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8-methyl group would be nearly eclipsed in the bound
state. This conclusion appears improbable on the
basis of energy considerations. A skewed conformation
such as in V is more appealing; a slightly twisted con-
formation for II is a reasonable approximation of V.
If the comparisons are valid, the conclusion emerges
that binding on active sites may not necessarily involve
the thermodynamically preferred conformation of the
ligand, a fact which was recently brought to light in the
case of a constrained substrate of chymotrypsin.!
Results of X-ray studies on crystals,®” as well as
theoretical calculations,’® predict opposite conclusions;
the obvious reason for this is that no account is taken
of the fact that proteins display conformational speci-
ficity.”? Owing to internal compensation effects,?
strained conformations of substrates aud inhibitors may
be readily stabilized through the translocation of con-
formational energy within the protein. The reduction
of the free energy of activation encountered in enzyme-
catalyzed reactions has, in fact, been explained by
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Jencks?® as resulting from the induction of a strained
conformation approaching in structure that of the
transition state. Isotope-effect studies on the binding
of substrates on enzymes have led us to similar con-
clusions.?? It does not seem impossible therefore
that IV and V may represent the biologically active
conformations at the binding site level. Finally, it is
of interest to note that the configurational handedness
of the AChE binding sites is similar to that of the
muscarinic receptor binding sites.
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2-(N,N-Dialkylamino)ethyl esters of a-(3-pyridyl)mandelic acids were prepared and screened for pharma-

cological activity.

Compounds VIIb and e compared favorably with benactyzine hydrochloride as inhibitors

of spontaneous motility. Some of them (VIIa, b, d, and e) also show anticholinergic, spasmolytic, antihistaminic,

and anti-5-HT effects.

Aminoalkyl benzilate esters (I)' possess pharma-
cological effects that have several clinical applications.?
The presence of a pyridyl instead of a phenyl radical
should change their pharmacological properties. To
prove this assumption, synthesis of type II derivatives
containing a 3-pyridyl radical was undertaken.
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The general process of synthesis is shown in Scheme I,
IITa (Table I) was obtained in good yields by condens-
ing ethyl phenylacetate and ethyl nicotinate in NaOEt.
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Using the same method, mono- (IITb) and dimethoxy
(I1Ic) derivatives were obtained from the ethyl esters
of homoanisic and homoveratric acids, respectively.
Legrand and Lozac’h obtained the 3-keto ester by
condensing ethyl nicotinate and ethyl phenylacetate
in low yields (1797) only.® When condensation was
carried out with ethyl 3-pyridylacetate and ethyl

(3) L. Legrand and N. Lozac'li, Bull. Soc. Chim. France, 79 (19535).
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caled, 5.89; found, 6.51. N:
6.49: found, 7.04.

caled, 7.50; found, 7.05.
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benzoate, the expected 3-phenacylpyridine (II1d) was

obtain

ed

in poor yields

6%);

1,3-bis(3-pyridyl)-

propanone (I1le) resulting from self-condensation of

ethyl 3-pyridylacetate was the main product:

this

ketone was the only condensation product obtained

from ethyl nicotinate and ethyl 3-pyridylacetate.

Oxidation of the benzyl 3-pyridyl ketones (IIla-¢)
The oxidation of I1Ta with
KMnO in neutral solution at room temperature gave
nicotinic and benzoic acids identitied by paper chro-
matography under the usual conditions.*

Uuder the conditions described in the Experiimental
Section, which differ from those mentioned by Stempel.”
the diketones 1Va-¢ (Table 1) were subjected to the
benzilic acid tvpe rearrangement. giving the corre-
sponding avids V (Table I11).

The 2-(N,N-dialkylamino)alkyl esters were prepared
by transesterification of the ethyl esters of the «-(3-

was carried out with SeQ..

(4) 1.

Ledecer and M. Lederer, “Cromatagrafia,”

Nires, 1960, p 2147
o AL Steagpel, Chem, Abste., 81, V10661 © 1064,

1 Ateleny, Buengs

caled, 6.94; found, 7.40.

L C

“ Very hygroscopic.
caled, 55.68: found, 5.1, H:
v C, AcOH; D, ligroin; E, E.0; F, petvolenm ether 160-80°): ¢, CiHg; H, ItOH; 1, MeCN; J, H.Q)
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pyridvD)imandelic acids with 2-N,N-dialkylaimino alco-
hols with yvields between 30 and 40%: (method B). Tt
was also possible to prepare VIIa and Vild with like
vields by heating a 2-N.N-dialkyvlamino aleohol with
a-(3-pyridyl)mandelic acid, using excess H,SO, (methiod

A).

amino)alkyl esters of the methoxy acids hy
method.

It was not possible to obtain the 2-(N,N-dialkyl-

this

If the equilibrium of the reaction is not displaced by
distillation of the EtOH produced during its course, the
vields of transesterification become considerably lower.
Thisx was found in the preparation of VIIa and VIlec.
but when an attempt was made to prepare VIIb by the
same technique, the muain product isolated was 3-

pyridyl p-methoxyphenyl ketone (VIII).

Pharmacological Evaluation.—The 2-(N,N-dialkyl-
amino)ethyl esters were screened for pharmacological
activity and the results of the observations are suin-
marized in Table TV,

Compounds VIIb and VIle (uonomethoxylated)
<lowed significant inhibition of spontanieous motility.,
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TaBLE IV
Guinea pig ileum® m————3pontaneous motility’— —

Dose, Anticliolinergic Spasmolytic Antilistaminie Anti-3-HT Dose, Activity Duration,
Coupd mg/ml effect effect effect effect mg/kg cage min
Vila 0.01 45 40 50 30 0.1 0

1 70 60 70 39 10 19 20)
VI 0.01 0 0 0 0 0.1 IS 17

0.1 10 b 10 b 10 75 30

1 100 b 00) SH
VIIe 1 0 0 Q 0 0.1 0

10 17 iy

VIId 0.1 70 50 65 6.5 0.1 0

1 100 100 100 100 10 25 36
Vile 0.01 10 10 16 10 0.1 19 38

0.1 60 45 60 60 10 70 65
VI 1 0 0 0 0 0.1 0

10 12 20
Benacty-
zine HCI 10 27 10
Chlordiaze- 10 0
poxide 30 30 30

¢ Reduction of spontaneous contractions () against acetylcholine chloride, 0.1 ug/ml; BaCly, 100 ug/11l; histamine dihydrochloride,

0.01 ug/ml; and 5-HT, 0.1 ug/ml, respectively.

30-60 sec before the agonists.

These pharmacological assays were performed on isolated organs (R. A. Turner,
‘Screening Methods in Pharmacology,”’ Academic Press, New York, N. Y., 1963, p 43).

The test compounds were added to the bath

® Reduction of spontaneous motility of mice in jiggle cages (J. R. Boissier, Therapie, 13, 1074 (1938)).
Ten mice were used for each dose level and the animals were injected intraperitoneally.

Controls were injected with saline. When

the compound was active, the effect appeared 4-7 min after injection.

with a prolonged effect. Compounds VIla, ¢, d. and f
were moderately effective. All the compounds tested
were nontoxie at 0.1 mg/kg; however, at higher doses
(10 mg/kg), the decreased spontaneous motor activity
was usually accompanied by respiratory depression
and/or tremors or convulsions. None of the com-
pounds was lethal at 10 mg/kg.

VIIa, b, d, and e also showed anticholinergic, spas-
molytic, antihistaminic, and anti-53-HT effects, while
VIlc and VIIf (dimethoxylated) were ineffective.

Experimental Section®

Benzyl 3-Pyridyl Ketone (I11a).—A mixture of 37.7 g (0.25 mole)
of ethyl nicotinate and 44.0 g (0.26 mole) of ethyl phenylacetate
was added, over a period of 45 min, to 27 g (0.39 mole) of NaOEt,
with vigorous stirring. The mixture was kept at 20-25° for 0.5
hr and then heated for 12 hr at 60-70° with constant stirring.
After cooling, 78 ml of concentrated HCI were added, and the
mixture was heated under reflux for 3 hr. On cooling, benzyl
3-pyridyl ketone hydrochloride crystallized and was collected
and washed with CHClL;. The crude product was dissolved in
H;0, and the ketone was separated with 109, NaOH, filtered,
washed, divied, and recrystallized.

4.-Methoxybenzyl 3-Pyridyl Ketone (IIIb).—The technique
nsed was the same as for ITIa but the hydrochloride did not
crystallize. H,O (100 ml) was added and the aqueous layer was
extracted twice with CHCl;. The ketone was precipitated by
adding 109, NaOH, filtered, washed, and recrystallized. Simi-
larly, 3,4-dimethoxybenzyl 3-pyridyl ketone (IIlc) was prepared.

Condensation of Ethyl Benzoate and Ethyl 3-Pyridylacetate.—
The general procedure described for IIIb was employed. When
the agneons extract was made alkalive, the oil that separated was
extracted with CHCly and dried (MgS04). The solvent was
removed and the residne was distilled, bp 175-190° (5 mm).
On covling, the distillate sclidified and was extracted with cold
Et;().  The recrystallized residae gave 1,3-bis(3-pyridyl)propa-
none (Ille). The ethereal extract was dried (MgS0,), and the
solvent evaporated. The recrystallized residue gave II1d.

(G} All mielting points were taken in capillaries and are ulicorrected.
1nfrared spectra were measured on a Perkin-Elmer Model 137 B Infracord.
Satisfactory ir spectra were recorded for all compounds listed in the tables.
Nmr spectra were determined on a Varlan A-60 (TMS). Microanalyses
were performed at this laboratory. Where analyses are indicated only by
symbols of the elements, analytical results obtained for those elements were
within £0.49; of the theoretical values.

Substituted 1-Phenyl-2-(3-pyridyl)glyoxals. General Proce-
dure.—To a solution of 0.10 mule of the appropriate benzyl ketone
in 200 ml of AcOH, 11.1 g (0.10 mole) of sublimed Se(); was added
and the mixture was heated at 120° for 4 hr.  After cooling, Se
was filtered off and the filtrate was poured into 500 ml of H,O
and neutralized with concentrated NH,OH. If the product
crystallized, it was filtered, washed, and purified. If it was an
oil it was extracted with CHCl; and dried (MgSO.), and the
solvent evaporated. The residiie was distilled under redunced
pressure and then recrystallized.

Benzilic Acid Type Rearrangement. General Procedure.—
The appropriate glyoxal (20 g) suspended in a solution of 20 g
of KOH in 100 ml of H;O was heated on a water bath at 80° for
10 min. The solution was cooled and acidified with concentrated
HCI to pH 4. The acid was filtered off, washed (CHCl;), and
recrystallized.

Ethyl Esters. General Procedure.—The appropriate acid
(11.0 g) was added to a cold mixture of 17.5 ml of concentrated
H;80, and 200 ml of absolute EtOH, with stirring and heating
under reflux for 4 hr. Most of the alecohol was evaporated under
reduced pressure. Then 200 ml of H;() was added and the ester
was precipitated by adding 109, NaOH. The solid was filtered,
washed, and reerystallized.
2-(N,N-Dialkylamino)ethyl Esters. Method A.—a-(3-Pyvidyl)-
mandelic acid (1.0 g) was added to a cold mixture of 3.3 ml of
concentrated HaSO4 and 3.0 ml of 2-(N,N-dialkylamino)ethanol;
the mixture was heated at 100° for 4 hr, then cooled and poured
into 10 ml of H,O. The 2-(N,N-dialkylamino)alkyl ester was
separated by adding concentrated NH,OH, extracted (CHCl;),
and dried (Mg80,), the solvent was evaporated, and the hydro-
chloride was prepared.

Method B.—Na (50 mg) was added to a mixture of anhydrous
2-(N,N-dialkylamine))ethanol (5 nl, excess) and dry CsHe (40 ml),
in a flask fitted with a short fractionating column and a still
head. The solution was heated until it refluxed (bp 80°). The
appropriate ethyl ester (2 g) in C¢Hs (30 ml) was then added
slowly, the vapor temperatine falling to 60-65°. CsHe-EtOH
was then distilled off until all the ester had been added and the
vapor temperature had risen tv 80°. The PLI sohition was
washed three times (H»0) and dried (MgS8(Qy), the solvent was
evaporated in racuo, and the hydrochloride was prepared.

3-Pyridyl p-Methoxyphenyl Ketone (VIII).—2-(N,N-Dimethyl-
amino)ethanol (2 ml) was added to 20 mg of Na in 10 ml of
PhMe. The mixture was heated wutil it refluxed; then 1.0 g of
VIb in 20 ml of PhiMe was added dropwise and the mixture was
heated for 5 hr. The PhMe solution was washed three times with
H:0 and the solvent was distilled in vacuo. The residue was
extracted with hot petroleum ether (bp 40-60°) and after 24 hr
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Certain alkylarylmalonamates were fonnd (o possess sedarive and nanguilizing acuivicy inanmals. Methods

of synthesis, some chemical trausformations, and sttuncture—activity relationships of these compimds are de-
scribed.  The pharmacology and metabolic fate of the most interesting componud, methyl ethylphenyhnalina-
niate (I), is discussed.  "This compound shares many of the pharmacological properties of phenobarbital, mepri-
bamate, and glatethimide, but does not possess barbiturate-like physiological dependence vapacity in harbital-de-

pendent dugs.

When diethyl ethylphenyhnalonate was left in con-
tact with methanolic NH; for an extended period of
tinie, i addition to the anticipated diamide II, a small
quantity of the transesterified monoanmide, methyl
cthylphenylmalonamate (I), was obtained and found to

Calls
: Ny
CH;OH

Cll; Csll.

CH,OCOCCONH. + l\'HgCO&,‘CONH:

¢, Cal;
I 0

have an interesting profile of CNS depressant activity in
ammals. A mnore convenient synthesis was then devel-
oped., and a nunmber of related compounds were prepared
and tested in order to study the coffeet of structural
changes on the CNS activity,

Most of the comnpounds (Table I) were prepared via
the acylal intermediates ITI, employing the raute shown
in Sclieme I The aeylals were generally erystalline sol-
ids, prepared in good yield by condensation of the ap-
propriately substituted malonic acid with acctone in the
prescnee of acetic anhydride and sulfuric acid.!  Reac-
tion of the aeylals with alkoxides gave the malonic
monoesters IV terfinry alkoxides did not reaet with the
acylals,

The half-esters IV were converted to the acid chlo-
rides with SOCI and then to the amide by reaction with
aqueous NH; or amine.

Attemipts to prepare ethyl phenylmalonamate by
thix route failed.  Evidently the acylal formed a salt of
the enol form, for the acylal was recovered unchanged
after aqueous hydrolysis of the reaction mixture.

Another ronte to I consisted of converting the acylal
11 to the madonanmie aeid V by reaction with agueous
NH;: o reaction ocarred when ethierenl or methanolie
NH. was nsed. Esterifieation of ' vVowith CH. N, pro-
cocded smoothly to give 1.

Resetion of the malonamie acid v with acetone under
the conditions used for the preparation of the acylals

01y Pob Seliever amd 30 G, Colew, J, dm. Chem. Snc., 80, 4933 (10538).

gave a mtrogen analog VIo This is the first example of
a 4.6-oxazinedione.

Auother svnthesis of malonamates, particulaly con-
venient for large-scale preparations, ntilizes earbonation
of an appropriately substituted acetonitrile (Sehieme 11).
Methyl diphenyhinalonamate was prepared by a shmilar
procedure exeept that the anion prepared from diphen-
viacetonitrile wax directly converted to the ester (VI11,
R = C¢Ha) with methy! ehloroformate.

The enantiomiers of T were obtained as follows. The
nitrile acid V11 was resolved using quinine to give the
levo rotating acid.  listerification gave the levo rotaf-
ing ester VIIL, and hydrolysis gave the dextro rotating
product 1. I'rom the enrichied filtrates, the dextro ro-
tating acid was isolated using -3-phenyl-2-propylaminc
and converted to I by the same route.  (The relation-
ship between the <ign of rotation of the optically active
isormers and the siructures are indicated by the 4 anid
— =xvinbols i Scheme 1103

Some chemieal reactions of T arve illnstrated in Scheme
111, Methylethylphenylimalonamate reacts with ehloral
to give a liemiacetal-type condensation produet 1X.
Heating 1 with Pb(OAc)s in McOH gives a Hofmann-
type rearrangement® with formation of the carbamate
X. I the lead tetraacetate reaction is carrvied out in
AcOH,? the N-acety] derivative XT of the reanrranged
product ix obtained.

Attempts to convert I to the N-ncetyl devivative by
refluxing with A, or to the thioande by reaction
with PuS;, led, in both eases, to the dehydration product
methyl 2-phenyl-2-cvanobutyrate (VIID).

Structure—Activity Discussion.—In general, the malon-
amates liave a profile of sedative and‘or tranquilizing
activity as determined by gross observations in the it
Some of the data on biologieal activity of these com-
pounds are sunnnarized in Table I A more detailed
deseription of the activity of one of these compounds (1)
is given further on in this paper.

Foxamination of the data vreveals that relatively minor
changes i e structhine of the parent compound 1 <ig-

121 Procedare of 1 Yoo 3 Lo Beekwitt, 3 Nassaouds, sonl L0 W Reds
et Patrakiedroa Letters, 10300 1860).

¢ Proceduce of 1L Yoot awd 3. Lo Beckwitl, Cheme Commwen., 161
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