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I. Introduction.

It has recently1 been proved that Marquis’ nitroacetin,2 the 
compound prepared by nitration of furan with nitric acid 

in acetic anhydride, is a 1.4-addition product of furan. The 
radicals added arc the nitro and lhe acetic acid group, presum­
ably formed by cleavage of a mixed anhydride of nitric and 
acetic acid.

AcO-\o/-NO2
Nitroacetin.

The theory of 1.4-addition has proved extremely useful to 
explain lhe structure of compounds obtained from oxidation of 
furans. Already before Thiele’s exposition (1899), the hypothesis 
was employed by Hill3 in his classic investigations in lhe furan 
scries. Later it has been repeatedly discussed, especially by 
Gilman, Johnson, LuTz, Wright, Milas, and their co-workers. 
However, other reaction mechanisms are often suggested and 
among chemists working on this subject there still seems to be 
some disagreement as to lhe reactive properties of furan and its 
derivatives.

In lhe author’s opinion, our present knowledge of the chemistry 
of the furans warrants lhe view that the initial reaction between 
the furan nucleus and such oxidizing reagents as usually add 
to aliphatic double bonds, is always one of two. First, lhe 
reagent may add in 1.4-position to the double bonds; this is by 
far lhe commonest way of action, and no other diene system 
exhibits so marked a tendency towards 1.4-addition as the furan 
nucleus. Secondly, in some cases a ^-substituted furan may 
be formed by what is usually called direct substitution. It shall 
be stressed that it is apparently an inherent property of 
the furan nucleus to react with oxidizing reagents 

1* 
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exclusively as described. So far no experimental evidence 
which demonstrates a 1.2-addition, a direct a-substitution, or any 
alternative mode of action has been given.

In Part II the different aspects of 1.4-addition are discussed, 
/^-substitution will not be considered in this communication.

II. 1.4-Addition.
1.4-addition  leads to the formation of a 2.5-dihydrofuran (I). 

The stability of such compounds depends largely upon the nature

‘ + AB -> A\| [/B
B4_ X()z B1

I

of the radicals added, and can as a rule be deduced from the 
structural formula. In general the dihydrofurans in question are 
very reactive at ordinary temperatures and only a small number 
have actually been isolated in a pure state.2» 4-6 They decompose 
into smaller molecules or react with the reagent or the solvent. 
Many different ways of further reaction are possible 
and by selecting the proper experimental conditions, 
simple furans may be used for the synthesis of several 
compounds which are otherwise difficult of accession 
or not accessible at all. To exemplify this, a number of 
typical reactions will be cited below.

(a) 1.4-elimination; formation of an a-substitution 
product. Klopp and Wright7 have shown that furan and 
bromocyanogen yield a mixture of 2-furonitrile and 2-bromofuran. 
It is evident, as pointed out by these authors, that 1.4-elimination 
of hydrogen bromide and hydrogen cyanide from the preli­
minarily formed 1.4-addition product has occurred.

Br + HCN
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Often only one of the two possible ways of 1.4-elimination 
takes place; so the nitroacetates, formed by nitration of furans 
with Marquis’ reagent,2 only yield acetic acid and an a-nitrofuran 
when heated alone or with pyridine. No a-acetoxyfurans are 
obtained.

AcO—\q/—NO2 \q/—NO2+HOAc

In some cases replaceable groups, such as carboxylic or 
sulphonic acid groups, are split off before 1.4-elimination (see 
Freure and Johnson5). E. g. 2-methyl-5-furoic acid among 
other products yields 2-methyl-5-nitrofuran by nitration in acetic 
anhydride (Rinkes8).

HscJ(oJ-C<)OH
HNOS

>- AcOxJ |/NO2
Ac2O H3Czx()/X cooh

—> AcO\|
HgC/^O/ NO,+

H- CO2 —H3C—\ q/—^2 "i~ HO Ac

(b) Formation of unsaturated 1.4-dicarbonyl com­
pounds. When the addition reactions are performed in acetic 
acid or in an aqueous solvent, unsaturated 1.4-dicarbonyl com­
pounds may come into existence. In order to obtain good yields, 
the reaction must usually proceed at low temperature. Already 
Zinin9 prepared 1.2.3.4-tetraphenyl-2-butene-l.4-dione by oxi­
dation of tetraphenylfuran with nitric acid in glacial acetic 
acid. The method has later been employed by Lutz and co­
workers in numerous oxidation experiments on 2.5-diarylfurans. 
The reaction may be formulated as a 1.4-addition of the nitro 
and the acetic acid group, followed by hydrolysis or acetolysis 
to the dicarbonyl compound (see Lutz et. al.10’ u).

’’x
AcO\| '/NO,

(p/ ()z (p

cp—C=C—(p
+ HNO.,+ HOAc

<p—CO CO—<p

As in most 1.4-oxidations in a protolytic medium, where the 
addition product is not isolated, nothing is known with certainty 
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about the nature of the radicals actually added or about the way 
in which the dihydrofurans are transformed into carbonyl com­
pounds, but it is evident that the reaction proceeds through a
1.4- addition.

In consistency with this view, Lutz found (sec 11) that
2.5- dimesitylfurans alone of all 2.5-diarylfurans resisted oxydative 
ring fission with Zinin’s reagent under the usual conditions. If 
they reacted at all, only ^-nitration or decomposition occurred. 
The failure to furnish unsaturated 1.4-dikelones is readily under­
standable, if one assumes that the mesityl groups oiler hindrance 
to addition at the a-carbons.

Later Lutz and Boyer12 found that a-mesitylfurans with only 
one mesityl group are easily oxidized to 1.4-dikelones. This they 
regard as inconsistent with the theory of 1.4-addition, as hin­
drance at one a-position should be as effective as at both. But 
such an argument is only valid if both radicals added are identical, 
and this is not the case with nitric acid oxidations. Consequently 
there is no reason to suggest any other mechanism of oxidation 
on the basis of these experiments.

Furans with free «-positions may under carefully controlled 
conditions give a./Lunsaturated aldehydes. Thus furan itself, 
when hydroxylated with hydrogen peroxide in aqueous methanol
in the presence of osmiumtetroxide, yields in

Il 2 OH
\()/ ho-<o;-oh

(.11 ('.II

OCH HCO + H2O

In such reactions the aldehyde groups may be oxidized further 
by the reagent to carboxylic acid groups; but some of the un­
saturated aldehydes are so unstable, that polymerization or 
oxidation of other parts of the molecule occurs before the com­
paratively stable groups are attacked.

The type of oxidations described under (b) and (c) are not
wholly confined to reactions in a protolytic medium. Atmospheric 
oxygen or some form of activated oxygen may add in 1.4-position
to furans and yield dicarbonyl compounds as well as derivatives
of maleic acid. Milas and Walsii14 were able to oxidize furan, 
furfural, furfuryl alcohol, and furoic acid in vapour phase with 
oxygen and a catalyst to maleic acid; and Schenk15 oxidized
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2.5-dimethylfuran  with atmospheric oxygen to 1.2-diacetyl- 
ethylene.

(c) Oxidative elimination of a-substituents. This is a 
very common reaction, which has often been observed, e. g. 
when furfural or furoic acid are oxidized. If oxidation lakes place 
in an aqueous solvent, it may be formulated as a 1.4-hydroxyl- 
ation followed by oxidative fission and hydrolysis (cfr. Milas16). 
It will be seen that furfural and furoic acid yield maleic acid alde-

II

Another compound isolated from the reaction mixture was
the barium salt of a dicarboxylic acid C5H605. This acid is
probably a-ketoglutaric acid formed by a similar process.

+ H2O+CO2HO HO

II

2 OH
—>

OH 
\OZ\OH

l/0H
X()/XC()OH

+ HCOOHi /OHI/OH 2 OH
h°-<oAcho —> H()A0A()h

hyde together with formic acid and carbondioxide, respectively. 
Thé maleic acid aldehyde, which has been isolated repeatedly, 
is easily oxidized to maleic acid, and the numerous preparations 
of maleic and fumaric acid from the common furans belong to 
this category of reaction.

In one case, viz. when furfural was oxidized in water with 
Cabo’s acid at about 20—35° C. (Cross, Bevan, Briggs17), a 
considerable amount of succinic acid was obtained. This may 
be explained by assuming a 1.4-elimination of water from the 
intermediate compound II.

HO
l/OH

\)/\)H
Ho()

>II() '<0/ OH
CH,

I
HOOC

CH2

COOH
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2 OH I/OH HoO
COOH -> HO-<OXCOOH—¿>H0 /o/-600-11

CH.—CH,
—> I ' I \

HOOC CO—COOH

In this connection it should be remembered that maleic acid 
aldehyde, which according to the investigations of v. Auwers 
and Wissebacii18 exists in two tautomeric forms, is easily con­
verted into succinic acid (Fecht19). Some derivatives of maleic 
acid aldehyde act in the same way.

CH=CH CH=CH j j () CHa—CH2

OOH COOH HOCH CO “ HOOC COOH 
\oz

Possibly the above formulations involving a 1.4-elimination 
of water give no correct picture of what actually happens during 
the formation of the saturated acids, but all three reactions 
undoubtedly express the same tendency of similar dihydrofurans 
to rearrange in a similar manner.

(d) Reactions with the 3.4-double bond. In advance one 
would expect that reactions between the reagent and the 3.4- 
double bond of the dihydrofuran would frequently take place. 
Such reactions have also been observed. Tetrahalotetrahydro- 
furans may be isolated as the result of the action of halogens 
on furans; Hill and co-workers, when oxidizing furans with 
bromine water, have obtained dibromosuccinic acids;20 and by 
the interaction between furan and hydrogen peroxide cited above, 
mesotartaraldchyde is formed besides malealdehyde. It has not 
been investigated whether the addition in the two reactions last 
mentioned takes place before or after the opening of the furan 
ring.

However, reactions of this type are rare because the double 
bond in the diliydrofurans or their products of hydrolysis is 
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MO

rather inert. As by other double bonds, which are inert towards 
addition reagents, substitution of the adjacent hydrogen atoms 
may take place instead of addition. A typical example is the 
well-known oxidation of furfural or furoic acid to mucobromic or 
mucochloric acid with warm bromine, respectively chlorine 
water.21

Il H Br—C=C—Br Br-C = C—Br
I I —\0/“CH()  x OCH COOH X HOCH CO

XOZ

III. 2.5-Dialkoxy-2.5-dihydrofurans.
Scattered throughout the literature on the chemistry of the 

furans, one linds formulas for furan derivatives which can only 
be explained by assuming a 1.2-addition to the furan nu­
cleus.17’ 2228 In consistency with the view expressed in Part I 
the author believes such formulas to be incorrect.

Meinel28» 29 has advocated two formulas of this kind. He 
made the important discovery that furfural and furfuryl alcohol, 
when treated in methanolic solution with bromine or with com­
pounds containing active bromine, c. g. N-bromophthalimide, 
add two methoxy groups. The aldehyde group of furfural is at the 
same time acetalized. Meinel assigned the formulas III and IV 
to the addition products.

MO—j— MO—T------ 1,
MO-^oJ-CH(OM)2 mo-'XoJ'-ch2oh

III IV

The experiments of Meinel have not been repeated here, but 
a similar méthoxylation was carried out on furan with methanolic 
bromine in the presence of an equimolar amount of potassium 
acetate. 2.5-Dimethoxy-2.5-dihydrofuran V was hereby obtained 
in a 47 per cent, yield. It therefore seems reasonable to assign 
the formulas VI and VII to Meinel’s compounds.

OM
CHoOH

l/OM
()/\ch(om)2 mo Ao/
VI VII
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Dimethoxydihydrofuran is a cyclic acetal of malealdehyde. 
It has an odour similar to that of malealdehyde tetraethylacetal, 
prepared earlier by Wohl and Mylo,30 and exhibits similar 
properties. It may be distilled in vacuum and is stable at ordinary 
temperature. Il is rather soluble in water. In acid solution it is 
rapidly hydrolized to malealdehyde, which was identified as 
bis-phenylhyd razone, bis-methylphenylhydrazone and bis-diphe- 
nylhydrazone. This reaction, combined with the analysis and a 
methoxy determination, proves the structure.

The corresponding diethoxy-acetal was also prepared from 
furan and a solution of bromine in ethanol (yield 56 per cent.); 
the structure was proved in the same way as described for the 
dimethyl-acetal. The higher yield of the ethyl derivative is pro­
bably mainly due to its lesser solubility in water.

It is evident that the alkoxylation method is of general ap­
plicability in the furan series. The method makes it possible to 
synthesize stable acetals of labile unsaturated 1.4-dicarbonyl 
compounds, many of which, as pointed out in Part II, are of 
importance for synthetic purposes. It will as a rule be most 
convenient to prepare the ethyl acetals, which are easier to 
extract with ether than the methyl derivatives. In water or an 
aqueous solvent the acetals will react in the way of lice carbonyl 
compounds when traces of acids are present. II the carbonyl 
compounds are sufficiently stable, they may be obtained in a 
pure state by extraction with ether after hydrolysis.

Malealdehyde, which has now become easily accessible 
through the convenient synthesis of dialkoxydihydrofurans, has 
so far only been employed for the synthesis of pyridazine 
(Marquis,2 Wohl and Bernreuther31), of succinaldéhyde and 
some of its derivatives (Keimatsu and Yokota,32 Wohl and 
Bernreuther31) and of tropenone (Preobraziienskij, Rubtsov, 
Dankova, and Pavlov33). However, this reactive dialdehyde will 
surely find a wider range of application when sufficient quan­
tities are at hand.

The recent synthesis of tropenone (1945) from malealdehyde 
by the Robinson-Schöpf procedure is most interesting because 
it may ultimately lead to the synthesis of several tropa alkaloids, 
e. g. scopolamine and meteloidine, that have hitherto only been 
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isolated from natural sources. The Russian authors seem to be 
working along this line. Unfortunately only an abstract of their 
paper has been available.

If malealdehyde yields tropenone in the Robinson-Schöpf 
procedure, it should also be capable of participating in con­
densation reactions of similar types. It may therefore, in one 
way or another, serve to build up Carotinoids from the middle 
of the molecule by symmetrical condensation reactions.

When discussing the biological synthesis of carotinoids it 
should be kept in mind that furans may be oxidized to un­
saturated 1.4-dicarbonyl compounds under biological con­
ditions, e. g. with atmospheric oxygen (Ciamician and Silber,34 
Milas and McAlevy,36 Schenk,15 Schering A.-G.,36 and Dunlop, 
Stout, and Swadesh37).

IV. 2.5-Diacetoxy-2.5-dihydroturan.
In view of the stability of the dialkoxydihydrofurans it was 

highly probable that 2.5-diacetoxy-2.5-dihydrofuran (VIII) also 
would be a stable derivative of malealdehyde. In order to prepare 
this compound furan was treated with lead tetraacetate in acetic

Pb(AcO)4
—>- AcO-k() J-OAc + P‘>(AcO)2

VIII

acid. From the reaction mixture the diacetoxydihydrofuran was 
isolated in a 45 per cent, yield. Il is a very viscous, colourless 
oil boiling at about 130° C. in vacuum. The analysis and a 
molecular weight determination in benzene gave the correct 
values. Although almost insoluble in waler, this mixed acetal­
acetate is very easily hydrolyzed. The malealdehyde and the 
acetic acid formed by hydrolysis were identified as bis-phenyl- 
hydrazonc and S-benzyl thiuronium salt, respectively. The 
acetic acid- was further determined quantitatively by titration. 
These reactions, together with the synthesis and the analyses, 
prove the structure.

2.5 - Diacetoxy- 2.5 
purposes in the same

To furan may be used for synthetic 
way as the dialkoxy compounds. It is 
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possible that it will in sonie cases prove superior to the latter 
because it is easier to saponify in alkaline solution.

V. Summary.
The view is advanced, that reactions between the furan 

nucleus and what may be termed oxidizing double bond reagents 
only can be initiated by a ^-substitution or a 1.4-addition. This 
mode of action seems to be an inherent property of the furan 
nucleus. The latter reaction is by far the most common and its 
different aspects are discussed.

In consistency with the conception of 1.4-addition, cyclic 
acetals of malealdehyde are obtained by alkoxylalion of furan. 
The general applicability of this method for the synthesis of 
acetals of unsaturated 1.4-dicarbonyl compounds is suggested.

Another derivative of malealdehyde, viz. 2.5-diacetoxy-2.5- 
dihydrofuran, was obtained in a similar way by 1.4-addition of 
two acetoxy groups to furan. The acétoxylation was performed 
with lead tetraacetate.

VI. Experimental Part.
2.5-Dimeth  oxy-2.5-dihydrof uran.

7.25 cc. of freshly distilled furan (0.1 mol) and 20 g. of 
anhydrous potassium acetate (0.2 mol) are dissolved in 130 cc. 
of methanol. The mixture is cooled in an ice-salt bath and a 
solution of 5 cc. of bromine (0.1 mol) in 100 cc. of methanol is 
added under efficient stirring. The temperature must be kept 
below —7° C. After all the bromine has been added (20—30 min.) 
stirring is continued for 5 minutes. Then the reaction mixture 
is poured into 300 cc. of a cooled saturated solution of calcium 
chloride. The acetal is extracted with 400 cc. of ether and the 
etheral layer shaken with 50 cc. of a saturated solution of potas­
sium carbonate and dried over 20 + 50 g. of solid potassium car­
bonate. The ether is removed on the steam bath through an 
ordinary Vigkeux column and the residue distilled in vacuum. 
Distillation begins at 48°/8 mm. and the fraction boiling at 
48—53° was collected. A small amount (1.3 g.) of a higher boiling 
residue remained in the flask. The distillate consisted of pure 
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dimethoxydihydrofuran and boiled sharply at 47°/8 min. when 
redistilled.
Yield 6.1 g. = 47 per cent.
Analysis: Caled, for C6H10O3: C = 55.36 per cent., H = 7.76 

per cent., CH3O = 47.7 per cent.
found : C = 55.56 per cent., H = 7.73

per cent., CH3O = 45.7 per cent.
The acetal is a colourless, stable liquid. It smells like other 

lower acetals and exhibits similar chemical properties.

Bis-hydrazones of male aldehyde.
About 150 mg. of the acetal were boiled with 3 cc. of centi­

normal sulphuric acid for 45 seconds. After cooling, a solution 
of the corresponding hydrazine in diluted acetic acid (10 cc.) 
was added. The hydrazones precipitated immediately. The mix­
ture was allowed to stand for some hours, then the precipitate 
was filtered olf, washed thoroughly with water and dried in va­
cuum over calcium chloride. The crude products were recry­
stallized once and then proved to be identical with authentic 
specimens prepared from malealdehyde tetraethylacetal.1

Bis-phenyl hydra zone. Yield of crude product 82 per cent. 
Yield after recrystallization from acetone-benzene 73 per cent. 
M. p. 171° (Kofler stage*); previously found1 171°.
Analysis: Caled, for C16H16N4: N = 21.21 per cent, 

found : N = 21.13 per cent.

Bis-methylphenyl by dr azo ne. Yield of crude product 
98 per cent. Yield after recrystallization from acetone-benzene 
67 per cent. M. p. 176° (Kofler); previously found1 176°. 
Analysis: Caled, for C18H20N4: N = 19.18 per cent.

found : N = 19.14 per cent.

Bis-diphenylhydrazone. Yield of crude product 82 per 
cent. Yield after recrystallization from acetone-methanol 60 per 
cent. M. p. 180° (Kofler); previously found1 177°. 
Analysis: Caled, for C28H24N4: N = 13.46 per cent.

found : N = 13.68 per cent.
* All melting points are corrected.
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2.5-1)  i et h oxy-2.5-d i h y d r o lu r a n.
This acetal was prepared in the same way as the methyl 

derivative, using ethanol instead of methanol. The etheral extract 
of the acetal contained a comparatively large amount of ethanol, 
which was removed by distillation through a small Widmen 
column at ordinary pressure. An equal volume of ether was 
added to the residue and a crystalline precipitate filtered oil'. 
The acetal, when distilled in vacuum, boiled al 65—7()°/l() mm.
The first drops of the distillate had a strong yellow colour, due
to some free male e. This could be removed by heating
the distillate for some time on the steam bath. The malealdchyde
was hereby
i ation.

destroyed and a colourless product obtained on

Analysis: Caled, for C8H14O3:

found : 

C = 60.76 per cent., Il = 8.89 
per cent., C2H6O = 56.9 per cent.
C = 60.30 per cent., II = 8.66 
per cent., C2H6O = 54.9 per cent.

The ac s hydrolyzed as described above and the bis­
phenylhydrazone of malealdchyde prepared. Yield of crude pro­
duct 78 per cent. Yield after recrystallization 55 per cent. M. p. 
167° (Kofleb).
Analysis: Caled, for C16H16N4: N = 21.21 per cent, 

found : N = 21.27 per cent.

2.5-1)  i acetoxy-2.5-d i by d ro f u r a n.
Preparation. 3.4 g. of freshly distilled furan (0.05 mol), 

22.2 g. of lead tetraacetate (0.05 mol) and 100 cc. of perfectly 
dry glacial acetic acid were placed in a 250 cc. round-bottomed 
flask fitted with a reflux condenser. The flask is healed over a 
flame under frequent shaking until the temperature of the mixture 
is about 100°. By this time all lead tetraacetate has dissolved. 
The temperature is kept at 90—100° for some minutes; then the 
flask is cooled with water. If crystals of lead tetraacetate appear 
on cooling, the reaction is not yet complete and healing must 
be repeated.

The acetic acid is evaporated under reduced pressure in a 
water bath. 100 cc. of waler containing cracked ice and 200 cc. 
of ether is added, the mixture shaken vigorously and the aqueous
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layer separated. The etheral layer is dried with sodium sulphate 
and calcium chloride and the ether removed at ordinary pressure. 
The residue is distilled in vacuum. After a fore-run af acetic 
acid, a small amount of free malealdehyde distils at 50—60°. 

|i Distillation of the diacetoxydihydrofuran begins at 129°/10 mm.
The first drops of the distillate are yellow, the main portion is 
colourless. Distillation is interrupted when the distillate begins to 

I turn yellow again due to destruction of the residue. The tem­
perature is now about 135°. Yield 4.2 g. = 45 per cent. Redistil­
lation yields 3.9 g. of a slightly yellow product boiling at 128— 
129°/10 mm. Very viscous oil, almost insoluble in water.
Analysis: Caled, for C8H10O5: C = 51.60 per cent., II = 5.42 

per cent.
found : C = 52.01 per cent., H = 5.43

per cent.

Molecular weight determination. The freezing point de­
pression of a benzene solution was measured. Caled. M = 186, 
found M = 188.

Hydrolysis; identification of malealdehyde. Hydro­
lysis and preparation of the bis-phenylhydrazone of malealdehyde 
was performed as described for the dialkoxy compounds. Yield 
of crude product 68 per cent. Yield after recrystallization 58 per 
cent. M. j). 168—169° (Kofler).
Analysis: Caled, for C16H16N4: N = 21.21 per cent, 

found : N = 21.33 per cent.
I
V

Hydrolysis; titration of acetic acid. About 200 mg. were 
heated with 5 cc. of 0.02 normal hydrochloric acid to 100° for 
some minutes and the acetic acid formed by hydrolysis titrated 
with decinormal barium hydroxide. Found 98.5 per cent, of the 
theoretical amount.

Hydrolysis; identification of acetic acid. 186 mg. were 
boiled for one minute with 2 cc. of decinormal sulphuric acid. 
3.1 cc. of normal sodium hydroxide were added and boiling 
continued for some minutes. Then 0.5 cc. of normal sulphuric 
acid and a solution of 420 mg. of S-benzyl thiuronium chloride 
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in 2 cc. of water was added and the mixture left in an iee bath 
for 10 minutes. The precipitate formed was filtered ofT, washed 
with 5 cc. of alcohol and dried in vacuum over calcium chloride. 
Yield 327 mg. = 72 per cent. Yield after recrystallization from 
2 cc. of alcohol 180 mg. = 40 per cent. M. p. 132—133 (in a tube). 
Mixed melting point with an authentic specimen of S-benzyl 
thiuronium acetate 133°. (Donleavy38 134 ; Veibel and Lille­
lund39 135—136°).
Analysis: Caled, for C10H14O2N2S: N = 12.39 per cent, 

found : N = 12.32 per cent.
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