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Visible-light-induced iron-catalyzed oxidation of benzyl alcohols
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Abstract: Acetophenone was synthesized through photo induced catalysis at room temperature using 0.3
mmol benzyl alcohol (1-phenylethanol, I a) as substrate, oxygen in the air as oxidant and FeCl; as
photocatalyst. The effects of catalyst type as well as dosage, reaction solvent, light source wavelength (10
W) and reaction time on the yield of acetophenone (1T a) were analyzed. The suitability of substrates for
preparation of aldehydes and ketones under the optimal reaction conditions was evaluated, with the product
confirmed by '"HNMR as well as *CNMR, and the reaction mechanism was speculated. The results showed
that under the optimal conditions of FeCl; as catalyst (10% of the amount of substance of 1a), 1 mL
acetonitrile as solvent and irradiation with 400 nm wavelength light source (10 W) for 12 h, the yield of
product ITa was 88%. This reaction condition was suitable for the synthesis of other 8 aldehydes and
ketones (benzophenone, benzaldehyde, p-methylbenzaldehyde, p-hydroxybenzaldehyde, 2-aminobenzaldehyde,
1-naphthalene formaldehyde, 2-pyridinaldehyde, 2-thiophenaldehyde), and the yields were ranging 16%~76%.
Fe(Ill) catalyst (FeCls) and light were the necessary conditions for the synthesis of aldehydes and ketones
by oxidation of benzyl alcohols. The activation process of ligand to metal charge transfer of the complexes
formed by the coordination of benzyl alcohols and Fe(1ll) under light irradiation was the key to the reaction.
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intermediates
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. BB W) AR T KRR = M 254 5y
Fofr, RARE RSSO ANA, B, &
R . ER2RL A Wi EER RN AL, ol
JEFIHASR (O) VBT B B AL S N B B
AHLA AR A ST 5 . il FH Z A (AU,
Cot, Pd®I% ) J5ikif ik TR CHEE R AT
Ha e, BA RS, MR nr 8 6 A0 .
EZ 28 I N30 T B R s R, AR PR i R AR M
ekt # L R SR

AR, SR EIRGR I A] UWOBE LA HLA B
BRI TR KRS P, ok Y S e A A A
RS . TR2RE A, (BRI AR T & 5t
Al AR (RUD B g R B,
TE & BEAN T WA A A R 57 B S b ) A5 I L T2
Wi, b2 TAEEBRWEZ Hir, £ (Fe)
YE R AS IR B (A2 8 42 8, HAA PR A4y HLAt
A O R R R A s B B T LA R
SCELR AR T B AL A R . WA,
ZHHAR R TE

BT IR A T — RSV b Ao sE
ASCHULAZS S H ) Oy AL, 7En] WGHESS T, 4k
WAL S B AL A AT RO A, Sl ECAR R 4
far i ® (LMCT ) i FESEATi6fb, SEmAS 20 mE .
FKEBRF=YI . DA B 19 ] D st A Ak i
B E2RIL AP T R RIS

1 SEEES

11 iRFI 5=

LRI OWE, RSP R EE . XK
. XPRRFEoC I, -2 K e . 128
2-MpnE F . 2-mEW T | bk (FeClz). &AL
#:( FeCl, ). 11k 4%( FeBrs ). Z L i 4% Fe(acac)s ).
o NN-ZH R B (DMF), ZJiF (MeCN ),
—HAH B (DCM ), WA (THF) 4, fbse4l,
L A2 o

Brucker-400 MHz M # f S 4R 7% (NMR ),
B+ Bruker 22 H]; WP-TEC-1020 HSL B4k 245K
AT IRNAL, PR B F]
12 BWAE
121 BA RS

Ve 1K R OB ( Ta) E G AR LE (Ta)
VERBIRU R R, B E A . 0] 25 mL T 0 £ 9%
P RN A 36.6 mg( 0.3 mmol ) 1-ZE 5L 72 iz,
4.8 mg (0.03 mmol ) FeCl; fil 1 mL MeCN, 7E%5/S,
ST B N #%, 7E 400 nmOGIE (10 W) BRI
N, BEABERE. FWES 12 he RNEER)E, [
Woim it ik kg, J DCM BE%, WOAE BRIk

AEAF BV, FRERCAEJZ BT T4 B de gl ( pe/i
FIN V(A IMEE) : V(B ZER)=10 : 1), 153 HArr=
YR (Ma)s,

122 R F&HmA

& 121 NIRRT, FHESE LR e A
( FeCl,. Fe(acac)s. FeBrs fll FeCls ) & (0.015,
0.03. 0.06 mmol ), #%7fl (MeCN., H 2% DMF, THF
I DCM ), JGJE (360, 385, 400, 425 nm). K
BflE] (6. 12, 18 h) X 1-2K3E 2 BE A AL & A 2
FERRE I, SRR, B AR
123 E£¥HKK

PEH 1-K 528 ( Ta) E4b G RPE 2 (TTa)
VE RN S B AT S R e . BARL B )
50 mL TR A BB PR IR N A 1.04 g
(8.5 mmol ) 1- 73 2., 136 mg( 0.85 mmol ) FeCl;
F110 mL MeCN, =S5 Bl AR e ZE A 0
1 FE S AR R E I AR 2 h FTTF I 28 &
Pz R, FE 400 nm LR (10 W) BRGFTR, #E i di
P EWRI 18 he RN )E, AHES 1210
—3
1.2.4 JEMpiEREE K

K L2115 R8BI AL EC Th),
ARHEE (o), XHILRHE ( 1d), XEEEH
i ((Te) 228FEHEE (1), 1-Z8HE (1g).
2-MEmEHEE ( Th), 2-BEMHEE ( Ti) Nk, o
AR RHER (b)), ZRHEE (1Tc), XHIER
HEE (Td), XfERERHEE (Te), 222 IR
(TMf), L-Z8HEE (Mg), 2-MksEF@EE (MTh), 2-
wEmy HEE (1),

ROE (Ma): TEEA, it 31.7mg, /7%
88%., HNMR (400 MHz, CDCly), §: 7.99~7.92 (m,
2H), 7.58~7.51 (m, 1H), 7.46 (dd, J = 8.3. 6.9 Hz, 2H),
2.60 (s, 3H), *CNMR (100 MHz, CDCl3), 6: 198.3,
137.3, 133.2, 128.7, 128.4, 26.8,

TORHIER ( MTb): HEERA, & 37.1mg, 5~
% 68%, m.p. 48~50 °C ( SCHk{E*448~50 °C ),
'HNMR (400 MHz, CDCly), 8: 7.82~7.79 (m, 4H), 7.60~
7.56 (M, 2H), 7.49~7.45 (m, 4H), ®*CNMR (100 MHz,
CDCly), d: 196.6, 137.4, 132.3, 129.2, 128.2,

AHEE (Te): AWK, i 22.3mg, =%
70%, 'HNMR (400 MHz, CDCl3), 6: 9.98 (s, 1H),
7.83~7.81 (m, 2H), 7.60~7.58 (m, 1H), 7.50~7.46 (m,
2H)., CNMR (100 MHz, CDCl3), ¢: 192.3, 136.2,
134.3, 129.6, 128,9,

YRR RS ( T d): TERA, P2 & 13.7 mg,
7% 38%, 'HNMR (400 MHz, CDCl3), d: 9.96 (s, 1H),
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7.78 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 7.9 Hz, 2H), 2.43
(s, 3H), *CNMR (100 MHz, CDCl3), 6: 191.9, 145.5,
134.2,129.8, 129.7, 21.8,

YEFOEHEE (1Te): BAMEIK, & 7.4mg,
PR 229%, m.p. 113~115 °C ( SCik{E™¥113~116 °C ),
HNMR (400 MHz, DMSO-dg), J: 10.63 (s, 1H), 9.79
(s, 1H), 7.76 (m, 2H), 6.93 (d, J = 8.6 Hz, 2H).
B3CNMR (100 MHz, DMSO-dy), d: 191.4, 163.8, 132.6,
128.9, 116.3.

2-F SRS (If): #HEREMA, i 5.81 mg,
PR 16%, m.p. 37~38 °C ( SCik{E936~38 °C ).
HNMR (400 MHz, CDCls), d: 9.87 (s, 1H), 7.52~7.44
(m, 1H), 7.35~7.24 (m, 1H), 6.74 (t,J=7.4 Hz, 1H ) ,
6.65 (d, J = 8.0 Hz, 1H), 6.09 (br, 2H). *CNMR (100
MHz, CDCly), 6: 194.0, 149.9, 135.7, 135.1, 118.9,
116.4, 116.1,

1-ZEHEE (1g): @ik, =i 35.6mg, /=
# 76%., "HNMR (400 MHz, CDCl3), 6: 10.39 (s, 1H),
9.26 (d, J = 8.4 Hz, 1H), 8.08 (d, J = 8.4 Hz, 1H), 8.00
(dd, J = 7.2, 0.8 Hz, 1H), 7.93 (d, J = 8.0 Hz, 1H),
7.72~7.59 (m, 3H), “*CNMR (100 MHz, CDCl3), é:
193.6, 136.7, 135.3, 133.8, 131.5, 130.6, 129.1, 128.5,
127.0, 124.89, 124.88,,

2-MEE P EE (1Th): EEWEA, & 16.1mg,
7% 50%, "HNMR (400 MHz, CDCl3), 8: 10.08 (s, 1H),
8.79 (d, J = 4.7 Hz, 1H), 7.96 (d, J = 7.8 Hz, 1H),
7.90~7.84 (m, 1H), 7.52 (m, 1H), **C NMR (100 MHz,
CDCly), §: 193.4, 152.8, 150.2, 137.1, 127.9, 121.7,

2-WEmy I (11i): BEWIK, & 15.1mg,
P23 45%, "THNMR (400 MHz, CDCly), 6: 9.95 (s, 1H),
7.78 (dd, J =11.8. 4.2 Hz, 2H), 7.22 (t, J = 4.3 Hz,
1H), ®CNMR (100 MHz, CDCl3), 5: 183.0, 144.1,
136.3, 135.1, 128.3.,

2 HRSE

21 EHEH®RL
T 1A A CRRERMEALRI SRV R & . %
F L JEUER ROVEFE] ) X 1-K I 2 (0.3 mol ) &
& R CTREm, FHEWTR .
211 BIBEA Fe A Z XK T Z FE A
& 1 A, £ 5L 0.03 mmol FeCl,,
Fe(acac);. FeBrs fl FeCls ML . MeCN 4 i
RN AET , RS 7= 35 5108 8%, 22% ., 73%
1 88%. FeCl, fEfLHE J12=, FTHKFIH5IEYIEE
LMCT i #2518 ; 5 FeCls 4 H, Fe(acac)s £ MeCN
AR 2E , FeBra Y FeX L B R R
JiT Lk, FeCla EALaC R fie o T 2 Ik Eh AL A7 AE

W, N ICEEEAT .

>4 FeCl, & 7 M 0.03 mmol 787> % 0.015 mmol
B, KB PE N 88% FF& A 43%; 1Mi4 FeCls
FHEEANE] 0.06 mmol i, #EZ K F=% (85% )
WA TR RO AEAL R R K, SR bR %
AR, RONREM, 50 R %6 R i, i i
e AL, Frlh, BE$E 0.03 mmol FeCl; M4
B .

Tl RNFEART 1-HEE CEAE A A WA R 5
Table 1 Effect of reaction conditions on oxidative synthesis
of acetophenone from 1-phenylethanol

e wA ek firj 772 %
BRER P /mmol WK Inm WA/

FeCl, 0.03 MeCN 400 12 8
Fe(acac);  0.03 MeCN 400 12 22
FeBr; 0.03 MeCN 400 12 73
FeCls 0.03 MeCN 400 12 88
FeCls 0.015  MeCN 400 12 43
FeCls 0.06 MeCN 400 12 85
FeCls 0.03 F o 400 12 12
FeCls 0.03 DMF 400 12 18
FeCls 0.03 THF 400 12 30
FeCls 0.03 DCM 400 12 31
FeCls 0.03 MeCN 400 6 49
FeCls 0.03 MeCN 400 18 87
FeCls 0.03 MeCN 360 12 46
FeCls 0.03 MeCN 385 12 48
FeCls 0.03 MeCN 425 12 75

— — MeCN 400 12 NR
FeCls 0.03 MeCN — 12 NR
FeCls" 0.03 MeCN 400 12 Tl

H: ORE NAM; “NR” RETR; “—" RELM

Ak, T,

212 BRI KTE RO

2 1A Al, 455 L 28 . DMF, THF il DCM
R MeCN NI BRI, 25 £ i 7= 245 I &k R %,
3N 12%. 18%. 30%F1 31%. [H % H s DCM
RIS, FeCls ¥ i PERc 2 ; 1 DMF % THF
IS, HAESR M ECA RE S E R KPS FeCls
KA LMCT, FrLA, L MeCN A5 .
2.1.3 FB AR 23R TR E E 0 Hh

HZe 1A, YN 12 h il % 6 h i,
WA= RN 88%I R 49%; i S v i [a] 4iE K &
18 h i}, H B3 Fy 87%, AL A ., H ki
I T N P TGk 58 54k 78 12 h IV IR & &
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SEHe, RIfAER 3] 18 h i, PR gt Frid,
e AR N IE] SR 12 he
214 RREZKARTE =G HA

H2 1 ATAL, SRR KA 360, 385 Al 425 nm
I, KB =R 5050 46%., 48%F1 75%; i 7E
TOERMEO T, NGk T, Wik, JelEm i
FEDE K R 400 nm.,

h 10 LR, Fe(IfEfki (FeCly)
SRR 185 BRSO SR ) B4 5 T
7E N, SR T, HEERHE AR S, £ Ot
S R 25 A

2E b, =T, 0.3 mmol 1- 35 2 A LA
TR 2T B SO 25 F A DL FeClg AR (
WO 12K LY Y Y 10% ) MeCN b 2 I %5
L RETE 12 h, JBIE (10W) 4R 400 nm,
2 O WA,

2.2 TRMARRMFEYERES

2 1253 2 BERCRHE A 36.6 mg( 0.3 mmol ),
RO =30y 88%; 1 1- A8 HE L REBOR 3 K
% 1.04 g (85 mmol) B, KM =3 K 70%.
SRR, FEHIOR S o L 77 ZE AR, X AT
REERN, MY RN, wRIE 2R, JLig
ANBETE 4 515 I N W o

XA R P AT TR Sc s . Hopr, DA
TOREEEENEY), HER YRR ( Tb) By
Ry 68%; LIKTEENIRY), L8R (Tc)
HI =3k 70%; )1 B 55 X S A 7E H 3k (X
FOEHEE ( 1d)), #5E (R EERE (Te)) &
SR IL A, X R HEE ((TTd) A LR H
mE (lle) W= 0 FRE, 5018 38%. 22%, i
HH 5 P BRI %) R 000 % s I AT 2 T S
MKW 2-F IR EER, R as [ AR, 2-
AR (1Tf) /=R TR 16%; S4IKYiE
PRBFNHALTY . 22, 0 1-ZEHEE (1 g). 2-
MERE R EE (T h) A 2-BEmyH s ( 1) B, 130 76%.
50%F1 459%™ %453 2 HbR= 4 1-Z8H 1 (g). 2-
MEBEFREE (Th) A1 2-BEMy RS ( 1 ).

2.3 RMAEHEDN

BT b IR S 45 JERAR & SCHR IR B, i
AT LGS Fe( )M A B 4 A0 S Y T REHLEE
REEIE 1R

whe, Y (1) 5 Fe(IN)EAFENL, FERHL
W A; RIE, BLEW A TECIREMET kA R3]
LMCT b %8, B H™ A= A i 55 B WP AN Fe(11); B
&, TEHAMT, 0,5 Fe(Il)Zid s Fitfsnd
TRV BT 1 FheOOH Jf-H4E Fe(lll); fz)5, *OOH
B LiyeH, M2 Hir™% (11 ) Fl H0,, H0;

TESE T 73 fiff i H20 1 O

AR
H-O--Fe(Il)
Ar)\R
Fe(I) A
0, .
HO +H
:”,
H,0, *OOH
o0 w_ -~
Ar)HJ\R‘
K1 A WO S Fe( I ) fi Al w4 A Sy i) ] REAIL L
REHE
Fig. 1 Schematic diagram of possible mechanism of

visible light induced Fe(Ill) catalytic oxidation of
benzy! alcohol

3 it

FIRT, SR EENERE 23 ) O AR
Bk E e, AT 9FEE . ERIEEY. UL 1
RIL TR R NRY, 5T AL K it
VT L SR A N B N R B X6 2 2 T 7= 2R 11 5
W T AR R 2N . 1K 4B 0.3 mmol .
Lk 0.03 mmol FeCl; mfiEfkb#] . 1 mL MeCN A5,
400 nm P EEIE (10W) FRET 12 h, JEYIY R L5
YSUE T I SO R s M, S IRV B
RN X S A T, Fe(M )AL FDE IR 1-
I OEAA A R T B, RS
Fe( ) #E 17 Be A2 JE Bl B i A& 0 76 6 IR 2R T & AR i
RZ] LMCT Y3 fladt B A B g ) G HE

ASCRI AT WA RN, DL R ER R ik
R, mERCEE HAEER T USSR O, MAfk
A, BRSO A RS . B2 E &Y R —
1) o7 FH I 5%
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