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Regio- and stereo-isomers formed in the acet-
oxymercuration of 2-aryl-2-propyn-1-ols were
detected and identified by199Hg NMR spectra,
without any need to isolate them. The technique
was easy and reliable, and made it possible to
find out that the stereochemistry of the addition
depends on the ratio of initial concentration of
mercuric acetate to that of the alkyne. Copyright
# 2000 John Wiley & Sons, Ltd.
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INTRODUCTION

Organomercurio compounds in organic synthesis
are intermediate species, which are generally not
isolated as such. Instead, reductive demercuration
is currently used to yield functionalized organic
compounds.1 However, the latter reaction, per-
formed under basic conditions, may give side
products, which complicate product analysis.2 The
problem is particularly important for mercurated
compounds derived from oxymercuration of al-
kynes (Scheme 1): regio- and stereo-isomers are
possible, but usual spectroscopic methods (1H, 13C
NMR) are of no use in the assignment of the
structure.

These compounds cannot be eluted by column
chromatography, nor are they detectable by gas
chromatography. They are often non-crystalline
materials, thus making X-ray analysis rarely
practicable. Moreover, they do not usually burn

well and therefore elemental analysis seldom gives
reliable results. Therefore we deal with mixtures of
products, which are difficult to identify.

Thus, it is desirable to have a method for direct
identification of mercurated species: the study of
the mercuration of alkynes could be greatly
improved by the use of a technique that would
make it possible to follow the progress of the
reactionin situ. 199Hg NMR is an ideal tool for such
a purpose of the two magnetically active isotopes of
Mercury, 201Hg and 199Hg, the latter has nuclear
spinI = 1/2 and its natural abundance (16.84%) and
receptivity (5.42 with respect to13C) make its
detection easy by NMR. Also, relaxation rates are
very high, so that a large number of transients can
be acquired in a very short time. Chemical shifts are
spread over a very large range and, as a conse-
quence, are very sensitive to the electronic
environment and geometry at the mercury centre.3

Recently, we investigated the acetoxymercura-
tion of aryl(hydroxymethyl)ethynes, ArC�C-
CH2OH, obtaining one or two regioisomers,
depending on the substituent in the aryl ring, on
the basis of reductive demercuration.4 We report
here the results of an investigation by199Hg NMR
of the same reaction. In principle, four different
compounds may form: two geometric stereoi-
somers for each of the two regioisomers. On
standing (and/or after the work-up), acid-catalysed
cleavage of vinyl acetates may occur, leading toa-
acetoxymercurio ketones. The structures are shown
in Scheme 2, where the Markownikov and anti-
Markownikov regioisomers are indicated with M
and aM, respectively.

Scheme 1
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RESULTS AND DISCUSSION

Figure 1(a) shows,as a representativeexample,
the 199Hg NMR spectrumof the reaction mix-
turebetween3-(3-fluorophenyl)-2-propyn-1-oland
Hg(OAc)2 in AcOH/AcOD (1:1), and Fig. 1(b)
shows the spectrumof the mixture of products
obtainedafter work-up of the reactionin the same
solvent. The resonancesof a-acetoxymercurio
ketonescan be identified at ÿ1645.0ppm (M-k
isomer)andÿ1243.5ppm(aM-k isomer).

Threeresonancesarepresentin spectrum(a): a
singlet at ÿ1549.3ppm and two doublets of
doublets centred at ÿ1488.4 and ÿ1619.4ppm.
Eachsignal in both spectrais transformedinto a
singletby protondecoupling,demonstratingthatall
the resonancesare due to a single mercury-
containingspecies.

The values of coupling constantsbetweenHg

Scheme2

Figure 1 199Hg NMR spectra of the reaction mixture
obtainedfrom 3-(3-fluorophenyl)-2-propyn-1-oland mercuric
acetate:(a), assuch;(b), after work-up.
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and other nuclei are known to vary in the order
1J� 3J> 2J> 4J.3,5 In vinylmercurio compounds
4J(199Hg–1H) hasbeenreportedto be very small
(5–12Hz) andhasbeenobservedin the 1H NMR
spectra.6

At field strengthBo� 4.7T relaxation arising
from chemical shift anisotropydominates199Hg
spectraandproducesbroadresonances.5 The half-
height linewidths measuredfor a seriesof mer-
curatedarylphenylethenesrangebetween75 and
100Hz.7 No coupling is then expected to be
observed between mercury and the methylene
groupfor E-aM andZ-aM structures,thusindicat-
ing that the two doubletsof doubletsobservedare
dueto E-M andZ-M compounds.

We havepreviouslyreportedthat a good linear
correlation exists between199Hg chemical shifts
andcalculatedmercuryatomic charge:a decrease
in themetalatomicchargehasbeenfoundto cause
an increasein shielding.7 Mercury atomic charge
for theseriesof compundsE-M andZ-M hasbeen
calculatedontheoptimizedgeometriesobtainedby
semi-empirical methods (PM3). The values of
atomic chargehavebeenobtainedwith the RHF/
LanL2DZ basis set8,9 by Mulliken population
analysis (MPA). Limitations inherent to such
calculationshavebeendiscussedpreviously.7 The
values obtained for compoundsE-M and Z-M
(X = H) are 0.8093and 0.8322.Furthermore,the
199Hg d valuesreportedfor the structurallyrelated
E andZ isomersof 2-acetoxy-1-chloromercurio-1-
phenylpropene are respectively ÿ1154 and

ÿ1191.10 These results indicate that the most
shieldedresonancecan be attributed to the E-M
isomerand the onecentredaroundÿ1600ppm to
theZ-M isomer.

Theobservedcouplingpatternsindicatethenon-
equivalenceof the hydrogen atoms of the a-
methylene group. When the reaction mixture
obtainedby addingmercuricacetateto a solution
of 3-(4-methoxyphenyl)-2-propyn-1-ol in acetic
acid washeatedto T = 365K, closeto the solvent
boiling point, the doublet of doublets at
� =ÿ1486.2ppm become a triplet-shapedreso-
nance(intensity1:2:1), indicatingthat for theE-M
isomer the two methylenic hydrogens became
equivalent at that temperature.In contrast, no
variationhasbeenobservedfor the resonancedue
to isomerZ-M at � =ÿ1623.6ppm. It is apparent
that hindered rotation is different for the two
isomers.

Therestrictedrotationappearsto beapeculiarity
of the alcoholicsubstrate.If the reactionis carried
out on 1-phenylpropynethe 199Hg spectrumof the
reactionmixtureshowsa quartet-shapedresonance
centred at ÿ1470ppm [3J(199Hg–1H) = 200Hz]
and a singlet at ÿ1530ppm due to the E-M
compound.These regioisomersshould be of E
configuration,accordingto literaturedata.12

Spectral parametersrelative to the series of
compoundsinvestigatedarereportedin Table1.

The assignmentof the singlet centredaround
ÿ1550ppm is more difficult. Two possible iso-
mers,E-aM and Z-aM, can be responsiblefor the

Table 1 199Hg chemicalshifts (d) of the productsof theacetoxymercurationof 3-aryl-2-propyn-1-ols,a

X

b c d

H ÿ1487.4(70) ÿ1619.7(30)
p-OMe ÿ1486.2(70) ÿ1623.6(30)
p-Me ÿ1486.9(100)
p-Cl ÿ1489.7(85) ÿ1622.6(15)
p-NO2 ÿ1491.0(50) ÿ1559.2(50)
m-NO2 ÿ1494.0(70) ÿ1546.9(30)
m-Me ÿ1487.9(80) ÿ1618.6(20)
m-F ÿ1488.4(85) ÿ1549.3 ÿ1619.4(10)

a Relativepercentagesin parentheses.
b All resonancesaredoubletsof doublets[3J(199Hg–1Ha) = 145� 5 Hz, 3J(199Hg–1Hb) = 200� 5 Hz].
c All resonancesaresinglets.
d All resonancesaredoubletsof doublets[3J(199Hg–1Ha) = 335� 5 Hz, 3J(199Hg–1Hb) = 600� 5 Hz].
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signal.However,in this casewe also can usethe
correlationbetweenthecalculatedmercuryatomic
chargeand the 199Hg chemicalshifts. The values
obtainedfor compoundsE-aM andZ-aM are0.8730
and0.8476for X = p-NO2, and0.8670and0.8578
for X = m-NO2.

A goodcorrelationexistsonly for the seriesof
E-aM compounds.As previously reported,how-
ever, correlationsbetween199Hg chemical shift
valuesand calculatedHg atomic chargemust be
limited to a series of structurally homologous
compounds.7 Thus, for the seriesof E-aM para-
substitutedcompoundsr2 is 0.972andandfor the
seriesof E-aM meta-substitutedspeciesr2 is 0.943.

Moreover,thechemicalshift of theresonanceof
theE-aM productfrom 1-phenylpropyneis 60ppm
higherthanthatof theE-M isomer(seeabove).The
sameshift betweenÿ1490andÿ1550ppm points
at ananalogousstructuralrelationship.

As expected,the199Hg chemicalshift of E-M are
sensitiveto theelectroniceffectof thesubstituents,
asshownin Fig. 2. A goodcorrelationis observed
between(d199Hg) andHammetts values.13

Thesuccessof the199Hg NMR technique,which
makesit possibleto follow the reactionin situ, is
well demonstratedby thespectrashownin Fig.3.A
different stereochemicalbehaviourwas observed
whenthe ratiosof the initial concentrationsof the
reactantswere changed.With a large excessof

mercuric acetate,only the E stereoisomerwas
observed,independentlyof theactualconcentration
(Figs3aand3b).If thealkynewasin a largeexcess
with respectto the mercuratingagent,only the Z
stereoisomerappeared(Fig. 3d). Finally, with
comparableinitial concentrationsof the reagents,
bothstereoisomersweredetected(Fig. 3c).

A tentativeexplanationof this finding maybeas
follows. When mercuric acetateis in excess,the
intermediatemercuriniumion, sterically hindered
on oneside,favoursthe attackof the nucleophilic
acetatefrom the anti side, thus yielding the E
isomer.However,with an excessof alkyne, only
acetatecoordinatedto the mercury atom of the

Figure 2 Least-squaresfits of 199Hg chemical shift to
Hammetts for theseriesE-M of para-substitutedcompounds;
r2 = 0.932.

Figure 3 199Hg NMR spectraof reactionmixtureobtainedby
reactionof 3-(4-methoxyphenyl)-2-propyn-1-ol and mercuric
acetate in AcOH/AcOD (1:1 v/v), with different initial
concentrations:(a) mercuric acetate:alkyne10:1, [Hg(OAc)2]
= 0.05mol lÿ1; (b) mercuricacetate:alkyne10:1, [Hg(OAc)2]
= 0.2mol lÿ1; (c) mercuric acetate:alkyne1:1, [Hg(OAc)2]
= 0.05mol lÿ1; (d) mercuricacetate:alkyne1:5.4, [Hg(OAc)2]
= 0.05mol lÿ1.
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mercuriniumintermediateis available,thusrender-
ing a synattacknecessary.

If confirmedwith otherfamilies of alkynes,this
stereochemicalpatternmay explain why contrast-
ing resultswere reportedin the literature: appar-
ently, different initial concentrationswereused.

In conclusion,in this paperwe havestressedthe
utility of the 199Hg NMR techniqueas a tool for
directly identifying mercuratedcompoundsin a
simple,reliableandsensibleway.

Further studieswill be devotedto the aim of
identifying the until-now elusive reaction inter-
mediatesof acetoxymercuration.

EXPERIMENTAL

Acetoxymercuratedderivativesfrom 3-aryl-2-pro-
pyn-1-olswerepreparedaspreviouslydescribed.4

In the presentstudythe reactionwasperformed
in theNMR tubeby treatinga 1� 10ÿ2 M solution
of substrate in AcOH/AcOD solvent with
Hg(OAc)2 at knownconcentration.

199Hg NMR spectrawererecordedon a Bruker
AM 400 spectrometeroperatingat a frequencyof
71.64MHz with a variable-temperatureunit. The
temperaturewas calibrated using the standard
Wilmad methanol and ethylene glycol samples.
All chemicalshiftsaregivenin ppmandreferenced
to Hg(OAc)2 (1 M in AcOH), the chemicalshift of
which hasbeensetatÿ2389.0ppm relativeto the
primarystandardof neatHgMe2 = 0 ppm.5 Typical
spectraconsistof 512transientsof 4096datapoints
over an 8 kHz bandwidth with a 90° pulse of

12.5�s. Concentrationof the reagentsampleswas
in the range5� 10ÿ2–5� 10ÿ3 M. A 1:2 mixture
of deuteratedandnon-deuteratedsolventwasused.

MPA analyseshave beenperformedusing the
Gaussian94 systemof programs.14
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