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Chemical transformations using molecular oxygen as a reagent have attracted
considerable attention from both industry and academia owing to its highly atom-economical,
abundant, and environmentally friendly characteristics.

We have successfully developed a novel method for the preparation of (3 -ketophosphonates from
alkenes and diethyl H-phosphonates catalyzed by Mn(acac)3. To the best of our knowledge, this
reaction is the first example of oxophosphorylation reaction utilizing manganese catalytic systems
via the direct incorporation of molecular oxygen from air. All of the experimental procedures in
this reaction can be performed in air without cooling, heating, or high pressure. This methodology
sgiges an alternative approach to produce B -ketophosphonates because of its simplicity and

mi ldness.
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Figure 1. Catalytic oxygenation of organic substrates
with molecular oxygen in air under ambient.
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Scheme 1. Comparison of previous methods with our study.
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Table 1. Optimization of manganese-catalyzed oxophorylation
of 4-methylstyrene.?

O, in air
Mn(acac);
(10 mol%)

N . 9/0Et base (3.0 equiv)
1 POt MeCN (1.0 M) OH'

rt, 21-24 h FI‘ OEt
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Table 2. Substrate scope of Mn(acac);-catalyzed
oxophosphorylation reaction of alkenes with diethyl H-
phosphonate o

O, in air

Mn(acac); (10 mol%)

Entry Catalyst Base Yield of Yield of
(mol%) 3a (%) 4 (%)

1 Mn(acac); (10) - 24 34

2 Mn(acac);z (10) EtsN 20 19

3 Mn(acac);z (10) i-ProNEt 20 28

4 Mn(acac); (10) Cy2NEtb 20 30

5 Mn(acac); (10) pyridine 82 0
"6 'Mn(acac); (10)  4-MeO-pyridine 64 o0

7 Mn(acac); (10) 4-t-Bu-pyridine 74

8 Mn(acac);z (10) DMAP ¢ 369 3¢

9 Mn(acac);z (10) 4-CF3-pyridine 23 26
"10 " 'Min(acac) (10) 2,6-Me-pyridine 33 21

1" Mn(acac); (10) 2,4,6-Me-pyridine 24 21

12 Mn(acac); (10)  2,6-t-Bu-4-Me-pyridine 22 30
13 Mn(acac); (10) TMEDA® nddlnddf

14 Mn(acac); (10) 2,2'-bipyridyl 19 d 204

15 Mn(acac); (10) DBUY nd.df  nddf
16 Mn(dpm)s (10)F T pyridine - 10d " 204"

17 Mn(dbm); (10)/ pyridine <1d n.dd

18 MnBr, (10) pyridine <1d n.dd

19 Mn(OAc), (10) pyridine n.d.df n.ddf

20 Mn(OAc)3+2H,0 (10) pyridine n.d.df n.ddf

21 [Mnlll(pc)ICI (10)J pyridine n.d.df n.daf

22 Mn(acac);, (10) pyridine 76 d 134d
23 Min(acac); (5.0) pyridine 23 T o
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9 _OEt
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2 Reaction conditions: 1a (1.0 mmol), 2 (2.0 mmol), metal complex (5

—10 mol%), O, in air at room temperature. ® Cy,NEt = N,N-dicyclo-
hexylethylamine. © DMAP = N,N-dimethyl-4-aminopyridine. 4 The
yield was determined by '"H-NMR analysis of crude sample using
1,1,2,2-tetrabromoethane as an internal standard. ® TMEDA = N,N,
N',N'-tetramethylethylenediamine. T n.d. = not detected. 9DBU
= 1,8-diazabicyclo[5.4.0Jundec-7-ene. " Mn(dpm); = tris(2,2,6,6-
tetramethyl-3,5-heptanedionato)manganese (lll).! Mn(dbm); = tris
(dibenzoylmethanato)manganese (lll) I [Mn"(pc)]CI = manganese
(Ill) phthalocyanine chloride.

@ Reaction conditions: 1a—p (1.0 mmol), 2 (2.0 mmol),
Mn(acac)z (10 mol%), pyridine (3.0 mmol), MeCN (1.0 mL), O, in air
at room temperature.
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Table 3. Substrate scope of Mn(acac);-catalyzed oxo-
phosphorylation reaction of vinyl ethers with diethyl
H-phosphonate.?
O, in air
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6¢ 51% 6d 50% 6e 42% Scheme 2. Manganese-catalyzed oxophosphorylation reaction.

@ Reaction conditions: 5a—e (1.0 mmol), 2 (2.0 mmol), Mn(acac),
(10 mol%), pyridine (3.0 mmol), MeCN (1.0 mL), O, in air at room
temperature.
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