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� �. Cl−��� ���� ��� salen� �� {[Mn(III)(L acn)Cl]: n=1�11} �� Mn(CH3COO)2�4H2O�  

�! "#� !$%{H 2Lacn}&'( )*+. � salen� !$%� diamine, {ethylenediamine, 1,3-propanediamine,

2,2-dimethyl-1,3-propanediamine, o-phenylenediamine}� aldehyde, {salicylaldehyde, 5-chlorosalicylaldehyde,

3,5-dichlorosalicylaldehyde, 3,5-di-tert-butyl-2-hydroxybenzaldehyde}- methanol./01 234567 38�9

+. �� !$% : ���� ;<=>, ?@@, A=>B : UV-VIS, IR, NMR =C�B D� �.�E FG�H

I�9+.

���: salen� ��, [Mn(III)(L acn)Cl]

ABSTRACT. A series of novel salen-type complexes {[Mn(III)(Lacn)Cl]: n=1~11} containing Cl− ion were obtained

by reactions of the Mn(CH3COO)2 · 4H2O with the potentially tetradentate compartmental ligand {H2Lacn}, prepared by

condensation the of one mole of diamine {ethylenediamine, 1,3-propanediamine, o-phenylenediamine, and 2,2-dimethyl-

1,3-propanediamine} with two moles of aldehyde {salicylaldehyde, 5-chloro- salicylaldehyde, 3,5-dichlorosalicylal-

dehyde, and 3,5-di-tert-butyl-2-hydroxy-benzaldehyde} in a methanol solution. The resulting salen-type ligands and their

Mn(III) complexes were identified and characterized by elemental analysis, conductivity, thermogravimetry and UV-

VIS, IR, and NMR spectroscopy.

Keywords: Salen-Type Complexes, [Mn(III)(Lacn)Cl]
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�8 !$%k 2��y& }3o 
@ W+. thiosalen�

�� ��� ��, ?�_y& Ni(II) ��� 4�S �

��� P�U�- ��+.6 � ;�� ��	(alkylation)

	3�� Ni(II) ��� 4�S& s.�E 2k i��

�� �� 4���(counter ion)� �S� {8 ���

��� �8�+.7 i�� P�U�01 S-alkyl s.P

� 6��(cisoid) K�0 W+. �e ?�MN ���

� ��^8�&1 ��q� �� ��&� ��	�,

[	��;45, J!H �!_ 8�� d�H W+.8-12

 	
<� |¡8 [	� �¢, �.	� �£, ~

� ¤£ ¥[0 {¦�+.13 �e 	�_ s.0 [	�

&1 O2- �.�� a� 
�_��
_ §d01 K

¨� ©� '=�+. Jjg, O2� ª{« P¬lm�

­�« �P	3�� 450 x�_�d ®�+. J¯

1, O2- �.� �P�� |¡_ [	0 �� 3!_

G �°� ±� a� ²��; �.� ³|6´� µ�

` o 
 W+.14 �o&¶	 MN porphyrin� �4_

45�·(25�60 oC, 4�8 atm)01 O20 ��  	


< [	0 ^8 \]& �.L+.15 `¸¹-�º ��[

	45(radical-chain autoxidation)� K�� »¼�½0

1 MN ���  	
<� O2&'( �8L {$�,


<�[	�- =f��¾ \]&1 s.�+.16 ¿�

&, �o&¶	 Fe(III) porphyrin ��� �P�[	��

=f0 ^8 \]� Pp� kdH W+.17 MN salen �

�� [< ;��³&1 iodosylbenzene À� m-chloro-

perbenzoic acid- �.o Á alkene� expoxidation0 \

] Âo� �+. �0 �f Jacobsen-Katsukik �ÃÄ Å

Æ� Çk Wyz, ÈÉl |¡8 45(enatioselective

reaction)0 Mn(III)-salen �@�- �.�9+.18-20

�� salen �@� 	3� 380 K� �U� ÊË

0 vanadyl salen ��, Ni(II) bis(alkylthio)salen ��,

J!H RhCl3�3H2O� Schiff base !$%� ethanol.

/y&'( Rh(III) ��0 �f ÌHV*+.21-23 JÍd

Î, salen� !$%� ÏÐ� +i� Ñ�P- Ò	6

´d ÓÔ+. J¯1, Õ �U01� Scheme 1Ö× Ø

kd diamine,� K� salicyl aldehyde� aldehyde,

$� 23450 �f salen� Schiff base- )*+. �

Á �Ò Ñ�P(peripheral substituent: R, X, Y)- �

�� N2O2 �³;�G Schiff base !$%(H2Lacn: n=1

�11)� diamine� salicylaldehyde� ÏÐ� {¨y&

Ò�67 )*+. J!H, �e 2k ���8 N2O2 �

³ Schiff baseG  �! !$%� Mn(III) ��@ +�

� Ù� ��_y& 38�9+.

i) Mn(III)ethyl(salen)� �� H2Lacn: n=1, 2

ii) Mn(III)propyl(salen)� �� H2Lacn: n=3�9

iii) Mn(III)phenyl(salen)� �� H2Lacn: n=10, 11

Scheme 1. The prepared salen-type ligands.
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. Salen� !$%� �� Mn(III) �

� 380 �.� salicylaldehyde, 5-chlorosalicylaldehyde,

3,5-dichlorosalicylaldehyde, 3,5-di-tert-2-hydroxybenz-

aldehyde, ethylenediamine, 1,3-diaminopropane, 2,2-

dimethyl-1,3-propanediamine,o-phenylenediamine, Mn

(CH3COO)2�4H2O, NaCl, toluene, methanol, dichlorome-

thane D� Aldrich À� Sigma�� �Æ �£�*+.

Õ ¿Ú01 38� !$% : �� ��� FG : �

8 HI� S�E Elemental Analyzer CHN-900(LECO

CORPORATION ST. JOSEPH MI, U.S.A.), ORION

Model 162 Conductivity Temperature Meter, Thermog-

ravimetric Analyzer(TGA 2050, TA Instruments), FT-

IR Spectrometer(Bruker), KONTRON UVIKON 860

UV-VIS Spectrometer, JNM-LA400 FT-NMR(JEOL)

&'( ;<=>, ?P?@@, A=>(TGA), IR

spectrum, UV-VIS spectrum, NMR spectrum D� �

.�9+.

��
 � �� ��. Salen� !$%� �� Mn(III)

���� +�Ö× ��_y& 38�9+.

N,N'-ethylbis(salicylaldimine) · 1/4(H2O), {H2Lac1· 1/4

(H2O), [1]}. 100 mL methanol0 salicylaldehyde(50 mmol)

� ethylenediamine(25 mmol)� Û� Ü3./� 26$

ÝÞ �,6ß +�0 ¿�àd á��+. � Á ¥8

L âãä }~� E��H, methanol& åæ�+.

Yield: 73.7%. Anal. Calc(Found, %) for C16H16N2O2�

1/4(H2O): C, 70.44(70.28); H, 6.10(6.18); N, 10.27

(10.35). FT-IR(KBr; cm-1): 1635.8(C=N).

[Mn(L ac1)Cl]�1/2(H2O), [2]. �,á�P(reflux

condenser)� çkèÁP(addition funnel)k é�L ª

UêËë`�ì(three-neck round-bottom flask)0

H2Lac1�1/4(H2O) !$%(15 mmol)� 50 mL toluene-

Û�+. � Ü3�� 10= ~@ �,6ß +� methanol

30 mL0 íG Mn(CH3COO)2�4H2O(15 mmol)./�

çkèÁP&'( _k�+. � ./� 30= ÝÞ �,

6ß î0 16$ ~@ air-bubbling� a0 NaCl �	


./ 20 mL- Û� î 16$ ~@ �ï �,6ß a

� ¿�àd á�� î0 ./- ð?ñòP- �.�

E ó26ß+. EP0 +6 ñ,
 100 mL- çk�

H 10= ~@ ¬ôõ î0 ./- 20 mL ~@àd ó

267 �� HÝä }~� ¥P�¾, �a� E��H,

<ö� ïk� ñ,
& åæ� î n÷·�P(100oC)

& ·�6ß+. Yield: 74.3%. Anal. Calc(Found, %) for

C16H14N2O2MnCl�1/2(H2O): C, 52.55(53.07); H, 4.13

(4.65); N, 7.66(7.85). FT-IR(KBr; cm−1): 3435.0(m),

2954.9(w), 2893.6(w), 1627.3(s), 1539.7(s), 1444.2(

1386.5(m), 1330.7(m), 1293.7(s), 1202.5(m), 1148.5(m

1126.9(m), 1084.6(w), 1029.0(w), 970.6(w), 902.8(m

863.8(w), 799.7(m), 760.3(s), 629.8(s), 593.8(m), 463.9

λ386nm(MeOH; ε = 546 cm−1M−1). ΛMeOH(=84.6 ohm−1cm2

mol−1).

N,N'-ethylbis(5-chlorosalicylaldimine)�1/2(H2O),

{H2Lac2�1/2(H2O), [3]}. 5-Chlorosalicylaldehyde(20 mmol)

� methanol(100 mL)./0 ethylenediamine(10 mmol)

� methanol(30 mL)./� _k�+. � ./� ¿�0

1 46$ ÝÞ �4o Á 11Ä ¥8L âãä }~�

E��+. Yield: 32.4%. Anal. Calc(Found, %) for

C16H14N2O2Cl2�1/2(H2O): C, 55.51(55.41); H, 4.37(4.30);

N, 8.09(8.11). FT-IR(KBr; cm−1): 1631.9(C=N).

[Mn(L ac2)Cl]�1/4(H2O), [4]. [2]� Ù� éÑ- �

.�E H2Lac2�1/2(H2O)(2 mmol)� toluene(100 ml) Ü

3./- 10= ~@ �,� î0 Mn(CH3COO)2�

4H2O(2 mmol)� methanol(30 mL)./� çk�+. �

Ü3./� 30= ~@ �,6ß +�0 16$ ~@ air-

bubbling� a0 NaCl �	./ 2 mL- ÛH, 16$

~@ �ï �,� î0 ./- ð?ñòP- �.�E

ó26ß+. EP0 ñ,
 50 mL- çk�E 10= ~

@ ¬ô�� �øä ù?�� ¥P�¾, �a� E��

H ñ,
� tolueney& åæ�+. Yield: 94.1%.

Anal. Calc(Found, %) for C16H12N2O2Cl2MnCl�1/4

(H2O): C, 44.68(44.71); H, 2.93(2.90); N, 6.51(6.45

FT-IR(KBr; cm−1): 3342.3(m), 2954.9(w), 2893.6(w),

1630.3(s), 1530.5(s), 1454.3(s), 1421.8(m), 1375.4(

1326.8(m), 1287.7(s), 1180.1(s), 1134.3(m), 1093.9(m

1044.6(w), 846.7(m), 824.6(s), 804.2(s), 710.4(s), 663.3(

598.9(w), 491.2(m), 464.0(w). λ419nm(MeOH; ε = 571

cm−1M−1). ΛMeOH(=84.2 ohm−1cm2mol−1).

N,N'-propylbis(salicylaldimine)�3/4(H2O), {H2L ac3�

3/4(H2O), [5]}. Salicylaldehyde(50 mmol)� 1,3-diam-

inopropane(25 mmol)� methanol(100 mL)./� 26

$ ÝÞ �,� î0 ./� 20 mL ~@ ú Áàd ó

2�+. �a� á�6ß î0 ñ,
 50 mL- çk�

�4�� âãä }~� )� 
 Wyz, � ù?��
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),

(s)
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w),

s),

),

).
E��H, ñ,
& åæ� +�0 n÷ ·�P(¿�)

01 ·�6ß+. Yield: 81.5%. Anal. Calc(Found, %)

for C17H18N2O2�3/4(H2O): C, 69.02(69.21); H, 6.64(6.74);

N, 9.47(9.85). FT-IR(KBr; cm−1): 1637.0(C=N).

[Mn(L ac3)Cl]�H2O, [6]. [2]� Ù� éÑ- �.�E

H2Lac3�3/4(H2O)(15 mmol)� toluene(50 mL)Ü3./

� 10= ~@ �,6ß +�0 Mn(CH3COO)2�4H2O

(15 mmol)� methanol(30 mL)./� _k�+. � Á

ûäy& Ò� Ü3./� 30= ÝÞ �,6ß î0 1

6$ ~@ air-bubbling� a0 NaCl �	
./ 20 mL

- ÛH �ï 16$ ~@ �,6ß+. �eüy& )�

ûä ./� ¿�àd á�� î0 ./- ð?ñòP

& ó26ß+. EP0 ñ,
 50 mL- çk�E 10=

~@ ¬y� ý� HÝä }~� ¥P�¾, �a� ï

k� ñ,
& åæ� î n÷·�P(100oC)01 26

$ ÝÞ ·��+. Yield: 66.3%. Anal. Calc(Found,

%) for C17H16N2O2MnCl�H2O: C, 52.53(52.52); H, 4.67

(4.83); N, 7.21(7.49). FT-IR(KBr; cm−1): 3405.2(m),

3143.7(m), 2920.0(m), 2866.0(m), 1612.5(s), 1544.0(s),

1469.5(s), 1444.2(s), 1404.1(s), 1362.7(m), 1343.8(m),

1300.5(s) 1212.6(s), 1150.7(s), 1127.4(s), 1074.0(m),

972.6(m), 901.3(s), 806.9(s), 753.1(s), 616.9(s), 458.8(s),

380.1(m). λ374nm(MeOH; ε=860 cm−1M−1). ΛMeOH(=83.5

ohm−1cm2mol−1).

N,N'-propylbis(5-chlorosalicylaldimine)�1/4(H2O),

{H2Lac4�1/4(H2O), [7]}. 5-Chlorosalicylaldehyde(50 mmol)

methanol(200 mL)./0 1,3-diaminopropane(25 mmol)

methanol(50 mL)./� _k� +�0 36$ ÝÞ �

,6´H ¿�àd á��+. � Á ¥8L âãä }

~� methanol& åæ�+. Yield: 86.5%. Anal. Calc

(Found, %) for C17H16N2O2Cl2�1/4(H2O): C, 57.40(57.17);

H, 4.67(4.64); N, 7.87(7.80). FT-IR(KBr; cm−1): 1634.0

(C=N).

[Mn(L ac4)Cl], [8]. [2]� Ù� éÑ- �.�E H2Lac4�

1/4(H2O)(10 mmol)� toluene(50 mL) Ü3./� 10=

~@ �,6ß +�0 Mn(CH3COO)2�4H2O(10 mmol)

� methanol(20 mL) ./� ²²Ä çk�+. � Á û

äy& Ò� Ü3./� 30= ÝÞ �,�H, 16$ ~

@ air-bubbling� î0 NaCl �	
./ 15 mL- Û

H 16$ ~@ +6 �,6ß+. J!H, ./� ¿�

àd á�� +�0 ./- ð?ñòP- �.�E ó

26ß a0 ñ,
 100 mL- çk�E 10= ~@ ¬

y� íä }~� ¥P�¾, � ù?�� ïk� ñ,


& åæ�+. � ��� methanol01 �}~� î0

n÷·�P(100oC)01 26$ ÝÞ ·��+. Yield:

50.8%. Anal. Calc(Found, %) for C17H14N2O2Cl2MnCl:

C, 46.45(46.17); H, 3.21(3.78); N, 6.37(6.55). FT-I

(KBr; cm−1): 3346.2(m), 3226.7(w), 2927.7(m), 2871.8(w

1618.0(s), 1535.5(s), 1459.2(s), 1381.3(s), 1298.2

1272.4(s), 1181.5(m), 1134.1(m), 1091.0(m), 962.4(m

867.2(w), 827.6(s), 812.4(s), 713.0(s), 658.7(s), 593.1(

518.4(m), 461.1(s). λ381nm(MeOH; ε=897 cm−1M−1). ΛMeOH

(=79.4 ohm−1cm2mol−1).

N,N'-propylbis(3,5-dichlorosalicylaldimine)�1/4(H2O),

{H 2L ac5�1/4(H2O) [9]}. 3,5-Di-chlorosalicylaldehyde

(50 mmol)� methanol(200 mL)./0 1,3-diaminopropane

(25 mmol)� methanol(50 mL)./� _k� a� 36

$ ÝÞ �,�+. � }� ./� ð?ñòP01 .

/� 50 mL ~@ ú Áàd ó26ß î0 ice bath0

1 á�67 )� âãä }~� E��E <ö� ïk

� methanol& åæ�+. Yield: 95.1%. Anal. Calc

(Found, %) for C17H14N2O2Cl4�1/4(H2O): C, 48.09

(48.09); H, 3.44(3.69); N, 6.60(6.66). FT-IR(KBr; cm−1):

1632.0(C=N).

[Mn(L ac5)Cl]�CH3OH, [10]. [2]� Ù� éÑ- �

.�E H2Lac5�1/4(H2O)(15 mmol)� methanol(200 mL)

Ü3./� 10= ~@ �,6ß +�0 Mn(CH3COO)2 �

4H2O(15 mmol)� methanol(50 mL) ./� _k�+.

� Á )� ûä ./� 30= ÝÞ �,6´H, 16$

~@ air-bubbling� +�0 NaCl�	./ 20 mL- Û

� î 16$ ~@ þ �,6ß+. � ûä ./� ¿�

àd á�� î0 ./- ð?ñòP- �.�E ó2

6ß+. EP0 ñ,
 100 ml- çk�E 10= ~@

¬y� ý� ÿ�ä }~� ¥P�¾, �a� E��H,

ñ,
& åæ� î n÷·�P(100oC)01 26$ ~

@ ·�6ß+. Yield: 50.8%. Anal. Calc(Found, %)

for C17H12N2O2Cl4MnCl�CH3OH: C, 40.00(40.64); H,

2.98(3.15); N, 5.18(5.24). FT-IR(KBr; cm−1): 3431.1(m),

3070.4(w), 2927.7(m), 2862.2(w), 1620.1(s), 1529.0(

1436.0(s), 1304.5(s), 1212.5(m), 1183.8(m), 1068.9(w

868.1(m), 767.0(s), 620.0(w), 543.2(w), 510.4(m), 464.8(w

λ399nm(MeOH; ε=536 cm−1M−1). ΛMeOH(=45.2 ohm−1

cm2mol−1).

N,N'-propylbis(3,5-di-tert-butylsalicylaldimine), {H2Lac6,
2002, Vol. 46, No. 3
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),

(s),

),

),

),

).

s),

),

(s),
[11]}. 3,5-Di-tert-butyl-2-hydroxybenzaldehyde(10 mmol)

� methanol(100 mL)./0 1,3-diaminopropane(5 mmol)

� methanol(20 mL)./� _k� Ü3�� 36$ Ý

Þ �,�+. � ./� ¿�àd á�o Á ¥8V�

��dä ù?�� ïk� methanol& åæ�+. Yield:

89.2%. Anal. Calc(Found, %) for C33H50N2O2: C, 78.21

(78.00); H, 9.94(9.81); N, 5.53(5.60). FT-IR(KBr; cm−1):

1631.6(C=N).

[Mn(L ac6)Cl]�1/2(H2O), [12]. [2]� Ù� éÑ- �

.�E H2Lac6(2 mmol)� toluene(100 mL)./� 10=

~@ �,6ß +�0 Mn(CH3COO)2�4H2O(9 mmol)

� methanol(30 mL)./� _k�+. � Á ûäy&

Ò� ./� 30= ÝÞ �, 6´H 16$ ~@ air-

bubbling�+. � ./0 NaCl �	./ 4 mL- Û�

î 16$ ~@ �,67 )� ûä ./� ¿�àd á

�� î0 ./� ó26´H, ñ,
 100 mL- çk

�E 10= ~@ �4�� ý� HÝä }~� ¥�+.

� ù?�� E��åæ(ñ,
)� î0 acetoney&

�}~� +�0 n÷·�P(100oC)01 26$ ~@

·�6ß+. Yield: 48.4%. Anal. Calc(Found, %) for

C33H48N2O2MnCl�1/2(H2O): C, 65.61(65.13); H, 8.17(7.83);

N, 4.64(4.48). FT-IR(KBr; cm−1): 2950.9(s), 2904.6(s),

2867.9(m), 1612.3(s), 1537.2(s), 1454.4(s), 1433.0(s),

1410.9(m), 1388.9(m), 1360.8(s), 1297.9(m), 1255.5(s),

1200.8(m), 1176.3(m), 1090.0(w), 876.1(w), 838.2(s),

781.1(m), 746.6(m), 557.4(m), 481.2(w). λ384nm(MeOH;

ε=773 cm−1M−1). ΛMeOH(=88.7 ohm−1cm2mol−1).

N,N'-2,2-dimethylpropylbis(salicylaldimine)�1/4(H2O),

{H2Lac7�1/4(H2O), [13]}. Salicylaldehyde(50 mmol)�

mehtanol(30 mL)./0 2,2-dimethyl-1,3-propanediamine

(20 mmol)� methanol(100 mL)./� çk�+. �a

� ¿�01 36$ ~@ �,6� Á )ôd� âãä

}~� á�L methanol& åæ�+. Yield: 75.6%.

Anal. Calc(Found, %) C19H22N2O2�1/4(H2O): C, 72.47

(72.65); H, 7.20(7.23); N, 8.90(8.96). FT-IR(KBr; cm−1):

1633.4(C=N).

[Mn(L ac7)Cl], [14]. [2]� Ù� éÑ- �.�E H2Lac7 �

1/4(H2O)(7 mmol)� methanol(50 mL) ./� 10= ~

@ �,6ß +�0 Mn(CH3COO)2�4H2O(21 mmol)

� methanol(50 mL)./� Û�+. �a� 30= ~@

�,�H 16$ ~@ air-bubbling� î0 NaCl �	.

/ 10 mL- ÛH 16$ ~@ +6 �,6ß+. �a�

¿�àd á�� î0 ./� ó26ß+. EP0

methanol 100 mL- çk��4(¤ 10=) î0 E��

E E/� )�+. � E/� �ï ó26´� ý� �

�ä }~� ¥�+. � }~� diethyl ether& åæ�

H dichloromethaney& �}~�+. Yield: 59.4%.

Anal. Calc(Found, %) for C19H20N2O2MnCl: C, 57.23

(57.20); H, 5.06(4.78); N, 7.03(7.09). FT-IR(KBr; cm−1):

3053.1(w), 3024.2(w), 2958.6(m), 2904.6(m), 2867.9(w

1627.8(s), 1605.8(s), 1544.1(s), 1469.1(s), 1443.9

1397.4(m), 1302.6(s), 1277.0(s), 1247.6(m), 1218.4(m

1149.4(m), 1125.4(m), 1072.0(m), 1029.3(w), 898.3(m

802.5(m), 754.1(s), 607.0(m), 479.9(m), 459.0(m

382.8(m). λ374nm(MeOH; ε=872 cm−1M−1). ΛMeOH(=80.9

ohm−1cm2mol−1).

N,N'-2,2-dimethylpropylbis(5-chlorosalicylaldimine) �

1/4(H2O), {H2Lac8�1/4(H2O), [15]}. 5-Chlorosalicylaldehyde

(20 mmol)� methanol(100 mL)./0 2,2-dimethyl-

1,3-propanediamine(10 mmol)� methanol(50 mL)./

� _k� î0 ¿�01 1�$ �4�y&� ¥8L

âãä }~� E��H á�L methanol& åæ�+.

Yield: 43.9%. Anal. Calc(Found, %) for C19H20N2O2Cl2 �

1/4(H2O): C, 59.46(59.65); H, 5.38(5.48); N, 7.30(7.40

FT-IR(KBr; cm−1): 1630.7(C=N).

[Mn(L ac8)Cl]�H2O, [16]. [2]� Ù� éÑ- �.�

E H2Lac8�1/4(H2O)(2 mmol)� toluene(10 mL)./�

10= ~@ �,6ß +�0 Mn(CH3COO)2�4H2O

(2 mmol)� methanol(20 mL) ./� _k�+. �a�

30= ÝÞ �,�H 16$ ~@ air-bubbling� +�0

NaCl �	
./ 2 mL- ÛH 16$ ~@ �ï �,

6ß+. � ./� ¿�àd á�� î0 ó26ß+.

EP0 ñ,
 50 mL- çk�E 10= ~@ �4�H

ñ,
& åæ�+. Yield: 86.0%. Anal. Calc(Found,

%) for C19H18N2O2Cl2MnCl: C, 48.80(48.94); H, 3.88

(3.81); N, 5.99(6.02). FT-IR(KBr; cm−1): 2971.5(m),

2893.6(w), 1630.7(s), 1574.2(s), 1479.4(s), 1369.0(

1344.7(w), 1279.4(s), 1230.0(m), 1186.1(s), 1087.2(m

1024.2(s), 901.5(w), 822.0(s), 780.7(m), 705.8(s), 643.9

560.8(m). λ383nm(MeOH; ε=931 cm−1M−1). ΛMeOH(=75.8

ohm−1cm2mol−1).

N,N' -2,2-dimethylpropylbis(3,5-di-tert-butylsali-

cylaldimine), {H2Lac9, [17]}. 3,5-Di-tert-butyl-2-hydroxy-

benzaldehyde(10 mmol)� methanol(100 mL)./0
Journal of the Korean Chemical Society
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;

),

s),

),

),

r;

).

,

),

s),

(s),
2,2-di-methyl-1,3-propanediamine(5mmol)� methanol

(20 mL)./� Û�+. �a� ¿�01 36$ ÝÞ ¬

� Á ¥8L âãä }~� ïk� methanol& åæ

�+. Yield: 91.9%. Anal. Calc(Found, %) for C35H54N2O2:

C, 78.65(78.70); H, 10.11(10.44); N, 5.24(5.33). FT-

IR(KBr; cm−1): 1632.1(C=N).

[Mn(L ac9)Cl], [18]. [2]� Ù� éÑ- �.�E

H2Lac9(2 mmol)� methanol(10 mL)./� 10= ~@

�,6ß +�0 Mn(CH3COO)2�4H2O(2 mmol)�

methanol(30 mL)./� _k�+. �a� 30= ÝÞ �

,�H 16$ ~@ air-bubbling� +�0 NaCl �	.

/ 2 mL- ÛH 16$ ~@ �ï �,6ß+. �e ü

y& )� ./� ¿�àd á�� î0 ð?ñòP-

�.�E ó26ß+. EP0 ñ,
 50 mL- çk�

E 10= ~@ �4�� ý� ÿ�ä ù?�� ¥�+.

�a� ñ,
& åæ� î0 dichloromethaney& �

}~�H, n÷·�(100oC)6ß+. Yield: 37.5%. Anal.

Calc(Found, %) for C35H52N2O2MnCl: C, 67.46(68.49);

H, 8.41(8.90); N, 4.50(4.11). FT-IR(KBr; cm−1): 2954.9(m),

2893.6(w), 1612.1(s), 1566.1(s), 1535.0(s), 1433.6(s),

1384.8(s), 1360.4(m), 1320.8(m), 1296.2(m), 1271.6(m),

1253.9(s), 1172.8(s), 1077.3(m), 837.7(s), 747.0(m),

677.0(m), 557.4(m), 521.2(m). λ399nm(MeOH; ε=796

cm−1M−1). ΛMeOH(=63.2 ohm−1cm2mol−1).

N,N'-phenylbis(salicylaldimine)�1/2(H2O), {H2Lac10�

1/2(H2O), [19]}. Salicylaldehyde(50 mmol)� methanol

(50 mL)./0 o-phenylenediamine(25 mmol) methanol

(100 mL) ./� ²²Ä çk�+. � ./� 26$ Ý

Þ �,6ß î0 ice bath01 á��� +�ä }~

� ¥8L+. Yield: 76.7%. Anal. Calc(Found, %) for

C20H16N2O2�1/2H2O: C, 73.83(73.75); H, 5.27(5.51);

N, 8.61(8.78). FT-IR(KBr; cm−1): 1613.2(C=N).

[Mn(L ac10)Cl�H2O], [20]. [2]� Ù� éÑ- �.�

E H2Lac10�1/2(H2O)(15 mmol)� toluene(50 mL)./

� 10= ~@ �,6ß +�0 Mn(CH3COO)2�4H2O

(45 mmol)� methanol(100 mL)./� _k�+. �a

� 30= ÝÞ �,�H 16$ ~@ air-bubbling�+.

� ./0 NaCl �	
./ 20 mL- Û� î 16$

~@ �,6´H ¿�àd á�� +�0 ./� ó2

6ß+. EP0 ñ,
 100 mL- çk�E 10= ~@

¬y� HÝä ù?�� ¥8L+. Yield: 74.6%. Anal.

Calc(Found, %) for C20H14N2O2MnCl�H2O: C, 56.82

(56.47); H, 3.81(4.00); N, 6.63(6.35). FT-IR(KBr

cm−1): 3242.5(m), 2954.9(w), 2893.6(w), 1604.9(s

1576.8(s), 1534.3(s), 1462.6(s), 1432.9(m), 1377.8(

1315.4(s), 1286.4(w), 1194.8(m), 1150.8(m), 1129.9(w

1023.8(w), 926.1(w), 872.1(w), 812.5(m), 751.5(s

631.3(m), 542.0(m), 387.5(w). λ344nm(MeOH; ε=1016

cm−1M−1). ΛMeOH(=81.5 ohm−1cm2mol−1).

N,N'-phenylbis(5-chlorosalicylaldimine)�1/2(H2O),

{H 2L ac11�1/2(H2O), [21]}. 5-Chlorosalicylaldehyde

(20 mmol)� methanol(100 mL)./0 o-phenylene-

diamine(10 mmol) methanol(100 mL)./� _k�+.

� ./� ¿�01 46$ ÝÞ ¬y� +�ä }~�

¥8V�¾, �a� methanol& åæ�+. Yield: 46.7%.

Anal. Calc(Found, %) for C20H14N2O2Cl2�1/2(H2O): C,

60.93(60.99); H, 3.83(4.01); N, 7.11(7.25). FT-IR(KB

cm−1): 1631.6(C=N).

[Mn(L ac11)Cl]�1/4(H2O), [22]. [2]� Ù� éÑ- �

.�E H2Lac11�1/2(H2O)(2 mmol)� toluene(100 mL)

./� 10= ~@ �,6ß î0 Mn(CH3COO)2�4H2O

(9 mmol)� methanol(30 mL)./� Û�+. �a� 30

= ÝÞ �,�H 16$ ~@ air-bubbling� î0

NaCl �	./ 2 mL- ÛH 16$ ~@ +6 �,6

ß+. � ./� ¿�àd á�� î0 ./� ð?ñ

òP- �.�E ó26ß+. EP0 ñ,
 50 mL-

çk�E 10= ~@ ¬y� HÝä }~� ¥P�¾,

�a� ñ,
� tolueney& 2ð �l åæ�+. Yield:

90.6%. Anal. Calc(Found, %) for C20H12N2O2Cl2MnCl�

1/4(H2O): C, 50.24(50.19); H, 2.64(2.82); N, 5.86(5.68

FT-IR(KBr; cm−1): 3435.0(m), 3021.6(m), 2893.6(w)

1604.0(s), 1578.5(s), 1522.2(s), 1450.6(s), 1409.2(m

1373.6(s), 1347.3(m), 1308.4(s), 1280.2(s), 1187.8(

1134.5(m), 1086.1(m), 818.9(s), 754.2(s), 717.5(s), 666.6

556.5(m), 527.2(s), 388.4(m). λ353nm(MeOH; ε=1016

cm−1M−1). ΛMeOH(=81.2 ohm−1cm2mol−1).

�� � ��

Õ �U01� DNA� |¡_ 'S� �­� Ù�

¥��_ : 	l��_y& {¦�z, hydroxylation,

olefin� Y�X8 epoxidation : cyclopropanation0

|¡_ ^8� P�V� Mn(III)-salen� ���� ��

_y& 38�9+. � Á 38� .��H, 

(80%
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~@)� �� �B� �U�9+. ��� 5�S ���

z, 2k ���8 Schiff base !$% ÏÐG N2O2
2−k

PÕ_G   �!- ïd�H, 2l0� ���8 !$

%, Cl− ��� 
��H W+.

Ethyl(salen)�� !$%� 2 mole salicylaldehyde,�

1mole ethylenediamine$� 23450 ��E )*+.

Propyl(salen)�� aldehyde,(salicylaldehyde, 5-chloro-

salicylaldehyde, 3,5-di-chlorosalicylaldehyde, 3,5-di-tert-

butyl-2-hydroxybenzaldehyde)� propanediamine,(1,3-

diaminopropane, 2,2-di-methyl-1,3-propanediamine)��

0 2345y& 38�9+. J!H, phenyl(salen)�

!$%� salicylaldehyde : 5-chlorosalicylaldehyde�

o-phenylenediamine $� 2345y&'( )*+.

�� salen !$%�� toluene À� methanol ./�

Mn(CH3COO)2�4H2O methanol ./� Ü3� lm0

1 {¨MN� [	 {Mn(II)�Mn(III)} 6´P Sf ÷

P- ��(air bubbling)��1 �	 NaCl./� çk

�E [Mn(Lacn)Cl] (n=1�11) ���� 38�9+.

3,5-Di-tert-butyl-2-hydroxybenzaldehyde� 2,2-dimethyl-

1,3-propanediamine� methanol ./01 Mn(III)propyl

Scheme 2. Synthesis of Mn(Lac9)Cl complex.

Fig. 1. IR spectra of (A) Mn(Lac1)Cl · 1/2H2O, (B) Mn
(Lac3)Cl · H2O, (C) Mn(Lac7)Cl complexes.

Table 1. 1H-NMR data for the ethyl(salen) type ligands

Protons
 H2Lac1(DMSO-d6) H2Lac2(DMSO-d6)

ppm  Integral Multiplet  ppm  Integral  Multiplet

a 3.973  4  s  3.917  4  s
b  8.643  2  s  8.572  2  s
c  7.466  2  d  7.528  2  s
d  6.934  2  t    
 e  7.373  2  t  6.873  2 d
f  6.910  2  d  7.329  2  d
g 13.432 2 s
Journal of the Korean Chemical Society
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Fig. 2. 1H-NMR spectrum of H2Lac7 ligand in DMSO-d6.

Fig. 3. 13C-NMR spectrum of H2Lac7 ligand in DMSO-d6.
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Table 2. 1H-NMR data for the propyl(salen) type ligands

Protons
 H2Lac3(DMSO-d6)  H2Lac4(DMSO-d6)  H2Lac5(DMSO-d6)  H2Lac6(CDCl3)  H2Lac7(DMSO-d6)  H2Lac8(DMSO-d6)  H2Lac9(CDCl3)

ppm  Int.  Multi. ppm  Int. Multi. ppm  Int.  Multi. ppm  Int. Multi. ppm  Int.  Multi. ppm  Int. Multi. ppm  Int. Multi.

 a  3.180  4  t  3.722 4  t  3.719 4 t  3.633 4 t  3.469  4 s  3.483  4 s 3.404 4 s
 b  8.075  2  s  8.595 2  s  8.557 2 s 8.318 2 s  8.529  2 s  8.533  2 s 8.291 2 s
 c  6.947  2  d  7.560 2  s  7.549 2 s 7.310 2 s  7.425  2 d 7.553 2 s 7.317 2 s
 d  6.401  2  t  6.891  2 t
e  6.833  2  t  7.369 2  d  7.394 2 s 7.011 2 s  7.328  2 t  7.346  2 d 7.032 2 s
f  6.382  2  d  6.944 2  d       6.873  2 d  6.893  2 d
g   13.5880 2  s        13.60900  2 s  
h  1.521  2 quintet  2.069 2 quintet  2.087 2  quintet  2.053 2 quintet
 i              0.976  6 s 0.977  6 s  1.026 6 s
 j           1.232 118 s  1.235180 s
k 1.382 118 s 1.391 180 s

Table 3. 13C-NMR data for the salen-type ligands

 Ligands  Solvent  13C-NMR(100 MHz) peak/ppm

 H2Lac1  DMSO-d6  166.860,  160.517,  132.290,  131.598,  118.534,  118.493,  116.407,  58.702 
 H2Lac2  DMSO-d6  165.72,  159.49,  132.03,  130.46,  121.82,  119.60,  118.56,  58.48
 H2Lac3  DMSO-d6  166.107,  160.607,  132.195,  131.553,  118.600,  118.427,  116.391,  55.946,  31.462
 H2Lac4  DMSO-d6  166.005,  159.645,  131.849,  130.422,  121.685,  119.603,  118.480,  55.847,  31.092
 H2Lac5  DMSO-d6  165.613,  161.533,  132.434,  130.089,  123.737,  117.974,  117.555,  52.277,  30.109
 H2Lac6  CDCl3  166.466,  158.103,  140.036,  136.684,  126.877,  125.824,  117.848,  56.741,  35.033,  34.120,  31.730,  31.492,  29.431
 H2Lac7  DMSO-d6  166.518,  160.661,  132.281,  131.627,  118.542,  118.476,  116.407,  67.081,  35.707,  23.655 
 H2Lac8  DMSO-d6  165.48,  159.66,  131.97,  130.52,  121.78,  119.59,  118.52,  66.95,  35.74,  23.63
 H2Lac9  CDCl3  166.746,  158.189,  139.991,  136.675,  126.885,  125.914,  117.868,  68.279,  36.329,  35.062,  34.116,  31.492,  29.435,  24.556
 H2Lac10  DMSO-d6  163.972,  160.319,  142.216,  133.367,  132.384,  127.728,  119.702,  119.443,  119.023,  116.613
 H2Lac11  DMSO-d6  162.22,  159.00,  142.01,  132.86,  130.73,  128.08,  122.48,  120.79,  119.61,  118.70
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(salen)� ��� 38
&� Scheme 2� Ù+. �� 	

3�� FG� ;<=>, ?P?@@, TGA : IR,

NMR ���×y&'( FG�9+.

Salen� !$%� IR ���×01 �ò��,

aldehyde,� νC=O �
0 PG�� �
�(1680�

1690 cm−1)� KIVd ÓÔH, -C=N� �2nÝ �


�(νC=N)0 f��� a� 1610�1640 cm−1 'Ë01

��T gh� ay& Ì� Schiff basek �8V*�

� � 
 W+.24 Mn(III)-salen� ��01 νC=N� ethyl

(salen)�G [2], [4]� 
�� 1627, 1630 cm−1, propyl

(salen)�G [6], [8], [10], [12], [14], [16], [18]� 
��

1612, 1618, 1620, 1612, 1627, 1630, 1612 cm−1, phenyl

(salen)�G [20], [22]� 
�� 1605, 1604 cm−101

�� ��T KIV*+.

Ethyl(salen)� !$%, H2Lac1� H2Lac2� 1H-NMR

���×(solvent: DMSO-d6) �¢� Table 10 ~!�

9+. -HC=N-� CH0 f��� ��ìk 8.64(H2Lac1),

8.57 ppm(H2Lac2)01 ­�«(singlet)& ghgH, 4.40 ppm

ËÖ01 �{«(doublet)& KIú 
 W� NH0 �

� ��ìk ghgd Ó� ay&'( Schiff basek

�8V*�� � 
 W+.24,25 Propyl(salen)� !$%,

H2Lac3�H2Lac9� 1H-NMR ���×(solvent: DMSO-

d6, CDCl3) �¢� Table 20 ~!�9+. -HC=N-�

CH0 f��� ��ìk 8.08(H2Lac3), 8.59(H2Lac4),

8.56(H2Lac5), 8.32(H2Lac6), 8.53(H2Lac7), 8.53(H2Lac8),

8.29 ppm(H2Lac9)01 ­�«y& KIV*+. Phenyl

(salen)� !$%, H2Lac10� H2Lac11� 1H-NMR ���

×(solvent: DMSO-d6)� phenylP� CH0 f���

��ì�� 7.3 ppm'Ë0 Ü3Vô gh�H, -HC=N-

� CH0 f��� ��ìk 8.93(H2Lac10), 8.91 ppm

(H2Lac11)01 ­�«y& gh�+. �� !$%��
13C-NMR ���× }��� Table 30 ~!�9+.

� kd 
�� TGA => }�(Fig. 5, 6)- ��Ì

�, Mn(Lac3)Cl�H2O ��� 103oC01 
	L H2O,

417oC01 �SL Cl−k �­V*+. J!H, Mn(Lac10)

Cl�H2O ��� 197oC01 
	L H2O, 384oC01

�SL Cl−k =fV*+.

J!H, �� ��� DMSO, acetonitrile D0@ <

ö� ídÎ, .]&1� CH3OH� _��E 25oC

CH3OH./01 ?��
���× {��C�
: λnm

(MeOH, 25oC; ε)}� ?P?@@- �~�9+. ���

�?@@(ΛMeOH, 25oC)� 45, 63, 80 ohm−1cm2mol−1

'Ëy& Y?f�& ^Ý�+. �, Cl−��� 4��

�(counter ion)y& s.�d ÓH {¨MN Mn(III)

0 �S}3Vô W+.

�  !� 2000"@ ����� ò?PM �#�U

Y : �$���­ %_Pÿ�U(R02-2000-00075)Y

0 �f �UV*yz �0 &�%'�+.
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