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Recent Progress in Synthesis of Amides

Dong, Hao” Hou, Meifang*

(School of Ecological Technology and Engineering, Shanghai Institute of Technology, Shanghai, 201400)

Abstract The formation of amide bond is one of the most key reactions in organic chemistry. How to generate amide bond
economically is often overlooked as a contemporary challenge as a result of the widespread occurrence of amide polymers,
natural products marketed drugs as well as synthetic intermediates. There are inherent drawbacks in the methods. Concerns
about their waste and expense are becoming sharper. Thus, Novel chemical protocols to amide formation are being raised.
Among a large amount of ways of preparing a amide bond, there has been a growing attention in the use of catalyzed methods
for preparing such important functional group. In this review, the catalyst for the formation of an amide bond has become the
highlight of some the latest literature in key areas. Alcohols, aldehydes, ketones, unsaturated hydrocarbons, etc., react with
organic amines or inorganic amines under a variety of conditions to give the corresponding amide. The review of a new gener-

ation of amide-forming reactions may be beneficial to solving these problems.

Keywords amides; catalyst; organic amine; ammonia
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Figure 1 Chemical structure of amides and the conventional
chemical method for amide bond synthesis
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Scheme 1 Copper-catalyzed mechanism
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Fe(NO;)3- 9H,0
i~ TEMPO R3R2NH - HCI 0 ,
R OH CH4CN, air, r.t., 2 h TBHP (70% aq. solution) R1J\(R
CaCO; ,60°C,16 h R®
R'=Ph; R?=H; R® = MeCO,CH,, PhCH;
R%/R3 = (CH,),0(CHy)y, t-butyl
R' = p-FCgH,4, p-BrCgH4; R? = H; R®= Et
R' = p-CICgH4; R? = MeCO,CH,; R®=H, Me
R' = p-PhCgH,; R?= Me; R® = MeCO,CH,
R' = p-MeOCgHy; R?= H; R®= PhCH,
= p-MeOCgH,4; p-FCgH4; R? = Me; R® = MeCO,CH,
= p-MeCgH,; R? = H; R3= EtCO,CH,
= p-MeCgH,; R?= R®= Et

B2 BRfEIE Bt
Scheme 2 Amide formation by iron catalysts
HLEEUN Scheme 3: Fe-TEMPO 34 fh A i,
52‘F$ﬂﬂ;zfﬁu7yi$&f“ﬁ/ﬁk¥9ﬁ@%*IEWZIS BE— il
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Scheme 3 A mechanism for (Fe-TEMPO)-catalysed tandem
oxidative amidation
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R1 = o/p-MeCeH4, p-MeOCsH4, p-CIC6H4, p-BrCeH4, O-FCGH4,
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(Eq. 8).
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2-HO-6-MeOCgH3, 2-HO-5-O,NCgH3, 2-O,N-5-HOCgH3,
5-Br-2-HOCgH3, 2-furyl, 2-(5-HOCH,-furyl), 2-naphthyl,
1-naphthyl, 2-Br-4,5-(MeO),CgH,, 4-quinolinyl, H3C(CH,)g
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Scheme 5
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41% ~ 96% R

R = n-pentyl; R' = H; R? = Ph; PhCH,CH,

R = j-butyl; R'= R?= Ph,CH,

R = n-pentyl; R' = R?= n-Bu

R = i-butyl; R' = H; R?= PhCH,CH,

R = 4-MeOCgH,, 4-F3CCgHy, 4-ClIBrCgH4; R1/R2 = (CH,),0(CHa)y, (CHa)s
R = Ph, 3-NCCgHy; R'/R?= (CH,),0(CH,),

R = 2-MeCgHy, 2-thienyl; R" = H, R? = PhCH,CH,

R = Ph; R" = H; R = MeOCH,CH,
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Scheme 6 The synthesis of tertiary amides from carboxylic acid
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Scheme 7 Synthesis mechanism of tertiary amide

2011 4E Liebeskind 2525 BUR AR IR B 1 5 R
PSR, BRI UCRAAR, TR %A T
TINT NN-Z(ZHERER) ABEZ(BSA), $ M RV
K, WACRERA BSA PUHE (4 min) N R O-FEGEIERT FiR
Wi, X2 —FPAE IR AT B S A 1 EE, e A R A R
S N AE R (Bq. 10). N HLERAD Scheme 8.

2012 4E Townsend 52V o, -/ F1HR B A 7 i 42
TR R A B R R AR B2 B BB AR B FCMAL (formimi-
date-carboxylate mixed anhydride) ft) /P [8] 48, T i
1,3-O-N FIEA15 2] N-F [ FEBE % (Scheme 9).
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FIRRIGL, SR 60%~84% (Eq. 12). M5k FFEE AT
A HBE FREFFI O-B N5
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Scheme 9  Synthesis of N-formyl amide

93%

272

http://sioc-journal.cn/ © 2017 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2017, 37, 267~283



Chinese Journal of Organic Chemistry

H
Q MeCN, 20 °C 0
P .- )\/SOZTMS - — + /H(/F MeCN, Me;SI JL
R™ "OH -SO,, - Me,C=CHy, 15 min R~ ~OTMS S 7o%c 2n TMSF
o
HNR'R2, AgBF, )
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Scheme 10 Amide formation by mixed anhydrides
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_X' || (@]

B 11 TR RGR A R LR

Scheme 11 Mechanism for formation of mixed anhydride

0
o COMU, 2,6-lutidine, r.t. L _r "
A ¥ HCPHN-R! TPGS-750-M/H,0 RN an
R” “OH L0, it N
74% ~ 99% &

OBn
Ve 5 % 5 s '
" ANT-lez Y\NrHCbz Ph/\‘/ Ph\‘/ ON;oc, etc. s % Ll%z/'\ﬂ/ zE % OMe.. efe
o

NHCbz NHCbz o
o

O
T PUUOUUN 64 ¢ R hi 2
@\l T PFe o ©

comu TPGS-750-M

TS 80 2 S . BT P T A e A e A e A S

(1) PPh3/CBrCls, CH,Cl,
@ RN ijAVkmms R, AE R R AAE K Z R [EE 15 h, R
60% ~ 4% (2)  RRARGONENG, FZEKPE 8 b, R RE G

Bt 3 P BE % (Scheme  12). RUERY & B ¥ Ik M I RO BE

H, R¥R3 = (CH,)s

R1 H R2/R3-(CH2)4 %, *ﬂﬁﬂﬁﬁlﬂﬂﬁfi&, %%Hﬂé\%ﬂﬁfi@, ﬁﬂ&)ﬂﬁ%
R'=2,5-(0CHg)p, R? = R® = 2-ethyhexyl HIITAE R ks, BIfg R T R i ie) @, ] DAES )

XSRS ER, 35T R H 215 s B P g —Fh R
2005 4F Hosmane /]N2H P8 FH S5 Ik 4 475 TG R 5L =2
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s
(1) BaMesNOH(MeOH), THF o ,
ji  (2) MP-TSOH i ' | Bu\ B JOL . o
R R43) RAR*NH (115), PS-Carbodiimide HOBL R N~ (13) [ j)’rB“\Ar’B“ THF R” “OR
(4) PS-TsOH or PS-NCO, MP-carbonate R4 |

75% ~ 98%

R'=Ph, R?= t-Butyl, R% = H, R* = 4-MeCgH,CH,, 4-MeCgH,

R' = 4-acetylCgH4, R% = Et, R® = H, R* = 4-MeCgH,CH,, 4-MeCgH,

R' = 4-HOCH,CgH,4, R?= Me, R3=H, R*=4-MeCgH4CH,, 4-MeCgHy4
R'/R? = 2-naphthylCHCH,CH,, R® = H, R* = 4-MeCgH,CH,, 4-MeCgH,

OH

0 2 3 4
P . R2=Et, R3= H, R*= 2-MeCgH,CH,

R'= ., R?=Me, R®=H, R*=2-MeCgH,CH,

BocHN™ ¥

R'=4-BrCgH,4, R?= Me

R3RANH = H2N/><\OH . HoN N/ ,

H
HCl
HzN/\/\/N\Boc I\I‘/
HNTY O\ HyN
SUS R0l
) F

(Excess)
i i I
<,N | OEt  K,CO,/DMF </N | OEt  H,N” “NH,
H RCH,CI N
H / Anhy, EtOH
0 RH,C O reflux, 15 h
o
</N | NH, Q
N N NH, H,O/Reflux <,N | NH,
B ———
RH,C NYNH 8h N H
RH,C
NH, 2 ©
R = Ph, PCH,0

B 12 BT PR R e e
Scheme 12 Selective functional group transformation using
guanidine

IRk, HERP IR R, NSRS T Eairk
BN 4P IR,

2014 4F An /NP TS T S (el ) 4 R 7 s .
A bR, RN =R EARTE 0 °C R M. 3 h 15 E ]
A, FEAAMNE SR 10 min, BPAS 210 0K % (Scheme 13).

2015 4E Mecinovic Z5PUH1 Wang 55175 51 12 H 5
[ AT 1- P 3 - 3-(3-Tilf P 2k ) DK P Tl 03 2 6 A A0 Tt A0
i P e e 9L i) 28 ot . S L ERAE T AE, Wi sy, HLEH)
E RV, AR R B, S BRS F A S .

274 http://sioc-journal.cn/

© 2017 Chinese Chemical Society & SIOC, CAS

0 0°C,3h [ j 0°C, 10 min E j
90% ~ 98%

R = Ph, 4-FCgHj,, 3/4-CICgHj,, 2/4-BrCgH,, 4-O,NCgH,, 2/4-MeCgH,4
4- MeOC6H4 2-naphthyl, 2-furyl, n-pentyl, Cyclohexyl; R! = Et
R = Ph, R" = ‘propyl

B 13 BRI i 1 BT T 7
Scheme 13 New synthetic method of morpholine amides
B LRI A D IR 1) 4 e, D 252 S LA A i
NIERE, N-Z8 R SO MEATIAIZAE 60 CF R MiAFH]
M (Eq. 14). MMALERAT Scheme 14.

O
o IMes «HCl, t-BuOK 2
Jj\ + R'R2NH i RJ\N/R (14)
RO toluene, 60 °C |
12h~36h =Y
0~ 99.6%

R = Me, R" = H; R? = 4-MeOCgHy, 4-CgHy, 3/4-ipentyl, Ph, 4-CI/BrCgHy,
3- MeC6H4 2| EtOCGH4 2,5- M6206H3 2,4- M62C6H3 3 F06H4
1-naphthyl, 2-pyridyl,
2/4-HOCgH,4

R=R"'=Me; R?=Ph

R =Me; R'=R2=Ph

R = Ph, 4-O,NCgHy, n-nonyl, PhC,H,, Me, CF3; R' = H; R2= 4-MeOCgH,4

R = CF3; R" = H; R2= 2-j-pentyl

O

R1
R’ N \ B
Ar A Ar
R3 R'

RVE; SEN
BR 14 LR
Scheme 14 Proposed mechanism
1.5 DBARYE R
2004 45 Mizuno /NP R AL B8 S 84T I ALY

TEMEALT, BETE 140 C FIKAERRBERZ(Bq. 15). H5 &
i+ I U7 F AL AS SRR I U7 P o B B E— 2B 3R AIE, $dE A5
H, HERRN 6 h R A A 5E, 1M i A
ouB- ANV AN B RET [ K K REK, AR IR, R
JSE s T AR A B FE K
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Ru(OH),/Al,03 o

R—CN + HyO (15)
413K, 5h~24 h RJLNHZ

R = Ph, 3/4-MeCgH,, 4-MeOCgHy,, 4-CICgH,4, 4-CH3COCgH,
PhCHCH, Vinyl, 4-pyridyl, 3-thienyl, n-pentyl, n-heptyl

2009 4 Varma 5P [RIREAE I ET )R 1F AL
FH B, 5 Mizuno /NHPIRE )2 9K B A A
BT S EAIIE EALT, ERBRBI T, & 2 A
B AE K110 I KRR R Y B BZ (Bq. 16). %7 R
Mizuno /N5, SOBIITARE, W03 .

nanoferrite-[Ru(OH),| 0

MW, 140 °C, 30 ~ 45 min R™ 'NHy
61% ~ 88%

R—CN + Hy0 (16)

R = Ph, 4-CICgH,, 4-MeOCgH,, 3/4-O,NCgH,, 3/4-pyridyl, Et, Vinyl,
SR L)
O=<—N
o ¢ N/

2011 4F Kim 2BV RRAE ML), 76 150 °C
AL KRB (Eq. 17). (RS E R, % E
o1, e KA AAE T L.

AgNPs 0

R-CN + H,0 (17)

150°C, 1~6h R™ 'NHy

R= Ph, 3-MeCgHj, 2-MeCgHy, 4-0,NCgH,, 4-Br/CICgH,, Me, Vinyl

2012 4 Shimizu P05 Kim 21507 20T 846%,
FH ST 57 AR 98 ORI £E 7K (R 7K Ak Rl Tt
JfZ(Eq. 18). &xMiisr R« E 55 15, BN 1 ik
FTENE, 3= AR SRR,
Ag/SiO, Q
140 ~160 °C, reflux R™ 'NH»
55% ~ 98%
R = 2/3/4-pyridyl, 2-thienyl, 2-pyrazinyl, Ph, 4-MeCgHg,
4-MeOCgH,, 4-FCgH,, 4-O,NCgH,, 4-CICgH,,
Styryl, n-heptyl, n-pentyl, n-butyl

R-CN + H,0 (18)

AT Si0./Ag 25 R MHLELUN Scheme 15, FEHI
A TR T TR A EL B R 526, AU 13 T X 38iA
4 BrOnsted B 51K H T, AR AR TR Y A&
HY AEARRTE K ORY, #:% OH’ S EINE k
(R S5, Ja e B E A de Y S S B e 1) A

2013 4F Tyler 0 HIAT FIBL A VAL o- 3 5L ik
IKIB R a-F2FE BRI (Eq. 19). ZAMEALFIE pH=3.5 FIKiR
TR, AT a-BiE & AR D A ik
T AL, AT AT LLE Z R AL 7K
g o 5 A8 ) e A A B A A 7] AR /K A
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H,O
Step 2

R-CN R R .

v Os b o SN H

o Seet N N OF o

Ag Ag Ag Ag Ag Ag Ag Ag Aé}
rate-limiting

R\ (FI\;\ H: Step 3

F°TNH, HOZN s
Ag Ag Ag

BIX 15 Ag/SiO, ALK AFHLEL
Scheme 15 Mechanism of Ag/SiO,-catalyzed hydration of ni-

triles
|

—Ru._Me
P\

I "Me
OH HO

j%NHZ
(19)
RY Y

Ri\c\\\N H,0, 25 °C, pH = 3.5~ 7.0
> 99% yield

R =H, Me

2015 4 Qu P HIBM WL E A T B /K A
J§ % (Scheme 16). 2016 4F Jin 2PV MUK, 785 i
TR 2544 T 35 Bl i o 1 I K I e 1 437 (Eq. 20).
1.6 URREARIE KRELEZ

2000 4F Alper 2540 1,4-X0( = B T %%(DPPB)E
B A (I TS FR AT 25 A WD VE AL TR, ABIR e A XS S S 3
FRlE . — S AARTE 80 ‘C NV 12 h #3334 P Bt i (Bq.
21).

2003 4 Inoue Z:1*& L PNNP B U AL 4% &4 wT DL
A 35 A A b A R e R AR U A S BT Tl R B A
W, 1,4- S NHEB A, AR —E A BRAE ML)
HIVER NP 15 h, 152 MEEIZ(Eq. 22). B (50K}
TRFEMETTIAR] 96%, 2-MUAMRIN 22 5 [ Bk F6 4 v] BUIA
£ 100%. AR FIBERIEAHLER 4] Scheme 17.
1.7 LA AIRYE B AR

2006 4F Ding 25" EERIR Eh AL, ATEIF, &
e, EOEBEYE, oD GG B AR U R (Bq. 23). H
WA L G Ial, $em T, KOKYe I By
[a].

2010 4E Crabtree I — 4047 48 ML & W1 (i
P, A5 AR DU 2 S HE IS B % (Eq. 24).

SN HLERAN Scheme 18, 25— B AL 55 A0 5 &AL 0
B, FSRRZINRR, E KA B-IHE, BEiEETHRTEH
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BT
ex. H,0
1 equiv. EtzN
acetone, r.t.
+
o Yo I B3
~ SN SFeo---: F
Fe---- Fe/ N ¢
N STy | & \
n e N AN
] (I: 3 equiv. RCN
R R 1 equiv. HBF; Et,0
acetone, r.t.

R = alkyl, aryl, vinyl, amine
Yield: 74% ~ 91%

B 16 BRMFXUZ LR S P (et s 7K ik s e e

Scheme 16 Hydration of nitriles to amides by thiolate-bridged diiron complexes

Hzoz, K2CO3
rt,24h

Pd(OAC),, DPPB, KxCO3

!
2.07 MPa, THF
e 80°C, 12 h
cl
T
Cr
o
H
PhaP-Pd__ Pd-PPh,
NI Mé C” e
H CO, K3POy, 100 °C, 15 h
1% ~ 91%
0] 0
RJ\NEt2+ RJ\”/NEtZ Amide/amide = 3:97 ~ 100:0  (22)

(0]
R= 4-MeOCGH4, 4-MeCGH4, Ph, 4-C|C6H4, 4-O2NC6H4,
1-naphthyl, 2/3-pyridyl, 2-furanyl, 2/3-thienyl

T fiz
2012 4 Deng ZWIHYK L Solicalite-1 {EAEALF,

fE 400 CHIZSI FiGfk 0.5 h, ZRJERe AL B Tk
SE MBI NI FE R, IS T SR Ol L, fERA
TN, KA DU 2 d A A A BER%(Eq. 25).
Maronna 25 NbO,/SiO, AL R 73R 2l A5 1)
ASAE DU 2 HE AR RO R R R, OB HEOIN BT T
A F) B o v T A S N ) e R A ORI 24T SR
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(20)

ArCOCONEt,

%—* PAO)  ax
ArCOPJ(CONEL,) 7/

ArCONEt,

base-HX
ArPd(CONEt,)

basqix_j\

Et,NH

EtNH g - ArPdX
_/

base ArPd(CO)X
ArCOPd(CO)X o
co

-

B 17 LR

Scheme 17 Mechanism for the reaction

HO. (sios}—osoH
M

ArCOPdX

=0

_R? (23)

acetone, MW, 2 ~ 6 min R H

2
R 80% ~ 93%

R’I
R'= Me; R?= Me, Et, i-Butyl
R' = 2/4-HOCgH,4, 4-MeOCgHy, 2,4-(HO),CgH3; R? = Me
R"= Ph, 4-MeOCgH,, 2/4-MeCgH,, 2/4-CICgH,, 4-BrCgH,,
4-O,NCgH,4; R?=Ph
R' = Ph, 4-MeOCgH,, 2-HOCgH,, 2-thienyl; R?=H
R'/R? = Cyclopentyl, Cyclohexyl

MR Tl B, FERAIES CRE, BN B AR %
5%, (ELBRNEATAE e i A AN R S e 6 1
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HO-\ Ru(DMSOQ),Cl, o
| (24)
(PNg  NaHCO, MeCN  HN™ R
78°C,6h
30% ~ 80%
R = Ph, 4-02NCGH4, 4-MeCGH4, 2-fury|, CGHscH:CH
HO
\
v
L,—Ru"
Oxidative
Reductive addition
elimination
R
H =
—Rryv
/N L, Rg H
n—Ru'V OH
“H
Nucleophilic
attack
S-Elimination
R
L— /u'\C/ H

B 18 AT ALl B HE S LR
Scheme 18
arrangement of oximes

NOH Q
é N,, Z#, 400 °C @H
(25)
Nanosized Silicalite-1

2013 4E Lee S YHZEMME N ER — L& RO W
ot fie, B0/ — 5 B e R/ B AR 1-T 23 R R
7N IR ERAE N 2 D se A U ME A0 R Iy 28 M5 ) A
AR R % (Scheme  19). A<y 4G B AR/ = 460 H e i PR i 7
SR MIAEAE N I MR S A A B A OO, P H = 580 2
TR BT/ S TR 17T -3 HH R IR I 7S Sl ol e 5k 4 [ f
AT BN 2R TG &4 DU 2 S 3 S A BEiL. B4
AR RAE A —Fh 2 DhRe AR, 2 FHEE 2 W

18 FH A2

Tandem one-Pot conversion of

OH phenol to e-caprolactam 0
—1 Pd/Sc(OTf)s/[bmin] [PFs — HN
Multi-function catalyst
Hy/Pd-C Sc(0Tf)s
Sc(OTf)3 o NOH [bmin][PFg]

+ —
HONH;CI

_— >

B 19 FEME R —Reik & i B

Scheme 19 A one-pot conversion of phenol to e-caprolactam
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2016 4F Mhaske 251 F o A% R B (APS ) AT — F L
HA(DMSO) L &AL 5 7E 100 °C F 5 HE A Bt i (Eq.
26).

INOH APS, DMSO H
M N
R 14-dioxane, 100°C, 1h~8h R~
66% ~ 96% o

R = Ph, 4-MeCgH,, i-Butyl, 4-F/CI/BrCqH,, 4-MeOCgH,
2/4-HOCgH,, 6-MeO-2-naphthyl

(26)

JOSHLERAN Scheme 20: i i B2 44 A0 — FH 2L \EARAE
IAGEAE R A R R E B, FAE A MNET B,
C. D HHIEMFEAS I

+ - I+ 1l A A .
H4NO-S—0O—-0—S-ONH,; + _§ ——>  _§-§S— —— » S—
(|3| PN

_OH * _OH OH

NI ‘s— N HN™ N
Ar)\ Ar/l\ Ar/l\ A
S S
A B (o] D
N
A7 \"/
(0]
E
B 20 KBALE
Scheme 20 Reaction mechanism
1.8 UBRARME KRELRE
2014 4E Zhang 25180 Zhu 2£0507E = IR 2 kA7

T, HE5ALEYMW G BN A R (Egs. 27,
28).
No g NTs  BFy OEty, H,0 O NHTs

_—
Ph/& * )J\ CH,Cl,, - 40 °C Ph‘HJJ\/kPh (27)

Nawg Ph BF5- OEt,, H,0 G Ph

ph/& HO)\ Ph N Ph

HLERLN Scheme 21. Wik & BN A VI SEAZ I BURR
A, TR AT EEERAE T A, BERBUHA
R, HEREE R B, &EKARS BB . (Hixe
AR R T A R =R S 5 OB, e
BRI EIZIML, B7EEFA S5

Kt Zhang PR H — /«?ﬂ?ﬁ’lﬁ/m%ﬂﬂlﬁﬂﬁﬁ’]&
MiEgZE. THENH VR, BEAERR IE B IR IEA 2
SN A B (Bqg. 29).

CH,Cly, -40 °C
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+ , [Nz R\
Ny - ~ E
/’\g)—> U\/E N2 \/E
R B
H,0 o
— R\NJ\/E
H
B 21 SEMEYE R

Scheme 21  Synthesis amide from azide compound

N
IR TN
N ————> 29)
N OH CICH,CH,CI, 40 c
PN 86% o NHPh
Ph

2015 4E Howell Z5PIL B EALEWNIER], SR
0 J5E RS, PR i 2R 1 T S e I8 A o o~ - SRS SIS I
(Eq. 30).

OoP
op ~OP 1) Hy, Pd/C, EtOAC oP
o+ o R
(2) Esters , DMAP, NeatPO /&(30)
PO N~ o
H
CyyH
o. S NHBoc
Y C1aHzg NHCb%H RS
ao mooms ¥ A
: = o_ 0O % \|/\C14H29
LS OTBS :
OTBS
N3
7 Ci4H2g /\l)J\
‘QM i CigHsg %
O)QO‘ 6 NHBoc
P =Bn, Ac

2016 4F Liidtke Z5P3 IR0 24— 4875 A b FE B A
(Scheme 22), Al AbFES AL AW, faiLALEE N b
R WS4 = 2RI AR IR L Se?, FALE A IS
RBRATAEM IR N, 72 R AL EA s R R £, TN &
MRS FAEY, KA, AR A =
e, f I o3 AR R IR, RO SR,

(1) LIEtsBH, THF, rt., 5 min o
0 A
(2) acyl chloride, r.t., 30 min R'" “Seli
R?=N3 o
L _R2
50°C, 48 h R'” N
H
B 22 filith A EORIE B

Scheme 22 Synthesis of glycosyl amides using selenocarbox-
ylates
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1.9 DAEMHIR AR E B
1.9.1 ABLR A KA

2005 4F Babu 25U = HIIEGUREGEAEEAS . BEAC
¥z ) 2RI DAAS B S S 1 B 2 (Bq. 31). & AD = R4
kT S AR G N-REbe i, B2 ANE SR AR AR I s B AE
R L.

0 NH2 - tms-ciizn o
1. Tusom - § () e
R™Cl rt,10mn  R™ N
82% ~ 95% H
R = Ph, PhCHy, 2/3/4-O,NCgH,, 2/3/4-MeOCgH,

2011 4F Li ZPWF 50 i 4 R VR JE ), (R B
Rz 2 AR A A P AR R BE R (Bq. 32). IR Hi% 4 )8 6
T AIFACEE, s mT DU B B s A v, 753
B ISCR HI L.

(0] 102 Dy (0]
+ NHR'R® ———(———~™ 1
R)j\c| r.t., 20 min R)I\N/R (32)
81% ~ 94% |
RZ

R = Ph, 4-MeCgHj, 2/3-CICgH,4, 4-BrCgH,4, 1-naphthyl, 2-naphthyl, PhCH;
R'=R2=Me
R = Ph, 3-CICgH4; R'= R?= Et

2015 4F Liguori %51 HIBERR AR ML & TV i ot S A0
Jie S AR R (Eq. 33). SR AHIRAT, SR Al S, i
w1, HAS KA AN

O RIR?
4 )\WQ NHR3R?, CH;COO0Ag
” N CH,COONa, Et,0, r.t., 15 min

81% ~ 92%

0 RIR2 R’
I ~
0,N— >_§\N>\H/N\R4 (33)
H

R" = Me, CH(CHj3),, CH,CH(CHs),, CH(CH3)CH,CHg, PhCHy;
R?=H,R3=R*= C,Hs
R'=PhCH,, R2=H, R®=H, R*=%">pp,

R'=H, R?=PhCH,, R®=H, R*= ‘%/Lph

1.9.2 VAR AIE R R A
2005 4 GooBen P &Y 4 J@AEMEALF, S ki

Jiz I BT DA 1) [X 3 43 0 N7 A gk B PR AR A () I e (Bq.
34).

0 Ru(methallyl)(cod)

n-BusP o

R\/\NJLRz (34)
|

| ) DMAP, toluene
R 100°C, 15 h R!

2006 4F Chang 25 F] Pd/Cu {EfAL 7], — R 511 3L4%E
W RN I S A5 3)(2)- B (Bq. 35), SR [RIREA 1R 1
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(3L AR e B B B R OIn N I R R R DY 2 B
(TMEDP), RJ LASMIFR A4 1A 475 BBE e ) 7 420 P 2 .

(@]
(@]
PdCIy(PhCN),/CuCl
arun RJ\NHz 2 2 RJ]\N/\ (35)
TMEDP, PhCI, O, H R
70°C, 48 h

R = Ph, 4-BrCgH,4, Me, PhCHCH; R = EtCO,, Me,NCO
R = Ph, PhCHCH; R' = (EtO),(0)P
R = Ph; R'= MeCO

2007 4 Takai 551 H— 2% Beftk AL (¥ B A XA 57
AR T P 110 0 M e i 7 e ) 6 s B Ak (14 5 %€ (Bq. 36),
S R AN IR B AR IR 2E R e I BV E L (E © Z2>99 1),

D O
Rex(CO)1o
=R NnH _ ReACOM
* d) ,  toluene, reflux N\ R (36)
30~48h )n

20% ~77%

n'=1; R = £Bu, PhCH,, CH3COO(CH,)s, CHsCOCH,CH,
n=2;R=n-CgHys, R = PhCH,
n=0;R=n- C5H11

2013 4F Beller 251 K th—Fh Bt FAL A AL 14 R,
FH 06 08 0 B AN e SR AR B2 1A B A e B Hb
TR FLAAE e FE R (Scheme 23). & 5 v N AL FE
411 Scheme 24.

0O

R/\)J\NHR1

[Pd(acac),], ligand, p-TsOH

CO, 100 °C, toluene, 20 h
50% ~ 98%
R = n-hexyl, n-butyl, n-octyl, efc.
R = 4-CICgH,, 4-MeCgH,, 4-MeOCgH,, etc.

o
[Pd(acac),], ligand, p-TsOH
2R+
R RNO, COI/H,, 100 °C, toluene, 20 h Rz/\)J\NHR3
45% ~ 80%

R2 = n-heptyl, n-nonyl, PACH,CH,, NCCH,CH,
R3= Ph, 4-FCgH,, 4-MeCOCgH,

RN+ R'NH,

B 23 AR A A

Scheme 23  Synthesis of amide from unsaturated hydrocarbons
1.9.3  VABLRz £ Ay )Rk & A Bt s

2009 4E Stephenson %5 R F w24 48 57 1 HE AR &
B 53 A ) S BLRUE fH 5 ol P A L 4 A I A T M
(Scheme 25). {EHZRMART, KM RYIET I
R AT LUK BSOS, R T TR S T e TS A
TG TR i, e 07 e A = 05 T BRI AT S8 OB, 5 B R A R
50 CHMREE N A BER A HAR . 12N A AT R,
FEMFEZRAET, 57 v UL B AR .

2015 4F Srinivas SR — 4R, WIAEL LT,
L SR AT RN B ) 2% B 1) 7 5. AR 3 B R A A R 2
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[Pd(acac),

P .
HX = p-TsOH = Ligand
o P

.
R/\)J\NHAr P H
C Pd” | x

P \
ArNH,
N
»
R Pd_
W P X
O

B
2~ G

B 24 HEALTEIR M

Scheme 24 Proposed catalytic cycle for this reaction

(0]
J ?
Zr(NMey),
R™ °N + NHR'R2 ————— J\ _R!
O toluene, 5 ~10 h R ’i‘ + OH

R = CgHy3, R'=R%2= Ally

R = 4-MeCgH,, R'/R? = (CH,),0(CHy),

R = CgHqs, R' = Et, R2= n-Butyl

R = 4-MeOCgH,4, R' = Et, R>= Ph

R = 4-MeOCgH,4, R' = i-propyl, R? = PhCH,

R = H, i-Butyl, CH3OCHj, 1-butynyl, 4-CICgH,, 4-F3CCgH., 2-thienyl,
PhCH,, Me, 4-pyridyl, 2-pyridyl, 4-MeOCgH4, CH30CH,CH,CHy,
EtOCOCH,CH,CHj, (Et),CH

R'=Me, R?= PhCH,

B 25 AL i ] £ ELAH A% 45
Scheme 25 Catalytic transamidation reactions with tertiary
amide

PR, WG A REAE K R, 38 N S B I, A BOHT
Bk (Eq. 37).

o K2S,0g 0
U _R® + RNH R
RN 2 H,0, 100 °C RN @7
R2 or MW irradiations

90% ~ 98%

R = Ph, 4- MeOCGH4, 3-C|CGH4, 2-MeCGH4, 3-FCGH4, 2-HOOC-6-FCGH3
R'=Me, R2=R%=H

R = Ph, 4- MeOCGH4, 4_CICGH4, 2-M9006H4, n-Butyl, PhCHchQCHz
R'=R?2=R3=H

R = Ph, 4-F3CCOCgH,, 2-F3CCgH4; R'=H, R?=R%= Me

EARARY S N JIFEUN Scheme 26. Bk Fge ANt A B2 441V
AN, SRR I B R )ik R A AR W R, AR e Tl
1, X 1 INAUE 530 Ak 2, fJa BEBUSUH & S
PR SR A5 28T I B .
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BHLE SR 5iR
109 ok KO‘E\S//O ML TR B2 5 I N AT 2 B R A, 2 R
R._O © OS ke R PRI, M0 T AR,
-/ 0
A R__O SN
H N T NHz N (1) aq. NHy,
A H H 60°C, 2h
HoH R—CH,0H R—CONH, (38)
_I.o, Intermidiate 1 (2) aq. NH3,aq.H,0,
ko (OUR H 0°C~rt,2h
HN” “NH H NTR 43% ~ 94%
» 2 N
(\ -NHa, -KHSO, o R= p-CICgH4, p-MeOCgHy, p/m-NO,CgH,4, p/m-MeCgHy,

Intermidate 2

B 26 BEAEA Rl 2
Scheme 26 Mechanism for the formation of transamidated
product from amide with aniline

SR e — L R (R B, R T e I IR
IBIRF] 1972 4E Viehe FrffI2eiR TAEL 2012 4E Jin
SO Y s e AR G fr A R SRR R AR TP R, A
HRRES BB, FAGMErRSEAEMAT, K
RS I . 2015 4F Xu Z5ESTH ek il 2 B (E
100 “C il =, FH KR TR R 7R 5 710 i 2B 7K i J I8 7
B N-BEIEBEBE AL S, P AL pE AT 4 5 H oK.
2016 4 Huang 2] = BRI Sk e 5 A 7K it
3237 % (Scheme 27).

R? Cu(OH),
=0

R'-——H +
H=N, 120, H,0
R3
R2
o o
>'=O Sn-W oxide
RI—=—N_ L RK)LNJ\Rz (17l
) RS
R? 1 2
2/,1] HOAc R\N/R o
R \R3 H,O/Acetone, 100 °C O)\/RS
R'=Ts
RZ=Bn

R3= H, p-MeOCgHj, p-MeCgHa, p-CICsH,, 2-Naphthyl, p-PhCgH4OCH,

Boc
TFA —C=
RI—=—N/ R—=—NH <= /~CN |3
R2 DCM, r.t. R2 R! R2
hydration H
- R1A"/ ~R?

(0]
N-monosubstituted amides

B 27 IR K
Scheme 27 Hydration of ynamides

2 UESRTHIMERRRIE
2.1 B ARE B AR

2010 4F Togo Z57 R A TR VR AL TR, XK AR
P, FEFNE K — 8RB A B IR e A% (Eq. 38). i B M)

280 http://sioc-journal.cn/

© 2017 Chinese Chemical Society & SIOC, CAS

Ph(CH,),,3-pyridyl, 2-thenyl, 3,4,5-(MeO);CgH,,
n-pentyl, cyclohexyl, adamantyl

Scheme 28 fiiid 148NN IRE: 1ZITE D R,
SRR VR AL T A A B R fi s 36—
LB E 2% 1 FH I A S B A K A B

aq. NH3
I, ag. NH aq. H,0
R-CH,OH 2 T2 BT R-CoNH,
60°C  0°C~rt,2h
Izl(-Hl) -(HOI)
O -~
~ R—C=NH
R—CH-O 2
A o
| L4
J(-Hl) H202 I
-
R=CH=0 R—C=N
NH3 J(-Hzo) (-HI) ]
|2 _(/I
R—C=NH R-CTN
H (-HI) H

BN 28 R
Scheme 28 Reaction pathway

2012 4 Mizuno ZE ¥R Fil KMngO,s(OMS-2)f# Ak i
AR ZOKAETEA WL TR A T ROSE AR 9 i (Eq.
39). MEANKB =Y RIS, TaiEEA R 25
SN WCRARAG, HAEAE 87%LL F. AL AT I E
8 &k, £ BT &R, &R AT AR A A% 2E
e, B R AK, NI, RS 5 5
B RN NG, R N A R, B BEIER, A7
I 224 ) .

OMS-2 o

_ >
130°c,3h R” 'NH;
65% ~ 99%

R7OOH + Oy +NHz*H,0 (39)

R= Ph, p-MeCgH,4, 4-MeOCgH,, p-CICgH,4, PhCoH,
3-thienyl, 2-pyridyl, n-heptyl, 2-naphthyl

2.2 VABSER A RS AR EL AR

2009 4 Wu ZEVHER AR EBLU VR NS
FIWERZ(Eq. 40). ZIN KM, B2 BHIETIEE
Z RS, Bl B R R IR T8 ke A 2, R
7 fRTBRL, ATTBOR. 4R R AT A BRI 293, Xt R
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LR EARAT R AN K. HR 2 R 2 4-MLng B,
BABITHEARI =), 762 KA N R 38 2-6r B
WK AESRARZIE L, 7oA T B ON. BRSO T

BIPTVEAE R, H R SIS0 A e R A AR Rl i £, 1K
WY SON AR R T RO T DA R k. R AL B 4
Scheme 29.

0] H,0, sealed tube JO]\

. + | 40
RJ\ + NHyH,0 2 50°C R” “NH, (40)
57% ~ 96%

R = Ph, 4-MeOCgH,, 4-EtOCgH,4, 1,3-benzodioxol-5-yl, 4-NO,CgH,,
4-F/CI/Br-CgHy, 3,4-Cl,CgH3, 6-MeO-2-naphthyl, 2-furyl, 2-thienyl,
5-Cl-2-thienyl, 3-thienyl, 4-pyridyl, (E)-CeHsCH—CH, PhC,H,

base, 3I2

.

0]

. ©)‘\NH
B 29 H LR 4% AR il — ok i 1) IR ST ER

Scheme 29 Mechanism for the transformation of methyl ketone
to primary amide

2.3 LUBRRR AR E AREL AR

2002 45 Peng /N4 F2 R R0 R S 2 1E F I e o
SN A5 B A N R (Bq. 41). T Bh AR B AL Ge it 1
Ik, b SRS TE], W ey, A JCHLERBRIR A AE A
R, FERZED AR i 0 SR B KGR 3R EE R 1)
R B R, WA B Y. PR
Z 5 N, IR SR N RE TR, WOR M A R .

NH4HCO,
HCONH,, Mw
0~ 82%
R = Ph, 3-MeCgHy, 4/2-CICgH,, 4/2-0,NCgH,, 4/2-MeOCgH,,
2,4-Cl,CgH3, 2/4-HOCgHy, Furyl, 1-Naphthyl, PhCH,,
PhCoH,, C11Ha3, C17Has

RCOOH

RCONH, (41)

24 PIEREAKRYE R

2015 4 Ahmed 27 PB4 1 AR I S 01
SR B AR R B M A e I P A 7). TR SR A A R D i 1 R
TR, J\BRIE A — LB OR IR, NN- R R
[ (DIPEA)E MBI 1) 2640 T, i AU R AR BE AL
192t 2 (Eq. 42). WKPEAE & 4 (s I vl A 285k 3
IF=4 .
25 LIREFRARYE KB

Mizuno U I REAE R 505 kPa O,,
150 CFRPIAE RSB, 125 B2 FH 5 05 I A I Bl
e A5 B M 1) — A BRI, (E R B SR AR R T 2
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Pd(OAC),(dppf), NH,CI, Imidazole o
R-X - J\ (42)
DIPEA, Co,(CO)g, Dioxane R™ "NH,
90°C, 3 h

69% ~ 93%
X =Br/l
R= 4-MeOC6H4, 4"t-BUty|C6H4, 3-MeCOC6H4, 4-n-Buty|C6H4,
4-MeCOCsH4, 4-HOCC6H4, 3-MeCeH4,3,4-(MeO)206H3,
4-F3CCgHy, Ph, 3-F-4-MeOCgH3, 3-pyridyl, 2-thienyl,

v

L0 O G

Wang 27 H 5L 55 B A HLG(E TBHP A TBAIT 1E2H
AMNA, =FWBAE AT R T S AE BRAR B2
W%, T ReME 45 1% I M A8 B AT 5N vz (R H,
2015 4 Wang 27 F 20K A R U SRR AN FH S 55 48 7 G
WA, AH R B A AR R R OB, 45 3 8 (Eq.
43). %SGR E RN C(sp’)—H BB Rtk
ARSI T B 2 154k 25 ) s O E P I AR

H
H TBAI, TBHP, FeCl3-6H,0 O
o0+ NH; (aq) 2. 1 @
80°C, 18 h R™ "NH,
55% ~ 99%
R = Ph, 2/3/4-MeCgHj,, 3,5-Me,CgH3, 3/4-MeOCgH,, 1-naphthyl,
4-CI/Br/ICgH4, 3-thienyl, 2-pyridyl

2.6 UBEARYIE BRELRE

2016 4F Powles ZEILUH Il = I BR G 1 I M0 7 B W
5 22 1% B i 107 BiE (CALB) A AE N g K R 2B EUE I
NAS S (Eq. 44). CALB 7£ &K o BB 1R I HfE AL
TP L H I ERR E R R I B K R . RARER A
NG T ZOKTCEMEAZ RS K AR RN, B = A
SRR R A, M BT, FEETR R PR
BER N, FUR I E R 2 A TP

/\/\ CALB
+ NHj;(aq.)
25°C
R =CH3(CH,);HC=CH(CH,),CO

o

NH,
X (44)

3

2.7 LUBRALIRIE A RIS R EL IR

2016 4F Batra 25UV ] WO 51 & i Ak S8 Ak 3 o7 ke
PR Tt 2 B 1 7 2R PN B2 7K S S AR It i (Eq. 45). i
HLEEUN Scheme 30. BTG ALAE AL IEBS T A, $5
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AL B R R B IR A, R R A B 3 SO
HR, 23] a0- —HUREA C, HEE C RAE KRS E]
D, D i) C—H W&, W+ CH,L 153k Z. CH,L 727 W,
YA T B )4 (CH,00), R J5CH BB iR . U4
IR B s o5 B S SR A s AR LR, SRR AR L At
EET

— 2, H20, o
R—=+ NHj(aq) ———————= J|_
DMSO, visible, 3 h
R™ "NH,
44% ~ 91%
R = Ph, 4-Br/CI/FCgHy4, 4-MeCgHy4, 4-MeOCgHy, 4-"BuCgHy,
4-F3CCqHy, 4-O,NCgHy, 4-PhCgHy, 2-Br/CIIFCgHy,
4-EtOCgHy, 3-MeCgHy, 2/3-pyridyl, PhCH,CgHy, n-hexyl

+ CH2|2 (45)

3 REERE
BT, FFBER S I, T4 ek

[k AL S A BRI . T S AU PR AC
4f, AT DR A B B B IR, X a7V e )98 2 B I AE
RN T b, AE R B AT LAY e N 2145 B
RSG5 E, JUHAE A T AR S R R IR A R R R T A
IR SE A (5 1. AR T3 92 0 v RO A S [ )
L0 WRIEFE AL 2 W PR SR AR IORL 2, 0%
WAL S — LI R A1 A B AL

HIAIOE T E L TR S R 2R PR RER
B G, HAX 8759 b I 5 8 i (R A 8
ORI, WAL IR & Bt 3R BB — AU A ok 5
AR AR S R TERE DI REATRE. L RIBL
1E, A BRITETEA FIA i KA RS 5. R
ATTREZE P A AL A7 7L T I i 1 45 B L se vt
TTRNAZHA B LA & B

H
i+ aq.NH; "f*/”‘\\\\%/* oud
R———H o, ———— MM H I~ \
T RNy NH — [
A R I -NHyl R CI
+ B
|ight Hzo
I CHsly
C o]
CH,00 H
/
H—N H
7 A
HOI + NH4OH <——— NHyl + H,0, RJ\NHZ C-C cleavage E/’O b I
B 30 i fr e A B I O LR
Scheme 30 Mechanism for the transformation terminal alkyne to primary amide
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