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Tasre II
METHYL 8~AMINOPROPIONATES?
R'CH,CHR:COOMe
Reaction %%

No. time, days yield Bp. °C (mm) Formula HCl mp, °C
11° 5 74 109-110 (15)4 Ci1oH,gNO, 183-184
12 5 78 107-108 (18)¢ CioH,sNO, 157-158
13 7 60 138-140 (2) C1Hy N0, 203-204.5
14 7 90 66—68 (2) CuHaNO; 145-146
15 7 80 88-90 (2) CuHaysNO» 164-165
16 7 85 143-145 (2) CisHoyNOy 180-181
17 7 91 120-122 (19)/ CyHiNO; 165-166
18 7 95 76-78 (2) CnHaNO; 148-149
19 1.25 80 T6-78 (2)¢ CuHuNO, 133-134
20 2 62 100-104 (1) C1Hi:NO, 158-159%

a Substituents R! and R? in esters 11-20 are identical with those listed for hydroxamic acids 1-10, respectively, in Table I. ® Et

ester.

gave bp 102-103° (18 mm).

¢ All compounds wele analyzed for C, H. Analytical results obtained were within £0.3%, of theoretical values.
D. H. Koerts, and P. Plieger, Rec. Trav. Chim., 75, 1454 (1956), gave bp 106-108° (11 mm).
5 A, Vystreil and S. Hudecek, Chem. Listy, 44, 262 (1950), gave bp 112° (13 mm).

4J. F. Arens,
¢ P. Bieber, Compt. Rend., 231, 291 (1950),
¢ D. 1. Barron, G. H.

Hall, 1. L. Natoff, H. F. Ridley, R. G. W. Spickett, and D. K. Vallance, J. Med. Chem., 8, 836 (1965), gave bp 60° (0.05 mm), »P. L.
Southwick and R. T. Crouch, J. Am. Chem. Soc., 75, 3413 (1953), gave bp 145-147° (7 mm) and mp 164-165°, respectively.

Table III. These results show that the duration of
action of the hydroxamates is more prolonged than
that of the esters.

TasLe III
EFFECT OF 8- AMINOPROPIONOHYDROXAMIC ACIDS
AND METHYL 3-AMINOPROPIONATES ON
ARTERIAL BLOOD PRESSURE OF THE ANESTHETIZED CAT?®

Dose. Blood pressure Duration,®
Compd mg/kg fall, mm? min
1 23 45 5
2 25 60 10
3 25 35 10
4 25 70 10
li} 3 40 3
5 10 40 30
3 25 40 120
5 30 35 >120
6 5 70 >80
6 10 65 >120
6 25 90 >120
7 25 45 5
8 25 25 30
9 25 40 5
10 25 45 >60
11 25 50 5
12 25 (25)¢ 5
13 25 50 15
14 25 30 5
15 25 45 5
16 25 35 10
17 25 45 )
18 25 40 3
19 25 25 10
20 25 25 3

a Aqueous solutions were administered intravenously. Aver-
ages of at least two results are given. ° Blood pressure (carotid
artery). ¢ Time required for blood pressure to return to normal.
4 Rise in blood pressure.

Experimental Section*

Esters.,—The appropriate acrylate (0.25 mole) and amine (0.25
mole) were dissolved in anhydrous MeOH (50 ml) and heated
under reflux for 30 hr to 7 days, as indicated in Table II. The
solvent was removed, and the residue was dissolved in Et,O

(4) Melting points were determined with a Fisher-Johns apparatus.
Melting points and boiling points are uncorrected; ir spectra were taken on
a Beckman IR10 spectrophotometer and nmr spectra were recorded on a
Varian A-60D spectrophotometer. All the hydroxamic acids prepared in
this study gave a violet color with ethgnolic FeCls.

(100 ml) and extracted with 59, HCl (three 25-ml portions).
The aqueous extract was treated with excess 109 NH; and re-
extracted with Et,O (three 30-ml portions). The combined
Et,0 extract was washed with H;O and dried (Na,;SQOs), and the
Et;0 was removed. The oil which resulted was fractionally
distilled and the appropriate fraction was collected (Table II).
Each ester was characterized by analysis and by nmr and ir
spectra. A C==C stretching band near 1630 cm ™ (due to the
acrylate starting material) was absent from each spectrum.

Ester hydrochlorides were obtained by adding ethereal HCI
to an Et,O solution of the ester. The hydrochlorides were
characterized by their ir spectra. All showed strong *N-H
stretching bands in the 2350-2710-cm ! region.? Melting points
are listed in Table II.

Hydroxamic Acids.—A constantly stirred solution of NH,OH -
HC1 (0.02 mole) in MeOH (40 ml) was cooled to 0° and to it was
added dropwise, over 0.5 hr, a solution of the ester III (0.02
mole) in dry MeOH (20 ml). Stirring was continued at room
temperature for a further 10 hr and then the MeOH was removed
invacuo. The resulting semisolid was redissolved in the minimum
of dry MeOH and the solution was cooled to 0°. Dry Me,CO
was added until the solution remained cloudy. The products
separated on standing, and in all instances the yield of product
was in excess of 759 of theory. The hydroxamate hydrochlorides
were crystallized from dry MeOH and each was characterized
by elemental analysis (Table II) and by ir spectrum. All showed
strong carbonyl stretching bands within the range 1650-1680
em™?,

Acknowledgment.—The authors wish to thank Dr.
J. W. Hubbard and Dr. D. C. Secord for their helpful
suggestions and Mr. E. Mah for technical assistance.

(5) W. E. Thompson, R. J. Warren, I. B. Eisdorfer, and J. E. Zaremlo
J. Pharm. Sci., 54, 1819 (1965).
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In the course of a program unrelated to hypo-
glycemic agents some chloroalkyl esters of a-keto acids
were prepared as intermediates. They were, sur-
prisingly, found to possess hypoglyecemic activity in
glucose-primed intact fasted rats. Accordingly a study
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TasLe |
[
LCOOCHTCHC
Fope onom i o Niehl Foed
New 1R 1 N e e v Wi Forambi Analyses it
1 CHLCO 11 11 105 1101 56 14440 Cl 1 CLO); (I 12
2 CH;CO CTIl; 11 S5t T 1305 el C10), Co11 Cl 0
3 CHC(OC ;) 11 H [ 61 14360 CuH i CHO, ¢, 11, ¢l 1.0
4 CeH:CO 11 11 115 (.08 9 15355 C o LClLO)y , i, (1 1
5 CHCO ClILC 1 142 100 3% 15347 CuHwCLO, L1 o
6 Cel1;CO Clly 11 121 10.21 e 15245 (' Ho CLO); 1, ¢l 0
7 CeH5C0 g 35 6 CrHyClO; CoUL L
N Cell;CCO 11 @ 104-106 (0. 04) Bl 1 5408 CHCLO; ¢, 11, ¢l 0
9 CeH,CO 11 ClI 8285 (0.U1) i 1.5254 ChHLClO; ¢, 1, ¢l I}
10 CsH;CO 11 CHs(CHy)a 113-115 (0.03) 606 1.516) CiHpClOy ¢, H, €l 0.6
11 CsH;CO 11 CH3(CH.)s 1:41-134 (0.03) 64 1.5125 CuH e ClO; C, H, Cl 0
12 p-CH;OC:H,CO Il H 141-143 (0.02) 73 1.5507 CnHLC10, ¢, 11, ¢l {0
13 p-CICsH,CO I 11 111 (0.03) S0 1.5521 CioHCLOy C, I, ¢l 0
14 0~Q0,NC;H,CH,CO H H 140--144 {0,03) 73 1.53535 Cp H CIN O, ¢, 1, N 0
13 m=0yNCeH.CO 11 I 162-164 (0.02) b 1 578K CyHCINO; ¢, 11, N 0]
16 CyHCHL 11 H 74 (0.0 NG 1.51) Cygh 3, C1O. ¢, 11N 0.7
17 CyoH;CO 11 H 151 40,02 [$h 1.6144 Cy I, ClO; )11, ¢l {0
I~ CHNCO 11 11 11 0.ah N2 1.5707 CH:ClO= C,H, - {0
19 p-ClHCeH,CO 11 I 116 0081 63 15374 Cnl, CLO);, 11, ¢l 0

* Ier cent refers only to the esterification step.

® Activity in the rat: tolbntamide = 1.

solidified 10 the receiver after distillation.

TasLr 11

RCOCOOCH,CH.X

No. R X Bp, *C (mm) Yield," *% PRI l'orrula Analyses Rel aet.”
20) CH;, CH,CI 129-131 (29) 38 1.4459 CeH4C10, C. H, Cl 0

21 CH; OCH, 84 (8] 24 1.4226 CeH 104 C,H 0

22 CeH; Br 141-142 (0.01) ($5) 1.5532 CyHoBr0O; C, H, Br 0.5
o3 C¢H; F 115 (0.08) I 1.5128 CyoHFO; C, H,F 0.4
24 CeH; OAc 131-133 (0.04) 4G 1.5002 C 1,05 C, H 0]

25 CeH; CH.CI 125-127 (0.02) i 1.5286 Cy (H 1, ClO; C, H, Cl 0

+ Per cent refers only to rhe esterification step. * Activity in the rat: tolbutamide = 1

was made of the structure—activity relationships in com-
pounds of this general class.

The synthetic routes used to prepare these compouuds
arc deseribed in the Experimental Section. Their
physical properties are summarized i1 Tables I and I1.

Biological Testing and Results.—Male rats of the
Charles River CD strain weighing 90-100 g were em-
ploved. The compounds of Tables T and IT were tested
following overnight fast. The rats were injected subcu-
taneously with 100 mg of glucose in 0.5 ml of 0.859%
suline.  This was followed immediately by oral ad-
niinistration of 100 mg/kg of the test compound in
water, Blood glucose concentrations were determined
at intervals up to & hr after medication by the method
of Reinecke.! The ratio of the maximum depression
due to the compound to the maximum depression duc
to tolbutamide is recorded in Tables I and II.

The highest activity in Tables I and II lies with the
esters 1. 3, and 4. The carboxylic acids from which
these esters are derived were inactive. However, for 2-
chlorpethanol at a dose of 40 mg,'kg the maximum de-
pression was 0.7 times that due to tolbutamide. Toxic-
ity prevented the use of higher doses.

The following structural changes appear to eliminate
activity: replacement of phenyl by a heterocycle and
substitution in the phenyl ring. In the alcohol moiety
of the ester, substituents in the 1 position abolish
activity. Aectivity may be preserved when Br or F

{11 R. M. Reinecke, .J. Binl. Chem., 143, 35¢ (1942).

is substituted for Cl.  Alkyl substituents added in the
2 porition deereaxe activity or eliminate it entirely.

Experimental Section?

The esters in Tablex I and 11, except for 9 and 15 described
below, were made by reaction of an alcohol with a carboxylic
acid. The 1vpical procedure ix illustrated by preparation of 4.
The alcohols nsed were commercial samples with the exception
of 2-chloropentanol® and 2-chlorohexanol.? The carboxylic acids
were known materials synthesized by literature procedures, or
commercial samples carefully purified before use. 2-Naphthyl-
glvoxylic acid,® p-methoxyphenylglyvoxylic acid,® and 2-thio-
pheneglyoxylic acid® were made from the corresponding known
aryl methyl ketones by alkaline MnQO,~ oxidation, using the pro-
cedure of Cymerman-Craig, ¢t al.* Both p-tolylglvoxylic acid™ and
p-chlorophenylglyoxyvlic acid (see below) resulted from Friedel
Crafts aeylation.

Procedure for Esterification. 2-Chloroethyl Phenylglyoxylate
(4).—A solution of 75 g (0.5 mole) of phenylglyoxylic acid, 50 ml
(0.75 mole) of 2-chloroethanol, and 3 g of p-toluenesulfonic acid
monohydrate in 350 ml of 1,2-dichloroethane was heated on the
steam bath under a warer separator. After 5 hr the volume of
the aqueous phase was 9.5 mil and did not increase further. After
% hr the mixture waus cooled and poured into HoQ. Thr organic
phase was washed (H.O) nutil the washings were neutral, dried

(21 Melting points were taken in a ynodified Hershhberg apparatus and ave
uncorrected. Fach analytical sample gave an ir spectrum compatible with
the assigned struecture, showed a single spot by tle, and gave combustion
values within 0.4, of the theoretical.

(3) 8. J. Cristol and K. R. Eilar, J. Am. Chem. Soe., 72, 4353 (1950).

(4) J. Cymerman-Craig, J. W. Loder, and B. Moore, Aust, J. Chem., 9.
222 (1956).

{5) C. Erba, Italian Patent 475,964 (1952);
{1955).

(6) ¥. F. Blicke and M. U. Tsao, J. 4m. Chem. Soc., 66, 1645 (1944).

7Y M, Julia and M. Baillarge, Bull. Soc. Chim. France, 830 (1959).

Chem. Abstr., 49, 1253:(¢
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(NasS0,), and charcoaled to give 107 g of yellow oil. Distillation
through a 7.5-cm Vigreux column gave 98.8 g (93%) of crude
ester. A center cat served as analytical samnple,

p-Chlorophenylglyoxylic Acid.~~A mixture of 57 ml (0.35 mole)
of PhCl, 48.4 g (0.35 mole) of ethoxalyl chloride, and 200 ml of
CLCHCHC, was enoled 1o 0°. With stirring 47 g (0.35 mole) of
AlICL wax added al 0° during 30 min.  The mixture wax stirred
30 min more at 0° and warmed gradually over 30 min np to 45°
where a brisk evolution of HCI began. Heating was interrupted
until the HCI evolution stopped. The mixture was stirred on the
steam bath for 3 hr, cooled, and poured onto a mixture of 200
g of ice and 200 ml of 12 N HCl. Stean distillation removed the
solvent; the brown tar remaining was taken into Et;0 and the
aqueous phase was extracted with Et;0. The combined Et,O
extracts were washed with HO followed by dilute HCl, char-
coaled, and dried (NaS0.) to give 57 g of brown gum. The gum
was taken up in hot PhH and hexane was added to the cloud
poiut. O cooling there was obtained 21.7 g (3397) of crude tan
solid, mp 89-91°, lit.8 mp 90°.

2.Chloroethyl Pyruvate Diethy! Ketal (3).—A mixture of 15.0
g (0.1 mole) of 2-chloroethyl pyruvate, 26 ml (0.15 mole) of ethyl
orthoformate, 1.5 g of p-toluenesulfonic acid monohydrate, and
24 ml of absolute EtOH was allowed to stand 48 hr and then
refluxed § hr. Using a minimum amount of heat, low-boiling
components were removed at the aspirator and the residue was
poured into ice water coutaining 40 ml of 55, NaHCO;.  After
extraction into 1,2-dichloroethane, the organic phase was washed
with H,O wutil the washings were neutral, dried, charcoaled, and
stripped to give a residue of yellow oil. Careful removal of
forerun in a 3-cm Vigreux columi gave the crude produect, 13.7 g
(619%), bp 106-113° (6 mm). Ou redistillation a ceuter cut fur-
nished the analytical sample.

2-Chloropropyl Phenylglyoxvylate (9).—To a stirred solution of
25.5 g (0.17 mole) of phenylglyoxylic acid in 100 ml of DMF
was added 23.5 ml (0.17 mole) of Et;N followed by 17.5 ml (0.17
mole) of 1l-bromo-2-chloropropane. With the protection of a
drying tube the mixture was stirred on the steam bath 5 hr and
cooled. The precipitate was filtered and washed with 25 ml of
hexane. The DMF solution was poured into ice water, the oil
was taken into CHCl;, and the aqueous phase was extracted with
CHCl;. The hexane extract was concentrated and taken into
CHCl;. The combined CHCl; extracts were washed with 29
NaHCO; and HyO, dried (Na,S04), charcoaled, and concentrated
to an oil which was fractionated in a 7.3-¢cm Vigreux column to
yield 12.1 g (319%). A center cut served as analytical sample.

2.Chloroethyl m-Nitrophenylglyoxylate (15)—m-Nitrobenz-

aldehyde was converted iuto the eyanohydrin using the procedure
of Buck.® Without characterization the cyanohydrin was
hydrolyzed by heating in concentrated HCl ou the steam bath 18
hr to give m-nitromandelic acid, mp 114-116°, in 209; yield.
This acid was esterified with 2-chloroethanol in 887 vield to give
2-chloroethyl m-nitromandelate (26), mp 86-87°. Anal. (Cy-
Hy,CINO;) C, H, Cl. N-Bromosuccinimide (4.25 g, 0.0238 mole)
was stirred in 100 ml of refluxing CCl.. To this was added a
solution of 6.2 g (0.0238 mole) of 2-chloroethyl m-nitromandelate
in 75 ml of CCly. After 12 hr of heating under reflux the mixture
was cooled and the solid was filtered off and discarded. A drop of
allyl alcohol was added to decolorize. The solution was dried
(NaSO4) and charcoaled. After the solvent was removed by
careful distillation on the stean: bath the oily residue distilled
to give 839 yield of 15, bp 162-164° (0.02 mm).

Acknowledgment.—The authors are indebted for
spectroscopic data to Dr. R. Kullnig and staff and for
elementary analytical data to Mr. K. Fleischer and
staff.

(8) F. Kronke, Chem. Ber., 80, 298 (1947).

(9) J. 8. Buck, J. Am. Chem. Soc., 65, 3388 (1933).

(10) A, Fredga and!I. Andersson.'Arkiv_Kemi. Mineml:Geol.. 14B, (18)
7 (1940): Chem. Abstr., 35, 3993_(1941).
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A number of quaternary azolylpyridinium salts,
including members of the pyrazolyl-,! isoxazolyl-,2~*
and 1,24-oxadiazolylpyridinium® salt families, have
been found to display hypoglycemic activity in labora-
tory animals. As part of a comprehensive develop-
ment of this lead, we have investigated the replacement
of the azolyl ring with other five-membered hetero-
cycles. We describe herein the synthesis of some
novel 4-(oxazolyl)pyridinium salts.

The 4-(oxazolyl)pyridinium salts 6-12 (Table I)
were obtained by quaternization of the appropriate
oxazolylpyridine bases 1, 2, and 3. The base 1 was
prepared as described by Dadkah and Prijns.® The

R

CH;

LR=H 3
2, R=CH,

CHSCOCHZNHCO—</:/\\N CH,CONHCH.CO—/ N

4 5

R, CH,
7O >/—0
)_@NLR’ N / \icH,

N = X~ = I

6-11 12

bases 2 and 3 were obtained by dehydration of the
amido ketones 4 and 5,7 respectively, using a procedure
developed by Ott, et al.® for the preparation of aryl-
oxazoles. In the nmr spectrum of the base 1 the pyridyl
protons appear as two doublets at § 7.73 and 8.75.
Upon quaternization to 6, these signals shift to new
values of § 8.42 and 9.02. These changes, a downfield
displacement of both doublets, as well as a smaller
separation between chemical shifts, are diagnostic

(1) V. J. Bauer, H. P. Dalalian, W. J. Fanshawe, S. R. Safir, E. C, Tocus,
and C. R. Boshart, J. Med. Chem., 11, 981 (1968).

(2) V. J. Bauer, W. J. Fanshawe, H. P. Dalalian, and 8. R. Safir, ibid.,
11, 984 (1968).

(3) 8.J. Riggi, D. A, Blickens, and C. R. Boshart, Diabetes, 17, 646 (1968).

(4) D. A. Blickens and 8. J. Riggi. Tozicol. Appl. Pharmacol., 14, 393
(19689): Diabetes, in press.

(5) W. J. Fanshawe, V. J. Bauer, 8. R. Safir, D. A. Blickens, and 8. J.
Riggi, J. Med. Chem., 18, 381 (1969).

(6) M. Dadkah and B. Prijns, Helv. Chim. Acta. 45, 375 (1962).

(7) 8. van der Meer, H. Kofman, and H. Veldstra, Rec. Trav. Chim. Pays-~
Bas, 72, 236 (1963).

(8) D. G. Ott, F. N. Hayes, and V. N. Kerr, J. Amer. Chem. Soc., T8.
1941 (19586).



