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IRIS-Advantage ICP & 5§ sl s ORI TT R &
#7E Carlo Erba 1106 JTR /ML FIE. FE/KHL S
HAE1.0 x10”mol - L™'DMF % ¥ 7 F] DDS-11A
TN E. PNPP 4k K fif 2l ) 2% S50 7E e A
e L %E E Y GBC 916 FU 8 4h-n] WL/ e e i (8
KA ) E#EAT.

I R B 4 AN AR o i R 22
I TP =5 PP R e 5 PR 6 ( ks ) FRC o). 282 fim)
PR R R F 8 (Tris ) W4 3K T Sigma {677 A R
AIF EHEH TS5, PNPP 55 H S I el S
) PNPP $3 B8 SCHR 75 35 & UM alifk. wimh A Xt Fik
Salen LA (L's L*) pi PUJI K 24k 2 2 B A WLk 2%
= AL,

FofA(L=L", L*) A3 B R AR -

L': @A, % 74%. m.p. 92 ~94 <C.
'"H NMR (CDCL,) §: 12.02(s, 1H, OH, D,0 %
#),9.92(s, 1H, OH, D,0 %4), 8.59(s, 1H,
N=CH), 8.42(s, 1H, N=CH), 7.76-6. 85 (m,
14H, ArH), 4.15-3.70 (m, 14H, OCH,, NCH,
Ar), 2.83 (t, ] =5.4Hz, 4H, NCH,); IR (KBr,
film) v, . 3428, 3 226, 2 932, 2 861, 1 615,
1599, 1500, 1252, 1128, 1052, 927 cm™; ESI-
MS m/z: 675 (M* +1); C; H, N,O,Br: (BHEH)C
62.31, H5.34, N6.23, Br 11. 87. ( Sz {H)
C62.47, H5.52, N6.14, Br11.65.

L @A, % 73%. m.p. 77 ~79 C.
'"H NMR (CDCL,) &: 13.06 (s, 1H, OH, D,0 *¢
#), 10.15(s, 1H, OH, D,0 z£#), 8.60(s, 1H,
N=CH), 8.46(s, IH, N=CH), 7.56-6. 88 (m,
10H, ArH), 3.72-3.49(m, 6H, OCH,, NCH,Ar),
2.62 (t, ] =5.2Hz, 4H, NCH,); IR (KBr, film)
v, : 3444 3231, 2938, 2857, 1615, 1 600,
1501, 1274, 1192, 1040 cm™; ESI-MS m/z: 495
(M* +1); CyH,N,0,Br; (Hig{f) C 60. 73,
H4.86, N 8.50, Br 16. 19. (szili{fi) C 60. 89,
H4.72, N 8.38, Br16.07.

Bt 4% MoL' C1 Al MnL? CL 94 808 1 6
2.0 mmolE/\JEB{ZIS(LIEi Lz)ﬂ] 2.1 mmol MnCl, - 4H,0
HT 15 mL oK CEEH, 70 CF, TERSRY T K
PR 2 he [BZEHE, R, b ug, OB
RER k™ 5, Ba H CBEESS AR 2l

MnL'Cl: 568 &K, W% 81%. m. p. 252 ~
253 °C. IR (KBr JEH) v,.: 2929, 2 858, 1607,

1601, 1502, 1252, 1130, 1051, 931 ecm™; ESI-
MS m/z; 764 (M* +1); CiH, N,CIBrO Mn ; (3
) C 55.08, H 4.46, N 5.51, Cl 4. 66, Br
10.49, Mn 7.21; (SZili{)C 54.99, H4.37, N
5.78, Cl14.51, Br10.68, Mn 7.08; A, (S + cm® -
mol™) ; 119.75.

MnL>Cl. o AR, 00K 75% , m. p. 245 ~
247 CP; IR (KBr JEFH') v,..: 2938, 2859, 1605,
1697, 1503, 1276, 1195, 1044 cm™; ESI-MS m/
z: 583 (M"); Cy Hy Ny CIBrO; Mn: (B8 {H)
C51.50, H3.78, N 7.21, Cl 6.09, Br 13.73, Mn
9.44; (sZifE)C 51.69, H3.66, N7.06, Cl6.27,
Br13.61, Mn9.51; A, (S +cm’ - mol”): 106.92.
1.2 ZHHZNE

Bl 727 D 5 e 2 W 3 8 B0 1 o e B SCR
[4e ] INEEAT. EREM AT, RN AR T
JIEY) PNPP (1) B2 32 Salen-Mn (1IT) P44 1) vk JiE
20 2 47 £, ZOK R SN 8N HE— RN B )2
PNPP 7K fiff 52 7 1) 2 WU 8 258 5 50 K, B — 2R S0 1Y
RN Ky =Ln(A_-A) /(A -A)) ] In(A, -
A XTETE] ¢ FEAT R PERAA 1R 2. B A A 3 00 R
WRCBAEIY 3 LA R, I HaR
HI7E 3% L.
2 HREHE
2.1 PNPP 7k [z Bz ) = IR R B # (K, )

F1HH T 25 CHFFp Salen-Mn (111) il &4
AL a-MEEIE FHY R 6] il 2R 193 g ( PNPP) 7K fiff 114 26 UL
HORER. £ 25 °C, pH 7.00 FI[ PNPP] =2.0 x
10" mol « L™ AY4FF, PNPP [ 7K fift ()3 2R 1 KU P
H7.8 x10°sM 0 G2 1 ATLLFE L, FEAAIRI A 451
T, 5 PNPP /K fif skl 56 40MT L2, MnL' Cl Ak
1) PNPP 7K fiff ) 2 0 5 1 B 3 1 921 £%, Minl?
Cl ik 1 PNPP 7K fife 1% 22 UL 25 5 $ 42 = 740 1.
X AR5 UL PR AS X FR Schiff 5l (1) Bt 5 Y e
AR L PNPP K fig.  [alisf s % B, 73X PP AN
[ A & v, PNPP ik 7K fiff o S8 4R Bl 5 1K &
(%) pH (BRI B2 035 T 38, S 30 TR AR G
PE. PIFP Schiff fild (1I0) o590 i fE AL P RE 19 25 57
AR B 4 M s I G, o) igid, MaL'Cl
MnL* C P il B8 1) J5E 81 mT i 7 051 o) - iy o o
RESRAEA T IR 7 f Ak Hh O BRI Tk 4 (R /K AR
B (EARTT 2.5 LT TE).
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Table 1 Pseudo-first-order rate constants (%, ) for PNPP hydrolysis mediated by unsymmetrical Salen-Mn (III) complexes

10°[ PNPP] 10k, (s™)
catalyst
(mol - L7) pH 7.00 7.30 7.60 7.90 8.20
0.200 *7.80 10™
MnL'Cl 0.200 0.719 1.42 3.07 7.76 21.1
0.267 0.938 1.84 3.91 10.5 24.9
0.333 1.14 2.26 4.87 12.1 31.6
0.400 1.47 2.80 5.78 14.3 37.1
0.467 1.54 3.04 6.73 16.9 44.3
MnL2Cl 0.200 0.578 1.13 2.46 6.21 16.9
0.267 0.750 1.47 3.13 8.36 19.9
0.333 0.913 1.81 3.89 9.69 25.3
0.400 1.18 2.24 4.62 11.4 29.7
0.467 1.24 2.44 5.38 13.5 35.5

# Conditions; 25 +0.1°C, pH 7.00 ~8.20, 1=0.1 mol - L' (KNO,), [catalyst] = 1.0 x10”mol - L™".
*Pseudo-first-order-rate constant (k,) of PNPP spontaneous hydrolysis under the condition of pH 7.00, 25 +0. 1°C and

[PNPP] = 2.0x10*mol - L',
2.2 PNPP {4k 7k fR BRI IR

FRATLL ML Cl R, 42 T PNPP {4k K fif
MBI (L 2) . H 5k, BNIRY)4r -+ PNPP
B AR A7 e T I RE RUR F 5K G SR A
Py (MnL(H,0) ) i@ Mn (TIT) -+~ N Bz 5SS 5 IE
— =R A Y A (ML (H,0)S) " (step 1),
XA W53 T RERZ U A —UE o 7 N R A%
PR AR Xk, RSO e RS S
R YIAE AR A 1 PO B RO AT LA OR R 1Y
B, AR T PNPP KA S N AR, B,
Zia e g Ky i ol A JE B S
PRI A S AT R R-15-7i-5 (B IRER ) b i) 48 5+
S CALIK 53181 i S P R4 P I 26 5~ A2k 1l —
MHEIEREEZN &R - FEEY)F (MnL(OH) S) (step
I-1), &% RN — 00N S
TR o3 IE R PR SRR I, DN A 1 X il 2
Ty 4807 B R 8 25 (step T1-2) MR 28 AN S 7 Y R
HALTES (step I1). FJ5, 55— THIKGEATEH
O b, HEE B R (HA ) Peadi s e 4 R 2
Z:(step 1), fEALFRIFEAETTHEA T —fEALTEER.

TEEIZ 2 i, “PNP” oK S =¥ Z — W%t il 5
M+, K2RV 5K E SIS Y Z R4S
BWE, “KTFOREIRR pH HA KK =uZ a8
P SEAZ BN AE ™ I — SR B, Ko S8R
L5 A BCALK IR TEHL B L, k R =T/ G

P 452 JeR 7 R R SRR I A E A (R BRI A 180 )
P33R CHE S TR R R TE K ) -
PELARTAOARGE ™, RATATEEI AT AR,

1 1 1 (1)

ko, k  KK[S]

YR 1k, - 1/[STXUERSE R (A 1),
RS AR K EIFP TR 2. J 1
AP [l R AR S R B R T 0.99, GER] 1
Se i PNPP i 46 7K fiff 19 (B i AL IR 5 BE Y. )
mF, A2 dn] LI k (EREE AL A 3R A BT 1
SRR, XIS T BN Y PR A R ] BEATAE
AR

R2 ZAESYRNFEZER R LY
M—REEEH (k)
Table 2 First-order-rate constants of PNPP hydrolysis induced
by Salen-Mn(1II) complexes at 25°CP”~

pH k( MnL'Cl) kE(MnL*Cl)
7.00 0.191 0.147
7.30 0.305 0.267
7.60 0.550 0.441
7.90 1.03 0.826
8.20 1.96 1.61

* Reaction conditions are same as in Table 1.



556 1 RS AXFR Salen-Mn(111) FLA Wy fiEfL PNPP /KA 9 3 Iy 2:0F 58 575

Q‘II N @ PNPP
()--’M“"~o

H,C \N“ /H\OI step I)
()'\ i
'\0 0
1]
@ N N C=0H
@ nL 1,0 ) Lj’
/r HA)
(step III),

1,0

Br

o -=-Mn=-g
HoC\

1

1}

! 1]
rN 0\ N C—0H

\0@ \I

MnL'A

CH=N N=CH
AT
N4

o-=-Mn---

HZC\N/H~ |
N3A Ly Feo NO,

O L' ,0 )S)+

CH=N N=CH \ cH=N ,N=CED
M ky o-=-N fi=-g

0 0
~ n

MaL' O H)S

P32 PNPP ALK i S HLEE (LA ML C1 SRy 43i))
Scheme 2 Proposed mechanism of PNPP catalytic hydrolysis by Salen-Mn (TIT)

complexes (MnL'Cl acts as an example)
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Fig. 1 Plots of kobs™' vs. [PNPP] " for PNPP hydrolysis reaction mediated by MnLCI
(L= L', L?) over a pH range of 7.00 ~8.20 at 25 +0.1°C.

2.3 pH S5kRERHE R

T, AR AR FR 0 TR X AR S 7 1Y) %
SRR, ik, FAI17E pH 7.00 ~8.20 {5
T WA FR Salen-Mn (111) Bt 5 ¥4 Ak PNPP
IKFRIPERE SR RIRIRIE X R, Z5REM, A
JIFEAL I PNPP 7K fiff 52 1o 119 38 5 41 B %5 14 & 19 pH
T . PR, £ 4 8 22k PNPP /K
FRAILEE A 5 e s 4 BC A B K o Sl ad — AL B
Tl O S PR S IR IR AR - BRI
32 i I-1 2B YRTAN, AR R A Bt s A R F e
BV ) IE R EF T, MTEPE R (MnL(OH) S) T 5
TR, MR R HAR #E T PNPP 4 4k 7K A 3 72

FIFLA, 38 P2 a8 2R354 1) T PNPP Ak K fifg it 52
e e
i A R A A S A T At — SR
AR L SRR EE Tl EIH ] Z [ K
/%[ 4b, 10] .
1

1
k. Tk Tk K (2)
fEH 17k - [HT TR REI (B 2), HEZMN
RER TS AR S5 A AT R AT A AR AR R i K, R
kff: 7€ MnL'Cl (KR, K 1k, 43510 8.4 x 107
F12.38 mol” - L - s" ;7 MnL>Cl 1213,%n|:, K, Fl k,
S 6.3 x10°F12.42 mol™ - L' - 5. AT
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FI) 7 Fh 4t 4 A 2 B A K 1Y) pK, {E 43 51 R 8. 07
(MnL'Cl) F18.20(MnL*Cl). fR&4K, A& PAH R
/N pK AEL, T AZEMATE P pH AEAA R, i fE
R AR R R TS IR (&8 - FRIEWFh) , T
ARG R AT M P Rk B [ MnL' (OH) ST, M &
B L5 B A A AR 1 RE .
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1021 (s)
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103[H*](mol.dm™3)

K2 1/k - [H ] CRE

Fig.2 Plots of k™' vs. [H* ] for PNPP hydrolysis promoted

by MnLCl (L=L", L?) at 25 0.1 °C. Solid trian-

gle denotes MnL'Cl. Solid thombus displays MnL>Cl.

2.4 R Rzim X PNPP {44 7K % 13 22 1) 54 1

AR JEV T, BNE i R o) T ) T P A A ) 5
m L L, R OREE— i A R AR A R
R HEACRE R T L R BRAR TR AT T IR 7
Schiff ffd () A4 5 1) oo BT B2, FRAT T B 48 1
15 ~55 “CHE Hl N PNPP Ak /K fiff i A2 i il 22 A2 A )
TEOL(E3) . GEREN], PNPP fiifb /K fi 52 ) b
JER TR MG S, 33X AT RB IS4 9 188 B2 AT Oy i i S
I RE 22 PR ERE I AME , TSNS AL o TR AR

S5 AIRIEAR AT 32, DT INER 1 WK A S g 7
% 3 AEIRET PNPP {0k fF R B R IR R EH (K, )
Table 3 Pseudo-first-order rate constants (k,, ) for PNPP hydrol-
ysis mediated by unsymmetrical Salen-Mn (IIT) comple-

xes over a range of 15-55°C ~

T(C) 10*k,, ( MnL'Cl)  10%k, ( MnL’Cl)
15 2.57 1.51
25 3.07 2.45
35 4.42 3.00
45 5.64 3.79
55 6.68 4.78

# Conditions; pH7.60, 1=0.1 mol - L (KNO,), [ cat-
alyst] = 1.0 x10”mol - L', [PNPP] = 2.0 x10*mol - L.

— 7T, PR AR AR S50 BT R E 1R S R A
BIfe A o 1k PNPP K i, -3 3 B W A: ) il
LI v - TCC) BRI, BB LB
AL TG ARG, BT A W A b 7 7 U B T
B ATERE PR AP R e A M, 22 BH s R Rl £ 7] 47
A By i) A A2 1, PR HL AT 8 e i 3 B A
T

FRHE BT JE 1 3 24 =0T DA I TG L RE
FBT S e S i AR

-Ink, = E/RT - InA (3)

H In(1/ k,,) - T'LRE(E3) fX(3) wl it
AL IR 2t PNPP K 8 2 v TG AL e 7E
MnL'Cl f# bk &, E, 2N 19.91 kJ - mol™ ; Jiii 1
MnL’Cl ffbfk R, E,J521.73 kJ - mol™. JE4LfE
MG, RO AT, WAR, TERT— MR R D,
PNPP 7K fift e i B A BAR A G AL BE, B DL s by
BRTIEH.

4.25

¢

400 +
375 b .
350

325

In kobs

3.00 |

275 F

2.50 L
3.00 3.25 3.50

1031/T(K1)

& 3 In(1/kBobsB) -TP-1P ¢ &
Fig. 3 Profiles of In(1/kobs) vs. T" for PNPP catalytic hy-
drolysis by the title complexes over a range of 15 C —
55 °C. Solid triangle denotes MnL'Cl, and solid
thombus displays MnL2Cl.
2.5 iEMEMEELEEZ BIXER
FERATSCHT M BT it ¥ R A A 1 itk 2R
ORI AT 4 0 X B B Schiff il (TI1) BE & 9 1
()i otk =1:2) el R R 2% -15-76-5 AR LS
W2 EhEfEAL PNPP KA P L EGX PIFRIC 5 4
AEsH, BLaW 2 P ZIF R A-15-E-5 Bk
BB I G XY PNPP 7= A BOR Y e SR AT
M, BT — MR, ENPIA B 2 W) 14
BRI BEVE N —A i AR R R B TR 5 ol
JRHYSEPREE S, BT B/ =T E B WREE,
MR G 2 Wos /NIRRT . AR, 7RIS
Y1, MRER BN A5 LA R = e S YT IE
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AR, FEARMIET, EA AT A SR-15-7-
5 JEA AR Salen-Mn (11 Bl /34 ( MnL'Cl) b
IR ) MnL? Cl 8 fEfH AL PNPP /K. X 784>
UESE T B S A [ A R, H Y kb 7 R[] i
VIR 25 K PSS s T R HE IO AE R RN R T A
ARSC I I PR T B 5 M S T, 0 ol A 0
(HEFFRI-15-70E-5 FIGmRER) Xt 4@ B — 8
I FERAE R, (X AE R A B2, B P (A RR
R/ INERSR BB S L X R 4 T B 45 4 O
M2 AR, TEH O 48 BRI A — 5 TR Y
ZEFFIRY ¥ 54 E s . 530k 12 ]
Hh BT B A D B AL TG PR AR G R, AR5 BT FH
FIEC G TEPESR = T 0.8 ~2.3 £, Xt h—A>
FEXT TR R BE A F 9 4315 15 v i 0 A A
SR = AR T EE. B, 5
T A ] A R R 2 XA T P B A/ N S i) 24
AL, PRI B A B K RO =22 (8] ) 22
SR, AR B AL I PR ) T
PR, 5 2, BRI A-15-5-5 Frigfdtny
B R BEXT RSP B e S P LR bk R B R, S8k
7E MnL'Cl FfHE 45 #K 1 PNPP JR vk i, s 1
Y F MR A AEPLE, =02 a8
(v BERG I, AT MnL'CL 7R T 5 4F A HAL P .
MASZIGZE AT Y, AR R A U3 A 7 A [ 454
FAEA R X A 3003 ) 3 i B e T B Q3
W B B e s N & R, ERIE TR
Y S AT SN S RN =R AW
R RS IRE R AR L TS 0 g A S

3&E g

FBET PRI B A R I R 1555 Ay
PRI T 89 AN X B Salen-Mn (1) Big & 9 #E 1L K
fift PNPP (8l Jy2. G550 R B, WIRRIC & 411 g
Rt finig PNPP (oK i, HLE TR AL 15 TR BE 1A &
(¥ pH {ELAIIELIE (9 T e i3 k. TRJ I, 73 Af A X
FREY Salen-Mn (111) BES #1454, 81 R0 1576 -
5 FFINDy bk BRI T A A T B2t ) 8 K R A 2 5
()2 B PNPP KA 3 3 s i 3R, AT 320 1
MnL'Cl 445 Lt MnL*C1 5 5y (AL TR 1. AR S5

FFATLARTAHI BT T AR [l — AR A [
ZMARRLE YT, ERTIIA AR B N R
BTG RFARA AT RE, Ik, HO SRR SR
YRR 7 T R R B AR 22 5.
g

IR SRR 34 (No. 20072025, 20173038 ) K Ui 45 4
TS (No. 2005D00T) HVE 432 . I, X 1| 2 fl
AT B ST AT 1 H 36 Schiff BBl Pk 5% 30
.
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Studies on the Kinetics of PNPP Hydrolysis Promoted
by Unsymmetrical Salen-Mn( III) Complexes

WANG Ying" >, JIANG Wei-dong"*, FENG Xue-song', LI Jian-zhang' , ZENG Xian-cheng” ** , CHEN Hua™*
(1 Key Laboratory of Green Chemisiry and Technology Sichuan University of Science & Engineering ; Department
of Chemustry, Sichuan University of Science & Engineering, Sichuan Zigong 643000, P. R China;

2 College of Chemisiry, Sichuan University, Sichuan Chengdu 610064, P. R China)

Abstract: The hydrolysis kinetics of p-nitrophenol picolinate ( PNPP) induced by two kinds of unsymmetrical
Salen-Mn (TIT) complexes have been investigated under a series of conditions. The mechanism of PNPP catalytic
hydrolysis has been proposed. Effects of acidity, temperature and structure of catalyst on the hydrolytic rate of
PNPP have been discussed. The observations reveal that both complexes exhibit better catalytic activity, and the
hydrolytic rate of PNPP increases with the increasing pH and temperature values. In the range of 15 ~55 °C, the
deactivation of catalysts has not been observed. In addition, the one complex containing benzoaza-15-crown-5 pend-
ant has a relatively higher catalytic activity over another one containing morpholine, which may be due to the pre-
ponderant effect of hydrophobic environment of the former.

Key words: PNPP hydrolysis, kinetics, unsymmetrical Salen-Mn(IIl) complexes, structural differences





