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Coumarins substituted in the 3- and 4-positicns by @ pyridine ving have been prepared by modificarions of 1he

Pechniann, Knoevenagel, and Perkin reacrions.

are stimulants.

Couarins are known to have a variety of physio-
logical activities including scdative properties.?  Al-
though a great number of substituted coumarins
has been prepared including many with aromatic
substituents i the 3- and $-positions, very little work
has been done on pyridyt commarins (T and ).

0]

I \Nl
I

Pacheco and Gotto® deseribe a few hydroxyl-sub-
stituted 4-(3-pyridyl) coumarins (II) prepared by a
modification of the Pechimanu reaction, and Bragg
and Wibberley* prepared the 3-(2- and 4-pyridyl)
coumarins (I) by the IKnoevenagel condensation.
Neither of these reports describe any pharmacological
properties. Our interest in coumarins® led us to pre-
parc a number of pyridyl coumarins of types I and Il
and to study some of their pharmacological properties,
especially their effects on the central nervous systein
(CNS).

These compounds, listed in Table I, were synthesized
by three general methods. The {-(4-pyridyl) cou-
marins (I1) were prepared by the Pechmaun reaction®
i1 which the appropriate phenol was condensed with
methyl  B-oxo-4-pyridinepropionate in the presence
of sulfurie (method A) or polvphosphorie acids (method
B).  Inthe one case (with resoreinol) in which a direct
coulparison was made, polyphosphoric acid was found
to be superior (579 yield against 389;). Where appli-
cable, the best method for preparing compounds of
type 1 appcared to be the Knoevenagel condensation
of salicylaldehydes with pyridylacetates in the presence
of piperidine? (imethod D). The most general method
for type I compounds is the Perkin reaction” using o-
hydroxybenzaldehydes  or  o-hydroxypheuyl  ketones
with pyridylacetic anhydrides in the presence of bases

method D (R=H)
oH PyCH,COOR' piperidine ™\

X 1
COR __ PyCH;COOH Ac,0 BN 7

method C

(1) Paper V1 of tlds series: R. 13. Moffett, J. Med. Chem., T, 310 (10641,
{2y R0 ML Nethna and N. M. Rhaly, Chem. Rec., 36, 1 (1045).

(3} 1. Pacheco and R. Gotto, Bull. Soe. Ckim. Feance, 93 (101:0).

1) D. R, Bragg and D. ;. Wibberley, J. Chemn. No¢., H074 (1061,

3 R, DL Moffett, J. Med. Pharm, Chem.. B, 337 1912},

1)y R Retla pud R, Phadke, Org. Beactlows, T, ¢ (1953,

7y J. Ro Jolason, dhid., 1, 210 (1942¢

These as wall us severul inrermediates and derivatives have he
tested for their effects on the central nervous sysrem of mice.
A few have antifungul activity (n ectro.

They wre generally mild depressants, although smne

(e.g., triethvlamine) (method ). In our work the
anhydrides were prepaved in situ from pyridyvlacetic
acids and acetic anhydride.

(-Amino-3-(4-pyridyl)cowmarin (8; I, R = 1, X
-NHy) was prepaved by hydrogenation of the cor-
respouding nitro compound (7). By using Raney
nickel and hydrogen at low pressure, hydrogenation of
the counariu ring was avoided.

The  dialkylaminoalkoxy-o-hydroxybenzaldehydes
and acetophenones (III) needed to prepare pyridyl
coumaris substituted by basic ether groups (I, R =
H or CH; X = RN (CH.y),0-) were readily prepared
by selective monoalkylation of the corresponding di-
1\d10\vb(*lma dehyde or accetophenone with dialkyl-
aminoalkyl chlorides and potassiuin carbonate in acc-
tone.  The aldehyde (ITI, R H, R" = CHy n = 3
underwent  extensive decomposition one distillation
but the crude produet was satisfactory for the Knoc-
venagel reaction giving the counarin 12, Since ketones
are reported unsuceessful* for the Kuoevenagel re-
action the Perkin condensation was used with the
basic acetophcenone (ITI, R = CHy R = C.Hy, 0= 21,
Although 4-methoxy-2-hydroxyacetophenone was satis-
factory i this reaction, the analogous 4-(diethylamino-
cthoxy)-2-hydroxyacetophenone was cleaved and only
-hyvdroxy-4-methyl-3-(3-pyridyh coumarin - (13)  was

1solated.
RN(CHa)p O OH
COR

11X

(R=H, R'=CHj, »=1)

HO OH R5N(CH)(l
e E——
COR KCO; acetone

(R=CHj, R'=Et, n=2)
CH,COOH
R

NN C14,C00CH,

FtgN AceO piperidice

)
RO~ 00 (CHaN (CH0 2~y OO
0 0
P N
CHs =N

R’ = (C.H;5):N(CHs), not isolated 12
R = H(13), isolated

Pharmacology —The pyndyl coumarins were tested
for their CNS8 effects by gross observation of intact
nice.>  Although most of them showed depression at
nearly the lethal dose, only three (Table I, 1, 11, and
18) showed depression at less than half the [LDs.
One of these (1) was suggestive of possible stiunulant
propertics in that it iuhibited monamine oxidase
(MAO) dn ettro One pyridyl coumarin (lable I,
15) scemied to he a ONS stunulant giving an inerease

R 15 Mofferr, A0 R lunze, amsl PN Sewy, S0 Yedo Chesgl, T, 178
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in motor activity of mice and inhibition of monamine
oxidase in witro.® Hydrochlorides of the two o-hy-
droxycarbony! basic ether intermediates (III, R = H,
R’ = CH';, n = %, and III, R = CHs, R = CQHa,
n = 2) also seemed to be stimulants on gross observa-
tion of intact mice. They also inhibited monamine
oxidase n vitro® 46 and 389, respectively, at 103
M. T'wo compounds (Table I, 4 and §) were found to
be antifungal agents ¢n wtro. The LDj values of the
pyridyl coumarins are given i Table I and other
mmteresting pharmacology 1s mdicated in the footnotes
to this table.

Experimental ™

3-(3-Pyridyl )coumarin (1).—A solution of 13.9 g. (0.1 mole) of
3-pyridylacetic acid, 12.2 g. (0.1 mole) of salicylaldehyde, 28.2
ml. (0.3 mole) of acetic anhydride, and 14 ml. (0.1 mole) of
triethylamine was heated under nitrogen on a steam bath for 1
hr. and then in an oil bath at 180-195° for 2 hr. during which time
the excess solvent evaporated. On cooling, the residue crystal-
lized. This was dissolved in 150 ml. of dilute hydrochloric acid by
warming, and was filtered and cooled. Crystalline hydrochloride
separated which, however, was partly converted to free base
either on washing with water or by drying. This was converted
to the free base by dissolving in dilute sodium hydroxide, pre-
cipitating with acetic acid, collecting the solid, and drying, m.p.
167.5-169°. The filtrates were combined, made basic, and con-
centrated, giving additional free base. This was sublimed at
170° (bath) (0.01 mm.) giving a yellow solid which was crystal-
lized from isopropy! alcohol, n.p. 167.5-169°. The total vield
was 16.5 g.

3+(3-Pyridyl)coumarin N.-Oxide (2).—A solution of 22.3 g.
(0.1 mole) of 3-(3-pyridyl)coumarin in 100 ml. of acetic acid and
16 ml. of 309 hydrogen peroxide wuas heated at 70° for 16 hr.
On cooling, the N-oxide crystallized and was collected, washed
with water, and dried at 50° (0.3 ml.) giving 17.5 g. (75%;) of
nearly white solid, m.p. 276-278°. Recrystallization from
dimethylformamide gave 15.7 g. of light tan silky needles with
the same melting point.

Method D. 6-Chloro-3-(4-pyridyl)coumarin (3),—A solution
of 37.3 g. (0.24 mole) of 5-chlorosalicylaldehyde, 30.2 g. (0.2
mole) of methyl 4-pyridylacetate, and 11.6 ml. of piperidine in
250 ml. of absolute ethanol was heated under reflux with stirring
for 2 hr. After about the first 5§ min. of heating a solid separated.
After cooling the solid was collected, washed with ethanol, and
dried, giving 47.9 g. of solid, m.p. 268.5-271.5°. This was re-
crystallized from 350 ml. of dimethylformamide giving 45.06
g. of light tan crystals, m.p. 271-272.5°.

6-Bromo-3-(2-pyridyl)coumarin (5).—To a mixture of 17.4
g. (0.1 mole) of 2-pyridylacetic acid hydrochloride, 20.1 g. (0.1
mole) of 5-bromosalicylaldehyde, and 75 ml. of acetic anhydride
was added 28 ml. (0.2 mole) of triethylamine. The mixture be-
came warm and turned dark. After heating under reflux with
stirring for 18 hr., the mixture was cooled and poured into
water giving a dark gum. This was extracted successively with
boiling ether and acetone. Theextracts were combined and evapo-
rated and the residue was sublimed at 160-170° (bath) (0.01
mmni.). The yellow solid sublimate was recrystallized from eth-
anol yielding 7.34 g. of yellow crystals, m.p. 177.5-188.5°.

6-Amino-3-(4-pyridyl)coumarin (8).—A suspension of 11.12
g. (0.0415 1nole) of 6-nitro-3-(4-pyridyl)coumarin (7) in 150 ml.
of ethanol was hydrogenated with two teaspoons of moist Raney
nickel catalyst at 60 lbs. (4.22 kg./cm.?) starting pressure and
room temperature. The theoretical 0.125 mole of hydrogen was
absorbed in 1 hr. und the uptake nearly stopped. After cooling
in the refrigerator, the solid (mixed with the catalyst) was col-
lected. This solid was repeatedly extracted with hot dimethyl-
formamide (180 ml.). The solution was diluted to 500 ml. with
absolute ethanol and cooled, giving 5.93 g. of yellow solid, m.p.

(10) Melting points were taken in capillary tubes with a partial immer-
sion thermometer. Calibration of the apparatus against standard com-
pounds showed no need for correction. Infrared, ultraviolet, and, in many
cases, nuclear magnetic resonance spectra were obtained on these com-
pounds. Unless otlierwise noted they were in accordance with the proposed
structures.
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253-255°. Concentration of the filtrates and dilution with
ethanol yielded 3.0 g. more solid, m.p. 253-255.5°.

A small sample was sublimed at 220° (bath) (0.005 mm.)
giving yellow solid which was recrystallized from methanol,
m.p. 255-257°.

6-Acetamido-3-(4-pyridyl)coumarin (9).—A solution of 6.2 g.
(0.026 mole) of 6-amino-3-(4-pyridyl)coumarin (8) in 150 ml.
of acetic anhydride and 50 ml. of acetic acid was boiled for a
few minutes, filtered, and cooled. The resulting yellow crystals
were collected, washed with acetic anhydride, then with ethanol,
and dried, giving 5.0 g. of yellow solid, m.p. 298-300°. A small
sample recrystallized from Methyl Cellosolve had the same
melting point.

5,7-Diacetoxy-3-(3-pyridyl)coumarin (10).—To a mixture of
30.4 g. (0.2 mole) of 2,4,6-trihvdroxvbenzaldehyde, 24.4 g. (0.2
mole) of 3-pyridylacetic acid, and 75 ml. of acetic anhydride was
added 28 ml. (0.2 mole) of triethylamine. The temperature
rose to 110°, the solid dissolved, and another solid crystallized.
The mixture was heated in an oil bath to 190° for 4 hr. during
which time the solvent evaporated. The resulting dark gum was
boiled with methanol and after cooling the solid was collected,
dissolved in dimethylformamide, and reprecipitated with water.
The crude material was reacetylated by refluxing with acetic
anhydride, treated with decolorizing charcoul, and cooled to
give 27 g. of crystalline solid. This was sublimed at 220°
(bath) (0.02 mm.) giving 12 g. of crystalline solid, m.p. 179-
181°.  An additional 5 g. of similar material was obtained from
the filtrates. The total yield was recrystallized from methunol
giving 15 g. of white silky needles, m.p. 182-183°,

5,6,7-Trimethoxy-3-(3-pyridyl )coumarin (11).—A solution of
10.61 g. (0.05 mole) of 2-hydroxy-4,5,6-trimethoxybenzalde-
hyde* and 9.15 g. (0.075 mole) of 3-pyridylacetic acid in 25 ml.
of acetie anhydride and 7 ml. (0.05 mole) of triethylamine was
heated with stirring under nitrogen on a steam bath for 1.5 hr.
and then in an oil bath to 174° for 1.5 hr. Most of the solvent
evaporated. The dark solution was poured into ice-water giving
a gummy precipitate. The mixture was washed with ether and
neutralized with sodium hydroxide. The precipitate was col-
lected, dried, and sublimed at 185° (0.01 mm.) giving 2 g. of
vellow solid. This was recrystallized from ethanol vielding 1.5
g. of nearly white crystals, m.p. 150.5-153.5°.

4-(y-Dimethylaminopropoxy )salicylaldehyde.—A mixture of
41.5 g. (0.3 mole) of 2,4-dihyvdroxybenzaldehyde, 97 g. (0.7 mole)
of potassium carbonate, 500 ml. of acetone, and 73 g. (0.6 mole)
of v-dimethylaminopropyl chloride was heated under reflux with
stirring for 8 hr. After standing overnight and distilling most
of the solvent, the mixture was dissolved in water and ether and
acidified with hydrochloric acid. The aqueous layer was twice
washed with ether and made basic (pH 7-8) with sodium hy-
droxide. The aqueous solution was well extracted with ether
and then with methylene chloride. The organic solutions were
washed with water and evaporated to dryness, giving 24.8 g.
(375%¢) of a brown oil.

An attempt was made to distil the oily free base through a
20-cm. column. Most of it decomposed to a black solid; how-
ever, 1.6 g. of yvellow liquid was obtained, b.p. 112° (0.07 mm.);
n®p 1.5559. The infrared spectrum was practically identical
with that of the undistilled oil.

Hydrochloride.—This distilled free base was dissolved in
absolute ether and acidified with alcoholic hydrogen chloride
giving 1.8 g. of nearly white solid, m.p. 172-174°. This was re-
crystallized from isopropyl alcohol giving 1.7 g. of nearly white
crystals, m.p. 173.5-175°.

Anal. Caled. for C:HisCINO;: C, 55.49; H, 6.98; C], 13.66;
N, 5.39. Found: C, 55.42; H, 6.87; Cl, 13.86; N, 5.26.

4-(3-Diethylaminoethoxy )-2-hydroxyacetophenone.—A  mix-
ture of 76.1 g. (0.5 mole) of 2,4-dihydroxyucetophenone, 138.2
g. (1.0 mole) of potassium carbonate, 600 ml. of acetone, and 104
g. (0.75 mole) of g-diethylaminoethy! chloride was heated under
reflux with vigorous stirring for 5.5 hr. and allowed to stand for
5 days. After distillation of most of the solvent, the mixture
was dissolved in ice-water and ether. The ether layer was twice
extracted with 109 aqueous sodium hydroxide, dried over potas-
sium carbonate, and evaporated to dryness, giving 17.4 g. of
nearly colorless oil. Even though this had not dissolved in
sodium hydroxide, it was essentially the desired monoether as
shown by infrared spectroscopy. The Dbasic aqueous solutions
were acidified with hydrochlorie acid and the solution was twice

(1) W..J. Horton and M. G. Stout, J. Ocy. Chem., 26, 1221 (191:1).
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CHEMICAL AND PHARMACOLOGICAL PROPERTIES

Position  Position
of of
pyridine  wttacle
on rqent on
Congpd. cotgyarin pyridine
no. ring ring R X

1 3 3 4-H H

) 3 3 +-H H(N-oxide)

3 3 4 4-H 6-Cl1

4 3 3 +-H 6-Br

i} 3 2 4-H 6-Br

6 3 2 4-H 6-NO,

T 3 4 4-H 6-NO.

b 3 4 4-H 6-NH.

] 3 4 4-H 6-NHCOCH,
10 3 3 4-H 5,7-Di-OCOCH;
1t 3 3 4-H 5,6,7-Tri-OCH;
12 3 4 1-H T-()(CH}),;N(C}IJ);
13 3 3" +-CH; 7-OH
14 3 3 4-CH,; 7-OH
15 3 3 4-CH, 7-0CH:

10 3 3 1-CsH, 7-OH

17 4 4 3-H 7-OH

18 4 4 3-H 7-OCH;

1 4 1 3-H 5,6,7-Tri-OCH,

Metliod Yield,

of prepn, e M., 00 Crystn. xolvent”
(o T4 167.5-169 -PrOH
' 7 2706--278 DMF
1 9t 27127205 DMF
1y N0 230--231 MeOQ(ClH,)OH
(@ 24 187 .5-188.5 15tOH
D 04 215-216.H DM
D D 270-271 DMY
; 90 255-257 MeOH
} (141 205-300 MeO(CH, .OH
(& 44 182183 MO
(o8 10 150.5-153.5 tOH
ne 35 1306138 I2tOH
(G IS 313--315 dee. H.0
" 04" 2H7-208.5 MeO{CH. .OH
(& 51 13514t FtOH
o 10 2882005 MeO(CH, »OH
53 B 307-312 dec, MeO(CH,:0OH
3" 31 212-214.5 1tOH
EY S0 tN3-180 1tOH

* Unless otherwise stated, yields are calculated on material melting not less than two degrees below the highest melting point obtaied.

h See footnote 10.
preparation.
ing in mice at 65 mg./kg.

see ref. 9. ¢ N-oxide of 1.

¢ DMF = dimethylformamide.

b See ref. 12.

in mitro ngainst Trichophyton rubrin:.

extracted with ether. Evaporation of the ether yielded 14.0 g.
of crude starting 2,4-dihydroxyacetophenone. The acid aqueous
solution was neutralized (pH ~7-8) with sodium bicarbonate.
The solution was concentrated 7n vacio on a steam bath and the
salts were well extracted with methanol. The methanol solu-
tion wuas evaporated to dryness and the vesidue wus again ex-
tracted with methanol. After removal of the solvent the residue
was boiled with benzene and filtered from salts. After removal
of the benzene the two fractions of eriide monoether were distilled
giving 722 g (57.64.) of nearly calorless oil, bh.p. 115° (0.01
m ) n2p 13308,

The infrared spectrim had lirtle it any absorption in the OH
region showing that it a phenolic hydroxyl is present it is highly
chelated und therefore ortho to the carbonyl. The principal
bands are at 2805, 1635, 1507, 1255, 1194, 1133, and 1070 ain. L.
The ultraviolet spectrum indicates a phenolic group, showing a
shift from neutral to basic medium. The principal bands are
(in ethanol) at 227 mg (e 10,100), 234 (8500), 274 (16,000), and 313}
(7400); (in 0.01 N ethanolic KOH) at 228 my (e 19,900), 238
(17,700), 274 (10,050), and 353 (8700). The nuclear magnetic
resonce spectruin clearly shows the phenolic hvdroxyl und
only e diethylaminoethoxy group.

Jnal. Caled. for CHaNOy: €, 66.490; H, 8.42: N, 3.57:
03, 10.10. Found: C, 66.64,' H, 8.37,* N, 5.42; 0, 19.57.1*

Hydrochloride.—A 10-g. sample of the free base in absolute
ether was acidified with ethanolic hydrogen chloride yielding
11.75 g. of white crystalline solid, m.p. 153-154.5°. A sample
recrystallized from «thyl methyl ketone had the sume melting
point.

Anal. Caled. for CiHpCINGOG: G, 0842, H, 771
Iround: (€, 58.35; H, 7.85; Cl, 12.44.

Attempt to Prepare 7-(g-Diethylaminoethoxy)-4-methyl-3-
(3-pyridyl)coumarin. Isolation of 7-Hydroxy-4-methyl-3-(3-
pyridyl)coumarin Hydrochloride (13).—A solution of 25.1 g.
(0.1 mole) of 4-(g-diethylaminoethoxy )-2-hydroxyacetophenone
and t3.9 g. (0.1 mole) of 3-pyridylacetic acid in 28.2 ml, (0.3
mole) of acetic anhydride was heated under reflux for 16 hr.

1, 1252

(12) This analysis by Huffinan Mecrapnalytical Laboratories.

+ See paper V' of this series (ref. R) for methodology.
/ Depression, chronic convulsions, loss of pinna reflex, and wobbly gait in mice at 300 mg. 'kg.
Decrease in motor activity of mice at 130 mg./kg.

e Nee Fxperimental for
Body temperature lower-
Monamine oxidase inhibition ¢n 2ifro 4490 at 1073 A

© A solution of 20.1 g. (0.1 mole) of 5-bromosalicyvluldehyde, 30.2 g. (0.2 mole) of methyl
3-pyridylncetate, and 11.6 ml. of piperidine in 250 ml. of absolute ethanol was heated under reflux with stirring for 7 hr.
Miniimim inhibitory concentration 100 ~/ml,

4 Antifungal
£ Antifungul 7n vitro against T, rrdbrion. Mini-

The dark solution was poured into ice-water and neutralized
(pH ~6) with sodium hydroxide. The dark insoluble gum was
dissolved in dilute hydrochloric acid, filtered, and partly neutra-
lized (pH ~3) with sodihmn hydroxide. The resulting solid
was recrystallized fromn aqueous dimethyvlformamide and then
from water with decolorizing churcoal treatiment, giving 1.33 g.
of ecream-colored ervstals, pip. 313-315° dee.  This was found
by aunalysis and infraved spectrum to be 7-hydroxy-4-methyl-5-
C-pyridyDeomnarin hyvdrochlorides By evaporating the filtrale
1o dryness /n racno, fracronating the solids with aleohol, and
finully recrystallizing from water an additional 6.75 g. of this
hydrochloride wag obtanred.

Free Base (14%.—A 0.5 g. sample of the hydrochloride was
made basic with sodinn hvdroxide and neutralized with acetic
acid (pH ~86) giving a solid which was sublimed at 220° (bath)
(0.005 mm.) giving 0.4 g. of solid.  This wus recrystallized from
Methyl Cellosolve, vielding 0.25 g. of nearly white crystals, m.p.
257-258.5°.

7-Methoxy-4-methyl-3-(3-pyridyl)coumarin (15).-—A solution
of 33.2 g. (0.2 mole) of 2-hydroxy-4-methoxyvacetophenone and
27.8 g. (0.2 mole) of 3-pyrvidylacetic aeid in 56.4 ml. (0.6 mole) of
acetic anhydride and 28 ml. (0.2 mole) of triethylauminewas heated
under reflux for 1% hir., cooled, and poured into iee-witer.  After
neutralizing with sodium hydroxide the resulting partly crystal-
line solid was extracted with benzene and methylene chloride.
The extracts were washed with sodhnn carbonate solution and
water and the solvent was evaporated giving 59 g. of dark oil,
which ervstallized on standing.  Thiz was sublimed at 1907
{hath) (0.02 mm.). Afler ranoving a lquid forenm, 33 g. of
solid was obuained.  This was recrystallized from  ethanol
giving 27 g. of light yellow crystals, m.p. 138-141°.

7-Hydroxy-4-phenyl-3-(3-pyridyl )coumarin (16).—A solution
of 21.4 g. (0.1 mole) of 2,4-dihydroxybenzophenone and 12.2 ¢.
(0.1 mole) of 3-pyridyluacetic neid in 56.4 ml. (0.6 mole) of ncetic
anhydride and 28 ml. (0.2 mole) of triethylumine wus heated
under reflux for 3 days.  On pouring the dark sohition mto water
1 Dlack gum was obtained. The aqueous solution was decanted
and the gum wis boiled with 300 ml. of ethanol, allowed to stand
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Einpirical ——Carbon, % —~Hydrogen, %—

formula Caled. Found Caled. Found
Ci.HNO; 75.32 75.33 4.06 3.76
CiHNO; 70.29 70.60 3.79 3.56
CiHsCINO, 65.25 65.40 3.13 3.24
CisHgBrNO, 55.65 55.80 2.67 3.08
Ci:HsBrNO. 55.65 55.74 2.67 2.45
CidHsN 0, 62.69 62.84 3.00 2.85
CHeN: O, 62.69  62.62" 3.00 3.13
C1eHoN»Os 70.58 70.59 4.23 4.05
CisHieNoOs 68.56 68.28 4.32 4.39
CisHisNOs 63.72 63.67 3.86 3.72
CyHisNOs 65.17 65.06 4.83 4,62
CyeH2oN:205 70.35 70.29 6.22 6.29
Cy:H:CINOy’ 62.18  62.40" 4,18  4.33"
CisHiNO; 71.14 70.95 4.38 4.51
CisH1sNO;g 71.90 71.70 4.90 4.79
CaH 13N O3 76.18 76.23 4.15 4.11
Ci:HeXNO; 70.29 70.44 3.79 3.60
Ci:HuNO; 71.14 71.03 4.38 4.41
Cy:HNOs 65.17 65.06 4 83 4 87

mum inhibitory concentration 10 v/ml.
decrease in motor activity of mice at 200 mg. /kg.

0, 16.55.
hibition of monamine oxidase at 102 M see ref. 9.
sublimed. ¢ Depression in mice at 300 mg./kg.

Pyripyr CoumaRINg

—~Nitrogen, %~-—

? Depression at 300 and extreme depression at 1000 mg. /kg.

* This analysis by Clark Microanalytical Laboratory.
» Depression in mice at 1000 mg./kg. and in rats at 500 mg. /kg,
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~—~—=Qther elements, 95— Mouse L1,

Caled. Found Caled. Found mg. kgt
6.28 6.57 0, 14.34 0O, 14.16 6507
5.86 5.85 0, 20.06 0, 20.23" 1780
5.44 5.29 Cl, 13.76  Cl, 13.98 1780
4.64 4.68 Br, 26.45 Br, 26.66 1207
4.64 4.82 Br, 26.45 Br, 26.34 560"
10.44  10.38 0, 23.8 O, 23.04" 1780
10.44  10.22 0, 23.8 O, 23.78" 1780
11.76  11.75 560
9.99 9.89 >1000
4.13 4.12 (70
4.47 4.46 >1000°
8.64 8.50 560
4.84 5.11 Cl, 12.24 Cl, 12.06 560
5.53 5.59 0, 18.95 0, 18.94*

5.24 5.06 >10007
4.44 4.39 0, 15.22 0, 16.35" 1780
5.86 6.02 0, 20.06 0O, 20.04 >1000
5.33 5.79 0, 18.95 0O, 19.61" 1780
4.47 4.60 >1000*

Body temperature lowering and

m Crude (undistilled) 4-(y-dimethylaminopropoxysalicylaldehyde) was used in
this preparation and the yield is based on this crude starting material.
See ref. 12. 7 Yield of free base from hydrochloride (13).

» Hydrochloride salt. ¢ Anal. Caled.: O, 16.57. Found:
¢ Increase in motor activity of mice at 200 mg./kg. and 457 in-
¢ The crude product was
Decrease in motor

activity and protection against lethal doses of epinephrine in mice at 200 mg./kg,.

overnight, and filtered. On long standing, large crystals mixed
with some gum separated. This was collected, giving 14.5 g.
of dark solid. A 2-g. sample was sublimed up to 270° (bath)
(0.005 mm.) giving 1.85 g. of light yellow solid. Two recrystal-
lizations from ethanol were carried out by boiling with a large
excess of solvent, filtering, concentrating, and cooling, furnishing
0.68 g. of pale yellow erystals, m.p. 288-290.5°. The bulk of the
dark crystals was recrystallized from Methyl Cellosolve to yield
11.2 g. of tan crystals, m.p. 286-288°. An additional 1 g. was
obtained by subliming and recrystallizing the filtrate.

Methyl B-Oxo-4-pyridinepropionate.—A mixture of 1.45 1.
(6.5 moles) of 259 methanolic sodiwm methoxide, 1.51. of toluene,
and 5.4 1. of dry benzene in a 12-1. flask was slowly distilled with
stirring through a Vigreux column until the methanol was re-
moved. The column was replaced by a reflux condenser and a
mixture of 617 g. (4.5 moles) of methyl isonicotinate and 667 g.
(9.0 moles) of methyl acetate was added slowly under reflux
during 2.5 hr. Afterrefluxing for an additional 18 hr. and cooling,
the sodium derivative was collected on a filter and washed with
benzene and hexane. The solid was dissolved in water and
neutralized with acetic acid. The product was extracted with
ether and dried over sodium sulfate. Filtration and removal
of the solvent gave 250.7 g. of solid which was recrystallized
twice from 939 ethanol yielding 160 g. (209,) of nearly white
crystals, m.p. 76-78°,

Anal. Caled. for CgHNO;: C, 60.33;
Found: C, 60.24; H, 5.15; N, 7.77.

Method A. 5,6,7-Trimethoxy-4-(4-pyridyl )coumarin (19).—
A mixture of 1.84 g. (0.01 mole) of 3,4,5-trimethoxyphenol,!?
1.8 g. (0.01 mole) of methyl g-oxo-4-pyridinepropionate, and 5
ml. of 75% (by weight) sulfuric acid was stirred and shaken for

H, 5.06; N, 7.82.

(13) H. Thoms and W. Siebeling, Ber., 44, 2115 (1911).

8 hr. and allowed to stand for 2 days. The red solution was
poured into ice-water and made basic with sodium hydroxide.
The precipitate was collected, washed with water, and dried,
giving 2.5 g. of tan solid, m.p. 182-184°. This was recrystallized
from 40 ml. of ethanol giving 2.27 g. of white crystals, m.p.
183-186°.

Method B. 7-Hydroxy-4-(4-pyridyl)coumarin (17).—A mix-
ture of 18.0 g. (0.1 mole) of methy! 8-oxo-4-pyridylpropionate,
11.0 g. (0.1 mole) of resorcinol, and 75 g. of polyphosphoric acid
was stirred at 70-90° for 30 min. The red mixture was well
washed with water and dried, yielding 22.76 g. of orange solid,
m.p. 282-294° dec. This was dissolved in 120 ml. of dimethyl
sulfoxide, treated with decolorizing charcoal, filtered, and diluted
with water at the boiling point until crystallization started.
After cooling, 11.6 g. of yellow crystals was obtained, m.p. 297-
306°. The aqueous acid solution was neutralized (pH ~6)
with sodium hydroxide giving 6 g. of solid which after r-crystal-
lization from aqueous dimethyl sulfoxide as above yvielded 2.1
g. of solid, m.p. 290-300° dec. The total yield was 13.7 g.
A sample was recrystallized from Methyl Cellosolve and sub-
limed at 250° (0.005 mm.) to yield yellow crystals, m.p. 307-
312 dec.

A run using sulfuric acid in place of polyphosphoric acid
(method A) gave only 389 vield.
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