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INTRODUCTION

Although derivetives of hydroxyfurans are numaraﬁa and
sextremely important, thers has been little investigation of
hydroxyfurans themselves. Since ﬁ*hyﬁyaxytﬁrana'aﬁamsﬁ to
be more stable tham the u~forms, from s theoreticel viewpoint,
& study wes made to ascertein some of the properties of this
clags of eompounds.

All sugars having a furanose ring structure are tetra=-
hydro=8,f*~dihydroxyfuren derivatives, Vhen sugars of this
type ere trested with aclds, furan derivatives such ss furfur-
2l and methyl furfural are produced., Tetronic acids, which
are not only closely related to hydroxy furans, but also to
ascorbie acid, have recently been found present as metabollc

productes of Pepniel

1 G. Bmith when grown on a
medium contalining glueose.

Some of the important problems whieh may receive some bene=
it from this investigaetion concerning the properties of hy-
droxyfursn inoclude studles on lignin, degradation products of
sugars, metabolic functions associated with ketogenesis, and
others more closely related to suger ehemistry. Only recent-
ly have studies been made In an effort to produce erythrose and
threose. The unsaturated derivatives of these two compounds -
the hydroxyfurans -~ should show some of the properties, such
as reducing power, case of hydrolysls with acid, and the like,

- that these sugars exhiblt,



An endeavor was then made to find s readily svailable
source of a hydroxyfuran or a dihydroxyfuran end to study some
of its chemicel and biological properties.

; OH OH ¢
Since compounds of the type ReCes(w(-(0H are known to

be of importance biologieally, 3,4-dihydroxy-2,S-dicarbometh=
oxyfuran wasg selected as a starting material for these inves=—

tigations.

HO oH
azzz,aw ~0CH,
SO



II. HISTORICAL

In 1887, Japp and Burton (1) yrap&raﬁ.59aaataxyﬁa,4;5wtri~
vhenylfuran by treating the condensatlion produet of benzil and
ecetophenone with acetic anhydride in the presence of a small
anount of sﬁlfurie acld. lLater, Japp and Meitland {E)VQﬁb“
lished an improved method for the yya@aratiag of dlbenzoyl~
styrenés; ,

The knowledge of bydroxyfurane will probably be of great
benefit to investigators in the realm of cellulose chemistry.
It is not surprising, then, that some of the first work pub-
lished on hydroxyfurens was done by two cubtstanding workers in
this field. Cross and Bevan (3) oxidized furfursl, using hy-
drogen peroxide, and described certsin resctions whioch they at~
tributed to P-hydroxyfurfural. The hydroxy compound was not
isolated as sush, but obtained as the phenylhydrazone, melting
at 15079, Since it precipitated gelatine, a phenolie group
was said to be present. It is known thet gelatine can be de—
hyéraeted, sc that it preeclipitates, when the isoelectric point
iz reached, This work has never been substantisted, in
1900, Cross, Beven end Briggs (4) found that the use of Caro's
acld gave the same results, The treatment of benzole escid

with hydrogen peroxide or Caro's

{13 Japp and Burton, J, 51, 430 {1887).
{2) Japp ené Maitland , Che Bay 57, 673 (1890).
3) Cross and Bevan, J, Lhem, S08., 78, 747 {1899§
{4) Cross, Bevan and Briggs, Ber., $132 (1900



seid has yielded phenolic scids {(5), so the work on the oxida~
tion of furfural done by Cross and Bevan is possible, -

Thiele, in 1898, (8) studled the action of acetic anhydride
on the greuyiag k;ﬁﬁ*ﬁzs*ﬁﬁ*. By allowing divenzoylstyrcene to
dissolve in«aé&ti&,anhyériﬁe to which a little sulfurlc acid
ned been edded, Thiele obtained a product which was called
triphenylfuranolacetate,

@8... F + (CH400) y — mg"Tﬂ"‘}‘;@gﬁs

Oy-+O

This meterial is the sames as that obtained by Japp end Maltland
{2). A green Tluoresgence was produced when 8 smell eamount of
the compound was dissolved in concentrated sulfuric aecid.

Hill and White (7) treated dinitrofuran with bdbarium hydrox-
ide solution and obtained in addition to barium nitrite, the
barium salt of maleic acld. It is possible that during this
hydrolysis some farm,éf en a~hydroxyfuran existed.

(3) Dekin and Herter, J, Biol, Chem,, 3, 419 (1907).
{(7) Hill and White, Anm. Chem, J., 27, 193 (1902).




w ] ()

Johnson and Johns (8) condensed diethyl diglycellete with
ethyl oxalate in the presence of sodium ethoxide and obtained
a aubstaﬁaa whiech at thet time was aallaé ﬁiat&yl 3, 4~ﬁikata~
2 ﬁ*ﬁihyﬁrw*ﬁ 5~furanﬁi@arbaxy1at@‘ uﬁiaabarg (2) prepared
the ﬁimathyl ester and showed that phenolic groups were pres—
ent since a ferric chloride color test was observed. Hins-

barg*a mechanism for the resction was s follows:

%Ese—-«»cmsmw,m | Hao ONa HC1L HO oH
RCE NaoCH, | | —> ,.
| c Y o ¢ 9 ¢

;Ei,g (Ha}
%v “g"’ﬁ‘cﬁg

It has already been inferred that B-hydroxyfurans and de~
rivatives are best known, the a~form being demonstrated only
in a~lsetone siructures. Conant and Lutz (10) published some
work concerning the formation of B-hydroxyfuran ocompounds from

;&*ﬁikaﬁanas._ ,§~@iphanyl»%ﬂmethaxyfﬁran was prepared by
heating dibenzoylmethoxyethylene with zinc and acetic acid.

@gw&a-e(m&!-?@ i

CH,

(8} Johnson and Jahna ‘Ame Chem, J
(9} Hinsberg, Ber., %ﬁ 241s (1018,
{10) Conant and Lutz, J. Am. Chem. agc,, &? 889 {1@25)



-11-

Lutz {11) believes that the formastion of compounds from the un-
saturated l,4~diketones ig proceded by an intermediate dienol.

GG -q» * 2H M*@““@“GN? midore = , °g~ﬁﬁa~$ﬁ. -

8 O B H OH §t§§§g o
153 Travin
&gﬁnzs €

@thar'fnfanféamyaﬁnﬁa whieh Lutz prepared at this time were:
ﬁﬁﬁi(&wahlaruphanylTﬁwmathaxytur&n
ﬁuﬂi(&uhramayhanyi}~5qmﬁthaxyfuxmn

5,5~Di@hﬁny1*$~§hanaxyfaraﬁ
2,5-Diphenyl~3~{4 methylphenoxy} furan

Lutz and Bisner {12} found that the resetion of phosphorous

p&nzaahleriﬁe on 2, 5~é1{§fbrﬁm§§hanyli~$~m&tn0xyfﬁran gave

2,5-d41(p~bromophenyl) wswhmmmm When 2,5=-diphenyl~3-
methoxyfuran 1ls used 1n%$ha same reamction the starting meterial
is recovered unehanga&; {1&}. &a&urﬁta& l,4~diketones such as
ﬁ%bangaylhyﬁryxyatgaaa and i%ﬁ—aﬁﬁﬁﬁka; are readily converted

into furensj ﬁi%hiawatia anhydride and sulfuric eeld 2,5-41-

phenyl-3-acetoxyfuran is obtained, {(14). By allowing 3~ |

acetoxy~2,5~diphenylfuran to react with yhﬁaghﬂ?aus pentachlo=
ride at 26-40°, these workers were able to obtaln 3I~acetoxy-4~

%‘13. Lutz, J. Am, Chem, Soec,., g;, mﬁ% {192%)
12) Lutz and Eisner, d. Chem. 500, 4 56, 2698 (1934).
(13} Imtz, Privats *4m%ﬁﬁ7@$ﬁfﬁﬁw o

{14) Lutz and Wilder, g g., B6, 2065 il?ﬁé}*



~12-

chloro~2, 5~dibenzofuran. The acetoxy groups of 3,4-discetoxy=~
2,5-divenzofuran were also removed by chlorine ylelding, aﬁ
£25°~40°, a monochlore ocompound, while at 100° the 3;&*éi~
ehlarﬁéﬁ,5~éiphanylfnran results, {Iﬁie ?hianyl &hi@fi&s

heg no such ae%i@n on these a@m&ennds; When 3,4-discetoxy=.
2,5~diphenylfuran was treated #ith aa&tyi aﬁlﬁ&iéa and sulfur-
ie secid (16) one of the acetoxy groups was replaced ﬁy chlor-
ine to give 3~aeetexy~&~¢hlarﬂ~%;5~ﬁiph$ﬁy1£uran‘ Further
treatment af.thia compound with phosphorous pentachloride
yvields 3,4~dichloro~2,5~diphenylfuran. Hydrolysis, of elther
3,@*&ﬁ@ethexywﬁ;5~ﬁi§h&ny1furﬁﬁ or the nmonoacetoxy compound,

with sodium methoxide splits the ring giving the enol com=~
pound (17)

(NaOH) @ co-gm=cu-co ¢ )
a OH
O ~-COOH + COOH
> O | 00K

Some of the first furan compounds prepared were obtalned

from dehydration of sugars. Furen chemistry began with an
experiment carried out by DSbereiner in 1830. In preparing
rformiec neld by the sotlion of manganese dloxide and sulfurie

{15) Lutz end Wilder, J, Am, Chem, Soec., 56, 2145 (1934).
(16) Lutz, Wilder and Parrish, J. ;»;'7<9ﬂ 500., 236, 1980,
wav {1934}‘




acld on sugar, some furfural was obtained, {18). Dehydra-
tion of the sugar molecule was involved and today most of the
furfural is obteined from such & reaction using corn cobs,
oat hulls or like msterials in whiceh furanose ring structures

ere conteined. The furanose ring

or & modification of it is found in erytkgése, threose {19};
(89; 21,~3a, 25, 24). Votobek and Malachta prepared some
vary‘inﬁﬁraating compounds from the laotone of S~kstorhamnioc
acid. This compound was suspended in methyl alcohol and
dry hydrogen c¢hloride gas gaﬁsa&‘thrﬁugﬁ the mixture. Among
other substanoes obtained in this experiment was methyl
4-methoxy=5-methyl~2«~furoate., This compound was named in-
correctly at first, but these workers corrected tﬁa error in
1932, {25). In their first peper, 1t was stated that ethyl
ethoxyerotonate is readlily formed when dry hydrogen chloride

{18) DSbereiner, Ann., _§,. 141 (1s832),
{19) Preudenberg, ﬁggﬁ, 84, 1&3 {1932).
(3@% Hoegkett, J. Ar B8N e DOy 57, 83561 (1935).
Haworth and & aw J. Ohem, Soec., 1751 (1928),
{22} Haworth and ?arter* Jo Chem *«gk1>gjﬁ {19591- .
{2@} Haworth, Hiret and Leaner, J., Chem 508 ., 1040 (1s27).
2 vmmésk and ﬁ&alaehm&gﬂigza on_Czechoslov. Chem.




~14=

is passed through an slcohelic solution of ethyl acetosecetate.

OH CCHy

The mechenism for the ring closure %mwwﬂﬁém from this reagon-

ing.
CHO -~ CH =~ CH HC1 , HOG C - 0OH
[ ( b N G
HO “COOCH,

HO H | Y CHaOp—r H
on,_ Yeoocw, OH, COOCH,

The 4-methoxy-S5-methyl-2=-carbomethoxyfuren was studied fure
they, (loc. aww»«w wba mx&%nwaw%im;aawwwwwﬁaﬁmyw&@wmﬂmm. .w%
the aation aw.awwcww wwmnamwwswwa acid on the ester, an oll
was wwwm»@mw which became & 4%&&@@@@ solid after being allow-
ed to stand for an hour. The wwawwwwwm@ of this materiasl
are of extreme interest. The 4-hydroxy~S~methyl-Z2~furoiec
acid H@ﬁﬁﬁ@@;%@ﬁﬂmﬁmmwvméwwﬁwaﬁ,wm the cold, gave an intense-
1y red color with ferric chloride @Wmaw.ﬁwm red in the pres-
ence of waw%amwﬁs hydroxide, ﬁwm‘ﬂaﬁﬁww wawawaﬂﬁ when au&wwaﬁ
with wamwﬁﬁ4#%w&aﬁwwa.@ﬁm_woﬁwﬁw‘ An attempt was made Lo
titrete the compound with alkali, but this proved to be hope-



less due to the development of s red color. The Zelsel de-
termination for methoxyl gave a result of 1.72%, while the
theory should have 19.78%¢. 'The material descoribved is a mix~
ture of hydroxy and methoxy compounds. Vhen treated with
bariun hydroxide, the 4-hydroxy~S-methyl~2-furcic acid yield~
ed oxalic scid and ecetein. Decsarboxyletion produced an oil
which gave two fractions. The fraction bﬁiling'at 64°~65°/
12 mm. gave an analysia for s hydroxyl group, by the Tschu~
gaeft*Zeré@itﬁnfr method, of ﬁ»éﬁ%, whereas the theoretiocal
amount was 17.3%7%. Elementary anelysis g&#@ proof for an
empirical formule of agﬁ,g,. The second fraction boiled at
156~8°/12 rm. and gave a similar elementary anslysis, and a
Zerewitinoff walue of 6.29% instead of 17.374. This compound
‘when treated with barium hydroxide gesve acetoin. Diffused
light decomposed the methyl 4-methoxy-S-methyl~2-furocate.

In 1934, Gilman and Wright (26) atﬁempﬁ@ﬁ to prepare a
eyano compound from ethyl 4-amino-S~acetamino~2-furoate by =2
dimzotization reasction, and obtained a compound of iﬁ@oxtaﬁeag
It gavé en analysis for Cgly0gN which ecorresponds to ethyl
énhyﬁraxyﬂﬁﬁaaﬁtamins~a~furaata‘v No ferrie chloride color
test was observed, The substance gave a precipitate with
2,4=dinitrophenylhydrazine.

There are several compounds described in the literature

whieh should be discussed because of the possibility of their

{26) Gilmen and %Wright, Rec, trasv. ohim., 53, 13 (1934},




-16~-

being hydroxyfurans or & derivaetive of & hydroxyfuran.
Bbeseken and co-workers (27) have allowed furan end perbenzoie
aéi& to react and obteined s compound to which they sttributed
the following structure: |

Tﬁay also used gs:&aatiawaeia on such compounds as furan,
sylvan, furfué&l,.an& furfuryl alcohol. From methylfuran
a,hyéraxy’laétgne was nbt&iﬁeﬁ; 2«furfurylalechel gave a
lactone, while furfural gave a dihydroxylactone. The table
below shows the raaetia# products and thapaaméanﬁﬁa from which
they sre derived. |

ﬁmpmxié treated with Produet
peracetic acld ' - "

Z ,kﬁﬁﬁ ' ' . .
0 ,

He — HOH HOH H,
or '
HOH! 0 HOH =0

[ ﬁ CH, OH - Hs ;j

(27) BSeseken, Vermij, Bunge and Meeuwen, Ree. trav, chim.,
50, 1023 (1931).
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The oxidation of certain furan derivaetives hes produced
some very interesting results. 'Sahaiblar, Jeschke and Belser
{(28) heve presented evidence that furfural dlscetate yields
an oxide when treated with perbenzole acid in e¢hloroform solu~
tion. They propose the Tollowing structurasl formulse as pos-—
sibilities for thelr product:

I H 0
EE &g(wwg,h

III. 0.

" ;:z(acwﬁ,},

This compound reduces Fehlling's solution and potassium permen-
ganate, As yet the masterial bas not been reduced satalytic~
ally.

Work @n‘tha oxldation of furen compounds is still in pro-~
gress, and much is yet to be found out on this subject. NMilas,
{29} was the first to meke a systematice investigation of this
problem.

Recently, the first of extensive studies on hydroxyfurans

{28) Seheibler, Jeschke and Beiser, J. prekt, Chem,, 137, 322

 {1e32). |
(29) uilas, J. om, Soc., 48, 2005 (1927).




‘has been published. Kohler, Westheimer and Tishler {30) took
“the 2,4,5-triphenyl~3~acetoxyfuran of Thiele and hydrolyzed it
by means of either diluted sulfuric acid in an inert atmos~
phere or by the Grignard resgent. The resulting compound wes
the same with ﬂith@r reagent, 3,%,5~tri§§ﬁnyl~3~hy&r@xyfuran
‘being isclated. This hydroxyfuran ketonizes and the stable

form is the kgta*iaﬁmar*
O @ e:
= ds ©“ q; 3 OO
iy v L7

The hydroxy compound forms a peroxide when oxygen 1lg passed
through its ether solutions, On reductions of the peroxide

rarm&& a so-called hydroxvfuranone ls obtasined

e =

ya: 4 [o7 L[37

The reactions shown by this compound / %_7 demonstrated the

(ao) Kohler, Westheimer and Tishler, 30¢., 56,264

{19386).




presence of an aliphatic hydroxyl group.

fest has recently studied the condensstion of glucose
with acetoascetlic ester, and also of glucose with glyoxzal.
This work 1is being done in eenn@etium with & theory concern~
ing antiketogenesis. 1In the condensation of glyoxal and
ecetoacetic ester, a product was isolated (31) which was
earlier described by Polonowsky (33}* This condensation on
treatrent with alkall gave 8 compound whieh Polonowsky isola~
ted and f@uﬁﬂ to melt at 75°%. Acidic properties of the come-
pound are attributed to the hydroxyl group in the g-~position.

CH,00C— O = ﬁ . CH4000 oH
; COOC . H, ;

As will be seen, this compound is en isomer with that obtained
by VotoBek snd Malachta {(25). |

(=1) wmst, J, Am, Chem., Soc., 47, 2780 (1925).
(32) Pﬁl@nawwky, Ann., 246, 1-32 (1ssg),



III. THEORETICAL
The guestion ar $ha existence of a~hydroxyfurans has been

a disturbing ones. A compound of this type would be & hemi-
ecetal, end although there is some evidence of a short-lived
exlstence of several u~hydroxyfurans, none baa-hean isolsated
as such., Some studles were made using the "Eohler® machine
(33)., The compounds tested for the presence of an active
bhydrogen were suceinic anbhydride and butyrolactone. o en=-
olizetion was found to iake pl&é@, using the methylmagnesium
iodide raae%ian.as & test réaésnt {34)& a=-Angelicalectone
is another gompound whieh would be an a~hydroxyfursn if any

enolization occurred.,

He " , E H
@QSE, — m[ o §GE,

EKeto-form Enol-fornm

a~Angelicalactone or Eﬁ~fwaaliaalaetaaa

This lesctone adﬁﬂ.hrumina very ra§iﬁly to glve an un~
stable dibromolactone, whieh decomposes in the presence of
moisture to monobromolevulinie ascid. The addition of hydro~-
gen chloride yields a compound whieh, in the presence of mois-~

ture, gives levulinic acid and hydrogen chloride. Eydrolysis

(%; Xohler, Stone and ?‘as&a, I, Am.

{ 49, 3181 (1927).
34)

Gilman, Wright and Hoehn, Unpublished resuits
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with a solution of barium hydroxide results in lewvulinioc

acld slso (35). A phenylhydrezone is described for this 1iso-
mer (36). Condensation products are obtained when a-angel=-
iﬁ&l&%@@ﬁ@_is allowed to resct with aromstic sldehydes, The
alaahyﬁé condenses with the methylene group, which is comparw
able to the reactions of tetronic acids (37},

3'0 Hy .
: 0@ gﬁ; @
; CHy

a=-Anlsylideneangelicalactons

Studies on the hydrolysis of some u-nitro substituted
furﬁn& have given some evidence of a transitory existence of
a-hydroxyfurans. It has been shown that 1t is possible to
hyéraiyze-aertaia,mambars of this class of furaﬁ derivatives
wﬁth water, whille in other cases, barium hydroxide has §$éﬁ
used., Levulinic meid cen be isolated after bolling S-nitro-
aylvan with water (38).

Hg ﬁﬁg Ba?“"‘?ﬁ
o LB08 T — T o= g-oH,
.Ig ﬂH; K& Gﬁ“‘ @" QH, éﬁ 0

Levulinic
Aecid

t%; Wolff, @% 29, 249 (1885) »

(36) Thiele, T isbein and Lossow, Ann., ;g, 180 (1901)
(37) Bredt, Ann 255 514 (1891).

(38) Gilmen anﬁ Yen kes, ﬁﬁgublishaé results.



Hill and White (7) studied the hydrolysis with dinitrofuran
using berium hydroxide solution. | |
#right (39) has deseribed an a~hydroxyfuran, which was
formed when an attempt was made to dlazotize ethyl S~amino=
g-furoate. This wmay be considered a hydrolysis réactia# 1@
which the emino group is repleced by a hydroxyl graup, The

rebaltiﬁg compound, undoubtedly, haa a lsctone ﬁtrueture.

. H H H— H H, H
xgz& Qsawnﬁ.‘“’”‘“" HO' COOC Hy a=[§ COOC H,

0

When compounds of the general type

H H = Halogen
R= Alkyl Redieal
b 4 COOR

ere treated with two moles of phenylmagnesium bromide and sub-
sequently hydrolyzed, s lactone derivative is obtained (40).

ﬁﬁgﬁr

E’Ugw. T @m’“ mU«- ; —R 4,

EQW" R’ ~H,0 \ o
07 R —r o= '*c(‘@)
| 0 ‘ &

{39) %right Thesis, Iowa State College, 1933, p. 28.
(40) Franz, Unpublished results; of. Gilman, Vander wal, Franz
and Brown, J, Am. Chem. ﬁae», 57, 1146 {1938). ‘
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lﬁﬁre, a8 in the abovse mentioned aaﬁéa, a transitory existence
of sn a~hydroxyfuren is postulated.

Another Interesting resrrengement, which epparently in~
volves an a~hydroxyfursn, was studied by Borsche and Fels in
1906 {41}, Vhen y-phenyl~u-ascetyl angeliocalactone is treat-
ed with dilute hydroehloric acid, the product obteined isg 2-
methyl~B=phenyi~3-furoic acid.

: » . & .
1 GOCH, | C-CH co
Dilute [ N oH

The teble shows a somewhat restrlicted comparison of a

furan canpound with a-angelicalasctone.

Properties Sylvan s-Apgelicalactone
BJPe SEP=569 56 Q’5° /13 .

Bromination Produet lonobrome Compound  Dibromide
Hydrolysis Produst {Stable in H, 0) Levulinie Aecid
Reduetion Product Aleohol Aecid
Molecular Refractivity Caletd,.: 23,799 Agrees within 1%
Found: 23.377 = Cele'd.:24,28
Found: 24.20

It is thought thst although derivetives of ﬁwhy&rﬂxyfnranﬁ'may
be isolated, one should not Teel too confident in isolating
a~hydroxyfurans themselves.

?btaéakvanﬁkﬁalaahta,(25} heve published some work on 3=

{41) Borsche end Fels, Ber., 38, 1809.



hy&raxymylvan and have found that when this compound was hy-
éralyxa&,with.&érium,hyﬂrnxi&m, ae@tmin was obtained. This
experiment shows the stability of a §~ﬁyér@xyrﬁraa and is sim-
ilar to that of an a-angelicalectone. The 3-hydroxysylvan
ketonizes, whleh property will be discussed later,

When Johnson and Johns (8) studied the condensation be-
tween diethyl digiﬁasllate and diethyl oxslate, a compound
was obtained which they belleved to be 3,4~diketo=-2,5~-dihydro-
2,5-dicerbethoxyfuran. Hinsberg {(9) later showed that the di~-
methyl ester of this type gave a ferric chloride color test.

The mechanism was then postulated as follows:

CaH40C COC LH,  Nad ;— ONe HO ;—— OH
1671 4 167 HaOCH, ., HOL
gl g TTTUCHS00CY YCO0CH. T GHOOC COOCH,
CHA000 =6 GGO0CH, . o
< AR - 1

In order to postulaste such @& mﬁahanismf one must hava~§viﬁsnﬂe
a?ailahie'whiah shows that tharhyﬁragaaa attached to tk& earbon
atams'iinkaa to the oxygen are extremely active. After this
condensation hés taken plece, the formetion of the sodium salt
must be explained,

Frﬁm the knowledge at hand, it can be said that the hydro=-
gens on carbon satoms o and a' are very rsactive. When dl=-
methyl diglycollate is &iﬁselvaé in dry benzene snd sodium

added, there is & vigorous evolution of hydrogen (42). Since

{42) Hinsberg, Ber., 45, 901 (1810).



Hinsberg worked mmta sﬁﬁaaasfullwaith thiodiglycollice esters,
e discussion of some of these experiments would lend support
to the case of the oxygen snalogs., The condensation of gly~
oxal and dimethyl thiodiglycollate in the presence of sodium
methoxide gave 2,5~dlcarboxythiophene (9). This gives di~
rect S&ygért to the fact that the carbonyl ﬁxégens and the hy~
gragaﬁﬁ«@n the a=carbon atoms combine to form water, estab~
lisbing a éau%le bond at the region of eliminetion. When éne
mole of dlethyl thieﬁiglyaa&i&te was allowed to react with two
moles of benﬁalﬁahy&ei the condensetion took place in a similar
manner (43)s Hinsberg put forth en idees that the negative
stows such as oxygen, sulfur and nitrogen exert an influsnce
favoring very r@aativé hydrogens on tha methylene group.

This spplles ﬁa oxygen linked to the methylene residue.

It is known, from studies concerning enol ethers, that the
aa&i&m_ﬁnélata can be obtained from methyl or ethyl enol ethers
when sonditions are favorable. Lutz and his co-workers (44,
16} have shown thet when the enol ethers of di-{trimethylden~
zoyl) ethanol or dibenzoylethenol are treasted with sodlum
methoxide in methyl aleohol, the enol salts are formed., These
results are of interest since it hﬁs\b&eﬁ observed in working
with alkeline solutions of the compounds investigseted that de-
composition usually took plsce. Thus, in the preparatiaa of

(43) Hinsberg, J. prakt. Chem., 84, 169 (1911).
(44; Lutz, J. Am. Chem. 5oe. ﬁéﬁi 20 (1934) .
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5,&wﬂimathaxy~at5w¢i¢&£bmzyfaraa from the corresponding dles- |
ter, there wes a grset ancunt of ﬁaémmp@&i%ion if the ester
was refluxed in an alkeline solutiom over a long perlod of
time. This decomposition occurs to a less extent in acid
solution. Votocek and Malachte claimed that when mathyl G~
mat&azy%ﬁwmﬁthyl*ﬁwfmrﬁata is treated with dilute hydrochlor-
ic acid, the enol ether was also hydrolyzed, and 4~hydroxy-5-
methyl~2=-furoie éaiﬁrwaa_abtainaﬁ,

The properties of the conpounds studied mey not apply to
all hyﬁrax?fur&nﬁ; : ?ﬁ% main ﬁigféreaaa lies in the properties
of the hydroxyl groups. Frgm‘thé evidence which has been col=-
lected in this investigation it seems ressonable to say that
the hydroxyl groups 1§ 3,&~dihy&rgxy~ﬂ*ﬁ*ﬁiaarhama§hﬂxyfuraa
do not ketonize to a grest extemt. This is éasen&i&&y air=-

ferent from %he.manéhydrmxyfuraﬁs which are kpown at present.
Tt might be predicted from the work of Votocek and Malachta
{28), Gilmen and W&ighﬁ (26), and Xohler, Westheimer and
Tishler {30) that when one hy&raxyl group 1s present in the
B-position, ketonization is more llkely to take place then
when both Pepositionms ere filled with hydroxyl groups. A list
of the known and described h?ﬁrﬁxyfuraﬁa is now in order, =o
that this generalization might be demonstrated. In every
case that 1s known at present, when one of the B-positions is
-£illed hy a'hyérmxy1'graﬁ§, end the other by some group cther
than ﬁ hydroxyl bw a ﬁ@?i?&ti?@ of it, the compound is capable

of ketonlzation. The next sﬁa@ is to determine the enolie or



3 s4~Dihydroxy«2,5~dicarb~: No ketonize~ : Johnson andé Johns(8)
ethmxyfuraﬁ : tion shown T :
,&uaihyéraxywz ﬁwﬁi@aﬁu&; No katﬁni%ﬁw';'ﬁinabarg ({9)
methoxyTuran t tion shown H
H H
5dﬁath31-4-hyéraxy~zn ¢ Capable of £ ?ataaek and
earbsxyruran o : ketonizing : Malachta (25)
Ethyl S-scetemino-4(?)= : Capable of : Gilman and Wright(26)
hydroxy~2~furoate 5 keteaiﬁiﬁg :
o o 4 :
S=Hydroxy-2-methylfuren G&paﬁl& of : Votocek and
: t ketonizing ¢ Malachta (25).
X 3
2, &,ﬁ~@r&pheayl~éﬂhy&ra %y= Cspable of 3 Kohler, Westheimer
furen : ketonizing : end Tishler (30)
: v 2
B-Hydroxy=4¢-methoxy==2,85« : No ketoniza- :
aiaarbe&athaxyfnran ¢ tion shown H
4 3
, 5»ﬁyérnxy~4~mﬁthaxy*ﬁ*ﬁaﬂr Mo ketoniza- 3
- oxy-2=carbometboxyfuren ! tion shown H
% , H
B=fydroxy=4=nothoxy~2= : No ketoniza- @
ﬂarhamathexyfuraav . 2/%&&3 ﬁhe%n :

phenolic status of these hydroxyl groups which do not ketonize.

ali the above conpounds listed, which do now show any degree

of keton magmn, give a ferric chloride golor test. Hydroxy~-
sylven (5) and ﬁwm@thylwé-hydrawmauc&rhﬁwmmn {3} also give
a Terriec echloride ealar test. Techugaeff-ierewitinoff snal~
yeie has shown thet hydroxysylvan exisis mostly Iin the ketow
form. Kohler, Westheimer snd Tishler (30) state that although
the keto isomer is the stsble form of 2,4,5-triphenyl-3-hydroxy=-
furan, it rescts with the Grignard reagent to give aaa.mala of
methane which indicates 1ts ebility to be transformed into the

enol Torm.



- There were some amﬁﬁaw confusing conclusions steted in
Wﬁwwm%*m w@w@ﬁ_aaﬁm@wawﬁw the properties of a B~hydroxyfuran.
it is grented that the w%ﬁﬁow%m%wamw will ketonize and perheps
remain in the keto-form as the steble ww@&@w. The sevidence
that mmﬂQKWﬂmm.aﬁm formed is pot altogether oconvineing, but
from vwhat »u known of sotive enols, such peroxide formations
bave been established. Wﬁmﬁm Wmﬁm%%&mﬁwmwadamwmﬁ%wwawmﬂa
forms a peroxide wwwaw mmwmm@ﬁmwwwﬁ,w&smmmﬁm 2=-ghlorobenzoio
acid and §§w@mﬁ%@ax {(45). This m@&»a& was explained
thust - |

wqmaamum o m.ﬁ:@&k am:w \....aul.\ w;@m*oml.m - w.mxaﬁ
. +RC =0

After the wmwaw»ma of the 2,4,6-triphenyl-~3~furanol is reduc-
ed by catalytic means, an aliphetioc hydroxyl is produced at
some point in the wolecule, snd asll the reasctions whioch ere
subsequently cerried out are those o%.wm«ﬁwu%wﬁﬁwa hydroxyl.
The mﬁ&mwwﬁw g2 to whether or not the a@%%amﬁmm derived
from m*&ﬁwaa%»%#@&%wtm1%ﬁﬁmaama,w&aﬁm@ aromatic properties
was wwm@ considered in this MMW¢WV From the work done the
evident coneclusion could only be thet this investigetion show~
ed that the properties of en aliphatic hydroxyl were demonstra=-
ted. The difference betwsen the so-called aliphatic end aro-
matie hydroxyl groups should be elarified, If there is any dis-

(45) Jenkins, 0C., 57, 28733 {1935).




tinetion. The behavior should be marked, if aeny classifica-
tion of the two types is to be made.

- "arometic™ properties may be possessed by hydroxyls

attached to both chain and ring systems. Since arometicity
is usually a term associeted with nas&tnrataﬁ ring systems,
this type wlll be reviewed, mméd those “aromstic® hydroxyls of
éhain gsystenms compared with thelir properties.

One of the aﬁtsﬁanﬁiﬁg properties of esromstie hydroxyls
is thelr ebllity to give & f$rrie chloride color test. The
phenols will uaually‘&iss@lva in ﬁilu%a potassium hyﬁéaxiﬁa
or sodium hydroxide, but are precipitated when carbondioxide
is pasged through the elkaline solution. A review of the
work on diphenols reveals some interesting facts. Lead
acetate will precipitate pyroestechol, while Fehling's solu-~

tion and ammoniesl silver nitrate are reduced by this diphen~

cl. Its monomethyl ether, gusiacol, when heated with phos«
phorous pentachloride, yields grghigxéﬁnimale* This is &
cage of a saéﬁallﬁé arometic hydroxyl being raglaaa&_%y & hale-
ogen. Hesoreinol is a meta~diphenol and is capable of keto=-

nizing. ?@hlinﬁ*a solution or emmonical silver nitrate solu-
CH _ ‘
-~ ¢ Lm
H <o,
OH i ' &
OH S

tion ere redueced when warmed with resorcinol. The properties



i

gh W

n by enclie hydroxyls, such as the one in acetoscetlioc es~-
ter, are demonstrated on methylation of resorcincl with
alkyl iodides. It is possidble to obtain C~ethers as well as

O~athers on methylation.

g
@ ? EC.HI .
ONa. |

Phloroglueinol, & triphenol, shows a similar resction when
treated with dimethyl sulfate iafalkaline solution. Phloro=
glucinol is the classiecal example of deasmotropy of the phencls.
When it is &lkylata&,_iﬁ is possible to obtain the triether,
 while with hyﬁraxyl amine, the trioxime is obtained. This
triphenol has the ability to absorb oxygen from the air when
in alkaline solution. Thers is no chemical evidence thet
ketaﬁia&tian takes place in pyrocatechol or guasiaseol, end this
diphenol and 1ts monomethylether are analogous to the 3,4-4i~
hydroxyderivatives af furan concerned in this problem (486).
Although tasutomerice changes may not always be detected
by chemical means, the use of c¢hemico~physicel methods has
made this possible. Thiele (47) postulated the pﬁsaibility'
of tautomerism in phenol itself, and compared its resctivity
to thet of the :>E-a(0ﬂ}~ type of e&m@eﬁnés, sueh as aceto-
(48) Meyer and Jacobson "Lehrbuech der Organischen Chemie", von

Veit and Co., Lelipzig, 1902, Vol. 1I, pt.l, pp. 408~27.
{47) Thiele, Ann., 206, 129 (189%9).
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scetiec ester, Some excellent work was done a few years after
this by Baly and his co=-workers, which furnished proof of en-
olization in all the phenols whe re such tautomerism may take
ﬁl&aa {48}‘: The absorption spectra of phenetole, anisole,
and the methyl éthaxs of the cresols were found to be differ=-
ent from the ebsorption spectra of the phenols from which they
are aﬁriveé*  “Thi$ eondition was acoounted for by tha’iauma&
meric f&ﬁatianfemnearniug'tha nydrosyl eroups ﬁmnng other
phenols, which were demonstrated to show this property, werse
phlareglueinal, ecatechol, and gusiscol.

From thesge considerstions dealing with hydroxyls attach-
ed to the aromatic nuecleus, 1t ls readily seen thet nearly
all of these reasctions could be applied to the enclle hydroxyl
ETOUD« Some of the more common enol reagents are acetyl |
- ehleride, benzoyl chloride, ferrie chloride, copper ecetate,’
and phenyl isoeyanate (49). Among the speclal reagents should
be listed diazomethane, In genersl, dlszomethane does not
react with &1i@h&tié hydroxyl groups (50}, The enol from of
tsutomers reacts similarly to that of phemols (51). It is
suggested that “araa&t;c* and enolie hydroxyl groups then be

(48) Bely and Collie, J, Chem. Soo., §%, 1332 (1905%; Baly
end Mies Zwbaenk, J. Chem, & 87, 1347 (1908).

(49) Houben, "Die Wethoden der organisahan Chemie®, Georg
Thieme, Berlin, 3rd Bd., Vol. III, 1530, p.22.
(50) K. Meyer, %&amhﬁhi ‘_g_, 869 (1905); Clibbons and Nieren-
stein, J, Che o, 107, 1491 (1915); Biltz end
{51) iﬁﬁtgﬁ ahd B '1 i3, o E%)’lﬁ (1924); Clai B
: uchs and Dziengl, Ann., saa, Ber.,
59, 151 (1926); weyecand, Ber., 58, 1473 (1925).
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determined by this reagent, since there is no tendency for

the methyl group to migrate from the ether oxygen atom to an
adJacent carbon atom. Higrstion of the carbon redicels some~
times tekes plece when alkylation ia_§&rraﬁmaﬁ in slkaline
solution with dimethyl sulfate as an alkylating reagent. An-
other reagent which has been used for the identification of
phenols is monochloroacetic ecid, which is added to en slkaline
solution of the phemol to be identified, (52). Rell (53) has
also listsﬁ;ths use of the Grignard resgent ss & means of de=~
tarmiﬁingitha presence of an enol, and where s strongly acidie
enol is present, & titration method employing alkell may be
used, An "aromatic® hydroxyl should be capable of rescting
wizh‘all the enol reagents, and the one which iz handled
easily and from which th@-bé&t results are obtained is diazo~
mathane

OH - OCH,
R=Ge= CH-RY HaNa o RaGem cER' + W, .

Ferrie chloride color tests are not always fa;iable in
determining the presence of an "aromatic® hydroxyl group. |
?h&ra are aubstituté& ghaaals knawn‘wﬁiﬂh give a negetive re-
aetian,tawarﬁ\ﬁhié reagent. Exemples of such phenols arav

thymol, 1l,4-xylenol-~2, ?1arie‘aeié, ahﬁ mesitol {54). EKauf~-

253% Koelsch, J. Am, Chem, Soe., 53, 304 (1933).

§3) Rell, L. J«, Thesls Abstract, University of Illinols, 1931.

{54) Hans Heyer, "Anelyse und Xonstitutlonsermittlung organi~-
scher, Verbindungen", 5th Ed., Julius Springer, Berlin, 19831,

Vol. Y, p. 802. |



mann and his co~workers (55) have found in their studies of
keto-enol teutomerism, thet certain forms gilve negative ferrie
~ehloride ¢olor tests. The researches concernmed the tautomer—
ics forms of &i&éetylau@ainia ewt@fs, dibvenzoyl suceinic esters,
and phenylformylacetates. These exsnples illustrate tha pos~-
sibility of having,aegativa ferric chloride aakér tests in the
&liphatievaari@s of compounds. Solubility in dilute alkali'
is 11kewig® an u#ralia&la arita#i@a for esteblishing the pres~
ence of en “aromatic™ hydroxyl group, as it is possible that
stereo=~affects from groups suhaﬁitate&_aﬁiaéant to the hydroxy
group may prevent solutiom {56). All of the substances de-
gignated as hyﬁrazy compounds Iin this invaatiga%iaﬁ of hydroxy=-
furans were alkali soluble.

The reactions shown by hydroxyl groups are found to be
different es their position, in relation to unsaturation in
the moleoule, is changed. A hydroxyl group attached to a
carbon atom which in turm 1s attached by a double bond to

enother carbon atom, is found to be extremely reeetive (57).

(5&; Keaufmann and Riehter, Ber., 58, 216 (1925).

(56) Adams, J, Am., Chem. Soc., 41, 347-270 (1919).

{57} Reviews of the litereture on this subjeet sre found in
some of the following handbooks. {8) Hans Meyer "Analyse
und Konstitutionsermittlung organischer Verbindungen™ BHth
Bd., Julius Springer, Berlin, 1931, pp. B01-328; (b)
Abderhalden, gﬁaﬁﬁbugk der bilologischen Arbeltsmethoden”,
2nd Ed&., Urban and Schwarzenberg, Berlin, 1825, I, 1,

pPp. 291l=462; Houben, "Dile lethode der Orgenischen 5hamie”,
3rd Td., Georg Thieme, Leipzlig, 1931, 3, pp. 22~85 and
BT7=-33. R : ‘ ‘




Examples of such & case are to be found in scetoacetic ester

aaﬁ ?ﬁﬁﬁ&la

Sﬁgiﬁf‘ cH *_ﬁ*@ﬁiﬁ; o HO a1
Enol g I ®

Acetoacetic ester Phenol

Eeto CHa§ =—CHeG= 00.He 9-@ av© |
O 6 ' or L
_ ‘ Ha Hg

The encl form éf phenol is more stable tﬁan ahﬁ keto form and
?h@ﬂ@l exists in the former state to & graatsr ax%ant. Ths
hyﬁrﬁxyl gra%g of yhanal and enol hydroxyl of acetoascetie:
ester react axmiiazlya The difference in degree of reaction
of the hydroxy is due to the residus to which they are attach-
ed. The aromatic »mﬂgaﬂnﬁé show a few rﬁa@tianﬁ_whiuhwaﬁn~
cern the nucleus. One in perticular 1s the resction of |
phenols with benzenediazonium chloride. The ethers of the
enols can he_mﬁéa by various maﬁh&ﬁas The ethers are more

stable and possess the same

reactivity as the encls themselves,
excluding resctions in ﬁhiab the enolic¢ hydroxyl také& part.
However, the difference in degree of resctlion is marked.
The enol ether of acetoacetic ester can be prepared by passing
éry hydrogen chloride ges through its ethyl aleoholiec solution.
In a similer menner the dlimethyl ether ﬁf'phlar@giuainal can
be prepared (57a). The phenol methyl ether is difficult to

prepere in this manner and sulfuric acid must be used as a cat~



alyst. The eneclie hydroxyl group found in acetoacetic ester
is similar to those found in @hlﬁ?ﬁgluéinaz, and this simil&rw'
ity seems to decrsase to a slight extent whem &1~ and mono-
phanéls are considered, A tent&tivé'ratinghmi@ht be glven

to these hydroxylated compounds in the following manner:

CH,G==CH = COOC,H, %ﬂONaﬁ 3
. OH
This series is by no means to be taken es fimal, but it is
based on experimental evidence whieh'grﬁvaﬁ the exlstence
of keto-isomers. Thus, both keto and enol ﬁariV§ti¢ea can
be obtained for ascetoscetic ester, phloroglucinol, and re~
soreinol. These three canpounds also give analogous ecom~
pounds, when slkylated in alkﬁlin& solution with dimethyl sul-
fate. The hyﬁrmxyl @rauns are different frﬁm those found in
satureted sloohols, Eiazﬁmathan@ will not react with "ali~
yhatie" hydroxyls, while it ﬁe&& so ra&&i§y with the enol or
"arometlce” hydroxyl group. . |
Enol ethers are very reactive compounds. An interesting
example of sn enol ether is furen. Furfursl cem be tltrated
with bromine much in the same way =as aﬁ enol (ﬁ&}; One would
expoect the f=pogitions of the fursn nucleus to be much mpré re=

active then they are, but experimental evidence proves the

_Chem,, #nal., E€., 6, 123 (1934).

(58) Hughes and Acree,



greater reaﬁaiviﬁy‘af the a-posltlons. Sy d~Dimethoxyfuran
should be & rather reactive compound, since it may be consid~

ered 1o be a dlenol sther of a substance whieh is structurally

ﬁz ‘lﬁ
%

Dimethoxyfuren

gn enol ether.

It iz resinified immedistely when brought into contact with
minerael acids. Hereuration took plece immedistely on addi~
tion of the mercurating solution, & dimerecurial resulting. No
detectable reactlion was ascertained when 3,4-dimethoxyfuran wes
treated with ethylmagnesium bromide or with butyl-lithium.

%,4~Dihydroxy~2,5~dicarbamethoxyfuran reduced Fehling's
solution on warming, gave a positive test with Tollen's re~
agent, and reduced 2,6~dlchlorophenol indophenol. When testw
ed with ferrie chloriec, mercurcus nitrate, acetyl ahlaéiﬁa,
&iazamsthané,'baﬁzayl theriﬁe and solublility in dilute elkall,
the resctlions were those to be expected from & phenol., 3S-~Hy=
droxy~4-methoxy~E~carbomethoxyfuran gave the characteristic
phenol reactions with ferric chloride, acetyl chloride, ben=~
zoyl chloride, and solublility in dilute alkmslies. The enol
acetztes were easlly hydrolyzed in water whieh contained a
few drops of acld. - _

As yvet little has been sald concerning the ring system



which was investigated. Some of the general characteristies
of furen itself inelude instebility tawa?é aeld, its relative~
1y bigh stebility toward slkali, end the ebility to undergo
halogenation, mercuration, the ¥Friedel~Crafts reaction, nitra~
tion and sulfonation with a degree of smoothness thet classes
it as "superaromatic® iﬁ properties (59). Some work on hy-
drolysis has been discussed, and 1t ocan be said thet the efw-
fect of certaln types of substituents such as earboxyl, cyano
and other negative groups tend to ineresse the stability of
the ring in elkeline hyﬁrgiysis. The presence of the nitro
group in the ﬁéﬁ&&it&@ﬂ in far&a decrenses the stebllity af‘
the ring toward alkaline hydrolysis. The methyl group whioch
tends to inorease the stabllity of the rinmg toward acids,
causes aﬁiaatian conbrary to thig when slkeline h&ﬁrﬁ1y51§ ia
invas%igﬁﬁaﬁ; In generel, how

ever, it may be sald that the
ortho,para~-directing groups of the benzene series when sub~
stituted in an a-positlon in furan tend to decrease the stah*»
ility of the ring towerds acid. The fact that certain sub~
sﬁitute& furens will form maleic enhydride addition aampauﬂﬁs‘
proves the presenes of s dlene system. The at&ta&enﬁ has
been mede thet this formation does not occur when a carbethoxy,

eyano, nitre, or ethylenie group is sttached to the ring, pre-

{59) a. Gilman epnd Tﬂwna Ree, trav. chim., 51, l&ﬁé {1e32).
b Gilman and Gall@way, J. Am, Chem, 506«, 55, 4197 (1933).

¢. Gilmen end Young, J. Al. Chem, 500, 464 (1934).
4. Gilman end Breuer, IC 4 gs, 11283 (1934).
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sumably in the a-position. Johnson end Ven Campen {60} ob~
tained erystalline maleic anhydride addition compounds with .
2-bromofuran, &mbrﬁmarnraﬁ, furfurylmethyl ether, furfursldi~
aeatate,‘tarfnryiaea%aaﬁ and several others. . These addition
mroducts ara'enaazy gsompounds which may later be converted to
phthalie aeld derivetives by tra&%mént with hydrogen bromide
in glacial acetic soid, | :

COOR
CO0H

CH,

. Even when an aﬁﬁiti@a product is realizéé, proof that g diene
system is pr&aant is not entirely samplata until the proper
phthalle aecid ﬁa?i?&tiva has been obtained. This method has
only limited application, and some have been skeptiesl in ac-
cepting it as a'§rﬁaaéurﬁ in orientation problems of furan {61).
The eminofurans heve presented as difficult e problem as
the hydroxyfurans (62, 28). "If f=aminofuran were reedily aso~
cessible, there would be & possibility of having & potential

o7 5 431 (1033) .
?52 1%% }; Gllmen and

tﬁé) Johnson and Van Gamyen.
(61) Oilman and Wright, Chem, &
. - Dlekey, Iowa State Coll. < 6, 382 (1932).

{62) Bloomquist and Stevenson, Chem, Soc., 58, 146 (1934);

Burtnar, J. Am. Chem., Joe. ,;;;;‘ ‘ fﬁf@%&{,
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source of P~hydroxyfuren.

Hemoval and replacement of certain atons or groups of
etoms has sided in establishing many orientation problems of
furan. If carboxyl groups are present, the process of decar-
boxylation éﬁﬁ.baﬂuﬁeﬁ. Eﬁth’aaiﬁ and alkall hydrolysis were
att&m@taa.-r It wag first thought possible thet ﬁ,é—éihyﬁréxy*
S;swﬂiaarbamathaxyguran(eaulﬁ-ba saponified, and in this way
prapara‘3,4ﬂﬁihyﬁrexy~z,5ﬁﬁiuﬁrbaxyfarﬁn<whiah on desarboxyla=
tion would yield 3,4-dibydroxyfursn. Due to the peculiar
pr@yawtiesigf the eampaﬁnd,_thiﬁ'waa~f¢mﬁé to ba_impraati@ai,
since sagaaificatiéa gave the dimetallie salt of the ﬁiaaoi
at low temperatures, while amt reflux temperstures this mater-
ial was obtained emong decompositlon products. A#idirieatian
of the dlencl sslt reconverted it to the originsl dihydroxy-
compound . The dimethyl ether was then prepared and when this
compound was subjected to saponification, the 3,4~dimethoxy=-
2,5~dicarboxyfuran was cbteined. An adequate explenation
for this phenomenon cannot be m&éa,r Hinsberg (9) found
that $,é~ﬁiﬁyﬁr@xy~3,ﬁwﬁi@&rh@m&thaxy%h1ﬂ§hen& possessed sim-
1lsr properties. It might be paﬁsibla to aitrihu&a aﬁma:af “
this §eauii&rit§ te the formation of a ring aystam,kwhiah,was _
visualized Ey-ﬁantzsah {63) in accounting for chromoisomeric

salts of the scetomcetie ester tygaﬁ:

RC = CH - C = R? RC = CH = CR?Y
@. - na,«ﬁ §1) ‘a-w-au - mM @ in)

‘iﬁﬁi Hantzseh, Ber., 785 (19185).




ﬁihy&raxy@iaar%axylia asters exhibit this effect, and such a
property cen be ascertained by the color of the monovalent
salts contrasted to that of the divalent salts, or the differ-
ence in color of the salt in different solutions. When the
digodium aait,ar’3,4*§ihyﬂraxy~£,ﬁaéiearbam@thmxyfﬁr&n’was‘
isolated from slechol solution it wns yallaw; but when the di-
hydroxydiester was dissolved in aqueous alkeli, = éiaﬁiﬂgtfrsa
color wes given té the spolution. The @ffaot.waﬁlé correspond
to a formation such ss (I}, and in this state might hinder, to
some extent, thslsayﬂnifieatien~af the carboxyl group. Ir,
héwevar, the monomethyl ether was subjected to saponification,
it was found poseible to obtain & compound containing both a
hydroxyl and a c¢arboxyl group. Since it was found that 35,4~
dihydroxy~2,5~dicarbonethoxyfuran could not be satisfectorily
hydrolyzed, while 3,4~dimethoxy~2,5-dicarbonethoxyfurasn was
hydrolyzed to the dimethoxy-diameid, 1t was thought that the re-
sulting compound of hydrolysis of the monomethyl ether was 3=

hydroxy=4=-methoxy~2~carbomethoxy-5~fureic acid,

B0 57— OH

" mg .
33,@ 07 Gem,

- ) 1 o QHQ
ﬁ*ﬁ tnq
&ﬁ,a Gﬁ
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CH,0 OCH, OH

¥o hydrolysis takes plaece in eﬂlé'aeié solution, dbut on heat~
ing in d&ilute amecid solution products of éaeam@aai%inn'ara ap«
parent sinece tars and resins ere formed to a slight axtenﬁu

A large amount of the sterting meterial is recovered., This
might ﬁ& explained by considering some hyérolysis to take
place and the products, vhich are formed, to decarboxylate at
the temperature necessary to bring about any hydrolysis.

oE HO ;—OH
HO OB

_‘Qag‘ [_ff{?g? ;g | »‘:-'GES;-’; :: H g@g

CH,0 © g@ B HO - OH

HO oy OH HO,— OH
. - ~G0g ,-
o=l Vo=0 s aw@&
 ———
0H.0 O om |

CH,O

Resins are very likely to form from such produects.
From the work of Lutz (12), who found that phosphorous
_pentechloride rescted with 2,5-d1(p~bromophenyl)=3 methoxyfuran,
2,5-41(p~bromophenyl) ~3-acetoxyfuren to yield 2,5~4i{p~bromo-
pheayl}~3~ehlararuram,'1t was thought that replacement of the
methoxyl or acetoxy groups in 3,4-dibydroxyfuran derivatives



would be effected. This would lead to known 3,4-4ichlorofur~

| an derivatives (64). When 3,4~dimethoxy~2,5-dicarbomethoxy=
furan was sllowed to react with phesphorous pentachloride,

the chloro-derivetive is not obtained. Instead, the Z~hydroxy=
4qaathaxy~2gswﬁiearhamanhaxyfuran is obtained.

Other ether splitting reasgents, such as benzoyl snd acetyl
chlorides, invelve the use of a catalyst. Some of the catal-
ysts used are stannie chloride, aluminum chloride end zine
chloride {(85).

| A survey of the evidence for the furan sirusture of these
compounds should now be made. The parent 35,4-dihydroxy-2,5~
Cgliglg. It was
isolated as the discdiun or dlammonium salt of thé dienol.

The materisl rescted with acetyl chloride to glve the diecetate,

dicarbomethoxyfuran has the empirical formula

and with diazomethane to glve the dimethylether. VWhen the
E,éwﬁimethaxywa,5*&iaarhamataaxyfur&n was saponified, the 3,4~
dimethoxy~2, S~dicarboxyfuran, CglHglrp, was obtained. Decarboxy«~
lation was performed. Decarboxylation of this compound ylelded

{64) Gilmen and Vander Wal, Rec. trav, chim., 52, 267 (1933).
{65) Meerwein and Maler-Hiser, J. prekt, Chem., 134, 51 (1932).
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a aampaaaﬁ whiah’haa an empirieal Tormula of Ggﬁgﬁg. - Thus
; far, the pregsence af two mathaxyl groups anﬁ.twm earb@x?l
grauga has been shown. The residue, G*@, which remained must
be arrenged in a dlene. systam‘ ainae the 3 &*ﬁimath&xy added
- malelc anhydride to g‘ive«s a cﬁmgmmﬁ 61'!!1@65. - The furan

nueleus would it th@aa aaméitiaﬁa*
gt

From the date given by Hinsberg, {Q; 48, 43), it is felt that
the furen structuare would aecount for all of these reactions,
while other possible structures derived fros the empirical
formule, Cgligly, would not do so. An open chein forrula
would have to contain the dlene system and also have present
en snolic hydroxyl group. It is difficult ta-imﬁgina such a
compound, whieh would still rﬁt&ig teo hydroxyl end two carboxyl
groups, that could be suceessfully fitted to the faots. A py-

rone type of compound might be améjusted to fit some of the facts

mﬁewm& hﬁ% not 311 of them.

In this fammla ea{ne can sccount for two 'hyér@xyl s, which would

give en enol test. The diene system is present. Acld hydrol-



ysis should split the mcetal st carbon atom (). The lactone
should be split with 1ittle difficulty. Whether the diene
systen would remain iatacz, after two earboxyl groups were taken
from this molecule is doubtful,

A readily asvailable source of dimethyl snd dlethyl aigly-
collate was not a2t hand, and it was found maﬁeﬁsaryjﬁs-&is~
cover s convenilent method for their preparation. -Earinm i~
glyaa&l&ﬁa was prepered, according to the direotlions of iasaen
{68). 'The diethyl ester was first prepared from the silver
selt of the acld and methyl lodide (67). ‘Heinz prepared the
dimethyl ester by heating sodlum csrbopate with methyl chloro~
soetate at 1B0°=200° {68). AnschUtz and his co-workers (69)
prepared the methyl ester: {12 by treating the ecid shloride
with methyl alcohol, (2) by the setlon of methyl slechel on
the acid in the presence of dry hydrogen gas and {3) the action
of a hydrogen gas saturated solution of methyl aleohol on the
anhydride, | o | ‘

A great smount efztiﬁﬁ‘wag consumed in converting the
barium salt of diglycollic nmcid to the eoid, end in the prepara~
tion of the desired ester from this smecid, Procedures were de-

veloped so that ﬁhﬂ hariﬁm.salﬁ could be direotly converted in-

{(66) Lossen 121 {1805); of. Boessken Raga LrBY.
’s%aﬁiéa“%§%1 ' i

ﬁh mg; g}‘
(67) Helinz, Apm., 144, 95 (1867).
ggg Heinz, ggg,, 47, 200 (1se8(.

‘ ﬁasehﬁt5§ &gg\ 573, 65 (1892); Anschfitz and Blermeux,
Bgﬁh, 2§ ( QB&%}*
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to the desired ester.

In condensations of ﬁialym@llie esters with compounds
conteining the at@mia grouping w%ng* in the presence of alw-
kall slkoxides, it was found that the alkoxide had a definite
influsneoe on the praduaz 1&@1&%&&; Hinsberg has noted this
sarlier., %h&nv&imethyiftﬁimﬁigiy@@llate was condensed with
diethyl oxaslate in the é?ﬁééﬁaé of socdlium ethoxide, 3,4~41~
hyﬁraxywﬁ,Snéiéafbathaxgﬁhiaghéﬁ& was cotained (9). It was
observed that the anﬁﬁaﬁs§£ién of dibutyl diglycollate and di-
ethyl oxelste in the grgéaﬁa@f@f sofdiun ethoxlide, ylslded, in-
steand of the expected 3,@~dihyﬁ§§xy~2,ﬁwﬁiaa:%@hﬁtaxyfur&ﬁ,
the B,4-dihydroxy~2,5~dicarbethoxyfuran. It was found nso~-
egsary, therefore, to choese ﬁhﬁ-&lkaxiéa‘wkiéh earrasganésa
with the dizlycollic ester used. This prevented the 1nt3r~
change of the aslcohol radical of the sster group for that of
the alkoxide radicel.

The tiﬁm of rvesction could be shortened eeasiéﬁrahly, ir
the aleohelic solution of the &lkwxiﬁe was diluted with some
other inert solvent (8). The cholee of this solvent eeém&ﬁ
to depend @ﬁ the compounds whish were to underpgo e@mﬁansaﬁiau;
The condensation of benzil with dimethyldiglycollate in the
presence of sodium methoxide in methyl aleohol was favorably
improved by the addition of benzene (70). The use of a solu=-
tion of & methyl slcohol, ether and solium methoxlde gave &

very desirsble condensetion medium for the preparation of 5,4~

{70} Ven Zss, Unpublished resultsa.



46

dihy&raxy*ﬁ;S~ﬁicar%cmﬂthaxyfuraﬂ.

| Besldes studiles concerning the condensation of diethyl
oxalete and dimethyl dlglycollsate, imva&tigatisaa were earri@&
out where these materiasls were replaced by other compounds.
Bthyl pyruvete, ethyl acetopyruvate, dlethyl oxomalonate and
glyoxal were used instead of diethyl oxelate. A condensation
wes also ettempted using benzyl ether and dlethyl oxeleate. No
gondensation products were obtained in the ethyl pyrnvata;
ethyl scetopyruvete and benzyl ether experiments, The com~
pound from th@haand&ﬁsatian of dlethyl oxomalonate and dimethyl
diglycollate is, as yet, of undetermined constitution. A
ferric chloride color test of deep blue to vioclet 1is éhaarvaa
when the meterlisl is Treshly isolated, but on standing for
some time, the adility to glve such a test ﬁiaappaars;

The first directions for these condensation reeactions
stated that 1t wes desirable to allow the condensation mixtures
to stend f@r a u@riea af from three to five ﬁays; This was
found %o be im@r&ﬁ%iﬁ&i,.&nﬁ the use of the solvent mixture of
sodium elkoxide made it ?ﬁaﬁihlﬁ to 1s®lataytha condensation
produst after two to ten hours after thazaixﬁure of the atart-
ing compounds was made. These conditions ﬁpply only to con-
densetions using dlethyl oxalate and dialkyl diglyoollstes.

The use af ether ss a solvent for this rﬁaetiam‘waa'intreéﬂee&-
hy—&a&ﬁ&aﬂ and Johns {&};,» These euthors stated that the yield
of the disodimm sslt of 3 é éihyﬁraxywa,5~ﬁiearbﬁthaxy£urﬁa was
quantimtive., “Although the ylelds of 3,4-dilhydroxy-2,5~dicar—~
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,‘bamgthmxyfuran &ra baetween ﬁﬁﬁﬁﬂﬁ? as yet guantitative yialéa
have not been obtained. T

Tha mechenism to give the fﬁrﬁﬁ ﬁaalsﬁs»is substantiated
by the econdensstion of glyoxal agﬁ:ﬁimetﬁyl alglycollete to o
give &@hyﬁré muecie aeié;‘ .Tna»yiéiﬁﬁ.@f the &@hyﬁrnénaie aéid
in these a@mﬁ&gﬁaniﬁnﬂ wore exceedingly suell. The product
from the condensation was therefore converted diresetly into
the dimethyl ester by meens of dlszomethane and 1ldentificstion
was mande through this &@ri?ativa*

The one reaction which alded greatly in carrying out this
investigation was alkylation. Some of the alkylating reegents
used were dlmethyl sulfate in alkaeline solution, ethyl chloro=-
carbonate, and dlagomethane, The dimethyl sulfate was found
to be sstisfTactory when falrly large mmounts of material were
to be methyleted. When quantitative ylelds of rather pure
produets were reguired, diazomethane was used, _

then 3,émﬁihy&raxymﬁ,5*ﬁisarhﬁm&%h¢xyfurﬁn wag treated
with one equivalent of alkell and one egquivalent of dimethyl
sulfate, 8 small amount of S-hydroxy-4-methoxy=-2,5~dicarbometh-
oxyfuran was isolated. ‘When 3,4~dihydroxy-2,5-dicsrbomethoxy~
furan was trested with two eguiv&laaﬁa of éiﬁethyi sulfate in
alkeline solution, & mixture of products was obtailned, This
mixture consisted of the monomethyl snd dimethyl ethers of
the 3,4-dihydroxy-2,5~dicsrbomethoxyfuren. Mr. P. R. Ven Ess
found that the B~hydroxy=4~methoxy-2,5-dlicarbonethoxyfuran
could be extracted Ifrom this mixture by the use of & lithiunm



carbonate solution or by the use of secondary sodium phosphate
solution. If one slkyleted the mixture until no blue color
sppeared when tested wité;fgrria ehloride, only 3,4-dimethoxy-
E,ﬁ*ﬁiearbﬁmsﬁhﬁxyfnr&ﬂ RS ahﬁaiﬁéﬁg

'Iﬁ.ar&ef to show the presence of a hydroxyl group, which
was not @ @art“aﬁ a sarboxyl gr@ag, the acetate and benzoate
of S»ﬁyﬁrex?é%*methmxyﬂa,ﬁwﬁi@&rbamaﬁh@xyfmr&n wes prepared,
ﬁy.hyﬁr&lysi&laf the 3~h§ﬁrnxy~%wmﬂthmxy~£,swéiéarbﬁmethéxy*
fursn in slkalins solution, & hydroxzy-scid is obteined. This
compound, Trom whet has slresdy boen steted (page 40 in this
thesis) is postuleted as S-hydroxy«i~methoxy=2=carbomethoxy«Se=
furole seild, This msterisl wes converted to the scld ehloride.

The use of diazonwetheane s an alkyl&tin@ reagent is be=
coning populer due to the convenience mflﬁr&gar&tian, its
mild but effective mction on enoi~type hydroxyl groups, and
improvements in ite preparatlon which have lessened the cost.
Dlazomethane mey produce differepmt results with scld chlorides,
depending on the eonditions under whieh 1t is used (71). The
use of dlazomethane for the preparation of methoxy=-derivative
made it possible to work with smell amsunts of material when
DECeBERTY . Hicro~Zelisel anslysesn were ﬁ&eﬁ frequently, since
this geve an indirect method of finding the moleecular weight

of the compound.

{71) H. lieyer, "Analyse und Kenstitutionsermitilung", Julius
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Diazomethane may reasct with acid chlorides to give pro=-

ducts an demonatrated in the followling ecquations:

I.  RG=Cl + oH,N, (Acld ohloride  geooy.c1 2w,  (72)
| ' in excess) ' |

II. Rg-gx + CHaN, L CHaNaim _  wgeeomw, + HOL  (73)
0 exeess_/ o)

Irt. RE=C1 + CHy N, Py, Am, gr'ﬁa,a__ RCHLCODH + N,+HC1(74)
‘ 0 2 &8 ocgtalyst
' - HOHE

The ring system of furep coupounds can be opensd when
these compounds ere submitted to oxidetion. The products of
@xiéatian; uéuaily fumaric or melelc acids, ald to & certaln
extent in determlnmetion of strueture of the substituted furen.
2,3,4~Tribromo~5~furolc acid hes been oxidized to dibromow~
meleic acid, and B-bromo=-8-furoic moid oxidized te bromofum=
aric acid, when aquecus nitric acid was used as the oxidizing
agent. H1ll and Sanger (75) used this type of resetion dur-
ing their work on substituted furan compounds. Lutz and his
sollaborators have found nitric acid in acetic acid useful in
the oxidation of phenyl substituted furans, The produocts in
the latter work are 1,4-dlketonss (18, ?5, 77) .

(74) ﬁrnat, Ber.
{73% s &"’"'ng y LE0Cs flte
{78) lLutz and %ilﬁer,,i»’}ﬁ’ui%
{77} Lutz, Tyson, Sanders and
2679 (1984).

_Sei., 21, 135 (1885).
. 978, 1193 (1984).
Pl e “" gé 3
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In the lahﬁratmriaa of ¥ilas (78, 79) studies have been
made of the.éatglytie oxidation mf'fufan derivetives under var-
ious conditions in order to ascertaln a mechenism for the forma-
ti@n of fumﬁriﬁ, m&a&t&fﬁaria, oxnlie and maleic seids from
them. Sescions (80) has slso studied the oxldation of fur-
fural, sbteinine malelc =cid &8 o product. The proposed.
mﬁahagiﬁﬁ of ¥ilasg, when furfural or furoic aclid was oxidized
using osmium oxide §r vanadium oxide with sodiun @hiorata, was

g Pollcws:

w80 zéﬁ @ o ‘ .
B gﬁ{}ﬁ oo e ﬁﬁ; SooH
| | ,; o
lco.

- ‘ ‘ ﬂSQg H )2 BOH i GH .
H COOH _ OH
H cHO . . » 100 |

NaCl0s. H ﬁ 208
20s H i‘ COOH
&

ﬁ? = CH

] o | »g%ﬁ’
HC  COOH N HG = CH
' Goon

The mechenism proposed, when the vapor phase oxidetion was cear-

ried out, using fursn, furfuryl sleohol, furfural snd furoic

{20) Sessions,

50, 1696 (1928).



zwaolay (8L) has found thet tsrs and resinous products

were obtained when dimethylfuren was trested wlth venadium
pentoxide, vanadium pentoxide and sodlum ohlorate, sllver per-
oxide, lead dioxide, lead tetracetate, hydrogen peroxide in
either scidic or basic solution andé nitrogen &ioxide.
BBeseken and co-workers {27) have studied the effect of per=
benzolc and per&éatie aclds on some substituted furans. In
evary osose the furen or furan derivative hed no substituent in
- one of the aipeaitianﬂ¢, This was invariably the point of

‘attack In ﬁhﬁﬁa'exid&tiaﬁa* lactones beiﬁg formed in eaoch case.
This wark*@muia then suggest that the product obtained by
Schelbler, Jeschke and Belser (28} would likewise be consider~
.eﬁ as some form of oxidatieon st the wwoarbon aton. This nar=
rows ‘the poaﬁibiiiﬁias to two compounds for ths products iso-
lated when furfural dlacetate was trested with perbenzoic

agid in ehlorofora.

{81) Wooley ({Unpublished results).
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%han.ﬁwhyﬁraxyﬁ&~mathaxy*%,5~ﬁieﬁr%amethaxyfmran‘wam tfeatﬁ&
with dilute nitéic aeid, the only produet isoleted was oxalic
acid. Thiﬁfwas likewlse true when 3,4-dlhydroxy~2,S5=-dicarbo=:
methoxyfuran wes treatsd with dilute nitric amcid. Since |
¥Yohler and @@wwmrkars {20} have found that peroxides are form=-
ed whaﬁ‘ﬂxygén came in contset with %,4,%*%riphemyl¥$~fnrﬁnnl,
one ah@nlﬁ‘ﬂénaiéer the Boasibility of oxygen a2ddition to the
ﬁaahla‘b@ﬁﬁ*'_'lf such addition took place thrse molecules of
ax&lié aeiﬂ sﬁaﬁlé be obtained for aaah.maiacula of furan com=

pound oxidized.

HO OCH,
cﬁ,aaDGQMﬁ,

Only one molecule of oxalic acid was obtained rar'agsn molecule

S O0H
: J2H,0
5;@0& *

of the fursn compound oxidized. Tﬁa'maéhagism proposed is as

follows:

HO B




Oxelie acid was the only one of the decomposition products whieh
was formed that hes been identified wﬁ@n Sy4~dihydroxy=-2,5-di-
carﬁamﬁﬁhgxyfuran‘was refluxed f@r.§0ﬁ$ tine in 2l¥%eline sol=-
ution. The alkaline solutions of polyphenol compounds abnl
sorb féee oxygen very reddlly, snd this property has been uaad
to aﬁvam%ag% In gas snelysis technigue. It is k¥nown th ﬂt
when oxygen is absorbed by san alksline pyrogallol solution
that a&rhoﬂ‘mﬁﬁﬁxiﬁe ia given ofT. There must be some de-
gomposition of the ring gys%am, ﬁéé,this is_ﬁaa to oxldation
(82}, This type of oxldetion mlisht be-also comsidered pos—
sible in the alkeline hy&ralysi& of the dihyvdroxyfurens which
wers studied. }

No perﬁxiéa Tormation aaal& be deteoted by ealez test
methods or mixaﬁ m&iﬁiag point éat@rminatignﬁ after 3ﬁhyﬁr@xy*
énmﬁthQwaa*ﬂarhamathexyfuran or 3~ﬁyﬁrexyﬁéﬁmathexy§2,5~ﬁi~

earbumgthqx?fnrangwer%\ﬁissal?a§-in~ethar and oxygsen passed
through. | _

E&nﬁiﬁg@v'h&ﬁ found that the reduction of erythritol
yieiﬁs as one of the main produets, dihydrofuran. Furan.wua
obteined from dihydrofuran by treeting it with phosphorous
pentachloride. When trested with hydroiodic meid and red
phosphorous, dihydrofuran wes nonverted to butyl iodide.
Henninger (83) dshydrated erythritol with sulfuric acid and
obtained @rythraﬁ@, ﬂéﬁaﬂsi Hurd and Isenhour (&%} were un-
44T, 457 {1935}*‘

" *~ ?3¢ 3&@)

(@a; Drakeley anﬁ Eia&l, J.,aaa,
{83} Henninger, Ann »;:ﬁ,r hYS.s 26,
(84) Hurd end Isenhour, J, g&, Chen,



able to obtaln this materiel when erythritol was treated with
7.5 N sulfurie a&i&.

The methylation of erythrepne yvielded & product whiech had
physical pfﬁ?@f@i&ﬁ gomevhet in apresment with those found for
the reduction product of 3,4-dimethoxyfuran. B

Compound. Sp. gr. : _:ff

¥ethylated pro- ; ; ; ;

ﬁﬂ@te from $ ‘ 4 i . aw®l ‘ :

ervthrane : 1,089%% ¢ 1.4385 @ 27.90 t 28.43
3 H t 2

Reduction pro~ 1t s H 3

duct of 3,4~d1- 1 28°? L 3
:_1@&53 ¢ 1.43%78 " 3 27,90 1 29.95

mﬁ%ﬁaﬁgfﬁﬁan

One would expect a much better comparison, and ss yet it is not
known to what this discrepancy is due, From the molecular re-
fractivity, th& fault appears to lie in the reduction product
of 3,4~dimethoxyfuren. The reduction of the 3,4~dimethoxy-
furen was carried out at a high pressure and s high temperature.
in the presence of Raney nickel., TUnder these conditions it is
yaﬁsibla thet an ether group was cleaved., The esrbon and hy~
drogen enslyses Tor the two compeounds sre in very good agree—
ment, but they are low for the ﬁh&araﬁieal‘valua.

This particular bit of work is of interest sinece it is
probably thé firab example of reducing & furan c¢ompound to a
sugar derivative. The ii%arataéa holds many cases in whleh
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furfural or methyl furfural has been obtained from certein
sugars. As far as is known, however, no work has been done
to build up furen derivetives o suger derivetives. |
Host of the investigations were carried on with the de=-
rivatives of 3,4~dinethoxyfursn, 3,4-dlsethoxy~g,58~dicarbo~
methoxyfuran ag& 3ﬂhyﬁrmxy~4~&aﬁaexy#ﬁ BHedicarbomethoxyfuran,
All of shesa enmge&nﬁs w@ra prepared from I,4-dihydroxy~2,5-
ﬁlmarwﬁmathﬂxyfazaa‘ A aumbar of derivatives was prepared
whieh illustrate the enolie propertiss of the hydroxyl groups
of the 3,4-4ihydroxy-2,5~dicarbalkoxyfuran. |

Inpl Derivatives
E,4-Diacetoxy~2, 5~iicarbonethoxyfuran
5 ﬁnm&aaataxyunpraxyna 5néiaarbammthaxyfnran
%%éwﬁia@ataxywa ﬁmﬁiaarbﬁthaxyfuran .
2 éwﬁihanzaxyuﬁg5uﬁiaarka§hax¥fur&n

The diammonium salt of 3,4~dihydroxy~
2,5-dicarbethoxyfuran

The Z,4-dihyaroxy=-2,5-dicarbomethoxyfuran aftar mathy1at1ﬁa

gave 3,4-dimethoxy=-£,5~dicarbonethoxyfuran, which wes convert-
ed to the dimoid. 3,4=Dimethoxy=~2,5-dicarbomethoxyfuran was
then decarboxylated to give Z,4~dimethoxyfuran. 3,§~ﬂimﬂthcxy~
furan was found to be a very reactive compound, and when allow-
ed to react with & solution of ﬁar@aria mnlarida, formed only
the &im&r@uriaka The addition of maleic anhydride, and malele
acid to the 3,4~dimethoxyfuran gave evidence of a furan struc~
ture, The t#aatmamt of this compound with hydrogen bromide



=56~

in mw&awmw waﬁﬁwa acid decomposed the endoxy gcompound to a cer-
tain @@@8@@- mﬁm as yet m~hemipinic has not been identiried,

The aﬁaa@%gmmutwaaﬁ.a@maawaa;ammw with dimethoxyfuren, us=
ing hydrogen @wwaawmm and hydrogen eyanide In the presence of
wwmaw&ﬁﬁ‘ﬂwwﬂnw&@ destroyed the 3,4-dimethoxyfuran. Bromo-
eyanogen and ﬂwﬁﬁwﬁnﬁ chloride likewlise destroyed the 3,4~4i~
aaﬁwaﬁwwmﬁMﬁ-,« However, when & nmodified Friledel«Crafts re-~
ectlion ﬁ@m;a@wwwwm out with dimethoxyfuran, using wﬂm&ﬁw&
ehloride mﬁ%sma@ﬁwa anhydride, two products were formed, One
of these was aﬁwﬂﬁww@w to w;&rmwgwwww%W%m*mlwwamwwaxwﬁmﬁﬁﬁi

The 3=hydroxy-4-methoxy~=EZ=carbomethoxy~S-~carboxyfuran was
m@amﬁ#@ﬁwwma@ﬂy using copper bronze as s catalyst. When this
reaction was performed in @ %@@¢5@. sublimation chamber, the
crude product sublimed out. The B=hydroxy=i-nethoxy=2=garbo=

%mﬁwou%amiaﬂ&waﬁwmﬁwwﬁ gave a negative chloralide nmmw reaction

which wamm not ﬁ@a@mﬁ@ﬂ»ww,mﬁaﬂ& the position of me”wwm&ew%w
Eroup. ..ﬁﬁ& h@%ﬂ&#ﬂﬂ%w@ﬁam produet should have the formula

. CH,0 OH
. m@wa@?

whioh is Z~hydroxy-4-methoxy-2-carbomethoxyfuran. This com~
pound was elso cobtalned when &iﬁ%@ﬁeﬂﬁtﬁlﬁﬁwwoﬁwWMIGﬂ&wﬁﬁavﬁaﬁ%l
Segcarboxyfuran was treated wiih mercurie chloride in neutral
solution., The resction of ﬁLWWmM@ﬂ%t@i@ﬁaﬁ@ﬁ%&@tﬁ&ﬂ@ﬁ%@ﬁwwﬁwt

ﬂmmw wwwawWﬂmwaﬁ Zechokke and ma@ﬁ%‘_,w Ve Chilm, Asta., 14, 1277
GB1})

{86} Wallech, Ber., 8, 546 (1876); Amp., 183, 55 (1878).
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‘fuxgniwiuh axég«;;nuaﬁe yielded 5;&«axmethaxy~2~earbemathﬁxys
furen. Tha §§tas.af‘hyérolysis tar”$h$aa various B-hydroxy=
furans agﬁ.ﬁhﬁir ésrivativeﬁ were interesting. The ester
groups af_3,&éﬁiﬁy@r@xyws,5ﬂaiaﬁrbamaﬁhaxyfurgu eould not be
hydrolvzed. ; $aﬁ aﬁtér_grﬁug'df ﬁﬂhyﬁrﬁxyméﬂmﬁzkaxy~a,Euﬁi*
eax@am&tﬁ&xyfﬁr&n @éulﬁ hﬁ.ﬁyﬁr@ly%§ﬁ whi1e both ester groups
in 3,&*ﬁimaﬁh3xy~255~diaarh9mﬁﬁﬁﬂxyfurﬁn could be hyaralyzéﬂa
in these latter two examples, where pra&uatﬁ-af hydrolysis were
obtained, the reactions were completed in ome to three minutes
after the additlon of the compounds to alkelil solution. The
bydrolysis af 3, 4=dimethoxy~2~carbouethoxyfuran required
thirty %aufarty minutes of raflaxing in élkaiinﬁ‘éel&tien he-
fore the reaction was @nwplate&wx | | |
3wﬁaet¢x#~éﬁmathazywﬁmﬁarhamaﬁhexyfarﬁn“was brominated
and ﬁ~hy§r¢xy~&~metﬁaxymﬁ«%&ama«&»@&rha@ﬁﬁﬁngfnran obtained.
The w&aati@n of aiaﬁmma$hana on ﬁwhyaraxy~4~maﬁhaxw~®~earba~
math@xyruran produced the 3,4-dimethozxy-2~ecarbomethoxyfurane.
Merecurstion of this e@mﬁanﬁa yialﬁa& the 5,é~dimﬁthaxy*5~
ahlaraf;raurxﬁﬁﬁgarhamethmxyfuran, &lkalina hg&relyaia of
3y4~dimethoxy~e~carbomnethoxyfuran yialésé the acid, whieh on

decsarboxylation yielded the 3,4~dimethoxyfuran. The maleic
anhy&ri&e}ad&ition compound of the ﬁ,é*ﬁimathoxyfuﬁan.ohtainaé
in this reaction was identical with the derivetive formed with
the dimethoxyfuran from the decarboxylatlion of the dlseid.

A maleile anhyﬂriﬁ& addition compound wes obtained with
%,4~dimethoxy~2~oarbomethoxyfuran. This is en example of
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& furap-mslelec snhydride mddition produet which does not fit
the ?ﬁia of gmﬁngan end Van Campen (60), probably because of
the marked asotivating effect of the two methoxyl groups in the
p-positions. |

The m@fﬁﬁ&&tiﬁn of 3,é*di%ﬁ%hQK?*%*&&Eb&ﬁ&th@X?fﬂr&n pro=-
duced a desirable derivative for this compound. The bronina-
tion of 3,4~dimethoxy~f2=-carbomethoxyfuran yvielded en o0il which
gave a great deal of trouble, . This bromo=compound was par=
tieulaflyrﬁaﬁiraﬁ since 1t might be converted to the nitro=
compound which could subseqguently be converted to a lactone
by hydrolysis. | |

The chemical transformations of these ﬁamyﬁﬁndﬁ‘varify,
to & certein sxtent, the structures assigned to them. All the
chenical evidence at hand cen be applied to the furen struc—
ture, whereas this does pnot hold for any other sﬁrﬁetééal formu=~

lae which might be sseigned to them.
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IV, BXPERIVENTAL
s Diglveolletse. {(Lossen's method}.

In a B~llter round~bottomed flask were plesced 2 liters of
weter end this was heated to boiling. Then 1580 g. (5 moles)
of barium ﬁ#&&axi&e {tech.) were sdded, mnd solution affh&#é&'
by stirring. This solution was allowed to cool to about 50°
and 475 g. {6 moles) chloroscetic acid were added in z&éﬁé,s.

portions, stirring well after each additbn. Care must be ex~
srcised i# the eddition of the chloroamcetic seid to the bariam
hy&rgxiée'saiutinn, ag too r&piékaﬁéitien causes the reaction
to become uncomtrollable. The mixture rapidly heated to
bolling end efter 2ll the e¢hlorvacetic acid was aéﬁﬁé‘the mixe
ture was refluxed for ome hour. On cooling to room temper-
ature, the insoluble berium salt @f diglycollic acid was fil-
tered and washed with 500-700 ml. distilled water. The salt
was placed iﬁ s flst pan and dried on & steam plate over night
The yleld of barium salt was 620 gg~¢r 43¢ of the theoretical
yield based on chlorcacstic acid, |

In & 1=)liter E-~flask were placed 400 ml. methyl alcohol
and the flask and contents were cooled in anm ice~bath to
§°~10°. To the aleohol were then added 80 ml. (1.49 mole)
concentrated sulfuric acid (sp. ar. 1.83). E&aw*géﬁiti@u of
the sulfurie seid insured minimum ﬁpatﬁariag, 2nd even with

The solution

slow addition the mixture warmed to 25
wag ageain cooled to 10° and 201 g. {0.70 mole} of finély



powdered barium diglycollete were added in 25°~30° g. portioms,
st sueh a rate thet the temperature of the mixture never ex=
ceeded %0°., Whem 2ll the salt hed been added, the flask was
stoppered and allowed to stand over night (10-12 hrs;}a Then
500 ml. of water were sdded snd the mixture shaken well.,  The
mixture wes neutralized with solid sodium carbonete. It wes
then extracted with three 300 ml. portions of benzene. . An
emulsion was sometimes formed &uring this eltrastian whiah

wug broken by the addition of ether, The benzene @p}.u‘tion 7
wag dried by ghﬁkigg end then stending for one-hslf hmﬁr«wiﬁh
about 50 g. of anhydrous sodium sulfete. The penzene was.
distilled on & stean bath snd the méaiéua cooled 1n an ice=

bath. The ester obitained ls ressonadbly pure and melts at 37%.

Reorystallization from benzene does not change this melting
point. The vield is 80 g. or 82.9% of ﬁ%ﬁ theoretical yileld
based on barium diglycollate. Yields as high as 805 have

been obtalined, and the aversge was about 584,

Thres hundred ml. of absolute ethyl slechol were put inte
a 500 ml. 3-necked flask fitted with e condenser, meroury
sealed stirrer and delivery tube for hydrogen chloride gas.
ADry;hy@regan_ﬁhlnti&a was then passed into the alcohol Tor two
hours, during which time the flask and contents were cooled to
0°=10% in an ice-bath, To the satureted hy&:aga& ahlariéﬁw
@leochol 5elutimn,w#5 then added 50 g. (0,174 mole) of rinaly



powdered barium diglyecollste (87). This mixture was stirred -
for snother two hours, hydrogen chloride gas being passed over
the mixture ﬁuriﬁg this time. After standing over nizht at
rﬁam,taﬁp»r%tara the liguid is filtersd from the s&lid,_&nﬁ
the solild resldue washed with benzene. The Tiltrate was ex-
tracted with two 100 ml"par%iaﬁa of benzene, The baazaﬁa
waehings end extracts were combined and neutralized with 10%
sodiun carbonate solutlon. The neutral benzene solutlon was
then washed with water, dried over sodium sulfate and then
filtered into a Claisen distillation flask. The benzene was
distilled on a steam bath, and the r@ﬂiﬁa%,aistilléé under
raduced pressure. A Tew ml. of liguid was ecllected nt 120°%~
130°/20 nm. Nineteen g. of the diethyl diglycollate were |
collected at 138°/20 mm. This was 57.4% of the thaerﬁiinal
yielé'b&aeé on barium diglycollate. The yields ﬁsaaily range
Prom 4530/ when large amounts of barium diglycollate are |
esterified in this manner, Thie sized run has gliven the besgt

results, My, Van Ess has used larger smounts and found the

vields to be slightly lower.

Thirty g. {0.185 mole} of dimethyl diglycollate and 28 g.
{D.192 mﬂ1§3'$£’&thyl oxalate were dlluted with 20 ml. of

{87) Fisher's method of preparing esters.
Fisher, "inleitung gur Darstellung orgenischer Pr&garats”
Bth T ﬁ*, Vieweg and Son, ﬁraunaaheig, 1908,
PP 43*44.



sodium dried ether and sdded to 200 ml. of § sodium methoxide
solution (88). This mixture, in a 1000 ml. EZ~flask, was then
allowed to stand 10 hours at ﬁﬁﬁﬁéﬁ“' The expess alcohol and
ather were ﬁh@n,ﬁistiileﬁ on & &te&ﬁ.héth‘ The h&&ting was
cont inued 20 mimites longer after the distillation. The sodium
selts so obteined are partielly dissolved in 125 mli"ﬁaﬁer;
The solution was then-acidlified with concentrated hydrochloric
scld and 30 ml. in excess sdded. | The mixture wﬁg sooled to
room temperature under running tap waster and filtered. The
g0lid materlal wes washed on t%&»filt@r with weter until no
chieriée test was obteined. it was dried on a gless plste in
air. The yield was 36.6 g. or 91.5% of the theoretical yield
based on dimetbyl diglycollate. The compound was found %o
melt at 220%,

ir, instead of distilling the solvents from the condensa=
tion product, water was sdded st this poinmt, the yield was
only slightly lower. The yield wes usually 95~827, and the
produet cbtained was sluost ﬁ@iﬁ?&@ési ag compared to a buff
colored compound th&iﬁﬁé.Whﬁﬁ‘%hﬁ dried sodium salts were
first isolated. .

This compound was &ﬁgerib&& by %iﬁﬁh@ﬁg'{9}§

Mis condensation was carrisd out in o manner similar to
that ﬁés&?&ﬁaé-in’ﬁnﬂ‘grﬁeeéur@ for the preparction of 3,4~
dihydroxy-2, S~dicarbonethoxyfuran, The ylelds were slightly
{88) This éalutiam wns prepared by addinp 50 g. of so&iu& to

800 ml, of methyl slecohol and then diluting to 1000 ml.
by the addition of dry ether.



lower, being Ffrom 81-857 of the theoretical based on diethyl
diglycollate. : |

This compound was deseribed by Johnson and Johns ({8)

the presence of sodium sthoxide.

Ten e (0.43 mole} sodium were added through & condenser
to 150 ml. absolute ethyl alcohol which were conteined in a
500 ml. round-bottomed fiask. when the solubtion wess cool,
50 ml. ether were added and the solution thoroughly mixed by
sheking. 4 solution of 50 ml. ether, 20 g. {C.0813 mole) die
butyl ﬁiglyﬁ@liate {89) aaﬁ,lﬁ;ﬁ e Lﬁwﬁﬁéé;moia} ethyl oxalate.
were then added and th%‘rﬁﬁﬁlting‘miXﬁufﬁ shaken for a faw
minutes until & homogeneous solution resulted. This was al=~
Jowed to stand for five daysj then the solvents were evaporat-
ed from the resulting gelatinous wass. ~ “bout 150 ml. water
wags sdded to the dry salt and this solution made acid to
methyl red @ith hydrochloric acid. On evaporation under re-
duced pressure (70 mm.) from = wﬁt@r bath, 16 g. material were
obtalined which was foupd to melt ot 177-180°. Reerystalliza~
tion from weter~alechol seolution (2:1) raised the melting point
to 186°, 4 mixed melting polnt with 5,éwﬁihyﬁraxy~&,4~éiearbé
sthoxyfuran was found to give no depression of the melting
point. | .

Amal. Celc'd for: Ciofes0e: O, 49.18; T, 4.92, Found:
¢, 49.10; ¥, 5.40.

(89) Prepared by ir. P. B. Van Ess.
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?hifty»fiva Ze (0.8 mole} diethyl oxomalonste wers mixed
with 33 g. (a.ﬁ mole} dimethyl diplycollate, This mixture

added to a solution of 200 nml. sodium methoxide (.05 g. Na/ml
methyl sleohol) (0.4 mole Na). It was then alléwmﬁ stand for
fouyr days. Ho sttempt wes mmde to ramove the excess solvent
gt this point. To the semi~solid mass was added 100 ml, weter
end 1t was ecidified with nitric acid, 5 ml. nitric acid (1:1)
being added in excess. The solution was then extracted with
ehloroform, and the chloroform solution dried over anhydrous
sodium sulfate,. ATter filtering the c¢hloroform soclution, the
chloroform wess distilled and the residue distilled under re-
duced pressure. The boiling point of the fraction, which had
a constant renge, wes 206~8°/6mm. This material gave . blue
color when tested with ferrie chloride solution. After stand-
ing for & week in the ice~box, a solid was obteincd whiech no
longer gave a ferric chloride golor test. Recrystallizstion
of this solid from p~butyl alecchol ?ialé&& a couwpound which

was found %o melt at 80°-81°,

m ;& Pound: O, 47.35 P4 H, D42
' 47.40 ' 5.45

Five g. of yaiym&riaaé glyoxal (80) were depolymerized by
mixing it with 5 g. of phosphorous pentoxide and heating it in
{s0) ?ha'gly@xai was furnished to us by Dr. Hammer, of the Iowa

Stete College Dairy Department. The writer is very grate-
ful to Dr. Hammer for this cooperation.



a distillstion flask connected to a condenser. A great deal
of meterisl was carbonized. About 1.5 g. impure glyoxel was
obtained which was immedlistely dissolved in 5 ml. of methyl
aloohol and 1 g. of dimethyl diglycollate was: added. '}%ﬁis
saluﬁi&n,was added to 10 ml, of a'ﬁﬁ sodiun methoxide séiu*

tion. The condensaetion mixture was allowed to stand for 28

hours. = The solvent was distilled on a steanm béth,:aﬁﬁgﬁaz dry

salt neutralized with ﬁizute-hy&raehlariei&qié, This mixture

was evaporated to ér?mass and refluxed with 20 ml. of methyl
aleohol for lﬁ*minuteg and then filtered, The alcochol was
distilled on & stean plete and the residue, which was &ei&io,
was trested with an excess of diezomethans in sther solution.
The ether solutlon of the ester obtained was filtered and the
ether distilled, th ester melted at 104~5°. This ester
when mixed 50~50 with dimethyl dehydromucsate melted at 1069~
108%. Dimethyl dehydromucate melts at 108°-109°, Another
condensetion yi@lﬁaé & substance which was found to melt at
29°=-101"°, ‘
aration of S~Hydroxy-é~methoxy~8,5=-d41 08 an
To 20 g. (0.092 mole) 3,4-dihydroxy=~g2,5-d1carbomethoxy=
furan were added 45 ml. potassium hydroxide methyl alcohol

.‘ »1‘51

»

solution (0.107 mole) which coniained 400 g. potassium hydrox-
ide in 200 ml. methyl mlcohol. Then 100 ml. water were added

end the mizxture weg shaken for 30 minutes. As all the fursn

sompound did not go into solution, it was thought feasible to

heat it on a steam bath. After heating 1t for about 90 mlnutes,



the solution developed a deep red color, aﬁar&azeristie of
that which was observed when the decomposition of 3,4#dihyéraxy~
2,5=dicarbvomethoxyfuran occurred. Tha-aampaﬁﬁ& was now in
solution, however, To thia‘ﬁe&utian was then asdded 20 g.
(0.16 mole) dimethyl sulfete end the mixture sheken for %hirty,
ninutes., ‘Then 50 g. of ice were added and the mixtuga‘Qhaken
for another ten minutes. About 3 g. of material was obtailned
which was found to melt at 87~-89°, This wes shown to be 5,4~
dimethoxy=2, 5~dicarbonethoxyfuran by mixed melting point with
an suthentic pemple. The remaining solution wess allowed to
stand 4 days end them filtered. 4 so0lid material whioch wes
obtalined had & melting point of 146°-130°. After one re—-
crystellization from water, thﬁ.ﬁ&m@ﬂmuﬁ wa g foﬁmﬁ to melt at
146 =pe, Sublimetion and reovystallizetion gave & compound
which was founé to melt at 150=1°. |

The compound proved to be ildenticael with that one obteained
from the mixture resulting from methylstion & 3,4~dihydroxy=~
2,5-d1carbomethoxyfuraen. The hydroxy a@&pauu&’@as first ex—~
tracted fron this mixture by means of lithium carbonate or
secondary sodium phosphate. (This was done by ¥r. P. R. Van
Ess).

Bad-dimethoxy~

2,5=dicarbomathoxyfuran.

Ten g« (0,041 mole) of 3,4-dimethoxy~E,S~dicarbonethoxy~
furan wmrs‘&ix@a with 10 g« {0.048 mole) of phosphorous penta=-
chloride and the resulting mixture put into ecarius tube. The
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tube, after being sealed, was heated at 1409<150° for 1.5 hours.
The tube and its contents were cooled to %0° and the tube then
opened and the contents poured ontoe 200 g.‘ar'ia@. One hundred
ml. of ether were used to extract the viscous layer whieh sep=-
arated, The ether extract was dried over sodium sulfste, the
solution filteraﬁ agﬁ the ether distllled. The liguid whieh
remained was éz&till&é at lﬁ@’*l%@”}&*? .
ggﬁg, ﬁa&g*é. farfﬁgﬁﬁﬁgﬁlzﬁ* 1, 21.45

| Founds C1, 21.4%; 21.40
The coupound raaataﬁ~with 10% silver nitrste solution in the
cold within 2-5 minutes. When zinc dust and water were asdded
to the compound, a vigorous reaction took place. An olly pre=-
cipitete is formed by this resction,and by reorystellization
from aleohol & compound melting at 148°-150° is obtained. The
latter su&st&ns&; which gave an intense blue ferric chloride
color test in.aleahal solution, was mixed with an egual portion
of 3-hydrozy-4-methoxy+~2,5~dicarbonethoxyfuran and was found to
melt at 148°«1830°,

Pwenty E. {ﬁ.ﬁ@% mole) 3,4-~dihydroxy=2,S5-dicarbonethoxy—
furan were suspended in 100 ml, water in & 1000 ml., E-flagk.
Then 50 ml. of 104§ methyl mlechelic sodium hydroxide solution
were andded, The flask and its contents were shaken vigoroua-
1y until a homogeneous solution was obtained. To this solu=-
tion were mdded 28 g. (0.28 mole) dimethyl sulfate, the flasak
stoppered, and 1%t wes shaken vigorously for 30 minutes. The



red color, which developed during solution of the dihydroxy
compound, had faded to s light pink or turned to & light yellow.
The solution was cooled t@‘iﬁ” by the addition of 300 g. ice.
After stending sn hour, the solld which orystallized out was
filtered and washed with 500 ml. water. After réﬁrystalliza*
tion froo methyl slcobol, the compound was found to melt at
89+5~90°.  The yield is 19.2-~20.5 g. or 85904 of the theoret~
ieal yi&iﬁi'ﬁaa@ﬁ Qnvﬁ,&wﬁihyﬁraxywﬁ*5wﬁiaaxbumathaxyfnran‘

Anal. Cale'd. for CipoHjzOwt C, 49.10; H, 4.91; 0CHy 50.80

. Pound: O, 48.80; H, 5.16; OCH, 50.30.

One hundred and twenty g. (0.556 mole) of the 3,4~dihydroxy~
%;ﬁwﬁiaarhamﬁthaxyfuraa were nethylsted in portions of 30 €e
Twelve g. (0.30 mole) sodium hydroxide were dissolved in 100
ml. water and 30 g« {0.1388 mole) 3,4=dihydroxy-2,5~diearbo~
me thoxyfursn added. When all the furan compound had dissolved,
& clear solution having & deep red color resulted, To this
solution was added 50 ml. methyl alocohol. At this point a
precipitete sometimes separsted out, but regardless of that,

40 ml. (0.42 mole) dimethyl sulfate were added, This nixture
was shaken well, and when the remctlon became too vigorous,
the fiaskjwag eooled uaﬁar:t&p'watar, The red oolor graduslly
became 1igghtér '_ﬁ;na at the end of ﬁm reaction & light yallew—'
colored solution f&m&imﬁﬁ.‘ Usually this took place in about
10~15 minutes, and & this time no precipitete was evident.
After this solution stood at room temperature for £-3 hours, &

precipitate was obtalned, and In order to produce maximum sep-



aretion, the contents of the flaslk were cooled to 10%, The
solid, from the four reaction flasgks, was filtered and washed
with about 700 ml, water. TDried on a giaaa'@lgte in air,
there was a&tainsﬁ & yield of 110 g. or 83.5% of the theoret-
ical yield, when consldered as 3,4=dimethoxy=-2,5-dicarbometh
oxyfuren. | |
, This'smlié,matariﬁl was then extracted with 104 secondary

.aeﬁiamvphas@hg%a solution,. Three 200 ml. portions of the
phosphete solution were used and each portion wes shaken vig~
orously fsr tan.minu%aa=with the mixﬁu;& of methyletion pro=-
ducts. A red supernstant liguid resulted, which, with each
ggae@saivé extraction, became lignter in coler. This mixture
was Tfiltered. The extracts were combined and acidified with
hydi&aﬁl&ria sold, whiah caugsed the solution to ehﬁﬁge from
red to yellow in color. The seclid, 3~hydroxy-i-methoxy=2,5-
dicerbomethoxyfuren was Tiltered, wasched with watar ané dried
in air on a glass plete. The yleld was 10 g. or 917 aof the
mixture. The compound was found to melt at 150-1°. ,

ﬁh& 3uﬁyﬁraxy~4mmathaxyw%,$~ﬁie&rhamathmxyf&ran gavé 7:Y
deep blue color when a drop of 107 ferric chloride solution was
added to en aleoholic solution of it. |

m. Calctd. fm-]%amné 1 G, 46.96; H, 4.35; OCH,, 40.43

Found: ©, 46.71; H, 4.57; OCHa, 40.2 (91)

§m§@at§§x*§*%g§§g§gg§*§:§gcarbgggtgg§§§ggggm

To 5.75 g. (0.020 mole) of B~hydroxy~4-methoxy=-2,5-dicarbo-

(91} These analyses were made by HMr., P. R. Van Ess.
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methoxyfursen contained in s Carius tube wes added 11.05 g.
(0.141 mole) of acetyl chloride. The tube was sealed end
’théa,h@at@ﬁ to 135°«140° for 4 hours. After cooling, the
tube wes opened, Large prisms were obtained from the tube.
Thﬁ-gaﬁﬁate thus obtaired was found to melt at iaawgb.

This materiel was also prerered by ¥r. P. Ra ?ﬁa’%és;
using seetic snhy8ride and sodium ascetate.

Anal. Celet'd, for gllﬁlgeﬁ.: C, 48,505 H, 4.45

Found: C, 48.30; H, 4,60,

The yield of the acebtoxy compound was considersebly lowered

when hested in a w&tﬁrrﬁwlutimn for 2030 minutes.

Preparetion éf S~Hydroxy=~4-methoxy~2~carbonethoxy-S~carboxy=
- furen. | |

Twenty . (0.087 mole) of B-hydroxy-4-methoxy=-2,5~dicarbo-
methoxyfuran were made into s paste with 50 co. water. To
this was added a solution of 6.96 g. (0.174 mole) sodium hy«
éréxiée in 50 cec. water. The materisl dissolved within a min-
ute when shaken vigorously. The sclution became very deep red.
When solution of solld material was eamplata, it was cooled
under the tap until the temperature was aéeut 15-°20°, The
solution was acidified with hydrochlorie seid (1:1) and rfilter-
ed. The solld material which was collected was suspended in
500 co. water and thaﬁ filtered. After washing three times
with water in this manner, ﬁh&?&ﬁ%@?iﬂl @as'filtéraﬁ by suétian‘
It was then transferred to a plass plate and air-dried. WHen

recryastallized from water, in which the acid wes aﬁt‘very soluble,



it had s melting point of £245~6°, A mized melting point with

zha‘$§4~éim$tkaxy~2,5ﬁaiaﬁrbaxyrurﬂn.ahwwﬁﬁ a daepression of

11° (234°-845°). It gave a ferric chloride color test.
Ansl. Cale'@. for CgHOp; OCHs, 23.70. |
Found: OCH,, 28.85
This analyels was mede by kr. P. H. Van Zas.

ﬁ*ﬁanaaxxméﬁmsthaxy~@$5*&1aarhamat&sxgtar&mrwaé prepared
by Mr. P. R. Van Bss by treating the hydroxy compound in
l1ithium cerbonate solution with benzoyl e¢hloride, The com-
pound formed wes found to melt at 117°-8° after it was re-
erystellized from sther.

#pal. Cele'd, for Cy.H,,05 ¢ C, 57.48; H, 4.22; OCH,, 27.80.

Found: C, §7.85; H, 4.76; OCH,, 27.93.
arboneth oxy =5

Two gramns (0.868 mole) of S-hydroxy-i=~methoxy=2-carbo-
methoxy~S=-carbozyfuren were suspended in 30 ¢e¢. thionyl chloride
and this mixture was refluxed for ten hours. The flask was
then connected for distillation and the excess thionyl chlorids
distillied. The compound thus obtained wes suspended in pet~
roleum ether (b.p. 68°-75°) and warmed to reflux, Five co.
benzene were added, and the mixture sllowed to cool., By
seratehing the sides of the flask, the materisl begsn ﬁ@ eryatal~
lize. It was then filtered and washed with petroleum ether.

This procedure of reoryetellizetion was repeated four times



and the meterial then hed a melting pelnt of 132-133.5°. The
yield was 2 g. or 98.0% of the %kﬁa&aﬁiaal yield based on I~
kyéraxyw§ﬂmatkaxyaﬁ*ﬁarbﬁﬁgthaxyﬂﬁ*ﬁ&rhaxyfnran. The aoid
chloride of 3*ﬁy&raxy*&~mathagy*%~aar%ﬂ&sﬁhaxyuﬁ*aarbaxgruran
gave m ferrie chloride color test.

Anel. Calo'd. for CoH,0401; ax. 14.95

‘Found: €1, 15.01; 16.08,, - j
3,4-Dimethoxy~2,5-dloarbethoxyfuran.
Ten g. (0.041 mole) 3,%«&ihy&r@xyna,5~aiaarhamﬁ§hnyruran

were allowed %o react with en exceéss of diszomethane, After
the reamction mixture had stood for en hour in the hood, the
ether was distilled on a steam bath. The &élié material was
suspended in 200 ml. of hot water. It was filtered immed-
iately and the residue weshed with hot water. The liquid
which ﬁattlﬁﬁ.%@ the bottom of the filtrate wes ﬁﬁpar&taﬁ.
cooled in an ice~salt bath and the cerystals filtered. The
compound so obtained was found to melt at 45°., This material
wag than reorystallized frum.aﬁ.alaaﬁsiwﬁthyl acetate~-water
mixture (1:1:2), and dried in a desiceator over barium hydroxide.
The melting point of the recrystallized product was 48°. The
vield was quantitative. _

| Two g. {0.00735 mole) of this compound ware then suspended
in water end 25 ml. 2% sodium hydroxide solution added. After
this mixture was refluxed for five hours, it was cooled in an
ice~galt bath. The solution was then scidiflied with hydro~-
ehloriec aeid (1:1) anﬁ'thé so0lid which precipitated was'filt$red,



washed with water, and dried on e olay plate. This easpound
was found to melt at 214%-B256°., It wes reorystallized from
ethyl aloohol and f@&h@ to melt at BEL*«34°, A& mixed melting
point with 3,4~-dimethoxy~2,5-dissrboxyfuran showed s melting
pmint of 232°%°«=34°, It was found neoesssary to recrystallize
the compound from water snd dry it on 8 clsy plate before a
mixed melting point of 243° was obtalned for sgual portions

of the oarpound -obtained and 3,4~dimethoxy=2,5-dlearbexyfuren.

8,4-Dinethoxy-2,5~dicarboxyfuran. |
Six and five-tenths g. (0.0258 moles) of the discid

ehloride of 3,%~&imethaxyw2,ﬁ*@ic&rﬁaxyfuran.wﬁrg partially
dissolved in 100 ml. of ether and onoled to ~15°, A diazo=
methane (73 sclution was poured in asrepidly es possible. The
golution contalned an excess amount of Glagomethane necessary
to complete the reaction. The reaction wss allowed t¢ stand
for thirty ninutes, during which $ime 1t was stirred vigorous=-
ly. The product was filtered from the ether and dried over
 barium oxide in a veouum desicoator. The melting point of
this compound way 110°, using & reapldly rising dath. Reorystale=
lizetion from aafhanﬁeﬁramhlmriﬁa yialﬁa& e conpound whiokh
softened at 110° and melted at 110°. An elementary analysis
showed the presence of nitrogen and shlorine. The yield was
G468 Be OF 76.6% of the theoreticel yield based on the discid

ehloride compound.



Apal. Cale'd. for C, H, 0N Cl, 3 N, 16.67
| Found: N, 16.70.

?his egwya&ﬁﬁ hes been named 3 &uﬁimgﬁh@xywﬂ 6~ﬁi£ -
diazonium chloride acetyl) fursn. |

Aclds end boiling water ﬁﬁ@&m@ﬂﬁ&ﬁvﬁh& compound. It de-
Qﬁﬁ?ﬁaﬂﬁ gxplmsivaly whien & small smount on a gpatula wes
thrust gv@r_ﬁ £iaﬁe, The diamzonium compound decanposed
slowly when it wes placed in en 1c e~box during a period of
two years. ﬁ,mixiﬁre‘ér products was obtained when the ai-

azonlum compound was trested with formie acid, The structure

of the &i&z&ni&m compound is postulsted as talxawa'

CH a0 OCH,

 CIN,CH,~C U LC=CH.NyC1
o ¥ o |

with Nitric Acigd,

Five g. (0232 mole) BZ~hydroxy=-4-methoxy-2-sarbomethoxy=5=
furoic acid were placed in 300 mli.~BE~flask and 30 ml, of &
golution of dilute nitriec acid (1:2) sdded. The reaction mix~

ture Ilmmedlstely became warm and it wes found necessary to ro-
tate the flask 1n order that the foam formed would be broken.
When the foaming had stopped, tha’£&aak,wasfaat on & hot plate
and ailwa& to ava@arﬁﬁs& to dryness, k%&lie;aem was obtained
as charsatariz&é by e microscopic axaﬁina%iaﬁ using the manganese

salt (92}. The compound wee found to malt &t 98°«100° and on

{93} Chamot and %aamn, "Handbook af Chemical ¥iceroscopy™, Jobn
Wiley and Sons, Ind., New York, 1831, 1I, p. 134,
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}jong heating aﬁ,this point wes converted to the snhydrous
oxelie mseid mélting at 186°-40°, Tha-yielﬁ.waé Ce8 go. which,
on the basis fTor the formwtion of one mele of oxalic zeid for
ﬁhrs@'malaa of the 3@&?%&&@ campound {(see page 52 of this

thesis) is B2.5% yield.

Byd=Dimethoxy~2,5-81carboxyfursn with Nitriec aeild.

Pive g. (0.021 mole} of 3,4~dimethoxy=-Z,5~dicarboxyfuran
were pleced in a 300 ml, E-~flagk aﬁé«té thies was edded $Q ml .
of a solution of dilute nitric acid (1:2). A rea@tieﬁhaaeur*
red almost immedlately, brown fumes being given off, and it
was accompenied by a'gr@&t'gmaaaﬁ of Toanipng. After 5 minutes,
the fosming had cessed and a ¢lesar solutlion remsined., This
solution was placed on & hot plate end sveporated to drynees.
The meterisl sublimed on the sides of the Tlssk, and sore of
the compound wes pressed onto a clay plate., The compound was
found to melt at 190° (softened at 183°). This was found to
be oxalic acid, sinee hydration gave the dihydrate of oxmlic
acid. The mﬁiting point for the dihydrate was found to be

98°«~100°, The microscopic test, using manganese chloride,

wes also positive.

Ten ml, of 2§ solution of potassium permangenate were add=-
ed slowly to a suspemsion of 1 g. (0.0046 mole) 3,4-dihydroxy=
2,5-dicerbomethoxyfuran in 10 ml. water. The mixture was
then allowed to stand for en hour. Five ml. of 95% ethyl



~F 6

alcohol were added. ,?héaﬁalatiam ﬁmg made seidic with glaciel
scetic neid. The prﬁniyitat@ formed was filtﬁraé.anﬁ washed
with weter, It was not soluble in water or acetone. On ad-
dition of ﬁuifﬁr;e ﬁéié and then & small volume of water, a
1ittle of ﬁhﬁ"yﬂaﬁipit&te&ﬁiﬁﬁﬁlvﬁﬂg '%h&a bromine water was.
a&ﬁaﬁ.t@.&,auﬁpaasign«wfktﬁsygr@s&git&t&, it was discolored.
The aam@euné,ﬁiﬁanm%~malt, anﬁ'sg iznition it zlowed ﬁhraugh*
out at firstaanﬁ iéft'& £nxzy"aarh@n residue. During the
ignitiﬁﬂ'tha:fiams was somewhet luminous. A4s yet, ﬁﬁiﬁ‘eamw
pound has not been identified. | | -

Two £. {0.0092 mole) 3,4~dihydroxy=~g2,S5-dicarbomethoxyfuran
were trested with 10 ml, of 507 sodiunm hy&roxiée golut ion

(0.125 mole). Zolution vas incomplete, even after refluxing
for 30 minutes. Twenty~five nml. vater were then sdded and
refluxing continued for ancther hour. The solution wes then
allowed to cool before it was neutralized by“maans of dry hy=~
drogen ﬁhlériaé gas, #hen neutralization wes complete, the
flaak_maa ylaéaﬁ under running tap water and cooled. roetone
wes then added and the solution filtered. The acetone was
distilled &nd.tkeliigﬂiﬁ remaining cooled., A resinous materisal
WaE mhtgina&>Whieh could not be crystellized. The water was
distilled from the agueous solution under a pressure of 50 mm.
at 70°. The residue was washed with 95% alcoohol until the
sodium ehldriﬁa»in the residue was colorless. Ivaporation of

the alechol gave a 80l11é whieh ﬁms~disa@1vaﬁuin e small amount
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of hot water. After stending over night, & precipitate came
down which filtered and pressed on e olasy plate. This som=
§ﬁﬁﬁﬁ‘%ﬁ$bfﬁﬂﬁﬁ to be oxalie eoid by melting point, neutrel
eq&iv&lant;-eaéh@nlﬁmﬁ h?ﬁr&gam.aaﬁlyséa &a&Amixa&smaltiﬁg
point with Qxaiie_aai&*, It was Tound to melt at l@ﬂ’,-xixed
with oxalie ﬁcié*éihyérate, 1t was found to melt a§‘§@v~x@a«
The mangenese ‘salt was prepared for microscopic exsmination.
The neutral @guivalant of the ecid was found to be 63, The
ealculsted value for the meutral ecuivselent was 63 or the acid

had & molecular welght of 126,

Attempt to Form Peroxide of OS~Hydroxy=—4-methoxy=f=ecarbomeihoxy«=
fursn. -
Three=~tenths g. (0.00174 mole) of S=hydroxy=~4=~methoxy=2-
carbomethoxyfuran in 50 ml. of ether wes put into évlﬁ$ mle
suction flssk, 4 steopper Titted with s delivery tube whieh
reasched the ﬁ@tt@m.of the guetion flask was then adjusted In
the flaesk and oxygen pessed through the ether solution for
five hours. As the sther eveporsted, more was added in order
to keep the compound in solution. After the time designated,
the ether was distilled and the erystelline naterial pressed
on & elay plate, This substence had & melting point of 100°-
100.5% and when mixed with 8 known semple of JI«hydroxyw=ie
methoxy~2=carbonethoxyfuran, it wase found to melt st 100*-100.5%.
Twenty=-nine hundredths g. or 97 of the originsl materlel was
recovered.,

Eﬁﬁ?ﬁraxywﬁwmathaxy~z,5~&iearbamﬁtheﬁyfuxan was treated in



a similer manner. The pressnee of a peroxlde formation wes
tested by means of the cadnium lodide~potassium iodide test.

The result wes negative.

Bleven and five~tenthe g. {0.089 mole) of Sg%éﬁimethaxyﬁ
furan were dissolved in 150 ml. of absolute alcohol and & 20
ml. suspension of the Raney nickel cetalyst was added, This
amaunt}af suspension corresponded to about 1.0 g. of the oat~
alyst. The beginning pressure was 1720 pounds. The temperw
ature was raised to 200°-L% gt which range the pressure was
sbout 2750 pounds. This tﬁm@ﬁratura was mainteined for one
hour. The bomb wag cooled %@ room tempersturs snd the pres-
sure reading was now 1550 pounds. The a&ﬁaiy&t was Tiltered
and a olesr alcohol molution remained. This solution was no
longer discolored by minersl scids as was the 3,4~dimethoxy=-
furan. The mleohol was distilled on a water bath under 20 rm,
of_graséurea The liguld which remasined was distilled at
1i8°f98 mn, with apn outside bath ﬁa&@&%&taré‘af 140-145®, The
forerun, which consisted of 0.5 g. of material distilling et
115°/98 mm., was discarded. Less than a gram of liguid re-
mained in the flask after the fraction was cut at 118°/98 mm.
The main fraction was distilled st stmospheric pressure and
the bolling polint found to be 1B2°=3.5%. The ferric ehloride
solor test was negative., The refractive index was found to be
1.4378 at 25° and the specific gravity at £5° wes found to be
1.081. This compound yrghably.haa & structurel formula cor-
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responding to

Anal. CuH,o0s t C, 50.80 ; H, 8.40
FPound: C, 50,01 3§ H, 7.95
Erythrene (83)
Fifty g. (0,427 mole) of erythritol was added to a solu~
tion of 50 g. (0.93 mole) of sulfuriec acid and 50 g. (2.77

mole) of water, The solution was gently refluxed for 10 hours.
After standing for 12 hours the solution waé diluted with two
volumes of water and the resulting seolution refluxed for an
houy. The solutlon wae neutralized with barium carbonate,.
The mixture was filtered and then distilled from the filtrate
under @iminished pressure. Twelve g. of materiel which 4is-
tilled st 155%-157°/18 ma. were obtained., The refractive
index of erythrane was found to be 1.4748 at 25°, and the
specific gravity wes 1.267 at 25°, The molecular refractive
was found to be 23.10 for a ealoulated value of 23,165,

, Erythre (93)

Ten g. (0.0758 mole) of erythrane were aisaalvaﬁ in 15

ml. of water and this solution warmed to 70° by uping e water
beth. To this solution was added 180 ml. of 10¥% sodium hydrox-
ide (0.454 mole) sand 57 g. (0.454 mole) of dimethyl sulfate at

(93) Haworth, J, Chen,. Soec., 107, 8 {(1915).



such a rate that the solution ls slightly alkaline at all times.
This addition took 40 minutes. The solution was then kept in
the water bath at the temperature of boiling water for sn hour.
The wethyleted product was extracted from the solution by means
of chloreform. The chloroform extract was dried over sodium
sulfate, filtered and the ochloroform distilled. The residue
which remsined was dlstilled at atmospherloc pressure.  Four
e oF ﬁateriai boiling at 170°~180°, and 4.5 g. mr,graﬁaﬁﬁ
bsiling at 181°-183° were collected., The refractive index
for the latter fraotlen was found to be 1.4395 et 25°. The
specific gravity for this fraction was found to be 1.089 at
256®., The nmolecular refractivity wes found to be 28.43 for
e caleulated value of 27.90. | |

Anal. Cale'd. for CgHy005 3 C, 50,80 ; H, B.40

Found: C, 49.76 ; H, 7.61

The comparison of the physical constants of the reduction
preduet of 3,4<Dimethoxyfuran and the alkylated product of
erythrane shows that they are not ldentleal. The effect of
the pressnce of isomers is not known, but may have some in=-
fluence on @ha(yrﬁpﬁftiag of the two compounds. This method
of showing thet a furen nueleus exists in 3,4~dlmethoxyfuren
is far from ildesl.

Tifteen g. (0.0695 mole) of 3,4=-dihydroxy=-2,5~dicarbemeth~
oxyfuran were treated with a mixture of 200 ml. acetic anhydride

and 20 g, of sodium acetats. fha‘mixﬁura‘was refluxed gently



for twé hours. On eooling, & erystalline material separated
which was filtered and washed with cold water. On successive
suspensions in water, filtration end weshing with water three
times, it wes sucked 4ry om the filter. The a&lié«was'the&
trensferred to a clay plate and dried in tha ai#* ?he yvield
was 12 g. or 95% of the theoretical yield besed on the 3,4~
dibydroxy-2, 5~dicarbonethoxyfursn. The @cmgaanﬁ,was found to
melt at 138°. When recrystallized from hot mwr the compound
decomposed to some extent. THot aleohol decomposed it so that
only & very amail vield of the discetoxy oompound was obtained.
 Anal. Cale*d. for CypHisOg ; C, 48.00; H, 4.00
. Found: €, 48.13 : H, 3.71 |
This eaﬁ@guﬁ& was hydrolyzed by heating 1t in boiling
water for 1&~1ﬁ;miaaﬁ@$w The 3,4~dihydroxy~2,5~dicarbomethoxy~
furan 6??%@&111%&&\%@33 the water solution wes cooled, A

mixed melting point determination with an authentic sample

was found to melt at 219%80¢, The known 3,4~hydroxy=-2,5=-di-

carbomethoxyfuran melted at 220°,

and 19 g. (0.102 mole) diethyl diglycollate was carried out in
the usual manner. The disodium salt of the rgsuiting.&,&*
hydroxy~2,5~dicarbethoxyfuran was d4risd on s steam bath for an
hour. To this dried salt were then added 25 g. (0.331 mole)
of gaetyl chloride and the mixture sheken well for sbout 5

minutes. The resction mixture was cocled, whieh was necessary



because the tenperature beceanme very wars during the resction.
Two huﬁﬁra&.ml; of ice water were added, which brought the
temperature to 10®%. The mixture was then filtered and the
unreacted dlhydroxy compound, which remsined on the filter
pep er, was.waﬁhaé with water. The liquid which scparated in
the riltrate was extracted with ather, the ether ax%rﬁ#t,sap~
areted and dried over sodium sulfate. The ether solution
wee then filtered into a Clalsen dlstilling flask, the ether
distilled on a steam bath and the residue dlstilled under a
vacunm. The boiling point was 235°/35 rm. The liquid ob~-
teined was extremely viscous.

dnal. OCale'd, for Cy4Hye0g 3 O, 5Ll.22; H, 4.33

Found: C, 851,01 3 H, 4.88.

#Evﬁ~ﬁiearbnmetha

The Di~Copper hcetete Salt 5, 4-Dihydro

Three~tenths g. (.00139 mole) of &,4~dihydroxy-2,S5-dicarbo-

methoxyfuran were treasted with 10 ml. of & saturated solutlon
of copper scetate. The @ixturafwﬁﬁlr@flaxaé for one hour,
after which it was cooled and Tlltered. A reddish yellow salt
| was obtained whieh wag wazhed with water and dried in = desiecator
over barium oxide.

fnal. Cele'd. for CusH,.0.,0u ;3 OCu, 27.84

Found: Cu, 27.80, 28,07

This salt wes suspended in weter anéd the mixture msde scidle

with hydroehloric scld. Then hydrogen suifide wee passed into

the suspension. Copper sulfide was precipitated, which was



filtered and washed with hot sloohol, The alcohol from these
washings was diluted with water and a crystalline compound wes
obtalined which was found to melt st B1l7-8°, énﬁ on recrystalliza-
tion to melt et 219~-20°. This compound, when mixed with 3,4~
dinydroxy-2,5-dicerbomethoxyfuran, was found to melt at 219-20°,

To 20 g. (0.082 mole) of 3,4-dihydroxy=-2,5-dicarbethoxy-
furen were sdded 160 ml, of sodium ethoxide solution iﬁ,ﬁﬁ‘
g/ml.). The exzcess alecohol was distilled on = steam bath.
?waaty~%ight:g, (0.2 mole] of benzoyl chloride were then added
slowly ané‘ﬁﬁé flask shaken vigérauslyQ %hen all the benzoyl
chloride hmd been added, the mizxture was set aside for 30
minutes. The reaction was now complete and the flask vwes
cooled to 18° and 100 ml. weter added. ?ﬁig mixture weas
filtered and the product colliected was precipitated from water-
aloohal-ethyl acstate solution (1:1:0.5). The compound was
emorphous and colorless; melting at 146*; When J,4~dibenzoxy«-
E,ﬁ“ﬁiﬂ&?ﬁ&ﬁhﬁﬁ?fﬁ?&ﬂ wﬁﬁ trested with sodium hydroxlde solu=
tion, benzole seld eand 3,4~dihydroxy~2,5~dlcarbethoxyfuran
were obtaired ss the sodlum sslte. |

Apsl. Cale'd. for CpoHgaOg 3 C, 63.70; H, 4.46; OC,H,,1991.

was dissolved in 10 ml, of ammonium hydroxide (sp. gr. 0.9) This

wes sllowed to stand untll sll the liquid had eveporsted, The



s01id so obtained was heeted with ethyl slcohol in which it
eventually dlssolved. On allowing thls to stand at roonm
temperature for two &ﬁyﬁ; wary'aaautifﬁl fé&thery eryedbals
were formed. TPhese aryatﬂlﬁ; githﬁagh:thay'ﬁs neﬁqmalt‘haw
low %20°, decompose slowly at 200%, | o

Ansl. Cale'd. for CyoEypgliely ¢ X, 10.07 ;

Found: ¥, 10.00 -

When the dlammonium selt was submitted to sublimetion at'1§0°
end 20 mn. pressure, the 3.&wﬁihyéraxy«ﬁ;ﬁ*ﬁi@érbethaxyfnran |
was obtalned as determined by a mixed mﬁltingipaint with a
known semple of 3,4=dlhydroxy~2,5~carbethoxyfuran.

One hundred ten g. (0.45 mole) of 3,4~dimethoxy-2,5~dicar~
bomethoxyfuren were covered with a solution of 37 g. (0.925
- mole) sofium hydroxide in 400 nl,., water, The solution became
warm, reaching & terperasturs of about 50* during the earlier
pert of the reaction. It wes necessary ﬁa cool the mixture
under tep water, shaking vigorously in order to malintein a
good suspension of meterial.  When all thé:caw@aunﬁ had gone
into solution, the flask and its contents were cooled in an
joe bath to 5° and 100 ml. coneentrated hydrochloric noid were
edded. The solution which had been ﬁﬁ&yhfﬁﬁ in ecolor, grad-
uslly lost this color end a Eight y&ilaﬂ:riitrate was obtained
after filtration of the solid. This solid was susgaﬁéﬁﬁkin |
700 ml. water and filtered, anﬁftﬁe process rayegte& three
times. It was thanAﬁrieé on 8 glass pl&té in air. The cem-
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pound was fmmﬁ to melt at 235%«40° {decanposition) end after
recrystallization fran water, it melted at 243-~5° (decomposi~
tion).  The yia},ﬁ was 94 g. Or $6% of the theoreticzl yield
basaed on ‘S,&n&in;amm-nﬁ;ﬁiéiaarbmethaxyfﬂml ‘E‘hé reutral
equivelent wss calculated as 108, end the value found was 108.2.
Apal. Cele'd. for CgHO,: G, 444443 E, 3.77
Found: C, &@.6&, H, J.069

Discild chlwi%@ of &_’é*ﬁi}mmm 7 Thirty
. (0.138 mi‘a_a) of 8 3,4~dimethoxy~-2, é%ie&rhmrurm were put

into & 500 oe¢. distilling Tlask and 200 ml. of thionyl chloride

=2, 5=-dicarboxyfu

were added. This mixture wes gently refluxed for 20 hours
after which time no &ﬂﬁm&éaﬁ. metter remsined in the thionyl
ohloride solution. The exoess thionyl chloride was then dis-
tilled on & water bath. To the solid reslidue which remained
were added :3@ ml. of ecarbon t&ﬁr&ah}.ariﬁa and then this solvent
was {iiati}.le&, In thie manner, mwt of the thionyl chloride
was &latilled, end a fsirly pure product remained in the flask.
After recrystallization from ethyl acetate and low beiliﬁg pe=-
troleum ether, the compouné weas obtained in short colorless
needles which were f@mﬁ, to melt at 89°-70°. The yield was

31 g. or 94% of the theoretical yisld based on the ?},4*&&3@5*‘;&33*
2,5=-d1cerboxyfuran. An sdditionel 4 g. of the diamcid chloride
is &%aﬁina& from the recrystallizing liquor. The conpound 4id
not ﬁassess iaﬁhrma'&a@ properties and reascted very s;awly

with water. It decouposed slowly when kept in a glass-stopper-
ed bottle during the period of a year.



Anal. Cale'd. for CgH,0:C1l, : Cl, 28.14
Found: Cl, 28.22

The method afvﬁh@parﬁ, Winslow and §ahﬁseﬁ {94} was used
in the decarboxylation of S,&nﬁimebﬁaxy*g,5~di¢arhaxyfuran‘
Four g« (0.0185 mole) of the diamcid were mixed with 1 g. cop~
per bronze and added to 10 g, of coal tar hasg {§'§, 270°=310°)
which was contained in tﬁa éaaa?haxylatien flﬁsk, The fTlask
was heated in = metal bath ® 200°., A& stream of nitrogen was
passed through the flask. A yellow liguid distilled a% about
l?ﬁﬂﬁl&ﬁ?. Five runs af-fanr,@yamﬁ of 3,4~dimethoxy=-2,5~4i-
carboxyfuren ylelded 10 g. of 3,4~dimethoxyfuran after distil-
lation et 172°~1%4%, This compound also boiled at 94-6°/18=
20 mm. »‘Th@ vield was 84.4% of the theoretical yield, based
on thé_ﬁ,é*éimathaxywz,5ﬂéié&rbaxyfnrang The refrsctive in~
dex was 1.4650 at 25° and the specific gravity st 25° was
1,153; The moleecular r@rr&c%i¥i$§ wes found to be 31.28,
while the csleculsted value was 31.70, This value was in the
same order of error as thaéﬁ for other furan compounds (Qﬁ}.

Anel. Cale'd. for CgHgOg ; ©, 56425 ; H, 6.25

Found: C, BE.20; H, 8.28
56.60; 6407

ﬁfmuah slower method was used which lnsured a product free

from ocosl tar base. Thirty g. (0.139 mole) of 3,4~dimethoxy-

{(94) Shepard, Winslow and Johnson, J, Am, Chem. Soc., 52,

2087 (1830). |
{95) Johnson and Hughes, J. Am., Chem, 5 53, 743 {(1931).




3,$~aiaaébmxy£uran,wara decarboxylated In 5~g; portions. Zech
portion was tharaughlylmixaﬁ with 1 gﬂlﬁf‘aagyar bronze and
put into a éﬁﬁtilling flask which had the side arm set elose
to the buld of the flask, The temperature of the metal bath
in whieh thé fiaak-was plaﬁaé‘Wﬁs kept mt 210°-220°, In this
method of prsperation, decarboxylation was carried eat in an
aﬁmm&gﬁar@ af nitrogen at a reduced pressure. of 20 mm. The
&istil&ata, f?ﬁm the 30 g. of 3,4~dimethoxy=~2Z,5~dilcarboxyfuren
which were useﬁ, weighed 13*8 £« - The distillate was takan
up in ether anéd the ether solution washed with 50 ml. of 10%
sodium hydroxide solution, and thenrwi?% two 100=-ml. portions
of water. The ether solution waes then dried over sodium sul-
fate, flltered end the ether distilled on & steam bath. The
residue was @iati&laiﬂat.l?gﬂﬁl?é“, - The yield w&s'ié.ﬁ g¢

or 63.97 of the theoreticel yleld based on 3,4-dimethoxy=2,5—
dicarboxyfuran. 3,4~Dimethoxyfuren prepared by this proced-
ure was free from c¢oal tar base. The physical propertlies of
semples of 3,4~dimethoxyfuran were the same regardless of the
procsdure used,

3,4~Dimethoxyfuran wes exiresely semnsitive to minersal
acids. This compound gave a positive plne splinter test, s
green color being developed.

%ﬁea.hy&rngaﬁ aﬁla&iﬁa wag grestly diluted with air and
passed over & suall amount of 3,4~dilmethoxyfuran, there was
en imm&ﬁiaﬁa»&arkﬁning, and resin formation. Bydrochlorie
acid diluted to L001 ¥ had & similer effect. The other minw



eral scids, such os sulfuric and nitrie, reacted in a simllawr
m&nnsx; Orgenic selds, such es acetic and maleic aaidg, when
dissolved in water, caused a definite darkening and resinous
formation at rﬁam t&m§aratura arklawax, and when heated caus~
ed rapld decomposition of the dimethoxyfuran. VWhen hﬁ&tﬁﬁ
with miﬁarﬁl aclds, ﬁ,ﬁnéimﬁth@xyfﬁrﬁn‘ﬁﬁaﬁmﬁase& imnediately

to a carbonsceous residue.

were afded to 100 ml, of 957 ethyl aleohol. To this solu=

tion were then added 250 ml. of mercurating solut ion contein~
ing 0.054 g« of mercuric chleride per milliliter {a‘aﬁ maiaﬁ};
After a lepse of 20 a&aaﬁﬂs, during which time the contents of
the fla$k ware tﬁﬁrﬁaghly-mix@ﬁ,-&’riaaenlent precipltate ﬁeg&n
to eppesr. | ’ | |

The remction flask was set aside for 30 minutes and the
precipitate formed was filtered, The s0lid obteined was
washed with 200 ml. of water. This solid was found to be
gsoluble in hot alecohol and when recrystellized from this med-
furs it was found to melt with decouposition at 208°. The
yield was 10 g. or 33 of the theoreticel yield. A search
was made for %hﬁ'yrﬁﬁﬁﬁaﬁ of & monomereurial. As yet the 3,4~
dimethoxy~28=chloromerourifuran has not been prepared.

Anal. Calc'd. for O H0Hg,Cly ¢ Hg, 67.00; OCH,, 10.38

Found: Hg, 66.50; OCH;; 10.53
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| The aim@rguriai is ﬁ&eampﬁséﬁ;when hﬂaﬁaﬁ-wlth»miagxal
acids, | - S o o
5_%‘%_«aisex%~2 5”ﬁi&$&tflf;x%.,

Four g. {G;Gﬁlﬁ mole) of 3 @~ﬁiﬁethaxyfuxmﬁ ware disaa&v~

ed in 5 ml. of benzene aaé aé&@é to 20 g« (G.O?? male) of stann=-
ic ohloride in 75 g. (0.75 mole) of acetic anhydride. The
mixtur@ frmediately &ar&aﬁeﬁ and becamne w&rm‘_» The Eﬂfiﬁ&&
whi@h aantaiﬁa&.the mixture weg fitted to & cenﬁanaer having

a aalmi&%:ehlnrié& attached in order to exclude the wate:

vapor of the dir. The reaction sté&éffa? 16 nours at réam
tam@araturé'aaﬁ.it was then @aurﬁﬁ'aﬁta 200 g. of ice. The
stannie ehloride was decomposed by this procedure and the mix-
ture wes then ether extracted. The ether extract was washed
three times with saturasted 39&1&@.&@&&&%& solution, three times
with a2 10¢ solutlon of sodiunm bicarbonete, and fipally three
times with water. The ether extract was then dried with an=
hyérous sodium sulfate. The sther aend benzene were 4distilled
and the viscous residue distilled under reduced pressure,

About 0.9 g. of materisl wes obtained, which distilled at
lﬁ#‘*&sa’fﬁ.mm, After standing for 10 days in en ice~box at
5°, a small amount of solid materisl precipitated which wes
found to melt at 48+9°, This solid, after it was dried on a
¢lay plete, weighed 12 mg. Several recrystaellizations from
QGW~bailing vetroleun ether (’zs.'.;:»,.j 3@*@%*} gave g consent melt-
’1ng point at 58~9°. No further work wes done aﬁ?this‘aax&ﬁ.
The liquid, 3,%*ﬁim@thaxy~ﬁ,5*&1&eetylfu:&ﬁ, now welghed 0.85 g.



which was 12.97 of the theoretical yeld based on 3,4-Alemthoxy=-
furan, The 5,4~dimethoxy=~2,S5-diacetylfuran had e refractive
index of 1.5200 at 25°.

Anal. ﬁala*é, for CiaHy905 ¢ C, 86,.60; H, 5.686

Pound: £, 56.,40; ¥, 5.80

By usins bleaching powder for the oxidizing agent, %ﬁﬁ e
{0.0024 ﬁale) of ﬁ‘é-ﬁiﬁaﬁhnxy~2 S=dlacetylfuran was convertw
ed tm 3,43 imethoxy~2, 5~dicarboxyfuran as shown by e mixed
melting point with an authentic saﬂ§i$.

E,&«ﬁtmgﬁhaxy»ﬁ,ﬁ*ﬁiaeatylfaran prepared from the diascid
chloride of 3,4~dimethoxy~2,5~dicarboxyfuran boiled at 160°/8

mn. and had & refrective index of 1.5187 at 25°,

Two and forty-five hundredths grams {(0.025 mole) maleic

enhydride were dissolved in 5 ce. dry benzene, (96). To this
was added 3 gm (;&25 mole) 3,4-dimethoxyfuran. The solution
became warm and the benzene began to reflux. This solutlion
was allowed to cool. When no orystals eppeared after 24 hours,
the benzene was distilled. A viesocous residue remained whieh
was r&eryatail ized fron ethyl acetste.  The melting point of
this materisl was 82-4°, [Hecrystallizetlon from dioxan raised
the melting point to 94“*95°*

Anal. Tale'd. for ﬁiﬁglﬁgﬁs O, 853,10 ;3 H, 4.85

Found: C, 52.78; I, 4.56

(96) Diels end Alder, Ann., 480, 247 (1931).



To 5.36 g. (.aﬁaﬁfﬁale) maleic enhydride, which is dis-
solved in 25 ml, water, wes added 7 g. (.0547 mole) dimethoxy-
fursen ., ?hi& wes ﬁllaw%é to stand for two days, The sides
of the flask were scratched and some material erystallized
out. This wes filtered end washed with water, and then re-
erystallized from water.  The substance softened gt 168° and
melted from 172°-174°. -

Mol. wt. Cele'd. for slaﬁlga? ; 244; Found: 249

{(Miero-Rast)

Apel. Cale*d. for ngﬁlg 7 * OCH,, 25.40
Found: OCH,, 25.69

A study ;:;ﬁ‘ splitting the ether groups was méa as a pre-
liminery 'sm@ in obtaining the more sensitive hyﬁrangamﬁs. |

Ten g. {0.041 molse) of 3,4-dimethoxy=~2,5~dicarbomethoxy~
furen were dissolved in 50 ml. of chloroform and 23.30 g.
{0.174 mole) of benzoyl chloride were added. To this solu-
tion was then edded 45.0 g. (0.175 mole) of stannic shlmi*i«ie..

This nizture was sllowed to reflux for 10 hours. The flask

| and its contents were cooled in an ice-bath to 10° and 200 g.
of ice added to the mixture. By neutralizing with 108 saﬁimn
hydroxide and subseguent filtering, the insoluble tin com~- |
pounds ean ‘im separated from thﬁ seltz%ierm The chloroform

layer was sajgaratsd and the aguecus layer sgain extracted with



~g2

' ¢hloroform. The two chloroform solutions were combined and
dried over sodium sulfate. After filtering this ohloroform
extract, the chloroform was distilled and the produet whieh

zg.

ama ined in the flesk was orystallized from hot 95% alcohol.

It wes necessary to érystallia&'the compound nine times be=
fore a constant melting polint of 116,5«117.5° was obtained,

A mnmixed melting point determination using 50«50 ;g&rtiﬁns of

the Ewhaazaxywéﬂmatﬂaxyaa,5vﬁiearbamethaxyfuran {m.p. 11?.5')
and the cumpound cbtalined in the resction gave no depression.
Hydrolysie in alkeline solution gave benzole acid and 3-hydroxy~-
4-methoxy~2«carbonethoxy~S~carbvoxyfuren as determined by mixed

melting gaiﬁta,'ﬂaiag authentic samples of these two compounds.

Ten g, (0.08 mole) 5,4-dimethoxyfuran and 2.1 g. (.08 mole)
anhydrous hydr

ether. %ﬁig selution was put into dry apparatus and pre-

en oyanide were dissolved in 175 ml. anhydrous

cautions were taken to exclude water vepor of the atmosphere.
Two and an&*@@aﬁh& g« {0.0158 mole) of alnminum.ehiariéa\wara
added. Anhydrous hydrogen chloride wes passed ﬁ&#a&gh this.
golution for 1.75 bour. The solution became extremely dark
after the first 30 minutes. The solution was sllowed to stand
for 18 hours, The supernatant liguid was decanted, and the
raai&n&zﬁa&a alkéiiﬁa %@,Qaaga.yayer with.§atassiﬁm hydraxi&a,
It was then steam distilled. There was a?par&ntlyzna@hing in



the steam distillate either when tested with fuchsin feagamt
or when an attempt wes made to extract with ether. The
residue which remeined in solution was filtered, ﬁissa&?ed in
acetone, treated w&;ﬁ‘éﬁaraa&l and filtaraé. The material,

whieh precipitated on cooling, was Filtered. It was found

not to melt below 300°, ¥o further work was done with this

solid.

Fourteen g. {0,109 mole) 3,4-~dimethoxyfursn were mixed with

100 ml. of dry carbon disulfide and placed in a 5~na¢kad'rlask
fitted with a separatory funnel, reflux condenser and mereury
sealed stirférg Twenty g. (0.12 mole) of bromocyanogen (97)
in 75 ml. dry carbondisulfide were added, followed by the ad-
dition of 20 g. iﬁ.lﬁkmmlgi aiuminnm chleoride in 100 ml,. dry
carbon éiaulfiaﬁ,fllfkare wes an immedlate darkening and car=
bon s&yﬁr&t@&,aut on the sides of the flask. After 3 hours
of stixring; the temperesture being kent at 0¢, the reaction
mizture w&g ﬁllaw&é té atand a%ﬁr night &t»rédm tamyaratur&.
The supornatant liquid, which was clear, was'aacﬁnﬁaé;.@ﬁa_the
residue made alkaline to Congo paper and en aﬁﬁitiﬂnal-s‘ml,
10% a&&ium:hy&raxiéa solution wes added. This mixture was
ﬁ%aﬁ%éiﬁﬁ a ﬁﬁaﬁm batl for two hours. After ocooling, it was

filtered and the filtrate scidiflied with dilute hydrochlorie

{97) Marvel, "Organic Synthesis®, John Wiley and Sons, Ind.,
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acid (121) gt whish time hydrogen cyanids could be detasocted.
Although it was cooled in an 1ﬁﬁ~bath,‘na precipitate f@gmﬁﬁi
The solution wes ether extracted, the extrasct dried over an-
hyﬁrauﬁ sgﬂium sulfate and &ft@r\filﬁ&fimg,ﬂth@ etk@f‘waﬁ dig=

tilled. Nothing was obteined from the extract. iork was

discontinued on this type of synthesis.

Ten and a_hélf grams {8;§§@%~gak¢} of 3-hydroxy=4-=
m&tﬁ@ﬁ?*gﬁﬁarhﬁﬁﬁﬁh@ﬁ#%ﬁ*ﬁ&?ﬁ@ﬁ?ﬁﬂrﬁﬂ were added to & solu=~
tion of 1B.5 g; {0.05 mﬂi@} mereuriec chloride (98] in 100 ml.
water. A small amount of gas came off gt the time of this
eddition. On refluxing end eddition of 25 ml. of 10% sodium
- hydroxide selutica; the evolution of gas was vigorous and st
times it wes ﬁ&gaésarﬁ to cool the flask and 1ts contents.
When no mare‘gasvayge&r@é to come from the solution, it was
made alkaline and filtered. It was then amcidified with
hyﬁra@hlsrigl&aiﬁ {(1:1) and ssturated with hydrogen sulrfide,
The aalutiﬁgawas boiled to expel the exeess hydrogen sulfide
and fiitered while still hot. 'The filtrate was then cooled
in an icanhath and extracted with three 200-ml. portions of
ether. The ether solutlion was ﬁrieﬁ-w@ﬁh 25 g+ sodium sul~
fate for 24 hours at 5°C. -?ﬁ§ ether was then distilled. A
small ambanﬁ,af m&t&riax'was'@ygaiﬁaa which wes sublimed in a

vaouum of 1§ mm. and at 100-110°. This material melted at

(98) Gilmen end Wright, J. Am. Chem. Soc., 55, 3302 (1933).
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100~100.5%. Another sublimstion st the tempersture of a water
bath and 50 mm, pressure gave & sBubsteance of the melting point

101=, The J~hydroxy=-4-methoxy-2«carbomethoxyfuran gave a

ferrie chloride color test. The yield wag 0.3 g. or 0.0836%.
Anal. Cale'd for OpHgOs : C, 48.81; H, 4.69; OCH,, 36.04.
.~ Found: C, 49.10; H, 4.72; OCH,, 36.02.

Ten g. {.0462 mole) of finsly powdered 3=hydroxy-4~methoxy-
2=carbomethoxy-b~carboxyfuran were mixeﬁ,with l.g*-aayp@r "
bronze until a uniferm mixture was obtained., This material
was then sublimed in portions of 0.4~0.5 g. at 200°-230° and
8-12 mm. The first sublimate consisted mostly of decarboxyla=
ted matefial; and on subliming this material at 100°=130° and
10~15 mm. the B-hydroxy-4-methoxy=-2=-carbomethoxyfuran was ob-
tzined. This process, slthough tedious, ylelded 5 g. of
material after reerystallization from ether. This substance
had 2 melting polnt of 100°-101° and a mixed melting point with
a sample whieh was prepered by the mercuric chloride decarboxy~
lstion method of Gilmen and Wright geve no depression. The
yi@lﬁ was 62,94 of the theoretical yield based on 3~hydroxy-é4-~

msthaxy*ﬁ»aarﬁeﬁy~2~ﬁaxhametnaxyruran;

One g; {ﬁ¢§3575:mﬁ1a} of J=-methoxy-~é~hydroxy~2-carbomethoxy~
furan was put into s 50 ml. distilling flask and to this was
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20 ml. of scetyl chloride and 1 ml. of scetiec acid. The flask
way saanee%eélt@ e condenser and warmed to 50°. It was kept
at this t@mgér&tare for 20 minutes, sfter which time the temp=-
erature wes raised to 65°. When ﬁavm@r@ aeetyl chloride dlia~
tilla@Q-the remaining 1iquid was pomred into & mixture af 50
'ﬁla of water and 10 g. ice. The solution was ether extracted
es soon as the ice had melted. The ether extract was dried
over aéﬁium‘ﬁulfaxa, fi&tareﬁ.threagh a cotton wad and the
ether distilled. The residue which ramain&é waa_éiﬁtiiisé*&t
138°~142°/5-8 mn, The compound obteined was yellow and very
viscous. The yield was 0.98 g. or 74.5% of the %haary“ The
compound gave no positive ferric chloride color %est; as d4id
the starﬁing materiel. ‘ _ |

ipal. Cale'd. for CgHyo0s ; C, 50.47; H, 4.71

: Found: C, 50.81; H, 4.9%4.

After st&nﬂi&g for five days in the lce~box a waxy solid mat-
erial was obtelned whiech melted at 60°~70°, Ho further work

was done on the crystallization of this substance.

Thoe scebtoxy compound wss prepared from 0.96 (.0056 mole)
of the 3-hydrﬁxy»&ﬁmathaxymznearhaﬁsthexyruran,_ the acotoxy
compound was put into a2 100 ml. Xillinger flask and covered
with 10 ml. carbon tetrschloride. 7Three-tenths ml. (reguired
0.28 m&. for .0056 mole) bromine in 10 ml. carbon tetrachloride
was added dropwise. The solution was allowed to stand for 3

hours, warmed to 50° and the hydrogen bromide and carbon tetra«
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chloride teken off by aspiration. The residue was taken in
50 ml. sther and weshed with 50 ml. of & 10% sodium bicarbon«
ate solution. The ether extract was then dried with sodium
sulfate, filtered, the ether distilled and the resi&aé'éﬂaiéé;
By racfystall iz&ti‘aﬂ from sn alocohol-weter seluti.an, the eom=~
position of whieh is adjusted at the bolling point af»ﬁha al-
cohol to just keep the materisl in sclution, & compound which
was found to melt at 125°=127° was obtained, Two more sueh
recrystellizations 414 not raise the maitimgréaiﬁt, The yield
of the erude material wes 0.55 g. and after its purification
é.am B of the brominated materiel remained. ,

Apel. Calc'@. for C.H.0,Br ; C, 33.45; H, 2.81

Pound: €, 35.04; H, 2.98

Mol. Wt. Cale'd for C.H,04Br & 251.15
‘FPound (micro-Rast): 250.9
Th@»maﬁeriai gave no ferric ohloride color test. :'Thia oM~
pound was considered to be ﬁﬂﬁyﬁraxynénmatkaxywsfﬁégﬁéﬁa*
cgrbomethoxyfuran. The ease of hydrolysis of thes:wl | acetate
was illustrated in the reorystallization of this“agégéuné;

An excess smount of diazomethane was added to 0.45 g.
(0,00256 mole) of S~hydroxy-4-methoxy-2<parbomethoxyfuran. The
reaction was vigorous and was complets in,fi?é minutes. The
aﬁh@rrwaﬂ then distilled. Dried on s clay plate in air, the

compound had e melting point of 48-52°. The substance was
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then recrystellized from methyl alcohol. The melting point

of the compound so obtained was 54°~55%, |

Anal. Cale'd. for CgH, 0y ¢ €, 5l.61; H, 5.30.
Pound: ©, 53:,.5:3; H, 5.80. |

-ﬁnﬁ’gf {00538 mole) of 3,é~&im$thﬁxy~2~e&rham¢thaxyfuran
was suspended in 3 ml*’éf.wa%erjaaéuﬁgﬁ &+ (0125 mole) sodium
hydroxide in % ml. water added., This matarialfwﬁﬁﬁraflnxﬁa
until arh@mggenéﬁas solution was obtained. The s@lﬁtiaa was
filtered through eotton and thﬁa'aai&ifiaa;with hydrochloric
acid, 0.5 ml. in excess bﬁiﬁg‘&ﬁﬁﬁﬁ“ The contents of the
flask were ccoled to 207, f1ltered and the materilal washed on
" the filter peper with 10 ml. of water. _' The ﬁtﬁitia@ p-ﬁm of
this ma%&rial was 16$°~lﬁﬁﬂ (ﬁﬁﬁﬁ&?ﬁﬁiﬁiﬁﬁal After reorystalli~
zation from 70% al@@hsl, the &elting point was found to be
170°-171¢ (éﬁﬁﬁmyasitiani‘ From 70% slocohol, the acid ory-
atallizaﬁ'ig priématia.n@a&l@s ﬁtighngava a purple dispersion
when viewed under the mieroscope. The yield is 0.600 g. or

85,57 of the thﬁmretiﬁal¢
m. ﬁam'ﬁ, for CoyHglg ; C, 4&&3,, H, 4.69
Found: C, 48.36; H, 4.69.

?ifty'mgﬂ‘@f-tha @,4*ﬁimathﬁxyéﬁﬂaarb@xyfnr&n were mixed
with 50 mg. of copper bronze and placed in a micro~distillation
flask. This was heated at atumospheric pressure to 180°-200°.
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A 1iquid was obtained which bhad & bolling point of 170° {(mierc.).
The liquid wes sensitive to eclds, and geve a nalelc anhydride
addition compound melting at 89°~81°, A4 mixed melting point
with the meterial obtained by the condensation of 3,4~dimethoxy=

furan and maleic anhydride was 90°~9le°,

on Melele Amhydride end 3,4-Dimet

To 1.02 g, {+00548) of methyl ¥,4~dimethoxyfuran-~2-
eaxhaxyiata-wﬁs edded 3 ml, benzene which contained 0.51 g.
{@,%Gﬁé mole} of maleic snbydride, 'The benzene vies slowly
eveporated by heating the flask to 80® and kept &t this temp~-
erature for one hour. The erystalline m&taﬁigl which separat=
ed was dissolved in 3 ml. dioxan end allowed to stend in the
ice~box a% a temperature of 5®* untlil erystals were mh%ainaé.
Thasaféryat&iaIW&ra allowed to dry on a clay plats, and a
material was obtsined which melted from 102~4°. A mixed
melting point determination with the melelic anhydride addition
compound of 3,4«dimethoxyluran gave & melting range of B80-83°,
The orystals were then washed with methyl alcohol and a comw
pound melting at 109~111° was obtsined. The yield was 0.1 g.
after drying over phosphorous pentoxide at &60°,

Apal. Cale'd. for Cy.H,,0, ¢t C, 50.68; H, 4.26

Found: C, 50.41; H, 4.40.

when an ettempt was made to crystallize from aleohol, the ad-

dition eompound decsomposed to & very great extent. Some de-
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composition tekes plsce in dioxan.

¥ercursetion of 3 »i;g oxy~g=carbometho xyfuTen .

Twéﬁky~kw§ ml. of &ara&x&tiﬁg @éluﬁiaﬁ {%8}'{ﬂg§5% S
Eg&l.ﬂ&l} were added to 0.74 g. 0424 mole} of 3,4~dimethoxy~-
ﬁéaarbmmﬁﬁaaxyfar&ﬁ in & 100-ml. E~flask. The contents of

the flask were shaken for 10 minutes and then warmed to &0°
at which temperature it wes kept far-ana‘aaur.. The naterisl
was allowed to copl, filtered, snd the preeiplitate in the
fiiﬁ@r*wgahaﬁ»with.aﬂ ml. water. The mercurlial was teken up
in 10 ml. acetone, and the acetone mixture refluxed for three
minutes and 10 ml. water were then edded.

The mixture was cooled to room iemperature and filtered.
The solid ﬁﬁi#ﬁ was 6@&1@3%3& was dried in sir on a gless ylate
and the compound was found to melt at 1l8-1l14°, Heerystallized
once from aleohol and water (1:l) the melting point was 1l2°-
113.5%. The ?iald of §’%~ﬁ1m$thaxy*%*@&rbﬁmaﬁnsx§w5~ch1arﬁ~

mercurifuran was 0.65 g. or 38.8¢ of the theorstical yielé*
Anal. Cale'd. for ﬁgﬁgﬁﬁﬁgﬁlz Hg, 47.56; OCH,;, 22.14
Found: Hg, 48B.00 3§ OCH,, R2.55

Three and nine~tenths g. {&.ﬂé mole} of 3,4-dimethoxy=2=
sarbomethoxyfuran were dissolved in 50 ml. of carbon tetra~
chloride, "o this solution was added 3.2 Ee (+0y mole) of
hramiaﬁvané th$ mixture sllowsed to staﬁﬁvfor'3ﬂ minutes. Dur-

ing the ht@ﬁinaaiﬂag dry nitrogen was passed over the solution
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which aided in removing the hydrogen bromide which wes Tormed.
The é&f&mg taﬁraahl§ri§@ sciutian wa s ?&aréé into %ﬁafmi; of
@azar'whiﬁh wesg é@ﬁt&iﬁaﬁ in a 500 ml. separstory funmnel.
After ﬁapar&%ian ﬁf.thé carbon tetrachloride layer, the process .
wes repoated. :Th& aazvaﬁz aztxaat-waﬁ»than washed with two
50=-ml. yﬁﬁtiana‘af setureted sofium bicerbonate solution. The
carbon tetrachloride layer, sfter washing onse with ﬁater, wes
dried over sodium sulfate. Distillation of the aaﬁbsﬁ tatré—
chloride left en oil whieh could not be corystallized from low
boiling petroleum athar*Adiaxan*‘banzan@* butyi alcohoel or
ethyl acetate. This oil was then ‘treated with 1 g. of zine
end 10 ml. of hot water. A vigorous remction took plsaa f@r
a miﬁﬁza.an§ tm@n subsided. After filtering, tha filtrate
wes cooled in the ice~box for 12 hours. The seni-szolid mass
whioh precipitated was filtered and axystalliaéﬁ from benzene.
A @@nﬁiant melting point was @éuﬁé to be 115-6°. Tha‘y&alav
was 12 mg., or O. 32§ of tﬁe~%&aarati&al yi@i&; The axﬁpa&n&

was oonsidsred to %@ 3 é*ﬁim@tﬁaxywawhramaﬂﬁﬂﬁarﬁamsthaxyfuran.

Ansl. Calo'd. for cHOBr : Br, 29. 30

?ﬁnn&g Br, 209.24

Pour and thirty-two hundredths g. (0.02 mole) of 3,4~di~
iroxy=2,5=dicarbome thoxyfuren were put inte a 100-ml. E~flask

and covered with weter. To this water suspension was asdded
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B.36 g+ {0.04 mole) of sodium bicarbonate and the mixture was.
shaken untll most of the material hed dlssolved.  Th&n‘$¢?a Ee
(0,04 mole) gf’hyéfsxylawiae ﬁ?é?aah&gri&a woe added, There
wae an evolution of gﬁﬁ'far several nminutes, and when this hed
sa%si&aaitha f1a$K and its contents were hested fremraﬁﬁugﬁ‘
for three hours. 'TEa solid, which was present, was Tiltered.
This solid was a salt of O,4=dihydroxy=2,5-81lcarbome thoxyfuran.
The salt aid not melt below 360°, and on ecidification with
hydrochloric acld, gas wes evolved, an&;3,4*ﬁihyﬁroxy§2,§~&i~
cerbomethoxyfuran was recovered. Acldificatlion of the filtrate,
Trom which the salt wes filtered, also ylelded 3,4~dlhydroxy=-
ﬁ,s*éiear%m@aﬁﬁ@xyfaraﬁ, In both cases, a mlixed melting polint
with an aﬁthantia sample of 3,&%ﬁihyﬁraxy~3,Sééiaarbamaﬁ&axy»
furan gave no depression. |

Negative results ware also obteined wltk phenylhydrazins
and 2,4~dinltrophenylhydrazine.
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V. DISCUSSION

The B~hydroxyfurens were found to be very reactive com~
pounds, This reactivity wes attributed in some degree to
the presence Qf the hydroxyl groups, snd was best illustrated
in the reactians of 3,4=dimethoxyfuran with (1) ‘mercuric
ahlemiéa, and (2) with maleic anhydride.

The meéhanism of & ring formation wes substantisted in
some degree when glyoxal was condensed with dimethyl diglycole
late to glve an szclidie substance which on treatment with di-

azomethane gave dimathyl dehydromucate. The ra&etian mechanism

The geﬁ@rﬁl r@a@tiens* guch as ﬁ@cmrﬁaxyl&tian, bromination,
mercuration, snd Frisdel=Crafts réaeti@n& were carried out with
the same characteristic results &é one finds with furan and
furfural derivatives. | ‘
- The postulated atruﬁtur&-@f 3~hyﬁrmxy~4~mathaxy*%*@a?ﬁ@*

methoxy=5=~carboxylfuran wae based on two points. ?his material
- did not give & ehiaraliéa &eriv&tiﬁﬁ. In compounds which héxe
the grouping ~g-?-g§ 2 reaction may be effeﬁtaﬁ with chlorel
vielding a product of ea&é&na&tian,
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A nepative ¢hloralide reaction gave no substantial proof
that the hydrozyl and carboxyl groups lie on the same side of
the Eﬁﬁlﬁﬁ$§ The rsﬁﬂlﬁﬁ obtalned from the hydreolysis of
saveral af,%ﬁsﬁé'ﬁﬁkyéraxyfurﬁa derivatives have given support
to the structure of the hyéraxy‘ﬁeiéﬁ It has already been
polnted out that 3,4-dihydroxy-2,5-dicarbomethoxyfuran wes re=
covered when trested with & dilute alkaline solution. When
5,4~ﬁimzthaxy*3,5*&£@a&hﬁm&tk&kyﬁﬁran.wﬁs aayanifieéy'the re«=
action proceeded repldly endéd efficiently to yialﬁ_ﬁ,%%ﬁimﬂth@xy*
2,5-dicerboxyfursn; that is, both ester groups were saponified.
with one hydroxyl group free, the compound was cealled 3~hydroxy=-
émmﬁﬁbaxy~2,5~ﬁi$arbam$thazyfuran.far’aﬂnvaaienﬁe,’ To be con~
sistent, the free hydroxyl hes been placed srbitrarily in the
5?@ﬁﬁitiﬁa and all the derivetives of 1t have been named se~-
cordingly. ¥hen S-hydroxy—4

was saponified, & compound contalning one csrboxyl group and

one hyéroxyl group ﬁaaﬂﬁb@&in&ﬁﬁ




~105~

CO0H

Original Recovered

Since seponificetion 414 not change [ X7 and changed
173;7'an& [ 1.7, the effect of the methoxyl groups was con=
gidered as the~ﬁatexmia&ng fastor for the p@aitiﬁa af ths
hyéroxyl group in ZTELJ7 With the hy&rﬁxy1a<fraa, the or-
izinal was cbﬁalns&, while the presence of the eaa,mgth@xyl
group made it possible to seponify one ester group. From
these results, the ester group whieh was suseeptlble to seaponi-
fication must 1lie on the same side of the nucleus as the
methoxyl group. ZFor these reassons, it was thaagﬁt the coan~
pound should be named S=hydroxy=4=methozy-2~carbomneth oxy=5~
carboxyfuran. | |

The fact thet keto derivetives were not obtainped with
the various P-hydroxyfuran derivatives studied does not mean
thet the keto~forme of these derivatives are entirely sbsent.
It hes been steted thet a cerbonyl grouvp esnnot always be de-
tected (99). The ease with whioh enol derivatives were form~

ed Indiceted to soms degree that these ammpauﬁ&a wara(mQWQ

(99} Lutz end Small, J, Am, G}

Soe., 57, 2653 (1935).



stable in the encl form.

The properties of enclie and phenolic hydroxzyl groups ale-
ready have been a&rv@yaég Both in structure and in reaction
with specified reagents, the general properties of enols and
phanals.war@ raanQ to be the same., It was gainﬁeﬁ out that
the hyéréxyl groups present in 3,4~dihydroxy~2,5~dicarbometh~
oxyfuran were gheﬁglia in character. Although no psroxide
formation wes observed in the investigation of the J,4~di~
hydroxyfuran derivetives, 1t is s reaction to be expected of
the highly setive enol types. It may be that the resins and
tars, which were obtained in elkaline or scld hydrolysis of
some of the é@rivﬁtivga studied, were dus to the aéﬁiﬁiﬂa of
oxysen to the ﬁ@ﬁhle'hmnds,” The resulting peroxides then de-
composed on kyﬁxeiyﬁig vieldirg in some ceses tars and resins.
Oxallc rcld wes usuelly identified In these decomposition pro-
ducts. Since enol atﬁ&rs have been found to be of the same
order ﬁf’ra&atiﬁity*af‘anﬁlg, and since furan mey be consider=
ed to be an enol e%haz, peroxide formetion should be expeoted
with furan and its derivatives. This msy sceount for the in-
stability afktﬁasé ﬂ&ﬁ?ﬁ&ﬁﬁ%. Much axeéiz is due Xohler and
his eo-workers for ﬁbgﬁrving this phenomenon (30).

‘ﬁha diene system in thecﬁalﬁanle ai‘@,&»éiﬁatﬁoxyturan'wga
demonstrated by the fact thst a malels anhydride addition com-
pound wes obtained with it. The endoxy compound bas not been
changed as yét to the aerr&sgaﬁ&iag‘yhth&lie scid &erivﬁﬁi&ag

The molecular refractivity of 3,4~dimethoxzyfuran sub-



~107=

stantiates to some degree the structural formula sssligned to
the ecompound. »Jahnﬂan and Hughes (95) have done some work on
malsenlar‘rafraﬁti#itiaa of furen and certain of its deriv-
atives., It was noted that for furan and some of the deriv=
atives investligated, the observed molecular refractivity wes
lower than the value whieh was caloulsted. In these ceses,
the substituent 414 "not contain a double bond on the atom
immediately sttached to the ring in the a-position®. 3~Bromo-
fursn wes also included in this group. This phenomenon was
observed, too, in the case of g,é*aim@th@xyraran‘ The value
obgerved waes within 1.4¢ of the caleculated value, This lends
_5up§ar§ to the postulation that ﬁﬁ@ farsn nucleus was present
in the compounds that were investigated.

'?ha,:@éﬁetiﬁa of 3,4~dimethoxyfuran, whieh should have
given a dimethoxytetrahydrofuran, produced e compound having
a carbon end hydrogen snalysis that inéieate& only one methw
oxyl was present., The grestest error, resulting from this
hyyﬁthagis, was the large dlserenancy of the ssleulsted and
observed values for thﬁ molecular refractivity. The obmerved
moleculer refractivity and carbon~hydrogen enalysis.for the
methyleted product of erythrare agrsed with the aglaul#teé
values to e felr degree. These two compounds should have been
identical. : The results of these esxperiments were not entire-
ly satisfactory to the writer, and it was felt tﬁaﬁ gn import=
ent link Bétm@&m furen chemistry and suger chemistry cen be de~
veloped tﬁr@ﬁ@h the B~hydroxyfuran derivativsass,



The mﬁgmﬁitiﬁna of the furan nucleus have been considered to
be th@~m@s£ zaaativ® nogitions,. Bubstitution tekes plsce at
the aﬁ?ﬁsiiign@,bgfara tﬁﬁbﬁmpésiﬁiﬁﬁﬁ are substituted., Due
to thazﬁréagtié prayewtias of furen, it would be expected that
the nucleus would be brominated before eny substitution took
| place in the zlkyl groups of the sthers which were grﬁgant in
the B-positions. Since only one a-position wus open on the
nueleus, the pra&uat»wam'ﬁ,4*&&@@ﬁhaxy~3~@arhaﬁﬁﬁhaxy~§#
bromofuren. | |
From the &ate obtained in thils work and that found in the
literature, z prediction of the propertiss of mono-f=~hydroxy-
Turen might be mude. The hydroxy grﬁg§ will probably show
the characteristie enol~keto-~teautomerism but may be more stable
in the keto~form. The B-hydroxyfuran will be very reactive,
and one mev find it 4ifficult to prepsre a sawpls in the pre-
sence of oxvgen. The compound will be extremely sensitive to
mineral selds, and 4ifTiculty will be experienced when re-
nlacenent @f the %yﬁragyl group is sttempted.

The B,f'-dihydroxyfuren will have most of the charascter-

istic properties of the monohydroxyfuran. The dihydroxy

mey be expected to exist in the snol form, on the basis of whst
has been Tound from ite derivetives. The study of aromstie
properties of these furen derivetives should demonstrate the
hypothesis that furen and its derivatives gra»aremﬁtia_ar super«
eromatic, Such & study mey show that the fursn derivatives

have properties atiributed to both the sliphatliec and the aro-
matie compounds.



~109~

VI. BIOLOGICAL
Some of the hydroxyfurans and their derivatives were gubw
mitted to geveral blologleal tests. It is imown thet ascorble
acid, which has & y-~lactons structure (100), is important in
metebollism.  The l~isomer is cosmonly called Vitamin C., De-

rivatives &f’t&a tetronic sclid series have hﬁéa gya%haaiaaé

fo111: lesii G. Smith (101), and these gelds sre
akaaely relataﬁ.ia structure to aseorble acld. Vest #né ﬁia
co~workers (31, 102} have contributed several pepers im whieh
evidence is given for a ylausi%;ﬁ theory of anzikaﬁegaﬁasia‘
The work appears to show that é.furaa nucleus is iﬁ?@lveﬁg

The investigation on "pentothenic seid™ by Williams (103) and
his aa&labagaﬁara indiestes that this comound is of low molecw
uler weight and scidlc in charscter. This ecid is a poly-
hydroxy compound. The substence ig definitely e growth stimu~
lant when present in s mediuwn conteining P-slanine (104). 4Al~
-though somewhat speculetive, one may fipd the “pantothenls acig”
molecule closely related to the hydroxyfurans end sscorbic scid,

Clowes and Erahl (105) heve recently reported that oxygen con~-

o B

sumption of sea urchin eggs could be influsnced by phenols other

132, 280 (1983):

{1@9} &aich&t&i& GrQgsner and e@g@nanrar
Js Soe, Ch Ip 1@3&3.

_ ‘Haworth anﬁ Hirst, &
{101) Gluxﬁarhaﬁk Js_ Soe,

(1@%3 iiitans ané.ﬁasar, J o fa  n

El%} w1lliams and Rehrmenn, J. Am, Chem. Sog,, 58, 695 (1936).

105) Clowes end Krahl, Proceedings of the Thirteenth Heeting
ei‘ﬁh& %iﬁl@giaa ﬁhemiatgiéggﬁeh Bo~28, 1936,

sg3~;;%;,, 56, 169 (1934).
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then thﬁ»aitr@phwnﬂis* This seems to coincide, in some degree,
with the idea of Popoff {108). The theory advanced by Popoff
stated that all chemical compounds capable of stimulsting cell
fﬁﬁ#tiﬁﬁ;ﬂkﬁﬁla possess the property of accelerating and in-
ereasing oxldetion processes of the cell, Compounds which

had a marked affinity for oxygen appeared to possess thils pro=-
perty. It was Tound by Popoff that the agtlion of phenols in=-
creased with the number of hydroxyl groupe. o

The compounds, which were tested in & Barcroft~Warburg

respirometer in whlch Asrobacter genes was used as & test

organism were as follows:

l. Diemmonium selt of 3,4-dihydroxy-2,5-dicarbometh=
oxyfuran,

2e & 4*ﬁihyﬁraxy~2 5«§iéﬁrbama§ha 7y

Se a,éwﬁimﬁthﬂxywﬁ S=dicarbozyfuran,

4. 3,4~Acetoxy~E, &*ﬁiaarbawﬁthﬁxyfamag

Se $~ﬁyﬁr¢xg~4ﬁﬁathaxy*3 sﬁéﬁearbamaﬁh@xytaran,

Go S~Eyéraxy~@*m@thﬁxyﬂawsar%@ﬁath@myﬁﬁ-ﬁarhaxyfnran,

23 1 39

The orgenlszm was Strgin N 0. 23, obtalned from Dr., Reynolds,

of the Department of Bscteriology, a2t Iows State College. The -
Aerobacter was grown on an ager slant mediun and washed from
this slsnt with & potsssium acld phosphats buflfer amlntian af
pH 6.9. The heavy suspension of cells thus obtalned waas |
aerated by pasaing dry air through it for 30 miautes. . This
merated anspaasian ot ﬁ@llﬁ wes ﬁbﬂn.aaeﬁ in the respircomster

flask sccording to ths usual teshnigue, The buffer solution

(1@&) ?@y&fﬁ, ;E_ﬁﬁﬁ?fo;_,gﬂsl gén .,

; l‘

, 1269, 1982 (1921).
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(pH = 6,9) was used as a solvent for the compounds tested and
it a@at&t&e& 8@3% glucose. The hydroxyfurans whioch showed no
inhihitiﬁnfanﬂ 414 show an Ineresse in respiration, although
not anaﬁxbaeﬁingly great increase, were as follows:

Dlemmonium salt of 3,4~dihydroxy-2,5-dicarbometh=

oxyfuran, : .

S-Hydroxy~é-methoxy~E, S~dicarbomethoxyfuran and

S=Hydroxy=4¢-methoxy=2~carbomethoxy~S~ecarboxyfuran.
The other meterisls tested with this organism showed an 1nhi§~
itory reaction. (See Fig. 2.) | |

Eymin'was~ﬁlsa usaed as & test reagent for some of these
various compounds. In these experiments 10 mg. of dry zymin
were aaéé in each test. S«iydroxy~é~msthoxy~2«carbonethoxy~HH=-
earboxy furan was definitely inhibitory, while ascorbie acid,
$§$*aimﬁth¢xy»3,5ﬁﬁiaa?hﬁxy$u£&n and 3-hydroxy-i-methoxy=~2«
carbomethoxy«5«~ carboxyfursn showed a very definite inorease in
metabolic rates, Agsain the rate of respirstion ws not ex-
tremely increased but check results were obteined in three d4if-
ferent trials. The grﬁ@hé show the relative relstionships of
the compounds tested. In e&abaﬁase the one compound which
stood out by itself was Z~hydroxy~4-nethoxy~2,5~dlcarborethoxy~
furan. (See Fig. 1) |
Y¥r, James Lesh tested the effect of this compound on yeast

growth, The yeast cell count was found to be within experiment~

al error., FHowever, when viewed through the mieroscope, the

control cells were smaller than those grown in the presenece of



~112-

METABOLISM STUDIES WITH ZYMIN
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METABOLISM STUDIES WITH Aerobacter serogenes
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hydroxy compound. The Americen Type Culture Number 4226 was
used in these tests. The photogrephs of the control and test

samples eare shown. (See Fig. 3)

S. cerevisiae

/Control 7 [ with 3=hydroxy-4-methoxy=
L o -7 Flg. 3 2,5~dicarbonethoxyfuran_/

Professor ¥. W. Went, of the Celifornis Institute of Tech=
nology, tested both the B~hydroxy=4é-mnethoxy-2,S-dlcarbonethoxy-
furan and 5*&?%rexywﬁﬁmaﬁhexy*ﬁwaarbﬁmathaxy~5ﬁaarhaxyfuran.
The Avenae and pea test d41id not &hﬁﬁ‘tka,aharuﬁtaristia surva~
ture. Direct growth measurements of the elongetlion of tissue
eylinders in solution showed no inereass in growth. From
these messurements it was concluded that thesge compounds cannot
act as growth hormones or growth stimulsnts in higher pleants,.

In root Tormation the action of these campounds was tested from



the apical as well as the basal end of the pea cuttings, and
thés@ tests were slso carried out in the presence of auxin,

end were likewise negative., Trom these experiments it was

coneluded that the compounds could not be lecal stimulants,

h@ﬁ%@&ﬁa or co-stimulents.

Due to the low 3@iﬁbility of these compounds in w&tar,

the ghﬁnalxa character of the aawyaanﬁa studied graéuceﬁ, in
most ocsses, no harmful effects. The stimulation recordsd
for the 3-hydroxy-4-methoxy-2,5~dicarbomethoxyfuran may be aan*
31&&3@& $@ be c¢losely related to that of the phenols. It is
more like s %ﬁiﬁaﬁ in its action on the esll. One cannot ac~
curately predict what the properties of the unsubstituted
hyﬁraxyfarau$~will be, but they should regemble their benzene
an&la@s to & @&rﬁaiﬁ degree .

The writer is sincersly grateful to Dr. Went and to
¥r. lesh for %hair‘eamperatiaa iﬁ,%kiﬂ work.



VITe SUMMARY

A numbﬁrrgf compounds derived from ﬁ§&~ﬁihyﬁramy~ﬁ,ﬁ*éi~
sarbomethoxyfuren have been prepared andé studied in order to
asﬁgr$aia some of the properties of f~bhydroxyfurans. The in-
oremsed reactivity of these compounds in relation to furan it-
self was best illustrated by the reactions of 3,4~dimethoxyfur-
an with {1?;mﬁreurieﬁéhlariﬁa”an& {2) maleioc anhydride. This
activity ean ﬁafﬁtﬁgibutéﬁ to the hydroxyl groups or tgeir
methyl ethers. The investigation has also made availeble some
informetion on certain blologiecal effects produced by P~hydroxy-
furen derivetives. The hydroxyl groups have shown all the
properties of phenolle hyﬁraxyl Zroups. ‘
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