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Owing to their unusual Lewis acidic properties, the coordination chemistry of fluorinated organomer-
curials is attracting increasing interest. In this review, the authors focus on the synthesis, structures,
and properties of neutral Lewis adducts involving fluorinated organomercurials such gsHg;F
(CsFs)HQCI, (GsFs).Hg, and [p-CsF4)Hg]s. While most of these organomercurials form adducts with
common Lewis basic organic substrates;QsF2)Hgl; also interacts with aromatic hydrocarbons, alkynes,
N-heterocycles, and metallocenes to fatrtomplexes. In some cases, this complexation mode results
in the formation of supramolecules with unusual luminescence properties or microporosity.

Introduction the [(CR).Hglz]?~ and [(CR)Hglz]~ anions!®1! Further evi-
) ) dence for the Lewis acidic behavior of such compounds came
Organomercurials, which have been known for over 150 from conductometric titrations, which, for example, showed the
years;”® are common reagents in both organic and organome- formation of 1:1 and 2:1 halide complexes involving gzRg 101
tallic chemistry? Despite their linear geometry and apparent |, addition, Seyferth and co-workers demonstrated that the
unsaturation, the mercury atoms of such compounds exhibit little yeaction of iodide ions with fluorinated organomercurials such
coordination ability’ Although several adducts involving or- a5 CRHgl and PhHgCRleads to extrusion of difluorocarbet,
ganomercurials have been isolated, both structural and specsyggesting the nucleophilic displacement of the {CFanion
troscopic studies have served to confirm the absence ofpy the jodide iort® These seminal contributions were followed
significant Lewis acidity. For example, in its adduct with 2,9-  py numerous reports that firmly established the affinity of
dimethyl-1,10-phenantroline, the mercury atom of diphenylm-  fiyorinated organomercurials not only for aniohit 28 but also
ercury retains a linear €Hg—C geometry, indicating extremely  for neutral electron-rich substrates. Indeed oscillometric titrations
weak Hg-+N interactions$ Comparable results have been jngicate that mercurials such as @3Fg, (CRCR):Hg, (CR)--
obtained in the chemistry of organomercury halide derivatives cryHg, (CRCH,),Hg, and (CECHF),Hg form both 1:1 and
such as MeHgCI, which only forms very labile anionic 2:1 complexes with neutral bases such as piperidine, dimethyl
complexes in the presence of halide anions in solfidhis sulfoxide (DMSO), and pyridindl-oxide in benzene solutiori8.
chemical trait may be traced back to the diffuseness and energypespite their documented lability, some of these complexes
of the vacant mercury orbitals, which preclude favorable jncjyding [(CR),Hg(ONGsHs),] and [(CRCHFLHg(OSGHs)]
interactions with the filled orbitals of the donor. Moreover, coyid be obtained as pure species and characterized by IR and
because mercury and carbon have comparable Pauling elecgiemental analysi
tronegativity fg) = 2.00,%(c) = 2.55), the mercury atoms of These early investigations confirmed that fluorinated orga-
organomercurials do not accumulate a significant positive nomercurials are indeed Lewis acids. Unlike many Lewis acids,
character and therefore fail to engage in strong electrostaticqyever, fluorinated organomercurials are air- and water-stable,
interactions with electron-rich substrates. which greatly facilitates their handling and use. Another

Th|S situation can be altered upon f|u0ri.nati0.n .Of the Organic important distinction comes from the po|arizabi|ity of the
substituents. Early evidence for the Lewis acidic behavior of

fluorinated organomercurials was obtained by Emeland
Lagowski, who found that addition of alkali iodide to (§F
Hg or CRHgl results in the precipitation of salts that contain
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Figure 1. Structure [Xpiperazine] and [13,5-dimethyl-4-amino-
triazole]. Figure 2. Structure of p-DMSO].
Chart 1. Monofunctional Organomercurials Discussed in Chart 3
This Section
Ph Ph CoFs.,
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(164.2) and shorter Hg-N distances (2.622.70 A)23 Another
F Hg F  HO Hg OH structure that deserves comment is that of a dimethylbiphenyl
crown-6 ether adduct df (denoted as1-crown-6], Chart 2),
F F F F F F F F ) . . .
3 4 in which the mercury center interacts with the oxygen atoms

of the ligands via weak Hg-O secondary interactions ranging

Chart 2. [1-terpy] (left) and [1-crown-6] (right) Adduct of 1 from 2.84 to 3.12 R425 Because of the symmetry of these
o interactions, the €Hg—C angle (177.9 remains essentially
T linear.
o._ iffs0 _ . .
NGE I H/g j The formation of adducts also occurs with fluorinated
/N\-,'_,b.ﬁN Pz Ox’(':: 0 arylmercury compounds such as pentafluorophenylmercury
F3C/ O KS/ O\) chloride @, Chart 1), which complexes both dimethylformamide

(DMF) and DMSO?® The DMSO adduct 4:-DMSO] has a
. . ., o T-shaped structure, with a relatively short-+H@ bond of 2.542-
mercury atom, V‘,’h'c,h greatly “softens” the L.EWIS. acu.:ilc ProPer- (1) A (Figure 2). Formation of this short bond is accompanied
ties of these derivatives. The purpose of this article is to review by a distinct deviation of the EHg—Cl angle (169.7(2) from
the unl_JsuaI_Lewis acidic properties that fluorinated organo- linearity. The adduct F)»DMF] has also been structurally
mercurials display toward neutral substrates. characterized. In this case, however, the DMF molecules bridge
. o . . two mercury centers via elongated + interactions in the
Lewis Acidic Properties of Monofunctional 2.66-2.85 A range. In both adducts, intermolecular-Hg!
Organomercurials secondary interactions connect the individual molecules into

As stated in the Introduction, evidence for the formation of €xtended polymeric structures. These secondary-Elgnterac-
adducts involving fluorinated organomercurials and neutral tions partly neutralize the Lewis acidity of the mercury centers
Lewis bases was obtained more than half a century ago. Whileand can be regarded as competing with the DMSO or DMF
the composition of these adducts was confirmed beyond anyligands. Nonetheless, the coordination of the oxygen to the
doubts, a clear understanding of the coordination geometry of mercury center results in a noticeable weakening of the sulfoxide
the mercury center could not be provided. The availability of (1019 cnttin [2:DMSQ] vs 1057 cm* in free DMSO) and
X-ray diffraction methods has helped to answer some of these carbonyl (1654 cmt in [(2),"DMF] vs 1675 cm* in free DMF)
questions. Complexes of (g@&Hg (1, Chart 1) that have been IR stretching bands. A few Lewis adducts of bis(pentafluo-
recently structurally characterized include the polymeric adduct rophenyl)mercury, Chart 1) have also been reported. These
[1-piperazinel! and the dimeric adductl{3,5-dimethyl-4- include a 2:1 adduct that involves the bis(diphenylarsino)-
aminotriazole] (Figure 132 Both of these adducts possess four- methane ligand (Chart 3). In this adduct, the arsenic atoms of
coordinate mercury centers in heavily distorted tetrahedral the ligand are each coordinated to a molecul8 via As—Hg

coordination geometries. In both structures, theHg—C angle
(172 for [1-piperazine] and 173 for [1-3,5-dimethyl-4-
aminotriazole]) shows only a modest deviation from linearity,
with Hg-+-N bond distances (2.682 A for{piperazine] and
2.72-2.74 A for [1-3,5-dimethyl-4-aminotriazole]) that are

interactions of 3.40 &7 This distance can be compared to the
Hg-:-Se distance of 3.48 A found in the adduct involviig
and 2,2-dipyridyl diselenide (Chart 3} The formation of a
water adduct of Hg(eF4sOH-p), (4, Chart 1) has also been

commensurate with the presence of secondary interactions. A (23) Kamenar, B.; Korpar-Colig, B.; Hergold-Brundic, A.; Popovic, Z.
stronger complexation of the mercury center is observed in the Acta Crystallogr., Sect. B982 38, 1593.

2,2:6',2"-terpyridyl adduct of (Ck),Hg ([1-terpy], Chart 2),
which displays increased bending of the-Bg—C angle
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Chart 4. Bifunctional Organomercurials Discussed in This

Section
F F
F. Hg'CI F. Hg'CN
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Chart 5. 1:1 and 2:1 Chelate Complexes Formed by 5
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Figure 5. Structure of §-u,-acetone].
organomercurials do not form isolable adducts with Lewis bases
such as formamides, these original results clearly established

. . ) that the Lewis acidity of polydentate organomercurials is
Hg---O distances observed id-DMSO] and [@)-DMF. This increased by cooperative effects. Analogous results in the

long distance indicates that the water molecule, which happ_enschemistry of 1,8-bis(chloromercurio)naphthalene confirmed
to be hydroggn-bonded to the hydroxyl group of a neighboring o5 findingg? Unfortunately, these nonfluorinated bidentate
(CeF4OH-p) ligand, interacts only weakly with the mercury | g\yis acids did not form stable adducts with more synthetically
center. useful substrates such as aldehydes and ketones. These limita-
tions led several groups to consider multidentate mercury Lewis
acids whose acceptor properties are increased by fluorination
of the organic backbong:*>
1,2-Bis(chloromercurio)tetrafluorobenzerte Chart 4) may
be the simplest bifunctional fluorinated organomercurial that
has been carefully investigated. This compound can be crystal-

recently reported (Figure 3§.In this adduct, the water ligand
forms an Hg--O distance of 3.13 A, which by far exceeds the

Lewis Acidic Properties of 1,2-Bis(chloromercurio)-
tetrafluorobenzene and Related Compounds

Polydentate Lewis acids have attracted a great deal of
attention for the multiple electrophilic activation of organic

substrates in various reactiof¥s3® Although such an activation ~ |'*> ~
mode has often been proposed, indubitable proof of the lized in a base-free form from acetaldehyfét possesses two

concomitant coordination of an organic substrate to two or more MeCUY centers separated by about 3.67 A and forms extended

Lewis acids remained extremely scarce until Wuest showed thatchains connected by secondary intermolecular # interac-
tions (Figure 4). Titration experiments monitored'8§Hg NMR

compounds containing the 1,2-bis(mercury)benzene motifs s . N
crystallize from formamide solvents to yield complexes in which SPEctroscopy indicate that this derivative forms weak 1:1
the carbonyl oxygen atom is coordinated to two and sometimes c0mplexes with DMF and DMSO in acetofieThe weakness )
four mercury center®-43 Since nonfluorinated monofunctional  ©f these complexes may be due to the acetone solvent, which
competes for the Lewis acidic mercury sites. In fact, the complex
[5-uzx-acetone] can be obtained by slow evaporation of an
acetone solution d (Chart 5, Figure 5}7 Similar crystallization
techniques can be used to obtaib,-DMF] (Chart 5).
Structural characterization of these complexes confirms that the

(29) Deacon, G. B.; Felder, P. W.; Junk, P. C.; Muller-Buschbaum, K.;
Ness, T. J.; Quitmann, C. Morg. Chim. Acta2005 358, 4389.
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Figure 6. Structure of -benzaldehyde] (left) and{benzaldehyde]
(right).

Figure 8. View of a micropore formed in the structure & (uo-

Figure 7. Structure of §:(u-DMSOY),].

DMSO),]-DMSO.
» J
oxygen atom is bound to both mercury centers. The resulting
Hg---O bonds (2.679(13) and 2.776(14) A f& f»-acetone]; ;
2.653(4) A) and 2.746(4) A forgu,-DMF]) are shorter than
the sum of the van der Waals radii of oxygen and mercury (3.2 /
A) and comparable to those observed #){{DMF]. Chelation .
of the carbonyl oxygen atom results in a weakening of the -1.9102 I 1.9 102 a.u.
carbonyl IR stretching frequency by 23 chfor [5-u,-acetone] »
and 40 cm? for [5-u2-DMF]. 13C{1H} MAS NMR spectroscopy

Figure 9. LUMO (isodensity 0.03) and electrostatic potential

shows a downfield shift of the carbonyl carbon resonance by surface ofS.

10 ppm for bruz-acetone] and 5 ppm foi5{u,-DMF] when intermolecular Hg+Cl interactions lead to the formation of a

compared. to neat acetone and DMF, respectlvely-_ . microporous molecular lattice whose channels are filled with
Crystalline 1:1 complexes & have also been obtained with  solvate DMSO molecules (Figure ).

cyclic ethers such as propylene oxitlend THF (Chart 5§84 1,2-Bis(cyanomercurio)tetrafluorobenzebeChart 4) reacts

In both cases, the oxygen is coordinated to both mercury centersyith aldehydes to afford complexes such &safetaldehyde]

The resulting Hg-O bonds, which fall in the 2.742.80 A and rbenzaldehyde], in which the aldehyde is terminally
range, are slightly longer than those found in the acetone andijigated to one of the mercury centéfsThe Hg--O bond in

DMF adducts. Another weak complex is formed with acetonitrile [6-benzaldehyde] (3.009(12) A, Figure 6) is noticeably longer
([5-u2-acetonitrile], Chart 5%° This complex, which features  than that found inj-benzaldehyde] (2.68 A). This difference
long Hg-*N distances of 2.82(1) and 2.93(1) A and an suggests that the cyanide ligand is less electronegative than
essentially unaffectedcy of 2255 cnt?, is labile and rapidly chloride. The ability of compouné to catalyze the cyano-
loses acetonitrile when exposed to air. Interestingly, all aldehyde silylation of benzaldehyde has also been investigated. The results
adducts characterized thus far do not adopt chelate structuresgf these studies suggest that bidentate organomercurials such
While acetaldehyde does not form any adducts véththe as6 are not involved in the double electrophilic activation of
complex p-benzaldehyde] shows only terminal ligation of the  aldehydes but instead assist in the formation of an activated
Carbonyl fUnCtiona”ty to one of the mercury atoms via an Lewis acidic silicon Species by anion CO[‘np]exaﬁ%n_

Hg-+-O bond of 2.68 A (Figure 6)° Complexes of 2:1 stoi- A geometry optimization o6 using DFT methods (bp86
chiometry have also been observed withnd dimethylmeth- functional, basis set: 6-31g for C and F atoms, 6-3)dft
ylphosphonate (DMMPY and DMSG* as substrates (Chart 5, C| and Stuttgart RSC 1997 ECP for Hg) affords a structure close
Figure 7). In these complexes, the donor ligands are positionedto that observed experimentafiy. These calculations also

on either side of the approximately planar bidentate Lewis acid. indicate that the LUMO (Figure 9) bears a large contribution
The presence of two donors does not influence the-@goond from the G-Hg—Cl o* orbital and features a large lobe spanning

lengths (av 2.79 A for§:(uzDMMP),]); av 2.70 A for B+ (uz- the two heavy atoms. In addition, the electrostatic potential
DMSOY)]), which are comparable to those observed in 1:1 syrface shows an accumulation of positive charge on the
adducts such a${uz-acetone]. As observed fa2{DMSQO] and mercury atoms. These theoretical investigations suggest that the

[(2)2-DMF], the individual molecules of all adducts shown in  formation of adducts 05 results from electron donation from
Chart 5 contain secondary HeCl interactions and form  the filled orbitals of the donor into the LUMO & However,
extended structures. In the case &F(f>-DMSO),], these  since coordination does not significantly affect the structure of

(48) Tschinkl, M.; GabbaiF. P.J. Chem. Crystallogr2003 33, 595. (52) King, J. B.; GabbalF. P.Organometallics2003 22, 1275.

(49) Gardinier, J. R.; Gabhak. P.Dalton 200Q 2861. (53) Density functional theory (DFT) calculations (full geometry opti-

(50) Tschinkl, M.; Bachman, R. E.; Gabb&. P.Organometallic200Q mization) were carried out with Gaussian03. Frequency calculations carried
19, 2633. out on the optimized structure of this compound confirmed the absence of

(51) Tschinkl, M.; Schier, A.; Riede, J.; Gabb&. P.Angew. Chem., any imaginary frequencies. The frontier orbitals and the electrostatic potential

Int. Ed. 1999 38, 3547. surface were obtained from the optimized geometry.
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Chart 6

Chart 7. Structures and Stoichiometry Adopted by Adducts
of 7 with Aldehydes, Ketones, Amides, Nitriles,
Phosphoramides, and Sulfoxides

L
JARN FARN JARN L
Hd()c_%%g Hg'(;%_%ilg Hg'(()%?-lg
<> <> <y <>
\E N
[7uzl] [7-(uzL),) [7-(uzL)s(L)]
nPrCN® MeCN™ Me,CO%
CH,CHCN™ PhMeCO® MeCOOEt*
L= MeCHCO® Me,N(H)CO*™-%* Me, SO
Me>CO® Me;NMeCO®
Ph,CO® (MesN);PO*’

the organomercurial and results only in long bonds between

the mercury centers and the electron-rich donor atoms, the exten

of orbital mixing between the donor and the acceptor must be

rather small. In turn, bonding in these adducts most likely bears

an important contribution from favorable electrostatic interac-
tions.

Lewis Acidic Properties of Trimeric
Perfluoro-ortho-phenylene Mercury

Trimeric perfluoroertho-phenylenemercury’( Chart 634 has
been widely investigated as a host for a variety of ani413%.62
This molecule, which can be obtained in a crystalline form by
recrystallization from CELCI, or sublimatiorf? features a planar
structure with readily accessible mercury centers.
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(55) Tikhonova, I. A.; Dolgushin, F. M.; Tugashov, K. I.; Ellert, O. G.;
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Chem.2004 689, 82.
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F. M.; Antipin, M. Y.; Bakhmutov, V. |.; Sivaev, |. B.; Teplitskaya, L. N.;
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B. Chem=Eur. J. 2001, 7, 3783.
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L.; Stankevich, I. V.; Shur, V. B.; Epstein, L. Ml. Organomet. Chem.
1999 585 201.
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Y. T.; Yanovsky, A. |.; Tikhonova, I. A.; Shur, V. Bl. Organomet. Chem.
1997 536/537 413.

(59) Tikhonova, I. A.; Dolgushin, F. M.; Yanovsky, A. |.; Struchkov,
Y. T.; Gavrilova, A. N.; Saitkulova, L. N.; Shubina, E. S.; Epstein, L. K.;
Furin, G. G.; Shur, V. BJ. Organomet. Cheni996 508 271.

(60) Shur, V. B.; Tikhonova, I. A.; Yanovskii, A. |.; Struchkov, Y. T.;
Petrovskii, P. V.; Panov, S. Y.; Furin, G. G.; Volpin, M. Dokl. Akad.
Nauk1991 321, 1002.

(61) Shur, V. B.; Tikhonova, I. A.; Yanovskii, A. |.; Struchkov, Y. T.;
Petrovskii, P. V.; Panov, S. Y.; Furin, G. G.; Vol'pin, M. EE. Organomet.
Chem.1991, 418 C29.

(62) Shur, V. B.; Tikhonova, I. A.; Yanovskii, A. |.; Struchkov, Y. T.;
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Figure 10. Structure of {-us-acetone] (top), 1-(us-acetonitrile}]
(middle), and 7-(us-acetone)acetone)] (bottom).

Although this compound was reported to form various adducts
by Massey over 20 years a§bit is not until recently that a
number of structural studies have shed light on its coordination
chemistry. These studies have confirmed that this compound
exhibits a rich coordination chemistry toward neutral electron-
rich substrates including aldehyd@ketone$>66amides’’—6°
nitriles 8%.7 phosphoramide®, and sulfoxide$! with which it
usually forms discreterfus-L], [ 7-(us-L)2], and [7-(us-L)2(L)]
Eomplexes. In the7:(us-L)2] complexes, two molecules of the
donor are coordinated to the mercury centers/ ain either
side of the molecular plane (Chart 7). A similar situation is
encountered in7-(us-L)2(L)], where an additional ligand is
terminally ligated to one of the mercury centei@up-acetone}
and [7-(uz-acetonitirile}]’° are representative examples @f [
us-L] and [7-(us-L)2] adducts, respectively (Figure 10). In the
case of T-us-acetone], the molecules form co-facial dimers that
are held together by two mercuriophilic interactions of 3.51 A
(Figure 10).

For all carbonyl adducts, the HgO distances involving the
triply bridging substrates fall within a relatively narrow range
of 2.8-3.1 A and do not show any strong dependence on the
stoichiometry of the adducts. For example, the-Hg distances
involving the triply bridging acetone molecules iffs-acetone]

(av 2.90 A¥S are close to those in7{(us-acetone)acetone)]
(av 2.88 A) (Figure 10%° The basicity of the ligand also appears
to have little influence on the HgO distances. For example,
the Hg+-O bonds in 7+ (us-DMF);] (av 2.87 Af7 are close to
those observed in7f(usz-acetoneyacetone)]. It remains that
these Hg-O bonds are distinctly longer than those measured

(63) Haneline, M. R.; Gabbak. P.Z. Naturforsch., B: Chem. S&004
59, 1483.

(64) Ball, M. C.; Brown, D. S.; Massey, A. G.; Wickens, D. A.
Organomet. Chenil981, 206, 265.

(65) King, J. B.; Tsunoda, M.; Gabhdt. P.Organometallic2002 21,
4201.

(66) King, J. B.; Haneline, M. R.; Tsunoda, M.; Gabb&l P.J. Am.
Chem. Soc2002 124, 9350.

(67) Tikhonova, I. A.; Dolgushin, F. M.; Tugashov, K. I.; Petrovskii, P.
V.; Furin, G. G.; Shur, V. BJ. Organomet. Chen2002 654, 123.

(68) Baldamus, J.; Deacon, G. B.; Hey-Hawkins, E.; Junk, P. C.; Martin,
C. Aust. J. Chem2002 55, 195.

(69) Tikhonova, I. A.; Dolgushin, F. M.; Tugashov, K. I.; Furin, G. G.;
Petrovskii, P. V.; Shur, V. BRuss. Chem. BulR001, 50, 1673.

(70) Tikhonova, I. A.; Dolgushin, F. M.; Yanovsky, A. |.; Starikova, Z.
A.; Petrovskii, P. V.; Furin, G. G.; Shur, V. B. Organomet. Chen200Q
613 60.
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Figure 11. Portion of the coordination polymer observed i [
//tG-Mezs]n.

Table 1. IR Data for Selected Adducts of 5 and 7 Figure 12. Portion of the coordination polymer observed in [

NIT-Ph,.
VYc=0 of MeZCO‘”-GG VYc=0 of DMF47.67.68 VYCc=N of MeCN?#6.70
5 1693 cnmit 1654 cmt 2255 cnit longer than those observed ii-(Me,Sh(us-Me,S)] for the
7 1683 cnt’ 1646 ent 2266 ent triply coordinated dimethyl sulfide molecules but remain within
free 1716 cm 1675 cm 2254 cm the sum of the van der Waals radii. Compouhalso interacts

with bis(2-hydroxyethyl)sulfide to form a 1:1 adduct with a
single and relatively short HgS bond of 3.14 A3 Several
Hg---O interactions also add to the stability of this adduct. Other
adducts involving sulfur-containing substrates include{s-
S=P(OMe)(p-CeHsNO,))2]7® and [(7)*TTF] (TTF = tetrathi-
afulvalene)* The latter features a sandwiched TTF molecule
held by multiple Hg--S interactions ranging from 3.47 to 3.53

in [5-us-acetone] (av 2.73 A) andb{u-DMF] (av 2.70 A)47
which is in agreement with the triply rather than doubly bridging
location of the carbonyl ligands. Another interesting feature
concerns the terminal ligands of-[us-acetone)acetone)],
which form relatively long He+O bonds of 3.09 A. This
structural feature may be correlated to the lability of the
complex, which loses acetone at room temperature.

For all carbonyl adducts reported thus far, coordination to ) ) ) o
the mercury centers results in a detectable weakening of the Substrates with at least two accessible Lewis basic sites tend
carbony! IR stretching bands. In the acetone and DMF adduct, {0 form more complex aggregates. For example, 2-(phenyl)-
the weakening effect is more acute than Sup-acetone] and 4_,4,5,5-tetramethyl|mldazol|ne-1-oxyl-3-OX|de (NIT-Ph) forms
[5-u2-DMF],4” suggesting that the triple coordination of the &ither [*NIT-Ph-7] or [7-NIT-Ph], (Figure 12) depending on
carbony! functionality results in an increased polarization of the the stoichiometry of the reactidh.In these adducts, each of
C=0 bond (Table 1). In the case of the nitrile adducts7pf the oxygen atoms of thg NIT-Ph molecule interacts with the
coordination leads to an increase in the energy of the nitrile IR Mercury centers of an adjacent moleculg fhe Hg--O bonds
stretch. For T-(uz-acetonitirile}], this stretch appears at 2266 Present in these two structures (2:8502 A) are comparable
cm1, as opposed to 2255 crhin [Suz-acetonitrile] and 2254 to those dlscu_ssed for the carbonyl adducts. Despite the presence
cm~t in free acetonitrile (Table 170 Such an increase has of these relatively short bonds, the NIT-Ph molecules of the
often been observed in Lewis adducts of acetonitrile and is Polymer [/*NIT-Ph], do not appear to be coupled to one another,
caused by a ligation-induced stabilization of thel o- and as indicated by magnetic susceptibility measurements. This
7-bonding orbitals? In turn, the largest deviation observed in  OPServation suggests that the bonding in such adducts is
[7-(us-acetonitirile)] can be correlated to the triple rather than domlnate.d by electrostatic rather than covalent |nter§ctlons.
double coordination of the nitrile functionality. Sandwich structures are also observed foiphenzoquinone

As expected, this trinuclear complex shows a great affinity and maleic anhydride adducfsThe p-benzoquinone adduct
for sulfur-containing substrates including dimethyl sulfide. features two molecules f which are each coordinated to one
Crystallization of7 from neat dimethy! sulfide yields7f(us- of the carbony! func’uonahges (Figure 13). The structure of the
Me,S)(Me,S)], in which four molecules of dimethy! sulfide maleic anhydride adduct is more complicated. In this adduct,
are bound to the trifunctional Lewis acid via HgS bonds two molecules of maleic anhydride are sandwiched between two
ranging from 3.2 to 3.5 A2 This complex is quite labile and ~ Molecules of7. Each molecule of maleic anhydride is triply
loses 3 equiv of dimethyl sulfide upon exposure to dry air, thus coordinated via one of its carbpnyl fur)ct.lonahtle.s to one of the
suggesting the formation of a stable 1:1 adduct. In fact, an adductm0|e_CU|es_ of7 and singly coordinated via its remaining carbonyl
of the same stoichiometry can be isolated from 1,2-dichloro- functionality to the second mercury complex. The-+@ bonds
ethane solutions containing and MeS. This adduct, T-ue- present in these two structures (2:212 A) are once again
Me,S],, adopts a polymeric structure and contains sandwiched comparable to those observed in other adducts of oxygen-
dimethyl sulfide molecules (Figure 11). The sulfur atom of the containing ligands. Remarkably, trinucléais able to stabilize
latter interacts simultaneously with the mercury centers of two
neighboring molecules of and thereby achieves hexacoordi- gig Liunré?iﬂi’ m-?gézgatfbaﬁ’-;'efémst- C%?r?\rg%%91571%72192
nation. The Hg+S bonds (3.571(3) and 3.543(7) A) are slightly (75) Haneline, M. R.. GabbaF. P.Inorg. Chem2005 44, 6248.

(76) Tikhonova, I. A.; Dolgushin, F. M.; Yakovenko, A. A.; Tugashov,

(71) Purcell, K. F.; Drago, R. SI. Am. Chem. So0d.966 88, 919. K. I.; Petrovskii, P. V.; Furin, G. G.; Shur, V. BOrganometallics2005
(72) Tsunoda, M.; GabbaF. P.J. Am. Chem. SoQ003 125 10492. 24, 3395.
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Figure 13. Structure of [{).-benzoquinone] (left) and T§»*2,4-
pentanedione] (right).

18102 N 1.8 102a.u.

Figure 14. LUMO (0.03 isodensity surface) and electrostatic
potential surface of.

Chart 8. Aromatic Hydrocarbons Reported to Form 1:1
Adducts with the Organomercurials 2, 3, and 7
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Reviews

of the molecule is where the Lewis acidity is at a maximum. In
agreement with this view, this large lobe appears directly aligned
with the direction along which Lewis basic substrates approach
the molecule. This simple consideration suggests that formation
of adducts possessing triply bridging ligands results from the
simultaneous electron donation from the ligand to the three
mercury atoms, resulting in four-centemo-electron interac-
tions. However, the computed magnitude of the HOMO
LUMO gap, which is equal to 3.36 e¥,indicates that the
LUMO might be too high in energy to efficiently mix with the
donor orbitals of the ligand. This conclusion is also supported
by the cyclic voltammogram df in THF using"BusNPF; as a
supporting electrolyte, which does not show any reduction in
the solvent window?® As a result, the bonding in these adducts
may in fact be dominated by electrostatic rather than covalent
interactions. This conclusion is in agreement with the work of
Fackler, who showed that the electrostatic potential surface at
the center of the trinuclear macrocycle is positive while the
periphery is negative (Figure 18.n the case of soft donor
atoms such as sulfur, dispersion forces probably add to the
stability of the adducts.

Interaction of Fluorinated Organomercurials with
Aromatic Hydrocarbons

Arene mercurations are electrophilic substitution reactions
which substantiate the strong interactions that can occur between
Hg(ll) ions and aromatic substrates. Similar conclusions can
be derived from the isolation and structural characterization of
cationic arene-Hg(ll) m-complexes?-8 In these complexes,
the arene is typically coordinated to the mercury atom in an
n2-fashion via Hg:+Carenebonds that range from 2.3 to 2.7 A.
Longer Hg--x interactions are also often observed in neutral
organomercurial derivatives that bear arene ligdhalgith Hg-
--Carenedistances in the range 3 to 3.4 A, these interactions are
inherently weak and have been found to occur mainly in an
intramolecular fashion. Examination of the literature shows that
simple organomercurials such as,Rb do not form complexes
with arenes. As documented in the following paragraphs, this
situation can be altered in the presence of fluorinated ligands
(Chart 8).

Some of the simplest adducts reported to date involve the
organomercuria2, which interacts with phenanthrene, fluorene,
and pyrene in CHGIto form 1:1 adducts, as indicated by
elemental analysis (Chart 8 The structure of the phenanthrene

the keto form of acety|acet0ne (2 4- pentanedione) with which adduct has been determined and shows extended binary stacks
it forms a 2:1 sandwich adduct, which has been structurally Where molecules dt alternate with molecules of phenanthrene
characterized (Figure 13). In chloroform solution, dissociation (Figure 15). The short HerC contacts of 3.293.53 A indicate

of the adduct occurs and is accompanied by a transformationthe presence of secondary Hg interactions. These interactions

of the keto form of acetylacetone into a mixture of its
tautomerd’

Compound? has been studied computationally (bp86 func-

tional, basis set: 6-31g for C and F atoms, 6-31)gfor CI,
and Stuttgart RSC 1997 ECP for Htj) These calculations

indicate that the LUMO spans the three mercury centers and
forms a large lobe that protrudes above and below the plane

are complemented by perfluoroareraene interactions, which

(78) Burini, A.; Fackler, J. P., Jr.; Galassi, R.; Grant, T. A.; Omary, M
A.; Rawashdeh-Omary, M. A.; Pietroni, B. R.; Staples, RI.Am. Chem.
S0c.200Q 122 11264.

(79) Olah, G. A.; Yu, S. H.; Parker, D. @. Org. Chem1976 41, 1983.

(80) Lau, W.; Huffman, J. C.; Kochi, J. KI. Am. Chem. Soc.982
104, 5515.

(81) Damude, L. C.; Dean, P. A. W.; Sefcik, M. D.; SchaeferJ.J.

defined by the three mercury atoms (Figure 14). Calculations Organomet. Chenl982 226, 105.

using all-electron basis sets with the ADF program show that
the LUMO bears a large contribution from the mercury 6p

orbitals (44%)°> The presence of this large lobe in the middle

(82) Damude, L. C.; Dean, P. A. W. Organomet. Cheni979 181, 1.
(83) Branch, C. S.; Barron, A. R. Am. Chem. So@002 124, 14156.
(84) Borovik, A. S.; Barron, A. RJ. Am. Chem. So@002 124, 3743.
(85) Borovik, A. S.; Bott, S. G.; Barron, A. R.. Am. Chem. So2001,

of the three mercury centers suggests that this particular region123 11219.

(77) Tikhonova, I. A.; Yakovenko, A. A.; Tugashov, K. I.; Dolgushin,
F. M.; Novikov, V. V.; Antipin, M. Y.; Shur, V. B.Organometallic2006
25, 6155.

(86) Borovik, A. S.; Bott, S. G.; Barron, A. RAngew. Chem.,
200Q 39, 4117.

(87) Kuzmina, L. G.; Struchkov, Y. TCroat. Chem. Actd984 57, 701.

(88) Taylor, T. J.; Burress, C. N.; Pandey, L.; GabbaiP.Dalton Trans.
2006 4654.

Int. Ed.
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Figure 18. Side and top views of a stack in the structure of

Figure 15. Ball-and-stick (left) and space-filling represenation
[7-CeHg].

(right) of a portion of the structure of {ghenanthrene].

7 crystallizes from benzene to afford extended binary stacks
where molecules of7/ alternate with molecules of benzene

cqu (Figure 18, Chart 8J° These stacks are rather compact
(centroid-centroid distance of 3.24 A) so that secondary
% m-interactions can be invoked between the benzene molecule

and the mercury centers. Each of the six©C bonds of the
benzene molecule interacts with one of the six mercury centers
of the two juxtaposed molecules af The Hg--C contacts must

be relatively weak, as no significant differences in the@
bond lengths of benzene were noted. As indicated by wide-line
Figure 16. Ball-and-stick representation of a portion of the deuterium NMR spectroscopy, the sandwiched benzene mol-
structure of §+1.5(benzene)]. ecules undergo an in-plane 6@orientation with an activation
energy of 52+ 4 kJ/mol*> The magnitude of this activation
energy suggests the presence of directional interactions between
the mercury atoms of and the benzene molecules.

In order to assess how the bulk of the arene influences the
structure of such stacked assemblies, the adducts with
toluene, 0-, m-, and p-xylenes, and mesitylene have been
synthesized and structurally characterized (Chaft 8j all
cases these adducts form extended binary stacks similar to those
found in [7-benzene]. The substituted benzene molecules adopt
an apparently random orientation with respect to the trinuclear
Figure 17. Ball-and-stick (left) and space-filing representation COre Of 7, thus suggesting that the binding might be largely
(right) of the structure of3-naphthalene]. dispersive and/or electrostatic. Compléxalso forms adducts

with larger aromatic substrates including biphet#haphtha-
presumably add to the stability of the stacks. An even shorter lene?? pyrene?® triphenylene’? fluorene?® azulene and
contact is observed in the addu&t].5(benzene)], which can  Phenanthrene (Chart 8).As for the benzene and substituted
be obtained from a propylene oxide solution contairbrand benzene adducts, the structure of the arene derivatives consists
benzene (Chart 87.The crystal structure of this complex reveals Of extended stacks where molecules Dglternate with the
the presence of gl-u-benzene molecule, which bridges the aromatic substrate (Figure 19). In the caseefr[phenylene],
mercury centers of adjacent molecules5ofFigure 16). The arene-fluoroarene contacts between the two components are
resulting Hg-+C distances of 3.16 and 3.24 A confirm the also present, thus adding to the stability of the stacks. Clues to
presence of an interaction. Examination of the packing diagram the formation of some of these adducts in solution can be
also suggests the absence of significant benzéineroarene ~ obtained from fluorescence quenching experiments. For ex-
interactions. ample, addition of to a solution of naphthalene quenches the

The presence of a mercury chloride moiety does not appearemiSSion of naphthalene with a Stern-Volmer constant of 159
to be a prerequisite for the formation of arene complexes. In £ 6 M~189
fact, a recent study has shown tisfiorms crystalline adducts In all cases, doneracceptor interactions between the arene
with a variety of arenes including naphthalene, biphenyl, and and the Lewis acidic mercury centers may be responsible for
fluorene (Chart 8§° The solid-state structures of these adducts the formation of these adducts. Keeping in mind that mercury
reveal the existence of supramolecular binary stacks whereiS polarizable, intense van der Waals interactions cannot be
molecules o alternate with the aromatic substrate. The shortest neglected and most certainly contribute to the formation of these
Hg-++C contacts (3.243.49 A) are detected foBfnaphthalene], ~ supramolecules.
in which the naphthalene interacts with the mercury centers in -

a bis(trihapto) fashion (Figure 17). Cohesion of the stacks in Eg% LZ‘;%‘I)%Z: '\,\"A g?beiﬁg: ?_’%_?gég‘;@b?giggf%&ﬁ 58.333'3
adducts B-biphenyl] and B-fluorene] can be attributed to both  2gg6.
secondary Hegr and perfluoroarenearene interactions. (92) Haneline, M. R.; Tsunoda, M.; Gabib&. P.J. Am. Chem. Soc.

Similar properties are also displayed by the trinuclear complex 20053%4' 3737iv| A Kassab. R. M. Haneline. M. R Elbieirami. O.

7, which shows a marked affinity for many arenes. For example, Ga%b%, Frf]gm’]oré. c'henaq‘.szsoaoé 42 2'1’76."’1"6 me. M. R =hjeiram, .

(94) Tikhonova, I. A.; Tugashov, K. I.; Dolgushin, F. M.; Yakovenko,
(89) Burress, C. N.; Bodine, M. |.; Elbjeirami, O.; Reibenspies, J. H.; A. A,; Strunin, B. N.; Petrovskii, P. V.; Furin, G. G.; Shur, V. Borg.
Omary, M. A.; GabbaiF. P.Inorg. Chem.2007, 46, 1388. Chim. Acta2006 359 2728.
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Figure 19. Ball-and-stick (left) and space-filling representation
(right) of part of the structure of fRaphthalene]. [7-biphenyl]
Table 2. Radiative Rate Constants and Triplet Lifetimes for 14 16 18 20 2 24 2
Naphthalene, Biphenyl, and Fluorene Adducts of 3 and 7 Wavenumber10%cm-
k/s™t Tak/ms T77/Ms? TRT/MS Figure 20. Photoluminescence spectra for crystalline solids of
[3-naphthalene] 139 771 5.15 3.11 [7-pyrene], [F-naphthalene], and’{biphenyl]. Intensities of different
[3-biphenyl] 209 4.77 2.96 2.60 spectra were adjusted arbitrarily for clarity. Photographs are shown
[3-fluorene] 264 3.32 1.56 0.976 for the emissions of crystalline solids at ambient temperature.
[7-naphthalene] 669 1.42 0.985 0.712
[7-biphenyl] 1091 0.891 0.337 0.454
[7fluorene] 1469 0.657 0.436 0.265
[7pyrene] 0.423 0.568

a For comparison, the triplet lifetimes of pyrene, naphthalene, biphenyl,
and fluorene in frozen glasses are 0.7, 2.3, 4.4, andeé&:8ndsrespectively.

Intensity, arb. units

In the solid state, arene adductsf3, and7 are photolu-
minescent and show room-temperature phosphorescence of th
arene. The observed phosphorescence results from the spin
orbit coupling provided by the mercury atom, which effectively
promotes population of the triplet state of the arene via » ) )
intersystem crossing. Taking into account the fact that the Figure 21. Space-filling view and room-temperature photolumi-
mercury atoms of the organomercurial are coordinated to the N€Scence spectrum akN-methylcarbazole]. The photograph shows
m-faces of the arene, such an external heavy-atom effect seem h?desq\'/sfflor? s of the solid at ambient temperature under a hand-
to constitute a valid explanation for the observed phosphores- © 'ght.
cence. In all cases, the emission lifetimes are shorter than thoseOI
of the free arenes (Table 2). Once again, the strong-spiit
coupling effect caused by the mercury at8mmakes the
radiative relaxation of the triplet state a more allowed transition,
hence leading to shorter lifetimes than those exhibited by the
pure organic compounds, in which phosphorescence is strongly
forbidden. Arene adducts of these organomercurials constitute
promising materials for the development of OLED. Because

:ahrﬁisesr;:)lﬁségro::ig;sbzﬂlgnggn;ir;hel t[)lplialgf'[iite tﬁ]:a ﬁgin?irten;’ N-methylindole, wherein the nitrogen atom acts as an internal
ply Dy varying y spin—orbit coupling perturbe? These recent studies build on
the arene substrate. As an example, the pyrene, naphthalene

and biphenyl adducts give rise to a red, blue, and green emissionan earlier report that clearly established the affinity7ofor
phenylad 9 ’ ’ 9 other N-heterocyclic substrates including 4-phenylpyridihe.
respectively (Figure 20). : o
. ; . . Binary adducts containing/ and N-methylcarbazole or
Comparative studies carried out on the naphthalene, b|phenyl,|\I methylindole can be readily crystallized from @&l,. The
and fluorene adducts & and7 show that the triplet lifetimes y y cry 2
. . - structure of 7-N-methylcarbazole] has been experimentally
measured for adducts involvirtgare distinctly shorter than those - . o
. . L determined (Figure 270 It resembles the structure of arene
recorded for arene adducts®fAccordingly, the triplet radiative . . . .

. 4 L adducts of7 and consists of extended alternating stacks in which
decay rate constant of adducts involvifigare significantly the individual components interact via lon and Ha--
higher than those measured for adducts invohdr(@able 2). ; . ponents g Hol 9

. L o . . C interactions. The emission spectra of the adducts correspond
The drastic shortening in the lifetimes and increase iralues

' to monomer phosphorescence of the N-heterocycles with
for arene adducts af versus3 demonstrate cooperative effects lifetimes less than 100s at room temperature and 77 K (Figure
between the three mercury centerd hat lead to more efficient P 9

. 21). Remarkably, the lifetimes at 77 K are shortened by 5 orders
phosphorescence via external heavy-atom effects.

T T T T T T T
400 450 500 550 nm
Wavelength

evice Unfortunately, triplet lifetimes are typically long and

do not always allow for the rapid on/off switching of the
emission required in displays. For these reasons, strategies that
would afford lifetimes in the microsecond range are receiving
considerable attentioH.Since chromophores with internal spin

orbit perturbation are typically more sensitive to external heavy-
atom effect$? recent efforts have focused on the synthesis and
properties of complexes involvingandN-methylcarbazole or

Interaction of Fluorinated Organomercurials with 19526)7532%3,5 M. A.; Thompson, M. E.; Forrest, S. Rure Appl. Chem.
N-Heterocycles (97) Stoffers, C.; Yang, S.; Zhang, F.; Jacobsen, S. M.; Wagner, B. K,;
. . . _ Summers, C. JAppl. Phys. Lett1997 71, 1759.

The use of triplet emitters in OLED has becom_e an efficient " (gg) McG|ynn’pg. pc)(]em_ Re. 1958L58, 1113,
way to improve the electroluminescence efficiency of the  (99) Nijegorodov, N.; Mabbs, RSpectrochim. Acta, Part 2001, 57,
1449,

(95) Griffith, J. S.Theory of Transition Metal lonCambridge University (100) Burress, C.; Elbjeirami, O.; Omary, M. A.; Gabbgi P.J. Am.
Press: Cambridge, 1964. Chem. Soc2005 127, 12166.
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Figure 22. View of part of the structure of7}(C;,HsNH-NE)].

Ph(C=C),Ph
Table 3. Triplet Lifetimes for N-Heterocycles and Their ¥
Adducts with 7 -
pure complexed t@ :
EPA solid, 77 K solid, RT
N-methylindole 6.7s 54s 29us [7Ph(C=C),Ph
N-methylcarbazole 7.5s [e123 49us : : . - .
Chart 9. Alkynes Reported to Form Adducts with the s 125 175 225 215
Organomercurial 7 Temperature (°C)
SiMe, Figure 23. Molecular structure off-Ph(G=C),Ph] and DSC traces
O = — O / of Ph(G=C),Ph and J-Ph(G=C),Ph] showing the stabilization of
the polyyne induced by complexation 7o
O = — — O MesSi—= polyyne. DSC/TGA studies indicate that adduc®f{Ph(G=
_ _ \ C)Ph], [7-Ph(G=C)sPh], and [)2Ph(C=C),Ph] are more
\ )= = ==/ " thermally stable than the respective free-diphenylpolyynes
SiMes (Figure 23). For Ph(&C),Ph, the stability range is increased
\_/ e —— \_/ by almost 12C°C in an oxidizing atmosphere. Similar conclu-

sions are derived by monitoring the acetylenic stretch of Ph-
(C=C)4Ph and [7).:Ph(G=C)4Ph] as a function of temperature
of magnitude when compared to those of the free N-heterocyclesin KBy, The increase in stability of the,w-diphenylpolyynes
in EPA glass (Table 3). Such lifetime reductions are unusual jn these adducts results from their entrapment and physical
and most likely result from the synergy of the external mercury separation in a supramolecular lattice. Paradoxically, the
and internal nitrogen heavy atom effects. supramolecular forces responsible for the formation of
The trinuclear mercury derivativealso complexes carbazole these adducts are weak and do not affect the structure of the
to form a binary adduct whose structure has not been eluci- polyynes.
dated!®! Interestingly, wher¥ and carbazole are combined in Compound also reacts with 1,3,5-tris(trimethylsilylethynyl)-
the presence of a Lewis base such as THF orsNBe ternary  penzene (Chart 9) to afford binary columns (Figure 3T hese
adducts 7+(Ci2HgNH-THF)] and [7+(C12HgNH-NEts)] (Figure columns are rather compact, as indicated by the distance of 3.28
22), respectively, can be isolatéd. In these adducts, the A separating the centroids of the two components. Remarkably,
carabazole is hydrogen bonded to the Lewis base. Both addUCt&hese columns d|sp|ay periphera| tr|methy|s||y| groups and self-
have extended structures that exhibit SUpramOleCUlar binaryaggregate to generate a hexagona] microporous solid featuring
stacks in which molecules df and the carbazotfeLewis base 6 A wide channels. With nonpolar methyl groups decorating
complex alternate. Since carbazole alone does not form adductsheir walls, the channels of this solid exhibit a high affinity for
with THF or NEg, these results suggest that complexatio to  alkanes, which are reversibly trapped, as indicated by gravi-

increases the acidity of the carbazole substrate. metric measurements and NMR spectroscopy (Figure 25).
Surprisingly, the uptake observed fotbutane (2.9 wt %) is

Interaction of Fluorinated Organomercurials with greater than that for pentane (2.2 wt %) and hexane (2.2 wt

Alkynes %). Molecular mechanics simulations suggest that this difference

results from a more efficient packing of thebutane molecules

in the channels. This microporous solid is rather robust, as
indicated by gas exchange experiments, which occur with
retention of the original structure.

The interaction of trimeric7 with o,w-diphenylpolyynes
containing 4, 6, 8, and 12 sp-carbon atoms (Chart 9) in@H
leads to formation of [{).-Ph(C=C),Ph], [7-Ph(G=C)sPh],
[(7)2:Ph(G=C)4Ph], and [{)2-Ph(G=C)sPhCH,Cl].192 In the
solid state, thet,w-diphenylpolyynes, which are approximately
planar, are associated with molecules/ain either side of the
molecular plane via secondary g interactions (Figure 23).
The acetylenic stretches of these adducts as measured by IR Simple mixing of7 with ferrocene or nickelocene results in
spectroscopy are essentially identical to those of the free the formation of supramolecular electrophilic double-sandwiches

Interaction of Fluorinated Organomercurials with
Neutral Inorganic and Organometallic Complexes

(101) Burress, C. N.; Gabhdr. P.Heteroat. Chem2007, 18, 195. (103) Taylor, T. J.; Bakhmutov, V. |.; Gabhd. P.Angew. Chem., Int.
(102) Taylor, T. J.; GabbaF. P.Organometallic2006 25, 2143. Ed. 2006 45, 7030.
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Figure 24. Structure of 7-1,3,5-tris(trimethylsilylethynyl)benzene].
Left: ball-and-stick view of a portion of the stacks; middle: space-
filling view of a stack showing four repeating units; right: top view Figure 27. Molecular structure of the 2:1 adduct formed by [Au-
of the honeycomb structure d along thec-axis showing a (1-C2,N3-bzim)]; and7. The phenyl groups of the benzylimidazolate
micropore. ligands are omitted.

trinuclear organomercurial crystallizes with two molecules

3 e L TRUERE of [Au(u-Cz,Ng-bzim)Js to form extended chains in which the
Fd organomercurial is sandwiched between two molecules of the
T 25 ' gold complex (Figure 27 Examination of the structure of
£ 2- L. propane these complexes shows the presence of metallophilic-Bg
[T R interactions of 3.27 and 3.24 A, which appear to be comple-
2 15 ,’r mented by electrostatic interactions between stHeasic gold
% 1.2 ethane . . complex and ther-acidic mercury derivative.
5}. . e . . .
05, b o Conclusion
R o . o . .
The results discussed in this review show that the introduction
0 02 0.4 of fluorinated ligands into organomercurials has a dramatic effect
Pressure (P/P,) on their Lewis acidic properties. This effect most likely results
Figure 25. Left: alkane sorption isotherms for7-L,3,5-tris- from an increase in the positive charge developed by the

(trimethylsilylethynyl)benzene] at room temperature. Right: ar- mercury atoms along with a lowering of the energy of the vacant
rangements and conformations of théutane molecules in the  orbitals. As a result, fluorinated organomercurials form Lewis
channels of{-1,3,5-tris(trimethylsilylethynyl)benzene] derived from  adducts with numerous bases. Similar effects can be invoked

MM2 calculations. in the chemistry of mercuracarborands, which also possess

. . . . . i idi 6,107
in which each cyclopentadieny! ring of the metallocene is capped -eWis acidic mercury centeét

by a molecule of7 (Figure 26). The shortest HgC distances _Sqrprisingly, flu_orinated organomercurials also have an
range from 3.20 to 3.24 A and indicate that the carbon atoms affinity for aromatic substrates, alkynes, and N-heterocycles,
of the Cp rings are in close contact with the mercury ceriférs.  With which they form unusuafz-complexes. In addition to
Unlike pure nickelocene, which is air sensitive and displays a POssessing unprecedented structures, thesemplexes show
green color, the nickelocene adducl)§NiCp;] is air-stable a set of distinctive properties imparted by the presence of_the
and dark red. The unusual color of this complex results from Mercury atoms. Specifically, the mercury atoms act as-spin

an increase in the intensity of the formally spin forbiddéa, orbit coupling perturbers and trigger the phosphorescence of
— 1E,4 transition, indicating the occurrence of a mercury heavy- theszr-complexed substrates. This approach is extremely general
atom effect. and is likely to find application in the design of light-emitting

Trinuclear? also shows a marked affinity for electron-rich ~ devices.
gold complexes including [AuCy,Ns-bzim)]s (bzim = 1-ben-

imi i inh it i i i indli (105) Burini, A.; Fackler, J. P., Jr.; Galassi, R.; Macchioni, A.; Omary,
Eyh{g":‘;ila;ﬂ%%)é\yth Vghécgéténﬁ;ﬂaéts in solution %Z;??.Iﬁated M. A.; Rawashdeh-Omary, M. A.; Pietroni, B. R.; Sabatini, S.; Zuccaccia,
y - an measuremems:= 1he C.J. Am. Chem. So@002 124, 4570.
(106) Wedge, T. J.; Hawthorne, M. Eoord. Chem. Re 2003 240,
(104) Haneline, M. R.; GabbakF. P.Angew. Chem., Int. EQ004 43, 111.
5471. (107) Hawthorne, M. F.; Zheng, Zcc. Chem. Red.997, 30, 267.
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