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B Who are the assistant professors in the top 10 chemistry departments?

Currently 16 pre-tenure faculty
13 of these assistant professors are male
2 of these assistant professors were not trained in the U.S.

3 of these assistant professors are women
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Where were these Assistant Professors Trained
Demographics

B Which institutions trained these current assistant faculty?

80% of assistant chemistry professors were trained at a top 10 department

Caltech Harvard MIT Berkeley UIUC Northwestern Stanford Scripps UW Madison Columbia Cornell

B Which labs did they come from?

Eric Jacobsen M 6 Students pre-tenure Bob Grubbs  m 4 Students pre-tenure
Larry Overman as of April 2012 Amir Hoveyda as of April 2012
Bergman/Ellman Patrick Walsh
Reza Ghadiri
Dave Evans

Samuel Danishefsky
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Where are the Assistant Professors Studying Currently
Demographics

B What are the current research interests within the field of organic chemistry?

95 pre-tenure faculty currently in organic chemistry
53 within Organic Synthesis and Methodology
23 Chemical Biology

19 Organic Materials

B What are assistant professors studying at the top 10 departments?

5 within Organic Synthesis and Methodology
6 Chemical Biology

5 Materials

What does this information indicate for the future of organic chemistry?




How to select the top 5 pre-tenure faculty

B Criteria:
B United States institutions
B Limiting survey to organic chemists
B Must have published papers to define the goals of their program

B No MacMillan group alumni or Princeton Chemistry faculty
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Sarah Reisman
Caltech

B Caltech 2008-present

B Ph.D. with John Wood on the total synthesis of Welwitindolinone A Isonitrile

B Postodoctoral studies with Eric Jacobsen on thiourea catalyzed additions to oxocarbenium ions

Reisman, S.E.; Ready, J.M.; Weiss, M.M.; Hasuoka, A.; Tamaki, K.; Ovaska, T.V.; Wood, J.L. J. Am. Chem. Soc. 2008, 130, 2087
Reisman, S.E.; Doyle, A.G.; Jacobsen, E.N. J. Am. Chem. Soc. 2008, 130, 7198




Research in the Reisman Lab
Total synthesis and synthetic methodology

B Total synthesis of complex natural products

(—)-Acetylaranotin
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OMe
(—)-8-Demethoxyrunanine (+)-Salvileucalin B (-)-Maoecrystal Z

Codelli, J. A.; Puchlopek, A. L. A.; Reisman, S.E. J. Am. Chem. Soc. 2012, 134, 1930-1933.
Z.Cha, J. Y.; Yeoman, J. T. S.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 14965.
Chuang, K.V.; Navarro, R.N.; Reisman, S.E. Angew. Chem. Int. Ed. 2011, 50, 9447.

Levin, S.; Nani, R.N.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 774.
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B Total synthesis of complex natural products
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(—)-Acetylaranotin (—)-8-Demethoxyrunanine (+)-Salvileucalin B (—)-Maoecrystal Z

B Revival of the Buchner reaction for the synthesis of cyclopropane rings

Codelli, J. A.; Puchlopek, A. L. A.; Reisman, S.E. J. Am. Chem. Soc. 2012, 134, 1930-1933.
Z.Cha, J. Y.; Yeoman, J. T. S.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 14965.
Chuang, K.V.; Navarro, R.N.; Reisman, S.E. Angew. Chem. Int. Ed. 2011, 50, 9447.

Levin, S.; Nani, R.N.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 774.




The Buchner Reaction for Natural Product Synthesis
Intercepting the norcaradiene intermediate

B Buchner reaction for the formation of 7-membered rings

67 disrotatory EtO,C
CO,Et b ring
2 enzene openin
f _ } CO,Et P g
-
Ny heat
norcaradiene
intermediate

Reisman, S.E.; Nani, R. R., Levin, S. Synlett, 2011, 17, 2437.




The Buchner Reaction for Natural Product Synthesis
Intercepting the norcaradiene intermediate

B Buchner reaction for the formation of 7-membered rings

67 disrotatory EtO,C
CO,Et b ring
2 enzene openin
f _ } CO,Et P g
-
Ny heat
norcaradiene
intermediate

B Isomerization of cycloheptatriene provides a thermodynamic mixture

migration

>

"Buchner Esters"

Reisman, S.E.; Nani, R. R., Levin, S. Synlett, 2011, 17, 2437.
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B Retrosynthesis of Salvileucalin B
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The Buchner Reaction for Natural Product Synthesis
Intercepting the norcaradiene intermediate

B Application of the Buchner reaction for the synthesis of Salvileucalin B

0
conditions
>
0
entry catalyst yield (%)
1 Rh(OAc), 14

Rh(cap),

Rh(tfa), 5

Levin, S.; Nani, R.R.; Reisman, S.E. Org. Lett. 2010, 12, 780.




The Buchner Reaction for Natural Product Synthesis
Intercepting the norcaradiene intermediate

B Application of the Buchner reaction for the synthesis of Salvileucalin B

0
conditions
0

entry catalyst yield (%)
1 Rh(OAc), 14
2 Rh(cap),
3 Rh(tfa), 5
4 Cu(acac), 30
5 Cu(tfacac), 50 (73)*
6 Cu(hfacac), 40
7 Cu(TMHD), 28
8 Cu(TBS), 11

*Isolated yield, slow addition of a-diazoketone

Levin, S.; Nani, R.R.; Reisman, S.E. Org. Lett. 2010, 12, 780.




Enantioselective Total Synthesis of Salvileucalin B
Synthesis of triyne precurser

B Enantioselective synthesis of cycloisomerization precurser

[

MesZn o
Ligand 40 mol% \ /

OTBS PhMe, 70°C TBSO

> =
3-furaldehyde OH
0°Cto22°C
93% ee
(85% yield)

0] Me

- A
\l)kN Ph
H

OH

chiral Iigand Levin, S.; Nani, R.N.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 774.




Enantioselective Total Synthesis of Salvileucalin B
Synthesis of triyne precurser

B Enantioselective synthesis of cycloisomerization precurser

MeZn 0 1.NaH g ©
Ligand 40 mol% \ | DMF, 22°C \ |
OTBS PhMe, 70°C TBSO 2. 1M HCI, MeOH Br
> — > —
| I 3-furaldehyde OH 3. MsCl, EtsN, THF, 0]
0°C to 22°C 22°C: then LiBr — /
93% ee
(85% yield) (80% yield, 3 steps)
O Me
Ph

OH

chiral Iigand Levin, S.; Nani, R.N.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 774.




Enantioselective Total Synthesis of Salvileucalin B
Synthesis of triyne precurser

B Enantioselective synthesis of cycloisomerization precurser

MesZn
Ligand 40 mol%

OTBS PhMe, 70°C
>
| I 3-furaldehyde

0°C to 22°C

(85% yield)

OH Me T™S

Ph A
AL
H

OH

chiral ligand

)

\ |

TBSO

OH
93% ee

LHMDS, LiCl
THF, -78°C to 22°C;
then ether, -78°C

1.NaH g, ©

DMF, 22°C
2. 1M HCI, MeOH Br
>
3. MsCl, Et;N, THF,

22°C; then LiBr

(80% vyield, 3 steps)

(90% yield)

Me JO
Ph\)\
N
OH Me

’

>10:1 dr

Levin, S.; Nani, R.N.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 774.




Enantioselective Total Synthesis of Salvileucalin B
Synthesis of Buchner precurser

B Metal-catalyzed cycloisomerization and synthesis of cyclopropanation precursor

Q 1. TBAF, DCM, 22°C
Ph\)\N 2. RuCp’(cod)Cl
: (8 mol%) DCM 45°C

OH Me TMS >

A O\/ 3. n-BuyNOH,
: +BUOH/H,0, 90°C

4
O@ (74% yield, 3 steps)

Levin, S.; Nani, R.N.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 774.




Enantioselective Total Synthesis of Salvileucalin B
Synthesis of Buchner precurser

B Metal-catalyzed cycloisomerization and synthesis of cyclopropanation precursor

\)\ 0 1. TBAF, DCM, 22°C

Ph 2. RuCp’(cod)Cl

<N :

: A (8 mol%) DCM 45°C
OH Me ™S -

A O\/ 3. n-BuyNOH,
: +BUOH/H,0, 90°C

4
O@ (74% yield, 3 steps)

1. (COCI),, cat. DMF;
then CH,N,, THF

'
2. AgTFA, MeOH, Et;N
THF, -30°C to 22°C

(69% yield, 2 steps)

Levin, S.; Nani, R.N.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 774.




Enantioselective Total Synthesis of Salvileucalin B
Synthesis of Buchner precurser

B Metal-catalyzed cycloisomerization and synthesis of cyclopropanation precursor

Q 1. TBAF, DCM, 22°C
Ph\)\N 2. RuCp’(cod)Cl
: (8 mol%) DCM 45°C
OH Me ™S >

A O\/ 3. n-BuyNOH,
: +BUOH/H,0, 90°C

4
O@ (74% yield, 3 steps)

1. NaCHch
THF, -78°C to 22°C

1. (COCI),, cat. DMF;
then CH,N,, THF

'
2. AgTFA, MeOH, Et;N
THF, -30°C to 22°C

2. (imid)SO3N3, pyr

(78% yield, 2 steps)
(69% yield, 2 steps)

Levin, S.; Nani, R.N.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 774.




Enantioselective Total Synthesis of Salvileucalin B
Synthesis of Norcaradiene Core

B Application of Cu-mediated Buchner reaction

@)
Cu(hfacac), \ |
(10 mol%) 'e)
? o
DCM, 120°C
uwave, 1 min. CN
(65% yield) ©

Levin, S.; Nani, R.N.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 774.
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B Application of Cu-mediated Buchner reaction

@]
Cu(hfacac), \ |
(10 mol%)
>
DCM, 120°C
uwave, 1 min.
O

(65% yield)

CN

1. NaHMDS, -78°C; o
then Tf,NPh \
o (90% yield) o
>
2. DIBAL, DCM, -40°C
then ag. AcOH o
OTfH

Levin, S.; Nani, R.N.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 774.




Enantioselective Total Synthesis of Salvileucalin B
Synthesis of Norcaradiene Core

B Application of Cu-mediated Buchner reaction

@]
Cu(hfacac), \ |
(10 mol%)
>
DCM, 120°C
uwave, 1 min.
(65% yield) ©
0
DIBAL, |
DCM, -40°C; \
then aq. AcOH O
>
(57% vyield, 2 steps)
OTfOH

CN

1. NaHMDS, -78°C;
then Tf,NPh

o (90% yield)

’

2. DIBAL, DCM, -40°C
then aq. AcOH

Levin, S.; Nani, R.N.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 774.




Enantioselective Total Synthesis of Salvileucalin B
End game

B Synthesis of lactone and oxidation of tetrahydrofuran

0 O
S | Pd,(dba)s (5 mol%), \ |

o dppf (10 mol%), CO o)
>

DIPEA, THF, 22°C

- (98%) 3

Levin, S.; Nani, R.N.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 774.




Enantioselective Total Synthesis of Salvileucalin B
End game

B Synthesis of lactone and oxidation of tetrahydrofuran

Me
0 0o 7\ . |
S | Pd,(dba)s (5 mol%), \ I N~ Me \
0 dppf (10 mol%), CO 0 H Oc—0
> >
DIPEA, THF, 22°C CrOs
DCM, -35°C
(98%) o 0
OTioH 4 (51% yield) &
0
\
N
+
0
O
1:2 ratio

Levin, S.; Nani, R.N.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 774.




Research in the Reisman Lab
Total synthesis and synthetic methodology

B Total synthesis of complex natural products
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OMe
(—)-Acetylaranotin (—)-8-Demethoxyrunanine (+)-Salvileucalin B (—)-Maoecrystal Z

B Revival of the Buchner reaction for the synthesis of cyclopropane rings

Codelli, J. A.; Puchlopek, A. L. A.; Reisman, S.E. J. Am. Chem. Soc. 2012, 134, 1930-1933.
Z.Cha, J. Y.; Yeoman, J. T. S.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 14965.
Chuang, K.V.; Navarro, R.N.; Reisman, S.E. Angew. Chem. Int. Ed. 2011, 50, 9447.

Levin, S.; Nani, R.N.; Reisman, S.E. J. Am. Chem. Soc. 2011, 133, 774.
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Neil Garg
UCLA

B Assistant Professor at UCLA 2007-present
B Ph.D. with Brian Stoltz on the total synthesis of Dragmacidin D and F

B Postdoctoral work with Larry Overman on the total synthesis of (—)-Sarain A

Garg, Neil, K; Hiebert, Sheldon; Larry E. Overman. Angew. Chem. Int. Ed. 2006, 45, 2912.
Garg, Neil, K; Caspi, Daniel D.; Brian M. Stoltz. J. Am. Chem. Soc. 2004, 126, 9552.
Garg, Neil, K; Sarpong, R.; Brian M. Stoltz. J. Am. Chem. Soc. 2002, 124, 13179.
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UCLA

B Synthesis of complex natural products

HN

COzMe

N-Methylwelwitindolinone Indolactam V Aspidophylline A
C Isothiocyanate




Research in the Garg Lab
UCLA

B Synthesis of complex natural products

HN

COzMe

N-Methylwelwitindolinone Indolactam V Aspidophylline A
C Isothiocyanate

B Development of novel synthetic methods

Nu™™ OR
— Nickel
Br \ Catalysis
N r
H

Intercepting Indolyne




Research in the Garg Lab
UCLA

B Synthesis of complex natural products

OHC
N\
N
(le 0~ —
Me
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COQMe
Me
N-Methylwelwitindolinone Indolactam V Aspidophylline A
C Isothiocyanate
B Development of novel synthetic methods
OR X
Nickel
Catalysis




Regioselectivity in Nucleophilic Additions to Indolyne
Experimental and Computational Study
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Experimental and Computational Study

B Umpolong of the Indole heterocycle
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Regioselectivity in Nucleophilic Additions to Indolyne
Experimental and Computational Study

B Umpolong of the Indole heterocycle

& \
/

¥~ nucleophilic
oy g
N

N

H
Indole Indolyne
T™S _ i, Nu
TfO F- = Nu Nu
s il ¢ s JEESNGo IR bs
L . C-4 C-5

Preference for C-5 attack of nucleophile observed experimentally




Regioselectivity in Nucleophilic Additions to Indolyne
Experimental and Computational Study

B Experimental regioselectivity compares to computational prediction

Nu
Nu Nu
| - op e
N
N N H
_ i C-4 C-5
Nucleophile Yield, Ratio (C-5/C-4) Computed

t_
Me oH 80%, 3:1 AAG™ =2.8
115:1
AAGT =3.0
NH 91%, 12.5:1 =3.
2 160:1

1
Ns—Bn 86%, 2.4:1 AAG* =0.6
2.5:1
KCN 85%, 3.3:1 C-5 preferred

Garg, Neil, K. et al. J. Am. Chem. Soc. 2010, 132, 1267.




Regioselectivity in Nucleophilic Additions to Indolyne
Experimental and Computational Study

B Favored TS has the lower distortion energy

/\ C-3a bond angle distorted:

0ccc=110° (pyrrole= 126°)

Garg, Neil, K. et al. J. Am. Chem. Soc. 2010, 132, 1267.




Regioselectivity in Nucleophilic Additions to Indolyne
Experimental and Computational Study

B Favored TS has the lower distortion energy

—

Nu attack at C-5 relieves strain:
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Regioselectivity in Nucleophilic Additions to Indolyne
Experimental and Computational Study

B Favored TS has the lower distortion energy

—

Nu attack at C-5 relieves strain:
Occc OPENS to 118°

/\ C-3a bond angle distorted:

0ccc=110° (pyrrole= 126°)

Nu attack at C-4 increases unfavorable distortion: 6., becomes 108°

Garg, Neil, K. et al. J. Am. Chem. Soc. 2010, 132, 1267.




Regioselectivity in Nucleophilic Additions to Indolyne
Experimental and Computational Study

B Favored TS has the lower distortion energy

—

Nu attack at C-5 relieves strain:
Occc OPENS to 118°

/\ C-3a bond angle distorted:

0ccc=110° (pyrrole= 126°)

B &-indolyna T

preference for C-5 attack diminished C-6 attack exclusively
C-5 and C-6 have similar 6

Garg, Neil, K. et al. J. Am. Chem. Soc. 2010, 132, 1267.




Reversing the Regioselectivity in Nucleophilic Additions to Indolyne
Application to the synthesis of Indolactam V

B Lessons learned from computation:

more planar site is preferred for nucleophilic attack

more electropositive carbon is preferred site for nucleophilic attack

Bronner, S.M.; Goetz, A. E.; Garg, Neil, K. et al. J. Am. Chem. Soc. 2011, 133, 3832.
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Reversing the Regioselectivity in Nucleophilic Additions to Indolyne
Application to the synthesis of Indolactam V

B Lessons learned from computation:

more planar site is preferred for nucleophilic attack

more electropositive carbon is preferred site for nucleophilic attack

A —
Br /% Can inclusion of a C-6 bromine direct nucleophilic
N attack to C-47?
H

C-4 0o = 130°

C-5 0,0 = 124°

Bronner, S.M.; Goetz, A. E.; Garg, Neil, K. et al. J. Am. Chem. Soc. 2011, 133, 3832.




Reversing the Regioselectivity in Nucleophilic Additions to Indolyne
Application to the synthesis of Indolactam V

B Bromine reverses selectivity of nucleophilic addition for a variety of nucleophiles

Nu Nu
F_
>
Br/% NU Br Nt B \
N N N
H H H
Nucleophile Yield Ratio C-5: C-4
0
OH 58% 1:13

tBu

©\ 70% 1:14
NH,
o NH

2

Bronner, S.M.; Goetz, A. E.; Garg, Neil, K. et al. J. Am. Chem. Soc. 2011, 133, 3832.




Reversing the Regioselectivity in Nucleophilic Additions to Indolyne
Application to the synthesis of Indolactam V

B Synthesis of Indolactam V

™ Me Me
TfO S 0]
M N
e
+ ~ M
Br \ H OMe
O

N

H OH

O
M N
e
CsF N OMe
> o)
CH4CN, 0°C to r.t. \ OH

62% yield
( yield) B N

Bronner, S.M.; Goetz, A. E.; Garg, Neil, K. et al. J. Am. Chem. Soc. 2011, 133, 3832.




Reversing the Regioselectivity in Nucleophilic Additions to Indolyne
Application to the synthesis of Indolactam V

B Synthesis of Indolactam V

Me Me
0
Me H
TfO TMS Me Me 0 CsE SN OMe
H
TN H > o) on
B \ N OMe  CH4CN, 0°Ctort. A
O .
N %
N OH (62% vyield) Br N
H
Me Me
0
Me H
1. H,, Pd/C, EtzN, MeOH SN OMe
» o)
2. Ac,0, AcOH, 23°C
3. K,COs, DMF, 65°C | AN\
(69% yield, 3 steps) = N

Bronner, S.M.; Goetz, A. E.; Garg, Neil, K. et al. J. Am. Chem. Soc. 2011, 133, 3832.




Reversing the Regioselectivity in Nucleophilic Additions to Indolyne
Application to the synthesis of Indolactam V

B Synthesis of Indolactam V

Me Me
, 0
M M Me N
TO TMS © © ! 0 CsE N OMe
. Mel N > O oH
Br \ N OMe  CH4CN, 0°Ctorrt. N\
O .
N %
N OH (62% yield) Br N
H
Me Me
0
y N
1. H,, Pd/C, EtzN, MeOH °SN OMe ZrCl, OMe
> >
2. Ac,0, ACOH, 23°C © CH,Cl,, 34°C
3. K,COg, DMF, 65°C | A\ _
(69% yield, 3 steps) _ H (56% vyield, 24% RSM)

Bronner, S.M.; Goetz, A. E.; Garg, Neil, K. et al. J. Am. Chem. Soc. 2011, 133, 3832.




Reversing the Regioselectivity in Nucleophilic Additions to Indolyne
Application to the synthesis of Indolactam V

B Synthesis of Indolactam V

OMe

Indolactam V

Bronner, S.M.; Goetz, A. E.; Garg, Neil, K. et al. J. Am. Chem. Soc. 2011, 133, 3832.
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B Assembly of [4.3.1] bicycle through indolyne cyclization
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Functionalization N H Oxidation
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Huters, A. D..; Quasdorf, K. W.; Styduhar, E. D.; Garg, Neil, K. J. Am. Chem. Soc. 2011, 133, 3832.




Reversing the Regioselectivity in Nucleophilic Additions to Indolyne
Application to the synthesis of N-MethylWelwitindolinone C Isothiocyante

B Assembly of [4.3.1] bicycle through indolyne cyclization

Late-Stage cl
Bridgehead Me, Indole
Functionalization N H Oxidation
————) aMe | >
Me
(0]
N
Me
Indolyne
Cyclization

A4

Huters, A. D..; Quasdorf, K. W.; Styduhar, E. D.; Garg, Neil, K. J. Am. Chem. Soc. 2011, 133, 3832.




Research in the Garg Lab
UCLA

B Synthesis of complex natural products

OHC
N\
N
(le 0~ —
Me
HN
COQMe
Me
N-Methylwelwitindolinone Indolactam V Aspidophylline A
C Isothiocyanate
B Development of novel synthetic methods
OR X
Nickel
Catalysis




Highlights from top Pre-tenure Faculty

Sarah Reisman Neil Garg Gojko Lalic

Caltech UCLA University of Washington




Gojko Lalic

University of Washington

B Assistant Professor, University of Washington 2008-present
B Postdoctoral fellow with E. J. Corey on the synthesis of Platensimycin
B Postdoctoral fellow with R. Bergman studying the reactions of zirconium complexes

B Ph.D. with Matt Shair studying the metal catalyzed thioester aldol and Mannich reactions




Research in the Lalic Lab
Organic Synthesis and Synthetic Methodology

B Novel methods in copper catalysis

H
OPO(OEt) ~ Me ~s )
Cu s r
—> —_—
Me Me
Me
Catalytic Sy2' reactions with Asymmetric Synthesis of

Boronic Esters Trisubstituted Allenes




Research in the Lalic Lab
Organic Synthesis and Synthetic Methodology

B Novel methods in copper catalysis

\ A
Oy r
|:{1/§/\ cl e R, )\(
R2 R2
Catalytic Sy2' reactions with
Boronic Esters
Ry Rs
R ’I\l R4 rCu\ R Rs
OBZ % R2 ’I\l R4
Ar
Ar—B(OR),

Synthesis of Hindered Anilines

H

OPO(OEt), :

Me mug
o) s

u e
Me
/\ﬁMe i,
Me Me Me

Me Me

Asymmetric Synthesis of
Trisubstituted Allenes

Anti-Markovnikov Hydroamination




Copper-Catalyzed Electrophilic Amination of Aryl Boronic Esters
Synthesis of Hindered Anilines

B N-Aryl structural motif highly prevalent in medicinal agents

Ry R

Rz)\N)\FM 0
(I)Bz u

%

Ar—B(OR),




Copper-Catalyzed Electrophilic Amination of Aryl Boronic Esters
Synthesis of Hindered Anilines

B N-Aryl structural motif highly prevalent in medicinal agents

Ry Rs

O Y o

Ry N R4 Cu

I A PY
OBz _— Ry ’I‘IJ\R4
Ar
Ar—B(OR),

B No method of direct synthesis of a product prefunctionalized with —I or —Br
B Most methods require excess of one coupling partner

B Chan-Lam amination is incompatable with hindered substrates




Copper-Catalyzed Electrophilic Amination of Aryl Boronic Esters
Synthesis of Hindered Anilines

LCuO1Bu (5 mol%)
v
MO1Bu, solvent

Ar—B(OR), L M Solvent Yield (%)

O
0 RO___OR [ j
B
\
OBz

1 IMes Na THF <5

IMes
Ar/N\/N\Ar




Copper-Catalyzed Electrophilic Amination of Aryl Boronic Esters
Synthesis of Hindered Anilines

O
0 RO\B/OR [ j
[ ] LCuO1Bu (5 mol%) N
N v
| MO1Bu, solvent
OBz

Ar—B(OR), L M Solvent Yield (%)
1 IMes Na THF <5
2 IMes Na THF 16
3 IMes Na THF 72
Me Me
Me Me
Me%_%""e [\
R IMes
AF’N\V/N\Ar
Me Me Me °*




Me Me

Me

Copper-Catalyzed Electrophilic Amination of Aryl Boronic Esters
Synthesis of Hindered Anilines

LCuO1Bu (5 mol%)

v
MOBu, solvent

O
0 RO___OR [ j
B
\
OBz

Ar—B(OR), L M Solvent Yield (%)
Me Me
O g0
Me PPh, PPh,
N
=
4 Me Me




Copper-Catalyzed Electrophilic Amination of Aryl Boronic Esters
Synthesis of Hindered Anilines

@

0 RO\B/OR
[ j LCuO1Bu (5 mol%)
N v o
| MO1Bu, solvent
OBz
Ar—B(OR), L M Solvent Yield (%)
3 Xantphos Na 1,4-dioxane 99
4 Xantphos Na 1,4-dioxane 8
4 Xantphos Li 1,4-dioxane 56
Me Me Me Me
O\B/o O\B/O
Me Me PPh, PPh,
N 0]
Me F
Me Me




Copper-Catalyzed Electrophilic Amination of Aryl Boronic Esters
Synthesis of Hindered Anilines

O
0 RO\B/OR [ j

[ ] LCuO1Bu (5 mol%) N

N v

| MO1Bu, solvent

OBz

Ar—B(OR), L M Solvent Yield (%)
Xantphos Na 1,4-dioxane 99
Xantphos Na 1,4-dioxane 8
Xantphos Li 1,4-dioxane 56
Xantphos Li PhMe 74
Me Me Me Me Me Me
Xantphos Li PhMe 81 45°C
) Me)\NJ\Me
O\B _0 O\B _0 Xantphos Li PhMe 94 60°C (lsz
Me Me PPh, PPh,
X
Me F
Me Me




Copper-Catalyzed Electrophilic Amination of Aryl Boronic Esters
Substrate Scope

N(/Pr)2 OMe 85% N/Prz NiPry N/Pry,

cl  82%
Br 84% O
| 82% O
X CHO  94% COoE CFs

CO,Me 89%
87% 87% 87%

NiPr, M MG7O<M9
NPT, NiPr, &N M& N “Me Me Me
H} i AN Me N Me
72 / | N Me
S N\%N
Cl
Me NO2
88% 87% 87% 90% 95% 60%

Rucker, R. P.; Whittaker, A. M.; Fang, H.; Gojko Lalic Angew. Chem. Int. Ed. 2012, 51, 3953.




Copper-Catalyzed Electrophilic Amination of Aryl Boronic Esters

Proposed Mechanism
LCu-OR; ArB(OR),
R'O-B(OR),
Cu-Catalytic
Cycle
LCu-Ar

Rucker, R. P.; Whittaker, A. M.; Fang, H.; Gojko Lalic Angew. Chem. Int. Ed. 2012, 51, 3953.




Copper-Catalyzed Electrophilic Amination of Aryl Boronic Esters

Proposed Mechanism
LCu-OR; ArB(OR),
R'O-B(OR),
Cu-Catalytic
Cycle
Ar—NR, LCu—Ar
R,N-OBz

Rucker, R. P.; Whittaker, A. M.; Fang, H.; Gojko Lalic Angew. Chem. Int. Ed. 2012, 51, 3953.




Copper-Catalyzed Electrophilic Amination of Aryl Boronic Esters

Proposed Mechanism
LiOBz
R1OLi
R'O-B(OR),
LCu—OBz Cu-Catalytic
Cycle
Ar-NR; LCu—Ar
RQN—OBZ

Rucker, R. P.; Whittaker, A. M.; Fang, H.; Gojko Lalic Angew. Chem. Int. Ed. 2012, 51, 3953.




Copper-Catalyzed Electrophilic Amination of Aryl Boronic Esters

Proposed Mechanism
LiOBz
R1OLi
R'O-B(OR),
LCu—OBz Cu-Catalytic
Cycle
Ar-NR; LCu—Ar
RQN—OBZ
Mes
N
CegH P o
[ o e T ——> TN 73% yield

\ IOBz 25°C, 30 min. L
Mes

Rucker, R. P.; Whittaker, A. M.; Fang, H.; Gojko Lalic Angew. Chem. Int. Ed. 2012, 51, 3953.




Copper-Catalyzed Alkene Hydroamination with Alkyl Boranes
Synthesis of Tertiary Alkyl Amines

F\
Cu H Ry
R™ N _— R)\/N\Rz

simple olefin Single Regioisomer
of Tertiary Alkylamine

Rucker, R. P.; Whittaker, A. M.; Dang, H.; Gojko Lalic J. Am. Chem. Soc. 2012, 134, 6571.




Copper-Catalyzed Alkene Hydroamination with Alkyl Boranes
Synthesis of Tertiary Alkyl Amines

)
Cu H R,
R\ _— R)\/N\R2

simple olefin Single Regioisomer
of Tertiary Alkylamine

Can this be achieved through a novel hydroboration-amination procedure?

Rucker, R. P.; Whittaker, A. M.; Dang, H.; Gojko Lalic J. Am. Chem. Soc. 2012, 134, 6571.




Copper-Catalyzed Alkene Hydroamination with Alkyl Boranes
Synthesis of Tertiary Alkyl Amines

B Initial Studies

9-BBN-H, 1,4-dioxane
60°C, 12h then |
Ph/\/\ r ph/\/\/N\R
R1R2N-OBz, MO1Bu
ICyCuCl (5 mol%)
solvent, 45°C, 6h

Entry R,N-OBz M Cosolvent Yield
1 Na 1,4-dioxane 16%
2 Bn - B" K 1,4-dioxane 1%
|
OBz

Rucker, R. P.; Whittaker, A. M.; Dang, H.; Gojko Lalic J. Am. Chem. Soc. 2012, 134, 6571.




Copper-Catalyzed Alkene Hydroamination with Alkyl Boranes

B Initial Studies

Synthesis of Tertiary Alkyl Amines

9-BBN-H, 1,4-dioxane

/
60°C, 12h then R . PN
N
. Ph/\/\/ \R2

Ph N
R1'R2N-OBz, MOBu
ICyCuCl (5 mol%)
solvent, 45°C, 6h
Entry R,N-OBz M Cosolvent Yield
1 Na 1,4-dioxane 16%
2 Bn - B" K 1,4-dioxane 1%
|
OBz

Rucker, R. P.; Whittaker, A. M.; Dang, H.; Gojko Lalic J. Am. Chem. Soc. 2012, 134, 6571.




Copper-Catalyzed Alkene Hydroamination with Alkyl Boranes
Synthesis of Tertiary Alkyl Amines

B Initial Studies

9-BBN-H, 1,4-dioxane

Z
60°C, 12h then R . PN
N
Ph/\/\ r Ph/\/\/ \Rz
R'R2N-OBz, MOBu

ICyCuCl (5 mol%)
solvent, 45°C, 6h

Entry R,N-OBz M Cosolvent Yield
1 Na 1,4-dioxane 16%
2 B - B" K 1,4-dioxane 1%
I
0Bz
3 Li 1,4-dioxane 56%
4 Li pentane 97%

Rucker, R. P.; Whittaker, A. M.; Dang, H.; Gojko Lalic J. Am. Chem. Soc. 2012, 134, 6571.




Copper-Catalyzed Alkene Hydroamination with Alkyl Boranes
Synthesis of Tertiary Alkyl Amines

B Initial Studies

9-BBN-H, 1,4-dioxane
60°C, 12h then |
PR N i T Y
R1R2N-OBz, MOtBu
ICyCuCl (5 mol%)
solvent, 45°C, 6h

Entry RoN-OBz M Cosolvent Yield

5 Li pentane <5%

-

Rucker, R. P.; Whittaker, A. M.; Dang, H.; Gojko Lalic J. Am. Chem. Soc. 2012, 134, 6571.




Copper-Catalyzed Alkene Hydroamination with Alkyl Boranes
Synthesis of Tertiary Alkyl Amines

B Initial Studies

9-BBN-H, 1,4-dioxane
60°C, 12h then |
PR N i T Y
R1R2N-OBz, MOtBu
ICyCuCl (5 mol%)
solvent, 45°C, 6h

Entry RoN-OBz M Cosolvent Yield
5 Li pentane <5%
@) .
61 [ j Li pentane 52%
'|“
OBz

1Electrophile added over 6 hours

Rucker, R. P.; Whittaker, A. M.; Dang, H.; Gojko Lalic J. Am. Chem. Soc. 2012, 134, 6571.




Copper-Catalyzed Alkene Hydroamination with Alkyl Boranes
Synthesis of Tertiary Alkyl Amines

B Initial Studies

9-BBN-H, 1,4-dioxane
60°C, 12h then T
PR N i
R1R2N-OBz, MO1Bu
ICyCuCl (5 mol%)
solvent, 45°C, 6h

Entry RoN-OBz M Cosolvent Yield
5 Li pentane <5%
@) .
61 [ j Li pentane 52%
72 N Li toluene 86%
OBz
83 Li toluene 99%

1Electrophile added over 6 hours

2Electrophile added over 3 hours
360°C

Rucker, R. P.; Whittaker, A. M.; Dang, H.; Gojko Lalic J. Am. Chem. Soc. 2012, 134, 6571.




Copper-Catalyzed Alkene Hydroamination with Alkyl Boranes
Substrate Scope

9-BBN-H, 1,4-dioxane
60°C, 12h then i
o X > e SN
R1R2N-OBz, MOBu
ICyCuCl (5 mol%)
solvent, 45°C, 6h

/Pr\ _1Pr

/(j iPr. iPr
Me N N ~ I\;\ k(\L
Bn/l/|

94% 91% 84% 94% 80% 95%

5 o
i

Bn OTIPS

Rucker, R. P.; Whittaker, A. M.; Dang, H.; Gojko Lalic J. Am. Chem. Soc. 2012, 134, 6571.




Copper-Catalyzed Alkene Hydroamination with Alkyl Boranes
Substrate Scope

Boc Pr . ~IPr
N

O 0O 0 L) . N J?
BnJ) Bn/l/l Bn KL O\_/o

Bn OTIPS

94% 91% 84% 94% 80% 95%

Bn Bn
Me Me L&
)\ )\ /\/Me
N7 Me N “Me cCl N A WA
Me Me
Me/K/\©\ Me)\/\© K/\/Ph
CN

90% 92% 83% 86%

Rucker, R. P.; Whittaker, A. M.; Dang, H.; Gojko Lalic J. Am. Chem. Soc. 2012, 134, 6571.




Research in the Lalic Lab
Organic Synthesis and Synthetic Methodology

B Novel methods in copper catalysis

\ A
Oy r
|:{1/§/\ cl e R, )\(
R2 R2
Catalytic Sy2' reactions with
Boronic Esters
Ry Rs
R ’I\l R4 rCu\ R Rs
OBZ % R2 ’I\l R4
Ar
Ar—B(OR),

Synthesis of Hindered Anilines

H

OPO(OEt), :

Me mug
o) s

u e
Me
/\ﬁMe i,
Me Me Me

Me Me

Asymmetric Synthesis of
Trisubstituted Allenes

Anti-Markovnikov Hydroamination
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Corey Stephenson

Boston University

B Assistant Professor at Boston University 2007-present
B Ph.D. with Peter Wipf on the development of alkylzirconocene catalyzed C-C bond formations

B Postdoctoral work with Erick Carreira in asymmetric catalysis using chiral diene ligands




Research in the Stephenson Group
Photoredox Catalysis

B Photoredox catalysis

>
X A N
—> R— R— | ——— > Ry 4
> / SAr X Z Z SAr
gf (Nu

Nucleophilic trapping of iminiums

Photoredox Aza-Henry
generated through photoredox

B Complex molecule synthesis

syringolin A

gliocladin C




L

Research in the Stephenson Group

- ...
bpy orbitals
AY
A
— t29

Ru(bpy)a?*

ground state

Photoredox Catalysis

Coord. Chem. Rev. 1988, 84, 85.




m

Research in the Stephenson Group

Photoredox Catalysis

ground state

-
Y
—
S—
T eq — €
'y
v |
N = - - ..
b bital L. bpy orbitals
Py orras photoexcitation
452nm
=ty = g
Ru(bpy)s2+ Ru(bpy)s?*
excited state

Coord. Chem. Rev. 1988, 84, 85.




Research in the Stephenson Group
Photoredox Catalysis

Strong Oxidant
>

*E1/2 =+0.79V

Strong Reductant

—
—~ —~
- —
— —
— eg* — eg
ll -
1
1 ? -
/ j |
! *
) — o.w ~ = — - T
! bpy orbitals L. bpy orbitals
/ i photoexcitation
! 452nm
ES—
A =
\
\
\
\
A T
= 1ty =ty
Ru(bpy)s2* Ru(bpy)s2*
excited state

ground state

*E1/2 = —083V

Coord. Chem. Rev. 1988, 84, 85.




Research in the Stephenson Group
Photoredox Catalysis for Amine Functionalization

B Oxidative functionalization of tertiary amines

v PC
v ©
'?1
PC’ PC RN
NN R,
M \/ amine radical
RNsg > cation
2

Tucker, J. W.; Stephenson, C. R. J. J. Org. Chem 2012, 77, 1617.
McNally, A.; Prier, C. K.; MacMillan, D. W. C. Science, 2011, 334, 1114.




Research in the Stephenson Group
Photoredox Catalysis for Amine Functionalization

B Oxidative functionalization of tertiary amines

v PC
v (0]
'?1

PC’ PC RN

~N \Rz

M \/ amine radical
R. _N > ;

~~" R, cation

—H"

CN C—H R1\N/ R
?1 Arylation
R_ _N >
~7 R, R
I~ CN

Tucker, J. W.; Stephenson, C. R. J. J. Org. Chem 2012, 77, 1617.
McNally, A.; Prier, C. K.; MacMillan, D. W. C. Science, 2011, 334, 1114.




Research in the Stephenson Group
Photoredox Catalysis for Amine Functionalization

B Oxidative functionalization of tertiary amines

?1 nucleophile ?1
R___NZ - Ra-Ns
\% ~ R2 Y R2
Nu
2% - —€
= [O] ot Stephenson Lab:
T g PC -
Initial report Photoredox
/ [O] . Aza-Henry
1
x |
PC PC-1 RN
NN R,
M \/ amine radical
R N > '
~~" R, cation
—H"
CN C-H Ri< N~ Ro
?1 Arylation
R\./N\RZ > R
N CN

Tucker, J. W.; Stephenson, C. R. J. J. Org. Chem 2012, 77, 1617.
McNally, A.; Prier, C. K.; MacMillan, D. W. C. Science, 2011, 334, 1114.




Research in the Stephenson Group
Photoredox Catalysis for Amine Functionalization

Oxidative functionalization of tertiary amines

o]

Q Ru(bpy)s®*
v ©

Ru(bpy)s*

R
| 1

R N
N \Rz

amine radical
cation




Research in the Stephenson Group
Photoredox Catalysis for Amine Functionalization

Oxidative functionalization of tertiary amines _

y  Rubpy) » 1O
v 0]
Ru(bpy);2*"  Ru(bpy)s*

n NG
>

H-abstraction

N
T o

R

|

R N
N \Rz

amine radical
cation

Aza-Henry
Product




Research in the Stephenson Group
Photoredox Catalysis for Amine Functionalization

B Oxidative functionalization of tertiary amines _

s Rulbpy)g? » [OF
v 0]
Ru(bpy);2*"  Ru(bpy)s*
?1 \\\\\_’///’
RaNag >
2

o\ﬁ,o
R |
I +
%
R \% N ~ Rj
[O]
H-abstraction
?1
R N*e
NN R2
amine radical
cation
?1 —le~
N —>

Ry

,l\l Aza-Henry

R ~
j/ R Product

O,N




Photoredox Catalyzed Aza-Henry Reaction

Photoredox Catalysis for Amine Functionalization

B Initial Studies

(j@ photocatalyst (2 mol%)
| >

additive, solvent N
Z> e Ph

visible light
X
Photocatalyst Oxidant Solvent Nucleophile Yield
Ru(bpy)s?* (EtO.C),CHBr DMF OMe 73%
Ru(bpy)s2* (EtO,C),CHBr MeOH OMe 100%"

* percent conversion

Condie, A. G.; Gonzalez-Gomez, J. C.; Stephenson, C. R. J. J. Am. Chem. Soc. 2010, 132, 1464




Photoredox Catalyzed Aza-Henry Reaction

Photoredox Catalysis for Amine Functionalization

B Initial Studies

(j@ photocatalyst (2 mol%)
| >

additive, solvent N
Z> e Ph

visible light
X

Photocatalyst Oxidant Solvent Nucleophile Yield

Ru(bpy)s2* (EtO,C),CHBr DMF OMe 73%

Ru(bpy)s2* (EtO,C),CHBr MeOH OMe 100%"

Ru(bpy)s2* no additive MeOH OMe 100%

Ru(bpy)z2* no additive CH3NO, CH3NO, 81%

Ru(bpy)z2* degassed CH3NO, CH3NO, 76%

* percent conversion

Condie, A. G.; Gonzalez-Gomez, J. C.; Stephenson, C. R. J. J. Am. Chem. Soc. 2010, 132, 1464




Photoredox Catalyzed Aza-Henry Reaction

Photoredox Catalysis for Amine Functionalization

B Initial Studies

(j@ photocatalyst (2 mol%)
| >

additive, solvent N_
Z> e Ph

visible light
X

Photocatalyst Oxidant Solvent Nucleophile Yield
Ru(bpy)s2* (EtO,C).CHBr DMF OMe 73%
Ru(bpy)32* (EtO,C),CHBr MeOH OMe 100%
Ru(bpy)s2* no additive MeOH OMe 100%"
Ru(bpy)z2* no additive CH3NO, CH3NO, 81%
Ru(bpy)z2* degassed CH3NO, CH3NO, 76%
Ir(ppy).(dtbbpy)PFg 0, CH3NO, CH3NO, 92%

no light  Ir(ppy).(dtbbpy)PFg¢ 05 CH5NO, CH3NO, 0%"
no catalyst: 7.5 days O, CH3NO, CH3NO, 83%"

* percent conversion

Condie, A. G.; Gonzalez-Gomez, J. C.; Stephenson, C. R. J. J. Am. Chem. Soc. 2010, 132, 1464




Photoredox Catalyzed Aza-Henry Reaction
Substrate Scope

©© Ir(ppy)»(dtbbpy)PFg (2 mol%)
>
N\ph CH3NO, neat N\ph

visible light, air

NO,
MeO
Ph i ; Ph C|/©:E Ph MeO Ph
N02 Me N02 N02 N02
92% 96% 95% 92%
NO,
N N D_/
\©\ \O\ I\iPh
NO», OMe Me NO» Z OMe
96% 96% 27%

Condie, A. G.; Gonzalez-Gomez, J. C.; Stephenson, C. R. J. J. Am. Chem. Soc. 2010, 132, 1464




Photoredox Catalyzed Aza-Henry Reaction

Proposed Mechanism
Ir(ppy).(dtbbpy)PFg
(1 mol%)
N » N ph
“Ph CH3NO,
visible light NO,
+ Oy : I
N N 2 N N
“Ph 7 Ph ———» N NF gy —> “Ph
NO,
“Ir(ppy)2(dtbbpy)'! Ir(ppy)2(dtbbpy)"!
E1/2red=+0-66 V E1/20X=_1'51 V
W] \ @ 020_
Ir(ppy)2(dtbbpy)!! 0,

Condie, A. G.; Gonzalez-Gomez, J. C.; Stephenson, C. R. J. J. Am. Chem. Soc. 2010, 132, 1464




Nucleophilic Trapping of Iminium Intermediates

Photoredox Catalysis
m Enolates
A /\ Br- Nu Strecker
R > Alkynylation
i + /
. AN " Mannich
= r Sakurai
WJ Friedel-Crafts

Freeman, D. B.; Furst, L.; Condie, A. G.; Stephenson, C. R. J. Org. Lett. 2012, 14, 94.




Nucleophilic Trapping of Iminium Intermediates
Photoredox Catalysis

2 Photocatalyst (1 mol%) A
RT : > R
= N\A oxidant, solvent = N_
r visible light, NaCN, r.t Ar
CN
Photocatalyst Oxidant Solvent Yield
Ir(ppy)-(dtbbpy)PFg (EtO,C),CHBr DMF 36%
Ru(bpy)32+ (EtOQC)ZCHBr DMF 95%

Freeman, D. B.; Furst, L.; Condie, A. G.; Stephenson, C. R. J. Org. Lett. 2012, 14, 94.




Nucleophilic Trapping of Iminium Intermediates
Photoredox Catalysis

2 Photocatalyst (1 mol%) A
R_
% N\A oxidant, solvent = N_
r visible light, NaCN, r.t Ar
CN
Photocatalyst Oxidant Solvent Yield
Ir(ppy)-(dtbbpy)PFg (EtO,C),CHBr DMF 36%
Ru(bpy)32+ (EtOQC)ZCHBr DMF 95%
Ru(bpy)s2*+ CCl,/DMF 1:1 DMF 36%
Ru(bpy)32+ CC|4 CH3CN 530/0
Ru(bpy)s2* BrCCls DMF 60%

Freeman, D. B.; Furst, L.; Condie, A. G.; Stephenson, C. R. J. Org. Lett. 2012, 14, 94.




Nucleophilic Trapping of Iminium Intermediates
Photoredox Catalysis

2 Photocatalyst (1 mol%) A
RT > R
= N\A oxidant, solvent = N_
r visible light, NaCN, r.t Ar
CN

Photocatalyst Oxidant Solvent Yield
Ir(ppy)-(dtbbpy)PFg (EtO,C),CHBr DMF 36%
Ru(bpy)32* (EtO,C),CHBr DMF 95%
Ru(bpy)s2* CClI4/DMF 1:1 DMF 36%
Ru(bpy)32+ CC|4 CH3CN 530/0
Ru(bpy)s2* BrCCl, DMF 60%

N
Ru(bpy)s2* BrCCly DMF 85%

Bu,NCN as Nu  Ru(bpy)3?* BrCCl, DMF 17% iminium

> pre-generated

J

Freeman, D. B.; Furst, L.; Condie, A. G.; Stephenson, C. R. J. Org. Lett. 2012, 14, 94.




Nucleophilic Trapping of Iminium Intermediates
Photoredox Catalysis

2 Photocatalyst (1 mol%) A
RT > R
= N\A oxidant, solvent = N_
r visible light, NaCN, r.t Ar
CN
Photocatalyst Oxidant Solvent Yield
Ir(ppy)-(dtbbpy)PFg (EtO,C),CHBr DMF 36%
Ru(bpy)32* (EtO,C),CHBr DMF 95%
Ru(bpy)s2* CCl,/DMF 1:1 DMF 36%
RU(bpy)32+ CC|4 CH3CN 53%
Ru(bpy)s2*+ BrCCl, DMF 60%
N
Ru(bpy)s2* BrCCly DMF 85%
Buy,NCN as Nu  Ru(bpy)s* BrCCl, DMF 17% iminium
> pre-generated
Ru(bpy)s2* BrCClj THF NR
Ru(bpy)32* BrCCl, 2:1 THF/H,O 83%

Freeman, D. B.; Furst, L.; Condie, A. G.; Stephenson, C. R. J. Org. Lett. 2012, 14, 94.




Nucleophilic Trapping of Iminium Intermediates
Photoredox Catalysis

2 Ru(bpy)sCls (1 mol%) 2
R4 N > R
Z ~Ar BrCCtI)? (:Ia ehquiv.), 2N
isible light, r.t
visible lig CN
then no light, Nu (below)
® ® ®
N N N N
~Ph & ~Ph ~Ph & ~Ph
MeO OMe Me
- |
O O
NH Ph 0]
83% 82% 69% 59%

Freeman, D. B.; Furst, L.; Condie, A. G.; Stephenson, C. R. J. Org. Lett. 2012, 14, 94.




83%

Nucleophilic Trapping of Iminium Intermediates
Photoredox Catalysis

X Ru(bpy)sCls (1 mol%) A
N > R
Z ~Ar BrCCl; (3 equiv.), 2N
visible light, r.t
CN
then no light, Nu (below)
B ®
N N N
& ~Ph “Ph Z “Ph
| | MeO OMe Me
O 0]
Ph ©
82% 69% 59%
MeO
N N N
MeO ~Ph ~Ph | N
I e e e
Ph ©
89% 85% 65%

Freeman, D. B.; Furst, L.; Condie, A. G.; Stephenson, C. R. J. Org. Lett. 2012, 14, 94.
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Photoredox Catalysis

B Photoredox catalysis

>
X A AN
—> R— R— L ———> Ry +
2 / SAr 2 NP SAr
gf (Nu

Nucleophilic trapping of iminiums

Photoredox Aza-Henry
generated through photoredox

B Complex molecule synthesis

syringolin A

gliocladin C
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Regan Thomson
Northwestern University

B Assistant Professor at Northwestern 2007-present
B Ph.D. with Prof. L. Mander, total synthesis of Sordaricin

B Postdoctoral work with Prof. Dave Evans developing enantioselective Ni catalyzed methods
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Oxidative Couplings of Silyl Enol Ethers Traceless Reaction Development
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Organic Synthesis and Synthetic Methodology

B Novel methods for C—C bond construction

R
Me\S'/MK

|
0~ o 0O

CAN

COr

Oxidative Couplings of Silyl Enol Ethers

Me

B Total synthesis of complex natural products

IBOC
N
R N7
[ J
R R,

[3,3]

—> R1

Traceless Reaction Development

Prodigiosin R1 (R=iPr)

GB17

Streptorubin B




Traceless Bond Construction

Bond Formation without an Obvious Retron

B Formation of a new o-bond without extrusion of a functional handle

FG

FG

FG

R
—R2 L’ 1_\_R2

Mundal, D. A.; Avetta, C. T.; Thomson, R. J. Nature Chem. 2010, 2, 294.
Stevens, R. V. et al. Chem. Commun. 1973, 662.




Traceless Bond Construction

Bond Formation without an Obvious Retron

B Formation of a new o-bond without extrusion of a functional handle

FG _R2 R1
» R— FG [—R L, —\_R2

B Steven's thermal rearrangement of N-allylhydrazones

_N2
HoN" j H
_N
> R1) F R;

Mundal, D. A.; Avetta, C. T.; Thomson, R. J. Nature Chem. 2010, 2, 294.
Stevens R. V. et al. Chem. Commun. 1973 662.




Cu(ll) Promoted [3,3] Sigmatropic Rearrangement
Tandem C—C and C—CI Bond Formation

B Steven's thermal rearrangement of N-allylhydrazones

—N,
H,N~ j X
R; H > R1) Z R

Mundal, D. A.; Lee, J. L.; Thomson, R. J. J. Am. Chem. Soc. 2008, 130, 1148.
Stevens, R. V. et al. Chem. Commun. 1973, 662.




Cu(ll) Promoted [3,3] Sigmatropic Rearrangement
Tandem C—C and C—CI Bond Formation

B Steven's thermal rearrangement of N-allylhydrazones

_N2
H,N~ j X
R; H > Fh) R;

B Utilizing N-allylhydrazones in Synthesis

II?:oc
Cl R
N R 2
Nig 1 CuCl,, Base S__R
)l > Ar !
AT 7R, MeCN Ry
RS

Mundal, D. A.; Lee, J. L.; Thomson, R. J. J. Am. Chem. Soc. 2008, 130, 1148.
Stevens, R. V. et al. Chem. Commun. 1973, 662.




Cu(ll) Promoted [3,3] Sigmatropic Rearrangement
Tandem C—C and C—CI Bond Formation

B Optimization of Cu promoted rearrangement

Boc

/,I\l Cl Me

N »

| ;\ Conditions
- - L

Entry Solvent Temp (°C) CuCl, (equiv)  time (h)  Conversion (%)

1 PhMe 110 0 24 0
2 PhMe 23 1 24 0

Mundal, D. A.; Lee, J. L.; Thomson, R. J. J. Am. Chem. Soc. 2008, 130, 1148.




Cu(ll) Promoted [3,3] Sigmatropic Rearrangement
Tandem C—C and C—CI Bond Formation

B Optimization of Cu promoted rearrangement

Boc
/,I\l Cl Me

N »

| ;\ Conditions
- - L

Entry Solvent Temp (°C) CuCl, (equiv)  time (h)  Conversion (%)

1 PhMe 110 0 24 0
2 PhMe 23 1 24 0
3 THF 23 1 24 0
4 MeOH 23 1 24 0
5 DCM 23 1 24 25

Mundal, D. A.; Lee, J. L.; Thomson, R. J. J. Am. Chem. Soc. 2008, 130, 1148.




Cu(ll) Promoted [3,3] Sigmatropic Rearrangement

Tandem C—-C and C-CI Bond Formation

B Optimization of Cu promoted rearrangement

I|3oc
N’N
|;\ Conditions
" - L

Cl Me

Entry Solvent Temp (°C) CuCl, (equiv)  time (h)  Conversion (%)
1 PhMe 110 0 24 0
2 PhMe 23 1 24 0
3 THF 23 1 24 0
4 MeOH 23 1 24 0
5 DCM 23 1 24 25
6 MeCN 23 1 24 28
7 MeCN 23 4 16 100

Mundal, D. A.; Lee, J. L.; Thomson, R. J. J. Am. Chem. Soc. 2008, 130, 1148.




Cu(ll) Promoted [3,3] Sigmatropic Rearrangement
Tandem C—C and C—CI Bond Formation

B Optimization of Cu promoted rearrangement

I|3oc
N’N
| ;\ Conditions
" g

Cl Me

Entry Solvent Temp (°C) CuCl, (equiv)  time (h)  Conversion (%)
1 PhMe 110 0 24 0
2 PhMe 23 1 24 0
3 THF 23 1 24 0
4 MeOH 23 1 24 0
5 DCM 23 1 24 25
6 MeCN 23 1 24 28
7 MeCN 23 4 16 100
8 MeCN 82 4 0.3 100

Mundal, D. A.; Lee, J. L.; Thomson, R. J. J. Am. Chem. Soc. 2008, 130, 1148.




Tandem C—-C and C-CI Bond Formation

B Reaction substrate scope

Cl Me

72%

Cl Me

Me

45%

N CuCl, (4 equiv)

;\ iProEtN (1 equiv)
Me

MeCN, relfux, 20 min

Cl Me
Cl
58%
Cl Me
Cl
Cl
44%

Mundal, D. A.; Lee, J. L.; Thomson, R. J. J. Am. Chem. Soc. 2008, 130, 1148.

Q)C\/Mi
Cl

50%
Cl Me
@fﬁ
44%

Cl Me
> R/k/‘K

Cu(ll) Promoted [3,3] Sigmatropic Rearrangement

Cl Me
(\
= Cl
26%
Cl Me
OMe
47%




Triflamide Catalyzed Sigmatropic Rearrangement of N-Allylhydrazones

Traceless Bond Construction

B New approach broadens substrate scope

Boc

! T,NH (10 mol%)

N~ » Me
J 0.05M diglyme, 125°C /\/l\
Me R

0.25-2hr

B Hf(OTf), yields product at 125°C

W Controls reveal HOTf catalyzes reaction

Mundal, D. A.; Avetta, C. T.; Thomson, R. J. Nature Chem. 2010, 2, 294.




Triflamide Catalyzed Sigmatropic Rearrangement of N-Allylhydrazones

Traceless Bond Construction

B New approach broadens substrate scope

' Tf,NH (10 mol%)
Me

N” >
)I 0.05M diglyme, 125°C /\/l\
Me R

0.25-2hr

i-Bu i-Bu i-Bu i-Bu
N MG\H/\J/ BHOM
N ~
| 8 4
S 0]
49% 75% 60% 63%
>20:1 E/Z >20:1 E/Z 6:1 E/Z 51E/Z
Me Et i-Bu
O/\)/ MG\M TBDPSOM
Me
8 4
53% 54% 51% 57%
41 E/Z 51E/Z 12:1 E/Z

Mundal, D. A.; Avetta, C. T.; Thomson, R. J. Nature Chem. 2010, 2, 294.




Triflamide Catalyzed Sigmatropic Rearrangement of N-Allylhydrazones

Traceless Bond Construction

@)

/Pr/\/\l)J\ H

Me

93:7 er

Mundal, D. A.; Avetta, C. T.; Thomson, R. J. Nature Chem. 2010, 2, 294.




Triflamide Catalyzed Sigmatropic Rearrangement of N-Allylhydrazones

Traceless Bond Construction

@)

/Pr/\/\l)J\ H

Me

93:7 er

' ) Tf,NH (10 mol%)

_N i-Bu i-Bu
N >
| )/ 0.05M diglyme, 125°C
Pr 0.25-2hr Pr

Me Me

65%, 5:1 E:Z
87:13 e.r.

Mundal, D. A.; Avetta, C. T.; Thomson, R. J. Nature Chem. 2010, 2, 294.




Triflamide Catalyzed Sigmatropic Rearrangement of N-Allylhydrazones

Traceless Bond Construction

I?oc Me II?:oc Me
O N N
/\/\Hk HaN” B | N
iPr H
! = /Pr/\/\l) 4
e
> Me

93:7 er

Mundal, D. A.; Avetta, C. T.; Thomson, R. J. Nature Chem. 2010, 2, 294.




Triflamide Catalyzed Sigmatropic Rearrangement of N-Allylhydrazones

Traceless Bond Construction

Boc Me II-D’OC Me
0 N _N
iPr I H — IPr/\/\l) P
® > Me
93:7 er
Me
Et
Tf,NH (10 mol%)
> IPF/\/
0.05M diglyme, 125°C Me
0.25-2hr
63%, >20:1 E:Z
91:9d.r.

Mundal, D. A.; Avetta, C. T.; Thomson, R. J. Nature Chem. 2010, 2, 294.




Triflamide Catalyzed Sigmatropic Rearrangement of N-Allylhydrazones
Proposed Mechanism

Mundal, D. A.; Avetta, C. T.; Thomson, R. J. Nature Chem. 2010, 2, 294.




Triflamide Catalyzed Sigmatropic Rearrangement of N-Allylhydrazones
Proposed Mechanism

Mundal, D. A.; Avetta, C. T.; Thomson, R. J. Nature Chem. 2010, 2, 294.




Triflamide Catalyzed Sigmatropic Rearrangement of N-Allylhydrazones

Proposed Mechanism
—Boc
Boc
H |
H +_N iPr N NN iPr
JN TfN-H )l J/
r~ 7 - R 7

[3,3]

Mundal, D. A.; Avetta, C. T.; Thomson, R. J. Nature Chem. 2010, 2, 294.




Triflamide Catalyzed Sigmatropic Rearrangement of N-Allylhydrazones

Proposed Mechanism
—Boc
Boc
H |
H +_N iPr NN iPr
I |
A Y
) b TIN-H R) 7
[3,3]
i i
H\N//N i-Bu TfN_ N//N i-Bu
| /J
R R
%.' _N2
/\)/i'BU
R

Mundal, D. A.; Avetta, C. T.; Thomson, R. J. Nature Chem. 2010, 2, 294.




Triflamide Catalyzed Sigmatropic Rearrangement of N-Allylhydrazones

Proposed Mechanism
—Boc
Boc
H 5 |
H +_N iPr NN iPr
\ |
| T
. ) — TfN-H R ) =
[3,3]
} )
HaeN -8 TIN™ N B
| /J
R R
%.' _N2
Observed that reaction does not
proceed without —Boc _
/\)/I-BU
R

Mundal, D. A.; Avetta, C. T.; Thomson, R. J. Nature Chem. 2010, 2, 294.




Triflamide Catalyzed Sigmatropic Rearrangement of N-Allylhydrazones

Proposed Mechanism
—Boc
Ii%oc Boc
|
H_+ H Pr N ~N iPr TIN-H H_+_N iPr
\lN/ )I\i J/ > \lN J/
TfN-H
R) Z r~ Z R) %
[3,3] [3,3]
—Boc
|I_| ?oc
HgzN -#Bu TIN™ i-Bu \ Ho+-N _iBu
| — < |
R R TN~ R

Observed that reaction does not
proceed without —Boc

Mundal, D. A.; Avetta, C. T.; Thomson, R. J. Nature Chem. 2010, 2, 294.
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