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Catalyst-modulated Selective Hydrogen Transfer Reactions of
Polyols with 2-Nitroaromatics
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Abstract The selective conversion of biomass-derived polyols into nitrogen-containing compounds remains a
formidable challenge in sustainable chemistry. Although hydrogen borrowing strategies have emerged as environmen-
tally benign alternatives to traditional reductive amination, precise control over selective C—C bond cleavage during
polyol conversion persists as a significant difficulty. Herein, we report an approach utilizing distinct catalytic systems
to regulate selective C—C bond cleavage of polyols, thereby generating diverse nitrogen-containing compounds. This
system efficiently synthesizes quinoxaline and indole-type N-heterocyclic compounds under mild conditions without
requiring external reducing agents. Substrate scope studies demonstrate that both electron-rich and electron-deficient
aromatic amines and indole substrates afford the target products in moderate to excellent yields. This strategy over-
comes the reliance of traditional reductive amination on harsh conditions and external reductants, thus providing a
new, atom-economical, and environmentally benign pathway for biomass transformation.
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PR e SN 1 1 R B B I S B K S R S, e A, BRSP4 C—C B, BG4
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o, DTS DL R SR T v A L1488 P 2% . BRI 114 22 ML~ A PR TR T T it A2 A D7 S AR D Ry B 1) 28
Ji2EdisR, w7 AR e AL R B i T AL 0 R BRI . S ARSI (W T TAE (G Ru-Fely-ALO, fi#
A FLIR S = U AR IR ) B, 4 T — R AN R AL ) R 7 S 2 SO B C—C AR A e PR BT 2
AT A EE 8 2 AN [v] 7 0 ) SV % g [ Scheme 1(B) .

(A) Conversion of polyols to amines via hydrogen transfer strategies | (B) This work e
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Scheme 1 Hydrogen transfer strategies

1 SEISERSH

1.1 KA 5{EE

AU TR 1R, s, R 28BN B A B Fl 5 A2 AT RE R (200~300 H ) Fily-48 4L 455
(y-ALO;, 200~300 H ), KEFHF R A R ) 5 40/8% (PA/C) | 4/ 4645 (PA/ALO,) | £7/8K (Ru/C) |
JUK A W R 4k [Fe (NO,) ,-9H,0] . G fb kK (FeCly) . SAL Wk (FeCl,) . 1, 17- X0 ( 2R B ) — 54k
(DPPF) . ZEEHEIEL Fe(acac), ] = (HEIER) MIFE B(CF;), ] SKEFIA; (CoCl,. 6H,0) . =5 H
LEfE R AR (AgOTE) . = Z M (ELN) . N-F ZEMGobk (NMM) | B ER B (K,CO,) FLEUT B4 (KO'Bu) , Zr#r 4,
AU AT LT BRI T AR AA BRAA w5

Bruker AVANCE IIT 400 MHz %A% % 3 4R % 3% (NMR) , £ Bruker 23 7] ; Tims TOF Pro 2 15 A
(- TSI Y, F8 [ Bruker 2 7] ; SGW X-4B H 5 ks A, b e DG A B AT BR A ]
1.2 KR
1.2.1 &1 7 (Ru-Fe/y-ALO,) By 4| & K y-SA AL (546 mg) A E] 0. 81 mmol Fe(NO,),+9H,0 f/K &
W, F65 CHRIGZHE K Fw AT, Frglid ik . # T 5 iy AR & B T 2R, 78280 “CH
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Pedh, UMNEZEBIR AL . E2A T, T300 CXF FRFE S T8 FAN L 3 h, 315 -8 1040
A PEEM L, FRid N Ru-Fe/y-ALO;.

122 b3 [1,2-al8 Bk K A 48 A K 1615 mL i & AR INA 10% (BE /R 4380 FeCl, .
0.1 mmol & . 0.4 mmol N-F ZEMGMK | 0.1 mmol IEH 1a~1n F10.1 mmol 2, %, T 120 “CHidk v 24 h. ¢
FNEEHE , PR AN A B A AN — I BE A2 B, WA HUAH, DIJDKBREREN T8, LRk 4n15 5
FLah . S5 DASlA o elin] , 28k (A o B i b A5 Bk g I [ 1, 2-a |MEIR S AL 54 3a~3n.
123 4-F kg 301, 2-al B L AW AR 1015 mLi & PRIA S mg Ru-Fe/y-ALO, |
0.4 mmol = Z % . 0.1 mmol JIEY) 1a~1p F10.1 mmol £ %, T 140 “CHLFES N 6 h. e W m , A
G K N — SR e AR, SR AU, DUJCKBR RN T4, Sl vk Anfs ML . fe)m Agl
AT IR PRI, 2RI B SR 4y B A AS 2 4-F JEE R [ 1, 2-a |MENR AL 5 W) 4a~dp.

2 Z#REITE

21 MR

VIMCE W La AR A2 180 ) 3 B4 S IS, 25 PFIEAT 1O . B 5, W SO 2 R B AR 2R 7
fiti e, AR (FeCly) | 1, 1B AL 7Bk (DPPF) M ZBENFRER [ Fe (acac), |55, ZBLLIA L
K (FeCL)VE M REALTRIE, SN A fe (3R 1 H Entries 1~7). 8 X9 T 7L . 2450 N-H

Table 1 Optimization of reaction conditions*

Entry Catalyst Base Additive Temperature/°C Yield of compound 3(%)"  Yield of compound 4(%)"
1 FeCl, NMM S 120 67 —
2 DPPF NMM S 120 65 —
3 Fe(acac), NMM S 120 55 —
4 FeCl, NMM S 120 74 —
5 B(CFy), NMM S 120 n.d. —
6 CoCL,.6H,0 NMM S 120 n.d. —
7 AgOT! NMM S 120 n.d. —
8 FeCl, K,CO, S 120 48 —
9 FeCl, KO'Bu S 120 41 —

10 FeCl, NMM S 100 56 —
11 FeCl, NMM S 140 84 —
12¢ FeCl, NMM S 140 58 —
13 pd/C Eu,N — 140 — 61
14 Pd/ALO, Et,N — 140 — 35
15 Ru/C Et,N — 140 — 28
16 Ru-Fe/y-AlLO, Et,N — 140 — 82
17 Ru-Fe/y-AlLO, DABCO — 140 — 40
18 Ru-Fe/y-ALO, NMM — 140 — 30
19 Ru-Fe/y-ALO, KO'Bu — 140 — n.d.
20 Ru-Fe/y-AlLO, Et,N — 140 — 71
21 Ru-Fe/y-AlLO, Et,N — 120 — 80
22 Ru-Fe/y-AlLO, Et,N — 100 — 52
23¢ Ru-Fe/y-AlLO, Et;N — 140 — 40
B B /N\
N N
(j/wo2 + EBL L ]?ése, catalyst ©/N or ©/N
Additive temperature
1 2 3 4

a. Reaction conditions of compound 3: 0. 1 mmol compound 1a, 0. 1 mmol compound 2a, catalyst(10%, molar fraction) , base (0.4 mmol) ,
additive (0. 1 mmol) under air at 140 °C for 24 h; reaction conditions of compound 4: 0. 1 mmol compound 1a, 0. 1 mmol compound 2a, catalyst

(10%, molar fraction) , base(0. 4 mmol) under air at 120 °C for 6 h; b. isolated yields; c. catalyst(S% , molar fraction).
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FEnt bk (NMM) B, S8R e (3 19 Entries 8 f19). #£ Fib 554 T E— 2248 T fiixd I AR R 11752
Wi, SERGZERFI, AER R TP INGRRT, SO SCRAT R0 LR . BT IR SN A5, & BUAH AL
F 120 CHY Sz i, SR B (100 °C) 2 BB bRy Wiy ™ A — & B EE I N B, i o e I
(140 “C) I HAR=H i P 245 A3 55 (32 1 Entries 4, 10F111). AN, AL F R H 2 5307
Wi 7= R T R (R 1 Entry 12). JEF FaR k25 5, e 28 25 0™ 3 (e SO b 45 RN F
DLEAL AR, N-F RGN B, B ES NG, T 140 ‘CI2N 6 h.

ISP 1a JRASUR PRT A= 000 A 00 SO S5 AR EA T T e . B4, X S i AR & e AR ) A 7
ik, 4135 Pd/C, Pd/ALO,, Ru/C Fil Ru-Fe/y-ALO,, & ILLL Ru-Fely-ALONE M EALFINE, B 7= 2
(£ 1P Entries 13~16). 25 XHRHAT T L. 4600 = O (EGN) B, SOVRCR B (3 1 Entries
17~19). £ BIREM N5 T IR X RN 52, & BAREST 140 “CH e v B, IR IR 32
(120 C)F HAn ™0y 231 Jo Bl w284k, (HBIRIE B2 (100 °C) & P ECH AR i 7 SRR (K 1
Entries 21 F122). Ab, A5 & ARG 2 S EBO W 007 24 T T R (R 1 Entry 23). 36T IR0
PRSI, e 2 2 SO AE B W A BB L2 AN T« L Ru-Fe/y-ALO, AL, EGN B, #i 438
), F 120 “CJZJvj 24 h.

2.2 BIERRIE

JF G AL A Y 3a~3h, da~4j Ko da' IOPRIR | 773 I AU TS S80I 91 T 36 2, AL REILIR IR 1S E

("H NMR H1°C NMR)F1F3% 3, #ZmEIEARIE 15 E WA S S35 BB S1~S34.

Table 2 Appearances, yields, melting points(m. p.) and HRMS data of compounds 3a—3h, 4a—4j and 4a’

Compd. Appearance Yield(%) m. p./C HRMS, m/z[M+H ]*(calcd.)
3a Yellow solid 84 131—133 168.0760(168.0759)
3b Yellow solid 79 119—120 183.0917(183.0915)
3c Yellow solid 76 105—107 199.0866(199.0862)
3d Yellow solid 64 99—101 237.0634(237.0631)
3e Yellow solid 51 201—203 194.0713(194.0710)
3f Yellow solid 66 166—167 246.9865(246.9862)
3g Yellow solid 52 109—112 219.0917(219.0916)
3h Yellow solid 55 235—236 294.1157(294.1155)
4a Yellow solid 82 136—138 183.0917(183.0915)
4b Yellow solid 80 89—90 197.1073(197.1071)
4c Yellow solid 78 90—92 213.1022(213.1019)
4d Yellow solid 67 106—108 251.0791(251.0790)
4e White solid 50 232—234 208.0869(208.0865)
4f Yellow solid 65 167—168 261.0022(261.0020)
4i Yellow solid 51 125—126 247.1230(247.1229)
4j Yellow solid 40 156—159 267.0684(267.0683)
4a’ Red solid 56 128—129 313.1579(313.1580)

Table 3 'H NMR and “C NMR data of compounds 4a’, 3a—3h and 4a—d4j"

Compd. 'H NMR (400 MHz) , & C NMR(100 MHz), &

4a’ 8.10(d, J=15.8 Hz, 1H), 8.02(dd, J=6.1, 3.4 Hz, 1H), 7.92(d, J=2.9 151.18, 150.44, 137.66, 136.02, 129.35, 129.15,
Hz, 1H), 7.80(dd, J=6.2, 3.4 Hz, 1H), 7.61(d, J=8.3 Hz, 2H), 7.42 127.06, 126.50, 126.07, 12537, 124.43, 117.69,
(dd, J=6.3, 3.4 Hz, 2H), 7.31(d, J= 15.8 Hz, 1H), 7.12(d, J=4.1 Hz, 114.61, 113.76, 113.66, 112.13, 106.33, 40.33
1H), 6.89(t, J=3.5 Hz, 1H), 6.73(d, J=8.4 Hz, 2H), 3.02(s, 6H)

3a 8.82(s, 1H), 7.98(dd, J=8.1, 1.5 Hz, 1H), 7.93—7.89(m, 1H), 14572, 135.69, 130.02, 127.83, 126.43, 125.20,
7.84 (dd, J=8.1, 1.4 Hz, 1H), 7.63—7.41 (m, 2H) , 6.90 (dd, 114.30, 114.09, 113.82, 110.13, 107.47
J=10.0, 3.4 Hz, 2H)

3b 8.80(s, 1H), 8.33(d, J=2.9 Hz, 1H), 7.84(ddd, J=18.8, 7.6, 2.2 145.54, 137.27, 131.27, 12830, 127.19, 124.76,
Hz, 1H), 7.36—7.27(m, 2H), 6.97—6.83(m, 3H), 2.97(s, 4H) 120.52, 113.81, 109.10, 107.25, 24.04
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Continued
Compd. "H NMR (400 MHz), & 3C NMR (100 MHz), &
3c 8.82(s, 1H), 8.78—8.73(m, 1H), 7.61(dd, J=8.1, 1.3 Hz, 1H), 150.00, 146.09, 138.07, 127.03, 124.45, 122.14,

7.39(t, J=8.1 Hz, 1H), 7.11—7.05(m, 1H), 6.96(dd, J=4.1, 1.4
Hz, 1H), 6.87(dd, J=4.0, 2.7 Hz, 1H), 4.10(s, 3H)

121.93, 119.43, 113.08, 109.18, 106.93, 56.23

3d  8.88(s, 1H), 8.27(s, 1H), 8.01—7.92(m, 2H), 7.78(s, 1H), 6.99 147.10, 135.50, 130.17, 127.67 (q, J=5.0 Hz) ,
(dd, J=8.7, 3.5 Hz, 2H) 127.27, 126.58, 125.34(d, J=272.7 Hz), 124.33(q, J=
3.7Hz), 115.14, 114.65, 108.72
3¢ 891(s, 1H), 8.30(d, J=1.9 Hz, 1H), 8.03—7.95(m, 2H), 7.84— 147.56, 135.82, 134.75, 130.54, 126.51, 118.41,
7.72(m, 1H), 7.03(dt, J=6.8, 3.8 Hz, 2H) 115.63, 115.33, 115.12, 109.16, 108.70
3f  9.01(s, 1H), 8.08—7.99 (m, 2H), 7.72—7.58 (m, 2H), 7.50(q, 166.4, 161.5, 157.6, 138.0, 137.8, 136.6, 135.4, 135.3,
J=7.5Hz, 2H), 7.22(s, 1H) 134.4, 131.5, 130.5, 129.0, 126.7, 125.8, 125.6, 124.8,
121.7, 121.2, 52.7147.99, 130.45, 128.84, 124.55,
124.25, 122.98, 122.80, 114.97, 114.69, 101.06
3¢ 9.01(s, 1H), 8.08—7.99 (m, 2H), 7.72—7.58 (m, 2H), 7.50(q, 147.99, 130.45, 128.84, 124.55, 124.25, 122.98,
J=15Hz, 2H), 7.22(s, 1H) 122.80, 114.97, 114.69, 101.06
3h  9.10(s, 1H), 8.57—8.53(m, 2H), 8.15(d, J=8.2 Hz, 1H), 8.04(d, 147.29, 136.48, 132.57, 132.38, 130.94, 130.37,
J=19 Hz, 1H), 7.78—7.59(m, 7H), 7.51(dt, J=16.2, 8.1 Hz, 4H)  130.17, 129.18, 128.86, 128.06, 127.57, 126.28,
125.04, 124.33, 123.06, 121.65, 115.87, 115.05,
114.68, 111.47
4a  7.97—7.89(m, 2H), 7.84(d, J=7.9 Hz, 1H), 7.54—7.41(m, 2H), 153.54, 13591, 129.25, 127.29, 12691, 126.27,
6.94—6.85(m, 2H), 2.77(s, 3H) 125.11, 114.22, 113.65, 113.49, 106.51, 22.01
4h  8.30(d, J=2.7 Hz, 1H), 7.83(d, J=7.9 Hz, 1H), 7.32(dt, J=15.7, 153.21, 137.51, 130.46, 127.71, 127.59, 127.50,
7.6 Hz, 2H), 6.94(d, J=3.8 Hz, 1H), 6.88—6.84(m, 1H), 2.95(s, 125.34, 124.54, 119.92, 112.79, 105.96, 23.92, 21.93
3H), 2.75(s, 3H)
4c  8.79(dd, J=2.9, 1.4 Hz, 1H), 7.64—7.57(m, 1H), 7.41(t, /=8.2 153.92, 149.82, 138.16, 126.75, 124.31, 122.06,
Hz, 1H), 7.05(d, J=8.1 Hz, 1H), 6.95(dd, J=4.1, 1.4 Hz, 1H), 121.31, 118.68, 112.45, 108.52, 105.92, 56.19, 22.01
6.86—6.80(m, 1H), 4.10(s, 3H), 2.76(s, 3H)
4d  8.22(s, 1H), 7.99—7.89(m, 2H), 7.73(dd, J=8.5, 2.1 Hz, 1H), 155.29, 135.64, 129.42, 127.21(q, J=5.2 Hz), 126.88(d,
7.02—6.92(m, 2H), 2.79(s, 3H) J=272.5 Hz) , 126.39, 123.38 (¢, J=3.4 Hz), 122.68,
114.97, 114.51, 114.35, 107.66, 22.09
4e  8.22(s, 1H), 7.97(d, J=2.8 Hz, 1H), 7.92(d, J=8.5 Hz, 1H), 7.74 15591, 13595, 133.87, 130.34, 129.71, 126.37,
(dd, J=8.3, 1.9 Hz, 1H), 7.04—6.95(m, 2H), 2.79(s, 3H) 118.61, 115.28, 115.09, 114.89, 108.49, 108.24, 22.12
4f 7.96—7.86(m, 1H), 7.82(dd, J=9.0, 5.1 Hz, 1H), 7.64(ddd, J= 159.80(d, J=241.8 Hz), 154.9, 137.1(d, J=11.3 Hz),
23.1, 9.5, 2.8 Hz, 1H), 7.31—7.20(m, 1H), 6.99—6.86(m, 2H), 126.0, 123.9, 114.7(d, J=4.6 Hz), 114.6, 114.5, 114.4,
2.76(s, 3H) 113.6, 106.9, 22.0
4i 8.34(dd, Jj=8.4, 3.4 Hz, 2H), 7.88(dd, J=11.2, 7.9 Hz, 2H), 7.53 155.99, 135.25, 131.76, 130.51, 129.91, 128.97,
(q, J=9.5, 8.8 Hz, 2H), 7.45(t, J=7.5 Hz, 1H), 7.36(t, J=7.6 Hz, 127.72, 126.61, 124.61, 123.73, 121.93, 120.56,
1H), 2.91(s, 2H), 2.77(s, 2H) 114.41, 114.37, 110.01, 25.65, 11.27
4 8.32(d, J=2.1 Hz, 1H), 8.29(d, J=8.6 Hz, 1H), 7.95(d, J=8.0 Hz, 155.35, 134.28, 133.08, 132.75, 130.63, 130.37,
1H), 7.84(d, J=8.5 Hz, 1H), 7.58(t, J=7.8 Hz, 1H), 7.46(t, J=7.5 129.34, 129.06, 124.70, 124.19, 122.99, 122.82,

Hz, 1H), 7.36(dd, J=8.5, 2.1 Hz, 1H), 7.10(s, 1H), 2.76(s, 3H)

114.67, 114.29, 100.70, 22.35

* Characterization using deuterated chloroform as solvent for 'H NMR and *C NMR.

2.3 R¥IRRE

TEW 2 AR AAF IR, XS A A R B AR T T E 5 42

ZEREW], e RAURY)

BB B LTIl R Bk T R AT RE LA R AL )7 245 5] H AR 1) 3 8K 4(Scheme 2). F4E,
TERIR EGIA—Me Fl—O0Me Z 245 L T-VE RO LESERE AT, BE LA K45 1) 3R 45 A ™ 4 3b~3c Sz 4b~
de. BHJT, FBHE T OB LT RE A AT 324, 51 A—Br, —CF,HI—CN I S0 B RE L 45 107 4415 2]
HFR7 1) 3d~3) Iz 4d~4j. TEMCEERN b, G R 1 —Sen5| W iE A LAPR ST 0S| DR PR BE SIS 0] SO R 520 , 34
RE LR S A7 A R AR N, R B SIMR R A SN R 28 vh SR B A7 BRI I . 4 1ok, 4R
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FE T AR RIS SN ISR (Scheme 3). @i 5280 & B, AW RIBER BT Al i R 22 R AE R,
RN . = T R RO TR 2, S5-I RE S B ) 1a R RAFHY ROV,
BRIV DIASH IS R KOS R PIEL BE A5 21 85% 1™ .

/
Q. O Oy [1? QN \ C}j?
©/ \©/ Mg()\©/
? @ @ o
3a(84%) 3b(79%) 3¢(76%) 3d(64%) 3e(51%) 3(66%) 39(52%) 3h(55%)

o B - @@@%%

4a(82%) 4b(80%) 40(78%) 4d(67%) 4e(50%) 4£(65%) 4i(51%) 4§(40%)

Scheme 2 Substrate scope of 2-nitroaromatic amines

OH O

oH OH OH HO
HO” o~ HO" "o “()\)\C/ou OH

2a 2b 2 2 34
Yield of compound 3a: 84% 68% 62% 55%
Yield of compound 4a: 82% 62% 52% 65%

OH O
A"/ OH YJ\ /O\/(U)\ \/O\n/o\
OEt OH
HO OH ol
O OH

2¢ 2f 2¢g 2h
Yield of compound 3a: 60% 51% 30% 65%
Yield of compound 4a: 65% 40% 51% 50%

ol HO, HHO, H

HO OH HO R 4
OH OH H OHH OH

2i 2j 2k
Yield of compound 3a: N.D. 40% 51%
Yield of compound 4a: 85% 92% N.D.

Scheme 3 Substrate scope of alcohols

24 RBIHERRE

AT AEBEAR ) 3a iy SO AL . w5, LG 1a  OBRY) , FEAINBRAIXT BARIE T, oK
ARTCT Y 1a’ , TN AR R i o 5 AE F [Scheme 4(A) 1. #2545, XF 0 A A SEAT T R8T
[Scheme 4(B) |, i3 SBERR AN AT RMA . 25 BRR, $205 17 LU ROW LI : 2 —FEE R Cl /}?1_
W EEAN QIR , i E s &R, Wil SRS b Y a ko b5 Y 1a’, 54
FeCL/S fEALMEN R 15 rh A A S B 283 B RO I « 707 INERAL L dRa K . i — SRS A, ek
1380774 3a(Scheme 5). SLHGIAFRTY T A H AR da B9 ROV LR, & BUAEAS N B TC 45 2177 9
da; 10 S R4 £ — B, RIS SR A A5 W 1a B, 3SR BE LA 81% 1Y 7™ 26453 2] HAR ™ ¥) 4a
[ Scheme 4(D)] g4 PR BRI AT B SE SN P £ E C—C BT S A B T S (Al (R
AR S-S A I B 2., WA BRI S36) , #EITARAE T JR2emI . 25 E TR IF45 43
BRI SE SR, B T LU BOMHLIE . oS, £ REVEy C2 UM A Ay S, RIS 4
SRR, TEREREY, EY 1la b stk 6 1a’, bS5 CIE4RG I8 O b alA, 285
S FNEME . FiG . BOKSE R, A P RS BB P 4a(Scheme 5).
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(A) Investigation of the Hydrogen Source
FeCly(10%, molar fraction)
B NMM(0 4 mmol) 3 4\ Ru-Fe/y-ALO; /N

© N N 0 . "

b 120°C, 24 h (10%, molar fraction), N i

NO, — — NH NO Et:N(0.4 1 N

: FeClx(10%, molar fraction) : ? N o mmoh)
S(0.1 mmol) 140°C,6h

1a(0.1 mmol) 1a’'(N.D.) 1a(0.1 mmol) 4a(N.D.)

(B) Radical trapping experiments and intermediates investigation

FeCly(10%, Ru-Fe/y-AlOs
@ mofar fgaction), ﬂ\ ﬂ u-ter) ﬂ\

(10%, molar fraction), o
SO.1mmol) N Y N 0 Et:N(0.4 mmol) Yo
+ OH ——— 7 5 g 3 :
NO: * HO™™" "NMM(0.4 mmol), i Ny + A T ah N
120°C, 24 h :
Acetaldehyde
lgf0ilmmol) a0 mmel) 3a84%)  1a0.1mmol) (0.1 mmol) 4a(81%)

Differences from the above reaction:
(1) Add 0.4 mmol TEMPO, 66% yield of compound 3a; (2) add 0.4 mmol BHT, 67% yield of compound 3a; (3) compound 1a’ instead

of compound 1a, 76% yield of compound 3a; (4) compound 1a’ instead of compound 1a and compound 2¢ of compound 2a, 82% yield
of compound 3a; (5) compound 5Se instead of compound 2a, 77% yield compound 3a.

Scheme 4 Control experiments

HO._Ao. HO_RQ Q ?
S S O O o N
24 H_ ° FeCl, [11 - s W Air N

FeCl/S ~ _FeCl/S -H,0, -CO,

U\ H U\

N ./ N _ I 1l 3a
NO, ©/NH2
) /\ I/ \ I/ \
" §)
©/ [RuFe]  [RuFe] Ru-Fe/y-ALO; L { O\'

)

, Nl Y e Y Y
1a y— 1 L a8
HO\,/\OH Oy~ —

2a ‘

Scheme 5 Proposed reaction mechanism
25 TEUEERNA
N T 2D EE RN Y XPIZSONAR R AT T O S AR DS e iy . BT e L S v 2
P, B S 1a PR R 105 B S, 85045 H HAR ™) 3a L da (1877 550504 77% F175%
[Scheme 6(A) |. XU H1iZAA R AT TR LA ™ . FERTAAL T, HAR™ 1) 2a REAS 5 X — H1 2 50K

PR — 20 e FE AR SO, L 56% )™ FARAG O+ 2a” [ Scheme 6(B) . X AR AR AL i 0 fEL
FOCMOTRE TR Al A riE %

(A) Scale-up reaction

BN 0 @
N FeCly(0.1 mmol), $(0.1 mmol) N HO. O Ru-Fe/y-AL,05(0.1 mmol) H F/
©/N @NOZ + ~""on

N
NMM(0.4 mmol), 120 °C, 24 h Et:N(0.4 mmol), 140 °C, 6 h ©/

4a(75%)

3a(77%) 1a(0.1 mmol) 2a(1 mmol)

(B) Synthesis of novel fluorescent molecules via compound 4a |

N
<Nj\r|‘/ 3 /I!I Ac,0(2 mL) <1_\13\" .

4a(0.1 mmol) (0.1 mmol) 4a'(56%)

Scheme 6 Further transformation of this developed protocol
3 &5 8
T U RS SRR AR W BT LR Y 2200l B AU A I E R N-ZME B, JHR T EE RS
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