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Progress in Oxidative Coupling of Amines to Imines

Liu, Di* Zhang, Chenghui Han, Nan

Zhao, Pengshan Yang, Ping
(College of Chemical and Environmental Engineering, Shandong University of Science and Technology, Qingdao 266590)

Du, Mengmeng Zhang, Xiaolu

Abstract Imines are a class of active intermediates and have good antibacterial activity, therefore, they have received the
extensive concern of scientists. Since the preparation method of imines by oxidative coupling of amines has the advantages of
high atom economy and environmental friendliness, it has become a research hotspot. The recent progress in oxidative cou-
pling of amines to imines is summarized from two aspects: catalyst and catalytic mechanism in this article. We introduced all
kinds of catalytic systems in detail such as noble metal, non-noble metal, photocatalysis, biomimetic catalysis, poly aniline,
graphite oxide, and azobisisobutyronitrile (AIBN). The catalytic performance, advantages and drawbacks and applicability of
which are highlighted. And the catalytic mechanisms of the main catalytic systems are also discussed. It should be pointed out
that these catalytic systems for oxidative coupling of amines to imines showed varying degrees of success as well as limitations
like high cost of catalyst, harsh reaction condition, use of oxidant, alkaline additives and/or toxic organic solvents. Finally,
based on the existential problems for oxidative coupling of amines to imines, the research directions in this field are predicted.
Keywords amines; oxidation coupling; imines; transition-metal catalysis; photocatalysis; biomimetic catalysis
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(5 BTV AL AT BIL A BT Ak AR 7 A TR 2
L AEEER, SR RO TR R R, A
FEAL S PIINEAB IR O L i S5 1 S S |
Er IS e P S A B SR A BT S SR T,
TR LTI H R B ISR AL AT B R B T A
KK NEL, IF B S A b R a4, Bt
A LIS b A 7

TSIV J PR 5 R R R, = P B A A BRI 2 A2
NERRTEZ —. TRz, it BT R
EARE MR, HRBE T, AL
PRI, -l S A R A I JiE 1R TV 22 N 24 AT
TR AL AL AL R S FL AL B P T T
i~ SR A AR IBR 15 FI I (R F 7 kPR AT 45088

1 FESEEL

11 REB#EK
1.1.1 4THALH

1996 4E, Bailey 5" Yk iiiE 7 LR A [Ru* (tmp)-
(0),] (tmp=15,10,15,20-PY F 3= np bk — 4 B 58 1) B &4
VE AL - B A AR I & R . 4y — 2
JiEE i, PR N LR AT 100%, 110 AP Ji AR s e
S FEY RIS, /E Bailey MIFFHETE TAERE AR A,
Albrecht 25" Z8 ¥ K 52 (NHC) BCAR Bi AR tmp 145 7 —
#5141 Eq. 1 B~ [Ru’' (n*-arene)(NHC)] "R A4, 55
LT M-SR AR A R . 45 R EoR, & NHC Bié
IrEAL T 3 B s EATETE(95%), T E R
B i N NS A R o R 2 N o SR
54 @B R BT OB HEA, A R0 4R A A
A, WHEALBCRA B R, RN, R R AT A
RSB fRa e . & =ML SR 1)
TEALIE PERSAR T AL ) 3, S S S I ] 77 26 g ik 5]
95%. SULAR, SHEREE SV 2 SHZ RN
A WA, J5 R AT A B RRAC A AR T 5 FE % 1%
BCAY. AR 250 05 A e A B s e 320 9, (R R
e P S R R 518 L7 S A IR

Cat. 1~ 3, air

2N = AN )
R NH; Toluene, 150 °C R N R

Arene Arene
Bu | Bu | Bu
)\rRL{--IC| Rt{--o )\rRU\'CI
\NQN Cl N o&o \N\QN (of
N~ \Bu N \BU \Bu
1 2 3

Doctorovich %5!"*ER 4T il & #[Ru(bpy),(NO)CIT*
(bpy = Bk L BE ) A S A 751 B Dy 2 A7 e S A £ K
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FRILNE, HRZHEDH BRI K. v T
PR B P A X — i B, Huang 51V 2% 7 e R e
RIETHE S, BRI HE A i - A AR B & I . X
TR R G RENS SR i R AL S, S 1 R4
i HIZE R, T LS BRI (R it RE e A v B R
FEE(FR 1), ITERAE T RTI4TN R
e R S A U I 1 T Ji ) R SR . RIS, AR
feth 7t Scheme 1 FriRMNAHLIL. B e R
FURIAE T A b O e, A (AR E RS 5 55— 53
TR S N R B A B B A . S, AR
A SN i 2 18] R AE X O AR A LT
Zhang 2R RE R H 47 L& W0 [EGNH][Ru(dipic)Cly |
NEFIETCIEFIRAT T, B 150 H SRRt
F T RIS AR & . LI ai R, FIe5 84
F AN 5 R EE A R i S OB IR AT T R R
RIS PR, H. 5 i 0 28 ABERRELL 100% 1%
PEVEIRAG AR IR i 53 HMZ A A7) B0 o) % R 9 T
B AT DURZE G RuClyy = ZBeA 2,6-MHnE — 2R
(dipicHy) AR R B
R AV ST L

Table 1 Dehydrogenative imine formation catalyzed by ruthe-
nium complexes

Ru complex
B ——
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2 R/\NHz Solvent RSNTTR (+ Ha+ NHy)
Entry R Yield’/%
1 Ph 93
2 p-MC-C6H4 65
3 m-Me-C6H4 80
4 p-MCO-C6H4 83
“'H NMR vyields.

Ph" N7 Ph

\< NH3

=4
/I:/tﬂ\ Ph" NH,  Ph™ SNH
N7 N NH
I NS
(t-BU)zP_RIU'_‘P(BU't)Z 4—7——(
co H,
J @
|
HN™ N NH
(t—Bu)zP—F\’I[]—P(Bu-t)Z
H Co

B 1 AT 1 AR AR I A I i e B B
Scheme 1 Mechanism for the homocoupling of primary amine
to imine catalyzed by ruthenium catalysts

1.12 &R

ET AL - e S & RO i (R 3k e T IR T Wk 7 36
< MR M- S A AR BB S B2 RO BIE 7T 2007 4F, Angellici
ST URAE T AR CRLAEZ0 103 nm) AL 7 AL
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J - BRI & BRI, R, A AT1IE ] 4 1A
OB AT 1O bR T, A LAE A [R] B S5 2% A
T, 5 mg AWALO; LTI BRI T 1 g & il
R RCR(GR 2), XREER BT ALO; G AT LI
Rt 73 B ORE, IR/ RiAR(4~20 nm), 2 m 4 A]
FIZE. AT R 45 BT IR R 8 e DL
MR SATA DL A, AEANIE T3 W 3B 7 AT
I J0 Je ey e A S RO [T, AR AR S 4 SR A T
N~ A AR BR H [ B I8 12 (Scheme  2). B SGTE &1L
T HEA K AE B (R RCH=NH, 445 ) fAc ik —
L5 TAARGEOK SR, f e R BRI .
B A 2 A DT S IR UE H R [X 3 1K P Mg 42
£2 SRR AL AR
Table 2 Gold-catalyzed aerobic oxidation of primary amines to
imines
o~ Au/Al,O3 or Au (power), O, (101 kPa) PPN

2R NH N
2 toluene, 100 °C, 24 h R N R

Entry m Yield/%
Au powder cat. Au/Al,O; cat.
1 Ph 56 92
2 p-Me-CgH, 61 96
3 p-Cl-CgH, 7 59
4 CsHy,y 5 29
“Gold powder (1 g); * 5% Au/ALO;.
N
NHy, R0 L o
AU/O, /\::cy/ R™SNTR
R” "NH, >~ NH,
R NH, R’l\N’A\R/AiH3

B2 SMEA ARSI S B RN &R
Scheme 2 Proposed reaction pathways for the gold-catalyzed
aerobic oxidation of primary amines to imines

Garcia 2! X6 47 #5700 & AL AT T TS, RI
EAIOE b AN AL R A Y | 4 e i
YR RIORL T S5 00 A% H 980N T PR RO . 7EAR R
N, EAE TiO, L& FHE3.5 nm)fEALF ]
DUKEF % DL s A 2 3R AR A0 R I Jiz, 1T FH 4 )5 1 7
FLK/NA 25 nm (1] Aw/TiO, fEAL I E1 R BESLILX — 41k
Ak, SRt R b M RE I EE RN R, 5 AWTIO,
fEALFIAR B, DAYE PRI S 804 1 4 116 5751)(0.8% Au/C)
A B ) I SR g T — ME YL, IR 1 h %
bk ATk F) 99%. [N, Au/C AL 23R % 1) B &
AR T 5ok o- 2R T HIRECREEEURUT )28
XA B B A B AR (EFHIEH & T
Au/CeO, Il Au/PSt A 71 I T A i — i S8 AL AR B B
TR, FERFEE T A ES, 2 N HEAT 24 h B, PIAR
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PEAL R I T AR [F B ATE 1, TS N3E T 4 h B,
Au/CeO, AL FIFIEAGTE PEZT 5 T Au/PSt fiEAL 71, FKBA
Au/CeO, HATEURL I 755 1.

ZrG FIRRHET A AL AR T DUR IR, BT AEAE
ARG AR BT 4 ) 7 R kg, AT sk
o a8, WA R AT A S A VLR AT T a2
(Scheme 3)!'. ¥4k, fEimid -E AW K15 B A
PR, EETHEACERR, SERZh A g —ix
THERAF R F 22N, MAESMRAIERT, Wikt ik
B IR B-EITE R R BARMER S, 535 73— Tl
KA B S . A SRR T8 AE i) i 3 Pl —
ORI E A, SR 5 I T At — 2 5 i e
FA O RO R AP0 BAR, Sta B AR R
NHIREACHLEITEASZ 2 W8, &I,

(Ru or Au)/O, P
R/\NHZ T ’R \NHI + [Ru or Aul—H
- )N\Hz NH
R” "NH, —~_ NHg
Step2 | AU/O; R R RNTR

————> R—C=N
RU/02

B3 575 e AL S

Scheme 3 Possible mechanistic pathways for ruthenium- versus
gold-catalyzed oxidation of amines
12 ReBEEL
1.2.1  fRBEALFH

s b i FEEITRZ —, MBS 5. Patil
S AROE T E SIS, A AN R AT,
FMR SR 1 Cu' AT A - TR A B A BRI .
AT T B B A58 A A AR I 24 2 B H S O M
WA TECR 3 A0 4), VAW 7 RN 2e i 1 25E)
A2 ) BELAS X SV Ji 1) 7 2R BOR . O, 72 H 5
EAGEG T, REZHIEU T A 5%~ 22%K 8l i
ik BJE, VR SCR AR AR A AL 4R
TERME T A IR T AR B B BT R, 2 3 LA
A AR AT A A S e 0 A i, HAZ AL R
& FIVE Y, W& 4 T AN BRI (R
il POARMPIL . AR T IAR R 55 2% PR 55 25 TR
P

Patil B2 T HXE Cu' TR (AR AR
AR & O IE IR AR 7T, St T AT Re AL AL
¥, U1 Scheme 44, 55— i 1 A 5 e ) LA I e 2B
R (11)-FZ 2% 5 ¥)(Scheme 4A), SR 587 WA (1) -fe 45 &
W BOL SR B AS 2 b (A48 1, Wn#g4E 1 (Scheme
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Table 3 Copper-catalyzed aerobic oxidation of benzylic amines
to imines

CuCl (0.5 mol%)/air

R NH, neat, 100 °C RESNTR + %10
1 2 3
Entry R Yield/% 2:3

1 Ph 88 93:7

2 p-Me-CgH, 94 85: 15
3 0-Me-C¢H, 84 80 : 20
4 p-MeO-CeH, 92 78 122
5 p-F-CeH, 84 86 : 14
6 0-Cl-CgH, 89 95:5

7 m-Cl-CgH, 85 89 : 11
8 p-Cl-CH, 90 99 : 1

9 o0-F-C¢H, 52° 100 : 0
10 m-F-CgH, 54° 100 : 0
11 CsH, 50 —

“ Yields of isolated imines. ” Rest of starting benzylamine was recovered.
“Selectivity determined by 'H NMR

4B), FIAMRT 5 55— 70 T IS N 3R AT e 267 i %
18 2 EAEKHINE T e A 18 K A e, A
i = RS ETINI S

1 S‘ir

A) Cu(l)Cl catalyzed mechanism

120, H,0

N c:u2+
szoz
2R— C =NH + 2H,0
I

2R—CH,—

B) Cu(0) powder catalyzed mechanism

1/2 0,

2R—CH,—

1/2 0,

ﬁ%

Y )
R—CIZ—N:CU2+—NCC|)—R R—C
H H H

I~

R4 AHFREILEIA R

Table 4 Synthesis of unsymmetrical imines
CuCl (0.5 mol%)

PhCH,NH, + R2NH,

Neat, 100 °C
2
PA"SNT  + PR N Ph

Entry R? Yield/% unsym./sym.

1 Ph 78 23 .77

2 -MeO-C¢H, 86 86 : 14

3 p-Me-CeH, 82 17 83

4 p-Cl-C¢H, 93 3367

5 m-NO,-C¢Hy 97 0:100

6 0-Me-CsH;N 94 0:100

7 CeHiz 78 56 . 44
AN, Hu 205 e 1 DL SN EARF, SR B

Bh7) 2,2,6,6-V4 B FENR e - N-48 46 20 (TEMPO) 5 AL 4
(I0) B[R] A P — e SR A 4 5 A BT fi . (ELTS — 3112,
ZENRGRE T T H S48 E, X538 XA R B
T B AL (R 5). BR T CuBr, 4b, Cul tha]
5 TEMPO P [F A FiI A4 e S8 A A BBk Rl I i 1261,
VEE W TERIN, AR RANE AT A &R AR EE

R_CHZ_NHZ

[R—CHZ—NZCH—R]

Path 1 ;
] NH3
H,0 H,0
Rath 2, - CHO + R—CH,—NH,

NH3

T/CU

B 4 AR A S AR O % ) 7T REAL

Scheme 4 Possible mechanism for the copper-catalysed aerobic oxidation of primary amines to give imines
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# 5 CuBryTEMPO A6 55 8 S A AL fi Bk
Table 5 CuBr,-TEMPO catalyzed oxidative coupling of ben-
zylamines with anilines

7.5 mol% CuBr;

7.5 mol% TEMPO R2
R'CH,NH, + R2NH, : RSN
solvent, air, 45 °C
Entry R R? Conv.“/%
1 Ph Ph 48
2 p-Me-C¢Hy Ph 58
3 p-MeO-C¢Hy Ph 64
4 0-Cl-C¢Hy Ph 44
5 Ph 0-Me-CgHy 66
6 0-Cl-C¢Hy 0-Me-CgHy 55
7 Ph p-MeO-CgHy 73
8 p-Me-C¢Hy  p-MeO-CgHy 78
9 Ph 2,6-Me,-CcH; n.r.

“Conversion determined by GC using dodecane as an internal standard. n.r.=
no reaction.

JHz UA v e A 28 A i B B RO %, 383E FH T =R i
— eI B 5 E AR A RO L.

TE G-I A AR A B & 1 [ B A, i (1) 28 XA
I 3 A7 7 IS IS PV L 8 P2 R R, XX —
i) @, Largeron Z£127% A HUAEAL 77 ARV 8 FEBR (100 F1
Cu" 48 P [F) 48 X B B S A AR B A BT . 408 1 2 35k
FRfeOs 4B Cu G AEI o-C—H H, fEskHrEE L
RNEE, P RN AR . RS 2 EH T
Z MR K E AR TR RS - AR
AR ELRE S me B L R RO AR AR L AN R
PRI, [FIES, EEEH 7 TRER S SALEE, W Scheme
5. B, KW AR G SR ER A G AR R T S A I ) A
RS, PR R O E R, A
JERAN IR N AR AR T Tz, 40 T JV 38 57 5 fife A ™= it S e
XK . WV frcad v At 2 A el i i A R it
— IR B A AR ).

A R 28 A A FH T - e SE AR I A O %, Gu
DS R 4140 5 4 WLBC P 1 4% 7 A 4 A A - i
SRRSO, B FE R AT DL i A ML A TR 4% A 26
Y, 4 1,10-483E 2 WA A HLRC A4 B 3145 1 7= o2&
J¥z, TATEEAH [F] S5 A T LA SR R g A LG A4 I 145 1 7
.

DA b iR 3 ) 28 e A 751 K 22 Dy B0 R A A 751 X A
BEEFM. Jones ZPWE 5 T E A&/ CuO/CeO, £ HiiE
T, AR 5 T B, AT REISCRIA. B0t 78 B0
CuO Fl CeO, HLPMAFLERT 38 B AT A0 18 VE - S A A
B[ i, HE AR CuO/CeO, HEALFIE AL 1% I B i
RIS A TE T, BRI CuO A3 ZE
EAAER, 1 CeO, FIAEAE N HEALIZ AL K, AT
et R R HEAT
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OH
RN COMe
/ HO R™ O NH,
. AN
N oH
H
N COMe R N R

NH3 Transamination
mechanism
R”NH,

1 equiv.
OH
HND/COMe 2H*, 26 H,oN
o Cu(OAc),/air HO
1ox MeOH, r.t. R'—NH,

(1 equiv.)

self-sorting
Transimination

X _R'
/\N

R

100%

B S Cu(OAC)/ 1o fl 113 X ARG B T A L1
Scheme 5 Proposed overall two-step mechanism for the
Cu(OAc),/14-mediated cross-coupling of primary amines

SR 0T I — i S A AR IR B BT i 14 s I3 A B
fsgm, 2 REGE VAT, BT OIE SR, O
FHEE . BRIt 4k, Marui ZCO4R0E T8 H0, N
P T M- B E AR IR A O Z. HyO, AR TS
8 S S AT AE BRI 26 2F N HEAT, B EL CuSO, A
W, KOHETR, I ACEF. FEF IR T P RE I S N 38
12(Scheme 6). Ht, WidEE CuSO, B[ BT A& 4%
B, WG HyO0p N A b (BRI, Hh A4
JEAN o — 03 e B S AT B B 2 g, B 7K
FRIBCH S SAS BB, Bt —20 5 5 — 0 1R NG B i
LY.
1.2.2 AUEALF

Li %PV TSl 1 LLBRAN AR e 1 AL AL
FIMEAL - A AR IR & RO i, (ER XS T & 45 i 12
H1(Me, OMe 1 OAC) RIS 1-2% H [l A BESRAF A ML ()
WRZ, T3 RIRE, VR LAER T 4 Scheme 7 R 1)
V,0s P PR %~ fie SR A AR BER 5 s IV J Jse 2 P T REATLEE.
V,0s B & J5, #f H,0, AL AY))H HOV(0,),, BRM:
HOV(0,), 5 FIEIEHEEE, b — M5 RS
flEREE LA R BTSN BB B B HLO,
EACRREE, W5 5 — 0 TR HEAE AR BT .
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R™NH, (L)
Cuso, CuL,SO,
1
H2Nj
H,0 R H,0,
R™ > NH, R NH
CuL,S0,
H,0
R™ONH,
R™NH NH; =
Hzol NH, RINR
PR R™NH,
R™70 -NH;

B 6 1E H0, fFHI T CuSO, HEAL A AL K W) REAEALHLER
Scheme 6 A possible catalytic mechanism for the CuSOy-cata-
lyzed oxidation of primary amines with H,0,

H,0 H,0,
+
H,0, \%/ voe2) \%, H*
V,05 —> VO3 + VOj ?\v’?
o’io
OH
N

B 7 FHEEHATRENLE]
Scheme 7 A plausible mechanism for the oxidation of benzyl-
amine

Wang 2£P23R5E T HL4% 4 Y1 (HQ),V'(O)(O'Pr)fit 1k
{1 i — P SE AR BB A B e S 2. S i 1 7 5 S A
FA N T AR BALA A I s e s 7). Z R
38 T 95 B R B A 2 24 R 1 1 30 i B A i
g, EAREH T IECH. B4, Ogawa 231 A4
L2441 VO(Hhpic), (Hohpic=3-F3Entng ) 1E A
AT S A 1F T - R R A O . 2 A o]
FES AR BoR T I EE R A, o EE
58 URTIAE TG 1 V% A B i R %

B T EALRELIN S S 4h, — PR &)
W IE T - A A AR I A I 30 Horpix sk
REYIF, NPVsMog RILH F A AL G 1, X sefifh
FIH— AN E B A R EAE A T RAR R E.
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1.2.3 %R

Nishinaga 25C7VEGC -S04k A J A0 A0 AE i B T
Ji. VEBHEFE T ARG A 25 1 R il B AL 7P O i AL
(B 1), 455 BT AR 1) 45 6 A 7R 3G 1 A A B2
I (3R 6).

Co?* (L)
Co?*(L"): Z = CH,CH, Co?*(LY: 2=
Co?"(L?): Z =\©

Co?*(L%): Z = Co?*(L8): Z = (CH,)sNH(CHy)3

B 1 [Co*'(salen)|MEikshH

Figure 1 [Co®"(salen)] ligand structures

Co?*(L5): Z = C(CH3),C(CHa),

£ 6 {f TBHP EFH T Co™ (L)AL &S A0 T i
Table 6 C02+(L) catalyzed oxidation of benzylic amines to
imines with TBHP

Entry Catalyst Yield“/%
1 Co*"(Lh 95.4
2 Co*"(LY 93.8
3 Co*"(L?) 31.0
4 Co*"(L% 16.6
5 Co*"(L?) 95.6
6 Co®" (LY 0.90

© 2018 Chinese Chemical Society & SIOC, CAS

“Yields of isolated imines. ® Reaction time: 1.5 h.

Zhao 2PSEEF T CoTPP(CF), AL EIAE R/ ST
TE R EAB IS R, R IZ AT i B & A8
BT DA DA o P2 SRR AT D M, AR e T 2 i A
RIS R, YEE S H T A e SO HLEE,
Scheme 8. CoTPP(CF,), 5% A ileyd 4+ [a] 44 B,
A B 5HEREECAL A B (AR C, B J5 R B3 b A
B A D, 75 HO ISR, 2R a4k D KRk
B NH; 7 FIESEFEE E, E 55— F R NA
B FT T =1, FERI— T HL0.

DA SCERIROE T DL Y, R A R A AL
AN TR A, (I A A, AR DA [
M, BAE. ETIE, RREACPTERET M
SiO, MRMAZRIT N B 2B 5L 5 {1 751)(Co-N-C/Si0,) I
T M- B A BB A R . B X e T hE i 4
Hr(XPS)RALLE H TR £ W5 24 RH T 50545 A A4k
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BiliEz R SR
PhCH;NH, 12H,0  Ph—@—NH-Co?*
NG PorCo?* (Cat.) 1140
("0 e moe ; A
? E Co® 1/40,
Path 1
+H20/- NH, H, 1/2H,0
Ph/C\NH PO
2 S
4 PN ST RT N0

H H o
Ph— C N----Co3+

Ph/§
7/ PorCo2+

[PorCo-O0- CoPor]

PorCo3+

PhCH,NH,

B S FIAHRIE  E L2

Scheme 8 Proposed mechanism of the oxidative coupling of
benzylamines to imines

AR, A Y R i B A =R L i A R
#HAMER G ot AR A, AT EE R T
L FLAR, BURLZHiY 5J. Co-N-C/SiO, W E TG 7R AL AT
B, ANAE 2SR 264 N ™ R R AR
%, BAIR RS TE. MRS T I E
B i, M H NS R 52 AR BNt B
B AT, RO R DT I ) B S AR R e A AR
& 7). Co-N-C/SiO, il fi i pERI A 70, B
R 5 AT PETC U] SR FRAIS, AT, AT 4
LSS RAR W 7B A B SO, 40 Scheme 9. Jx
L5y NP RASE (&A% (1) Co NG PEAH: 7E Co 1 O,
FIFE R TR R A B R IR K, AERER & A, SR)E,
A BN, BBRELNE B, RN EZP IR
A (2) N—C AERIETER: RIS T EHAE N—C 1)
BRPEAL S R, B S AR R A Hy0, ]
A, Hy0, 7T L5 53— 737 Rl SL R S R A3 31 FE % B.
XA AT A I B A KR B R R B, B 5

K7 Co-N-C/SiO, HEMAA R Z A AR iZ

Table 7 Co-N-C/SiO, catalyzed oxidation of primary benzylic
amines to imines

8 mol%Co-N-C/SiO,

2R7NH, ar 110°C RTSNTR
Entry R Conv.“/mol%  Selectivity’/mol%
1 CeHs 99 100
2 p-Me-CgH,4 96 100
3 p-Cl-C4H, 97 100
4 m-Cl-C¢H,4 95 100
5 0-Cl-C¢H,4 93 100
6 n-Pentyl 32 28
7 Cyclohexyl 13 62

“Determined by GC analysis; ” Selectivity=yield/conversion.
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o: defect sites
: : adsorption bond

BR 9  Co-N-C/SiO, I AT A BE I 1 S REATLEE
Scheme 9 Proposed mechanism for the aerobic oxidation of
amines to imines over Co-N-C/SiO,

WGP IR =AY HoO R, 53R C HREBUH AR,
B S5 I 5 A SN I G R AR AR A OB, 19 BB 2871 5.
1.2.4 2B

Garcia SO T — R S Bk E-H WU 2R N-
¥ L AR — H G I i (NHP) f# 46 R 4t [NHPI/Fe(BTC)],
u%%ﬁa{m TETIEFN AT, nr U & R ik
(CELHE Z4 24 e ) LA v B A 26 R v B % 1k TS AH 32 1) 3 iz
{RAEAL RIS I A, A s HANE T e i . 1+
$EH 7 LA NHPUFe(BTC) 9 ffi 44 71 4 A4 Ji— i S8 A A 1k
B R AL HLER. 40 Scheme 10 Fizx, 14 %6 NHP/
Fe(BTO)TEA A MIMERH FA R N-S H H2E, N5 H
FIETALH H A 3L NHPL, A E 2753 [ h %
iz, FHEH HERY AT ANE R SR, S5
— TR RN E] H bR .

NHPI/Fe BTC)

o= o o

CHO ©/\
e (DT
oo
B 10 S i S ) & AL

Scheme 10 Plausible mechanism for the oxidation of amine to
amine

Xu R BN 1 Fe(NOs); 5 N5 TEMPO {F
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AL A 2 [Fe(NO-)y/ TEMPO]F T 4k i e S A A8 Bk
B RO . ZAE AR AR IR0 s, AT T
N 5 2R AL XA AR A A RTRRE %, i FLid ]
TS AARANE R, SR, TR E &
IRV, & A LA

BT, Gopalaiah 2R 7 58 A B B (1 824k
TEERADHEAGTTI(S mol%) LDl SEBL T - S A AR I & Ak
TERZ. ZHEATIA AT DAL 5 A5 i B S A A AR e LA
AL R R B R N W, T FLIE T S R A%
55 25 Tl 2 B (22 o) R R i e A8 SR A AR IR A AN %o R WIE
figz, [RIAS 2% %2 1 CUR AN IR O ) B 5 S AL B I B s
H R AT . 2 A R BN 7 AT ] B 3 R A 5
& FVE

2 W 4 S 56 45 AN S AN AL 22 iR, $R T
Scheme 11 BT MALEE. B Soik S8 AL 5 G i 4% &
YL, 3L 145 2R 1T A YR k() DA
TEIRFIRI. W5 5 —0 7 R iR BT 2] 5 S5k
Y I JEREURE SR, BEE, EEMEATINIER T
KNG 5 T R A SERZIN R R N AS B8 — o4 &
YAV, Ben, ZIuhSEY IV SR ss LERE =) 6
k- &1 1L

_Ph
Ph N
6
1/2H20 1/402 T
H A Ph\N/H
Ph— ch “Fe¥*Br, /g
) Ph
1/,H,0 1/402 BrzFe v
11,0, 1/,H,0
Ph—CH,—NH, FeBr, FeB&TPh —NH,
Ph— CH NH N/ Ph

I
NHs Ph CH,—NH,

B 11 BREEAAA I AL & & T ) S AL B
Scheme 11 Proposed reaction mechanism for the ironcatalyzed
oxidative condensation of primary amines to imines

Br 7 UL AR B BRAEST &R, AL AR
SEMAFRIE. Kim 250 MnSO, L7, TBHP AHH
P B AR e R SR A AR BB D . 12 M A Ak R %
HUAR B OBUERUAR F 756 e 25 LA 5 O L35 . Choudary
SRS T — Bl ZnCrCO; W4 JE AL, UL TBHP Ky
TR PE B R I SE I T - R S A AR B A . 124 Ak
FUBR T AT AL Ah N A RO g ob, 0o 75 2% S [
W3dE A, ARG TEEAR. . RE4E B ML A BIR T
CAR - B B A AR BE RS, (H IR B fE Kk, A%
HIAH 5T s 2l
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g b, IR R AR R S A £ O o
B, AT | A T e T SR A R B A B
ﬂ%&&ﬂﬁ%ﬁ%%%@ €, HTE . &5 50

Mrasg BRI 7 AR, PRIER R BA B AR REDE 3 A HEAL T
QOB A E 5. B AT R LR, AR5
JEHEACT T HEAL R L 2R AR > FE W, ARG %
R MG FNE A RN, H— S IR AR L &
JR A B AL RCR, BTt R A R R Z FE
AN AT TSR, SN R R R A, VA
A, HEATIBE RO . Bk, X T e E A
R, WHIUHE R R S5 AR B R AT B A AL
Y, AN R A, AR & TTEA TR
JE B AMEAL T, SRR E R, SR
fem s, DAt — D BRI A

2 RfEl

HeAEA A VLA B — P R R SR AT S 77 A1
TRREITEE, O 2 TR & k. ek
A, BT Tio, A AR Setb 2 Fa e s FIE &
S, CRCNN A ERA )RR —
1985 4F, Ohtani 255 & U AR 138 TiO, i Ab 75 i it
A RETE G A & T TR | SR AE K.
7£ Ohtani HIBF 5 HIFEAN |, Zhao ZEHUE AN LIRS T,
JERTE TiO, (MR TH#E S Ak DL s A 2 F i i B 6 Ak
TR, JaRAEF YO WS R, Bk Tio, Kt
EAPEREFEATI T, RILRIHTE TiO, 1 & v] LATE
A LG X BRI, DAL SR T 7R L BRI Tio, f#
Tl B A A TR RE, 45 R BIR S AR LI RE DL &5
20 S 1 B A 2Rk MR AR B B S e = i, T HL A
N. O+ S M3 aT LASRAZAH M I E (R 8). 2013
5, A TEE— SR K I, TiO, 1E N GHEAL T AT LLE K
W DL R AT PR R A RO, H B K IR B AL
HIE R E A O HPUR 2, FraR1SI = i 5 K AN TR
A 3R G I AR Ak, AT SR B R Ay L R
SR, ORI AR, AT R, DA
AR GUF. [R5 AR I S 46 45 S A
AR, $EH T U0 Scheme 12 FRBI NI, %G,
JRPI B TiO, SRR B &4, 180T WG HE
T, RMEEAY KA A B35, BT M TiO, K
BEOF = =20, B A i = RS R R o
T, FEF AR R Lo O E B2, AR5, TIiO,
MIEP R BT SEA, ARS H RS S TR
ey rp al A, o TRD AR Oy i 7 AR T BRI, TiO, 1 3R TH £k
(VDAL s P FAE 5E O AL BB IR . B Ja, RIRBL)
e ot et ] 1) 5 A% Uit 72 A A S PRI iz
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# 8  TiO WA e S B
Table 8 TiO,-photocatalyzed oxidation of primary benzylic
amines to imines

R TiO,, visible light )R\ )R\
2

A" "NHz 0, (101kPa), CHcN AT N™ Ar

2

Entry Ar R Conv.”mol% Selectivity’ mol%
1 CHs H 91 92
2 p-Me-CeH, H 78 94
3 p-t-Bu-CgHy H 90 94
4 p-MeO-CcHy H 95 93
5 p-F-CeHy H 84 88
6 p-Cl-C¢H,4 H 83 90
7 0,p-Cl,-C¢H; H 92 91
8  2-Pyridyl H 77 86
9 2-Furyl H 68 38

10 2-Thienyl H 77 86
11 CeHs Me 44 53
12 p-Br-CeH, Me 49 49

“Determined by GC analysis; ” Selectivity=yield/conversion.

R\EEH
Ph i +
R\é/H @H VIS. H
N \{ TRE o R
R
Ti* ,{IH NH /B
Tit*

E
NH,OH %\ T
= HN—O
Ti4*

R R PhCH(R)NH, Ph
A
Ph” N “Ph H,0 = %%

B 12 F GRS FILE Tio, Rifi_L & b= A WA AL EE
Scheme 12 Proposed mechanism for the oxidation of amines to
give imines on a TiO, surface under visible-light irradiation
Chen Z5MWHEREVATIRGE A B T g 44147 TiO, A4
K, LR AT L0 B S T R A i i S A AR BB B A
M ZMERFEA 3D = A 1 E IRE ), 2R N
RO TR S RO, RAIR KIS /. [
4R, Li SR IR A TiOL(B)/BERE™ TiO, 1 167 1B
A S A AR IR A RO . SR g R R W], fEW]
WICH T, 540 TioyB)MELELEY TiO, MHLL, WA
TiOL(B)/ B TiO, i A7 2 7 th 5 e 1 S e A 1.
Zhu ZEPUHGIE T BIELEL TiO, FERR YK Sk
A PRER] WA >460 nm)FIIESTR, ML A
WARER G BRI . AFE 55 1 ASRVE TR AL TS 1R 5
Wi, S5 RRIR, AT E O T AL AL AR B,
PArs He AL R A e FEVE A N D . Z AR & T
MR S NS fA I, IR R AR R B AT
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PE, (EANIE F T AR Wiz

BT BRI AR LA, HAth ST S AR g
FF 045 . Tanaka 25524)0E 1 Nb,Os 7E N2 Mg i
T, FEH IR RS AR R iR R A
BAH B . 4550 BoR, Seh T iEHl(Me 1 OMe)
PRV ERUAR 5 g bE 25 W R T35 [ (CT AN CF3) B 6 i B 2%
Gy RS, TR BZAEA FR RR D AR IR T B B S AR
B AR B i, AH I R (61%) &k TR & F R
(94%~99%) H. s N B[R] 5

Wang ZPHRIE T/ FLA BB E AL A (mpg-C3Ny)
SHEALFIAE AT WOGHERES . 0.5 MPa &/ Nk ik £tk
AMNA T, [RBIET A EE(2~3 h). ZEH RGN
I0E F T 95 B, i FLX b e -2- 356 R fi T iy -2
i A9, AT A DA vy % A 26 00 vy B M SE I AK.(95%~ 99%)),
I B AL B 2 A R =M A TSP, (B AR
SIS AE R T A EER R MALEE, 41 Scheme 13 FiuR,
mpg-C3N, 7EJGIE N3 7= A 8, AR
TRREAEHBERE T, A5, KB TRESHAH
FH 25 B 28 7 SO AR BT i R TR, A2 ) H,0, 5 55—
I3 He S N AR A BT g T, BT A (4 TR 4 5
N () Ji J S i 2 AR 21 H BR =4 0 fiz.

light

C3Ny4 C3Ny4 (h*, &)
02 +e —> 62

PN L_, P &, PO
R” "NH, R” "NH RTSNH * H20O;

H,0, >_<2H20
RTONH, gy
/™R
/\,_\ HN:) NH; N/\R
RTONH,  R7SNH J
RO R
h+ h+

B 13 A I & I i ) 7T RERLER
Scheme 13  Proposed mechanism for aerobic oxidative coupling
of amines

Son ZEPUHI & T Wy EEE S HLYLRE, AT LR
B A LE AL, 7R IR R LED 0 WG
B, 0.5 mol% 3,7- AWy e RIAT 40 R AR I
N, DL = AR B . 5 R A AP S % T
Eq. 2 AR BI85 A BUN-Z 30K 52)(L1), AWK PR )
(IL2) 1 X POK e R A ] ) (L3 ) F) = b 37 20 6 (T 2 5 W 1
T - A AR R A RO . LRI N A L3 HIR
(2-(2'- 7% 3 I Wy JL ) L 1 ) A (TIT) 25 & W (Tr=6) I, E ¢ K
RFHE KN 460 nm A F)EEE LED JBSTF, 0.25 mol%
Ir-6 =I5 NI 5 h 3R ATIA ] 94%. %45
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RT3 SR ZE S RGO R A,
AR B fe AL IS . AR IR T OB
B A SEBF I RIS AR U0 Scheme 14 TR, fEGEALE
i, WORRERAS SR BT R B R G A B
HARE T, ARG SR TR TR A d2k
FHES T, X5, B B 2B &7 B 2 R T O
TR . (RS, ZREMRKE S
KRERFE BB =R EA D T LR RGE I RS, R
Ja, P A A AR A .

L1 (AgBr)
N C/_\ 2-ethoxyethanol /N
Cl _Cl ] N reflux, 12h, NHsPFs  C_I. @
r Ir—L
N e | e L2~13 N7
C N_/  methylene chioride \_C PFe

reflux, 12 h, NH4PFg

_ N

/ AgBr BrAg \
L1 (AgBr)
&N @;S)—@ L= C NN
<. N / /N—<\ )7—_N\
N S S
L2

Se Se
L3
0; 0,
* Ir*
Photoredox ; 302
pathway Oz
RNH2_ pathway 10
2
Ir

RNH,

B 14 6T T 0 A AR IBC A L 1) 7 A 3 AL B
Scheme 14 Two main mechanisms for the photoinduced oxida-
tive coupling of benzylamine to imine

Berlicka 2P0 70 & BUAE #5656 — W (LED) R
BN, 2,7,12,17-D9 A SERMIR(H, TPrPe) A HEALT, REH 2L
b A AP R0 A e S A A R 2 R, (ELZ A AR &R
S A T A W F T R AT A O A e AU 1 B o e ik
SCEEMIIPIE (R 9).

Tada Z5ECWE AT B & 40K R A £ 8 AL ik
RS T AT, T R )k B R S A S T
fe. 8T {MEBAMMNER, Xh Avsana
TiO, 7E e 1) 36 F M S A Hh R B H AR w1 1 T L AL
TEYE, AITETCIAA. AT T DAEnE R A RO B 1)
R,

Chin. J. Org. Chem. 2018, 38, 1350~1363

F£9 RFEM RIS R

Table 9 Oxidation of different secondary amines to imines

R Cat (10 mol%), LED R
P SNTe PN
AN CHCly, air AN
Entry Ar R Yield“/%
1 CeHs H 42
2 P-MeO-C4H, 1-Ethyl 59
4 C¢Hs C¢HsCH, 99

© 2018 Chinese Chemical Society & SIOC, CAS

“ Determined by GC analysis.

AR B, JeEMEG = RN SRR
s, BT e Bos AR S AL e Re. SR, H T
3 FH AL TR ) S AR B A, I PEIE R — PR A,
H G R, ST MENFIRTE & % b, Ed @it
ML BB RS NG MBI TR A S ERET-
OIS A, MNITHE s e A AN S e 1

Li 2SI Y foff R 3ok i ol A B 9 51 0 1 4% 1)
Znln,S, GUKERMEALIZ I P E A R . 25 S EoR, DA
TAEAENEAAA, EA] WIEHEGR, XFF S A EUR R
e 159 L, P 25 2 v P e A R AT e M A5 A N 0 0 . R
Yy S g R, AL AT LA Z T
RUCRE (1 5 (4 PR BRI -8, (RS2 2 ) 7 FELIR 52
M K. [N I (A TR 38 T 2 B A i 0 g 7 .

YEFHEH T 40 Scheme 15 FTzm B —Fha] BE I s SAL
. A LGRS ZnlngS, B, P2 AR LRSS, AT LA
AR U, 2% A 2B e i o o0 356 [ (1 3R
1), SRJ5 5 FE T POEAE T DU AR A B P B
TCEIR 2), JeAmdE H IR O, Z IR FIH EAE
REECEIR 3), AL 54 UV ST Tio, JefEAb K
P FRIMLEE SIARL, 17 A S 0L P e 5 T S A% AT R St ZK = 2B A
N FE PR 4)

H
/C\

R™ * "NH, step 3

- ¢ *NH,OH
‘o
step Y/ visible-light  { step 2
* 1
RANHz R H
L R”NH,
& step 4
R HyO
R NH,

B 15 ErT WG T Znln, S, 1E A T REAIE SR U5
L EIHLE(CB= 77, VB=17)
Scheme 15 Proposed mechanism for the selective aerobic oxi-

dation of amines to imines over ZnIn,S, under visible-light irra-
diation (CB=Conduction band, VB=valence band)

http://sioc-journal.cn/ 1359



BIHE

3 {AE#EW

15 A R S B Sk 2 AL AR A T — 1k, wT
05 AL 2 I S IR EE AT () I N 46 R HEAT, R
AL — R I SR e B L B R, BT
AT B B fRase v, X2 AR 0 IE N BE 7158
2, DRI A2 BB E FAT) 2 00E

Klinman 20} 4 i S AL B (CuA Os) O A= Wi 1
(PRI FC R IR, XA % B A A IR e e, DR A
F R AR A HLSH B K 7 (TPQo ) R B8 1 1 B | 4
fE CuAOs F4rF%AEH T A I SE AL A B A BT
Jiz, Som BT B AL TE M. Sayre ZE UL AT 5T A e E AL
PR A e e S A AR BB s I P P A TG e, R S 4 )
gV AR HL CuAO VS PEA MR AL R M ALEE, 4
Scheme 16 fi7R, 2,4,5- =R R AR IR BR(TPQ. )1 4-52
S5 I [ 5 A 2R TR A A T e A A R0 56 e B 9 2 A% I R 2
C-5 f FACBIE AR, TEANAT A, AR R
R AR TT DAL B 5 N, 15 2RI I Jiig 2 2
W=, AN RAE KR R, R AW 0 A A A R
BRI IR, 5 ek 8 S B R TR AR B R
WA A, Bk Ah, VEECHERE T T i B A B
K7 (LTQ) 1E i M AL i S A AR BE & B i, 5
TPQ ALK A EL, LTQ R LA 25kt S il = M i A B

i, Wendlandt 2513152 81 AE W A 248 R 1) 5 %, )

4§ T Fe2-F IR (TBHBQ)VE A MUAE AL 74 Ak
H;z NS MART S O I, RIAE 2, 101 kPa %<
FEREIR AR, SR g S AR A A A
RS BIAH N (K (R 10). BR T = S 365 ) G
JH (1) J52 3R #8518, 75 48 h 4k, A S I 22 20 h I
13 35 == 2 W, 3K R B Jig (1) 7= S AN A LR T
IR B, BBk T e i) 2 (R BH. B AR %A L
TS i P B AR AT AN i, R X S e A R e

PhCH,NH,

E
o '

TPQox oy H,0 OH

PhCHANH,

Vi, FovFiE DA AL R e Ik & A AL % AL
FEEAL AT I Bl i [ R A e 5 7 i kA7 22 SR AL I
NI, BEEE R A S, X R E TS ES R
AL, VEFTRH T 5 Largeron [ PAFRIE 2400 S 0L
HUEE, E 2l R 5 48 S FE R 45 & A I 2 5 R
BEE, 125 55 R S N 2R R AR e IV, A R it JL o e A2 1
R4S
R0 BRI H A

Table 10 Quinone-mediated aerobic oxidation of primary ben-
zylic amines

TBHBQ (1.5 mol%), O, (101 kPa)

2Ar7 NH AN A
' 2 CH4CN, r.t,, 20 h

Entry Ar Yield’/%
1 CeHs 87
2 p-HoN-CH, 76
3 Pp-MeO-C¢H, 93
4 p-Cl-C¢H, 90
5 p-F-C¢H, 91
6 p-CF3-C¢H, 78°
7 m-Cl-CgH, 72°
8 m-1-C¢H, 70
9 0-Me-CgH, 86

10 0-MeO-CgH, 73
11 Naphthyl 81
12 2-Furyl 80

“Yields of imines determined by 'H NMR spectroscopy versus internal stand-
ard; ® Reaction time was 48 h.

Kobayashi 25 ¢ kAR 17 —Fh 545 WL BH R 72
B AR FH )4 8 2 ARG AT T - P S A A B
RRIV . X Fh 2 MRS CuAOs L RGH
—LEARBL A R, X R F AT DA IR R AR
RETPRAS, 10 SR RS A A PE . 1R SRk AE
IR OIFILRM B PYIr X4 )8 Z MGk AELL AT 4-
BT B4R 2R R (TBBQ) ZH 5 1) 4 i I By [+) 44 1 A 2R 44

E

Ph N7 Ph
OH

3) PhCH,NH,

e ﬁfé

Bk 16 1 CuAOs ZRERME R AL I S AL I B T R B LB

Scheme 16 Proposed ionic transamination mechanism of the aerobic oxidation of primary amines catalyzed by CuAQOs quinone models
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MR FA AR L i AL R A B %, RIS, BR 1 S0l
TR LSN, ZMEAFIIREAEE A 101 kPa AT
AL H A i DL RGP AL R B R RZ (R 11). TS
CuAOs fEALIARAMLE, ZAEIL AR R ORI R AE T
it v DRI ACF IR 7 % 0 e, BRI 5 T Bl T
HAMH] 5 A TEE TG I T B

£ 11 SRR PYIr Gk TBBQ ARSI A A b i T
g

Table 11 Acrobic oxidation of primary amines to imines cata-
lyzed by supported Pt/Ir nanoclusters/TBBQ
Immobillized PY/Ir

nanoclusters (0.5 mol%)
0O, (101 kPa), 16 h

PN e NP
AT NHz ool 0 (Viv=91) 35°c AT NT A
Entry Ar GC yield/% Isolated yield/%
1 Ph 77 74
2 p-MeC6H4 80 75
3 p-MeOCeH, 80 73
4 p-CIC¢Hy 60 52
5 p-CF3C()H4 57 55

“ Determined by GC analysis with anisole as the internal standard.

SELOSURTE T P Y e S IO 2 35 R (1) Ay f
b F MMdec1003mm%);ﬁiﬁﬁkja%;uﬂMOOH)
AT, A - A A R A BT . B 90 R B
FI T, PAR R AR AR & O I
i, FERR IR AL B Bk B ANET IRRAE A
AL ELAT B ML TG . %A R GEAMN AT LU AL
B i DA e e A 2 R e I B I IR A M Jie =), TR
EHTH M. ECRSRDIZER 12). BRIz, -
NI 28 5 0 E LA AT LA 700 (50 e ORI 2O e,
PURLUT Jid S A O AR A R B & A ). Bl
J&, AATTOSAR T SRR A T R KA MR
R(MnTE4PyP, 0.05 mol%)FI{F AT -BuOOH i
PR R EACAB IR S B AE 60 CoK R al iR 3E T, HAE
FAIF S B4R, AN TR U el R 10 9 7= 28
K 76% M. TR, fF S AR R SL e 4 AR T
MnTE4PyP £ 771 i 1 i S A AR B G 1 0 B 1) s 2 AL
HE. 1 Scheme 17 AR, EALTITE -BuOOH MIfEF T 5
¥t S5 LA R BB G R A a, SRS, A4 a JKA#
BIR—n TREAERETRE 1, XHE 1 55— 7
S AE R TEAR b, HHIAA b i K75 2 287 S % 2.
T4, TE R RMAAALE T, T R (a4 a i
AR 3.

FEXS T LA E SRR EAGIR &R, 17 AR AL OSSR AR
F, EAGRICRGT, B T REME M A1 A 2 PR A B s
b, I g 7 AN i B R A A 1. X T AR
(A L R A IR R N = | A1 DA A S
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PR RE, BLR R = R A AR R DR R

R 12 H/NRRR G AL AR A T
Table 12 Oxidation of primary amines to imines catalyzed by
the manganese/porphyrin system

MnYPPCI (0.3 mol%)

t-BuOOH (2 equiv.)
N PPN

ZR™NH, toluene, r.t. REONTR
Entry R Time/h  Conversion’/% Yield’/%
1 CeHs 0.25 >99 91
2 p-MeCeH, 1.0 >99 88
3 p-MeOC¢H, 1.0 >99 73
4 p-FCeH, 0.5 >99 96
5 p-CIC¢H, 0.5 97 95
6 o, p-CL,C¢Hs 3.0 70 57
7  c-Hexyl 2.0 >99 91
8  Pentyl 1.0 >99 96

© 2018 Chinese Chemical Society & SIOC, CAS

“Based on amines, determined by GC and GC-MS.

PorMn PorMn2*

t-BuOOH PorMn2*
PhHC=NH L PhC=N
H,0 3
|

&I/-«
Ph— C NH,

N---Mn4+
PorMn4+ l\
NH3
PhAo
PhCH3NH, )\
PhCH,NH,
Ph ‘\N
PSP o B
2 b

B 17 MnTE4PyP 7E7K A Jii S A A B0 I Jre 1) 5 AL
H

Scheme 17 A plausible mechanism for the oxidative coupling
of amine to imine catalyzed by MnTE4PyP in water

4 FHARBEELT

BT _EiREEMEL. et PiERAAL, B F —
A SR S TR AR A ) A A P T B B SR A AR BB A T
7E 20 40 90 4E4R, Hirao 251V Yk DL K RO AL 71,
PL(NH4),S,05 8 I A0 i — i S8 A0 AR 1A i T B,
Ton BRI HOEEALTE T, (B R AHEYY R o — 1
T,

Huang Z57MRGE 7 — Rl 2 AR A A] 96 244
A A 28 (GO)Z AL, 2L R AR R
R, FE 100 C T T AEMIE I 41 T LR A
BRI R R R B A O RZ. IR, a2k Rt
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T T A RRIE A IR . AR se a6 25 k5
AR, EEHEH T 40 Scheme 18 FTm i SN ALEE.
H P61z PSR G RN A R AR R, PR
#PS K RCH=NH HERME K. EEE A, Hia
& RCH=NH 5 2 — 5>l F A il iz, 4 e iz
HE— PR NH,, SRAHMBIEOT AL 249 RCH=NCH,R.
7E#A%E B, eI A& RCH=NH 5JR & H,0
N3 E|EE RCH=0, MR )G 5 58 =0 T AL N 315
AL 4.

Landge %748 T — o L 10 22 AR AL 70 [ AR R
K-10 ZEWiAH TG ARE G RO L. 7211
AL, & b i (W F - 25 R0 &5 L 1 ) R AT 7
1~3 h P RE B L AN . [R] I XS 5 = e A o
Jie 2 18] F A8 SR AR IBE B AN FR 22 O f, AR
ARV, (E AR R N S A BRI, 5 B
HiBh, HAE 150 CHImR T, HR4E CHIE 1 SCER A
SEHG LR, VR T 1 Scheme 19 Fm B AT BE ) S Bi
HLHE, K-10 FORRME A 05 R RE I A A6 T Befr, A=
B i A, SR 5 AR A4 5 55— 2 7 R I B R T
H S5 BT

R)\NH
NH
R/\NHQ { R) 3
RYH o
2, X Graphite N~
’?‘\H R™ “NH oxide R® N R
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Path B

B 18 GO A A A S ) o] e pL A
Scheme 18 Possible mechanisms for the GO-catalyzed aerobic
oxidation of primary amines to imines
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Scheme 19 Possible mechanisms for the oxidative self-coupling
of benzylamines in the presence of K-10 montmorillonite
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2% (B2 FELRR B~ 2008 AT ), LG e (1) 3 b 2 R e
PR 13).
F 13 AIBN LA R R ) A%

Table 13 Oxidation of primary amines to imines catalyzed by

AIBN
PR AIBN (10 mol%)
2R” "NH, RSNTR
toluene, O,
Entry R Conversion’/%  Yield/%
1 C¢Hs 94 89
2 p-Me-C¢H, 99 87
3 p-MeO-C¢Hy 97 76
4 0-Me-C¢H,4 98 88
5 p-Cl-CgH,4 99 85
6 p-F-CgH,4 97 84
7 2-Thienyl 93 83
8 2-Furyl 90 46
9 2-Pyridyl 92 86
10 Cyclohexyl 32 7

© 2018 Chinese Chemical Society & SIOC, CAS

“Based on amines, determined by GC.
5 ZRERE

i~ E A AR IR — BT A A L PR ACHF
W Ji £ PG I X B R A AR R KRR R, RO
FAFETIERMN, JRYERTEEA WY, R 7
PR RE A AL, A B B0 R, fafe T &F8 e, 4
i, AT SRR, SR A SR LR 1
REACTERE, EX 2 A 2 [R5 BHL 1 - e S8 AR R e b2
MABCRIFAL Nz, HireREaWET &, i
BBt —SERRU AR Bt i AL ) R AT RO A1
TS, HAFAEE R AF T2, 7 EAANA I AL
s BRE B SR, AR TE, woutEte . i
A S th AT A AR IR R A 2% 1R TR AL B S SRR AR,
o e A BN R PR SRAT I, X i~ e 5 AR A A
R B L () AL PEA,  ELAREAR T 1l 26 DRI KE . [RIIR, %6
TR AL EE, K2 e T S 45 /i
FEM, kb EFRAE S 0 H T A AR SR A
[, fEAHLHIS 5, A G e, BT B,
XM R AR I & RO, 75— 2D R R L B BiRAY
IR TR A IR R, FRARRSE 26, ATt S MiAD BR,
T RIRDE FIVa B, R0 R Ji 3 1 i -l s SR Ak
RIBE SN R I R R R A AR AR, 3 2 H T T M-
JEAZ SCRAMARIBE S L I HEAL LB, B3 S B A%, AT
NIRZRF SR AL 1 .
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