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I. Introduction.

It Jhas recently' been proved that MargQuis’ nitroacetin,? the
compound prepared by nitration of furan with nitric acid
in ‘acetic anhydride, is a 1.4-addition product of furan. The
Iadicals added are the nitro and the acetic acid group, presum-
ly formed by cleavage of a mixed anhydride of nitric and
etic acid. ‘

]

ACO*\O/ —NQ,

Nitroacetin.

The theory of 1.4-addition has proved extremely useful to
explain the structure of compounds obtained from oxidation of
furans. Already before THIELE's exposition (1899), the hypothesis
as employed by HiLL® in his classic investigations in the furan
¢ries. Later it has been repeatedly discussed, especially by
[LMAN, JOHNSON, Lurz, WrigHT, MiLas, and their co-workers.
[owever, .other reaction mechanisms are often suggested and
mong chemists working on this subject there still seems to be
ome disagreement as to the reactive properties of furan and its
erivatives. .

In the author’s opinion, our present knowledge of the chemistry
the furans warrants the view that the initial reaction between
furan nucleus and such oxidizing reagents as usually add
aliphatic double bonds, .is always one of two. First, the
gent may add in 1.4-position to the double bonds; this is by
ar:-the commonest way of action, and no other diene system
ibits so marked a tendency towards 1.4-addition as the furan
leus. Secondly, in some cases a f-substituted furan may
formed by what is usually called direct, substitution. It shall
stressed that it is apparently an inherent property of
- furan nucleus to react with oxidizing reagenvts
1*




4 Nr. 5
exclusively as described. So far no expérimental eviden
which demonstrates a 1.2-addition, a direct a-substitution, or an
alternative mode of action has been given.

In Part II the different aspects of 1.4-addition are discusse

B-substitution will not be considered in this communication. btairied.

ol o, — U]

—\o/ —NO, + HOAc

" Often only one of the two possible ways. of 1.4- elimination
akes place; so the nitroacetates, formed by nitration of furans
Wlfgh Marquis’ reagent,? only yield acetic acid and an a-nitrofuran

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 natu In some cases replaceable groups, such as carboxylic or

ulphonic acid groups, are split off-before 1.4-elimination (see

- - Ra Ry 'ReURE and Jounson®). E.g. 2-methyl-5-furoic acid among
3 H “ ® L AB A\\ ‘/B ther products yields 2-methyl-5-nitrofuran by nitration in acetic
34__\0/_31 R /\0/\R1 nhydride (RINKESS).
I : ' HNO
| 1 . Qa0 NO, _ AcOu
of the radicals added, and can as a rule be deduced from t \"’O/f oon ,

Ac0 H,e N0/ Ncoon  m,c o NO=F
structural formula. In general the dihydrofurans in question a

very reactive at ordinary temperatures and only a small numb
have actually been isolated in a pure state.? %% They decompo
into smaller molecules or react with the reagent or the solve
Many different ways of further reaction are possib
and by selecting the proper experimental condition
simple furans may be used for the synthesis of sever
compounds which are otherwise difficult of dccessi
or not accessible at all. To exemplify this, a number’
typical reactions will be cited below. '

(a) 1.4-elimination; formation of an a-substituti
product. Kropr and WricHt’ have shown that furan a
bromocyanogen yield a mixture of 2-furonitrile and 2-bromofura
It is evident, as pointed oul by these authors, that 1.4-eliminati
of hydrogen bromide and bydrogen cyanide from the pre
minarily formed 1.4-addition product has occurred.

| &

+COy— > ch—‘\ o /N NO,+ HOAc

(b) Formation of unsaturated 1.4-dicarbonyl com-
ounds. When the addition reactions are performed in acetic
cid or in an aqueous solvent, unsaturated 1.4- dicarbonyl com-
younds may come into existence. In order to obtain good yields,
he reaction must usually proceed at low temperature. Already
ZININ9 prepared 1.2.3.4-tetraphenyl-2-butene-1.4-dione by oxi-
lation of tetraphenylfuran with nitric acid in glacial acetic
d.- The method has later been employed by Lurz and co-
orkers in numerous oxidation experiments on 2.5-diarylfurans.
[he reaction may be formulated as a 1.4-addition of the nitro
d the acetic acid group, followed by hydrolysis or acetolysis
the dicarbonyl compound (see Lutz et. al.*% ),

¢ C==C—gp

H,0
ACO\ /\102 N l ! + HNO, + HOAc
Y p—CO CO—p

|

7

Br— —CN

l

//

~a

'=As §11 most 1.4-oxidations in a protolytic medium, where the

+ HCN s . . .o . .
dition product is not isolated, nothing is known with certainty

N

el
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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 z
1.4-addition.
In consistency with this view, Lutz found (see 11) that
2.5-dimesitylfurans alone of all 2.5-diarylfurans resisted oxydatwe
ring fission with ZmNnin’s reagent under the usual conditions. 1
they reacted at all, only g-nitration or decomposition occurred
The failure to furnish unsaturated 1.4-diketones is readily under
standable, if one assumes that the mesityl groups offer hindranc B N
to addition at the a-carbons. 20H
Later Lurz and Bovyer™ found that a- mesitylfurans with onl; —
one mesityl group are easily oxidized to 1.4-diketones. This the
regard as inconsistent with the theory of 1.4-addition, as hin
drance at one a-position should be as effective as at both. Bu
such an argument is only valid if both radicals added are identical
and this is not the case with nitric acid oxidations. Consequent!
there is no reason to suggest any other mechanism of oxidatio
on the basis of these experiments. -
Furans with free a-positions may under carefully controlle
conditions give a.f-unsaturated aidehydes. Thus furan itself
when hydroxylated with hydrogen peroxide in aqueous methang
in the presence of osmiumtetroxide, yields malealdehyde.’®
CH—CH

20
N\o ) o HO— ‘\O/LOH 7 OC|H H(‘J0+H“

b- dlmethyh‘urdn with atmospheric oxygen to 1.2-diacetyl-
thylene.

(¢) Oxidative elimination of a-substituents. This is a
ery common reaction, which has often been observed, e. g.
Vhen furfural or furoic acid are oxidized. If oxidation takes place
N an aqueous solvent, it may be formulated as a 1.4-hydroxyl-
tion followed by oxidative fission and hydrolysis (cfr. MipLast®). .
twill be seen that furfural and furoic acid yield maleic acid alde-

+ BCOOH N

B | * cH=—CH

]
OCH HCO
—_— .

- 2 OH
OH FH,0+C0, 7

easily oxidized to malelc acid, and the numerous preparatmns
fmalelc and fumaric acid from the common 1u1 ans belong to
1s'category of reaction.

“ In one case, viz. when furfural was oxidized in water with
Ro’s acid at about 20—35° C. (Cross, BEvaN, Brices!?), a

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

The type of oxidations described under (b) and (¢) are ng
wholly confined to reactions in a protolytic medium. Atmosph
oxygen or some form of activated oxygen may add in 1.4-positig
to furans and yield dicarbonyl compounds as well as derivat
of maleic acid. MiLas and WarLsu™ were able to oxidize furan
furfural, furfuryl alcohol, and furoic acid in vapour phase wil
oxygen and a catalyst to maleic acid; and ScuHENk oxidize

H()O C HZ—C Hz

o7 HOOC COOH

-Another compound isolated from the reaction mixture was
-ibarium,salt. of a dicarboxylic acid CsH,O;. This acid is
obably a-ketoglutaric acid formed by a similar process,
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2.5-Diethoxy-2.5-dihydrofuran.

This acetal was prepared in the same way as the me_thyi
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 WipMER
column at ordinary pressure. An equal volume of ether was
added to the residue and a crystalline precipitate filtered off
The acetal, when distilled in vacuum, boiled at 65—70°/10 o
The first drops of the distillate hdd a strong yellow colour, dug
to some free malealdehyde. This could be removed by heating
the distillate for some time on the steam bath. The malealdehyd
was hereby destroyed and a colourless product obtained .on

lé‘:iy‘er 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°.
Distillation of the diacetoxydihydrofuran begins at 129°/10 mm.
he first drops of the distillate are yellow, the main portion is
colourless. Distillation is interrupted when the distillate begins to
turn yellow again due to destruction of the residue. The tem-
perature is now aboul 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,

Apalysis: Caled. for CgH;(O5;: C = 51.60 per cent.,, H — 5.42

redistillation. : , ber cent:
Analysis: Caled. for CgH,,04: C = 60.76 per cent., H = 8.8 ' found : G = 52.01 per cent, H = 543
per cent., C,H;O = 56.9 per cent - per cent.
found : G = 60.30 per cent., H = 86

Molecular weight determination. The freezing point de-

preasmn of a benzene solution was measmed Caled. M = 186,
found M = 188.

per cent., C,H;0 = 54.9 per cent
The acelal was hydrolyzed as deseribed above and the bis
phenylhydrazone of malealdehyde prepared. Yield of crude pro
duct 78 per cent. Yield after recrystallization 55 per cent. M.J
167° (KorLER).
Analysis: Caled. for CygH;oN,: = 21.21 per cent.
[ound : N 21.27 per cent. .

Hydrolysis; identification of malealdehyde. Hydro-
nvly‘sis_and preparation of the bis-phenylhydrazone of malealdehyde
was performed as described for the dialkoxy compounds. Yield
f.;crude product 68 per cent. Yield after recrystallization 58 per
nt. M. p. 168-—169° (KoFLER). :

nalysis: Caled. for C;eH (N2 N = 21.21 per cent.

‘ found -+ N = 21.33 per cent.

I

2.5-Diacetoxy-2.5-dihydrofuran.

Preparation. 3.4g. of freshly distilled furan (0.05 mol
22.2 g. of lead tetraacetate (0.05 mol) and 100 ce. of perfegt
dry glacial acetic acid were placed in a 250 cc. round-bottome
flask fitted with a reflux condenser. The flask is heated over
flame under frequent shaking until the temperature of the mixtur
is about 100°. By this time all lead tetraacetate has dissolve
The temperature is kept at 90—100° for some minutes; then the]
flask is cooled with water. If crystals of lead tetraacetate appe;
on cooling, the reaction is mot yet complete and heating musl
be repeated.

The acetic acid is evaporated under reduced pressure i
water bath. 100 cc. of waler containing cracked ice and.200:c
of elher is added, the mixture shaken vigorously and the aqueo

',Hydrolysis; titration of acetic acid. About 200 mg. were
gate‘d with 5 cc. of 0.02 normal hydrochloric acid to 100° for
ome minutes and the acetic acid formed by hydrolysis titrated

ith decinormal barium hydroxide. I‘()und 98 5 per cent. of the
eoretical amount.

Hydrolysis; identification of acetic acid. 186 mg. were
ed for one minute with 2 cc. of decinormal sulphuric acid.
ce. of normal sodium hydroxide were added and boiling
inued for some minutes. Then 0.5 ce. of normal sulphurie
d and a solution of 420 mg. of S-benzyl thiuronium chloride
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in 2 ce. of water was added and the mixture left in an ice ba
for 10 minutes. The precipitate formed was filtered off, wash
with 5 cc. of alcohol and dried in vacuum over calcium chlorid
Yield 327 mg. = 72 per cent. Yield after recrystall‘izatiog fro
9 ce. of alcohol 180 mg. = 40 per cent. M. p. 132—133° (in a tubs
Mixed melting point with an authentic specimen of S-benz
thiuronium acetate 133°. (DoNLEAVY®® 134°; VeBEL and LILL
LunD3® 135—136°).
Analysis: Caled. for CipH,0.N.S: N = 12.39 per cent.
found : N 12.32 per cent.

yl,
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