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Polyaniline-Supported Copper-Catalyzed Buchwald-Hartwig
Couplings of Pyrimidin-2-amines

Chen, Ying“ Jing, Xiaobi* Yu, Lei*
(School of Chemistry and Chemical Engineering, Yangzhou University, Yangzhou, Jiangsu 225002)

Abstract Buchwald-Hartwig couplings can modify the pyrimidin-2-amines. Since the pyrimidin-2-amine structures widely
exist in medicines, the reaction is of significant industrial application values. The polyaniline-supported copper catalyst
(Cu@PANI) was synthesized via the oxidative polymerization of aniline in the presence of copper salt and it could catalyze the
Buchwald-Hartwig couplings of pyrimidin-2-amines. Since the nitrogen in polyaniline could well coordinate with copper, the
reaction did not require additional ligands and occurred at relatively high catalyst turnover numbers (TONs). As a heterogene-
ous catalyst, Cu@PANI could be recycled and reused to reduce the cost of catalyst, and meet the requirements of industrial

application.

Keywords polyaniline; copper; catalysis; Buchwald-Hartwig coupling; ligand-free
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MR RS, A R IR (1 4 6 7R D, A G A
AR oA BRI BE5E 1 56, Bk, FATIREA et
il # 1 RA ML B MR, TR 2 LR S e -2- i
T4/ Buchwald-Hartwig 515 s B, TFA HY— G
i AN BC AR 1 R RO 1.

1 &R511R

H 25 ARG OB H 77 22, FRATIRE AT 460
Jtid It Buchwald-Hartwig %A IS BE -2- i S FH A
Wi, B —MEN &R, ¥ A TR
RO DR, S R A AL 4R A R TR R S R AR A
F(Cu@PANI), T4k . ZAEF AT PA R S
Tt R [ VR B VA TR E I SR S A T 4%, 2 —Fh B
oK. BEEWT SO MEALFITERLIR (1a) 5 N-F BB 0E -2- ik
(22) IO TEG s N2 HH (D82 P 5 e ke e I v e s P g skt
1Tofik, > AR BRIRYY . SELENARUT
PREERIUR S N T IR B, WEFT 45 SR B, i A AL
B RN R e AR 3 SN, AH AN B PR AR T AR )
(3% 1, Entries 1, 2); ffHE AR B, F=4)=
FAUN 48% (3% 1, Entry 3); ZIaP)2, SRET BT
RN RAE, LA Nl R P 2R ER 1,
Entry 4). MHE, A8 P £ T BK 19490 J5R 1) o 1A el A2 A
FESR A, 140 sk D w6 ) FH & T 2 3 BIUR B E R B
(% 1, Entries 5, 6 vs. 4). B Jax SNIEFIHEAT T H %,
RIL 1,4- B8 NI B AR VAR, LR A R R R
JZ(DMF). — I WEHL(DMSO)LL S I E A IE F Fi% I
[(3 1, Entries 4 vs. 7~9).

1 WEHERITRE

Table 1 Alkali and solvent screening

. | A n Cu@PANI | By
N ’T‘ base, solvent N '}l
1a Me Ny, 110°C, 24 h Me

2a 3a
Entry Base (equiv.)” Solvent 3a“/%
1 KOH (2) 1,4-Dioxane Trace
2 Na,COs3 (2)  1,4-Dioxane Trace
3 NaOH (2) 1,4-Dioxane 48
4 t-BuOK (2)  1,4-Dioxane 72
5 t-BuOK (1)  1,4-Dioxane 43
6 t-BuOK (3)  1,4-Dioxane 61
7 t-BuOK (2) DMF Trace
8 t-BuOK (2) DMSO 0
9 t-BuOK (2) Toluene Trace

“ A mixture of 1a (1 mmol), 2a (1.5 mmol), Cu@PANI (20 mg) and base in 2
mL of solvent was stirred at 110 C for 24 h under N, protection. ® On the
basis of the molar amount of 1a.

W5, FERRAE 1 SN FT 8 FH AR 731 F) 2 At L=,
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X A — BT A, T e, D AT 2 S 8L
PR R S R (3% 2, Entries 3 vs. 1, 2), T gL
A S i A A P B KK M2 (R 2, Entries 3
vs. 4). HIR, BRI, R EA e 4, i PE
K172 #%(3% 2, Entries 5, 6). JHEmimE 2=k — 275
(g =) (r R 2 Z TR R, FRE S S5 R
TEEGE 2, Entry 7). fJE, RSN 24 hofetE, 465k
SN TR T JEURE 78 43 #540(F 2, Entries 8, 9), #EK:
SN ] 2 S B 2 A BB (EE 2, Entry 10).
£2RMEMHIRAL @

Table 2 Optimization of the reaction conditions

O Cr D)
cat., -BuOK
Me Me
1a

1,4-Dioxane, N,

2a 3a

Entry  Catalyst (mg) Temp./C Time/h  3a%%
1 Cu@PANI (10) 110 24 29
2 Cu@PANI (15) 110 24 54
3 Cu@PANI (20) 110 24 72
4 Cu@PANI (25) 110 24 71
5 Cu@PANI (20) 25 24 0
6 Cu@PANI (20) 80 24 46
7 Cu@PANI (20) 140 24 69
8 Cu@PANI (20) 110 2 Trace
9 Cu@PANI (20) 110 12 54
10  Cu@PANI (20) 110 48 67

© 2020 Chinese Chemical Society & SIOC, CAS

“1a (1 mmol), 2a (1.5 mmol), +~BuOK (2 mmol) and Cu@PANI were stirred
in 2 mL of 1,4-dioxane under N, protection. ® On the basis of the molar
amount of 1a.

FER AL SFAE T X REAT T — RAIRE, DI
FOR LR IE RV, SRIGah AR B, 2RFF B 5l A
LR AT, R e B AT TR, AT AR B AR SO
(3 3, Entries 2~4). X FER G HETREAR, L7
= EAA PR, BRSO B SN S PE(R 3, En-
tries 5~8 vs. 1~4). XFHILRAE R B A LB £
NHIR(3 3, Entry 6). 4838 g AP LT 2R A1,
H= = 2 L AGER — A4 B 7 B H A R0 T B
(3 3, Entries 7 vs. 5), TMIX 5 R HL—F 280 724907 2
VS HAN) AL AL, D5 IRARALGI N F AR, X R
N FE = 2 AN K (3R 3, Entry 8). 52 %5 [A] {57 FHE M,
WUZE I R BP0 263K (3R 3, Entry 9). b4, %ML
FURTERA — %€ (2 BN, FEMEACTIAC Ry S SN, AT LA
PALHRZEP= RIS )(3R 3, Entry 10). TEERMZ, %
PEAGTRIAA 2 B Al A IE T N- R E -2- iz (2a). W5
— Q% 2b, RIAE S EPEECES Y 4- A R IOR [, 2
HE R N-(4-H AR R 3 Y i -2- Jig (R b R 2 — IR B 5
N,N'- . (4- FAE R BL ) W g -2-Jig (01 R AR PR IR AB I FAD TR
GV, IF H T A=Y A A AE L2 B8, BRI
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NEAE A A B (R 3, Entry 11). b4k, TR
AT FAR AT FEASOR, 2 W e -2- i 2B A R AL BE
LA, o N-Sg R S Bk -2 i, DU DA MR R A A
k(3% 3, Entry 12).

K3 KM RC

Table 3 Substrate extension

~N >N
Ar—| + (\/)\ H Cu@PANI (\/)\ _Ar
1 N '}‘ t-BuOK, 1,4-dioxane N ’}l
R N,, 110 °C, 24 h R
2 2 c 3
Entry Ar R(2) Product  Yield’/%
1 Ph Me (2a) 3a 72
2 4-CIC4H, Me (2a) 3b 72
3 4-BrC¢Hy Me (2a) 3¢ 68
4 4-FC¢H, Me (2a) 3d 73
5 4-MeC¢H, Me (2a) 3e 71
6 4-MeOC4H, Me (2a) 3f 63
7 3,5-(Me),C¢H;  Me (2a) 3g 64
8 2-MeOC4H, Me (2a) 3h 70
9 Me (2a) 3i 65
10 (/j‘( Me (2a) 3j 54
S
11 4-MeOC4Hy H (2b) Mixture
12 Ph i-Pr (2¢)  No reaction

“1 (1 mmol), 2 (1.5 mmol), +-BuOK (2 mmol) and Cu@PANI (20 mg) were
stirred in 1,4-dioxane (2 mL) at 110 °C for 24 h under N, protection. * On the
basis of the molar amount of 1a.

YENAEEIFMEALT), Cu@PANI Al 3@ B 007 B
THENR AR R A8, FFEREEMHEH. 75 10 580N R
Ridi(1a 5 2a fHEK), ZMEAFIRIH G, EX 5 B %
rr R AR B R T AN R S, AT S S
RMARIE(E 2). BbAh, HIRRE S S5 TR R ki
(ICP-MS) 7 fr R B, &M h Sl sl 0.68%, TMiE
BEAH5L, AL VAL EAE 25400 N 54%77 3) 3] 366(%}
I 78% )= %) 2 [].

2 Zhig

SR ORI A1 BB A — P ) ) % 1) BRI 2 S AR AR K
AT H TR e -2-F% 1) Buchwald-Hartwig ¢
SR, T DL DAL e A 71 2 1 50 S T g -2- i () A& 1,
PRI . A — IR, T 3R AR A U
H— € PIBCAL RO, 2 A Ak 77 78 A8 A B DG 75 8 I e A,
IH, 1ERAEARAEATR, BT DLERAMA A, MK
FEAR T AL RA, 2 A T N A T 25 T
v, MEATREAEERN A e, AL KRES
T, ARt — Bt o,
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Figure 2 Recycle and reuse of the catalyst

3 LIRS
3.1 UE5EFA

18 S WRS-2A HLFJ sV e, 2040 i it
Antaris IT {8 BLIH AR LT AN AT AORAR R 4R fe
H Bruker Avance 400 BUAZMEAILIRAL (FAZ W ILARATZE
400 MHz, fik-13 #ZBESEIRAIZE 100 MHz, 5 H ARG
PR, VU JEREAE N ARYD); i A Thermo Trace
DSQ II ik diE; ju& 3 HTH Elementar Vario EL
cube JCE A HTOCI €. AL S E B PerkinElmer
Optima 7300DV  HLJEHE & 55 B 144 K S 6 1% A0 e
P E RN 5 I ) B N R R AR . o,
RANAEAMET 98%, VA& N Hral, HH+HEBEH.
3.2 {E1L5 Cu@PANI HIE R

¥ 4.7 mL ZEFZIEAARLE 50 mL 1 mol/L ) HC1 K&
o, 5 FERE, #4227 mg — KA EEERHT VA T 5 4k 50 mL
HCI KB (1 mol/L). #R)a, R LR iE iR &1L,
AN 1 mL B H0N 30%H0E EALE KA. ZIRE
YIAE SR T TRCE 24 h. HESAABNKIE (1 mol/L)H A
G, BRI &, HHEB KGR =X, A5
765 CHZMA T T 1 h, BRI p Cu@PANI ik
7.
3.3 Cu@PANI| {#{LIZEIE-2-FZ1TE YA Buchwald-
Hartwig 1884 & 2

¥ 1.5 mmol WERE-2-JZATAH. 20 mg Cu@PANI,
2 mmol FUT BEER UK — NG IHEFET TN 10 mL
H. REARY S, SRNEHEANETA 1 mmol
FIEHI2 mL 1,4- NI, R NAR RIEWE 1A T
110 Chn# 24 h. =R & 8= E Tt 7 B de al

Yield/%
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(RITH: ArihlE O OB8, V/V==5/1).

N- FA B -N- 2R B 8 g -2- 1% (3a): L [E A, mup.
51.4~52.8 C (lit."" 49~51 C); '"H NMR (400 MHz,
CDCl;) o: 8.34 (d, J=4.7 Hz, 2H), 7.41 (t, J="7.1 Hz, 2H),
7.33 (d, J=17.8 Hz, 2H), 7.23 (t, J=7.3 Hz, 1H), 6.56 (t,
J=4.3 Hz, 1H), 3.52 (s, 3H); *C NMR (100 MHz, CDCl;)
0: 161.8, 157.6, 145.5, 129.2, 126.5, 125.9, 110.7, 38.7; IR
(KBr) v: 3023, 2927, 1948, 1577, 1536, 1494, 1398, 1315,
1219, 1178, 1108, 980, 787, 764, 686, 567 cm'; MS (EI,
70 eV) m/z (%): 185 (15, [M]"), 108 (100).

N-(4-5 R FE)-N-F L 0E -2- i (3b): I A&l 4, mup.
78.3~79.8 ‘C; '"H NMR (400 MHz, CDCl;) ¢: 8.32 (d,
J=4.7 Hz, 2H), 7.33 (d, J=7.3 Hz, 2H), 7.26 (d, J=7.3
Hz, 2H), 6.58 (t, J=4.7 Hz, 1H), 3.49 (s, 3H); *C NMR
(100 MHz, CDCl;) o: 161.7, 157.7, 143.9, 131.0, 129.2,
127.8, 111.1, 38.6; MS (EI, 70 eV) m/z (%): 219 (15,
[M]"), 108 (100); IR (KBr) v: 3027, 2927, 2857, 1903,
1577, 1545, 1490, 1393, 1311, 1214, 1182, 1090, 971, 833,
792, 571, 479 cm” . Anal. caled for C;H;oCIN;: C 60.14,
H 4.59; found C 60.20, H 4.58.

N-(4-BAFE)-N-F BE Mg 2- 1% (3e): (A lE 1A, m.p.
93.2~94.1 “C; '"H NMR (400 MHz, CDCl;): 6 8.32 (d,
J=4.7 Hz, 2H), 7.48 (d, J=17.5 Hz, 2H), 7.20 (d, J=7.5
Hz, 2H), 6.58 (t, J=4.7 Hz, 1H), 3.50 (s, 3H); *C NMR
(100 MHz, CDCIl;) o: 161.6, 157.7, 144.5, 132.2, 128.1,
118.9, 111.1, 38.5; IR (KBr) v: 3032, 2927, 2853, 1893,
1586, 1485, 1388, 1306, 1063, 970, 829, 783, 714, 631,
571, 479 cm '; MS (EL 70 eV) m/z (%): 263 (15, [M] "),
108 (100). Anal. calcd for C;;H;(BrN;: C 50.02, H 3.82;
found C 50.09, H 3.84.

N-(4-F R FE)-N-F R 0E -2- i (3d): (B[ 4A, mup.
69.5~70.6 “C; '"H NMR (400 MHz, CDCl3) o: 8.32 (d, J
=4.1 Hz, 2H), 7.28~7.25 (m, 2H), 7.08 (t, J=8.0 Hz,
2H), 6.57 (t, J=4.3 Hz, 1H), 3.50 (s, 3H); *C NMR (100
MHz, CDCl;) ¢: 161.8, 157.7, 128.4, 128.3, 116.2, 116.0,
110.8, 38.8; '’F NMR (242 MHz, CDCl;) 6: —116.1; MS
(EL, 70 eV) m/z (%): 203 (15, [M]"), 108 (100); IR (KBr)
v: 3027, 2927, 1948, 1586, 1549, 1508, 1393, 1315, 1209,
1154, 1090, 980, 838, 792, 553 cm '. Anal. calcd for
CyH oFN;: C 65.01, H 4.96; found C 65.10, H 4.99.

N-F B N-X FR R L e -2- i (3e): A B [E 4K, m.p.
81.5~82.6 ‘C; '"H NMR (400 MHz, CDCl;) ¢: 8.33 (d,
J=4.7 Hz, 2H), 7.22 (s, 4H), 6.54 (t, J=4.7 Hz, 1H), 3.51
(s, 3H), 2.34 (s, 3H); *C NMR (100 MHz, CDCl3) ¢:
161.1, 157.7, 143.5, 135.7, 130.0, 126.5, 111.3, 38.8, 21.9;
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MS (EL 70 eV) m/z (%): 199 (26, [M]"), 108 (100); IR
(KBr) v: 2927, 2849, 1586, 1503, 1458, 1393, 1282, 1228,
1095, 1027, 787, 746, 526 cm™'. Anal. calcd for C;,H;3Nj:
C 72.33, H 6.58; found C 72.25, H 6.61.

N-(4- F 48 28 35 )-N- H s e -2- i (3611 9 £ ]
&, m.p. 133.1~134.2 “C; 'H NMR (400 MHz, CDCl;)
d: 8.31 (d, J=2.8 Hz, 2H), 7.25~7.20 (m, 2H), 6.93 (d,
J=6.8 Hz, 2H), 6.53~6.51 (m, 1H), 3.81 (s, 3H), 3.48 (s,
3H); *C NMR (100 MHz, CDCl;) 8: 162.2, 157.6, 157.5,
138.5, 127.9, 114.6, 110.3, 55.4, 38.9; IR (KBr) v: 2927,
1885, 1581, 1490, 1380, 1223, 1008, 801, 558 cm™'; MS
(EL, 70 eV) m/z (%): 215 (22, [M]7), 106 (100).

N-(3,4- — W ORJ5)-N-F R I g -2- 12 (3g): 4% 25 (1 3
JRY; "TH NMR (400 MHz, CDCl3) d: 8.31 (d, J=4.8 Hz,
2H), 7.16 (d, J=7.8 Hz, 1H), 7.07~7.01 (m, 2H), 6.52 (t,
J=4.8 Hz, 1H), 3.48 (s, 3H), 2.26 (s, 6H); *C NMR (100
MHz, CDCly) 0: 162.1, 157.7, 143.2, 137.6, 134.5, 130.5,
127.8, 124.0, 110.4, 38.9, 20.0, 19.4; IR (film) v: 2927,
1728, 1591, 1485, 1393, 1136, 984, 798, 622 cm '; MS
(EI, 70 eV) m/z (%): 213 (20, [M]"), 106 (100). Anal.
caled for C;3HsN3: C 73.21, H 7.09; found C 73.28, H
7.06.

N-(2- FVGR % 56 )-N- i BE s g -2 i (3h): ') 9k 3 £
HPRY; 'TH NMR (400 MHz, CDCls) 6: 8.31 (d, J=2 Hz,
2H), 7.20 (s, 4H), 6.53 (s, 1H), 3.50 (s, 3H), 2.35 (s, 3H);
3C NMR (100 MHz, CDCls) d: 162.0, 157.7, 142.9, 135.7,
129.9, 129.8, 126.5, 115.2, 110.5, 38.8, 21.1; IR (film) v:
3450, 3027, 2927, 2293, 1898, 1581, 1485, 1393, 1113,
984, 793, 553 cm '; MS (EI, 70 eV) m/z (%): 215 (20,
M]"), 106 (100).

N-FFE-N-(2- 28 38 s g -2- i (31): [ B[l 44, m.p.
81.2~82.1 ‘C; 'H NMR (400 MHz, CDCls) d: 8.31 (s,
2H), 7.92 (d, J=10 Hz, 1H), 7.85 (d, J=8 Hz, 1H), 7.72
(d, J=8.4 Hz, 1H), 7.57~7.53 (m, 1H), 7.50~7.47 (m,
1H), 7.45~7.44 (m, 1H), 7.42 (d, J=1.2 Hz, 1H), 6.55 (t,
J=4.8 Hz, 1H), 3.60 (s, 3H); *C NMR (100 MHz, CDCl;)
5: 162.0, 157.7, 143.1, 134.1, 131.7, 128.7, 127.7, 127.7,
126.2, 126.0, 125.7, 123.6, 111.0, 38.9; IR (KBr) v: 3042,
2940, 1577, 1485, 1398, 961, 801, 751, 764, 479 cm™'; MS
(EI, 70 eV) m/z (%): 235 (17, [M]"), 106 (100). Anal.
caled for C;sH3N;3: C 76.57, H 5.57; found C 76.60, H
5.55.

N-FF R - N-(3- T8 Wy 356 ) I i -2 % (3f): ¥4k 0 [ 4k,
m.p. 73.5~74.4 C; 'H NMR (400 MHz, CDCl5) J: 8.37
(d, J=5.2 Hz, 2H), 7.26 (s, 2H), 7.12 (s, 1H), 6.59 (s, 1H),
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3.55 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 161.3, 157.7,
143.6, 125.4, 124.0, 114.5, 111.2, 38.4; MS (EL, 70 eV) m/z
(%): 191 (13, [M]"), 106 (100) ; IR (KBr) v: 3082, 2945,
1554, 1471, 1398, 1205, 1067, 948, 783, 640, 539 cm .
Anal. caled for CoHoN;S: C 56.52, H 4.74; found C 56.61,
H4.77.

4B KL(Supporting Information) L&Y 3a~3j [
"HNMR 1 °C NMR #% &, X2kl L4 2 A AT
¥ (http://sioc-journal.cn/) | F %,
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