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Enantioselective

metabolic stability, conformation, hydrogen-bonding ability, or R Electrophilic Alkylation F
chemical reactivity. Thus, the number of drugs or agrochemicals 1 Fluerination 3

with at least one fluorine atom has increased dramatically over the Figure 1. Enantioselective access to tertiasfluorinated ketones.
past yeard.However, a structural evaluation of fluorinated drugs

reveals that only a small number possess a stereogenie (sp

The presence of a fluorine atom can often modify the activity o o
of a bioactive molecule by changing its solubility, lipophilicity, E)K(R <: FE—— E)K(R

Table 1. Reaction Optimization for the Allylation of 4@

hybridized) carbon atom bearing fluorid&he limited number of A ~OCOE
methods allowing the asymmetric synthesis of fluorinated com- oTms  [Pd(CsH5)CIl2 (1.25-5 mol%) 0

T . . . ligand (3.1-12.5 mol%) F
pounds is likely to be a reason for this lack of divergignd the F TBAT (35 mol%) WNF
development of novel methodologies is therefore highly desifable. O‘ solvent (0.1 M)

o-Fluorocarbonyl compounds, in particular tertiawyfluorinated

ketones 2, Figure 1), is a class of fluorinated compounds that has N °
received much attention recenflyTwo main strategies for the Pd catalyst T yield ee
enantioselective preparation of tertiasyfluorinated ketones2) entry” (mol %) ligand solvent Q) 08¢ 0o
have been investigated so far (Figure*1). 1 5 6 THF 20 traces  n.d.
The best results obtained thus far using these strategies necessitate g g ; $EE 38 gg 10
the use ofs-ketoester derivatives as starting substrate. In the first 5 9 THE 20 37 o1
case L — 2), Tognif Sodeokd, and others® have shown tha? 5 5 9 CH,Cl, 20 50 26
could be produced froni (R = carbonyl) by using chiral metal 6 5 9 EO 20 62 93
complexes (Ti, Pd, Cu, etc.) along with an achiral electrophilic ; g g ?;L‘éﬁge 22(? 7736 532
source of fluorine. While promising results have been obtained with g 25 9 toluene 20 53 93
this strategy, the requisite use of 1,3-dicarbonylg;éwetophos- 10 1.25 9 toluene 20 47 93
phonates limits its general applicabilityviore recently, Nakamura 119 1.25 9 toluene 20 65 93
and Stoltz independently showed tt2atould be obtained fror 1 1.25 9 toluene 40 85 92
R= ally! ester) via a catalytic, enantioselective decarboxylation a Reaction time= 4 h. b Isolated yield< Determined by chiral HPLC
of racemica-fluoro-B-keto esterd? (see Supporting Information for details); n=el.not determined? Reaction

In the course of our study on the development of novel synthetic time = 17 h.
approaches to organofluorine compounds, we became interested OO
in the chemistry of fluorinated silyl enol ethe’sWe envisioned i Soni =l peh,  PhoP & PCV? PP,
that their use as nucleophiles in the palladium-catalyzed allylic 6 Jé} pph 7% e
alkylation reactiof?!3 could provide facile access to compounds R Trost lgans () RHSHOSFHOS (1) (RYEINAP () (S)4BuPHOX ®)
such a®. We envisaged that this reaction would offer the promise
of a general solution to the synthesis of fluorinated stereogenic
centers with the significant advantages over previously documentedscreening was then performed using the PHOX ligand. While the
procedures since it will not be limited to substrates containing use of CHCI, resulted in a marked decrease in enantiomeric excess
dicarbonyl compounds. We therefore describe herein the application(26% ee), the use of ED resulted in an improved yield (62%)
of this new approach to the development of the first enantioselective while maintaining the enantiomeric excess (93% ee). Finally, both
Pd-catalyzed allylation reaction of fluorinated silyl enol etHéss. benzene and toluene afforded the desired product in good yield
Initial studies were performed using the fluorinated silyl enol and excellent ee, and toluene was chosen for further optimiz&tion.
ether derived fromo-tetralone §)!¢ as substrate along with allyl ~ The effect of catalyst loading was next examined, and reducing
ethyl carbonate (1.1 equiv) as the allyl source, 35 mol % of the amount of catalyst from 5 to 1.25 mol % for a reaction time of
tetrabutylammonium triphenyldifluorosilicate (TBAT) to activate 4 h caused a significant drop in yield (73% to 47%), however
the silyl enol ether in sitd] and [Pd(GHs)Cl]; as the Pd catalyst.  without any influence on the enantiomeric excess (entrie$03.
Different ligands were then examined ugia 4 hreaction period Finally, a longer reaction time (17 h) and gentle heating at@0
using THF as the solvent (Table 1). No product was isolated using allowed the desired product to be isolated in excellent yield with
either the Trost ligand or Josiphos while BINAP furnisHgd in 92% ee (entry 12).
33% vyield but with a disappointing 10% ee. The uset-&u- With the optimal conditions in hand, a variety of substrates were
PHOX! dramatically improved the enantiomeric excess resulting examined (Table 28 A variety of allyl sources could be used,
in the isolation of the desired product in 91% ee. A solvent ethyl allyl carbonate (entries 1, 4, 5, 7, 9, and 11) could be
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Table 2. Reaction of Various Cyclic Fluorinated Silyl Enol Ethers?
yield ee
entry substrate product @) (%)
1 4 5 85 92
2! 4 5 75 92
F
3 4 @ﬁ\( 81 95
OTES
4 F 5 91 91
OTES
F F _
5 O‘ m\/ 83 90
MeO
10 MeO
qF
6 10 /(:ij\( 70 91
MeO
TES o
7 & F F 93 83
\—
1
0
F
8 11 (:[S'% 93 90
TESO OF
9 \ 65 85
12
OF ~\(
10 12 @@ 62 89
OTES
F 9 F P
1 @‘3\/ 52 90
13
12 13 62’ 87

QY

aReaction conditions: [Pd@Els)Cl]2 (1.25 mol %), §-t-Bu-PHOX (3.1
mol %), allyl ethyl carbonate or ethyl 2-methylallyl carbonate (1.1 equiv),
TBAT (35 mol %), toluene (0.1 M), 40C, 14-18 h.PIsolated yields.
¢ Determined by chiral HPLC (see Supporting Information for details).
d Diallylcarbonate was used instead of allyl ethyl carbongfthe reaction
was performed using [Pd¢Bs)Cl]2 (2.5 mol %) and §-t-Bu-PHOX (6.25
mol %). f The lower yields are due to product loss because of its low boiling
point.

substituted by diallyl carbonate (entry 2) with similar results while
the use of ethyl 2-methylallyl carbonate resulted in the desired
2-methylallylated products in good yield and excellent ee (entries
3, 6, 8, 10, and 12). Interestingly, the more stable TES silyl enol
ether was equally effective in this transformation (entry 4). This

reaction was examined in a range of five-, six-, and seven-membered

ketones, and in all cases, good to excellent yields ofottikio-

In summary, we have developed the first enantioselective Pd-
catalyzed allylation reaction of fluorinated silyl enol ethers. This
reactions allows the efficient and stereoselective synthesis of
allylated tertiaryo-fluoroketones from achiral fluorinated precur-
sors. Extension of this methodology to other classes of substrates
is currently underway and will be reported in due course.
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