO 
Hexane or C7H7IO2S 
hexane- 
dry ether 
(h 3)* 

Hexane CgHglOzS 
Hexane CTH~ INO4 S 
Heptane C 9 Hs INO4S 

C 

27.00 
32.46 
29.77 

35.35 
25.9l 
30.81 

Found, % 

2.27 41.09 4.77 
2.69 37 .13  3,93 
2-54 45.81 -- 

3.02 40.98 -- 
1.79 38.65 4.50 
2,46 36.18 4,14 

S 

11.44 

10.48 
9.72 
9.19 

Calculated, % 

c 14 I N 

27.03 1.94 40.80 
32.07 2.39 37.69 4,16 
29.80 2.50 44.99 

35.08 2.94 41.19 
25.70 1.85 38.80 4.28 
30.61 2,28 35,93 3.97 

11.37 

10.41 
9.80 
9.08 

Yield 
% 

90 
74 
71 

32 
92 
57 

* Cooled t o - 4 0  ~ -50% 

T o  p r e p a r e  VI  t h e  r e a c t i o n  w a s  r u n  in  d r y  e t h e r ,  

w h i l e  a b e t t e r  y i e l d  o f  VII  i s  o b t a i n e d  in  d r y  t o l u e n e .  

T h e  a c t i o n  o f  s o d i u m  i o d i d e  o n  t h e  c h l o r o e t h y l t h i o l  a n d  

c h l o r o e t h y l  e s t e r s  i n  a c e t o n e  s o l u t i o n  g i v e s  t h e  c o r r e -  

s p o n d i n g  i o d o e t h y l  d e r i v a t i v e s  ( V I I I - X I I I ) .  

T a b l e s  1 a n d  2 g i v e  c h e m i c a l  c o n s t a n t s ,  y i e l d s  a n d  

a n a l y t i c a l  d a t a  o f  t h e  c o m p o u n d s  p r e p a r e d .  

RCOACH2CH~CI+ NaI ---> RCOACH~CH2I + NaC1 
VIII -- Xll[ 

VIII R = O2N4~[~ k-- , A=O 
" 0 "  

I X  R = O 2 N - ~ C H = C H - ,  A= 0 

x R= ~ - - ,  A=S 

X! R = ~.-CH=CH-, A=S 

Xll R= O2N- ~ ,  A=S 

Xl. R= 02N._K,nAj_.CH=Cn_ , I ] - - - T 1  A=S 

EXPERIMENTAL 

2-Chloroethyl ester of 5-nitrofuran-2-carboxylic acid (I). 5.05 g 
[0.05 mole) triethylamine and 4.03 g (0.05 mole) ethylene chlorohy- 
drin were added to 8.78 g (0.05 mole) 5-nitrofuryl chloride dissolved 
in 100 ml toluene. The mixture was stirred and refluxed for 4 hr, 
cooled, and after separating off the triethylamine salt, the solvent 
was vacuum-distil led off. Yield of crude product 10.5 g (95%). After 
two recrystallizations from a large volume of low boiling petrol ether 
it had mp 59-60 ~ 

2-Chloroethyl ester of 3-(5-nitrofuryl-2)acrylic acid (II). Prepared 
as above, using 6.04 g (0.03 mole) 3-(5-nitrofuryl-2)acrylyl chloride, 

3.03 g (0.03 mole) triethylamine, and 2.41 g (0.03 mole) ethylene 
chlorohydrin in 150 mt toluene. Yield of crude product 7 g (95%). 
After recrystallizing from toluene-petrol ether it had mp 89-90 ~ 

2-Chloroethylthiol ester of  benzoic acid (III). 3.0 g (0. O5 mole) 
ethylene sulfide and 7.0 g (0.05 mole) benzoyl chloride were heated 
together for 10 hr at 50-60 ~ in a flask fitted with a reflux condenser. 
The reaction products were vacuum-distilled, and a cut bp 141-145 ~ 
(5 ram) taken, yield 7.65 g (76%). 

2-Chloroethylthiol ester of furaa-2-carboxylic acid (IV). Prepared 

similarly to III, in the distillation a cut bp 117-118 = (1-2 mm) was 

taken. The product in the receiver crystallized, mp 38-39 ~ yield 
74%. 

2-Chloroethylrlliol ester of 3-(furyl-2)acrylic acid (V). Prepared 
similarly to III, the cut taken having bp 136-139 ~ (I-2 ram), yield 

69%�9 
2-Chloroethylthiol ester of 5-nitmfuran-2-carboxylic acid (VI)�9 

3.5 g (0.02 mole) 5-nitrofuran-2-carbonyl chloride was dissolved in 
20 ml dry ether, and 1.68 g (0.02 mole, 1.6 ml) pyridine added drop- 
wise at 0 ~ Then t .  93 g (0.02 mole) 2-chloroethyl mercaptan in 
10 ml dry ether was added dropwise at 0-2  ~ and the reaction mixture 
stirred for a further 1 hr at that temperature�9 The pyridine salt was 
filtered off, the yellow ether layer washed with water, then with dilute 
hydrochloric acid, saturated with sodium bicarbonate solution, and 
finally water, and dried over NazSO 4. Removal of the solvent by dis- 

tillation gave 8.6 g (77%) of the reaction product, which after three 
recrystallizations from hexane had mp 51-52 ~ 

2-Chloroethylthiol ester of 8-(5-nkrofuryl-2)acrylic acid (VII)�9 
4�9 03 g (0.02 mole) 3-(5-nitrofuryl-2)acrylyl chloride was dissolved 
in 100 ml toluene, and a solution of 2.02 g (0.02 mole) triethylamine 
in 20 ml toluene added, followed by 1.98 g (0.02 mole) 2-chloroethyl- 
mercaptan added dropwise, and the mixture refluxed and stirred for 
5 hr. After cooling the amine salt was filtered off, and the solvent 
vacuum-distilIed off. The dark residue was boiled with heptane (about 
600 mt), and filtered off. On cooling the solution deposited 4.2 g 
(80~ of a white crystalline material; after a few recrystallizations it 
had mp 104-105 ~ 

Preparing the 2-iodoethyl and 2-iodoethylthiol esters of  furan series 
carboxylic acids (VIII-XIII). 0.01 mole of 2-chloroethyl or 2-chloro- 
ethylthiol ester of the acid was dissolved in 100 ml acetone, 5 g NaI �9 
�9 2H~O added, and the mixture stirred and refluxed for 40-90 hr. The 
precipitate of NaC1 was filtered off, the acetone vacuum-distilled off 
or allowed to evaporate off in air, and the residue treated with sodium 
thiosulfate solution to decolorize it. The product was filtered off, 
washed with water on the filter, and air-dried. 
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