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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*
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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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ather inert. As by other double bonds, which are inert towards

0 ,
H\O/_CHQ ddition reagents, substitution of the adjacent hydrogen atoms
— ay take place instead of addition. A typical example is the
T i R ell-known oxidation of furfural or fureic acid to mucobromic or
\‘ H—C OO 2_9_13 HO— \/ OH —H.0 H O——“ H—C 00 ucochloric acid with warm bromme respectively chlorine
O O NCOOH — NGO ; A .
B CHy—CH, | [ Br—C=—=C—Br __ Br—C—C—Br
N | \ ' L CHO —» | — ]
HOOC CoO—CooH oY OCH COOH HOCH CO

~NoS

In this connection it should be remembered that maleic ac
aldehyde, which according to the investigations of v. Auwe
and WisseEBacH*® exists in two fautomeric forms, is easily con-!
verted into succinic acid (Frcut!'?). Some derivatives of male
-acid aldehyde act in the same way.

1l 2.5-Dialkoxy-2.5-dihydrofurans.

~Scattered throughout the literature on the chemistry of the
urans, one finds formulas for furan derivatives which can only
e . explained by assuming a 1.2-addition to the furan nu-
leus.t™ 2228 In consistency with the view expressed in Part 1

?H:?H . CH=CH H,O CH,—CH, he author believes -such formulas to he incorrect. _
OCH COOH — HOCH ¢O0 " HOOC COOH - MEINEL?® 2% has advocated two formulas of this kind. He
O made the important discovery that furfural and furfuryl aleohol,

when treated in methanolic solution with bromine or with com-
wunds containing active bromine, é.g. N—bromophthalimi_de,
dd two methoxy groups. The aldehyde group of furfural is at the
ame time acetalized. MEWEL assigned the formulas 11T and v
the addition products.

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

MO——— MO———
(d) Reactions with the 3.4-double bond. In ‘advance one ‘ H t ” ‘
would expect that reactions between the reagent and the 3 MO‘\O —CH(OM), MO—-\O/~CH20H
double bond of the dihydrofuran would frequently take pla I v

Such reactions have also been observed. Tetrahaletetrahydr
furans may be isolated as the result of the action of haloge
on furans; Hirrn and co-workers, when oxidizing furans wi
bromine water, have obtained dibromosuccinic acids;?° and
the interaction between furan and hydrogen peroxide cited abo
mesotartaraldehyde is formed besides malealdehyde. It has 1
been invesligated whether the addition in the two reactions 1
mentioned takes place before or affer the opening of the fur
ring.

However, reactions of this type are rare because the dou
bond in the dihydrofurans or their products of hydrolysis

he experiments of MEINEL have not been repeated here, but
imilar methoxylation was carried out on furan with methanolic
omine in the presence of an equimolar amount of potassium
etate. 2.5-Dimethoxy-2.5-dihydrofuran V was hereby obtained
<4 47 per cent. yield. It therefore seems reasonable to 3331gn
e formulas VI and VII to MEINEL’s compounds.

CH=CH — _—F_

Jom—» || mo— (oM MO—L_ . (o

< OCH HCO 0 NCH(OM), N0 NCH,OH
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 Womrr and Mvy1.0,%° and exhibits simila
properties. It may be distilled in vacuum and is stable at ordinar
temperature. It is rather soluble in water. In acid solution it}
rapidly hydrolized to malealdebhyde, which was identified a
bis-phenylhydrazone, bis-methylphenylhydrazone and bis-diphe
nylhydrazone. This reaction, combined with the analysis and
methoxy determination, proves the structure. .

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

solated. from mnatural sources. The Russian authors seem to be
working along this line. Unfortunately only an abstract of their
paper has been available.

‘If malealdehyde vields tropenone in the RosiNsON-ScuOPF
procedure, it should also be capable of participating in con--
densatlon reactions of similar types. It may therefore, in one
_yqy 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 wunder bioclogical con-
dl’[lOIl'S e. 8. with atmospheric oxygen (Cramician and SiLBER,
MILAS and McALEvVY,® ScHENK," SCHERING A.-G.,36 and Dunrop,

STOUT and SwaADEsSH?).

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

Malealdehyde, which has now become easily accessib
through the convenient synthesis of dialkoxydihydrofurans, hag
so far only been employed for the synthesis of pyridazi
(Marqurs,? WoHL and BERNREUTHER®Y), of succinaldehyde a
somé of its derivatives (Kemarsu and Yoxors,* WonL at
BerNREUTHER®) and of tropenone (PREOBRAZHENSKIS, RUBTSOL|
Dankova, and Paveov®). However, this reactive dialdehyde w
surely find a wider range of application when sulficient qua

tities are at hand. 4 ic ‘acid- was further determined quantitatively by titration.
The recent synthesis of tropenone (1945) from malealde ’ reactions, together with the synthesis and the analyses,

by the Rosmnson-Scudpr procedure is most interesting becau ve the structure. .

it may ultimately lead to the synthesis of several tropa alkaloif )

e.g. scopolamine and meteloidine, that have hitherto only be

IV. 2.5-Diacetoxy-2.5-dihydrofuran.

1In 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
|| Prcaco), - Ph(AcO

Lo/ — > A0 —0ac TFPh(acO)

VIII

id. From the reaction mixture the diacetoxydihydrofuran was
lated in a 45 per cent. yield. It is a very viscous, colourless
l"boiling at about 130° C. in vacuum. The analysis and a
olecular weight determination in benzene gave the correct
Jues. Although almost insoluble in water, this mixed acetal-
etate is very easily hydrolyzed. The malealdehyde and the
elic acid formed by hydrolysis were identified as bis- phenyl-
Tdrazonc and S-benzyl thiuronium salt, 1espect1vely The

.5-Diacetoxy-2.5-dihydrofuran may be used for synthetic
poses in the same way as the dialkoxy compounds. It is
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possible that it will in some cases prove superior to the latt

dimethoxydihydrofuran and boiled sharply at 47°/8 mm. when
because it is easier to saponify in alkaline solution.

redistilled.

= 47 per cent.

Analysis: Caled. for CgH,,0,: C = 55.36 per cent., H = 7.76
per cent.,, CH3O = 47.7 per cent.

found : C = 55.56 per cent.,, H = 7.73
pef' cent., CH;O = 45.7 per cent.

The acetal is a colourless, stable Liquid. It smells like other

lower acetals and .exhibits similar chemical properties.

V. Summary.

The view is advanced, that reactions hetween the furan
nucleus and what may be termed oxidizing double bond reagents!
only can be initiated by a f-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 it
different aspects are discussed.

In consistency with the conception of 1.4-addition, cycho
acetals of malealdehyde are obtained by alkoxylation 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:
dibydrofuran, was obtained in a similar way by 1.4-addition of

two acetoxy groups to furan. The acetoxylation was pelforme;
with lead tetraacetate.

Bis-hydrazones of malealdehyde.

" About 150 mg. of the acetal were boiled with 3 cc. of centi-
‘r\lormal sulphuric acid for 45 seconds. After cooling, a solution
the corresponding hydrazine in diluted acetic acid (10 cc.)
: as added. The hydrazones precipitated immediately. The mix-
fure was allowed to stand for some hours, then the precipitate
as filtered off, washed thoroughly with water and dried in va-
um over calcium chloride. The crude products were recry-
stallized once and then proved to_be identical with authentic
ecimens prepared from malealdehyde tetraethylacetal.l

VI. Experimental Part. ‘
Bis-phenylhydrazone. Yield of crude product 82 per cent.
ield after recrystallization from acetone-benzene 73 per cent.
-p. 171° (KoFLER stage®); previously found* 171°,
nalysis: Caled. for CleGN4 N ="21.21 per cent.
found : N = 21.13 per cent.

25-Dimethoxy-2.5-dihydrofuran.

7.25 cc. of freshly distilled furan (0.1 mol) and 20 g. of
anhydrous potassium acetate (0.2 mol) are dissolved in 130
of methanol. The mixture is cooled in an ice-salt bath and
solution of 5 cc. of bromine (0.1 mol) in 100 cc. of methanol i
added under efficient stirring. The temperature must be kept
below —7° C. After all the bromine has been added (20—30 mi
stirring is continued for 5 minutes. Then the reaction mixtu
is poured into 300 cc. of a cooled saturated solution of calciu
chloride. The acetal is extracted with 400 cc. of ether and't
etheral layer shaken with 50 cc. of a saturated solution of pot
sium carbonate and dried over 20 + 50 g. of solid potassium ¢
bonate. The ether is removed on the steam bath through -
ordinary VIGREUX .column and the residue distilled in vacuu
Distillation begins at 48°/8 mm. and the fraction boiling"
48—53° was collected. A small amount (1.3 g.) of a higher boili
residue remained in the flask. The distillate consisted of pu

“Bis-methylphenylhydrazone. Yield of crude product
8 per cent. Yield after recrystallization from acetone-benzene
7:per cent. M. p. 176° (KoFLER); previously found?! 176°.
nalysis: Caled: for C;H,N,: N = 19.18 per cent.

found : N = 19.14 per cent.

is-diphenylhydrazone. Yield of crude product 82 per
ént. Yield after recrystallization from acetone-methanol 60 per
t. M. p. 180° (KorLER); previously found?! 177°.
lysis: Caled. for C28H24N4 N = 13.46 per cent.
: - found : = 13.68 per cent.

*-All melting points are corrected.
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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,

VIII. References.

I

1) CLAUSON-KAAS a. J. FAxsToRP, Acta chem. Scand. 1, 210 (1947).

(2) R. Marquis, Ann. Chimie (8) 4, 196 (1905).

{3) H. B. HiLL a. R. W. CorNELISON, Amer. Chem. J. 16, 188 (1894).

(4) H. GILMAN a. G. F. WRieHT, J. Amer. Chem. Soc. 52, 2550 (1930).

(5) B.T. FrReure a. J. R. JounsoN, J. Amer. Chem. Soc. 58, 1142

. (1931).

6) Probably the addition products isolated by H. B. HiL a. G. 7.

Harrsaorw, Ber. dtsch. chem. Ges. 18, 448 (1885); C. MouREv,

Durraisse a. J. R. JoaNsoN, Ann. Chimie (10) 7, 8 (1927); H. Grt-

MAN a. G. F. Wrienr, J. Amer. Chem. Soc. 52, 3349 (1930);

.. SCHEIBLER, JESCHKE a. BEISER (loc. cit. 26) and Rinkes (loc. cit.
8) are also 2.5-dihydrofurans, although this has not been claimed

by these authors.

(1) A. H. Kropp a. G. F. Wricnt, J. Org. Chemistry 4, 142 (1939).

(8) I. J. RinkEes, Recueil Trav. chim. Pays-Bas 49, 1118 (1930).

(9) N. Zmiw, J. prakt. Chem. (1) 101, 160 (1867).

0) R. E. Lurz a. F. N. WitpEeR, J. Amer. Chem. Soc. 56, 978 (1934).

11} R. E. Lurz a. C. J. KiBLER, J. Amer. Chem. Soc. 62, 1520 (1940).

'2) R.E. Lutz a. W. P. BoygR, J. Amer. Chem. Soc. 63, 3189 (1941).

13) N. Crauson-Kaas a. J. -Faxsrorp, Acta chem. Scand. 1, 216 (1947).

14) N. A. MiLas a. W. L. WaLsH, J. Amer. Chem. Soc. 57, 1389 (1935).

15) G. ScuEnk, Naturwiss. 31, 387 (1943), Ber. dtsch. chem. Ges. 77,

. 661 (1944).

16) N. A, Miras, J. Amer. Chem. Soc. 49, 2003 (1927).

17):C. F. Cross, E.J. BEvax a. J. F. Bricas, Ber. dtsch. chem. Ges.

283, 3132 (1900).

) K.v. AuweRrs a. H. WisseeacH, Ber. dtsch. chem. Ges. 86, 731

- (1923).

}yH. FecHT, Ber. dtsch chem. Ges. 88, 1272 (1905).

Seee. g. T1. B. Hrri, Ber. dtsch. chem. Ges. 16, 1130 (1883).

) See H. Stmonis, Ber. dtsch. chem. Ges. 82, 2084 (1899).

)J BoesekeN, C.O. G. VErmis, H. BUNGE a.. G. van MEEUWEN,

Recueil Trav. chim. Pays-Bas 50, 1023 (1931).

G F.Cross, E.J.Brvan. a. T.HEeiseRG, J. chem. Soc. %5, 747

(1899).

l_(g’l. Danske Vidensk. Selskab, Mat -fys. Medd. XXIV, 6. 2

VII. Acknowledgements.

The analyses have been performed in a most careful way by
my colleague Mr. O. ROSENLUND-HANSEN.
During the investigation I have received financial aid from th
Tusore Founpation, Copenhagen.
I am grateful to the director of the Chemical Laboratory 0
the University of Copenhagen, Prof. Dr. A. LANGSETH, and t
my former teacher Dr. K. A. JEnseN. for their kind interest i
my work. Very much was done to secure me the best possibl
conditions to carry out these experiments.

Copenhagen, February 1947..
Universitelels kemiske Laboratorium.




18 Nr. 6

(1940).

(25) N. A. Miras a. A. McALEVY, J. Amer. Chem. Soc. 56, 1221 (1934)

(26) H. SCHEIBLER, J. JEscHKE a. W. Brisgr, J. prakt, Chem. 137, 32
(1933).

(27) H. H. HopasoN a. R. R. Davigs, J. chem. Soc. 1939, 806.

(28) K. MmiNeL, Liebigs Ann. d. Chem. 516, 231 (1935).

(29) K. MEeINEL, Liebigs Ann. d. Chem. 510, 129 (1934).

(30) A. Womy a. B. MyLo, Ber. dtsch. chem. Ges. 45, 322, 1746 (1912).1

(31) A. WonL a. A. BERNREUTHER, Liebigs Ann. d. Chem. 481, 1 (1930)

(32) S. Kemvatsu a. K. Yorora, J. Pharmac. Soc. Japan Nr. 542, 41 ¢
(1927); Chem. Z. 1927 II, 237. '

(33) N. A. PreoBrAZHENSKIJ, L. A. RusTsov, 1. F. Dankova a. V. A
Paviov, J. gen. Chem. (USSR) 15, 958 (1945); C. A. 40, 6488 (19486)

(34) G. Ciamrician a. P. SiLBER, Ber. dtsch. chem. Ges. 46, 1558 (1913)

(35) N. A. MirLas a. A. McALevy, J. Amer. Chem. Soc. 56, 1219 (1934)

(36) ScHERING A.-G. Belg. 446, 142, July 31, 1942. C. A. 39, 1106 (1945

(37) A. P. Dux~ror, P. R. Stout a. S. Swapess, Ind. Eng. Chem. Ind
Ed. 38, 705 (1946).

(38) J.J. DonNuEAVY, J. Amer. Chen. Soc. 58, 1004 (1936).

(39) S. VeiBeL a. H. LizierLunp, Bull. Soc. chim. France, Mém. (5) &
1153 (1938).




