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It was shown by UV spec t roscopy that 3-phenyl-4-hydroxy- isoquinol ine  exis ts  in neutral ,  di-  
polar ,  cationic,  and anionic fo rms ,  depending on the medium. The angle of rotat ion between 
the planes of the phenyl r ing and the he te ro - r ing ,  the length of the "single" C - C  bond con-  
necting these r ings,  and its degree  of double bond ch a rac t e r  in neutral ,  acidic,  and alkaline 
media  were  calculated by means of per turbat ion  theory  within the f r amework  of the H~ickel 
MO method.  On the basis of  a study of the ~r-electron s t ruc ture  of 3-phenyl -4-hydroxyiso-  
quinoline, it was concluded that its var ious  forms  have a romat ic  cha rac t e r .  The energy of 
conjugation of the phenyl group with the v sys tem of 4-hydroxyisoquinoline was calculated.  
A method for  the calculation of the coulombic and resonance p a r a m e t e r s  for  the he teroa toms 
f rom exper imenta l  UV spec t roscopic  data and the ionization potentials  of the molecules  by 
means  of per turbat ion  theory  is presented .  

It was previously  shown by e lec t ron ic  absorpt ion spec t roscopy that 3-hydroxypyridine [1] and 4-hy-  
droxyisoquinoline [3] (I) exist  in four different  s t ruc tura l  fo rms  depending on the medium and the solvent.  
In the presen t  r e s e a r c h  we have examined the possibi l i ty  of the exis tence of the 3-phenyl -4-hydroxyiso-  
quinoline (ID molecule in the same four fo rms  as a function of the medium and the solvent: in neut ra l  (N) 
and dipolar  (D) forms in neut ra l  media as a function of the polar i ty  of the solvents,  in cationic fo rm (C) 
in acidic media,  and in anionic fo rm (A) in alkaline media: 

OH O- OH 

N B C 

O- ~ , C 6 H  ~ 

To prove the exis tence of these forms  we used model s t ruc tu res .  Thus 4-methox-y-3-phenylisoquin- 
oline (HI) is a model  of the neut ra l  nonpolar  fo rm iN) in neutra l  media and of the fixed cationic fo rm (C) 
in acidic media;  N-methyl -4-hydroxy-3-phenyl i soquinol in ium iodide (IV) models the dipolar  fo rm (D) (II) 
in alkaline media and its cationic fo rm in neut ra l  media.  

The UV spec t rum of II in 25% aqueous ethanol provides  evidence in favor  of the lq and D forms in 
neut ra l  polar  media: o f  the two longwave absorption maxima of the lr-lr* t rans i t ions  (340 and 385 nm), 
the f o r m e r  (~max 340 nm) is affi l iated with neutra l  fo rm N, inasmuch as it is equal to the longwave ab- 
sorpt ion maximum of II in ethanol (in which fo rm Iq p r imar i l y  exists)  and is s imi l a r  to the maximum (337 
nm) of the model s t ruc ture  in alcohol; the o ther  longwave maximum (385 nm), which cha rac t e r i ze s  dipolar  
f o rm  D, is close to the maximum (373 nm) of the absorpt ion band of IV in alkaline med ia  (see Table 1). 

The identical  cha r ac t e r  of the UV spec t ra  in acidic media  of II and HI and also of IV in ethanol (the 
fixed cationic forms of ID indicates the p resence  of form C of II in acidic media (Table 1). 
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TABLE 1. UV Spect ra  of 1-IV 

Compound : Medium Xmax,, nm (log ~)  

I 

11 

l l I  

IV 

I! 
O H  13 I ,  

? 6 $ 4 12 15 

i 

Ethanol 

25% Ethanol 

1 N HCI 

1 N KOH 

Ethanol 

25o]0 E~hanol 

t N HCI 

I N KOH 
Ethanol 

25% Ethanol 

1 NHCI 

I N KOH 

Ethanol 

1 N KOH 

209 (4,66),230 (4,22);295 (3,54), 
319 (3,62), 331 (3,65) 
209 (4,53), 232* (4,05), 261" (3,62). 
330 (3,59),355 (3,71) 
222* (4,49),229 (4,53), 284 (3,45), 
295 (3,43).331" (3,86),342 (3,93) 
223 (4,09),248 (4,09), 323* (3,75), 
345 (3,83) 
209 (4,61), 251 (4,42), 303 (3,90), 
340 (3,81), 398 (3,24) 
208 (4.56),218" (4,49), 246* (4,25). 
275 (3,82),306 (3,65), 340 (3,81). 
385 (3,89) 
211' (4,44). 217 (4,46), 246 (4,45), 
302 (3,68),350 (3,98) 
221 (4,39),263 (4,02), 355 (3.97) 
209 (4,51), 247 (4,60),295 (3,91), 
337 (3,48),385 (2,53) 
210 (4,56), 246 (4,48), 293 (3,~5). 
334 (3,50) 
208* (4,29),216" (4,30), 248 (4,45). 
300 (3,80), 348 (3,05) 
220* (3,97), 245 (<33), 293 (3,78). 
333 (3,51) 

213" (4,63),215 (4,63), 252 (4,21), 
310" (3,79). 340 (3,84), 392 (3,87} 
209* (3,76),225 (4,20),264' (3.62), 
340* (3,44), 373 (3,64) 

* S h o u l d e r .  

TABLE 2. Coulombic (11 r) and Resonance (krs) P a r a m e t e r s  
and 0 and rCC P% Values for  the Var ious  F o r m s  of 3 -Pheny l -  
4-hydroxyisoquinol ine 

Corn- Coulombic 
Fo ound 

rm h x 

0.70 
1.t0 
l,I0 
0.70 

Resonance 

Iz~ kCC=kCN! kc_ o 

2.00 1,00 0,85 
1.20 I00 0.65 
2:oo 11oo 0,85 
1,20 1,00 0,65 

k c _ c  

0,50 
0,95 
0,40 
0,70 

& r ( : c . . . k  P .~ 

60 ~ 1,477 
18 ~ 1,447 
66 ~ 1,483 
46 ~ 1,463 

13,3 
22,4 
11.7 
17,3 

The ionization of the phenolic group of 4-hydroxyisoquinol ine (I) is accompanied  by a bathochromic  
shift of the longwave ~-~r* band of 15 nm on pass ing  f r o m  N to f o r m  A. A ba thochromic  shift  of 15 nm 
is also obse rved  in the UV s p e c t r u m  of II on pass ing  f r o m  ethanol to alkaline media .  Consequently,  II 
ex i s t s  in anionic f o r m  A in alkaline media .  

Thus,  depending on the medium,  II ex is t s  in f o r m s  N, D, C, and A. In addition, the spec t r a  of  ethanol 
solutions of II, III and IV contain ~max bands at 398, 385, and 392 nm,  respec t ive ly ,  which can apparent ly  
be ass igned to n - ~  bands due to t r a n s f e r  of e l ec t rons  of the oxygen a tom of the hydroxyl  group f r o m  the 
nonbonding p a tomic  orb i ta l  to the f ree  ~* mo lecu l a r  orbi ta l .  In fact ,  these  m a x i m a  sa t i s fy  the fundamental  
f ea tu res  of n - ~ *  t rans i t ions :  they co r re spond  to longer  waves than the other  longwave maxima ,  have the 
lowest  in tensi t ies ,  and vanish  in po la r  - acidic  (1 N HC1) and alkaline (1 N KOH) - solutions (Table 1). 

The UV spec t r a l  data make it poss ib le  to a lso  evaluate  the angle of  rotat ion (0) between the planes 
of  the phenyl r ing and the he te ror ing  and the lengths ( r c c )  and degree  of double-bond c h a r a c t e r  (P%) of 
the C - C  bond connecting the phenyl r ing and the he te ro r ing  in neutra l ,  acidic,  and alkaline media ,  as we 
a lso  did for  the analogous models  [3]. It is seen f r o m  Table 2 that the phenyl r ing in 3 -pheny l -4 -hydroxy i so -  
quinoline is tu rned  at an angle of  46-66 ~ re la t ive  to the isoquinoline ring, the C - C  bond length l ies  in the 
range 1.463-1.483 ~i, and the double-bond c h a r a c t e r  of  this  bond is lower  by a fac tor  of  th ree  to four  than  
in benzene (Pbenzene = 50%). 

Fo r  compar i son  we point out that,  accord ing  to the exper imen ta l  data, the diphenyl molecule  is p lanar  
(0 =0 ~ i n t h e  c rys ta l l ine  phase  [4, 5], whereas  in the gas phase [6, 7] 0 =40-45 ~ ( r c c  =1.48-1.49 A). On 
the ba s i s  of the UV s p e c t r a  and the MO LCAO method,  it was found that  0 =20 ~ and rCC =1.484 A [8] for  
diphenyl. The opt imal  va lues  0 =40 ~ and rCC =1.50/~ were  found by means  of a s e m i e m p i r i c a l  calculat ion 
of the ene rgy  of diphenyl in the gas phase  [9]. 
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T A B L E  3. D i s t r i b u t i o n  o f  t he  r - E l e c t r o n  D e n s i t y  (qr) a n d  O r d e r s  

(Prs)  a n d  L e n g t h s  ( r r s )  o f  t he  B o n d s  fo r  t he  V a r i o u s  F o r m s  o f  
3 - l a h e n y l - 4 - h y d r o x y i s o q u i n o l i n e  (II) 

Form No. of Bond Form No. of 
of II ~tom q, r-~ P,~ q,~(k> ofl l  ~tom 

!--2 0,698 1,324 D 1 
2--3 0 571 1,345 
3--4 0,685 1,393 
3--12 0,203 1,477 
4--5 0,533 1,419 
4--11 0,275 1,350 

7 5--6 0,561 1,414 
8 5--10 0,518 1,421 
9 6--7 0,721 1,387 9 

lO 7--8 0,604 1,407 1 
ll 8--9 0,723 1,387 1 
12 9--10 0,554 1,415 1 
13 I0--1 0,556 1,415 l 
14 12--13 0,652 1,399 i 
15 13--14 0,670 1,395 1 

14--15 0,6641 1,396 
C l 2--1 0,6631 1,330 A 1 

2 2--3 0,544 i 1,351 2 
3 3--4 0,697 1,390 3 
4 3--12 0,167 1,483 4 
5 4--5 0,529 1,420 5 
6 4--II 0,272 1,350 6 
7 5--6 0,564] 1,414 7 
8 5--10 0,515[ 1,422 8 
9 6--7 0,720 ] 1,3871 9 

10 7--8 0,604 [ L,407 ! 10 
11 8--9 9,724 ] [.387 i l I 
12 9--10 3,552 ] :.41bl 12 
13 10--1 3,564 [ [.4141 13 
14 12--13 3,657 / [.3971 14 
15 13--14 ),669 | .3951 15 

14--15 ),665 / .396I / 

I Bond 

qr ! r'S Prs 

i 

0,821 2--i 0,664 
1,41~ 2--3 0,512 
0,957 3--4 0,65E 
0,961 3--12 0,373 
0,974 4--5 0,535 
0,997 4--11 0,286 
0,976! 5--6 0,563 
0,998i 5--10 9,512 
0,972] 6--7 9,718 
1,008 7--8 3,605 
1,916 8--9 3,722 
1,005 9--10 3,554 
0,997 10--1 3,560 
1,000 12--13 ),617 
0,999 13--14 ),677 

14--15 ),659 
0,895 2--I ),699 
1,2761 2--3 ),561 
0,983 3--4 0,672 
0,963 3--12 0,279 
D,988 4--5 0,535 
D,997 4--II 0,282 
9,987 5--6 01561 
3,998 5--10 0,517 
3,985 6--7 0,720 
1,005 7--8 0,605 
1,918 8--9 0.722 
1,002 9--10 0,555 
1,000 10--1 0,555 
I,O00 12--13 0;63w 
l,OO1 13--14 0,672 

14--15 0,663 

r,,,3A) 

1,330 
1,356 
1,398 
1,447 
1,419 
1,348 
1,414 
1,423 
1,387 
1,407 
1,387 
1,415 
1,415 
1,404 
1,394 
1,397 
1,324 
1,348 
1,395 
1,463 
1,419 
1,348 
1,414 
1,421 
1,387 
1,407 
1,387 
1,415 
1,415 
1,401 
1.395 
1~96 

* See T a b l e  1 f o r  t h e  n u m b e r i n g  of  t he  a t o m s .  

T A B L E  4.  D e l o c a l i z a t i o n  E n e r g i e s  (DE) a n d  D e l o c a l i z a t i o n  
E n e r g i e s  p e r  7r E l e c t r o n  (DE/n) f o r  4 - H y d r o x y - I s o q u i n o l i n e  
(I) a n d  3 - P h e n y l - 4 - h y d r o x y i s o q u i n o l i n e  (II) 

C o m  - 

pound s tot 
and its 
form 

IN 
ID 
IC 
IA 

IIN 
IID 
IIC 
IIA 

E tot  
loc" ~ DE nx[3 ,~EI~SX6 

] I 

[HOMO'B -ELFMO- i t (eV) 
~ | 

18,708 
17,594 
19,240 
17,032 

26,810 
25,942 
27,310 
25,256 

0,593 
0,537 
0,542 
0,589 

0,595 
0,533 
0.541 
0,589 

DEx~ 

14,86 3,848 
13,78 3,814 
15,38 3,860 
13,26 3,772 

20,936 5,847 
20,134 5.808 
21,447 5,863 
19,455 5,801 

0,320 
0.317 
0,322 
0,315 

0,325 
0,322 
0,326 
0,322 

0,103 
0,354 
0,067 
0,195 

0,558 
0,544 
0,570 

�9 0,533 

0,533 
0,466 
0,550 
0,491 

i 
8,07 
8,02 
8,11 
7,98 

7,98 
7,77 
8,04 
7,85, 

T h e  r C C  v a l u e s  t h a t  we o b t a i n e d  fo r  1I a r e  c l o s e  to  t he  rC C  v a l u e  fo r  d i p h e n y l ;  h o w e v e r ,  t he  a n g l e  
of  r o t a t i o n  fo r  o u r  c o m p o u n d  i s  c o n s i d e r a b l y  l a r g e r  t h a n  in  t he  c a s e  of  d i p h e n y l .  The  fac t  i s  t ha t  t he  e x o -  
c y c l i c  o x y g e n  a t o m  o f  the  4 - h y d r o x y  g r o u p  p a r t i c i p a t e s  i n  r c o n j u g a t i o n  w i th  i t s  p p a i r  o f  e l e c t r o n s ,  a s  c o n -  
f i r m e d  b y  the  p r e s e n c e  in  t h e  UV s p e c t r u m  of  n - r *  t r a n s i t i o n s  (see above ) .  In a d d i t i o n ,  the  i n d u c t i v e  e f -  
fec t  of  the  n i t r o g e n  a t o m  i s  m a n i f e s t e d  s u b s t a n t i a l l y .  A l l  o f  t h i s  l e a d s  to n o n u n i f o r m  d i s t r i b u t i o n o f  the  r - e l e c -  
t r o n  d e n s i t y  (gr) on  t h e  a t o m s  in  the  v a r i o u s  f o r m s  of  II (Tab le  3).  It  fo l lows  f r o m  a c o m p a r i s o n  of  the  g r  
v a l u e  (1.000) and  b o n d  o r d e r  P r s  (0.667) in  b e n z e n e  wi th  the  c o r r e s p o n d i n g  g r  and  P r s  v a l u e s  in  the  p h e n y l  
r i n g  o f  II t h a t  the  i n t e r a c t i o n  o f  the  p h e n y l  r i n g  and  the  h e t e r o r i n g  i s  weak .  I o n i z a t i o n  of  the  h y d r o x y l  g r o u p  
and  p r o t o n a t i o n  o f  the  r i n g  n i t r o g e n  a t o m  have  p r a c t i c a l l y  no  e f f ec t  on  t he  g r  and  P r s  v a l u e s  in  the  p h e n y l  

r i n g  o f  1I. 

The  i n t e r a t o m i e  d i s t a n c e s  c a l c u l a t e d  f r o m  f o r m u l a  [10] f r o m  the  b o n d  o r d e r s  ( T a b l e  3) a r e  i n  good 
a g r e e m e n t  w i th  t h e  e x p e r i m e n t a l  d a t a  on  t h e  i n t e r a t o m i c  C . . . .  N (1 .34 /~)  and  C . . . .  C (1 .39/~)  d i s t a n c e s  in  
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pyridine and the C - O  distance (1.35-1.37/~) in phenols and also with the in te ra tomic  dis tances  in 8-hy-  
droxyquinoline [11 ]. 

The energ ies  (AE RS) of conjugation or  in teract ion of the phenyl group with the r sy s t em of I can be 
calcula ted by means  of pe r tu rba t ion  theory  f r o m  the fo rmula  A E R S = - p r _  r " k c _  C �9 fl(1); the AE Rs values 
for  the N, D, C and A f o r m s  of II a re  0.103, 0.354, 0.067, and 0.195 /3, r e spec t ive ly .  

The delocal izat ion ene rg ie s  pe r  r e lec t ron  (0.322-0.326 /3) for  the four fo rms  of II a re  close to the 
DE/n  =0.333fl value in benzene.  This  const i tu tes  evidence for  the high degree  of a roma t i c  c h a r a c t e r  of the 
va r ious  fo rms  of l'i. The exis tence of the N and D fo rms  in I and II is a ssoc ia ted  with the c loseness  of 
t he i r  DE/n  values  (Table 4). 

E X P E R I M E N T A L  

The e lec t ron ic  absorpt ion s pec t r a  of I - IV (Table 17 were  r eco rded  with a P e r k i n - E l m e r - 4 0 2  spec t ro -  
pho tomete r  at concentra t ions  of 10 -4 to 2 .5 .10  -~ m o l e / l i t e r .  

The N, D, C, and A fo rms  of I and II were  calcula ted by means  of per tu rba t ion  theory  within the f r a m e -  
work  of the Huckel MO (HMO) method.  The l inear  cor re la t ion  with the HMO method [12] of the absorpt ion  
m a x i m u m  (Xi) of the longwave Ir-~r* band with the difference (AE1) in the energ ies  of the lower f ree  MO 
(LFMO-Em+17 and the higher  occupied MO (HOMO-E m) and the ionization potential  (I) with energ ies  E m 
was used  in the de terminat ion  of the numer i ca l  values  of the eoulombic (h) and resonance  (k) p a r a m e t e r s  
(Table 2): 

1241 (eV); (2) AEE= ( E r a + , - - E , , , )  �9 ~ =  ?,l(u.,t} 

/ = ~ + E, , ,  ~ (37 

The magni tudes of the coulombic (or = 6 . 2 7  eV) and resonance  (fl = - 3 . 2 2  eV) in tegra ls  for  the carbon 
a tom were  calculated f r o m  Eqs.  (2) and (3) applied to naphthalene for  k 1 =311 nm [13], I=8 .15  eV [14], E m =  
0.618, and E m +  1 = -0 .618 .  

Quanti tat ive e s t i m a t e s  of the effect  of subst i tuents  (S) on the Em R and E m + l  R values and, consequently, 
on the /xEll~ and I R values of the s ta r t ing  7r s y s t e m  of R were  obtained by means  of per turba t ion  theory  
[15, 16]. 

Let  us init ially examine the case  of r ep l acemen t  in the a r o m a t i c  r ing of naphthalene (R) of the - C H  
group by a ni t rogen a tom (r), as a resu l t  of which isoquinoline (RS) is fo rmed .  In this case ,  within a f i r s t  
approximat ion  of per tu rba t ion  theory  and the f r a m e w o r k  of the HMO method we will have 

A E , ' ~ - < = ~ E : ' ~ - ( a ~ , , .  ,.,.-a,,,.,.~2 . h,. �9 15 +2[a,.., l,(a. . . . . .  .. .. + ~  , ,  ~.~: .1 - -  

-a,,,,~.(a,,.o + a  ....... ) ] / e . . ~ . ~ ;  (4) 

/,,~-;,~[~,, .h,.+,~,,, ,.(a,,, ~. +~,,,.,. )]k,.,.. ~. (5) 

where  am,  r ,  a m + s ,  r ,  am,  c~, am,  c2, a m + l ,  el, and a m + l ,  c2 a re  the coefficients of the AO of the r a tom 
and of the adjacent  (to r) C 1 and C 2 a toms  in the m - t h  and m + 1-th MO of the ~ s y s t e m  of 1~. 

Substituting the expe r imen ta l  [13, 14] AEIR =3.99 eV, AEIRS = 3 . 9 2  eV, I R = 8.15, and I RS = 8.5 eV [14] 
values  into Eqs.  (47 and (57, we calculate  the values  of the h r and k rc  p a r a m e t e r s  for  the nitrogen a tom 
(Table 2). 

If  the unsubst i tuted compounds (~ =I) and the subst i tuent  (S =the phenyl group) r e p r e s e n t  a rr s y s t e m  

wave functions e k e =  Z a J , , z  a n d  %,~= Zo, ,~  z. and MO energ ies  Ek and En, respec t ive ly ,  within a w ] . t h  
r 

s 

second approximat ion  of pe r tu rba t ion  theory  we will have 
2 2 2 2 

,. E,:, ?~.-E,,~ ,, E , , . _ E , .  ~ ., k~.~.l~, 

f r o m  which we find the des i red  resonance  p a r a m e t e r  (krs) of  the r - s  bond between the t e r m i n a l  Xr and Xs 
AO, which is cons idered  to be a per tu rba t ion .  

If  substi tuent  S is a single a tom or  a group of a toms  (for example ,  the hydroxyl  group) and it is con- 
nected to the R s y s t e m  only by means  of a (r bond that  has  a ce r ta in  degree  of double bond c h a r a c t e r  due 
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to r conjugation of the unshared pair of electrons of the system with the 7r system of R, within a second ap- 
proximation of perturbation theory we. have the equation 

2 
_~EIIt~ =:~EIR ,j_ [ a,~l .4- | . 1 ~  a,ll,l '2 ] ~2l.S . l~; (7) 

E..,_ta-h.+ Em R --h+ 

,/,,,,,, (8) 
Emrt-h+ 

for the calculation of the coulombic (h s) and resonance (krs) parameters of substituent S. 

The I RS value is unknown for I, and we therefore used hOH=2 and h O =1.2 and Eq. (7) in the calcula- 
tion of the krs parameter for the oxygen of the hydroxyl group (Table 2). 
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