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Scheme 1 One-pot synthetic route of preparing benzil

L2
1.1 FIFn S

K. & W 80% (1K B4y %) Z B, Co(OAc),-4H,0, CuSO,-5H,0, Zn (OAc),2H,0,
FeCl,-4H,0 Mn (OAc),-4H,0 ZR{HIH, K08 3 A REEHHCABRA A, 7 iraindn . W2 2B e, GF-
254, F B TAHBRAH]
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RHEA AT BB CI8 A AR 30 °C L ¥l 70% (AT 40 /7K, itk 2 mL/min,
AABPE 0 = 1. 83 min, THFRIH— 00 @ 46 EE 2 :100%
1.2 FEBHNSTER
12,1 MORApEEYE &= ety 4 & TERCA [ v e 18 F I W R 21 1% 100 mL = ke b i A
5.25 mL(0. 05 mol) /KAZEEFI 60 mL [ i, 78 Ar S AR FHERE, 22183 1. 75 mL(0. 025 mol ) Z,—
Wz e Ee  THRZ 75 °C 8t 4E 1 h, SO 3 # H TLC BRER (JBIFFI N VA IhEE) : V( &P k) =
9:4) o RVIASHT , T-E, SIS AR 2 8 0 bR b A, KR ™ i P PR B 45 4, TS 18 ™ Bl SUK B 8 4 &
W R T5. 6%
1.2.2 MORApEESG L= he 2 BB ey w) & LA Co(Salen) | il #5 A9 : 7EBCAT B v BE45 L 1H &
T 211 100 mL = 3G P A 1. 34 g, (5 mmol ) SUKREAE £ A SO mL |, FF A 14
T A ARAPE 65 C NRLFE 10 min, JR5HF 1. 25 ¢(5 mmol ) BERREA 1Y 20 mL P S22 1k i 3]
BRI R Ar AR T HERE LR 30 min, S h 8 FR iR A TLC 3E BRI R IFFHh VOATME) - V(=& H
Bi) =9:4) o JEEH G F TS RN UKTE , B B mE L0 A, KRN 3 Ik, P S REDE v, T4,
1557 5h [ Co(Salen) ], HE 4 Fiv Salen {4k 1) il it 72 5 2L
5 Fi Salen ik Y45 H4 5 RAEEAE 40T (XRD B3 WLAHF A48} Fig. S1 ~Fig. S5)

NN [ Co(Salen) ] :HRMS 1484 {EC  H,,CoN,0, [ M + H] * 326. 0460, S| {f :
Cﬁ;&f\b 326.0412;C, H,,CoN,0, TLZE A HE (F181H) /% : C 59.57(59.09) ,H 4. 630

© 0 (4.34) N 8.713(8.61) .

[ Cu(Salen) ] :HRMS {348 C H,,CuN,0,[ M + H] * 330. 0430, 52 {1 :

N1 N—
Cﬁ N COQN 330. 2373 ;C, H,, CuN, O, JTLZE AT (T EAH ) /% - C 59. 57(59.09) , H 4. 630
o~ o (4.34) N 8.713(8.61) .
= [ Zn(Salen) ] : HRMS 18 (4C, H,,ZnN,0,[ M + H] * 331. 0425, SZ {4 .
;Zné\ 331.2508;C,;H,,ZnN, 0, TR /M {E (115348 ) /% : C 59. 87 (57.94) ,H 4. 684
© o (4.25) N 8.718(8.45) .
N e [Fe (Salen) ]:HRMS i‘l‘%iﬁC,ﬁHMFeNzOzCl [M+H]J " 358.5934 5z
P {H:358.2475; C\,H ,FeN,0,Cl G K /3 AT {H (1151 ) /% : C 48.66 (53.74) ,
0" a © H 4.678(3.95) ,N 9.770(7.83),
_N:_:(N_ [ Mn( Salen) ] : HRMS i} & {5 C,,H,,MnN,0, [M + H] " 322.0509, szl
Cﬁ/W«\O {H :322. 0456 ; C,H,,MnN, 0, JC K 43 #r {8 (11518 ) /% : C 59.57 (59.09),

H 4.630(4.34),N 8.713(8.61),

1.2.3 RARIMagMEAL R TEHAT IS BEE A2 U B0 =S A 60 mL 80% ) L BEFIA
{46 1. 08 g(5 mmol) , FiEFENNIA[ Co(Salen) J4#4L5 0. 1 g(0.3 mmol)  KOH 0.1 g(1.8 mmol) ,iH A %S
LTET0 CF RS0 min, fz it A v A TLC YA BRER (REIT I VA e ) : V@ 5E) =1:1) o )
ST VR AN P RV pH (B 3 ~ 4 R HABE] 150 mL K b, AT 5 A8 oK BE, L i
1 80% LWL &, A5 5 BT AR SRIARARE , 11, PR, R 77.2%
1.3 EBEH—REGH

FERBEA IR R0, TH T WO 19 250 mL =35I A 0. 65 mL(6. 2 mmol ) 7K 4% 1 F1 20 mL
LT ARG BEFET A8 A SR ORIP R 3 E , IR 224080 0. 22 mL(3. 1 mmol) & —Jiz Wi m5e 5e, 7t
I 75 C L 1 ho SRSHSEERREE 0. 77 ¢(3. 1 mmol) (4 20 mL ZEHA W N E) =Bkt ,65 C 4%
FEREIFR 30 min, #Mj0 36 mL 7K (104 mL Z %, 74 A 10. 8 g(50 mmol ) ZKfHHH, 1.0 g(18 mmol ) KOH,
70 °C, Sz 90 min, J vl A& b T TLC BRER (RIS VA - V&R k) =1:1) . RIVEHRIE,
Ve XN B E I, IR ER R VA5 SO pH (R 3 ~4 o B SO i Ami5] 300 mL 7K e, [EMAHT )5, Hiliig K Bk
HL™ it ] 80% (AR H0) L WE 45 5, A5 B0 @ FHR S R R (R, T8, FREE, 7734 75. 8% . 77 i &M
#i.'"H NMR,”C NMR \FTIR &% HRMS % 4745k .
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B E ( Benzil ) ; ¥4 [ {4, mp 125 ~ 127 °C, "H NMR (500 MHz,CDCL, ) ,8:7.98 (m,4H) ,7.70 ~
7.62(m,2H),7.51(t,J =7.8 Hz,4H) ;" C NMR (126 MHz,CDCl,) ,8:194.60,134.92,133.01,129. 92,
129.05;IR,0/cm ™' :3062,1660,1580 ; HRMS i1-E{C ,H, 0, [M +H] " 211. 0754, 52i{# :211. 0748,
1.4 fE4FEY

P A 80 AR A S N i A TP e 7% AN 48 25 10 mL, #M i 48 mL 2% .2 mL /K Ag i 80% £ [
VW, 1] KOH 75 pH (B 2= Hh P, LK 80% 1Y SRV, A A 1. 08 g(5 mmol) ZEAE YA 0. 1 g(1. 8 mmol)
KOH 47 T — YA A A Ak S AL S B E 3507 W) R A e 110 7 2

2 F4iR51e
2.1 Salen B &4k
PL 80% LBEMNEEH, 2EFE T 4 )& Co.Cu.Zn Fe Mn ¥Rk 4 B Salen AL . SR H T 402 2k Fil—
FIEEGE T 5 R4 )@ Salen LA 905 AR08 WA AR AL AL SR B2 ), SEBR A5 SR L3k 1,
*1 5% Salen £ EERESYWHELXBREILH=E

Table 1 The yields of the benzoin oxidation reaction using five different salen catalysts”

Catalyst Co( Salen) Cu( Salen) Zn( Salen) Fe(Salen) Mn( Salen)
Yield/ % 76.0 65.8 41.0 69.6 59.5
Yield/%"® 77.2 67.3 44.5 72.2 62.3

@.1.08 g(5 mmol) benzoin, 60 mL 80% ethanol as solvent, 0.1 g(1.8 mmol) potassium hydroxide, 70 “C reflux,50 min; b. the benzil

yields of using step by step synthetic route.

FAT TR 70 203 5 Salen AL LB M A0 S8R AR A0 I O S 36 o, 7 28 B O3 B SR 4% 20 S
P SER i AR AR B, G AL AR TR B o SEIR AR B, 2028 ik A — B IE TR AR A R
AW ZES (B — B9k Salen HEALTH M0 A BRI , fRIAL 1T S BRBRAE b T A2 ulGR A 66, 18
WU 5 Bl Salen 4L H, [ Co(Salen) | il 651 B A fir 4 19 A AL ROCR, U [Fe(Salen) | Al
[ Cu(Salen) JHEAEF, M1, J5 e 5250 FP T Co(Salen) HEALFH),
2.2 REEFMHHL
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Table 2 The orthogonal experiment condition and yields of the benzoin oxidation

103 Mass concentration of 103 Mass concentration of
Entry Time/min Solvent Temperature/°C Yield/ %
catalyst/ (g-mL ") KOH/(g-mL™")
1 0.83 30 Methanol 50 1.7 58.7
2 0.83 50 80% Ethanol 60 3.3 74.4
3 0.83 70 50% Methanol 70 5.0 51.9
4 0.83 90 50% Ethanol 80 6.7 34.7
5 1.7 30 80% Ethanol 70 6.7 70.2
6 1.7 50 80% Ethanol 70 1.7 76.5
7 1.7 50 Methanol 80 5.0 55.1
8 1.7 70 50% Methanol 50 3.3 32.4
9 1.7 90 50% Ethanol 60 1.7 73.9
10 2.5 30 50% Methanol 80 3.3 37.0
11 2.5 50 50% Ethanol 70 1.7 64.8
12 2.5 70 Methanol 60 6.7 70.0
13 2.5 90 80% Ethanol 50 5.0 57.2
14 3.3 30 50% Ethanol 60 5.0 34.1
15 3.3 50 50% Methanol 50 6.7 50.7
16 3.3 70 80% Ethanol 80 1.7 53.5
17 3.3 90 Methanol 70 3.3 74.8
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Table 3 The data analysis of orthogonal experiment condition

Mass concentration of Mass concentration of
Yield/% . Time/min Solvent Temperature/ C '
catalyst/(g-mL ") KOH/(g-mL™")
Average value of level | 54.9 50.0 64.7 49.8 62.7
Average value of level Il 57.9 61.3 63.9 63.1 54.7
Average value of level Il 57.3 51.9 53.4 65.4 49.6
Average value of level IV 53.3 60.2 41.5 45.1 56.4
Maximum R 4.7 11.3 23.2 20.4 13.2

IR T ~ VI {E ] WL, A PR AE 1.7 x 10 7 g/mL B, 7= 3R A B fe K AH 57. 9% 5 [
A £E 5O min, 77 35 B 5 KAE 61. 3% 5 I [] FE I J5 77 SRR A T Mo 06 FH B 80% £ It 24 71
P BERG AE 64% JE A s BTSSR FE LS S S Ko B R ol 0 1 185 007 1
Jil s KOH F BB e BEAE T K- (1.7 x 10 7 g/mL) B 5k KA 62. 7% , T3S K AR R B g, S
BRSSP R E R 22 R ABK/INAT DL A RIS A 52 i R 2%
K, HoR S RO IR EE (s o 3 LA BSR4 R A AL 7 R R B 1.7 x 10 77 ¢/mL,
SR ] 50 min, 7555 80% £ W, #BE 70 °C,KOH JFit e 8 1.7 x 10 7° g/mL, £ AMF T OB 7=
Wy 7e A i, Ik 76. 5% (2 entry 6) .

2.3 EEFIEK

FEE T AL T AR AR, JEHEAT TS YR e P, R [ A J T A 2 7 ) AR ) 7 5 1) F 26
4, FEFAER LA T EALTIIE A S, 2RI 7= 3 N BRI 55 5 WK, R IR 7= 308 74. 2% , 5
1ML, FHET 1.3% o al WL, i fk 3 2= 0 n] LA T S %o
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Table 4 The benzil yields by recycling catalyst under the optimum reaction conditions®

Reused times 1 2 3 4 5
Yield/ % 76.5 75.2 75.8 74.4 74.2

a.1.08 g(5 mmol) benzoin, 60 mL 80% ethanol as solvent, 0.1 g( 1.8 mmol) potassium hydroxide, 70 °C reflux, 50 min.
+ >\
3 45 ®

DA, 1) S E-/K 0], — B85 i 1 Salen BRG] B 22 B S AL il 46 AR AR IE A9 S0 o 858
T = RO IR — AR T, b T e ] Y e AR B R R R, IEAS BTG T B R RO A%
o PAL Co(Salen) JVEAMEAFI(1.7 x 107 ¢/mL) ,80% ZEAE N, 76 70 “CF, UM 50 min A 3K
B 76. 5% 1)) 4 o MEACR IO T S UC, WORATT AT K 74. 2% o 127575 2 — i (5 14 1l 46 2 A T 1

Bz,

4% 8 #+ ¥+ ( Surpoting Information) [ 5 #F Salen 4 4% 7 XRD £ 3% | 7T vA %, % A A F) M 35 (http ://yyhx. ciac.
iloen/) F &
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One-pot Green Synthesis of Benzil

XIE Kangyuan, CHEN Qiang, WANG Jiayao, LIN Qingqging, ZHENG Hui"
(College of Material ,Chemistry & Chemical Engineering,
Hangzhou Normal University , Hangzhou 310036, China)

Abstract One-pot green synthesis of benzil catalyzed by Co ( Salen) from benzoin in alcohol-water was
developed. The products was confirmed by '"H NMR, “C NMR, IR, HRMS and XRD. The orthogonal
experimental design gives the optimal reaction conditions about the catalyst loading, reaction time, solvents,
reaction temperature, and the amount of potassium hydroxide. The best conditions is Co ( Salen) catalyst,
80% alcohol-water, 50 minutes and 70 “C. The highest yield of 76.5% could be obtained under that
conditions. The catalyst can be recycled at least five times up to the 74.2% yield. It is a green method and
novel protocol to synthesize benzil.

Keywords salen catalyst ; benzoin ; benzil ; catalytic oxidation
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