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Mercuration of thiophene-2-carboxylic acid,
2-thienylethanoic acid and 3-(2-thienyl)alanine:
preparation and spectral characterization’
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Thiophene-2-carboxylic acid, 2-thienylethanoic
acid and 3-(2-thienyl)alanine were mercurated
with mercury(ll) chloride in agueous media in
the presence of sodium acetate trihydrate.
Mono- and di-mercurated products were ob-
tained, depending on the reaction conditions.
When mercury(ll) acetate was used as the
mercuration agent a mixture of mono- and di-
mercurated products was obtained. The chemi-
cal formulae and the structures of the isolated
compounds were deduced from elemental
chemical analysis and IR spectra. In the case of
soluble products the site and degree of mercura-
tion were determined on the basis ofH and *°C
NMR spectra. In monomercurated thiophene-2-
carboxylic acid, 2-thienylethanoic acid and 3-(2-
thienyl)alanine the H-5 signal was absent, which
together with the large downfield shift of the
corresponding *3C signal (ca 24 and 21 ppm)
confirmed that mercuration took place at the
C-5. Two- and three-bond ***Hg—3C satellite
couplings at C-4 and C-3 as well as four-bond
9%g—H coupling at H-4 were also revealed.
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INTRODUCTION

The mercuration of aromatic compounds, in which
a carbon-hydrogen bond is replaced by a carbon—
mercury bond, is one of the fundamental processes
that these compounds underytt. is well known
that benzene, furan, thiophene and other aromatics
can also be permercurated upon treatment with
mercuric salts at elevated temperatures, as well as
that these permercurated compounds can be effi-
ciently transformed into the corresponding persub-
stituted species upon treatment with electro-
philes?? The mercuration of thiophene has been
known for many years. Volhard demonstrated in
1892 that the substitution occurs exclusivelyo

the sulfur, whereas under more forcing conditions
botha-carbons are metallatédlhe symmetrization
reaction is a well-known path to obtain dialkyl- or
diaryl-mercurials’® and the only structurally de-
termined organomercurial of thiophene in the solid
state is dithienylmercur{which was prepared by
that route. Less is known about the mercuration of
2- and 2,5-substituted thiophene derivativésand

13C NMR spectroscopy is very useful for determin-
ing the site and degree of mercuration in organic
and bio-organic molecules. If a C-Hg bond is
formed, the ®Hg-*H and °**Hg-°C satellite
couplings can be detectéd.In compounds such
as mercaptides or thiolates, where the mercury atom
is bonded to S and/or O and/or N, satellite couplings
to neighbouring C and H atoms are not usually
observed®™? On the other hand, the mercury
substituent effects omH and *°C chemical shifts
and**C—H and*H-H spin—spin couplings always

" Presented at the XIlith FECHEM Conference on Organometallic €Xist if mercury is present in the molecule.

Chemistry, held 29 August-3 September 1999, Lisbon, Portugal.

We report here the products of the direct
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ethanoic acid and 3-(2-thienyl)alanine. Mono- and
di-mercurated products were obtained, depending
on the mercuration agent and the conditions under
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which mercurationwascarriedout. The™H and*3C
NMR spectraof the solublemercuratedierivatives
of substitutedhiophenesare described.

EXPERIMENTAL

Materials and measurements

Mercury(ll) salts,thiophene-2-carboxyiacid and
2-thienylethanoi@cidand3-(2-thienyl)-bL-alanine
(Aldrich) were used as received. The Fourier
transformIR spectraof the parentand mercurated
moleculeswere obtainedfrom KBr discsin the
region of 4000-45&m ' with a Perkin-Elmer
spectrophotometemodel 1600. The *H and **C
NMR spectrawere run on Varian Gemini 300 and
Unity Inova 600 spectrometers,ogerating at
75.46MHz and 150.9MHz for the **C nucleus,
respectively. The samples were dissolved in
DMSO-dg and measuredat 293K in 5-mm NMR
tubes. The concentrations of samples were
5mgml~* for *H and10mgml~* for *3C measure-
ments. Chemical shifts (ppm) are referred to
tetramethylsilane(TMS). Digital resolution was
0.2Hz perpointin *H and0.7Hz perpointin **C
NMR. The *H, *°C broadbandproton-decoupled,
13C gateddecoupledCOSY andHETCORSspectra
were measuredwvith a Gemini 300 spectrometer,
while HMBC spectrawere recordedwith a Unity
Inova 600 spectrometerThe Waltz-16 modulation
wasusedfor protondecoupling.The COSY spectra
were recordedin the magnitudemode with 1024
pointsin the F, dimensionand 256 incrementsin
the F,; dimension, zero-filled to 1024 points.
Incrementaveremeasuredvith 16 scans4500Hz
spectralwidth and a relaxationdelay of 1s. The
correspondingdigital resolutionwas 8.9Hz/point
and 17.6Hz/point in the F, and F; dimensions,
respectively.The HETCOR spectrawererecorded
with 2048 points in the F, dimensionand 256
incrementsin the F; dimension.The latter was
zero-filledto 512 points.Incrementsvererecorded
by 64 scanswith arelaxationdelayof 0.8s.Spectral
widthswere19000Hz in theF, and4500Hz in the
F, dimensions, giving a digital resolution of
18.6Hz/pointand 17.6Hz/point, respectively.The
HMBC (**C—H) spectra were recorded with
gradientselectionandstandardsettings.

Synthesis

General procedure for mercuration
All themercuratiorproductsverepreparedy slow
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additionof an aqueoussolutionof the mercurating
agent (ca 50ml) to an aqueoussolution of 2-

substitutedhiophenecompoundgca 30ml) in the
appropriate stoichiometric ratio if not specified
otherwise.If mercury(ll) chloride was being used
asthe mercurationagent,sodiumacetaterihydrate
wasaddedasabuffer (2 mol sodiumsaltpermol of

themercury(ll) salt). The reactionmixture wasleft

overnight,thenthe precipitatedmercurationprod-
uct wasfiltered off, washedwith wateranddriedin

vacua

5-Chloromercurio-thiophene-2-carboxylic acid
From0.5g HgCl, (1.84mmol), 0.5g NaOCOCH:
3H,0 (3.68mmol), and 0.24g thiophene-2-carb-
oxylic acid (1.84mmol). Analysis:Found:C 16.62,
H 1.08,58.66,Hg 55.56;Calcdfor CsH3;CIO,SHg:
C 16.53,H 0.83, S 8.83, Hg 55.23%.'H NMR,
o(ppm): 7.85(d, 1H, Iy = 3.45Hz, H-3), 7.17(d,
1H, Jyy =3.42Hz, H-4), 12.85 (bs, 1H, COOH).
BC NMR, &(ppm): 137.94 (C-2), 132.98 (d,
Jngc=225.4Hz, C-3),135.77(d, Jygc = 141.5Hz,
C-4),157.28(C-5), 163.49,(COOH).

4,5-Bis(chloromercuriolthiophene-2-carboxylic
acid

From1.5g HgCl, (5.52mmol), 1.5g NaOCOCH:
3H,0O (11.04mmol), and 0.35g thiophene-2-car-
boxylic acid (2.76mmol). The reaction mixture
was heatedfor 3h on a water bath. Analysis:
Found:C 9.85,H 0.54,S5.55,Hg 67.32;Calcdfor
CsH.CI,0.SHg: C 10.04, H 0.34, S 5.36, Hg
67.06%.

5-Acetoxymercuriothiophene-2-carboxylic acid
From0.5g Hg(OCOCH,), (1.57mmol; with afew
dropsof 2Mm acetic acid) and 0.2g thiophene-2-
carboxylicacid(1.57mmol). Thecrudemercurated
product was treated with dimethyl sulfoxide
(DMSO0), and insoluble solid was separatedby
filtration. Acetonewas then addedvery slowly to
the filtrate. The precipitated monomercurated
thiophene-2-carboxylicacid left overnight, then
filtered off, washed with acetone and dried.
Analysis: Found: C 21.88,H, 1.82, S, 8.28, Hg,
51.91;Calcdfor C;HgO,SHg: C, 21.72,H 1.56,S
8.29,Hg 51.86%.

4,5-Bis(acetoxymercurio)thioplene-2-
carboxylic acid

From0.5g Hg(OCOCH), (1.57mmol; with afew
drops of 2M acetic acid) and 0.1g thiophene-2-
carboxylic acid (0.79mmol). On mixing the solu-
tions of the reactantghe mercuratedoroductwas
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obtainedmmediately.The mercurategroductwas
then filtered off, washedwith water and dried in
vacua Analysis: Found:C 17.01,H 1.21,S 5.02,
Hg, 62.24; Calcd for CoHgOsSHg: C 16.75, H
1.25,54.97,Hg 62.16%.

Bis[(5-nitratomercurio )thiophene-2-
carboxylato]lmercury(ll)

From0.5g Hg(NGs),-H,0 (1.46mmol; with afew
drops of 20% HNOs) and 0.19g thiophene-2-
carboxylic acid (1.46mmol). The mercurated
product was obtained immediately upon mixing
the solutionsof the reactantsThe reactionmixture
wasleft to standfor a few hours,thenfiltered off;
the precipitatewaswashedwith waterandethanol
and dried. Analysis: Found: C 12.27,H 0.54, N
3.01, S 6.64, Hg 61.34; Calcd for C;10H4N>019
S,Hgs: C12.28,H 0.44,N 2.86,56.56,Hg 61.53%.

5-Chloromercurio-2-thienylethanoic acid

From 0.5g HgCl, (1.84mmol), 0.5g NaO-
COCH;-3H,0O (3.68mmol) and 0.26g 2-thieny-
lethanoic acid (1.84mmol). Analysis: Found: C
19.29,H 1.75, S 8.79, Hg 53.20; Calcd for Cg
HsClO,SHg: C 19.10,H 1.34,S 8.50,Hg 53.18%.
'H NMR, d(ppm): 7.09 (d, 1H, Jun =3.23Hz,
H-3),6.95(d, 1H, Jyn :3.23HzéH-4),3.81(s,2H,
CH,), 12.49(bs, 1H, COOH). 1*C NMR, §(ppm):
139.96(d, Jugc = 153.0Hz, C-2), 126.87(d, Jngc
=233.1Hz,C-3),134.29(d, Jgc = 140.4Hz, C-4),
146.52(C-5), 35.25(CH,), 172.19(COOH).

4,5-Bis(chloromercurio)-2-thienylethanoicacid
From 1.5g HgCl, (5.52mmol), 3g NaOCOCH-
3H,0 (22.08mmol) and 0.39g 2-thienylethanoic
acid (2.76mmol). The reactionmixture wasleft to
stand for a week and the mercuration product
isolated as describedin the general procedure.
Analysis: Found: C 12.04,H 0.81, S 5.04, Hg
65.66;Calcdfor CgH4Cl,0.SHg: C 11.77,H 0.66,
S5.23,Hg 65.53%.

4,5-Bis(acetoxymerario)-2-thienylethanoic acid

From0.5g Hg(OCOCH,)» (1.57mmol; with afew

dropsof 2 M aceticacid) and0.11g 2-thienyletha-
noic acid (0.79mmol). Immediately after mixing

the solutions of the reactants,the mercurated
product was obtained. The mercurated product
was filtered off, washedwith water, and dried in

vacua Analysis: Found:C 18.57,H 1.89, S 4.90,
Hg 60.34; Calcd for C;0H100sSHg: C 18.21,H

1.53,54.86,Hg 60.84%.
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5-Trifluoroacetoxymercurio-2-thienylethanoic
acid

From0.5g Hg(OCOCR), (1.17mmol; with a few
dropsof 2 M aceticacid) and0.17g 2-thienyletha-
noicacid(1.17mmol). Analysis:Found:C 22.03,H
1.32,57.29,Hg 45.92;Calcdfor CgHsF;0,SHg: C
22.05,H 1.16,S 7.36,Hg 46.03%.

3-(5-Chloromercurio-2-thienyl)alanine
From0.5g HgCl, (1.84mmol), 0.5g NaOCOCH-
3H,0 (3.68mmol), and0.35g 3-(2-thienyl)alanine
(1.84mmol). Analysis: Found:C 20.64,H 2.06,S
7.87, Hg 50.03; Calcd for C;HgCINO,SHg: C,
20.68,H 1.97,S 7.89,Hg 49.37%.

RESULTS AND DISCUSSION

Mercuration reactions

Thiophene-2-carboxyliacidand2-thienylethanoic
acid aswell as 3-(2-thienyl)alaine were conveni-
ently mercurated by adaptationsof Volhard’s
original method? The degreeof substitutionwas
controlledby the reactionconditions,e.g.stoichio-
metricratio, mercuratingagentor temperatureThe
mercurated products of thiophene-2-carbapic
acid and 2-thienylethanoicacid with mercuric
chloridein the presencef aqueousodiumacetate
were monomercurate@cids, irrespectivelyof the
stoichiometricratio of reactantseingused.If the
mercurationwas carried out at elevatedtempera-
tures(e.g.in a waterbath) the dimercuratedacids
were obtained. Mercuric acetate,being a more
powerfulmercurationagent’**led to a mixture of
mono-anddi-mercurialsevenatroomtemperature
andirrespectivelyof the stoichiometricratio of the
reactantsin the caseof mercuratedthiophene-2-
carboxylic acid, monomercuratedacid could be
separatedrom dimercuratedone by using DMSO
as the solvent, due to different solubilities.
Unfortunatelythe mixture of mono and di-mercu-
rated2-thienylethanoi@cid could not be separated
in asimilar mannerdueto their similar solubilities
in varioussolvents.The efficient way to separate
themis hydrolysisof the crudemercuratecgroduct
with dilute hydrochloric acid (0.1M) and then
extractionwith DMSO, DMF, y-picoline, acetoni-
trile or benzonitrile. Generally monomercurialsre
solublein DMSO or dimethylformamide(DMF),
whereasdimercurialsare not. In the IR spectraof
monochloromercuria the o-CH stretches (ca
3097cm™ %), which were presentin the spectraof
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Figure 1 The'H NMR spectraof TEA (above)and TEA-HgCI (below).

theparentthiophenemoleculesareabsentndonly
B-CH stretchegca 3060cm™?) arevisible.

NMR spectra

The absenceof the H-5 signal in the *H NMR
spectra of soluble compoundsproved that the
mercurationtook place at C-5. In the spectraof

Copyright© 2000JohnWiley & Sons,Ltd.

5-chloromercurio-thiopheng-carboxylic acid
(TCA-HgCI) and 5-chloromercurio-2-thieyletha-
noic acid (TEA-HgCI) the four-bond ***Hg-H
satellitecoupling at H-3 was observedamounting
to 37.9Hz and 39.0Hz, respectively. This was
confirmedby HMBC measurementsn both mol-
eculesthe three-bond***Hg—"H coupling at H-4
wasnot detectedlt is knownthatHg—H couplings

Appl. Organometal Chem.14, 598-603(2000)
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Figure 2 Partof the 13C NMR spectrumof TEA-HgCI, displaying*®*Hg-*C satellitecouplings.

dependon spatialorientationand hybridization of
bondsbetweencoupling nuclei, hencedisplaying
structural and conformational relationships:*
Thus the absenceof the three-bondcoupling and
the existenceof the four-bond coupling can be
connectedwith ‘W’ and cis-coupling pathways
respectivelyThe mercuratioreffecton H-3 andH-
4 chemicalshifts wasfoundto be negligible here.
Figurel gives'H NMR spectraof TEA (above)and
TEA-HgCI (below), both measuredat 300MHz,
displayingchangesupon mercurysubstitutionand
the “Jugn. It is noteworthy that in the TCA
moleculethe protonsignalof COOHis somewhat
broadenedndat a lower field (for 0.23ppm) than
in TCA-HgCI. Thisis dueto the strongerhydrogen
bondingin the formerthanin the latter, which was
provedby variable-tempenaire measurements.

In 3C'NMR spectraonecanseelargedownfield
shifting of the C-5, which is directly bondedto
mercury.This mercury-inducedshift is 23.72ppm
in TCA-HgCl and 21.06ppm in TEA-HQCI. The
mercurationsite wasalsoprovedby the absencef
one-bondC—-H splitting, amountingto ca 185Hz in
parentmolecules.A considerableeffect of mer-
curation was found at the C-4 atom too: the
deshieldingeffectamountedo 6.89 and 7.25ppm
in TCA-HgClandTEA-HgCI, respectivelySeveral
19949-13C satellitecouplingswereobservedn the

Copyright© 2000JohnWiley & Sons,Ltd.

3C NMR spectraof the monomercurateccom-
poundsinvestigatechere.In Fig. 2 apartof the3C
NMR spectrumof TEA-HgCI is displayed.The
low-intensity doubletsflanking the C-4, C-3 and
C-2 signals are two- and three-bond***Hg-*C
satellitecouplings.Onecanrecognizethat 3JHgC at
C-3is largerthan 2.JHQ,C at C-4, which is relatedto
differencesin geometryand hybridizationof their
couplingpathways-* One-bond"**Hg—3C satellite
couplingat C-5wasnot detecteddueto the rather
long relaxation time of this quaternarycarbon,
giving rise to a low-intensity signal. The corre-
spondingdoubletof satellitescan have only one-
tenthof theintensityof the centralsignal.Variable-
temperaturaneasurementand addition of relaxa-
tion agentcouldnotrevealthis satellitecoupling.In
moleculeswhereHg wasdirectly bondedto sulfur,
¥ g-3C and 199H(1;—1H satellite couplingswere
alsonot detected>*2

In conclusion,one can say that in the caseof
solublesamplesH and**C NMR datarevealedhe
formationof 5-chloromercuriccompounds.
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