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Nickel-Catalyzed Negishi Cross-Coupling Reactions of Secondary
Alkylzinc Halides with 6-Chloropurines

Wang, Dongchao”

Ding, Ruifang”

Niu, Hongying™’

Guo, Haiming™*  Wei, Xuejiao®

Qu, Guirong™*

(“ College of Chemistry and Environmental Science, Henan Normal University, Xinxiang 453007)

(® School of Chemistry and Chemical Engineering, Henan Institute of Science and Technology, Xinxiang 453003)

Abstract An efficient method for the synthesis of 6-acyclic secondary alkyl purines was developed via nickel-catalyzed
Negishi cross-cupling of 6-chloropurines with acyclic secondary alkylzinc halides in the presence of phenanthroline at room
temperature. The process gave good to excellent isolated yields under very mild conditions.
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Table 1 Optimization of the cross-coupling reaction conditions

Cl
@ij' + }ZnBr- LiCl NTi>
N N o, It
B 2
1a
<I\E + (XD
NT N NTON
o W
Entry Catalyst Ligand 3a: 4a’
1 NiCl, No 301
2 NiCl, Dppp 301
3 NiCl, PPh, 2501
4 NiCl, Phenanthroline 221
5 Ni(acac), Dppp 3501
6 Ni(acac),  Phenanthroline 4:1
7 Ni(acac); No 2501
8 Ni(acac),  PPh; 2501
9¢ NiCl, Phenanthroline 251

¢ Reaction conditions: 1a (0.1 mmol), 2a (0.2 mmol, 2 equiv.), catalyst (0.01
mmol, 10 mol%), ligand (0.012 mmol, 12 mol%), 0.5 mL THF; b confirmed by
'"H NMR;  reaction temperature: 0 C.
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3a fl 4a (FLLGI AT LLIA S| 22 ¢ 1 (£ 1, Entry 4). 54k, B
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) o P U P8 5 A =L

JLR, R T E ok s N A& A1 — Mk, FRATTRI
AN 6-FU R RGBS R T — R 6 Aifh
PRI R B3 2). 9 7 FEE. AERIEN
FEARI RIS 23 0] 5 S DA 6 RAL B AR A T SR I B J
M, BILhmT 80% M S G2 T His =Wk 2,
Entries 1~6). 6-% 9-"F AN FI 128 Z KL R EEN )
PLL 75% 73 B9 20 T HARr=WI(ER 2, Entry 7).

K2 AP RSP ¢
Table 2 Synthesis of 6-secondary alkylation purines

Cl R
(ij' + RzZnX:LiCl AR N Tt (NI%)N
/N N 2 /N N
RY R' 3
Entry Substrate R’ RZnX Product Yield”/%
1 la. Bn  i-Pr-ZnBr (2a) 3a 82
2 la. Bn  s-Bu-Znl (2b) 3b 80
3 1b  Ph i-Pr-ZnBr (2a) 3¢ 85
4 1b Ph  s-Bu-Znl (2b) 3d 80
5 l¢  n-Pr i-Pr-ZnBr (2a) 3e 81
6 1c  n-Pr s-Bu-Znl (2b) 3f 86
ZnBr

7 la Bn

<i::>y44< 20 3g 75

© 2012 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: 1 (0.2 mmol), 2 (0.4 mmol, 2 equiv.), NiCl, (0.02
mmol, 10 mol%), phenanthroline (0.02 mmol, 12 mol%), 1 mL THF; b isolated
yields.
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39%(FE 2). Mf FH AR T I BEREAT N I, (R RE 7 2
T 46%MHES =Y 35, RN, WARET 38% MEEHAS
Bt =4 3k(FE 2).
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2, AV G T — 25 6 AL AR AP IR e
WEY. BALEKRIL, M 9 LLRFELRY ER AT S
VIR, AMEAG R T AR N) H bR, 15 2] T
FUTRI MR ACHR IR ).
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Reaction conditions: 1d (0.2 mmol), 2 (0.4 mmol, 2 equiv.), NiCl,
(0.02 mmol, 10 mol%), phenanthroline (0.02 mmol, 12 mol%), 1 mL
THF
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Figure 2 Cross-coupling reaction of ethyl 2-(6-chloro-9H-pu-
rin-9-yl)acetate with secondary alkylzinc halides
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(1) DY S0 IR 375 2 % SCRR[11] 792046, FF ] Knochel
T E 0 52 VDA IR T
3.2 O-FE-6-RIEMNFAHERNEAIBELR A
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RE A RN IE(TLC BREAASI. K N H 5 mL MLl
SAEEBOE R, T 10 mL 2R ZEEX, 28 2182
FICKBR IR T5, JOR T30, FHRE AT 2 A xt
=Py T 20 (LR LB EE) 7574 3a (41.3 mg,
82%)F1 4a (1.2 mg, 2%).

9- W HE-6- S A HLMEA (32) ), {4 [ 4K, m.p. 59~61
‘C; "H NMR (CDCLy) 6: 8.94 (s, 1H), 8.00 (s, 1H), 7.31~
7.37 (m, 5H), 5.44 (s, 2H), 3.76~3.82 (m, 1H), 1.45 (d,
J=6.8 Hz, 6H); IR (KBr) v: 3062, 2963, 2924, 2868, 1592,
1499, 1467, 1454, 1401, 1331, 1213, 974, 728, 700, 650
-1

9- L -6- P HL 1A (42) L WLRY). "H NMR

(CDCl3) 6: 8.91 (s, 1H), 8.00 (s, 1H), 7.31~7.39 (m, 5H),
5.44 (s, 2H), 3.18 (t, J=7.6 Hz, 2H), 1.88~1.98 (m, 2H),
1.03 (t, J=7.2 Hz, 3H); IR (KBr) v: 2964, 2931, 2873,
1588, 1508, 1404, 1332, 1228, 936, 761, 690, 644 cm .

FSALII T i T ot — 91 6 A AP e BEEAR )
WS SR, LR RAE W T

9- L6~ fh T FEMENS(3b): vk (O 4K, mp. 77~
79 ‘C; 'H NMR (CDCly) 6: 8.93 (s, 1H), 7.98 (s, 1H),
7.29~7.35 (m, 5H), 5.41 (s, 2H), 3.49~3.58 (m, 1H),
1.92~2.03 (m, 1H), 1.72~1.83 (m, 1H), 1.40 (d, J=6.8
Hz, 3H), 0.85 (t, J=7.4 Hz, 3H); °C NMR (CDCl) ¢:
166.9, 152.7, 150.7, 143.3, 135.1, 131.9, 129.0, 128.5,
127.8,47.1, 38.6, 28.7, 19.1, 12.2; IR (KBr) v: 3054, 2964,
2929, 2870, 1594, 1499, 1454, 1408, 1332, 1236, 1213,
1129, 962, 948, 728, 696, 655, 638 cm™'; HRMS calcd for
C16HioNy [M+H]™ 267.1610, found 267.1606.

6- 5 A = -9- KA (3¢): O [E4A, m.p. 86~87
‘C; "TH NMR (CDCl,) 8: 8.97 (s, 1H), 8.30 (s, 1H), 7.71 (d,
J=17.6 Hz, 2H), 7.58 (t, J=7.8 Hz, 2H), 7.47 (t, J=7.4
Hz, 1H), 3.82~3.88 (m, 1H), 1.48 (d, J=7.2 Hz, 6H); *C
NMR (CDCly) d: 167.9, 153.2, 150.5, 142.4, 134.4, 132.0,
129.9, 128.4, 123.5, 31.7, 21.2; IR (KBr) v: 3047, 2970,
2928, 2870, 1890, 1589, 1510, 1458, 1404, 1327, 1228,
1192, 945, 763, 703, 692, 645, 604 cm™'; HRMS calcd for
CHsN, [M+H]" 239.1297, found 239.1293.

6t T HL-0-FHENE NS (3d): TR, 'H NMR
(CDCl3) 6: 8.98 (s, 1H), 8.30 (s, 1H), 7.72 (d, J=7.6 Hz,
2H), 7.59 (t, J=7.8 Hz, 2H) 7.47 (t, J=7.6 Hz, 1H),
3.57~3.66 (m, 1H), 1.98~2.09 (m, 1H), 1.78~1.88 (m,
1H), 1.45 (d, J=7.2 Hz, 3H), 0.91 (t, J=7.4 Hz, 3H); °C
NMR (CDCly) d: 167.5, 153.2, 150.5, 142.5, 134.4, 132.6,
129.9, 128.4, 123.5, 38.7, 28.8, 19.2, 12.2; IR (KBr) v:
2963, 2873, 1587, 1508, 1462, 1403, 1332, 1228, 1184,

cm
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936, 760, 690, 644 cm™'; HRMS caled for C,sH ;N [M+
H]" 253.1453, found 253.1441.

9-TA JL-6- S A FEIELIS (Be): R P (AR Y). '"H NMR
(CDCly) 6: 8.86 (s, 1H), 7.98 (s, 1H), 4.19 (t, J=7.2 Hz,
2H), 3.71~3.78 (m, 1H), 1.87~1.96 (m, 2H), 1.40 (d, J=
6.8 Hz, 6H), 0.94 (t, J=7.4 Hz, 3H); °C NMR (CDCl) ¢:
167.2, 152.3, 150.7, 143.4, 131.5, 45.4, 31.5, 23.2, 21.1,
11.2; IR (KBr) v: 3052, 2970, 2876, 1827, 1593, 1504,
1470, 1461, 1406, 1334, 1238, 1218, 1147, 1084, 973,
758, 653, 637, 585 cm '; HRMS calced for C;H7N4 [M+
H]" 205.1453, found 205.1446.

O- TN FE-6-fh T HEPE A (3): T A WRY). '"H NMR
(CDCly) 6: 8.87 (s, 1H), 7.98 (s, 1H), 4.19 (t, J=7.2 Hz,
2H), 3.46~3.55 (m, 1H), 1.87~2.00 (m, 3H), 1.69~1.80
(m, 1H), 1.37 (d, J=6.8 Hz, 3H), 0.94 (t, J=7.4 Hz, 3H),
0.83 (t, J=7.4 Hz, 3H); >C NMR (CDCl;) 8: 166.7, 152.3,
150.7, 143.5, 132.1, 45.4,38.5,28.7,23.2, 19.1, 12.2, 11.2;
IR (KBr) v: 2966, 2934, 2875, 1749, 1590, 1504, 1463,
1411, 1377, 1329, 1212, 1151, 1024, 974, 778, 642 cm ';
HRMS caled for C;,H;oN; [M+H]" 219.1610, found
219.1598.

9- N F-6-(1-FK 3 2,3 3g): LRy, 'H
NMR (CDCl3) 6: 8.97 (s, 1H), 7.99 (s, 1H), 7.54 (d, J=7.6
Hz, 2H), 7.26~7.38 (m, 7H), 7.18 (t, J=7.4 Hz, 1H), 5.40
(s, 2H), 5.04 (q, J=7.2 Hz, 1H), 1.85 (d, J=7.2 Hz, 3H);
BC NMR (CDCly) o: 164.4, 152.8, 151.1, 143.6, 143.4,
135.1, 131.7, 129.1, 128.6, 128.4, 128.0 127.9, 126.6, 47.3,
42.1, 19.5; IR (KBr) v: 3062, 3028, 2968, 2929, 1586,
1496, 1454, 1404, 1329, 1212, 1193, 950, 698, 645 cm ';
HRMS caled for C,0H;oN4; [M+H]" 315.1610, found
315.1608.

2-(6- 5 N LM S 9- 3L ) 2,12 2. 5 (3h): 1 (0 [#] 44,
m.p. 47~49 °C; '"H NMR (CDCL;) &: 8.90 (s, 1H), 8.08 (s,
1H), 5.03 (s, 2H), 4.27 (g, J=7.0 Hz, 2H), 3.76~3.82 (m,
1H), 1.44 (d, J=7.2 Hz, 6H), 1.29 (t, J=7.0 Hz, 3H); "*C
NMR (CDCly) 8: 167.5, 166.9, 152.7, 150.8, 143.7, 131.1,
62.4,44.0,31.7, 21.2, 14.1; IR (KBr) v: 2967, 2870, 1737,
1595, 1509, 1474, 1415, 1381, 1330, 1232, 1028, 981, 966,
813, 638 cm '; HRMS caled for C,H;N,0, [M+H]"
249.1352, found 249.1349.

2-(6- 5 TN HEMEE N4 -9 I ) 7, 183 S AT i (31): 7 €40 [ 44K,
m.p. 28~29 °C; '"H NMR (CDCl;) 8: 8.90 (s, 1H), 8.09 (s,
1H), 5.07~5.14 (m, 1H), 4.99 (s, 2H), 3.75~3.82 (m,
1H), 1.44 (d, J=7.2 Hz, 6H), 1.27 (d, J=6.4 Hz, 6H); 1*C
NMR (CDCly) 8: 167.5, 166.5, 152.7, 150.8, 143.7, 131.1,
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70.6, 44.2,31.7, 21.7, 21.2; IR (KBr) v: 2979, 1747, 1593,
1505, 1469, 1411, 1377, 1331, 1217, 1105, 950, 837, 814,
642 cmfl; HRMS caled for C;3H;9N,;O, [M—I—H]+
263.1508, found 263.1508.

2-(6-h ] MG -9-3) 1R TR (3j): B iR Y.
'H NMR (CDCl3) 0: 8.90 (s, 1H), 8.08 (s, 1H), 5.02 (s,
2H), 4.26 (q, J=7.2 Hz, 2H), 3.50~3.59 (m, 1H), 1.93~
2.04 (m, 1H), 1.73~1.84 (m, 1H), 1.40 (d, J=7.2 Hz,
3H), 1.29 (t, J=7.2 Hz, 3H), 0.86 (t, J=7.4 Hz, 3H); °C
NMR (CDCly) d: 167.0, 166.9, 152.7, 150.8, 143.7, 131.7,
62.4,43.9, 38.7, 28.8, 19.1, 14.0, 12.2; IR (KBr) v: 2966,
2934, 2875, 1749, 1590, 1504, 1463, 1411, 1377, 1329,
1212, 1151, 1024, 974, 943, 872, 815, 778, 642 cm ';
HRMS caled for C3HsN,O, [M+H]" 263.1508, found
263.1501

2-(6- T HEMZENS -9 L) Z R AT T HR(3K): A HIR
). "H NMR (CDCl;) 0: 8.90 (s, 1H), 8.09 (s, 1H), 5.01 (s,
2H), 4.90~4.98 (m, 1H), 3.51~3.60 (m, 1H), 1.93~2.04
(m, 1H), 1.74~1.84 (m, 1H), 1.51~1.65 (m, 2H), 1.41 (d,
J=6.8 Hz, 3H), 1.24 (t, J=6.0 Hz, 3H), 0.86 (t, J=6.8
Hz, 6H); *C NMR(CDCl;) d: 167.0, 166.6, 152.7, 150.8,
143.8, 131.7, 75.1, 44.2, 38.7, 28.8, 28.6, 19.3, 19.1, 12.2,
9.5; IR (KBr) v: 2968, 2876, 1747, 1590, 1504, 1463,
1411, 1379, 1329, 1215, 1126, 1112, 967, 941, 879, 642
cm '; HRMS caled for CisHy3N,O, [M+H]™ 291.1821,
found 291.1832.
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