
1232 Specialia ]~XPERIENTIA 26111 

rats.  In  contras t ,  the  in jec t ion  of 25 mg/kg  of mescMine 
in to  cats  p roduced  peak  levels in t he  bra in  of 4 ag/g  
af ter  30-60 min and  the  b ra in -p lasma  rat io  was approxi -  
ma t e ly  4 s. In jec t ion  of the  same q u a n t i t y  of mescal ine 
into dogs p roduced  cort ical  levels of 13 ag/g af ter  4 h 
and  the  b ra in -p la sma  rat io was a p p r o x i m a t e l y  29. These 
da t a  could indica te  a species di f ference in t he  accumula-  
t ion of mescal ine in t he  CNS. 

The physiological  disposi t ion of 4 -me thoxypheny] -  
e thy lamine  (M-l) and 3 , 4 - d i m e t h o x y p h e n y l e t h y l a m i n e  
(M-2) in the  r a t  is known1~ n.  A compar i son  of these  
da t a  w i th  those  ob ta ined  wi th  3, 4, 5 - t r ime thoxypheny l -  
e thy lamine  (M-3) or mescal ine  in th is  paper  shows the  
following differences:  First ,  af ter  t he  in ject ion of c o m -  
parable  amounts ,  M- l ,  M-2, and  M-3 can be de tec ted  in 
t he  bra in  for app rox ima te ly  30, 45, and a t  least  210 rain. 
Second,  the  in jec t ion  of increasing doses of M-1 and M-2 
produces  an increase in bra in  levels, whereas  M-3 shows 
sa tura t ion  in t he  CNS. Third,  peak  levels af ter  the  
in ject ion of 40 mg/kg  i.p. of M-l ,  M-2, and  M-3 are 
app rox ima te ly  17, 8, and  3 ~,g/g, respect ively.  Ra t ios  of 
the  concen t ra t ions  in the  bra in  and  p l a sma  are approxi -  
ma t e ly  4, 2, and  0.6, respect ively.  The number  of m e t h o x y  
groups seems to decrease the  pene t r a t i on  of these  com- 
pounds  into the  CNS. Four th ,  the presence  of M-1 and 
M-2 in the  CNS correlates  fairly well wi th  the  t ime  of 

Table II. Concentrations of mescaline in rat brain, liver and plasma 
as a function of dose injected 

ab n o rma l  behav ior  whereas  no such correlat ion is a p p a r e n t  
for M-3; ra ts  appea r  normal  af ter  a p p r o x i m a t e l y  2 h  4 
a l though  bra in  levels of M-3 are still  as h igh as a t  t imes  
of abnorma l  behavior .  Final ly,  the  smal les t  doses of M-l ,  
M-2, and M-3 which  will show abnormal  behavior  in ra t s  
are a p p r o x i m a t e l y  40, 25, and  12.5 mg/kg,  respect ively.  
At  these  doses bra in  levels of M-l ,  M-2, and M-3 are 
a p p r o x i m a t e l y  17, 3, and 0.5 ~g/g, respect ively.  A com- 
par i son  of the  in jec ted  doses of M-1 and  M-3 shows t h a t  
M-3 is ap p ro x i ma t e l y  3 t imes  more  p o t e n t  t h a n  M-1. How- 
ever, a compar i son  of the  bra in  levels of bo th  compounds  
a t  these  doses reveals  t h a t  M-3 produces  abnorma l  be- 
hav ior  a t  1/34 the  concen t ra t ion  at  which  M-1 is effec- 
t ive  ~2. 

Zusammen/assung. Eine  Schne l lme thode  zur Best im- 
mung  yon Meskalin in Geweben und  biologischen Fliissig- 
kei ten  wird beschr ieben.  Nach  der  In jek t ion  (40 mg/kg,  
i.p.) s inken die K o n z e n t r a t i o n e n  yon  Meskalin i n  Leber  
und  P l a s ma  w~hrend der  folgenden 2 h rasch ab, w~Lhrend 
die Ve rb indung  im Gehirn (ca. 1,5 ~g/g) bis zu 3,5 h 
u n v e d i n d e r t  verble ibt .  E in  Vergleich zwischen Meskalin 
und zwei v e r w a n d t e n  Ve rb indungen  wurde  anges t e l l t  
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Dose (mg/kg) 
20 40 80 

~g/g or ml 
Brain 0.9 ~ 0.4 3.2 4- 0.7 2.7 4- 0.6 
Liver 6.1 =L 4.2 22.1 4- 2.1 52.5 4- 13.8 
Plasma 2.6 4- 1.0 4.9 4- 2.0 10.2 4- 1.9 

Each value is the mean 4- the standard deviation from at least 
3 animals. Rats were killed 30 rain after i.p. administration of 
mescaline • hemisulfate. 
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N - ( t - A m i n o a l k y n y l ) - S u b s t i t u t e d  P y r r o l i d o n e s  a s  O x o t r e m o r i n e  A n t a g o n i s t s  

The high degree of muscar in ic  p o t e n c y  of oxot remor ine ,  
1- (2-oxopyrrol idino)-4-pyrrol idino-2-butyne,  per iphera l ly  1 
as well as cent ra l ly  2 has s t imula ted  the  in te res t  in struc-  
tu ra l  modif ica t ions  of th is  agent .  A n u m b e r  of compounds  
closely re la ted  to  oxo t remor ine  have  been synthes ized  
by  BEBBIN~TON et al. 3 and  NEYMEYER et al.% b u t  it  was 
found  t h a t  all s t ruc tu ra l  changes  resul ted  in compounds  
which  were  e i ther  less act ive  t h a n  oxo t remor ine  or inact ive.  

In  1966 we observed  t h a t  r ep lacemen t  of the  2-oxo- 
pyrrol id ino moie ty  of t he  oxo t remor ine  molecule by  a 
succinimide group led to compounds  wi th  an tagonis t ic  
proper t ies  5, s, and  it was found  la ter  t h a t  s l ight  modif ica-  
t ions  in the  2 -bu tyne  chain could lead to compounds  
which  were abou t  one h u n d r e d  t imes  more  act ive as 
an tagon i s t s  t h a n  the  p a r e n t  compound  v. We  found i t  of 
in te res t  to inves t iga te  how similar  modif ica t ions  of t he  
2-butyne  chain of oxo t remor ine  would influence the  
pharmacologica l  proper t ies ,  and  we now wish to  r epor t  
on the  synthes is  and pharmacologica l  proper t ies  of a 

series of compounds  closeIy re la ted  to oxot remor ine  in 
which  the  2-butyne  chain has been  b ranched  wi th  1 or 
2 me t h y l  groups or l eng thened  wi th  1 me thy l ene  
group be tween  the  acetylenic  bond  and the  l ac tam 
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Physical and pharmacological data for N-(t-aminoalkynyl)-substituted pyrrolidones 

O 
II 

I N--IR--C~C--CH2--N (CH~)n 

Compound R ~ Derivative Melting 
point/~ 

Formula In vivo dose (~xmoles/kg) in 
mice required to produce 

Oxotrelnorine Mydriasis b 
blockade 

I CH(CHa) 4 Sesquioxalate 117 119 C16H23N~O ~ 
II CH(CH3) 5 Oxalate 144-145 C16H24N~O 5 
III CH(CH3) 6 Oxalate 116-1i7 CnH26N205 
IV CH(CH3) 7 Oxalate 123 125 ClsH~sN~O3 
V C(CHa) 2 4 Hydroehloride 1 2 1 - 1 2 3  CI~H2~C1N~O 
VI (CH2)~ 4 Sesquioxalate 119-121 C16H~aN 207 
VII (CH~) 2 5 Perchlorate 1 1 4 - 1 1 6  C14H23C1N205 
VIII (CFI~)t 6 Dihydrochloride 126-130 dec. C15H28Cl~N20 
Atropine 

0.44 1.65 
0.89 5 
0.82 4.85 
3.45 19.5 

15.4 65 
8.3 33 

95 c 
31.2 > 75 

2.8 0.29 

Dose of test compound required to double the dose of oxotremorine inducing a grade 2 tremor in 50% of the mice. 
required to double the pupil size relative to the control. ~ This compound produced miosis. 

b Dose of test compound 

ni t rogen.  Var ia t ions  of the  size of the  cyclic amine  were 
also made.  

The new compounds  were p repa red  t h rough  the  Man- 
n ich  reac t ion  by  ref luxing the  appropr i a t e  N-a lkynyl -  
pyrrol idone,  fo rma ldehyde  and  the  cyclic amine  in d ioxane  
in the  presence  of ca ta ly t ic  a m o u n t s  of cuprous chloride. 
The N-a lkyny lpyr ro l idone  was ob ta ined  by  ring closure 
of the  cor responding  4 -a lkyny laminobu ty r i c  acid. 

W h e n  the  new compounds  were t e s t ed  pharmacologi -  
cally, we found  surpr is ingly  t h a t  all of t h e m  were devoid 
of oxot remor ine- l ike  proper t ies  bu t  were ins tead  antag-  
onists  to  oxot remor ine ,  some of t h e m  being even more  
act ive  t h a n  a t ropine .  The compounds  p repa red  and  the  
resul ts  of the  pharmacologica l  t es t s  are p resen ted  in the  
Table.  

A n t a g o n i s m  to t r emor  induced by  oxo t remor ine  was 
e s t ima ted  by  de t e rmin ing  the  med ian  effective dose of 
oxo t remor ine  necessary  to produce  an i n t e rmi t t en t ,  
spon taneous  t r emor  (grade 2 t remor) .  The in tens i ty  of 
the  t r emor  was graded visual ly  according to  a three-  
po in t  sys t em earlier descr ibed s. The 'up and down '  
m e t h o d  for s m a l l  samples  descr ibed by  D l x o ~  9 was 
employed  to e s t ima te  t he  med i an  effective dose of oxo- 
t remor ine .  E a c h  c o m p o u n d  was screened ini t ial ly to  
de t e rmine  the  dose range in which  it was effect ive;  
4 l inear ly  spaced doses including zero were t h e n  chosen. 
Groups  of 6 female mice  weighing 22-26 g were admin-  
is tered oxo t remor ine  wi th  or w i thou t  the  t e s t  comp o u n d  
and the  med ian  effect ive dose of oxo t remor ine  was 
de te rmined .  A logar i thmic  series of doses of oxo t remor ine  
wi th  a spacing of 0.1 in t he  log10 dose scale was used. 
Tremors  were graded 3 min  af ter  the  admin i s t r a t i on  of 
oxot remor ine .  The t es t  compounds  were admin i s t e red  
i.p. 10 rain before t he  i.v. admin i s t r a t i on  of the  oxo- 
t remor ine .  Animals  w i th  a grade 2 t ren lor  or more  were 
des igna ted  pos i t ive ;  o thers  were des igna ted  negat ive.  
The med ian  effect ive dose of oxo t remor ine  was t h e n  
p lo t t ed  aga ins t  the  dose of t he  t e s t  compound ,  and the  
dose of an t agon i s t  which  doubled  the  med ian  effect ive 
dose of oxo t remor ine  was e s t ima ted  graphical ly.  Mydr ia t ic  
ac t iv i ty  was e s t ima ted  on mice (groups of 6) by  measur ing  
the  pupi l la ry  d iamete r  before, and  ] 0 rain af ter  the  in t ra -  

per i toneal  in ject ion of the  t e s t  compound .  The measure-  
men t s  were made  under  cons t an t  l ight  source using a 
binocular  dissect ing microscope wi th  a ca l ibra ted  eye- 
piece. The mydr ia t i c  dose was e s t ima ted  graphical ly  as 
t h a t  required to  double  the  pupi l  d i amete r  re la t ive  to the  
control .  

I t  is ev iden t  f rom the  Table t h a t  all the  compounds  
were effect ive in blocking the  mo to r  effects of oxot remo-  
rine, 3 of t h e m  (I-III) being more  act ive  t h a n  atropine.  
The mos t  ac t ive  co mp o u n d  (I), which differs f rom oxo- 
t r emor ine  ill s t ruc tu re  only  by  a me t h y l  group, was more  
t h a n  6 t imes  as act ive as a t ropine  in th is  respect .  The 
dose required to p roduce  oxo t remor ine  blockade was in 
every  case less t h a n  t h a t  which  p roduced  mydrias is .  
This is in marked  con t ras t  to a t ropine,  which is less 
effective in blocking oxot remor ine  t h a n  in p roduc ing  
mydriasis .  Consequent ly  the  compounds  repor ted  here  
can be regarded  as ant ichol inergic  agents  wi th  a grea ter  
se lec t iv i ty  for the  cent ra l  nervous  sys t em t h a n  a t ropine .  

Zusammen/assung. Eine  Anzahl  von Antagon i s t en  zu 
Oxo t remor in  wurden  durch  kleine Modif ika t ionen der  
S t ru k t u r  des Oxot remor ins  erhal ten.  Die ak t ivs te  Ver- 
b indung,  N-(1-Methyl-4-pyrrol idino-  2-but inyl)pyrrol idon,  
ist mehr  als sechsmal  wi rksamer  als At rop in  und  ha t  eine 
grSssere Spezifizit~it mi t  Bezug auf das Zen t ra lnerven-  
sys tem.  
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