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Abstract As an important intermediate in pharmaceutical synthesis, 5,6-epoxy-f-ionone has unique industrial application
value. Recently, an iron-doped Se/C catalyst has been designed and prepared by calcining a mixture of methylselenized glu-
cose with FeCls. The material could activate the molecular oxygen to achieve the selective epoxidation of f-ionone affording
5,6-epoxy-f-ionone. The catalyst is stable and recyclable, and the catalytic reaction process did not require any additive, so that
the production cost could be obviously reduced. This cheap and safe catalytic oxidation technology using molecular oxygen as

oxidant is of good industrial application values.

Keywords 5,6-epoxy-f-ionone; f-ionone; selenium; molecular oxygen; green catalysis
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TER AR AEALPERE DL 7 HL T [R5 A RO AL 751,
FEMMERE . LA TR NRH, o BN NI
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%, BONBEATE T ORIIBE T H A5,
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IF BLAE 259 rhons il 5 B AR Sz 4k v T 2 i R
TPk Se/C MR IR T p-58% WA AL, fiE
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HARRFEE = ARH DN AR &, WS
JRATREG W R I AR B AL T . R BRIB 2 I 2RS4
FEALTR AR, AT 25 4R v AR O (R A A PR R BRI,
BATVABL, K Al A 78 2 Bl 5 AL BRIE R Boke, mTHlAS
BRAB 200/ Bi b RL(Se/C-Fe). A BT DUTEAL 23 T4, 58
Bl - P ARSI AL, B 5,6- A -4- R
. SRR, To i as A AN, AR AR T
AT TR SR T

1 &HR510R

Se/C-Fe M BIHIH %t F240 Scheme 1 fias. B4,
Ay S5 B YR A0 86 P A it s B mT DAAR 77 {6 o) 5
PRI AR, B S, DO & BE4k 8L R M. T G
FEAL B BA B sE SR R, A B AT T 3k U %)

il ) > 24 P o7 AN T 15 1) PR o 6 HREC). g PP A
EIRES FACBRIR & 2 S e AR S Bbe, e kAR
WE I 121 2 J 43 B BR A5 2% /944 B (Se/C-Fe).

0,
Se + CHsMgBr —2-C» CH,SeMgBr JUC0S§,

(0]
HO \ Et,O

glucose

H HO

OH
HO OH FeCl;
B — -
HO o) T SeCHj 500 °G Se/C-Fe

H
BR 1 Se/C-Fe MRIHIE K

Scheme 1 Synthesis of Se/C-Fe materials

TSR XS ] £ 1) Se/C-Fe M RHEAT T — R I RAE,
DABF T A R S5, MR BB (B 1) g3,
Se/C-Fe #HEI IR RIEFLE R, i35 5] IR AE Z A
BEE, A ST B ee i B A g A R S .
S U R R R R AN AE D BB A AR, BT DAY
FIBTZA L RN UG E TERPIRASAEAE (B 1b). A
S R SR EA I A%, SRS R A
X Fe,03 [ (012) 4 THI AT FeO [1(002) #4 T, W5 %
I AR A% BE RS 23 8 0.36 (] 1e)F1 0.26 nm (& 1d).1)
Ik L7 B et FE H LA I TE S M RE S &
A VI BDIRASAAAE. HAh, AeE B X 4ok K+
EOREME AR R A . A B S (B
le). Se/C-Fe HI¥y R X SHEATH B RIR, &AMk sk
AAEAERN AR, Rz ARl A (R DL S S T A7 A
(A 19).

20 60
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Bl 1 (a) Se/C-Fe (A4 H1455 K, (b) Se/C-Fe HIi%E 4 LA E; (c-d) Se/C-Fe [HmifiiE ST HuEE B, (e) Se/C-Fe MR B OB X S 4201

Kl; (f) Se/C-Fe 1) X SFEAT5T &l

Figure 1 (a) SEM image of Se/C-Fe; (b) TEM image of Se/C-Fe; (c-d) HR-TEM image of Se/C-Fe (e) EDX spectrum of Se/C-Fe; (f)

XRD image of Se/C-Fe
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Z Sl T HSHIEFE AN Fe?'. B AR — AN AL
R RE, Horr, BRI SRR, M A SR .
MBI T -5 %0 2 W i PR SR A S . 7R
1,4- SN NI, Se/C-Fe M RFR B H KU AL
PERE, LEES HERP=Y) 2 BIr=2iL 3] 52%((3R 1, Entry 1).
N TR EAM R R RSB EEERH, RIS
Se/C-Fe MHELEER FeCls AL M. 45 H KW, Se/
C-Fe AL B 41 (3 1, Entries 1 vs. 2). 28U, FeCl,
5 Fe,O5 AT DAHEAIZ S B, H =477 28 B B BRI (3R 1,
Entries 3, 4 vs. 1). fili 5 &)@ 0 % BHEAFE A B I RCAAE
FHUOL AT AT LA 5 T AR AL PR RE, AT &
T B S T RIS E. B ROk, AT SOV
F kAT T RE— D0k, R N,N-H
(DMF)F ZJE(MeCNWEH FIRT, 72283578 50%, BEAKT
1,4-FHNAEH TN B 7% (3R 1, Entries 1 vs. 5, 6).

B2 () MR- 505 5 A (b~ ) o 3R 2 Al R
Figure 2 (a) HAADF-STEM image, and (b~f) element mapping
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Figure 3 XPS of Se and Fe in Se/C-Fe
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R 1 Se/C-Fe AL p-45 %" 22 P E A S RL IR S5 A i @
Table 1 Screening of Se/C-Fe-catalyzed f-ionone epoxidation
reaction conditions

O o}
éi\/u\ + Oxidant _»Catalyst ﬁﬁio\/u\
T, t
1 2
Entry Solvent Cat. Oxidant 7/C t/h Yield®/%

1 1,4-Dioxane Se/C-Fe O2 80 24 52
2 1,4-Dioxane FeCl3 O2 80 24 46
3 1,4-Dioxane FeCl O2 80 24 12
4 1,4-Dioxane Fe203 O2 80 24 17
5 DMF Se/C-Fe (6} 80 24 50
6 MeCN Se/C-Fe (6] 80 24 50
7 EtOAc Se/C-Fe 02 80 24 45
8 EtOH Se/C-Fe (6} 80 24 21
9 THF Se/C-Fe (0] 80 24 18
10 1,4-Dioxane Se/C-Fe Air 80 24 19
11 1,4-Dioxane Se/C-Fe  H202. 80 24 23
12 1,4-Dioxane Se/C-Fe O2 60 24 10
13 1,4-Dioxane Se/C-Fe (6} 100 24 57
14 1,4-Dioxane Se/C-Fe (0)) 110¢ 24 48
15 1,4-Dioxane Se/C-Fe O2 100 12 42

16  1,4-Dioxane Se/C-Fe O 100 36 40

41 mmol of 1, 20 mg of catalyst, and solvent (1 mL) were heated in a sealed
tube. ® Isolated yield of 2 based on 1.  Reaction performed in a sealed tube.

BRI LAAN, I 2R S 20 VUSSR A S NI 77
S == R (3 1, Entries 7~9). KL, 1,4- "%
NPy B O B . AR s AR A TR, TR AN 7
I GEFEY PR R 1, Entry 10), 18IS SIS
AT, T2 R R R LTI P = %(3R 1, Entry
1), B—Su R, @ TR, v LR N 7
ST, MIMRETFZ%(F 1, Entries 13 vs. 1,12). {H/E,
T v R B RO 23 R PRy R T 3 BT R R PR (R L,
Entries 14 vs. 13). 28U, Bt s, #s
S8 =Y rE RN (3R 1, Entries 15, 16). 7E 10 mmol S-
B LR [ SR, (ARSI A AL 7, Se/C-Fe T
ks, ATCMERFIA. M HR G, ol gE ., vk
ey TR, AT Se/C-Fe, H¥5 2 4k 4 T 1A [ b
EHE, TESMEHZEDTRA 4).

TE BRI 2,2,6,6- V0 B IR IE 5 1L ) (TEMPO)
VER B EZEFBRT, AT LA B Hh B0 SRz T s A 4
TR T HEAIBN)E R B BB, TR BB IR, =
I 12 h (P2 3RIEH) 51% (Scheme 2), TiANEIN AIBN,
TEAH RIS B[R], P27 384X 33% (3 2, Entry 4)11
XA BRI, 55 LA R AL A A S R AS [R] 12
12 NI I E S S AL AT 03,
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Figure 4 Catalyst recovery and recycling
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O
1 (b) Se/C-Fe (20 mg) A
1 equiv. AIBN, 100 °C o
0O,, 12 h, 1,4-dioxane 2. 51%

B2 X s
Scheme 2 Control experiments
MR SRAF A 200 25 R 5 TSR IE D17, 42 T
AT AER R S HLER(Scheme 3). 4G, 1R AT AR it
B )m, BRAEZATEE P TR 2 K/ R it A AR
Il A SRR S T R 3 25 SRl

o

SelC ) *—”

e 0, Se—OH
3

B3 Se/C-Fe il p-5 % 2 WREF AN SR 7 e L3
Scheme 3 Possible mechanism for Se/C-Fe-catalyzed epoxida-
tion of f-ionone
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PR A A AL AR 3 TR DR,
H R A ik 4 A R g iR Bl 4 5k
) 1R BB O A 2R RN, R AR RPN S,
a5 A>T NI JE 2 AR EAL 4 2 AR
P H i 6l'Sl FERRMEAL T, 6 7T LA I AL Jy i i il
PoRhlT), B R LT

2 ZLig

I I ARG B e ) PR A R A B A SR Bk, RT DA %
A5 2R T /B5R (Se/C-Fe) Hi A BL. iz RL W] fiEfL -8R % %
MR AL RN, il %% 25 R T4 5,6-38 %A -B- 48 2 2 .
fEM R B, WM > T R AR R R, 7= 2
e R AL, T A 7 S R A (K B, AT BE A
TRy 2d AER—FhAES ML, Se/C-Fe AT LA £
A1, AT B MR A . il — b B R A A 1
MTT I, 47 2N, W R A R AT R, e
TG SR A 7 T PRS2 D7 4 AR 3RO, HL dy Tk o 3R L
WA, A5 I8 S NAE ) 25 Tk Ak, ARG
S FH AT 5¢.

3 LS
3.1 X5

W RS T BB SR B 5N Zeiss_ SupraSs.
f£ Tecnai G2 F30 S-TWIN 17k & 17 B4k EsE
HR-TEM [Ef%. XPS it F§ ESCALAB 250Xi X §£k%
HL T REREAC 5. {8 Optima 7300 DV HH RS 45 55
T GIRAIEAT S5 B T % (ICP-MS) 44T, A% e U 2
F 400-MR DD2 A5 FAX 28 3EA T . Zad #2 A FH 2
2R T ) 2 BE AT 98%, LA A FH IV 7] 5 70 bt
afi, b2 5 A R 38 B MR B A S, I HL
B AL
3.2 Se/C-Fe (10%)##la9%1%&

PREL1.4 g (18 mmol) K T 250 mL = 1, il
B BB 3~4K, BTUOKBH. ZEERHETH
ST AR R 20 mL F IR VRALBE 1Y DY SRR IR VA (1.0
mol/LY{EANE =, HiFERPL 1 h 5, #Z:0kKis.
H LN 1 h S E I E & E99%, 16.4
), 7F ZURUNIN, AT HE A R T4 S0 N TR R
B BREZET, 7650 C RN 4 h 5, 151k Nk
SEPERE, FRION 30 mL oK BRI PR, 2B
TR, R RAAE 50 C 2% 1F T 15 2 AL
EIPE(18.5 ). 1S 21 AL T8 2 B (PR HE 0.9 g) 5 &1k
2:(0.1 g)iA, fEWHEERIEE 20 min 245, KRGV
BN 3 as. ERARRY N T S g
3h, BRIEE AN 500 C. HRAHEERG, HERM
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W AR BE 35 2] 5100 B i 36 =96%) B 152 10%
e 2 Se/C-Fe.

3.3 Se/C-Fe #1#HEk B- KT ZRE RN

FE—A> 35 mL BE T, I 20 mg Se/C-Fe {4k,
FI R —AHET, hE7, BfohaisE. 2 5% 1 mL 1,4-
TEUNIRLLA T mmol B85 2 H A3 i S SR I F
FZH, £ 100 CHAM NI 24 h, JRMZH S, it
Hl AT E T B R ITFN VOCRMHEE) @ (OB LR =
40 1 1208, e R 28 AR % O T, 19
BIHFR Y, FRE, HEE
3.4 FEURIEHE

5,6-F 5 -p- KT 2L ()P TEEifA. 'TH NMR (400
MHz, CDCl;, TMS) 6: 7.02 (d, J=15.6 Hz, 1H), 6.29 (d,
J=15.6 Hz, 1H), 2.28 (s, 3H), 1.94~1.86 (m, 1H), 1.78~
1.72 (m, 1H), 1.49~1.41 (m, 3H), 1.14 (s, 6H), 1.10~
1.05 (m, 1H), 0.93 (s, 3H); *C NMR (100 MHz, CDCl;,
TMS) J: 197.59, 142.69, 132.42, 70.60, 65.88, 35.45,
33.53, 29.74, 28.28, 25.89, 25.82, 20.83, 16.86; IR (film)
v: 2930, 1753, 1675, 1622, 1464, 1430, 1363, 1302, 1254,
1172, 1048, 989, 943, 905, 834, 787 cm '; HRMS calcd
for C13H» 0, [M+H]" 209.1536, found 209.1527.
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