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STUDIES IN THE FURAN SERIES 

XLVII. Syn theses  B a s e d  on 3 , 4 - B i s ( c h l o r o m e t h y l ) f u r a n *  

K. Yu. Novi tsk i i ,  G. T. Khacha turova ,  and Yu. K. Y u r ' e v  
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UDC 547.728 '143.732:541.67 

A study was made of certain transformations of the bicyclic compounds 
of the furan series synthesized from 3,4-bis(chloromethyl)furan, N- 
butyl-4H, 6H-furo[3, 4-c]pyrrole and 4H, 8H-thieno[3, 4-c]furan. On 
the basis of the same dichloride, 3,4-dirnethyl furan and furan-3, 4- 
dialdehyde were synthesized. 

It has p r e v i o u s l y  been  e s t a b l i s h e d  that  the r e a c t i o n  
of 3, 4 - b i s ( c h l o r o m e t h y l ) f u r a n  with p r i m a r y  a m i n e s  
[1] and with sodium sulf ide  [2] l eads  to the f o r m a t i o n  
of the new b i c y c l i c  s t r u c t u r e s ,  N - a l k y l - 4 H ,  6H-furo[3 ,  
4 - c ] p y r r o l e s  and 4H, 6H-thieno(3,  4 -c ) fu ran ,  r e s p e c -  
t ive ly .  

This  communica t i on  d e s c r i b e s  a s tudy of c e r t a i n  
t r a n s f o r m a t i o n s  of these  new compounds  which con-  
f i r m  the i r  s t r u c t u r e .  

On hydrogena t ion  of N-bu ty l -4H,  6H-furo[3 ,  4 - e ] p y r -  
r o l e  (I) in p r e s e n c e  of Raney n ickel ,  N - b u t y l f u r a n i -  
dino[3, 4 - c ] p y r r o l i d i n e  (II), c h a r a c t e r i z e d  a lso  by the 
f o r m a t i o n  of p i c r a t e ,  was  obta ined  with a y i e l d o f  73%. 

- -  Raney nickel 
[ H 

Desu l fu r i z a t i on  of 4H, 6H-thieno[3,  4 - c ] fu ran  (III) in 
the p r e s e n c e  of a l a r g e  e x c e s s  of Raney n icke l  l eads  
to the f o r m a t i o n  of 3, 4 - d i m e t h y l f u r a n  (IV), c h a r a c -  
t e r i z e d  by f o r m a t i o n  of an aduct  (IVa) with m a l e i c  a n -  
hydr ide .  
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The cons tan t s  of 3, 4 - d i m e t h y l f u r a n  (apar t  f r o m  the 
boi l ing  point  [3]) w e r e  not p r e v i o u s l y  known. This  c o m -  
pound has  a lso  been s y n t h e s i z e d  by  us by the r e d u c -  
t ion of 3, 4 - b i s ( c h l o r o m e t h y l ) f u r a n  (V) in the p r e s e n c e  
of pa l l ad ium in b a r i u m  sul fa te .  The 3, 4 - d i m e t h y l -  
f u r ans  ob ta ined  by the two d i f f e ren t  pa thways  we re  
found to be iden t i ca l .  

When the s tudy of the r e a c t i o n s  of 3, 4 - b i s ( c h l o r o -  
me thy l ) fu ran  (V) was  cont inued,  th is  d i s c h l o r i d e  was 
c o n v e r t e d  into f u r a n - 3 ,  4 -d i a ldehyde  (VI)** by us ing  

a p r e v i o u s l y  d e s c r i b e d  method  [4]. 3, 4 - B i s ( c h l o r o -  
me thy l ) fu ran  (V) r e a c t s  with py r id ine  with the f o r m a -  
t ion of the 3, 4 - b i s p y r i d i n a l  s a l t  VII. By the ac t ion  of 
n - n i t r o s o d i m e t h y l  a lan ine ,  the b i s p y r i d i n a l  s a l t  was 
c o n v e r t e d  into the subs t i tu ted  b i s n i t r o f u r a n - 3 ,  4 - d i a l -  
dehyde VIII, the h y d r o l y s i s  of which led to the f o r m a -  
tion of f u r an -  3, 4 - d i a l d e h y d e .  Yield  23%, c a l c u l a t ed  fo r  
3, 4 - b i s ( c h l o r o m e t h y l ) f u r  an: 

vii 
0 o 

o-(CH~)., N C~H4N =CH ~ C a  -:~--C61t4N (CH~)o- p H§ OtlC--~-~--CttO 

VIII VI 

F u r a n - 3 ,  4 - d i a l d e h y d e  r e a c t e d  with ani l ine  in an 
unusual  m a n n e r  and led to the f o r m a t i o n  of a compound 
which conta ined  no oxygen.  Acco rd ing  to the da ta  of 
the e l e m e n t a r y  a n a l y s i s ,  th is  compound c o r r e s p o n d e d  to 
the Schi f f ' s  double  ba se  f r o m  ani l ine  and N - p h e n y l p y r -  
r o l e - 3 ,  4 -d i a ldehyde ,  N-pheny l -3 ,  4 - b i s ( p h e n y l a z o -  
m e t h i n e ) p y r r o l e  IX. Such a compound may  be f o r m e d  
on account  of the opening of the fu ran  r ing* and s u b -  
sequent  r e c y c l i z a t i o n  into N - p h e n y l p y r r o l e  under  the 
ac t ion  of ani l ine .  

3 CGH,NH 2 C~H:N~CH--~]--CH NC6H. 
\ / 

N 
i 

IX C~{% 

A study was  made  in th is  l a b o r a t o r y  of the PMR 
s p e c t r a  of the N - a l k y l f u r o p y r r o l e s  Ia and b [1] and 
t h i e n o - f u r a n  III [2], and a lso  of the p r e v i o u s l y  s y n t h e -  
s i z e d  [1, 2] t r i c y c l i c  s y s t e m s  (d iaze t ines  Xa, b and 
d i th i ez ine  XI and the 3, 4 - d i s u b s t i t u t e d  fu r a ns ,  b i s  ( a m i -  
nomethyl  (XIIa, b and b i s ( a l k y l m e r c a p t o m e t h y l ) f u r a n s  
(xm). 

The values for the chemical displacement of o~-fu- 
ran protons of these compounds and also 3, 4-bis(chlo- 
romethyl)furan are presented in the table. 

It follows from the data in the table that the signals 
of ~-furan protons of the bicyclic compounds I, Ill (Ha) 
are displaced into the region of stronger fields (6 

7.00 m. d. ) in comparison with the corresponding sig- 
nals (Ha) of the tricyclic (X, XI) and 3, 4-disubstituted 

* F o r  p a r t  XLVI, s ee  [10]. 

**This  compound has  r e c e n t l y  been  s y n t h e s i z e d  by 
the r educ t ion  of the d i n i t r i t e  of f u r a n - 3 ,  4 - d i c a r b o x y l i c  
ac id  [5, 6]. 

*The opening of the fu ran  r i ng  in fu r an -3 ,  4 - d i a l d e -  
hyde under  the ac t ion  of p o t a s s i u m  hydrox ide  [5, 6] has  
r e c e n t l y  been  desc r ibed~  
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Values of the Chemical Displacements 5 (ppm) of o~-Furan Protons 
in Compounds of the Furan Series 

Compound XR 6Ha 

CICH2--[F"~CH2CI 
K',O'2--H (a) 7.4,5 

gXC~--W--TI--C.~XR XII a NHC4H9 7,23 
~o ,~-H (a) XIIb NHC3Hr 7.20 

XIII SC2H5 7.27 

,A 
H2C~ /CH2 

~"~-" (a) 

R 

~-~-" (a) 

X a NC4H9 
Xb NC3H7 

XI S 

Ia NC4Ho 
Ib NC3H7 

III S 

7.21 
7.20 
7.37 

7.01 
7.00 
7.08 
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Fig .  1. PMR s p e c t r a  of Compounds  
III, XI, and XIII. 

H (o) 

, A 

XII ~ 

TMC 

8 7 4 3 2 ~ 0 $ ppm 

Fig .  2. PMR s p e c t r a  of Compounds  
I, X, XII. 

F ig .  3. M o l e c u l a r  mode l  ( acco rd ing  to S tua r t  
and Br ig l eb )  of 4H, 6H-thieno[3,  4 - c ] fu ran ( I I I ) .  
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(XII ,  XIII)  f u r a n  o o m p o u n d s  (5 ~ 7 ,25  p p m ) .  A l s o  t h e  

d i f f e r e n c e  in  t h e  v a l u e s  of  t h e  c h e m i c a l  d i s p l a c e m e n t s  
(AS 0 .25  p p m )  i s  r e p r o d u c e d  i n t h e  s e r i e s  of  t h e s e  c o m -  

p o u n d s  w i t h  g r e a t  a c c u r a c y .  

W h e n  o u r  d a t a  i s  c o m p a r e d  w i t h  t h a t  i n  t h e  l i t e r a -  

t u r e ,  f o r  e x a m p l e ,  t h e  v a l u e s  o f  c h e m i c a l  d i s p l a c e -  

m e n t s  o f  t h e  c ~ - p r o t o n s  of  u n s u b s t i t u t e d  f u r a n  (5 H 7.42 

[7]) a n d  t h e  p r o t o n  s i t u a t e d  a t  t h e  d o u b l e  b o n d ,  a n d ,  

f o r  e x a m p l e ,  i n  v i n y l a l l y l  e t h e r  (SH 6 .45  [7]), i t  f o l -  

l o w s  t h a t  t h e  c l o s u r e  of  t h e  n e w  f i v e - m e m b e r e d  r i n g  

w i t h  t h e  f o r m a t i o n  o f  t h e  b i c y c l i c  s t r u c t u r e  w e a k e n s  

t h e  a r o m a t i c  a n d  i n t e n s i f i e s  t h e  d i e n e  p r o p e r t i e s  of  

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

P M R  s p e c t r u m  o f  1H, 3 H - t h i e n o [ 3 ,  4 - c ] t h i o f u r a n  [8]. 

T h e  o z - p r o t o n s  of  t h e  f u r a n  n u c l e u s  a n d  p r o t o n s  o f  

t h e  m e t h y l e n e  g r o u p s  of  b i c y c l e s  (H b) e a c h  g i v e  o n e  

r e s o n a n c e  p e a k  ( t h e i r  a r e a i s  in  t h e  r a t i o  o f  1 : 2,  ) w h i c h  

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

t h e s e  c o m p o u n d s  ( F i g .  1 a n d  2).  

T h e  c o n s t r u c t i o n  of  t h e  m o l e c u l a r  m o d e l s  of  t h e  b i -  

c y c l i c  c o m p o u n d s  ( a c c o r d i n g  to  S t u a r t - B r i g l e b )  i n d i -  
c a t e s  t h a t  t h e y  a r e  f l a t  a n d  s o m e w h a t  s t r a i n e d  s t r u c -  

t u r e s  ( F i g .  3). 

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

N-Butylfuranidlno[3,4-c]pyrrolidine (II). A solution of 2 g (0.012 
mole) of compound I in 20 ml absolute alcohol was hydrogenated in 
the presence of 4 g Raney nickel in a shaking autoclave (145 ml in 
volume) at 100~ and 100 atm for 2.5 hr. On cooling the catalyst 
was removed by filtration, washed with absolute alcohot, and the al- 
cohol was removed by distillation. A 1.5 g (73%) quantity of com- 
pound II was obtained. Colorless liquid, bp 82-83* C (1 mm), nD 26, 
1.4658, d42~ 0.9444. Found,%: C 70.95, 70.98; H 11.28, 11.34; 
N 7.85, 7.77; MRD 49.62. Calculated for CIoHtsNO,%: C 70.95; 
H 11.32; N 8.28; MRD 49.57. Picrate, mp 121-122 ~ C(from alcohol). 
The sample of the mixture with picric acid gives a depression. 
Found,%: C 48.43, 48.46; H 5.78, 6.00. Calculated for CIoH19NO �9 
�9 CaH3N3OT,%: C 48.26; H 5.57. 

3, 4-Dirnethylfuran. A) A 5 g quantity of freshly prepared pal- 
ladium in barium sulfate [9] in 10 ml of 80% acetone was shaken in 
the hydrogenation apparatus at room temperature until hydrogen 
ceased to be absorbed. Asolutionof 5 g (0.03 mole) of 3, 4-bis(chloro- 
methyl)furan (V) in 25 ml of 80% acetone and 3.7 g potassium hy- 
droxide in 25 ml 80% acetone was then added and hydrogenated at 
room temperature. The theoretical quantity of hydrogen (1320 ml)was 
adsorbed within 70 min. The catalyst was removed by filtration, washed 
with ether, and the filtrate treated with 120 ml of a 40% solution of 
sodium bisulfite. After 12 hr the resulting precipitate was removed by 
filtration, washed with ether, the filtrate was extracted with ether, 
and the combined ethereal extracts were washed with a standard solu- 
tion of sodium bicarbonate and water and dried with calcined magne- 
sium sulfate. After the ether had been removed by distillation, 1.1 g 
(38%) of 3, 4-dimethylfuran (IV) and 0.9 g of a fraction with a bp of 
54* C (10 mm) and an unestablished structure were obtained. 3, 4- 
Dimethylfuran is a colorless, highly volative liquid, bp 52-53" C 
(200 mm), nD 2~ 1.4436; d420 0.9085. Found,%: C 75.38, 75.55; 

H 8.69, 8.76; MR D 28.09. Calculated for C6HsOF2,%: C 74.96; 

H 8.39; MR D 28.42. 
When compound IV was chromatographed in a thin layer of alumi- 

num oxide, a single spot was obtained (Rf, 0.5 in petroleum ether, 
0.9 in benzene). 

An adduct with maleic anhydride IVa was obtained under the fol- 
lowing conditions, A mixture of 170 mg of IV in 0.5 ml absolute ether 
and 190 mg of maleic anhydride in a minimum quantity of absolute 
ether was maintained for 6 hr at room temperature. The crystals formed 
were removed by filtration and washed with ether. A 300 mg (87%) 

quantity of the adduct was obtained. Coloreless crystals, mp 141-142 ~ C 
(in a sealed capillary). Found,%: C 61.78, 61.62; H 5.29, 5.12. Cal- 

culated for Ci0HioO4 : C 61.85; H 5.19. 

B) A solution of 2.5 g (0,02 mole) of 4H, 6H-thiano[3, 4-e]turan 

(III) in 15 ml absolute ether was added dropwise to 30 g of Raney nickel 

(which had been carefully washed with methanol, ether, and absolute 

ether) in I00 ml absolute ether at 30 ~ C. The reaction mixture was 

boiled for 2 hr, cooled, the ethereal layer was decanted and the cata- 

lyst was washed several times with ether. After distillation 0.9 g of 

a fraction was obtained with a bp of 53-54 ~ C (185 ram), nD ~~ 1.4370, 
d42~ 0.8810, in which, in addition to 3,4-dimethylfuran, there was 
also an impurity of an unknown compound. During thin layer chroma- 
tography on aluminum oxide, the single spot corresponded to 3 ,4-di-  
methylfuran (R~ 0.5 in petroleum ether and 0.9 in benzene), and the 
impurity remained at the starting point. 3, 4-Dtmethylfuran was iden- 
tified in the form of an adduct with maleic anhydride, mp 141-142 ~ C 
(in a sealed capillary). The sample of the mixture does not produce a 
depression with the adduet obtained in the previous experiments. 

Furan-3,4-dialdehyde. A 36 ml volume of pyridine was added to a 
solution of 26 g (0.16 mole) of 3, 4-bis(chloromethyl)furan (V) in 35 ml 
absoIute alcohol, and the mixture was heated for 1 hr on aboiling water 
bath. During this procedure crystals of the bispyridinal salt VII were 
formed. After cooling the crystals were rapidly filtered by suction, 
washed with absolute acetone, absolute ether, and dried in a vacuum 
over calcium chloride. A 47 g (92%) quantity of the bipyridine salt 
VII was obtained. Colorless and very hygroscopic crystals*. Found,% : 
C 56.68, 56.84; H 5.48, 5.45. Calculated for C16HIsClzNzO �9 H20,%: 
C 56.34; H 5.31. 

A solution of 47 g (0.14 mole) of the bispyridinal sglt VII in 75 ml 

water was added to a solution of 42 g (0.28 mole) ofn-nitrosodimethyl- 

aniline in I000 ml alcohol, and then 300 ml of a 1 N solution of sodium 

hydroxide, heated to 40 ~ C was added to the mixture. After 10hr the pre- 
cipitate was removed by filtration, washed with 50% alcohol, and 
dried. A 31 g (55%) quantity of bisnitron VIII was obtained. Yellow 
crystals, rap. 234-235* C (from alcohol). Found,% : C 66.78, 66.99; 
H 6.19, 6.00. Calculated for C22Hz4N4Os, % : C 67.33; H 6.17%. 

A 22 g (0.056 mole) quantity of bisnitron VIII was dissolved in 
660 ml of 1 N sulfuric acid, heated to 40* C, and the resulting precip- 
itate was removed by filtration and extracted with ether (20 timeswith 
50-ml portions). The ethereal extracts were washed with water and 
dried with anhydrous magnesium sulfate. After removing the ether by 
distillation 3.8 g (23%, calculated for the original 3, 4-bis(chloro- 
methyl)furan) of furan-3,4-dialdehyde (VI) was obtained. Light-yellow 
crystals, mp 77-78 ~ C (after recrystallizat~on from carbon tetrachlo- 
ride and distillation under vacuum). Data in the literature [6]: mp 77-  
78~ )'max (CH~CH)251 nm, loge 4.07. Found,%:C 58.17, 58.31; 

H 3.43, 3.41. Calculated for C6H403,%: C 58.07; H 3.25. 2,4-Di- 

nitrophenylhydrazone: mp 280-282 ~ C (from dimethyl formamide). 

Data in the literature [6] mp 280-282 ~ C. 
N-Phenyl-3,4-bis(phenylazomethine)pyr~ole (IX). A 125 mg quan- 

tity of furan-3, 4-dialdehyde (VI) in 15 ml absolute alcohol and 280 mg 
aniline were boiled for 2 hr. The reaction mixture was cooled, and 
1 ml absolute ether was added and the resulting precipitate separated. 
A 255 mg (73%) quantity of the Sehiff double base IX was obtained. 
mp 153-154 ~ C (from alcohol); colorless crystals. Found,% : C 82.42, 
82.70; H 5.74, 5.72; N 11.88, 11.67; Mol. wt. 349**. Caiculated for 
C24HIgN s, %: C 82.49; H 5.48; N 12.03; Mol. wt. 394.4. 

PMR spectra were recorded in a UNM-C60 (60 MHz) apparatus in 
carbon tetrachloride. The chemical displacements are presented in 
million parts in relation to the signal of tetramethylsilane, taken at 0"*. 

*As the compound was very hygroscopic it was not possible to de- 
termine the melting point. 

**According to mass spectrum data. 
***We wish to express our thanks to Research worker IKhPS AN SSSR 
V. I. Sheichenko, for recording the PMR spectra. 
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