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Abstract O The methiodide and ethiodide salts of 5-(dimethylami-
nomethyl)- and 5-(diethylaminomethyl)-a,a-diphenylifurfuryl alcohol
were prepared. These compounds may be considered as furan analogs
of dialkylaminoethyl benzilate alkiodides. The pAs, values of these
compounds as antagonists of acetylcholine were determined on rat je-
junum preparation. All four compounds were significantly less potent
than the analogous ester antimuscarinic lachesine. The furan ring cannot
be substituted for the ester moiety of typical antimuscarinics. Possible
modes of binding by antagonists to the receptor proposed previously are
considered that might account for this less-than-expected antimuscarinic
activity.

Keyphrases O Antimuscarinic agents—furan analogs of benzilate esters,
synthesis and activity DO Furan analogs—of benzilate esters, synthesis
and antimuscarinic activity [0 Benzilate esters, furan analogs—synthesis
and antimuscarinic activity O Structure-activity relationships—effect
of furan analogs of benzilate esters on receptor binding activity, synthesis
of antimuscarinic agents

A fundamental problem in medicinal chemistry is the
determination of the topography of drug receptors, i.e., the
nature and relative position of groups (subsites) on the
receptor that interact with groups on the drug molecule.
Knowledge of receptor topography usually comes from the
study of the relative activities of structurally different
drugs that are used as probes of the receptor surface. In
general, present knowledge of topography for the auto-
nomic drug receptors is unsatisfactory.

BACKGROUND

An example is the muscarinic cholinergic receptor. For typical potent
agonists such as acetyleholine, Bovet’s acetal (1), and methylfurtretho-
nium (II), it usually is assumed that each compound combines with the
same receptor site by interaction of the positive nitrogen with an anionic
subsite and with the ester group, acetal group, or a portion of the furan
ring interacting with an ester binding subsite.
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Several investigators noted that extension of the carbon chain in potent
muscarinic agonists caused a progressive decline in agonist potency and
the appearance of competitive antagonist properties (1--3). It is uncertain
just how the competitive antagonists combine with the muscarinic re-
ceptor rélative to the acetylcholine receptor site. In the classical view,
the competitive antagonists can bind to the anionic and ester binding
subsites in the same manner as acetylcholine. The hydrocarbon rings then
are believed to bind to a hydrophobic area located just beyond the ester
binding subsite (Fig. 1).

Several discrepancies in the known structure-activity relationships
are difficult to explain according to this classical view. Many potent an-
tagonists do not contain an ester or comparable group between the ni-
trogen and the hydrophobic rings. The distance between the nitrogen
and the rings is too short in many cases to bind as shown in Fig. 1. Even
in ester-type antagonists, many changes in structure or stereochemistry
cause changes in activity that do not parallel the effect of that change on
agonist activity (4).

As a possible means of explaining the discrepancies between muscarinic
agonist and antagonist structure-activity relationships, an alternative
mode of binding for the antagonists was proposed (5, 6). In this view, the
antagonist is believed to bind so that the cationic head overlaps the an-
ionic subsite used by acetylcholine but the remainder of the molecule does

CH
Cofon 0
i C—C—0—CH,_—CH,—N=-CH,_—CH
5 H// Lo 2 2 2 3
1% 5.0 L CHy

hydrophobic
area H bonding
subsite

anionic
subsite

ester binding
subsite

Ach receptor site

Figure 1 —Classical view of binding of lachesine to the muscarinic re-
ceptor (Ach = acetylcholine).
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Table I—Properties of New 5-(Dialkylaminomethyl)-a,a-diphenyl-2-furfuryl Alcohol Alkiodides

Melting Yield, Analysis, %¢

Compound Point® % Formula Calc. Found pAy + SE4

IVa 205-206° 41 Ca1Ho4INO, C 56.13 55.92 6.35 £ 0.13 (29)
H 538 5.41
N 311 3.04

IVb 193-194° 57 CaoH6INO, C 57.02 57.20 6.24 £ 0.14 (31)
H 5656 5.69
N 3.02 2.98

IVe 191-192° 70 Co3HogINO, C 57.86 57.97 6.14 +£ 0.12 (32)
H 5091 5.97
N 293 2.92

IVd 184-186° 34 Co4H30INO, C 58.66 58.77 5.75 + 0.11 (26)
H 6.15 6.29
N 28 2.79

Lachesine 7.70 £ 0.17 (28)

@ Melting points were determined on a Thomas-Hoover capillary apparatus and are uncorrected. ® Reported yields are from single experiments with no attempt to
recover additional compound from filtrates. ¢ Elemental analyses were performed by Micro-Tech Laboratories, Skokie, Ill. ¢ The pAz + SE value is the negative log of
the concentration causing a twofold shift in the response to acetylcholine plus or minus the standard error of the mean. The figure in parentheses is the number of points

used in determining the pA; value.
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not cover the ester binding subsite. The lipophilic and hydrogen bonding
moieties in the antagonist may bind to other subsites as shown in Fig. 2.

Moran and Triggle proposed a third possible view of the antagonist
binding to the receptor (7). They proposed a distinct site on the receptor
for the antagonists that is near but does not overlap the acetylcholine
binding site. Occupation of the antagonist site results in a perturbation
of the acetylcholine binding site so that the affinity is lowered and the
antagonism is still competitive.

The most potent muscarinic antagonists derived from acetylcholine
generally are obtained by replacement of the acetyl group by benzilyl or
similar groups containing two hydrophobic rings and a hydroxyl group
attached to the a-carbon atom such as is found in lachesine (III) (8). If
methylfurtrethonium and lachesine both bind to the anionic and ester
binding subsites utilized by acetylcholine, in accord with the classical
view, then substitution of two phenyl groups and a hydroxyl group on the
terminal carbon atom of methylfurtrethonium (II) to give Type IV
compounds should produce potent antagonists. In the present study, a
series of such compounds with different substituents on the cationic ni-
trogen was prepared and examined for antimuscarinic activity.

RESULTS AND DISCUSSION

Chemistry—The desired compounds were prepared by a method used
(9) to prepare the bromide salt of IVc as illustrated in Scheme I, except
that the methyl ester rather than the ethyl ester was the starting material.
Chloromethylation of methyl 2-furoate (V) with paraformaldehyde, zinc

chloride, and anhydrous hydrogen chloride yielded VI. Treatment of VI
with dimethylamine or diethylamine gave VIla or VIIb, respectively. An
attempt to prepare Vlla directly from V by a Mannich-type reaction,
utilizing conditions employing 2-methylfuran (10), was unsuccessful. The
ring-inactivating effect of the ester substituent apparently is too strong
in this case.

Reaction of VIIa or VIIb with commercially prepared phenylmagne-
sium bromide gave the 5-(dialkylaminomethyl)-a,a-diphenyl-2-furfuryl
alcohols (VIIIa and VIIIb). Alkylation of VIIIa and VIIIb with methyl
iodide and ethyl iodide produced the desired alkiodide compounds.
Properties of the new compounds are presented in Table 1.

Pharmacology—To evaluate the affinity of the compounds for the
muscarinic receptor, pA; values were measured by standard techniques.
The method used was described previously in detail (11). Briefly, seg-
ments of rat jejunum were placed in an isolated organ bath containing
Tyrode’s solution at 25° and aerated with 95% oxygen-5% carbon dioxide.
Cumulative dose—response curves to acetylcholine were obtained on each
segment. These curves then were repeated in the presence of three or four
different concentrations of the compound being evaluated. Segments of
rat jejunum from six to eight animals were used with each compound.
Linear regression analysis of the data according to the method of Arun-
lakshana and Schild (12) yielded the pA; values.

Because methylfurtrethonium is a more potent agonist than acetyl-
choline, it seems that the furan ring must bind well to a subsite on the
receptor. If methylfurtrethonium binds to the same set of subsites as does
acetylcholine, it would be reasonable to expect that the addition of two
phenyl rings and a hydroxyl group to the terminal methyl group would
produce a potent antagonist comparable to lachesine (1II). An exami-
nation of Table I shows that the affinities of IVa-1Vd are much less than
those of lachesine; they are ~23-90-fold less potent as antagonists on rat

0 0
I I
CH;.O—(IJ—Q — CH;,O—C——Q—CHZCI —
v VI
I R
CH;,O——-C——[}-—CH,N/ —
0 \R’

Vila: R= R’ = CH,
VIIb: R = R’ = C,H,

R
@—(‘:—Q—CH_A\(
OH

Villa: R =R’ = CH,
VIlb: R =R = C,H,
Scheme I
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Figure 2—Possible binding of lachesine to the muscarinic receptor
according to Ariens’ theory.

jejunum. The furan ring clearly cannot be substituted for the ester group
in the antagonists in the same manner as with the agonists. The classical
view of antagonist binding to receptors does not explain the reason for
this difference.

If antagonists bind in the manner proposed by Ariéns (5, 6) (Fig. 2),
the relatively poor activity of the furan analogs could be explained. In
such a case, the furan ring in the antagonists would not occupy a position
on the receptor comparable to the furan ring in methylfurtrethonium.
Earlier work by Stubbins and coworkers (11, 13, 14) was directed at
finding evidence for the correctness of Ariéns’ view. Since the ester
binding subsite was not involved in binding antagonists according to this
theory, it was proposed that addition of a properly placed agonist moiety
on typical antagonists might increase the affinity and selectivity for the
muscarinic receptor compared to antagonists lacking such a feature. A
series of ester-type antagonists with moieties added to resemble acetyl-
choline, carbachol, or methylfurtrethonium was synthesized and com-
pared in activity to lachesine. The binding of such compounds might be
typified as shown in Fig. 3. In fact, the addition of the agonist moiety
lowered the affinity in all compounds (13).

Ariéns’ proposal might not apply to ester-type antagonists (which re-
semble acetylcholine more closely) but only to nonester antagonists.
Therefore, a second series of 11 compounds having agonist moieties at-
tached to typical nonester antagonist molecules was prepared and tested.
A member of this series might bind as illustrated in Fig. 4. No consistent
increase in affinity was found (14). Therefore, evidence in support of
Ariéns’ theory was not found, but this theory cannot be excluded.

Another possible way in which the difference couldsbe explained is on
the basis of the suggestion by Moran and Triggle (7) that methylfur-
trethonium might bind to the receptor differently from acetylcholine.
They suggested that the cationic head of all agonists binds to the anionic
subsite but that the remainder of the molecule changes its position on
the receptor depending on its relative lipophilic or hydrophilic character.
According to this theory, methylfurtrethonium might bind as shown in
Fig. 5. In this case, addition of two phenyl rings and a hydroxyl group to
the two agonists would not be expected to affect affinity in the same way.
Alternatively, the suggestion of Moran and Triggle that antagonists bind
to entirely different sites than acetylcholine might account for the re-
sult.

In summary, the furan ring cannot replace the ester group in an-
timuscarinics without a significant loss in affinity for the receptor. The
classical view of antagonist binding to the receptor is inadequate to ex-
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Figure 3—Possible binding of ester antagonist with an additional
agonist motety to the muscarinic receptor.
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Figure 4—Possible binding of nonester antagonist with an additional
agonist motety to the muscarinic receptor.

plain this observation, but several alternative hypotheses might account
for the results. More work is needed to determine the topography of the
muscarinic receptor sites for agonists and antagonists.

EXPERIMENTAL

Methyl 5-Chloromethyl-2-furoate (VI)—Methyl 2-furcate (17.6
g, 140 mmoles) was dissolved in 50 ml of methylene chloride. Paraform-
aldehyde (6.0 g, 200 mmoles of formaldehyde) and zinc chloride (5.0 g,
37 mmoles) were added, and the mixture was warmed to 35°. Anhydrous
hydrogen chloride gas was passed through the mixture until the exo-
thermic reaction subsided. The mixture was poured into 300 ml of water.
The organic layer was separated, washed twice more with water, and dried
over potassium carbonate. The solvent was removed in vacuo, and the
residual oil was distilled to give 16.2 g (66% yield) of VI, bp 86-88°/0.2
mm [lit. (15) bp 116-117°/2 mm].

Methyl 5-Dimethylaminomethyl-2-fureoate (VIIa)—Dimethyl-
amine gas was bubbled slowly through a solution containing 15.0 g (86
mmoles) of VI in 130 ml of dry benzene for 2 hr. The mixture was allowed
to stand overnight and was filtered. The solvent was evaporated from the
filtrate, and the residue was distilled. Compound Vla, 11.5 g (73% yield),
was obtained, bp 72-78°/0.2 mm.

Methyl 5-Diethylaminomethyl-2-furoate (VII b)—A solution of
16.2 g (93 mmoles) of VI in 35 ml of benzene was added dropwise to a
stirred solution, heated to reflux, of diethylamine (17.4 g, 238 mmoles)
in 30 ml of benzene. Heating was continued for 5 hr after addition was
completed, and the mixture was allowed to stand-at room temperature
overnight. The solid by-product was removed by filtration, and the filtrate
was evaporated. The residual oil was distilled to obtain 15.8 g (81% yield)
of VIIb, bp 94-98°/0.2 mm.

5 - Dimethylaminomethyl - a,a0 - diphenylfurfuryl Alcohol
(VIIIa)—Methyl 5-dimethylaminomethyl-2-furcate (11.1 g, 61 mmoles)
dissolved in 30 m] of ether was added dropwise to a 2.07 M ethereal so-
lution of phenylmagnesium bromide (120 ml, 241 mmoles) with stirring.
After the addition was completed, the mixture was allowed to stand at
room temperature for 1 hr and was heated to reflux for 2 hr. The mixture
then was poured slowly into 350 ml of water containing 214 g of eth-
ylenediaminetetraacetic acid and 117 g of sodium hydroxide. The ether
layer was separated, and the aqueous layer was extracted three times with

ether. The ethereal solutions were combined and dried over magnesium
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Figure 5—Possible binding of methylfurtrethonium to the muscarinic
receptor according to the proposal of Moran and Triggle (7).



sulfate. Solvent removal left an oily residue, which crystallized upon
trituration with petroleum ether. Recrystallization of the solid from
benzene-petroleum ether yielded 7.6 g (41% yield) of VIIle, mp 122-
124°,

5 - Diethylaminomethyl - a,a - diphenylfurfuryl Alcohol
(VIII b)—Methyl 5-diethylaminomethyl-2-furoate (15.8 g, 75 mmoles)
was reacted with phenylmagnesium bromide (300 mmoles) as in the
preparation of Vllla. Compound VIIIb, 10.0 g (40% yield), was obtained,
mp 110-111.5° [lit. (9) mp 112-113°].

5-Dialkylaminomethyl-a,a-diphenylfurfuryl Alcohol Alkiodides
(IVa-IVd)—Two grams of the tertiary amine (VIIla or VIIIb) was
dissolved in a minimum quantity of benzene. Methyl iodide or ethyl io-
dide (2 ml) was added, and the mixture was allowed to stand overnight.
The product was removed by filtration and recrystallized from isopro-
panol. The physical properties of the compounds are given in Table I;
NMR (dimethyl sulfoxide-d¢): 7.32-7.34 (s, 10H, phenyl), 6.83-6.88 (d,
1H, furan), 6.67-6.70 (s, 1H, OH), 6.17-6.27 (d, 1H, furan), and 4.59-4.68
(s, 2H, furfuryl methylene). In addition, the different compounds ex-
hibited appropriate NMR peaks for the N-alkyl groups: 3.18-3.28 (m,
NCH;C), 2.91-3.04 (s, NCH3), and 1.16-1.22 (t, CCHj3).
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Abstract 00 Sesquiterpene lactones containing an a-methylene-+y-lac-
tone moiety were shown to be potent inhibitors of carrageenan-induced
edema and chronic adjuvant-induced arthritis in rodents at 2.5 mg/
kg/day. The mode of action of sesquiterpene lactones as anti-inflam-
matory agents appeared to be at multiple sites; for example, at 5 X 1074
M, the sesquiterpene lactones effectively uncoupled the oxidative
phosphorylation of human polymorphonuclear neutrophils and elevated
the cyclic adenosine monophosphate levels of rat neutrophils and rat and
mouse liver cells. Free and total lysosomal enzymatic activity was in-
hibited by these agents at 5 X 1074 M in both rat and mouse liver and rat
and human neutrophils. Furthermore, the structure-activity relation-
ships for the stabilization of lysosomal membrane for rat liver cathepsin
activity followed the same structural requirement necessary for anti-
inflammatory activity; i.e., the c-methylene-+y-lactone moiety contrib-
uted the most activity, whereas the 3-unsubstituted cyclopentenone and
a-epoxycyclopentanone contributed only minor activity. Human poly-
morphonuclear neutrophil chemotaxis was inhibited at low concentra-

tions (i.e., 5 X 107® and 5 X 10~¢ M), whereas prostaglandin synthetase
activity was inhibited at a higher concentration (i.e., 1073 M) by the
sesquiterpene lactones.

Keyphrases O Anti-inflammatory agents—sesquiterpene lactones, mode
of action determined in vitro and in vivo O Sesquiterpene lactones—
anti-inflammatory agents, antiarthritic agents, mode of action deter-
mined in rat and human neutrophils and rat and mouse liver cells O
Oxidative phosphorylation—uncoupling effect of sesquiterpene lactones,
mode of action determined in inflammation process O Lysosomal
membrane—effect of sesquiterpene lactones on membrane stability,
hydrolytic enzyme release, mode of action in inflammation process B
Cyclic adenosine monophosphate—effect of sesquiterpene lactones on
in vitro levels, role in inflammation process O Structure-activity rela-
tionships—effect of sesquiterpene lactones on inflammation process,
several modes of action determined in vitro and in vivo

The anti-inflammatory activity of sesquiterpene lac-
tones in rodents was reported previously (1). An a-meth-
ylene-vy-lactone moiety within the structure of the pseu-
doguaianolide and germacranolide derivatives was re-
quired for activity against edema-induced carrageenan
inflammation. Saturation of the 11,13-double bond of the
methylene group of the lactone resulted in a loss of activity

(1.
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In the chronic adjuvant-induced arthritic screen, com-
pounds containing the o-methylene-vy-lactone, the 8-un-
substituted cyclopentenone, and a-epoxycyclopentanone
afforded significant inhibitory activity at 2.5 mg/kg/day
(1). In addition, these derivatives also suppressed the
writhing reflex, induced pleurisy, delayed hypersensitivity,
and passive cutaneous anaphylaxis and were mild immu-
nostimulants of immunoglobulins (1). The effects of the
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