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Nickel(II)-Dipyridylphosphine-Catalyzed Enantioselective Hydrosilylation of
Ketones in Air

Fei-Fei Wu,"”! Ji-Ning Zhou,"” Qiang Fang,"” Yi-Hu Hu,'! Shi{un Li,"™ Xi-Chang Zhang,"
Albert S. C. Chan,™ and Jing Wu*!!

Optically enriched secondary alcohols are highly valuable
intermediates in organic synthesis, especially when their sig-
nificance as chiral building blocks of numerous natural prod-
ucts, pharmaceuticals, and other biologically active mole-
cules is taken into account."! The non-noble-metal-catalyzed
enantioselective hydrosilylation of prochiral ketones repre-
sents a rewarding transformation towards chiral alcohols
owing to the economic benefits and the operational simplici-
ty of such methods.” Thus, in the past two decades, a variety
of effective chiral transition-metal catalysts based on titani-
um,® zinc™ tin,®! copper,’®” iron,®? and cobalt!'”! have
been accordingly developed and applied in the asymmetric
hydrosilylation of ketones with good to excellent enantiose-
lectivities. Nickel-based catalysts have shown better activi-
ties in heterogeneous and some homogeneous reactions,
such as hydrogenation and cross-coupling reactions, than
other catalytic systems mediated by biologically relevant
metals, for example, Fe, Cu, or Zn.'!l Also, nickel catalyst
technology has played an important role in improving effi-
ciency in a number of industrial processes."*®! To our knowl-
edge, although some achiral nickel catalysts have been ex-
ploited for the reduction of ketones,'” there is no reported
analogous non-racemic catalyst involving nickel precursors.

Recently, we described the use of a family of atropisomer-
ic bipyridyldiphosphine ligands P-Phos (L1a, Table 1)**! and
its variants (L1b Tol-P-Phos, L1c Xyl-Phos)!' for effecting
the copper-mediated hydrosilylation of a diverse assortment
of ketones™" as well as conjugate reduction of B-(acylami-
no)acrylates"” under ambient conditions in competitive
levels of enantioselectivities and activities. Moreover, in the
presence of PhSiH; as the hydride donor, the effectively
enantioselective reduction of alkyl aryl ketones was also re-
alized by using the cobalt(II)/Xyl-P-Phos catalyst system.!'*]
It is noteworthy that the aforementioned hydrosilylation sys-
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tems were air-stable, which underlined their practical viabili-
ty and prompted us to investigate the catalytic properties of
NiH nonracemically ligated by P-Phos family ligands in the
relevant reduction reactions. Herein, we describe the first
example of nickel-catalyzed stereoselective hydrosilylation
of a selection of alkyl aryl ketones in air atmosphere in
moderate to good yields and enantioselectivities.

We commenced our studies by examining the effects of
various nickel precursors on the reduction of 4'-nitroaceto-
phenone (1a, Table 1). By utilizing 5 mol % anhydrous NiF,
and (S)-P-Phos ligand as well as two equivalents PhSiH; as
the stoichiometric hydride source, the reaction proceeded in
toluene in air atmosphere at 45°C to only 23 % conversion
after 40 h to afford the desired alcohol (S)-2a in 79% ee
(Table 1, entry 1). Consistent with the results obtained from
our previous cobalt catalyst system,!'®! dramatic enhance-
ments in both conversion (99%) and enantioselectivity
(87% ee) were observed by adding 4 A MS (30 mg) to the
reaction mixture (0.2 mmol 1a; Table 1, entry 2 vs. entry 1).
Similar reaction outcomes were achieved in the case of Ni-
(OACc),-4H,0, which is easy to handle and less expensive, as
a nickel source (Table 1, entry 3 vs. entry 2). Nonetheless,
17% and 77% conversions were obtained, respectively,
when the hydrosilylation of 0.2 mmol 1a was carried out in
the presence of 4 A MS (15 or 60 mg; Table 1, entries 4 and
S vs. entry 3). In addition, other nickel(IT) halides including
NiCl,, NiBr, and Nil, as well as [Ni(acac),] (acac=acetyla-
cetonate) showed poor to moderate activities (1-61 % conv.;
Table 1, entries 6-9 vs. entries 2 and 3). Moreover, as the
data in Table 1, entries 10 to 16 indicated, the reaction was
also strongly ligand-dependent. Among the various chiral di-
phosphine ligands screened, sterically more demanding li-
gands (S)-Tol-P-Phos (L1b, Table 1, entry 10) and (S)-Xyl-
P-Phos (Lle, Table1, entry11) possessed comparative
levels of activity and asymmetric induction with those of
parent ligand (S)-P-Phos (Table 1, entry 3) under otherwise
identical conditions. Moreover, when the reaction was con-
ducted in nitrogen, the reaction rate was lower than in air
(Table 1, entry 17 vs. entry 13). Finally, upon increasing the
catalyst loading to 10 mol %, full conversion and 90% ee
were attained at 30°C by prolonging the reaction time to
64 h (Table 1, entry 18 vs. entry 3).

Further investigations demonstrated that both silanes and
solvents had pronounced influences on the reaction activi-
ties. For instance, by selecting Ph,SiH,, Ph;SiH, PMHS
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Table 1. Selected optimization of conditions for the nickel-catalyzed
asymmetric hydrosilylation of 4'-nitroacetophenone 1a in air./"

o 1. 5 mol% ligand*, 5 mol% nickel salt OH
/@)\ 2 equiv PhSiHg, 4A MS /@/’\
toluene, 45 °C, 40 h, in air

oN" 2. HC (aq) O2N (922
Entry Nickel salt Ligand Conv. [%]™ ee %]
1 NiF, Lla 23 79
2 NiF, Lla 99 87
3kl Ni(OAc),-4H,0 Lla 98 87
410 Ni(OAc),-4H,0 Lla 17 81
stel Ni(OAc),-4H,0 Lla 77 85
6 NiCl, Lla 61 80
7 NiBr, Lla 3 n.d.M
8 Nil, Lla <1 n.d.
9 Ni(acac), Lla 26 71
10 Ni(OAc),-4H,0 L1b 99 84
11 Ni(OAc),-4H,0 Llc 97 88
12 Ni(OAc),4H,0 L2 90 34
13 Ni(OAc),-4H,0 L3 47 76
14 Ni(OAc),-4H,0 L4 5 23
15 Ni(OAc),4H,0 L5 3 2
16 Ni(OAc),4H,0 L6 10 15
17 Ni(OAc),-4H,0 L3 18 77
181 Ni(OAc),4H,0 Lla 99 920

[a] Reaction conditions: 33.0 mg substrate, substrate concentration 0.2m
in toluene; 30 mg 4 A MS added unless otherwise noted. [b] The conver-
sions were determined by NMR spectroscopy and GC analysis. [c] The ee
values were determined by chiral GC analysis. The absolute configura-
tion was determined by comparing the retention times with known data.
[d] The reaction was carried out in the absence of 4 A MS. [¢] 68% con-
version and 86 % ee were obtained in the presence of 1.2 equiv PhSiHs.
99% conversion and 88 % ee were obtained in the presence of (R)-L1a.
[f] 15 mg 4 A MS were added. [g] 60 mg of 4 A MS were added. [h] n.d. =
not determined. [i] N, atmosphere. [j] 10 mol% Ni salt and 10 mol %
ligand were used; reaction temperature 30°C, reaction time 64 h, 95%

isolated yield.
N A
7 PAre O PPh
MeO 2 PPh,
PAr.
2 MeO O PPh, PPhy
L2 (S)-MeO-BIPHEP L3 (S)-BINAP

L1aAr= CGHS S) -P-Phos
L1b Ar = 4-MeCgH,, (S)-Tol-P-Phos
PPhy Q
o Q S e, )
O \\J> Fe P
\

Lic Ar = 3, 5-Me;CgHg, (S)-Xyl-P-Phos
PPhy

L4 (S,5)-DIOP L5 (S,S)-Me-Duphos L6 (S)-(R)-Josiphos

(poly(methyl hydrosiloxane)), (EtO);SiH, or (EtO),MeSiH
as the stoichiometric hydride donor, lower conversions or
almost no reaction were detected. Besides, toluene was
a much better solvent for the reaction than, for example,
CH,(Cl,, 1,4-dioxane, THF, and CH;CN.

With the aforementioned preferred conditions in hand,
we set out to establish the general utility of this nickel-cata-
lyzed protocol for the enantioselective hydrosilylation of
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Table 2. Nickel(IT)-catalyzed asymmetric hydrosilylation of ketones using
(8)-Xyl-P-Phos in air.!
1. 10 mol% (S)-Xyl-P-Phos
10 mol% nickel salt

o} 2 equiv PhSiHg, 4A MS OH
toluene, 55 °C, 72 h, in air *
Ar)J\ Ar)\
1k 2 HCl(a 2bk
Entry  Ketones Nickel salt Yield [%]®  ee [%]¢
1 o Ni(OAc),4H,0 <5 nd.
2 ©)\ NiF, <5 n.d.
1b
3 0 Ni(OAc),4H,0 <5 nd.
4 D)k NiF, <5 n.d.
Me 1c
(o]
5 /©)\ Ni(OAC)4H,0 91 80 (S)
FaC 1d
3
(o]
6l /@* NiF, 87 82 (S)
NC 1e
(o]
714l /@* Ni(OAc),4H,0 71 73 (S)
MeO,C 1
(o]
8 F:’C@)k NiF, 34 71 (S)
19
o
o NC@* NiF, ) 61 (-)
1h
o
FsC
10t " Ni(OAc),4H,0 97 87 (S)
CF3
[¢]
FsC
11 1 NiF, 78 86 ()
CF3
o
E
12 Dﬁ‘\ NiF, 68 67 ()
F F 1k

[a] Substrate concentration 0.10-0.15M in toluene. [b] Yield of isolated
product. [c] The ee values were determined by chiral HPLC or GC analy-
sis. The absolute configuration was determined by comparing the reten-
tion times with known data. [d] The reduction of the functional groups
on the phenyl ring was not observed. [e] Reaction temperature 45°C.

a selection of aryl alkyl ketones 1b-1Kk in air, and the repre-
sentative results of these studies are summarized in Table 2.
Our previous studies on the cobalt-catalyzed asymmetric hy-
drosilylation of aryl alky ketones indicated that the electron-
ic nature of the substituents on the phenyl ring of the keton-
ic substrates had a dramatic effect on the reaction activities,
and the substrates bearing an electron-withdrawing aryl
group reacted favorably to give higher yields and enantiose-
lectivities. Interestingly, a similar phenomenon was again ob-
served in the present nickel catalyst system. As illustrated in
Table 2, entries 1 to 4, under a given set of reaction condi-
tions, the reduction of either acetophenone (1b) or 4-meth-
ylacetophenone (1¢) was found to be rather sluggish (<5 %
yield) irrespective of the use of Ni(OAc),4H,O or NiF, as
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the catalyst precursor. Whereas, transformation of aryl alkyl
ketones possessing electron-withdrawing substituents pro-
ceeded to provide the corresponding alcohols in 34-97 %
yield and 61-87 % ee (Table 2, entries 5-12). The exact role
of the electronic nature of the substituents on the phenyl
ring of the ketonic substrates for the reaction reactivities re-
mains unclear at this stage. It appeared that in the final step
of the catalytic cycle, the nickel alkoxide intermediate
[{(Ar)(R)C(H)O}NIL*(OAc)] undergoes o-bond metathesis
with PhSiH; between Ni—O and Si—H bonds to afford the
silyl ether and regenerate active species nickel hydride
[(AcO)NIHL*] (L*=(S)-1¢). This is postulated to be the
rate limiting step, and the electron-withdrawing groups on
the nickel alkoxide might be favorable for the transmetala-
tion between nickel and silicon.”*”!

In addition, the outcomes of the reaction depended on
the positioning of the substituents on the arene ring of ke-
tones. Substrates with a para-substituted electron-deficient
aryl groups (1a, 1d-1f) reacted favorably to afford the de-
sired alcohols with higher enantiopurity in better yields (73—
90% ee, 71-99% vyield; Table 1, entry 17 and Table 2, en-
tries 5-7) when compared to the substrates with meta-substi-
tution (1g and 1h; Table 2, entries 8 and 9). Furthermore,
several other aryl alkyl ketones containing two or three
electron-withdrawing substituents (1i-1k) also underwent
effective and stereoselective hydrosilylation in air (Table 2,
entries 10-12).

In conclusion, with appropriate amounts of 4 A MS as ad-
ditives, the Ni"-catalyzed stereoselective hydrosilylation of
a variety of electron-deficient aryl alkyl ketones was realiz-
ed for the first time in the presence of catalytic amounts of
nickel(IT) salt and enantiomerically pure (S)-Xyl-P-Phos
ligand as well as the stoichiometric hydride source PhSiH;
with moderate to good enantioselectivities (up to 90 % ee).
Noticeably, the reactions can be carried out in air atmos-
phere without special precautions, which highlights the prac-
tical potential of this protocol. Studies aimed at expanding
the scope of the present catalyst system and investigating
mechanistic features relevant to the above factors are under-
way in our laboratory.
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Out of thin air: Catalytic amounts of o (zsé-)g\l;';hps::is' z‘;"‘\jésa“ oH Asymmetric Catalysis

nickel(I1) salt and non-racemic dipyri- PR To,gene’ in iy I —
dylphosphine ligand, as well as the sto- AAr_ T 2.HCI (@a) opy 6:“ Q;O/R Fei-Fei Wu, Ji-Ning Zhou, Qiang Fang,
ichiometric hydride source PhSiH;, R = Me or Et ¢ e Yi-Hu Hu, Shijun Li, Xi-Chang Zhang,
formed an effective catalyst system for NS oA Albert S. C. Chan, Jing Wu* 1111-1111
the Ni"-catalyzed asymmetric hydrosi- Me0 Y 2 . N .

lylation of a Ziverse };ange of el(-}:/ctron- MZO '(L\sr)fxs]-sp-hgiiisHs Nickel(II)-Dipyridylphosphine-Cata-
deficient aryl alkyl ketones with enan- N/ ] ' lyzed Enantioselective Hydrosilylation
tioselectivities up to 90 % ee. The prac- OMe of Ketones in Air

tical potential of the protocol was
evinced by its good air-stability.
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