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Research in my group is primarily aimed toward the development of
catalysts and catalytic reactions and methods for organic synthesis.
Ultimately, we are interested in using these methods to address
problems in the synthesis of complex molecules possessing
Interesting structural, biological and physical properties.
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Drugs Containing a Difluoroalkyl Group
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Incorporation of the Difluoromethylene Group
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Incorporation of the Difluoromethylene Group
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Incorporation of the Difluoromethylene Group
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Incorporation of the Difluoromethylene Group
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Incorporation of the Difluoromethylene Group
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Incorporation of the Difluoromethylene Group
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Proposed Mechanism
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Proposed Mechanism

CONH
enantioselective X 2
1,2-fluoroiodination ipy

........................................................................................................................

Jacobsen, E. N.: et al. J. Am. Chem. Soc. 2016, 138, 5000

12



Substrate Scope
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Substrate Scope
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Substrate Scope
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Substrate Scope
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Transformations of Products
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Transformations of Products
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Incorporation of the Difluoromethylene Group
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Chiral Anion Phase Transfer Catalysis
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Chiral Anion Phase Transfer Catalysis
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Entry Cat. (R) AgB Additive Yield (%) Ee (%)

1 H Ag,CO,4 none 77 94
2 Ag Ag,CO,4 none 74 94
3 Ag none none trace ND
4 none Ag,CO,4 none trace ND
5 Ag Ag,CO, 4AMS 84 94

Toste, F. D.; et al. J. Am. Chem. Soc. 2008, 130, 14984




Proposed Mechanism
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Chiral Anion Phase Transfer Catalysis
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Optimization of Reaction Conditions
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Substrate Scope
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Substrate Scope
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Substrate Scope
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Substrate Scope
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Synthesis of an Efavirenz Analogue

F. F
| BrF,C //

(S)-TRIP (10 mol) $

Cl
N [(DAB®),Br(BF4)s (1:2€9.) Cl o
Na,CO; (4.0 eq.), PhH )\
NHCOAr rt, 48 h N
3m (Ar = p-OMePh) 4m
1.0 mmol 60 yield, 99% ee

NaBH5CN, AcOH, rt

1. (Cl3C0),CO, Et3N, PhMe, 0 °C, 1 h o
’
2. CAN, 2:5 H,0/MeCN

BDF-efavirenz
59 yield (over 3 steps) 5

99% ee

29



Transformations of Products
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Transformations of Products
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The First Paragraph
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The First Paragraph

The difluoromethylene unit can confer a variety of unique
pharmacological properties to drug molecules, in addition to
the benefits typically associated with fluorinated functional
groups, such as increased lipophilicity, oxidative stability, and
modulated bioavailability. In a medicinal chemistry setting, the
CF, moiety acts as a lipophilic mimic for polar functional
groups, such as carbonyls and sulfonyls, and as a replace-
ment for a single oxygen atom in phosphates, sulfates, and
aryl ethers. Uniquely, the difluoromethyl group (RCF,H) has
been shown to be a lipophilic hydrogen bond donor because
of the high polarization of the C-H bond, allowing it to act as
a bioisostere of alcohols and thiols. Despite the immense
potential for difluoromethylene groups to mimic structural
motifs conventionally used for molecular recognition, a survey
of fluorine containing pharmaceuticals reveals relatively few
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The First Paragraph

difluoromethylene moieties. Traditional synthetic methods,
such as difluorination of carbonyls or carbonyl surrogates,
feature harsh, acidic conditions where heterocycles and acid
sensitive functional groups are not well tolerated. More
Importantly, substitution at the a-position hinders reactivity
and leads to carbocation rearrangement pathways, which

precludes the applicablility of these protocols to compounds
with a-stereocenters.

34



The Last Paragraph
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The Last Paragraph

In summary, we have developed an approach for synthesizing
bromodifluoromethyled stereocenters from difluoroalkenes via
an enantioselective  bromocyclization strategy. This
transformation was facilitated by chiral anion phase-transfer
catalysis and featured a strong dependence of the achiral
brominating reagent on a variety of observed selectivities.
Enantioenriched  bromodifluoro-containing  heterocycles,
Including an efavirenz analogue, were synthesized using this
approach. Importantly, further derivatization of the
bromodifluoromethyl group provides access to cyclic and
acyclic compounds bearing difluoromethylene- and
difluoromethyl containing tetrasubstituted stereocenters from
a commaon precursor.
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Representative Examples

We posited that the enantioselective bromocyclization of
readily accessible difluoroalkene-containing compounds to
the corresponding CF,Br group would enable a general
approach for accessing tetrasubstituted difluoromethylene-

containing stereocenters. (H#&HiRE WA FIHE)

After slight adjustment of the reaction conditions, the
bromocyclization of substrate 3m to 4m was achieved with a

60% isolated yield and 99% ee on a 1.0 mmol scale. (E{2—
= SLHINEEY
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Keck Radical Allylation
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