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the electron pair of conformer XXII I  four 1,3-diaxial 
noribonded interactions due to  the hydrogens on C-3 
and C-5 aiid the methyl suhstitueiits i i i  thc 2- and (i- 
positions. Since there are only three such interactions 
which are due to the methyl groups for XXIV, inter- 
action with an electrophilic center may occur primarily 
in this somewhat less hindered conforniational form. 

Finally, the glycolate esters of 1,2,2,6,6-pentaniethyl- 
4-piperidinol (VII), n-hich are virtually devoid of 
psychotogenic activity, can be seen to  have a highly 
hindered amino nitrogen. -4n approaching electro- 
philic center would be subjected to four 1,3-diaxial 
norihonded interactions in each of the two possible 

CH, 

CIH, 
xxv 

CH, 
XXVI 

conformers (XXV and XXVI). As corroboration for 
the inaccessibility of the amino group of VII, it should 
tw noted that 2,~,,(i,G-tetrai~ietliylI,iprridiiie is alkylated 
in a very lorn yield even after prolonged heating with an 
excess of ethyl p-toluene~ulfonate.~~ Quaternization 
can be expected to be even more difficult. 

Although further refinements could be made re- 
garding the nucleophilicities of these drugs, they 
would be unn arranted in view of the semiyuantitativr 
nature of the pharmacological assays. -4s an adden- 
dum, however, substituent groups on nitrogen larger 
than methyl will decrease nucleophilicity and should, 
therefore, decrease potency, as has been verified. Re- 
placement of the ?;-methyl group by hydrogen will 
promote rapid destruction of the drug via transfer of 
the acyl group to nitrogen to form an amide. It must 
be emphasized that although the drugs were differ- 
entiated by their degree of nucleophilicity, it remains 
to be demonstrated whether an alkylation step is essen- 
tial for their pharmacological action. 

(15) H. K. Hall, Jr., J .  -4m. Chem. Soc., 79, 5444 (195i). 
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l-Arylalkyl-3-alkyl-4-piperidones, the corresponding secondary alcohols and their esters, and 2,2-dimet hyl-6- 
aryl-Ppiperidones (111) were prepared as modifications of 9,10-dimethoxy-3-isobutyl-~-oxo-l,~,3,4,6,7-hexa- 
hydro-llbH-benzo[a]quinolizine for pharmacological testing. Other related structure>, IT-VI, were also 
bynthesized. None of these compounds possessed reserpine-like activity, but structures I11 and IT had a com- 
bination of stimulant and depressant effects on the central nervous system. 

Reserpine possesses therapeutically useful sedative 
and antihypertensive properties,' but major modi- 
fications of the pentacyclic nucleus of the alkaloid 
destroys this biological activity.2 Kralt, et 
suggested that t'he pharmacological properties of re- 
serpine are determined by three chemical groups in the 
molecule: (I) the P-indolylethylaniine group, ( 2 )  the 
tert,iary nitrogen atom, and (3) the alcohol group esteri- 
fied by triniethoxybenzoic acid. Other investigators 
have shown that' activity does not reside specifically 
in the trimethoxybenzoyl ester group and that tri- 
methoxybenzoic acid may be replaced by other acids* 
or even by a1kyl.j Brossi, at aZ.,'j>' during synthetic 
studies in the emetine field, discovered reserpine-like 
activity in the benzoquinolizines I (X = =0, or H 
and OH), thus indicating that the P-indolylethylamine 

(1) R.  E. Woodson, J r . ,  H. TI-. Yangken, E. Schittler, and J. A. Schneider, 
"Rauwolfia: Botany, Pharmacognosy, Chemistry and Pharmacology," 
Little, Brown and Co., Boston, Rlass., 1957. 

(2)  M. .1. Karim. Pakistan J .  Sci . ,  12, 119 (1960). 
(3) T. Kralt ,  W. J .  Asma, H. H. Haeck, and D. H. hloed, Ree. trao. chim., 

(4) R. A. Lucas, X. E. Kuehne, M.  J. Ceglowksi, R. L. Dziemian, and 

( 5 )  hl. RI. Robison, R. A. Lucas, H. B. MacPhillamy, TT-. Barrett ,  and 

(6) A. Brossi. H. Lindlar, AI. Walter, and 0. Schnider, Helc. Chim. Acta, 

(i) .\. Rronsi. 1,. H. Chopard-rlit-.Jran, nntl 0. Srlinider, ;hid. ,  41, 1793 

80, 313 (1961). 

H.  B. MacPhillamy, J .  Am. Chem. Soc., 81, 1928 (1959). 

A ,  J. Plummer, Etperient ia ,  17, 14 (1961). 
41, 119 (1958). 
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residue can be replaced by arylethylamine. The note- 
worthy features common to both structures appear to 
be an  oxygen-containing function, a basic tertiary 
nitrogen atom which is sterically shielded, and an 
aromatic ring system. Tetrabenazine@ (I, 13 = 



isobutyl; X = 0) which has bren the most extensively 
investigated compound of t hc beiizociuiiioliziiies is a 
tranquilizing sedative arid, 111ie wserpiiie, causes release 
of serotonin and norepinephrinc,x - l o ,  i t  IS not,  however, 
a hypotensive agerit.'l 

This article is concerned with structural modifications 
of the benzoquiiioliziiie molecule. The structures II- 
IV can be regarded formally as fragments of I. The 
most Important difference is that 111 benzoquiiiolizine the 
tertiary nitrogen atom is firnily attached to the aromatic 
nucleus, ivhere as the niodificatioiis II--K allon free 
rotation. 

The piperidories (11, 111 = I1 or C"?; Iiz = H or 
(K'Hj;  IZ = 1 or 2 )  were prepared by tylizatioii of the 
appropriate diesters TTII (R1 = arylalkyl; R2 = H or 
('Ha; I& = 3Ie) I3- I i  Methyl P-berizvlamiiioiso- 
butyrate, required for the preparation of TI (Rl = CH,, 
Ii2 = IT; ?a = l), was obtained from berizylaiiiine aiid 
~iiethyl iriethacrylatc 111 boiling iiiethariol.15 I11 boiling 
cthaiiol, however, the only product isolated n as S- 
benzyl-p-benzylaiiiirioisobutyrainide, and we iiivesi i- 

gated this reactioii further. TTe found that, although 
addition to the double boiid owurs slon ly at rooni 
temperature and is accelerated by ail increase 111 

tmiperature. abovc 70" substitution at t h e  cmhoriyl 
group also o c ~ u i ' ~ .  

1 -.krylalkyl-3-et hyl-4-piperidoiies ( I  I ,  Iil = Et : 
l iL = ET; n = 2 and 3) were prepared from 3-ethyl-4- 
piperidorit. and the latter was obtained according to tlie 
procedure established by Storl, arid McElvain,'h as 
outliiied in ('hart T 

A21t hough 3IcElvaiii aiid St orh employed ethyl 
aciylate 111 this byiithesis we itirivestigated the usc of 
the iiiorc rcadily available iiicthyl ester. 1iorshI7 had 
ohtaiiicd t tic sc>roiidaiy amino (13ter (TTI, R = (:I&) 

(8 \ 1 '11t~cI i t~r  L \ L I O L L ~ ,  126, 507 (1977 
( ' 4 )  \ i'ler.rtlcr 1 I  Besendorf dnd i 1  1' Haclitolri . i T r h  I r p l l  Palhol 

(10) ( r  I' Quinn I' \ ~ I I O ~ P  and 13 H Bridle J I'lrnrmacol / r p l l  

( 1 1 )  I Leiiwn I ,  1 a i io ix ,  and ( 2  l)rmrr-ter, 4 r c h  t r i t e i , i  pliarmacudy~i 

( 1 2 )  \ \iielkel Con%?iia Veuiol 18. ill (1458) 
( 1  i )  N \! R d \ a r d  and i \I A l l  B1\ ain. J A m  C'hem ,501 , 61, 0 2  

(111 \ 1 1  IkcLet t ,  1 I C s s e > , & ~ i d ( ~  I \ i i L  J l l ~ d  l ' l a i ? ! i  C l e m  1 

I' l ini  mailol 232, 199 (1958) 

Y h t ~ a p  127, 1 0 3  (1959) 

119, 22;  (1960) 

( 1l)')J 

17 f I9WJ 
.\I ( a r a b s t ~ a s  and 1, Lrumbarli t b i  

\ t o r k a n d S  1\I AlcLl\ain .I A 7 n  , 68, I O i i  ( 1 0 4 1 1 1  
( I  i )  I \  \ l o i<h ,  J f o n a i v l  , 63, 220 (l!I?,r) 

i ' i ~ ) i i i  the additioii of iiiethyl acrylate to ammonia 111 

(11 hatiol but XcElvaiii and StorlilY reported that they 
\\ere uriablr to  reproduce 1 his i.esult. Siiicr Morsh 
also obtained this ester, together nith the tertiary 
aniirio ester, from methyl acrylate and liquid aniriionia 
IT-e iiivestigated a iiiodification of his procedure. The 
reaction of liquid ammonia m t h  methyl acrylatc i i i  

ethanol at -60" gave reproducible yields of thc aiiiiiio 

esters and, furtherniore, similar results TT eic obtairied 
IT ith ethyl acrylat(,. 

Whcu the amino esters (1-111 and IS,  R = ('E€{) 
ncrc heated with benzoyl chloride, we found that, al- 
though l he secondary aniino ester m s  siiioot lily cwn- 
wrted into the benzaniidc X (R = C",<), the trrtiary 
aniino ester iri hoi xylene containing tributylaniiiir~ 
afforded a mixt urc from whirh a pure product c ~ ) u l c l  
iiot be isolated. 

XcElvain arid Stork hare coiiiiiieiited on t hc s e r i ~ >  
of equilibria whicah are involved i i i  these i,eactions. 
The tcrtiary amino ester dissociates initially into acry- 
late aud the secondary amino ester, aiid the latter can 
either react n i t  h heiisoyl chloride to form the stable 
1)cnzaiiiidc or decompose furt her, wentually yielding 
arrylate arid aniiiioiiia. It appears that the secondaiy 
aiiiirio iiiethyl ('si c r  is sufficiently stablc in boiling bcii-  

~ r r i e  to allon. btwzoylat ion, but that, at the highcr 
t criiperat ui'c rt~xuired for its forniation froiii I h c ,  
t ertiary aniiiio f'bter, i t  undergoes pyrolytic decoiii- 
position in conipttii ion with beiizoylatiori. So such 
complication arose with the correspondiiig cthyl 
esters and th tw T W I ~  used for thc synthetic prograiii 
oiit liiied in C'liart I .  

Xlkylat ioii of 1 -hciizoyl-:3-c~ai.l,ocl lio?cy-l-pipci,idoii(, 
11 i t  Ii cthyl oi' isol)\ityl iodide n as coiivmieiit ly c#cc*t ed 
w th  sodium hyd~ide  111 tolueiie. aiid acidic liydrolyhis 
afforded the cor1 cspoiidirig 3-alkyl-4-piperidoiie. RP- 
action of these norpiperidones with a pheiiylalliyl 
bromide was attended by considerable deconipositiott 
under the usual conditions (the thermal instability of 
tiorpiperidones has heeii noted by Stork arid 1Lr- 
F:lvaiii16) but %et hyl-4-piperidone could be stabilized 
ab its bicarbonate'" to afford the required product> 
(11. R = C2H6: r h  = 2 or 3) iii 75yo yield. On thc  
01 hr i -  liaiid the tlec~oiiiposition of 3-isobiityl-4-piperidoii~~ 

l ~ a 1 1 1 . 3 n d ~ ~  * t o r h  I 17ri ( t i e r n  \'or 68. lob!) f l O 1 l r  
o H i i t i b h  l'ittrnt 7 ~ l ~ , ( I l t )  ( 1 ' 4 i X I  Ciicm l t r i i i  63, l , i Y $ / d  

(l969) 
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C H 
69.2 7 . 3  
63.4 6 . 9  

78.8 7 . 5  
71.1 7.05 

69.7 7 . 6  
64.0 7.2 

81.2 7 . 3  
74.4 6 . 9  

79.1 7 . 8  
71.6 7 . 3  

78.3 8 . 1  

64.7 8 . 5  
65.9 7 . 8  

56.7 7 . 3  

56.7 7 . 3  

65.0 7 . 5  

74.1 8 . 2  
65.0 7 . 5  

63.9 7 . 2  

55.6 7 . 0  

74.7 7 . 2  

68.0 6 . 7  

N C  H 

3 . 5  69.1 7 .05  
3 . 2  63.4 6 . 7  

4 . 1  78.6 7 . 5  
3.8 71.0 7 . 0  

3 . 4  70.1 7.65 
3 .1  63.8 7.0 

3 . 5  81.3 7 . 3  
3 . 2  74.2 6.95 

4.0 79.0 7.85 
3 .6  71.8 7 . 3  

4 . 2  78.3 8 . 3  

5 . 1  64.6 8 . 4  
4 . 5  65.9 7 . 8  

3 . 9  56.8 7 . 4  

3 .9  56.7 7 . 2  

4 .7  64.9 7 . 5  

5.4 ’74.3 8 . 1  
4 . 7  65.0 7 . 7  

5 . 0  62.2 7 .2  

4 . 1  55.5 7 . 2  

3 .1  74.7 i . 2  

2 . 7  6 8 . 3  6 . 7  

pi 

3 8  
3 6  

4 2  
3 6  

3 5  
3 1  

3 5  
3 3  

4 2  
3 7  

4 1  

5 1  
4 6  

3 9  

3 0  

4 7  

5 3 
4 7  

5 0  

4 2  

3 4  

2 7  
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TABLE I 
ES’PEW 06’ SUBSTITUTED 4-PIPERIDINOLS 

R1- 

Salt Solvent“ 

B 
HC1 A 

B 
HC1 A 

11 
HCI C 

C 
HCl A 

B 
HC1 C 

Oil 

Oil 
€IC1 A 

HCl A 

HCl C 

HC1 A 

Oil 
HC1 A 

HC1 A 

HCl A 

HCl C 

HC1 C 

R2 
D.p. (mm.) 

or 
m.p., ‘C. 

92.5-93 5 
222 5-224 

85 5-86 5 
221-222 

87.5-89 5 
224 5-226 

83-86 
226-227 

82-83 
270-272 

148-150 

137 (0.05) 
(0 05) 

192-202 

217 5- 

234 5- 
218 5 

237 5 
21 8-228 

144 (0.05) 
187-188 

168-1 69 

234-23 

225-226 

194 5-105 

Solvents wed for rerrystalllnstinn: A, ethanol-ether; B, ethanol-water; C, ethanol; I), petroleum ether. TM3, 3,4,;-tri- 
Iuethoxvbenzoyl. C, cinnamoyl. d DPA, diphenylacetyl. 

could not be suppressed arid we were unable to isolate 
a pure product. 

Substituted piperidinols mere prepared from the 
ketones by reduction with aluminum isopropoxide in 2- 
propanol. Although this method may give an equili- 
brium mixture of the epimers,20 we did not attempt to 
isolate both isomers. The trimethoxybenzoate, cinna- 
mate, and diphenylacetate esters of these piperidinols 
(Table I) were prepared by a standard procedure. 

The ketone (V, R, = H ;  R2 = CH,) was prepared by 
the addition of tetrahydroisoquinoline to either vinyl 
methyl ketone or p-chloroethyl methyl ketone. 

The carbinols (IV, R1 = RP = R, = CH3 and R1 = 
CH3; R2 = R3 = CsH,) were obtained from methyl 
(K-phenethyl-K-methy1)aminoisobutyrate by reaction 
with the appropriate Grignard reagent.21 

(20) A.  11. Beckett, K. J. Harper, A\. n. J. Baker, and T. H. E. JVatts, 

( 2 1 )  . J .  \V. .\damsun. J .  L ’ h c n ~ .  S’oc., 1‘1.1 (lU40). 
Telrnhedron.  6 ,  330 (1959). 

N-Phenethylpiperidine and S-phenethyl-3-methyl- 
piperidine mere synthesized for pharmacological com- 
parison; the former by Clemmenson reduction of the 
corresponding ketone and the latter by reductlion of 
phenethyl-3-picolinium bromide wit’h formic acid- 
triethylamine. 22 

6-Aryl- and -alkyl-2,2-dimet~hyl-4-piperidones (111) 
were conveniently prepared from diacetonamine oxa- 
lat’e and the appropriate aldehyde.23 

Biological Activity.-The following pharmacological 
tests were employed (administration per os) : dose 
range in mice, blockade of conditioned avoidance 
response in rats, 2 4  prot’ection against amphetamine 
toxicity in aggregated mice,’j prevention of reserpine- 
induced ptosis in rats,26 prevention of maximal electro- 

( 2 2 )  I,. C:. Yudin, .%. N. Rost, T u .  A .  Berlin, and .I. E. Sliii,ov, Zh. 

(23)  It-. Heinta, Ann., 193, 62 (1878). 
(24) I,. Cook and E. JTeidley, A n n .  N .  Y .  Acnd.  S c i . ,  66, 740 (19RT). 
(26 )  1,. Lasagna and I\.. P. J lcCann,  Science ,  126, 1241 (19.57). 
(26 )  E. Costa, S. Garattini, and L. Yalhelli, E Z ] J C ~ I ~ N / ~ U ,  16, ,161 ~ l ! l l j l ) ) .  

Ohslicii. Klizm., 27, 3021 (1957); Chem. Abstr., 64, 8142 (1Y58). 





Septeaiber 1965 623 

TABLE I1 

CH3 CH3 
6 - S c ~ s ~ r I i ~ u m ~  2,2-DI~lE'tH~~L-4-PIl~.EltIUONES 

H-N@ 

R 
,~___ Calcd., cy" --- r---- l:ound, 5'0 ---7 

Equir. Equir. 
wt .  at. 

B.p. (inin.) or or or 
R Salt Solrent" m.p., 'C. Formula C H S C1- C H N C1- 

2-CICsH4 A 65.5-66.5 Ci3Hi&lNO 65.7 6 . 8  5 . 9  238 65 .4  6 . 9  5 . 9  235 
HC1 D 180-180.5 dec. CI3HlsC1SO.HC1 56.9 6 . 3  5 . 1  12.9 56.9 6 . 5  5 . 3  12.3 

3-ClCsH4 Oil 135 ( 0 . 2 )  Ci3Hi6ClNO 65.7 6 . 8  5 . 9  238 6 3 . 5  6 . 7  5 .6  234 
HC1 ll 167.5-168.5 dec. C13H16C1N0 HC1 12.9 12.7 

4-CICsHP h 69.5-70 C13Hi6ClNO 6 5 , i  6 . 8  5 . 9  238 65.8 0 . 9  5 .9  238 
HC1 1) 181.5-1S2 dec. C13H16C1N0.HC1 12.9 12.9 

4-PCIjH4 A 48-48.5 Ci3HisFSO 70.6 7 . 3  6 . 3  221 70.0 7 . 5  6 . 6  
HC1 B 170.5 dec. Ci3Hi6FSO HC1 13.8 13.8 

4-UrCsH4 ;1 70-71 Ci3H1~Brx0 55.3 5 . 7  5 .0  282 55 ,s  5 . 7  4 .9 284 
HC1 11 170-170.5 dec. C13H16BrN0. HC1 11.1 11.1 

4-CHaOC6HaC,d Oil 120 (0.03)  CiaHigNO, 72.1 8 . 2  6 . 0  233 72.1 8 . 1  5 . 8  237 
HC1 D 166.5-167 dec. C1~HIyNO2.HC1 13 .1  13.0 

2,,:3-(CH,0)1C6H3 HC1 U, 189-191 dec. CijH21SOa. HC1 60.1 7 . 4  4 . 7  11.8 5 9 , 4  7 . 4  4 . 9  11.9 
3,4-( CH30)2CsH36 C 72-74 Ci32iN03 68.4 8 . 0  5 . 3  263 6S.2 8 . 2  5 . 4  265 

4-C?HjOCsH4 C 99-101 CijH21XO2 72 .8  8 . 6  5 , 7  247 72.7 8 . 4  5 . 7  249 

~ - C H X C ~ H ? , ~  Oil 110 (0.2) CiaHisNO 77.4 8 . 8  6 . 5  217 77.2 8 . 8  6 . 7  220 

3-CF3CsHd HC1 E 182.5-183.5 dec. Cl4HlsF3~O.HCl  54.6 5 . 6  4 . 6  11 .5  54.4 5 . 4  4 . 7  11.6 
4-CF,CsHd HC1 D 220-221 Ci4Hi6FsNO HC1 54 .6  5 . 6  4.55 11.5 54 .9  5 . 8  4 .7  11.7 
n-C3Hid e Oil 75(0 .9)  CioHigSO 71.0 11 .3  8 . 3  169 71.0 11.2 8 . 2  171 

HC1 D 177-177.5 dec. CloH19N0.HC1 17.2 17.2 

HCl D 166-167 dec. CioHig?r'O. HCI 5 8 . 4  9 . 8  6 . 8  17.2 58.5 10.0 7 . 0  17.2 

HC1 D 172-173 dec. CijH2iNO3. HC1 11.8 11.9 

HC1 D 161-161.5 dec. C15H21N02.HC1 12 .5  12.5 

HC1 E 97-100 CirH,sNO.HCl.CrH,& 66 .3  8 .6  4 . 3  10.9 66.3 8 .4  4 . 1  10.9 

i-C3HTd.' 70 (1 .5)  CioHigNO 169 171 

(CH, )2C& Oil 128 ( 0 . 2 )  CiiHnNO 77.9 9 . 2  6 . 1  231 77.2 9 . 2  6 . 1  231 
CH=CHC&','' Oil 148 (0 .4 )  C1 jHiyNO 229 238 

tb Solvents used for crystallization: A, petroleum ether; B, water; C, petroleum ether-benzene; D, ethanol-ether; E, methyl ethyl 
d Oxalates reported by E. 1). 

e Oxalates reported by F. Francis, F. H. Geake, and J. W. 

HCl D 162-162.5 CijHi9SO. HC1 68.0 7 . 2  5 . 3  13.4 67.7 7 . 4  5 . 4  13.4 

ketone-ether. Bases and oxalates reported in ref. 33. 
Evens, E. C. Gifford, and W. E. L. Griffiths, J .  Chem. SOC., 107, 1675 (1915). 
Hloche, ibid. ,  107, 1662 (1915). 

Rases and oxalat,ea reported by ref. 44. 

Base, b.p. 115" (22 mm.), reported by 11. Kohn and F. Wenzel, Monazsh., 27, 981 (1906). 

centrated when a mass of crystals separated. These were col- 
lected, washed wit,h ethanol, and dried (1.21 kg., 38% conversion 
based on benzylamine); m.p. 76-77'. Pure N-benzyl-p-benzyl- 
aminoisobutyramide crystallized from benzene-petroleum ether 
a3 colorless needles, m.p. 88-89". 

Anal. Calcd. for CI8H2,K2O: C, 76.6; H, 7.85; N, 9.9. 
Found: C, 76.7: H, 8.1; K, 10.0. 

B.-A mixture of benzylamine (535 g., 5 moles), methyl 
methacrylate (500 g., 5 moles), and ethanol (500 ml.) was heated 
on a steam bath for 6 hr. and then distilled in GUCUO. Llethyl 
p-benzylaminoisobutyrate was obtained as a colorless oil, b.p. 
96-98' (0.3 mm.), lit.40 b.p. 97-100" (0.3 nim.) (392 g., 6657 
>-Ad based on benzylamine consumed). 

When the reactants were heated in methanol at 60-65" for 24 
hr. and then stood at  room temperature for 3 days, 83';; of the 
henzylamine was converted to the required methyl ester. 

1-Substituted 4-Piperidinols. A.-The secondarj- alcohols 
were prepared by boiling the appropriate ketone (0.25 mole) 
with aluminum isopropoxide (0.25 mole) in 2-propanol (400 ml.), 
in a flask fitted with a fractionating column. When the reaction 
was complete (distillate contained no more acetone) the solvent 
was distilled under reduced pressure, and the residue was made 
alkaline with YHdOH. The secondary alcohols were extracted 
with ether. 

1-Phenethyl-4-piperidinol, n ~ . p .  93-94', lit.41 !)5.5- 
Anal. 

Picrate, n1.p. 123-124". 
.Inal. Culvd. for CI:jHlyN0.C~H3K:jOi: C, 52.7; 11, 4.V: 

Calcd. for ClaHl&O: C, 76.5; H, 8.9; S, 6.9. Found: 
C, 76.2: H, 9.0; N, 7.2. 

N, 12.9. 
l-Phenethyl-3-methyl-4-piperidinol, colorless oil, b.p. 134-137" 

(0.6 mni.). 
Anal. Calcd. for C14HZiNO: C, 76.6; H, 9.6; S, 6.4. Found: 

C,76.2: H, 9.5; K, 6.7. 
Picrate, yellow needles from 607, methanol, m.p. 127-134". 
Anal. Calcd. for CI,H~,NO.CQ"N~OT: C, 53.7; H, 5.2; Tu', 

1,3-Dimethyl-4-piperidinol, colorless oil, b.p. 64" (0.25 mm.). 
Anal. Calcd. for C17Hl:NO: C, 65.1; H, 11.6; N, 10.9. Found: 

Picrate, yellow needles from ethanol, n1.p. 183-185". 
Anal. Calcd. for CiH1jNO.CcH3N3Oi: C, 43.7; H, 4.8; N, 

l-Ethyl-3-methyl-4-piperidinol, colorless oil, b.p. 92' (6 m m ) :  

Anal. Calcd. for C , H l i S O C s H ; j ~ & ~ :  C, 45.2; H, 5.4; S, 

1-Ethyl-4-piperidinol, colorless oil, b.p. 100' (10 mm.). 
Anal. Calcd. for C?HI,NO: C, 65.1; H, 11.7; N, 10.85. 

B.-The tertiary alcohols were prepared by treating the cor- 

Found: C, 52.5; H, 5.0; N, 12.9. 

12.5. Found: C, 53.6; H, 5.3; N, 12.6. 

C, 65.0; H, 11.7; X, 11.2. 

15.7. 

picrate, yellow needles from ethanol-ether, m.p. 105-107". 

15.05. 

Found: C, 43.8; H, 4.9; X, 15.6. 

Found: C, 45.0; H, 5.3; S, 15.05. 

Found: C, 65.3; H, 11.45; N, 10.6. 

responding piperidone with phenyllithium in ether.42 

140) F. l?, Rl lc l i eand  \\-. \ .  ( I o ~ l l d .  .I.  O r y .  Cirrm., 23, 1102 (1958). 
(41) R. P. Holysz, Uyjolln Co., U. Y. Patent 3,014,913 (1901); Cirem. 

d b s t r . ,  56, 10112 (1961); U. S. Patent 3,031,355 r1962): Clrem. Abstr . ,  67, 
13742 (1962). 

(42)  .I. H. Recket l ,  .i. 1:. Cauy. G .  Kirk.  and .I. \Valker, J .  P/turm. 
I'iia~mncul., 9, 939 ( l Y 5 T ) .  



1,3-l)imethyl-4-phenylpiperidinol, 1ii.p. 1 0 0 . 5 O ,  lit.12 111.1). 

L01-~102" (for a-isomer); l-pheuylethyl-4-phenyl-4-piperidirici1, 
m.p. 93-84", lit.14 m.p  101-103": I-phenethyl-3-niet}iyl-4- 
piperidiiiol, m.p. 102-103", lit.14 ni.1). 105--l(16°. 

Esters of 1-Substituted 4-Piperidino1s.--- 1-Phenethyl-Y-inettiyl- 
+piperidyl ac.et,ate was prepared in the usual niauner from tlie 
alcohol and acetic. anhydride; b.p. 124--126O (0.2 nini.); hydro- 
chloride, n1.p. 234-23io, colorless crystals from ethanol--ether. 

. 4 n d  Calcd. for C,GH~,NO?.FICI: C. 64.5:  H, 
d :  C, 64.1; H, 8.1; N,5.0. 
ers of 3,4,5-trinietliosy~,eri~iJic, c~inriaiiiic~, m d  diphenyl- 
' acids were prepared 1)s heating equimolar :iniounts of t lie 
01 and :icid chloride Oi l  :I steam bath for 1 111.. The hydro- 

c.hlorides were iwlnted by addition of [in tlthunol--ether niisturct. 
Theae compounds are listed in Table 1 .  
2,2-Dimethyl-G-aryI- (alkyl- or arylalkyl- j 4-piperidones.--Ui- 

:tc:et,onaniine hydrogen oxalate was prepared according to 
€Iae~eler.~3 A mitior modificat'iori, whereby the quantity of 
othanol used during neutralization of diaceton:tniine was reduced 
iii its iuiniinuni and the product w:is r.rystwllizei1 from water, 

d by heating dinceton- 
:imine hydrogen osalaie (0.3 iiiole) witli 311 equiniol:ir quantity of 
i he requisite aldehyde in boiling ethaii111 (800 nil.) according to 
the directivns of Heititz.'z They \rere purified hy distillation Z'TI, 
I 'UCILO or crystallization and were then c,onverted into their ti>,- 

tlruchlorides by precipitation from ether with ethereal HCI. The 
hydroc.hlorideu were subsequently i allized to cmxtant nirltirig 
point. 

The follo~viiig conipiiurida, previuusly reported i n  tlie liter:t- 
tiire, were prepared for pharmacological compari,-oii: 2J-di- 
riiethy1-6-phenyl-4-piperido1ie, m.p. 62-64'. l i t . 2 3  m.p. 62-63' : 
2,2-dimeth~l-6-p-1iitrophen?-l-4-piperidoiie, mp. 142.3- 143.5 '. 
lit.44 1n.p. 142..i"; 1,2,,2-triniethy1-6-plieiiyl-4-piperidone, ni.p. 
74.5- i6.5",  lit,i5 1ii.p. 77.-88" : :ind 1,2,2-trinicth~1-6-p-chlor~i- 
~~henyl-4-piperidone, m.p. 116.5- 117.5', l i t .33  m.j). 1 lG--llSo. 

l-Methyl-2,6-di(p-chlorophenylj-4-piperidone was prepared 
by addition of methylamine to di(~-c~hlorot)enz~tl)a~~et(ine i n  
methanol arcording to the method published for l-inethyl-2~~i- 
diphenyl-4-piperidone. lfi It, Jvaa oht ained :is colorless prisms, 
i r i . ~ ) .  140.5-144', from petroleum ethe 

. L M ~ .  CaIvd. for CisH,,CI,XO: ( 
Fou11d: C,64.5; H, 3.1; c'l, 5 , 4 . 2 .  

l-Benzoyl-3-carbomethoxy-4-piperidone (XI, R = CHs). 
AIethyl amylate (344 g., 4 moles)  vas added to a. niisture (if liquid 
~rnirrronia (500 rnl.) and  ethanol (500 nil.) i n  :i 2-1. flask fitted with 
:L KOII drying tube, left overriight ai, --A()', :tnd then alo~vly 
Iirought t o  rooin temperature. 1 I o i t  (if thc exess  KH3 hail 
cbvaptir:tted, anti the etlittnol and @-alanine methyl ester xyere 
rWIilJVed on  a ,-t eitni bath under reducted pressure. The reliduc 
(a60 g.) was frrlctiunallj- di to give di(p-carbonietti- 
osyethy1)aniinc (T'III, I t  75" (0.05 mm,j, babii. 

1; atid tri(p-c:irbometti- 
et1iyl)aniiIie (IX, 1: = (0.1 nrm.) ,  h x i c  eqniv. 
(calcd. 275), yield 205 

mino wter  (!)0 g., 0.48 ~iiole) and. benzvyl 
e)  xerr  heated in dry benzene (200 nil. 1 

nnder  reflux for l(i hr. ~ ,N- I~ i (~ -c~a r l~omet l i c~sye t l i y l ) I -~enzamid~~  
(1, It = CHj) mi- isolated as dewribed'a for the cvrreaponding 
ethyl ester. t).p. lSSo (0.8 Trim.), yield 120 g. (S. i ' , i  j. 

:tticin of tlie above I)enzninide '120 g., 0.41 niole) wiir 
by  wdiuni  hydride (73 g., 27 suspension in paraffin. 

0.82 mole) in dry h n z e n e  (:i60 1111.) i o  
met I1iisy-4-~~i~~er~11111ie :I* :t 1i:tle iir:inge vi 
:tl'tcr acweral months; 111.p. 50 -(jOO, yield S2 g. i i G 7 ;  ). 

i i 4 . I ;  I<, 5.Y.  

J*:thyl acrylate was treated with KHs iti ct,hanol :it -60", :ts 
desc,ribed above for methyl acrylate, and afforde 
uf di~,~-i.:irbocth(isyethgl)amine (YIII,  1t = Et), 
niiri. ), basic ecluiv. 216 (calcd. 2 l i ) ;  and 2-13 g. ( 
c:irboethos~-ethyl)ami~ie [IX, I< = Et 1, b.p. 136' (0.06 mm.), 
b:isic: equiv. 336 i c d d .  3 l i ) .  These :tniint,s, either separately or 

.Itl<tl. C:~l('d. fiir C:,,lHiaNO,: (', f;4.:5: H. 5 . S .  Foulld: (", 

l-Benzoyl-3-carboethoxy-4-piperidone (XI, R = C2H5). 
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Methyl p-( N-Phenethyl-N-methy1)aminoisobutyrate.-A mix- 
ture of methyl 8-(phenethy1amino)isobutyrate (22.1 g., 0.1 mole), 
paraformaldehyde (3.2 g., 1.07 moles), and formic acid (98%, 40 
ml.) was slowly heated on a steam bath. A vigorous evolution of 
gas occurred a t  first and the paraformaldehyde dissolved. The 
mixture was heated for a further 15 min. and excess formic acid 
was distilled under reduced pressure. The residue was made 
alkaline with 407' NaOH and the oil %-as extracted with ether. 
The product (20 g., 857' yield) was recovered as a colorless oil, 
b.p. 88-90" (0.08 mm.). 

4nal. Calcd. for Cl&Tu'OZ: C, 71.45; H, 9.0; N, 5.95. 
Found: C, 71.4; H, 9.2; N, 5.9. 

Methyl ~-[2-(1,2,3,4-Tetrahydro)isoquinolyl]isobutyrate.-A 
mixture of 1,2,3,4-tetrahydroisoquinoline (33.8 g., 0.25 mole) and 
methyl methacrylate (25 .8  g., 0.3 mole) was heated in ethanol 
(100 ml.) for 20 hr. The product was isolated by distillation as a 
colorless oil, b.p. 95" (0.05 mm.), yield 23.3 g. (39.6%). 

Found: 
C, 71.8; H,8.1; X,6.1, 

1 ,l-Diphenyl-2-methyl-3-( N-phenethyl-N-methy1)aminopro- 
pan-1-01.-To the Grignard reagent prepared from magnesium 
(4.85 g., 0.2 g.-atom) and bromobenzene (31.4 g., 0.2 mole) in 
dry ether (100 ml.) was added with stirring and cooling a solution 
of methyl D-( N-phenethyl-X-methy1)aminoisobutyrate (23.5 g., 
0.1 mole). After the mixture had stood at  room temperature for 
2 days, crushed ice was added followed by dilute HC1. The 
resulting white solid was collected and ground with dilute am- 
monia and the oil which separated out was extracted into ether. 
Distillation in vacuo gave the base (24.4 g., 687c), b.p. 200' (0.1 
mm.). 

Anal. Calcd. for CzsH2&0: C, 83.5; H, 8.1; N, 3.9. Found: 
C, 83.1; H, 8.2; N, 3.95. 

Hydrochloride, colorless prisms from 2-propanol, m.p. 191-193'. 
Anal. Calcd. for C2sH29N0,HCI: C, 75.8; H, 7.6; C1, 9.0; 

N, 3.5. 
Hydrobromide, colorless needles from ethanol-ether, m.p. 

179-180". 
Anal. Calcd. for C26H2sY0.HBr: Br-, 18.15; X, 3.2. 

Found: Br-, 18.0; N,  3.4. 
1 ,l-Diphenyl-3,2'-( 1,2,3,4-tetrahydroisoquinolyl)propan-l-ol 

was prepared in a similar manner from methyl p-[2-(1,2,3,4- 
tetrahydro)isoquinolyl]propionate48 and phenylmagnesium bro- 
mide. 

The base crystallized from benzene-petroleum ether, m.p. 

Anal. Calcd. for CZ4H2$O: C, 83.9; H, 7.3; S, 4.1. Found: 
C, 83.6; H, 7.3; N, 4.1. 

The mother liquor from the crystallization of the base was 
treated with a saturated solution of HC1 in ether until acid (pH 
3.5) and the resulting solid was crystallized from 2-propanol to 
give 2-~-benzoylethyl-1,2,3,4-tetrahydroisoquinoline hydrochlo- 
ride (1.2 g.), m.p. 183-185', lit.49 m.p. 188'. 

l,l-Diphenyl-2-methy1-3- [2-( 1,2,3,4-tetrahydroisoquinolyl)] - 
propan-1-01 was prepared by treating methyl p-[2-( 1,2,3,4-tetra- 
hydroisoquinolyl)] isobutyrate with phenyllithium in ether. The 
base crystallized from benzene-petroleum ether as colorless 
prisms, m.p. 135-136.5". 

Calcd. for C?sH2&O: C, 84.0; H, 7.6; N, 3.9. Found: 
C, 84.2; H, 7.9; N, 4.0. 

1,l -Diphenyl( 3-N-phenylethyl-N-methy1)aminopropan- 1-01 
was prepared in a similar manner from methyl-p(N-phenethyl- 
N-methy1)aminopropionate and phenyllithium. The base crys- 
tallized from benzene-petroleum ether as colorless prisms, m.p. 
109-110". 

Anal. Calcd. for C24H2iXO: C, 83.4; H, 7.9; N, 4.1. Found: 
C, 83.5; H, 8.05; X, 4.3. 
l,1,2-Trimethyl-3-(N-methyl-N-p-phenylethyl)aminopropan-l- 

01.-To the Grignard reagent prepared from magnesium (4.86 
g., 0.2 g.-atom) and methyl iodide (28.4 g., 0.2 mole) in ether 
(1.50 ml.) was added methyl p-(E-methyl-N-phenethy1)amino- 
isobutyrate (23.5 g., 0.1 mole) with stirring and cooling (0-10"). 
After standing a t  room temperature for 4 hr. the complex was 
decomposed with a mixture of ice (100 g.) and concentrated HC1 
(25 ml.). The aqueous layer was separated, made alkalline with 

Anal. Calcd. for C14HlsN02: C, 72.1; H, 8.2; lj, 6.0. 

Found: C, 75.5; H, 7.7; C1, 8.9; h', 3.4. 

138- 139'. 

Ana!. 

(48) A. P. Phillips, J .  4 m .  Chem. Soc., 72, 3298 (1950). 
(49) C. hlannich and D. Lammering, C h e m .  Ber. ,  56, 3517 (1922). 

407' KaOH, and then extracted with ether. Distillation in 
vucuo gave the base (16.6 g., 70.5%) as a colorless oil, b.p. 114' 
(0.7 mm.). 

Anal. Calcd. for C18H5SNO: C, 76.5; H, 10.7; K, 5.95. Found: 
C, 76.6; H, 10.55; N, 6.1. 

1-Methyl-3- [2-( 1,2,3,4-tetrahydroisoquinolyl)]propan-l-one. 
A.-2-Chloroethyl methyl ketone (3.3 g.) was mixed with 1,2,3,4- 
tetrahydroisoquinoline (4.12 g.) when a spontaneous reaction 
occurred and the mass became warm. The mixture was left a t  
room temperature for 1 hr., when it solidified. After. making 
alkaline and extracting with ether the same base was isolated as 
that obtained below from vinylacetone and tetrahydroisoquino- 
line. 

B.-Vinylacetone (10 g., 0.15 mole) was slowly added to 
1,2,3,4-tetrahydroisoquinoline (13.3 g., 0.1 mole) with cooling. 
The mixture was refluxed for several hours. Distillation in vacuo 
gave tetrahydroisoquinoline (7.4 g.) and a fraction, b.p. 75-120" 
( 1  mm.). The latter was dissolved in dilute HC1, the acidic layer 
was washed with ether, then basified, and the resulting oil was 
extracted into ether. Distillation gave the required ketone as a 
colorless oil, b.p. 100-102O (0.01 mm.), yield 3.4 g. (38%# yield 
based on tetrahydroisoquinoline consumed). 

Anal. Calcd. for Cl3Hl?NO: C, 76.8; H, 8.4; E, 6.9. 
Found: C, 76.4; H, 8.5; N, 7.0. 

Semicarbazone, m.p. 145-147 (from water). 
Anal. Calcd. for C14H20Y40: C, 64.6; H, 7.7; N, 21.5. 

Found: C, 64.9; H, 7.8; Y, 21.4. 
1 -Dimethylamino-5-phenyl-4-penten-3-one.-Reaction of ben- 

zalacetone with dimethylamine hydrochloride and formaldehyde 
in ethanol" gave the base as a yellow oil which decomposed on 
attempted distillation. 

Maleate, m.p. 129-130" from 2-propanol. 
Anal. Calcd. for CI3H1i?*O.C4H404: C, 63.9; H, 6.8; 5, 

4.4. 
1-Dimethylamino-2-methyl-5-phenyl-4 - penten -3- one.-Rew- 

tion of 1-phenyl-1-penten-3-one with paraformaldehyde and di- 
methylamine hydrochloride in ethanol" gave the base as a light 
brown mobile oil which decomposed on attempted distillation. 

Maleate, m.p. 115-117' from 2-propanol-petroleum ether. 
Anal. Calcd. for Cl4Hl9XO.C4H4O4: C, 64.95; H, 6.95; 3, 

4.2. Found: C, 64.9; H, 7.0; K, 4.3. 
l-Phenethylpiperidine.--I-Phenethyl-4-piperidone (50.1 g., 

0.25 mole) was added in four portions to amalgamated zinc wool 
(prepared from 120 g. zinc wool and 9 g. of mercuric chloride) in 
HCl(250 ml. of concentrated HCl and 75 ml. of water).52 After 
the initial vigorous reaction had subsided, the mixture was boiled 
under reflux for 24 hr., then made alkaline and extracted several 
times with chloroform. The combined extracts were dried and 
concentrated, and the residue was distilled in z'acuo to give 1- 
phenethylpiperidine, b.p. 90" (0.5 mm.), 33.5 g., 717,. 

Picrate, m.p. 142.5-144.5", lit.b3 m.p. 144-145'. 
l-Phenethyl-3-methyIpiperidine.-A mixture of 3-picoline 

(18.6 g., 0.2 mole) and phenethyl bromide (37.1 g., 0.2 mole) was 
heated in an oil bath at  130-140' for 30 min. Formic acid (46 
g., 98-100%,) and triethylamine (40 g.) were added and the mix- 
ture refluxed for 4 hr. After dilution with water the solution was 
made alkaline with 407, NaOH, and the oil was extracted with 
ether. Distillation gave 30 g. (70%) of product, b.p. 122" ( 2  
mm.). 

Found: C, 63.8; H, 6.8; N, 4.4. 

Anal. Calcd. for Cl4HzlN: N, 6.9. Found: N, 6.85. 
Picrate, m.p. 143.5-145.5' from ethanol. 
Anal. Calcd. for CIIH~1N.C&N30,: C, 55.55; H, 5.6; N, 

13.0. Found: C, 55.4; H, 5.6; N, 13.1. 
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