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The thermal behaviour of tetrahydroperparine (THP) and its derivatives with various 
acids has been investigated. The acid is liberated from the formate derivative basically 
in two steps, while the other aliphatic acids are released quantitatively before the ther- 
rnal decomposition of the THP molecule. The thermoanalytical curves, electrical con- 
ductivity data measured in the molten phase, and infrared spectra prove that while 
part of the formic acid is hydrogen-bonded the other part is bound ionically in the 
molecule. It may be assumed that the marked biological activity of the compound 
can be explained by this difference in the nature of the bonds. 

The knowledge of physico-chemical properties which are dependent on the 
chemical structure of molecules of therapeutic value can often lead to the recogni- 
tion and explanation of the mechanism of biological activity. 
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A series of hydrated compounds with isoquinoline skeleton, described by the 
formula was prepared by Mdszfiros and coworkers [1]. Among the dihydro- 
derivatives there was a compound with antispasmodic effect [2]. However, with 
the preparation of tetrahydrated derivatives the therapeutic utility increased 
significantly. In the course of systematic research the formic acid derivative 
(THPF) of tetrahydroperparine (THP) attracted attention [3], since its biological 
activity differed significantly from the hydrochloric acid (THPHC1), acetic acid 
(THPA) and propionic acid (TGPP) derivatives. This observation raised the 
question as to whether the physico-chemical properties of THPF also exhibit 
some difference from those of the other derivatives. In principle, it can be assumed 
that there are differences in the strengths of the bonds in the acid derivatives of  
THP,  and that these can be examined by using thermal or spectroscopic methods. 
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Experimental 

The compounds were carefully purified by recrystallization and examined witl: 
a P a u l i k - P a u l i k - E r d e y  derivatograph (Hungarian Optical Works). The meas- 
urements were performed in an oxygen-free nitrogen atmosphere ensured by a 
constant gas-flow, with a 4~ heating rate. The complex thermoanalytical 
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Fig. 1. S imu l t aneous ly  recorded  c o m p l e x  the rmoana ly t i ca l  curves  o f  T H P ;  s amp le  weight :  
96.8 m g  

curves (TG, DTG,  DTA and T) characteristic of the thermal behaviour of the 
substance are shown in Figures 1 - 5. The THP melts at 90 ~ and its decomposition 
in the molten phase begins at 210 ~ The decomposition has a maximum rate at 
about 305 ~ gaseous decomposition products being liberated. The THPHCI 
decomposes after melting at 170 ~ with a maximum rate at 285~ the departure 
of the HC1 molecule cannot be identified as a separate process. The TG  curves 
indicate the separate release of one mole acid from both THPA and THPP. 
It is characteristic of both compounds that the departure of the acid begins in the 
molten phase immediately after the melting point and the weight change can be 
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evaluated in spite of  the complexity of  the D T G  curve. Furthermore, for the ace- 
tale derivative a slowing down in the departure of  the acid can be observed 
between 150 and 160 ~ After a relatively long weight constancy, at about 210 ~ 
the base begins to decompose, attaining the maximum decomposition rate at 290 ~ 
and  300 ~ for THPA and THPP, respectively. 
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Fig. 2. Simultaneously recorded complex thermoanalyt ical  curves of TH PHCI ; sample weight : 
93.6 mg 

The thermal behaviour of T H P F  differs markedly from that of the other T H P  
derivatives. Even before the melting point is attained at 85 ~ 2.8 ~ of the weight 
is lost, with a maximum rate at 75 ~ Following this an accelerating weight change 
can be observed, again due to the departure of  formic acid. An overall weight 
loss of 8 .9-9 .2~o results. The two maxima on the D T G  curve are due to the 
departure of  formic acid in two steps. The simultaneous formation of a liquid 
phase causes changes in the evaporation conditions of  the volatile component.  
The assumption was confirmed by the phenomenon that the proportions of the 
two maxima changed when the heating rate was increased, and also by the obser- 
vation that in the course of a thermogravimetric investigation on the micro scale, 
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the formic acid left in a single step. The diffusion does not play a significant role 
in the departure of volatile products if very small samples (a few mg) are investi- 
gated. It was conspicuous that after the departure of formic acid, in the eazlier- 
mentioned amount the temperature interval of weight constancy became signifi- 
cantly broader in comparison with those of the other derivatives. At 160 ~ due 
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Fig. 3. Simultaneously recorded complex thermoanalytical curves of THPA; sample weight : 
87.1 mg 

to the lower boiling point of formic acid, the weight became constant. At the same 
time the further decomposition of the residual base begins at a higher temperature 
than that of the pure base or even of THPHC1. 

The amount of formic acid leaving in the decomposition of THPF up to 160 ~ 
is much smaller than the 10.4% weight loss calculated for the 1 : 1 molar ratio. 
When a 10 % sulphuric acidic solution of the sample was used to expel the formic 
acid by steam distillation, then the amount of formic acid was found to be 13.5 %. 
Samples which had already been thermally treated up to 160 ~ were also analysed 
by the distillation process, and with respect to the original weight a further 4.5 % 
of formic acid could be obtained. Overall, the samples contained 13.7% formic 
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acid. The great difference in the amounts of  formic acid released in the thermal 
decomposition and by distillation proves that the formic acid is bound in the 
molecule in two different ways. 

Valuable information on the natures of  the bonds can be obtained from the 
specific electric conductivities of the compounds. With an instrument developed 
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Fig. 4. Simultaneously recorded complex thermoanalytical  curves of  T H P P ;  sample weight:  
96.5 mg 

earlier [4], THP and its derivatives were examined at temperatures about 10 ~ 
higher than their melting points. The data for molten salts are free of solvent 
effects and reflect with a good approximation the state of the solid salts. In the 
molten phase, at temperatures near the melting point, the arrangement of  the 
molecules is similar to that in the solid phase, with the restriction that this is valid 
only for smaller centres. 

The results of these measurements are listed in Table 1. 
The specific electric conductivity increases in the order: THP < THPP < 

< THPA < THPHC1 in good agreement with expectations based upon the disso- 
ciation constants of the acids. However, the value obtained for the formic acid 
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d e r i v a t i v e  s h o w s  a s ign i f i can t  d e v i a t i o n ,  d e m o n s t r a t i n g  t h a t  i t  c o n t a i n s  a b o n d  

o f  v e r y  p o l a r  c h a r a c t e r .  T h e  t e m p e r a t u r e  coef f ic ien t  o f  i ts  c o n d u c t i v i t y  is a l so  m u c h  

l a r g e r  t h a n  t h o s e  f o r  t h e  o t h e r  c o m p o u n d s ,  i n d i c a t i n g  s t r o n g e r  i n t e r m o l e c u l a r  

i n t e r a c t i o n s  i n  t h i s  case.  
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F i g .  5 .  Simultaneously recorded complex thermoanalytical  curves of T H P F ;  sample weight: 
92.0 mg 

Table 1 

Specific conductivity values of THP and its derivatives 

Temperature 
Compound of 1r ~-~ cm -~ 

measurement 
o C 

T H P  
THPHC1 
T H P F  
THPA 
THPP 

100 
185 
100 
100 
100 

immeasurably small 
1.18 �9 1 0  - 4  

3.49 �9 10 -a 
1 .67 '  10 -s  
3.21 �9 10 -~ 
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The conductivities of the compounds investigated, however, are smaller by 
some orders of magnitude than those of the salts of simple aliphatic amines. This 
difference is due not only to the intermolecular interactions but also to the smaller 
ionic mobility (this may be assumed because of the largeness of the THP mole- 
cule), and even more to the weakly basic nature of the compound. The viscosity 
of the melts, their glassy stiffening and lengthy crystallization process indicate 
strong intermolecular interactions. 

The conductivity data prove unambiguously that part of the formic acid is 
bonded in the THPF molecule by a relatively strong ionic bond, while the thermo- 
analytical results give with a good approximation the ratio of the acid bound by 
loose hydrogen-bonds and by ionic bonds, respectively. 

Our assumptions were also supported by infrared examinations of the com- 
pounds. The spectra were obtained with an IR spectrophotometer type Zeiss 
U.R.  10, using KBr pellets. The diffuse maxima characteristic of protonated 
nitrogen can be found between 3000-3500 cm-I  only in the THPHC1 and TH P F  
spectra, for THPA and THPP only a slight elevation of the baseline being observed. 
The intensity of the C = O asymmetric valence vibration of the ionic carboxylate 
decreases in the order THPF > THPA > THPP. Similarly, the intensity of the 
symmetric C = O valence vibration at about 1320 cm-1, characteristic of carboxy- 
lates, changes in the same way. The intensity of the peak at 1670-1660 cm -1 
changes in the order propionate > acetate > formate. This peak is characteristic 
of  the - COOH group. 

Conclusion 

The THP derivatives contain acids bound in different ways. In the acetate and 
propionate derivatives one molecule acid is hydrogen-bonded per molecule. In the 
case of formic acid a significant part is bound in this way, and can be removed 
at much lower temperatures. The remainder of the acid is bound in a molar ratio 
of  about 1 : 1/2 by stronger bonds, mainly of an ionic nature. It is characteristic 
of  the strength of these bonds that the acid is released only on the thermal decom- 
position of the whole molecule, or by steam-distillation from a non-volatile strong 
acid. The infrared spectra and electrical conductivity of the melt support these 
assumptions. 

The properties established can be of help in the assessment of the pharmaco- 
logical effect and its mechanism. 
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REsura~ - -  Les  a u t e u r s  on t  6tudi6 le c o m p o r t e m e n t  t h e r m i q u e  de la t6 t r ahydroperpa r ine  (THP)  
et  de ses d6riv6s avec  divers  acides. I1 a 6t6 6tabli que  le fo rmia te  d6riv6 de l 'ac ide s '6chappe  
en  trois  6tapes don t  deux  principales ,  t and is  que  les au t res  acides  a l ipha t iques  son t  lib6r6s 
quan t i t a t ive rnen t  a v a n t  la d6compos i t i on  t h e r m i q u e  de la mol6cule  de T H P .  A par t i r  des  
courbes  t h e r m o a n a l y t i q u e s  ainsi  que des  donn6es  de conduct ibi l i t6  61ectrique mesur6e  sur  la 
phase  fondue  et des spectres  d ' a b s o r p t i o n  in f ra rouge ,  les au t eu r s  m o n t r e n t  q u ' u n e  pat t ie  de  
l 'acide f o r m i q u e  est  li6e pa r  p o n t  d ' hyd rog6ne  et l ' au t re  pa t t ie  pa r  une  l ia ison ionique  dans  la 
mol6cule.  I1 est ~t p r 6 s u m e r  que  l 'activit6 b io logique  dist incte du  c o m p o s 6  s 'expl ique  par  cet te 
diff6rence d u  caract6re des  l iaisons.  

ZUSAMMENFASSUNG - -  Die A u t o r e n  prfif ten das  the rmische  Verha l ten  von  Te t r ahyd rope rpa r in  
(THP)  u n d  seiner  mi t  ve r sch iedenen  Sfiuren gebi ldeten Derivate .  Es wurde  festgestellt ,  d a b  
aus  d e m  Ameisens f iu re -Der iva t  die Sfiure in drei, g rund legend  in zwei Schr i t ten  entwich,  
w~ihrend die fibrigen a l ipha t i schen  S/iuren vor  der  t he rmischen  Ze r se t zung  des THP-Molek f i l s  
quan t i t a t iv  freigesetzt  wurden .  A u f g r u n d  der  t h e r m o a n a l y t i s c h e n  K u r v e n  sowie der in der  
g e s c h m o l z e n e n  Phase  gemessenen  e lekt r i schen Leitf~ihigkeit u n d  I n f r a r o t s p e k t r e n  bewiesen 
die Au to ren ,  dab  - -  w~ihrend ein Teil der  Ameisens / iu re  d u r c h  Wassers tof fbr f icken  g e b u n d e n  
ist - -  der andere  Teil  der Sfiure mit te ls  e iner  ion ischen  B i n d u n g  im  Molekfi l  fes tgehal ten ist. 
Es  k a n n  a n K e n o m m e n  werden ,  dab  sich die deut l iche biologische Aktivit/ i t  der  V e r b i n d u n g  
d u t c h  diesen Un te r sch ied  der B i n d u n g e n  erklfiren lfiBt. 

Pe3~oMe - -  ABT0paMn nccne~oBano TepMaqecEoe noBe~er~He x e x p a r u ~ p o n e p n a p n n a  (THP)  ~ e r o  
npoH3Bo~InLix, 06pa30aartnbix c pa3~IqnbiMI~ rnC~OTaMn. YcTanoBneno,  ~TO H3 qbopMrmT- 
npon3BO)2noro EHCSIOTa BbI~eSIfleTCn B TpI, I, B OCHOBHOM, B i/Be CTyIIeHI4, T0r~a, raK anndOaTn- 
qeci~He KHCnOTbI EonHqecTBeHriO y~a~rOTC~ ~0 TepMHqecKoro pacna~a  MoneKyn~,~ THP .  H a  
OCHOBannn TepMoanannTnqecKnx KpHBbLX, HnqbpaKpacnbix cnerTpOB H aannblx  a~eKrponoaoa-.  
nocTrL n3MepneMo~ B pacn~iaanenno~ qba3e, aBTOpbI CqI~Ta~OT, ~tTO o a n a  ~aCTb MypaB~,~InO/k 
KHCnOTbI B MOYIeKyJle CBfl3ana BO~0poftnOl~ CB~BbIO, a ~pyFa~I - -  HOHHO.~ CB$13bIO. I[pe~iioJiai'a ,~ 
eTC~I, tlTO onpe~enennaa  6Honornqecra~ aKTHBHOCTb coe~Hnenn~ MO~eT 6blTb o6~,flcnena 
3THM pa3J~HqHeM B npHpo~e CB~I3e~. 
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