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less complex reaction conditions than generally en- 
countered in the biological system. 

I t  was of interest in the present study to direct our 
efforts towards the synthesis, hydrolysis, and substitu- 
ent effect analysis of a congeneric series of esters which 
are also potential substrates of the cholinesterase en- 
zymes. For this purpose, a series of ortho, meta, and 
para substituted benzoylcholine esters was chosen. 

It was also of interest to use the results obtained to 
inquire further into the recent controversy regarding 
uo* and E2, the Taft substituent constants for ortho- 
substitutued benzoates.6a Using multiple regression 
analysis, C h a r t o ~ i ~ a - ~  has obtained convincing evidence 
that u,* and E,O are not measures of the intrinsic polar 
and steric effects, respectively, of ortho substituents. 
Since these constants could be used potentially to cor- 
relate the rate data of the present series of ortho deriva- 
tives as well as other biological substrates, it is apparent 
that they require further investigation. The results 
suggested a theoretical relationship between the Taft 
and Charton approaches not demonstrated previously. 

Experimental Section 
Materials.-Esters used in this study were syiithesized from 

commercially available starting materials. The preparation of 
benzoylcholine is a typical procedure. 2-L)imethylaminoethanol 
(7.0 ml, 0.07 mol) was added dropwise to a cold stirred solut,ion 
of BzC1 (8.2 ml, 0.07 mol) in 100 ml of anhydrous CsHs, and 
the react,ion mixture was heated under reflux for 2 hr. The 
precipit,ated HCl salt was recovered from the C6H6 by adding a 
total of 50 ml of H20 and separating the t'wo layers. A solution 
of the free amine was obtained by adding 10% NaOH dropwise 
to the aq layer and rapidly extracting into EtZO. After separat- 
ing, drying, and cooling the ether layer, cold Me1 (4.5 ml, 0.07 
mol) was added slowly with drririg,  arid the mixture was heated 
under reflux for 2 hr. The Et20 was evaporated, and the solid 
rehidue of benzoylcholiiie was tallized in abs EtOH to afford 
an average of 11.4 g of product (48.97, yield). 

Quantities ( 5  g) of all esters, except, the p-NOI derivative, were 
recrystallized from abs EtOH (100-350 ml) and dried over P206 

for 8-12 hr under vacuum. The average yield for this step was 
3.80 g (76%). p-Kitrobenzoylcholine was recrystallized from 
600 ml of 85% EtOH. The dried products were stored over 
CaCl? a t  0". The melting points (uncorrected) which were taken 
on a Fisher-Johns melting point apparatus are listed in Table I 
together with available literature values. 

St'ock solutions of esters, ranging bet'weeii 2 x 10-3 and 2 x 
lo-* J I ,  were prepared immediately before ube aiid stored in an 
ice bath. Both the stock ester solutions atid reaction medium 
were 0.1 AI iii reagent grade SaC1. Purified NP was used to 
provide a Coy-free environment in the reaction chamber, and t,he 
gas was passed through an aqueous solution before entering the 
chamber. The normalities of the NaOH titrant solutions were 
determined by titration with standard potassium acid phthalate 
solutions and were found to range between 2.19 x 10-3 and 1.03 
x 10-2 2\'. 

Kinetic Assays.-Assays for the OH- cat,alyzed reactions 
were carried out at, a constant pH of 7.40 using a semiautomatic 
pH-Stat. Since virtually all of the BzOH produced during 
the reaction is fully ionized a t  pH 7.40, a record of the XaOH 
tiiraiit added during any kinetic run to maintain a constant pH 
i3 also a record of the benzoic acid liberated from the ester: 
dl0H-j  I d t  = d[BA]jdt = -d[IICOOR]/dtat a constaiit pH. 

The following components were used in assembling the pH- 
Stat:  (a)  a Beckman Research pH meter equipped with a Beck- 
man type E-2 glass electrode (39004) (for stability reasons a 
Ag-AgC1 reference electrodes was constructed and used in measur- 
ing the relatively slow alkaline hydrolysis rates a t  high meter 
sensitivities); (b) a Honeywell 2-y recorder(Mode1 s -133x33~~-  
~ _ _ _ _ _  

( i j  (a) M. Charton, J .  A n e r .  Chern. Soc., 91, 615 (1969); (b) i b i d . ,  619; 

( 8 )  J.  .J. Lingane. "Electroanalytical Chemistry," Interscience Publishers, 
(cj  ib id . .  62-1. 

Inc. ,  Ken. Yurk,  S .  Y. (19531, p 1 6 8 .  

TABLE I 
;\IELTlNG POINTS O F  SUBSTITUTED BENZOYLCHOLINE I O D l D E S  

Sub- RIP, Mp (lit.), 
stituent O C  OC 

H 240.95-241 243a 
o -CH~ 153-153.5 l57b 

1 10-1 1 2 a  na-CH8 17.;-175.5c 
p-CHa 199-199.5 197-198" 
0-c1 170-170.5 166-168," 174b 
m-C1 194.5-195 192-195" 
p-c1 215.5-216 
O-F 211-212 
m-F 209.5-210 206-209= 
P-F 178.5-179 173-1 75' 
0-NO:: 154.5-155 1 5 2  
m-NO2 195.4-195 dec 183-186' 
p-NO? 238-239 dec 
o-OCH~ 159.5-160 16Zb 
o-Br 142.5-143 142b 

('See W. E. Ormerod, Biocheni. J . ,  54, 701 (1953). See 
J. Thomas and J. I<. Stoker, J .  Pharm. Pharmacol., 13, 129 
(1961). c Bot,h the acyl chloride and t,he ester used in this study 
were analyzed by ir and gave the results expected of a meta- 
substituted benzoyl derivative. Furthermore, this derivative 
exhibits the normal inductive effect on the rate of alkaline 
hydrolysis based on  the correlation of log ks with u.  

x-120) of which the z-axis input voltage was supplied by an 
SI-100 Integrator (Self Organizing Systems Inc.) connected to a 
constant' voltage source and of which the y-axis was supplied 
by a voltage source constructed for the base-delivering micro- 
pipet; (c )  a reaction chamber assembly consisting of a 50 ml, 
water-jacket.ed Pyrex glass reaction chamber fitted with a Lucite 
top [The Lucite top was constructed to protect the reaction 
solution from atmospheric COZ and to serve as a mounting unit 
for all the necessary solution probes (electrodes, gas inlet, titrant 
inlet, etc.). Solutions were magnetically stirred and maintained 
at, 37" (+0.06") with a P .  31. Tampson circulation thermostat] ; 
(d) a semiautomatic titration assembly constructed by attaching 
a 10-turn Beckman Helipot to t,he delivery knob of a l-ml l lano- 
stat micropipet. The Helipot was driven by a 1.35-V Hg battery 
connected to  the y-axis input of the s-y recorder. I n  this way 
any addition of t,itrant was automatically recorded as a function 
of time. 

Prior 
to daily runs the elect,rode assembly was equilibrated at 37" 
and the pH meter standardized with Beckman pH 6.84 buffer. 
The 50-ml reaction solutions with 2 x to 1.2 x 10-2 JI 
ester in 0.1 M NaCl were routinely flushed with 5 2  for 10 min to 
the neutral point (pH 6.811 at  37") and then allowed to reach 37". 
N2 was subsequently directed across the surface of the solution 
during the kinetic run. The reactions were initiated by manually 
adding SaOH titrant from the micropipet t,o a pH of 7.4. Base 
additions were then continued manually at  frequent intervals for 
15-30 min t,o maintain a pH of 7.40 during the course of ester 
hydrolysis. The initial velocity, vo, for each individual hydrolysis 
measurement was obtained from t,he slope of the linear portion 
of the s-y recorder plot. Slopes which were accurately readable 
were achieved by using an appropriate combination of chart 
speed, ester concentration, and NaOH concentration. 

Kinetic assays were coriduct,ed in the following way. 

Results and Discussion 
Kinetic Constants.-Pseudo-first-order rate con- 

stants, ko, ,&d,  \yere obtained from the slopes of plots of 
vo, the initial rate, us. [RCOORIo, the initial ester con- 
centration in accordance with the equation, vo = kohsd'  

[RCOORIO. At least four different values of [pLCOOR]o, 
extending over an approximately fourfold concen- 
tration range, were used in determining the kohsd for 
each ester. All plots were linear yielding correlation 
coefficients of not less than 0.99% 

At slightly alkaline pH values, kobsd can be expressed 
as liol,sd = ko + kt [OH-] where ko is the water hydrolysis 
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coiistuiit and l i 2  is tlic second-order :Illialinc hjrdrolysis 
coiistant8.9 Wlicri /io << 18,z [OH-], howvcr ,  :I, plot of 
kohsd us. [OH-] will h:ive a i 1  npp:treiit' zero iiit,ercept. 
Figure 1 demotistr:ttcs this ie1:itioriship for the m- 
NO2 derivut,ive for which rate nwiisuremeiith were mack 

drolj-sis constarit, /io: for other charged 
been shown to lie corisiderably less th:m I,,2 by 9-10 
orders of  mugnit udc, uid thercfore thc results of Figure 
1 arc not unexpected. 0 1 1  tlie basis of the apparelit 
zero intercept obtained for 1?z-riitroherizoylcliolirie, o11(? 
of thc more rapidly hydrolyzed esters. ii zero value for 
k0 was assumed for each of the cstcrs; and k2  values were 
calculated from the equation li,e = / iohsd/ [OII- ] .  Thc 
results obtained from the substituent effect arialyses 
appe:ir t,o verify the correctness of this assumption since 
correlutioris with substituent coiwtatita would not be 
cspectcd n pr ior i  for rcactioiis ii i  which the mte  constant 

;Lt p1-i values of 7.4, S.O, S.4. ii11d S.(i. The  H20 hy- 

(!I) 'T. ( ~ ,  13rriicv ani1 >. .I. l lrnku\ i v .  " 1 3 1 0 1 ~ 1 ~ ~ a n i ~ ~  Ale<,iianisiiis," \'d. I .  

(10) (a) h r .  G ,  \\-right. .J .  Clte?n. S o , . .  B .  A48 (15Ifj8): ( i t )  13. I lc~lni~~i i is i  
\V. .I. I3enjamin I n c . ,  N e w  l ' u r k .  S .  I... l!jW, 11 4. 

and T. C .  Hruice, . I .  .I m e r .  Ciri rn. SUP. .  91, 1U82 1 I ! i i i i l l .  
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I n  eq 2 the coefficient of u is the reaction constant, p, 
and the constant for the equation is the calculated value 
of log k2 for benzoylcholine. Values of u used in the 
regression analysis were taken from the compilation 
of Jaff15.~ 

From the sign and magnitude of p in eq 2 it is evident 
that electron-withdrawing substituents facilitate the 
alkaline hydrolysis of ineta and para substituted ben- 
zoylcholirie derivatives ( i e . ,  electron withdrawal from 
the ester CO increases the ease of nucleophilic attack). 
This result is in agreement with many similar analyses 
appearing in the literature regarding substituent effects 
in the alkaline hydrolysis of benzoate esters3 and is con- 
sistent with the hypothesis of a rate-limiting attack by 
OH- on  the ester C0.l5 The value of p = 1.540 which 
we observe is lower than values of p for benzoate es- 
ters ( p  > 2 )  obtained in less polar s o l v e ~ i t s , ~ ~ ~ b  but the 
decrease is expected n-hen effects attributable to dielec- 
tric constant and temperature are considered. Ham- 
rnettI6 has suggested that the reaction constant is in- 
versely related to both the dielectric constant and tem- 
perature; and in general, this view is supported by a 
decrease in the observed reaction constant for benzoate 
esters as the polarity of the solvent and the reaction 
temperature increase. Ipor example, the alkaline hy- 
drolysis of ethyl benzoates at  23" in EtOH has a 
p = 2.537, although in 757, MeOH p = 2.193.3 Sim- 
ilarly, the alkaline hydrolysis of methyl benzoates a t  
0" in 60% acetone has a p = 2.460, but a t  50" in the 
same solvent p = 1.980.3 Nore recently, Chapman, 
et. a1.,l7 have attempted to quantitate the solvent effect 
on reaction rate using various solvent parameters. 
For the reactions of meta and para substituted benzoic 
acids and phenylacetic acids with diazodiphenylmethane 
in eight different alcohols, p values were satisfactorily 
correlated with a linear combination of (D - l) /(2 D + 
1) and u* where D is the dielectric constant and u* is 
the Taft polar constant for aliphatic substituenk6& 
These workers attributed the negative effect of a high 
dielectric to the decreased transmission of polar effects 
through the medium and to a decrease in the energy 
required to effect charge separation in the transition 
state. Both of these solvent effects can lead to a re- 
duction in substituent effects. 

The aqueous medium used in the hydrolysis studies 
of benzoylcholine esters would further increase the 
dielectric effect of solvent to decrease p, and therefore 
a value of p = 1.540 is not unreasonable. The absolute 
magnitude of this decrease is of the order expected on 
the basis of other reactions conducted in both aqueous 
and organic solvents. For the ionization of benzoic 
acids a t  23", the reaction constants in water and ethanol 
are 1.000 and 1.957, re~pectively.~ A similar difference 
exists for the ionization of anilinium ions. 

The potential influence of the charged oholirie moiety 
on the reaction is also of interest since the formal charge 
could affect the susceptibility of attack by OH- as well 
as affecting the susceptibility of the reaction center to 
ring-substituent effects. Evidence against the former 
of these potential effects has recently been obtained for 
the hydrolysis of a series of Q substituted o-nitrophenyl 

(1.5) 31 L. Bender R. D Ginger, and .J. P Unik, .I. Amer.  Chrm. S o ? ,  

(16) I. P IIammett .  hi/ 59, 96 (1837). 
( 1 7 )  N. I 3  Cliapman .J .  R. Lee, and ,J Shorter, J .  Chem. SOC. B,  769 

80, 1044 (1958) 

(1969). 

esters in aqueous solution, including both charged and 
uncharged Q substituents.'Ob On the basis of a linear 
correlation between log ko for HzO catalysis and log k2 
for OH- catalysis, it was concluded that a formal 
charge-charge attraction or repulsion is unimportant 
in the nucleophilic attack by OH- on the ester CO. 
It would also appear that the charged choline moiety 
would have a negligible effect on the transmission of 
ring substituent effects, although evidence for this has 
not been presented. 

ortho Substituents.-Substituent effects on the hy- 
drolysis rates of the oiYho derivatives were analyzed 
initially using the equation propobed by Taft.6c 

(3 1 
where uo* is the Taft polar substituent constant and 
E,O is the Taft steric constant, both for ortho substituted 
benzoates. p* and 6 are the reaction constants asso- 
ciated with (TO* and E,O, respectively. Equation 3 
implies that the total substituent effect 011 the rate of 
hydrolysis of ortho substituted benzoates is accounted 
for by a linear combination of polar and steric energy 
terms. I n  testing the applicability of this model to 
the present set of ortho derivatives, the following set 
of equations were obtained by stepwise regression 
analysis. 

log k L X  = 

log k L X  = 

log k2--x = p*ao* + 6E.O + log k 2 - c ~ ~  

n r  r 2  S P 

-0.321E.0 + 0.585 6 0 0 (4) 

1 . 0 2 0 ~ 0 *  + 0.212 6 0.749 0.561 0.382 0.100 (5) 
log k ~ - ~  = 1 . 9 6 9 ~ 0 *  + 

0.815E,O - 0.214 6 0.934 0.872 0.283 0.026 (6) 
log ki-, = 1 .948~0*  + 

0.828E2 - 0.298 4 0.996 0.993 0.092 0.050 (7) 

The coefficients of the substituent constants in eq 
4-7 are the respective reaction constants, and the con- 
stant for the equations is the calculated value of log k ,  
for o-toluoylcholine, the standard for this series. Val- 
ues of the substituent constants used in this analysis 
were those given by Taft.6dse From the statistical 
values for eq 4 and 5 it is clear that  substituent effects 
in the ortho position cannot be accounted for solely by 
(TO* or E:. The results of eq G and 7, on the other 
hand, strongly suggest the correctness of the assumption 
that both uo* and E,O are required in explaining the 
total substituent effect on the rate. On the basis of the 
F-test, p* and 6 are significant at the 0.025 and 0.050 
levels, respectively. 

The physical significance of the results obtained with 
eq G and 7 is obscured in light of recent evidence pro- 
duced by Chart~n. '&-~ Using multiple regression 
techniques Charton has shown that:  (a') the Taft 
E,O values for ortho substituents are independent of van 
der Waals radii and are primarily a measure of reso- 
nance effects; (b') the Taft uo* constants are not a 
measure of inherent polar inductive effects but instead 

(18) (a) 0-C1, o-Br, o-F,  o-CHa, o-OCHP, and +NO* for the  n = 6 set: 
o-F, o-CHa, o-OCHs. and o-KOt for t h e  n = 4 set. H was excluded from 
these series since t h e  benzene ring and t h e  carboxyl group are coplanar in  
hcnzoic acid [M. Charton and B. I. Charton, J .  Org.  Chem., 33, 3872 (1968)l. 
I n  most ortho-substituted benzoic acids the  plane of the  carboxyl group 
makes a n  angle grester than  zero with t h e  plane of the  benzene ring. Thp 
inclusion of H in the  regression analysis of t h e  present ortho series con- 
sistently produced lower correlations; (b) r and r2 for eq 6 and 7 are the  
multiple correlation coefficient and multiple coefficient of determination, 
respectively. See reference 13b for multiple regression techniques. 



are :L mixture of the electrical substituent effects pro- 
duced in acidic and basic hydrolysis; (c') the substituent 
effect in the alkaline h j  drolysis of u) tho  substituted 
benzoates c:m be accounted for solelj h j  t hts iiitrinsic 
gcner:il iiiductive effect of the substituenth. 

I h t e  data for the ortho substituted beiizoSIcholine 
esters was further analyzed i i I  light of the coticlusions, 
a' .cI , abovr. The stepwise corre1:ttioti of log k2 for t he 
u)  tho derivatives with uI I q d  ' I  a t i t l  rwult- i i i  the 
follo\vitig ecju:tt ioris. ?I'  

Tlir results of eq S m d  9 indicate that ut :ttlequatelj 
accounts for the total substituent effect oil the rnte. 
-1dditiori of VR to the equatioii doeh not improve the 
correlation (F-ratio for the coefficient of f f H  = 0.023). 
It 1, rioted that in this beries of equatioiiy the 1 1  = 1 
aiid ) t  = G bets produce near11 identical i v:ilueh i t 1  

c0iitra.t to ey G and 7 giveii previoudy. Since Char- 
toiliii ' has .shon-r-ri uI values to be indepeiident of hteric ef- 
fect,. the re-ults of eq S arid 9 furthcr indicate th:tt thp 
siibstitueiit effect on alhaliiie h j  drol 
subitituted benzoj Icholine cht ers IS ( 
field effect of the substituent. 
.I discussion of the v:mable solverit eflect oil p mu) 

bc iiitroduced to potentially explain the larger p valuc 
of ? . O M  obtained for the ortho series compared with the 
p v:due ot 1.540 obtained for the meta aiitl paia  series. 
It l x i ~  heen show1 that the reactloll cori3tnnt obtaiiied 
for c*orrelatioii of uI with log K ,  for the ionizntioii of 
0 1  t h o  subqtituted berizoic acid+ i:, independent of qolveiit 
eff(~rts.lya Similar but less coiiviii 
bewi preheiited for the alkaline h j  dro 
stituted benzoate+." In contrast, fo 
mefn :tiid pai a hubstituted ticlnzoates the reaction con- 
stmt decrexres :is solverit polarity iiicreases.lha This 
riegntive effect of solverit, discussed prerioudy i i i  rcla- 
t i o i i  to  the p value of the m d a  a i i d  pu/  w derivativ(+, 
would :ippc:ir to be iioiiexi*teit t i i i  the ( 1 )  fiio derivatives ; 
i ~ t i d  t hcl-efore A larger value of p \\auld I)e oxpc.ctetl. 

I hc succesh iii correlutiiig tlic log X 2  value.: for thc 
oi t h o  dei,iratives n i th  uI or \I i th LL linear conihiiiation 

: ~ i i t l  I<:) +uggest- :I g e n c d  relat iotiship hetween 
et+ of huhitituent coiiit:tiits. I'roin the ecp:itioii* 

of Taft m d  Chnrtoii it can be shon I I  t h t  uI *hould he :I 

liiiear function of uIl* and LJ' (5ee Appwdix). Thc 
rcgre4oti eclu:itiori* for thi, id:ttioti-hi1) :ire givoii : I +  

folio\\..!' 

r .  

f l91  (a) a i  is the indiictil-e constant given i,? Taft  for aliphatic series 
IK. \\-. T a f t ,  .Tr.. J .  Phys.  Chem.,  64, 1806 (1.960): LI. Charton. J .  Ory. 
Clrrm.. 28, 3121 (196:3)1; (1,) Charton has shown tha t  the  U I  constants may 
I ~ P  related tlirouxh a simple linear ei,uat.ion t u  tlie pK;, of .-ul,stituted acetir 
acids in water and are independent of steric effects [AI. Charton, i b i d . ,  29, 
1222 ( lY64) l .  The equation for this relationship is U L , ~  = m ( p K a , , )  + I 

where m and c are the  least suiiares dope and intercept, respectively; l c j  
a11 is the resonance substituent constant calculated from the  relationship 
U R  = up - U T  where up is the  Hammett constant for p a i a  siibstituent.e 
[R. W. Taf t .  J r . ,  and I. C .  Lewis. J .  Amer.  Chem. Soc.,  80, 2316 (193811. 

(20) T h e  n = 4 and 71 = 6 sets refer to  the same iulistitrients given in 
footnote 18a. 

(21) T h e n  = 6 set refers t o  the same substituents given in fobr:ioir Ida 
o-OC?Hs and 0-1 were added t o  the above for t i l e  ,, = 8 i p t  

Appendix 

Taft"' F ha' definrci go* :uid E,0 i n  the followiiig waj . 

E "  = log i k ,  k < ~ ~ ) k  11'1 

where the log ternis refer to the relative rates of all<alinc 
(B) arid acidic (-4) hydrolysis and where the constant, 
2.&, c:iii he represented hv 

'24s = p,c* - pa* (-3'1 

U ) *  = f I  24\)llOg(Ay k C H y ) B  -- l o g ( k ,  k ( H i ) 4 /  1 1 ' )  



Rearrangement of eq 1’ yields ‘JI = [ ( P B *  - P.\* ) , ’PRI ‘Jn*  + ( 6 / P R ) E s o  (10‘) 

The Metabolism of Pyrovalerone Hydrochloride 

Jv. lIICHAELIS, J .  H. RUSSEL, A S D  0. SCHIXDLER 

Rrncarch, Institute, Dr. A .  Wandw S.A., Bcrnp, Siuifzcrland 

Recciued Dccrmbcr 3, 1968 

The absorption, distribution, and excretion of 14C-labeled pyrovalerone hydrochloride (1,4’-methyl-2-(l-pyr- 
rolidiny1)valerophenone hydrochloride) were investigated after both oral and intravenous administration of a 
single dose of 20 mg/kg and 10 mg/kg, respectively, to t8he mouse. After oral administration, the subst,ance was 
rapidly and completely absorbed and after bot,h intravenous and oral ctdminist,rat,ion, t,he radioactivity was ex- 
creted rapidly in the urine. Regardless of the mode of administration, within 24 hr over 90y0 reappeared i n  the 
wine whereas less than 10% was detected in the feces. The radioactivity found in the body was concentrated in 
the liver, bile, and kidneys. The brain contained only traces of radioactivity; t,his consisting of unchanged pyro- 
valerone. An examination was also made of human, rabbit, and mowe urine after administration of single doses 
of 60 mg for t,he human, 40 mg/kg PO. for the rabbit, and 10 mg!kg iv. for the mouse. The substance was 
excreted very rapidly by all three species and mainly as met,abolit>e 8. In no instance could unchanged pyro- 
valerone be det,ected. 

Pyrovalerone hydrochloride (1) is a psychostimulant 
synthesized by Heff e.* Both in pharmacological3 and 
in clinical4 experiments, i t  differs markedly from amphet- 
amine. 

u I 

0 “C’ 
1 

An account is given of the absorption, distribution, 
and excretion of pyrovalerone.HC1 (1) in the mouse 
after both oral and intravenous administration of a 
single dose of the 14C-labeled substance (*C = 14C). 

Attempts to elucidate the chemical nature of the radio- 
activity detected in the brain and experiments to 
identify pyrovalerone and its metabolites in the urine of 
mice, rabbits, and humans are also described. 

Results and Discussion 
Absorption, Distribution, and Excretion in the Mouse. 

-In a preliminary trial with mice housed in a closed 
metabo1it.e cage, no 14C02 was expired during 24 hr. 
The result’s5 present,ed were obtained from animals 

(1) 41-~le th~l -2- ( l -p~rro l id inyl ) ra le rophenone  hydrochloride (F-1983) 

(2) \V. Heffe, Hela. Chim.  A d a ,  47, 1289 (1964). 
(3) G. Stille, H. Ackermann, E. Eichenherger, and H. Lauener, Arznrim. 

Forsch..  13, 871 (1963). 
(4) (a) H.  Heimann and K. Vetter, Schweiz. M e n ‘ .  Wochrnsrhr., 96, 306 

(1965); (b) A. R.  Holliday, R. B. Morris, and R.  P. Sharpley, Psychopharma- 
rologia.  6, 192 (1964); H. Heimann and G .  Lukacs, ihid., 8 ,  79 (1966). 

(6) T h e  concentrations of radioactivity in the organs are presented as  
micrograms of radioactive snhstance icalmlated as unchanped pyrovalerone 
HCI) per w 8 m  of frrsli fissile. Tlir liared frrtrtions of radioactivity (as a 

iDr. A .  \Vander S.A., 3001 Derne, Switzerland). 

which, during the experiment, were housed in open 
metabolite cages. 

Using the methods described in the experimental 
section, the excretion curves shown in Figure 1 were 
obtained for urine and feces. Figure 2 is a graphical 
presentation of the distribution of activity in the gastro- 
intestinal tract. 

After oral administration, pyrovalerone . HC1 mas 
absorbed rapidly. Thirty minutes after administration, 
only 29% of the dose remained in the gastrointestinal 
tract. Radioactivity mas excreted in the urine rapidly, 
and, only 4 hr after administration, 70% had been 
excreted by this route. I n  all, over 90% of the admin- 
istered radioactivity was excreted in the urine and G-SYo 
in the feces. The fractions of radioactivity in the 
stomach and intestine correspond with the excretion 
patterns (see Figure 2 ) .  

After intravenous administration, the onset of excre- 
tion of radioactivity in the urine was even more rapid, 
Radioactivity was detected in the urine only 5 min after 
injection and 13 min after administration 20yG of the 
dose had already been excreted by this route. From 
Figure 1 it  is evident that the pattern of excretion in the 
urine and feces is about the same with both methods of 
administration. This confirms that pyrovalerone . HC1 
is absorbed rapid13 and completely after oral adminis- 
tration. 

The concentrations in the most important organs 
further confirm the rapid absorption. After oral ad- 
ministration (Table I), all investigated organs except 
the bile attained their highest concentrations during the 

percentage of the dose) and the  Concentrations represent the axerage of the 
single pool$ of b o t h  animals. The polnts on the excretlon cu r \  c (FI:ure 1) 
for the times Iiited are the arithmetic a\ eiagrr of all estiinations. 


