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with other studies of the metabolism of pyridoxine in
which this analog was tested.*® However, replace-
ment of the 2-methyl group with the bulkier isopropy!
group (I1I) or the addition of a chloro substituent at
position 6 (IV) resulted in analogs with only one-fourth
the netivity of pyridoxine.

Experimental Section’

Synthesis. 2-Isopropyl-3-hydroxy-4,5-bis( hydroxymethy!)-
pyridine (II).—The =yuthesiz of this analog is illustrative of the
method nsed tor the other compounds.  3-Cyano-4-ethoxy-
earbonyl-6-isopropyl-2-pyridone wax prepared by dissolving the
=odinur =alt of ethyl isobutyropyruvated (36 g, 0.174 mole) and
evarvacetamide (15 g, 0.18 mole) in 250 ml of absolinte ethanol
aad refluxing for 2 hr.  After couling to room temperature, 35
mt of concentrated HCI made up to 210 ml with ice and water
wis <lowly added with stirring. The prodnet, after filtration
wad washing with ice water, amounted to 29 g (7147,) and melted
at 191-195°,

Anal, Caled for CoHpNLOy:
Foawd: €, 61.6; 11, 5.6 N, 11.0.

Thix componnd (157.5 g, 0.585 mole) wax then nitrated with
Taming HNO=A 1O as described by Wnest, ef al.,? to give 121.6
g (7400)  of  3-evano-4-ethoxycarboxyl-i-uitro-6-isopropyl-2-
pyridone melting at 233-204°,

Anal. Caled for CulN;O.:
Foawl: €, 5321 I, 48 N, 14,7,

The chlortwated compound, 2-isopropyl-3-nitro-4-ethoxyear-
hoayl-i-cyano-6-chloropyridine, was prepared by heating together
the attropyridone (123 g, 0.44 mole) aud PCL (104 g, 0.5 mole}
at 120-130° tor 2 hre. The hiquid reactivne mixture was cooled
aud the POCL was cemuoved 2 varvo. The viscons residiie was
added 1o erushed ice and stirred nntil solidification was complere,
Revrystallizaion from ethanol gave 97 g (74¢0) of prodiet melt-
ug at 75-77°.

Anal, Caled for CullGCING o €, 4840 1L 4000 N, 1400
Foad: €, 48.9; I, 4.5 N, 13.5.

Redietion ot the S-uitro group to an amiuoe groap with iron
powder aud HCE gave 2-isopropyl-3-amino-4-ethoxycarbonyl-5-
eyvano-G-chloropyridine (mp 167-170°).

Anal. Caled for ColluCINGOs: C, 5483 H, 4.27; N, 15.7.
Foaad: €, 54.39; H, 5.53; N, 15.02.

Removal of the 6-chloro group by hydrogenolysis followed
by seld hydrolysis of the ester and ¢vauo groups as described by
Wues(, et @f..? gave the dicarboxylic acid componnd, 2-isopropyl-
Sraminopytidine-4,5-dicarboxylic acid melting at 218°. Diazoti-
zation gave 2-izopropyl-3-hydroxypyridine-4,53-dicarboxylic acid
Unp 230-233°). Reduction of this compound (1.35 g, 5.56
nunoles)y with NaBH,-AlCL in diglyme according to Blackwood,
ol al. b gave 0.6 g (460 of II, mp 193-195° (lit.? mp 192°).

2-Methyl-3-amino-4,5-bis(hydroxymethyl)-6-chloropyridine
(IID).---The =yvuthesis of this analog np to the aminochloro eom-
poud, 2-ntethyl-3-amino-4-ethoxycarbonyl-3-¢yano-6-chloro-
pyvridine, was essentially as dexcribed previonsly.?  Alkaline hy-
drolysix, 0 however, was nsed to obtain the dicarboxylic acid,
2-methyvl-3-amino-6-chloropyridine-4,5-dicarboxylic acid. Re-
duction with NaBH-AICl; in diglyme gave III, mp 217-219°
(0110 mp 220-222°).
2-Methyl-3-hydroxy-4,5-bis(hydroxymethyl)-6-chloropyridine
(IV). ~Analog ITT was diazotized by treating a 1-g solution in
2 N SOy with 1 g of NaNO. in 5 ml of water. The temperature
wis mudnttained at 70-80° for 15 min.  After cooling and neutraliz-
tug (o pH 7 with NaOH, the solution was evaporated to dryness
i vaeito, The residite was extracied with 50 ml of hot absolute
cthanol mud filtered.  The filirate was taken to dryness and the

C, 6L 1L, 560 N, 120,

C,aL60 M, 470 N, 150,

(1B MeCorwick awd 1001, Suell, J. Biol. Chem., 236, 2085 (1961).

(7 Melting poltts were determitted on g Fiseller-Johits apparatus avd
ave oucorrected.  Microaualyses were by (e Rebwarckopl Microanalytial
Lithrta lory, Weowdsole, NUY.

Xp OS]l sl 15 L Diyeger ot Opgatie Sy ideses,” Colls Vot 1
1. Giboau, Nd., Jobu Wiley and Sous, 1oe., New York, N. Y., 1916, p 238,

@y 11 Dovoll aod Vo B, Kpping, . Chem. Soc., 1345 (1453).

clar 14 v der Wal, T 00 DeVoer, nad 1. OL Hidsmun, #ec. Tenr, Chioy,
80, 221 11T L,
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residne rematining was extracted with ether (i Soxlder exteietor.
Reducing the volme of the ether extract 1o 5 ml tollowed Ly
standitg «t oo tempecatnre for 2-53 Twe cesndied o ihe foencaion
of vry=tals, which, atrer filtering qonl deving, aonots] to 0175
g 210 mp IS T027 (7 mp 192 1037
2-Methyl-4,5-bis(hydroxymethylipyridine Vi  5-Cyvitho--d-
cthoxyearbouyl-G-methyl-2-pyridine?  wis chlotiieam] s give
2-elilor-S-eyvio-d=rthoxy carbonyl-G-raethy Ipyridioe aml tlen
hydrogemded usig Pd-BaCO; (= peeviously descethed o give
2-methyl-4-clhoxyvearboayl=A-cyavopyrislioe imp 57T 0870 oo
p A% Alkaline <apodification of iz compouod withe 15,
NAOH for 16 e wt 120° gave, sdicee aedifisamo of the <udt with
2500 HCOLL 2-aerhvipyridine=4,0=dieachoxylie aeid oy 240 2507,
I 240251°0 Reducetion ot his daceid wnle Nul3t
ALCE wodighviae gove Vg 2100202° i ap o 2nse s
2-Methyl-3-amino-4,5-bis{ hydroxymethylipyridine V1.

The provedice employed for the Z-tspropy] sadog o1 was
followedd, nsiog ety aeetopyeavate e dwe it owleasicion
<tep i plice of ethyl sobutyropy cavide. The fied step. veduoe-
tiore of the 4,5=-dicarhoxylic aeid wule NaBlHy AICE gove he
expected prodact, tap 192-105° (livs wap 1977

Enzymatic Assay Procedure. -The cozyrue wis pactadly
purified from bhaker's verst esscatidly as deseethed by Moetue
aud Sukamotost The assay aixture contaaoed, o fioad volane
of 2.0 ml 2.5 pmoles of NADPHL 100 gianles of NewCO, - Nad 1CO);
Datfer tpHE Y1 sod the appeoprinte samwnedt of cuzye wad <al-
strate. Floe substeane convententionn o eael vase was e sacnot
requiced to give axiiaan activity, The substerde selation wi=
added aftee the othee compooes Tad wealsaed ar 37¢ for 2
mit. The cenction was stopped atrec T0 o by saddiog D23 ad of
1O0C ¢ (w /v Trwebloensetie wewd. Tlhe precipiizned protein wes
cemoved by Altriore Alipoos of the filtrate weee salded 1o 2
mb of pheryvihydrazioe =olnGoé aad the volame wis sl justed
io 4wl After heatmg ai 60° Toe 20000 1o develop e coloe of
the phenyvlhyvdeizone, the absochan at 410 e wis wese=ared o
i Braseh iaud Lomh Specteonte 200 colovuneter.
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Mectabolisn of 5-(3-PyridyDtetrazole

SOKC Freoow aso AL Sciaen vox Wiereea at

Depariment of Placniacoloyy, Clas. Plizee v Ca Tuc
Grolon, Connceticnl

lceeived gt 70 16067

I a recent publication Holland and P'ercirn deseribed
the synthesis and lipolysix inhibitory property ol a
group of heterocyclic tetrazoles,!  One member af this
group o-(3-pyridyD)tetrazole (1) was shown to he
considerably less active than nicotinde acid inacievidro
assay. but was equipotent to ndeotinie acid wlien
tested i rovo in the dog.t  More striking, howvever,
was the difference in the duration of pharmacological
effect between 1 and nicotinie acid.  In the dog nieo-
tinie acid produced a fall in plasma free fatty acid which
lasted approximately 1 hr, whereas the duration of
decreared plasma Tree fatty acid caused by 1 lasted
approximately 5 hr.  Since nicotinic acid is known to be
extensively metabolized, it was speculated that the
improved duration of action af 1 over nicotinie acid
may be attributable (o grepter metabalic stabilicy o' 1.

Results reported here indeed show that 5-(3-pyridyl)-
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tetrazole (1) resists metabolic degradation by rat, dog,
and man.

When “C-labeled 1 was administered intravenously
to rats approximately 65% of the radioactivity was
recovered in urine and approximately 209, in feces
within the first 24 hr (Table I). Subsequent excreta

TaBLE T
ADMINISTRATION oF MC-3-(3-PYRIDYL)TETRAZOLE
TO THE RAT AND Doa

% of admin radioactivity reed,

~———0-24 lir after dose———
Species Dose, ng/kg Urine Feces
Rat #1 60 iv 74 18
#2 200 1v 60 24
Duog #1 50 oral 68
(gelatin capsule)
#2 o0 v 87

contained a small or insignificant quantity of radio-
activity. Papergram chromatographic assays of urine
or fecal extracts followed by radioactive strip scanning
showed only one single radioactive peak with R; identi-

cal with the control 5-(3-pyridyl)tetrazole (1). Similar
l4C
Ny HN AN sy
1 2

results were obtained following the oral and intra-
venous administration of 1 to dogs. To further estab-
lish the identity of recovered radioactivity a portion of
dog urine was subjected to ion-exchange chroma-
tography. The eluted radioactivity was diluted with
unlabeled 1 and recrystallized to constant specifie
activity. Paper chromatography of the recrystallized
material indicated homogeneity of label and mass.

In human studies the administration of unlabeled 1
in doses ranging from 8 to 25 mg/kg, resulted in the
24-hr urinary recovery of 30~959%, of the administered
dose as unchanged 1.2 The observed metabolic sta-
bility of 1 appears to be unique among 3-substituted
pyridines. Following the administration of "C-3-
acetylpyridine to rats, 25% of the dose is recovered in
urine as 3-acetyl-6-pyridone and 0.39, as N-methyl-3-
acetyl-6-pyridone. With a dose as high as 1000 mg/kg,
no unchanged 3-acetylpyridine could be found in rat
urine.? The major portion of ™C-labeled nicotinic
acid administered to the rat and dog is recovered
methylated as the N-methyl quaternary compound,
I-methylnicotinamide.* Thus, in the example of
3-substituted pyridines, the presence of a tetrazole
substituent prevents metabolic alterations of the
pyridine moiety.

1,5-Pentamethylenetetiazole (2) is another tetrazole
derivative known to be metabolically stable. Approx-
imately 759, of the dose of 2 is recovered in the urine

() These experiments were conducted in collaboration with Drs. 8,
Gilgore and 8. Del'elice of our Clinieal Pharmacology Depactment.

(3) V. Neuhoff and T. Harris, Arch. Exptl. Pathol. Pharmakol., 249, 11
(1964).

1) 1T Wikinwes, “Decoxiration Meclianisin,”" 2nd ol, Jolin Wiley and
Sors, Tue., New York, N, Y., 1959, p 561,
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as unchanged drug after administration to rats?
Although the heterocyclic portion of 2 offers no con-
venient “‘handle”’ for conversion, the saturated ring
would appear to be a suitable substrate for oxidation.
Approximately 309, of cyclohexane administered to
rabbits is recovered unchanged, but the major portion,
approximately 609, is metabolized via hydroxylation.®
Williams® discusses the possibility that 2 is excreted as
a labile conjugate but reverts to 2 under the acid
conditions of urine. Iollowing the administration of
1 to rats or dogs no attempt was made to alter the pH
of urine, and aliquots of urine were subjected to paper
chromatography shortly after collection. All paper-
grams after scanning showed a single peak of radio-
actlvity with a mobility consistent with 1; 1o evidence
for the presence of a radioactive conjugate was detected.

Until additional data on the metabolism of tetrazoles
become available, it will not be possible to generalize
from the two examples discussed that the presence of a
tetrazole group in a drug confers characteristics render-
ing the entire molecule unsuitable for metabolic trans-
formations.

Experimental Section

Synthesis of *C-Labeled 5-(3-Pyridyl)tetrazole (1). Nicotino-
nitrile-7-'*C.—Nicotinonitrile was synthesized from nicotinamide
by the method of Teague and Short.” A mixture of nicotinamide-
7-4C, 21.2 mg (2 mcuries, New England Nuclear Corp.), and 1.198
g of unlabeled nicotinnamide was nsed in the synthesis; yield
309 mg (499 of 3-cyanopyridine).

5-(3-Pyridyl)tetrazole (1).—To 309 mg of “C-labeled 3-cyano-
pyridine was added 198 mg of unlabeled 3-cyanopyridine, 592
mg of NaNj, 487 mg of NH,Cl, 11.5 mg of LiCl, and 9.2 ml of
dry DMF. The reaction mixture was stirred for 16 hr at 123-
125°, allowed to cool, and the precipitate was recovered by cen-
trifugation. The crude product was recrystallized once from 30
ml of hot water to yield 465 mg (469) of 1, specific activity 1.15
wecuries/mg, mp 235-236° dec, lit.! 238° dec.

Charles River C1) rats weighing approximately 180 g aud
mongrel dogs, approximately 10 kg, were nsed. The drug was
administered intravenously as an aqueous solution in the (ail
vein of rats or in the femoral artery of dogs.

Radioactivity in feces was recovered by EtOAc¢ extraction of
a water—fecal slurry acidified with 3 N HCl to pH 3.4. Urine
radioactivity was recovered by chromatography over a colnmn
of Amberlite IR-120 resiu which had beeu previonsly slurried in
1 N HCI and washed (H.O) until neutral. Essentially all of the
radioactivity applied to the column was recovered by elution
with 1 & NH,OH. The fractions containing radioactivity were
combined and lyophilized, cold 5-(3-pyridyl)tetrazole was added,
and the mixtiure was recrystallized to constant specific activity.
When subjected to paper chromatography this material showed
a single radioactive peak with R; of 1.

Paper chromatography was carried out in BnOH-dioxane-
NH,OH or BuOH~AcOH-H,0. Papergrams were examined for
radioactivity in an Atomic Accessories, Model RSC-180 con-
tinnous papergram strip scanner. All radioactive samples were
measured in a Nuclear Chicago Model 725 liquid scintillation
spectrometer. Quenching corrections were made by the internal
standard procedure employing “C-tolnene. All samples were
assayed in a scintillator consisting of 0.3¢; 2,5-diphenyloxazole
(PPO) and 0.019 p-bis[2-(5-phenyloxazolyl)]benzene (POPOP)
in a mixture of 309, absolute ethanol and 709 toluene.
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(5) Reference 4, p 617.
(6) Reference 4, p 115,
(7) P C. Teaygue and W, AL Short, Ury. Sy., 33, 52 (19339).



