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2-Methyl-6-( o-anisyl)-l,2,3,4,6,7,8,9-octahydroisoquino- 
line (XVIII).-To a solution of 1.11 g. (0.0206 mole) of 
sodium methoxide in 5.0 ml. of absolute ethanol was added a 
solution of 5.75 g. (0.0197 mole) of trimethylphenylam- 
monium benzenesulfonate dissolved in 14 ml. of absolute 
ethanol. The salt which precipitated was removed by filtra- 
tion and then washed with a few milliliters of absolute eth- 
anol. To this solution then was added 3.54 g. (0.0145 mole) 
of the free base of XVII .  The reaction was heated in an oil- 
bath until all of the ethanol had distilled and only an oily 
residue remained. After heating an additional hour at 110- 
120°, the flask was cooled and the residue acidified with 200 
ml. of 15y0 acetic acid. This mixture was steam distilled 
until no further precipitation of dimethylaniline occurred 
when the distillate was made basic. A large volume of 20o/c 
potassium hydroxide was added to  the non-volatile residue, 
and the resulting precipitate was extracted with two 100-ml. 
portions of ether. After drying over magnesium sulfate, 
evaporation of the ether left 2.80 g. (75%) of XVIII  as a 
viscous oil which slowly crystallized. Sublimation of this 
material gs.ve pure XVIII ,  m.p. 77-78.5'. 

Anal. Calcd. for C1,H28NO: C, 79.33; H, 9.01. Found: 
C, 79.37; H, 8.71. 

The hydrochloride of XVIII, prepared in ether, was re- 
crystallized from water; m.p. 203-204 . The infrared 
spectrum (CHC13) showed bands at 4.2, 6.28, 6.71 and 8.1 
p ;  the ultraviolet absorption spectrum showed Xz2EtoH 274 
mp(loge3.32) and280mp(loge3.30) .  

Anal. Calcd. for C17H24ClNO: C, 69.48; H, 8.23. 
Found: C, 69.37; H,  8.03. 

The methiodide of XVIII ,  prepared in ether, and crystal- 
lized from water, melted a t  252-253'. 

Anal. Calcd. for CleHpJSO: C, 54.14; H ,  6.56. Found: 
C ,  54.52; H, 6.64. 

Oxidation of XVII1.--A solution of 1.0 g. of the phenol 
S V I I  and 0.16 g. of sodium hydroxide in 25 ml. of water was 
warmed on the steam-bath, and 1.04 g. of freshly distilled 
dimethyl sulfate was added slowly. -4lkalinity of the reac- 
tion mixture was controlled by testing with p H  paper and 
adding lOy0 sodium hydroxide as needed. T o  this alkaline 
solution then was added 17.0 g. of potassium permanganate. 
After refluxing 2 hr., the excess permanganate was reduced 
with isopropyl alcohol, the solution filtered and evaporated 
to a small volume, Dilute sulfuric acid was added until the 
solution was acid to congo red. Extraction with two 50-mi. 
portions of ether, drying over sodium sulfate, and subse- 
quent evaporation of the ether yielded 58 mg. of o-methoxy- 
benzoic acid, m.p.  98-100". There was no depression of 
this melting point when the sample was admixed with au- 
thentic o-methoxybenzoic acid, m.p.  08-100° 

The Hofmann Degradation of XVII1.--To a magneticall1 
stirred solution of 1.47 g. of the methiodide of XVIII iti 
600 ml. of water, cooled in an ice-bath, was added a 5 molar 
excess of freshly precipitated silver oxide (washed free of 
excess alkali by eight 100-ml. portions of water). The cooled 
solution was stirred for 90 min. and then was filtered through 
Filter-cel. The clear, colorless solution was concentrated 
?n vacuo and, when the water was completely removed, the 
flask was heated to 150" for 20 min. at approximately 15 
mm. pressure. After cooling, the flask was rinsed with five 
25-ml. portions of ether, which on evaporation left 0.774 g 
(77%) of 1,2,3,4-tetrahydro-4-dimethylaminomethyl-5-vinyl- 
Z'-methoxybiphenyl (XIX) as a clear oil. The infrared 
spectrum (CHCl,) showed bands at 6.15, 6.28, 6.70 and 
11.17 p ,  while the ultraviolet spectrum showed a XS,s~"tOF' 

223 mp (log e 4.23) and a shoulder at 260 mp (log e 3.99) 
The methiodide of XIX, prepared in ether, and recrystal- 

lized from ethyl acetate and petroleum ether, melted at 
170-172 O . 

Anal. Calcd. for C ~ Q H ~ ~ I N O :  C, 55.21; 13, 6.83. Found: 
C, 55.00; H, 6.66. 

The Reaction of XVI with Anisole.-Into a dry 3-necked 
flask, through which nitrogen was passing, was placed 4.0 
g. (0.018 mole) of XVI and 19.5 g. (0.18 mole) of freshly 
distilled anisole. The rapidly stirred mixture had to be 
heated to  125' before the mixture became homogeneous and 
hydrogen chloride evolution began. At the end of 2.5  hours, 
hydogen chloride could no longer be detected in the effluent 
nitrogen stream and the solution was cooled. A crystal- 
line material began precipitating from solution a t  about 
40'; a small amount of ether was added to complete tht 
precipitation. The crystalline material was removed by 
filtration, dissolved in water, and solid potassium carbonatc 
was added slowly until the solution was saturated. Ex- 
traction of this mixture with four 25-ml. portions of 
ether, followed by drying over magnesium sulfate and sub- 
sequent evaporation of the ether, gave 1.74 g. (65c/0! ,of 
2-methyl-1,2,3,7,8,9-hexahydroisoquinolie as a niooile 
oil. 

The hydrochloride of this base was prepared by thc 
addition of an ethereal solution of hydrogen chloride to a n  
ethereal solution of the base. Although this salt could 
be recrystallized from isopropyl alcohol, the compound was 
extremely hygroscopic. The ultraviolet absorption showcd 
XKz E m H  232 mp (log c 4.08); A::.," for the heteroannular 
diene 237 mp, for the homoannular diene 273 mp. 

The methiodide of 2-methyl-1,2,3,7,8,9-hexahydroiso- 
quinoline was prepared in ether and recrystallized from 
absolute ethanol, m.p.  227-228.5' dec. 

Anal. Calcd. for C1,HlaNI: C,  45.37; 11, 6.23. Found: 
C ,  45.06; H,  6.46. 
MADISON 6, W ~ s c  

[COSTRIBUTION FROM THE DEPARTMEKT OF CHEMISTRY O F  THE UXIVERSITY O F  \vISCOSSIh- ] 

Piperidine Derivatives. XXXII. React ion of 1-Acyl-4-piperidones with 
Organometallic Compounds 

BY S. XI. MCELVAIN AND DAVID C. REMY' 
RECEIVED NOVEMBER 30. 1959 

The course of the reactions of phenylmagnesium bromide and phenyllithium u-ith a series of 1 -acyl-4-piperidones Ia-ti 
has been determined. These non-basic piperidones give greater amounts of their enolate salts and less addition to the car- 
bonyl group with these organometallic reagents than do the more basic 1-methyl-4-piperidones. 2-~~cetyl-6-oxo-cis-deca- 
hydroisoquinoline likewise gives low yields of the carbinol with phenylmagnesium bromide; the corresponding trans isomer 
gives no recognizable product with this reagent. 

Previous work in this Laboratory has shown that  
the reactions of l-methyl-3-substituted-4-piperi- 
dones with phenylmagnesium bromide and phenyl- 
lithium are quite complex. ilddition of the organo- 
metallic reagent to the carbonyl group, formation of 
the metal enolate of the ketonic function and an 

I )  Wiscotisin Alumni Research Foundation Research Assistant 
iO.56 lS58 du Pont Slimmer Research iZssistaut 19% 

aldol type of condensation of the ketone with itself 
can occur concurrently to varying extents de- 
pending on the nature of the 3-substituent of the 
ring and the organometallic reagent employed.2 
In general, phenyllithium has been found to give a 

(2 )  S SI McElvain L I  ai , (-.) THIS J O U R ~ A I  73, 3134 (1950) (1) 
78, 3140 (1956) f r )  S Ziering and  J I ee J O P E  C h i i n  12 q11 
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Aug. 5 ,  1960 I-~CYL-4-PIPERIDONES WITH ORGANOMETALLICS 

greater amount of addition to the carbonyl group 
and less of the other reactions than did phenyl- 
magnesium bromide. This was particularly evident 
with those piperidones whose 3-substituents pos- 
sessed a polar group. A similar observation has been 
made with a series of 2-substituted cyclohexanones 
and the differences in the behavior of the organo- 
metallic reagents with these ketones were related to 
the greater ability of the magnesium to coordinate 
with the carbonyl oxygen to produce a carbonium 
center with which the polar group of the substituent 
might interact. 

Inasmuch as a basic amino group was the most 
effective polar group in causing the enolization 
reaction with these ketones, 3 , 4  i t  appeared that the 
basic ring nitrogen of the 1-methyl-4-piperidones 
might promote the enolization of these ketones 
when they react with the Grignard reagents5 For 
this reason it seemed desirable to study the reaction 
of phenylmagnesium bromide and phenyllithium 
with some l-acetyl-4-piperidones, in which the basic 
character of the ring nitrogen is masked in the 
amide function. 

The four amides Ia-d, which were used in this 
study, were prepared from 1-benzoyl-3-carbeth- 
oxy-4-piperidone by modifications of procedures 
previously described. The results of the reactions 
of these amido ketones with phenylmagnesium 
bromide and phenyllithium are summarized in 
Table I. For comparison, previously reported 
data on the reaction of analogous l-methyl-4- 
piperidones Ie-f are included in this table. In order 
to minimize any possible addition of the organo- 
metallic reagent to the amide function the reactions 
were run a t  0" and the technique of inverse addition 

Ia, R = H ;  R' = CH,CO 
Ib, R = CHI(CH2)j; 
IC, R CeHbCH2; R'  = CHsCO 
Id. R = CeHsCH2: 

R'  = CHaCO 

R '  = CeHsCO 
re,' R = H; R' =' CHI 
I f ,  R = CHz(CHz)*; 
Ig, R = CeH6CHz; 

R' = CHI 
R' = CHI 

P,, N 

R' 

was used. Also, because of the ether insolubility 
of Ia and IC, the reactions were carried out in a 
benzene-ether solvent pair which permitted homo- 
geneous solution to be maintained a t  0". There- 
fore, the comparisons of the reactions of the amido 
ketones Ia-d and the amino ketones Ie-g are not 
strictly valid because of solvent and temperature 
differences in the reaction conditions. 

The results of these reactions, shown in Table I, 
lead to two general conclusions: (1) the reaction of 
both of the organometallic reagents with the 1- 
acyl-4-piperidones proceeds in the opposite manner 
to what would be expected if the basic nitrogen were 
involved in promoting the enolization reaction and 
thereby hindering the addition of the reagent to the 
ketone function; and (2) with the amidopiperi- 
dones Ia-d phenylmagnesium bromide gives from 
one and one-half to three times better yield of addi- 
tion compound than does phenyllithium, whereas 
the converse is true with the amino ketones Ie-g. 

(3) S. M. McElvain, W. B. Dickinson and R. J. Athey, THIS JOUR- 

(4) S. M. McElvain and R. B. Clampitt, ibid. ,  81, 5590 (1959). 
( 5 )  Ci. S. 51. McElvain and R.  E. Lyle, i b i d . ,  72, 384 (1950). 

NAL, 76, 5625 (1954). 

TABLE I 

ORGANOXETALLIC COMPOLXDS 
REACTION PRODUCTS OF CERTAIN 4-PIPERIDOSES \VI1 €1 

Phenylmagnesium bromide ---Phenyllithium-- 
Ad- Ma- Ad- Ma- 

Recovd. dition terial Recovd. dition terial 
ketone, prod., balance, ketone, prod., balance. 

Ketone % % % % %  % 
Ia  35" 25 60 32" 9 41 
Ib 43 27 70 61 10 71 
IC 41 44* 85 65 26 91 
Id 35 40 75 65 19 84 
Ie 57 57" 76 8 4 " ~ ~  
If 40 35 75" 23 65 88' 
Ig  44 33 776 24 64 88' 
This ketone recovered as 2,4-dinitrophenylhydrazone. * When this reaction was run with 2 moles of phenylmagne- 

sium bromide, the yield of addition product was 417,. Kef. 
2a. This material balance includes an 8% yield of 1- 
methyl -3 - ( 1 '-methyl-4'-hydroxy-4'-piperidyl)-4-hydroxy-4- 
phenylpiperidine. M. D. Barnett, Research Report, 
University of Wisconsin, 1956. 

In the reactions of Ia  with the two organometallic 
reagents] the solubility of this ketone in water neces- 
sitated its recovery as the derivative indicated in 
Table I. Pure Ia in water forms an insoluble 2,4- 
dinitrophenylhydrazone in OOyo yield. The poor 
material balances shown for Ia are due to the forma- 
tion in these reactions of considerable amounts of 
intractable oily residual materials, which presum- 
ably are aldol types of condensation products of 
Ia. 

l-Acetyl-3-n-butyl-4-phenyl-4-piperidinol (IIb), 
as obtained from the addition of phenyllithium to 
Ib, was a mixture of stereoisomers. 

f Ref. 2b. 

CI,H, OH 

IIa .  R = Ii )(rR 

CH3C0 

By fractional crystallization 80% of this mixture 
was obtained as a sharp-melting a-isomer. The 
remainder of the material, although crystalline, 
melted over a wide range. By a lengthy fractional 
crystallization of this material, a pure sample of 
the &isomer was obtained. The infrared spectra 
of these two isomers show bands a t  2.99 and 6.20 
p ,  but the regions between 9 and 11 p are different. 
The alcohol I Ib  obtained from the reaction of 
phenylmagnesium bromide with Ib  was exclusively 
the a-isomer. The formation of two steroisomeric 
carbinols from the reaction of phenyllithium with 
l-methy1-3-n-butyl-4-piperidone has been noted.6 
X single carbinol IIc was obtained from the 

reaction of IC with either of the organometallic 
reagents. This result also parallels the report that  
l-methyl-3-benzyl-4-piperidone gave a single prod- 
uct with phenyllithium.6 

It has been observed in this Laboratory that 
phenylmagnesium bromide reacts with l-acetyl- 
piperidine at room temperature to give a 4370 yield 
of acetophenone and 41% of recovered l-acetyl- 
~ iper id ine .~  The latter product is doubtless the 

(6) A. Zerring, A. Motchane and J. Lee, J. Ovg. Chem , 22, 1521 
(1957). 

(7) R. J. Athey. Ph.D. Thesis, University of Wisconsin, 1953. 
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result of an enolization reaction a t  the 1-acetyl 
group. In order to exclude the possibility that the 
recovered ketone yields in Table I were not due to a 
similar enolization reaction of the 1-acetyl group of 
the ketones Ia-c, 1-benzoyl-4-piperidone (Id) was 
included in the study. Since the results with this 
piperidone, which is incapable of enolization at the 
amide function, are essentially the same as those 
with IC, i t  seems safe to conclude that the enoliza- 
tion reaction that led to the recovered ketone in the 
reactions of Ia-c involved the ketone group of these 
piperidones. 

In the reactions of Ia-d with phenylmagnesium 
bromide and phenyllithium, one equivalent of the 
organometallic compound was added slowly to the 
solution of the piperidone. In each case a precipi- 
tate occurred almost immediately. Certain ketones 
are known to react with Grignard reagents to 
give insoluble coordination complexes, which yield 
the ketone on hydrolysis and which require an ex- 
cess of the Grignard reagent to give the normal addi- 
tion to the carbonyl group. The possibility that 
such a reaction was the source of the recovered 
ketones listed in Table I was eliminated when it 
was found that IC gave essentially the same results 
with two moles of the Grignard reagent as with one 
mole ( c j .  footnote b,  Table I). 

From the results shown in Table I, it is apparent 
that masking the basicity of the nitrogen of 4- 
piperidones does not decrease the amount of the 
enolization reaction that these ketones give with 
organometallic compounds, as the relatively non- 
basic 1-acyl-4-piperidones Ia-d show this reaction 
to an even greater extent than do the more basic 
piperidones Ie-g. M-hile the mechanism by which 
the amide moiety operates is not known, two ra- 
tionalizations of its behavior may be considered. 

First, i t  has been shown from spectral data that 
the hetero ring of the bicyclic ketoamide IIIa quite 
probably exists in the boat conformation.8a This 
compound is a vinylog of the 1-acetyl-4-piperidones 
la-c and the possibility exists that these simpler 
structures might also exist in a boat conformation. 
To the extent that the amide oxygen can supply 
electrons to the developing carbonium center of the 
carbonyl carbon, nucleophilic attack a t  that  carbon 
by the organometallic reagent will be diminished. 

" 

0 N 
H 

IIIa ,  R = CHXO 
II Ib ,  R = CHI 

IV, X = CHz, NH, KHz', 
0, S, NCOCHa, NCOCsHb, 
NCOOC~HE,, or NS02C7H7 

second possibility derives from the work of 
Hall,9 in which i t  was found that the direct field 
effect of the hetero group X constitutes a significant 
factor in determining the base strength of the series 
of cyclic amines IV. The direct field effect, to- 
gether with the inductive effect, of the hetero atom 
has been used to explain the hypsochromic shift 
observed in the ultraviolet absorption maximum of 

(8) (a) S. M. McElvain and D. C. Remy, THIS JOURNAL, 82, 3960 
(1960); (b) S. XI. McElvaiu and P. H. Parker, ibid., 78,  5812 (1936). 

(9) H.  K. Hall. i b i d . ,  78, 2570 (1956). 

the amino ketone IIIbsb in non-polar media.'" If 
the direct field effect is operative in the l-acyl-4- 
piperidones Ia-d, it, together with the normal induc- 
tive effect of the amide moiety, should decrease the 
electrophilic character of the carbonyl carbon while 
increasing the acidic character of the hydrogen atoms 
in the a-position to this carbonyl group. 

When i t  was found that the amide function of 
the 1-acyl-4-piperidones Ia-d diminished the ten- 
dency of the carbonyl group to add the organo- 
metallic reagents, i t  seemed of interest to determine 
the course of reaction of the 2-acetyl-G-oxo-cis- and 
trans-decahydroisoquinolines Va and b with such 
reagents, particularly since these ketones had shown 
anomalous behavior toward the ordinary carbonyl 
reagents.& The 6-oxo-octahydroisoquinoline IIIa 
had been found to react with phenylmagnesium 
bromide in the presence of cuprous chloride to give 
a product in (30% yield, whose formation required 
the addition of the Grignard reagent to the car- 
bonyl groups8 Similarly, the 2-methyl analog IIIb 
as well as the corresponding saturated compound, 
2-methyl-G-oxo-cis-decahydroisoquinoline, readily 
add organometal reagents at the ketonic function.sb 

Ya, c i s ;  Vb, trans T'I 

Phenylmagnesium bromide reacted with Va to 
give two stereoisomeric forms of the carbinol VI in 
8 and 31% yields, respectively; 11% of Va was 
recovered from the reaction. The remainder of the 
reaction product was an intractable oil. \Then the 
trans-ketone Vb was used in a similar reaction none 
of the carbinol corresponding to VI could be found. 
811 of the reaction products, even after extensive 
chromatography, remained as intractable oils and 
gums, indicating that the basic reagent had caused 
extensive polycondensation of the ketone. 

Experimental 
1-Acetyl-4-piperidone (Ia).--A slurry of i4.7 g. (0.272 

mole) of l-benzoyl-3-carbethoxy-4-piperidone~~ and i50 ml. 
of 6 Ar hydrochloric acid was heated under reflux with vigor- 
ous stirring for 3 hr. ;\fter cooling, the crystalline benzoic 
acid was removed by filtration, and the solution was ex- 
tracted with two 100-ml. portions of ether. The clear aqueous 
solution then was evaporated to  dryness on a steam-bath 
under reduced pressure. The crystalline residueo(36 .3 g.) 
was dissolved in 500 ml. of water and cooled to  0 . IVhile 
stirring rapidly, 32.6 g. (0.319 mole) of acetic anhydride was 
added. Solid potassium carbonate then was added slowly 
until the solution was saturated. After continuous extrac- 
tion of this solution for 72 hr. with benzene, evaporation of 
the benzene left an amber oil. Distillation of this oil through 
a short Vigreux column gave 12.4 g. (33%) of Ia ,  b.p. 120- 
128' (0.2 mm.), T Z ~ ~ D  1.5029 (reported" b.p. 124-128' (0.2 
mm.), T Z Z ~ D  1.5023). The 2,4-dinitrophenylhydrazone, oh- 
tained in 90y0 yield, was recrystallized from ethanol-ethyl 
acetate; m.p. 212-214' (reported" 212-213'). 

l-Benzoyl-3-butyl-3-carbethoxy-4-piperidone was prepared 
by the procedure of Trimble'?: To a hot solution of potas- 
sium t-butoxide prepared from 14.1 g. (0.362 g. atom) of 
potassium and 300 ml. of dry t-butyl alcohol was added drop- 
wise with stirring a solution of 99 g. (0.36 mole) of l-benzoyl- 
3-carbethoxy-4-piperidone in 50 ml. of dry t-butyl alcohol. 

(10) E. M .  Kosower and D. C. Remy, Teli'ahedrotz, 5,  281 (1959). 
(11) S. M. McElrain and R. E.  McMahon, THIS JOURNAL, 71, 901 

(12) A.  T. Trimble, J r . ,  Ph.D. Thesis, University of Wisconsin, 1952, 
(1949). 

p. 44. 
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The suspension was heated on a sand-bath for 15 minutes. 
After cooling under a tap,  100 nil. of diethyl ether was added, 
and the mixture centrifuged, extracted with 100 ml. of 
diethyl ether, and again centrifuged. The resulting solid 
was rinsed into the Parr pressure reaction bomb with a total 
of 225 ml. (2.1 moles) of freshly distilled butyl bromide. 
The bomb was sealed and heated a t  130" until the solids no 
longer showed a basic reaction to  litmus and a purple colora- 
tion to  ferric chloride test solution (12 hours). The phases 
were separated by suction filtration with the aid of Filter-cel 
and the filter cake rinsed with 100 ml. of ethyl acetate. The 
combined ester solutions were transferred to a separatory 
funnel and washed successively with 100-ml. portions of 1% 
sodium hydroxide, 1 yc hydrochloric acid, dilute sodium bi- 
carbonate and water. The final washings gave a neutral 
reaction to litmus. Removal of low-boiling material under 
reduced pressure left 88 g. (75$7,) of a light amber oil, n% 
1.5257. h small portion was distilled to  yield a yellow oil, 
b.p. l$O-li5" (0.1 nim.), n z 5 ~  1.5296. 

AnaZ. Calcd. for C19H26N01: C, 68.86; H ,  7.60. 
Found: C, 68.64; H ,  7.75. 

l-Acetyl-3-n-butyl-4-piperidone (Ib).--A slurry of 265 g. 
(0.80 mole) of l-benzoyl-3-n-butyl-3-carbethoxy-4-piperi- 
done in 2700 ml. of 6 N hydrochloric acid was hydrolyzed in 
the manner previously described for the preparation of Ia. 
The 123.0 g. of salt resi$e was dissolved in 1300 ml. of 
water and warmed to  50 . While stirring rapidly, 81.6 g. 
(0.80 mole) of acetic anhydride was added, followed by the 
addition of 59.04 g. (0.72 mole) of sodium acetate dissolved 
in 400 ml. of water. df ter  cooling to  room temperature, 
sodium bicarbonate was added until the reaction mixture 
was basic to  litmus. After extraction of this solution with 
four 250-ml. portions of benzene, evaporation of the benzene 
left a red oil which was distilled through a small Vigreux 
column to give 34.1 g. (22$70) of I b  as a clear colorless liquid, 
b.p. 132-136' (0.15 mm.), R * ~ D  1.4868. The infrared spec- 
trum (liquid film) showed bands a t  5.85 and 6.10 k .  

Anal. Calcd. for C11HlsS02: C, 66.97; H ,  9.71. Found: 
C, 66.93; H ,  9.58. 

The 2,4-dinitrophenylhydrazone required several days for 
precipitation. Recrystallization from benzene and petro- 
leum ether gave yellow clumps, m.p. 137-139'. 

Anal. Calcd. for CliH2:SSOj: C, 54.10; H ,  6.14. Found: 
C, 54.36; H, 6 .2 i .  

l-Acetyl-3-benzyl-4-piperidone (IC).--A solution of 10.1 
g. (0.045 mole) of pure crystalline 3-benzyl-4-piperidone 
hydrochloride's in 125 ml. of water was treated with 5.5 g. 
(0.054 mole) of acetic anhydride and 4.05 g. (0.0495 mole) 
of sodium acetate dissolved in 25 ml. of water as previously 
described in the preparation of Ib .  After extracting the 
solution with benzene, evaporation of the benzene left a 
colorless oil which was distilled at reduced pressure to  give 
9.16 g. (887c)  of IC, b.p.  167-172" (0.0i mm.). The distil- 
late crystallized immediately; recrystallization from ethyl 
acetate-petroleum ether gave white fluffy needles, m.p. 93- 
94'. The infrared spectrum (CS2) showed bands a t  5.81 and 
6 .06fi. The molecular weight was determined cryoscopically 
in benzene; calcd. 231, found 23i .  

AnaZ. Calcd. for ClrHI,SOz: C, i2.iO; H, 7.41. Found: 
C, i2.42; H ,  7.30. 

The 2,4-dinitrophenylhydrazone required several days for 
precipitation. Recrystallization from ethanol and ethyl 
acetate yielded sparkling golden plates, m.p. 204.5-206'. 

Anal. Calcd. for CZOH~IN~OS:  C, 53.38; H ,  5.15. 
Found: C, 58.19; H ,  5.08. 

l-Benzoyl-3-benzyl-4-piperidone (Id).-To 2.00 g. of 3- 
benzyl-4-piperidone hydr~chlor ide '~ dissolved in 50 ml. of 
water was added 1.50 g. of benzoyl chloride and 10 ml. of 
57,  sodium hydroxide. The solution was shaken vigorously 
for several minutes, another 15 ml. of 57, sodium hydroxide 
added, and the solution was shaken vigorously again. The 
solution was extracted twice with 25-ml. portions of benzene 
which then were washed with water and dried over potas- 
sium carbonate. Evaporation of the benzene left a clear 
colorless oil which was crystallized easily from ethyl acetate- 
petroleum ether to  give 2.45 g. (957c) of I d  as fluffy white 
needles, m.p. 97-98.5". 

Anal. Calcd. for C19H&02: C, 77.7i; H,  6.53. Found: 
C, 77.54; H ,  6.46. 

(13) C.. Stork and S. 31. McElvain, THIS JOURNAL, 68, 1053 (1946). 

The Reaction of 1-Acetyl-4-piperidone (Ia) with Phenyl- 
lithium.--A solution of 5.92 g. (0.0420 mole) of Ia  in 75 ml. of 
dry benzene was placed in a 3-necked flask equipped with 
stirrer, condenser and dropping funnel. To this solution, 
cooled to O " ,  was added dropmise an ethereal solution of 
phenyllithium prepared from 0.75 (0.108 g. atom) of lithium 
and 7.06 g. (0.045 mole) of bromobenzenc. In  this and the 
following experiments in which inverse additions of organo- 
metallic compounds were employed, the organometallic 
reagent was transferred directly into the dropping funnel 
through a dry glass tube by means of nitrogen pressure. A 
piece of glass wool was used to  filter off any unreacted parti- 
cles of metal. The addition was complete in 1 hr .  at which 
time 40 ml. of 3 N hydrochloric acid was added. The 
benzene-ether phase was separated, filtered through sodium 
sulfate, and evaporated to dryness. The residual oil was 
taken up in a minimum quantity of benzene and triturated 
with petroleum ether. After several days 0.81 g. (9%) of 
l-acetyl-4-phenyl-4-piperidinol (IIa) crystallized. Recrys- 
tallization from benzene gave pure IIa, m.p. 149.5-180.5'. 

Anal. Calcd. for C13H171i02: C, 71.20; H ,  7.82. 
Found: C, 71.55; H ,  7.61. 

After filtering I Ia  from the reaction mixture the solvents 
were evaporated to  dryness leaving 2.46 g. of a red oil which 
could not be crystallized or distilled. 

A solution of 2,4-dinitrophenylhydrazine reagent sufficient 
to react with 5.92 g. of Ia  was added to the aqueous acid 
phase of the above phenyllithium hydrolysis reaction. After 
cooling overnight, there was obtained 4.28 g. (327,) of the 
2,4-dinitrophenylhydrazone of Ia, m.p. 211-214'. 

The Reaction of Ia with Phenylmagnesium Bromide.-A 
solution of 6.55 g. (0.0465 mole) of Ia in i 5  ml. of benzene 
was cooled to  0" and treated dropwise with 29.8 ml. of a 1.56 
A' ethereal solution of phenylmagnesium bromide. Hydroly- 
sis was effected after 1 hr. by the dropwise addition of a satu- 
rated solution of ammonium chloride until the mixture 
cleared and a white cake of inorganic salt precipitated. The 
clear organic phase was decanted and the residues rinsed well 
with hot benzene. Approximately 100 ml. of ether was 
added to the benzene solution, and on cooling 2.53 g. (25%) 
of I Ia  crystallized. 

After I Ia  had been removed by filtration, the filtrate was 
evaporated to dryness leaving 1.02 g. of oily material. Dis- 
tillation of this residue gave 0.13 g. of material that ap- 
peared to be the starting ketone Ia ,  b.p. 10&llOo (0.1 mm.). 
This material and the non-distillable pot residues were not 
characterized further. 
I solution of 2,4-dinitrophenylhydrazine reagent sufficient 

to react with 6.55 g. of Ia  was added to  the cake of inorganic 
salts obtained from hydrolysis of the Grignard reaction. 
The 2,4-dinitrophenylhydrazone of Ia rapidly precipitated 
and after removal and drying weighed 5.19 g. (35Yc), map.  

The Reaction of l-Acetyl-3-n-butyl-4-piperidone ( Ib)  with 
Phenyl1ithium.-A solution of 16.11 g. (0.0818 mole) of I b  
in a mixture of 200 ml. of benzene and 100 ml. of ether was 
treated with an ethereal solution of phenyllithium prepared 
from 1.15 g. (0.166 g. atom) of lithium and 13.01 g. (0.083 
mole) of bromobenzene as  described previously. -4fter 
hydrolysis of the reaction mixture with 80 ml. of water, the 
organic phase was withdrawn and the solvent removed under 
diminished pressure leaving an orange tarry residue. Dis- 
tillation of this residue yielded 9.84 g. (Slyc) of recovered 
Ib,  b.p. 119-125" (0.10 mm.). The residue from this dis- 
tillation was dissolved in benzene and triturated with petro- 
leum ether. The crystalline material which separated was 
removed by filtration and the solution triturated with addi- 
tional petroleum ether. By continuing this process, there 
was obtained a total of 2.14 g. ( lOyc) of crystalline material 
melting at 95-110'. By fractional crystallization from ben- 
zene-petroleum ether, 1.71 g of the predominant a-form 
of l-acetyl-3-n-butyl-4-phenyl-4-piperidinol (IIb) was ob- 
tained, m.p. 124-125". By repeated concentration of 
the mother liquors and recrystallization of the material 
obtained, there was obtained 15 mg. of the @-diastereomer of 
I I b  in pure form, m.p. 98.5-100". The infrared absorption 
spectra (chloroform) of both diastereomers showed bands at 
2.80,2.99 and 6.20 p ;  the regions of 9 to  11 p were different. 

Anal. Calcd. for C17H25K02: C, 74.14; H, 9.15. Found: 
a; C,i3.68;  H,8.92.  0: C, 74.33; H,9.04. 

The Reaction of Ib  with Phenylmagnesium Bromide .-To 
a solution of 7.20 g. (0.0365 mole) of I b  in 135 nil. of R 2:  1 

208-213'. 



mixture of benzene and ether was added an ethereal solutiorl of 
phenylmagnesium bromide prepared from 0.925 g. (0.038 g. 
atom) of magnesium and 5.96 g. (0.038 mole) of bromoben- 
zene as previously described. After hydrolysis of the mixture 
with 100 ml. of 25% sulfuric acid, the organic phase was 
separated and washed with sodium carbonate. Evaporation 
of the solvent left an  amber oil which was fractionally dis; 
tilled to  give 3.05 (43Yc) of recovered Ib ,  b.p. 112-113 
(0.06 rnm.). The residue from this fractionation was dis- 
solved in benzene and triturated with petroleum ether. 
Crystallization was rapid and there was obtained 2.66 g. 
1277'c) of IIb,  m.p. 119-123'. Recrystallization from ben- 
zene and petroleum ether gave the pure a-diastereoisomer, 
m.p. 123-124.5'. 

The Reaction of l-Acetyl-3-benzyl-4-piperidone (IC) with 
Phenyl1ithium.-A solution of 8.0 g. (0.0346 mole) of IC in a 
mixture of 100 ml. of benzene and 50 ml. of ether was treated 
with an ethereal solution of phenyllithium prepared from 
0.584 g. (0.0842 g. atom) of lithium and 5.5 g. (0.035 mole) 
of bromobenzene as previously described. After the reac- 
tion was hydrolyzed with 50 ml. of water, i t  was filtered to 
remove a voluminous white precipitate, which, after drying, 
weighed 2.74 g. (26%). Recrystallization of this material 
from aqueous ethanol gave pure l-acetyl-3-benzyl4-phenyl- 
4-piperidinol (IIc) as fluffy needles, m.p. 238.5-239.5'. 
The infrared absorption spectrum (Xujol mull) showed 
bands a t  3.05, 6.21 and 13.15 ,u. 

Anal. Calcd. for C20HzsSO~: C, 77.64; H, 7.49. 
Found: C, 77.71; H, 7.48. 

The organic phase of the filtrate from the above reaction 
was separated. After drying over magnesium sulfate, evap- 
oration of the solvent left an  oil which was easily crystal- 
lized from ethyl acetate-petroleum ether to  give 5.17 g. 
(65%) of recovered IC. 

The Reaction of IC with Phenylmagnesium Bromide.-A 
solution of 10.0 E. 10.0433 mole) of IC in 150 ml. of benzene 
and 65 ml. of e t h r  was treated with an ethereal solution of 
phenylmagnesium bromide prepared from 7.23 g. (0.046 
mole) of bromobenzene and 1.12 g. (0.046 g. atom) of mag- 
nesium and subsequently hydrolyzed as described for the 
reaction of I b  with phenplmagnesium bromide. The precip- 
itate which formed was removed by filtration. Recrystal- 
lization of this precipitate from aqueous ethanol gave 5.81 g. 
(44%) of pure IIc, m.p. 238-239'. The organic phase of 
the filtrate was separated from the aqueous acid and washed 
with a solution of sodium carbonate. After drying over 
magnesium sulfate, evaporation of the solvent left an oil 
which was crystallized from ethyl acetate-petroleum ether to 
give 4.11 g. (4170) of the starting ketone IC. 

This reaction was repeated except that  two moles of Gri- 
gnard reagent was added per mole of the ketone IC. The 
reaction followed the same pattern in that the adduct IIc 
crystallized as a voluminous white precipitate during the 
hydrolysis. This precipitate was collected by filtration and 
recrystallized from aqueous ethanol to give a 4170 yield of 
IIc, m.p. 238-239". 

The Reaction of l-Benzoyl-3-benzyl-4-piperidone (Id) 
with Phenyl1ithium.-To a solution of 3.0 g. (0.0102 mole) of 
Id in 100 ml. of benzene was added an ethereal solution of 
phenyllithium prepared from 0.181 g. (0.0261 g. atom) of 
lithium and 1.71 g. (0.0109 mole) of bromobenzene as pre- 
viously described. After hydrolysis of the mixture with 50 
ml. of water, the organic phase was separated, boiled to 
expel traces of water, and filtered. On cooling, a total of 
0.72 g. ( 19yo) of l-benzoyl-3-benzyl-P-phenyl-4-piperidinol 
crystallized. Recrystallization from benzene gave the pure 
alcohol, m .p. 207-209'. 

i lnal.  Calcd. for C2jHzsN02: C,  80.83; H ,  6.78. 
Found: C, 80.63; H ,  6.56. 

ilfter the addition compound had been removed by filtra- 
tion, the organic filtrate was evaporated to  dryness and the 
residual oil taken up in ethyl acetate-petroleum ether. 
On cooling, a total of 1.95 g. (65%) of Id crystallized. 

The Reaction of Id with Phenylmagnesium Bromide.-A 
solution of 3.0 g. (0.0102 mole) of Id  in 100 ml. of benzene 
was treated with an  ethereal solution of phenylmagnesium 

bromide prepared from 1.71 g. (0.0109 mole) of brornoben- 
zene and 0.265 g. (0.0109 g. atom) of magnesium as pre- 
viously described. After hydrolysis and separation of the 
organic phase, a total of 1.50 g. (407,) of l-benzoyl-3- 
benzyl-4-phenyl-4-piperidinol crystallized. The organic fil- 
trate yielded 1.04 g. (35%) of the starting ketone I d .  

The Reaction of 2-Acetyl-6-oxo-cis-decahydroisoquinoline 
(Va) with Phenylmagnesium Bromide .--A solution of 
3.00 g. (0.0154 mole) of Va in a mixture of 50 ml. of 
benzene and 10 ml. of ether was placed in a 3-necked flask 
equipped with stirrer, dropping funnel and condenser. 
After cooling to 0' and passing nitrogen through the system, 
an ethereal solution of phenylmagnesium bromide, prepared 
from 2.51 g. (0.016 mole) of bromobenzene and 0.393 g. 
(0.016 g. atom) of magnesium, was added dropwise over a 
45-minute period. A yellow precipitate which formed a t  
the start of the reaction continued to  accumulate during the 
addition. After all the Grignard reagent had been added, the 
solution was allowed to  warm to  room temperature over an 
hour while stirring was continued. At this time a saturated 
solution of ammonium chloride was added dropwise until the 
reaction cleared and a white cake of inorganic salts formed. 
The organic layer was decanted and the residues washed 
with two 20-ml. portions of warm benzene. The combined 
organic phases were evaporated to  approximately 15 ml. 
On cooling, one of the diastereoisomers (a) of 2-acetyl-6-phen- 
yl-6-hydroxy-cis-decahydroisoquinoline (VI) crystallized ; 
after filtration and dryingit weighed 0.339 g. (8%). Recrys- 
tallization from benzene gave pure VI, m.p. 213-214'. The 
infrared absorption spectrum (mull) showed bands a t  2.94 
and 6.21 F ,  

Anal. Calcd. for C17HsNOa: C, 74.69; H ,  8.48. Found: 
C, 74.27; H ,  8.47. 

After the crystalline a-stereoisomer had been removed by 
filtration, the benzene filtrate was evaporated in a stream of 
nitrogen. The residue from this evaporation was taken up 
in ethyl acetate. Upon trituration with petroleum ether, 
crystallization occurred. After filtration and recrystalliza- 
tion from ethyl acetate and petroleum ether, 1.30 g. (31Y0) 
of the @-diastereoisomer of 2-acetyl-6-phenyl-6-hydroxy-cis- 
decahydroisoquinoline (VI), m.p. 165.5-166.5", was ob- 
tained. The infrared absorption spectrum showed bands at  
2.92 and 6.22 F .  The region from 7 to  12 p was different 
from that for the a-diastereoisomer. 

Anal. Calcd. for C1,HziN02: C, 74.69; H, 8.48. Found: 
C, 74.94; H ,  8.23. 

The filtrate obtained after removal of the P-diastereoiso- 
mer was evaporated in a stream of nitrogen and the residue 
obtained taken up in benzene. This benzene solution was 
passed through a short column of Fisher alumina, 80-200 
mesh, using benzene as a solvent. Subsequent evaporation 
of the benzene gave an oil which could be crystallized from 
ethyl acetate and petroleum ether. After removal by filtra- 
tion, there was obtained 0.338 g. (11%) of the starting ketone 
Va, m.p. 111-114'. When the chromatographic column 
finally was washed with methanol, there was obtained 0.839 
g .  of an intractable oil that  showed no tendency to crystallize 
after long standing. 

The above experiment was repeated using a solution of 
4.93 g. (0.0252 mole) of the trans-ketone Vb in 60 ml. of dry 
benzene and 10 ml. of dry ether. It was allowed to react 
with a solution of phenylmagnesium bromide prepared from 
4.25 8;. (0.027 mole) of bromobenzene and 0.656 g. (0.027 g. 
atom) of magnesium. The reaction was carried out  and 
worked up as described for the reaction of Va. No addition 
product could be isolated from the reaction mixture. When 
the reaction mixture was chromatographed over a column of 
Fisher alumina, 80-200 mesh, using benzene to  develop the 
column, a total of 3.62 g. of an oily material was obtained. 

When methanol finally was used to elute the column, 
1.452 g. of an  intractable gummy material was obtained 
which could not be crystallized, and, therefore, was not 
further characterized. 
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