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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. 
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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. 
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Figure 2.-Ilistribution of radioactiviij i i i  the gastrointestirial 
tract after admiriistratioti of pj lovaleIoiie.HC1 to the rnoii\e 
(iv 10 rng'kg, oiallj . 20 mg kg) 0 

first half hour. During the first hour, the liver had the 
greatest fraction of radioactivity with log, the fraction 
in the hidneys n :is distinctly lcss, its m:txinium value of 
2.17; being attained 30 miri after administration. Ow- 
ing to the rapid excretion of radioactivity, the remaining 
org:tns ( th j  miis glnnd, heart, :Ldrend glands, spleen, 
p:tiicreas, seminal vesicles, and testicles) alw contniiied 
oiil? small fractions of several thousandths of the ad- 
niiiiistercd dose vitliin the initial period of the experi- 
ment. Only mid1 tr:tctioiis \yere determined in the 
brain; O.17Yc 30 iniri after :Ldniiiiistr:ttioii :tiid O.llyc 1 
hr after administration. The highest concentrations 
were registered in th r  liver, bile, arid kidnej s with the 
bile re~~cliing tlic highest single wlue.  1'yrov:ileroiie. 
He1 : ~ i i d  its metabolites appear to crohs the blood br:tin 
bltrrier oiilj VI ith difficulty for the concentration. deter- 
m i n d  in the br:tiri are distiiictlj less than those for the 
blood. The large concmtr:Ltioii\ in the liver mid bile 
1ndic:tte a pronounced bili:tr>- cscretion. Siiiccl, hon - 
ww, ovc'r 90" of the rudioaciivity adminihtered IS 

excreted in the tiriiic that u-hich is excreted through the 
bile niiiht thcii be rclnbiorbcd. The  total-body residual 
coilcentrations :tI\o confirm thc. rapid elimirintion of the 
:iclmirii~tc~red diw.  These. r:ilues arc 177 4 hr  :ifter 
:tclrniiii*t ~ t ~ t i o i i  : t i i t1 O.(i.S"( 24 Iir :iftc>r administrntiori, 

cont:LmiIi:itcd poshibly 
\kith ur11ie - a h w  coritributcss 0 9 ;  . 

The level of radioactivity in the blood after i n t w  
venous administration falls rapidly (Table 11) niid the 
distribution in the various organs closely resembles that 
after oral ndministriiticn. Oiice again tt e liver con- 
t:tins the largest fraction, 12--l.STc of t)r e r:idio:tctivity 
administered being regiqtered during t k  e first, 30 min .  
Again too, thc fr:tctiori in the Lidneys is relatively srn:tll, 
the highest r :~luc determined being 2.97, ufter 13 min. 
Larger fractions of r:diouctivity are regihtered in thc  
g:istrointestin:il t r x t  while those of 0.7% measured in 
the bruin 1.5 niin after :tdniinistr:ition and O.%:& 30 
min :tfter :tdmiiii+trution arc also relxtivel? lon-, Even 
at thc &:ut of the experiment, the fractions of ritdio- 
:ictivit> in i he  rem:iining org:uis investigated (thymu9 
glaiid. h w r i  , at1ren:al gl:irids, spleen, p:uicre:xs, semin:d 

icle., :tilt1 testiclcs) never cwmxled 1 7 .  Their 
concc'ntrittioiis resemble those of the blood; an accumu- 
lation of radioactivit! cwiiiot he detectrd. 

comp:tri,iou of the di>tribution of rndionctivity with 
the t n  o routch of :tClniiiiibtr:ttic)ii bho\vb that w i t h  :t 
4iort period. both tlie di.tribution 111 the body arid ulso 
tlie escretion in the feces :tiid wine :trc' vcr!. himilar. 

Investigation of the Radioactivity in the Mouse 
Brain. - Coii-itlc~iiig t h:tt p j~ rovn le ro~ ie~  HCI h:ih :I 

wiiti-:iI aclioii. it V:I\ iicc :wj' to  dctcrrninc i n  \ \ h a t  
forin t l i r  r:dio:ictivitj dcltrctcd i l l  t h o  h r i i i  csiqt.. 
111 the chrcim:itogru~)hic inve-tigation of' brain extract -, 
i t  \ \ ;I-  found t h a t  t h v  r:idio:ictivity I\ as conceiitratcd 
:it t hc -am(' -it c s  on tlic chromntograms as  1 he concur- 
rent 1j c1ii~)m:rt ogr:iphecl uiilnbeled pjmvderoiie. HCI. 
It cotiltl h coitfirmetl that t h e  radiimctivity constitute. 
p\mvaIeroiiv t h r  procedure I\ hereby unlabeled 
11) rov:ileronib. H('1 W:L* recrj stdlized 5 times together 
11 ith r:diouctivc br:iiii c.utr:tct, :md the specific :ictivit>. 
ot the fractioii- \\ determined. The constnncy of thv 
.pccific :tctiviij of tho  l:i-t tlirw fractions proves tha t  
thc  r:tdio:rci ivit3 i i i  t h c ~  br:iiii coirstitutcd utich:tngrtl 

rov:d~~rotic~ Siiiccn t i o  ac1tlition:tl r:tdioactivc sub- 
-i: t i ici lh \ V P I Y ~  t l c t  ivt(d i n  thv bixin. i t  i n :~y  be :icceptcd 
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that  the effect of pyrovalerone'HC1 on the central 
nervous system is due to  the unchanged substance. 

Investigation of the Urine of Mice and Rabbits.- 
The initial experiments were conducted in rabbits in 
an attempt to obtain excretion products in quantities 
sufficient to  determine their constitution. The ex- 
perimental material was a mixture mostly of unlabeled 
pyrovalerone + HC1 with a small amount of I4C-labeled 
substance, whose specific activity was sufficient to per- 
mit supervision of the processing of the urine. The 
urine collected over S hr contained 6lYc of the admin- 
istered dose. 

Informative preliminary experiments showed that 
most of the radioactivity could be extracted from the 
urine only with a markedly polar solvent mixture, 
thereby indicating that the substances must be highly 
polar. From analogies, the following metabolic changes 
can be considered that increase the polarity of the pyro- 
valerone molecule; (1) oxidation of the aromatic Me  to 
HOCH2'j or to C02H7;  ( 2 )  Reduction of carbonyl to 
CH20H.8 Hence, compounds 7, 8, 10, 11, 12, and 17 
(Scheme I) were synthesized as reference substances 
(see Experimental Section). Compound 8 could be 
identified as a metabolite in the urine of rabbits and was 

(6) R. C. Thomas and G .  J. Ikeda. J .  M e d .  Chem., 9, 5 0 i  (1966). 
(7) R. T. Williams, "Detoxication Mechanisms," Chapman and Hall Ltd., 

(8) E. C. Schreiber, et al., J. I'hmmacol. Ezp. Ther., 169, 372 (1968). 
London, 1959, p 194. 

isolated as the HCl salt 7. As it  constituted at  least 
25Oj, of the administered dose i t  can be designated as the 
main metabolite, since the residual radioactivity mas 
divided among several substances whose individual 
fractions were all less than 8%. As the properties of 
the reference substances were unknown a t  the start of 
the isolation experiments, the instability of metabolite 8 
in aqueous solution could not be recognized. Subse- 
quently i t  was realized that with the isolation methods 
used an appreciable fraction of this metabolite had been 
degraded to t'erephthalic acid which could then be ob- 
tained as the crystallized dimethyl ester. The cited 
value of 25yc for the fraction of radioactivity excreted 
in the urine for this metabolite is therefore a minimum 
value. Keither unchanged pyrovalerone, p-toluic acid, 
nor any of the other synthesized reference compounds 
(10, 11, 12, and 17) could be detected in the urine of 
rabbits. 

Metabolite 8 was also detected in the urine of mice 
after intravenous administration. The fraction in the 
urine of mice constituted about two-thirds of the ad- 
ministered dose. Hence, 8 is also the major excretion 
product in the mouse. Unchanged pyrovalerone could 
not be detected with certainty, and constituted, if a t  all, 
less than 5y0 of the total. 

The experiments conducted in mice and rabbits show 
that in both species pyrovalerone. HC1 is metabolized 
rapidly and that metabolism is virtually complete. As 
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The extracts xere washed (H20),  dried (Xa2S04), and evaporated 
to dryness: yield 10.2 g (94%) of light yellow oil; colorless needles 
from EtL-hexane; mp 48-49' ; hydrochloride: colorless needles 
from JIeOH-EtrO, mp 241-242". Anal. (c, i€Id03.1IC1) 

1- (4-Hydroxymethylphenyl)-2-pyrrolidinyl-l-pentano~~ HCI 
(IO).-To a suspension of LAH (1.0 g, 26 mmol) in 100 ml of 
absolute Et& was added dropxise with stirring, a solution of 9 
(6.8 g, 24 mmol) in 80 ml of absolute Et&. After 2 hr a t  room 
temperatiire the mixtiire was reflitxed for 1 hr, cooled, the excess 
LXIl destroyed with 2 S XaOH, aiid dilrited with 100 ml of 
H?O. The reaction mixture was extracted four times, each with 
100 ml of E t 2 0  and the combined ether solutions were ext,racted 
five times, each with 50 ml of 2 N HCl. The combined acid 
fractions were made alkaline with 30% NaOH to pH 9 and 
exhaustively extracted (Et20). The ether extracts were washed 
(H20), dried (SaaSO,), and evaporated t,o dryness; yield 6.0 g 
198%); colorless oil; hydrochloride: colorless platelets from 
JIeOH-EtaO; mp 190-192". Anal. (C1J122V02.HCl) C, H, 

(1 1 ).-To 
a sdrition of free base of 1 (7.6 g, 31 mmol) in 40 ml of MeOH 
and 4 nil of 0.02 A' XaOH was added, while cooling with ice and 
stirriiig, NaBH4 (1.1 g, 29 mmol) in portions, and the mixtnre 
was stirred for 85 miii at 20-22". The reaction mixture was 
worked up as for 9; yield 7.0 g (91Fc) yellow oil; hydrochloride: 
coldess needles from MeOH-Et20; mp 213-214". Anal. 

l-(4-Carboxyphenyl)-2-pyrrolidinyl-l-pentanol Hydrochloride 
(12).-A solution of 9 (800 mg) was heated under reflux for 14 
hr in 30 ml of 5 S HC1, the reaction mixture was cooled on ice, 
and (,he precipitated crystals filtered off: yield, 690 mg of color- 
less needles from Jle0H-Et20;  nip 229-230'; pZ<aJ 3.94 i 
0.02, pK," 10.33 & 0.0.5." Anal. (C16Hd03.HCl) C, H, 
C1, N , 0. 

4-Valeroylbenzyl Alcohol (15).--A solution of 4 ( i . 3  g, 32.8 
mmol) and p-t'olueiiesulfonic acid monohydrate (570 mg, 3.0 
mmol) i n  ethylene glycol (15 g, 252 mmol) and 150 ml of PhH 
was refluxed for 40 hr in a Soxhlet apparatiis containing CaCa in 
the thimble. The reaction mixture was cooled, treated Lyith 2 
ml of pyridine and washed four times, each with 30 ml of 5% S a -  
HC03, then once with HaO. The organic phase was dried (Saa- 
804) and evaporated to dryness; yield 8.5 g (97yc) colorless oil 
(13). This oil was dissolved in 150 ml of abs Eta0 and added 
dropwise to a stirred siispension of L 4 H  (1.25 g, 33 mmol) in 
180 ml of aba EtpO. The reaction mixture was then re- 
flnxed for 90 min, cooled, and the excess LAH destroyed with 
HrO. The EtpO solution wab washed twice with a little HaO, 
dried (Xa,SO,), and evaporated to dryness; yield 6.5 g (86%) 
colorless oil (14). A solution of 14 (6.5 g)  arid 400 mg of p- 
toluenesulfonic acid in 130 ml of JIerCO was refluxed for 90 min, 
t,hen evaporated to dryness. The residue was taken up in 60 
ml of CHC13, washed three times, each with 20 nil of 3 5  NaHC03 
and once with H20, dried (?JasS04), and evaporated to 
yield 4.8 g (91yc) of colorless oil which gave colorless fla 
EtsO-petroleum ether, mp 27-28'. 
4-(l-Bromovaleroyl)benzyl Alcohol (16).-A solution of Brl 

(2.6 g, 16.25 mmol) in 30 ml of CHC13 was added dropwise with 
stirring to a solution cf 15 (3.1 g, 16.1 mmol) in 20 ml of CHCh 
a t  room temperature. After stirring for 6 hr a t  ambient tem- 
perature the reaction mixtnre was washed twice, each with 15 
ml of H20, three times each with 15 ml of 5% SaHCOa, and 
once with H20.  The organic phase was dried (Na2S04), and 
evaporated to dryness; yield 4.15 g (947c) of pale yellow oil which 
was used for the next step without further purification. 
4-(l-Pyrrolidinylvaleroyl)benzyl Alcohol .HCI (17).-A solu- 

lion of 16 (4.15 g, 15.3 mmol) and pyrrolidine (2.35 g, 33 mmol) 
in 60 ml of PhH was refluxed for 2 hr. The cooled reaction 
mixture was washed four times, each with 20 ml of HZO, then 
four times each with 20 ml of 2 S HC1. The cGmbined HC1 ex- 
tracts were made alkaline with 2 A7 SHdOH and shaken out four 
times with CHCla. The extracts were washed (HZO), dried 
(Na2S04), and evaporated to dryness; yield 3.4 g (857,) reddish 
oil. A chloroform solution of this oil was filtered through Alox 
and evaporated to dryness. The residual oil was converted into 
the HCl salt; colorless needles, mp 182-183" from RIe2C0. Anal. 

Cleavage of 7 in Aqueous Solution to Terephthalic Acid.- 
A sollition of 7 (65 mg) in 50 ml of H20 was adjusted to pH 7.5 
with 2 S SnaC03 .  After evaporating the soliit,ion to  dryness 

C, €1, c1, N, 0. 

c1, s, 0. 
1 - (4-Methylphenyl)-2-pyrrolidinyl-l -pentanol. HCI 

(ClsHj2JO.HCl) C, H, C1, S, 0. 

Anrfl. (C12HlS0a) C, H, 0. 

( C ~ ~ H ~ ~ N O I . H C ~ )  C, H ,  '21, 5, 0. 

iinder vacnum at 40°, the oily residue was taken itp in approxi- 
mately 20 ml of CHC13 and shaken out four times, each with 5 
in1 of 2 TV KOH. The KOH extracts were further extracted 
twire with CHc13, then adjiisted to pH 3 with concentrated HC1. 
The crystals which precipitated on cooling to 0' were filtered, 
washed (cold H20), and dried; yield 19.5 mg of yellow granules. 
These did not melt belvw 295", but sublimed from this tempera- 
ture upwards; ir spectriim was identical with that of terephthalic 
acid. 

Determination of Radioactivity.-The Kalberer-Rntschmaiiii 
methodla was used t,o process the biological samples for deter- 
mination of radioactivity. -4 Tricarb liquid scintillation spec- 
trometer Nodel 314 EX of Packard Inst~rument~ Corp. (La 
Grange, Ill.) vias used for counting the radioactive solut,ions. 
Any quenching was corrected by the dual-channel ratio method. 
A "Precision-Katemet8erJ" serial number 260 of Packard Ins1 ru- 
ment Corp., connected to a recorder was used to evaluate the 
radiochromat,ograms. The paper chromatograms were measured 
using R "4 a Actigraph 11 chromatogram scanner, Model 1032" 
of the Suclear-Chicago Corp. (Des Plaines, Ill.). 

Paper Chromatography.-Descending paper chromatography 
\vas used with Schleicher and Schuell2043 b paper and the follow- 
ing solvent systems: (1) n-BuOH saturated with 2 X ",OH: 
( 2 )  n-BuOH-glacial AcOH-HIO (4: 1: 1). Detection was ac- 
complished by uv 2.54 nm, Dragendorff's reagent , I4  and act,ivity 
determinat,ion. The Ilf values of pyrovalerone. HC1, 7, 10, 
11,12, and 17insystemlwere0.89,0.63,0.92,0.90,0.49,aiidO.S9; 
and in system 2 in t,he same sequence were 0.82, 0.79, 0.62, 0.81, 
0.75, and 0.71. 

TIC.-Tlc employed the following two systems: system 3: 
Alox HF;  CHCla-glacial AcOH (9: I ) ;  system 4: silica gel HF 

). The R, values of pyrovalerone. 
ere 0.88, 0.57, and 0.46; the Ri values 

tem 4 were 0.39, 0.32, and 
0.10. 

Absorption, Distribution, and Excretion 
in the Mous,e.-In one experimental group, male mice of ap- 
proximately 20 g weight (Charles River CD 1) each received 0.4 
ml of an aqueous solution of pyrovalerone.HC1 a t  20 mg/kg, 
administered by stomach tube. I n  another experimental group, 
each animal received 0.2 ml of an isotonic glucose solution of 
pyrovalerone.HC1 a t  a dosage of 10 mg/kg, injected into the 
tail vein. The animals vere housed singly in open glass metab- 
olite cages and the feces and urine were collected separately. 
From the 8th hr onwards, the animals were alloTYed to consume 
H 2 0  aiid food freely. .4t 0.2.i,l5 0.3, 1, 4, 8, and 24 hr after ad- 
ministration, two animals under ether anesthesia u-ere de- 
capitated and dissected. 

Investigation of the Radioactivity in the Mouse Brain.-Each 
of four mice received 0.2 ml of an isotonic glucose solution of 
pyrovaleroiie.HC1 at a dosage of 10 mg/kg, injected into the 
tail vein; 10 inin after administration the animals under ether 
anesthesia were decapitated, and the brains were removed im- 
mediately and frozen. The brains \vere suspended in 20 ml of 
JZe2CO-Et0Ac (1: 1) with a homogenizer and centrifuged off. 
The precipitate was extracted once more with 20 ml of the solvent 
mixture and t,hen the combined organic phases were vacuum 
dried. The residue was distributed between 15 ml of Et10 
aiid 3 ml of 0.2 S HC1, and the Eta0 extracted a second time 
with 3 ml of 0.2 iY HCl. The combined HC1 solutions were 
adjusted to pH 11 p-ith concentrated KHIOH and shaken out 
with two 15-ml portions of CHCl,, dried (Ka?SOa), and evaporated 
to dryness; residue 4 mg. The work-up of the brains was con- 
trolled continually by determining the radioadvity of the ex- 
t,racts and residues. A residual radioactivity of less than 4yc 
was found in the extracted brains. 

The rebidue (1 mg) was dissolved in a little 3IeOH and ex- 
amined toget,her with 30 pg of unlabeled pyrovalerone. HC1 in 
the chromatography systems 1 and 2 .  Residue (3 mg) together 
with 493 mg of unlabeled pyrovalerone.HC1 was dissolved in 
20 ml of CHC13,Z drops of 15% alcoholic HC1 were added and the 
mixture was evaporated to dryness. The residue was taken up in 
10 ml of H20, shaken out with five 40-ml portions of EtsO, and 
adjust,ed to pH 10 with 2 S KOH. -4fter e l t t rachg this alkaline 

Animal Experiments. 

(13) F. Kalberer and J. Rutachmann, Helu. Chim. Acta. 44, 1956 (1961). 
(14) E. Merck AG, hnfarbereagentien fiir Dilnnrchicht- und Papier- 

(1.5) Only after intravenoiis administration. 
chromatographie, Darmstadt,  1964, S o .  92. 





nig of platelets from EtrO-hexane a t  -5')  mp 125129'. The 
melting point, ir spectrum, and pc (system 1)  showed this tjo 
be identical with dimethyl terephthalate produced synt,het,ically. 
The distillate (3.7 mg) obtained at  a bat.h temperature of 100- 
120' yielded approximately 2 nig of crystals from EtrO-hexane, 
mp 173-176'. According to the ir spectrum, this substance was 
identical with the free base of reference substance 6. 

In a second experiment, 1.28 g of the fraction extracted from 
urine with CHCls-EtOH (4: 1)  was separated preparatively in 
chromatographic system 3. Examination of the distribution of 
radioactivity in the layers revealed that about 60'%, was localized 
iii a band bet,weeri Rr 0.38 arid 0.36.1e This band was divided 
iiito zone A with Rt 0.38 to 0.47 and zone B with Rr 0.47 t,o 0.36; 
these zoiics were removed from the plate separately aiid extract,ed 
exhaustively wit,h XeOH. On evaporating to dryness, zone ii 
yielded 66.7 mg (20'2,000 cpm) aiid zone B yielded 57.1 mg (167,- 
000 cpm). The residue from zone B was taken up in 1 ml of 
JIeOH, acidified with HCl, t,heii esterified by adding an excess 
of ethereal C H Z X ~ .  After concentrating to the consistency of 
a syrup, it was possible to separate ail oil t,hat was sparingly 
soluble in PlIeOH. The soluble fraction yielded from MeOH- 
EtzO 1.5 mg of yellow cryst,als and on recrystallization from 
MeOH-Et20 colorless platelets, mp 198-20X'. According to 
melting point, mixture melting point, tlc, and ir spectrum, t,his 
compound was identical with 6 prepared syrithet,ically. Simi- 
larly, 1.0 mg of colorless platelets was obtained from zone A, 
n ~ p  192-199", which, according to the same criteria, was identical 
with reference substance 6. 

Human Experiments. Investigations of the Urine of Humans. 
-A healthy male trial subject ( i o  kg) received 60 mg of pyro- 
valerone.HC1 orally. In  the subsequent 32 hr the urine JTas 
collected in the following fractions which were kept a t  -5" 
until used for processing: fraction 1, 0-5 hr; fraction 2, 5-11 
hr;  fraction 3, 11-25 hr; fraction 4, 25-32 hr. 

In  each case 500-ml a1iquot.s of these fractions were adjust,ed 
with concentrated HCl to pH 2.0-2.3 aiid concentrated under 
vacuum at. 50" to 40-30 nil. After cooling, a precipitate was 
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filtered ofT aiid the filtrate extracted three times with double the 
volume of CHC13; the organic phases wcre combiiied, dried 
(NazSOd), and then evaporated to dryness. The residues from 
each fraction were taken up in a little MeOH and chromato- 
graphed in system 4 together wit,h pyrovalerone.HC1 as refer- 
ence substance. In no extract was i t  possible to detect un- 
changed pyrovalerone. 

The aqueous solutions were t,hen extracted five times with 
double the volume of CHCla-EtOH (4: 1); the organic phases 
were combined, dried (Na2S04), and carefully evaporat,ed to dry- 
ims. The residues from each fraction were dissolved in a 
little XIeOH and treated wit,h ail excess of Et20-CH&2. After 
standing for 24 hr at, -5' and for 2 hr a t  20-23", the reaction 
mixt,ures were partitioned between Et20 aiid 0.1 S NaOH. 
The Et20 solutions were washed three times with a lit,tle H20, 
dried (SazSO,), and evaporated to dryness. In each case, a 
sample of t,he residue was chromatographed in system 4. I t  was 
evident that t,he material sought (6) was present only in t,races 
in fraction 3 and was absent in fraction 4. 

The residues of fractions 1 and 2 were dissolved in a lit,tle 
MeOH, and separated preparatively in chromatographic system 
4. Zones around Rf 0.32 were scraped off carefully, placed in 
small chromatography columns, aiid eluted with MeOH After 
evaporat,ing to dryness, the eluates were taken up in EtzO, 
washed three times with 1 S NHlOH aiid once with HzO, dried 
(NasSOI), and evaporated to dryness. The residues were dis- 
solved in a little MeOH, converted into the hydrochloride with 
1.553 alcoholic HC1, and cryst2llized from lIeOH-Et20. Frac- 
tion 1 yielded ca. 4 mg of colorless needles, mp 191-193", arid 
fraction 2 yielded ea. 3 mg of colorless needles, mp 193-104". 
I r  spectroscopy (KBr) showed both products to be identical with 
reference substance 6 prepared synthetically. 
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of Collagen-Induced Aggregation of Human Platelets' 

DETLEV THILO* ASD KURT K. VON KAULLA 

Dcpartrmnt of Jledicinc, Cniucrsity of Colorado School of Jlcdicinc,  Dtnicr, Colorado 80830 

Reccivcd October 6, 1969 

Various organic anions with a large lipophilic moiety iiiduce fibriiiolytic activity in human plabma in c'ifro.  
Some of the fibrinolytic compounds were found to inhibit ADP- xiid thrombin-induced platelet aggregation. 
In  this study, 38 fibrinolytic congeners were investigated for inhibition of collagen-induced platelet aggregation 
in human plasma. The parent compounds, anthranilic, salicylic, and thiophene-3-carbosylic acid, had little 
fibrinolytic and aggregation inhibiting activity; however, unsymmetrical substitution increased both activities. 
The platelet aggregation inhibition frequently occurred at  concentrations at least 10 times lower thaii those 
required for fibrinolysis. S-(2-Chloro-3-methylpheriyl)-4-ami~iothi~~phene-3-carbosylic acid was fibriiiolytic 
at, 3 X The results suggest, the theoretical possihility of 
designing drugs with a dual action: prevention of thrombus formation and induction of thrombolysis. 

-11 and aggregation inhibiting a t  6 X 64.  

J Iany  of the compounds which prevent collagen- 
induced platelet, aggregation are nonsteroidal antirheu- 
matic drugs, and i t  has been suggested that there may 
be a correlation between antirheumatic activity and 
aggregation p r e ~ e n t i o n . ~  The antiaggregating anti- 
rheumatic drugs are unsymmetrically substituted or- 
ganic anions. It is the purpose of the present study to 
determine if related organic anions, which induce marked 
fibrinolytic activity in human p l a ~ m a , ~  will also 
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prevent in vitro collagen-induced aggregation of human 
platelets, and if this is the case, to obtain information 
on the relationship between structure of organic fibri- 
nolytic anions and their ability to prevent collagen- 
induced platelet aggregation. 

Experimental Section 
Glassware.--All glass\\ are J\ ith the exceptio11 of disposable 

micropipettes I\ as freshly siliconized by vaporized silicone solu- 
tions (General Electric Drifilm No. S C.11994).5 

Chemicals.-Buffered saline (B.S.): 4 parts of NaCl (0.85Yc) 
and I pait of h h i t n l  acetate hiiffei,fi pH 7.42. The fibrinolytic 

( 5 )  L. B. .Taques, in "The Coagulation of Blood. 

( 6 )  L. Zlicliaelis, Biochem. Z., 234, 139 (11331). 
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