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In view of the paramount importance of ketones in the synthesis Table 1. Ni-Catalyzed Coupling of Acyl Fluorides and Ph,Zn
of a wide variety of pharmaceutical and material-science target mol- Entry?  Acyl Fluoride®  Reaction Time Product _ Yield(%)°
ecules! extensive efforts have been made for efficient synthesis of

97

o] (o}

this fundamental functionali§/Transition metal-catalyzed cross-coup- 1 @F 10 min @* Pho 7
ling reactions of organometallic reagents with carboxylic acid deriv- z. ; z. 02
atives present a powerful and convergent approach to ketone syn-
thesis? These new approaches have the advantage of avoiding strong- 2 /@:%F z2n /@i\i% ”
ly basic and nucleophilic reaction conditions typically associated wPr o i o
with protocols such as the Weinreb amide apprdddbwever, the MeO . MeO on
current state of the art, although enabling in fundamental reaction e 5 omn 6 %
design, is typically limited to simple electrophilic partners devoid OMe OMe
of eliminatable groups and epimerizable stereocefitérsandful 4 s. [ 10 min s [ -
of exceptions to this generalization have appeared, with Fukuyama’s @/IfF AN
thioester cross-coupling being perhaps the most versatile protocol, 2 ' Q
although it requires the use of excess nucleopgttlerein we report ° \/\)J;F o W#,Ph ®
the rapid cross-coupling of acid fluorides with organozinc reagents Q o
tolerating epimerizable stereocenters and transferring both groups 6 O)ﬂ 10 min O)J\Ph 92
from zinc in the presence of a versatile catalyst. " 12

We identified acid fluorides as potentially versatile acid deriva- Qo o _ QO o
tives since they are widely used in peptide coupling under conditions 7 ONF 1omin ONP“ o
that do not lead to epimerizatidiicy! fluorides are easily prepared o 13 o 14
from carboxylic acid$, acid anhydride§,and acid chloride® in M _ e
good yields and typically exhibit greater stability toward water and 8 ©)\/:EF 80 min . %
neutral oxygen nucleophiles than corresponding acid chlofidibis 0 0
allows for their isolation through organic extraction and flash silica 0 @Ni’:h 30 min "
gel chromatography. F Ph
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We applied reaction conditions previously developed for anhy-
dride monoalkylation to the coupling reaction of benzoyl fluoride ~ ®All reactions were conducted in the presence of 10 mol % Ni(GOD)

i i iny10-12 ; 12 mol % pyphos, 20 mol % 4-fluorostyrene, and 0.55 equiv GZRhn
and PhZn in the presence of Ni(CORand bipy: The coupling THF for 10—-30 min at 23°C, unless otherwise statetlAcyl fluorides are

reaction proceeds smoothly at room temperature with only 0.55 prepared by treatment of acids with DAST or Deoxo-Fluor 4€0for 30
equiv of Phzn, affording2 in 70% yield after 0.5 h, indicating min. ¢ Isolated yield 9 Reaction was conducted in the presence of 5 mol %

that both groups are transferred from zifc. benzoic acid.

o 0.55 equiv Ph,Zn 5 % pyphos, and 20 mol % 4-fluorostyrene at room temperature,

Py 10 ot %g)f)z o afford coupling products between #2Zm and a variety of acyl
Ph™ “F 20 mol% 4-fluorostyrene . " 5 Ph fluorides in good to excellent yields (Table 1). In most cases, the
! THF, 23°C Yoand Jeld (%) reaction proceeds to completion in 10 min. It is worth noting that
m pygphos 7 o7 the reaction proceeds well albeit much slower with an extremely

N PPh, ?{%_phenanthm”ne 2(7’ bulky acyl fluoride such a8, providing the ketone in 77% yield.
pyphos dppe trace A range of functionality is tolerated, including thiophene, alkenes,

and acetals. Significantly3-alkoxides are well tolerated, with
We have found that the reaction is very sensitive to ligand (eq substr_ateﬂS_andlS providing high y_ield of ketones, entr_ies 7 and
1), with pyphos [(2-diphenylphosphinoethyl)pyridiebeing su- 8. Amino acids may be converted into the corresponding ketones
perior. With this ligand, in situ IR spectroscopy indicates the acyl Without epimerization, entry 9.
fluoride band at 1845 cnd disappears in 3 mitf In the absence Treatment of benzoyl fluoride with M&n as a nucleophile using
of Ni(COD),, no product is observed on TLC even after a mixture standard reaction conditions affords the corresponding methyl
of PhCOF, PkZn, pyphos, and 4-fluorostyrene in THF is stirred ketone in 92% vyield (entry 1, Table 2). WhenEt is used, no
overnight at room temperature. Without 4-fluorostyrene, the isolated aldehyde is observétiand the ethyl ketone may be isolated in 90%
yield of benzophenone is only 18% after 16 h, consistent with Yield® Anisopropyl group can be transferred without concomitant
previous observations about the beneficial effect of these addifives. isomerization (entry 3). In the case of functionalized organozinc
Our optimized reaction conditions, 10 mol % Ni(CQP)2 mol reagent derived from [(1-ethoxycyclopropyl)oxy]trimethylsil&fe,
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Table 2. Alkylzinc Nucleophiles
0.55 eq. RpZn
j)\ 10 mol% Ni(COD), j\
Ph™ “F 20 mol% 4-fluorostyrene PR R
1 THF, 23 °C, 10 min 19a-d
entry? RZn R yield (%)?

1 MexZn Me (199 92
2 EbZn Et (19b) 90
3 i-PraZn i-Pr (199 91
4 (EtO,CCH,CHy)2Zn CH,CH,CO,Et (19d) 95

aSee Table 1% Isolated yield.

the desired coupling product may be isolated in 95% yield without
formation of O-acylation produét

One of the current shortcomings of metal-catalyzed ketone syn-
thesis is that epimerizable functionality has not been extensively
illustrated to participaté222The use of acyl fluorides allows this to
occur. Lactate-derived acyl fluorid9 undergoes the reaction in good
yield without loss of stereochemical integrity, whi?2 also par-
ticipates well with no elimination or epimerization (egs 2 and>3).

o] 0.55 eq. RyZn ]
P. 10 mol% Ni(COD), PN )
v °F 12 mol% pyphos T~ R
OBn 20 mol% 4-fluorostyrene OBn

20 (92% ee)  THF, 23°C, 30 min R = Ph (21a) 71% yield, 92% ee

R=Et(21b) 87% yield, 92% ee
0.55 eq. RyZn
o &n 10 mol% Ni(COD), e Bn

OWF 12 mol% pyphos o R
R 20 mol% 4-fluorostyrene z

}’0 O  THF,23°C,1h TR o

B4 (i’ R=Ph(23a) 94% yield

22 R =Et(23b) 97% yield

In order to render this reaction more practical, we have found
that air-stable Ni(acag)may be used as a precatalyst in place of
the air-sensitive Ni(COD) As a further testament to the practi-
cality of this protocol, we have conducted this reaction using 1.0 mol
% Ni(acac), 1.2 mol % pyphos, and 2.0 mol % 4-fluorostyrene on
a 40 mmol scale to afford9b in 93% yield after 5 min at 23C
(eq 4)=

o] 1.0 mol% Ni(acac),

0]
o @

Ph)]\F + Et,zn _1:2mol% pyphos
06 eq,) 2.0mMol% 4-flucrostyrene
1 %% ThE o5, 5 min 03% field

We have extended this protocol to other acid derivatives. Impress-
ively, acid chlorides, anhydrides, acyl cyanides, thioesters, and even
pyridyl and aryl esters are good reaction partners with this catalyst

(Table 3), providing the coupling product in excellent yields with
slightly longer reaction times.

Table 3. Other Acid Derivatives as Coupling Partners

entry? RCOX reaction time yield (%)°
1 PhCOCI 10 min 97
2 PhCOCN 30 min 93
3 PhCOSEt 2h 92
4 PhCOOC@G-Bu 1h 91
5d (PhCOX}O 30 min 95
6d (PhCOX}O 30 min 68
7 PhCOO-2-Py 6h 95
8 PhCOS-2-Py 10 min 95
9 PhCOOPH 5h 50

aSee Table 1° Isolated yield.c Technical grade (PhC@) (90%) was
used.? Performed with 1.1 equiv of BAn. € Reaction was conducted at
60 °C.

In summary, an efficient ketone synthesis protocol has been
developed by Ni-catalyzed cross-coupling of acid fluorides and

organozinc reagents. The procedure can be applied to a variety of
acid derivatives, including pyridyl esters and tolerates epimerizable
stereocenters.
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