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Abstract: Two complexes [Mn(HL);(CH;0H)](C10,), (1), [Zn(HL),(H,0),](C10,), (2), where HL is a Schiff base ligand
2-[(4-methylphenylimino)methyl|-6-methoxyphenol (C;sH;sNO,) derived from condensation of o-vanillin (2-hydroxy-
3-methoxybenzaldehyde) with p-toluidine. They were characterized by elemental analysis, molar conductance, FTIR,
UV-Vis, 'H NMR spectra. The structures of complexes were deterimend by X-ray diffraction single-crystal structure
analyses. The Schiff base ligand and it's complexes have been tested in vitro to evaluate their antibacterial activity
against bacteria, viz., Escherichia Coli, Staphylococcus Aureus and Bacillus Subtilis. It has been fond that the Zn(Il)

complex has higher activity than the corresponding free Schiff base ligand and Mn(Il) complex against the same

bacteria. CCDC: 692600, 1; 692601, 2.
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The condensation of primary amines with carbonyl
compounds yields Schiff bases!™?. Schiff base ligands
which usually contain O, N donor atoms play an
important role in coordination chemistry since the late
19" century. Metal complexes with these ligands are
becoming increasingly important as biochemical, analy-
tical and antimicrobial reagents, design of molecular
ferromagnets, materials chemistry and so on®". Metal
complexes with Schiff’ s base ligands resulting from
condensation of salicylaldehyde and its derivatives with
a primary amine have been studied for many years.
Among these studies a relatively small number has
involved Schiff’ s base in which the primary amine is
aniline and its o-, m-, p-substituted derivativ-es ">,
They behave as bidentate ligands and form complexes
of the type M(HL), with divalent first row metal ions"*".
A large number of reports are available on the
chemistry and the biocidal activities of transition metal
complexes containing O, N donor atoms!® 2. Some
literature survey reveal that Schiff base derived from
o-vanillin and p-toluidine has been prepared, its metal
complexes and biological activity have scarcely been
investigated™ .. Tn view of this, we describe the synt-
hesis, characterization, single crystal structure and
antibacterial properties of Mn(Il) and Zn(Il) complexes
with a Schiff base in the neutral form 2-[(4-methylphen-
ylimino)methyl]-6-methoxyphenol.

1 Experimental

1.1 Materials and general methods

o-vanillin, p-toluidine, and other chemical reage-
nts were obtained from commercial sources and used
without further purification. M(ClO,), -6H,0 were made
by the reaction of MO and HCIO,. The metal contents
were determined by EDTA complexometric titration
after decomposition a known amount of the complexes
with concentrated nitric acid. Elemental analyses for C,
H and N were carried out on an Elementar Vario EL 111
elemental analyzer. IR spectra on KBr pellets were
recorded on a Nicolet NEXUS 670 FTIR spectrophoto-
meter in the range of 4 000~400 cm ™. Molar condu-
ctivity of the complexes were measured with a Shanghai
DDS-11A conductivity meter in DMF  (1.0x107 mol -

dm™). The 'H NMR spectra were recorded at 400 MHz
on a Bruker-400 spectrometer using de-DMSO as
solvent, chemical shifts are expressed as 6 (ppm) with
respect to tetramenthylsilane as an external reference.
UV-Vis spectra of Schiff base ligand and the complexes
were measured with a Shimadzu UV-2501PC spectro-
photometer in methanol (1.0x10~* mol -dm ) at the
range of 200~700 nm.
1.2 Synthesis of the Schiff base ligand

Schiff base ligand (HL) was prepared by the direct
reaction of equimolar quantities of the o-vanillin (3.46
g, 0.03 mol) and p-toluidine (3.21 g, 0.03 mol) in 50 mL
absolut ethanol. The reaction mixture was stirred for 30
min at room temperature, then the orange solid ligand
were isolated by filtration, washed with ethanol and
dried in air, Yield 520 g (86%), m.p. 100 °C. It was
recrystallized in ethanol before used and further
characterized by IR, 'H NMR, UV-Vis spectroscopy as
reported in the literature™. IR (KBr, cm™); 3 450(w),
1614 (C=N, s), 1258 (C-0, s). 'H NMR (400 MHz,
DMSO-ds, ppm); 6 13.38 (s, 1H, -OH), 8.94 (s, 1H, -CH
=N-), 7.32 (dd, 2H, J=8.0 Hz, MePh-H), 7.26 (dd, 2H,
J=8.0 Hz, MePh-H), 7.22~6.87 (m, 3H, Ph-H), 3.81
(s, 3H, -OCH;), 2.33 (s, 3H, -CH3). UV-Vis (A / nm, & /
m*-mol™); 317.5 (335.0), 277.5 (248.7), 227.0 (498.1).
Anal. Caled. for C;sH;sNO, (241.29) (%): C 74.66, H
6.27, N5.81; found (%) C 74.62, H 6.31, N 5.77.
1.3 Synthesis of solid complexes

A solution of Mn(Cl0y),-6H,0 (0.37 g,1 mmol) in
10 mL absolute alcohol was added dropwise with
stirring to a ethanol solution of Schiff base ligand (2.0
mmol, 0.48 ¢) for 4 h, then the clear red mixture
solution was resulted. The red single crystals [Mn(HL);
(CH;0H)|(CIOy), (1) were precipitated after 5 days at
room temperature. The precipitate was separated by
filtration, washed with absolute alcohol and finally air-
dried.Yield, 0.34 ¢ (40%). IR (KBr, cm™); 3 416(m),
1 638(C=N,s), 1 239(C-0, s), 1 124(s), 1 107(s), 622(s),
497 (Mn-0, w). UV-Vis (A / nm, & / (m?+-mol™)): 317.5
(853.2), 277.5 (634.3), 228.5 (1197.5). Molar conducti-
vity (Ay/ (S+em?+mol™)): 117.0. Anal. Calcd. for CyHy
CLN;OsMn (1) (1 009.75): C 45.92; H 4.89; N 4.16; Mn
5.44; found C 45.83, H 4.83, N 4.11, Mn 5.41. Pale
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yellow single crystals (0.35 g, 41%) of [Znl,(H,0),]
(C1Oy4), (2) were obtained suitable for X-ray diffraction
after 8 days by slow evaporation at room temperature.
IR ( KBr, ecm™); 3417 (m), 1 641 (C=N, s), 1236 (C-0,
s), 1 120 (s), 1 106 (s), 622 (s), 502(Zn-0, w). '"H NMR
(400 MHz, DMSO-ds, ppm ): 6 13.40 (s, 1H, -OH), 8.95
(s, 1H, -CH=N-), 7.34 (dd, 2H, J=8.0 Hz, MePh-H),
7.27 (dd,2H, J=8.0 Hz, MePh-H), 7.24~6.90 (m, 3H,
Ph-H), 3.82 (s, 3H, -OCH;), 2.34 (s, 3H, -CH;). UV-Vis
(A / nm, & / m*-mol™'); 316.0 (668.0), 285.0 (492.8),
231.5 (937.3). Molar conductivity (Ay, S-cm*-mol™);
119.0. Anal. Caled. for C3H3CLN,0,4Zn (2) (782.86): C
46.02; H 4.38; N 3.58; Zn 8.35; found C 46.31; H 4.45;
N 3.52; 7Zn 8.21.

1.4 Crystal structure determination

Single crystals with approximate dimensions 0.18

mm x 0.16 mm x 0.10 mm for 1 and 0.30 mm x 0.28
mm X 0.10 mm for 2 were selected and coated with
vaseline. Intensity data for the complexes 1 and 2 were
measured with a Rigaku R-AXIS RAPID diffractometer
with graphite-monochromated Mo Ko radiation (A =
0.071 073 nm) at 296 K. Empirical absorption correct-
ions were applied by use of the ABSCOR program. The
structures were solved by direct methods and all
calculations were performed with the aid of the SHELX-
97 PC program™. The structures were refined by full-
matrix, least-squares minimization of 2 (F,-F,* with
anisotropic thermal parameters for all atoms except H
atoms. The crystal data of the complexes 1 and 2 are
summarized in Table 1, and the selected bond lengths

and angles are in Table 2.

CCDC: 692600, 1; 692601, 2.

Table 1 Crystal data and structure refinement for 1 and 2

1 2
Empirical formula C4HoMnN;0,5Cl, C3H3ZnN,0,,Cl,
Formula weight 1 009.75 782.86
Crystal system Monoclinic Triclinic
Space group P2/c Pl
Crystal color Dark red Yellow
a/ nm 1.892 8(4) 0.741 59(15)
b/ nm 1.223 1(2) 1.113 1(2)
¢/ nm 2.062 7(4) 1.127 2(2)
al(°) 80.31(3)
B/ 95.53(3) 72.02(3)
v /(%) 70.83(3)
vV /nm? 4.753 1(16) 0.833 6(3)
A 4 1
D./ (g-cm™) 0.984 1.559
w/ mm™ 0.430 0.969
F(000) 2096 404
Temperature / K 293(2) 296(2)
A (Mo Ka) / nm 0.071 073 0.071 073

Reflections collected / unique (R;,)

Obsd. reflns. [I>207(])]
Parameters

Son F?

Ry [1520(1)]

wR, [I>20(1)]

R, (all data)

wR, (all data)

Max, min Ap / (e-nm™)

40 171 / 10 608 (0.0493)
5297

5306 /3 591 (0.0167)
2 851

616 231

1.045 1.031
0.064 6 0.048 6
0.177 1 0.129 1
0.177 1 0.064 2
0.2128 0.1400
401, -346 523, -474
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Table 2 Selected bond lengths (nm) and angles (°) for 1 and 2
Mn(1)-0(1) 0.205 9(2) Mn(1)-0(6) 0.238 3(3) Mn(1)-0(3) 0.208 1(3)
Mn(1)-0(15) 0.224 4(3) Mn(1)-0(5) 0.207 7(2)
0(1)-Mn(1)-0(5) 156.07(11) 0(3)-Mn(1)-0(15) 78.35(12) 0(1)-Mn(1)-0(3) 106.40(11)
0(1)-Mn(1)-0(6) 88.79(10) 0(5)-Mn(1)-0(3) 97.32(11) 0(5)-Mn(1)-0(6) 71.2509)
0(1)-Mn(1)-0(15) 100.12(13) 0(3)-Mn(1)-0(6) 137.25(11) 0(5)-Mn(1)-0(15) 87.52(12)
0(15)-Mn(1)-0(6) 139.14(12)
Zn(1)-0(1)#1 0.200 89(19) Zn(1)-0(1W) 0.210 5(3) Zn(1)-0(1) 0.200 89(19)
Zn(1)-02)#1 0.215 3(2) Zn(1)-0(1W)#1 0.210 5(3) Zn(1)-0(2) 0.215 3(2)
O(L)#1-Zn(1)-0(1) 180.00(12) O(IW)#1-Zn(1)-0(2)#1 88.05(11) O(1)#1-Zn(1)-0(1W)#1 89.92(11)
O(1W)-Zn(1)-0(2)#1 91.95(11) 0(1)-Zn(1)-0(1W)#1 90.08(11) O(1)#1-Zn(1)-0(2) 101.18(8)
O(1)#1-Zn(1)-0(1W) 90.08(11) 0(1)-Zn(1)-0(2) 78.82(8) 0(1)-Zn(1)-0(1W) 89.92(11)
O(1W)#1-Zn(1)-0(2) 91.95(11) O(1W)#1-Zn(1)-0(1W) 180.00(19) 0(1W)-Zn(1)-0(2) 88.05(11)
O(1)#1-Zn(1)-0(2)#1 78.82(8) 0()#1-Zn(1)-0(2) 180.00(11) 0(1)-Zn(1)-0(2)#1 101.18(8)

Symmetry codes: #1: —x, —y, —z.

2 Results and discussion

of C, H, N, M both

theoretically calculated values and actual values are in

Elemental contents
accordance for their formula of the complexes, and it
shows that the Schiff base ligand is neutral. This can be
explained by the absences of any deprotonating agent
during the synthesis.Complexes in which a Schiff base
coordinates as a neutral ligand are still rare. Recent
studies™?! refer to complexes of M(II) ion in which the
Schiff base coordinates in this unusual structural
characteristic via the phenolic hydroxy oxygen atom,
the nitrogen atom remaining uncoordinated.Their molar
conductance in DMF solvent suggested that the
complexes 1~2 were 2:1 electrolytic nature™.
2.1 IR spectra

The broad absorption band at 3 450 ¢cm™ attributed
to the hydroxy group in the spectra of the free ligand are
enhanced and appear at lower frequency in the corres-
1 (1),3417 em™ (2),
showing coordination of oxygen atom of the phenolic
hydroxy with the central M(I) ion. The shift of the C-O
stretching vibration of the phenolic part of o-vanillin
from 1258 em™ to 1239 em™ (1), 1236 cm™ (2) also

supports the coordination of oxygen atoms. However, a

ponding complexes, viz., 3416 cm

strong band in the free Schiff base ligand occurring at
1617 ecm™ attributed to C=N stretching is found shifted
to higher frequency, viz., 1 638 cm™ (1), 1641 cm™ (2),
but the nitrogen atom of azomethine was regarded as no
complexation with M(I)**%*. And also, a new band at
497 em™ (1), 502 em™ (2), attributed to M-O stretching
vibration, whereas it was none in ligand. In the spectra
of complexes, perchlorate anons show two sharp bands
at 1 120~1 124 ¢cm™, 1 106~1 107 cm™ and a medium
stretching band at 622 cm™ which are attributed to the
non-coordinating perchorate anons™. A band assigna-
ble to the stretching of O-H bond is fond to be
broadened within the frequency range of 3 050~2 700
em™. This observation implies that the H atom from the
OH group in free and complexation Schiff base ligand
has a tendency to migrate to azomethine N atom via the
0-H -
reported in the paper'™.
2.2 'H NMR spectra

'H NMR of complex 2, for example, shows the

N intramolecular hydrogen bonding as that

following important proton signals: 8.95 ppm assigned
to the imine CH=N proton; 3.82 ppm assigned to the
methoxy -OCH; protons and 2.34 ppm assigned to the
methyl -CH; protons. The signal in free ligand appeared
as a singlet at 6=13.38 ppm can be ascribed to OH, as
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that observed in the literature!™. Which was not almost
changed in the corresponding complex (6=13.40), ind-
icating that the O —H --- N intramolecular hydrogen
bonding due to the H atom from the O-H group to
azomethine N atom was still present in complexes.
2.3 UV-Vis spectra

Three absorbption peaks of the free Schiff base
ligand appeared at 317.5 nm, 277.5 nm and 227.0 nm
in the range of 200~400 nm. The band of 317.5 nm may
be assigned to n-7* transition of conjugation between
lone-pair electron of p orbital of N atom in C=N group
and big 77 bond of benzene ring. A peak at 277.5 nm is
assigned to 7-7* transition of conjugation system of
Schiff base. The spectra of two complexes are very
similar and almost the same as Schiff base ligand.
2.4 Crystal structures

[Mn(HL);(MeOH)](C10,), (1): A local environment
of manganese of complex 1 is shown in Fig.1. The
asymmetry unit consists of one Mn atom, three HL
ligands, one methanol molecule and two perchlorate
ions. It is interesting to note that there is a weak
interaction between Mn(Il) and 02, 04 atoms with Mn-
O distance of 0.25591(33) and 0.263 18(28) nm. It is
longer than that of the Mn-O bond in the complex [Mn
(CgH,05),(H,0),] (0.235 06 nm)P", but shorter than van
der Waals radius in Mn-O (0.337 nm). Thus, the

environment of the manganese(Il) can been described as

Cll

07

Displacement ellipsoids are drawn at the 10% probability level

Fig.1 Molecular structure of 1

seven coordinate, with an approximately pentagonal
bipyramidal O7 coordination sphere. The axial donors
are O1 and O5 atoms, the pentagonal plane is occupied
by the HL and methanol O atoms. The Mn-O distances
vary from 0.205 9(2) to 0.263 18(28) nm. The phenyl
rings (C2-C7 and C9-C14) are almost parallel to each
other, with dihedral angles of only 0.572°, it is more
smaller than that in the similar Schiff base ligand™®,
The perchlorate anions are interspersed homogeneously
among the cations.

[Zn(HL),(H,0),](C10,), (2): A local environment of
zinc of complex 2 is shown in Fig.2. The asymmetry
unit consists of half a zinc atom, one HL ligand, one
water molecule and one perchlorate ion. In the [Zn(HL),
(H,O),] cation unit, the center Zn atom is six-
coordinated by four O atoms of two HL ligands and two
water O atoms, and displays slightly octahedral
coordination geometry, with Zn-O distances in the range
of 0.200 89(19)~0.215 3(2) nm. Four O atoms of two HL.
ligands determine the equatorial plane and Zn atom lies
just this plane, and two water O atoms occupy the
apical position. The Zn-O distances in this complex is
comparable to those found in other Zn(Il) complexes'™.
The angle between two phenyl rings is 11.21°. The
perchlorate anions are interspersed homogeneously

among the cations.

A: —x, =y, —=z; B: 1, -y, =2

Displacement ellipsoids are drawn at the 30% probability level
Fig.2 Molecular structure of 2

2.5 Antibacterial activity

The in vitro antibacterial screening of the Schiff
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base ligand and its complexes dissolved in DMF has

been carried out against three bacteria, viz.,
Escherichia Coli, Staphylococcus Aureus and Bacillus
Subtilis, with a method of filter paper 9, using agar
medium and the concentration of test solutions is 5 mg-
ml.~". Table 3 shows the zone of inhibition for the test
solutions on three bacteria. It has been observed from

the data that both the Schiff base ligcand and its

complexes exhibit antibacterial activities against these
three bacteria. It is noteworthy that the Zn(Il) complex 2
has higher activity than Mn (I) complex 1 and the
corresponding free Schiff base ligand against the same
bacteria. Mn(Il) complex has higher activity than ligand
for Bacillus Subtilis but lower activity than ligand for
Escherichia Coli and Staphylococcus Aureus.

Table 3 Inhibitory of compounds against bacteria growth

Diameter of inhibition zone / mm

Compound
Escherichia Coli Staphylococcus Aureus Bacillus Subtilis
HL 12.6 11.3 11.8
1 12.2 10.3 13.7
2 15.7 16.7 19.2

Note: Data in the table are the average values of three experiments, and the diameter of filter paper is 10 mm.

References:

[1] Casellato U, Vigato P A, Vidali M. Coord. Chem. Rev., 1977,
23:31~117

[2] Dey K, Biswas A K, Roy A. Ind. J. Chem. A, 1981,20:848~
851

[3] Holm R H, O'Connor M. Prog. Inorg. Chem., 1971,14:241~
401

[4] Holm R H, Evert G W, Chakravorty A. Prog. Inorg. Chem.,
1966,7:83~214

[5] Coles S J, Hursthouse M B, Kelly D G, et al. J. Chem. Soc.,
Dalton Trans., 1998,20:3489~3494

[6] Miyasaka H, Ieda H, Matsumoto N, et al. Inorg. Chem., 1998,
37(2):255~263

[7] Rodriguez deBarbarin C O, Bailey N A, Fenton D E, et al. J.
Chem. Soc., Dalton Trans., 1997,2:161~166

[8] Kato M, Muto Y. Coord. Chem. Rev., 1988,92:45~83

[9] Matsushita T, Asada H, Nakamura T, et al. J. Inorg. Biochem.,
2001,86(1):330~330

[10]Iglesias R, Marcos M, Serano J L, et al. Chem. Mater., 1996,8
(11):2611~2617

[11]Cano M, Oriol L, Pinol M, et al. Chem. Mater., 1999,11(1):
94~100

[12]West B O. J. Chem. Soc., 1960:4944~4947

[13]Polishchuk A P, Antipin MY, Timofeeva T V, et al. Koordin-
atsionnaya Khimiya, 1990,16:490~498

[14]Calvin M, Barkelew C H. J. Am. Chem. Soc., 1946,68(11):
2267~2273

[15]Sacconi L, Cavasino F P, Maggio F, et al. J. Am. Chem. Soc.,
1962.84(17):3246~3248

[16]Nishikawa H, Yamada S. Bull. Soc. Chem. Jpn., 1965,38(9):
1506~1508

[17]Lane T J, Kandathil A J. J. Am. Chem. Soc., 1961,83(18):
3782~3788

[18]Golcu A, Tumer M, Demirelli H, et al. Inorg. Chim. Acta,
2005,358(6):1785~1797

[19]Garnovskii A D, Nivorozhkin A L, Minkin V 1. Coord. Chem.
Rev., 1993,126(1~2):1~69

[20]Vigato P A, Tamburini S, Fenton D E. Coord. Chem. Rev.,
1990,106:25~170

[21]Jeewoth T, Bhowon M G, Wah H L K. Trans. Met. Chem.,
1999.24(4):445~448

[22]Patel K N, Patel N H, Patel K M, et al. Synth. React. Inorg.
Met-Org. Chem., 2000,30(5):829~841

[23]Liu G F, Na C W, Li B, et al. Polyhedron, 1990,9(17):2019~
2022

[24]Viswanathamurthi P, Dharmaraj N, Natarajan K. Synth. React.
Inorg. Met.-Org. Chem., 2000,30(7):1273~1285

[25]Yeap G Y, Ha ST, Ishizawa N, et al. J. Mol. Struct., 2003,658
(1~2):87~99

[26]Sheldrick G M. SHELXT-97, Program for Crystal Structure
Determination, University of Gottingen, Germany, 1997.

[27]ZHAO Guo-Liang(# E R), FENG Yun-Long(i% = J&), LIU
Xing-Hai (X 32 ). Chinese J. Inorg. Chem.(Wuji Huaxue
Xuebao), 2005,21(4):598~602

[28]Zhao G L, Wen Y H, Yu Y Y. Chinese J. Struct. Chem., 2006,
25(5):609~615

[29]Geary W. J. Coord. Chem. Rev., 1971,7:81~122

[30]Nakamoto K. Infrared and Raman spectra of Inorganic and
Coordination Compounds, Fifth Edition. New York: Wiley &



SRR A5 AR A 22 R 4 Xk TP IR Schiff B 4 Ja L4 40 09 45

%59 ] RAE AR S5 K K BT v i MR Y 1399
Sons, 1986.232~234 [34]Teoh S G, Yeap G Y, Teo S B, et al. J. Coord. Chem., 1995,
[31]Gao J, Liu Y. Acta Cryst., 2005,E61:m1692~m1693 36:215~223
[32]Zhu S Z, Zhu S F, Jin G F, et al. Teteahedron Leit., 2005,46: [35]Lin Z D, Lu J Y. Acta Cryst., 2005, E61:m743~m745
2713~2716 [36]QIAN Cun-Rong(# /7 %¢), HUANG Yi-Xiu(¥ 1L F5). Expri-
[33]Harada J, Harakawa M, Ogawa K. Acta Cryst., 2004,B60: mental in Microorganism, 3rd Edition (# %&£ 4 F % ¥r).
578~588 Beijing: Peking University Press, 1999.54

MRk GAF RS, RS AT
—— P B A 26 B RE AL KR

A2 223 26 A ARAE2 2008 4F 7 A 13 H 2 16 HAER R RE28 4T X ks s 1
FURL R R — U ARG 3N, A6 31 A2 BEBe L 7E N Y 2 800 R 44 N AME 7 I L 58w E B 2 E 5D
“Aerp 5 AR FERETF AR, kB E A2 E 9 BT RFoRI Kt R
ISR R TR U Ip R Ef e 2 e[ B e o TEEL A 25 B AN R BRI # S T 2,
HRANEIR 40 A

thEfE A S B R E R B A5 BB s T B R ALBE L EOT R b E A SR B
TR H A R AT R FERE BE L IR b R RS C A 5iC b AR 2 28 55 BRI KO B T R
KA e ¥R -, 2 Bk 2 2 F2 00 A 8 01 - 11307 30 (Bruce Bursten) , 9% 5 5 54047 2 B T $A T B A 7 JR o
(Richard Pike)tdi 1 78 A7 203K (18 FE 0 AL 2% 2% 3 ) S A A A5 - 4% HL 2K (Peter Golitz) 73 M BO0RE . HIK
HARRL 2 4 22 51 23 R AT P B SR B R AR B & 415 7 i, TP U R T R IR B R 2647,

A JRAE A3 ) KA FRU R D OCTE B 3G 3000 L BAR SRR s #in i L
RS 5118 38 SR LA RIS IZ S R I AC i . #8811 Kendall N. Houk . Astrid Grislund 5K
Ay RIEA FA RALFIE Z255 7 £ 24 A2 B oRe Sl s AR 3 g f e BBk v Ak
5 HURAL S AL S B A HLERARE AR T S 20 st SR is

TEfb e St igin b R B EIR B ESY SR 055 B LA [ B R A2 BASF
Al DRSS R RN PR AFE IR TR 27 R 543 S0l B 3 1 A 2= AE S AN AL 25 b i st L AR

& B UL T 2006 ,2007 48 B2« 405 229 81 BT RS B AR AR A8 SR 8 I b Ak
xR AR R RUR % 2007 4 < AL S 2 AR R JFIUR T T b AL e 2 S R B R
2 2T ARAL 2 e b R 2 2 B A A Ty A BR S Rl 2= BTk 2 rb R A 2 E A
A T ey A7 BR 2> w2 BTk 2 2 H b Ak 2 2 00 B v 22 Dl 17 38 B2 7 Ak 2 Al 0T 5 RN FH AT 52 v Ak
R B TTRR I 2 5K, RIEA B+ IR A H R AT TR 5 | 3t 25 ANRAS ikl

FERMUBRMSMESR 59 2T FML T U055 FHELFe R W w11 o2 i 55t SR T
“PFFHHK

AR 2 W R34 13 ¥ 5 [ 3 44 b 2 2 A (P 2= B 983738 )(Accounts of Chemical Research)4iZE < |« &A1
e WE 5T AR I H B 227 28 00 1 B BOR 57 SR R R I 50 24l 2 iR H AN AZ

AJRAEZT 7 H 16 H FAFTER T AR E A A 3, 2l 204k AL T4 10 18 Kim ke WH5EHl
A A Ml 1 S A AR B



