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A. ORISNTATIOH IH THE FORAN NUCLEUS 

nrmoDUCTioN 

In t3a© study of th® aiiemistry of fur an it is of funda-

loentaX importance that the struatures of a number of oompoimds 

be definitely Icnown. These oosgpounds may then be used as 

reference compounds, by means of which the positions of groups 

in other coo^ounds may be determined (1)• 

In the investigation of the mercury compounds of furan 

it has been found that the most useful method for determine 

ing the position occupied by the mercury containing group is 

the replacement of this group by a halogen. But before this 

method can be of use it is necessary to Imow the position 

occupied by the halogen in the derived coaipound. The first 

section of this thesis will be devoted to such studies. 

The subject of nuclear substitution and orientation of 

furan types has been well reviewed by Oilman and Wright (2) 

to the date of their publication. In this article certain 

views were expressed concerning the structure of some halo-

genated furans* The statement was made that the dibromo--

furoie acid, to the halogens of which Hill and Sanger (3) 

had assigned the 3>5-positions, was probably 4,5->dibrcHao-2-

(1) A series of publications on this subject has been pub­
lished by Gilman and coworkers. The latest paper of this 
series is that by Gilman and Burtner, J. Chem. Soc.. 
57, 909 (1935)^ 

CS) ̂ Iman and Wright, Qhem* Reviews. 11, 323 (1932). 
(3) Hill and Sanger, Proc. Aai. AcadT aH's Soi..21.135 (1885). 
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furolo aoid. Likewise, the7(rdichlorofuroic acid of Hill and 

JacicsonC4) was probably, according to Gilman and Wright, 

3,5-diohloro-2-furoie acid. These views have now been con­

firmed, as will be demonstrated in this thesis, niuserous 

other problems of orientation have also been sol-rod and will 

be presented in their places. 

The j^-Monohalogeno*8''fUroie Acids and the Dihalogeno-S-guroic 

Adda. 

Toennies (5) fonnd the first dibromofuroic acid in the 

product of the action of alcoholic potassium hydroxide on 

2,3,4,5-tetrabromotetrahydro-'2-furoic aoid. Hie melting 
e o 

point was given as 184 •'ISS 

In 1884 Hill and Sanger (3) published a remarkably com­

plete work on the subject of bromofuroic acids in which they 

describe two isomeric dibromofuroic acids obtained by the 

action of alcoholic alkalies on 2,3,4,5-tetrabromotetrahydro-
o o 

2-furoic acid. One of these compounds melted at 190 -191 C. 

and they state that this one is identical with that of 

Toennies. To it they assign the structure of 3,4-dibromo-2-
o o 

furoic acid. To the other acid, which melted at 167 -168 , 

they give the structure of 3,5-dibromo-2-furoic acid. This 

compound they also obtained by the direct action of three 
O 

molecules of bromine on furoic acid at about lOG C. No other 

dibromo-2-farolc acid has ever been found. 

(4) Hill and Jackson.^Proc, Am. Acad. Arts Sci.. 24,320 (1889). 
(5) Toennies, Ber.. 11, 10^"Tl878it Ber.. 1^, 1202 (1879) , 



www.manaraa.com

From both of th® dibromofuroio aoids, Hill and Sanger 

were able to obtain, by reduction with zinc and aimonium 
o 

hydroxide, the same monobromofuroio acid melting at 128 
&• 

129 C» To this ooffl^ound they assigned the structure of 

3-bromo-2-furoic acid. The preparation of these compotinds is 

summarized below. It should be stated here that some of the 

structures assigned by Hill and Sanger are erroneous, as will 

be shown later. 

Br Br 

^ Ttoc 

H H 

2 Br 
IGOOH H 

Br 

GOOH 

Ale. 
HaOH 

Br ir Br 

3 Br» at loo'^c. 

^;ooH 

m.p.l90°-191°0. 

I OOH 

o » 
m.p.l67 -168 0» 

g£ 
Br 

OOH 

m.p.ia8'*-129̂ G. 

Hill and Sanger were correct in regard to the structure 
o » 

they assigned to the acid melting at 190 -191 C., which is 

3,4-dibromo-2-furoic acid. This fact is well shown in their 

own work. Oxidation, by means of bromine water, produced 

^ /9-dibromocrotonolaetoneJ and oxidation by means of nitric 



www.manaraa.com

acid, resulted in dibroiBoiaaleie and mucobromic acids 

B 

> H 

IT 

OOH 

Br Br 
• e—C 

1 I 
GHO C aoOH COOH COOH 

Since all the oxidation products are compounds having a 

bromine atom on each of the £,5-positions of a four carbon 

chain, it follows that the halogens could have been nowhere 

on the furan ring except in the 3,4-positions. 

The structure assigned to the compound melting at 

167°-168**0. was, however, not confirmed by any real evidence. 

Only two isomeric dibromo acids can be obtained by 

l,E-elimination of hydrogen bromide from 2,3,4,5-tetrabromo-

tetrahydro»2-furoic acid. These compounds are 3,4- and 3,5-

dibromo-S-furoic acids. Since they had already assigned to 

one compound the 3,4-struoture, they assumed that the com-
o o 

pound melting at 16? -168 C. was 3,5-dibromo-2-furoic acid. 

They did not consider the alternative structure which might 

be obtained by a coaibination of 1,2- and 1,4-eliinination of 

hydrogen bromide, namely, that of 4,5-dibromo-2-furoio acid, 

since that possibility was not deemed likely at that time. 
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Oxidation of this oompound produces monobromomalelc acid 

when bromine water Is used as the oxidizing agent, and mono-

bromofumarie acid when nitric acid is used. 

H 

(Hill's incorrect 
structureI MO, 

Br 
=C 

COOH COOR 

COOH Br ^ I 

H C^OH 

These oxidation produets show, only, that a bromine atom 

is in a ̂  -position but give no indication as to which 

/^"•carbon atom is involved. 

From th® so-called 3-bromo-2-furoio acid Hill and Sanger 

obtained mucobromic and monobromofumaric acids by oxidation. 

Br 

B3r4-H»0 

ir|aoGH 

I 
Cz: 

COCffi GHO 

COOH H 

Br iooH 

As before, these products indicate nothing as to which carbon 

atom is involved except that it is a -carbon atom. 

The^ -monochloro- and the dlchloro-2-furoic acids, 

although none of them is produced by the direct substitution 
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of chlorlae atoms, are nevertheless of great importance as 

reference compomids. 

The three isomeric dichloro-2-fiirolc acids were all 

prepared hy Hill and Jackson (4). fhey also prepared one of 

the -chloro-E-fxiroic acids. The preparation of the other 

^-ehloro-2-furolc acid will be described in this thesis. 

The source of all the compo\mds was ethyl 2,3,4,5-tetra-

chlorotetrahydro-2-furoate prepared by the addition of two 
o 

molecules of chlorine to ethyl 2-fiiroate at 0 G. Ihen this 

eompouttd is decomposed by alcoholic sodium hydroxide, only 

one of the isomeric dichloro-2-furaic acids is obtained, 

namely, 5,4-diehloro-2-furoio acid. 

H 
acij > 

OOC,H, CI. 
H COOG »H, 

01 01 
H 01 ,01 

Ala, NaOH^ t~n 
01 I IJCOOH 

Sor 

It should be pointed out that two of the isomeric dibromo-2-

furoic acids were obtained, from furoic tetrabromide by the 

samfii ia@thod* 

The structure of S,4-dichloro-2-furoic acid was deter­

mined by Hill and Jackson by oxidation to mucochloric and 

dichloromaleic acids as in the case of the analogous bromo 

compound. Oilman and VanderVal (61 confirmed this structure 

Loc. cit., 2,4«dichloro-2-furoic acid was first prepared 
in 1884 by J. H, Garratt, working with Hill. The acid 
was not identified at that time, and the work was com­
pleted by Hill and Jackson. 

(6} Oilman aad VanderWal, Bee, trav. chim.. 52. 267 (1932). 
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by half decarharylation of SV4-4iehloro-2,5-furaii dioarboi-

yllo aoid to form the ideaticsal 3,4-dichloro-2-ftirolo acid, 

llae remainlttg two isomeric dielilQro-2-ruroi0 aoids were 

prepared by the deoomposition of ethyl 2,5,4,5-t8tra©hloro-

tetrahydro-2-furQate by heat and subsequent separation of the 

esters by fractional dtstillatlon. The esters were then 

hydrolyzed to the acids. To that one of these oompounds 

which melted at 155 -156 G,» Hill and Jackson assigned the 

structure of 3,5-dichloro-2~furoi& acid largely on the basis 

of analogy in physical properties and reactions with their 

ao-called 5»5-dibromo-2-furoic acid. 

To the last of the isoB©rlc diehloro-2-furoic acids, 

known as "X.-<iichloro-^2-furoio aoid, no structure was 

immediately assigned, but Hill and. Jackson suggested that it 

was either 4,5-dichloro-2-furoic acid or a geometrical isomer 

of 3,5'-dichloro-2-furoic acid. Later Hill and (^orneliaon (7) 

assigned to it the first structure. 

Only one ̂  -awnochlorofuroic aoid was prepared by Hill 

and Jackson. Since it was obtained by removal of one halogen 

atom from either so-called 3,5-dichloro-2-furoic acid or 

5,4-dichloro-2»furoie acid, these authors gave to it the 

C?) Kill and ©ornelison, jim. Ghem. £•, 188 (1894). 
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struotiare of S-ohloro-S-fxixoic aoid 

u 

(Sill*a inaorrect 
structure) 

za * 

1 

OOH 
01 

ICOGH 

A study ©f the oxidation products of so-called S,5-dichloro-

S»furoio acid, X-diohloro-S-furoic acid, and so-called 

the bromine confounds shows,only, that in all cases a halogen 

is on a -carhon atom. 

The last /? -monochloro-2-furoio aoid has now heen 

prepared hy removal of one of the halogens of 

furoic acid. It is entirely unlike the compound obtained by 

Hill and Jackson, and a mixed melting point of the two is 

greatly depressed. 

3*chlorG-2-furoic acid in a manner similar to that used for 
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(0) 
The HalogeaoorotenelaotQmBs Obtained fremi Some Halogenated 

gtarola Aold8« 

In a later artiale Hill and Cornelison (7) record further 

studies of the diohloro-, dlbromo-, and the fS -monobromo-2-

furolo acids. O^ere is a great deal of evidence to shov that 

they vere mistaken in the structures they assigned to some of 

their key compounds. When these apparent errors are corrected, 

their work in no way opposes the results of this investiga­

tion. 

Hill and Cornelison found that when the dihalogen and 

^ -monohalogen acids in g.u©stion were treated according to 

certain procedures there were obtained various ̂  -di-

halogen©-, -monohalogeno-, and ^-monohalo^nocrotono-

lactooAS. The reactions will be taken up in detail later in 

this thesis, but it is necessary at this point to digress 

sufficiently to present the argument for the belief that the 

(8) To avoid further coi0®lioation of an already complicated 
relationship, the names used by Hill and Cornelison for 
these compounds will be employed in this thesis. In a 
communication from Br. 1. J. Crane and Leonard T. 
Capell of the Editorial staff of Chemical Abstracts,these 
authorities state that the preferred method would be to 
name them as y -lactones of substituted y -hydroxycrotonic^ 
acids. They suggest, as alternative metnods, naming them 
as derivatives of 2-furanone, or if it is desired to avoid 
questions of isomerism, as derivatives of y -hydroxy-
^-butenoic acid. Thus what is called in this thesis 

chlorocrotonolactone is better named (a) theK-lactone 
of <3c«ahloro-><.hydrozycrotonic acid,Cb) 3-ohloro-2C5)-
furanone and (cl the r-lactone of ̂ s^-chloro-K-hydroxy-tftT-
butenoic acid. The first naxoe (a) is to be preferred. 
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struetitrds assigned to tke monoliaXogenoerotonolaotones are 

in error. 

To the hroaine atom in the monobromoorotonolaotone 

melting at 7? C., Hill and Cornelison assigned the oc -position 

relative to the earbonyl group. 

This struoture was assigned on ths basis of their 

belief that the PC -halogen atom of an ̂  -dihalogeno-

CC. j/:?-unsaturated aoid or lactone was the more reactive 

toward reagents such as aniline. They had derived the same 

so-called cC -phenylamidocrotonolactone from this compound 

as they had obtained by reduction of the bromophenylamido-

erotonolaotone made by the interaction of aniline and 

&C. -dibroTOcrotonoliaetone. 

o 

H 
H, .K-Ĉ H, 

H 

Reduction 

£[ S 
HQ-C-C»C-C-OH Reduction 

H Q 
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Strong support for th.© assumption that the structure assigned 

to the dibromocrotonolaotone is aorrect is found in the fact 

that it may be reduced to Y -liy^roxycrotonic acid, as indica­

ted above, 

Fca* their assumption that the aniline residue had been 

substituted for the ̂ -bromine atom in the dibromolactone, 

Hill and Cornelison presented as evidence the conclusion of 

Hill and Stevens (9J that a phenoxy group, when substituted 

for one of the halogens in mucobromic acid, enters the 

(C -position relative to the carboxyl group. 

BrBr 

HOOC-G«C-C-H -O-

Q 

Br Br 
^ ' ' filTr H ' ' 
H£>Ga-G«C-G-H > HOQC-C=C-H 

n 
0 

The conolusion of Hill and Stevens was fairly well confirmed 

when Hill and Palmer (lOl found that the mucoxychloric acid 

obtained by the replacement of a halogen atom in mucochloric 

acid was decomposed by bromine to dibromochloroacetaldehyde. 

Thus it was shown that the chlorine atom had probably been 

originally on the/? -carbon atom or had rearranged, 

(9| Hill and Stevens, Proc. Am, Acad. Arts Sci,, 19, S68 
(laas). 

(10) Hill and Palmer, Am> Chem» J,, 9^, 147 (1887), 
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HOOC^ .{2H0 • > H0IK5-d-C«CH0 

OHGl 

CI 
H0OOH •»• Br-O-H < 

Br 

Br-G-CHO • HOOO-COOH 
Br-

analogy laatween mieobroiolc or mucoohlorlo aold and 

dllialogenoorotonolaetones is not good insofar as th« relative 

reactlTity of the halogen atoms is oonoerned. In the first 

ease highly activating aarbonyl groups are situated on both 

sides of the earbon atoi^ holding the halogens^ while in the 

lactones a carbonyl group is found on only one side with a 

leas strongly activating group opposite* 

GEertain faets point to the probability that the struo-

tures assigned by Hill and (lornelison to some of the various 

erotonolaotones are wrong. I.ei^ieau and Tiguier (11} 

obtained by treatment of Y~ -hydroxytetrolio acid with hydrogen 

bromide what is doubtless the same bromoorotonolaotone^melt-
o 

ing at 77C.,a» vas obtained by Hill and Gornelison, to the 

bromine atom of which Hill and Cornelison assigned the 

(C -^position* 

Lespieau and Yiguier assumed, as did Hill and Cornelison, 

that the bromine atom, was attached to the <£. <-oarbon atom* 

(11) Lespieau and Tiguier, Compt. ren<i>> 148 . 480 (1910J. 
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HO-CH,-a=G-dOOH + HBr > 

HO-GH,-CH»»CBr-aOQ5 

o 
m.p, 77 C» 

Upon examinatioa the moleoule of /* -hydroxytetrolic 

aold Is observed to be a composite of propargyl alcohol and 

tetrolio aold. 

A ntimber of investigators have found that hydrogen bromide 

and hydrogen ohloride will add to the triple bond of tetrolio 

aoid (12). That the ehlorine atom of hydrogen ohloride adds 

to the ooarbon atom is demonstrated by the fact that the 

same product has been synthesized from aoetoaoetic ester, 

using phosphorus pentaohloride to replaoe the enolie hydroxyl 

group with ohlorine (13), 

(12) ̂ iedrioh, Ann.. 219. 368 (1883), 
MiShael and Browne. Am, Chem. J,. 9. 274 (1887)1 J.prakt. 
Chem. 25, 2S7 Cm7l~ ~ 

Qlufferbuok:7~Ann., 268, 108 (1892). 
(13) EcoellQh, ZelTiohrifr'fur Chem..5 . 270 (1869). 

Seuther, g^ltsehrift fur Chem.. 2» (1871). 
Michael an^ Sohulthess, £. praktT Chem. j^, 236 (1892). 

(propargyl alcohol) 

CH,-(SS-COOH 

(tetrolio acid) 

EO-CH»-eEG-COOH 

(f-hydroxytetrolic acid) 
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GH.-C-CSE-GOOC.H, > (^,-9«CH-C0CE 
OH CI 

The Qorreaponding bromln© ooa^omd aould not he thns pre­

pared by Miohaei and Browne (12H but the bromocrotonie acid 

they prepared by the addition of hydrogen bromide to tetrolic 

acid was doubtless -bromoorotonic acid, since hydrogen 

bromide would be expected to add in the same manner as does 

hydrogen chloride, 

The halogen in /?-chlorocrotonte acid is much more 

reactive than that of ̂ -chlorocrotonio acid, since the 

former reacts easily with sodium ethoxide giving -ethoxy-

crotoni© acid Cl4i» On the other hand, -chlorocrotonio 
o 

acid does not react with sodium ethoxide, even at 215 C, 

(141. 

Hydrogen chloride or hydrogen bromide would be expected 

to add to propargyl alcohol in such a manner that the halogen 

atom would attach itself to the ̂ -carbon atom relative to 

the hydroxyuethyl group, This is in accord with 

Markownifaoff'a rule (15). 

In both propargyl alcohol and in tetrolic acid, then, 

the halogen of a haloid acid would tend to go to the carbon 

atom which, in the composite -hydroxytetrolic acid, would 

(14) :Eriedrich, Ann., 219. 322 (188S), 
(15) Markownikof f, ijan«. 153. 228 (18^01. 
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b« the ̂  -oarbon atom relative to the oarbonyl group. It is 

entirely likely ia view of these faots that the halogen of a 

haloid aoid actually does go to the -carbon atom when the 

haloid acid is added to T -hydroxy tetrolio aoid. If this 

be true, the bromolaotone of Lespleau and Tiguier, which is 

probably the same as the oc. -bromocrotonolactone of Hill and 

0ornelison, has its bromine atom attached to the -carbon 

atom, 1!ha compound must then be •bromocrotonolaotone. 

Added evidence that the positions assigned to the 

halogens in the cC. -halogenocrotonolactones are wrong is found 

in the work of Wolff and Schimpff {16K These authors report 

that the anllide of tetrontc aoid was obtained by treatment 

of propylidene bis-tetronic acid with aniline. 

They also state that the same compound is formed by the 

direct action of aniline on tetronic acid. They give the 

melting point as 820 C, This compound, if their structure 

is correct, is /^-phenylamidocrotonolactone. If Hill and 

Oornelison were wrong in the structures they assigned to 

their compounds, it should be identical with their so-called 
o & 

^ -phenylamidoorotonolaotone melting at 21? -213 C. A mixed 

(16) Wolff and Schimpff, , 315, 151 (1901). 

GH, 

o 
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XQdltlng poiat deteminatlon should settle this matter. 

If the structure assigned by Hill and Cornelison to 

oc. -bromocrotonolactone is inoorreot, the same must be true 

of the so-oalled^c •chlorocrotonolaotone. These authors have 

shown the oompounds to be of similar structure by demonstrat­

ing the faot that they both produoe the same phenylamido-^ 

orotonolactone by replacememt of the halogen by a phenylamido 

group. 

V 
m.p, 58*'-.53**C. a*p.217**-218^0, 

H 

Br 

0 
NT 

o 
m.p, 77 C, 

(Hill's struetures • probably inoorreot) 

If the struetures of the so-oalled cc -halogenoorotono-

laotones are ineorrect, then those of the corresponding 

SQ^oalled •^halogenoorotonolaotones are also in error. 

These compounds can be prepared by reduction of one of the 

halogens of the corresponding dihalogenocrotonolactone, the 

structure of which is known} therefore there can be little 

doubt that they are crotonolactones. Furthermore, the same 

phenylamidocrotonolactone as is produced by the action of 

aniline on so-called ̂ -br<»iocrotonolaotone oan be obtained 

by the action of aniline on so-called «^-iodo-/^-bromocrotono-

lactone, and the reduction of the bromine atom on the result­

ing coH^ound. This OC- -iodo- ̂  -bromocrotonolactone can be 
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derived by the aetlon of hydriodie aeid on ^ /?-dlbromo-

Qrotonolactone, It can be reduced to tbe so-oalled /? •bromo-

orotonolaotoae. The various interrelationships of these oom-

pounds are shown below (17). 

H 

J31 

"V"! 
m.p.52 C, 

> 

H ko 
V 

(not iso­
lated) 

V 
HO-.aH«-CH<fH-0OOH 
(Isolated as 
Barium salt) 

^ m«p.217"-218 

Na»Hg 

0 

n=^ 

leduction 

m.p«90-91 

m.p.77 

T 

V 
kO 

,m.p,118-ft 
119 

Zn-^HAo 

<}°  ̂
m.p.56 

QX X HI 

V 

ox 

H 
V" 

,C1 

0 

Zn-s-HAo 

m.p.50-51 

,HMO, 

HQOS-CGl»aJl-CHO 
(omooehloric aoid) 

a. 

H 

m.p*.26 

(17) fhe struotures are those assigned by Hill and {Jomelison 
(see referenoa (?) ) and may be inoorrect in soiofi cases. 
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Wtien Hill and Gornalison treated 3,4-dibromo-2-furoic 

acid with aq.ueoms bromine at room temperature, they obtained 
o o 

a oompound which melted at 90 -91 C. ^Phey identified this 

compound aa ctc ^(3 -dibromocrotonolactone. This same coBixiound 

had apparently been obtained by Toennies {5}, vho did not 

identify it as such. Hill and Sanger (3) had obtained it by 

the same method but also did not identify it. 

Hill and 0ornelison propose the following mechanism for 

the transformation. 

fhe fact that mucobromylbromide is formed simultaneously lends 

credence to the theory that the initial step Is the formation 

of the tribromofuran indicated. 

(mucobromylbaromide ) 

It has been indicated elsewhere in this thesis that the 

structure of 3,4-dibrcsBO-2*>furoic acid assigned to it by Hill 

and Sanger (3) is undoubtedly correct. 

ICJGOH 
> 
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Fcom their SQ-called 3,5-dibromo-2-ruroio aoid Creally 

4r»5-) Hill and Sanger (3) had obtained a so«oalled<^ -bromo-

maXeyXbromide by treatment of the aoid with an agueous solu­

tion of bromine. By reduetion of this oon^otmd with zino 

and aoetio aeid Hill and Cornelieon obtained what they oalled 
o 

CC. -broffloorotonolaotone, melting at 7? C. The following 

mecthanism was proposed. 

^1 

{actually 4,5-) 

t3ir* 
"V 

(OHU 

F=r^ 2H.0 

(bromomaleyl-
bromide^ 

Zn-i'HAo 

m.p.7? 

(probably/S -bromo) 

Evidence that the first step is actually the formation 

of the tribromofuran indioated is found in the fact that Hill 

and hi® coworkers ill were able to isolate the intenaediate 

tribromofuran and from it prepare the same bromomaleylbromide 

as was obtained from so-oalled 3,5-dibromo-S-furoio aoid. 

When the so-oalled 3,5-dibromo«E«furotc aoid was boiled 

with concentrated hydrobromic aoid. Hill and Comelison found 

that what they oalled /? -bromocrotonolaotone was produced. 

They postulated the following mechanism. 
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S)̂  

Br 

eOGH 

HBr 
Br 

Br I 1 
V 

HBr ^__3r 2H,0 
Br, 
•v 

Hm 

H 

(HOJ, 

-H-0 

(H V b« 

m,p»58 

(probably 
<?c -broiao-J 

If for the erroneQus structure of the so-called 

3,S-dibromo-2-furotc aoid there be substituted the eorreet 

structure, which is that of 4,5->dibromo-2-furoic acid, then 

both a: -bromocrotonolactone and /<? -bromocrotonolactone may be 

derived by the sajie general mechanisms as employed with the 

incorrect structures. 

to 

Br 

Br, 

OH Br 

Br, BE. 

V®" 
BTg 

8H.0 

(correct structure 
for so-called 2,5-
dibromo-2-furoio 

=f -H^O 

Ice), 

Be H 

V 
2n*H4c Bri 

H V 

Br 

V 

HBr 

OOH 

Br HBr Br 

V 

H 
MiQ 

Nr 
H. (HO) J 

-H,0 Br, 

H. 

H 

V H, 
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It mat be kept la silxid that what Hill and Come 11 son called 

^•*bromoerotonolaotone is probably -bromoerotonolactone 

and vice versa. Then it is obvious that their structure for 

the so-called 3,5-dibr©mo»2»furoic acid can not be made to 

follow their mechanism for its conversion by means of hydro-

bromic acid into what the author believes to be the true 

structure (fiC -bromo-) of the so-called /S' -bromocrotonolactone. 

This eriticiam does not apply to the mechanism proposed for 

the reaction with bromine, since the tribromofuran postulated 

co\ild be made to yield either or/S - bromocrotonolactone 

by the same general mechanii^. 

H,0^ (no crotono 
^ lactone) 

SOOE 

(incorrect 
structure for 
4,5-dibromo-2" 
furoic acid) 
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Bdl YCOOH 
Br. 

(indorrect struc­
ture f©r 8Q-eall®d 
3,5-dibroiao-2-
furolo acid) 

2H,0 H Br 

Br» 

Br 

-HJO 

(OH) 

m^o 

(H0l, 

.H,0 

Nr 
Br, On* 

Br 

V BTs 

H, ^ 

H, Ob 
V 

®roiiL the so-called S-broiao-S-furotc acid (wliloli is 

actually 4-broiao»2-furolc acid) Hill aad Comelison obtained 

by treatioent with aqueous bromine the compound malting at 
o 

77 C, Which they called (;C -^bromocrotonolactone. Their pro­

posed mechanism is as followst 

COOH 

(incorrect 
structure of 
so-called 3-
bromofurolc 
acid) 
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Ttm starting oompomd is really 4-broiao-2»furoto aoid and 

*^0 propcNied aieehanim, although it oould be made to 

fit the oorrected structures, is not tenable in the light &t 

brominates in the S-poaition with extreme ease (5). A 

better meohanism is as follows (using oorreoted structures): 

From 3,4-diahloro-2-furolc aoid Hill and (Jornelison 
O O 

obtained a compound which melted at 50 >51 C. and which was 

Identified as ac. ^/^-dichlorocrotonolactone. The method of 

preparation and the mechanism proposed were the same as those 

employed in the case of the analogous bromine compound. 

treatment of -dichloro-2-furotc acid with b©th 

aqueous bromine, followed by reduction, and hsrdrochloric acid 

Hill and Cornelison obtained what they named ̂  -chlorocrotono-^ 

lactone. The proposed laschanim follows. 

the end product is probably/!^ -bromocrotonolactone. 

the fact that the/^ -monobromofuroic aoid in question 
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OX 

I I 
HCL , 

(really 3,5-) 
BRG+H»0 

I I 
HOI CI 

CI 

3H.0 

a. 
-V 1=" 
(HO) 

-H.O 

BL.p. 52-53 

Ihen the correct structure of "X "-"liohloro-S-furolc acid and 

the probable structure of the so-called -chlorocrotono-

lactone are used, the saiae general mechanism may be en^loyed 

to denote the reaction. 

^H»0 y 
I 

[=F ̂ 
H. 

(correct struc­
ture ofX-acid) 

-H.Q 

' IjBr 

I^om the ao-oalled 3,5-diohloro-2-furoic acid» melting 
o o 

at 155 -156 C., Hill and Comelison obtained, by treatment 

with hydrobromic acid, what they supposed was /5-ohloro-

crotonolactone. K?om the same acid they obtained the 

supposed -ohlorocrotonolactone by treatment with aqtueous 

bromine and by reduction. 
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2H.0 pi .H.0 

oAJa. 

(Incorreet 
stmiotuipo tor 
ao-oalled 3,5-
cliahl©ro-2-
furoie aoid) 

CLI^JCOH), 

m.p.2& 

-HJO • 

^ Reduction S=r'^ 

K^O ̂  

m. p.52-53 

Using oox^eotad structures, the reaction may be written thus: 

oil WoH 0 

2H.0 I°¥=N 

P- "V-c: 
Br 

(correct 
atructurej 

Bt, Mjt. 
H SH>0 CI H 

 ̂cj. J(OHl . 
B3PTR 

-H,0 
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Proof of the Struetitye of Soiae HaloKeao»2»:fUrolo Aolds. 

•Ehat Hill and his coworkers were mistalcen in the struc­

ture they assigned to the so-called 3,5-dibromo-2-furoio 
O O 

aoid, which xselted at 16? -168 C*, has been demonstrated by 

the following reactions: 

BIHIPOOH 

mn Hooe . 

m,p.167-168 

OOH H»0o 
200 C 

ia.p. 128-129 

CH.ooq 
iOOCH, 

IThe prooedure is that employed by Eoaenmund and Struck (16) 

with benzenoid compounds, The end products, 2,4-furan-

dioarboxylic acid and its loethyl ester, are coiopounds of 

known structure. The so-called 3-bromo-2-f\iroic acid is 

shown by the sazoe reaction to be 4-bromo-2-furoic acid. The 

above results are oonfirsBd by the following series of 

reactions: 

BRL^OOH 

-CO 
*-> 

CU^CN, 
ESN ^ COOH 

ISO-A. 

FOOCH, 

TOCKSH, 

m.p.167-168® 

The structures of 2,3-furandicarboxylic acid and its ester 

are known. The same series of reactions also proves the 

structure of the 2»3-dibromofuran derived by decarboxylation 

of the acid, 

{18J Rosenmund and Struck, Ber,, 52Bt 1749 C1919). 
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IHie saaie method was used to derive 2,4-f\irandicarlJoxylio 

acid from the so-called 3,5-dichloro-2-furoic acid. 

The reaction in this case went much less smoothly than in 

the case of the corresponding hromine confound* The yields 

were small C0»5-^} but no other compounds were isolated and 

it was quite easy to purify the products, furthermre, very 

pure materials were employed in two steps leading up to the 

preparation of 4'-ohloro-2-furoic acid. This compound was 

itself very carefully purified. The actual material used was 

prepared from highly pure 3,4-dichloro-2-furoio acid by 

removal of the chlorine atom in the 3-position, using sodiunt-

amalgam at 100 C. A mixed melting point with a pure saxople 

prepared from the so-called 3,5«dichloro-2-furoic acid showed 

no depression. The method of preparation is in itself a 

product. It was found that \ -dichloro-2-furoic acid was 

coB^letely reduced to furoic acid by sodium-amalgam at room 

temperature. Hill and Jackson (4) also state that sodium-

amalgam slowly reduces 7(^ -dichlor0-2-f\ar©io acid to furoic 

acid. Since they make no mention of teurperature, it is 

aasuBHid that their experiment was carried out at room 

Hooa 
OOCH, 

O 

guarantee that only one ̂  -chloro-2-furoio acid exists in the 
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tomperature. The only/^-ohloro-2-furoio aoid ifhieh it is 

possible to obtain by treatment of 3,4-dichloro-2-fnroic aoid 
o 

with sodium-amalgam at 100 C. is, then, the one whioh is 

derived also from so-oalled 3,5-dichloro-2-furoio aoid and 

whioh is not derived from \»diohloro-2->furoie aoid. The 

3,4-dichloro-2-'fiiroic aoid is apparently the only dichloro 

aoid yet obtained in the reaotion by which it is prepared. 

This is an added reason for the belief that the material 

used contained neither of the remaining isomerio dichloro-

2-furoio acids. i 
v 

A point to be considered is the possibility that the 

2,4-furandicarboxylic aoid, formed as the end product in the 

reaotion of the/?-chloro-2-furoic acid with cuprous cyanide, 

potassium cyanide, and water, was really derived by rearrange­

ment of initially formed 2,S-furandioarboxylio acid. This 

reaotion, if true, would prove that the /^-chloro acid in 

g^uestion was 3-ohloro-2-fur©tc acid rather than 4-ohloro-2-

furoic aoid» That the rearrangement does not take place to 
O 

an appreciable extent at about 200 C. is shown by the fact 

that each of the dicarboaylic acids was obtained in a 

different reaction, under the same conditions, in the course 

of the work on 4,5-dibromo-2-furoio acid which has been 

described. Only one dicarboxylio acid was isolated in each 

case. The teiE^erature used in the present case was somewhat 

higher, however, (225-250®) and the heating period was longer. 
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these eondltlons might have been sufficient to cause rearrange-

msnt. The reaction doubtless taloes place in the following 

steps; 

°yi— " I R I  > " TT 
IFEOOH IMOOOH (IFCOCFFL 

The aoimonium hydrcxside fonoed would be sufficient to form the 

aiffittonium salt of one carboxyl group and would probably be a 

stabilizing factor• Large amounts of free copper were found 

at the end of the reaction and smaller g^uantities were found 

under the less stringent conditions used for the bromine com^-

pounds. It seems likely, therefore, that cyanogen was lib­

erated, which, if present in excess, would quickly be 

hydrolysed to form oxalic acid and ammonia* Decomposition 

of oxalic aoid would inerease the ooncentration of carbon 

dioxide, which might hinder the decarboxylation process but 

might promote carboxylation. The ammonia, if liberated, 

would probably help stabilize the organic acid. 

Ho exact information is available on the relative 

stabilities toward decarboxylation of the various furan-

dicarboxylic acids, and, owing to the peculiar configuration 

of the furan ring, no reasonable guess can be made. Complete 

decarboxylation and recarboxylation to form 2,4-furan-

dicarboxylic aoid need not be considered since substitution 

of a carboxyl group in the very difficultly reactive 
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ly -^position is altogether unllkeljr. It seems probable then 

that If rearrangement did oeour it could only take plaoe by 

decarboxylation of a group in the 2»position of 2,3»furan« 

dicarboxylie aoid and by oarboxylation in the 5-position to 

form S,4-^furandioarboxylie aold. 

In summation it may be said that the possibility of 

rearrangement exists, but that it is extremely unlikely 

that it occurs. The possibility of rearrangement is one that 

must often be faced in proof of structure reactions and is 

not one to be given much weight when reliable reactions and 

groups are concerned. The carboxyl group is not one with a 

reputation for wandering from one position to another. 

There is a great deal of added evidence for the revised 

structures of the chloro acids in g[uestion, besides that 

already presented. Hill and Jackson had no doubt that the 

so-'oalled 3,5-diohloro-8-furoic acid had a structure 

analogous to the so-called 3,5-dibromo-2-furoic acid (which 

has now been proved to be 4,5-dibromo-2-fiiroio acid). They 

based their conclusions partly on the resemblance in physical 

properties of the acids and numerous salts. As further evi« 

denee they cite the fact that the 0•monoohloro-2-furoic 

cooa 
HOOd 

COOH 
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acid derived from both, so-called 2,5-dichloro-2-furoic acid 

aad 3,4-diahlorQ-'2-furolc acid is similar in its physical 

properties to the (9 -iaonobromo-2-furolc acid derived in 

analogotis manner from so-called 3,5-dlbromo-2-furoio acid 

and 3»4-dibromo-2-furoic aoid. Although the reduction 

method differed in the case of the 3acid from 

that used for the 3,4-dibroma acid^ there can be little or 

no doubt that the halogen atom, in the same position was 

removed in each case. The resulting -monochloro- and 

P -monobromo-2-furoio aoids must, then, have the same struc­

tures, and since the latter is definitely known to be 4-bromo-

2-furoic acid, the ^-monoahlorofuroic acid must be 4-chloro-

2-furaic add* Since the last named compound may be derived 

from so-called 3,5-dichloro-2-furoic acid, it follows that 

the latter is really 4,5-dlchloro-2-furot© acid» 

Another important piece of evidence is the fact that 

only the so-called 7^-dichloro-2*furolo acid could be sulfona­

ted by Hill and Jackson (4). It seems reasonable to suppose 

that sulfonation would be more likely to take place in a 

furan compound in which the 4-position is vacant, as seems 

probable in "X -diehloro-2-furoic acid. 

Oilman and Brown (19) have successfully converted the 

so-called 3-sulfo-5-chloro-2-furoic acid of Hill and 

C19J Gilman and Brown, unpublished data. 
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Hendrlxson to the ao-aalled 3,5-dichloro-2-furoia acid 

by replacement of the aulfonla aoid group with ohlorlne* 

•Diey used phosphorus pentaohloride in a sealed tube to effect 

the reaotion. If the directly substituted sulfonic aoid 

group has entered th© same position in 5-chloro-2-furoio 

acid as do directly substituted acetyl- C21), sulfo- (21), 

bromo- (22), and acetoxymercuri (22) groups in similarly 

oonstituted compounds, it will go to the 4-position. If it 

does do so, then the so-called S-sulfo-5-ohloro-2-furolc 

acid was really 4-3ulfo-5-chloro-2-furoio acid, and the 

compound derived by Gilman and Brown was 4,5-dichloro-2-

furolo aoid. 

Gilman and Franz (23) have found that so-called ethyl 

3,5-diehloro-2-furoate gives with phenylmagnesium bromide 

a chlorocrotonolactone, In this compound the chlorine atom 

oocupies the same position as is occupied by the bromine 

atom in the analogous compound obtained from 4,5-dibromo-

2«furoic acid (24). Such a coiupound could not occur unless 

the so-called 3,S-dichloro-2-furoie aoid were actually 

4,5-diohloro-2-furoio acid. 

Finally,, the fact that Hill and Cornelison found that 

the course of the reactions leading to halogenated crotono-

(20) Hill and Hendrixson, Proa.ija»Acad.Arts Sci.,25,285 (1890). 
(21) Gilman, Galloway and Smith, J.A&i.Qhem.Soo. ,56, 220 (1934). 
(22) This Thesis, Part B, page 86, 
(23) Gilman and FTanz, unpublished data. 
(24) Gilman, Tander¥al» Franz and Brown, J.im.Chem.Soc., 57, 

1146 (1935). 
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lactones was apparently the same for both so-called 

3,5-dibromo- and so-oalled S,5-dichloro-2-furoic acid, is 

a further ineasure of proof that their structures are the 

same. If this be true, the halogens in both compounds are 

in the 4,5-positions since this has been proved in the case 

of the bromo compound* 

Consideration of all the direct and indirect evidence 

warrants the conclusion that the structures of the chloro 

acids in q^uestion, as defined by Hill and coworkers, are 

wrongJ and that the true structures are as indicated in this 

thesis. 



www.manaraa.com

29 -

EXPERIMENTiL 

Preparation of 4.5'>Dlbromo->2-'f itrolo Aold. 

This compound was prepared by Hill and Sanger (3) by 

the action of alcoholic sodium hydroxide on 2,3,4,5-tetra-

bromotetrahydro-2-furoic aci^ and also by the direct action 

of bromine on furoic acid. In the present work the modified 

procedure of Shepard, Winslow and Johnson (25) was employed, 

in which furoyl chloride is used in place of fxiroic acid. 

Purification was effected by distillation of the ethyl ester 

instead of by precipitation of the barium salt. 

To 230 g. (1,76 moles) of furoyl chloride at room 

temperature there was added, with stirring, 750 g. (4.69 

moles) of bromine over an interval of two hours. The result^ 

ing mixture was refluxed for ei^t hours in an oil bath, with 

constant stirring. - Th® excess of bromine was removed by 

means of an air stream, and the mixture was added dropwise 

to 750 cc. of anhydrous alcohol with stirring. The resulting 

solution was refluxed for three hours and th© alcohol was then 

distilled. The residue was diluted with ether and extracted 

with about 150 cc. of 10^ sodium carbonate solution. The 

ether layer was filtered, the ether was distilled and the 

residue distilled under reduced pressure. A small fore-rxm 

(25) Shepard, Winslow and Johnson, J. im. Chem. So®., 52, 
2085 (1930). 
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was discarded and the main portion was refluxed, with 

stirring, with 850 oc. of aq.ueous sodium hydroxide for 

several hours, fhe solution was acidified with hydrochloric 

acid and the crystalline product was recrystallized once 
o o 

from water. The malting point was about 154 -158 C. and the 

yield was 120 g. or 25^ of the theoretical quantity. This 

product was sufficiently pure for the purpose for which it 

was intended. C26) 

Preparation of Ethyl 4-3romo-2->furoate. 

A 10 g» portion of the crude 4,5-dibromo-2-furoic acid, 

prepared as previously described, was dissolved in a mixture 

of 20 00. of concentrated ammonium hydroxide and 70 co, of 
O 

water, and the solution filtered. It was cooled to 10 C., 

at which point crystals began to form. Jive grams of zinc 

dust was added quickly and the flask rapidly shaken until 
O 

the temperature rose to 50 C. This rise took place in only 

a few seconds* The mixture was filtered quickly by suction, 

acidified, heated to the boiling point, and cooled. A mix­

ture of oil and crystals precipitated. 

The accumulated products of three such runs and one 

which may have been over-reduced weighed 20 g. This material 

(26) There Is no doubt that the yield of this product could 
be much iai^roved. The details recorded are those of 
the actual process by which the material was obtained 
for the critical experiments which follow. The yield 
and quality of the product are not to be regarded as 
typical of the procedure. 
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was estarifled by passing dry hydrogen chloride into its 

solution in 100 oc. of anhydrous ethyl alcohol. The alcoholic 

solution after standing for some time was diluted with water 

and the oily precipitate was distilled. In order to dry the 

material, a portion of benzene was added and distilled first. 
o o 

The boiling point of the middle fraction was 119 -1S3 C, at 

20 mm., pressure. The yield was 6 g. or 18.5^ of the theoret­

ical gjuantity based on pure 4,5-dibromo-2-furoio acid. 

Preparation of 4-Br0m0''3-furQi0 Acid. 

The ethyl ester prepared as previously described was 

hydrolyzed by refluxing it with 60 cc. of 10^ aqueous sodixm 

hydroxide for three hours. The hot solution was aeidified 

and sufficient water was added so that the precipitate was 

dissolTOd in the solution idien heated. The acid which precip-
o o 

itated upon cooling melted at about 115 -124 a After three 

recrystallizations from carbon tetrachloride, it melted at 

128**- 129,5°C. The yield was 4 g. or 76.5^ of the theoretical 

quantity. This method differs from that of Hill and SangerC3l 

only in the techniques of purification and determination of 

the extent of reduction. The melting point of the product 
o o 

obtained by Hill and Sanger was 128 -129 C. 

Add. 

Bun. 1» This transformation was made by the method of 

Rosenmund and Struck (181. 
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A mixture ot 8 g, (0.0095 mole) of 4-'bromo-2-furoio aoid 

Cm.p. 128 -129,5 C.), prepared as previously described, with 

2 g. (0.03 mole) of potassium, cyanide, 0.9 g. (0.005 mole) 

of cuprous cyanide, and 10 oo. of water was sealed in a tube 

60 cm. long and 22 mm. in diameter (outside). The tube and 
o o 

contents were heated to 180 -200 G» for ten hours. After 

addition of 50 oc., of IC^ aq,ueous sodium hydroxide, the 

mixture was warmed for two hours and filtered while warm. 

The solution was acidified with hydrochloric aoid until the 

initially formed precipitate redissolved. The resulting 

solution was boiled with decolorizing carbon for a few min­

utes and filtered. After cooling, it was extracted with 

ether, this ether solution partially dried with sodium 

sulfate, and the solvent distilled. The solid residue was 

recrystallized from a little hot water. The product blackened 
o o o 

at 264 C, and melted with decomposition at 264 -266 0, The 

yield was 0.45 g, or 30^ of the theoretical amount, A mixed 

melting point was taken with a senile of 2,4-furandioarboxylic 
O O 

acid (m.p, 263 -264 C,) made from methyl bromocQumalate by the 
o o 

method of Jeist {27], The mixture melted at 262 -264 G, A 

mixture with 2,3-furandioarboxylic acid prepared from 2-methyl-
o 

3-furoio aoid (28) melted below 202 0, 

(27) Feist, Ber., 34, 1992 (1901). 
(28) Asahlna. Aota'^ytochim, (Japan), 1 (1984). 
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As a ftarther cheok on its Identity, the aoid was esteri-

fied by passing dry hydrogen ohloride into the solution of 

the aoid in anhydrous methanol. Dilution with water precip­

itated the ester. After recrystallization from water, it 
o o 

melted at 105 -107 C. The yield at this point was 0.1 g. or 

19^ of the theoretical amount based on 2,4-furandicarbQxylio 

add. One more reorystallization raised the melting point 
o o 

to 107 -108 C. A mixture with dimethyl 2,4-furandioarboxylat« 

(m.p. 108°-109'*C.l melted at 109*'-110**C. The melting point 
O O 

of the diester is, according to Feist, 109 -110 C. 

Run 2. A mixture of 1.0 g. (0.005 mole) ©f the same 

4-bromo-2-furolc acid used in run 1, 1.0 g. (0.015 mole) of 

potassium cyanide, 0.45 g. (0.0025 mole) of cuprous cyanide, 

and 10 cc. of water was heated in a sealed tube for eight 
O O 

hours at 190 C. and for a few hours more at 160 0. The con­

tents of the tube were warmed with 50 cc, of 5^ aq.ueous 

sodium hydroxide for two hours, after which the solid was 

separated by filtration. The filtrate was acidified with 

hydrochloric acid, boiled with decolorizing carbon, filtered, 

and extracted with ether. The ether was distilled and the 

solid residue was esterified using anhydrous methanol and 

hydrogen chloride gas as before. 

After dilution with water the mixture was extracted with 

ether. Distillation of the solvent left a residue which upon 

recrystallization from water yielded 0.07 g. of dimethyl 
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O O 
2,4-furaadlearboxylatQ melting at 104 -106 C. A mixture with 

o o » 
a known sample melted at 106 «108 G» The yield was 7.6^ of 

the theoretieal amount based on 4-bromo-2-furoio aoid. 

Decarboxylation of 4.5-'Dibromo-2-furoio Acid. 

Run 1. The procedure used was substantially the same 

as that employed by Shepard, linslow, and Johnson (25) for 

the preparation of some halogenated furans. 
o 

Five grams of pure 4,5-dibromo-^2-furoic aoid (si.p. 168-
O 

169 was mixed with 10 cc. of g,uinoline and 1.0 g. of 

copper-bronze powder in a decarboxylation apparatus similar 

to that described by the above-mentioned authors. The 
o 

temperature of the metal bath was raised to 250GI and held 

there until several cubic centimeters of liq[uid had distilled. 

The tube was then partially cooled, 5 g. more of the aoid 

was added, and the process repeated, A total of 15 g. 

(0.056 mole) was decarboxylated in this manner. After rapid 

gas evolution had stopped, following the last addition of 
O 

acid, the temperature was raised to 280 C. and about two 

thirds of the quinoline distilled. The liquid distillate 

was diluted with a small amount of ether and extracted with 

3^ hydrochloric acid until the eztractant was acidic. After 

removal of the solvent, the residue was distilled at atmos­

pheric pressure. The product was fairly stable, darkening 

only slightly when kept over night in a refrigerator. The 
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aaltt portion distilled at 16Q.5 -162,5 C» The yield was 

3#5 g,» or 2^ of the theoretical amount> of 2,2-dibromo-

furan. Other constants aret 

25 f29l 26 
N^ 1.5430^^^^ 5 2.1175 

C30I 
: calc*d 34.711, obs. 33.620. 

Anal. Cale*d for G^HaOBr,: Br, 70.SO. 

Founds Br, 71.09, 71.29. 

Run 2. Another run was made in a similar manner. Itom 

8 g. {0*0296 molel of pure 4,5-dibromo-2-furoic acid 
& O 

(m.p, 166 -168 C.) there was obtained 2 g, of 2,3-dibromo-

furan boiling at 158'*-161°C. fhis is 30^ of the theoretical 

amount. 1!he distilled product was colorless and was found 

to remain so for at least three weeks when kept, tightly 

(29) The index of refraction was taken on material which had 
stood over night in a refrigerator and was slightly 
yellowish. The value given checks that found by E£r. 
E. V. Brown, using an entirely different san^le. 
The molecular refractivity was calculated from the 
values of the atomic refractions given by Eisenlohr 
£fLandolt-Bornstein, **Physikailisch-Ghemlsche Tabellen,** 
Julius Springer, Berlin, 5th Ed., ¥ol. II, 1923, p. 985 
Two ethyleni© double bonds and an ethereal oxygen were 
assumed. If the value for the molecular refractivity 
of 3-brom0fxjran as determined by B^hes and Johnson 
Tj. Am. Chem. Soc»« 53 > 7S7 (1931)] is employed in the 
xjalcuTation, a better result is obtained. The molecular 
refractivity then is 33,633. It should be noted that 
the exaltation as calculated from the value derived by 
consideration of the atoms and bonds (-1.091) is very 
nearly that for 3-bromofuran as deteri^ned by Hxi^es 
and Johnson (-1,078). 
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stoppered, in a refrigerator. The refractive index then was 

1.5419. 

Anal. Calo*d for C^H,OBr,i 70.80 

Found: Br, ?0.97» 71.04. 

ConT^rsion of 2»3"Dibromofuran to g.g'-Furandicarboxyllo Aoid. 

Ron 1« A mixture of 1.5 g. (0.007 mole) of the 

S,S-dibromofuran prepared as described in run 2 of the pre­

vious section, with 2 g, (0.03 mole) of potassium cyanide, 

0.9g.{0.005 mole) of cuprous cyanide, 7 cc. of water, and 

2 to 5 CO. of ethyl alcohol was heated in a sealed tube. 

The capacity of the tube was 140 cc. and heating was carried 
o o 

out at 200 -205 C. for ten hours. When cooled, the tube 

was opened, the contents warmed for one half hour with 30 

cc. of 5^ sodium hydroxide solution, diluted to 75 cc. with 

distilled water and filtered. The filtrate was acidified 

with a large excess of concentrated hydrochloric acid. The 

initially formed precipitate was mostly redissolved in the 

excess of acid solution. The solution was boiled with 

decolorizing carbon for a few minutes in order to clarify it 

and to ex^el dissolved hydrogen cyanide, and then filtered 

while still warm. The filtrate was extracted with ether 

and the ether solution partially dried by shaking it with 

anhydrous sodium sulfate for a few minutes. The solvent was 

distilled from the filtered solution and the solid residue 

was recrystallized from a small amount of glacial acetic 
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O O 
acid, ©le product inelted at 216 C, but blackened at 210 C, 

After anotlier recrystallizatlon from acetic acid, it melted 
o o 

at 218 -220 0. A mixture with a sample of 2,3-furandicar-
O O 

boxylio acid melted at 219 -220 C, The melting point of the 
o o 

loaterial of known, constitution was 220 -221 C. The yield 

of the material melting at 215°G. was 0.1 g» or 10^ of the 

theoretical amount. 

Run. 2. In this run 2 g. (0.009 mole] of 2,3-dibromo-
o o 23 

furan boiling at 158 -160 C. (n^ 1.5415] was heated in a 

sealed tube with 2 g. (0.03 mole) of potassium cyanide, 

1 g. (0.006 mole) of cuprous cyanide^ 7 cc. of water, and 

3 to 5 CO. of ethyl alcohol. Temperatures ranging from 
o o 

180 -207 G. were eB5)loyed and the time of heating was nine 

hours. The contents of the tube were warmed for one half 

hour with 60 cc. of ̂  sodixim hydroxide solution. The mix­

ture was filtered and the filtrate acidified. A yellow solid 

precipitated which was separated by filtration. The filtrate 

was thoroughly extracted with ether, the ether solution 

partially dried with anhydrous sodiuai sulfate, the ether 

d.iatilled, and the residue recrystallized once from glacial 

acetic acid. The product was dried in air and nelted at 
Q O 

216 -217 0. A mixture with knowa 2,3-furandicarboxylic acid, 
e o 

prepared by the mathod of Asahina (28), melted at 218 -219 C. 

The yield was 0.2 g. or 14.5^ of the theoretical amount. 
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Tlie 0.2 g. of aciet thus produced was asterified by the use of 

anhydrous methanol and dry hydrogen chloride gas. The crude 

ester weighed 0.05 g. and when recrystallized once from water 
O O ^ 

melted at 35 -36.5 G, The yield of crude product was 21Jfe 

of the theoretical amount. A mixture with a sample of 

dimethyl 2,3~furandicarboxylate (m.p. 36.5*'-37.5*'c.> melted 

at 36''-S7.5®C. 

The Half Amide of 2.3-E\trandioarboxylic Acid. 

The small amount of yellow precipitate which was 

filtered from the cooled aoidi© solution of 2,3-furan-

dicarboxylic acid, as recorded in the previous section, 
o o 

weighed 0.15 g. It melted at 261 -262 C. with decon^yosition, 

and after purification by reprecipitation from sodium 

hydroxide solution with hydrochloric acid, followed by 

extraction of the solid with hot chloroform and with hot 
O O 

ethyl alcohol, it mslted at approximately 288 -293 C. with 

decomposition. The material contained no halogen but the 

proper amount of nitrogen for a mono amide of a furan-

dicarboxylic acid. 

Anal. Calc*d for N, 9.03 

Found: H, 8.94, 8.70, 8.72. 

The remainder of the sas^le was hydrolyzed by refluxing 

it with 1 cc. of 5^ aqueous sodium hydroxide for 2 hours. 

The solution was acidified with hjrdrochloric acid and 

extracted several times with ether. The ether was evaporated 
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under reduced pressure and ttie solid reerystallized from 

glacial acetic acid. Tlie product malted at 218*^-220°C. with 

darkening. A mixture with pure 2,3-furandicarboxylic acid 

melted at 2X8,5^-219*5 G. with darkening. Esterification by 

means of diazoiaethane produced sufficient diester for two 
o 

melting point determinations. The product melted at 36 -

37,5^0. in one determination and at 36,5°-37.5*'g, in the 

other. A mixed melting point taken with the material used 

in the last mentioned determination and dimethyl 2,3-furan-
O O 

dicarboxylate was 36 -38 G. The unknown substance is prob­

ably either 2-carboxy-3-furoaiiiide or 3-carboxy-2-furoamide. 

Preparation of Ethyl 2.3.4,5-Tetrachlorotetrahydro-2-furoate. 

This compound was prepared by the method of Hill and 

Jackson (4). 

Dry chlorine was passed into a flask, fitted with a 

mechanical stirrer, containing 300 g, (2,14 molesj of 

distilled ethyl 2-furoate, the temperature being kept at 
O 
0 C. or below. Chlorine was absorbed and the ester lictue-

fied. The addition of chlorine was stopped when the gain in 

weight was 290 g. or 95fS of the theoretical amount rectuired 

for the addition of four atoms. The product was partially 

purified by one distillation at reduced pressure, and the 
o o 

boiling range of the material retained for use was 150 -173 0. 

at 24 mm, pressure. In another run, which had absorbed only 

85^ of the theoretical amount of chlorine, there was produced a 
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l&f yield of product boiling at 153*'-157**C, at 16 mm* In 

another oas® it was found that the total amount of chlorine 

absorbed amounted almost exactly to lOC^ of the theoretical 

amount. This product was used for the preparation of 

3,4-diohloro-2-furoio acid and was not distilled. 

Thermal Decomposition of Ethyl 2,S,4^5~Tetrachlorotetra-

hydro->2-> furcate. 

One hundred grams of ethyl 2,3,4,5-tetrachlorotetra-

hydro-2-furoate, prepared in a manner similar to that 

described in the previous section, was distilled in a metal 

bath at atmospheric pressure, "Phe liquid distilled over the 
O O 

range 215 to 266 C, A black carbonaceous residue weighed 

11 g., and 72 g, of liquid distillate was obtained. This 

material was redistilled in a modified Claisen flask and all 
O 

distillate boiling below 140 C. at 16 mm, pressure was set 

aside. The remainder (42 g.1 was combined with 58 g, of 

fresh starting material and the process repeated until almost 
o 

all the material boiled below 140 C. at 16 mm. pressure. 

In some oases, instead, of simply being distilled at 

atmospheric pressure, the ethyl 2,3,4,5~tetrachlorotetra-

hydro-2-furoate was refluxed for some time and then distilled. 

From such a run there was obtained 42 g, of product distill-
O 

ing below 140 C, at 16 mm, pressure, starting with 125 g. 

of the tetrachloro ester. This was a 2^ yield, assuming the 

product was dichlorofuroic acid. 
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Se-paratlQB. of the laoiagrs, 

The deoomposltion product obtained by distillation at 

atmospheric pressure of ethyl 2»5>4,5~tetraohlorotetrahydro-

2-furoat© was redistilled fractionally using a modified 

Claisen flask. Several fractions of various boiling points 
o o 

ranging from 115 C, at 16 msi, pressure to 1S5 C. at 15 aaa. 

pressure showed a tendency to deposit crystals upon cooling 

in ioe (31)• These fractions were strongly cooled in 

ice-salt and filtered, Eractionation and cooling were con­

tinued. until only small yields, if any, of the solid were 

obtained upon cooling. This solid consisted essentially of 

the so-called X "^iohloroftiroic acid (3,5-diehlorofuroic 

acid) , 

Piffifioation of Ethyl X-~PiGhloro-2-furoate (Ethyl 5,5-

Diohloro-2*furoate. 

The crude ethyl 3,5-*dichloro-2-furoate obtained by 

crystallization in an ice bath, as described in the last 

section, was recrystallized from, ethyl alcohol. The melting 
o O 

point of the air-dry product was 70.5 -72.5 C. The yield 

was 8 g. This g.uantity was the total amoimt obtained, start­

ing with 300 g» of ethyl 2-furoate. The yield was therefore 

(31) There seemed to be some variation in different runs as 
to which fractions deposited crystals. In gne run 
fractions varying in boiling point from 115 0. to 150®C, 
at 16 mm. pressure deposited crystals while in another 
run only the fractions boiling between 135®C, and 163®C. 
at 15 mm, pressure would partially crystallize. 
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only about 

Preparation of g.S-Blohloro^a-furoio Acid, 

Si^t gramiB (0.038 mole} of the purified ethyl 3,5-
O O 

dichloro-2«furoate tm,p, 70.5 -72.5 C.J was dissolved in 

15 ©o. of absolute ethyl alcohol and this solution poured 

with cooling and shaking into 3.5 g. (0.068 mole) of sodium 

hydroxide dissolved in 35 cc. of absolute ethyl alcohol. 

Ten cubic centimeters of absolute ethyl alcohol was added 

to dilute the thick mass, and the mixture was well stirred. 

The sodium salt was separated by filtration, dried in air, 

dissolved in water, and the solution acidified. The 

alcoholic filtrate and washings from the sodium salt were 

evaporated to dryness, the solid dissolved in water, and the 

solution acidified. The precipitate was combined with the 

main portion, the whole washed with dilute hydrochloric acid 

and then recrystallized from water. The product was dried in 

a vacuum desiccator over phosphorus pentoxide. It melted 

at 198'*-201**C. The yield was about 5.5 g. or 8€^ of the 

theoretical amount. 

Preparation of 4.5-Dlohloro-2-furoio Acid. 

The residues remaining after the ethyl 3,5-dichloro-

2-furoate was separated by freezing and filtration, were 

saponified with alcoholic sodium hydroxide in a manner 

similar to that used for the saponification of ethyl 3,5-

dichloro-2-furoate. 
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The crude aoid was purified tsy precipitation of the 

caloixim salt from aamioniaoal solution. The salt was filtered, 

suspended in water, and acidified strongly with hydrochloric 

acid. The resulting precipitate was reprecipitated as the 

calcium salt, filtered, and acidified as before. After 

being recrystallized several times from chloroform and from 
o o 

carbon tetrachloride, the acid melted at 156 -157 0., the 
O O 

melting point having been raised from 155 -157 C. by the 

last recrystallization. 

Preparation of 5.4-Diohloro-2-furoic Aoid. 

Six hundred and four grams (2.14 moles) of crude ethyl 

2,3,4,5-tetrachlorGtetrahydro-S-furoate was added in small 

portions to S 1. of IC^ absolute alcoholic sodium hydroxide 

solution with shaking and cooling to avoid excessive heating. 

After standing with occasional shaking for two and one-half 

hours the solid was separated by filtration and dried in air. 

This material was then dissolved with the assistance of some 

heating in about 2 1. of water. The solution was cooled to 

room temperature, acidified with hydrochlorie acid, and the 

precipitate filtered from the cooled mixture and dried. 

After two recrystallizations from benzene Cincluding decolor-

ization by oharcoal in one instance), the product melted at 
& Oi 

169 -170 C. ®ie yield at this point was 70 g. Another 

recrystallization from carbon tetrachloride raised the 

melting point to 170®-171®C. The yield at this point was 
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50 g. 

:Kroia the various mother liq^uors a quantity of material 

was recovered which after a partial purification by reprecip-
o 

itation from aimnoniacal solution with acid, melted at 145 -
0 0 

16>3 C. (softened at 120 C.} and which was probably iiq^ure 

3,4-dichloro-a-furoic acid, ©le total yield of purified and 

crude material was 137 g« or of the theoretical amount. 

Preparation of 4*Ghloro->8-furoic Acid, 

a, from 4«5-Oiehloro->8-furoic Acid. 

This acid was obtained by the method of Hill and 

Jackson (4l* 

Two grams (0.011 mole) of 4,5-diehloro-2-furoic acid, 
O O 

obtained as previously described and melting at 156 ->157 d,, 

was reduced with B g. of zinc dust, 15 cc. of water, and 

15 cc. of concentrated ammonium hydroxide solution. The 

mixture was refluxed for ten and one-half hours, a few 

cubic centiiaeters of concentrated ammonium hydroxide having 

been added after about eight hours. !Hie zinc was separated 

by filtration, a few drops of a solution of calcium chloride 

were added to the filtrate, and the calcium salt of the 

unreacted dichlorofuroic acid which precipitated was 

separated by filtering the mixture. The filtrate was acidi­

fied with hydrochloric acid. The precipitate was found to 

melt much too low. Accordingly, the precipitation procedure 

was carried out twice more, after which the crude acid 
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O O 
melted at 143 -145 C. After one reerystalllzatioii from water 

a o 
this material melted at 147 -148.5 G. The yield was 0.054 g. 

or S«,5^, A mixture of this substance with the(3 -monochloro-
o o 

furoic acid Cia.p. 145 -146,5 C,) produced by reduction of 

3,4-dichloro-2-furoie acid,, as described later, melted at 

145.5®-147®a, 

The calcium salts separated by filtration were warmed 
O 

with hydrochloric acid. The crude product melted at 151 -
O 

154.5 G. but softened at a much lower point. The yield was 

0.42 g. The material was reduced with 0.5 g. of zinc dust 

and ammonium hydroxide as before, except that another 0.5 g. 

(Quantity of zinc dust was added together with more ammonium 

hydroxide after five hours, and refluxing was continued for 

ten hours more, A yield of 0.058 g. or Iff of the theoret-
O 

ieal amount was obtained. The substance melted at 146 -
E 

147 G. and a mixture with the above mentioned material ob-
O O 

tained from 3,4-dichlorofuroic acid melted at 144,5 -146 C. 

The residual material was sublimed in vacuum and melted at 
Q O 

146 -147 G. A mixture with the material prepared from 

3,4-dichloro-2-furoic acid melted at 145.5°-147°C. The total 

yield from 2 g. of 4,5-dichloro-2-furoic acid was 0.11 g, or 

7.0^ of the theoretical amount. 
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grom. S«4'>glohloro->2-'fUTQ lo Aold. 

This substanoe was also prepared by the method of Hill 

and Jackson C4j. 

Forty-five grams (0.25 mole} of pure 3,4*dichloro-
O O 

2-^furoia acid (m.p. 170 -171 C. J  was reduced by heating the 

acid in 500 cc. of water with 1700 g, of 1^ sodium-amalgam. 

The temperature was held almost at the boiling point for 

three hours by means of an oil bath. After the first hour 

the amalgam was slowly stirred. Stirring was allowed to 

continue for about two hours more while the mixture was 

cooling. The solution, was separated from the amalgam^ 

filtered, and acidified with hydrochloric acid. The crude 
o o 

product malted at 146,5 -148 C. The yield was about 25 g. 

or 66^ of the theoretical amount. After one recrystalliza-

tion. from water (with decolorizing carbon) the product 
O O 

melted at 147 -148 G. ctol® recrystallization from carbon 

tetrachloride raised the melting point only very slightly 

(147.5 -148.5 C.). The yield of this highly pure material 

was 15.5 g. or 4^ of the theoretical amount. A mixture of 

this material and some obtained by the same method, with 

which the mixed melting points of the compounds derived from 
o o 

4,5-diohloro-2-furoic acid were taken, melted at 146 -147 C. 
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Preparatioa of 5~GIiloro*2»furolQ Aold> 

A number of attempts were made to prepare this material 

from 3,5-dichloro-2-furolc acid "before a successful method 

was found. 

a. Attempted reduotion of 2^5~dichloro~2-furolc aold with 

zinc and ammonium hydroxide. Reduction with zinc and 

amm.onium hydroxide solution for twenty-two hours was almost 

without effect, the melting point of a small amount of 

recovered product being lowered by only five degrees. 

b. Attempted reduotion of gtS^dichloro-g-furoic acid with 

iron and acetic acid. A small amoimt of this ammoniacal 

solution was separated from the zinc, acidified with acetic 

acid, and refluxed with iron powder for three hours but was 

not further reduced. 

c. Attempted reduction of 5.5»diohloro~2->furoio acid with 

sodium«amalgam. Another small portion (2 cc.I of the ammoni-

aeal solution was allowed to stand over 10 g. of 2^ sodium-

amalgam at room, temperature for four hours. The solution was 

then acidified and extracted once with an eq^ual volume of 

ether. Evaporation of the ether left a residue which melted 

at 95°-120°G. A mixture with furoic acid melted at 124 -
o 

1£6 C. The solid was dissolved in a little water. Partial 

evaporation of a drop of this solution produced crystals 

which under the microscope showed a crystal structure quite 

similar to that of furoic acid similarly treated. The water 

solution was/ 
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evaporated to dryness and the solid^ when mixed with furolc 

acid," softened at 125 G» and melted at 128^-130.5°(J, 

d. Reduction of 5»5->dlQhloro»2~furolG acid with zinc and 

hydrochloric acid. Another small sample, when acidified 

with hydrochloric acid and refluxed with zinc dust, gave 

such encouraging results that the entire quantity was treated 

In this manner. 

The ammonlacal solution, which had been refluxed for 

twenty-two hours with zinc dust, had originally contained 
O O 

5.2 g. of pure 3,5-diohloro-2~furoic acid (m.p. 198 -2G1 

A considerable quantity of this solution had however been 

withdrawn for tests of various sorts, fhe total quantity of 

zinc which had been added was 10 g. The solution was 

acidified with 5 cc. of concentrated hydrochloric acid and 

refluxed for twenty-six hours, being kept distinctly 

acidic to Congo-red. The melting points of the solids 

obtained from small test samples were: 

After 17 hours i29'*-157°C. 

After 20 hours 140°-147°C. 

After 26 hours L42 -147 C. 

The mixture was then acidified strongly, filtered hot, and 

extracted several times, with a total of about 200 cc. of 

ether. The ether was distilled and the residue recrystal-

lized from a little hot water. The crystalline product 

melted at 149,5**-151*^0. A second recrystalllzation from 
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o o 
water raised the melting point to 150 -151.5 C, Two more 

recirystallizations from, a mixture of benzene and ether (by 

evaporation of the ether) raised the melting point to 153**-
o 

154 C. and one more reorystallization from benzene and ether 
O 

by the s^e method raised the melting point to 153*5 C, -
o 

154,5 C, The yield of the highly purified material was about 

0.6 g. 

Anal. CJale*d for C,H,0,Clt CI, 24.23 

Found: CI, 24.54, 24.79. 

Heduotion of 3-Ghloro-2-furoio Acid. 

In order to show that the halogen in this compound is 

readily affec-ted by sodium-amalgam in water, 0.2 g. of this 
O O , 

material, which melted at 152 -154 C. (m.m.p. with analyzed 
^ ' G O 

material, 153 -154 C.) was suspended in 10 cc. of water and 
v. 

the suspension allowed to remain in contact with 10 g. of 

1^ sodium-^amalgam at room temperature. The mixture was 

shaken until all the acid had dissolved and then allowed to 

stand with occasional shaking until a total of about two 

hours had elapsed fi^m the beginning of the reaction. The 

aqueous portion was separated, acidified with hydroohloric 

acid, and well extracted with ether. Evaporation of the 
o o 

solvent left 0.15 g. of a solid which melted at 102 -148 C. 
O 

(mostly liquefied at 130 C.). Although pure furoie acid 

was not isolated, there is no doubt that the halogen was 

quickly removed by this reagent, even at room temperature. 
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Attempt to Prepare a.S-'i^raadlcarboxyllo Aeld from 5~Chloro-> 

S-^fxtrolo Aeid> 

A mixture of 0.55 g» of the highily purified 3-chloro-
O O 

2-furoic acid (m.p» 153.5 -154.5 G.), 1 g» of cuprous 

cyanide, 1 g. of potassium cyanide, and 5 cc. of water was 

sealed in a tube of about 100 cc, capacity. The tube was 
O O 

heated to a temperature of 200 -280 C. for S4 hours. No 

dioarboxylic furan was isolated, and it is possible that 

the temperature was too high. The eaperiment was not 

repeated because of lack of material and because later events 

showed it to be unnecessary. 

gonversion of 4~Chl0r0'-2-fur0ie Acid to 2.4-gtirandtoarboxylic 

Aeld. 

Run 1. The 4-ohloro-E-furoio acid used in this run 
o e 

melted at 146.5 -147 C. and was prepared by reduction of 

crude 3,4-diehloro-2-furoio acid by means of sodium-amalgam 

in water at or near the boiling point. 

A mixture of 1,4 g. (0.0096 mole) of the above-mentioned 

acid, 1.4 g. (0.0078 mole) of cuprous cyanide, 1.4 g. (0.021 

mole) of potassium cyanide, and 10 cc. of water was heated 

in a sealed tube of 120 ce. capacity for twenty-seven hours 
a o 

at temperatures ranging from 210 to 250 C. Much apparently 

free copper was observed in the tube. After warming for 

about ten minutes with 30 cc. of 5^ sodium hydroxide solu­

tion, the mixture was filtered. The filtrate was well 
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extracted with ether and this solution dried by shaking with 

anhydrous sodiuia sulfate. The ether was distilled and the 

solid product was boiled with decolorizing carbon in a few 

cubic centimeters of water, filtered, the water evaporated, 

and the solid recrystallized from water. Since the melting 

point was quite low for 2,4-furandicarboxylio acid, the 

material was esterified with diazomethane to produce a solid 
o, o 

melting at 98 ~1Q3 C. After one recrystallization from water, 
O O 

it melted at 107 -109 G. A mixture with pure dimethyl 2,3-
9 O 

furan dicarboxylate melted at 106,5 -109 0. The melting 
o o 

point of the known sample was 108 -109 C. The yield of pure 

ester was 0.006 g. This is a yield of 0,4^, 

Run 2, The 4-chloro-2-fiiroic acid used in this run was 

prepared in a very careful manner. The ethyl furoate employed 

as starting material boiled over a range of one degree, and 

the 3,4-dichloro-2-furoic acid, obtained from it was recrystal-

lized twice from benzene and once from carbon tetrachloride. 
o o 

It melted then at 170 -171 C, The details of the preparation 

of this compound are given elsewhere in this thesis. 

The 4-chloro-2-furoic acid produced from this material 

by reduction with sodium-amalgam was highly purified. The 
o o 

crude acid itself melted at 146.5 -148 C. and this was re-

crystallized from water and from carbon tetrachloride. The 

melting point was raised only very slightly by the last 

recrystallization. It was then 147.5®-148,5^*0. The complete 
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details of the preparation of this ooH5>otuid are to be found 

elsewhere in this thesis. 

A mixture of 2 g» C0»0137 mole) of the highly purified 

4-chloro-2-furoic acid just described, with 2 g, (O.Oll 

mole) of cuprous cyanide, 2 g. CO.OS mole) of potassium 

cyanide, and 10 oc, of water was sealed in a tube of 130 cc. 

capacity. The mixture was heated intemittently at teii5>er-
O O 

atures varying from 200 to 257 C. for a total of twenty-

three hours* The tube was opened when cool, the contents 

were warmed for thirty minutes with 50 cc, of ^ sodium 

hydroxide solution, and filtered. The filtrate was acidified 

with concentrated hydrochloric acid until the initial 

precipitate redissolved. The solution was boiled with 

decolorizing carbon for a few minutes and filtered while hot. 

After cooling, it was extracted several times with a total of 

400 CO. of ether. The ethereal solution was partially dried 

by being shaken with anhydrous sodium sulfate, filtered, and 

the solvent distilled. The residue was dissolved in 3 oc. 

of hot acetic acid, filtered, and partially evaporated by a 

stream of air. Decolorizing carbon was added, the solution 

was boiled a few minutes and filtered. Upon cooling in a 

refrigerator, crystals formisd which were separated by filtra­

tion and carefully dried. The yield was 0.0355 g. of solid 

melting at 261°-265®C. with decomposition. It was however 

blackened at 243®G. A mixture with a sample of 2,4-furan-



www.manaraa.com

63 -

dlcarboxylic acid (m,p. 266,5 -268°C, with dec,) melted at 

265^-267'*C» The yield amounted to 1.7^ of the theoretical 

(quantity. The dimethyl ester was prepared by means of diazo 

methane and after one reorystallization from water, melted 
O O 

at 106 -107 C. A mixture with known dimethyl 2»4-furan-
o o 

dicarboxylate melted at 106 -109.5 C. The yield of ester 

was 0,0265 g. or 1^ based upon 4-ohloro-2-furoia acid. 
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BISCUSSION OF BESULTS 

Tke estatjlisJuafint of the structures of the various 

dihalogeaated and/^ -monokalogeiiated furoic acids culminates 

an extensiTe study by a nimber of investigators. Much that 

was done was unsuccessful but much of value was learned. 

In this thesis are described the preparation and 

properties of the now definitely established 2,5~dibromofuran, 

Its aonstitution is knom by its preparation from 4»5-dibromo-

2-furoic acid» 

The structure of S-nitro-3~bromofuran derived from 

2»3-dibromofuran by replacement of the bromine in the 

-position may also be considered as established. That it 

was the -bromine and not the /:? -bromine atom that was 

replaced requires no proof in view of the much greater 

reactivity of a halogen in the <<--position (32K 

The positions assumed by a number of chloromercuri 

groups are also now known as a result of their replacement 

by halogens and by comparison of the product with the 

corresponding halogen compounds. These reactions will be 

discussed later. 

(52)1 Grilman, Burtner, and Wright, J, Am> Chem. Soc., 54. 
1696 (1932)1 and Gilman, Mallory, and Wright, J. Am. 
Chem, SOQ», 54, 73S (19321, 
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An extensive series of reactions has been carried out 

by Gilman and Brown (33). They have bean able to convert 

4-aUlfo-5-chloro-2-furoic acid (20) into the known 

4,5-dichloro-2~furoiG acid by means of phosphorus penta-

chloride. Thus by direct substitution the sulfonic acid 

group enters the 4-position. Furthermore, Gilman and Brown 

have shoTO that the sulfonic acid group goes to the same 

position in i>-bromG-2-furoic acid (34) , since they have 

obtained the identioal 4~sulfo-2-furoic acid by reduction 

of the halogens from, the two compounds. 

BRIYTOOH 

The following series of transformations has also been 

accomplished by Gilman and Brown. The structures are 

established by the work presented in this thesis, 

33) Gilman and Brown, unpublished data. 
34| Hill and Palmyer, Proc. Am. Acad. Arts Sci., 23, 188 
' (1688). 
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Ba© key to this entire series is in the now known, structure 

of 4-bromo-S-fur-oic acid (711 • In the sulfonation of this 

soiapound it may b© safely assumed that the sulfo grou© has 

entered the 5-poaition in preference to the 3-positlon, Sub­

stitution in the tfC-position Is in general much the more 

easily aaoomplished. Furthamore, according to Hill and 

Sanger (3), 4-'bromo-2-furoie acid is so easily substituted 

in the 5-poaition that it forms 4»5-dibromo-2-furoic acid 

when merely e^qjosed at room temperature to the vapors of 

bromine» 

The ioniaation constants for the various chloro acids 

as determined by Catlin C3S) show regular behavior in all 

but one case when the correct structures are used. The 

correoted series follows, together with the differences 

(35) Hill and Jennings, Am. Ghem. _J,, 15> 159 (1893). 
Oatlin, Doctoral Thesis^ Iowa State College Library 
(1934), 
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tketween sucoesslve Taluea of -log K. 

TASM I 

Gorrelaiitoa of lonls&atlon Gonstants with. Struature 

Acid 
: 

• •LOK K 
* • 
* • Mfference Calculated 

2-Furoia 
i 
£ 3.125 

* 
• 

«» 

5->0hlor 0- 2-f uro Ic * 
* 2.831 s 0.294 : 

4-Ohloro-S-furoic S 2.690 * 
* 0.141 

3,5-Biohloro-8-»f ur oic : 2.604 * 0.086 2.539 
4,S-Bic hloro-2-furo i c • * 2.423 t 0.181 2.396 
3,4-Bichloro • 2-furo ie » 

* 2.398 * 0.025 

It may be seen tkat the ionlzattoQ constant toereases as one 

halogen atom moves nearer the oarboxyl group, and when both 

halogen atoms are as near to it as possible the ionization 

constant is at the maximum for the series. It seems strange, 

however, that the value for 4,5-dichloro-E-'f'uroic acid should 

fall above that for 3,5-dichloro-2-furoic acid. The very 

good relationship between the oaloulated and observed values 

presents strong evidence for the correctness of the data. 
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SUMMARY 

1. 'The structures of the various dibromo-, dichloro-, 

^-monobromo-, and/!? -monochloro-S-furoie aoids have been 

determined. 

2» The structures of a number of other furan compounds 

are now known and can be used as reference compounds. 

3. Added evidence is produced for the conclusion that 

orientation in (3 -position in fxiran follows the rules 
governing orientation in benzenoid chemistry. 
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B. imm MERGmiALS AMD DERIVED TYPES 

IHTRODUaTION 

The disoovery by Frankland, in 1850, of the first com­

pound knom to have a mercury atom attached directly to a 

carbon atom. (1) was the beginning of a vast amount of inves­

tigation of the preparation and properties of such compoimds. 

Although interest seems to have been directed largely to the 

effects of such mercury-containing organic compoxmds upon 

biologteal processes, they are, together with all other 

organometallic compounds, of interest as well to syntheaista 

as intermediates for the production of metal-free organic 

compounds. 

In the chemistry of furan, oompounda having mercury 

attached to the nucleus are of both theoretical and practical 

iD^Jortance. The ease with which furan has been mercurated 

has been a factor tending towards belief that furan has 

superaromatic properties (21. In a practical way they have 

been found to be excellent derivatives for the identifieation 

and stabilisation of some furan compounds (2K 

« 

{11 KranJcland, S, Chem. Soc*. 3, 322 (18501 and Ann.. 77. 
E21 (18511.'" " 

(21 Gilman and ¥ri^t, J, Chem. Soc.. 3302 (19331. 
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The history of furan iBsrcurials is short and of recent 

beginning. That this should he true seems the more strange 

when it is recalled that thiophene was mercurated as far 

back as 1892, by Tolhard (SJ, 

The first compound in which mercury was known to be 

attached directly to a furan ring was made by Ciusa and 

Grillio (4). Epom furan and mercuric acetate they prepared 

tetraaeetoxyfuran, and from it tetrachloromercurifliran, 

replacement of the mercury-containing groups, they 

obtained tetraiodofuran, 

Shepard, Winslow and Johnson (5) have prepared a mix­

ture of mercuration products of furoie acid by means of the 

reaction with mercuric acetate in aqueous solution. The 

acetoxymercuri groups were converted to chloromercuri groups. 

These groups were replaced by iodine but the resulting mix­

ture of iodofurans could not be satisfactorily separated, 

Barfural diacetate was mercurated by means of mercuric 

acetate in acetic acid solution by Scheibler, Jeechke, and 

Beiser (6l. Kiey obtained triacetoxymercurifurfural di­

acetate in 8^ yield but they state that the product was 

contaminated with an impurity which could not be removed by 

(3} ¥olhard, Ann. 267, 172 (1892), 
(4) Ciuaa andl^illto, Gazz. ehim. ital,. 323 {1927), 
(5) Shepard, Winslow and iJohnson, £. Am, Chem. Soc, 52 , 2083 

tl930j, 
(6J Scheibler, Jeschke and Beiser, J, prakt, ohem,. 136. 232 

(1933). 
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washing with water because the mercurial was decomposed. 

They converted the material into the chloride and were able 

to obtain this compound in a pure state. Replacement of the 

chloromercuri group by iodine produced a mixture of iodina-

ted furaldehydes, but the only one isolated was a monoiodo 

coiagpound which they thought might be 5-iodo-2-furaldehyde, 

There is good reason to doubt that the halogen is in the 

5-position, If the original compound was pure trichloro-

mercurifurfural diacetate, then to produce 5-iodo-2-fural-

dahyde one of three things must have occurred: 

Two of the three chloromercuri groups must have been 

replaced by hydrogen atoms prior to the iodine treatment. 

That these should both be groups attached to^ -positions 

while a group in the -position remains untouched, is 

contrary to what is known of the relative ease of such 

seissions(2j. Furthermore, no reagent of sufficient potency 

to effect this scission was present. Acetic acid has little 

or no effect u:^oa such confounds unless heated to a high 

temperature underpressure (7), 

2. Two of the three iodine atoms of triiodo«2-furaldehyde 

or the diacetate must have been replaced by hydrogen atoms. 

Again it is unlikely that this reduction shoxaid involve 

{7j Whitmore, **Organic Compounds of I&rcury," The Chemical 
Catalog Co,, Inc., Hew York, 1921, p, 41. 
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-halogen atoms leaving a halogen atom in the more reactive 

CC -position untouehed, 

fhe molecule must have been stripped to furfural or 

furfural diacetate and the product directly iodinated. Con­

ditions for replacement of the chloromercuri groups were 

not present prior to the treatment with iodine, and accord­

ingly no furfural or furfural diacetate was obtainable 

directly from the mercurial. If the initial reaction was 

the formation of triiodofurfural diacetate, it is very 

remotely possible that it might have been reduced to furfural, 

which was subsequently directly iodinated to form 5-iodo-

2-furaldehyde. fhe conditions probably necessary for such 

direct iodination were, however, not present. 

It seems more probable that the monoiodo compound of 

Scheibler and coworkers was 4-iodo-2-furaldehyde formed by 

reduction of triiodo-2-furaldehyde. That conditions for 

reduction were present is apparent when it is recalled that 

furfural itself is a reducing agent. By analogy with the 

behavior of chloro- and bromofuroic acids, the iodine atoms 

in the 3,5-positions would be the most easily reduced, 

Wright (SJ attempted to obtain 3,4-diiodofuran by split­

ting off the two ft, -chloromercuri groups of tetrachloro-

(ai Wri^t, I&ctoral Thesis, Iowa State College Library (193S], 
page 85. 
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loerovirifuratt with sodium cyanide and treating the product 

with iodine. Ee was not sueoessful, 

The most complete work on the mercurials of ftiran has 

been done by Silraan and Wright (2)» These authors have pre» 

pared a variety of furan mercurials both by direct substitu­

tion of a hydrogen atom and by displacement of a aarboxyl 

group by a mercury-containing group. They have, moreover, 

conducted an extended investigation of the reactions of such 

products as they have obtained. Among their accomplishments 

is the preparation of the first monomercurated furan having 

the mercury-containing group attached to a -carbon atom. 

This result was aecon2)llshed by means of a rearrangement, 

the full nature of which is not yet fully elucidated. Their 

final products were pure and the structures proved. 

The reactions of some furan mercurials with ketane were 

Investigated by Gilman, ?fooll©y, and Wright (9), This reagent 

was found to react with several simple furan mercurials to 

produce the corre^onding ketone. These cases are possibly, 

according to these investigators, the first ones in which an 

organomercury compound has reacted with a carbonyl group by 

addition. 

Burtner (10) prepared E,5-dimethyl-3-chloroBerourifuran 

(9) Silman, Woolley and ¥right, £. Am> Ghem. Soc,, 55> 2609 
(1935}. 

(10) Burtner, Boctoral Thesis, Iowa State College Library 
(19331. 
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as a derivative of 2,5-dicietiiyl furan. From it lie prepared 

2»5-diiiiet]ayl-3-iodofuran and 2,5-'di)fflethyl-3-'bromofuran by 

replacement of the chloromercuri group by the corresponding 

halogens. The same author was unable to obtain a mercurial 

by treatment of 2>5~dimethyl-3,4~furandicarboxylic acid with 

mercuric acetate in water, 

Silman and YamderWal (Hi used the method of Gilman and 

Wright (2) to prepare 2-ohloromercuri-3,4-d:ichlorofuran from 

3,4-dichloro*2-furois acid. 

The decarlioxylation procediire of Gilman and Wright C2J 

was used by Gilman and Burtner (IBi to prepare 2-bromo-3-

furoic acid from 5-bromo-2^4-furandicarboxylio acid. What 

was probably the sodium salt of 2-chloromercuri-4-furoio acid 

was used by these authors as an interuBdiate in the prepara­

tion of 2-bromo-4-furoic acid. They also prepared 3-m©thyl-

2~furylmerauric chloride from 3-methylfuran using the method 

of Gilman and Iright (2). 

In connection with experiments on the structure of 

Carlina-oxide» Gilman,. Tan Ess and Burtner (13) prepared 
{ 

y-phenylpropyl) -fl2'-furylmercuric chloride from phenyl-

furylpropane by means of a buffered solution of mercuric 

chloride, 

(11) Gilman and TanderWal, Rec. trav. chim.> 52, 267 (1933}. 
(12) ©ilman and Burtner, J. jfem. Shem. Soc., 537 2903 (19331. 
(131 Gilman, ¥an Iss and Surtner, £. Chem. Bern,. 55. 3461 

(1933}. 
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Giiman and Calloway (14), by means of acetyl chloride, 

replaced the chloromerauri group of 2,5-dimethyl-3-chloro-

mercurifuran by an acetyl group to obtain 2,5-dimethyl-5-

furyl methyl Ketone, The same authors prepared several 

5-alkyl-2-chloross3reurifurans which they report as being 

decomposed over a period of three months. They also pre­

pared several other ketones from 2-chloromercurifuran and 

the corresponding acid chlorides. 

Gilman, Galloway and Burtner (15J prepared both 3-iso-

propyl-2-chloromerourlfuran and 4-isopropyl-2-chloromerQuri-

furan by the general methods outlined by Gilman and ¥right{2). 

Gilman and Burtner (161 prepared 5-tertiarybutyl-2-

ehloromercurifuran from both 5-tertiarybutyl-2-furoio acid 

and 2-tsrtiarybutyl furan. 

Lowe and Hamilton (17) employed furan mercurials in the 

preparation of som» furan arsenieals, 

Paul (IS) HBrcurated some 2-^alIcylfurans with a buffered 

solution of mercuric chloride. His products were well 

eharacterized and could be titrated with iodine in ethyl 

acetate solution. 

(14) Gilman and Calloway, J. Am. Chem. Soc.. 55. 4197 (1933). 
(15) Gilman , Calloway and FurTner, £. Am, Chem. Soc,, 57, 

9G6 (1935). 
(16) Gilman and Burtner, £. Am. Chem. Soc. 57, 909 (1935), 
(17) Lowe and Hamilton, jT Am, Chem. Soc., 1081 (1935). 

See also Gilman. and'Kirkpatrlck. feoc nowa Aoad. Sci. 
176 (1932) [C.A, 28 , 6714 (1914^ . 

(18) Paul, Bull, soc. chim.TSI. 2, 2220 and 2227 (1935), 
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Reddy (19) and Wilson and Eeddy (20) haTQ used meroury-

containing substances involving the furan ring for seed 

treatment with soioe suooess» oatie true nature of the materials 

was not determined* 

TSgHHiaUE AMD QBSERTATIOM 

A fairly good method for the merauration of some furan 

eompounds is to fuse the material with merouria acetate. The 

procedure is similar to that employed by Whitmore and Isen-

hour (El) in the mercuration of diethyl terephthalate, By 

this means several compounds have been mercurated in the less 

reactiye ̂  -position. Although polymercuration probably does 

occur, the yields of monomercurials have, for the most part, 

been fairly good when such products were desired. The method 

is applicable to esters, which are stable liquids at temper-
o e 

aturea of 125 -150 0., and probably to other types of com­

pounds which exhibit these characteristics. Those esters 

which have been successfully mercurated in this manner have 

all been esters of 5-3ubstituted-2-furoia acids. Ethyl furc­

ate apparently mercurates but the number and positions of 

substituents have not been determined. 
/ 

Many fxiran m@rcurials, and in particular those , 

-trisubstituted furans in which the-position is occupied 

by chloromercuri or acetoxymercuri groups, are very difficult 

(19) Eeddy, Phytopathology. 20. 147 (19S0). 
(20) Wilson and Reddy. Phytopathology. 21, 1099 (1931). 
(21) Whitmore and Isenhour. j, Am> ^em. Soc., 51, 2785 (1929), 



www.manaraa.com

- 7? -

to purify. No solvent is good in all cases but those that 

have been the most useful are acetone, acetone*water mixtures, 

ethyl alcohol and mixtures of it with water, n-propyl alcohol» 

^-butyl alcohol and, for acetoxymerouri compounds, acetic 

aaid» In some oases purification can be effected by dis­

solving the mercurial in a suitable solvent such as acetone, 

partially precipitating it with water, filtering, and then 

completely precipitating the compound with more water. Chloro-

mercuri compounds are, in general, more easily purified than 

the corresponding acetoxymerouri compounds. Poly chloro-

mercurated furans are exceedingly insoluble in ordinary sol­

vents. Poly acetoxymerouri compounds may, hoisever, be some­

what soluble in acetic acid. 

In replacing mercury-containing groups with halogens, the 

use of chlorine is to be avoided since it shows a great ten­

dency to add to the unsaturated furan nucleus. Iodine and 

bromine show a less pronounced tendency to form addition com­

pounds, Carbon tetrachloride is recommended as a solvent or 

suspension medium in the replacement of the mercxiry-containing 

group by bromine, lercxiislc bromide is extremely insoluble in 

this solvent, while in many cases the halogenated furan com­

pound produced is soluble. The mercury salts may be separated 

by filtration and the filtrate concentrated to secure the com­

pound. The same solvent is useful for separation of mercuric 

iodide from iodinated furan compounds. 
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e2pbirimemial 

Preparation of Ethyl 2-Methyl*4,5'-dloliloroiBerourl'>5-fui'oate. 

Forty grams (0.26 mole) of ethyl 2-methyl-3-furoate 
O O 

boiling at 80 -90 G» at 23 mm. pressure was dissolved in 100 

00. of 95^ ethyl alcohol. This mixture was added slowly, 

with shaking, to 3500 oo. (0,7 mole) of a merourating solu­

tion of mercuric chloride and sodium acetate (22) at a tem­

perature of 35°-40°C. A white precipitate slowly formed 

which increased in amount overnight. The mixture was then 

heated to boiling on an oil bath and refluxed for ten hours. 

The following day the solid was filtered and sucked as dry 

as possible and then refluxed, with stirring, with 1500 cc. 

of 90^ ethyl alcohol for 5 hours. After the mixture had 

cooled, the solid was filtered and dried in air. The yield 

was 158 g. or 97.5^ of the theoretical amount. The product 

was white and rather fluffy. 

A portion of the material, produced in approximately the 

same manner, the essential difference being a larger propor­

tion of mercurating solution, was analyzed. 

{ZB) This mercurating solution is similar to that used by _ 
Gilman and Wright,[^£. Am» Chem. Soc.. 55, 3302 (1933)J 
for the mercuration ofTuran and some o? its derivatives 
and is made up as followst To a solution of 135 g» or 
mercuric chloride in 1000 oo, of water, heated to dis­
solve and then cooled to about 40®C, or until crystal­
lization begins, is added a solution of 272 g. of sodium 
acetate trihydrate in 400 cc. of water. After cooling 
and standing for a few hours, the solution is filtered 
and diluted to 2500 cc, with distilled water. 



www.manaraa.com

- 79 

Aiial> Calc*a for CgHgOgCHgClJ64.26 

Pound: Hg, 69.68» 68.76. 

Ten grains of th® saa^ material was extracted in a Soxhlet 

extractor for several hours with alcohol. Upon ocMapletion of 

this process, the residue was extracted with acetone and the 

product was analyzed for mercury. 

iJial. Calo*d for CgHgOsCHgClJg: Hg, 64.26 

Founds Hg, 65,Q9> 64.87. 

preparation of Ethyl 2-~Methyl~4.5->dibromo-3~furoate. 

This con^oiind was not isolated but was hydrolyzed 

directly to the corresponding acid. Occasionally it was 

partially purified by steam distillation but this procedure 

was not necessary. The details of a successful preparation 

followt 

To 160 g. (0»,26 molel of ethyl 2-iiiethyl-4,5-dichloro-

mercuri-3-furoate prepared as described above and suspended by 

rapid stirring in 1200 cc. of dry carbon tetrachloride, was 

added a solution of 79 g, (1 mole) of bromine (U.S.P.) in 300 

cc, of dry carbon tetrachloride. The addition was completed 

in three hours. After being filtered, the carbon tetra­

chloride was distilled (a good colvmin should be used) and 

the residue was steam distilled. The aqueous layer was 

extraeted with ether and the ether solution was combined with 

the oil. The ether solution was again filtered and the ether 

was removed by distillation. The residue consisted of 25 g. 
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of olear brownish oil, which probably contained much of the 

desired ester. If it was pure ester, the yield was 31^ of 

the theoretical amount. In some oases the oil was not steam 

distilled but was filtered from a white crystalline solid. 
o o 

This melted at 179 -180 C, and was not investigated further. 

Preparation of 2-?fethyl-4t5»-dibromo~5-furoio Aoid. 

The crude ester described above was hydrolyzed,using 

alcoholic sodium hydroxide,to produce this material. The 

hydrolysis proved to be difficult and unreliable. The best 

method fomd was as follows: 

Two and one-half grama of the crude ester was chilled 

in an ice bath and 10 cc. of IC^ alcoholic sodium hydroxide 

was added quickly, with cooling and shaking. The mixture 
O 

was then heated rapidly to 50 C. and held there for 20 min­

utes, with occasional shaking. To this was added 20 cc. of 

water, and the solution extracted with ether, shaken with 

decolorizing carbon Cwithout heating), filtered, and acid­

ified using concentrated hydrochloric acid, with shaking 

and cooling. The crude acid which precipitated was removed 

by filtration. The total yield from 20^5 g. of crude ester 

hydrolyzed in 2.& to 8 g. portions was 5 g. of crude acid, 
O 

which was completely melted at 175 C. This is a yield of 

2^ of the theoretical amount. The acid may be purified by 

recrystallization from benzene. The melting point of 

material thus pxirified was 186**-189°C, 
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HQutrallzatlon equivalent Calo*d for 284 

Found: 280 and 286. 

Anal. Calo*d for C,H«0,ac»: Br, 56.31 

Found: Br, 56*51^ 

Preparation of 4.5'>Dl'broiao~8.g»furandlcarboxyllo Add. 

The aold chloride of 2»Bi®thyl-4,5-dlbromo-3«furot(J acid 

was prepared by refluxing 8 g. {0,028 mole) of the acid with 

50 g. C0*4 mole) of thionyl chloride for 10 hours. The 

excess thionyl chloride was distilled and the residue was 

washed with a little benzene into a 250 cc. corex three-

necked flask. It was then subjected to a reduced pressure 
o 

for about 45 minutes at 100 G, or above to eliminate the 

benzene. To this material was added, with rapid stirring, 
o o 

5.0 g. (0.031 mole) of bromine at a temperature of 120 -140 C. 

(the temperature measured was that of the sulfuric acid bath) 

with a corex ultra-violet lamp within ten inches of the flask. 

The flask held a reflux condenser as well. The total time 

consumed by the addition of bromine was three hours. The 

oily product was then refluxed for one and one-half hours 

with 250 cc, of water, and the resulting mixture was extrac­

ted thoroughly with ether. Upon distillation of the ether 

a semi-solid remained. 

To this material was added 250 cc. of water and the 

silver oxide from 22.5 g. of silver nitrate. This mixture, 

in a three-necked flask equipped with a mercury-sealed 
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stirrer and a reflux aondaaser, was made alkaline with. 

aodliim bloarbonate and boiled for five hours. It was then 

made strongly alkaline and filtered, the filtrate shaken 

with deoolorizing carbon, again filtered, and acidified 

with dilute sulfuric acid, fhe solution was extracted with 

ether and the ether distilled. The crude product weighed 

2,5 g. It was purified by being dissolved in ether, fol­

lowed by the addition of 20 cc. of benzene and by slow 

evaporation of the ether. After one such purification the 
o o 

product was white. The melting point was 242 -243 C, with 

decomposition. The product was dried in air. 

Neutralization equivalent Calo*d for IQf 

Found: 161, 

Anal. Galc*d for C,H,0,Br-at Br, 50.92 

Found: Br, 51,36, 51.32. 

Preparation of 2-Hydroxyaiethyl-4.5-dibromo-3-furoic Acid. 

This compoiittd was obtained in several oases when the 

acid chloride of 4,5-dibromo-2-furoio acid was treated with 

bromine. It doubtless resulted from the introduction of 

only one atom of bromine instead of two into the methyl 

group, with subsequent hydrolysis to the hydroxymethyl group 

instead of to the aldehyde group. 

Method 1. Fourteen grams (0.046 mole) of the acid 

chloride of 2-methyl-4,5-dibromo-3-furoic acid, which boiled 
o o 

at 117 -137 C, at 4 mm. pressure, was treated with 14.5 g. 



www.manaraa.com

- 02 -

(0.09 mole) of bromine, the bromine being added dropwise 

over a four hour period. The temperature of the liquid was 
O 

130 C., and rapid stirring was kept up throughout the run. 

After the addition of the bromine, the heating and stirring 

were continued for one half hour. The reaction flask was 

furthermore subjected to ultra-violet light from a powerful 

source during the entire reaction. The product was hydro-

lyzed by boiling for three hours with 500 cc. of water, and 

the residue obtained by evaporation of an ether extract of 

this mixture solidified. 

Since it was hoped that this material contained the 

desired 3-carboxy-4,5-dibromo-2-furfural, the solid residue 

was oxidized with the silver oxide from 37.1 g, {0.E2 mole) 

of silver nitrate, in 400 cc, of alkaline solution. The 

mixture, kept alkaline with sodium carbonate, was boiled for 

four hours with stirring. After cooling, the filtered solu­

tion was acidified and the precipitated solid separated by 

filtration. It was combined with the residue obtained by 

evaporation of an ether extract of the mother liquor. The 

coJBbined solids were redissolved in ether, 50 cc, of benzene 

added, and the ether evaporated. Five grams of a solid \ 
O O 

melting at 160 -165 C. was obtained. The melting point was 

raised to 195 -198**G, by the same loethod. The yield of this 

product was 2 g, or 14,5^ of the theoretical amount. 
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Found, 295. 

Ajoal, Gale*4 for C»H*0«Br,: Br, 53.30 

Found: Br, 54.26, 54.26. 

ifeth-od 2. Tlie sams product was obtained when the acid 

chloride of 2-'methyl-3-furoic acid is brominated, using 

ferric chloride and ultra-violet light as catalysts. The 
O O 

product in this case melted at 192 ~195 C. and gave a neutral 

eq^uivalent of 301. A mixture with the product obtained by 

Method 1 melted at 197°-200 0. 

Preparation of 3-*Carboxylio«^4,5->dibromo«>2->furfuryl Acetate. 

Approximately one half gram of 2-hydroxymethyl-4,5-
o o 

dibromo-3-furoic acid melting at 195 -198 G. was refluxed for 

one hour with 3 cc. of acetyl chloride. At the end of this 

time the solution was poured slowly into 50 cc, of water. 

The aqiueous solution was extracted with ether, and the ether 

was distilled leaving the ester in acetic acid solution. 

The acetic acid was diluted with hot water and the compound 
o o 

crystallized upon cooling. The solid melted at 143 -146 C, 

Anal, Calc*d for C3Hg05Kr2: Br, 46,75 

Found: Br, 46.64, 46.73. 

Preparation of 2->Nitro-3-bromofuran. 
o o 

Two grams of 2,3-dibromofuran boiling at 158 -162 C, 

was exposed to nitrous oxide vapors for eight hours at a 

temperature of about 40°C, The crystalline product was 
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o 
racrystallized twice from alaohol and then melted at 74,5 -

76 Q. The yield was 0.5 g. or 34^ of the theoretical amoxmt. 

The oompound crystallized from alcohol in short, thick, 

slightly yellowish needles. 

Mal> Calc^d for C«H,0,l©r j Br, 41.64 

I-ound: 41.23, 41.51, 

Preparation of Some Halogenated g^Ohlorcaaerourifurans from 

the Corresponding Carboxylio Acids. 

Several halogenated furan merciirials were prepared 

according to the n»thod of Gilman and ¥rlght (2l by reflux-

ing a solution of the sodium salt of the corresponding 

halogenated £-furoic aoid with a solution of mercuric chlor­

ide, The products were recrystallizied from alcohol. 

TABLE I 

Some Halogenated 8-Chloromerourifurans 

t " 
derived : M,P. 

i Ailki, % Hg 
Acid used t(Jalc»d:Found Yield 

•S 
3,4-Diohloro-
2-chloro-
mercurifuran 

o o 
172 -173 G. 

* * 

3,4-diohloro-:53.93 S55.10 
2-furoic acid; ;54.93 

69^ 

4,5-Dichloro-
2-ehloro-
mercurifuran 

t * • 
182°- a :4,5-diehloro-:53.93 :54,S4 
182,5 C. :2-furoio acid: s54.42 

: : : 

46^5 

3,5-Biohloro-
2-chloro-
mercurifuran 

• • • 

125''-124®C,:3,5-dichloro-:53.93 !54.32 
s2-furoic acid; j54.46 

97^ 
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FreyaratloB. of Metliyl 4-Ghloromereuri'>5~bromo~2->furoate. 

To 50 g, C0»244 mole) of methyl 5-bromo-2-furoate, 
o o 

which melted at 65 -67 G., in a three-inch test tube heated 

in an oil bath, was added 80 g, C0r25 mole) of mercuric 

acetate. ®ie salt was added in smail quantities over a 

period of one half hour. The temperature of the mixture 
o o 

was 145 -155 C, and it was stirred with a thermometer. It 

became quite thick when about three fourths of the salt was 

added. After the addition was completed, the mixture was 

heated for about five minutes more. It was then refluxed 

with 500 cc. of acetone in a flask equipped with a return 

condenser and a mechanical stirrer. The solution was 

separated by filtration and the residue reextracted with 

550 cc. of acetone. The residue weighed 35 g. 

To the combined filtrates was added, with shaking, a 

solution of 30 g. of calcium chloride dissolved in 125 cc. 

of &Q^ alcohol. A white solid precipitated from the acetone 

solution. The* acetone was concentrated on a steam bath to 

about 400 CO. and diluted to 2 liters with water. The mix­

ture was allowed to stand overnight in a refrigerator and 
o o 

filtered. The solid melted at about 200 -210 C. It was 

dissolved in 500 cc. of hot acetone, boiled with decolor­

izing carbon, and filtered. Addition of hot water tmtil 

precipitation was incipient, filtration, and cooling pro-
O 

duced 14 g. of a white solid precipitate melting at 223 -
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O 
235 C, Eeorystallization of this material in the sam© 

o o 
manner raised tlie melting point to 234 -235 C. Dilution of 

the first mother liquor produced 18»5 g. of solid melting 
o o 

at 226 -228 C. The entire yield of material melting between 

226°C, and 235^C. was 32,5 g. or 3C^ of the theoretical 

yield of mercurial. 

Concentration of the acetone-water mother liquor in a 

vacuum produced 9 g, of what was probably injure methyl 
o o 

5-bromo-2-furoate melting at about 59 -72 C. 

Anal> Calo*d for CjH^O.HgClBr: Hg, 45.59 

Founds Hg, 45,74, 45.49. 

Coaveraion of ̂ thyl 4-Chloromerouri-5-bromo-2-furoate to 

4t5-Bibromo-2-furoic Acid. 

Eleven and one-half grams (0.026 mole} of the mercury 
O O 

compound melting at 233 -235 C. was suspended in 100 cc. of 

carbon tetrachloride in a mechanically stirred flask. To 

this suspension was added in one hour a solution of 4.2 g. 

(0.0525 mole) of bromine in 25 cc. of carbon tetrachloride. 

After the mixture had been stirred for two hours more, the 

solvent was separated by filtration and the residue washed 

with carbon tetrachloride. The filtrate and washings were 

extracted with sodliim thiosulf ate solution and most of the 

carbon tetrachloride removed by distillation at atmospheric 

pressure. The remainder was removed over a gentle heat at 

reduced pressure. The residual material was stirred for five 
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minutes with 20 co. of 10^ alcoholic sodium hydroxide solu­

tion, 50 cc. of water was added> and the alcohol-water 

solution of the sodium salt was extracted with ether. The 

aqueous portion was strongly acidified with hydrochloric acid 

and the precipitated solid was separated by filtration and 
o o 

dried. The laelting point of the crude acid was 161 -163 C, 

The yield was 3.5 g. or 50^ of the theoretical amovuit. The 

melting point was raised by recrystallization from benzene 
o o 

to 166 -167 C, and a mixed melting point with a pure sample 

of 4,3-dibromo-2-furoio acid was not depressed. 

Reaction of Methyl 4-0hlorQmerouri-5-bromo-2-furoate with 

Ketene. 

Run 1« Eighteen and one-half grams of the mercurial, 
o o 

melting at 226 -228 C., was treated for five hours in 150 cc, 

of dry acetone with ketene produced at the rate of about one 

tenth mole per hour. Twelve grams of a solid melting at 
O 

205 C., which melted when mixed with pure mercurial at 
O O 

218 -220 C» was recovered, together with 2 g. of a solid 
o 

melting at 220 C., the mixed melting point being in this case 
o o 

228 -229 G, These fractions were undoubtedly unchanged mer­

curial. The recovery amounted to 76^. No ketone was 

isolated. 

Run 2. Ketene was generated at the rate of 0.1 mole per 

hour for four hours and liq^uafied in a solid carbon dioxide -

ether mixture. The total gain in weight was 12.5 g. or 0,3 

mole, but some of this material was probably acetone. The 
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llq^uid was sealed la a tube containing 4.4 g. (0»01 mole} of 
O O 

the mercurial (m,p. 229 -231 G.) and allowed slowly to warm 

to room temperature in a heaker of chloroform cooled to 

© 
-60 C. at the start. After seventeen, hours the tube was 

opened and the contents steam distilled. No product separa­

ted in the distillate, which was not examined further. The 

solid residue was repreoipitated from acetone with water 
o a 

and melted from a point somewhat below 185 C. to 195 C. 
O E 

A mixture with pure mercurial melted at 195 -201 C. The 

yield was 1.5 g. and it was probably impure mercurial. The 

recovery was therefore 34^. No ketone was isolated. 

Reaction of Methyl 4-0hloromercuri-5-bromo-3-furoate with 

Acetyl Ghloride. 

This experiment was carried out in the hope that the 

chloromercuri group would be replaced by an acetyl group. 

Actually the chloromercuri group was eliminated entirely 

and the bromine was replaced by chlorine. 

Eight and eight-tenths grams {0»02 mole) of the dry 
o o 

mercxirial uniting at 229 -231 G, wa.s sealed in a tube with 

15,6 g. (0.2 mole) of reagent q.uality acetyl chloride and 
O O 

heated to 100 -125 C, for six hours. The contents of the 

tube were filtered and the residue washed several times with 

ether. The combined filtrate and washings were again fil­

tered and the solvents distilled. Water was added to the 

residue and the mixture distilled with steam. An oily 
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product separated from the distillate and then solidified, 
o o 

"Ehe crystals melted at 40 -42 0, and were identified by 

analysis as methyl 5-chloro-2-furoate, The yield was 1,5 g. 

or 4?^ of the theoretical amount. 

Anal. Calo'd for C,H,OaCl: CI, 22^09 

Found; 01, 22.09, 22.23. 

The identity of the compound was confirmed by hydrolysis 

of the ester with aq.ueous sodium hydroxide to 5-chloro-2-
o o 

furolc acid melting at 177 -178 C. A mixture with a known 
O O 

sample of 5-chloro-2-furoic acid melted at 177 -178 0. 

A mixture of some of the acid, produced similarly but in 
o o 

another run, with 5-bromo-2-furoia acid (m.p. 183 -185 0.} 

melted at 177°-179°C. 

Neutralization equivalent Cal0*d for 0j,H,0gGl: 146.5 

Found: 152. 

Gonversion of Mathyl 5-Bromo-2-furoate to 5-Chloro-2-furoio 

Acid by Means of Acetyl Ghloride and Mercuric Chloride. 

Four and one-tenth grams (0.02 mole) of the ester 

(m.p. 66 -68 C.J was sealed in a tube of 65 cc. capacity with 

5.4 g. (0.02 mole) of mercuric chloride (U.S.P. powder) and 

10 cc. (0.14 mole) of reagent quality acetyl chloride. The 
O O 

tube and its contents were heated to 110 -135 C. for five 

hours. The contents of the tube were washed out with ether 

and after the solvents were distilled, the residue was steam 

distilled. An oil separated in the distillate and solidified 
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melting point was not depressed by admixture of methyl 

5-chloro-3-furaate. The yield was 2.5 g. or 78^ of the 

theoretical amount. The ester was hydrolyzed with 10^ 

agueous sodium hydroxide and produced 2 g. of 5-ohloro-2-
o o 

furoic acid melting at 178 -180 C. A mixture with a)-chloro-

2-furoio acid melted at 179**-18o'*C. 

In another run under approximately similar conditions 

except that a tube of 40 cc, capacity was used, there was 

produced 1.6 g.,or 5C^ of the theoretical amount, ot 5-chloro-
O O 

2-furoio acid melting at 177 -179 C, Occasionally some 

5-chloro-2-fuxGic acid was isolated directly from the reaction. 

Reaction of Methyl p-Bromobanzsoatis with Acetyl Chloride and 

Mercxiric ghloride> 

Four and three-tenths grams CO.02 molej of methyl 
O O 

£-bromobenzoate (m,p. 79 -81 C.) was heated in a sealed tube 
o o 

to about 175 -190 G\ for several hoinrs with 5.4 g. of mer­

curic chloride and 10 cc. of acetyl chloride. From the 

reaction there was recovered 3.5 g, of a solid melting at 
o o 

247 -249 C», which was probably £-bromobenzoic acidCm.p. 
O . 

251 C.J. This corresponds to a recovery of 81fo* 
o 

From another run of the same size heated at 140 C. for 

ten hours, there was recovered 1 g. of p-bromobenzoic acid 

and 2.5 g. of methyl p-bromobenzoate, which corresponds to a 

recovery of 83^. 
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It was found later that pressure plays a great part in 

this reaction. The aapacities of the tubes used are not 

icnown so these experiments are not entirely conclusive. 

Preparation of 4''Bromo-5"Ohloro-3-furoio Acid from 4.5~Di> 

bromo-S-furoig Add, 

Three and six-tenths grams (0,0127 mole) of methyl 

4,5-dibromo-2-'furoate (prepared from pure 4,5-dibromo-2-
o o ^ 

furoic acid and melting at 57 -59 G,) was sealed in a tube 

with 3,5 g. of mercuric chloride (U,S,P, powder) and 10 cc. 

of reagent quality acetyl chloride. The capacity of the tube 
o o 

was 55 cc. The tube and contents were heated to 160 -165 0, 

for seven hours. The contents were then washed out with 

ether, the solvents distilled, and the residue steam dis­

tilled. The distillate was extracted with ether and the 

ether carefully evaporated. The residual oil was hydrolyzed 

with 10^ alcoholic sodium hydroxide solution, care being 

taken to avoid much heating of the mixture. Upon dilution 

of the alcohol with water, followed by acidification, a 

solid precipitated which when recrystallized from water 

melted at 149,5 -151^0, The yield was 0,45 g. or 16^ of the 

theoretical amount of 4-bromo-5-chloro-2-furoic acid. The 
o o 

melting point was later raised to 150 -152 0, by recrystal-

lization from benzene. A mixed melting point of the material 

melting at 149,5 -151 C. with 4,5-diahloro-2-furoic acid 

(m.p. 155°-156°C,) was 151»5*'-155'*C, It was Icnown from 
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#xperlance that certain halogenated furan con^otnids differ­

ing only in th© identity of the halogen did not show a marked 

depression of the melting point when mixed* Therefore, the 

neutralization equiYalent of the product derived from this 

reaction was determined. The molecular weight was thus 

found to he 233. Since the molecular weight of 4,5-dibromo-

E-furoic acid is 269.8, that of 4,5*dichloro~2-furoic acid 

is 180.9 and that of 4-hromO"'5-chloro-2-furoic acid is 

225,4, it seemed likely that the compound corresponded to 

the last structure. This suspicion was strengthened hy a 

mixed melting point of the highly purified coa^ound with the 

confound obtained by replacement of the chloromercuri group 

of methyl 4-chloromercuri~5-chloro-2-furoate by bromine, 

followed by hydrolysis, as will be described later. This 

product should have the same structure and the melting point 

was 149.5 -150.5 G, The mixture melted at 150 -151.5 C. 

Preparation of Bfethyl 4-Iodo-5-brQmo-2-furoate. 

To 20 g. (0.045 mole) of methyl 4-ehloromercuri-5-bromG-
O O 

2-furoate (m.p. 229 -232 G.) was added, with shaking, at 

room temperature a solution of 12.7 g, (0.05 mole) of 

iodine, and 16.6 g. (0.10 mole) of potassium iodide in 75 cc. 

of water. After standing for about one half hour, the excess 

of iodine was reduced by sodium thiosulfate. The mixture 

was steam distilled and 13.5 g. of crude solid was obtained. 

This was 91^ of the theoretical amount. After several 
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reorystalllzations from nethanol, the solid melted at 

69°-69.5®C. 

Anal. Galo»d for C.H^OjBrli Br, 24.15} I, 38.35 

Found: Br, 34.61^ 24.22; I, 38.11, 38.69. 

Preparation of Methyl 4-Chloromerouri~5->ohloro-2-furoate. 

To 45 g. (0.28 mole) of methyl 5-ohloro-2-furoate 

(m.p. 35 -38**C.) was added slowly 89 g. (0.28 mole) of mer-

ouric acetate. The reaction took place in a 250 cc. beaker 

heated in an oil bath, and the mixture was stirred with a 

thermometer. The temperature of the reacting mixture was 
o o 

held at 142 -152 C. and the salt was added in seventeen min­

utes. Following, completion of the addition, heating was con­

tinued for about five minutes. The cooled solid was extract­

ed twice by boiling with 500 cc, of acetone and filtering 

the mixture while hot. The filtrate was kept warm to avoid 

premature crystallization. When both extractions were 

finished, a solution of 50 g. of calcium chloride in a small 

amount of water was added, with shaking, to the combined 

filtrates. Two layers were formed. The entire mixture was 

diluted to three liters with water and a solid precipitated. 

After two hours the solid was separated by filtration and 

recrystallized from acetone and water. The yield was 24 g. 

or 2^ of the theoretical amount. The product was a white 

solid which melted at 213 -216 C., with darkening at lSO*'c. 

Another recrystallization from acetone and water raised the 



www.manaraa.com

- 95 • 

o o 
msltiag point to S15 -217 C. The compound was apparently 

not entirely pure since the analysis was not particularly 

good. 

Anal. Calc*d for C,H^O,HgCl»J Hg, 50.71 

Found: Hg, 51.99, 51.83» 

Preparation of 4~Bromo->5-ohloro-8-furoic Acid from 4-Chloro-' 

inerouri-5'-ohloro-2-furoio Acid. 

Eight grams (0.022 mole) of the mercurial (only partial-
o o 

ly purified, m.p. 204 -209 G.} was suspended in 25 co. of 

carbon tetrachloride. A solution of 3.5 g. (0.044 mole] of 

bromine in 10 cc. of carbon tetrachloride was added and the 

mixture stirred. It was found necessary to add 15 cc, more 

carbon tetrachloride later because the mixture thickened. 

The solid was separated by filtration and the excess of 

bromine in the filtrate was discharged by washing with sodium 

bisulfite solution. After partial drying of the solution 

with calcium chloride, the solvent was distilled, the last 

small q^uantity being removed with an air stream. The resi­

due was dissolved in alcohol and hydrolyzed with 5 cc. of 

Wfo alcoholic sodium hydroxide. The mixture was allowed to 

react for only a few minutes. Upon dilution with water, 

followed by acidification, a solid precipitated which weighed 
o o 

0.9 g. and melted at 147 -149 C. without purification. 

Recrystallization from benzene raised the melting point to 

149.5 -150.5 C., and a mixed melting point with the product 
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obtained by replaceiaent of the oc -bromine of 4,5-dibroiao-

S-furoic acid (as] with chlorine was 150 -151 C» Neither of 

these compounds has been analyzed but from the methods used 

for their preparation and the value of the neutralization 

eq.uivalent there is little doubt of their identity. 

Attempted Replaoemsnt of the Qhloro^rctn'i (xcoup of Methyl 

4-Chloromer&uri~5-QhlorQ-2-furQate by Chlorine, 

A number of atteu^ts to prepare 4^5-dichloro-2-furoic 

acid by this means was made. When eq^uivalent quantities of 

chlorine and msrourial were employed, much apparently 

unchanged mercurial was recovered, Ihen an excess of chlor­

ine was used, the only product identified was trichloro-

ftirois acid, which was doubtless formed by decomposition of 

an addition product of methyl 4,5-dichloro-S-furoate and 

chlorine, loth carbon tetrachloride and acetic acid were 

used as solvents. 

(23) This thesis, page 92. 
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DISCUSSION OF BESULTS 

IThen tiie oarbon chain only of furan is considered, sub-

stituents in the 3-, 4-, and 5-positions may be considered 

as being situated with respect to a substituent in the 

2-position, in what would be the ortho-, meta-, and para-

positions respectively in benzene. Thus methyl 5-ohloro-

merouri-2-furoate would correspond to methyl p-chloromercuri-

benzoate. In benzene certain groups have been found to 

direct entering groups to specific positions in the ring 

with such regularity that chemists have been able to predict 

the position which will be occupied by an entering group by 

a consideration of those groups already in the ring. 

!Ehere has been a considerable amount of evidence pro­

duced for the belief that the positions entered by substitu-

ents in the /C?-positions of the furan ring are determined by 

the rules of orientation in benzenoid chemistry. A number 

of cases have been cited elsewhere in this thesis (24) in 

which substituents entering a fvaran ring holding a meta-

orienting group in the 2-position and an ortho-para-orienting 

group in the 5-position have been directed to the 4-position. 

This would be in benzene the position meta to the meta-

orienting group and ortho to the ortho-para-orienting group, 

Mercuration provides probably another instance in which 

the rule holds good. The presence of the chloromercuri 

group in the 4-position in methyl 4-ohloromercuri-5-bromo-
(241 This Thesis, Part A, page 37. 
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2-furoate has been uneq.uivocally proved. This material was 

produced in 3C^ yield and no isomer was found although it 

was not sought. The ease with which pure product could be 

obtained is a strong indication that little or no isomer 

was present. The fact that isomers are seldom produced in 

significant amounts in reactions with furan compounds is 

another reason for this belief. That the purified material 

consisted of only one isomer is fairly well assured by the 

facts that the melting point was raised only sli^tly by 

the last recrystallization and that the crude product of the 

reaction with bromine consisted of 4,5-dibromo-2-furoic acid 

melting only a few degrees low. The yield was 50^. The 

chloromercuri group was derived from the directly substituted 

acetoxymercuri group under conditions which would be extreme­

ly unlikely to lead to rearrangement. The carbethoxy group 

is, in benze^^e, a group which orients substituents to the 

meta-position while the bromine atom orients an incoming 

group in benzene to the ortho- or para-positions. 

The reaction of acetyl chloride and methyl 4-ohloro-

mercuri-5-bromo-»2-furoate under pressure to produce methyl 

5-chloro-2»furoate was utterly unexpected. It is probable 

that the carbon-mercury bond was first attacked by the small 

amount of hydrogen chloride likely to be present in the 

reagents. From, this point the reaction is similar to that 

by which the bromine atom of methyl 5-bromofuroate was 
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replaced by a chlorine atom by the use of acetyl chloride and 

mercuric chloride. Experiments to determine whether or not 

the E^rcuric chloride served as a catalyst were inconclusive. 

Pressure certainly plays a great part in the reaction, and 

it is recommended that in all reactions carried out in sealed 

tubes in which the pressure developed might depend on the 

capacity of the tube, this capacity be carefully recorded. 

The fact that under certain conditions some hydrolysis 

took place to form 5-chloro-2-furoic acid suggests the use 

of the reaction as a method for preferential hydrolysis of 

compounds containing acetylated groups as well as ester 

groups. 

In only one case was the reaction of bromine on 2-methyl-

4,5-dibromo-3-furoic acid carried far enough to produce, 

ultimately, 4,5-dibromo-a,3-furandioarboxylic acid. Re­

peated attempts by the same general method but under con­

ditions calculated to be even more favorable toward the sub­

stitution of two of the hydrogen atoms of the methyl group 

by bromine,produced only the corresponding hydroxymethyl 

compound obtained throu^ substitution by bromine of only 

one atom of hydrogen followed by hydrolysis. 

lEhere is little ooB®arable informtion on which to base 

a comparison of mercuration in furan with other substitution 

reactions. Furan nitrates rapidly and preponderantly in one 

O 
oC -position at -10 G., when an equivalent of nitrating agent 
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is added, while polymBrouration takes place slowly but in 

conaiderable degree at room temperature. However, the mercury 

salt is added all at one® while the nitrating agent la never 

present in great excess, Xt can he said with considerable 

assurance that nitration in the -position of furan pro­

ceeds more rapidly than does mercuration. Sulfonation msay 

possibly be said to proceed less readily than mercuration 

since furfural diacetate. is easily mercurated (6) while no 

product could be isolated in the ease of sulfonation (25). 

The case may not be a fair one, however, since the furfural 

confounds are easily decoraposed. Furoic acid is easily 

sulfonated at room, temperature, as is also 5-bromo-2-furoic 

acid. No mercuration of furoic acid at room teii^erature by 

means of mercuric acetate was reported by Oilman and Wright 

(2) in the course of their preparation of 2-chloromercuri-

furan. These facts would indicate that sulfonation in either 

the ic. - or the /9 -positions by means of fuming sulfuric acid 

is more rapid than sBrcuration in water solution. Bromina-

tion of furfural diacetate takes place mainly in the 
O O 

(jc-position at 8 -10 0. even when more than one equivalent is 

present (251. As has been mentioned before, furfural di­

acetate mercurates readily in all three free positions when 

three eq.uivalents of mercuric acetate are present. Bromina-

(25) Wright, Boctoral Thesis, Iowa State College Library 
{19321. 
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tton thea is probably less rapid in the/^ -position than is 

mercuration, although the ease of substitution in the 

^-position may be very nearly the same in both types of 

reaction# 
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smrnmi 

X, A ntiiaber of new mercury oompounds of furan have been 

prepared and some of their reactions investigated, 

2. The fusion method of preparing mercurials has been 

successfully applied to furan. 

S» Evidence has been added toward the conclusion that 

orientation in the /3 -positions of furan follows the same 

rules as apply to benzenoid chemistry. 

4. An unusual replacement reaction of halogenated furan 

compounds has been studied. 
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