March 1967

Hererocycuic TETRAZOLES A8 LipoLysis INHIBITORS 149

Heterocyclic Tetrazoles, a New Class of Lipolysis Inhibitors'

GERALD F. HoLLaND AND JosEPH N. PEREIRA

Medical Research Laboratories, Chas. Pfizer & Co., Inc., Gvoton, Connecticut

06340

Received September 24, 1966

A series of pyridyl-substituted 3-(3-pyridyl)tetrazoles and other 3-(heterocyclic)tetrazoles were prepared and

evaluated for lipolysis inhibitory activity.

The reaction between heterocyclic nitriles and sodium azide in di-
methylformamide provided a convenient synthetic procedure for most of these compounds.

They were screened

for their ability to inhibit the norepinephrine-induced release of free fatty acids (FFA) from isolated rat adipose
tissue and for their ability to depress the fasting plasma FFA levels in the dog. The most active lipolysis in-

hibitor was 5-(3-pyridyl)tetrazole.

Although 5-(3-pyridyl)tetrazole was a much weaker in vitro lipolysis in-
hibitor than nicotinic acid, it depressed plasma FFA levels in the dog for a longer period of time.

The relationship

be ween inhibiting lipid mobilization from adipose tissue and decreasing plasma lipid levels was developed.

During the past 3 years a wide variety of compounds
of varying structures have been examined in these
laboratories for their ability to inhibit lipid mobiliza-
tion (lipolysis inhibition) from adipose tissue.? Lipid
mobilization involves the net release of free fatty acids
(FFA) from the triglyceride-rich adipose tissue stores.
It has been firmly established that the FFA are a pri-
mary source, via hepatic synthesis, of plasma lipopro-

CH:OCOR CH:OH
CHOCOR —> RCOOH + (I]HOH
éH2OCOR éHzOH
TG FFA G
tein triglycerides.** Thus, inhibiting triglyceride

hydrolysis in adipose tissue would reduce the supply of
plasma FFA to the liver, thereby reducing hepatic
triglyceride synthesis. The reduced availability of
hepatic triglycerides would limit the completion of the
major cholesterol transporting unit, the lipoprotein
complex. The decrease in the concentration of this
transport unit, in turn, restricts the removal of choles-
terol from the liver. A normally operative feedback
mechanism would then depress hepatic cholesterol
synthesis.>$

The pyridine and related heterocyclic acids repre-
sent one structural type which we have extensively in-
vestigated. Nicotinic acid has been shown to depress
the level of plasma FFA after acute administration to
man.” In addition, it inhibits the norepinephrine-in-
duced release of FFA from isolated adipose tissue.®?
It has been suggested that the hypocholesteremic effect
of nicotinic acid follows from its lipolysis inhibitory ac-
tivity.” The known rapid metabolism of nicotinic
acid® could account for the observed short duration of
plasma FFA depression which, in turn, could account
for the large doses of nicotinic acid required for plasma
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lipid reduction.'*!'? A lipolysis inhibitor having the
same Intrinsic activity in isolated adipose tissue as
nicotinic acid, but of greater metabolic stability, would
be expected to depress plasma FFA for o longer period
of time. Such a prolonged depression of plasma FFA
would be expected to reduce total plasma lipids more
effectively than does nicotinic acid.

The similarity between the acidic character of the
carboxyl group and the tetrazole funetion of 3-sub-
stituted tetrazoles (1) is well known.!* For example,

HN\NﬁN
1

the ionization constant of 3-phenyltetrazole (pK, =
4.5) is slightly greater than that of the corresponding
carboxylic acid, benzoic acid (pK, = 5.1).** Also of
importance, the tetrazole function appears to be me-
tabolically stable.’ A series of pyridyl- and other heter-
ocyclic tetrazoles were prepared in the hope of finding a
lipolysis inhibitor having a longer duration of FIFA-
depressing activity than that of nicotinic acid.

Synthesis.—The general reaction between pyridyl
and other heterocyelic nitriles (2) and sodium azide (3)
served as a convenient procedure for the synthesis of
the pyridyvl and heterocyclic 5-tetrazoles (1). Orig-
inally a combination of acetic acid and 1-butanol was
used as the solvent for this reaction.”'* However, an
improved procedure using dimethylformamide, in place
of both acetic acid and 1-butanol, gave. on the whole,

DMF
RCN + NaN —> 1
2 3

higher yields in shorter reaction times.’® In one caze,
in the preparation of 3-(3-pyridylmethyl)tetrazole, the
reaction between 3-pyridylacetonitrile and sodium azide
was only successfully carried out in the acetic acid and
1-butanol solvent combination.
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(14) R. M. Herbst and K. R. Wilson, J. Org. Che., 23, 1142 (1957).

(15) D. W. Esplin and D. M. Woodbury, J. Phaouacol. Exptl. Therap.,
118, 129 (1956).

(16) B. Brouwer-van Straaten, D. Solinger, C. van Je Westeringh, and
H. Veldstra, Rec. Trav. Chim,, T7, 1129 (1958).

(17) J. M. McManus and R. M. Herbst, J. Org. Chem., 24, 1462 (1939).

(18) W. G. Finnegan, R. A. Henry, and R. Lofquist. J. Am. Chem. Sor..
80, 3908 (1958).



150 (:EraLp I, HoLraxn avp Joskrs N. PEREIRA

The majority of the pyridyl and heterocyclic nitriles
were prepared by known procedures.  The reaction
hetween g-dicarbonyl compounds (4) and eyanoacet-
amide (5) to form the corresponding 3-cvano-2(1H)-
pyridones (6), followed by treatment with PClLy or PO-
Cl. and, lastly, dehalogenation with 3¢ Pd-C was
found to be a useful route to 3-cyano-4- or -G-substituted
pyridines(8) (SchemeI).  After this work wascompleted,
both 1.1,1-trifluoro-2,4-pentanedione’® and ethyl 4.4.4-
trifluoroacetoacetate’® were reported to react with
evanoacetamide to give, in both cases, the expected 4-
trifluoromethyl-2(1H)-pyridones, namely. 3-cyano-4-
triftuoromethyl-6-methyl-2(1H)-pyridone® ! and 3-cya-
no-+-trifftoromethyl-6-hydroxyv-2(1H)-pyridone.®  ye-
speetively.

SCcHEME |

RCOCH,COR + NCCH.CONH, — 1
4 5 R

The potassium permanganate oxidation of 3-[3-(H-
methylpyridyl) Jtetrazole gave 3-(3-tetrazolyl)pyridine-
5-carboxylic acid, ain analog of nicotinic acid having
the acidic tetrazole function at the 5 position. Treat-
ment ot 3-(3-pyridyl)tetrazole with 309 hydrogen per-
oxide in glacial acetiec acid led to 3-(3-tetrazolyl)pyri-
dine N-oxide,

Alkylation of a 3-substituted tetrazole has already
been demonstrated to give mainly the 2-alkyl-5-sub-
stituted tetrazole.?*?® Treatment of 5-(3-pyridyl)-
tetrazole (9) with methyl iodide (10) gave a product
which we have designated as 2-methyl-3-(3-pyridy])-
totrazole (11) (Scheme II). The 1-position isomer of
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11, namely, 1-methyl-5-(3-pyridyD)tetrazole (14), was
prepared by a procedure useful for the synthesis of 1-

(1) Colambia Organie (hemicals Co., Inc., Columbia. 8. C.

20 J. L. Greene, Jr., aud Jl. A. Montgomery, /. Med. Chem., 6, 294
€1063).

211 & VYortnoy, J. Org. Chem., 80, 3377 11465).
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»24) R. A. Henry, ibid., 78, 4470 (1951,

(24> I3 Elpern, dd., T8, 661 (10335,

Vol 10

Scueme [T
Cl
|

CONHCH C=NCH

= e = : ©aN
SERENG I
P j\./

alkyl-3-substituted  tetrazoles?*  (Scheme IIT), The
pyridyl-substituted 3-(3-pyridyDtetrazoles and the 5-
heterocyelic-substituted tetrazoles are listed in Tables 1
and IT, respectively.

Results and Discussion

Inhibition of FFA Release from Isolated Adipose
Tissue.—The inhibition of the norepinephrine-induced
release of FI'A from isolated rat adipose tissue by the
pyridyl- (Table I) and other heterocyelic (Table 1I)
tetrazoles is expressed as the molar concentration re-
guired to produce 50% inhibition (IC;). These ac-
tivities are listed in Table ITI.  Also included are some
close structural analogs of nicotinie acid, including pie-
olinic and isonicotinic acids, nicotinamide, 3-pyvridyl-
acetic acid, and the pyridinedicarboxylic acids.  Nico-
tinic acid was the most active, a concentration of only
2 X 107" M produced 509, inhibition, 3-Pyridyvlacetie
acid, a known hypocholesterolemic agent, also exhibited
high activity. Both picolinic and isonicotinic acid were
only very weakly active. Tt is worth noting that the
metabolites of nicotinic acid in man, namely. nicotin-
amide, nicotinuric acid. and N’-methylnicotinamide
(IC; > 1078 27, were found to be approximately 10,000
times less effective as lipolysis inhibitors than nico-
tiniec acid.  The nexus between lipolysis inhibition and
lipid lowering is further strengthened by the observa-
tion that nicotinic acid and 3-pyridylacetic acid arce
potent lipolysiz inhibitors, whereas nicotinamide is ex-
sentially inactive both as a lipolysis mhibitor and ax o
hypocholesteremic agent.?

Of the pyndyl-substituted 5-(3-pyridyl)tetrazoles
{Table I) only the parent (R = H) and the 5-CH; ana-
log (R = 5-CHj) showed high activity, Both, how-
ever. are about 3000 times less potent than nicotinic
acid. It can be concluded, therefore, that the replace-
ment of the carboxyl function in nicotinie acid by the
tetruzole molety causes o substantial decrease in in-
trinsic lipolysix inhibitory activity. Substituents on
the pyridine nucleus, whether electron donating or
electron attracting, are on the whole detrimental to in
vibo lipolysiz inhibitory activity. The 3-heterocyclie
substituted tetrazoles (Table II) were consistently much
less potent than nicotinic acid. Like the pyridine-
carboxylic acids, location of the acidie tetrazole func-
tion at either the 2 oy 4 position on the pyridine nucleus.
namely, 3-(2-pyvridyl)tetrazole and 5-(4-pyridyl)tetra-
zole, decreased in vitro activity. Replacement of the
pryridyl group by the pyrazinyl, pyrimidinyl, quinolyl,
and isoxazolyl moieties substantially decreased 2n #itco
activity.  The retrazole analog of 3-pyridylacetic acid
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TaBLE I

PyYRIDYL-SUBSTITUTED 3-(3-PYRIDYL)TETRAZOLES

N—N

ol

H
% caled % found
R Mp., °C Formula C H N o] H N
H=+ 238 dec CeH;N; 48.97 3.43 47.60 48.84 3.40 47.62
4-CH; 225-227 dec C-H:N; 52.16 4.38 43 .46 51.86 4.44 43.24
5-CH, 223 C:H;N; 52.16 4.38 43 .46 52.06 4.52 43.28
6-CH, 228-230 dec C:H:N; 52.16 4.38 43 .46 52.19 4.56 43.39
4-CF, 183-186.5 C/H,F3N; 39.08 1.87 32.55 38.98 2.08 32.32
5-F 204 dec CsH,FN; 43.63 2.44 42.41 43 .31 2.53 42,66
2-0CH;, 158-160 dec C:H,N;0 47.45 3.98 39.53 47.58 4.08 39.3%
6-OCH;, 204 dec C:H:N:0 47.45 3.98 39.53 47.27 4.06 39.22
2-SCH;, 213-214 dec C:H:N;8 43.52 3.65 36.26 43.55 3.65 36.14
6-SCH; 214-215 dec C:H:N;8 43.52 3.65 36.26 43.40 3.71 36.06
6-S0.CH; 199-200 dec C;H;N;0.8 37.34 3.13 31.11 37.56 3.39 31.28
5-NH. 322 dec CsHs N 44 .44 3.74 51.82 44 .45 3.94 51.64
6-NH, 309 dec CeHsNs 44 .44 3.74 51.82 44 .23 4.01 50.74
6-NHCOCH, 281 dec CgHgNO 47.05 3.95 41.16 47.27 4.24 41.21
5-COOH 284-285 dec C;H;N;0; 43.98 2.64 36.64 44.16 2.89 36.94
2-0H-6-CH; 310-312 dec C.H:N;O 47 .45 3.98 39.53 47 .46 4.09 39.80
4,6-(CHj): 231-233 dec CsH N;-HCI 45.40 4.76 33.09 45.58 4.95 33.24
4-CF;-6-CH; 204 dec CsHeFN; - HCI 36.17 2.66 26.37 36.42 2.71 25,83
4-CH,OCH4-6-CHj, 204-205 dec Cy,H\N;O0-HCI 44 .72 5.00 28.98 44 .86 5.00 25.93
e W.J. van der Burg, Rec. Trav. Chim., 74, 257 (1933).
TasLe II
5-HETEROCYCLIC-SUBSTITUTED TETRAZOLES
R =N
s
u N
7 caled % found
R Mp, °C Formula C H N C H N
2-Pyridyls 215-216 dec
4-Pyridyle 263 dec
2-Pyrazinyl® 180-182
2-Pyrimidinyle 229-230 dec CsH4Ns 40.54 2.72 56.74 40.57 2.71 57.12
3-Quinolyl 249-251 dec CioH:N; 60.90 3.58 35.52 60.58 3.80 35.28
3-Pyridy! N-oxide 248 dec CsH;N;0 44 .17 3.09 42,93 44.00 3.17 42.93
3-Pyridylmethyl 192-193 dec C.H;N;-HCl 42.54 4.08 35.44 42 .54 4.19 35.42
3-(5-Methyl)isoxazolyl 170-171.5 C;H:N;O0 39.73 3.33 46.34 39.79 3.53 46.20
5-(3-Methyl)izoxazolyl 188.5-190 C;H;N:0 39.73 3.33 46.34 39.92 3.40 46.16
1-Methyl-3-(3-pyridyl)tetrazole 78-80 C:H:N; 52.16 4.38 43 .46 52.12 4.41 43.08
2-Methyl-3-(3-pyridyl)tetrazole 127.5-129 C:H;N; 52.16 4.38 43.46 52.13 4.42 43.38

@ Reference a, Table I.
J. Am. Chem. Soc., 74, 3617 (1952).

was inactive. Lastly, removing the acidic character®
of the active 5-(3-pyridyl)tetrazole (9) by methylation
at either the 2 or 1 position of the tetrazole function,
11 and 14, respectively, abolished antilipolytic activity.
In summary, the structural requirements within the
tetrazole family for high lipolvsis inhibitory activity in
isolated adipose tissue consist of an acidic tetrazole
group located at the 3 position on pyridine.

Effect on Fasting Plasma FFA.—The effects of the
pyvridylearboxylic acids and pyridyl- and other hetero-
cyclic tetrazoles on the fasting plasma FFA levels of
the dog are described in Table IV. Of the pyridine-
carboxylic acids evaluated, only nicotinic acid and

(25) The apparent ionization constant of 5-(3-pyridyl)tetrazole (pKs =
4.1) was quite similar to the apparent ionization constant of nicotinic acid
(pKa = 4.5). They were determined by potentiometric titrations, using a
Beckman Model G pH meter, in ethanol-H:0 (509%. v/v) medium with
standard 0.5 N’ NaOH. The apparent pK, values correspond to the pH at
the 50% neutralization point in these titration curves.

¢ 8, Kushner, H. Dalalian, J. L. Sanjurjo, F. L. Bach, Jr., 8. R. Safir, V. K. Smith, Jr., and J. H. Williams,
¢ M. Robba, Ann. Chim. (Paris), 5, 351 (1960).

3-pyridylacetic acid produced a miaximal reduction
(>609,) of plasma FFA,

The structural requirements for in vivo lipolysis in-
hibitory activity among the pyridyl- and other hetero-
cvelic tetrazoles were found to be quite restrictive.
Within the pyridyl-substituted 5-(3-pyridyl)tetrazole
series (Table I), 5-(3-pyridyl)tetrazole (R = H) was the
most active. It gave a maximal reduction of plasma
FFA in the dog, like nicotinic acid, with a dose of 10
mg/kg. A number of other members of this series (R
= 3-CH, 3-F, 5-NH,, 6-NHCOCH;, 5-COOH, and
2-SCH;) were moderately active and produced less
than a maximal reduction (30-609,) of plasma FFA.,

The 2-pyrazinyl, 3-pyridylmethyl, and 3-pyridyl N-
oxide members of the 3-(heterocyclic)tetrazole series
(Table II) had modest FFA depressing activity. They
gave less than a maximal reduction of plasma FFA
(30-609%,). No member of this series produced a
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TasrLe 11

INIIBITION OF NOREPINEPHRINE-INDUCED FFA RELEAsE FrOu [soLaren Abirose ThsscE

~ N
N N H
® ¢y e IN
3-COOH 2 X 1077 I
3-CH.COO! G X 1o7 5-CHy
2,3-(COOH ). N X 1073 +-C'Hy
2,6-0COOH ). G X 10~ H-NHa
2-COOH 10— 5-NH.
2,4-COOH )s 10-# 5-COOH
3-CONHCH.COOH jo-« 4,6-1CHo)
$-COO >0 2-3CHy
5-CONTIL >10= 6-CH
2,5-(COOL ). >1o=F 4+-CF,
35-(COOTH >0 2-0CH;
O-0CH
B-2CH

2-OH-6-CH

Vol. 10
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H

105 e " e, 17
6 ox oot 2-Pyridyd Lo-s
6ox 107 S3-Pyvridsd N-oxide =i
-t A-i3-MethyDisoxazolyl >jaE
1079 2-Pyraziny] >
>Hod s-Pryridyvimethnd >0
>lass 4-Pyridyl Duaedve
>oF 2-Pyrimidinyl Thaetive
»la=# 5-Quinolv] Lisaetive
>0 1-Methyl-d- (s-pyridyl petrazole Ihactive
>103 2-Metbyl-a-G-paridyl yretrazole Iaetive

Inactive
Inactive

Ihactive
[nactive

The molar concentration required to prodnee 3007 inhibition of the norepinephrine-indaced FFA release from adipose tissne (¢ edo.

TaprLe 1V

Errect oF PYRIDYLCARBOXYLIC AciDs, PYRIDYLTETRAZOLES, axD HETEROCYCLIC TETBAZOLES ON Fasting Prasyva FFA i Uipos

=
e
N
R Aetivoy” R
3-COOT + -+ H
5-CHL.COOLI —+ 5-CHq
4-COOH = A-F
3-CONHCILCOOH + 3-NHe
2.3-(COOH b, + H-NHCOCH.
2.6-(COOM & =+ 5-COOH
2-NCHy
+-CH,y
1)-('H;;
+-CF;
O-CH=O,
65-NH.

+.CFy-6-CH,
+-CHOCH-6-CHu
In the dog, 10 mg/kg iv.

0-60C 1) =, inactive or less than 300 reduction of plasnia FFA

2000

)200

PLASMA
FFA,
vEg/L

TIME , HOURS

Fignre 1.—Time course of the effects of unicotinie acid and
o=l 3-paridyDretrazole on fusting plasma FFA in the dog, 10
mg/kg iv.

maximal reduction of plasma FFA, Similar to the
findings obtained in the in ritro testing procedure, loca-
tion of the acidic tetrazole function at either the 2 or 4
position on the pyridine nucleus, namely, 3-(2-pyr-

N-N

2N

N l

N ol

£
. H

“ -, maximal reduction of plasma FEFA (>6000):

N=N

&= |
A
H

Aztivipy Neyiviry®

JEES

2-Pyvrazinyl -
S-Pyridvimetind
S-Pyridyl N-oxide
2-Pyridyl
4-Paridyl

-

{

- 2-Pyvrimidinyd +
- B-Quinolvl ES
E= S-a3-Methylhisoxazolyl +
o= 3-vh-Methyhisoxazolyl +
= 1-Methyl-3-3-pyridyl netrazole +
=+
=+
=+

=, les< thay maximal rednetion of plasma FIFA

idvDtetrazole and  S-(d-pyridyvDtetrazole, markedly
decreased in rire activity.  As expected, removing the
acidic character of 3-(3-pyridyvDtetrazole by veplacing
the acidie tetrazole hydrogen by a4 methyl group (14)
abolished activity.

The similar intensities in plasma FFA depression
exliibited by both 5-(3-pyridyl)tetrazole (9) und nico-
tinic acid were interesting in view of the madest we-
tivity of 3-(3-pyridvDtetrazole in the isolated adi-
pose tissue system. A cowparison of the duration of
action in the dog between both these acidic compotunds
was made after the administration of 10 mg kg A
dose of 10 mg/kg of nicotinic acid produced a maximal
reduction of plasma I'I’A between 0.5 and 1 hr follow-
ing intravenous administration (I'igure 1), The plasma
I'T'A returned to the control level after approximately
2 hr and then rose above this level for the remainder of
the 8-hr observation period. A similar dose of 5-(3-
pyridyDtetrazole alzo caused a maximal reduction of
plasma FFA between 0.5 and 1 hr.  However, the dura-
tion of plasma FI'A depression was much longer, ap-
proximately 3 hr. with 5-(3-pyridyl)tetrazole (Iigure 1).



March 1967

The improved duration of action of 5-(3-pyridyl)tetra-
zole over nicotinic acid, in spite of a decreased activity in
the isolated adipose tissue system, is probably attribut-
able to its greater metabolic stability.?

The extended duration of FFA-depressing activity of
3-(3-pyridyl)tetrazole in the dog prompted a clinical
evaluation of this compound. Preliminary results
show that it lowers plasma FFA and cholesterol on re-
peated administration to man.” A more detailed
analysis of the pharmacological and clinical profiles of
5-(3-pyridyl)tetrazole will be published elsewhere.

Experimental Section’

5-(3-Pyridyl)tetrazole—A stirred mixture of 1300 ml of dry
(molecular sieve) DMF, 234 g (2.24 moles) of 3-cyanopyridine,
195 g (3 moles) of NaNj, 162 g (3 moles) of NH,Cl, and 3 g o
LiCl was heated to 125° for 12 hr. The insolubles, after cooling
to room temperature, were removed by suction filtration, and
the DMF was distilled ¢n vacuo. The crude product remaining
after the solvent was removed was dissolved in 4 l. of water and
the pH was adjusted to 4 with HCl. There was obtained 166 g
of product, mp 234° dec. Adjusting the aqueous filtrate to pH 2
gave an additional 20 g, mp 234° dec. Recrystallization of both
crops from water led to 160 g (49 vield) of purified product,
mp 238° dec.

All the pyridyl- and heterocyeclic tetrazoles prepared from the
corresponding cvano compounds were made by essentially the
same procedure.

3-Cyanopyridines.—The following 3-cyanopyridines were avail-
able or prepared by literature procedures: 3-cyanopyridine,??
3-cvano-+-methylpyridine,® 3-cyano-3-methylpyridine, ?® 2-meth-
oxy-3-cvanopyridine,®! 3-cyano-6-methoxypyridine,3? 3-cyano-6-
methylthiopyridine,3? 3-cyano-6-methylsulfonylpyridine, 3-cy-
ano-6-aniinopyridine, 3 3-cyano-6-acetamidopyridine,® 3-cyano-
4,6-dimethylpyridine,* 3-cyvano-6-methyl-2(1H)-pyridone,* 3-
cyanoquinoline,®” 3-cyvano-3-methylisoxazole,® and 3-methyl-5-
cyvarnoisoxazole.®

3-Cyano-6-methylpyridine,—A mixture of 14.6 g (0.096 mole)
of 2-chloro-3-cyano-6-methylpyridine® and 14.2 mi (0.106 mole) of
triethylamine in 400 ml of methanol containing 2 g of 59, Pd-C
was shaken under 2.8 kg of hydrogen/cm? at 25°. After 1 hr
the theoretical amount of hydrogen was absorbed, the suspension
wax filtered, and the residue was washed well with methanol.
The solvent was removed in vacuo, 100 ml of water was added,
and after filtering there was obtained 5.3 g of product, mp 80—
81°.% The aqueous filtrate was saturated with NaCl and ex-
tracted with ether. An additional 2.3 g, mp 80-81°, was ob-
tained by removing the ether in racuo. The total yield was
7.6g(657%).

3-Cyano-4-trifiuoromethylpyridine.—To a mixture of 90 g
(1.07 molex) of cyanoacetamide and 91 g (1.07 moles) of piperidine

(26) Dr. M. Schach von Wittenau of these laboratories has shown that
5-(3-pyridyl)tetrazole is excreted by the dog essentially unchanged over a
24-lir period.

(27) Unpublished observations of Drs. 8. Gilgore and 8. DeFelice of ocur
Clnical Plarmacology Department.

(28) Melting points were determined on a Thomas—Hoover capillary
melting point apparatus and are uncorrected, Boiling points are uncor-
recied. The analyses were carried out by the Physical Measurements Lab-
oratory of C‘has. Pfizer & Co., Inec.

(29) Reilly Tar and Chemical Corp., Indianapolis, Ind.

(30) J. M. Bobbitt and D. A. Scola, J. Org. Chem., 28, 560 (1960).

«31) E. C. Taylor, Jr., and A. J. Crovetti, J. Am, Chem. Soc., 78, 214
(1956).

(32) H. S, Forrest and J. Walker, J. Chem. Soc., 1939 (1948).

(33) W. T. Caldwell, F. T. Tyson, and L. Lauer, J. 4m. Chem. Soc., 66,
1479 (1944,

(34) M. Lipp, F. Dallacker, and J. Thoma, Monatsh. Chem., 91, 595
€1960).

(35) N. Sperber. M. Sherlock, D. Papa, and D. Kender, J. Am. Chem.
Soc., 81, 704 (1959).

(36) L. A. Perez-Medina, R, P. Mariella, and &. M. McElvain, ¢bid., 69,
2571 (1947).

(37) H. Gilman and S. M. Spataz, ibid., 63, 1553 (1941).

(38) A. Quilico, L. Panizzi, and U. Cavazzuti, Gazz. Chim. Ital., 68, 625
(1938),

(39) Pl. A, Plattner, W. Keller, and A. Boller, Hel:, Chim. Acta, 87, 1379
(1954), have reported mp 83-84.5° for 3-cyano-6-methylpyridine.
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in 700 ml of absolute ethanol at 70° was added dropwise 178 g
(1.04 moles) of ethyl 4,4,4-trifluoroacetoacetate.!® After heating
to reflux for 12 hr, the mixture was cooled and filtered. The
residue was dissolved in 2 1. of water, and the solution was acidi-
fied with dilute HCl. After filtering, the crude 3-cyano-4-tri-
fluoromethyl-6-hydroxy-2(1H)-pyridone was recrystallized from
1 1. of water to give 165 g (83, vield), mp 192-195.5°.# This
material was not purified further but treated with POCl;, under
the same conditions used for the preparation of 3-cyano-2,6-
dichloro-4-methylpyridine,® to give 3-cyano-2,6-dichloro-4-tri-
fluoromethylpyridine, 25 g (639 yield), bp 68-71° (0.5 mm), mp
39-40°.

Anal. Caled for C;HCLF;N,: C, 34.88; H, 0.42: N, 11.62.
Found: C, 34.99: H, 0.46: N, 11.20.

Dehalogenation by the same procediire used for the preparation
of 3-cyano-6-methylpyridine gave 3-cyano-4-trifluoromethyl-
pyridine in 30¢¢ yield, bp 70° (0.07 mm).

Anal. Caled for C/HFsN,: C, 48.84; H, 1.75: N, 16.27.
Found: C, 48.72; H, 2.04; N, 15.91.

3-Cyano-5-fluoropyridine.—A mixture of 2.5 g of 5-fluoro-
nicotinamide® and 5 g of P,0; were iutimately mixed and heated
at 230° under 0.01 mm of pressure. During a period of 1 hr 1.30
g (649 yield) of prodnct distilled, mp 54-55.5°.

Anal. Caled for CH3FN,: C, 39.02; H, 2.48:; N, 22.95.
Found: C, 38.81: H, 2.26: N, 23.03.

2-Methylithio-3-cyanopyridine,—The same sequence of reac-
tions used in the preparation of 3-cyano-6-methylthiopyridine,*?
but starting with 2-chloro-3-cyanopyridine,*? was carried out,
mp 87.5-89.5°.

Anal. Caled for C;HgN:S: C, 56.00; H, 4.03; N, 18.66.
Found: C, 35.79: H, 3.82; N, 18.53.

3-Cyano-5-aminopyridine.—A solution of 45 g of SuClh-2H,0
in 90 m! of concentrated HC! was added to 50 ml of ether con-
taining 10 g (0.054 mole) of 2-chloro-3-cyano-5-uitropyridine.
The initial reaction was exothermic; the mixture was stirred
vigorously until the temperature had fallen to 30°, diluted with
200 ml of water, made strongly basic with 409, NaOH, cooled,
and filtered. There was obtained 7.9 g (939 yield) of 2-chloro-3-
cyano-3-aminopyridine, mp 192.5-194.° An analytical sample
was prepared by a recrystallization from methanol, mp 193.5~

Anal. Caled for C(HLCIN;: C, 46.92; H, 2.63; N, 27.36.
Found: C, 46.65; H, 2.64; N, 27.00.

Dehalogenation by the same procedure used for the preparation
of 3-cyano-6-methylpyridine gave 3-cyano-3-aminopyridine, 3.3 g
(539, yield), mp 118-123°. An analytical sample was prepared
by a recrystallization from chloroform-hexane, mp 125-127.5°.

Anal. Caled for C¢H;N;: C, 60.49; H, 4.23; N, 35.28.
Found: C, 60.533; H, 3.93; N, 35.52.

3-(5-Tetrazoly!l)pyridine-5-carboxylic Acid.—Over a period of
6 hr, 175 ml of a warm aqueous solution of 1 M KMuO, was
added dropwise to a solution, maintained at 90-100°, of 4 g
(0.025 mole) of 53-[3-(5-methylpyridyl)]tetrazole in 150 ml of
water. This mixture was refluxed for an additional 16 hi. The
filtrate, after cooling and filtering, was concentrated in vacuo to a
volume of about 50 ml. The product separated after acidifica-
tion to pH 3-4 with HCl. After washing with water there was
obtained 1.1 g (249 yield) of product, mp 279-283° dec. Two
recrystallizations from methanol-ether raised the melting point
to 284-285° dec.

3-Cyano-4-trifiuoromethyl-6-methylpyridine.—To a mixture
of 90 g (1.07 moles) of cyanoacetamide and 14 ml (0.14 mole) of
piperidine in 750 ml of absolute ethanol at 75° was added drop-
wise 150 g (0.97 mole) of 1,1,1-trifluoro-2,4-pentanedione.!®
After heatiug to reflux for 3 hr, 750 ml of water was added and
the product, after cooling, was collected by suction filtration,
147 g, mp 231-233°.20.21  An additional 19 g was obtained from
the mother liquor after acidification with acetic acid. The
total yield of 3-cyano-4-trifluoromethyl-6-methyl-2(1H)-pyridone
was 859, and this material was used in the next step without
further purification. A mixture of 27.9 g (0.136 mole) of the
pyridone, 31.2 g (0.15 mole) of PCl;, and 125 ml of POCl; was
heated under gentle reflux for 18 hr. After cooling, 60 ml of
toluene was added, and the mixture was concentrated in vacuo to
constant weight, The residue was cooled and 30 ml of ethanol

(40) Portnoy?! has reported that anhydrous 3-cyvano-6-hydroxy-4-tri-
fluoromethyl-2(1H)-pyridone melts at 246-249° dec.

(41) G. F. Hawkins and A. Roe, J. Org. Chem., 14, 328 (1949).

(42) E. C. Tavlor, Jr., and A, J. Crovetti, ibid., 19, 1633 (1954).

(43) P. E. Fanra and R, A. Stein, J. Am. Chem. Soc., 77, 1045 (1955).
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and 100 ml of water was added. An oil separated which was
extracted into ether. Removal of the ether followed by distilla-
ton gave 23.9 g (80¢% vield) of 2-chloro-3-cvano-4-trifluoro-
methyl-6-methylpyridiue, bp 85° (0.05 mm?.

Anal. Caled for CiHCIF;Ny: C, 43.55:
Found: C, 43.19; H, 2.12; N, 12.24,

Dehalogenation by the same procedvre used for the preparation
of 3-cyano-6-merhylpyridine gave 3-cyano-4-trifinoromethyl-G-
methylpyridine in 3247 yvield, bp 50-32° (0.02 1nm).

Anal. Caled for CgHFyNy: €, 51.61; 11, 2,700 N, 15.04,
Fonnd: €, 531.54: M, 2.75; N, 15.006.

3-Cyano-4-methoxymethyl-6-methylpyridine.~-Dehulogena-

tion  of  2-chloro-3-cyano-4-meihoxymethyl-6-methylpyridine
by the =anie procedure used for the preparation of 3-cyvano-6-
methylpyridine gave the product in 6677 vield, bp 150-155°
J0.06-0.08 mm ), mp 44-45°.

dnal. Caled for CoHENLO: ), 60.65;
Found: C, 66.29; 4, 6.14; N, 17.30.

3-(5-Tetrazolyl)pyridine N-Oxide,— A solution containing 14.7
g (1.1 mole) of 3-(3-pyridyl)tetrazole, 75 ml of acetic acid, und
225 ml of 309 H.0, was maintained at 90° for 24 lLir. On
cooling and triturathig with ether there was obtained 11.1 g of
erude product, mp 235° dec. Recrystallization from water gave
6.0 g (37% vield) of purified product, mp 248° dec.

2-(3-Pyridylmethyl)tetrazole Hydrochleride.—A mixture of
20 g of acetie aeid, 26 g (0.22 mole) of 3-pyrdylacetonitrile,®
100 ml of r-butyl aleohol, and 22 g (0.33 mole) of NaXN; was
heated to reflux for 4 davs. The mixarre was cooled and au
additional 5 g of NaNy and 10 g of neetic acid was added and
lieating nnder reflux wax continued for 2 addivonal day=.  Afrer
cooling, 300 ml of water was added and the n-hwiyl alcohol was
removed in racko,  Purification was achieved by way of the
capper tetrazole derivative, Addition of a solution of 21.9 g
of copper acetate in 200 ml of water precipitated the copper sult.
After washing with water, the salt was suspended in 400 ml of
water and HsS wax bubbled in until che precipitation of CuS was
camplete.  The clear agueons filtrate, afier removing the Cus,
was concentrated to dryness in vacun.  There was obtained 15.8
¢ of ernde 5-CG3-pyridylimethyhtetrazole.  Addition of a sohmion
of ethyl ncetate sararated with dry TICl 1o an ethanol solution
af this prodnct gave the sali, 17.5 g (407 vield), mp 188-190°
dec.  An analytical rample was prepared by a recrystallization
fron1 methanol-ethee, nmip 192-103° dec.

Anal. Caled for CHCING: C, 42540 H, 408 N, 3544
CLITO4. Found: C, 42.54; H, 4.19: N, 3542 €], 17.96.

1-Methyl-5-(3-pyridy) )tetrazole.-—A mixture of 6.8 (0.05
mole) of N-methylnicotinamide® and 10.4 g (0.035 mole) of PCls
in 125 ml of benzenc was sdired at 25° for 6.3 hr.  After this
time, 30 ml of & solntion of 4 N hydrazoie acid in benzene was
added and stirring at 25° wus continned for an additional 12 hr.
After deeanting the benzene from the nsoluble gum that had
fored, 50 ml of a dilute aqueons NaOll sohuion wax added,
and the product was excracted (ClLCL). Removal of the
ructhylene chloride (n vacuo gave 6.1 g of crude produer, mp G6-
2% Necrvstallizations from CHuCle-ether and front toliuene

H, 1.82: N, 12.69.

H.oo6.220 N, 17.27,

[

14, R. P Mariella and E. D. Belcleer, J. Am. Chem. Soc., T4, 1044 110521,
13+ Aldrbh Chemieal Co., Ine., Milwaukee, Wis.

\.()l. 10

gave 2.9 g (3607 vield) of purified produet, mp 8-80°. The
analytical sample was prepared by sublimation, mp 78-80¢,

2-Methyl-5-(3-pyridyl)tetrazole.—-A =uspension of 2.94 «
{0.02 mole) of 5-(3-pyridyDtetrazole and 1.23 ml (0.02 mole; of
CHyb iy 200Hmb of acetane was treated with a solution of 2.4 ¢
G006 molerof NaOTlin 4 ml of water.  The nixture was stirred
and heated munder reflux for 3 hr, filteved, diluted with 20 1l >
water, and extracted with benzene.  The organie Laver was dried
and concentrated @ racio. Addition of 25 ml of water 10 the
residune gave 0.97 g 1304 vield) of produet, mp 127-130°0 The
analytical saniple was prepared hy subbmation, mp 1275 1207,

Pharmacology. Inhibition of FFA Release from Isolated
Adipose Tissue.--The iuliibition of unorepinephrine induced
relesse of fatty acids was xtidied with epididymal adipose tisane
taken from male Sprague-Dawley rats, 180-240 g, ed ad 1dat .
The tissne was placed in freshly aerated Krebs-Ringer hicu-
honate buffer, ptt 7.4, avd mineed with scdssors 1nto pleces
weighing approximately 10 mg.  PFach experimental flask eci-
tained 3Hnl of freshly acrated (930¢ O4-577 COL1 Wrebs=-Ringer
hicarbomiate hndfer and 200 £ 3 mg (mean = standard deviation::
of adipuse tiscae. Bovine plasma albumin, fraction IV 1,
was nsed as o fanty aeld acceptor i the menbation medinim,
Adequate norepinephrine ¢20-30 ng/ml waz added 1o che b
cubattion mixtire 1o elicit a4 5007 of maximnm fatty add relensc.
The componnds midel test were added at appropriaic coveen-
trabons,  The experimental flasks were stoppered. aerated with
0550 Q=50 COy for 1O miy and ineabated at 37° Hor 3 hreoon o
Dubnoff metaboliv shaker.  After inpenbation,  aliquots were
removed for fatty aeld aualysis by the method of Dol The
effect= of the inhibitors were expressed 1 terms ot the molar
concentration required to prodinee 3007 inhibition (IC;, 1

Effect on Fasting Plasma FFA .- An intravenous dose of 10
kg of test compound was administered to two or more pormel,
fusted dogs. Blood =amples were withdrawn for conools and
at 0.5, 1 hr, and howly throngh X hree Plasma FFA levels were
meastred by the method of Dole® and are expressed as micro-
equivalent= of FFA per liter of plasma. A depression of plasna
FEA with an inteusity greater thar 6000 s classifiecd as o maximed
redietion {4 =+ 1, a 30-00C0 depression i= classified ax o less ¢han
maximal rednetion « -+ 4 abd those componnds which produee fess
thay o 3000 fall of plasma FIFA or are inactive are grouped 1o-
gethers =1
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A group of 85 isoflavones has been synthesized by known procedures.

They were tested for antifertility

effects in # mouse litter prevention assay and as hypocholesteremic agents in normal rats.

Although estrogens alone are effective antifertility
agents,! they are employed either in combination with a
progestin or sequentially, 7.e., followed by a progestin.
The chronie administration of small doses of estrogen

17 A, S, Watnick, J. Gibson, M. Vinexra, and 8. Tolksdorf, Peoc, Saet
Erpd. Biol. fed., 116, 343 (1964).

delays bleeding until 7-10 days following cessation of
therapy, while chronic administration of larger dosex of
estrogen leads to irvegular bleeding or spotting due to
endometrial hyperplasia.? Tt has recently been re-

220 HLWL Radet and FooAL Kiaed, deta Badocedinol. Suppt.. 105 19606,



