Organometallics Study Meeting 2011.9.22.Y. Tanaka
Chapter 16 Hydrofunctionalization and Oxidative Functionalization of Olefins

Today's topic: Addition of H-CN, H-Si,- Si-Si, H-B and E-B to olefins

Hydrocyanation

ex,

AN +HCoN _catalyst NC e Sen > Nylon

Most developed: Ni catalyst (+Lewis acid)

Regioselectivity
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Nicatalyst /k/ CN {>99.1 vs. branched)

\ ﬁ/\
CN (> 99.1 vs. branched)

Ni catalyst

. Ni catalyst = NiLy:L:AICl; = 1:5:2, L = P(O-p-Tol)g

Scheme 16.1

Effected by bulkyness of metal complex (and L.A.)

Effect of Lewis acid

AN HHON  HNICNIPOo-tolll o ~_CN + Py
Lewis acid '

Table 16.1. Relative rates for hydrocyanation of propylene in 75% toluene/25%
_CD,CL, in the presence of HNi{CN)[P(0-0-Tol),], as catalyst.®

Approximate £,(min)

Lewis acid —-25°C ~0°C +25°C % Linear product
AICI, =10 72
ZnCl, <4 ' 70
None 60 72
None >7 70
BPh, >60 89

L.A.: coordinate to CN (facilitate reductive elimination)



In the cases of vilylarens...

Ar'CH=CH, + HCN Ar'CH(CH3)CN

0.10-0.20 M alkene

1.0-5.0 mol % Ni(COD)/L 91% ee
Hexane
B N Ph/%%&/opn - (169)
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: (16.24)
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Stable n° complex

~ About catalyst

-P(Qo-tol)s: open coopdma-non site, faster reduchve ehmma‘hon (Iess elecTr'on dona‘hng Than phosphine)

“_deactivation: formation of L2NI(CN)2: diluted HCN, ex. phosphite

Migration to terminal position
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In the case of diene

, CHy—CH=CH—-CH,—CN _70%
ANt NiL,

H2C=CH—(I3H—CH3 30%
CN
2M3BN L= (AFO)sP |
/\/\CN
[I HNILgCNsA  —— — Lle/\/\/CN — NC"™._-CN
/\/\CN CN-A e e o e (16.7)

A= Lewis aoid.

/— l
) NI(CN)
\/\) e /—\ NGOy /\'/l NI(HJ)F(CN)

3PN-d N:(CN) NG -\
= =5
: avgeN-d 7 D Ni(CN)

Hydrocyanation of alkynes

HON R_J Nl
RC=CH —gmagmi~ @ 0=C o G=C
Ni[P{OPh {0
i[P{OPh)gla ne H H CN (16.11)
~00% for >95% for
R = "Bu R =1Bu

Hydrosilylation and Disilylation

Commonly used: Pt, Rh, Pd complexes

Example.s of Speler' 3 caTaIvs’r and Wlikmsons cm‘alysf \\

o © MeClSi
H,PICI
/\]/ + HSiMeCl, 26, \/\( (16.19)

OMe
S|CI3
S ON_ BPPRalCl Me/\( (16.23)
+ HSiRy SiRs

In the case of Ruz(CO):»

 Ruy(CO) SiR,
2PN+ HSRy men O o N0 4 gy (16.29)

(16.6)

EPN-d
(16.8)



Mechanism

R’ .
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Scheme 16.6. Chalk—Harrod mechanism.
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Pathway for isomerization of branched alkyl complexes formed from internal olefins:
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Scheme 16.7. Modified Chalk-~Harrod mechanism.

SiR, .
LRh—SiR, + =— L,,Fih—/_ —— L Rh—H + /_S'RS (16.39)

Hydrosilylation of.dienes

)\/ + HSiMe,Ph HaP10l6R0 )\\\/\SiMeEPh + )\/\SiMezPh (16.25)

720/6 <5%

Pd/PPh :
)\/ + HpSiCl, ——— - Si‘>=\ (16.27)
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Hydrosilylation of atkynes

(RH] nBu SEy nBu H nBu H
nBu—== + HSifty — o = =+ >—< + =
H H H  SiEgq H H
A B c
(16.31)
{Rhl A C
[Rh(COD)4]BF 4/2PPhg 5 95 0
[Rh(COD)Cl, 94 4 2
Mechanism
Chalk—Harrod _ Modified Chalk~Harrad
ReSi /. , H
H H-SIR SiRq H-SiR
Anti-addition ' ’ . Anti-addition )
product - M & product M &
SN — H-M-SiRg ! — ’ -H-M-SiR3
H SiR,
( ReSi H il ( H  SiRg
. syn-addition H-M® H_‘Dn syn-addition
RsSI—M product . EE or -, prOdUCt H
¥ H-M—SiR5 Kt “ H-M-8iR3
A ReSi  RgSi i
H —_—— —_—
\ ReSFM  H / \ H-M - SiRg /
* Scheme 16.10.

Trans hydrosilylation by a combination of Ghalk—Hartod and modified Chalk-Harrod mechanisms for
hydrosilylation and isomerization via n2-vinyl intermediates.

Regioselective reaction using directing group

OH
. 1% Ru catalyst OH SiEty
S + EtzSiH
=T L N
o k 99% (16.35)
@ 13:1 regioselectivity .
|

PFe

. ‘Ru catalyst = A
B P "NCMe

MeNC
eN NCMe

Hvdrosilylation by sigma-bond metathesis
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Scheme 16.9 -



Cf. Hydroboration

R Cp*aM

y =
2

Cp 2M">'
Cp* M—H _

M Sm or La
HBCat
Cp* 2M -
RCH,CHoBeat
H
Scheme 16.14

Hydrosilylation of ketones and imines: Many enentioselective examples

Disilylation
Me Me 2 oA, PhMeS Sit
{ 1 Pd(OA 2,51 iMe.Ph
Ph-Si—S8i-Ph + n-hexyl-G=C-H _PdlOAd), z o=’ 2
e Mo : XA mnoyt” . (16.40)
Toluene 94%
Reflux

Hydroboration and Diboration

Example
)
{
. B

No catalyst
\/\)\

: :o
N
B-H + \/\/”\ | @ i o
O\ /\/\)‘k
* O B
\_Catalytic [Rh(PPhg)sCl] \/\i o

o
B0

13:87
Regioselectivity
CH
1. HBcat, catalyst
ArCH=CH : + Ar
2 2. Hy0,/0H° Ar/l\CH3 ~oH
Ar=Phor4-MgGgH,  Catalyst ,
S e TR RhCI(PPhg)g (inargon) - g9 <1 (16.44)
RhCI(PPhg)3 {in air) 24 78

[Rh(COD),)BF 4/dppb 99 1
Cp2TiMe, (in benzene) 0 100

M 1-Octanol -+ 2-Octanol + 3-Octanol + 4-Octanol

(E)-03H7CH=CH03H7 o HEOZIOHQ
“Borane  Sovent  Tol 2ol 3ol ol | ocafest= RACIPPhJ  (1646)
HBcat THF 0 0 0 100



Mechanism
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Hydroboration of dienes ‘
R /_'Q_ 0 _PhCHO _ \H\r
m -+ HBcat Pd(PPh3)4 O
BenzenelRT
via T : _(PPhy),Pd R Yield/%
_— . § 30 H 81 (syn > 98%)
+(PPhs),Pd L= PPha'or / : , g (syn > 99% 16.47)
HBcat S /\ R Me 89 (sy ) (
’-\Pd/" 5 R HA/—_T\Q
el N
H B Pd
b@ £ TNt
1
8,
Hydroboration of alkynes
R? : R
HBX,
R'-C=C-H = Tt )= o=
Catalyst H BX, K BX XB H
Alkyne  Bofane Catalyst . T ) R
p-Tol-=—H HBcat Cp.Ti(CO)s 100 0 1]
C4Hg—=~H HBpin  Rh({CO)(PPhy):Cl 99 0 1
p-Tol-=-H HBpin - RhCI{PPhy)s 48 0 53
Ph—=-H HBcat [Rh(cod)CI]zl4F’"Pr3 1 99 0



Enantioselective ver,

OH

S o 1 mol % Ho05
[Rh{COD)((S)-QUINAP)JOTF  HO®
~ + H-B 91% ee
© =
O (16.49)
=N

LN

* (8)-QUINAP = PPh,
Diboration
BZ(pln)2 Pt(Pph3)4 CGH13 H
CeHiz—=——H + or so—°c> =
B,(cat), (RO).B B(OR);
Bpin
Pt(dba), .
Xy + By(pin —_— /l\/Bpln
C8H17 \ 2(p )2 50 OC . CBH17

Silylboration (R3Si-B), Stanylboration (R3Sn-B) of alkynes also proceed using Pd catalyst.

Asymetriv ver,

0.5% (nbd)Rh(acac) OH
0.5% (S)-quinap 69% yield
trans-5-Decene — . o
‘ . Borat Butyl/krBuM 159; Bs;r{n.anti (16.53)
Then HyOy, NaOH Sie 88

OH
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Today's topic: Addition of N-H and oxidative additions to olefins

Hydroamination

R1 H R H
Catalyst
Rl—===—H + HNR, Y y=={ or === (16.54)
H NR; RN H

R Ry H ‘
N Catalyst L E ,_-S ;
" of olkeres

Selectivity: Depends on conditions (anti-Markovnikov hYdroaminaTi—Mave not been developed)

Via attack on w-olefin complexes {Catalyzed by Pd(1I), P+(1I ), cationic Rh)

Example
o +
@—NHg 4 NN ™y PtBr:ﬁ mol %), H¥ (3 mol %) Q /L ) @\
Bu,PBr, 150 °C, 96 h _GaHie
TON > 240 N™ "Caty N (16.58)
70% (95:5 mixture)
Mechanism
H. . R -
H
R |
N
o 2
[M]GI
HoNR
Scheme 16.16

Via attack on m-allyt or n-benzyl complexes (Cm‘alyzéd by Ni(0) or Pd(0) + acid, Rd(1I ), P+(1I )}

Example

./, _NICOD)DPPE I~
WN_ P T Pncoon QN\ P (16.80)




Mechanism
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Scheme 16.17

Via attack on n-arene complexes (Catalyzed by Ru({II ) +acid)

Example.

=)
5% Ru(COD)(2-methylalyl), o | O
7% DPPPent N\)
= /N 10% CF3S04H via R 16.72
TOHN O Dioxane, 100 °C, 24 h thwPth | (1672)

96% isolated yield

DPPPent = 1, 5-bis(diphenylphosphino)pentane
Mechanism

NH O

)

Nucleophilic NR
addition 2
e ! @
oTf -Bu._OTi

RU. SN
AN Ph,P™
PhyP PPh, %P%a
H
Arene (NRz = morpholine)
exchange

(\0 Styrene

Scheme 16.18



Via insertion into metal amides (Catalyzed by Ln)

Example
y B
HZN\H/\/\ Cp*,LaCH(TMS), (Sﬂ
" Tolueng, 60 °C i 661
“n=1,TOF =140 h™"" .
n=2TOF=51"""
Mechanism

A AN
\Ln—CH(TMS)2 + HoN R

icd
CH(TMS),

RWNHQ
JD
In_ =
. @/\ i

Via [2+2] cycloaddiitons (Catalyzed by Ti, Zr)

FizN CpTiCl; (20%)//-PrNEt N
N THF, 25 °C H/\Q

(16.85)
“B'=PhorpBu ‘ 94%, TOF ~9 h~1
Mechanism
NHR
S5c. 20 ,
[Ml\
NHR
' for products from
R‘N additions to R’ HNR
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R g
N
e \(\ R R
AY ¥ .
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Scheme 16.20



Oxidative Functionalizations

Wacker oxidation

Mechanism I

Q,/ S \l
Mechanlsm !l 7 1
7 //Pd\ i o H ?
ST v’k - YOH,: ‘ CI + HEOj
AL Pd . Slow |_PdCI 3 CI°
HO? St R I
Scheme 16,22
H H 0
Pd(ll
=<+ Do () M+ pa (16.99)
H  H MG H
o H o - PdCI,° o
H)},Pd\ —_— \f““H — _ll—PdpCi?
% ClI CH Me H
AH H oR B % OR .
vi\& / \ -bat
DO HH D
1 o~ —
]:—PdCIze Jel OC, pai) + cI°
H H Me Pd N 0
Me/lkH
Scheme 16.23
Woacker type reactions
-Reaction with diol
e \OH PdCl,, CuCi,, H0 00 (16.100
Et' "Me ) .
0.02 M PdCli,
NS HO/—\OH 0.1 M CuCloH,0 0’>
op@am  Nc. L g (16.105)

80°C,3h




-Reaction with carboxylates

Pd(OAC),
Cu(OAc),
+ AcOH ——— AcO —_——
N 160180 °C T
Gas phase
QOAc
{CHg),,
n=2 3or4d l
ci® Pd
ACO®  AcO” > 0
<(0H2)n 0
o -

n=2, 3or4
No chloride
AcO®

Scheme 16.26
-Intramolecular additions
5 mol % of Pd(OAc),

Acelone—acetic acid (4:1)
p-benzoquinone

S

Trans attack
AcO®

Cis elimination
AcO®

Ho ™~ (16.108)

AcO

k%)"ﬂom + Pd(0)
K (E!E)”JOAC + Pd{0) |

AcO

wT

AcO,, :
©f> 87% yield, > 98% trans
iT0

No CI®

\,‘.a Equiv. of LiCl

Tm

(16.113)

m

AcO, :
\Qs 82% vyield, ¢is :trans = 91 : 9
i 0

n 0
| (16.114)
- AcO,, 3,3 e .
n=1or2 " " T o = 1, 75% cis addition - -
) LicH N 0’ 772> 98%dis addition,
H
-Oxidative aminations
o)
3
5% (CH3CN)oPdCl, AN
AN
o) 5% CuCly Ph + HO
16.11
PR + uN o+ Lo, o=<oj (16.117)
\ 5% (NEta)deC]z N H.O
5% CUClg /& * 2
Ph




Kinetic site
of attack

Thermodynamic \

site of attack

I
TsHN™ 0 7
(Z:E =10:1)

NRoH . NR,
Pd{I)Xs Pd(INX
Base
—HX

Pd(ll .
[/ b /Reversible inthe

©/\\\ absence of added base
' =]
{ PdlnX,

Pd(I}X
L NRH L NRg
Base
—HX
Scheme 16.31
O
10 mol % Pd(OAc),
2 equiv. Phi(OAc), TsN 0
1 equiv. BuyNOAc
CHLCN, 25 °C, 7 h
OAc

92% yield. 95:1 dr

—_—

NR,
O/\/Nﬁz

(16.124)
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