A4S L BrLsgy, D, Gerryek, AND XL ZiLkna Vol. 1]

pL=5=-N,N-Dialkylaminoethyl Esters of Substituted
a=Trimethylsilylphenyl-g-hydroxypropionic Acids

laan BeEnsky, David GERTNER, axb AL Zkiia

Departorent of Organic Chemistey, The Hebivew Uiversily, Jerisalem, Tseael

Recetved Novembier 3, 1967

Six substituted pr-e-trimethylsilylphenyl-8-hydroxypropionte acids were prepared starting {from sodiun p- or
m-trimethylsilylphenylacetate which was converted to the Ivanov reagent with isopropyimagnesium chloride
and treated with aldehydes or ketones. B-N,N-Dimethyl- and g-N,N-diethylaminoethyl esters were prepared

from the acids with the corresponding 8-N,N-dialkyvlaminoethyl chloride in boiling 2-propanol.

Preliminary

pharmacological evaliation showed that these esters have anticholinergic activity and some of them have pro-

tective effects against organophosphate poisoning.

Aminoalkyl esters of carboxylic acids®? such as
benzoie acid, p-aminobenzoic acid, and tropic and sub-
stituted-tropie acids® are known to have local anesthetic
and anticonvulsant activity. Rhone and Cason® re-
ported that aminoalkyl esters of p-trimethylslylbenzoic
acid have local anesthetic and analgetic activity.

As part of a program for the preparation of silicon-
contalning eompounds with potential biological ac-
tivity™® we have prepared prL-8-N,N-dialkylaminoethyl
esters of substituted a-trimethylsilylphenyl-8-hydroxy-
propionic acids, They were synthesized from p- or
m-trimethylsilylphenylacetic acid.”

The dry sodium salt of these acids was added to an
ethereal solution of isopropylmagnesium chloride to
yield the Tvanov reagent? (I) swhich on treatment with
aldehydes or ketones and subsequent hydrolysis led to
the formation of substituted vi-a-trimethylsilylphenyl-
g-hydroxypropionic acids (II) (Table I). vrL-a-p-Tri-
nicthylsilvlphenyl-g-hydrvoxypropionie  acid  (pr-p-tr1-
nethylsilyltropie acid) was obtained on treatment of 1
with anhiydrous formaldehyde.
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« Paraformaldehyde, dried in vacuo over PyQ; was heated io
180-200°, and the generated gaseous formaldehyde was intro-
duced to the Ivanov reageunt. ? m-Trimethylsilylphenylacetic
ncid” was used. ¢ All compounds were analyzed for C, H, Si, and
their molecular weights were determnined. ¢ C: caled, 66.93;
fouud, 66.39. II: caled, 8.55; found, 8.12,
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B-N,N-Dimethylaminoethyl and g8-N,N-diethylami-
noethyl esters (ITI) of IT were obtained as the water-
soluble hydrochlorides by heating the acids in 2-pro-
panol with the corresponding 8-N,N-dialkylamino-ethyl
chiorides (Table IT) (see Scheme 1),
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Preliminary pharmacological results show that the
compounds are moderately toxic.  All of them possess
some anticholinergic activity, but in no case is the ac-
tivity higher than that of atropine. Compound 2 ap-
pears to be the most active in this geries.  In the my-
driatic test, 4 was the most active.  This is the silicon-
containing analog of cyclopentolate which is in use as
an ophthalmic diug.*

Experimental Section

Typieal pracedures for the preparation of substituted a-tri-
methylsilylphenyl-g-hydroxypropionie acids and of their g8-N,N-
dialkylamino esters are given below; the rest are summarized in

(4) Reference 1, p H26.
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TasLe II1

DosE RaNGE FINDING EXPERIMENTS
AND Gross BEnaviorAL CHANGES®

Dose,
Compd mg/kg General changes
1 23 No obvious abnormalities.
50 Spontaneous motility reduced; piloerection.

100 During first 0.3 hr ataxia, followed by almost
complete cessation of spontaneous activ-
ity; decreased sensibility to touch; inter-
mittent myoclonic jerks; lypothermia;
symptoms lasting about 2 hr.

200 All animals died within 15 min; death was
preceded by convulsions.

2 25 No obvious abnormalities.
50 Spontaneous motility slightly reditced; slight
piloerection.

100 During first 0.5 hr slight ataxia, followed by
decrease in spontaneous motility; brief in-
termittent convulsions; ptosis; hypother-
mia; symptoms lasting about 3 hr.

200 Four animals died within 60 min; death was
preceeded by strong clonic convulsions.

3 25 No obvious abnormalities.
50 Slight piloerection; slight ptosis.

100 During first 0.5 hr clonic convulsions, fol-
lowed by decreased spontaneous motility;
reduced sensibility to touch; dyspnea;
symptoms lasting for about 3 hr.

200 All animals died within 10 min following
strong convulsions.

4 25 No obvious abnormalities.
50 Piloerection.

100 Slight ptosis; slight decrease in spontaneous
motility; during first 15 min following in-
jection brief strong myoclonic jerks and
writhing.

200 Ataxia followed by decreased spontaneous
activity; ptosis; symptoms lasting for
about 2 hr.

5 25 No obvious abnormalities.
50 Within 5 min following injection, strong myo-

clonic jerks and writhing, lasting several
min; slight piloerection.
100 Slight ptosis; piloerection.
200 Considerable reduction in spontaneous mo-
tility; ptosis; 3 animals died within 18 hr.
@ Groups of five mice of 22-23 g for each dose level were used.

Tables I and II. Melting points were determined on a Fisher-
Johns melting point apparatus and are uncorrected. Where
analytical results are indicated only by the symbols of the ele-
ments, the observed values differed from the calculated values
by not more than +0.4%,.

Sodium p-Trimethylsilylphenylacetate —p-Trimethylsilyl-
phenylacetic acid” (20.8 g, 0.1 mole) in absolute EtOH (40 ml)
was added dropwise with stirring to a solution of Na (2.3 g, 0.1
g-atom) in absolute EtOH (60 ml). The reaction mixture be-
came neutral to litmus, was cooled in an ice-salt mixture for
several hours, filtered, and washed with cold absolute EtOH.
The salt was dried at 120°, vield 20.5 g (899). An additional
crop of 2.5 g (119;) was isolated on evaporation of the filtrate.
Anal. (CuHisNaQ,8i) Si, mol wt (titration with 0.1 N HCI using
methyl orange).

pL-a-p-Trimethylsilylphenyl-g-hydroxy-3,3-dimethylpropionic
Acid.—To a solution of isopropylmagnesium chloride [from iso-
propyl chloride (8 g, 0.1 mole) and Mg (2.4 g, 0.1 g-atom)] in
dry Et;0 (50 ml), solid sodium p-trimethylsilylphenylacetate
(11.1 g, 0.05 mole) was added in small portions, and the reaction
mixture was heated under reflux for 5 hr and then cooled to 0°.
Dry Me,CO (5.8 g, 0.1 mole) in dry Et,O (30 ml) was added drop-
wise, and the reaction mixture was heated for an additional 2 hr
and cooled to 0°. H.O (25 ml) followed by (1:1) HCI (30 ml)
was added cautiously with stirring, and the mixture was stirred
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until two clear layers were formed. The aqueous layer was ex-
tracted (Et;0) and the combined ethereal layers were extracted
with dilute NaOH, The basic solution was acidified (HCl) and
extracted (Et20). The ethereal extract was dried (MgSO4) and
the ether was driven off in vacuo, leaving 11.3 g (83%) of prod-
uet, mp 157° (from CsHe—petroleum ether (bp 40-60°)). Anal.
(CuHg£Os81) C, H, 8i, mol wt (anhydrous titration with
KOMe).

pL-3-N,N-Diethylaminoethyl «-p-Trimethylsilylphenyl-g-
hydroxypropionate Hydrochloride (1).—DprL-a-p-Trimethylsilyl-
phenyl-g-hydroxypropionic acid (2.38 g, 0.01 mole) and 8-N,N-
diethylaminoethy!l chloride (1.35 g, 0.01 mole) were refluxed in
dry -PrOH (15 ml) for 10 hr. The reaction mixture was filtered
and the solvent was driven off in vacuo. The residue solidified
on trituration with dry Et:0, yield 3 g (80%), mp 118° (sealed
tube) (from EtOAc-petroleum ether). Anal. (CiHspCINO,SI)
C,H,N,Si.

Preliminary Pharmacological Evaluation.—The pL-3-N,N-dial-
kylaminoethyl ester hydrochlorides (Table II) were tested as
anticholinergics. Atropine sulfate was used as reference drug.
All compounds were dissolved in saline and, regardless of route
of administration, the maximal volume administered to mice
never exceeded 0.2 m1/20 g.

For dose range finding experiments and gross behavioral
changes in mice (Table II1), the compounds were administered
intraperitoneally to groups of five animals for each dose level.
Observatious were made for not more than 24 hr following injec-
tion.

In vitro acetylcholine antagonism (Table IV) tests were car-
ried out.

TasLe IV

In Vitro ACETYLCHOLINE ANTAGONISM. GUINEA Pig ILBUM®

% redn in ht of contraction elicited by
acetylcholine in presence of exptl compd

Conen, Atro-

ug/ml pine 1 2 3 4 5
0.04 95 70

0.1 100 95
0.2 100 oo e 10
0.4 85 80 85
0.6 80
1 70 95 90 100
2 70 100 100

@ Figiuwes represent mean values of three experiments for each
compound. None of the compounds showed any antagonistic
effects toward contractions elicited by histamine or bradykinin.

Effects on blood pressure, respiration rate, heart rate, and
antagonism to hypotension elicited by acetylcholine were also
studied (Table V). Male cats (2-3 kg) anesthetized with pento-
barbital sodium (33 mg/kg) intraperitoneally were used. Blood
pressure was measured from the left carotid artery with a Hg
manometer or a statham pressure transducer and recorded on a
kymograph or physiograph, respectively. Respiration rate and
heart rate were recorded on the physiograph with impedance
electrodes and an ECG transducer, respectively. Substances
were injected through a cannula in the left femoral vein.

In antiarecoline tests in mice!* (Table VI), the compounds
were injected intraperitoneally followed 30 min later by the
subcutaneous administration of arecoline (4 mg/kg). For
mydriatic tests in mice!2 (Table VII) the compounds were injected
subentaneously. The diameter of the pupils was measured with
a micrometer under a stereoscopic microscope at 13-min inter-
vals, twice before and four times after injection.

Since the combination of atropine and pyridine-2-aldoxime
methanesulfonate (P28) constitutes the standard treatment
against organic phosphate poisoning, the possibility of replacing
atropine by these compounds was considered. The compounds
in combination with a standard dose of P28 (90 mg/kg) were ad-
ministered intraperitoneally to mice. TEPP (tetraethyl pyro-

phosphate) was injected subentaneously to these animals 5 min

(10) H. Edery. Brit. J. Pharmacol., 24, 485 (1965).
(11) A. Herz  Arch. Ezptl. Pathol. Pharmacol., 343, 414 (1962),
(12) P. Pulewka. ibid. 343, 307 (1962).
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TABLE V
ANTAGONTSM 1O IyPOTENSION ELICITED BY ACKTYLCHOLINE ANU
ErrEcrs oN BrLoop Pressure, RespizatioN RatTe,
AND HearT Rate*”’

Respiration rate

Blood pressure Increase,
Dose, Decrease, Duration, % of Duration,
Compd mg/ ke mm min control min
1 1 10 0.0 20) 2
2 50 2 60 2
4 100 4 65 3
2 1 20 1 20 1
2 50 2.5 35 I
4 80 4 85 3
3 2 50 2.5 nt 2
4 20 6 7 3
{ 1 40 B 205 2
2 80 3 30 5
4 90 0 45 5!
B 1 20 2 45 1.5
2 80 3 50
4 90 5 DD D
* Figures represent mean values obtained fromn at least (hiree

=cparate experiments. No antagonisni to depressor effect of
acetylcholine at doses up to 10 mg was observed. * No effect on
the heart rate was observed for any compound.

TasLe VI

7

ANTIARECOLINE Trst.” Micwk

Av antiarceoline

Compd Dose, ing, kg action?
Atropine 0.5 ++
| +4++
10 ++++
1 0.5 0
1 ++
10 + +
2 0.5 0
1 +
0 + 4+
3 0.0 0
1 0
10 + +
4 0.5 0
I ++
10 4
D 0.5 0
1 ot
10 ++

* (troups of elght mice (20-20 g) were used for caclt dose level.
" Raling =cale: 0 = no antiarecoline action; 4+ = vevy slight,
noming of head sidewards or backwards, no biting clamp; ++
= slight, briefly biting clamp; 44+ = mediun, intermittent
attempt to remove clamp; ++4+-+ = strong, immediate,
strong, and continitous attempt to remove ('hmlp.

Inter and the number of survivors was recorded (Table VIII).

Observations for mortality were made for not more than 24 hr
In this test, 2 was the most

after the administration of TEPP.
active.

TapLe VII
Mypriaric Acrton.®  Mick

Digse, Av 7 dnerease in pupilary widiic
Colped g ke 15 min 30 1ain 45 tin 60 min
Atrapine i1 36 150 112 137
i 200 200 REN] 210
1 0.1 14 10 (0 0
i 10 0 ( 0
to 0 0 0 1}
2 0.t 14 4 () a
I 14 1) () 0
10 25 12 2 1]
5 0.1 0 N 0 8]
1 0 1] 0 [§]
10 9] 12 0 0
4 0.1 0 0 0 1)
t V] 0] () 0
10 33 116 12 ()
5 0.1 {) 0 0 D
! 0 28 28 0
1t 0 20 (} ()

+ Groups of fowr inice (20-23 g) for eaclt dose level were used.

TapLe VIII

Pro1ECTIVE LFrECTS OF COMPOUNDS AGAINST
ORGANOPHOSPHATE POIsoNING”
TEPP
Dose, (Multiples Siur-
Cownpd g/ ki of LDso} vivors

P'yvridine-2-aldoxinie

i
N

Methanesulfonate (Control) 0
P28 (Control) 00 10 0
Atropine (Control; 25 5 5
Atropine (without P2S) 20 ) 0
1 o0 B B
2 H0 D D
25 D D
10 D B
50 10 5]
20 10 R
L0 10 3
2 withoul 1'2s H ) 0
B} H ()" 0
4 50 o fH
B) H D D
o 10 2
5 without P28 H0 B 0

“ ‘The test compounds were injected together with 90 mg kg of
pyridine-2-aldoxime methanesulfonate (P28) 5 min before TEPY
into groups of five mice per dose level. Mlortality was recorded
up to 24 hr after injection. * 4, animals died within 5 min
after the combined injection of P2X and the (est compound,
prior to the injection of TEPP.
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