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Prepared in o stmilar manner from the corresporrding pyrazolyl-
pyridine and alkyl halde, either withont solvent i« homb or
nnder refinx in a snitable alcolivhic solvent, were 1-4, 7-18.
20--38. Properties are included in Fable 1.

4-15(3)-Ethyl-3(5)-pyrazolyl] -1-methylpiperidine Hydrochlo-
ride (6).—~A 2.0-g sample af 1-methy-4-[503 ethyl-3¢5)-pyrazo-
byl pyridinium ehlaride was hydrogenatod at 2.1 kg/em? at room
temperature in 20 ml of AcOIT with 0.5 g of PtO.. After 5 Iir
the catalyst was removed, and the solvent was distilled o o
steam bath mder rediwced pressure. Trituration of the oily
residuce with MeCN left 2.0 g of eolarless solid, mp 144-153°.
Reerystallization ( MeCN) gave colorless prisins, wp 153-154°.
Aaal (CRILCIND CLFL NG CEocabeddl 4.6 fouaud, 1hl L.
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1-Methyl-4-[5¢3)-carboxy-3(5)-pyrazolyl]pyridinium Hydrox-
ide Inner Salt (19).--A salution of 2.67 g (0.01 mole) of t-methyl
{-[5(3)-cthoxyearbanyl-3(3)-pyrazolyi|pyridininnm  ehloride, 25
mlb of H.O, aod 20 ml of 1T .V NaOH was hoiled o« hot plate
untit 1s ml of soluntion remained.  The solution was neutralized
with dilute HCEL aud the solid which separated wias colleeted.
Reeryvstatlization (ZtOH -H.O) provided 1.2 g of very hivgroscopic
colorfess pecdles. Properties of 19 are inchuded in Table |
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A New Class of Hypoglycemic Agents

Vieror J. Baver, Winaaan J. Faxsgawe, Hagry P Davanian, axn 8, R Sanr

Orgude Chepicad Research Sectiow, Lederle Laburwtorics, A Dieisow of Laeericnre Cyaeaoad Couepaay, Pewr! Ricer, New Yark

10460

Kecedved Aprd 2, 1968

A sertes of 4-izoxazolylpyridiniunm salts hias been svithesized.

poglycemie activity in mice.

1-13(5)~Pyrazolyl pyridinium salts (1, for instance)
have recently been found to display interesting hypo-
glycemie activity in normal chicks and alloxan-diabetic
mice.!  As part of the comprehensive development af
this lead, we have investigated the replacement of the
pyrazole ring with other five-membered heteraeycles.
In this paper we deseribe the synthesis of some novel
4-(isaxazalvD pyridinium salts.
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1

Reaction of 1-(4-pyvridyD-1,3-butanedione (2) with
hydraxyvlamine hydrochloride at raom temperature
pravided the monaxime 3, which was readily con-
verted to the isoxazolylpyridine 4 by heating with
dilute base (Scheme 1), Compound 4, which was also
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prepared directly from 2 withaut isolation of 3, was
quaternized to  l-methyl-4-(3-methyl-5-isoxazolyl)py-
ridinium chloride (5) with methyl chloride.  Alter-

1 V)L Baoer, FE P Dalaban, W, ). Fansbawe, 30 R, Sade, B O Toes
aod £ 1. Boshart, J. Mot Chene,, 11, D81 (1UGS).

These compontnds display interesting hy-

natively, the dione 2 was first heated with methyl chlo-
ride to give the salt 6, which, when treated with hiv-
draxylamine hydrochloride, gave a separable mixture of
5and 7.

Examination af the nmr spectra of the isomeric isax-
azolylpyridinium =alts 5 and 7 offered a first insight
into the struetural assignments.  The nmr spectrum of
5 displayved singlets at 7 7.55 and 2.68 (isoxazolyl CH;
and H, respeetively), while the corresponding signals
Tor 7 were a doublet at 7 7.38 and a quartet at 3.07. It
a significant degree of bond laealization in the isox-
azole ring is assumed, one wauld expeet to observe al-
Ivlie caupling between the 4-H and 5-CH; in the nmr
spectrtum af 7, while the 4-H and 3-CH; should appear
as singlets in the spectrum of 5. Confirmation of struc-
tures 5 and 7 was obtained 11 the mass spectral frag-
mentation patterns which shawed peaks at e 106
(5a) and 104 (7a), respectively. Iinally, unequivocal

CH,~7 - CHy—7 -
0 - - N = cr

106 104
5a 7a

proaf af structure 5 was provided by single-cry=tal
X-ray analysis of the corresponding bromide =alt 8.
I practice, differentiatian between the isamer classes
can most readily be made by ultraviolet spectroscopy
5 exhibits a maximun at 293 my, 7 at 235 mu.

When it was observed that 5 displayed interesting
Iivpoglyeemic activity in narmal and alloxan-diabetic
mice,? the preparation of o series of analogs was
undertaken. The choice of substituents considered
was influenced by the structure-activity correlation
already develaped for the pyrazolylpyridinium salts.
Reaction of the appropriate dicarbonyl compaund with
hydraxylamine gave, in some cases, the isoxazolvl-
pyridine 9 or 10, in others the oxime 12 or 13; the Lutter
were then evelodehvdrated to the isoxazalvipyridines 11

21 000 Km0 AL Bhekwe, and O 1 Boshart, Dinbetes, O presa.
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HyproGLYCEMIC ISOXAZOLYLPYRIDINIUM SALTS

TasLe 1
4-(ISOXAZOLYL)PYRIDINIUM SALTS

R, N+
N:/\ \>—</ N—R,
o _

Mp, °C
Cowpd Ri Ra Rs X dec
b) CH; H CH; Cl 250
7 See structure 7 Cl 221-222
8 CH; H CH; Br 261-263
15 CH; H C.H; I 193-194
16 CH; H n-Cs;H; Br 181-183
17 CH; H D—CHZ Br 165-166
18 CH; H CH;OCH,CH, Cl 73-74
19 CH; H CH.=CHCH, Cl 86
20 CH; H C:H;CH=CHCH, Cl 189-191
21 C.H; H CH; Cl 205-206
22 C.H; H C.H; I 154
23 CH; CH; CH; Cl 246-247
24 51 H CH; I 212-213
25 H H CH; Cl 182-183

CF === +
26 o, p—{ N—au, cl 230
v =

X~
Hypo-
glycemic
activity
Recrystn in
solvent Forniula Analyses mice*
-PrOH CioHy CIN,O C, , Cl, N 2
CH,CN CiHuCIN.O C, H, CI; N* 2
EtOH CioHyBrN:O C, H, Br, N
-PrOH CuHyIN.O C, H 1N 1
CH;CN CiH;;BrN:O C, H, Br, N 1
CH,CN CisH;sBrN:O C, H, Br, N 1
~PrOH CuH,;CIN.0,-H, 0  C, H,Cl, N 1
CH;CN-Et;0 CpH;CIN:O-H.O H, Cl; C,c N¢ 1
CHsCN ClanCINzO C, CI. N; He 0
CH.CN CuHiCIN:0:0.25- C, H, CI, N 2
H.O
i-PrOH CiH,,IN;0 C, M1 N 1
CH;CN CuH;:CIN.O C H,C, N 2
MeOH CoH,IN,0 ¢, H 1IN 1
CH,CN CyH,CINO C, Cl, N; H/ 1
1-PrOH CHsCIFN 0 C, HCLF N 1

* Maximum reduction in blood glucose levels in the dosage range 125-500 mg/kg calculated as a percentage change fram the pre-

dose control value: 50-80% reduction = 2, 15-509; reduction = 1, less than 159, reduction = O.
¢ H: caled, 5.44; found, 6.09. / H: caled, 4.61; found, 5.13.

¢ C: caled, 36.6; found, 57.2. ¢ N: caled, 11.0; found, 10.5.

and 14. Reaction of the tertiary bases 4, 9-11, and 14
with a variety of halides gave the isoxazolylpyridinium
salts 8 and 15-26 (Table I). The decision as to which
isomerie isoxazole class was formed in each reaction was
based upon spectral (uv and, when applicable, nmr)
data.

R I,\IOH
1/ N A
N\ ) / N HCCH,C / N
0 — —_
R,
9,R,=CH;R,=H 12
10,R, =R, =CH,
1L, R,=R,=H
NOH

] CFy,—7=
CFSCOCHZC—O\I ’ 0 />——</ \N
AN
N
13 14

Hypoglycemic Activity.—Male mice from Manor
larms weighing 18-25 g were employed. Test com-
pounds (125, 250, or 500 mg,/kg) were dissolved in 0.99,
saline and administered by gavage in a volume of 0.2
mi/25 g of mouse; controls received an equal volume
of vehicle. Blood samples (0.02-0.03 ml) obtained from
tail veins 4 hr after dosing were assayed for blood glucose
(estimated as reducing sugar content) using the
method of Hoffman® as adapted for the Technicon
autoanalyzer. Results are included in Table I. De-
tailed studies of the pharmacology and metabolic effects
of the isoxazolylpyridinium salts will be published else-
where.*

(3) W. 8, Hoffman, J. Biol. Chem., 120, 51 (1937).
(4) D. A, Blickens and S. J. Riggi, to be published.

® N: caled, 13.3; found, 12.8.

Experimental Section®

1-(4-Pyridyl)-1,3-butanedione 3-Oxime (3).—To a solution of
24 g (0.15 mole) of 1-(4-pyridyl)-1,3-butanedione,® 20 g (0.29
mole) of HONH;*Cl—, 100 ml of H,O, and 50 ml of EtOH was
added during 0.5 hr with stirring 20 g of Na,CO;. After 0.5 hr,
a colorless precipitate, 28 g, mp 155-160°, was ccllected. Three
recrystallizations (EtOH) provided colorless erystals: mp 169-
170° (lit.” mp 164-165°); nmr (CDCl;), = 8.02 (s, 3, CHy), 6.58
(s, 2, CHy), 2.50 and 1.33 (d, J = 6 cps, 2 each, pyridyl); uv,
258 mu (e 5000). Anal. (CsHiN;O:) C, H, N.

4-(3-Methyl-5-isoxazolyl)pyridine (4). A.—To a stirred solu-
tion of 21.7 g (0.13 mole) of 1-(4-pyridvl)-1,3-butanedione,® 14 g
(0.2 mole) of HONH;*Cl—, 150 ml of H,Q, and 100 ml of EtOH
was added at room temperature during 0.5 hr 14 g of Na,COs.
The solutionn was heated under reflux for 12 hr, and 100 ml of
solveut was allowed to distil. The mixture was extracted with
CeHs, and the C¢Hg solution was concentrated under reduced
pressure to 17.5 g of a colorless solid, mp 50-35°. Recrystal-
lization (CsHehexane) gave colorless needles: mp 67-68°; nmr
(CDCly), = 7.63 (s, 3, CHy), 3.43 (s, 1, 4-isoxazolyl), 2.40 and
1.27 (d, J = 6 cps, 2 each, pyridyl); uv, 263 mu (e 22,900).
Anal. (C,HsN:0) C, H, N.

B.—A solution of 0.2 g of 3, 2 ml of HyO, 1 ml of EtOH, and
0.1 g of Na;CO; was heated under reflux for 5 hr, diluted with
H:0, and extracted with Ets(Q). The Et;0 layver was dried (Mg-
S0,) and concentrated under reduced pressure to a colorless
solid. Recrystallization (hexane-Me,CO) gave 0.15 g of colorless
needles, mp 64°; ir identical with that of authentic 4, above.

1-Methyl-4-(3-methyl-5-isoxazolyl)pyridinium Chloride (5).—
A mixture of 4.0 g (0.025 mole) of 4 and 10 ml of MeCl was heated
for 15 hr at 75° in a glass-lined steel bomb. The excess MeCl

(5) Melting points were determined in a Hershherg apparatus and are
uncorrected. Microanalyses were performed by Mr. L. M. Brancone and
staff; where analyses are indicated only by symbols of the elements, analy-
tical results obtained for those elements were within £0.4% of the theoretical
values. TUv spectra were determined in MeOH solution with a Cary 11
spectrophotometer and nmr spectra were determined with & Varian A-60
spectrometer with TMS or 3- (trimethylsilyl)-1-propanesulfonic acid sodium
salt as an internal standard by Mr. W. Fulmor and staff. Partition chiroma-
tography was carried out by Mr, C. Pidacks and staff.

(6) L. Fabbrini, Farmaco, Ed. Sci., 9, 603 (1951).

(7) R. Tscherne, Monatsh. Chem., 22, 615 (1901).



986 BAUER, FANSHAWE, DALALIAN, AND SAFIR

was allowidd to evaporate, and the restdnal <olid was reervatal-
Hzedd (-PrOH) to provide 4.0 g (767%) of crystals, mp 248-249¢
dee. Two reervatallizations gave colorkss prisms: mp 250°
dee; i (D,0), 7 7.53 (5, 3, CClLy), 541 (5, 3, NClE), 2.63
(=, 1 A-tzoxazolyl), 152 and 092 (doJ = 7 ep=. 2 caely, pyridinhnn;
all v, 293 mu Ce 19,725).

4-Acetoacetyl-1-methylpyridinium Chloride 16). -\ wmixture of
1.0 g (0.03 mole) of -(4-pyridyD)-1,3-butanedione® and 20 mi of
MeCGl was heated at 95° for 15 hr i a glass-hned steel bomb,
The exeess MceCHwas allowed to evaporate, and the yesidbal solid
was washed with 1960 to provide 4.9 g 77770) of tan ervstals
mp 192-196° dec.  Five recrystallizations (-PrO1D) gave pale
velow prisis: mp 197-198° dec: mmr (D.O), 7759 (5, 3, CClHy),
5.46 (5, 3, NCII), .50 aud 1.00(d, J = T eps, 2 each, pyridinimm):
nv, 220 mg (e 19,700).  Anal. (CyllnCINOy) C, 11, CL, N,

1-Methyl-4-(5-methyl-3-isoxazolyl)pyridinium Chloride (7).--
A mixture of 10 g (0.047 mmole) of 6, 3.5 g (0.05 mole) of ITONT, -
Ch=, and 125 ml of EtOH was heated under reflnx with stirring
Tor 3 Iir, cooled, and diluted witlh 200 ml of 1,0, The =olid
which separated was recrystallized (-PrO1b) to provide 5.2 g of
ervstals, myp 100-120° dee, which was shown by nmr {0 be o bl
mixtire of 5and 7. The mixture was subjected to partition elio-
matography on Celite 560 (Jolms-Manville) nsing n heptane-
w-BnOTl-0.00 N ICH (3:20:10) syvstem. From a 2.0-g sunple
was elnted at 4.5 hold-back volnmes 0.7 g of a solid, mp 219-220°,
Recrvstallization (CIHLOCN) gave pure 7: mp 221-222° nmr
(Dy), 7 7.38 (d, J = 0.5 eps, 3, CCHy 5.5 (5,3, NCllyy,
307 G, J = 05 eps, 1, 4-lsoxazolyl), 156 and 098 ¢, J = 7 eps,
2 eacly, pyridininm): uv, 255 mu {e 15,0000,

4-(3-Ethyl-5-isoxazolyl)pyridine (9) was prepared [rom erude
F-(4=pyridyl)-1,3-pentancdione! and Iyvdroxvlamnine hydrochlo-
ride by the method deseribed above for the synthesis of 4.
The erude product was erystallized thexane) to provide colorless
ervstals, mip 48-40°. Anal. (CpllN.0) C, 11, N.

3-Methyl-4-(3-methyl-5-isoxazolyl )pyridine (10) wux preparcd
from erude  F=C3-methyl-d-pyridyD-1,3-brianedione! and 170-
N1LCl™ by the method described above for the syvutliesis of 4.
The ernde produet was erystallized (En0) to provide colorless
erystals, mip 87-88°. Anal. (CpIeN.0) C, 11, N,

1-(4-Pyridyl)-1,3-propanedione 3-Oxime (12),—A solution of
8.6 ¢ (0.05 mole) af crude I-(4-pyridyvl)-1,3-propanedione sodinn
<alt,? 3.6 g (0.05 mole) of TTONIT*CL-, and 75 nl of TLO was
adjusted (o pIT & with NaHCO;. After T hr a tan solid, 5.4 g
(737¢), mp 147-148° der, separated. Three recrystallizations
(IStO11) gave colorless erystals, mp 1533-134° dee. tnal. (Cills
N0 €, 1 N

4-(5-Isoxazolyl)pyridine (11).-—A mixture ol 38 g 10.22 molc) of
12 and 1530 ml of AeC] was heated under reflux for 2 hr. The

Val. 11

exeess AcCl wus distitied nnder rednecd pressure, and the cesichie
wits dissolved in O The solntion was neutralized with & N
NaOIT, and the mixture was extracted with 1.0, The 15,0
=olution was dricd (MgBO.) and coneentrated to 18 g ol o vellow
soliel. Beervstadlization (17605 gave ST g 1304 1 of tan ervstals,
mp 101027 Three reeryvstallizations gave colaeless ervstols,
mp 00 1029 L. (CAENO) C, HL N

1-«4-Pyridyli-4,4,4-trifluoro-1,3-butanedione 1-Oxime (13.
A solntion o) 2.2 g (0.01 molbe) of 1-Clepyridyb-f ot trifinoro-
Loa-butanedione, 0.7 g 10.01 moler of HONH Ol 0.7 g ol
NuaCOy 20 mb ot FtOH, and 5 mb of 1O was hented ander
reflux for 12 hir. The =olntion was eoneentrated 1o a volume of
Aol oand diluted with 30 mb of 1LO: eolorless ervstals, 2.0 g
O mp 1857 separatied. Two reervstallizations (SPrOfbl
RO provided colorless eryvstals, mp IST°0 e, (CJIBEIN.Op
Co 1, N s ealed, 3,04 fonnd, 3.70.

4-{5-Trifluoromethyl-3-isoxazolyl)pyridine (14). - T'o 25 ml of
coneentrated TTLS0; was wdded during 15 min with stirving 10.0 g
(0.04 moley of 18, Alter 20 min, the =olution was poured onto
tee, dilnted with 300 mb or L0, and made basie with 100 ml of
10V NaOT; o solid, 7.5 g mp 75-81°, separated. Reerystalliza-
tiont (FAOH- O gave 6.5 g 170" 1 of eolorless prisis, mp
SEess®s hree reervetallizations 1ollowed Dy sublimation
A2 (0.05 nun) gave the analytical saniple, mp 82-83° .
(CHERN.O) COTE NG B ealed, 26,60 fonmud, 261,

Isoxazolylpyridinium salts 8 and 15-26 were prepared by re-
action of the isoxazolvipyridines 4 and 9-12 with an alkyl halide
either i bomb withont solvent fuas for 5, above) or in an aleoholie
=olvent under reflux. Properties are listed iv Table 15 nv spectra
for 21, 202 mg (e 20,2003 for 23, 202 mu (e 19,200); for 25,
280 mpt e 19,0001 and for 26, 247 mipte 14,2507 mnr (D.0) for 26,
s, 30 NCLE), 208 (g, = 1 eps, |, $isoxazolvD), £52 and
DX Gk, J o= T oeps, 2 each, pyridinnimy,
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