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- /\E/k/\Ph
R{R,N g RiReN
RuBr(n3-C3Hs)(CO)s (5 mol%)  77% Yield 61% Yield
0O Cy3P (15 mol%) >20:1 dr >20:1 dr
\ ”\ > HO
e R i-PrOH (400 mol%) HQ
e . THF(1M),100°C 2 NPt
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R1 = p-NO,PhSO,, R, = 2,4-(MeO),Bn 90% Yield 85% Yield
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Timeline of Catalytic Hydrogenation

“The Dbbereiner Lighter” 14

Pt Sponge
0, - H,0
H; {1 atm)

1823

“The Fischer-Tropsch Reaction” 17

Fe or Co
co - (CHy),
“The Haber-Bosch Process” 15 H; (1 atm)
Fe-Oxide
N2 NH,
Hs, (1 atm)
1905 1923
1896 1964 1968
Rh({PPh4)5ClI
H, (1 atm)

Finely Divided Homogeneous Alkene
© Nickel Metal - O Hydrogenation 910 AcNIrE Rh(DIPAMP) AcNf:
H, (1 atm) Ar Ha (1 atm) Ar
Heterogeneous Alkene Enantioselective Alkene
Hydrogenation 7 Hydrogenation 11.12,13
J. Org. Chem. 2007, 72, 1063
Acc. Chem. Res. 2007, 72, 1063
Angew. Chem., Int. Ed. 2009, 48, 34
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Old and New Paradigms in Organic Synthesis

Classical Carbanion Chemistry H,-Mediated C-C Bond Formation
Q HF, -78 0 Q Q MLn (cat. Q
R1\ngBr XJLR £Hb L R1YU\R2 R‘lj XJLR il R1\HLR2
2 2
(H-X)

Qu (li THF, -78°C o 0 © MLn (cat) 0 <08
&Rz — )l\(!\ — R‘H R, -

R Rs R; Rs R R,
e R, H, (1 atm) CH,
Rz 2 R @ MLn (cat.) R, Q

O THF, -78 °C R
v /
- =
R1\)\MQBF I])LOEt Then H.0 L R‘l\)\l/u\OEt R1/ H\OEt ———— RWNOEt
NR 2 NHR NR H, (1 atm) H NHR
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Old and New Paradigms in Organic Synthesis

CH, H5 (1 atm)

Y
MLn (cat.) H O L MLn (cat.) H YH
RSN o AL, ) re=r A ——
C H2 (1 atm) R1 H 3 4 H2 (1 atm) R‘I R R4
. 3
_Olefin Carbon Hydroformylation 2
“ Monoxide > 7 Million Metric Diverse Substrate General H-Mediated
Tons Annually Combinations C-C Coupling
oH MLn (cat. o oly MLn (cat.) Q MLn (ca
R’H/R A R JYR I /H/\ J XN
“’ R R
OH H, (1 atm) 0 CH, H, (1 atm) ", (HX) CH, (1 atm) CH3
CH; MLn (cat.) J MLn (cat.) )J OH MLn (cat.) j’
R)\{R — R “«R /‘Y\ |:> / R ——> g
CH, Ho (1 atm) (1 atm) CH, (HX) Ho (1 atm)
OH O MLn (cat j 0 O MLn (cat H MLn (cat. )L
A e, P s Jkr e

CH, Hx(tam) O ﬂ/ (HX) CHy  Hz(1atm)
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Intramolecular Aldol Addition

Reductive o)
= - Elimination
A R
© LnRh(" O, LnRh'! CHs
P
Electrophilic
R )\ .
1%| H, (1 atm) Ri cH Trapping O OH
3
- - R,CHO R1)J\(2\R2
CHs;

® FEfficient Intra- and Intermolecular
Catalytic Reductive Aldol Condensation

e No Stoichiometric Byproducts, i.e. Complete
Atom Economy

Rh(COD),OTf (10 mol%) o

O
(p-CF3Ph)sP (24 mol%)
0 OH 0
R ~ > R R -~
JWM H, (1 atm), KOA¢ (30 mol%) JKQ’ HJ
n DCE (0.1 M), 256°C n n

substrate product (syn:anti) 1,4-reduction

la,n=2,R=Ph 1b, 89% (10:1) 1c,0.1%
2a,n = 2, R = p-MeOPh 2b, 74% (5:1) 2¢, 3%
3a, n = 2, R = 2-naphthyl 3b, 90% (10:1) 3c, 1%
4a, n= 2, R = 2-thiophenyl 4b, 76% (19:1) 4c, 2%
S5a,n =2, R = 2-furyl 5b, 70% (6:1) 5¢, 10%
6a,n=1,R=Ph 6b, 71% (24:1) 6¢c, 1%
7a,n =2, R = CHj3 7b, 65% (1:5)

J. Am. Chem. Soc. 2002, 124, 15156
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Intermolecular Aldol Addition

O OH O OH
])l\-_/v\F"h Hac*'”‘\;'““;f'"‘{}Sithau'

CHy CH; NHBoc CH; MHBoc

T ]
nich

O0-—-H Rh(COD); 0T (5 mal3)
)I\I’,!,,E,m (2-Fur)sP (12 mol%) 91% Yield 78% Yield
LisCO4 (10 mol%) 0 OH o OH

Rz

M, 25° .-JL‘_,NA
DCM, 25 °C Ho” NN P H‘\E/-\E/\Gsiphzam
CHy NHBo: CHy CHy NHBoe

B43% Yield 51% Yield
= 20:1, syn-Aldel Selectivity
= 2001, anti-Felkin-Anh Selectivity

J. Am. Chem. Soc. 2006, 7128, 17051

O OH O OH
Hst\‘)\’OBn HyC

0 CHjg CHj
Rh L*),]OTf 9
"\R [Rh(cod){L7),IOTH (5 mo f,) 85% Yield 70% Yield
2 Li,CO5 (10 mol %) 25:1 dr, 91% ee 25:1 dr, 90% ee
DCM, 0 °C o
H, (1 atm) O OH #@ O OH NCH,
S e
Meome Mg CH;CH; O CHj CHj
. beAr 94% Yield 97% Yield
0~ 0 45:1 dr, 95% ee 25:1 dr, 90% ee
Me , /A
Me Me

Ar = 2-benzothienyl
J. Am. Chem. Soc. 2008, 130, 2746
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Intermolecular Aldol Addition

7 we

-

1T
ORN'(D)(X)Ln Me)‘\” R CQFDO
’l%/\D \/ \_,/' RZVOM;R/h'Ln \

CH,D
Dihydride X - DX (Base) Monohydride O
I J— |D
Cycle LnRAT(D) LRh Cycle R OI\‘/}-th Ln

LnRh'X

(Start Here!) Ni Rh'”(D)gLn

Me R,
CH,D
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How Does it Compare to Other Methods?

H O OH
0 )OL L-Proline (20 mol%) C\)O'\/Ok )H/'\
3
H3C)J\l H™ Ar 2-Butanone-DMSQO Ar - HC Ar
(co-solvent) — N 57% Yield Not Formed
(Ar = p-Nitrophenyl) 74% ee
(R-BINOL)3LaLi3
> 3
HSCJH H)kﬁ THF, 185 hours R HC R
(56000 mol%) 71% Yield Not Formed
94% ee
Rh(COD),OTf (5 | %
(COD)OTI (5 mol %) 0O OH 0 OH

H AT Li,cO, (10 mol %)

(2-Fur)sP (12 mol %)
30% Jj\ > HsC\MAF HSC)I\‘/!\AI_

H, (1 atm) CHs
(150 mol%) CH-Cl,. 25 °C Not Formed 91% Yield
22 16:1 dr

(Ar = p-Nitrophenyl)

J. Org. Chem. 2007, 72, 1063
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Alkyne-Carbonyl/imine Coupling

w/

ko
o

Ry Rz

\g-‘a"rHET

Rh(COD),OTf (5 mol%)

(R)-3,5-tBu-4-MeOCMeOBIPHEP
or (R)-XylyIWALPHOS (5 mol%

PhsCCO,H (1 mol%)
H, (1 atm)
DCE, 60 °C

Rh(COD),OTf (2 mol%)
R)-XylyWALPHOS (1 mol%)

PhsCCO,H (1 mol%}
Hs (1 atm)
DCE, 60°C

Rh(COD),OTf (2 mol%)
(R)-XylyIWALPHOS (2 mol%)

or (R)-Tol-BINAP (2 mol%)
r

PhsCCO,H (2 mol%)
Hs (1 atm)
DCE, 40°C

72% Yield T8% Yield
90% ee 94% ee

Org. Lett. 2007, 9, 3754

BocHN
/\;?fu\o OCH;3
OH HsC' OH
87% Yield 98% Yield
90% ee 90% ee

J. Am. Chem. Soc. 2006, 128, 718

BocHN

BocHN
HO H
71% Yield 899% ‘*ﬂeld
94% ee 97% ee

J. Am. Chem. Soc. 2006, 128, 16448

Rh(COD),OTf (5 mol%) BocHNS o T8S o
BIPHEP (5 mol%
%RZ “jiOEt ( ) = Et Et
R RangeN Hz (1 atm) NHSOR NHSOR
i DCM, 25-35 °C 94% Yield 68% Yield
O >955 dr >95:5 dr
J. Am. Chem. Soc. 2005, 127, 11269
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Coupling of Styrene and Carboxylic Acid Anhydride

(v Ph};\ RO ‘/f‘BZ-X
Ph)H’ LnRh'{_Ph
BCH; X
D

X =0Bz
0 Rh(COD),BARF (2 mol%) o) -Pr,NEt {D(a) = 0.03} X = 0Bz, > 95:5 Br:Lin
Py IrF’h PhAS (4.4 mol%) o, 93%Yield [D()=0.4 93% Yield (i-Pr,NEt)
Ph” X R; ?
Base (200 mol%), 65 °C BCH; Li,CO; [D(c) =0.03 X = 0-(2-Pyr), 2:1 Br:Lin
(MeOCH,CH,),0 (0.4 M) 61% Yield |D(B) =08 37% Yield (i-Pr,NEt)
D, (1 atm)
Ph._0O
Ph ~Ph of ] Ph
( Lo | 1
D X
Base, -HX
LnRh'”X A J/ LnRhl B LnRh” /1
\\\ LnRA'X D

Phir )&\-LnRh“/—I 4///

BCH, D-X, Base

Angew. Chem. Int. Ed. 2006, 45, 6885
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Allene - Carbonyl Coupling

C-C coupling under transfer

hydrogenation conditions
J. Am. Chem. Soc. 2007, 129, 15134

For dienelalkyne coupling, see:
Org. Lett. 2008, 70, 1033

J. Am. Chem. Soc. 2008, 130, 6338
J. Am. Chem. Soc. 2008, 130, 14120
Org. Lett. 2008, 70, 2705

OH H
OMe Me Me Me
Me ﬁ [I{BIPHER)({cod)|BARF (5 mol%) 78% Yield 80% Yield
s
:ME R Li,CO; (35 mol%) OH
DCE-EtOAc (1:1),60°C
i
Me Me
¢l Ts
74% Yield 89% Yield

J. Am. Chem. Soc. 2007, 129, 12678

—e=( L.H3 - NRB

Q
—(' L -
Rs ’/’V\Ra

~
[Ir(cod)(BIPHEP)]BARF
(5 - 7.5 mol%) HO

Cs,C0O5 (5- 7.5 mol%)
DCE-EtOAc (1:1), 75°C Ri Rz
23-92% Yield

As Above HO

i~PrOH (200 - 400 mol%
Re ( ? Ri R

50-90% Yield

J
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Allylation/Crotylation under Transfer Hydrogenation Conditions

(1) and phosphoroamidates)

- reaction proceeds most
likely via metallated benzoate
intermediate

J. Am. Chem. Soc. 2008, 130, 6340

fO_\
- low-valent Ir(l) and L
moderately m-acidic ligands 9% | o
promote allylation versus O- OH
alkyation (for etherification, Ir ﬁ/

[Ir(cod)Cl], (2.5 mol%)
(R)-CI,MeO-BIPHEP (5 mol%)

Cs,C03 (20 mol%)
m-NO,BzOH (10 mol%)
THF, 100 °C
For aldehyde allylation
i-PrOH (200 mol%)

NO,

X-Ray Crystal Structure
of Active Cyclometallated

n-Allyl Complex
[Ln = (R)-BINAP]

J. Am. Chem. Soc. 2008, 7130, 14891

S
O
“\R [Ir(cod)Cl], (2.5 mol%)
(S)-SEGPHOS (5 mol%)
/\(OAC o7 <
Me 4-CN-3-NO,BzOH (10 mol%
OH Cs,CO;3 (20 mol%)
KR THF (1.0 M)
— 90 °C, 48 hrs
2 equiv. 1equiv.

:Do\

Ln’lr\ﬂ

H

/YU
Me
BI

mgo

From Aldehyde
73% Y, 95% ee, 8:1 dr
From Alcohol

73% Yield, 94% ee
From Aldehyde
72% Yield, 91% ee
From Alcohol

OH

/\/'\/\NPTL

61% Yield, 98% ee
From Aldehyde
83% Yield, 93% ee
From Alcohol

mo

From Aldehyde

69%Y, 97% ee, 7:1dr

From Alcohol

H
/'\{\(CHZhMe
Me

78%Y,97% ee, 11:1dr 75% Y,97%ee, 11:1 dr

OH

M(CHQ)?ME

77% Yield, 97% ee
From Aldehyde
78% Yield, 95% ee
From Alcohol

OH

Wosn

Me Me
81% Yield, 94% ee
From Aldehyde

63% Yield, 93% ee
From Alcohol

) OH OH "
=) - e
/Y\/\,OBn G | N
Me Me

For aldehyde crotylation
i-PrOH (200 mol%)

J. Am. Chem. Soc. 2009, 131, 2514

68% Y, 97% ee, 11:1 dr
From Aldehyde
68%Y,97%ee, 7:1dr
From Alcohol

78% Y, 97% ee, 6:1 dr
From Aldehyde
73% Y, 95% ee, 5:1dr
From Alcohol

Maciej Wiczak @ Wipf Group

Page 12 of 16

5/2/2009



Title Paper - Reaction Optimization

Pre-Catalyst Screen:

Nitrogent-Substitution:

RuBr{n3-C3Hs}CO); (5 mol%)

Ru(O2CCF3)2(CO)(PPhs)a, RuHCI(CO)(PPhs)s, RuH2(CO)(PPhs)a, RuCl2(CO)2(PPhs)2, and RuBr(1?-C3Hs)(CO)s

Q CyaP {15 moi%h) HO
i 2 -
\ Ar i-PrOH (400 mol%) ";\s/!\ﬂf
R, R12N1 ) THF {1 M), 100 °C R?RZNS
a-1a a A = id
(150 moi%) (100 mol%) (Ar = p-NOZFh)
entry allene R; Rz 3a % yield (dr)
1 la  p-toluenesulfonyl benzyl 92 (5:1)
2 Ib  phthalimido — 37 (3:1)
3 Ic Boc benzyl 71 (8:1)
4 Id  o-nitrobenzenesulfonyl benzyl 50 (=20:1)
5 le  p-nitrobenzenesulfonyl 2.4-dimethoxybenzyl 91 (=20:1)
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Title Paper - Reaction Scope

RuBr{n®-CyHz)(CO)3 (5 mal%)

Cli CysP (15 mol%) /\ﬁ
R R i-PrOH (400 mol%) R
i - THF (1 M), 100 °C A
e a= — — -
(150 mol%) (100 mois) 1 = NS, Rp = 24-(MeQ),Bn
2a, R = p-NO,Ph 2e, R = p-(COMe)Ph 2i, R = CH=CHCH,CBn
2b, R =Ph 2f, R = 2-(5-BrFuryl) 2j, R = CH;OBn
2¢, R = p-BrPh 2g, R = CH=CHPh 2k, R = CH,NPhth
2d, R = p-(CO,Me)Ph 2h, R = CH=CHMe 2l, R = n-Hexyl
Coupling to Aryi Aldehydes
HO HO HO
R;R,N NO, R{R,N R{RsN Br
91% Yield, 3a 70% Yield, 3b® 77% Yield, 3¢
HO HO HO
v - o)
R,R,N Me R,R,N Ve
94% Yield, 3d © 74% Yield, 3¢ O 90% Yield, 3f
Coupling to Enals
HO HO HO
y o /‘\E/'\f\Me /\E/'\/\/OBH
RyR;N R,R,N R.R;N
61% Yield, 3g° 63% Yield, 3n® 85% Yield, 3i°
Coupling to Aliphatic Aldehydes
HO HO HO
A8 AN /\/‘\MMG
= = = 5
RyR,N R4R,N O R4R,N

71% Yield, Jj

85% Yield, 3k

69% Yield, 3I°
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Title Paper - Mechanistic Studies

Deuterium-Labeling:

Mechanistic Proposal for anti-Selectivity:

002Me

ﬁ\ Standard Conditions {9%529%} L QH o
- (@)
Ar . " A Y
dg-i-PrOH (400 mol% E %,
R4R,N & ( °) (7%)D  NR4R. RoN™ RuLn
1e 2a deuterio-3a
(150 mol%) (100 mol%)
E-Allylruthenium
0 Standard Conditions OH Chair-Like Transition Structure
\;::.1 I*L... -
Ar = CAr
R R
1f, R = t-Bu 2a 3m, R = t-Bu, 80% Yield, = 20:1 dr
19, R =i-Pr ({100 mol%) 3n, R =i-Pr, 79% Yield, 61 dr “,
1h, R = Et do, R = El 75% Yield, 2:1dr | _-RuLn
1i, R = Me 3p, R = Me, 85% Yield, 2:1 dr

Recent Precedence for X=0 Chelation with Ru

Z-Allylmthenium
Boat-Like Transition Structure

CpRu(CH5CN);PF; CO,Me

(10 mol %)

acetone, 23 °C
90% vyield

B. M. Trost, E. M. Ferreira, A. C. Gutierrez
J. Am. Chem. Soc. 2008, 7130, 16176

-OMe
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Summary

- Transfer hydrogenative coupling of allenyl amides with aldehydes gave |,2-
aminoalcohol in high yield and anti-selectivity.

- Selectivity in these reactions can be rationalized by a chair-like TS model.

- Asymmetric variant of this transformation awaits discovery.
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