
' ;;. 

·United States Patent Office 3,573,327 
Patented Mar. 30, 1971 

1 

3,573,327 
3-(LOWER ALKOXYJ-7,8,9,10-TETRAHYDRO-6H­

DIBENZO-[b,d]PYRAN-6,9-DIONES AND DE­
RIVATIVES THEREOF 
Masateru Miyano, Morton Grove, Ill., assignor to 

G. D. Searle & Co., Chicago, Ill. . 
No Drawing. Continuation-in-part of application Ser. No. 

731,270, May 22, 1968. This applicotion Mar. 23, 1970, 
Ser. No. 22,036 

2 
potassium carbonate in acetone and the reaction of resor­
ciool monoethyl ether with diethyl a.-acctoglutarate are 
thus alternate methods for the manufacture of etbyl 
7-methoxy-4-methylcoumarin 3-propionate. 

5 Cyclization of the aforementioned 7-alkoxy methyl-
coumarin 3-pripionate esters results in the corr spondinN 
instant 3 • (lower alkoxy) - 7,8,9,10 • tetr~ o - 6He 
dibenzo[b,d)pyran • 6,9 - diones of the foll 
tural formula ~ 
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3 - (lower alkoxy) - 7,8,9,10 - tetrahydro - 6H -di- 15 
benzo[b,d]pyran-6,9-diones are ·obtained by cyclization 

0 l> ~ :z> 

. II ~ ? ~ of the corresponding 7-(lower alkoxy)-4-methylcoumarin 
3-propionate esters. The latter compounds together with 
derivatives obtained by reaction at the 9 and/or 10 posi­
tions are useful pharmacological agents, e.g. anti-inflam­
matory and anti-protozoa!. 

This application is a continuation-in-part ,of nzy co­
pending application Ser. No. 731,270, ,filed May 22, 
1968·. 

The present invention relates to novel tricyclic chem­
ical compounds characterized by the 6H - dibenzo[b,dJ 
pyran ring structure and, specifically, with 3 • (lower 
alkoxy) - 7,8,9, 10 - tetrabydro - 6H-dibenzo[b,dJpyran-
6,9-diones and derivatives thereof represented by the fol­
lowing structural formula. 

wherein R and R' can be either hydrogen or a lower 
alkyl radical and Z is a carbonyl, hydroxymethylene, di­
(lower alkoxy)methylene or (lower alkylene)dioxy­
methylene radical. 

The lower alkyl radicals symbolized in the foregoing 
structural representation are typified by methyl, ethyl, 
propyl, butyl. pentyt, nexyl, beptyl and the branched 
chain isomers thereof. 

The lower alkoxy radicals are exemplified by methox.y, 
ethoxy, propoxy, butoxy, pentyloxy; bexyloxy, heptyloxy 
and the branched cbain radicals isomeric therewith. 

Representative of the lower alkylene radicals encom­
passed by that structural formula are ethylene, trimeth­
ylene, tetramethylene, pentamethylene and the branched 
chain isomers thereof. 

The compounds of this invention are conveniently 
manufactured by processes which utilize 7 - alkoxy - 4-
methy!couinarin 3-propionate esters as the starting ma­
terials. Those materials are represented by the following 
structural formula 

OHi 
I 

OJ
OH,CH:C O O (low~r nlk~·l) 

(lower olkyl)O- ..,_ ~ 
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are alternatively obtained by alkylation of the corre­
sponding 7-hydroxy compound or by condensation of 
the .appropriate resorcinol alkyl ether with a dialkyl 
«-acetoglutarate. The reaction of ethyl 7 - hydroxy • 4-
metbylcourmarin 3 - propionate with methyl iodide and 

o :u:j N 
Typically, ethyl 7-methoxy - 4 - methylcoumafrin 3-pro-

20 pionate is contacted with sodium hydride in- dimethyl 
sulfoxide to effect cyclization, thus affording 3-methoxy-
7,8,9,10 - tetrahydro - 6H - dibeozo[b,d]pyran - 6,9-
dione. 

Alkylation of the instant 3-(lower alkoxy)-7,8,9,10-
25 tetrahydro - 6H - dibenzo[b,d)pyran - 6,9 - diones, typi­

cally with a lower alkyl iodide in the presence of a suit­
able acid acceptor results in the instant IO-alkyl and 
10,10-dialkyl derivatives. 3 - methoxy - 7,8,9,10 - tetra­
hydro - 6H - dibenzo[b,dJpyran - 6,9-dione thus is con-

30 tacted with methyl iodide and potassium tertiary-butoxide 
to afford 3-methoxy - 10 - methyl - 7,8,9,10 - tetrahydro-
6H-dibenzo[b,d]pyran - 6,9 - dione, which is, in turn, 
contacted with those same reagents to produce 3-meth­
oxy - 10,10 - dimethyl - 7,8,9,10 - tetrahydro - 6H--di-

35 benzo [b,d] pyran-6,9-dione. 
Catalytic hydrogenation of the instant 9-ones results 

in the corresponding 9-hydroxy substances. 3-methoxy-
7,8,9,10 - tetrahydro - 6H - dibenzo[b,d]pyran - 6,9-
dione is thus converted to 9-hydroxy-3-methoxy-7;8,9,10-

40 tetrahydro-6H-dibenzo[b,d]pyran-6-one by reaction with 
hydrogen in the presence of a 5% palladium-on-carbon 
catalyst. That conversion is effected ·also by the use of 
sodium borohydride as the reducing agent. · 

The instant ketals are produced by reaction of the 
45 parent ketones with the appropriate alcohol or glycol, 

preferably in the presence of a suitable acid catalyst. 
3-methoxy • 7,8,9,10 - tetrabydro - 6H - debenzo[b,dJ 
pyran - 6,9 - dione fa thus heated in benzene solution with 
ethylene glycol and a catalytic quantity of p-toluene• 

50 sulfonic acid to produce 3-methoxy-7,8,9,10-tetrahydro-
6H-dibenzo[b,d]pyran-6,9-dione 9-ethylene ketal. 

The compounds of this invention display valuable 
pharmacological nroperties. They are, for example, anti­
inflammatory agents. They possess, in addition, anti-pro-

55 tozoal activity as is evidenced by their ability to inhibit 
the growth of organisms such as Tetrahymena gelleii. 

The assay used to determine the anti-inflammatory ac• 
·tivity of the instant compounds is described as follows: 

Each of a group of 10 intact male rats weighing 100-
60 130 grams is injected under the ·plantar surface of each 

,hind foot with 0.1 ml. of a 1 % solution of carrageenin 
(Type 402, Marine Colloids, Inc.). The -test compound, 
dissolved or suspended in saline, corn oil or propylene 
glycol, is administered subcutaneously one :hour prior to 

65 the carrageenin injection. Another such group serving as 
controls is treated in the identical manner save for omis• 
sion of the test compound. The edema resulting from 

. carrageen.in injection is determined by measuring the cir­
cumference of the hind feet, in arbitrary units, -five hours 

70 after the carrageenin injection and subtracting the aver­
age swelling -0f the group treated with the test compound 
from the average swelling of the control group. Com-
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pounds are rated acti:ve if they produce a significant de­
crease (P<0,05) in the swelling observed in control 
animals. 

The anti-protozoa! activity of the compounds of this in-
vention was detected by use of the following assay: 5 A sterile nutrient medium composed of 12 grams of 
protease peptone, 8 grams of sucrose and 1000 ml. of dis­
tilled water is inoculated with a viable axenic culture of 
Tetrahymena gelleii, then is incubated at room tempera­
ture for 24 hours. At the end of that time a 0.5 ml. quan- 10 
ity is transferred aspectically to a test tube containing ap­
proximately 5 mg. of the test compound. A test tube con­
taining the culture alone serves as a control. The tubes 
are incubated at room temperature for 24 hours, then are 
examined microscopically in order to determine the de- 15 
gree of growth of the microorganism. A compound is con­
sidered active if it results in a definite inhibition of growth 
as compared to the control. 

The invention will appear more fully from the examples 
which follow. These examples are set forth by way of 20 
illustration only and it will be understood that the inven­
tion is not to be construed as limited either in spirit or 
in scope by the details contained therein as many modi­
fications both in materials and methods will be apparent 
from this disclosure to those skilled in the art. In these 25 
examples temperatures are given in degrees centigrade 
( ° C.) and quantities of materials in parts by weight un­
less otherwise noted. 

4 
stirred at room temperature for about two hours. The re­
sulting dark brown reaction mixture is neutralized by the 
addition of approximately 25 parts of acetic acid, then is 
diluted with approximately 500 parts of water. The crys­
tals which form are collected by filtration, wash(:d on the 
filter first with water then with ether in order to afford 
the crude product, melting at about 222-224 °. Recrystal­
lization of that material from dioxane affords pure 3-
methoxy-7,8,9, 1 O-tetrahydro-6H-dibenzo [b,d]pyran - 6,9-
dione, melting at about 228.5 °. It exhibits infrared ab­
sorption maxima at about 5.81 and 6.17 microns, an 
ultraviolet absorption maximum at about 319 millimi­
crons with a molecular extinction ,coefficient of about 
16,240 and is represented by the following structural for­
mula 

~ DOOR, ow 
y 
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!EXAMPLE 3 

To a solution of 26. parts of -methoxy-7,8-39;10-tetra­
hydro-6H-dibenzo[b,d]pyran-6,9-dione and 13.5 parts of 
potassium tertiary-butoxide in 250 parts by volume of 

EXAMPLE 1 

Method A 
30 dimethyl sulfoxide is added successively 48 parts of ter­

tiary-butyl alcohol and 228 parts of methyl iodide. The 
resulting reaction mixture is heated at the reflux temper­
ature for about 15 minutes, then is stripped of excess 
methyl iodide by distillation under reduced pressure and 

To a solution of 300.5 parts of ethyl 7-hydroxy-4-
methylcoumarin 3-propionate and 425 parts of methyl 
iodide in 800 parts of acetone is added 240 parts of potas­
sium carbonate and the resulting reaction mixture is 
heated with stirring at the reflux temperature for about 
3½ hours. At the end of that time 280 parts of potassium 
carbonate and 240 parts of methyl iodide are added and 
heating at the reflux temperature is continued for an ad­
ditional four hours. The reaction mixture is then filtered; 
the filter cake is washed with acetone and the combined 
filtrate and washings are concentrated to dryness, then 
dissolved in ether. The ether solution is washed succes­
sively with dilute aqueous sodium hydroxide and water, 
then dried over anhydrous potassium carbonate and par­
tially concentrated in order to induce crystallization. Ethyl 
7-methoxy-4-methylcoumarin 3-propionate crystallizes as 
colorless needles, melting at about 74-75.5°, displaying 
infrared absorption maxima at about 5.83 and 6.21 mi­
crons and also an ultraviolet absorption maximum at about 50 
322 millimicrons with ·a molecular extinction coefficient 
of about 17,820. 

Method B 

35 poured into approximately 500 parts of ice water. The 
resulting mixture is stored at 0-5° for about 1,6 hours, 
then is filtered in order to remove unreacted starting ma­
terial. The acetone filtrate is partially concentrated, then 
is diluted with methanol, resulting in crystallization of 

40 the crude product as pale yellow crystals. Recrystalliza­
tion of that material from methanol affords pure 3-me­
thcixy-10-methyl-7,8,9, 10-tetrahydro - 6H - dibenzo[b,d] 
pyran-6,9-dione, melting at about 135°. This compound 
exhibits infrared absorption maxima at about 5.82 and 

45 6.19 microns and an ultraviolet absorption maximum at 
about 322 millimicrons with a molecular extinction co­
efficient of about 15,000. This compound is represented 
by the following structural formula 

3 
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A solution containing 3.7 parts of resorcinol mono- 55 
methyl ether, 6.9 parts of diethyl a:-acetoglutarate and 

@
OCH, 

II 
0 

From the methanol mother liquors, there is obtained 
after recrystallization from acetone, 3-methoxy-10-meth-

60 yl-7 ,8,9, 1 O-tetrahydro-6H-dibenzo [b,d] pyran-6,9-dione 9~ 
dimethyl ketal, melting at about 159 °. 

4.2 parts of boron trifluoride etherate in 35 parts of 
benzene is heated at the reflux temperature for about nine 
hours, during which time the water formed is continuously 
separated. The reaction mixture is then cooled, poured 
into aqueous sodium bicarbonate, stirred for approxi­
mately two hours and extracted with benzene. The ben­
zene solution is washed successively with dilute aqueous 
potassium hydroxide and water, then dried over anhy­
drous sodium sulfate and concentrated to dryness under 65 
reduced pressure. Distillation of the resulting residue at 
0.5 mm. affords ethyl 7-methoxy-4-methylcoumarin 3-
propionate, boiling at 205-210° and identical with the 
product of Method A. 

iEXAMPI.;E 2 

To a solution of 100 parts of ethyl 7-methoxy-4-meth­
ylcoumarin 3-propionate in 400 parts by volume of di­
methyl sulfoxide is added 15 parts of a 56% sodium hy­
dride mull in mineral oil and the resulting mixture is 

EXAMPLE 4 

To a solution of 5.2 parts of 3-methoxy-10-methyl-
7 ,8,9, 10-tetrahydro-6H-dibenzo [b,d] pyran-6,9-dione in 7 0 
parts by volume of dimethyl sulfoxide is added 2.4 parts 
of potassium tertiary-butoxide and that mixture is stirred 
for about 15 minutes in order to effect solution. At the 
end of that time, 12 parts of tertiary-butyl alcohol and 

70 45.6 parts of methyl iodide are added and that reaction 
mixture is stirred at room temperature for about 30 min­
utes, then is heated at the reflux temperature for about 
20 minutes. The reaction mixture is then cooled and 
poured into ice water and the resulting aqueous mixture 

75 is extracted with ether. The ether extract is washed sue-
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cessively with dilute aqueous potassium hydroxide and 
water, then dried over anhydrous potassium carbonate 
and concentrated to dryness under reduced pressure. The 
resulting crystalline residue is purified by recrystalliza­
tion from chloroformether to afford pale yellow needle­
like crystals of 3-methoxy-10,10-dimethyl-7,8,9,10-tetrahy- 5 

dro-6H-dibenzo[b,d]pyran-6,9-dione, melting at about 
186.5-188 °. This compound exhibits infrared absorption 
maxima at about 5.80, 6.14 and ·6.21 microns and an ultra­
violet absorption maximum at about 321 millimicrons with 10 
a molecular extinction coefficient of about 15,000. It is 
represented by the following structural formula 

15 

6 
compound exhibits infrared absorption spectral peaks at 
about 5.82 and 6.19 microns ,md an ultraviolet absorp­
tion maximum at about 319 millimicrons with a molec­
ular extinction coefficient of about 17,300. This com­
pound is represented by the following structural for­
mula 

,~ A DOOR, 
CMW 

i 
EXAMPLE 8 

A suspension containing 18 parts of 3-methoxy-10,10-
dimethyl - 7,8,9,10 - tetrahydro - 6H - dibenzo[b,d]-

UH, om 
& 

EXAMPLE 5 

A mixture containing 6 parts of 3-methoxy-7,8,9,10-­
tetrahydro-6H-dibenzo[b,d]pyran-6,9-dione, 1.2 parts of 
5% palladium-on-carbon catalyst and 2-62.5 parts of warm 
acetic acid is shaken with hydrogen at an initial pressure 

20 pyran-6,9-dione, 55.5 parts of ethylene glycol, 0.5 part of 
p-toluenesulfonic acid and 440 parts of benzene is heated 
at the reflux temperature for about 48 hours, during 
which time the water of reaction is continuously re­
moved. The reaction mixture is then cooled, washed 

of 50 pounds per square inch for about 46 hours, The cat­
alyst is removed by filtration and washed on the filter with 
acetone. The combined filtrate and washings are concen­
trated to dryness and the resulting residue is recrystallized 
from acetone to afford crystals of the crude product. Re­
crystallization from dioxane affords pure 3-methoxy-9-hy­
droxy-6H-dibenzo[b,d]pyran.:6-one, melting at about 
274°. 

25 with aqueous potassium carbonate, dried over anhydrous 
sodium sulfate and partially concentrated. The crysta:Is 
which form are collected by filtration and dried to afford 
3-methoxy-10,10-dimethyVi,8,9,10-tetrahydro - 6H - di­
benzo[b,d]pyran-6,9-dione 9-ethylene ketal, melting at 

30 about 179-180°. Infrared absorption maxima are ob­
served at about 5.79 and 6.14 microns. This compound 
displays also an ultraviolet absorption maximum at 
about 319 millimicrons with a molecular extinction co­
efficient of about 14,600. It is represented by the follow-

35 ing structural formula 
The mother liquor from the latter recrystallization is 

partially concentrated and the crystalline material which 
separates is further purified by recrystallization from di­
oxane, thus yielding 3-methoxy-9-hydroxy-7,8,9,10-tetra­
hydro-6H-dibenzo [b,d]pyran-6-one, melting at about 40 
182 °. This compound is represented by the following 
structural formula 

0-0CTh 
HO-w 

i 
EXAMPLE 6 

45 

50 

A suspension containing 20 parts of 3-methoxy-7,8, 
9,10-tetrahydro-6H-dibenzo[b,d]pyran-6,9-dione, 5 parts 

55 of sodium borohydride and 320 parts of ethanol is stirred 
at room temperature for about 3 hours. The crystals 
which form are separated by filtration, washed on the 
filter first with water, then with ethanol and finally puri­
fied by recrystallization from dioxane, thus producing 3-
methoxy - 9-hydroxy-7,8,9,10-tetrahydro-6H-dibenzo[b,d] 60 

pyran-6-one, identical with the product of Example 5. 

EXAMPLE 7 

A suspension containing 150 parts of 3 - methoxy-
7,8,9,10 - tetrahydro-6H - dibenzo[b,d]pyran - 6,9-dione, 65 
255.3 parts of ethylene glycol, 1 part of p-toluenesulfonic 
acid and 1320 parts of benzene is heated at the reflux 
temperature for about 8 hours, during which time the 
water formed is continuously removed. The reaction mix­
ture is then cooled, washed with aqueous potassium car- 70 
bonate, dried over anhydrous sodium sulfate and partially 
concentrated to induce crystallization. The resulting 
crystals are collected by filtration and dried to afford 3-
methoxy-7,8,9, 10 - tetrahydro - 6H - dibenzo[b,d]pyran-
6,9 - dione 9-ethylene ketal, melting at about 145.S O • This 75 

What is claimed is: 
1. A compound of the formula 

wherein R and R' are selected from the group consisting 
of hydrogen and a methyl radical and Z is selected fr()(ffi 
the group consisting of carbonyl, hydroxymethylene, di­
methoxymethylene and ethylenedioxymethylene radicals. 

2. As in claim 1, a compound of the formula 

wherein R and R' are members of the class consisting 
of hydrogen and a methyl radical. 

3. As in claim 1, the compound which is 3-methoxy-
7 ,8,9, 1 O-tetrahydro-6H-dibenzo [b,d Jpyran-6,9-dione. 
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4. As in claim 1, the compound which is 3-methoxy-
10-methyl-7,8,9,lO-tetrahydro-6H - dibenzo[b,d] pyran-
6,9-dione. 

5. As in claim 1, the compound which is 3-methoxy-
10, l 0-dimethyl-7,8,9, 10-tetrahydro - 6H - dibenzo[b,d]- 5 
pyran-6,9-dione. 

6. As in claim 1, the compound which is 9-hydroxy-3-
methoxy - 7,8,9,10 - tetrahydro - 6H - dibenzo[b,d]pyran-
6-one. 

8 
9. As in claim 1, the compound which is 3-methoxy-

7,8,9,10-tetrahydro-6H-dibenzo [b,d]pyran-6,9 - dione 9-
ethylene ketal. 

2,647,132 
2,665,281 
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