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Continuing our invest igat ions tn the s e r i e s  of a r y l -  and a ry loxyfurans  [1], we have studied the reac t ions  
o f t hese  compounds with ace ty lenedicarboxyl ie  e s t e r ,  ma le i c  anhydride,  and N-phenylmale tmide .  

We have previously" shown [1] that 2 -a ry loxyfu rans  and 2 - a ry l fu r ans  with e l ec t ron-donor  subst i tuents  
in the benzene r ing enter  eas i ly  into reac t ion  with acetylenedicarbox-yltc e s t e r ,  fo rming  the correspond~ng 
adducts,  which, a f te r  a romat iza t ion ,  were  conver ted  into e s t e r s  of 3 - a r y l -  and 3 -a ry loxy-6-hydroxyph tha l i e  
acids .  

In the p resen t  work we have shown that  2 ,5 -d i a ry l su rans  enter  into reac t ion  with ace ty lenedicarboxyl ic  
e s t e r  only in the p r e s e n c e  of a c a t a l y s t - a l u m i n u m  chlor ide .  The reac t ion  products  were  d imethyl  e s t e r s  of 
3 ,5 -d ia ry l -6 -hydroxyphtha l i c  acids (Ia, b). 
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The mig ra t ion  of the subst i tuent  which takes  place in this t r a n s f o r m a t i o n  was f i r s t  desc r ibed  in [2], 
which concerned the fo rmat ion  of benzene de r iva t ives  f r o m  D t e l s - A l d e r  adducts.  

The s t r u c t u r e  of the compounds obtained (In and Ib) was conf i rmed  by the use  of IR and NMl~ spec t r a .  
In the IR spec t r a  of these  compounds the re  were  absorp t ion  bands c h a r a c t e r i s t i c  of f r ee  and bonded c a r b o -  
methoxy groups .  

In the NMR s pec t r a  of compounds Ia and Ib, a na r row singlet  was obse rved  in the 11.47 ppm region (Ia) 
and the 11.49 ppm region (Ib) for  a hydroxyl  group (the 6-OH) which is involved in the fo rmat ion  of an in t r a -  
mo lecu l a r  hydrogen bond with the CO f ragmen t  of the neighboring e s t e r  group (the 1-COOCH3) [1, 3, 4]. The 
m a r k e d  high-f ie ld  shift  of the 2-COOCH 3 group as compa red  with the second e s t e r  group (1-COOCH3) (A6COOCH3 
3.87-3.61 = 0.36 ppm (Ia); A6COOCH3 3.91-3.64 = 0.36 ppm (Ib)) is brought about by the shielding effect  of the 
r ing cu r r en t s  of the benzene r ing which has an or tho-d ispos i t ion  to the 2-COOCH 3 group [2-4]. 

The 2 -a ry loxyfu rans  en tered  eas i ly  into reac t ion  with ma le ie  anhydride or N-pheaylmale~mide,  forming 
the co r respond ing  adducts,  I Ia-d ,  in high y ie lds .  The s t ruc tu r e s  of the compounds obtained w e r e  con f i rmedby  
the i r  NMR spec t ra ,  and a lso  by t he i r  fu r the r  convers ion  into de r iva t ives  of 3-ary loxyphthal ic  acid,  I I Ia-d,  
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TABLE 1. NMtl Spec t ra l  Data, Compounds I I a -d  

I 

| 

IIa 

IIb 

IIc 

IId 

Exo 

Exo 
Endo 

Exo 

Endo 

Exo 

H1 

3,68 

3,65 

(/xg2a), ppm 

H, H, H5 

3,39* 
6,38 6,62 

(0,025) 
3,38* 

(0,025) 6,39 6,62 
3,90 6,41 6,54 

3,19" 
(0,04) 6,30 ~6,5, 

3,81 6,39 6,52 

3,18" 
(0,04) 6,34 ~ 6,5! 

H6 CHa 

5,34 -- 

5,35 ).,28 
5,34 

5,34 
5,30 .~,29 

5,30 .~,27 

Aromatic 

protons 

7,00 
7,35 
7,02-- 
7,38 
7,06-- 
7,60 
7,06-- 
7,60 
7,00-- 

7,60 
7,00-- 
7,60 

12 

7,0 

7,5 
7,2 

6,5 

7,6 

6,5 

J, HZ 

16 46--56 

N0 2,0 

~ 0  2,0 
5,5 2,O 

N0 

5,5 2,0 

~O 2,0 

Notes.  *3.he H 1 and H 2 protons form a quartet of the AB system.  
J'It was not poss ible  to determine ZJ46 + J56 because  of 
overlap of the H 5 and H 6 signals of the endo- and exo-  
i s o m e r s .  

by the scheme:  

~ O/- -'0 G~O 

II ; y  ~ .0 0,. -='- 0 " : 0  X~-O ~ O q-tiC_ C.~O 

X X 

Y a d  ~ra~ d 
Z , ~ r a : X : H ~ Y : O  ; b: X:OH~) ~Y:O ) c:X~H, Y=N-Ostt  5 

d: X=OH 3 , Y:.NO~,H~ 

Examinat ion of m o l e c u l a r  models  of the s e r i e s  I I  compounds made  it poss ib le  to es tab l i sh  that  for  the 
e n d o - i s o m e r  the value of the s p i n - s p i n  coupling constant  JI-IIH 6 is about 6 Hz, while for  the e x o - f o r m  this 
constant  should be c lose  to ze ro .  F r o m  an ana lys i s  of the values of the s p i n - s p i n  JttlH ~ coupling constants  
for  the compounds I I a -d  (Table 1), it follows that  the adducts with ma le i e  anhydride,  I Ia ,  b, we re  fo rmed  in the 
e x o - i s o m e r  f o r m  (JII1H 6 ~ 0).* The adduct of phenoxyfuran with N-pheny lmale imide  was fo rmed  in the f o r m  
of the e n d o - i s o m e r  (JII1H 6 = 5.5Hz). The  adduct of N-pheny lmale imide  with p- to ly loxyfuran  was isolated f rom 
the reac t ion  mix tu re  in the f o r m  of a m i x t u r e  of approx imate ly  equal amounts of the endo- fo rm (JH1H 6 = 5.5 
I tz)  and the e x o - f o r m  (JItlH 6 ~ 0). 

The 2 - a ry l fu r ans ,  being less  ac t ive  dtenes as  c o m p a r e d  with the 2 -a ry loxyfu rans ,  did not e a t e r  into the 
D i M s - A l d e r  r eac t ion  when ma le t c  acid de r iva t ives  (maleic anhydride or  N-phenylmale imide)  were  used as 
the dtenophiies .  

Tubereu los ta t i c  act iv i ty  of the type I I  adducts synthes ized  in the p resen t  work,  and of the i r  a r o m a t i z a -  
t ion products ,  III, as  well  as  of the adducts of ace ty lened iearboxyl tc  e s t e r  with p- to ly l furan ,  IVa, and of p -  
(acetaminphenyl) - furan ,  IVb, with r e s p e c t  to a tube rcu los i s  m y c o b a c t e r i u m  of the human type (s t rain H-37Rv) 
and to a typica l  m y e o b a c t e r i a  (s t rain ATSS-608) was invest igated by the method of  deep implantat ion into Scion 
med ium.  Resul ts  a r e  given in Table  2. 

As is evident f r o m  Table  2, the adducts of the a ry l fu rans  with ace ty lene-d ica rboxyl ie  e s t e r ,  IVa and b, 
have the g r e a t e s t  act iv i ty .  

The adducts of the a ry loxyfurans  with ma le i e  anhydride,  I N  and b, and with N-phenylmale imide ,  IIc and 
d, and a lso  the 3-ary loxyphtha l ic  acid de r iva t ives ,  I l ia,  b, and d, have weak tubercu los ta t ic  act iv i ty .  

*The value of the JH1H G s p i n - s p i n  coupling constants  for the e x o - i s o m e r s  of I I a -d  co r r e sponds  to the l i t e r a -  
tu re  data of [5] r e l a t ive  to the adduet of m a l e i e  anhydride with furan.  
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TABLE 2. Tuberculos tat ic  Activity and A c -  
t ion on E n z y m e  Activity  of  the Adducts of  
A r y l -  and Aryloxyfurans  with Der ivat ives  
of  Acety lenedtcarboxyl ie  and Maletc Acid 
and Their  Aromat i za t ion  Products  

o 

i la  
Ilb 
IIc 
IId 

IIIa 
I l lb  
III d 
IV a 
IVb 

M i r d m u m  m y c o b a c t e r i o s t a -  
t i e  c o n c e n t r a t i o n  p g / m l  

H-37 R V 

r with 
)lood blood u6 
erum ,.;erum 

�9 

x a > ~  

250 
62,5 
>7,8 

125 
125 

62,5 
250 

7,8 
1 

250  
31,2 

1000 
500 

>1000 
>1000 
>1000  
> I 0 0 0  
>I000 
>250 

62,5 

22 

27 

*Concentrat ion of preparat ions ,  10 ~//ml.  

TABLE 3. Anhydrides and N - P h e n y l i m i d e s  of 3 - A r y l o x y - 3 , 6 -  
endoxo-3 ,6  -dthydrephthal  to A e ids (IIa -d) 

IIa 
I Ib 
IIc 
IId 

mp, ~ 

89 112,5--4,0 
82 128--29 
89 152--53 
86 140--200 

Found, % 

C H 

65,4 3,8 
66,1 4,4 
72,1 4,5 
72,7 4,7 

Empirical  
x f o r m u l a  

- -  C14H:toO5 
CxsHl=O5 
CuoHtaNO~ 

3,8 C2iH17NO4 

Calc. ,  % 

ct. 
I 65,1 I 3,9 

66,2 I 4,4 72,1 4,5 
72,6 4,9 

~ E  
N ~ r 

- -  0,27 

& 0,64 
4,0 0,70 

TABLE 4. Anhydrides and N - P h e n y l i m i d e s  of  3-Aryloxyphthal ic  
Acids  (Ilia-d) 

30  

IIIa 
III b 
IIIc 
IIId 

46 
75 
80 
90 

Found 

raP, ~ 
C H 

107--9 [1011 70,1 3,3 
118--20 [101{ 70,7 4,0 
I40--41 [101 75,r 4,5 
163--4" 77,3 4,5 

% 

4,2 
4,3 

Empirical  
f o r m u l a  

C14H 804 
CI5H1004 
C20HlaNO3 
C21Hl~NOa 

Calc. ,  % 

C H 

70,0 3,4 
70,9 4,0 
76,2 4,2 
76,6 4,6 

N ~ 

- -  0,7 

4,4 0,99 
4,3 - -  

*Purif ied on an A1203 co lumn in ethyl acetate .  

We a l so  studied the inhibiting act ion of the compounds synthes i zed  on the act ivity of  DNase  (KF 3.1.4.7) 
and of pyridoxal  e n z y m e s  - a s p a r t a t e - a m i n o t r a n s f e r a s e  (KF 2.6.1.1) and a l a n i n e - a m i n o t r a n s f e r a s e  (KY 2.6.1.2) .  
We have prev ious ly  descr ibed  the procedure  for determining the act ivity of  e n z y m e s  and for studying the in-  
hibiting act ion of preparat ions  [6, 7]. 

As is evident f rom Table  2, the compounds  studied exert  an inhibiting act ion on DNase:  In concentrat ions  
of  10 T / m l  preparat ions  Ia, b and IIc, d suppress  the act iv i ty  of  the e n z y m e  by 66-22%. Compound Ia, which 
a l so  displayed tuberculos tat ie  activity,  exerted  the greates t  inhibiting act ion.  In high concentrat ions  (100 T/ml)  
the compounds examined (types II-IV) did not suppress  the act iv i ty  of  a spar ta te -  and a l a n i n e - a m i n o t r a n s f e r -  
a s e s ,  that is,  they did not cause  a breakdown in the b iosynthes i s  of  the amino ac ids .  

On the bas is  of  the data obtained, it m a y  be sugges ted  that the bio logical  act ivi ty  and m e c h a n i s m  of  act ion 
of  the c l a s s  of  compounds  that has been  examined are  connected with a breakdown of  the b iosynthes  is p r o c e s s  
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of nucleic acids,  apparent ly  the p rocess  of DNA repara t ion  [8], in connection with which a fur ther  sea rch  for  
biologically active compounds in this s e r i e s  is promising.  

E X P E R I M E N T A L  C H E M I C A L  PAI~T 

IR spec t ra  were  taken on a P e r k i n - E l m e r  457 spec t rophotometer  in vasel ine oil.  Th in - l aye r  chromato-  
graphy was c a r r i ed  out on Silufol UV-254 plates,  development  in UV-light. The NMR spec t ra  were  taken on 
LX-100 and C-60-HL spec t rome te r s ;  the solvent was deute rochloroform;  the internal  s tandard was t e t r a -  
methyls i lane .  

Dimethyl 3 ,5-b is - (p-chlorophenyl ) -6-hydroxyphtha la te  (In). To a suspension of 0.7 g (6 mmole)  of 
aluminum chlor ide in 25 ml of d ry  methylene chloride was added, with s t i r r ing,  1.7 g (6 mmole) of 2 ,5-b is -  
(p-chlorophenyl)- furan [9] in 25 ml of methylene  chlor ide plus a sa tura ted  solution of 0.9 g (6 mmole)  of 
ace ty lene-d icarboxyl ic  e s t e r  in methylene chlor ide .  The react ion mixture  was boiled for 2 h, and was cooled; 
the solution was washed with water  until a neutral  reac t ion  was obtained, dr ied  over  magnes ium sulfate, and 
evaporated;  the remaining oil was r ec ry s t a l l i z ed  f rom acetone.  Compound Ia (1.5 g, 58%) was obtained, m.p.  
163-165~ Found, %: C 61.5; H 4.0; C116.3.  Ci6Hi0CI~O. Calculated, %: C 61.3; H 3.7; C116.4. Inf rared  
f requencies  (v, in cm-1): 1718, 1670 (CO). UV spect rum,  ~max (in am) and log e (in parentheses) :  241, 334 
(4.46; 3.79). 

Dimethyl 3 ,5-b is - (p-bromophenyl ) -6-hydroxyphtha la te  (Ib). This compound was p repared  analogously 
to the preceding one. Yield, 42%; m.p.  195-197~ (from alcohol).  C 50.8; H 3.1; Br  30.7. Ci5H10Br2 O. Cal-  
culated, %: C 50.8; H 3.1; Br  30.9. 

Infrared f requencies  (v, cm ' i ) :  1730, 1672 (CO). UV spect rum:  hmax,  rim; log e (in parentheses) :  241, 335 
335 (4.60; 3.91). 

3-Phenoxy-3 ,6-end0xo-3 ,6-dihydrophthal ic  anhydride (IIa). A solution of 1.6 g (10 mmole) of phenoxy- 
furan and 0.98 g (10 mmole)  of male ic  anhydride in 10 ml of benzene was kept at room t em p e ra tu r e  for  2 days. 
The c rys t a l s  which separa ted  were  f i l te red  off and washed with benzene.  Adducts IIb-d were  p repa red  s imi la r ly  
to IIa. The physicochemical  constants of the compounds obtained a re  given in Table 3. 

3-Phenoxyphthalic Anhydride, Ilia. A solution of 1 g of IIa in 20 ml of acet ic  anhydride containing 0.5 
mI of concentra ted  sulfuric  acid was heated for  1 h at 120~ The acet ic  anhydride was dist i l led off under 
vacuum; the res idue was dissolved inbenzene;  the solution was boiled with charcoal ,  f i l tered,  and evaporated.  
The oil remaining crys ta l l ized;  the c rys t a l s  were  f i l te red  off, washed with ether ,  and r ec rys t a l l i z ed  f rom an 
e the r -benzene  mix tu re  (1:1). The anhydrides  and N-phenylimides of phthalic acids IIlb<l were  p repared  
s imi la r ly  to IHa. The phys icochemical  constants of the compounds obtained a re  given in Table 4. 
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