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Abubwt-. .‘I‘he reactions of some halogen0 kcroaters and the so&o derwatwa of /Ldlcarbonyl 

compounds have hccn invatlgatcd. 

IN a recent publication’ we discussed some aspects of the chemistry of furan tetra- 
carboxylic acid (F.T.C.A. ; I ; R L H), and in particular the preparation of F.T.C.A. 
by the hydrolysis of its tctraester, (I ; R Et.). The latter compound may be obtained 
in very satisfactory yield by the dehydration of the tctraester, variously described as 
II,* III.3 and IV.’ Further structures, V and VI, have been suggested as reasonable 
possibilities. ‘1’ WC have now shown that the tetracstcr is V. 

The tctraestcr (V), which gives no ferric reaction, may be conveniently prepared* 
by the addition of bromine to a stirred suspension of ethyl sodio-oxaloacetatc in an 
inert solvent. This is a base catalyscd reaction of ethyl bromo-oxaloacetatc with ethyl 
oxaloacctate since WC have shown that preformed bromo ester will react with ethyl 
oxaloacetatc in presence of sodium acetate or pyridinc to give V. 

Structures II and III cannot be seriously cntcrtaincd since both possess an enoliz- 
able kcto group and would give a ferric reaction. The tctraestcr (V) shows strong 
absorption at 3500 cm l, typical of a single bridge bonded hydroxyl group, but not of 
an cnol. Moreover it is difficult to see how Ill could cyclize to give I (R-Et), though 
this reaction has been suggcstcd.3 and indeed a recent text book5 draws special 
attention to it. 

Ethyl bromopyruvatc condenses with ethyl sodio-oxaloacctate to give a tri- 
carboxylic cstcr which has been formulated as VII or VIII. Its formation must 
proceed by a similar mechanism to that which gives V. Structure VIII and not VII 
must however represent the triester since on hydrolysis it affords furan 2,3,4-tri- 
carboxylic acid (IX; R - H) and not its 2,3.5-isomer (X). By analogy we assign V 
and not IV to the tctraestcr. Furthermore both IV and VII are hcmiketals which 
with acid would undergo ring cleavage to give furan 2.5dicarboxylic acid. 

Structure VI is a possible altcrnativc to V for the tctraestcr. but spectroscopic 
data given in Tables I and 2 show that the tetraestcr (and the tricstcr) cannot possess 
the cthylenc oxide structure of VI. 

In Table I only the bands in the 3500 and 1800 1500 cm l ranges are given. 
Below 1500 cm * and particularly in the 1350-1000 cm 1 region the spectra are very 
complex and it is difficult to distinguish between the C 0 stretching absorptions of 
alcohols and esters. 

t W. Cocker. W. J. Davis, ‘r. Li. It. McMurry and P. A. Siarl. Trrrohrdroon 7, 299 (IY59). 
s H. SUIIC~. LlrbiKs Ann. 4999, 56 (1932). 
* T. Reichstein. A. Gruunrr. K. Schmdler and E. Hardnxyer. ii&. C’hrm. Acfa 16,276 (1933). 
’ A. P. Dunlop and C. I). Hurd. /. Org. Chrm. 15. I160 (1950). 
’ A. R. Katrctsky and J. M. t.agowski. Hrrrror,w/Ic ChrmlJwy p. 154. Mclhuen. London (1960). 
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TABU 1. INFRA-RED MEASUREMENTS WERE MADE IN NUKH. (n), LIQUlD FILM (I) OR 

-0FoKM (c) 

Compound I Ym. cm-.’ 
_--- --- _ ___ ___ _.- __ _- - .-._. -.--_ .-_.. - 

Tctracstcr (vXn) 3500. 1776. 1764, 1703. 1670, 1650 
Tricsta (VIIIXn) : 3500. 1764. 1703, I650 
Furan wracarbxylic ester (1; R - Me) (n) ’ 1766. 1759, 1747. 1728. 1612 
Furan 2.3,~tricarboxylic t%cr 

(IX; R .:: Me)(n) 1742, IS95m 1545 
Methyl furan-3carboxylarc (c) 1726, 1703. 1594. 1581. IS06 
rr4~ I ,2-Dimcthoxycarbonyl ethylme oxide 

(XI) (n)’ 1745 
Ethyl /Mhoxyacrylate 

(XII; R .- R’ = 11; R” CO,EO (I) 1724, 1708. 1652, 1632 
E4hyl/3cthoxycrotonarc 

(XII; R = CH,; R’ - H; R” -- CO,Et) (I) 1742. 1650 
Ethyl 2.6-dimahyL2,3dihydropynn-S- I 

carboxylate (XIII)’ 1627 
Dicrhyl maleate (I) 1724. 1639 
Dimethyl makatc (I) 1724, 1653 
Dicthyl fumaratc (1) 

I 
1724, 1647 

* R. Kuhn and P. Ebcl. Ber. Duch. Chem. GCJ. SE. 919 (1925). 
’ P. E. Badcr. Helo. Chlm. Act4 36, 215 (19S3). 
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TAB11 2. L’LTRA-VIOLET LIGIil ABSORPTION MWUREMEMS HTRF. MADE IS ETHANOL 

Sulxtancc 

Tctracsrer (V, 
Tricslcr (VIII) 
Furan tctracarboxylic csicr (I ; R MC) 
Furan triwrboxylic ester (IX; R Me) 
truns I ,2-Dtrncthoxycarbonyl ethylene 

oxide (Xl) 
Ethyl ficthoxyacrylatc (XII; R R’ II; 

R” .. CO,Et) 
Ethyl /Iethoxycrotonate (XII ; R CIl,: 

R’ - H; R” CO,Et) 
Dicthyl cthoxymethykncsuccinaate 

(XII; R H; R’ CO,Et ; 
R” CH,CO,F.t) 

Ethyl 2,6-dimethyl-2,3_dihydropyrdn-S- 
carboxylate (XIII) 

Ethyl oxaloacetatc 
Ethyl acctoacctatc 
Diethyl malcaw 

L, A log c 
---. _ _ _ _ --- 

2470 3.89 
2410 3.88 
2580 4.09 
2450 4.05 

No max 

2330 

log c 2.0~ at 234~1 A 

4.29 

2380 4Q9 

2380 ’ 4.02 

2480 4.1 
2650 3.54 
2460 3.28 

Inf. at 2500 2.95 

The carbonyl bands at 1776 and 1764 cm 1 shown by V and at 1764 cm 1 shown 
by VIII though at unusually high wave numbers are probably due to the unconjugatcd 
ester groups, although furan tetracarboxylic ester shows bands at 1766 and 1759 cm-i. 
The bands at 1703 cm l are due to conjugated ester groups and similar bands arc 
found at 1724 cm l in most of the conjugated esters listed. The strong bands at 
1650 cm-l shown by V and VIII are undoubtedly associated with conjugated C C. 
Similar bands are found at 1632-1653 cm-l in the unsaturated esters listed in Table 1. 
mms 1.2-Dimethoxycarbonyl cthylcnc oxide (Xl) which lacks the cthylcnic double 
bond but contains an oxide structure similar to that of VI shows no absorption save 

that of the ester groups. 
The ultra-violet data emphasire the similarity of V and VIII, though it will be 

noticed that both absorb maximally at IO0 to 200 A higher than the analogous acyclic 
unsaturated esters. The bathochromic cffcct is presumably a function of the ring 
system, and this suggestion finds support in a comparison of the maximum exhibited 
by ethyl 2,6dimethyl-2.3-dihydropyran5carboxylatc (XIII) and its acyclic analogue 
ethyl $-cthoxycrotonate (XII; R CH,; R1 : H; R1l -3 CO&). The intensity of 
the maximum absorption of V and VIII is similar to that cxhibitcd by the cstcrs 
bearing the group RO,C. -C(R).,-C(R)OR and is uniformly greater by an order of 
magnitude than the intensity shown by diethyl malcatc which lacks the vinyl cthcr 
function. The spectrum of rrarrs 1,2-dimcthoxycarbonylethylenc oxide (XI) shows 
that the cthylcne oxide ring (present in VI) does not behave like an z./?-unuturated 
ester or a cyclopropanc ring conjugated with an cstcr group. 

The nuclear magnetic resonance spectrum of V also supports its structure. It 
shows a peak at 4.88 p.p.m. due to a single hydrogen z- to the cthsr oxygen and to the 
ester carbonyl. The single hydrogen in IV would be expected to show a peak at 
7.5 p.p.m. The mcthylcne groups of the ethyl groups give a complex scrics of bands 



Reactions of wmc durbonyl compounds 49 

around 5.69 p.p.m. A peak at 5.99 p.p.m. is due to the hydroxyl hydrogen. The 
combined weight of these peaks corresponds to 9 hydrogens. The complex bands 
around 8.66 p.p.m. arc due to the 12 hydrogcns of the 4 methyl groups. 

When either V or VIII is rcfluxed with hydrochloric acid. furan-2,3,4_tricarboxylic 
acid (IX; R; H) is obtained, in the former cast admixed with the tetracarboxylic acid. 
Since furan tctracarboxylic acid, (I; R 7 H). is unaffected by treatment with hydro- 
chloric acid, the decarboxylation of V must occur bcforc the furan ring is formed. 
We believe that the secondary 2-ethoxycarbonyl group is the most readily hydrolyscd 
of the four, thus giving XIV, but whcrher the decnrboxylation takes place before or 
aftsr hydrolysis of the remaining three ester groups is immaterial. The actual de- 
carboxylation is probably prcccded by protonation of the 4-hydroxyl group, followed 
by loss of water, to afford the intcrmcdiate XV to which the three canonical forms 
XVa, XVb and XVc contribute. The intcrmcdiatc will readily lost a proton and 
carbon dioxide to afford furan 2.3,4-tricarbonylic acid (IX). A rather similar mccha- 
nism has been advanced for the acid catalyscd dccarboxylation of cinnamic acids.* 

Since V is prepared under basic conditions the cpimcrizable centre at C, will 
adjust itself so that the 2- and 3-cthoxycarbonyl groups become [rum with respect to 
each other. The loss of water to give furan tctracarboxylic cstcr (I; R = Et) when V 
is treated with concentrated sulphuric acid is thus explained. WC have also shown 
that the dehydration can be effected using a mixture of acetic anhydridc and pyridine, 
though dehydration with phosphorus oxychloridc and pyridine. or with acctyl 
chloride or thionyl chloride was not possible. 

We wcrc unable to rcducc the tetraestcr V by catalytic methods or by the USC of 
zinc in ethanol, 7inc in acetic acid, or the latter reagent containing silver nitrate.0 
Bromination of V could not bc effected but a model of V, using space-filling models, 
shows that the 4- and 5-ester groups are very close together. and that access by 
bromine to the double bond must be very difficult. 

Ozonolysis of V in ethyl acetate afforded a viscous product which gave no ferric 

reaction. The product showed a maximum at 3500 cm’ * in the infra-red, but the 
peak at 1650 cm -l (C C) shown by V had disappeared, and a broad band at 1745 
cm l (carbonyl) appeared in place of the four carbonyl peaks exhibited by V. The 
ozonolysis product reacted rapidly with ammonia to give one molcculc of oxamidc 
for molecule of V, and with ethanol it afforded ethyl oxalate. These properties are 
consistent with an ozonolysis product of structure XVI, but attempts to isolate a 

* W. S Johnson and W. Ii. Heinz. /. Anwr. Chrm. Sot. 71. 2913 (1949). 
’ P. Rladon. 1. Clrm. Sot. 2176 1195s). 
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compound of structure XVII from XVI failed. The ozonolysis product of IV would 

IYI XvIl 

Diazometbanc reacted only very slowly with the tctraester (V), to give a viscous 
liquid which was no longer unsaturated, but it possessed a band at 1540 cm l in the 
infra-red which can be assigned to an imidazoline C-N or N=N (cf. XVIII). 

We envisage the formation of the tctracster (V) by the reaction sequence shown 
below. PV 0 

L’O,C. 
co,E’ 

‘0 -0 / c-i 
0 : 

C’O c4tI ,C 
4 _- 

2 0' cO,Et 

CqEt -- L 

‘xco Et 

2 

Y 

Whilst in the case of the simple ketones the equilibrium of the first stage of the 
reaction lies to the lefti the effect of the bromine atom and the carbethoxy groups 
will bc to increase the activity of the carbonyl group. In this connection WC should 
mention that all our attempts to condense ethyl x-bromoacctoacetate with ethyl 
sodioacctoacetate failed, even when pyridine was used as a solvent. The difference in 
reactivity between ethyl bromo-oxaloacetate or ethyl bromopyruvate and ethyl 
bromoacetoacetate is readily explained by the greater reactivity of the keto group in 
the first two compounds, flanked as it is by --COsEt and -CHBr-groups. 

co+ 
EIOHCOI . 1 <n 
E’O,C’ o-l- .,N 
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nm 

I 
04 
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m 

1.1. Hint. Phyricol Orgonfr Chemistry p. 2J3. M~G~~-IIIU. New York (19%). 
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Attempts were also made to condense hromodimcdone (XIX) with ethyl sodio- 

oxaloacetatc according to the following reaction scquencc--.X1X l XX l XXI, but 

the only product was the tctraester (V) in high yield. 
Bromodimedone must thus act as a brominating agent converting part of the 

ethyl sodio-oxaloacetatc lo ethyl bromo-oxaloacctatc. No reaction occurred when 
sodiodimedonc was shaken with ethyl bromo-oxaloacctatc or bromodimcdonc. 
This may bc due to stcric factors, or, as is more likely, to the stability of the enolate of 
the dimcdone. 

When ethyl ;*-bromoacetoacctatc was reacted with ethyl sodio-oxaloacctatc, the 

bromo ester condcnscd with it.sclf. the product being ethyl succinylsuccinate. This 
compound has been prepared by the self-condensation of ethyl y-haloacetoacetates 

in the presence of bases. l1 Ethyl sodio-oxaloacctatc can obviously supply the base. 

EXPERIMENTAL 

Ethyl r-bromo-oxaloacclarc was prepared by the method of Conover and TarbclP*. 

Reuclion of erhyl z-hromo-oxaloactro!t wilh trh_vl oxaloacttart 

(a) Wi;h trhyl so&-oxulouct/art. Fmcly powdcrcd ethyl sodlo-oxaloacctatc (6 g) was addcd IO a 
solution of ethyl z-bromo-oxaloacctarc (5 g) in ether (50 cc) and the mix:urc was shaken for several 
hours and then set aside ovcmight. The mixture was filtcrcd and rhc ethereal filtrate evaporated IO 
dryness. The ralduc was washed with ice-cold crhcr giving tetracthyl 2,3_dihydro-3-hydroxyfuran- 
tetracarboxylatc (V, 2 I g; 34Io!). m.p. 82-83’. undcpL4 by an authentic specimen. 

(b) Wifhpyridint as caru/,vst. A mixture of ethyl z-bromo-oxaloacetate (5 g) and ethyl oxaloaoctalc 
(5 g) in ether (IO cc) was trcatcd with freshly dlstillcd and dried pyridinc (2 cc). and KI aside over- 
mght. The mixture was filtered and the cthcrcal filtrate washed with dil H,S0, and then with water. 
The residue on evaporation of the ether was a yellow oil which slowly crystalhrcd giving V. On 
washing with icccold ether it was obtained as colourlcss necdlcs (0.25 g). m.p. 8&83’. undcprcssed by 
an authentic spccimcn. 

‘IPlrotrhyl/rrrunrtrracarhoxylarr (I ; R - EI) 

A mixture of tetracthyl 2,3Jihydro-3-hydroxyfurantctracarboxylatc (V) (2 g), acetic anhydride (5 
cc) and pyridine (5 cc) was hwtcd on a water bath for 2 hr. The mixture was poured into &-water 
(30 cc) and ncutralirnl with sodium carbonate. The solution was extracted with ether. and the ether 
layer washed with N H,SO, and water and dried (Na,SOJ. The product was chromatographed on 
neutral alumina (Woclm brand. 3Og). Flution with bcnznc-light petroleum (b.p. 40’60”) gave 
tctracthyl furantctracarboxylatc (I; R F.I; 04 g), m p. and mixed m.p. 34’. 

Rtarrion o/ hromodimtdotu with trhyl sodio-oxaloactrort 

Rromodimcdone was prcparcd as follows. ” A stirred mixture of dimcdonc (IO g) sodium aoztate 
(6.3 g) and glacial acetic acid (100 cc) was slowly trratcd wuh brommc (4 cc) in glacial acetic acid 
(70 cc). After stirring for a further I hr, water (600 cc) was added and the deposited solid collated 
and wrtrhcd free from bromide. After drying in a desiccator it weighed I I.5 g. m.p. 173-174’. 

Bromodimcdonc (2 g) was added to a suspension of ethyl sodio+xaloacctate (3 g) in ether (50~~) 
and ~hc mixture was shaken for 20 hr. The mixture was filtcrcd and the filtrate freed from ether giving 
a lachtymatory OII from which the terra cstcr (V, I.5 g), m.p. and mixed m.p. 82 .83’ was deposited. 
The lachtymatory OII smelled strongly of ethyl z-bromo-oxaloacttatc. 

Oronolysis of Iht ltlratsltr (V) 

A solution of the tetracster (5 g) in ethyl acetate (100~~) cookd in solid CO,. was treat& with 
otonized oxygen for 8.5 hr. when it was no longer absorbed. The ozonidc was then hydrogenated 

11 w. Mepm. utbip Ann. us. 38 (leas); R. Schonbrodt. Ibid. w, 168 (lass). 
I9 L. H. Conovcr and D. S. Tarbell, J. Amer. Chem. Sot. 72. 5221 (1950). 
*’ T. Voi111a. Chem. Abslr. 33. 7742 (1939). 
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over paIlad& charcoal giving a viscous hquld which was diluted to IS cc with ethanol. (A). This 
solution (2 cc) was treated with an cxccss of ammonia (5 cc. (1.0.880). Considcrabk heat was evolved 
and a deep v~olct solutron was obtamcd from which oxamidc (0.2 g) was dcposrtcd. (B). Anhydrow 
hydrogen chloride was passed imo the cthanolic solutron (13 cc) for 2 min. the solution was then 
refluxcd for DS hr. and the ethanol was rcmovcd. The rcsldue was dissolved in chloroform, washed 
scvcral times with water. dried and distilled givmg ethyl oxalatc (0.75 g). b.p. 1X8”. 

Action of dia:omerhune on rhe kvruesfer t,V) 

The tctracstcr (500 mg) was dasolvrd in ether (5 cc) and set asldc with an excess of diaxomethane 
rn cthcr for 1 week. The product was an oil, which showed no maximum at 165Ocm * but a new 
maximum al 1540 cm I. 

I& IJierh_yl cyclokxun-2.5~ionerlicorho.r~larc (ethyl succmylsuccmatc) 

Ethyl y-bromoacctoacetate r’ (from cthylacctoacctarc. 50 g) was shaken for 20 hr with cxccss ethyl 
sodio-oxaloacctarc in ether. The sahs formed wcrc colkcfed a~ the pump. and the ether rcmovcd IO 
afiord ethyl succinylsuccinatc (4.3 g). as pale yellow nccdks. m.p. I24 125”. undeprcsscd on 
admixture with an authentic spoctmcn.” (Found: C. 56.6; H. 6.0. Cak. for C,,H,,O,: C. 56.4; 
6.1 “/:). II formed an acetate (acetic anhydride-pyrldinc), m.p. and m.p. 170”. (Found: C. 56.6; 
H.6.0. Cak. for C,,H,,O,: C. 56.5; II, 59F0). 
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