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I • .lucubin 

.lucubin, a 0011p0UDd isolated trom the leavea ot .luoub& 

japonioa and other planta ( 1), bas been aseiped the structure (1) 

b7 Karrer md Schllid ( 1 ) • It 1a ot intereat u the tirst p..tura:nol 

derivative reported as a D&t.ural produot. The evidence in support 

O.. glucose 

1 
0 

OH 

(1) 

ot a turan structure according to Karrer and Schld.d _,.. be su.arised. 

aa tollow: 

1.. lqùropuation o:r aucubin hua acetate Jiel.ded a tet.ra-

hydro product, iDàioating the preaence ot tw double bcmda in the 

mlecu1e. 

2. Out. ot the Bine oqgcm atou in aucubin aix ooul.d be 

acet7lated. bo other atou are imolftd in the glucoaidic li.nkap 

&Dd in the Jl1l"UlOH riB& et glucose. The Dinth atom vas neither in a 

c&l'boD1'1 groç mr in a terti&r7 ~1 group, and the logioal con-

clusion ws that thie oxygen atoa ahould be in the tol'll ot an ether linkage. 



2 

3 • .A.ucubin hua-acetate (2) vas treated with .1110noperphtbalic 

acid to give the epoxide (3), which in turn gave <iih1tlroclioJcyoctaacety-l­

aucubin (4) on treat.nt vith acetic anhydride in p)'ridine. 

Act 
A cO 

/ 
H 0 

(2) (3) (4) 

Beagents: (a) peracid; (b) Ac2 0 + pyridine. 

Both (3) and (4) reduced Tollen•s reagent. In the case ot (4), this 

wu expl.ained on the aaaœaption that at least one ot the acety-l groupe 

tormed an easiq h1dr'O~le helli-acetal acetate. Thia indicated tbat 

one ot the double bonds was adjacent to the ether oJey"gen. 

4. Treatment ot aucubin hexa-acetate vith brom:l.ne resa.lted iD 

two ieo•ric JIDDO-subatitution products both stable towards sil.ver 

acetate and to boil.ing vith •l ka] i. This inUcated an aromatic cbaracte:zr 

and wa attributed to a turan nucleus. 

5. The eaae w:l.th which the acetate (4) vas .tormad trom the 

epoxide (3), indicated that the carbon atou in the epoxy ring could 

not be tert;iarT. Hence the conclusion that the .turan r1Dg in aucubin 

w.s DOt tully' subatituted. 

6. The ultra~let spectl'Uil ot aucubin waa compared vith tbat 



o:t :turan and sbowed •1111 1 ar ùaorption in the region 2.30-200 Ill'• 

It can be aeen :trom the above argumsnt that the chad.cal evid.­

ence, tmugh circtDIStantial, 1s œt conclusive. In œ eue -.. coatrollecl 

degradation to a coapoœd o:t unequ1wcal structure carried. out. Perhape 

the wakeat point 1a the lack ot proper pbJ'a1cal evidence (in:trared and 

11ltrav1olet at11d1es). IR &Dd UV spectra ot auoubin abould. be coapared 

with thon o:t p-alkoxT turaDs and der1vat1fts rather thau with furan 

1tsel:t :tor drawiDg reaecmable CGDclusions troa euch spectra. The 

present 110rk ws :lnit1ated to d1scover general Etboda for preparing 

p almx;y :turana w:Lth a new to usiag thea u mdel coapo\Vlds for sach 

spect:rœscop1o coaparieoD. 

n.G-Furanola 

œ-hraœl ( 6) could. be cons:id.ered aa the enolic tora ot the 

'0 -lactone (7). HDdgson and Darles(2 ) claiMd to have prepared th1a 

cOilp)und b7 heatiDg (200•) 5-alllto-2-:turoic acid (S) w:lth atroD&1 aqueoua 

HO,SOC02H 

0 

(S) 

(a) 
---+ 0 0 

(6) (7) 

l(b) 

OzNO OH ~ HzNO OH 
0 0 

(8) (9) 
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Beagents: (a) Ra.OH + KC~; (b) H2SO..., + Hlllj; (c) Zn + Hel 

sodi• ~· in the presence ot a s..U ..,unt ot potusi'Wil chlorate. 

The product was described as a col.Drless oeystall.ine solid1 a.p. so•, 
vhich turned bl"Ola1 on keeping and reainitied vith grut ease1 eapec1a117 

duriDg distill&tioa vith ateu, in vhich it vas volatile. Hod&&Oil and 

Davies (:J ) &lao ola11JWd to have nitrated the co.111p0UDd vith nitrie-eul.ptmric 

acid .llb:ture to obtain 5-nitro-2-.turanol (S). This w.a reduced to 5 •mino_ 

2-hranol (9) b7 disaol'Yi.Dg it in albli 1 then adding the salt to sine 

and bydrochloric acid. 

Theae tindinge are aurprising in view ot the uaual inst&bilit7 

ot turaDa in the reagents employed. FaraDs a:r be cleaftd ill acidic or 

basic ~ (4 a). Acid h1dro~ia probabl.T inTolves protonation at a 

~carbozL atom, tol.J.owed b;r attack ot water at an a-carbon atoa as shOWJl: 

ROR (a) .... 

R 
-.::---· 

(A) 

r·--rH· 
R~O CO-R 

+ Beagents: (a) H ; (b) H20 

R '-R R 

J t 

rHo-r 
R-CO C-R 

/ 
HO 
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The ease or formation ot ionie intel'lll8diates ot the t;ype (A) 

will obviously depend on the ability or the original tura.n compound to 

act as an electron donor and on properties ot the group{s) R. It 1IJ&1' be 

expected, thererore 1 that turans possesaing substituent& which have an 

electron-withdrawing ertect ( e. g. nitro and carbo%ylic groups), would 

be mre resistant to acid catalyzed cleavage. This is attested by' the 

experience or many investigators (s). 

In al kali ne msdium the picture changes. Furan and its homo-

loge, in which the nucleus is relatively electron rich, are verr stable 

tow.rds aqueous or alcoholic alkali. Hovaver 1 turans with an electron­

withdrawing group are subject to nuclear attack by suitable donor reagents. 

Tbus a-nitro:turans are readily attaclœd by a1Jcalies( 6 ) 1 in which the7 

decompoae to give nitrites and products possessing aldeh1Qe cbaracteristics: 

+ Reagents: (a) H ; (b) OEî 

CH CH 

1 \ 
CHO CHO 



Beaidee llhowiDg d.itteriag atabUitiea to acidic or aJ bJ1ne 

attack, furans ditter wideq :in their tend.eAq to axidise or pol:7merise 

when atored. :in the dr;r etate. The a:act aatve or the reaction cauiDg 

the turaDa to tora tara or resiDa ia not lœola. Howner, u iD the oaae 

ot other aroatio oolllpOUIIda gaeralJ.T, electron attractiDg groape (e.a., 

C02 H) stabUiH the turan ring. So that electron releasiDg groupa (e.g., 

CHe) ar be expectN to alœ it lees stable. 

In viev or the aboYe cliacuasion it wald be ditticalt to explain 

the aiatence ot co-.pound.a ( 6) and. ( 9) in etrong acidic JEdia or the 

eurvival or (8) on treat.-nt with atl"OD8 alkaJi. UatortUD&teq, to date 

this work bas not been conti.ned. 

The chellist17 ot the eo-called cr.-agelica laotcme (.3-penteaoic­

lactone) (10) ottera little support; tor the existence ot the enolic tora 

(11) be10J1d the tact that a Zerewitinott detel'lli.Dation liberated apprcœ­

:1-.teq one third or a œle ot •thane tor one JW)le ot the lactone (7 
) • 

r·-rH· 
CH3 -CO C02H 

Lnuli.Dic acid (10) (11) 

This teat, howver, ie DOt a ooncluein one tor the preeence or a ~1 

group, aDd could be eqœ.ll.7 wall a:plaiDed on the baeis ot the lactone 

structure (10) as sh0181 belov: 
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+ 
+ C&., + MgBr 

The UV apectrua ot CJ4DP1ica laotone wu oompared vith that ot fur1'11r7l 
• 

alcohol and a •nam gf abaorption at 2170 A eho1111 b7 both ooJpUDda wu 

given as additioDal eTidence tor the preHDCe ot the enol tora (11)(7
). 

Here again, the eoncluaion C&DDOt be a val1d one aiDee tarfarTl aloohol 

bae no real structural relationahip vith the enol tom, and a mre logical 

IIOdel oo11p0und would be a.-Mthoq turan. 

P1D•1ly, aucoinic l.lllqdride (13), làù.ch might be OODeidered u 

the keto toril ot œ, u• ...ditur&Dol (12), ehow no evidence of existiDg in 

the latter torm ~ b) •. 

HOOOH 
·0 

(12) 

ni. a.-Fulzl Ethers &Dd Eotera 

...... -- -- -

(13) 

While the existence ot a.-tur&Dole is cloubttul., their ethera and 

estera bave been obtained and. are IDlerately stable. 

A seriea ot 2-alkœT turaDa w.e prepared b;r lf.aDl7 and Amatuts(s) 



b7 a direet Wi lliawaou &Jiltheaia. Becauae ot the ext;:re. inertneaa ot 

aro•tic halides auch as 2-bromoturan (.,. c) 1 the7 used mttl:q'l 5-brom-2-

turoate which reactecl vith sodium alko.x:ides to gin the correapondin& 

ethers accorcii.Dg to the ach._ be1ov: 

(14) 

{18) 

{19) 

(a}) VGOiJle _{b_)~> 
0 

(16) 

(R • CH -, C H - 1 i..O H -, C H -, a-c H -, C H ) 
3 2 5 3 7 6 5 8 12 6 11 

Beageats: {a) RO-; (b) Lbromauccin1m1de; (c) BaOH; (d) PhLi 

8 

The presence of the carbo%1'1 group labill.Ha the a-bro.ud.ne atom b7 creating 

a positive center for nucleoph111c attack( 9
'

10
). 
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Attempt;ed nitration oE (17) •s lD18uacesatul1 aDd bromination 

or (JS) produced aoDSid.erable tar al.oDg vith a ..U aa:nmt or the 4-

brom compoUDd (16). Howver, the reaction proceeded -..,othl.Jr aad in 

so•llbat better Jield uaing 11-bro.maucciniDd.de aa the broainatiq agent. 

The extrema HDSitirlt;r or the tur,yl ethers the..lves 1s iD:licatecl in 

this paper., and ring opening iD methallolic hldroaen chlorid.e produoes the 

di.DIIttbyl acetal oE •tql.-~rol'JQ'l prop:iDnate (21). 

The great general reactivit;r or 2-.tur;rl ethers liU shcnm b7 

the isolation oro~ the tri.lltrcurated product on arcuration. HoWTer., 

the unoccupied ;..position is the ~r»st reactive carbon in the ring toard 

met&llation, as evidenced b7 the reaction or 2-plumo.xy turan (181 R • Ph) 

with phelv'llithium rollowed by oarbon&tion to give 5-ph811CŒ1'-2-turoic 

51:) 
H 

(a).., oo;() . +- ' u . + 
> R-0 

u· co~ 0 

H 

CH2 - - CH b 1 Il (b) 
~- H~ û Ro-c CH 

~ 1 
0 HO 

(21) 

Reagents: (a) aDd (b) H+; (c) MaO-
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aoid. (17, R • Ph). All ot the simple 2-turyl ethers :reported seeJMd. to 

be unatable to air axida tion, a.Di over a period. ot ~~everal weeks be~ 

yell.ov and viecows on standing, even ldlen stored. Ullder nitrogen :in a 

seal.e<1 tube at ice temperatures. 

2-Methox;r furan (23) was prepared also b7 heating 2, 5-dih7dro-2, 

5-dimthoxy turan ( 11 
) (22), ~phthalene eultonic acid. and n-but7l phthalate 

to .360•. The achuli sm proposed tor the acid catalyzed tol'IIBtion ot (23) 

ia shom below: 

(22) 

+ 
H H~~/H 

MeO ~0 /C9-Me 
H 

Me~ 
0 

(23) 

Ushakov and Kucherov< 1 a) reported the preparation ot 5-(diphel171-

metb71)-2-msthooqturan (26) b7 the action ot lll8thanolic hydrochloric acid. 

on the •t~l ether ot diph8J17l 1"u17l carbinol (24), at mil.d. temperatures. 

When retl.ux temperatures wre uaed, 51 5-dipheny'l-levul.hl:l.c ester (27) lBS 

obtained. 

O ;;h. C' C.LOMe 

- "' MeO 0 Ph 

(a) ·- HQ -Ph2 
l-le-0 

0 
l.; + 
H 

(2.4) (25) (26) 



ll. 

(b) 

(27) 

+ Reagenta: (a) HCl + X.OH; (b) H + MeOH (reflux). 

The compoUDd (25) as obtained in the mother liq\lor during the tirst atep 

ot the reaction, girlng evidence tor the reaction sequence ahown. 

The ~ known ester of a-turanol1 2-acetQX1' furan (29), was 

obtained in 7-35% yield b7 the vapor-phaae pyro:Qsis o:r 21 5-cliacetœq-2, 

5-dihyùroturan (28) at 480-500.( 13); possible mechanisms are the tollo-. 

ing: 

(28) 

eia -

A cO 

0 
H-. -~ C 

"' 
(28) 

trans 

CH3 

0 
.~t-Bo-soo 

:> H~~lf 
AcO~o/ 

cu3.\ 

+ AcO. 

1 
CH3 • + COz. 

Ac0-0 + CH.t., 

0 

(29) 

> Ac0-0 + CH3 C02H 

(29) 



l2 

A. yie1d ot 80.' was reported b7 Cava et al. ( 11) by conducting 

the cracking iD the liquid phase at 160-190• in the presence of a cata]Jtic 

amunt ot acid, the reaction und.er these conditions probabq tolloving an 

ionie course: 

(28) (29) 

The ester (29) h1drol.1Hs easiq in acid .œd.i.Wil to ~!orJV1 propioDic 

acid (JO) isolated as the 21 4,.-din:itropheDTJ.b1drazone(13). 

(29) 

+ 
H > 

CH2 - CH2 

1 1 

HO-GO CHO 

(Jo) 

0 

( 

CH2--CH 

1 Il 
Ac-OCO CH-QH 



IV. @=Furanols &Dd Derivatives 

As in the case ot the ~furanol, the onl.y report in the liter­

ature of the preparation of P-turanol (32) is by Hodgson and Da vies (2
). 

They claimed to have prepared it b7 treatment ot .turoic acid vith bromine 

in chloroform contaim1ng a specitied amount of water, and. subsequent 

reduction of the 3-~-2-bromturan (31) with sodiwn amal garn. The 

~tnranol (32) 168 reported as a cryetalline solid melting at 58•. Its 

structure was confirmad by the preparation of a ma.leic anhydride adduct 

which was then converted to the knom ~ phthalic acid. 

(a) > o:r 
0 

d" 
0 

(31) (32) 

(c) 1. 

0 0 
(d) 

Reagents: (a) B12 + H
2
0 am CHC~ ;(b) Ba-Hg; (c) ma.leic &Jlh1dricle; (d) HBr + 

A.cOH 

Nitration (l) ot ~tura.nol (.32) atforded 2-nitro-3-turanol, which was reduced 

to give the 2-anrin0-.3-turanol, a compound seem:l.ng.cy stable enough to survive 
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the strongly acidic conditions of the reduction. Unfortunately this 

work has to be viewed with scepticism, not only because the properties 

of (32) are inconsistant with the properties reported for other ~-furanols, 

as will be seen below, but also because Baily and Waggoner(l.tt) could not 

duplicata the first step in the synthesis, viz. the preparation of the 

hydroxy bro100furan (31) from turoic acid, despite numerous trials. 

Kohler et al. (ls) obtained solutions containing 2,4,5-triphenyl-

3-furanol (34) by carefully re.100ving the acetate group .from (33) by the 

Grignard reaction and subsequent acidifying in an inert atmosphere. The 

solution was considered to contain the tttranol (34) because it decolorized 

bromine instantaneously and absorbed ax.ygen from the air to give a 

sparingly soluble crystalline peroxide (35). An ether extract of the 

p 

Phf (b) ~ 

0 0 

(33) (34) 
(c) 

(35) (36) 

Reagents: (a) MeMgX; (b) H+; (c) 0~ 

Ph 
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turanol (34) deposited colorless crystals which bad the composition of 

the turanol1 but were assUJIIII:)d to be the .turanoae (.36) becauae solutions 

from lllhich the7 bad been separated as completel.7 as possible still formed. 

peroxide rapiclly and in quantities far in excess or any that could be 

obtained from saturated solutions of the solid. Horeover1 solutiona of 

the solid tormed peroxides Dl.lch œre slowl.y tban those obtained from the 

acetate. 

The starting material (3.3) as wall as a nwrber or .heavil.J' 

substituted ethers and esters were prepared b7 Lutz and others ( 161 17
). 

Two Jll)re or lees general Dlllthods wre eq>loyed ( 1 6
) • In one method, an 

alcohol •a added to the appropri&te Ull8&turated 11 4-d.iketone und.er 

oare~ controlled aoidic conditions: 

HCY.CH 

1 \ 
Ph-G / .C-Ph 

\< A 
0 ov 

(a) 

1 
OR 

0 0 

Beagents: (a) ROH + R
3
H.HC1 (pH 2-3) 

The other route was the reduction of an alkoxy derivative or the tmsaturated 

1,4-diketones. 



(a) 
Ph-00-CHBr-CHBr-COPh 

Reagenta: (a) H&OR; (b) Zn+ AcOH or H
2
/Pt 

fJR 
Ph-CO-CH-e- CO-Ph 

OR 

0 

16 

Esters of p..turanol derivatives wre prepared ( 1 5
) using si mi 1 ar 

œthods; the ,2!! compounds vere shown to be .1111ch more susceptible than 

the trans compounds tOlllal"ds taraniu.tion. 

R H .;-;~ R :c==_i AcO-H 

/J "" 
(a) 

> 
Ph-G ~,~-Ph 

\~ t'--o o) 0 

+ 

~ H 

Ph 1 
(R • H-1 C~ -, Ph-1 PhCQ-) 0 

Reagents: (a) Ac20 + ~so,. 

Unlike lohler et al., Votocek and Malachta ( 18 
) claim to have 

isol.ated a ~turanol, 2-methyl-.3-turanol (42), baving some stability in 

the phenolic torm. 5-Ketorha.alolactone ( 19
) (37) on treatmmt vith 

methanolic bydrogen chloride attorded. a Ethaxy ester tormulated as 
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4-metho.xy-5-.methyl-2-carboœthox:y:t'u.ran (3 8); a possible œchanism for 

this reaction is sholll below. The ester was hydrolyHd with alkaJi 

to give the acid (39) of which the .methyl ether group was cleaved by 

reflmdng with hydrochloric acid. From the resulting hydr<ncy acid (41) 

the methyl furanol (42) was obtained by decarboxylation. 

Both (41) and (42) pve the terrie chloride test., but it is 

interesting to note that a Zerewitinoff determination on (42) gave 6.65% 

instead of the expected 17.37% active hydrogen, indicating that the 

equilibrium is shitt.ed towa.rds the keto form (44). This compares very 

well with the value obtained from a.-angelica lactone which has the same 

grouping as (42) (cf. p. 6). 

The compounds (43) and (44) are vi.nylogs of lactones. Con­

sequently., as expected1 they were cleaved by barium hydroxide to give 

acetoin. With sodium hydro.xide and potassium iodide compound (43) gave 

the iodoform test. These cleavages established the positions of the 

various functional groups in the :fUran nucleus. 

These tests indicate that, while co.mpounds (41) and (42) were 

reported as {3-furanols, the correaponding keto forms (43) and (44) 

probabl.1' exist in equilibrium with them. Un:fortunately, no wrk has 

been done to establish the positions of the equilibria. 

Morgan and Porter ( 20
) reported the preparation of 5-acetyl-.3-

chloro-4-hydroxy-2-œthylturan (48) by treating 31 5-dichloro-2., 6-diœthy-1-

Y -pyrone (46) with barium hydroxide. Compound. (46) was obtained by the 

action ot selenium tetrachl.oride on diacetyl acetone (45). The c_ompound 



(37) 

0 

MeO 

}fe OCOiM• (b) "' 

0 

(38) 

HO 

Me-0 
0 

(42) 

Jt 

Meb 

H 0 

(44) 
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(a) 
HO-GH ---rH-OH 

'\ 
Me-CO-CH CO~e 

\OH 

Ill 

HO-CH --CH-OH 

1 1 

Me~ \ EH~O~e 
+(o ~H 

H 

MeO 

~~C02H-Q02 ,. 
0 

MeO 

~o 
0 

(39) \ ,,.. t) 
HO 

., -co. ~-b -GOzH 

0 

(41) 

J t 

(40) 

+ Reagents: (a) MeOH + HC1; (b) KDH tollowed b;r H ; (c) N/5 HC11 ref1Ult 
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-OH -
(43) 

CH2 - - co 

--1-·· 1 

+ 
H02C-CO /CH-CH3 

HO 
H02C-C02H 

(48) was reported as a crystall ;ne solid malting at 8.3-4 •c, whose solutions 

gave a violet color with terrie chloride. The phenolic torm (48) may- wll 

be tavored over the keto torm (47) in the present instance because or the 

5-a.cety-1 group (cf. p. 23 ) • 

/~' Cl c Haf yHa (a) ~ ~ H3C H3 c-c _,F-e~ H3 C H3 
~ 0?' ' 

HhO :G 
(45) (46) 

1 
Cl 

Cl-C co 
~ 

( ,, 1 
~ H3C 

CH3""' 0 CH.Q;_ 0 
o "'-cocH3 

(48) (47) 

Reagents: (a) SeC1
4

; (b) Olr 

ï 
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a,~ have never been obtained, but a monoDBth71 

derivative, 2-methoJQr-5-œthyL-J-turanol (51), vas prepared b7 Heneclca (21
) 

b7 heating a.-chloro-(S'-met~ acet)"lacetone (49) vith acetic acid and 

potassium acetate. The mechani sm ot the reaction, .mditied. from. that 

proposed b7 Heneclca is probably as shown below: 

0 . 

H3coO-cH3 

(50) 

~ r 
HO 

CH,OOH· 
(51) 

\/~"'-/H 
CH3-0-C u f"dl 

COCH3 

(49) 1 

The turanol structure (51) was preterred b7 Henecka to the lœto tora (50). 

However, it seems likely that the compound existed Ni.n."Q' in the lœto torm, 

beoauae solutions of it gave a color with terrie chloride onl.y very slo~. 
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The compound was cleaved readily by dilute acids, so that the trisemi­

carbazone of 21 4-dioxopentanol (52) was obtained from solutions of (51) 

in semicarbazide hydrochloride. 

(51) 

+ Reagents: (a) H ; (b) HOH 

VI. a, a •-Dihydroxyfurans 

(50) 

CO--CH2 

1 1 

H 

CHO CO-CH3 ~0 

(52) 

Diethyl and dimethyl 3 1 4-dihydroxy-2,5-furandicarboxylate( 22' 23 ' 2~) 
(5.3) were prepared by a Cl.aisen condensation of ethyl oxalate with ethyl or 

methyl di.glycolate in the presence of sodium ethoxide (or sodium methoxide 

when the methyl ester was used). 



EtO~- ~OEt 
1 t. 
0 0 

HOHH 
H2N.IfNOO-z n )-CONH.Nll:. 

0 

(59) 

CHO~ 
+ 

R02 . 02R 

0 

(55) 

~ (e) 

CH3 

H02C C02H 

0 
(57) 

0 

(5.3) 

(d) 

22 

Ho~ 
R02C \ C0

2
R 

0 

(54) 

J (e) 

D% 
R02C C02H 

· o 
(56) 

Rea.genta: (a) HaOR; (b) H+; (c) H2 H,..; (d) JiaOH, Me2 SO•; (e) Raœ tollowd 

+ 
b7 H. 

The tact that (5.3) reacted vith ~in• to give the bydr&zide (59)(2s) 

indicated. that the comp>md w.a •atq in the eDOl torm. 
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The c:libydro~ est.r (53) wu highq resistant to aaponitieation, 

probabq becaue the negative chargea troa ionisation ot the hydroxyl 

groupe wre parti.al.q delocalized on the carbonyla ot the eat.r groupa. 

Howyer, the ester groupe ot the diJI8thoxy compound (55) could be eaaiq 

- or 

aaponitied. In the case ot the 110110h1à1"GX1' eompound (54) onl.y the eater 

group adjaeent to the •tho.xy group can be eaponitied to gi ve the product 

(56). 

Si mi J •r wrk was carried out vith esters ot thiodiacetic aoid (2l ) 

vhere condensations vith various a...d.icarbonyl cOlllpO\JMa wre pertol"JIId u 

aholm below. 

Jl!-co-co-R '" 
+ RaOEt 

co~ 

R, R• • C6 1fs- (benzil) 

• -QH (etbyl oxalate) 

• -H (~) 

R --œ (•th71 •.oxalate) R• • CO Et 2 

!he attempted condensation ot eth7l d~late with eth7l 



P1l'\lV&te tailed (23 ) • llo attempts to prepare tnranol.a b;r the condenaation 

of etb7l ~late with other coapcnmds ot the type R.co.co.R• bave 

been reported. 

VII. Relative stabilitiea of Keto and Bnol Fo:nu of hranola 

From the evidence above, ta.raœls seem to exist in the lœto 

rather than the enol fol'DI81 &ltho\l&h 1110re quantitative evidence would 

be desirable. In thia respect turanols ditter from pwnol which show 

no tendeno7 to axiat in the Jœto tora. This difference ia to be expected 

on theoretioal grounds. Sw.ation ot the bond energies tor the qat• 

1 1 
H -c-C =0 ~ C·-=C-OH 

i 1 1 1 

ahowa (26 
) that the keto structure ia mre stable thau the enol b;r .._ 18 

Kcal/.mole. In phenol this gain of energ;r of the lœto tora is offset b;r 

a greater losa in resOIWlce energr (-..... 35 Kcal/JII)le) in goiDg froJD. the 

bensenoid torm (60) to the non-aro•tic to:na (61). 

OH 

0 
(60) (61) 

We nov conaider a.-turanol. In going from the phenolic ( 6) to the 

keto (7) torm, w lose the resonance energ;r due to the aroatic SJ'St8Jil, 

which will be alightly grea ter tban that of furan itsel.f ( variouslJ' reported 

from 15.8 to 22.2 Kcal/mle: ct. (27 
)) because of the interaction of the 



25 

H 

' Gâ Q 

(6) (7) 

hyl:lroJcy'l group with the aroatic ring. Bowever, w gain the resonance 

stabil.iu.tion characteriatic ot the ester group (about 21 Ical/1110le(
28

)) 

and ot the vi.ny"l ether groç (about 2-3 Kcal/mle(28
)). These calculationa 

show that the large reiOD&Dce effects 'Nhich tavour pheœl (60) over its 

keto tom ( 61.) are not to be expected in œ-turanol, but are too oracle to 

:l.ndicate decisively' the relative stabilitiea ot the enol (6) and the keto 

(7) tor.. In tact, the balance of exper:lmllntal ni.dence outli.Ded above 

:l.nd.icates the keto fora to be much mre stable. 

On the other band, it ia possible that p-turanol (32) ia Jll)re 

stable relative to ita keto fo:rm (32&). 

-
--·-- 0 

0 

(32) {32&) 

The latter is the Tinylog ot an ester, and bence ahould. be stabi.liMd by 

resonance as shoa; however, the greater separation ot chargea in the 

dipolar torm ot (32&) as compared with the dipolar tora ot (7) probabl3' 

akea it lesa stable, and bence a lese important contributor to the lqbrid. 

state ot the molecule. 
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A similar difference has been noted with a- and ~-thienols( 29 ). 
The ~-hydroxy compound exists in equilibrium wi th its keto tautomer 1 while 

the a-hydroxy compound is Wlstable and is known only in the keto form. 

VIII. General Outline of Thesis 

In the present work are outlined methods to discover more general 

routes to alkoxyfurans1 and to characterize the products. We first des­

cribe (Part I) the direct formation of aromatic ethers by the reaction of 

organometallic compounds with dimethyl peroxide1 and the application of 

this reaction to the furan series. The preparation of various furans from 

dimethyl and diethyl 31 4-dihydro.xy-21 5-furandicarboxylate (53; R =Me and 

R = Et) 1 including attempts selectively to reduce one of the hydroxyl groups 

in the nucleus are next described (Part II). Attempts to obtain monohydroxy­

furan derivatives by related condensation reactions are also described. 

Finally1 the characterization of furans by various physical methods are 

discussed in Part III1 and sorne tentative conclusions regarding the structure 

of aucubin are made. 
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PARI' I 

The Use of Dimethyl Peroxide for the 

Methoxylation of Organic Compounds 

29 

Little work has been done with dimethyl peroxide since it wa.s 

first prepared and this could be mainly due to the di.fficulty in handling 

the compound, which was reported as an ~sive gas1 sensitive to shock. 

This di.fficulty has been overcome in the present work by using dilute 

solutions of the gas in cold ether. 

The possibility of using dimethyl pero.xide for the methoxyl­

ation of organic compounds has been e.xplored. At first methoxylation 

by the use of organometallic compounds was investigated; a mechanism for 

this reaction has been proposed1 and the limitations discussed. The 

nature of the reaction of di.methyl peroxide with sulfuric acid was next 

investigated with a view to using it as a possible analytical method for 

the determination of the peroxide. Finally., .methoxylation of aromatic 

compounds was attempted with dimethyl peroxide under Friedel-Crafts 

conditions and under conditions in which the peroxide decomp:>sed to 

methoxyl free-radicals. 

1. The Reaction of Dimethyl Peroxide with Organometallic Compounds 

In 1906 Wuyts ( 1) reported the preparation of thio-ethers from 

disulfides and Grignard reagents1 and predicted a similar reaction with 

diselenides and probably with peroxides. 
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(1) R-S-S-R + RtMgBr ~ R-S-Rt + R-S-MgBr. 

Later, Oddo (a) obtained alcohols from hydrogen peroxide and Grignard 

reagents. 

(2) H-0-0-H + RMgBr ~ R-OH + Mg(OH)Br. 

In 1925 Gil.man and Adams (3 ) reported the reaction between Grignard 

reagents and a number of organic peroxides including diethyl pero.xide. They 

found that neither succinic peroxide nor triphenylmethyl peroxide und.erwent 

a reaction with Grignard reagents, but that both benzoyl peroxide and diethyl 

pero.xide reacted according to the general eqUa.tion 

(3) R-0-0R + RtMgX - R-0-Rt + R-C.MgX. 

In the reaction of diethyl peroxide with phenylmagnesium bro.mide, relativel.y 

large amunts of biphenyl (JO%) were obtained along with phenetole (34%). 

Much later, Campbell and co-workers(~) examined the reaction 

between di-.!:,-butyl peroxide with phenylmagnesium bromide and some aliphatic 

Grignard reagents. They found that phenylmagnesium bromide and .!:,-alkyl 

Grignard reagents failed to react with the peroxide, while 1-butyl ethers 

were obtained with pri.mary and second.ary aliphatic broJIX)magnesium comp;>unds. 

Strangel.y enough, this work and the work of Gil.man and Adams was overlooked 

in monographs reviewing the reactions of Grignard reagents (s) and of per­

oxides(6). 

In a paper just published, Lawesson and Yang(?) describe a rather 

si.milar reaction between t-butyl perbenzoate and Grignard reagents from 

which 1-butyl ethers were obtained. 
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(4) PhC0-0-0-But + R-MgX ~ R-0-But + PhCO-GigX 

In the present work ( which was begun before the work of La:wesson 

and Yang had been announced ( 
8
)) we have attempted to apply the reaction of 

Gil.ma.n and Adams to the preparation of furyl ethers. The peroxide used 

was di.Iœthyl peroxide ( 9 ). This pero.xide gave substantially higher yields 

of ethers, and lower yields of coupling products of the Grignard reagents, 

than did diethyl peroxide, as shown by the resulta in Table I. 

TABLE I 

Nature and Yields of Products from Reaction of Dimethyl Pero.xide 

(a) With RLi (b) With RMgX 

R Rœe R-R RCMe 
(% Yield) (% Yield) (% Yield) 

C&Hs- 62 19 62 

_E-MeO.C
6

H..; 45 20 47 

,E-C6 H5 • C6H,..- 65 li 53 

2- C10H,- 21 30 *-
2-i'uryl- 49** ····*** 
* Reaction not tried 

** Product shows slight contamination with aliphatic material 

Product not isolated. 

R-R 
(% Yield) 

20 

26 

trace 

The reaction of organolithium in place of organomagnesium comp:nmds 

was next investigated, since the former comJX>unds are often DJ:)re easily 

prepared. The yields of methyl ethers using organolithium compoUIXis were 

virtua.ll.y the same as when the Grignard reagents were used (Table I). 
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Consequentl.y, 2-fu.ryllithiwn( 10
) 1 prepared by the reaction of furan wi.th 

a-butyllithiwn ( 11 
) 1 was allowed to react with dimethy1 peroxide. 

0 
0 

(a) ,.. 0 
0 

(b) .. o-~ 
0 

(1) (2) 

A yield of 49% of a 1iquid boil:ing at 108.5°-lll •, and having the same 

characteristics as the 2-methoxyfuran reported by Petfield and Amstutz( 12
), 

was obta:ined. The :infrared spectrwn of this compol.Uld (Fig. 1) showed 

characteristic furan bands as well as the band at 2850 cm. - 1 for the 

rnetho.xy1 group. The structure of this compol.Uld (2) follows conclusive1y 

from its NMR spectrwn (Fig.37) which1 however, showed it to be contaminated 

with aliphatic impurities. These are most probab1y methy1 n-buty1 ether 

(b.p. 70.3°) and a-buty1 a1coho1 (b.p. ll7.7°) produced by the reactions 

( 5) BuLi + Me2 Û;a ____,.. Bu-0-Me + LiOMe 

(6) 
~0 
-~~ 2BuOH + 2Li0H 

However, while the overall yield is slight1y 1ess than 49%, it is obvious1y 

much higher than the overall yie1ds of 7.5% and ll.5% reported for the 

methods described on pp, 8 and 10. 

It wa.s next of :interest to :investigate the metallation of 2-
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methyl.furan, followed by treatment with dimethyl peroxide. In this case 

metallation .might in theory afford either comp>und (4) or (6), although 

the evidence in the literature favours the latter(13
). After reaction 

Reagents: (a) n-BuLi; (b) Me 0 • 
- 2 2 

OU,-Li 
0 

(3) 

(b)~ 

(4) 

.Q0.,. MeO OCH, 
0 

(5) (6) 

with dimethyl peroxide and working up in the usual way, a 6% yield. of a 

liquid boiling at 128-130° was obtamed. The NMR spectrum of this comp:>und. 

(Fig.3S) showed it to be made up largely of the desired 2-methoxy-5-œthyl 

furan (6), but agam aliphatic impurities were evident. Methoxyl deter-

mination and analysis of the compound at different intervals gave different 

resulta and indicated the tendency of this compound to decompose at room 

temperature, besides confirming the presence of impurities (93% of the 

theoretical amount of methoxyl group). Characteristic furan bands were 

obtained in the infrared spectrum of this compound (Fig. 2) 1 as well as the 
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-1 band at 2S50 c~ for the methoxyl group. 

The a-metallation of aromatic heterocycles wi.th n-butyllithium 

is very general ( 
10 

'
14

) 1 and it is evident that subsequent reaction with 

dimethyl peroxide ai'fords a very simple means of obtaining the correspond-

ing methyl ethers. Of special interest are the good yields and the mild 

conditions under which the reaction takes·place, for no external heating 

wa.s used1 and cooling wa.s necessary in m:>st cases. However 1 it is also 

evident that when these ethers are low boiling liquida, their separation 

from other products of the reaction may be difficult. Such an objection 

obviously does not hold for solids. 

2. Mechanism of the Reaction 

While organometallic compounds are generally considered to react 

by ionie œchanisms (ls ' 16 ) 1 free-radical mechanisms have occasionally been 

postulated(
17 

) • In the present instance the formation of coupling products, 

R-R, from Grignard reagents or organolithium compounds, mi.ght seem to offer 

some evidence for the intervention of free radicale. 

( 7) R. + MeO-CMe ~ R-OMe + MeO. 

(8) MeO. + RLi. ---;;. MeOLi + R. 

(9) R. + R. ~ R-R. 

Consequently, an attempt wa.s made to compare the reactivity of dimethyl 

pero.xide towa.rds a free radical and a carbanion, using triphenyl.Iœthyl 

radical and triphenylmethylsodium. Infrared examination of the products 
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showed that only the latter gave methoxytriphenylmethanes 

(10) p~cf>'l o.cb-Me ------:. Ph3C-<Me + MeO~ 
1 

Me 

although it proved imJ:ossible to isolate the ether in crystalline form. 

Hence, the reaction of organolithium. and organomagnesium comp:>unds also 

probably involves a nucleophilic attack by the carbanion on the peroxide. 

This may involve a preliminary coordination of the metal atom by the 

1mshared electrons of the oxygen, as is well known to happen with ethers 

(tsa,b) 
• 

Me /Me 
""o-o 

/ 

Me /Me 

""-o + o 
r/ "'R 

(7) 

Such a coordination w:>uld facilitate the formation of an ion-pair (7) which 

then reacts as shown. The fact that phenylma.gnesium bromide gives a lower 

yield of the ether with diethyl (3
) than with dimethyl peroxide, am. fails 

to react with di-i-butyl pero.xide even when ref'luxed f'or twenty-four hours 

(~), is in agreement with this mechanism1 since the approach of a phenyl 

group towards one ~gan will be sterically hindered to an increasing 

extent in the three cases. This behaviour is similar to that of d.isultides. 

Disul.fides in which the sulfur atom is linked to a secondary or a tertiary 

carbon atom(
19

), are particularly stable to S-S cleavage by most bases, 

including cya.nide ion. 

It is possible that the o.xidative coupling to give R-R com.pounds 



(Table I) occurs when ~ RLi mlecules are coordinated by a peroxide 

molecule (cf. Kharasch and Reinmuth(20
)). 

R-R 

3. Limitations of the Reaction 

36 

The reaction of dimethyl peroxide with organometallic compounds 

was found to be of general applicability whenever an organometallic 

compound could be prepared. However, there are certain limitations which 

stem from difficulties in obtaining such organometallic compounds. T~ 

main limitations will be discussed below. 

a) Difficulty of getting reactive com:pounds for metallation:- In 

attempting to prepare a Grignard reagent of a certain compound, a stable 

and reactive halide must first be obtained. In the furan series, ord.i.na.ry 

or activated magnesium falls to react with 2-bromfuran (21 
) ; a highly 

activated magnesium-copper alloy is required to induce reaction (22 
) • On 

the other hand, 2-iodofuran is sufficiently reactive to give a high yield 

(95%) of 2-furylmagnesium iodide with ordinary magnesium(
23

). However, 

3-iodofuran is extremely unreactive and is recovered unchanged after heating 

with magnesium at 150° for sixteen hours (
2

1t ) • Treatment of this compound 

with sodi~potassium. alloy at 115° for twenty-four hours gi.ves on carbon­

ation a small amunt (0.5%) of 3-furoic acid(
25

). Gilman et al. (
26 

,2?) 

reported that 2,5-dimethyl-3-iodofuran reacted with magnesium to give the 
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corresponding Grignard reagent., but no yields were given. We have found 

that amylpotassium., which was so effective in metallating benzene and 

other aroma.tic compounds (;as ) ., failed to react with 2., 5-d.imethylfuran., even 

after refluxing the mixture for twelve hours and then keeping it overnight 

with stirring. Thus it can be seen that failure to metallate furans in 

the ~-position leads to difficulty in obtaining ~-methoxyfurans by 

methoxylation with dimethyl pero.xide. 

b) Interference of other groupa:- The fact that groups such as 

-CO;aR., -CHO., CONH;a etc.(s) react with organometallic compounds., eliminates 

the possible use of compounds having these groups for the preparation of 

methoxy derivatives by the dimethyl pero.xide method. 

The above-mentioned difficulties in obtaining organometallic 

compounds led us to investigate two other m:>des of introducing the methoxyl 

group into the molecule., which are discussed in sections 5 and 6 below. 

4. Reaction of Dimethyl Peroxide with Sulfuric Acid 

The decomposition of hydropero.xides was studied by Kharasch and 

(:a9 30) 
his co-wrkers " ., who found that one mde of decomposition was that 

catalyzed by strong acids (in the Lewis sense). Thus with a.-c\llcy'l hydro-

pero.xide the products were exclusively phenol and acetone. The following 

mechanism was suggested by these workers to elucidate the acid-catalyzed 

decomJX>sition: 



(li) 

(12) 

(13) 

R 
1 

RI·-C-0-0-H + 
1 
R" 

f~ 61 

~ ~ 
H+ ~RI-p-o + H

2
0 

R" 

RI--C-O ---RI-C-OR 
1 1 
R" R" 

~ 
RI-C-OR 

1 
R" 

+ RRIRIIC- 0- OH - RIR11 CO + ROH + 

38 

R @ 

' R• -c-o 
/ 

R" 

This decomJX>sition was found to be general for tertiary1 secondary and 

prima.ry hydroperoxides, the migrating group predo.minantly being the most 

electronegative one. In order that the rearrangement in reaction (12) 

may take place readily1 at least one of the groups R1 RI 1 R11 should be 
. (30) 

aromatic; _i-alkyl hydroperoxides seem to be stable towards acids • 

In the course of their study of the decomJX>sition of hydroper­

o.xides, Kharasch and Burt (
30

) suggest that unsymmatrical peroxides are 

subject to acid cleavage of the type. 

(14) R-0- 0-R' + H+ ~ R-0@ + Rt-OH 

where the carbinol formad is predominantly or exclusively that derived from 

the less electronegative radical, but give no experimental examples of such 

reactions. 

In contrast with the acid-catalyzed decomposition of peroxides and 

hydropero.xides, the base-catalyzed decomposition follows an E
2 

mechanism and 

takes place equally weil with pero.xides and hydropero.xides with or without 

an aromatic nucleus, provided that one of the carbon atoms attached to the 



peroxide linkage is not tertiary(31
). 

(15) 

(16) 

Me 

Ph-b-oft-CMe 
JJ 3 

(l.H 

H09 

Me 
1 

---,)o. Ph-C=O 

39 

+ + 

So far1 no examples of a similar acid-catalyzed elimination reaction of 

symmetrical dialkyl peroxides have been reported. 

We have now found that decomposition of dimethyl peroxide to form­

aldehyde (and presuma.bly methanol) takes place in 95%1 but not in 85% 

sulfuric acid. This strong dependance on acid concentration indicates an 

E, mechanism as shown: 

(±) 

(17) C~ -0-0 -CH;, + H+ · ~ C~- 0-?-CI\ 

(18) 

(19) 

@ 
CH

3
-- 0-0 -CH 

1 3 

H 

Rate 

determining 

+ 
CH-0 

3 

H 

+ 

(An E
2 

machanism in which fission of the 0-0 bond was synchronous with the 

remval of a proton by a water mlecule1 w:mld be expected to f!P fas~er in 

85% than in 95% acid). The yield of formaldehyde from the reaction in 95% 

acid was only 25%1 but the aldehyde is known to react with acid of this 

strength(
32

). This poor yield nullifies the usefulness of the reaction as 
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a quantitative analytical method. However, since sensitive tests for 

formaldehyde are available, it might be used for the qualitative detection 

of d.imethyl peroxide. 

5.Attempted MethoxYlation of Aromatic Compounds under Friedel-Crafts 

Conditions 

It was seen in the preceding section that the deco~sition of 

dimethyl pero.xide in sulfuric acid probably involves the formation of a 

methoxyl cation. Since the decom}X)sition of hydroperoxides takes place 

in Lewis acids(
29

), it would be reasonable to assume that such Lewis 

acids might also catalyze the decomposition of a dimethyl pero.xide into 

methoxyl cations, or form a peroxide-Lewis acid complex: 
-. 

(20) Me- 0-0-He + ___.,. Me-0 
1 

X~ M •••• 0- Me 

Hence, the reaction of dirnethyl peroxide with various aromatic com}X)unds 

in the presence of Léwis acids was next investigated in the hope that a 

(33 31t-) 
Friedel-Crafts type of substitution (cf. Brown ~t al. ' ) might take 

place: 

Me 

1~ 
o~o •... MX3 

1 

+ 

Me 



~OMe 
;~ 

) 

~Me 

R~ 

However, the formation of methoxy comp:>unds could not be detected when 

dimethyl peroxide was introduced into solutions containing anisole ani 

boron trifluoride, naphthalene and starmic chloride, and naphthalene and 

aluminum. chloride, even by the use of sensitive infrared spectroscopie 

m.ethods. It is uncertain whether this failure stems from the weakness 

of the Lewis acids in the solvents employed, or from the decomposition of 

the methoxyl cation to formaldehyde before it had time to attack the 

aromatic compounds. 

6. Attempted Free-radical Methoxylation of Aroma.tic Compounds wi.th 

Dimethyl Peroxide 

Dimethyl peroxide decomp:>ses at elevated temperatures to give 

m.ethoxyl radicals(35
'

36
), which can react with each other in a number of 

ways(36). 

(21) CH -0-0-CH - 2CH O. 
3 3 3 

(23) CH 0. + H CO ~ CH -OH + HCO. 
3 2 3 

(24) CH
3 

0. + HCO. ____.,.. CI\ OH + CO 



At 167° the decomposition should be very rapid(3 5
"
36

). Since hydroxyl 

radical., generated from Fentonts reagent(37
"38139 ), attacks benzene(~o), 

(~tl ) (lf-2) . 
phenol and naphthalene 1 to gl. ve small a.m:>unts of phenol., catechol 

and naphthols respectively1 it was hoped that Jœthoxyl radicals might 

similarly substitute aromatic compounds. Naphthalene was chosen because 

of its kno'WD. reactivity to radical attack(42 ;+3 t+lt). However1 the form-

ation of methoxy compounds from the reaction of naphthalene and diJœthyl 

peroxide at elevated temperatures could not be detected. Infrared studies 

of the reaction product (Fig. 3) showed absence of the band at 2815-28.32 

cm. -l characteristic of the œthoxyl group~5 ) and present in 1- and 2-

methoxyna.phthalene at 2820 cm. - 1 (Fig. 4). Yet, in separa te experimenta 

(cf. p.57) it wa.s shown that about 75% of the peroxide was being decomposed 

(presumably to methoxy1 radicals). It would appear in consequence that1 

under these conditions, the methoxyl radical acts only as a dehydrogenating 

agent ~6 J+7 ) • 

+ CH 0. ----+ C H • 
3 10 7 

+ CH OH 
3 

No attempt was made to iso1ate binaphthy1 from the reaction. 
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EXPERIMENTAL 

Dimethyl Peroxide 

Dimethyl peroxide was prepa.red according to the directions of 

Rieche (9
) but, rather than collecting the pure comp:mnd, the peroxide, in 

a stream of nitrogen, was passed through a long Drierite column and then 

into dry ether cooled by dry ice-acetone mixture. The ether solution wa.s 

safe to handle and could be stored in the ice-box without apparent deter-

ioration. 

Anal.ysis of Dimethyl Peroxide 

The method employed was a slight modification of Rieche•s method(
9
). 

Dimethyl peroxide, prèpared from 10 ml. of lü% hydrogen peroxide, 7.5 g. of 

dimethyl sulfate and ll g. of potassium hydroxide in 15 g. of wa.ter, was 

carried by a stream of nitrogen into lOO ml. of dry ether (peroxide free) 

cooled in dry ice-acetone mixture. Ten ml. of the ether solution were 

then mixed with 5 ml. of standard aqueous stannous chl.oride solution, the 

flask stoppered tightly, and the contents stirred magnetically for tl«> 

hours. The ether layer wa.s separated and washed quickly with tl«> 10 ml. 

portions of wa.ter, and the aqueous wa.shings combined with the stannous 

chloride layer. Standard iodine solution (10 ml. ) was added to the aqueous 

solution, wh:ic h was then back titrated with standard thiosulfate solution. 

Such a titration indicated generally a yield of 7)$ of pero.xide collected 

in the ether solution. 
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Infrared Absorption Spectra Determinations 

A Perkin-Elmer Model 21 double beam record.ing infrared spectro­

photometer equipped with a sodium. chloride prism was used for the deter­

mination of infrared spectra. Ali spectra of liquid comp:>unds were studied 

by prepari.ng thin contact films of the liquids between two sodium chloride 

plates. This technique was also used with syrups. Solids were studied by 

preparing 2% solutions of them in "spectro grade" carbon tetrachl6ride or 

carbon disulfide. In some cases, when the solids were insoluble in the 

above-mentioned solvents1 mulls in Nujol or Fluorolube were used. 

In reporting the band intensities in infrared at the various 

frequencies 1 the followi.ng way was used: very strong (vs) 1 strong ( s) 1 

. madium (m)1 weak (w)1 shoulder (sh) and broad (bd). 

Reaction of Dimet}lyl Peroxide with Organometallic ComfX?und.S 

General Procedure: The organometallic comp:>und was prepared in 

the usual way in a three-necked flask equipped with an efficient reflux 

condenser, a nitrogen inlet tube, and a dropping funnel. Stirring was done 

magnetically. The mixture was cooled to -10• to 0° and the cold ethereal 

dimethyl peroxide solution was slowly added through the dropping funnel. 

The solution was gradually brought up to room temperature (20-30 minutes) 1 

then decomposed with cold dilute acid. In .the case of furan compounds1 the 

decomposition was done with ice water only. The ether layer was separated1 

and the aqueous layer extracted several t imas with ether. The comined 

ether extracts were dried and worked up in the usual way. The identification 
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of the products of the reaction with various organometallic com!X)unds 

is described below. The yields of the products were based on the quantity 

of peroxide used. 

(a) With phenylmagnesium bromide:- The reagent from 0.2 rroles 

of brorobenzene and 0.26 g.-atoms of magnesium reacted wi.th 0.08 :rooles 

of peroxide. After rem:>val of the ether, the rema.ining liquid was 

distilled using a 5 cm. Vigreux column. The fraction boiling at 150-

155° was collected and weighed 5.3 g. On the basis of its refractive 

index (~2;1.5151), its nitro derivative (m.p. 86°) and its infrared 

spectrum (À at: 3040 (s), 2960 (s), 2840 (s), 2000-1680 (w) bands, 
max. 

1600 (s), 1500-1450 (s,bd), 1300 (s), 1250 (vs), 1175 (m) 1075 (m), 1040 

(s), 890 (m), 785 (s), 750 (s) and 690 (m) cm. -l, the compound was 

identified as anisole (b.p. 154°,~;1.51521 dinitro derivative m.p. 86° 

and infrared spectrum identical with above). Mixed m.p. of dinitro 

derivative with nitro derivative above 86°. Yield1 62%. A second 

fraction '~s collected at 250°-260° and solidified in the receiver to 

give white crystals m.p. 69- 70°. Mixed m.p. with authentic biphenyl 

70-71°. Yield, 1.28 g. (20.3%). 

(b) With phenyllithium:- The reagent prepared from 0.2 moles 

of bromobenzene and 0.42 g. - atoms of lithium reacted with 0.08 1001es of 

dimethyl peroxide gas (carried into the solution by nitrogen and dried 

by means of a long Drierite column). The separation and identification 

of the products were the same as in (a). Yield of ani sole: 5.41 g., (62.5%); 

yie1d of bipheny1: 1.5 g., (19.5%). 
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(c) With ,e-anisylma.gnesium bromide: The reagent prepared from 

0.1 mle of ,E-bromanisole and 0.13 g.-atoms of magnesium reacted with 0.04 

mles of peroxi.de in solution. A solid separated from the reaction mixture 

and was rem:>ved by filtration. The ether layer was then evaporated and the 

oil rema.ining was fractionally distilled under reduced pressure. A clear 

oil was co11ected at 88°-96°/6 ~ which solidified in the receiver to 

give plates, m.p. 54.5-55°1 mixed m.p. with authentic ,E-dimethoxybenzene 

was 55°. The compound gave an identical infrared spectrum wi.th that of 
CC4 

,E-dimethoxybenzene; À at: 3000 (sh)1 2940 (s)1 2835 (m)1 1610 (w)1 max. 
1590 (w) 1 1500 (s), 1460 (s), 1440 (s) 1 1290 (s), 1215 (s)1 1175 (s)1 1100 

(s)1 1040 (s)1 700 (w) cm. -l The solid that separated from the reaction 

mixture was recrystallized twice from alcohol to give white plates m.p. 

172°. A similar solid was obtained from the residue of distillation on 

recrystallization from alcohol1 m.p. 170°1 mixed melting pG-int with above 

solid 171.5°. Reported ~p. for 41 4'-bianisyl is 172°. Total yield: 2.25 

g., (26.3%). 

(d) With E=anisyllithium: The reagent ( ltS) prepared from 0.1 mle 

of ,E-bromanisole and 0.23 g.-atoms of lithium was treated with 0.04 mles 

of peroxi.de solution. The ether was rem:>ved and the residue was -.«::>rked 

up as in (c). In this case the fraction boiling between 86°-96°/6 ~ did 

not solidify and gave a positive Beilstein test for halogens. By repeated 

chilling and quick filtration, pu-e ,E-dimethoxybenzene (4. 7 g.; 45%) was 

obtained and identified as in (c) above. From the residue1 41 4'-bianisyl 

was obtained (1. 73 g., 20.3%) by recrystallizati.on from alcohol. 
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(e) With ,g-biphenylmagnesium bromide:- The reagent prepared from 

0.1 mle of ,E-brombiphenyl and 0.13 g.-atoms of magnesium was treated with 

0.08 mles of peroxide solution. The ether wa.s remved by evaporation 

leaving fine crystals m. p. 66°-70°. On recrystallization from petroleum 

ether, plates melting at 83.5•-85• were obtained. The mix:ed melting point 

with authentic ,E-methoxybiphenyl (actual m.p. 84-85°) was not depressed. 

The infrared spectrum was identical with that of ,g-œthoxybiphenyl; À. CCl.,.. 
max. 

at: 3040 (m), 2950 (m), 2840 (m), 1610 (s), 1485 (s), 1465 (m), 1443 (m), 

1295 (s), 1270 (s), 1240 (s), 1175 (s), 1045 _(s) and 690 (m) cm. -l Yield: 

7.8 g., 53%. Only traces of a solid insoluble in ether (probably quater­

phenyl) were obtained. 

(f) With ,E-biphenyllithium:- The reagent prepared from 0.1 mle 

of ,g-brombiphenyl and 0.23 g.-atoms of lithium was treated with 0.08 

moles of peroxide solution. A solid1 insoluble in both ether and water, 

separated and was recrystallized from nitrobenzene, m. p. 305-307°. No 

depression in malting point was observed when the solid was mix:ed with 

authentic quaterphenyl. Yield of crude compound: 1.4 g., (11.4%). On 

evaporation of the ether solution, 16 g. of a crude solid m.p. 65-70° were 

obtained. Recrystallization from petroleum ether gave 9.5 g. (65%) of pure 

crystals m. p. 83-84 •. A mi.xed mel ting point and the infrared spectrum of 

the comp:~und showed it to be ,2-methoxybiphenyl. 

(g) With 2-naphthyllithium:- The reagent~8 )from 0.1 mole of 2-

bromonaphthalene and 0.23 g.-atoms of lithium was treated with 0.08 m les 

of peroxide solution. An insoluble solid separated from the ether solution, 
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and was recrystallized from benzene giving white flakes melting at 180° 

(reJX>rted m.p. for 2,2'-binaphthyl is 18'7°). Yield of crude solid: 3.05 

g. (30%). The ether solution was evaporated and the crude residue was 

purified by chroma.tography on alumina (neutral grade, activity one). 

Naphthalene came down with petroleum ether (67-69°) 1 fo11owed by pure 2-

methoxynaphthalene (2.8 g.; 21%) on elution with benzene-petroleum ether 

40:-60. Melting point 72•, infrared spectrum identical with that of auth­

entic 2-methoxynaphthalene (Fig. 4); ~CS2 at: 3080 (s), 3020 (m), 2960 
max. 

(s), 2840 (m), 1628 (vs), 1390 (s), 1355 (s), 1258 (vs), 1220 (vs), 1195 

(s), 1170 (vs), 1120 (s), 1035 (vs), 1020 (s), 953 (s), 897 (s), 8.30 (vs), 

805 (vs), 740 (vs) and 695 (s) cm. -l 

(h) With 2-furyllithium:- !!-Butyllithium reagent ( 11
) prepared 

from 0.5 mües of !!-butyl bromide, was added with slight cooling to 0.6 

m:>les of furan ( 
10

) and the mixture stirred and refluxed for six hours. To 

the resulting 2-fury:llithium, 0.16 mles of dimethyl pero.xide solution were 

added over a period of twenty minutes. The reaction product was then 

decomposed with ice water and extracted with ether (acid decomJX>sition was 

avoided). The ether extract was dried overnight in the ice-box, the ether 

remved by distillation using a Vigreux column (2 by 20 cm.) and the residual 

transferred to a semi-micro distilling flask with a Vigreux column (1 by 5 

cm.). The clear liquid boiling at 108. 5-lll • /761.4 nm. wa.s co11ected. The 

. 20 20 
product we1ghed 7.64 g. (49%), t1..D 1.4380, d

4 
1.0147. MRn (cale.) 25.439. 

~ (found) 25.21. (Reported(l2) ~ 25.1). Maleic anhydride adduct m.p. 

ll8° (decomp.) (reJX>rted ( 12
) m. p. 120°). The infrared spectrum of the liquid 

film (Fig. 1) shows absorption max:iJDa at: 3140 (w), 2960 (m), 2860 (sh), 1610 
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(s), 1445 (m), 1396 (s), 1258 (s), 1070 (m), 1047 (s), 1006 (s) 1 942 (m), 

~8 (w), 745 (m), 710 (m) and 655 (w) cm. -l. Cava et al. (4-9
) reported 

the peaks at 15351 1396 and 1006 cm. -l 

(i) With 2-methyl-5-furyllithium: The reagent was prepared from 

0.5 moles of sylvan (2-methyli'uran) and n-butyllithium (prepa.red from 

0.5 moles of !!-butyl bromide) following the procedure above for 2-furyl-

lithium, except that the time of reflux was reduced to three hours. The 

peroxide solution (0.16 moles of pero.xide) was added to the metallation 

product during the period of thirty minutes and the ether solution distilled 

to remve the ether. The residue was then transferred to a semi-micro 

distilling flask and fractionated using a Vigreux column (1 by 5 cm.). The 

clear liquid boiling at 128-130./761 nm. was collected and weighed 1.5 g. 

The compound was identified as 2-methoxy-5-methylfuran by its NMR spectrum 

(Fig. ) and its infrared spectrum (Fig. 2) which showed characteristic 

furan C-H stretching frequencies at 3150 (w) and 3120 (w) cm. -1, ring 

stretching frequencies at 1623 (s), 1597 (s), 1462 (sh) and 1387 (sh) cm.-1, 

C-H in-plane deformation frequencies at 1215 (m), 1170 (sh) and 1065 (m) 

cm. -l, ring breathing frequency at 1022 (m) cm. -1, C-H out-of-plane deform­

ation frequencies at 950 (sh), 940 (m) and 807 (w) cm. -l as well as char­

acteristic frequencies for the methoxyl group at 2850 (sh) cm.-1, for the 

ether linkage at 1262 (s) cm.-l and for the methyl group C-H stretching at 

2960 (m) asynuœtrical and 2880 (sh) cm. -l synmetrical vibration and C-H 

deformation at 1440 (m) asymmetrical and 1360 (m; cm. -l symnetrical vibrations. 
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(j) With triphenylmethylsodium:- The reagent, prepared according 

. (so) 
to 11 0rgam.c Syntheses" from 0.114 moles of triphenylchloromethane and 

0.25 g.-atoms of sodium ama.lgam, "Wa.S treated with 0.08 mles of peroxide. 

During the period of addition of the peroxide (20 minutes) 1 the color of 

the triphenylmethylsodium solution changed from deep red to yellow. The 

syrup remaining after evaporation of the ether crystallized only with 

difficulty from petroleum ether to give crystals of triphenyl.methane, but 

only intractable gums could be obtained on evaporation of the mther liquor. 

The infrared spectrum (Fig. 5) of the syrup however, showed clearly an 

absorption of medium intensity at 2825 cm. -l characteristic of the nethoxyl 

group (4ts ) and present in the spectrum of .methoxytriphenylmethane (Fig. 6), 

-1 as well as the 2880 cm. band for the C-H stretching vibration in tri-

phenylmethane(sl) (Fig. 7). 

Another experi.ment was carried out with diethyl peroxide ( 52
) and 

here again the infrared spectrum of the product (Fig. 8) showed the presence 

of an ether linkage at 1085 (s) cm.-l as well as CH
3 

and CH
2 

asymmetrical 

C-H stretching frequencies at 2980 (m) and 2940 (m) cm. -l ( slight shift to 

higher frequencies) and C-H stretching for triphenyl.methane at 28SO (m) 

-1 cm. 

Reaction of Dimethyl Peroxide with Sulfuric Acid 

Di.methyl peroxide (1.3 g., 0.02 mles) diluted with nitrogen "Was 

bubbled into 25 ml. of 95% sulfuric acid over a period of forty minutes. 

One ml. of the acid solution "Wa.S then remved immediately and placed in a 

round-bottomed flask, diluted with "Water, and steam-distilled. The distil-



late was collected in a flask containing 75 ml. of saturated di.medone 

solution. The forma.ldehyde, determined according to the procedure of 

Yoe and Reid(s3
), amounted to 0.155 g. (25% yield). 
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A similar experiment using 85% sulfuric acid, gave only a trace 

of formaldehyde. 

Attempted Methoxylation of Aromatic Compounds under Friedel-Crafts Conditions 

An attempt was first made to obtain a solution of dimethyl per-

oxide in carbon disulfide. However, the peroxide formed a turbid mixture 

which exploded violently on slight shaking. The experimenta were conducted, 

therefore, by passing the gas, carried by nitrogen, directly into the 

reaction mixture. 

The aromatic compound, with or without a solvant, was contained 

in a t"WO-necked round-bottomed flask equipped with an efficient reflux 

condenser and a gas inlet tube. Stirring was do ne magnetically using a 

teflon-covered stirring bar. 

(a) Anisole and Boron trifluoride 

Dimethyl peroxide (0.08 IOOles) in 25 ml. of dry ether, was added 

slowly to a cold mixture of anisole (108 g., 1 mole) and boron trifluoride 

etherate (0.2 IIX>les). The mixture was left at room temperature ovemight 

then fractionally distilled. Small amunts of phenol were obtained together 

with unchanged anisole. No dimethoxybenzene could be found in the tarry 

residue as shown by the absence of a peak in its infrared spectrum at 1150 
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cm.-l characteristic of ~imethoxybenzene. 

(b) Naphthalene and Stannic Chloride 

Naphthalene (10.24 g., 0.08 moles) was dissolved in nitromethane 

(30 ml.) and mixed with stannic chloride (20. 8 g., 0.08 mles) in a dry 

box. Dimethyl peroxide gas (0.08 mles) was passed through the mixture, 

which was cooled to o•c. during the addition. Distillation of the nitro-

methane followed by chromatography on an alumina column (activity one) of 

the tarr,r residue, afforded only naphthalene. The absence of any methoxy-

naphthalene was shawn by the absence of peaks at 29401 28251 1255., 11951 

1170 and 1155 cm. -l in the infrared spectra of the crude fractions from 

the column. 

( c) Naphthalene and Aluminum Chloride 

Naphthalene (10.24 g., 0.08 moles) was dissolved in carbon disul­

fide (50 ml.) and .mixed with anhydrous aluminum. chloride (13.3 g., 0.1 mole) 

in a dry box. Dimethyl peroxide gas (0.08 moles) was passed through the 

cooled mixture. Carbon disulfide was removed by distillation and the res­

idue was chromatographed on an alumina column (activity one) from which 

naphthalene, identified by melting point, mixed melting point (82°) and 

infrared spectrum, was obtained by elution with light petroleum. The 

-1 spectrum. showed the absence of peaks between 3000 and 2800 cm. No other 

material could be obtained from the alumina column on elution with benzene. 

(In a trial separation it was found that 2-methoxynaphthalene came dawn in 

4o% benzene-light petroleum). 
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Attempted Free-radical MethoqlatiDn of Aromatic Com;pounds with Dimeth;y:l 

Pero.xide 

A. At elevated temperatures:- In a 500 ml. two-necked round-bottomed flask1 

equipped with a 60-cm. air condenser and a gas inlet tube, was placed lOO 

g. of naphthalene (O. 78 moles). The naphthalene was heated to reflux 

temperature, and a total of 0.2 moles of dimethyl peroxide1 in a stream of 

nitrogen, was bubbled through. Infrared analysis of the dried product (Fig. 

3) showed the absence of peaks at 2940 cm. -l 1 2825 cm. -l (C-H vibration in 

) -1 -1 -1 -1 methoxy group 1 1255 cm. 1 1195 cm. 1 1170 cm. and 1155 cm. which 

would. indicate the presence of any metho.xyna.phthalene. 

The following variations of the above experiment were also tried: 

(1) The naphthalene was heated to 120° only. 

(2) The lower half of the air condenser was heated to 220°1 while 

the naphthalene was refluxing. 

(3) Boiling anisole -was used instead of naphthalene. 

Negative resulta were obtained in ail cases as shown by in.frared 

spectroscopy1 no peaks for 1- or 2-methoxynaphthalene or .,E-dimetho.xybenzene 

being observed. 

Another experiment was done, with the dimethyl peroxide in nitrogen 

gas pa.ssing through boiling naphthalene then into 25 ml. of 95% sulfuric 

acid. One ml. of the acid solution was then ste~istilled as before (see 

preceding section) 1 and gave 6.4% of the theoretical quantity of formaldehyde. 



58 

This indicated that about 75% of the peroxide was being destroyed in the 

naphthalene. 

B. At ordinarz temperatures:- To a solution of triphenylmethyl radicals(s~) 

in benzene (prepared from 0.066 noles of triphenylchloromethane and 0.63 

g.-atoms of zinc dust) was added 0.08 m:>les of peroxide in benzene solution. 

The solution thus obtained was stirred under nitrogen atmosphere for thirty 

minutes, then air was bubbled through to change the unreacted radical into 

the insoluble triphenylmethyl peroxide, which was identified by its melting 

point (186" ( decomp.)) and infrared spectrum (peak at 895 cm. -l for per­

oxides(ss)). The benzene solution was evaporated to dryness and the solid 

examined by infrared (Fig. 9). It showed no absorption in the region 3060-

2800 cm. - 1 and coincided with the infrared spectrum of tripheny1chloro-

methane. Recrystallization from benzene gave co1or1ess plates m.p. 108-

llO"; mixed m.p. with an authentic sample of tripheny1chloromethane was 

109-110°. 
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PART II 

8-Methoxyfurans from the Condensation of Esters of 

Diglycolic Acid with 1,2-Dicarbonyl Compounds 

The Claisen condensation of esters of the type X-CO-CO R with 
2 

esters of diglycolic acid is expected to give 13-hydro.xyfurans (cf. p. 21). 

In the present work, such condensations were attempted with a view to 

preparing 8-methoxyfurans, using diethyl oxalate (X ; OEt), a-butyl 

glyo.xylate (X""' H) and diethyl mesoxalate (X= C0
2
Et). Since diethyl 

oxalate gave a compound containing two hydroxyl groups, attempts were made 

selectively to rem:>ve one hydro.xyl group. 

1. Condensation with Dietnyl Oxalate 

The condensation of diethyl oxalate with diethyl diglycolate 

(1; R = Et) in the presence of sodium ethoxide affords on acidification 

diethyl 31 4-dihydroxy-21 5-furandicarboxylate(
1

'
2

'
3

) (2; R =Et). Starting 

with dimethyl diglycolate (1; R =Me), Hoehn(
3

) prepa.red the corresponding 

dimethyl ester (2; R = Me) and thence 3,4-dimethoxyfuran (6) by the series 

of steps shown, but his 1r10rk was not published in detail and no yields 

were reported. We have repeated the preparation of 31 4-dilœthoxyfuran in 

order to obtain its ultraviolet and infrared spectra. In general, our 

resulta for the intermediate comp:>unds confinn those of Hoehn. 



HO 

Et02C-COzEt + R0
2

C-CH
2
-0-CH

2
-C0

2
R 

(1) 

+ 

ONe MeO OMe 

R02~-eo2H 
0 

Ho2c~o2H 
(7) (5) 

1(•) 1 (e) 

(8) (6) 

BzO 

0 

(2) 
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OBz 

R02C-C-CO•R 
(9) 

Reagents: (a) NaOR; (b) H+; (c) Me2SO~; (d) NaOH; H+; (e) decarboxylation; 

(f) BzCl. 
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The preparation of dimethyl diglycolate (1; R = Me) was performed 

according to the procedure of Anschutz and Biernaux ( .lt) which gave an over­

all yield of 85%. Several methods for the préparation of diethyl diglycol.ate 

(1; R = Et) are reported in the litera ture. Anschutz and Biernaux: ( .lt) pre-

pared it by passing dry hydrogen chloride into an alcoho1ic solution of the 

acid, while Heintz(s) prepared it from ethyl iodide and silver diglycolate. 

However, neither in these methods, nor in other less practical ones(61718
), 

were any yields reported. In the present w:>rk, diethyl diglycol.ate was 

prepared by the azeotropic distillation method. This proved greatly 

superior to the above-mentioned methods in simplicity, and gave an 82% 

yield of ester. 

The preparation of the dihydroxy compound (2; R = Me and Et) was 

performad according to both Johnson and Johns 1 method ( 
1 

) 1 in which alcohol­

free alkoxide was used, and Hinsberg' s method (z), in which the alkoxide was 

dissolved in excess alcohol. Both methods gave the same yield of dihydroxy 

comp:>und (77% for 2; R = Me, and 7(J/, for 2; R = Et); however, the latter 

method was adopted for routine preparation as it was more convenient. 

In proceeding to prepare 3,4-dimethoxyfuran (6), both esters (2; 

R =Me) and (2; R = Et) were utilized for the purpose. Hoehn (
3

) "WOrked 

nostly with the methyl ester (2; R = Me). In the present "WOrk, a number of 

comp:>unds (4, 7, 91 12, 13 and 15; R = Et) derived from the ethyl ester (2; 

R = Et) has been prepared for the first time. It was noted that such ethy1 

derivatives (2, 3, 41 7 and 8; R = Et) were _:rwre soluble generally than the 

corresponding methy1 derivatives (2, 3, 4, 7 and 8; R = Me), and had melt­

ing p:>ints 30° to 70° lower. While the decreased solubility and the higher 



70 

melting point made the .tœthyl esters more easily separable from mixtures 

by crystallization, the increased general solubility of the ethyl esters 

was found to be useful when reactions requiring the esters in solution 

(as discussed in the next section) were involved. 

The di.methoxy dimethyl ester (3; R = Me) was prepared from the 

dihydroxy compound (2; R = Me) in 49% yield, using dimethyl sulfate. The 

t~ ester groups in compound (3) were then easily saponified by 10% sodium 

hydro.xide solution. This contrasted with the behaviour of the ester 

groups of the dihydroxy compcnmds (2; R = Me and R = Et), which were highly 

resistant to saponification even when the compound was boiled for t~ hours 

with lü% sodium hydro.xide solution (cf. p. 23). The acid (5) ·from the 

saponification of the ester (3; R = Me) was obtained in 85% yield and from 

the ester (3; R = Et) in 95% yield. 

Since there was no mention of the method of decarboxylation of 

the acid (5) in Hoehnls paper, several .tœthods of decarboxylation were 

tried in this laboratory. Decarboxylation in quinoline took place readily, 

being over after a few minutes refluxing. However, the lack of efficient 

semi-micro fractionating equipment made the separation of the last traces 

of quinoline very difficult. Since 3,4-dimethoxyfuran of high purity was 

required for ultraviolet studies, decarboxylation in an inert liquid (to 

help even distribution of heat) was tried. The acid was placed in silicone 

oil together with a small amount of copper powder and heated for one hour. 

Distillation of the mixture afforded a pure sample of 3,4-di.methoxyfuran, 

but the yield was lower than that obtained in the previous case. The 

infrared absorption spectrum of the 3,4-d.imetho.xyfuran (Fig. 10) showed ali 



71 

the expected peaks for the furan ring (::::C-H stretching vibration at 3150 

-1 ( ) . . 6 -1 ( ) -1 ( ) -1 cm. w , rmg stretchmg at 1 30 cm. s , 1575 cm. s and 1415 cm. 

(m), C-H in-plane deformation at 1216 cm. -l (s), 1147 cm. -l and 1026 cm. -l 

(s), ring breathing at 1010 cm.-l (s) and C-H out-of-plane deformation at 

867 cm.-l (s) and 730 cm.-l (s)) as weil as a sharp band at 2840 cm. -l (w) 

characteristic of the methoxyl group. The ultraviolet spectrum of the 

comp:>Und (Fig. 11) showed no absorption in the region 400-240 lilJ.I. and a 

shoulder at 2)J Jlii.L• 

When decarboxylation of the acid (5) was tried by heating the 

solid a cid above its mel ting :point, a clear liquid was obtained which 

quickly turned brown when it came in contact with air. The infrared 

absorption spectrum of this liquid (Fig. 12) showed a peak of medium 

intensity at 1712 cm. -l indicating the presence of a carbonyl compound 

basides the 3,4-dimethoxyfuran. The ketone (11) which might be formed 

during decarboxylation seems at first sight an improbable source of the 

frequency above, being similar to a diaryl ketone. However, stuclies on 

2,6-disubstituted aryl ketones(
9

) showed that the carbonyl frequency of 

such ketones is shifted toward the aliphatic frequency by steric inhibit­

ion of phenyl-carbonyl conjugation(lo). Since construction of a Courtaulds 

model of the ketone (11) showed lack of coplanarity between the carbonyl 

group and either of the furan rings, the assignment of the 1712 cm. -l band 

to this compound was justifiable. Tw other weak bands at lJ40 (sh) and 

1160 cm. -l (sh) which do not appear in the infrared spectrum of pure 3,4-

dimethoxyfuran are attributed to the motion of the carbonyl group coupled 

with the rest of the molecule(
11

) and to the C-H in-plane vibration of 



MeHMe 

H02C~ 
0
)-co2H 

(5) 

(10) 

~ Mts- CO --(0) 
0 w 

(il) ].leO OMe 

(c) ,.. 0 0 

(6) 
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(6) 

Conditions: (a) strong, fast heating; (b) slow heating; (c) further heating. 

trisubstituted furans, respectively. Furthermore, the ultraviolet spectrum 

of this impure 3,4-d.imethoxyfuran showed a peak at 258.5 I11fJ. (Fig. 1,3 ), which 

must also be due to the ketone (11). A peak at this wavelength also indicates 

a lack of coplanarity in the mlecule1 since 2-fury.l.Jœthyl ketone absorbs at 

267 lilJ.L(12
) (the ultraviolet spectrum of di-2-furyl ketone which \\Ould be the 

one to compare with, is not reported). other experimenta on decarboxylation 

of the acid (5) in the solid state showed that the decarboxylation takes 

place in two stages as indicated by the isolation of 3,4-dimethoxy-2-furan­

carboxylic acid (10 ). This fact was overlooked by Hoehn (3 ) , who obtained 

this acid from the monomethoxy compound ( 8; R = Me) by methylation of the 

hyùro.xyl group followed by hydrolysis of the ester group. 
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Ultraviolet Absorption Spectrum of 
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FIGURE 13 

Ultraviolet Absorption Spectrum of 

3,4-Dimethoxyfuran and Di-2-(3,4-Dimethoxyfur,yl) Ketone 

(0.3 mg./25 ml. of cyclohexane) 
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2. Attempted Preparation of 3-Hydr?xyfura.n Derivatives from 

Dimethyl and Diethyl 3,4-Dihyùroxy-2, 5-Furandicarbo.xyla.te 

Since the hydroxyl groups in the dihydro.xy compound (2; R =- Me 

or Et) were strongly phenolic in nature (cf. PU3) 1 methods for rem>ving 

the oxygen from aromatic phenols were sought. 
( 131 ,,..1 15) 

Sowa et al. 

studied the cleavage of aroma.tic ethers by sodium and liquid a.moonia1 

from which they obtained hydrocarbons and phenols. Studying the effect 

of substituents on the mode of cleavage1 these workers observed that the 

carbon-oxygen cleavage took place at the ring wi.th the mst negative 

substituents: 

(i) Ar-0-Art 
Na/~ 

Ar-H + Ar 1-0H 

where Ar was an aro.ma.tic ring 'With a carboxyl or a nitro group. 

Birch ( 
16

) 1 working 'With aralkyl ethers obtained phenols by 

utilizing the same reagent: 

(ii) Ar-O-R 
Na/NH

3 
Ar-OH + R-H 

Cleavage to give phenols (rather than aromatic hydrocarbons) is also known 

to take place with aroma.tic methanesulfonates and ;e-toluanesulfonates on 

reduction with lithium alumi.num hydride ( 
17

) 1 as weil as in the catalytic 

hydrogenation of alkyl ~toluenesulfonates(ls). Furthermore1 Bunnett and 

Bassett(
19

) 1 in a recent paper1 showed that aromatic 214-dinitro-~toluene-
sulfonates1 underwent both C-0 and S-0 scission with various nucleophilic 

reagents. They found that polarizability1 rather than the overall nucleo-

philic reactivity1 appeared to be the reagent characteristic to which the 
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ratio of C-0 to S-0 scission was related. The reagents which gave the most 
e 

C-0 scission were a sulfur anion (P~ and a carbanion (AcCHCOaEt); both 

types have high polarizability. The reagent which gave the most S-0 

scission was an oxygen anion (Med') whose polarizability was rather low. 

Since reduction by sodium in liquid ammonia is due to electrons from 

sodium at tac king the aroma. tic compounds ( 
13 

'
20 

"
21 

) (a nu cleo philic at tack 

by a reagent of low polarizability), reduction of ~toluenesulfonates and 

probably methanesulfonates with this reagent might in general be ex}:ected 

to give phenols rather than hydrocarbons. 

On the other hand, Kenner and Williams(2 a) reported the successful 

reduction of some aryl methanesulfonates (~methoxyphenyl and ~cetamido­

phenyl methanesulfonate) to the corresponding hydrocarbons using sodium 

or lithium in liquid aiilllDnia, in which they were moderately soluble. 

Aromatic ~toluenesulfonates would have been the obvious choice according to 

these authors, but unfortunately they were insoluble in liquid a.mmonia. By 

the saœ œthod aryl phosphates were also reduced to the corresponding 

hydrocarbons, and the phosphate ester of methyl salicylate was reduced to 

methyl benzoate in 20% yield, in spite of the interfering reactions of the 

ester group with ammonia. 

The successful results of Kenner and Williams with solub1e 

methanesulfonates prompted an attempt to use their m.ethod on the dihydroxy 

compound (2; R = Me and Et) and the m:mohydro.xy compound (4; R = Me and Et), 

since the methanesulfonates of these compounds were found to be quite 

soluble in liquid ammonia. 



79 

+ 

(2) (12) (13) 

(14) 

Reagents: (a) MeS02 Cl; (b) Na/~. 

The m:momethanesulfonate (12; R = Me) was obtained in 66% yield 

by treatœnt of the dihydroxy compound (2; R = Me) wi.th one equivalent of 

methanesulfonyl chloride. A sma.ll a.IOOunt of the dimethanesulfonate (13; 

R = Me) was also obtained (20% yield). The tl«> compounds were easily 

separated, since the latter (13; R "" Me) was neutra! and precipitated from 

the alkaline solution, while the m:moœthanesulfonate (12; R =Me) remained 

in solution and was obtained on acidification. Reduction of the mnoœthane-

sulfonate (13; R =Me) by sodium in liquid a.moonia, however, yielded only 
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starting rna.terial (2; R = Me)., reductive cleavage of the ~œthanesulfonate 

group evidently taking place at the S-0 linkage. 

Because it seemed possible that C-0 scission was not taking 

place because of the ionized hydroxyl group of the compound (12)., a 

second route was attempted by preparing first the monomethoxy compound (15). 

0 

(2) (4) (3) 

(16) (15) 
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The m:momethoxy compound (4) from which compound (15) was prepared, could 

not be easily obtained. The m:mosodium salt of the dihydroxy compound (2) 

from which the compound (4) could best be prepared by methylation, was 

insoluble in water, and therefore, the disodium salt had to be used with 

only one equivalent of dimethylsulfate. By this procedure, a mixture of 

the starting rnaterial (2) (35%) together with the monomethoxy compound (4) 

(4a%) and the dimethoxy compound (J) (< 5%), was obtained. The latter 

compound was easily removed by filtration and extraction of the alkaline 

solution with ether. However, the last traces of the starting material 

were hard to remove, since, even on careful acidification both the mono-

(4) and di-(2) hydroxy compounds came out of solution together. Several 

attempts using diazomethane for methylation of compounds (2; R = Me and R 

= Et) failed. In subsequent experiments, the separation of compounds (2) 

and (4) was not attempted, and the methanesulfonation step was carried out 

directly on the crude product. By adding just one equivalent of methane-

sulfonyl chloride, only the neutral compound (15; R =Me or Et) separated 

as a solid, and any of the starting material (2) or its monosulfonate (12; 

R = Me or Et) rema.ined in solution. The methanesulfonates were crystalline 

products and easy to purify. 

The reduction of the methanesulfonates (15; R =Me or Et) again 

led to S-0 rather than C-0 fission, giving the monomethoxy compound (4; R = 

Me or Et) rather than the hoped for products (16; R =Me or Et). It is not 

immediately apparent why S-0 fission occurred in the present cases, and not 

in those investigated by Kenner and Williams(aa), and obviously further 

studies to define the scope of this reaction would be desirable. 



3. Condensation with n-Butyl Glyoxyla.te 

Because it was not found possible to remove one hydroxyl group 

from esters of 3,4-dihydroxy-21 5-furandicarboxylic acid, other condensation 

reactions, from which m:mohydroxy comp:mnds might be expected directly 

were next investigated. 

The simplest ester from which a m:mohydroxyfuran might be 

obtained is one of glyoxylic acid: 

+ 
Reagents: (a) NaOEt; (b) H 

(a) 

ON a 

Eto2~-CO,.Et 
0 

However, the condensation of ~-butyl glyoxylate with diethyl diglycolate 

produced only a small amunt ('""'4%) of diethyl 31 4-dihydroxy-2,5-furandi-
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carbo:xylate together -vd.th unidentified gums. The same product was obtained 

vmen ethanol-free alkoxide was used as the cond.ensing agent. The formation 

of the dihydroxy compound above ind.icated that a Cannizzaro reaction had 

taken place to give an ester of oxalic acid, which had then cond.ensed to 

give the dihyd.roxy compoun:l. 

Traube(
23

) showed that both glyoxylic acid and its esters undergo 
0 

the Cannizzaro reaction in alkaline medium at lOO : 

KOH 

It is evident from the results above that the Cannizzaro reaction 

can also take place at room temperature; an alkaline catalyzed trans-ester-

ification reaction can then cause the half-ester of oxalic acid to be 

transfor.med into a full ester: 

4. Condensation with Diethyl Hesoxalate 

Hinsberg(
2

) reported a reaction between the esters of thiodi-

glycolic acid and mesoxalic acid, from which he obtained triethyl 3-hydroxy-

2,4,5-thiophenetricarboxylate (cf. p. 23). However, the corresponding con-

densation with diglycolic ester was not reported. 

The condensation of diethyl mesoxalate with diethyl diglycolate in 

the presence of sodium ethoxide gave diethyl 3,4-dihydroxy-2,5-furandicarb­

oxylate as the major product (25% yield) together \dth a small quantity (7.5%) 

of a substance, which also gave a red color with ferric chloride, whose 



analysis corresponded to diethyl 5-carboxy-3-hydroxy-2,4-furandicarboxyl-

ate (17) 

(a) 
+ 

+ Reagents: (a) NaOEt then H 
(17) 

Detailed infrared studies (see Fig. 14) of the compound (17) are in good 

agreemmt with the prop::>sed structure. The following regions were studied 

carefully and bands in them correlated with various groups in the molecule: 

(1) The band at 3260 cm.-l (bd) with a shoulder at 3160 cm.-l 

arid absorption continuing till 3020 cm. -l can be correlated 

with the enolic 0-H stretching (chelate) and the 0-H stretch­

ing of the carbo.xyl group. In the dihydroxy comp:>und (2) a. 

sharp band at 3360 cm.-l (s) is present (Fig. 15) and in the 

spectrum of the ethyl 3- carboxy-4-rœthoxy-5-hydroxy-2-furan­

carboxyla.te (Fig. 16) a band at 3100 cm. -l (w, bd) is due to 

the 0-H stretching of the carboxyl group. 

(2) There are four bands in the region 1750-1600 cm.-l The first 

of these bands is at 1726 cm. -l (s) and is attributed to the 

C=O stretching of the 4-carbethoxy group. This compares ver,r 
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well with the absorption of the C=O of the 5-carbethoxy group 

:in diethyl 3 hydro.xy-4-metho.xy-2, 5-furandicarbo.xylate ( where 

no chelation in the 5-position is possible). The second 

band appears at 1690 cm. -l ( s) and is correlated with the C=O 

stretching of the 5-carboxy group. This is :in agreement with 

the accepted figure for aryl or conjugated acids( 2~). The 

third band at 1640 cm.-l (s) is attributed to the C=O 

stretch:ing of the 2-carbetho.xy group after chelation with 

the adjacent 3-hydro.xyl group. In the 3,4-dihydro.xy compound 

(2) this band appears at 1655 cm.-l (s). The last band in 

this region appears at 1610 cm. -l ( w) and this is correlated 

with the C=C stretching of the furan ring. This band appears 

at 1615 cm. -l (w) in the dihydroxy compound (2) (cf. P•lW• 

( -1 3) The region 1320-1210 cm. shows three bands. T'WO of these 

-1 -1 
bands at 1320 cm. and 1212 cm. are attributed to the C-0 

stretching of the 2- and 4-carbethoxy groups (the 2 and 5-

carbethoxy groups of the dihydro.xy compound (2) show absorption 

at JJ15 cm. -l and 1237 cm. - 1 ). The third band at 1265 cm. - 1 

is correlated with the C-0 stretching of the 5-carboxyl group. 

As expected, this band is absent in the spectrum of diethyl 

3,4-dihydroxy- 2,5-furandicarboxylate. 

While the infrared studies showed the presence of three different 

types of carbonyl groups in the compound (17), no clue could be obtained 

from these studies regarding the position of the ca.rboxyl group in the 

molecule. For reasons discussed earlier (cf. p.23) we can assume that the 
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free carboxyl group ca.n either be in p:>sitions 4- or 5-1 since the 2-

carbethoxy group is not saponifiable1 being adjacent to a hydroxyl group. 

If we consider carefully the resonance contributions of the sodium salt 

of triethyl 3-hydroxy-21 41 5-fura.ntricarboxylate (I)1 it will become clear 

why the 5-carbethoxy group rather than the 4-carbethoxy group was assumed 

to be the one m:>re liable to hydrolysis: 

I II 

IV III 

It ca.n be seen from the above resonance forms that only the 4-carbethoxy 

group is involved in the form III. That mea.ns that the carbonyl carbon of 

the 5-carbethoxy group is m:>re positive (IV) and hence m:>re prone to nucleo-



philic attack by the OH- group than the 4-carbethoxy group. 

Further evidence for the furanoid nature of the condensation 

product comes from ultraviolet studies, to be described la ter (pJ.34 ) • 

Methylation of the compound (17) fo11owed by hydrolysis of the 

carbethoxy groups would lead to the formation of 3-methoxy-3 1 41 5-furan-

tricarboxylic acid, which on decarboxylation would afford 3-methoxyfuran. 

Since the complete decarboxylation of the tricarboxy1ic acid was not 

expected to give good yields of the œtho:xyturan, attempts were nade to 

improve the yield of the compound (17). 

The fact that diethyl 31 4-dihydroxy-2,5-furandicarboxylate, which 

is the normal product from the condensation with diethyl oxalate (see Section 

1), was produced in the present case, indicates nost probably that part of 

the diethyl mesoxa1ate was converted to diethy1 oxalate under the conditions 

of the reaction. Denis (zs) observed that mesoxalic acid changes quantitat-

ively into oxalic and formic acids on boiling with concentrated alkali at 

The formation of oxalic esters in the presence of alkoxides might proceed as 

follows 
~-' ?, 

ROzC--C-C02R RD2C-y-~OzR ;p ORI 

~ r (18) 
<èJ 

RD C-CO RI z z + C0
2
R 

G e 
(C02R + HOR ~ HC02R + OR). ~ 
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In trying to check the course of this side reaction, the follow-

ing modifications were tried: 

(a) Ethanol-free sodium ethoxide was used. 

(b) The mode of addition of reagents was reversed1 so that the 

alkoxide solution was gradually added to the mixture of 

esters. 

(c) Potassium tart. butoxide was used as the condensing agent 

instead of sodium ethoxide. 

The reason for the use of ethanol-free sodium ethoxide springs 

directly from the study of the Jœchanism of the Claisen (acetoacetic) 

• ( Z6 Z7 28) 
condensat~on 1 1 • Since the first step in the condensation involves 

the liberation of alcohol1 the use of alcohol-free alkoxide was tried in 

the hope of shifting the equilibrium to the right 1 thus helping the normal 

reaction to compete favorably with the cleavage reaction. However1 the 

normal condensation product (17) could not be obtained in this case. 

Since the conversion of mesoxalic into o.xalic ester seems to be 

catalyzed by alkali1 the mode of addition of reagents was reversed so that 

the alkoxide was added gradually to the mixture of esters. It was hpped 

that this mdification would eut down the time of exposure of the nesoxalic 

acid ester to excess alkali. Experimentally1 this modification was used 

with dimethyl diglycolate and sodium methoxide as the condensing agent, and 

yet an even better yield (38%) of dimethyl 31 4-dihydroxy-21 5-furandicarb-

oxylate was obtained1 with no detectable amunt of the normal condensation 

product. 



Finally, potassium ~-butoxide was used as the condensing agent. 

This would be expected to reDDve protons even III)re strongly than the 

corresponding methoxide or ethoxide ions, so that the condensation reaction 

would proceed normally. However, due to steric factors(
29

), the t-butoxide 

ion is expected to add much less readily to the carbonyl group. Since the 

cleavage of mesoxalic ester probably proceeds through the formation of an 

interrœdiate (lS) by such an addition, as shown on page efl, this reaction 

rœ.y be expected to be suppressed by the use of potassium ~-butoxide, thus 

allowing the normal condensation reaction to take place. However, the use 

of this reagent gave guiiJDy reaction products with a minute aml.Ult of 

The compound gave no red color with ferric chloride and the infrared 

absorption spectrum (Fig. 17) showed no absorption in the region 4000-3000 

cm. -l confirming the absence of an enolic OH. Ho-wever, strong absorption 

in the region 3000-2SOO cm.-l and the bands at 1465 (m), 1455 (m), 1390 (m) 

and 1370 cm. -l (s), indicate the presence of ~-butyl group(s) in the 

molecule. In Nujol, a double headed peak appears at 1735-1720 cm. -l (s) 

which might indicate the presence of more than one carbonyl group. The 

absence of bands between 1700 and 1500 cm. -l (cf. p. 114) rules out the 

possibility of a furan ring, while strong absorption in the region 1320-

1000 cm. -l (4 bands) indicates the presence of a nunber of C-0 groups 

( probably from esters). A product of condensation of t-wo III) le cules of 

diethyl mesoxalate with one molecule of diethyl diglycolate accompanied by 

ester exchange is one possibility: 



le\ 

1 l0 

90 

t-BuOK )r Et02C-r-ü-r-G02Bu e4C2H50H 

oc co 
\c~ 

The formation of oils in this case is probably due to the ester exchange, 

with the formation of 1-butyl esters mixed with the ethyl esters. The t-

butyl esters of the reaction products may be expected to have lower 

melting points than the .methyl or ethyl esters, and hence their formation 

should make the reaction product more gummy and uncrystallizable. 

From the experimental work reported above, it is evident that the 

yield of the 3-hydroxyfuran derivative (17) was low and capricious. It is 

unfortunate that the quantity of the compound available was too low to 

permit investigation of its transformation into other derivatives of 

furan. 
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EXPERIMENTAL 

Dimethyl Dig1ycolate (1; R =Me) 

Dimethyl diglycolate was prepared by converting the acid to the 

acid chloride according to Anschutz and Biernaux(~), and then refluxing 

the crude acid chloride with the calculated amount of absolute methanol 

until hydrogen chloride ceased to be evolved. The mixture was then 

distilled at reduced pressure and the ester came off at 113°/9 mm. as a 

colorless oil, which solidified into white crystals m..p. 36-37° (reported 

(~t-) m.p. 36°). Overall yield of d.imethyl d.iglycolate was 85%. 

Dimethyl 3-Hydrox,y-4-Methoxy-2,5-Furandicarboxylate (4; R = Me) 

Dimethyl 3,4-dihydroxy-2,5-furandicarboxylate (21.6 g., 0.1 

mole) prepared by Hinsbergts method(2
) (77% yield), was d.issolved in 150 

ml. of water containing 8 g. (0.2 mole) of sodium hydroxide. Di.Iœthyl 

sulfate (12.6 g., 0.1 m:>le) was added over a period of thirty m:i.nutes from 

a dropping funnel to the cooled, stirred solution. The mixture was then 

refluxed for one hour. A crystalline solid (m:>stly inorganic, probably 

sodium methyl sulfate) was removed from the mixture by filtration and the 

filtrate was extracted with ether (three 20 ml. portions). The dried 

ether extract yielded only a trace of dimethyl 3,4-dimethoxy-2,5-furan-

dicarboxylate, as indicated by its sweet candy-like smell. The aqueous 

layer was then acidified to a pH of 5-6. The voluminous precipitate which 

forœd was separated, washed with water, and dried. The filtrate was 

extracted five times with 20 ml. portions of ether, the combined ether 
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extracts dried over anhydrous magnesium sulfate, and then the ether evapor-

ated to yield a further amount of the crude di!œthyl 3-hydroxy-4-methoxy-

2,5-furandicarboxylate (4; R; Me) (14.7 g.); m.p. 134-138°. Recrystal-

lization from aqueous methanol raised the melting point to 145-147°. No 

further purification was attempted. 

Hoehn (
3 

) brie fly reports obtaining this m::momethoxy compound in 

10% yield by extracting the methylation product of the dihydroxy compound 

(2; R ; Me) with disodium hydrogen phosphate, and reports a melting point 

of 150-151°. 

Dimethyl J,4-Dimethoxy-2,5-Furandicarboxylate (3; R =Me) 

Dimethyl 31 4-dihydroxy-2,5-furandicarboxylate (2; R =Me) (10.8 

g., 0.05 mole) was dissolved in 70 ml. of water containing 4 g. (0.1 mole) 

of sodium hydroxide, then slowly, with stirring, dimethyl sulfate (12.6 

g., 0.1 mole) was added, and the mixture refluxed for one hour after the 

addition. On cooling, a heavy precipitate was forn:ed, which was separated 

and washed thoroughly with water to remove inorganic ma.terial. The 

filtrate was extracted six times with ether (20 ml. portions), the com-

bined ether extracts dried, and the ether evaporated. The solid left 

after evaporation of the ether, combined with the original precipitate, 

was recrystallized from methanol giving white needles of dimethyl 3,4-

dimethoxy-215-furandicarboxylate ( 6 g.; 49% yield) melting at 89-90°. 

Hoehn( 3
) gives a.m.p. of 89.5-90°). 
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Methyl-5-Carboxy-3-Hydr<?xy-4~etho&-2-Furancarbox.ylate (7; R = Me) 

Methyl J-hydro.xy-4-œtho.xy-21 5-furandicarboxylate (4.6 g. of 

crude compound, 0.02 mole) was boiled for ten minutes with 20 ml. of la% 

sodium hydroxide solution. On cooling and acidification, white crystals 

were obtained1 which were recrystallized from aqueous methanol to give 

needles of methyl-5-carbo.xy-J-hydro.xy-4-metho.xy-2-furancarboxylate (J.S 

g., ( S6%) 1 m. p. 243-245 Q ( decomp.). The sarœ .rœlting point was reported 

by Hoehn (3
). 

Methyl 3-Hydro.xy-4-Metho.xy-2-Furancarbo.xylate (S; R = Me) 

Methyl-5-carbo.xy-3-hydroxy-4-methoxy-2-furancarbo.xylate (1 g., 

0.0046 .IIX>le) was placed in a small sublimation apparatus and heated to 

260Q at ordinary pressure. Decarboxylation took place together with 

sublimation of the compound. The liquid that collected on the upper side 

of the tube soon solidified on cooling into thick prisms, m.p. 9SQ. 

Recrystallization from aqueous methanol gave prisms of methyl 3-hydro.xy-

4-metho.xy-2-furancarbo.xylate (S; R.., Me), m.p. loo•. Hoehn(
3

) reports a 

mel ting point of 100-101 •. 

Dietgyl Dig1ycolate (1; R = Et) 

Diglycolic acid (134 g., l roole), absolute ethanol (360 ml., 6.2 

moles), toluene (lSO ml.), and concentrated sulfuric acid (1.5 g.), were 

placed in a one-liter round-bottomed flask equipped for downward distill-

ation. The mixture was heated on an oil bath kept at 115 • 1 and the dis-
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tilla te boiling at 78° was collected over anhydrous potassium carbonate, 

shaken -well1 and then returned to the original flask. The mixture was 

again heated until the temperature of the distillate reached 80°. The 

residue was transferred to a 500-ml. Claisen flask and distilled under 

reduced pressure. The colorless oil boiling at 130./13 mn. was collected. 

Yield, 156 g. (82%); rz.~0 1.4267; <\0 
1.115. MRu (cale.), 43.92; found, 

43. 70. 

Diethyl 3,4-Dihy<iroxy-2,5-Furandicarboxylate (2; R = Et) 

Diethyl 3 1 4-dihydroxy-21 5-furandicarboxylate was prepared in 

7afo yield according to Johnsons and Johns 1 ~œthod ( 1 ) 1 which involved the 

condensation of diethyl oxalate with diethyl diglycolate in the presence 

of sodium ethoxide, in ether solution, and in the sa~œ yield by a conden­

sation using sodium ethoxide in the presence of excess ethanol (z). 

Diethyl 3,4-Dimethoxy-2,5-Furandicarboxylate (3; R = Et) 

Diethyl 3 1 4-dihydroxy-2,5-furandicarboxylate (15 g., 0.06 mole) 

was added to 120 ml. of water containing 4. 9 g. ( 0.12 nole) of sodium 

hydroxide and shaken -weil until dissolved. D:ilœthyl sulfate (7 .8 g., 0.06 

m:>le) was slowl.y added with stirring and the mixture was then reflux:ed for 

one hour. An oily layer for~œd1 which, after separation from the alkaline 

solution, solidified on standing. This solid was taken up in benzene and 

the solution shaken with 20 ml. of 10% sodium hyd.roxide solution. The 

benzene layer was dried with anhydrous magnesium sulfate and then concent-

rated, leaving long white needles of diethyl 3 1 4-dimethoxy-2,5-furandi-
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carboxylate, (4 g.; 24% yield) maltjng at 54-55 °. Hoehn (3
) rep:>rted a 

Iœltmg pomt of 48°. 

Ethyl 5-Carboxy-3-Hytiro.xy-4-Methoxy-2-Furancarboxylate (7; R ... Et) 

In the above experiment, the alkaline extract of the benzene 

solution gave on acidification a white crystalline solid, which was 

remved by filtration and washed wi.th water. Yield of ethyl 5-carbo.xy-

3-hydroxy-4-methoxy-2-furancarboxylate was 2 g. (14%); m.p. 192-195° 

( decomp. ) • Recrystallization from ethanol raised the mel ting point to 

202 ° ( decomp. ) • 

AnaJ.ysis: 

Cale. for Cg H, 0 ~: c, 47 .o; H, 4 .. 35%. 

Found: 

Diethyl 3-Hydro.x,y-4-Methox.y-2,5-Furandicarboxylate (4j R • Et) 

was dissolved in 150 ml. of water containing 7 g. (0.17 mole) of sodium 

hydroxide, then dimethyl sulfate (10.7 g., 0.085 mole) was added slowly, 

with stirring, and the mixture was refluxed for one hour after the addition. 

The solid formed (mostly inorganic) was reJII)ved by filtration, the aqueous 

solution extracted with ether, and the ether evaporated to give 2 g. (17%) 

of diethyl 31 4-dimetho.xy-2,5-furandicarboxylate. The aqueous layer was 

acidified, and the precipitate washed well wi.th water and recrystallized 

from aqueous ethanol to give plates (14.3 g.) havjng a melting point range 

of 70-100°. Further recrystallization from the saœ solvent brought down 
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the range to 70-86°. Finally# distillation under vacuum* gave a product 

boiling at 118-119°/0.13 mm. which solidified directly in the receiver. 

Recrystallization from ligroin gave white plates of dietbyl 3-hydroxy-4-

methoxy-215-furandicarboxylate melting at 73.6-75.6°. 

Anal.ysis: 

Cale. for C H 0 : c, 51.15; H1 5.46%. 11 ,,.. 7 

Found; C1 51.02; H, 5.59%. 

Diethyl 3,4-Dibenzoyloxy-2,5-Furandicarboxylate (9; R = Et) 

Diethyl 31 4-dihydroxy-215-furandicarboxylate was dissolved in 

the calculated a.JJDunt of 1@ sodium hydroxide solution and was benzoylated 

m the usual way with benzoyl chloride. The resulting solid ester was 

removed by filtration, washed with water, and recrystallized from aqueous 

ethanol to give white needles of diethyl 314-dibenzoyloxy-21 5-furandi­

carboxylate 1 m. p. 141-143 °. 

Anal.ysis: 

Cale. for C H 0 : C, 63.70; H1 4.42.%. 
24- ;ao 9 

Fotmd: C, 63.61; H, 4.27.%. 

3,4-Dimethoxy-2,5-Furandicarboxylic Acid (5) 

Dimethyl 314-dimethoxy-2,5-furandicarboxylate (2 g., 0.0082 mle) 

was dissolved in 15 ml. of 10% sodium hydroxide solution and boiled for hal.f 

* The author is grateful to Mr. I. Puskas who carried out the high vacuum 
distillation, and prepared the sample for analysis. 
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an hour. After cooling, the solution was acidified and the solid that 

formed was rem:>ved and washed with water. Recrystallization from aqueous 

methanol afforded white plates of 3,4-dimethoxy-2,5-furandicarboxylic 

acid (1.5 g.; 85%), m.p. 245° (decomp.). Hoehn(
3

) reported a melting 

point of 243-245° (decomp.) for this acid. 

In the same ma.nner as above, the ac id ( 5) was obtained in 95% 

yield by hydrolysis of the diethyl 3,4-dimethoxy-2,5-furandicarboxylate 

(3; R = Et). 

* 3,4-Dimethoxyruran (6) 

314-Dimethoxyfuran was prepared by the decarboxylation of 314-

dimethoxy-215-furandicarboxylic acid (5) in three different ways: 

(a) Decarboxylation in Quinoline: 314-Di.methoxy-2, 5-furandi­

carboxylic acid (2.5 g., 0.0116 roole) was suspended in 3 ml. of quinoline 

and the mixture refluxed un til the solid particles ha·d . disappeared. 

Decarboxylation was very rapid as shown by the vigorous evolution of gas 

as soon as refluxing started. The mixture was then fracti onated under 

vacuum and the fraction boiling at 96-98°/18 mm. was collected. Refract-

ionation of this liquid gave 3,4-dimethoxyfuran as a clear oil (0.285 g., 

19%),nt2~51.4708 (n~51.4650 as reported by Hoehn(3 )). The slightly higher 

refractive index indicated a small arool.Ult of impurity (quinoline) whose 

presence was confirmed by ultraviolet study. 

*The author wishes to express his thanks to Mr. I. Puskas for carrying out 
parts (a) and (b) of this experiment. 
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(b) Decarboylation in Silicone Oil: 3,4-Dimetho.xy-2,5-furan­

dicarboxylic acid (5) (2 g., 0.0093 mole) was placed in 3 ml. of silicone 

oil (D.C. 550) and heated slowly with a micro-burner. The use of an 

inert liquid such as silicone oil was to allow even distribution of heat 

and to prevent superheating of the acid. Decarboxylation took place very 

slowly and 0.3 g. of copper powder was added to catalyze the process. 

After one hour of heating ( using a reflux condenser to prevent any 

evaporation of the expected 3 1 4-dimethoxyfuran), the mixture was fract-

ionated under vacuum. The c1ear liquid of 3 ,4-dimetho.xyfuran was 

obtained in 10.2% yield (0.121 g.),t"l,2b 1.4641. The clear liquid soon 

be came yellowish en standing in air. A longer period of exposure to air 

resulted in darkening and hardening. 

(c) Decarboxylation in the So1id State: 31 4-Dimetho.xy-2,5-

furandicarboxylic acid (1 g., 0.0046 mole) was placed in.a semi-micro 

distilling apparatus and heated on a metal bath above its .œ1ting point 

(bath temperature 265°). A clear oil distilled off at 180°1 Which turned 

brown on coming in contact with air. The infrared spectrum of the com]:X>und 

(Fig. 12) showed the presence of a sma.ll a.Jmunt of a carbonyl comp:>und 

beside 31 4-dimethoxyfuran. 

Other experimenta on decarboxylation of the acid (5) in the 

so1id state were carried out by heating the acid s1owly and applying 

vacuum. From the oil that distilled off in such experimenta, small cry-

sta1s separated on cooling and were identified as 31 4-dimethoxy-2-furoic 

acid, m.p. 168-170° (Hoehn(
3

) reports a me1ting point of 170-171°). 
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t4ethanesulfonation of Dimethyl 3,4-Dihydroxy-2, 5-Furandicarboxylate 

Dimethyl 3,4-dihydroxy-2,5-furandicarboxylate (4.32 g., 0.02 

m:>le) was dissolved in 30 ml. of water containing sodium hydroxide (1.6 g., 
0.04 mole) then methane~sulfonyl ohloride (2.28 g., 0.02 mole) was added, 

and the mixture immediately shaken rapidly. After a few minutes, a yellow 

solution eontaining a pasty solid appeared. The solid was separated and 

reerystallized from methanol to give fine white needles of dimethyl 3,4-

dimethanesulfonyloxy-2,4-furandiearboxylate (13; R =Me) (0.6 g.; 20% 

yield), m.p. 131.5°. It gave no red oolor with ferrie ehloride solution. 

Analysis: 

Cale. for C10H12011S
2 

Found: 

C, 32.20; H, 3.56; S, 17.15%. 

C, 32.09; H, 3.41; S, 17.09%. 

The yellow solution above was aeidified to give a voluminous 

preeipitate, whieh was reerystallized from methanol. White needles of 

d:imethyl 3-hydroxy-4-methanesulfonyloxy-2,5-furandicarboxylate (12; R = 

Me) (3.88 g.; 66% yield), m.p. 142-143°, were obtained. A violet oolor 

was produeed with ferrie ehloride solution. 

Ana1ysis: 

Cale. for c 
9 

H 0 
10 9 

s c, 32.20; H, 3.56; s, 17.15%-. 

Found: c, 32.09; H, 3.41; s, 17.09%. 

Dimethyl 3~ethanesulfonyloxy-4~ethoxy-2,5-Furandicarboxylate 

(15; R = Me) 

Dimethyl 3-hydroxy-4- J:œthoxy-2, 5-furandiearboxylate (4.6 g. of 
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crude compound, 0.02 mole) was dissolved in 50 ml. of water containing 

0.8 g. (0.02 mle) of sodium hydroxi.de, then methanesulfonyl chloride (2.28 

g., 0.02 mle) was added. The mixture was i.Imœdiately shaken for a few 

minutes at the end of which, a grey pasty solid appeared. The solution 

was decanted, and the solid recrystallized from aqueous methanol. A 

second recrystallization from the same solvent yielded dimethyl 3-

methanesulfonyloxy-4-methoxy-2,5-furandicarboxylate (3.35 g., 61% yield) 

in the form of white needles malting at 92.5°. It gave no red color 

with ferric chloride solution. 

Ana1ysis: 

Cale. for ~0 H, 2 ~S: C, 38.95; H, 3.89; s, 10.4% 

Found: C, 38.98; H, 3.94; S, 10.19% 

Methanesulfonation of Diethy1 3 1 4-Dihyd.roxy-2,5-Furandi­

carboxylate 

Diethyl 3,4-dihydro.xy-2,5-furandicarboxylate (24.4 g., 0.1 mle) 

was dissolved in 180 ml. of water containing 8 g. (0.2 mle) of sodium 

hydro.xide. Methanesulfonyl chloride (11.4 g., 0.1 mle) was added 

quickly and the mixture was shaken vigorously by hand. After a few 

minutes a grey paste appeared which, on decantation of the supernatant 

liquid, crystallized into fine need1es. On recrystallization from 

aqueous ethanol, white needles of die thyl 3, 4-dimethanesulfonyloxy-

2, 5-furandicarboxylate (13; R = Et) (2 g.; 10% yield) 1 m. p. 83-85 ° were 

obtained. The compound gave no red color with ferric chloride solution. 



Analysis: 

Cale. for C12H16011 S2 C1 36.00; H1 4.00; S1 16.00% 

Found: C, 36.26; H, 4.03; s, 15.94% 
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The supernatant liquid above was aeidified and a heavy preeipitate 

formed whieh, upon reerystallization from aqueous ethanol, gave white 

needles of diethyl 3-hyd.ro.xy-4-methanesulfonylo.xy-21 5-furandicarbo.xylate 

(12; R =Et) (10 g.; 31% yield) 1 m.p. lOS-110°. A deep red eolor was 

obtained with ferrie ehloride. 

Ana1ysis: 

Cale. for C 11 H 1~09S 

Fbund: 

C, 41.00; H, 4.35; S, 9.85% 

C, 1.,1.08; H, 4.38; S, 9.62% 

Diethyl 3~ethanesulfonyloxy-4~ethoxy-2,5-Furandiearboxylat~ 

(15; R=Et) 

Diethyl 3-hydroxy-4-.methoxy-2,5-furandiearbo.xylate (2.58 g. of 

erude compound, 0.01 m:>le) was dissolved in 25 ml. of water eontaining 

0.4 g. (0.01 m:>le) of sodium hyd.roxide, then methanesulfonyl chloride 

(1.14 g., 0.01 mole) was added quiekly and the mixture shaken vigorously. 

A white pasty solid appeared whidl crystallized into plates on decant­

ation of the supernatant liquid. Reerystallization from aqueous ethanol 

yielded white plates of diethyl 3-methanesulfonyloxy-4-methoxy-2,5-

furandicarboxylate (15; R =Et) (2.5 g.; 75% yield), ~p. 101-102°. 

No red color was obtained with ferric ehloride solution. 



Ana1ysis: 

Cale. for C1ZH
16

09 S: C~ 42.87; H~ 4.76; S~ 9.52%. 

Found: C, 42.75; H~ 4.70; S, 9.38%. 

Reduction of Dimethyl 3-Hytiro.xy-4~ethanesulfonyloxy-2,5-

Furandicarbo.xylate (12; R = Me) 
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The reduction was carried out according to the procedure of 

Kenner and Williams ( Z<!) with slight mdification as follows: 

Dimethyl 3-hydroxy-4-methanesulfonyloxy-2~5-furandicarboxylate 

(2.94 g., 0.01 mole) was dissolved in about 30 ml. of liquid ammonia, and 

then freshly-cut sodium (0.69 g.~ 0.03 g.-atom) was added gradually in 

small pieces1 and the flask shaken occasionally by hand. The yellow 

solution slowly turned dark green on the addition of sodi~but no blue 

color appeared. When ali the sodium dissolved~ the solution was kept in 

the fume cupboard for three hours until ail the ammonia evaporated. One 

ml. of ethanol was then added~ and the dark brown residue was washed with 

ether. The ethereal solution yielded nothing on evaporation. The brown 

residue was then taken up in water and the solution acidified~ ~1ereby a 

white precipitate formed. On crystallization from methanol, white prisms 

(1.3 g.; 6($ yield) were obtained which melted at 218-220°. Mixed mel ting 

point with authentic dimethyl-3~4-dihydroxy-2~5-furandicarboxylate was 

219-220°. 



Reduction of Dimethyl 3-Methanesulfonylo.xy-4-Metho.xy-

2,5-FurandicarboXYlate (15; R = Me) 
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Dimethyl 3-methanesulfonyloxy-4-methoxy-21 5-furandicarboxylate 

(6.16 g., 0.02 role) was dissolved in 50 ml. of liquid amoonia1 and then 

lithium rœtal (0.28 g., 0.04 g.-atom) was added slowly and the mixture 

shaken every now and then. As the addition of lithium proceeded rore 

ammonia had to be added due to evaporation of the ammonia in the reaction 

flask. A total of about 120 ml. of liquid ammonia was a.dded, and the 

reaction mixture turned dark green as in the case of sodium above. On 

evaporation of the excess ammonia, the green-brown residue was first 

washed with ether then dissolved in water, boiled for two minutes, and 

finally acidified to yield white crystals (2.5 g.; 58% yield) 1 which on 

recrystallization from aqueous methanol melted at 243-245 ° ( decomp. ) 1 and 

gave a red color with ferric chloride solution. Mixed melting point with 

authentic methyl 5-carboxy-3-hydroxy-4-methoxy-2-furancarboxylate ( decomp.). 

Reduction of Diethyl 3-Methanesulfonyloxy-4-Metho.xy-21 5-

~andicarboxylate (15; R = Et) 

Diethyl 3-methanesulfonyloxy-4-methoxy-21 5-furandicarboxylate 

(22 g., 0.065 mole) was reduced with sodium (3 g., 0.13 g.-atom) and 

liquid ammonia (about 120 ml.) in the same ma.nner a.s above. On working 

up the residue, white crystals (6 g., 40% yield) were obtained; m.p. 195° 

( decomp.). The se were identified as ethyl 5-carbo.xy-3-hydroxy-4-metho.x:y-

2-furancarboxylate by mixed melting point with an authentic sample. 
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Condensation of a-Butyl Glyoxylate and Diethyl Diglycolate 

A mixture of a-butyl glyoxylate ~0 ) (13 g., 0.1 mle) and diethyl 

diglycolate (19 g., 0.1 mole) was added slowly, with stirring, to a solution 

of sodium ethoxide (6.6 g. of sodium, 0.29 g.-atom in lOO ml. of absolute 

ethanol) in ethanol. The mixture was left for five days at room temper­

ature tmder dry nitrogen, then poured into 150 ml. of water, acidified with 

dilute acid, and the acid solution extracted with chloroforn4 Concentration 

of the chlorofor.m solution gave an oily residue together with some crystals. 

The crystals were separated by filtration and washed with a small amount of 

5o% aqueous ethanol, then recrystallized from aqueous ethanol to give 

White needles (< 0.5 g.) m.p. 185-186°. Both infrared spectroscopy and 

mixed melting point determination showed the compound to be diethyl 31 4-

dihydroxy-2, 5-furandicarboxylate. The oil was boiled with a la% solution 

of sodium hydroxide for ten minutes, the alkaline solution extracted with 

ether, and then acidified, whereupon an oil was recovered on extraction 

of the acid solution with ether. An ill-defined infrared spectrum of the 

oil was obtained and showed no carbonyl frequencies above 1700 cm. -l 

Condensation of Diethyl Mesoxalate with Diethyl Dig1ycolate 

(a) Usjng Sodium Etho.xide: A mixture of diethyl mesoxalate (8. 7 

g., 0.05 mle) and diethyl diglycolate (9.5 g., 0.05 mle) was added with 

stirring to an ice-cooled solution of sodiwn etho.xide (4.5 g. of sodium in 

70 ml. of absolute ethanol) in ethanol. The mixture was left for five days 

at room temperature in a closed flask, then dissolved in water and acidified 

with dilute acid. The acidified solution was extracted with chloroform, and 
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the dried extract on evaporation yielded a viscous oil which contained long 

white needles. On separation by filtration and recrystallization from 

aqueous ethanol, the crystals (3 g., 25% yield), which gave a red color 

with ferric chloride, were identified as diethyl 3,4-dihydroxy-2,5-furan-

dicarboxylate by nelting point and mixed melting point. The viscous oil 

which separated was left in a desiccator for six weeks whereupon it slowly 

solidified. On recrystallization from aqueous ethanol, tiny white flakes, 

m.p. 178-180°, were obtained and formulated as diethyl 5-carboxy-3-hydroxy-

2,4-furandicarboxylate (1 g,; 7.4% yield). A deep red color was produced 

in the ferric chloride test, and the infrared spectrum of the compound (Fig. 

) -1 14 indicated the presence of a carbonyl absorption band above 1700 cm. 

as well as carbonyl absorption below 1700 cm.-1 indicating the absence of 

chelation in the first case and the presence of it in the second. 

Analysis: 

Cale. for C11H
12

08 : C, 48.2; H, 4.41%. 

Found: C, 48.7; H, 4.38%. 

(b) Using SodiumMethoxide: The above experiJœnt was repeated 

using dimethyl diglycolate (6.4 g.; 0.04 mole) and diethyl mesoxalate 

(6.8 g., 0.04 mole) with sodium methoxide (3 g. sodium in 60 ml. of absolute 

methanol). Acidification of the aqueous solution of the product gave a white 

c~JStalline precipitate which was separated by filtration. The filtrate was 

extracted with chloroform from which on evaporation a further amount of the 

same solid was obtained. The crystals (2.8 g.; 32% yield) gave a positive 

ferric chloride test and were identified as dimathyl 3,4-dihydroxy-2,5-

furandicarboxylate by means of melting point and mixed melting point. 



110 

In a second experiment the solution of sodium methoxide (11 g. 

sodium, 0.48 g.-atom in 120 ml. of absolute methanol) in methanol was added 

to a mixture of dimethyl diglycolate (25. 7 g., 0.16 mole) and diethyl mes­

oxalate (27.6 g., 0.16 mole) with stirring and cooling, over a period of 40 

minutes. White crystals (10.146 g.; 30% yield), identified as di..tœthyl 3,4-

dihydro.xy-2, 5-furandicarboxylate, were obtained. Further quantities (3 g.) 

of the crude product were obtained upon concentration of the aqueous layer, 

extraction with chloroform, and evaporation of the solvent. 

(c) Using Potassium ~-Butoxide: Potassium t-butoxide was prepared 

(
31

) from potassium metal (3.9 g., 0.1 g.-atom) and dry ~-butyl alcohol (82 

ml.). A mixture of diethyl mesoxalate (8.7 g., 0.05 mole) and diethyl di­

glycolate (9.5 g., 0.05 mole) was added to the solution of potassium~-

butoxide with stirring, under nitrogen atmsphere. Stirring was continued 

for half an hour, then the reaction flask was stoppered and left for three 

days at room temperature. The contents were then dissolved in water and the 

solution extracted with ether to rernove any starting material or neutra! by-

products. The aqueous layer was acidified and extracted with six 20-ml. 

portions of chloroform. On evaporation of the combined chloroform extracts, 

a red viscous oil containing a small amount of needle-like crystals, was 

obtained. The crystals (0.5 g.) were separated and recrystallized from 

aqueous ethanol, gi ving needles, m. p. 77. 5°. They gave no red co lor with 

ferric chloride solution, and the absence of an enolic or phenolic hydroxyl 

group was confirmed by infrared spectroscopy (Fig. 17), which also showed the 

presence of a wide carbonyl absorption band at 1735-1720 cm.-l 

Ana1ysis: 

Found: c, 50.90; H, 6.57%. 
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PARI' III 

Physico-chemical Studies 

The infrared1 ultraviolet, and nuclear magnetic resonance spectra 

of a number of furan derivatives prepared in the course of this 1r.0rk have 

been studied and correlations with the structure of these compounds have 

be en made. The structure of a.-angelica lactone has also be en studied and 

some evidence regarding the absence of a furanol form is discussed. The 

strongly phenolic nature of soœ of the J3-hydro.xyfuran derivatives pre-

pared in this laboratory was observed1 and some potentiometric titrations 

were made, from which the dissociation constants of these phenols were 

obtained. Finally some conclusions regarding the structure of aucubin are 

discussed in the light of the data obtained in this study. 

I - Infrared Absorption Spectra 

A. The Furan Rmg 

The infrared spectra of furan both in the liquid and vapor phase, 

have been studied in some detail by several investigators( 112131 ~). How-

ever1 the first attempts at a systematic infrared study of mono- and di­

substituted furans were made fairl.y recently by Cross et al. (s ) and slightl.y 

later by Daasch(6
). Most recentl.y1 a thorough study of 2-mono-substituted 

furans has been made by Katritzky and La.gowski ( 7 ) 1 who cleared up some 

controversial correlations given in previous 'WOrk. Unfortunately1 the l«>rk 

on tri- and tully substituted furans in the infrared region seems to be 

completely lacking. In the course of this wrk1 the infrared spectra of a 



number of fully substituted furans, as wall as sorne di- and trisubstituted 

furans1 were examined and correlations with the structure of these compounds 

as well as comparison with the reported characteristic furan frequencies 
(s1 6 1 7) 

1 have been attempted. 

The instrument used for this study was a Perkin-Elmer Model 21 

double-beam recording spectrophotometer equipped with a rock-salt prism. 

Such a prism is not expected to have a high resolving power(s) in the 

region 4000-2000 cm. -l, and furthermore, the relative intensities of bands 

will be low(s). However, all the mono- and disubstituted furans e~ned 
showed a relatively weak band between 3152-3127 cm. -l (see Table!). This 

is probably the =C-H stretching vibration, since the band disappears in the 

fully substituted furans. Pickett ( 1 ) and Thompson and Temple (2
) reported 

bands in this region at 3164 cm.-l and 3185 cm.-l respectively1 for furan 

vapor, using fluorite prisms, and assigned them to =C-H stretching vibrations. 

Furans generally absorb in the region 1600-1400 cm. -l Katritzky 

and Lagowski (7
) attributed this absorption to the furan ring stretching 

frequencies (modes I - III). Al1 the compounds examined here showed at 

b 
0 

0 
0 

(I) (II) (III) 



TABLE 1 

Characteristic Furan -
-G-H Ring H Out~f:-pl=e 

Compolmd Stretchiruz Rin2 Stretch:inlZ H In-nlane Deformation Breathi.ng Deformation Te chnique Figure 

1. 
0-0- CH:s 

3140 (w) 1610 (vs ) 153 5 ( s ) 1396 (a) 1216 (eh) 1150 (w) 1070 (m) 1006 ( s ) 940 (m) 880 (m) Liquid f ilm l 

0 
740 (m) 

1623 (a ) 950(ah) 

2. -0- 3145 (w) 1597 (a ) 1462 (ah ) 1387 (ah) 1215 (m) ll70 (ah ) 1065 ( m) 1022 (m) 940 (m) 807 (w) Liquid film 2 
H.,C OCH,. 735 (m) 

0 

HacQco 2 Et 

962 (m) 
3. 3127 (w) 1598 (m) 1527 (s ) 1390 ( ah) 1208 (s ) ll70 (ah ) 1092 ( sh) 1018 (a ) 945 (m) 860 (m) Liquid film 23 

756 (m) 

HaCODCHa 3 035 ~w) 1630 ( a) 1540 (ah) 1390 (ah) 
4. 3152 w) 1578 (a) 1415 (m) 1216 (a ) ll45 (s ) 1070 ( sh ) l Ol O (a) - 868 (s ) Liquid f ilm 10 

0 

5. HOOOH -
Et011C CO,.Et 

1615 ~lf~ 
1577 a 1523 (w) 1410 (m) - - - 1015 (m) - - Nujol mull 15 

H8 CO OH 

6. D - 1620 (w) * 1400 (m) - - - 1022 (m) - - 2% cc1
4 

solution 18 
Et02 C O.,Et 

0 

H.,CODCH:s 
7

• Et02 C C02 Et 
0 

- 1607 (w) * 1392 (m) - - - 1026 ( s ) - - 1% CC14 solut i on 19 

H.,COdCH8 1595 (m) 
a. - 1562 ( a) 1515 (sh) 1385 ( ah) - - - 983 - - KBr pellet 20 

H02 C C011H 
0 

H.,CODCH., 1597 (w) 
9. - 1557 ( s ) 1492 (a) 1390 (m) - - - 997 (m) - - KBr pellet 21 

C0 2 H 
0 

Et08 C OH 
10 . u - 1610 (m) 1490 (m) 1400 (m) - - - 1020 (m) - - Nuj o1 mull 14 

HO,. CO.,Et 
0 

u H.,coQ oso.Me 
- 1612 (w) * 1386 (a) - - - 1025 (m) - - 0.5% cc1

4 
solution 22 

• Et08 C C02 Et ~ 
\.11 

H.,CO OH 1612 (w) 
12. 

Ho,.cQco,.Et 
- 1570 (m) 1512 (w) 1380 (w) - - - 1015 (w) - - Nujo1 mull 16 

~ 

Solvant absorpti on 
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least two bands m this region. In soma cases., however., the presence of 

bands was obscured by the absorption of the solvant (CC~). 

The hydrogen m-plane deformation frequencies (.nodes IV - VI) 

appear between 1200 and 1050 cm. -l accordmg to Katritzky and Lagowski ( 1 ) 1 

while Cross et al. (s) correlate the bands at 1248-1218 cm. -l with the 

R R 

0 0 

(IV) (V) (VI) 

C-0-C asymmetric stretching vibration. Since in three of the !ully 

substituted furans studied (compounds (1) 1 (2) and (3) below) 1 this band 

was complete~ absent (see Figs. 191 1S and 20) 1 while in the other !ully 

substituted furans strong bands in this region were correlated with other 

groups (ester and carboxylic groups) known to absorb in this region, we 

favor the correlation of Katritzk:y and La.gowski. 

MeO 

Et02C 1 \ C02Et 

0 

(1) 

MeO OH 

Et02c-()-co,Et 
0 

(2) 

MeO OMe 

H02~2H 
0 

(3) 
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A band that consistently appeared between 1025 and 1006 -1 
cm. 

in all the com~unds exanrined was attributed to ring breathing frequency 

(m:>de VII) by Katritzky and Lagowski (? ) • Jones ~ al. (
9 

) correlated this 

G 0 

(VII) 

frequency with the C-H bending mde of vibration. However1 it is evident 

from this study that this cannot be the case1 since !ully substituted 

furans exhibit :rœdium to strong absorption in this region ( with the 

exception of 31 4-dimethoxy-21 5-furarrlicarboxylic acid). 

Absorption between 1000 and 700 cm. -l has been correlated with 

the C-H out-of-plane deformation vibration(517 
) 1 and while most of the 

compounds examined here (including the fully substituted furans) showed 

a number of bands in this region1 all the com~unds having at least one 

hydrogen atom in the nucleus showed absorption bands in this region which 

may be attributed to this m:>de of vibration. Unfortunately1 due to the 

limited number and variety of mono-1 di-1 and trisubstituted furans 

studied1 no definite correlation between the position of substituent(s) 

and position of band in this region, as in the case of benzene~ 0 
) 1 could 

be given. 
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Kubota( 1l) selected the bands around 3125 cm. -l (C-H stretching)1 

1563 and 1511 cm. -l (aromatic ring) and 885-869 cm. -l to be the character-

istic absorption bands of the furan ring. It will be clear from the above 

discussion that the bands at 3125 and 885-869 cm. -l appear only when 

there are free hydrogen atoms in the furan nucleus and d.isappear in fully 

substituted furans and therefore cannot be taken as characteristic of the 

furan ring. -1 Furthernore 1 the band around 1563 cm. seems to be at the 

1o-west e.xtreœ of the range since ail the furans e.xa.m:ined in this labor-

atory and nost of the furans exa.mined by Katritzky and La.gowski absorb 

at higher frequencies (30-40 cm. -1 higher in some cases). However1 it 

must be understood that bands in this region are sensitive to the type of 

substituent1 a shift towards lower frequencies taking place as a resu1t 

of conjugation. On the other hand1 the band at 1006-1025 cm. - 1 (ring 

breathing) seems to be the most consistently stable in position and is 

not affected by the type or number of substituents. It is evident there­

-1 fore that such a band1 rather than the bands at 3125 or 885-869 cm. 1 

should be taken as mst characteristic of the furan ring. 

B. The Carbopy1 Absorption Bands in Diethy1 314-Di.hydro.x,y-2,5-

Furandicarbo.x,ylate and Derivatives 

The region 1640-1750 cm. -l was one of the mst useful ones in 

the characterization of the compounds obtained from the condensation of 

diethyl diglyco1ate and other dicarbony1 compounds (Part II). 

Diethy1 31 4-dihydroxy-21 5-furandicarboxy1ate was given the fo~­

ula (4) by Jolmson and Jolms{
12

) 1 but soon after1 the formula (5) was 
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suggested in favor of the formula (4) by Hinsberg ( 13
) who found that the 

compound gave a positive ferric chloride test for enols. 

(4) (5) 

Iater1 Hoehn obtained derivatives of the enol form (2) but only one attempt 

(
1
"") to obtain keto derivatives (with hydrazine) was reported. Infrared 

studies on this compound and a number of its derivatives show the absence 

of tautozœrism, the compound being completely in the enolic fonn (5). 

Dunlop and Peters(
1
s) suggest that the tendency of this compound to react 

in the enolic form is probably due to the stabilization of the latter 

form by chelation. Infrared studies indicate that this must be the case. 

(6) 
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The formula (6) indicates that both carbonyl groups of the esters are 

involved in chelation with the two hyd.roxyl groups. Rasmussen and 

Brattain( 16
) reported that ethyl acetoacetate (7) showed a carbonyl 

band at 1653 c~-l which they attributed to the ester carbonyl group 

after chelation with the enolic hydro.xyl group in the tautomeric form 

(S). 

-----

(7) (S) 

The similarity in structure between (6) and (S) can i.Imn.ediately be seen. 

Compound ( 6) shows two carbonyl absorption bands at 1687 and 1657 cm. -l 

(Table II). The presence of two peaks for the compound (3) with two 

identical carbonyl groups indicates probably the splitting of the band 

due to coupling(17
) between the C=O vibrations in in-phase and out-of­

phase nodes as in the case of' diacyl and diaroyl peroxides. Davison (17 ) 

considera that the mean of the two frequencies is acceptable as the 

unperturbed f'requency of the individual C=O band. The mean frequency in 

the above case would be 1672 cm. -l and this is in excellent agreement with 

the carbonyl frequency of the 2-carbethoxy group in diethyl 3-hydroxy-4-

methoxy-2,5-furandicarboxylate (9), which falls at 1670 cm. -l (Table II). 



TABLE II 

Carbonyl and HY"dr?xyl Group Absorption of 3-Hydroxy-2-Furancarboxylic Acid Derivatives 

Phenolic O-H Carboxy1ic Ester C=O Ester C=O Carboxylic 
Comround Stretching 0-H Stretching Stretching 0=-0 

~chelatel Stretchins ~non-chelateî ~chelatel Stretchi.ng 
1. 

Hf\ 
3360 - - 1687 

Et02cl( ' COzEt 
1657 

o/ 
2. u 3360 - 1720 1670 

Et02C f C02Et 
"'-o 

3. u 3350 3100-3000 - 1672 1692 (sh) 

H02C ~ 02Et 
2800-2500 1682 (sh) 

0 / 
4. u· - - 1708 

Et02C ' C02Et 
1717 

0 
5. u· - 2950-2540 - - 1700 (sh 

H02C ~02H 1685 (sh) 
1670 

6. 
0 

3260 3160 (sh) 1640 1690 Et02C OH 1727 

H02C~O~ 
7. 0 

1740 (sh) 

u~ 
- -

Et02C ."-. ' CO,Et 

1720 

~ 0 
1-' 
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The absence of any peaks above 1700 cm. - 1 rules out the possibility of 

the existence of structure (4) to any appreciable extent. Such a 

structure is expected to show characteristic frequencies for unconjugated 

esters (about 1740 cm.-1 ) and a-diketones (about 1730 c~ -l ( 18)). 

0~ 

(9) 

That chelation is responsible for the shift of the carbonyl 

frequency downwards1 is attested by the fact that as soon as one of the 

hydroxyl groups is methylated1 such as in diethyl 3-hydroxy-4-methoxy-

215-furand.icarboxylate (9)1 a new peak at 1720 cm. -l appears. This is 

due to the carbony1 vibration of the 5-carbethoxy group, which is expected 

to behave in a way similar to ord.inary furoates ( ethyl 5-methy1-2-furoate 

-1) ( ) absorba at 1715 cm. • When both hydroxyl groups in the compound 6 are 

methylated the possibility of chelation exists no more and this is clearly 

seen in the spectrum of ethyl 314-dimethoxy-2,5-furandicarboxylate (1), 

which shows no carbonyl frequencies below 1700 cm. -1, but only one double 

peak at 1708 and 1717 cm. -l. This doubling is again probably due to coup-

ling of the two identical carbonyl groups with the mean faJ.ling at around 

1713 c~ -l which is the position expected for ordinary furoates, or con-



123 

jugated esters in general( 19). The position of the carbonyl band due to 

chelation seems to be lower in the compound (6) than in methyl salicylate 

where the band occurs at 1684 cm. -l (
20

). This is probably due to the 

stronger double-bond character( 21
'

22
) in the 2,3 bond of furan (84-86%( 23

)) 

as compared with the c~c bond in benzene (50%). The greater double-bond 

character would facilitate greater conjugation batween the substituents 

on the 2,3-carbon atoms of furan with the result that a stronger intra-

m:>lecular hydrogen bonding takes place ( chelation) and a shift of both 

the 0-H and the 0=0 stretching vibrations to lower frequencies. 

6 -1 The band at 1 72 cm. also occurs in the spectrum of ethyl 5-

carboxy-3-hydroxy-4-œthoxy-2-furancarbo.x:ylate ( 9a) in which chelation 

e.xists as in the dihydroxy comp>und (6). Howe.ver., the free carboxyl group 

(9aJ 
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in the 5-position shows a normal absorption for aryl conjugated acids( 2~) 
-1 at 1692 ~ Possible dimerization of the acid is indicated by the 

6 ~ ~ shoulder at 1 82 cm. and by the absence of a band at 3560-3500 cm. for 

the 0-H stretching of the free carboxylic OH group. A .lll)re acute case of 

association of carboxyl groups occurs in 3 1 4-dimethoxy-21 5-furandicarboxylic 

acid (2) which shows its stronger peak at 1670 cm. -l with shoulders at 

-1 1700 and 1685 cm. That this is due to dimerization, can be seen from 

the position of the carboxylic 0-H which shows a weak but very broad 

-1 band e.x:tending from 2950-2540 cm. Due to the insolubility of this 

acid in non-polar solvents, a Fluorolube mull was used and association 

could not be avoided. 

In the case of diethyl 5-carboxy-3-hydroxy-21 4-furandicarboxylate 

(10) whose infrared spectrum was discussed in soma detail in Part II, the 

-1 chelate carbonyl group absorbs at 1640 cm. This seemingly low value 

for the chelate carbonyl absorption (as compared with 1670 cm.-l in the 

other compounds discussed above) may be explained on the increased double-

bond character of the 213 linkage in this compound. This can be seen from 

the various resonance forms contributing to the resonance hybrid. In the 

3,4-dihydroxy-compound (6) and derivatives the main contributing form would 

be one similar to form (11) be1ow. Ho-wever, the presence of the ester group 

in the f3-position will now introduce the form (12) in which the double-bond 

character of the bond 21 3- is increased. The positions of the other two 

carbonyl groups in the molecule are in agreeœnt with the e.xpected posit­

ions for a conjugated acid (1690 cm. - 1 ) and a conjugated ester (1727 cm.-1 ). 

The increased degree of chel.ation in this compound may also be seen from 
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(10) (11) 

! 
e 

l 
Et O-C H 

(12) 

the shift of the hydro.xyl group stretching vibration from 3360 cm. -l in 

most of the chelate compounds discussed above, to 3260 cm.-l 
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II - Ultraviolet Absorption Spectra 

Changes in electronic spectra due to individual groups are 

m:>dified by interaction with other groups present in the sam DX>lecule. 

Such interaction may be of three kinds, vibrational, electronic, or steric. 

Vibrational interaction causes no profound changes in the ultraviolet 

light absorption properties, except for alternations in the vibrational 

fine-structure or in the shape of the band envelope. Electronic inter­

action, on the other hand, can result in marked changes in transition 

energy and in large wavelength-displacenents of the bands. Such inter­

action is particularly strong in the case of adjacent groups containing 

highly p:>larizable 7T- or _E-electrons, and the classical term "conjugation" 

is given to such interaction. The term "chrormphore" is given to 

unsaturated groups such as C==C and 0==0 ('fT-electron groups), 'While 

the term 11auxochrome11 is given to such groups as -NR
3 

and -OR (j2-6lectron 

groups) • 

It is assumed that a molecule can absorb certain characteristic 

quanta of light energy which raise it to some electronically excited state. 

Absorption of light therefore brings about transition of the mlecuJ.e from 

its ground state to an electronically excited state, and the difference in 

energy of these two states will determine the frequency of light absorbed. 

The rmre nearly the energy of the first excited state corresponds to the 

energy of the ground state, the longer is the wavelength of light absorption. 

Conjugation (1T-'TT conjugation or 'lT-E_ conjugation) generally resulta in closing­

up of ground and excited electronic levels, i.e., a decrease in transition 

energy and band displacemant to longer wavelength (bathochromic shift). If, 
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on the other hand1 resonance stabilizes the ground state more than it 

stabilizes the excited state1 the difference between the two states 

increases and a shift towards shorter wavelength {hypsochromic shift) 

takes place. Steric interaction affects light absorption by influencing 

the stabilization of the molecule in the ground or excited states. If 

steric factors interfere with resonance stabilization of the excited state1 

the energy difference between the two states increases and a hypsochrornic 

shift occurs (cf. p. 72). 

In studying the ultraviolet spectra of the furan derivatives 

prepared in the course of this work1 the affect of various substituents 

(auxochromes and chromophores) 1 will be discussed. 

A. a.- and 8~-ietho.xyfurans 

Furan shows very weak absorption above 220 ~ and only end 

absorption at 210 ~(2s). Recently1 Pickett ~al., (26
) working with a 

fluorite prism in the vacuum ultraviolet region, obtained a peak for furan 

vapor at 205 IIij.l. (t;ma.x. 61 000). However1 a small bathochromic shift is 

observed when alkyl groups are substituted (effect of hyperconjugation). 

Thus 21 5-di.methylfuran has a maximum of absorption( 27
) at 219.5 ~ ( & max. 

8, 000). 

In the present work the affect of substituting methoxyl groups 

in the a- and ~-p>sition of furan was studied (Table III). The methoxyl 

group is considered as an auxochrome and as such is expected to cause a 

bathochromic shift when attached directly to an aromatic system(
2

S
129

). In 

furans 1 it was noticed that well-defined peaks appeared in the spectra of 



l2S 

2-œthoxyi'uran ( À 222.51 G 41 500) and 5-œthyl-2-œtho.xyfuran max. max. 
(À 224, tb 51 600), while a shoulder at 213 ~ (G 9,aoo) wa.s max. ma.x. ma.x. 
obtained with 3 1 4-dimethoxy.furan. The grea ter bathocbromic effect of 

the a-œthoxy group may be expl.ained on the basis of capability of such a 

group to conjugate (1T-E-conjugation (
30

)) with the diene system of the 

furan nucleus as shown below (forma VIII and IX). 

1. 

2. 

3. 

TABLE III 

Ultraviolet Absorption Spectra of Methoxyrurans 

Compound 

224 5,600 

213 
1 

9,aoo 
(sh) 

24 

25 

11 
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(VIII) (IX) 

Resonance involving such polar forms as (IX) probably stabilizes the excited 

state more than it stabilizes the ground state, hence the bathochromic 

shift. On the other hand1 the ~-methoxy group can only conjugate with 

one double bond (forms X and XI). 

(X) (XI) 

The increased intensity of absorption in the case of .31 4-dimetho.xyfuran is 

probably understandable if we asswœ that the t'WO methoxy groups 'WOrk 

independently of each other and that the se affects wuld be additive (cf. 

Gillam and Hay( 31
) on m-polyphenyl compounds). 
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B. 3-Hy<iro.:xy-2-Furancarboglic Acid Derivatives 

This part is concemed ma.inly with the stu.dy of the ultraviolet 

absorption spectra of the derivatives of 3,4-dihydroxy-21 5-furandicarboxylic 

acid and of diethyl 5-carboxy-3-hydroxy-2~4-furandicarboxylate (10)1 whose 

preparation was discussed in Part II. Six different compound.s were chosen, 

five of which had at least one ionizable hydrogen (see Table IV). To 

measure the spectrum of the unionized compound.s, a drop of concentrated 

hydrochloric acid was mixed with 25 ml. of each solution. 

In contrast with the auxochromic effect of the methoxyl group on 

the furan diene system (cf. preceding section) 1 the furan ring in the 

compounds discussed here fumishes a diene system to conjugate (v~ con-

jugation) with the carbonyl groups of the acids or esters and it is these 

peaks which appear mst prominently in the spectra of these compounds. 

Since all the compounds examined had the basic structure of 21 5-

furandicarbo:xylic acid (13), their spectra were compared w.i.th that of the 

acid. The spectrum of the acid (13) was studied by several workers(32' 3313~), 

(13) 

Àmax. 263 ~~ ~nax. 15,SOO 
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TABLE IV 

U1tnY1olet Ab80rpt1on Spectra ot )-ll;pQro:IQ'-2-FunncarbolQ'lic Acid DeriYati'rea 

ColllpOUIIIl ÀIBX. E.mu:. ~. t;~. ~. e.:..x. ~- e··· max • .. 
J:jH 1,a) 280 21,700 

Me<>a O CO,.He 

b) HO 0-

Me08C~OaMe 
))6 6,970 288 15,700 225 10,000 

c) 

Meo.:~o.Me 
)50( ah) 7,)00 )20 15,700 225 >20,000 

)1.. 

0 
2.a) 

M0 

278 19,600 

EtOaC . COaEt 

b) )46 4,140 278 15,600 2)) 7,)50 

M0 
EtOaC ' COaEt 

3. 
MeO OMe 

274.5 31,400 

Eto.cDco.Et 
0 

4.a) 
!1e0 OH 279 16,500 

ao.cDco.Et 
0 

b) 
MeO OH 317(ah) 3,350 279 13,650 

-o.c~COaEt 
0 

c) 322 7,660 275 9,600 222 9,600 MeO o-
..__ 

-o.cQco.Et 

5.&) 270 8,100 
MeO Q!.1e 

HOacOCOaH 
b) 267.5 7,050 

MeUMe 
aOaC COaH 

0 
c) 266,5 7,300 

_ MeÜMe _ 
OaC COa 

0 
6,a) 

Eto.DH 
335 7,200 284.5 7,470 250 9,000 227 15,200 

258(ah) 7,950 
HOaC COeEt 
~ 0 

b) 406 6,450 3ll 4,550 214.5 18,800 230.5 9,350 
EtOeC OH 

-o.c~COaEt 
c) 0 

435 5,600 341 7,250 275 8,280 248 10,600 Eto._D 
-oc co. e:t 

"' 0 .. 
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but only Andrisano and his co-workers(3
lt'

35
) made a systema.tic study of 

the furan .lll)no- and dicarboxylic acids and their esters. They found that 

the acid (13) and its diiœthyl ester absorb at 263 l1lj.L (G 15,800). 
max. 

However, in the present case, all the compounds examined exhibited a batho­

chromic shift from the 263 l1lj.L peak reported for the simple acid (13) and 

its methyl esters. Two factors may be responsible for this shift. The 

first is the auxochromic affect of the methoxyl group in the ~-position 

and this is noticed in the case of 3,4-di.œtho.xy-2,5-furandicarboxylic 

ac id (3), who se resonance hybrid mi.ght receive contributions from su ch 

a polar formas (15) baside the form (14) which axists usually in the 

~ 
MeO OMe 0-Me 

\ 
1 

( 
HO OH 

(14) (3) (15) 

Àma.x. 270 llij.l.1 t; max. 81 lOO 

oe 
1 

OH 

acid (13) itself. A second and .lll)re effective factor probably is chelation 

which appears in the dihydro.xy ester (6) and its m:>nometho.xy derivatives 

(2) and (16). Chelation obviously stabilizes such p:>lar forms as (17) and 

(18) which contribute to the resonance of the excited state and hence there 

will be a smaller difference between the ground state and the first excited 

state than if chelation did not exist. The influence of chelation will be 

apparent as we examine the dihydroxy comp:>und (6) and its diœtho.xy derivative 
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MeO O,ij 

·O 

(2) (16) 

,H H 
.' .' 

1-h \'Job .. \ 
9. OEt 

(18) (6) (17) 

À 282 !Iijl, ~ 141700 max:. max. 

(1) where chelation is not possible (see Table IV), a hypsochromic shift 

of 7. 5 liljJ. taking place. 

OMe 

(1) 

À 274.5 lllJ.L, ~ 31,400 max. max. 

0 
~ ·c 

·. e 
/J 

\ 
OEt 
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The bathochromic shift observed on going from the acid (3) to its 

diethyl ester (1) must be due to the influence of the ethyl groups, which 

is in agreement with the observation of Andrisano and co-wrkers(
35 136

) 

who observed a bathochromic shift of 1 JDtL (as oompared with 4.5 .II1jJ. in 

this case) on replacing the carbo.xylic group by carbethoxy groups in 2, 5-

furandicarboxylic acid. This small shift is probably due to the weak 

inductive effect of the ethyl group. 

The ultraviolet spectrum of diethyl 5-carboxy-3-hydroxy-21 4-

furandicarboxylate (10) requires special attention. This comp:mnd. has an 

ester group on the ~-position instead of the hydroxyl or methoxyl groups 

in the above-mantioned compounds. Two new peaks appear beside the one 

assigned for the general structure of the dicarboxylic acid (which appears 

here at 284.5 Illj.l.). One strong peak at 250 JDtL with a shoulder at 258 l1lJ.l. 

and the other at 335 mtL. It would be rather difficult to judge on the 

basis of the resonance forms that contribute to the resonance hybrid (below), 

which form is responsible for each band. However1 the observations of 

Andrisano and Pappa.lardo (3 5 
) regard.ing the affect of a.- and ~-substitution 

of carboxylic groups on the absorption of furoic acid might be of help here. 

A strong hypsochromi.c shift was observed when a second carboxyl group was 

substituted in the ~•(4-) position and a still stronger shift was noticed 

when the second carboxyl group was placed in the ~-(adjacent) position. 

The 4-carbethoxy group in compound (10) fulfils both descriptions in that 

it is adjacent to one carboxyl group and across the ring (~•-position) to 

the other, so that form (13) above is probably responsible mainly for the 

introduction of the band at 250 Jlll.l.• Form (13) not only interferes with the 
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Et02 C 0-li o-H 
@J . 

0 i9 \ ~0 ) \ tt ~ ~ 

lW 
.. bEt \ 
0 HO OEt . . 

(12) (10) (11) 

1 

0-fi, 
..,.__---.,( 

\ \ 
HO/ "~ bEt 

(13) 

normal furan conjugation (z.3) but also with the IWre favored form (11) which 

would be stabilized by chelation. 

0 0 0 0 0 0 -0 ·o 

6% 
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Ionization of the phenolic hydroxy1 groups caused strong batho-

chromic shifts in the spectra of compounds (2) 1 (6), (10) and (16). This 

is mainly due to the participation of the oxygen anion in the resonance of 

the comp:>Unds. The peak in this case shifts to 320 ~. This change 

can be followed c1ear1y if we take the example of the dihydro.xy comp:>und 

(6) whose m:movalent anion showed peaks at 288 llljJ. and 336 mt.t1 the latter 

9 
H-0 ~ H-0 ~ ' 

\e;? 0 . 

' !;~ \ ! JI \,..._,...~' 

( "" 
\OEt 0 EtO 0 

(6) 

peak being due to the ionized hydroxy1 group. When both hydro.xyl groups 

are ionized the peak at 280 ~ disappears completely leaving only the 

peak at 320 mt.t. When the JIDnomethoxy comp:>und (2) was used, ionization 

of the hydroxyl group introduces a new peak at 346 llliJ. while the peak at 

278 mt.t remains in the same position but decreases in intensity since it 

now has lost the contribution of one form (20). The mst favored structure 

of the anion is probably as shown. 



MeO ü-H MeO 

(20) (2) 

ü-H 

\ 
1 

EtO 
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(19) 

The mst striking shift takes place with diethyl 5-carboxy-3-

hydroxy-214-furand.icarboxylate (10) where the peak shifts to 341 II1!-L1 while 

the peak at 335 IIl!-L shifts to 435 JJijJ. Such strong bathochromic shifts are 

observed in strong phenols such as ~nitrophenol(37 ) the acid strength of 

which is comparable with that of the furanols at present under discussion. 

The behaviour of the carboxylic anions also is in agreeœnt w:ith 

that of such anions as ,E-hydroxybenzoate ( 
37

). In this case a hypsochromic 

shift was observed (see Table IV) for all three acids studied (Nos. 41 5 and 

6 in Table IV). The shift varies from 2.5 IllJ.l. for the first anion in 3 1 4-
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dimetho.xy-2,5-furandicarbo.:x:ylate (3) to 10 DlJ.L in the first anion of the 

comp>Wld. 

(16) 

-~À4 ~ 

CO~t 

In ,E;-hydro.xybenzoic acid the hypsochromic shift for the first anion from 

that of the Wlionized comp>Wld is 10 lilj..L (from 255 to 245 li1j.l.). This shift 

can be explained by the lessening of the electron attracting effect of 

the carboxyl group after ionization since now the following type of 

mesomerism takes place. 

0~ 
/ 

-C 
~0 

or 

or in other words, the negative charge is now spread over ail the carbo.xyl 

group and hence its need for electrons is considerably diminished. 

The fact that the peak at 284 lilj..L in diethyl 5-carboxy-3-hydroxy-

2,4-furandicarboxylate (10) undergoes a hypsochromic shift during ionization 

to the m::movalent anion, and then rema.ins unchanged with excess alka.li is a 
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further confirmation of the presence of a carboxyl group in the molecule1 

while the appearance of other bands at higher frequencies might indicate 

the presence of the phenolic hydroxyl group. The band at 250 .D1J.1. could be 

used as an indication of the presence of the 4-carbethoxy group. 

III - a.-Angelica La.ctone (4-Hydroxy-3-Pentenoic Acid )f -La.ctone) 

It was next of interest to investigate the structure of a.­

angelica lactone (21). Langlois and Wolff(
3

S) claimed that this lactone 

exists partially in the enolic form (22) on the basis of a Zerewitinoff 

determination which gave one third of a mle of methane per mle of 

lactone. 

----~ -

(21) (22) 

It was zœntioned earlier (p. 7) that such a reaction could be equally weil 

explained on the basis of the lactone structure (21). Additional evidence 

for the enolic structure (22) was clailœd by tho se workers by comparing the 

ultraviolet spectrum of a.-angelica lactone :in neohexane with that of furfuryl 

alcohol in ~· As mentioned earlier1 furfuryl alcohol was a poor choice 
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for such a comparison, since structure rather than molecular weight is 

the important factor in this comparison. Two compounds prepared in this 

work have been used for the spectroscopie comparison with a-angelica 

lactone. These are 2-metho.xyfuran (23) and 5-methyl-2-.metho.xyfuran (24) 1 

the structural relationship with the form (22) being evident. 

' 

(22) (23) (24) 

Both infrared and ultraviolet studies on these compounds indicate the 

absence of the form (22) in the a-angelica lactone. 

The infrared spectrum of a-angelica lactone (Fig. 24) was 

reported by Rasmssen and Brattain ( 16
) 1 who attributed the peak at 35B4 

cm. -l to adventitious water. Charlesworth ~ al.(39
) re-examined one of 

the lactones studied by those workers and reported that such a peak is 

undoubtedly the first overtone of the strong carbonyl absorption band. 

This is most probably the case with a-angelica lactone where the carbonyl 

absorption is observed at 1790 cm.-1 and the first overtone should appear 

at 3 580 cm. -l which is a.l.Joost exactly where the peak in this region was 

observed. The position of this peak was unchanged when 5% and 2.5% solutions 



in carbon tetrachloride were examined. This indicates absence of a 

hydro.xyl group which l«>uld be observed if the enol form (22) of the 

lactone were present. A peak wuld be expected to appear at about 3300 

cm.-l for bridged hydroxyl groups which would shift toward higher 

frequencies on dilution (breaking the bridges, and forming more free 

hydroxyl groups). Furthermre, both comJ;OWlds (23) and (24) show strong 

absorption in the region 1500-1625 cm. -l ( two bands), which is attributed 

to the furan ring stretching (cf. Table I). No bands were observed in the 

spectrum of a-angelica lactone in the region 1500-1650 cm.-1, which would 

indicate the absence of a furan ring. Information from other regions 

(H in-plane deformation and H out-of-plane deformation frequencies) cannot 

be utilized for comparison since the position of absorption in these 

regions is rather sensitive to type and position of substituents. 

Additional evidence in favor of the structure (21) was obtained 

from spectroscopie oomparison in the ultraviolet region. Both compoWlds 

(23) and (24) show well-defined peaks at 222.5 lllJL (ê, 4, 500) and 224 max. 

InJ.t (G 5,600) respectively (Table III), while a.-a.ngelica lactone in max. 
the sa.~œ solvent (cyclohexane) shows a shoulder at 216 II1lJ. ( G 1,360) 

max. 

(Fig. 27). In comparing the structure (22) with 2-.rœthoxy-5-methylfuran 

(24), which has a .rœthoxyl instead of the hydroxyl group of the enol (22), 

we notice a shift of about 8 1lij.L in the fonœr while in the benzene series 

(37 ) phenol absorbs at about the same frequency (270 IlllJ.) as anisole (269 

llij.L). While the difference in the tl'IO positions of absorption is not great, 

it might be considered enough to show the absence of a structure similar to 

that of either compound (23) or (24). 



IV - Dissociation Constant Measurements 

The ionizations of organic acids and bases are by far the simplest 

of reversible reactions which are available for study. The study of the 

effect of structure on the ionization of acids and bases has contributed 

considerable evidence for the importance of polar, steric,and resonance 

affects on these structures. 

Since the ionization of an organic acid HA is an equilibrium 

reaction, 

the following expression may be written for the equilibrium constant K a 

[HA) 

where the concentration of water is taken as unity. The strength of the 

acid may be expressed either in terms of the dissociation constant Ka or 

its negative logarithm 

pK = log K a a 

The pKa has the same advantage as the pH in that it covers an enormous 

range of Ka values (1- 10 1z) on a convenient scale (0- 12). However, 

the greatest value of the pKa scala lies not in this convenience, but in 

the fact that the pKa value is directly proportional to the free energy 

change ô F for the ionization reaction: 



b.F 
pKa = -log Ka = 2,303 RT 
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The glass electrode is frequently used as a convenient method 

for measuring pH. At half neutralization point, the ratio of f~~~ is 

approximately unity for a weak acid and its highly ionized salt, so that 

* the pK value is equal to the Jœasured pH value at that point. a 

* pK = pH a 

It was of interest, in the course of this work, to study the 

acidity of the hydroxyl group in the !3-position of some of the compounds 

discussed earlier. Three different compounds were chosen: 

OaEt 
(! 

0 

(6) (2) (16) 

The pKa values for the first ionization in the dihydroxy comp:nmd (6) and 

that of the m::mohydroxy comJX>und (2) were very close to 6.2 which is 

considerably higher than the ~ or ~- negatively substituted phenols. The 

closest value is obtained with salicaldehyde ~0 ) (pKa 6. 79) which shows 

chelation similar to that taking place in the above-mentioned compounds. 

The hydroxy acid (16), as expected, has a higher pKa value for the hydroxyl 

group (7.28) than the one obtained with the corresponding ester (2) and this 



is due probably to the negative charge already present in the molecule, 

which makes the removal of a hydrogen ion from the hydroxyl group more 

difficult. This again agrees with the data obtained from studies of 

_E-hydro.xybenzoic acid('tl) and its ethyl ester("' 2
) 1 which have pKa values 

for the hydroxyl group of 9.39 and 8.5 respectively. 

The higher pK values obtained in the case of the compounds (2) a 

and (6) are most probably due to the higher degree of chelation in these 

compounds than in the corresponding benzene compounds (cf. p. 123). 

Chelation in general is expected to weaken the oxygen-hydrogen bond of 

the hydroxyl group thus permitting easier removal of a hydrogen ion than 

if chelation were absent. 



* V - Nuclear Magnetic Resonance Spectra 
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The measurement of the nuclear magnetic resonance spectra of 

organic molecules has recently proved a powerful method for deter.mining 

(•3.,.ft.lt) 
structure • The nuclei of certain atoms behave as if they were 

spinning, and generate a magnetic field. When a compound containing such 

nuclei is placed in a magnetic pole gap, and subjected to the radiofreq­

uency field of an oscillator, absorption of rf energy (resonance) occurs 

at particular combinations of the oscillator frequency and the magnetic 

field strength, and an rf signal is picked up by a detecter. 

For organic molecules, the resonance most generally measured is 

that of the various protons in the roolecule. These will resonate at 

different applied fields because of the different degrees to which they 

are screened by their valency electrons. Protons from which the electrons 

are most removed by inductive, mesomeric, etc., effects resonate at the 

lowest fields. The difference in the field necessary for resonance of 

tv.o different protons is termed the llchemical shift11 • 

Under high resolution, the absorption bands due to various protons 

are sometimes found to be split into several peaks. This splitting is 

usually due to interaction with protons on neighboring atoms. The spin-

coupling constant, if.., which gives the separation of the peaks, varies with 

*The author is extremely grateful to Dr. J.T. Edward for carrying out the 
nuclear magnetic resonance measurements reported here, and to Professer 
R.U. Lemieux of the University of Ottawa for providing the facilities for 
these determinations. Since the author has no experience in this field, 
he is further indebted to Dr. J .T. Edward for his help in writing this 
section. 



the nature of the interacting protons; whil.e the nu.nber of peaks is a 

function of the number of interacting protons. 

The proton resonance spectra of furans have proved particularly 

useful in indicating the presence of the furan nucleus, and in determining 

the positions at which it is substituted (~511t6). Sorne resulta of Abraham 

and Bernstein, converted to those expected for a spectrometer operating 

at 60 Mc/s, are shown in Table v. It is evident that in furan itself the 

hydrogena at the a-positions, because of the inductive effect of the ring 

oxygen, resonate at a lower field than the ~-hydrogena. This general 

effect is modified by substituents. The electron-releasing methyl group 

increases the screening of the protons, so that all peaks are shifted to 

higher fields, the effect being greatest at the 3- and 5-positions. On 

the other hand1 the electron-withdrawing aldehyde group in furfural causes 

the peaks to be shifted to lower fields. The shift again is greatest at 

the 3- and 5-positions, as expected from a consideration of the mesomeric 

effects of this group. 

The spectrum of 2-methoxyfuran is shown in Fig.37 • This and 

following spectra were obtained with a high-resolution spectrometer operat­

ing at 60 Me/s. The peaks in the spectrum may be assigned to the various 

protons in the molecule as indicated in the figure. The effect of the 

electron-releasing 2-methoxyl group in shifting the peaks to higher field 

being about twice as great as the effect of the 2-methyl group. Each 

hydrogen atom on the nucleus interacts with the other tl«> hydrogen atoms, 

so that each peak is split into a quartet; the coupling constants derived 

from the separation of the peaks have the values expected (Table VI) from 



FIGURE 37 

Nuclear Magnetic Resonance Spectrum of 

2-Metho:xyfuran 
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TABLE V 

Chemical Shifts for Furans (relative to water (c.p.s.)) 

x 

CompoWld x 

* Furan H 

* 2-lvlethylfuran Me 

* Furfural CHO 

2-Metho.xyfuran me 

5-Methyl-2-methoxyfuran OMe 

~ (45) 
'From Abraham and Bernstein 

1 
0 

y 

H 

H 

H 

H 

Me 

H2 

-132 

TABLE VI 

HJ HJ H5 

- 69 -69 -132 

- 35 -51 -112 

-114 -72 -141 
0 -64 -lOO 

0 -48 

Coupling Constants for Furans (c.p.s.) 

* Furan 

* 2-Methylfuran 

* Furfural 

2-Methoxyfuran 

5-Methyl-2~ethoxyfuran 

* . ~5) From Abraham and Bernstem 

J45 

1.3 

1.7 

1.5 

2.0 

1.1 

0.9 

1.0 

3.5 

3.4 

3.3 

3.0 

Other 

Me+l93 

Œe+78 

0Me+75 

Me+l68 
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the work of Abraham and Bernstein. This concordance confirma the assign-

ment of the peaks to the different protons as shown. 

The spectrum of 5-rethyl-2-methoxyfuran shows four main peaks, 

due to the protons at the 4-position, the 3-position, the 2-methoxyl 

group, and the 5-methyl group. In addition to these main peaks, several 

peaks to higher field show the presence of other aliphatic groups, 

presumably present in impurities such as C4 H9 0CH3 which were not separated 

in the fractionation procedure used. However, the spectrum indicates that 

the naterial is mainly 5-methyl-2-œtho.xyfuran. The fact that only t'WC> 

peaks are to be found in the general region expected for the nuclear 

hydrogens of furans eliminates possible isomerie structures as: 

O~œe 
0 

which have three nuclear hydrogens. The peak at lowest field (-4S c.p.s.) 

is due to H
4

, because of its multipletstructures, the proton interacting 

with both H3 and the hydrogens of the methyl group; Abraham and Bernstein 

found a simil.ar fine structure for the peak of H3 of 2-metbylfUran. The 

next peak (0 c.p.s.) is due to H3, as shown by its doublet structure. The 

peaks for the methoxyl and methyl groups are at about the values e~cted. 

VI - Evidence Regarding the Structure of Aucubin 

As œntioned previousl.y (p. 1), the structure of aucubin as 

suggested by Karrer and Schmid (
48 

) contains a furan ring with a glucosidic 

linkage in the ~-position. 



FIGURE 38 

Nuclear Magnetic Resonance Spectrum of 

5~ethyl-2~ethoxyfuran 
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0-glucose 

1 
0 

OH 

Evidence accWIDJ.lating from studies on comp:>unds with similar structure, 

however, indicates the absence of a furan ring. The evidence cornes mainly 

from infrared, ultraviolet and NMR spectra and may be outlined as follows: 

(a) Infrared Spectroscopy: FUran compounds examined by various workers 

as weil as the comp:>unds studied in this laboratory showed at least tw:> 

bands of variable intensity in the region 1630-1490 cm. - 1 The spectrum 

of aucubin, however, shows no absorption in this region, which is assigned 

to the ring stretching vibration in furan (cf. p. 1.14). The band at 1645 

cm. -l in aucubin is too high for a conjugat'ed double-bond and is probab1y 

due to an isolated double-bond. Unfortunately, this is the only region 

where correlation can be made with certainty, since aucubin contains several 

aliphatic hydroxy1 groups which absorb (C-0 stretching and -OH deformation) 

in the region 1200-1000 cm. - 1 and thus would obscure the furan ring breath­

ing band (1006-1025 cm. -l) and the C-H in-plane deformation vibrations. 

(b) Ultraviolet Spectroscopy: A nwnber of methoxyfurans has been 

studied in the ultraviolet region, and the spectra of the a-methoxyfurans 

show well-defined peaks at 223-224 ~ whi1e 3,4-dimethoxyfuran has a shoulder 

at 213 IIJtL. Aucubin shows no rœ.ximwn of absorption above 210 IIJtL (Fig. 24 ) • 

( c) Evidence from Nuc1ear Magpetic Resonance: Unfortunately no mod.e1 
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compound having a structure closely similar to that of aucubin was avail-

1 
0 

(25) OH 

able for NMR studies. However, it can be predicted that a compound having 

the structure (25) should show peaks having the foll.owing chemi.cal shifts 

(relative to the hydrogens of water): 

(a) Two doublets in the range of about -150 to -30 c.p.s., for 

H
4 

and H
5
, each split by the same coupling constant (J

45
) 

(b) A complex peak in the region -90 to -40 c.p.s. due to the 

hydrogen at c, of the glucose residue 

(c) Peaks in the region of 0 c.p.s. for the secondary hydrogens 

of the glucose residue, and for the alcoholic hydrogens 

(d) Peaks at higher field strengths due to aliphatic hydrogens of 

various kinds. 

In Fig. 39 is shown the NMR spectrum of aucubin, determined in 

deuterium oxide solution. It is evident that the first two peaks (at -131 

and -100 c.p.s.) are in the expected region for hydrogens attached to furan, 

but do not have the type of splitting expected for the structure(~)or indeed 

for any disubstituted furan. One or both of them could be due to the a-



FIGURE 39 

Nuclear Magnetic Resonance Spectrum o:r 

Aucubin 
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hydrogens of vinyl ethers (.~too) 1 which in the few examples stud.ied had 

chemical shifts of about -90 to -103 c.p.s. The third peak, at -74 c.p.s., 

seems most likely, from its position and general shape, to be due to the 

. . (.~to7) 
anomer~c hydrogen of the glucose resJ.due • 



FIGURE 25 

Ultraviolet Absorption Spectrum of 

2-Methoxyfuran 

(0.18 mg./25 ml. of cyclohexane) 
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FIGURE 26 

Ultraviolet Absorption Spectrum of 

5~ethyl-2~ethoxyfuran 

(0.18 mg./25 ml. of cyclohexane) 
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FIGURE 27 

Ultraviolet Absorption Spectrum of 

a-Angelica Lactone 

(0.36 mg./10 ml. of cyclohexane) 
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FIGURE 28 

Ultraviolet Absorption Spectra of 

Dimethyl 31 4-Dihydroxy-2,5-Furandicarboxylate 

and its n:ono- and disodium salts 

(0.21 mg./25 ml. of absolute ethanol) 
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FIGURE 29 

Ultraviolet Absorption Spectra of 

Diethyl 3-Hydroxy-4~ethoxy-2,5-Furandicarboxylate 

and its monosodium salt 

(0.34 mg./25 ml. of absolute ethanol) 
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FIGURE 30 

Ultraviolet Absorption Spectrum of 

Diethyl 31 4-Dimethoxy-21 5-Furandicarboxylate 

(0.102 mg./25 ml. of absolute ethanol) 
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FIGURE 31 

Ultraviolet Absorption Spectra of 

Ethyl 5-Carboxy-3-Hydroxy-4~ethoxy-2-Furancarboxylate 

and its mono- and disodium salts 

(0.24 mg./25 ml. of absolute ethanol) 

158 





FIGURE 32 

Ultraviolet Absorption Spectra of 

3~4-Dimethoxy-2~5-Furandicarboxylic Acid 

and its mono- and disodium salts 

(0.2 mg./25 ml. of absolute ethanol) 
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FIGURE 33 

Ultraviolet Absorption Spectra of 

Diethyl 5-Carboxy-3-Hydroxy-2,4-Furandicarboxylate 

and its mono- and disodium salts 

(0.29 rng./25 ml. of absolute ethanol) 

160 



r----------------------------------0 0 
«> 

.,.,.----
' ' ......... 

........ 
......... 

---------

........ --........ ...... 

--

\ 
\ 
\ 

....... , 1 
·..... 1 

" / , / 
/\ 

1 \ 

i 
i 



FIGURE 34 

Potentiometric Titration Curve of 

Diethy1 3 ~ 4-Dihydroxy-2~ 5-Furandicarboxylate 

161 
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FIGURE 35 

Potentiometric Titration Curve of 

Ethyl 5-Carboxy-3-Hydroxy-4~ethoxy-2-Furancarboxylate 



~ 
lU 
ON 

:I: v 
o, J 

\ 
' 

0 
, , 

0 
1 ., 

f: v~ 
0 
:I 

~ 

r---.: (0 
~ N 

I :y: 
0 o. 

/ ~ 
0 
z 

~ 

z 
N 

~ 

0 ~ 

0 

0 -
E ~ 

co 

N 

L-__ _L ____ L_ __ ~----~--~----~--~~--~--~o 

0 co (} 



163 

FIGURE 36 

Potentiometric Titration Curve of 

Diethyl 3-Hydroxy-4~ethoxy-2,5-Furandicarboxylate 
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EXPERIMENI' AL 

Ultraviolet Absorption Spectra Determination 

The ultraviolet absorption spectra were determined by means of 

a Beckman modal DK2 recording spectrophotometer, using a scale of A 0-1 

and a scanning time of three minutes. The concentrations of the solutions 
_s -s · 

used for such studies were between 3.5 x 10 and 6 x 10 molar. Absorb-

ance A was plotted directly against wavelength and the mlar extinction 

coefficient G was obtained by means of the equation 

G = ..!.. 
cl 

where c is the concentration in moles/1. and 1 is the cell length (1 cm.). 

Potentiometric titrations 

A Radiometer automa.tic titrator mdel TTTla was used for the 

titration of diethyl 31 4-dihyd.roxy-21 5-furandicarboxylate (Fig. 33) and 

ethyl 5-carboxy-J-hydroxy-4-methoxy-2-furancarboxylate (Fig. 34), proceeding 

as follows: 

(a) Diethyl 3 1 4-dihyd.roxy-2, 5-furandicarboxylate (22. 78 mg., 0.093 

nunoles) was dissolved in 25 ml. of absolute ethanol and then diluted with 

water to 50 ml. The whole solution was placed in the titrator and the pH 

of the solution recorded. The titrator was set so that readings of the 

burette containing O.OlN NaOH were taken at intervals of 0.2 pH increase. 

A graph was obtained on plotting the pH vs. volume and the first inflection 
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point representing the first equivalent point coincided with that calculated. 

The pH at half neutralization was 6.2 and this is the pK1 for this dihydroxy 

comp:>und. However 1 the second inflection p:>int was very faint and the 

theoretical value for the half neutralization of the second ionizable 

hydroxyl group was calculated1 from which a pK of 9. 7 was obtained. Since 

carbon dioxide was not excluded in this experiment, it is the JOOst likely 

source for the absence of an inflection point, especially at around a pH 

of 9. 

(b) Ethyl 5-carboxy-3-hydroxy-4-metho.xy-2-furancarboxylate (22.12 

mg., 0.096 mm::>les) was dissolved in 50 ml. of 50% ethanol and titrated as 

indicated above in (a). The graph showed tw inflection p:>ints correspond­

ing to the first and second neutralization p:>ints. The first inflection 

p:>int from which the pK was obtained was slightly lower than the calculated 

equivalent point, while the second inflection p:>int was slightly higher 

than the calculated equivalent point. The cause for such discrepancies is 

not exactly known, since neither carbon dioxide interference nor incorrect 

weighing can account for such discrepancies. 

A self-recording automatic titrator was used in the case of diethyl-

3-hydroxy-4-methoxy-215-furandicarboxylate using 0.1 ml. of an alcoholic sol­

ution containing 0.03408 g./10 ml. of alcohol. The graph obtained in this 

case had an inflection point which was in close agreement with the calculated 

point of equivalence. The pK obtained from such a graph was 6.1. 
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SUMMARY AND CLAIMS TO ORIGINAL RESEARCH 

1. The reaction between dimethyl peroxide1 organolithium an:i organe­

magnesium comfOunds 1-1as investigated for the first tilœ. The reaction 

affords a simple means of obtaining in high yields methyl ethers of 

comfOunds whose enols or phenols are not available or hard to obtain. 

2. The reaction was shown to take an ionie rather than a free-radical 

course, since the peroxide reacted with triphenylmethylsodium but not 

with triphenylmethyl radicals. 

3. In the furan series, the reaction proved superior to previous methods 

for the preparation of 2-n:ethoxyfuran; 5-.rœthyl-2-metho.x:yfuran was 

prepared for the first time by this .rœthod. The difficulty in 

metallating furans in the ~-position limited the usefulness of this 

reaction for the preparation of ~-methoxyfurans. 

4. Attempts to use dimethyl peroxide as a methoxylating agent under 

Friedel-Crafts conditions failed. 

5. Attempts at free-radical methoxylation of organic compounds with 

dimethyl peroxide at elevated temperatures failed1 although separate 

experimenta indicated the decomposition of dimethyl peroxide. 

6. The nature of the reaction of dim.ethyl peroxide with sulfuric acid 

was studied. The strong dependence of the decomposition on acid 

concentration indicated an E1 mechanism. This is the first example 

of the acid-catalyzed decomfOsition of dialkyl peroxides. 
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7. The Claisen condensation of diglycolic esters with diethyl oxalate to 

give dialkyl 3~4-dihydroxy-2~5-furandicarboxylates and the conditions 

for preparing the various derivatives from this reaction product~ were 

studied. 

8. The Claisen condensation of diethyl diglycolate with diethyl mesoxalate 

in the presence of sodium ethoxide afforded a small yield of a compound 

formulated as diethYl 5-carboxy-3-hydroxy-2,4-furandicarboxylate. 

9. The attempted condensation of E-butyl glyoxylate with diethyl diglycol­

ate yielded only diethyl 3,4-dihydroxy-21 5-furandicarboxylate, indicat­

ing a Cannizzaro reaction of the E-butyl glyoxylate. 

10. The reduction of the methanesulfonates of diethyl and dimethyl 31 4-

dihydroxy-2~5-furandicarboxylate and derivatives with sodium or lithium 

in liquid ammonia proceeded by scission of the S-0 rather than the C-0 

linkage of the methanesulfonate group. 

11. The following compounds were prepared and characterized for the first 

time: 

(a) Diethyl 3-hydroxy-4-methoxy-2,5-furandicarboxylate. 

(b) Ethyl 5-carboxy-3-hydroxy-4-mathoxy-2-furancarboxylate. 

(c) Dimethyl 3-hydroxy-4-methanesulfonyloxy-21 5-furandicarboxylate. 

(d) Dimethyl-3-methanesulfonyl-4-methoxy-21 5-furandicarboxylate. 

(e) Dimethyl 31 4-dimethanesulfonyloxy-21 5-furandicarboxylate. 

(f) Diethyl 31 4-dibenzoxy-2,5-furandicarboxylate. 

(g) Diethyl 3-hydroxy-4-methanesulfonyloxy-21 5-furandicarboxylate. 

(h) Diethyl 3-methanesulfonyl-4-methoxy-21 5-furandicarboxylate. 



( i) Diethy1 3, 4-dimetha.nesulfony1oxy-2, 5-furandicarboxy1ate. 

( j) Diethy1 5-ca.rbo:xy-3-hydro.xy-2, 4-furandicarboxyla.te. 

(k) 5-Methy1-2-tœthoxyfuran. 
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12. With the exception of a.-angelica 1actone, ail the infrared spectra of 

the compounds mentioned in Parts II and III were recorded for the 

first time. 

13. The ultraviolet spectra of 9 furan compounds were recorded for the 

first ti.me, and correlations between the ultraviolet spectra and the 

structure of a number of the 13-hydroxyfura.ns and the ir ions, were 

made. 

14. The acidity constants of three {3-furanols were determined for the 

first time using potentiometric titrations. 

15. The nuclear magnetic spectra of three compounds were recorded for the 

first time and certain correlations with the structure of these co~ 

pounds were made . 

16. Evidence regarding the absence of a furan ring in aucubin was advanced 

on the basis of infrared, ultraviolet and NMR spectral studies. 




