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steam distillation device of the type described by Fieser,1¢
with a small condenser sealed on, was used. The condenser
arm (length, 4.5 cm.) was cooled by ice-water during the
experiment. The brominated mixture (see above) was
transferred with some ether into the inner tube of this
apparatus and the ether was blown off with nitrogen. The
boiler flask, half-filled with dist. water, was then heated to
allow the collection of about 1 ml. of distillate per min.
When practically all of the acetylene tetrabromide had gone
over, crystals of diacetylene hexabromide began to appear
in the condenser arm. At this point the steam-distillation
was stopped and the crystals were freed from water by drain-
ing as completely as possible. The flask was then kept in
a vacuum desiccator for half a day and weighed.

The collected crude acetylene tetrabromide was extracted
from the distillate with ether, and the solution was dried
and evaporated in wvacwo. The oily residue showed n%p

(14) L. F. Fieser, ‘Experiments in Organic Chemistry,”’ 2nd ed.,
D. C. Heath and Co., New York, N. Y., 1941, p. 161,
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1.6343, while a redistilled commercial sample, after having
gone through the described operations, gave the value 1.6340.

Anal. Caled. for C;HsBry: Br, 91.95. Found: Br,
92.18 (Carius).

The extent of the reliability of the procedure may be
illustrated by the following results obtained by steam dis-
tilling two artificial mixtures: (a) applied, 20 mg. of di-
acetylene hexabromide mixed with about 14 parts of acetyl-
ene tetrabromide; recovered, 19.8 mg. (99%); (b) applied,
75.6 mg. of hexabromide and 2.5 parts of tetrabromide;
recovered, 78 mg. (103%).
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Gumpel and Dr. S. C. Crane of these laboratories
for advice in handling the ultrasonic equipment;
likewise, Dr. A. J. Haagen-Smit, Mr. G. A. Swine-
hart and Dr. A. Elek for microanalyses.
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Antispasmodics. IIL

Basic Alkyl Ester Acid Addition and Quaternary Ammonium

Salts of a-(2-Cycloalken-1-yl)-2-thienylacetic Acids

By FREDERICK LEONARD! AND LEON SIMET
RECEIVED DECEMBER 7, 1954

A large number of basic alkyl esters of a-(2-cycloalken-1-y1)-2-thienylacetic acids of the general formula II have been pre-
pared for pharmacological evaluation in the form of their acid addition and quaternary ammonium salts, Several have been

found to possess anticholinergic activity of a high order.

The synthesis, antispasmodic activity and toxi-
city of a number of 2-diethylaminoethyl ester hy-
drochlorides of a-substituted 2-thienylacetic acids
were reported in the first paper? of this series. Two
of the compounds described therein, namely, 2-
diethylaminoethyl a-(2-cyclopenten-1-yl)-2-thi-
enylacetate hydrochloride {I, R = 1-(2-CsH7))?
and its 2-cyclohexen-1-yl homolog {I, R = 1-(2-
CsHy)] were found to possess ¢z vitro and in vivo
antispasmodic activity in the clinically useful
range. The preparation was therefore undertaken,
with these substances as model compounds, of a

2-CH:S(R)CHCOOCHCH,N(C.Hs):-HCI
I

variety of basic alkyl ester, thiol ester and N-basic
alkyl amide acid addition and quaternary ammo-
nium salts of the general formula II. These sub-
stances may be regarded as having been derived
from the esters I, by expansion of the alcoholic
ethylene group with or without branching and/or

2-C,H;S(R)HCHCOXR2-R3Y
II

replacement of the diethylamino residue by other
dialkylamino radicals, by incorporation of the di-
ethylaminoethyl chain into a nitrogenous ring sys-
tem, by replacement of the alcoholic carboxyl oxy-
gen atom by sulfur or nitrogen.

The parent basic alky! esters of the acid addition
and quaternary ammonium salts II were obtained
by (1) condensation of «a-(2-cycloalken-1-yl1)-2-
thienylacetic acids (III) with tertiary amino alkyl

(1) Nepera Chemical Co., Yonkers, New York.

(2) F. Leonard, Ta1s JoURNAL, T4, 2915 (1952).

(3) ““Neotropine Hydrochloride Warner,” U. S. Patent 2,561,385,
Tuly 24, 1951,

halides in the presence of anhydrous potassium car-
bonate, (2) reaction of a-(2-cycloalken-1-y1)-2-thi-
enylacetyl chlorides (IV) with basic alcohols, or (3)
amination of w-bromoalkyl a-(2-cycloalken-1-yl)-2-
thienylacetates (V). The w-bromoalkyl esters (V)
were prepared either by interaction of the acids
(IIT) with alkylene dibromides in the presence of
potassium carbonate or by treatment of the acid
chlorides (IV) with alkylenebromohydrins. Inter-
action of 2-diethylaminoethylmercaptan with the
acid chlorides IV gave thiol esters. Two N-diethyl-
aminoethyl amides were obtained when the substi-
tuted acetyl chlorides (IV) were treated with N,N-
diethylethylenediamine.

These reactions are illustrated in the flow chart.
Crude hydrochlorides were converted to the free
bases for purification. With very few exceptions
the bases were fractionated iz vacuo prior to con-
version to acid addition and quaternary ammo-
nium salts. In a number of instances particularly
“clean’” bases were isolated. These were, there-
fore, converted without distillation to the desired
final products.

Quaternization of the free bases of the ester hy-
drochlorides I was attempted with several differ-
ent types of halides. Methyl iodide, benzyl bro-
mide, ethyl bromoacetate and n-butyl y-bromocro-
tonate reacted rapidly when refluxed in acetone or
benzene with I base. Addition of ethy! iodide to I
base [R = 1-(2-C;Hy)] was only about 307, com-
plete after 72 hours of reflux in benzene solution, but
addition of ethyl bromide to I base [R = 1-(2-
CsHs)] was practically quantitative when the re-
agents dissolved in acetone were heated in a pressure
bottle at 100° for 24 hours. p-Xylene dibromide
quaternized rapidly with two molecules of the basic
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FLow CHART

CICH:CH;N(C:H;):
2-C4H;S(R")CHCOOH

II1
llBr(CHg)nBr

NCsHyo

HN 7
2-C,H,S(R)CHCOO(CH,),Br — > 2-C4H38(R’)CHCOO(CH2),,N\

N
THO(CHz)nBr

1-(CHj;)-4-(HO)C;H,

2.C,H;S(R")CHCOCI

I\- %CHZCHQN( CzH:,)z
lIHSCHz(:HzN(Csz)z

2-C{H;S(R)CHCOSCH:CH.N(C.H;)-HCI1

esters (I) but neither bis- nor monoquaternary salts
could be obtained from o- or m-xylene dibromide, a
result which, on the basis of steric considerations,
was not unexpected. When alkylene dihalides
(methylene diiodide, ethylene dibromide, trimeth-
ylene dibromide, hexamethylene dibromide) were
refluxed with the ester bases I for periods up to 48
hours in low boiling solvents (acetone, benzene,
ethanol) no signs of quaternization were observed.
Attempts to quaternize the bases (I) with the same
dihalides (a) in acetone under pressure at 100°
yielded small amounts of sirups which could not be
purified or (b) in methyl isobutyl ketone at 145°
under pressure gave unworkable tars. Attempted
quaternization of the basic esters (I) with a few
homologous ethyl a-bromo-alkanoates (C; to -Cs)
and ethyl a-bromophenylacetate likewise failed
when the reaction was attempted in refluxing etha-
nol or benzene acetone under pressure at 100° and
methyl isobutyl ketone under pressure at 145°.
Several of the free basic esters gave nicely crystal-
line methiodides but others yielded sirupy products
with methyl bromide, methyl iodide, ethyl iodide,
dimethy! sulfate, only one of which (compound 12,
Table IV) could be worked up to analytical purity.

Preliminary in vitro activity data, obtained from
isolated rabbit ileum studies, have shown that sev-
eral of the basic ester acid addition and quaternary
ammonium salts described herein (no. 34, Table
III; 2, 3, 12, 27, Table IV) possess anticholinergic
activities which are equal to or greater than that of
the most effective compounds described previ-
ously.?

Experimental*

Basic Alcohols.—2-Dimethylaminoethanol was purchased
from Eastman Kodak Co., 1,2,2,6-tetramethyl-4-piperidinol
and 3-pyridol were generously supplied by Mr. E. Kastning,
of the W. R. Warner Manufacturing Division. The other
basic alcohols utilized in this investigation were prepared
by one of the procedures described below. Physical data
which are not yet in the literature are given in Table I.

2-Di-n-butylaminoethanol, 2-(1-piperidyl)-ethanol and
2-(4’-morpholinyl)-ethanol were prepared by dropwise
addition (with cooling if necessary to keep temperature of
reaction mixture below 50°) of 37.5 g. (0.3 mole) of ethylene
bromohydrin to a stirred solution of 0.6 mole of the appro-
priate amine in 100 ml. of dry benzene. The resulting mix-

(4) All melting and boiling points are uncorrected.
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2-C,H;S(R")CHCOOCH,CH,N(C:H:).-HCI

2-C4H38(R’)CHCOO—/

2-C4H,;S(R)CHCONHCH,CH,N(C,H;),-HCl1

Vol. 77

tures were refluxed for five
hours, cooled and treated
with 0.7 mole of 409, sodium
hydroxide. The organiclay-
ers were removed, the aque-
ous layers extracted with
ether and the extracts com-
bined with the original ben-
zene layers. The combined
solutions were washed with
water and fractionated. 2-
(1-Pyrrolidyl)-ethanol  was
synthesized by the same gen-
eral reaction utilizing, how-
ever, chloroform as the reac-

SN
< /\_
e

N tion solvent and modified
NN\ conditions of work-up as fol-
NCH;-HCI lows. The reaction mixture

v \( was evaporated to a sirup,
S the minimum volume of

water added to dissolve the
residue and the resulting solu-
tion treated with 0.7 mole of
409 sodium hydroxide. The
organic layer was separated,
treated with four successive portions of sodium hydroxide
pellets and fractionated. 2-Ethylmethylaminoethanol was
obtained when 2-ethylaminoethanol was refluxed with a mix-
ture of formic acid and formaldehyde using the conditions

TaBLE I
Basic ALCOHOLS
Yield, B.p.,
% °C. Mm. 720D
1 2.Ethylmethylaminoethanol 353 62-63 25¢ 1,4372
2 2.Di-n-butylaminoethanol 78 11-119 17 1.4439
3 2-(1-Pyrrolidyl)-ethanol 56 88—39 17¢ 1.4736
4 2-(1-Piperidyl)-ethanol 80 4 R
5 2-(4-Morpholinyl)-ethanol 81 119-120  25° 1.4765
6 1-Diethylamino-2-propanol 81 64-65 30/ S
7 1-(1'-Piperidyl)-2-propanol 85 91-92¢ 24 1.4615
8 1,3-Bis-diethylamino-2-
propanol 68  134-137 33" 1.4467
9 1,3-Bis-di-#-propylamino-2-
propanol 66  108-111  23° 1.4491
10 3-Diethylamino-2,2-dimeth-
ylpropanol 86  95-98 187 1.4414
11 2,2-Dimethyl-3-(1-piperidyl)-
propanol 92 119-120  19* 1.4653
12 2-Diethylaminocyclohexanol 16 109-110 18! 1.4649
13 1-Methyl-4-piperidinol T4 106-107 22™ 1.4763
14 1-Methyl-3-piperidinol 82 93-94 26" 1.4733
15 2-Dibenzylaminoethanol 80 114-118 0.001° 1.5676

e French Patent 795,597 {C.4 ., 30, 591 (1936)] gave b.p.
146-148° (734 mm.). ®W. B. Burnett, R. L. Jeukins,
C. H. Peet, E. E. Dreger and R. Adams, THIS JOURNAL,
59, 2248 (1937), gave b.p. 226-228° and »®p 1.4444. ¢ ].
v. Braun, O. Braunsdorf and K. Réth, Ber., 55, 1673 (1922),
found b.p. 187-189°. ¢ F, F. Blicke and C. E. Maxwell,
THIS JOURNAL, 64, 428 (1942) reported b.p. 196-199°.
¢ F. F. Blicke and C. E. Maxwell, ¢bid., gave b.p. 220-222°.
£ A. R. Goldfarb, TH1s JoURv~AL, 63, 2280 (1941), found
b.p. 62.5-63.5° (22 mm.). ¢ F. F. Blicke and C. E. Max-
well (ref. d) reported b.p. 191-194°. * C. K. Iugold and
E. Rothstein, J. Chem. Soc., 1666 (1931), gave b.p. 114°
(9 mm.). *G. B. Bachman and R. L. Mayhew, J. Org.
Chem., 10, 243 (1945), found b.p. 99-101° (3 mm.) and
n2p 1.4483. 7 C. Mannich, B. Lesser and F. Silten, ref. 8,
reported b.p. 90-91° (12 mm.). * C. Mannich, B. Lesser
and F. Silten, ¢bid., gave b.p. 140° (89 mm.). ! H. Heckel
and R. Adams, THIS JOURNAL, 49, 1303 (1933), reported
b.p. 106-106.5° (17 mm.) and »?p 1.4659. S, M. Mc-
Elvain and K. Rorig, ref. 10, reported b.p. 95-98° at 16
mm. ” Benzoate hydrochloride has m.p. 189-192°.
R. Paul and S. Tchelitcheff, Compi. rend., ref. 16a, reported
b.p. 79° (15 mm.) and n'*p 1.4695 for the alcohol and m.p.
of 194° for the benzoate hydrochloride. J. H. Biel, H. L.
Friedman, H. A. Leiser and E. P. Spriugler, ref. 16b, found
b.p. 80-82° (15 mm.). ° Hydrochloride showed m.p. 182—
185°. W. S. Gump and E. J. Nikawitz, THIS JOURNAL,
72, 1309 (1950), found b.p. 190-195° (5 mm.) for free base
and m.p. 182-184° for the hvdrochloride.
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described by Icke, Wisegarner and Alles® for the preparation
of dimethyl-2-phenylethylamine. Alkylation of ethanol-
amine with benzyl chloride afforded 2-dibenzylaminoeth-
anol. 2-Diethylaminocyclohexanol was synthesized in low
vield by hypochlorination of cyclohexene® followed by
amination in benzene solution of the resulting chlorohydrin
with two equivalents of diethylamine at 150° under pressure.

1-Diethylamino-2-propanol and 1-(1’-piperidyl)-2-pro-
panol were prepared in satisfactory yield from propylene
oxide and diethylamine and piperidine, respectively.

1,3-Bis-diethylamino-2-propanol and 1,3-bis-di-#-propyl-
amino-2-propanol were obtained readily when epichlorohy-
drin was treated with the appropriate amine.

3-Diethylamino-2,2-dimethylpropionaldehyde’ and 2,2-di-
methyl-3-(1-piperidyl)-propionaldehyde,” dissolved in one-
half their volume of ethanol, were hydrogenated in the
presenice of Raney nickel to the corresponding alcohols.?
Reduction was complete in 4.5 to 5 hours when the initial hy-
drogen pressure was 1800 1b. p.s.i. and the bomb tempera-
ture gradually raised to 70-80°.

Hydrogenation of 1-methyl-4-piperidone in the presence
of Raney nickel gave 1-methyl-4-piperidinol.%?°

1-Methyl-3-piperidinol was prepared by catalytic reduc-
tion of an aqueous solution (100 ml.) of 38 g. (0.2 mole) of 3-
hydroxy-1-methylpyridinium bromide!! in the presence of 6
g. of Raney nickel at an initial hydrogen pressure of 1750 1b.
p.s.i. and a temperature of 200-230°. The cooled mixture
was filtered and saturated with sodium hydroxide. The
liberated amine was separated from the alkaline layer, com-
bined with the ethereal extracts (three) of the aqueous layer,
dried over anhydrous potassium carbonate and fractionated
in vacuo.'?

Basic Propyl Chlorides.—All but one of the halides used
in this study were known compounds and were prepared by
interaction of 0.4 mole of an amine with 0.2 moleof trimethyl-
ene chlorobromide in 50 ml. of ether following the general
procedure developed by Marxer,!* and Adams and Whit-
more.’* Data on these compounds are given in Table II.

2-Diethylaminoethyl mercaptan was prepared by alkaline
decomposition of 2-diethylaminoethylisothiuronium chlo-
ride following the procedure of Albertson and Clinton.1

(8) R. N. Icke, B. B. Wisegarner and G. A. Alles, Org. Syntheses,
25, 89 (1945).

(6) G. H. Coleman and H. F. Johnstone, ‘“Organic Syntheses,”’ Coll.
Vol. I, John Wiley and Sons, Inc., New York, N. Y., p. 158.

(7) C. Mannich, B. Lesser and F. Sitlen, Ber., 68, 378 (1932).

(8) C. Mannich, B. Lesser and F. Sitlen, ref. 7, effected this conver-
sion in poor yield by means of a sodium amalgam reduction, W.
Wenner, J. Org. Chem., 15, 301 (1950), catalytically reduced the alde-
hydes in aqueous solution at pH 4.0-4.5 at 150 1b. hydrogen pressure
and 79-80° in the presence of Raney nickel.

(9) S. M. McElvain and X. Rorig, TH1S JourRNAL, T0, 1826 (1948).

(10) This compound also has been prepared from chelidonic acid
(for references to this method see ref. 9 and R. J. Toomey and E. R.
Riegel, J. Org. Chem., 17, 1492 (1952)). XK. Bowden and P. N. Grien,
J. Chem. Soc., 1164 (1952), found that catalytic reduction of 1,3-
dicyano-2-propanol gave 4-piperidinol accompanied by some 1,3-di-
amino-2-propanol. Treatment of 4-piperidinol with a mixture of
formic acid and formaldehyde gave 1-methyl-4-piperidinol.

(11) Prepared by Dr. E. H. Sakal in these laboratories during the
course of another investigation. A solution of 190 g. (2 moles) of
methy! bromide dissolved in 300 ml. of acetone was rapidly added to a
solution of 95 g. (0.5 mole) of 3-pyridol dissolved in a mixture of 280
ml. of ethanol and 600 ml. of acetone., The resulting solution became
warm, the reaction vessel was stoppered immediately, the stopper
wired in place and the mixture let stand overnight at room temperature.
The crystalline precipitate was removed by suction filtration, washed
with a mixture of ethanol and acetone and dried; yield 145.8 g. (76%),

m.p, 149-152°. A sample recrystallized from absolute alcohol melted
at 153-154°, Anal. Caled. for CéHsBrNO: C, 37.90; H, 4.24;
N, 7.37; Br, 42.03. Found: C, 38.11; H, 4.44; N, 7.30; Br, 42.06.

(12) (a) R. Paul and S. Tchelitcheff, Compt. rend., 321, 560 (1945);
(b) J. H. Biel, H. L. Friedman, H. A. Leiser and E. P, Springeler, THIS
JourNaAL, T4, 1485 (1852), obtained this alcohol when a glacial acetic
acid solution of N-ethyltetrahydrofurfurylamine or N,N-diethyltetra-
hydrofurfurylamine was treated with gaseous hydrogen bromide at
100~105°., The amines were prepared by reductive aminolysis of fur-
fural in the presence of Raney nickel catalyst.

(13) A, Marxer, Helv. Chim. Acta, 24, 214E (1941).

(14) R. R. Adams and F. C. Whitmore, Tuis Journat, 67, 735
(1943).

(15) N. F. Albertson and F. O. Clinton, sbid., 67, 1222 (1945).
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TaBLE II
TERTIARYAMINOPROPYL CHLORIDES, RCH,CH.CH,Cl
Yield, B.p.,

R % °C. Mm, 720D
Diethylamino 68 75-76 31%%  1.4402
Di-n-propylamino 45 103-105 25 1.4426
Di-n-butylamino 57 123-125  18** 1.4464
1-Pyrrolidyl 68 82-83 17° 1.4763
1-Piperidyl 76 100-101  25**  1.4722
4-Morpholinyl 66 110-111  20° 1.4736

¢ Ref. 13. ®Ref. 14. ¢Amnal. Caled. for CHCIN:

C, 56.95; H, 9.56. Found: C, 56.91; H, 9.30.

A sodium-n-butanol reduction'® of N,N-diethylamincaceto-
nitrile afforded N,N-diethylethylenediamine.

a-(2-Cyclopenten-1-yl)-2-thienylacetyl Chloride.—Thionyl
chloride (50.8 g., 0.428 mole) was added rapidly to a solu-
tion of 80.8 g. (0.39 mole) of a-(2-cyclopenten-l-yl)-2-
thienylacetic acid2” in 100 ml. of dry benzene and the mix-
ture warmed at 50° for three hours. Benzene was removed
in vacuo, the residual oil redissolved in fresh benzene and the
solution again concentrated i vacuo. The crude residue
was fractionated giving 74 g. (849%) of a-(2-cyclopenten-1-
y1)-2-thienylacetyl chloride, b.p. 106-111° (1 mm.), »®p
1.5552. A sample refractionated for analysis distilled at
121° (3 mm.) and had »%p 1.5547.

Anal. Caled. for C,)H;,OSCl: C, 58.29; H, 4.89; Cl,
15.65. Found: C, 58.45; H, 4.70; Cl, 15.60.

a-{2-Cyclohexen-1-yl)-2-thienylacetyl Chloride.—To a

solution of 184 g. (0.827 mole) of a-(2-cyclohexen-1-yl1)-2-
thienylacetic acid®!7 in 550 ml. of dry chloroform, 171.5 g.
(1.44 moles, 104.5 ml.) of thionyl chloride were added with
constant stirring during one hour at room temperature.
The reaction mixture gradually darkened; it was stirred for
17 hours at room temperature, refluxed for 1.5 hours and
concentrated in vacuo to a dark oil. Fractionation gave
104 g. (57%) of the acid chloride, b.p. 130-136° (2 mm.),
n®p 1.5596. Redistillation gave an analytically pure sample,
b.p. 111-112° (0.7 mm. ), n®p 1.5602.

Anal. Caled. for C,H,;CI0S: C, 59.88; H, 5.44; Cl,

14.73. Found: C, 59.84; H, 5.56; Cl, 14.66.
2-Bromoethy! «-(2-Cyclopenten-1-yl)-2-thienylacetate.—

A solution of 26.3 g. (0.21 mole) of ethylene bromohydrin
in 50 ml. of dry benzene was added dropwise with constant
stirring to 45.2 g. (0.2 mole) of a-(2-cyclopenten-1-yl1)-2-
thienylacetyl chloride dissolved in 100 ml. of dry benzene
and the mixture refluxed for eight hours. The cooled solu-
tion was washed until neutral with 59, sodium carbonate,
water and evaporated in vacuo. The residual oil was frac-
tionated in vacuo and gave 55 g. (889, yield) of 2-bromo-
ethyl a-(2-cyclopenten-1-yl)-2-thienylacetate, b.p. 132-
136° (0.003 mm.), n®p 1.5553. The analytical sample
distilled at 135-136° (0.003 mm.) and had n%p 1.5545.

Anal., Caled. for C;HysBrO.S: C, 49.53; H, 4.80.
Found: C, 48.88; H, 4.87.

5-Bromopentyl a-(2-Cyclopenten-1-yl)-2-thienylacetate.—
1,5-Dibromopentane was obtained by the action of phos-
phorus tribromide (0.42 miole) on 1,5-dihydroxypentane
(0.6 mole) at 0°. A fracticn (66.4 g., 0.29 mole) of the di-
bromide, which distilled at 110-116° (23-27 mm.) and had
n®p 1.5093,8 dissolved in 130 ml. of ethyl acetate was
stirred and refluxed for nine hours with a mixture of 55 g.
(0.26 mole) of a-(2-cyclopenten-1-yl)-2-thienylacetic acid®!?
and 40 g. of anhydrous potassium carbonate. The cooled
reaction mixture was filtered and the precipitate washed
three times with ethyl acetate. The combined filtrate and
washings were evaporated iz vacuo and the residual oil frac-
tionated. The portion of the product which distilled over
the range 166-181° (0.001-0.003 mm.), »®p 1.5383, was
collected in 519, yield (48 g.) and redistilled at 0.008 mm.
with no change in refractive index; b.p. 148-150°.

(18) M. S. Bloom, D. S. Breslow and C. R. Hauser, sbid., 87, 539
(1945).

(17) F. Leonard and L. Simet, ¢bid., T4, 3218 (1852).

(18) C. L. Wilson, J. Chem. Soc., 48 (1945), prepared 1,5-dibromo-
pentane by the action of a mixture of 509, hydrobromic and 50%
sulfuric acids on tetrahydropyran; reported boiling point 106-108°
(19 mm.),



TaBLE 111;

Cmpd. R B

1 OCH,ClL, NHCH(CH,),
2 OCHzCHz N(CHs)z

3 OCHCIL: N(CH;)(CeHs)
4 OCH,CH. N(C,Hjs),

5 OCH,CH. N(C.Hs)2

6 OCH,CH, N(C,Hs),

7 OCH,CH, N(C,Hs),

8 OCH,CH, N(CHs).

9 OCH,CH, N(C:eHj)2
10 OCH.CH, N(CsHs)s
11 OCH,CH, N(CoHs),
12 OCH,CH, N(C3Hs),
13 SCH,CH, N(C,Hs),
14 NHCH.CH, N(C,Hs),
15 OCH;CHz N(ﬂ-C3H7)
16 OCH,CH, NCH;

17 OCH,CH, NC;:H,o

18 OCH,CH, NCH;0

19 OCH.CH: N(CH,CsHs)e
20 OCH,CH,CH, N(C.Hs),
21 OCH,CH,CH. NC.H,

22 OCH,CH,CH, NC:H,o

23 OCH,CH.CH, NCH,0

24 OCH(CH;)CH, N(C,H,)e
25 OCH(CH;)CH, NC;H,o

26 OCH,C(CH3).CH, N(CoHs).
27 OCH,C(CH;).CH, NC;H,,

28 OCH,(CHg)%CHy  N(CaHs):
20 OCH,(CH,);CH, NC;Hy

30 OCH(CHz-)z [N(CﬂHS)‘Z]Z
31 OCH(CH;z-); [N(n-CsHy)al2
32 2-[(CoHs)N]CH, 00"

33 3-C;H,NO-7

34 1-CH;-4-C,H,0-*

35 1-CH;-4-CgH,0-*

36 1-CH,;-3-C;H,0-°

37 1,2,6,6-(CH;)-4-C;H0-7

38 1,2,6,6-(CHj)s-4-CsHgO—

P, ethiy]l acetate-cthanol-ether; Q, ethyl acetate-ethanol -hexane.

R’'X
HCI
HC1
HBr
HBr
(COOH),
Citric acid
CIf;I
CoH;I
CsH;CH.Br

P-BTCH2CGI{4CH2BT

C,H;00CCH,Br

CH,00CCH=CHCIIBr

HCI
HC1
HCl1
HCI
HCI
HCI
HCI
HCI
HCI
HCI
HCl1
HCI
HCl1
HNO;
HNO;
HCl
HCI
HC1
2.I1C1
HBr
HCI
Citric acid
CH,1
HBr
HBr
CH,I

Bases
B.p..
°C. Mm.

121-125 0.001
b b

123-131 0.001

c 14

< c
132-141 0.0l
150-156  .091
115-126  .001
125-130  .001

5 b
133-142 0.001

b b

b b
133-145 0.001

b 6

b b
113-123 0.001
130-136  .001
115-122 005
140-152  .001
146-154  .001
148-155 .001
140-148  .001
150-162  .001
127-141  .005
132-145 .001
130-134  .001
130-134  .001
124-137  .001
145-162  .001
145-162 001

—

Recrystn.

720 med.®

1.5235 H
b

1.5312

c
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1.5105
1.5237

1.5453
1.5729
1.5325
1.5325
1.

1

1.

O=mgo—wO— ANOTR

5352
.5263 M
5263 H

b Base converted without distillation to salt.

M.p., °C.
149-151
105.5-106.5
81.5-83.5
100-101
109.5-110.5
126-127
101-103
140-141
128-130
189-191
134.5-135.5
116-117
109.5-110.:
123-124
88-89
110.0-110.7

e

patl

Tt

113.5-114.
114.5-116.
117.5-119.¢
106-107
142 .5-145
136-137

) B Bl

149-150
85-86
107.5-108.5
91.5-92.0
103.5-104.5
129.5-130.0
166.0-166.5
163-1564
121.0-122.5
139.5-149.0
148.5-150.0
152-153
164.5-166.0
101-193

Formula

CisHaCING,S
Ci:H2CINO:S
Cm}IﬂBTNOzS
Cn) IgsBTN02S
CisHrNOgS
CysH2sNOS
ClSI{ZBI :\YOZS
C[ QHﬁoI NO2S
C24I{32BI‘NO2S
C421 {mBrz NzO4Sz
Czll'IsgBrNO.:S
CesI{asBr NO4S
C17H25C1 NOS2
C17H27C1Nzos
CisH35CINO:S
Ci7H24CINO,S
CisH26CINO,S
CiH24CINO,S
CyH3CINOSS
CisHasCINO,S
Ci1oHasCINO:S
CisHysCINO.S
CisH2CINO,S
C1oHsCINO.S
C20H32NZOBS
CaiH32N2058
C2oH;:CINO,S
Co H;;:CINO,S
CﬂH;]ClNzOzS
C2GH46C12 N2OZS
CzJ{nBI‘NOzS
CmHmClNOzS
Cy3Hs NOoS
CisH26INO,S
C17H24BI‘NO2S
ConmBr NOzS
CoH3INO:S

Caled.

58
57
51

52.
57.
55.
48.
49.
60.
57.
53.
56.
6.
59.
.34
59.

61

57

69.
60.
60.
.69
58.
60.
61.
58.
59.
62.
63.
61.

61

59

55
48
52
56
51

.25
.02
.34

57
41
30
11
23
23
38
15
82
71

55

70

.04

28
40
74

13
40
68
24
40
22
37
57

.87
57.
59.
.51

00
71

32

.86
.08
.54

Acid addition and guaternary salts
Carbon, %

——
=S —C | -
Basic Arkvi. ESTERS ACID ADDITION AND QUATERNARY AMMONIUM SALTS OF a-(2-CYCLOPENTEN-1-Y1.)-2-THIENYLACETIC ACID ®» H < CORB-R'X

Hydrogen, %,

Found Caled.
58.19

57.
51

52.
57.
55.
48.
49.
6i).
57.
53
56.
56.
59.
61.
69.

56
69.
60.
60.
61
57.
60.
61.
57.
59.
62.
63.
61.

60.

56
59.
55.
48.
53.

23

.08

86
18
20
20
35
31
50

=

15
55
44
86
16

06

.60

00
32
66

J04

92
31
51
96
67
27
49
33
17
75
56
14
54
09

55.88
51.58

@ Code: A, acetone; B, ethyl acetate; C, ethylene dichloride; 1), isopropyl alcohol; E, acetone-cthanol; T, acetone-ether; (. acetone-hexane; H, ethanol-ether; I, ethyl
acetate; J, ethyl acetate—ether; K, cthyl acetate-hexane; L, ethyl acetate-methanol; M, ethyl methyl ketone—ether; N, ethylenc dichloride-cther; O, isopropyl alcoliol-ether;

7.
7.
6.
6.
6.
6.
6.

N P 0O I TN AN D

b2

>

5
6.
7.

6.

33
02
46
75
85
66
28

.53
.74
.65
.80
.26

.28

94

.13
.08

.76
.46
.89

36
62
05

.89
.63
.82
.69
.36

10
69

.89
.29

02
28

.86

26
06
59

Found

.42
.20
.28
.02
.71
.45
.25
.66

7
7
6

jori=r]

o

ot

SN NI TSI OSDN

3‘\10090‘0000\1\1\1\1:’3\1\100

76

.89
.06
.04

23
64

.90
.94
.49
.70
.09
(13
.61
.80
.73
.87
.56
.53
.56

02
67
66

.10
.03
.26
.88

6.31

7.
6.

00
73

Halogen, %,
Caled.

10.
11.
21.
20.

28.
27.
16.
18.
16

— —
o 0 e

—
WO D WO OO OPOOoO0

18.
25.

75
23
35
58

.85
12
.85
.34
.53
.37
.96
.91
.58

91

.96
.69
.64
.91
.59

.19
91
.26
.60
.06
.02

.37
.69

66
93

Found

10.72
11.50
21.40
20.46

28.50
27.58
16.33
18.23
16.67
15.16
9.92
10.32
9.54
10.30
10.13
9.83
7.49
10.16
9.93
9.56
9.67
10.02
9.58

9.24
8.90
8.45
13.60
18.07
11.05

28.40
20.76
18.71
26.00

¢ For physical data on base see F. Leonard and I.. Simet, ref. 17.
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4 Purified by repeated (6 times) dissolution in ethanol and precipitation with ether. ¢ Extremely hygroscopic compound. Not possible to take melting point. / 2-Diethylamino-
cyclohexoxy. ¢ 3-Pyridoxy. * 1-Methyl-4-piperidoxy. ¢ 1-Methyl-3-piperidoxy. 7 1,2,6,6-Tetramethyl-4-piperidoxy.

TaBLE IV

Basic ALKYL ESTER AcCID ADDITION AND QUATERNARY AMMONIUM SALTS OF o-(2-CYCLOHEXEN-1-YL)-2-THIENYLACETIC ACID >CHCORB~R’X
S

Acid addition and quaternary salts

Base crl;:t-n.
B.p., me- Carbon, % Hydrogen, % Halogen, %
Compd. R B R¢ °C. Mm. n20p dium ¢ M.p., °C. Formula Caled. Found Calced. Found Caled. Found
1 -OCH:CH, N(C:Hg)2 (COOH). 4 b 4 H 130.5-132.0 CypHyyNOeS 58.38 58.63 7.10 7.09 ...
2 OCH.CH, N(C,Hs), CH;,l b 4 4 M 135.5-136.5 CyHgpINO:S 49.23 49.20 6.53 6.20 27.38 27.10
3 OCH,CH; N(C:Hs)q C,H¢Br 4 4 4 F 149-150 C20HyBrNO,S 55.80 55.53 7.49 7.56 18.56 18.73
4 OCH,CH: N(CHs), C¢H,CH,Br b 4 4 P 124-125 CaH3BrNO,S 60.96 61.14 6.97 7.19 16.21 16.50
5 OCH,CH, N(C,Hys), $-BrCH,CeH,CH,Br b b b H 174.5-176.0 CuHeBreN;O.S; 58.27 58.13 6.89 7.14 17.62 17.31
6 OCH.CH, N(C:Hs)e C:H,0COCH,Br 4 4 4 E 136-137 CHauBrNO.S 54.10 53.95 7.02 6.76 16.36 16.58
7 SCH,CH. N(C:Hs), HCI 145-160 0.001 1.5522 J 130.5-132.0  CisHpuCINOS, 57.80 57.74 7.55 7.73 9.48 9.38
8 NHCH.CH, N(C:Hp)s HCI 150-165 .001 1.5430 J 135-136 C15H2CIN:0S 60.57 60.81 8.19 8.06 9.94 9.92
9 OCH.CH, N(n-CiHg)s HCI 144-155 .001  1.5100 J 106.5-107.5  CapHgCIN,OS 63.83 63.62 8.77 8.72 856 8.57
10 OCH.CH, NC.H; HBr 133-141 .001 1.5386 T 112-113 C1sHaBrNO,S 53.99 53.96 6.55 6.32 19.96 19.90
11 OCH,CH, NCH;0 HCI 147-161 .001 1.5424 F 145-146 C1sH2CINO,;S 58.13 57.92 7.05 6.91 9.54 9.51
12 OCH.CH,CH, N(C:Hy), HC! 138-148 .001 1.5109 I 138-139 C1sHzCINO,S 61.34 61.19 8.13 7.92 9.53 9.60
13 OCH,CH.CH, N(C,Hjs): (CH;)2S04 138-148 .001 1.5109 ¢ 4 CoHgNOGS, 54.62 54.57 7.64 7.73 ...
14 OCH.CH,CH, N(n-C3H;)  HBr 148-150 .001  1.5100 J 112.5-113.5 CunHxuBrNO.S 56.73 56.38 7.71 7.71 17.97 17.90
15 OCH;CH.CH, NC,.H; HCI 135-146 .001  1.5321 I 128-129 C19HzCINO,S 61.68 61.46 7.63 7.57 9.58 9.60
16 OCH,CH.CH, NC:Hypo HCI 145-159 .001 1.5325 N 168-169 CaoH3oCING,S 62.54 62.51 7.89 7.59 9.24 9.48
17 OCH,CH,CH, NC.H;0 HCI 140-157 .001 1.5355 P 149-150 C1sH25CINO;S 59.13 59.18 7.31 7.55 9.19 9.37
18 OCH(CH;)CH. N(C:Hy)s HBr 134-135 .001 1.5173 F 149-151 C1sH3BrNO,S 54.80 54.86 7.26 7.21 19.20 19.20
19 OCH(CH;)CH, NC:H;o HCI 148-160 .001  1.5307 J 147-148 C2H3CINO,S 62.56 62.43 7.88 7.75 9.24 0.28
20 OCH.C(CH;),CH; N(C:Hy): H.S0, 135-150 L001  1.5126 O 129.5-130.5 CyuHzupNO6S: 54.64 54.47 7.64 7.65 ...
21 OCHy(CH,);CHy  N(C,Hjp), HBr 150-175 .001  1.5146 T 102-103 CoHgBrNO,S 56.74 56.52 7.71 7.58 17.98 17.92
22 OCH,(CH,);CH; NCsHy HCl e e . J 117.5-119.0  CyH3CINO:S 64.13 63.95 8.32 806 8.61 8.79
23 OCH(CH:-). [N(C,H;)]: HCI 140-149  0.001 1.5098 J 124.5-125.5  CyuH;3CIN:0,S 62.34 62.32 8.87 862 800 8.18
24 1-CHs-4-C:Hy0-/ HCI 144-156 .003  1.5437 N 175-176 CsHCINO,S 60.74 61.04 7.37 7.28 9.96 9.91
25 1-CHg-4-CsH,0-7 CH,I 144-156 .003 1.5437 F 140-141 CisHINO:S 49.46 49.37 6.12 6.33 27.51 27.30
26 1-CHz-3-CH,0-¢ HBr 141-144 .001 1.5411 H 185.5-186.0 C;sH;BrNO;S 53.99 54.26 6.55 6.25 19.96 19.96
27 1,2,6,6-(CH,)s-4-CsHeO-" HBr 155-190 .005 1.5462 J 160-161 CHyBrNO,S 57.00 57.12 7.29 7.07 18.07 18.29
28 1,2,6,6-(CH;)e4-CsHO-* CH;,I 155-190 .005 1.5462 H  184.5-186.0 CxHuINOsS 52.49 52.52 6.81 6.74 25.21 25.32

% For code see note @ to Table III, ? For physical data on base see F. Leonard and L. Simet, ref. 17. ¢ Purified by repeated dissolution in ethyl acetate and precipitated with
ether (six times). ¢ Extremely hygroscopic compound. Not possible to take melting point. ¢ Base converted without distillation to salt. ¢ 1-Methyl-4-piperidoxy. ¢ 1-Methyl-
3-piperidoxy. * 1,2,6,6-Tetramethyl-4-piperidoxy.
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Anal. Caled. for CuHxuBrO:S: C, 53.77;
Found: C, 54.67; H, 5.85.

Since the only ‘‘carbon-elevating’’ impurities which pos-
sibly could have been present in the ester were either the
starting acid or 1,5-bis-5-{a-(2-cyclopenten-1-yl)-2-thienyl-
acetoxy]-pentane, substances which it was believed could be
separated easily from the product of the subsequent amina-
tion reaction, it was believed that the analysis was satisfac-
tory and this bromoester therefore was aminated with no
further purification.

5-Bromopentyl a-(2-Cyclohexen-1-yl1)-2-thienylacetate.—
Prepared in the same manner as the homologous 2-cyclo-
penten-1-yl ester from 44.5 g. (0.20 mole) of a-(2-cyclo-
hexen-1-y1)-2-thienylacetic acid, 69.0 g. (0.30 mole) of 1,5-
dibromopentane and 30.4 g. (0.22 mole) of anhydrous po-
tassium carbonate. Fractionation at 0.001 mm. gave 50
g. of ester, b.p. 137-144°, #®p 1.5430. The entire batch
was redistilled with no change in refractive index, b.p.
142-143° (0.001 mm.).

Anal. Caled. for CyHzBr0,S: C, 54.98;
Found: C, 55.12; H, 6.07.

Esters of the basic propyl chlorides were obtained when
the chlorides were stirred with either a-(2-cyclopenten-1-yl)-
2-thienylacetic or a-(2-cyclohexen-1-y1)-2-thienylacetic acid
in ethyl acetate solution in the presence of anhydrous po-
tassium carbonate in the manner described before.'” The
preparation of 2-(4’-morpholinyl)-ethyl «-(2-cyclohexen-1-
vl)-2-thienylacetate hydrochloride is typical of the technique
employed for the interaction of the acid chlorides with the
various basic alkanols, 2-diethylaminoethyl mercaptan and
N,N-diethylethylenediamine.

2-(4'-Morpholinyl)-ethyl «-(2-Cyclohexen-1-yl1)-2-thienyl-
acetate Hydrochloride.—A solution of 6.6 g. (0.05 mole) of
2-(4'-morpholinyl)-ethanol in 35 ml. of drv benzene was
added rapidly with stirring to a solution of 12 g. (0.05 mole)
of a-(2-cyclohexen-1-yl1)-2-thienylacetyl chloride in 65 ml.
of drv benzene. The mixture was refluxed for 12 hours,
let cool and basified with 409, sodium hydroxide. The
benzene layer was separated and the aqueous alkaline layer
extracted with ether. The benzene layer and the ether ex-
tracts were combined and dried over anhydrous potassium
carbonate. Removal of the ether and distillation of the
residual oil gave 11.5 g. (69%,) of basic ester, b.p. 147-161°
(0.001 mm.), »®p 1.5424, which was dissolved in 50 ml. of
ethyl acetate and treated with 7.0 ml. of 4.92 N ethanolic
hydrochloric acid. Ether (100 ml. ) was added to the acidi-
fied solution (to first appearance of turbidity) and the solu-
tion placed in the refrigerator. The ester hydrochloride was
filtered off, washed with an ether—ethyl acetate mixture and
ether, dried (yield 10.1 g., m.p. 144-145°) and recrystallized
from an acetone-ether mixture; yield 8.1 g., m.p. 145-146°.

The aminolysis of 5-bromopentyl a-(2-cyclopenten-1-yl)-
2-thienylacetate with piperidine illustrates the technique
employed for conversion of the various w-bromoesters to
basic alkyl esters.

5-(1’-Piperidyl)-pentyl «-(2-Cyclopenten-1-yl)-thienyl-
acetate Hydrochloride.—Piperidine (8.5 g., 0.10 mole) was
added dropwise to a stirred solution of 17.9 g. (0.05 mole) of

H, 5.91.

H, 6.24.
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5-bromopentyl a-(2-cyclopenten-1-yl)-2-thienylacetate in 50
ml. of dry benzene. Precipitation of piperidine hydro-
bromide started almost at once. The mixture was stirred
and refluxed for nine hours, treated with water and the ben-
zene layer separated. The benzene layer was made acidic
with 40 ml. of 1:4 concentrated hydrochloric acid, the aque-
ous layer separated and extracted with ether. The acidic
layer was basified, extracted three times with ether, the ex-
tracts combined and dried over potassium carbonate.
Fractionation of the ethereal solution gave 13.3 g. (74%,) of
basic ester, b.p. 148-155° (0.001 mm.), »%®p 1.5237, which
was dissolved in ethyl acetate and converted to a hydro-
chloric acid addition salt. The salt was isolated in the man-
ner described above for the morpholinylethyl ester; yield
12.8 g., m.p. 99-102°. Three recrystallizations from an
ethyl acetate-hexane mixture gave 11.1 g. of analytically
pure 5-(1’-piperidyl)-pentyl a-(2-cyclopenten-1-y1)-2-thien-
ylacetate hydrochloride, m.p. 103.5-104.5°.

Quaternization of the basic esters was effected in the man-
ner described for the preparation of 4-[a-(2-cyclopenten-1-
y1) - 2 - thienylacetoxy] - 1,1,2,2,6 - pentamethylpiperidinium
iodide and 2-[a-~(2-cyclohexen-1-y1)-2-thienylacetoxv]-ethyl-
dimethylethylammonium bromide.

4-[a-(2-Cyclopenten-1-yl)-2-thienylacetoxy}-1,1,2,2,6-
pentamethylpiperidinium JIodide.—A solution of 7.0 g.
(0.02 mole) of 1,2,2,6-tetramethyl-4-piperidyl a-(2-cyclo-
penten-1-yl1)-2-thienvlacetate and 3.3 g. (0.023 mole) of
methyliodide in 70 ml. of acetone was refluxed for four hours,
treated with an additional portion of 0.8 g. of methyl iodide
and let stand overnight. The quaternary salt crystallized
after dilution with absolute ether (60 ml.) and standing in
the refrigerator; yield 5.4 g., m.p. 191-194°. Recrystal-
lized from a mixture of ethanol and ether the salt melted
at 191-193°.
2-[a-(2-Cyclohexen-1-yl)-2-thienylacetoxy]-ethyldimeth-
ylethylammonium Bromide.—A mixture of 9.7 g. (0.3 mole)
of 2-diethylaminoethyl «-(2-cyvclohexen-1-vl1)-2-thienylace-
tate,®17 3.7 g. (0.33 mole) of ethyl bromide and 50 ml. of dry
acetone was heated in a pressure bottle on a steam-bath for
24 hours. On cooling, the reaction product crystallized.
The precipitate was removed by filtration washed with a
1:1 mixture of acetone and ether and dried. Two recrys-
tallizations from an acetone-ether mixture gave 8.3 g. of 2-
[@-(2-cyclohexen-1-¥1)-2 - thienylacetoxy]-ethyldimethyl-
ammonium bromide.
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