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Reported here is the preparation and property of 2D coordination networks composed of rodlike ligands with ethylene
glycol side chains (1). Two 2D coordination networks, {[Co(1)2(H20)2](NOs3),1.5H,0} 5 and {[Ni(1)2(H20)2](NO3),
1.5H,0} ,, have been synthesized and characterized by single-crystal X-ray diffraction, TG, DSC, UV-vis spectroscopy,
and magnetic measurements. The structural analyses clarified that infinite 1D hydrogen-bond arrays composed of
ethylene glycol chains contribute to the stabilization of 2D coordination frameworks, keeping the environment of
substitution-active metal sites unchanged. They are more stable than a similar square-grid coordination network
that does not possess an ethylene glycol chain on the ligand. We also succeeded in the direct observation of a
reversible apical-ligand-exchange reaction at the cobalt(ll) and nickel(ll) ions in a single-crystal-to-single-crystal
fashion because of the considerable stability as well as moderate flexibility of the framework. The cobalt-containing
coordination network crystal showed chromic behavior depending on temperatures. Crystallographic and spectroscopic
studies revealed that the color change of the crystal was attributed to the ligand-exchange process between H,0O
and a NOs anion on the cobalt metal. Magnetic measurements indicated weak antiferromagnetic nearest-neighbor
spin coupling between cobalt(ll) ions.

Introduction molecules and design new functional materials on the basis

Porous coordination networks have been widely prepared©f structural knowledge at the atomic level. However, to
via self-assembly of metal ions with designed molecular develop a new class of materials using a coordination
building blocks. They have attracted considerable attention ffRmework, it is essential to improve the stability while
because of their unique physical properfiéssharp contrast ~ K€€Ping the material's unique properties. In the case of

to robust inorganic materials such as zeolite, one of the salientce0rdination networks composed of 2D layers, the interac-
features of coordination networks is that they can be UOnS between 2D layers prompted us to study the stability

remarkably flexible and be crystallized. The flexibility is an of the structure during guest removal/re-inclusion processes.

intriguing feature for developing a new functional property FOr €xample, the intercalation of pillared-layer motifs
as porous dynamic materials. The capability to prepare aP&tWween layers using a coordination bond is a simple and
single crystal also has several advantages in that one carf@tional method for designing more-rigid framewofKs.

definitively determine a crystal structure including guest Otherwise, the connection of 2D layers via a hydrogen bond
is also useful for the construction of robust coordination
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2D H-Bonded Square-Grid Coordination Networks

metal ions, because coordination sites are not used in bindingdesigned a 4-pyridyl-terminated rodlike ligand with ethylene
layers. At the same time, a hydrogen bond will reinforce glycol side chainsX), as shown in eq 1.
the structural flexibility of coordination networks via revers-

ible bond formation against structural distortion. N Y
In this study, we focused on the design of a more-rigid as = \ + Co(NO3),-6H,0
well as flexible coordination framework by utilizing a [O O]
hydrogen bond. The formation of square-grid coordination OH HO
networks with rodlike ligands is predictable because of 1

simplicity, making it possible to synthesize novel networks
with a highly controlled framework and cavity. During the —»  {[Co(I)(1)2(H20)2)(NO3)2-1.5H20}n M
past decade, we have studied the preparation of square-grid
complexes with guest-inclusion and -exchange propetties.

The;_f_stra_tegy fforbilj(;[rqducli_ng 3 hﬁ/_(ldrolgen _bonﬁ is t_he The ethylene glycol chain can be expected to play the
modification of a bridging ligand while keeping the main following roles: first, it will contribute to hydrogen-bond

framework. Herein, we report the preparation and pmpertiesformation. Each 2D layer can be connected via hydrogen
of 2D coordination networks that involve rodlike ligands with bonding without changing the framework. Second, the
ethylene egccE)II Sldﬁ chalns.L)(.IIWe have fou_rcljd thatdt-hey_ flexibility of the ethylene glycol chain will provide the cavity
are m?(reh stad e than a similar squharle-grl lcoc;r Lna}tlon with a solution-like fluid environment in the solid state.
networ that does not possess an ethylene glycol chain on g ctyre. The layering diffusion of a methanol solution
the ligand. Moreover, we also report that substitution-active of Co(NOy),-6H,0 into a toluene/methanol solution bfat
metal sites are incorporated in the square grid coordination room temperature for 4 days resulted in the single-crystal

networ_ks. Or_1e of ongma_l feature_s c_)f coor_dmatlon n_et- formation of complex [Co(L)a(H20)](NOs)*1.5H,0} n (2)
yvorks is that it oﬂen contains substltupon-acgve metal sites in 76% yield (eq 1). X-ray crystallographic analysis revealed
n the_ framevx_/ork. Iflgand e>_<change wil cpn&derably affect the formation of a noninterpenetrated 15 75.7 A2 square-
d-orbital (_:onf_lguranon, leading to electronlc.and spin control grid coordination polymer (Figure 1a). The cobalt(ll) center
of coordination .net\./vorks. Crystallographic studies of a is octahedrally coordinated to four pyridyl groups bft
number of coordination polymers were reporfdthwever, the equatorial positions (GeNpy, 2.160(3) A; Co-Npy,
there are a few reports on a ligand-exchange process observe 1142(3) A) and two water molecules at the apical positions

by single-crystal X-ray diffraction analysis, because the (Co—On,o, 2.095(4) A)® Disordered water molecules and
drastic structural change during the process readily causes i

the loss of crystallinity:® Recently, we communicated a  (6) For single-crystal-to-single-crystal transformation in coordination

2

preliminary result on the in situ observation of a reversible networks, see: (a) Li, H.; Eddaoudi, M.; O'Keeffe, M.; Yaghi, O. M.
inal I-to-sinall tal t f ti f apical-li d Nature1999 402, 276. (b) Chui, S. S.-Y.; Lo, S. M.-F.; Charmant, J.
single-crystal-to-single-crystal transformation of apical-ligan P. H.; Orpen, A. G.; Williams, |. DScience1999 283 1148. (c)
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; ; ; ; Biradha, K.; Fujita, M.Angew. Chem., Int. EQR002 41, 3392. (e)
mplusmn process of water molecule3he details will be Ohmori, O.- Kawano, M.. Fujta. MJ. Am. Chem. So@004 126
discussed here as well. 16292. (f) Ohmori, O.; Kawano, M.; Fuijita, MAngew. Chem., Int.
Ed. 2005 44, 1962. (g) Suh, M. P.; Ko, W. J.; Choi, H. J. Am.
Chem. So0c2002 124, 10976. (h) Lee, E. Y.; Suh, M. RAngew.
Chem., Int. Ed2004 43, 2798. (i) Choi, H. J.; Suh, M. Rl. Am.
. . . . . Chem. Soc.2004 126, 15844. (j) Takamizawa, S.; Nakata, E.;
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pn ; ; Int. Ed. 2004 43, 1368. (I) Abrahams, B. F.; Moylan, M.; Orchard,
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environment of a cavity in the 2D network by introducing T. K.; Uemura, K.; Chang, H.-C.; Matsuda, R.; KitagawaABgew.
functional aroups into the bridain henvlene ring. We Chem., Int. Ed2004 43, 3269. (n) Rather, B.; Zaworotko, M.Ohem.
9 P ging p y 9 Commun2003 830. (o) Halder, G. J.; Kepert, C. J.; Moubaraki, B.;
Murray, K. S.; Cashion, J. D5cience2002 298 1762. (p) Su, C.-Y.;
(3) The charge-assisted hydrogen bonds also used by Ward et al. in crystal Goforth, A. M.; Smith, M. D.; Pellechia, P. J.; zur Loye, H..IL. Am.

Results and Discussion

engineering studies: (a) Russell, V. A.; Evans, C. C.; Li, W. J.; Ward, Chem. Soc2004 126, 3576. (q) Dybtsev, D. N.; Chun, H.; Kim, K.
M. D. Sciencel997, 276, 575. (b) Evans, C. C.; Sukarto, L.; Ward, Angew. Chem., Int. EQ004 43, 5033. (r) Zeng, M.-H.; Feng, X.-L.;
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Figure 1. (a) Square-grid network df[Co(1)2(H20)2](NO3)2:1.5H,0} 5 (2). Guest molecules (#D) are omitted for clarity. (b) Two-layer stack &f (c)
Infinite 1D hydrogen-bond (©H---O) array in2. Oxygen atoms of OH groups are represented by the space-filling model.

two nitrate anions occupy the square cavities. The distances . r

. ST, r
between the cobalt ion and the nearest oxygen atom of ni-8 1 o : : ) . b)
trate anions are in the range of 42.4 A. The grid sheet Y QL ST
layers are stacked on each other in an offset fashion on . @t » _ ‘I“ _— oy
both edges (Figure 1b). A remarkable feature of the X-ray " [ .. 0 N
crystal structure is that there are infinite 1D hydrogen-bond 1o d e o 1o
(O—H:---0) arrays composed of OH groups of the ligand . 1t » .~ 5~ . 1 ¥
through the cavity channel. In the 1D hydrogen-bond array, /' . - . _|__' N .

the hydrogen-bond length between ethylene glycol chains
(O-+-O distance is ca. 2.60 A) is particularly short despite Figure 2. (a) Square-grid network of [Co(4)o(H20)s](NO3)»2H,0-
the absence of charged species (Figure!d€n the other 2CHOH}y (5). (b) Two-layer stack ob.

hand, the neighboring layers have an interlayer separation . ] ) )
of 4.2 A, where there is n@—x interactions between the 77-4 °C during the dehydration process, which may be
layers. attributed to two kinds of water molecules; that is, the one

To investigate the effect of ethylene glycol side chains, coordinating to a Co atom and the other present as a guest
we synthesized a square framework composed of the lig- molecule. Howeverp showed a gradual deterioration of

and with no substituent. The reaction of compounaith crystallinity from room temperature, followed by no diffrac-
Co(NO3)»*6H,0 in a 2:1 ratio in methanol resulted in the tion at 60°C. In addition, thermogravimetric analysis 5f
same square-grid coordination polymgiCo(4)x(H;0)]- showed that the chemical decomposition temperaturg of
(NO3)2+2H,0-2CH:OH} , (5) (eq 2). (170 °C) was considerably lower than that 2f(220 °C)
(see the Supporting Information, Figure S2). These results
NC\>_©_@N + Co(NO3)y-6H,0 indicate that the ethylene glycol chains significantly con-
= tribute to the stability oR and that the introduction of proper
4 functional groups can improve the stability of a coordination

framework.

Direct Observation of Substitution-Active Metal Sites
of 2 and 3. The single crystallinity o was not lost even

As expected, the crystal packing Bis similar to that of after removal of all water molecules by heating the crystal
2 (Figure 2). The distance (3.7 A) between the planes of at423 K for 24 h. Moreover, the dehydration process caused
the phenyl ring of the neighboring layers is shorter than that & clear color change from yellow to red. The structure
in 2. determination of the dehydrated crystal [€R(NOs)2]» (6)

Thermal Stability of 2 and 5. Thermogravimetric analysis ~ shows that the crystal system and space group remain the
on the crystal oR showed loss of all water molecules in the same as those & The X-ray structure 06 elucidated that
range of 25-90 °C (see the Supporting Information, Figure two nitrate anions are coordinated to the apical position of
S1). The amount of dehydrated water molecules (6.47%) wasa Co atom (nitrate form, Figure 3b) instead of water
in excellent agreement with that of water molecules deter- molecules (aqua form, Figure 3a). The coordinated nitrate
mined by X-ray analysis (calcd: 6.6%). DSC analysis on anions caused the 2D layers to change electrically from

the crystal of2 showed two endothermic peaks at 93.8 and cationic to neutral. The X-ray analysis revealed that there
was no sliding of 2D layers. It may be mainly attributable
(9) These values are typical of CoHpyridyl aqua complexes: (a)  to infinite 1D hydrogen-bond arrays that play a crucial role
Felloni, M.; Blake, A. J.; Champness, N. R.; Hubberstey, P.; Wilson, . L
C.; Schialer, M.J. Supramol. Chen2002, 163. (b) Banfi, S.; Carlucci, in the binding forces between the layers. New hydrogen-

L.; Caruso, E.; Ciani, G.; Proserpio, D. Chem. Soc., Dalton Trans.  bond formation between OH groups bfand nitrate ions

—»  {[Co(I)(4)2(H20)2](NO3)2-2H,0-2CH30H}, (2)
5

(10) ﬁooonzgz;l‘é.. Lee J. V. Lee. C.-W.- Kim. J. C.- Bae. S. C.- kim. k. coordinated to Co atoms also has a stabilizing effect on the
S.J. Am. Chem. So@001, 123 10748. framework.
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Figure 3. Photographs of crystals and structures around the cobalt ion of
(c) the crystal after exposure 6fto air (2'). Two other disordered nitrate ani

b)

a)
2 6 (423 K)

-H,0

\
'«\\

Figure 4. ORTEP drawing (30% probability level) of a square-grid unit
of (a) 2 and (b)6. The bridging ligand ob shows considerable distortion
compared to that d2. Disordered guest water molecules in (a) are omitted
for clarity.

When6 was exposed to air at room temperature, the color
of the crystal turned back to yellow within a few minutes,
whereas the crystallinity was still retained. The X-ray analysis
of the rehydrated crystaP/) revealed that the coordinated

nitrate anions were dissociated from Co atoms and instead
water molecules were again coordinated at the apical posi-

tion. Crystallographic analysis shows that the newly obtained
aqua form 2') is almost superimposable on the original
structure of2 (Figure 3c).

The void after removal of water molecules was offset by
the distortion of layers rather than by the sliding of
frameworks, resulting in a decrease in the cell volume from
4263.9(7) to 4036.0(16) A The framework distortion made
the distance between Co atoms shorter by 0.25 A. The
disordering of flexible ethylene glycol chains also offset the
void. The mobility of carbon and oxygen atoms in the side
chain significantly increased in the absence of guest mol-
ecules, as shown by the ORTEP drawing of the square-grid
cavity (Figure 4).

The use of Ni(NQ).-6H,0 in place of Co(NG@),6H,0O
resulted in the same square-grid framewdgNi( 1)2(H,0),]-
(NOs),+1.5H,0}, (3), which, as expected, contains the same

©)

2’ (80K)

¥l

2
B
oK
oo

(a) the original &y&tathe crystal after heating at 423 K for 24 &),(and
ons are omitted for clarity.

+H,0

a)

3 (80 K) 3° (80 K)

Figure 5. Crystal views around the nickel ion of (a) original crys&al
(b) the crystal after heating at 373 K)( and (c) the crystal after ex-
posure of7 to air (3'). Two other disordered nitrate anions are omitted for
clarity.

7(373K)

infinite 1D hydrogen bond arrays as thatfThe distance
between oxygen atoms of hydroxyl groups3ns also ca.
2.60 A, similar to that ir2. This ligand-exchange process in

3 was also confirmed by crystallographic analysis. Two water
molecules are coordinated to the nickel(ll) center at the apical
positions as well as four pyridyl groups at equatorial positions
(Figure 5a). The reversible exchange behavior between aqua
and nitrate ligands is similar to that 2f The crystallographic
analysis at 373 K reveals that the apical water molecules
are substituted by two nitrate anions and released out of the
crystal to give nitrate in the form of complex [N)o(NOs)2]n

(7) (Figure 5b). Upon exposure @fto air at room temper-
ature, it turned back to the initial aqua fori)((Figure 5c).
However, the color change & depending on the temper-
ature, was not observed clearly during the ligand-exchange
process, which is different from that @f*?

Chromic Behavior of 2. A temperature-dependent color
change of the crystal was correlated with the ligand-ex-
change process in the cobalt metal. The diffuse reflectance
UV —vis spectrum of2 had a main band at about 480 nm
(Figure 6a). The removal of water molecules caused the in-
tensity to decrease, and a new band appeared at approxi-

(11) The nickel(ll) center is also octahedrally coordinated to four pyridyl
groups at the equatorial positions (Nilpy,, 2.102(3) A; Co-Npy,,
2.206(3) A), and two water molecules at the apical positions
(Ni—Op,0 2.080(4) A). These values are typical of NigHpyridyl
aqua complexes. (a) Turner, D. R.; Hursthouse, M. B.; Light, M. E.;
Steed, J. WChem. CommurR004 1354. (b) Carlucci, L.; Ciani, G.;
Proserpio, D. M.; Rizzato, £rystEngComn2003 190. (c) Aakeroy,

C. B.; Beatty, A. M.; Leinen, D. SAngew. Chem., Int. EA.999 38,
1915.

(12) Itis reasonable because a Ni(ll)(g§yOs)2 complex is pearl blue, as
are Ni(Il)—pyridyl aqua complexes. Soldatov, D. V.; Lipkovshi, Y.;
Grachev, E. V.J. Struct. Chem1995 36, 912.
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Figure 6. Diffuse reflectance UV-vis spectrum of2, 6, and 2'. (a)
UV —vis spectral change & in the range of 3086423 K, accompanied by
the apical-ligand exchang@ {o 6). (b) UV—vis spectra o, 2', and6 at
300 K. (c) UVv—vis spectral change @ in the range of 42380 K.

700 800

mately 522 nm instead. Heating the crystal from 360 to 423
K showed a slight change in the U\Wis spectrum, whereas

a significant change was observed at 38680 K, which
corresponds to the dehydration temperature. Codidgwn

to 300 K resulted in a reflectance spectrum different from
that of 2 at the same temperature, and consecutively, after
exposing it to air overnight, the spectrum returned to almost
the original one of2 (Figure 6b). The reversible spectral

Takaoka et al.

-1

3

T /cm” Kmol

100 200

T/K

Figure 7. Plots of temperature dependenggl for (a) 2 (green), cooling
from 270-15 K, and (b)6 (red), cooling to 15 K after heating from
270-380 K. The blue line indicates the best fit for experimental data.

300 400

ature (Figure 6¢)2 The chromic behavior is reversible in
the range of 86423 K under a M atmosphere.

Magnetic Property of 2 and 6. The temperature depen-
dence of the magnetic susceptibility for aqua fo2nand
nitrate form6 were measured as shown in FigurengT vs
T curve), whereyy is the molar magnetic susceptibility. The
amT values at 270 K were 2.90 éri mol~* for 2 and 3.05
cm?® K mol™ for 6, which are larger than that expected for
the spin-only value (1.875 chK mol™%, Co(ll); S= 3/2).
The ymT values gradually decreased with decreasing tem-
perature. This gradual decrease at low temperature is
considered to be a typical manner of zero-field splitting
energy D) due to the octahedral geometry of Co(ll). Using
the equation that accounts foron Co(ll) (eq 3), thegnT—T
plots were fit, whereN is Avogadro’s number ané is the
magnetic interaction between Co(Il) moleculé¥>The best
fit for the experimental data dt leads tog = 2.50(1),|D|
= 68(1) cm?t, andb = 0.2(2) K. The temperature-dependent
magnetic behavior d can be modeled as well, with values
of g = 2.60(1),|D| = 97(3) cnT?, andd = 0.1(4) K. The
reason theu T values at 270 K fo2 and6 are larger than
the expected value is the contribution of the orbital magnetic
moment of Co(ll). The obtained values are consistent with
the reported values of typical octahedral CofflThe small

change was accompanied by the apical ligand exchangef values show antiferromagnetic interactions between near-

between aqua and nitrate ligands. This fact indicates that

the chromic property of is principally ascribed to the
difference of the ligand-field splitting energy of the d-orbitals
of cobalt induced by apical-ligand exchange. It is reasonable
that the nitrate anion, which has a weaker ligand-field-
splitting ability compared with water, decreases the HOMO
LUMO energy gap, followed by a red shift of the absorp-

tion bands. The energy-level change also influences the

geometrical parameters of the cobalt center—QOg,o 2.095-

(4) A to Co—Ono, 2.129(8) A; Ce-Npy, from 2.160(3) to
2.144(5) A, Co-Npy, from 2.142(3) to 2.129(5) A. The
change of the adsorption band around 550 n®agsignable

to d—d transitions was observed depending on the temper-
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(13) Cotton, F. A.; Wilkinson, GAdvanced Inorganic Chemistrpth ed.;
John Wiley: New York, 1986; pp 729732. Although the thermo-
chromism may be explained by d-orbital energy-level changes, single-
crystal X-ray analysis shows that the geometry of the cobalt(Il) center
in the nitrate formb6 changed little with changing temperatures in the
range 423-80 K: Co—Ono, from 2.129(8) to 2.150(3) A; Ce Np,,
from 2.146(5) to 2.147(3) A; Ce Npy, from 2.127(5) to 2.124(3) A.

(14) Kahn, O.Molecular MagnetismVCH: New York, 1993.

(15) Noveron, J. C.; Lah, M. S;; Del Sesto, R. E.; Ariff, A. M.; Miller, J.
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S.; Ouahab, L.; Sutter, J. B. R. Chim.2003 6, 377.

(17) Aqua form2 gradually turns to nitrate forré by dehydration above
room temperature. The fitting was performed below 270 K, because
in the range of 276380 K, two types of 2D coordination networks
exist as a mixture o and6.



2D H-Bonded Square-Grid Coordination Networks

Table 1. Crystal Data for2, 6, 2', and5

2 6 (423 K) 6 (80 K) 2 5
empirical formula GongNeOzoCO C40H28N6014C0 C40H28N6014C0 C40H28N602()CO C35H24N601300
fw 971.61 875.61 875.61 971.61 795.53
T(K) 80(2) 423(2) 80(2) 80(2) 80(2)
cryst syst Pbcn Pbcn Pbcn Pbcn Cc
space group orthorhombic orthorhombic orthorhombic orthorhombic monoclinic
z 4 4 4 4 4
a(A) 23.681(2) 23.092(5) 23.025(3) 23.677(3)
b (A) 20.617(2) 20.572(5) 20.722(3) 20.576(2) 16.860(2)
c(A) 8.7636(8) 8.496(2) 8.279(1) 8.7155(9) 15.697(2)
B (deg) 90 90 90 90 15.255(2)
V (A3) 4263.7(8) 4036.0(16) 3950.2(10) 4246.0(8) 112.062(2)
Deatca (g CM3) 1.514 1.441 1.472 1.520 3741.5(7)
u (mm?) 0.493 0.501 0.512 0.495 1.412
Ry [l > 20(1)] 0.0805 0.1039 0.0785 0.0985 0.0722
WR2 [I > 20(1)] 0.2361 0.2384 0.1904 0.2592 0.2029
est-neighbor Co(ll) molecules. This is explained by the long Table 2. Crystal Data for3, 7, and3'
distance between Co(ll) in the crystal, i.e., cobalt(ll) 3 6 3
molecules are well-separated by ca. 15 A (intralayer) and empirical formula GoHagNGO1ONI  CaoHoeNeO14NI  CagHaaNeOroNi
ca. 8.6 A (interlayer). fw 953.39 867.33 955.39
T(K) 80(2) 373(2) 80(2)
Nuo20? _oD/KT cryst syst Pbcn Pbcn Pbcn
v = 1‘ M8 9 1+ 9 space group orthorhombic orthorhombic orthorhombic
M7 AK(T - 0) (1+ e 2K z 4 4 s
» 2 BT a(A) 23.481(2) 23.000(5) 23.401(9)
2| Nug“g” 1+ (3kTMD)(1 — e 2PKT) @) b(/é) 20.527(2) 20.625(4) 20.501(8)
3 — —oD/KT c(A) 8.8844(8) 8.502(2) 8.723(3)
3k(T —0) 1+e€ 5 (deg) 90 90 90
. V (A3) 4282.2(7) 4033.2(14) 4185 (3)
Conclusion Deaca(g cnd) 1479 1.428 1517
; ; iy i (mmeh) 0.540 0.557 0.553
We_pro_posed a new (_je3|gn for c_o_nstr_uctlng asquare grid Re[l > 20(1)] 0.0701 0.0982 0.1165
coordination polymer via the modification of a ligand. In wr,[I > 26(1)]  0.1966 0.2009 0.2613

this study, the infinite 1D hydrogen-bond chains composed .
of ethylene glycol chains contribute to the stabilization of Nitrogen atmosphere (gas flow rate of 70 mL mipn Magnetic

the 2D coordination framework, keeping the environment Measurements on a polycrystalline sample were carried out by a
of substitution-active metal sites. We also succeeded in Quantum Design MPMS-XL superconducting guantum interference

. . . . . device (SQUID) magnetometer. Pascal’'s constants were used to
apical-ligand-exchange reactions on cobalt and nickel ions (SQUID) mag

o . T . i determine the diamagnetic contribution.
within a square-grid coordination network in a single-crystal- Single-Crystal X-ray Crystallography. Single-crystal X-ray

to-single-crystal fashion. Crystallographic and spectroscopic giffraction data were collected on a Bruker Smart 1000 CCD
studies revealed that the temperature-dependent color changgiffractometer with a cryostat system equipped withzgiinerator
of the crystal was attributed to the ligand-exchange process(Japan Thermal Eng. Co. Ltd.) using graphite-monochromated Mo
between HO and a NQ anion on the cobalt metal. Ko radiation ¢ = 0.71073 A) by thew scan mode. The program
By utilizing the fluid cavity within a rigid grid framework, SAINT was used for integration of the diffraction profiles. Empirical
we have realized the in situ crystallographic observation of absorption corrections were applied by using the SADABS program.
the dynamic process that involves drastic structural changeThe structures were solved by direct methods (SHELXS97) and
around the reaction center. Flexible frameworks that interact "éfined by full-matrix least-squares calculationsFr(SHELXL97)

with exchangeable guest molecules in a switchable fa\shionUSing the SHELXTL program package. Hydrogen atoms were fixed
can be promising in developing advanced materials such a

at calculated positions and refined with a riding model. Several
. . Srestraints were applied to disordered nitrate ions, ethylene glycol
molecular sensing devices. groups, and water molecules. The crystal data2o8, 2', and5
Experimental Section are summarized in Table 1. The crystal data3p#7, and3' are
summarized in Table 2. The crystallographic details are described
Materials and Methods. 'H, 33C NMR, and other 2D NMR in the CIF files deposited with the CCDC (No. 250540, 250541
spectra were recorded on a Bruker DRX-500 (500 MHz) spec- (6, 423 K), 292923 €, 80 K), 250542 2'), 292857 8), 292859
trometer. Reagents and solvents were obtained from TCI Co. Ltd., (7), 292858 8'), and 250611%)). These data can be obtained free
WAKO Pure Chemical Industries Ltd., and Aldrich Chemical Ltd. of charge via www.ccdc.cam.ac.uk/data_request/cif or by emailing
and were used without further purification. Diffuse YVis data_request@ccdc.cam.ac.uk.
reflectance spectra were measured on a Jasco V-550 spectrometer Preparation of 1. 2,3-Bis(2-hydroxyethoxy)-1,4-diiodo-ben-
equipped with an integrating sphere accessory with a cryostat systenzene: A solution of NaOH (4.0 g, 100 mmol) in,®& (100 mL)
(Oxford OptistatDN-V) and were converted from reflection to was added in portions to a stirred mixture of 1,4-diiodo-2,3-
absorbance by the Kubelkdunk method. IR spectra were  dihydroxybenzene (7.24 g, 20 mmol) and 2-bromoethanol (12.4 g,
measured on a DIGILAB FTS2000S instrument by the ATR 100 mmol) in HO under N. The temperature of the reaction
method. Thermogravimetric analyses were carried out on Netzschmixture should be below 30C. When the addition was completed,
STA-409 PG Luxx at a heating raté @ K min~? in a dynamic the temperature was raised to 90 and the mixture was stirred
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for 3 h. After cooling the mixture to 40C, we added K50, (0.3
mL). The resulting mixture was stirred at 26 for 4 h; the colorless
powder was separated by filtration, dried, and purified by recrys-
tallization from AcOEt to yield 2,3-bis(2-hydroxyethoxy)-1,4-
diiodo-benzene as a colorless powder (4.15 g, 46%).

A mixture of 2,3-bis(2-hydroxyethoxy)-1,4-diiodo-benzene (2.12
g, 5 mmol), 4-pyridylboronic acid ester (2.56 g, 12.5 mmol),
K3POy (7.80 g, 37.5 mmol), and [Pd(PB (300 mg) in dioxane
(100 mL) was refluxed under an Ar atmosphere for 2 days (eq 1).
After removal of the dioxane, the residue was purified by flash
chromatography (1/:20 MeOH:CH#£Ito give 1 as a colorless
powder (1.06 g, 60%).

Physical Data of 1.'H NMR (500 MHz, CDC}, 300 K): ¢
8.68 (d-like,J = 5.0 Hz, 4H, P¥,), 7.56 (d-like,J = 5.0 Hz, 4H,
PyHg), 7.27 (s, 2H, AH), 3.89-3.87 (m, 4H, ®l,,), 3.74-3.72
(m, 4H, (Hay), 2.06 (br, 2H, OH)X3C NMR (125 MHz, CDC4,
300 K): 6 150.3 Cq), 149.9 CH,), 145.3Cq), 134.2 Cq), 126.1
(CH,), 123.8 CHp), 75.9 CH24), 61.4 CHay).

Synthesis of 2The single crystals d were prepared by layering
a methanol solution of Co(Ng»-6H,O (5.8 mg in 1 mL) onto a
toluene/methanol solution 4f(15.0 mg in 2 mL). After the solution
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filtration in 76% yield (14.4 mg). Anal. Calcd fd{Co(1)2(H20).]-
(NO3)2+1.5H,0}, (2): C, 50.53; H, 4.98; N, 8.84. Found: C, 50.34;
H, 4.86; N, 8.72. IR (ATR, cm'): 2956, 2914, 2863, 1668, 1616,
1549, 1416, 1332, 1225, 1217, 1128, 1085, 940, 819.

Synthesis of 3Single crystals o8 were prepared by layering a
methanol solution of Ni(Ng),:6H,O (5.8 mg in 1 mL) onto a
toluene/methanol solution 4f(15.0 mg in 2 mL). After the solution
was allowed to stand for 10 days, the crystals were isolated by
filtration in 61% yield (11.6 mg). Anal. Calcd fdNi(1)2(H20),]-
(NO3)2:1.5H:0}, (3): C, 50.54; H, 4.98; N, 8.84. Found: C, 50.35;
H, 4.89; N, 8.62. IR (ATR, cm!): 2956, 2917, 2867, 1612, 1550,
1410, 1361, 1223, 1214, 1127, 1081, 938, 816, 729.
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