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Synthesis of Novel 1,4-Dihydropyridine Tailed Porphyrin
Compounds and Investigation of Their Antibacterial Activity

Zeng, Rongjin™ Yao, Fei Wang, Hui Shen, Pengfei
(Key Laboratory of Theoretical Chemistry and Molecular Simulation of Ministry of Education, School of
Chemistry and Chemical Engineering, Hunan University of Science and Technology, Xiangtan 411201)

Absrract Bromo-alkoxy-1,4-dihydropyridines (2) were synthesized by a two-step reaction from ethyl acetoacetate, phy-
droxybenzaldehyde, ammonium bicarbonate and 1,3-dibromopropane. The new twelve porphyrin-1,4-dihydropyridine diads
were synthesized by the reaction of 2 with 5-(4-hydroxylphenyl)-10,15,20-triphenylporphyrin. These compounds were charac-
terized by NMR, IR, and HRMS techniques. Moreover, the antibacterial activities of porphyrin-1,4-dihydropyridine on
Staphylococcus aureus (ATCC 25923) and Escherichia coli (ATCC 25922) were tested. The experimental results show that
porphyrin-1,4-dihydropyridines have good antibacterial activities, especially for ATCC25923, and the antibacterial activities
of porphyrin-1,4-dihydropyridine are better than two monomers.

Keywords 1,4-dihydropyridines; porphyrin; synthesis; antibacterial activity
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PN 774 M= T 71N < R & S Y2t D B TR SRS L
B SRS, A B 2 WL Scheme 1.

1 SLISERS
1.1 {UEEFRF

{XA%: 756 MC 2£AM-1] WA KL EETE; PE-2000 B
S AR LT ANEEE PE A FD); AV T 500 MHz #% G HR
X (fEE Bruker 23 #]); 7.0T iz A8 3 25 1 Al g Sl it
A (FTICR-MS)(3E[H TonSpec A F]).

WRF: ML 2R F A A2, AR 2, X HAR
FEOR R SRR BE R F I O A B 4l 1,3- IR IR Ak 2
af; JoKBREREN A /A all, (T RT R e T4, NI A 7
Mrali; N,N-Z WL EE A o A all, AT Y210
HlE . B S NN A el w2 28T 300~
400 H AR G.

12 &R

UMK & 4 28 WL Scheme 1. 5-(4-F23E2K

H£)-10,15,20-( =) NN R 5 B 2 WCHR[15), 4-(4-F2

FERHE)-1,4- T 4-2,6- I HE-3,5-1k e — F R — 4 BR(1)
16 B2 DL SCHR[16].
1.2.1  4-[4-(4-2 I B )RIK]-1,4- = A.-2,6- = F -
3,5-7thmE = W BR = LR (2) 49 A A%,

7E 100 mL — FIEHH I 5 mmol (1.645 ) 1,4-
T A4 B -2,6- T HI L3500 nE R 4
BiE. 2.0 g /KBERAIA 30 mL A, A 5 mmol 1,3-
TRARE, TLC (LR LB/, viv=1 @ 4 %
M. HEELZNY 6 h, (51N, JREZET R, FIA 150
mL 7&K T, H 4R LRG0 mL)ZEI, A HENLUZ,
Jo/K MgSO, T4 WURZET LR LB, 1933 i i
. SRAREZENT 8, LUK SBa/ATMEE(V - V=1 :8)
SR, 55 ) 2a 1.92 g, 77K 86.3%.

FIFESAE R, % 5 mmol 1,4- —4H-4-(4-FRFEIEHL)-
2,6- - FHE-3 S-nknE T HR T ABRA) A S mmol 1,4
TR T 1,5 TR 1,6 TIRCKERN, 2 1EE]
P 2b 1.96 g, 77K 85.9%; 2¢ 2.04 g, 77K 87.1%; 2d
2.10 g, ;7 87.5%.; 2e 2.302 g, /7K 88.2%; 2f 2.32 g,
= 86.7%.

OH
O(CH,),,Br
OH
Q@ Q Br(CHy),Br
MO/\ + + NH4HCO3 > Et02C COzEt —>
\ EtO,C CO,Et
N ||
CHO H N
H
1
2
Ph 2a:n=3,2b:n=4,2c:n=5
2d:n=6,2e:n=7,2f n=8
Ph
. C-on
EtO,C
— (CH3C0O0),Zn
Ph O O(CH,),,0 NH ———>
Ph —
EtO,C
Ph
3P:n=3,4P:n=4,5P:n=5
6P.n=6,7P:.n=7,8P:n=8
Ph
EtO.C
Ph O O(CHy),0 NH
EtO,C
Ph
3ZnP: n=3,4ZnP: n=4,5ZnP: n=5
6ZnP: n=6,7ZnP: n=7,8ZnP: n=8
Scheme 1
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1.2.2  »hopk-1,4- = S kv 69 6 A%,

7t 100 mL [ = B A 0.6 mmol 5-(4-F2HEA
H£)-10,15,20-(—=Z-FE)NMIKFT 0.5 mmol (0.227 g)if) 2a~
2f LUK 5 mL N,N-—HEEFEEZ(DMF)F1 40 mL A,
TN 2.0 g ToKBRIRET. E 54 fF FHidE [ M, TLC M
M. NV 24 h G, WOEZET PR, KT AR EIN 250
mL ZEWK, BT o ek, fhos, Bk, s
B BT R A TR AT, R, L
G Y (e R v | T e G 0 ) A i Al R S
HE G, SRAIBAEEEN, SO & Hke/ SR SBR(V -
V=50 1) AVEMR], WS —aAr R B AR ). e
AR B LW, 192174 3P~8P.

5-%F{3-[4-(2,6- ~FHHE-3,5- " LR FE-1,4- AU
WE ) A L R R R HE-10,15,20- = K KENR IRk (3P): 48
AR, F2% 94.5%. m.p.>300 C; '"H NMR (CDCl;,
500 MHz) 6: —2.77 (s, 2H, NH), 1.24 (t, J=7.5 Hz, 6H,
CH3), 2.31 (s, 6H, CH; ), 2.40~2.42 (m, 2H, CH,), 4.08~
4.14 (m, 4H, CH, ), 4.27 (t, J=12 Hz, 2H, OCH,), 4.41 (t,
J=12 Hz, 2H, OCH,), 4.96 (s, 1H, pyridine), 5.54 (s, 1H,
NH), 6.86 (d, J=8.5 Hz, 2H, phenyl), 7.24~7.27 (m, 4H,
phenyl), 7.72~7.79 (m, 9H, phenyl), 8.10 (d, /=8.0 Hz,
2H, phenyl), 8.22 (d, J=7.0 Hz, 6H, phenyl), 8.84~8.90
(m, 8H, pyrrole); *C NMR (CDCl;, 125 MHz) J: 167.67,
158.71, 157.25, 143.50, 142.1, 140.45, 135.58, 134.54,
134.49, 129.05, 127.67, 126.66, 120.05, 113.84, 112.7,
104.41, 64.72, 64.29, 59.73, 38.75, 29.51, 19.63, 14.31; IR
(KBr) v: 3435.6, 2923.9, 2853.5, 1676.2, 1506.9, 1469.7,
1441.4, 1366.6, 1350.4, 1301.1, 1276.0, 1213.4, 1174.1,
1097.6, 1052.6, 965.7, 800.8, 732.8, 701.9, 526.4 cm ;
ESI-HRMS calcd for CgHsgNsOf [M+H'] 1016.4382,
found 1016.4389.

5-%} {4-[4-(2,6- — H1 H-3,5- — LS I -1,4- —Et
WE) AR A ) T A3 ) AR 3E-10,15,20- = A FEnp itk (4P): 4
Lk, 7% 96.74%. m.p.>300 C; '"H NMR (CDCl;,
500 MHz) 6: —2.77 (s, 2H, NH), 1.24 (t, J=7.5 Hz, 6H,
CH3), 2.10~2.16 (m, 4H, CH,), 2.30 (s, 6H, CH3), 4.06~
4.13 (m, 4H, CH,), 4.31 (t, J=5.5 Hz, 2H, OCH,), 4.94 (s,
1H, pyridine), 5.49 (s, 1H, NH), 6.82 (d, J=7.5 Hz, 2H,
phenyl), 7.22~7.27 (m, 4H, phenyl), 7.72~7.79 (m, 9H,
phenyl), 8.11 (d, J=7.5 Hz, 2H, phenyl), 8.23 (d, J=6.5
Hz, 6H, phenyl), 8.84~8.90 (m, 8H, pyrrole); *C NMR
(CDCls;, 125 MHz) 6: 167.68, 158.83, 157.35, 143.47,
142.18, 142.15, 140.32, 135.59, 134.53, 134.37, 129.01,
127.66, 126.65, 120.14, 120.03, 119.92, 113.79, 112.70,
104.41, 67.75, 67.35, 59.69, 38.74, 30.92, 26.26, 26.17,
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19.59, 14.28; IR (KBr) v: 3317.4, 3054.4, 2951.9, 2605.2,
2531.2, 1812.7, 1691.3, 1606.6, 10505.8, 147.2, 1441.4,
1365.7, 1349.9, 1300.3, 1274.3, 1214.7, 1174.4, 1097.0,
1049.3, 965.6, 845.6, 800.2, 732.5, 702.0, 527.7 cm ';
ESI-HRMS caled for Ce;HgNsO ¢ [M~+H'] 1030.4538,
found 1030.4544.

506} {5-[4-(2,6- — 1 H-3,5- — Z 5 I Hk-1,4- A
WE) A HE A KL Y R HE-10,15,20- = K KL NP K (SP): 48
A, P73 95.6%, m.p.>300 ‘C; 'H NMR (CDCl;,
500 MHz) 6: —2.77 (s, 2H, NH), 1.24 (t, J=7.5 Hz, 6H,
CH3), 1.78~1.82 (m, 2H, CH,), 1.92~1.98 (m, 2H, CH,),
2.01~2.07 (m, 2H, CH,), 2.30 (s, 6H, CHs), 4.06~4.13
(m, 4H, CH,), 4.24~4.27 (t, J=6.5 Hz, 2H, OCH,), 4.93
(s, 1H, pyridine), 5.51 (s, 1H, NH), 6.80 (d, J=8.5 Hz, 2H,
phenyl), 7.20~7.22 (m, 4H, phenyl), 7.73~7.79 (m, 9H,
phenyl), 8.10 (d, /=8.5 Hz, 2H, phenyl), 8.22 (d, J=7.0
Hz, 6H, phenyl), 8.84~8.89 (m, 8H, pyrrole); °*C NMR
(CDCls, 125 MHz) &: 167.67, 158.93, 157.44, 143.42,
142.20, 142.17, 140.16, 135.60, 134.54, 134.31, 128.97,
127.67, 126.66, 120.18, 120.04, 119.91, 113.77, 112.71,
104.44, 68.12, 67.67, 59.69, 38.72, 29.43, 29.37, 26.04,
19.60, 14.27; IR (KBr) v: 3432.7, 2937.3, 2866.8, 1693 .4,
1608.0, 1508.2, 1472.4, 1441.7, 1367.0, 1350.4, 1282.0,
1244.7,1175.2, 1110.7, 1048.2, 966.0, 847.1, 799.7, 736.0,
703.2, 529.0 cm”'; ESI-HRMS caled for CegHgoNsOg
[M+H"] 1044.4695, found 1044.4699.

5-%6F {6-[4-(2,6- — 1 H-3,5- — Z 5 e Hk-1,4- A
WE) R AR LA ) AR HE-10,15,20- = R SENR IR (6P): 48
W EA, P73 96.2%. m.p.>300 ‘C; 'H NMR (CDCl;,
500 MHz) 6: —2.77 (s, 2H, NH), 1.23 (t, J=7.0 Hz, 6H,
CH3), 1.61~1.70 (m, 4H, CH,), 1.88 (t, J=7.0 Hz, 2H,
CH,), 2.00 (t, J=7.5 Hz, 2H, CH,), 2.28 (s, 6H, CHs),
4.05~4.13 (m, 4H, CH,), 4.24 (t, J=6.5 Hz, 2H, OCH,),
4.92 (s, 1H, pyridine), 5.48 (s, 1H, NH), 6.79 (d, J=9.0
Hz, 2H, phenyl), 7.20 (d, J=38.5 Hz, 2H, phenyl), 7.25 (d,
J=2.0 Hz, 4H, phenyl), 7.73~7.79 (m, 9H, phenyl), 8.10
(d, J=17.5 Hz, 2H, phenyl), 8.22 (d, J=6.5 Hz, 6H,
phenyl), 8.84~8.89 (m, 8H, pyrrole); *C NMR (CDCl,,
125 MHz) 6: 167.68, 158.89, 157.41, 143.45, 142.18,
142.15, 140.22, 135.59, 134.53, 134.33, 128.98, 127.66,
126.65, 120.16, 120.04, 119.91, 113.79, 112.70, 104.41,
68.05, 67.64, 59.70, 38.73, 29.24, 29.21, 22.93, 19.59,
14.29; IR (KBr) v: 3428.5, 2926.5, 1681.8, 1606.9, 1507.8,
1472.9, 1441.3, 1175.2, 1115.6, 966.1, 800.3, 730.7, 702.5
cm~'; ESI-HRMS caled for CeoHeuNsO & [M+H ']
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1058.4851, found 1058.4860.

5-%F{7-[4-(2,6- ~FHE-3,5- " LR FE-1,4- AU
WE )RS L | BEAR L R HE-10,15,20- = K FLHRHK(TP): %
tEE, 2% 95.8%. m.p.>300 ‘C; 'H NMR (CDClL,
500 MHz) 5: —2.78 (s, 2H, NH), 1.23 (t, J=14.6 Hz, 6H,
CHs), 1.42~1.45 (m, 2H, CH,), 1.63~1.66 (m, 2H, CH,),
1.72~1.73 (m, 2H, CH,), 1.81~1.86 (m, 2H, CH,),
1.96~1.99 (m, 2H, CH,), 2.26 (s, 6H, CHj3), 4.04~4.11
(m, 4H, CH,), 4.24 (t, J/=6.0 Hz, 2H, OCH,), 4.91 (s, 1H,
pyridine), 5.43 (s, 1H, NH), 6.76 (d, J=9.0 Hz, 2H,
phenyl), 7.18 (d, J/=9.0 Hz, 2H, phenyl), 7.26 (d, J=6.5
Hz, 2H, phenyl), 7.72~7.78 (m, 9H, phenyl), 8.09 (d, J=
10.0 Hz, 2H, phenyl), 8.21 (d, J=5.0 Hz, 6H, phenyl),
8.82-8.88 (m, 8H, pyrrole); °C NMR (CDCl;, 125 MHz)
0: 167.63, 158.70, 157.38, 150.52, 150.13, 150.06, 143.47,
142.81, 140.08, 135.38, 134.90, 134.40, 132.07, 131.93,
131.85, 128.92, 127.43, 126.51, 121.01, 120.91, 113.68,
112.51, 104.32, 77.25, 77.00, 76.75, 68.15, 67.70, 59.66,
38.62, 29.39, 29.31, 29.25, 26.16, 26.10, 19.57, 14.25; IR
(KBr) v: 3408.9, 1609.9, 1440.9, 1246.6, 1114.7, 801.4
ecm'; ESI-HRMS caled for C,,HN,Of [M+H"]
1072.5008, found 1072.5020.

5- % {8-[4-(2,6- — 1 H-3,5- — Z A e HE-1,4- At
W) % L HE O AR ) 2R 6 -10,15,20- = LR IR (8P): 4
R, 2% 94.3%. mp.>300 ‘C; '"H NMR (CDCl;,
500 MHz) : —2.77 (s, 2H, NH), 1.23 (t, J=7.1 Hz, 6H,
CH3), 1.48~1.52 (m, 6H, CH,), 1.60~1.63 (m, 2H, CH,),
1.78~1.82 (m, 2H, CH,), 1.95~2.00 (m, 2H, CH,), 2.29
(s, 6H, CHs), 4.03~4.12 (m, 4H, CH,), 4.24 (t, J=6.4 Hz,
2H, OCH,), 4.92 (s, 1H, pyridine), 5.48 (s, 1H, NH), 6.76
(d, J=9.0 Hz, 2H, phenyl), 7.19 (d, J=8.5 Hz, 2H,
phenyl), 7.26 (d, J=28.5 Hz, 2H, phenyl), 7.73~7.79 (m,
9H, phenyl), 8.11 (d, J=8.3 Hz, 2H, phenyl), 8.22 (d, J=
6.6 Hz, 6H, phenyl), 8.84~8.89 (m, 8H, pyrrole); e
NMR (CDCl;, 125 MHz) ¢: 167.67, 158.96, 157.46,
143.41, 142.20, 142.16, 140.10, 135.59, 134.54, 134.27,
128.93, 127.66, 126.65, 120.19, 120.03, 119.90, 113.75,
112.70, 104.43, 68.25, 67.79, 59.67, 59.51, 38.70, 29.46,
29.43, 29.39, 26.17, 26.09, 19.58, 14.26; IR (KBr) v:
3428.5, 2927.5, 1608.2, 1508.4, 1472.8, 1175.7, 1095.6,
1050.6, 801.7, 736.5 cm ~'; ESI-HRMS caled for
C;HeNsO ¢ [M+H'] 1086.5164, found 1086.5095.
123 ehobk-1,4- = Ao 4 B 43 B b4 696 A%,

£ 100 mL = FVGEAR, I 60 mL =% 2R 20
mL FEEINFA R, B R 0.55 ¢ (3 mmol) L&
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BEFD0.30 g (0.3 mmol) it 54 3P~8P, TLC il 2 p 2%
M, Y 8 h, HARVE L. ARJEKBE, IANLE, M
W, HEPIREE b 4, g, 4377 5 3ZnP~8ZnP.

5-0 {3-[4-(2,6- I H-3,5-  Z A IR HE-1,4- A
W) ARG | A ) A 3E-10,15,20- = 2R LTI EE(3ZnP):
K, 7 96.5%. m.p.>300 ‘C; 'H NMR (CDCl,,
500 MHz) d: 1.24 (t, J=7.0 Hz, 6H, CHj), 2.30 (s, 6H,
CHs), 2.39~2.44 (m, 2H, CH,), 4.02~4.12 (m, 4H, CH,),
427 (t, J=6.0 Hz, 2H, OCH,), 4.42 (t, J=6 Hz, 2H,
OCH,), 4.93 (s, 1H, pyridine), 5.58 (s, 1H, NH), 6.85 (d,
J=17.7 Hz, 2H, phenyl), 7.22~7.26 (m, 4H, phenyl),
7.72~7.78 (m, 9H, phenyl), 8.10 (d, J=8.5 Hz, 2H,
phenyl), 8.22 (d, /=6.3 Hz, 6H, phenyl), 8.92~8.97 (m,
8H, pyrrole); BC NMR (CDCl;, 125 MHz) J: 167.66,
158.51, 157.23, 150.50, 150.13, 150.07, 143.51, 142.93,
140.44, 135.39, 135.25, 134.42, 132.01, 131.88, 131.85,
131.80, 129.03, 127.40, 126.48, 120.94, 113.85, 112.54,
104.39, 64.74, 64.34, 59.70, 58.23, 38.73, 29.53, 22.79,
19.60, 18.15; IR (KBr) v: 3428.5, 3054.9, 2977.6, 1682.5,
1606.5, 1506.4, 1486.9, 1440.5, 1339.0, 1301.1, 1275.7,
1215.2, 1174.7, 1098.6, 1.68.5, 1002.4, 994.4, 797.1,
753.2, 718.8, 702.3 cm '; ESI-HRMS caled for CggHssNis-
O¢Zn" 1077.3438, found 1077.3457.

5-0f {4-[4-(2,6- - H H-3,5-  ZEE IR HE-1,4- A
W) ARG IE] TR A E-10,15,20- = 2R LTI EE (4ZnP):
Sk, % 97.2%. mp.>300 C; 'H NMR (CDCls,
500 MHz) 6: 1.22 (t, J=7.0 Hz, 6H, CH3), 2.09~2.13 (m,
4H, CH,), 2.28 (s, 6H, CHj), 4.01~4.11 (m, 4H, CH,),
4.01~4.11 (m, 2H, OCH,), 429 (t, J=6.0 Hz, 2H,
OCH,), 4.92 (s, 1H, pyridine), 5.58 (s, 1H, NH), 6.81 (d,
J=17.7 Hz, 2H, phenyl), 7.15~7.23 (m, 4H, phenyl),
7.71~7.78 (m, 9H, phenyl), 8.10 (d, J=8.5 Hz, 2H,
phenyl), 8.22 (d, J/=6.3 Hz, 6H, phenyl), 8.92~8.98 (m,
8H, pyrrole); BC NMR (CDCl;, 125 MHz) J: 167.68,
158.61, 157.35, 150.51, 150.12, 150.07, 143.50, 142.98,
140.31, 135.41, 135.20, 134.43, 131.99, 131.86, 131.83,
131.78, 128.99, 127.38, 126.47, 120.95, 120.90, 120.82,
113.82, 112.54, 104.39, 67.76, 67.40, 59.68, 58.19, 38.73,
29.68, 26.26, 26.17, 19.54, 18.11, 14.26; IR (KBr) v:
3721.88, 2923.1, 1695.9, 1606.2, 1506.1, 1487.5, 1366.1,
1338.8, 1300.2, 1174.4, 1118.4, 10022, 994.6, 797.1,
753.7, 718.6, 701.0, 523.9 cm '; ESI-HRMS: calcd for
Ce7Hs7NsOsZn" 1091.3595, found 1092.3637.

5- 0 {5-[4-(2,6- 1 H-3,5-  Z A IR HE-1,4- A
) A A L | A R ) TR FE-10,15,20- = F LN EE(SZn P):

http://sioc-journal.cn/ 1273
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AR, % 97.0%. mp.>>300 C; '"H NMR (CDCl;,
500 MHz) 6: 1.23 (t, J=7.1 Hz, 6H, CH3), 1.77~1.82 (m,
2H, CH,), 1.91~1.97 (m, 2H, CH,), 2.00~2.06 (m, 2H,
CH,), 2.28 (s, 6H, CH3), 4.00~4.10 (m, 4H, CH,), 4.00~
4.10 (m, 2H, OCH,), 4.25 (t, J=6.2 Hz, 2H, OCH,), 4.91
(s, 1H, pyridine), 5.57 (s, 1H, NH), 6.79 (d, J/=7.7 Hz, 2H,
phenyl), 7.19~7.25 (m, 4H, phenyl), 7.72~7.78 (m, 9H,
phenyl), 8.10 (d, J=8.4 Hz, 2H, phenyl), 8.22 (d, J=6.8
Hz, 6H, phenyl), 8.92~8.98 (m, 8H, pyrrole); *C NMR
(CDCls, 125 MHz) d: 167.67, 158.68, 157.41, 150.52,
150.13, 150.07, 143.48, 142.95, 140.22, 135.41, 134.43,
132.00, 131.87, 131.79, 128.96, 127.39, 126.48, 120.98,
120.92, 120.82, 113.80, 112.54, 104.39, 68.06, 67.65,
59.67, 58.21, 38.71, 29.25, 29.21, 22.92, 19.55, 18.13,
14.26; IR (KBr) v: 3734.3, 2858.5, 1686.5, 1606.7, 1487.7,
1244.7, 1173.3, 1118.1, 993.8, 796.3, 752.7, 516.8 cm ;
ESI-HRMS caled for CegHsoNsOgZn™ 1105.3751, found
1105.3721.

5- 0 {6-[4-(2,6- — H1 H-3,5- — Z A P HE-1,4- Al
WE) A AE AL ] CU4RU R ) R HE-10,15,20- = Z LN EE (6Zn P):
AR, % 97.7%. mp.>300 C; '"H NMR (CDCl;,
500 MHz) d: 1.22 (t, J=7 Hz, 6H, CH3), 1.62~1.72 (m,
4H, CH,), 1.84~1.90 (m, 2H, CH,), 1.97~2.03 (m, 2H,
CH,), 2.27 (s, 6H, CH3), 4.02~4.10 (m, 4H, CH,), 4.02~
4.10 (m, 2H, OCH,), 4.25 (t, J=6.0 Hz, 2H, OCH,), 4.91
(s, 1H, pyridine), 5.52 (s, 1H, NH), 6.78 (d, /=7.7 Hz, 2H,
phenyl), 7.17~7.20 (m, 2H, phenyl), 7.24~7.26 (m, 2H,
phenyl), 7.72~7.78 (m, 9H, phenyl), 8.11 (d, J=8.5 Hz,
2H, phenyl), 8.22 (d, J=6.3 Hz, 6H, phenyl), 8.93~8.99
(m, 8H, pyrrole); BC NMR (CDCls, 125 MHz) ¢: 167.65,
158.76, 157.44, 150.57, 150.18, 150.17, 150.11, 143.43,
142.88, 140.15, 135.41, 135.01, 134.42, 132.07, 131.92,
131.89, 131.85, 128.95, 127.44, 126.51, 121.10, 121.01,
120.92, 113.79, 112.59, 104.43, 68.14, 67.70, 59.66, 38.71,
29.45, 29.37, 26.05, 26.03, 19.57, 14.26; IR (KBr) v:
3835.4, 3734.0, 2943.4, 1681.8, 1486.6, 1243.0, 1172.2,
940.9 cm ~'; ESI-HRMS caled for CgHgNsOgZn *
1119.3908, found 1119.4344.

50 {7-[4-(2,6- — W1 H-3,5- — Z A I HE -1 4- A
e ) R AR R PR O ) 2R 3E-10,15,20- = 2RI NNWKEE (7ZnP):
AR, % 97.3%. mp.>300 C; 'H NMR (CDCl;,
500 MHz) d: 1.21 (t, J=14.6 Hz, 6H, CH;), 1.40~1.46
(m, 2H, CH,), 1.52~1.56 (m, 2H, CH,) 1.61~1.67 (m,
2H, CH,), 1.79~1.84 (m, 2H, CH,), 1.94~1.98 (m, 2H,
CH,), 2.25 (s, 6H, CH3), 3.95 (t, J=6.5 Hz, 2H, OCH,),
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3.93~4.07 (m, 4H, CH,), 4.22 (t, J=6.0 Hz, 2H, OCH,),
4.88 (s, 1H, pyridine), 5.52 (s, 1H, NH), 6.74 (d, J=8.65
Hz, 2H, phenyl), 7.17 (d, J=7.7 Hz, 2H, phenyl), 7.26 (d,
J=17.0 Hz, 2H, phenyl), 7.73~7.79 (m, 9H, phenyl), 8.10
(d, J=10 Hz, 2H, phenyl), 8.22 (d, J=5.0 Hz, 6H,
phenyl), 8.92~8.99 (m, 8H, pyrrole); *C NMR (CDCl,,
125 MHz) 6: 167.63, 158.70, 157.38, 150.52, 150.13,
150.06, 143.47, 142.81, 140.08, 135.38, 134.90, 134.40,
132.07, 131.93, 131.85, 128.92, 127.43, 126.51, 121.01,
120.91, 113.68, 112.51, 104.32, 77.25, 77.00, 76.75, 68.15,
67.70, 59.66, 38.62, 29.39, 29.31, 29.25, 26.16, 26.10,
19.57, 14.25; IR (KBr) v: 3423.5, 3050.9, 2929.6, 1693.3,
1606.1, 1506.4, 1485.0, 1440.0, 1339.0, 1300.2, 1243.4,
1213.4, 1173.5, 1098.0, 1069.0, 994.2, 1002.2, 769.7,
7527, 718.2, 701.6, 524.4 cm '; ESI-HRMS calcd for
C70HeNsOgZn" 1133.4064, found 1133.4047.

5- %6} {8-[4-(2,6- — 1 H-3,5- — Z B I Hk-1,4- AL
WE ) R AR R A ) K 3-10,15,20- = ZEFE NN AR (8ZnP):
B, 2% 98.0%. mp.>300 C; 'H NMR (CDCl;,
500 MHz) 6: 1.23 (t, J=7.1 Hz, 6H, CH3), 1.50~1.53 (m,
4H, CH,), 1.60~1.68 (m, 4H, CH,), 1.79~1.82 (m, 2H,
CH,), 1.96~1.99 (m, 2H, CH,), 2.28 (s, 6H), 3.94 (d, J=
13.0 Hz, 2H, OCH,), 4.01~4.09 (m, 4H, CH,), 4.24 (t,
J=6.2 Hz, 2H, OCH,), 4.90 (s, 1H, pyridine), 5.55 (s, 1H,
NH), 6.75 (d, J=7.7 Hz, 2H, phenyl), 7.17 (d, J=8.6 Hz,
2H, phenyl), 7.26 (d, J=8.5 Hz, 2H, phenyl), 7.72~7.78
(m, 9H, phenyl), 8.10 (d, /=8.4 Hz, 2H, phenyl), 8.22 (d,
J=6.8 Hz, 6H, phenyl), 8.92~8.98 (m, 8H, pyrrole); Bc
NMR (CDCl;, 125 MHz) §: 158.76, 157.46, 150.53,
150.14, 150.07, 143.44, 142.96, 140.09, 135.41, 134.43,
132.01, 131.87, 131.79, 128.91, 127.39, 126.48, 121.02,
120.92, 120.82, 113.76, 112.55, 104.40, 68.25, 67.81,
59.66, 58.25, 38.69, 29.48, 29.43, 29.39, 26.17, 26.08,
19.55, 18.17, 14.25; IR (KBr) v: 3445.0, 2933.8, 2855.3,
2320.0, 1635.3, 1485.8, 1246.7, 1089.0, 1032.0, 796.1,
4974 cm ~'; ESI-HRMS caled for C;HgsNsOgZn *
1147.4221, found 1147.4190.
1.3 OME-Z SMEE AR AR R R
1.3.1 A RR 6 B

REFEMUGBC D LAZE N E (0.3 g/100 mL /K) 2K I
(1 /100 mL 7K)~ S ALH1(0.5 g/100 mL 7K)f¥ Le A7 e il fr
TR IR, AR IS, R pH #(7.1£0.1),
T 2KV A K 20 min A5 U

LA DMF/BFR(V 2 V=11 9)h%s5l, 73 sl Bl il
WREE S 3P~8P, 3ZnP~8ZnP ¥ N 0.2, 0.1, 0.05,
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0.025, 0.0125 pmol/mL ] 1~5 53 % 10 mL.
1.3.2 EH IR & 49 B

F DMEAEFEMR(V : V=1 : O AVACERE() T
DARFE S, HAb D SRR, AF g 50 4.

133 i ey HA B3 7k

R INFEASH 5 uL R RIE, I RSBL
FERARE R, 37 CHEIBGHEFE 24 h 5, HBLE
%, MEREFEM) OD fH. JEid

o g SIS AIODAH

A= e oD
AL S 3P~8P, 3ZnP~8ZnP % 4 10 {175 45 BR 14 Fl
KIVFT B (41 .

KA 1.3.0 Wik, ERAEMIKRE N 0.2
umol/ mL, MEEY) 1,4- S -4-(4-FRFEHKIE)-2,6-
L3, 5-IEE — F R — L TE(A), 2d, 6P, 6ZnP X P Ff1E
HOEHIESE &S
2 GRS
21 EIN-A KBS

Ltk &9 3P 5 3ZnP A, Hoe 2kl 3P 5
3ZnP {£ CHCIl; H 58— D60 DL BT 1. SR fr bk
KA 0] WO RS ARG 7 MRS S BRIT B A 5 M1
WOR RS S) (Q )M S, (soret 4i7), HL T M Sp—S, 7EAJ
DI 42 PUAN 3G 1R Q F, So— Sy UL B AMX 7= LE ik 1)
Soret W Weats. BRI %0, 3P [¥) Soret 7 HIIAE 426 nm,
PUANTII Q A543l Ky 455, 524, 558 1 680 nm. 3ZnP (1]
Soret 77 tH HLAE 426 nm, Q 77 tHILAE 556, 597 nm. & J@nb
Ik 55 HMIBR (1) 28 8 T WG AR R 9 25 S Qi bl 4 ARk 2
A, BRPRE 0 4 B T REANIRIR S 4 ANEUR TR
Rr, & JEINBRA 7 PO RR PSS R, REGLSEIR, 2> THUER
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Figure 1 UV-Vis spectra of 3P and 3ZnP
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2.2 LNIER T

3P 5 3ZnP [MZLAMGIE WLIE 2 FI1E 3. 18 3P 140
GG 7E 3317 F1 965 cm AL HE B T nIRKER th kg
N—H [F45 A iR SR AE SR, 48 851 iR AR
W, KPR K, [AISAE 1000 (vN_z, pyrrole) cm '
b BT BRI, IX R TR AL R N—H g R
AR TR A BB, AT M—N #2920 ~2852
em ' PRE R TR AGE FE G C—H A4 4R % S
1596~1458 cm ' BT & T 75 SRR SN %15, 1284 cm™!
M8 T C—0—C MM grdR s .

60
50 4
X
3
g
E 404
2
s
=
30
T T T
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B2 3P IR Ei%
Figure 2 IR spectra of 3P
80 4
X
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E
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=
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Figure 3 IR spectra of 3ZnP

2.3 NMR 9#7

HARr=4)2: NMR i C 4544, ILLL =4 3P Al AT
M, BRI TH NMR 5 AT 40, 6 —2.77 ARk
bk N—H [PRF1EE, & 8.89 Ab g niWbkEA Fhitb g 28 i+
U, & 7.25~~8.22 L5 nIHAHE AR IR IR, 5 6.85~
7.25 0 1,4-EMENE 4 A _EIRIRF UK, & 5.54 FIE
1,4- 5k N—H 7%, § 4.96 A 1,4-—5MEIE 4 47
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S, 6 4.39~4.42 T 425~4.28 & =&k, /305
NIRRT — SN M B 2 1K) CHL, (11, 6 4.08~4.14 1y 1,4-—
ZERE — R — L8 CH, [, 6 2.40~2.42 22 HIE A Tk
B R CH, [0, 6 2.314 4 1,4- & 0Ewe 2 £7F1 6 A7 F
FEAIUE, 6 1.23~1.26 —HIEN 1,4-Etkne — HE
2T CH; 0. H: PC NMR % 1] LLE L, 0 167 4 C=
O TRILZAAI S, § 158.71 I 157.25 43 5l Ay bk _L 2K 2R
R AU 4 A7 2RI BRE BRI B AL 220 RS, O
143.50 AIERERR 2 A7 F0 6 ALk A0 2, 6 142.19 ATt
WE IR 2 LA 6 4 FRILRR A2 RS, 6 112.70~140 Ky 2K
IR IR ERR RS, 6 104.41 RnEREER 3 4750 5
TR RS, 6 64.72 1 64.30 Sy o (B RiHE P 31t ¢ 1)
2=, 6 59.73 AIERE — W — L CH, ML= 07 %,
5 38.76 ANLHE 4 AL =0, 5 29.52 S v ) Bl
B AL 22 S, 0 19.64 FT 14.31 J3-51 Ky ikme — W R —
ZTiG-CH; FHIERE 2, 6 A7 FF AR AL 240 S

24 A INRREC S IR, B ST N B NNIBRER A T
R VYA & @R RAL A4, S mkEC A AR L, 4 n bk
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=277 Wb N—H Jit 1 2%, HoAb L7 fb 22 A8 A
X.
24 MEFESESH

Kl o4 FIlE S5 0l T HAs =4 3P~8P Fi
3ZnP~8ZnP X} 415 (A4 % B 1] (Staphylococcus aureus,
ATCC 25922)ffWiIfEFH L, &l 6 A 7 732 sl T
HAx =4 3P~8P fil 3ZnP ~ 8ZnP *f X i #T i
(Escherichia coli, ATCC 25923)[(1HI/EHI K. M
ATCUE H, T E eGP PR 40w A A I E R, B
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Figure 4 The bactericidal activity of 3P~8P on Staphylococcu

saureus
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0.9
=]
S
B
=
=
0.8 4
07 T T T T T
0 5 10 15 20
¢/(10° mol-L")

Bl 6 3P~8P X KT i P i1
Figure 6 The bactericidal activity of 3P~8P on Escherichia

coli
0.84
0.81
&
;‘é
=
=
0.78
0.75 1 . . . |
0 5 10 15 20
/(10 mol-L")
B 7 3ZnP~8ZnP X KJGAT I KBTI I
Figure 7 The bactericidal activity of 3ZnP ~ 8ZnP on

Escherichia coli

Chin. J. Org. Chem. 2012, 32, 1270~1277



Chinese Journal of Organic Chemistry

ARTICLE

B A IS 2. % 1 k& A, 2d, 6P, 6ZnP X K
PR R <5 B8 (01 BR B I DU PERIE I, Rl U
L KT B BT B AR SO T i (i A BR 1, HLb
bk~ U A 5 0 (K AR A R T P o A,

F1 LAY A, 2d, 6P F1 6ZnP X KMt i Al 4 o (A 2 Bk
BRI PR 0 TV

Table 1 The bactericidal activities of A, 2d, 6P and 6ZnP on
Escherichia coli and Staphylococcus aureu

WAEYZ TR A 2d 6P 8ZnP
S PO A BR 1A 0.863 0.792 0.917 0.937
KA 0.849 0.726 0.864 0.908
3 i

FIFHIRIRF 1,4- 000 2 T 45 R A0 0, DAL SE
o dee M a7 BA T ALK 1,4- — SUNHENE 4> BRI T ek
b, EOTEERTR, OB 5 1S, PR, AR (E,
Sk AR IbK Ay 6 5 65 84 1) 29 00 G B B TS TR S 4 ARt
ToBn .

LM 2.0 X104 mol/L, L&) 8P, 4ZnP,
6ZnP X & i (AR PR AR I R B ER, TERBE
THEE VRIT NI AR et 55 5 T B A AR b 0 N 19 D05 4k
G TP BRI T ARG TR AR, PR IA
94%, X W1 AN GL P50 IRV 7 AT AR I 1R N T =5 b
Wbk — AL e oAk S P IR R R LT  A EAR, h
LA B 20 4T R T A,
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