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About Greg Fu

Born 1963 in Galion, Ohio
Undergraduate Student with Prof. K. Barry
Sharpless, MIT, 1985
Graduate Student with Prof. David A. Evans, 1991
Postdoctoral Fellow with Prof. Robert H. Grubbs,
e 1993

22 years Assistant Professor of Chemistry, MIT, 1993-1998
independent career Associate Professor of Chemistry, MIT, 1998-1999

210 publications Professor of Chemistry, MIT, 1999-2007

Firmenich Professor of Chemistry, MIT, 2007-2012
Altair Professor of Chemistry, Caltech, 2012-present




Significant research area of Gregory C. Fu

Chiral ligand development
Boron heterocycles
_ OrganotinCatalysis
(@ Asymmatric Nucleophilic catalysis
Pd/ Ni/Cu catalyzed cross-coupling




Asymmetric Nucleophilic catalysis

Chiral ligand development
Boron heterocycles

"© P4/ Ni/Cu catalyzed cross-couphing.




Asymmetric Nucleophilic catalysis

e Types of chirality

From a stereocenter

e “Planar-chiral” Heterocycles

SO
™

Axial chirality

DMAP

Me2N—</_\: N:

a "planar-chiral” DMAP

—

two mirror planes no mirror planes

Fu, G. C. Acc. Chem. Res. 2000, 33, 412.

View down the axis of the nitrogen lone pair:
. to
== C—=aN=C--- P
: bottom
‘ @ @
bottom
For a chiral DMAP:
* Differentiate top from bottom left 1 right

left I right @
» Differentiate left from right




Asymmetric Nucleophilic catalysis

e Design principles
¢ Electron-rich

e tunable steric environment
e Robust enough for catalysis

First synthesize the racemic catalyst to
- test reactivity

e How they discover the privileged catalyst
e DMAP— widely used as
nucleophilic catalyst
e Derivatives of DMAP is of <V

C
great interest !
Me € _Me

S

Me Me
Me
1

18-electron complex 19-electron complex 18-electron complex
a planar-chiral azaferrocene a planar-chiral DMAP

v ‘

Analogues of imidazole Move the ferrocene away

Fu, G. C. Acc. Chem. Res. 2000, 33, 412.
Ruble, J. C.; Fu, G. C. J. Org. Chem. 1996, 61, 7230.




Asymmetric Nuf-lpmnhﬂw mfalysm

addition of alcohol to ketene;

[ SyntheS]_s & ReaCtIVlty Of ThOSJ cyanosnylatlon of carbonyl group

catalyst
1 2 3

1) (CsMes)Li

2) A 1% catalyst ]
1 T 90 30 §
NK ,

5% catalyst

@’cnzores

1) (CsMes)Li - |
FeCl, Me € _Me e
2N ol 5% catalyst_

NLi Me h NEt,

e They can function as Nu catalysts
e 1 vs 2———Steric effects
gj o ¢ 3 vs 4———electronic effects

e 4 is most active catalyst

1) (CsMeg)Li

2)

Fu, G. C. Acc. Chem. Res. 2000, 33, 412.
Ruble, J. C.; Fu, G. C. J. Org. Chem. 1996, 61, 7230.
Ruble, J. C.; Latham, H. A.; Fu, G. C. J. Am. Chem. Soc. 1997, 119, 1492.




Asymmetric Nucleophilic catalysis

e Move forward to asymmetric catalysis

e How to obtain enantiopure complexes

CH,OR ROCH,
= =%
Me. Fe Me

FeCl, Me Cg Me d)
e LSS e L e

Me Me
1) (CsMeg)Li (+)-2 (-)-2

2)C HNK ‘

1) LiAIH, 1) LiAIH, ’
2)TES-CI  2) TES-C
1) n-Buli

COR* R*'O,C
@ 2) (-)-menthyl CCIDN” : O @

chloroformate |
Me

Me ie Me Me CE Me + Me ;e
3) separate
Me%ﬂj\Me diastereomers Me/t'j\Me Me’zgj‘Me
e by flash Me Me
chromatography

e Catalytic enantioselective addition of alcohols to ketene

Previous examples all require stoichiometric quantity of a chiral alcohol

CH,OTES CH,OTBS
10% catalyst @ O—’:,f\l

Me I

Ox
= Me -
MeOH O e~ Me0” Me._Fe_Me e {2 Me
Ph H Ph Mel'j\Me

Me g Me 0
e e
(+)-2 50% ee 2 (+)-5

(+)-5 56% ee

Steric matters

Fu, G. C. Acc. Chem. Res. 2000, 33, 412.
Hodous, B. L.; Ruble, J. C.; Fu, G. C. J. Am. Chem. Soc. 1999, 121, 2637.




Asymmetric Nucleophilic catalysis

e Catalytic enantioselective addition of alcohols to ketene

Proposed mechanism and condition optimization

10% (+)-5
12% 2,6-di-t-butylpyridinium

triflate

O

MeOJS(

—

O-
MeOH ~C Me
Y

-78 °C

@ ™ RL
catalyst

catalyst
Oy
CYR L i O%( RL
Rs Step 1 Step 3 H Rsg
0® [ Ro©

RO

®
catalyst” “x AL

Ph

H Ph
77 % ee

External proton source might be beneficial

% ee

% ee % Yield

ROH

Rs % H Rs

stereochemistry-determining step?

Entry Substrate

% Yield Entry Substrate

Mechanism:

¢ One molecule of catalyst involved in
stereochemistry-determining step

e Proton transfer in the R.D.S.

Steric affects ee ”’b

Fu, G. C. Acc. Chem. Res. 2000, 33, 412.
Hodous, B. L.; Ruble, J. C.; Fu, G. C. J. Am. Chem. Soc. 1999, 121, 2637.

Os
1 Cﬁ/ Me .. 87
Ph

O“C Me

O
~C

Me




Asymmetric Nucleophilic catalysis

e Catalytic enantioselective rearrangement of O-acylated azlactones

Steglich rearrangement

0
M catalytic o O
’f O DMAP or PPY Upon openning of the lactone, provide
R [ L3
770 X=alkyl, OR N—( protected a-alkylated a-amino acids
N={
R? racemic

0O O

2% (-)-6
Bn- and 4-MeO-C6H4 proved to give best O \‘j\ Bno’U\(lLo

3 3 Ar = 4- MeO CeHs R“‘ N=
ee and yield on the other 2 sites.

Me,N

%ee % Yield

Me 9 94

Et 90 93
CH2Ph 90 93
allyl 91 93
CH 2CH Me, 92 95
C H?CH QSMG 88 94

step A step

( . < Mechanism:

e Ion pair 3 as resting state—zero order in
2o R ‘X\O substrate and independent of

BnO” “PPY" N_< concentration
3

e Step A reversible— cross over experiment
¢ Product is conformationally stable

Fu, G. C. Acc. Chem. Res. 2000, 33, 412.
Steglich, W.; Hofle, G. Tetrahedron Lett. 1970, 4727 .
Ruble, J. C.; Fu, G. C. J. Am. Chem. Soc. 1998, 120, 11532.




Asymmetric Nucleophilic catalysis

e Kinetic resolutions of secondary alcohols
e Factor s——characterize the enantioselection
s=Kk(fast-reacting enantiomer)/k(slow-reacting enantiomer); s>10 is required for

resolution to be synthetically useful
¢ An inspiring work:

NMe; hMe, CHal/KH |
é 1.BF; |pc280| 18- B-crown-
| — 1
=N 2. LuTMP ;
3t BuC(O)CI 'f;

NMez

ROH
ClsC”~ ~0coc! al |

Me Me

ccn3

‘ ) "
I Me Me N+ Lewis acid (2eq) \g/

XO/KO OMe amine (3eq)

CH2C|2 CI3C
5 cl 7

Through the DMAP-derivatives catalyzed acylation—realize kinetic
resolution of secondary alcohols —s: 11~44; 20-40% Y, 90% ee of PD

e Given that 4 is active for catalyze acylation rxn of alcohol

O Me,N
T == 1 :

NEI - O Me —
M M (@) M 3
€ e ®  toluene, rt. Ph /\Me

g =17 s
Fu, G. C. Acc. Chem. Res. 2000, 33, 412.

Ruble, J. C.; Latham, H. A.; Fu, G. C.J. Am. Chem. Soc. 1997, 119, 1492.

Ph

11




Asymmetric Nucleophilic catalysis

¢ Kinetic resolutions of secondary alcohols
e Solution to the low s——increase the left-to-right or bottom-to-up difference for the ligand
o left-to-right: add a methyl group at 7-position ——lose activity
e bottom-to-up: Change the R group to Ph——improve the s

o)

OH o o O/U\Me

)\ /U\ JL 2 mol% (-)-2b :
Ry Ra Me” O 'Me NEt;, Et;0, r.t. RU/\

racemic Ry = unsaturated group
Ra = alkyl group

Ra

k (fast-reacting enantiomer)
k (slow-reacting enantiomer)

51216 52 (10 subsirates)

e Solvent plays an important role—why tert-amyl alcohol?

e enhanced rate—decrease the temp.; also lower catalyst loading

0
O o9 1% (-)-1 M

- Q Me
R Aryl R Alkyl Me O Me N Et3 /:\
racemic tamyl alcohol, 0°C  Rany™  Rayl

|s-321095|

Fu, G. C. Acc. Chem. Res. 2000, 33, 412.
Ruble, J. C.; Latham, H. A.; Fu, G. C.J. Am. Chem. Soc. 1997, 119, 1492.
Ruble, J. C.; Tweddell, J.; Fu, G. C. J. Org. Chem. 1998, 63, 2794.




Asymmetric Nucleophilic catalysis

¢ Kinetic resolutions of secondary alcohols

e Impressive selectivity makes the reaction useful

s (selectivity factor)?
unreacted alcohol, Et,0 t-amyl alcohol OH 0.5% (-)-1

major enantiomer 28
2% catalyst 1% catalyst (28mg)
L. 0°C C(L Me Ac0
Me

entry

NEt;
t-amyl alcohol Me
racemic  0.6equv  0°C

OH o

& 14 99% ee

Me -
@ 55% conv. 1.11g catalyst ,gcoff,y; 25mg 903?2.;
95

96% ee

1% (-)-1
@ 51% conv. AC,0

68 M NEt3
99% ee t-amyl ?cl;oohol
@ 54% conv. 0

Ph

OAc

32 Me Me
98% ee
@ 56% conv. Me Me Me Me

98% ee 99% ee
71 43% 39%

99% ee (+ 16% monoacetate)
@ 53% conv.

19% (-)-1 OH OAc

Acz0 -
> Me Me 6
95% ee t-amyl alcohol Me Me

@ 52% conv. 0°C 99.7% ee
91%

Fu, G. C. Acc. Chem. Res. 2000, 33, 412.
Ruble, J. C.; Tweddell, J.; Fu, G. C. J. Org. Chem. 1998, 63, 2794.




Asymmetric Nucleophilic catalysis

¢ Kinetic resolutions of secondary alcohols

e Apply on other substrates
e Propargylic Alcohols——s: 4 to 20

OH

/\ R'  Ac0 e 01
P> c
R 2 t-amyl alcohol, 0 °C

racemic

kinetic resolution

Crystal structure of the adduct confirms the
expanded conjugation and significantly increased
steric bulky because of the phenyl ring

e Allylic alcohols (s: 5 to 80)& application to natural product synthesis

OH
1-2.5% (+) 1

1 t | 19 (+)-1
Ac, )
3 , NEL,
t- amyl alcohol

f-amyl alcobol

R R

o . +)-
FRCOTE kinetic resolution ve ee Weo 98 0% ee( :7:; yield
R =H, aryl, alkyl Me kinetic resolution s=107

R' = alkyl catalyst recovery 95%
racemic 3 (12 q)

Tao, B.; Ruble, J. C.; Hoic, D. A.; Fu, G. C. J. Am. Chem. Soc. 1999, 121, 5091.
Bellemin-Laponnaz, S.; Tweddell, J.; Ruble, J. C.; Breitling, F. M.; Fu, G. C. Chemical Communications 2000, 1009.

14




Asymmetric Nucleophilic catalysis

e After more than 10 years—— Dynamic Kkinetic resolution of secondary alcohol

An idea always in mind, wait until a powerful racemization method appears
e Dynamic kinetic resolution:

Allows stereo-convergent transformation of racemic substrate into a single enantiomer
conquer the 50% yield limitation
O O

OH I OAc  OH

) Me” ~O” "Me P : Requests of the catalyst:
R” "R! ™~ R R' RTR! ; :
" 1.0-25% (+)-CsPhs-DMAP e Highly active
racemic (NEty) s:plo~100 | ¢ Compatible with the reaction
t-amyl alcohol R
0°C condition

kinetic resolution

Ph Ph

Ph i N ﬂ ~ Great for dynamic kinetic resolution of

Ph \Ru‘\

O | X
OC co

secondary alcohol with enzyme.

3a X =Cl

OH OH
5% Ru®/4% KOt-Bu /k
= Ph” “Me

Ph” " Me Py—pr—— racemization happens smoothly in the
>99% ee 0°C <5% ee ﬁw‘ solvent and the existence of ligand for
- kinetic resolution

with or without
6% CgPhg-DMAP*

Lee, S. Y.; Murphy, J. M.; Ukai, A.; Fu, G. C. J. Am. Chem. Soc. 2012, 134, 15149.
Martin-Matute, B.; Edin, M.; Bogéar, K.; Kaynak, F. B.; Backvall, J.-E. J. Am. Chem. Soc. 2005, 127, 8817.

55




Asymmetric Nucleophilic catalysis

e After more than 10 years—— Dynamic Kkinetic resolution of secondary alcohol
0 o
Me)j\ O/U\Me
1.5 equiv

Me 19 (+)-CsPhs-DMAP*

5% Ru®/4% KOt-Bu
NEt,
t-amyl alcohol
0°C

OH

OAc OH

Ph Me Ph” “Me

racemic

0
/U\Me

(0]
Me/lLO
1.5 equiv

OH
Ph :

OH
P

-  Ph” “Me
5% Ru®/4% KOt-Bu
t-amyl alcohol
0°C
30 min

>99% ee
24h 68%yield 30% yield

(57% ee) (98% ee)
48 h 84%yield 11% yield
(38% ee) (>99% ee)

>98% ee

Dynamic kinetic resolution didn’t happen.

1) KOt-Bu
2) Ac,0O

Ac20 deactivates the racemization

toluene

catalyst

Actual active species

o)

R'J\

O

o)

PR

[Ru]—=OR

OR?

-R'CO,R

[Ru] = Ru(CsPhs)(CO),

+ [Ru]—-0O

o)

N

OR? —— [Ru]—OR?
- CO,

Lee, S. Y.; Murphy, J. M.; Ukai, A.; Fu, G. C. J. Am. Chem. Soc. 2012, 134, 15149.
Martin-Matute, B.; Edin, M.; Bogéar, K.; Kaynak, F. B.; Backvall, J.-E. J. Am. Chem. Soc. 2005, 127, 8817.

16

r.t.

OH
Ph” “Me
>99% ee

5% Ru©A¢

t-amy! alcohol
0°C
30 min

Ph” ~Me
>98% ee

Find a way out




Asymmetric Nucleophilic catalysis

e After more than 10 years—— Dynamic Kkinetic resolution of secondary alcohol

Acyl carbomate works very well

entry alcohol

ee (%)

yield (%)®

X
R” ~0” “OR! OJLR JO——
1.5 equiv /L Et
R
1.0% (+)-CsPhs-DMAP* Ph™ “Me (;yp(:lopentyl
5.2% Ru®4.4% KOt-Bu i-Pr

t-amyl alcohol /toluene (1:1) OH
10°C

i-Pr X=Cl
R R' ee(%) vyield (%) OMe
Me i-Pr 87 95 OH

Et i-Pr 76 78
Me Et 78 67

O O
OH OH Me)LOJ\Oi-Pr OAc OAc

3.0 equiv :
Me Me > Me Me (10)
2.0% (+)-CsPhs-DMAP
Me Me

10% Ru®'/8.4% KO!-Bu Me Me
1:1 racemic: meso  t-amyl alcohol/toluene (1:1)  80% yield, 99% ee
rt (+11% meso)

Q2: Mechanism understanding

87
90
82

95 (85)
96 (95)
90 (86)
98 (95)

89 (88)
93 (92)

97 (96)

97 (92)

Lee, S. Y.; Murphy, J. M.; Ukai, A.; Fu, G. C. J. Am. Chem. Soc. 2012, 134, 15149.
Martin-Matute, B.; Edin, M.; Bogéar, K.; Kaynak, F. B.; Backvall, J.-E. J. Am. Chem. Soc. 2005, 127, 8817.

7

Works well
for branch

alkyl group
——doesn’t
work in

enzyme case

‘._ ~ |Allylic also

works




Asymmetric Nucleophilic catalysis

e Is Ion the Only choice?

OH O

Ph
racemic

/‘\ Me Me/u\OJLMe

1% (-)-catalyst

Q NEts

-

t-amyl alcohol
0°C

O

O Me

Will Ruthenium also function well?
: e same d-electron number

PR Me

catalyst

selectivity factor

Fe-DMAP*
Fe-CsPhs-DMAP

2
43

Using similar synthetic method

<

Me M

Me

Fe-Pyrrole*
Ru-Pyrrole*

"
IMeLj\ Me Me

Me,N
-,
—\

Me Me

(-)-Fe-DMAP*
(-)-Ru-DMAP*

Me,N

M
LdDj\Me Ph
Me

-,

_

Ph.. M _pnh

I,
Ph

(-)-Fe-CsPhs-DMAP

O
O

A

Ph

O

5% catalyst
cataly Mo

CD,Cl,
r.L

catalyst

Fe-Pyrrole*
Ru-Pyrrole*
none

Me

half-life (min)

27
39
nNo reaction

(-)-Ru-C5Phs-DMAP

1% (-)-catalyst
NEt;

t-amyl alcohol
0°C

OH O

(o)
ph)\ Me Me)LOJL Me

racemic

%

Ph/\ Me

catalyst

Fe-CsPhs-DMAP
Ru-CsPhs-DMAP

selectivity factor

43
10

O

Ph” O
Ph

O

N SCa Et
Ph OH Y
Ph

1% catalyst

CeDs
i,

Et

catalyst

Fe-Pyrrole*
Ru-Pyrrole*
none

half-life (min)

9.6
38
450

catalyst  half-life (h)

Fe-DMAP*
Ru-DMAP*
none

48
35
>400

OH
Ph/kMo Me

O
(o)

M A

1% (+)-catalyst
NE1,

-amyl alcohol
4°C

O

O
OJLMe
e

half-kfe (h)

3.5
1.3
>800

Me
Ph

catalyst

Fe-CsPhgs-DMAP
Ru-CsPhs-DMAP
none

Garrett, C. E.; Fu, G. C. J. Am. Chem. Soc. 1998,120, 7479.




Asymmetric Nucleophilic catalysis

e For enantioselective [2+2] ketene addition

C=N bond: Hodous, B. L.; Fu, G. C. J. Am. Chem. Soc. 2002, 124, 1578

C=0 bond: Wilson, J. E.; Fu, G. C. Angew. Chem. Int. Ed. 2004, 43, 6358

C=N bond: Lee, E. C.; Hodous, B. L.; Bergin, E.; Shih, C.; Fu, G. C. J. Am. Chem. Soc. 2005, 127, 11586
N=N bond: Berlin, J. M.; Fu, G. C. Angew. Chem. Int. Ed. 2008, 47, 7048

N=0O bond: Dochnahl, M.; Fu, G. C. Angew. Chem. Int. Ed. 2009, 48, 2391

o)
o, N OMe  ser ()1 N
" ]
JU N CH,Cl, Ar N
Ar

N\
alky‘ MeO;C/ -20 °C alkyl COzMQ

_CO,Me

1.0 equiv

e For enantioselective other ketene addition

Hydrazoic acid (HN3): Dai, X.; Nakai, T.; Romero, J. A. C.; Fu, G. C. Angew. Chem., Int. Ed. 2007, 46, 4367 .
Lee, E. C.; McCauley, K. M.; Fu, G. C. Angew. Chem., Int. Ed. 2007, 46, 977.

Schaefer, C.; Fu, G. C. Angew. Chem., Int. Ed. 2005, 44, 4606.

Amines: Hodous, B. L.; Fu, G. C. J. Am. Chem. Soc. 2002, 124, 10006.

e For kinetic resolution of amines

e le, Y.; Fu, G. C. Chem. Commun. 2000, 119
« Arai, S.; Bellemin-Laponnaz, S.; Fu, G. C. Angew. Chem., Int. Ed. 2001, 40, 234
 Arp, F. O.; Fu, G. C. J. Am. Chem. Soc. 2006, 128, 14264




Asymmetric Nucleophilic catalysis
e Enantioselective allene addition catalyzed by Phosphine-ligands

s
2
E CN R ' l 2
1;/ _ 10 mol% cat* E CN R‘\r)‘\Ts i s,
-2 equiv 1.3 equiv Cs,CO4 R3 CHLI, rt.
. H Z Z g3
AcO toluene, =10 °C

R = aryl, heteroaryl good ee
E = ketone, amide, ester OR R2=H, CO,R, aryl OO

sulfone, phosphine 0 R? = CO:R, COR )
oxide, phosphonate good ee, —t-Bu (A1

ood vyield
R = CHPh, 9008y OO
Ar
¢ :
1

P-Ph

A _EWG catalyst 1
§ T —
- ; . CO,R!

Ar = 3 5-diphenylphenyl: (R)-3

Ar 3,5-di(tert-butyl)phenyl: (R)-4 A = nitrogen, phosphorus,
oxygen, or sulfur
substituent

CO.Et 0 COEt Ph
r . 10% (A)-2 f J

: | R" ———

|

toluene R’

) " 9%
1.2-2.0 equiv o

302Ar
|
NH, 10% (R)-1

1. iv NaOPh
AcO 0 equiv NaO N

R! CPMEtoluene (1:1)
\= .

1.2 equiv CO,R?

racemic

Wurz, R. P.; Fu, G. C. J. Am. Chem. Soc. 2005, 127, 12234.
Wilson, J. E.; Fu, G. C. Angew. Chem. Int. Ed. 2006, 45, 1426.
Fujiwara, Y.; Fu, G. C. J. Am. Chem. Soc. 2011, 133, 12293.
Ziegler, D. T.; Riesgo, L.; lkeda, T.; Fujiwara, Y.; Fu, G. C. Angew. Chem. Int. Ed. 2014, 53, 13183.
Kramer, S.; Fu, G. C. J. Am. Chem. Soc. 2015, 137, 3803. 20




AsS

metric Nucleo(Philic catalysis

e Enantioselective ketene addition catalyzed by Phosphine-ligands

enatioselective functionalization of the y position of carbonyl group is of interest

e Carbon nucleophile

10% (S)-1
EWG._Z "R Me-NO, °OH

- EWG_~
10% PhOH ~NYONO,

dioxane, r.t. R

racemic 5.5 equiv

e Sulfur nucleophile

o O

1.1 equiv RO OR
10% (S)1
10% 2-methoxyphenol

toluene, -30 °C

AT R

racemic

e (YD 0
pry itp

|HHJ
+-Bu +Bu
TangPhos
HO.C.__Ph

Me Me
toluene, r.t.

O
e AT R Hs—alkyl
racemic 50%

10% (S)1

O

f-BuOJk/\;/R

A~
Buo T R HS-Ar

racemic

50% pivalic acid
toluene, 10 °C

OC
sou

1.2 equiv

S
SAr

P—Ph (S)-1

e Oxygen nucleophile

n=12

cat. (S)1

n
R._C——\ -
OH ™—CO0,Et cat. RCO,H

<%
R— //~CO,Et
~o

H

Smith, S. W.; Fu, G. C. J. Am. Chem. Soc. 2009, 131, 14231.

Sinisi, R.; Sun, J.; Fu, G. C. Proc. Natl. Acad. Sci. U.S.A. 2010, 107, 20652.

Sun, J.; Fu, G. C. J. Am. Chem. Soc. 2010, 132, 4568.
Fujiara, Y.; Sun, J.; Fu, G. C. Chem. Sci. 2011, 2, 2196.

A




Asymmetric Nucleophilic catalysis

e Enantioselective ketene addition catalyzed by Phosphine-ligands

e Nitrogen nucleophile

O

PR

F3C~ “NH, cat. (S)-1

> X TBME, 10°C
7Y

racemic

e General mechanism understanding

R

NH =—COR? — - Sy COR

|
Ri

cat. ArOH | H
CPME, 60 °C R!

O PR,

NuH cat. PR3

Nu
EtO\“/\/k -PRg3
Me -

o)

I e | —— s

~ =~ "Me
Et0” ~ 1,4-addition

EIO\N Me Eto\l(\'/‘\

=~ "Me
O PRy
®

NuH = diallyl malonate l Nu®

Nu

eMe

O PR

e Resting state of catalyst is the
phosphine itself

e Rate law: 1st order in catalyst and
allene, 0 order in mlonate

¢ the ee of the PD correlates linearly
with the ee of catalyst

f

First step is

turnover-limiting

Lundgren, R. J.; Wilsily, A.; Marion, N.; Ma, C.; Chung, Y. K.; Fu, G. C. Angew. Chem. Int. Ed. 2013, 52, 2525.

Sinisi, R.; Sun, J.; Fu, G. C. Proc. Natl. Acad. Sci. U.S.A. 2010, 107, 20652.




Significant research area of Gregory C. Fu

Chiral ligand development
Boron heterocycles
Organotin Catalysis
_Asymmatric Nucleophilic catalysis_




Pd/Ni/Cu catalyzed cross-coupling reaction

e Palladium Catalyzed cross-coupling reaction
e Arylchloride substrates—— more available and less expensive
Why coupling with iodide and bromide is much more common than chloride?
e Bond strength (BDE): C-Cl (95 kcal/mol) is stronger than C-Br (80 kcal/mol) and

C-I (65 kcal/mol) bonds sluggish O.A.

o If we consider the O.A. step, Pd (2.20) is electronegative, which is bad for O.A.
e How to promote the O.A. step?

————We need powerful Ligands to help the reaction: electron-rich & large ligands

f

1.5% sz(dba)a

3.6% P(t-Bu)
X = —/>y 1.2 equivCs,CO4

dioxane
X = COMe, Me, 80-90 °C

OMe, NH2

Y = CFq, H,
Me, OMe

x.

/7 N_¢ N\

~ ™~

82-92% yield

Y

Make Pd a better
reductant

single ligated Pd
—more free

Fu, G. C. Acc. Chem. Res. 2008, 41, 1555.
Littke, A. F.; Fu, G. C. Angew. Chem. Int. Ed. 1998, 37, 3387.

coordination site

P(tBu); is the
ligand of choice:
e-rich & with big
cone angle (182°)




Pd/Ni/Cu catalyzed cross-coupling reaction

e Palladium Catalyzed cross-coupling reaction
e Arylchloride substrates—— more available and less expensive

Using KF as base can lower the reaction temperature and it is much cheaper

0.5-1.5% Pd,(dba)s

1.0-4.5% P(t-Bu),

HO).B-Ar! -
(HO) ' 3.3 equiv KF

THF or dioxane
rt.1090°C

Ar—Ar!

Ar—Cl
1.1 eqQuiv

(HO),B-Ar' yield (%)

e

(HO),B

sls]

(HO),B

=
©

o)

(HO).B

=
)

S

(HO),B

@

jslies

Fu, G. C. Acc. Chem. Res. 2008, 41, 1555.
Littke, A. F.; Dai, C.; Fu, G. C. J. Am. Chem. Soc. 2000, 122, 4020.

the ortho substituted
substrates are difficult
in other conditions

Works well for
bromide and
iodide @ r.t.

Unactivated

chloride need
~70-90; all
others r.t.

PCy;is better for
OTf substrates—less
steric-hindered

MeO—O— oTf

Me

00-")
Me—@—OTI

1% Pd(OAC)»
1.2% PCy;,

3.3 equiv KF
THF, r.t.

1% Pd(OAc),
1.2% PCy,

-

3.3 equivKF
THF, r.t.

08— )-om

Me

MeO \_ / /_\

98%

Me —</_\>—<\_/>—OMe

94%




Pd/Ni/Cu catalyzed cross-coupling reaction

e Palladium Catalyzed cross-coupling reaction
e Arylchloride substrates—— more available and less expensive

Site-selective functionalization

3% Pd(OAC),
6% PCy3

reaction of Ar-OTf

1.5% Pde(dba)3

3% P(tBu)a
- 1o )
reaction of Ar—ClI

95%

e A general procedure for Suzuki coupling with aryl/vinyl halides/triflates

¢ General conditions for Heck, Stille, Sonogashira, Negishi couplings

e Pd(PtBu;): is commercially available and air stable for 1 month

e Usage of air-stable phosphonium salt (e.g. [HPtBu;]BF,) makes the
reaction more practical

Fu, G. C. Acc. Chem. Res. 2008, 41, 1555.

Littke, A. F.; Dai, C.; Fu, G. C. J. Am. Chem. Soc. 2000, 122, 4020.

Littke, A. F.; Fu, G. C. J. Am. Chem. Soc. 2001, 123, 6989

Littke, A. F.; Schwarz, L.; Fu, G. C. J. Am. Chem. Soc. 2002, 124, 6343
Hundertmark, T.; Littke, A. F.; Buchwald, S. L.; Fu, G. C. Org. Lett. 2000, 2, 1729
Dai, C.; Fu, G. C. J. Am. Chem. Soc. 2001,123, 2719

Kudo, N.; Perseghini, M.; Fu, G. C. Angew. Chem. Int. Ed. 2006, 45, 1282
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Pd/Ni/Cu catalyzed cross-coupling reaction

e Palladium Catalyzed cross-coupling reaction

e Primary alkyl bromide as coupling partners

e sp3 halides undergo slow O.A.
¢ Quick B-Hydride elimination

oxidative R! H transmetalation

1 1
R \[H addition \[ R-M AN
desired

R—(9-BBN)
1.2 equiv
R = alkyl, vinyl

Ra|ky|—Br

4% Pd(OAc),
8% PCys

1.2 KaPQOy4 - H0
THF, r.t.

X Pq Ly
X

3-hydride

glimination

\ undesired

R! H
m—Pc:iL,,
X
e Also works for primary alkyl chloride
(65-83% Y)

5% [Pd,(dba)s)

20% PCV:;
R—(9-BBN) -
1.1 CsOH - Hpo
dioxane, 90 °C

Raiky —Cl Raiy—R

1.2 equiv

e With optimized ligand—for OTs (55-80% Y)

4% Pd(OAc),
16% PBusMe
1.2 equiv NaOH

dioxane, 50 °C
Netherton, M. R.; Dai, C.; Neuschutz, K.; Fu, G. C. J. Am. Chem. Soc. 2001, 123, 10099.

Kirchhoff, J. H.; Dai, C.; Fu, G. C. Angew. Chem. Int. Ed. Engl. 2002, 41, 1945.
Netherton, M. R.; Fu, G. C. Angew. Chem. Int. Ed. Engl. 2002, 41, 3910.

Raiky—R'
1.2 equiv

27

- panad

entry

R—(9-BBN)?

yield (%)°

1

n-Hex—(9-BBN)

9-BBN
MeN \/©/\/

n-Dodec—Br

n-Dodec—Br

n-Dodec—Br

o)

Eto)Lﬂg\/ =
Me Br
e

n-Hex—Br

NC Br
v
Cl Br
)« A

n-Dodec—Br

93

78°




Pd/Ni/Cu catalyzed cross-coupling reaction

e Palladium Catalyzed cross-coupling reaction

e Mechanism understanding for OTs substrates

B-H
oxidative elimination
aqt(rjlili_on of Pd D H —

with inversion %
L P ] g
D H

D
: OTs —_— =
Bu/g( dioxane, 70 °C retention BH
HD elimination
1 D H

- A__PdL, -
oxidative Bu~ "
addition of Pd H D

with retention B-D
elimination

overall D H
inversion % Ph
= Bu~
D H

cat.
D H Pd/PBu,Me ~6
4 OTs + 9-BBN-Ph

H b 1.2 equiv NaOH 1
dioxane, 70 °C
1 OH
- /g( Ph

overall HD
retention

Bu

e Predominant Inversion during O.A.
e Well-precedented retention of configuration during R.E.

Netherton, M. R.; Fu, G. C. Angew. Chem. Int. Ed. Engl. 2002, 41, 3910.
28




Pd/Ni/Cu catalyzed cross-coupling reaction

e Palladium Catalyzed cross-coupling reaction

e Mechanism understanding

Sp2 rnonyl
» |—Pd—L
I
Br

THF
L=P(tBu),Me

e The activation parameters show a very large negative
AS(activation)~-63eu————consistent with a Sn2 pathway

Ph
Bra~Ph Et,0 KOt-Bu

: - o-tol—-B(OH) » O-tol Ph
* L—Fd—L 2 t-amyl alcohol NN

rt.
1.1 equiv 94%

94%

L-Pd—L  0°C Br
1

L = P(+Bu),Me

e With the P(tBu):Me, the O.A. happens quickly at o °C
e The O.A. can generate 1 under mild conditions that 3-
hydride elimination does not occur

Hills, I. D.; Netherton, M. R.; Fu, G. C. Angew. Chem. Int. Ed. Engl. 2003, 42, 5749.
Kirchhoff, J. H.; Netherton, M. R.; Hills, |. D.; Fu, G. C. J. Am. Chem. Soc. 2002, 124, 13662.
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Pd/Ni/Cu catalyzed cross-coupling reaction

e Palladium Catalyzed cross-coupling reaction

e Mechanism understanding

Is the O.A. the only barrier for chloride substrate?

e Why is the difference between the two ligands?

car.
Tt . Pd/phosphine
ol— H - -
|- (HO)2 C5,COs

dioxane, A

phosphine

p-Tol—Ph

yield

pCY3
P(t-Bu)j

75%
86%

O

Ph-Cl Ao

cat.
Pd/phosphine

Cs,CO;
dioxane, A

phosphine

O

Ph/\)LOMe

yield

<2%
56%

PCY3
P( t-Bu )3

e About the regeneration of Pd(0) species— effects of the base

1.5% Pdg(dba)g

/—On-Bu

0]
e
Me

dioxane, r.t.

32 h base

3% P(t-Bu)s O:S <:: //
1.1 equiv base Me

yield

Cs,CO5
Cyo,NMe

23%
94%

/—On-Bu

@)
s
Me

1.5% Pdy(dba);

3% P(t-Bu)g

1.1 equiv base
dioxane, r.t.

4h

base

31p NMR

LoPdHCI : PdL,

L = P(t-Bu)g

Powell, D. A.; Fu, G. C. J. Am. Chem. Soc. 2004, 126, 7788.

Cs,CO04 (~8% conversion)
Cyo,NMe (~30% conversion)

>08 : <2
<2 .>98




Pd/Ni/Cu catalyzed cross-coupling reaction

e Palladium Catalyzed cross-coupling reaction

e Mechanism understanding

e Equilibrium favors L.PdHCI for PCy;!

H
|

L—Pd—L Cy,NMe L—Pd—L [Cy,NHMe|Cl
I

Cl 35 equiv vk
20 °C e Due to the reluctance of

ligand LoPdHCI : PdL, reductive elimination

P(t-Bu)s <2 :>98
PCyj >08 : <2

H b
Cy3P-P:d-PCy3 (t-Bu)3P-F’:d-P(t~Bu)3 P-Pd-P: 180°
Cl Cl P-Pd-P: 161°——help the

pre: oy reductive elimination

Another possible
insight: The sluggish
Ligand dissociation may
also help slow down the
B-Hydride elimination

Powell, D. A.; Fu, G. C. J. Am. Chem. Soc. 2004, 126, 7788.




Pd/Ni/Cu catalyzed cross-coupling reaction

e Palladium Catalyzed cross-coupling reaction

For alkyl Stille coupling: Menzel, K.; Fu, G. C. J. Am. Chem. Soc. 2003, 125, 3718

For alkyl Hiyama coupling: Lee, J.-Y.; Fu, G. C. J. Am. Chem. Soc. 2003, 125, 5616

For alkyl Negishi coupling: Zhou, J.; Fu, G. C. J. Am. Chem. Soc. 2003, 125, 12527

For alkyl Sonagashira coupling: Eckhardt, M.; Fu, G. C. J. Am. Chem. Soc. 2003, 125, 13642
For alkyl Heck coupling: Firmansjah, L.; Fu, G. C. J. Am. Chem. Soc. 2007, 129, 11340

e Ni-Catalyzed cross-coupling reaction

e Niis much cheaper than Pd
e Due to smaller orbital size, the activation energy of 3-
hydride elimination is 10-12 kcal/mol higher than Pd

¢ Great for Alkyl-Alkyl coupling

e However, usually sensitive to oxygen
and mechanism is often unclear

Koga, N.; Obara, S.; Kitaura, K.; Morokuma, K. J. Am. Chem. Soc. 1985, 107, 7109




Pd/Ni/Cu catalyzed cross-coupling reaction

e Ni-Catalyzed cross-coupling reaction

e Suzuki coupling of unactivated secondary alkyl Halides with aryl or vinyl boron compounds

4% Ni(cod),

. X (HO),B—R 8% bathophenanthroline .
— —_— - R —
allyl 2 1.6 equiv KOt-Bu alky!

s-butanol
60 °C

X=Brl 1.2 equiv

bathophenanthroline

Amino alcohols as ligand

6% Nil, 6% NiIClp » glyme
6% trans-2-aminocyclohexanol 12% prolinol
Raiky—X (HO)2B—R >  Raky—R | [ Raxy—Cl (HO)2B-R —>  Raky—R (3)
, NaHMDS (2 equiv) (5 quy  KHMDS (2 equiv)
X=8Br,1 1.2equiv i-propanol, 60 °C -9 6qul i-propanol, 60 °C

66-92% Y 46-87% Y

e Suzuki coupling of unactivated secondary alkyl Halides with alkyl boron compounds

6% NICl,-glyme
Rgky—X  R'gy—9-BBN Lol Raigt—R'
alky! il KOtBu (1.2equiv) O
X =8Br, | 1.8 equiv BUOH (2.0 equiv)
dioxane, r.t.

1: trans-N,N-dimethyl-1,2-cyclohexanediamine

9-BBN = -§-B@

85

Zhou, J. S.; Fu, G. C. J. Am. Chem. Soc. 2004, 126, 1340.
Gonzalez-Bobes, F.; Fu, G. C. J. Am. Chem. Soc. 2006, 128, 5360.
Saito, B.; Fu, G. C. J. Am. Chem. Soc. 2007, 129, 9602.




Pd/Ni/Cu catalyzed cross-coupling reaction

e Ni-Catalyzed cross-coupling reaction

e Enantioselective alkyl-alkyl Suzuki coupling——Utilizing different directing group

10% Ni(cod),
12% (R,R)-1 - alky!

alkyl (9-BBN)—alky!' - Ar
1.5 equiv 2.0 BUOH

FPr0,5°Corr.t.
155G

racomlc

ey § -om

MeHN  NHMe
(R.A)-1

8% NiBr;* diglyme
10% (S.S)-1

1.3 KOt+-Bu
1.5 FBuOH
toluene, -5 °C

J\/n Ar—(9-BBN)

Cl 1.5 equiv

racemic
9-BBN = - @ F3C”°F3

MeHN NHMe
(S,5)1

10% NiBr,-diglyme
Ph  Ph
2%  )—/ 1
MeHN  NHMe

- PG R
1.4 KOt-Bu oY
R1

1.8 n-hexanol
-Pry0, r.t.

0
5L

PG\O R (9-BBN)—R!

X 2.0 equiv
racemic

NBnPh

10% NiBr;*diglyme

Ar Ar
12%

MeHN  NHMe

1

- pe R

1.4 KOt-Bu éz
1.8 ROH

i-PrZO. r.t

(9-BBN)—R?

DG/\r R
X

racemic

DG = carbamate
sulfonamide

2.0 equiv

sulfone

Saito, B.; Fu, G. C. J. Am. Chem. Soc. 2008, 130, 6694.
Lundin, P. M.; Fu, G. C. J. Am. Chem. Soc. 2010, 132, 11027.
Owston, N. A.; Fu, G. C. J. Am. Chem. Soc. 2010, 132, 11908.

Wilsily, A.; Tramutola, F.; Owston, N. A.; Fu, G. C. J. Am. Chem. Soc. 2012, 134, 5794.




Pd/Ni/Cu catalyzed cross-coupling reaction

e Ni-Catalyzed cross-coupling reaction

e Enantioselective alkyl-alkyl Suzuki coupling——Utilizing different directing group

R Ci

racemic 1.8 equiv

Ar R!' (9-BBN)—R?
N
Y

10% NiBr,-diglyme

Ar'  Ar
12% \_< 1

1.2 KOt-Bu
2.0 n-hexanol
i-PrzO. r.t.
Ar' = 1-naphthyl
R, R' R? = alky!

MeHN  NHMe Ar.
e 'ON

e Control @ y-position

Amine as directing group

O

1 ) _
Y)K/\’/R (9-BBN)—R

X 2.0 equiv
racemic

10% NiBr,-diglyme
Ph Ph
12% y— 1
3 o
MeHN NHMe

1.4 KOt-Bu
1.8 n-hexanol
Et,O/hexanes (1:1)
r.t.

LnNI"—X
R—R? { w M—R
R

LNI'-R A

/
c LnNilll_RZ
\
X

oxidative oxidative
addition— / addition—
step 1

step 2
R2—X

Lu, Z.; Wilsily, A.; Fu, G. C. J. Am. Chem. Soc. 2011, 133, 8154.
Zultanski, S. L.; Fu, G. C. J. Am. Chem. Soc. 2011, 133, 15362.




Pd/Ni/Cu catalyzed cross-coupling reaction

e Ni-Catalyzed cross-coupling reaction

e Negishi coupling of unactivated secondary alkyl Halides

4% Ni(cod),
8% s-Bu-Pybox

DMA, rt.

Ra,ky, = primary,
secondary

X=Br, |

Ralky—X  YZmRayi g

1
Ralkyl_ Ralkyi

R’ -Pybox

e Enantioselective Negishi coupling of unactivated secondary alkyl Halides

o TG
I-Fr)- X
R R1_an °( )'( ) y .

N DMI/THF, 0 °C

N ,J \e

racemic
i-Pr i-Pr

(R)-(i-Pr)-Pybox

Bn.

good yield

O

N R

|
Ph R
high ee,

Zhou, J. S.; Fu, G. C. J. Am. Chem. Soc. 2003, 125, 14726.
Fischer, C.; Fu, G. C. J. Am. Chem. Soc. 2005, 127, 4594.
Arp, F. O.; Fu, G. C. J. Am. Chem. Soc. 2005, 127, 10482.

BrZn—R'

racemic
X = Br, CI

1.6 equiv

10% NiBr, - diglyme

13% (S)-(i-Pr)-Pybox . B
DMA, 0°C
N
O

I
N \)
i-Pr
(S)-(~Pr)-Pybox




Pd/Ni/Cu catalyzed cross-coupling reaction

e Ni-Catalyzed cross-coupling reaction

e Enantioselective Negishi coupling of unactivated secondary alkyl Halides

3.0% NiCl,+glyme
3.9% (=)-1

glyme, -20 °C

R

-\rm

R
\\ Br Ar—

ZnEt

alkyl
racemic

2.0 equiv

| 1 -
N )S(alky Ar'—2nC

15% NiCl,+glyme
16% L*

THF/diglyme
-25°C

O

- )S(alkyl

F Ar
enantioenriched

Ph {:'/\(g—Ph

L*  Pn

O

F Br 2.0 equiv

racemic

(-)-1

Ar LNi' =Br

B

00

\\ /y

MeoN~ Y

racemic

10% NiCl,-glyme
Bu 13% (R,R)-L1 _
Ph—2nl t(RAFL e Y

Me Me
0->N°
Q/N N\e

LI L

"standard conditions"

OO

W7

n-Bu

1.3 equiv

\(

LNl —Br

> L

I.Ni"'—Aﬂ Br

e
~—

j ArZnAr

predominant
resting state [LNi"-Ar]Br

Smith, S. W.; Fu, G. C. J. Am. Chem. Soc. 2008, 130, 12645.
Liang, Y.; Fu, G. C. J. Am. Chem. Soc. 2014, 136, 5520.
Choi, J.; Martin-Gago, P.; Fu, G. C. J. Am. Chem. Soc. 2014, 136, 12161.

Schley, N. D.; Fu, G. C. J. Am. Chem. Soc. 2014, 136, 16588. 37

of nickel

BrZnAr

O.A. happens through a
bimetallic mechanism




Pd/Ni/Cu catalyzed cross-coupling reaction

e Cu-catalyzed Alkylation of amides

* Do, H.-Q.; Bachman, S.; Bissember, A. C.; Peters, J. C.; Fu, G. C. J. Am. Chem. Soc. 2014, 136, 2162.
* Lee, M. M.; Teuscher, J.; Miyasaka, T.; Murakami, T. N.; Snaith, H. J. Science 2012, 338, 643.

R 10% Cul

)\Rz hv (254 nm) U

t

, RN
. 2.0 LiOt-Bu H
2.0equiv. CH,CN/DMF
X =Br, | rt.

. O
RsR Q (13-watt CFL)

/Cu—N Ph—X = Ph—N

R.P room temp., 10 h
3 ,
O 1.2 equiv CH3CN O

1 (R = m-tol)
Coupling with iodobenzene (X = I)

R2




Significant research area of Gregory C. Fu

@ _Chiral ligand development )
) Boron heterocycles

@ Organotin Catalysis

@ Asymmatric Nucleophilic catalysis

© Pd/ Ni/Cu catalyzed cross-coupling




Chiral ligand development

Me Me

Meq

R |
Me. Fe Me

Me Me
Me

R=H: (+)-(RAR)-1

R = Me: (+)-(R.R)-2

e A ligand with planar-chirality; similar to bisoxazoline ligands

e Find its use in Copper carbenoid chemistry ,'\'4/2

e Cyclopropanation
e oxetane insertion
e OH insertion

e Coupling of alkynes with Nitrones

COQAI'

F
R

catalytic
CuOTf«(RAR)1

R = Ph, p-(F4C)CgHg, p-(MeO)CgHs, | 87-96% ee |

PhCH,, n-Hex, Me;Si

R \“‘

catalytic
CuCl -2 _

up to 93% ee

el
N
Ph ’*)LocueCyz

99% ee 1.5 equiv

1% CuOTf 5
11%(5,5)2 CO,CMeCy,

EtOAc, r.t. -

Ph

cis:trans =84 : 16
cis ee = 95%

Lo, M. M.-C.; Fu, G. C. J. Am. Chem. Soc. 1998, 120, 10270
Lo, M. M.-C.; Fu, G. C. Tetrahedron 2001, 57, 2621

Lo, M. M.-C.; Fu, G. C. J. Am. Chem. Soc. 2002, 124, 4572
Maier, T. C.; Fu, G. C. J. Am. Chem. Soc. 2006, 128, 4594

O

1.05 equiv N,

2.0% Cu(OTf),
3.8% (+)-1 o
4.0% Hgo R Ar

CICH,CH.CI B RO "H
r.t.

OR'

up to 98% ee




Chiral ligand development

¢ ligands with planar-chirality; several other types

Me

= </

=N |

s
Me

hydrosilylation of aryl Cu-catalyzed [3+2] Rh-cat. isomerization
alkyl or Dialkyl ketones cycloaddition of allylic alcohols

Qiao, S.; Fu, G. C. J. Org. Chem. 1998, 63, 4168

Shintani, R.; Lo, M. M.-C.; Fu, G. C. Org. Lett. 2000, 2, 3695

Tanaka, K.; Qiao, S.; Tobisu, M.; Lo, M. M. C.; Fu, G. C. J. Am. Chem. Soc. 2000, 122, 9870
Shintani, R.; Fu, G. C. Org. Lett. 2002, 4, 3699

Tao, B.; Fu, G. C. Angew. Chem. Int. Ed. 2002, 41, 3892.

Shintani, R.; Fu, G. C. J. Am. Chem. Soc. 2003, 125, 10778
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Organotin Catalysis

e Catalytic usage of alkyl tin reagent

Hays, D. S.; Fu, G. C. J. Org. Chem. 1997, 62, 7070

Hays, D. S.; Scholl, M.; Fu, G. C. J. Org. Chem. 1996, 61, 6751
Lopez, R.; Fu, G. C. Tetrahedron. 1997, 53, 16349

Hays, D. S.; Fu, G. C. J. Org. Chem. 1998, 63, 2796

Tormo, J.; Hays, D. S.; Fu, G. C. J. Org. Chem. 1997, 62, 7070

e tin ketyl radical cyclization of dialdehydes

« Hays, D. S.; Fu, G. C. J. Am. Chem. Soc. 1995, 117, 7283
* Hays, D. S.; Fu, G. C. J. Org. Chem. 1996, 61, 4
« Tormo, J.; Hays, D. S.; Fu, G. C. J. Org. Chem. 1998, 63, 201

e catalytic Barton-McCombie deoxygenation
* Lopez, R. M.; Hays, D. S.; Fu, G. C. J. Am. Chem. Soc. 1997, 119, 6949
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Boron Heterocycles
e Synthesis of 1-H-boratabenzene; DPB—boron analogue of PPhs ;

» Hoic, D. A.; Davis, W. M.; Fu, G. C. J. Am. Chem. Soc. 1995, 117, 8480
* Qiao, S.; Hoic, D. A.; Fu, G. C. J. Am. Chem. Soc. 1996, 118, 6329
* Hoic, D. A.; Davis, W. M.; Fu, G. C. J. Am. Chem. Soc. 1996, 118, 8176

e Synthesis of enantiopure planar-chiral Lewis acid complex

« Tweddell, J.; Hoic, D. A.; Fu, G. C. J. Org. Chem. 1997, 62, 8286
e Liu, S.-Y.; Lo, M. M. C.; Fu, G. C. Tetrahedron 2006, 62, 11343.
e Liu, S.-Y.; Hills, I. D.; Fu, G. C. J. Am. Chem. Soc. 2005, 127, 15352—15353.

Thanks for your attention!




Question 1

Q1. we have talked about the addition of internal alcohol to alkynoates as
shown below. The racemic version of this reaction is first reported by Prof.
Trost. (J. Am. Chem. Soc, 1994, 116,10819). Please propose a plausible
mechanism for this reaction.

(/5 cat. (S)-1 (
RN een U o
OH ™=—CO0,Et cat. RCO,H 0

H
n=12




Question 2

Q2. In the mechanism investigation of dynamic kinetic resolution of secondary

alcohols, they have several observations as listed below:

e The rate law is first order in the alcohol; first order in the acylation catalyst;
“fractional” order in acetyl isopropyl carbonate, and zeroth order in the

racemization catalyst.

e The resting state of the planar-chiral DMAP derivative is a mixture of the
free catalyst and the N-acylated catalyst

2-1: please propose a posible mechanism for the reaction

2-1: design experiment to further confirm the mechanism you proposed

OH

Ph/‘\ Me

racemic

O O
RJLOJL

OR!

1.5 equiv

o

1.0% (+)-CsPhs-DMAP*
5.2% Ru®/4.4% KOt-Bu
t-amyl alcohol /toluene (1:1)

10°C
R

RI

ee (%)

PR

0" 'R

PN

Ph Me

yield (%)

Me
Et
Me

i-Pr
i-Pr
Et

87
76
78

95
78
67




Answer to Q2

Mechanism understanding

A
HOI-Pr + CO, + )O\c catalyst

__,* Ph” “Me

OH Ry©-8u OH -
/5\ — /'\ O Ratel
Ph” ~Me Ph” ~Me o e Rate law

Me

catalv;t e Resting state of

o M catalyst
A is more 0" "Oi-Pr |

reasonable l _cos
decarboxyl o

° ° @
ation 1s atany )LMe
SIOW catalyst = (+)-csphs.DMAP.

©0i-pr

'3C NMR (carbonyl): & 149.3, 165.9

J

O O

NMe; O NMe,
@Z_b Mo O  Okr % o 9 1.0% (+)-CsPhs-DMAP* o
—N= 2.0 equiv ® = I

(11)| |[Me” ~O” ~0i-Pr . Me” “Oi-Pr
t-amyl alcohol /toluene (1:1) (C5Ph5)Fe°"‘l\Me t-amyl alcohol /toluene (1:1)

-20°C 10°C,3h %

o
-CO,
@o)Lo;'-pr

I}

'3C NMR (carbonyl): » 1585, 172.3

Lee, S. Y.; Murphy, J. M.; Ukai, A.; Fu, G. C. J. Am. Chem. Soc. 2012, 134, 15149.
Martin-Matute, B.; Edin, M.; Bogéar, K.; Kaynak, F. B.; Backvall, J.-E. J. Am. Chem. Soc. 2005, 127, 8817.
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