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Synthesis of New ClickFerrophos Ligands
and Application to Asymmetric Reactions
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Scheme 1. Asymmetric conjugate addition reaction of glycine imino ester with nitroalkenes
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Scheme 2. Bifunctional AgOAc-catalyzed asymmetric conjugate addition reaction
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Table 1. Scope of substrates

RN CO,Et
Ph ( COZE)t R e
2(1.2eq. Ph CO,Et
F’h/gNACOZMe AgOAc (5.0 mol%) Ph)*N CO,Me + antisomer
L1 (5.5 mol%) syn-3a-3|
THF, rt, 24 h
entry  product (R) yield (%)* syn/anti® ee (%)° (syn)
1 3a(CgHs) 76 (97)9 97/3 (97/3)¢ 99 (98)°
2 3b(0-MeCgH,) 86 97/3 95
3 3c(p-MeCgH,) 87 96/4 93
4 3d(p-MeOCgH,) 83 97/3 98
5  3e(p-FCqHy) 95 97/3 98
6  3f(p-CICgH,) 83 97/3 98
7 39 (p-BrCeHs)  50(99)¢ 97/3(90/10)¢ 99 (95)°
8  3h(2-Pyridyl) 70 (88)% 93/7 (95/5)¢ 97 (93)¢
9  3i(2-Thienyl) 92 94/6 98
10° 3j (2-Naphthyl) 74 96/4 97
11% 3k (Ferrocenyl) 82 94/6 90
12¢ 3l (Cyclohexyl) — 60° 80/20 97

@ Combined yield of syn- 3 and anti-3. ® Determined by *H NMR.
¢ Determined by HPLC. % 20 mol% of Cs,CO; was added as base.
¢ Isolated yield of syn-3l.
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Table 2. Screening of bases
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j’\h 4 (1 2eq. ) E Ph&ji
Ph” SN COMe ~ agoac (5.0 mol%)  ph \ N Scom e pr N CO,Me
1 L1 (5.5 mol%)
base (20 mol%) 6a
THF, -40°C,2h
entry base yield (%)® 5a/6a®  ee (%) of 5a
1 — 98 78122 97
2 Cs,CO;4 95 71/29 90
3 DIPEA 88 89/11 98
4 Et;N 97 90/10 96
5 DABCO 93 95/5 99

> Combined yield of 5a and 6a. ” Determined by "H NMR.
¢ Determined by HPLC. ¢ Reaction was carried out at rt.
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Table 3. Scope of substrates
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X
"
Ph” SN COZMS AgOAc (5.0 mol%)  ph \ N COzMe PH H CO,Me

L1 (5.5 mol%) )
DABCO (20 mol%) 5a-5i 6a—6i

THF, -40°C, 2 h

entry product (R) yield (%)*  5/6° ee (%) of 5

1 5a(C¢Hs) 93 95/5 99
2 5b (p-MeCgHy) 89 92/8 99
3 5c(p-MeOCgHy) 96 87/13 98
4 5d (p-FCsHy) 91 96/4 99
5  5e(p-CICsHy) 97 96/4 97
6  5f(p-BrCeHy) 95 97/3 97
7 5g (Ferrocenyl) 96 87/13 87
8  5h(2,4,6-Me3CeH,) 91 99/1 98
9  5i(Me) 93 99/1 96

3 Combined yield of 5 and 6. ” Determined by *H NMR.
¢ Determined by HPLC.
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