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The acy la t ion  of  5 - a r y l f u r f u r a l  ox imes  with ace t i c  anhydr ide  in the p r e s e n c e  of  pyr id ine  is 
a c c o m p a n i e d  by B e c k m a n n  r e a r r a n g e m e n t  and gives  5 - a r y l p y r o m u c i c  ac id  a c e t a m i d e s .  Un-  
der  the s a m e  condi t ions ,  5 - a r y l p y r o m u c i c  ac id  n i t r i l e s  a r e  obta ined f r o m  aldoxime ant i -  
a ce t a t e s .  

In an inves t iga t ion  of  va r i ous  condi t ions  fo r  the ace ty la t ion  of 5 - a r y l f u r f u r a l  ox imes  we o b s e r v e d  
that  the ace ty la t ion  of ox imes  with ace t i c  anhydr ide  g ives  the i r  O - a c e t y l  de r iva t ives ,  whe rea s  the use  of  
a m ix tu r e  of ace t i c  anhydr ide  and pyr id ine  as the acy la t ing  agent  g ives  5 - a r y l f u r a n - 2 - c a r b o x y l i c  ac id  
a c e t a m i d e s  ( I a ' e ) ,  i .e . ,  the p r o d u c t s  of  a Beekmann  r e a r r a n g e m e n t .  

X--~--K'-o~Cn=N~ pyridine(C"~C~176 x - ~  c~176 
I a-e 

Both  the syn and anti i s o m e r s  of  a r y l f u r f u r a l  ox imes  were  sub jec ted  to c o n v e r s i o n  to a ce t amide s ,  
A e e t a m i d e s  (Ia-e)  of p y r o m u c i c  ac id  w e r e  obta ined  f r o m  them in high y ie lds ,  and the d e s c r i b e d  c o n v e r s i o n  
can be p r o p o s e d  as a method  for  the syn thes i s  of  amides  of this type.  

The  p r e s e n c e  in the IR s p e c t r a  of c a r b o n y l  abso rp t ion  at  1675-1686 and 1705-1710 c m  -I and of  an 
NH g roup  at 3940-9260 c m  -~ and the p r e s e n c e  in the PMR s p e c t r a  of  s ignals  of NH pro tons  at 10.94-11.40 
ppm and p ro tons  of an ace ty l  g roup  at 2.4 ppm and the absence  of s igna ls  of a ldehyde p ro tons  c o n f i r m  the 
p r o p o s e d  s t r u c t u r e  of t a - e  (see Table  1). 

T A B L E  I. 

Com-- ! 
pound 6Hald ~COCHa 

Ia -- 2,40 
I b -- 2,40 
Ie -- 2,39 
Id -- 2,41 
Ie -- 2,40 

IIa 7,74 2,26 
IIb 7,76 2,26 
IIc 7178 2,26 
IId 7,74 2.27 

Ilia 
IIIb 
I I I e  
IIId 
IVa Z78 -- 

IVtb %54 -- 

Data  f r o m  the PMR 

63-H 64-H 

7.60 7.10 
7,59 7.,02 
7,,62 7,18 
7,61 7,24 
7,61 7.22 
7..31 6.71 
7.29 6.66 
7132 6.79 
7132 6:79 
7,09 6,.59 
Z,07 6,,51 
7,06 6,62 
7,13 6.68 
7.34 6:99 
7.34 6,85 

Spec t r a  of the Syn thes ized  Compounds  

:5 of the 
aromatic 
'ring protons 

7,25--7,.85 
6,99--7.93 
7.30--8,05 
7,63--7,96 
7,51--8.02 
7,,10--7.64 
6,82--7,71 
%05--7,68 
7,40--7,,65 
7,12--7,64 
6,81--7,67 
7,t0--7,71 

7,54 
7,23--7.86 
6~ 

6CH~ Or [ oCHa , 6NH SOlvent 

10,96 
1~0,94 
11,0l 
11:4o 
11,:o5 

2.35 
3182 

254 
3.77 

252 
3.79 

2.29 
3,79 

(CDa)uSO 
(CDa)~SO 
ICDa)2SO 
(CD3)2SO 
(CDa)2SO 
CDCla 
CDCIa 
CDCI3 
CDCI3 
CDCI3 
CDCIa 
CDCla 
CDCIa 
(CDa} ~.NCOD 
(CDs)_~NCOD 
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TABLE 2. 5 -Aryl furan-2-carboxyl ic  Acid Acetamides 

x 

la C} [3 

Ib O( :} 

Ic H 

Id BI 

Ie CI 

rap, ~ 
(from 
ethanoi) 

178-- 
--179,5 

~7-- 1,8~ 

13--214 

~I)7,5-- 
-909.5 

Empirical 
formula 

k~ 

CI4HI3'NO3 

CI4H~3NO4 

Found, % 

! 

C H ~ o  N 

i IR spec- ITTv Rhea: 
Calc,, % . . . .  ~---' :, cm-i' .rU.. o 

- -  - 

C H ' 0 = [  N CO NH["~]  Igsil 0 

CI~HI,NO3 

CI3HIoBrNO 

CIsHIoCINO~ 

5,3 

5.0 

4.8 

3.3 25, 

3.,8 

69.0 5,3 

64.5 5,1 

68,6 4,8 

50.8 3~2 25,9 

59,,1 3,9 

69~ 

64.9 

il ~.I 

~,6 50,7 

59,2 

1678 1 a22 4,43 
326O 64 

17071 22214,211 1167 ' 33414, 4 l 
1 1685 )24@ 67 1705 22014,211 

31514,41[7n 
6. 2 oL4. .2j.o 

 4,o 17io  2221 '2s/ 

. ,~ 3 1 7 , % ,  

An attempt to c a r r y  out the Beckmann rea r rangement  of the arylfurfural  oximes under different con- 
ditions (by refluxing an alcohol solution of the oxime over a Raney nickel catalyst) was successful  in only 
one case:  5-(p-chlorophenyl)furfural  oxime was converted to 5-(p-chlorophenyDpyromucic  acid amide. 
The s t ruc ture  of the amide was confirmed by compar ison with the amide synthesized from 5-(p-chlorophenyl)  
pyromucic  acid chloride and ammonia.  

C l - - { ~ C l i =  NOIi Ni/Re /'~-~ ]T---']'] Nli3 

The difficulty in the conversion of unsubstituted 5-ary l fur fura l  oximes to the corresponding amides 
would seem to constitute evidence that the Beckmann r ea r r angemen t  that we observed occur red  via pr ior  
acetylation of the oximes.  However, an attempt to obtain a ry lpyromucic  acid acetamides by refluxing the 
oxime acetates in pyridine and also in p y r i d i n e - a c e t i c  anhydride did not give positive resul ts .  In the case 
of the aldoxime ant i-acetate  the corresponding nitri les were formed in this reaction, and the aldoxime syn-  
acetates remained unchanged under the conditions that we used.* 

x - ~  cu~N~176 pyridlne X - - ~ C - - - - - - N  + C.3COOH 

II a-~J nt  a-d 

I I , l l la  X=CH3; b X=OCH3; C X=H;d X=Br 

The observed conversions of the aldoxime ant i-acetates  to the nitr i les of the corresponding acids are  
in good agreement  with the l i tera ture  data on this problem [1]. 

E X P E R I M E N T A L  M E T H O D  

The PMR spec t ra  were recorded  with JNM 4H-100 and C-60HL spec t romete r s  with te t ramethyl-  
silane as the internal standard.  The IR spec t ra  of mineral  oil suspensions of the compounds were recorded  
with Pe rk in - E lmer  457 and UR-10 spec t romete rs .  

5-(p-Tolyl)pyromucic  Acid Acetamide (Ia). A 4-ml  sample of acet ic  anhydride was added to a solu-  
tion of 1 .5g (7.5 mmole) of 5-(p-tolyl)furfural  oxime [2] in 6 ml of anhydrous pyridine, and the mixture was 
heated for 2 h on a boi l ing-water  bath. It was then cooled, and the result ing crys ta ls  were removed by 
fil tration and washed with water .  Acetamides Ib-e (Table 2) were s imi lar ly  obtained. 

O-Aoetyl Der iva t iveof  5-(p-Tolyl)furfural  Oxime (Ha) (anti i somer) .  A mixture of 1.5 g (7.5 mmole) 
of the anti i somer  of 5-(p-tolyl)furfural  oxime (IVa) [2] (see Table 1 for data on the s te rochemica l  s t ruc -  

*The s tereochemical  s t ruc tures  of the oximes and their acetates were establis.hed by means of the PMR 
s p e c t r a  on the basis of a compar ison of the Hal d chemical shifts [3]: I Ia-d and IVa-b proved to be the anti 
i somers .  

8 9 6  



tu re  of oxime IVa) and 8.4 ml  of acet ic  anhydride was heated at 60 ~ for  20 min,  a f te r  which it was poured  
into water ,  and the resu l t ing  p rec ip i t a te  was r e m o v e d  by f i l t ra t ion  to give 1.45 g (80%} of I Ia  with mp 120- 
122 (from alcohol).  Found: C 69.0; H 5.3%. C14H13NO 3. Calculated:  C 69.1; H 5.3% (See Table 1 for  data  
on the s t e rochemica l  s t ruc tu re  of IIa). 

O-Acety l  Der iva t ive  of 5- (p-Methoxyphenyl) fur fura l  Oxime (IIb) (anti i somer} .  This  compound was 
obtained as in the p reced ing  expe r imen t  f r o m  the anti i s o m e r  of 5 - (p-methoxyphenyl ) fur fura l  oxime (IVb) 
(see Table  1 for  data on the s t e r e o c h e m i c a l  s t ruc tu re  of oxime IVb). The yield of IIb, with mp 140-142 ~ 
{from alcohol),  was 72.%. Found: C 64.7; H 5.1~.  CI~IHi3NO 4. Calcula ted.  ~ C 64.9; H 5.0% (See Tab le  1 
for  data on the s t e r e o c h e m i c a l  s t ruc tu re  of IIb). 

O-Acety l  Der iva t ive  of 5 -Pheny l fu r fu ra l  Oxime {IIc) (anti i somer} .  A mix tu re  of 8 g (43 mmole)  
of the anti i s o m e r  of 5-phenyl fur fura l  oxime [3] and 50 ml of acet ic  anhydride was heated at  60 ~ for  20 
min,  a f te r  which it was cooled, and the resu l t ing  p rec ip i t a te  was r emoved  by f i l t ra t ion to give 5 g (51%) 
of a product  with mp 94-96 ~ {from alcohol).  Found: C 68.2; H 4.8; N 6.2%. CllHgNO 2. Calculated:  C 68.1; 
H 4.8; N 6.1%. (See Table  1 for  data on the s t e r e o c h e m i c a l  s t ruc tu re  of IIc).  

5 - (p -To ly ! )py romuc ic  Acid Ni t r i l e  (IIIa). A solution of 1 g (4.1 mmole)  of the an t i - ace ta t e  of 5 - (p -  
to ly l ) furfura l  oxime (Ha} in 5 ml  of d ry  pyr idine was heated on a bo i l ing-wate r  bath  for  2 h, a f te r  which 
it  was cooled and poured  into wa te r .  The resu l t ing  p rec ip i t a t e  was r emoved  by f i l t ra t ion and washed with 
wa te r  to give 0.46 g (62%) of n i t r i le  IIIa with mp 85-87 ~ ( f rom alcohol}; IR spec t rum:  2233 cm -1 (CN}. 
Found: C 78.9; H 4.8; N 7.9%. C12HgNO. Calculated:  C 78.7; H 4.9; N.7.7%. 

5y(p-Anisy l )pyromucie  Acid Nitr i le  (IIIb). This  compound, with mp 83-84 ~ ( f rom hexane), was obtained 
in 84~ yield as in the p reced ing  exper iment :  IR s p e c t r u m :  2232 cm -1 (CN). Found: C 72.1; H 4.5; N 
7.0~. Ci2HgNO 2, Calculated:  C 72.3; H 4.5; N 7.0~.  

5 -Pheay lpy romuc ic  Acid Nitr i le  (IIIc). This  compound, with mp 72-74 ~ ( f rom pe t ro leum ether}, 
was s i m i l a r l y  obtained in 74% yield.  Found: C 78.2; H 4.3; N 8.3%; CIlHTNO. Calculated:  C 78.1; H 4.1; 
N 8.39.  

5 - (p :Bromopheny l )pyromuc i  c Acid Ni t r i te  (Hid). This  compound, with mp 87-88 ~ ( f rom alcohol), was 
s i m i l a r l y  obtained in 90~yie ld .  IR s p e c t r u m :  2232 cm -1 (CN). Found: C 53.3, H 2.7; Br  32.7; N 5.4%. 
CllH6BrNO. Calculated:  C 53.3; H 2.4; B r  32.2; N 5.6%. 

5- (p-Chlorophenyl )pyromucic  Acid Chlor ide.  A solution of 5 g (42 mmole)  of thionyl chlor ide  in 5 
ml  of dry  benzene was added to a solution of 7.8 g (35 mmole)  of 5 - (p-ch lorophenyl )pyromucic  acid [4] in 
15 ml  of dry  benzene,  a f t e r  which the mix tu re  was ref luxed or  3 h. It  was then evapora ted  to half  its 
or ig ina l  volume,  and the resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion to give 5.8 g (69~c) of a p roduc t  
with mp 81-82 ~ ( f rom benezene) .  Found: C 54.5; H 2.6; C1 29.3%. C11H6C1202. Calculated:  C 54.8; H 2.5; 
C1 29.5~.  

5 - (p -Chorophenyl )pyromucic  Acid Amide.  A suspens ion of 1.1 g of f r e sh ly  p r e p a r e d  Raney nickel  in 
30 ml  of absolute alcohol was added to a solution of 3 2 g (14 mmole)  of 5 - (p-ch lorophenyl ) fur fura l  oxime 
[3] in 60 ml  of absolute ethanol, and the mix tu re  was ref luxed with s t i r r i ng  for  6 h. The ca ta lys t  was then 
r emoved  by f i l t rat ion,  and the f i l t ra te  was vacuum evapora ted  to give 3 g (93~) of 5 - (p -ch lo ropheny l )pyro-  
mucic  acid amide with mp 195-197 ~ ( f rom benzene) ,  iR spec t rum:  1650 (CO) and 3340 cm -I  (NH). Found: 
C 59.5; H 3.6; N 6.3~.  CI1HsC1NO2. Calculated:  C 59.6; H 3.6; N 6.3%. 

This  s ame  amide  was obtained by mixing a solution of 1 g (4.1 mmole)  of 5 - (p-eh lorophenyl )pyro-  
mueic  acid chlor ide in i0 ml  of e ther  with 30 ml  of 25% ammonium hydroxide.  This p rocedu re  gave 0.83 
g (90%) of 5 - (p -ch lorophenyl )pyromucie  acid amide  with mp 195-197 ~ ( f rom benzene) .  No mel t ing-poin t  
depress ion  was obse rved  for  a mix tu re  of this product  with the amide obtained by r e a r r a n g e m e n t .  
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