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Abstract: 9, 10-bis(3,5-dihydroxyphenyl)anthracene = (BDHA) and2,2,4,4-
tetrahydroxybenzophenone (THB) are crystallizedhwitipyridine bases 4,4 -bipyridyl
(bipy), 1,2-bis(4-pyridyl)ethane (bipy-eta), 1,d4dpyridyl)ethylene (dipy-ete), 1,3-di(4-
pyridyl)propane (dipy-pra), 4,4 -dipyridyl sulfidédipy-sul), and 4,4 -dipyridyl disulfide
(dipy-dis) to afford molecular complexes (BDHA){b). 1, (BDHA)-(bipy-eta) 2,
(BDHA)( 5 (dipy-pra)-CHCH,OH 3, (BDHA)os (dipy-sul)-HO 4, (BDHA)q s (dipy-
dis)-CHCH,OH 5 and (THB)-(dipy-ete)H,O 6. The crystal structures d~6 have been
determined by single-crystal X-ray diffraction. Alhese molecular complexes exhibit
polymeric supramolecular structures via O—H---NDe#---O hydrogen-bonding. and 2
form infinitely rectangular macrocycles linked wibhe another, whose sizes aa€l2.477A

x 4.802A andca.14.575A x 4.809A, respectively.3, 5 and 6 form the one-dimensional
zigzag chain structurd.forms a ladder structure, and two dipy-sul moleswere included
in a frame.
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1. Introduction

Crystal engineering has attracted a great deaitefast because of their potential applicationshsu
as in magnetism, catalysis, molecular recognition,exchange, small molecule inclusion, nonlinear
optics, molecular sensing, and, in general, themat design of new materials [1-11]. During pasi/f
decades, a number of supramolecular architectuaes heen successfully designed and synthesized
through self-assembly from different componentsbgcovalent, multiple intermolecular interaction
[12-14]. Hydrogen bonding is the master key in @lyengineering, supramolecular chemistry, and
biological recognition. The directional nature ofdhogen bonds is exploited in the organized self-
assembly of molecules in solution and solid state17].Among many examples, hydrogen bonding
between hydroxy and pyridyl is a useful and poweohganizing force and has been utilized for the
formation of supramolecules [18-28].

We have recently studied the supramolecular cheniistsed on 4,'49-fluorenylidene)diphenol,

4, 4-cyclohexylidenebisphenol, bis(2-hydroxy-5-chlorepkl) sulfide, spirobicromane and
adamantane derivatives with bipyridines via O—HorND—H---O hydrogen-bonding [29-31]. We will
report herein the preparation, and crystal strestuwf six related acid-base cocrystals based d9-9,
bis(3,5-dihydroxyphenyl)anthracene (BDHA) and '22Z-tetrahydroxybenzophenone (THB) with
bipyridine bases 4,4 -bipyridyl (bipy), 1,2-bis(¥rulyl)ethane (bipy-eta), 1,2-di(4-pyridyl)ethylene
(dipy-ete), 1,3-di(4-pyridyl)propane (dipy-pra),44dipyridyl sulfide (dipy-sul), and 4,4 -dipyridyl
disulfide (dipy-dis). This provides an opportunityelucidate the difference in the formation of elov
topologies in these six cocrystals. The structofed 10-bis(3,5-dihydroxyphenyl)anthracene (BDHA)
and 2,24,4-tetrahydroxybenzophenone (THB) are shown in ChaBDHA is a host system, which
has guest-removal, -addition, -exchange propej82s34], and THB is widely used as an ultraviolet
protecting agent [35,36]. Each BDHA and THB moleckiés four hydroxy groups, and one bipyridine
molecule has two N atoms. Self-assembly via O—Hbetlveen BDHA or THB and bipyridine in
EtOH was carried out. We anticipated that 1-D soqmiacular hydrogen-bonded polymer would be
formed. With this in mind, we prepared six polynsehydrogen-bonded supramolecules by self-
assembling of BDHA or THB with 4,4 -bipyridyl (bipyl,2-bis(4-pyridyl)ethane (bipy-eta), 1,2-di(4-
pyridyl)ethylene (dipy-ete), 1,3-di(4-pyridyl)propa (dipy-pra), 4,4 -dipyridyl sulfide (dipy-sul)nd
4,4 -dipyridyl disulfide (dipy-dis), respectively.
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Table 1.Crystallographic Data for 1-6

243

cocrystal 1 2 3 4 5 6
formula CisHaaN4O4 CsoH4oN4O4 CogHogN2O3  CogHigNO3S GogHagNoOsS,  CayH3N4Op
M; 706.77 762.91 441.53 403.46 463.57 628.65
Crystal size 0.35x0.15x 0.70x0.40x 0.50x0.35x 0.30x0.25x 0.60x0.40x 0.79x0.70 x
(mm®) 0.10 0.10 0.15 0.10 0.35 0.70
Crystal system Triclinic Triclinic Triclinic Monoatiic Monoclinic Triclinic
space group P-1 P-1 P-1 C2/c P2(1)/c P-1
T (K) 293(2) 293(2) 293(2) 293(2) 293(2) 293(2)
a(d) 9.4497(19) 9.1440(18) 9.1264(18) 12.801(3) 9.776(2) 12.233(2)
b (R) 10.065(2) 9.5925(19) 10.107(2) 12.968(3) 12.530(3) 12.323(3)
c(A) 10.151(2) 12.159(2) 15.870(3) 26.107(5) 19.178(4) 12.721(3)
a (°) 93.60(3) 92.53(3) 107.16(3) 90 90 68.39(3)
B 103.94(3) 98.09(3) 93.50(3) 100.68(3) 92.57(3) 84.53(3)
7 (%) 108.30(3) 109.22(3) 113.27(3) 90 90 63.89(3)
z 1 1 2 8 4 2
Volume (&) 879.6(3) 992.4(3) 1258.3(4) 4258.7(15) 2346.8(8) 1595.9(5)
Deatc (g ) 1.334 1.280 1.165 1.259 1.312 1.304
u (mm?) 0.086 0.082 0.076 0.178 0.256 0.090
20 scan range
© 4.72 - 54.96 4.52 - 54.96 5.14 - 54.6 5.98 - 54.965.28 - 50.06 3.46 - 54.94
rangeh -12to 11 -11to 11 -11to 10 -16 to 16 -11to 11 Oto 15
rangek -13to0 13 -12t0 12 -12to0 12 -16 to 16 -14t014 -13to 15
rangel -13to 13 -15to 15 -20to 19 -331t0 33 -22t022 -16t0 16
reflns collected 8015 7757 10521 15434 15080 11133
unique refins 3932 4232 5407 4819 4127 6601
observed refins 2061 2060 2492 1619 2269 3722
Goodness-of-
it 0.821 1.183 1.120 0.897 0.997 1.043
R1, wR2 0.0406,0.083 0.0545,0.131 0.0551,0.116 0.0475,0.065 0.0458,0.108 0.0808,0.237
[1>20(1)] 9 2 7 5 5 6
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Table 2. Hydrogen Bond Metrics

cocrystal D-H---A d(D-HYA  d(H---A)YA d(D---AJA  <(DHA)/ Symmetry

0.98(2) 1.80(2)  2.7445(18 159.4(18)

)
0.946(18) 1.872(19) 2.8165(18 175.7(16) —X+2,-y+2,-z+

1 O(1)-H---N(1)

0(2)-H---N(2)#2

) 1
2 O(1)-H---N(1) 0.99(3) 1.77(3) 2.742(2) 164(2)
1.04(3) 1.68(3)  2.718(2) 173(2) —x+2,-y-1,-z+
0(2)-H---N(2)#2 ,
3 O(1)-H-N(2) 0.99(3) 1.79(3) 2.764(3) 167(2)
O(3)-H---N(1) 0.93(3) 1.90(3) 2.818(3) 174(3)
O(2)-H:--O(3)#2 0.96(4) 1.76(4)  2.713(2) 175(3) x-1,y-2,z-1
4 O(1)-H---N(1) 1.02(3) 1.73(3) 2.727(3) 166(2)
0(2)-H:--0(3) 0.96(3) 1.67(3) 2.628(2) 176(2)

0.9526(16) 1.8539(17) 2.790(2)  166.95(16x + 1/2,y - 1/2,2

)
1.1004(17) 1.765(2) 2.810(3) 156.71(13 x+1,-y,z+1/2

)

O(3)-H---O(1)#2

O(3)-H---N(2)#3

5 O(1)-H---0(3) 1.00(2) 1.69(3) 2.683(2)  171.8(2)
0(2)-H---N(1) 1.09(3) 1.71(3) 2.759(3)  159.4(3)
O@3)-H---N(2)#2 1.12(3) 1.69(3)  2.801(2)  170.2(2)x, -y + 1/2,z+ 1/2
6 O(2)-H---N(1)#3 0.82(3) 1.95(3)  2.765(3)  170.1(2) x+1,y-1,z
O(3)-H---N(4) 0.82(3) 1.85(3) 2.664(2)  170.3(2)
O(4)-H:--O(1w) 0.82(3) 1.82(2) 2.638(2)  175.3(3)
0(5)-H:--0(1) 0.82(3) 1.80(2) 2.528(3)  147.7(3)

2. Results and Discussion

Synthesis: BDHA (1mmol) and/or THB (1mmol) can be reacted hwhipyridines (2mmol) in
ethanolic solution at room temperature. Colorleystals were obtained by slow evaporation of the
solvent after a week. The product was (BDHA)-(kbipgl) (BDHA)-(bipy-eta) 2, (BDHA)q 5 (dipy-
pra)-CHCH,OH 3, (BDHA)qs (dipy-sul)-HO 4, (BDHA) s (dipy-dis)-CHCH,OH 5 and
(THB)-(dipy-ete)-H,O 6, respectively.

Crystal Structure of (BDHA)-(bipy). 1. Single crystals ol (Figure 1) were obtained from ethanol
solution after slow evaporation of the solvent mbant conditions and examined using single-crystal
X-ray diffraction method. It gave a triclinic crgdtlattice with aP-1 space group. Selected crystal data
and structural refinement parameterd @fre given in Table 1 and hydrogen bond metricgaen in
Table 2.
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The crystal structure of is shown in Figure la. The crystal consists of afigin frameworks
without crystal solvent. The asymmetric unit bfconsists of one molecules of BDHA and four
equivalent halves of bipy formimg four different BlB/bipy heterodimers. One BDHA molecule is
alternatively linked with four bipy molecules thgiufour intermolecular O—H---N hydrogen-bondings,
thus stacking in an alternating pattern of, AB,AB». The four H atoms in OH groups of BDHA bond
to N atoms of bipy molecules to form four internml&ar O-H---N hydrogen-bondings. Figure 1b
shows the crystal packing @fdown thea axis and that 1-D supramolecular polymers are gahak a
columnar manner to form infinitely rectangular nwmcles, where the neighboring two bipy
molecules are nearly parallel to each other. Timgerocycles are linked with one another and their
sizes areca.12.477 A x 4.802 A. In addition the neighboringamycles are also parallel to each
other.

Crystal Structure of (BDHA)-(bipy-eta), 2. Single crystals o (Figure 2) were grown from
ethanol solution by slow evaporation at room terapge and examined using single-crystal X-ray
diffraction method. A triclinic crystal lattice viitaP-1 space group is identified. Selected crystal data
and structural refinement parameter@@ire given in Table 1 and hydrogen bond metricgaen in
Table 2.

The crystal structure & is similar to that ofl and they belong to the same space group (Table 1).
Figure 2a shows the crystal structure2offhe asymmetric unit d also consists of one molecules of
BDHA and four equivalent halves of bipy-eta formirfaur different BDHA/bipy-eta heterodimers.
One BDHA molecule is alternatively linked with fohipy-eta molecules through four intermolecular
O-H---N hydrogen-bondings, thus stacking in arrredteng pattern of ABAB,AB,. Figure 2a also
shows the linear geometry with the chain framedwadlby bipy-eta. The four hydrogens in OH groups
of BDHA bond to N atoms of bipy-eta molecules tonfofour intermolecular O—H---N hydrogen-
bondings. Figure 2b shows the crystal packin@ dbwn thea axis. Seen from the direction of the
axis, the crystal packing also seems to form itdigirectangular macrocycles linked with one angthe
with sizesca. 14.575 A x 4.809 A. The macrocyclic size2adre bigger than those dfbecause bipy-
eta is longer than bipy. In each macrocycle, thghimring two bipy-eta molecules are nearly patalle
to each other. Additionally, the neighboring maguabes have a parallel orientation.

Crystal Structure of (BDHA) 5 (dipy-pra)-CH3CH,OH 3. Single crystals oB (Figure 3) were
obtained from ethanol solution after slow evaporatof the solvent at ambient conditions and
examined using single-crystal X-ray diffraction mad. It is associated with a triclinic crystal ledt
with a P-1 space group. Selected crystal data and strugefiaement parameters &f are given in
Table 1 and hydrogen bond metrics are given ind abl

Figure 3a shows the geometry with the chain mdirilged by dipy-pra and EtOH. One BDHA
molecule is alternatively linked with two dipy-praolecules and two EtOH molecules through O-
H---N and O-H---O hydrogen-bondings, respectivfjure 3b shows the crystal packing3tiown
thea axis. Three sorts of hydrogen-bondings form indtystal packing o8: Two H atoms in two OH
groups of one BDHA molecule bond to two N atoms$ved dipy-pra molecules to form two O—H---N
hydrogen-bondings; Two H atoms in the other two @bups of the BDHA molecule bond to two O
atoms of two EtOH molecules to form two O—H---Orbgén-bondings. The hydrogen in OH group of
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the EtOH molecule bonds to N of another dipy-prdetle to form one O—H---N hydrogen-bonding.
This arrangement leads to one-dimensional zigzamdiructure.

Crystal Structure of (BDHA) o5 (dipy-sul)-H,O 4. Single crystals oft (Figure 4) were grown from
ethanol solution after slow evaporation of the satvat ambient conditions and examined using single
crystal X-ray diffraction method. It is identifies a monoclinic crystal lattice withG2/c space group.
Selected crystal data and structural refinemeramaters off are given in Table 1 and hydrogen bond
metrics are given in Table 2.

Figure 4a shows the geometry with the chain frammkwaodged by dipy-sul and . One BDHA
molecule is alternatively linked with two dipy-smiolecules and two #0 molecules through O—H---N
and O-H---O hydrogen-bondings, respectively. Figireshows the crystal packing 4fdown thec
axis. Four sorts of hydrogen-bondings form in tingstal packing of4: Two H atoms in two OH
groups of one BDHA molecule bond to two N atomsved dipy-sul molecules to form two O—H---N
hydrogen-bondings; Two H atoms in the other two @bups of the BDHA molecule bond to two O
atoms of two HO molecules to form two O-H---O hydrogen-bondir@se hydrogen of the 4@
molecule bonds to one O atom in OH group of BDHAfaom O-H---O hydrogen-bonding; The
another hydrogen of 20 bonds to N of dipy-sul molecule to form O-H--ydifogen-bonding. This
arrangement leads to a ladder structure, and tpyegiil molecules were included in a frame.

Crystal Structure of (BDHA) s (dipy-dis)-CHsCH,OH 5. Single crystals ob (Figure 5) were
grown from ethanol solution after slow evaporatadrihe solvent at ambient conditions and examined
using single-crystal X-ray diffraction method. A nuzlinic crystal lattice with &2(1)/c space group
is identified. Selected crystal data and structeeihement parameters 6fare given in Table 1 and
hydrogen bond metrics are given in Table 2.

Figure 5a shows the geometry with the chain franagbd by dipy-dis and EtOH. It is noteworthy
that crystals3 and5 belong to two different space groups (Table 1)vettheless, they have very
similar patterns of molecular packing. One BDHA ewlle is alternatively linked with two dipy-dis
molecules and two EtOH molecules through O—-H---tl @rH---O hydrogen-bondings, respectively.
Figure 5b shows the crystal packingsoflown thea axis. Three sorts of hydrogen-bondings form in
the crystal packing d: Two H atoms in two OH groups of one BDHA molechtend to two N atoms
of two dipy-dis molecules to form two O—H---N hygkeo-bondings; Two H atoms in the other two OH
groups of the BDHA molecule bond to two O atomswed EtOH molecules to form two O-H---O
hydrogen-bondings; The hydrogen in OH group ofEb@H molecule bonds to N of another dipy-dis
molecule to form one O—H---N hydrogen-bonding. Emangement leads to one-dimensional zigzag
chain structure.

Crystal Structure of (THB)-(dipy-ete),-H,O 6. Single crystals ob (Figure 6) were grown from
ethanol solution after slow evaporation of the satvat ambient conditions and examined using single
crystal X-ray diffraction method. It belongs torlinic crystal lattice with &-1 space group. Selected
crystal data and structural refinement paramete6save given in Table 1 and hydrogen bond metrics
are given in Table 2.

The crystal structure @& is shown in Figure 6a. One THB molecule is altauedy linked with two
dipy-ete molecules and one,® molecule through O-H:--N and O-H---O hydrogemhgs,
respectively. Figure 6b shows the crystal packihg a@lown thea axis. Four sorts of hydrogen-



Int. J. Mol. ci. 2007, 8 247

bondings form in the crystal packing@fTwo H atoms in two OH groups of one THB molecitsd

to two N atoms of two dipy-ete molecules to fornot@—H---N hydrogen-bondings; The H atom in the
third OH group of the THB molecule bonds to thetGnaof one HO molecule to form one O-H---O
hydrogen-bonding; The H atom in the fourth OH grafighe THB molecule bonds to the O atom in
carbonyl group of the THB molecule to form the amolecular hydrogen-bonding. The neighboring
two dipy-ete molecules have a parallel orientatibims arrangement leads to one-dimensional zigzag
chain structure, and there is one independent elipynolecule along the zigzag chain. In additian th
dihedral angle of two six membered aromatic rimg$HB molecule iga. 44°, which is in agreement
with the published value [35,36].

The results of the X-ray structural studies invietyihost compound BDHA ii-5 showed one
common feature: the conformation was sustained DA in all five structures where the planes of
the anthracene backbone and the two phenolic aretswisted nearly perpendicular to each other, and
the two phenolic units are nearly parallel to eaitter (Figures. 1-5) [[32-34]].

For the BDHA molecule, by changing the guest mdiecwe can obtain either structurally similar
or different supramolecular hydrogen-bonded polylerough interactions of host-guest systems. The
conformations of the bipyridines play an importesie in the assembly processes. Both bipy and bipy-
eta are linear molecule$,and2 form infinitely rectangular macrocycles, whereagyepra, dipy-sul
and dipy-dis are V-shaped molecules [the N(1)C(ZB)Nn dipy-pra, N(1)S(1)N(2) in dipy-sul and
N(1)S(1)N(2) angles in dipy-dis are 130°, 110° &88°, respectively] and more flexible than bipy and
bipy-eta, 3 and 5 easily form the one-dimensional zigzag chain $tm&; and4 forms a ladder
structure. For the THB molecule, although dipy4istalso a linear molecule, it is unfavourable 6do
form infinitely rectangular macrocyclebut rather a one-dimensional zigzag chain strucheeause of the
intramolecular hydrogen-bonding that occurs in T¢B molecule Such studies are important to crystal
engineering. It is possible to obtain novel topasgand extend the study to combinatorial libraoks
intermolecular interactions for the explorationfefmation of various types of host-guest systerys, b
changing the guest molecule. Some related expetinaga in progress.

3. Conclusions

In this work, 9, 10-bis(3,5-dihydroxyphenyl)antreae @ (BDHA) and 2,/4.4-
tetrahydroxybenzophenone (THB) are used to cortsswgramolecular architecture based on crystal
engineering. Either similar or different supramalec hydrogen-bonded polymers would be formed
through self-assembly via O-H:--N or O-H:--O hyeindgpnding between BDHA and THB with
bipyridines. Self-assembling of BDHA with bipy fosninfinitely rectangular macrocycles linked with
one another, whose sizes are 12.4%74.802A. Self-assembling of BDHA with bipy-eta also forms
infinitely rectangular macrocycles linked with oarother, whose sizes are 14.37% 4.809A. Self-
assembling of BDHA with dipy-pra forms the one-dma®nal zigzag chain structure. Self-assembling
of BDHA with dipy-sul forms a ladder structure. Sassembling of BDHA with dipy-dis forms the
one-dimensional zigzag chain structure. Self-asambof THB with dipy-ete forms the one-
dimensional zigzag chain structure.
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Figure 1 (a) The crystal structure &f Hydrogens were omitted for claritfp) The crystal-packing dif
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Figure 2 (a) The crystal structure @f Hydrogens were omitted for clarity. (b) The crygtatking of2
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Int. J. Mol. ci. 2007, 8 251

C(28B)
C(278)

o £0(38)

C(N."" o
© A3 e

C(28) 246G
cue) c(7) )

cen o &ltie S

----- @, RD—R

N1 =&
Ca4) C1s)

14)

c2onmy & PO
(16AT @~

Ci7a) Cgal 27

ZACI24A) Ci28Al

0(3C)
C(27C)
C(28C)
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Figure 4 (a) The crystal structure df Hydrogens were omitted for clarity. (b) The crygtacking of4
viewed down the axis.Notice thatd leads to a ladder structure, and two dipy-sul cuks were
included in a frame.
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Figure 5 (a) The crystal structure 6f Hydrogens were omitted for clarity. (b) The crygtacking of5
viewed down the axis.Notice thats leads to a zigzag structure.
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Figure 6 (a) The crystal structure 6f Hydrogens were omitted for clarity. (b) The caygtacking of 6
viewed down the axis. Notice tha6 leads to a zigzag structure.
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4. Experimental Section

All materials (including BDHA and THB) were obtashédrom commercial suppliers (ACROS
ORGANICS and TOKYO KASEI KOGYO CO., LTD) and usedhwout further purification.

4.1. Syntheses of cocrystals 1-6

(BDHA)-(bipy)2 1. An ethanolic solution of 4,4"-bipyridine (31.2 ny2 mmol) was slowly added
to a 20 ml ethanolic solution of 9, 10-bis(3,5-dlhyxyphenyl)anthracene (39.4 mg, 0.1mmol) with
stirring for 2 hours at room temperature, colorlegstals were obtained by slow evaporation of the
solvent after a week. Anal. calcd % (found %) fagHz4N4O4: C, 78.17 (78.41); H, 4.85 (4.72).

(BDHA)-(bipy-eta), 2. An ethanolic solution of 1,2-bis(4-pyridyl)ethar&6(8 mg, 0.2 mmol) was
slowly added to a 20 ml ethanolic solution of 9;Ki§(3,5-dihydroxyphenyl)anthracene (39.4 mg, 0.1
mmol) with stirring for 2 hours at room temperatumlorless crystals were obtained by slow
evaporation of the solvent after a week. Anal. @&k (found %) for GoH42N4O4: C, 78.72 (78.94); H,
5.55 (5.71).

(BDHA) ¢ 5 (dipy-pra)-CH3CH,OH 3. An ethanolic solution of 1,3-di(4-pyridyl)propang3(6 mg,
0.2 mmol) was slowly added to a 20 ml ethanolizsoh of 9, 10-bis(3,5-dihydroxyphenyl)anthracene
(39.4 mg, 0.1 mmol) with stirring for 2 hours abrmo temperature, colorless crystals were obtained by
slow evaporation of the solvent after a week. Agalcd % (found %) for £H,oN.O3; : C, 76.17
(76.06); H, 6.62 (6.76).

(BDHA) o5 (dipy-sul)-HO 4. An ethanolic solution of 4,4 -dipyridyl sulfide {3 mg, 0.2 mmol)
was slowly added to a 20 ml ethanolic solution 01®bis(3,5-dihydroxyphenyl)anthracene (39.4 mg,
0.1 mmol) with stirring for 2 hours at room tempgera, colorless crystals were obtained by slow
evaporation of the solvent after a week. Anal. @& (found %) for GsH1gN.OsS : C, 68.47 (68.60);

H, 4.75 (4.65).

(BDHA) ¢ 5 (dipy-dis)-CH;CH,OH 5. An ethanolic solution of 4,4 -dipyridyl disulfidg4.0 mg,
0.2 mmol) was slowly added to a 20 ml ethanolizisoh of 9, 10-bis(3,5-dihydroxyphenyl)anthracene
(39.4 mg, 0.1 mmol) with stirring for 2 hours abrmo temperature, colorless crystals were obtained by
slow evaporation of the solvent after a week. Agalcd % (found %) for £&H23N.OsS, : C, 64.72
(64.56); H, 5.00 (4.95).

(THB)-(dipy-ete),-H,O 6. An ethanolic solution of 1,2-di(4-pyridyl)ethyleri@6.4 mg, 0.2 mmol)
was slowly added to a 20 ml ethanolic solution &f,2,4-tetrahydroxybenzophenone (24.6 mg, 0.1
mmol) with stirring for 2 hours at room temperatummlorless crystals were obtained by slow
evaporation of the solvent after a week. Anal. @& (found %) for @H3:N4Os : C, 70.63 (70.50);

H, 5.13 (5.26).

4.2. X-ray Crystallographic Analyses

The diffraction data fol-6 were collected on a Rigaku RAXISRAPID automatedradtometer at
room temperature using graphite-monochromated Maadiation § = 0.71073 A). The structure was
solved by direct methods and successive differemmas (SHELXS 97) [37dnd refined by full-matrix
least squares oR” using all unige data (SHELXL 97) [38]. The non-hygen atoms were refined
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anisotropically. Hydrogen atoms in these structuvese placed in the ideal positions or located from
the differiential Fourier map. Crystal data and exxpental details for the crystals b6 are given in
Table 1. Hydrogen bond metrics are given in TablalRbond distances and angles of the molecule
are normal [18-28].
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