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with the recept’or surface in t’he same may as pet’hidine 
it,self. Consideration of the role of the nit’rogen sub- 
stituent leads to t’wo hypot,heses: (a) that the chain is 
fully extended, and (b) that it8 simulat.es a ring. 

If the side chain is fully extended, then any interac- 
tion between it and the receptor surface will be distinct 
from the norpethidine-receptor interaction, Le.,  it 
seems likely that t’wo different areas of t,he receptor are 
involved with the two different portions of the molecule. 
Further, the attraction at the second sit,e, due niainly to  
the electron-donatming portion of the side chain, may be 
further enhanced by Van der Waals’ forces involving n 
flat ring systeni such as phenyl or tetrahydrofuryl. 

hlternat’ively, if tJhe elect,ron-donat,ing portion of the 
side chain is attracted by the piperidino-nitrogen atom, 
which will carry some positive charge in vivo, then the 
side chain will be held in t,he form of a ring. I n  this 
case the side-chain “ring” might afford a wider area 
of interaction wit’h that region of the receptor surface 
occupied by t.he met,hyl group of pethidine. I n  addi- 
tion, the effect, of the side chain upon the charge carried 
by the nit’rogen atom may increase the lipid solubility 
of the molecule and so facilitat’e t,ransfer across the 
aqueous-lipid barrier. 

It has been suggest,ed that analgesic actmion in com- 
pounds of this t’ype is due t80 the secondary base pro- 
duced by oxidat,ive dealliylat,ion in vivo.26 There is 
little evidence for t,his hypothesis2’ ; normorphine and 

(26) A. H. Beckett, A.  F. Casy, and N. J .  Harper, J. Pharm. Pharmacal., 

(27) C. Elison, H. T. Elliott, JI. Look, and H. Rapoport, J .  M e d .  Chem.,  
8, 874 (1956). 

6, 237 (1963). 

norpethidine are considerably less active than the S- 
methyl homologs when given by any but the intracis- 
ternal route, and the validity of the results of drug ad- 
ministration by this route has been questioned.28 If the 
side chain in our conipounds does simulate a ring, how- 
ever, it is possible that N-dealkylaiion may occur by a 
prorew of the type VI -t VI1 (25, series F). Similar 

VI VI1 

schemes may be written for other N-substituents, and 
such an hypothesis would predict that in series D 
(VIII) there would be no wide-spread activity.29 
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The reaction of l-benzy1-4-cyano-4-t-aminopiperidines with organomagnesium and organolithittm compounds 
Reaction of these a-aminonitriles with Grignard reagents results in replacement of the nitrile 

The resulting products 
Soma of the obtained products show CSS- 

is described. 
group, whereas with the organolithinm compounds normal ketone formation takes place. 
are debenzylated, whereafter other substituents are introduced. 
depressant activity. 

Continuing our program on 4-substituted piperidines 
of possible therapeutic int’erest we prepared piperidines 
of the general formula I. As in t’he preceding paper,’ 

LN3:.4.4. 

I 
NAA’ represents a dialkylamino group or a saturated 
heterocyclic moiety; X stands for alkyl, aryl, alkanoyl, 
or aroyl; and L can represent any substituent ret’aining 
t’he basic character of the piperidine ring system. 

Chemistry.-In t’he preceding paper’ the peculiar 
properties of a-aminonitriles were pointed ouL2 This 

(1) C. van de Westeringh, P. Van Daele, B. Hermans, C. Van der Eycken. 
J. Hoeg, and P. A .  .T. .Tanssen, J .  Mu!, Chmn., 7 ,  619 (1964). 

behavior is also demonstrated by their reaction with 
Grigriard reagents. Several authors have investigated 
the reaction of a-aminonitriles with Grignard reagents 
and fouhd that “normal” ketone formation takes place 
infrequently and that in most cases nitrile replace- 
ment occurs. Welvart3 explained these anomalies by 
suggesting that the a-aminonitriles react in the form 
of the immoniunz ion 11. In this ion the chemical bond 
between a-C and CK is electrovalent as well as co- 
valent, alloffing both C atoms to react with a nucleo- 
philic reagent as RMgX. 

(2) For a more detailed discussion of this class of compounds, see V 
Migrdichian in “The Chemistry of Organic Cyanogen Compounds,” Rein- 
hold Publishing Carp, Nen York, N. Y , 1947. co\ering the literature up 
to 1947. and a review by P. Van Daele, M e d e d e l .  V ~ Q Q V I  Chem I’er , 23, 
163 (19611, covering more recent literature 

( 1 )  Z Wellart, C u m p t  r e n d ,  238, 2536 (3954). 
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TABLE 1 

A '  

61H8S = pyrrolidino, C5Hlo?; = piperidino, C' lHsSO = morplioliiio. 

TABLE I1 

Compd. 

13 
14 
15 

16 
17 
1s 
19 
20 
21 

22 
23 
24 

2 :i 

,A- 
N s i a  \* ,, s Method 

X(CH3)2 C6Hs D 
X(CHi)z COC2Hs C 
C:H& C6Hj I1 

CIHJV" COCgHs c 

Yield, 

25 
54 
27 

87 
87 
66 
46 
SG 
60 

77 
30 
64 

BO 

C' 

- -Calcd., 1.; - 

1 ('I - 

!I 49 24.0" 
. . .  . . .  
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12 .1 \ )  . . I I ' r  
! ) .12 2:3,:3!) lr,l  
. . .  . . .  I IS  
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The course of the reaction is largely dependent on the 
nature of A, A', R1, and R2. In  cases where the im- 
moniuni ion predominates ( i e . ,  where R1 and Rz are 
different from hydrogen) the nitrile group is replaced by 
the radical of the Grignard complex. This course of 
events depends not only on the nature of the nitrile, 
but also on the type of Grignard reagent used.4 

(i) %. IVeIvart, Pompf rend. ,  260, 1870 (1960). 

111 the case of l - b e i i z y l - ~ - c ~ ~ ~ n o - l - t - a n l i i i o p i p e l i  
to  be discussed here, a second amine funcation is presetit 
i n  the molecule, which might be a further inip1ic:it ilia 

factor. It wa5 found that in the reaction of these ( Y -  

aniinonitriles with Grignard reagents (aromatic. as ~ v c l  I 
as aliphatic) only nitrile replacement occurs (method 
A). Since the preparation of ketones by this method 
was unsuccessful m turned our attentiori to  other pos- 
sibilities. Indeed it was known that in the fern instances 
where the reaction of a-aminonitriles with organo- 
lithium compounds is report'ed,j only riormal lietonc. 

( 5 )  (a) T. 11. I'errine. . I .  Org. Chem., 18, 898 (1953); (1,) N. €1. Crornwell 
and P. €1. Hess, J. :IT?I. C'hem.  Soc., 83, 1 2 3 i  (1961): (rl P. l ) i i l i : i m e l ,  11. 

Gaiitier, Compt. rend.. 268, 2 2 i  (1904);  (11) 0. C'IiauviSre, 
I(. Tchouhar,  and Z. Wl'*lr.art, 237411. aoc.  chim.  Fiance,  1418 (1963). 
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TABLE 111 
R 

Compd." 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

-- Calcd., %- 
M.p., 

R O C .  Formula N C1- HnO 

CN 231-234 C29H33N3.2HC1.H20 8.17 13.78 3 .50  

CX 250-253 C3iH3sN3, 2HC1 . H 2 0  7 .  77 13.12 3.33 
C?: 280-282 CzjH3jX3.2HCl 8.86 14.95 . . .  

CX 251-254 C32H37N3.2HCl 7 .83  13.22 , . .  
OH 121-124 C3iH3sN20e 6.16 . . . , . . 
CN 217-220 C33H39N3.2HC1 7 .63  12.88 . . .  
CN 230-235 C28H&30.2HCl 8.36 14.11 . . . 
CX 171-175 C29H37S30 .2HC1 8 .14  13. 73 . . . 
COSH2d 156-157 C?9H39N30ze 9 .10  . . . . , . 
CN 241-242 C33H3jN30 .HC1 7.96 6 , 7 1  . . . 
C S  213-215 C28H3jX302.HC1 8 .72  7.36 . . . 

CY 235-238 Cz6H33N30.2HCl 8.82 14.89 . . . 

OH 294-295 CzsH36N20.2HC1 6.02 15.24 . . . 

1 

Neut. 
equiv. 

257 
238 
270 
237 
233 
268 
227 
275 
251 
258 
231 
264 
241 

-- Found, %-- 

N C1- H?O 

8 .01  13.67 4 .10  
8.67 15.14 _ . .  
7.92  12.93 3 .23  
8 .62  15.27 . . .  
5.89 15.10 . . .  
7 .68  12.99 . . .  
6 . 0 1  . . . . . . 
7.49 13.12 . , .  
8.40 14.25 . . .  
8 .20  13.37 . . .  
9.27 . . . . , . 
8.23  6.68 , . .  
8.93  7.24 . .  . 

-7 

Neut .  
equiv.  

258 
235 
272 
232 
232 
271 
223 
273 
248 
255 
232 
264 
242 

a Most of these compounds were synthesized only once and probably not in optimum conditions; therefore, no yield is given. 

Obtained by hydrolysis of 35. e Anal. Calcd.: C, 75.45; H, 8.52. Found: C .  75.23; H, 8.34. 

CAH& 
= pyrrolidino, CjHl0N = piperidino, CdHsNO = morpholino. "Anal. Calcd.: C, 81.89; H, 8.43. Foiind: C, 81.55; H, 8.39. 

TABLE I V  

Compd.a 

39 
40 
41 
42 
43 
44 
4 5 

46 
47 
48 
49 

', * /A- 
N,,,, 

N(CH,)? 
CaHsN 
CsHioN 
CjHioN 
CsHioS 
CsHioN 
CjHio?: 

CsHicN 
CjHioN 
CsHioN 
C4HsNO 

X 

COC2Hj 
COCzH6 
CHI 
CsHs 
4-CHzCsHa 
COCH3 
COCzHj 

CO-+&Hi 
COCsHs 
CHOHCiHs 
COC2Hj 

-----Calcd., 70- 
JI.p., 

" C .  Formula N C1- F 

224-225 CZoH29FN202 2HC1 6 .65  16.83 4.51 
88-91 Cz2H3iFXz02 7.48 . .  , 5.08 
270-271 CelH31FN20 ,2HC1 6 .68  16.90 4.53 
99-101 C26H33FXzO 6.86 . .  . 4.65 
159-161 C27H3jFN;20.2HCl 5.66 14.32 3.83 
250-252 C22HziFN202 .2HC1 6 .26  15.85 4.25 
95-96.5 C~aH33FS20z 7.21 . . .  4.80  
208-210 .2HC1 6.07 15.37 4.13 
195-198 Cz,H3sFXz02.2HCl 5 .88  14.92 4.00 
107-108 C Z , H ~ ~ F N ? O ~  6.42 , . .  4.35 

197-199 C22H31FN203.2HCl 6.05 15.30 4.10 
195-197 C23H3~FNz02.2(COOH)2e 4 . 9 1  . . . 3.33 

7 

Neut. 
equiv. 

211 
187 
210 
204 
248 
224 
194 
231 
238 
218 
285 
232 

I- Found, %-- 

N C1- F 

6.68 16.66 4.27 
7.70 . .  . 5.10 
6.64 16.70 4.31 
7.06 . . _  4.48 
5.61 14.35 3.72 
6.44 15.65 4.12 
7 14 . .  . 4.85 
6 .31  15.38 4.06 
5.73 14.64 3.98 
6.44 . , . 4.36 
4.77 . . .  3 17 
6.10 15.30 4.04 

-7 

Neut. 
equiv. 
213 
191 
210 
202 
247 
220 
193 
228 
238 
221 
291 
232 

a Most of these compounds were synthesized only once and probably not under optimum conditions; therefore, no yield is given. 
h C&N = pyrrolidino, CjHloN = piperidino, CaHsNO = morpholino. dnal. Calcd.: oxalic acid, 31.56. Foiind: oxalic acid, 
31.98. 

formation was observed. We therefore applied this 
latter reaction to compounds of type I (X = CN; L = 
C6H6CHz) and without exception the expected ketones, 
both aromatic and aliphatic, were obtained in good 
yields (method B). The compounds prepared by the 
above methods are presented in Table I. 

Reductive debenzylations were achieved for most of 
the K-benzyl compounds (method C) ; in the case of the 
4-aryl derivatives (1, 3, 6, and 7), however, 2 moles of 
hydrogen were observed. This is probably due to the 
fact that this part of the molecule is an a,a-disubsti- 
tuted benzylamine. Even if the reductions were stopped 
after absorption of only 1 mole of hydrogen, none of the 
desired secondary amines could be isolated. For this 
reason another method of debenzylation, the von Braun 

cyanogen bromide reaction,6 was applied (method D). 
Reaction of the tertiary amines with cyanogen bromide 
gave the corresponding N-cyanopiperidines, which were 
hydrolyzed to the corresponding secondary amines by 
boiling in dilute hydrochloric acid. Compound 21 
mas reduced to the corresponding alcohol (24) by means 
of sodium borohydride. A survey of the debenzylated 
products is offered in Table 11. 

Introduction of various substituents on these sec- 
ondary amines was accomplished by conventional 
methods. A representative number of these is listed in 
Tables 111-V. Each type of reaction discussed above 
is illustrated in the Experimental SecliQn by one ex- 
ample. 

( 6 )  H. .4. Hageman in Org.  Reactions, 7, 198 (1953). 
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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) ." 
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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). 


