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Piperidine Derivatives. XXIX. Octa- and Decahydroisoquinolines from 1-Methyl- 
3-carbethoxy-4-piperidone 

B Y  s. &$. MCELVAIN AND P. I-IAROLD PARKER,  JR.’ 
RECEIVED MAY 9, 1956 

l-Methyl-3-carbethoxy-4-piperidone adds to methyl vinyl ketone t o  yield the corresponding 3-( y-ketobutyl) derivative 11, 
which is readily deearbethoxylated and cyclized to  1,2,3,4,6,7,8,9-octahydro-2-1nethyl-6-oxoisoqui1ioline (IV).  This quino- 
lone is converted by phenyllithiurn or phenylmagnesium bromide to  the 6-phenyl-6-hydroxyoctahydroisoquinoline V, which 
is readily rearranged by acid to the isomeric 10-hydroxy derivative VI. Both of these carbinols are dehydrated to  the hexa- 
hydroisoquinoline VII .  This ketone was converted 
to  the 2-methyl-6-phenyl-6-acetoxyisoquinoline XI, which was found to  bc devoid of analgesic action. 

Hydrogenation converts I V  to  the cis-decahydroisoquinolone VIII. 

The Michael addition of 1 -methyl-3-carbethoxy- 
4-piperidone (I) to methyl vinyl ketone proceeds 
in good yield (76y0) when carried out by the pro- 
cedure, described in a previous paper of this series,2 
for the addition of I to ethyl acrylate. The initial 
condensation product I1 could be separated and dis- 
tilled, or be directly decarbethoxylated and cyclized 
by the method of Wilds and Close3 to the gcta- 
hydroisoquinolone IV. A small yield (3y0) of the 
ketoester 111, resulting from the cyclization of I1 
before decarbethoxylation, geiierally accompanied 
IV. 

The octahydroisoquinolone IV was reported re- 
cently by Marchant and Pinder,“ who obtained it 
by two different procedures: (a) a Birch reduction 
of 1,2,3,4-tetrahydro-~-methoxy-3-methylisoqu~no- 
line followed by hydrolysis of the resulting hexa- 
hydroisoquinoline, and (b) the interaction of 4- 
diethylaminobutan-2-one with the keto ester I. 
Earlier, Georgian5 had reported the condensation 
of methyl vinyl ketone with I to form 2-methyl-6- 
oxo - 9 - carbomethoxy - 10 - hydroxydecahydroiso- 
quinoline and the transformation of this product 
to IV by vigorous treatment with hydrochloric acid, 
but no details of this work were given. 

The reaction of phenyllithium with IV, followed 
by the decomposition of the resulting lithium salt 
with water, yielded the 6-phenyl-6-hydroxyoctahy- 
droisoquinoline V in 007, yield. When phenyl- 
magnesium bromide instead of phenyllithium was 
used with IV, and the magnesium salt decomposed 
with dilute acid, the isomeric I 0-hydroxy com- 
pound VI was the product. I t  was obtained in 
only 55-6070 yield; 23-30% of unchanged I V  was 
recovered. The presence of such an amount of 
the latter compound with the reaction product was 
doubtless the result of the enolization of the original 
unsaturated ketone IV by the Grignard reagent; 
the formation of thc 10-hydroxy derivative VI was 
due to the action of acid on the initially formed 6- 
hydroxy derivative V. This acid-catalyzed trans- 
formation of V into VI is quite facile and may be 
accomplished by simply dissolving V in 5% hydro- 
chloric acid. The spectra of the carbinols V and 
VI were completely devoid of any carbonyl bands 
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showing that none of the organometallic com- 
pounds had added 1,4- to the a,P-unsaturated 
ketone system of IV. 

Both carbinols, V and VI,  were readily dehy- 
drated in acidic ethanol to a hexahydroisoquino- 
line to which the structure VI1 is assigned. This 
structure seems preferable to VIIa because the 
product yields a polymeric adduct with maleic an- 
hydride; dienes of the type VIIa, in which both 
double bonds are in one ring usually give crystal- 
line adducts with maleic anhydrideP Also, the 
formation of the polymeric adducts requires the pres- 
ence of a t  least one terminal hydrogen in the diene 
system.’ The ultraviolet spectrum of the diene is 
in agreement with a planar arrangement of the 
phenylbutadiene chromophore, which is possible 
in VI1 but not in VIIa. 

The hydrogenation of IV in dilute hydrochloric 
acid over palladium-on-carbon catalyst gave the 
decahydroisoquinolone VIII, which was converted 
by WoH-Kishner reduction to the known 2- 
methyl-cis-decahydroisoquinoline (IX). There 
was no evidence of the formation of any of the 
trans isomer. Thus the cis ring juncture of VI11 
is established. Marchant and Pinder4 hydro- 
genated IV  over Raney nickel a t  elevated tem- 
perature to 2-methyl-6-hydroxydecahydroisoquino- 
line, which was then oxidized to the correspond- 
ing quinolone. This compound was stereochemi- 
cally homogeneous and was presumed to have the 
trans structure on the basis of an earlier observation 
by Witkop. 

The isoquinolone VI11 formed a dibenzylideiie 
derivative. It reacted with phenyllithium to 
yield the 6-hydroxy-6-phenyldecahydroisoquinoline 
X, which was converted to the acetate, XI.  

Pharmacological Note.-The ester XI has a 
structure related to the l-methyl-4-phenyl-4- 
acyloxypiperidines, which are known to have 
significant analgesic action. For this reason XI 
was submitted as its hydrochloride salt to Mr. 
E. B. Robbins of The Lilly Research Laboratories, 
Indianapolis, Ind., for pharmacological testing. 
He has reported that subcutaneous doses of 10-80 
mg./kg. produced no analgesia in rats. 

Experimental 
1,2,3,4,6,7,8,9-0ctahydro-2-methyl-6-oxo-isoquinolhe 

(IV)._A flask containing 10.8 g. (0.45 mole) of sodium 
hydride was flushed with dry nitrogen for 5 minutes and 
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260 ml. of dry, thiophene-free benzene was added. The 
dropping funnel was filled with 46.2 g. (0.2 mole) of methyl 
dl-(p-carbethoxyethyl)-amine8 and 5 ml. was added to the 
vigorously stirred suspension of sodium hydride in benzene. 
By means of a pipet, 0.4 ml. of absolute ethanol was added 
through the condenser to initiate the reaction. Gentle ex- 
ternal heating was applied until the evolution of hydrogen 
became noticeable. The remainder of the diester was added 
a t  a rate sufficient to keep the benzene a t  a steady reflux. 
After the addition of the diester was complete, the flask was 
heated gently on a steam-bath one-half hour, a t  the end of 
which time no more hydrogen was evolved. 

The flask was immersed in ice, the contents cooled to 
5", and treated with 27 g. of glacial acetic acid to 
neutralize all the sodium hydride used. The mixture be- 
came somewhat gelatinous, and efficient stirring was diffi- 
cult. A seed crystal of sodium acetate trihydrate was in- 
troduced into the flask, with subsequent dropwise addition of 
24.6 ml. of water. Rapid crystallization of the sodium 
acetate trihydrate resulted. The solid salt was removed 
by filtration and washed with two 75-ml. portions of ben- 
zene. The washings and filtrate were combined, and the 
benzene-alcohol azeotrope removed by distillation. When 
the refractive index of the distillate indicated that pure 
benzene was distilling (generally 200-250 ml. of distillate 
was required), the distillation was stopped, the pot residue 
cooled and treated with 0.14 g. (3 mole %) of sodium hy- 
dride. When the sodium hydride had reacted completely, 
14 g. (0.2 mole) of methyl vinyl ketone (Pfizer) in 30 ml. of 
benzene was added dropwise to the solution. The resulting 
mildly exothermic reaction was complete in 30 minutes. 
The benzene solution was washed with two 6-ml. portions of 
water, dried over magnesium sulfate, and the benzene re- 
moved by distillation on a steam-bath. The remaining 
solution, crude 1 -methyl-3-carbethoxy-3- (-pketobutyl) -4- 
piperidone (11), could be used for the next step without 

I 
CHs X CHa X I  

further purification. When it was distilled it yielded 39 g. 
(76%) of 11, b.p. 120-121° (0.1 mm.), n z 5 ~  1.4226. 

Anal. Calcd. for ClaH21NOa: C, 61.15; H ,  8.29. 
Found: C, 61.43; H ,  8.53. 

The flask containing crude I1 was swept with nitrogen and 
200 ml. of previously boiled water was added. The aqueous 
suspension was heated to boiling and 2.7 g. of potassium 
hydroxide in 66 ml. of boiled water was added dropwise, 
with stirring. The-solution was refluxed for 2 hours a t  the 
end of which time 7.3 g. of potassium hydroxide in 66 ml. 
of previously boiled water was added. After refluxing for 
6 hours, the basic solution was cooled, saturated with po- 
tassium carbonate, and extracted with eight 100-ml. por- 
tions of ether. The ether solution was dried over magne- 
sium sulfate and, upon distillation, yielded 14.7 g. of IV, 
b.p. 80-81' (0.1 mm.), nZsD 1.5270, d2525 1.0353; ultra- 
violet absorption: 232 mp (log E 4.15); infrared (liquid 
film) showed bands a t  6.00 and 6.15 p. 

Anal. Calcd. for CloHlsNO: C, 72.69; H ,  9.15. Found: 
C, 72.63; H ,  9.26. 

The addition of hydrogen chloride gas to an ether solu- 
tion of IV yielded the hydrochloride. Recrystallization 
of the hydrochloride from ethyl acetate-isopropyl alcohol 
afforded an analytical sample, m.p. 197-198". 

Anal. Calcd. for CloHleClNO: C1, 17.6. Found: C1, 
17.8. 

The above distillation yielded, in addition to 11, 1.3 g. 
(3%) of 1,2,3,4,6,7,8,9 - octahydro - Z-methyl-6-oxo-9-car- 
bethoxyisoquinoline (111), b.p. 130-135" (0.1 mm.), which 
crystallized on cooling. Recrystallization from 60-68' 
petroleum ether afforded an analytical sample, m.p. 88-90'; 
mol. wt. (Rast) 236; ultraviolet absorption: 232 mp (log e 
4.13); infrared (potassium bromide pellet) showed bands a t  
5.82, 6.05 and 6.16 M .  

Anal. Calcd. for CiaHIgNOa: C, 65.80; H, 8.07. 
Found: C, 66.17; H ,  7.84. ( 8 )  S M. McElvain and K. Rorig. THIS JOURNAL, 70,  1820 (1948). 
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1,2,3,4,6,7,8,9-0ctahydro-2-methyl-6-phenyl-6-hydro~- 
isoquinoline (V) .-To 1.38 g. (0.2 mole) of lithium in 50 ml. 
of ether was added dropwise 10.5 ml. (0.1 mole) of bromo- 
benzene in 50 ml. of ether at such a rate as to cause gentle 
refluxing of the ether. After the last of the bromobenzene 
was added, the solution was stirred at room temperature 
for 30 minutes. To this solution, cooled in an ice-bath, 6.6 
g. (0.04 mole) of the octahydroisoquinoline IV in 40 ml. of 
ether was added dropwise. The solution was allowed to 
warm to room temperature over a period of one hour. The 
reaction mixture was cooled and 30 ml. of bvater was added 
dropwise, the aqueous layer was separated, saturated with 
potassium carbonate, and then extracted with seven 50-ml. 
portioiis of ether. The combined ether portions after dry- 
ing over magnesium sulfate were distilled to yield 8.87 g .  
(91f%) of 17, b.p. 160-167" (0.1 mm.) .  Upon cooling, V 
crystallized; recrystallization from 60-68" petroleum ether 
afforded an analytical sample, m.p. 137-139". The infra- 
red spectrum (potassium bromide pellet) showed barids at 
3.22, 6.06, 6.25 and 6.72 p. 

Anal .  Calcd. for C16H21SO: C, 78.97; €1, 8.70. Found: 
C, 79.06; H ,  8.78. 

The yield of V was the same (90:~;) if phenyllithium solu- 
tion was added to an ether solution of 117. 

1,2,3,4,7,8,9,10-0 ctahydro-2 -methyl-6-phenyl- 1 O-hy- 
droxyisoquinoline (VI) .-To 0.07 mole of phenylmagnesium 
bromide in 50 ml. of ether was added dropwise 6.2 g. (0.04 
mole) of IV. A precipitate formed and the mixture was 
stirred a t  room temperature for one hour. The solution 
was cooled and 100 ml. of 5% hydrochloric acid was added, 
shaken, and the aqueous acid solution separated and washed 
with three 15-ml. portions of ether, which were discarded. 
The aqueous solution was then saturated with potassium 
carbonate and extracted with eight 35-ml. portions of ether. 
The ether portions mere combined, dried over magnesium 
sulfatc and distilled. Two products, 2.13 g. (35%) of IV 
and 6.51 g. (60%) of VI, b.p. 140-150' (0.1 mm.), were 
obtained. Upon cooling, VI crystallized; recrystallization 
from 60-68" petroleum ether afforded an aiialytical sample, 
I I I . ~ .  119-120O; mol. wt. (Rast) 239; ultraviolet absorp- 
tion: 244 mp (log E 4.16); infrared (potassium bromide 
pellet) showed bands a t  3.15, 6.15, 0.28, 6.38 and 6.69 p. 

Annl.  Calcd. for ClGH21L-O: C, 78.97; €1, 8.70. Found: 

Rearrangement of V to VI.-To 25 i d .  of 5yo hydrochloric 
acid was added 0.51 g. of V, m.p. 137-139'. After standing 
for 15 minutes the solution vias made alkaline with potassium 
carbonate. Over a period of two days, 0.46 g. of VI, m.p. 
95-1 15", crystallized. Recrystallization from 60-68" pe- 
troleum ether afforded pure VI,  m.p. 118-119'. 

1,2,3,7,8,9-Hexahydro-2-methyl-6-phenylisoquino1~e 
(VII) .-Hydrogen chloride gas was passed into a solution 
of 0.67 g. of V in 25 ml. of absolute ethanol for 30 seconds. 
After the resulting solution had stood A t  room temperature 
for 2 hours, the solvent was removed under diminished 
pressure (water-pump) . The remaining solid was dissolved 
in 20 ml. of water and made basic with potassium carbonate; 
0.57 g. of ITI, m.p. 93-98' precipitated. Recrystalliza- 
tion from 6CI-6So petroleum ether afforded an analytical 
sample, m.p. 112-114O; this recrystallization was difficult 
as the compound appeared to polymerize on heating; ultra- 
violet absorption: 284 mp (log e 4.46), 242 mp (log E 3.73). 

c ,  79.09; 11, 8.54. 

A n d .  Calcd. for Cl6HlYN: C, 85.28; H, 8.50. Found: 
C, 84.19; H,  8.60. 

U'heii the isomeric carbinol 1.1 was used in the above ex- 
periment instead of V a similar yield of VI1 was obtained. 

T o  0.8 g. (0.0036 mole) of \'I1 in 4 ml. of benzene was 
added 0.45 g. (0.004 mole) of maleic anhydride. A brown- 
black polymer (0.78 g.), which was insoluble in any organic 
solvents, precipitated over a period of 24 hours. 

cis-2-Methyl-6-oxo-decahydroisoquinoline (VIII) .-To 
9.65 g. (0.058 mole) of the isoquinolone IV in 55 ml. of 5% 
hydrochloric acid was added 0.3 g. of 1Oy0 palladium-on- 
carbon catalyst. The solution was shaken with hydrogen a t  
38 pounds pressure until one equivalent of hydrogen per 
mole of IT- had been absorbed (90 minutes). The solution 
was filtered, saturated with potassium carbonate, and ex- 
tracted with seven 25-ml. portions of ether. The ether 

solution was dried over magnesium sulfate and, upon dis- 
tillation, yielded 6.9 g. (710j0) of VIII, h.p. 72-73' (0.1 
mm.) . The infrared spectrum (liquid film) showed a band 
a t  5.9 p. The methiodide of VI11 after recrystallization 
from absolute methanol melted at 271-273". 

Anal. Calcd. for C11H2JSO: C, 42.73; €1, 6.32. 
Found: C, 42.68; H, 6.36. 

Hydrogen chloride was passed into a solution of 3 g. 
(0.018 mole) of VI11 and 4 g. (0.04 mole) of benzaldehyde in 
56 ml. of absolute ethanol for one minute. After standing 
in the refrigerator for 3 days, 1.3 g. of cis-2-methyl-6-oxo- 
5,7-dibenzylidene-decahydroisoquinoline hydrochloride was 
filtered off. Recrystallization from isopropyl alcohol af- 
forded an analytical sample that  crystallized with one mole 
of alcohol of crystallization, which i t  lost a t  160-170" and 
then melted a t  225'; ultraviolet absorption: 329 nip (log E 
4.57) and 232 nip (log E 4.34). 

Anal. Calcd. for CinH?4C1SO: C, 74.03; 13, 7.37. 
Found: C, 73.91; H, 7.30. 

T o  12 ml. of hydrazine hydrate was added 2.5 g. of VI11 
and the solution refluxed fur 24 hours. The solution was 
cooled and 25 ml. of trietliglene glycol was added and the 
reflux condenser replaced with a 10-cm. column equipped 
with a take-off condenser. The pot temperature was gradu- 
ally raised to 210' over a period of four hours. Approsi- 
mately 14 ml. of distillate was collected during this time. 
This distillate was extracted with ether; distillation yielded 
1.5 g. (650j0) of cis-2-methyldecahydroisoquinoline, b.p. 
85-86' (14 mm.). The infrared spectrum (liquid film) 
showed no bands, other than the C-H bands, between 2 and 
7 p. The picrate of this amine, recrystallized from meth- 
anol, melted a t  209-211' (reporteds m.p. 210'). 

cis-Z-Methyl-6-phenyl-6-hydroxy-decahydroisoquinoline 
(X).-To 1.4 g. (0.2 mole) of small pieces of lithium wire 
covered with 50 ml. of ether was added a solution of 10.3 ml. 
(0.1 mole) of broniohenzene in 35 ml. of ether from thc 
dropping funnel a t  such a rate as to keep the solution re- 
fluxing gently. After the addition of the bromobenzene, 
the solution was stirred a t  room temperature for 30 minutes. 
To the solution, cooled in an ice-bath, was added a solution 
of 6 g. (0.036 mole) of the decahydroisoquinolone VI11 in 50 
nil. of ether. The reaction mixture was allowed to warm to 
room temperature over 3 period of one hour, after which 30 
ml. of water was added and the mixture stirred for two 
hours. The water layer was saturated with potassium car- 
bonate and extracted with eight 80-ml. portions of ether. 
The combined ether portions were dried over magnesium 
sulfate. After removal of most of the ether by distillation, 
4.9 g. (60%) of X, m.p. 160-161°, crystallized and was 
filtered. Recrystallization from 60-68" petroleum ether 
afforded an analytical sample, m.p.  161-165°. Infrared 
spectrum (potassium bromide pellet) shuwed bands a t  3.19, 
6.29 and 6.72 p. 

Anal. Calcd. for C16H23K0: C, 78.32; I I ,  0.45. I'ouud: 
C, 78.46; H, 9.52. 

cis-2-Methyl-6-phenyl-6-acetoxydecahydroisoquinoline 
(XI) Hydrochloride.-A solution of 0.5 g. (0.002 mole) of X 
and 0.3 g. (0.0037 mole) of fused sodium acetate in 15 ml. of 
freshly distilled acetic anhydride was heated at 115' and 
stirred under nitrogen for 12 hours. The solution was 
cooled, poured into 125 ml. of water, made basic with po- 
tassium carbonate, and extracted with five 30-ml. portions 
of ether. The ether  vas dried over potassium carbonatc 
and upon addition of a solutioii of hydrogen cliloride iti 
ether a tacky white prccipitate formed. The ether was de- 
canted, and the solid hydrochloride dried. This salt was 
dissolved in lOyo methanol-acetone; upon removal of most 
of the solvent by distillation followed by addition of acetone 
and cooling, 0.35 g. (547i) of the hydrochloride of X I ,  m.p. 
193-194", precipitated. Recrystallization from met>anol- 
acetone afforded an analytical sample, m.p. 193-194 . !n- 
frared spectrum (Nujol) showed bands a t  5.82, 6.35 and 
6.65 p. 

A n d .  Calcd. for ClBH&lNO2: C, 66.75; H ,  8.09. 
Found: C, 67.05; H, 8.26. 
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