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A single crystal of phenylmercury chloride (PhHgCl) was obtained by serendipity from
a solution of diphenylmercury (HgPh2) and dihydrolipoic acid in tetrahydrofuran / carbon
tetrachloride. The crystal structure of PhHgCl is pseudotetragonal. It is best described in the
orthorhombic space group Cmma with a = 6.856(1), b = 6.882(1), c = 14.309(2) A (at 193 K),
and Z = 4. The Cl-Hg-C moiety of the PhHgCl moleculeois exactly linear. The bond lengths
at the Hg atom are Hg-Cl 2.345(2) and Hg-C 2.044(9) Ä. In the crystal, the molecules are
arranged in double layers parallel to the a,b plane.
In a model medium for the gastric juice (0.1 M DC1 in D 20 / [Dg]dioxan, 37 °C), HgPh2
reacts to form PhHgCl. HgCl2, which would result from complete dearylation, cannot be isolated
from the reaction mixture. However, it appears that a small equilibrium concentration of HgCl2
may be present, because on addition of 1,4,7-trithiacyclononane (ttcn) and diethyl ether, the
dichloride can be trapped as solid [Hg(ttcn)2][HgCl4]. We estimate that after oral uptake of
HgPh2 20 - 90% are transformed into PhHgCl in the stomach after 30 min.

In tro d u ctio n
Phenylm ercury chloride, PhH gC l, which was first
m entioned already in 1869 [1] is one o f the sim 
plest organom ercury com pounds. There are conve
nient m ethods for its preparation and crystalliza
tion [2 ], but so far it has not been possible to grow
single crystals suitable for X -ray diffraction. Two
attem pts at determ ining the crystal structure o f Ph
H gCl by pow der m ethods w ere published [3, 4], In
both cases, however, the space group chosen was
not the appropriate one. This w ill be dem onstrated
here on the basis o f high-quality diffraction data o f a
serendipitously obtained single crystal o f PhH gCl.
Growing interest in the toxicity o f organom er
cury com pounds stems from persistent ecological
concerns as w ell as from a recent case o f lethal
dim ethylm ercury poisoning [5, 6 ], It is well know n
that the sym ptom s o f poisoning by phenylm ercury
(PhH g+) resem ble those o f “inorganic” m ercury
(H g2+) and differ strongly from those o f m ethylm ercury (M eH g+) [7], These observations m ay be ex
plained by the facile intracellular breaking o f Hgphenyl bonds, probably by biological thiols [ 8 ].
O n oral uptake, phenylm ercury com pounds are first

exposed to the gastric ju ice before they enter so
m atic cells. The gastric juice contains ca. 0.1 M
hydrochloric acid [91 and therefore m ight be able
to degradate phenylm ercury com pounds. Results of
m odel reactions are presented in this paper.
R esults a n d D iscussion
Crystal structure
PhH gC l has been described in the literature as
tetragonal (space group PMnmm\ a = 4.76, c =
14.32 A) [3] and as m onoclinic (P2/n; a = b = 4.89,
c = 14.46 A; ß = 90.0°) [4], In the second work
the structure has been solved and refined from pow 
der data (Rp = 0.076). It is also m entioned there
that an appropriate description should be possible
in the orthorhom bic space group Cmma with cell
dim ensions a = b = 6.92 and c = 14.46 A.
We unintentionally obtained a diffraction-quality
single crystal o f PhH gCl from an experim ent
aim ing at the grow th o f single crystals of
[H g(PhH g) 2(H lipS 2) 2] [10]. A solution o f H gPh 2
and dihydrolipoic acid [H lip(SH ) 2 ] in tetrahydrofu
ran had been prepared in a test tube. Carbon tetra
chloride had been added to form a low er layer.
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Fig. 1. Molecular structure of PhHgCl drawn with 50%
probability ellipsoids. Both alternative orientations of
the phenyl group are shown. Selected bond lengths [A]
and angles [°]: Hg-Cl 2.345(2), H g-Cl 2.044(9), C lC2 1.40(1), C2-C3 1.39(1), C3-C4 1.36(1); Cl-H g-Cl
180.0, H g-C l-C 2 120.3(5), C2-C1-C2' 119(1), C1-C2C3 119(1), C2-C3-C4 120(1), C3-C4-C3' 121(1).

A fter several m onths (initially under a protective
atm osphere o f N 2), m ost o f the solvent had evap
orated, and a yellow residue rem ained w hich con
tained colourless crystals. A t least som e o f these
crystals consisted o f PhH gCl. It is not entirely clear
how this com pound had form ed. Razuvaev et al.
show ed that H gPh 2 reacts w ith CCI4 in the pres
ence o f tetrahydrofuran already at 100°C, the m ain
product being PhH gCl [11]. Possible organic prod
ucts, e. g. PhC C l 3 , or products resulting therefrom
could not be detected in our reaction system . P h
H gC l, on the other hand, was clearly identified by
m ass spectrom etry [12]. T his observation is im por
tant for the interpretation o f the crystallographic re
sults, because it rules out the presence o f PhH g(SH )
[13, 14], It is well know n that the discrim ination be
tw een SH and Cl is difficult or even im possible from
X -ray diffraction data alone (for a recent exam ple
see ref. [15]).
The crystal structure o f PhH gCl was solved by
direct m ethods and successfully refined in the orthorhom bic space group Cmma [16], The final resid
uals (for all data) are R \ = 0.0178 and wR2 = 0.0439.
T he PhH gC l m olecule lies on a crystallographic mm
position. Its phenyl group is disordered, adopting
tw o equally populated positions as shown in Fig. 1.
The two ring planes intersect at an angle o f 86.7(3)°.
T he lattice param eters a and b differ by only 0.4% ,
w hich is, however, significant as ju d g ed by their es
tim ated standard deviations. To a good approxim a
tion they result from the a axis o f the earlier tetrag
onal description [3] by m ultiplication w ith \ [ l . The
orthorhom bic cell can be transform ed into a tetra-

Fig. 2. Perspective view of a section of a PhHgCl double
layer. For one of the Hg atoms the van der Waals contacts
to four Cl neighbours are depicted as dashed lines.

gonal one having a = 4.857(1) and c = 14.309(2) A,
w hereby one significant angular deviation, nam ely
7 = 89.79(2)°, m ust be neglected. Refinem ent in
the tetragonal space group PMnmm then leads to
very good residuals (R 1 = 0.0175, wR2 = 0.0441,
S = 1.110 for all data). The Hg-Cl and Hg-C bond
lengths agree w ith those o f the orthorhom bic model
w ithin less than \a . However, an additional disor
der is im posed on the phenyl group as the m olecule
is now situated on 4mm. The fact, that the two ring
positions are not exactly perpendicular to each other
(see above), results in a tw ofold splitting o f each of
them . Taking all this together, the structure m ust be
regarded as pseudotetragonal, and the description in
Cmma appears more appropriate.
The m olecular structure o f PhHgCl is unexcep
tional. T he Hg atom is exactly linearly coordinated
w ith the H g-Cl bond being slightly (0.01 A) longer
than the longest Hg-Cl bonds found in com para
ble aryl-H g-C l com pounds [17]. The H g-C l bond
length is at the lower end o f the usual range for HgC(aryl). In the crystal, the PhHgCl m olecules are ar
ranged as sheets w hich are parallel to the a,b plane.
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T hese sheets partly interpenetrate to form double
layers (see Fig. 2). Each double layer bears phenyl
groups above and below, w hile its inner part consists
o f the Hg and Cl atoms. Each Hg atom is surrounded
by four Cl atoms o f neighbouring m olecules, and
vice versa. The corresponding H g - C l distances are
3.43 and 3.45 A - too long for even w eak (“sec
ondary”) covalent interactions, because the sum o f
the van der W aals radii o f Hg and Cl probably falls
in the range 3.4 - 3.5 A [18]. W ithin each sin g le
layer, only edge-to-face arrangem ents o f the phenyl
groups, as found in crystals o f benzene [19], are
possible. The resulting alternating orientations can
easily be recognized in the low er part o f Fig. 2. Any
phenyl group that adopts the “w rong” disorder posi
tion w ould form four interm olecular H H contacts
o f less than 1.0 A ! Thus, the disorder can occur from
one single layer to the next along the c axis, but not
w ith in a single layer. There are no indications that
this disorder is not statistical.
P ro to n o ly sis o f H g P h 2 b y h yd ro ch lo ric a c id u n d e r
n ea r-p h y sio lo g ica l co n d itio n s

A fter oral uptake, H gPh 2 rem ains in the stom ach
for a m axim um period o f 1 - 3 h. D uring this tim e,
it is in contact with the gastric ju ice w hich typi
cally contains ca. 120 mM hydrochloric acid [9].
We have m odelled this situation in a H gPh 2 / DC1
/ D 2O / [Dgjdioxan reaction system (for details see
Experim ental Part). The use o f [D8]dioxan was nec
essary to dissolve H gPh 2 w hich is poorly soluble in
w ater alone. The reaction rate o f the form ation o f
PhH gC l according to
H gPh 2 + HC1 -»> PhH gC l + C 6H 6
is probably no more than one order o f m agnitude
larger in our 80% dioxan system than in purely
aqueous solution. This can be inferred from the
results o f early investigations on the acidolysis o f
H gPh 2 w hich, however, did not have any biological
background [20, 21]. The substitution o f HC1 by
DC1 should have only a small effect on the reaction
rate [20]. Thus the conditions in our m odel system
are not very different from the physiological ones,
except for the high concentration o f H gPh 2 neces
sary for N M R detection.
The m ain results from a typical experim ent (see
Experim ental Part) are the follow ing. A t 37 °C, 50%
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o f the H gPh 2 are transform ed into PhHgCl within
15 m in (80% w ithin 60 min, 90% within 120 min).
The interpretation o f these data m ust take into ac
count that the concentration o f DC1 decreases from
initially 130 mM to 80 mM (40 mM ) when 50%
(90% ) o f the H gPh 2 has reacted. Consequently, the
reaction slows dow n due to a decrease in concen
tration o f b oth reaction partners. From the starting
phase o f the reaction the half-tim e can be roughly
estim ated at ca. 10 min. This value is very sim ilar
to the one obtained for the half-tim e o f the aci
dolysis o f H gPh 2 by perchloric acid (water, pH 1,
25 °C) [22], In conclusion, we can estim ate that in
the stom ach 20 - 90% o f the H gPh 2 are transform ed
into PhH gC l w ithin the first 30 min.
E ven at an initial D C l-to-H gPh 2 ratio o f ca. 2 .6 : 1 ,
no further reaction o f PhH gCl to H gC l 2 was ob
served (see E xperim ental Part). A fter 14 d at 37 °C,
PhH gC l was isolated as the only product. A ddi
tion o f 1,4,7-trithiacyclononane (ttcn) has no effect,
i. e. there is no donor activation of PhH gCl by ttcn.
Ttcn serves as a m odel for biological thioethers like
m ethionine w hich are potential ligands for PhHgCl
even in strongly acidic media. However, when d i
ethyl ether is allow ed to diffuse via the gas phase
into the ttcn containing reaction m ixture, the poorly
soluble com plex salt [H g(ttcn) 2][H gCl 4 ] crystal
lizes. It was identified by X -ray structure determ ina
tion [23]. This result indicates that a low equilibrium
concentration o f H gC l 2 may be present also in the
ttcn free system.
Experimental Part
Caution! Phenylmercury compounds are highly toxic.
Any swallowing, contact to skin or inhalation of dusts
must strictly be avoided. When solutions of these com
pounds are handled, it is recommended to wear the special
combination of gloves specified in ref. [5, 6].
Crystal structure determination
A suitable single crystal of PhHgCl was obtained as de
scribed in the previous section. It was mounted on the top
of a glass capillary on a STO EIPD S area detector diffrac
tometer. MoÄa radiation (A = 0.71073 A) was used for
intensity data collection. Crystal data: CöHsClHg, Mr =
313.15, orthorhombic, space group Cmma\ a = 6.856(1),
b = 6.882(1), c = 14.309(2) A; V = 675.1(2) A3, Z = 4,
Pcaic = 3.081 gem - 3 , n(M oK a ) = 230.8 cm -1 , crystal
size: 0.44 x 0.38 x 0.03 mm, T = 193 K, 178 expo
sures, A^p = 1.8°, 5.7 < 2 < 9 < 52.0°, completeness to
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2(9 = 52.0°: 97.2%; reflections: 4093 collected, 385 in
dependent (/?int = 0.0503), 376 observed [I > 2cr(/)]; nu
merical absorption correction, min./max. transmission:
0.0351/0.5444, refinement on F 2, 36 parameters, R 1 =
0.0173 [/ > 2cr(/)], wR2 = 0.0439 (all data), max./min.
residual electron density: +1.62/—0.61 eA - \ All non
hydrogen atoms were anisotropically refined. The hy
drogen atoms were included on idealized positions. Pro
grams used were the SHELX-97 program package [16]
and DIAMOND [24], Further details of the structure
determination have been deposited with the Cambridge
Crystallographic Data Centre, 12 Union Road, Cam
bridge CB2 1EZ, UK (fax: (+44)1223-336-033; e-mail:
deposit@ ccdc.cam.ac.uk), and may be obtained by quot
ing the deposition no. CCDC 135477, the authors' names
and the literature citation.
Reaction o f diphenylmercury with hydrochloric acid
A typical experiment, in which the time course of the
reaction between HgPh2 and DC1 was studied, was con
ducted as follows. HgPh2 (44 mg, 125 /im ol) was dis
solved in D20 / [Da]dioxan (0.20 ml /1 .0 0 ml) in an NMR
sample tube. An initial l3C NMR spectrum (75 MHz) was
recorded at 37 °C. After addition of a 20% solution of DC1
in D20 (24.4 p\, 157 /imol), the sample was kept at 37 °C.
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