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Reaction of N-(1-(2-phenylethyl)-4-piperidinyl)propionanilide (I) with phosphorus pentasulfide 
gave the thioamide VI. Acylation of N-(1-(2-phenylethyi)-4-piperidinyl)aniline with 2-(methoxy)
acetic and 2-(methylthio)acetic anhydrides afforded the amides II and III. Treatment of 4-anilino
-1-benzylpiperidine-4-methanol with thionyl chloride gave the spirocyclic sulfurous acid ester 
amide XI V. Reduction of the hydrochloride of ethyl 3-(1-ethoxycarbonyl-4-phenylimino-3-
-piperidinyl)propionate (XXII) with sodium cyanoborohydride gave the perhydro-l,6-naphthyri
dine derivative XIX, a model compound in the synthesis of the cyclic analogue of fentanyl (I). 

EthyI4-anilino-I-(2-phenylethyI)-1 ,2,3,6-tetrahydropyridine-3-carboxylate (XXIX) hydrochloride, 
obtained by reaction of ethyl 4-oxo-I-(2-phenylethyl)piperidine-3-carboxylate hydrochloride 
with aniline, was reduced with lithium aluminium hydride to 4-anilino-l-(2-phenylethyl)piperi
dine-3-methanol (XXXI). I-Methyl- and l-benzyl-4-piperidone were reacted with 4-cyclopropyl
phenylmagnesium bromide and the tertiary alcohols XXXVII and XXXVIII obtained were 
acylated with propionyl chloride to give the esters XXXIX and XL. The piperidine derivatives 
XLI, XL VI and XLVIII were prepared as potential neurotropic agents. Alkylation of 8-hydroxy
-6, II-dimethyl-l ,2,3,4,5,6-hexahydro-2,6-methano-3-benzazocine (XLIX) with 2-(2-chloroethyl)-
-I,3-dioxane and -1 ,3-dioxolane resulted in the 6,7-benzomorphan derivatives Land LI.· Out of 
the compounds prepared, only the closest fentanyl analogues II, III, and VI showed very 
strong analgetic activity. 

The piperidine moiety forms an important part of the morphine molecule and the 
fact, that many simple piperidine derivatives (e.g. pethidine, ethyl l-methyl-4-phenyl
piperidine-4-carboxylate) exert a more or less important morphine-like narcotic
-analgetic properties, stimulated an extensive research in the field of piperidine 
derivatives as potential analgetics 1 - 3. Since the discovery of the extremely active 
N-( 1-(2-phenylethyl)-4-piperidinyl)propionanilide (1, refs4- 8), called "fentanyl" (Fen
tanyIR), which is about 300 times more potent than morphine, its molecule became 
a prototype for designing structures of further potential analgetic agents. Many 
papers9 - 21 deal with the synthesis and testing of fentanyl analogues but most of the 
molecular manipulations resulted in decrease 01' loss of activity. Only the introduc-
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tion of the methyl group to position 3 of piperidine22 and substitution in position 4 
by methoxycarbonyl or methoxymethyl23 led to further increase of the activity. The 
last mentioned modifications together with a change of piperidine N-substituent 
resulted in further two highly potent narcotic analgetics with a rapid onset and 
short her duration of action which also found practical use: "sufentanil" (Iv, Sufen
taR, refs23 - 26) and "alfentanil" (V, RapifenR, refs 27 - 31 ). Structure-activity relation
ships in the fentanyl series were discussed in ref.32 taking into account the conforma
tion analysis and molecular graphics. 

/, R = CH3 

/I, R = OCH 3 

/1/, R = SCH 3 

The present paper in its first part is also devoted to manipulations with the struc
ture of fentanyl (I) and in general to some synthetic experiments in the related field. 
We started with the carba-oxa-thia isosterism in the fentanyl series. The first com
pound to be prepared was the thioamide VI related to fentanyl (J) which was obtained 
from I (refs4 •5 ) by treatment with phosphorus pentasulfide in boiling pyridine. The 
crystalline base (I R spectrum) afforded a crystalline hydrogen maleate. The further 
two analogues had the acyl group prolonged by one atom, cf. II and I II. They were 
prepared by acylation of N-( 1-(2-phenylethyl)-4-piperidinyl)aniline33 ,34 with an
hydrides of 2-( methoxy)acetic35 and 2-( methylthio )acetic acid 36 in boiling benzene. 
The crystalline bases II and I II (characterized by [R and 1 H NMR spectra) were 
transformed to crystalline hydrogen maleates. The maleate of III was found to be 
a 2 : 1 solvate with toluene (it was crystallized from ethanol which was denaturated 
with 2'1;, of toluene: compare with ref. 37 ). An attempt to acylate the amino nitrile 
V/l (ref. 23) with propionyl chloride in pyridine led only to the hydrochloride of 
the starting VII. 

V( VII 
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A similar attempt to acyl ate the amino nitrile VIII (ref.38) with propionyl chloride 
in pyridine gave similarly only the hydrochloride of VIII. On the other hand, the 
acylation with boiling propionic anhydride afforded the amide XIII which was 
transformed to the crystalline hydrogen oxalate (its mass and IR spectra were re
corded). The hydration of the nitrile VIII to the amide IX was carried out by heating 
with 90% sulfuric acid38. The hydrolysis of VIII with potassium hydroxide in boiling 
ethanol did not proceed at all and the similar reaction in ethane-1,2-diol at 200°C 
proceeded very slowly (the yield of X after 16 h of heating was only 11%). On the 
other hand, the hydrolysis of the amide IX with potassium hydroxide in ethane-l,2-
-diol at 200- 215°C proceeded smoothly and yielded almost 90% of the amino acid 
X which was characterized by the IR spectrum. Reduction of this acid with sodium 
dihydridobis(2-methoxyethoxo )aluminate39 in benzene gave the alcohol XI (was 
prepared by reduction of the ethyl ester of X by the same reducing agent23) which 
was transformed to crystalline salts (dihydrochloride, dihydrobromide). 

CH 2C6 H5 

~ 

QNHC'H; 
VIII. R = CN 
IX. R = CONH 2 

X. R = COOH 
XI. R = CH 20H 

XII. R = CH 2CI 

XIII 

In an attempt at preparing XII, the alcohol XI was subjected to treatment with 
thionyl chloride in benzene and in the presence of pyridine at room temperature. 
The primary product was treated with a solution of sodium hydroxide and then 
isolated by extraction with benzene. Processing of the extract gave 53% of a homo
geneous crystalline compound C19H22N202S (mass spectrum and analysis) which 
gave a crystalline hydrogen maleate. The 1 H NMR spectrum showed the presence 
of 10 aromatic protons (belonging evidently to the benzyl and aniline phenyls), the 
benzyl CH 2 group, 4 piperidine CH2 groups, and in addition a further CH2 with 
differentiated signals of the two protons (<5 4·55 d and 4·78 d), ascribed to the frag
ment C~CH2~0 in a ring. The band at 1 170 em -1 in the JR spectrum is ascribed 
to the presence of an S=O group. On the basis of theses fact the product is formu
lated as the spirocyciic compound XIV. It is easily hydrolyzed with water at 70°C 
and under formation of sulfur dioxide, the starting alcohol XI is recovered which 
is considered a further proof of correctness of formula XIV. A reaction of XI with 
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an excess of thionyl chloride in boiling chloroform led to a solution which was de
{;omposed with water and made alkaline with sodium hydroxide. Processing of the 
chloroform solution and chromatography of the crude product on aluminium oxide 
gave a homogeneous oily base which afforded a crystalline oxalate and a crystalline 
maleate. The analyses of both of these salts corresponded to the composition C 19H 23 . 
. CIN2 for the base, i.e. composition of the wanted XII. The 1 H NMR spectrum of . 
the released base, however, denied the presence of the fragment CH2CI and instead 
of that the presence of the fragment CH2NHC6 H 5 was suggested. The mass spectrum 
of the maleate of this compound showed in addition to a negligible peak cor
responding to the molecular ion of mjz 314 (i.e. C19H23CIN2) a very important peak 
of the ion C 19 H22N 2 , i.e. of a product of dehydrochlorination. All these facts led 
to the formulation of the isomeric chloro compound as xv. This compound could be 
formed from the presumably unstable XII via the spiro-aziridinium salt XVI. 
Compound XV with the character of a tertiary alkyl chloride could easily eliminate 
hydrogen chloride and form XVll which appeared in the mass spectrum. 

CH1C6Hs CH1C6Hs 
I I 
N 

Q 
X-e'H' Cl CH 1NHC6Hs 

0-5=0 

XIV XV 

CH 2C6Hs CH 2C&H S 

Q ·Hel 
I 

Q 
N-C6Hs 

CH 1NHC6Hs 

XVI XVII 

From the stereochemical point of view there is a big difference between the rigid 
molecule of morphine and the flexible molecule of fentanyl (1). This fact induced 
some authors to design and prepare several types of conformationally restrained 
cyclic analogues of I (refsI2.20.21) which, however, were inactive. We had also a pro
gram in this line. the objective of which was the perhydro-l,6-naphthyridine deriva
tive XVI ll. The work was started but discontinued in the stage of model compounds 
XIX and XX because in the meantime the synthesis of XVllI was published40. OUf 

approach was different from that used in ref.40 and was connected with some other 
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synthetic experiments and, therefore, is being reported here. We started from 1-
-( ethoxycarbonyl)-4-( I-pyrrolidinyl)-1,2,3,6-tetrahydropyridine41 which was added 
to ethyl acrylate and the enamine was cleaved by hydrolysis with dilute hydrochloric 
acid to give XXI. Its heating with aniline in boiling toluene under continual removal 
of water, formed by the reaction, resulted in XXII. It was attempted to reduce the 
double bond in XXII with sodium borohydride with the hope that cyclization di
rectly to XIX could take place. Processing of the mixture led to a crystalline product 
C17H20N203 (mass spectrum and analysis) which was identified as XX. The heating 
during the processing forced probably the cyclization which proceeded under shifting 
of the double bond to the neighbouring position. The structure XX was unequivocally 
supported by the 1 H NMR spectrum. The Schiff base XXII was further reduced 
in the form of the iminium salt (cf. refs42 .43) with sodium cyanoborohydride in a mix
ture of tetrahydrofuran and methanol. In this case, the double bond was really re
moved and the cyclization proceeded under mild conditions giving the lactam
-carbamate XIX. It is a constantly melting solid C17H22N203 (mass spectrum 
and analysis) whose structure was corroborated by spectra (IR and lH NMR). 
The configuration on carbons 4a and 8a remained unsolved. In this stage the work 
was interrupted. 

;0' 
\J-;,H; 

o 

XVIII, R = CH1CH1C6 Hs 
XIX, R = COOC1HS 

COOC1HS 
I 

COOC1HS 
I 

~
N 1 

:::::-.. 8 

: N-C6 HS 

o 
XX 

N 

~CH'CH'COOC'H; 
R 

XXI, R= 0 
XXII, R = NC6HS 

Some synthetic experiments preceded the approach to XVIII just described. The 
keto ester XXIII was synthesized according to refs44.45 and its addition to acrylo-
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nitrile gave XXIV which was characterized as the crystalline hydrogen oxalate. The 
acid cleavage of XXI V (boiling dilute hydrochloric acid) and the following esterifica
tion of the crude product with ethanol and hydrogen chloride gave directly the 
crystalline hydrochloride of XXV. The released oily base was used for recording the 
1 H NMR spectrum which confirmed the structure XXv. In the effort to prepare the 
Schiff base XXVI, the hydrochloride of XXV was reacted with aniline in boiling 
toluene under continual removal of the water formed. On standing the reaction 
mixture deposited a crystalline product which was identified as 2-phenylethylamine 
hydrochloride, obtained in the yield of 69%. Its melting point (221- 226°C) was 
a little higher than the literature46 value (217°C) and, therefore, an authentic sample 
was prepared from commercial 2-phenylethylamine. Its melting point was 220 to 
221'5°C and in mixture with our product it melted without depression. From the 
mother liquors the basic fraction was isolated and chromatographed on aluminium 
oxide. From the eluate the volatile components (aniline) were removed by distillation 
and the residue was a crystalline minor product C13H14Nz (mass spectrum and 
analysis) appearing to be a diaminodiphenylmethane which is in agreement with the 
IR and 1 H NMR spectra. Out of the isomeric diaminodiphenylmethanes known, 
the melting point of our product (82'5-84°C) is close to the values given for 2,4'
-diaminodiphenylmethane (88 - 89°C, ref.47), 3,4' -diaminodiphenylmethane (89 to 
90OC, ref.48), and 4,4'-diaminodiphenylmethane (85°C, ref.49). The 4,4'-diamino 
isomer is excluded by the 1 H NMR spectrum and the 2,4'-diamino compound is 
preferred by the IR spectrum: in this way, formula XXVIII is ascribed to this minor 
by-product. Its appearing here is very strange and especially the source of the central 
diphenylmethane carbon is completely obscure. 

~H2CH2C6HS 

~~'H' 
° 

XXIII, R=H 

XXIV, R = CH 2CH2CN 

CH 2CH 2C6Hs 

~ 

~CH'CH'COOC'H' 
R 

XXV, R = ° 
XXVI, R = NC6HS 

XXVII, R = (OC2Hs 
OC 2Hs 

H,.-Q-CHc) ) 
NH2 

XXVIII 
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Similar processing of XXIVlike in the preparation of XXV with the difference that 
the primary product was refluxed only with ethanol (without hydrogen chloride) 
gave a mixture from which the basic product was isolated and chromatographed 
on aluminium oxide. The homogeneous oily product was transformed to the crystal
line hydrogen oxalate which was identified as the salt of the diethyl ketal XXVII. 
In addition to the analysis, the identity of this product was supported only by the 
IR spectrum of the released base (absence of the ketone band at 1 715 em -I). The 
hydrochloride of XXIII (refs44 ,45) reacted smoothly with aniline in ethanol at room 
temperature and afforded in a high yield the hydrochloride CnH27ClN202' identi
fied by the 1 H NMR spectrum of the released base as the enamino ester XXIX 
which was considered to be a potentially useful synthon. In fact, the results of the 
attempts to use it in the line of our program, were very poor. The attempts to reduce 
the double bond in XXIX.HCl with sodium borohydride in methanol or ethanol, 
or by catalytic hydrogenation on Adams' catalyst in ethanol did not lead to identified 
products. The reduction with zinc in boiling acetic acid proceeded as a hydrogenolysis: 
aniline was cleaved, the double bond remained, and the product, isolated as crystal
line hydrochloride, was identified by the 1 H NMR spectrum of the released base 
as XXX. Only reduction of XXIX with lithium aluminium hydride in ether led to 
saturation of the double bond, of course together with reduction of ethoxycarbonyl 
to hydroxymethyl and the amino alcohol XXXI was obtained and isolated first 
in the form of the crystalline oxalate. Reduction of XXIX with sodium dihydrido
bis(2-methoxyethoxo)aluminate39 in benzene gave the same result. The base XXXI, 
which was released from the oxalate, crystallized, which indicated homogeneity. Its 
1 H NMR spectrum, however, is not well resolved making the conclusion about 
homogeneity doubtful (mixture of diastereoisomers is more likely). An attempt to 
acylate XXI X with propionyl chloride in chloroform led only to XXI I I hydrochloride. 

XXIX, R = NHC6HS 
xxx, R = H 

XXXI 

Acid cleavage of XXIV (boiling dilute hydrochloric acid) followed by reduction 
with sodium borohydride and final esterification with ethanol gave the hydro
chloride of the hydroxy ester XXXII (IR and 1 H NMR spectra of the salt were 
recorded). A similar sequence of reactions without the final esterification (only 
acidification) led to a crystalline base CI6H21N02 (analysis) which corresponds to 

Collect. Czech. Chern. Commun. (Vol. 55) (1990) 



----------------------------.-----
Piperidine Derivatives 1835 

the lactone XXIV (IR and 1 H NMR spectra are in agreement). Attempts to trans
form XXXIV to XVIII by heating with aniline to 180-230°C were not successful 
(no identified products). A reaction of XXXII.HCI with thionyl chloride in chloro
from gave a product corresponding to XXXIV hydrochloride. Heating of XXXII 
with aniline to 120°C gave the anilide XXXIII. Attempts to convert XXXIII to XVIII 
by treatment with thionylchloride or with methanesulfonylchloride in pyridine and 
then by cyclization of the supposed intermediates with sodium hydride in toluene 
did not lead to the goal. 

XXXII, R = OC2HS 
XXXIII, R = NHCsHs 

XXXV, R = COOC2HS 
XXXVI, R = OCOC 2Hs 

XXXIV 

XXXVII, R = CH3 i R'= OH 
XXXV/If, R = CH2CsHS i R'= OH 
XXXIX, R =. CH3 i R'= OCOC2HS 

XL, R = CH2CsHS I R'= OCOC2HS 

After many years we come back to the series of pethidine analogues (cf. ref. S0). 
It is known that pethidine (XXX V) was the first member of the simple morphine-like 
anaJgetics of the piperidine seriess1 . Its "reversed ester" analogue XXXVI was 
found to be even more active as an anaJgetic52 . We are now describing the synthesis 
of two new "reversed esters" of this type whose molecules encompass the 4-cyclo
propyJphenyl residue. I-Bromo-4-cyclopropylbenzene53 was transformed to the 
Grignard reagent in etherS4 and this was reacted with I-methyl-4-piperidone and 
l-benzyl-4-piperidone. The crystalline tertiary alcohols XXXVII and XXXVIII were 
obtained in moderate yields, were characterized by IR and 1 H NMR spectra and 

Collect. Czech. Chem. Commun. (Vol. 55) (1990) 



1836 Jilek et al. : 

transformed to crystalline hydrogen maleates. The bases were acylated with pro
pionyl chloride in ether or pyridine and gave either directly or via the oily base the 
crystalline hdrochlorides of the esters XXXIX and XLin high yields. 

3-Amino-l,1-diarylpropanols are intermediates of the synthesis of the correspoll
ding 3,3-diarylpropylamines having analgetic and antispasmodic activity55. In this 
context, the reaction of 4-cyclopropylphenylmagnesium bromide54 with I-phenyl-3-
(1-piperidinyl)propan-l-one56 •5? was carried out. The amino alcohol XLI was 
obtained in a high yield and was directly transformed to the crystalline hydro
chloride. The expected dehydration was not observed. The Mannich reactionS? of 
acetophenone with N-butylmethylamine hydrochloride and paraformaldehyde in 
boiling ethanol gave directly the crystalline hydrochloride of the amino ketone XLII. 
The released base was reacted with phenylmagnesium bromide in ether and gave the 
amino alcohol XLIII which distilled in vacuo without decomposition and then 
crystallized. Reaction of 2-(N-butylmethylamino )ethanolS8 with methyl iodide in 
acetone gave the quaternary salt XLIV, a choline iodide analogue. Reaction of 
2-adamantanone with 3-dimethylaminopropylmagnesium chloride in tetrahydrofuran 
gave the crystalline alcohol XLV affording a crystalline hydrochloride. Attempt to 
dehydrate XLV with boiling dilute sulfuric acid was unsuccessful (the complete 
dehydration did not take place). 

XLI 

XLIV 

lH3 
C6HsCOCH2CH,N\ 

(CH 2hCH 3 

XLII 

PH3 

(C6Hs)2CCH2CH2N 
I \ 

OH (CH2)3 CH , 

XLIII 

Another type of piperidine derivative prepared was the amphetaminoid XLVI 
which was obtained by reductive alkylation of 3-amino-l-ethylpiperidine59 with 
phenylacetone and sodium borohydride in aqueous methanol. The oily base was 
distilled and the 1 H NMR spectrum did not clarify the question of homogeneity 
(probably a mixture of both racemates). It afforded a crystalline hydrogen maleate. 
Some 4-(benzhydrylidene)piperidines were described in patents60 •61 as antihista
minics. A longer time ago a member of this series had been prepared by our team. 
Reaction of 4-bromobenzophenone62 with I-methyl-4-piperidylmagnesium chloride63 
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in tetrahydrofuran afforded the amino alcohol XLVII which was transformed to the 
stable crystalline hydrochloride (no dehydration). The dehydration of XLVJI did 
not proceed by refluxing with 1,SM-H2S04 • Finally it was carried out by a boiling 
mixture of acetic and hydrochloric acid; the oily base XLVIII was transformed to 
the crystalline hydrochloride. 

CH 2CH3 CH 3 CH3 

I I ¢ U 
N 

Q,,,, NHCHCH2C6Hs 
I 
CH 3 1'0 /Q HO HsCIi ~-/; 

XLVI ~ /; 

Br Br 

XLVII XLVI/f 

The last part of this paper deals with the preparation of two 6,7-benzomorphan 
derivatives. 6,7-Benzomorphan, i.e. 1,2,3,4,S,6-hexahydro-2,6-methano-3-benzazo
cine, is also a part of the morphine molecule, and some of its derivatives, especially 
N-substituted 8-hydroxy-6, II-dimethyl derivatives64, exhibit strong morphine-like 
analgetic activity. Various N-substituents were used in this connection and we 
remembered our good experience with 2-(1,3-dioxan-2-yI) ethyl and 2-(1,3-dioxolan
-2-yI)ethyl in the same role in a different sries of psychotropic agents 6S • The starting 
compound XLIX was obtained by the synthesis of Kametani et a1.66 . It was alkylated 
with 2-(2-chloroethyl)-1 ,3-dioxane6 7 and 2-(2-chloroethyl)-1,3-dioxolane67 in boiling 
dimethylformamide in the presence of sodium hydrogen carbonate. The products L 
and LI were obtained in reasonable yields as crystalline bases which were fully charac
terized by spectra and transformed to crystalline hydrogen maleates. After the ter
mination of this part of our work, LI was mentioned in a paper68 (similar method 
of preparation and only the melting point of the fumarate was reported). 

Only a part of the compounds prepared was pharmacologically tested (i) in some 
specific tests, e.g. for analgetic, antihistamine, and eNS effects, and (ii) in a general 
screening program. The compounds were tested in the form of salts, described in the 
Experimental (the doses given were calculated per base). Unless otherwise stated, 
they were administered intravenously. Acute toxicity in mice, LDso in mg/kg: II, 38 
(toxic symptoms: dyspnea, loss of the righting reflex, transient convulsive symptoms, 
Straub phenomenon); III, 12·2 (toxic symptoms similar as with II); VI, 20 (toxic 
symptoms similar like with the preceding compounds); XXIX, 2 SOO orally (toxic 
symptoms: reduced activity and reactivity, ataxia, tremor, miosis, and ptosis); 
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XXXVII, 87·5 (sedation); XXXVIII, 36; XXXIX, 45 (sedation); XL, 30; XLI, 17·5; 
XLVI, 40 (transient excitation after high doses); XLVIII, 48·5; L, 37·3; LI, 35. Doses 
used in the screening, D in mg/kg: XXIX, 300 orally; XXXVII, 16; XXXVIII, 7; 
XXXIX, 9; XL, 6; XLI, 3; XLVI, 8. 

HO 

XLIX, R = H 

L , R = CH2CH2-V 

o 
LI, R = CH2CH2-<O) 

Analgetic effect in the peritoneal test in mice (inhibition of the writhing syndrome): 
11,0·1 mg/kg subcutaneously was active in 90~~ of the animals (fentanyl at 0·01 mg/kg 
active in 80~~); I II, 0·01 and 0·1 mg/kg s.c. was active in more than 50% of animals, 
0·2 mg/kg s.c. gave full protection; VI, full activity at 0·1 mg/kg s.c.; XIII, active 
at 100 mg/kg orally. Analgetic activity in the Haffner's test in mice (pethidine as 
a standard, ED = 2·5 mg/kg i.v.): II, inactive in the s.c. dose of 1 mg/kg (for fentanyl 
D50 = 0·06 mg/kg s.c.); Ill, D50 0·3 -0·6 mg/kg s.c.; VI, D50 0·18 mg/kg s.c. (33% 
of the activity of fentanyl); XXIX, XXXVII -XXXIX, inactive at doses D; XL, ED 
about 15 mg/kg (50% of the L050): L, 0 50 57·8 mg/kg s.c. (for morphine less than 
2 mg/kg s.c.); LI, 0 50 8·3 mg/kg s.c. Analgetic activity in the mouse hot plate 
method: L, the dose of 50 mg/kg s.c. had only insignificant effect; LI, ED50 29·9 mg/kg 
s.c. 

eNS effects in the sense of central depression: XXXVII inhibited the locomotor 
activity and decreased the body temperature of mice at the dose D; XXXIX, simlIar 
effects like with XXXVII; XLI, hypothermic effect in mice at the dose D; XLVIII, at 
10 mg/kg mild prolongation of the thiopental sleeping-time in mice; in the rota rod 
test in mice, ataxia at E050 19·6 mg/kg; L, at 8 mg/kg mild prolongation of the 
thiopental sleeping-time in mice, ataxia in mice only in subtoxic doses; LI, at 
7 mg/kg mild prolongation of the thiopental sleeping-time in mice, ataxia only in 
subtoxic doses, no significant inhibition of locomotor activity of mice. 

Spasmolytic activity on the isolated rat duodenum: (i) against acetylcholine con
tractions: XXXVIII, effect in a concentration of 1 mg/l; XLI, similar effect like with 
XXXVIII; (ii) against barium chloride contractions, active concentrations given: 
XXXVIII, l-lOmg/l; XL, 10mg/l; XLI, 1-lOmg/l, in the dose of 10mg/kg s.c. 
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no protective effect towards oxotremorine in mice and no antagonization of the 
arecoline tremor in mice, no inhibition of the ulcerogenic effect of reserpine in rats. 
Local anaesthetic effect: XL, a 0'5% concentration brought about a complete 
anaesthesia in 50% of guinea-pigs in the experiment (infiltration anaesthesia, for 
procaine as a standard, EC = 1%). Corneal anaesthesia: XL, a 0·5~~ concentration 
brought about in 50% of rabbits a complete anaesthesia of the eye cornea (for tri
mecaine as a standard, EC = 1%); XLI, EC = 0·5~~. Antiarrhythmic effect: 
X XXVIII, a dose of 5 -7 mg/kg prolonged significantly the latency of ventricular 
cxtrasystoles in rats induced by aconitine (for quinidine as a standard, ED = 

= 5 -10 mg/kg i.v.); XLVI, ED = 2·5 - 5·0 mg/kg. Hypotensive effects: XXXVII I 
and XXXIX in doses D brought about prolonged drops of the blood pressure in 
anaesthetized normotensive rats. Diuretic effect, oral doses which significantly 
increased diuresis in mice: XXXVII, 50-80 mg/kg; XXXVIII, 35 mg/kg. 

Antihistamine effects: XLVIII showed in the in vivo tests a mild antihistamine 
effect; in the i.p. dose of 5 mg/kg it protected 40% of guinea-pigs in the aerosol test 
from the histamine bronchospasm; in the same dose, administered s.c., it protected 
20t~t') of guinea-pigs in the test of detoxication of histamine. I n the i. p. dose of 5 mg/kg 
it had a significant antireserotonin effect in the test of rat paw oedema. 

rn conclusion: Only compounds which are most closely related to fentanyl (1), i.e. 
11 (VUFB-13758), HI (VUFB-13 759), and VI (VUFB-13757) showed strong anal
getic activity, the thioamide VI being the most active. Out of the 6,7-benzomorphan 
derivatives, LI (VUFB-10 584) is rather active, having 25% of the morphine activity 
in the Haffner's test. 

EXPERIMENT AL 

The melting points were determined in the Kofler block and are not corrected; the samples were 
dried in vacuo of about 60 Pa over P2 0 S at room temperature or at a suitably elevated tempera
ture. The UV spectra (in methanol, Amax in nm (log e) were recorded with a Unicam SP 700 
spectrophotometer, IR spectra (mostly in NUJOL, v in cm -1) with a Unicam SP 2000 spectro
photometer, 1 H NMR spectra (in CDCl 3 unless otherwise stated, ,) in ppm, J in Hz) with a CW
-NMR spectrometer TESLA BS 487C (80 MHz), and the mass spectra (m!z, %) with MS 902 
(AEI) spectrometer. The homogeneity of the products and compostion of the mixtures were 
checked by thin-layer chromatography on silica gel (Silufo!). The extracts were dried with 
MgS04 or K 2 C03 and evaporated under reduced pressure on a rotary evaporator. Column 
chromatography was mostly carried out on neutral Al2 0 3 (activity II). 

N-( 1-(2-Phenylethyl)-4-piperidinyl)thiopropionanilide (VI) 

A mixture of 5·4 g I (refs4 ,s), 4'0 g P4 SIll , and 20 ml pyridine (ontaining 0·7% H 20) was stirred 
and refluxed for 2 h. After cooling the mixture was diluted with 200 ml water, it was made 
alkaline with 10% NaOH, and extracted with a mixture of benzene and chloroform (1 : 1). The 
extract was washed with water and processed; 5·60 g of a glassy residue which crystallized from 
acetone and gave 2·0 g (35%) of VI, m.p. 126°C. IR spectrum (KBr): 700, 722, 756(5adjacent 
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Ar-H); I 423 (N-C=S); I 497, I 600,3010, 3048 (Ar); 2 745, 2 790 (CHrN). For C22H2SN2S 
(352'5) calculated: 74'95% C, 8'00% H, 7'95% N, 9'09% S; found: 75'11% C, 8'03% H, 7'95% N; 
9'29% S. 

Hydrogen maleate, m.p. 148-149°C (ethanol). For C26H32N204S (468'6) calculated: 
66'64% C, 6'88% H, 5-98% N, 6'84% S; found: 66'94% C, 6'95% H, 5'92% N, 6'64% S. 

N-( 1-(2-Phenylethyl)-4-piperidinyl)-2-(methoxy )acetanilide (II) 

A mixture of 4'0 g N-(I-(2-phenylethyl)-4-piperidinyl)aniline33,34, 6'0 g 2-(methoxy)acetic an
hydride3 5, and 50 ml benzene was refluxed for 6 h, benzene was evaporated and the residue was 
dissolved in 80 ml chloroform. The solution was shaken for 30 min with 80 ml dilute NH40H 
(1 : I), dried, and evaporated. The remaining oil (5'5 g) crystallized from II ml acetone giving 
3'85 g (77%) of II, m.p. 96-97°C (acetone). IR spectrum: 702, 709, 752 (5 adjacent Ar-H); 
1 132 (ROR'); 1499, I 598,3020,3050 (Ar); 1 679 (RCON). lH NMR spectrum: 1'30-3,20 m, 
12 H (ArCH2CH2N and 4 X CH2 of piperidine); 3'48 s, 3 H (OCH3); 3'68 s, 2 H (COCH20); 
4'75 m, 1 H (H-4 of piperidine); 7'00-7'60 m, 10 H (2 x C6HS)' For C22H2sN202 (352'5) 
calculated: 74'97% C, 8'01% H, 7'95% N; found: 75'01% C, 7'84% H, 7'79% N. 

Hydrogen maleate, m.p. 141-142°C (ethanol). For C26H32N206 (468'6) calculated: 66'65% C, 
6'88% H, 5-98% N; found: 67'14% C, 6'80% H, 6'12% N. 

N -( 1-(2-Phenylethyl)-4-piperidinyl)-2-(methylthio )acetanilide (III) 

Similar reaction of 3'50 g N-(l-(2-phenylethyl)-4-piperidinyl)aniline33,34 with 6'0 g 2-(methyl
thio)acetic anhydride36 in 50 ml boiling benzene gave 4'9 g of oily product which crystallized 
on standing. Recrystallization from 8 ml acetone gave 3'20 g (70%) of Ill, m.p. 85- 86°C. IR 
spectrum: 704, 740 (5 adjacent Ar-H); I 500, 1 600, 3015, 3043, 3058 (Ar); 1 652 (RCON). 
1 H NMR spectrum: 1,20-3'10 m, 12 H (ArCH1CH2N and 4 X CH2 of piperidine); 2'16 s, 
3 H (SCH3); 2·90 s, 2 H (COCH1S); 4'65 m, I H (H-4 of piperidine); 7'00-7'50 m, 10 H (2 >; 
C6 H). For C22 H1SN20S (368'5) calculated: 71'70% C, 7'66% H, 7'60% N, 8'70% S; found: 
71'54% C, 7'53% H, 7-65% N, 8'48% S. 

Hydrogen maleate, 2: 1 solvate with toluene, m.p. 175°C (ethanol denaturated with toluene). 
For C26H32N20SS + 0'5 C7HS (530'7) calculated: 66'77% C, 6'84% H, 5'28% N, 6'04% S; 
found: 66'98% C, 6'93% H, 5'40% N, 5'96~';' S. 

4-Anilino-l-(2-phenylethyl)piperidine-4-carbonitrile (VII) 

A) Reaction of 22'5 g 1-(2-phenylethyl)-4-piperidone4s ,69,7o, 10'3 g aniline, and 8·15 g 
97% KCN in 80 ml acetic acid and 25 ml water was carried out according to ref.23 and gave 
15'0 g (44~~) of VII, m.p. 117-119°C (di(2-propyl)ether). Ref.23 reported the yield of 29'5% 
and the m.p. 121 a C. 

Hydrocflloride, m.p. 175-176°C with decomposition (aqueous ethanol). For C2oH24CIN3 
(341'9) calculated: 70'26% C, 7'08% H, 10'37% CI, 12'29% N; found: 69'96% C, 7'31% H, 
1O'35~';' CI, 12-25% N. 

B) A stirred solution of 2'0 g VII in 13 ml pyridine (containing 0'2% of water) was treated 
with 0·67 g propionyl chloride, added dropwise. The mixture was allowed to stand for 24 h at 
room temperature and the crystalline solid was filtered; 1'95 g of VII.HC1, m.p. 172-173°C. 
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Crystallization from aqueous ethanol gave the pure compound melting at 173-175°C (without 
depression in mixture with the authetic hydrochloride, prepared according to A)). 

4-Anilino-l-benzylpiperidine-4-carbonitrile ( VIII) 

A) Reaction of 117 g I-benzyl-4-piperidone, 57'4 g aniline, and 45'5 g KCN in 420 ml acetic 
acid and 150 ml water was carried out according to ref?8 and gave 1'12 g (62%) of VIII, m.p. 
143-145°C (di(2-propyI) ether-benzene). Ref. 38, m.p. 143·5-147°C. 

Hydrochloride, m.p. 186-188°C (aqueous ethanol). For C 19H22CIN3 (327'9) calculated: 
69'60% C, 6'71% H, 10'81% CI, 12'82% N; found: 69'38% C, 6'88% H, 11-05% CI, 12'95% N. 

B) A stirred solution of 2'0 g VIII in 15 ml pyridine was treated drop wise with 0'70 g pro
pionyl chloride and after standing overnight at room temperature, the precipitated solid was 
filtered, washed with pyridine and dried in vacuo; 1'90 g of VIII.HCI, m.p. 186-188°C with 
decomposition (aqueous ethanol). The identity was established by the mixed melting point 
with the authetic compound, prepared under A). 

1-Benzyl-4-(propionanilido )piperidine-4-carbonitrile (XIII) 

A solution of 5'0 g VIII in 30 ml propionic anhydride was stirred and heated for 6 h to 180°C 
under reflux. It was poured on 200 g ice, made alkaline with NH40H and extracted with benzene. 
Processing gave 6'0 g of a dark oil (crude XIII), which was transformed to the hydrogen oxalate, 
m.p. 205-207°C with decomposition (ethanol). Mass spectrum: 347·1998 (M+, C22H2SN30, 10), 
290 (5),199 (15),172 (10),150 (75),107 (100), 91 (100). IR spectrum: 716, 760 (5 adjacent Ar-H); 
1497, 1 600 (Ar); 1663 (RCON); 1 722 (COOH of oxalic acid); 2248 (R-CN); 2560 (NH+). 
For C24H27N30S (437'5) calculated: 65'89% C, 6'22% H, 9'60% N; found: 65'65% C, 6'11% H, 
9'55% N. 

4-Anilino-l-benzylpiperidine-4-carboxamide (IX) 

Heating of 75 g VIII with 500 m190% H2S04 to 70°C according to ref. 38 gave 60 g (75%) of IX, 
m.p. 190-191°C. Ref. 38, m.p. 187-188°C. 

4-Anilino-l-benzylpiperidine-4-carboxylic Acid (X) 

A) A stirred mixture of 25 g IX, 16 g KOH and 85 ml ethane-l,2-diol was heated for 15 h 
to 210°C (bath temperature) under reflux. It was diluted with 500 ml water, filtered, the filtrate 
was acidified with 16 ml acetic acid, the separated semi-solid material was quickly filtered off 
and the filtrate was allowed to crystallize overnight. It was filtered, washed with water and 
ethanol, dried, and crystallized from dimethyl sulfoxide; 19'5 g (79%), m.p. 230-231°C. IR 
spectrum: 704, 750 (5 adjacent Ar-H); 1 384, 1 609 (COO ~); 1 502, 1 540, 3055, 3 122 (Ar); 
2100 (NH+); 3328 (NH). For C19H22N202 (310'4) calculated: 73'52% C, 7'15% H, 9'02% N; 
found: 73'53% C, 7'26% H, 9'08% N. Ref.23 , m.p. 263 and 268°C (obtained by hydrolysis of 
the ethyl ester or by catalytic hydrogenolysis of the benzyl ester). 

4-Anilino-l-benzylpiperidine-4-methanol (XI) 

A stirred suspension of 19'5 g X in 200 ml benzene was treated over 1'5 h with 75 ml 50% 
NaAIH2(OCH2CH20CH3h in benzene and after 2 h of stirring the mixture was heated for 
a short time to the boiling point of benzene. After standing overnight it was decomposed under 
stirring by a slow addition of 170 ml 10% NaOH. It was stirred for 45 min, the benzene layer 
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was separated, washed with 10% NaOH and water, dried, and evaporated. The oily residue 
(17'5 g) slowly crystallized from 40 ml ether; 10'0 g (54%), m.p. 71-74°C. Ref.23 , m.p. 73'9°C 
(obtained by reduction of the ethyl ester). 

Dihydrochloride, m.p. 223-226°C (aqueous ethanol). For CI9Hz6C\zNzO (369'4) calculated: 
61'78% C, 7'10% H, 19·20% Cl. 7'59% N; found: 61'49% C, 7'21% H, 18'90% CI, 7'62% N. 

Dihydrobromide, m.p. 256-259°C (water). For C19Hz6BrzNzO (458'3) calculated: 49'80% C, 
5'72% H, 34'88% Br, 6'1l% N; found: 50'09% C, 5'81% H, 34'64% Br, 5'98% N. 

I' -8enzyl-3-phenylspiro[4,5-dihydro-3H-l ,2,3-oxathiazol-4,4' -piperidine] (XI V) 

A stirred solution of 5'0 g XI and 2'0 g pyridine in 30 ml benzene was treated with 2'5 g SOClz ' 
The mixture was stirred for 4 h at room temperature, decomposed by slow addition of 30 ml 
water, made alkaline with 10% NaOH, and after addition of 30 ml benzene shaken for 2 h. 
The benzene layer was separated, dried, and evaporated. The oily residue (5'6 g) slowly crystal
lized and the product was recrystallized from 20 ml acetone; 3'10 g (53%) of XIV, m.p. 140 to 
142°C (ethanol). Mass spectrum: 342·1429 (M+, C19H22N20ZS, 10), 263 (17), 250 (20), 186 
(43), 172 (7), 160 (13), 146 (70), 91 (100),77 (16). UV spectrum: 238 (3'44). IR spectrum (KBr): 
703, 759 (5 adjacent Ar-H); 1 170 (S=O); 1 490. I 592, 3 000, 3030, 3045, 3080 (Ar); 2770 
(CHz-N). I H NMR spectrum: 1· 50- 2'20 m, 6 H (H-2ax, 2 X H-3, 2 x H-5, and H-6ax of 
piperidine); 2'85 m, 2 H (H-2eq and H-6eq of piperidine); 3·40 s, 2 H (ArCHzN); 4'55 d and 
4'78 d (ABq), I and 1 H (C-CHz-O, J = 8'0); 7'00-7'50 m, 10 H (2 X C6 H s)' For C I9 H 22 N z . 
. OzS (342'5) calculated: 66'64% C, 6'47% H, 8'18% N. 9'36/~ S; found: 66'35% C, 6'59% H. 
8'16% N, 9'09% S. 

Hydrogen maleate, m.p. 128-129°C (acetone). For CZ3H26N206S (458'5) calculated: 
60'25% C, 5'72% H, 6'11% N, 6'99% S; found: 60'27~;' C, 5'55% H,6'01% N, 6'94% s. 

4-(Anilinomethyi)-I-benzyl-4-chloropiperidine (X V) 

A solution of 14'0 g XI in 120 ml chloroform was treated with 22·5 g SOCl2 and the mixture 
was refluxed for 2 h. After cooling it was decomposed by slow addition of 100 ml water (external 
cooling) and was made alkaline with 35 ml 10% NaOH. After shaking the chloroform layer was 
separated, dried, and evaporated. The oily residue (13'5 g) was chromatographed on 300 g Alz0 3. 
The least polar fraction, eluted with benzene, was considered to be the main product and was 
transformed to salts. 

Oxalate, m.p. 126-127°C with decomposition (ethanol). For C21 H 25 CIN20 4 (404'9) cal
culated: 62'29/~ C, 6'22% H, 8'76% CI, 6'92% N; found: 62'13/~ C, 6'38% H, 8'53% CI, 6'64% N. 
The released base (dilute NH40H and extraction with dichloromethane) was used for recording 
the IH NMR spectrum: 1'70-2'80 m, 8 H (4 X CH2 of piperidine); 3'31 d (after DzO s), 2 H 
(CHzNAr); 3'48 s, 2 H (ArCHzN); 4'00 bt (disappears after DzO), I H (NH); 6'50-7'10 m. 
5 H (ArH of aniline); 7·23 s, 5 H (ArH of benzyl). 

Maleate, m.p. 138-140°C (acetone). Mass spectrum: 314 (M+, CI9Hz3CINz, low intensity), 
278 (CI9Hz2Nz, 100). For CZ3H27CINz04 (430'9) calculated: 64'10% C, 6'32% H, 8'23% CI, 
6'50% N; found: 64'40% C, 6'52% H, 7'82% CI, 6'30% N. 

Ethyl 3-( 1-Ethoxycarbonyl-4-oxo-3-piperidinyi)propionate (XXI) 

A mixture of 8·15 g l-ethoxycarbonyl-4-(1-pyrrolidinyl)-1 ,2,3,6-tetrahydropyridine4I , 36'4 g 
ethyl acrylate, and 100 ml dioxane was refluxed for 4 h and after standing overnight, the volatile 
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components were evaporated in vacuo. The residue was treated with 60 ml water and 40 ml 
hydrochloric acid, the mixture was ref!uxed for 10 min and after cooling extracted with benzene. 
The extract was processed and the residue was distilled; 63 g (66%) of XXI, b.p. 170- 200°C/ 
0,2-0'3 kPa. For analysis a sample was redistilled, b.p. 170°C/0'2 kPa. I H NMR spectrum: 
1·24 t and 1·29 t, 3 and 3 H (2 X CH3); I· 50-4'20 m, 11 H (3 X CHz and CH of piperidine 
and CHzCHz of the propionate chain); 4'11 q and 4'20 q, 2 and 2 H (2 X OCHz). For C I3 H zl ' 
.NOs (271-3) calculated: 57'55% C, 7'80% H, 5'16% N; found: 57'58% C, 7'67% H, 5'26% N. 

Ethyl 3-( 1-Ethoxycarbonyl-4-(phenylimino)-3-piperidinyl)propionate (XXII) 

A mixture of 23'2 g XXI, 9'6 g aniline and 75 ml toluene was slowly distilled through a short 
column and the distillate (azeotropic mixture of toluene with water) was continually substituted 
by fresh toluene. The solvent was then evaporaed under reduced pressure and the residue was 
distilled in vacuo; 16'3 g (55%) of XXII, b.p. 200-21O°C/0'13 kPa. For analysis a sample was 
redistilled, b.p. 210°C/0'13 kPa. UV spectrum: 225 (3'99), inf!o 239 (3'94), inf!o 280 (3'50). IR 
spectrum (film): 700, 765 (5 adjacent Ar-H); 1 240 (COOR); I 606 (Ar); 1 705 (NCOOR); 1 732 
(RCOOR'). For C I9 H z6 N Z04 (346'4) calculated:65'87% C, 7· 57~:' H, 8'09% N; found: 65'90% C, 
7'36% H, 8'23% N. 

6-(Ethoxycarbonyl)-I-phenyl-3,4,5,6, 7 ,8-hexahydro-1 ,6-naphthyridin-2(\ H)-one (XX) 

A solution of 3'0 g XXII in 10 ml dioxane was treated with 0'3 g NaBH 4 and the solution was 
allowed to stand overnight at room temperature. The solvent was evaporated and the residue 
was distributed between water and benzene. The benzene layer was washed with dilute hydro
chloric acid and water, dried, and evaporated in vacuo. The residue was crystallized from 2·8 ml 
di(2-propyl) ether; 0'7 g (27%) of XX, m.p. 88-90·5°C. Analytical sample, m.p. 91-93"C 
(di(2-propyl)ether). Mass spectrum: 300 (M+,CI7HzoNz03)' 271 (ClsHlSNz03)' 77. IR 
spectrum: 700, 760 (5 adjacent Ar-H); 1 149, 1 215, 1 244 (COOR); 1493, 1 600, 3010, 3030, 
3045,3 052 (Ar); 1682 (CON of lactone); 1700 (NCOOR). IH NMR spectrum: 1'31 t, 3 H 
(CH 3 , J -~ 7'0); 1·85 bm, 2 H (2 X H-8); 2'35 bt and 2·75 bt, 2 and 2 H (2 X H-3 and 2 >; H-4); 
3'52 t, 2 H (2 X H-7, J = 5'0); 4'02 bs, 2 H (2 X H-5); 4'21 q, 2 H (OCHz, J = 7'0); 7'00 to 
7'60 m, 5 H (C6 H s)' For CI7HzoNz03 (300'4) calculated: 67'98% C, 6'71% H, 9'33% N; found: 
67'77~/" C, 6'82% H, 9'33% N. 

6-(Ethoxycarbonyl)-I-phenylperhydro-1 ,6-naphthyridin-2-one (XIX) 

A solution of 10·4 g XXII in 50 ml tetrahydrofuran was saturated with HCI until a clearly acid 
reaction. This stirred solution was treated with a solution of 1'3 g NaBH3CN in 37 ml methanol, 
added in parts. The mixture was stirred for 3'5 h at room temperature, treated with further 0'7 g 
NaBH 3 CN and stirred for further 3 h. 

The precipitated solid was filtered off and the filtrate was evaporated in vacuo. The residue 
was distributed between 5% NaHC03 and benzene, the benzene layer was dried and evaporated. 
The residue (8'7 g) was chromatographed on 260 g A1 2 0 3 . The benzene eluates were discarded 
and chloroform eluted 2'0 g (22%) of almost homogeneous XIX which crystallized from a mix
ture of benzene and light petroleum, m.p. 126-128°C. Mass spectrum: 302 (M +, C17Hz2Nz03' 
100), 200. IR spectrum: 707, 757, 776 (5 adjacent Ar-H); I 236, I 350, I 377 (COOR); 1497, 
I 596, 3020 (Ar); 1 642 (CON of lactam); I 698 (NCOOR). 1 H NMR spectrum: 1·21 t, 3 H 
(CH3, J = 7'0); 1'20-2'80 m, 10 H (5 X CHz in positions 3, 4,5,7,8 ofperhydronaphthyridine); 
3'40 m and 4'20 m, I and I H (H-4a and H-8a); 4'08 q, 2 H (OCH2 , J = 7'0); 6'90-7'50 m, 5 H 
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(C6 H s). For C17H22N203 (302'4) calculated: 67'52% C, 7'34% H, 9'27% N; found: 67'39% C, 
7'50% H. 8'97% N. 

3-(3-Ethoxycarbonyl-4-oxo-l-(2-phenylethyl)-3-piperidinyl)propioni trile (X XI V) 

A solution of 19'7 g XXIII-(the base was released from the hydrochloride44 .4s) and 3'8 g acrylo
nitrile in 20 ml dioxane was treated under stirring with a solution of 0·9 g KOH in 0·9 ml water 
and the mixture was allowed to stand overnight at room temperature. Then it was distributed, 
between benzene and water. The benzene layer was dried and evaporated leaving 20'2 g (86%) 
of oily XXIV. It was transformed to the hydrogen oxalate, m.p. 121·5·-122·5°C (ethanol-ether). 
For CZI H 26 N z0 7 (418'4) calculated: 60'27% C, 6'26% H, 6'70% N; found: 60'43% C, 6'15% H, 
6'92% N. 

Ethyl 3-( 4-0xo-l-(2-phenylethyl)-3-piperidinyl)propionate (XXV) 

Hydrogen oxalate of XXIV (29 g) was treated with NH4 0H and the base was isolated by ex
traction with benzene (22'6 g). This base was refluxed for 5 h with 55 ml hydrochloric acid and 
30 ml water. The mixture was evaporated in vacuo and the residue was reffuxed with 200 ml 
ethanol for 4 h. The precipitated solid was filtered off and the filtrate was evaporated in vacuo. 
The esterification was concluded by refluxing with further 100 ml ethanol and 2 ml ether satu
rated with HC\. After standing overnight it was filtered again and the filtrate was evaporated 
leaving 23 g of crude oily XXV-HCI which slowly crystallized; 11·5 g (49%) of XXV.HCl, m.p. 
131-134'C (ethanol-ether). For C,8Hz6ClN03 (339'9) calculated: 63'61%C, 7'71%H, 
10'43% CI, 4'12~~ N; found: 63'28% C, 7'98/~ H, 10'73% CI, 3-87% N. 

The released base was used for recording the 1 H NMR spectrum: 1'20 t, 3 H (CH3, J ,= 7'0); 
1'80- 3·20 m, 15 H (2 X CHz of phenethyl, 3 X CH2 and CH of piperidine, and 2 X CHz of 
propionyl); 4'05 q, 2 H (OCHz, J = 7'0); 7'15 s, 5 H (C6 H s)' 

Reaction of XXV.HCI with aniline 

A mixture of 3'4 g XXV.HCI, 5'6 g aniline and 20 ml toluene was slowly distilled for 4 h and the 
distillate was continually substituted by fresh toluene. After standing overnight the separated 
crystalline product (1'1 g, 69%) which was identified as 2-phenylethylamine hydrochloride, m.p . 

. 221-226°C (ethanol). For Cs H 12 CIN (157'7) calculated: 60'95% C, 7'68% H, 22'49% Cl, 
8'89% N; found: 61'23/~ C, 7'81% H, 22'80% Cl, 9'03% N. A sample of this compound was 
prepared from commercial 2-phenylethylamine and melted at 222 - - 224°C. The mixed melting 
point of both samples was without depression. Ref.46 , m.p. 217°C. 

The toluene mother liquor was washed with dilute hydrochloric acid, the aqueous acid solu
tion was made alkaline with 5M-NaOH and the bases were extracted with benzene. Processing 
of the extract gave 4'4 g of a residue which was dissolved in benzene and the solutino was 
chromatographed on 140 g Alz0 3. The benzene eluate (1'9 g) was heated in vacuo for removing 
aniline. The residue (0'4 g) crystallized from a mixture of benzene and light petroleum, m.p. 
82'5- 84c C, and was assigned to be 2,4'-diaminodiphenYlmethane (XXVIII). Mass spectrum: 
198 (M+, C 13 H I4N2, 18),180 (3),107 (9),106 (100),104 (5),93 (22), 79 (10), 78 (6),77 (25). 
UV spectrum: 242'5 (4'30),287 (3'67). IR spectrum: 695, 1 619 (ArNH2); 756, 822 (4 and 2 adja
cent Ar-H); 1 490, 1 500, 1 596, 3010 (Ar); 3 285, 3 320, 3 360 (NHz). 1 H NMR spectrum: 
3·82 s (disappears after D20), 2 and 2 H (2 X ArNHz); 4'12 s, 2 H (ArCH2Ar); 6'40-7'30 m, 
8 H (ArH). For C13H'4N2 (198'3) calculated: 78'75% C, 7'12% H, 14'13% N; found: 79'16% C, 
7'35% H, 14'02% N. Ref.47, m.p. 88-89°C. 
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Ethyl 3-( 4,4-Diethoxy-l-(2-phenylethyl)-3-piperdinyl)-propionate (XXVII) 

A mixture of 5'4 g XXIV (the base was released from the hydrochloride), 7 ml water, and 13 ml 
hydrochloric acid was reffuxed for 5 h. After standing for 48 h the volatile components were 
evaporated in vacuo, the residue was dissolved in 50 ml ethanol and the solution was reffuxed 
for 2 h. The solution was filtered, the filtrate was evaporated in vacuo and the residue was dis
solved in chloroform. The solution was washed with 3% NaOH and water, dried, and evapo
rated. The oily residue (3'8 g) was dissolved in benzene and the solution was filtered through 
a column of 75 g Alz()3' The filtrate was evaporated giving 2'3 g (46%) of almost homogeneous 
oily XXVII which was transformed to the hydrogen oxalate, m.p. 141-146°C (ethanol). For 
C24H,17NOg (467'6) calculated: 61'65~~ C, 7'98% H, 3'00% N; found: 61'77% C, 8'01% H, 
3·11°/.N. 

The oily base, released from a sample of the oxalate, was used for recording the IR spectrum 
(CS2 ): 704,753 (5 adjacent Ar-H) I 063, 1099,1 130,1 167 (RCOOR', ROR'); 1 739 (RCOOR'). 

Ethyl 4-Anilino-I-(2-phenylethyl)-1 ,2,3,6-tetrahydropyridine-3-carboxylate (XXIX) 

Hydrochloride of XXIII (refs44 .45) was dissolved in 20 ml warm ethanol, the solution was treated 
with 4'2 g aniline and the mixture was allowed to stand for 2 h at room temperature. After 
standing overnight the crystalline product was filtered, washed with 10 ml ethanol and 10 ml 
ether. and dried in vacuo; 10'1 g of XXIX.HCI, m.p. 180-181'5°C (ethanol). UV spectrum: 
304 (4'30). IR spectrum: 710, 760, 785 (5 adjacent Ar-H); I 242, 1260 (RCOOR'); 1 502, 1 598, 
3033 (Ar); I 620 (C=C); I 661 (C=C-COOR in hydrogen bond with N); 2360, 2460, 2505 
(NH+); 3 190, 3245, 3310 (NH). For C2zHz7CINzOz (386'9) calculated: 68'29% C, 7'04% H, 
9'W:' CI, 7·24~/. N; found: 67'99% C, 7'35% H, 8'90% CI, 7'23% N. 

The released base was used for recording the IH NMR spectrum: 1'29 t, 3 H (CH3 , J = 7'0); 
2'52 s. 4 H (ArCHzCH2N); 2'50-3'00 m, 4 H (2 X CHz in positions 2 and 3 of tetrahydro
pyridine); 3'32 s, 2 H (NCH2C=C); 4'19 q, 2 H (OCHz, J = 7'0); 6'80-7'50 m, 10 H (2 X 

CuH,); 1O'60bs, I H (NH). 

Ethyl 1-(2-Phenylethyl)-I,2,3,6-tetrahydropyridine-3-carboxylate (XXX) 

A stirred solution of 2'0 g XXIX.HCI in 20 ml acetic acid was treated with 4'0 g Zn and the 
mixture was refiuxed for 30 min. It was filtered, the filtrate was evaporated in vacuo and the 
residue was distributed between dilute NH40H and benzene. Processing of the benzene solution 
gave 1'4 g of oil which was chromatographed on 50 g Alz0 3 • The benzene eluates of the more 
polar components gave 0'2 g of homogeneous oily XXX which afforded the hydrochloride melting 
at 148-151°C (ethanol-ether). For Ct6HzzCIN02 (295'8) calculated: 64'96% C, 7'50% H, 
11·99° 0 CI, 4'74% N; found: 64'79% C, 7'67% H, 12'16% CI, 4'72% N. 

A sample of the released oily base was used for recording the IH NMR spectrum: 1'21 t, 3 H 
(CH 3); 2,10-3'30 m, 10 H (ArCH2CH2N and CH2 CHzNCH2 of tetrahydropyridine); 4·12 q, 
2 H (OCH 2, J = 7'0); 6'95 m. I H (C=CH); 7'15 s, 5 H (C6H s)' 

4- Anilino-1-(2-phenylethyl)piperidine-3-methanol (XXXI) 

A) A Solution of 3'4 g XXIX (released from 3·9 g of hydrochloride) in 10 ml ether was added 
to a stirred solution of 1·2 g LiAIH4 in 60 ml ether, the mixture was stirred for 4'5 h at room 
temperature and allowed to stand overnight. Under stirring it was decomposed by slow addition 
of I ml water, 1'5 ml 20% NaOH and 3'6 ml water. After 30 min standing the solid was filtered 
off, the filtrate was dried and evaporated. The residue (2'9 g of oil) was chromatographed on 
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150 g A120 3 . The benzene eluates contained mixtures of the less polar components. Chloroform 
eluted 1'8 g (62%) of almost homogeneous XXXI which was transformed to the oxalate, m.p. 
174'5-177°C (ethanol-ether). IR spectrum: 712, 760 (5 adjacent Ar-H); 1200, 1724 (COOH); 
I 605 (COO-); 2625, 2720 (NH+ and O-H" 'N); 3405 (NH). For C22H2SN20S (400'5) cal
culated: 65'98% C, 7'05% H, 7'00% N; found: 65'86% C, 7'12% H, 7'04% N. 

The base was released by treatment of the oxalate with NH40H and was isolated by extrac
tion with ether. After its evaporation, it crystallized; m.p. 83- 87"C (cyc1ohexane). 1 H NMR 
spectrum: unresolved m (all the CH2 and CH groups); 6'40-7'40 m, 10 H (2 X C6Hs)' For 
C20H26N20 (310'4) calculated: 77'38% C, 8'44% H, 9'03% N; found: 77'40% C, 8'70% H, 
8'79% N. 

B) A solution of 3'5 g XXIX in 20 ml benzene was stirred and treated with 14 m164% NaAIH 2 
(OCH2CH20CH3h in benzene and the mixture was reffuxed for 2 h. After cooling the mixture 
was decomposed under stirring by slow addition of a solution of 3'0 g NaOH in 30 ml water. 
The benzene layer was dried and evaporated leaving 3'0 g of an inhomogeneous residue. Reaction 
with 1'2 g oxalic acid dihydrate in 5 ml ethanol gave only 0'3 g of the oxalate melting at 173 to 
176°C, which is identical with the product obtained under A). 

Ethyl 4-0xo-I-(2-phenyIethyl)piperidine-3-carboxyla te (XXIII) 

A) Compound XXIII was prepared in several batches by cydization of N,N-bis(2-ethoxy
carbonylethyl)-2-phenylethylamine 70 with sodium ethoxide (from NaH and ethanol) in toluene 
according to refs44 ,4s. The crude base was transofrmed to the hydrochloride which was ob
tained in yields of 40- 58% and melted at temperatures between 147 and 158°C. Refs44.4S, m.p. 
165-167°C. 

B) A solution of 1'1 g XXIX (the base released from the hydrochloride) in 5 ml chloroform 
was treated with 0'35 g propionyl chloride and the mixture was allowed to stand overnight 
at room temperature. After dilution with ether the precipitated solid was filtered, crystallized 
from a mixture of ethanol and ether, and dried in vacuo (0'2 g, m.p. 149-155°C). It was evi
dently XXIII.HCI whose IR spectrum indicated complete enolization: 70S, 760 (5 adjacent 
Ar-H); I 104, 1226, 1253, 1310 (RCOOR'); 1637, 1667 (HO-C=C-COOR); 2400, 2460, 
2515 (NH+ and O-H···O=C). For C16H22CIN03 (311-8) calculated: 61'63% C, 7'11% H, 
11'38%CI, 4'49%N; found: 61'60%C, 6'SI%H, 11'07%CI, 4·6S%N. The discrepancies with 
the melting point of this hydrochloride are mentioned already under A). 

Ethyl 3-(4-Hydroxy-I-(2-phenylethyI)-3-piperidinyl)propiona te (XXXII) 

A mixture of 15·9 g XXIV, 40 ml hydrochloric acid and 10 ml water was reffuxed for 10 h. The 
solution was filtered with active carbon and evaporated in vacuo. The residue was dissolved 
in 30 ml water, the solution was made alkaline with 20% NaOH, and filtered again with active 
carbon. The filtrate was treated with 2'0 g NaBH4, added in portions. The mixture was heated 
for 2 h to 100°C (water bath) and allowed to stand for 48 h at room temperature. It was acidified 
with hydrochloric acid and evaporated in vacuo. The residue was refluxed for 20 min with 80 ml 
ethanol, the solid was filtered off, and the filtrate was evaporated in vacuo. The crystalline residue 
(17 g) was recrystallized from 40 ml boiling ethanol; 8'0 g (48%) of XXXII.HCI, m.p. 162-164°C 
(ethanol). IR spectrum: 695, 727, 759, 773 (5 adjacent Ar-H); 1070 (CHOH in the ring); I 181, 
I 730 (RCOOR'); 1 502, 1 587, 1 607, 3040, 3080, 3 100 (Ar); 2595, 2645, 2695 (NH +); 3 350 
(OH). IH NMR spectrum (CD3 SOCD3): 1'14 t, 3 H (CH3); 1'50-3'70 m, 16 H (2 X CH2 and 
2 X CH of piperidine, ArCH2CH2N, and CH2CH2CO); 4'00 q, 2 H (OCH 2); 5·16 bs, I H 
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(OH); 7·20 s, 5 H (CbHs); 11'20 bs, 1 H (NH+). For ClsH2SCIN03 (341'9) calculated: 63'23% C, 
8'25% H, 10'37% CI, 4'10% N; found: 63'07% C, 8'32% H, 10'38% CI, 4'18% N. 

6-(2-Phenylethyl)-3,4,4a,5,6,7,8,8a-octahydro-2H-pyrano[3,2-c]pyridin-2-one (XXXIV) 

A) A solution of 6'4 g XXIV (released from the oxalate) in 12 ml hydrochloric acid and 6 ml 
water was refluxed for 6 h. The mixture was evaporated in vacuo and the residue was dissolved 
in a boiling mixture of 25 ml ethanol and 4 ml water. The solution was made slightly alkaline 
with 8 ml 20% NaOH and treated with 0'8 g NaBH4, added in portions. The mixture was re
fluxed for I h, acidified with 5 ml hydrochloric acid, and evaporated in vacuo. The residue 
(10'2 g) was dissolved in 25 ml ethanol, the undissolved salts were filtered off, and the filtrate was 
evaporated again. The glassy residue was distributed between 25 ml chloroform and a solution 
of 1·6 g NaHC03 in 50 ml water. Evaporation of the chloroform layer gave 4'2 g (83%) of crude 
XXXI V which was chromatographed on 200 g silica gel. Benzene eluted the less polar contami
nants. One of the chloroform eluates (0'6 g) ws the homogeneous XXXIV, m.p. 96-99°C (cyclo
hexane). IR spectrum (KBr): 704,751 (5 adjacent Ar-H); 1042, 1222 (RCOOR'); 1 735 (I)-lac
tone). 1 H NMR spectrum: 1'30-3,10 m, 15 H (ArCH2CH2N, 5 X CH2 and CH in positions 
3,4. 4a, 5, 7, 8); 3'80m, 1 H (H-8a); 7'13 s, 5 H (C6Hs)' For C16H21N02 (259'3) calculated: 
74'lOo~ C, 8'16% H, 5-40% N; found: 74'07% C, 8'07% H, 5'19% N. 

B) A stirred suspension of 3'4 g XXXIl.HCI in 20 ml chloroform was treated over 5 min 
with a solution of 1'4 g SOCI2 in 2 ml chloroform and the mixture was refluxed for 45 min. 
After cooling the crystallized product was filtered and washed with ether; 2'7 g (91%) of a sub
stance appearing to be XXXIV.HCI, m.p. 236-240°C ethanol. IR spectrum (KBr): 706, 754, 
(5 adjacent Ar-H); 1 071, 1 109, 1 212, 1 260 (COO of lactone); 1 502, 1 608, 3033, 3065 (Ar); 
1 757 (COO of lactone); 2480,2535,2620,2680 (NH+). For C 1b H22CIN02 (295'8) calculated: 
64'96~'~ C, 7'50~--;; H. 11'99% CI, 4'74% N; found: 65'00% C, 7'75% H, 11'99% CI, 4'77% N. 

N-Phenyl-3-( 4-hydroxy-l-(2-phenylethyl)-3-piperidinyl)propionamide (XXXIlI) 

A mixture of XXXIl (released from 3'4 g hydrochloride), 2·1 g aniline, and a small piece of Na 
was heated for 5 h to 120°C. After partial cooling the mixture was dissolved in 10 ml boiling 
benzene and the solution was allowed to crystallize; 1·9 g (54%) of XXXIIl, m.p. 158-159°C 
(acetone). IR spectrum: 697, 719, 751, 781 (5 adjacent Ar-H); 1057, 1193, 1247, 1315, 1331 
(CHOH); 1 495, 1 605, 3028, 3060, 3082 (At); 1 550, 1 691 (RCONHR'); 3200, 3261, 3300 
(NH). 1 H NMR spectrum (CD3 SOCD3): \·20-3'00 m, 16 H (3 X CH2 and 2 X CH of piperi
dine, ArCH 2CH2N, and CH2CH2CO); 4·60 d, \ H (OH); 7'15 s, 5 H (C6HS of phenethyl); 
6'90- 7'40 m, 3 H (H-3, H-4, and H-5 of aniline); 7'60 q, 2 H (H-2 and H-6 of aniline); 9·85 s, 
1 H (CONH). For C22H2SN202 (352'5) calculated: 74'96% C, 8'Oi% H, 7'95% N; found; 
74'95" .. C, 8'31~~ H, 7-92~~ N. 

4-(4-Cyclopropylphenyl)-i-methyipiperidine-i-ol (X X X VIl) 

The Grignard reagent was prepared by reaction of 19·7 g I-bromo-4-cyclopropylbenzenes3 with 
2'6 g Mg in 50 ml ether with the help of small amounts of iodine and 1,2-dibromoethanes4 

and under stirring it was treated over 2'5 h with a solution of 10'6 g I-methyl-4-piperidone 
in 15 ml ether, added dropwise. The mixture was refluxed for 2 h, at 5-lOo C it was decomposed 
by slow addition of 120 ml IO~~ NH4CI, and after addition of 50 ml ether it was stirred for 30 min. 
The organic layer was separated, the aqueous one was extracted with ether and the combined 
organic layers wre processed. The residue distilled in vacuo without decomposition and the main 
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fraction (b.p. 208-2lOoCjI'6 kPa) crystallized; 6'4 g (29%), m.p. 121-122C (cyclohexane). 
IR spectrum (KBr): 820 (2 adjacent Ar-H); I 042, 1 099, 1 154, I 275 (C-OH); I 562, I 630 (Ar); 
2690, 2740 (CH 2-N); 3 180 (OH). 1 H NMR spectrum: O' 50- l·lO m, 4 H (2 X CH2 of cyclo
propyl); 1'70 m, 4 H (2 X H-3 and 2 X H-5 of piperidine); 1·85 m, 1 H (CH of cyclopropyl); 
2-20 s, 3 H (NCH3); 2'52 m, 4 H (2 X H-2 and 2 X H-6 of piperidine); 2'38 s (disappears after 
D 2 0), 1 H (OH); 6-95 d and 7·32 d (ABq), 2 and 2 H (4 X ArH). For C 15 H21 NO (231'3). cal
culated: 77'87% C, 9'15% H, 6'06% N; found: 77'87% C, 9'46% H, 6'05% N. 

Hydrogen maleate, m.p. 144°C (2-propanol-ether). For C19Hz5N05 (347'4) calculated: 
65'69% C, 7'25% H, 4'03% N; found: 65'66% C, 7'46% H, 4'02~~ N. 

1-Benzyl-4-( 4-cyclopropylphenyl)piperidine-4-ol (X X X VIII) 

The Grignard reagent 54 from 39' 5 g I-bromo-4-cyclopropylbenzene53 and 5'15 g Mg in 100 ml 
ether was treated under stirring over 2 h with a solution of 30'3 g I-benzyl-4-piperidone in 50 ml 
ether and the mixture was refiuxed for 2 h. Similar processing like in the preceding case gave the 
crude solid product (47'7 g) which was crystallized from 75 ml cyclohexane giving 19'5 g (40%) 
of XXXVIII, m.p. 91-93°C (cyclohexane). IR spectrum (KBr): 703, 745, 807, 829 (5 and 2 adja
cent Ar-H); 1 048, 1 138 (C-OH); 1 500, 1 570, 1 620 (Ar); 2720, 2 800 (CH 2-N); 3 250 (OH). 
IHNMR spectrum: 0'50-1'10m, 4H (2 X CH2 of cyclopropyl); t'64bs (disappears after 
DzO), 1 H (OH); 1'50-2'80 m, 9 H (4 X CH z of piperidine and CH of cyclopropyl); 3'46 s, 
2 H (ArCHzN); 7'21 s, 5 H (C6 H5); 6'95 d and 7'30 d (ABq), 2 and 2 H (4 >: ArH, J = 9'0). 
For C z1 H 25 NO (307'4) calculated: 82'04% C, 8'20% H, 4'56% N; found: 82'18% C, 8'32% H, 
4'53% N. 

Hydrogen maleate, m.p. 155-158 C (2-propanol). For C25H29N05 (423'5) calculated: 
70'90% C, 6'90% H, 3'31% N; found: 71'23% C, 7'17% H, 3'15% N. 

4-( 4-Cyclopropylphenyl)- I -methyl-4-piperidinyl Propionate (X X Xl X) 

A stirred solution of 4'6 g XXXVII in 100 ml ether was treated over 40 min with a solutio of 
2'02 g propionyl chloride in 25 ml ether and the mixture was stirred for further I hat 30- 33'C. 
After standing overnight the separated XXXIX.HCI (6'1 g, 94%) was filtered and recrystallized 
from a mixture of 2-propanol and ether, m.p. 155- 158a C (ethanol-ether). For ClsHz6CINOz 
(323'9) calculated: 66'85% C, 8'09% H, lO'95% CI, 4'33% N; found: 66'49% C, 8'37% H, 
11'04% CI, 4'39% N. 

1-Benzyl-4-( 4-cyclopropylphenyl)-4-piperidinyl Propionate (XL) 

A solution of 4'5 g XXXVIII in IS ml pyridine was stirred and treated at 18- 22°C over 20 min 
with a solution of 2'5 g propionyl chloride in 10 ml ether. The mixture was stirred for 45 min 
at room temperature, diluted with water and extracted with benzene. Processing of the extract 
gave 5'2 g of oily base XL which was dissolved in 15 ml ethanol and the solution was treated 
with HCl in ether; 3'5 g (62%) of XL. HCI, m.p. 186-187°C (ethanol-ether). IR spectrum (KBr): 
711,758,824 (5 and 2 adjacent Ar-H); I 188,1755 CRCOOR'); 2 565 (NH+). For CZ4H30CINOz 
(400'0) calculated: 72'07% C, 7'56% H, 8'87% CI, 3'50% N; found: 72'23~";; C, 7'67% H, 9'13% CI, 
3'72% N. 

1-( 4-Cyclopropylphenyl)-I-phenyl-3-( I-piperidinyl)propanol (X Ll) 

The Grignard reagent54 from 21·8 g l-bromo-4-cyclopropylbenzene53 and 2·9 g Mg in 60 ml 
ether was stirred and treated over I· 5 h with a solution of 11'0 g l-phenyl-3-(i-piperidinyl)-
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propan-I-one (released from the hydrochloride56 ,57) in 60 ml ether and the mixture was refluxed 
for 4 h. After standing overnight at room temperature it was decomposed at 20°C under stirring 
with 250 ml 10% NH4CI and extracted with ether. The extract was shaken with 100 ml IM-HCI 
and the precipitated XLI.HCI (12'7 g, 68%) was filtered and crystallized from a mixture of ethanol 
and ether, m.p. 225-227°C. IR spectrum (KBr): 708, 738, 771, 830 (5 and 2 adjacent Ar-H); 
1080, 1202 (C-OH); 1500, 1510 (Ar); 2675 (NH+); 3260 (OH). For C23 H30CINO (371'9) 
calculated: 74'27% C, 8'13% H, 9'53% CI, 3'77% N; found: 73'98% C, 8'23% H, 9'64% CI, 
3·72% N. 

3-(N-Butylmethylamino )-I-phenylpropan-l-one (XLII) 

A mixture of 11·9 g N-butylmethylamine, 4'5 g paraformaldehyde, 12'0 g acetophenone, 30 ml 
ethanol, and 0'25 ml hydrochloric acid was refluxed for 1 h and after the addition of further 
3'0 g paraformaldehyde the reffuxing was continued for further 2 h. After cooling the mixture 
was dissolved in a warm mixture of 20 ml ethanol and 30 ml acetone and addition of 40 ml ether 
led to crystallization of 16'5 g (65%) of XLII. HCI, m.p. 140-142°C (acetone-ether). For C I4H 22 . 

. CINO (255'8) calculated: 65'74% C, 8'67% H, 13'86% CI, 5'47% N; found: 65-88% C, 8'77% H, 
13-96% CI, 5-67% N. 

3-(N-Butylmethylamino)-I, I-diphenylpropanol (XLIII) 

The Grignard reagent was prepared from 13·8 g bromobenzene and 2'14 g Mg in 50 ml ether 
and was treated under external cooling with ice-cold water and under stirring with a solution 
of 14'6 g XLII (released from the hydrochloride) in 20 ml ether, added dropwise over 30 min. 
The mixture was refluxed for 3 h, after cooling decomposed with 200 ml 10% NH4 CI, and ex
tracted with ether. The extract was processed and the residue was distilled; 5·2 g (26%) of XLIII, 
b.p. 166-172°C/70 Pa, m.p. 91-93°C (methanol). For C2oH 27 NO (297'4) calculated: 80'76% C, 
9'15% H, 4'71% N; found: 80'80% C, 9'22% H, 4'46% N. 

N-Butyl-N-(2-hydroxyethyl)dimethylammonium Iodide (XLI V) 

A solution of 0'5 g 2-(N-butylmethylamino)ethanoI5s in 5 ml acetone was treated with 2'5 g 
methyl iodide and the mixture was allowed to stand for 24 h at room temperature. The crystal
line product was filtered and recrystallized from acetone; 0'70 g (69%), m.p. 120-121°C. For 
Cs H2oINO (273'2) calculated: 35'17% C, 7'38% H, 46'47% I, 5'12% N; found: 35'42% C, 
7-64% H, 46'24% I, 4'85% N. 

2-(3-Dimethylaminopropyl)adamantane-2-ol (XL V) 

Grignard reagentS1 was prepared from 2'4 g 3-dimethylaminopropyl chloride and 0'5 g Mg in 
20 ml tetrahydrofuran and under stirring it was treated over 10 min with a solution of 1'5 g 
2-adamantanone in 10 ml tetrahydrofuran. After standing overnight at room temperature the 
mixture was decomposed with 10 ml 20% NH4Cl and extracted with benzene. The extract was 
washed with water and processed giving 2'3 g (97%) of XLV, m.p. 71-73°C (light petroleum). 
IR spectrum (KBr): 1042, 1 107, 1209 (C-OH); 2796, 2830 (CH3-N); 3 190, 3300 (OH). 
1 H NMR spectrum: 2'10 s, 6 H (N(CH3}z); 5'45 bs, 1 H (OH); the CH2 and CH groups in an 
unresolved multiplet. For C 1 SH27NO (237'4) calculated: 75'89% C, 11'47% H, 5'90% N; found: 
76'14% C, 11'54% H, 6'05% N. 

Hydrochloride, m.p. 223°C (ethanol-ether) with decomposition. IR spectrum: 1 108, 1 135, 
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I 150, 1 162 (C-OH); 2695, 2720 (NH+); 3360, 3435, 3500 (OH). For C1sH2SCINO (273'8) 
calculated: 65'79% C, 10'30% H, 12'95% CI, 5'12% N; found: 65'52% C, 10'23% N, 12'71% CI, 
5-30% N. 

l-Ethyl-3-(I-phenyl-2-propylamino)piperidine tXL VI) 

A solution of 8'2 g phenylacetone and 7·8 g 3-amino-l-ethylpiperidines9 in a mixture of 100 ml 
methanol and 7 ml water was stirred for 7 h at 50°C. After cooling to 20°C it was treated under 
stirring with 3'1 g NaBH4, added in small portions over 15 min. The mixture was stirred for I h 
at room temperature and refluxed for I h. After cooling the mixture was slightly acidified with 
acetic acid, methanol was evaporated, the residue was diluted with water, made alkaline with 
10% NaOH, and the product was extracted with benzene. Processing of the extract and distilla
tion of the residue gave 7'3 g (49%) of XLVI, b.p. 95-97°C/90 Pa. IH NMR spectrum: 1'02 t, 
3 H (CH3 of ethyl, J = 8'0); 1'05 d, 3 H (CH3 of 2-propyl, J = 7'0); 1'30-2'00 m, 5 H (CH and 
2 X CH2 in positions 3, 4, 5 of piperidine); 2'50 bs, 1 H (NH); 2'40 q, 2 H (NCH2 of N-ethyl, 
J = 8'0); 2'50- 3'30 m, 7 H (ArCH2CHN and CH2NCH2 of piperidine); 7'35 s, 5 H (C6 Hs)' 
For C16H26N2 (246'4) calculated: 77'99% C, 10'64% H, 11'37% N; found: 77'72% C, 10'45% H, 
11'46% N_ 

Hydro{?en maleate, m.p. 131-133°C (ethanol-ether). For C20H30N204 (362-5) calculated: 
66'27% C, 8-34% H, 7'73% N; found: 66-47% C, 8'64% H, 7'93% N. 

1-(4-Bromophenyl)-I-( I-methyl-4-piperidinyl)-I-phenylmethanol (XLVII) 

Grignard reagent63 was prepared from 27'5 g 4-chloro-I-methylpiperidine63 and 5-0 g Mg in 
150 ml tetrahydrofuran_ It was treated under stirring with a solution of 53-6 g 4-bromobenzo
phenone62 in 170 ml tetrahydrofuran and the mixture was reffuxed for 4 h_ After standing over
night it was decomposed with 550 ml 10% NH4CI and extracted with benzene_ Processing of the 
extract gave 41'5 g (45%) of crystalline XL VII, m_p_ 149-5-150°C (benzene-light petroleum). 
For C19 H22 BrNO (360'3) calculated: 63'34% C, 6'15% H, 22'18% Br, 3'89% N; found: 63'70% C, 
6'44% H, 22'19% Br, 3-98% N. 

Hydrochloride, m.p. 292-294'5'C (ethanol-ether). For C 19H23 BrCINO (396'8) calculated: 
57'51% C, 5'84% H, 8'94% CI, 3'53% N; found: 57'58% C, 5'92% H, 8'82% Cl, 3'72% N. 

4-(4- Bromobenzhydrylidene )-I-methylpiperidine (XL VIII) 

A mixture of 6'0 g XL VII, 100 ml acetic acid and 40 ml hydrochloric acid was refluxed for 1 h. 
The volatile components were evaporated in vacuo, the residue was dilu.ted with water, made 
alkaline with 20% NaOH, and extracted with benzene. Processing of the extract and neutraliza
tion of the residue in ethanol with HCI in ether gave 3'1 g (50%) of XL VIII. HC1, m.p. 262- 265°C 
(ethanol-ether). For C 19 H21 BrCIN (378'7) calculated: 60-25% C, 5'59% H, 9'36% Cl, 3'70% N; 
found: 60'55% C, 5'80% H, 9'28% CI, 3'82% N. 

3-(2-( 1,3-Dioxan-2-yl)ethyl)-8-hydroxy-6, II-dimethyl
-I,2,3,4,5,6-hexahydro-2,6-methano-3-benzazocine (L) 

A mixture of 2'17 g XLIX (ref.66), 30 ml dimethylformamide, 1·5 g NaHC03 , and 1'5 g 2-(2-
-chloroethyl)-I,3-dioxane67 was stirred and reffuxed for 7 h. After cooling the solid was filtered 
off, the filtrate was evaporated in vacuo, the residue was dissolved in 70 ml benzene, the solution 
was washed with water, dried, and evaporated. The residue crystallized on trituration with ether; 
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2'60 g (79%) of L, m.p. 183-186°C (90% ethanol). IR spectrum: 802, 863 (2 adjacent and solitary 
Ar-H); 1 143, 1267 (ArOH); 1494, 1 577, 1610 (Ar); 3050 (OH). IH NMR spectrum (CD3 . 
. SOCD3): 0'72 d, 3 H (11-CH3' J = 6'5); 1'23 s, 3 H (6-CH3); 1'30-2,80 m, 14 H (NCH2CH2 
of ethylamino, 2 x H-1, H-2, 2 X H-4, 2 X H-5, H-ll, and CH2 in position 5 of 1,3-dioxane); 
3'50-4'10 m, 4 H (2 X CH20); 4'52 t, 1 H (H-2 of 1,3-dioxanyl, J = 5'5); 6'51 q, 1 H (H-9, 
J = 9'0; 2'0); 6'60 d, 1 H (H-7,J = 2'0); 6,87 d, 1 H (H-I0,J =9'0); 9'00 bs, 1 H (OH). For 
C2oH29N03 (331-4) calculated: 72'47% C, 8'82% H, 4'23% N; found: 72'26% C, 9·12% H, 
4'03% N. 

Hydrogen maleate, m.p. 157-159°C (ethanol). For C24H33N07 (447'5) calculated: 64'41% C, 
7-43% H, 3'13% N; found: 64'17% C, 7'50% H, 3'08% N. 

3-(2-(1,3-Dioxolan-2-yl)ethyl)-8-hydroxy-6, 11 -dimethyl
- I ,2,3,4,5,6-hexahydro-2,6-methano-3-benzazocine (LI) 

A similar reaction of 1,0 g XLIX (ref.66), 0·90 g 2-(2-chloroethyl)-1,3-dioxolane67 and 0'75 g 
NaHC03 in 13 ml dimethylformamide and similar processing gave 0'73 g (50%) of LI, m.p. 
183-185°C (95% ethanol). IR spectrum (KBr): 810, 875 (2 adjacent and solitary Ar-H); 1045, 
1245 (R-O-C-O-R); 1 150 (ArOH); 1 500, 1 585, 1625 (Ar); 2582, 2675,2790 (NH+); 3440 
(OR). 1 H NMR spectrum (CD3SOCD3 ): 0,73 d, 3 H (11-CH3' J = 6'5); 1-25 s, 3 H (6-CH3); 

1'50--3,00 m, 12 H (NCH2CH2 of ethylamino, 2 X H-I, H-2, 2 X H-4, 2 X H-5, and H-lt); 
3·78 m, 4 H (OCH2CH20); 4'80 t, I H (H-2 of 1,3-dioxolane, J = 5'0); 6'42 q, 1 H (H-9, 
J = 8'0; 2'0); 6'55 d, 1 H (H-7); 6'85 d, I H (H-IO, J = 8'0); 9·01 bs (disappears after D20), 
1 H (OH). For C19 H27 N03 (317'4) calculated: 71'89% C, 8'57% H, 4'41% N; found: 71'600/0 C, 
8'49% H, 4'22% N. 

Hydrogen maleate, m.p. 186-188°C (ethanol). For C23 H31 N07 (433'5) calculated: 63·72% C, 
7'21% H, 3'23% N; found: 64'05% C, 7'28% H, 3'50% N. 

The authors wish to thank their colleagues at the Research Institute for Pharmacy and. Bio
chemistry in Prague for their contributions to the present study: Drs B. Kakdc and O. Matousovd 
(some spectral data); Dr E. Adlerovd (synthesis of compounds XLVII and XL VIII); Mr J. Pomy
kdtek, Mr Z. Sedivy. Mr F. Miksik. and Mrs M. Vlkovd (help with the synthesis); Mrs J. Ko
mancovd. Mrs V. Smidovd. Mr M. Cech. and Mrs J. Kropdcovd (elemental analyses); Drs M. Bar
rosol'li and S. Wildt (pharmacological screening). 
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