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INTRODUCTION

The chemistry of f-substituted furans is a subject which
has come into prominence only within recent ysars, A search of
the literature reveals the fact that although a variety of such
compounds has been prepared, their investigation for the most
part has ceased rather abruptly at this point. Indeed, in many
cases the structure of these compounds has been left undstermined
or an erronsous one has besn assigned. In some instances
substitution and degradation reactions were carried out, but
the resul ting products were frequsently unidentified.

Such a state of progysss is understandeble in view of the
paucity of reference compounds which were available to the
sarlier investigators. Imn sddition to this thsy were seriocusly
handicepped by their lack of teehnique in handling the more
sensitive furan derivatives the properties of whish are sharply
contrasted to their benzene analogs. Furthesrmors, such valuable
working tools as preferential decarboxylation, oxidation, mer=-
curation etc,, were undeveloped.

Another factor responsible For the delay in the invesiiza-
tion of B-substituted furans liss in the fact that they are less
readlly acoessible than o -substituted furans. It is significant,
in this conneotion, that apparently ﬂnly‘ana/?msubsti%ntgd furan
~is now known to oeccur naturally. as will be more thoroughly
‘veviewed in the sequel, there are two general methods for the

synthesis of pg -substituted furans. One method involves



substitution of Qi-ol-substituted furan derivatives which by
necesality allocates the entering group to & f-position. The
other, which is the more fruitful method of approach especially
with regard to the simplerpg-substituted furans, depsnds upon
ring closure of certain types of resctive aliphatic derivatives.
Within the last five yoars the chemistry of the furan
series has advanced to the point where it csn no longer be
treated as a subjeet of textbook interest only. It has become
a promising field for industrial development and must be
established firmly on a scientific basis. Extensive studies on
constitution and orientation have become necgessary in order to
gain this aﬁﬁ. in this conrection mono~ snd di=- A-substituted
Taran derivatives are lmportani, since they Jurnish a convenient
',maans of studying the unhampered orienting forees in nuclear
substitution reactions. Thé resulting sab&titntian products may
" be readily degradsd to knawn’fﬁfarsnae eompeuﬁﬁsg and this has

made possidble the formulation of a set of rules of orientation.
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METHODS OF SYNTHESIS OF ﬂ»ﬁWﬂSTITUTED FURANS

Ag mentioned in the introduction there are two general
methods for synthesizing ﬂmsabstitutad furans. Since the
literature on this subject is quite widely scattered over a
period of years, a brief summary is presented with the end in
view that 1t may be of assistance to those who are interesied
in such derivatives.,

I. Substitution of «~3ubstituted Furans

Substitution reactions so far effected with L~-substituted
furans mey be classified as follows:
1. Nitration
2. Halogenation
. Sulfonation
4. Mercuration

5. Hriedel and Crafts' Reaction

Nitration

Under the heading of nitration we find that the range of
apnlicability es & method of synthesis is rather limited. Only
four reactions have been described in which a nitro group has
been introduced into th@/3~p@sitimn. This scarcity of successful
ﬂ ~nitrations seems rather unusual at first glance, but upon
closer exasmination it becomes apparent that such reaults.are
inevitable., In 1ight of our present knowledge it may be stated

with some confidence that f-nitration is limited to di-xX-sub=
stituted furans in which either one or both substituent groups
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TABLE 1
T Hitrating : y :
i hgent & ?3G§@¢t = @Qrkﬁr : Befersnce

Ethyl 5= tFuming tEBthyl &~ 1A
methyl-2- initric end imethyl-4(?):
furoate {Gﬁscéiaa t=nitro=8« 1

3 4zfara§ 8 i 7] 3

3 : :
£thyl 5~ :Fuming *mny}. 4(?}~.Gimm tla. State Coll,
acetamino- initric and tnitro S~ : and i3, Sol.
2-furoate z(aﬁ,c@}g sacetamino- :¥right :5, 85 (1931)

H ,,ﬁmfgragt@ H ) 1

'y H f,ﬁ o '
2,5-Di= ;Fuming %3*5*Ei~ tGilman :Rec. trev. chim,.,
mathyle initric and imethyl-3~ : and 151, 667 (19¢8)
furan _2{CH,CC),0 ‘nityagﬁran iBurtner 3
Tthyl 2,5~ :Puming zfgmyl 2,5~ 3 :
dimethyl~ initric and (dimethyle4-: 3
Sefuroate 1{CHzC0),0 s3nitro-i- 3 :

: sfuroate H :

are of a gasitive nature, This fact automatically excludes

the great majority of the more stable di-o ~substituted furans,
i.e, those containing two negstive groups, leaving only & narrow
range of compounds some of which are obvicusly too unstable to
withstand the experimental conditions. Another factor, whiech
may be of primary significence, involves the relative energy

requirements for o~ and B ~substitution reactions, Reactions
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in general follow the course of least resistance. Therefore,
since of =substitution where possible is strictly preferentisl
to Pwsuhstitut:i@n, it seems logieal to conclude that sahatitam
tion of the former type requires less energy. If this be true,
thanp -pitration wmould require the greater amount of ensrgy,
perhaps beyond that tolerated by present conditions of nitra-
tion, Zither there is no reaction or one of the reacting
materials bresks down into irreversible rragmenté. If there is
any merit in these suppositions, then it is not surprising that

only a few successful g-nitrations have been effected.,

Ha;agag iation

The synthesis of f-halogenofurans has been somewhat more
successful than the corresponding nitro compounds. It is true
that the examples of dirsct ﬁﬁlﬂﬁ@ﬁ&’%i@ﬁ in which only one
halogen atom has heen introduced are few. However, the prepars-
“tion of polyhalogeno derivatives and their degradation to monoOe
énd di~pf ~halogen substituted furans have been quite suceessful,
~Hill and his co~-workers starting withx ~substituted furan
derivatives have prepared asnd studied no less than eleven com=
pounds of this type. Another method which has been used with
success involves the introduection of & halogen in the f~position
by replacement of a chleromercuri group. Thus we have at our
disposal a variety of B-halogenfurans containing readily
removable A=-substituent gfaﬁgs thereby affording & source of

the simpler P-halogen derivatives. Although the structures of
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several of the compounds described in the accompanying table are
as yet undetermined, it appears certain that concerted studies on

orientation will reveal their constitution.

TABLE II

‘Helogenatings : T
Source i Agent : Product ww« i _Heference
2 45=Di= H Brs 18, 5= :Qilman H
methyl=6- 3 tmethyl 4~ 1 and 3
furoie acid: tbromo-3~  (Burtner
3 I s {4) i
2,0mDiw : KX 12,0~Di~ $Gilman, id, Am. Chem, Soc,
methyl-d~ and :methyl iBurtiner ,54 1696 )
chloro- : I :%-iodofurant and  :This thesis,
mereuri- H H tWright ipage 39
furan : 3 s 4
| 3 ) f | : (B) ¢
2,5=Dim : KBy $2,5-Dim 3Gilman This thesis,
methyl=8« 3 and . :m@tﬁyl ¢ and ipage 34
chloro- 3 Brg sG~bromo= - tBuriner
mercuri- 3 sfuran : 3
furan i 3 : T :
3 H s (86}
Tetrachloroe: K1 tTetraiodo- Ciusa  3(
mercuri- 3 and $furan s and @
Luran H 1z, : :Grillia H
' H H s
. Tetraiodo~ iDehalogena~ :ﬁ~laﬁsfuran :Gilman &
furan ttion by H t and H
i _Al-He 3 tWright ¢
: ‘ ¢ H $
3~Chloro~- ¢ XKl sd~Ilodofurani s
mereuri« 3 and : : H
.furan : Za H : i,
' T ¥ ‘ T 18] :
gth}'l”ﬁ* : Eﬁg 35""’%’?“ thyl*?* sHi 3.}. :Aiﬁ‘ haﬁl‘ J » 5
methyl-2= ¢ tbromo=8- ¢ and :1D; 174 (1893)
Sfuroate H ifuroic ascidtdennings:
% 3 i 3
EthyleS«- H Clg 16=igthyl=P=: H
methyl-i~ 3 tchloro=-2-= 3 H
furoate : :furoic acidi :




TLRLE II {Cont'd.)

4, 5~913h1@n}»ﬁ&h&1a@anam ‘é~ﬂklsra~m~

tfalogenating: : :
3 LAgent : Product t Worker : Refereuce
Tt ~ N P ] B
Ethyl 2=~ : Cl, tTrichloro~ $Hill
furoate H sB~furoic ¢ and
: tecid sJackson
Ethyl %atra»:ﬁehalagana~ 18,401~ H
Chloro=g= ttion by alel.tichloro-i~- 13
furogte sKQﬁ, esfuroio aecidi
Ethyl ﬁetra~:?;ralyﬁis (4 DDl H
ehlorgmi- H tehloro=2« 3
_furcate H ’fggsia peids
H H
HEthyl tetraszyralyais :33¢~§i~ 3
chloro~g« 1 fehloro=2- i
furogte : ﬁrar@ia ae;d:

2nruraic tion by zineifurocie aeid:
acid z 3
ﬁ,é»ﬁiﬁhloﬁam§Eahalmgemaa i 4Gblara*2~
Z-furoic ttion by - furoic acid:
acid iHa-He 2 , :

H H T L10] '
Athyl 2~ : Br, :Tribramﬁwzw:ﬁill Braa‘ Alfle Aead‘,
furoate : sfuroic acid: sand 21, 180

3 3 shanger
Bthyl 2= 3 Br, $4,5=D1brom
furoate i 18-furoie i

3 \:ggiﬁ 3

4 3
4,uwﬂibr0mantﬁﬁhaleg@na~ '4~ﬁr@&@*3« H
2~furcic ac¥:tion by zinc:furoic acidi

: 1 T (i1
Disthyl : Cl, 15,4~ ‘Gilmen :Ree, trav, chim.
dehydro- : tohloro~ :  and &a,
mucate H tdehydro- tVanderwal:

i .mneic acid ¢
u,4~ﬁkmlar&n§@aaruaxylaw:3,%wﬁi~ H
dehydromucicition tehloro~8« &

w we W BE A wE u. wt ARIBE AR PR e Be Ee NS Ne on Lt Ml L IR LI LIRS A L R R L N T haiiad | Ll

acid % , - ifuroic acid:
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TABLE II (Cont'd.)

*
-

:ﬁ&lageaating:
.x?nt_mm;._?:a&uet

*# e
-

: J?a:kﬁr ﬁﬁaf&renee}

4=Chloro=2- iDecarboxyla-id-Chlorp«-

faroic acid :iion sfuran im&law .az, 26&
: k4 and 4
3 3 sJohnson
& *
» *

4w=Bromo=2« iDecarboxyla~i1S-Bromo=-

S IET BTSN Y ” ut =

F A L R 2

furoie acid :tion sfuran

A search of the literature reveals the fagt that only
three reactions have been effected which résulted in the
introduction of g sulfonie group in ﬁha;7ogaaisimn. Here, as
in the ocase af,ﬂ -nitration, we may attribute the failure of
many atbtempted reactions to the restrictions imposed by
experimenial conditions, Either the ét&rting materisl is
inert due to the presence of ﬁsgativé groups as with diethyl
dehydromucate or else it is highly sensitive toward mlnerel
acids as with 2,5«dimethylfuran. This resiricts the fleld of
sulfonation by our present methods to & relstively small numbsr
of compounds, which are cepable of surviving contact with
mineral ascids and yst sctive enough to permit substitution.
The following reactions have been described, although the
structures of none of the resulting sulfonic aaids have been

absolutely determined.

’
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TABLE ILIX

‘zSulf@ﬁating; T 3
agent @ Product :W :_Reference

H=chloro-2-:7uning :5=CH10T0=Pm1 Hili tAm. ﬁhemq e,
furoie acidisulfuric 18ulfowle ! and 110, 1888 )

i , sfuroic scididennings:

E : 3 H
E~Bromo-2« fuming 1 S-Bromo-T= H
furcie acidisulfurie t8ulfo=8- : :

7 : , .fnrﬂie acids: :

k Tt :
Seie thyl=2=Funing fﬁuﬁethylu?u: H
furcice acidisulfuric 1sulfo~2= : -

LA Sfurcic acid: H
Hereuration

This new tool in furan chemistry has bsen gulte successful
in the few cases where it has been applied to the problem of

p*usubgtituﬁi@ﬂ‘

TABLE IV

Jherourating: : T
Souree ¢ Agent i Product 3 %aggax;: Hararanaa
' + H H
Furan tMerguric tTetraacetory~ 3
tacetate tmerfurifuran 2
H H * g
3 :Triscetoxy-
H tmercurifuran 3
. $ $ 3
Acstoxy~ iRearrange- 'ﬁnaaataxy» 3
maroury sment immerecurifuran
furoate i - N :
» - . :
245=0i~ ilercuric 12,5=-Dimethyl~ 2
methyl- ichloride 1G=chloro- H
furan : smerceurifuran ¢
H H
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The resulte of Gllman and Wright es cited in the accomnanying
table are unique ipasmuch as they started with a mono-

o ~gubastituted furan and obtained S~acetoxymercurifuran as their
finel product. This is the only known instance in which a nmono-
p-substituted fursn hos been éirﬁatiy prepared from & monoc=-

o« ~substituted derivative,

Although only three @ -mercurations have been reported, this
is by no means indicative thaet such reactions ars generally unw
successful. On the contrary merguration is ons of the few
regctions whieh is applicable to & wide variety of compounds
githey negatively or positively substituted., HMercuration does
not suffer the limitations imposed upon those reactions which
involve the use of mineral acids. Henee, it 1s admirably
adapted to the more sensitive typss such as 7,5-dimethyl furan,
which undergoes mercuration with extresordinary esase in satis-

| factory yield, 1In the case of the mors nozatively substituted
furans it appears altogether probable that equaelly gratifying
results may be obtained nmerely by intensifying experimental
conditions. These advantages, supplemented by the increasing
numbayr of replacsment reactions of the ehloromercuri group,
designate mercuration as a fertile fielﬁ in the problem of

ﬁ~sabﬁtitutisna

Although numerous Friedel and Crafts' reactions effecting

A-substitution have been reperted, only two reactions of this
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'tﬁ@a inv&lvinglﬂ*subs%ituti&n are known. A8 yet this methoed of
substitution in the #-position hzs not been thoroughly

| investigated and may produce valuable results as our knowledge
of experimental procedure is augmented. It might alse be men-
tioned in this @&nn@atién ﬁh&% the related Gattermann-Koch
reaction for the direct introduction of an zldehyde group has

‘ : , b
regeived but little attention with regard ta,€~$ubatituti@ﬁ.1

TABLE V

T Reagents ¢ T :
Source ussd s FProduet ¢ ¥Worker : Reference
T 7 : I
2,0=0i~  1{CHaCO},0 :12,5-Dimethyl:Gilmen :Loc, cit.
mathyl= : gnﬁ tmS~=acetyl- ¢ and :
furan $ AlClg ~ tfuran :Burtper 3
' ] T ‘ T (14) ¢
Kethyl t{CH;C0),0  :Methyl 5~  1Gilman
S-methyl 3 and methylmd~ ¢ and 4
2-furcate & Sn€l, tacetyleie :Calloway:
$ o sfurcate 3 H
I« with aliphatiec Lerivatives.

The preparation of g-substituted furans by ring closure
is by far the most fruitful method of synthesls, since only in
this manner can many of the simnler types of mono- and di-
p-substituted derivatives be prepared. In particular, those
furans containing in the ﬂ'ugﬁgitiﬂna such groups as c¢arboxyl,
alkyl, aryl and hydroxyl, which may be indirectly synthesized
only with difficulty by substitution of « -substituted furans,

13, Reichstein, acta., 13, 545 (1930}.




may be prepared with sase directly by ring cleosure methods.

Hing closure reactions may be divided into four groups
as follows: |

A. Denary Synthesis

B. Diketone Synthesis

Ce Coumalic Acid Synthesis

e Hisecellansous
1% will be noted from their mechanisms that, althoush a variety
of starting materisls may be used, the same genearal course of
reaction is followed by many of these transformations, Znoliza-
tion followed by the loss of water of HX in the presence of a

condensing agent is typical.,

A. Benary Synthesis

oy

The Benary syntheﬁiﬁlﬁ, whieh involves the condensation
of acylacetic estors with reactive halogeno aliphatic ethers,
aldehydes ar»kaiaéa& in the presence of a base, yislds 2-alkyl
ar‘ary1~$*farmie acids. Compounds of this type are of
particular significance., 2e-methyl-i-furocic aecid upon oxidation
'Sy means of bromine yields £,9~ furandiearboxyliec acid, an
- important reference compound in orientation studles, The 2=
furyl~ and 2Z-phenyl furocic acids are admirably suited as start-
ing materials for the preparstion of compounds which should serve

to throw light on the stereo or spatisl configuration of furan

15, Benary, Ber., 44, 496 {(1911). See also Plancher and Albini,

Atti, acad. Lineei, /5/ 1, I, 59 (1904); Natterer, M,
5, 491 (1884)
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of ammonia in ether sclution to form ethyl 2-methyl

~S=furocate,

If dichlorcethyl ether is used in this synthesis, obviously

the reactionm must be carried out in agqueous solution. When

the halogenated aldehydes or ketones are employed, anhydrous

conditions musi be maintained using sther as a solvent and

gaseous amﬁanié as the condensing agaﬁ%. The following

/9~sub$titﬁ%aé fursns have bﬁén prepared. by this method of

synthesgis:
TABLE VI
B ¢ Reagents : ik :
Jource ¢ ~ Used : Product 2 Worker i Reference
I : ‘ i 5} 1 I
Bthyl tDichloro~  3Bthyl 2~ :Benary :Ber., 44, 493 (1911)
aceto- sethyl ether imethyl«d~-~ H '
goetate tend NH.OH  :furcete % 3
C & (17) ¢
- Bthyl iDichloro- 12thyl 2« :Gilman, (Reec, trav. chim.,
acetow- tethyl ether tmethyl-S-~ iBurtmer :31, 407, (1952
acetate 1and MalH sfurocate ¢ &nd H
3 3 :Smith :
‘ ) 3 T s (18] &
Ethyl 8- i(Dichloro~ 18thyl 2,2'=-:1Kondo H
furoyl- tethyl ether furyl-3- + and Hs
acetate sand HH,CH sfureats tSuzuki ¢
: " "t {181 1
Ethyl 2« 3iDichlore iBthyl 2,8'~:Gilman
furoyl- tethyl ether (furylel- 3 and is
SSeetate  tand HaOH =~ sfurocats tBurtnery @
KEthyl tDichloro- 1Ethyl 2~ iFajita id
benzoyl~ sethyl ether iphenyled- $
agcetats tand HNH,OH sfuroate : :
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TABLE VI {Cont'd.)

- : Reagenis 2 H
Source i Used i Product ﬁ?rrar : Beference
- t - 3 s L18) s
Ethyl :Dichloro- $Ethyl 8« $Gilman $loc. clt.
benzoyl« stethyl ether iphenyl-d~ 3 and :
agetate  tend NaCH ifurocate iBurtner :
i : : - Q
Ethyl .Ghicra— - $Bthyl &~ ;Flanch&rgisc. cit.
aceto=- tacetaldenhydeimethyl«3~- @  and 4
agetate rand ﬁﬁ, ifuroate »ﬁlbiﬂii :
o 3 : ____ililatterer:
: : s (15
Bthyl iChloro~ tEthyl 2,4~ *Plana&ar&Lec, cits
acsto- :aeaten@ ‘&imathylnén' and $

tAlbini 3

. S ”ﬁ‘i ) i
lsopropyl :Eiehlamw tBthyl 2=~ :Reichswhrlelv, chim, acla.,
aeeto~ tethyl ether iisopropyl- iischokkegdlS, 1 Yo

.acetate  iand NH, ifuroate

acetate sand NaOH t&~furcate i(Gehring ¢
b H s and H
2 : iRona 3

It is worthy of mention at this point that in those syntheses
where dichloroethyl ether is used with aqueous ammonia as a
condensing agent & considerable portion of the yield consists

of the corresponding pyrrol derivative., In some cases the
separstion of the furan from the pyrrol derivative is inefficient
and tedious. To circumvent this diffieulty aguecus alkall was
substituted as the condensing agent in whieh instance no pyrrol
gompounds are formed. Reeently, sahnaﬂngg has shown that

squeons pyridine may be used in the preparstion of ethyl 2«
methyl-Se-furoate, By this method he obtained yields of 60-85%,

which is comsiderably higher than any hitherte reported, Ho

22, Private communication from Dr. J. R. Johnson to G. F. @right.
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pyrrol derivative was formed in this case. Whether aqueous
pyridine may be generally spplied to the preparation of reslated
types of compounds is yei to be determined.

A related method of ring elosure, which by virtue of its
mechanism is essentially & Benary synthesis, was devised by
?@iataﬁ and improved by geiéhgteing&; Ethyl acetonedicarboxyw
late and chluraﬁataﬁe aré aanééﬁseﬁ under anhydrous conditions
with gaseous amwonia 1o form athy&¥4wm@thylwﬁacarhestﬁaxy~2~
furylaaetatenylus a small amount of the corresponding pyrrol

derivative, The meohesnism Tollows:

O00CaHy  OO0C,Hy -

‘ﬁg §§¢:::::;;;é;? /gﬂi, HHg ﬂgin‘fgmggegggé -
“ﬂ’ pUE O _L” R ] > owly = 2l GUDL, ™
: H, . Clof o '

He :

!

CHg »C~CHgC1
0

This synthesis is important, since the substituted ethyl furyle
acetate thus formed serves as the starting material for the
preperation of a number of the simpler (3 -substituted furﬁnszé.
It would be of intersst to determine whether mono- « ~halogeno=
ketones of the general type

R - g«ﬁgaﬁl Bt
may be substituted for chloracetone in this reaction. If

24, Reichstein and Zschokke, Helv. chim, acta., 14, 1270 (1931).
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this proves to be possible, the utility of this mat#aﬁ of ayne-
thesis would be extended considerably, Reiahat@ingbraeently
reported the reaction between ethyl aaatansﬁicarhexylata and
~chloreethyl methyl ketone in the presence of gaseous ammonia
to yield ethyl 4,5~dimethyl~O=carboethoxy~2«~furylacetate. He
also showed that =-chloromethyl ethyl ketone reacts in =
similar manner with the formation of ethyl 4-ethyl-Uecarbo-

26
ethoxy~2-furylacetate .

This method of ring closure synthesis invelves the
elimination of water from ~diketones by means of such de-
hydrating agents as sulfurie acid, hydrogen chlorids, zine

chloride, ete, according to the mechanism

 GOOET  GOQBT J0OET  GOOBT -H,O |
3 Hof o g
a H - RG GRY
4]

The R groups may be alkyl, aryl or mnixed groups. In some cascs
the diketone éﬁﬁt&iﬁs only one earboethoxyl group in which
instance the corresponding ~monobasic ac¢id derivative is formed.
Among the more common starting materials are the diketo-
suceinic acid derivatives, The sodium salts of acylacetic esters
are condensed by means of hfmmin@ or iodine to form the desired
aikﬁtane, from which water is then eliminated yielding & tetra~

26. Reichstein and Grussner, Helv. chim, sgta., 16, 28 (lﬂaﬁl‘
26. Reichstein and Grussner, Helv, chim,. acta., 1@ 6 (1955}
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or in some cases a trisubstituted furan depending upon the

nature of the diketone and the method of dehydration employed.

TABLE VII

sPehydrating: 3 3 ,
Source ¢ Apent  t Produet _ : Worker : Reference
: : Tt (27 ¢
Liaceto~ :Conc, iblethyl 2,5«iKnorr tBer., 1
suceinie fsulfuriec  tdimethyl-2, 12865 (T%B%)
ester : t4-furandi- 3
H ‘ .agrbogxlata : e i
H ‘ : 28 :
Diaceto~ Dil. *2 +5~d imethyl tHarrow zﬁggﬁ, éﬁl
succinic isulfuric  i=b, ya=furan- @ ;145 (1880)
ester 4 ;éie&rﬁsxylic. H
H tacid : H
t; H gnd : $
: 1Ethyl 2,5~ 3
3 sdimethyl-O=- § H
H ifuroate t H
' ' s {29 s
Dibenzoyl-iConc. iDisthyl 2,0~i1Perkin :Ber., 17
sugcinic isulfurie tdiphenyl i apd 59 (183&5
gster H 18 d~Turan- ‘E&eyar 3
' t ,.éiaarbax§§§ 3
B t *z [30] ¢ .
Dioxal-  3Dil. '?zi&thyl 2, :tSutter {(a):4nn., 499,
suceinic :sulfurie  :5,4-furan- ! $47 (19327
ester H *ariaarbaxyw H :
3 ul&‘sﬂ 3 — 4
' % ' 2 {Bl) :
Diozal~ iCong. 'Tetraethyl tReichstefn :Hel:
sucelnic ssulfuric ifurantetra~ :Grussner si6,
aster 2 :earhaxylata s8chindler:
R : © 3 and :
H H H :
~Acetyl- 3ﬁdﬂﬁ¢ $Bthyl e :ﬁaiahﬁ@ﬁﬁ‘&ae. cit.
~§rcawnglzaalfuria tethyle=Re t and H
~proplonics sgethyl-8-  (Grussner
acid : tfuroate : H

{a] Sutter belisved that his product was the 2,3 ,5-furan-
tricarboxylic seid derivative. Later Reichstein
[ Helv. chim, seta., 16, 555 {1933) 7 proved it to be
the 2, 3*4”&8?&?&3i?&« '
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TABLE VII {(Conttd.)

) T hyérating* ) S
Source 3 Agent ¢ Product 3 VWorker : Reference
o Tt o (82) s
Ethyl , *,&anc, $2,4,5-Tri- :ﬂ&iahst&ﬁaﬂﬁﬁlv. chim, acta.,
discato~ ssulfuric tmethyl=d= :Z8chokke 9
butyrate 3 sfureoic acid ¢  and
1 $ ‘ i1Syz

A related type of diketone synthesis depends on the
elimination of water from coupling products of sodium aeylascetic

asters and halogenoaldehydss and ketonss.

1&~c~¢«c@@m R«—ewqxur:aew E’I‘OOC 8 |
 GHy __, [ GH -R*
¢"®
af‘

l
[}
o
i

Sbviaualy, whan R* is a hydrogen atom, the resulting product
will be a 2-~a8lkyl or aryleb-furoic acid derivative. However,
all attempts to effect a condensation in which R is avhydrogan
atom have failed, probably due to the peculiarities of formyl-
acetic ast&rﬁﬁt

The following ring closure reactions of this typse have

been describsd:
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, 58 40
butyl furan <« Allen znd Rosener treated a number of sub-

stituted ascylstyrenes with hydrogen bromide to obtain compounds

Ir -
g3

in which R may be phenyl, p-tolyl, o~xylyl, p-anlsyl, péahlero«

of the type

phenyl, awchierawﬁumathylghanyi and pwbrﬁmayhaﬁyl. Allen and
Bric’ig&s&“’ heated 7 -bromo=7 -nitro-7 -phenylbutyrophenone with
agetic acid obtaining 2,5mﬁiphaﬁyluﬁabrom@fﬁraﬁ 218 2,5«-diphenyl-
Sy4-dibromofuran. Allen and H@rmaamég also prepared 2,8,5=-tri~
§ﬁeayluﬁwbr§mafur&n by treasting desylsocetophenone with bromine.
At the Spring meeting of the asmerican Chemieal Sceiety (1935)
Lutz and Taylor reported the formetion of 2,5~diphenyl-& 4=
dimethylfuran from thé reduction and dehydration of 4i /trimethyl-
benzoyi/~dimethyl-ethylene.

- It must be noted that, although the structures of these
polyphenylfurens are probably correct,; thelr furanic structures

remain to be estabvlished.

Synthesis

Coumalie Aoi

This third general c¢lass of ring closure reactions for the
preparation affgnsubgtituted furans is rether narrow in scops as
Am. Chem. Soc., 49, 2110 (1927).

J, Am, Chem. 50C., bl, »151 (1929).
. Chem, 50G., 51, 5591 (1929).

40. Allen and Rosener, J
4l. Allen and Bridgess,
4&. Allen and Herrmann, J
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yet, only two cases having been reported. However, this synthesis
is of primary importance,since it probably serves as the wmost
suitable approach in the preparation of J-furcic aeid. Starting
with methylbromocoumalate Eaiatéﬁ obtained 2,4~furandicarboxylie

goid as follows:

-Eg //
A 0E  aqe i
HC ¢ = 05 - HC / § -i0H ﬁc~—c ¢ooK HG-C-CO0H
(- KOH T k=0 /> }z ﬁ
CHy 00C=C_ G~Br G W OmiH H H,S0, s
d KG@G —“=*hooc e
H (1)

- He slso treated dimethylcecumalie aecid with aguesous bromine to

44 o
obtain 2Z,4-dimethyl-d-furolic acid . :

H/H - o
0,70 d 0
QH; G b*@ (4113 G C’*i} !'{}U; ’wﬁs - - O=UUGUH
I — | —_— " I
HOQCC, CH. HOOC-C C OH =iig O HC GCHg
{7" . 3/’ : \{}/ ( 2 )
CHg CH, ,

It is evident that the presence of the methyl groups in the
ﬁimethyléoamalia acid afrécts'th& C~H linkage of thed ~carbon
atom, undoubtedly rendering it more lsbile. In any event the
course of ring scission and subseguent closure appears to bhe
different in these two reactions., When dimethylbromocoumalate
is treated with aquecus alkali, a reaction ocecurs but the

4%, Felst, Ber., 54, 1993 {(1901).
44, Feist, Ber., £6, 759 (1893).



expeoied 2,4-dimethyl~2,5-furaniicarboxylie acid is not formsd.
By analogy with reaction {(2) coumalic acid on trestment with
agueous bromine should yield S~furoic acid. However, re-
peated attenpts over & wide range of temperature have bheen
unsuaaﬁsgfal%ﬁ. In all @r@b&hility a careful investigation

of ring scission in the pyrone series would shed light on

this situation and possibly extend the utility of this method

of synthesise

Under this caption there appears a variety of transforma-
tions resulting in the formation of B -substituted furans,
which cannot a8 yet be classified as general reactions. In
sgveral of the cases cited in the asccompanying table the
reaction mechanisms are 3a§,elsafig understood, and reasonable
doubt may be raised as to whether these compounds eontain the

furan nucleus.

45. This thesis, page 44,



Source : : Worker : Refersnce
, ‘ : 3 ' + ¢ 1467 s
Benzil and:&anﬁsnsati&a,'ﬁiathyl ,4.ﬁinaberg :Ber.,
diethyl @ by i~diphenyl= 3 15474 (i”iz)
diglycolate: NaOCgHg :12,5=furen~ H
H tdicarboxy- 3 H
H tlate i H
H : ¥z H
Dimethyl 1(Condensation ‘Diaﬁhyl Seds 3
oxelate : by :«ﬁimathaxynz 3
and i HaOCHg - S~furan« % $
diethyl : iaarﬂax§~ s 53
diglycolate :;g e T57) H
: B H 4 H
Bthyl :6&&&&&3&%133 *Eymethyl~$m:?ittig sBer.,
ace to= 3 toarbeethoxy: 15526 (fﬁsﬁi
scetate ¢ tﬁﬁaﬁaj g s=B=furyl- 1 sinn., 250
and sodium: tacetic aaiﬁ% =T§§”(l§§§;
suceinate 3 : H
f ) zfaiiéaf 3 )
Ethyl tDehydration i(2-methyl-B-ifittig ;ﬁnﬁ.; 250,
aceto~ : by jcarboethoxy: and 1197 (1888
acetate 1 {CHaCO)a0 1~S-furyl- -tDietzel : ~
and sodium: ipropionie ¢ :
methyl- H sgoid H 3
succinate 3 $ H , :
B $ . : (49] ¢
Pyruvie  iBarium 1R, bmdi~ tBottinger tAnn., 172
acid ingaroxide  imSthyl-- 248 (1873)
3 H : ,
: ‘ T (B0)] %
Tartaric i1Dry ¢2 D~di= tWislicenus:inn., 146
ecid ’diatillati&n z%ethylné* H and 1208 {1868}
4 ifurcic : i L
Dypnone *b@hyéxaganan *E,&*ﬁim 1Engler :E@r,,{gé,
:tion by means:ivhenylfuran: and 11444 (1893)
sof nitro- H ,Denglﬁr H
_tbenzene i E :
; H P % % (53; H
‘Methyl 5~ iHydrogen siethyl 5- :Votadek  :Collegtion
keto~- - tehlorids imathyls=d- and :Czechoslov.
smethoxy«~2~ tMealachtia 'Sham. Laﬁmuniaa—

rhamonate 1
[ 3
o

+ Puran structure not proven.

a Pittig and Dietzel supposed thls compound to

trimethyl=-S=furoate,
by Reichastein and his ee~wmrke¥s

be ethyl

2,5,4m

This was shown to bs erronsous
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Hinsberg's synthesis of the dihydroxyfuran derivative is

worthy of note because of its relationship to ascorbic acid.
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EXPERIMENTAL PART

%

=pimethylfuran and its Derivetives

At the time when this study was initiated there appeared
tﬂlba some doubt as to whether 2,8-dimethylfuran was a true
furan derivative. It was known that this compound was
extremely sensitive toward minersal acids and alkalies and that
it underwent hydrolysis with une ommon s8ase ta‘fﬁrmkaeataﬁyl-
acetone., Since thess properties prevented the degradation of
dimethylfuran to a known fursn derivative, it was necessary to

determine 1ts stiructure by symthesis from starting materials

of known fursn origin.

Although H&ichstainlg

had slready effected this resction,
it was necessary to check it in order to obtain a sample for
comparative purposes. The hydrazons of the aldehyds was
prepared in the customary manner from 12.6 g. (0.1l mole) of
methylifurfural and 11.0 g. {0.22 mole} of hydrazine hydrate.
Upon traatmant with selid potassium hydroxide the dimsthylfuran
. distilled over at 94°, which was then dried over calcium
chloride and redistilled, collecting the product boiling at
91-92°. The yield was 10 g. or 94.4% of the theoretical.

A solution of 10 g. (0.104 mole) of the above dimethyl-

furan in 80 ec. of ethanol was added t® the mercurating solution

+ For related studies see Gilmen and Burtner (3).
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prepared from 27.1 g. (0.1 mole) of mercurie chloride, 16.4 Z.
{0.2 mole) of anhydrous sodlum acetate and 500 cc. of water.
Praeigitstiaﬁ begen within one minute and, after stirring for
two days, the reaction was complete, The crude product, svidently
a complex of the type described by Gilman and %rigﬁt?, was
fil%@r@é out and refluxed with 200 cec. of ethanol for two hours,
The chilled Tiltrate yielded 12 g. (%3%) of a pale yellow
erystalline solid melting at l@%wl&@ﬁz

Ansl. Calc'd. for C,H.00lHgt Hg, 60.6. Found: Hg, 60.14
A mized melting point with’ﬁha mercurial prepared in the seme

manner from the commercial product showed no depressions

%«@etﬁyléﬁﬂrﬂzylmagnésium iodide was prepared from S=
methylfuran through the mercurial according to¢ the dirsctions
of Gilman and @right?, 10,71 g2« (0.C85 mole) of dimethylsulfate
dissolved in 30 ec. of absoclute ether was added dropwise with
stirring at laboratory temperature 1o s salatiaa'mf 0,085 mole
{determined by titration) of the organomagneeium halide under
an stmosphere of nitrogen, After a gentle reflux for thirty
minutes, the reaction mixture still showed a faint color test
for RiMgX. It was then hydrolyzed with dilute ammonium chloride
and extracted with ether, and the ethereal extract washed with
sodium bisulfite solution and finally dried over anhydrous
sodium sulfate, By use of a 50 om., fractionating column, the

ether was carefully distilled off and the residual material
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: trae%iaaaté&, collecting the product boiling at ﬁﬁw?@a. The
monomereurial of this compound was identiocal with that prepared
from the commercial dimethylfuran as well as with that ahtain&é
from the other synthetlc produet, as shown by mixed melting

point determinations.

124 g. (0,87 mole) of 2,5«dimethyl-3~-chloremsrcurifuren
was suspended in 740 co. of water and stirred vigorously during
the slow addition of a sclution of 98.9 g. (0.57 mole) of iodine
and 122.8 g. (0.74 mole] of potassium iodide in 740 se. of water,
After an additional stirring for one hour, the slight excess of
1§éine was reduced with sulfur dioxide and the mixture steanm
distilled from & li~liter ballocn flask. The spicyysmelling
yallow 0il which colleocted in the distillate was removed by
decantation and combined with the ethereal extract of the mother
liguor. After being dried over anhydrous sodium sulfate, the
ether was removed and the residual material fractionated under
an atmosphere of nitrogen, colleciing the portion bolling at
64-64.5°/10 mm. The yield was 5l.4 g. or 58.1% of the
the@retia&l- nﬁgﬁ l1.5888, \é*gﬁ 1.7081.

Anal, Cale'd. for C H,0I: I, 57.81. Found: I, §7.498
About 8 g« of 8 wni$a4§zys%allina‘s$&1ﬁ ramainaé‘iﬁ the distilla~
tion flask whieh after erystallization from acetome melted at
168°. This unidentified product contaiped mercury and was

probably some R,Hg compound carried over during steam distillation.
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In a similar menner 185 g. (0.5 mole) of 2,5~dimethyl 5w
chloromercurifuran in one liter of water was treated with a
solution of 80 g. (0.5 mole) of érﬁmiﬁg and 119 g« (1.0 mole)
_of potassium bromide in 825 cc. of water. Extraction of the
steam distillate yial@e&‘bqt 4 g« of a pale yellow cil boiling
8t 54-56"/27 mm. nngﬁ 1.4421 |

Anal. Cale'd. for C He.0Br: Br, 45.71, Found: Br, 45,60
‘Ko color test was obtained when 2,b~dimethyl-b-bromofuran was
allowed to stand for one week in ether svlution with activated

magnesium.

Attempted Preparation of 2,5-i

Dimathyls3efuroie Acid

8.1 €. (0,05 mole) of sodium 2,5-dimethyl-i«~furoate, 12.7
g+ {0.05 mole) of iodine, 256 g. (0.15 mole) of potassium
iodide and 150 g. of water were heated in a steam autoclave
et approximately 15&@ for one hour. After cooling, the excess
iodine was reduced with sulfur dioxide and the soluticn steam
distilled with no resulit. The agueous reasction mixture was

filtered hot and concentrated to one half i%s volume. 75% of

the original acid was recovered.

This reaction was carried out with the assistance of
Be As Zoallner. 12.1 g. (0.5 mole] of 30-80 mesh magnesium

was placed in a three-necked flask with 33 ec. of ether.
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Twanty drops of the halide were added with s orystal of iocdine,
and, since the reaction 41d not start, a similar portion of the
halide and & small smount of activeted magnesium were then added,
at which point reaction set in, The remaining halide (22 g« or
0.1 mole in all) dissolved in 86 ce. of ether was added dropwise
and the resction mixture then refluxed gently for an additional
thirty minutes, Titration of the filtrate showed an 18% yisld
of RMgX.

Carbonation at ~18° yielded a smell amount of a white
erystalline aecid melting at 135“, which was identified as 2,0~
dimethyl-B~furcic acid by a mixed melting poini determination.
An attempt to prepare the «~naphthalide by treating the Grignard

reagent with -naphthyl isocyanate was unsuccessful,

5¢5 ge {0,028 mole) of 2,b-dimethyl-B-iodofuran dissolved
in 7.5 ecc. of absolute ether was added to 0.58 g. (0.064 mole)
of finely sliced lithium in 7.5 ce. of ether. Afte? a gentle
heating a raaatiaa.sa% in, which appeared to be complete after
being stirrsd for one and aﬁ§~hazf‘hanrs under refiux, The
filtered solution Shﬁﬁﬁé a positive color test and a titration
yield of 66,6%. Carbonation and treatment with« -naphthyl-
isocyanate, however, did noi; visld the expected dimethylfuroie
acid Gr'thegﬁagﬁthﬁliéé, A eheck ran showed similar results.
It has since been demonstrated in this laboratory that colloidal

lithium as well as other reactive metals are espable of giving
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a positive color test. Whether this was the course of resction

in this case has not as yst been absolutely determined.

1. Chlorination

In accordance with the dirsetions of Fischer and 0r%h§3,
845 g+ (0,086 mole) of dimethylfuran was treated in ether solu-
tion at ~5° with 328 g. (0.25 mole) of sulfuryl chloride. Aifter
- hydrolysis with 300 g. of i¢e water the ethereal layer was
decanted off and washed repeatedly with water. The ethereal
sxt?&@% was dried over aédiam sulfate and the solvent removed,
leaving & small amount of unreacted dimethylfuran and s black ;

tarry substance which was intrectable,

2. Bromipation

24 g. {0.25 mole) of dimethylfuran dissolved in 100 oc.
of carbon disulfide was stirred at &5° during the slow addition
of 80 g. (0.5 mole) of bromine. The reaction mixture became
darkly coclored with the @ddition of the first few cc. of
bromine., Stirring was continued at 39 for an hour after the
addition of the bromine, &t which point copious evolution of
hydrogen bromide occurred. The sclvent was then removed under
reduced pressure and the black tarry residue subjected to steam
distillation. The major portion of this material immediately

formed a coke-like mass, although a trace of a yellow oll was

53, Fischer and Orth, Ann., 489, 62 (1931)
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observed in the steam distillate, which was removed by extraetion
and was shown to contain bromine. A4 second run, in which the
reaction time was increased to two hours, yielded a similar
result. Bqually unsatisfagtory results were obtained in an
attenpted bromination by meanavaf a bromine~pyridine complex.

A solution of the p&fiéiﬁamhramiﬁa-aam@lax prepared from 80 g.
(0.5 mole} of bromine and 39.5 g. (0.5 mole} of pyridine in
carbon disulfide and chloroform was added to 24 g. (0.25 mole)

of dimethylfuran in 100 ec. of chloroform. The reaction mixture
was shaken for thres days and then subjected to steam distillae-

' tion resulting in complete deecmposition.

3« Iodination

75 g+ {0.35 mole) of yellow mercuric oxide and 109 g.
(0«43 mole) of iodine were added alternately with constant
shaeking in small portions over a period of twenty minutes 1o
a8 solution of 40.9 g {(0.42 mole) of dimethylfuran in 50 cc.
~of dry benzene contained in a 500 ce. glass-stoppered bottle
immersed in an ice bath, The precipitated mercuric iodidse
was Tiltered out and washed thrice with ether, The filtréte
wag washed with sodium thiosulfete soclution and dried, after
which the solvent was removed under reduced pressure and the

residusl material steam distilled with complete decomposition,

2,5=-Dimethyl-t~Furaldehyde
5 go (04031 mole) of 2,5~dimethylet-furoyl chloride was re~

" duced in the usual manner with hydrogen and palladium-~barium sulfate
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&4
catalyst , Upon completion of the reduction, the catalyst was

Tiltered out and the filtrate shaken with & solution of sodium
bisulfite. After being washed with ether the aguecus solution
éf the bisulfite addition product was itreated with sodium
carbonate until 1t was distinctly aelkaline and then steam
distilled, Hthereal sxtraction of the distillate yisldad 1.8 g.
of the aldehyde boiling at 79°/15 mm. 4s expected this aldehyde
gave a positive Schiff's test but no aniline scetats test. The
hydrazone melted at 145" when erystallized from ethanol,

inal., Cale'd. for Celg0s: C, 67.75; H, 6.45

Found: C, 67,98; H, 6.18

S-Nitrofuran has not been prepared, and it was hoped that
- oxidation of 2,5-dimethyl=3=nitrofuran might yleld S~-nitro=-2,56=
furandicarboxylic acid, which upon decarboxylation would give
ths dsegired nitrofuran.

1 g. {0,007 mole) of 28 5u§imathyla3~nitrafuranf 2 g. of
potassium permanganate and %0 ec. of nitric acid {sp. g., 1.2)
were heated in a sealed tube for elght hours at 150°, The
greater portion of the material was reecoversd unchanged,
althouzh a small amount of a pale yellow solid melting at
158-162° was isolated from the reaction mixture. Owing to the

small amount of this product available 1t is as yet unidentified.

54, Gilman and Burinsr,

39#; éﬁ;, 2903 {1.92353)0
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~&~Furoic Acid

a5 has shown that nitration of L ~Turans

The work of Rinkes"

carboxylie acids is invariably =seccompanied by replacement of

the carboxyl group by a nitro group. It was desired to determine
whether this replacement might be effected withpg -carboxyliec
acids. 17.8 g. (0.127 mole)} of 2,5~dimethyl-i-furoic acid was
added in small portions with stirring at ~10° to the nitrating
mix%&r@ preparad in'tﬁa usyal manneyr from 16 g. {(0.254 mole) of
fuming nitric acid and 46 g‘ of amcetic eanhydride., The addition
of each porticon of the furoie acld was accompanied by noticeable
evoliution of gas and & marked tempsrature rise. ifter being
stirred for an additional thirty minutes, the mixture was

poured into ice water, extracted meveral times with ether, and
the ethereal extract washed with water and dried over sodium
gulfate. Upon removal of solvent there remained about 8 cc. of
a yellow oll which completely decomposed on vacuum distillation,
Large quantities of nitrie oxide were liberated, and a amall
smount of a white orystalline material was collected in the
regoliver. This matarial‘waa washed out with ether and erystalliz-
ed from water in the form of small white needles melting at 227°,

which did not contain nltrogen.

Following the work of &sﬁhinaﬁﬁ

who hes oxidized methyl

55« Rinkes, Reg. trav, chim., 52, 538 {18035},
56, 4sshina, acta Phytochimica, 2, 1 {(1924).




groups in the furan series by means of bromine in the presence
of dirset sunlight, & similar oxidation under more sirenuous
econditions was a%t@m@%éé with the hope of obtaining & tri- or s
tetracarboxyliec acid. 44.8 g. (0.28 mole} of dry bromine was
added dropwise with stirring over & periocd of three hours at
150-155° {(bath temp.) t0 24.9 2. (0,112 mols) of the ester
contained in a 250 co. Garéx three-necked flask. 4 Corex
mereury vapor arce lamp was operated at a ﬁiﬁf&ﬁca of 25 cua

from the reaction flask. The bromine was completely absorbed
‘&t first, accompanied by ?igéreua evolution of hydrogen bromide.
Following the addition of the bromime the mixture was stirred
for %hirty minutes longer at 15&”, after which the excess
bromine and cceluded nya?égan bromide were swept out of the
apperatus by means of a stiream of ér? carbon dioxiddé. The dark
viscous 0il was then refluxed for thirty minutes with 500 ce,. of
water, The ethersal extraci of the chilled hydrolysate yielded
a small amcunt of & erystalline scidie substance which mslted

at 185° after orystallizastion from ethanol. This product cone

tainaé bromine.

Ortho-nitrephthalic acid vpon treatment with mercuric
acetate yields the corresponding nitroanhydro~hydroxymercuri-
benzoie acid, which is then treated with an agueous sclution

of sodium bromide and bromine to form EB«~bromo~C-nitrobenzoie
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57
acid .« Following this procedure a solution of 15 g. {(C.081

mole) of 2,B~dimethyl~3,4~furandicarboxylie acid in 64 ee. of
water eaﬁt&ining Geh go (0.186 mole) of sodium hydroxide was
sdded to & solubtion of 28.5 g« (U.089 mole) of mercuriec
acetate in 56 cc. of water and 4 ¢o. of glacial acetic acid.

A heavy precipltate formsd st -onge. - The reaction mixture was
slowly heated to 170  (bath temp.) and held at this tempsrature
for eight hours. A feeble evolution of carbon dioxide oscurred
during this period. The brown é@li& wag filterasd out from the
chilled reaction mixture and washed several times with water.
The ylsld of dried product was 08 g« Hhen this materisl was
treated in the prescribed manner, the only product isolated was
240=dimethyl=-S~furecic acid, which was evidently formed by

decarboxyiation during the initial heating.

57. Orge. Syn., VII, 1, 12
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+
of Some FFuroic Acids

e

In the course of studies on oricntabtion in the furan
series it became evident that simple mono-g -substituted furans
would lend themselves admirably toward a solution of this
problem. One of the most iﬁ@ﬁrtaat of these compounds was
S=furcic acid, since it not only would undergoe nuclear
| substitution reactions with eass, but also wauiﬂ furnish a
primary reference gompound. 4 numbsr of ring closure reactions
were attempted in the preparation of this compound, only one of

which was succesaful.

1. Reaction of Formylacetic Hster with Bromacetaldehyde

54.5 g« {0425 mole} of sodium formylacetic ester was sus-
pended in 200 ¢c. of absolute ether to which was then added
dropwise with stirring $0.8 g. (0.25 mole) of bromacetaldehyde.
The mixture was gently refluxed with stirring for four hours,
&t whiech point & copious precipitate of sodium bromide had
formed. The solvent was removed from the filtrate under reduced
pressure, leaving a& dark brown oll, which st1ll contained a
small amount of bromacetaldshyde. The product was treated with
an equal volume of fuming hydrochloric acid. After twenty

minutes the nmixture was steam distilled and the distillate

+ For additional information on this subject see Refs. &, 17,
19, 543 Gilmen, Burtner and Smith, J. im, Chem. Soc., BB,

405 (1988) (58) o —
Gilman and Burtner, Je 00., 56, 0000 (1984) (569)

fo ]
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no longer absorbed. The solid material was filtered out and the
filtrate treated with sulfur dioxide to reduce free lodine,
Subsequent to removal of the solvent the residual material was
refluxed with aygraxima%a13<%%n\tima$ its volume of 10% sulfurie
acid for six hours. Theres weeg an insipid evolution of carbon
dioxide. The reaction mixture was then sublscted to steanm
distillation with no result, In the distillation flask there
was formed an amﬁrﬁhau$~&aiéiarﬁabatanaa@ which showed no melte

ing point when hsated on platinum foil,

4. Treatmsnt of Coumalie Aeid with iqueocus Bromine

Agueons bromine reascis smoothly with dlmethylecoumalie
acid to form 2,4~dimethyl-3=furcisc a&iﬁ4§; In order to
determine whether this reaction might be applied in the synthesis
of Z-furocie acid, 14 g. (0.1 mole) of coumalic acld was treated
with an equal weight of bromine ip 100 ce, of water at laboratory
temperature. 3ince no reastlion took plece when the temperature
was ralsed @ﬁ'?@a, the reaction mixture was heated in a sealsd
tube at lﬁﬁﬁ for six hours, The only product cobtained by this

treatment was & small amauﬂt of bromocoumalie acid,

B. Deearboxylation of 2,4~Furendicerboxylic Acid

2,;4-Furandicarboxylic acid prepared by the action of

%1
aqueous potassium hydroxide on methyl bromocoumalate was
o 54, 60
decarboxylated to form 5-furoie aeid in 80% yield .

60, Reichstein and Zschokke,
{1932).
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B1-Bromo=g,2' ~Furyl=s=Tu

This synthesis was earried out with the hope of obtaining
o =bromodifuryl, which should form the corresponding

pound to yisld upon carbonation a difuryl derivative containing
a carboxyl group in a position suitable as a resclving group in
studies on difuryl isomerism.

109.5 g« (0.5 mols) of ethyl S~bromo-2-furoate dissolved
in 164 g. (1.75 mole) of ethyl acetate was added to 28.8 g.
(1.25 mole) of sodium in the form of wire. After the initial
vioclence hed subsided, 22 g. of sthyl acetate was added and the
reaction mixture warmed on a water bath until the sodium had
reacted completely. Upon careful acidification with 10%
hydroehloric acid & dark red oil formed, which was removed by
extraection with ether. After the extract was dried over
anhydrous sodium sulfate, the éalv@nt was distilled off and the
residium fractionated under reduced pressure, collecting the
ethyl §€b:amm»3*fursyiacataﬁa boiling at l%l*i%ﬁ“/@ mm, The
yield was 44.5 2. ar-%&% of "the theoretical. No analysis was
made, but the struecture of this compound was proven by hydrolysis
to the known S-bromo-2~furyl methyl ketone.

240 co. of a 10% solution of sodium hydroxide was added
rapidly with stirring to & solution of 52.28 g. (0.2 mole]} of
ethyl S-bromo-2-furoylacetate and 40 g. (0.28 mole) of dichloro-
ethyl ether at ordinary temperature. St&rring was continued
for five minutes longer and the chilled reaction mixture

‘extracted with ether. Subseguent to the removal of the solvent
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there remained a yellow oll, which was distilled under diminished
pregsure, The 15 g. fraction distilling at E%leﬁﬁaflv o1
melted at 86° and was identified as S=~bromo=g-furyl methyl

kstone by a mixed melting point determinetion. The distillation
residue was refluxed with 0.15 mole of alcoholie potassium
hydroxide for two hours. The alcchol was removed under reduced
pressure and the residue aar@fﬂli@_ﬁaiaifisé to yield a dark
emorphous solid, which after several crystellizations from hot
water melted with decomposition at 166°. The product contained
bromine but was obtained in an amount too small to warrant

further investigation.

biempted Synthesis of ©

~Hethyl-S~Furcic Acid

46,2 g+ (0.5 mole] of chloroacetons was added dropwise with
stirring at laboratory temperature to 69 g. (0.5 mole} of
sodium formylacetic ester suspended in 500 ce. of dry ether.
The mixture was refluxed with stirring for four hours and
then filtered. Qﬂa@antrétiﬁx of the filtrate yielded a white
crystalline solid melting at 138°, which was identified as

triethyl trimesate. Oe-methyl-3-furcic acid has since been
‘ 58 o
synthesized .

This resction was carried out merely to show fthat brome
acetaldehyde was eapable of coupling with the sodium salts of
acylacetiec esters in an orthodox menner and, hence, could be

used in ring eclosure reactions of this type. Sodium ethyl-
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acetoacetate, prepared from ZL.5 g. (0.25 mole) of ethyl aceto-
acetate, and 27 g. (0.22 mole) of bromacetaldehyde were condensed
in the seme manner as above, When worked up by the usual msthod

a small amount of 2-~methyl«-S~furcic acid was obtainsd,

Attempted Nitration of S-Hitro-Z-Hethyl-U-Furoie Acid

In an attempt to replsce a #-carboxyl group by a nitre
group 2 g. {(0.011 mole) of SH-nitro=-Z-methyl«Zefuroic aciélvwas
added at 10° to the nitrating mixture prepared from & g. of
fuming nitrie acid and 6 g« of sulfuric acid, The reaction
mixture wes stirred for thirty minutes, poured onto 200 g.
eracked ilce and then extracted with ether. The athsraél
extract was washed with 107 sodium aﬁrbenaﬁa and dried over
sodium sulfate. MNo produect was obtained when the ether was
evaporated., The sodium cerbonate wash solulion was then

acidified %o yisld 1 g. of unchanged D-nitro~2-methyle~i~furoic

acide

Although Gilmen and ﬁright? ag well as Jehnsmnzg vere
unable to effect the formation of & S-furylmagnesium halide
from any of the ﬂ*hal-@genamra;m, it was desemed advisable to
prepare this naphthalide for idenitifieation purposes in the
event that future attempis in this direction might be more
sucecessful. _

2 g of erude “~furoyl chloride dissolved in 1% oc, of

" benzene was added in small portions with subsequent shaking



- 4B -

to & mixture of 2.5 g. of K ~naphthylanmine, 32 co. of benzene
and 10 ce. of 20% sodium hydroxide. The curdy white precipitate
was filtered out, washed several times with dilute hydrochlorice
acid and recerystallized from ethanol fo a constant melting
point of lﬁzei The yield was epproximately 1 g.

Anal. Calc'd. for C,eH,,0.H: O, 75.95; H, 4.64
Found: C, 76.08; H, 4.47.
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I1I. Study of Furandicarboxylie iAcids

Ubservations made concerning the experimental conditions
for substitution of the furandicarboxylie acids in that vhich
follows lond added support to an hypothesis which may be
applied to furan nuclear substitution remctiocns in general,
Using the simple dibasie acids as an example let us make the
following assumptions: |

1. The carbon atoms as well as the oxygen atom lie in

the same Dlane.

2. A two dimensional figure representing the furan

nucleus 1is shown 65 below.

sy

———9Gmﬁ

From the spatial relationships 1{ may be seen that the
distence between carbon atoms {(2) and (5) is the greatest,
betwean (3) and (5) the next greatest, ete., with that between
{Z) and (4) the least, PFrom the laws of electrostatics it is
known that like charges repel and unlike charges atiract.
Hence, if a negative group is to be introduced into an already
negatively substituted nucleus, the more remote the position
which ean be essumed by the entering group from the negative

group in place, the greater the ease of reaction. Conversely,
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as this distance diminishes, the difficulty of substitution
inereases, thus demanding more strenuous ceconditions, such as
elevated temperature, Increased concentration ete., until
fiﬁﬁllylthé point is reached where substitution virtually be~
comes impossible dus to breakdown of the reactants. Bearing
in mind thatéimsubatitntiaﬁ,whara possible is always preferential
to B-substitution, let us examine the fects at ocur disposal
concerning substitution of the simple Turendicarboxylic acids.

In the cass of 2,5~furandicarboxylic acid it is found
zhat, in spite of numerous attempts in which a wide variety of
~§amditigas of temperature and pressure have been employed, no
example of direct nuelear hydrogen substitution has been r&perteé+.
This fact is in accord with ﬁhﬁ theory, since any enitering
negative group must assume a position directly adjacent to a
negative group already present. To effect ﬁﬁG§ a reaction would
require a definite amount of energy to bring the two negative
groups together. Another opposing factor to such a substitution
resction lies in the fact that both «~positions are blocked.
- It is pot at all unreasonable to suppose that the required amount
of energy is of a greater megnitude than that avallable under
conditions tolerable to nuclear furan substitution. If it were
possible to introduce directly a positive group, such a reaction
shonld go with rolative ease, but, unfortunatsly, no definite
case of direct substitution of such & nature is availabdle in

furan chemistry to date,

+ Hee refersnce {11) for a polychloraddition product,
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Considering next the 9,4~furandicarboxylic acid, we find
practieally the same spatiszl relationships concerning conditions
for substitution, with the important exeeption that the
K -positions are open. The latter fact should facilitate substitu~
tion to some extent, since it r@liévas one of the opposing forces
encountered in the case of 8,5~fur&nﬁiaarhax?li@ acid. However,
it is to be expected that the entrance of a negative group
would procsed with great difficuldys. Such indeed was found %o
be the case. In unpublished work by ¥Willard Hirkpatrick as
well as by the author a number of attempied nitrations were
¢arried out using a wide range of severiiy of experimental condi-
tions. Either no reaction occurred or the furan nucleus was
ruptured by oxidation pesuliing in the formation of oxalic
acid, In the case of helogenation, where more sirenuous
gonditions may be employed without sccompanying breakdown of
the resctants, the dimethyl ester was found to undergo bromina-
tion in a sealed tubes at 1&&“ in the absence of & sclvent.

A similar situation is encountered with 2Z,4«furandicarhoxy-
lic acid. The greatest distance beltween the negative group
élraaﬁy'gres@nt and the aa;ariag-aagativ& group is still of the
game magnitude, according to the dlagram. ILikewise sn
X -position is vavant. Thus, it would be predicted that
approximately the s&me‘yaaéibility of substitution exists as
with the 3,4-furandicerboxylic acid. 3Such has been found to be
the case as regards halogenation, sulfonation and nitration.

Turning our attention now to 2,3-furandicarboxylic ascid,
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we Find eanﬂiﬁian& for substitution more favorable., Here, the
distance between the position assumed by the entering negative
group and that slresdy present in the nucleus is considerably
greater than in the previously cited cases, namely &.5 as
compared to 2. On this basis substitution should proceed with
far greater oese than with the other isomers. Agein we find the
-facts in etriking accord with the theory. Hitration was effected
in 68% yleld with ease im acetic anhydride at =15 to -10°.
Likewise, the dimethyl ester underwsnt bromination readily in
a relatively dilute eﬁl@r@férm solution at 15° to 20°, Tempsrature
control by means of an ice bath was necessary in the latier ocase.
Almost identical conditions for substitution were observed in
the case of 4-mothyl-2,8~-furandicarboxylic ﬁciéﬁg, althoush 1t
may bhe argued that the m@thyl group exerts a labllizing or
activating influsnes in this exanmple. |

Another less direct source of evidence in favor of the
propesed confizuration of the fursn nucleus is found in a

comparison of the melting points of the several furandicarboxylie

COOH HOOC QGE
HOGC ool Eﬁ&ﬁ[;]

>5E80° - 266° 2 217°

acids.

From these facts one may conclude that the greater the distance
between the earboxyl groups, the higher the melting point. The
same generalizetion applies to the phthallice acids.
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COH

COCH

about 200° 184

If there is any merit in this generality, then the distance
between carbon atoms (2) and (4) in the furan nuclsus could
not be greater than that between (2) and {5}, as is demanded
by the struciure commonly written.

5%111 ancother observation in the same direction is found
in a comparison of water sclubilities. V¥hen arrangsed in the
order of increasing solubility, the furandicerboxylie ascids

appear as follows:
COOH JOOH HOoU@ SUGH

HCOO OUH HOOC COOH

water solubility iﬁcraaaeg

Again the anslogy applies to the phthalie acids.

CH QUH COUH
CUUH

o

COUH
O0H

{solubilities in g./100 z. water at 25°C.)

Guantitative studies of anhydride formation and sterie
hindrance effects should shed considerabls light on this

situstion.



Attempted Nitration of 2, 4-Furandicarboxylie ascid

3.1 g+ (0.02 mole) of the ary acid was added in portions
with stirring at ~10° tevtbe nitrating mixture prepared from
7¢% ge (0all mole} of fuming nitriec acid and 15.7 g. of acetie
anhydride, After one hour the resction mixture wes poured
upon 100 g. of eracked lce snd filtered. The dried precipitate,
which consisted of unreacted dibasic acid, weighed 2 g, Concentra-
tion of the filtrate yielded an additional 1 g. Check runs
showed similar resulis.

Gel 2. {0.02 mole} of 2,%~furandicarbox§lia acid was
added in small portions with stirring to 15 g. of 20% fuming
sulfurie ecid at +10°, After ome hour the reaction mixture was
allowed to stand overnight at laboratory temperature., 18 g.
of fuming nitric acid was then added slowly with stirring at
5~18“ and the stirring continued for one hour longer. HNo
product was isolated when the reaction mixture waes noured onto
ice and concentrated under reduced pressure.

Hitration of the dimethyl- and ithe monomethyl ester of
2,4~Turandicarboxylie acid under the conditions previously

deseribed yielﬁed aqually discouraging resulis.

Attempted Bromination of 2,4-Furandicarboxviie Acid

12.0 g. {0.075 mole)} of bromine was added dropwiss with
stirring to a solution of 7.8 g« (0.05 mole) of the dibvasiec
acid in B0 cc. of glacial ascetic acid at 5°. 'The temperature

was allowed to rise to 15° and stirring continu=d for an
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additional half hour. W¥When worked up in the usual manner,
practically a guantitative rscovery of the original material
was Obtained. ‘These results were checked by B. W, Smith, who
later was able to braminate the dimethyl ester in a sealed tube

5

o 04
at 160 .

A New Synthesis of é—ﬁ&ﬁ%ﬁ}#ﬁ&?ﬁrﬁiﬁ ﬁﬂiﬁ y

- It was hoped that this method might be one whiech wnulé”f

require fewer siteps and & less involved procedure than that
of E@i@ha%ﬁing + However, the over all yield of methyl furoie
acid was insufficient to warrant the use of this synthesis as
a method of preparation. The following sequence of reactions
was carried out: U 4-furandicarboxylie mcid - Z~carbomethoxy-
4~furcic acid -> $~earbamﬁth¢xy»4~farayl chiloride =» &=
carbome thoxy-s~furaldehyde -» I-carboxy-4~furaldehydea -» o=
carboxy-4~furaldehyvde hydrazone -» 4~methyl-oc~furcic acid.

16 g. (Gl mole) of ¥,4-furandicarboxylic acid, 45 g
{1.4 mole) of methyl aleohol and %0 g. of concentrated sulfurie
acid were heated with stirring at 100° (bath temp.) Tor one hour.
The mixture was then poured upon 100 g. of cracked ice and
worked up in the customary manner o yisld 17.5 g. of the
erude monomethyl ester, which after crystallization f{rom methanol
melted at 122°.

17 g+ {0.1 mole] of $~carbomethoxy~4-furoic acid and
£5.8 2+ (0.2 mole) of thionyl chloride were gently refluxed

for nine hours. After removal of the exocess thionyl chloride,
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the residue was distilled under reduced pressure, collecting
the product boiling at 115-118°/2 mm. The yield was 11.9 g.
or 70% of the theoretical.

5 g. of the above scid chloride, 2 g. of pelladium~
barium sulfate catalyst and 25 ce. of xylene were used in this
reduction. At the end of three E@ara the reaction was complete,
and after removal of the xylepne there remained 4«5 cc. of a dark
oll, which was hydrolyzed directly to the acid by means of 6 H
hydrochloriec acid, The ethereal extract of the chilled hydroly~
sate was dried and the solvent distilled off, leaving 3 g. of
& yellow erystalline solid, which after crystallization from
- water melted at 19?Q with decomposition. This product gave
a positive Schiff's test but no aniline scetate color reaction,

5.5 ge (0.04 mole) of the aldshyde acid im 16 ece, of
methanol was treated with 5 g. {0.1 mole) of hydrazine hydrate
at ~-15°, Aifter standing for one and one-half hours, the mixture
wags warmed in & watsr bath fo 75° for a few minutss, then c¢hilled
and fil%ére&. The air dried product weighed 3.5 g. After
erystallization from water the product was a pale yellow mierow-
cerystalline powder melting at Eﬁﬁﬁ with &aaamyﬁaitiaﬁt

The S~carboxy-4-fursldehyde hydrazone was heated with
potassium hydroxide to give a small anount of an scid, which
after several vacuum sublimations melted at 138%. 4 mixed
melting point with an authentic specimen of 4~methyl=-o~furoie
acid prepared by Helehstein's method showed no depression.

It should be mentioned at this point that H. R. Kelorkle
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and the author have found it umecessary to separate the ethyl
4-methyl-d=carboethoxy~2~-furylacetate from the corregponding
pyrrol derivative by the tedious process of steam distillation,
a8 reported by Relchstein in his synthesis of 4~methyled-

furcic acid, An efficient separation of this mixture may he
effected by cne fractiopation under reduced pressure. The latier

method not only simplifies the manipulation, but aslso inoreases

the yvield about 15%

54
In addition to the method previocusly cited , the decarboxy-

lation of this compound has been effected in several other ways.

First, 4.85 g+ (0.025 mole] of monopotassium 2,4~furan~
dicarboxylate was heated in a sealed tube at Eaﬁﬁ for three
hours. Since on opening the tube no gas evoiution was notice=-
able, the contents were transferred to a large test tube and
heated to approximately %ﬁ&a in a wetal bath, at whieh tempera-
ture carbon dioxide was liberated, Heating was continued until
gas evolution had ceased. Aboubt 0.5 z. of O~furcie acid was
removed from the upper part of the tube, The residue upon
acidification vielded & smell amount of the original dibasie
acid,

1.5 g« of the monomethyl ester of 2,4~furandicarboxylie
acid, 5 g. of quinoline and 1 g. of copper-bronze were heated
in a sidearmed-test tube at 180° in a metal bath, et which point

evolution of carbon dioxide began. The temperature was gradually
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raised to 190-195° and held there until gas evolution was com=
yla:a‘ A Tew drops of a light yellow oil had collected in the
rﬁéeivar during this period. The quinoline wﬁa then distilled
over and the ehilled distillate sarefully acidified with 10%
ﬁy@r@aﬁlarié acid., Upon removal of the solvent from the dried
ethereal sxtraci, there remained a smsll quantity of a fragrant
yellow oil, which was gently refluxed with 5 cc. of 25%
alooholic potassium hydroxide for two hours. The alcohol was
distilled off and the residue acidified to yleld 0.15 g. of I-
furcic acid melting at 136“. This experiment slso proved

that half-saponification of the esters of « , f~-furandicarboxylic
acids affects only the «CUOUR group in the «-position,

According to the dir&éti&ﬁa\of«&ilman and ﬁright?, 20 g»
{G,ll‘ﬁale) of Z.,4-furandicarboxylie acid and 29.8 g« (0,11
mole) of mercuriec chloride in 80 ﬁe,haf ﬁat@r were refluxed for
one hour, agaemyaniad’hy a feoble evolution of cerbon dioxide.
44 ce. of 10% sodium hydroxide (0.11 mole) was added and heating
continued. This treatment greatly increased the rate of
decarboxylation. After four hours gas evolution had ceased,
whereupon the chilled reaction mixiure was filtered. The
filtrate was then acidified, saturated with hydrogen sulfids,
heated to boiling and filtered. The ethereal extract of the
chilled filtrate contained 4 g. (52.4%) of B-furoic acid melt-

inz at 120°.

S=lodo~mluroic Acid

15,6 g. (0.1 mole) of 2,4~furandicarboxylic acid was converted
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to the disodium salt and heated in a steam autoclave at 150°
for one hour with 50.8 g. (0.2 mole) of iodine, 90 g. of
potassium iodide and 200 cg. of water.ﬁl, o2 After standing
for twelve hours the unreacted iodine was reduced with
sulfur dioxide, whereupon a yellow cerysialline acid precipitate
ed, melting at 164 . Crystallization from 20% scetic acid
produced a pure white product, M.P. 167.5°. The yield was 5.2
2z, or 24% of the theoretical,

asnal. Cale'd. For CgHzOgl: I, 535.56. Found: I, 55.18

U ge of Seiodo-i-furcic acid, & g, of zine dust, 10.5 g.
of ammoniunm chloride and 30 g. of water were gently refluxed
for twelve hours. The reaction mixture was worked uwp in the
usual manner to yisld 1.2 g. (85%) of &~furoie acid melting
at 122° A mized melting point determination with an authentie

sample gave no depresslion.

Attempted Preparaticn of $~Ilodo-~i-Furoic Acid

In the same manner 16.1 2+ (0«1l mole) of &,4~furan-
dicarboxylic acid wes converted to the disodium sali and
autoclaved with 56 g. (0.28 mole) of iodine, 786 g. of
potassium iodide and 200 cc. of water. The iodine was reduced
‘as before and the precinitated material erystallized lrom
water to yvield 12.5 g. of the unchanged dibasic acid melting
at 214°,

6l. Phelps and Hale, Am. Chem, J., “5, é&ﬁ (1991)

62+ Gilman, Mallory and Wrishit, ¢
753 (1932).




2,5=furandicarboxylic¢ acild readily undergoes replacement
of the carboxyl groups by ilodine. 2,4-furandicarboxylic acid
likewise yields its «-carboxyl group tc replacement. Howewer,
the 3,4~Turandicarboxylie acid and the 2,0«~dimethyl-d-furcie
acid 4o not undersge this reaction. The lattér case may he

gconsidered as & critical test, since the methyl groups tend to

activate other substituents within the molscule. Therefore, it

mey be concluded that this replacemsnt is specifice for

K=garboxyl groups only.

g@yr@vegugirggtiaas for the Preparation of £,8-Furandicarboxylic

Acid
o6 ;
Asanins has reported the preparation of this compound
by the oxidation of Z-methyleSefuroyl chloride by means of

bromine in the presence of dirsct sunlisht. The nst yisld

of 2,4~furandicarboxylic acid in this case was lﬁ‘5§; The course

of resaction is evidently as follows:

Goc1 B COOH COCH
[;]ﬁ H H
CBr GOH C=0
s001 Br HCH X oH HeU >
—— —

2 Brs
[;]cﬁs - r + + }
L GoC1 COoH COCH
q , H 1
srl JoBr sel Joon | grl JG=0
Y By ol |

J : -~ J

COCH |
GOOH

* g
COCH

Br gooH |
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The improved directions involve the same proportions of
starting materials, using & Corex mercury vapor arc lamp &s a
source of 1lluminstion instesd of direct sunlight. In this
manner 40 go (0.25 mole) of &ry bromine was added dropwise
with stirring at 130-135" (bath temp.) over a period of four
hours to 19 g. (0.15 mole) of Z-methyl-3=furoyl chloride
contained in a 250 ec. Corex threse-necked Tlask Citted with
an efficient condenser. After hydrolysis and oxidation by
meang of silver oxide in the prescribed manner, there was
cbtained 20 g. of the mixed acids,

Reduction by means of zinc dust and ﬁilat& ammonium
hydroxide rather than smmonium chloride was found to be more
reliable. Accordingly, 20 g. of the mixed acids was treated
separately in 5 g. portions with an equal weight on zinc dust
and 100 g. of ammonium hydroxide (SD. G.y U.975}. It was
necessary to add more ammonium hydroxide from time to time in
er&er'tﬁ keep the reaction mixture strongly ammoniacal. Aftasr
being refluxed with stirring for eight hours, the mixture was
filtered hot and the solvent removed from ths ether extract of
the chilled filtrate to yiélﬁ B g. of the 2,6=~furandicarboxylic
acid melting at &18¢' Crystallization from glacisl acetic acid
yielded a Q&l@ yellow product melting at 22@~821°, which showed
no depression in melting point when mizxed with an authentic
specimen kindly furnished by Asahina. The net yield was 40%
based on the moles of S-methyl=-S-furoyl chloride used td start

withe



Qg;datiagngg‘ﬁ,%:§£ma§§yl~%~ﬁuroic Acid

Using the method of Y. 4. %ey@sgs, 2 ge of 2,4~dimethyl~-
=furoic acid, 50 g. of potassium ferricyanide, 20 g. of
potassium hydroxide snd B00 p. of water were refluxed for three
hours in esn efficient hood. The chilled mixture was filtered,
scidified, refiltered and extracted thoroughly with sther,
After removal of sclvent there remained a small amount of
an acidic solid, which was subjected to steam distillation to
remove the unchanged dimethyl fg?aiavaeiaﬁ Ether extraction
of the stean distillation residue produced azgummy material,
which upon cryst&lliz&tiéu from a kanzenemethar~ﬁixzufe melted
at 2éﬁ~25@¢‘ Sublimation under diminished pressure followed
by erystaellization from acetic acid gave a shite product
melting at 274° with decomposition. When mixed with an )
authentic specinmen of Sutter's é,ﬁ;@-furam%rigarbexylie aeiaéa,
no depression in melting point was observed. Tha‘iaentity of
this compound was further ﬁﬁtabliﬁhéé by & mixed melting point
determination with the trim@thﬁlnaatera of these two aclids as
well e8 with that prepared by aaiahstsin§l by decarboxylation
of fursntetracarbexylic acid. Studles now in progress by
‘Ea Y. Brown have shown this method of oxidation to be applicadble

te & large variety of alkyl-~substituted furan derivatives.

4-listhyled S=Furan=

sttempted Hing Closure Synthesis of

dicarboxylie Acid

83. W, A. Noyes, Am. Che .y B, 97 {(1l883).
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This compound, as & source of 4-methyl«d«furcic acid, has
come into demand recently iﬁ this laboratory. ﬁ%iaﬁstaing% hag
described its synthesis, although & rather tediocus series of
resctions was involved. It was hoped that the method of
?aistﬁé, used in the preparation of dimethylpyrrclearbéxylie
aciésﬁ might be so madifi&é as to produce the desired furane

diecarboxylic aecid.

GQG’G;H;
=0 G, . CHaC = (-C00C,H
GHy  + o= iy oo e n,0 ¢ ECL
DY T TR . £ STy
G00C,H,  HCH O _G-CO0C,H,

¢ )

A solution of %1 g. (0.16 mole) of oxalaceticester and
16 g. {U.18 mole) of chloroacetone in 600 cce. of 4ry ether
was saturated with gaseous ammonia at 0° over the course of
one hour. The pasty mixture was then sllowed to stand at
laboratory tempereture for one hour, whersupon the solvent was
distilled off and the residue warmed on a water bath at 70
for fifiean minutes. The residus was baken up with 300 ec.
of water, ethor extracted, and the extract washed with 5%
sodium hydroxide until the washings wers no longer colored.
After being washed thrice with 5% hydroehloric acid and thence
with water, the ethereal sclution was dried and thoe solvent
removed, leaving a dark oil. HRefluxing with alcoholice potassium

hydroxide yielded none of the expeected furandibasic acid.

64+ Feist, Ber., 5, 1552 (1902},



Attempted Preparstion of 2i§—ﬂimathyl~3,5~?nrandiearb0iﬁiié
Acid

17.6 g+ (0.064 mole) of ethylbromocoumalate was shaken
with a solution of 19.6 g« {0.05 mole} of potassium hydroxide
in &9 ec. of water. The ester dissolved and the reaction
mixture darkened with very little heat effect, The solution
was refluxed for thirty minutes, chilled and carefully aecidified
with & solution of 17,1 g. of sulfuric acid and 16 g. of water.
After evaporation io dryness on a steam plate, the dark gummy
residue was extracted for six hours with 30C ce¢. of aceione in
& Zoxhlet apparatus. The acetone was then distilled off and
the residue crystallized from water yielding & gumnmy yellow
substance, which was taken up in dilute alkali, washed with
ether, acidified and ether extracted. Upon removal of solvent
from the sther exiract, there remained 5.1 g+ of 8 light yellow
orystalline acid, which after repeated crystallization from
water melted at 19%6. This material showad acidle properties
and contained no halogen. The neutralization eguivalent was
7.9 as compared with a caleculated walue of 92.

Anal., Cale'd. for Cgﬁgﬁﬁz C, H2d63 1, 4.94. Found:
C, 50.07; H, 4.67.

Decarboxylation did not yield the expected 2,%~ﬁim&thyl~
B=furoic acid; instead, a colorless neutral liquid was obtained

which has not besn identilled.
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SUMMARY

The methods of synthesis of f~-substituted furans have
been reviewed., A number of reactions have been effected, first,
in order to determine the structures of some of these v@am;;:manda;
second, to provide & serises of reference compounds which will
facilitate orientation studies; and, third, to gain a}mm
thoroursh understanding {f?‘f nuelear substitution reactions in the

furan series.
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