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Effects of Cu”* complexation on the structure and hydrolysis
of cephradine using density functional theory

ZHANG Haigin XIE Hongbin CHEN Jingwen™" ZHANG Shushen

(Key Laboratory of Industrial Ecology and Environmental Engineering ( MOE) , School of Environmental Science

and Technology, Dalian University of Technology, Dalian, 116024, China)

Abstract:; Density functional theory ( DFT) was employed to investigate the complexation effects of
Cu® on hydrolysis of cephradine. We found that two complex species were formed, with the binding
sites being a) the amino and carbonyl group, and b) the carboxyl group and carbonyl group,
respectively. This complexation changed the bond length of lactam, increased the positive charge of
the hydrolysis site, and reduced both the energy gap of the frontier molecular orbitals for hydrolysis
and the activation energy of base-catalyzed hydrolysis. Thus, the complexation of Cu™ can catalyze
the hydrolysis of cephradine. The prediction was confirmed by experimental results. Thus, the DFT
calculation can be employed to predict the effects of metal complexation on the hydrolysis of organic
pollutants, which are important in the ecological risk assessment of organic chemicals.
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7J(ﬁ7f[7:[9-10:.

IK TR TR T3 X e R 05 K I 400 0 5 A B PR A T S 58 9k R AE K R B & W i 2k
W E AL, PPCPs Il M RSB SRS i o8 HOK AT M FERT R (BUR BBU4E ) AR & =1
P33R DL A ML) B TSN B T K AR 3h 7 2% 5 7K gt S B i85 4%« Hernowo 2511 %% 3 12 pR HRLIE
(DFT, Density functional theory) %48 T IEAR R M ZEA K B3 5 Cu™ Ni** Co™ WL BE ST, 153 RI45 Y
SEG—30; DFT T R i 4t A4 & Sk f0P0E (Cp, Cephradine ) ZEA[R] pH T HI7K fi# 3l 112 Mgk 42 55 52
Bl —25 S BRI, M LR IR PPCPs 431 7K A B 52 e AL ) o e AR

ARWFFEBER Cu® 1 Cp MAEEIAK R R A DFT #1548 /R K h Cu™ BCALAE X Cp 4 T 2548 /K i I
IO ANE 5 T R B ] S S 6 6 0 K g Sz 7 3 M. Cp 2 — b 7 I AR AR 33 o K i ) ) 3k A 2t
H: 3 UTAESRARME K AR A R A Kt ) Cp 43T B 2 AN KB B AT ( BRI S o — N, R iz
Cp—Ny, W 1) AERKSRIK pH(pH=8.0 /A7) Z&1F R, Cp A Fri i3t & A B AR s B T (Cp ),
TR i AR K A Sk PR R RS MR 101 e &, FTREAEAE 3 NECALALE (1) .
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NS A AE(AG) AR WAL (B) , HIWTHC & W B R 45 40 5 T — 21 Bz AR e 25 M e 5 0 i i
L TR R WG K i S A s 5 TH ST BB % 2= | F oy 40 A RN B £L /K A 2 3 Ak 5 AR 38T B rh g
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1 Cp 70 ¥ A RERYBCAL AT

Fig.1 Possible complexation sites of Cp~ molecule
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SKAIHE (SEEE = 99% ) W T v & A1 R 245 A BR 2> |, FoAth i 5m) (B A Akl ST A |
M BETRENAE ) WA T R EE T SIS A Tl A FR 2 R, 38920 43 2 s € 1% 4. Cp™ 7K i 52 36 (90 B v B
6 wmol - L™") 43 HI7E pH 8.0 (/K FFFIZALAR (6 wmol - L") VAR h H#EAT . 5230 25 W45 TE AR 2519 100 mL
HLZE =S R K R A2 T S0 IR BE (25 = 1°C) 5 I B AL HN (200 mg- L") 0 A A 0y B e 91
1 mLAE 5 F T I0RE €0 3% A RORA €6 335 43 B SR T H S7 8 S3CTRE (23 4%, €18 (3% 4 ( Eclipse XDB-C18,
5 pm, 150 mm x4.6 mm, Agilent, USA) , 3t g4 2y H BE: AR 4 (0.02 mol - L") = 3:7(V/V), Wi K
0.8 mL-min™", #ERERE 20 pL, 0TI 260 nm. JE T 520 52 45 50 | 1B AK i S 7 3 58 4R
1.2 i

DFT #5548 Gaussian 09 #2711 B3LYP J5i% %) Cu® RHIMEHIEL Lanl2DZ FE2H i FELH 9™
T E 48 22 AR TR T 6-311++G(d, p) HELH | 7K 17 50800 % FH AR 43 7 FR I R Ak
LA AR AL (TEFPCM Integral equation formalism polarizable continuum model ) (24] L RKE R %
B TEFPCM fE 4 B iR U175 70 PR 55 242
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FEREER Co® BAT 6 ANFLAL A 5 Cp Bihi)5 Cu AT RAGE A 0—4 4 H,0, Cp™ BB 55,
A5 Cu™ R 5 MR KA BC AP CuCp(H,0), 17 I, K Cp 5 Cu® ATRETE AL 15 FlKA B &
Yok Cu* 5 Cp AR SR G LG IE A B W] 43 B N X30R

Cu™+ Cp +nH,0 = [ CuCp(H,0),]"
[[CuCp(H,0),]"]
P e o =
AG = -T-R-Inp (2)
A, R FTmMHEEL, A7 T K mol ™ T R IR, B0 Kyn = 0—4 48 480(2) ,8 K, A, G B/ i
A pisAa e R R AT R SRS ST 5 AT A 8 s B — R AR P B R AR B
B E A S T EEYE. A G FI A, GT ITE 25 C ST

2 R 55He

2.1 BLAWRE T4

FK1FIHT Cu™ 5 Cp AEARFEANL S A ARREEAK S T RE AN A, G AFE 1AL, Cu™ 5
Cp 1E [ BeAifr B g4 1 AR TSS9 ([ CuCp(H,0) 17- 1) FIFE M B AE A7 S 454 2 Dk T
RELAYI ([ CuCp (H,0), 171D B A, G AR, LLHABB G W0 A, G AR A= (1), [ CuCp (H,0) ]*-1
A CuCp(H,0), 1" - MM BE A 55 T H: B HOAA s 4R A8 (2) , IR G i B 1ok 1:0.73. Ktk /K v
[ CuCp(H,0) ]*- I #I[ CuCp(H,0), |- AT RN FAE, H[ CuCp(H,0) - [ R EZIEE X MWAIL M
e 008 FH R AT 5 7K A S5 7 7wt RS2 g 3

R 1R DFT JriE R & W S5 A T A e g
Table 1 A G of reaction obtained by DFT
A,G/(kJ-mol™")

(e
I I 1
[CuCp]* -524.4 -459.3 -494.8
[ CuCp(H,0)]* -566.5 -508.6 -547.3
[ CuCp(H,0),]* -538.4 -525.4 -565.8
[CuCp(H,0)4]" -529.8 -518.8 -551.8
[ CuCp(H,0),]* -508.6 -509.6 -530.9

X HCECAL RS JLAATA R (B 2) , R Ng—C o IS IR B & AEAE T AL s N,—C B T
0.053 A, G5k th s FEAE A s Bl & A 78 AT s B Ng—C o B4 40 T 0.032 A FR 3 KB e N, —
C o B I TR RS T2 B A B DB 538) , K 1 P B 5 5 W 8, A ) T K ik S B ) 1547 [ CuCp (H,0) 17 1 #11
[ CuCp(H,0),]*-MIE AL A Y WA o7 S5 20010 2.000 A 2.292 A i1 1.962 A 1.910 A.

2.2 ECAVHTIG SkAIRE KA S R A 5B

B 325 T Cp BRI G T2 43 T LB 19 A8 1L, Cp W B i i 5 L3 ( HOMO, Highest occupied
molecular orbital ) FE R FETTHL ; [ CuCp(H,0) 1°- T Wk s HEHLE (HOMO-1) #1 HOMO F%k H
Cu.N,,.0,5.C, Ml C HITTHL; [ CuCp(H,0),] -1 HOMO-1 Al HOMO F Z i 7S JeF sk, 4R 1M Cp~
[CuCp(H,0)]"-1 A [ CuCp (H,0), ] -1 B AKX A& 7§ 1 3iE (LUMO, Lowest unoccupied molecular
orbital ) FIA AR 5 4l FL1E (LUMO+1) FZk H T N,—C o SH R 7, w5 90l (4
CoN,,) TEHRARR.

KA S L H, O L OH™ O 2R A% 0] 1 SR8 A% SO, SR AR I s Cp ([ CuCp (H,0) ]*- T
[ CuCp(H,0),]"-IL{#% LUMO, K Cu® M BCAAE FHA RS Cp 7K A S A s 78 J S 7K ik SONE T M A 5T
oW B Ng—C KRR T4
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2.3 BEAER G Sk AL RE AR A SR 15 T A AT RTS8 IE

It AHT Cp BLAE TS ATZe T HUE | g 4310 B2 SN 16 AL RE A TR Cu™ FC AR PR 7K A S I 17
YRR H, 0 F OH ™ /K A S o 3R A%, I H,0 AT OH™ i HOMO(-8.92 eV il —=5.50 eV) 5 Cp”
A7 Fi 5 LUMO FYILIE RE G 25 2 X (BN 7K A S 25 o A 2% AR Cop™ e T I 7K A S 1o )t T
REGR 2248 XHE T H A3 BT (B 4) B A 5 /K B3 BE R 2 24 S HE IS, PR Cp B4 J5 I AT R 7 T LA
I A A R T KRS [ CuCp(H,0) 7= T FI[ CuCp(H,0), ] - ' Cu HLAF2r 510 +0.732 Fl+1.219,
T Co® IEHAT, BERAECAL G A LT Cp A8 5] Cu, iX (i &4 /K A S 7 S A% 1 A7 A5, € B IE F
i H1+0.706 4K +0.740 Fl1+0.734 , P EC A7 5 1) L Aaf 2345 % 7K A S A3 1L AE Ttk pH 2540 B B f Ak
KA Cp™ By F Bk s Ae ) H AR A TR OH SER RN AR 2 N R Y AL 67 ik, Cp~
AR ALK SO A G7 B AR A7 TS OH SR #EIL C i 1Y A G™ FILMHG AL (R 2) AT LLE
W BRI BRI K A SR A, G™ FEBREAE R ; [ CuCp (H,0) 17- T SR EM & B BRIV G No—C,, fE
W %33 F2 P [ CuCp(H,0), ] -TLH Cp A Ng—C,, S 2R B 24, 3t B63E 1 Fi SCo i 1o 4538
25 LR BCALIR B RTE 3 T BB S A RS A PO K 8 S A 6™ $93RWY Cu® B AL AE FH e £ 2
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3R DFT J73EAS Cp™ B HLHCE WK i SO 6 M B TN 45 SR A5 21 1 /K i SR S0 UE. 78 pH 8.0 51 T,
Cp 5 Cu® JE R 1:1 P WK AR R R4 (05611 h™") IR TF4lK i i R 450 (0.0040 h™) X I
DFT J5 ¥ i 78 B F X Cp™ 7K A S 26

3 4Eip

AW T KT Cu® "5 Cp B 101 BL AW RIARAE 704540 IR 43 LIE | ey 43 A7 R 1k
KA ROSEE AL RE. 45 R LW, [ CuCp (H,0) ]7- 1 F1[ CuCp (H,0), ]I P FhE & W0 25 TR I 7 75, HL
[CuCp(H,0) ] - T HEEILE.[ CuCp(H,0) ]*- T H N,—C, fH K T 0.053 A, 1i[ CuCp(H,0),]*-1l
A T 0.032 ATCALAE RS IN 1 /KA SN SEAZHESUNE A5 C o 1E LA L, BRAIR T /K il S 0 i 3 T T
G s K T ALRE  JEHE T Cp 7KV, IZ 45 RAS 2 1 SERESE. PR, DFT BEFIN M B AzAE F X
PPCPs A3 HLI5 YK MRS X6 TR PPCPs Rt I 42 i & A 5 Yo A A5 XU oA 2 2 3L
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&2 Cp .[CuCp(H,0)] -1 F[CuCp(H,0),]" -1 ALK SNTEALRE (k) -mol ™) FIULA 4%
Table 2 A G (kJ-mol™") and structures of the base-catalyzed hydrolysis of Cp~,
[CuCp(H,0)]"-1 and [ CuCp(H,0),]"-1I
LES Cp” [CuCp(H,0)]*-1 [ CuCp(H,0),]"-1I
3 0.00 0.00 0.00
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