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Abstract

Carboxylic acid or substituted carboxylic acid is a kind of very important organic
compounds, which has rich structural diversity and has a wide range of sources. Many
carboxylic acids can even be obtained directly from natural resources. In chemical
reaction, carboxyl group is considered to be a good chemical and regionally selective
ionized group. The product is CO2 gas, which has high atomic utilization rate. In
addition, some natural carboxylic acids have one or more chiral centers and can be
used to synthesize optically pure isomers if the decarboxylation reaction can be
stereoselective or configuration-preserving. Because of these characteristics,
carboxylic acids are often used in organic synthesis as a cheap and readily available
organic compound, among which decarboxylation coupling is one of the most
important reactions. However, there are few reports on decarboxylation amination
reactions.

Based on this, the decarboxylation selective amination of aromatic carboxylic
acids and the decarboxylation amidation of a-keto acids were studied in this paper.

In the first part, the selective decarboxylation of aromatic carboxylic acid with
o-aminobenzamide catalyzed by Cu(Il)/Ag(l) was studied. The coupling of
o-nitrobenzoic acid and o-aminobenzamide was used as a model reaction to optimize
the influence factors of catalyst type and dosage, base, additive, solvent, reaction time
and temperature. Under the optimum reaction conditions [Cu(OTf)2 (1.5 equiv.),
AgOTf (1.0 equiv.), K2COs (2 equiv.), 4A MS (160 mg), DMSO (2.0 mL), Ar
protection, 120 °C, 24 h], the yield of the model reaction was 62%. The structure of
the product was further confirmed to be the selective N-aromatization product of
aromatic amines by X-ray single crystal diffraction analysis. Under this catalytic
system, the results of substrate applicability showed that the coupling reaction of
various substituted o-nitrobenzoic acid with o-aminobenzamide containing various
substitutes could proceed smoothly and 17 diarylamines were synthesized in medium
yield, of which 14 were new compounds. At the same time, the mechanism of
selective decarboxylation of aromatic carboxylic acid and o-aminobenzamide
catalyzed by Cu/Ag was proposed. This reaction provides a new idea for selective
amination of o-aminobenzamide.

In the second part, the decarboxylation amidation of a-keto acids with azide
reagent catalyzed by non-metal was studied. Taking the amidation of benzoyl formic
acid with diphenyl azide phosphate (DPPA) as a model reaction, the influencing
factors such as azide reagent, base, reaction solvent, reaction temperature and time
were optimized. Under the optimum reaction conditions [K3POs (2.0 equiv.), DMF



(2.0 mL), 100 °C, 24 h], the yield of the model reaction was 91%. Substrate
applicability of the catalytic system showed that all kinds of substituted benzoyl
formic acid, naphthalene cyclohexanoic acid and heterocyclic glyoxylic acid could
proceed smoothly. Twenty aromatic amides were synthesized in 71-95% vyield.

In summary, two kinds of catalytic systems for decarboxylation amination have
been established to achieve selective decarboxylation of aromatic carboxylic acids
with substrates containing both amino and amide groups, and decarboxylation of
a-keto acids with azide reagents. Two catalytic systems have developed and improved
the methods of decarboxylation of aromatic carboxylic acids to construct C-N bonds.

Key  words: decarboxylation; amination; o-nitrobenzoic  acid,
0-aminobenzamide; a-keto acids; azide reagent
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Fig. 1-2 A example for a modern, electrochemical decarboxylative cross-coupling
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Fig. 1-3 Hunsdiecker reaction with catalytic amounts of silver salt
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Fig. 1-4 Barton decarboxylation for the synthesis of a natural compound
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Fig. 1-5 Decarboxylative Ullmann-type reaction for the synthesis of biaryls
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Fig. 1-6 Decarboxylative Heck reaction of aromatic carboxylic acids catalyzed by Pd and Rh

Pd(TFA), (20mol%)

COOH X Rs3
Rz_: + XU Rs Ag,CO5 (3 equiv.) R2:—

= R DMSO/DMF (1:20) =
1

120 °C

1-7 Myers iR=R£E A T 1%
Fig. 1-7 Work of Myers’ research group
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Fig. 1-8 Mechanism for the decarboxylative vinylation
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Fig. 1-9 General reaction scheme with different catalyst systems
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Fig. 1-10 Bimetallic Cu/Pd-system for the decarboxylative arylation of aromatic acids without
activating ortho-substituent
T NALEL(FE 1-11), Goossen ML AN R g b, HOERE
TRORFERE B T ARER PR R ), 5 B4 o (R FE R S5 AR A, FF 5 HLIEIT IR
SRR B, A PA(0)4% 54



RERBRRBR IR BB

CO,

/Arz
[CU]_Ar1 L_Pd\ Arz_x
X
oxidative
decarboxy- addition
0 trans-
[Cu]—C metalation ~ LPd(0)
\O—Ar reductive
1 A
anion elimination Ar=Ar,
exchange /Arz
L-Pd
+X_ N
[CU] Ar1

-00C-Ar,

1-11 Pd/Cu 1k & B4 32
Fig. 1-11 Mechanism for the Pd/Cu-catalyzed reaction
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Fig. 1-12 Cross-coupling of two aromatic carboxylic acids
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Fig. 1-14 Synthesis of phenanthrenes (i. Decarboxylative alkynylation ii.cyclization)
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Fig. 1-15 Synthesis of condensed heteroarenes (i. Decarboxylative alkynylation ii.cyclization)
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Fig. 1-16 Decarboxylative cyanation of ortho-substituted benzoic acids with cyclohexanone

cyanohydrin
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Fig. 1-17 Decarboxylative cyanation of ortho-substituted benzoic acids with NCTS
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Fig. 1-18 Decarboxylative cyanation of ortho-substituted benzoic acids with Ka[Fe(CN)s]
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Fig. 1-21 Decarboxylation of aromatic carboxylicacids with azide reagents
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X K,CO3 (1 equiv. N Al

R_: = ¥ Ar—SH (@] DMSé 4;(M8q140)°C 24 h R_: = r

EWG 2 ’ ’ ’ EWG

or HetAr—COOH or HetAr—S\
Ar

1-22 B R
Fig. 1-22 Decarboxylative thiolation reaction

1.2.5.3 C-P H [ H4  J B

2014 4, Xiao PR ETHRIE T ARAE3E 2K IR C-P RIS o 125 LA I i
MR B LR YR, 7E PA(I)/Ag(l), LiNO3fE#E R, LL DMF 1BV, KMk
W7, PSP R AT — RINBFREER &Y, 2 EARF480 A i
BRI, JRYE AR A (K 1-23).

Pd(OAc), (20 mol%)
Ag,COs5 (2 equiv.)

(@]
COOH T
N 0 LiINO3 (1 equiv.) o P(OR)2
Rt " H-P(OR), DMF, 120 °C R

MW, 40 W, 10 min NO,

R = Et, nBu

1-23 Fit#% C-P 1BEE R KL
Fig. 1-23 Decarboxylative C-P coupling reaction

Zi bk, SRR IR R L A RT A St sy . R
FEDRINEE RS mEFRE. SiEE120 T)RMEEEMAT, HiZRS
ST Z KRG AT R B2, K2 E AR N H 55 B R R I 5
it R B = P M DA B, BT LAbe 25 LA T o) 57 22 A s SR R 3R A5 SR 1) i
Fo
1.3 o- g B 3R B EX R N B R iH R

o- R PRI I R 28 SURR DG 4 B2 5| N WL T — Bl R, RIER 7%, R
Z AR I H A AR ST 1Y, 3X AT B BT LR AN SR AT R 4T ) 3
[ i 52 A4 188, 38 At oo R P IO 255 ) P At o SRR R 2 BB AL AN S 1,
X AL H A AT e e B B 1, T LA AN [A] R R 551 R AR 58 A B
SN
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131 k&R &

o-FRER IR 3E B 5 sp3-R 2 TR BE R C-C BB /e b Eh /b L. 2015 4%, Fu
WA IE T o-BIER 5 Michael 32 & i) 28 SR BE & B, 1% & B A2 BA
[Ir[dF(CF3)ppy]2(phen)]PFs (1 mol%)All blue LEDs 4k 5(& 1-24), 7£ KoHPO4
(1.2 equiv) Al CH2Cl2/H20 FAAE R, 1R BEIE H T 05 A IR A% 05 75 IR IR RR ,  EAl]
A5 o, B-AEAIEE . BH. Wil BE. BERIBNIEZ M N R E R .

0O Ry
o Ro Ir-PC, K,HPO,

(Het)Ar)J\COOH i R1\/\EWG CH,Cl,/H,0, hv, rt, 9 h (Het)ArMEWG

R1

& 1-24 A4 o-BiER S Michael M52 BB R B2

Fig. 1-24 Photocatalyzed a-keto acids cross-coupling with Michael acceptors
2015 4, You BEAIHRIE T —FIE & R IIFE 150 T T o-FiiR 5 a-iR
Ml i 2 e A (] 1-25) o
O O O O

TBAB
+
(Het)Ar)J\COOH Br%R NMP, 150 °C, 6 h (Het)ArMR

1-25 FEMARHT, o-bift5S o REIRI AR EAL
Fig. 1-25 Thermal, metal-free alkylation with o -bromo ketone
Ak, IR R TV AT SR oA R T R A b B Ak . 2017 4, Duan
IR RIE T B MY 5K 0 LIRFR IR T RE e le 254 (B 1-26). 7E blue
LED Al s (1) ifsil (2equiv.) SANLEEL Z P B (Bmol%)fA4E T, xR MAE
FRIA T o

O
)(J)\ + % rhodamine B, BI-OH Ar1w
Ar{” SCOOH  Ho CH,CIl,/H,0, hv, t, 24 h o
Arg
& 1-26 SLHELL o-BilE S G EIR T BRI AR F ke B 1L
Fig. 1-26 Photocatalytic decarboxylation of a-keto acid with vinyl cyclobutanol
132 ZHEMNR
o, B-AEAEREEAL ST LU o 8 MR 20 A0 I B B o
2015 4, Guol™iEiZH F Wangl AR k18 T o 25 TR M 12 FHT U 72 Je
i, 43 BA FeCla (10 mol%) (& 1-34)5% AgNOs (10 mol%)(K 1-27) LT, 1
IRV 4 B NI AR AL SE LR « 5 Ag(DHEAL A RAREL, Fe(I)fiEL 14
HREAEZRERYVE BRI B 1A BB, SRR, ek s R BUCHI LA
P el R A L, R P AR T 57 B R
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o R FeCI2, KzSzOg o R
2 HCOONa 2
+
HOOC
R1)J\COOH \/\R3 H,O/DMSO, 120 °C, 15 h R1MR

1-27 Fe(I) 1L o-BRER 5 RMBER R AR IR C 1L /e 2

Fig. 1-27 Didecarboxyethylenization of acrylic acid with a-keto acid catalyzed by Fe (1) Iron
ou- P R P iR 0 At P i Y AL SR B . 2017 4, Zhu BRAEZHTNRIE T
N - RS T EHELHMBB R O R % RN
[Ir[Df(CF3)ppy]2(dtbbpy)]PFs (2 mol%). Selectfluor® (2.5equiv.)F1 NaOAc (2equiv.)
HIAEAE T, BL CHaCN/H20 iE ARG &L N 2EAT (B 1-28). 4 1 B> e g Fe v
RO HEETE R, W0 SelectFluor®E AR TR #iA70), BEHRFREGEY
FCRAR, TXAT RARS (7R3 B B EE R AT E R RN .. RGBS &

WL, BmZATH) o, B- AN o 2 S SR B3E BB BR 57 2 B R A0 5 5 M A o

Ir-PC, Selectfluor@ o

i N NaOAc -
Ar{” “COOH 2 CHsCN/H,O, hv, 1t, 30-48 h  Ar; Ar

1-28 S o- B 575 & Z BB IR 2 LR BL
Fig. 1-28 Photocatalytic decarboxylation decarboxylative of a-keto acid with aromatic ethylene
2012 4, Goof®en PRI HIGE T o-FHR 5 kIR — M BRI CAG R B, %
SN LLAL(5 mol9) EHEAL 7], 7E P(pTol)s (25 mol%)f77E T, 100 T T & A K v (K]
1-29).

O OOy Pd(PPh)g, P(pTol O
Ar)J\COOH -7 \[c])/ h 1,4-dii>xan: 10(5 °C,)312 h ArM
1-29 B4 o- BRER 5 Wkl — S AR ERRY B 8 M 10 & KL
Fig. 1-29 Pd-catalyzed decarboxylative ethylenization of a-keto acid with diallyl carbonate

2012 4, Duan PRAHICHRIE T 53— Pl I A PR PR ok Fi Jid 22 £ 06 A 732
(1 1-30). iZx ROEE ANk 2t B R AL R (AG20, 2 equiv.)fll K2S;0s (1
equiv.), 7EZE T HtEEHAT .

3

2

x X
0 . NH  pd(OAc),, Ag,0, K,S,04 NH O
Ar” >COOH NS DMSO/DMF, rt, 20 h N o g
R+ I
= X = X
X=0orCH,

1-30 $BMEL o- BB SIMGEL ARV IR IR 2 16 L R BL
Fig. 1-30 Pd-catalyzed decarboxylative ethylenization of a-keto acid with cycloolenylamide
2017 4F, Jiang UREEATRIE : 16 Cul (10 mol%)F14x 13, 7 LAXS 2./t f5
BATEAIE IR 1 0@ B (B 1-31). 1 BLL DMF ARV, £ 90 T FRIHA]
KA.

10
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NHOAC NH, O
N N Cul, 4AMS X

Ar” >COOH R+/ ) DMF,90°C,6h R--

o

Ar

1-31 fEELL o-BifE S E L CBREERV AR 2 & MG 1L R BL
Fig. 1-31 Cu-catalyzed decarboxylative ethylenization of a-keto acid with oxime acetates

133 FEMRMN

2008 4F, Goof®n i ZH8E H CuBr (15 mol%). —(1,1,1,5,5,5-7 % 2. A
i) ([Pd(Fe-acac)2], 1 mol%). — (4B H L)@ (P(o-Tol)s, 2 mol%). 1,10-JE2 ik
(15 mol%) i 1h A 22 1 Ak, oA R AN 75 6 R A0 40 9 Bt 32 05 B4 I B (B 1-32)).

o Br CuBr, 1,10-phenanthroline
Pd(Fe- . P(o-Tol
)J\ + N [Pd(Fe-acac),], P(o-Tol); 1 N
R{” “COOH | TRz NMP/quinoline, 170 °C, 16 h | R,
/ /

1-32 Cu/Pd L o-BRER 575 FR IR AR 1R T B R
Fig. 1-32 Cu/Pd-catalyzed decarboxylative arylation of a-keto acid with aryl bromides
2015 4, MacMillan BRARATF R T —Fhob AL o BB AN 75 JE o 4042 (1 B
205 HAL NI 7%, RIEA[Ir[Df(CF3)ppyl2(dtbbpy)]Pfs (2 mol%) 1 NiCla*dtbbpy
(10 mol%) AL 7], LA LioCOs (2 equvi.) A¥RINF, 7E blue LED 724E K, LA
DMF/H,0 N FITEZ IR R M 72 h(E 1-33).
X O

O Ir-PC, NiCl,dtbbpy, Li2CO3
)J\ * N R1 =
Ry~ ~COOH | TR DMF/H,0, hv, rt, 72 h | =R,
= =

X=1lorBr
1-33 Ir/Ni #E1L o-BEES 575 Fpa (L IR0 B2 75 B R
Fig. 1-33 Ir/Ni-catalyzed decarboxylative arylation of a-keto acid with aryl halides

BEE, Fu WREABIE 2015 4 HRE T E R A R R R A A AR
[PA(PhCN)2Cl2](2 mol%)/F 3 HEALT B AR H AR S L, AR R B S L e (7]
(20 hyWN A3 2 122 ARER 1o RTRA B &M AR R, J7 FE bR o-fR B &S T
DAL R ()77 2205 B AH BB R =W . LLAMAER R AN AR A A i R B % C-Br
A C-1 8, T Cu/Pd HEAL AR 28 R0 77 IRk A
1.3.4 BRILR R

o- R T 5 e A AR R A SABBR AL BRI AL &7, H AR & B3R Y
AT A8, 2015 4, Duan PRI B3BURAE T A I WA BERE (B M VR A A Bk
), A BRIRER (K2S20s, 0.7 equiv.) AL, i o-FHFREACMHIE, A2 Bl HE,
£ 50 T T CHsCN/H20 TR & 77 5 R R AR A8 S IR » 125V AE 24 /NN A RD
Al e (K 1-34),

11
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0
J I & N—
R{” "COOH \Rz CH3CN/H,0, 50 °C, 8 h RT

1-34 H KS208 1RFHHY o-BRIES HY Bt #R IR 1K 52 B2
Fig. 1-34 Decarboxylative and alkynylation of a-keto acids promoted by K2S;0s
2015 4, Chen PREAHBMRE T —Fila Al o-BHER BRI 7, 105
PA[Ru(bpy)3](PFe)2 (2 mol%)E e AL 7, 7848 FF AL I 2L (BI) Bk (1.5 equiv.) # blue
LED HIAFAE N, L CHoCL /EVAF, FEZM B 5 /N RIAS (& 1-35). HARZ
TR AR, HR BA REM R S E)mE, UUSCHRIER CHClL AE A
T AR R

Q 0
0 O‘| [Ru(bpy)s]Cl,, BI-OAC )\
+ —
R1)J\COOH SR, CH,Cl,, hv, 1t, 5 h R X
1-35 FREEIE TR o-FRER BY AR R IR 1K Iz 2
Fig. 1-35 A ruthenium-photocatalyst catalyzed decarboxylative alkynylation of a-keto acids

2015 4, Wang PR BHRIE T —Fh T T o-BIR 5 AR (K 1R
FRALTTE, B EAR SRR AL =00 T 6 8 /NS (K 1-36).

Ry

Ro

0
o) G — o BI-OH )\

+ r pr— 2
R1)J\COOH toluene, hv, t, 8h 1 S\

1-36 JLERTHY o-BRIEL Y B #5 R X 2 2
Fig. 1-36 Decarboxylative alkynylation of a-keto acids mediated by sunlight
1.35 fx-F R FRIEER N
1.3.5.1 C-N B & S
2016 4F, Xu BEZHENRGE T —F Ag()Eh MM o- B ER 1 BLR BRI AL N,
%X NAE CHCN/HL0 TR &7, 76 60 T F /=M 24 /N (B 1-37). HEA
RAFHRDE I, DA a5 200 R 897 215 8] — RIS RS . BTTER)
BREELE T R EA T R E R Ag(l) .

(0] AgOTf (2 equiv.) )J\
R’

PR +  HoN-R'
R” “COOH CH3CN:H,0=1.3:0.7 mL R ﬁ

60 °C, air, 24 h

Ro

R, R'=Aryl, Alkyl
1-37 Ag() L o-BRIER 575 & BE RO B SR ER AR 40 =2 B2
Fig. 1-37 Decarboxylation of a-keto acids with amines catalyzed by Ag (1)
2013 4, Lei WARAHBHRIE T o-FAR 5 05 & ik NRWIRGHIMR BRI, 1Z%
RIZESHE, [Ru(phen)s]Clz fEfEALT], 0225, =ikFMT#AT, BARIFMIE
Pri@ I, L 259%-8596 )™ 245 3| — R A iE AL &K 1-38), B A SN 54+

12
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AT, (AT DS

O 1 mol%[Ru(phen);]CI
PR ¥ HN-R [Ru(phensICly P
R” “COOH DMSO, Oy, 32 °C, 36 h RN
visible light
R, R'=Aryl, Alkyl

1-38 KBBEHT o-BEES S Bz A9 B FR L AR 1L K 2
Fig. 1-38 Decarboxylation of a-keto acids with amines under light
2016 4, Xu A ENRIE T —FOb AL o BB IR B I T2 . 1%
I, SR O 25 FHEAT o R BLEH T 55 T R & ), DU
IR E K T — RIS &Y (B 1-39).
O 23w CFL, rt, O, 1 r

L +  HN-R' -

R COOH dioxane:H,0=5:1, 48 h

N
R, R'=Aryl, Alkyl
1-39 KBREFHT o-BEEE SRR AR PR L AR 1L S
Fig. 1-39 Decarboxylation of a-keto acids with amines under light

2017 4F, Yotphan SREZHEOHRE T Cu(l) Ak o R -5 IV B I Fie 1 Jod 22 1k
Ak (& 1-40). % 3 A# ] CuBr (10 mol%) 1 K2S,0s (1.1 equiv.), £ 75 T F,
1 /NI P RIAT S5 B 58 o oA PR B4 0 TR AN PR T 57 JE UG, B T B e i, 557
AR R EHEE M . BN M ATERE, EFEFRD 7 —4E bR,
BV SV Bt i Bt 3RS o TR PR M R T R PRI I 25 1 F

j\ . HFLN/\\ S/:c; CuBr, KZSOZOg - )LNSé\,m
Ar COOH 1 2 CH3CN,75°C,1h R,
1-40 Cu(l) 1t o- RS 5 T2 FRB R A Bt 5 R 4 = R
Fig. 1-40 Copper-mediated amidation of a-keto acids with sulfoximines
2016 4, Wang R APYRIE T o B B 09 55 — AN BRI AL S RIRD : pR A
(Pd(OAC)2, 10 mol%)fifk, I LURE & 283 i) — 0t e/ E B ieesn) (B 1-41). %%
L 75 K2S20g (1.5 equiv.)PEA%EALT, 76 90 T F M 24 /MR AT,

o) O
o) R
L (0 R
Ar” “COOH N H P 3CN, : /NO)\Ar _

1-41 PA(I) &1L o-BiER S N-BRAX N-ZRF5 92 -2- R ER ARV B FR B A A0 S L
Fig. 1-41 Palladium-catalyzed amidation of a-keto acids with N-substituted

N-heteroarene-2-carboxamides

1.3.5.2 C-O i F4) 8 [e B
o- B R AT IR C-O A8 AR S B — M2 78 L S8 AL AU T 2 (TBHP, 2-2.5
equiv.)FEEL AT LAY T EEmlAL 5% (TBAI, 20 mol%)VEHEAL I iR o R 3647, Bl

13
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N3] 80/90 T A LAFRAFAH N G o
2013 £, Duan BRAEAPIRIE T o-fAFR S 1, 4- EANHRHIBFR C-0 38 X A5
P 87 (P 1-42)

O O
j\ N [ j TBAI, TBHP o Ji j
Ar COOH o 80/90 °C, 4-24 h Ar)J\O o
1-42 o-HiE2 5 1, 4-Z <RI R C-0 R BEKR
Fig. 1-42 Decarboxylative C-O bond formation of a-keto acids with 1, 4-dioxane

2015 4, Yang BRARHOSHRGE T o- B R 5 0 Bl 5K 1R C-O 38 UM R
(B 1-43).

2

R1/\/\ R, Al‘)ko)\/\ R

% TBAI, TBHP

+

Ar)J\COOH 80/90 °C, 4-24 h 0 Rs
R N
Ar 0]

1-43 o- g S & T E AR AR R C-O A2 BB R [
Fig. 1-43 Decarboxylative C-O bond formation of a-keto acids with alkenes or alkylbenzenes
2016 4, Yuan UREEHPMRIE T H 40— o-BIER IR C-O 38 ABEK S B (4]
1-44), T DR AR

0 Ry

j\ . )OK/R TBAI, TBHP PR )ﬁf&
R 2 80/90 °C,4-24n AT O

Ar” > COOH
r o

1-44 o-FHESE SERAVBL R C-O X XABHKR
Fig. 1-44 Decarboxylative C-O bond formation of a-keto acids with ketones
Prig i HLERan 8] 1-45 Fros: ESG, H TBHP A1 TBAI P2 A BT S AL
TR RS, IR IR TR o- B R AR I B BOR B & 1 AT R
WA NEEYIWIE S — N S REEATAEY RN 1) B B3 a4k, 2870, EANE TR
R AR B AR, DAAR N AR Sl iR AT . B AT A KT XM a8
BRAETTER . ml. TR A R e .
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t-BuOOH t-BuO + OH"
|' 05 |2
-BuOO" + H,0 t-BUOOH + OH"

o -CcO,

0]
Ar)J\COOH TBAI/TBHP Ar)l\o-/' \
) Ar)ko)\©
©/\R > R /
TBAI/TBHP
1-45 AT RERY 2 Ru A3

Fig. 1-45 Proposed mechanism

1.3.5.3 C-S #& A 2 [ v

o- A R SR RE IR C-S 22 BB T T& e F il .

2015 4£, Chen MFEHPMHRIE T — A& B ML o-BHR -5 0%k SR B2 1 i 52
C-S & XABBEHI 7. 1% MAE CuO (20 mol%)A(NH4)2S20s (2 equiv.)fELE T,
LA DMSO/H20 1R, £ 80 T T kAT (&l 1-46).

S.__R,
O RS CuO, (NH,),S,08 o

+
R1)J\COOH k. DMSO/,0,80°C, 12h R1)J\S/R2
or HS/ 2

1-46 o-BiEZ SHRE/AREZAV AR FR C-S 32 ABEX K [
Fig. 1-46 Decarboxylative C-S bond formation of a-keto acids with disulfides/thiophenols
2015 4F, Wang PRAEHCHRIE T — AN TR TCMAL AR 75 R
H AT K2S20s (3 equiv.), fE 70 T F CH3CN/H0 V& & ¥ 57 Hh it 47 (I 1-47).

j\ - K,S,08 )OJ\
A ScooH S CH3;CN/H,0,70°C,24h A" Ys

1-47 o-FEEE SHREZHOAR IR C-S XX ABEX R
Fig. 1-47 Decarboxylative C-S bond formation of a-keto acids with thiophenols
1.3.5.4 BRI RS
o-BAFR 5 HUE AT R AE A IS, 2017 4, Wang SR8 ZH R T et i 4 )8
MTCHEA A A T E G RIDCHE FE R o- B 5 bR 77 FE R 1 R PR AL SR
2 0 7 B E iR (HIR, BI-OH, 20 mol%). KPFs (1 equiv.)l blue LED(/
1-48).
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Ar2 Ar, O
O R
R BI-OH, KPF
)J\ + \\ | | 6 - \\ X Ar1
Ar;,” ~COOH | toluene, hv, rt, 24 h | _
>0 X0 o~ o

1-48 o-FES 5 HRER 75 B BRAY B R IAME K 2
Fig. 1-48 Decarboxylation cyclization of a-keto acids with aryl 3-arylpropriolates
2015 4, Wang BRRRZ RIS T AT AR AL A RS SR TTE: DL ool R
FIXFFRERMER R N ERE,  PL[Ru(p-cymene)Clz]z (5 mol%) Al Cu(OAC): (1 equiv.) A
AT, NN 2,2-— HIEFEE(PivOH, 1 equiv.), 7E 120 T F#E47 (&l 1-49).

0
(@) [Ru(p-cymene)Cly],,
_ Cu(OAG),, PiVOH X o
Xy “COOH + Re—="R, 2 |
| DMF, 120 °C, 12 h (NP R
e R; 2
R, R,

1-49 o-BER 5 HRIZHOBRIREME S
Fig. 1-49 Decarboxylation cyclization of a-keto acids with alkynes
2016 4, Huang PRAIHPHRIE T —F AL T70%: BT o-fiR S
WA SRS E I S N AG BIZRTF BRI (] 1-50)0 12059258 7 I e U
#(NH4ClO4), LA DMSO/HL0 1E¥EF I, FE%IR T N 5 /N RIFT . %07 VERR 7]
DA A 07 AR, o m] H AR 0 e B R

Pt-Pt undivided

H,N H
Q 2 X cell, NH,CIO, N X2
)J\ + | TRo > __( | —R
R;{~ “COOH XH Pz DMSO/H,O, rt, 15h  Rq . R
X=NHorS

1-50 o-BRER 5 E B R U EMBIBRR IR N

Fig. 1-50 Decarboxylation cyclization of a-keto acids with ortho-phenylenediamines

1.4 o, B-PNIAFIRER AR IR BEL & S AU SR 3 R

RN E — A& RN IIG BUE R, ©Ret 5 2 MR B &W R B
FR(CIRIENIR) S AR N . — R, o, B-ANHIFNER R (1) Bt A2 i A A ph i 3
S JE N R A B, (ER AT AFETO 4 A1 T S I, A5 e i A A v A At )
(HIR).
141 REUR N

o, B-ANVEURI R R 1 MO 2 Jod 22 A0 s I 5 2 AR A AL FME N R 2B 1. 2016
A, Wang 25 NPHRIE T DL o, o- - 9i-a-(= B IR AEIE) Z e AE 9B B, LL CuSO4
(1.2 equiv)EMEALFIEL o, B-ANHERRIR I SR s B (B 1-51). 1% MAE
DMSO Hin#k] 140 T, DU == 245 2 1 AH R ARG
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F CuSO,
/\/COOH + F\‘)J\ - /\)S“/NH2
Ar NHz "pmso, 140 °C,24n A
™S o}

1-51 o, - AFRERS — B OB AR E U SR BR R IR £ R &
Fig. 1-51 Alkylation of a, B-unsaturated carboxylic acids with difluoroacetamides
2015 4, Huang & 2H MO0 18 1 FH AR AR LA A0 AT DUEEAL, o, B-ANBRTR IR 5
2, 2-fH M (2- FH 2 TR TR (AIBME) F Jt 24k e B o 1% R W AE Cu(NO3)s 3H20 (10
mol%)Fi1 AgsPO4 (1.3 equiv.)fA7E , 7E 100 T FAEMAT(E 1-52). ML FEH R
935 Na M1—73F CO2, 132 W5E B, y-NHIAIBERAL S

Cu(NO3)3°3H,0

R k DABCO, Ag;PO X (0]
Ar/\/COOH + MeOOC N\N COOMe 95~ Ar/\>§f >

xylene, 100 °C, 8 h o

1-52 o, - IFNFRER S AIBME RIBRFRITE & B2
Fig. 1-52 Alkylation of a, B-unsaturated carboxylic acids with AIBME

2017 4, Wang PR MM IE T DLBUSE F1E 8 2 511 ICHCRs K H &
KBRS o, B-ANIANER IR I 52 e 2 A S B (B 1-53) 0 % ) M. B
Cu(acac). (20 mol%) 1 Ag.SOx (1 equiv.)VEHEALF, i\ TBHP (3 equiv.)Fl EtsN (2
equiv.), I FEEINFA, 7E 30 BN e TR RIEH TR R o, B-AEA
FRIR o

Cu(acac),, Ag,CO;

Ar/\/COOH + I/H\X TBHP, Et3N ‘ Ar/v\)\
n CH3;CN, MW, 80 °C, 30 min n

X = CF3/CHF,/CH,F
1-53 o, B-FIAFAFRER S IR R AR R kT B R B
Fig. 1-53 Alkylation of a, B-unsaturated carboxylic acids with iodoalkanes

2015 4, Chen YREIHIOHRIE T —FOG AL o, B-AHRIERER (1B R L 54k
7732, %0712 #E[Ru(bpy)s](PFs)2 (2 mol%). BI-OAc (1.5 equiv.)F1 blue light
WAFET, o, B-ABARER 5 =5tk 1 IR 52 SRR (K 1-54) . 1% 7 VEAE %
NEUATEET, SN SRR TR T 0T A AR o, B- AR IR
PASe—SR . 2R =2 be e = S TR 26 B R

R R
- Ru(bpy)s](PFe),, BI-OAC 1
+ KFsB—Ry L _
Rz)\/COOH o DCE/H,0, hv, rt, 15 h Rz)\,Rmkw

1-54 §THEAL o, B-TIBFAFRER YRR SR IR £ I 2
Fig. 1-54 Ruthenium-catalyzed decarboxylation of a, 3-unsaturated carboxylic acids
2015, Wang PRAZHICHGE T —FET AL C-H RSB IAL I E, %
JTEAE EAF I A R EE(BPO, 2.8 equiv) RIJGER T, ZRAMGER S THF K& IHAT
AR A R AR (B 1-55) SRT, e = A iR HSE B LR T THE, Hfih o-
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EARBEIRART, 0 1, 4- 0B, PERIRK.

_ACOOH 4 [\ __[Rulbpy)ICl BPO /”\V/Iji>

Ar 0" THFICHLCN, hv, it 46 h  Ar” 70
1-55 §THE1L THF B3 C-H BB R &
Fig. 1-55 Ruthenium-catalyzed reaction by direct C-H activation of THF
2017 4, Duan PREAHUONTFR T — B AR I XUBR &, 7R A

Ir(ppy)s (1 mol%). Mg(ClOa4)2 (2 equiv.)FIm] Wt CFL AL o, B-AHEHIA [FHUAR
B RIR S NP S 2 A1 48— R U (1 Joe A S N2 (1] 1-56) . 1B, BT VEA Y IR M

I TR, 7522 36 /NS, 3 A A BEVA T N-F R i e e A0 2 1 HL 55 51 1 BK <
J&,  HAZSN SRR 2R AR

O O
R Ralky|/z< Ir(ppy)s, Mg(ClO4), R
A()Qk/COOH ' O—Ni;I:::] NMP, hv, rt, 36 h A(Jkawa
o
[E] 1-56 $kHELL o, B-TIEFFRELRI AR kT HAL R Y
Fig. 1-56 Iridium-catalyzed decarboxylative alkylation of a, B-unsaturated carboxylic acids
2017 4F, Guo PERZHI%HEE T 1E 100 T T, £ K2S20s (2 equiv)TEE T,
LA C-H L SEIEAL BB 1-57). MRS HIE B B EYLH A
AFNE F) e o

o}
A NCOOH & () K2S204 ,JKV/£T>
r X air, 100 °C, 12 h Ar X

X =0/S/NMe

& 1-57 o, - IBFIFRBEL FNIAER It B R FR T B AL
Fig. 1-57 Decarboxylative alkylations of o, p-unsaturated carboxylic acids with cycloether alkanes
2015 4, Sun PREHICHEGE T o, B-AHLRIRER 5 1A Hbe 5L I b SR A0 R B
R NAE —RUT i Ak YI(DTBP, 1 equiv.) filid AL AU T BE(TBHP, 4 equiv.) fIA7
fEF, 1E 120 T HE N7 (Bl 1-58). % MAERS N7, XA AE B,
GRERANIN TBHP, U s 87 A= RS A Ao i AN R Bl o

W NCOOH & H-Ryyy 4A;gfzgﬁsz4h /v;ﬁ\,wa
& 1-58 o, B-IIAFFRER A AR bTE AL
Fig. 1-58 Decarboxylative alkylations of a, B-unsaturated carboxylic acids
142 =8 FENUR N
2014 4, Zhu B IHRE T —FFFH Ir(ppy)s (1 mol%)~ 7T WLy FI NaOAc
(2 equiv.)BEATHELL o, B-ANHIURIFRIR KA i 2 =38 F =4 1) 7732 (8] 1-59). Togni
BA(1.5 equiv.) BN CRa i, 7E % T BI AT 3RS =5 LI e . 7 = 3 H 5 (E)-
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158 B IR I )ik B4 HoP= %A 50-90% 2 [H]

0
R | CH;COON R1
_x_cooH * o PPVl CHSCOPNE PN
Ry X " DMSO, hv, rt18-24h Ry 73
\
CF;

& 1-59 SLBRT, SKEXNRR=RPEK
Fig. 1-59 Photocatalytic, iridium-catalyzed decarboxylative trifluoromethylation
2015 4F, Cai BREAHMCHRIE 7 —MICMARIRINE, &IVERAE 120 TH)
i T, R Togni B7(1 equiv.) B9 7 i A2 T 25 B0 = 0 HT 2 H R 0 R
X T S (B 1-60). 1% VA EH T8 A Z 71 o, B-AEFRER .
P = 3 () -H e A B AR I e B HL P 28 AE 68-97% 2 [

+ ©iz< DMF, 120 °C, 24 h R
COOH CF

[E] 1-60 FAEMLT, MAFHTHRBE=aREL
Fig. 1-60 Decarboxylative trifluoromethylation by thermal, catalyst-free method
2015 4, Liu PR8I ME H Langlois 3X57)(3 equiv.)ft & Togni 7133817 i %
PR, ZRNAE 60 T R, H 1205 (3 equiv) e H R A (K 1-61). {HAZLL
TIEA R T & BB 7 B URER . 7 =3 TP 2R (B)- I R AR A R I i 14 B
77 HAE 50-90% 1]

1205 _
CH,Cl,/H,0, 60 °C, 22 h

& 1-61 BUEHHIB IR = FREAL
Fig. 1-61 lodine-promoted decarboxylative trifluoromethylation

143 FEUR M

2014 4F, Li SEAMNRIE T o, B-ANHURR R 5 Ik R 75 AR B, 1%
S8 LA[Rh(COD)]JOTF fEMEAL T,  ARREF((tBUCO)0)VEA N, A R A 7,
£ 140 T T 2 /NI (1 1-62) H T HEALTFIRIE S AF A, RAEMIVER) C2 (2 &
e o, B-AUNRIRHIVE ] 77 & WEERRNTAY), JEWIR o, B- AR R LA K
o B¢ B A2 B _EABUREE IR IR .

A X -COOH + NaSO,CF; A XACFs
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\/R4 R3 /R4
Rs A\ Y Ry N\ 7\ Y/
R)\(coona . N )N\ [Ru(COD),]OTt, (tBuCO),0 ) )N\
2 toluene, 140 °C, 2 h 1
R, NI SN NN

A A
1-62 Rh(I)#E1LI5IREY C-H JEL
Fig. 1-62 Rh(l)-catalyzed C—H activation of indoles
2017 4, Hoarau 8 2H MU 38 T #E {4 AN [R] 2% 75 02 (3% — ) Fl o484
LG HERR 2 AP iR 5 B R B (B 1-63) . RE &R fEiE S, Hn]LLLL R IFI1
PRI B 2R T I I

N N
HK)} R1Mx®
2 2
Pd(acac),], dppe, CuCO X
R1&(COOH b X008 [Pd(acac),], dpp 3 1
X4 N=N DMA/DMSO, 4A MS, 140 °C, 12 h

N—N
PN R1/M A
X,=OMe/OoBn/oPh 1 07 R 0" R

X4

1-63 Pd/Cu L ZLER Y C-H JE{L
Fig. 1-63 Pd/Cu-catalyzed C—H activation of heterocycles
2015 4, Nicholls Fil Kathiravan 2 A\ 1242 & 1 7 Pd(OAC)2 (5 mol%). CuO (0.5
equiv.) 1 KoCOs (1 equiv.) IAFAE T, =58 AR N IRIR 5 (%) 77 5 AL W 058 A%
BRE L (] 1-64) 0 12 B DL my ISR G B T — RV = 3 LA =4, oL
RPN =1 (B/2>95:5)

COOH
ﬁ/ + Br—(Het)Ar Pd(OAc)s, CL:O, K>CO5 F3C\/\(Het)Ar
CF4 NMP, 130 °C, 15 h

1-64 Pd/Cu LRI () B IR RITEL
Fig. 1-64 Pd/Cu-catalyzed activation of (hetero) aryl bromides

1.4.4 -2 7 FREE R
1.4.4.1 C-N MR 2 =

P EERRIAT A, 2 AL T U472 C-N S A4 2 () (8] 1-65).
2016 4F, He MEAIBHRIE T o, B- AR S Cu(NOs)2 (1.2 equiv.)f) i #2 il
WL, 2R EL CHCN PRV, AT ZIHAMGR I EAEERE, Ik
[ IF 3 FH T ok FEL A LT 07 B R o, B- B AR IR

2017 4, Zhou iR MR 7 LA Fe(NOs)s (2 equiv)ERHALIAF, AL
WE (L equiv.), LAHIZRAEIE AN %A A DABEAT [RIRE I SR o 5 4 i A0 1 77 iR AH
bb, NECE (12 /N ).
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M(NO3)2/3

R R
Ar)\/COOH 100-110 °C, 2-12 h Ar)\/NOZ

1-65 a, B-IAFRER AR AL
Fig. 1-65 Decarboxylative nitration of a, -unsaturated carboxylic acids

2016 4F, Srinivas VRERZHMHRIE T — AN A B BRI T, %05
WREERR AR L, PLY B0 7 A, HNOs NEHALIRF, 7E A MAIEH &
FRAHIE AR ). ZIRNAE SR T AT, RF L8P R AT 58 B M o
1.4.4.2 C-S SR £ S

2017 4F, Yuan PRAEZHMOHEGE T i B S0 T G R AL 1 T, A
FPAREREN» 12 (1 equiv.)Fl KoCOs (1 equiv.) \J LAFE 60 <T HI7K & H 14T (K] 1-66) .

O
Ar/\/COOH ’ R/(PI\ONa HZ(LZ,,S}E)ZS;(S:O h Ar/\/\ \S\E/) §
1-66 HEIL AR TR B 1L
Fig. 1-66 lodine-mediated decarboxylative sulfonylation

2016 F, Weng PRAZHMMRE T —FOGHEMN o, B-AEARIR 5 R IFE i
C-S BERITT V%, 1% T7E L O fESE AL, 7L AEALF] eosin Y (10 mol%) . KI (1 equiv.)
F1 Cs2CO3 (3 equiv)FFLE R, LL DMF/HL0 AT, 75 AT WG IR T #3847 (B 1-67).

NH, eosin Y, K, Cs,CO5 O Ar,

o)
x_COOH . " "
Ary Ar,—S—NH NS
" 270 0,, DMF/H,0, hv, it, 18 h AT N

1-67 SetEIL RO R RE B 1L
Fig. 1-67 Photocatalytic decarboxylative sulfonylation
2016 4, Wang PREAH MR IE —Fl A0 7%, RIA C/Pt HLiEAL ML P EE
R RN 2 S AN KA 21 (E)- 23 R (18] 1-68) . 1% 7125 75 E 9 in HOAC (0.5 equiv.),
PA A% n-BusNCIO4 (2 equiv.) F 1 HL AR5 .

n-Buy;NCIO,, HOAC

j\/ .\ ? C/Pt undivided cell j\j\\s’ Ar,
COOH S. X
Ar1 X Arz/ ONa CH3CN/H20, rt, 2 h Ar1 \\O

1-68 EBHEE R AR FRIEEL 1L
Fig. 1-68 Electrolytic decarboxylative sulfonylation
1.5 MRER AR SR B EL 2 R AU R R it R
151 EUR N
JRILIR IR A WA R B E L BGE 7, B BI MR e i A 8 A A OR B — B
LT AT . 2010 4, Li G844 R%0E 7 H PA(OAC)2 (1 mol%). EL4& Xphos (2
mol%)#! Cs2COs (1.2 equiv.) fHEALAA S RILFRIR 5 - Ik Bl AR It <1 A0 A7) () 4o
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JAL (K 1-69). BEITEIE M T 07 B B R BUAC RO bR EE IR IR, (H AN BE R AR I bRk
AR R R R R EE A e A A% RN

Ar Pd(OAC),, XPhos, Cs,CO5 1 —— 1\
R—==—COOH + Ar

N Y THF, 80 °C, 10 h .

1-69 U FIE IR E R BR BT AR T B R &2
Fig. 1-69 Decarboxylative alkylation of alkynyl carboxylic acids by palladium-catalyst

2017 4£, SchnUrch A0 2H P20 18 1 @ik 451 G DU & 55 sk ) LB C-H &1k
SRSLHUBRIR I R e 31k . 1% 7712 LA CuCl (5-10 mol%) fEfALT, 7F 50 T Fx
N (B 1-70) 0 1% [ . £E 4-5 bar air 5% t-BuOOH (2 equiv.)f#-7E N #E47, 4371 LL CHsCN
F1 CH3CN/H20 1ER¥EF, OB A 23512 1d F1 2d. 1% 073508 T R o I iR
o A R B Pt iR, B URAEAE N-S2 R I DU & ek CL A &

H/Rgjyy—=—=—COOH +* (;O\l CuCl, air (4-5 bar) . !
“PG  CH3CN/H,0, 50 °C, 24 h PG

PG = Ph/PMP/Benzyl | |
Raiky/H

1-70 $EEMFIEL U S S e S B IREL A f be B L R R
Fig. 1-70 Decarboxylative alkylation of tetrahydroisoquinoline and copper-catalyst

2015 4, Tunge VREALIPUHRAE T —ANER IS BEBR#EAT 701 BRI
J7i2(l 1-71): DL Pd(PPhs)s (10 mol%)EMEALFT, 7E 110 T M. %75 R
W25 g R A STARIEFR LT R sp-sp® 1K .

)A: i Pd(PPhs) )A”
3)a
Arz OKR toluene, 110°C, 19 h A2 "

1-71 3 FALE R A

Fig. 1-71 Intramolecular, stereospecific alkylation
BRI AR ] A = B 4 OB (R e B4l 8L, 2017 4F,  Lee UREIZH 12
RIE T HEER IR S AR B (WE S0 ) 75 80 T T & AE it F2 43 1) s A 525 1 140 s i (I
1-72). WRIEAF AT, ATLLHA LR E SN BL Cu(OAC)2 (20 mol%)fEfi#AiL
A, mEEVEVE RIS R E U, i, DL TAATRECK K% DIPEA /R
I 1RE] Z =9,

R

NC 2N
r- ~y Cu(OAc

Ar—==—COOH + / ,\]'NAK ! (OAC), > /\A\,J
. ~_-"  pyridine, 80 °C, 12 h Ar
v~/ 6N CN

1-72 BRI IR IEFE &R

Fig. 1-72 Stereoelective synthesis of allyl nitriles

(A 77t T TR R [ I BEAT o S A AN F S B . 2016 4K, Wang R
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FRZH DB T AR £ Cup0 (10 mol%). Bidk 1,10-3EZ (20 mol%). NaOAc
(1.5 equiv.) AL IR R FII — 38 £ TR 2. B8 (1) H B SE 0 s, 12 S o BA R G 1 7
RSH|— R E X (E 1-73).

|
F
Cu,0, 1,10-phen, NaOAc
R—=—COOH + _kF P - RS
| COOEt 1,4-dioxane, 100 °C, 12 h E COOEt
F

1-73 REHRER S — & SRR I E R &
Fig. 1-73 Decarboxylative alkylation of alkynyl carboxylic acids with iododifluoroacetate

B4, PRI I = 5 R A0t mT DL A e Ak R SR B . 2013 41, Hu i i 1124
]IET Cu(OAc), (2 equiv.)fl TMEDA (2.5 equiv.)fE1b T HIR 54k it B & 1)
Togni 11 1) = 4 FF S 4k s B (B 1-74) o [ ZARI0 S8 3 B, R (10 SRR T K .

O
L . Cu(OAc),"2H,0, TMEDA o)
RT=coon ©if/o DCM/H,0, tt, 24 h RJK/CF?:
CF,

1-74 REEHIR I =R PR E U R M
Fig. 1-74 Decarboxylative trifluoromethylation of alkynyl carboxylic acids

1.5.2 HBARENR R

2012 4F, Lee WA IBHRIE T 47 T I LR IR S AR AR ALK RIEFLIEIRTR &
TR SR SN, 12 N 7 BN I 24 2 %, 78 100 T N RA (K
1-75) 0 R ONAN PR T 25 FEHUR b 36 R, H AT LATE 0.5 /NI N DB I 1 7=
PRI T= 4 o

Ni(OAC)Z' 4H20,

dppb, AgOAc, Z
Ar—==—COOH + o~ OAc PRI 0, Ar—=—\
DMSO, 75 °C, 0.5 h

1-75 REFRIR S TR IERERRI IR R B R AL
Fig. 1-75 Decarboxylative allylation of alkynyl carboxylic acids with allyl acetate
2015 4F, Tunge IR IPHEIE T Pd(PPhs)s (10 mol%) AL B S 43 1N

IR 3R I TR B A S S (P 1-76) o 122 S 2 DA FRZRAE ¥ 711, 7 75 T N RBL 2 /NI RAHAT
SR ) S B2 YR AR S iD DBU 8% Cs2COs (1 equiv.),  JUIFE R AF R RS540 44

AN
Pd(PPh3), _ R /\/\

< . R, toluene, 75°C,2h Ry
1

1-76 REFEEEH 77 F AR R B AL
Fig. 1-76 Intramolecular decarboxylative allylation of alkynyl carboxylic acids
1.5.3 REMN R M
2010 4, Jiao URAHAMMRIE T BRER I BRI RN . 1ZRVAE Cul (10
mol%). 1,10-FEZ' Mk (10 mol%)A1 EtsN (2 equiv.)fEfE N, LL DMF 15, 7E
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120 T MHumRAEY L 20 /NSF(E] 1-77) 0 FHIX PP 5 AR 0] DLA Bke 28 B
FIARTEAR 1, 3-%ks
Cul, 1,10-phen, EtsN

R—==—COOH + H—R, > R————R,
DMF, 120 °C, 20 h

1-77 IREFRER SumtR A A R B R E L
Fig. 1-77 Decarboxylative alkynylation of alkynyl carboxylic acids with terminal alkynes

2014 4%, Lang!?81290F0 O’ Hairl OWREZH 73 IR 1 40 iRk A0 b B2 1 1 45
RS (] 1-78).
Cu- or Co-catalyst

Ar—==—COOH Ar———=——Ar
50-100 °C, 20-24 h

1-78 REFRERIAIT B (BB AR B R EAL

Fig. 1-78 Decarboxylative alkynylation of alkynyl carboxylic acids via homocoupling
154 FEMUR KM

MARRSCHRIRIE KT, CIF A V2 T BRIEER IR I R 57 He AL B 5. 48
#4010 Sonogashira Y {1k S S bR IR B B 5 75 B s AW 57 AL B N (&
1-79)[19. 131-137) | ST b5 ) Sonogashira A5 B i S ZE Jim A Park RIPEIS A 1
A 118, R 2RO IR R T s O B IR B VIR A i T R
B, R S A A TR C AR e [ 97 K 21 B BBkl ) 57 i S aE 7 — B

i i) (119, 131, 134, 139]

Pd-catalyst
80-140 °C

1-79 KREFRESAY Sonogashira BYfii a7 B4k
Fig. 1-79 Sonogashira-type decarboxylative arylation of alkynyl carboxylic acids

T B 5 6 07 1A RS S 35 38 43 4030 47 B 196X, Sonogashira J5:
SIS 5 A 5 SR () 1-80)%%4401, SR, 27 A B 0 — 35 S
B

Ar,—=——COOH + X-Ar,

Ar1 — Ar2

H—==COOH + X-Ar, + X-Ar, —ocatalyst _—, — A,
80-120 °C

1-80 KREFRESAY Sonogashira BY fii a7 B4k
Fig. 1-80 Sonogashira-type decarboxylative arylation of alkynyl carboxylic acids

1.5.5 k-2 R FHERVAEE & N
1.5.5.1 C-N B 2 [ Jo7

2010 4F, Jiao W@IZHMARIE T 7R AT IRAELE T IR IR A AL b b
N %L CuClz 2H20 fEMEALT, 7EHK Na2COs (2 equiv.)f£7E T, 7£ 100 T
AP RAEE 1-81). FOTHEH TR RO IR, (H G A3 Y
BRT B AW H T R A g
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Rpw-EWG _ CuCly2H;0,NayCO3 S N,EVVG
H toluene, 100 °C, 12-47 h R,
1-81 Cu ML RBER AL AR IR B B2 1L

Fig. 1-81 Cu-catalyzed oxidative decarboxylative amidation of alkynyl carboxylic acids

2015 4F, Ge WAAHICURIE T HRIETL S BAFMA T 5 N-ZH IR AL,
SVAFEN N A SHG R 2N E LA Ag20 (1-5 mol%) AL, FERUT &
LA PR I (t-BUONO) AT TEMPO A74E N REAT Y,  SOW AR AT S Uk Y A 2R 2
AT Y(E 1-82).

R;—=—=—COOH +

ArT
NO,

o
|
Ag,0 N
Ar—=—COOH + >I\ NO *+ N 92 - ﬁ;g
(@) benzene, 70 °C, 24 h

1-82 Ag AL IRBRRHEAL
Fig. 1-82 Silver-catalyzed nitration of alkynyl carboxylic acids

1.5.5.2 C-S H ¥ H4 £ J )37

2010 4, Liu PRAEZHMMRGE T HERIMBIR C-S 3 AR,  LABRIE H it
AR 1ZIBILL Cul (4 mol%)fEREALT, 7 90 T NHEAT (K 1-83). f=#ik™
¥R YT WA Ve ARG NS R (3 ) DRV S i E S

Cul, Cs,CO4 NgR

NMP, 90 °C, 24 h Ar

1-83 IREFREL AR FREL C-S A
Fig. 1-83 Decarboxylative C-S bond formation with alkynyl carboxylic acids

IR ] 5 AR BRAN B e R AR MR C-S A8 AR S, AR il S M ZE R
2016 4, Kuhakarn P 8ZH 1R 58 T 7E8H Na,COs (1 equiv.)fll DMF/H0 V& &%
FIFF AR IR C-S 38 XARTK S M. (E] 1-84), KMAE 100 T T 2 /N 58
AT EATAT R S @ AR, AAERI AR FRIFT R A, EeA R 3 IR,
B R Z BURMI )P 2 8, RV AL R T 7 B IR IR IR A0 57 A e hsi iR, H
A7 R HEL AR (R o L HAT 25 H 1 IR (R PR IR B 5 R AR A% M

Ar————COOH + HS—R

Ar,—==—COOH + ('s? Na,COs - A”\/\é’(\)
Ar;”""ONa DMF/H,0, 100 °C, 2 h g Ar
1-84 PRERBLAIRE C-S HAVIGR
Fig. 1-84 Decarboxylative C-S bond formation with alkynyl carboxylic acids
1.5.5.3 C-P B {14 2l S5 J34
FRERIEFR C-P BRI AE e 3l J LA A4 R AR 1, JF B LT3 e R i

25



RERBRRBR IR BB

). 2014 4, Zhao WRE@IZHMOMRIE T —FAEAIXHE AR 24F R, BL CuCl (10-30
mol%) {EHEAL TR BB I 2 C-P 28 SUABER [ /79255, 1% 72 ] L& s R s | e
T AN T8 A S 5T (B 1-85).

Q Q

Ar—=—COOH + __P. cucl Ar—=—P-R,
H" L Ri  DMF,90°C,6h '
Ry Ry

1-85 Cu fEIL YR EFERE R 75 C-P SEAVADRE
Fig. 1-85 Copper-catalyzed, decarboxylative C—P bond formation of alkynyl carboxylic acids

1.6 ARREAIER

ARFT AR, AR PUCEERR ISR, 5 B G dA7 AE X H AR 11 5
BRI, B, W TEEAEYIRE R B2 L& AR R TTI
—RCRH AR ek J7ke. IIIRSE S NH SRIZEGRIE C-N 22 ARG ik
PR G AESHI bR BT HARFIM L, SRR S RGN . 215, FE
AR R, H A T ARG, Bk, ORI R E B2 IR A
& C-N BAARSHTIE. JHAERM. AR R MBI
S NATE IR — A B2 H BAT B AR 55 o Bl LA URE  AE URBRR AL 57005 R
B, A AR R A TT 1 DLSEBLA HL & BAL S PR &
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B Cu(ll)/Ag() LR R C-N BEEFIST

518
75 3T RGN RTIRT IR LG 70 7 b EE RS oo, il &
JRAEAL TS 2 A T3 IR BT ) 5 & NH SR C-N 28 SURB B & Al

RGN EZT . )Y A IRE T, G RTT%, T7 3R
g e ot, eI, RRW ST R RN R~ A Teis 4 CO, ik,
EHAM R S5 REMReESRr s, B 2 ETERA T . Bk, DARK
N JERHE I RS BRI C-X BRG] T A2 & b A 1 H O, FFEITsEeE
SHE T NI Z EAUFR ) T HGER AR . B, 5RRR S FRIN & A2 M
B 2 22 AT JER 0 (Y S PR B R A S B TS oK LA SRR TE 3 T A U4
DTS AP A K SR (AL ) C-N SRR BT 5T, TRk, 25 3 53t T A Cu(1)/Ag(1)
DAL TR A QT 5 55 7 R IR -5 <0 2 ik o P I Y ) 58 P ol R A Jse o

2.1 SEIGIR AN 25

7 2-1 FESLIWT
Table 2-1 reagent of the experiment

4 Fx ali g TR

TR B sy el TERHEK EABR AT
RN Sy el Acros Organics

=P TR R sy et Adamas beta

N AT e syt Adamas beta

4A 5P - g CH A2 A TR A T
FH i srirat TR RHE K EABR A
e 200-300 H B ENT)
aRTHN srirat TR RHE K EABR A
LR T srirat TR RHE K EABR A
AL R syt Adamas beta

S A It frg srHrat Adamas beta
4-HAR - 2- T HE R H R sy i et Adamas beta

4-F -2 HE R H R sy i et Adamas beta

A-— 55 F - 2- T LR H R srHrat Adamas beta

4,5~ A8 -2 FiFf i O HH sy i et Adamas beta

6- H Bk-2- i L 2K HH iR sy i et Adamas beta
5-9-2-TH B 2K R srHrat Adamas beta

A4- -2 2% gt i syt Adamas beta
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< 2-2 FELINU

Table 2-2 Experimental apparatus

EA RS CR
HESARA(INMR) Bruker Avance 111 HD 400 e

L IP N AL104 Fiy - MR )

b s o _ 5 E FE B R B
= 73 Thermo Scientific LTQ Orbitrap XL AT

X S4B AR TT AR Bruker APEX-II CCD A

SN A A X-5 FRIMAL AL
2.2 ER 51718

2.2.1 RN FHEMRAL
2.2.1.1 B s B AR e AL

N T % R DC A BN 2 A, BRAT TR 6 AT A 8 248 HY R (2- L) AN 4R 22 2k FH
[ (2-2a) MR S LA NSRS [ 87, 7E KoCOs fEBH, DMSO ERMIEF], Ar £/
¥, 120 T HRPMZFAFT, RR TR B EER  S. # 520 (Entries 1~11),
LR W] Cu(OTH)2 Al AQOTT LML AR Fe BB S (1 70 B9 77 50 62%, 2

SRR S L AL AL R 3 R B

® 2-3 LTI AR IR B R N B9S2 @)

Table 2-3 Effect of catalyst on decarboxylation reactions(?

COOH Oy NH> [Cu] (1.5 equiv.) H Ox-NH2
@ . hN [Ag] (1.0 equiv.) §
wizngoem "L
! ’ ’ 2
21a 2-2a 2-3a
Entry [Cu] [Ag] Base Solvent YieldP! (%)
1 CuSO4 Ag.COs3 K2COs DMSO 20
2 Cu(OTf), Ag>CO3 K2COs DMSO 31
3 Cu(OAc),  Ag.COs K2COs DMSO NR
4 CuCl; Ag.CO3 K2CO3 DMSO trace
5 Cul AQg2CO3 K2CO3 DMSO 10
6 Cu(OTf)., AgNOs3 K2CO3 DMSO trace
7 Cu(OTf), Ag,0 K2COs DMSO 11
8 Cu(OTf), AgOAC K2COs DMSO 16
9 Cu(OTf), AgOTf K2COs DMSO 62
10 AgOTf K2CO3 DMSO NR
11 Cu(OTf) - K2COs DMSO 15
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[ Reaction conditions: 2-1a (1 mmol), 2-2a (0.5 mmol), base (1 mmol), [Cu] (0.75 mmol), [Ag] (0.5 mmol), 4A
MS (160 mg), solvent (2 mL), 120 T, 24 h, Ar. [¥] Isolated yield.
2.2.1.2 AR S B AR RRT VA R B Ak

Heds, HE T EML, @3 KoCOs. Cs:C03. KsPOsw KOH. t-BuOK. KF,
KOAc. KHCO3s Fl Na2COs %554 Je Wi ()52, Hor, KoCOs 2R ¢ £ (Entries 1~9).
VTR s AR A BOREENE, H A DMSO A e dif (Entries 10~14). fifiizid #H &k
B, 2 [ X 7K RS RRURK, A& A K BN N 4A 431 (molecular sieve, MS),
NP 2R BT B (Entry 15).

2R 2-4 WA BB TR B #R AR K S R A =2 i )

Table 2-4 Effect of bases and solvents on decarboxylation reactions!®

Entry [Cu] [Ag] Base Solvent Yieldl! (%)
1 Cu(OTf)2 AgOTf Cs2CO3 DMSO 15

2 Cu(OTf)2 AgOTf KsPO4 DMSO NR
3 Cu(OTf): AgOTf KOH DMSO trace
4 Cu(OTf)2 AgOTf t-BuOK DMSO 32

5 Cu(OTf)2 AgOTf KF DMSO 45

6 Cu(OTf)2 AgOTf KOAc DMSO 18

7 Cu(OTf)2 AgOTf KHCO3 DMSO 61

8 Cu(OTf)2 AgOTf Na2COs3 DMSO 43

9 Cu(OTf), AgOTf - DMSO trace
10 Cu(OTf)2 AgOTf K2CO3 DMSO 62
11 Cu(OTf)2 AgOTf K2CO3 PhMe NR
12 Cu(OTf), AgOTf K2COs3 Anisole NR
13 Cu(OTf), AgOTf K2COs3 DMF trace
14 Cu(OTf)2 AgOTf K2CO3 NMP 58
15[ Cu(OTf)2 AgOTf K2CO3 DMSO 25

[ Reaction conditions: 2-1a (1 mmol), 2-2a (0.5 mmol), base (1 mmol), [Cu] (0.75 mmol), [Ag] (0.5 mmol), 4A
MS (160 mg), solvent (2 mL), 120 T, 24 h, Ar. [’ Isolated yield. [l no 4A MS.
2.2.1.3 AR 5 N F i B e S I T B A1 Ak

S5 A J5 IS ) R s I AE SR K BRI 3R, B DL SE RATTHEAR A
AR, 3 TR A AL SR R il BT G B SRR AT, 2 J5 AT 343 Sl S AT
i L NE D S5 SIS T AT S 2SS TR RODRAL i 2k o DA 5 RSB, T v B PR
PR AR BT, 4EHE R NI A2 12 h, JRORL R NN TE AT, T RE K S5 B B[R] X6
AL = A K (Entries 1~4).

3 2-5 iR AN B R (B EK K N A #2 A e
Table 2-5 Effects of temperature and time on decarboxylation reactions(?
Entry [Cu] [Ag] Base Solvent Yield! (%)
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1l Cu(OTf),
ol Cu(OTH)
3Ll Cu(OTf),
41l Cu(OTf),

AgOTf
AgOTf
AgOTf
AgOTf

K2COs DMSO
K2COs DMSO
K2COs DMSO
K2COs DMSO

34
52
28
61

[l Reaction conditions: 2-1a (1 mmol), 2-2a (0.5 mmol), base (1 mmol), [Cu] (0.75 mmol), [Ag] (0.5 mmol), 4A
MS (160 mg), solvent (2 mL), 120 T, 24 h, Ar. ] Isolated yield. [ T=140 <. [ T=100 <. It =12 h. 1t =36 h.
g b, TR IE I E RO BT ARAHSE AR R (1.0 mmol). 46
FIEZE FFEERZ(0.5 mmol). K2COs (1.0 mmol), Cu(OTf)2 (0.75 mmol), AgOTf (0.5
mmol). 4A MS (160 mg). DMSO (2 mL), Ar {3, KMNIEE 120 T, J M A

A 24 h,
2.2.2 @IRHIE

N T HE— BT VIS5, 1 X057 I N s AR N BT i 6 1E
PAIRG 77 7 H AL (CCDC 5 1875531)#E4T 17 X 2% HL AT 0 i (4 A 5 L I
2-1), DAL NI B R AR FEE N-D7 A1 R A (5 2 R

2-6

2-1 L&) 2-3a B SRIREEH
Fig. 2-1 X-Ray structure of 2-3a
* 2-6 (LA 2-3a K RIAHIE

Table 2-6 Crystal data and structure refinement for compound 2-3a

Identification code

mo_20180560-SL_0m

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

C13H11N303
257.25
173.0
hexagonal
P65
10.1324(15)
10.1324(15)
20.891(3)
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a/° 90

/e 90

¥/° 120

Volume/A3 1857.4(6)

z 6

pcalcg/cm® 1.380

wmm-1 0.101

F(000) 804.0

Crystal size/mm3 0.28>0.15>0.12
Radiation MoKa(A=0.71073)
20@range for data collection/° 4.642 t0 53.238
Index ranges -12<h<11,-12<k<12,-24<1<26
Reflections collected 13660

Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=20(1)]

Final R indexes [all data]

2483 [Rint = 0.0624, Rsigma = 0.0456]
2483/142/174

1.039

R1 = 0.0404, wR2 = 0.0822

R1 = 0.0598, wR2 = 0.0910

Largest diff. peak/hole / e A3 0.15/-0.12
Flack parameter -1(2)
CCDC number 1875531

223 RERNEZH TR RIAR

W UL AR AR PR S R 26 A0 FH T 25 23 A AN (R A s P 418 i 228 2 R T A 418 2 2k
2 PR e (1) JBE PR AR B S 2, R 901% 5 vk B8 3 M DA SR I H Atk S 25 K 2 4k
HE Rk 2-7 Fiow.

XTS5 AR R IR0 I 2K R, AN 4 AL 4h i 725 [ B A 2 El
B, B R T R SR T R TR AR A, R A AR AR BARIELE (100 <T)

TIRF A, 153 59~69%[1) 43 B 7= 2 (2-3b~2-3f); Kl & &R FHUR R R

75 12 h BP] R B 5E 4, 193] 65%0K 7= %(2-3d). 24 5 13 H AR 2 A HH L EUAR A
gER Y 4 (THUREE AL, 7= 550N 58%(2-3g)Fl1 55%(2-3h); {H AW H 73
ISR AR BRI, SIS (A 7R EAEK 2 36 h, 4 Al15E] 64%(2-3i) Al
60%(2-3j) 11 7= % o Hoel for B 5 A AR HURIER , 722 26~56%(2-3k~2-3m) AN &5,
EAE R, ARSI R FEM AR, a1 6-FJE-2-i R R, HE2E
W SOMER TR FEK: 3 36 h, AT 7531 55%(1) 77 #(2-3n).

XTI R L, FATHE S TR MBI N A BURIE R0
REE s . S5, N-HERBEIZRY, £ 100 T AJ MR HFEAT 1% 5 B
133 57%I1) 77 2(2-30); 4RI 4 A F A S EURE AT 471X R B, £E 100 T
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A5 12 h A1 36 h,

3 LA 43%F1 62% 1) 77 245 20T B AR = 4(2-3p,

2'3q)o
7+ 2-7 R MRS E e
Table 2-7 Evaluation of substrate scopel®
Os__NH, H,
Cu(OTf), (1.5 equiv.)
X COOH . HoN N AgOTf (1.0 equiv.)
Rt NO | Re K,CO3 (2.0 equiv.) (I —Rz
2 4A MS, DMSO, Ar NOz
241 2-2
O~__NH Os__NH Os__NH,
H H H
@NE) Q% Q”Wé
NO, H;CO NO, HsC NO,
2-3a, 62% 2-3b, 69%° 2-3c, 61%°
O~__NH Os__NH Os_NH,
H H H
Cl NO, F NO, FsC NO,
2-3d, 65%¢ 2-3e, 63%° 2-3f, 59%°
(@) NH 2 O NH2
H H
HSCo\@N \@ CI\@N
NO, NO;
2-39, 58% 2-3h, 55%° 2-3i, 64%¢
Oy NH2 O NH2 OxNH,
H
H H
R II j é [ IN5
NO, NO, NO,
_ CHj Cl
2-3j, 60%" 2.3k 47%" 2-31, 26%
@) NH H
2 CH, O~_N.
H CH3
H4CO N @ H
H,CO NO @
3 2 NO,
2-3m, 56%¢ 2-3n, 55%° 2-30, 57%°
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Os__NH, Os__NH,
H H
L, L,
NO, NO,
CHs Cl
2-3p, 43%7 2-3q, 62%°

[ Reaction conditions: 2-1 (1 mmol), 2-2 (0.5 mmol), Cu(OTf)2 (0.75 mmol), AgOTf (0.5 mmol), K2COs (1
mmol), 4A MS (160 mg), DMSO (2 mL), 120 <C, 24 h, Ar. ! Isolated yield based on 2-2. [¢] 100 <T, 24h. [
100 T, 12 h. 1100 T, 36 h. 1120 <, 36 h.

N T DT RE I, AT 1 SR BCA F 2= U 2R F R R,
N AR R L AR = U B R L X R R TR L AR S, RN IIANRE KA
Wi W 2% B IR AT A7 (AR 25 2 0 5 B B T

F O
0 0
i OH i
OH OH ©)J\OH
F I F CFs  O,N

210 2-1p 2-1q 2-1r

2-2 NRER B FR BEK R N A K FRER Re 47

Fig. 2-2 Carboxylic acid failed to undergo decarboxylation reactions
2.3 AT REAY I Rz AL IR HE
BT SRV K CulAg FEHEALIR B S BLAOHLER, FRATHEH TN
FTRERI S AL (BT 2-8). T %G, SBIHIEARHIRTE KoCOs 1 MR IRERER 1,
FEARER IR FH R TR AT A 228 FRRAR 11, it 25— 43 1 CO2 15 2105 FE4RZE & 11
N AE A4 64 FH N TR RO B4 28 &4 IV, 5 4R E 2K FH R G S A i % e
[V, B JE I R ERAR B AR V.

COOH A
N KoCO N COOK  agx Nl o, Ny Al
Ry 223, | I Ty I
T Rir R Rt
NO, = KX NO,

NO, NO;
| I n

o |o%
O
Os__NH, R, HaN
H HN | R ‘ ;Rz - CUX
. Nt AN ‘ \7R - X CU\N % - - R1_:C[
1T 2 _n =
A o Ry @[ H -HX NO,
2 NO,
Vi \') v

2-3 FIRERD R Rz ALEE
Fig. 2-3 Possible mechanism
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2.4 LR ERSY

2.4.1 BfrLEH 2-3a~2-3q BIE K

¥ 10 mL H S N TN LLAMTFRAE T4 30 min, #E AR EERE, N
A 1.0 mmol 2-1a~2-1n. 0.5 mmol 2-2a~2-2d. 171.5 mg (0.75 mmol) Cu(OTf).. 129
mg (0.5 mmol) AgOTf. 138 mg (1.0 mmol) Jo/KBREZEH A1 160 mg 4A MS, hE %S
20 min, FFREES, WMHRE =R, EERARTFIA 2.0 mL -+ DMSO. fE
K 2-6 O B IR BE AN B R RS, RN EE R R, SR E R =R, AR
FEDE, WERRGR, IERAH R A KO RR 2B, JEKYERRE DMSO, &
MR CBRZEBL, A HUZMATCKERER AN 18, WR4H, R RN 70 545 2] B AR )
2-3a~2-3q [V(fi k) : V(ZERZHS)=2 : 1].
2.4.2 PR RAEE R
2-((2-nitrophenyl)amino)benzamide (2-3a)*5¢

Os_NH,
H
CC
NO,

Yield 62%. m.p. 191.5~192.7 <T; *H NMR (400 MHz, DMSO-dg) &: 11.21 (s,
1H), 8.12 (dd, J=8.4, 1.2 Hz, 2H), 7.73 (dd, J=7.6, 1.2 Hz, 1H), 7.43~7.59 (m, 5H),
7.12 (t, J=8.0 Hz, 1H), 6.99 (t, J=8.0 Hz, 1H). 3C NMR (100 MHz, DMSO-ds) ¢:
170.5, 140.2, 139.8, 136.4, 136.1, 131.9, 129.6, 126.8, 124.9, 122.7, 120.6, 120.0,
118.4.
2-((4-methoxy-2-nitrophenyl)amino)benzamide (2-3b)

Ox__NH,
H
cr
HsCO NO,

Yield 69%. m.p. 163.8~164.5 <T; 'H NMR (400 MHz, DMSO-ds) J: 11.06 (s,
1H), 8.11 (s, 1H), 7.72 (dd, J=7.6, 1.2 Hz, 1H), 7.58 (d, J=2.8 Hz, 1H), 7.52 (d, J=
9.6 Hz, 2H), 7.40 (t, J=7.2 Hz, 2H), 7.34 (d, J=7.6 Hz, 1H), 7.28 (dd, J=9.2, 3.2
Hz, 1H), 7.01 (td, J=8.0, 0.8 Hz, 1H), 3.82 (s, 3H). *C NMR (100 MHz, DMSO-ds)
0: 170.8, 152.9, 141.7, 137.8, 133.2, 132.1, 129.7, 124.5, 122.8, 121.6, 121.4, 118.7,
108.5, 56.3. HRMS (ESI) m/z calcd for C14H14N3Os" (M+H)* 288.09788, found
288.09775.
2-((4-methyl-2-nitrophenyl)amino)benzamide (2-3c)

34



RERBRRBR IR BB

O _NH,
H
cr
HsC NO,

Yield 61%. m.p. 167.8~168.5 <T; 'H NMR (400 MHz, DMSO-ds) J: 11.13 (s,
1H), 8.11 (s, 1H), 7.94 (s, 1H), 7.72 (d, J=7.6 Hz, 1H), 7.56 (s, 1H), 7.40~7.47 (m,
4H), 7.07 (td, J=8.4, 2.8 Hz, 1H), 2.30 (s, 3H). 3C NMR (100 MHz, DMSO-dg) &:
170.6, 140.8, 137.3, 137.0, 136.6, 132.0, 129.7, 129.6, 126.0, 124.1, 122.1, 119.8,
118.9, 20.1. HRMS (ESI) m/z calcd for CisH1aN3Os* (M+H)* 272.10297, found
272.10278.
2-((4-chloro-2-nitrophenyl)amino)benzamide (2-3d)%]

Os_NH,
H
Cl NO,

Yield 65%. m.p. 246.5~247.7 <T; *H NMR (400 MHz, DMSO-dg) &: 11.26 (s,
1H), 8.14 (d, J=2.4 Hz, 2H), 7.74 (dd, J=7.6, 0.8 Hz, 1H), 7.60 (dd, J=8.8, 2.0 Hz,
2H), 7.45~7.55 (m, 3H), 7.15 (td, J=8.0, 1.6 Hz, 1H). *C NMR (100 MHz,
DMSO-ds) ¢: 170.4, 139.7, 138.9, 136.4, 135.9, 132.0, 129.7, 125.8, 125.1, 123.2,
122.7,120.8, 120.3.
2-((4-fluoro-2-nitrophenyl)amino)benzamide (2-3e)

Os_NH,
H
cr
F NO,

Yield 63%. m.p. 203.6~204.8 <T; *H NMR (400 MHz, DMSO-dg) &: 11.35 (s,
1H), 8.26 (dd, J=9.6, 6.0 Hz, 1H), 8.17 (s, 1H), 7.76 (dd, J=7.6, 1.2 Hz, 1H), 7.65 (s,
1H), 7.60 (d, J=7.6 Hz, 1H), 7.52 (td, J=8.4, 1.2 Hz, 1H), 7.16~7.23 (m, 2H), 6.82
(td, J=9.6, 2.4 Hz, 1H). 3C NMR (100 MHz, DMSO-ds) ¢: 170.6, 154.6 (J=238.5
Hz), 140.6, 136.6 (J=1.7 Hz), 136.4 (J=8.6 Hz), 132.1, 129.7, 124.2 (J=23.3 Hz),
124.2, 122.5, 121.0 (J=7.7 Hz), 119.9, 112.5 (J=26.6 Hz). °F NMR (376 MHz,
DMSO-ds) o: -122.4. HRMS (ESI) m/z calcd for C13H11FN3O3* (M+H)* 276.07790,
found 276.07822
2-((2-nitro-4-(trifluoromethyl)phenyl)amino)benzamide (2-3f)
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O~__NH,
H
FsC NO,

Yield 59%. m.p. 161.5~162.2 <T; 'H NMR (400 MHz, DMSO-ds) J: 11.44 (s,
1H), 8.40 (s, 1H), 8.18 (s, 1H), 7.84 (dd, J=8.8, 1.6 Hz, 1H), 7.76 (d, J=7.2 Hz, 1H),
7.66 (s, 1H), 7.60 (t, J=9.2 Hz, 2H), 7.53 (t, J=7.6 Hz, 1H), 7.51 (t, J=7.2 Hz, 1H).
13C NMR (100 MHz, DMSO-dg) d: 170.1, 143.1, 138.5, 134.6, 132.1 (J=3.2 Hz),
132.0, 129.7, 126.7, 124.6 (J=4.2 Hz), 124.5, 124.0 (J=269.4 Hz), 122.2, 118.9 (J=
33.4 Hz), 118.9. F NMR (376 MHz, DMSO-ds) ¢: -60.7. HRMS (ESI) m/z calcd for
C14H11F3N303* (M+H)* 326.07470, found 326.07462.
2-((5-methoxy-2-nitrophenyl)amino)benzamide (2-3g)

Os_NH>
H
H3CO\@N5
NO,

Yield 58%. m.p. 230.2~231.5 <T; *H NMR (400 MHz, DMSO-dg) &: 11.28 (s,
1H), 8.14 (d, J=9.6 Hz, 1H), 8.11 (s, 1H), 7.72 (dd, J=7.6, 1.2 Hz, 1H), 7.64 (d, J=
8.0 Hz, 1H), 7.58 (s, 1H), 7.49 (td, J=8.4, 1.2 Hz, 1H), 7.17 (td, J=8.0, 0.8 Hz, 1H),
6.85 (d, J=2.4 Hz, 1H), 6.56 (dd, J=9.2, 2.4 Hz, 1H), 3.78 (s, 3H). 1*C NMR (100
MHz, DMSO-ds) o: 170.3, 165.3, 142.7, 139.3, 131.8, 129.6, 129.5, 129.3, 126.2,
123.4, 121.7, 107.9, 99.7, 56.3. HRMS (ESI) m/z calcd for C14H14N3O4" (M+H)*
288.09788, found 288.09784.
2-((5-methyl-2-nitrophenyl)amino)benzamide (2-3h)

@) NH,
H
H3C\@N\é
NO,

Yield 55%. m.p. 204.2~205.6 <T; *H NMR (400 MHz, DMSO-dg) &: 11.28 (s,
1H), 8.14 (d, J=9.2 Hz, 1H), 8.10 (s, 1H), 7.72 (dd, J=7.6, 1.2 Hz, 1H), 7.64 (d, J=
8.0 Hz, 1H), 7.58 (s, 1H), 7.49 (td, J=8.4, 1.2 Hz, 1H), 7.17 (t, J=7.2 Hz, 1H), 6.85
(d, J=2.8 Hz, 1H), 6.57 (dd, J=9.2, 2.4 Hz, 1H), 3.78 (s, 3H). *C NMR (100 MHz,
DMSO-ds) o0: 170.3, 165.3, 142.7, 139.3, 131.8, 129.6, 129.5, 129.3, 126.2, 123.4,
121.7,107.9, 99.7, 56.3. HRMS (ESI) m/z calcd for C14H14N303" (M+H)* 272.10297,
found 272.10318.
2-((5-chloro-2-nitrophenyl)amino)benzamide (2-3i)
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Os__NH,
H
NO,

Yield 64%. m.p. 232.8~233.4 <C; 'H NMR (400 MHz, DMSO-ds) 6: 11.25 (s,
1H), 8.16 (d, J=8.8 Hz, 2H), 7.75 (dd, J=7.6, 1.2 Hz, 1H), 7.63 (s, 1H), 7.57 (d, J=
7.2 Hz, 1H), 7.52 (td, J=14.0, 1.2 Hz, 1H), 7.41 (d, J=2.0 Hz, 1H), 7.20 (td, J=8.0,
1.2 Hz, 1H), 7.00 (dd, J=8.8, 2.0 Hz, 1H). 3C NMR (100 MHz, DMSO-ds) J: 170.2,
141.2, 140.9, 139.1, 134.6, 132.1, 129.7, 128.9, 126.1, 123.9, 121.5, 119.6, 116.8.
HRMS (ESI) m/z calcd for C13H1:CIN3Os" (M+H)* 292.04835, found 292.04855.
2-((5-fluoro-2-nitrophenyl)amino)benzamide (2-3j)

Os_NH,
H
NO,

Yield 60%. m.p. 225.7~226.5 C; *H NMR (400 MHz, DMSO-ds) ¢: 11.33 (s,
1H), 8.25 (dd, J=9.6, 6.4 Hz, 1H), 8.15 (s, 1H), 7.74 (dd, J=7.6, 1.2 Hz, 1H), 7.62 (s,
1H), 7.59 (dd, J=8.4, 0.8 Hz, 1H), 7.51 (id, J=7.2, 1.2 Hz, 1H), 7.15~7.22 (m, 2H),
6.82 (td, J=7.6, 2.8 Hz, 1H). *C NMR (100 MHz, DMSO-ds) § 170.2, 166.5 (J=
251.7 Hz), 142.6 (J=12.9 Hz), 139.0, 132.6 (J=1.4 Hz), 132.1, 130.3 (J=12.1 Hz),
129.6, 126.1, 123.9, 121.6, 107.6 (J=24.5 Hz), 103.3 (J=27.5 Hz). F NMR (376
MHz, DMSO-ds) d: -100.9. HRMS (ESI) m/z calcd for CisH11FN3Os™ (M+H)*
276.07790, found 276.07800.
2-((3-methyl-2-nitrophenyl)amino)benzamide (2-3k)

Ox_NH,
N
NO,
CHs

Yield 47%. m.p. 188.2~189.4 <C; *H NMR (400 MHz, DMSO-ds) 6: 10.52 (s,
1H), 8.15 (s, 1H), 7.76 (d, J=7.6 Hz, 1H), 7.57 (s, 1H), 7.35~7.43 (m, 3H), 7.23 (d, J
=8.4 Hz, 1H), 7.04 (d, J=6.0, 1H), 6.93 (t, J=7.2 Hz, 1H), 2.32 (s, 3H). 3C NMR
(100 MHz, DMSO-ds) 0: 171.4, 144.0, 143.9, 135.4, 132.6, 132.1, 132.1, 129.7, 124.9,
120.2, 119.7, 119.2, 117.0, 18.2. HRMS (ESI) m/z calcd for C14H14N3Os" (M+H)*
272.10297, found 272.10312.
2-((3-chloro-2-nitrophenyl)amino)benzamide (2-3l)
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O«_NH,
EZWE
N
NO,
cl

Yield 26%. m.p. 212.3~213.1 <T; 'H NMR (400 MHz, DMSO-ds) J: 11.20 (s,
1H), 8.12 (d, J=7.2 Hz, 2H), 7.73 (d, J=7.2 Hz, 1H), 7.58 (d, J=6.0 Hz, 1H), 7.54
(d, J=6.0 Hz, 1H), 7.51 (d, J=8.4 Hz, 1H), 7.45 (t, J=7.6 Hz, 1H), 7.72 (t, J=7.2
Hz, 1H), 6.99 (t, J=7.2 Hz, 1H). *C NMR (100 MHz, DMSO-ds) J: 170.5, 140.2,
139.8, 136.4, 136.1, 131.9, 129.6, 126.8, 124.9, 122.8, 120.6, 120.0, 118.4. HRMS
(ESI) m/z calcd for C13H11CIN3O3* (M+H)* 292.04835, found 292.04865.

2-((4, 5-dimethoxy-2-nitrophenyl)amino)benzamide (2-3m)

Os__NH,
H
HsCO NO,

Yield 56%. m.p. 227.8~228.5 <T; *H NMR (400 MHz, DMSO-dg) &: 11.36 (s,
1H), 8.08 (s, 1H), 7.71 (dd, J=7.6, 1.2 Hz, 1H), 7.62 (d, J=8.0 Hz, 1H), 7.59 (s, 1H),
7.55 (s, 1H), 7.41 (t, J=8.0 Hz, 1H), 7.10 (t, J=7.2 Hz, 1H), 6.97 (s, 1H), 3.81 (s,
3H), 3.78 (s, 3H). *C NMR (100 MHz, DMSO-dg) 6: 170.4, 156.2, 142.6, 140.2,
137.0, 133.0, 129.7, 128.0, 125.0, 122.6, 120.5, 107.6, 99.8, 56.4, 56.4. HRMS (ESI)
m/z calcd for C15H16N3Os™ (M+H)* 318.10845, found 318.10834.
2-((6-methyl-2-nitrophenyl)amino)benzamide (2-3n)

O NH,

CHs |,
N

NO,

Yield 55%. m.p. 188.8~189.8 <C; *H NMR (400 MHz, DMSO-ds) ¢: 10.38 (s,
1H), 8.10 (s, 1H), 7.85 (d, J=8.0 Hz, 1H), 7.72 (dd, J=7.6, 1.2 Hz, 1H), 7.64 (d, J=
7.6 Hz, 1H), 7.50 (s, 1H), 7.33 (t, J=8.0 Hz, 1H), 7.23 (t, J=8.4 Hz, 1H), 6.79 (t, J=
7.2 Hz, 1H), 6.24 (d, J=8.0 Hz, 1H), 2.15 (s, 3H). 3C NMR (100 MHz, DMSO-ds) &:
171.5, 146.5, 145.6, 137.2, 136.3, 133.3, 132.6, 129.6, 125.4, 123.4, 118.4, 117.4,
114.0, 18.9. HRMS (ESI) m/z calcd for C1sH14N3Os™ (M+H)* 272.10297, found
272.10306.

N-methyl-2-((2-nitrophenyl)amino)benzamide (2-30)
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0N
H “CH,
Cr
NO,

Yield 57%. m.p. 145.7~146.3 <C; *H NMR (400 MHz, DMSO-ds) ¢: 11.09 (s,
1H), 8.60 (d, J=4.4 Hz, 1H), 8.13 (dd, J=8.4, 1.2 Hz, 1H), 7.66 (dd, J=8.0, 1.2 Hz,
1H), 7.56 (td, J=8.4, 1.2 Hz, 1H), 7.51 (d, J=7.6 Hz, 2H), 7.45 (td, J=8.0, 1.2 Hz,
1H), 7.14 (td, J=7.6, 0.8 Hz, 1H), 6.98 (td, J=8.0, 1.2 Hz, 1H), 2.78 (d, J=4.4 Hz,
3H). $3C NMR (100 MHz, DMSO-ds) &: 168.6, 139.9, 136.2, 136.1, 131.7, 129.2,
126.8, 125.6, 123.0, 120.7, 119.9, 118.3, 26.6. HRMS (ESI) m/z calcd for
C14H14N303" (M+H)" 272.10297, found 272.10315.
4-methyl-2-((2-nitrophenyl)amino)benzamide (2-3p)

o
H
Cr
NO,
C
Yield 43%. m.p. 170.2~171.3 <T; 'H NMR (400 MHz, DMSO-ds) &: 11.31 (s,
1H), 8.12 (d, J=8.0 Hz, 1H), 8.08 (s, 1H), 7.66 (d, J=8.0 Hz, 1H), 7.58 (s, 1H), 7.57
(s, 1H), 7.51 (s, 1H), 7.32 (s, 1H), 6.97~7.01 (m, 1H), 6.93 (d, J=7.6 Hz, 1H), 2.31 (s,
3H). 3C NMR (100 MHz, DMSO-ds) 6: 170.6, 142.1, 140.5, 139.7, 136.6, 136.0,
129.7, 126.7, 123.4, 121.6, 120.6, 119.9, 118.7, 106.1, 21.5. HRMS (ESI) m/z calcd

for C14H14N303* (M+H)* 272.10297, found 272.10312.
4-chloro-2-((2-nitrophenyl)amino)benzamide (2-3q)

O
H
CC
NO,
C
Yield 62%. m.p. 134.5~135.2 <T; 'H NMR (400 MHz, DMSO-de) &: 11.32 (s,
1H), 8.20 (s, 1H), 8.12 (dd, J=8.4, 1.2 Hz, 1H), 7.75 (d, J=8.4 Hz, 1H), 7.67 (d, J=
2.8 Hz, 1H), 7.62 (td, J=7.6, 1.2 Hz, 2H), 7.46 (d, J=2.0 Hz, 1H), 8.13 (dd, J=8.4,
2.0 Hz, 1H), 7.09 (td, J=6.8, 2.0 Hz, 1H). 3C NMR (100 MHz, DMSO-ds) & 169.9,

142.6, 138.4, 137.8, 136.6, 136.1, 131.4, 126.8, 121.3, 119.5, 118.7. HRMS (ESI) m/z
calcd for C13H11CIN3Os™ (M+H)* 292.04835, found 292.04874.

NH,

Hs

NH,
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2.5 KB/

b LR, FRATEEST T H Cu(OTH2 Fil AQOTF Hfi b HUAC AR 48 35 2 FR Ml 5
HY AR AT S 2 R (R B M I R I A T — Rl 73, DAFR P 5 R T 17 N
SR EY, HoE 15 NRFCEY. %8 A ARG L 5 R I 1 e 1%
VeI ALARAE T — P BB, (AR — B IR YR IR, R — B IR 5.
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$= 5 oM 5B TN NBRB IR LR K5

5l

][l

BRI EMBEANER. 215, REMKESERS, B 2AETaERA Y.
DRI, AR R N s Rk sk B R AR IR A 22 C-X B 5] T A% & AL 2= 11 B O,
FAENT SIS B T PR R B . 2002 4F, Myers SRR RARIE T 75 IR IR A1
LG TNIGTRER IR Heck MRBC N . BEJE, HERR, W o-RAER . o-HFR.
o, B-AEFIFRTR BRI SR R B A T IR AR R B . EAAE SR, E@id o
T2 1) R I ) 2% D Re AL IR 364k & ) B B 22 1 3 S AN AR T AL
RIS o R R AL S N LA, ou- R R A 4 D — Tt 28 I Mok 22 BH 28 47,
HAT o2 7T 2B ge. Hor, SR V2 i i e U 4 e A i R AR B e
NAGEE C-C BERIH 7T SRT, AT o-BHIR 5 & B AL G W IR A8 SUABBRTE i C-N
R TE A X R

SRAFIEEY . 2% MR AENSE ) 2N A, Rl E
YENE T A A NG s A 3R 5 S N HME . BB s PR B0
IR 2 15 9 NN = -8 ) 1 <9558 A e A L3S 7 ST K (S e
HReBGI AN 7 B B EGE NEIE AT 5 05 2k Ak Y 78 T I 4 8 ke Ak R )
BTG, (HRSRIRF GV R BEA#RIE. 2016 4F, llangovan
SEIS204R T T AR B AR F R 5 2 SR R R 0 B AR K2COs 1EH
TR E]— R AR B RO A &4, 02047 Bry Cl F BCHUR R R
WA SEILIL N o 1% N T R A B AL, ATERR I E B B AT SEN S A R R 1
B .

X TR IR KA G WA B B0 I AR Ak ak 75 i — 2B i gL, FRATZ 3
llangovan PREA 1) 5 &, IS ERS o- B BREEAT TR I Ak S o

3.1 SEIGIR AN S

7 3-1 FESLIT

Table 3-1 reagent of the experiment
ES A G
SRR Iy Hrat HE R AR A
TR IR A Iy Hrat R A IR A
Ui syt Acros Organics
N, N- = FH I R g Iy Hrat HE R EA TR A
KRR 37% MR R FEH R A7
RERR 200-300 H ST )
ZaRliiflis Iy Hrat HERHIR EA IR A
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LR T sy i et HERHEIR AR A
A sy i et e IR A FRA
S B WEE — 2K i5 (DPPA) sy i et Adamas beta

2% I PR srHral Adamas beta

2-WEW; 7 TR TR sy i et FoHA BB ARG TR A
4-FRA LK T et e R IR A PR A
4-J5 K 2T sy i et e IR A PR A
4-= 5 B LT et e R IR A PR A
3-HE 2R 2, i sy i et e IR A PR A
3-FK LT sy i et e IR A FRA
2-IR7K 2T sy i et e R IR A FRA
3,4- AR 2 s it e R IR A PR A
2,4- SR L sy i et e P EIURHE A PR A A
o-Z5 sy i et e P EIURHE A FRA A
B-2% 2.1 sy et e R IR A PRA A

< 3-2 FELINUE

Table 3-2 Experimental apparatus

E4 S ey K
HHEILIRIL(NMR) Bruker Avance 111 HD 400 Sy A 5
N AL104 By - M )
AN HTAX ZF-2 =R AMY g s A

3.2 BRER [RFHHY & A

75 3 G FEVE 22 FARF AN Z3 1 501 P V) B B L5 R BT, A0 R SRR A
WEYI St T A, (R TAE G REAT LS TER R e . Best, —
LS PR AR L B BE H R OR W) CAGIESE B I E I 29 N e AT
XA o A B B SRR BT IR 232 TR EER) & 075, Kb
RKILT O WEGEHEITE. 2008 4, 3¢ H 1 Reddy PR MCHIE T —Fh LA
ZHANERG B o-BRIR K595 . 8 L R R (3-2a), 2-MEWy Z IR (3-2t) 2 M st
NEESE,  FARER RS AL M T 2 A . B S it Lo (18 3-1)

O . O
N N - SeO,, Pyridine, l\fz N N OH
L 90-110 °C, overnight R _ O
1 2
5 mmol

3-1 o-HRBRHYHI &
Fig.3-1 Preparation of a-keto acid
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H1%% a-FilE (3-2b~3-2s) ) AR E L 3% .

1.

¥ 25 mL 1R SE TN ZLAMT A T8 30 min, SMESAAZEZERE, A
BUAR 4 2.1 (3-1b~3-1s, 5.0 mmol) Al — 4 4L fifi (SeO2, 0.835g, 7.5 mmol, 1.5
equiv.), FIE 2 20 min, HARZS, Wbk E =k, EERSAES A 10.0 mL
R I e (S R R R, TUE N AU RE S5 PN SRR o

BRI ET 110 T FHFE Lh, AERIMGHEEFE 2 90 T, el x

N4 h, FFER TLC Wil sskf .
REIRNTERS G, AE IR S S A DIUE M IS W, I G R 1 (50mI) ek
B o
FYER PN IN HCI (20 mL) LA AIE e, 4 &Sa 0, H LR LB
(3>60mL) A HL/KAH o
BAHAPATA I AN NaOH (50mI)4bEE, 73 B /KAH. F/KESmD)ZEECE HLZ,
EIFKA, A AN HCI BRIL/KAE pH £ 1.5,
H 2.1 .18 (3>60mI) AL HL T ERAL /KA, A I HUAE, FIE/K Na:SOs T,
Weds . BERAE EMT 0 B 15 5] H AR 3-2b~3-2s [V(fa Tl Ek) @ V(4R 2HE)=1 :
9]. (FARZt WK 3-3)

% 33 o-FER I

Table 3-3 Preparation of a-keto acid [

@)
C. @)
(@)

(@]
WOH
o
H3C

W

3-2b, 75% 3-2¢, 83% 3-2d. 64%
3-2e, 71% 3-2f, 75% 3-2g, 72%
0 0
/@)J\H/OH /©)\f( H3C\©)J\H/OH
0
FiC ©
3-2h, 42% 3-2i, 55% 3-2j, 81%
0
E OH
0
3-2k, 83% 3-21, 88% 3-2m. 49%
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Br O O O
o) OH HsC OH
O
(@) H3C\O o HC
3-2n, 73% 3-20, 82% 3-2p, 78%
0]

Cl O 10 (0]
/J[i:T)Lm/OH OH OH
! I
o 90 °

3-2q, 73% 3-2s, 80%
3-2r, 84%

[l Reaction conditions: 3-1 (5.0 mmol), Selenium dioxide (7.5 mmol), Pyridine (10 mL), 90-110 <TC, 4 h.
33H/ERE5TIE

331 R EHRRIK
3.3.1.1 MR 2 W AR B AR ARk

N T R H AR R OB SR AT T R B 1R (3-2a) AN [R] 1 2B 8UIAH,
7E KoCOs {EHS, DMF 1E R MEF, 100 T HIRMNEH TR, R T SERFI
R IEAC R B SZ R (Entries 1~3), 45 538 B {8 FH 3 %071 DPPA nI #3374 3-3a,
Iy B PR 5%, T B R0 B R B S AU(TsNs) R A IR E I -=4, i
BRIRF = RS B (TMSN:) A B AR iR

& 3-4 BRIATIN IR AR L R R EY 220

Table 3-4 Effect of azide reagent on decarboxylamination reactions@

O O
: | OH R-N, Base (2 equiv.) . 1 NH,
e} Solvent, 100 °C, 24 h

3-2a 3-3a
Entry R-N3 Base Solvent Yield® (%)
1 DPPA K2COs3 DMF 75
2 TsN3 K2COs3 DMF trace
3 TMSN;3 K2COs3 DMF NR

[l Reaction conditions: 3-2a (0.5 mmol), Azide reagent (1.0 mmol), base (1.0 mmol), solvent (2 mL), 100 <TC, 24 h.
] |solated yield.
3.3.1.2 HA S i v B U7 (DPPA) F & 4L

FERE 1 RALHI B RGT G, BT B 20T i & 3T 1 ik, &0
PRSI F] 1.2 A1 3 % 245 (Entries 1~2), 45 5% B TCIE I8/ D ik &4 0 DPPA
W&, PREGHT TR, Prbl 2 e it il E.
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7% 3-5 DPPA HIF EXf iR BZ L & N2 (92 A e

Table 3-5 Effect of the amount of DPPA on decarboxylamination reaction

Entry R-N3 Base Solvent Yield[! (%)
1 DPPA K2COs3 DMF 70
20l DPPA K2COs3 DMF 66

[l Reaction conditions: 3-2a (0.5 mmol), base (1.0 mmol), solvent (2 mL), 100 <T, 24 h. [l Isolated yield. [ DPPA
(0.6 mmol). [ DPPA (1.5 mmol).
3.3.1.3 HE MY J B FR ANV 7 A AL

FERE 1 BRAUHI B RGBS, AT BRAE BT 1 ik, 5T
Cs2C03. K3POs. NaHCO3 Z55 s i M, Horhr, KaPO4 245 B¢ 13 (Entries 1~3).
A, WAL TAFEKER, GH DMSO. NMP. HO DL & ¥ 7
DMF:H20(1:1), HrHLL HO. DMF:HO(L:DIEEFI AN KA RN, 455 E
LA DMF {5 71808 5 i (Entries 4~7).

2 3-6 MLARA T AR FR PR AL i [ A9 2 A el

Table 3-6 Effect of bases and solvents on decarboxylamination reactions(?

Entry R-N3 Base Solvent Yield™ (%)
1 DPPA Cs2CO3 DMF 77

2 DPPA K3PO4 DMF 91

3 DPPA NaHCOs DMF 73

4 DPPA K3PO4 DMSO 75

5 DPPA K3PO4 NMP 58

6 DPPA K3PO4 H,O NR

7 DPPA K3PO4 DMF:H20(1:1) NR

[A Reaction conditions: 3-2a (0.5 mmol), DPPA (1.0 mmol), base (1.0 mmol), solvent (2 mL), 100 T, 24 h. [
Isolated yield.
3.3.1.4 Y I 3 rvif FRE IS TRV R0 AL

J5 L JEE R sz I IS [1) i S e A AR BOR B B R R 3R, P DA e 3RATTAEAR [
AT 23 AT v AR A B L PR i B 56 B S SRR AT, 22 Jim FRAT T 73 ) A AT
iR S ) 5 LIS TB)EAT e S I TR B AL B 8 » DAL S5 SR 7, T v BB AR TR
PR FTRRAR, A6 S S (A3 12 h, BERESR SANTE A, T K S B[R] X
HIPL AN K(Entries 1~4).

& 3-7 BB AN A R BE AL I R OS2 ]

Table 3-7 Effect of temperature and time on decarboxylamination reactions(®

Entry R-Ns Base Solvent Yield! (%)
1l DPPA KsPOg4 DMF 78
21 DPPA K3POg4 DMF 71
3l DPPA K3POg4 DMF 76
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41 DPPA KsPO4 DMF 70

[ Reaction conditions: 3-2a (0.5 mmol), DPPA (1.0 mmol), base (1.0 mmol), solvent (2 mL). [ Isolated yield.

T=110 €. W T=80 T. Elt =12 h. 1t=36 h.

g5 b, I A TR E S A S N S A s R HIBE TR (0.5 mmol). DPPA
(1.0 mmol). K3PO4 (1.0 mmol). DMF (2 mL), <% i JE 100 T, [N 24 h,
332 RERNEHTRMYT BMR

W UL ARG B OB SR TS A S B A RIBURIE T o-B KK S DPPA
IR G SN, R FZ T 1 0 & 1 LA H bR A I 5t 2 Rk, L4k
wn 3-8 Alrn.

ST S AANEBACIER a-BARE, AN 4 A7 g i1 HE ] fn A8 Rk a3, 3B
S H TR AR - RE T SR R B R R AR DR R T R A
WL, SONHESRENF] & A, 153 72~929%) 70 B 7= % (3-3b~3-3i); Hid12Y4 4 fii &
L FYR R P BUAR I, 7538 0 DPPA [ FH & %2 3 fi5 24 &, W] 43 7115 31 85% (3-3d)
F1 80% (3-3e) 1773, 2 4 A0 A2 = 55 B RN A 22 AR B 78 e fIE s B ) i) s A
SE4T, REKRMET[E]E 48 h, A3l 3] 72% (3-3h)F1 80% (3-3i)1I7 %K. X4 3
A7 A F TR SR T R SRR, 25 515 4 A7 B & SRR A, 15 21 71~93%
1970 B9 7 22 (3-3j~3-3m) s L H 2 3 A7 A2 Ul Ji7 R il 25k AR 7 e 0 e I B (1] e 17
ANTEA, FEK RIS [A] 4 48 h, W] 43 5152 71% (3-3K) A1 75% (3-3m) /=%, {H
HEE R, RFHARIN R MK, a1 2-1R K LG, fEsis&M T
133 78%[1 ™ #(3-3n)0 4FEFR 3. 4 7[RI 4 LT~ ] F AR AT R L AR
I, SN ETGR] &A, 4 155 78% (3-30)H1 79% (3-3p) I K, Hith 3,4 fif
B IR, 22390 DPPA IR 2 3 A UEA T RN AR5 UKL 2, 4
AL [F I R P BRI, S BB ATIR & A, 15 3] 78% (3-3q) =%

LR T KA LA FBRE IR & 2 5, AT 5 T 288 103&E H
PE, RRPZEL EARRTE o ALERTE B AL EER AR AT B, 7315 2
85% (3-3r)F1 78% (3-3s)f) =3, Hod B-Zk L BERRAE £ Mo I B N ] ) AN 58 4%
JEK S LI [A) 3 48 h B [ L7857 o B, FRATTEEE TR IIE v, 2-MEW; 2.1
RRAE S LA T AT IR HEAT SR, 7931 93% (3-3t) /™ .

% 3-8 R R IRHIEE M5

Table 3-8 Evaluation of substrate scopel®
O 0 o
R)KWOH N QO—B @ KsPO, (2 eq.) 1
5 N 3 DMF (2 mL), 100°C, 24h  R” "NH,

DPPA [I\Ij 3-3

Entry 3-2 Product Compd. YieldP! (%)
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0 0
11 ! OH ! NH, 3-3k 710
o
0 0
12 F OH F NH, 33| 93
o)
0 0
13 O2N OH O2N NH, 3-3m 750
0
Br O 0o
14 ©)H(OH E:fkr\m2 3-3n 78
© Br
o 0
o} OH H C/O NH
15 HaC” D)\( H3C 2 3-30 78
3V~
HaC- o) 0
%0
0 0
HaC OH HsC
HaC © HsC
cl o 0
H
17 /@»j(o ﬁNHZ 3-3q 78
0
Cl Cl Cl
o 2 O+ NH,
OH
18 3-3r 85
o) 0
19 OH NH, 3-3s 780
o)
0
/| I\ NH,
0 o)

[ Reaction conditions: 3-2 (0.5 mmol), DPPA (1.0 mmol), KsPOs (1.0 mmol), DMF (2 mL), 100 <, 24 h. [l

Isolated yield. [ DPPA (1.5 mmol). [ t = 48 h.
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3.4 KELW

TEZMEAR R TR, TATE: 10 mmol 125 FFE H R 5 20 mmol (1) DPPA 5 20 mL
] DMF FH7E 100 T NN 24 DN/ 3EAT K &8 S2 86 1% [ N m] DUIRA] & A2 31 L
81% M= KRG Hhrr=yy, X AT T 5%,

O O
OH . DpppPA KsPO, NH,
DMF, 100 °C, 24 h
(@)
10.0 mmol 20.0 mmol 3-3a, 81%, 0.98 g

& 3-2 ff KEXL

Fig. 3-2 Large-scale reaction
3.5 AT REAY S RZ ML IR HE

DN I B R L R RT REATLEE, FRATIAR T — e i SR LIS UE R M ALER . B

N T IAIE R AR T A E LI, FRATEAT T B RS (B 3-3). TERAL

RPLEAETR, AN L= ) B RS 2, 2, 6, 6-PUF RE-1-4 R IR E

(TEMPO)F1 2, 6-X0(1, 1-— FJk 2, 3L)-4-F H Ky (BHT), A3 3] 919%™ %

IF=oR kG . XA REH, ZRNAZDHRELRE, A% E mEE.
0] O

OH ., pppa standard conditions . NH,
radical inhibitors
O (2.0 equiv.)
3-2a 3-3a
TEMPO 91%
BHT 91%

3-3 BHREHIREIEXL
Fig. 3-3 Verification experiment for free radical mechanism
PRI FRAT T 2 S R J i — A S URR P TR AT 1), AR 7 a0 R w]
REHI S M ALER (K 3-4). 1%, ZRHI HRAERITEH TR S T 1, 1 5
DPPA {EHTE BB EE S & P AR 11, 1 ZE ARG R R E—70 T Ne JE R E S
[ 00, 10 BEAT 701 P SR B P I e R R TR IV, IV KRR 2 — 23
T CO2 1527 W48 H e e o
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Ph.
- (o)
OH 0 PhO),
Base @ p=0 _— (PhO)P-O"
e} 0 o

o) o O 0
.0
NH, < 002 I)\TJ\”(;H < g\(‘:\
2 H ( 5 :OH,
\Y;

\"

3-4 ATRERY R R #13E

Fig. 3-4 Possible mechanism

3.6 KL EBSY
3.6.1 BfrL &4 3-3a~3-3t FIA K

] 10 mL [ M I\ 0.5 mmol 3-2a~3-2t. 1.0 mmol DPPA. 212 mg(1.0
mmol) KsPO4 F1 2.0 mL DMF. 7E3 3-8 H 5 B I BE AN 8] [ 7o IR BV 25 3 S
RNEAHEER, ALRABEGXOML)AEL, f5/KEERRZ: DMF, GHUZMA
ToKBRBREA T, 4R, FERAEENT 5453 BARr=Y) 3-3a~3-3t [V(f i) :
V(LR HEE)=2 : 1].
3.6.2 [RRIRYRIE K17
2-(4-methoxyphenyl)-2-oxoacetic Acid (3-2b) [

0]
OH

HaC. o)
o

Yield 75%. *H NMR (400 MHz, DMSO-de) o: 7.85 (d, J=7.2 Hz, 2H), 7.01 (d, J
—6.8 Hz, 2H), 3.83 (s, 3H).
2-(4-methylphenyl)-2-oxoacetic Acid (3-2c) [

O
OH

o
H3C

Yield 83%. H NMR (400 MHz, DMSO-dg) J: 14.59 (br s, 1H), 7.84 (d, J=8.4
Hz, 2H), 7.43 (d, J=8.4 Hz, 2H).
2-(4-iodophenyl)-2-oxoacetic Acid (3-2d) [68

O
OH

O

Yield 64%. 'H NMR (400 MHz, DMSO-ds) &: 7.82 (dt, J=8.4, 1.6 Hz, 2H),
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7.72(dt, J=8.4, 1.6 Hz, 2H).
2-(4-Bromophenyl)-2-oxoacetic Acid (3-2¢)

O
mOH
(e
Br

Yield 71%. *H NMR (400 MHz, DMSO-ds) J: 7.81 (d, J=8.4 Hz, 2H), 7.71 (d, J
—=8.4 Hz, 2H).
2-(4-Chlorophenyl)-2-oxoacetic Acid (3-2f) (68

O
O
Cl

Yield 75%. 'H NMR (400 MHz, DMSO-ds) o: 7.89 (d, J=8.4 Hz, 2H), 7.55 (d, J
=8.4 Hz, 2H).
2-(4-fluorophenyl)-2-oxoacetic Acid (3-2g) [

O
WOH
(@]
F

Yield 72%. *H NMR (400 MHz, DMSO-ds) J: 14.40 (br s, 1H), 8.07~8.02 (m,
2H), 7.48~7.42 (m, 2H).
2-(4-trifluoromethylphenyl)-2-oxoacetic Acid (3-2h) [

0]
mOH
(0]
FsC

Yield 42%. '"H NMR (400 MHz, DMSO-ds) &: 13.65 (br s, 1H), 8.16 (t, J=8.0
Hz, 2H), 7.97 (d, J=8.0 Hz, 1H), 7.86 (d, J=8.4 Hz, 1H).
2-(4-nitrophenyl)-2-oxoacetic Acid (3-2i) (158

o
/@)J\[(OH
o
O5N

Yield 55%. 'H NMR (400 MHz, DMSO-ds) J: 14.45 (br s, 1H), 8.08~8.02 (m,
2H), 7.48~7.43 (m, 2H).
2-(3-methylphenyl)-2-oxoacetic Acid (3-2j) "]

o)
HsC OH
o)
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Yield 81%. *H NMR (400 MHz, DMSO-ds) ; 14.48 (br s, 1H), 7.74~7.73 (m,
2H), 7.53~7.49 (m, 2H), 2.40 (s, 3H).
2-(3-iodophenyl)-2-oxoacetic Acid (3-2k) 6%

(@]
| OH
O
Yield 83%. 'H NMR (400 MHz, DMSO-ds) 4: 8.23 (t, J=1.6 Hz, 1H), 8.13 (ddd,
J=76, 1.2, 0.8 Hz, 1H), 7.96 (ddd, J=7.6, 1.2, 0.8 Hz, 1H), 7.43 (t, J=7.6 Hz,

1H).
2-(3-fluorophenyl)-2-oxoacetic Acid (3-2I) 17

(@]
F OH
(@]
Yield 88%. 'H NMR (400 MHz, DMSO-ds) &: 14.40 (br s, 1H), 7.81 (dt, J=7.6,

1.2 Hz, 1H), 7.72 (dt, J=9.2, 1.6 Hz, 1H), 7.70~7.61 (m, 2H).
2-(3-nitrophenyl)-2-oxoacetic Acid (3-2m) (171

O
O,N OH
(e}
Yield 49%. *H NMR (400 MHz, DMSO-ds) 5: 13.69 (s, 1H), 8.61 (t, J=2.0 Hz,
1H), 8.46 (dq, J=8.4, 1.2 Hz, 1H), 8.34 (dt, J=8.0, 1.2, 0.8 Hz, 1H), 7.81 (t, J=8.0

Hz, 1H).
2-(2-Bromophenyl)-2-oxoacetic Acid (3-2n) (170!

Br O
OH
@]

Yield 73%. H NMR (400 MHz, DMSO-ds) &: 7.74 (dd, J=7.6, 2.0 Hz, 1H),
7.67 (dd, J=7.6, 1.2 Hz, 1H), 7.45 (td, J=7.6, 1.6 Hz, 1H), 7.40 (td, J=8.0, 2.0 Hz,
1H).

2-(3, 4-Dimethoxyphenyl)-2-oxoacetic Acid (3-20) 172

O
H3C/OI>)‘\WOH
H3C\O O
Yield 82%. 'H NMR (400 MHz, DMSO-dg) o: 7.59 (d, J=8.4 Hz, 1H), 7.48 (d,

J=1.6 Hz, 1H), 7.12 (d, J=8.4 Hz, 1H), 3.90 (s, 3H), 3.85 (s, 3H).
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2-(3, 4-Dimethylphenyl)-2-oxoacetic Acid (3-2p) 17!

0
H3CWOH
HsC ©
Yield 78%. H NMR (400 MHz, DMSO-ds) &: 7.64 (d, J=10.4 Hz, 2H), 7.23

(dd, J=7.6 Hz, 1H), 2.27 (s, 3H), 2.24 (s, 3H).
2-(2, 4-Dichlorophenyl)-2-oxoacetic Acid (3-2q) %8

O
Cl

Yield 73%. *H NMR (400 MHz, DMSO-ds) 6: 13.55 (s, 1H), 7.83 (d, J=8.4 Hz,
1H), 7.72 (d, J=2.0 Hz, 1H), 7.52 (dd, J=8.4, 2.0 Hz, 1H).
1-naphthal-2-oxoacetic Acid (3-2r) [¢7]

O

@)
OH

Yield 84%. H NMR (400 MHz, DMSO-ds) &: 8.98 (d, J=8.4 Hz, 1H), 8.13 (d, J
—8.0 Hz, 2H), 8.01 (dd, J=8.0, 1.2 Hz, 1H), 7.66~7.56 (m, 3H).
2-naphthal-2-oxoacetic Acid (3-2s) [

OH
SOR

Yield 80%. 'H NMR (400 MHz, DMSO-de) J: 8.98 (d, J=8.4 Hz, 1H), 8.13 (d, J
=8.0 Hz, 2H), 8.01 (dd, J=8.0, 1.6 Hz, 1H), 7.66~7.62 (m, 1H), 7.61~7.56 (m, 2H).
3.5.3 YR RIEEIE

Benzamide (3-3a) [16%

NH,

.

Yield 91%. *H NMR (400 MHz, DMSO-ds) J: 7.98 (s, 1H), 7.90~7.87 (m, 2H),
7.54~7.50 (m, 1H), 7.47~7.43 (m, 2H), 7.37 (s, 1H); **C NMR (100 MHz, DMSO-ds)
0.168.4,134.7, 131.7, 128.7, 127.9.

4-Methoxybenzamide (3-3b) 5
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o)
HaC.
0

Yield 90%. *H NMR (400 MHz, DMSO-ds) J: 7.86 (dt, J=9.6, 3.6 Hz, 3H),
7.19 (s, 1H), 7.40 (s, 1H), 6.98 (dt, J=9.6, 2.8 Hz, 2H), 3.80 (s, 3H); *3C NMR (100

MHz, DMSO-dg) o: 167.9, 162.0, 129.8, 127.0, 113.8, 55.8.
4-Methylbenzamide (3-3c) (15

o)
HsC

Yield 92%. 'H NMR (400 MHz, DMSO-ds) &: 7.90 (s, 1H), 7.78 (d, J=8.4 Hz,
2H), 7.24 (d, J=8.0 Hz, 3H), 2.35 (s, 3H); *C NMR (100 MHz, DMSO-ds) J: 168.3,

141.5, 132.0, 129.2, 128.0, 21.4.
4-lodobenzamide (3-3d) 59

0
/©)LNH2
|

Yield 85%. *H NMR (400 MHz, DMSO-ds) 5: 8.03 (s, 1H), 7.84 (d, J=8.4 Hz,
2H), 7.65 (d, J=8.4 Hz, 2H), 7.43 (s, 1H); *C NMR (100 MHz, DMSO-ds) 6: 167.7,

137.6, 134.2, 129.9, 99.4.
4-Bromobenzamide (3-3e) [

(0]
Br

Yield 80%. *H NMR (400 MHz, DMSO-ds) : 8.05 (s, 1H), 7.82 (dt, J=9.2, 2.4
Hz, 2H), 7.67 (dt, J=9.2, 2.4 Hz, 2H), 7.46 (s, 1H); 2*C NMR (100 MHz, DMSO-ds)

0.167.4,133.9, 131.7, 130.1, 125.5.
4-Chlorobenzamide (3-3f) 159

O
Cl

Yield 79%. *H NMR (400 MHz, DMSO-ds) : 8.05 (s, 1H), 7.89 (dt, J=9.2, 2.4
Hz, 2H), 7.52 (dt, J=9.2, 2.4 Hz, 2H), 7.47 (s, 1H); *C NMR (100 MHz, DMSO-ds)

0. 167.3, 136.5, 133.5, 129.9, 128.8.
4-Fluorobenzamide (3-3g) [**°]
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O
F

Yield 95%. *H NMR (400 MHz, DMSO-ds) J: 8.00 (s, 1H), 7.97~7.92 (m, 2H),
7.40 (s, 1H), 7.31~7.25 (m, 2H); 3C NMR (100 MHz, DMSO-ds) J: 167.3, 164.4 (J
=246.8 Hz), 131.2 (J=2.9 Hz), 130.6 (J=9.0 Hz), 115.5 (J=21.6 Hz).
4-Trifluoromethylbenzamide (3-3h) [262]

NH,

Q.

FsC

Yield 72%. 'H NMR (400 MHz, DMSO-ds) J: 8.24 (s, 1H), 8.11 (d, J=8.0 Hz,
2H), 7.88 (d, J=8.0 Hz, 2H), 7.67 (s, 1H); 1*C NMR (100 MHz, DMSO-ds) J: 167.2,
138.6 (J=0.9 Hz), 131.6 (J=31.7 Hz), 128.8, 125.8 (J=3.8 Hz), 123.1.
4-Nitrobenzamide (3-3i) 1261

NH,

3.

O,N
Yield 80%. *H NMR (400 MHz, DMSO-ds) &: 8.29 (d, J=8.8 Hz, 3H), 8.09 (d,

J=8.9 Hz, 2H), 7.72 (s, 1H): 3C NMR (100 MHz, DMSO-ds) J: 166.3, 149.1, 140.0,

128.9, 123.5.

3-Methylbenzamide (3-3j) [*¢%

H,C
3 NH,

<

Yield 87%. 'H NMR (400 MHz, DMSO-ds) d: 7.96 (s, 1H), 7.75 (s, 1H), 7.72 (td,
J=4.4, 1.6 Hz, 1H), 7.38 (dd, J=5.2, 0.8 Hz, 2H), 7.35 (s, 1H), 2.40 (s, 3H). 1°C
NMR (100 MHz, DMSO-de) 0: 168.5, 137.9, 134.7, 132.2, 128.5, 125.1, 21.4.
3-lodobenzamide (3-3k) [16%]

NH,

Q.

Yield 71%. 'H NMR (400 MHz, DMSO-ds) J: 7.85 (s, 1H), 7.64 (d, J=8.0 Hz,
1H), 7.56 (s, 1H), 7.43~7.40 (m, 2H), 7.36~7.32 (m, 1H); *C NMR (100 MHz,
DMSO-ds) o: 169.5, 139.8, 133.2, 131.1, 129.0, 128.0, 119.1.
3-Fluorobenzamide (3-3I) [6¢]
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F
©)kNH2

Yield 93%. 'H NMR (400 MHz, DMSO-ds) &: 8.07 (s, 1H), 7.73 (d, J=7.6 Hz,
1H), 7.67 (dt, J=10.0, 2.4 Hz, 1H), 7.54~7.48 (m, 2H), 7.37 (td, J=8.4, 2.4 Hz, 1H);
13C NMR (100 MHz, DMSO-ds) J: 166.9 (J=2.4 Hz), 162.4 (J=242.5 Hz), 137.2 (J
=6.6 Hz), 130.8 (J=7.9 Hz), 124.1 (J=2.7 H2), 118.6 (J=21.1 Hz), 114.7 (J=22.4
Hz).
3-Nitrobenzamide (3-3m) [267]

O5N
2 \©)J\NH2

Yield 75%. H NMR (400 MHz, DMSO-ds) J: 7.43 (s, 1H), 7.36~7.29 (m, 2H),
7.00 (d, J=7.6 Hz, 1H), 5.85 (s, 2H); 3C NMR (100 MHz, DMSO-ds) : 150.6,
149.2, 130.4, 120.4, 110.2, 107.5.
2-Bromobenzamide (3-3n) [

0

E:fj\NHz
B

;
Yield 78%. H NMR (400 MHz, DMSO-ds) J: 7.86 (s, 1H), 7.64 (d, J=8.0 Hz,

1H), 7.56 (s, 1H), 7.44~7.40 (m, 2H), 7.37~7.30 (m, 1H): *C NMR (100 MHz,

DMSO-dg) o: 169.5, 139.8, 133.2, 131.1, 129.0, 128.0, 119.1.

3, 4-Dimethoxybenzamide (3-30) [162]

0]

pe
H3;C NH,

HiCu
Yield 78%. 'H NMR (400 MHz, DMSO-ds) &: 7.90 (s, 1H), 7.49 (d, J=8.0 Hz,
2H), 7.26 (s, 1H), 7.02 (s, 1H), 7.82 (d, J=5.6 Hz, 6H); 3*C NMR (100 MHz,
DMSO-ds) o: 167.9, 151.7, 148. 6, 127.0, 121.2, 111.4, 111.2, 56.0.
3, 4-Dimethylbenzamide (3-3p) [*61]
0

H,C
3 NH,

H5;C
Yield 79%. 'H NMR (400 MHz, DMSO-ds) J: 7.84 (s, 1H), 7.67 (d, J=1.6 Hz,
1H), 7.59 (dd, J=7.6, 1.6 Hz, 1H), 7.21 (s, 1H), 7.19 (d, J=7.6 Hz, 1H), 2.25 (s, 6H);
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13C NMR (100 MHz, DMSO-dg) o: 168.4, 140.2, 136.5, 132.3, 129.7, 129.1, 125.4,
19.9,19.8.
2, 4-Dichlorobenzamide (3-3q) [*6%]

0
/(:fj\NHz
cl cl

Yield 78%. *H NMR (400 MHz, DMSO-ds) J: 7.93 (s, 1H), 7.67 (d, J=1.2 Hz,
2H), 7.47 (d, J=1.2 Hz, 2H); *C NMR (100 MHz, DMSO-ds) J: 167.7, 136.5, 134.7,
131.4,130.5, 129.6, 127.7.
a-Naphthalamide (3-3r) 164

Os__NH,

38

Yield 85%. 'H NMR (400 MHz, DMSO-ds) &: 8.36 (dd, J=6.8, 2.4 Hz, 1H),
8.05~7.99 (m, 3H), 7.96 (dd, J=7.2, 1.2 Hz, 1H), 7.63 (d, J=1.6 Hz, 1H), 7.62~7.55
(m, 3H); ¥*C NMR (100 MHz, DMSO-ds) ¢: 171.1, 135.1, 133.7, 130.2, 130.1, 128.6,
127.1, 126.6, 126.1, 125.6, 125.4.
p-Naphthalamide (3-3s) 164

NH»

4

Yield 78%. *H NMR (400 MHz, DMSO-ds) 4 8.51 (s, 1H), 8.16 (s, 1H), 8.02
(dd, J=7.2, 2.4 Hz, 2H), 8.00~7.97 (m, 3H), 7.64~7.57 (m, 2H), 7.49 (s, 1H); 13C
NMR (100 MHz, DMSO-ds) 6: 168.4, 134.6, 132. 6, 132.1, 129.3, 128.3, 128.2, 128.1,
128.0, 127.1, 124.9.
Thiophene-2-carboxamide (3-3t) [6°]
I\ NH,

S
0]

Yield 93%. H NMR (400 MHz, DMSO-ds) &: 7.96 (s, 1H), 7.75~7.73 (m, 2H),
7.38 (s, 1H), 7.13 (q, J=4.2 Hz, 1H); 3C NMR (100 MHz, DMSO-ds) J: 163.4,
140.8, 131.4, 129.1, 128.3.

3.7 FENEE

g5 LRIk, BATESNL TR SR T o-ARR 5 2 200 B U IR — R R Y
HAEBRBEA I —F 7k, B 71%-95% M= R4 T 20 N BRI EY) .
RN G IR S YPRAE T — MR & O R AR B, AT B, A
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ENE FitS5RE

4.1 58

sy, BT Cu(l)/Ag() A0 75 B FR IR 5 A1 2 2 2 R IR e 1 ok e ke
IR IR A B BT, DA AT i 8 A FH PR A 0 2 ik 2 FHY I g (AR IR AR A Y e 2, fIeA 1
B IR R o FE B I N 4644 [Cu(OTHF)2 (1.5 equiv.), AgOTT (1.0 equiv.), KoCOs (2
equiv.), 4A MS (160 mg), DMSO (2.0 mL), Ar &4, 120°C, 24 h]'F, #iA)x
NEER 72 20N 62%, HAEIE X 2 5 BT i oA, 1 — BN P SE ) e 05 A )
ERFENE N-J5 A=Y, PEIRR BT . AR R T B R A P TG
3 A AN [ A ) 4T i 42 24 PP R 5 R A R 7 B AP 408 2 25 o T e 1)
IR B AT DABURIEAT, B AE, P75 A IR PR R A R AT . B
2, DI EEP ARG T 17 A o5 R R &, s 14 e &, ik
PELF

By, R T R BT o-BRRR S SRR R AL S N, AR
FRE PR 5 8 RO IR — 456 (DPPA) I Bt e A A B R I N7, AR A 17 4% I R 2%
TERA N 4644 [KsPOs (2.0 equiv.), DMF (2.0 mL), 100°C, 24 h]'F, A% &N
722N 91%. S MK SCHkH & T 18 MIRIEY) . IR R T R YiE H
PERIF T 45 SR 2 BH S Fob AR P 2K FR It R 2594 LB IR DA R 2 3R 2L RS TR0 mT M A ik
17, A 71-95%H ™ R & 1 20 # HARMLEY .

SMARSRUL, AT T IR R AL AR &, SEBL T 5 B R IR S RN &5
A AN i 52 A I e B IR ek LA % o-BIR 55 28 R A IR Tk e » R
PR RAEIL R &, RGN, KRRFISEE TRIRIAR C-N S EM
Jiike

4.2 RREE

RIR ARG C-N B SN SRR i, — E DORHEGE A HL A L
WEFCI R X ERIR S o R P i B A S B BIE FE B ERAS T2 R Je A
ASCHR AT B SE T PIRMEALAR &, EARCRIRYY, RABIF I AT 5. A
s BAFAE SN L AL, X 07 B RIR IR PR AR UL, FRIR I BT 6 20
TSI A WA, Tomr R UL K & L 1) 05 A R B A B Bk 5 1t —
BT X TR R A ik F 0, S SHLER FROBIF 7E R AR5 g R o
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4-chloro-2-((2-nitrophenyl)amino)benzamide (2-3q)
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5 = E AR G PR
Copies of 'H NMR spectra of compound 3-2b~3-2s and *H NMR and *C NMR spectra
of compound 3-3a~3-3t.

2-(4-methoxyphenyl)-2-oxoacetic Acid (3-2b)
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2-(4-methylphenyl)-2-oxoacetic Acid (3-2¢)
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2-(4-Bromophenyl)-2-oxoacetic Acid (3-2e)
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2-(4-fluorophenyl)-2-oxoacetic Acid (3-29g)
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2-(4-trifluoromethylphenyl)-2-oxoacetic Acid (3-2h)
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2-(4-nitrophenyl)-2-oxoacetic Acid (3-2i)

STV L
287 "1
LEY "L
&t "L
Sl "L
65 "L
QLY Lo

—

ar i -

gL6°L

1808

050 "8
¥50 8
790 "8
190 '8
520°8-

OH

8y i

Y20 8-\ -
150 .L.

=002

—— (0

G670

10

13

14

15

16

£1 (ppm)

2-(3-methylphenyl)-2-oxoacetic Acid (3-2j)
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2-(3-iodophenyl)-2-oxoacetic Acid (3-2k)
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2-(3-nitrophenyl)-2-oxoacetic Acid (3-2m)
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2-(3, 4-Dimethoxyphenyl)-2-oxoacetic Acid (3-20)
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2-(2, 4-Dichlorophenyl)-2-oxoacetic Acid (3-2q)
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2-naphthal-2-oxoacetic Acid (3-2s)
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Benzamide (3-3a)
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4-Methoxybenzamide (3-3b)

£08°E— —

8569
9969

8.8

HiC

=00°€

00 Zf -
Bys0

96 ¢

oo

094 "55—

a8 e —

Flb9CL—
Sl86zl—

SY0°Z9b—
EL6L9L—

o
T
=

HiC

-10

200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

210

109



RERBRRBR IR BB

4-Methylbenzamide (3-3c)
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4-lodobenzamide (3-3d)
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4-Bromobenzamide (3-3e)
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4-Chlorobenzamide (3-3f)
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4-Fluorobenzamide (3-39)
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4-Trifluoromethylbenzamide (3-3h)
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4-Nitrobenzamide (3-3i)
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3-Methylbenzamide (3-3j)
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3-lodobenzamide (3-3k)
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3-Fluorobenzamide (3-3I)
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3-Nitrobenzamide (3-3m)
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2-Bromobenzamide (3-3n)
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3, 4-Dimethoxybenzamide (3-30)
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3, 4-Dimethylbenzamide (3-3p)
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2, 4-Dichlorobenzamide (3-3q)
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a-Naphthalamide (3-3r)
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B-Naphthalamide (3-3s)
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Thiophene-2-carboxamide (3-3t)
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