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. recognition of the importance of basic research.”
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Development of fundamental organometallic chemistry and its application
to the design of new processes catalyzed by transition-metal complexes.
Special emphasis is placed on fundamentally new reactions for sustainable
chemical synthesis and renewable energy resources
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The Stille Coupling

January 1978

o PhCH,Pd(PPh;),ClI o
)J\ + R Sn > )j\ + R3SnCl (1)
R™ ~Cl HMPA R” "R
R=Ar 65°C, t Yields up to
R' = Me 99 %

November 1978

Aromatic, aliphatic and heterocyclic acid chlorides and ‘almost any tetraorganotin compound’
can be used for reaction 1.

December 1978

Mechanism for the Reaction of Tetraorganotin Compounds with Organic Halides

PhCHZX\_/ PhCH,R 2L PhCH,X

PhCH,PdL,R(C) (A) PhCH,PdL,X # PdL,

R,Sn
R.SnX 4
3 y RsanHZPhJ\ R3Snx R4Sn

R4Sn
lE)
R;SnX
(E) L,PdR,

JACS 1978, 100, 3636-3638.
JACS 1979, 101, 4981-4991.
JACS 1979, 101, 4992-4998.
R'X J. Org. Chem. 1979, 44, 1613-1618.

[PhCH,],PdL,RX

©)

R'PdL,R,X (F)
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The C-C Bond

1. Palladium-Catalyzed Reactions

CO (70 psi)
10 mol% Pd(dippp),
ArCl + NuH > ArCONu
base
Nu = OH, OCH,, RNH 150 °C, 20 h 70-89 %
base = NaOAc, NEt;
(o)
R o
( Pd-P7"p pis NPr,
P P N0~
P = P(iPr), Pd(dippp)2 78 % OMe 80 %

JACS 1989, 111, 8742-8744.

The Heck Reaction

R
R cat. [Pd]
/ _—— /—/

ArX +
NMP, Na,CO, Ar
T, t
Entry ArX R Cat. Catalyst t T(°C) TON Yield™
(eq) x 10° _ (h)
1 Phl  COOMe 1 7 60 40 142.900 100
2 2 7 20 140 142.900 100
3 2 35 40 140 277.700 97
4 3 7 40 140 142.900 100
5 Phl COOBu 1 7 40 140 5.650 4
6 2 7 14 160 142.900 100
7 Phl Ph 2 7 60 140  133.000 93"
8 PhBr COOMe 2 7 63 140 132.900 93
[a] Determined by GC. [b]E/Z=7:1

( )
P(iPr), P(tBu),
Pd-TFA Pd-TFA \ N
P(iPr); I':’(iPr)z P(tBu),
Pld-TFA F3OCO /\
1 P(iPr), Phosphine-Free
TFA = OCOCF; 2 Imine Complex
TON > 1 million

JACS 1997, 119, 11687-11688.

Chem. Commun. 1999, 357-358.

The Suzuki Reaction

5x 10 eq [Pd]
R—@Br + PhB(OH), >
K,CO3, o-xylene

)

6 . . h 130 °C, t R=H 90%(3h)
Coupling of Aryl Chlorides OMe 57 % (16 h)
j CF3; 90% (14.5h
Pd(dmobp), OMe P(iPr), 3 o ( )
[Pd] = ‘<
dmobp = Pd\ TON's > 100.000
OMe F3OCO /\
Organometallics 2004,
(23, 3931-3940. ) Chem. Commun. 1999, 1901-1902.

2. Rhodium-Catalyzed Reactions

C-C Bond Activation

PPh,
HRh(PPh3)4
Rh-PPh,
C-H Actlvatlon
h, H5;C PPh,
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H-C PPh PPh2 2 apnd 3_apn3
H, (80 psi) 3 2 sp*-sp” vs. sp=-sp= Bond Cleavage
90 °C | wH H;C
Rh’_ H3 Rh -PPh, PPh;
H H
2 -
H;C PPh, Pth Rh-PPh, > Rh-PPh,
‘ toluene
120°C, 3d
30 PPh
C-C Activation PPh; -C,Hg (quantitative) 2
J. Chem. Soc. Chem. Commun. 1995, 1965-1966.
H;C PPh, H3C PPh, The C-X Bond (X= O, N, F, H)
PPh, | wCHj
Rh—PPh; <— Rh_ =~ 1.C-0O
-CH, | H
H,;C PPh, H5;C PPh, g N
[(C8H14)IT(PM93)3C|J — Ir(PMe3)CI + C8H14
10 9 HYO
PMes _CH Oxidative
Nature 1993, 364, 699-701. o cl 0.0 \Ir 2 podition of
— o, | cl- L ition of
Ir(PMe;)CI + /Ir Ethylene Oxide
Transfer of Methylene Groups o MesP | _ JACS 1982, 104,
Organometallics 1990, 9, 1300-1302.  PMe; (L=PMe;  3773-3774.
HsC PR,
H-SiX H-Ph .
CHy-SIX <——— Rh-PPh; ——— CH;-Ph P(tBu), P("?_'”)z Activation of the
X = OEt, Ph R=iPr OCH 1/ [{RhCI(CgH14)2},] R|h/CI Ar-OBond )
R=Ph H,c PR, 3 >
5 R=Ph CeDs ‘
11 R =iPr P(tBu), 85°C,3h P(tBu),
T =100 °C - [CH0],
t=24h R = iPr, Ph| (MeO);Si-Si(OMe); P(tBu),  -2CgHys P(tBu), Activation of the
Pd(CF,;CO,), 0| Alkyl-O Bond
. . OCH3 ’ Pd_(CF3C02)
(MeO);Si-CH,-Si(OMe), CeDs |
85°C,3h
Nature 1994, 370, 42-44. P(tBU) _cr,co,cH, P(tBu),
ACIE 1997, 36, 625-626.
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2. C—N
H3C P(tBu)z H H3C P(tBu)z
2
[RhCI(CgH14)2]2
H3 > CH3 + HNEt2
dioxane
H;C 4, “—NEt, 160°C,24h  H.C' 43 CH;,

toichometric reaction of 12 with [Rh]:

s
exclusive C-C Activation
12 +[Rh] . 'Catalytic' Reaction of 12 with [Rh]:
- CH C-N Activation

c-C Actlvatlon

P = P(tBu),
N = NEt,

C-N Activation
Chem. Commun. 2000, 1603-1604.

3_ C_ Et\ |/Et
F P
F F Et,P—Ir-PEt,
Melr(PEt;); + —> F F % CHy *+ H,C=CH,
60 °C
F F
J. Chem. Soc.,
E F F  Chem. Commun. 1991,
F 258-259.

H

F
F F cat. [Rh] F F
+ (EtO),SiH - + (EtO),SiF
F F 94°C, 48 h E E
H

. N CgFsH : (EtO),SiH : [Rh]
FSiR; L3RhCGF5 HSIR; 450:120:1
TON = 33
CGFG —————————————————————————————
\/2/ TGFS (Me;P);RhSiMe,Ph
o I WH r.t.
(©) LsRhSIR, R|h\L CeFs l-PhMeZSiF
SiR;
¥\/ [(Me3P)3Rhc6F5] = [Rh]
CeFsH J Science 1994, 265, 359-361.

[Rh] (0.02 mmol)
CeFsX 4 Ha 4 EtN > CgF4HX + Et;N- HF

(solvent) (85 psi) (2.0 mmol) 100 °C. t

CeFsH 1,2,4,5-CsF4H,
Entry Substrate Time/h mmol mmol
1 CoFs 17 0.332 0.004
2 54 0.400 52 x10°
3@ 36 2.28 0.1
4 CoFsH 54 - 0.132
5lal 20 - 1.11

[a] Reaction was run with 0.2 mmol EtzN and 2.0 mmol K>COs.




Insa Prochnow

DAVID MILSTEIN

Baran Lab GM 2013-12-14

F
L,RhC4Fs (A) +CeFsH+L CeFe, base
L.RhH )
CoFsH EB base - HF
Catalytic Cycle
for the Hydrogenolysis LsRhCqFs
of C4Fg in Presence H
of PMe; Complexes of Rhodium L., | o H
Rh
i | M
JACS 1995, 117, 8674-8675. CeFs
@
P(tBu_l BF4 P(th BF, P(tBtm BF
‘ H @ or . — | @ or — I| ‘\\H
r —Ir— > —Ir R
\ / / so°c N\ / H,0 Y llw
HO—H._/
0 ) 60 oC 0 | ~
P(tBu) P(tBu) P(tBu),
R = Me or Et o T T o T T o ] R = Me or Et
JACS 2006, 128, i\)Aj\ \)é\/ )Cj\ :
12400-12401. S B b
Si-Bonds
1. Ir-Complexes CI)H
PEs  R,SiHOH R,Si., PEts
||—Ir Cl - /I'Ir-H [Silanol Complex]
benzene Cl” \
PEts it PEt, 15R=iPr (94 %)
14 16 R = tBu (62 %)
iPr, I;’Et;,,
; Et;P wSi, .
2 RLi 3 \ o Cl- "u,|_|..--0“‘ -Si ”'f|r““H Metallosilanolate
2 @ pentane > I_|,Ir\ B I\°E Complex
/ —Ll t
o °C — _20 °C Et3P SI’O \Cl 3
90 % iPry
R = tBu, nBu 17 JACS 1995, 117, 5865-5866.

2. Rh-Complexes

P(iPr),
Si-H path |
H, o PhP—R’lh—Si(SEt)3
P(iPr) Si(SEt) -CH, .
| 2 Ets’ 2 P(iPr), 19
PhP—RIh—Me c
D .
i 6%
I—l—P(lF’l’)z r.t. \ Si-S path P(iPr),
18 PhP—Rh—SEt
Me b bien)
P(iPr) - Si(SEt) 1FT))
2/ Me” 2 20
PhP /Ir—Sl(SEt)3
d Product Ratio
P(iPr), 19/20 = 4:1
exclusive Si-H Activation

Organometallics 2002, 21, 5060-5065.

3. Silanone Generation

/4 H H,C /CH3

CCH
3\/ 3

H,C CH _P
VA \\/ OH |: \Pt\ >pt | (o,
[P\Pt/CHs . P\
/P\/ ~OTf acetone H3CCH3 H;C CH; 22
r.t.
H3C CH; 21 - CH, (iPr),Si—0
/
+ 13- 0 SiiPr),

ydrido-Bridged Pt-Comple

noo (2]
/4 > 15-(23) + H,

3h, r.t.
\( “OH 70 %, TON = 35
(50 eq.)

JACS 1996, 7118, 10894-10895.

Formation of a Dimeric
H X (iPr),Si—O 23
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Applications

Hvdrogenation of Esters to Alcohols

H
—FPRY,
KOtBu
7/ “N—Ri—co———{
_ -32°C
85 %
XR, Cl 24

P; R, R = iPr
N; R = Et; R' = tBu

H, (5.3 atm)

. (1 mol%)

R'” SOR2 dioxane

115°C, t

29: R = Ph, R2 = Et 30: 96 %
32: R'=nPr, R2 = Et 33:98 %
35: R' = Me, R? = tBu 36: 10.5 %

.

— > R OSOH + R20H

31: 99 % (4 h)
34: 98.6 % (4 h)
37:10.5 % (24 h)

Hvdrogenation of Amides to Alcohols and Amines

J

ACIE 2006, 45, 1113-1115.

H, (10 atm)
0] 38 (1 mol%)
R’ » R OOH *+ R—NH,
R N~ THF
H 110°C,48 h o )OL
7N
R A
o
Alcohol 74 % 97 %
Amine 74 % 98 %
JACS 2010, 132, 16756-16758.
Hydrogenation of Ketones
H, (4.1 atm)
cat. [Fe] (0.05 mol%)
j\ 0.1 mol% KOtBu ~ OH
R R EtOH R™ R
r.t.,t
P(IPI’)Z OH o
AN
[Fe] = / N- Fe CO Ph)\
— H N
P(iPr), 94 % 64 % 87 %
(21.5h) (24h) (15h)
P(iPr),
l \HBH3 WMild conditions o o o
74 \N _Fe co (40 °C, 6 h) 89 % 44 % 99 %
—(H’ with no added base

P('-Pl,.)2 TON's up to 1980
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P(lPr)2 P(lPr)2

o EtOH /
N Fe co—> N Fe—

39 P(lPr) 40 P(lPr)z 4

[Reactlon Mechanlsm]

P(iPr),
7| .co

~Fe: N
E~OEt ~ . OH
43 \—P(iPr), 42

Catalyst Regeneration

P(iPr)
7 co M
>
N— Fe\OEt bottom

/

43 \—p(iPr),

Hzlside

P(lPr)2
\\CO

P(lPr)z

s

P(lPr)2
Fe 0

P(lPr)

ACIE 2011, 50, 2120-2124.
Chem. Eur. J. 2012, 18, 7196-7209.

Svynthesis of Amides

cat. 26 (0.1 mol%) o

“SOH + R'—NH, >~ + 2H,
toluene R NHR'
reflux, t
N o
—P(tBu), Ph/\N’\“l\L(v)ﬁ Ph™ N,
H H
_ Rl n=3 96 % (7 h)
N—Ru—CO n=497 %(7h) 70%(12h)
26
N o
) O\ J‘J\/O O/\” \/\N lk/
99%(8 h) 99 % (9 h)
RCH,NH, M 26 Q
A~ —= o~
26 RON"RT,. RONTR
RCH,0H — RCHO H 2 H
-H, \\_RCH,OH j\H 26 j\
—_—
Science 2007, 317, 790-792. R0 ™R -H, R0 R -
NH,
50 (0.1 mol%) Reaction proceeds even in the
R-OH toluene ’ R—NH, absence of solvent or 'on water"'.
R = Aryl 61-96 %
Alkyl reflux, t

O Ol
1. HP(iPr),/MeOH
\

N 50 °C, 48 h N RUHCI(PPh3);(CO)
/ /) =

\ > Ru—P
2. NEt;, r.t.,,1h toluene P | \H/\
O . 83 % O oS5, C 2 >;kco N
r iPr
48 49
ACIE 2008, 47, 8661-8664.
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Synthesis of Pyridines and Quinolines

OH
HO [Ru] (0.5 mol%) X
+ \l/ —_— | _
R? KOtBu R N R2
R'™ "NH, toluene/THF
reflux, 24 h
~ ~
N~ Ph |\ N
62 % N” 55 %
80 %
OH OH OH
HO Cat o
+ —_— —
+
R -H, 2| “H0 Y
R™™ “NH, R'” O NH, RN OR?
.H2
OH & o) /
H tBuOK H
O
~ —
1 2 1 /< ¢<
R °N” "R RY N7 ™p2 RN,
-H,0
S
~ H ~
R N7 R2 "2 R' N7 "R2

Chem. Commun. 2013, 49, 6632-6634.

Latest News - November 2013

CO-Induced Methyl Migration

@PrP—=s | PO (iPrP—sH | PBFO
CO (1 eq.) solv,
Rh—solv > Rh—solv
_ | \CH3 acetone or MeOH . o
(iPr),P—S rt. (iPr)2P—S$ CH,
51 52
CO (1eq)|-70°C
solv = MeOH r.t.
solv
PP=s  |®BFd iPrP—s | OBFS
oC, | CH, Ho,‘/cm
Rh-OH ——— » Rh-CO
| \ -40°C | \
) _ | CH3  solv=MeOH | CH,4
(IPI')ZP—S (iPr)ZP—S
Organometallics 2013, 32, 7163-7180.
Activation of Nitriles e p

R =Ar, tBu

NC._~_CO,Me

Catalytic
Michael Addition
90 %
Br (20 h, 80 °C; cat A, R=Ph)

JACS 2013, 135, 17004-17018.
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E-Selective Semi-Hydrogenation of Alkynes

N
~
N

FeBro/THF

Yy

r.t. thP\Fle/Pth
4 h / \
Br Br

Last, but NOT least: Impact of Molecular Order in Langmuir Blodgett Films on
Catalysis (Science 1997, 278, 2100-2102.)

56, R= CH3(CH2)16
57, R = CH,

ML

TL

CLC
N

PPh,
53 1. FeBr,/CH,CN |
30 min _ thP\Fe\/Pth
2. NaBH,, 5 h /\ "NcCH;,
Synthesis of _N\ H
Acridine-Based / 55
PNP Iron Complexes H/ \H

R'——R? > =/ +pi R
THF R
90 °C, t
Ph
R=H 99 % (E/Z = 100:0, 12 h, 4 bar Hy, 0.6 mol% 55)

OMe 99 % (E/Z =99:1, 36 h, 4 bar Hy, 0.6 mol% 55)
COCH3; 99 % (E/Z = 64:36, 65 h, 4 bar H,, 2.0 mol% 55)
CO,Et 89 % (E/Z =99:1, 22 h, 4 bar Hy, 2.2 mol% 55)

R CN 94 % (E/Z =99:1, 72 h, 10 bar H,, 4.0 mol% 55)
NO, 0% (E/Z=n.d., 48 h, 10 bar H,, 2.0 mol% 55)
Cl 87 % (E/Z = 99:1, 23 h, 10 bar Hy, 2.2 mol% 55)
(Conversion was determined by GC analysis.)
ACIE 2013

DOI: 10.1002/anie.201306629

Table: Hydrogenation of Acetone to Isopropanol for LB and Solution Systems

[a]

Glass type Catalyst Turnover

Hydrophilic None NR

Hydrophobic None NR

- Suspension of complex 56 NR

- Complex 57, saturated aqueous solution NR

- Solution, separated from monolayer after No further reaction
catalysis

Hydrophobic Monolayer 60,000

Hydrophilic Quadruple layer 70,000

Hydrophilic Triple layer NR

— Monolayer on water surface 50,000

— Monolayer on water surface, stirred NR

- Complexes 56 or 57 in neat acetone 50

[a] Reaction Conditions

100,000

80,000

60,0004

Turnovers

40,000

20,000

ol 1

Quadruple
layer

Solution\ i

0

10 20 30 40 50
Temperature (°C)

: 72 psi Hz, 48 h, 25 °C, 0.11 mM acetone in water.

Temperature Effect

on the Hydrogenation of Acetone

(TON’s after 48 hours)
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Consecutive Thermal H, and Light-induced O, Evoulution from Water Promoted by a Metal Complex (Science 2009, 324, 74-77.)

H H
—P(tBu), —P(tBu),
D,O (1 eq) H,O/THF H,0
N—Ru—CO St _— N—Ru—CO —
58D THF vac. or A 58 reflul)_(l, 3d
2 45 %
oD OH
Photolysis hv (300-W)
H of 59 2d
. . H H
Reactions of Water with —P(tBu)
PNN-Complex 58 / 2
7 N N—Ru—CO
By (@) s
17
NEt, 58-770

) catalyst

[H0]+[050,]

Proposed Mechanism
for the Formation of H, and O, from Water

10



