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Lactic Acid-Catalyzed Transamidation Reactions of
Carboxamides with Amines

Liu, Juyan™ Zhao, Congying
(Tianjin Key Laboratory of Structure and Performance for Functional Molecules, College of Chemistry,
Tianjin Normal University, Tianjin 300387)

Abstract An environmentally benign protocol for the transamidation of carboxamides with amines using lactic acid as a
green catalyst has been developed. The method has been successfully applied to the synthesis of a wide range of aromatic and
aliphatic amides and ureas. The reaction has the advantages of the ready accessibility of the catalyst, solvent-free condition,

efficient transformation and green processing.
Keywords lactic acid; carboxamide; urea; transamidation
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Figure 1 Examples of drug molecules containing amide bond
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W AE R AR G| I 51, SCER P OE 1 32 B4 R AL
#F7G MnCly. TiCly« AICLE!, Sc(OTH); 25 54« Al,(NMe,)s
HHEW . TiNMe)s 45 G019, Cu(OAc)!". KSF
polyDMAP %1% 1) HFCL{'2, CeO,"*), Fe(NOs)3+9H,0M4],
AL B TR ERUSIRN Fed A2 #e i 52 i AT 1) SOk I (1
k4 8 AR £ Z A B ERUT . NH,OH-HCI'S!, 2R F
BRI, IR0, 2RI = MR 7 SR A 22,

FUR T ZAFAET HAR T RGN, 2T
Fr—FhZ DIReEHAL o, B2 N TR 2
A ity e A2 T AT 123250, A Sy o B 0 ek it S} L R W7
W AR EE RS S AR . IR . Y
CTETNER 2,3-5% - Je L BEZ24 eAh, FLERIG & A PE
BB AR, TSR FLBR A — A A=) AT B At 1) 2R AN A
HER AW RPOBL JEHkR, tERKATIRH
RILFLIR AT A A WU 2 S SR ISR, &
WTIRIE R M. R S ORI RE 5512030 7E AR
RRZH BUF R (1 /N 7 T AL G B AL TAE Ak B, R
TAER LR AE AMEAGH, 72T T4 T KR T 1%
G IR M 2 TB] FRY U SONE, ARSI ] Y DA e AL
G — RIIBE A YI(Eq. 1).

1 HERER
&N HRIRAL

T E AR R BLAAE, TEIRER 40 CHF, B
FRTE (1.0 mmol) A% (1.0 mmol)/E N R4 1) s v Ay
W [ N7, 4399 EAFT AR R (Citric acid) SRR (D/L-Malic
acid). % f 2 (D/L-Tartaric acid). % %] ¥ 2 (Gluconic
acid). FLFER ZBE(Ethyl lactate). FLER[(+)-Lactic acid] N
TEALF, @R In— 2 & KR HUER, 7T —
RYIMSLL, MEERNER 1 PR, AR, AR
AN R 2 1 18 A0 TR 0T S LU 36 5 R 2 el (3R 1,
Entries 2~~7). ¥4 775 1K FA HLE I B = 35
SAF AR T FEIRIR (R 1, Entries 8~12). £k
FIRIZAE T, ST R a5 ), #1173 T
FEYNAE AR, X UL FLER A N IS AR PR B T
YEF(F 1, Entry 1). 7E 10 mol%ILER AL FIKE1E T,
O 1 equiv. 7K, RN ELFER 1, Entry 7), 21
AT A R 2 = UG8 1, Entry 13). 1E
FUMAKTTA AR AR AT, SN T3
ANIGH], VDAL ZMAR(GER 1, Entry 14). B, &5
B 58 AR N2 Ny BR3P R, 40 C, LW, 10

1.1

0 0 S LA N > I L =] S >
L e molY6 TR A AL, 5 LR SRR O LA K A9 I,
2 P i 0
o + R?—NH, Lactic acid (10 mol%) H ) 1.2 &&E%E"]%ﬁ'lﬁﬁﬁgﬂi
R H.O (1 equiv.), heat N, . @ ) ‘ o
N”  NH, R R 1 R R BT, H5 T SR LB 5 %
H NN i % N e 1
) 2 "L FO A2 1 5 I8 1 % 0 P R R TS . 5 S 470
R WS R A& «
Table 1 Optimization of conditions for the transamidation of carboxamides with amines
X
O
Catalyst
NH N H +
HJ\NHz ’ @ ’ N ©/\H s
Entry Catalyst/additive or solvent Time/h Temp./C Yield”/%
1 None 24 40 Trace
2 Citric acid (10 mol%)/H20 (1 equiv.) 10 40 50
3 D/L-Malic acid (10 mol%)/H20 (1 equiv.) 10 40 53
4 D/L-Tartaric acid (10 mol%)/H20 (1 equiv.) 10 40 46
5 Gluconic acid (10 mol%) 10 40 64
6 Ethyl lactate (10 mol%)/H20 (1 equiv.) 10 40 76
7 (&)-Lactic acid (10 mol%)/H20 (1 equiv.) 10 40 95
8 (%)-Lactic acid (10 mol%)/H20 (2 mL) 10 40 61
9 (=%)-Lactic acid (10 mol%)/Toluene (2 mL) 10 40 49
10 (%)-Lactic acid (10 mol%)/DMF (2 mL) 10 40 56
11 (%)-Lactic acid (10 mol%)/DMSO (2 mL) 10 40 59
12 (&)-Lactic acid (10 mol%)/H20 (1 equiv.) 10 25 30
13 (&)-Lactic acid (20 mol%)/H20 (1 equiv.) 10 40 90
14 H20 (1 equiv.) 10 40 <5

@ All reactions were carried out under nitrogen protection with formamide (1.0 mmol), benzylamine (1.0 mmol) and catalyst (10 mol%). ? Yield of isolated product.
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PVEEY K27 & . TR AR B AR, %
NG R ZERRWI G R —Hhd R
FrE, LR IR 2. WR 2 FTUVE H, UBEIZRY)
R BERERT, 45— PRV AR IEAT YR, 2R 1
At TR (R 2, Entries 1, 3)ELIEA W oL T-HE iz
(3 2, Entry 2) 525 5yt AT IS, K043 S5 N AE 5 A I [
PN BT 58 o B SR AR A i W BRI I — ke 5 H

Bl . ZHkIE 0 S BE (R 2, Entries 4, 9, 11)HE—2%
J& IR AR I — B 1) I BTG P = 1R %2 (3R 2, Entries 5~
8), IXTIREE T gk PRI — ke 1) 25 (a4 AR
K, A T B g, AR, AR
TG M I IR (S)-1-2K LR TE 5 H I S B A= 1= 4
Ja, WA RAENRIRGEE 2, Entry 10).

B2 UMM S 2 SR

Table 2 Transamidation reactions of various amides and amines catalyzed by lactic acid

O
0 /RZ . . o, 2
. HN Lactic acid (10 mol%) 1)]\N/R . NH,
R'” “NH, L H,O (1 equiv.), heat, N, R |
R R3
1 2 3
Entry Amide Amine Product Time/h Temp./C Yield®/%
o) HO—@—NH
1 y )LNH HO—@—NHZ o 5 80 95
H
z 3a
o C|—©—NH
2 H)LNH CI—@—NHQ o 7 150 91
2

0
NH,
4
HJ\NHZ ©/\
% /\
5 L O NH
H” “NH, /
H
% N
6 ~N
HJ\NHZ ©/

X >
10 "NH,
H” O NH,

3c H
I
©/\H H 10 40 95
3d
/ \ O
0, /N_/<H 15 100 79
3e
N H
©/ bl 10 150 87
(@]
3f
ONTH 19 100 83
3go
H
N\"/H
O/ I 19 100 84
3h

H
N.__H
©N TOr 19 100 91

hiy
©) “NTTH 125 40 82
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Entry Amide Amine Product Time/h Temp./'C Yield®/%
0
o
NH, J
11 N 8 110 97
A o8 SR
3k
N
0 HoN
12 L j@ V0 2 140 95
HoN" “NH, HoN N
3l
i w Q2D
2
13 L N" N 10 110 81
HoN" “NH, H H
3m
H NN
HoN
N.__NH 2
NS u e > U 't & GNP IR TR
o)
3n
H NH ©\/“ H\/©
s oy O Y “w
o) o
30
H
NH, NH, N
16 ©/\r( © \© 16 140 87
o) o)
3p
H
NH, NH, N
17 /©/ o 20 150 82
o F F
3q
H
NH, NH; N
oY O OT0L v ow
% HsCO . OCH;
0
g g
19 ©)LNH2 ©/ N 13.5 140 94
3s
o 0
NH
20 ©)LNH2 g ? @H@ 1 130 97
3t
OH
OH HoN §
21 /HVNHZ \©\ \©\ 6 140 88
0
% 3u
OH
OH NH, /'\WH
2 /HVNHZ ©/ I \© 10 140 82
0 3v
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bl
gk
Entry Amide Amine Product Time/h Temp./'C Yield®/%

OH
23 /krrNHz CI—@—NHZ
o)

NH,
24 NN, ©/
o

25 NN

o]
26 N ONH,
N~
0
27 ©::§NH ©/\NH2
o)

oH
/k[rN
I \©\ 125 140 72
aw cl
2
XN
O)LH 14 140 78
N 3x
Br
/@f G)LN 12 140 76
H
” B N" 3y
CI@—NHZ NN 12 140 73
| H
N~ 3z

— 12 140 —

“@Reaction conditions: amide (1.0 mmol), amine (1.0 mmol), lactic acid (10 mol%)/H,O (1 equiv.), nitrogen protection, at different tempertures. * Yield of isolated

product.

TERAGII AT, BRAT 540 2K — e ) S R Ak R
ORBRARTAENI(FE 2, Entry 12), XFIRIR =907 E
YyeE Al B — 5 A AN ERY. R, 1-R 50
L550F B 2R 2 [ ) s S A B = RO — R, B 1-255%
JOR P Bl T A 5105 SUAR ) P2 1,3- 0 FRER R IR (R 2,
Entry 14). F&, IRSRMEU A 13- R B R SRz
() FFD 52 I 43 28] PR 7= ) 1, 2 B 3k 794 ) 350 e EDCAR 190 5% o 7=
YI(E 2, Entries 13, 15).

FECAZR St NI SONi v, B B8 T R IE DS
N EUAREE Nt S B s g5 R, F A S IR
R 1) Js S A B XS SR A e — 8, 38 R I HE e
T AR JE 7 RN 1 A ) BRI 22 5 (3R 2, Entries
16~18). b4, 7 LLZKH BEE A R R B, 2R i Al
Tz 2 L B R I e RS % (3R 2, Entries 19, 20).

(R)-FUIR & ] 556 H 2R o A i B ot G A e 43 il
AERMRIRN, 13 3(R)-FLIEIE 1) 2 4 BRI =K 2,
Entries 21~23), & FE A (R)-FLBE I A 6 27 0 1 3
B AR, o, WEERL AR R R
TFHIESE SRR B TFER, PR T REmM RS
ZHUARRE 71, 18 oo SR 5 (R)- FLIBE R IR S5 S IR [) %5
K, TR
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HIRDY e B BB AT Y, RS RE
71N AT M I s AT 1 I Jie A e 5 R i S AT AR R A R
i 2 8, J%E?:E'fiﬂ/\}\i*imqﬁcz?(%%z Entries 24~26).

AR T FLRRMEAL T A0 R = BRI 5 S i 1A Y
SNi( 2, Entry 27), Aa’eéﬂﬁ AN [ ATAT
I = A B, X 5 SCHRAROE AL S IR 2h . DR
A ) S5 25 FOKAH AR RES16) {H S Rl 7L IR AN RefE AL AT R
ZOF T e R e 1) kAR RO I D R AN T R
(Scheme 1).

Cidy
)

B 1 LR . TR, FLERMEALAN K — FIE I iZ 55 1%
Z 18] 1 = B

Scheme 1 Sulfated tungstate, boric acid, and lactic acid cata-
lyzed reactions of phthalimide with benzylamine

B(OH); or o
Sulfated tu ngstate
N

o
60% or 89%

Lactic acid (10 mol%)

No reaction
H,O (1 equiv.), heat, N,
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N T 5 HAD SRR IE A AITE N-R R A

B AL BRI T L, 7ER 3 HAIH T S A AL

TEMA H20 (1 equiv.), 130 CAHHTE SN 2544 T &k H b

PR 3t e AR 3 W LMR B E H, ik A LR IE
AT = R R, Rt T — e .
23 ARSI A RS 3t BORXT E

Table 3 Comparison of the effect of catalysts for the synthesis
of 3t

o NH; 9
Catalyst N
ey =T O
3t

Entry Catalyst (loading) Time/h Yield/% Ref.
1 Lactic acid (10 mol%) 11 97 —
2 H2NOH*HCI (10 mol%) 11 20 [18]
3 Sulfated tungstate (10 mol%) 11 86 [15]
4 B(OH)s (10 mol%) 11 34 [17]
5 Fe(NOs3)3*9H20 (10 mol%) 11 46 [14]
6 Benzoic acid (10 mol%) 11 13 [19]
7 L-Proline (10 mol%) 11 82 [20]
8 Benzotriazole (10 mol%) 11 83 [21]
9 Chitosan (10 mol%) 11 NR  [22]

aTsolated yields.

N T VAT EAE KRS S S A R T AT 1%, AT T
K SEEE, K (045 g, 10 mmol). Ff%(1.07 g, 10
mmol)fEFALFZ(0.11 g, 1 mmol)57K(0.02 g, 1 mmol)fE{L
AT OV, HeZ LS5 /NI S SR A R (Eq. 2).

O,
NH, N—H
9 ic aci 9 NH
J\ . Lactic acid (10 mol%) PNH, @)
H™ “NH, H,0 (1 equiv.) °
40 °C, Ny, 10 h

0459 1.07g 3d (1.27 g, 94%)

1.3 RNHIE

FE AR ST S8 45 e STHRARAE FRIAH 9% e 2 ATLEE [ 5%
fifi T T7IO0 SR PR R A TR PR AR S N T g
1S BIHLEE (Scheme 2). 55, MEALTFIFLER AR AL LA
AEWEE 1 B R AT L A RV AR AR,
TRy 7 IR A8, (RN FLRR etk b iR 1 S i
PRAE A R IO L ISR AR AR A, TRy
TR, BT SRIUCH TR A R, 17 2
AN H T IR T EBCP AR A AR R B ek
E BRI T, TR AN SR T RS B R I R
MrfaUE 3 b, RIS S (b) Wi 2, FLIR > T4
ek b U T 5 i SR T AR LA T R
171 [ (c), 2T E A B. R)n, fEFEA B H,
JRBLRE R R BT, SR T RA 13-, AT

Chin. J. Org. Chem. 2021, 41, 2310~2318

© 2021 Chinese Chemical Society & SIOC, CAS

R C. fxjm, Pk C A () (o) Wi, W13
BB G 3 I+, R FLER o TR ok, B
Z 5T — 58 ) M. 1X 5 Nguyen!'7l, Allen!'sl, Wul'*]
S FTAEIN S SIALEE — S FLIR 5 Ik e T RSP w42 ik 1)
oy IV, M S i PR A S N BB A AE X P S B 1 15
FAEH IR AT

(0]
L @)
R! 1NH2 o O’H‘NHZ
1
ot
OH O‘H'f
o Lactic acid A (b)
R H
R"” N + N H
| | Q
R2 H N-R®
3 2
R
2
H
H
(a) Ill—H (a|2|H\N/ \—H
N H-- /
O/H HRSO o) 520 2
\ L R \-R
o RZ-N""R! o] Mo
oH (c) o0-H©
c B

B2 FLRRME e 5 a2 (A ZU IR W] e SR 3
Scheme 2 Possible mechanism for lactic acid-catalyzed trans-
amidation of carboxamides with amines

2 i

2, FETCIETIARAT TR FLRR M AL A R T
— AL S R R RN T, B ARZIRE R &
T — RIS MR R AR AT Y. 205
2 R AR AETTURR U 2 15 I RERA R, Fefb i [
BB, v a R S IR L T — 2T iR AR

3 SINEs
31 B 5IE

J2 e 0 A A AL I 2R A AR A BR A 7] X-4 B R
S0 SR 'H NMR F1 3C NMR % 3+ Bruker
AVANCE-300 MHz %Y. Bruker AVANCE-400 MHz %!,
Bruker AVANCE-500 MHz %! 4% i 35 9% 4l 52, LA
CDCls« DMSO-ds AV, =17 1% FH 2245848 6520
Q-TOF LC/MS {X#s5E; e iR % H shiet
X WZZ-28/2SS, TEZER MEHSEN1 mLKERN 10
em B, WHORE N g/100 mL, #4Y6HT1E NG,
T RBOBAR i BT Agilent 1100 R4 &4, 4
AH R FPERE AT DA, e Th AR @ i {4 B JASCO chrom
NAV (Windows 7){F N B A 280 HAR BN R, BRI
ULHAN, A SCHT AL 2R 50035 T B fh 2 4l sl 43 B 4l
BT SE R E Rk — b alifh, B, HENRER
GAFZL, 200~300 H) I GF254 FEREHR I H 7 5 e
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WITHRAR, EEMEH. FrHRRIR wkEia
MhEE(b.p. 60~90 ‘CO)FM IR LME, HAFMH. ik
REILE N 3 I R BUG AR, dnfIK A ERK, TG
A 28 K B K. BN A4 iR A A 45 iR s
B, FHEE RS (TLC) 72 R s W ) s 7 (1) 3R 7.

3.2 ZLWAHE

TEIB & T8 0 B B AR I (1.0 mmol), Pk
% (1.0 mmol), 17 FLER(0.1 mmol) ¥ N7 7K (0.1
mmol), KNIREVITE N Ty T IR PRz, TLC #R
BRI B 2 N AR, (IR RN, K N RA I E =
M, A 2.0 mL ZK8EHE, FIIA 2.0 mL S FEAHY,
IKBEQR.0 mLX3), 7, WEEANIAE, ToKBEREN T4,
IR, ZEBRIET, R S AR EEEE AT /B deat, 193
4l ) 3a~3z.

CAIMLAY) 3a~3n. 3p~3r. 3t—3v. 3x [HLEHH
JA . "H NMR. °C NMR $4f 5 CREdE T LR S
WaE. RELEY30.3s.3w.3y. 3z 45 FiEL "H NMR
3C NMR F1 HRMS #5E.

4- 5 B 0K WL i (3a): R AL [E AR . mp. 131~
133 °C (LitI'" 132~135 C); 'H NMR (300 MHz,
DMSO-ds) 0: 9.92 (s, 1H), 8.16 (s, 1H), 7.39 (d, J=5.7
Hz, 2H), 6.72 (d, J=5.1 Hz, 1H), 3.92 (s, 1H); 3C NMR
(75 MHz, DMSO-ds) 6: 162.5, 158.8, 154.2, 153.5, 129.9,
120.7,120.1, 115.8, 115.1.

N-(4- R 2 Bt Z (3b): A B i 4. mp. 102~
104 C (LitI'7 103~105 C); 'H NMR (300 MHz,
DMSO-ds) 0: 10.35 (br s, 1H), 8.81 (d, J=8.1 Hz, 1H),
8.30 (d, J=1.2 Hz, 1H), 7.64 (d, J=5.7 Hz, 2H), 7.39 (d,
J=6.6 Hz, 2H), 7.24 (d, J=6.6 Hz, 2H), 3.41 (s,1H); 13C
NMR (75 MHz, DMSO-ds) d: 163.0, 160.2, 137.6, 129.2,
127.9,121.2, 119.4.

4-FAFEFEEZRIZ 3e): AR, mp. 79~81 C
(Lit."s) 75~78 “C); 'H NMR (500 MHz, DMSO-ds) o:
10.00 (br s, 1H), 8.61 (d, J/=10.8 Hz, 1H), 8.21 (d, J=1.2
Hz, 1H), 7.52 (d, J=6.6 Hz, 2H), 7.13 (d, J=6.9 Hz, 2H),
6.90 (d, J=6.6 Hz, 2H), 3.72 (s, 3H), 3.39 (s, 1H); 13C
NMR (125 MHz, DMSO-ds) d: 163.0, 159.5, 155.9, 131.9,
121.1, 114.4, 55.6.

N-FHH Iz (3d): B K. mp. 60~61 C
(Lit."81 65~68 °C); 'H NMR (300 MHz, CDCl;) ¢: 8.18
(br s, 1H), 8.10 (d, J=9.0 Hz, 1H), 7.38~7.22 (m, 5H),
6.42 (br s, 1H), 4.43 (d, J=4.5 Hz, 2H); 3C NMR (75
MHz, CDCls) J: 164.8, 161.3, 137.6, 128.9 , 128.8, 127.8,
127.6, 127.0, 45.7, 42.1.

N-HEE i k(3e)!7: Jofayimtk. 'TH NMR (300 MHz,

2316 http://sioc-journal.cn/
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CDCl;) d: 7.92 (s, 1H), 3.57 (t, J=2.7 Hz, 2H), 3.53 (t,
J=2.7 Hz, 2H), 3.43 (t, J=2.7 Hz, 2H), 3.28 (t, J=2.7
Hz, 2H); '*C NMR (75 MHz, CDCL;) 6: 161.7, 67.8, 67.0,
46.4,41.2.

N-H FE-N- 25 B R e (30U AR k. "H NMR
(300 MHz, CDCly) &: 8.47 (s, 1H), 7.43~7.36 (m, 2H),
7.30~7.23 (m, 1H), 7.19~7.10 (m, 2H), 3.32 (s, 3H); 1*C
NMR (75 MHz, CDCL) 6: 162.4, 142.1, 129.6, 126.4,
122.3, 32.0.

N- e B R iE (3g)!'7: TG ALyl iR. 'TH NMR (300
MHz, CDCls) 6: 8.01 (s, 1H), 3.49 (t, J=3.6 Hz, 2H), 3.34
(t, J=3.6 Hz, 2H), 1.70~1.62 (m, 2H), 1.60~1.56 (m,
4H); *C NMR (75 MHz, CDCl;) 6: 160.8, 46.8, 40.6, 26.6,
25.1,24.7.

N-A B H GRS AR AR, 'TH NMR (300
MHz, CDCl;) d: 8.08 (br s, 1H), 3.83~3.72 (m, 1H),
1.90~1.17 (m, 11H); 3C NMR (75 MHz, CDCl;) ¢:
163.9, 160.7, 51.2,47.1, 34.6, 32.9, 25.4, 25.0, 24.78.

N-(2-753E 2.3~ HF Bk (37 ek, 'TH NMR
(300 MHz, CDCl3) d: 8.04 (br s, 1H), 7.81 (d, J=9.0 Hz,
1H), 7.31~7.15 (m, 5H), 6.25 (br s, 1H), 3.55 (q, J=5.1
Hz, 2H), 3.45 (q, J=5.1 Hz, 2H), 2.83 (t, J=5.4 Hz, 2H);
13C NMR (75 MHz, CDCl;) J: 164.8, 161.5, 138.6, 137.7,
128.9, 128.8, 128.7, 126.6, 43.3, 39.2, 37.7, 35.5.

(S)-N-(1- 0 2. )~ Bz 3N etk [alp
—36.8 (¢ 1, CHCl3); "H NMR (300 MHz, CDCl) : 8.01
(s, 1H), 7.33~7.21 (m, 5H), 5.12 (q, J=2.7 Hz, 1H), 1.44
(d, J=5.1 Hz, 3H); 3C NMR (75 MHz, CDCls) J: 160.7,
142.8, 128.6, 127.3, 126.1, 47.6, 21.8.

N-F 5 2 W fe (3k): A&, mp. 59~60 C
(Lit."8! 62~65 ‘C); 'H NMR (300 MHz, CDCls) o:
7.36~7.26 (m, 5H), 5.89 (s, 1H), 4.43 (d, J=4.2 Hz, 2H),
2.02 (s, 3H); '*C NMR (75 MHz, CDCL3) 6: 169.9, 138.2,
128.7,127.9, 127.6, 43.8, 23.3.

2-ZR BRI (31): AL E A, mp. 304~307 C
(Lit."7 305~308 C); 'H NMR (300 MHz, DMSO-ds) o:
10.64 (s, 2H), 6.95 (s, 4H); '*C NMR (75 MHz, DMSO-ds)
5: 156.5, 130.8, 121.6, 109.7.

1,3- R MR (3m): F EE 4. mp. 235~238 C;
(Lit."1 234~237 “C); 'H NMR (300 MHz, DMSO-ds) o:
8.67 (s, 2H), 7.48 (d, J=5.7 Hz, 4H), 7.31 (t, J=5.7 Hz,
4H), 6.99 (t, J=5.7, 2H); 3C NMR (75 MHz, DMSO-ds)
0: 153.0, 140.2, 129.3, 122.3, 118.6.

1,3- - (4-FEFIL)ARBn): A EEE. mp. 267~
269 C (Lit."1 263~265 C); 'H NMR (300 MHz,

Chin. J. Org. Chem. 2021, 41, 2310~2318



Chinese Journal of Organic Chemistry

DMSO-ds) d: 8.46 (s, 2H), 7.34 (d, J=10.8 Hz, 4H), 7.07
(d, J=11.2 Hz, 4H), 2.24 (s, 6H); '*C NMR (75 MHz,
DMSO-ds) 5: 152.6, 137.2, 130.5, 129.1, 118.2, 20.3.

1,3- =Mk (30): A mp. 175~177 C; 'H
NMR (400 MHz, DMSO-dq) 6: 7.31~7.19 (m, 10H), 6.38
(t, J=6.0, 2H), 3.90 (d, J=16.0 Hz, 4H); 3C NMR (100
MHz, CDCl) d: 133.8, 123.4, 122.2, 122.1, 39.3; HRMS
caled for C15H 16N,0 240.3003, found 240.3009.

N-ZK B2 R F W (3p): A fR. mp. 117~
119 'C (Lit" 110~112 ‘C); '"H NMR (300 MHz,
CDCl;) 0: 7.42~7.26 (m, 9H), 7.15 (br s, 1H), 7.10 (t, J=
5.6 Hz, 1H), 3.74 (s, 2H); 3C NMR (75 MHz, CDCl;) ¢:
169.2, 137.6, 134.5, 129.6, 129.3, 129.0, 127.7, 124.5,
119.9, 44.9.

N-(4- 58 A H)-2- K B (3q): L B[l A&, mup.
124~126 C (Lit."1 123~125 °C); 'H NMR (300 MHz,
CDCl;) 0: 7.42~7.32 (m, 7H), 7.16 (br s, 1H), 6.98 (t, J=
6.4 Hz, 2H), 3.72 (s, 2H); 3C NMR (75 MHz, CDCL) ¢:
169.2, 160.7, 158.2, 134.3, 129.6, 129.3, 127.8, 121.8,
121.7,115.7, 115.5, 44.7.

N-(4-F AR B R B8 )-2- 2K 0 B i Br): A1 B A
m.p. 125~126 °C (Lit.'"? 125~128 C); '"H NMR (300
MHz, CDCl3) d: 7.42~7.30 (m, 7H), 7.06 (s, 1H), 6.81 (d,
J=9.6 Hz, 2H), 3.76 (s, 3H), 3.72 (s, 2H); 3C NMR (75
MHz, CDCl;) 6: 169.0, 156.5, 134.6, 130.7, 129.6, 129.2,
127.6, 121.8, 114.0, 55.4, 44.6.

N-ZRFER M Z (3s): AL gh . mp. 165~167 C
(Lit."8] 165~168 C); 'H NMR (400 MHz, CDCls) o:
7.90 (br s, 1H, NH), 7.87 (d, J=6.6 Hz, 2H), 7.65 (d, J=
5.7 Hz, 2H), 7.57 (t, J=5.4 Hz, 1H), 7.50 (t, J=5.6 Hz,
2H), 7.39 (t, J=6.0 Hz, 2H), 7.17 (t, J=5.6 Hz, 1H); 13C
NMR (100 MHz, CDCLy) d: 165.8, 137.9, 135.0, 131.9,
129.1, 128.8, 127.0, 124.6, 120.2; HRMS caled for
Ci3HNO (M+H)" 198.0969, found 198.0961.

N-FFHEERH W Z3t): AR mp. 101~102 C
(Lit."8] 105~108 ‘C); 'H NMR (300 MHz, CDCls) o:
7.80 (d, J=5.4 Hz, 2H), 7.50~7.25 (m, 9H), 4.63 (d, J=
4.5 Hz, 2H); 3C NMR (75 MHz, CDCl;) 6: 168.2, 138.9,
135.1,132.3, 129.5, 129.3, 128.6, 128.3, 127.7, 44.8.

(R)-2-F2H:-N-XF R FE NI % (Bu): . mup.
92~93 C (Lit'" 84~86 C); [a]; +41.0 (c 0.5,
MeOH); 'H NMR (300 MHz, CDCl;) d: 8.50 (s, 1H), 7.44
(d, J=6.3 Hz, 2H), 7.14 (d, J=6.3 Hz, 2H), 4.36 (q, J=
5.1 Hz, 1H), 2.33 (s, 3H), 1.52 (d, J=5.1 Hz, 3H); 1*C
NMR (75 MHz, CDCly) d: 172.7, 134.6, 134.3, 129.5,
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119.9, 68.7,21.2, 20.9.

(R)-2-F2FE-N-FIEABERZ3Y): A EE A, m.p. 60~
62 C (Lit["1 55~57 C); [a]5 +38.6 (¢ 0.5, MeOH);
'H NMR (400 MHz, CDCls) 6: 8.40 (s, 1H), 7.48 (d, J=
8.0 Hz, 2H), 7.29 (s, 1H), 7.17 (d, J=8.0, 2H), 4.42 (q,
J=6.8 Hz, 1H), 2.35 (br s, 1H), 1.45 (d, J=6.8 Hz, 3H);
13C NMR (100 MHz, CDCl3) d: 172.1, 134.6, 134.2, 129.5,
119.8, 68.9, 21.3, 20.9.

(R)-2-F8 2 -N-(4- R £2) Ik iz (Bw): 1 60 [ 4
m.p. 102~104 °C; [a]5 +43.0 (¢ 0.5, MeOH); 'H NMR
(400 MHz, CDCls) 8: 8.54 (s, 1H), 7.51 (d, J=8.4 Hz,
2H), 7.29 (d, J=10.0 Hz, 2H), 4.39 (q, J=6.8 Hz, 1H),
2.90 (br s, 1H), 1.53 (d, J=6.8 Hz, 3H); '*C NMR (100
MHz, CDCls) d: 172.5, 135.7, 129.6, 129.1, 121.0, 68.9,
21.2; HRMS caled for CoH;¢CINO, 199.6342, found
199.6337.

N-ZR AL fZ (3x): AR, mp. 123~126 C
(Lit." 125~127 ‘C); 'H NMR (400 MHz, CDCl;)
9.09 (s, 1H), 8.73 (d, J=4.0 Hz, 1H), 8.35 (s, 1H), 8.20
(d, J=17.6 Hz, 1H), 7.65 (d, J=17.6 Hz, 2H), 7.42~7.35
(m, 3H), 7.19 (t, J=7.4 Hz, 1H); 3C NMR (100 MHz,
CDCls) 0: 164.0, 152.3, 147.8, 137.5, 135.5, 130.9, 129.2,
125.1, 123.7, 120.5.

N-(4- 18 2K F6 ) M0 B % (3y): A [ 4K, mop. 183~
186 ‘C; '"H NMR (400 MHz, CDCls) 8: 9.14 (s, 1H), 8.82
(d, J=2.0 Hz, 1H), 8.26 (d, J=8.0 Hz, 1H), 8.08 (s, 1H),
7.60~7.48 (m, 5H); *C NMR (100 MHz, CDCl) &:
152.6, 147.7, 136.5, 135.6, 132.2, 123.9, 122.0, 117.8.
HRMS calcd for C1,HoBrN,O 277.1167, found 277.1173.

N-(4-F K38 7 B % (3z): AR, mp. 156~
159 ‘C; '"H NMR (400 MHz, CDCl;) d: 8.72 (d, J=4.8
Hz, 2H), 8.64 (s, 1H), 7.70 (d, J=5.2 Hz, 2H), 7.62 (d, J=
8.4 Hz, 2H), 7.35 (d, J=8.8 Hz, 2H); 3C NMR (100 MHz,
CDCls) d: 164.0, 150.5, 141.9, 135.9, 130.4, 129.2, 121.8,
121.0; HRMS caled for C;,HoCIN,O 232.6657, found
232.6637.

#H BI#1 K (Supporting Information) L&) 3a~3z [
'H NMR, 3C NMR B3 ZAL5) 3), 3u, 3v 1 3w (1065
2l R A . X ek R AT DL 4 9l A T I 38 (http:/sioc-
journal.cn/) I F %k,
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