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Synthesis and Antibacterial Activities of N-Substituted Pyrazole
Curcumin Derivatives
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Abstract In order to find new lead compounds for the design of new antibacterial drugs, 13 novel N-substituted pyrazole
curcumin derivatives were synthesized from curcumin and substituted hydrazide. The structures of all new compounds were
confirmed by 'H NMR, ">C NMR, IR, MS techniques and elemental analysis. The results of their in vitro antibacterial tests
indicated that, at the concentration of 1 X 10~* mol/L, all of the derivatives displayed better activities than curcumin against B.
subtilis, S. aureus, E. coli, A. niger, and Penicillium ch. The compounds 3,5-bis(4-hydroxy-3-methoxystyryl)-1-amidinopara-
zole (3¢), 3,5-bis(4-hydroxy-3-methoxystyryl)-1-(banzothiazol-2-sulfenyl)parazole (3k) and 3,5-bis(4-hydroxy-3-methoxy-
styryl)-1-(coumarin-3-formoryl)parazole (3m) showed remarkable antibacterial activities (with inhibition zone of up 16.34 to
23.81 mm). The results showed that thiazole ring, or guanyl and coumarin ring substituents may enhance the activities of N-
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substituted pyrazole curcumin derivatives.
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WA, TMS JINFR; 762 2 H1H Carlo Erba 1106 4G %
IIHTAX.

BEEAL &4 2d~2m S [ SCHER[18] 4 k. 2-57i 3
FEmEMe . EILNREIR L 2a(fb A al, [ 254 FAL AR J
HRRATDS BIEGNR 2b(fh2F4l, Bl =87 ). 2-
R £h 2e(fb224l, B =0l ). =4kl
JERF 4 USP30, it KAk TA7 B m) A AR 25 5 44
HRFN AT, ARG AE. ToKIIEIRE. 4
T TCKNEL . 5 NIRRT AL, FRE 2800
1.2 Bir{LE% 3a~3m BEK

(2.4 mmol)ZE 1 F ¥ T 10 mL VK ZFRF1 10 mL &
K CBERAER, (3.0 mmol)Z IR 2h R £ 2a (st
JHE 2b~2m)f] 20 mL J/K LEEEEH, IHARIR 8~20 h,
TLC KR, [NV EEHE, IR ZE BRI, G
T30 mL LR 416, F 10% RS s ii[ =T pH 6~7,
KRS, WEEANUZ, HTCKBR RN T4, I 46
RDBWAR, HRAEZATVENA: VO k) - (e
IR LER)=6 : 4~9]5r B 2aifb43 245 Y) 3a~3m.

3,5- (43 -3 AR R IR M ) - -2 i P I
IEmE(3a): PRZLELS I 0.568 g, 7% 58.1%. m.p. 208~
210 ‘C; 'H NMR (300 MHz, DMSO-d;) d: 12.67 (s, 2H,
CONH,), 9.02 (s, 2H, ArOH), 6.88 (d, J=8.1 Hz, 2H,
C'-H, C'-H), 7.02~6.80 (m, 6H, ArH), 6.77 (d, J=8.1
Hz, 2H, C*-H, C®-H), 6.49 (s, 1H, C*H), 3.84 (s, 6H,
OCH;); *C NMR (75 MHz, DMSO-dy) d: 171.5, 148.0,
142.0, 135.2, 129.9, 128.7, 120.2, 118.5, 115.8, 109.4,
99.3, 55.8; IR (KBr) v: 3448, 3064, 2964, 2939, 2837,
1627, 1593, 1510, 1463, 1452, 1376, 1278, 1153, 1033
cm '; ESI-MS m/z: 4133 (M' 46, 46), 404.6 (M"—3,
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22). Anal. caled for C;,H;;N;Os: C 64.86, H 5.20, N 10.31;
found C 64.73, H 5.12, N 10.14.

3,5-(4- 5 HE-3- AR R ORI 2075 6 ) - N-2d L AR
TEFENL e (3b): B (L4 0.622 g, P53 61.2%. m.p.
190~192 °C; '"H NMR (300 MHz, DMSO-dg) J: 12.68 (s,
2H, CONH,), 9.07 (s, 2H, ArOH), 7.07~6.74 (m, 6H,
ArH), 6.87 (d, J=8.1 Hz, 2H, C'-H, C’-H), 6.54 (d, J=8.1
Hz, 2H, C*-H, C%H), 6.53 (s, 1H, C*H), 3.84 (s, 6H,
OCH,); *C NMR (75 MHz, DMSO-dy) d: 170.3, 148.1,
147.0, 142.0, 135.0, 129.8, 128.7, 120.3, 119.5, 115.9,
109.5, 99.4, 55.8; IR (KBr) v: 3431, 3066, 2960, 2935,
2839, 1625, 1595, 1510, 1463, 1450, 1381, 1273, 1155,
1031 cm™'; ESI-MS m/z: 4482 (M +Na+2, 58), 423.4
(M"—1, 7). Anal. calcd for C,H,N;0,S: C 62.39, H 5.00,
N 5.81; found C 62.48, H 5.10, N 5.73.

3,5- Z(4-FR Ak -3- H AR L DR O 05 B )-N- Jok Ak bt nge
(3e): HRFOELIRGE L 0.547 g, 773 56.1%. m.p. 218~
220 ‘C; "H NMR (300 MHz, DMSO-d) d: 12.79 (s, 1H,
C=NH), 9.21 (s, 2H, ArOH), 7.15 (s, 2H, NH,), 7.36~
6.83 (m, 6H, ArH), 6.95 (d, J=8.1 Hz, 2H, C'-H, C'-H),
6.79 (d, J=8.1 Hz, 2H, C*-H, C°-H), 6.62 (s, 1H, C*-H),
3.84 (s, 6H, OCH;); *C NMR (75 MHz, DMSO-d;) o:
171.5, 148.1, 147.9, 143.9, 132.0, 129.9, 128.7, 120.2,
115.7, 109.3, 99.3, 55.8; IR (KBr) v: 3424, 3061, 3011,
2938, 2842, 1699, 1511, 1471, 1407, 1381, 1279, 1166,
1022 cm™'; ESI-MS m/z: 406.4 (M', 6), 3744 (M —
OCH;—1, 34), 363.0 (M"—C=CHNH,—2, 100). Anal.
caled for C5,H»»N,O4: C 65.01, H 5.46, N 13.19; found C
64.89, H 5.23, N 13.01.

3,5- Z(4-F HE-3- F AR R DR KL £ 0 5 )-N-(COR i 4%
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I ARIERL I ME3d): s (4 dh 0.725 g, 775 56.9 %.
m.p. 95~97 ‘C; '"H NMR (300 MHz, DMSO-d) d: 9.39
(s, 2H, ArOH), 7.91 (d, J=16.2 Hz, 2H, C'-H, C’-H), 7.17
(d, J=16.2 Hz, 2H, C*-H, C’-H), 7.36~7.03 (m, 5H,
PhH), 7.01~6.95 (m, 6H, ArH), 6.82 (s, 1H, C*-H), 4.47
(s, 2H, CH,), 3.84 (s, 6H, OCHs); *C NMR (75 MHz,
DMSO-dg) J: 199.6, 153.8, 148.4, 147.9, 136.8, 135.4,
129.8, 128.2, 127.9, 121.8, 121.0, 116.1, 111.0, 107.6,
56.0, 40.7; IR (KBr) v: 3440, 3054, 2944, 2848, 1641,
1601, 1561, 1521, 1466, 1426, 1384, 1317, 1273, 1230,
1184, 1161, 1075, 1027, 613 cm '; ESI-MS m/z: 530.8
(M, 9). Anal. caled for CooHyN,04S,: C 53.64, H 4.94, N
5.28; found C 53.47, H 4.76, N 5.13.

3,5- T (4-FRHE-3- A LR O 207 - N-(2-FR R
eI M (3e): BELL R R 0.664 g, F=% 57.1%. m.p.
207~209 ‘C; '"H NMR (300 MHz, DMSO-d;) d: 8.21 (s,
2H, OH), 8.11 (s, 1H, ArOH), 7.62~7.01 (m, 2H, ArH),
7.36 (d, J=16.2 Hz, 2H, C'-H, C'-H), 7.11 (d, J/=16.2 Hz,
2H, C*-H, C%-H), 7.31~6.97 (m, 2H, ArH), 6.92~6.55
(m, 6H, ArH), 6.14 (s, 1H, C*-H), 3.86 (s, 6H, OCH,); "*C
NMR (75 MHz, DMSO-d) d: 178.2, 158.6, 148.2, 147.1,
1423, 141.6, 135.7, 133.4, 131.1, 130.8, 128.6, 124.8,
123.6, 121.6, 119.9, 116.6, 113.2, 107.3, 56.3; IR (KBr) v:
3455, 3428, 3018, 2964, 2937, 2839, 1754, 1664, 1619,
1597, 1579, 1508, 1423, 1381, 1284, 1159, 1123, 1034
cm '; ESI-MS m/z: 508 (M +23+1, 12), 482 (M*—2,
10). Anal. caled for CosHouN,Og: C 69.41, H 4.99, N 5.78;
found C 69.23, H 4.87, N 5.59.

3,5- . (4-FR -3 VR HE I 245 3)-N-(4- R L 2
L (31): FELLEM R 0.692 g, 772 59.5%. m.p.
218~220 C; 'H NMR (300 MHz, DMSO-d;) d: 8.25 (s,
2H, OH), 8.19 (s, 1H, ArOH), 7.62~7.72 (m, 2H, ArH),
736 (d, J=16.2 Hz, 2H, C'-H, C’-H), 7.11 (d, J=16.2 Hz,
2H, C*-H, C%H), 6.91~6.97 (m, 2H, ArH), 6.92~6.55
(m, 6H, ArH), 6.18 (s, 1H, C*-H), 3.86 (s, 6H, OCH,); "*C
NMR (75 MHz, DMSO-d) d: 178.1, 161.5, 158.6, 148.0,
147.1, 141.0, 135.7, 134.1, 131.1, 130.8, 128.6, 124.8,
123.6, 121.6, 119.9, 116.6, 113.2, 107.3, 56.1; IR (KBr) v:
3455, 3071, 3018, 2937, 2839, 1754, 1619, 1579, 1534,
1508, 1423, 1387, 1275, 1163, 1034, 1007 cm”'; ESI-MS
m/z: 508 (M +23—1, 13), 482 (M'—2, 9). Anal. calcd
for CosHyuN,Og: C 69.41, H 4.99, N 5.78; found C 69.32,
H4.51, N 5.62.

3,5- T (4- 5 dk-3- A LA LR )-N-(4- 2 LR
WL M (3g): AR BRI R 0.601 g, =% 51.8%. m.p.
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215~217 C; "H NMR (300 MHz, DMSO-d;) J: 8.19 (s,
2H, ArOH), 7.82~7.45 (m, 2H, ArH), 7.32 (d, J=16.2
Hz, 2H, C'-H, C’-H), 7.08 (d, J=16.2 Hz, 2H, C*-H,
C%-H), 6.78~6.99 (m, 2H, ArH), 6.69~6.62 (m, 6H,
ArH), 6.06 (s, 1H, C*-H), 4.23 (s, 2H, NH), 3.84 (s, 6H,
OCH,); *C NMR (75 MHz, DMSO-dy) d: 183.1, 152.6,
148.7, 147.1, 146.7, 141.6, 1342, 130.1, 129.9, 128.5,
126.4, 123.8, 119.9, 116.6, 115.8, 113.2, 104.2, 56.1; IR
(KBr) v: 3455, 2964, 2928, 2857, 1736, 1619, 1606, 1579,
1534, 1508, 1423, 1387, 1275, 1181, 1034 cm ™ '; ESI-MS
m/z: 506 (M'+23, 16), 482 (M' —1, 12). Anal. calcd for
CasHpsN30s: C 69.55, H 5.21, N 8.69; found C 69.36, H
5.07,N 8.52.

3,5- . (4-FR -3 A RO 03 8 -N-(4- — a0k
R LR IEME(3h): BRZLEHR 0.758 g, 772 61.7%.
m.p. 235~237 °C; '"H NMR (300 MHz, DMSO-dj) ¢: 8.19
(s, 2H, ArOH), 7.84~7.65 (m, 2H, ArH), 7.32 (d, J=16.2
Hz, 2H, C'-H, C’-H), 7.02 (d, J=16.2 Hz, 2H, C*-H,
C%-H), 6.76~6.92 (m, 2H, ArH), 6.69~6.62 (m, 6H,
ArH), 6.18 (s, 1H, C*-H), 3.84 (s, 6H, OCH3), 2.98 (s, 6H,
NCH;); “C NMR (75 MHz, DMSO-d,) J: 183.6, 169.0,
166.2, 165.8, 152.7, 149.8, 148.4, 148.2, 147.1, 141.1,
130.0, 129.2, 129.0, 126.7, 123.5, 121.4, 120.4, 119.6,
119.6, 119.3, 116.3, 116.1, 116.0, 111.7, 111.2, 101.2,
56.0, 46.0; IR (KBr) vpay: 3455, 3428, 2964, 2937, 2857,
1736, 1619, 1579, 1561, 1543, 1508, 1423, 1391, 1284,
1163, 1034 cm™'; ESI-MS m/z: 534 (M'+423, 14), 528
(M+—|-H20—1, 10). Anal. calcd for C3gHpN;Os5: C 70.41,
H 5.71, N 8.21; found C 70.53, H 5.66, N 8.03.

3,5- (4-FRHE-3- A R AL O HE)-N-(2,4- — 50K
U SRR 3E): H R K 0.854 g, 7E 62.7%.
m.p. 212~214 °C; "H NMR (300 MHz, DMSO-d;) J: 8.08
(s, 2H, ArOH), 7.59~7.38 (m, 3H, ArH), 7.35 (d, J=16.2
Hz, 2H, C'-H, C’-H), 7.17 (d, J=16.2 Hz, 2H, C*-H,
C®-H), 6.95~6.62 (m, 6H, ArH), 6.42 (s, 1H, C*-H), 4.71
(s, 2H, COCH,), 3.83 (s, 6H, OCH3); *C NMR (75 MHz,
DMSO-dg) d: 169.4, 166.2, 165.7, 153.0, 148.3, 147.2,
133.4, 130.0, 129.7, 128.7, 128.3, 128.0, 125.4, 125.3,
122.9, 121.2, 120.4, 116.0, 115.7, 110.0, 100.2, 67.3, 56.0;
IR (KBr) v: 3402, 3018, 2964, 2937, 2848, 1754, 1619,
1593, 1579, 1526, 1508, 1423, 1374, 1266, 1159, 1034
cm '; ESI-MS m/z: 591 (M™+23+1, 62), 570 (M*+3,
54), 569 (M"+2,18). Anal. calcd for CyH,4N,0¢Cly: C
61.38, H 4.26, N 4.94; found C 61.19, H 4.16, N 4.79.

3,5- (4- R Ak -3 H AR B DR L 400 3 )-N-(OR I K
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e 2B I £ BRI ) LR (3)): AR N RK 0.774 g, 77K
58.2%. m.p. 196~198 “C; '"H NMR (300 MHz, DMSO-d;)
5: 9.89 (s, 1H, NH), 8.10 (s, 2H, ArOH), 7.70~7.26 (m,
4H, ArH), 7.29 (d, J=16.0 Hz, 2H, C'-H, C’-H), 6.89 (d,
J=16.0 Hz, 2H, C*-H, C°’-H), 6.84~6.57 (m, 6H, ArH),
6.64 (s, 1H, C*H), 4.24 (s, 2H, COCH,), 3.84 (s, 6H,
OCHj3); *C NMR (75 MHz, DMSO-d) J: 168.52, 148.3,
146.1, 141.7, 140.3, 1382, 137.4, 135.0, 130.0, 128.7,
123.5, 123.1, 121.5, 120.4, 116.0, 115.9, 115.2, 110.1,
103.4, 56.1, 37.8; IR (KBr) v: 3455, 3009, 2937, 2843,
1754, 1619, 1579, 1534, 1508, 1423, 1382, 1280, 1159,
1034 672 cm™'; ESI-MS m/z: 577 (M"+23, 42), 556
(M" 42, 34). Anal. caled for C3HN4OsS: C 64.99, H
4.73,N 10.11; found C 64.83, H 4.81, N 10.21.

3,5- T (4-FRHE-3- WA FE A AL ZMR HE)-N-(O I 1 s -
2-Mi 3 LR L) ML (3K): BELL B R R 0.907 g, F= %
66.1%. m.p. 147~149 ‘C; '"H NMR (300 MHz, DMSO-d;)
d: 8.16 (s, 2H, ArOH), 8.08~7.53 (m, 4H, ArH), 7.34 (d,
J=15.9 Hz, 2H, C'-H, C’-H), 7.07 (d, J=15.9 Hz, 2H,
C*-H, C*-H), 7.16~6.79 (m, 6H, ArH), 6.76 (s, 1H, C*-H),
5.39 (s, 2H, CHy,), 3.86 (s, 6H, OCH3); *C NMR (75 MHz,
DMSO-dy) d: 167.7, 154.5, 151.3, 148.9, 145.4, 135.5,
134.7, 133.6, 132.5, 127.0, 126.3, 125.2, 124.8, 123.7,
122.6, 122.3, 121.7, 116.5, 112.0, 103.1, 56.0, 37.6; IR
(KBr) v: 3455, 3071, 2964, 2843, 1754, 1610, 1579, 1526,
1508, 1423, 1387, 1280, 1168, 1034, 672 cm '; ESI-MS
m/z: 595 M"+23+1, 22), 573 M'+2, 10), 571 (M",
20). Anal. calcd for C3pH,sN30sS;: C 63.03, H 4.41, N
7.35; found C 63.17, H 4.24, N 7.29.

3,5-(4-FRHk-3- AR L R AL M R )-N-(R K 4 -
1-35 SRS MEME3D): AR 0.685 g, 773 54.6%.
m.p. 113~115 °C; "H NMR (300 MHz, DMSO-d) 6: 9.20
(s, 1H, ImC*-H), 8.19 (s, 2H, ArOH), 7.82~7.37 (m, 4H,
ArH), 7.57~6.67 (m, 6H, ArH), 7.32 (d, J=15.9 Hz, 2H,
C'-H, C'-H), 6.82 (d, J=15.9 Hz, 2H, C*-H, C°-H), 6.32
(s, 1H, C*-H), 5.24 (s, 2H, CH,), 3.86 (s, 6H, OCH,); "*C
NMR (75 MHz, DMSO-d;) J: 187.5, 153.9, 150.3, 148.9,
1482, 147.3, 147.0, 142.8, 137.2, 135.0, 129.9, 128.7,
123.5, 121.5, 120.4, 116.8, 116.0, 115.9, 109.9, 99.7, 67.7,
56.0; IR (KBr) v: 3492, 3057, 2961, 2842, 1751, 1591,
1511, 1461, 1383, 1275, 1149, 1124 cm™'; ESI-MS m/z:
525 (M43, 9). Anal. caled for C30HxN,Os: C 68.95, H
5.02, N 10.72; found C 68.82, H 4.93, N 10.58.

3,5- (4-FR L -3- WA L AL LI B )-N-(F 5. 3R -3-
FHE LI Me(3m): JRIE (45 i 0.726 g, =% 56.4%.
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m.p. 219~221 C; '"H NMR (300 MHz, DMSO-dj) : 9.39
(s, 2H, ArOH), 8.02 (d, J=2.1 Hz, 1H, 4-H), 7.91 (d, J=
16.2 Hz, 2H, C'-H, C’-H), 7.63 (d, J=8.7 Hz, 1H, 5-H),
7.46~7.49 (m, 1H, C"-H), 7.26 (d, J=8.7 Hz, 1H, C*-H),
7.22~7.23 (m, 1H, C®-H), 7.16 (s, J=16.2 Hz, 2H, C*-H,
C°-H), 7.01~6.95 (m, 6H, ArH), 6.82 (s, 1H, C*-H), 4.47
(s, 2H, CH,), 3.84 (s, 6H, OCH;); °C NMR (75 MHz,
DMSO-dg) d: 199.6, 162.2, 160.7, 153.8, 148.4, 147.9,
142.1, 136.8, 135.4, 131.8, 129.8, 128.2, 127.9, 126.1,
122.9, 121.8, 121.0, 116.1, 111.0, 107.6, 56.0; IR (KBr) v:
3440, 3054, 2944, 2848, 1751, 1601, 1561, 1521, 1426,
1384, 1273, 1230, 1184, 1161, 1027 cm™'; ESI-MS m/z:
533.54 (M43, 12), 530.8 (M", 9). Anal. caled for
C3H3N,O7: C 69.40, H 4.51, N 5.22; found C 69.24, H
4.35,N 5.04.
1.3 HIEEMNE

SR FH A0 e sl 00 e s, ELAAR I 75 vk L SCik[19],
FEIER T, A EY 3a~3m. Em# =5
"z (Triclosan) At il R B 81X 107* mol/L [, AL
& G W AT B (Bacillus  subtilis)« 4 3% 0,5 245 BR
(Staphylococcus aureus) KWkt (Escherichia coli) (MY
JRZEA Rl ez g i) . B &2 i (Aspergillus niger)
N 22 8 (Penicillium chrysogenum)(VU || K429 5 &
A PR ALY, IR TRP AR 1.0X 107 cfuw/mL,
IR BRI P & B A MR ANECh 5.5 X 10° 4 /mL, 5
SIBGR R TR 50 pl, WSS E E EAR, A
SESPAT 3 U, BB (mm) X 3 YCTE S TR 1 .

2 HR54HE
2.1 FiESHT

FELTAME B, RFEW S 3429 em ' AT A A 2
N—H M4 dah5k, gt O—H M4giikshsi;
TEWR I 3489 em ™' AN S Y 3E O—H 455
GhE. C=N MZIRSIE 1500 cm™ ' AW, 7
1720 5 1230 cm ' HHZ 514 C=0 HEMI=BIKIE,
KUML SRS N-BEIEE ML A, 76 3010~3070
em ' H=C—H 1L, [FIFAE 1620, 1560, 1430
em” AT S EVERER 4. TH NMR B3, § 8.2~8.4 17
My FR K O—H MRS ik, 5 3.80 FHATA OMe [KIWR I Bk,
5 6.00~6.64 17HLMEER(K) C—H FRAEW I I, HR i
BT C—H (I 6 4.715H L s & A2 0
(IR, X TN PRER R AE. TR I, T 283 2% -N-
AR Mk B AT e, FEUY T35 IR LL R/,
—IRAE 10%~20%, Ut B 2 U R e, X 2854
PERAE T A 3a~3m [F145H4.
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R L RGURIEMATAEY) 3a~3m TS P R4S H (mm)*”

Table 1 Results of antibacterial activities (mm) of curcumin pyrazole compounds 3a~3m

Compd. B. subtilis S. aureus E. coli A. niger Penicillium ch.
3a 18.84 15.21 16.44 15.24 14.93
3b 15.64 14.21 18.42 14.42 14.30
3¢ 23.12 23.81 17.89 19.47 20.63
3d 17.47 19.47 17.15 16.63 19.68
3e 17.00 15.62 18.52 14.72 15.24
3f 16.80 14.64 15.70 16.74 16.02
3g 17.52 14.80 16.32 16.54 16.94
3h 16.64 18.22 16.64 16.78 16.16
3i 19.38 18.12 15.66 15.78 15.70
3j 15.48 18.70 15.28 17.32 15.84
3k 17.60 20.43 20.40 16.92 16.96
31 18.21. 16.26 15.40 14.76 17.40
3m 18.06 16.34 17.94 20.36 17.82
Triclosan 14.48 16.14 13.48 15.40 14.64
Curcumin 12.10 11.32 11.59 12.34 12.89

“ Concentration: 1X 10 *mol/L; * inhibition zone: mm.
22 WMEEH

SR FH AV GRT BBl v, 22 3 3R -N- AR e 2R A 5 )
3a~3m FZ J Y)W B I Hl R DERRW: &
[FIFERRIE T, 52 )2 0 2 A0 = GUAE MR v
BHTXT LG, RIE L& 3a~3m A5 R 214
WG, e =S R . e OsIA KR K
& (Escherichia coli) A ALY R 4F (IR AEH, 14k
A1) 3a~3m L FH R = AN A . B ET
EVER. b, &Y 3a, 3¢, 3i, 31 3m XA BT B
(bacillus subtilis) I BB R P 18.06~23.12 mm), 1L,
A4 3¢, 3d, 3h, 3i, 3k X4 A7 %5 Bk 1% (Staphylo-
coccus aureus )RR N E 8 18.12~23.81 mm), tb&
Y 3b, 3e, 3k X KM #f B (Escherichia coli) W & 2 L (F1 5
18.42~20.40 mm), L4549 3b, 3¢, 31, 3m X5 & 0H
WORANEE 17.40~20.63 mm), L&) 3¢, 3m X BHE
TN ORI PE 19.47~20.36 mm), B EATA
(i) 240 TRT BAN 7] B B A B e PR TG P, AR B
3¢, 3k, 3m MR N R 16.34~23.81 mm)FH 4T
HH AT AL, IR A4 22 20 2R A [ (1 i, S5
ANHRIE B AT MR | JIREE . & 55 FF, 3¢, 3Kk, 3m [1)
U/ Pa AR ERTATUE T

3 &g

H T FRRERIF % SIS, FZERREI
ARBEWE S NAF 2] 13 AN 10 22 26 35 -N-IAR L e 28 A 2=
Y, HE5H% IR, '"H NMR, “C NMR, MS 1765041 bt
RAE. YPUIE KRR, 78 1X107* mol/L ¥RJE T,
FTERTAEY) S 20 E X b, SR AT R . St A R
W KT 55 RSB, I,
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W) 3¢, 3k, 3m AL I ERCR (7 el 16.34~23.81
mm). JXEEGERR ] R REAR 22 TR0 AT (7] ) I
i, TR TN PBCIE S AT HEMERR | JRIE, & 53108, 3,
3k, 3m [EYRS MESAT W R, ot SRR
AR AT T 4. H o S-S n BEAE
ARSI 2 K3 B
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