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a Corrected. b A, acetone; P, pentane. c Drug dose was 1000 mg/kg orally. X = no effect, S = slight reduction in spontaneous 
motor activity, subjectively graded and compared with control animals receiving medium only. d Drug dose was 500 mg/kg orally. 
R' = (drug -j- pentobarbital sleep time)/(pentobarbital sleep time). Pentobarbital dose, 50 mg/kg ip administered 30 min after test 
drug. 

true potentiation and becomes significant when greater 
than 1.5. The fact that 1 is active as a depressant but 
inactive as a barbiturate potentiator lends some support 
to the suggestion that there is functional independence 
of sites for the two types of activity.3 

Two of the compounds, 1 and 2, were also tested for 
anticonvulsant6 (pentylenetetrazole antagonism), anti-
strychnine lethality,7 and antitremorine8 effects.3 

Neither showed antagonism to pentylenetetrazole- or 
strychnine-induced convulsions. However, they com
pletely protected 40-60% of the test animals from 
tremorine-induced tremors at an oral dose of 1000 
mg/kg. 

Experimental Section 

Microanalyses were performed by Midwest Microlab Inc., 
Indianapolis, Ind. Where analyses are indicated only by ele
mental symbols, analytical results for those elements were within 
± 0 . 4 % of theoretical values. 

Preparation of Diamides.—The methods used in synthesizing 
diamides of cyclobutane-l,l-dicarboxylic acid were essentially 
the same as those reported for producing diimides of that acid.1 

Crystallization solvents and yields are reported in Table I. 
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Khellin or 2-methyl-5,8-dimethoxyfuranochromone 
(I) and some of its analogs are known to be coronary 

OCH3 

OCH3 

I 

vasodilators.1_3 This paper describes the synthesis and 
pharmacological properties of a number of new sub
stituted chromones (III-XII) which were prepared as 
potential coronary vasodilators (Table I). In addition 
to the fact that III-XII share the characteristic features 
of active chromones,2'3 these compounds could also be 
considered khellin analogs in which the furane ring of 
the khellin molecule (I) is not a part of the rigid 
furanochromone structure, but instead is attached to 
the chromone molecule through an ether linkage as in 
VI, VII, and XI. 

Chemistry.—2-Furyl-7-hydroxychromone (II, R = 
2-furyl) was synthesized from 2,4-dihydroxyaceto-
phenone and 2-furoyl chloride by a standard three-step 
procedure.4 The synthesis of 2-aryl-7-hydroxychro-
mones (II, R = C6H5 and C6H4OCH3-4) is already 
described in the literature.6 

II 

T h e c h r o m o n e s II ( R = C 6 H 5 , C 6 H 4 O C H 3 - 4 , a n d 
2-furyl) w e r e t r e a t e d w i t h v a r i o u s c h l o r o m e t h y l i n t e r 
m e d i a t e s a n d ac id ch lo r ides t o g ive t h e des i red c o m 
p o u n d s I I I - X I I . 

(1) R. Charlier, "Coronary Vasodilators," Pergamon Press Inc., New 
York, N. Y., 1961, P 84. 

(2) G. Jongehreur, Arch. Int. Pharmacodyn. Ther., 90, 384 (1932). 
(3) Koninklijke Industrieele Maatschappij voorheen Noury and van der 

Lande N. V., Dutch Patents 70,267 and 70,268 (June 16, 1952); Chem. 
Abstr.. « , 6445s,h (1953). 

(4) D. Donnelly, R. Geoghegan, C. O'Brien, E. Phillin, and T. S. Wheeler, 
J. Med. Chem., 8, 872 (1965). 

(5) W. Baker, / . Chem. Soc, 1381 (1933). 



028 N O T E S Vol. 12 

R'O 

C ' u m p 

nu. 

I l l 
IV 
V 

vr 
V I I " 

V I I r 
IX 
X 
XI" 
X I I 

li 

2-Fu 
2-I'u 
2-1'u 
2-t'u 
C'sIIs 
CslI:, 
Culls 
• l - C t l h O C H i 
•1-CoHiOC 
2-l 'u 

:Hi 

R' 

cn.coic-iii, 
K ' H . ) . X ( ( ' . ; H i ) ; 
2 -COFu 
2-CHsru-5 -CO-C.Hi , 
2 - C H . F u - 5 - C 0 . C s H s 
2-C OF u 
(CH.)sOCiH:, 
2 -COFu 
2-CH2F11-5-CO2C2IU 
OCCtH4COCHj)j-S,4.3 

R e c r y s t n 
solvent 

D M F - M e O H 
K t O H - M e j C O 
M e . C O 
D M F - M e O H 
D M F - M e O H 
D M F - E t O H 
E t O H 
D M F - M e O H 
D M F - M e O H 
D M F - M e O H 

Yield, 

'", 
50..", 
4 2 . 5 
(iO 0 
4 0 . 8 
45 0 
60 5 
50 8 
70 3 
50. :i 
7 0 . 0 

M p . °C 

155-157 
218-220 
108-170 
1811 
IBS 
167-168 
1«2 
105 
1S5 
215 

0 

c 
(' 
C: 
C; 

( ' • 

C 
(..': 
(;•. 
('. 

Furjnula 

nUi40« 
H H K C I N O J 

I .HIUOS 

. • iH„0; 
:lHi«0< 
aiH.:Oi 
•all 1,0, 
n H » 0 B 

:>ii-Mi 
i H „ 0 , 

Ana l \ scs 

C, H, 0 

Pharmaco log ica l das 

Dose. 
ifiK kg 

10 
C, H, CI. \ , () 10 
C. II. 0 
<'. H, 0 
('. H, 0 
C. H, 0 
C, H. 0 
C. II . 0 
( ' . 11, 0 
C, H. O 

2 
2 

10 
10 
10 
10 
2 

10 

I 'O; D u n 
'", lion 

change rniu 

- S 
- 4 1 

0 1) 
f-11 :; 
- - 5 S 

(1 0 
- 40 :; 

- 0 11 
- 0 10 

+ hi S 

" The intermediate ethyl .J-(chloromethyl)-2-furoate (ClOtF—^0)— CO.r.H-.) used in the synthesis of these compounds was prepared 

according to a known procedure: A. L. Mnd/.hoian, "Synthesis of Heterocyclic Compounds", Vol. 1 and 2, Consultants Bureau, Inc., 
New York, N. V., 1959, p 2i). 

P h a r m a c o l o g y . — I t was p r e s u m e d t h a t c o r o n a r y 
v a s o d i l a t i n g a c t i v i t y of I I I - X I I will c a u s e a n i nc rea se 
in PO2 as m e a s u r e d in t h e c o r o n a r y s inus . T h e c o m 
p o u n d s were i n j e c t e d i n t o t h e j u g u l a r v e i n of a n e s 
t h e t i z e d dogs a t doses of 2 a n d 10 m g / k g a n d t h e effect 
on t h e o x y g e n t e n s i o n of t h e c o r o n a r y s i nus b lood 
( P 0 2 ) was m e a s u r e d b y e s sen t i a l ly t h e s a m e m e t h o d as 
d e s c r i b e d b y S c h o e p k e , et a}.1' T h e d a t a d e s c r i b e d in 
T a b l e I s h o w t h a t o n l y V I a n d X I I s h o w e d a s l igh t 
inc rease in P 0 2 , b u t it w a s no t sufficient t o be of a n y 
f u r t h e r in t e re s t . 

Experimental Section' 

Synthesis of 2-(2-Furyl)-7-hydroxychromone (II, R = 2-Fu). 
2',4'-Dihydroxyacetophenone Difuroate.—2-Furoyl chloride (26.0 
g, 0.20 mole) in dry PhH (80 ml) was added gradually to a well-
stirred iee-eold solution of 2,4-dihydroxyacetophenone (15.20 g, 
0.1 mole) in pyridine (70 ml). After 24 hr the mixture was added 
to excess dilute H O . The product, which separated, crystallized 
from EtOH; yield 39.10 g (709c), mp 115-116°. Anal. (Ci,Hi207) 
C, H, O. 

1 -(2,4-Dihydroxyphenyl )-3-(2-furyi)-l ,3-propanedione-4-( 2-
furoate).—Powdered KOH (2.0 g) was added to a solution of 2',4'-
dihydroxyacetophenone difuroate (5.0 g) in dry pyridine (75 ml). 
The mixture was shaken vigorously for 15 min and set aside for 
12 hr. The crude product, liberated by the addition of cold 
dilute AcOH, was washed with H 2 0 . I t crystallized (Me2CO) in 

(2.5c mp 154°. Anal. (C18H,20-) 
C, H, O. 

2-(2-Furyl)-7-hydroxychromone (II, R = 2-Fu).—l-(2,4-Di-
hydroxyphenyl)-3-(2-furyl)-l,3-propanedione-4-(2-furoate) (1.0 
(?) was dissolved in concentrated H2SO4 (5 ml) and set aside for 4 
hr at room temperature. I t was poured onto crushed ice and 
neutralized with 10% NaOH. The product which separated 
crystallized from D M F and MeOH mixture; yield 0.2 g (25%), 
mp 320-325°. Anal. (C13H804) C, H, O. 

{ 12-(2-Furyl)-4-oxo-4H-l-benzopyran-7-yl]oxy jacetic Acid 
Ethyl Ester (IX).—A mixture of 4.6 g (0.02 mole) of II (R = 
2-Fu) and 4.0 g of K2COs in 100 ml of MeCOEt was refluxed with 
stirring at 70° for 1 hr. Then 2.44 g (0.02 mole) of ethyl chloro-
acetate was added dropwise. The reaction mixture was stirred 
under reflux for 9 hr. The hot reaction mixture was filtered with 
suction and the filtrate was concentrated in vacuo. The residue 
was dissolved in CII3CI2 and the solution was washed several 

(B} IT. A. Schoepke, T. D. Darby, and H. D. Brondyk, Pharmacologist, 
8, 204 (19B6). 

(7) Melting points were determined with the Thomas-Hoover capillary 
melting point apparatus. Microanalyses were prepared at the Micro-
analytical Laboratories of Abbott Laboratories, North Chicago, 111. 

times with dilute NaOH and finally with H 2 0. The CIIaCl3 

solution was concentrated in vacuo to dryness. The residue was 
recrystallized from a mixture of D M F - M e O H ; mp 155-157° 
(see Table I, I I I for physical data). Compounds IV, VI, VII, 
IX, and X I were synthesized by the same method as I I I from 
various 2-substituted 7-OH chromones and chloromethyl inter
mediates. 

2-(2-Furyl)-7-hydroxychromone 2-Furoate (Table I, V). - T o a 
solution of 4.6 g (0.02 mole) of I I (R = 2-Fu) in 50 ml of dry 
C6H;X was added dropwise 2.6 g (0.02 mole) of 2-furoyl chloride. 
The mixture was stirred at room temperature for 24 hr. The 
crude product, liberated by the addition of dilute HC1, was 
recrystallized from Me2CO; mp 168-170° (see Table I, V for 
physical data): VIII, X, and XII were synthesized by the same 
procedure as V. 
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