
Spi ro[cyc lobutane-2- th iobarb i tu r ic ]  Acid (In). A solution of 1.62 g (0.07 g-a tom)  of sodium in 30 ml of 
methanol  was t r e a t e d  with 50 ml of DMSO. The excess  alcohol was dist i l led f rom the reac t ion  f lask under 
vacuum.  The resu l t ing  solution was t r ea t ed  with 4.2 g (0.0535 mole) of th iourea .  The reac t ion  mix tu re  was 
cooled, t r ea t ed  dropwise  over  1 h with a solution of 7 g (0.035 mole) of IIa in 20 ml  of DMSO, and kept in a r e -  
f r i g e r a t o r  overnight .  The prec ip i ta te  f o rm ed  was f i l te red  off to give 4 g (63%) of Ia, mp 365 ~ (decomp.,  f rom 
isopropyl  alcohol).  Found, %: C 45.59; H 4.45; N 15.42; S 17.41. Calculated,  %: C 45.63; H 4.32; N 15.21; 
S 17.40. Rf  0.85 ( e t h a n o l - c h l o r o f o r m ,  1 : 5), 0.44 ( ace tone -cyc lohexane ,  1 : 1) on si l ica gel. 

Sp i ro[cyc lopentane-2- th iobarb i tu r ic ]  Acid (Ib). This  was p r e p a r e d  by the above method f rom 1.15 g of 
sodium, 2.85 g (0.0375 mole) of th iourea  and 5.35 g of IIb, giving 2.73 g (55%) of the hydra te  of Ib, mp 162-163 ~ 
( f rom isopropyl  alcohol).  Found, %: C 44.6; H 5.63. Calculated,  %: C 44.42; H 5.60. Rf  0.85 ( e t h a n o l - c h l o r o -  
fo rm,  1 : 5) on s i l ica  gel. 

Sp i ro[cyc lohexane-2- th iobarb i tu r ic ]  Acid (ic). This  was p r e p a r e d  by the above method f rom 0.92 g of 
sodium, 2.28 g of th iourea  and 4.56 g of IIc, giving 2.15 g (50.5~) of the hydra te  of Ic, mp 191-192 ~ (from iso-  
propyl  alcohol).  Found,%: C46.91; H 6.11; N 12.00; S 13.89. Calculated,  %: C 46.93; H 6.14; N 12.17; 
S 13.97. Rf  0.55 ( c h l o r o f o r m - e t h a n o l ,  9 : 1) on s i l ica  gel. 
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5 - A R Y L P Y R O M U C I C  A C I D  D E R I V A T I V E S  
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K.  Y u .  N o v i t s k i i ,  T .  N .  Z y k o v a ,  
T .  A .  G u s ' k o v a ,  a n d  G.  N .  P e r s h i n  
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Continuing our invest igat ions into the synthesis  and biological  act ivi ty  of a ry l fu ran  de r iva t ives  [1], we 
have synthes ized  5 - a r y l p y r o m u s i c  acids and a number  of thei r  de r iva t ives  (acid ch lor ides ,  e s t e r s ,  and h y d r a -  
zides),  and have studied the i r  bac te r ios ta t i c  act ivi ty  against  Mycobac te r ium tubercu los i s .  

Severa l  works  in the r ecen t  l i t e ra tu re  have been devoted to the synthes is  of a ry lpy romuc ic  acids [2-4]. 
In these  works ,  the sa id  acids  w e r e  p r epa red  e i ther  by Meerwein ary la t ion  of pyromucic  acid [2, 3] or  by oxi- 
dation of the co r respond ing  5 - a ry l fu r fu r a l s  [4]. In spite of the f ac t  that  the Meerwein  ary la t ion  of pyromucic  
acid gives low yie lds ,  this method is more  convenient  than other methods since it al lows the a ry lpy romu c i c  
ac ids  to be p r e p a r e d  in one step.  

In studying the Meerwein  ary la t ion  of pyromuc ic  acid, we d i scovered  that 2 ,5 -b i s a ry l fu rans  (IIa-Hc) a r e  
fo rmed  as byproducts  when diazonium sa l t s  with e l e c t r o n - a c c e p t o r  subst i tuents  in the benzene r ing  a re  used, 
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TABLE 1. Py romuc ic  Acid Chlorides (III), Ethyl Es t e r s  (IV) and Hydrazides  (V) 

;ompound Yield Melting Found (q0 
point (deg)* 

No. (%) 

IIIa 
lllb 
IlIc 
llld 
II[e 
llIf 
IVa 
IVb 
IVer 
IVd 
IVe 
IVf 
Va 
Vb 
Vc** 
Vd 
Ve 
vf 

76 
81 

144,5--5 
53 

71,5--72,5 
98 
84,5 
71 

123 
- - $  

- - $  
171 
160 
22O 
135 

151-- 
145,5--47 

46,3 
54,5 
52,5 
63,8 
65,2 
60,7 
52,7 
62,2 
59,3 
72,2 
72,9 
68,0 
46,9 
55,7 
53,4 
65,3 
66,7 
61,8 

H CI(Br) 

Empirical 
formula 

N 

Calculated (%) 
Tuberculostatie 
activity (~g/ml) 
H-37 strain, So-,' 
tone medium 
without 

N 
seln/m 

-- Cull oBrCIO~ 
Cull ~C120, 
Cull eCINO4 
Cull 7CIO~ 
CI~H 9C10~ 
C~H oC103 
C18HnBrOa 
ClsHnCI0 a 
ClsHnNO5 
C13H1aO3 
Ca4H1408 

9.,9 C14Hz40~ 
CnH sBr N202 
CnH 9C1N~O2 

1~,,8 CnH.~NsO 4 
13,8 CnHxoNsO ~ 
12,9 CI~HI~N~O ~ 
12,1 CI~HI~N~O 3 

C H CI(Br) 

46,2 
54,8 
52,5 
63,9 
65,3 
60,9 
52,9 
62,3 
59,8 
72,2 
73,0 
68,3 
47,0 
55,8 
53,4 
65,3 
66,7 
62,1 

-- 500 
60 

500 
500 
125 

10010 

2 

17 
0,06 

1 ,o oj2 
1~,0 Og6 

13,9 0,4512 13,0 
12,1 

with 
semlTl 

1000 
30 

125 

60 
125 
500 
6O 
60 
30 

*Compounds IIIa, IIId, IHe, and IVb were  r ec rys t a l l i z ed  f rom petroleum ether;  IIIb, IIIc IHf, Va, Ve, and Vf 
f rom benzene; iVa, IVb, and IVc f rom alcohol; and Vc and Vd f rom ethyl acetate.  
~Prepared via 5-(p-ni t rophenyl)pyromucic  acid chloride,  yield 37~, mp 126-127 ~ (from alcohol) [6]. 
~Boiling point in */mm (n~): IVd 169-170/1 (1.5947); IVe 145-146/2 (1.5926); IVf 188/3. 
**Li te ra ture  data [6]: yield 50%, mp 208-210 ~ (from water) .  

as in the cas~ of the arylat ion of acyl furans  [5]. 

!a-c ff a-c x:a)B,% b) Q1, c) NO 2 

React ion of the acids Ia - I f  with thionyl chloride gave good yields of the cor responding  a ry lpyromucic  
acid chlorides (IIIa-IIIf). 

By boiling alcoholic solutions of the a ry lpyromucic  acids I with a catalytic amount of sulfuric acid, we 
obtained the ethyl e s t e r s  of the cor responding  furancarboxylic  acids (IVa-IVf). The lat ter ,  when t reated with 
hydrazine  hydrate ,  formed the a ry lpyromucic  acid hydrozides  (Va-Vf). 

X-~~COOH SOClt x ~ c o c l  

I a-f ~a-f 

HT_SO41 GzH~OH 

IVa-f Va-f 

X=a) BF, b) ClTe) NOT. ~d)H~ e) OH 3 ~ f)OOH~ 

A study of the tuberculosta t ic  activity of the 5 -a ry l fu ran -2 -ca rboxy l i c  acids and derivat ives  synthesized 
by us showed that the acids themselves  and their  acid chlor ides  have low activity, whereas  the 5 -a ry l fu ran -2 -  
carboxy!ic  acid hydraz ides  and es te r s  possess  high bacter ios ta t ic  activity against the tuberculosis  bacillus (see 
Table 1). The p resence  of 10% normal  equine blood se rum in the medium sharply reduces  the activity of the 
compounds.  

E X P E R I M E N T A  L 
5-(p-Bromophenyl )pyromucic  Acid (Ia). The hydrochlor ide  of p-bromoani l ine ,  prepared  f rom 43 g (250 

mmole) of p-bromoani l ine,  50 ml of water  and 113 ml of concentra ted hydrochlor ic  acid, was diazotized with a 
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solution of 17.5 g (250 mmole)  of sodium ni t r i te  in 75 ml  of water .  The r eac t ion  mix tu re  was s t i r r e d  at 5 ~ for  
30 min and then t r e a t ed  with 28 g (250 mmole)  of pyromucic  acid in 125 ml of acetone and with a solution of 5 g 
of copper  chlor ide  in 10 ml  of wate r .  The r eac t i on  mix tu re  was s t i r r e d  at 25-30" for  4 h, and the p rec ip i ta te  
f i l t e red  off and washed  with wa te r  and 50 ml of hot benzene,  to give 20 g (30%) of 5 - (p -b romopheny l )pyromucic  
acid (Ia), mp 203-204~ * The p rec ip i t a t e  f o rm ed  on cooling the benzene wash l iquor was separa ted  and t r ea t ed  
with 30 ml of ch lo ro fo rm.  The c h l o r o f o r m  solution was evapora ted  in vacuo to p rec ip i ta te  0.66 g of 2 , 5 - b i s -  
(bromophenyl)furan (Ha), mp 200.5-202.50 ( f rom alcohol). L i t e r a t u r e  data [5]: mp 202-203 ~ Rf  0.39 (Silufol 
UV= 254, p e t r o l e u m  e ther ,  f luorescence  in UV light). The acids Ib and Ic were  p r e p a r e d  analogously to Ia. 

5 - (p -Bromopheny l )pyromuc ic  Acid Chloride (IIIa). A solution of 4.4 g (37 mmole)  of thionyl chlor ide in 
4 ml of dry benzene was added to a solution of 8.4 g (31 mmole)  of 5 - (p -b romopheny t )pyromucic  acid (Ia) in 12 
ml  of dry benzene.  The mix tu re  was boiled for 3 h and then evapora ted  down to half  volume.  The prec ip i ta te  
was f i l te red  off. Acid ch lor ides  I I Ib- I I I f  were  p r e p a r e d  analogously.  The yie lds ,  constants ,  and analys is  data 
of acid ch lor ides  IHa- I I I f  a re  given in Table  1. 

Ethyl 5 - (p -Bromopheny l )py romuca te  (IVa). A solution of 8.5 g (31 mmole)  of 5 - (p -b romopheny l )pyromucic  
acid in 70 ml of absolute  ethyl alcohol was t r ea t ed  with 2 ml of concent ra ted  sulfur ic  acid. The mix tu re  was 
boiled for  4 h. After  cooling, the solution was poured into 100 ml of water ,  and the p rec ip i t a te  f i l te red  off and 
washed with wate r .  E s t e r s  IVb and IVc were  p r e p a r e d  analogously to IVa. In the case  of the liquid e s t e r s  IVd- 
IVf, the r eac t i on  mix ture  af ter  t r ea t ing  with water  was ex t rac ted  with e ther ,  and the ex t rac t  dr ied with mag-  
nes ium sulfate,  evapora ted  in vacuo and dist i l led.  The yie lds ,  cons tants  and ana lys i s  data of e s t e r s  IVa-IVf  
a re  given in Table  1. 

5 - (p- t~romophenyl )pyromucic  Acid Hydraz ide  (Va). A solution of 3 g (10 mmole)  of IVa in 20 ml  of ab-  
solute ethyl alcohol was t r ea t ed  with 2 ml of hydraz ine  hydra te .  The reac t ion  mix tu re  was boiled for 1 h, 
cooled, and poured into 100 ml of water .  The p rec ip i t a t e  was f i l te red  off. Hydraz ides  Vb-Vf were  p r e p a r e d  
analogously to Va. The yie lds ,  constants  and ana lys i s  data of hydraz ides  Va-Vf a r e  given in Table  1. 

i ,  

2. 
3. 
4. 
5. 
6. 
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