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Abstract Oxidative cracking reaction of alkenes is applied not only in the synthesis of carbonyl compounds, but also in bio-
mass conversion and degradation of organic pollutants. It is an organic chemical reaction with potential industrial application
value. Developing a suitable catalyst to promote the reaction using molecular oxygen as a cheap and safe oxidant under mild
conditions is a meaningful research topic in the interdisciplinary field of organic chemistry and material chemistry. In this
work, Se/Fe/PCN catalyst was designed and prepared. The experimental results showed that the material was of excellent cat-
alytic activity for the oxidative cracking of styrene derivatives. Notably, the selectivity of the reaction is good, and the selectiv-
ity of aldehydes in the product could reach 70%~90%. The catalyst was magnetically separable, and could be reused for the

next turn of reaction.
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Figure 1 XPS spectra of Se/Fe/PCN
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Figure 2 FT-IR spectrum and SEM photograph of Se/Fe/PCN
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Table 1 Reaction condition screening for the Se/Fe/PCN cata-
lyzed cracking of alkene

A Se/Fe/PCN CHO
©/\ 0,, 80 °C, solvent, t ©/
1a 2a
Entry Solvent t/hh  Conversion®/% Selectn;;yc/% of
1 EtOAc 5 21 100
2 EtOAc 10 32 99
3 EtOAc 15 61 91
4  EtOAc 20 78 88
5  EtOAc 25 83 85
6  EtOAc 30 85 82
7 DMF 25 30 74
8 MeCN 25 55 65
9 DCM 25 28 70
10 1,4-Dioxane 25 24 78
11 Acetone 25 45 70

410 mmol of 1a and 100 mg of Se/Fe/PCN in 2 mL of solvent were heated in a
100 mL sealed reaction tube charged with O,; ® Conversion ratio of styrene
determined by GC; ¢ Selectivity of 2a determined by GC.

BRI, KOG EAR AT R 55%, (H2R Rk HE
PEN3E— 35 B (R 1, Entry 8). iRy — & H ke L
MBI 1,4- " ONHERATT OV BT, AT
{F 157K L IG B AL R IRME(ER 1, Entries 9, 10). N EH[FFE
WA EE WA 1, Entry 11). Kk, %M b
BHINCA R BR(ER 1, Entry 5). B 7 ReEa: R m 1)
R AL M = e 51, LR LBRIE R XK
U 7.
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Figure 3 XRD comparison before and after the reusable and
use of the catalyst
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MZFER, ZME RIS EN 19.0%, TEEEN 13.1%.
R, FE T PRl P s R 5, R 2 PR RN
(AL 77 AL L (TON)ZE 18~36 mol/mol 2 [a], T4k
A (TOF)E 0.72~1.44 h™ ' 2 |A].

2 NEWHRE

Table 2 Extension of the reaction substrates

R:\ Os, Eze/i?;c"g 25h  RCHO
Entry R or substrate Conv.’/%  Selectivity /%
1 CeHs 83 2a: 85
2 4-FCe¢Ha 90 2b: 88
3 2-ClCeH4 60 2¢: 70
4 3-CIC¢Ha 79 2d: 80
5  4-ClCeH4 87 2e: 89
6  4-BrCeHs 83 2f: 87
7 4-CF3CeHa4 94 2g: 90
8  4-MeCgHa 90 2h: 85
9  3-MeCeHa4 80 2i: 84
10 2-CioHy 63 2j:75
11 - J\Ph 70 2k: 78
12 81 21: 85
Cl Cl
13 XN 72 2m: 76
14 pprXxMe 79 2a: 88
15 ppXxPh 72 2a: 90

410 mmol of 1 and 100 mg of Se/Fe/PCN in 2 mL of EtOAc were heated in a
100 mL sealed reaction tube charged with O,; ” Conversion determined by GC,
¢Selectivity of 2 determined by GC.

NTHFFZ RN, Bt T — R AN HLsEIe (R
3). FEERHRBL, KON HRBRGER 3, Entry 1),
MERSH, WRMNAZRAGR 3, Entry 2). XA T
e/ R A R R — R, HAR DB, 5L
B4k R, HSR Se/PCN 1 Fe/PCN # B A — & AL
T, (HR AR IRAR (R 3, Entries 3, 4). Bb4h, ff
F Fe/Se ML, AGER BIHE IS5 R (R 3, Entry
5). RSz R, 75 Se/Fe/PCN EALFIH, 5
& JE U R IIA EAERRY, DL PCN i &
FO 4 8 LA VR 22, & iz i e L A e v A v
(DB, 1K 2 T SR LR TR A AH 5% SR A4 L BT I8 AN 31 1 3L
B HBEEARF 2,2,6,6-VU F H IR e & E ALY (TEM-
PO) R 2 1y ] B 2 A ) S B, T PR 2 5 R A
BT S (AIBN) U AT B 5t A 1 s B2, AT ESE 1
ZR N E IR T (R 3, Entries 6, 7, 8)123).

1852 http://sioc-journal.cn/

R3O
Table 3 Control experiments

X Cat., oxidant CHO
Additive, EtOAc, 80 °C, 25 h

1a 2a
. .. Conv.¢/ Selectivity?/
Entry Oxidant Cat. Additive? ) s
1 Air Se/Fe/PCN None 15 67
o NOMC g Re/PCN None 0 0
(in N2)
3 O Se/PCN  None 13 77
4 O Fe/PCN  None 37 85
5 O Se/Fe None 9 65
6 O Se/Fe/PCN TEMPO (100%) 0 0
Hydroquinone
7 O Se/Fe/PCN 0 0
? N 100%)

8§ O Se/Fe/PCN AIBN (100%) 97 90

© 2022 Chinese Chemical Society & SIOC, CAS

%10 mmol of 1a, 100 mg of catalyst and 2 mL of EtOAc were employed;
> Molar ratio of the additive vs. 1a inside the parentheses; ¢ Conversion deter-
mined by GC, “Selectivity 2a determined by GC.
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Scheme 1 Possible reaction mechanisms

Chin. J. Org. Chem. 2022, 42, 1849~1855



Chinese Journal of Organic Chemistry

¥ S0 45 -5 SCHR 70 #T, Scheme 1 AIT45 1 S SATL B %
NEEL.

2 ZLig

BB BRI BRI . Bk S =R, AL
J7{E b % Se/Fe/PCN. &A1k 0] LA T b Id b
ZURIN. 5 ORIEN Se@Fe0s MEALFIM L4, &4
AL R, T DL B BRI A 43 7 SR b SR 0
C=C BWi, Fr=mEb &y, 1EN—MuEMEL, %
AT LU (s ECE R, BEREMEH 5 )G, H
AL PERE AT B B85, A TAE NS IRFAL S &
BRSNS F PR, St T — B i 7.

3 SEEEs
31 X5

PRI U WRS-2A HLF-J5 S e, 2040 K
it Antaris I & BIH-AR 20 SR AT OGN 5 ; ARG L IR 1S
P {8 FH Bruker Avance 400 A% G 4RI &, A3 H /TR
SR, A7) 5 3 7 BB DR AL S 7 Ak T
SE. ARy ROk ¥ A pr e, e Ak S i A EEAMIG
T 98%, T AT fd F AT & S e dr i, I B B HEAE A T
AMEFRFRRALEE.

3.2 fE{LF| Se/Fe/PCN A HE

FREL 1.6 g WA 1.2 g BRAR AN 2.0 ¢ = T ALAET
b, WAWSEME. 25BN E b,
FHEAELAES, M 20 CLL 5 C/min JHEZE 500 C,
fRiR 3 h, AAIEER, BB K, 433 Se/Fe/PCN.
PAIEIRE (1) J7 92 7] 1] % Se/PCN. Fe/PCN. Se/Fe 1%t
S5
3.3 Se/Fe/PCN L iFIE C=C BEHHBERSE

JERREL 0.1 g MEALFN BN DR A, 25X
EAE, HMEMmESFERANAE. AR T,
¥ 1.15 mL (10 mmol) & 4 2 mL LR L BgHEN 4%
IO B DB, % 2 s a b, RFFIERE A
80 C. fRIM4E )G, BHIE =, FRA0R 5l E
fEALTR, T K s 7Y MU A 7 A% . e B 3R 3 ek A £ 1
(GO & AR FERE . PPl A E N 8.
BRI S N3 AP i AT
3.4 FYIRIEHIE

7 i (22)28: LA, '"H NMR (400 MHz,
CDCL) d: 9.99 (s, 1H), 7.89~7.79 (m, 2H), 7.64~7.55
(m, 1H), 7.53~7.44 (m, 2H); '*C NMR (101 MHz,
CDCL) 6: 192.9, 136.9, 135.0, 130.3, 129.6; IR (film) v:
3085, 3062, 1827, 1167, 703, 689, 668, 650 cm !
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XA HEE(2b)28): Toifk. 'TH NMR (400 MHz,
CDCls) d: 9.91 (s, 1H), 7.89~7.77 (m, 2H), 7.18~7.08
(m, 2H); 3C NMR (101 MHz, CDCl3) d: 190.0, 166.5 (d,
Jer=256.5 Hz), 133.0 (d, Jer=2.7 Hz), 132.2 (d, Jer=
9.8 Hz), 116.3 (d, Jcr=22.3 Hz); 'F NMR (377 MHz,
CDCls) §: —102.54; IR (film) v: 3112, 3076, 1694, 1370,
1036, 640, 625 cm ',

2- SR HE (20)28: YR B AR, '"H NMR (400
MHz, CDCls) d: 10.46 (d, J=0.7 Hz, 1H), 7.93~7.86 (m,
1H), 7.56~7.47 (m, 1H), 7.47~7.41 (m, 1H), 7.40~7.33
(m, 1H); *C NMR (101 MHz, CDCls) J: 189.8, 137.9,
135.1, 133.3, 130.6, 129.4, 127.3; IR (film) v: 3076, 2868,
1649, 1539, 1292, 1036, 654, 497 cm .

3-FUORHEEQA)PY: TLEME. 'TH NMR (400 MHz,
CDCls) d: 9.95 (s, 1H), 7.80 (dt, J=7.1, 1.5 Hz, 1H),
7.78~7.70 (m, 1H), 7.60~7.53 (m, 1H), 7.49~7.43 (m,
1H); 3C NMR (101 MHz, CDCl;) 6: 191.0, 137.9, 135.5,
134.5, 130.5, 129.3, 128.2; IR (film) v: 3099, 3077, 1697,
1488, 1103, 751, 667, 546 cm ™ .

4-F K (2e)28): A@E K, mp. 46.1~47.2 C
(lit.2%2) 46~47 C); '"H NMR (400 MHz, CDCls) : 9.96
(s, 1H), 7.86~7.73 (m, 2H), 7.54~7.42 (m, 2H). '3C
NMR (101 MHz, CDCl3) d: 190.6, 140.7, 134.5, 130.6,
129.2; IR (film) v: 3112, 2924, 1737, 1679, 1296, 837, 697,
483 cm .

A4-JR R 2ORS: Tt E A, mp. 60.8~63.0 C
(1it.2*") 60~64 ‘C); '"H NMR (400 MHz, CDCls) 6: 10.00
(s, 1H), 7.80~7.74 (m, 2H), 7.73~7.68 (m, 2H); '3C
NMR (101 MHz, CDCl3) d: 191.9, 135.9, 133.3, 131.8,
130.6; IR (film) v: 2926, 2866, 1665, 1283, 1057, 834, 821

-1

Hof = g LR R (2g)28): RS (A, '"H NMR
(400 MHz, CDCls) : 10.08 (s, 1H), 7.99 (dd, J=8.6, 0.7
Hz, 2H), 7.88~7.73 (m, 2H); 3C NMR (101 MHz,
CDCls) d: 191.6, 139.2, 136.1 (q, Jer=32.7 Hz), 130.4,
126.0 (q, Jer=3.7 Hz). 120.7 (d, Jcr=272.8 Hz); "F
NMR (377 MHz, CDCls) 6: —63.3527; IR (film) v: 2966,
2873, 1654, 1322, 670, 610, 536 cm .

4-FHJE IR H i (2028 R f&. "TH NMR (400
MHz, CDCls) 6: 9.96 (s, 1H), 7.82~7.71 (m, 2H), 7.32 (d,
J=8.0 Hz, 2H), 2.43 (s, 3H); 3C NMR (101 MHz, CDCl;)
5: 191.8, 145.4, 134.1, 129.7, 129.6, 21.7; IR (film) v:
3376, 2963, 2827, 1704, 1689, 1325, 769, 600, 481 cm .

3-FF O 2K A (20)2%): iR, 'TH NMR (400
MHz, CDCl3) 6: 9.98 (s, 1H), 7.70~7.68 (m, 1H), 7.67 (d,

cm

http://sioc-journal.cn/ 1853
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J=1.8 Hz, 1H), 7.43 (t, J=1.7 Hz, 1H), 7.43~7.38 (m,
1H), 2.43 (s, 3H); 3C NMR (101 MHz, CDCls) §: 192.6,
138.9, 136.5, 135.3, 130.0, 128.9, 127.2, 21.2; IR (film) v:
2923, 2822, 1606, 1588, 1086, 783, 686 cm .

2-Z5 W (2P [ BB 4K, mp. 59.8~62.5 C
(lit.* 61~63 °C); '"H NMR (400 MHz, CDCls) 6: 10.19
(s, 1H), 8.36 (s, 1H), 8.08~7.87 (m, 4H), 7.64 (dd, J=6.9,
1.3 Hz, 2H); 3C NMR (101 MHz, CDCl3) 6: 192.5, 136.7,
134.8, 134.3, 132.9, 129.7, 129.3, 128.3, 127.3, 123.0; IR
(film) v: 2955, 2924, 2738, 1655, 1577, 1440, 1008, 872,
626 cm™ .

TR 2K [ E AR, mp. 47.3~512 C
(1it.2%1 47.3~51.5 “C); '"H NMR (400 MHz, CDCl;) o:
7.847.77 (m, 4H), 7.63~7.56 (m, 2H), 7.52~7.44 (m,
4H); *C NMR (101 MHz, CDCls) §: 196.9, 137.7, 132.5,
130.2, 128.4; IR (film) v: 3053, 1807, 1650, 1591, 1445,
1316, 1151, 762, 700, 633 cm ™.

TN EZEI) FE 2D [ EE A, mp. 143.0~
145.0 C (lit. 144.4~146.5 C); '"H NMR (400 MHz,
CDCly) 6: 7.74 (d, J=8.5 Hz, 4H), 7.48 (d, J=8.5 Hz,
4H); *C NMR (101 MHz, CDCls) §: 194.1, 139.0, 135.4,
131.1, 128.6; IR (film) v: 3731, 1921, 1481, 1278, 1086,
964, 753, 626,495 cm !,

F I @@m)2: JE A k. 'TH NMR (400 MHz,
CDCl3) 6: 9.75 (t, J=1.9 Hz, 1H), 2.41 (td, J=7.4, 1.9 Hz,
2H), 1.76~1.53 (m, 2H), 1.45~1.15 (m, 8H), 0.88 (dd,
J=8.8, 49 Hz, 3H); C NMR (101 MHz, CDCl;) o
203.0, 44.1, 31.8, 29.3, 29.2, 22.7, 22.3, 14.2; IR (film) v:
2958, 2879, 1468, 1377, 1065, 966, 894, 725 cm ™!,

44 Bh#4 %} (Supporting Information)  fi 1455 i 77 [A1 Ui
ERL A 2a~2m RS K. X bR a] DL 2 A
FI 3k (http://sioc-journal.cn/)_E %K.
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