
294 KHIMtYA GETEROTSIKLICHESKIKH SOEDINENII 

A STUDY OF FURAN COMPOUNDS 

XXXV. Synthesis  of Cer ta in  Ure ides  of Furanmonoearboxy l i c  Acids* 

I. M. Skvortsov,  Yu. V. Aleksash in ,  and A. A. Ponomarev  

KhimiyaGete ro t s ik l i chesk ikh  Soedinenii ,  Vol. 5, No. 3, 394-396,  1969 

UDC 547.722.3.4.5 '725.07:542.951.1 

[ N - ( 2 - F u r o y l ) - ,  N - ( 5 - m e t h y l - 2 - f u r o y l ) - ,  N - ( 5 - c h l o r o - 2 - f u r o y l ) - ,  N - ( 5 -  

b r o m o - 2 - f u r o y l ) - ,  N - ( 5 - i o d o - 2 - f u r o y l ) - ,  N - f S - n i t r o - 2 - f u r o y l ) - ,  a n d  

N - ( t e t r a h y d r o - 2 - f u r o y t )  u r e a s  w e r e  o b t a i n e d  b y  a c y l a t l o n  o f  u r e a  w i t h  

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

Among the Iarge number  of different  u r e a  d e r i v a -  
t ives including physiological ly  active compounds,  with 
the exception of N-(5-nitro-2r-furoyl2) u r e a  [1], the 
N - ( 5 - R - f u r o y l - 2 ) u r e a s  have not been studied unt i l  r e -  
cently.  However ne i ther  the method of synthes i s  nor  
the p rope r t i e s  (outside of an t imic rob ia l  activity) of 
N- (5 -n i t ro fu roy l -2 )u rea  have been descr ibed .  

Compounds of this type and also N- t e t r ahydro -  
fu roy lu rea  a re  of i n t e r e s t  for  two r easons .  F i r s t ,  a 
n u m b e r  of s t r u c t u r a l  c h a r a c t e r i s t i c s  indicate  the pos -  
s ib i l i ty  of i n t e r e s t i ng  t r an s fo rma t ions  of these c o m -  
pounds (including i n t r a m o l e c u l a r  t r ans fo rmat ions )  
which wil l  be the subject  of subsequent  communica t ions .  
Secondly, as u re ides  and as der iva t ives  of the amide 
of pyromueic  acids,  they mus t  pos ses s  physiological  
p rope r t i e s  [21. 

Var ious  methods for syn thes iz ing  u re ides  and the i r  
n i t rogen  subs t i tu ted  fo rms  are  desc r ibed  in the l i t e r -  
a ture  [3-10].  Attempts to obtain N- (2- fu roy l -2 )  u r ea  
by fus ing the ethyl e s t e r  of f u r a n - 2 - e a r b o x y l i c  acid 
with u r e a  and also by in te rac t ion  of these reagen ts  in 
the p re sence  or  absence of sodium ethoxide have not 
been successfu l .  

Synthesis  of u re ides  I -VI I  (see table) was achieved 
by means  of the r eac t ion  between u r e a  and furoyl  

*For  par t  XXXIV, see [23]. 
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223 .5- -225 (deeomp., water) 

192.5--193 (water) 
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chlor ide [11], 5 -methy l furoy l  chloride [12], 5 - ch lo ro -  
furoyl  chlor ide [13], 5 -b romofuroy l  chloride [14], 
5- iodofuroyl  chlor ide [15], 5 -n i t ro fu roy i  chloride_[16] 
and te t rahydrofuroyl  chloride [22], r e spec t ive ly  in a 
med ium of anhydrous  benzene  with equ imolecu la r  ra t io  
of the reagen ts  and at the boi l ing point of the mix ture .  
The quanti ty of benzene employed was equivalent  to 
10-25 ml /g  u rea .  

R._LQO., _f.O(.i + H2NCONH2 - -  R-- " . - ~  CONqlCONH 2 
I-VI 

~ - ~  + H,NCONH, ~ ~ O  "~F~'q CONHCONtl ~ ~\O ; -  COCI - * + HCI 
VII 

In this  r eac t ion  the furoyl  chlor ides  reac t  as e l e c -  
t rophi l ic  reagen ts ,  and thus the i r  compara t ive  activity 
is  de t e rmined  by the e lec t ron ic  densi ty  of the carbon  
atom in the carboxyl ie  group. The ionizat ion con-  
s tants  of the co r respond ing  fu rancarboxyl ic  acids are 
dependent  on the value of the la t te r .  The 5 - n i t r o f u r a n -  
-2 - ca rboxy l i c  acid (Ka = 38.1 �9 10 -5) and 5 - m e t h y l -  

f u r a n - 2 - c a r b o x y I i c  acid (Ka = 870.1 �9 10 -'~) are the 
s t ronges t  and weakest  acids r e spec t ive ly  in the s e r i e s  
of 2 - fu rancarboxy l i c  acids examined.  The 5 -ch lo ro - ,  
5 - b r o m o - ,  5- iodo- ,  and unsubst i tu ted  2 - f u r n a c a r -  
boxylic acids have a K a value of 147.4 �9 10 -5, 144.3 �9 
�9 10 -5 , 116.0 �9 10 -5 and 75.2 �9 10 -5 respec t ive ly[17] .  T e t -  
r a h y d r o f u r a n - 2 - c a r b o x y l i c  acid has a Ka value of 1.4 �9 
�9 10 -4 [18]. It was foundthat  5 - n i t r o - 2 - f u r o y l  chloride 
and t e t rahydrofuroy l  ch lor ide  reac ted  mos t  readi ly ,  and 
that 5 - m e t h y l - 2 - f u r o y l  chloride reac ted  mos t  weakly 
with urea ,  which was apparent  in the yie lds  of the 
products .  These obse rva t ions  are c l ea r ly  qual i ta t ively  
co r r e l a t ed  with the p resen ted  K a va lues .  

R - \ o  9--CONHCONH~ 

Empirical i Found,% Calculated,% ~" 

, 

4 7 . 0 0 4 0 2  18_o04676,  390!  ~ ~ 6 8 0  
CoH~N203 47.12 4,0-9 18.24 " i . - l~, io �9 

49.56i4.95 16-39i~nn0! ~ , n [ , ~ -  19n 
CTHsN2Oa 4964  4 6 5  " ~ 7 7  ~  ~ . ~  ~uuu ~-.u i .  m. ,i } 

38.3212 61 [15 2 8 ' %  211 . ~ . . . . . . . .  
CsHsCIN2Os 38.36i2.87 15.41i . . . . . .  i . . . . . . . . .  

30.99:2.28 12 05] . . . .  I .  ~, 9 " ) 1  ~ .  C~H~BrN203 . . . .  r . o ~  I ~ - o u ~ z  z , m ~ _ u 2  ~ 

CoHsNs05 ~u.o~ z.ov i l .~oi i " } 
i.~5 .a!2.09 : o 09: . . . .  ! .  -.~ . . . . . . .  C6HsJN2Os ~" , I " zo.Jo l . z u l u u u  ~ . u  !2o.94!2.17 110.15 i ] 

35.92 2 6 5  21 04:36 191 2 5321  111 8 3 5  
C s H t 0 N 2 Q  135.922[ 78}21,4711 " [ " i " I " 

i45.84i6.52 17.93~ - '  4556  6 3 /  1772 6 0 0  145.7216.40117-791 " I "  i i " 

*The mp was determined in an aluminum block. Samples which decompose on melting were transferred 
i n t o  t h e  b l o c k  at 15  ~ C up to the mp a n d  t h e  t e m p e r a t u r e  was subsequently increased at a rate of 5 ~ C 
per  minute. 
**Tetrahydrofuroylurea.  
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Claylike precipitates formed during furoylurea 

reaction are often in the reaction mixture. These pre- 
cipitates, by coating the crystals of urea, hinder ac- 

cess of furoyl chloride to the latter even during vig- 
orous agitation. Acylation ceases prematurely and a 
portion of the furoyl chloride remains unutilized. In 
order to increase the yield of the specific ureides, 
after subsidence of the reaction the residue was re- 
moved, urea was added to the mother liquor and the 
mixture was stirred under experimental conditions. 
It was thus possible to obtain an additional amount of 
furoylureas. 

Ureides are crystalline compounds, stable in air, 
poorly soluble in water (aqueous solutions are neutral) 
and in organic solvents (except VII), and are soluble 
in aqueous solutions of sodium hydroxide. 

A. A. Stolyarchuk et al. [19] (Department of Phar- 
macology, Institute of Medicine, Vinnitsa) found that 

compounds I-VII have a diuretic activity. 
The most important data concerning the synthesized 

compounds are presented in the table~ The authors 
thank V. G. Frolova for his participation in the Ex- 
perimental. 

EXPERIMENTAL 

5-Chlorofuroyl chloride. A 14.65 g (0.1 mole) quantity of 5-chlo- 
ro-2-furancarboxylic acid [20] and 12.2 g (0.11 mole) of SOC1 z were 
boiled in 100 ml absolute benzene. The carboxylic acid which did not 
enter into the reaction was removed by passing the mixture through a 
Short No. 2 filter. Benzene and SOC1 were removed from the filter by 
distillation under reduced pressure. The brown residue was poured rap- 
idly into a flask with a herring-bone fractionating column (8-10 cm) 
and distilled under vacuum. The fraction with amp of 91-93 ~ C 
(20 ram) was collected. The product was crystallized; yietd, 10 g (60%), 

Tetrahydrofuroyl chloride, a) A 17.4 g (0,5 mole)quantityoftetra- 
hydrofuran-2-carboxylic acid was added to 20.8 g (0.175 mole) SOC1 v 
Effervescence of the mixture was observed during this procedure. The 
mixture was then heated for 3 hr in a water bath (at 85-95 ~ C) and left 
for 12-14 hr. The yield after vacuum distillation was 8.3 g (47%), 
mp 82-85~ (30 ram), nD 2~ 1.4593. 

b) An 11.6 g (0.1 mole)quantity oftetrahydrofurancarboxylic acid was 
added to 22.9 g (0.11 mole) PC15 over the course of 8-10 rain. There 
was an increase in temperature of the mixture, The contents of the 
flask were then heated in a water bath (85-90 o C) for 2 hr and distilled 
under vacuum. The fraction with a bp of 81-84 ~ C (30 mm) and 
nD 2~ 1.4625 was collected, yield. 30.9 g (76.5%). According to data in 
the literature, bp 80-81 ~ C (30 mm), nD 25, 1.4592 [22 I. 

N-(2-Furoyl)u~ea (1). A 14 g (0.23 mole) quantity of urea. 300 ml 
dry benzene, and 26.1 g (0.2 mole) furoyl chloride were introduced 
into a flask provided with a mechanical shaker with a shut-of device, 
a reflux condenser, and a calcium chloride tube. The agitated mixture 
was boiled in a water bath for 20 hr. The product was washed first with 
benzene and then with water. It was then recrystallized from water. 
Fine white needles (yield, 21.9 g). 
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