
in the A degradative proass with + value near zero and a 1.01 
slope in plots of (log against -Ho), water would not participate 
in the ratedetermining step, displaying a typical A-1 mechanism 
according to Zucker and Hammett (9). Therefore, degradative path- 
way B prevails at low acid concentrations and A prevails at high acid 
concentrations. 
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New Compounds: N,N-Dimethyl-[ 3-( 1-alky lpiperidy 1) Icarbamates, 
Potential Cholinesterase Inhibitors 

IAN W. MATHISON’, KATHLEEN C. FOWLER, and ELIZABETH R. PETERS 

Abstract 0 The synthesis of 10 piperidine carbarnates was carried 
out by condensation of various 3-hydroxypiperidines with dirnethyl- 
carbamyl chloride or, alternatively, by treatment of the hydroxy 
compound with phosgene followed by dimethylamine. Changes 
were made in the length of the alkyl chain substituted on the hetero- 
cyclic riitrogen. The compounds were developed as potential 
cholinesterase inhibitors as a continuation of previous studies. 

Key phrases 0 N,N-Dimethyl-[E(l-alkylpiperidyl)]carbamates- 
synthesized as potential cholinesterase inhibitors 0 Cholinesterase 
inhibitors, potentialsynthesis of N.N-dimethyl-(3-(l-alkyl- 
piperidy1))carbamates 0 Piperidine carbamates-synthesized as 
potential cholinesterase inhibitors 

The established interest of these laboratories in the 
synthesis and evaluation of potential cholinesterase 
inhibitors (1, 2) led recently to the completion of the 
synthesis of some compounds intimated in earlier work 
(1). The studies related to the effects on inhibitory po- 
tency of a series of compounds showing isosteric replace- 
ments of known cholinesterase inhibitors. The com- 
pounds possessed the general structural formulas indi- 
cated for I and I1 and were correlated with compounds 
of general formula 111 which were synthesized earlier 
(3) and shown to be active inhibitors. The data sug- 
gested (I )  that the compounds having the urea moiety 
(11) provided a better “fit” in the area of the esteratic 
site than those possessing the acetamide function (I). To 
complete the series of isosteric modifications of the 
acetylcholine skeleton, the synthesis of carbamate deriva- 

tives of pipendines was considered appropriate. This 
approach was further substantiated by the presence of 
the carbamate moiety in physostigmine-a potent cho- 
linesterase inhibitor. The compounds reported in this 
paper possess the general formula shown for IV and 
can be readily related to compounds of the general 
structures 1-111. 

The synthetic route adopted involved a preliminary 
quaternization of 3-hydroxypyridine followed by cata- 
lytic hydrogenation to the corresponding N-alkyl-3- 
hydroxypiperidine (Scheme 1). 

Two methods were chosen to introduce the carbamate 
function: treatment of the 3-hydroxypiperidine with di- 
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n 

R Boiling Point (mm. He) Yield, Z 
CI t  -34" (0.1) 35.4 .. . 

32-34' (0.05) 30.4 
264%" (0.05 40.0 

58-68" fO.1) 57.8 
26-60" (0.lJ 43.7 

60-760 io . i i  21 .o 
72-82" (0.a 47.6 
8S-96" (0.0d 56.6 
66-96" (0.05) 48.9 
110-112" (0.05) 32.0 

R 

EXPERIMENTAL' 

N-rULyl-3-by~xyprpaldlncs-EHydroxypyri (1 .O mole) 
and the appropriate N-alkyl bromide (1.1 moles) were refluxed in 
absolute ethanol for 4 days. The ethanol was removed in wcuo, 
k a ~  the crude N-akyl-3-hydroxypyridinium bromide as a yellow, 
viscous oil which, in some of the higher mokcular weight com- 
pounds, solidified on standing a t  room temperature. The crude 
product was dissolved in absolute ethanol and hydrogenatad at  
45 p.s.i. over platinum oxide catalyst (24% ratio of catalyst to  
compound by weight). After 20 hr., the hydrogenation was stopped, 
the catalyst was removed by filtration, and the solvent was removed 
in wcuo. leaving an oily or a semisolid residue. The residue was dis- 
solved in water, made strongly alkaline with sodium hydroxide pel- 
lets, and extracted with ether. The dried ether extract was concen- 
trated to yield a brown oil, which was purified by vacuum distilla- 
tion to yield the desired compound; in all cases, the compound was 
a colorkss oil. The physical constants for the compounds prepered 
are shown in Table I. This method was used in the synthesis of 
Compounds 2-10. 

N-Akyl-J-pipsridyl Dlnrethylenrbanmte Hydrobdidt-hferhod I 
-N-Alkyl-3-hydroxypiperidine (1.0 mok) was dissolved in benzene, 
and the solution was cooled in an ice bath. Then a solution of 

R 

scheme I 

k 

(;.lo" 
I 
R 

R 

R 
methylcarbamyl chloride (4) (Scheme 11) or treatment of 
the hydroxy compound with phosgene followed by di- 
methylamine (5 )  (Scheme 111). Neither procedure showed 
superiority over the other and the yields varied con- 
siderably. Particular difficulty was noted with Com- 
pound 2, and only after a prolonged effort was the 
product obtained and in low yield. 

1 All melting points were determined using a Swissco melting-point 
a paratus and are uncorrected. Elemental analyses were carried out by 
(Palbraith Laboratories, Inc.. Knoxville, Tenn. IR spectra were re- 
corded on a Perkin-Elmer model 137B Infracord spectraphotometer. 
and examination of the IR spectra of all corn ounds showed them to be 
consistent with the proposed structures [Ok absorption 3350 cm.-l 
(thin film); C=O of carbamate 1725 cm.-l (thin film)]. 

Scheme I t  

0 

R 
scheme It1 

12.5% phosgene in benzene (1.1 moles) was added dropwise with 
stirring. At the end of the phosgene addition, the resulting bright- 
yellow solution was left stirring in an ice bath for 0.5 hr. and was 
then allowed to stand at  room temperature with stirring for a 
further 2 hr. The mixture turned into an opaque, yellow, jelly-like 
mass. The benzene was removed in m u o .  maintaining the tempera- 
ture below 60". leaving a yellow tacky residue which was the crude 
N-alkyl->piperidyl chlorocarbonate hydrochloride. The crude 
product was dissolved in chloroform and the solution cooled in an 
ice bath. A large excess of dimethylamine (5 moles excess) in chloro- 
form was added ,slowly through an addition funnel, and the reao 
tion mixture (fitted with a condenser) was left stirring in the ice 
bath and allowed to warm gradually to  room temperature as the 
mixture stirred overnight. The chloroform was then removed in 
w u o ,  leaving a pale-yellow granular precipitate suspended in an 
amber-colored viscous oil. The oil was dissolved in anhydrous ether 
and the ether was decanted, separating it from the solid precipitate 
of dimethylamine hydrochloride. The decanted ether solution was 
reduced in volume, and the resulting reddish-brown oil was purified 
by vacuum distillation to yield N-alkyl-3-piperidyl dimethylcarba- 
mate as a colorless oil. The oil was converted to the appropriate 
hydrohalide salt which was, in all cases, a white powder. The 
physical constants for the compounds synthesized together with 
the recrystallization solvent can be found in Table 11. This method 
was used for the syntheses of Compounds 3.4,6,7.9. and 10. 

N-AIkyl-bpiperidyl Dimethylcarbamate Hydrohalide-Method 
11-N-Alkyl-3-hydroxypiperidine (1.0 mole) was dissolved in 
anhydrous ether, and the solution was cooled in an ice bath. 
Dimethylcarbamyl chloride (3 moles) was added slowly to  the 
solution fitted with a reflux condenser, The mixture was allowed 
t o  warm slowly to room temperature and w a s  left stirring overnight. 
The ether was then removed in uacuo, leaving a brown oil which 
solidified on standing at room temperature. The residue was sus- 
pended in 10% sodium carbonate solution and the mixture was 
extracted with ether. The ether was dried over anhydrous sodium 
sulfate and distilled ofT to leave a brown oil, which was purified by 
vacuum distillation to yield the N-alkyl-3-piperidyl dimethylcarba- 
mate as a colorless oil. The oil was converted to  the appropriate 
hydrohalide salt which was, in all cases, a white powder. The 
physical constants for the compounds prepared are shown in Table 
11. This method was used in the syntheses of Compounds 2.5, and 8. 

N-Methyl-+piperidyl Dimethylcarbarnate Hydrochloride (Com- 
p a n d  1)-3-Hydroxypyridine (25.0 g.) was dissolved in methanol 
(250 ml.), and the solution was cooled in an acetone-dry ice bath. 
Methyl bromide was bubbled through the cooled solution for 0.5 
hr. The mixture was allowed to warm to room temperature, methyl 
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T.Me II-PhvSid Data 

Yield, Solvent of -Analysis, Y- 
N u m b  R (mm HOP Melting Poine 72 ReayStalliZfitlOn' calc. Found 

Boiling Point 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

- 

62-64 ' (0.04) 

66-76' (0.1) 

50-68" (0.05) 

82-88' (0.05) 

90-100" (0. I )  

98-114" (0.11) 

100-118" (0.05) 

100-118° (0.05) 

140-144" (0.15) 

201-202O 

160462' 
(seakd tube) 

161-1 62.5 ' 

141-146' 

132.5-1 34" 

123-12.5" 

133434.5" 

128.5-1 30" 

lll-ll3' 

117-1 19' 

50.0 

26.0 

41.5 

41.5 

40.5 

90.0 

50.0 

48.3 

59.5 

55.7 

Ethanol 

Ethyl acetate-ethanol 

Ethyl acetate-ethanol 

m y 1  acetatoethanol 

Ethyl a c e t a m e r  

Ethyl acetate 

Ethyl acetate 

Ethyl acetate 

Ethyl acetate 

Ethyl acetate 

c 48.54 
H 8.60 
CI 15.92 
N 12.58 c 50.73 
H 8.94 
Cl 14.98 
N 11.83 c 44.75 
H 7.85 
Br 27.07 
N 9.49 
c 46.60 
H 8.15 
Br 25.84 
N 9.06 
C 56.00 
H 9.76 
c1 12.72 
N 10.05 
C 49.85 
H 8.67 
Br 23.69 
N 8.30 c 51.28 
H 8.89 
Br 22.74 
N 7.97 
C 52.60 
H 9.10 
Br 21.87 
N 7.67 
C 53.82 
H 9.30 
Br 21.06 
N 7.38 c 54.95 
H 7.12 
Br 20.31 
N 9.48 

48.38 
8.48 
16.05 
12.37 
50.93 
9.20 

11.57 
44.89 
7.79 
27.21 
9.36 
46.34 
8.05 
25.54 
8.77 
55.92 
9.64 
12.89 
9.95 
49.71 
8.70 
23.75 

51.10 
8.97 
22.94 
7.91 
52.45 
9.23 
22.07 
7.46 
53.78 
9.08 
20.93 
7.16 
55.11 
6.91 
20.32 
9.26 

-L 

2 

0 For the free bases. * For the corresponding hydrohalide salts: c Calculated for the free .base from Walk 1-3-hydroxypiperidine. 1 For 
hydrohalide salt. No satisfactory analysis for chlorine could be obtiuned. I No satwfactory analysis for mtrogen codd be obmned. 

bromide was bubbled through for an additional 0.5 hr., and the mix- 
ture was allowed to stir at room temperature for 3 days. The metha- 
nol was removed in wcuo, leaving N-methyl-3-hydroxypyridinium 
bromide(41.0 g.) as a light-tan solid which was recrystallized from 
ethanol-water. This compound was dissolved in water and hydrogen- 
ated over platinum oxide catalyst (2z ratio of catalyst to compound) 
at 50 p.s.i. The resulting solution was filtered to remove the catalyst, 
made alkaline with sodium hydroxide pellets, and extracted with 
chloroform, This extract was dried over sodium sulfate, and the 
solvent was distilled off to  leave a dark oil, which was purified by 
vacuum distillation to yield N-methyl-Ehydroxypiperidhe as a 
clear colorless oil (10.7 g.), b.p. 34-36' (100 p). The N-rnethyl-3- 
hydroxypiperidine (10.7 g., 0.093 mole) thus obtained was dissolved 
in dry ether and the solution was cooled in an ice bath. Dimethyl- 
carbamyl chloride (21.6 g., 0.2 mole) was added to  the hydroxy 
compound solution and allowed to warm slowly to  room tempera- 
ture; it was left stirring overnight during which time a precipitate 
formed. The ether was evaporated, leaving a yellow powdery pre- 
cipitate which was recrystallized from ethanokther to  yield the 
hydrochloride salt of N-methyl-Epiperidyl dimethylcarbarnate as 
off-white granular crystals (10.3 g. crude weight). The physical 
data for this compound are shown in Table 11. 
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