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A number  of alkylthio de r iva t ives  of ace ty l furan  have been  obtained by  the r e p l a c e m e n t  
of the b romine  in 2 - ace ty l -5 -b romof t t r an .  It has been  shown by IR, NMR, and chemica l  
s tudies  that 2 - a c e t y l - 5 - m e r c a p t o f u r a n  exis ts  in the thiol f o r m  in solutions and in the 
f r e e  s ta te .  

It has  been  shown in p reced ing  invest igat ions that  5 -ha logeno-2 -ace ty l fu rans  r ead i ly  r eac t  with sodium 
sulfide and sodium thioglycolate  [1]. 

In a s tudy of the mobi l i ty  of a halogen a tom in a furan  r ing ,  we found that  2 - a c e t y l - 5 - b r o m o f u r a n  (1) 
r ead i ly  exchanges the b romine  for  a th iomethyl ,  thioethyl,  or thiophenyl group on being boi led with aqueous 
solut ions of sodium methyl ,  ethyl ,  and phenyl sulf ides ,  r e spec t i ve ly .  

As r e p o r t e d  p rev ious ly  [1], the r ep l acemen t  of the halogen in a 5 -ha logeno-2 -ace ty l fu ran  by  a m e r -  
eapto group f o r m s  the sodium sa l t  of 2 - a c e t y l - 5 - m e r c a p t o f u r a n  (II). The acidif icat ion of this sa l t  in an 
a t m o s p h e r e  of  hydrogen gives an 87% yield of 2 - a c e t y l - 5 - m e r c a p t o f u r a n  (II-A). The r eac t i on  product  is 
ve ry  unstable and darkens  on standing. The oxidation of the sodium sa l t  I I  by iodine in p o t a s s i u m  iodide 
solution has  given d i (5 -ace ty l -2 - fury l )  disulfide (HI). I ts  s t r u c t u r e  was conf i rmed  by IR and NMR spec t r a .  

The disulf ide TIT is also f o r m e d  by  the acidif icat ion of the sodium sa l t  lI  in the p r e s e n c e  of a t -  
m o s p h e r i c  oxygen.  

The hypothes is  has been  put fo rward  p rev ious ly  [2] that  5 - m e r c a p t o - 2 - a c e t y l f u r a n  (II-A) is capable  
of thione-thiol  t a u t o m e r i s m :  

~ 0  ~ - 0  ~ ~COCH 3 
O H  

I I - A  H-B .-C . -  D 

However ,  the IR s p e c t r u m  of I I -A has an absorp t ion  band in the 1678 c m  -1 r eg ion  co r respond ing  to 
the v ibra t ions  of a carbonyl  group and lacks  the absorp t ion  in the 3300 cm -~ reg ion  that is c h a r a c t e r i s t i c  
for  che la tes .  These  fac ts  exclude the p r e s e n c e  of f o r m  II-D.  

The p r e s e n c e  of f o r m s  ]I-B and I I -C  was excluded on the bas i s  of a study of the NMR s p e c t r a  of 2-  
a c e t y l - 5 - b r o m o f u r a n  (I} (Fig. 1) and a compar i son  of it  with the NMR s p e c t r u m  of 2 - a c e t y l - 5 - m e t h y l t h i o -  
furan  (IV). The NMR s p e c t r u m  of I I -A  has  four  s ignals  of two nonequivalent  protons  of the furan  r ing,  
which a r e  c h a r a c t e r i s t i c  for  2 ,5-disubst i tu ted  fu rans ,  the s ignal  of the protons  of the methyl  group of an 
acetyl  r ad ica l  in the 2.57 ppm reg ion ,  and the signal of the pro ton  of a me rcap to  group in the 0.5 ppm r e -  
gion. If the t au tomer i c  f o r m  II-B were  p re sen t ,  the NMR s p e c t r u m  would have the t r ip le t  of an olefinic 
p ro ton  and the doublet  of the pro tons  of a methylene  group.  If f o r m  I I -C  were  p r e s e n t ,  the NMR s p e c t r u m  
of I I -A  would a lso  be  m o r e  complex.  Thus,  the IR and NMR s p e c t r a  exclude the p r e s e n c e  of f o r m s  I I -B 
and I I -D in solutions and show that  there  is only f o r m  II-A.  
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Fig.  1. NMR spect ra :  1) di- 
(5-acety l -2-furyl )  dis ulfide; 
2) 2 -ace ty l -  5 -mercap to fur  an; 
3) 2 -aec ty l -5-methyl th iofuran ;  
4) sodium sal t  of 2 - ace ty l -5 -  
methyl thiofuran (20% aqueous 
solution) (others ,  20% solu-  
tions in CC14; internal  s tandard 
water ;  JNM ins t rument) .  

This conclusion is in ha rmony  with the chemical  p roper t ies  of 
II-A. On being boiled with dilute acids,  the furan r ing is not opened, 
as would have been expected for fo rms  TT-B-H-D, since the l a t t e r  
have the thiolactone s t ruc ture .  React}on with diazomethane in e therea l  
solution gave only 5-methyl th io-2-ace tofuran  (XIV) in a lmost  quan- 
t i ta t ive yield,  its s t ruc tu re  being shown by IR and NMR spect roscopy.  

Thus,  a considerat ion of both the chemical  and the physical 
p roper t i es  of 2 - ace ty l -5 -mercap to fu ran  shows the absence of tau tomer ic  
t r ans format ions .  

It follows f rom a compar ison  of the NM_R spec t ra  of II-A and its 
sodium sal t  that on dissolution in alkalies the signal of the methyl  
group of the acetyl  radica l  is shifted v e ry  sl ightly downfield - by 
0.07 ppm - w h i l e  the signals of the protons of the furan r ing are  
shif ted downfield considerably more  s trongly:  by 0,51 and 0.21 ppm. 
This probably shows that in the anion of 2 -ace ty l -5 -mercap to fu ran  
the contribution of the m e s o m e r i c  s t ruc tu re  VI is v e ry  small  in com-  
pa r i son  with that of s t ruc tu re  V. 
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Otherwise,  the negative charge  on the oxygen atom would lead to a 
change in the screening of the proton of the methyl group and to a shift 
in its NMR signal.  

E X P E R I M E N T A L  

2 -Ace ty l -5 -mercap to fu ran  (H-A). With s t i r r ing  and cooling in a cu r ren t  of ni trogen,  30 ml of 10% 
hydrochlor ic  acid was added to the sodium salt  of 2 - ace ty l -5 -mercap to fu ran  (12) obtained f ro m  8.9 g (0.047 
mole) of 2 - a c e t y l - 5 - b r o m o f u r a n  (I) and 11.5 g of sodium s u l f d e .  The oil that deposited was separa ted  off, 
mud the aqueous l aye r  was ex t rac ted  with e ther ;  a f te r  the e ther  had been driven off,  the res idue  was d is-  
t i l led in vacuum in an a tmosphere  of ni t rogen.  This gave 4.1 g of H-A, bp 98~ (12 mm);  yellow c rys ta l s ,  
rap. 45~ Found ~0: S 22.28; 22.37. C6H602 S. Calculated %: S 22.55. 

2 ,Ace ty l -5 -mercap to fu ran-2 ,4 -d in i t ropheny lhydrazone ,  mp 212~ (from ethanol). Found %: N 17.25; 
17.33. C12Hi0N4SO ~. Calculated, %: N 17.41. 

Di(5-ace to-2- fury l )  disulfide ( I ~ .  With s t i r r ing ,  25 g of iodine in a solution of 40 g of potass ium 
iodide in 100 ml of water  was added to the sodium sal t  obtained f ro m  19 g (0.1 mole) of I, 60 ml of water ,  
and 24 g of sodium sulfide.  The c rys t a l s  that deposited were  fUtered  off. Yield 10.7 g (76~o), mp 126~C 
(from ethanol).  Found, ~o: S 22.86; 22.97. C12I-I1004S 2. Calculated, %: S 22.74. 

2 -Acety l -5-methyl th iofura~  (IV). a. With cooling to 0~ 4,8 g (0.1 mole) of methanethiol  and 7.6 g 
(0.04 mole) of I we re  added to a solution of 2 g of caustic soda in 25 ml  of water .  The mixture  was heated 
La a sealed tube at 80~ for  6 h. After cooling, the tube was opened and the c rys ta l s  that had deposited were  
f i l t e red  off and r e c r y s t a l l i z e d  f rom aqueous ethanol.  Yield 59%, mp 44~ It gave no depress ion  of the 
melt ing point with an authentic sample [1]. 

b_:. A solution of 3.2 g (0.017 mole) of II in e the r  was t r ea t ed  with a 50% excess  of diazomethane in 
e the r ,  and the res idue  af te r  the evaporat ion of the e ther  was c rys ta l l i zed  f r o m  ethuaol;  mp 44-45~ It 
gave no depress ion  of the melt ing point with the TT obtained prev ious ly  [1]. 

2 -Acety! -5-e thy l th iofuran  (VII). With cooling and s t i r r ing ,  6.2 g (0.1 mole) of ethansthiol ,  followed 
b y  15.2 g (0.8 mole) of I were  added to a solution of 4.5 g of caustic soda in 50 ml of water .  The mixture  
was boiled for  4 h. After cooling, the c rys ta l s  that had deposited were  f i l te red  off, giving 13.6 g (83%) of 
2 -ace ty l -5 -e thy l th io furan ,  mp 49~ (from aqueous ethanol). Found, %: S 18.64; 18.72. CsII10SO 2. Calcu- 
lated,  ~0: S 18.86. 
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2-Acetyl-5-ethylthiofuran 2,4-Dinitrophenylhydrazone, mp 209~ (from ethanol). Found, %: N 13.93; 
13.75. CiS~tl4N40~S. Calculated, %: N 14.09. 

2-Acetyl-5-phenylthiofuran (VI]:0. This was obtained in a similar manner to VII with a yield 85%, 
rap. 66~ (from aqueous ethanol). Found, ~0: S 14.68; 14.53. Ci2tIi002S. Calculated, %: S 14.71. 
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