
. 

9. 
J, Marek,  Pharmazie ,  36__, 46-49 (1981). 
C, A, Winter,  E . A .  ' "" Rlcu~ey, and G. \v, Nuss, Proc. Soc, Exp. Biol., (N.Y.), iii, 544-547 (la6i}. 

SYNTHESIS 

OF 

OF 

AND PHARMACOLOGICAL PROPERTIES 

THE HYDROCH LORIDE 

d, l -or - TO CO PHERO L-7 - [N-ISONICOT INOYL]A NIINOBUTYRATE 
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A compound which plays an important  ro le  in the functional p r o c e s s e s  of the bra in  and which has a t t rac ted  
the attention of clinicians is y -aminobutyr ic  acid (GABA) [6, 8, 9]. One of the drawbacks of this  drug, however,  
is that when given oral ly  it does not readi ly  pass  through the hematoencephal i t ic  b a r r i e r  (HEB) into the central  
nervous  sys tem.  To ove rcome  this disadvantage, and also to obtain compounds which not only have the p rope r -  
t ies  of GABA, but also other  des i rab le  pharmacological  p roper t i es ,  severa l  approaches  have been used, one of 
which consis ts  of modifying its s t ruc ture .  This  has led to the prepara t ion  of such compounds as pi racetam,  
phenibut, baclofen, etc.  Another approach involves the chemical  coupling of the amino group of GABA with a 
biologically active compound [5, 14], which acts  as a c a r r i e r  to t r anspor t  the GABA through the HEB; sub- 
s tances  with new pharmacological  p roper t i e s  may also be  synthesized by this method. 

Compounds investigated as c a r r i e r s  of GABA tlrough the membranes  of the ce reb ra l  capi l la r ies  included 
lipids [11], nicot inic  [10], pantothenic [12], isonicotinic [4], and other acids, the e s t e r s  of which with GABA in 
addition to exhibiting specif ic  pharmacological  action, to some extent or another  par t ic ipate  in the regulat ion 
of the circulat ion of blood in the brain [2]. Thus,  it was established that N-isonicot inyl-GABA (]II} increased 
blood-ci rcula t ion in the bra in  and lowered the tonus in the a r t e r i a l  sys tem of the brain [7]. 

In the course  of this work, we became interes ted in synthesizing and studying the pharmacological  p rope r -  
t ies  of d , l -a - tocopheryl -~/ - [N- isonicot inoyl ]aminobutyra te  (VI), s ince vi tamin E - a subsidiary component of the 
s t ruc tu re  of N- isonicot inoyl -~-aminobutyr ic  acid (Ill) - plays an important  ro le  in the stabil ization of the m e m -  
brane  [13]. 

Compound VI was obtained by the following scheme:  

RNHNHz NaNO'-I-HC~ 1 RNs GABA RNH(CH2)~ COOH 

I Me II III [ ]SOC]I 

RNH(CIH,)3COC1 .HC1 

Me 
VI 

R = Isontcotinoyl 

The hydraz ine  of isonicotinic acid (I) with HNO 2 gave the azide (H), which was reacted  with GABA in the 
p resence  of NaOH. F r o m  the sodium salt  of N-isonicot inoyl-GABA (III) was obtained the hydrochlor ide  of the 
acid chloride of N-isonicot inoyl-GABA (IV}, which was condensed with f resh ly  p repared  d , l - a - t o c o p h e r o l  (V) 
in the p resence  of pyridine.  The react ion product  VI was purified,  f i r s t  by dissolving it in ch loroform and 
t reat ing this solution with the ion-exchange res in  KU-2 x8 in the H+-form,  and then by chromatography on a 
column of IA0/100 s i l ica  gel (ChSSR). Trea tmen t  of VI with ethyl alcohol, sa turated with HC1 gas gave the 
hydrochlor ide  of VI (VII), a pale-yel low crys ta l l ine  substance readi ly  soluble in alcohol.  
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The composi t ion and s t r u c t u r e s  of compounds VI and VII we re  conf i rmed f r o m  e lementa l  analys is ,  and 
IR, NMR, and UV spec t r a l  data.  

The IR spec t r a  of compounds VI and VII d i f fer  f rom that of the s ta r t ing  compound HI, which contains 
absorp t ion  bands c h a r a c t e r i s t i c  of i ts  functional g roups  (kmax, cm-1): NH (3350), C = O  (17207, COO- (1610), 
CONH (1540), CONH (1290); the s p e c t r u m  of III has no absorpt ion at 1610 (COO-), and the absorpt ion  at 1720 
(C--O) is shifted to 1750 cm -1, due to the fo rmat ion  of the e ther .  

In the NMR s p e c t r a  of compounds VI and VII, the re  a r e  peaks  due to protons located as follows: the p y r i -  
dine r ing at C 2 and C a (9, 12, and 8.65 ppm, d 2H), the methylene groups  of HI at C.r of V at C a, and of III at 
Cot (3.24 ppm, t, 2,65 ppm, t, and 2.10 ppm, d 2H), the methyl  groups  of V at C 5, C 7, C 8 (2~ ppm, d 9H), the 
methylene  groups  of V at C a, IH at Cfl, and the i soprene  ring of V (1.75 ppm, t 2H; 1.75 ppm, m 2H, and 1.20 
ppm, b road  signal,  18H), the methyl  groups  of the i soprene  ring of V (0.85 ppm, d 9H). 

The UV s p e c t r a  of compounds VI and VH have  an absorp t ion  m a x i m u m  at 276 nm with ~.1% equal to 85 
~ c m  

and 117 respec t ive ly ,  approximately~, the s a m e  as  fo r  e s t e r s  of V repor t ed  in the l i t e ra tu re :  d , l - a - t o c o p h e r y l -  
ace ta te  (Xmax 285 nm, Elc'~ 43.3) [1] and d , l -o t - tocopherylphosphate  (;~max 286.5 nm, E 1% 43.5) [3]. 

c m  

E X P E R I M E N T A L  ( C H E M I C A L )  

React ion products  we re  chromatographed  on an ion-exchange r e s in  column (KU-2 • 8 in the H + form),  and 
on an IA0/100 (ChSSR) s i l ica  gel column with the following solvent sy s t ems :  CHCI 3 ( sys tem A) and CHC1 s -  
e ther  9 : 1  ( sys tem B). TLC was ca r r i ed  out using Silufol UV-254 (ChSSR) plates  and the solvent s y s t e m s  MeOH- 
wate r  1 : 1  ( sys tem C), and h e x a n e - e t h e r  1 : 2  ( sys tem D). In f ra red  s p e c t r a  were  taken on a UR-10 (GDR) spec -  
t rophotomete r ;  compounds were  p repa red  as mulls  with mine ra l  oil or  in KBr  pel le ts .  UV spec t r a  were  r e -  
corded on a Hitachi  EPS-3T (Japan) spec t ropho tomete r  at 240-350 rim. NMR s p e c t r a w e r e  r eco rded  on a B r u c k -  
e r  WM-250 (FRG) s p e c t r o m e t e r  with a working f requency  of 250 MHz, using deutera ted  solvents  CDCl 3, 
CD3OD, and D20; in ternal  s tandard TMS. 

N-Isonicotinoyl-T-aminobutyric Acid (III). To a v igorous ly  s t i r r ed  mix tu re  of 22.60 g (0.165 mole) of the 
hydrazide  of isonicotinic acid (I), 33.5 ml of HC1 (d 2~ 1.18) and 17 ml of wa te r  at -50C was added over  a period 
of 2 hours  a solution of 25.30 g (0.367 moles)  of NaNO 2 in 33.7 ml of water ,  the solution brought to pH 7.0 by the 
addition of NaCO a and left to stand fo r  24 hours  at 0-5~ To the precipi ta ted  azide H, a f te r  decanting the 
mothe r  liquor,  was added a solution of 16.50 g (0.162 moles)  of GABA in 16 ml o f l N  NaOH (pH 8.0-9.0) and the 
mix tu re  s t i r r ed  at 18-200C for  24 hours .  The solution was evapora ted  to d rynes s  in v a c u o  00-15  m m  of m e r -  
cury), the res idua l  sodium sal t  of isonicot inoyl-GABA washed with MeOH (2 • 20 ml), then dissolved in 15 ml  of 
wa te r  and acidif ied w i t h l N  HC1 to pH 4.0. The mix tu re  was maintained at 0-5~ for  12 hours .  The  prec ip i ta ted  
ma te r i a l  was separa ted ,  washed with wa te r  (2 x 15 ml) and dried in vacuo (0.1 mm) over  P20~ at 20~ to give 22 
g (66.1%) of IH with mp 166-167~ (decomp.). Found, ~: C 57.60; H 5.80; N 13.48. C10H12N20 a. Calculated, %: 

17c C 57.69; H 5,81; N 13.45. UV spec t rum,  l m a x ,  nm (Elcrn) (MeOH): 271 (310). NMH s p e c t r u m  (D20), 6, ppm: 
74 - - -  8. d and 8.12 d (2H, H-2,  3); 3.24 t, 2.24 t, and 1.72 ri4 (2H, H-~,fl,T). R f  0.72 ( sy s t em C). 

d , l - ~ - T o c o p h e r y l - 7 - ( N - i s o n i c c t i n o y l ) a m i n o b u t y r a t e  (VI). A mix tu re  of 5.75 g (0.028 mole) of III, 35 ml 
of d ry  toluene and 16.47 g (0.138 mole) of SOCl 2 was ref luxed for  3 hours,  and then evaporated to d r y n e s s  in 
vacuo (10-15 m m  mercu ry ) .  To the res idue  was added a solution of 9.69 g (0.023 mole) of d ,1--~- tocopherol  (V) 
in 15 ml of d ry  pyridine,  the mix tu re  s t i r r ed  for  3 hours  in an a t m o s p h e r e  of N 2 at 50-60~ and then evapora ted  
to d ryness .  The  res idue  was dissolved in CHC13, passed  through a column (50 • 100 mm) 2/3 filled with ion- 
exchange res in ,  and eluted with solver~ s y s t e m  A. The  crude  product  (11.83 g) of VI was chromatographed  on a 
s i l ica  gel column (20 • 400 ram). The  mix tu re  was eluted with solvent s y s t e m  A, and VI with s y s t e m  B. The 
f rac t ion  containing the reac t ion  product  VI was collected and concentra ted to d ryness  in vacuo (10-15 m m  m e r -  
cury) to give  5.07 g (36.3%) of VI. Found, %: C 75.40; H 9.72; N 4.50. CagHGoN204. Calculated %: C 74.44; H 
9.74; N 4.51. Rf 0.4 ( sys t em D). 

Hydrochor ide  of d , l - c~-Tocophery l -7 - (N- i son ico t inoy l )aminobutyra t  e (VII). To a solution of 5.07 g of VI 
in 3 ml  of absolute  alcohol was added 10 m l o f a l e o h o l ,  sa tu ra ted  with HCI gas .  The  prec ip i ta ted  ma te r i a l  was 
separa ted  and dr ied in vacuo (0.1 mm) at 20~ to give 4.83 g (90.0%) of VII with mp 84-860C. Found %: C 71.53; 
H 9.54; C1 5.41. CasH61C1N204. Calculated,  %: C 71.26; H 9.35; C1 5.39. 
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E X P E R I M E N T A L  ( P H A R M A C O L O G I C A L )  

Tests were conducted on cats under general anesthesia (urethane-chloralose) with artificially ventilated 
lungs. The effect (,f compound VII on the tonus of the cerebral blood vessels of the carotid and vertebral sys- 
tems [8] was stumbled by resistography. The supply of blood to the brain through the ar tery which passes through 
the inside of the jaw was determined with an RK]~-2 electromagnetic flow-meter. Simultaneously were re-  
corded the EEG in the parietal region, the EKG, and the arterial  pressure in the femoral artery.  Recordings 
were made o n a ,  Mlngograf-81.. Compound VH (10-20 mg/kg, intravenously) caused an increase in the blood 
supply to the brain (on average by 32%), which in some tests was observed immediately after administration of 
the drug, and in others after 5-10 minutes. The action of VII on the blood supply to the brain lasted for 10-20 
minutes. 

Compound VH, at this dosage, caused a lowering of the tonus of the cerebral blood vessels in the carotid 
arterial  system by an average of 13.5%, and in the vertebral by 13.4%. Arterial pressure on average was de- 
creased by 27%~ in some tests, an initial r ise in the level of the arterial  pressure which gradually changed to 
a decrease was noted. 

On studying the effect of VII on the neural regulation of the cerebral blood circulation, it was found that it 
weakened the constrictor reaction of the cerebral vessels,  caused by the electrical simulation of the tibialnerve. 
In addition to this it was observed that the p ressor  reflex of the arterial  pressure was depressed, and the EEG 
and EKG did not undergo any significant change. 

Thus, compound VII increased the rate of cerebral blood flow by lowering the tonus of the vessels in both 
arterial  systems in the brain, and weakened the reflector constrictor reaction of cerebral blood vessels.  The 
cerebrovascular effect of compound VII was not as great as that of N-isonicotinoyi-GABA [7]. 
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