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Introduction

* F. Dean Toste, now in UC Berkeley

e C(Career:

Full Professor since 2009-now

Associate Professor 2006-2009

Assistant Professor 2002-2006

Faculty Scientist Lawrence National Lab Since 2007

* Education:

B.Sc&M.Sc in University of Toronto with Prof. Ian Still (1989-95)
Ph.D. in Stanford University with Prof. Barry M. Trost (1995-2000)
Postdoc in CalTech with Prof. Robert H. Grubbs (2000-2002)

* Place of Birth:
Portugal, then moved to Canada



Introduction

Publications:

Ph.D.12 papers
Postdoc 1 paper

Independent career: 163 papers so far
Gold related: 79 papers
Chiral anion phase transfer related: 19 papers

Over 73 papers are assymmetric transformations
TM involved: Au, Ag, Pd, Re, Ru, Ga, V, Co, Cu



Chiral Anion Phase Transfer Catalysis



Asymmetric Ring Opening

Ring Opening of Aziridinium

R*-OH Ph. _+R'
Phj,m 15 mol% 2b )N‘ ) Ph. ,OR®
R ]’

Ph N’R1 Q Ph "‘N‘R1
0.6 eq AgzCO3 — A—B- |
R? 4 AMS OTR)* R?
PhCHs, 50 °C

nv
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o .0
onte g
Phj,o
P N7
9 |

81% yield 67% yield 87% yield 85% vyield 95% yield
92% ee 94% ee 96% ee 97% ee 90% ee
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\/\(\/ PhO,SN
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50% yield 68% yield
92% ee 20% ee
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I 70% yield 6% yield
Ph N Ph N o .
12\\/> 13 | 99% ee 94% ee
56% yield® 86% yield
92% ee 92% ee

Hamilton, G. L.; Kanai, T.; Toste, F. D. J. Am. Chem. Soc. 2008, 130, 14984.



Asymmetric Ring Opening

React with Racemic Nucleophile

PhCl MO o6 Ph._,0
T T 2

PR D 15 mol% 2b Ph 17 D

0.6 eq AgoCOa, 4A MS )
PhCHs, 50°C, 36 h 80% yield
94% ee, 94% de

Ring Opening of Episulfonium Ions

T 15 Mol 2b
- H 9
HNYCCI3 @_P\,o) .
Ph ©

j )
1
PH” SR \ o

Ph],o\/k\ Ph._,0 Ph Ph
2
Ph” “SMe
19

o) o)
j ]’ ~"50,Ph ]’ ~"s0,Ph
Ph “SMe Ph SMe Ph” ""SBn
20 21 22
97% vield 98% yield 80 % yield 94% yield
91% ee 92% ee B9 % ee B7% ee

Hamilton, G. L.; Kanai, T.; Toste, F. D. J. Am. Chem. Soc. 2008, 130, 14984.



Asymmetric Additions to Dienes

* Intramolecular Hydroamination

Reactions were run in fluorobenzene for 48 h using 10% catalyst, with 4 A MS

Table 2 | Performance of various 1,2- and 1,3-dienes in the enantioselective hydroamination reaction

Entry Diene (4a-4n) No. Temperature (°C) Product (5a-5n) No. Yield (%E:%Z) e.e (%)
1 SO,Ar 4a 23 SO,Ar 5a 99 92
| I
2 NH 4b 23 N 5b 99 95
il
AN \>7
4a: Ar= 3,5-(CH3)2C6H3
4b: Ar = 4-Cl-CgH,4
3 NHTs 4c 30 Ls 5¢c 70 94
4 NHTs 4ad 30 Ls 5d 90 (4.7:1) 95 (E) 90 (2)
<antl
NN
M \ £
5 NHTs 4de 23 5d 75(1:2) 91(E)99 ()
N
6:1E/Z
12 S0,(4-CH,0-C.H,) 4] 40 802(4 CH,0-C.H,) 51 67 97

Lo~ 7
%Y (%N<\>* most cases

Shapiro, N. D.; Rauniyar, V.; Hamilton, G. L.; Wu, J.; Toste, F. D. Nature 2011, 470, 245.




Asymmetric Electrophilic Fluorination

Asymmetric Fluorocyclization

5 mol % 2b
i X R 1.25 equiv. Selectfluor
o 1.1 equiv. Proton Sponge
o P q pong - — R
o| NH CeHsF, —20 °C, 24 h \

3a-i

)
aY
N

O
N

4a 4b 4c
86% yield (>20:1 dr) 95% yield (>20:1 dr) 84% yield (>20:1 dr)
92% ee (87% ee using 2c) 97% ee 95% ee
= 10 mol % 2b
A 1) | /_R 1.5 equiv. Selectfluor WF
X | 1.25 equiv. Na;CO5 X :
NH > O /2R
1:1 CgHsF/hexanes, 23 °C, 24 h N/ N\ /
5a-d 6a-d
»F oF oF
: : 8 =)
O (O SO
N N N
6a 6b 6c 6d
87% yield (>20:1 dr) 71% yield (>20:1 dr) 80% yield (>20:1 dr) 70% vyield (>20:1 dr)
93% ee 93% ee 96% ee 92% ee

5mol % 9
1.1 equiv. Selectfluor Ph

)}\/H\H/Ph 1.1 equiv. Na;CO; . o~
o) heptane, 60 °C, 18 h X/N

75% yield
70% ee

Rauniyar, V.; Lackner, A. D.; Hamilton, G. L.; Toste, F. D. Science 2011, 334, 1681.



Asymmetric Electrophilic Fluorination

* Proposed Mechanism for Asymmetric Fluorocyclization

B Selectfluor
(insoluble) /_C'
2BF,~
NaHCO3 [NJ
Na,COj 2 NaBF,
,—Cl
0.0 (e
IP:.’ N+_ C P, _ ’/P\ )*
oo /N o o> ~0 NJ 0” 0
2b
chiral i mn pair
12
anti-
oF fluorocyclization Ou Ar
0 Y
,)—Ar
N

Rauniyar, V.; Lackner, A. D.; Hamilton, G. L.; Toste, F. D. Science 2011, 334, 1681.



Asymmetric Electrophilic Halogenation

BF -
< R AgBF., X,

MeCN R

Prepare the Halogenation Reagents

1d (R = CgMes)

Scope of Enantioselective Bromocyclization

Br = 4: Br 4]

/\.J"\ 2 1
Br
= N'?L.Pr //J\

N~ "Ph

L{h "Br*" source (1.3 eq), cat. (10 mol %) o
NH " 82% yield 84% yield
by solvent (0.05 M), base (4.0 equiv) N’A“ I ot pt
O° "Ph - da
3a Br— Br—
solvent = p-Xyl/hex (1:1)
base = Na;PO,
R
S~ + ;. R R 94% yneld 74% yueld
~N" "N-Br-N~ N~ 91% ee 87%ee | N
R BFy —
(BFy): & NMe,
1d: R = CgMes { an 40
R ~-R N0
R l = ‘?L.
2¢ (TIPS-TRIP): R = iPr, R' = Si(iPr); N Ph
88% yield 5?%; yield
97% ee 91% ee

R

1a (X =Br, R=Cl): 66%

N/
“N—/ 1b (X = Br, R = 3,5-(CF3),CgH2): 88%

1¢ (X = Br, R = C¢Fs): 80%
1d (X = Br, R = CgMes): 74%
5d (X = |, R = CgMes): 75%

71% yield
98% ee 98% ee
Br—. 4v
NN
66% yield 0
92% ee
83% yield
97% ee
B R
r ( Br—. :
60% yleld )\I<
72% yield
87% ee 87% ee

Wang, Y. M.; Wu, J.; Hoong, C.; Rauniyar, V.; Toste, F. D. J. Am. Chem. Soc. 2012, 134, 12928.



Asymmetric Electrophilic Halogenation

BF4 0,
. A+ R AgBF4 X, o\ s A R 1a (X = Br, R = Cl): 66%
° N~ N~ — 22, —N_ _N-X-N" "N 1b (X = Br, R = 3,5-(CF3),CgH3): 88%
Prepare the Halogenation Reagents " weon H TN W

1d (X = Br, R = CgMes): 74%
5d (X = |, R = CgMes): 75%

1d (R = CgMes) & |

* Scope of Enantioselective lodocyclization

R“
| 5d (1.3 equiv)
| X R' 2¢ (5 mol %), NasPO,4 (4.0 equiv)
R/~ > NHBz hexanes/p-xylene (1:1, 0.025 M)

16 h, r.t.

74% yield 82% yield 79% yield
94% ee 99% ee 92% ee

Wang, Y. M.; Wu, J.; Hoong, C.; Rauniyar, V.; Toste, F. D. J. Am. Chem. Soc. 2012, 134, 12928.



Asymmetric Fluorination of Enamides

* Scope of the Reaction

NHBz NBz
R 5 mol%
T (S)-Ce-TRIP 7 R,
Ri— | R, + Selectfluor ———» R ! 0
Sy ) n N82003 AR ) F
Hexane, rt, 24h n
n=1,2 R = CgHy7, Cg-TRIP
Entry Substrate 1 R4 Ry Product % yield 22 %ee 22°
BzN E

1 NHBZ Me 2d 88 96 ‘\F ~
2d Allyl 2e 80 96
3 Bn 2f 92 99 Zr % vicl

2q, 76% yield % yie 2t°, 78% vield
4° 6-OMe Me 29 94 92 93 % ee 92 % ee 25°, 79% yield 52 % oo

-------------------------------------------------------------- 88 % ee
5 H Me 2h 66 96
gaf H Ph 2i 79 90
7 H Bn 2j 84 98
NHBz

8 = 5-OMe Bn 2k 68 96
g R.—— R - B 2l 75 94
9 ) T | 2 5F n anti-2u®, 41% yield,  syn-2u®, 20% yield,
10 5-Cl Bn 2m 85 93 93% ee 99% ee
11 H (3-OMe)Bn 2n 83 98 “Isolated vyields after chromatography on silica gel. bee’s were

determined by HPLC. “Reaction was run in the presence of S equiv

NHBz NHBz f 3 hex 1
bh Ph of 3-hexanol.

12h I = 20 58 87

Phipps, R. J.; Hiramatsu, K.; Toste, F. D. J. Am. Chem. Soc. 2012, 134, 8376.



Asymmetric a-Fluorination of Cyclohexanones

* Proposed Mechanism

cat. * C PO Na

(V—C' o
J\/R " cat. R{NH, R
+ R
F 2BF, Non-polar solvent
% B N
1. Enamine
R \ R Catalysis Cycle R R
F
= lon Pair
[C \\. |
N o° é\l\\gé\m
ﬂ \I F
Qe P;'””O
Meo 1IN\ a
If RyNH is H\fo =
primary e HIEEN|
amino acid R N Y
derivati
it RN Hydrogen Bond
Chiral lon Pair /
(soluble) Cl O\
%/_ (rL “o. PO (
2 N\7 PO Ind %o

K/_.CI NaBF4
F
2 NaBF, ’v 4 Na,CO;
Cl
Selectfluor - 0\ /0

(insoluble) [N o PO *Na NaHCO;
2BF4" 2. Chiral Anion Phase-Transfer Catalysis Cycle

Yang, X. Y.; Phipps, R. J.; Toste, F. D. J. Am. Chem. Soc. 2014, 136, 5225.



Asymmetric a-Fluorination of Cyclohexanones

e Reaction Scopes

Clﬁ

o) . 20 mol% Amine Catalyst (A) 0
[&j 5 mol% Phosphoric Acid B |
+ + 2eq. Nach3 or N32003 H,O
+/ N
(+1) L 2BFy Toluene (0.1M), rt, 20h
1 (2.0 equiv.) Selectflour (1.0 equiv.) 2a
Amino Acid Catalysts: A8 R=-CH,-Ph4-0Bz  BN~_-CO:Me
A1 R =H (Gly) A9 R=-Ph HN
~N
0 A2 R = -CH,Ph (Phe) A10 R =-CH,Cyc A3
R\;)J\OMe A5 R = -Me (Ala), A11R=CHy2-Naphthyl  Bn___CO,tBu
NH, A6 R =-CH,CH(CH3), (Leu) A12 R = CH,-9-Anthryl H -
O A7 R = -CH,-Ph-4-OBn A13 R=CHy1-Naphthyl ¢ NHa
Phosphoric Acid Catalysts:
R! R2 tBu tBu
OO (R)-C5-TRIP R = CgHy7, R? =2,4,6-(iPr)sCqH, O
0.0 (R)-TRIP R' = H, R? = 2,4,6-(iPr);CgH,, 0. .0
o F’\OH (R)-TCYP R = H, R? = 2,4,6-(Cy)3CgHa, o P\OH
OO (R)-P1 R" = Si(iPr), R? =2,4,6-(iPr)3CgHs, O A
1 - 2
]l R2 (R)-P2 R" = H, R2 = 9-Anthryl, Bu Bu

o] Gl 5 mol% (R)-Cg-TRIP 16)
ﬁﬁ/R N* 20 mol% Amine Catalyst (A) Eﬁ{t
+ j -
X [:+ 2 eq. N82C03.H20 X
'|: 2BF4 Toluene, rt, 40h
2
1(2.0eq) 1.0 eq.
cl
i O 3 s 0 2 O
O O O O
2a, with A13 2b, with A13 2c, with A13 2d, with A13
30% (61%) yield, 29% (57%) yield, 31% (62%) yield, 31% (63%) yield,
94% ee 91% ee 90% ee 90% ee
L 07 L0 QL 1.
A\ W\ W\ \
e X « Br
O O O O
2e, with A2 2f, with A13 2g, with A2 2h, with A13
31% (61%) yield, 30 % (59%) yield, 31% (62%) yield, 36% (73%) yield,
83% ee 92% ee 93% ee 93% ee
o o} o} o) @ o
‘\\\@ K o wPh
F E F F
0 N
o o Boc
\_/
2i, with A12 2k, with A13 21, with A13 2m, with A13¢
31% (63%) yield, 32% égg/%) yield, 28% ég&;%) yield, 24% (48%) yield,
89% ee b ee o ee 86% ee
2 QL
.‘\\ I
E —
2j, with A2
28% (56%) yield,
90% ee

Yang, X. Y.; Phipps, R. J.; Toste, F. D. J. Am. Chem. Soc. 2014, 136, 5225.



Asymmetric Oxyfluorination of Enamides

Scope of the Reaction

Table 2: Substrate scope of fluorohydration of enamides.

5 mol% (R,R)-PhDAP .

RITY Na,CO; s H
HN. _Ph  Selectfluor R1/\:/NYPh
Toluene, RT 6H o
O
dr.=>20: 10
Entry Substrate Product Yield® (ee)™

(both in %)

GEUNNPSY
: N Ph
R2 HNWPh /@A_/ \n/
o] R? o

H O
1 RE=H ((2)-1) RE=H (syn-3) 86 (98)
2 RE=F (4) RE=F (13) 63 (97)
3 R*=0OMe (5) R*=OMe (14) 59 (70)
o F
M H H
2 9 HNTPh Cl‘\/\/\é/N\ﬂ/Fh 60 (92)
O 19 OH O
NC F R = OCy, (R,R)-2i
M H H - ~ .
5 o HN_Ph NCMNTPh 73 (89) R = Ph, (R,R)-PhDAP (2j)
o 20 OH O
y TBSO\/\/?\I . TBso\/\/E\/n S
"o oo L 7 Water comes from Selectfluor!
F
H
— Ph N.__Ph
i O_ﬁm—g O\/ T 80 (90)
12 0 22OH o

Honjo, T.; Phipps, R. J.; Rauniyar, V.; Toste, F. D. Angew. Chem. Int. Ed. 2012, 51, 9684.



Asymmetric Fluorinative Dearomatization

Scope of the ortho-Fluorinative Dearomatization Reaction

OH

Y.
N0

R1
R2

Cl

L 2BFy

5 mol% (S)-TCYP

L
¢ o

N32CO3
Toluene, rt, 46-48h

3a, 75% vyield
96% ee

O

F

Br
3b, 54% yield

87% ee

O

F
©©N Boc

3¢, 57% yield
96% ee

O

F

Br Cl |
3e, 71% yield  3f, 62% yield 39, 74% yield 3h, 42% vyield
88% ee 87% ee 90% ee 90% ee

Phipps, R. J.; Toste, F. D. J. Am. Chem. Soc. 2013, 135, 1268.

Boc

3d, 28% yield
87% ee

OMe

3i, 70% vyield
91% ee

(S)-TCYP



Asymmetric Fluorinative Dearomatization

Scope of the para-Fluorinative Dearomatization Reaction

(a) Catalysts/reagents employed

(S)-Cg-TRIP (S)-TCYP Selectfluor

OH OH O 2
2b 2c 2d

(b) Initial findings - Para-fluorination

OH (0]

5 mol% Catalyst
Selectfluor

—

N32CO3 F\\‘
Toluene, rt, 40h
Catalyst Ratio 2a:2b:2c:2d Net para:ortho Yield 2a (% conv) ee 2a
(S)-CgTRIP 1:0.28:0.51:0.15 1.4 41% (>95) 27%
(S)-TCYP 1:0.19:0.51:0.32 1.0 41% (>95) 63%
none 1:0.11:0.23:0.00 29:1 17%° (23) ==

Phipps, R. J.; Toste, F. D. J. Am. Chem. Soc. 2013, 135, 1268.



Asymmetric Fluoroamination of Conjugated Dienes

1,4-Difunctionalization of Conjugated Dienes

Table 2: Substrate scope with Selectfluor.

Ar Ar
R 10 mol % (R)-TCYP R
1.5 equiv Selectfluor | N" "0
S N0 1.1 equiv NagPO,
H CF4-Ph [0.1M] F
R2 X 36 h, RT R? X
1a-h 2a-h
Entry Product Ar R'" R? R®  Yield ee d.rd
2] [9%]"
(S)-TCYP
1 2a 2-MeC¢H, H H -CH;- 91 % >20:1
2 2b  3MeCH, H H CH- 92 %2 591 R-catalyst for this reaction
3 2¢ C¢Hs H H -CH, 90 92  6.9:
4 2d CH. H OMe -CH- 90 93 69
5 2e CeHs H H O 85 91 5.5:1
6 2f 4CFCH, H H <CH,- 94 95  10:1
7 2g  4MeOCH, H H CH, 89 93  75:1
g 2h CeHs nBu H -CH,- 85 94 >20:

[a] Yield given after purification as a combination of both diastereomers.
[b] % ee determined by chiral-phase HPLC. [c] d.r. calculated by
integration of "H NMR spectra. [d] Reaction run in benzene.

Shunatona, H. P.; Fruh, N.; Wang, Y. M.; Rauniyar, V.; Toste, F. D. Angew. Chem. Int. Ed. 2013, 52, 7724.



Asymmetric Fluoroamination of Conjugated Dienes

* 1,4-Difunctionalization of Conjugated Dienes

Table 2: Substrate scope with Selectfluor.

Ar
R 10 mol % (R)-TCYP Rl
1.5 equiv Selectfluor | N" ~O
X N0 1.1 equiv NagPO,
H CF4-Ph [0.1M] F
R2 X 36 h, RT R? X
1a-h

(E)1c — B
lv'f’:{h:\r/"g\/ﬂ

(S)-TCYP

R-catalyst for this reaction

ZPh PTG Z-diastereomer give no reactivity,
O‘ NHR _ oonditions o Reaction as the A!3 strain in TS will increase.

(Z)1c

Shunatona, H. P.; Fruh, N.; Wang, Y. M.; Rauniyar, V.; Toste, F. D. Angew. Chem. Int. Ed. 2013, 52, 7724.



Directed Asymmetric Fluorination of Alkenes

e Steric Factors for Amide DGs on % ee

Selectfluor (1.35 eq.)

j’\ Na,COs (1.45 eq.) - O
O‘ N R (R)-STRIP (0.1 eq.) NJ-LR
H - H

tol, rt, 18 h
Entry R= % ee
1 - 30
¥ “CH,

2 -?S 51
T

5 . F 30
F

6 S F 82
Kr
F

7 e 93
CICI

Wu, J.; Wang, Y. M.; Drljevic, A.; Rauniyar, V.; Phipps, R. J.; Toste, F. D. Proc. Natl. Acad. Sci. 2013, 110, 13729.



Directed Asymmetric Fluorination of Alkenes

* Reaction Scope

Selectfluor (1.35 eq.)
Na,CO; (1.45 eq.
R R NHR 2C03 ( q.) -
Y/ z—X (R)-STRIP (0.1 eq.) 1 2—xF
toluene, 10 YC, 18 h Y

Entry Product Entry Product

1b 52
o o}
.‘ N
(o) t-Bu
5b 9b

57% yield, 96% ee

88% yield, 92% ee

3ac E 0 8 ¥
. “TEN
(o] t-Bu
7b

+8u 12b
60% yield, 92% ee
92% yield, 93% ee (R¥3 (STRIP)
4 o 102 (o)

cl N
“ u F H

tBu o] t-Bu
s 14b

65% yield, 95% ee 60% yield, 97% ee

Wu, J.; Wang, Y. M.; Drljevic, A.; Rauniyar, V.; Phipps, R. J.; Toste, F. D. Proc. Natl. Acad. Sci. 2013, 110, 13729.



Directed Asymmetric Fluorination of Alkenes

e Phenol as DG

1 OH . OH
dB\F\i) J\(\@
15b 18b
78% yield, 76% ee 72% yield, 89% ee
b,c
2 OH . TsN | OH
| g
P F
S07 N F
16b 19b
56% yield, 88% ee 63% yield, 77% ee
3 OH
T
17b

83% yield, 92% ee

Fig. 5. 2-Hydroxyphenyl DG effective for various alkenes. a, Selectfluor
(1.35 eq), Na,CO5 (1.45 eq), (R)-STRIP (0.1 eq), tol, rt, 18 h; b, reaction run for
36 h; ¢, catalyst A (39) used instead of (R)-STRIP.

Wu, J.; Wang, Y. M.; Drljevic, A.; Rauniyar, V.; Phipps, R. J.; Toste, F. D. Proc. Natl. Acad. Sci. 2013, 110, 13729.



Directed Asymmetric Fluorination of Alkenes

e Possible Mechanisms

Fig. 3. (A-C) Possible mechanisms for the formation of allylic fluoride 1b
from substrate 1a.

Wu, J.; Wang, Y. M.; Drljevic, A.; Rauniyar, V.; Phipps, R. J.; Toste, F. D. Proc. Natl. Acad. Sci. 2013, 110, 13729.



In Situ Directed Fluorination of Allylic Achohols

* Reaction Design

& ion & [F]+ X
(') o metathesis Q O
[FI* X + ‘P’ ~— o’P‘ N‘ BF 4
insoluble M*O" "0 : [ ]
"F+" source chiral zglc;sphate [F]+ N* BF 4
ion pair CH2Cl
(soluble, chiral (Selectfluor)
"F+" source)
= s =P
o O Transition state
organization elements:
0’0

DG

m lon pairing
m Hydrogen bonding
m Tether of suitable length

I DG
,'w

" F

Zi, W. W.; Wang, Y. M.; Toste, F. D. J. Am. Chem. Soc. 2014, 136, 12864.



In Situ Directed Fluorination of Allylic Achohols

* Preliminary Results

iPr iPr
(R)-Cg-TRIP (10 mol %) Cahtiz
" Selectfluor (1.35 eq)
e Na,CO; (1.45 eq)
)\/\ - °h on (1)
Ph OH  toluene, 0.05 M, rt F
5% ee

CgH47

 Boronic Acid Monoester-Directed Transformation

R OH) ======="=|§ : o ‘Ar --- %R o ‘Ar -~ PR OH
=

poor .
dir fgzng boronic acid monoester
group directing group

Zi, W. W.; Wang, Y. M.; Toste, F. D. J. Am. Chem. Soc. 2014, 136, 12864.



In Situ Directed Fluorination of Allylic Achohols

Rl
J/\/\ (S)-AdDIP (10 mol %), Selectfluor (1.3 eq), NasHPO4 (4.0 eq) |
N > R OH
R OH
F
2

* Reaction Scope

p-tolylboronic acid (1.0 eq), MgSO,4 (40 mg/0.10 mmol)
1 p-xylene/ethylcyclohexane (1:1), 0.1 M,

rt, 16-96 h
i1 O)k(\OH 2 OH 3 /QJY\ OH
F
¥ F ; cl
2a, 72% yield 2b, 86% yield 2¢,76% yield
93% ee 93% ee 94% ee
4 /@)‘\(\OH 5 /©)l\(\OH 6 /@)H/\ OH
F F
Br d Me FsC
2d,73% yield 2e,79% yield 2f,80% yield
91% ee 88% ee 93% ee

7 Me OH 8 Br OH
F F

©
-
h é

OH
29g,75% yield 2h,82% yield 2i,75% yield
85% ee 86% ee 90% ee
Me OMe | M
OH OH OH
10 F 1 F 12 F
2j,70% vyield 2k,83% yield 21,51% yield, 6.3:1 Z/E
74% ee 77% ee

I
13 OH
F

2m,47% yield, 7.7:1 Z/E

94% ee (2)

Zi, W. W.; Wang, Y. M.; Toste, F. D. J. Am. Chem. Soc. 2014, 136, 12864.

14 OH
F

2n,65% vyield
90% ee

93% ee (2), 89% ee (E)

15 Ph

“ g
o
I

20,85% vyield
80% ee



In Situ Directed Fluorination of Allylic Achohols

e Two Possible Mechanisms

¢'O‘ 'O
NP e(El
-0 O

pathway

)\/\ ?H
N O'B"Ar

Ill. Concerted
pathway

I I. Two step

Bl

OH fast
* O Epr ¢

fluoro-carbocationic

intermediate

;O

0 0O ¢
00
H H

= 0O
5 ){r[ ] 2
¥ T07 CAr |

asynchronous
transition state

Tl e0e

N

Zi, W. W.; Wang, Y. M.; Toste, F. D. J. Am. Chem. Soc. 2014, 136, 12864.



Asymmetric Cross-Dehydrogenative Coupling

Existing Phosphoric Acids

(S)-TRIP: Ri=H, R2= iPr
(S)-C8-TRIP: R'= CgH47, R2=iPr
(S)-TCYP: R'=H, R2= CgHy4 (R)-STRIP (R,R)-Ph-DAP (SI-VAPOL PA

Catalyst Library of Phosphoric Acids Containing Triazole

N=N

CeHyy Z 1. RNg, CuBr, EtN,  c,H,,
OO DMF, 100 °C
omom 2- HCI, dioxane, 70 °C=

O OMOM 3, POCIj, pyr, 95 °C

then H,O
CgHi7 A CgHi7
8
9a R =Bna gg R= 2,4,6'(Me)3C6H3
9b R = CH(Ph), 9h R =24,6-(Pr);CqHs
9¢ R= CH(1~Naph)2 gi R= 2,4,6'(C'CGH11)3CGH3
9d R = 1-naphthyl 9] R =4(Bu)CgHs
9e R =9-anthracyl 9k R =3,5(Bu),CgH,4
9f R =1-pyrenyl 91 R =1-adamantyl

Neel, A. J.; Hehn, J. P.; Tripet, P. F.; Toste, F. D. J. Am. Chem. Soc. 2013, 135, 14044.



Asymmetric Cross-Dehydrogenative Coupling

* Design Principles

(S)-TRIP: R'=H, R2=iPr
(S)-C8-TRIP: R'= CgH4;, R2=iPr

(S)-TCYP: R'= H, R2= CgH4 (R)y-STRIP
B. + C.
Chiral Phosphoric Chiral Phosphate ' Multifunctional Phosphate
Acid Catalysis Anion Catalysis ! Anion Catalysis?
0. 0% !
(P\ \q :
ol - TN :
™ 9
FX ;
Repulsive steric Repulsive steric Attractive interaction between
interaction interaction i substrate and catalyst

! substituents

Neel, A. J.; Hehn, J. P.; Tripet, P. F.; Toste, F. D. J. Am. Chem. Soc. 2013, 135, 14044.



Asymmetric Cross-Dehydrogenative Coupling

BF,

e Selected Optimization Data 2

catalyst (10 mol %)
Ph O toluene, rt, 24 h

7 (2.2. eq)
CO ™" OO
\ND NazPO, (2.4 eq) 7}[@
Ph 0

5a
entry catalyst conversion (%)b ee (%)
1 (S)-C8-TRIP 86 8
2 (S)-TCYP 95 16
, 3 (R)-STRIP 64 30
TP Ao o, o R)-Ph-DAP 69 104
(S()S)-'GI'.CYP:.H‘=—H,BR2‘=7‘CGH-|1 (R)-STRIP (R,R)-Ph-DAP (S)-VAPOL PA 4 (R’ - B
e P ——— 5 (S)-VAPOL PA 97 31
mEEEe Sewmme | “wmeiwe S (S)-9b % &
) . : 7 (S)-9¢ 92 —78
0 5™, 8 (S)-9h 92 —80
-, 0" Yo ™, %
s, &2 ™ -, S)- 1 -
. Q / e N Q Q 9 (S)-9i 9 77
| s saeae 10 (8)-91 75 —81
- ibsemdcaays 1€ (8)-91 91(83) 84
12 none 82 nd

Su. Supporting Information for complete optimization data.
’Determined by HPLC usmg 1,4-dinitrobenzene internal standard.
“Determined by chiral HPLC. N(.gatw(. sign indicates that opposite
enantiomer predominates. “p-Xylene was used as solvent with § mol %
catalyst. NValue in parentheses reflects isolated yield.

Neel, A. J.; Hehn, J. P.; Tripet, P. F.; Toste, F. D. J. Am. Chem. Soc. 2013, 135, 14044.



Asymmetric synthesis of C3-Diazenated
Pvrolodindolines

[
/,N
Q\’(\ o  Smofcat Q\Ar\
N HN base (3 equiv)

* Reaction Scope

R N—:™N
Bn ) Bn g
PhN,BF, (1 equiv) o]
solvent
4 5
tBu tBu - i
- 10, Ar = 2,4,6 (iPr);C¢H,

© SN N E? ¢
QmeQ:m

N N
Bn g Bn ' R
PMB
“ " el el e
0 0 0
66% vyield, 90% ee 91% vyield, 92% ee

N-TN
87% yield, 91% ee 52% yield, 92% ee 99% vield, 96% ee

In
Ill
o=

e
II

58% vield, 90% ee
tBu OMe

¢ P oL G

N—:
Bn
N—:™N N—:™N 29 0 / 31 En
Bn H # Bn j )k Bn ): H /Eo
(o] o] o] 30
14 15 Ar 16 Ar " "
88% vyield, 89% ee 53% yield, 92% ee 63% vyield, 94% ee 85% yield, 89% ee 98% vyield, 69% ee 85% vield, 73% ee

Scheme 2. Aryldiazonium scope. Conditions: 4 (1 equiv), (R)-STRIP
(10; 5 mol%), Na;PO, (3 equiv), ArN,BF, (1 equiv), MTBE, RT, 2-8 h.
Yields are of isolated products. The ee values were determined by
HPLC on a chiral stationary phase. The relative and absolute config-
uration was assigned by analogy to 5. Ar=4-(tBu)CsH,.

Nelson, H. M.; Reisberg, S. H.; Shunatona, H. P.; Patel, J. S.; Toste, F. D. Angew. Chem. Int. Ed. 2014, 53, 5600.



Asymmetric a-Amination of 1,3-Dicarbonyl

Compound
* Few Examples

a) o (o]
10 mol% 7
OtBU b NBF,, NaH,PO,
toluene
0, H O,
33 78% vyield, 96% ee 34
b) 10 mol% 7

? o 4BrPhNBF, NaH;PO, 0
toluene
NHt-Bu t  NHtBu
Ns

91% yield, 90% ee

35 36 Q

) Br
C
NHCbz 10 mol% 7 NCbz
4-F-PhN,BF,, NaH,PO,
toluene Me
Me — z
. N:"N
59% vyield, 80% ee
37 38 Q

F

Nelson, H. M.; Patel, J. S.; Shunatona, H. P.; Toste, F. D. Chem. Sci. 2015, 6, 170.



Asymmetric a-Amination of 1,3-Dicarbonyl

Compound
More Interesting Reactions

a)
0 4 OH
Pd/C (10 mol%)
~" “0t-Bu Hp (400 PSI) ~ T0#-Bu
Rin — %
N ~N MeOH/AcOH NH,
Ph
18 78% yield, >25:1 dr 39
b)
o)
HO
PA/C (10 mol%) / ~OtBu
H, (400 PSI) ‘NH;
—_—
MeOH/AcOH
34 90% yield, >25:1 dr 40
c) 9 H 3
0 .
0 1) Pd/C (10 mol%) 0 Si-O
H, (400 PSI) |
v 0Ot-Bu MeOH/AcOH o OMe H
. — 2
MeO N“l}l 2) PdCl,, PHMS MeO NH, n
Ph MeOH
24 41 PHMS
34% vield (2 steps)
d)

OH

o]
1) PhNH,, HBF, (aq.)
Na1 5N02 ,— - Ot-Bu
2 0 :
) : ﬁ (o] MeO 15NH2
MeO Ot-Bu 42

16 (5 mol%), NaH,PO,,
Hexanes

3) Pd/C (10 mol%)
H, (400 PSI),
MeOH/AcOH

55% yield (3 steps)
Nelson, H. M.; Patel, J. S.; Shunatona, H. P.; Toste, F. D. Chem. Sci. 2015, 6, 170.



Asymmetric a-Amination of Cyclic Ketones

Introduction

(S)-ketamine

(b) Yamamoto (2004)

OSnBu3

Ph

(c) Terada (2013)
@)

o)

Ph”

I
N

]

(o) S \ i
A 1

]

NHEt 5

]

1

Tiletamine '

AgOTf, (R)-BINAP

Ph
O:\\NWR2
OH

EtOCH,CH,OEt
-78°C, 2h

iminophosphorane

chiral ligand
0]
Ph
> N,Ph
I
OH

94% yield, 77% ee
only example

0)

NaN(SiMe3),
toluene

Yang, X. Y.; Toste, F. D. J. Am. Chem. Soc. 2015, 137, 3205.

R
X riJ/Boc

NHBoc
up to 98% ee

>



Asymmetric a-Amination of Cyclic Ketones

Substrate Scope

N

o
Ar Boc, (R)-C5-TCYP (10 mol%) o
€ N=N > .NHBoc
Boc 5A MS, 45 °C, "neat", 40-60h Y
X Boc
(£)-1b-m 2b-m
J/
o

'l:l -NHBoc

Boc
2b, 97% yield, 99% ee

. OMe
"ril -NHBoc

Boc
2e, 88% yield, 98% ee

COOtBu

'f -NHBoc
Boc
2h, 76% yield, 97% ee

""N -NHBoc
I
Boc
2k, 92% yield, >95% ee

%,
s,
2,

N -NHBoc

Boc
2c, 90% yield, 97% ee

o
'f -NHBoc

Br
Boc
2f, 94% yield, 98% ee

Me
o]
“ ~NHBoc
|

N
Boc
2i, 93% yield, 99% ee

| I N- HBoc

(o]
% N
(o] |
Boc

21, 97% yield, 99% ee

Yang, X. Y.; Toste, F. D. J. Am. Chem. Soc. 2015, 137, 3205.

o °>
o
,Iq -NHBoc

Boc
2d, 80% yield, 98% ee

CF;

"\ ~-NHBoc

|
Boc

2g, 71% yield, 98% ee

Cl

“N -NHBoc
|
Boc
2j, 78% yield, 99% ee

(o}

s,
%)

N -NHBoc

N
Boc Boc
2m, 79% yield, 96% ee



Asymmetric a-Amination of Cyclic Ketones

7

~

(o) o
Substrate Scope Boc (R}-Cy-TCYP (10 mol%) "
Ar - - »
N —N\ > .NHBoc
Boc 5A MS, 45 °C, "neat", 40-60h 'il
X X Boc
(#)-1b-m 2b-m
\ y,
Ph (o) Ph
(o} I (o}
- \ e,
%TNHBOC ",il,NHBoc "',il,NHBoc 4 —~NHBoc
Boc Boc Boc éoc
2n, 99% yield, 20, 89% yield, 2p, 98% yield, 2q, 99% yield,
99% ee 98% ee 99% ee 99% ee
Ph
Ph
o) o |
“,~NHBoc “N~NHBoc “y~NHBoc
| ! |
Boc Q" 'O Boc Boc

2r, 96% yield,
95% ee

o Ph

“\~NHBoc

|
Boc

2v, 99% yield,
99% ee

2s, 82% yield,
97% ee

o} Ph
F
"o,N _NHBoc

|
Boc

2w, 33% yield,
93% ee

2t, 82% yield,
98% ee

"',,N _NHBoc

|
Boc

2x®, 94% yield,
86% ee

2u, 60% yield,
72% ee

o} Ph

"',,N _NHBoc

|
Boc

2y°, 89% yield,
99% ee

Yang, X. Y.; Toste, F. D. J. Am. Chem. Soc. 2015, 137, 3205.



Asymmetric a-Amination of Cyclic Ketones

* Substrate Scope of Kinetic Resolution and Asymmetric Amination of a-
Branched Cyclic Ketones

0 0 0

R BocN=NBoc (1.3 equiv.) R R
(R)-C5-TCYP (5 mol%) o /
’ H + 'I,,N/NHBOC
X conditions |
X X Boc
(£)-1 2
o S Ph Ph
\ o) 0 |r
W AN |
3 W o
H \
H H
12,2 45% yield, 1n,2¢ 41% yield, 1t,? 30% vyield,
96% ee 99% ee 97% ee
s=31.9 s=28.3 $=9.0
Ph

Ph

"’/N,NHBoc

|
Boc

2z, 55% yield,
93% ee

"o,N _NHBoc

|
Boc

2n, 59% yield,
99% ee

Yang, X. Y.; Toste, F. D. J. Am. Chem. Soc. 2015, 137, 3205.

""z,lq,NHBoc

Boc

2t, 70% yield,
97% ee




Combine Chiral Anion with Copper (1I)

* Copper (II) catalyzed Furan Synthesis

. R m 5 mol% Cu(da),
N = CgHsF, -15 °C,

4 Ams
Entry R R’ R®  Product %vyield®  %ee
1 Ph H H 3a 92 91 B ]
2 4-MeO-C4H, H H 3b 82 92
3 4-Me-C4H, H H 3¢ 85 90
4 4-F-C¢H, H H 3d 76 88 catalyst Cu?*
5 4tBu-CH, H H 3e 85 90
6 3-Me-CgH, H H 3f 75 90
7 Cyclopentyl H H 3g 80 87
8 Bn H H 3h 84 73 — —2
9 Cyclohexyl H H 3i 85 94
10 Ph S-Br H 3 90 93
11 Ph 6-Br H 3k 94 90
12 Ph 5-MeO H 3l 74 81
13 Ph 6-Me H 3m 76 85
14 Ph 5-Cl H 3n 81 90
15 Ph S-F H 30 73 90
16  Ph H Me 3p 16 85

* Conditions: S mol % Cu(4a), added to a solution of 1.0 equiv of 1
(02 M) and 1.05 equiv of 2, SO h. YIsolated after chromatography.
“Determined by HPLC analysis. ¢ Conducted at S °C.

Rauniyar, V.; Wang, Z. J.; Burks, H. E.; Toste, F. D. J. Am. Chem. Soc. 2011, 133, 8486.



Combine Chiral Anion with Pd

* Enantioselective 1,1-Arylborylation of Alkenes

a) Hall, Nature Chem., 2011

[o) O o
4 steps oM 2 steps oM
///I\OMe S e S e
(dan)B” "“B(pin) (dan)B
1 2

) Yun, Angew. Chem., Int. Ed., 2013

3 steps B(dan) 2 steps B(dan)
B(pln) ©/Y

c¢) Morken, J. Am. Chem. Soc., 2014

2 steps B(pin) 1 step B(pin)
R, —> —
B(pin) R Ar

5 6

d) this work

N2BFs 4 step B(pin)
R\/\ + By(pin), + ©/ —_— R/\/kA
r

7 8 9

Nelson, H. M.; Williams, B. D.; Miro, J.; Toste, F. D. J. Am. Chem. Soc. 2015, 137, 3213.



Combine Chiral Anion with Pd

* Proposed Mechanism

R
o___0
insertion ks : N )"
A R B-H elimin.
and
reinsertion
| | ® O
PaL, 03P )- PdL o\ .0
3 0 ~o o”P\o)'
Pd-catalysis 15
oX. add.
® 0O
N, O\P,OD Bopin,
0% o
12, soluble chiralionpair ™ ° tragf'fget'
, soluble chiral ion pair #6dl. el
S
Ar—N; BF,
11, insoluble | CAPT 5
0 (o] Bpin
o. .0 DL T W
0; :OD* ~——=pinB 09P\0> +
base
10

Nelson, H. M.; Williams, B. D.; Miro, J.; Toste, F. D. J. Am. Chem. Soc. 2015, 137, 3213.



Combine Chiral Anion with Pd

* Enantioselective Scope

c. Ar—N,BF, Bo(pin),
5 mol% Pdy(dba)z
D T?I% E%VF;LZ?M b) Ar-N,BF, B(pin),
A O\H/OM" mot% mrCFg-dba ("'“)B\‘/\/o Olle O '5mol% Pd,(dba) (pin)B o
* \ﬂ/ = 2 3
o Ar o /\fﬂ > mt
NagPOy,, Et,0 10 mol% TCyP (27)
31 32-38 39 Na3PO4, Et20 40-44
(pin)B. (o) OMe (pin)B (o) OMe (pin)B OTOMe B(pin) 0 B(pin) [o)
il Y B(pin) 0
0 5/ o ° OEt OEt
OEt
MeO
OMe
32, 36% yield 33, 58% yield 34, 46% yield ey R
84% ee 87% ee 84% ee 40, 47% yield 41, 40% yield 42, 33% yield
89% ee 97% ee 98% ee
(pin)B o\n/onne (pin)B O\n/OMa (pin)B o\n,onne
o 0 o B(pin) o B(pin) 0
OEt OEt
t-Bu
35, 32% yield 36, 50% yield 37, 50% yield ~
96% ee 85% ee 88% ee

Ar

. 43, 44% yield 44, 29% yield
(pinIB °\n/°"'° O 84% ee 98% ee
0 o ,0
P (4
4 N

38, 40% yield Ar
98% ee

,

27 , Ar=2,4,6 -(Cy)sCgH»

Nelson, H. M.; Williams, B. D.; Miro, J.; Toste, F. D. J. Am. Chem. Soc. 2015, 137, 3213.



Redox Chemistry

* Vanadium-Catalyzed Oxidation
* Vanadium-Catalyzed Reduction
* Rhenium-Catalyzed Reduction



Vanadium-Catalyzed Oxidation

Enantioselective synthesis of Cyclic Ethers

i g
EtO)HNY a . EtO e O
OH d.r. 295:5, 95% ee, 30%
1 THF/THP = 22.78 2 OH
0 0

EtO = 2 Eto’J L 032
G

OH d.r. 95:5, 99% ee, 35% (I\

3 4 OH

THF/THP = 15:85

0 0]
° EtO) PN~ OM
= - : e
EtO OMe dr.88:12, 97% ee, 26% LJ‘:/\/\
oH THF/THP = 31:69 6 OH
O a j) Me
oo™ O \
MBOJJ\]/\/\(W dr. >95'5, 98% ee, 20% & m
OH THF/THP = 11:89 oH
7 8
o) b 0
P P
EtO d.r. 95:5 93% ee, 38% EtO
o s 10 “on
0
0 b i, oMe
__0Bn - EO '-g\oen
EtO d.r. 77:23, 89% ee, 31% [
OH 11 (E/2=88:12) 12 OH

Scheme 1. Vanadium-catalyzed resolution/oxidative cyclization. Reagents and condi-
tions: a) [VO(QiPr);] (10 mol %), L1 (11 mol %), O,, acetone, 30°C, 30-48 h (~50%
conversion); then TBHP (0.55 equiv), CHCI;, RT, 24-72 h; b) [VO(OIPr);] (10 mol %), L1
(11 mol %), O,, acetone, 30°C, 3048 h; TBHP (0.55 equiv), CHCl;, RT, 3 h; then CSA
(5 mol %), RT, 16 h.
Blanc, A.; Toste, F. D. Angew. Chem. Int. Ed. 2006, 45, 2096.



Vanadium-Catalyzed Oxidation

Asymmetric Oxidation of oc-Hydroxy Esters

OH 5 mol% VO(Oi-Pr)5 O
R 5.5 mol% 1 +
R, )\H/ 2 mo /'\rrRz R, J\WRZ
o) acetone, Oy, 1t 0O Rs Ry
entry Ry R,  time(h) conversion |syci)‘laa|\;%d ee® s =N OH
Ro OH
1 Ph— OFt 10 51% 49% (95%) 99% (R) >50
2 pMeOCgH,~ OMe 55 62%  38%(69%) 95% (R) 13 R
(1) Rq= t-Bu; Ro= Bu
3 p-CF5CgH4— OMe 4.0 57% 35% (88%) 98% (R) 29 3= (S)-+Bu; Ry=H
4 /ﬁ’g OBn 16 57%  45% (90%) 92% (R) 18
5 FZ § OEt 16 47% 53% (85%) 50% (R) 6
T™MS
6 )\5/ Oi-Pr 90 55% 37% (86%) 98% (R) 30
7 TBSO” 4 OMe 144 51% 48% (95%) 90% (R) 42
8 kg, OEt 72 48% 48% (88%) 90% (R) 34
CeHs
9d Ph- NH!Bu 12 52% 48% (97%) 72% (R) 12

Radosevich, A. T.; Musich, C.; Toste, F. D. J. Am. Chem. Soc. 2005, 127, 1090.



Vanadium-Catalyzed Reduction
» Z-Selective Hydrogenation of Alkynes

ME:;P MEgP Ho PMEE. MEg i
\ _NtBu \ _NBu {4 \ _NtBu
X=VZ ~——— MeP-VZ —
[+TNHBu (@) A NBu (B) f+ NH?Bu
MesP 2 X =Cl MesP 1. yellow _Me3P A |
light green
3, X=CCPh
dark green

Scheme 1. Conditions: a) 1.05 equiv 2.0m HCl in Et,0, RT, over night,
46%; b) 1.05 equiv phenylacetylene in Et,O, RT, 71%; c) 1 atm H,,
PhCF,. In complexes 1, 2, 3, and A the counteranion, [AI(PFTB),] ", is
not depicted for clarity.

R'= Me, R?= Ph; 24 h, 100%
R'= R?= Et; 72 h, 62%

R—=—"R —— /" 2 R =R=TMS;72h, 44% (1)
R'= Bu, R?= H; 72 h, 52%
R'=Ph,R2=H; 72 h, 10%

La Pierre, H. S.; Arnold, J.; Toste, F. D. Angew. Chem. Int. Ed. 2011, 50, 3900.



Vanadium-Catalyzed Reduction

e Mechanism

S 20 mol % 1 : i : i } <
Me———FPh o
H./D, (1 atm) ;: ::
Ph Me h
[Du], nbsewed [Dy]. not observed [Dz], obsenrecl

ks >k

La Pierre, H. S.; Arnold, J.; Toste, F. D. Angew. Chem. Int. Ed. 2011, 50, 3900.



Mn

X=M"

Rhenium-Catalyzed Reduction
* 1. Reduction of Aldehydes

Si-H

Si-H

si”

Mn+2
~

H

X—M"

L
Si H

2% (PPh3);Re(0)1 (1)

OSiR

(0]
-0 2
) H .
(1) /©)L silane
MeO benzene

)

2. Enantioselective Reduction of Imines

2

H
MeQO'

R =Et; 3a
=Me,Ph 3b
=MePh, 3¢
=t-BuMe, 3d

(93%)
(94%)
(87%)
(93%)

(3)

O/Y%
-P(O)Phy 2 eq silane -P(O)Ph; le ] g SMez 0 O CHabl 1 {N e
N 0.5 Min solvent Hl?' “ cluppcr:s E’ { d N/' épprgl
- “R
@A 3 mol % cat (j/\ 1 2 R=4-t-Bu-Ph 3 R=4-1-Bu-Ph
S 4 S 5
entry silane solvent temp % vyield % ee
1 DMPS—H CH,Cl, It 75 99
2 DMPS—H THF It 96 99
3 DMPS—H EtOAc It 58 99
4 DMPS—H toluene It 51 99
5 DPMS—H CH-Cl, It 77 98
6 DMPS—H CH2Cl; 40 °C 31 98

1. Kennedy-Smith, J. J.; Nolin, K. A.; Gunterman, H. P.; Toste, F. D. J. Am. Chem. Soc. 2003, 125, 4056.

2. Nolin, K. A.; Ahn, R. W.; Toste, F. D. J. Am. Chem. Soc. 2005, 127, 12462.




Rhenium-Catalyzed Reduction

Mechanisms

CHO PPhs
, 1
MeoPhSiH + /©/ (17)
Moo CD.Cl,
/©/\OSiMezPh
MeO

7a

PPhs
|
: I-Re=0
ArCH,0SiMe,Ph 0 H-SiMe,Ph
PPhs PPhg _
Resting
1 State
[_,—_I PPhs
O\\R ,.“l O-~ | ‘\"
e "Re
A7 07 | OSiMe,Ph H” | OSiMe,Ph
4a PPhs PPhg 2a
AVSH? J ArCHO
RDS S PPhg
H” | OSiMesPh
PPhg
3a

Nolin, K. A.; Krumper, J. R.; Pluth, M.

. 1
PhoMeSiH + MeO CD.Chy

/©/\OSiMePh2
MeQ

7b

P O
Ar (0) APhOSIMeth Hf | \OSIMeth
ab s PPhs 2b
Ang(I) J RCHO
“Re. PPhg
H” | “NOSiMePh,
PPhg
3b

D.; Bergman, R. G.; Toste, F. D. J. Am. Chem. Soc. 2007, 129, 14684.



Palladium Chemistry

Enyne Cyclization Reactions
Conia Ene Reactions

Coupling Reaction

Palladium Nanoparticle Catalyst



1,6-Enyne Cyclization Reactions

<
. . . TIPSO
* Pd-Cyclization of Silyloxy-1,6-enynes I 10 mol % L3PI(O ):'3 mz
R Et;O/AcOH
N

= CgHs; (R )-SEGPHOS (L1)

Ar =3 5- (Me)2-05H4 (R)-DM-SEGPHOS (L2)

Ar = 3,5-(tBu)y-4-MeO-CgH,; (R)-DTBM-SEGPHOS (L3)
Yield ee

Entry Substrate Product % ).5 (%)
OTBS
! 2 e TOHw w
¥ L3Pd(OTf), Ar = 4-OMe-CgH, | L3Pd(OTf), MeO 1““6 Mo 7
(0] oTBS 2\
— > Ar - w
/\ PP | 78% ee 91% ee /\o[q'%s MeO ) S T 7
TBSO
T8SO o |
(Z)-isomer 7 (E)-isomer 3 m 92 88
N
AN
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Brazeau, J. F.; Zhang, S. Y.; Colomer, I.; Corkey, B. K.; Toste, F. D. J. Am. Chem. Soc. 2012, 134, 2742.
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