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of the amine and a-formyl-2-hydroxyacetophenone for 1 Trituration with water resulted in a quantitative 
hour on a steam-bath. yield of 2-hydroxy-P-piperidinoacrylophenone; m.p. 123- 

Reaction of p-Anilino-2-hydroxyacrylophenone with Pi- The reaction was reversed by heating 2-hydroxy-o- 
peridie.-One gram of P-anilino-2-hydroxyacrylophenone 
was heated on a steam-bath for 2 hours with 5.2 g. of piperi- 

dine. 

124’. 
piperidinoacrylophenone with excess aniline. 
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The bromination of basic ketone hydrobromides, analogous to Amidone in structure, produced bromo derivatives which, 
The latter compounds in the form of their free bases, cyclized spontaneously to methobromides of substituted 3-piperidones. 

when heated, lost methyl bromide with the formation of substituted 3-piperidones which were isolated as hydrochlorides. 

Substituted 3-piperidones have been obtained 
from a diester by a Dieckmann condensation4 and 
from a basic y-bromo ketone by cyclization.6 

In this paper we have described a synthesis for 
substituted 1-methyl-3-piperidones which, in the 
last step, consists of a cyclization of an a-bromo 
ketone. The procedure is especially adaptable for 
the preparation of a wide variety of substituted 
1 -alkyl-3-piperidones. 

The synthesis is illustrated below in the case of 
l-methyl-4,4-diphenyl-3-piperidone.6 The yield of 
each compound (I-VI) was a t  least 80%. When 

It was found that the nitrile I could be hy- 
drolyzed to 2,2-diphenyl-4-dimethylaminobutyric 
acid hydrobromide in 84.5y0 yield by refluxing it 
with 48% hydrobromic acid. The corresponding 
diethylamino nitrile, by the same process, yielded 
the corresponding diethylaminobutyric acid hydro- 
bromide in 85% yield.7 

Bromination of I1 with two molecular equivalents 
of bromine yielded a dibromo derivative. 

The ketone V was reduced to the corresponding 
alcohol VII. When the latter was heated under 
reduced pressure, methvl bromide was evolved with 

the free base of V I  was treated with methyl brom- 
ide, the methobromide V was obtained.6 This 
experiment proved that there was no ring contrac- 
tion during the conversion of V into VI. By the 
use of the proper disubstituted acetonitrile, basic 
alkyl chloride and Grignard reagent, various 2-, 
4-, 5- and 6-substituted 1-methyl-3-piperidones 
were obtained. 

(1) Abstracts of Papers. 113th Meeting of the American Chemical 
Society, Chicago, Ill., April 19-23, 1948, p. 3K. 

(2) This paper represents part of a dissertation submitted by John 
Krapcho in partial fulfillment of the requirements lor the Ph.D.  degree 
in the University of Michigan, August, 1949. 

(3) Parke, Davis and Company Fellow. 
(4) S. M. McElvain, cf a l . ,  THIS JOURNAL, 55, 1233 (1933); T i ,  896 

(1949): 78, 448 (1951); A. W. D. Avison and A. I,. Morrison, J .  Chem. 
Soc., 1471 (1950) 

(5) T. S. Work, i b i d . ,  194 (1946). 
(6) In contrast to the smooth conversion of the quaternary corn- 

pound V into the tertiary amine VI, i t  is interesting to note that 
Mannich and Gollasen (Bcr. ,  61, 263 (1928)) obtained only a tar when 
they heated 1-methyl-3-pyrroiidone methobromide in an attempt to 
convert it into 1-methyl-3-pyrrolidone. However, they were successful 
in  t h c  rlimination of methyl bromide alter the quaternary ketone had 
I K C I I  r c O i i r c ~ l  t o  tlic scronrlary alcohol. 

thk formation of the same alco- 
hol, VlII ,  which was obtained 
by reduction of ketone VI.  
Alcohol VI11 was converted 
into its acetyl, p-nitrobenzoyl 
and p-aminobenzoyl deriva- 
tive. 

1 -Methyl-4-phenyl-4-cyclo - 
hexyl -, 1,2,5 - trimethyl-4,4- 
diphenyl- and 1,2,6-trimethyl- 
4,4-diphenyl-3-piperidinol hy- 
drochlorides were obtained by 
catalytic reduction of the 
corresponding 3-piperidone hy- 
drochlorides. The first-men- 
tioned piperidinol was con- 

verted into its acetyl derivat&e. 
When the ketone V was treated with zinc and 

hydrochloric acid, compound 11, in the form of its 
hydrochloride, was produced in 79% yield. Com- 
pound V probably was first reduced to the corre- 
sponding alcohol which underwent a “hydramine 
fission” similar to that observed in the case of other 
P-hydroxyamines 

Amidone and isoainidont hydrobromides werc 
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(CHs)N (CHshN 
Amidone “Cyclic Amidone” 

(7) D. J. Duprb, cl ai., ( J .  Chcm. Soc., 500 (1949)) hydrolyzed these 
two nitriles by heating them with hydrochloric acid in sealed tubes a t  

(8) Paul Karrer, “Organic Chemistry,” Elsevier Publishing Co , 
New York,.N. Y . ,  1950, pp, 839, 867, 869 and 881 : P. Rabe and W. 
Schneider, Ai t i i . ,  366, 377 (1909). 

150-160°. 
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TABLE I 
SITRILES, RR'C( CN)CH2CHz?;( CHo)n  

Hydrochlorides 1, 3 and 4 were recrystallized from isopropyl alcohol, 2 from absolute ethanol. 
.---.-____ Hydrochloride----------.-- ~ - . 

R R' (1-2 mm.) R hl p . .  O C .  Formula Cnlcd. Found Calcd. Foiinri 

1 C& C6HS 152-155" '32 198-199 ClaHziKzCl 9.31 9.27 11.79 11.80 
2h CJ-Is CHa 100-101 66 225-226 CiaHi~X~Cl 11.74 11.79 14.85 11.86 

cas CSHiiCH2CH2 180-182 81 236-237 CPoHsiSzCl 8 .37  5.37 10.59 10.63 

Prepared from phenyl-& 
dimethylaminoethylacetonitrile (C. E. Kwartler and P. Lucas, THIS JOURNAL, 68, 2395 (1946)) and methyl iodide by the 
general method used for compound 1. Obtained by the use of phenyl-P-dimethylarninoethylacetonitrile and 8-cyclohexyl- 
ethyl bromide. Prepared from 2-thien~lc~clohex~lacetonitrile and &dimethylaminoethyl chloride in the same general 
manner as compound 1. Compound 4 has been obtained by A. J. Zambito (ref. 10) from 2-thienyl-P-dimethylaminoethyl- 
acetonitrile, cyclohexyl bromide and sodaniide; hydrochloride, m.p. 201-203'. 

brominated and the bromo derivatives were The diethylamino nitrile (9.5 g.) was hydrolyzed in the 
cyclized. Thermal decomposition of the same manner, and then all of the hydrobromic acid was re- 

moved under reduced pressure. The residue was dried in a 
quaternary bromides yielded the cyc1ic desiccator over solid sodium hydroxide and was then heated 
of Amidone and isoamidone. with 80 cc. of absolute ethanol. The undissolved ammonium 

bromide was removed by filtration, and dry ether was added 
C(C6&!2 to the filtrate. After several days the precipitated hydro- 

/' '\ bromide weighed 10.8 g. (85%); m.p. 185-186" after re- 

Anal. Calcd. for CZoHz60~NBr: Br, 20.37. Found: 
Br, 20.26. 

3,3-Diphenyl-5-dimethylamino-2-pentanone Hydrobro- 
mide (Compound 1, Table II).-To methylmagnesium io- 
dide, prepared from 28.0 g. of magnesium, 75 cc. (1.20 moles) 

The piperidones were tested in the Parke, Davis of methyl iodide and 300 CC. of ether, there was added 96.0 g. 
and company phamacologica~ laboratories, M~~~ (0.36 mole) of diphenyl-B-dimethylaminoethylacetonitrile 

dissolved in 500 cc. of benzene. The mixture was refluxed for 
Of the Products Proved to be quite toxic and none of 48 hours; a precipitate began to  form after the first hour. 
them exhibited promising analgesic activity. The cold mixture was poured cautiously into 700 cc. of ice- 

cold, concentrated hydrochloric acid, the organic solvents 
Experimental Part were distilled from the mixture and the residue was refluxed 

for 12 hours. The mixture was cooled and the aqueous 
2-T~enYlcYclohe~lacetoni~ile.-A suspension of 40.0 g. layer was decanted from the red oil. The latter was re- 

(1 .oL? moles) of pulverized sodamide in 250 cc. of toluene was fluxed with 300 CC. of concentrated hydrochloric acid for g 
prepared in a z-liter, 3-necked flask equipped with a Her& hours; an additional 200 CC. of hydrochloric acid was added 
berg stirrer, a dropping funnel and a condenser fitted with and the mixture was refluxed for another 9 hours. The 
a soda-lime tube. The flask was immersed in an ice-sak- cooled mixture was made alkaline with concentrated sodium 
bath and the mixture was stirred during the dropwise addi- hydroxide solution and then extracted thoroughly with 
tion (45 minutes) of a solution Prepared from 123.0 g. (1 ether. The dried ether solution was treated with hydrogen 
mole) of 2-thienYlaCetOnitrile,' 163.0 g. ( 1 mole) of CYClO- bromide. The precipitated hydrobromide, after it had 
hexyl bromide and 500 cc. of benzene. After 2 hours the been triturated with ether and then with isopropyl alcohol, 
nearly black mixture was stirred for 3 hours at room tem- Ti.eighed 118.3 g. (8Q.50/0). 
perature and was then refluxed for 2 hours. Water (250 CC.1 The other ketones listed in Table I1 were prepared from 
was added to  the cooled mixture, the aqueous layer was the following compounds: 2, from phenylmethyl-6-di- 
separated and extracted with toluene. The organic layers methylaminoethylacetonitrile and methylmagnesium io- 
were combined, washed with water and the solvents were di(je; 3 ,  from phenylhexyl-P-dimethylaminoethylacetoni- 
removed under reduced pressure. The yield after two dis- trileln and methylmagnesium iodide; 4, from pheny1-8- 
tillations was 97.8 g. (47.7%); b.p. 129-132' (1-2 mm.).  cyclohexylethyl - ,g - dimethylaminoethylacetonitrile and 

Anal. Calcd. for ClnH16NS: X, 6.82. Found: X, 6.76. methylmagnesium iodide; 5, from phenylcyclohexyl-d- 
Diphenyl- P-dimethylaminoethylacetonitrile (Compound 1 , dimethylaminoethylacetonitrilelo and methylmagnesium io- 

Table I).-A suspension of 43.0 g. ( 1.1 moles) of pulverized dide; 6, from 2-th~~~~l~~clohexyl-~-dimethylaminoethyl- 
sodamide in 300 cc. of toluelle was cooled in an ice-salt-bath acetonitrile and ethylmagnesium bromide; 7, from diphenyl- 
and stirred during the dropwise addition (1 hour) of 193.0 g. 8-dimethylaminoethylacetonitrile and ethylmagnesium bro- 
(1 Inole) of diphenylacetonitrile, dissolved in 300 CC. of mide; 8, from diphenyl-P-dimethylaminoethylacetonitrile 
toluene. The mixture was stirred for 1.5 hours and then and i3-pheny1ethy1magnesium bromide. 
a toluene solution of P-dimethylaminoethyl chloride (ob- l -Bromo-3 ,3-d iPhenYl-5-~e thY~~~O-2-Pent~One HY- 
tained from 1.1 moles of the hydrochloride) was added dur- drobromide (ComPOmd 1, Table III).-A mixture of 25.0 
ing a 15-minute period. The mixture was stirred for 4 hours, g.  (0.069 mole) of 3,3-di~hen~l-5-dimeth~lamino-2-~en- 
cooled, treated with 300 cc. of lrater and the product tanone hydrobromide and 70 cc. of acetic acid was refluxed 
isolated in the usual nianncr. atid a solution of 11.0 g. (0.069 mole) of bromine in 30 cc. 

4-Dimethylamino- and 4-Diethylamino-2,2-diphenylbuty- of acetic acid wits added, dropwise, during a 16minutc pe- 
ric Acid Hydrobromide.-A mixture of 13.2 g. of 11 and 100 riod. The mixture was refluxed for 1.5 minutes, about one- 
cc.  of 48y0 hydrobromic acid was refluxed for 17 hours, half of the acetic acid was distilled and 200 cc. of ether was 
After removal of about one-half of the hydrobromic acid added to  the cooled residue; Yield 27 g. (89%) after recrW- 
under reduced pressure, the product was allowed to separate tdlization from 30 CC. of isoProPY1 alcohol. 
from the residue. The salt was washed with hydrobromic I, I-Dibromo-3,3-diphenyl-5-dimethylamino-2-pentanone 
ricitl anti then with acetone; yield 15.4 g. (84.5%); m.p. Hydrobromide.-3,3-Diphenyl-5-dimethylamino-2 -penta- 
2.'37-2:j9" (dec . ) ;  recrvstallization from absolute ethanol did none hydrobromide (14.5 g., 0.04 mole), dissolved in 40 cc. 
not cbatige t h P  rncltirig poirlt. of acetic acid, was brominated in the manner described 

. - l na / .  cLlc,:. f,3r. C j S ~ - ~ . 1 2 0 2 ~ p , r :  r ~ r ,  21.91. 1:ourlri: above with 12.8 g. (0.08 mole) of bromine, dissolved i n 2 5  
cc. of thr s ; m e  solvent. The product mas recryst:illize~l 

B.P. .  "C. Yield, Nitrogen, Yo Chlorine, (-? 

4d C4H3SC C6Hll 145-148 ~10 202-203~ clefrz6x2sci  8.95 9 .11  11 .aa 11.50 
" A. J. Dupri., et al., (ref. 7)  obtained this compound in 70% yield; b.p.  150-152' (0.8 mm.). 

a 2-Thienyl. 

r-r,cI-Ic co crystallization from isopropyl alcohol. 
I 1  

\\ / 
132q CHCH, 

(CH3)N 
"Cyclic Isoarnidone" 

-....... .- ... 

,I ' I  sirs K X ~ I  6 8 ,  1 X l  l l l l l * ;  ' l ~ ~ l  .\ J In  1 ) i sv rL : i t i o i i  lTni \ - r rQiiy of \ficlii;:tii. lrl17 



A t i g .  20, 1952 PREPARATION O F  SUBSTITUTED 3 - P I P E R I D O N E S  400:: 

TABLE I1 
KETONES, RR'C( CH2CH2NMe2)COR' 

All of the hydrobromides except 2 were recrystallized from isopropyl alcohol; 2 was recrystallized from absolute ethanol. 
7 Hydrobromide------- 

R R' R" (1-2 mm.) 7, M.p.,  O C .  Formula Calcd. Found Calcd. Pound 
B.P.,  OC. Yield, Nitrogen, % Bromine, % 

1" CsHr cas CH3 156-158 89 171-173 C1~H240NBr 3.87 4.05 22.06 22.17 
2 CBHS CHI CHI 95-98 64 163-165 C14H220NBr 4.67 4.67 26.62 26.69 
3 CeHs C a i r  CHs 140-143 70 129-130 C19Ha20XBr 3.78 3.83 21.58 21.67 
4 C6H4 C&IIICII~CH~ CHo 169-172 70 178-179 C21H340NBr 3 .53  3.60 20.16 20.11 
5 C6H5 C6Hii CH3 . . . .  . . 69 226-228 ClgH3oONBr 3.80 3.90 21.70 21.53 
6 CaH3Sb CaHii C2H5 151-153 89 186-187 ClsH3oOPI;SBr 3 .61  3 .64  20.58 20.61 
7" C a s  CeHs C2H5 , . .  . . . . 95 142-143 C2oH26OPu'Br 3.72 3.83 21.24 21.32 
8 C6Hs cas CBH~CHZCHZ 206-208' 70 . . . . . d  

* The hydrochloride was de- 
scribed by Zambito (ref. 10). Anal. Calcd. for C2BHzg0K: N, 3.77. Found: N, 3.78. The hydrobromide was o t -  
tained as an oil. The hydrochloride, after recrystallization from water, was isolated as a monohydrate; m.p. 109-113 . 
Anal. Calcd. for C26H300NC1.HzO: C1, 8.32. Found: C1, 8.34. Methyl iodide (1 g.) was added to an ethereal solution 
of 1 g. of the base. The precipitated methiodide was recrystallized from water; m.p. 187-188"; since the product softened 
at 94", it may have contained water of crystallization. 

a Dupr6, et al.,  (ref. 7) obtained the base in 78y0 yield; the hydrochloride was described. 

TABLE I11 
BROMOKETONE HYDROBROMIDES, RR'C( CH2CH2NMe2)COR' 

Compounds 1, 2, 3, 4, 6 and 7 were recrystallized from isopropyl alcohol, 5 and 9 from acetic acid. 
p , p . ,  Yield, Nitrogen, % Bromine, % 

R R' R" c . a  % Formula Calcd. Found Calcd. Found 

1 CeHr cas CHzBr 158-159 89 ClgH2~ONBr2 3.17 3.13 36.23 36.48 
2 c&6 CHa CH2Br 151-152 95 CI,Hz10NBr2 3.70 3.70 42.15 42.58 
3 cas ca13 CH2Br 138-139 80 C1gH310PI;Br2 3.12 3.12 35.57 35.12 
4 cas CaI1CHzCH2 CHzBr 158-159 84 C21HmOKBrz 2.95 2.92 33.63 33.67 
5 cas call CHZBr 182-184 86 ClgHZ90NBr2 3.13 3.15 35.74 35.74 
6 C4H2BrSb C6Hll CHBrCHs 179-180 99 C18H180NSBr3 2.57 2.58 43.89 43.41 
7 cas C6H5 CHBrCHs 173-174 92 C20H2sONBr2 3 .08  3.12 35.11 35.18 
8 C a s  CsH6 CHBrCH2CaS . . . . .' 
9 2-Brorno-4,4-diphenyl-6-dimethylamino-3-hepta- 

10 2-Bromo-4,4-diphenyl-5-methyl-6-dimethylamino-3-hexa- 
none hydrobromide (brominated Amidone) 190 97 C Z ~ H Z ~ O N B ~ ~  2.99 2.99 34.06 34.13 

none hydrobromide (brominated isoamidone) 19jd 97 C Z ~ H ~ ~ O S B ~ Z  2.99 2.99 34.06 34.19 
This 

salt precipitated from an acetic acid solution with solvent of crystallization; m.p. 123-125" (dec.). Calcd. for Czl- 
H2ZONBrz.CHaCOOH: K, 2.65; Br, 30.20. Found: N, 2.63; Br, 30.56. The product was obtained solvent-free by 
solution in chloroform and precipitation with ether. 

a All of the salts except 3 melted with decomposition. 5-Bromo-2-thienyl. This salt could not be crystallized. 
Anal. 

from 15 cc. of acetic acid; yield 17.4 g. (83%); m.p. 193- 
194' (dec.). 

A n d .  Calcd. for C19H220SBr3: N, 2.69; Br, 46.10. 
Found: N, 2.72; Br, 45.89. 

l-Bromo-3-phenyl-3-hexyl-5-dimethylamino-2-pentanone 
Hydrobromide.-During a 30-minute period, a solution of 
7.7 g. (0.048 mole) of bromine in 50 cc. of carbon tetrachlo- 
ride was added to a refluxing solution of 17.8 g. (0.048 mole) 
of 3-phenyl-3-hexyl-5-dimethylamino-2-pentanone hydro- 
bromide in 100 cc. of carbon tetrachloride. The mixture 
was refluxed for 15 minutes and then cooled. The product, 
which crystallized gradually, was recrystallized from iso- 
propyl alcohol; yield 17.2 g. (80%). 

2-Bromo-4-( 5-bromo-2-thienyl)-4-cyclohexyl-6-dmethyl- 
amino-S-hexanone Hydrobromide.-4-(2-Thienyl)-4-cyclo- 
hexyl-6-dimethylamino-3-hexanone hydrobromide ( 15.5 g., 
0.04 mole), dissolved in 20 cc. of hot acetic acid, was treated 
with 12.8 g. (0.08 mole) of bromine, dissolved in 25 cc. of 
acetic acid, during a 20-minute period. The mixture was 
refluxed for 30 minutes and then cooled. Upon the addi- 
tion of ether, 21.5 g. (99%) of.product precipitated which 
melted a t  179-180" (dec.); recrystallization from isopropyl 
alcohol did not change the melting point. 

All of the other bromo ketones listed in Table I11 were ob- 
tained in the manner described for compound 1. 

The bases of Amidone and isoamidone were prepared by 
the procedure of Schultz, Robb and Sprague." The hydro- 
bromide of Amidone melted a t  224". l* 

(11) E. M .  Schultz, C. M. Robb and J. M .  Sprague. T H I S  JOURNAL, 

(12) R H. Thorp, E.  Walton and P. Ofner, hTalurc. 159, 679 
69, 2454 (1947). 

(1947); 160, 605 (1947) .  

l-Methyl-4,4-diphenyI-3-piperidone Methobromide 
(Methobromide 1, Table IV).-Ammonia water (28'%, 9 cc.) 
was added to  a cooled, stirred suspension of 26.4 g. (0.06 
mole) of l-bromo-3,3-diphenyl-5-dimethylamino-2-penta- 
none hydrobromide in 120 cc. of water. A heavy precipitate 
formed immediately. After 4 hours the product was fil- 
tered, washed with a small amount of cold water and re- 
crystallized from absolute ethanol. 

In those instances (compounds 2, 3 and 4, Table IV) in 
which the methobromide did not precipitate from the am- 
moniacal solution, the solution was evaporated to dryness 
on a steam-bath. The pulverized residue was refluxed with 
isopropyl alcohol, the insoluble ammonium bromide was 
removed by filtration and the filtrate concentrated under 
reduced pressure. The product precipitated from the 
cooled filtrate. 

l-Methyl-4,4-diphenyl-3-piperidone Hydrochloride (Hy- 
drochloride 1, Table IV).-l-Methyl-4,4diphenyl-3-piperi- 
done methobromide (6.5 g.) was heated in a 25-cc. distilla- 
tion flask with a free flame under 0.02 mm. pressure. 
Methyl bromide was evolved and the distillation product, 
a light yellow oil which solidified in the receiver, was dis- 
solved in ether and precipitated with hydrogen chloride. 
After recrystallization from absolute ethanol, the material 
melted at 235-236' (dec.). The free base, after recrys- 
tallization from isopropyl alcohol, melted a t  100-102'. 

Conversion of l-Methyl-4,4-diphenyl-3-piperidone 
Methobromide (V) into 3,3-Diphenyl-5-dimethylamino-2- 
pentanone Hydrobromide (II).-To a warm mixture of 4.0 
g.  of V, 100 cc. of concentrated hydrochloric acid and 50 cc. 
of water, there was added, during the course of an hour, 
15.0 g. of zinc dust. The mixture was heated on a steam- 
bath until all of the zinc had dissolved, cooled, treated with 
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T.4BLE 11' 
SI.R%TI TI'TfSD l-~IETHYL-3-PIPERInONE METHOBROMIDES AXD HYDROCHLORIDES 

Cl7H240XSRr 3 01 3 . 02 34. 35 34,82 
CinH210N 3 . 7 4  3 .  ti9 21.35 21.54 
Cz~H250S 2 . 7 4  2.81 15.65 15.58 
CzoH2.qON 3.61 3.56 20.58 20.68 
C?oH?.qOX' 3.61 3.44 20.58 20.53 

M p. ,  'C 0 

231-233 
207-208 
165-167 
185-187 
247-248 
23 5-23 7 
208-2 10 
130-131' 
228-229 
209-210 

Y$d. 

w2 
xi 1 

8.5 
80 
95 
99 
95 
74 
06 
97 

h . l p . " C  

235-236 
394-195 
177- 178 
209-210 
208-2 10 
216-2 18 
211-213 
202-204'' 
219-220 
140-142' 

Nitr 
Calcd 

4 64 
5 8 4  
4 52 
4 17 
4 55 
3 44 
4 44 
3 20 
4 25 
3 90 

Hydrochlorides 
'ogen, Vo Chlorine, 

Found Calcd. 

4 .61 11.75 
5.83 14.79 
4 .57  11.44 
-1.26 10.56 
4.52 11.52 
3.44 28.36 
4 . 4 4  1 1 ,23 
x 1 9  8.10 
4.01 10.75 
3.86 9 .85  

n /G 
Found 

11.64 
14.85 
11.51 
10.63 
11 52 
28, 0ii' 
11 "1 

10.73 
8 OF)" 

9,98" 
a A t  the melting point, which varies somewhat with the rate of heating, these compounds decompose with the liberation 

of a gas. 5-Bromo-2-thienyl. Contains one molecular equivalent of isopropyl alcohol. Contains one molecular 
equivalent of ethanol. 0 The picrate, 
obtained by the addition of an alcoholic solution of picric acid to an ethereal solution of the base, melted at 177' (dec.) 
,*fter recrystallization from acetone. Anal. Calcd. for C26H2601N4: N, 10.72. Found: N, 10.78. Methobromides: 
compounds 1, 5 and 9 were recrystallized from absolute ethanol, 2, 3, 4, 8 and 10 from isopropyl alcohol, 6 from acetic acid 
and 7 from water. Hydrochlorides: compounds 1 ,2 ,3 ,6 ,7 ,  8 and 9 were recrystallized from absolute ethanol, 4 and 10 from 
i>opropyl alcohol and 5 from absolute ethanol-ether 

e Contains one-half of a molecular equivalent of isopropyl alcohol. f Total halogen. 

excess ammonia water, and the base extracted with ether. 
1Vhen hydrogen bromide was passed into the dried ether 
solution, the hydrobromide precipitated as an oil which be- 
came crystalline when it was triturated with ether and then 
with isopropyl alcohol; yield 3.2 g. (7991,); mixed m.p. 
I 'il-173°. 

Anal .  Calcd. for ClsH?4@NBr: Br, 22.0(i. Found: Br, 
22 02. 

In another experiment the reaction product was isolated 
<is the hydrochloride; mixed m.p. with 3,3-diphenyl-5-di- 
inethylamino-2-pentanone hydrochloride, 185-186". 

Anal. Calcd. for C19H2rOSCl: iY, 141; C1, 11.16. 
r:ound: &-, 4.35; c1, 11.21. 

l-Methyl-4,4-diphenylpiperidinol Hydrochloride (VIII) 
ia).-A suspension of 4.5 g. of V and 0.5 g. of platinum 
oxide catalyst in 100 cc. of 90% alcohol was hydrogenated for 
2 hours under an initial preqsure of 45 pounds. After re- 
moval of the catalyst and solvent, the product, l-methyl- 
~.4-di~henvl-3-uioeridinol methobromide (VI1 ). was re- 
c;ystahizeG frdm absolute ethanol; 
111.p. 216-217" (dec.). 

Found: S, 3.76; Br, 21.73. 

yield '3.9 g. (85%);  

' l m l .  Calcd. for ClpH?IOXRr: S ,  3.87; Br, 22.06. 

Compound VI1 (1.7 g.) was heated in a small distillation 
flask under reduced pressure. Methyl bromide was evolved 
and  the l-methyI-4,4-diphenyl-3-piperidinol sublimed on 
the walls of the flask. The base was dissolved in dilute hy- 
drochloric acid, precipitated by the addition of excess ani- 
irionia water, and recrystallized from isopropyl alcohol; 

(b).-A mixture of 10.8 g. of VI, 0.3 g. of platinum oxide 
catalyst and 100 cc. of 90% alcohol was hydrogenated in the 
manner described above. The crude product, VIII, 
weighed 10.9 g. (100%); m.p. 254-256" (dec.); m.p. 257- 
2.58' (dec.) after recrystallization from absolute ethanol. 

Anal.  Calcd. for C18H??ONCl: S. 4.61: CI, 11.67. 
Found: N, 4.69; C1. 11.68. 

The liberated base was mixed with the base ohtained hy 

111.p. 158-159'. 

iiiethoti ( : I ) ;  mixed m.p .  158 -15,R0. 

I-Methyl-3-acetoxy-4,4-diphenylpiperidine Hydrochlo- 
ride.--A mixture of 2.0 g. of VI11 and 10 cc. of acetic an- 
hydride was refluxed for one minute, cooled and diluted with 
ether. The product, after recrystallization from absolute 
ethanol-ether, weighed 1.9 g. (84%); m.p. 226-227" (dec.). 

Anal. Calcd. for C?oH?rOZSCl: S, 4.05; C1, 10.26. 
Found: N, 4.05; Cl, 10.21. 

1 -Methyl-3-(4-nitrobenzoyloxy)-4,4-diphenylpiperidine 
Hydrochloride.-A mixture of 3.9 g. of VIII, 4.0 g. of 4- 
nitrobenzoyl chloride and 25 cc. of dry pyridine was heated 
on a steam-bath for 3.5 hours. After removal of the pyri- 
dine, the residue was triturated with ether, suspended in 20 
cc. of water, the mixture made alkaline with sodium hy- 
droxide and then extracted with ether. The dried extract 
was treated with hydrogen chloride, and the product (4.0 g., 
67%) was recrystallized from absolute ethanol. 

Anal. Calcd. for Cz5H~502J"Cl: CI, 7.83. Found: C1, 
7.87. 

l-Methyl-3-( 4-aminobenzoyloxy)-4,4-diphenylpiperidine 
Hydrochloride.-A mixture of 2.5 g. of the nitrobenzoate 
hydrochloride, 0.15 g. of platinum oxide catalyst and 40 cc. 
of 90% alcohol was hydrogenated, under an initial pressure 
of 45 pounds, for 2 hours. The catalyst was removed by 
filtration and the filtrate was evaporated to dryness in a ni- 
trogen atmosphere. The residue was dissolved in 30 cc. of 
absolute ethanol, and cooled. The precipitated salt 
weighed 2.0 g. (76%); the product, which contained alcohol 
of crystallization, softened at  about 200" and melted at 
212-215" (dec.). 

Anal. Calcd. for C?3H?7O2N2C1.C?H60H: C1, 7.54. 
Found: C1, 7.52. 

The hydrochloride was dissolved in hydrochloric acid 3 r d  
the solution was evaporated to dryness in a desiccator. The 
dihydrochloride obtained was recrystallized from absolute 
ethanol. I t  contained alcohol of crystallization, softened 
at  about 200' and melted a t  219-222' (dec.). 

Anal. Calcd. for CZLHZBO??;ZC~Z.C~H~OH: S, 5.5.4; CI. 
14.03. Found: S,  5.48; C1, 14.16. 

l-Methyl-4-phenyl-4-cyclohexyl-3-piperidinol Hydro- 
chloride. ---This compound \vas obtained i i i  pr;icticxlly 



quantitative yield by catalytic reduction of the correspond- 
ing piperidine hydrochloride by the process which has been 
described; m.p. 271-272” (dec.) after recrystallization from 
isopropyl alcohol. 

Anal. Calcd. for C~~HDONCI: K, 4.52; C1, 11.44. 
Found: N, 4.55; C1, 11.44. 

I-Methyl-3-acetoxy-4-phenyl-4-cyclohexylpiperidine Hy- 
drochloride.-A mixture of 3.2 g. of the piperidinol hydro- 
chloride and 10 cc. of acetic anhydride was refluxed for 
several minutes, cooled and the product precipitated by the 
irddition of ether; yield 2.7 g. (73%); m.p. 199-201’ after 
recrystallization from isopropyl alcohol. 

Anal. Calcd. for CzoHaoOnSCl: S, 3.98; C1, 10.07. 
Icoiind: S, 3.88; C1, 9.89. 

1,2,5-Trimethy1-4,4-diphenyl-3-piperidinol Hydrochlo- 
ride.-This product was prepared by catalytic reduction of 
the corresponding piperidone hydrochloride. After re- 
crystallization from absolute ethanol, i t  melted a t  284- 
285’ (dec.). 

Anal. Calcd. for CzoH2BONCl: S,  4.22; C1, 10.68. 
Found: N, 4.37; C1, 10.77. 

1,2,6-Trimethyl-4,4-diphenyl-3-piperidinol Hydrochlo- 
ride.-This substance, obtained by catalytic reduction of 
the corresponding piperidone hydrochloride, melted at  293” 
(dec.) after recrystallization from absolute ethanol. 

Anal. Calcd. for CnOH260SCl: X, 4.22; C1, l(J.68. 
Found: S, 4.24; C1, 10.67. 
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Thiolesters of Perfluorocarboxylic Acids 
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A series of thiolesters and dithiolesters of perfluoro-fatty acids has been prepared by the reaction of perfluoro-fatty acid 
chlorides and anhydrides with thiols and dithiols. Perfluoroglutaric anhydride has been prepared and converted to its di- 
thiolester by a three step synthesis and to a polythiolester by a condensation polymerization reaction. Infrared absorption 
and molecular refractivity data of fluorinated thiolesters and oxygen esters are compared with their non-fluorinated analogs, 
and various correlations are noted and interpreted. New light is shed on the influence of perfluoroalkyl groups on adjacent 
carbonyl groups. Certain “characteristic” wave length bands for fluorocarbon derivatives have been empirically assigned. 

The main purpose of this study was to prepare 
thiolesters of perfluoro-fatty acids, a class of com- 
pounds which has not been reported hitherto.’ 
It was found that perfluoro-fatty acid chlorides and 
anhydrides react readily with thiols and dithiols, 
in the absence of any solvents, to form high yields 
of the corresponding thiolesters and dithiolesters. 
In one case, an attempt to prepare a thiolester by 
the direct esterification of the free acid and mer- 
captan resulted in only a very small yield of thiol- 
ester. 

Trifluoroacetic anhydride or acid chloride, penta- 
fluoropropionyl chloride and n-heptafluorobutyryl 
chloride have been allowed to react with ethyl 
mercaptan and pentamethylene dimercaptan to 
form ethyl thioltrifluoroacetate, thiolpentafluoro- 
propionate, thiolheptafluorobutyrate, as well as 
pentamethylene dithiol bis- (trifluoroacetate) , bis- 
(pentafluoropropionate) and bis-(heptafluoro- 
butyrate). 

It was found necessary to go through the follow- 
ing sequence in order to prepare diethyl dithiol- 
hexafluoroglutarate. 

It was necessary to employ the anhydride (I) 
as the acylating agent since perfluoroglutaryl 
chloride, which should give IV directly, could be 
prepared only in extremely small yield by the 
action of phosphorus pentachloride or thionyl 
chloride on hexafluoroglutaric acid, the reaction 
resulting primarily in cleavage products due to loss 
of carbon dioxide. 

(1) Diethyl dithioltetrafluorosueeinate, CnH,SCOCFKFpCOSC,H6, 
has been prepared by the reaction of ethyl mercaptan with per0uoro- 
butyrolactone (M. Hauptschein, C. S .  Stokes and A. V.  Grosse, THIS 
JOURNAL, 74, 1974 (1952)). 

(2) This procedure is an extension to “0uorocarbon” derivatives of 
the well-known method for preparing “hydrocarbon” thiolesters. For 
literature review see H. Gilman, “Organic Chemistry,” John Wiley and 
Sons, Inc , New York, N. Y , Second Edition, 1943, p. 932. 

o=c-0-c=o 
POCb ‘ 1 EtSH 

I 
HOOCCF~CF~CF~COOH -----f ~ F ~ C F ~ C F ~  --+ 

I1 I1 
0 0 

Et SCCFzCFzCFzCOH 
I1 

& PCL 
0 0 0 0 

EtSCCF2CF2CFzCSEt t- EtSCCF2CF2CFlCCl 
11 1 1  EtSH ‘ 1  1 1  

IV I11 

Perfluoroglutaric anhydride (I) was prepared 
for the first time by the reaction of perfluoro- 
glutaric acid with phosphorus oxychloride a t  
150°.3 It is interesting to note that the boiling 
point of I (72’) is approximately 208’ lower than 
that of its “hydrocarbon” analog, glutaric an- 
hydride. This is an even greater reduction than in 
the case of y-perfluorobutyrolactone, the empirical 
formula of which differs from I by one less C=O 
group. The perfluoro lactone boils a t  1801 or 
188’ below its hydrocarbon analog, y-butyrolactone. 
These novel type perfluoro compounds are built up 
entirely of carbon and the two most electronegative 
elements, fluorine and oxygen. The repulsive 
forces between these molecules must be exception- 
ally large, and since there is absolutely no possibility 
of hydrogen-type bonding, the intermolecular 
forces of attraction are unusually weak. 

In agreement with the poor reactivity of per- 
fluorinated acids with thiols, none of the dithiol- 
ester (IV) was isolated in the reaction of I with 
ethyl mercaptan even though the molar ratio of 
mercaptan to I was 2 :  1. Instead, the acid-thiol- 

(3) J J Padbury and E L Kropa, U 5 Patent 2 502,478 iApril 4 
1960) 


