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The Acyloxylation of Furan with Lead Tetraacyloxylates;
Cis-Trans Isomerism of 2,5-Diacyloxy-2,5-dihydrofurans
and 2,5-Diacyloxytetrahydrofurans

NIELS ELMING and NIELS CLAUSON-KAAS

Centrallaboratoriet, Sadolin & Holmblad A[S, Copenhagen, Denmark

he formation of 2,5-diacetoxy-2,5-dihydrofuran from furan and lead tetra-

acetate has been previously reported (yield 45 per cent)!. We have now
worked out new directions for this synthesis, in order that larger amounts of
diacetoxydihydrofuran can be more easily prepared (yield 70 per cent).*

Diacetoxydihydrofuran, prepared by the lead salt method, is usually
obtained as a liquid, but we have found that it consists 1/3 of a crystalline
isomer and 2/3 of another isomer, which it was not possible to bring to crystalli-
zation. The twe isomers can be easily separated by crystallization from metha-
nol. It was shown by hydrolysis and identification of malealdehyde, that
both compounds actually are 2,5-diacetoxy-2,5-dihydrofurans. They must
therefore be cis-trans isomers. We do not yet know, which of the compounds
is the cis, and which the trans isomer.

Diacetoxydihydrofuran, prepared by the bromme method 2, also crystallizes
readily from methanol, and was found to consist about half of the crystalline
isomer. No analytically pure liquid isomer could be isolated. It is quite rea-
sonable that the two cis-trans isomers are formed in different proportions
by the two different methods of preparation.

The diacetoxydihydrofurans were hydrogenated -catalytically to the
corresponding 2,5-diacetoxytetrahydrofurans (cf.2). Crystalline diacetoxy-
dihydrofuran gave a crystalline tetrahydrofuran, and liquid diacetoxydihydro-
furan gave a liquid tetrahydrofuran. Naturally the two diacetoxytetrahydro-
furans must also be cis-trans isomers,

* Patent pending.
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We have also synthesized the homologous 2,5-dipropionoxy- and 2,5-
dibutyroxy-2,5-dihydrofurans (I and II) from furan and the corresponding
lead tetraacyloxylates. These are all new compounds. Their structure was
proved by hydrolysis and identification of malealdehyde and propionie,
respectively butyric acid. Catalytic hydrogenation of I and II gave 2,5-
dipropionoxy- and 2,5-dibutyroxytetrahydrofuran (III and IV), which are
also new compounds. Hydrolysis of III and IV gave succinaldehyde.

e Ha~CHz
——
CaMsc oooom e Shegie s 2canscoon

oL \&Q_._ ?”’ H +
U V}/ C2 HsC 00 00CC2Hs cHO z "0 2C2HsCOON

7

\{N‘%\ E oS + 2CH2CODR
C3MrC 00 oc—c}e\-

0 Clla—?ﬁa +2C3Hr COOHN
Cs fb-coa_ 0GC3Hy  CHO CHO
r .

Dipropionoxydihydrofuran was, like diacetoxydihydrofuran, found to
consist of a liquid and a crystalline isomer (in proportion ca. 1 : 3), which were
shown to be cis-trans isomers by hydrolysis to malealdehyde. Hydrogena-
tion of the two isomers gave the two corresponding cis-trans isomeric dipro-
pionoxytetrahydrofurans. The dipropionoxytetrahydrofuran obtained from
crystalline dipropionoxydihydrofuran was also crystalline.

Dibutyroxydihydrofuran was obtained as a liquid. It crystallized after
standing with a little ether at —20° for several months (melting point —3 to 1°)
and appears to consist almost entirely of either the cis or the trans isomer.
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Finally 2,5-dibenzoxy-2,5-dihydrofuran (V) was prepared from furan
and lead tetrabenzoate. Hydrolysis gave benzoic acid, but no malealdehyde
could be isolated, probably because the sensitive aldehyde was destroyed during
the prolonged boiling, which was necessary to hydrolyze this dihydrofuran.
Hydrogenation gave 2,5-dibenzoxytetrahydrofuran VI, which was hydrolyzed

to succinaldehyde.
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V and VI are both new compounds. Their structure is proved by the above
reactions.

2,5-Dibenzoxy-2,5-dihydrofuran was obtained as a crystalline solid, which
melted at 179—182° after one crystallization from dioxane. After two more
crystallizations the melting point of the product remained constant (185—190°).
The crude, as well as the pure product and the intermediate fractions were,
however, analytically pure. Therefore dibenzoxydihydrofuran may also
be a mixture of the cis and the frans isomer.

EXPERIMENTAL
Microanalyses by Franz Limborg
2,5-Diacetoxy-2,5-dihydrofuran

Preparation. 580 ml of glacial acetic acid and 230 ml of acetic anhydride are placed
in a l-liter 3-necked flask provided with a stirrer, a thermometer and a reflux condenser
with a caleium chloride tube. 300 g of red lead oxide (0.44 mole) is added to the stirred
solution in portions of 15—20 g3. The temperature is kept at 50° by external heating.
The addition takes about 3 1, hours and part of the lead tetraacetate formed, precipitates
a8 white crystals. 29.8 g of furan (0.44 mole) (note 1) is added, the temperature raised to
60° and heating discontinued. In the course of the following 10 minutes the temperature
rises to 65°. The reaction mixture is then kept at 60— 65° for 75 minutes, first by occasio-
nal cooling, later by external heating. The mixture is now a clear, pale-yellow solution
{note 2). The major part of the solvent is distilled under 10 mm from a water-bath of
60— 65° and 400 ml of anhydrous ether is added to the pasty residue. The mixture is
shaken for some minutes and then stirred vigorously whereby the precipitate becomes

6
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readily filterable. The lead acetate is filtered off on a sintered glass-disk and washed with
100 ml of anhydrous ether. Yield 415 g of lead acetate = 97 9%,

The yellowish-brown filtrate is distilled from a water-bath of 70°, finally in vacuum,
and the residue distilled fixrther in vacuum. After 15—20 g of a pale-yellow fore-run.
(b.p.;g < 127°), the main fraction is collected. Yield 56.0 g of diacetéxydihydrofuran =
69 9; pale-yellow liquid (note 3), b.p.g5 = 89—93°% n%“ = 1.4536 (all refractive indices
reported in this communication are only accurate within + 0.0008).

Separation into two isomers. Diacetoxydihydrofuran may be crystallized from various
solvents. Crystals are formed rapidly from solutions in methanol, ethanol, ether and
petroleum ether, and slowly from ethyl acetate and carbon tetrachloride. Methanol was
found to be the best solvent for the separation of the liquid and the crystalline diacetoxy-
dihydrofuran.

(1). 20.0 g of the above sample of diacetoxydihydrofuran was crystallized from 20 ml
of anhydrous methanol at — 20° under anhydrous conditions; yield 7.0 g of crystals.
Recrystallization from 7 ml of methanol gave 6.3 g of crystalline diacetoxydihydrofuran;
m.p. 51—52° (Hershberg apparatus, corr.); n2® — 1.4541 (after melting).

CgH,,O; (186.2)  Cale. C 51.6 H 54
Found » 51.4 » b.5

A sample of crystalline diacetoxydihydrofuran was stored in a sealed glass tube at.
room temperature. The crystals became slightly sticky after 3 —4 months.

The methanol was distilled from the mother liquor from the first crystallization and
the residue distilled in vacuum. Yield 12.0 g; b.p.g.2 = 84—87% nZ’ = 1.4542. The pro-

duct was dissolved in 12 ml of methanol and kept for 3 hours at — 20°. No crystals were
formed. Cooling for 2 hours at — 80° gave 0.4 g of crystals, which were filtered off. The
methanol was distilled from the mother liquor and the residue distilled in vacuum. Yield
11.0 g of liquid diacetoxydihydrofuran; b.p.gz = 84—87% n25 = 1.4545.

Found C 51.7 H 54

A sample of liquid diacetoxydihydrofuran was kept for 4 months with occasional
scratching. No crystals were formed.

(2). 20.0 g of diacetoxydihydrofuran, prepared by the bromine method 2 (positive
Beilstein test for halogen) was crystallized from 20 ml of methanol as above. Yield after
3 hours 6.5 g of crystals; m.p. 49— 51°. After 24 hours another 7 g of a partially crystalline
product had separated; m.p. << 20°. Both fractions as well as their mother liquors gave
a positive Beilstein test. The first crop of crystals (6.5 g) was recrystallized from 7 ml
of methanol. Yield 5.9 g of crystalline diacetoxydihydrofuran, m.p. 50.5—52.0°. The
product gave a negative Beilstein test. Repeated crystallization did not give a higher
melting product.

Found C 517 H 54

Crystalline isomer; hydrolysis and identification of malealdehyde. 46.2 mg of crystalline.
diacetoxydihydrofuran was shaken for 30 minutes with 1 ml of N/10 sulfuric acid. A
solution of 0.20 ml of phenylhydrazine and 0.50 ml of acetic acid in 10 ml of water was
added and the mixture shaken vigorously. After 15 minutes the precipitate was filtered
off, washed thoroughly with water and dried. The product was crystallized from acetone-
benzene and dried (sulfuric acid, 0.05 mm, 20°, 0.5 hours). Yield 38.7 mg of malealdehyde
bis-phenylhydrazone = 59 %; m.p. 168—170° (Kofler stage, corr.); previously found 4
171°.

C,eH6N, (264.3) Cale. N 21.2
Found » 20.9
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Crystalline isomer; hydrogenation. 1.60 g of crystalline diacetoxydihydrofuran and 8
ml of anhydrous ethanol were shaken with 0.2 g of Raney nickel under 100 atmospheres
of hydrogen for 2 hours at room temperature. After filtration the ethanol was distilled
in vacuum from a water-bath and the residue distilled further in vacuum. After
0.29 g of fore-run (b.p.g3 = 84°) the main fraction is collected. Yield 1.14 g of
diacetoxytetrabydrofuran = 71 %; b.p.o.3 = 84— 86°% m.p. 18—21% nZ = 1.437L.
CgH,,0, (188.2)  Cale. C 51.1 H 64
Found » 513 » 6.6
Liquid isomer; hydrolysis and identification of malealdehyde. 61.8 mg of liquid diacet-
oxydihydrofuran was hydrolyzed as described above. Yield 53.5 mg of malealdehyde bis-
phenylhydrazone = 61 %; m.p. 171—-172°
CyH, Ny (264.3) Cale. N 21.2
Found » 21.2
Liquid isomer; hydrogenation. 2.00 g of liquid diacetoxydihydrofuran was hydrogena-
ted as above. Fore-run 0.17 g; b.p.g.3 = 84°. Yield 1.54 g of diacetoxytetrahydrofuran =
76 %; b.p.o.3 = 84—87% nlz; = 1.4386. The product did not crystallize on standing at
— 20° for several weeks.
CgH,,0; (188.2)  Cale. C 51.1 H 64
Found » b51.2 » 6.5

2,5-Dipropionoxy~2,5~dihydrofura.ﬁ

Preparation; method 1. 58 g of lead tetrapropionate (0.115 mole) (note 4), 150 ml of
propionic acid and 7.9 g of furan (0.115 mole) (note 5) are placed in a 3-necked round-
bottomed flask provided with a stirrer, a thermometer and a reflux condenser with a
calcium chloride tube. The temperature is raised to 55° and heating is discontinued. In
the course of the following 10 minutes the temperature remains at 55°, and the reaction
mixture is then kept at 55— 60° for 35 minutes and at 60— 65° for 456 minutes by external
heating. The mixture is now a clear pale-yellow solution. The major part of the solvent
ig distilled under 10 mm from a water-bath of 60—70° and 250 ml of anhydrous ether is
added to the residue. The mixture is shaken for some minutes and then stirred vigorously
whereby the precipitate becomes readily filterable. The lead propionate is filtered off
on a sintered glass-disk and washed with 100 ml of anhydrous ether.

The yellow filtrate is distilled in vacuum from a water-bath of 70° and the residue
distilled further in vacuum. After 17.5 g of a pale-yellow fore-run (b.p.g4 < 97°), the main
fraction is collected. Yield 19.0 g of dipropionoxydihydrofuran = 76 %; pale-yellow
liquid, b.p.g4 = 97—103% n2 = 1.4510.

18.56 g of the product was redistilled. After 1.0 g of fore-run (b.p.g3 = 94°) the main
fraction was collected. Yield 17.0 g; pale-yellow liquid, b.p.g3 = 94—98°% n%s = 1.4517.
The product crystallized almost completely after inoculation.

CpoH,,05 (214.2) Cale. C 561 H 6.6
Found » 56.3 » 6.8

Preparation; method 2. 150 ml of propionic acid and 54 ml of propionic anhydride
(technical product) are placed in a 3-necked flask provided with a stirrer, a thermometer
and a reflux-condenser with a calcium chloride tube. 68.6 g of red lead oxide (0.100 mole)
is added in the following manner. 10 g is added at 50° and the mixture is stirred for 4
hours at 50°. Then another 10 g is added at room temperature, and stirring is continued
for 4 hours at room temperature. Finally the rest of the red lead oxide is added and
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stirring is continued overnight. The next day a white precipitate of lead tetrapropionate
has formed. The supernatant liquid has a faintly pink colour. The temperature is raised
to 55° and 6.8 g of furan (0.100 mole) is added. Heating is discontinued. In the course of
the following 10 minutes the temperature remains at 55°. The reaction mixture is then
kept at 55—60° for 35 minutes and at 60 —65° for 45 minutes by external heating. The
major part of the solvent is distilled under 10 mm from a water-bath of 60— 70° and 300
ml of anhydrous ether is added to the residue. The mixture is shaken for some minutes
and then stirred vigorously whereby the precipitate becomes readily filterable. The lead
propionate is filtered off on a sintered glass-disk and washed with anhydrous ether.
Yield 104 g of lead propionate = 98 %,.

The yellow filtrate is distilled from a water-bath, finally in vacuum, and the residue
distilled further in vacuum. After 27 g of fore-run (b.p.g1 < 88°), the main fraction is
collected. Yield 11.5 g of dipropionoxydihydrofuran = 54 %,; pale-yellow liquid, b.p.g 1
= 88—-92°% nf)“ = 1.4520. The product crystallizes almost completely after inoculation.

CyoH 1405 (214.2) Cale. C 56.1 H 6.6
Found » 55.9 » 6.4
Hydrolysis; identification of propionic acid. 214 mg of dipropionoxydihydrofuran was
boiled for two minutes with 2 ml of N/10 sulfuric acid. After cooling the solution was
neutralized (methyl red) with N sodium hydroxide and a solution of 420 mg of S-benzyl-
thiuronium chloride in 2 ml of water was added. A white precipitate was formed at once.
The mixture was left for 10 minutes in the ice-box, the precipitate filtered off, washed
with 2 ml of ethanol and dried (calcium chloride, 10 mm, 20°, 4 hours). Yield 290 mg of
S-benzylthiuronium propionate = 61 %. The product was crystallized from ethanol
and dried (sulfuric acid, 0.05 mm, 60°, 4 hours). Yield 150 mg = 31 9%; m.p. 146 —148°;
mixed melting point with an authentic specimen of S-benzylthiuronium propionate
146 —147°; Donleavy 5 found 148°.
C;1H, g0,N,S (240.3)  Cale. N 117
Found » 11.5
Hydrogenation; identification of succinaldehyde. 3.00 g of dipropionoxydihydrofuran
and 15 ml of anhydrous ethanol were shaken with 0.5 g of Raney nickel under 100 atmo-
spheres for 4 hours at room temperature. The reaction product was isolated in the usual
way by distillation. Fore-run 0.19 g (b.p.g; = 86 —88°); main fraction 2.48 g of dipro-
pionoxytetrahydrofuran = 82 9%; b.p.g; = 88—92°% n2D5 = 1.4378. Redistillation gave
2.21 g = 73 %; colourless liquid, b.p.g; = 88—92°% n2 — 1.4375.
C,oH,40; (216.2) Cale. C 555 H 75
Found » 55.6 » 7.6
It was found that hydrogenation for 8 hours did not change the yield or the quality
of the reaction product.
216 mg of dipropionoxytetrahydrofuran was refluxed with 3 ml of N/10 sulfuric acid
for 15 minutes. After cooling 0.25 ml of phenylhydrazine in 5 ml of N acetic acid and 2
ml of ethanol was added. After 1 hour the precipitate of succinaldehyde bis-phenyl-
hydrazone was filtered off, washed thoroughly with water and dried (calcium chloride,
10 mm, 20°, 16 hours); yield 226 mg = 85 9%,. Yield after crystallization from ethanol
and drying (sulfuric acid, 0.1 mm, 50°, 18 hours) 120 mg = 45 %; m.p. 120—122°; Ciami-
cian and Zanetti ® found 124 —125°.
CeH gN, (266.3) Cale. N 21.0
Found » 20.9
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Separation into two isomers. 10.0 g of dipropionoxydihydrofuran, prepared by method
1, was crystallized from 10 ml of anhydrous methanol. The mixture was left at — 20°
for 1 hour and then at — 80° for 30 minutes. The crystals were filtered off (7.6 g, m.p.
38 —47°) and the mother liquor distilled in vacuum. Yield 1.8 g of liquid dipropionoxydi-
hydrofuran; b.p.g; = 88—91°% 2% = 1.4522.

Cy0H,,0;5 (214.2)  Cale. C 56.1 H 6.6
Found » 56.1 » 6.7

The crystalline product (7.6 g) was recrystallized four times from methanol, the melt-
ing points being 46 —51°, 55.0—56.5°, 56.0— 57.5° and 56.0— 57.5°. Yield of final product
3.7 g. ’

Found C 56.3 H 6.6

It was attempted to measure the refractive index of the molten crystals at 25°, but the
liquid always crystallized before a determination could be made.

Crystalline isomer; hydrolysis and identification of malealdehyde. 210 mg of crystalline
dipropionoxydihydrofuran was shaken with 1 ml of ethanol and 3 ml of N/10 sulfuric
acid. The solution became homogenous after 5 hours. After 6 hours 0.256 ml of phenyl-
hydrazine in 10 ml of N acetic acid was added and the mixture shaken vigorously. After
1 hour the malealdehyde bis-phenylhydrazone was isolated as above. Yield 92mg = 359%,;
m.p. 171—173°.

CieH 6N, (264.3) Cale. N 21.2
Found » 21.0

Crystalline isomer; hydrogenation. 1.00 g of crystalline dipropionoxydihydrofuran and
5 ml of anhydrous ethanol were shaken with 0.2 g of Raney nickel under 100 atmospheres:
for 4 hours and the reaction product isolated as above. Yield 0.78 g of crystalline di--
propionoxytetrahydrofuran = 77 %; b.p.g1 = 88—91°% n%s = 1.4372. The product.
crystallized on cooling to — 20° m.p. 11—14°.

CyoH,40; (216.2)  Calc. C 55.5 H 75
Found » 55.8 » 7.5 )

Ligquid isomer; hydrolysis and identification of malealdehyde. 212 mg of liquid dipro-
pionoxydihydrofuran was shaken with 1 ml of ethanol and 3 ml of N/10 sulfuric acid for
5 hours. The mixture became homogenous after 2 hours. The malealdehyde bis-phenyl-
hydrazone was isolated as above. Yield 106 mg = 41 9%; m.p. 171—-173°

C,eHgN, (264.3) Calc. N 21.2
Found » 21.3

Liguid isomer; hydrogenation. 1.00 g of liquid dipropionoxydihydrofuran was hydro-
genated as above. Yield 0.66 g of liquid dipropionoxytetrahydrofuran = 65 %; colourless
liquid, b.p.g; = 88—90° n2% = 1.4388. The product did not crystallize on standing at.
— 20° for several weeks.

CyoH,eO05 (216.2) Cale. C 55656 H 7.5
: Found » 55.6 » 7.4

2,6-Dibutyroxy-2,6cdihydrofuran

Preparation. 4.5 g of furan (0.066 mole) is added to a solution of 36.5 g of lead tetra--
butyrate (0.066 mole) in 135 ml of butyric acid (note 6). The temperature is kept at
55— 60° for 30 minutes, then at 65° for another 30 minutes and finally at 75— 80° for 45.
minutes. The mixture is now a clear pale-yellow solution. The major part of the solvent
is distilled under 0.5 mm from & water-bath of 65—170° and 250 ml of anhydrous ether is.
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added to the residue. The mixture is shaken for some minutes and then stirred vigorously
whereby the precipitate becomes readily filterable. The lead butyrate is filtered off on a
sintered glass disk and washed with anhydrous ether.

The filtrate is evaporated in vacuum from a water-bath of 70° and the residue distilled
further in vacuum. After 11 g of a pale-yellow fore-run (b.p.g.2 < 105°) the main fraction
is collected. Yield 12.0 g of dibutyroxydihydrofuran = 75 %; b.p.gs = 104—108°;
n® = 1.4492.

11.5 g of the product was redistilled. After 0.5 g of fore-run (b.p.gg < 104°) the main
fraction is collected. Yield 10.5 g of a colourless liquid, b.p.gg = 104—107°; n%f = 1.4497.

C,.H,0; (242.3) Cale. C 59.5 H 75
Found » 59.2 » 7.6

A sample of dibutyroxydihydrofuran, which was left standing with a little ether at
— 20°, crystallized after some months. The main fraction from the above preparation
crystallized almost completely at — 20° after inoculation; m.p. — 3 to 1°.

Hydrolysis; identification of butyric acid. 484 mg of dibutyroxydihydrofuran was
boiled with 4 ml of N/10 sulfuric acid until the mixture was homogeneous (10 — 15 minu-
tes). The S-benzylthiuronium salt was then prepared in the usual way. Yield of crude
product 790 mg = 78 9. Yield after crystallization from ethanol 350 mg = 35 9,; m.p.
146.0—146.5°; mixed m.p. with an authentic specimen of S-benzylthiuronium butyrate
146 —147°; Donleavy 5 found 146°.

CyoH50,N,S (254.3)  Cale. N 110
Found » 11.1 )

Hydrolysis; identification of malealdehyde. 205 mg of dibutyroxydihydrofuran was
shaken for 22 hours with 1 ml of ethanol and 3 ml of N/10 sulfuric acid. 0.25 m! of phenyl-
hydrazine in 10 ml of 3 N acetic acid was added and the mixture shaken vigorously.
After standing for 1 hour the malealdehyde bis-phenylhydrazone was isolated as above.
Yield 62 mg = 28 9%; m.p. 171 —173°.

CigH N, (264.3) Cale. N 21.2
Found » 21.3

Hydrogenation; identification of succinaldehyde. 3.00 g of dibutyroxydihydrofuran and
15 ml of anhydrous ethanol were shaken with 0.2 g of Raney nickel under 100 atmospheres
for 4 hours and the reaction product isolated in the usual way. Yield 2.26 g of dibutyr-
oxytetrahydrofuran = 75 %; b.p.g1 = 99—104°; n‘l“f = 1.4396. Redistillation gave 1.86
g = 62 9%; colourless liquid, b.p.g; = 100—104°% nf)s = 1.4392. The product did not
crystallize on standing at — 20° for several weeks. .

CyoHyo05 (244.3) Cale. C 59.0 H 83
Found » 59.3 » 8.1

It was found that hydrogenation for 8 hours did not change the yield or the quality
of the reaction product.

272 mg of dibutyroxytetrahydrofuran was refluxed with 3 ml of N/10 sulfuric acid for
30 minutes. After cooling 0.30 ml of phenylhydrazine in 5 ml of N acetic acid and 1 ml
of ethanol was added and the succinaldehyde bis-phenylhydrazone isolated as above.
Yield 240 mg = 80 %. Yield after two crystallizations from ethanol 105 mg = 35 9;
m.p. 124—125°

C;6H1sN, (266.3) Cale. N 21.0
Found » 21.3
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2,5-Dibenzoxy-2,6c-dihydrofuran

Preparation. Lead tetrabenzoate is prepared from 135 g of lead tetraacetate (0.30 mole)
after Hurd and Austin 7 (cf. also Criegee 8). This preparation is carried out in a 3-necked
round-bottomed flask provided with a stirrer, a thermometer and a reflux condenser
with & calcium chloride tube. The flask is placed in a water-bath and the yellow lead
tetrabenzoate dissolved in 500 ml-of anhydrous benzene. 20.5 g of furan (0.30 mole)
is added. The temperature is kept at 50° for 1 hour and then at 75° for 3 hours. At this
time the lead tetrabenzoate has disappeared. After cooling the lead benzoate is filtered
off on a sintered glass disk and washed with 50 ml of benzene. The solvent is distilled in
vacuum from a water-bath of 50°. 51.0 g of crystalline dibenzoxydihydrofuran = 64 %,
remains.

Dibenzoxydihydrofuran is slightly soluble in ether, methanol and ethanol and
somewhat more soluble in acetone and dioxane. When boiled with an aqueous solution
of dinitrophenylhydrazine in 2 N hydrochloric acid it forms a red precipitate
{malealdehyde bis-dinitrophenylhydrazone).

A sample of the above crude product was crystallized from anhydrous methanol and .
the crystals dried (sulfuric acid, 0.1 mm, 60°, 5 hours); m.p. 165—167° after sintering at
160°.

C,4H,,0; (310.3) Cale. C 69.7 H 4.6
Found » 69.6 » 4.9

Another sample of the erude product was crystallized from dioxane and dried (sul-
furic acid, 0.1 mm, 80°, 18 hours); m.p. 179—182°,

Found C 69.6 H 4.8

5.84 g of crude product was crystallized 4 times from dioxane, the melting points
being 179 —182°, 180—182°, 185-—189° and 185—189°. All products sintered and turned
faintly brown at about 170°. Yield of final product 1.41 g.

Found C 69.6 H 4.7

Hydrolysis; tdentification of benzoic acid. 310 mg of dibenzoxydihydrofuran (m.p.
185 —189°) was refluxed with 3 ml of N /10 sulfuric acid and 2 ml of ethanol for 1 1/2 hours.
The S-benzylthiuronium benzoate was then prepared in the usual way; yield 470 mg =
81 9%. Yield after crystallization from ethanol and drying (sulfuric acid, 0.1 mm, 55°,
16 hours) 240 mg = 42 9%; m.p. 163— 165°; mixed melting point with an authentic speci-
men of S-benzylthiuronium benzoate 163 —165° Donleavy 5 found 166°.

C,5H,60,N,S (288.4) Cale. N 9.7
Found » 9.4 .

Hydrogenation; identification of succinaldehyde. 2.00 g of dibenzoxydihydrofuran
(m.p. 185—189°) in 20 ml of dioxane was shaken with 0.4 g of Raney nickel at 105—115°
under 120 atmospheres for 3 hours. After filtration the dioxane was distilled in vacuum,
Residue 2.0 g of white crystals. Crystallization from methanol gave 1.17 g of dibenzoxy-
tetrahydrofuran = 58 %; the product melted partly at 80—84° and completely at 125°.
Another crystallization from methanol or acetone did not change the melting point.
Yield after recrystallization from methanol 0.95 g = 81 %.

CigH; 605 (312.3) Cale. C 69.2 H 52
Found » 69.2 » 5.2

350 mg of dibenzoxytetrahydrofuran was refluxed with 2 ml of N/10 sulfuric acid and
1 ml of ethanol for 30 minutes. After cooling 0.25 ml of phenylhydrazine in 5 ml of N
acetic acid was added and the succinaldehyde bis-phenylhydrazone isolated as above;
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yield 190 mg = 63 9%,. Yield after crystallization from ethanol and drying (sulfuric acid,
0.1 mm, 50°, 18 hours) 110 mg = 37 9%; m.p. 121 -123°,
C,eH; 5N, (266.3) Calc. N 21.0
Found N 21.1

Note 1. All materials were technical products.

Note 2. At higher temperatures dark-coloured products are formed.

Note 3. The colour does not disappear on redistillation.

Note 4. Prepared after Criegee 8. The crude product was used directly without crystalli-
zation. It contained propionic acid and the content of lead tetrapropionate was determined
iodometrically.

Note 5. The propionic acid and the furan were technical products.

Note 6. The solution of lead tetrabutyrate in anhydrous butyric acid was prepared after
Criegee 8, except that the chlorine treatment was omitted. The content of lead tetrabutyrate
was determined iodometrically.

SUMMARY

Improved directions are given for the preparation of 2,5-diacetoxy-2,5-
dihydrofuran from furan and lead tetraacetate. 2,5-Dipropionoxy-, 2,5-
dibutyroxy- and 2,5-dibenzoxy-2,5-dihydrofuran were prepared by a similar
reaction. These 2,5-dihydrofurans are new compounds. They were hydro-
genated catalytically to the corresponding 2,5-diacyloxytetrahydrofurans,
which also are new.

2,5-Diacetoxy-2,5-dihydrofuran and 2,5-dipropionoxy-2,5-dihydrofuran
were separated into a liquid and a crystalline isomer, which were shown to
be cis-trans isomers. Catalytic hydrogenation of the pure isomers gave
the corresponding pairs of cis-trans isomeric 2,5-diacyloxytetrahydrofurans.
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