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l-Amino-4-phenyl-4-piperidinol is more active than imipramine in animal tests against the depression caused 
by reserpine. Thirty-six related piperidines have been synthesized and evaluated as potential thymoleptics. 
Structure-activity relationships are discussed. 

In a search for an antidepressant drug of the imipra­
mine type a number of compounds were screened 
for their ability to prevent the onset of ptosis and 
hypothermia induced by reserpine in rodents. This 
test has been advanced as diagnostic of clinically ef­
fective thymoleptics.2 One compound3 that we found 
to be more active than imipramine was l-amino-4-
phenyl-4-piperidinol (I), originally prepared by Beckett 
andGreenhill.4 

The theme of the present paper is the synthesis of 
analogs of I and the correlation of structure with anti-
reserpine activity. 

CBH, 0<yNH 

C6H5 

II 

Chemistry.—The nitroso compounds listed in Tables 
I and II were obtained by nitrosation of the appropriate 
secondary base and then reduced with zinc and acetic 
acid4 to 1-aminopiperidines (Tables III and IV). 

An attempt to prepare the amide 10 from the ester 
14 with 1-pyrrolidinylmagnesium iodide6 gave instead 
the l,2-diazabicyclo[2.2.2]octanone II.6 

Redvictive alkylation of I with aldehydes or ketones 
gave 15, 16, and 17. Further reaction of the isopropyl 
compound 16 with acetaldehyde failed, presumably for 
steric reasons. The monomethyl compound 19 was 
obtained by hydrogenation of the methylidene deriva­
tive 18. 

The propiophenones 20-22 resulted from amine 
exchange between the appropriate aminopiperidine and 
2-benzoylethyltrimethylammonium iodide.7 

Mono- and diacyl derivatives of I (Table V) were 
obtained by conventional methods (see Experimental 
Section). The diacyl compounds (33-37) showed un­
expected properties. They did not titrate in acetic 
acid with perchloric acid. The acyclic imides 33 
and 34 had C = 0 bands at very high frequencies (ca. 
171") cm -1) and all compounds showed very strong 
and unexplained absorption at 1220-1280 cm - 1 . 
These features were reproduced in the model com-
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(4) A. H. Beckett and J. V. Greenhill, ,/. Med. Pharm. Chem., i, 423 

(1961). 
(5) H. LI, Bassett and C. R. Thomas, J. Chem. Soc, 1188 (1954). 
(6) P. M. Carabateas, A. R. Surrey, and L. S. Harris, J. Med. Chem., 7, 

2U3 (19(54). 
(7) E. M. Fry and E. L. May, ./. Org. Chem., 24, 110 (1959). 

pound III and were absent in IV which was a mono-
acidic base and had an infrared spectrum with normal 
amide C = 0 absorption (1670 cm -1) and no major 
peaks in the 1200-1300-cm-1 region. The integrity 
of the hydroxyl group in the diacyl compounds was 
shown by a strong band at ca. 3640 cm - 1 . 

(CH3)2NN(COCH3)2 

III 
Me2NNHCOCH3 

IV 

In accord with previous work8 reduction of the mono-
acyl compounds 27 and 29 with LiAlH4 was unsuccess­
ful. The formyl compound 26 gave 18 in very poor 
yield. More complex results were obtained with the 
succinimide 37. Two molar equivalents of the hy­
dride caused ring fission and, according to the condi­
tions, gave the amide 30 or the alcohol 23. One molar 
equivalent gave the pyrrolidinone 32. 

Experimental Section9 

General Procedure for l-Amino-4-piperidinols.—The nitro­
sation and reduction of piperidines were effected essentially as 
reported by Beckett and Greenhill.4 

4-Phenyl-l,2-diazabicycIo[2.2.2]octan-3-one (II).—A solution 
of 8.5 g of ethyl l-amino-4-phenylisonipecotate (14) was refluxed 
for 2 hr in 90 ml of ether with 1-pyrrolidinylmagnesium iodide 
(from 4.9 g of pyrrolidine, 8.7 g of methyl iodide, and 1.7 gof Mg). 
Water was added and the pH was adjusted to 9 with 2 Ar HC1. 
The aqueous phase was extracted (CHCI3) at pH 7 and the 
extract was dried (MgSCi) and evaporated to dryness. Crystal­
lization from ethyl acetate gave 1.7 g of white crystals, mp 254-
255°, lit,6 248.0-249.2° (cor). 

Anal. Calcd for C12H I4N20: C, 71.3; H, 7.0: N, 13.8."). Found: 
C, 70.8; H, 6.8; N, 14.2. 

l-Dimethylamino-4-phenyl-4-piperidinoI (17).—A solution of 
5 g of 1 in 20 ml of ethanol was shaken under hydrogen at room 
temperature and pressure with 5 ml of formalin and 2 g of 10% 
Pd-C catalyst. After removal of catalyst and solvent the 
product was crystallized from cyclohexane to give 2.5 g of white 
crystals, mp 133-134.5°, lit,4 137-138°. 

The following were similarly prepared. 
l-Diethylamino-4-phenyI-4-piperidinol (15).—Hydrochloride 

mp 232.5-233.5°. Anal. Calcd for C15H26C1N2()': C, 63.25; 
H, 8.85; CI, 12.4; N, 9.8. Found: C, 63.4; H, 8.8; CI, 12.3; 
N, 9.9. 

l-Isopropylamino-4-phenyl-4-piperidinol (16).—Hydrochloride 
mp 211-212°. Anal. Calcd for CI4H25C1N20: C, 62.0: H, 8.56; 
CI, 13.1; N, 10.3. Found: C, 61.85; H, 8.5; CI, 13.25; N, 10.2. 

l-Methylideneamino-4-phenyl-4-piperidinol (18). Method A. 
—A mixture of 20 g of 1, 12 ml of formalin, and 100 ml of ethanol 
was allowed to stand at room temperature until solution was 
complete. Evaporation and crystallization from cyclohexane 
gave 17.9 g of colorless crystals, mp 99-100.5°. 

Anal Calcd for C12H I 6N20: C, 70.6; H, 7.9; N, 13.7. 
Found: C, 70.4; H, 7.5; N, 13.75. 

(8) R. L. Hinman, J. Am. Chem. Soc., 78, 1645 (1956). 
(9) Melting points were determined on a Townson-Mercer apparatus cali­

brated for exposed stem. Microanalyses were performed by Alfred Bern­
hardt, Mulheim, West Germany, and Drs. Weiler and Strauss, Oxford, 
England. 
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Method B . — A suspens ion of 1 g of 26, 0.25 g of LiAlH 4 , and 
50 ml of t e t r a h y d r o f u r a n ( T H F ) was refluxed for 8 hr . T h e 
complex was decomposed b y t h e add i t i on of w a t e r , t h e T H F was 
removed by dis t i l la t ion in vacuo, and t h e p r o d u c t was ex t rac ted 
("CIICls). T h e ext rac t was dr ied ( M g S 0 4 ) and e v a p o r a t e d to 
d rynes s and the residue was crysta l l ized from a b e n z e n e - p e t r o l e u m 
e the r m i x t u r e to give u n c h a n g e d (26). T h e crys ta l l iza t ion 
l iquors were e v a p o r a t e d and the residual oil s lowly crysta l l ized, 
l i ec rvs ta l l i za t ion from b e n z e n e - p e t r o l e u m e the r gave 0.1 g of 
c rude 18, m p 92° . 

l -Methylamino-4-phenyl-4-piperidinoI (19).—-A solut ion of 5 
g of 18, 50 ml of T H F , and 3 ml of 2 -p ropano l was h y d r o g e n a t e d 

at room t e m p e r a t u r e and p re s su re w i th 3 g of 10'/, Pd- C ca t a ly s t . 
R e m o v a l of t h e ca ta lys t and solvent and crys ta l l iza t ion of the 
res idue from cyc lohexane g a v e 1,6 g of w h i t e c rys ta l s , m p 96 99° . 

A mil. C a l c d f o r C I 2 H , s X 2 0 : 0 , 69 .9: I i , 8.8:' X, 13.6. F o u n d : 
C, 70.0; II , 8.7: X . 13.7. 

l - [Bis(2-benzoylethyl)amino]-4-phenyl-4-piperidinol ( 21 ) . 
X i t rogen was passed t h r o u g h a m i x t u r e of 2.8 g of a n h y d r o u s 
X a 2 0 O 3 , 5 g of 1, and 16.6 g of 2 - b e n z o y l e t h y l t r i m e t h y l a m i n o -
tiium iodide '" in 150 ml of d i m e t h y l f o r m a m i d e ( I ) M F l for 64 hr. 
T h e suspension was poured into wa te r and t h e product was re-

wa. A. Miilh and G. Alii lh,\, 88, 102 
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hydrochloride, mp 172-175.5°, is described in footnote c, Table III. 
' The hydrochloride, mp 169.5-171.5°, is described by footnote c, Table I I I . •> The 
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See footnote a in Table III. 

crystallized twice from benzene-petroleum ether to give 6 g of 
white crystals, mp 115.5-117°. 

Anal. Calcd or C,9H3,N203: C, 76.3; H, 7.1; N, 6.15. Found: 
C, 76.7; H, 7.0: N, 6.4. 

Similarly was prepared l-[(2-benzoylethyl)methylamino]-4-
phenyl-4-piperidinoI (22), mp 73-78°. 

Anal. Ja lcdforC 2 1 H»N 2 0 2 : C, 74.5; IT, 7.7; N, 8.3. Found: 
C, 74.8; H, 7.65; X, 8.0. 

l-[(2-Benzoylethyl)amino]-4-phenyI-4-piperidinol Hydrochlo­
ride (20).—Nitrogen was passed for 16 hr through a suspension 
of 5 g of 1, 4 g of anhydrous Na^COs, and 8.5 g of 2-benzoylethyl-
trimethylammonium iodide in 100 ml of DMF. The mixture was 
poured into water and extracted (ether). The ether extract was 
dried (AlgSOO and treated with dry HC1. The precipitated gum 
was crystallized from ethyl acetate-methanol (4:1) to give 1.5 g 
of white crystals, mp 154-155°. 

Anal. Calcd for CSOH26C1N202: C, 66.5: H, 7.0: CI, 9.8; 
N, 7.8. Found: C, 66.75; H, 7.0; CI, 9.8; N, 7.7. 

N-(4-Hydroxy-4-phenylpiperidino)acetamide (29).—A solution 
of 3.37 g of acetic anhydride, 5.76 g of 1, and 50 ml of pyridine 
was heated for 3 hr at 100°. Removal of the solvent, and crystal­
lization from methanol-ethyl acetate gave 4.9 g of white crystals, 
mp 198-200°. 

Anal. Calcd for C13H l sN,02: C 66.7; H, 7.7; N, 11.9; O, 
13.7. Found: C, 67.1; H, 7.7: N, 11.9; O, 13.3. 

N-(4-Hydroxy-4-phenyIpiperidino)diacetamide (33).—A solu­
tion of 100 ml of acetic anhydride and 5.76 g of 1 were heated 
at 100° for 4.5 hr. Removal of the excess of anhydride and 
crystallization from benzene-petroleum ether gave 5.5 g of white 
solid, mp 142-144°. 

Anal Calcd for C,;,H2„N203: C, 65.2: H, 7.3: X, 10.1; 0,17.4. 
Found: C, 65.3: IT, 7.2: N, 10.3; O, 17.4. 

(4-Hydroxy-4-phenylpiperidino)urea (24).—A solution of 2.7 
g of potassium cyanate in 10 ml of water was added to 5.76 g of 
1 in 3 ml of acetic acid and 20 ml of water. The solid was filtered 
oil' and crystallized from methanol to give 5.1 g of white crystals, 
mp 204-207°. 

Anal. Calcd for Ci2H I7N302: C, 61.24; H, 7.28: X, 17.85. 
Found: C, 61.54; H, 7.28; X, 17.85. 

N-(4-Hydroxy-4-phenylpiperidino)formamide (26).—A mixture 
of 20 ml of ethyl formate and 1 g of 1 was refluxed for 4 hr. 
Removal of the solvent and crystallization from ethyl acetate 
containing a little methanol gave 0.6 g of white crystals, mp 
174.5-176.5. 

Anal. Calcd for Ci2H16X202: C, 65.4; IT, 7.3: X, 12.7. 
Found: C, 65.6; H, 7.2; X, 12.6. 

N-(4-Hydroxy-4-phenylpiperidino)-2-phenylacetamide (27).— 
A mixture of 6.2 g of 1, 60 ml of ethylene dichloride, and 20 ml of 
5 N XaOH was treated at 0° with phenylacetyl chloride. The 
organic layer was washed (H20), dried (MgS04), and evaporated 
to dryness. The residue was recrystallized from chloroform-
petroleum ether to give 3.4 g of colorless solid, mp 153-154°. 

Anal. Calcd for Ci3H22N20->: C, 73.5; H, 7.1; X, 9.0. Found: 
C, 73.3; IT, 7.0; X, 9.0. 

4-Hydroxy-4-phenyl-l-piperidinecarbamic Acid Ethyl Ester 
(25).—A solution of 5.76 g of 1, 3.24 g of ethyl chloroformate, 
and 180 ml of pyridine was stirred for 0.5 hr at 0°. The solvent 
was removed in vacuo and the residue dissolved in CHC13. The 
solution was washed (H20), dried (MgS04), and evaporated. 
The residue crystallized from benzene gave 3.5 g of white crystals, 
mp 123-124°." 

Anal. Calcd for Ci4H»N}03: C, 63.62; 
Found: C, 63.83; H, 7.62; N, 10.57. 

N-Acetyl derivative (34), mp 96-96.5° 
petroleum ether). 

Anal Calcd for C16H22X204: C, 62.7 
Found: C, 63.1; H, 7.3; X, 9.1. 

2-Dimethylaminoethyl Ester (28).—A solution of 0.1 g of so­
dium in 18 g of 2-dimethylaminoethanol was heated with 5 g of 
25 at 100° for 6 hr. Removal of the solvent and crystallization 
from benzene-petroleum ether and then from ethyl acetate-
petroleum ether gave 1.9 g of white crystals, mp 155-156°. 

Anal. Calcd for C16H20X3O3: C," 62.5; II, 8.2; X, 13.7. 
Found: C, 62.8: IT, 8.35; X, 13.5. 

H, 7.63; X, 10.6. 

(from cyclohexane-

; H, 7.2; X, 9.15. 
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2,2-Diethyl-N-(4-hydroxy-4-phenylpiperidino)malonimide 
(35).—A mixture of 9.6 g of 1, 0.9 g of diethylmalonyl chloride, 
11 g of triethylamine, and 100 ml of T H F was allowed to stand 
•'-> hr at room temperature. The suspension was filtered and the 
filtrate was evaporated to dryness. The residue was dissolved 
(CHCh) and washed with two 50-ml portions of 2 .V HC1, 11)0 
ml of 20';; KOH, and 100 ml of brine. The dried (M sS(), i 
extract was evaporated and eluted from a column of silica with 
benzene-l.V'i ethyl acetate. The product was isolated by evapo­
ration and crystallization from benzene as 0.93 g of white crystals, 
nip 147-147.5°. 

Anal. Caled for C„Ho.,XoO:>: C, 08.::!; II, 7.0."): X, 8.85: 
(), 15.2. Found: C, 68.5: II, 8.1: X, 8.s : 0, 15.2. 

The acid extracts from this experiment were evaporated and 
the residue was crystallized from ethanol-chloroform to give 0.95 
g of N,N'-bis(4-hydroxy-4-phenylpiperidino)-2,2-diethylmalorta-
mide dihydrochloride (31), mp 198-200°. 

Anal. Calcd for CoHH42Cl,X4().,: ( ' , 59 .9 : II, 7.:!: CI, 12.2: 
X, 9.0. Found: C, 00.2; 11,7.7: CI, 12.1; X, 9.2. 

.Similarly was prepared N-(4-Hydroxy-4-phenylpiperidino.1-2,2-
dimethylmalonimide (36), mp 149.5 151° 

A mil. Caled for C,RIL,,X,.( >.,: C. 06.6: 11.7.0: X. 9.7. Found: 
C. 66..'!; II, 7.1: N, 10.0. 

N-(4-Hydroxy-4-phenylpiperidino)succinimide (37). A mixture 
of 5 g of 1 and 2.5 g of succinic anhydride was fused at 215° for 
0.5 hi'. Cooling and crystallization from methanol gave 4.15 g 
of white crystals, mp 221-222°. 

Anal. Caled for C J I I S X A ) , : C, 05.0: II, 0.0; X, 10.2. 
Found: C, 65.3; II, 6.5: X, 10.:-j5. 

4-Hydroxy-N-(4-hydroxy-4-phenylpiperidino)butyramide (30). 
-A solution of 1 g of 37 in 50 ml of T H F was added over 0.25 

hi' to 0.28 g of LiAlIU in 20 ml of remixing THF. After 2 hr the 
mixture was cooled, 0.7 ml of water was added, and the solid was 
filtered off. The filtrate was evaporated and the residue was 
converted into the hydrochloride and reciystallized from ether--
ethvl acetate to give 0.3 g of white crystals, mp 177°. 

Anal. Caled for CY-,H,:,ClX/):t: C,' 57.25: II, 7.4: CI, 11.3: 
X, 8.9. Found: C, 57.0: 11,7.7: CI. 11.0: X, 8.9. 

Kxtension of the reflux time to 20 hr gave 0.5 g of 4-hydroxy-4-
phenyl-1-piperidinebutanol (23) as the hydrochloride, mp 174 
175. 

Anal. Caled for C,-,lk-,CIX2Os: C, 60.t); II, 8.4: CI, 11.8; 
X, 9.3. Found: C, 60.3: 11,8.4; CI, 11.4: X, 9.0. 

When the above reaction was carried out with 0.14 g of LiAlIIi 
for 22 hr and the crude base was recrystallized from acetone-
methanol--petroleum ether, 0.25 g of l-(4-hydroxy-4-phenyl-
piperidino)-2-pyrrolidinone (32) was obtained as white crystals, 
mp 197.5-199°" 

Anal. Caled for C,,..II.,1,N,(),: C. 09.2: II. 7.7: X, 10.8. 
Found: C. 69.5; II, 7.6: X. 10.6. 

Results 

Biological Studies.---Antagonism to reserpine-indueed 
depression in animals is shown by (a) CXS stimulants 
such as amphetamine, (b) monoamine oxidase (MAO) 
inhibitors, and (c) antidepressants of the imipramine 
type. Our compounds were not overt st imulants in 
tests of locomotor ac t iv i ty" and did not inhibit MAO 
in pharmacological12 or biochemical13 tests in spite of 
their hydrazine-like s tructures. ' l 

(11) I'. 1-1. Ilpwf, Brit. ./. I'lmrmticol., 8, Hi il.».">:S). 
(12) S. .1. C o m e . It. W. Pickering, and 11. T. Warner . <W., 20, JOli 

i nmn) . 
i l:l! H. .1. \\ u n m a n anil ,1. A.xclrml, H.m-licm. I'liarmacal., 12, 1439 (1963). 
i l 1) 1'or a review of M A O i n h i b u o r s see A, Pletscher , K. V. Gey , a n d P. 

Xeller in " For! sehrit te der A r /neimi t te l for t se in ing," \ ' o l . 2, E. Jucker , Ed. , 
i i i rkhause r Ve.rlas;. Hase.l. 1960, pp 417-590 . 

TABI.IO VI 

Keserpine. 
dime. K)>> , 

species MIL' kn I 'niL me ku 

Mouse 2 tl ip I s t 
Iniiprainine 125 

Hal 1 8 iv 1 26 3 
Imipramine 79 5 

The effects of 1 and imipramine in preventing re-
serpine-induced ptosis are summarized in Table VI. 
The drugs were administered orally 2.o hr before the 
reserpine, and the ptotic score1'"' was recorded (i hr 
later. 

Tin? anticonvulsant activity of 1 (KD50 = HN.r> mg 
kg) against the tonic extension of the hind limbs of the 
mouse induced by maximal electric shock"' was also 
comparable to that of imipramine (KI),-,n = •>() mg 
kg) as was the ability to inhibit writhing in mice caused 
by an intraperitoneal injection of phenykjuinoni1.17 

The latter test lias been used as a measure of mild 
analgetic activity. The effective doses (ED;,<>) for 
1, imipramine1, and aspirin were 3S.0, 2S..>, and 27.0 
mg kg, respectively. 

Unlike imipramine." 11 had little or no action on the 
cardiovascular system of anesthetized cats and was 
devoid of autonomic effects on isolated smooth muscle 
structures. 

Structure-Activity Correlations. Substitution in the 
phenyl ring of I or separation of the phenyl and piper-
idine rings by one or more carbon atoms lowered but did 
not abolish activity (Table I I I ) . 

Compounds 9 and 12 were as active as 1 but analogs 
lacking an oxygen function at C-4 were inactive 
(Table IV). Simple alkyl derivatives (15-19) were 
as effective as 1. mouoacyl compounds (25-32) were 
mainly inferior, and diacyl compounds (33-37) were 
on the whole even less active. However, 24 was an 
except ion. 

The persistence of activity over a wide range of 
structural variants makes it difficult to postulate clear-
cut requirements for optimum drug-receptor interac­
tion in terms; of simple steric. electronic, or solubility 
factors. 
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