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Five novel arylsulfonates of Ni and Co have been hydrothermally obtained and their structures determined by
X-ray single-crystal diffraction. [Ni(Phen)(H.0),](1,5-NDS)-2H,0 (1) is a hydrogen-bonded supramolecular layered
compound formed by self-assembly of tetraaqua-o-phenanthrolinenickel(ll) cations and 1,5-naphthalenedisulfonate
anions, [Ni(Phen),(H.0)(1,5-NDS)] (2) and [Ni(Phen),(H20)(2,6-NDS)]-2H,0 (4) exhibit 2D structures via O—H---0
and s (both perfect face-to-face and parallel-displaced) stacking interactions, [Co(Phen),(H,0)(1,5-NDS)]-2H,0
(5) presents a 3D structure via O—H---O hydrogen-bond layers and sz— parallel-displaced stacking interactions,
and [Co(Phen),(1,5-NDS)] (3) is the first example of a covalently bonded polymeric cobalt sulfonate. Its 1D structure
comprises chains formed through bitopic 1,5-NDS linkers. Rates and selectivities for oxidation of organic sulfides

with H,O, were measured with 2-5.

Introduction

The sulfonate group RSO bears a strong structural
analogy to the phosphonate group RPOMetal phospho-
nates represent a broadly studied class of sélidontrast,

lenedisulfonate). Structures of compounds of group 1 and 2
metal ions with 1,5-NDS, namely, [)1,5-NDS)(HO),] (M

= Li*, Na", and K") and [M(1,5-NDS)(HO),] (M = Mg?*,
Ca&*, SP*, and B&"), are found® Most of the transition-

because of the perception that the sulfonate is a poor ligand Metal sulfonates obtained from an aqueous solution are aqua-
sulfonates as spacers for functional extended networks haveNetal sulfonate saltspy the introduction of other ligands

only been examined to a considerably small extérthere

as auxiliaries to the metal centers, sulfonate anions can

are some examples of works on the supramolecular chemistrycompete with water molecules and coordinate to transition
of the sulfonate group in extended solids built up by metals® For example, coordination polymers of €dand
cooperative coordination and other weak intermolecular CU*" with 1,5- and 2,6-NDS are formed with the addition

interactions, and this has been recently reviewedhere
are also some examples in the literature with the RSO
group, where R is 1,5-NDS and 2,6-NDS (NBSnhaphtha-
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Table 1. Crystal and Refinement Data

compound
chemical formula

fw

cryst syst
space group
unit cell dimens

V (A3); z

Dx (Mg m~3)
abs coeff (mm?)
F(000)

cryst size (mr#)
6 range (deg)
limiting indices

radiation type
indep reflns
refinement method

1

2

3

4

5

Ni(Phen)(1,5-NDS)¢B)s- Ni(Phen(1,5-NDS)HO- Co(Phen)1,5-NDS) Ni(Phen}(2,6-NDS)(HO):- Co(Phen)2,6-NDS)(HO):-

NiC22N25,012H22
633.28

monoclinic
C2lc
a=20.5536(10) A
b=12.4245(6) A
c=12.5312(6) A

B = 124.6030(10)

2634.0(2); 4
1.597
0.962
1312
0.10x 0.10x 0.05
2.0328.79
—26<h=<27
—16<k=16
—-16=<1=<16
Mo Kx
3224Rn = 0.1212)
full-matrix least
squares offr 2

NiC34N4S,07H24
723.40
triclinic
P1
a=8.5615(5) A
b=12.6265(7) A
c=14.5058(8) A
o= 89.8730(10)
B =79.2950(10)
y = 74.5680(10)
1483.1(3); 2
1.620
0.856
744
0.40x 0.30x 0.30
1.68-29.04
-1l1<h=11
-17<k=16
—-18=<1=<18
Mo Ka
6915R = 0.0404)
full-matrix least
squares offr 2

C0oG3yN4S,06H22

705.61

monoclinic
C2lc
a=21.190(6) A
b=12.590(3) A
c=14.722(4) A

B =130.997(3)

2964.3(14); 4

1.581

0.776

1444
0.25x 0.20x 0.18
3.72-31.05
—29<h=<29
—15=<k=17
-13<l1=21
Mo Ka
4095R = 0.1137)
full-matrix least

squares offr 2

NiC34N4S09H2s
759.43
monoclinic

P2(1)
a=7.8608(5) A
b=15.3156(10) A
c=13.5595(9) A

B =103.2940(10)

1588.72(18); 2
1.588
0.807
784
0.10x 0.04x 0.04
1.54-29.21
—-10=h=<10
—20=<k=21
—-18<1=<18
Mo Ka
7429Rn = 0.0728)
full-matrix least
squares offr 2

C0oG34N4S,09H28
759.65
_triclinic
P1
a=7.7313(6)
b=8.3715(7) A
c=13.348(1) A
o =106.218(1)
B =96.410(1)
y =101.424(1)
800.21(11); 1
1.576
0.731
391
0.12x 0.10x 0.07
1.6+29.11
—10=h=<10
—1l1<k=11
-18<1=17
Mo Ka
6289Rn = 0.0491)
full-matrix least
squares offr 2

data/restraints/param 3224/0/177 6915/0/434 4095/0/216 7429/1/459 6289/3/451

GOF onF?2 1.065 1.063 1.091 1.088 1.035

Flack param 0.01(2) 0.01(1)

final Rindices | > 20(1)] R1=0.047 R1= 0.065 R1=0.093 R1=0.094 R1=0.074
wR2=0.11 wR2=0.09 wR2=0.18 wR2=0.12 wR2=0.14

final Rindices (all data) R%* 0.0604 R1=0.1131 R1=0.1590 R1=0.1417 R1=0.1081
wR2=0.1215 wR2=0.1094 wR2=0.2126 wR2=0.1331 wR2=0.1481

largest diff peak and hole+0.44 and—0.47 +0.25 and—0.304 +0.96 and—0.38 +0.87 and—0.40 +0.32 and-0.31

(elA?)

up to now do not present direct coordination between the naphthalenedisulfonate sodium salt (0,332 g, 1 mmol), and 1,10-
metal and the sulfonate group. Taken together, herein wephenanthroline (0.18 g, 1 mmol) in a 30-mL Teflon-lined stainless
report the synthesis, crystal structures, and characterizatiorsteel vessel. This vessel was placed in a stainless steel autoclave,
of five novel nickel and cobalt naphthalenedisulfonate Sea:eg'theatiq t(i tl?”@: “”?er ?Utoge”O‘ﬂSGpreSS“reJOY 7|2th' art‘dl
compounds, [Ni(Phen 1,5-NDS)}F2H,0 (1), [Ni- cooled to ambient temperature in open air. Green and violet crystals
(Phe%)(H O)(l[ 5-(NDS)])(é)ﬂ))[Llc]i(o(Phera(l)]‘S-NzDS)g é) [[Ni- were isolated by decanting the supernatant liquid, washed thor-
Ph HZO 2,6 NDS 2|_’| o & d 7C Ph H o oughly with deionized water, and air-dried. Large green crystals
El SGRI)IgSZ)}Z)(H ’O' 5) )12H IE ), anth [_ o(Phenj |2 )-I of compoundl were manually separated from the violet crystals
T 2 » a5 well as their supramolecular o compound2, which always appears in the synthesis, even as
extended structures built up by cooperative coordination and majority product.
other weak intermolecular interactions. The activities of (b) [Ni(Phen)y(H,0)(1,5-NDS)] (2) and [Co(Pheny1,5-NDS)]
compound2—5 as heterogeneous catalysts in the oxidation (3), The synthesis procedures for compouBdmd3 were the same
of organic sulfides have also been tested. as those used for compoutdut with a relationship in the initial
mixture M?*:1,5-NDS:Phen= 1:1:2. Violet crystals of2 (73%
yield) and orange crystals &f(56% yield) were obtained after 66

General Information. All commercially available (Aldrichy ~ and 72 h, respectively. Elem anal. Calcd 2orC, 56.4; N, 7.7; H,
products were used without further purification: Ni(§@6HO, 3.3. Found: C, 55.9; N, 7.3; H, 3.2. Calcd far C, 57.8; N, 7.9;
99%; Co(NQ)»6H,0, 98%; 1,5-naphthalenedisulfonate sodium salt H. 3.2. Found: C, 57.2; N, 6.9; H, 3.3.

(1,5-NDS), 97%; 2,6-naphthalenedisulfonate sodium salt (2,6-NDS),  (c) [Ni(Phen)(2,6-NDS)(H0)]-2H,0 (4) and Co(Phen)(2,6-
97%; 1,10-phenanthroline (Phen), 98%. The C, H, and N elemental NDS)(H,0)]-2H,O (5). The same synthesis procedure was em-
analyses were performed on a Perkin-Elmer elemental analyzerployed, except now using 2,6-naphthalenedisulfonate sodium salt
2400CHN. IR spectra were recorded from KBr pellets in the range (M2™:2,6-NDS:Phen= 1:1:2) and with heating times of 50 and 24
4000-400 cn1! on a Perkin-Elmer spectrometer. Thermogravi- h, respectively. Violet (86% yield4) and orange crystals (64%
metric and differential thermal analyses (TGRTA) were per- yield; 5) were obtained. It should be emphasized that, with the larger
formed using a Seiko TG/DTA 320 apparatus in the temperature heating time of compoun§, an impure, more amorphous product
range between 25 and 70Q under a M (flow rate of 50 mL/min) is obtained. Elem anal. Calcd fer C, 53.7; N, 7.4; H, 3.72.
atmosphere and at a heating rate dfGmin. Found: C, 53.6; N, 7.3; H, 3.7. Calcd fér C, 53.7; N, 7.4; H,

Synthesis. (a) [Ni(Phen)(HO),](1,5-NDS}2H,0 (1). Com- 3.7. Found: C, 53.6; N, 7.4; H, 3.7.
poundl was synthesized hydrothermally from an aqueous mixture  Single-Crystal X-ray Diffraction. A summary of the conditions
(6.0 mL) containing Ni(N@2-6H,O (0.291 g, 1 mmol), 1,5-  for data collection is given in Table 1. Prismatic crystalslefs
were mounted on a Siemens Smart CCD diffractometer equipped
with a normal focus, 2.4-kW sealed-tube X-ray source (M@ K
radiation,A = 0.710 73 A) operating at 50 kV and 20 mA. Data
were collected over a hemisphere of reciprocal space by a

Experimental Section

(9) Chen, C. H.; Cai, J. W,; Liao, C. Z.; Feng, X. L.; Chen, X. M.; Ng,
S. W.Inorg. Chem2002 41, 4967. Wang, L.; Yu, X. L.; Cai, J. W,;
Huang, J. WJ. Chem. Crystallogr2005 35, 481.

(10) Cai, J.Coord. Chem. Re 2004 248 1061.
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Figure 1. ORTEP drawing and numeration for compouridsb.

combination of three sets of exposures. Each set had a different the experimental measurements with the simulated X-ray powder
angle for the crystal, and each exposure of 20 s coverédda. diffraction patterns obtained from single-crystal X-ray diffraction.
The crystal-to-detector distance was 5.0 cm. Coverage of the unique Catalytic Oxidation Reactions. The flask was charged with (i)

set was over 99% complete to at least 286. Unit cell dimensions a suspension of the catalyst (0.01 mmol) in acetonitrile (3 mL)
were determined by a least-squares fit of 60 reflections Wwith and (ii) a solution of the substrate (1 mmol) in acetonitrile. The
200(1). The first 100 frames of data were re-collected at the end of mixture was heated at the desired temperature. Subsequently, the
the data collection to monitor crystal decay. The intensities were oxidant [HO, (30%, 3 mmol)] was added, and the reaction mixture
corrected for Lorentz and polarization effects. The structures were was stirred. Chemical yield was measured by gas chromatography.
solved by Multan and Fourier methods. Full-matrix least-squares

refinement with anisotropic thermal parameters for all non-hydrogen Results and Discussion

atoms was carried out by minimizing(F,2 — F2)2 Hydrogen
atoms of the water molecules were located in difference Fourier
maps. Calculations were carried out WBMARTsoftware for data
collection and SHELXTL for data reductioA? ATOMS? was

Crystal Structures. Details of cell data, data collection,
and refinement are summarized in Table 1. ORTEP drawings
of compoundd—5 with the atomic numbering schemes are
employed for molecular graphics. shown in Figure 1, and Table 2 shows the coordination

X-ray Powder Diffraction. The X-ray powder diffraction distances and angles: . .
patterns were taken at room temperature using a Bruker Dg Compoundi crystallizes in the monoclinic system, space

diffractometer in the step scan mode, with Cu k& = 1.540 598  group C2/c. Ni"' is coordinated to two N atoms of one
A) radiation, and with a step value of 092neasuring fo3 s at o-phenanthroline molecule and to four O atoms of four water

each step. The X-ray powder diffraction results were also used to molecules. The 1,5-NDS anion is not directly coordinated
check the purity of the microcrystalline powder by comparison of to the metallic cation, but it acts as a counteranion. Extensive
hydrogen bonds are formed between the complex cations

11) g."”""are TOF th?w S':j/'_ART \?V{Stem V5.04 and SHELXTL MBbuker- and sulfonate anions through the coordinated water mol-
lemens Inc.: aaison, . . . .

(12) Dowty, E. ATOMS for Windows 3.1, a computer program for ecules. The result is the creation of a polymeric hydrogen-

displaying atomic structureKingsport, TN, 1995. bonded supramolecular sheet formed by self-assembly of

9682 Inorganic Chemistry, Vol. 45, No. 24, 2006
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Figure 3. View of the layers in1l along the [010] direction.o-
Phenanthroline molecules are omitted for clarity.
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Figure 2. Hydrogen-bonded layer in compourid o-Phenanthroline
molecules are omitted for clarity, and 1,5-NDS is represented byt S
axis.

Table 2. Coordination Bond Lengths (A) and Angles (deg)

CompoundlL
Ni1—N1x2 2.074(2) O5Ni1—-0O5 96.5(1) NIENi1—N1' 80.0(1)
Ni1l—05x 2 2.057(2) O5-Ni1l—N1x2 170.40(9) N:Ni1l—04x2 95.89(7)
Nil—04x2 2.087(1) O5Ni1l—N1'x2 92.0(1) NI-Ni1l—O4 x2 88.17(7)
O5-Ni1l—04x2 89.02(8) O4Ni1l—04 174.71(9)
O5—-Nil—04 x2 87.46(8)

Compound2

Nil—N1 2.059(3) NENi1-N2  80.2(1) N2-Ni1—02 171.42(9)
Ni1—-N2 2.093(3) NENi1-N3  96.1(1) N4-Ni1-N3  80.5(1)
Ni1l-N3 2.075(3) NENil—-N4 175.4(1) N3-Nil-O1 166.9(1)
Nil—N4 2.049(3) NENi1—01 94.4(1) N3-Ni1—-02.  83.42(9)
Ni1O1  2.061(2) NENi1—-02 91.87(9) N4Ni1-O1  89.3(1)
NilO2  2.153(2) N2Ni1—N3 100.6(1) N4Ni1-02 91.0(1) Figure 4. z-Stacking and hydrogen-bond-containing sheets in compound

N2—-Nil—-N4  97.2(1) OZXNi1-02 88.55(9) 2.

N2—-Ni1-01  88.8(1)

Compound2 crystallizes in the tricilinic system, space
Compound3

Col-N1x2 2.136(4) NECol-O1x2 97.0(1) N2-Col-O1x2 88.0(1) groupP1. The Ni' ion is i_n octahedral coordi_nation, bonded
Co1-N2x2 2.138(4) N}Col-O1 x2 88.7(1) N2-Col-O1 x 2 166.1(13) to four N atoms of two different-phenanthroline molecules,
C01-01x2 2.106(3) N+Col-N2x2 78.0(1) N2-Col-N2 97.5(2) .
NI-Col-N2 x2 96.7(1) O+Co-1-0O1  89.6(1) to one O atom of one 1,5-NDS-sulfonate anion, and to one
N1-Col-N1'"  172.0(2) water molecule. In this compound, the 1,5-Nbstlfonate
Compound# linker acts as a monotopic ligand, leaving thus five unco-
Nil—-N1  2.093(6) NENi1-N2  79.7(2) N2-Ni1-O7  90.5(2) i
NL_NZ 2080(3 NLNL-N3 987(2) N3NI_N4 797 ordlnatgd O atoms. In the structure.of compouhdthe
Nil-N3 2.073(5) NLENi1—N4  99.4(2) N3-Nil—O1 170.4(2) aromatic plane of oneo-phenanthroline molecule (that
Ni1—-N4 2.056(5) NtNi1-O1  85.7(2) N3-Ni1-O7  90.1(2) N . i
N0l 2110(4) NLNI1-O7 168.6() NANL_O1  908(2) containing N3 anq N4) and that of the.1,5 NDS ligand are
Nil—07 2.107(5) N2ZNi1-N3  96.3(2) N4-Ni1-O07  90.8(2) almost parallel (dihedral angle 3.97 Distances between

N2—Ni1l—N4  175.8(3) O%Ni1—-07 89.1(2) H i i indi i _
N2-NII-O1  93.3(2) different ring centroids of these two molecules indicate inter

and intramolecular— stacking interactions. The centroids

Compoundb . .
Col-N1  2.148(6) NLCoL Mo 782(2) N2-Col-07  91.4(2) of two rings qf th_eo—phenanthrollne molecule (C1&24
gOi—mg g-ggé(g) migcﬁ—mi gg-g(g) H;gcﬁ—gg gg.g(g) and N4-C23 in Figure 1) and those of the 1,5-NDS are at
o Na 2:118§7§ NGO 02 168'.6((2)) N3 Col_O7 167'.0((23 the very short distanc&sof 3.46_‘) aqd 3.44 A giving r@se to
Col-02 2160(5) N+Col-O7  94.2(2) N4-Col-O2  91.0(2) a doubler intramolecular stacking interaction. The third ring

O ) e e 175500 oscoior seed)  (N1-C24)interacts at 3.53 A, with one ring of the 1,5-NDS

N2—Col-02  90.7(2) ligand belonging to the nearest-neighbor complex molecule

(Figure 4). Besides this intermolecular interaction, as hap-

tetraaquos-phenanthrolinenickel(ll) cations and 1,5-NDS Pened in compound, there are hydrogen bonds among the
anions (Figure 2). These layers are parallel to the (101) plane.0Xy9en atom (O1) of the coordinated water molecule and
There are also uncoordinated water molecules, which areS°M€ (O3 and O6) of the uncoordinated sulfonate group,

hydrogen-bonded only with the coordinated ones of the samed'V'Ng Mse to 1D chains (Flgqre 6. and Table. 3)- As a
. . . ) consequence of the short packing distances, this molecular
layer, avoiding, thus, interlamellar hydrogen interactions

(Figure 3). (13) Janiak, CDalton Trans.200Q 3885.

Inorganic Chemistry, Vol. 45, No. 24, 2006 9683
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Figure 5. Chains formed in compoung, viewed along the [1,6;1] (top), [110] (bottom left), and [001] (bottom right) directions-Phenanthroline

molecules are omitted in the bottom structures.

Figure 6. Chains formed in compound 4, and5 (from top to bottom).
o-Phenanthroline molecules are omitted for clarity.

complex exhibits a 2D supramolecular structure viakd

--O hydrogen bonds and— perfect face-to-face stacking
interactions along thie anda directions, respectively (Figure
4). The role of the second molecule @phenanthroline as

9684 Inorganic Chemistry, Vol. 45, No. 24, 2006

Table 3. Hydrogen-Bond Interactions for Compountis2, 4, and5

D—H---A D—H H---A D---A ODHA
Compound 1

04—-H41---01' 0.93 1.89 2.724 160

04—H42---02! 0.74 2.07 2.804 170

0O5-H51---03" 0.89 1.86 2.694 164

0O5—H52---06" 0.96 1.73 2.694 172
Compound 2

01-H01---03 0.82 1.96 2.737 158

01-H02---06 0.83 1.81 2.630 169
Compound 4

O7—H71---04" 0.83 1.89 2.726 176

O7—H72---02 0.73 2.06 2.765 161
Compound 5

O7—H71---060 1.13 1.62 2.731 168

O7—-H72---01 0.98 2.01 2.772 133

08-H81---06 1.06 2.49 3.348 137

08—H82---04 1.10 2.01 2.288 134

just a blocking ligand is to avoid any kind of connection
along the third direction.

Compound3 crystallizes in the monoclinic system, space
group C2/c. As in the Ni compounds, the &aation is in
octahedral coordination, bonded to the tavphenanthroline
chelating molecules and two O atoms of two different
sulfonate groups of the 1,5-NDS anion. Contrary to what
happens in copperf? aminosulfonates, in the current
compound, the ColD, octahedron is not equatorially
coordinated by the four N atoms from tbephenanthroline
molecules. The two O atoms being, thus, in the cis position
gives rise to a nearly perpendicular arrangement of the 1,5-
NDS groups, which behave as bifunctionat spacers,
bringing the CoN complex cations into infinite 1D zigzag
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strings (Figure 5). Although it has been sugge¥$tdtat the
coordination strength of divalent transition-metal ions toward
the sulfonate group increases in the ordef'Ce Ni2"<
CW*, under our synthesis conditions, this is from the five
compounds presented here, the only one in which chains of
a covalently bonded metaNDS spacer appear, and this is,
to our knowledge, the first example of a polymeric cobalt
sulfonate.

Compound4 crystallizes in the monoclinic system, space
groupP2(1). The complex is similar to compour] with
the only geometrical differences imposed by the 2,6 position
of the sulfonate group. The dihedral angle between the 2,6-
NDS and oneo-phenanthroline molecule planes is a little
larger than that ir2, 9.82, and a slight slide of one molecule
with respect to the other makes the shorter intermolecular
interaction distances (four distances are of 3:3%7 A)
between their aromatic rings in this compound centraid
instead of centroietcentroid, in ar— slipped stacking. One
intramolecularr—s stacking interaction (3.54 A) appears
in this compound, too. Similarly to compour®] chains
through hydrogen bonds are formed, but in the current
compound, they run along thirection (Figure 6 and Table
3). In summary, the packing af exhibits a 2D supramo-
lecular structure via ©H---O hydrogen bonds and—x
stacking interactions along theand a directions, respec-
tively. The second molecule ab-phenanthroline avoids
connections along the third direction 4 too.

Compound5 crystallizes in the triclinic system, space
groupP1. The coordination of the metal atom is the same
as that in compound® and 3. The dihedral angle of the
planes formed by 2,6-NDS and oonegphenanthroline mol-
ecule is 5.55. In this structure, inter- and intramolecular ~F9ure 7. 3D structure of compouri (top) beplane showingr stacking
. . ] . and hydrogen bonds; (bottom) hydrogen-bond connections along the [100]
interactions among aromatic rings indicate-as parallel- direction.
displaced stacking along tHedirection. Hydrogen bonds
between the coordinated water molecule O7 and sulfonateon the as-synthesized products, which had proven to be quite
group O atoms form chains along the [011] direction and pure according to the elemental analysis and X-ray powder
via one of the noncoordinated water molecules O8 along the diffraction measurements. Compoudtbsses its only water
a direction. None of th@-phenanthroline molecules avoids molecule at the substantially high temperature of 220
connections in the third direction, allowing, thus, the (found 3%, calcd 2.5%), and then the product remains stable
formation of a 3D supramolecular self-assembly viatkD up to ~500 °C, while in compound3, no weight loss is
--O hydrogen bond layers and—x parallel-displaced  observed below 458C, the temperature at which the product
stacking interactions (Figure 7). Figure 6 shows the different begins to decompose. In compountiend 5, the weight
chains formed in compound’ 4, and5. losses corresponding to totally three water molecules are

X-ray Powder Diffraction. Comparative experimental and observed at-240°C (4) and~200°C (5) (found 6.5%, calcd
simulated (on the basis of the crystal structures) powder 7.1% for4; found 6.9%, calcd 7.1% fds). The decomposi-
patterns show the high level of purity of compouriss. tion temperatures for these compounds-a#As0 and~420
The powder pattern of compouridpresents a pick atte= °C, respectively.

12.# corresponding to the most intense peak of compound Catalytic Reactions. Sulfoxides are known to have
2, which is always present in the synthesis product, as wasinteresting and useful biological and pharmacodynamic
previously explained in the Experimental Section. propertie$* as well as being the most widely used chiral

IR spectra ofl—5 are very similar and present boths auxiliaries!>1®They are obtained by oxidation of thioethers
andvs of the sulfonate groups found at1260-1120 (a9 by peracids, peroxides, and alkyl peroxides using transition-
and ~1030 cn? (vs), with the aromatic &H stretching
mode being situated in the area of 3t8D00 cnTl. The (14) Renwick, A. G. InSulfur-containing Drugs and Related Organic

L CompoundsDamani, L. A., Ed.; Ellis Horwood: Chichester, England,
IR spectra of these compounds show additional bands atca.  19g9; vol. 1, Part B, p 133.
3600-3100 cn1?, which correspond to the water molecules. (15) Mikolajczyk, M.; Drabowicz, J.; Kielbasinski, P. Chiral Sulfur

TGA—DTA studies of the four compound@-5) ob- ReagentsApplication in Asymmetric and StereoseleetiSynthesis

. CRC Press: Boca Raton, FL, 1997.
tained as pure phases have been performed undeflaN (16) Carréio, M. C. Chem. Re. 1995 95, 1717.
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Table 4. Results Obtained in the Oxidation of Methyl Phenyl Sulfide 100 4
with H>O, Promoted by Ni- and Co-NDS Catalysts

catalyst convn (%) (6 R) TOF (Y selectivity (%)

2 97 5 82 ]
3 62 2 96 70 4
4 100 22 100
5 100 48 100

90

30+

60

aConversion determined by gas chromatograpimass spectrometry.
b TOF: millimoles of substrate per millimoles of catalyst per héukmount
of sulfoxide/amount of sulfide consumed.

Conversion (%)

metal catalystd’ Depending on the catalyst selectivity and ]
the method used, different proportions of sulfoxide and 20 4
sulfone are produced. Among the metal catalysts for asym- ] 4 {NI-2.6)
metric sulfide oxidation, Ti-based systems are the most > —v—5 {Co28)
prominent one$®!° Homogeneous catalysis often provides L St S s e
the best results in achieving high levels of selectivity, 102030 405060 150 200250 500 350 400
whereas heterogeneous catalysis offers the advantages of t{min)

simplified product purification and the potential for catalyst Figure 8. Kinetic profile for the oxidation of methyl phenyl sulfide with
recycling?® Clearly, heterogeneous catalysis, which can N @nd Co catalysts.

provide high selectivity, would be an important development e conversions of sulfide to sulfoxide were found to
with potential applications in industrial and high-throughput yecrease over the polymeric Co compBxwhereas when

' istrol . : .

organic chemistry> _ using Co comple)s as the catalyst, an important increase

The catalytic activities of compounds-5 were examined o1 the catalytic activity was found. This latter being soluble
for the oxidation of organic sulfl_des (r_nethyl phenyl sulfide), i the reaction media acts like any other homogeneous
and the results are summarized in Table 4. Hydrogen caiaiyst. From a mechanistic point of view, the sulfooxidation
pgromde (I—iO?) acts as an oxidant in acetomtqle, yielding  (eaction must go, as ustflthrough the corresponding oxo
high conversion at low temperature. A series of blank ¢omplex active species, which explains the lower activity
experiments revealed that each component is essential for,,q longer induction period of the reaction when using
an effective catalytic reaction and the system is relatively |, this compound, the lack of easily displaceable coordinated
unaffected by changing the order of mixing. Catalystst water molecules makes intermediate species formation dif-
appeared to be stable under experimental conditions (thefcit. The two Ni complexe® and 4 are better heteroge-
catalysts were recovered by filtration of the reaction mixture, oous catalysts, and among them, that of 2,6-NDS is the most
washed with acetonitrile, and checked by X-ray powder . iie ’ ’ ’
diffraction) but were found to be reactive for a further Recycling a Heterogeneous CatalysThe major advan-
catalytic run. Compless is soluble in the reaction media (g6 of the use of heterogeneous catalysts is the ease with
probably because of oxidative degradation during the oxida- hich they can be recovered from the reaction mixtures by

tion reaction. o ~_ simple filtration and reused. The heterogeneous oxidation
The main product of oxidation of alkyl phenyl sulfide is ot gyifides has been carried out until completeness. The

sulfoxide. The prodgct of qxidation of sulfoxide was ma}inly catalysts were filtered and washed, and then fresh substrate
formed at conversions higher than 80%. No significant 5n4 solvent were added without further addition of any
changes in the product distribution are observed when the aqiyst, for several consecutive experiments; yield, activity,
whole amount of oxidant is added in one single stage or 54 selectivity were all retained. After each experiment, a
gradually added during the course of the reaction. To yoion of the catalyst was analyzed to determine that the
determine any matrix effects on the rate of the reaction, the gt ,cture was not changed. Filtrates were used in new
kinetics curves of the oxidation of methyl phenyl sulfide | octions and were not found to catalyze oxidation.
catalyzed by Ni and Co catalysts were compared (Figure 8).  conclusions.By introduction of 1,10-phenanthroline into

(17) Oae, SOrganic Sulfur Chemistry: Structure and Mechanj<BRC the reaction mixture in e—phenanthroIine_/squonat.e ratio of
Press: Boca Raton, FL, 1991; Chapter 6. 2:1, compound®—5 were obtained, while by using a 1:1

(18) Bonchio, M.; Licini, G.; Modena, G.; Bortolini, O.; Moro, S.; Nugent, ratio] a tetraaqu@_phenanthro"nenickel Sa't (Compoum}i
W. A. J. Am. Chem. So0d.999 121, 6258. btained. | h li di d
(19) Massa, A.; Siniscalchi, F. R.; Bugatti, V.; Lattanzi, A.; Scettri, A. Was obtained. In structures-5, the metal is 6-coordinate

Tetrahedron: Asymmetr§002 13, 1277. by four N atoms of the twe@-phenanthroline ligands, but in

(20) Blaser, H. U.; Pugin, B. I€hiral reactions in heterogeneous catalysis ;
Jannes, G., Dubois, V., Eds.; Plenum Press: New York, 1995; p 33. none O_f them . are these mo_leCUIeS occupying the fo_ur
Chiral Catalyst Immobilization and Recyclingos, D. E., Vankele- equatorial positions, as occurs in many other complexes with
ggg\dl. F. K., Jacobs, P. A., Eds.; Wiley-VCH: Weinheim, Germany,  N-containing auxiliary ligands. Independently, it is the 1,5-
(21) Sheldon, R. A.; van Bekkum, H., Edine Chemicals through or 2,6-NDS anion that coordinates in the four compounds

Reteré)g?n\fvmé:s EatglzsligVile)EVgHrl \(/\:/etinlhg(i)gni gilezmlﬁ?gy,AZOIOL in an! mode. Self-assembly interactions of all of the five
rendas, I. LC.E eldon, R. Appl. Catal . Ayala, . . p :
V.. Corma, A.: Iglesias, M.. Szchez, F.J. Mol. Catal. A: Chem compounds were studied: one of thef) (s a polymeric

2004 221, 201; Dalton Trans 2001, 2370. hydrogen-bonded supramolecular layered compound formed

A —u—2 (Ni-1.5}
,/ —e— 3 (Co-1.5)
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by self-assembly of tetraaqumphenanthrolinenickel(ll) (MEC) cofunded by Fondo Social Europeo. This work has
cations and 1,5-NDS anions, twd @énd 2) are also 2D been supported by the Spanish MCIT Project Mat 2004-
structures via ©H---O andzr— stacking interactions, and  2001.
one 6) presents a 3D structure via-®---O hydrogen-bond
layers andsz—s parallel-displaced stacking interactions.  gpporting Information Available: Comparative simulated
Compound3 is the first example of one covalently bonded  gyperimental powder patterns of compountis5 and X-ray
polymeric cobalt sulfonate. Its 1D structure comprises chains crystallographic data in CIF format. This material is available free
formed through bitopic 1,5-NDS linkers. of charge via the Internet at http://pubs.acs.org. CCDC reference
The catalytic activities of compounds-5 were checked  numbers 604189, 604190, 604191, 604192, and 604193 contain
for oxidation of organic sulfides. The two Ni complex2s  the supplementary crystallographic data for this paper. These data
and4 are better heterogeneous catalysts, and among themcan be obtained free of charge from the Cambridge Crystallographic
that of 2,6-NDS is the most active. Data Centre, 12 Union Road, Cambridge CB21EZ, U.K., fax
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