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Synthesis and Optical Properties of Novel Spiro[chromo(2,3-c¢)-
pyrazole-4,1'-isobenzofuran]-3'-one Compounds

Yue, Yongshuang Xie, Zhengfeng™ Chu, Yicheng Xue, Songsong
(Oil & Gas Field Applied Chemistry Key Laboratory of Sichuan Province, College of Chemistry and Chemical Engineering,
Southwest Petroleum University, Chengdu 610500)

Abstract A series of novel spiro[chromo(2,3-c)pyrazole-4,1'-isobenzofuran]-3'-one compounds were synthesized via
Knoevenagel condensation and dehydration reaction of 2-(4-dibutylamino-2-hydroxybenzoyl)benzoic acid or 2-[4-
(diethylamino)-2-hydroxybenzoyl]benzoic acid with pyrazolones using acid as catalysts and dehydrants. The effects of the
ratio of the substrates, catalyst, temperature and reaction time were examined. Their optical properties in different pH and sol-
vent were investigated. It shows that 1-(4-chlorophenyl)-7-(diethylamino)-3-methyl-1H,3'H-spiro[chromene[2,3-c]pyrazole-
4,1'-isobenzofuran]-3'-one (le) and 1-(4-chlorophenyl)-7-(dibutylamino)-3-methyl-14,3'H-spiro[chromene[2,3-c]pyrazole-
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4,1'-isobenzofuran]-3'-one (1j) have potential as pH indicators for strong acids and bases.
Keywords spiro[chromo(2,3-c)pyrazole-4,1'-isobenzofuran]-3'-one; pyrazolone; Knoevenagel reaction; pH
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Figure 1 Skeleton structure of rhodamine or fluorescein A and
the skeleton structure of the synthesized compounds B
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a1, a2 ) s
1:R2 = CH,, R3 = H;
a1:R = Cofts 52- RR = Cgh, RO = Hi
a2: R2 = C4Hg : 3 ’

b3: R? = CHj, R® = Ph;
b4: R? = CH3, R® = p-CH3CgHq;
0 b5: R2 = CH,, R3 = p-CICgH,
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1a: R" = C,Hs, R? = CH;, R®= H; 1b: R' = C,Hs, R? = C3Hy, R®= H;
1c: R' = CyHs, R? = CH3, R3= Ph; 1d: R! = C,Hg, R? = CHg, R® = p-
CH3CgHy; 1e: R = C,Hs, R? = CH3, R3 = p-CICgH,; 1f: R" = C4H,
R2 = CHj, R®= H; 1g: R' = C4Hg, R? = C3Hy, R®= H; 1h: R" = C4Hj,
R? = CHj, R = Ph; 1i: R" = C4Hg, R? = CHg, R® = p-CH3CgHy;

1j: R' = C4Hg, R? = CH3, R®= p-CICgH,
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Table 1 Effects of selection and amount of solvents, molar ratio
of reagents, temperatures and time on the reaction

Entry Solvent (mL) n(a2) : n(b3) Temp./’C Time/h Yield"/%

1 CH;SO:H (5) 1:1 110 10 24
2 CF;SO;H (5) 1:1 110 10 40
3 H,80,(5) 11 110 10 50
4 H,S0,(3) 11 110 10 45
5 H,S0,(4) 11 110 10 55
6  H,S0,(6) 11 110 10 48
7 H,S0,(4) 12:1 110 10 49
8 H,S0,(4) 11:1 110 10 52
9 H,S0,(4) 1:1.1 110 10 60
10 H,S0,(4) 1:12 110 10 71
11 H,S0,(4) 1:12 80 10 46
12 H,S0,(4) 1:12 90 10 63
13 H,S0,(4) 1:12 100 10 73
14 H,S0,(4) 1:12 120 10 65
15 H,S0,(4) 1:12 130 10 60
16  H,S0,(4) 1:12 100 6 38
17 H,S0, (4) 1:12 100 8 52
18 H,S0,(4) 1:12 100 12 70
19  H,S0,(4) 1:12 100 14 71
20  H,S0,(4) 1:12 100 16 70

© 2020 Chinese Chemical Society & SIOC, CAS

“Isolated yields by column chromatography.
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Table 2  Yield of target compounds

Entry R’ R? R’ Product  Yield”/%
1 C,H; CH; H 1a 52
2  CH; GCH, H 1b 65
3 CHs CH; Ph Ic 70
4  CHs CH;  p-CH;CH, 1d 71
5  CH;s CH;  p-CIC¢H, le 63
6  C4Hy CH; H 1f 52
7 CHy, CH, H 1g 60
8  C4Ho CH;  Ph 1h 73
9  C4H CH;  p-CH;CgH, 1i 70
10 C,Hy CH;  p-CIC¢H, 1j 69

“ Reaction conditions: n(a) : n(b)=1: 1.2, 5 mL of HSO4, and 10 h, at
100 °C under air; * Isolated yields by column chromatography.
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Figure 2 Absorption spectrum of compounds 1a~1j
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Table 3 Optical data of compound 1a~1j

UV-Vis absorption . . Emission
Product max/ M Abs. &/(molsL " 'ecm ™) Stokes shift/cm Aex/IM Aen/IIM PL intensity

la 470 0.5392 53920 2465 475 538 355.3
1b 471 0.4032 40320 2689 475 542 92.1
1c 503 0.0411 4110 2781 475 552 32.3
1d 504 0.1029 10290 1765 475 548 50.7
le 506 0.0353 3530 1593 475 547 22.7
1f 475 0.3103 31030 1481 475 552 202.5
1g 475 0.1618 16180 2937 475 545 145.4
1h 325 0.0495 4950 2704 325 432 18.4
1i 325 0.0335 3350 7621 325 434 15.2
1j 325 0.0250 2500 7728 325 433 12.2

“ Data tested in DMF-buffer (V' : =1 : 99, pH=7.1), 1 X 10 ° mol/L, at 25 C.
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Figure 3 Absorption spectrum (a) and fluorescence emission

spectrum (b) at different pH values of compound 1b (inset is

photographs under visible light)
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Table 4 Optical data of compound 1b

UV-Vis absorption Emission”
Entry pH - -
Abs. (A471) ADS. (Ag95)  Ae/nm  PL intensity

1 1.0 0.3523 0.3542 551 72.9

2 2.1 0.3672 0.3711 551 77.6

3 2.9 0.3615 0.3718 548 84.0

4 4.0 0.4180 0.4374 545 94.5

5 5.1 0.3760 0.3949 544 97.9

6 6.1 0.3996 0.4190 544 91.1

7 7.1 0.4110 0.4057 542 92.1

8 8.0 0.4616 0.3603 539 130.5

9 9.1 0.4399 0.2193 533 140.7

10 10.1 0.5195 0.2309 532 158.1

11 11.1 0.5298 0.2186 532 157.7

12 119 0.5450 0.2374 532 167.5

13 13.1 0.5244 0.2235 532 173.78

14 139 0.5221 0.2332 532 188.936

8

Data tested in DMF/buffer (¥ : V=1 :99), 1X10 ° mol/L, at 25 C;
b excited at 475 nm.

FOEeih, B AR pHEH 1.0 THE 2 13.9, HEK
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Figure 4 Absorption spectrum (a), fluorescence emission spec-
trum (b) of compound 1le at different pH values (Inset is photo-
graphs under visible light)
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Table 5 Optical data of compound 1e
Entry pH UV-Vis absorption Emission’
Amax/NM Abs. Aew/nm  PL Intensity

1 1.0 505 0.3587 557 122.06
2 2.1 505 0.2282 557 94.6
3 2.9 505 0.0657 552 35.8
4 4.0 505 0.0449 549 23.0
5 5.1 505 0.0418 549 22.0
6 6.1 505 0.0358 550 21.2
7 7.1 505 0.0413 547 22.7
8 8.0 505 0.0469 548 22.7
9 9.1 505 0.0411 550 26.2
10 10.1 505 0.0467 550 28.1
11 111 505 0.0558 550 20.8
12 119 542 0.0622 550 12.4
13 13.1 542 0.2760 550 0.2
14 139 542 0.3228 550 0.1

“ Data tested in DMF/buffer (V@ V=1 :99), 1X10 > mol/L, at 25 C;
b excited at 475 nm
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13C NMR spectra of 1d and 1d+NaOD and photographs under visible light of solutions
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Figure 6 Absorption spectrum (a), fluorescence emission spec-
trum (b) and photographs under visible light (c) of compound 1b
in different solvents
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UV-6000 pc UV-Vis JEHEAX (i ToHT X2 A PR A 7]); pH
it PHS-3E (B RHMUBMERA R A F]); B T5
6 DZF-6050 B! ( i &R i1 RHE A wl); GI-1A B0k
PR (BT AR ), CP214 BT IrHT R
SRS AR AT PR /A F]); DE- 115 0 GaCRE 7 it £ 2%
(BT AR A R A A]).

P A E I H Adams F1 Acros Chemical Co.,
TE 7 4liAk B ] {5 .

32 ZWHE

76 25 mL JRMEHF A 1.0 mmol 2-[4-( L3R
3)-2- 0 HEHE I 1 R K 1.0 mmol 2-[4-( = T 254
F)-2-F2FEA SR R, 1.2 mmol MEMEMRER, 4 mL
WHRER, WESWEE T T 100 “CRM 10 h. JBiEE, ¥k
MIREEIN 30 mL UKKIBAYI, HUESE A, 7%
TR R B P uE W, Rt E N O A i i/
LR, VI V=4 . DI HF=Y 1a~1j.

T-( . LIERFE)-3-H -1 H 3 H- R 07 1 [2,3-¢] Pl
M4 1'- 5 28 IR R IR -3'- i (1a): B O K, 77 52%.
m.p. 128~132 ‘C; 'H NMR (400 MHz, DMSO) 6: 12.54
(s, 1H), 8.02~7.93 (m, 1H), 7.79 (td, J=7.5, 1.1 Hz, 1H),
7.70 (td, J=7.5, 0.9 Hz, 1H), 7.27 (d, J=7.6 Hz, 1H),
6.55~6.38 (m, 3H), 3.35 (q, J=7.1 Hz, 4H), 1.53 (s, 3H),
1.09 (t, J=7.0 Hz, 6H); °C NMR (101 MHz, DMSO) ¢:
169.22, 157.64, 153.64, 152.03, 149.57, 137.24, 135.94,
130.44, 129.14, 126.63, 124.87, 124.18, 108.82, 105.81,
98.24, 95.95, 83.47, 44.22, 40.40, 40.19, 39.98, 39.77,
39.57, 12.78, 10.03; IR (KBr) v: 2920, 2854, 1757, 1610,
1498, 1252, 1109, 759 ¢cm ™ '; HRMS (TOF-MS") calcd for
C1,H»,N;05 376.1656, found 376.1658.

7-( = L FEEF)-3-1E T F-1H 3 H-WE [ 475 9 [2,3-¢]
M M -4, 1'- S5 2 R IR 1-3'- B (1b): 9% 3% (0 [l 1k, 7= K
65%. m.p.156~160 °C; '"H NMR (400 MHz, CDCl3) ¢:
8.00 (d, J=7.5 Hz, 1H), 7.62 (dt, J=23.1, 7.2 Hz, 2H),
7.20 (d, J=17.5 Hz, 1H), 6.58 (d, J=8.9 Hz, 1H), 6.46~
6.29 (m, 2H), 3.33 (q, J=7.0 Hz, 4H), 2.10~1.97 (m,
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2H), 1.31~1.19 (m, 2H), 1.15 (t, J=7.0 Hz, 6H), 0.71 (t,
J=17.3 Hz, 3H); *C NMR (101 MHz, CDCl;) &: 169.78,
157.87, 153.43, 152.73, 149.43, 142.99, 134.81, 129.52,
128.98, 126.85, 124.72, 123.89, 108.38, 105.78, 98.24,
95.84, 83.54, 44.48, 27.17, 21.95, 13.81, 12.46; IR (KBr)
v: 2968, 2873, 1755, 1627, 1496, 1253, 1115, 762 cm ™ ';
HRMS (TOF-MS™") caled for C,4H6N305 404.1969, found
404.1974.

T-( L FERARL)-3- F 12K 1 1 3 HAWE [ 0
[2,3-c]PtLMk-4,1'- 53 2K FFIRIR -3 - Bl (1e): B8 8 4k, 723
70%. m.p. 240~242 “C; '"H NMR (400 MHz, CDCl;) o:
7.93 (d, J=7.5 Hz, 1H), 7.77 (d, J=7.9 Hz, 2H), 7.58 (t,
J=7.1 Hz, 1H), 7.51 (t, J=7.3 Hz, 1H), 7.42 (t, J=7.9
Hz, 2H), 7.24 (t, J=7.4 Hz, 1H), 7.15 (t, J=7.0 Hz, 1H),
6.59~6.53 (m, 1H), 6.43~6.29 (m, 2H), 3.26 (q, J=7.1
Hz, 4H), 1.20~1.14 (m, 3H), 1.07 (t, J=7.1 Hz, 6H); '°C
NMR (101 MHz, CDCly) 6: 169.55, 152.56, 152.06,
149.52, 148.36, 146.28, 137.98, 134.82, 129.63, 129.27,
129.14, 127.21, 126.58, 124.87, 123.79, 121.26, 109.50,
105.90, 98.13, 95.82, 83.32, 44.46, 12.89, 12.50; IR (KBr)
v: 2925, 2860, 1745, 1625, 1521, 1253, 1106, 763 cm™';
HRMS (TOF-MS+) calcd for C,gH,6N303 452.1969, found
452.1971.

T-( L FEE L )-3-F FE-1-(Cf FH 2K 3 )- 1,3 H-IR [ £
§5 7 [2,3-c] ML -4, 1'- 7 28 FF R R 1-3"- i (1d): - o]
FEE 71%. mp. 167~170 C; 'H NMR (400 MHz,
CDCl) 6: 8.02 (d, J=7.5 Hz, 1H), 7.66 (dd, J=27.0, 12.8,
7.8 Hz, 4H), 7.33 (d, J=8.3 Hz, 2H), 7.23 (d, J=7.6 Hz,
1H), 6.65 (d, J=8.9 Hz, 1H), 6.53~6.35 (m, 2H), 3.36 (q,
J=17.0 Hz, 4H), 2.43 (s, 3H), 1.65 (d, J=6.7 Hz, 3H), 1.17
(t, J=7.1 Hz, 6H); *C NMR (101 MHz, CDCl;) 0: 169.57,
152.58, 152.08, 149.47, 148.21, 146.00, 136.53, 135.48,
134.78, 129.81, 129.59, 129.15, 127.22, 124.87, 123.79,
121.45, 109.43, 105.96, 98.14, 95.56, 83.44, 44.49, 21.09,
12.87, 12.49; IR (KBr) v: 2964, 2873, 1751, 1621, 1519,
1257, 1108, 769 cm '; HRMS (TOF-MS ") caled for
CaoHasN305 466.2125, found 466.2121.

1-(4- SR EE)-7-( = S FE a1 5E)-3- 5L -1 H 3 H- IR [ 6
35 - [2,3-c] Pk e -4, 1'- 57 2R FE R AR 1-3'- i (Le): 7% A €8 [
1, PEE63%. m.p. 250~252 ‘C; '"H NMR (400 MHz,
CDCly) d: 8.02 (d, J=7.5 Hz, 1H), 7.83 (d, J/=8.8 Hz,
2H), 7.65 (dt, J=25.7, 7.3 Hz, 2H), 7.49 (d, J=8.8 Hz,
2H), 7.23 (d, J=17.5 Hz, 1H), 6.72~6.37 (m, 3H), 3.37 (q,
J=17.0 Hz, 4H), 1.64 (d, J=11.0 Hz, 3H), 1.18 (t, J=7.0
Hz, 6H); °C NMR (101 MHz, CDCLy) J: 169.48, 152.44,
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151.93, 149.53, 148.35, 146.66, 136.54, 134.85, 131.95,
129.69, 129.38, 129.17, 127.16, 124.93, 123.73, 122.22,
109.62, 105.80, 98.03, 96.08, 83.09, 44.50, 12.87, 12.49;
IR (KBr) v: 2969, 2921, 1751, 1623, 1519, 1259, 1105,
767 cm”'; HRMS (TOF-MS™) caled for CpsH,sCIN;O;
486.1579, found 486.1581.

T-( T HEEIE)-3-H -1 H 3 H-IR B FF[2,3-c]
M4, 1'- 5 R FE IR -3 - B (16): vk 3 (K, 77 R 52%.
m.p. 204~207 ‘C; '"H NMR (400 MHz, CDCl3) ¢: 8.00
(d, J=4.0 Hz, 1H), 7.66 (t, J=16.0 Hz, 1H), 7.59 (t, J=
12.0 Hz, 1H), 7.2 (d, J=8.0 Hz, 1H), 6.57 (d, J=8.0 Hz,
1H), 6.41 (d, J=4.0 Hz, 1H), 6.32 (dd, J=12.0, 4.0 Hz,
1H), 3.25 (t, J=16.0 Hz, 4H), 1.72 (s, 3H), 1.59~1.45 (m,
4H), 1.42~1.22 (m, 4H), 0.94 (t, J=12.0 Hz, 6H); *C
NMR (101 MHz, CDCly) d: 169.66, 158.17, 153.49,
152.28, 149.91, 138.16, 134.81, 129.47, 128.80, 126.90,
124.79, 123.73, 108.43, 105.38, 98.45, 96.74, 83.27, 50.79,
29.27, 20.26, 13.95, 10.34; IR (KBr) v: 2954, 2867, 1756,
1614, 1498, 1257, 1112, 755 cm '; HRMS (TOF-MS™")
caled for C,gH30N;05 432.2282, found 432.2274.

T-( T HEI)-3- 1E R EE-1H 3 HAWE [ €475 9 [2,3-¢]
ML e -4, 1= S O IR PR -3'- B (1g): v B fR ] A, PR AR
60%. m.p. 158~162 °C; '"H NMR (400 MHz, DMSO) ¢:
12.54 (s, 1H), 8.02~7.99 (m, 1H), 7.68~7.59 (m, 2H),
721 (d, J=7.6 Hz, 1H), 6.50~6.37 (m, 3H), 3.33~3.20
(m, 4H), 1.93~1.68 (m, 2H), 1.48 (dd, J=14.9, 8.2 Hz,
4H), 1.32 (dt, J=14.8, 7.2 Hz, 4H), 1.09 (dd, J=16.6, 9.4
Hz, 2H), 0.91 (t, J=7.3 Hz, 6H), 0.54 (t, J=7.4 Hz, 3H);
C NMR (101 MHz, CDCl;) d: 169.70, 157.96, 153.37,
152.68, 149.86, 142.84, 134.75, 129.49, 128.84, 126.89,
124.71, 123.89, 108.43, 105.57, 98.30, 96.04, 83.47, 77.09,
50.81, 29.27, 27.10, 21.80, 20.26, 13.95, 13.75 cm '; IR
(KBr) v: 2948, 2863, 1758, 1626, 1492, 1236, 1112, 758;
HRMS (TOF—MS+) calcd for C,5H34N305 460.2595, found
460.2599.

T-( T R )3 F 1SR S 3 R [ 4 T
[2,3-c]it -4, 1'- 53 25 M -3 - (Th): (w0 44, 7=
K 73%. m.p. 202~204 C; '"H NMR (400 MHz, CDCl;)
J: 8.02 (d, J=7.5 Hz, 1H), 7.86 (dd, J=7.7, 1.0 Hz, 2H),
7.68 (t, J=7.4 Hz, 1H), 7.61 (t, J=7.9 Hz, 1H), 7.56~
7.50 (m, 2H), 7.35 (t, J=7.4 Hz, 1H), 7.24 (d, J=17.6 Hz,
1H), 6.64 (d, J=8.9 Hz, 1H), 6.48~6.36 (m, 2H), 3.32~
3.22 (m, 4H), 1.66 (s, 3H), 1.56 (dt, J=15.2, 7.6 Hz, 4H),
1.35 (dq, J=14.7, 7.3 Hz, 4H), 0.95 (t, J=7.3 Hz, 6H);
C NMR (101 MHz, CDCl;) 0: 12.89, 13.96, 20.28, 29.27,

Chin. J. Org. Chem. 2020, 40, 501~510



Chinese Journal of Organic Chemistry

50.77, 83.35, 95.79, 98.18, 105.80, 109.63, 121.37, 123.79,
124.89, 126.60, 127.23, 129.05, 129.26, 129.60, 134.77,
137.96, 146.33, 148.36, 149.90, 152.03, 152.58, 169.52; IR
(KBr) v: 2952, 2863, 1757, 1621, 1500, 1261, 1110, 755
cm'; HRMS (TOF-MS™) caled for C3,H34N;05 508.2595,
found 508.2596.

T-( T )3 RO FR R D - 1 H 3 H- B
35 [2,3-c] b P-4, 1'- S 2R I R IR 1-3"- i (1d): - 1 R [ Ak
FEFE 70%. mp. 172~174 ‘C; 'H NMR (400 MHz,
CDCly) ¢: 8.01 (d, J=7.5 Hz, 1H), 7.75~7.62 (m, 3H),
7.70 (t, J=7.4 Hz, 1H), 7.35 (d, J=8.0 Hz, 2H), 7.31~
7.24 (m, 1H), 6.62 (d, J=12.0 Hz, 1H), 6.47~6.38 (m,
2H), 3.26 (t, J=16.1 Hz, 4H), 2.43 (s, 3H), 1.65 (s, 3H),
1.62~1.47 (m, 4H), 1.37~1.25 (m, 4H), 0.95 (t, J=16.2
Hz, 6H); °C NMR (101 MHz, CDCly) J: 169.53, 152.51,
152.06, 149.88, 148.22, 146.00, 136.52, 135.48, 134.73,
129.79, 129.55, 129.02, 127.24, 124.85, 123.79, 121.48,
109.53, 105.83, 98.17, 95.55, 83.45, 50.75, 29.27, 21.08,
20.28, 13.96, 12.87; IR (KBr) v: 2952, 2867, 1749, 1625,
1521, 1267, 1105, 769 cm ™ '; HRMS (TOF-MS™) calcd for
C33H36N305 522.2751, found 522.2720.

1-(4- SR EL)-7-( = T B e 58)-3- 5L -1 H 3 H- I3[ 6
35 9 [2,3-c] M P-4, 10 55 28 5 Wk g 1-3'- Bl (1): - 1 €8 ]
A 69%. mp. 184~186 C; 'H NMR (400 MHz,
CDCLy) ¢: 8.04 (d, J=7.6 Hz, 1H), 7.88~7.78 (m, 2H),
7.70~7.56 (m, 2H), 7.55~7.42 (m, 2H), 7.29~7.19 (m,
1H), 6.63 (d, J=11.8 Hz, 1H), 6.48~6.39 (m, 2H), 3.27 (t,
J=12.1 Hz, 4H), 1.65 (s, 3 H), 1.60~1.51 (m, 4H),
1.41~1.33 (m, 4H), 0.95 (t, J=12.0 Hz, 6H); °*C NMR
(101 MHz, CDCly) d: 169.43, 152.37, 151.91, 149.94,
148.36, 146.66, 136.53, 134.79, 131.97, 129.64, 129.37,
129.05, 127.18, 124.92, 123.73, 122.26, 109.72, 105.67,
98.06, 96.07, 83.09, 50.75, 29.27, 20.28, 13.96, 12.87; IR
(KBr) v: 2952, 2867, 1754, 1625, 1519, 1268, 1101, 765
ecm ~'; HRMS (TOF-MS ") caled for CsHiCIN;O;
542.2205, found 542.2206.
3.3 itttk
3.3.1  CEIN-T MR 8 A 58 S8 B 4 R 8 i)

HERAPREURE B 1a~1j, EARH 10 mL 1.0X107°
mol/L RH&. FR A HERFE R, TN ZZH R (pH=
7R 1.0X 10> mol/L MR, T 58 K 2 W 2
FAE IR R 58 =T GRS AT R O S
i o, (AW 1a~1g BUREKN 475 nm, (L&)
1Th~1j UK 325 nm.
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332 XkifpHERZ

ZHRSCHR[26]7775, ERFEEL 20 uL & LAWY
N,N-— H! 3 H i i (DMF) ¥ (1.0 X 10 ~* mol/L),
1980 pL AN[A] pH B G M B, M8 (DMF/ 2% iy
W, Viv=1:99F b EMHIIREAN 1.0X10° mol/L,
WARE 30 s Ja, RHEBGEEAT -0 W6 Ot 1 Al
TOGENR. AN pH MIZEM A RIS, HCl K
(pH 1.0~2.1), FFER-FTERI(PH 2.9~5.1), BRL%
MR (PBS, pH 6.1 ~8.0), Tris-HCl (pH 9.1~ 10.1),
Na,HPO,-NaOH (pH 11.1~11.9), NaOH ¥ W(pH 13.1~
13.9).
3.3.3 RREMHEEF T RAWE SR T O LS

HERIRREURE S 1b A1 1d, 20 &b .
HEE. £ . HRREZRCH] 10 mL 1.0X 107° mol/L
. VRS BURE, ARSIV 7R B R B 2.0 X 10
mol/L IR, T =I5 - 7 ) 8 4] L
TG TE RN e R S e, AT R e i i EU
REKN 325 nm, HARE B BEKN 475 nm.

HBA R (Supporting Information) {L&4) 1a~1j K
PRI 'H NMR. PC NMR. ZLAME A5 1
TR X e AREAT DA A 2 AT I 35 (http://sioc-journal.
cen/) BREL
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