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evaporated, and the oily residue was stirred into 900 ml. of 6% 
HCl. This mixture was slowly heated and then refluxed for 6 hr. 
It was then cooled to room temperature and stirring was con- 
tinued overnight. Then the solution was boiled with act,ivated 
charcoal and the filtrate was extracted three times with ether. 
The acidic aqueous layer was separated, made alkaline, and ex- 
tracted with chloroform. The organic layer was dried and 
evaporated, and the oily residue was distilled i n  vacuo to yield 19 
g. of oily 15. 

44 l-Hydroxypropyl)-4-piperidinopipeddine (24).-To a 
heated solution (40') of 6.7 g. (0.03 mole) of 4propionyl-4- 
piperidinopiperidine in 100 nil. of %propanol was added portion- 
wise 1.3 g. of NaBH4. The whole was stirred for 6 hr. a t  the 
same temperature. After cooling in an  ice bath, the reactiou 
mixture was decomposed by dropwise addition of 60 ml. of 5 
HCl. The solution was filtered and evaporated, the residue was 
dissolved in 100 ml. of water, and the aqueous solution was made 
alkaline and extracted with chloroform. The organic layer was 
dried, filtered, and evaporated. The residue was triturated with 
diisopropyl ether to yield 4.3 g. of 24. 

1 - [ y-( 4-Fluorobenzoyl)propyl] -4-propionyl-4-piperidinopiperi- 
dine (45).-A mixture of 5.6 g. (0.028 mole) of ychloro-4-fluoro- 
butyrophenone,l* 4.4 g. (0.02 mole) of 4propionyl-4-piperidino- 
piperidine, 6.4 g. of KaaC03, and some crystals of KI in 250 ml. of 
methyl isobutyl ketoiie was refluxed with stirring for 48 hr. The 
solution was filtered hot and evaporated. The residue was 
crystallized from diisopropyl ether to  yield 5.1 g. of 45, m.p. 

(12) C. van de Westeringh, B. Hermans, F. Raeymaekers. and C. Van 
der Eycken, Ind. Chim. Belpe, 26, 1073 (1960). 
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95-96.5". This product was converted to  its dihydrochloride 
which, after recrystallization from 2-propanol, melted a t  208- 
210". 

1 -( 3-Carboxamido-3,3-diphenylpropyl)-4-propionyl-4-piperi- 
dinopiperidine (36).-A solution of 6.2 g. (0.012 mole) of 35 in 
8 ml. of 90y0 HzS04 was heated for 3 hr. a t  100". After cooling, 
the reaction mixture was poured onto 30 g. of ice. The whole 
was made alkaline with KHaOH and extracted with chloroform. 
The organic layer was dried (Na2S04), filtered, and evaporated. 
The solid residue was crystallized twice from acetone to yield 3.7 
g. of 36, m.p. 156-157'. 

l-Methyl-4-propionyl-4-piperidinopiperidine (54).-A misture 
of 4.5 g. (0.02 mole) of 4-propionyl-4piperidniopiperidine, 0.7 g. 
of paraformaldehyde, 23.5 g. of formic acid, aiid 250 nil. of 2- 
propanol was stirred and refluxed for 2 hr. The reaction mixture 
was concentrated to 20 ml., and to this residue was added 20 nil. 
of water. This solution was made alkaline with S a O H  and ex- 
tracted with ether. The ethereal solution was dried (KcC03) aiid 
filtered, and gaseous HC1 was introduced into it. The precipi- 
tated hydrochloride was filtered off aiid recrystallized from 
ethanol to yield 2.5 g. of 54, m.p. 260-263". 

Acknowledgments.-Our thanks are due to 3Ir. P. 
Demoen and co-workers for the analyses. The work 
described in this publication is part of a program on 
piperidine derivatives, a program supported by a grant 
from the "Instituut tot danmoediging van het Weten- 
schappelij k Onderzoek in Kijverheid en Laridbouw 
(IROKL) ." 

6-Hydroxyindoles and the Metabolism of Melatonin 

ROBERT G. TABORSKY, PETER DELVIGS, AND IRVINE H. PAGE 

Research Division of the Cleveland Clinic Foundation, Cleveland 6,  Ohio 

Received March 4,  1965 

Different prtblished data on investigations of the metabolism of melatonin are incongruoiis and one out of three 
metabolites formed has not been identified. One purpose of this study was to resolve the apparent ambigiiities 
in the literatiwe and to identify the third, unknown metabolite. 3-(2-Acetylaminoethyl)-6-hydroxy-5-methouy- 
indole (6-hydroxymelatouin) was synthesized and a study of the metabolism of melatonin was repeated. Com- 
parison of chromatographic properties of metabolites confirmed earlier data that the major radioactive peak 
seen on chromatograms was 6-hydroxymelatonin sulfate. A previously unidentified spot was shown to be free 
6-hydroxymelatonin by comparing i t  with our synthetic compound of unequivocal structure. Because of the 
past suggestion that 6-hydroxylated metabolites of psychotomimetic tryptamines should be more psychoactive 
than the nonhydroxylated parent compounds, 6-hydroxy-5-methoxytryptcmine was synthesized. I t  was found 
less effective in demessine: work rates of conditioned rats than 5-methoxytryptamine, thus failing to support the 
hypothesis in this-instance. 

Two represent'atives of indoles hydroxylated in the 
6-position were synthesized to  examine some of their 
biological and chemical properties. Such compounds 
are of interest for several reasons. Szara and Hearst' 
suggested that 6-hydroxylated metabolites of psycho- 
t'omimetic tryptamines should be more psychoactive 
than the parent nonhydroxylated compounds. 

Hydroxylation is an important means by which mam- 
mals detoxify aromatic conipounds.2 Indicat'ions are 
t'hat indoles which cannot be metabolized through other 
functional groups are hydroxylated and eliminated by 
the kidney as glucuronides or sulfate esters3 Although 
tryptamines4 and even chain S-methyltryptaminesj are 

(1) S. Szara and E. Hearst, Ann. N .  Y .  Acad. Sci., 96, 140 (1962). 
(2)  T. C. Williams, "Detoxication Mechanisms," Chapman and Hall, 

Ltd.. London, 1959, Chapter 7. 
(3) J. W. Daly and B. Witkop, Angew. Chem. Intern. Ed. Enol., 2, 42i  

(1963). 
(4) H. Weissbach, W. King, A. Sjoerdsma, and S. Udenfriend, J .  Bioi. 

Chem., 234, 81 (1959). 
( 5 )  R. G. Taborsky and 1%'. 31. RIcIsaac, Biochem. Pharmacol., 13, 531 

( lWi j ,  

metabolized to the corresponding acids, chain S-acet- 
ylation6 and chain S,N-dialkylationi prevent or slow 
down biochemical oxidation to the acids. In  these in- 
stances an alternative pathway of aromatic hydroxyla- 
tion can prevail. 

The syntheses of compounds prepared in this study 
are given in Chart I. Reacting 6-benzyloxy-;-me- 
thoxyindole (I) with aqueous formaldehyde and dimeth- 
ylamine produced the substituted graniine (11) in good 
yield. Since it has been shown previously that the 
quaternary salts react more efficiently in the following 
reaction than graniine itself,* 6-benzyloxy-5-met hoxy- 
gramine methosulfate (111) was prepared. Reaction of 
the quaternary salt with sodium cyanide in aqueou% 

(6) I. J. Kopin, C. hl. B. Pare, J. Axelrod, and H. R'eissbach, J .  B id .  
Chem., 236,30i2 (1961). 

(7)  (a)  S. Szrtra and .J. Axelrod, Exper ienlza ,  16,  216 (1959); (b) P. K.  
Gessner, P. A .  Khairallah, W. M. LIcIsaac, and I. H. Page, J .  Pharmacol. 
Ezpll. Therap., 130, 126 (1960). 

(8 )  H. R. Snyder, C. JV. Smith, and J. 11. Stvwart, J. Am. Chem. Soc.,  
66, 200 (1944). 
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solution yielded a solid nitrile (IIT) in 90% yield. lie- 
duction with Li*%lHI yielded 6-benzyloxy-,?-niethoxy- 
tryptaiiiirie (V) which ~ v a 5  isolated as its hydrochloride 
salt Part of the airiiiie salt 1va5 debeiizylated by hy- 
drogen over palladium to give fi-hydroxy-5-niethoxy- 
tryptamine (V) hydrochloride, a white, stable qalt 
Aiiother portion was converted to the aiiiirie base and 
acetylated yielding 3- (2-acet 3.1 : m i  iioet hyl) -6-hen zyloxy- 
3-inethoxyindole (VII). Debeiizylatiori of the latteis 
gave ~~-(%-ac~etylaniiiioethpl)-(i-liydroxy-5-i~iethoxyiii- 
dolc (6-hydroxymelat onin). The I ndolir picrate (*om- 
1,lex was prepared aiid crystallized to give material of 
:riialyt icaal purity. Crude, free 6-hydroxynielatoniii 
:md material liberated froiii the. I)irrate had identical 
c*hromat ographic propert le- 

Several itudies of the nietaholi-ni of nielatoiiiii have 
heen carried out previou Resulti describirig t hc 
c,hromatographic. value, of the  niajor metabolite froiii 
four 1)ublished studies are ~uinniarized 111 Table I. 
I'ir-t , i t  ran bc heen that soiiic~ chroniatographit~ value. 
tor the sulfate ester of B-hvdroxymeliitoiiiii 111 siniilai* 
-olvciit systenii a r ~  very different 9-11 Interpret at ions 
of sonie of the dnt a iirc further c*oinplirated by the fact 
that i he chromatographic -t aridard5, so c.alled au- 
t hentic 6-hydroxynielutonii1, used for ideiitificatiori werc 
1)iuduc't.; of :i Ilvci c'rizynw rewt i o n  or of uricertaiii 

m 
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chenrical hydroxylating bystenis. Thus, the slructural 
identity of the standard had riot been proved in :in 
unequivocal iiiaiiiier. 

Therefore, the chroniatographic propertie- of' oiir 
synthetic 6-hydroxynielatoxiiri of unrquivocd st ruct IIIY 

were cbonipared with those previously reoortcdY l '  for 
that  compound in connection with studies on thc xiic,tati- 
olisrn of nielatoriin. Ri values of our qwihctiv iiiii- 

terial and sonw froin the literaturell for O-hydroxy- 
melatonin n-ere niarliedly different (Table I) ];or t his 
reason, a metabolic study made using labeled niel- 
: ~ t o n i n - ~ ~ - C ~ ~  in 367' aqueous ethanol. Attempts werv 
not made to repeat other aspects of previou.: metaboli.iii 
studies involving tissue distribui ioii mid quaritit at 1011 

of recovered radioactivity. The nielatoriin solution \VN\ 

administered by intraperitoneal injection to fenialo 
Sprague-Dawley rats arid 24-hr. uriiie wnples MTIY 

c~o1lectc.d. Considerable aniouiit.; of radioactivity 
rould be extracted initially with ethyl acetate ironi t l i t1  
uriiie at  pH 2 (radiogram.: I arid 11, I'igure 1). I'i.irrc. 

which reiii:iiried from thc cxt rwt ion coiitaiiied 1 lit, 
iiiajor niet:tbolit(> (Rr  0.52, 4 :  1 : 1 l-butaiiol-glfic.ial 
acetic acid-water, radiograni 11, Figure 1) which had 
cmhromatographir values cviiil)atible with those previ- 
ou4y reported for the sulfate ester of 6-hydroxymcla- 
toriin (around Rf0.52).6,q,11 The chromatographic prop- 
ertiei of the iiietabolite 111 the ethyl acetate ex- 
tract were conipatible with our synthetic B-hydroxy- 
iiielatoriiii arid the product reported by Kopin, et ~ l . , ~  
(Table I) obtained after thr  iiietabolite had been treated 
with sulfatase. Our q)ot at  Ri 0.70 from the extr:ic.t, 
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TABLE I 
CHROMATOGR.iPHIC CHARACTERISTICS OF JIETABOLITES OF hIELATONIN REPORTED I N  THE LITERATURE 

Rr value 
----------solventh---------. --Color reaction-- 

Descriptiona Lit. ref. I n C D E F GihbsC Ehrlichd 

+ Major metabolite 10 0.22 0.40 - 
Major metabolite 80% of activity 9 0.54 + 
Sulfatase-treated major metabolite (above) 9 0 .67  Blue 
Najor metabolite 80% of activity 6 0 .  -5.5 
l l a jor  metabolite 11 0.5<5 0.33 Bliie 
Major metabolite (above) after acid 

Major metabolite wit'hout, treatment Present 0 .55 0.54 Blue Blue 
Synthetic 6-hydroxymelatonin Present 0 .80 0.70 0.76 Blue Blue 

.4, l-propanol- 
NHIOH (8 :2 ) ;  B, 1-propanol-XHaOH (9 :  1);  C, 2-propanol-57, NHlOH (5:2) ;  D, 2-propanol-5% ",OH (4 :2) ;  E, l-biitanol- 
acetic acid-water (4: 1 :  1); F, 1-but'anol-acetic acid-water (4: 1 :  5). 

hydrolysis 11 0.37 0 .26  - 

a The "major metabolite" has been described as 6-hydroxymelatonin sulfate in every previous investigation. 

Ref. 13. Ref. 12. 

Figure 1.-Radiogram I (top) is of the ethyl acetate extract 
of a 24-hr. urine sample. Radiogram I1 is of the urine remaining 
after the ethyl acetate extraction. Radiogram I11 is the ethyl 
acetate extract of a portion of the above urine (11) after incuba- 
tion with sulfatase. Radiogram IV is the ethyl acetate extraction 
of a portion of the urine mentioned above (11) on treatment with 
HC1. 

produced a blue Ehrlich12 color positive for indoles and 
gave a positive Gibbs13 reaction for the phenolic group. 

Urine remaining from the ethyl acetate extraction 
was treated in two mays. In  one experiment a sample 
mas incubated with sulfatase for 18 hr. at pH 5.5. 
In another it was adjusted to pH 2 with HCl and in- 
cubated at 90" for 18 hr. Ascorbic acid was added as 
antioxidant to each. Both treatments resulted in com- 
plete conversion of the compound found at Rf 0.52 
(4 : 1 : 1 1-butanol-acetic acid-water) into an ethyl 
acetate extractable material. This material was iden- 
tical chroiiiatographically (Rr 0.69, 0.73) with our syn- 
thetic 6-hydroxymelatonin (Rr 0.70, Table I). The 

(12) p-Dimethylaminobenzaldehyde. 10% in concentrated HC1 a i t h  4 

(13) 2,6-Dichloroquinonechloroim1de (0.2%) in ahsolute ethanol follo\\ed 
vol of acetone. 

by saturated aqueous PinHCOs 

acid hydrolysis product showed evidence of having 
undergone more degradation than the product from 
the enzymatic reaction, indicated by its broader radio- 
active peak on chromatography (radiogram IV, Figure 
1). 

The above results confirm the data of Kopin, et ~ 1 . ~ 9  

and the interpretation that conjugates of 6-hydroxy- 
melatonin are two of the metabolites of melatonin. 
These investigators found 70-8070 of the excreted radio- 
activity associated with the sulfate conjugate of 6- 
hydroxymelatonin, 570 as glucuronide, and about 12% 
as the unknown third peak. 

From our investigations the third unknown material 
obtained initially and seen a t  Rf 0.70 in 4 : 1 : 1 l-butanol- 
glacial acetic acid-water and 0.80 i n  8: 2 l-propanol-ani- 
nioniuni hydroxide was proven to be free 6-hydroxyniela- 
tonin. This product is much niore likely to be formed 
according to  current biocheniical theory than 6-me- 
thoxyharnialan which has been postulated as a third 
metabolite of me1atonin.l' 
6-Hydroxy-5-methoxytryptamine was also synthe- 

sized in this study. In other  investigation^,'^ we found 
that  5-methoxytryptamine exerted a moderate de- 
pressant effect on the behavior of conditioned rat?. 
Therefore, the latter compound was compared with 
the 6-hydroxylated analog. 

Rats were conditioned on a variable-interval positive- 
reinforcement schedule by the free operant technique 
of Skinner. This schedule presented the opportunity 
for reward (food pellets) to the animal at the end of 
various arbitrary lengths of tinie for 1 hr. If they 
pressed a bar at these times, the animals were rewarded. 
Since the rats could not learn the sequences of presented 
opportunities, they obtained a maximum nuinber of 
rewards only by continuing to  press the bar at a steady 
medium rate. 

5-Methoxytryptamine hydrochloride at 3.3 mg./kg. 
i.p. consistently caused a slowing of work rates to be- 
low 25% of the control values of the same animals. 6- 
Hydroxy-5-methoxytryptamine hydrochloride at 8.0 
mg./kg. i.p. did not produce any significant changes. 
Therefore, in these preliminary behavioral studies, the 
6-hydroxylated analog was less potent than the parent 
compound. This subject is currently being investigated 
more extensively. 

(14) R. G. Taborsky, P. Delvigs, I. H. Page, and K, Crawford, J. N e d .  

(15) B. F. Skinner, "The Behavior of Organisms: An Experimental 
Chem., 8 ,  460 (1965). 

Analysis," The  hlacmillan Co., New York, N. Y., 1938, 
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Experimental Section 
Reagents.---ti-I~enzylosy-5-iiiethc~syintii~le \v:ts purc4h:Lset1 friitii 

the Regis Chemical Co., Chilaago, Ill. 
6-Benzyloxy-5-methoxygramine.--A solution of S. I g. ( : ; 2  

mnioles) of 6-benzyloxy-~-methoxyiiidi)le in T O  nil. of dioxane \vas 
:tdded dropwise to a stirred mixture r i f  40 nil. of dioxane, 40 nil. i J t  
gl:i ikl  acetic acid, :3,0 nil. of 3 6 5  :tqiieciiis formaldehyde, :iiitl 

i .0 nil .  of 25Tc aqueous diniethylaiiiirir and cooled a t  .io wit ti i1.t.. 
After iiie addition \vas c~oriiplete, t h e  reac'tioii solution \ v : ~  kelit 

lcArii~x~r:ttilrr i r i  tla~~lait~ss. Tlie iiiistiirtl \v:is tliliitt~tl with 4ll!i 
nil. r i i '  watrr, c~h:irco:iIed, filtered. : t i l t 1  r i i : t d c s  :ilkdine \ \ i t  t i  20' 
S:iOII wliitioti. 0 1 1  >t:iiidiiig iwei~tiighl, s.5 g. (:!I1 yirl(l1 

: I t  *io fllr 2 hr.  nlld :IIhJ\VCV1 t ( J  \ ~ > i t ' l l l  :Illd St : l l ld  fllr 1s hr. :it ~ O l 1 1 1 1  

( 5  prodiii>t, rti.11. 1:!1 -l:MoJ wa~h iih~xiiied o t i  

1 tlllllenr i L l l ( 1  lles:illi~ 

; I I ,  7 .10;  s, ! ) . I : { ,  
V o i i i i t l :  C', 53.66; 11, 7.08: S ,  !).4>. 
6-Benzyloxy-5-methoxygramine Methosulfate. .A ao lu t i i i i r  

o f  s.T, g. ( 2 8  inniiiles) o f  rrude ~ ~ - l i e i i ~ y l ~ ~ s y - ~ - i i i e t  t i ~ ~ ~ ~ ~ g r a r n i n e  i i i  

n i l .  of d ry  tet,r:ihydrofur.:tri i,iiiit:iining 0 . 5  n i l .  o f  glacial w e t  i i .  
: ii ,id wts  :td(led dropwise ovRr 0.5 hi , .  to  :L stii,red, i c~~-c~~i i~ led  solii- 

lioii ( ~ f  : 3 0  g. (0.24 tiiole) of dittiethyl su1f:ite in  20 r n l .  of t1r)- 
tetr:ihydriifurari. The soliiticm \v:is st ii,red :it 5" for 1 I r r .  aricl 
;illo\ved to  st:tncl :it rooiii teniper:iture it1 t1:irkness for 18 Iir. 
The  previpit:tte that forineti \vas collected I)?. v:iu.iiirii fi1tr:ition 
: ~ n d  washed with arihydrous ether t l J  give 9,:3 g. (S :3 ( ' ;  j i i f  vrystul- 
line salt, n ~ p .  1:<6--l:3So. allizetl Croni t oliieirt, 
t o  give :III aiialyti~*:tl sample 

C:alcd. for C?,II?, 
I~cilulti: CI, 37.:36:: IT, 6.31 : 

5-Benzyloxy-6-metho itrile.--l;iiur groins 
(8" niinoles) of powdered NaCX was added to a stirred solution 
of 8,,5 g. (20 mnioles) of B-l-~enzylosy-.i-rnettiosygraniine inet,ho- 
sulfate in 120 nil. of water. The niisture was heated at 67" 
during whirh time i~re:~rii-c~oloretl solid tippeared. 4 t  the end 
of :3 hr., the mixture TWS c~ooled :it 5' for 1 hr . ,  filtered, and 
oven dried (80" ) to oiitaiii 5.1 g. (OOf yirld) of cream-cxolored 
produi't, i i i . 1~ .  14S-l.iOO. Crystallization frijrii rthonolL\v:iter 
yielded :ti1 atialytical sariiple, i1i.p. I K -  164'. 

Foiiii<i: (:, 7:3.07: I f ,  3.5s: 1, 0.1 1 .  
5-Benzyloxy-6-methoxytryptamine Hydrochloride.---.% susprii- 

sioii of 3.8 g. ( 1:: niini~les) o f  (i-t)enz?-liiz?--T,-riiethiJsyilidr)Ir-;;- 
:iretoiriiri!e i i i  2100 n i l .  of :Lnhydroils r t h e r  wiis atlded with stir- 
ring to :L riiisIiii,(, o f  2 .5  g. [ i f  I,i.41H1 iii 51) 1111. of anhydrous ethrr 
: ~ t  s u r t i  a r:itr :is to  wiisc gentlr t~rfliisirtg. Aft,rr tlie :idditioii 

cvtnplete, the iiiixture was stirred :~ i id  refluxed for IS 111.. 

css hydritle \Y:LS dec~otiiposed under :i tiitrogen rttniospliei~ 
wi th  water and 200 nil. irf 10' ; NaOH  vas added to destroy t h e  
rctsultarit lithiimi aniiric vonipoui~d.  Tlie layers were Yepar:tted 
;tnd the aqueous portiuti was estrarted twice more with ether. 
The  combined et her portions were dried (SalSC)r) and filtered. 
Anhydroiis ITCI gas was pasecl irito the ether soliitioti with 
Ytirring to obtain the hydrochloride. 

I I ~  white salt,, m.p. 18:3-184". 
.And. Calcd. for ClldH21ClX20 C,  64.!)2: IT. 6.15: 3 ,  S.4(i. 

Found: C, 65.02; €I, 6.43; X, 8.3 
6-Hydroxy-5-methoxytryptamine Hydrochloride.-----% s o l u t i m  

of 500 mg. ( 1 . 5  mmoles) of 6-benzylox?-j-methi)xytryptamitie 
hydrochloride in 23.0 ml. of rnethanol with 80 riig. of 10"; 
Ptl-~C w:ts tiyc1rcgeri:ited i n  :I Parr low-pressure hydrogenator 
:tt 2.S kg. jmi . '  for 4 1-11.. at  room temperature. The catalyst. was 
filtered off arid tlie volume of the filtrate I V ~ P  reduced to 5 nil. 
iinder varii11ni. The addit ion of exces  ether to the alcohol solu- 
I i o t i  resiilted i n  precipitation of the product which on filtering 
:iiicl drying ainoiiiited to 320 rng. ( 8 8 S  yield) of white powder: 
ni,p, 277 -278'. Crystallization from I-biitanol t o  give an 
:itialytic:d sample did not change the melting point. 

. tnul .  Calcd. for C,ITI15C1S.0L.: C. .54.4S; IT, 6.30; C1, 14055; 
S,  1l.53. F o i i r i d :  C ,  54.24; 13, 6.42: C1, 14.31 ; N, 11.36. 

3 4  2-Acetylaminoethyl)-6-benzyIoxy-5-methoxyindole.--Ollt. 
gram (:3 ~iinioles) of  U-~ieiizyl11sy-3-1~ieth~~sytryptamine hy- 
Ilroc.tiliJride was dissolved i t ]  'I5 1 1 1 1 .  of wttrr, :md the solution 

A portioii w i i h  i b  

. t nnl. 

.lrt<ll. ('dl'd. f0r C I I ~ ~ I G N ~ ~ ? :  ( I ,  ;:<,!I>: 1 1 ,  5.5s: 1. !I.>,\. 

It \vas recovered 
:tllized from chloroform t i l  give 2 .0  g. ( 5 5  


