
C Y C L I Z A T I O N  OF o - A C Y L P H E N Y L A C E T I C  

TO 1 - A R Y  L - 3 - H Y D R O X Y I S O Q U I N O  L I N E S *  
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Methyl o-acylphenylacetates  react  with urea to give 1-aryl-3-hydroxyisoquinol ines .  1 -Phenyl -2-  
methyl-3-isoquinolone was obtained by the action of methylamine on methyl o-benzoylphenyl-  
acetate.  The lac t im- lac tam tautomer ism of 1-aryl-3-hydroxyisoquinol ines  is discussed on the 
basis of their  UV and IR spectra .  The biological activity of some 1-aryl-3-hydroxyisoquinol ines  
with respec t  to 16 s t rains  of bacter ia  was studied. 

1-Alkyl-  and 1-aryl -3-hydroxyisoquinol ines  are of interest  in connection w i t h t h e p r o b l e m o f l a c t i m - l a c t a m  
tau tomer i sm [1-4] and the possibili ty of their  use as biologically active substances [4-6]. 

The aim of the present  r e s e a r c h  was the synthesis of new 1-arylisoquinoline derivatives by react ions of 
es te rs  of o-acylphenylacet ic  acids with urea, ammonia, and methylamine and an investigation of the tautomeric  
t ransformat ions  and biological activity of some 1-aryl-3-hydroxyisoquinol ines .  

1 -Ary l - l - indano l s  (Ia-g), which were oxidized to o-acylphenylacetic acids iIa-g (R '=  H), were used as the 
s tar t ing compounds. The corresponding 1-aryl -3-hydroxyisoquinol ines  (Via-g, method A), which were identical 
to the compounds synthesized by the method described in [1] by the action of ammonia on es te rs  II (method ]B, 
Table 1), were obtained by heating the methyl es te rs  of these acids (IIa-g, R '= CH 3) with urea.  
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Methyl o-benzoylphenylacetate (IIa, R'  = CH 3) was treated With an alcohol solution of methylamine to obtain 
1-phenyl-2-methyl-3- isoquinolone (IXa), which was used as a model compound. This reaction gave a mixture 
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TABLE i .  l-Aryl-3-hydroxyisoquinolines (VI) 

:om- rap, ~ 
,ound 

Empirical 
formula 

Found Calculated 

I I 
c, %lH,~ N,% M ' C,%H,%:N, % ,U 

I I 

Via 2 

vIb 

VIc 

VId 

Vie 

VIf 

VIg 6 

211--212 

166--167 

209--210 

161--162 

168--169 

167--168 

213--214 

C,sH.NO 

CIsH,3NO 

CIsH:3NO 

C17HIsNO 

CIsH~rNO 

CI6HI3NO2 

C~6H~zNO2 

81,2 5,1 

81,4 5,6 

81,51 5,5 

81,6 [ 6,2 

82,21 6,4 

76,4 / 5,4 

76,3 / 5,0 

6,2 211 

6,1 22~ 
5,8 2513 

6,0 241 

5,2 26~ 

5,5 245 

5,6 .~55 

!81,4 15,0 

81,6 [ 5,5 

181,615,5 

81,916,0 

82,1 I 6,5 

76,4 / 5,2 

76A ] 5,2 

6,3 I 221 
5,9 I 23~ 

5,9 [ 23~ 

5,6 [ 24~ 

5,3 I 26~ 

5,5 / 251 

5,5 1 251 

*By the Rast  method�9 

Yield. % 
~v 

1640 84 70 
1605 
1675 70 65 
1610 
1645 70 50 
1620 
1625 80 60 
1605 
1630 80 65 
1605 
1660 70 57 
1610 
1635 80 50 
1610 

TABLE 2. UV Spectra and Ratios of the Lactim and Lactam Forms  
of 1-Arylhydroxyisoquinolines VI 

Compound 

Via 

VI b 

VIc 

Vld 

Vie 

Vlf 

"v:Ig 

Diethyl ether Ethanol 

~ k m a  X , 
am 

352 

352 

353 

353 

353 

353 

353 

kmax, e am 

9700 

7200 

8800 

8600 

8100 

7900 

8200 

350 
433 
350 
433 
350 
433 
357 
422 
350 
433 
350 
420 
350 
433 

5700 
2280 
6720 
4480 
5820 
2910 
7380 
4000 
5320 
3390 
5300 
2350 
5660 
2830 

Chloroform Carbon tetrachlorid 

VI : k m a x ,  
: v i i  n m  

355 
440 
355 
437 
355 
440 
355 
440 
355 
440 
355 
438 
355 
440 

VI : 
e : VII  

5380 2 : 1 
2170 
3800 3:-~2 
2400 
73013 3:2 
503C 
520C 3.[-2 
330C 
820(] 2.'--'1 
655C 
180( 3:2 
115C 
5500 3~-2 
3300 -- 

~ m a x  l am | 

353 
438 
353 
440 
353 
440 
353 
440 
353 
439 
353 
440 
353 
440 

7050 
1410 
6600 
1310 
7080 
1020 
7000 
1040 
6500 
1310 
5300 
94O 

4320 
864 

5:2 

2:1 

2--1 

27i 
3--2 
2:1 

2-i 

Vl : 
: Vll 

5:1 

5d 
7:-I 

7.:i 
5:1 

d-1 
5:_i 

of m e t h y l a m i d e  IIIa  (R '=CH3)  and IXa. The  p r i m a r y  method  fo r  the  p r e p a r a t i o n  of the l a t t e r  was  hea t ing  a m i d e  

IIIa  (R' = CH 3) wi th  a c e t i c  a n h y d r i d e .  

In a l l  l i ke l ihood ,  the  r e a c t i o n  of e s t e r s  II (R' = C H  s) with u r e a ,  a m m o n i a ,  o r  m e t h y l a m i n e  p r o c e e d s  in two 
s t eps �9  The  a m i d e  of the c o r r e s p o n d i n g  ac id  [2] (III) is  f o r m e d  in the  f i r s t  s t ep ,  and a hyd roxy  l a c t a m  ( IV~V) ,  
which is d e h y d r a t e d  to the  c o r r e s p o n d i n g  1 - p h e n y l - 3 - h y d r o x y i s o q u i n o l i n e ,  is  f o r m e d  in the  second  s t ep .  

E s t e r s  IIc ,  e,  g (R '=  CH 3) [6] and a r y l  ke tone s  have s i m i l a r  e l e c t r o n i c  s p e c t r a  in e thano l  so lu t ion .  The  
IR s p e c t r a  (of m i n e r a l  o i l  s u s p e n s i o n s  and K B r  p e l l e t s )  at  1600-1800 c m  - t  contaIn  two in t ense  bands  at  1710 and 
1660 c m  -1. The  f i r s t  should  be a s s i g n e d  to  an i s o l a t e d  e s t e r  g roup  and the  second  to an a r y l c a r b o n y l  g roup .  On 
the b a s i s  of t h e s e  da ta  i t  c an  be conc luded  tha t  IIc ,  e,  g (R '=CH~)  e x i s t s  in the  open f o r m  both in so lu t i on  and in 
the so l id  s ta te �9  In o r d e r  to i n v e s t i g a t e  the  l a c t i m - l a c t a m  t a u t o m e r i s m  of 1 - a r y l i s o q u i n o l i n e s  VI we e x a m i n e d  
t h e i r  e l e c t r o n i c  s p e c t r a  ( for  e x a m p l e ,  s e e  [2]). At  340-440 nm the  s p e c t r a  of e t h e r  so lu t i ons  of t h e s e  compounds  
con ta in  only one band at 353 nm (Tab le  2). 1 - C h l o r o - 3 - h y d r o x y i s o q u i n o l i n e ,  which  is in the  l a c t i m  f o r m  in a l l  
s o l v e n t s  [1, 2], a l s o  a b s o r b s  in the  s a m e  r eg ion �9  3 - H y d r o x y i s o q u i n o l i n e  (kmax 342 nm) [1, 2] a l s o  has  a s i m i l a r  
UV s p e c t r u m .  One band at  ~355  nm, which  c o r r e s p o n d s  to the  l a c t i m  f o r m  of VI, is  o b s e r v e d  in the  s p e c t r a  of  
e thano l ,  c h l o r o f o r m ,  and c a r b o n  t e t r a c h l o r i d e  so lu t i ons  of the  i n v e s t i g a t e d  1 - a r y l i s o q u i n o l i n e s ;  a no the r  band is 
o b s e r v e d  at  ~ 4 4 0  rim, and th i s  c o r r e s p o n d s  to  the  l a c t a m  f o r m  of VII,  s i n c e  i soqu ino lone  IXa ( k m a x  438 rim) 
a l so  a b s o r b s  in th i s  i n t e r v a l  in the  s a m e  s o l v e n t s .  The  quan t i t a t i ve  r a t i o s  of the t a u t o m e r s  in the  so lu t ions  w e r e  
c a l c u l a ~ d  by c o m p a r i s o n  of the  e x t i n c t i o n s  of  the  l a c t i m  and l a c t a m  f o r m s .  It fo l lows  f r o m  the da ta  p r e s e n t e d  
tha t  the  VI~ -VI I  t a u t o m e r i c  e q u i l i b r i u m  is sh i f t ed  to  f a v o r  the  l a c t i m  fo rm in the i n v e s t i g a t e d  s o l v e n t s  (Table  
2). We a l so  e s t a b l i s h e d  tha t  the  p o s i t i o n s  and i n t e n s i t i e s  of both bands  in the  s p e c t r a  of an a l coho l  so lu t ion  of 
V ia  a r e  independen t  of the  t e m p e r a t u r e  (20 ~ 40 ~ and 60~ The  s t a r t i n g  compound  r e m a i n s  unchanged  When an 
e t h e r  so lu t ion  of V ia  is  t r e a t e d  with  d i a z o m e t h a n e .  
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TABLE 3. B a c t e r i o s t a t i c  Ac t iv i ty  and B a c t e r i c i d a l  P r o p e r t i e s  of 
1 - A r y l - 3 - h y d r o x y i s o q u i n o l i n e s *  

No. I Strain 

1 =Arylisoquinolines 
VIa 

pH 8,0 

BB I BS 

Vl C 
pH 8,8 

BBI BS 

Vlg 
pH 8,1 

BB] BS 

6 
7 
8 
9 

]0 
II 
12 
131 
141 
15i 
16 

Staphylococcus aureus 
Staphylococcus pyogenes 
Staphylococcus epidermitis 
Staphylococcus rnannitolo negative 
Streptoqoccus recalls 
StreptococcUS p)ogenes 
Streptococcus fccalis 
Streptococcus pyogcnes 
Bacillus substitiitis 
Escherich~a colt 0:56 
Eseherichia colt nonpathogenic 
Proteus vulgaris 
Proteus vulgaris 
Klebsiella sheathes 
Klebsiella sheathes 
Candida aibicalis 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
0,05 
0,5 
5 
0,05 
0.0005 
0,5 
0,5 
0,5 

o,5 

0,5 
5 
0,5 
0,0005 
0,0005 
0,0095 

0,5 
5 

0,5 

0,05 
0,0005 

5 0,0005 
5 
5 
5 
5 
5 
5 
5 
5 
5 

* The D e p a r t m e n t  of Microb io logy  of the Po l i sh  Medica l  A c a d e m y  
has a c c e s s  to the b a c t e r i o l o g i c a l  c h a r a c t e r i s t i c s  of the inves t iga ted  
s t r a i n s .  When two s t r a i n s  of one group were  used,  the m i c r o o r -  
g a n i s m s  were  d i s t ingu i shed  by d i f fe ren t  r e s i s t a n c e s  to the ac t ion  
of s t a n d a r d  an t ib io t i c s .  The pH va lues  were  d e t e r m i n e d  in bro ths  
con t a in ing  0.1 mg of the compounds  in 1 ml  of nu t r i t i ve  med ium.  
The  fol lowing a b b r e v i a t i o n s  a re  u sed :  BB is the c o n c e n t r a t i o n  of 
compounds  that  act  b a c t e r i c i d a l l y  in m i l l i g r a m s  pe r  m i l l i l i t e r  of 
n u t r i t i v e  med ium,  and BS ind ica tes  the c o n c e n t r a t i o n  of compounds  
that  a re  c h a r a c t e r i z e d  by b a e t e r i o s t a t i c  ac t iv i ty  in m i l l i g r a m s  p e r  
m i l l i l i t e r  of nu t r i t i ve  m e d i u m .  

The  b a c t e r i c i d a l  p r o p e r t i e s  and b a c t e r i o s t a t i c  ac t iv i ty  of some  1 - a r y l i s o q u i n o l i n e s  (Table 3) were  a lso  
s tudied.*  The examined  compounds  act  mos t  e f fec t ive ly  on G r a m - p o s i t i v e  b a c t e r i a  (Nos. 1-9).  Colon bac i l l i  
(Nos. 10-15) and y e a s t s  (No. 16) a r e  r e l a t i v e l y  i n s e n s i t i v e  to the ac t ion  of the inves t iga ted  a r y l h y d r o x y i s o q u i n o -  
l ines .  

EXPERIMENTAL 

The IR spectra of mineral oil suspensions and KBr pellets of the compounds were recorded with a UR-10 
spectrometer. The UV spectra were recorded with a Specord UV-vis spectrophotometer. The samples for the 
UV studies were initially dissolved in 1 ml of chloroform, after which 99 ml of the appropriate solvent was 

added. Chromatography was carried out with a column filled with activity II (Brockmann classification) Al203. 

o-Acylphenylacetie Acids (II, R' =H). A solution of 0.i mole of the appropriate aryl bromide in I00 ml of 

absolute ether was added dropwise to 2.4 g (0.I g-atom) of magnesium and 20 ml of absolute ether, after which 
a solution of 13.2 g (0.i mole) of l-indanone [7] in i00 ml of absolute ether was added dropwise. At the end of 

the reaction, ~200 ml of a saturated aqueous solution of ammonium chloride was added, and the ether layer was 

separated and dried with Na2SO 4. The solvent was removed by distillation to give crude l-aryl-l-indanol as a 

light-yellow oil. Water (550 ml), 50 ml of concentrated sulfuric acid, 0.8 g of sodium benzenesulfonate, and 20 

g of sodium dichromate were added, after which the crude l-aryl-l-indanol was added dropwise in the course of 
25 min with vigorous stirring, during which the temperature of the mixture was maintained at 50-55 ~ The solu- 
tion was stirred for another 30 min at the same temperature, after which it was cooled and treated with 200 ml 

of ice water. The precipitated acid was removed by filtration, dissolved in I00 ml of 10% NaOH, and extracted 
twice with 50 ml of ether. The aqueous layer was acidified with hydrochloric acid, and the liberated oxidation 
product was crystallized successively from water containing activated charcoal and from benzene. No melting- 

point depressions were observed for mixtures of the products with previously synthesized o-aeylphenylacetie 

acids, and their IR spectra were also identical [8]. 

* The studies were carried out in the Department of Microbiology of the Polish Medical Academy in Szczecin. 
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The yields of acids II (R '=  H) based on the 1-indanone, and their  melting points were as follows: IIa, 30%, 
mp 132-133~ IIb, 25%, mp 133-134~ IIc, 25%, mp 140-141~ IId, 25%, mp 105-106~ IIe, 26%, mp 109-110~ IIf, 
24%, mp 151-152~ IIg, 30%, mp 156-157 ~ 

Methyl o-Acylphenylacetates  (II, R'  = CH3). An anhydrous ether solution of diazomethane was added to a 
solution of 1.25 g (0.005 mole) of acid II (R'=H) in a mixture of absolute ether  and methanol (1 : 1) until a pe r -  
sistent  yellow color  appeared, after which the mixture was allowed to stand for 2 h. The solvent was removed 
by distillation, and the react ion product  was crysta l l ized from alcohol. Es ter  II (R'=CH3), with mp 39-40 ~ was 
obtained in 92% yield as a color less  crys ta l l ine  substance that was soluble in acetone and ether.  IR spect ra :  
1739, 1655 cm -I (in mineral oil); 1732, 1645 cm -I (in KBr). UV spectrum: ~max 260 nm; ~ 14,500. Found: 

C 72.0; H 5.6%. C17H1603. Calculated: C 71.8; H 5.7%. 

Compounds IIa, b, d, f (R '= CH 3) were obtained as oils, the purity of which was sufficient for the subsequent 
syntheses. 

1-Aryl-3-hydroxyisoquinolines (VI). A) A mixture of 0.005 mole of ester II (R'=CH3) and 0.025 mole of 
urea was heated in a thick-walled sealed test tube at 190-200 ~ for 3 h, after which the eyclization product was 
refluxed for 10 min in 50 ml of water. The supernatant liquid was decanted, and the residue was dissolved in 
chloroform. The organic layer was dried with Na2SO 4, the solvent was removed by vacuum distillation, and the 
residue was crystallized from alcohol. 

B) A solution of 0.005 mole of ester II (R' =CH 3) in 50 ml of an anhydrous solution of ammonia in methanol 
was allowed to stand at room temperature without access to daylight for 7 days, after which the solvent was 
removed by vacuum distillation, and the residue was crystallized from alcohol. No melting-point depression 
was observed for mixtures of the products with compounds synthesized by method A, and their UV and IR spec- 
tra were also identical. 

Compounds VIa-g were obtained as yellow or yellow-orange crystalline substances that were soluble in 
chloroform (to give yellow solutions) and ether (the solutions in aqueous NaOH were also colorless) ; they re -  
acted in the same way as phenols with ferric chloride and underwent partial decomposition on prolonged storage, 
particularly in sunlight. The isoquinolines were soluble in 70-95% sulfuric acid and formed colorless solutions. 

o-Benzoylphenylacetic Acid Methylamide (Ilia, R'=CH3). A 1-ml sample of a 35% alcohol solution of 
methylamine was added to a solution of 2.2 g (0.005 mole) of ester IIa (R'=CH3) in 50 ml of alcohol, and the 
solution was allowed to stand in the dark at room temperature for 3 days. The solvent was then removed by 
vacuum distillation, and the residual dark-orange oil was chromatographed with a column [elution with benzene- 
ether (9 : 1)]. The eluate was evaporated, and the residue was again chromatographed; workup of the interme- 
diate fraction yielded 1.5 g (60%) of IIIa as a viscous light-yellow oil. IR spectrum: 1655 and 1528 cm -I. 
Found: C 75.5; H 5.7; N 5.4%. CI6HIsNO 2. Calculated: C 75.8; H 5.9; N 5.5%. The picrate had mp 189-190 ~ 
(dec.). The orange eluate (chloroform) was evaporated, and the residue was rechromatographed; workup of the 
intermediate fraction gave 110 mg (5%) of 1-phenyl-2-methyl-3-isoquinolone (IXa) as a dark-orange oil [the 
yield was based on acid IIa (R'=H)]. IR spectrum: 1650, 1610 cm -I. UV spectrum: kmax 438 nm, s 5200. 
Found: C 81.3; H 5.3; N 5.7%. CI6HI3NO. Calculated: C 81.6; H 5.5; N 5.9%. The picrate had mp 182-183 ~ . 

1-Phenyl-2-methylisoquinolone (IXa). A mixture of 2.53 g (0.01 mole) of amide Ilia (R '= CH3) and 20 ml 
of acetic anhydride was heated on a water bath for 3 h, after which it was poured into ice water, and the aqueous 
mixture was neutralized with ammonia and extracted with chloroform. The organic layer was dried with Na2SO4, 
the solvent was removed by evaporation, and the residue was chromatographed with a column as indicated above 
to give 1.4 g (60%) of IXa. The pierate had mp 182-183 ~ The synthesized compound and the previously obtained 
1-phenyl-2-methylisoquinolone had identical UV and IR spectra. No melting-point depression was observed for 
a mixture of the picrate of IXa with the picrate previously obtained. The properties of isoquinolone IXa changed 
after a few days, probably because of oxidation [5]. 

1. 
2. 
3. 

4. 

5. 
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CHEMISTRY OF HETEROANALOGS OF ISOFLAVONES 

IV.* SYNTHESIS OF PYRAZOLE ANALOGS OF ISOFLAVONES 

V. P. Kh i lya ,  L. G. G r i s h k o ,  UDC 547.814.1'771.07:542.953:543.422.25 
and T. I. Z h u l '  

Pyrazo le  analogs of isoflavones were synthesized from substituted a - (4 -pyrazo ly l ) -2 ,4 -d ihy-  
droxyacetophenones.  

In a continuation of our study of substituted chromones [2] we have synthesized 3-pyrazoly lchromones  
(VIII-XIV) containing a substituent in the 6 position and analogs (XV-XVII) of natural isoflavones. 

I I 
C6H5 C6H 5 

VIII-XIV, XVIil, XlX XV-XVII. XX. XXl 

1 T 

xNJ'"  R 2 0 "~,N/N 
I l 

CsHs CsH ~ 

I-IV V-VII 

For  this, we ca r r i ed  out the condensation of 1-phenyl-4-pyrazolylacetoni t r i le  with 4-hexyl resorc inol  in boron 
t r i f luoride etherate in the presence  of hydrogen chloride [2]. The formation of two isomeric  acetophenones (I) 
and 2,6-dihydroxy-3-hexyl-• , - (1-phenyl-4-pyrazolyl)acetophenone is possible in this reaction, and this is con- 
firmed by the resul ts  of th in- layer  chromatography (TLC). After we recrys ta l l ized the condensation product 
from alcohol, we isolated the intermediately formed i somer  I, the PMR spectrum [3] of which attests to an un- 
symmet r i ca l  orientation of the substituents in the benzene ring: the signals at 12.55 and 10.80 ppm are related 
to the protons of hydroxyl groups (2-OH and 4-OH), the singlets at 6.55 and 7.96 ppm are related to the aromat ic  
protons of the phenol portion of the acetophenone (3-H and 5-H), and the signals at 8.58 and 7.88 ppm are related 
to the protons of the pyrazole  ring (3-H and 5-H). The indicated assignment of the signals of the protons of the 
hydroxyl groups is in agreement  with the spectra  obtained for 4-methoxyacetophenone (III) and 7-hydroxychro-  
mone (XI1), obtained from I. In the f i rs t  case,  the signal of the 4-OH vanishes, and one peak at 12.75 ppm (2-OH) 
is present  in the region of the signals of hydroxyl groups. In the second case,  one peak at 10.86 ppm (7-OH) is 
observed in the indicated region. The s t ructure  of II, obtained as a result  of the condensation of 1-phenyl-4-  
pyrazolylacetoni t r i le  with 4 -ch lororesorc ino l ,  was s imi lar ly  proved. The signal of the 4-OH group in the PMR 
spectrum of II is broadened to such an extent that it cannot be noticed, probably because of the low rate of p ro -  
ton exchange with the solvent. The IR spectrum of acetophenone II, in which the absorption band of the s t re tch-  
ing vibrations of the 4-OH group is found at 3100 cm -I, also serves as a confirmation of its structure. 

* See [i] for communication III. 
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