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By reducing the corresponding aldehydes with sodium borohydride, 
a-ethy1-B-(5-nitro-2-furyl)allyl alcohol and 5-(5-nitro-2-furyl)penta- 
2,4-dienot have been obtained. A number of their esters have been 
synthesized. 

Continuing work on the synthes is  of a lcohols  of the 
n i t ro furan  s e r i e s  f r o m  earbonylaconta in ing n i t ro furan  
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UV spec t ra :  1) ~ - e t hy l - f i - ( 5 -n i t r o -2 - fu ry l ) a l l y l  a l ,  
cohol and 2) 5 - ( 5 - n i t r o - 2 - f u r y l ) p e n t a - 2 , 4 - d i e n o l  in 

ethanol.  

de r iva t ives  [1], we have subjected  a - e t h y l - f i - ( 5 - n i t r o -  
2 - fu ry l ) ac ro le in  (I) and 5 - ( 5 - n i t r o - 2 - f u r y l ) p e n t a - 2 , 4 -  
dienal (II) to reduc t ion  with sodium borohydr ide .  

%N-~-c .~c(c2 .~) -c ,o  O~N--~--C.=C.--C.=C,--C,O 
I II  

We p e r f o r m e d  the synthes i s  of I by the condensat ion 
of fu r fu ra l  with bu tyra ldehyde  [2] and subsequent  n i t r a -  
t ion by a method somewhat  modif ied  in c o m p a r i s o n  
with that  developed p rev ious ly  in our  l abo ra to ry  [3]. 
The yie ld  of a - e t h y l - f i - ( 5 - n i t r o - 2 - f u r y l ) a c r o l e i n  d i -  
ace ta te  was 45% as c o m p a r e d  with the 20% achieved 
p rev ious ly .  The hydro lys i s  of the diaceta te  was c a r -  
r i ed  out as  usual  with dilute su l fu r ic  acid.  The II was 
obtained by the method that  we have developed p r e v i -  
ous ly  [4]. 

Diethyl e the r ,  dioxane,  and t e t r a h y d r o p y r a n  were  
used  as r eac t ion  med ia  f o r  the reduct ion  of I and di -  
oxane fo r  II.  

* F o r  p a r t  I, see [1]. 

The reduct ion of the carbonyl  group in aldehydes 
of the n i t ro furan  s e r i e s  with sodium borohydr ide  takes 
place readi ly  both at e levated and at room t e m p e r a -  
t u re s .  The highest  y ie lds  of a - e t h y l - f i - ( 5 - n i t r o - 2 -  
furyl)al lyl  alcohol (III) and 5 - (5 -n i t r o -2 - fu ry l )pen t a -  
2, 4-dienol  (IV) were  obtained with a reduct ion t ime of 
2 - 3  h r  and a m o l a r  ra t io  of aldehyde to sodium bo ro -  
hydr ide  of 1 : 0.5. Thus,  in the case  of the reduct ion 

O 2 N ~ - - C H =  C (C2H~)--CH2OH 
HI 

O2N--~O --CH=CH--CH= CH-- CH2Olt 
IV 

of I with diethyl ether at room temperature and 

a molar ratio of I to sodium borohydride of I: I, 

the yields of crude product as a function of the time of 
reaction were: after 1 hr, 78% (83% at 1 : 0.5); after 

2hr, 87% (92% at i: 0.5); after 3 hr, 75%; after 4 hr, 
78%; and after 5 hr, 78%; at the boiling point of di- 

ethyl ether the yields were, respectively, 77, 80, 87, 
68, and 76%. The reduction of I in dioxane at a molar 

ratio of I to sodium borohydride of 1 : 1 at room tem- 

perature gave the following average yields of Ill: after 
1 hr, 57%; after 2 hr, 78%; after 3 hr, 57%; and after 
4 hr, 59%, and the yield after 1 hr at 50 ~ C was 86%. 

In tetrahydropyran, the greatest yield of Ill was ob- 

tained at a molar ratio of 1 : 0.5 and after 1 hr at room 

temperature--92%. At a ratio of 1 : 1 the yield after 

1 hr was 67% and after 2 hr 68%, and the yield after 
1 hr at 50 ~ C was 73%. Compound Ill is readily soluble 
at room temperature in methanol, ethanol, diethyl 

ether, dimethylformamide, and acetone, and extremely 

sparingly soluble in water. 
Compound II was reduced only in dioxane, since it 

is sparingly soluble in tetrahydropyran and diethyl 
ether. At a molar ratio of 1 : 1 and at room temper- 
ature after 1 hr, the yield of IV was 100% while at 
50 ~ C after 1 hr it was 79% and after 2 hr 90%. Com- 

pound IV is readily soluble in acetone, methanol, and 

ethanol, sparingly soluble in diethyl ether and extremely 

sparingly soluble in water. 
The selective reduction of only the earbonyl group 

without an attack of the multiple bonds of the furan ring 

and the nitro group is confirmed by the UV spectra. 
The spectrum of Ill has two characteristic maxima at 
234 and 364 nm and that of IV at 261 and 381 nm (see 

figure). 
The reaction of the alcohols Ill and IV with carbox- 

ylic acid chlorides gave a number of esters consisting 
of yellow crystalline substances (see table). Their 
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y ie lds  amounted  to 80-100% (IX to XI, 40-60%) for  the 
crude reac t ion  produc ts .  

In e s t e r s  of ha logen- subs t i t u t ed  acet ic  ac ids ,  a 
ch lo r ine  atom is read i ly  r ep laced  not only by iodine 
but, under  sui table  condi t ions ,  a l so  by b r o m i n e .  The 
phys io logica l  ac t iv i ty  of the e s t e r s  syn thes ized  is being 
s tudied.  

EXPERIMENTAL 

a - E t h y l - ~ - ( 5 - n t t r o - 2 - f u r y l ) a c r o l e i n  (I), With s t i r -  
rhlg and cooling to 0 ~ C, 24.8 ml  (0.59 mole} n i t r i c  
acid (d 1.51) and su l fur ic  acid (d 1.84) to an amount  of 
5% of the weight of n i t r i c  acid were  added to 980 ml  of 
ace t ic  anhydr ide .  The n i t r a t i ng  mix tu re  so p r e p a r e d  
was cooled to - 3 0  ~ C, and over  1 hr  at a t e m p e r a t u r e  
of f rom - 3 0  to - 3 5  ~ C, a solut ion of 60 g (0.39 mole) 
of a - e t h y l - f i - ( 2 - f u r y l ) a c r o l e i n  in 160 ml  of acet ic  a n -  
hydr ide  was added dropwise .  The mix tu r e  was s t i r r e d  
for  a fu r the r  1 hr  at  the s ame  t e m p e r a t u r e .  The con-  
tents  of the f lask  were  poured  onto 3 kg of ground ice 
and s t i r r e d  for  4 hr .  The orange p rec ip i t a te  that  de -  
deposi ted  was f i l t e red  off and washed with ice water  
{about 1200 ml) .  Mp 92-94  ~ C (from 280 ml  of ethanol) .  

a - E t h y l - ~ - ( 5 - n i t r o - 2 - f u r y l ) a l l y l  alcohol (Ill). a) A 
solu t ion  of 20 g (0.1 mole) of I in 400 ml  of diethyl  
e the r  was added f rom a dropping funnel  over  30 mi n  
with cons tan t  s t i r r i n g  to a suspens ion  of 3.8 g (0.1 
mole) of sodium borohydr ide  (containing 88% of the 
pure  subs tance)  in 48 ml  of diethyl  e ther  { tempera ture  
of the r eac t ion  m i x t u r e  21 -30  ~ C), and then the m i x -  
tu re  was hea ted  on the water  bath at  the boi l ing  point  
of the e ther  for  2 hr .  F o r  cooling,  it was s t i r r e d  for 
ano ther  30 rain.  Then 47 ml of 1 N hydroch lo r i c  acid 
was ca re fu l ly  added with s t i r r i n g .  S t i r r i n g  was con-  
t inued for  30 min ,  the p rec ip i t a t e  fo rmed  was f i l t e r ed  
off, the e the rea l  l aye r  was s epa ra t ed  off, and the 
aqueous l aye r  was ex t rac ted  with 25 ml  of e the r .  The 
combined  e the rea l  ex t rac t s  were  washed with water  
(2 x 100 ml) ,  d r ied ,  and the e the r  was d i s t i l l ed  off 
{finally in the vacuum of a wa te r  pump).  The r e s i d u e - -  
a r e d - b r o w n  viscous  l iqu id- -was  p laced  in the r e f r i g -  
e r a t o r ,  where  it changed into an o r ange -ye l l ow  c r y s t a l -  
l ine m a s s .  The y ie ld  of III was 17.2 g (85.1%); mp 3 0 -  
32 ~ C. The crude  reduc t ion  product  was d i s so lved  in 
e thanol  (1 g in 3 ml) ,  ac t iva ted  ca rbon  was added, and 
the m i x t u r e  was boi led in the wa te r  bath for  a few m i n -  
u tes .  Then it  was f i l t e red ,  an equal volume of wa te r  
was added, and it was p laced  in a m i x t u r e  of e thanol  
and dry  ice and s t i r r e d  unt i l  a yel low c r y s t a l l i n e  p r e -  
c ipi ta te  appeared .  This  was f i l t e r ed  off and d r ied  in 
vacuum at room t e m p e r a t u r e .  T w i c e - r e e r y s t a l l i z e d  
III had mp 36 .5 -38  ~ C. Found,  %: C 54.46; H 5.38; 
N 7.60. Ca lcu la ted  for  C~HI1NO 4, %: C 54.82; H 5.62; 

N 7.10. 
b) To 0.96 g {0.025 mole)  of sodium borohydr ide  in 

8.5 ml  of dioxane was added 5 g (0.025 mole)  of I (mp 
72-73  ~ C) in 25 ml  of dioxane at  a t e m p e r a t u r e  for  the 
r e a c t i o n  m i x t u r e  of 19-28  ~ C. Then the m i x t u r e  was 
heated in the water  bath at  50 ~ C for  1 h r  and was 
s t i r r e d  for  30 min ,  a f t e r  which 2.6 m l  of 1 N h y d r o -  
ch lor ic  acid was added to it. The m i x t u r e  was s t i r r e d  
for  ano ther  30 m i n  and then f i l t e red .  The f i l t r a t e  was 

dr ied  and the dioxane was d i s t i l l ed  off in the vacuum of 
a water  pump to give 4.1 g (81.9%) of a r e d - b rown  v i s -  
cous liquid. It did not c r y s t a l l i z e  on prolonged s tanding 
in the r e f r i g e r a t o r .  

c) To 0.96 g {0.025 mole) of sodium borohydr ide  in 
9.8 mi  of te t rahydropyr t ,n  wt~s added 5 g {0.025 mole) 
of I (mp 72-73 ~ C) in 25 mi of t e t r ahydropyran  over 
19 rain.  The t ,~mperature of the reac t ion  mix ture  was 
19-28 ~ C. Then it was heated in the water  bath at 50~ 
for  1 hr .  Af te ,  30 min ,  3.2 ml of 1 N hydrochlor ic  acid 
was added (20-28 ~ C). it ~,t~s s t i r r e d  for another  30 
rain,  f i l t e red ,  and dr ied .  The t e t r ahydropyran  was 
d i s t i l l ed  off in the vacuum of a water  pump to leave 
3.7 g (72.9%) of a r ed -b rown  viscous  liquid which c r y s -  
t a l l i zed  in the r e f r i g e r a t o r  af ter  some t ime to form an 
o r a n g e - b r o w n  m a s s .  

5 - ( 6 - N l t r o - 2 - f u r y l ) p e n t a - 2 ,  4-dtenol  (IV). A solut ion 
of 5 g (0.025 mole) of II (mp 123-124 ~ C) in 50 ml  of 
dioxane was added to 0.96 g (0.025 mole) of sodium 
borohydr ide  in 8.5 ml  of dioxane {temperature  of the 
r eac t ion  mi x t u r e  22 -32  ~ C). The mix tu re  was s t i r r e d  
for  1 hr  and then for another  30 min ,  af ter  which 5.8 
ml of 1 N hydroch lo r ic  acid was added. After  s t i r r i n g  
for  30 rain it was f i l t e red .  The f i l t ra te  was dr ied and 
the dioxane was d i s t i l l ed  off in the vacuum of a water  
pump. The r e s idua l  v iscous  brown l iquid--5.1 g 
(100%)--crys ta l l ized in the r e f r i g e r a t o r  to form a 
brown m a s s .  On r e c r y s t a l l i z a t i o n  f rom e thano l - -wate r  
{1 : 1) with the addi t ion of ac t ivated  carbon,  the IV p r e -  
c ipi ta ted in the fo rm of a yellow c r y s t a l l i n e  subs tance ,  
mp 69 - 70  ~  Found,  %: C 55.04; H 4.61; N 7.04. 
Calcula ted  for CaHgNO4, %: C 55.37; H 4.64; N 7.18. 

1-Benz  oyloxy-5 - ( ~ - n i t r o - 2 - f u r y l ) p e n t a - 2 , 4 - d i e n e  
(V). With s t i r r i n g  and cooling, benzoyl  chlor ide was 
added to a solut ion of 2 g (0.01 mole) of IV in 2 ml of 
absolu te  pyr id ine  unt i l  the dense m a s s  of p rec ip i ta te  
ceased  to be fo rmed .  With cont inued s t i r r i n g  and 
cooling,  20 ml  of ice water  was added. Then,  the p r e -  
c ipi tate  was f i l t e red  off, washed on the f i l t e r  with ice 
wa te r ,  and dr ied  in the a i r .  The yie ld  of crude V was 
2.8 g (92.2%). 

The e s t e r s  VI-XX were obtained s i m i l a r y .  The 
ch lor ides  of 5 - b r o m o - 2 - f u r a n c a r b o x y l i c ,  5 - n i t r o - 2 -  
fu ranca rboxy l i c ,  and ~ - ( 5 - n i t r o - 2 - f u r y l ) a c r y l i c  acids 
and the hydroch lo r ides  of the ch lor ides  of n ico t in ic  
and i son ico t in ic  acids  were  d i sso lved  in the m i n i m u m  
amount  of absolute  acetone and the chloride of p - (2 -  
fu ry l ) ac ry I i c  ac id  in absolu te  benzene .  

a - E t h y l - f l - ( 5 - n i t r o - 2 - f u r y l ) a l l y l  b romoace t a t e  (XXI). 
A solut ion of 0.8 g (0.008 mole) of sodium bromide  in 
16.4 ml  of d ime thy l fo rmamide  was added to a solut ion 
of 2 g (0.007 mole) of XX in 4 ml  of d i m e t h y l f o r m a -  
mide .  The mi x t u r e  was left  at  room t e m p e r a t u r e  for 
24 h r ,  and then the p rec ip i t a t e  of sodium chlor ide  was 
f i l t e r e d  off. The so lvent  was d i s t i l l ed  off in the vacu -  
um of a water  pump.  The r e s idua l  brown v iscous  l iquid 
was heated with 20 ml  of ice water ,  well  s t i r r e d ,  and 
p laced  in the r e f r i g e r a t o r .  The brown prec ip i t a te  was 
f i l t e r ed  off, washed with ice water ,  and dr ied  in the 
a i r .  The y i e ld  of crude XXI was 1.9 g {81.9%). 

a-Ethyl-~-(5-ni tro-2-furyl )a l ly l  lodoacetate (XXII). 
A solut ion of 1.1 g {0.007 mole)  of sodium iodide in 
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6.7 ml  of abso lu t e  ace tone  was added to a so lu t ion  of 
2 g (0.006 mole)  of XXI in 4 ml  of abso lu te  ace tone .  A 
copious  white p r e c i p i t a t e  depos i t ed  i m m e d i a t e l y .  The 
v e s s e l  was  c l o s e d  and lef t  to s tand  at  r oom t e m p e r a -  
tu re  fo r  24 h r .  On the fol lowing day the m i x t u r e  was 
f i l t e r e d  off and the p r e c i p i t a t e  was  washed  with a s m a l l  
amount  of abso lu te  ace tone .  A f t e r  the ace tone  had  been  
d i s t i l l e d  off, a v i s cous  b rown l iquid  r e m a i n e d  which 
was  t r e a t e d  with 20 m l  of ice w a t e r .  The da rk  ye l low 
c r y s t a l l i n e  p r e c i p i t a t e  was  f i l t e r e d  off, washed  with  
ice  w a t e r ,  and d r i e d  in the a i r .  The y i e ld  of c rude  
XXII was 2.0 g (91.2%). 

Compound XXII was ob ta ined  f rom XX s i m i l a r l y .  
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