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Study on the synthesis of amide compound by
arylboronic acid-catalyzation
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(1.School of Chemical and Pharmaceutical Engineering, Hebei University of Science and Technology, Shijiazhuang, Hebei
050018, China; 2.State Key Laboratory Breeding Base-Key Laboratory of Molecular Chemistry for Drug of Hebei Province,
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Abstract: Amide bond is a special structure that can exhibit high physiological activity. The most ideal way to form amide is
the direct reaction between carboxylic acid and amine, but this reaction has to be under strong heat condition. A method is pro-
posed for direct synthesis of amides by direct condensation of fatty acids and primary amines under milder conditions, namely
catalyzed by simple arylboronic acids. The reaction system is established by direct amidation of phenylacetic acid and benzyl-
amine. The type. amount of catalyst, reaction solvent, reaction time, and reaction temperature are optimized. The result shows
that with fluorobenzene as solvent and phenylboronic acid as catalyst, organic acids are firstly treated for 1 h at reflux tempera-
ture, then the reaction continues for 12 h after adding fatty amines, and under the optimum reaction condition, the yield of the

corresponding amide is above 80%. The product is characterized by ' H NMR and ' C NMR. The method is a new simple effec-
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tive method for preparing amide compounds and the product is easy to purify.

Keywords: organic synthesis chemistry;direct amidation;arylboronic acid; fatty amines; fatty acids; catalysis
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2.1 N-FTEFRZBHERNERK

AR T A AR GRE Y 250 mL = FOR AP ARK A SRR (70 mL) (K Z R (10 mmol, 1.36
@ AR (2.5 mmoD) BiE LG 4 A 4r FO# MR E . 1 h 5. A ER (12 mmol. 1.28
@) T N 12 ho i b TLC BRER SO HEFE . 1 SO 58 42 e s R 4 . I SR SRV i - MUk LA A
WeiR S AN 2 %0 HOLURFR A8, T [aD) R R 56 K Uk U 6 A HILAE FH JC K B R 86 T . PRk g vk 4
BE A AR, 25 THRERY 191 g Wl 84. 6%,

XF A A5 4k A ¥ 38 53 ESI-MS,'H MHR,® C NMR #47 % 4iE, ESI-MS (m/2):248.3[ M+ Na]";
"H NMR(500 MHz, CD;0D) 6:7.78~7.03(m, 1H), 4.06(s, 2H), 3.48(s, 2H),"*C NMR(125 MHz,
CDCly): 171.4, 138.1, 134.8, 133.8, 129.7, 129.6, 129.2, 128.8 (2), 127.7, 127.6, 127.4,
43.8, 41. 3,

2.2 N-FZEXZBBEHNERK

N-ROFER BN 0 G B BER <217 50, 15 2] 9 1.99 g, W%k 83. 1%, #'H NHR F1
BC NMR#EAT T #£4F . H NMR(500 MHz, CD,;0D) §:7.77(dd.J =5.3, 3.3 Hz, 1H), 7.68~7.48(m,
1H), 7.47~7.39(m, 1H), 7.28(qd,J =7.8, 4.0 Hz, 2H), 7.22~7.16(m, 1H), 3.74 ~ 3.53(m,
1H), 3.03 ~2.84(m, 1H).,”C NMR(125 MHz, CDCl,):171.0, 138.8, 129.6, 129.2, 128.8, 128.7,
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127.5, 126.6, 44.1, 40. 8, 35.6,
2.3 N-EFERXZEBEMEN

N-IE¥ R R B 0 & B B IR “2. 17 350, 15 2] 77 9 1. 99 g, W% h 80.4% ., i #'H NHR F1
BC NMR#EAT T #4E ' H NMR(500 MHz, CD,;0D) §:7.84 ~7.00(m, 1H), 3.47(s, 1H), 3.15(t,] =
7.1 Hz, 1H), 1.64~1.38(m, 1H), 1.36~1.16(m, 2H), 0.89(t.J =7.0 Hz, 1H),”"C NMR (125
MHz,CDCl,): 171.0, 135.2, 129.6, 129.4, 129.2, 1, 128.4, 127.5, 126.2, 44.1, 39.8, 31.9(2),
29.6, 29.4, 29.3, 28.6, 26.9, 26.8, 22.8, 14.2,
2.4 N-AEEXZHENEK

N-HHREIR BB & P B “2. 1730, 15 8] 779 2.56 g, WLZE K 84.3% . i id'H NMR Fl
BC NMR#gEAT T #4E,' H NMR(500 MHz, CD;0D) §:7.77 ~6.97(m, 1H), 3.48(s, 1H), 3.17(t, J =
7.0 Hz, 1H), 1.69~1.42(m, 1H), 1.38~1.17(m, 5H), 0.91(t,J =6.9 Hz, 1H),”C NMR (125
MHz,CDCl,): 171.0, 135.2, 129.6, 129.2, 127.5, 44.1, 39.8, 32.1, 29.8, 29.7, 29.6(2), 29.5,
29.4, 26.9, 22.8, 14.3,
2.5 N-FTETEBERNER

N-R 5T WERE 095 B BRIE) 2. 17350, 43 2] 724 1. 46 g 0% R 82. 6%, @it H NMR #1"° C NMR i
17 7 F4E,'H NMR (500 MHz, CD;0D) 6:7.39~7.20(m, 1H), 4.35(s, 1H), 2.21(t, J =7.4 Hz,
1H), 1.66(dd, J =14.8, 7.4 Hz, 1H), 0. 94(t, J =7.4 Hz, 1H),"*C NMR(125 MHz,CD,0D); 174. 3,
138.8, 128.2, 127.3, 126.9, 42.8, 37.7, 19.2, 12.7,
2.6 N-EZETEBENERK

N-Z5 23T BERE (094 A2 3R Tal 2. 17300, A5 3] 724 1. 55 g, Wl 80. 8% . lid'H NMR #1'"C NMR
AT T HRAME,'H NMR (500 MHz, CD,OD) 6:7.30 ~7.23(m, 1H), 7.22 ~7.15(m, 1H), 3.46 ~
3.35(m, 1H), 2.77(t, J=7.3 Hz,1H), 2.12(t, J=7.4 Hz, 1H), 1.66~1.52(m, 1H), 0.90(t, J =
7.4 Hz, 2H).” C NMR (125 MHz, CD,OD). 174.9, 139.2, 128.6, 128.2, 126.1, 40.7, 37.8,
19.1, 12.7,
2.7 N-EZETEBENER

N -1F 3 35 T B e 9 4 A5 3R R “ 2. 17350, A5 3 724 1. 63 g, %k 81. 7%, @' H NMR #1'"C NMR
PEAF TR AE ' H NMR (500 MHz, CD,OD) 6:3.15(t, J =7.1 Hz, 1H), 2.14(t, J =7.4 Hz, 1H),
1.70~1.56(m, 1H), 1.48(dd.J =13.9,6.9 Hz,1H),1.32(dd,J =11.0,7.3 Hz,5H), 0.92(dt, ] =
14.0, 7.3 Hz, 3H).,” C NMR (125 MHz,CD;0D): 174.8, 39.2, 39.1, 37.8(2), 31.7, 29.2, 29.1,
26.7, 22.4,19.6, 19.2, 13.2, 12.7,
2.8 N-+IRETERERAEK

N-T ke 56 T BB iy & B0 B8R “2. 17 30, 15 8] 77 9 2.10 g, WK%k 82.3% . i id'H NMR Fl
B C NMR#FT T RAE,' H NMR(500 MHz, CD,OD) 6:3.15(t, J =7.2 Hz, 1H), 2.15(t, J =7.3 Haz,
1H), 1.63(dd, J =14.9, 7.4 Hz, 1H), 1. 54~1.43(m, 1H), 1. 38~1.25(m, 3H), 0. 92(dt, J =13.9,
7.3 Hz, 1H),”C NMR (125 MHz,CDCl;): 173.0, 39.6, 39.0, 32.0, 29.8(2), 29.7(2),29.5, 29.4,
27.1, 22.8, 19.4, 14.3, 13.9,
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Fig. 1 Direct amidation reaction of phenylacetic acid and benzylamine
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Tab. 1 Effect of catalyst kinds on yield

AL A 2 T2 0 A 6] /B S W i 1)/ h W/
ES 1K 1 12 84.6
1,42 R 1 12 20.5
45 4-TR IR IE TR 1 12 16.0

HH 22 1 AT LU Y, FH A [F) k25 T 6 A A Ab 500 4 b, 2R 000 iR B A R4 i A AR 06 MR = D R B, o
84.6 %
3.2 EAFASEX RN

T A AR 07 25 0 Bl b DAOGIE Hh A 2R B R S e £ 791, 2% 5 A A 5010 P 0 X 422 T e £ s I g %8 1Y) 5% i
BB TR AR BN 5% .10% .15 %, 20 %0 Fil 25 % S5 AS ] () 4k Bsf 2 ) b A7 Ak B 17 &8 SR L6 2,

2 EACH A F 2 F 0 F e

Tab.2 Effect of catalyst amount on yield

KRB/ % T L i /b S B 18] /B e/ %
5 1 12 63.8
10 1 12 79.1
15 1 12 80.2
20 1 12 82.9
25 1 12 84.6

H1 2 AT LU Y 70 AAR 5C A5 1R ) Bt 652 1 B 10 700 P py e B oy A3 e A i vy, G v 4l
PR AR R 10 00 I A Wi A8 5 0/ Ik ) e 3 g i B2 5O o T HG AR U6/ o S 4K o A A 50 246 0 R ) 1 R0
FEHIAE 10 20 B Bl AR
3.3 [ R I 3 U Z B #0E

VA 7R e 5 R ST R DR R, OO S R R ) ) A A R T RE 9 K B 2 A TR R A B R
Wi 52 17 BE 77 AT BOE AT 2 A DRAR: . e B SR AR P VA R 2N L AR B A PR R S e A R A P D ) SRR A
4 FhYE BT T HRSE L AR AN 3 PR .

A3 BEAAKFENG YA

Tab.3 Effect of solvent on yield

sl T )52 g 1 8] / S B [E] /b ==/ %
AT e 1 12 30.1
N 1 12 34.2
2 1 12 65.1
EIES 1 12 79.1

M1 3 T LAE W 78 A S PR AR ] (0 17 0 DA SRR S 1 39 I S 2 20 TR 45 e L 4 R e e S 7 1) A0 o8
L3I 80% .
3.4 J Rz B () X i 2R A B T

R T A S R R 5 e 1) kR R L STt S N 1 e R R TR R R S A R R R TR A RO —
{18 ESF [ X BB Sy 9152 17 F (8] ) o 8K J5 P A e a0 A7 B 7 o L T e A I 7 174 g 38 6 i g i T ) 44K o G 2R L
%4,
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M2 4 AT LU L TS o i 3R 11 5 o Al o o4 TR B I A B B ) O 4 %ok

., BHAWRENBPFHET,. R WIKEREHEAEY Tab.4 Effect of pre-reaction time and reaction time on yield

A7 V6 5 B80T R RN TSR R 1 b R B B /T KR T/ TG

e B 20 20 %, (HJR T2 0 B 14 FEC 4 0 i 25 g j 12 jg::

IFEARI G, AT WAL B 1 b BT 3k B ] I, 105

. o7 R 1] B8 9K et S R AT B AL A 12 h R 0 16 46.9

WAL IR . Y S B AT R ] 3 o 1 g jg-j

12 b, WAL BRA )52 S 1 ho T 2R 5 e 19 14 . o ors

392 W B Al I 197 S % 30T 80 %

3.5 RMEBEMNKENZI 5 BEMKENYWA
TEBAT WAL R GO FEAE T L JR R 1 32 Wk e AL 2 Tab.5 Effect of temperature on yield

PP BAT RIS IF T A B 92 B, T UL 3L X 4R 1R I/ C W%/ %

F B B2 T B A 2 B 1 B AR 0L e E B AR il 6.0

T4 AT T BRI 6 A SR TRLEE 24, % 58 5 I ik g; ;;-i

FE ORI S L 25 R L3 5. 25 ATLLE M 0 o

2 L 0 VAL AR SBL A 11 1 90 9 B L R G % I L 11 T 65 64.7

T 5 B TR 79.1% L 2 .1

Li LPTIR . ORI BRI Al RO i Ak 2%
PEAVT  LAZRBIIR M A0 o 508 D 5 500 1ol 3t i B T TEC N 1 b A ML Ji5 355 22 SR 12 b e R 29 0
8006, N T #E— LB TR At oA Y B e M A S R B4 IO I FBL, 97 8 1 R R RIIAN [ 14 JHe Ay JEE 00, L5 R DL IR
2, P 2 AT G20y 2 BT T ROV R T 80 %0 .

H H H
X I‘VM/ ‘
7 N
@AW w@ T m 7,
0 0
N-TK KT8 Bk e N-1F 2 B8R 2 Bk g N-H 30K 2 kg
83.1% 80.4% 84.3%

0 0 Y 0
/\)LN/\Ph /\)LN/\/Q MN*\%\ MN%
\
H H H H

N4 T Rk e N-2 23 T B N-1F 3 38 T WM N-J3 k5 T e
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Fig.2 Application of direct acylation reaction
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