
Vol. 33, No.  3, March 1968 ETHYL 5-AMINO-2-FUROATE 1105 

acid) (lit.1a mp 261'). 'The ultraviolet spectrum in acetonitrile Registry No.-Chalcone, 94-41-7; boron trifluoride 
showed peaks at X 276 mp (e  16,400) and 386 mp (23,100). etherate, 109-63-7; 5, 1484-88-4; Sa, 75696-46-5; 
tained in 7.6-g yield, mp 230' (lit." mp 230'). ~- 15707-56-9; 14, 15707-57-0; 15, 7654-52-6; 16a, 

3-Acetoxy-z,4,6-tripheny1pyrylium perchlorate (16e) was Ob- Sb, 15696-474; &, 15696-48-7; 10, 15707-55-8; 11, 

(13) W. D. Dilthey and T. Bottler, Ber., 82, 2046 (1919). 3558-70-1; 16b1 15707-60-5; 16c, 15707-61-6; 16d, 
(14) G. Suld and C. C. Price, J .  Amer. Chem. Soc., 88, 1770 (1961). 3558-71-2; 16e, 15893-40-0. 

Hydrolytic Dimerization of Ethyl 5-Amino-2-furoate1 

GEORGE M. K L E I N , ~ ~  JAMES P. HEOTIS ,~~  AND JERROLD MEINWALD~~ 
Chemistry Division, The Norwich Pharmacal Company, Norwich, New York, 

and Department of Chemistry, Cornell University, Ithaca, Xew York 

Received August 30, 1967 

The acid hydrolysis of ethyl 5-amino-2-furoate ( I )  is shown to produce two stereoisomers of diethyl [(2,2',3',- 
A possible mechanism for this hy- 4',5,~'-hexahydro-5,5'-dioxo)-2,3'-bifuran]-2,2'-dicarboxylate (I1 and Ha). 

drolytic dimerization is proposed. 

A number of nitrofurans have acquired considerable 
importance as chemotherapeutic  agent^.^ In con- 
nection with biochemical studies concerning the me- 
tabolism of  nitrofuran^,^^^ alkaline and acid hydrolyses 
of ethyl 5-amino-2-furoate (I) were investigated. The 
alkaline hydrolysis of I to give a-ketoglutaramic acid 
has been reported.6 We now wish to report on a 
strikingly different reaction observed when I is treated 
with acid. 

In  aqueous-alcoholic hydrochloric acid at raom 
temperature, I was found to undergo a rapid reaction 
resulting in the formation of the crystalline dilactone 
(11) as the major product. A higher melting isomer 
(IIa) was obtained simultaneously in low yield. The 
evidence for the structural assignments is presented. 

I1 
The infrared spect'ra of I1 and IIa revealed intense 

lactone and ester absorptions at  5.55 and 5.73 p, with 
a double-bond stretching band of low intensity at 6.25 
p. The 6.25-p band was absent in the spectrum of the 
crystalline dihydro compound (111) obtained by cat- 
alytic hydrogenation of I1 in acetic acid over Adams 
catalyst. Treatment of I11 with aqueous-alcoholic 
sodium hydroxide at room temperature gave a saponifi- 
cation equivalent consistent with complete hydrolysis 
of the lactone and ester groups of 111. The high value 
of the saponification equivalent of 11 may be due to in- 
complete hydrolysis of the unsaturated lactonic ester 
portion of 11. The n m  spectrum of I1 is shown in 
Figure la. The pair of doublets at  T 2.51, and 3.62 
may be attributed to the protons on the a,p-unsatu- 
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rated carbonyl system of 11. The doublet at  7 5.12 
may be assigned to the proton on the oxygen-bearing 
carbon at 2'. The simple splitting pattern of the 2' 
proton, as well as mechanistic considerations, suggest 
monosubstitution at  C-3'. The 3' and 4' protons ap- 
pear as complex multiplets centered at r 6.50 and 7.50, 
respectively. The characteristic ethyl quartet and 
triplet are shown at 5.71 and 8.67. The nmr spectra 
of I1 and IIa are very similar and, since structure I1 
contains three asymmetric centers, it is reasonable to 
assume that these two compounds are diastereoisomers. 
Both show a 4-cps coupling constant for the doublet 
at T 5.12 (5.42 for IIa) indicating that both have a 
trans relationship between the 2' and 3' protons.' 
It would appear, therefore, that the two dilactones 
differ by their configuration at C-2. 

Ultraviolet absorption studies of the reaction of I 
in aqueous-alcoholic hydrochloric acid show rapid dis- 
appearance of I and suggest the formation of an in- 
termediate, which is converted into the final products 
at a slower rate. Hydrolysis of the amine group during 
the hydrolytic dimerization of I was determined by 
liberation of ammonia. The biphasic nature of this 
hydrolysis suggests the formation of the partially hy- 
drolyzed intermediate V or VI, either of which could be 
formed via the reaction mechanism shown in Scheme I. 

Dimerization of I may be considered to  proceed 
via a nucleophilic addition of C-2 in one aminofuran 
molecule to the electrophilic site at C-3 of another. 
Hydrolysis of the 5'-amino or the 5-imino group of the 
initially formed intermediate (IV) would lead to V or 
VI. When the reaction is stopped at a time when most 
of I has disappeared and only about half the total am- 
monia has been liberated (2 min), a chloroform extract 
of the reaction mixture shows nmr signals at r 3.12 and 
3.59 (Figure lb) which may be assigned to the protons 
on the @-unsaturated imino system of V. When 
the extracted material was hydrolyzed in the presence 
of deuterium oxide, I1 was formed without deuterium 
substitution. This observation supports the hypothesis 
that the hydrolytic dimerization of I proceeds via V 
rather than VI, since hydrolysis of the 5'-amino group 
of VI would result in deuterium substitution at  (2-4'. 

Hydrolytic dimerization of I in a deuterated system 
results in a mixture of deuterated forms of I1 (Figure 

(7) H. Conroy, Aduan. Ow. Chdm., I, 311 (1960). 
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Figure 1.-Nmr spectra in CDCla of (a) 11, (b) partially 
hydrolyzed reaction mixture, and (c) I1 prepared in 0.5 M DCl 
in deuterium oxide-dioxane. 

SCHEME I 

IC). The absence of the T 5.1 doublet indicates com- 
plete deuterium exchange at the 2’ position of 11. This 
result is consistent with a reaction mechanism in- 
volving the enolic intermediate IV. The appearance 
of both a singlet at ‘T 2.51 and doublets at 2.51 and 3.65 
indicates partial deuterium exchange at C-4, which 
probably occurred in the initial amino ester. On the 
basis of the relative areas of the peaks at T 2.51 and 
3.65, there is 67% deuterium exchange at C-4. The 
formation of I1 with partial deuteration at C-4 is con- 
sistent with our proposed reaction mechanism and 
indicates that, under the reaction conditions investi- 

gated, the rate of dimerization of I is competitive with 
the rate of deuterium exchange CY to the amino group. 

The 2,3’-bifuran, VII, has been obtained in 11% 
yield by mixing a-angelica lactone and potassium car- 
bonate in a ball mill for 12 hr.8 We prepared VI1 in 
9% yield after stirring equal amounts of a- and 8- 
angelica lactones with potassium carbonate for 1 hr. 
The nmr spectrum of VI1 shows a symmetrical pair of 
olefinic proton doublets at T 2.51 and 3.83, a singlet 
at 8.47 (C-2 methyl), a doublet at 8.58 (C-2’ methyl), 
and multiplets at 5.50 and 7.40. The lithium aluminum 
hydride reduction of a-benzylidene-r-phenyl-A@*y- 
butenolide has been reported to give VI11 via a Michael- 
type condensation.9 

VI I VI11 

Experimental Section 
Melting points were determined on a micro hot stage (Fisher- 

Johns) apparatus and are corrected. Ultraviolet spectra were 
taken using a Beckman DB spectrophotometer. Infrared spectra 
were obtained with a Perkin-Elmer Infracord spectrophotometer. 
The nmr spectra were determined using a Varian A-60 spectrom- 
eter. 

Diethyl [ (2,2’,3 ’,4‘,5,5’-Hexahydro-5,5 ’-dioxo)-2 ,3’-bifuran] - 
2,2’-dicarboxylate. Low-Melting Isomer @).-A solution of 50 
g of ethyl 5-amino-2-furoate in 500 ml of alcohol was added to 
750 ml of 0.8 M hydrochloric acid. After 20 min, the solution 
was cooled for 2 hr and the product was collected. The crude 
product, mp 80-82’, was recrystallized from 600 ml of 95% 
ethanol resulting in 20 g (40%) of 11, mp 95-96’. An analytical 
sample, mp 95-96’, was prepared by recrystallization from 
alcohol: 200 mp (e 9600); infrared absorption (Nujol 
mull) at 5.55, 5.73, 6.25, 7.70, 7.93, 8.13, 8.65, 9.10, 9.30, 
9.50, 10.35, 11.00, 12.05 p ;  nmr spectrum (CDC13), doublets 
a t  7 2.51, 3.62, 5.12, a triplet a t  8.67, a quartet a t  5.71, and 
complex multiplets a t  6.5 and 7.5 with peak area ratios of 
1:1:1:6:4:1:2. 

Anal. Calcd for C1,HlsOa: C, 53.85; H, 5.16; mol wt, 312. 
Found: C, 53.58; H, 4.96; mol wt (osmometer), 323: sapon 
equiv X 3, 370. 

High-Melting Isomer (IIa).-The mother liquor from the 
preparation of I1 was cooled overnight a t  - 10’ resulting in 4 e 
of product melting a t  81-82’. T h e  mother liquor from-the re- 
crystallization of I1 was concentrated to 100 ml resulting in 7 g 
of product, mp 90-95’. The combined products were recrystal- 
lized from 95% ethanol (20 d / g )  at room temperature and the 
mother liquor was cooled at - 10’. The product from the - 10’ 
crystallization was recrystallized four times as above resulting 
in 1.1 g, mp 106-108’. An analytical sample, mp 108-109’, 
was prepared by recrystallization from alcohol: infrared absorp- 
tion (Nujol mull) a t  5.58, 5.78, 6.25, 7.75, 7.95, 8.50, 9.30, 
10.30, 11.00, 11.80, 11.98 p; nmr spectrum (CDCla), doublets 
a t  T 2.58, 3.67, 5.42, a triplet a t  8.60, a quartet a t  5.70, and 
complex multiplets a t  6.5 and 7.3 with peak area ratios of 
1:1:1:6:4:1:2. 

Anal. Calcd for CllH~t,Oa: C, 53.85; H, 5.16; mol wt, 312. 
Found: C, 54.01; H, 5.14; mol wt (osmometer), 300. 

Diethyl [ (2,2’,3,3’,4,4’,5,5‘-Octahydro-5,5’-dioxo)-2,3’- 
bifuran]-2,2’-dicarboxylate (III).-To a solution of 0.36 g of 
I1 in 5 ml of acetic acid was added 67 mg of platinum oxide and 
the mixture was stirred under a pressure of 70 mm for 18 hr. 
After filtration of the catalyst and evaporation of the solvent, 

(8) R. Lukes and K. Syhora, Collect. Czech. Chem. Commun., 19, 1205 
(1964). 

(9) R. Filler and E. J. Piaaek, J .  Ow. Chem., 28, 3400 (1963). 
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the residue was recrystallized from 5 ml of 95% ethanol resulting 
in 0.28 g of 111, mp 107-108'. An analytical sample, mp 108- 
log', followed by solidification and remelting at 112-113", was 
prepared by recrystallization from alcohol: infrared absorption 
(Nujol mull) a t  5.57, 5.75, 7.40 (shoulder), 7.65, 7.88, 8.03, 
8.13,8.33,8.43,8.70,9.15,9.30,9.85,10.20,10.33,10.85,11.95, 
13.20 p;  nmr spectrum (CDCb), a doublet a t  7 5.18, a triplet 
a t  8.62, a quartet a t  5.70, and complex multiplets at 6.7 and 7.3 
with peak area ratios of 1 : 6: 4: 1 : 6. 

Anal. Calcd for C I J ~ P O ~ :  C, 53.50; H ,  5.77; mol wt, 314. 
Found: C, 53.24; H ,  5.76; sapon equiv X 4, 316. 

Reaction Intermediate.-To a solution of 2 g of I in 20 ml of 
95% ethanol was added 20 ml of 1 M hydrochloric acid. After 
2 min, the solution was added to 1750 ml of water and extracted 
three times with chloroform. The aqueous phase was neutralized 
with 40 ml of 1 M dipotassium phosphate and extracted three 
times with chloroform. The chloroform extract of the neutralized 
solution was dried over sodium sulfate and concentrated to 31 
ml under reduced pressure. A 3-ml aliquot was evaporated to  
dryness under reduced pressure, dissolved in 2 ml of CDC13, 
evaporated, and dried for 10 min under oil pump vacuum. 
The residue (0.15 g) was immediately dissolved in CDC13 for 
determination of the nmr spectrum (Figure lb). Absence of 
the T 2.78 and 4.65 furanoid proton bands indicates that I is 
not present in this material. The infrared spectrum of the 
chloroform extract shows intense absorption at 5.62, 5.80, and 
5.98 p.  Purification of the extracted material by crystallization 
or by thin layer chromatography was not successful. The re- 
mainder of the chloroform solution was evaporated, dissolved in 
10 ml of dioxane, and treated with 15 ml of 0.8 M hydrogen 
chloride in deuterium oxide. After 15 min the solution was con- 
centrated until an oil separated. After recrystallization from a 
mixture of chloroform and carbon tetrachloride, 0.35 g of product, 
mp 93-94', was obtained. The nmr spectrum was identical 
with that of 11. 

Hydrolytic Dimerization of I in Deuterium Oxide.-To a solu- 
tion of 1.7 g of I in 17 iml of dioxane was added 25 ml of 0.8 M 
deuterium chloride in deuterium oxide. After 15 min a t  room 
temperature, the solution was cooled at -10' for 1 hr. The 

yield of recrystallized product, mp 91-92', was 0.7 g. The nmr 
spectrum was determined in CDCla (Figure IC). The peaks at 
T 2.51 (triplet), 3.65 (doublet), and 6.55 (singlet) have relative 
areas of 1:0.33:1. 

Ultraviolet Absorption Studies.-A solution of 0.624 g (4.03 
mmol) of I in 10 ml of 95% ethanol was prepared. A 1-ml 
aliquot was added to 1 ml of 1 M hydrochloric acid in a 25-ml 
volumetric flask. After the desired reaction period, the solution 
was diluted to 25 ml with 1 M dipotassium phosphate. After 
diluting 1 : 100 with water, the ultraviolet absorption spectrum 
was determined. The half-life of I under these conditions is 
0.5 min. The formation of a reaction intermediate is indicated 
by the appearance of a peak at  208 mp. After a 15-min reaction 
period, only end absorption characteristic of I1 remains. 

Hydrolysis Studies.-Hydrolysis of the amine group during 
the hydrolytic dimerization of I was determined by liberation of 
ammonia using the Van Slyke aeration procedure.10 To a solu- 
tion of 30 mg of I in 0.5 ml of 95% ethanol was added 0.5 ml of 
1 M hydrochloric acid. Separate runs were made and in each 
run 5 ml of 1 M sodium hydroxide was added after the desired 
reaction period. Nitrogen was passed through the solution at  
0.5 ftz/hr for 90 min. The ammonia was absorbed in 10 ml of a 
2% boric acid solution containing bromcresol green indicator and 
was titrated with 0.02 N sulfuric acid. The yields of ammonia 
after 0.5-, 1-, 2-, 5-, and 15-min reaction periods are 32, 40, 44, 
57, and 77%. 
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The kinetics of the consecutive reactions between chloroacetic acid and ammonia in aqueous solutions to form 
glycine and iminodiacetic and nitrilotriacetic acids have been studied by following the produced chloride ion. 
The observed second-order rate law, v = k[chloroacetic acid] [amino compound], together with the relation 
between the rate constant and the pH of the solution confirms the ordinary S N ~  mechanism involving an attack 
of free ammonia or amino group on the chloroacetate ion. The reactivities of amino compounds are discussed 
in terms of their rate constants, activation parameters, and basicities of amino groups. 

Treatment of chloroacetic acid with ammonia gave 
glycine, iminodiacetic acid, and nitrilotriacetic acid. 

- HCI ClCHzCOOH 
NHs + ClCHzCOOH -+ HzNCHzCOOH - - HCI 

A large excess (cu. 60-fold) of ammonia was found to 
be favorable for the preparation of gly~ine.~-4 Cher- 
onis and Spitzmuller have studied qualitatively the effect 
of pH of the solution. on the yield of glycine; they sug- 
gested that the formation of secondary and tertiary 

(1) Contribution No. 101. 
(2) K. Kraut, Ber., 2S, 2577 (1890). 
(3) G. R. Robertson, J .  Amer. Chem. Soc., 49, 2889 (1927). 
(4) J. M. Orten and R. M. Hill. "Organic Syntheses," Coll. Vol. I, John 

Wiley and Sons, Ino.. New York, N. Y., 1941. p 300. 

amino compounds was reduced at  pH below 10 and 
that the reactive species are probably free ammonia 
and chloroacetate ion.5 Iminodiacetic acid has been 
prepared by the reaction of boiling aqueous chloro- 
acetic acid with ammonia.'j However, no report has 
appeared on the preparation of nitrilotriacetic acid 
from these materials. Few kinetic studies have been 
reported for this type of r e a c t i ~ n . ~ , ~  

The present study was undertaken to  obtain some 
information on the kinetics of the formation of glycine 
and iminodiacetic and nitrilotriacetic acids from chloro- 
acetic acid and ammonia together with the effect of pH 
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