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A group of silicon-containing spirobarbiturates of the geqel‘al structures IT and III have been prepared })y the
classical reaction between a substituted malonic ester, 3,3-dicarbethoxy-1-silacycloalkane, and a urea or thiourea.
The toxicities and the EDs for the loss of the righting reflex have heen evaluated for these compounds.

Spirobarbiturates? have attracted the attention of
investigators siuce the first report in 1921.% Studies
of these interesting compounds have been limited by
the relative unavailability of the starting dicarbeth-
oxycyeloalkanes and by the poor yields in the prepara-
tion of the spiranes. Asmedicinal agents, spirobarbitu-
rates show activity similar to that of the 3,5-dialkyl-
barbiturates. Although the parent cyclohexyl ring
system (I, R = H; Y = O or 8) does not show ‘‘nar-
cotic activity,”* the alkyl-substituted rings (I, R =
alkyl; Y = O or 8) do show activity, ‘‘therapeutic
ratios’® up to 5.18 having been reported (I, R = n-

C;Hy).5
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Sinee, in our study of silicon heterocyelic compounds,’

(1) (o) This investigation was supported in part by Public Health Service
Research Grant G 10122, from the Institute of General Medical Sciences.
(b) Taken in part from the M.S. Thesis of James G. Larsen, San Jose State
College, 1963.

(2) The term, spirobarbitnrate, is used in this report to emphasize the re-
lationship of these compounds to the 5,5-dialkylbarbitirates, as well as for
simplicity, The nnmbering system and the generic name for this group of
componnds are as fullows.

2,4-dinza-11-alkyl-8 8-dimethyl-8-silaspiro (3.5 undecane-1,3.5-trione

(3) (a) A. W. Dox and L. Yoder, J. Am. Chem. Soc.. 43, 1366 (1921):
(b) A. C. Cope, P. Kovacie, and M. Burg, ibid., T1, 3658 (1949); (c) O.
Wichterle and O. Nemeck, Chem. Listy, 87, 381 (1943): Chem. Abstr., 45,
361 (1951); (d) E. van Heyningen, J. Am. Chem. Soc., 76, 2241 (1951):
{e) R. Ya Levina, N. N, Godovikov, and F. K. Velichko, Zh. Obshch. Khim..
28, 2522 (1955): Chem. Abstr., 50, 9430 (1956): (f) R. Ya Levina and N. N,
Godovikov, Zh. Obshch, Khim., 25, 986 (1955); Chem. Abstr., 80, 3458
(1936): (g} R. Ya Levina, N. N. Mezentsova, and O. V. Lebedev. Z4.
Obshch. Khim., 28, 1097 (1955): Chem. Abstr., §0, 3257 (1956).

(4) The term ‘“‘narcotic activity" has been used by previous workers in
this area3® to describe the dose at which 509 of the test animals failed to right
themselves when struck on the tail by a forefinger, This study used the
righting reflex as the sub-lethal test of activity and the values are reported
as effective dose for 509 of the group (EDso) (see Table III),

(3) The term ‘‘therapeutic ratio” has been defined by previous workers
in this area3b as the ratio of '‘narcotic dose’” to the toxic dose (NDss/LDs).
When the term is used in connection with the compounds prepared in this
study. the value refers to the ratio of the effective dose for the loss of the
righting reflex to the toxic dose (EDso/LDso).

(6) See ref. 3b.

(7) (a) R. J. Fessenden and M. C, Coon, J. Ovg. Chem., 29, 1069 (1964);
(b) 1bid., 29, 2499 (1964).

a synthetic route was developed allowing the prepara-
tion of silicon-substituted dicarbethoxycycloalkanes
(V), it seemed opportune to synthesize these diesters
and convert them to silicon-substituted spirobarbitu-
rates.

Synthesis.—The dicarbethoxysilacycloalkanes used
in this study were prepared by the ring closure of a

dihalosilaalkane (IV) and malonic ester. The dihalo-
R
CH, COOC,H,
CH,{COOC,H,)x
XCHZSiCHgCHZ(':HX ~—~ocn
. Si~ COOCH;
R ~ s
H CH, \CH3
v vV

silaalkanes used for the preparation of silacyclohexanes
and silacycloheptanes have been previously reported.”
The yields in the ring closure reactions varied from 259
(dicarbethoxysilacycloheptane) to 509, (dicarbethoxy-
silacyclohexanes).

The silicon-substituted spirobarbiturates and spiro-
thiobarbiturates were prepared using the classical
reaction between a urea and a substituted malonic
ester.® The reaction of urea or thiourea with 3,3-
dicarbethoxy-1,1-dimethyl-1-silacyclohexane (V, R =
H) gave reasonable yields (459%) of the spirobarbiturate
II(R=H; Y =0o0rS). Inagreement with the ob-
servations of other investigators, the yields were sub-
stantially lower (0-189) when the 4-alkyl-substituted
silacyclohexanes (V, R = alkyl) were used in the re-
action (see Table I). None of the alkyl-substituted
spirothiobarbiturates could be isolated.

The only cycloheptane diester available was 3,3-
dicarbethoxy-1,1-dimethylsilacycloheptane, which was
converted to the spirobarbiturate (III, ¥ = O) and
to the spirothiobarbiturate (III, Y = 8) in 53 and 289
yields, respectively.

It was also of interest to include in this study the
N-substituted spirobarbiturates. Using the method
of Bose,® the reaction of dicyclohexylearbodiimide
with cyclohexane-1,1-dicarboxylic acid gave the ex-
pected N, N’-dicyclohexylspirobarbiturate in 3897 yield.
However, when the reaction was attempted using 1,1-
dimethyl-1-silacyclohexane-3,3-dicarboxylic acid, a mix-
ture of products was obtained.

The ultraviolet spectra of the silaspirobarbiturates
in ethanol both in neutral and in basic solution were
recorded. As has been noted with the 5 5-dialkyl-
barbiturates,!® the spectra of these spirobarbiturates

(8) J. B, Dickey and A. R. Gray, 'Organic Syntheses,”’ Coll. Vol. 11, John
‘Wiley and Sons, Inc., New York, N. Y., 1943, p. 60.
(9) A. K. Bose and 8. Garratt, J. Am. Chem. Soc., 84, 1310 (1962).
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TaBLE |
SPIROBARBITURATES
R O
\ F—X\H
e
Z —NH
0O
Yield, ~—Carbon, 1 - Nydrogen, '3 Nitrogen, '~
Comnl. Z R Y i M.p., *C. Formnla Coled. Fonml Cylesl Fonnd Coled. Fronnd
1 CH, H 0 46 279.5-281°
2 CH. H 8 60 289-240"
3 =i(CH;)a H () 45 244-245 CuH N 20580 4996 At 01 .72 6.57 11.66 11.05
4 Si{CHjy)s CH; Q) IS 209-210 CrHigN (381" 51,93 51,72 715 714 11.01 10,85
5 =i(CHy)s C.H; O 13 200.5-210.5 CrpHeN, 058" 03,69 038N 7.0 742 10,44 10,18
G Si(CHj). H S 45 196-107 ChoHisN:0.881 46,83 47.02 6.0 G.19 10,93 11,13
n CH.Si(CHg)e H () 53 175-176 CuHsN.O581 51.93 31,96 715 702 11.01 11.14
N CH.wS(CHs): H h 28 191-1943 CnHN0.8817 48,85 4% .81 6,72 4. 60 10,36 1024
¢ LIC 270-280.6°.  ° Lit.% 243.2-243.8°. 7 Anal. Caled.: =i, 11.04. Found: =i, 1122, ¥ Jaal. Caled.: Si, 1046, Pound:
Ri, 1061, Anal. Caledi: 8012500 Found: 8, 1226, 7 Anal. Caled.: R01186. Found: S0 11.74.
Taprr 11
SIECTRAL [JATA FOR THE SPIROBARBITURATES
- - - - Ultraviolets e o o smee o .
- - -Nentral—-- o - - 001 N NaOF Infrovesd, u -
Cinnpd, Armxe A Ernnx M A PR N1 ()
1 Eud o 2470 N340 12,8 25 5.70,5.76,5.92
2 2860 20,700 i 3.85,5.07,6.50
2350 =550
3 Fnd 2400 9050 POl 822 OGN, DR
4 lnd 2410 9105 .10 5.63,5.80,5.85, 5. U5
) End 2405 8750 305,310 5.70,5.80,6.00
[ 2370 T8A0 o . joIs 3.8, 6.40
7 Iend . 2415 9020 y.o12,0 .25 3.65,5.79,5.01
= 2880 22,500 B 20 5.72.5.79,5.90, 6.0
2370 1850

n1 neutral solutions showed only end absorption, while
those in basic solutions (0.01 ¥ NaOH) exhibited ab-
sorption in the 2400-A. region (see Table II).

Pharmacology.—The results of the pharmacological
studies are summarized in Table III. The cyelo-
hexylspirobarbiturate (I, R = H; Y = O) and the
sulfur analog (I, R = H; Y = 8) were synthesized and
included in this portion of the study.

The desirable high “‘therapeutic ratios” (2.4 to 5.18)
reported for the cyclohexylspirobarbiturates (I, R =
alkyl; Y = O) were not observed with the silacyclo-
hexylspirobarbiturates (II), in which cases the range
was 1.0 to 1.8. The sulfur analog of the silaspiro-
barbiturate (II, R = H; Y = 8) showed a greatly in-
creased toxicity, an effect not observed with I (R = H;
Y = 8).

These differences between the cyclohexylspirobarbitu-
rates (I) and the corresponding silicon compounds (II)
may be due to the gem-dimethyl group in the silicon
compounds, distortion of the cyclohexyl ring by the
substitution of a silicon atom in the ring, or a coni-
bination of these effects. Unfortunately, the direct
carbon analogs of II are not readily available for com-
parisoir.

Special note of the silacycloheptanespirobarbiturate
(ITI) should be taken. Compound IIT (Y = 0O),
which showed the most rapid onset of action of the
compounds studied, also exhibited the highest ‘‘thera-
peutie ratio” (3.0) of the group (see Table III). Con-

+10) L. R. Goldbaum, Anal, Chem., 24, 1604 (1952).

versely, IIT (Y = 8) showed a belated onsct and
exhibited the greatest toxicity of any of the com-
pounds studied.

Experimental!!

3,3-Dicarbethoxy-1-silacycloalkanes. Halomethyl-(~-
haloalkyl)dimethylsilanes—The general procedure used to
obtain the starting dihalogen intermediates has been published
elsewhere.” The conipounds used were purified prior to ring
closure but were not completely characterized. The new di-
chlorosilanlkanes prepared in this study are: chloronethyl-
(v-chlorobutyl)dimethylsilane, 39-77¢, b.p. 88° (8 nim.}
n¥®p  1.4660; chloromethyl(~-chloropentyl)dimethylsilane, 44—
569, b.p. 60-64° (1.5 mnv), n¥p 1.4630; chloromethvl(s-
chlorohexyl)dimethylsilane, 19¢;, b.p. 89-90° (2.0 nmun.), n*n
1.4632.

Ring Closure.—~The following geueral procedure was used
obtain the cyclic diesters, In a three-neck round-bottom flask
were placed 200 ml. of absolute ethanol (freshly distilled from
sodium), 0.15 mole of the dihalogen compound, and 0.15 mole
of malonic ester. The mixture was heated to reflux and 0.345
mole of sodium ethoxide in 200 ml. of ethanol was added in one
portion followed by 0.05 mole of sodium iodide. The mixture
was refluxed for 20 hr. At the end of the reflux period, the
mixture was cooled, filtered, then concentrated to ca. 200 ml.
and diluted with an equal volume of water and extracted with

(11) All melting points are corrected and were taken on a Fisher-Jubns
melting point stage. Analyses were performed by the Berkeley Micro-
analytical Laboratory except for the silicon analyses, which were performerl
in this laboratory. Infrared spectra were run using a Beckman IR-4 spec-
trophotometer and the ultraviolet spectra were obtained using a Cary
spectrophotometer.
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Tasre III
PHARMACOLOGICAL ACTION OF SILABARBITURATES AND RELATED
Compounps®
Loss of the
righting
reflex Toxicity
EDso LDso
(95% 95% Duration
confidence confidence Induection of
levels), levels), period.’ activity,®
Compd. mg./kg. meg./kg. hr. hr.
1 e 1000° -
2 . 600° 6
(440 to 830)
3 670 1000 2 1
(500 to 880)
4 . 230 1
(165 to 320)
5 240 450 2 6
(185 to 320) (330 to 530)
6 140 230 1 2
(100 to 200) (165 to 320)
7 230 670 0.2 3
(165 to 320) (500 to 880)
8 A 140 6

(100 to 200)

@ Female Webster Swiss white mice, 15-20 g., were used. The
compounds were introduced intraperitoneally as corn oil sus-
pensions using 25 animals per compound. The values reported
were calculated by the method of J. T. Litchfield and F. Wilcoxon
[J. Pharmacol. Exptl. Therap., 96, 99 (1949)]. ° The induction
period is defined as the time elapsed from injection to the loss of
the righting reflex. ¢ The duration of activity is defined as the
time in which the surviving animals were without the righting
reflex. ¢ No activity was noted at 1000 mg./kg. ¢ Lit.® LDs
800 mg./kg. (1.p. as the sodium salt). 7 All animals who lost
the righting reflex died. ¢ Lit.%* LDj, 1200 mg./kg. (i.p. as the
sodium salt). * The value obtained, 190 (135 to 270) mg./kg., is
not considered to differ significantly from the toxicity.

three 100-ml. portions of ether. The ethereal extracts were
washed with water, dried (MgSO,.), then fractionally distilled
to obtain the cyclic diester. The analytical samples of the
diesters were obtained using gas phase chromatography. The
data for the diesters are summarized in Table IV.
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Spirobarbiturates.—The following general procedure was
employed for the preparation of the compounds which are sum-
marized in Table I. In a 50-ml. round-bottom flask were placed
0.02 mole of the appropriate diester, 0.02 mole of urea (or
thiourea), and 0.02 mole of sodium ethoxide dissolved in 15 ml.
of absolute ethanol. The mixture was heated at reflux for 12 hr.,
cooled to room temperature, and acidified with 12 ml. of 2 N
HCl, It was then filtered and the solid material was washed
with two 25-ml. portions of water. The product was crystallized
from 959, ethanol and, in general, a recrystallized sample was
used for analysis.

The following exceptions and observations were made using
this procedure. The reflux period for 4 was 24 hr.; for 5, 17
hr., The starting diester was recovered (46-47%) from the
reactions leading to compounds 4 and 5. The procedure failed
to yield solid material in the attempted reactions of 3,3-dicarb-
ethoxy-4-propyl-1,1-dimethyl-1-silacyclohexane with urea and
of 3,3-dicarbethoxy-1,1,4-trimethyl-1-silacyclohexane with thio-
urea.

2,4-Dicyclohexyl-2,4-diazaspiro[5.5]undecane-1,3,5-trione
(IV).—A solution of 1.65 g. (8.0 mmoles) of dicyclohexylearbodi-
imide in 20 ml. of tetrahydrofuran (distilled from lithium alumi-
num hydride) was mixed with a solution of 0.70 g. (4.0 mmoles) of
cyclohexane-1,1-dicarboxylic acid’? in 20 ml. of tetrahydrofuran.
The mixture was allowed to stand at room temperature for 1 hr.
and was then filtered, yielding 0.90 g. (1009%) of N,N’-dicyclo-
hexylurea, m.p. 227-230° (lit.’® 231-232°). The tetrahydro-
furan was removed from the filtrate using a roto evaporator and
the solid residue was crystallized from ether—petroleumn ether
(b.p. 30-60°), vielding 0.35 g. (399) of the product, m.p. 134-
134.5°; infrared spectrum 5.59, 5.95, and 5.85 (sh) .

Anal. Caled. for CyHxN.O,: C, 69.95; H, 8.96; N, 7.77.
Found: C, 70.18; H, 8.81; N, 7.80.

In one run, the product was crystallized from ethanol. Initial
crystallization occurred; however, after the mixture was al-
lowed to stand overnight, an oil was obtained. The infrared
spectrum showed bands at 3.0 (N-H), 5.90, and 6.10 x (C=0),
an indication that cleavage had occurred.

Attempted Synthesis of 2,4.Dicyclohexyl-2,4-diaza-8,8-di-
methyl-8-silaspiro[5.5]Jundecane-1,3,5-trione.  1,1-Dimethyl-1-
silacyclohexane-3,3-dicarboxylic Acid—In a 100-ml. round-
bottom flask were placed 13.6 g. (0.05 mole) of 8,3-dicarbeth-
oxy-1,1-dimethyl-1-silacyclohexane, 40 g. (0.70 mole) of KOH,
and 30 ml. of water. TUpon warming, a vigorous, exothermic
reaction ensued, which required an ice bath for control. After
the reaction had subsided, the reaction mixture was cooled to
room temperature and added slowly to a sulfuric acid-ice mixture
The white precipitate was extracted with three 100-ml. portion

TasLe IV
DICARBETHOXYSILACYCLOHEXANES
R
COOC,H,
Si )
X COOC.H;
CH, CH;
Yield, B.p., °C. no —-—Carbon, ¥ ~—Hydrogen, ¥ -— ——38ilican, ¢ ——
R A (um.) °C.) Formula Caled. Found Caled. Founi Caled. Fonnd
H 50 115(3.2) 1.4567 (26) CysHs40481 57.35 57.26 8.82 8§.73 C S
CH; 34 114(1.8) 1.4584 (26) CiaH260481 58.34 58.47 9.71 9.6% 9.75 9.89
C.H; 50 117(1.5) 1.4589(27) Cr1sHas0481
C;H; 21 130(2.0) 1.4607 (27) C,6H30.81 61.09 60.98 9.63 9.55 §.93 9.04

An analytical sample of the 4-ethyldicarbethoxysilacyclohexane
was not obtained. Gas phase chromatography of the distil-
lation fractions indicated the presence of a close-boiling impurity
(not identified) and gas chromatographic purification of this
compound was not successful due to thermal decomposition on
the column. The impure diester was used for the preparation
of the spirobarbiturate.

The only silacycloheptane diester prepared was 3,3-dicarb-
ethoxy-1,1-dimethyl-1-silacycloheptane, b.p. 113° (0.8 mm.),
n¥p 1.4621, which was obtained in 259, yield using bromo-
methyl(§-bromobutyl)dimethylsilane as the starting dihalogen
compound.

Anal. Caled. for C,sH.s0.Si:
C, 58.70; H, 9.89.

of ether. The ether was removed using a roto evaporator,
and the diacid, 9.7 g. (90%), was crystallized from petroleum
ether (b.p. 30-60°), m.p. 156.5-158° dec.
Anal. Caled. for CyH,0.8i: C, 350.00; H, 7.40; neut.
equiv., 108.1. Found: C, 49.96; H, 7.53; neut. equiv., 107.9.
Reaction with Dicyclohexylearbodiimide.—Repeated attempts
to prepare the N-substituted silaspirobarbiturate using the pro-

(12) The diacid, m.p. 184~188°, was obtained from the saponification of
dicarbethoxyecyclohexane, b.p. 102° (3 mm.), n2p 1.4472; V. P. Gollmov
[Zh, Obsheh. Khim., 33, 1944 (1952); Chem. Abstr., 47, 9267 (1963)] reports
b.p. 100° (2 mm.), n2®p 1.4482.

(13) A. K. Bose, 8. Garratt, and J. J. Pelois, J. Org. Chem., 28, 730 (1963).

C, 58.34; H, 9.71. Found:
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cedure described above failed. Reaction conditions were
varied from iee temperature for 2 hr. to reflux temperature for
1 hr. In one run a small ammount (ca. 10 %, by weight of the ma-
terial subjected to the reaction) of crystalline substance, m.p.
171-173°, was obtained after elution chromatography of the
oily residue. The infrared spectrum of this material showed
bands at 3.0 (N-H), 6.03 (C=0), and 8.1 x4 {(31-CH3). Thestruc-
ture of this material was not determined.

Ultraviolet Spectra.—The sample was dissolved in 707 aque-
ous ethanol, Since the spectra of these spirobarbiturates
change with time, the solutions were used within 1-2 hr. For
the nentral solutions an aliquot was diluted o the proper volume

Vol. 7

with 70 ethanol.  For the basic solutions, an alignot was
diluted (o the proper volume using NaOH (707 ¢thanol solution:
0.01 N finul vohime). These latter solutions were run within 5
min. of mixing.  The spectra were rmn from 3500 o 2150 A,
The ultraviolet data obtained are summarized m Table 11
The data obtained for diethylbarbital were: neutral snlution,
end absorption: 0,01 N NaOH, M. 2400 AL (64, 9650).

Infrared Spectra.-- The infrared spectruim for each of the spir-
Duarbituriates was mn as a mineral oil mmill.  The hands obgerved
i1 the N-H region (2.7 (0 3.3 u) aud in the C==0 region 3.5 to
6.2 phare sununarized in Table I1. For the spirathicharkiurates.
the bunds in the 6.5-x region (C==}1ure wlso tabulated

The Effect of Piperidinecarboxamide Derivatives on Isolated Human

Plasma Cholinesterase. 1I.

Variations in the Amide Function!

Jaues G. BEASLEY, Rovawp P QuinTaNa, axp GRETCHEN (. NELMS

Departent of Phaemacewtical and Medicinal Chenistry, College of Phaciwaey, Usiversdy of Tennessee, Meniphis, Tewocsse

NS
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A series of carbamoylpiperidine derivatives has been prepared.
derivatives®? upon izolated human plasma cholinesterase was determined.

The mhibitory activity of these and sim;ia
The reaults are discu==ed primearily

i terms of the elfect on biochemical response elicited by variations in the amide fhunetion.

It previous investigations, we have explored the
ctfect of compounds of several series of carbaimnoyl-
piperidines (piperidinecarboxamides) upou isolated
human plasma pseudo-cholinesterase,” and the re-
spective relationships with surface-active properties.*
The very interesting results obtained in these studies
pronipted additional synthetic® and physicochemical®®
mivestigations designed to elucidate further the in-
fluence that structural variations in the mhibitor mole-
cules have on isolated cholinesterase systems.  We
have prepared additional mono- and bis(earbamoyl-
piperidino)cthanes and -decancs, reported lhiere and in
an earlier paper,® for the evalnation of thewr mhibitory
characteristics.

Our carlier work® viclded data reflecting responses
effected by (1) the nature and degree of alkyl substi-
tution on the amido function, (2) the mono- aud the
correspouding  bis(carbamoylpiperidino)  substitution
on the alkane homologs, (3) the mumber and arrange-
ment of the methylene units in the alkane component
attached to the ring nitrogen(s), and (4) nnsaturation
n the piperidine ring.

This article deals primarily with the effeet  of
structural variation m the amide function upon bio-
chemical responsc.  More specifically, we were -
terested in the effect such moleeunlar modification
might elicit on the latter response in terms of (1) the
clectron densities aronnd the carbonyl function,” and

1) 'I'bis inveslhigation is being shpported by grants from the National
Institute of Mentyl Health (USPHS MY-2072,/MH-04379), the Gesehickter
und for Medical Resenrch, Ine,, and the National Science Foundation
((313-2381,/183-15089).

(2) A. Lasslo, J. G. Beasley, G. G. Nebns, anl G, J. Epperson, J. Med.
Chem., 6, 811 (1963).

(3) R. P. Quintana and W. A. Shrader. .J. Pharm. Sci., 82, 1186 (1963).

(4) R, I', Quintana, itid., §3, 1221 (1964}

13) W. I'. Purcell, J. Phys. Chem. 68, 2666 (1964); . W. P. Purcell,
J. (v, Beastey, aud R. P, Quintana, Biochim. Biophys. Acta, 88, 233 (19641,

(6) R. P. Quintana, in preparation.

(7) (a) F. Bergmann, 1. B. Wilson, and D. Nacbhmansohn, J. Biol. Chem.,
186, 693 (19350): (b) I. B. Wilson and ¥, Bergmann, ibid.. 186, 683 (1850%;
{e7 1. B. Wilson, ibid., 208, 123 (1434},

<

(2) the lvopliobie-1yophilic nature of substituticn,

Experimental

Synthetic Work.” -~ The chemistry of sonme 1 our piperidine-
carboxamide derivatives has beeh reported previonsly.

3-(Piperidinoformy!l)pyridine (XXI).I'—This rompound wuas
prepared from nicotinic acid. Tt distilled a6 115-118% (0.15
mn.).

3-(Morpholinoformy!jpyridine (XXII).!*—-This compound was
also prepared from nicotinie acid. To distilled e 155-140°
(0.4 1mn.).

The compounds desrribed in Table 1T were prepared by the
tollowing procedures.

Procedure A.!* 1-Decyl-3-(N-ethylcarbamoyli piperidine Hy-
drobromide (IID).N-Ithylnicotinamide (50 g., 0332 mole)
and 1-bromodecane £ 73,4 g., 0.3532 niole) were heated ar 150° for
7 hr.  After caoling the reaction mixture, the solid produet was
dissolved i aqueons ethunol, and the sohition was sabjected G,
hydrogenation in the presence of 1 g. of plitimme oxide m
waxinmm pressures of 3.16-5.51 kg enn? G453 o A0 psidy
When absorption of hydrogen ceased, the catalyst was renvaved by
filtration and the solvent wuag remmved 71 cwcwo ntilizing o
rotary cvaporntor,  Residual triuces of maisture were removed
from the oilv product by azeotropie distillation with absclute
ethanol and/or henzene, and the product was purified by re-
crystallization.

Procedure B. 1-Decyl-3-(piperidinoformy!)piperidine Hy-
drobromide (XII).--3-Piperidinoformytipyridine (25 ¢.. 0.151

mole) and 1-bromodecane (733 g., 0,330 mole) were dissolved in
200 mil. of anhydrous benzeve, and the solution was refhed
(or 53 hr.  The oily precipitate produced in the reaction was dis-
solved in 150 ml. »f water, and the solution was washed with
henzene, treated with charcoal, and filtered. The solittion was

78 J. Thowmas ond W. Marlow, J, Med. Chem., 6, 107 1963,

:0) The autbors scknowledge the technical assistance of Mr, Terry 1.
Swith and Mr. Thowmas H. Bratten, Jr., N8F Undergradnate Rescarel el-
Lsw.

{10) Melting points were determnined with a Hershberg-tyne apparatus
filled with silicone oil and are corrected. Boiling points are nncorrected.
Analyses by Drs. G, Weiler and F. 1}, Stranss, Oxford, England.

711y M. Hartmann and M. Seiberth, U. 8. Patent 1,403,117 (10227
Chem. Abstr., 16, 935 11922).

712) R. H. Harradence and 1. Lims, J. Pros. Roy. See,
128 (1437); Chem. Abstr., 81, 6662 (1937).

i13) M. FL Ziewy, J. Ani Tharm. Assor., Sei, Edo, 837, 99 (648,

NS Wales, 70,



