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A Simple and Efficient Synthesis of Tertiary Alcohols via Ta;Os-
Catalyzed Barbier-Grignard Addition of Unactivated
Aryl Bromides to Aryl Acids
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Abstract Carried out in THF-toluene at 103 ‘C, the first one-pot Barbier-Grignard reaction to synthesize tertiary alcohols
has been developed and systematically investigated using aromatic acids and unactivated aryl bromides in the presence of 10
mol% of Ta,Os. A wide range of substituted tertiary alcohols were obtained in moderate to good yields of 48%~87%. Steric
and electronic effects of reactants on the reaction have been discussed. A possible mechanism catalyzed by Ta,Os is proposed.
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Scheme 1 Catalyst mediated Barbier-Grignard reaction of aryl
acids with aryl bromides.
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T 25 mol% 1 HAMTEHLEA HLIK, (E R RIYSCRES H
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Table 1 Effects of bases and catalysts on the reaction

base (25 mol %) O
COOH Br Mg, catalyst (15 mol %)
+ OH
THF-Toluene, 103 °C, 10 h O O

Entry Catalyst Base Yield”/%
1 None None 43
2 CuO None 45
3 CuO Pyridine 54
4 CuO Pyridine 52
5  NiCl, Pyridine 31
6 CoCl, Pyridine Trace
7  Pd(CH;COO), Pyridine 6
8 CuBr Pyridine 62
9 CuO (nano)  Pyridine 60
10 Cu,O Pyridine 59
11 Nb,Os Pyridine 70
12 Ta,Os Pyridine 79
13 Ta,Os KOH 67
14 Ta,Os Triethylamine 69
15 Ta,0s N-Methylmorpholine 71
16 Ta,0s N,N-Dimethylcyclohexylamine 69
17 None Pyridine 61

¢ Reaction conditions: PhBr (15 mmol, 3 equiv.), Mg (15 mmol, 3 equiv.),
benzoic acid (5 mmol, lequiv.), base (25 mol%), catalyst (15 mol%) reacting
in 5 mL of THF and 20 mL of toluene for 10 h. * Isolated yield. ¢ 50 mol% of
pyridine.
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Table 2  Effects of temperature and catalyst amount on the reac-

tion
pyridine (25 mol%) O

COOH Br Mg, Ta,O5 (X mol%)
+ OH
THF-Toluene, 10 h O O

Entry 7/°C Catalyst/mol% Yield”/%
1¢ 65 15 43
2¢ 78 15 67
3 103 15 79
4 103 25 37
5 103 10 84
6 103 5 70

© 2016 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: PhBr (15 mmol, 3 equiv.), Mg (15 mmol, 3 equiv.),
benzoic acid (5 mmol, 1 equiv.), pyridine (25 mol%), reacting in 5 mL of THF
and 20 mL of toluene at 103 “C for 10 h. * Isolated yield. ¢ Reacting in 25 mL
THF. “Reacting in 15 mL THF and 10 mL toluene.

R A 43%(FK 2, Entry 1). 7E THF H 0N B 2555l $2 T
SMEEE 78 °C (10 mL THF+15 mL H )1 103 C
(5 mL THF+20 mL HZR)E, MR DHN 67%F
79%(3% 2, Entries 2, 3), ] LA 2R F =5 I A F).
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Table 3 Effects of reaction time, amount of Mg and PhBr, and
different ligands on the reaction

Ligand (20 mol%)
pyridine (25 mol%)

COCH Br Mg, Ta,05 (10 mol%)
+ OH
THF-Toluene, 103 °C O O

1 equiv. X equiv.

Entry  X/equiv. Ligand Time/h Yield’/%
1 3.0 None 1.5 65
2 3.0 None 3 87
3 3.0 None 4.5 78
4 3.0 None 6 75
5 3.0 None 8 73
6 3.5 None 3 87
7 4.0 None 3 88
8 2.5 None 3 55
9 2.0 None 3 31
10 6.0  None! 3 86
11 3.0 PPh; 3 67
12 3.0 DPPP 3 68
13 3.0 L-Cysteine 3 48
14 3.0 TED 3 55
15 3.0 Glycine 3 49
16 3.0 PMDETA 3 54
17 3.0 BDMAEE* 3 57

“Reaction conditions: PhBr (X equiv.), Mg (X equiv.), benzoic acid (5 mmol,
lequiv), Ta,0s, pyridine and ligand, reacting in 5 mL of THF and 20 mL of
toluene. * Isolated yield. ¢ Bis(2-dimethylaminoethyl) ether. ¢ No pyridine or
ligand.
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K BH LR 400 (36 4, Entries 4, 5). 989 e 48 45 ]
A SR IR R AE BRUCR T1% 7= (3R 4, Entry 6), B LG
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Table 4 Screening of the optimum reacting conditions for syn-
thesis of tertiary alcohol compounds

Pyridine (25 mol%)
Mg, Ta,Os5 (10 mol%)

R2
R'Br + R2COOH R1—|—R1
OH

THF-Toluene 103 °C

Entry R! R’ Product Time’/h Yield"/%
1 Ph CeHs 4a 3 87
2 4-MeC¢Hy  CgHs 4b 3 85
3 4-MeOC¢H,; CgHs 4c 5 81
4 2-Me C¢Hy C4Hs 4d 4 61
5 2-MeOC¢H; CgHs 4e 5 53
6 3-MeOC¢H,; CgHs 4f 3 71
7 3-FCH,  CeHs dg 5 7
8 4-CIC¢H, CeHs 4h 4 48
9 1-Naphthyl ~CeHs 410 57
10 2-Thienyl  CeHs 4 3 84
11 Cyclohexyl —CeHs & 3 120369
12 Ph 4-MeC¢H, 41 3 77
13 Ph 4-t-ButylC¢Hy 4m 4 63
14  4-MeOC¢H, 4-t-ButylC¢H,4 4n° 3 68
15 Ph 2-CIC¢H,4 40 10 48
16 2-MeOCeH, 4-t-ButylCgH,  4p° 3 50
17 2-MeOC¢H; 4-MeCgH,4 4q° 5 63
18 2-MeC¢H;  4-MeCgH, 4r° 3 58
19 Ph i-Bu 4s 10 56

© 2016 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: PhBr (15 mmol, 3 equiv.), Mg (15 mmol, 3 equiv.),
benzoic acid (5 mmol, 1 equiv.), Ta;Os and pyridine, reacting in 5 mL of THF
and 20 mL of toluene. ® Determined by TLC ‘Isolated yield. ¢7 equiv. of cy-
clohexyl bromide and magnesium employed. ° New compound.
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HEHAETF%4. 46 Ldiwe, ®AEH T —4
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HI A BEHLEE (Scheme 2).
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BESLRT AL, SR BIRE), 5 mL RG5>
Hréli THF #1120 mL FF2K, 5 mmol K HFEE, 15 mmol R
7K, 25 mol%MERE, 10 mol%fEA5f Ta,Os, AT A EEE,
FAEA S P FAERE S, = D035 %8 F ARy
, AB/D IR THF #8245 SR (% 5 S e i 4
Th/ﬁb YA 103 CHEIR R S — 58 B [|], 48
JEVR R BN IR, TN 15 mL MR S S i
PR N, EE R N, /D& G R LR TR TR,
Ve W CEERA(3x10 mL), & HENE, BEHL
JERTEKBEREE T . e RR R, R
&, JFH#ZEITE(TLO)BHT 2 5 #2418 2] 5 Bl R
[FT R ITFHIN VR B @ (2R 2l =8 : 1]. HHs
W EWIEEIZ "TH NMR, IR, MS #fiiF A Sk x b,
Bk & i@ PC NMR Al HRMS #E—HIF sk,
= 2R H R da)l' [ E 4K, mp. 163.8 ~
164.4 C(SCEAA mp. 160~163 C); 'H NMR (300
MHz, CDCly) 6: 7.46~7.36 (m, 15H), 3.06 (s, 1H); IR
(KBr) v: 3466, 3059, 1489, 1445, 1327, 1154, 1008, 890,
759, 637 cm'; MS (EI) m/z: 260 (M), 183, 154, 105, 77.
1,1- (4 F B R 3 ) 1 - S 35 T (b)) 3 0 [ 4,
m.p. 75~77 CCCHME m.p. 70~71 C); "H NMR (300
MHz, CDCly) 6: 7.32 (s, 5H), 7.17 (d, J=5.8 Hz, 8H),
2.78 (s, 1H), 2.38 (s, 6H); IR (KBr) v: 3471, 3056, 2918,
1508, 1445, 1152, 1008, 814, 752, 723, 602 cm ™ '; MS (EI)
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m/z: 288 (M"), 211, 119, 105, 91, 77.

1,1- = (4- PR L R 00 )-1- 2 35 T I (o)) 9 (0 [
&, m.p. 76~79 CCLHEME m.p. 77~80 C); '"H NMR
(300 MHz, CDCls) 0: 7.74~6.44 (m, 14H), 3.83 (s, 6H);
IR (KBr) v: 3493, 2954, 2835, 1608, 1509, 1447, 1248,
1177, 1003, 830, 729, 584 cm '; MS (EI) m/z: 320 (M),
303, 243, 135, 105, 77.

1,1-(2-F B R 3 )- 1 - 2R 3 PR (40) 20 3 £ T £,
m.p. 81~82 C(CHME m.p. 81~83 C); 'H NMR (300
MHz, CDCl3) 6: 7.35 (t, J=6.1 Hz, 4H), 7.28~6.66 (m,
9H), 3.01 (s, 1H), 2.24 (s, 6H); IR (KBr) v: 3557, 3058,
1658, 1599, 1486, 1448, 1006, 830, 759, 640 cm '; MS
(EI) m/z: 20 (M"), 270, 211, 197, 119, 105, 91.

1,1- —-(2- AR BE TR )- 1 - 2K 3 T I (de) 21 [ £ i
&, mp. 112~113 CCCHRE m.p. 1158 C); 'H NMR
(300 MHz, CDCl3) 6: 7.35~7.25 (m, 7H), 7.01 (dd, J=
7.7, 1.8 Hz, 2H), 6.95 (d, J=8.8 Hz, 3H), 6.89 (d, J=7.4
Hz, 2H), 3.56 (s, 6H); IR (KBr) v: 3495, 3002, 2834, 1591,
1034, 779 cm™'; MS (EI) m/z: 320 (M), 303, 243, 213,
185, 135, 105, 77.

1,1- 2 (3- F AR BE 2R 6 )-1- 2R 0 H i (a0 (9 £ [
&, m.p. 77~80 C(CLHAE m.p. 82~83 C); '"H NMR
(300 MHz, CDCl;) 8: 7.36~7.20 (m, 7H), 6.94~6.90 (m,
2H), 6.89~6.81 (m, 5H), 3.77 (s, 6H); IR (KBr) v: 3495,

Chin. J. Org. Chem. 2016, 36, 2456~2462
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3002, 2834, 1591, 1034, 779 cm™'; MS (EI) m/z: 320
(M™), 303, 243, 213, 185, 135, 105, 77.

1,1- = (3- TR AR 3 )-1- 2K 3 F i (4g)™: 9% ot [ 4k,
m.p. 114~116 ‘CCCHAHE m.p. 113~114 C); '"H NMR
(300 MHz, CDCl;) J: 7.68~7.27 (m, 7H), 7.24~6.94 (m,
6H), 2.85 (s, 1H); IR (KBr) v: 2928, 2362, 1568, 1470,
1292, 1196, 1031, 856 cm™'; MS(EI) m/z: 296 (M), 219,
201, 123, 105, 95, 77.

1,1- = (4- 5K )- 12k 2 (4n) P> 9% o 0 [ £
m.p. 86~87 ‘CCLHRE m.p. 87~88 C); 'H NMR (300
MHz, CDCly) d: 7.40~7.29 (m, 10H), 7.28~7.20 (m,
3H), 1.52~1.01 (m, 1H). IR (KBr) v: 3454, 3062, 2822,
1488, 1093, 1011, 823, 783, 701 cm™'; MS (EI) m/z: 328
(M"), 251, 216, 138, 105, 77.

1,1- = (1-2835)-1- 2K 3 B 4> [ @R, mop.
167~170 ‘CCCHERE m.p. 165 C); '"H NMR (300 MHz,
CDCl;) o: 8.35 (d, J=8.7 Hz, 2H), 7.93 (d, J=8.2 Hz,
2H), 7.86 (d, J=8.2 Hz, 2H), 7.49 (s, 1H), 7.45 (d, J=7.8
Hz, 3H), 7.37 (d, J=7.5 Hz, 3H), 7.33 (s, 1H), 7.27 (s,
1H), 7.24 (s, 1H), 6.93 (d, J=7.3 Hz, 2H), 3.72 (s, 1H,
OH); IR (KBr) v: 3548, 3048, 1597, 1501, 1341, 996, 779
ecm '; MS (EI) m/z: 360 (M"), 303, 283, 255, 128, 105,
102, 77.

1,1- 7 (2- W Wy 36 )-1- 2% 6 I (4)°): 2 0 ] 4%
m.p. 92~93 CCCHME m.p. 90~91 C); "H NMR (300
MHz, CDCl;) d: 7.74~7.30 (m, 7H), 7.17~6.65 (m, 4H),
3.17 (s, 1H); IR (KBr) v: 3055, 2369, 1468, 1285, 1025,
698 cm'; MS (EI) m/z: 272 (M"), 243, 195, 111, 105, 77.

1,1- 3R O3 1- 3 R (a7 A, mop.
76~79 C(LHEE m.p. 77 ‘C); '"H NMR (300 MHz,
CDCl;) 6: 7.90 (d, J=8.3 Hz, 1H), 7.31 (d, J=8.3 Hz,
1H), 2.58 (s, 1H), 2.04~0.41 (m, 25H); IR (KBr) v: 3463,
2927, 2851, 1664, 1448, 829, 769, 704 cm™'; MS (EI) m/z:
272 (M"), 271, 189, 171, 107, 91, 83.

1-(4- 1 FE R FE)-1,1- 28 3 I (4™ 8 €[] 4,
m.p. 70~72 ‘CCCH/ME m.p. 65~66 C); 'H NMR (300
MHz, CDCL3) 0: 7.34 (s, 10H), 7.18 (d, J=4.4 Hz, 4H),
2.86 (s, 1H), 2.39 (s, 3H); IR (KBr) v: 3467, 2920, 2361,
1445, 1328, 1153, 814, 758, 699 cm™'; MS (EI) m/z: 274
(M), 297, 183, 168, 119, 105, 91, 77.

1-(4-BUT BE2K)-1,1- 2R B H I (4m) Y 3 (il 4k,
m.p. 80~82 ‘CCOLHR{E m.p. 80~81 C); 'H NMR (300
MHz, CDCly) d: 7.39~7.31 (m, 12H), 7.28~7.17 (m,
2H), 2.82 (s, 1H), 1.32 (d, J=15.6 Hz, 10H); IR (KBr) v:
3562, 3463, 2960, 1490, 1446, 1007, 831, 710, 596 cm ';
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MS (EI) m/z: 316 (M), 238, 209, 183, 119, 105, 91, 77.

1,1- - (4- A B I 3E)- 1-(4- U T FE 2R 3L ) F 5% (4m):
T B E A&, mp. 109~111 C; 'H NMR (300 MHz,
CDCly) 0: 7.34 (d, J=8.5 Hz, 2H), 7.25~6.76 (m, 10H),
3.83 (s, 6H), 2.76 (s, 1H), 1.34 (s, 9H); °C NMR (75
MHz, CDCl3) 0: 158.6, 149.9, 144.3, 139.7, 129.1, 127.5,
124.8, 113.1, 81.3, 55.3, 34.5, 31.4; IR (KBr) v: 3503,
2959, 1607, 1508, 1462, 1249, 1177, 1104, 829, 591 cm ™ ';
MS (EI) m/z: 376 (M"), 269, 243, 161, 135, 118, 105, 77;
HR-ESI-MS calcd for C,sH,,0s: [M—H]+ 375.1966,
found 375.1961.

1-(2- A 5E)-1,1- 28 3 - i (40)™): 80 [ 4,
m.p. 89~91 CCCHME m.p. 91~92 C); "H NMR (300
MHz, CDCls) 6: 7.43 (dd, J=7.9, 1.2 Hz, 1H), 7.39~7.24
(m, 10H), 7.14 (dd, J=1.2 7.8, 1H), 6.73~6.78 (m, 1H),
447 (s, 1H, OH); IR (KBr) v: 3565, 3060, 1589, 1441,
1158, 1011, 761, 697, 630 cm™'; MS (EI) m/z: 294 (M),
277,217, 183, 154, 139, 105, 91, 77;

1,1- . -(2- H AR DR R )-1-(4- 0T B 2R 0k ) Y B (4p)

H @A, mp. 151~153 °C; 'H NMR (300 MHz,
CDCLy) 0: 7.37~6.84 (m, 13H), 3.64~3.41 (m, 6H),
1.37~1.32 (m, 9H); “C NMR (75 MHz, CDCl;) o:
193.9, 157.5, 149.4, 143.0, 134.8, 129.6, 128.5, 127.6,
1242, 120.4, 112.5, 81.0, 76.6, 55.7, 34.4, 31.4; IR (KBr)
v: 3550, 2951, 1934, 1591, 1104, 911, 788, 634, 581
cm '; MS (EI) m/z: 376 (M"), 269, 243, 211, 181, 165,
121, 105, 91, 77; HR-ESI-MS calcd for Cp4Has05 [M—
CH;]" 361.1798, found 361.1803.

1,1- = (2- A A I )-1-(4- I 20 H i (4q): A
4, m.p. 124~127 ‘C; '"H NMR (300 MHz, CDCl;) ¢:
7.35~7.29 (m, 1H), 7.28~6.85 (m, 11H), 3.64~3.51 (m,
6H), 2.39~2.35 (m, 3H); *C NMR (75 MHz, CDCl;) ¢:
157.5, 143.4, 136.1, 134.6, 127.8, 120.3, 112.4, 76.9, 55.7,
21.1; IR (KBr) v: 3532, 2930, 2834, 1905, 1591, 1242,
1052, 918, 748, 630, 582 cm™'; MS (EI) m/z: 334 (M),
316, 243, 227, 211, 181, 135, 121, 105, 91, 77; HR-ESI-
MS caled for C,H;sO; [M—CHs]" 319.1329, found
319.1329.

1,1- - (2-F R R L) - 1-(4- HY JE 28 0 ) PR B (4r): 8
B E 4K, m.p. 105~107 °‘C; 'H NMR (300 MHz, CDCl;)
8: 7.24~7.02 (m, 10H), 6.79~6.72 (m, 2H), 2.41 (t, J=
5.9 Hz, 3H), 2.26~2.15 (m, 6H); *C NMR (75 MHz,
CDCLy) d: 144.5, 143.3, 137.7, 136.7, 132.6, 129.1, 128.6,
127.9, 127.5, 125.0, 84.4, 22.4, 21.1; IR (KBr) v: 3550,
2924, 1484, 1454, 1011, 819, 778, 638 cm ™ '; MS (EI) m/z:
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302 (M"), 284, 243, 119, 104, 91; HR-ESI-MS cacld for
CpH, 0 [M—H]" 301.1598, found 301.1595.

2- I BE-1,1- oK - 1- T I (4s)" ™) (1 (L 44, mup.
44~46 C(CCHRME m.p. 46~47 C); "H NMR (300 MHz,
CDCl;) d: 7.63~7.00 (m, 10H), 2.93 (dt, J=13.4, 6.7 Hz,
1H), 2.08 (s, 1H), 0.93 (d, J=6.7 Hz, 6H); IR (KBr) v:
3583, 2970, 1466, 1162, 1008, 757, 701, 632 cm '; MS
(EI) m/z: 226 (M), 183, 165, 105, 77, 91.

4 Bh#1 B} (Supporting Information) Fi& i &AL &
PIff) '"H NMR Rl GC/MS #El; #5411 "THNMR, °C
NMR LK% 7553 9457 0 (HRMS ) i P ik S bl v LA 4 2%
AT 355 (http://sioc-journal.cn/)_E N %K.
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