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57 ABSTRACT 
8-Methoxypsoralen is prepared in six steps from pyro 
gallol including condensation of pyrogallol with a two 
fold excess of chloroacetic acid with boron trifluoride 
hydrogenation of 6,7-dihydroxy-2,3-dihydrobenzofu 
ran 6,7-dihydroxycoumaranone and dehydrogenation 
of 2,3 4,5-dihydroxanthotoxin. Improvements in 
these three steps lead to a marked overall increase in 
yield, 

10 Claims, No Drawings 
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PROCESS FOR MAKING OBJECT OF THE INVENTION 
o-CHLORO-2,3,4-TRIHYDROXYACETOPHE- It is an object of the invention to provide an im 

NONE w proved process for making 8-methoxypsoralen. A fur 

Matter enclosed in heavy brackets II appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

This application in part is a continuation of our co 
pending application Ser. No. 676,302, filed Apr. 12, 
1976. w 

BACKGROUND OF INVENTION 

PRIOR ART 
This invention relates to the manufacture of 8 

methoxypsoralen and is directed to improvements in a 
process in which pyrogallol is converted to 8-methox 
ypsoralen in six unit process steps. 

Lagercrantz, Acta Chemica Scandinavica Vol. 10, 
(1956), pp. 647-654 reports the preparation of 8 
methoxypsoralen in the following six unit process steps 
beginning with pyrogallol: 

(1) Pyrogallol is reacted with chloroacetic acid in the 
presence of phosphorus oxychloride to form co 
chloro-2,3,4-trihydroxyacetophenone, 

1 (2) which product is cyclized by the splitting off 
hydrochloric acid of hydrogen chloride to form 6,7- 

dihydroxycoumaranone, 
(3) which product is hydrogenated with hydrogen 
over palladium catalyst in acetic acid at 1 atmo 
sphere and 65 C.I. to form 6,7-dihydroxy-2,3- 
dihydrobenzofuran, 

. (4) which product is reacted with malic acid in the 
presence of concentrated sulphuric acid to form 
2,3-dihydroxyanthotoxol, 4,5-dihydroxan 

thotoxol, 
(5) which product is methylated using diazomethane 

to form 2,3-dihydroxanthotoxin, 4',5'-dihydrox 
anthotoxin, 

(6) which product is dehydrogenated with palladium 
catalyst in boiling diphenyl ether to form the de 
sired 8-methoxypsoralen (xanthotoxin). 

Davies et al., J. Chem. Soc., (1950), 3202-6 reports 
the first two of these unit process steps and Spath et al., 
Ber. 69, (1936), 767-770, reports the last four of these 
steps. Buu-Hoi and Seailles, J. Org. Chem., 20, (1955), 
606-9 discloses step 1 carried out with borontrifluoride 
as the condensing agent. In their condensations in ex 
cess of the phenol was used. 
The overall yield in these prior art processes is less 

than about 3 percent. This is due to the relatively low 
yield in some or most of the unit process steps. The 
problem steps apparently are the hydrogenation step (3) 
and the dehydrogenation step (6). In regard to the for 
mer, Spath obtained 33 percent yield and Lagercrantz, 
50 percent yield. However, Lagercrantz points out that 
this unit process is highly critical, that the hydrogena 
tion also involves enolization of the oxo group and that 
the starting 6,7-dihydroxycoumaran-3-one must be 
"very pure' in order to avoid poisoning of the catalyst. 
He suggests recrystallization several times with active 
carbon. In regard to the dehydrogenation, the best yield 
reported is 37 percent. This, coupled with the relatively 
low yields reported for steps 1, 3, and 4, makes the 
overall yield of the prior art process less than about 3 
percent. 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

ther object of the invention is to provide a process 
which avoids the disadvantages of the prior art. An 
object of the invention is to provide an improved pro 
cess for condensing chloroacetic acid and pyrogallol to 
form co-chloro-2,3,4-trihydroxyacetophenone. A fur 
ther object of the invention is to provide an improved 
process for the hydrogenation of 6,7-dihydrox 
ycoumaranone. A further object of the invention is to 
provide an improved process for dehydrogenation of 
2,3-dihydroxanthotoxin 4,5-dihydroxanthotoxin. A 

further object of the invention is to provide an im 
proved overall process. Further objects will appear as 
the description proceeds. 

SUMMARY OF THE INVENTION 
The invention relates to improvements in a process 

for making 8-methoxypsoralen from pyrogallol in the 
following steps. 

(1) reacting pyrogallol with chloroacetic acid to form 
co-chloro-2,3,4-trihydroxyacetophenone, 

(2) heating co-chloro-2,3,4-trihydroxyacetophenone 
in the presence of a hydrogen chloride acceptor to 
form 6,7-dihydroxycoumaranone, 

(3) hydrogenating 6,7-dihydroxycoumaranone to 
form 6,7-dihydroxy-2,3,-dihydrobenzofuran, 

(4) reacting 6,7-dihydroxy-2,3,-dihydrobenzofuran 
with malic acid to form (2,3-dihydroxothotoxol 
4,5-dihydroxanthotoxol, 

(5-6) methylating and dehydrogenating to convert . 
2,3-dihydroxanthotoxol 4,5-dihydroxan 

thotoxol to 8-methoxypsoralen, which improve 
ments comprise a novel procedure for effecting the 
hydrogenation, a novel procedure for effecting the 
dehydrogenation, and a general overall combina 
tion of particular unit process steps leading to im 
proved overall yield. 

In steps 5-6, the methylation can be done first and 
then the dehydrogenation, or the dehydrogenation first 
and then the methylation. The latter is of advantage 
where a tagged or labeled product is desired. Thus, if 
2,3-dihydroxanthotoxol 4',5'-dihydroxanthotoxol is 

first converted to xanthotoxol, the xanthotoxol can be 
methylated with a tagged or labeled methylating agent 
to form the desired tagged or labeled 8-methoxypsor 
alen. 

Steps 1 and 2 are carried out as described in Lager 
crantz and Davies and comparable yields are obtained. 
The phosphorus oxychloride, however, may be substi 
tuted by boron trifluoride as in Buu-Hoi with compara 
ble yields. If, however, instead of using an excess of the 
phenol, as in Buu-Hoi, a two-fold excess of the chloro 
acetic acid is used, i.e., two moles of chloroacetic acid 
for each of mole of pyragallol pyrogallol, the use of 
boron trifluoride gives a marked and unexpected in 
crease in yield. Step 3, however, has been modified to 
give substantially greater yields and to make it possible 
to avoid the necessity for repeated recrystallization of 
the starting 6,7-dihydroxycoumaranone. In Step 4, a 
low reaction temperature and a simplified work-up 
gives better yields. In step 5-6, the methylation, the 
expensive and highly explosive and dangerous diazo 
methane is replaced by dimethylsulphate without sacri 
ficing yield and in the dehydrogenation, step 5-6, use of 
2,3-dichloro-5,6-dicyano-1,4-benzoquinone as a dehy 
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drogenation agent results in a two-fold increase in the 
unit yield of 8-methoxypsoralen. Still higher unit yields 
are obtained if chlorobenzene is used as the solvent. 
With these improvements, overall yields greater than 10 
percent are obtainable. 
The condensation of pyrogallol and chloroacetic acid 

to form co-chloro-2,3,4-trihydroxyacetophenone ac 
cording to the invention is carried out using boron tri 
fluoride as the condensing agent with a two-fold excess 
of chloroacetic acid. The reagents are mixed in any 
suitable manner and stirred together with moderate 
heating. When the reaction is complete the excess chlo 
roacetic acid and boron trifluoride complex is removed 
by washing with water and filtering and, if desired, the 
product is recrystallized from water. Advantageously, 
the pyrogallol and chloroacetic acid are heated at a 
moderate temperature, say, about 65 C., until fusion is 
almost complete and the mixture is fluid. The boron 
trifluoride is then introduced under the surface at a 
moderate rate while the mixture is stirred and the ten 
perature is maintained at about 65 C., and stirring and 
heating is continued until the reaction is complete, usu 
ally within about 3 hours. Higher or lower temperatures 
can be used, providing the temperature is high enough 
to give a fluid mix and not so high as to cause decompo 
sition of the reagents or the product. Ordinarily, it will 
not be found necessary or advisable to heat above about 
75' C. or to heat below about 60° C. 
The hydrogenation of 6,7-dihydroxycoumaranone in 

accordance with the invention is effected in a low pres 
sure hydrogenation unit under an absolute pressure of 
hydrogen of about 2 atmospheres and a temperature of 
about 100 C., with a palladium catalyst in a mixture of 
acetic acid and ethyl acetate, advantageously, in the 
proportions of about five percent to about thirty per 
cent acetic acid. Higher percentages of acetic acid can 
be used, but only with sacrifice in yields. Also the ethyl 
acetate can be substituted by other solvents like metha 
nol and ethanol but only with a sacrifice in yields. 
Higher or lower pressures, say, from about 1 to about 10 
atmospheres absolute pressure, and higher or lower 
temperature, say, from about 65 C. to about 150 C., 
can be used in accordance with practices already well 
known for low pressure hydrogenation. 
The reaction mixture is cooled and the catalyst is 

filtered off. The solvent is distilled under reduced pres 
sure leaving an oil which can be used as the starting 
material in the next step. If desired residual acetic acid 
can be removed by azeotropic distillation with benzene. 
Finally, the product is crystallized from an inert sol 
vent, such as benzene, to yield a crude product which 
can be used directly in the next step. If desired, how 
ever, the crude material can be further recrystallized. 
For this crystallization and recrystallization, any inert 
solvent for the produced 6,7-dihydroxy-2,3-dihydroben 
zofuran, can be used but those like benzene, toluene, 
chlorobenzene, petroleum ether, ethylene chloride, 
cyclohexane, and the like, in which the product has 
limited solubility are preferred. 
The starting material for Step 3, 6,7-dihydrox 

ycoumaranone, is obtained by refluxing co-chloro-2,3,4- 
trihydroxyacetophenone in ethanol in the presence of 
sodium acetate, distilling off the ethanol and crystalliz 
ing the product from water. 
The crude product resulting from this crystallization 

is used directly in the hydrogen hydrogenation step 
but, if desired, can be recrystallized from acetone or 
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4. 
other suitable inert solvent in which the 6,7-dihydrox 
ycoumaranone has limited solubility. 

Alternatively, the cyclization can be effected by heat 
ing in the presence of a hydrogen chloride acceptor in a 
suitable solvent or vehicle. Suitable such hydrogen 
chloride acceptors include potassium carbonate and 
exchange resins such as Dow-X1, Imac A-21, Permutic 
ES, Amberlite IRA-410, and the like. Ordinarily these 
ion exchange resins comprise a cross-linked polystyrene 
base or like cross-linked resin base, substituted by a 
trimethylbenzylammonium group or like quaternary 
ammonium groups. Such hydrogen acceptors have the 
advantage that they are easily separated from the reac 
tion mixture by filtration. 
The 6,7-dihydroxy-2,3-dihydrobenzofuan 6,7- 

dihydroxy-2,3-dihydrobenzofuran from Step 3 is reacted 
with malic acid in concentrated sulphuric acid at a 
temperature of about 80°C. to not more than about 100 
C. This temperature, which is substantially lower than 
that used in the prior art, makes it easier to control 
foaming and this, coupled with slightly different work 
ups, results in higher yields. 
The low temperature is determined by that at which 

the reaction proceeds as evidenced by the evolution of 
gas, presumably carbon monoxide, and the higher tem 
perature by that at which excessive tar does not form. 
The action is continued until substantial evolution of 
gas ceases. Ten minutes or so will ordinarily suffice at 
temperatures about 100° C., but longer periods may be 
required at lower temperatures. The desideratum is as 
low a temperature and as short a time as possible since 
longer times and higher temperatures result in the for 
mation of more tar and lower yields. 

Advantageously, the sulphuric acid is preheated to or 
near the desired reaction temperature, say to between 
about 70° C. and about 100° C. To the hot sulphuric 
acid, a mixture of 6,7-dihydroxy-2,3-dihydrobenzofuran 
and malic acid is added with stirring while maintaining 
the temperature between about 80 C. and about 100 C. 
The proportions are the stoichiometric, advantageously 
with a slight excess, say up to 10 or 20 percent excess, of 
malic acid. As the sulfuric acid acts primarily as a dehy 
drating agent, the amount is not critical as long as suffi 
cient is present for this purpose and to give an easily 
workable and handleable reaction mixture. The reaction 
mixture, however obtained, is cooled and poured into 
ice water and extracted with chloroform. Advanta 
geously, the ice water and the chloroform are premixed 
so that the product, 2,3-dihydroranthotoxol 4',5'- 
dihydroxanthotoxol, is extracted into the chloroform 
before it becomes contaminated with or occluded in any 
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tar that is precipitated. 
The chloroform extract is dried with sodium sul 

phate, concentrated to or near dryness, and washed 
with a relatively large volume of an inert non-solvent, 
for example, hexane, filtered and dried. Any inert non 
solvent, for the product can be used in place of the 
hexane, for example, any aliphatic or cycloaliphatic 
hydrocarbon, since it is used here primarily for its phys 
ical effect. The resulting crude product is used directly 
in the following step but, if desired, can be recrystal 
lized from water. 
The resulting 2,3-dihydroxanthotoxol 4',5'-dihy 

droxanthotoxol is now methylated with dimethyl sul 
phate in an inert solvent such as acetone in the presence 
of an acid acceptor, for example, potassium carbonate. 
The reaction mixture is drowned in a dilute sodium 
hydroxide solution and the product recovered by filtra 
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tion. The crude product thus obtained can be used di 
rectly in the next step but, if desired, can be recrystal 
lized from benzene, or like inert-solvent in which 2,3- 
dihydroxanthotoxin 4,5-dihydroxanthotoxin has lim 
ited solubility. 
The 2,3-dihydroxanthotoxin 4,5-dihydroxan 

thotoxin thus obtained is then dehydrogenated. This 
advantageously is effected by heating the 2,3-dihy 
droxanthotoxin 4,5-dihydroxanthotoxin with 2,3- 
dichloro-5,6-dicyano-1,4-benzoquinone in a substan 
tially inert solvent, for example, toluene or chloroben 
zene, advantageously at reflux, until substantial dehy 
drogenation is obtained. The 2,3-dichloro-5,6- 
dicyanohydroquinone formed and any residual-2,3- 
dichloro-5,6-dicyano-1,4-benzoquinone are removed 
and the product taken up in chloroform and recovered 
therefrom. If substantial amounts of the residual 2,3- 
dichloro-5,6-dicyano-1,4-benzoquinone are present, it is 
desirable to convert this to the corresponding hydroqui 
none with sodium dithionite, dissolve the hydroquinone 
in aqueous sodium bicarbonate, and extract the sodium 
bicarbonate solution with chloroform to recover the 
8-methoxypsoralen which can be recovered by drying 
over sodium sulphate and concentrating to dryness. The 
resulting product can then be recrystallized from ben 
zene or any suitable inert solvent in which 8-methoxyp 
soralen has limited solubility. If there is little residual 
2,3-chloro-5,6-dicyano-1,4-benzoquinone, the reaction 
mixture can be cooled and the precipitated hydroqui 
none filtered off and the reaction mixture, i.e., the fil 
trate, then extracted with chloroform. If desired, the 
filter cake can be extracted with benzene or like sol 
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vents such as chlorobenzene, toluene, and the like, for 
example, by refluxing the filter cake in the solvent and 
then adding the extract to the reaction mixture filtrate 
prior to the chloroform extraction. The chloroform 
solution is then washed successively with dilute sodium 
bisulfite solution, dilute sodium bicarbonate solution, 
and water and dried over sodium sulfate. The resulting 
chloroform solution is then concentrated by distillation 
until the product precipitates and an inert non-solvent 
such as hexane or like aliphatic or cycloaliphatic hydro 
carbon is added to cause further precipitation of the 
product and the product is filtered. If desired, the prod 
uct can be further purified by redissolving it in chloro 
form, or chloroform containing a minor amount of ethyl 
acetate, passing the solution over an alumina column 
concentrating the effluent until crystallization takes 
place, adding hexane or like solvent further to cause 
precipitation of the product, and filtering the solution. 

If desired, the last two steps, namely, the methylation 
and the dehydrogenation can be inverted. In other 
words, the 2,3-dihydroxanthotoxol 4',5'-dihydroxan 
thotoxol, instead of being methylated, is dehydrogenated 
to form xanthotoxol and the resulting xanthotoxol 
methylated to form 8-methoxypsoralen. The same reac 
tion conditions and work-ups can be used as given 
above for the methylation and dehydrogenation. 

DETALED DESCRIPTION OF THE 
INVENTION 

The following examples are given by way of illustra 
tion only. Parts and percentages are by weight unless 
otherwise specified. 

EXAMPLE 

8-Methoxypsoralen 
Part A-1 

35 
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6 
co-Chloro-2,3,4-trihydroxyacetophenone 
A flask equipped with a stirrer and protected from 

atmospheric moisture was charged with 126.1 g of py 
rogallol, 101.1 g chloroacetic acid and 101.2 g of phos 
phorus oxychloride. 
The contents are stirred and heated at 60 C. until 

stirring became quite difficult (approximately 4 hours), 
hydrogen chloride was evolved during the reaction. 
The reaction mixture was then cautiously hydrolyzed 
with ice water (750 ml/mole), and the resulting mixture 
was heated to 70° C. for 30 minutes and then cooled to 
0° C. After stirring at 0° C. for 12 hours, the mixture 
was filtered to collect the product. The cooled product 
was washed with a small amount of ice water and dried. 
Dark tan crystals of co-chloro-2,3,4-trihydrox 
yacetophenone melting at 166'-8" C. were obtained in a 
yield of 55 percent (111 g/mole). This crude product 
was used directly in the next step without further purifi 
cation. 
On successive replications, the yield varied from 45 

to 55 percent. 
The crude product on recrystallization from water 

gave light tan crystals melting at 168-170° C. 
Part A-2 
co-Chloro-2,3,4-trihydroxyacetophenone 
A flask equipped with a stirrer, a gas inlet tube and a 

vent for gas removal was charged with 126.3 g of pyro 
gallol and 207.9 g chloroacetic acid. The contents were 
stirred and heated in a bath at 65 C. until fusion was 
almost complete and the mixture was fluid. While con 
tinuing the stirring and the heating at 65 C., 71.0 g of 
boron trifluoride was introduced under the surface at a 
moderate rate and the stirring and heating was contin 
ued for 3 hours. The reaction mixture became dark as 
soon as boron trifluoride was introduced. The reaction 
mixture was cooled and 100 ml of water was added. 
After stirring at 0° C. for 1 hour, the mixture was fil 
tered, washed with a small amount of water and dried. 
There was obtained 169 g (83 percent yield), of crude 
dark colored co-chloro-2,3,4,-trihydroxyacetophenone 
melting at 161-166° C. This crude product was suitable 
for direct use in the subsequent steps in the process 
without further purification. 
On successive replications, the yield varied from 73 

to 83 percent. 
Part B 
6,7-Dihydroxycumaranone 6,7-Dihydroxycoumara 
Oe 

A mixture of 1.5 1 of ethanol (2B alcohol), 249.1 g 
sodium acetate and 202.6 g co-chloro-2,3,4-trihydrox 
yacetophenone from Part A-1 was refluxed for six 
hours. The ethanol was distilled off and the residue was 
treated with 1.51 of water and was cooled with stirring 
to -5° to -0° C., filtered, and the product washed with 
a small amount of ice water and air dried. There was 
obtained 141 g (85 percent yield), of crude 6,7-dihy 
droxycoumaranone melting at 230-2 C. This crude 
product was used in Step C. 
On successive replications, the yield varied from 76 

to 85 percent. 
On recrystallization from acetone there were ob 

tained light tan crystals melting at 232-4 C. 
Part C 
6,7-Dihydroxy-2,3-dihydrobenzofuran 
A low pressure hydrogenation unit was charged with 

41 of a 20 percent acetic acid solution in ethyl acetate, 
55 g of 10 percent palladium on carbon and 166.1 g of 
the crude 6,7-dihydroxycoumaranone of Part B. Hydro 
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gen was admitted under 30 psi gauge pressure and at a 
temperature of 100 C. until the theoretical amount (1 
mole) (2 moles) of hydrogen was absorbed and further 
take-up had stopped. This took approximately 12 hours. 
The reaction mixture was then cooled and filtered to 
remove the catalyst. The filtrate was distilled under 
reduced pressure leaving an oil. This oil was taken up in 
1 liter of benzene and the benzene distilled off to re 
move residual acetic acid as a benzene-acetic acid azeo 
trope. This was repeated two times. Finally the residue 
was taken up in 500 ml of benzene and the resultant 
cooled to precipitate out the product. On filtering and 
washing with a little cold benzene, there was obtained 
126 g (83 percent yield), of crude 6,7-dihydroxy-2,3- 
dihydrobenzofuran melting at 97-9 C., which was 
transferred directly as the starting material as of Step 
D. 
On successive replications, the yield varied from 74 

to 83 percent. 
On recrystallization from benzene, there were ob 

tained off-white crystals melting at 104'-6" C. 
If all the acetic acid is not removed in the azeotropic 

distillation, an oily residue may remain which is not 
taken up by the benzene. This oily residue is high in 
product and can be used successfully in the next step. 
Part D. 
2,3-Dihydroxanthotoxol 4',5'-Dihydroxanthotoxol 
A flask equipped with a stirrer and port thermometer 

was charged with 460 ml of concentrated sulphuric acid 
and the temperature was brought to 70° C. A mixture of 
152 g of 6,7-dihydroxy-2,3-dihydrobenzofuran from 
Part C and 154 g of malic acid was cautiously added to 
the sulphuric acid with stirring while the temperature 
was brought to 100° C. Carbon monoxide was evolved 
during the reaction and caused some foaming of the 
reaction mixture. The reaction mixture was maintained 
at 100 C. for 10 minutes at which time the bulk of the 
gas evolution had ceased. The mixture was then cooled 
to room temperature and poured into a stirred mixture 
of 6 liters of water and 12 liters of chloroform. Some 
times material separates which generally remains sus 
pended in the aqueous layer. The chloroform layer was 
separated and the aqueous layer re-extracted two more 
times with chloroform, first with 6 liters and second 
with 2 liters. To the combined chloroform extract after 
drying with sodium sulphate and concentrating the 
combined chloroform extracts to near dryness, was 
added 1 liter of hexane and the product filtered and 
dried. There was obtained 1.2 g (55 percent yield), of 
crude 2,3-dihydroxanthotoxol 4',5'-dihydroxan 
thotocol melting at 190'-3' C. This crude product was 
used in Step E. 
On successive replications, the yield varied from 45 

to 55 percent. 
Upon recrystallization from water, there was ob 

tained off-white crystals melting at 191'-3', C. 
Part E. 
2,3-Dihydroxanthotoxin 4,5-Dihydroxanthotoxin 
A reaction mixture of 204 g of 2,3-dihydroxan 
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8 
washed with a little cold acetone and finally air dried. 
There was obtained 185 g (85 percent yield), of crude 
2,3-dihydroxanthotoxin 4,5-dihydroxanthotoxin 

melting at 158-160 C. This crude product was used 
directly in Step F. 
On successive replications, the yield varied from 80 

to 85 percent. 
On recrystallization from benzene, there was ob 

tained a white solid melting at 159-160 C. 
Part F-1 
8-Methoxypsoralen 
A reaction mixture of 218 g of 2,3-dihydroxan 

thotoxin 4,5-dihydroxanthotoxin of Part E, 281 g of 
2,3-dichloro-5,6-dicyano-1,4-benzoquinone, and 3 liters 
of toluene was stirred and heated at reflux for 20 hours. 
The mixture was cooled and poured into 10 liters of 10 
percent sodium hydroxide solution containing 5 percent 
sodium dithionite. The solution was then extracted 
twice with about 2 liters of chloroform. The combined 
chloroform extracts were washed with water and dried 
over sodium sulphate and concentrated to dryness. 
There was obtained 150 g (70 percent yield), of crude 
8-methoxypsoralen which on crystallization from ben 
Zene was obtained as white crystals melting at 
138-140' C. 
On successive replications, the yield varied from 65 

to 70 percent. The overall yield was 13%. 
Part F-2 
8-Methoxypsoralen 
A reaction mixture of 218 g of 2,3-dihydroxxan 

thotoxin 4,5-dihydroxanthotoxin of Part E, 250 g of 
2,3-dichloro-5,6-dicyano-1,4-benzoquinone, and 2 l of 
chlorobenzene was stirred at reflux for 12 hours. The 
reaction mixture was cooled and the precipitated hy 
droquinone filtered off, the filter cake was extracted 
with 21 of benzene at reflux, filtered hot and the extract 
added to the filtrate. Three 1 of chloroform was then 
added and the mixture washed, first, with 21 of 2 per 
cent sodium bisulfite, second, 2 1 of 1 percent sodium 
bicarbonate, and third, 21 of water, and then dried over 
sodium sulphate. The dried solution was then concen 
trated by distillation until the product precipitated, 
whereupon 500 ml of hexane was added and the prod 
uct filtered. The product was then dissolved in 4:1 (v/v) 
chloroform/ethyl acetate and passed over an alumina 
column (Neutral Alumina, Brockman Activity 1). The 
effluent was concentrated until crystallization took 
place. There was then added 500 ml of hexane and the 
product was recovered by filtration. White crystals of 
8-methoxypsoralen melting at 143'-5' 143.5-145 
C. were obtained in 85 percent yield. 

55 

thotoxol 4',5'-dihydroxanthotoxol of Part D, 136 g of 60 
dimethyl sulphate, 828 g of potassium carbonate, and 9 
liters of acetone was refluxed with stirring for 16 hours. 
The reaction mixture was then cooled and filtered and 
the filter cake washed with acetone. The acetone solu 
tion was concentrated to approximately 2 liters and 
poured into 4 liters of 1 percent sodium hydroxide solu 
tion with good stirring. The product was filtered and 
washed with water until the pH was neutral. It was then 

65 

On successive replications, yields of 80 to 85 percent 
were obtained. The overall yield was 15 percent. When 
the crude co-chloro-2,3,4-trihydroxyacetophenone of 
Part A-2 was substituted in Part B, the overall yield was 
22 percent plus. 

EXAMPLE 2 
8-Methoxypsoralen 
Part A 
Following the procedure of Part F-2 of Example 1, 

substituting the 2,3-dihydroxanthotoxin 4,5-dihy 
droxanthotoxin by the equivalent amount of 2,3-dihy 
droxanthotoxol 4,5-dihydroxanthotoxol of Part E. 
D of Example 1, there is obtained xanthotoxol. 
Part B 

Following the procedure of Part E of Example 1, 
substituting the 2,3-dihydroxanthotoxol 4',5'-dihy 
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droxanthotoxol by the equivalent amount of xanthotoxol 
from Part A-1 above, there is obtained 8-methoxyp 
soralen. 
Part C 
Following the procedure of Part B above, substitut 

ing the dimethylsulfate by tagged or labeled dimethyl 
sulfate, there is obtained tagged or labeled 8-methoxyp 
soralen. 

It is to be understood that the invention is not to be 
limited to the exact details of operation or structure 
shown as obvious modifications and equivalents will be 
apparent to one skilled in the art. 

I claim: 
1. In a process for making 8-methoxypsoralen from 

pyrogallol in the following steps: 
(1) reacting pyrogallol with chloroacetic acid to form 

co-chloro-2,3,4-trihydroxyacetophenone, 
(2) heating co-chloro-2,3,4-trihydroxyacetophenone 

in the presence of a hydrogen chloride acceptor to 
form 6,7-dihydroxycoumaranone, 

(3) hydrogenating 6,7-dihydroxycoumaranone to 
form 6,7-dihydroxy-2,3,-dihydrobenzofuran, 

(4) reacting 6,7-dihydroxy-2,3-dihydrobenzofuran 
with malic acid to form 2,3-dihydroxan 
thotoxol, 4,5-dihydroxanthotoxol, 

(5-6) methylating and dehydrogenating to form 8 
methoxypsoralen, 

the improvement which comprises, (a) effecting 
step 1 with boron trifluoride as the condensing agent 
and a two-fold excess of chloroacetic acid, in which 
and (b): effecting the hydrogenation of 6,7-dihydrox 
ycoumaranone is effected with elemental hydrogen 
over a palladium catalyst in a solution of acetic acid in 
ethyl acetate. 
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2. The process of claim 1, in which the solvent solu 

tion is distilled and the residuum of acetic acid removed 
by azeotropic distillation with benzene. 

3. The process of claim 1, in which hydrogenation is 
effected at a pressure of about 1 to about 10 atmospheres 
and a temperature of about 65 to about 150 C. 

4. The process of claim 3, in which the catalyst is 10 
percent palladium on charcoal and the solvent is a mix 
ture of acetic acid and ethyl acetate containing from 
about 5 to about 30 percent acetic acid. 

5. The process of claim 1, in which the dehydrogena 
tion is effected with 2,3-dichloro-5,6-dicyano-1,4-ben 
zoquinone in a substantially inert solvent. 

6. The process of claim 5, in which the inert solvent 
is toluene. 

7. The process of claim 5, in which the inert solvent 
is chlorobenzene and in which the dehydrogenation is 
carried out under reflux conditions. 

8. The process of claim 1, in which the 2,3-dihy 
droxanthotoxol 4',5'-dihydroxanthotocol of step 4 is 
methylated with dimethyl sulfate to form 2,3-dihy 
droxanthotoxin 4,5-dihydroxanthotoxin. 

9. The method of claim 8, in which the 2,3-dihy 
droxanthotoxin 4,5-dihydroxanthotoxin is dehydroge 
nated with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone 
in a substantially inert solvent. 

10. The process of claim 9, in which the cyclization of 
step 2 is effected by refluxing co-chloro-2,3,4-trihydrox 
yacetophenone with sodium acetate in ethanol, distill 
ing off the ethanol and crystallizing the product from 
water and in which the resulting product without sub 
stantial further purification is used as the starting mate 
rial for the hydrogenation of step 3. 

. . . . . . 
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