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INTRODUCTION

I. Aucubin

Aucubin, a compound isolated from the leaves of Aucuba
japonica and other phnrr.s(’) , has been assigned the structure (1)
by Karrer and Schnid(') o It is of interest as the first p-furanol
derivative reported as a natural product, The evidence in support

O-glucose

/ \ OH

OH

(1)

of a furan structure according to Karrer and Schmid may be summarized

as follows:

1, Hydrogenmation of aucubin hexa-acetate ylelded a tetra.
hydro product, indicating the presence of two double bonds in the

mleculs,

2, Out of the nine oxygen atoms in aucubin six could be
acetylated, Two other atoms are involved in the glucosidic linkage
and in the pyranose ring of glucose, The ninth atom was neither in a
carbonyl group mor in a tertiary hydroxyl group, and the logical con-
clusion was that this oxygen atom should be in the form of an ether linkage.,




3. Aucubin hexa-acetate (2) was treated with monoperphthalic

acid to give the epoxide (3), which in turn gave dihydrodioxyoctaacetyl-
aucubin (4) on treatment with acetic anhydride in pyridins,

H ]Q AcO
/ X‘ AcO
’ 0o’ o~ H 0 g
(2) (3) )

Reagents: (a) peracid; (b) Ac,0 + pyridine,

Both (3) and (4) reduced Tollen's reagent, In the case of (4), this
was expla.:inedAon the assumption ‘that at least one of the acetyl groups
formed an easily hydrolyzable hemi-acetal acetate, This indicated that
one of the double bonds was adjacent to the ether oxygen,

4, Treatment of aucubin hexa-acetate with bromine resulted in
two isomeric mono-substitution products both stable towards silver
acetate and t0 boiling with alkali, This inddcated an aromatic character
and was attributed to a furan nucleus,

5. The ease with which the acetate (4) was formed from the
epoxide (3), indicated that the carbon atoms in the epoxy ring could
not be tertiary, Hence the conclusion that the furan ring in aucubin
was not fully substituted,

6. The ultraviolet spectrum of aucubin was compared with that



of furan and showed similar absorption in the region 230.200 mu.

It can be seen from the above argumsnt that the chemical evid-
ence, though circumstantial, is not conclusive, In no case was controlled
degradation to a compound of unequivocal structure carried out, Perhaps
the weakest point is the lack of proper physical evidence (infrared and
wltraviclet studies). IR and UV spectra of aucubin should be compared
with those of p-alkoxy furans and derivatives rather than with furan
itself for drawing reasonable conclusions from such spectra, The
present work was initiated te discover general methods for preparing
p-alkoxy furans with a view to using them as model compounds for such

spectrascopic comparison,

II. a-Furanols

a~Furanol (6) could be considered as the enolic form of the
% -lactone (7). Hodgson and Davies(z) claimed to have prepared this
compound by heating (200°) 5-sulfo-2-furoic acid (5) with strong, aqueous

ol e (dw =

(5) (6) (7

l(b)

(8) (9)



Reagents: (a) NaOH + KC10,; (b) H_SO, + HNO;; (¢) Zn + HCL

sodium hydroxide in the presence of a small amount of potassium chlorate.
The product was described as a colorless erystalline solid, m,p. 80°, _
which turned brown on keeping and resinified with great ease, especially
during distillation with steam, in which it was volatile. Hodgsom and
Davies(s) also claimed to have nitrated the compound with nitrie-sulphuric
acid mixture to obtain 5-mitro-2-furanol (8). This was reduced to 5-amino-
2-furancl (9) by dissolving it in alkali, then adding the salt to zinc

and hydrochloric acid.

These findings are surprising in view of the usual instability
of furans in the reagents employed. Furans may be cleaved in acidic or
basic media*®, Acid hydrolysis probably involves protonation at a
p-carbon atom, followed by attack of water at an a-carbon atom as shown:

CHp—— CH,

R=CO CO-R

Reagents: (a) H+; (b) H,0



The ease of formation of ionic intermediates of the type (A)
will obviously depend on the ability of the original furan compound to
act as an electron donor and on properties of the group(s) R, It may be
expected, therefore, that furans posaessing substituents which have an
electron-withdrawing effect (e.g, nitro and carboxylic groups), would
be more resistant to acid catalyzed cleavage. This is attested by the

experience of many investigat.ors(s).

In alkaline msdium the picture changes., Furan and its homo-
logs, in which the nucleus is relatively electron rich, are very stable
towards aqueous or alcoholic alkali, Howsver, furans with an electron-
withdrawing group are subject to nuclear attack by suitable donor reagents,
Thus a-nitrofurans are readily attacked by alm:ies("), in which they
decompose to give nitrites and products possessing aldehyde characteristics:

0 H@ 0
Lo

CH=——==CH

CHO CHO

Reagents: (a) H+; (v) OH™




Beaides showing differing stabilities to acidic or alkaline
attack, furans differ widely in their tendency to axidisze or polymerize
when stored in the dry state, The exact nature of the reaction causing
the furans to form tars or resins is not kmowm. However, as in the case
of other aromatic compounds generally, electron attracting groups (e.g.,
CO,H) stabilize the furan ring., So that electron releasing groups (e.g.,
OMe) may be expected to make it less stable,

In view of the above discussion it would be difficult to explain
the existence of compounds (6) and (9) in strong acidic media or the
survival of (8) on treatment with strong alkali. Unfortunately, to date
this work has not been confirmed.

The chemistry of the so-called a-angelica lactons (3-pentemoic-
lactone) (10) offers little support for the existence of the enolic form
(11) beyond the fact that a Zerewitinoff determination liberated approx-
imately one third of a mole of methane for one mole of the J.a.otone(7 ) .

CH,——CH, / \
l Distillation HaC o == HaC OH
0 0o

CH3~CO COH

Levulinic acid (10) (11)

This test, however, is not a oconclusive one for the presence of a hydroxyl
group, and could be equally well explained on the basis of the lactone

structure (10) as shown below:



- +
H C\CH3 MgBr

H
- +
ch@ - s HSGOO + CH, + MgBr
0 0

The UV spectrum of a-angelica lactone was compared with that of furfuryl
alcohol and a maximm of absorption at 2170 i shown by both compounds was
given as additional evidence for the presence of the enol form (11) (7) .
Here again, the econclusion cannot be a valid ope since furfuryl alcohol
has no real structural relationship with the enol form, and a more logical
model compound would be a-msthoxy furan.

Finally, suceinic anhydride (13), which might be considered as
the keto form of a,at-difurancl (12), shows no evidence of existing in

the latter form(" ®) . ‘.
HO O OH NS— o@w
0O 0O
(12) (13)

III. a-Furyl Ethers and Esters

While the existence of a-furanols is doubtful, their ethers and
esters have been ocbtained and are moderately stable.

A serles of 2-alkoxy furans was prepared by Manly and Amtutz(S)




by a direet Williamson synthesis, Because of the extreme inertness of
aromstic halides such as 2-bromofuran(®®), they used methyl 5-bromo—2-
furcate which reacted with sodium alkoxides to give the corresponding

ethers aceording to the scheme below:

Br
[ 7 (o7 {
Br‘@ Lowe &), m@coz»@e LN R@OzMe
0 0 0

() (15) (26)
(c)
\
RO‘</ \ <% m@cozn
0 o
(18) (17)

l (4)
R@Li
0
(19)
(R=CHi~-, CH=, iCH=-, CH=-, nCH-, CH )
. 3 25 37 6 5 8 12 6 1
Reagents: (a) RO~; (b) N-bromosuceinimide; (¢) NaOH; (d) PhLi

The presence of the carboxyl group labilizes the a-bromine atom by creating
a positive cemter for nucleophilic attack(g’w) .



Attempted nitration of (17) was unsuccessful, and bromination
of (15) produced comsiderable tar along with a small amount of the 4~
bromo compound (16), However, the reaction proceeded smoothly and in
somewhat better yleld using NM-bromosuccinimide as the brominating agent.
The extrems sensitivity of the furyl ethers themselves is indicated in
this paper, and ring opening in methanolic hydrogen chloride produces the
dimethyl acetal of methyl-g-formyl propionate (21).

The great gemeral reactivity of 2-furyl ethers was shown by
the isolation of only the trimercurated product on mercuration., However,
the unoceupied 5-position is the most reactive carbon in the ring toward
metallation, as evidenced by the reaction of 2-phenoxy furan (18, R = Fh)
with phenyl lithium followed by carbonation to give 5-phenoxy-2-furoic

CHp -—— CH
| @ )
RO-C c H-0
. O CF
0 HO
CH, . CH, CH, CH,
e
EO,C CH—QMe RO,C CHO
N\
OMe
(1)

Reagents: (a) and (b) H+; (c) MeO™
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acid (17, R = Ph). All of the simple 2-furyl ethers reported seemed to
be unstable to air axidation, and over a period of several weeks hecame
yellow and viscous on standing, even when stored umder nitrogen in a
sealed tube at ice temperatures.

2-Methoxy furan (23) was prepared also by heating 2,5-dihydro-2,
5-dimsthoxy furan''')(22), p-naphthalene sulfonic acid and n-butyl phthalate
to 360°. The mechanism proposed for the acid catalyzed formation of (23)
is shown below:

(22) (23)

Ushakov and Kucherov\'2) reported the preparation of 5.(diphenyl-
methyl)-2-methoxyfuran (26) by the action of methanolic hydrochloric acid
on the methyl ether of diphenyl furyl carbinol (24), at mild temperatures.
When reflux temperatures were used, 5, 5-d.iphany1.-1wulinie ester (27) was
obtained,

@C-OMe '(i)"’ . 0@-%2 —> Me@
~eO Ph e= \

(24) (25) (26)



1

CHz— CHz
)

Me0,C COCHPhy

(27)
Reagents: (a) HCL + MeOH; (b) H' + MeOH (reflux).

The compound (25) was obtained in the mother liquor during the first step
of the reaction, giving evidence for the reaction sequence shown.

The only known ester of a-furanol, 2-acetoxy furan (29), was
obtained in 7-35% yield by the vapor-phase pyrolysis of 2,5-diacetoxy-2,
5-dihydrofuran (28) at h80-500'('3) ; possible mechanisms are the follow-

e o —
480-500 Ve k_,

H@ A i g + AcO.

AcO o~ “oAc AcO 0 l

gi_g CHy
Ac0-</ \> + CHy
0
(29)

AcO- </ \> + CHyCOH
o

(29)
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A yield of 80% was reported by Cava et a1, (10 by conducting
the cracking in the liquid phase at 160-190° in the presence of a catalytic
amount of acid, the reaction under these conditions probably following an

ionic course:

T
H
UK 2 L X el D
AcO 0 OAc AcO 0 ?—Ac 0
H
(28) (29)

The ester (29) hydrolyszes easily in acid medium to g-formyl propionic
acid (30) isolated as the 2,z..d1n1trophenylhydrazone('3).

(29) +

o e— ]

HO-CO CHO Ac-0CO CH-CH

(30)



IV. g-Furanols and Derivatives

As in the case of the a-furanol, the only report in the liter-
ature of the preparation of p-furanol (32) is by Hodgson and Davies'?),
They claimed to have prepared it by treatment of furoic acid with bromine
in chloroform containing a specified amount of water, and subsequent
reduction of the 3-hydroxy-2-bromofuran (31) with sodium amalgam., The
p-furanol (32) was reported as a crystalline solid melting at 58°, Its
structure was confirmed by the preparation of a maleic anhydride adduct
which was then converted to the known 4-hydroxy phthalic acid.

@Ozﬂ —a) d:r )y @H
(31) (32)

CH ‘})H

H
0 o &9 o=< =0

0 0
Reagents: (a) Br, + Hzo and CHCL, ;(b) Na-Hg; (c) maleic anhydride; (d) HBr +
AcOH

Nitration(3) of p-furanol (32) afforded 2-nitro-3-furanol, which was reduced
to give the 2-amino-3-furanol, a compound seemingly stable enough to survive



the strongly acidic conditions of the reduction. Unfortunately this
work has to be viewed with scepticism, not only because the properties
of (32) are inconsistent with the properties reported for other p-furanols,

(14) could not

as will be seen below, but also because Baily and Waggoner
duplicate the first step in the synthesis, viz, the preparation of the

hydroxy bromofuran (31) from furoic acid, despite numerous trials,

Kohler et al,('s)

obtained solutions containing 2,/,5-triphenyl-
3-furanol (34) by carefully removing the acetate group from (33) by the
Grignard reaction and subsequent acidifying in an inert atmosphere, The
solution was considered to contain the furanol (34) because it decolorized
bromine instantaneously and absorbed oxygen from the air to give a

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

VNIV G WG

(33) (34)

V!

P/ Ph

Reagents: (a) MeMgX; (b) H+; (e) 0,
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furanol (34) deposited colorless crystals which had the composition of
the furanol, but were assumed to be the furanome (36) because solutions
from which they had been separated as completely as possible still formed
peroxide rapidly and in quantities far in excess of any that could be
obtained from saturated solutions of the solid. Moreover, solutions of
the solid formed peroxides much more slowly than those obtained from the

acetate.

The starting material (33) as well as a number of heavily

substituted ethers and esters were prepared by Lutz and ot.hers(w’_").

Two more or less general methods were employed(m). In one method, an

alcohol was added to the appropriate unsaturated 1,4-diketone under

carefully controlled acidic conditions: (2;
_ OR —
HC—=—==CH
H
[\ / S
Ph~C .C~Ph {3 o p h
X/ )
o ) 0 C

wd  Ngm <

o)

Reagents: (a) ROH + RN.HC1 (pH 2-3)

The other route was the reduction of an alkoxy derivative of the unsaturated
1,/~diketones.
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(a)
Ph-CO-CHBr-CHBr-COPh ——> Ph-CO-CH=C —CO~Ph

Jo

OR

P/\h

0
Reagents: (a) NaOR; (b) Zn + AcOH or H,/Pt

Esters of B-furanol derivatives were prepamd('s) using similar
methods; the cis cbnqaoxmds were shown to be much more susceptible than
the trans compounds towards furanization.

f AcO-H

/‘3/ N o)
Ph-C /C Ph
0) CvOH
H'l'
Ac
Ph / \ h
(R = H~, GH,~, Ph~, PhCO-) 0

Beagents: (a) Ac,0 + H,S0,

Unlike Kohler et al., Votocek and Malachta''®) claim to have
isolated a f-furanol, 2-methyl-3-furanol (42), having some stability in
the phenolic form, 5-Ketorha.molact.one('9) (37) on treatment with
methanolie hydrogen chloride afforded a methoxy ester formmlated as
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L-methoxy~5-methyl-2-carbomethoxyfuran (38); a possible mechanism for
this reaction is shown below, The ester was hydrolyzed with alkali

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

- refluxing with hydrochloric acid, From the resulting hydroxy acid (41)

the methyl furanol (42) was obtained by decarboxylation.

Both (41) and (42) gave the ferric 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 shifted towards 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 vinylogs of lactones, Con-
sequently, as expected, they were cleaved by barium hydroxide to give
acetoin, With sodium hydroxide 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 compounds (41) and (42) were
reported as pB-furanols, the corresponding keto forms (43) and (44)
probably exist in equilibrium with them, Unforbunateiy, no work has

been done to establish the positions of the equilibria,

Morgan and Por’ter(zo) reported the preparation of 5-acetyl-3-
chloro-4-hydroxy-2-methylfuran (48) by treating 3,5-dichloro-2,6~dimethyl-
Y-pyrone (46) with barium hydroxide, Compound (46) was obtained by the

action of selenium tetrachloride on diacetyl acetone (45)., The compound



18

HO H

HO=CH H-OH
H » ( a) -
Me~CO o Me-CO-C{-I CO Me
OH
(37)
, I
B H
Ho-):}_ C-OH HO-CH ——— CH~OH
-Hzo l I l
cone Me-C\ / OzMe Me-C\ Fngone
0 + 40 H
(a)
MeQ MeO
Me @cog{e ®) @ COLH - D2 Me \
0 0

(38) (39) (40)
\(c)
-co2
-CO H

(1+1)

z—> 2>

(43)

Reagents: (a) MeOH + HC1; (b) KOH followed by H'; (c) N/5 HC1, reflux
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OH
T | HOLC HO,C
CHs HO CHy | —OH HO 0 CHs

(43)

CH, — CO
CH3COCHDHCH,3 <HOH__ - 1 ' D Hozc
for ¥ HO,C=CO CH-CHs
+ 2 /

HO
HO,G-COLH - -

(48) was reported as a crystalline solid melting at 83-4°C, whose solutions
gavé a violet eolor with ferric chloride. The phenolic form (48) may well
be favored over the keto form (47) in the present instance because of the

5~acetyl group (cf. p. 23).

% )
RN
Hy B2 (a) c1 } S | c1 g c1
HC-C_ _O-CHs _Cha ./\
D 0 0
(45) (46) l
c
C1-C co
HaC / COCH, — HsC < " ’ I8
o~ \CocHs Cla~C gﬂ cudcl
coct,
“s8) &7)

Reagents: (a) SeCl, ;(b) OH™
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V. g,p-Dihydroxyfurans

a, -Dihydroxyfurans have never been obtained, but a monomethyl
derivative, 2-methoxy-5-methyl-3-furanol (51), was prepared by Henecka?')
by heating a-chloro-¥-methoxy acetylacetone (49) with acetic acid and
potassium acetate. The mechanism of the reaction, modified from that

i
HsC-O-(/ \0-01 A°O@ H\/ \ .

proposed by Henecka is probably as shown below:

Clia-0-0® 4 f—@l
C-CH3 COCH;
/
0
(49)
i
0 e ¢
CO—CH
\ 9| l| < CHy-0-CH N H
HaCO CHs CH3-O——C ‘Q Lj
© a CA
(50) ©
HO
CH30 / \ Ha
@)
(51)

The furanol structure (51) was preferred by Henecka to the keto form (50).
However, it seems likely that the compound existed mainly in the keto form,

because solutions of it gave a color with ferric chloride only very slowly.
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The compound was cleaved readily by dilute acids, so that the trisemi-
carbazone of 2,4-dioxopentanol (52) was obtained from solutions of (51)

in semicarbazide hydrochloride,

HO 0
cmo@&, = CHSO;)@CH_., {a), N—@—»ﬂs
0 B o C]E')

(51) (50)
| l/ (b)
CO—— CH, \
, l «H CHs
CHO CO~CHs H—ej Uo
(52)

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

VI. B,pt-Dihydroxyfurans

Diethyl and dimethyl 3,4-dihydroxy-2,5-furandicarboxylate 2222222

(53) were prepared by a Claisen condensation of ethyl oxalate with ethyl or
methyl diglycolate in the presence of sodium ethoxide (or sodium methoxide

when the methyl ester was used),




EtO(i—— TOE‘I:.

.
o 0
{a)s o c(—ﬁyco g {0 d
- RO,C OR
ROQC /;\\2 ) ‘ ® ¢ )

CO.R
/ (53)
HO H (d)
HoN.HNOC / \ CONH. NH,,
0] \i
(59)
R = c}g (a) CH30 OCHs
CH (b) RO, / \ co R RO,C cozn
| 0
(55) (54)
(e) (e)
CHs0 PCHs Hs
/ \ <02 po cz—icozﬂ RO,C z_gcozn
o

Reagents: (a) NaOR; (b) 0 3 (e) NH,; (d) NaOH, Me, SO, ; (e) NaOH followed
by H .

The fact that (53) reacted with hydrazine to give the hydraszide (59)(’-5)

indicated that the compound was mostly in the enol form,
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The dihydroxy ester (53) was highly resistant to saponifieation,
probably because the negative charges from ioniszation of the hydroxyl

groups were partially delocalized on the carbonyls of the ester groups,
However, the ester groups of the dimethoxy ocompound (55) could be easily

D

' €]
Ly T A
o\ / o~ °
CEt \om-,

saponified, In the case of the monohydroxy eompound (54) only the ester
group adjaeent to the methoxy group can be saponified to give the product
(56).

Similar work was carried out with esters of thiodiacetic aeid®*)
where condensations with various a-dicarbonyl compounds were performed as

shown below,
/
H-CO~CO-R™ &
. HaOEt \
— EtO, CO.Et
Et0, C-CHZ\S /CH,CO, Bt s

R, R' = C,H,~ (benzil)
= ~OH (ethyl oxalate)
= -H (glyoxal)

R =~0H

RY = CO,Et (ethyl meso'xa.lato)

The attempted condensation of ethyl diglycolate with ethyl
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pyruvate failed(” ) . No attempts to prepare furanols by the condensation
of ethyl diglycolate with other compounds of the type R.CO.CO.R! have

been reported,

VII., Relative Stabilities of Keto and Enol Forms of Furanols

From the evidence above, furanols seem to exist in the keto
rather than the enol forms, although more quantitative evidence would
be desirable. In this respect furanols differ from phenol which shows
no tendency to exist in the keto form, This difference is to be expected
on theoretical grounds, Summation of the bond energies for the system

|
n—(i;—-?=o = (|:~==c':—ou
shows® ) that the keto structure is mre stable than the emol by — 18
Keal/mole. In phemol this gain of emergy of the kesto form is offset by
a greater loss in resonance energy (.- 35 Kcal/mole) in going from the
bengzenoid form (60) to the non-aromatic form (61).

OH 0
H
H
(60) 61)
We now consider a-furanol, In going from the phemolic (6) to the
keto (7) form, we lose the resonance energy due to the aromatic system,

which will be slightly greater than that of furan itself (variously reported
from 15.8 to 22,2 Kcal/mole: cf. (27 )) because of the interaction of the
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o+

(6) (7)

hydroxyl group with the aromatic ring, However, we gain the resonance
stabilization characteristic of the ester group (about 21 Kca.l/mle(zs) )
and of the vinyl ether group (about 2-3 Kcal/mole'?®)). These calculations
show that the large resonance effects which favour phemol (60) over ite
keto form (61l) are not to be expected in a-furanol, but are too erude to
indicate decisively the relative stabilities of the enol (6) and the keto
(7) forms, In fact, the balance of experimental evidence outlined above
indicates the keto form to be much more stable,

On the other hand, it is possible that p-furamol (32) is more

o
<> 4\ L X
0

The latter is the vinylog of an ester, and hence should be stabilized by

stable relative to its keto form (32a).

CH

(32)

resonance as shown; however, the greater separation of charges in the
dipolar form of (32a) as compared with the dipolar form of (7) probably
makes it less stable, and hence a less important eontributor to the hybrid

state of the molecule,
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9
A similar difference has been noted with a- and B-thienrals(2 ).
The B-hydroxy compound exists in equilibrium with its keto tautomer, while

the a-hydroxy compound is unstable 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 alkoxyfurans, 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 peroxide, and the application of
this reaction to the furan series, The preparation of various furans from
dimethyl and diethyl 3,4~dihydroxy-2,5-furandicarboxylate (53; R = Me and
R = Et), 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,
Finally, the characterization of furans by various physical methods are
discussed in Part III, and some tentative conclusions regarding the structure

of aucubin are made,



1.
2,
3.
b

5.
6.
7.
8.
9.

16,
17.
18,

19.
20,
21,

27

BIBLIOGRAPHY

Karrer, P. and Schmid, H,, Helv. Chim, Acta, 29, 525 (1946).
Hodgson, H. and Davies, R., J. Chem, Soe., 1939, 806.
Hodgson, H. and Davies, R., J. Chem, Soc., 1939, 1013,

Dunlop, A. and Poters, Fey “The Furans®", Reinhold Publishing Corp.,
New York, 1953 (a) pp. 638-663. (b) p.. 171. (e) p. 85,

Gilmen, H, and Young, R.V., Rec, trav, chim., 51, 761 (1932).
Hill, H.B, and White, G.R., Am, Chem, J., 27, 193 (1902).
Langlois, D. and Wolff, H,, J. Am, Chem, Soc., 70, 2624 (1948).
Manly, D. and Amstuts, E., J., Org. Chem,, 21, 516 (1956).

Ingold, C.K,, "Structure and Mechanism in Organic Chenistry“, Cornell
University Preas, Ithaca, New York, 1953, p. 804,

Bunnett, J.F., Quart, Revs. 12, 1 (1958),

Cava, M.P., Wilson, C.L, and Williams, C.J., Chemistry and Industry,
1955’ 170

Ushakov, M, and Kucherov, V., J, Gen, Chem, (U.S.S.R.), 14, 1073 (1944);
C.A., I;O, 7185 (19A6)0

Clauson-Kaas, N., Acta Chem, Scand., 6, 560 (1952).
Baily, P.S. and Waggoner, J., J. Org, Chem,, 15, 159 (1950).

Kohler, E,, Westheimer, F, and Tishler, M., J. Am, Chem, Soc. 58,
264, (1936).

Lutz, R.E, and McGimn, C.E., J. Am. Chem, Soc., 6k, 2585 (1942).
Baily, P,S. and Lutz, R.E., J. Am, Chem, Soc., 69, 498 (1947).

Votoeek, E, and Malachta, S., (a) Coll, Czech. Chem, Com., 1, 449
(1929). (b) Ibid., &4, 87 (1932).

Votooek, E. and Benes, L., Bull, soc, chim,, 43, 1328 (1928),
Morgan, G, and Porter, C., J., Chem, Soc., 125, 1269 (1924).,
Honech’ Ho’ Bero’ 2’ 32 (19‘09)0



27,

28,
29

28

Johnson, T.B, and Johns, C.0., Am, Chem, J., 36, 290 (1906).
Hinsberg, O., Ber., 45, 2413 (1912). |

Hoelm, W.M,, Iowa State Coll. J. Sei., 11, 66 (1936).

Darapsky, A. and Stauber, M., J. prakt, chem,, 146, 209 (1936).

Branch, G, and Calvin, M,, "The Theory of Organic Chemistry", Prentice
Hall Inc,, New York, 1947. p. 291. N

Wheland, G., "Resomance in Organic Chemistry®, John Wiley and Sons
Inc., New York 1955, pp. 85,99. R

Ingold, coKo, OPe cito’ PPe 116, ].17.
Ford, M.C. and Mackay, D., J. Chem. Soe., 1956, 4985.




29

PART 1

The Use of Dimethyl Peroxide for the

Methoxylation of Organic Compounds

Little work has been done with dimethyl peroxide since it was
first prepared and this could be mainly due to the difficulty in handling
the compound, which was reported as an explosive gas, sensitive to shock,
This difficulty has been overcome in the present work by using dilute

solutions of the gas in cold ether,

The possibility of using dimethyl peroxide for the methoxyl-~
ation of organic compounds has been explored, At first methoxylation
by the use of organometallic compounds was investigated; a mechanism for
this reaction has been proposed, and the limitations discussed, The
nature of the reaction of dimethyl 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-Cra;‘ts
conditions and under conditions in which the peroxide decomposed to

methoxyl free-radicals.

1. The Reaction of Dimethyl Peroxide with Organometallic Compounds

In 1906 Wuy'bs(1) reported the preparation of thio-ethers from
disulfides and Grignard reagents, and predicted a similar reaction with

diselenides and probably with peroxides,



30

(1) R-S-S-R + RtMgBr —> R-S-R?! + R-S-MgBr,
Later, Oddo(a) obtained alcohols from hydrogen peroxide and Grignard

reagents,
(2) H-0-0-H + BRMgBr —> R-OH + Mg(OH)Br,

In 1925 Gilman and Adams®®) reported the reaction between Grignard
reagents and a number of organic peroxides including diethyl peroxide, They
found that neither succinic peroxide nor triphenylmethyl peroxide underwent
a reaction with Grignard reagents, but that both benzoyl peroxide and diethyl

peroxide reacted according to the general equation

(3) R-0-OR + R®MgX —> R-O-R! + R-OMgX,
In the reaction of diethyl peroxide wiﬁh phenylmagnesium bromide, relatively

large amounts of biphenyl (30%) were obtained along with phenetole (34%).

Much later, Campbell and co-workers(") examined the reaction
between di-t-butyl peroxide with phenylmagnesium bromide and some aliphatic
Grignard reagents. They found that phenylmagnesium bromide and t-alkyl
Grignard reagents failed to react with the peroxide, while t-butyl ethers
were obtained with primary and secondary aliphatic bromomagnesium compounds,
Strangely enough, this work and the work of Gilman and Adams was overlooked
(s)

in monographs reviewing the reactions of Grignard reagents

(6).

and of per-

oxides

In a paper just published, Lawesson and Yang( 7) describe a rather
similar reaction between t-butyl perbenzoate and Grignard reagents from

which t-butyl ethers were obtained,
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(%) PhCO-0-0-Bu® + R-MgX —s= R-0-Bu® + PhCO-OMgX

In the present work (which was begun before the work of Lawesson
and Yang had been announced( 8)) we have attempted to apply the reaction of
Gilman and Adams to the preparation of furyl ethers., The peroxide used
was dimethyl peroxide(g). This peroxide gave substantially higher yields
of ethers, and lower yields of coupling products of the Grignard reagents,

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

TABLE I

Nature and Yields of Products from Reaction of Dimethyl Peroxide

(a) With RLi (b) With RMgX
R ROMe R-R RMe R-R
(Z Yield) Z% Yield) Z% Yield) (% Yield)
C6H5- 62 19 62 20
B—MeO.C6H‘; L5 20 L7 26
p-CcHye C H,- 65 11 53 trace
2~ CloHv" 21 30 e -
2—furY1— 1_,9-)(* oooo***
* .
Reaction not tried

%

Product shows slight contamination with aliphatic material
Product not isolated,

The reaction of organolithium in place of organomagnesium compounds
was next investigated, since the former compounds are often more easily
prepared, The yields of methyl ethers using organolithium compounds were

virtually the same as when the Grignard reagents were used (Table I),
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Consequently, 2—fury11ithium('°), prepared by the reaction of furan with

ggbutyllithium("), was allowed to react with dimethyl peroxide,

Y A VS A

(1) (2)

Reagents: (a) n-BuLi; (b) Me,O,,

A yield of 49% of a liquid boiling at 108,5°-111°, and having the same
characteristics as the 2~-methoxyfuran reported by Petfield and Amstutz('a),
was obtained, The infrared spectrum of this compound (Fig, 1) showed

=L for the

characteristic furan bands as well as the band at 2850 cm,
methoxyl group., The structure of this compound (2) follows conclusively
from its NMR spectrum (Fig.,37 ) which, however, showed it to be contaminated
with aliphatic impurities, These are most probably methyl n-butyl ether

(bep. 70.3°) and n-butyl aleohol (b,p. 117.7°) produced by the reactions

(5) BuLi + Me,0, —> Bu-O-Me + LiOMe
0
(6) 2BuLi + O, —> 2BuOH + 2LiOH

However, while the overall yield is slightly less than 49%, it is obviously
muach higher than the overall yields of 7.5% and 11,5% reported for the

methods described on pp. 8 and 10.

It was next of interest to investigate the metallation of 2-
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methylfuran, followed by treatment with dimethyl peroxide. In this case
metallation might in theory afford either compound (4) or (6), although
(13)

the evidence in the literature favours the latter « After reaction

\ Ha~Li JE)’ / \ Ho-OMe

) 0

(3) (4)

\f)
m@—cﬂs £y yeo @%
)

(5 (6)

Reagents: (a) n-BuLi; (b) Me 0,4

with dimethyl peroxide and working up in the usual way, a 6% yield of a
liquid boiling at 128-130° was obtained., The MMR spectrum of this compound
(FigJ38) showed it to be made up largely of the desired 2-methoxy-5-methyl
furan (6), but again aliphatic impurities were evident, Methoxyl deter-
mination and analysis of the compound at different intervals gave different
results 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), as well as the
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band at 2850 cm."l for the methoxyl group,

The a-metallation of aromatic heterocycles with n-butyllithium

(10,14) » and it is evident that subsequent reaction with

is very general
dimethyl peroxide affords 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
was used, and cooling was necessary in most cases, However, it is also
evident that when these ethers are low boiling liquids, 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

Gs516) , free-radical mechanisms have occasionally been

by ionic mechanisms
1

postulated( 7 ). In the present instance the formation of coupling products,

R-R, from Grignard reagents or organolithium compounds, might seem to offer

some evidence for the intervention of free radicals,

(7) R, + MeO-OMe —> R-CMe + MeO,
(8) MeO, + RLi ~—> MeOLi + R,
(9) Ro + Ro —éR—R.

Consequently, an attempt was made to compare the reactivity of dimethyl
peroxide towards a free radical and a carbanion, using triphenylmethyl

radical and triphenylmethylsodium, Infrared examination of the producté
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showed that only the latter gave methoxytriphenylmethanes

(10) Pb, c@qf (')CO-Me —> PhyC-OMe + MeC®
Me

although it proved impossible to isolate the ether in crystalline form.
Hence, the reaction of organolithium and organomagnesium compounds also
probably involves a nucleophilic attack by the carbanion on the peroxide.
This may involve a preliminary coordination of the metal atom by the

unshared electrons of the oxygen, as is well known to happen with ethers
(188,0)

Me Me
0—0 —_— 00 —_— >O +
Li

S
N

R

(7)
Such a coordination would facilitate the formation of an ion-pair (7) which
then reacts as shown, The fact that phenylmagnesium bromide gives a lower
yield of the ether with diethyl(3) than with dimethyl peroxide, and fails
to react with di-t-butyl peroxide even when refluxed for twenty-four hours
() s is in agreement with this mechanism, since the approach of a phenyl
group towards one oxygen will be sterically hindered to an increasing
extent in the three cases, This behaviour is similar to that of disulfides,
Disulfides in which the sulfur atom is linked to a secondary or a tertiary
(19)

carbon atom » are particularly stable to S-S cleavage by most bases,

including cyanide ion,

It is possible that the oxidative coupling to give R-R compounds
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(Table I) occurs when two RLi molecules are coordinated by a peroxide

molecule (cf, Kharasch and Reinmth(zo)).

Me\ /Me Me\ ;
Li/ i
R—R

00,
Li”“) (s
AR

3, Limitations of the Reaction

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, Two

main limitations will be discussed below,

a) Difficulty of getting reactive compounds 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, ordinary

(21)

or activated magnesium fails to react with 2-bromofuran 3 a highly

~activated magnesium~copper alloy is required to induce reau:t-,ion(22 ). On

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

of 2-furylmagnesium iodide with ordinary magnesium 23 ). However,
(95%) of 2-furylma dide with ord (

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

(2% )

with magnesium at 150° for sixteen hours o Treatment of this compound

with sodium-potassium alloy at 115° for twenty-four hours gives on carbon-
5

ation a small amount (0,5%) of 3-furoic a.c:i.ci.(2 ). Gilman et a.]_,(26 27)

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 aromatic compounds(28 ) » failed to react with 2,5-dimethylfuran, 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 B-position leads to difficulty in obtaining p-methoxyfurans by

methoxylation with dimethyl peroxide,

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

5
~CO,R, -CHO, CONH, etc.( ) react with organometallic compounds, eliminates
the possible use of compounds having these groups for the preparation of

methoxy derivatives by the dimethyl peroxide method,

The above-mentioned difficulties in obtaining organometallic
compounds led us to investigate two other modes of introducing the methoxyl

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

L+ Reaction of Dimethyl Peroxide with Sulfuric Acid

The decomposition of hydroperoxides was studied by Kharasch and
his co-xavorkers(zg"30 ) s who found that one mode of decomposition was that
catalyzed by strong acids (in the Lewis sense), Thus with a-cumyl hydro-
peroxide the products were exclusively phenol and acetone, The following

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

decomposition:
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R R

| + | @
(1) R'-—?——O—-O—H + H —> RI-C—0 + Ho0

R " Rm

e @
(12) R'-—?—O — Rt —-? —O0R

" R® R

@ P @
(13) R'—IC——OR + RBR'RC-0-OH —— RIR"CO + ROH + R';C-O

RM ' ' Rt

This decomposition was found to be general for tertiary, secondary and
primary hydroperoxides, the migrating group predominantly being the most
electronegative one, In order that the rearrangement in reaction (12)
may take place readily, at least one of the groups R, R!, R" should be

aromatic; t-alkyl hydroperoxides seem to be stable towafds acids(ao).

In the course of their study of the decomposition of hydroper-

30
oxides, Kharasch and Burt( ) suggest that unsymmetrical peroxides are

subject to acid cleavage of the type.

() R—-0-O0O-R! + H+———>R-—O@ + R!'—OH

where the carbinol formed 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
hydroperoxides, the base-catalyzed decomposition follows an Ez mechanism and
takes place equally well with peroxides and hydroperoxides with or without

an aromatic nucleus, provided that one of the carbon atoms attached to the
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peroxide linkage is not tertia.ry(?" ).
Me Me
| [B | o
(15) Ph_?jo —~CMe, ——> Ph—C=0 + Me C—0 + HO
Y
HO®

(16) M%C—Oﬂ H-Q)H —= Me,C-OH + oH®

So far, 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 presumably methanol) takes place in 95%, but not in 85%
sulfuric acid, This strong dependence on acid concentration indicates an

E1 mechanism as shown:

@
+
— 0—0 -~ + L= — 0-0—
(7) CH, CH, H CH, — 0—0—CH,
H
) Rate +
(18) CHy~ 0—0-CH, CH—O0 + CH_OH
i s 3
H determining
T @ .
(19) H—JC_O —>H, =0 + H
“H

(An E, mechanism in which fission of the 0-0 bond was synchronous with the
remval of a proton by a water molecule, would be expected to go faster in
85% than in 95% acid), The yield of formaldehyde from the reaction in 95%
acid was only 25%, but the aldehyde is known to react with acid of this

3
strength( 2) o 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 dimethyl peroxide,

5.Attempted Methoxylation of Aromatic Compounds under Friedel~-Crafts

Conditions

It was seen in the preceding section that the decomposition of
dimethyl peroxide in sulfuric acid probably involves the formation of a
methoxyl cation., Since the decomposition of hydroperoxides takes place
in Lewis acids(zg), it would be reasonable to assume that such Lewis
acids might also catalyze the decomposition of a dimethyl peroxide into

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

(20) Me-0—0-Me + ME{ —> Me—0

Xy M,...0—Me

Hence, the reaction of dimethyl peroxide with various aromatic compounds

in the presence of Lewis acids was next investigated in the hope that a
33 34

Friedel-Crafts type of substitution (cf, Brown et gl.( 2 )) might take

place:

- :

0—‘—00. .-MX3 —_—

e
+

\\/f .OMe

Me

[MeO-MXs]



Me
QMe

o+
&

However, the formation of methoxy compounds could not be detected when
dimethyl peroxide was introduced into solutions containing anisole and
boron trifluoride, naphthalene and stannic chloride, and naphthalene and
aluminum chloride, even by the use of sensitive infrared spectroscopic
methods, 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 Aromatic Compounds with

Dimethyl Peroxide

Dimethyl peroxide decomposes at elevated temperatures to give

methoxyl ra.dicals(svs’“) » which can react with each other in a number of
v:ays(36).

(21) CH,—0-0-CH, — 2CH,0,

(22) CH,0, + CH;0, — CH,~-OH + H_CO

(23) CHO., + HCO —» CH -OH + HCO.

(24) CHSO. + HCO, ——y-CHsOH + CO



At 167° the decomposition should be very rapid(35’36). Since hydroxyl

radical, generated from Fentonts reagent(37’38’39 ) , attacks benzene("° ) R

&1) and n.a.pht.halene("2 ),' to give small amounts of phenol, catechol

phenol
and naphthols respectively, it was hoped that methoxyl radicals might
similarly substitute aromatic compounds, Naphthalene was chosen because
of its known reactivity to radical atta.ck("?‘ 3 o ) . However, the form-
ation of methoxy compounds from the reaction of naphthalene and dimethyl
peroxide at elevated temperatures could not be detected, Infrared studies
of the reaction product (Fig, 3) showed absence of the band at 2815-2832
s )

cm.-:L characteristic of the msthoxyl group and present in l- and 2-
methoxynaphthalene at 2820 cm.-l (Fig. 4L)s Yet, in separate experiments
(efs pe57) it was shown that about 75% of the peroxide was being decomposed
(presumably to methoxyl radicals), It would appear in consequence that,

under these conditions, the methoxyl radical acts only as a dehydrogenating
agent ¥ #7 )

C,oflg + CH30. —-—>C1°H7. + CH30H

Croflpe * Cyollye —> G oH,=CioH, e

No attempt was made to isolate binaphthyl from the reaction,
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EXPERIMENTAL

Dimethyl Peroxide

Dimethyl peroxide was prepared according to the directions of
Rieche(g) but, rather than collecting the pure compound, the peroxide, in
a stream of nitrogen,was passed through a long Drierite colummn and then
into dry ether cooled by dry ice-acetone mixture, The ether solution was
safe to handle and could be stored in the ice-~box without apparent deter-

ioration,

Analysis of Dimethyl Peroxide

(9)

The method employed was a slight modification of Rieche!s method: /.,
Dimethyl peroxide, prepared from 10 ml. of 10% hydrogen peroxide, A7.5 g, of
dimethyl sulfate and 11 g. of potassium hydroxide in 15 g. of water, was
carried by a stream of nitrogen into 100 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 chloride solution, the
flask stoppered tightly, and the contents stirred magnetically for two
hours, The ether layer was separated and washed quickly with two 10 ml.
portions of water, and the aqueous washings combined with the stannous
chloride layer, Standard iodine solution (10 ml,) was added to the aqueous
solution, which was then back titrated with standard thiosulfate solution.
Such a titration indicated generally a yield of 71% of peroxide collected

in the ether solution.
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Infrared Absorption Spectra Determinations

A Perkin-Elmer Model 21 double beam recording infrared spectro-
photometer equipped with a sodium chloride prism was used for the deter-
mination of infrared spectra, All spectra of liquid compounds were studied
by preparing 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 tetrachléoride or
carbon disulfide, In some cases, when the solids were insoluble in the

above-mentioned solvents, mulls in Nujol or Fluorolube were used.

In reporting the band intensities in infrared at the various
frequencies, the following way was used: very strong (vs), strong (s),

.medium (m), weak (w), shoulder (sh) and broad (bd),

Reaction of Dimethyl Peroxide with Organometallic Compounds

General Procedure: The organometallic compound 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 ethersal
dimethyl peroxide solution was slowly added through the dropping funnel,
The solution was gradually brought up to room temperature (20-30 minutes),
then decomposed with cold dilute acid, In the case of furan compounds, the
decomposition was done with ice water only, The ether layer was separated,
and the aqueous layer extracted several times with ether, The combined

ether extracts were dried and worked up in the usuval way., The identification
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of the products of the reaction with various organometallic compounds
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 moles

of bromobenzene and 0,26 g,-atoms of magnesium reacted with 0,08 moles
of peroxide, After removal of the ether, the remaining 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 (ngl.SlBI) , its nitro derivative (m,p., 86°) and its infrared
spectrum (Amax'at: 3040 (s), 2960 (s), 2840 (s), 2000-1680 (w) bands,
1600 (s), 1500-1450 (s,bd), 1300 (s), 1250 (vs), 1175 (m) 1075 (m), 1040
(s), 880 (m), 785 (s), 750 (s) and 690 (m) cm.-l, the compound was
identified as anisole (b.p. 154°,rf'51.5152, dinitro derivative m.p., 86°
and infrared spectrum identical with above), Mixed m.p. of dinitro
derivative with nitro derivative above 86°, Yield, 62%. A second
fraction was 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 moles 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 anisole: 5,41 g,, (62,5%);

yield of biphenyl: 1.5 8es (19.5%).



50

(¢) With p-anisylmagnesium bromide: The reagent prepared from

0.1 mole of p-bromoanisole and 0.13 g.-atoms of magnesium reacted with 0,04

moles of peroxide in solution, A solid separated from the reaction mixture

and was removed by filtration, The ether layer was then evaporated and the

oil remaining was fractionally distilled under reduced pressure, A clear

0il was collected at 88°-96°/6 mm, which solidified in the receiver to

give plates, m.p. 5445-55°, mixed m,p, with authentic p-dimethoxybenzene

was 55°, The compound gave an identical infrared spectrum with that of
CCL,

p-dimethoxybenzene; kmax. at: 3000 (sh), 2940 (s), 2835 (m), 1610 (w),

1590 (w), 1500 (s), 1460 (s), 1440 (s), 1290 (s), 1215 (s), 1175 (s), 1100

“L  The solid that separated from the reaction

(s), 1040 (s), 700 (w) cm.
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 alcohol, m,p, 170°, mixed melting peint with above
solid 171,5°, Reported m,p, for 4,4t-bianisyl is 172°, Total yield: 2,25
e (2643%)s |

nt(lvs)

(d) With p-anisyllithium: The reage prepared from 0.l mole

of p-bromoanisole and 0.23 g,-atoms of lithium was treated with 0.04 moles
of peroxide solution, The ether was removed and the residue was worked
up as in (c), In this case the fraction boiling between 86°-96°/6 mm, did
not solidify and gave a positive Beilstein test for halogens, By repeated
chilling and quick filtration, pure p-dimethoxybenzene (4.7 g.; 45%) was
obtained and identified as in (c) above, From the residue, 4,4f-bianisyl

was obtained (1.73 g., 20.3%) by recrystallization from alcohol.
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(e) With p-biphenylmagnesium bromide:~ The reagent prepared from

0,1 mols of p-bromobiphenyl and 0,13 g.-atoms of magnesium was treated with
0,08 moles of peroxide solution, The ether was removed by evaporation
leaving fine crystals m, p, 66°-70°, On recrystallization from petroleum
ether, plates melting at 83,5°-85° were obtained, The mixed melting point
with authentic p-methoxybiphenyl (actual m.p. &4-85 °I) was not depressed.
The infrared spectrum was identical with that of p-methoxybiphenyl; )\zgi?
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) em, ™t Yield:
7.8 845 53%, Only traces of a solid insoluble in ether (probably quater-

phenyl) were obtained,

(£) With p-biphenyllithium:- The reagent prepared from 0,1 mole

of p-bromobiphenyl and 0,23 g.-atoms of lithium was treated with 0,08
moles of peroxide solution, A solid, insoluble in both ether and water,
separated and was recrystallized from nitrobenzene, m,p, 305-307°, No
depression in melting point was observed when the solid was mixed with
authentic quaterphenyl. Yield of crude compound: l.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 mixed melting point and the infrared spectrum of

the compound showed it to be p-methoxybiphenyl.

(g) With 2-naphthyllithium:- The reagentéfs )from 0.1 mole of 2-
g

bromonaphthalene and 0.23 ge.-atoms of lithium was treated with 0.08 mples

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°
(reported m,p. for 2,2'~binaphthyl is 187°)., Yield of crude solid: 3,05
g. (308). The ether solution was evaporated and the crude residue was
purified by chromatography on alumina (neutral grade, activity one),
Naphthalene came down with petroleum ether (67-69°), followed 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); )\g;zc. at: 3080 (s), 3020 (m), 2960
(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), &0 (vs),
805 (vs), 740 (vs) and 695 (s) P

(h) With 2-furyllithium:- n-Butyllithium reagent( " prepared

from 0,5 moles of n-butyl bromide, was added with slight cooling to 0.6
(10)

moles of furan and the mixture stirred and refluxed for six hours, To
the resulting 2-furyllithium, 0,16 moles of dimethyl peroxide solution were
added over a period of twenty minutes, The reaction product was then
decomposed with ice water and extracted with ether (acid decomposition was
avoided), The ether extract was dried overnight in the ice-box, the ether
removed by distillation using a Vigreux column (2 by 20 cm,) and the residual
transferred to a semi~-micro distilling flask with a Vigreux colum (1 by 5

cm, ). The clear liquid boiling at 108,5-111°/761.4 mm, was collected, The

product weighed 7.64 g, (49%), N30 1.4380, a0 1,017, (calc.) 25.439.
D

4
(12) MR, 25,1). Maleic anhydride adduct m.p.

MR, (found) 25.21. (Reported
118° (decomp, ) (reported(lz) m,p. 120°), The infrared spectrum of the liquid

film (Fig, 1) shows absorption maxima 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), 942 (m))
878 (w), 745 (m), 710 (m) and 655 (w) oY, Cava et al.(‘*g) reported

the peaks at 1535, 1396 and 1006 cm.'l

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

0.5 moles of sylvan (2-methylfuran) and n-butyllithium (prepared from

0.5 moles of n-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 peroxide) was added to the metallation
product during the period of thirty minutes and the ether solution distilled
to remove 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 mm, 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.-l, ring
stretching frequencies at 1623 (s), 1597 (s), 1462 (sh) and 1387 (sh) cm.-l,
C-H in-plane deformation frequencies at 1215 (m), 1170 (sh) and 1065 (m)
cm.-l, ring breathing frequency at 1022 (m) cm.-l, 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.-l, for the
ether linkage at 1262 (s) cm.-l and for the methyl group C-H stretching at
2960 (m) asymmetrical and 2830 (sh) cm.-l symnetrical vibration and C-H

deformation at 1440 (m) asymmetrical and 1360 (m, cm.—l symmetrical vibrations,
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(3) With triphenylmethylsodium:~ The reagent, prepared according

to "Organic Syntheses! (s0) from 0,114 moles of triphenylchloromethane and
0.25 g.—atoms of sodium amalgam, was treated with 0,08 moles of peroxide,
During the period of addition of the peroxide (20 minutes), 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 triphenylmethane, but
only intractable gums could be obtained on evaporation of the mother liquor,
The infrared spectrum (Fig, 5) of the syrup however, showed clearly an
absorption of medium intensity at 2825 cm.'-:L characteristic of the methoxyl
group(‘vs) and present in the spectrum of methoxytriphenylmethane (Fig. 6),
as well as the 2880 c:m._l band for the C-H stretching vibration in tri-

phenylmethane( 51) (Fig. 7).

(52)

Another experiment was carried out with diethyl peroxide and
here again the infrared spectrum of the product (Fig., 8) showed the presence
of an ether linkage at 1085 (s) c:m.—:L as well as CH3 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 triphenylmethane at 2880 (m)

-1
cn,

Reaction of Dimethyl Peroxide with Sulfuric Acid

Dimethyl peroxide (1.3 g., 0,02 moles) diluted with nitrogen was
bubbled into 25 ml, of 95% sulfuric acid over a period of forty minutes,
One ml, of the acid solution was then removed immediately and placed in a

round-bottomed flask, diluted with water, and steam~distilled, The distil-
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late was collected in a flask containing 75 ml, of saturated dimedone
solution, The formaldehyde, determined according to the procedure of

(s3)

Yoe and Reid , amounted to 0,155 g, (25% yield),

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 experiments were conducted,
therefore, by passing the gas, carried by nitrogen, directly into the

reaction mixture,

The aromatic compound, with or without a solvent, was contained
in a two-necked round-bottomed flask equipped with an efficient reflux
condenser and a gas inlet tube, Stirring was done magnetically using a

teflon-covered stirring bar,

(a) Anisole and Boron trifluoride

Dimethyl peroxide (0.08 moles) 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 moles), The mixture was left at room temperature overnight
then fractionally distilled, Small amounts 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 p-dimsthoxybenzene,

(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 moles) in a dry
box, Dimethyl peroxide gas (0,08 moles) was passed through the mixture,
which was cooled to 0°C, ?.uring the addition, Distillation of the nitro-
methane followed by chromatography on an alumina column (activity one) of
the tarry residue, afforded only naphthalene, The absence of any methoxy-
naphthalene was shown by the absence of peaks at 2940, 2825, 1255, 1195,
1170 and 1155 cm.-l in the infrared spectra of the crude fractions from

the column,

(¢) Naphthalene and Aluminun 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 colum (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 No other

spectrum showed the absence of peaks between 3000 and 2800 cm,
material could be obtained from the alumina column on elution with bengzene,
(In a trial separation it was found that 2-methoxynaphthalene came down in

LO% benzene-light petroleum),
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Attempted Free-radical Methoxylation of Aromatic Compounds with Dimethyl

Peroxide

A, At _elevated temperatures:- In a 500 ml, two-necked round-bottomed flask,

equipped with a 60-cm, air condenser and a gas inlet tube, was placed 100
g. of naphthalene (0,78 moles), The naphthalene was heated to reflux
temperature, and a total of 0,2 moles of dimethyl peroxide, 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, 2825 cm.—l (C-H vibration in

-1 -1

methoxy group), 1255 cme —, 1195 cm._l, 1170 cme™t and 1155 cm,™t which

would indicate the presence of any methoxynaphthalene,
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°, while

the naphthalene was refluxing,
(3) Boiling anisole was used instead of naphthalene,

Negative results were obtained in all cases as shown by infrared
spectroscopy, no peaks for 1l- or 2-methoxynaphthalene or p-dimethoxybenzene

being observed,

Another experiment was done, with the dimethyl peroxide in nitrogen
gas passing through boiling naphthalene then into 25 ml, of 95% sulfuric
acid, One ml, of the acid solution was then steam~distilled as before (see

preceding section), and gave 6,4% of the theoretical quantity of formaldehyde,
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This indicated that about 75% of the peroxide was being destroyed in the

naphthalene,

S&
B, At ordinary temperatures:- To a solution of triphenylmethyl radicals( )

in benzene (prepared from 0,066 moles of triphenylchloromethane and 0.63
g.-atoms of zinc dust) was added 0.08 moles 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-

(s5)y,

oxides The benzene solution was evaporated to dryness and the solid
examined by infrared (Fig, 9). It showed no absorption in the region 3000-
2800 cm.-l and coincided with the infrared spectrum of triphenylchloro~
methane, Recrystallization from benzene gave colorless plates m,p, 108-
110°; mixed m,p. with an authentic sample of triphenylchloromethane was

109-110°,
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PART II

B-Methoxyfurans from the Condensation of Esters of

Diglycolic Acid with 1,2-Dicarbonyl Compounds

The Claisen condensation of esters of the type X—CO—COZR with
gsters of diglycolic acid is expected to give p-hydroxyfurans (cf. p. 21).
In the present work, such condensations were attempted with a view to
preparing p-methoxyfurans, using diethyl oxalate (X = OEt), n-butyl
glyoxylate (X = H) and diethyl mesoxalate (X = COaEt). Since diethyl
oxalate gave a compound containing two hydroxyl groups, attempts were made

selectively to remove one hydroxyl group,

1., Condensation with Diethyl Oxalate

The condensation of diethyl oxalate with diethyl diglycolate
(1; R = Et) in the presence of sodium ethoxide affords on acidification
diethyl 3,4-dihydroxy-2, S-furandicarbowl.ate("z’?') (2; R=Et), Starting
with dimethyl diglycolate (1; R = Me), Hoehn® prepared the corresponding
dimethyl ester (2; R = Me) and thence 3,l~dimethoxyfuran (6) by the series
of steps shown, but his work was not published in detail and no yields
were reported. We have repeated the preparation of 3,4-dimethoxyfuran in
order to obtain its ultraviolet and infrared spectra., In general, our

results for the intermediate compounds confirm those of Hoehn,




(a) Na! ONa
a
Et0,0-C0,Et + RO, C-CH,-O-CH,-CO,R ——> /
ROzc- COzR
(1) .

HO  OMe MeO OMe H OH

Rozc.-/ \ 0.R —-I~ RO,C \ 0,k <{%) Ro,C / \ 0R
0

0 0
(4) (3) (2)
l (a) l (d) J (£)

HO OMe MeO  OMe Bz0 OBz
Rozc(/ \>-002H HO;_C@C%H R020—</ \-cozn
0 0 0
(7) (5) (9)

l(e) J(e)
HO OMe MeO /OMe
Y )\
0 0
(8) (6)

+ +
Reagents: (a) NaOR; (b) H'; (c) Me_SO,; (d) NaOH; H'; (e) decarboxylation;

(f) BzCl1,
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The preparation of dimethyl diglycolate (1; R = Me) was performed

(#)

according to the procedure of Anschutz and Biernaux which gave an over-

all yield of 85%, Several methods for the préparation of diethyl diglycolate
(l; R = Et) are reported in the literature, Anschutz and Biernaux(“) pre-
pared it by passing dry hydrogen chloride into an alcoholic solution of the

(5)

acid, while Heintz prepared it from ethyl iodide and silver diglycolate,

6,7,8
However, neither in these methods, nor in other less practical ones( »758) »
were any yields reported. In the present work, diethyl diglycolate 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
performed according to both Johnson and Johns! method(l) » in which alcohol-
(2)

free alkoxide was used, and Hinsberg!s method' “, in which the alkoxide was
dissolved in excess alcohol. Both mét.hods gave the same yield of dihydroxy
compound (77% for 2; R = Me, and 70% for 2; R = Et); however, the latter

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

In proceeding to prepare 3,i-dimethoxyfuran (6), both esters (2;
R =Me) and (2; R = Et) were utilized for the purpose. Hoehn(B) worked

mostly with the methyl ester (2; R = Me), In the present work, a number of
compounds (4, 7, 9, 12, 13 and 15; R = Eﬁ) der;i.ved from the ethyl ester (2;
R = Et) has been prepared for the first time, It was noted that such ethyl
derivatives (2, 3, 4, 7 and 8; R = Et) were more soluble generally than the
corresponding methyl derivatives (2, 3, 4, 7 and 8; R = Me), and had melt-

ing points 30° to 70° lower., While the decreased solubility and the higher
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melting point made the methyl 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 dimethoxy dimethyl ester (3; R = Me) was prepared from the
dihydroxy compound (2; R = Me) in 497 yield, using dimethyl sulfate, The
two ester groups in compound (3) were then easily saponified by 10% sodium
hydroxide solution, This contrasted with the behaviour of the ester
groups of the dihydroxy compounds (2; R = Me and R = Et), which were highly
resistant to saponification even when the compound was beiled for two hours
with 10% sodium hydroxide 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 Hoehn!s paper, several methods 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
0il together with a small amount of copper powder and heated for one hour,
Distillation of the mixture afforded a pure sample of 3,4-dimethoxyfuran,
but the yield was lower than that obtained in the previous case, The

infrared absorption spectrum of the 3,4-dimethoxyfuran (Fig, 10) showed all
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the expected peaks for the furan riﬁg (=C-H stretching vibration at 3150

cnu_l (w), ring stretching at 1630 cnu-l (s), 1575 cm.-l (s) and 1415 cm.-l

(m), C-H in-plane deformation at 1216 cm._l (s), 147 cm._l and 1026 cm, ™+
(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 well as a sharp band at 2840 em.-l (w)
characteristic of the methoxyl group, The ultraviolet spectrum of the
compound (Fig, 11) showed no absorption in the region LO0-240 mp and a

shoulder at 213 myu,

When decarboxylation of the acid (5) was tried by heating the
solid acid above its melting 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 cnu-l indicating the presence of a carbonyl compound
besides the 3,L4-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, studies on
2,6-disubstituted aryl ketones(g) showed that the carbonyl frequency of
such ketones is shifted toward the aliphatic frequency by steric inhibit-
ion of phenyl-carbonyl conjugation('o). 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 cnu—l band
to this compound was justifiable, Two other weak bands at 1340 (sh) and
1160 cnu—l (sh) which do not appear in the infrared spectrum of pure 3,i4-
dimethoxyfuran are attributed to the motion of the carbonyl group coupled

(11)

with the rest of the molecule and to the C-H in-plane vibration of
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MeQ Me MeO e Me OMe
HO,C «@ CO,H ﬁ) [ﬁ co © + / \
0 0 \> /( 0
(1) (6

MeO OMe

(5) )

l(b)

MeO OMe MeO CMe
</ \ cogn {8l </ \
0 0

(10) (6)

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

trisubstituted furans, respectively, FPFurthermore, the ultraviolet spectrum
of this impure 3,4-dimethoxyfuran showed a peak at 258,5 mp (Fig, 13), which
must also be due to the ketone (11), A peak at this wavelength also indicates
a lack of coplanarity in the molecule, since 2-furylmethyl ketone absorbs at
267 mu('z) (the ultraviolet spectrum of di-2-furyl ketone which would be the
one to compare with, is not reported). Other experiments 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,j~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

hydroxyl group followed by hydrolysis of the ester group,
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FIGURE 11

Ultraviolet Absorption Spectrum of
3,4~-Dimethoxyfuran

(0,095 mg,/10 ml, of cyclohexane)
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FIGURE 13

Ultraviolet Absorption Spectrum of
3,4~Dimethoxyfuran and Di-2-(3,4~-Dimethoxyfuryl) Ketone

(0.3 mg,/25 ml., of cyclohexane)
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2. Attempted Preparation of 3-Hydroxyfuran Derivatives from

Dimethyl and Diethyl 3,)~Dihydroxy-2, 5=Furandicarboxylate

Since the hydroxyl groups in the dihydroxy compound (2; R = Me
or Et) were strongly phenolic in nature (cf. pgu3), methods for removing
the oxygen from aromatic phenols were sought, Sowa et a.l.(n’ 1, 1%)
studied the cleavage of aromatic ethers by sodium and liquid ammonia,
from which they obtained hydrocarbons and phenols, Studying the effect
of substituents on the mode of cleavage, these workers observed that the

carbon-oxygen cleavage took place at the ring with the most negative

substituents:
Na/ N,

where Ar was an aromatic ring with a carboxyl or a nitro group,

(1) Ar—O-Art Ar-H + Art-OH

Birch('é) » working with aralkyl ethers obtained phenols by

utilizing the same reagent:
Na/NH »

(ii) Ar-O-R ———> Ar-OH + R-H
Cleavage to give phemols (rather than aromatic hydrocarbons) is also known
to take place with aromatic methanesulfonates and p~toluenesulfonates on
reduction with lithium aluminum hydride( 1) , as well as in the catalytic
hydrogenation of alkyl R—toluenesuli‘onates( 13), Furthermore, Bunnett and
Bassett(w) » in a recent paper, showed that aromatic 2,4-dinitro-p-toluene-
sulfonates, underwent both C-0 and S-0 scission with various nucleophiliec
reagents, They found that polarizability, rather than the overall nucleo-

philic reactivity, appeared to be the reagent characteristic to which the
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ratio of C-0 to S-O scission was related. The reagents which gave the most
C-0 scission were a sulfur anion (PhS® and a carbanion (Aégﬁcant); both
types have high polarizability. The reagent which gave the most S-0
scission was an oxygen anion (Mede) whose polarizability was rather low,
Since reduction by sodium in liquid ammonia is due to electrons from
sodium attacking the aromatic compounds(13’2°’2’)(h nucleophilic attack

by a reagent of low polarizability), reduction of p-toluenesulfonates and
probably methanesulfonates with this reagent might in general be expected

to give phenols rather than hydrocarbons,

On the other hand, Kenner and Williams(az) reported the successful
reduction of some aryl methanesulfonates (Epnsthoxyphenyl and m-acetamido-~
phenyl methanesulfonate) to the corresponding hydrocarbons using sodium
or lithium in liquid ammonia, in which they were moderately soluble,
Aromatic p-toluenesulfonates would have been the obvious choice according to
these authors, but unfortunately they were insoluble in liquid ammonia, By
the same method aryl phosphates were also reduced tc 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 soluble
methanesulfonates prompted an attempt to use their method on the dihydroxy
compound (2; R = Me and Et) and the monohydroxy compound (4; R = Me and Et),
since the methanesulfonates of these compounds were found to be quite

soluble in liquid ammonia,
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H H HO 0zMe Me0,S0 0;Me
RO,C / \ COR ((i__)» RO,C / \ 0,8 + RO, / \ CO,R
0 (b) 0 o
(2) (12) (13)
]
f
' (b)
Y
H
ROC- \ ~COR
0
(1)

Reagents: (a) MeSO,Cl; (b) Na/NH, .

The monomethanesulfonate (12; R = Me) was obtained in 66% yield
by treatment of the dihydroxy compound (2; R = Me) with one equivalent of
methanesulfonyl chloride, A small amount of the dimethanesulfonate (13;
R = Me) was also obtained (20% yield). The two compounds were easily
separated, since the latter (13; R = Me) was neutral and precipitated from
the alkaline solution, while the monomethanesulfonate (12; R = Me) remained
in solution and was obtained on acidification, Reduction of the monomethane-

sulfonate (13; R = Me) by sodium in liquid ammonia, however, yielded only



starting material (2; R = Me), reductive cleavage of the methanesulfonate

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).

HO H HO Me Me
RO, / \ co,p {28)s RoC / \ 0R + RO, / 0,R
0 0

0
(2) (4) (3)
<c>”<b>
Me MeO,S Me
ROLC / \ coR ) Roc / \ CO,R
0 0
(16) (15)

S0, 3 (b) MeSO.C1; (c) Na/NH, .

Reagents: (a) Me 2
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The monomethoxy compound (L) from which compound (15) was prepared, could
not be easily obtained. The monosodium 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 material (2) (35%) together with the monomethoxy compound (4)
(48%) and the dimethoxy compound (3) (< 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) remained 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-O rather than C-O fission, giving the monomethoxy compound (4; R =
Me or Et) rather than the hoped for products (1lé; R = Me or Et)., It is not
immediately apparent why S-0O fission occurred in the present cases, and not

(22)

in those investigated by Kenner and Williams s and obviously further

studies to define the scope of this reaction would be desirable,



3. Condensation with n-Butyl Glyoxylate

Because it was not found possible to remove one hydroxyl group
from esters of 3,4-dihydroxy-2,5-furandicarboxylic acid, other condensation
reactions, from which monohydroxy compounds might be expected directly

were next investigated,

The simplest ester from which a monohydroxyfuran might be

obtained is one of glyoxylic acid:

ONa
H OBu
\c c/ @ Et0,C / \ ~CO,Et
VAN :
+,
Et0,C-CH, CHa=GOEt - (b)
\\\\O////
OH
Et0,C- \ —CO,Et

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

However, the condensation of n-butyl glyoxylate with diethyl diglycolate

produced only a small amount (—4%) of diethyl 3,4~dihydroxy-2,5-furandi-
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carboxylate together with unidentified gums. The same product was obtained
when ethanol-free alkoxide was used as the condensing agent. The formation
of the dihydroxy compound above indicated that a Cannizzaro reaction had
taken place to give an ester of oxalic acid, which had then condensed to

give the dihydroxy compound.

Traube(aa) showed that both glyoxylic acid and its esters undergo

the Cannizzaro reaction in alkaline medium at 1000:
KCH _
20HC,CO,Et -——— Et0,C.C0, + HO.CH,COLEt
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

transformed into a full ester:

Et0,C,C07 + HOCH,COzEt ___, Et02C.CO2EL HOCH,CO3

L. Condensation with Diethyl Mesoxalate

2
Hinsberg( ) reported a reaction between the esters of thiodi-

glycolic acid and mesoxaslic 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,L4L-dihydroxy-=2,5-furandicarb-
oxylate as the major product (25% yield) together with a small quantity (7.5%)

of a substance, which also gave a red color with ferric chloride, whose
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analysis corresponded to diethyl 5-carboxy-3-hydroxy-2,4-furandicarboxyl-~

ate (17)
E£0,C.C0.CO,Et Et02C O
&) /  \
+ > HOLC 0,5t
0
Et0,C.CHgp +0.CH, - COEL
(17)

+
Reagents: (a) NaOEt then H

Detailed infrared studies (see Fig, 14) of the compound (17) are in good
agreement with the proposed structure, The following regions were studied
carefully and bands in them correlated with various groups in the molecule:
(1) The band at 3260 cm.” (bd) with a shoulder at 3160 cm, -

and absorption continuing till 3020 cnu_l can be correlated
with the enolic O-H stretching (chelate) and the O-H stretch-
ing of the carboxyl group. In the dihydroxy compound (2) a.
sharp band at 3360 em ™t (s) is present (Fig. 15) and in the
spectrum of the ethyl 3-carboxy-4-methoxy-5-hydroxy-2-furan—
carboxylate (Fig, 16) a band at 3100 cnu-l (w, bd) is due to

the O-H stretching of the carboxyl group,

1 The first

(2) There are four bands in the region 1750-1600 cm,”
of these bands is at 1726 cnu-l (s) and is attributed to the

C=0 stretching of the L-carbethoxy group. This compares very
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well with the absorption of the C=0 of the 5-carbethoxy group
in diethyl 3 hydroxy-i4-methoxy-2,5-furandicarboxylate (where
no chelation in the 5-position is possible), The second

band appears at 1690 cm.-l_(s) and is correlated with the C=0
stretching of the 5-carboxy group. This is in agreement with
the accepted figure for aryl or conjugated acids(zu). The
third band at 1640 cm._l (s) is attributed to the C=0
stretching of the 2-carbethoxy group after chelation with

the adjacent 3-hydroxyl group., In the 3,4-dihydroxy compound
(2) this band appears at 1655 cm, T (s). The last band in
this region appears at 1610 ome ™t (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. pqls).

(3) The region 1320-1210 cm.—l shows three bands, Two of these

1 and 1212 em, ™t are attributed to the C-0

bands at 1320 cm,
stretching of the 2- and 4-carbethoxy groups (the 2 and 5-
carbethoxy groups of the dihydroxy compound (2) show absorption
at 1315 cm.™  and 1237 cm.™), The third band at 1265 cm, ™~
is correlated with the C~O 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 carboxyl group in the

molecule, For reasons discussed earlier (cf., p.23) we can assume that the



free carboxyl group can either be in positions L- or 5-, since the 2~
carbethoxy group is not saponifiable, being adjacent to a hydroxyl group.
If we consider carefully the resonance contributions of the sodium salt
of triethyl 3-hydroxy-2,.4,5-furantricarboxylate (I), it will become clear
why the 5-carbethoxy group rather than the j-carbethoxy group was assumed

to be the one more liable to hydrolysis:

v III

It can be seen from the above resonance forms that only the L-carbethoxy
group is involved in the form III, That means that the carbonyl carbon of

the 5-carbethoxy group is more positive (IV) and henee more 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 later (pl34 ).

Methylation of the compound (17) followed by hydrolysis of the
carbethoxy groups would lead to the formation of 3-methoxy-3,.4,5~furan-
tricarboxylic acid, which on decarboxylation would afford 3-methoxyfuran,
Since the complete decarboxylation of the tricarboxylic acid was not
expected to give good yields of the methoxyfuran, attempts were made to

improve the yield of the compound (17),

The fact that diethyl 3,4-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 most probably that part of
the diethyl mesoxalate was converted to diethyl 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

150°:
H0,C0,00.CO,H + 3KOH — s K0,C.COK + HCOK + 2H,0

The formation of oxalic esters in the presence of alkoxides might proceed as

follows .
29 0.)
RO,C— c‘_ggoaR == 0,000
OR?
"’ ks
=

RO,C—COR! + COR

S
(COzR + HOR —= HCO R + 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 reversed, so that the
alkoxide solution was gradually added to the mixture of
esters,

(¢) Potassium tert, 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 mechanism of the Claisen (acetoacetic)
condensation(26’27’28). Since the first step in the condensation involves
the liberation of alcohol, the use of alcohol-free alkoxide was tried in
the hope of shifting the equilibrium to the right, thus helping the normal

reaction to compete favorably with the cleavage reaction, However, the

normal condensation product (17) could not be obtained in this case,

Since the conversion of mesoxalic into oxalic ester seems to be
catalyzed by alkali, the mode of addition of reagents was reversed so that
the alkoxide was added gradually to the mixture of esters, It was hoped
that this modification would cut down the time of exposure of the mesoxalic
acid ester to excess alkali, Experimentally, this modification was used
with dimethyl diglycolate and sodium methoxide as the condensing agent, and
yet an even better yield (38%) of dimethyl 3,4-dihydroxy-2,5-furandicarb-
oxylate was obtained, with no detectable amount of the normal condensation

product.,
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Finally, potassium t-butoxide was used as the condensing agent,
This would be expected to remove protons even more strongly than the
corresponding methoxide or ethoxide ions, so that the condensation reaction
would proceed normally, However, due to steric factors(zg), 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
intermediate (18) by such an addition, as shown on page 87, this reaction
may be expected to be suppressed by the use of potassium t-butoxide, thus
allowing the normal condensation reaction to take place, However, the use
of this reagent gave gummy reaction products with a minute amount of
crystals melting at 77.5° and analyzing for 024}133015(024H140n 4C,H OH).
The compound gave no red color with ferric chloride and the infrared
absorption spectrum (Fig, 17) showed no absorption in the region 4000-3000
cnu-l confirming the absence of an enolic OH, However, strong absorption
in the region 3000-2800 cm.‘l and the bands at 1465 (m), 1455 (m), 1390 (m)
and 1370 cmg—l (s), indicate the presence of t-butyl group(s) in the
molecule. In Nujol, a double headed peak appears at 1735-1720 cnu_l (s)
which might indicate the presence of more than one carbonyl group, The
absence of bands between 1700 and 1500 cnu_l (ef, 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 number of C-0 groups
(probably from esters), A product of condensation of two molecules of
diethyl mesoxalate with one molecule of diethyl diglycolate accompanied by

ester exchange is one possibility:
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N
COEt OT Cco
LO + (Et0,C-CHy )20 _t=BuOK _ Et0,0-0-0-C=CO,Bu «4C,H50H
COLEt oc\ /co

co

The formation of oils in this case is probably due to the ester exchange,
with the formation of t-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 Diglycolate (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

(%) m.p. 36°). Overall yield of dimethyl diglycolate was 85%.

Dimethyl 3-Hydroxy-4-Methoxy-2,5-Furandicarboxylate (43 R = Me)

Dimethyl 3,4-dihydroxy-2,5-furandicarboxylate (21,6 g., 0.1l
mole) prepared by Hinsbergls method(z) (77% yield), was dissolved in 150
ml., of water containing 8 g, (0.2 mole) of sodium hydroxide, Dimethyl
sulfate (12.6 g., 0.1 mole) was added over a period of thirty minutes from
a dropping funnel to the cooled, stirred solution, The mixture was then
refluxed for one hour. A crystalline solid (mostly 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,L4-dimethoxy-2,5-furan-~
dicarboxylate, as indicated by its sweet candy-like smell, The aqueous
layer was then acidifiéd to a pH of 5-6, The voluminous precipitate which
formed 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 dimethyl 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,

3
Hoehn( ) briefly reports obtaining this monomethoxy 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 3,4-Dimethoxy—2,5~-Furandicarboxylate (3; R = Me)

Dimethyl 3,4-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
8., 0,1 mole) was addéd, and the mixture refluxed for one hour after the
addition, On cooling, a heavy precipitate was formed, which was separated
and washed thoroughly with water to remove inorganic material, 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-2,5-furandicarboxylate (6 g.; 49% yield) melting at 89-90°,

Hoehn(s) gives a m,p. of 89,5-90°).
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Methyl-5-Carboxy-3-Hydroxy-4-Methoxy-2-Furancarboxylate (7; R = Me)

Methyl 3-hydroxy-4-methoxy-2,5-furandicarboxylate (4.6 g. of
crude compound, 0,02 mole) was boiled for ten minutes with 20 ml, of 10%
sodium hydroxide solution, On cooling and acidification, white crystals
were obtained, which were recrystallized from aqueous methanol to give
needles of methyl-5-carboxy-3-~hydroxy~4-methoxy-2-furancarboxylate (3.8
ge, (86%), m.p, 243-245° (decomp,). The same melting point was reported

by l-Ioehn(3 ) .

Methyl 3-Hydroxy-4-Methoxy-2-Furancarboxylate (8; R = Me)

Methyl-5~carboxy-3-hydroxy-4-methoxy-2-furancarboxylate (1 g.,
0.0046 mole) was placed in a small sublimation apparatus and heated to
260° 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. 98°,
Recrystallization from aqueous methanol gave prisms of methyl 3-hydroxy-
L-methoxy-2-furancarboxylate (8; R = Me), m,p. 100°, Hoehn(s) reports a
melting point of 100-101°,

Diethyl Diglycolate (1; R = Et)

Diglycolic acid (134 g., 1 mole), absolute ethanol (360 ml., 6,2
moles), toluene (180 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°, and the dis-
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tillate boiling at 78° was collected over anhydrous potassium carbonate,
shaken well, 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 mm, was collected,
Yield, 156 g, (82%); n2°1.4267; &F° 1,115, MRy (calc.), 43.92; found,

43,70,

Diethyl 3,4-Dihydroxy-2,5~Furandicarboxylate (2; R = Et)

Diethyl 3,4-dihydroxy-2,5-furandicarboxylate was prepared in
70% yield according to Johnsons and Johns! method(1), which involved the
condensation of diethyl oxalate with dietﬁyl diglycolate in the presence
of sodium ethoxide, in ether solution, and in the same yield by a conden-

@)

sation using sodium ethoxide in the presence of excess ethanol

Diethyl 3,L-Dimethoxy-2,5-Furandicarboxylate (3; R = Et)

Diethyl 3,4-dihydroxy-2,5-furandicarboxylate (15 g., 0.06 mole)
was added to 120 ml, of water containing 4.9 g. (0.12 mole) of sodium
hydroxide and shaken well until dissolved, Dimethyl sulfate (7.8 g., 0.06
mle) was slowly added with stirring and the mixture was then refluxed for
one hour, An oily layer formed, 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 hydroxide solution, The
benzene layer was dried with anhydrous magnesium sulfate and then concent-

rated, leaving long white needles of diethyl 3,4-dimethoxy-2,5-furandi-
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carboxylate, (4 g.; 24% yield) melting at 54-55°, Hoehn(a) reported a

melting point of 48°,

Ethyl 5-Carboxy-3-Hydroxy-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
removed by filtration and washed with water, Yield of ethyl 5-carboxy-
3-hydroxy-,-methoxy-2-furancarboxylate was 2 g, (lh%); m,p, 192-195°
(decomp, )., Recrystallization from ethanol raised the melting point to
202° (decomp. ).

Analysis:

Calec, for CoH,,Q,: C, 47.0; H, 4.35%.

Found: C, 47.2; H, L.,76%.

Diethyl 3-Hydroxy-i-Methoxy-2,5-Furandicarboxylate (4; R = Et)

Diethyl 3,4-dihydroxy-2,5-furandicarboxylate (21.2 g., 0.085 mole)
was dissolved in 150 ml, of water containing 7 ge. (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 removed by filtration, the aqueous
solution extracted with ether, and the ether evaporated to give 2 g, (17%)
of diethyl 3,4~dimethoxy-2,5-~-furandicarboxylate, The aqueous layer was
acidified, and the precipitate washed well with water and recrystallized
from agqueous ethanol to give plates (14.3 g.) having a melting point range

of 70-100°, Further recrystallization from the same 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 diethyl 3-hydroxy-/-
methoxy-2, 5-furandicarboxylate melting at 73.6-75.6°,

Analysis:

Calc, for CnHwOv: C, 51.15; H, 5.46%,

Found: C, 51002; H, 5059%0

Diethyl 3,k-Dibenzoyloxy-2,5-Furandicarboxylate (9; R = Et)

Diethyl 3,L4-dihydroxy-2,5-furandicarboxylate was dissolved in
the calculated amount of 10% sodium hydroxide solution and was benzoylated
in the usuwal 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 3,4-dibenzoyloxy-2,5-furandi-
carboxylate, m.p. 141-143°,

Analysis:

Calc, for C24H3009: C, 63.70; H, L.L2%,

Found: C, 63.61; H, L.27%,

3,4-Dimethoxy-2, 5-Furandicarboxylic Acid (5)

Dimethyl 3,4-dimethoxy-2,5-furandicarboxylate (2 g., 0.0082 mole)

was dissolved in 15 ml, of 10% sodium hydroxide solution and boiled for half

* 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 removed 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 reported a melting

point of 243-245° (decomp,) for this acid,

In the same manner as above, the acid (5) was obtained in 95%
yield by hydrolysis of the diethyl 3, 4-dimethoxy-2, 5~-furandicarboxylate

(3; R = Et).

3,§7Dimethoxyfuran% (6)

3,4-Dimethoxyfuran was prepared by the decarboxylation of 3,4~

dimethoxy~2,5-furandicarboxylic acid (5) in three different ways:

(a) Decarboxylation in Quinoline: 3,4-Dimethoxy-2,5~-furandi-

carboxylic acid (2.5 g., 0.0116 mole) was suspended in 3 ml. of quinoline
and the mixture refluxed until the solid particles had disappeared.
Decarboxylation was very rapid as shown by the vigorous evolution of gas
as soon as refluxing started, The mixture was then fractionated 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%): 22 s

1.4708 (ﬂ 1,4650 as reported by Hoehn‘s)). The slightly higher
refractive index indicated a small amount of impurity (quinoline) whose

presence was confirmed by ultraviolet study.

The author wishes to express his thanks to Mr, I, Puskas for carrylng out
parts (a) and (b) of this experiment.
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(b) Decarboxylation in Silicone 0il: 3,4-Dimethoxy-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 3,4-dimethoxyfuran), the mixture was fract-
ionated under vacuum, The clear liquid of 3,4-dimethoxyfuran was
obtained in 10.,2% yield (0,121 g.),rzz% 1.4641, The clear liquid soon
became yellowish en standing in air, A longer period of exposure to air

resulted in darkening and hardening,

(¢) Decarboxylation in the Solid State: 3,4-Dimethoxy-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 melting point
(bath temperature 265°), A clear oil distilled off at 180°, which turned
brown on coming in contact with air., The infrared spectrum of the compound
(Fig. 12) showed the presence of a small amount of a carbonyl compound

beside 3,j-dimethoxyfuran,

Other experiments on decarboxylation of the acid (5) in the
solid state were carried out by heating the acid slowly and applying
vacuum, From the oil that distilled off in such experiments, small cry-
stals separated on cooling and were identified as 3,4~dimethoxy~2-furoic

acid, m,p, 168-170° (Hoehn(3) reports a melting point of 170-171°),
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Methanesulfonation of Dimethyl 3,4-Dihydroxy-2,5-Furandicarboxylate

Dimethyl 3,4~dihydroxy-2,5-furandicarboxylate (4.32 g., 0,02
mole) was dissolved in 30 ml, of water containing sodium hydroxide (1.4 g.,
0.04 mole) then methane sulfonyl chloride (2,28 g., 0.02 mole) was added,
and the mixture immediately shaken rapidly. After a few minutes, a yellow
solution containing a pasty solid appeared., The solid was separated and
recrystallized from methanol to give fine white needles of dimethyl 3,4~
dimethanesulfonyloxy-2,L~furandicarboxylate (13; R = Me) (0.6 g.; 20%

yield), m.p., 131.5°. It gave no red color with ferric chloride solution,

Analysis:
Cale, for G,gH 0,5, ¢ C, 32.20; H, 3,565 S, 17.15%.
Found: C, 32.09; H, 3.41; S, 17.09%,

The yellow solution above was acidified to give a voluminous
precipitate, which was recrystallized from methanol., White needles of
dimethyl 3-hydroxy-i-methanesulfonyloxy-2,5-furandicarboxylate (12; R =
Me) (3.88 g.; 66% yield), m.p. 142-143°, were obtained., A violet color
was produced with ferric chloride solution,

Analysis:

Calec, for 09 H1009 S : C, 32,20; H, 3,56; S, 17.15%.

Found: C, 32.09; H, 3.41; S, 17.09%.

Dimethyl 3-Methanesulfonyloxy-/l-Methoxy-2,5-Furandicarboxylate

(15; R = Me)

Dimethyl 3-hydroxy-4-methoxy-2,5-furandicarboxylate (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 mole) of sodium hydroxide, then methanesulfonyl chloride (2.28
g+, 0.02 mole) was added, The mixture was immediately 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 melting at 92.5°, It gave no red color
with ferric chloride solution,

Analysis:

Calc. for CoH,,QS: C, 38.95; H, 3.89; S, 10.4%

Found: : C, 38,98; H, 3.94; S, 10,19%

Methanesulfonation of Diethyl 3,4-Dihydroxy-2,5-Furandi-

carboxylate
Diethyl 3,4-dihydroxy~2,5~-furandicarboxylate (24.4 g., 0.1 mole)

was dissolved in 180 ml. of water containing 8 g, (0,2 mole) of sodium
hydroxide, Methanesulfonyl chloride (11.4 g., 0.1 mole) 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 needles, On recrystallization from
aqueous ethanol, white needles of diethyl 3,/-dimethanesulfonyloxy-
2,5-furandicarboxylate (13; R = Et) (2 g.; 10% yield), m.p, 83-85° were

obtained, The compound gave no red color with ferric chloride solution,
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Analysis:
Calc, for C,,H,.0,,5, : C, 36,00; H, 4,00; 5, 16,00%
Found: : C, 36.26; H, 4.,03; S, 15.94%

The supernatant liquid above was acidified and a heavy precipitate
formed which, upon recrystallization from aqueous ethanol, gave white
needles of diethyl 3-hydroxy-4-methanesulfonyloxy-2,5-furandicarboxylate
(12; R = Et) (10 g.; 31% yield), m,p, 108-110°, A deep red color was
obtained with ferric chloride,

Analysis:

Cale, for Cy4H,,0¢5 : C, 41.00; H, L.35; S, 9.85%

Found: : C, 41.08; H, 4,38; S, 9.62%

Diethyl 3-Methanesulfonyloxy-4-Methoxy-2,5-Furandicarboxylate

(15; R = Et)

Diethyl 3-hydroxy-L-methoxy-2,5~-furandicarboxylate (2,58 g. of
crude compound, 0,01 mole) was dissolved in 25 ml, of water containing
0.4 g (0,01 mole) of sodium hydroxide, then methanesulfonyl chloride
(1.1 g., 0,0L mole) was added quickly and the mixture shaken vigorously,
A white pasty solid appeared which erystallized into plates on decant-
ation of the supernatant liquid. Recrystallization from aqueous ethanol
yielded white plates of diethyl 3-methanesulfonyloxy-h-methoxy-2,5-
furandicarboxylate (15; R = Et) (2.5 g,; 75% yield), m,p. 101-102°,

No red color was obtained with ferric chloride solution,
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Analysis:
Calc, for C, H, O;S: C, 42.87; H, 4.76; S, 9.52%.
Found: C, 42-75; H, 14-0705 S, 9-38%0

Reduction of Dimethyl 3-Hydroxy-4~Methanesulfonyloxy-2,5-

Furandicarboxylate (12; R = Me)

The reduction was carried out according to the procedure of

(22)

Kenner and Williams with slight modification as follows:

Dimethyl 3-hydroxy-/~-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 pieces, and the flask shaken occasionally by hand, The yellow
solution slowly turned dark green on the addition of sodium,but no blue
color appeared, When all the sodium dissolved, the solution was kept in
the fume cupboard for three hours until all 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, whereby a
white precipitate formed, On crystallization from methancl, white prisms
(1.3 ge; 60% yield) were obtained which melted at 218-220°, Mixed melting
point with authentic dimethyl-3,/,~-dihydroxy-2,5-furandicarboxylate was

219-220°,



107

Reduction of Dimethyl 3-Methanesulfonyloxy-i-Methoxy-

25 5-Furandicarboxylate (15; R = Me)

Dimethyl 3-methanesulfonyloxy-4-methoxy-2,5-furandicarboxylate
(6,16 g., 0,02 mole) was dissolved in 50 ml, of liquid ammonia, and then
lithium metal (0.28 g., 0.04 g.-atom) was added slowly and the mixture
shaken every now and then, As the addition of lithium proceeded more
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 added, 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), which on
recrystallization from aqueous methanol melted at 243-245° (decomp,), 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-L-Methoxy-2,5-

Furandicarboxylate (15; R = Et)

Diethyl 3-methanesulfonyloxy-A-methoxy-2,5-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 manner as above, On working
up the residue, white crystals (6 g., 40% yield) were obtained; m,p, 195°
(decomp,). These were identified as ethyl 5-carboxy-3-hydroxy-i4-methoxy~

2-furancarboxylate by mixed melting point with an authentic sample,
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Condensation of n-Butyl Glyoxylate and Diethyl Diglycolate

A mixture of n-butyl glyoxylate(” ) (13 g., 0.1 mole) and diethyl
diglycolate (19 g., O.1 mole) was added slowly, with stirring, to a solution
of sodium ethoxide (6.6 g. of sodium, 0,29 g.-atom in 100 ml, of absolute
ethanol) in ethanol., The mixture was left for five days at room temper-
ature under dry nitrogen, then poured into 150 ml, of water, acidified with
dilute acid, and the acid solution extracted with chloroform, Concentration
of the chloroform solution gave an oily residue together with some crystals.
The crystals were separated by filtration and washed with a small amount of
50% 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 3,4~
dihydroxy~2, 5-furandicarboxylate., The 0il was boiled with a 10% 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

0oil was obtained and showed no carbonyl frequencies above 1700 cm.-l

Condensation of Diethyl Mesoxalate with Diethyl Diglycolate

(2) Using Sodium Ethoxide: A mixture of diethyl mesoxalate (8,7

g., 0.05 mole) and diethyl diglycolate (9,5 g., 0.05 mole) was added with
stirring to an ice-cooled solution of sodium ethoxide (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 melting point and mixed melting point, The viscous oil
vwhich 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,h~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,
14) indicated the presence of a carbonyl absorption band above 1700 cm.-l

as well as carbonyl absorption below 1700 cm.'l indicating the absence of

chelation in the first case and the presence of it in the second.

Analysis:
Cale., for C . H, O4: C, 48,2; H, L 41%,
Found C, 48.7; H, 4L.38%.

(b) Using Sodium Methoxide: The above experiment 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
crystalline 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 dimethyl 3,4-dihydroxy-2,5-

furandicarboxylate by means of melting point and mixed melting point,
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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., 0.1l6 mole) with stirring and cooling, over a period of 4O
minutes, White crystals (10,146 g.; 30% yield), identified as dimethyl 3,4~
dihydroxy-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 t-Butoxide: Potassium t-butoxide was prepared

(31) from potassium metal (3.9 g., 0.1 g.-atom) and dry t-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 t-
butoxide with stirring, under nitrogen atmosphere, 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 remove any starting material or neutral 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, giving heedles, mepPe 77.5° They gave no red color 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 czm._l

Analysis:
Found: C, 50.90; H, 6,57%,

Calc. for CpuH3a01s: C, 50.85; H, 6.714.
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PART IiI

Physico-chemical Studies

The infrared, ultraviolet, and nuclear magnetic resonance spectra
of a number of furan derivatives prepared in the course of this work have
been studied and correlations with the structure of these compounds have
been made, The structure of a-angelica lactone has also been studied and
soms evidence regarding the absence of a furanol form is discussed. The
strongly phenolic nature of some of the B-hydroxyfuran derivatives pre-
pared in this laboratory was observed, 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 Ring

The infrared spectra of furan both in the liquid and vapor phase,

have been studied in some detail by several investigators("z’:’"'). How-

ever, the first attempts at a systematic infrared study of mono- and di-

(s)

substituted furans were made fairly recently by Cross et al. and slightly

later by Da.asch(é). Most recently, a thorough study of 2-mono-substituted

furans has been made by Katritzky and La.gowski(7)

» who cleared up some
controversial correlations given in previous work, Unfortunately, the work
on tri- and fully substituted furans in the infrared region seems to be

completely lacking, In the course of this work, the infrared spectra of a



number of fully substituted furans, as well as some di- and trisubstituted
furans, were examined and correlations with the structure of these compounds
as well as comparison with the reported characteristic furan frequencies

5
(5:6:7)  1ave been attempted.

The instrument used for this study was a Perkin-Elmer Model 21

double-beam recording spectrophotometer equipped with a rock-salt prism,

8
Such a prism is not expected to have a high resolving power( ) 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 examined

showed a relatively weak band between 3152-3127 cm, ™t (ses TableI), This
is probably the =C-H stretching vibration, since the band disappears in the

fully substituted furans, Pickett(1) ()

bands in this region at 3164 et and 3185 cm.-l respectively,for furan

and Thompson and Temple reported

vapor, using fluorite prisms, and assigned them to =C-H stretching vibrations,

Furans generally absorb in the region 1600-1400 o, > Katritzky

(7)

and Lagowski attributed this absorption to the furan ring stretching

frequencies (modes I - III), All the compounds examined here showed at

(1) (I1) (1I1)



TABLE I

Characteristic Furan Frequencies
~CH Ting T et oI-plans
Compound Stretching Ring Stretching H In-plane Deformation Breathing Deformation Technique IFigure
1. l ﬂ 3140 (w) [1610 (vs) 1535 (8) 1396 (s) | 1216 (sn) 1150 (w) 2070 (m) | 1006 (s) |940 (m) 880 (m) | Liquid film 1
~0-Chs 70 (m)
0
1623 (s) 950(sh)
2, 315 (w) [1597 (s) 1462 (sh) 1387 (sh)| 1215 (m) 1170 (sh) 1065 (m) | 2022 (m) {940 (m) 807 (w)| Liquid film 2
HaC o OCHa 735 (m)
962 {m)
3. 3127 (w) |1598 (m) 1527 (s) 1390 (sh)| 1208 (s) 1170 (sh) 1092 (sh)| 1018 (s) | 945 (m) 860 (m) | Liquid film 23
HaC COLEL 756 (m)
HsCO CHa 3035 éw) 1630 (s) 1540 (sh) 1390 (sh)
4. 3152 (w) |1578 (s) 1,15 (m) | 1216 (s) 1145 (s) 1070 (sh)| 1010 (s) - 868 (s) | Liquid film 10
0
HO OH 1615 E"?
ED - 1577 (s) 1523 (w) 1410 (m) - - - 1015 (m) - - | Nujel mull 15
Et04C COgEt
HaCO OH
6. - 1620 (w) * 1400 (m) - - - 1022 (m) - - 2% CCl, solution 18
E10,C R
o]
HaCO CHa
. - - - - 3 - - CCl, soluti 19
4 Et0,C CO.Et 1607 () * 1392 (m) @6 (s) 1% cC1;, solution
o]
HaCO CHa 1595 (m)
8. - |3562 (s) 1515 (sh) 1385 (sh) - - - 983 - - | 8Br pellet 20
HO,C COH
0
HaCO CHa 1597 (w)
> CoH - 1557 (8) 1492 (s) 1390 (m) - - - 997 (m) - - | KBr pellet 21
2
0
Et0,C CH
10. - 1610 0 00 - - - 1020 - - Nujol mull L,
HO,C[ ][COBE'c (m) 1450 (m) 1400 (m) (m) 30
o]
HaCO. 0503Me
n. EtOQCH LozEt - 1612 (w) * 1385 (s) - - - 1025 (m) - - | 0.5% cc1, solution| 22
HaGO. OH 1612 (w)
- 1570 (m) 1512 (w) 1380 (w) - - - 1015 (w) - - | Mugor mam1 16

]

HO,C COFt

* Solvent absorption

STt
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least two bands in this region, In some cases, however, the presence of

bands was obscured by the absorption of the solvent (CCl, ).

The hydrogen in-plane deformation frequencies (modes IV - VI)

appear between 1200 and 1050 cm.-l according to Katritzky and Lagowski(7),

(s) -1

while Cross et al. correlate the bands at 1248-1218 cm, ~ with the

(1) V) (V1)

C-0-C asymmetric stretching vibration, Since in three of the fully
substituted furans studied (compounds (1), (2) and (3) below), this band
was completely absent (see Figs, 19,18 and 20), while in the other fully
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 Katritzky and Lagowski,

MeO Me MeO OH MeO, OMe

Et0,C / \ COpEt  Et0,C / \ -CO,Et  HO / \ 0,H

2
0 0 0

(1) (2) (3)
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A band that consistently appeared between 1025 and 1006 cm.-l
in all the compounds examined was attributed to ring breathing frequency

(mode VII) by Katritzky and Lagowski(7 ) . Jones et al, ©) correlated this

A

4
0

(VII)

frequency with the C-H bending mode of vibration, However, it is evident
from this study that this cannot be the case, since fully substituted
furans exhibit medium to strong absorption in this region (with the

exception of 3,A-dimethoxy-2,5~furandicarboxylic acid),

Absorption between 1000 and 700 cm,-l has been correlated with
the C-H out-of-plane deformation vibration(s ) » and while most of the
compounds examined here (including the fully substituted furans) showed
a number of bands in this region, all the compounds having at least one
hydrogen atom in the nucleus showed absorption bands in this region which
may be attributed to this mode of vibration, Unfortunately, due to the
limited number and variety of mono-, di-, and trisubstituted furans
studied, no definite correlation between the position of substituent(s)
and position of band in this region, as in the case of benzene('o ) s could

be given,
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-1 (C-H stretching),

to be the character-

Kubota('i) selected the bands around 3125 cm,
1563 and 1511 cm.-l (aromatic ring) and 885-869 cm._l
istic absorption bands of the furan ring., It will be clear from the above

-1 appear only when

discussion that the bands at 3125 and 885-869 cm,
there are free hydrogen atoms in the furan nucleus and disappear in fully
substituted furans and therefore camnot be taken as characteristic of the
furan ring, Furthermore, the band around 1563 cm, ™t seems to be at the
lowest extreme of the range since all the furans examined in this labor-
atory and most of the furans examined by Katritzky and Lagowski absorb

at higher frequencies (30-40 cnu—l higher in some cases). However, it
mist be understood that bands in this region are sensitive to the type of
substituent, a shift towards lower frequencies taking place as a result
of conjugation, On the other hand, the band at 1006-1025 em, "t (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-
fore that such a band, rather than the bands at 3125 or 885-869 cm,™ T,

should be taken as most characteristic of the furan ring,

B, The Carbonyl Absorption Bands in Diethyl 3,L-Dihydroxy-2,5-

Furandicarboxylate and Derivatives

The region 1640~1750 cm.-l was one of the most useful ones in
the characterization of the compounds obtained from the condensation of

diethyl diglycolate and other dicarbonyl compounds (Part II),

Diethyl 3,4-dihydroxy-2,5-furandicarboxylate was given the form-

1
ula (4) by Johnson and Johns( 2), but soon after, the formla (5) was
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suggested in favor of the formila (4) by H:insberg('a) who found that the

compound gave a positive ferric chloride test for enols,

0 HO OH

Et0, CO,Et \
EtO, —CO,Et
H ‘ H

0 0

(4) (5)

Later, 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 tautomerism, the compound being completely in the enolic form (5).
Dunlop and Peters('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,

10 O—n
;
o \. 7
EtO/ 0 \OEt

(6)
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The formula (6) indicates that both carbonyl groups of the esters are
involved in chelation with the two hydroxyl groups, Rasmussen and

(16) reported that ethyl acetoacetate (7) showed a carbonyl

Brattain
band at 1653 cm.—:L which they attributed to the ester carbonyl group

after chelation with the enolic hydroxyl group in the tautomeric form
(8).

///H o,//’Huu
U U
- Q§“cﬁ/// \\\OEt o H3c’///Q§\\*cé/// \\\‘oEt

HaC

(7) (8)

The similarity in structure betwsen (6) and (8) can immediately 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

(17)

due to coupling between the C=0 vibrations in in-phase and out-of-

phase modes as in the case of diacyl and diaroyl peroxides. Davison(")
considers that the mean of the two frequencies is acceptable as the
unperturbed frequency of the individual C=0 band, The mean frequency in

the above case would be 1672 em,™! and this is in excellent agreement with

the carbonyl frequency of the 2-carbethoxy group in diethyl 3-hydroxy-i-

methoxy-2, 5-furandicarboxylate (9), which falls at 1670 cm.-l (Table II),



2.

3.

Lo

5.

7e

TABLE II

Carbonyl and Hydroxyl Group Absorption of 3-Hydroxy-2-Furancarboxylic Acid Derivatives

Phenolic O-H Carboxylic Ester C=0 Ester C=0 Carboxylic
Compound Stretching O-H Stretching Stretching C=0
(chelate) Stretching (non—chelate) (chelate) Stretching
HO, H ' 3360 - - 1687 -
Y \ . 1657
Et0,C o 0,Et
3360 - ' 1720 - 1670 -
3350 3100-3000 - 1672 1692 (sh)
2800-2500 1682 (sh)
- - 1708 - -
1717
- 2950-2540 - - 1700 (sh
1685 (sh)
1670
0
Et0,C.. OH 3260 3160 (sh) 1727 1640 1690
HOzcl/ \LcozEt
© - 1740 (sh) - -
1720

1T
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The absence of any peaks above 1700 cm. ™t 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._l) and a~diketones (about 1730 Cm."l (18))'

Me CH

Et0,C \ 0,Et

(9)

That chelation is responsible for the shift of the carbonyl
frequency downwards, is attested by the fact that as soon as one of the
hydroxyl groups is methylated, such as in diethyl 3-hydroxy-4-methoxy-
2,5-furandicarboxylate (9), a new peak at 1720 om, "t appears, This is
due to the carbonyl vibration of the 5-carbethoxy group, which is expected
to behave in a way similar to ordinary furoates (ethyl 5-methyl-2-furocate
absorbs at 1715 cm._l). 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 3,4~dimethoxy-2,5-furandicarboxylate (1),
which shows no carbonyl frequencies below 1700 cm.—l, 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 falling at around

1713 cm.-l which is the position expected for ordinary furoates, or con-
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Jjugated esters in general(’g). The position of the carbonyl band due to
chelation seems to be lower in the compound.(é) than in methyl salicylate
where the band occurs at 1684 cm,™* (20). This is probably due to the
stronger double-bond character(z"zz) in the 2,3 bond of furan (8&-86%(23))
as compared with the G=:C bond in benzene (50%). The greater double-bond
character would facilitate greater conjugation between the substituents

on the 2,3-carbon atoms of furan with the result that a stronger intra-

molecular hydrogen bonding takes place (chelation) and a shift of both

the O-H and the C=0 stretching vibrations to lower frequencies,

The band at 1672 cnu-l also occurs in the spectrum of ethyl 5-
carboxy-3-hydroxy-4-msthoxy-2-furancarboxylate (9a) in which chelation

exists as in the dihydroxy compound (6). However, the free carboxyl group

MeO H

HO, 0,Et

(9a)
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(2%)

in the 5-position shows a normal absorption for aryl conjugated acids

-1 Possible dimerization of the acid is indicated by the

shoulder at 1682 cm.-l and by the absence of a band at 3560-~3500 cm.-l for

at 1692 cm,

the O-H stretching of the free carboxylic OH group, A more acute case of
association of carboxyl groups occurs in 3,4-dimethoxy-2,5-furandicarboxylic
acid (2) which shows its stronger peak at 1670 cnu-l with shoulders at

1700 and 1685 cm, ™t

That this is due to dimerization, can be seen from
the position of the carboxylic O-H which shows a weak but very broad
band extending 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-2,4-furandicarboxylate

(10) whose infrared spectrum was discussed in some detail in Part 11, the

L This seemingly low value

1

chelate carbonyl group absorbs at 1640 cm.
for the chelate carbonyl absorption (as compared with 1670 cm, — in the
other compounds discussed above) may be explained on the increased douhle-~
bond character of the 2,3 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) below, However, the presence of the ester group
in the p-position will now introduce the form (12) in which the double-bond
character of the bond 2,3- is increased. The positions of the other two
carbonyl groups in the molecule are in agreement with the expected posit-
ions for a conjugated acid (1690 cm.-l) and a conjugated ester (1727 cm.'l)

The increased degree of chelation in this compound may also be seen from
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0
V)
EtO OH Et H
BC A .
Hocd\f‘)‘_’noc D,
2 ) 2 \\\
o \ ®
_\‘Q OEt 0 \OEt
(10) (11)
o@
/
Et0-C H
HO,C \ 0,Et
2 N 2
0
(12)
the shift of the hydroxyl group stretching vibration from 3360 em, ™t in

most of the chelate compounds discussed above, to 3260 cm. t
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II ~ Ultraviolet Absorption Spectra

Changes in electronic spectra due to individual groups are
modified by interaction with other groups present in the same molecule,
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 énd in large wavelength-displacements of the bands. Such inter~
action is particularly strong in the case of adjacent groups containing
highly polarizable 7~ or p-electrons, and the classical term "conjugation"
is given to such interaction, The term "chromophore" is given to
unsaturated groups such as C==C and (==0 (7-electron groups), while

the term "auxochrome® is given to such groups as -NR3 and -OR (p—electron

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 molecule 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 more nearly the ensergy of the first excited state corresponds to the
energy of the ground state, the longer is the wavelength of light absorption,
Conjugation (m-m conjugation or w;g_conjugation) generally results in closing-
up of ground and excited electronic levels, i.e,, a decrease in transition

energy and band displacement to longer wavelength (bathochromic shift), If,
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on the other hand, resonance stabilizes the ground state more than it
stabilizes the excited state, 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 state,
the energy difference between the two states increases and a hypsochromic

shift occurs (cf. p. 72).

In studying the ultraviolet spectra of the furan derivatives
prepared in the course of this work, the effect of various substituents

(auxochromes and chromophores), will be discussed,

A, a- and g-Methoxyfurans

Furan shows very weak absorption above 220 mp and only end
absorption at 210 mu(as). Recently, Pickett et é}.,(26) working with a
fluorite prism in the vacuum ultraviolet region, obtained a peak for furan
vapor at 205 mp (ésmax. 6,000), However, a small bathochromic shift is
observed when alkyl groups are substituted (effect of hyperconjugation).
Thus 2,5~dimethylfuran has a maximum of absorption(27) at 219.5 mp (é;max.

8,000),

In the present work the effect of substituting methoxyl groups
in the a~ and B-position 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‘ag’zg). In

furans, it was noticed that well-defined peaks appeared in the spectra of
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2-methoxyfuran ( P\ma.x 222,5, & max. 500) and 5-methyl-2-methoxyfuran
(.knax. 221, é;max. 5,600), while a shoulder at 213 mu (éimax. 9,800) was
obtained with 3,4-dimethoxyfuran, The greater bathochromic effect of

the a-methoxy group may be explained on the basis of capability of such a
group to conjugate (w-p—conjugation(3° ) ) with the diene system of the

furan nucleus as shown below (forms VIII and IX),

TABLE III

Ultraviolet Absorption Spectra of Methoxyfurans

Compound Xma.x (C’ma.x Figure

1. @OC}-b 222,5| 4,500 | 24

2e H3C / \ Ha

224, | 5,600 | 25

3. / \

: (sh)
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/3
/ @
Hs “~—> =0~CHy «— @ %—CH;,

(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 hand, the B-methoxy group can only conjugate with
one double bond (forms X and XI).

H3C=0 C 0-CHj Hy c-o\/) %-cn, Hs c-®j ?/;-cn,
/ \D -— C{g & -— & S
0 0 0

(x) (XI)

The increased intensity of absorption in the case of 3,4~dimethoxyfuran is
probably understandable if we assume that the two methoxy groups work
independently of each other and that these effects would be additive (cf,

Gillam and Hay(:“) on m-polyphenyl compounds),
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B. 3-Hydroxy-2-Furancarboxylic Acid Derivatives

This part is concerned mainly with the study of the ultraviolet
absorption spectra of the derivatives of 3,A-dihydroxy-2,5-furandicarboxylic
acid and of diethyl 5-carboxy-3-hydroxy-2,4i~furandicarboxylate (10), whose
preparation was discussed in Part II, Six different compounds were chosen,
five of which had at least one ionizable hydrogen (see Table IV), To
measure the spectrum of the unionized compounds, 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), the furan ring in the
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