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AIMmet-3-Acetyl-2-hydroxythiophene and 3carbcthoxy-2-hydroxythiophene have been prepared 
by acidatalysed dealkylation of the corresponding t-butyl ethers at 160”. The t-butyl ethers were 
prepared via organometallic reagents derived from 3-bromo-2-t-butoxythiophene by metal-halogen 
interconversion with n-butyllithium at .70”. Investi@tions by NMR and IR spectroscopy show that 
these 2-hydroxythiophencs exist in the tautomeric hydroxy form in the pure liquid state and in 
solution. Evidence for the presence of the tautorneric z,&unsaturated y-thiolactonc form in minute 
quantities is obtained from the formation of a dimer in the case of 3carbethoxy-thydroxythiophenc. 

INTRODUCTION 

IN A recent paper,’ the preparation of acctyl and carbethoxy substituted 3-hydroxy- 
thiophenes was described. By spectroscopic methods it was shown’ that these com- 
pounds exist exclusively in the hydroxyaromatic form. Simultaneously the synthesis 
of formyl chelated 3-hydroxythiophenes was achieved’ and these compounds were 
also shown to exist solely in the enol form. Alkyl-substituted Ihydroxythiophcnes 
have recently been shown to exist as mixtures of the keto- and en01 tautomers? 

2-Hydroxythiophenes show interesting tautomeric behaviour as most of the com- 
pounds that have been prepared exist as a/?- and /I,y-unsaturated y-thiolactones.$ 
The only exception so far, is Scarbethoxy-2-hydroxythiophene which in the crystalline 
state exists in the hydroxyaromatic form, 4 this has been ascribed to an extended con- 
jugated system and to intermolecular hydrogen bonding. 

The study of the potentially tautomeric 2-hydroxythiophenes has been extended 
to 3-acetyl- and 3carbalkoxy-substituted 2-hydroxythiophenes which are the isomers 
of the compounds described in our previous papers (e.g. thioisomaltol).r Attempted 
preparation of fformyl-Zhydroxythiophene* yielded 3-hydroxy-fthioleno2snc 
probably according to the Dakin reaction. 

l Part XI. IL Grigg. H. J. Jakobaen. S.-o. tiwusoo. M. V. Sargent, G. Schroll and D. H. 
Williams, J. Chewt. Sot. (B) 331 (1966). 

t Presented at 77ie Second Organic Svlphvr S~slwn. May 9-12, Groningen. Holland (1966). 
: For Refs, = Ref. 1. 

i H. J. Jakokn and S.-O. Lawason. 7efroludron 21.3331 (1965). 
* S. Gronowitr and A. Bugge. Acfu Chem. Scanf. 20,261 (1966). 
s A.-B. H6mfeldt. Acfu Chem. Scold. 19, 1249 (IWS). 
b H. J. Jakobsen, E. H. tin, and S.-O. Lawason. Terra/~&on 19, 1867 (1%3). 
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The new compounds should exist in the chelated hydroxy form (I) or in the 
a&unsaturated y-thiolactone form (II). Structure I could be expected from the 
stabilization due to the intramolecular hydrogen bonding, the extended conjugation, 

I II In 

and the electron withdrawing effect of the substitutent in position 3. The possible 
existence of structure II is justified by the fact that all 3-substituted 2-hydroxythio- 
phenes previously studiedK exist exclusively as a&unsaturated y-tbiolactones and 
that 2,4dihydroxy-3carbethoxythiopheneexist almost exclusively as IV (a-carbetboxy- 

Iv 

tbiotetronic acid).’ The structure III is not very probable as the tautomeric &y- 
unsaturated y-thiolactone form is only found in 5-substituted 2-hydroxythiophenes$’ 
furthermore, conjugation is lost in structure III. 

Syntheses 

The key material for the synthesis of 3-acetyl- and 3-carbethoxy-2-hydroxythio- 
phene was 3-bromo-2-t-butoxythiophene (V). It was prepared in the ordinary way1 
as illustrated in Scheme I. The isolated product may contain some unchanged t-butyl 
perbenzoate because of the use of nearly equivalent amounts of Grignard reagent and 
t-butyl perbenzoate; this may be judged from the IR spectrum which then shows a 
characteristic absorption near 1760 cm-r due to the carbonyl stretching frequency in 
t-butyl perbenzoate. The perbenzoate is, however, easily removed by treating the 
product at 0” with an ethereal solution of ethylmagnesium bromide which converts 
the unreacted t-butyl perbenzoate to ethyl t-butyl ether and benzoic acid. The separa- 
tion of 3-bromo-2-t-butoxythiophene from these compounds is straight-forward 
(Experimental). 

Metal-halogen interconversion of 3-bromo-2-t-butoxythiophene (V), with n-butyl- 
lithium gives 3-lithium-2-t-butoxythiophene (VI) which may be converted to the 
corresponding Grignard reagent (VII) by treatment with an ethereal solution of 
anhydrous magnesium bromide. Via these reagents, VII and VI, 3-acetyL2+butoxy- 
thiophene (VIII) and 3-carbethoxy-2-t-butoxythiophcne (IX) were prepared in high 
yields by reaction with acetic anhydride and ethyl chloroformate, respectively. The 

‘ A.-B. H6mfcldt and S. Gronowitz, Arkio Kcml21, 239 (1%3). 
* E. Benary, Eer. Dfsch. Chcm Ges. 46, 2103 (1913). 
’ A.-B. HBmfeldt, Arkio Kemf 22,211 (1964). 
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pyrolysis of the t-butyl ethers VIII and IX in the presence of a trace of ptoluene- 
sulphonic acid gave 3-acctyl-2-hydroxythiophene (X) and 3carbethoxy-2-hydroxy- 
thiophene (XI) but the dealkylations in these cases were not so easy as in the case of 
the isomeric 3-t-butoxythiophenes where nearly quantitative yields of the chelated 

YI 

Ix XI 
Scheme 1 

3-hydroxythiophenes were obtained.’ The hydroxythiophenes X and XI should be 
distilled from the acidic medium immediately after the evolution of isobutylene has 
ceased; otherwise, only undistillable tars are formed. DeaIkylation with trifluoro- 
acetic acid* at room temperature was investigated in the case of the t-butyl ether IX, 
but the only product obtained after removal of trifluoroacetic acid was a light brown, 
viscous oil which decomposed on attempted distillation in uucuo (045 mm Hg). This 
oil was shown to be identical with a dimer formed from 3carbethoxy-2-hydroxythio- 
phene on standing for a few days at room temperature; the probable structure and 
formation of the dimer is discussed in the spectroscopic part. 3-Acetyl-2-hydroxythio- 
phene (X), a light-yellow liquid which colours the skin an intense blue, is unchanged 
after storage in the crystalline state at -20” for a year, Similarly 3carbethoxy-2- 
hydroxythiophene (XI), which is a colourless liquid, should be stored in the crystalline 
state at -20” in a quartz flask in order lo avoid dimerization. 

NMR and IR spectra 

The NMR spectrum of 3-bromo-2-t-butoxythiophenc was expected to show an AB 
pair of doublets for the H, and H, protons. However, in CDCl, and in Ccl, solutions 
only one single peak was observed in the aromatic region (6 .- 6.75 ppm and 8 = 
6.68 ppm. respectively) and it proved impossible to resolve this peak into an AB 
system even on a 100 MC/S instrument. However, by using C,H, as solvent a pair of 
doublets appeared alt 6, = 6.57 ppm and 6,, - 6.30 ppm with J,, = 6.1 c/s. Fig. 1 
shows the aromatic region recorded using CDCl, (A) and a 1: 1 mixture of C,H, and 
CDCI, (B) as solvents. 

@ H. C. &yet-man and J. S. Bontekoc, Rec. ?hv. Chim. 11,691 (1962). 
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10 c/s 
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_ _I k b- 
Ro. 1. 100 MC/~ NMR spectrum of the aromatic protons of 3-bromo-2-t-butoxy- 

thiophcne. A: CDCl, as solvent. B: C,HJCDCl, (50/50) as solvent. 

TAEU 1. NMR AND m DATA F’OR tsouERlc &3-cARBoNut-cHELATeo 
lWDROXYllDDPHENE3. .!kx-: CDCI, (NMR) AF~D CC& (IR). 

2.13 

16% 290&3mO 

1652 32w 

0.97 

1654 3aXL3100 

l Ref. 1. 
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The NMR and IR spectra of 3-acetyl-2-hydroxythiopheoe (X) and 3_carbethoxy-2- 
hydroxythiophene (Xl) show that in the pure liquid state and in solutions of CDCls 
and Ccl, they exist in the enol form; the keto tautomers were not present in sufficient 
quantities to be detected. As in our studies on carbonyl chelated 3-hydroxythiophenest 

the &rr values in the NMR spectra and the You and Y~._() values in the IR spectra 
have received special attention. From the spectroscopic data in Table 1 it is seen that 
the resonance fields for hydroxylic protons in the chelated 2-hydroxythiophense 
appear at a considerably lower field as compared with the isomeric Z-carbonyl chelated 
3-hydroxythiophenes. This difference is particularly conspicuous for the acetyl 
chelated hydroxythiophenes where a difference in resonance position (Aboa) in more 
than 2 ppm is observed. However, as the IR carbonyl stretching frequencies are 
nearly constant for each pair of isomers (Table 1) the spectroscopic values for the 
carbonyl chelated 2-hydroxythiophenes X and XI will not fit the earlier obtained 
linear correlations for the chelated 3-hydroxythiophenes.’ The OH stretching frc- 
quencies show up as very broad, overlapped bands with the maximum intensities 
occurring in the regions given in Table 1. 

The differences in OH resonance position Ab oI1 for the isomeric chelated hydroxy- 
thiophenes in Table I may result from a much larger contribution of the quinoid 
resonance (Xllb) to the true structure of the chelated 2-hydroxythiophenes as com- 
pared with the contribution of the quinoid structure (XIIIb) to the structure of the 

?UIa XIIb 

Zcarbonyl chelated 3-hydroxythiophenes. 

a a 
XIIIa XIIIb 

This assumption is supported by compari- 
son of the chemical shifts of the protons 4 and 5 in the chelated hydroxythiophenes 
with the chemical shifts in the corresponding t-butyl ethers (Table 2). The excellent 
agreements in the case of 2-carbonyL3hydroxythiophenes suggest that they should be 
formulated as thiophenes (XIIIa) while the much larger deviations for the 2-hydroxy- 
chelated isomers suggest a considerable contribution of the quinoid structure (XIIb) 
in these compounds; it has recently been shown* that 2-acetyl-3-hydroxyfuran 
(isomaltol) should be formulated analogously to XII Ia. Furthermore, as the coupling 
constant I, in thiophenes so far only have been observed in the range 4.9-5.9 c/s,tO 
the value 6.7 c/s for 3-acetyl-2-hydroxythiophenc (Table 2) may indicate delocaliza- 
tion of the rr-electrons (XIIa e, XIIb) for this compound in accordance with the 
assumption drawn from the large chemical shift difference AdOu = 2.13 ppm 
(Table 1). 

A recent NMR investigation indicates that chelated phenols are better formulated 

’ A. Hofmann. W. v. Philipsborn and C. H. Eugter, Helu. Chim. Acre 48, 1322 (l%S). 
lo S. Gronowitz in A. R. Ka~ritzky: Adwnces In Hetcrocyclic Chemistry Vol. 2; p. 8. Aa&mic 

Rc5s (1%3). 



876 H. J. Jlutcxzsm aod S.-G. LAWESWN 

TABLE 2. hOTON CHEuKAL Sitm, $(,, AM) da,,,. Ah-D RIM 

COUPW mm~.vn, J,,. OF f3c~neox~t CHEUTED HYDROXY- 
THlOPHHh’Es AND THElR CORltES~Nci t-EUlYL El-HER.3 IN 

00LunoN9 OF ccl, 

R HI HI JU 
._ _._. ---. -_- 

t-Bu 7.38 6.87 55 

H 7.34 6.70 53 

t-Bu I.25 6.73 5.3 

H I.27 6.67 5.3 

MC 

I t-Bu 6.51 7.09 6.2 

6.25 6.65 6.7 

Y’ t-Bu 6.55 7.10 6.1 

6.24 6.85 6.0 

as quinoids than as benzene derivatives. It X-ray crystallographic analysis of sahcylic 
acid are in accordance with these findings.“** 

As mentioned above 3-carbethoxy-2-hydroxythiophene is converted into a colour- 
less, very viscous dimer on standing at room temperature; the same dimer was formed 
on attempted dealkylation of 3-carbethoxy-2-t-butoxythiophenc with trifluoroacetic 
acid at room temperature. This was inferred from the NMR spectra obtained from 
Ccl, solutions of the oils; following signals were observed: a singlet at 1050 ppm 
(1 H) for a chelated hydroxylic proton; a singlet at 6.77 ppm (1 H) for an aromatic 
proton; a quintet (1:4:6:4: 1) at 4.27 ppm (4 H) due to two superimposed quartets at 
4.33 ppm and 4-21 ppm for the mcthylene protons in two different carbethoxy groups; 
the matching methyl triplets are found at 1.37 ppm (3 H) and l-28 ppm (3 H); finally, 
a complex pattern is found in the region 3-4 ppm (4 H). These NMR data are in 
accordance with the structure XVI for the dimer and it could be formed by internal 
Michael addition of the conjugated thiolactone form XIV which may be present in 
minute quantities. Enolization of the addition product XV gives the supposed 
structure XVI. The a&unsaturated y-thiolactone, 3-thiolene-2-one has earlier been 
shown to undergo Michael addition with active methylene compounds.l’ 

11 G. 0. Dudck and E. P. Dudck, Chum. Common. 464 (l%S). 
1’ w. cochnm, AchJ cry. 6, 260 (19S3). 
u M. Sundaraliogam and L. H. Jcmen. Acru Cyst. 18.1053 (1963. 
id H. J. Jakobsn, E. H. Larsen and S.-G. Lawson. Rec. ?b. Chim. 82,791 (1963). 
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The formation of the dimer following the basecatalysed (alkali from the glass) 
Michael addition is understood from the fact that the mcthylene protons in the 5 

(‘OOEf Ho (‘0oF.t 

r= 
1 

- 
11. 

11 

"y- :Lc OCW'I 
,+s n ti s -..(f” ::ii-sAc) 

a b 
XVII XVIII 

position of 3-thiolcne-tones show acidic behaviour (e.g. condensations with aromatic 
aldehyded); the formation of the carbanion XVII would then account for the mech- 
anism for the addition reaction. The acid-catalysed (trifluoroacetic acid) dimerization 
probably involves the formation of the carbonium ion XVIII (a or b) followed by 
electrophilic attack at the mcthylenc group of XIV (similar to the mechanism for the 
acid catalysed condensation of benzaldehyde with 3-thiolene-2-ones). 

EXPERIMENTAL 

NMR spectra were recorded at 60 MC/S on a Varian A-60 spcctrwter. The temp of the M-16% 
(w/w) sols was 34” + 1. TMS was used as internal rcfercna standard and the chemical shifts are 
expressed in ppm from TMS taken as 003 (6 units) and arc believed to bc correct within +OG2 ppm. 
The coupling constants were measured with an accuracy of +0.2 c/s on the 50 c/s scale. IR spectra 
were recorded as 1 ‘A solns in CCI, on a Perkin-Elmer model 221 spcctrophotomctcr and on a Bcck- 
mann IRlO. Analyses were made by Dr. I. Bcctz. Kronach, Germany. and by the analytical labor- 
atory at this institute. B. ps and m. ps are uncormctcd. 

3-Bro~2-t-buroxyrhiophPnco~~~ (V). 3-Bromo2-thicnyllithium was prepared** from 2,3dibromo- 
thiophcnci~ (80.0 g, @33 mole) and n-BuLi (29s ml, I.20 N; 0.35 mok) at -70”. Tho cold L&reagent 
(-70”) was added rapidly under N, to an ethereal soln of anhydrous MgBr, [prepared by dropping 
60 g (19.2 ml, 0.38 mok) Br, to 10 g (042 g-atoms) Mg in 280 ml anhydrous ether; excess of Mg 
was removed by filtration under NJ and the rod-brown soln was allowed to warm up to room temp. 
After stirring for i hr. O-33 mole (66 ml) t-butyl pcrbcnzoatc in 100 ml anhydrcus ether was added 
dropwisa to the Grignard reagent at 0” and stirred for 2 hr. It was that poured into ia water and the 
complex dissolved by adding dil. HCl. m acidic water phase was extracted with ether, the combined 
ether phases extracted with 2N NaOH IO remove benzoic acid and finally washed neutral with water 
and dried (Na$O,). The ether was rtmovd and careful dktillation fr! wcw gave a light yellow 
liquid with b.p. S>W/@l mm. In sane experiments thii fraction contained umactcd t-butyl 
pcrbcnr.oatc: this was. however. easily removed by adding the fraction to an ethereal solution of 
EtMgBr (0.1 mole) at 0” and stirring for 1 hr. The work-up was done as described above. Distillation 

I) P. Moses and S. Gronowitz, AI&O Kemi 18,119 (l%l). 
r’ S.-O. Lawcason, Arkio Kemf 11, 373 (1957). 
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then gave Ebromo-2-t-butoxythiophcnc as a colourlcss liquid with b.p. StM23/01 mm; n: = 1.5320; 
yield 49.4 g (64%). (Found: C, 41.52; H. 4.83; CaIc: C, 40.88; H, 4.72x.) 

EAccryl-2-t-buloxyrhiophnv (VIfl). 3-Bromo-2-t-butoxythiophene (43.3 g. 0.185 mok) in 100 ml 
dry ether was added to n-BuLi (160 ml. 1.33 N; 0.21 mole) at -.70”. After stirring for IS min the 
L&agent. which is partly precipitated. was converted to the corresponding Grignard reagent by 
adding it (-70’) rapidly under N, to 0.24 molt anhydrous MgBr, in IS0 ml ether (prepared as 
described above) at 0”. The mixture was allowed to warm up to room temp. conccntratcd by removal 
of some ether under N, and transferred to a dropping funnel under N,. The organometallic reagent 
was added to a vigorously stirred soln of 80 g Ac,O in 2% ml dry ether at -70” during I hr. A very 
c&icnt mechanical stirrer is recommended because after addition of about f of the Grignard rcagcnt 
the separating complex becomes very pasty and the stirrer may stop; if so, the Grignard reagent may 
be added in small portions whik the reaction llask is shaken in the dry ice-Et-OH bath (-70). After 
addition of about ) of the Grignard reagent the compkx becomes more mobile and mechanical 
stirring may be resumed. Stirring was continued for 1 hr at -70” after the addition was complete. 
The mixture was then ahowed to warm up to - 10” - 0” and the compkx was hydrolyscd by adding 
2N NH&I. The complex dissolved in a few min and the phases were separated. The water phase 
was extracted with ether and the combined ether phases extracted with 2N NaGH under cooling 
with ice (removal of A&H) until the water phase was strongly alkaline. The organic layer was finally 
washed with water until neutral and dried (Na,SG,). The ether was removed and distillation gave 
a main fraction of 3-acetyl-2-t-butoxythiophene as a light yellow liquid with b.p. 82-8S”/O~1 mm; 
redistillation gave an almost colourkss liquid b.p. 75-77’/@05 mm; n; - 1.528s; yield 26.9 g 
(74%). (Found: C. 6062; H. 7.01; Calc.: C. 60.59; H, 7.1272.) 

3-Accry/-thytoxyr~~~~~ (X). 3-Aatyl-2-t-butoxythiophenc (18.8 g, 0.095 mok) in a 25 ml 
distillation Bask was placed in an oil bath at 160” and 0.1 gptolucnesulphonic acid was added. After 
the evolution of isobotykne had ozascd (5 mitt) the product was immr&re~‘~ distilkd in wcuo (N, 
was drawn through the capillary) giving a fraction of 3-aatyl-2-hydroxythiophmc with b.p. 556Y/@2 
mm (avoid contact with the skin); a tarry, undistillable residue was left in the Bask. Redistillation 
gave pure 3.aatyl-2-hydroxythiophene as a light yellow-green liquid with b.p. 4&W/0.2 mm; 
n: = 1.5926; yield 9.5g (71%). When stored at - ‘20” the compound crystallires. (Found: C. 
50.74; H, 4.29; Calc.: C, 50.71; H, 4.26x.) 

ECarbcrhoxy-2-r-buroxyririophcnc (IX). 3-Bromo-2-t-butoxythiophcne (43.3 g, 0.18s mok) in dry 
ether was converted to 3-lithium-2-t-butoxythiophene at - -70” as described above. The organo- 
lithium reagent (kept at - 70”) was added in portions under N, to a stirred soln of ethyl chlorofotmate 
(70 g, 0.65 mok) in 100 ml dry ether at 0” (kc-water bath) during ) hr. The light yellow mixture was 
stirred ovtmight at room tanp and then worked up by adding water (uw) ml) saturated with Na,CG, 
under cooling in ice-water. After stirring for 1 hr the phases were separated, the water phase extracted 
with ether and the combined organic layers Anally washed with water and dried (Na$G,). Distillation 
gave a light yellow, pleasant smelling fraction of Ecarbcthoxy-2-t-butoxy-thiophcnc with b.p. 
8U-83°/Ol mm. Redistillation gave an almost colourkss liquid with b.p. 7S-77”/@08 mm; 
nF -1+062; yield 34.3 g (81%). (Found: C. S7.82; H, 7.02; Calc.: C. 57.88; H, 7.07x.) 

3-C~&rho.*y_2-h~oxyrhiophcrv (XI). 3Carbethoxy-2-t-butoxythiophene (16,s g; OQ72 mok) 
was dcalkylated at 160” in the prescna of @1 g p_tolucncsulphonic acid. When the evolution of 
isobutyknc had aQsod (IO min) the product was fmmc&rc/y dhtilkd in WCUD giving 3carbcthoxy- 
2-hydroxytiophcne as a colourless liquid with b.p. S8-62”/0.2 mm. A tarry residue decomposes 
on attempted distillation. Redistillation of Ecarbcthoxy-2-hydroxythiophene gives b.p. 44-46”/@08; 
PI: = 1.5288 (slowly increasing); yield 9.1 g (73%). (Found: C. 4908; H. 460; Cak.: C. 4884; 
H, 4.68 %.) The compound should be stored in the crystalline state at - 20” in order to avoid dimri- 
ration; it is rapidly converted to the crystalline state by keeping it at -70” (dry &alcohol bath) 
for a few min and then placing it in a refrigerator at once. 
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