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Research:

Research in our group focuses on developing new methods and reagents that
can potentially solve long standing synthetic problems. In particular, we are
interested in exploring transition metals-catalyzed stereoselective formation
of C-C, C-O, and C-N bonds. The methods that we have developed will be
applied as the key steps toward the synthesis of complex oligosaccharides,
amphidinoline N, communesin B, and phorbaside.
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S(SH) 2.5 1.85 1.80 65 1.82
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Introduction: Natural Organofluorine Compounds

1. Only 13 naturally occurring fluorinated compounds are known

O 0
F\)kOH F I F(CH,)gCH=CH(CH,);COOH
Fluoroacetic acid Fluoroacetone o-Fluorooleic acid(and some other fatty acids)
NH,
N
SN
H,N 4
" <NJI\/N:
o0
HOOC OH OH O
HOOC X _COOH [ F
Q\;/ MOH H H
F NH,
2-Fluorocitric acid 4-Fluorothreonine 4'-Fluoro-5™-O-sulfamoyladenosine

D. B. Harper, D. O’Hagan, Nat. Prod. Rep. 1994,123.
2. Only 21 biosynthesized natural molecules containing fluorine are known

G. W. Gribble, in Progress in the Chemistry of Organic
Natural Products Vol. 91 (eds A. D. Kinghord, H. Falk &
J. Kobayashi) 1-613 (Springer, 2009).
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Challenges:

€ Strong metal-fluoride bonding
€ High basicity of desolvated fluoride

€ Allylic fluorides to act as a leaving group
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Pd-Catalyzed Asymmetric Synthesis of Allylic Fluorides

Cl Pda(dba)s (5 mol%) F, Q
\(j (RR)-L (10 molo) @ it Wt
.
X AgF (1.1 eq.) x| PPh, PhyP

THF, RT, 24 h
(+/-) Ll
Fl/, F""n F'I/,
lm,@ * ln.@
X trans (5:1) cis

X = C, 85% yield, 88% e€e O,Me CO,Me
X = 0, 62% vyield, 90% ee 68% vyield, 90% ee, 70% yield, 91% ee
X = NTs, 74% yield, 96% €e 14:1 dr & 85% ee, 3:1 dr

M. H. Katcher and A. G. Doyle, J. Am. Chem. Soc. 2010, 132, 17402.
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Pd-Catalyzed Asymmetric Synthesis of Allylic Fluorides

sz(db a)3 (5 mol%)

R_ A (RR)- g (10 mol%) A
Cl
T e o o
' Toluene, RT, 48h O PPh, Ph,P O

F
R = OTBS, 84% yield, 58% €€
BnO Z /\H)\/ R = CHO, 67% yield, 71% €€
° R 4 R = Br, 66% yjeld, €€: ND

78% yield, 58% €e

F
F
/\/'\/ 2 (DG B yield, 500 O
O G X = 0, 62% yield, 97% ee
X X = NBoc, 85% yield, 93% €€
83% vyield, 21% €€ X = NCbz, 88% yield, 93% €€

M. H. Katcher, A. Sha and A. G. Doyle, J. Am. Chem. Soc. 2011, 133, 15902.
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Rh-Catalyzed Asymmetric Synthesis of Allylic Fluorides

O : P'Bu,
R [Rh(COD)CI]2 (4 mol%) N
j ] / N (R.S)-ppf-P'BU; (8 molt@ gp%
Etz;N*3HF (3.0 eq.) F\\\““ :
— EtOAc, 50 °C

-
X=c N (R.S)-ppf-P'BU
' (Josiphos)
OEt
NN
F\\‘ \\\ F\\\““ /
OH H

R=F, 76% yield, 96% ee 40% yield, 949% ee 29% yield, 90% ee

R = Me, 79% yield, 96% ee

R = OMe, 67% yield, 99% €€

R = Br, 53% yield, 96% €€

J. Zhu, G. C. Tsui and M. Lautens, Angew. Chem. Int. Ed. 2012, 51, 12353.
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Ir-Catalyzed Asymmetric Synthesis of Allylic Fluorides

[IrCIL]2 (2.5 mol%) E
/g Et3N-3HF (1.5 eq.) =
o) NH :

X :
XW MTBE, 25 °C RN N
R” ; = up to 99% ee

H. M. Nguyen et al. J. Am. Chem. Soc. 2015, 137, 11912;
ACS Catal. 2018, 8, 790.
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Discovery of Ir-Catalyzed Allylic Fluorination

CCl
3 [IrCI(COD)]2 (5 mol%)
/g Et;N*3HF (3 eq) F
@) NH > R
Et,0, 25 °C, 1-2 h G
R =
5 6, 64-93%, b/l >99:1
CCl, -
= /g [IrCI(COD)]2 (5 mol%) =
> @) P~
O P MTBE, 25 °c, 2 h
7, 94% ee 8, >99% Conv. 0% ee

J. C. Mixdorf, A. M. Sorlin, Q. Zhang and H. M. Nguyen, ACS Catal. 2018, 8, 790.
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Proposed DYKAT-Based Synthesis of Allylic Fluorides

9
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Reaction Optimization

CCl,

O/gNH

Iridium Comp|ex

.
> \Q\H/O\j\/
17

o _ Et;N*3HF
16
entry  Ircomplex  solvent °MP ELNHF - time  yield — ee
°C)  (eq)) (h) (%)°  (%)?
12 [IIC(COE),l/L2 EtO 25 3 12 51 13
2a  [ICI(COE),l,/L3 EtLO 25 3 12 3 13
3%  [IICI(COE),l/L4 EL,O 25 3 12 52 3
42 [IICI(COE),l/L5 EL,0 25 3 6 95 66
52 [IICI(COE),l/L6 ELO 25 3 6 05 62
62 [IICI(COE),l/L1 EtLO 25 3 6 95 81
7b [(IrCI(L5)], E,0O 25 3 6 o1 79
gb [IFCI(L5)], Et,0 25 15 6 95 84
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Chiral Diene Ligands

A AR

L2 L3

L6: Ar = 4-MeO-CgH,
L1: Ar = 4-F-CgH,

Me

L4

OMe

Bn
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Reaction Optimization

entr Ir complex solvent €MP  ELNHF — time yleld ee
Y P ©C)  (eq.) hy  (@)F (%)
gb [IrCI(L5)], Toluene 25 1.5 6 95 83
10b [IrFCI(L5)], DCM 25 15 6 95 77
115 [(IrFCI(L5)], THE 25 15 6 95 87
12b [IrFCI(L5)], MTBE 25 15 6 95 88
130 [IrFCI(L5)], MTBE 40 15 4 95 86
14be  [IrCI(L1)], MTBE 25 1.5 1 99(82) 93(93)

& The diene-ligated iridium complex was generated in situ from 2.5 mol %
[IrCI(COE),], with 5 mol % ligand, L1-L6. »2.5 mol % [IrCI(L,,)], complex (L5 or L1)
was utilized in the reaction. ¢ Determined by °NMR analysis using PhCF; as an

internal standard. 9 Determined by chiral HPLC. © Isolated yield.
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Derivatization of Allylic Fluoride 17 for X-ray Analysis

Hoveyda-Grubbs ”
\/\/
DCM, 40°c, 12h

17, 93% ee 19, 63% yield, 92% €€ Br

p—— g_xy_(_ﬁ—a::z——@
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Scope of B-Oxygen-Substituted Imidate Substrates

CCl
3 [IrCI(S.S)-L 11 .
/g EtsN®3HF (1.5 equiv) :
O NH > o
MTBE, 25 °C RT NSNS
R/O\)\/
branched:linear >99:1
F c
i F o_ A
Ph O\/'\/ g ~ N\ F
\ﬂ/ TBDPSO\/‘\/
MeO
20, 75% yield, 93% €€ 21, 70% vyield, 95% €€ 22, 77% yield, 95% €€
F

il T
il T

o i
\/\/ i X :
Ny 4 RN \\(_‘)4/0\/\/

Br
23, 70% yield, 92% ee 24, 61% vyield, 95% €€ 25, 74% yield, 99% €€
F F
F F
17, 83% yield, 93% €€ ent-17, 63% vyield, 91% ee
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Scope of a-Linear and a-Branching Substituted Imidates

CCly
/J% [IrcI(S,S)-L 1] F
NH Et;N®3HF (1.5 i H
O 3 ( equw)> /\/\/
/\)\/ MTBE, 25 OC : :
: : X ,""
X o
T branched:linear >99:1

il T
m T
ul T

P NN o NN 1ppsor NN

26, 82% yield, 90% €€ 27, 90% yield, 92% ee 28, 69% yijeld, 95% €€
F F
BnOW
* TsN CbzN
29, 75% yield, 94% ee 30, 69% yield, 93% €€ 31, 90% yield, 94% €€
F F a
TsN CbzN
32, 78% yield, 86% €€ 33, 77% yield, 88% €€ 34, 65% yield, 0% €€
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Scope of Nitrogen-Containing Imidate Substrates

r

R
F
§
\©\S/N\/\/

o Yo

35, R = Me, 88% yield, 49% €€
36, R = NO,, 95%yield, 82% €€

Me
PMP F
I g
S/N\/\/

& o

38, 79%yield, 90% €€

O,N

F
Ho§
S/NN
7 N
\o,8” Yo

37, 90% yield, 91% €€

/@\ PMP F
| H
N H
Me s~ \/\/

o o

39, 93% yield, 91% €€
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Scope of Nitrogen-Heterocycle-Substituted Substrates

g
— F
H 40,R=H, 73% yield, 88% €€
NeF 4L R=F, 55% yield, 90% ee
R 42, R = OMe, 67% yield, 91% €€
R

Q 43, R = H, 65% yijeld, 94% €€
F 44, R = OMe, 62% yield, 84% €€
N\/:\/
R
= I_:

NN AF 45, 5% yield, 96% ee
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Scope of Allyic Imidate Substrates Bearing a-Stereocenter

imidates

[Ircl(S.S)-L1),

[IrcI(R,R)-L1],

Me =

(dr = 25:1)

Me\/'\/
C=)Bn
46, 52% (dr = 14:1)

Me

Bn
48, 55% (dr = 17:1)

Ts

R

50, 62% (dr = 17:1)

=l T

=
Me\/'\/

6Bn
47, 98% (dr = 43:1)

F
Me

\

Bn
49, 63% (dr = 13:1)

51, 71% (dr > 99:1)
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Fluorination of Carbohydrate and Estrone

BnO
BnO

[Irci(S,S)-L1),
52, 62% (dr = 4:1)

2\7

F

O\/'\/
Estrone”” F

Estrone

[IrcI(R,R)-L1],
53, 81% (dr > 99:1)

Estrone”” \/\/ 54, 75% (dr= 13:1)

BnO Svie

[Ircl(S.S)-L1),

[IrCI(R.R)-L1];
55, 61% (dr= 24:1)
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Asymmetric Synthesis of Disubstituted Allylic Fluoride

CCl,

/J% [Irci(S,S)-L1},
07 XNH

EtzN*3HF (1.5 equiv)
>

W MTBE, 25 °C PhW
Ph
56 Me

Me 82% yield, 20% €e

[ir] Ph/ﬁ m "
Ph/\/\:::];/ i)

anll T

-

VS.
Me
_ Me
Syn ™allyliridium Anti T=allyliridium
A (1,2) interaction A (1,3) interaction
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Synthesis of a 15-Fluoro-Prostaglandin Fragment

Q

CCl,

OANH

QN

il T

[IrCI(S:S)-L 11

EtzN®3HF (1.5 equi
3 ( qU|v)>

MTBE, 25 °C

OTBS

3 Steps

57, 82% yield, 92% €€ 5%/
b/l >99:1

Hoveyda-Grubbs !
DCM, 40°C, 12 h
F
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Synthesis of Bioactive P7C3-A20 Target

Br Br

CCl,
/K [Irci(S,S)-L1),
O NH  EtN®3HF (1.5 equiv) F NalO,, 0sO,
- s e
O N\)\/ MTBE, 25 °C O N\/\/ 2,4-lutidine
Br

Br
60, 90% yijeld, 94% ee
b/l >99:1
Br
— Br —
Q NaBH;CN ! E
F > NGO N OMe
z H,N OMe
! o 2 O \/\/
Br
Br \/Y 62
H
— 61 - 62, 66% yijeld, 88% €€
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Summary

Doyle’s work

Lautens’ work

Nguyen’s work
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The First Paragraph

Over the past decade, fluorine-containing molecules have
become increasingly important in several fields including
medicinal chemistry, positron emission tomography (PET)
Imaging, agriculture, and materials science. The introduction
of carbon—fluorine bonds into organic molecules can lead to
Improved bioavailability and, in turn, the efficacy of fluorinated
drug candidates over their nonfluorinated parent compounds
by affecting a wide variety of properties including pK_,
lipophilicity, metabolic stability, and binding affinity. Roughly
30% of agrochemicals and 20% of pharmaceutical targets
currently on the market contain at least one fluorine atom. As
a result, numerous methods have been developed to address
the unmet challenges previously associated with the
syntheses of aryl fluorides and enantioenriched aliphatic
fluorides via nucleophilic fluorination.
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The Last Paragraph

A useful catalytic enantioselective synthesis of branched
allylic fluorides, from the reaction of racemic allylic
tricloroacetimidate substrates with a mild Et;N-3HF reagent,
has been developed utilizing chiral bicyclo[3.3.0]octadiene-
ligated iridium complexes. We propose this catalytic process
IS likely to operate through dynamic kinetic asymmetric
transformation (DYKAT) of racemic secondary allylic
substrates. The scope is suitable for a wide variety of allylic
trichloroacetimidates bearing a-branching, a-linear, 8-oxygen,
and pfB-nitrogen substituents, providing the fluorinated
products in good yields with excellent branched-to-linear
ratios and enantioselectivities. The current fluorination
methodology Is also suitable to generate allylic fluorides
possessing two contiguous stereocenters with excellent
catalyst-controlled  diastereoselectivities  using  either
[IrCI(S,S)-L1], and [IrCI(R,R)-L1], catalysts. Importantly, the
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The Last Paragraph

fluorination of carbohydrate and estrone-derived substrates,
bearing multiple stereocenters, proceeds with excellent
diastereocontrol. The methodology is, however, limited to
allylic imidate substrates having 1,1-disubstituted double
bonds. The utility of the fluorination process has been
demonstrated Iin the rapid and asymmetric synthesis of
biologically relevant 15-fluoro-prostaglandin and
neuroprotective P7C3-A20. We anticipate that these findings
have important future implications for designing other
catalytic enantioselective processes utilizing racemic allylic
trichloroacetimidate substrates and transforming this
methodology to radiofluorination.
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