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HiickeI 's  method was  used  to ca lcula te  ene rgy  coeff ic ient  K i of  the h ighes t  fi l led mo lecu l a r  
o rb i ta l s  of a number  of serotonin antagonis ts  (eyproheptadine,  de r iva t ives  of th iopyranoin-  
dole and dialkylindole).  The resu l t s  a re  d i scussed  in the l ight of the hypotheses  of K a r r e m a n  
et  al. and of B. and A. Pu l lman regard ing  the role  of e l ec t ron -donor  p r o p e r t i e s  of d rugs  and 
the i r  in te rac t ion  with serotonin r ecep to r s .  

The ene rgy  of the highest  fi l led orbi ta l  of  a substance  is  a m e a s u r e  of i t s  e l ec t ron -donor  abili ty:  the 
lower  the energe t ic  coeff icient  K i of  this orbi ta l ,  the s t r onge r  the e l e c t r o n - d o n o r  p r o p e r t i e s  of the c o m -  
pound [4, 11]. Invest igat ions  have shown that  serotonin,  and also its antagonist  LDS-25, medmain ,  and cMor-  
p romaz ine ,  p o s s e s s  low Ki values  of the highest  filled orbi ta l  and can f o r m  complexes  with charge  t r a n s f e r  
f r o m  var ious  e lec t ron  accep t e r s  [7, 8, 9, 12]. On the ba s i s  of these  facts ,  K a r r e m a n  has  postula ted  [4, 8] 
serotonin  and i ts  antagonists ,  by v i r tue  of the i r  e l ec t ron -donor  p r o p e r t i e s ,  can f o r m  complexes  (with charge  
t rans fe r )  with t i s sue  r e c e p t o r s ,  and that this is r e la ted  to t he i r  pha rmaco log ica l  action. 

With this  hypothes is  in mind, it was decided to ca lcula te  the energe t i c  coeff ic ient  Ki of the h ighes t  
filled molecu la r  orb i ta l  of a num ber  of indole de r iva t ives  which, as the w r i t e r s  [3] have shown, p o s s e s s  D-,  
M-,  and T -  ant iserotonin  p rope r t i e s ,  and also the cor responding  p a r a m e t e r  for  eyproheptadine,  one of the 
mos t  powerful  modern  serotonin antagonists  of the D-type  [13]. 

TABLE i .  Auxi l iary  
P a r a m e t e r s  for  Atoms 
and Bonds* 

Parameter 
Atom (5) 

C 
N 
S 

--O-- 
O~ 
H3 
He 

~ ,0 

2 
1,2 

--0,2 
--0,2 

Param- 
Bond eter (5) 

C--C 1 
C=C 0,6 
C--N 0,7 
C--S 0,9 
C--O 0,9 
C=O 2,0 
C~H~ 2,0 
C=H3 2, 0 

*As the table of p a r a m e t e r s  
shows, in the model chosen 
2 or  3 hydrogen  a toms  in a 
methylene or  methyl  group 
are  counted as 1 atom. 

E X P E R I M E N T A L  M E T H O D  

The calculat ions were  made by the " s imple"  method of mo lecu l a r  
o rb i ta l s  in Biickel 's  LCAO (l inear  combinat ion of a tomic  orbi ta ls)  approx i -  
mation. The bas i s  of the calculat ions was the s y s t e m  of p a r a m e t e r s  
{Table 1) developed by B. and A. Pu l lman  [4] and ve r i f i ed  on a l a rge  num-  
b e r  of d i f ferent  molecules .  P a r a m e t e r s  for  the sulfur  atom are  taken f r o m  
K a r r e m a n  et al. (these p a r a m e t e r s  a re  given by Or lof f  and Fi t t s  [12]). 

A type Bt~M-3 digital  compu te r  was used  in the invest igat ion,  with 
p r o g r a m s  kindly supplied by L. A. Gribov.  Since the p r o g r a m  used  to 
solve the s ecu la r  equation was capable  of minimiz ing  the energy  of not 
m o r e  than a 30 -a tom sys tem,  the mo lecu l a r  o rb i t a l s  of compounds ALA- 
306 and K-281 were  found by an approx imate  pe r tu rba t ion  method. The 
per tu rb ing  effect  of the d imethylaminoethyl  o r  benzyl  r ad ica l s  on the 
s t ronges t  e l ec t ron-donor  level  of  the co r respond ing  molecule ,  without a 
subst i tuent  at the indole n i t rogen a tom,  was taken into considerat ion.  The 
fo rmula  of the second approximat ion  of the pe r tu rba t ion  method for  a 
s imple  s t ruc tu re  ope ra to r  [1] was used. 
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E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The s t ruc tu re  of the compounds invest igated and the r e su l t s  of ca lcula t ions  of the energy  of the i r  
highest  filled orb i ta l  a r e  given in Table 2. Detai ls  of ant iserotonin  act ivi ty obtained p rev ious ly  by Pidevieh 
et  al. for  indole de r iva t ives  [3], and by Stone et  al. [13] and Pidevich  [2] for  eyproheptadine,  a re  given on 
the r ight  of the table.  As Table 2 shows, cyproheptadine has  a low K i value of the h ighes t  filled orbi ta l  
(0 ,327) .  The values  of K i of the highest  filled orbi ta is  of dialkylindole de r iva t ives  (ALA-251, K-281, ALA- 
306, MEA) are  0.5-0.53,  indicating the modera te  e l ec t ron -donor  p r o p e r t i e s  of  these  compounds. The 
highest  filled orbi ta l  of the thiopyranindole de r iva t ives  (K-191, tipindole),  judging f r o m  these  calculat ions,  
is  antibonding, because  the sign of i ts  Ki coeff icient  is  negat ive.  A s i m i l a r  p r o p e r t y  was p rev ious ly  des -  
cr ibed for  f lavins and phenothiazine de r iva t ives  [1]. It is  evidence of the superdonor  p r o p e r t i e s  of the c o m -  
pounds. However ,  the absolute magnitude of the energet ic  coeff ic ients  of thiopyranindole de r iva t ives  must  
be accepted caut iously,  for  it  is  not ye t  sufficiently c l ea r  how the p r e s e n c e  of the sulfur  atom influences the 
calculat ions [4, 12]. Neve r t he l e s s ,  these  calculat ions evidently show that  in p r inc ip le  it is poss ib le  for  th io-  
py ran indo lede r iva t ives ,  l ike cyproheptadine and the dialkylindoles,  to f o r m  complexes ,  accompanied  by 
ene rgy  t r a n s f e r ,  with e l ec t ron  aeceptors .  

No re la t ionship  can be obse rved  between the energe t ic  coeff ic ient  of the highest  filled orbi ta l  of the 
inves t igated compounds and the i r  D-,  M-,  o r  T -  ant iserotonin  activity.  

However ,  this fact  cannot be r ega rded  as contravening the hypothes is  of  the role  of e l ec t ron -donor  
p r o p e r t i e s  of compounds in the i r  in te rac t ion  with serotonin r e c e p t o r s .  It s imply  indicates  that  o ther  c h a r a c -  
t e r i s t i c s  of the substance  are  also impor tan t  for  this interact ion.  It is  t he re fo re  in te res t ing  to note that,  
even in expe r imen t s  in v i t ro  with a combinat ion of two subs tances ,  one of which is an e lec t ron  donor,  the 
other  an e lec t ron  acceptor ,  abili ty to f o r m  complexes  with charge  t r a n s f e r  was de te rmined  not only by the 
energy  of the i r  mo lecu la r  orb i ta l s ,  but also by the i r  total  cha rges  and the a r r a n g e m e n t  of the individual 
a toms,  the poss ib i l i ty  of bonding and so on [5, 6, 9, 10]. In expe r imen t s  on i so la ted  organs  and, in pa r t i cu l a r ,  
in vivo, the number  of f ac to r s  influencing act ivi ty of the compound na tu ra l ly  i nc r ea se s .  The r e su l t s  of 
these  calcula t ions  cannot t he re fo re  identify the se ro ton inerg ic  s t r u c t u r e s  for  whose in te rac t ion  with the 
compounds the e l ec t ron -donor  p r o p e r t i e s  of these  compounds are  so p a r t i c u l a r l y  impor tant .  The poss ib i l i ty  
is  not ruled out that  these  p r o p e r t i e s  are  impor tan t  for  in te rac t ion  with sero tonin  r e c e p t o r s  of D-,  M-,  and 
also of T - types ,  but the se lec t ive  affinity of the antagonists  for  r e c e p t o r s  of a p a r t i c u l a r  type is  evidently 
due to other  c h a r a c t e r i s t i c s  of the i r  molecule.  

The absolute value of K i on the highest  filled orbi ta l  does not de t e rmine  whether  the subs tance  does 
o r  does not p o s s e s s  in terna l  activity,  i .e. ,  the abil i ty to produce  exci ta t ion o r  blocking by in terac t ion  with 
sero tonin  r e c e p t o r s .  This  i s  shown by compar ing  the r e su l t s  of  the p r e s e n t  invest igat ion with those ob-  
tained by  K a r r e m a n  et ai. [10]. In fact,  Ki of the highest  filled orb i ta l  of the serotonin  antagonis ts  may  be 
e i the r  h igher  or  lower  than the 0.461 cha rac t e r i s t i c  of serotonin  [10]. 

To shed fu r the r  light on the m e c h a n i s m  of in te rac t ion  of compounds with sero tonin  r e c e p t o r s ,  it is 
evidently impor tan t  not only to de te rmine  the ene rg ie s  of  the highest  fi l led orbi ta l ,  but also to obtain va lues  
for  other  quan tum-chemica l  p a r a m e t e r s  of the molecule  of sero tonin  antagonis ts  and, in pa r t i cu l a r ,  the i r  
a tomic charges ,  bond o r d e r s ,  f ree  va lences ,  and so on. Future  inves t iga t ions  will be devoted to the ca lcu-  
lation of these  p a r a m e t e r s .  

The w r i t e r s  a re  gra teful  to Dr. Phys.  -Math. Sci. L. A. Gr ibov for  providing the p r o g r a m s  and a s s i s t -  
ing with the methods of calculat ion.  
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