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The self-assembly of racemic and enantiopure binaphthyl-bis(amidopyridyl) ligands 1,1'-CaoH12{ NHC(=0)-4-CsH4N} 5,
1, and 1,1'-CyH1{ NHC(=0)-3-CsHaN} ,, 2, with mercury(ll) halides (HgXz; X = ClI, Br, 1) to form extended metal-
containing arrays is described. It is shown that the self-assembly can lead to homochiral or heterochiral polymers
or macrocycles, through self-recognition or self-discrimination of the ligand units, and the primary materials can
further self-assemble through hydrogen bonding between amide substituents. In addition, the formation of macrocycles
or polymers can be influenced by the presence or absence of excess mercury(ll) halide, through a template effect,
and mercury(ll) halide inclusion complexes may be formed. In one case, an unusual polymeric compound was
obtained, with 1 guest HgX, molecule for every 12 mercury halide units in the polymer.

Introduction patterns of N-H---O=C hydrogen bonding, and these groups
can be used to add extra dimensionality and helicity through
hydrogen bonding to the macrocylic or polymeric complexes
that can be formed by self-assembly from metal ions with
bis(amidopyridyl) ligandg:* Because hydrogen bonding
between amide groups is important in controlling the higher-
order structure of proteins and other biological macromol-
ecules, this can be considered to be a biomimetic approach
to the control of the architecture of molecular materials.
An interesting extension of this approach is to study self-
assembly using bis(pyridyl) ligands containing both amide

There has been great interest in combining dynamic
coordination chemistry and hydrogen bonding in order to
build complex metatorganic coordination polymers, mac-
rocycles, networks, and other supramolecular architectures
by self-assembly from small, easily prepared building
blocks!™* For example, amide groups have well-known
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functionality for hydrogen bonding and a chiral center to
control helicity. In the long term, chiral molecular materials
could find application in asymmetric catalysis or enantiose-
lective separationsHowever, at this early stage of develop-
ment, it is important to learn how to control the self-assembly
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process. Axially chiral 1,1binaphthyl groups, which are  Chart1

often incorporated into chiral ligands for transition metal pR_ 0 S- 0
catalysts, have recently been used as a component of chiral 00 )L OO JL
building blocks for synthesizing chiral coordination com- H E Py E Py

H
plexest~8 Rotation about the €C bond in the binaphthyl Py\n,llI Py\"ﬂ{] g

unit is restricted as a result of the bulkiness of the naphthyl o o}
groups, and this gives the molecules, and the ligands derived
from them, a natural helicity that is retained in their metal rac- = R-+§- _

_complexe§. 8 Th|§ pioneering quk has shown great prom- 1: Py — W 2: Py — _@

ise, and so, the 1':binaphthyl unit was chosen as the chiral N

group to be incorporated into the bis(amidopyridyl) ligands.

To date, the majority of coordination complexes and ligand 1 can be influenced by the presence or absence of
networks containing 1;dbinaphthyl functionalized building  excess mercury(ll) halide, through a template eftédthis
blocks have been prepared from enantiopure ligands, andpolymer-to-macrocycle conversion can be considered to be
so, they are homochiral in natuté There are relatively few  the opposite of ring-opening polymerizati®hThere is
examples of the use of theacemic ligand in the self- evidence that suggests a similar template effect occurs in
assembly of chiral coordination complexe$? In general, the 3-pyridyl complexes, but only the 1:1 complexes could
self-assembly of oligomeric or polymeric complexes from a be crystallized in this case. Template effects involving
metal ion and a racemic ligand can give individual molecules inorganic, rather than organic, guests are unusual, and we
that are homochiral, through ligand self-recognition, or are aware of only one case with mercury(ll) halide gu&sts.
heterochiral, through ligand self-discriminatid#. Most
commonly, crystals of both types will be racemic, containing Results
either heterochiral molecules or equal amounts of both Ligands rac-1, R-1, and rac-2. The binaphthyl-bis-

enantiomers of homochiral molecules. The self-assembly can,,_ - : . A
therefore, be significantly different when using racemic g?;g;%’ﬂgi‘('%agdé l(il',ill}z{zN;(\Zl\ser(g)eﬂfag;hglr}ezé;,r:gdby
versus enantiopure ligands, and it should then be apparent . tion of 1,1—binaphthyl—2,2,—di:':1mine, GaH1o(NHo),, with

.thft ra;:_emm ll_gar:dts havr?tthte poten'?jal t? forlm nev;/ a_\nld 4-CIC(=0)GsH4N-HCI and 3-CICE0)CsH4N-HCI, respec-
interesting sofid-state arcnitectures and molecuiar materia S‘tively, and base. The ligands were prepared in the racemic

Hen_c(:je, b(?;h Ithlfa en;ntio'fgreHana;'zce_ngc 4b|n?_|pr'l;chyl-b|s- forms,rac-1 andrac-2, and the enantiomerically pure forms,

gar;]:\dof)glncyl)-l Izg{lzrll-lé(—,O) 230 ézl{-l N} (; (g:_hé%l; hgi}e R-1 andR-2 (Chart 1), by using the corresponding diamine
’ s 20011 ul o7 4 2y &y 11 i i

been §tudied in the self-assembly reactions with mercury- ﬁ:gﬁ;irjgg ;rf? Zssst:)li:(i:;l:i 00?;;'; rsgcoewn: énmli:)l(?jrf olf.h-lt-)rrlr? o-

(II)I halides reported b?lowihThe shelf—allfssemblyt_can lead htco chiral supramolecular polymers {Re-+Res+, +++S++Se+Sre-]

polymers or macrocycles, through sefl-recognition or Seft- through hydrogen bonding between NH and pyridyl

discrimination, and the primary materials can further self- . _ _
assemble through hydrogen bonding. An unexpected obser-grouDS IN(L)--N(3A) = 3.008(2) A]. The structure afic-2

vation is that the selectivity for the formation of macrocycles was determined previously, and in contrastré-1, the
i cy molecules ofrac-2 associate to form heterochiral polymers
or polymers from the reaction of HgXand the 4-pyridyl

[+*R-+-S-+R--:] through hydrogen bonding between NH and
pyridyl groups [N(3):*N(4A) = 2.991(4) AJ® In both
ligands, there is also an intramolecular hydrogen bond
between an NH and a G=0O group of each moleculél]
N(2)---O(2) = 2.893(2) A;2, N(2)--O(2) = 2.943(3) A],

and the presence of this secondary bond limits the span of
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Figure 1. Chiral polymers formed by self-assembly, with self-recognition,
through N—H-:-N hydrogen bonding between molecules in crystals of the
ligandrac-1.
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the pyridyl donors ], N(1)*N(4) = 9.97 A; 2, N(1)-*N(4)

= 6.61 A] and controls the dihedral angle between the
naphthyl groups], dihedral angle= 97.2; 2, 97.7°]. All

NH groups are involved in hydrogen bonding, whereas only
half of the pyridyl and carbonyl groups are.

Polymeric and Macrocyclic Mercury(ll) Halide Com-
plexes with Ligands 1 and 2, RespectivelyReaction of
equimolar amounts of the binaphthyl-bis(amidopyridyl)
ligands rac-1 or R-1 and mercury(ll) halide gave the
corresponding polymers [Hglu-rac-1)],, 3 (3a rac-1, X
= CI; 3b: rac-1, X = Br; 3c: rac-1, X = 1), and [Hgh(u-
R-1)]n, 4c, whereas reaction wittac-2 gave the macrocycles
[(HgX2)2(u-R-2)(u-S-2)], 5 (ba: rac-2, X = ClI; 5b: rac-2,

X = Br) (Scheme 1). The complexes were isolated as
analytically pure, air-stable, white solids that are slightly
soluble in common organic solvents such as chloroform,
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dichloromethane, tetrahydrofuran, and methanol. Two crys-
talline forms of the mercury(ll) chloride comple3a were
obtained, as depicted in Scheme 1. Both can be described
as containing a racemic mixture of homochiratRRR--,
--SSS-) polymers, but3a* contains zigzag polymers,
whereas3a** contains helical polymers. The mercury(ll)
bromide complex3b is isostructural t®a**. The mercury-

(I1) iodide complex3cis fundamentally different because it
crystallized as a zigzag heterochiral:RSRS-) polymer.

The mercury(ll) chloride and bromide compleXssand5b

are isostructural and crystallized as achiral meso macrocycles.
The complexes with the chiral ligands were more difficult
to crystallize, and only the iodide derivatide prepared from

R-1 was structurally characterized in the form of a helical
polymer (Scheme 1). The detailed structures are discussed
below.

Structures of the Coordination Polymers with Ligand
1. The structure of comple&a* is depicted in Figure 2, with
selected bond distances and angles listed in Table 1 and
hydrogen-bonding and nonbonding parameters in Table 2.
In the solid state, comple3a* exists as a racemic mixture
of homochiral zigzag polymers{HgClh(u-R-1)}]» and
[{HgClL(u-S-1)}1n in which the mercury(ll) centers have
roughly tetrahedral stereochemistry. In each chiral chain,
successive Hg@u-1) units are related by a simple transla-
tion along thec axis (Figure 2, top). The coordinated ligands
in 3a* have a similar conformation as that in the free ligand
rac-1, with both having an intramolecular ANH---O=C
amide hydrogen bond. The dihedral angle between the
naphthyl groups is essentially the same3ar as inrac-1,
whereas the distance between the nitrogen donor atoms of
the pyridyl groups irBa* is slightly greater than that in the
free ligand (Table 2). Adjacent:-RRR:- and :--SSS-
polymer chains further self-assemble through intermolecular
N—H---O=C hydrogen bonds between ligands of opposite
chirality (-+*R-++S++) [N(3)+---O(1A) = 2.837(5) A] to give
a two-dimensional sheet structure (Figure 2, middle). In
addition, pairs of--*RRR-- and ---SSS- chains from
adjacent sheets form double-stranded polymers through weak
Hg:+-O interactions [Hg(1)+-O(2A) = 3.168 A], and these
secondary bonds link the sheets together to form a three-
dimensional network (Figure 2, bottom).

The structure of comple3a**, which is a supramolecular
isomer of complex3a*, is shown in Figure 3, and selected
parameters are listed in Tables 1 and 2. In the solid state,
complex 3a** exists as a racemic mixture of polymers,
[{HgCly(u-R-1)}]n and [ HgClL(x-S-1)} 1, but the polymers
form chiral helical chains with a pitch of 11.73 A (Table 2),
and the associated channels, rather than the zigzag chains in
3a*, and the helical channels are filled with dichloromethane
guest molecules (Figure 3, top). The conformation of the
ligands in 3a** is similar to, but less open than, the
conformation of the ligands iBa*. The intramolecular amide
hydrogen bond, bipyridyl group bite distance, -‘Hélg
separation, and dihedral angle are all smaller than the
corresponding bond lengths and angle8af (Table 2). The
helical chains are further associated through intermolecular
hydrogen bonding between amide groups of ligands of
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Figure 2. Solid-state structure of compl®a*. (Top) Homochirat--RRR-- chain of3a*. (Middle) Sheet structure formed byR:+-S--R--- amide hydrogen
bonding between--RRR-- (pink) and:--SSS- (blue) chains. (Bottom) Three-dimensional network formed by linking---S--R--- hydrogen bonded
sheets through Heg O interactions (eackr-R---S++R--- sheet is a different color).

Table 1. Selected Bond Distances (A) and Angles (deg) for Polymer Compléags3a**, 3b, 3¢, and4c

3a* 3a** 3b 3c 4c
Hg(1)—N(1) 2.516(4) 2.393(6) 2.396(6) 2.467(12) 2.445(7)
Hg(1)-N(4A) 2.482(4) 2.404(6) 2.407(6) 2.400(13) 2.502(6)
Ho(1)-X(1) 2.3283(14) 2.378(2) 2.4558(10) 2.6447(17) 2.6160(7)
Hg(1)—-X(2) 2.3289(15) 2.335(2) 2.4992(11) 2.6628(16) 2.6316(8)
N(1)—Hg(1)—N(4A) 91.83(15) 96.9(2) 98.2(2) 95.0(4) 81.7(2)
N(1)—Hg(1)-X(1) 100.10(11) 92.33(15) 106.50(14) 97.0(3) 101.21(14)
N(4A)—Hg(1)—X(1) 98.94(11) 93.38(15) 110.42(16) 100.7(3) 101.30(14)
N(1)—Hg(1)-X(2) 93.81(11) 104.93(15) 96.62(15) 100.3(3) 100.77(15)
N(4A)—Hg(1)-X(2) 94.22(11) 110.04(15) 94.33(17) 100.2(3) 101.71(14)
X(1)—Hg(1)-X(2) 160.47(5) 148.51(8) 144.86(4) 151.45(5) 150.11(3)

opposite chirality {¢*R-++S++) [N(1A)---O(3) = 2.827(7) A] Hg---Hg separation, dihedral angle, and pitch of the

and form a sheet of chiral helical channels (Figure 3, bottom). helix are very similar to those @da** (Table 2), and the
The bromide compleb is isostructural with the corre-  chiral chains self-assemble through hydrogen bonding be-

sponding chloride comple8a**, and comparative struc- tween amide groups of enantiomeric ligandsR-+-S--)

tural data are included in Tables 1 and 2. As expected, [N(3)---O(1) = 2.835(7) A] in the same way as Ba**,

the intraligand amide hydrogen bond, bipyridyl bite distance, forming two-dimensional sheets with internal channels.

Inorganic Chemistry, Vol. 44, No. 10, 2005 3721



Table 2. Intraligand N-H---C=0 Hydrogen Bonds, Bipyridyl Bite
Distances (N-N), Hg---Hg Separations, Dihedral Angles, and Pitches
of the Helix

N--O N---N Hg:--Hg dihedral  pitch
A A [G)) angle®) (A
rac-1 2.893(2) 9.97 97.2
rac-2 2.943(3) 6.61 97.1
3a*  2.894(5) 10.21 13.62 97.4
3a**  2.822(7) 9.55 12.94 93.4 11.73
3b 2.823(7) 9.51 12.85 93.1 11.94
3c 2.828(16) 10.10 13.68 86.8
4c 2.849(8) 10.19 13.53 98.8 15.58
5a 2.778(8) 7.49 9.01 92.1
5b 2.780(9) 7.62 9.16 95.3
6b 2.839(13) 9.96 13.26 92.7
6c 2.87(2) 9.94 13.31 92.1
7c 2.89(3),2.82(3) 9.17,9.73 11.95,13.03 106.7,95.7

The structure of comple&c is depicted in Figure 4, and

Burchell and Puddephatt

selected bond distances and angles are listed in Tables 1 and

2. In the solid-state, comple3c exists as a heterochiral
+*RSRS- polymer [ (Hgly)(u-R-1)(u-S1)}]1n (Figure 4,
top). The ligands o8c have a similar intramolecular amide
hydrogen bond, bipyridyl bite distance, and-Hglg separa-
tion to those of3a*, but they have a much smaller dihedral
angle between the naphthyl groups (Table 2). In addition,

Figure 3. Solid-state structure of comple3a**. (Top) Homochiral
--RRR-- helical chain of3a** with CH,Cl, guest molecules. (Bottom)
Part of the sheet structure, with internal chiral helical channels, formed by
+S+*R---S-- amide hydrogen bonding betweerrRRR-- (pink) and
+--SSS- (blue) helical strands.

3722 Inorganic Chemistry, Vol. 44, No. 10, 2005

Figure 4. Solid-state structure of compl&c. (Top) View of a heterochiral
-+*RSRS- polymer chain. (Middle) The two-dimensional sheet formed by
++*R-++R-++ (pink) and:+-S++S+- (blue) amide hydrogen bonding. (Bottom)
View of the solvent encapsulated within the cavities formed by hydrogen
bonding between two polymer chains.

there is an additional twist to the polymer chains 3uf
when compared t8a*. In contrast to the previous examples,
the association of chains &c occurs through hydrogen
bonding between amide groups of ligandsliké chirality
(*+*Re**Re++, ++*S+-S++) [N(3):**O(1A) = 2.925(16) A] to
form a two-dimensional sheet of polymers (Figure 4, middle).
Furthermore, the association of polymer chains through
hydrogen bonding creates small pockets in the sheet structure
in which dichloromethane solvent molecules are encapsulated
(Figure 4, bottom).

The structure of the enantiopure comphkxis depicted
in Figure 5, and selected parameters are listed in Tables 1
and 2. In the solid state, the Hglomplex4c exists as helical
chiral polymers{Hglx(u-R-1)} ] (Figure 5, top) that further
associate with four other chains through intermolecular amide
hydrogen bonding [N(3)-O(1A) = 2.856(8) A] to form a
three-dimensional network (Figure 5, bottom). The structure
is obviously different from that of the racemic Hglomplex
3¢, and there are also major differences with the structures
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Figure 5. Solid-state structure of compledc. (Top) View of the chiral
helical polymerdc. (Bottom) Each polymer strand (green) is linked to four
other strands (purple) through amide hydrogen bonds to form a three-
dimensional network.

of 3a** and3b, although they also contain individual helical
and homochiral polymer chains. The intraligand hydrogen
bond in4cis similar to that found in complexe®a** and

3b (Table 2), but the ligand bite distance, +t¢lg separation,
and binaphthyl dihedral angle are greatedathan in3a**

and 3b. In addition, the helical coils ofic have a greater

Figure 6. Solid-state structure of compléa. (Top) View of the achiral
meso macrocycl&a. (Bottom) Each macrocycle (green) is linked to four
other macrocycles (purple) through amide hydrogen bonds to form a two-
dimensional sheet of rings.

complex 5a exists as a 30-membered meso macrocycle
[(HgCly)2(u-R-1)(u-S-1)] that contains two tetrahedral HgCl
units and one of each enantiomer of ligahFigure 6, top).
There is a crystallographic inversion center at the midpoint
of the macrocycle. The distance between nitrogen donor
atoms of the pyridyl groups of the coordinated ligandSan

is larger than that in the free ligangc-2, whereas the
dihedral angle between the naphthyl groups and the intramo-
lecular N—H---O=C hydrogen bonds are slightly smaller in
complex5athan in the free ligandac-2 (Table 2). The cavity
formed by the macrocycle is long and narrow, and there is

pitch (15.58 A) and are more elongated compared to thoseno room for a guest solvent molecule. Each macrocycle

of 3a** and3b, and adjacent coils are more tightly packed.
Thus, if theR-1 ligand is considered to contain two naphthyl-

further associates with four other macrocycles through
intermolecular amide hydrogen bonding between enantio-

(amidopyridyl) arms, one above the other, then the mercury meric ligands R-++S) [N(3):++O(1A) = 2.898(8) A] to form

atoms in the polymer8a** and3b are coordinated to a top
arm of one ligand and a bottom arm of another, leaving a
space between, whereas the mercury atomsiénare
coordinated to two top arms or two bottom arms, and there
is little space between neighboring units. Thus3at*, there
is interpenetration of neighboring helical coils and solvent
inclusion in the coils (Figure 3), whereas4wg, there is no
interpenetration of coils and no solvent inclusion (Figure 5).
Structures of the Macrocycles with Ligand 2. The
structure of comple®ais shown in Figure 6, and selected

parameters are listed in Tables 2 and 3. In the solid-state,

a two-dimensional sheet of achiral rings (Figure 6, bottom).
In these sheets, the more polar Hg@hd pyCONH units
lie within the sheet, whereas the less polar binaphthyl groups
form a sheath on either side.

The bromide comple%b is isostructural with the corre-
sponding chloride complexa. The structural features &b
are similar to those oba, and comparative structural data
are included in Tables 2 and 3.

Formation and Structure of Macrocyclic Complexes
with HgX ; Guests.Crystallization of complexe8b and3c
in the presence of a large excess of mercury halide resulted

Inorganic Chemistry, Vol. 44, No. 10, 2005 3723



Burchell and Puddephatt

Table 3. Selected Bond Distances (A) and Angles (deg) for the Macrocyclic Comp&x€$ = Cl) and5b (X = Br)

5a 5b 5a 5b
Hg(1)-N(1) 2.381(7) 2.407(6) N(BHg(1)-X(1) 101.01(17) 105.84(19)
Hg(1)-N(4A) 2.416(7) 2.423(7) N(4AYHg(1)-X(1) 107.61(17) 90.3(2)
Hg(1)—-X(1) 2.356(2) 2.474(3) N(BHg(1)-X(2) 99.30(17) 100.49(17)
Hg(1)-X(2) 2.383(2) 2.442(2) N(4AYHg(1)-X(2) 90.99(16) 113.54(19)
N(1)—Hg(1)-N(4A) 109.2(2) 107.6(2) X(BrHg(1)-X(2) 145.90(9) 136.82(10)
Scheme 2 The iodide complex6c is isostructural with the corre-
rac-1 sponding bromide complesb. All features of the structures
3b: X =Br are similar, and comparative structural data are included in

+ HgX, =< 3c: X =1

< L, RO% excess HgX,

I
X—Hg—- —

lX\
X
———Hg—X

| |
X

/

6b: X =Br
6c: X =1

in the conversion of the polymers into 34-membered meso
macrocycles [(HgX)2(u-R-1)(u-S-1)]-HgX, (6b, X = Br; 6c,
X = 1; Scheme 2) that encapsulate a single linear mercury-
(1) halide molecule inside the ring.

The structure of complegb is shown in Figure 7, with

Tables 2 and 4.

Formation and Structure of a Polymer with Hgl,
Guests.Crystallization of complex3c in the presence of a
small excess of mercury(ll) iodide gave the unusual poly-
meric compound7c, having the stoichiometry{[Hgl,)-
(u-D)} 120 (Hgl2)n (Scheme 3), with 1 guest Hgimolecule
for every 12 [Hgbu-1] units. In this intricate network
material, six polymer chains surround each guest,Hgl
molecule, as shown schematically in Scheme 3.

The structure of complexc is shown in Figure 9, and
selected parameters are listed in Tables 2 and 5. Complex
7cexist as a one-dimensional heterochiral polynfi@igl.).-
(u-R-1)(u-S 1)} ] with tetrahedral mercury(ll) centers bridged
by alternating enantiomers of the ligarat-1. The individual

selected bond distances and angles listed in Table 4 and

secondary bonding or nonbonding parameters in Table 2.
Complex6b crystallizes as a 34-membered macrocycle of
the form [(HgBE)a(u-R-1)(u-S1)] with a linear HgBs
molecule at the center (Figure 7). Each macrocycle exists in
the mesoR, S form, containing one ligan&-1, one ligand
S1, and two HgBs units, with roughly tetrahedral stereo-
chemistry at each mercury(ll) center. The conformations of
the ligands in macrocycléb and polymer3b are similar,
with each having an intramolecular amide hydrogen bond

and similar nonbonding parameters (Table 2). The shape of

the cavity formed irbb is more square, rather than long and
narrow as in complexesa and5b, and it accommodates a
guest molecule. The linear HgBguest molecule is posi-
tioned at the center of the ring, with nonbonding-HElg
distances of 6.63 A and its molecular axis tilted at an angle
of approximately 40 with respect to the plane of the
macrocycle. There is a good fit of the linear mercury halide
molecule inside the cavity of the ring, as shown by the space-
filing diagram (Figure 7). There are likely secondary

bonding interactions between the mercury atom of the guest

molecule and the carbonyl oxygen atoms of the ring
[Hg(2):++O(2) = 3.003 A] and between the bromine atoms
of the guest molecule and pyridyl groups (Figure 7).

Each macrocycle is further associated with four other rings
through intermolecular amide hydrogen bonds between
enantiomers-¢-R+*S++) [N(3)---O(1A) = 2.825(12) A], and
this gives rise to a two-dimensional sheet structure similar
to those found foba and5b (Figure 8, top). However, for
complex6b, the guest molecules are held in the center of
the sheet and line up in channels with individual molecules
separated by 16.22 A, as shown in Figure 8, bottom.
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Figure 7. Structure of the macrocyclic compl@®b with a linear HgBg
guest, showing the overall structure and a space-filling diagram.



Metal Template Effect on the PolymerMacrocycle Equilibrium

Table 4. Selected Bond Distances (A) and Angles (deg) for the Macrocyclic Compkixasd 6¢

6b 6c 6b 6¢C
Hg(1)-N(1) 2.370(10) 2.445(16) N(BHg(1)—X(1) 113.1(3) 101.8(4)
Hg(1)-N(4A) 2.435(10) 2.421(16) N(4AYHg(1)-X(1) 104.8(2) 99.0(4)
Hg(1)-X(1) 2.474(3) 2.6602(16) N(BHg(1)-X(2) 98.5(3) 102.4(4)
Ho(1)-X(2) 2.5068(15) 2.6281(17) N(4A)Hg(1)—X(2) 95.7(2) 113.8(4)
Hg(2)—X(3)/(3A) 2.3868(17) 2.553(3) X(BHHg(1)-X(2) 143.43(11) 141.13(6)
N(1)—Hg(1)-N(4A) 84.9(4) 82.7(6) X(3)Hg(2)—-X(3A) 180.0 180.0

polymer chains of7/c are very similar to those of polymer
3c, with only slight differences in the nonbonding distances
and dihedral angles of the ligands (Table 2). However,
complex7c contains 1 guest molecule of Hgbr every 12
mercury(ll) centers in the polymer chains (overall ratio
1:Hg = 1:1.083), and alternating ligands of each chain form
weak interactions with these linear Hgjuest molecules
[Hg(3)--+O(2) = 3.4 A] such that, in one chain, ea&l
ligand associates with a molecule of Hgind, in another
chain, eachR-1 ligand is involved in the @-Hg interaction.

Furthermore, three pairs of parallel polymer chains surround

each linear Hgl molecule (Figure 9, top), and the chains

intertwine and associate through intermolecular amide hy-

drogen bonds [N(2)-O(3A) = 2.88(3) A, N(7):-0O(4) =

3.10(3) A] such that a three-dimensional grid structure is

formed (Figure 9, middle and bottom).

Figure 8. (Top) The sheet structure @b formed by association of
macrocycles through--R---S-- amide hydrogen bonds. (Bottom) The
channels within each sheet that contain the guest molecules.

Scheme 3

NMR Studies of the Complexes in SolutionComplexes
3—5 were characterized byH NMR spectroscopy, with
chemical shifts tabulated in Tables 6 and S1 (Supporting
Information), on the basis of the labeling schemes shown in
Chart 2. ThéH NMR spectra of the 4-pyridyl mercury halide
complexes3 and 4 in CD,Cl; solution are similar to each
other, as are the spectra of the 3-pyridyl complexebut
there are significant coordination shifts. In particular, the
N—H and pyridyl proton resonances of complexdeand4
display significant coordination shifts compared to those of
the free ligandL (Table 6). Only one resonance was observed
for each hydrogen atom of Chart 2, but it is not clear if this
arises from dynamic exchange between oligomers or if there
are only simple molecules, such as macrocycles, present.

Upon addition of excess mercury halide to solutions of
the 1:1 complexe8—5 in CD.Cl,, significant changes to
the 'H NMR spectra were observed (Table 6 and Table S1
in the Supporting Information). For example, the chemical
shifts of protons A and P of the naphthyl rings of the
4-pyridyl complexes3 and4 decrease and increase, respec-
tively, and the N-H resonance and pyridyl proton resonances
all increase (Table 6). Similar changes were observed in the
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Figure 9. Solid-state structure of complesc. (Top) View showing six
polymer chains organized around a free Hgimplate. (Middle) View of

the three-dimensional grid network (naphthyl rings have been removed for
clarity). (Bottom) Drawing representing the grid structure formed around
free Hgh molecules.

Table 5. Selected Bond Distances (A) and Angles (deg) for the
Three-Dimensional NetworKc

Hg(1)~N(1) 2.447(15)  N(8AYHg(1)-X(1) 101(5)
Hg(1)~N(8A) 2.44(17)  N(1)Hg(1)-X(2) 104.8(4)
Hg(1)-X(1) 2.6196(19) N(8AYHg(1)-X(2) 104(5)
Hg(1)-X(2) 2.635(3)  X(1yHg(l)-X(2) 145.83(11)
Hg(2)-N(4) 2.442(10) N(4yHg(2)-N(5)  82.8(5)
Hg(2)-N(5) 2.509(11)  N(4yHg(2)-X(3)  103.2(4)
Hg(2)-X(3) 2.651(2)  N(@)-Hg(2)-X(4) 100.7(4)
Hg(2)-X(4) 2.640(2)  N(GY-Hg(2)-X(3)  97.8(4)
Hg(3)—I(5)/(5A) 2.575(7)  N(5-Hg(2)-X(4)  104.6(4)
N(1)~Hg(1)-N(8A)  82(4) X(3)-Hg(2)-X(4)  148.99(9)
N(1)—Hg(1)-X(1)  101.3(4) X(5y-Hg(3)-X(5A) 180.0

IH NMR spectra of the 3-pyridyl complexés(Table S1,
Supporting Information). The data show that there is an
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Chart 2. 'H NMR Labeling Scheme.

1: M B
NZ 0 P N N0
I H 3 P
2

IRAee
2: —@6

Table 6. Chemical Shifts (ppm) of théH NMR Resonances of the
4-Pyridyl Compoundd, 3, and4 in CD,Cl,

2,6 A B M NH N (6] P 35
rac/R-1 8.49 836 8.13 800 801 750 7.33 7.19 7.04
3a 8.54 8.37 8.15 803 796 753 7.37 7.22 7.15
3b 8.54 837 815 803 796 753 737 7.22 7.16
3c 8.54 8.37 815 802 796 7.53 7.37 7.22 7.15
4c 8.57 835 8.15 803 800 753 736 7.21 7.21
3a+xHgCl, 858 831 816 803 801 753 737 7.26 7.21
3b+xHgBr, 8.61 8.29 8.16 8.03 8.02 754 7.37 733 721
3c+xHgl, 860 8.30 8.16 8.03 802 7.53 7.37 7.26 7.20
4c+xHgl> 859 831 815 802 802 753 736 7.26 7.20

interaction with the added mercury(ll) halide, but they do
not define its nature. The complexes were insufficiently sol-
uble to allow low-temperature NMR spectra to be obtained.
Because the complexes, and the free mercury(ll) halides,
have limited solubility in CRCl,, the'H NMR spectra of
the 1:1 complexes were also recorded in a 50:50 mixture of
CD,Cl, and methanotl, which is a better solvent system.
At room temperature, the resonances corresponding to the
pyridyl protons H(2) and H(6) were very broad, as shown
for complex3b in Figure 10, suggesting fluxionality between
isomers or oligomers in solution. As the temperature was
lowered, these pyridyl proton resonances sharpened and most
of the intensity was contained in a single peak-&0 °C.
These limited data indicate that fluxionality is slowed and
that the equilibrium is shifted to favor one isomer at low
temperatures (Figure 10).

TheH NMR spectra of the complexes in GOl,/meth-
anold, solution at room temperature in the presence of

ABM 35N P

+ excess HgBr,
-90°C

9.4 92 9.0 88 86 8.4 82 80 7.8 7.6 7.4 72 7.0 68ppm

Figure 10. 'H NMR spectra of complesb in 50:50 CQCl/methanol-
ds at room temperature; 90 °C, and with excess HgBradded at-90 °C.
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excess mercury(ll) halide again contained broad pyridyl

complexes3a and 3b to a heterochiral macrocycle in the

proton resonances that sharpened as the temperature wadgX; inclusion complexe$b and6c¢ is observed (Figure

lowered to —90 °C (Figure 10). There were other low-

7). Complex4c, [Hglx(u-R-1)],, formed a helical polymer

intensity broad resonances in the low-temperature spectraand was the only enantiopure structure obtained (Figure 5).

(Figure 10). When extra ligand was added to the solution,

Complexesba (X = Cl) and5b (X = Br) formed heterochiral

the chemical shifts of the proton resonances shifted back tomacrocycles [(HgX)2(u-R-2)(u-S2)] (Figure 6) rather than

the values found for the 1:1 complex.

Discussion

Bridging bis(pyridyl) ligands are often used in the
construction of metal-containing macromolecules, and the
geometry and flexibility of the bis(pyridyl) ligand can be
important in defining the primary structure of the self-
assembled macromolecule. The incorporation of chiral bi-
naphthyl units into the bis(amidopyridyl) ligands gave the
new ligandsl and?2 a natural helicity that was retained in
complexes3—7 and led to the formation of nonlinear
polymers and macrocycles. The binaphthyl bis(amidopyridyl)
ligands1 and2 have a somewhat rigid conformation at the
binaphthyl center, but there is limited rotation about theGC
bond to form complexes with a range of torsion angtes
86.8-106.7 between the naphthyl groups. There is more
flexibility of the ligands at the amide groups, and this ligand
flexibility together with the evident lability of the HgN

polymers, as in the analogous 4-pyridyl compleesd4,

and clearly, in the absence of excess mercury(ll) halide, the
4-pyridyl ligand 1 favors polymer formation, whereas the
3-pyridyl ligand 2 favors the formation of macrocycles.

In summary, the self-assembly of mercury(ll) halides with
the racemic form of ligand4 and?2 can give polymers or
macrocycles, and the adjacent ligands can have the same or
opposite chirality. It is likely that solutions of the complexes
contain oligomers and macrocycles in easy equilibrium, that
the position of the equilibrium is both solvent- and temper-
ature-dependent and also affected by template effects with
added mercury(ll) halide, and that the oligomers contain both
homochiral and heterochiral sequences. The more selective
self-assembly occurs during crystallization, but the compound
that crystallizes will clearly be affected by the solution
equilibria as well as by the relative solubilities of the
homochiral and heterochiral polymers and the macrocycles.

In all of the complexes studied, amide hydrogen bonding

bonds allows easy interconversion between isomers andwas important in organizing the polymers and macrocycles

oligomers in solution. ThéH NMR spectra of complexes
3—5in CD.CIl, solution at room temperature were simple,

into ordered networks in the solid state. In each complex,
one N-H and G=0 pair of each ligand formed an intraligand

probably because there is rapid exchange under thesehydrogen bond, leaving one-NH and G=0O group of each

conditions. The NMR spectra in the more polar, mixed
solvent system CECl,/methanold, could be measured over

ligand free for intermolecular hydrogen bonding with ligands
of other molecules. In the majority of complexes, the

a wider temperature range and gave more evidence for aintermolecular hydrogen bonding occurred between ligands
dynamic exchange between different mercury complexes in of opposite chirality {:*R-=+S++), but in complex3c, the

solution, though the nature of the complexes was not defined.

Attempts were made to determine the degree of oligomer-
ization of the complexes in solution by electrospray ioniza-

hydrogen bonding was between ligands of like chirality
(+Re+*Rees, #+2S - G).
The high selectivity of the self-assembly process in the

tion mass spectrometry, but the complexes are neutral andsolid state when a racemic form of a chiral ligand is one

failed to give useful data even in the presence of formic acid
or alkali metal halides to aid ionization.

component is impressive, because it involves self-recognition
or self-discrimination in selecting neighboring ligands,

In contrast to the uncertain solution-state structures of the selective formation of open or cyclic units, and selective
complexes, several of the solid-state structures are clearlyassociation through hydrogen bonding. Clearly, the overall

established by X-ray structure determinations. The 1:1
4-pyridyl complexe$8 and4 crystallize as polymers, but with
several different structural motifs, whereas the 1:1 3-pyridyl
complexes crystallize as macrocycles. Complexes [HgX
(u-rac-1)],, 3a (X = CI) and 3b (X Br), formed
homochiral polymers containing equal numbers of chains
with only R-1 or only S-1 bridging ligands. Compleg8awas
crystallized in two forms, one containing zigzag chains
(polymer 3a*, Figure 2) and the other with helical chains
(polymer3a**, Figure 3). In contrast, complex [Hgl-rac-

D]n, 3¢, formed a heterochiral polymer with alternatiRgl

and S-1 bridging ligands in each polymer chain (Figure 4).
The heterochiral polymeric structure is retained in the,Hgl
inclusion compoundc (Figure 9), though the arrangement
of the polymer chains is greatly affected by the mercury(ll)
iodide “guest” molecule. A more dramatic effect is observed
in the HgX inclusion compounds with X= Br or |, when

a transformation from a homochiral polymer in the 1:1

racemic networks formed could not be formed by the use of
enantiopure ligands.

Experimental Section

NMR spectra were recorded using a Varian Inova 400 NMR
spectrometer!H and 13C chemical shifts are reported relative to
tetramethylsilane. The NMR labeling is defined in Chart 2. The
synthesis ofac-2 was described previousfy.

I. Synthesis. A.rac-1,1-CygH12-2,2-[NHC(=0)-4-CsH4N],,
rac-1. Triethylamine (2.8 mL, 20.4 mmol) and a solution rafc-
2,2-diamino-1,1-binaphthyl (2.20 g, 7.7 mmol) in THF (30 mL)
were added to a suspension of isonicotinoyl chloride hydrochloride
(3.56 g, 20.0 mmol) in THF (30 mL), and the mixture was heated
to reflux for 8 h. After the mixture was cooled, the volume of THF
was reduced by rotary evaporation and the mixture was poured
into ice water. The product was collected by vacuum filtration,
washed with cold water and acetone, and dried under a vacuum.
Yield: 2.61 g, 73%.H NMR (CD,Cl,): 8.49 (d,3Juy = 6 Hz,
4H, H2% py), 8.36 (d,2Jun = 9 Hz, 2H, HP), 8.13 (d,3Jun = 9 Hz,
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2H, HM), 8.01 (m, 4H, K, NH), 7.50 (t,3Juy = 8 Hz, 2H, HY),
7.33 (t,334n = 8 Hz, 2H, H°), 7.20 (d,3J4y = 8 Hz, 2H, H), 7.09
(d, 334y = 6 Hz, 4H, H5 py). MS m/z: calcd, 494.1742; found,
494.1737.

B. R-1,1-CyoH1»2,2-[NHC(=0)-4-CsH4N],, R-1. This was
prepared similarly to the method described above from triethylamine
(0.4 mL, 2.9 mmol),R-2,2-diamino-1,1-binaphthyl (0.40 g, 1.4
mmol), and isonicotinoyl chloride hydrochloride (2.8 mmol, 0.498
g). Yield: 0.264 g, 40%. NMR as forac-1. MS m/z calcd,
494.1742; found, 494.1742.

C. [{HgCly(u-rac-1)},], 3a. HgCl, (0.0406 g, 0.150 mmol) was
added to a stirring solution afac-1 (0.0741 g, 0.150 mmol) in
CH.Cl,, and immediate precipitation of a white solid was observed.
The mixture was allowed to stir for an additional 30 min to complete
precipitation, then the product was collected by vacuum filtra-
tion and dried under a vacuum. Yield: 0.0656 g, 66%.NMR
(CD.Cl,): 8.53 (d,3Jyn = 6 Hz, 4H, H® py), 8.37 (d,3Jyy = 9
Hz, 2H, HB), 8.14 (d,SJHH =9 Hz, 2H, |‘M), 8.02 (d,3JHH =8 Hz,
2H, HA), 7.92 (s, 2H, NH), 7.52 (BJuy = 8 Hz, 2H, HY), 7.35 (t,
3Jyy = 8 Hz, 2H, H), 7.20 (d,3Jyn = 8 Hz, 2H, H), 7.14 (d,
3Juy = 6 Hz, 4H, H5 py). Anal. Calcd for G;H,N4O,HgCl: C,
50.44; H, 2.38; N, 7.35. Found: C, 50.21; H, 2.68; N, 7.37%.

D. [{HgBr (u-rac-1)}], 3b. This was prepared similarly to the
method described fa3a from HgBr, (0.0540 g, 0.150 mmol) and
rac-1 (0.0741 g, 0.150 mmol). Yield: 0.0834 g, 67%1 NMR
(CD.Cl,): 8.55 (d,3Jyn = 5 Hz, 4H, H® py), 8.37 (d,3Jyy = 9
Hz, 2H, H?’), 8.16 (d,BJHH =9 Hz, 2H, |‘M), 8.03 (d,3JHH =9 Hz,
2H, H?), 7.95 (s, 2H, NH), 7.53 (8J4y = 8 Hz, 2H, HY), 7.37 (t,
3Juy = 8 Hz, 2H, H), 7.22 (d,3Jyn = 8 Hz, 2H, H), 7.16 (d,
3Juy = 5 Hz, 4H, H®° py). Anal. Calcd for G;H2,N4O.HgBr: C,
45.17; H, 2.13; N, 6.58. Found: C, 44.96; H, 2.29; N, 6.61%.

E. [{Hgl(u-rac-1)},], 3c. This was prepared similarly to the
method described foBa from Hgl, (0.0681 g, 0.150 mmol) and
rac-1 (0.0741 g, 0.150 mmol). Yield: 0.0991 g, 70% NMR
(CD,Cl,): 8.55 (d,3Jyn = 5 Hz, 4H, H*® py), 8.37 (d,3Jyy = 9
Hz, 2H, H), 8.16 (d,2Jyy = 9 Hz, 2H, H*), 8.02 (d,2Jyn = 9 Hz,
2H, H?), 7.95 (s, 2H, NH), 7.53 (8J4y = 8 Hz, 2H, HY), 7.37 (t,
3Jyy = 8 Hz, 2H, H), 7.22 (d,3Jyn = 8 Hz, 2H, H), 7.15 (d,
3Jun = 5 Hz, 4H, H5 py). Anal. Calcd for GoH2oN4O.Hgly: C,
40.68; H, 1.92; N, 5.93. Found: C, 40.22; H, 2.07; N, 5.91%.

F. [{Hgl2(u-R-1)}.], 4c. This was prepared similarly to the
method described foBa from Hgl, (0.0681 g, 0.150 mmol) and
R-1 (0.0741 g, 0.150 mmol). Yield: 0.0940 g, 67%1 NMR
(CD.Cly): 8.57 [s (br), 4H, B8 py], 8.35 (d,3J4 = 9 Hz, 2H,
HB), 8.15 (d,3Jun = 9 Hz, 2H, H"), 8.03 (d,3Juy = 8 Hz, 2H,
HA), 8.00 (s, 2H, NH), 7.53 (8Juy = 8 Hz, 2H, HY), 7.36 (t,2Jun
= 8 Hz, 2H, H), 7.21 (m, 6H, H, H®5 py). Anal. Calcd for
C32H22N402Hg|2: C,40.68; H, 1.92; N, 5.93. Found: C, 40.35; H,
2.34; N, 6.31%.

G. [(HgCl)a(u-R-2) (u-S-2)], 5a. This was prepared similarly
to the method described f8afrom HgChL (0.0406 g, 0.150 mmol)
andR-2 (0.0741 g, 0.150 mmol). Yield: 0.0914 g, 83%1 NMR
(CD.Cly): 8.58 (d,3Jun = 6 Hz, 2H, H py), 8.49 (s, 2H, K py),
8.35 (d,3Juy = 9 Hz, 2H, H), 8.12 (d,3Jyn = 9 Hz, 2H, H),
8.00 (d,3Jyy = 8 Hz, 2H, HM), 7.93 (s, 2H, NH), 7.71 (FJyn =
6 Hz, 2H, H py), 7.50 (t,%Jyn = 8 Hz, 2H, HY), 7.34 (t,3Jun =
8 Hz, 2H, H), 7.25 (m, 2H, H py), 7.19 (d,3J4y = 8 Hz, 2H,
HP). Anal. Calcd for G;H,.N4O,HgCl: C, 50.44; H, 2.38; N, 7.35.
Found: C, 49.99; H, 2.58; N, 7.11%.

H. [(HgBr 2)2(u-R-2)(u-S-2)], 5b. This was prepared similarly
to the method described f8afrom HgBr, (0.0540 g, 0.150 mmol)
andR-2 (0.0741 g, 0.150 mmol). Yield: 0.0909 g, 73%1 NMR
(CD4Cly): 8.59 (d,3Jun = 6 Hz, 2H, H py), 8.49 (s, 2H, K py),
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8.35 (d,BJHH =9 Hz, 2H, H'\), 8.13 (d,?’JHH =9 Hz, 2H, |‘P),
8.00 (d,3Jyn = 8 Hz, 2H, HY), 7.93 (s, 2H, NH), 7.71 (B =
6 Hz, 2H, H py), 7.50 (t,3Jun = 8 Hz, 2H, HY), 7.34 (t,3Jun =
8 Hz, 2H, H°), 7.26 (m, 2H, H py), 7.19 (d,3J4y = 8 Hz, 2H,
HP). Anal. Calcd for G,H2N4O-HgBr: C, 45.17; H, 2.13; N, 6.58.
Found: C, 44.98; H, 2.27; N, 6.38%.

Il. X-ray Structure Determinations. Crystals were mounted
on glass fibers. Data were collected at 150 K using a Nonius-Kappa
CCD diffractometer using COLLECT (B. V. Nonius, 1998) soft-
ware. No significant decay occurred during data collection at this
temperature, though easy solvent loss occurred at room temperature.
The unit cell parameters were calculated and refined from the full
data set. Crystal cell refinement and data reduction were carried
out using the Nonius DENZO package. The data were scaled using
SCALEPACK (B. V. Nonius, 1998). The SHELX-TL V5.1 and
SHELX-TL V6.1 (G. M. Sheldrick) program packages were used
to solve and refine the structures. The structures were solved by
direct methods, except f&a, which was solved by the automated
Patterson routine. Except as mentioned, all non-hydrogen atoms
were refined with anisotropic thermal parameters. The hydrogen
atoms were calculated geometrically and were riding on their
respective carbon atoms. Thermal ellipsoid diagrams are shown at
30% probability. Crystal data are summarized in Tables 7 and 8.

A. rac—l,l'-CloH12—2,2-[NHC(=O)-4-C5H4N]2, rac-1. Crystals
of rac-(+)-CsH22N4,OTHF were grown from the diffusion of
hexane into a tetrahydrofuran/methanol solution of the complex.
The THF solvent molecule was disordered and was modeled as a
55:25:20 isotropic mixture with geometric restraints. The largest
residual electron density peak (0.347 &/as associated with the
THF solvent molecule.

B. [{HgCly(u-rac-1)}], 3a*. Crystals ofrac-(+)-[CsH2.Cly-
HgN4O,]-CH,CI, were grown from the diffusion of hexane into a
CH.Cl,/methanol solution of the complex. The g, solvent
molecule was disordered and was modeled as a 30:35:35 isotropic
mixture with geometric restraints. The largest residual electron
density peak (3.26 ef\ was associated with the G&l, solvent
molecule.

C. [{HgCly(u-rac-1)},], 3a**. Crystals ofrac-(£)-[Cs.H2.Cl,-
HgN4O,]-CH,CI, were grown from the diffusion of hexane into a
CH,Cl,/methanol solution of the complex. The largest residual
electron density peak (1.373 é)fwas associated with the C(14)
atom.

D. [{HgBry(u-rac-1)},], 3b. Crystals of rac-(4)-[Cs.H2Br2-
HgN,O,]-CH,CI, were grown from the diffusion of hexane into a
CH.Cl,/methanol solution of the complex. The g, solvent
molecule was disordered and was modeled as a 70:30 mixture. The
largest residual electron density peak (1.3713pidas associated
with the Br(1) atom.

E. [{Hgla(u-rac-1)},], 3c. Crystals of rac-(+)-[Cs.H2Hgl,-
N40,]-2.25(CHCI,) were grown from the diffusion of hexane into
a CH,Cl,/methanol solution of the complex. One of the Ll
solvent molecules, which laid on a symmetry element, was modeled
at 50% occupancy with isotropic thermal parameters. The largest
residual electron density peak (3.039 &/kas associated with the
1(2) atom.

F. [{Hgl 2(u-R-1)}4], 4c. Crystals of R)-(+)-[C32H22HgloN4O;]
{CH.CI}{ O(CH;CHy,),} were grown from the diffusion of diethyl
ether into a CHCIly/methanol solution of the complex. The Flack
parameter refined to a value of 0.0385(8), indicating the correct
hand of the molecule was refined. The largest residual electron
density peak (1.539 ePAwas associated with the mercury atom.

G. [(HgCly)x(u-R-2)(u-S-2)], 5a. Crystals ofrac-(+)-[CsHoz
Cl,HgN40O;]-0.4(CH,CI,)0.6(CHOH) were grown from the diffu-
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Table 7. Crystallographic Data for Complexeac-1, 3a*, 3a**, 3b, 3c, and4c

1-THF 3a*-CH2C|2 3ax* 'CH2C|2
formula GeHz0N403 Ca3H24Cla sHgI2N4O; Cs3H24ClsHgN4O2
fw 566.64 850.95 850.95
space group P2(1)lc P2(1)h P2(1)lc
a(h) 9.5809(19) 10.188(2) 17.124(3)
b (R) 18.196(4) 22.928(5) 11.727(2)
c(R) 17.263(4) 13.624(3) 16.249(3)
a (deg) 90 90 90
b (deg) 105.54(3) 93.11(3) 103.84(3)
g (deg) 90 90 90
V(A3) 2899.3(10) 3177.8(11) 3168.2(11)
z 4 4 4
Dcalc (Mg/m?) 1.298 1.779 1.784
u (mm?) 0.084 5.217 5.233

R1, WR2 [I > 20(1)]
R indices (all data)

0.0574, 0.1497
0.1053, 0.1667

0.0413,0.1103
0.0607,0.1170

0.0432, 0.0840
0.0920, 0.0983

3b-CHCl 3c2.25(CHCly) 4c{ CHxCl2}{ O(CHs;CHy)2}
formula GaaH24BrsHgN,O2 Cs34.23H27Cla sHgI2N4O; Cs7H34Cl2HgI2N403
fw 939.87 1140.51 1107.97
space group P2(1)lc C2lc P2(1)2(1)2(1)
a(A) 17.239(3) 20.856(4) 15.023(3)
b (A) 11.940(2) 15.847(3) 15.582(3)
c(A) 16.268(3) 23.865(5) 16.554(3)
a (deg) 90 90 90
b (deg) 103.34(3) 96.91(3) 90
g (deg) 90 90 90
V(A?) 3258.2(11) 7830(3) 3874.8(13)
z 4 8 4
Dcalc (Mg/m?) 1.916 1.935 1.899
u (mmY) 7.378 5.851 5.744

R1, wR2 [I >20(1)]
R indices (all data)

0.0426, 0.1016

0.0631, 0.1092

0.0740, 0.1917

0.1469, 0.2271

0.0465, 0.1015
0.0689, 0.1097

Table 8. Crystallographic Data for Complexé&s, 5b, 6b, 6¢, and7c
5a0.6(CHOH)0.4(CHCl») 5b-CH,Cl, 6b-0.5(CHOH)
formula GsHas. Clo.gHgN4O2 6 Cs3H22Br2CloHgN4O2 C32.8H24BrsHg1.sN4O2 5
fw 819.22 937.86 1051.17
space group P2(1)lc P2(1)lc P2(1)lc
a(h) 18.204(4) 18.187(4) 16.652(3)
b (A) 10.865(2) 11.165(2) 12.318(3)
c(A) 16.030(3) 16.286(3) 16.223(3)
a (deg) 90 20 20
b (deg) 91.91(3) 92.50(3) 102.03(3)
g (deg) 90 90 90
V (A3) 3168.7(11) 3303.6(11) 3254.4(11)
z 4 4 4
Dcalc (Mg/m?) 1.717 1.886 2.145
u (mmY) 5.132 7.276 10.797

R1, WR2 [I > 20(1)]
R indices (all data)

0.0717,0.1982
0.0884, 0.2111

0.0514, 0.1331
0.0741, 0.1486

0.0625, 0.1820
0.0810, 0.1954

6c2(CH;OH) 7¢(CH2Cl)+0.17(H:0)
formula GaHa0H01 513N404 CosHa6.38C12HG2.174.3N804.17
fw 1240.20 2061.51
space group C2lc R3
a(A) 34.840(7) 26.836(4)
b (A) 13.241(3) 26.836(4)
c(A) 16.423(3) 53.305(11)
a (deg) 90 920
b (deg) 103.28(3) 90
g (deg) 90 120
V (A3) 7374(3) 33245(9)
z 8 18
Decarc (Mg/me) 2.234 1.853
u (mmY) 8.799 6.426

R1, wR2 [I >20(1)]
R indices (all data)

0.0957, 0.2766
0.1247,0.3016

0.0954, 0.2451
0.1482,0.2819

sion of hexane into a Ci€l,/methanol solution of the complex. isotropic thermal parameters. Because of symmetry, only one-half
The solvent was disordered and was modeled as a 60:40 mixtureof the molecule was located on the difference Fourier map. The
of CH3;OH/CH,Cl,, and the carbon atoms were refined with structure was well-resolved with estimated standard deviations on
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the order of 0.0012; however, the R value was large (7.09%) as aThe molecule laid on a symmetry element. The largest residual
result of undefined electron density. The largest residual electron electron density peak (6.482 é)was associated with the Hg(1)
density peak was 7.66 e?And was 0.94 A from the mercury atom.  atom.

This peak is undoubtedly due to an inadequate absorption correction, K. {6[(Hgl)(u-1)s](Hgl )}, 7¢.Crystals ofrac-(4)-[CoHad 4 35

as the crystal used for data collection was a large (& @075 x Hg,1NgO4]*(CH,Cl»)-0.17(HO) were grown in situ from the
0.775 mm) rod. diffusion of hexane into a C¥l,/methanol solution of GH,N,O,
H. [(HgBr 2)2(u-R-2)(u-S-2)], 5b. Crystals ofrac-(+)-[CaHaz and Hgb. Because of the poor quality of the data, only the Hg, I,

BroHgN4O,]CH,Cl were grown from the diffusion of hexane into  \ and O atoms of the main moiety were refined with anisotropic
a CHCly/methanol solution of the complex. The bromine atoms  ihermal parameters. The I(2) atom was disordered and modeled as
were disordered and were modeled as 55:45 isotropic mixtures. 5 70:30 mixture. The C}Cl, solvent molecules were modeled at
The CHCl. solvent molecule, which was centered on a symmetry paif occupancy with isotropic thermal parameters. Geometric
element, was disordered and was modeled as a 60:40 isotropiGestraints were applied to some aryl groups. The hydrogen atoms
mixture with geometric restraints. Because of symmetry, only one- \yere calculated geometrically and were riding on their respective
half of the molecule was located on the difference Fourier map. carhon atoms. The largest residual electron density peak (3.312
The largest residual electron density peak (1.98)et&s associated e/A3) was associated with the Hg(2) atom.
with the Br(2A) atom.

[ [(HgBr 2)2(u-R-1)(u-S-1)]-HgBr2, 6b. Crystals ofrac-(+)- Acknowledgment. We thank the NSERC Canada for
[CaaH22BrsH01 N4O,]-0.5(CHOH) were grown in situ from the  financial support and a scholarship to T.J.B. We thank Dr.
diffusion of hexane into a Cil/methanol solution of €2:N40, M. C. Jennings for helpful discussions on the X-ray crystal-

a_nd HgBs. One of the brom'ne, atoms of the molecule was lography results. R.J.P. thanks the Government of Canada
disordered and modeled as a 70:30 mixture. The@HHsolvent .
for a Canada Research Chair.

molecule was modeled at 50% occupancy with isotropic thermal
parameters. The molecule laid on a symmetry element. The largest
residual electron density peak (3.15 &/Avas associated with the
Hg(1) atom.

J. [(Hgl 2)2(u-R-1)(u-S-1)]-Hgl 2, 6¢.Crystals ofrac-(£)-[CaHoz-
Hga.513N405]-2(CH;OH) were grown in situ from the diffusion of
hexane into a CkCly/methanol solution of &H,,N,O, and Hgb.
The 1(3) atom was disordered and modeled as a 90:10 mixture.C050097W

Supporting Information Available: Tables of X-ray data in
CIF format, NMR data for complexesand5, and figures showing
thermal ellipsoid plots of the asymmetric units in the crystals are
available in electronic form only. This material is available free of
charge via the Internet at http://pubs.acs.org.
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