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Acervhihinnochodine, 1he thiocarbonyt analvg of acetvlicholine, wax <vuthesized.
1y be very =imilar ro that of aceryicholine and gnite different from that of aretvhihioleholine.

The conformalion proved
The depolarizing

activity and the enzvmie hydrolysi= of acet vithionocholine were investignred.

[t has been proposed that acetyleholine (AeCh) plays
a key role in the trausmizsion of the nerve impulse,
presumably by triggering a conformational change in
receptor-polymer thus leading to an alteration of
membrante permeability to cations.* In view of the
importance of AeCh and the simplicity of its structure.
very mumerous analogs of this ester have been prepared
and studied.*  However. only very recently has it heen
recognized that minor alterations of the strueture of
AcCh muay alter the overall conformation of this mole-
cule. Studies of the <tructure of AeCh and =everal

related esters showed that the -NCCO- grouping i i1
the gauche conformation cither in the ervstal* or in
solution.”  On the other hand, replacement ot the
acyloxy oxygen of weetvicholine with Se or S leads to the

.
{rans conformation for the -NCCB (B = S, Se) group-
ing in ucetylthioleholine (AeSCh) and acetylselenoleho-
line (AeSeCh) in erther environment.®7

In a variety of pharmacologieal preparations the
depolarizing uction of AeCh wax modified greatly by
replacement of the chain oxveen with S or Se !
Sinee the biologieal actions of AeSCh and AeSeCh were
quite different. while these molecules were essentially
isosterie, 1t =ecmed apparent that electronic factors
were at least as Important as steric factors for the
abilities of these compounds to cxert their effects.'®

On the basix of <peetroscopie studies,"® and on the
basix of the measurement of the dipole mements of a
series of isologous lactones, thiol lactones, and selenol
Tactones! it wus postulated that in thiol esters and sele-
nol esters, utilization of d orbitals by 8 and Se resulted
i a deerease u1 carbonyl basietty. It was proposed

that the gauche conformation of the NCCO- group i
AeCh was maintained by o “hard acid-hard base”
interaction between the quaternary N and the ether O
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of the ester. S and Se being “‘~oft” bases." such wn
mteraction waz ot hkely to be favored in AeSCh and
AcSeCh. which remuined in the extended trans con-
formation.

In view of these considerations. the =vnthesiz and
study of the AcCh analog where the carbonyt rather
than the ether O had been replaced by S =eemed of in-
terest.  Acetylthionocholine was prepared by the re-
action of ethyl thionoacetate with 2-dimethylamino-
ethanol, followed by quaternization with MeBr. The
corresponding reaction of ethyl thiononcetate with
2-dimethylaminoethanethiol vielded the dithio exter
analog of AeC'h. The thionoselenol ester wus too -
stable to be solated. The benzoyithiono aunlog of the
product had been syuthesized previonslv.!'® s were 1is
thiol ester and selenol ester analogs.

NX-Ray diffraction measurements were carried out on
ervstals of acetylthionochohne’™  The =tructure of this
compound turned out to be extremely similar to that
of AcCh and quite different tfrom that of it= =omer.

AceRCh.  The se conformation of the -NCCOQ grouping
in AeCh was affected very little by =ubstitution of the
carbonyl O hy 8.

The finding that the conformations o1 AcCh and
acetylthionocholine are very similar but different from
that of AcRCh emphasizes the importance of the in-
teraction of the acyloxy oxygen and the quaternary N
i maintaining the conformation of these compounds.
It alzo shows that the carbonyl group does not pha o
major vole in the nintenance of the gawche conforna-
tion of AeCh.

The depolarizing activity of acetylthionocholne wis
determined and compared with that of AeCh and
AeSCh i the electroplax preparation. I this sys-
tem, single cells of the eleetrie organ of the electrie ol
Electrophorus clectricus are impaled with microelee-
rrodes, permitting the determination of the depolarizing
effect= of various coneentrations of the compounds heing
tested.  To prevent enzymic hydroly=ix of the ainiogs.
determinations were carried out in the presenece of
eserine (5 X 10-+3f). The results obtained are shown
i1 Table 1.

It can be =cen that replacement of the carbonyl O with
S affects neither conformation nor depolarizing ac-
tivity, while replacement of the acyloxy O with 8 alters
hoth.

Studies of the hydrolysis of acetylthionocholine
seemed of interest sinee thix compound forms an acetyl-
thiono-enzyme intermediate instead of the acetyl
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Average M

concentration

required to Equipotent M

Compound depolarize to 45 mV ratio

Acetylcholine 3 X 10-¢ 1
Acetylthiolcholine 3 X 103 17
Acetylthionocholine 53 X 10-% 1.7

enzyme formed during the hydrolysis of either AeCh
or AeSCh.

Electric eel acetylcholinesterase was used for these
studies. The K., of the thiono ester was found to be
6 X 10— M, compared with a K, of 1 X 10~*for AeCh
and 0.6 X 10~%for AeSCh. The 174, of the hydrolysis
of acetylthionocholine was significantly lower than that
of AcCh or AcSCh.

Experimental Section

Acetylthionocholine Bromide.—XNa (200 mg) was dissclved in
5.0 g of 2-dimethylaminoethanol, followed by the addition of a
solution of 8.0 g of ethyl thionoacetate!® in 100 ml of toluene.
A slow stream of N, was passed into the miixture which was heated
at 97-98° for 2 hr. The reaction mixture was concentrated
in vacuo in & 350° bath. The residue was acidified with 5 ml of
concentrated HCl in 70 ml of ice-cold H.O and the mixture
was filtered. The filtrate was extracted with 200 ml of Et,O to
remove unreacted ethyl thionoacetate. The aqueous layer was
shaken with 35 ml of ice-cold saturated Na,CO;, followed by
extraction with 40-ml portions of Et,O. The organic extracts
were washed with H.O and dried (Mg.804). Addition of 2.0
ml of MeBr to the Et,O led, after refrigeration, to the formation
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of 2.4 g of light yellow crystals. The product was recrystallized
from 2:1 Me;CO-EtOH; mp 151-152°;% uv Am.x (EtOH) 237
My (em x 8440).

Anal. (CiH;BrNOS) C, 34.71; H, 6.65; S, 13.23. Found:
C,34.81; H, 6.68; S, 12.82.

Acetylthionothiolcholine Bromide.—This compound was ob-
tained in 209 yield by the reaction of 6.0 g of 2-dimethylamino-
ethanethiol and 8.0 g of ethyl thionoacetate in toluene followed
by quaternization with MeBr. After three recrystallizations
from EtOH the product melted at 169°; uv (EtOH) Amax 298
mu (emax 7830).

Anal. (C;HsBrNS;) C, H, S.

Depolarizing Activity.—The depolarizing activity of acetyl-
thionocholine was measured in the isolated single cell electroplax
preparation, using cells from the electric organ of E. electricus.?
Eserine was added to prevent hydrolysis by acetylcholinesterase
present in the tissue.

Hydrolysis by Acetylcholinesterase.—Highly purified electric
eel acetylcholinesterase was used for these studies. Enzyme
assays were carried out titrimetrically, using a Radiometer auto-
titrator. A constant pH of 7.5 = 0.02 was maintained during
enzymatic hydrolysis by the automatic addition of 0.01 N NaOH
to neutralize the acetic acid produced by substrate hydrolysis,
Initial rates were used, the rate being constant for at least 2 min,
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In Vitro Inhibition of Cholesterolgenesis by Various Thyroid Hormone Analogs
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Nineteen thyroid hormone analogs were tested in an in vitro cholesterolgenic liver homogenate system ob-

tained from rats.
mone analogs to the systent.

HC-Acetate was used as substrate, DMSO was used as a solvent for adding the thyroid hor-
Of those compounds tested, L-tritodothyronine, p-thyroxine, pr-triiodothyronine,

and pL-3,5-diiodo-3/-phenylthyronine at 1.0 X 10-¢ M inhibited cholesterolgenesis from 14C-acetate substrate.

No effect was elicited by Ty or Ty when mevalonate was substrate.

These studies indicated that the 3'-I or a

bulky 3'-Ph associated with either p- or L-thyronine is necessary for inhibition of in vitro cholesterolgenests. The
D isomer is more active than the L isomer in this system. The need for higher than physiological levels of the
thyroid hormones (tritodothyronine or thyroxine) in this system is in part a result of the nonspecific binding of
the hormones to inert proteins in the homogenate system. When enough hormone is present to saturate the
binding sites on the inert proteins rhe remaining hormone binds to active proteins contained in the microsomes

resulting in an inhibition of cholesterolgenesis.

The alteration of blood cholesterol concentrations
associated with thyroid function is well known. The
hypocholesterolemia associated with thyroxine ad-
ministration is attributed in part to an increased con-
version of cholesterol into bile acids which overrides
the increased cholesterolgenesiz caused by thyroxine.!
In thyroidectomized animals a decrease in the level
of B-hydroxy-8-methylglutaryl-coenzyme A reductase
(HMG-reductase) occurs whereas the administration
of thyroxine increases the levels of HMG-reductase re-
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sulting in increased cholesterolgenesis.?2? In addition
to the studies above, a new parameter was recently re-
ported in which the addition of L-triiodothyronine (T;)
and L-thyroxine (T4) to an 7n vitro cholesterolgenic rat
liver homogenate from euthyroid rats resulted in de-
creased cholesterolgenesis.* The studies presented here
are an extension of those studies and indicate that a
structural specificity similar to that of T3 and T, is
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