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I n t e r m o l e c u l a r  i n t e rac t ion  between anes the t ics  and ch lo roace t i c  acid was demons t r a t ed  by 
absorp t ion  spec t roscopy ;  the deg ree  of this  i n t e rac t ion  c o r r e l a t e s  with the anes thet ic  ac t iv -  
i ty of the subs tances .  In te rac t ion  between local  anes the t ics  and monocarboxyl ic  acids  was 
shown to take p lace  with the fo rmat ion  of complexes  with a 1 : 1 composi t ion.  Determina t ion  
of the s t ab i l i t y  constants  and enthalpies  ( -AH),  the values  Of which va ry  between 1.61 and 
9.51 k c a l / m o l e ,  leads  to the conclus ion that  hydrogen bonding p a r t i c i p a t e s  in the fo rmat ion  of 
complexes  of loca l  anes the t ics  with ea rboxy l i e  ac ids .  The study of the i n f r a r ed  s p e c t r a  of 
the complexes  in ch lo ro fo rm  and in m a t r i c e s  with po ta s s ium b romide  showed that i n t e r m o -  
l e e u l a r  i n t e rac t ion  between local  anes the t i cs  and the acids  takes  p lace  on account of the c a r -  
bonyl groups.  The data on i n t e r m o l e e u l a r  in te rac t ion  in model  s y s t e m s  of anes the t ics  with 
e l e c t r o n - a c e e p t o r  components  a r e  r e g a r d e d  as conf i rmat ion  of the e a r l i e r  hypothesis  that  
the ea rbony l  group p lays  a ro l e  in the anes the t ic  effect and they conf i rm the impor tance  of 
the hydrogen  bond fo rmed  dur ing  in te rac t ion  between the loca l  anes the t ic  and the act ive a r e a s  

of the nerve  f iber  membrane .  

Loca l  anes the t i cs  i n t e r f e r e  with the conduction of the impulse  along a nerve  by d e p r e s s i n g  sodium 
p e r m e a b i l i t y  and s t ab i l i z ing  the nerve  f iber  m e m b r a n e  [10, 13]. An impor tan t  ro l e  in the genesis  of this  ef-  
fect  is  a s c r i b e d  to phys i cochemica l  i n t e r ac t ion  between the loca l  anes the t i cs  and act ive a r e a s  of the nerve  
f ibe r  m e m b r a n e  [8, 17]. These  act ive a r e a s  ( r ecep to r s )  may be ca rboxyl  ( se r ine  phosphat ides)  and phos-  
phate  groups of phosphol ip ids ,  which a re  r e g a r d e d  as the chief  s u b s t r a t e  for  the act ion of local  anes the t ics  
in the ne rve  f iber  m e m b r a n e  [6, 11, 12]. 

TABLE 1. Opt ica l  Dens i t ies  and The i r  
Deviat ions at the Maximum of the A b s o r p -  
t ion Band of Solutions of Loca l  Anes the t ics  
in the P r e s e n c e  of Chloroace t i c  Acid 

Local 
anesthetic 

Optical dens. of mix. 
hn~r olanesthetics with 
,.: . . . . . . .  ehloroacetic acid (D) rle actiw ~ . , 

it ~C" iounaex-I 
y t~ ) additive perimen- AD 

~ally 

Cinchocaine 
Amethocaine 
Xyloeaine 
Benzocaine 
Procaine 
Anesthesin 

0,013 
0,025 
0,I0 
0,31 
0,56 
0,625 

0,425 
0,440 
0,525 
0,525 
0,590 
0,495 

0,332 
0,525 
0,470 
0,475 
0,550 
0,512 

0,093 
0,085 
0,055 
0,050 
0,040 
0,017 

It was shown p rev ious ly  [4] that  the anes the t ic  ac t iv i ty  
of compounds c o r r e l a t e s  c lose ly  with the in tens i ty  of i n t e r -  
m o l e c u l a r  i n t e rac t ion  between the anes the t ics  and ca rboxyl  
and phosphate  groups ,  and the more  m a r k e d  the e l e c t r o n - d o -  
nor  p r o p e r t i e s  of the anes the t ic  molecu les  the g r e a t e r  the de-  
g r ee  of this  in te rac t ion .  Accord ing  to LSfgren [15], in anes -  
the t ics  belonging to the c a t e go r i e s  of e s t e r s  and amides  of 
a r o m a t i c  ac ids ,  because  of the p r e s e n c e  of a p o l a r i z e d  c a r -  
bonyl group in which the oxygen atom is an e l ec t ron  donor,  
d ipo le -d ipo le  in te rac t ion  with the r e c e p t o r s  of the m e m b r a n e  
can occur .  Gal insky et al, [14] found a high degree  of c o r r e -  
la t ion  in a s e r i e s  of p a r s - s u b s t i t u t e d  de r iva t ives  of the d ie th-  
y laminoe thy l  e s t e r  of benzoic  acid  between the anes the t ic  ac -  
t iv i ty  of the compounds and the f requency of absorp t ion  of the 
ca rbonyl  group in the i n f r a r e d  spec t rum.  
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TABLE 2. Thermodynamic  Charac ter i s t ics  of Complexes of Local 
Anesthetics with Some Monocarboxylic Acids (M • m) 

Local anesthetic 

Cinchocaine . . . . . .  
Amethocaine . . . . . .  
Xylocaine . . . . . .  
Benzocaine . . . . . .  
Procaine . . . . . .  
Anesthesin . . . . . .  

Monochloro- 
acetic acid 

--AH --AS 

9,5-----0,2 24,8• 
8,4+0,2 21,2• 
7,0-4-0,1 17,2~0,2 
5,7-+-0,3 13,6--0,1 
419+0,1 ll,9+0,1 
3,9+0,1 9,1--~0,2 

Formic acid Acetic acid 

--AH [ --AS --AH I --AS 

7,30---+0,31 18,4• 6,30-----0,1 16,0~0,2 
6,20--0,21 15,2• 5,70~0,21 14,20~0,3 
6,0-+-0, I I 15,0~0,2] 4,9~0,1 I 11,8~0,2 
4,8--~0,5 I 11,7--+0,81 3,5~0,6 I T,9~l,0 
4,0--+0,1 9,4-----0,1 2,5---+0,1 5,8~-0,l 
3,0~0,1 7,4--0,1 1,6--+0,2 3,5--+0,4 

Note. --AH) Values of enthalpy (in kcal /mole ;  -AS)  entropy values 
(in entropy units). 

t o D 
/00 1 ~/.0 

0,/ ~s U 0,7 0,g 

Fig. 1. Fusibil i ty and optical 
density curves  of cinchocaine 
and procaine.  Fusibil i ty of the 
sys tems  of cinchocaine {1) and 
procaine (2) with chloroacet ic  
acid; optical density of com-  
plexes of cinchocaine (3) and 
procaine {4) with chloroacet ic  
acid. Abscissa ,  rat io between 
components (anes the t ic -ac id) ;  
ordinate,  left: t empera tu re  in 
~ right:  optical density. 

However, the possibil i ty that the carbonyl group part icipates in 
the formation of a complex between local anesthetics and e l ec t ron -ac -  
ceptor  components and the charac te r  of the bond thus formed has not 
been investigated experimentally.  An attempt was made to repa i r  this 
omission.  

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

Interaction in an aqueous medium between the local anesthetics 
cinehocaine, amethocaine,  xyloeaine, benzocaine, procaine and anesthe-  
sin (as bases) with chloroacet ic  acid was investigated by absorption 
spec t roscopy in the UV part  of the spectrum. Details of the method have 
been descr ibed previously [4]. The concentrat ion of the acid was 2.5 x 10 -2 
M and of the anesthetics 1.75 x 10 -4 M. The composition of the com- 
plexes formed were studied by a visual polythermie method [1] in the 
solid phase and by the i somolar  ser ies  method [2] in solution. The com-  
position of complexes of anesthesis ,  procaine,  xyloeaine, and cinchocaine 
with chloroacet ic  acid were investigated by the visual-polythermic meth-  
od; amethocaine and benzocaine were investigated with t rans-e innamic  
acid, for these two local anesthetics give thermical ly  unstable sys tems 
with the acids mentioned above. To determine the composition of the 
complexes by the i somolar  ser ies  method, equimolar  solutions of chlo-  
roacet ic  acid and of the local anesthetic were mixed in different p ropor -  
tions by volume; the optical density of the sys tems  was measured  at 
wavelengths corresponding to the maximum of absorption. 

To determine the thermodynamic charac te r i s t i c s  of the complexes,  
the constants of stability (K) of the complexes between anesthetics and a 

ser ies  of aliphatic acids [16] were determined at t empera tures  of 10, 20, 30, and 40~ and the values of the 
enthalphy (AH) and entropy (AS) were calculated f rom the graph of RInK as a function of 1 / T .  

The cha rac t e r  of the bond in the complexes was also studied by inf rared  spectrography.  The infrared 
spec t ra  were recorded  on an IR-20 instrument  with NaC1 (for the region 1500-1600 cm -1) and LiF (in the 
region 1600-3600 cm -1) p r i sms .  Chloroform was used as the solvent. Spectra of insoluble complexes were 
obtained in mat r ices  with potass ium bromide [3 ]. 

The anesthetic activity was studied in experiments  on guinea pigs by the method of Biilbring and Wajda 
[9]. It was charac te r i zed  by the EC~0 value, determined graphically. 

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  

Absorption curves  in sys tems  of chloroacet ic  a c i d - l o c a l  anesthetic were found not to coincide with 
the additive curves  calculated on the basis of Beer ' s  law (Table 1). This is evidence of in termolecular  in- 
te rac t ion  between the chloracet ic  acid and the local anesthetic [7]. It is significant that the anesthetic act iv-  
ity increases  in the same o rde r  as the intensity of in termolecular  interact ion CAD). 
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Fig. 2. Spectra of amethocaine,  t r ich loroace t ic  acid, and a 
mixture of the two: 1) amethocaine; 2) t r ich loroace t ic  acid; 
3) mixture of amethocaine and t r ich loroace t ic  acid. 

Fusibil i ty curves  of sys tems  of procaine and cinchocaine with chloroacet ic  acid are  shown in Fig. 1. 
It is c lear  that the fusibility curves  consis t  of three branches of crysta l l izat ion:  two branches of pure com- 
ponents and a branch of crys ta l l iza t ion  of an incongruently fused complex of composit ion 1 : 1. Curves of the 
optical density of the same sys tems  in pet ro leum ether  as the solvent are also showninFig.  1. These curves 
a lso  have an "outstanding point" for a rat io of 1 : 1  between the components,  indicating that the complex 
formed in this case p r e se rves  its composit ion in dilute solutions. 

Similar  resul ts  were obtained for the other  sys tems  investigated. The resul ts  of these experiments  
conf i rm the ea r l i e r  conclusion that local  anesthetics are e lec t ron  donors which form a ! : 1 complex with 
monocarboxyl ic  acids. 

Enthalpy and enthropy values of complexes of local anesthetics with acids obtained in pe t ro leum ether  
having an inert  solvent are  given in Table 2. They show that the enthalpy values (--AH) of the complexes formed 
lie within limits corresponding to energies  of the hydrogen bond [5]. The stabili ty of the complexes decreases  
in a se r ies  of e lec t ron-donor  components in the following order :  cinchocaine > amethocaine > xylocaine > 
benzocaine > procaine > anesthesin (Table 2), which is exactly the same o rde r  as the e lec t ron-donor  act iv-  
ity of these compounds determined f rom depress ion of optical density in aqueous solutions, and it co r re la tes  
with their  anesthetic activity (Table 1). 

Both oxygen and ni trogen can act theoret ical ly  as e lec t ron-donor  atoms inthe local anesthetics studied. 
Invest igation of the inf rared spec t ra  of the complexes enables an unequivocal answer to be given to this 
question. 

As Fig. 2 shows, significant differences compared  with the spec t ra  of ch loroform solutions of each of 
the components are  observed in the spec t ra  of solutions of tr iple sys tems (amethoca ine - t r i ch lo roaee t i c  
a c i d - c h l o r o f o r m )  in the region of valency oscil lat ions of the C = O and O - H  (N--H) groups. Fo r  instance,  
the band of Vc=O-molecu les  of amethocaine (v = 1696-1703 cm -1) in the tr iple sys tems  is shifted into the 
region of lower frequencies (v = 1665 cm-~). The band of vC=o-bound  oscil lat ions of t r ich loroace t ic  acid 
is also slightly displaced toward the low-frequency side. 

In the region of v c = o - u n b o u n d  oscil lat ions of the acid (v~ = 1790 cm-~; ~2 = 1762 cm -1) only cer ta in  
changes in the shape of the absorption band are  observed,  evidently because of a change in the polari ty of 
the medium on the addition of amethocaine to the solution. 

C lea re r  changes in the spec t rum of tr iple sys tems  were observed in the region of the vOH(NH)-valen- 
cy oscil lations.  It is c lear  that on the addition of amethocaine to a solution of t r ich loroace t ic  acid the de- 
c r ea se  in intensity of the VOH band of the monomer  molecules  (v 6 = 3515 cm -I) is accompanied by displace-  
ment of the center  of gravi ty of the combined band of the assoc ia ted  molecules  of acid f rom Vma x 2950 to 
Vmax 2600 cm -1, whereas the intensity and position of the band of the monomer  amethocaine molecules 
(v = 3440 cm -~) are  vir tual ly unchanged. 

Similar  changes in the spec t ra  were obtained in the experiments  with anesthesin,  xyloeaine, eincho- 
caine, and procaine.  All these changes unequivocally show that a C13C202H. amethocain complex is formed,  
and that the hydroxyl group of the acid and carbonyl  group of the anesthetic part icipate in the mechanism 
of association.  
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The results  of these investigations of intermolecular interaction in model systems of local anesthetics 
with electron-acceptor  components confirm the previously postulated role of the carbonyl group in the anes- 
thetic effect and they also indicate the importance of the hydrogen bond formed during interaction of the lo- 
cal anesthetic with the active areas of the nerve fiber membrane. 
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