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Early Contributions to the Field

Stearic Acid O
OH

Enzymatic Oxidation

Oleic Acid O

NN NN O NN .

“One aspect of biochemistry which was particularly intriguing was the ability of certain enzymes
to carry out selective functionalizations of hydrocarbon segments of a molecule remote from any
functional groups. An example is the enzymatic conversion of stearic to oleic acid. By contrast,
selective chemical reactions normally must be in the vicinity of, and directed by, the already
present functional groups of the substrate. Thus we set as a particular target the development
of ‘remote oxidation’ or ‘remote functionalization’ reactions”.

Breslow, R. Acc. Chem. Res. 1980, 13, 170.
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Defining Remote Functionalization

Functional Group Interconversion

Initiation Functionalization
« “An initial interaction of a ﬂ ﬂ
functional group leading to a R R
— e RN
selective reaction at a distal \/\/\® -
position”.
-Marek et al. Remote Functionalization
* Distance of 2-3 atoms
between reaCtlve funCtlonal Initiation Functionalization
group (FG) and functionalized
position (P) is generally

3 [{3 b2
considered “remote”. R\/\/\® - P\/\/\@

@ =Reactive Functional Group

P | =Functionalized Product

Vasseur, A.; Bruffaerts, J.; Marek, |I. Nat. Chem. 2016, 8, 209.
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External Remote Induction

External External
(- Template Template
R\/\/\® Linkage R Chem. Reaction > P Removal P\/\/\®

@ =Reactive Functional Group

P ) =Functionalized Product

(1) Pd(OAc), (10 mol%), Ac-Gly-OH (20 mol%) X
CO,Et AgOAc (3 eq.), HFIP, 90°C, 24-40 hr
X + W '
7 N (2) HCI/EtOH (1:5); 90°C, 2-4 hr | N
8 | 8 1
T H
EtO,C

Tang, R.Y.; Li, G.; Yu, J. Q. Nature 2014, 507, 215.

Vasseur, A.; Bruffaerts, J.; Marek, I. Nat. Chem. 2016, 8, 209.
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Internal Remote Induction

G
&S
R\/\/\® Initiation R @ ProEagationi R @ p\/\/\

@ =Reactive Functional Group

P | =Functionalized Product

@ =Reagent or Catalyst

Cat-1b (5.0 mol%)
OH NaBArF (5.5 mol%)

cyclohexene (50 mol%) o O
Etozc\/\ﬁﬁ\me 1,2-DCE [0.1], 120°C, 18 hr EtOzC\/\%LMe
Cat-1b: 85%
t-Bu
cBul F—tBu
P<_/

20N
t-Bu Pd
Md Cl

Lin, L.; Romano, C.; Mazet, C. J. Am. Chem. Soc. 2016, 138, 10344.

Vasseur, A.; Bruffaerts, J.; Marek, I. Nat. Chem. 2016, 8, 209.
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History of Olefin Isomerization

* Transition metal-mediated olefin isomerization known from Fischer-
Tropsch hydroformylation processes.

« “We shall consider, first, the double bond isomerization which
occurs under hydroformylation conditions. Asinger and Berg found
that 1-dodecene was isomerized to a mixture which consisted of all
possible double bond isomers in almost equal ratios when the olefin
was treated with either a Fischer-Tropsch cobalt catalyst or cobalt
metal...”

P. Asinger and O. Berg, Ber., 1955, 88, 445.
Wender, |.; Metlin, S.; Ergun, E.; Steinberg, H. W.; Greenfield, H. . Am. Chem. Soc. 1956, 78, 5401.
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History of Olefin Isomerization

(17) Some mechanism must exist for the facile movement of hydro-
gen along the carbon chain, R. B. Anderson, of this Laboratory, has
suggested that hydrogen atoms are transferred from one part of the
molecule to the other by interaction with the cobalt atoms. We may
perhaps write the following structure to indicate a manner in which the
olefin may be bonded in complex (a). It is interesting that allenes,

S A e .,

H OH |
(Cos}é’ Co(CO)s
%

1

O (a)

RCH=C=CH: are polymerized by dicobalt octacarbonyl at room
temperature (see H., Greenfield, I. Wender and J. Wotiz, J. Org. Chem.,
21, 875 (1956).

Wender, |.; Metlin, S.; Ergun, E.; Steinberg, H. W.; Greenfield, H. J. Am. Chem. Soc. 1956, 78, 5401.
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Notable Early Synthetic Examples

50:1:1:3 (1/Co/Ligand/AlIH(i-Bu),) |
o

| NE2  eo°c, 64.75n, THF | NEb

1 >L 23%, 32% ee
O

Kumobayashi, H.; Akutagawa, S.; Otsuka, S. J. Am. Chem. Soc. 1978, 100, 3949.

University of lllinois at Urbana-Champaign



Notable Early Synthetic Examples

Shell Higher Olefin Process (SHOP)

C44-C44 olefins (hydroformylation

a-olefins
for the market and benzene alkylation)
1 2 3 4 5
Ethylene : -
=
7

bt . T |

<Cyq, >C14 olefins

Catalyst recycling
in 2 phases

1 Oligomerizaticn
2 Catalyst recycling
3 Destillation

4 |somerization

5 Metathesis

Keim, W. Angew. Chem., Int. Ed. 2013, 52, 12492.
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Equilibrium Trends

DNi[P(OEt);]4" (1M in CH;0D)
25°C; 15 min

67.4% 24.2% 5.9% 2.6%

AN

* ~1:1 mixture of cis:trans 2-butenes early in reaction.
Tolman, C. A. J. Am. Chem. Soc. 1972, 94, 2994.

a) 0.5 R b) 0.5 g Experimentally time-
O cis-2-decene O trans-2-decene|| | resolved observed
0.4 { cis-3-decenel|] 0.4 ¢ trans-3-decene ..
| vV cis-4-decene | YV trans-4-decene ComPOSItIOI'\ of all n-
:___ A cis-5-decene *;h A trans-5-decene| decene isomers (378 K, 3
§ 03 § 03 bar N,). Molar fraction
3 8 v || relative to the initial
o 0.2 © 0.2 o amount of substance of 1-
(o] @]
= = A | | decene; (a) 1-decene and
01 - 8 g ' 0.1 , cis isomers; (b) 1-decene
X B~ and trans isomers.
r—o—a o £ 7 (o] A O & o - £/ @]
20 40 60 80 100120 24 h 0 20 40 60 80 100120 24 h | Catalyst: Rh(BIPHEPHOS).
Time t/ min Time t/ min

A. Jorke, E. Kohls, S. Triemer, A. Seidel-Morgenstern, C. Hamel, M. Stein, Chem. Eng.
Process. Process Intensif. 2016, 102, 229.

University of lllinois at Urbana-Champaign



Notable Early Synthetic Examples

Shell Higher Olefin Process (SHOP)

isomerization )
NN A VT
1-octene (Cg) 4-octene sriclinlfloce T
e A (CHao_
iIsomerization 2-tetradecene (Cq4)
- (CHz)s__ (CH2)s 14
P (o AT e S
J
1-eicosene (Cyp) 10-eicosene

Metathesis of 1-octene and 1-eicosene.

Keim, W. Angew. Chem., Int. Ed. 2013, 52, 12492.
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Synthetic Appeal of Olefin [somerization

/\/\/
 Alkenes are an abundant

and cheap feedstock ANNNF
chemicals.

Possibility of convergent

functionalization

funneling olefinic | > P) -
mixtures into a single NS
product.

« With bond migration,
substrates undergo
refunctionalization in
overall redox-neutral
manner with no
additional chemical
waste.

AN

P ) =Functionalized Product

Larionov, E.; Lin, L.; Guénée, L.; Mazet, C. J. Am. Chem. Soc. 2014, 136, 16882.
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1,2-hydrogen (alkyl) shift

0
L,M-H

metal hydride

RCH=—CH-CH;

L,M-H

metal hydride

Y B o
RCH=—=C—CHj
| H
L,M-H

p

i H o
RHzc_(I:_CH3

ML,

Vasseur, A.; Bruffaerts, J.; Marek, I. Nat. Chem. 2016, 8, 209.

RCH,CH=—CH,

y B a
RCHZCH|=CH2
L,M—H

Applied Homogeneous Catalysis with Organometallic Compounds 2nd edn, 1119-1124

University of lllinois at Urbana-Champaign



1,3-hydrogen (allyl) shift

:-I

mu 0 RCH==CH-CH, RCH,CH==CH;

] H b
o/\/'\ - O/\/\ . fo)\/\ LM
,—z ,72 z’

\\\\ M H M] H H oM

T IR Sy
o M] vin IX X

Inner-sphere mechanism

Outer-sphere mechanism Y B o Y B &
ML, ML,

Cc
RHC==-"">CH,

L,M-H

Vasseur, A.; Bruffaerts, J.; Marek, I. Nat. Chem. 2016, 8, 209.
Applied Homogeneous Catalysis with Organometallic Compounds 2nd edn, 1119.
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1,2-vs 1,3-Hydrogen Shifts

1,3-shift
(allyl mechanism)

1,2-shift \_%:
(alkyl mechanism) ”1(

—_ <
N\ o
QR W

Applied Homogeneous Catalysis with Organometallic Compounds 2nd edn, 1119.
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b
CO,H CO,H
Fatty acid Fatty acid
0 Easily accessible, ,
L Ni L, Ni
Reductant I Repensie ! Reductant
co, co,
feedstock feedstock
@/\/\ Nickel catalytic ,\E/\ Nickel catalytic
cycle (B) cycle (A)
1] | v
I
Fast Fast Slow Fast Fast
AN CO,H AL
0 @— H H -@ v
Not observed
Cc
NN H, Unnecesary refinement i =
Alkanes ’ Single regicisomer
co,
Bromination feedstock
Chemical > N, | —— NN O
feedstock Br : Ni catalyst 2
ANF H Inconsequential mixtures Added-value fatty acids
s of bromoalkanes
Unrefined olefin
mixiures

Julid-Hernandez, F.; Moragas, T.; Cornella, J.; Martin, R. Nature 2017, 545, 84.
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Julid-Hernandez, F.; Moragas, T.; Cornella, J.; Martin, R. Nature 2017, 545, 84.

2.5 mol% Nil,
4.4 mol% L1

R

Mn, DMF
T=42°C

Branched acid

* Secondary alkyl bromides

Me
“w/(c:f
o

R =0Me, 32,81% (b = 8:92)
R = NPh,, 34, 78% (i:b = 1:99)"
R = NPhMe, 36, 77% (I:b = 1:89)

T=42°C
g,
CO, (1 atm)

Me
,(\/ T=42°C
-—
MeQ,C”~ "COH CO, (1 atm)

32
78% yield (lb = 7.93)"

* Long-range remote carboxylation

Me
T=42°C
CO,H e
“ CO, (1 atm)
CO,Et
38

78% vield (1:b = 6:94)"

* Quaternary centers

,(\/ME
o' COzH
MeO,C™ %o

39

51% yield (b = 1:99)°

T=42°C
Pl B
€O, (1 atm)

* Primary alkyl bromides

T=50°C
€O, (1 atm)

R = OMe, 32, 75% (i:b = 16:84)*
R = NPhMe, 36, 69% (i:b = 1:99)"

b %
2.5 mol% Nil
Me0,C .2 4.4 mol% L1
] Me CO, (1 atm)
then—»
e B TMSCHN,
a1

d.r. = 1:1 (e.r. = 98:2)

—
O, (1 atm)

H
OW'H
m ™h "H
R

Me
Hﬂ

(o]

Br
Me

MeO,C

Me0,C.2,CO,Me

Me

—_—
CO, (1 atm)

—
CO, (1 atm)

—_—
CO, (1 atm)

_
CO, (1 atm)

2.5 mol% Nil,
4.4 mol% L1

Mn, DMF
T=10°C

Linear acid

T=10° w0

o
A = OMe, 33, 86% (I:b = 85:15)%
R = NPh,, 35, 84% (1:b = 99:1)}
R = NPhMe, 37, 74% (:b = 99:1)*
H’ H
T=10°C COH
MeQ.C
33
81% yield (1b = 55:45)%

T=18°C

31
80% yield (:b = 92:8)*

H’ H
T=90% g CO_H
Co,0am | wMeo,c” “Me
40
63% yield (I:b = 85:15)
H H
T=25° ' CO,H
CO, (1atm) R

o]
R = OMe, 33, 78% (b = 99:1)
R = NPhMe, 37, 61% (I:b = 99:1)

T(°C) C2:CT:C4" Yield (%) er (42)

25 35:40:25 70 89:11
42 100:0:0 62 80:20




Isomerization of Allylic Alcohols

13 (5.0 mol%)
R? R NaBArg (5.5 mol%) R' R
0,
R1J§/I\OH cyclohexene (50 mol /n)= R
R® DCE, [0.1], 85°C, 18 h R
2a-s 3a-s

Cy. /N _Cy
ey-i,. oy
Pd
Me
13

3a: 68% (from (E)-2a)
73% (from (Z)-2a)

3n: 87% (from (E}-2n)
87% (from (Z)-2n})

3b: 92%

i-Pr

o

3i: 79%°

3cg
0

=0

3.

Br
31: 94%

@]

g
E @
/4

30: 71%

=0
Me

3r: 92%

3c: X=H 78%

Me Me
@)\/§D @/\)\O /@/\AO 3d: X = +-Bu 73%
3e: X=0H 81%
X 3 X=F 71%

3g: X =NO, 62%

(J
O 0

3j: 87%
i-Pr

J@M .
MeO

3m: 64%

MeN_ _=
=0

3p: 51%
(from (Z)-2p)

Me
=0
Me

3s: 70% (1:1 dr)®

Larionov, E.; Lin, L.; Guénée, L.; Mazet, C. J. Am. Chem. Soc. 2014, 136, 16882.
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Isomerization of Homoallylic/ Alkenyl Alcohols

13 (5.0 mol%)

R? NaBAr (5.5 mol%) R2 C"’}_p’ ‘p,jé?
PN OH Cyclohexene (SOmol%) o x
> Jd
R9 Ré  DCE,[0.1],85°C,18h i Ma130|
4a-u n=1,2..10 Sa-u
e 5 Me Cy
? @/\/\»ﬁ ©)\/\Jo @/\/\f ©)\/\Fo
Me
5a: 52% 5b: 70% 5¢: 29%" 5d: 58%° 5e: 51%
o} (o} o] 20
O e »
O
5f: 54% 5g: 37% 5h: 55% 5i: 52% 5k: 40%
from (Z)-4f from (. Z}-d-g from (Z)-4i from {Z )-4j from (Z)-4k
o]
_0
G Me s
Me Me Me 0
51: 80% 5m: 80% 5n: 89% 50: 87% 5p 94%
n=2 n=4 Me: Me n=10 5
M /’J\/\/J\/‘-\ Me
Me Me € o
w 5r: 38% (from rac-4r) 5t: 92%° o
Me (8]
5q ?'59/(:0' Me Me Me Ph o
L35 ] sy
5s: 71% (from rac-4s) 5u: 79%" o
f&(‘
it 0
p\
CV\P/ \P,Cy K
Cy™'\ , ~Cy
P, 1
Mg Tl e
13 R\u__. 7
Larionov, E.; Lin, L.; Guénée, L.; Mazet, C. J. Am. Chem. Soc.
2014, 136, 16882.
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Deuterium Labeling Experiments

a) 13 (x mol%)
i-Pr NaBA (1.1x mol%) o/ Pr HD [Pd-D] 4mol% 9mol% 15mol% 18 mol%
X-"gH Ccvclohexene-dq(10x mol %) 3730 C1 23%D 52%D 80%D 81%D
DCE, [0-1]' 8500, 1 h & 2 CZ < 2% D = 2% D < 2% D = 20/0 D
L o = G0% iy MeC — c3 5%D 10%D 14%D 18%D
b) 13 (18 mol%) <2%D 85%D
20% D ; : :
Na NaBArg (18.2 mol%) bE e HD é) i-Prp p Pa-H] HTrOp yPr D i-Pr D [Pd]
XNoH  cyclohexene-d o (180 mol%) o M e e — =l
DCE. 10.11 85°C. 1 h o HID Ph OH migratory Ph OH™™ p-D Ph \ OH migratory Ph O—-H
[0.1], ) <2%D insertion [Pd] efimination H [Pd]-D insertion H D
2a > 99% conv. 3a-d, Ak A B c
B-H l
elimination
c) 13 (5 mol%) " 56% D
; : -Pr H 2 i-Pr D
iPrD D NaBAr (5.5 mol%) b [,)_,,,D’“Pf H HO[ Pa-0]  H QM Pd-H]  H
N"Non cyclohexene (50 mol%) 0 Ph 0 S—— Ph O—[Pd] =~—— Ph )
N o HD post-reaction HD post-reaction H D
DCE, [0.1], 85°C, 4 h HID220/ B S 1,2-addition B 1,2-addition e
9 U- -
2u-d, > 99% conv. 3u-d, “ !
d) 13 (5.0 mol%) 55% D
; 4% D
i-Pr b D Me NaBAr= (5.5 mol%) H%D iPr HD 51%D Me WD

= N Cyclohexel e 50 I IOIQ/O !
DCE 0.1 85°C 4h H H

> 99% conv.
2u-d» 20 3u-d, 3o0-d,

(a—c) Labeling experiments: (a) with 2m and in situ generation of [Pd-D] using various Pd loadings; (b) with 2a and in situ generation of [Pd-
D]; (c) with 2u-d2 and in situ generation of [Pd-H]. (d) Crossover experiment. (e) Mechanistic rationale.

Larionov, E.; Lin, L.; Guénée, L.; Mazet, C. J. Am. Chem. Soc. 2014, 136, 16882.
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Computational Investigation of (E)-2a Isomerl

Pd-H insertion

Bu; @

.-I‘I.'I

Pd—H insertion i

S 8 b o P pE—_
e rBu;,P,:P:j:P:BuE I25.3 :Buzp:p«dipfﬁuz tBUP~ ¥~ Bl Ha tBus r-‘.H
258 el LUTHE | fTs3, Ha~ “HE i Ph G’ ) Hen
PR il Ph+’ 2 T H“ﬁ{ Me
Me OH R Me HE H "o HO p ™
+ Ts2 TS3 1S4 TS5
t8u; P s 2P 1BU2 .
5 ‘152"
H. p e piBUy
e OH : ; Fd e
e ! HaﬁF‘h
- 16.3 ' S 5 16.8
m—— % 3 Me .—-.
TS1 HO™5e e o
! 139 .-
ey T 13.5 .
Me /INT1 INT3.Z s
10,5/ INT3.E
INT2 o 22 -
e Bz PP 4 INT4.E "
; Pd & .' ZEh 1 e B Ph
0.0/ h:—cc He D e 04 LA
—_y HE. B e m—
: H Me HE \j‘(m 1B
8 Bh U Ph
EBUZ Ph Me OH o HO ° :2+/H \2‘ ’H
\’d, e Pd Me Pd Me
E MH | oo
Ph' Py Fue Ho o ..
L Me 2 16 + (E}-2a 16 + (E)-enol 16 + (Z}-enol
AG* = 16.3 kcal/mol AG* = 10.5 keal/mol Pd-H insertion rotation around Pd-C2 fi-H elimination
TS1 INT2 p= t
AGgag tB“P“‘J 4. prsu EBUZP‘“PE\’P'S:z 1BuzPL r P 1Bu,
Hf___ £ ‘OH H"C‘H H:‘, ,:‘O
H b H A me b Me
Me .. PH
12.8 TS6 TS7 Ph
+ HO 122 = —— TS8
Pd TS6
H/ “'-a.‘/ INT5.E 11.2
S5 TT8Y
~Me'
e
7 fBu; .';_PE,\'*-'L I ]
% P oM _ 2
" H"‘){H u F=.’._PE:':'-'"' Haw, ©
“BU2P“- "' ~PtBuy fBU‘gP-\.’ + P {Bu, y ‘£‘ H —Me H” \"O H e
;Pd H® o INT6.E" ., 32 PH 4 "
3 c 4 —Ph . B INT8.2 g o
Ph“\e\r’H H v 0.1, a1 H % Ts8 04
Me OH HE Me - tBu Ph 5 T2 =
OH tBu; eh B2 H OH —.. INT9
1 R+ H i INT7.E
AG* = 20.0 kealimol AG¥ =114 keal/mol Pi (W JFO e Ph o ;
o 1 P B
TS2 INT3.E fBus. Ho Buy OH PdY\rPh
16 + (E)-enol ek ekl HO Y, tBu, M
e ¥
Fdl Ph
R

16+ 3a

e .
automer it
g -

Computed reaction profile for the productive isomerization of (E)-2a to 3a. The most relevant intermediates and transition states are

represented. DFT method: PCMDCE-B3LYP/[6-311+G(d,p); LANL2DZ]//M06L/[6-31G(d) on C, H, O, P; LANL2DZ on Pd]. AG values are given in
Larionov, E.; Lin, L.; Guénée, L.; Mazet, C. J. Am. Chem. Soc. 2014, 136, 16882.

kcal/mol.(25, 26)



Computational Investigation of (Z)-2a Isomer

tBu, P optBuy | ¥ 8u,PL - PRy, |* (e PP Bz |*
AG Pd” H SRl [
298 o i - S Gia
H-__ f/ It . H H_ %
o OH Me H“‘ Ph
Me" by, Ph OH OH
TS9 TS10 TS11 p—
16.6 16.9 fBll} P 4+ /P!BUZOH
" Tse 156 TSt H Me,
T TS9N 14.8 (188 TS11 e
132 .-~ . e INT12
— TS10 - . \ Ph 122
.'lﬁ—lﬁl tBu, PL P By R oy
e fBLI--OH ,d J-{ "-E__.r-""-‘ INTS.E
fBu, E";d‘“P UL H Me INT13-.
V' Me / INT41 H OH Ph 1B P piBuz Ph )
£ Ph ; < ¢ \piBuy
Bus P+ Ptov2 H
el \/
W~ 5 S
me™N  OH Bu Ph.
0.5, [ Ph L H
- EP\;J X/\ & J/\M‘s =
P
fg: M ot tBu; HO
2 16 + (Z)-2a 16 + (E)-enol
Pd—H insertion imination -

TS2
AG* =200 keal/mol

|fBLI2P-._ + F'IBL,IQ *

Ph OH

TS10
AGY = 14 8 keal/mol

Larionov, E.; Lin, L.; Guénée, L.; Mazet, C. J. Am. Chem.
Soc. 2014, 136, 16882.
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1,2-Long Range Champion

O
Eto)jﬁf""
Me OH
Me
1b (5.0 mol%)
NaBArg (5.5 mol%)
cyclohexene (50 mol%) .
1,2 DCE [0.1], 120°C, 18h tBujp’ el
t-Bu™'\. /' TtBu
/Pd\
Y Me CI
1b
O
EtO
Me @)

Me

72% Yield

Lin, L.; Romano, C.; Mazet, C. J. Am. Chem. Soc. 2016, 138, 10344.

il University of lllinois at Urbana-Champaign
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Cycloisomerizations (Group Problem)

Propose a mechanism that accounts for products 3a and 4a.

cat. 2

3 cat. NaBAr‘}b E % I
DCE, rt,3 h

E e E E

1a 3a 4a
_E=C00Me .
7 N\_¢ \ 7 N\ \_ 7/ \_/ \!
| \=N_ N= =N_ N= =N_ N=~ !

N Vs \ Vg N e i
; Pd Pd Pd |
| M~ Me~ Cl Me’ Cl !
| 2a 2c 2d i

Kochi, T.; Hamasaki, T.; Aoyama, Y.; Kawasaki, J.; Kakiuchi, F. J. Am. Chem. Soc. 2012, 134, 16544.
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Group Problem Answer

[@
[Pd]—H
1a _\h" [Pd]-.. — E [Pd]

chain-walking
“Pd
€ [Pd]
cat. 2 2
2 cat. NaBAr', s o l (Pd]
DCE h
E N CE, 3 E E H\
1 3 4
_E=COOMe ” e . [P
; E Tb
E</\§2/\>/\ 7 N\ 7 N_¢ N\ 7\ /\ E
i —N N— —N N— N N N N [Pd]—-H
i 1 I® H
i e 2aC .4 zaC' i = \ePa)
""""""""""""""""""""""""""""""""" ’ [Pd]
E E
—[F”d]
o —— E. /5% = E [Pd]
Kochi, T.; Hamasaki, T.; Aoyama, Y.; Kawasaki, J.; Kakiuchi, F. J. Am. Chem. E E
Soc. 2012, 134, 16544. [Pd]—H

University of lllinois at Urbana-Champaign




Hydroformylation Methods

Yuki, Y.; Takahashi., K.; Tanaka. Y.;
Nozaki. K. J. Am. Chem. Soc. 2013, 135,

17393.
o
m
n

A

Rh(acac)(CO), (1.0 mol%)
A4N3 Ligand (2.0 mol%)
Shvo's cat. (1.5 mol%-Ru)
Ru3(CO)42 (1.5 mol%-Ru)
H,/CO (1:1, 0.25 MPa)
1,4-dioxane; 120°C, 36h

[Rh(cod);BF, (0.1 mol%)

IPHOS (0.4 mol%) Rh(acac)(CO); (0.5 mol%)

Piperidine (1 eq.) BIPHEPHOS (1.5 mol%)

CO (10 bar)/H, (50 bar CO/H; (1:1, 20 bar)

O <22 (10 bar, (%0 bar) X > CHO
A m Toluene/THF;120°C, 24h n m Toluene; 125°C, 4.75h n m

Seavad. A.; Ahmed. M.; Klein, H.; Behr, A.; Obst, D.; Schulte. C.; Schosser.
Jackstell. R.; Gross. T.; Beller. M. T.J. Mol. Catal. A: Chem. 2003, 206,
Science 2002, 297, 1676. 179.
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Reaction Optimization

Rh(acac)(CO), (1.0 mol%)
Ligand (2.0 mol%)

Shvo's cat. (1.5 mol%-Ru)
RU3(CO)12 (15 moI%-Ru)

R H,/CO (1:1, 0.25 MPa CH,OH N
Ry 7 220! ) » R R cH,oH
R; 1,4-dioxane (4.0 mL); 120°C n-alcohol i-alcohols
Internal Alkene
2.0 mmol
alcohol yield  aldehyde yield
(%) (%)
direct
time conversn total hydrogenation  total others
run alkene ligand (h) (%) n/i® n i n i of C=C (%) (%)°
1 (Z)-2-decene PPh, (4.0 mol %) 36 47 0.8 4.8 8.1 11 13 nd 1.0
2 (Z)-2-decene P(OPh), (4.0 mol %) 36 94 0.7 24 38 80 6.5 nd’ 0.4
3 (Z)-2-decene XANTPHOS 36 88 13 35 27 4.0 2.4 nd 5.7
4 (Z)-2-decene BISBI 36 42 0.4 6.0 19 2.6 4.0 6.0 trace
5 (Z)-2-decene A4N3 36 99 18 75 42 3.5 0.2 4.8 trace

oa_H.,f

:g Ph
/ \ / s
CO
Rh(acac)(CO); Shvo's catalyst

rB‘\ J \ /B

PPh; PPh; RO)2P POR}z
R=1-naphthyl
XANTPHOS BISBI A4N3

University of lllinois at Urbana-Champaign

Yuki, Y.; Takahashi, K.; Tanaka, Y.; Nozaki, K. J. Am. Chem. Soc. 2013, 135, 17393.



Reaction Optimization

Rh(acac)(CO); (1.0 mol%)
Ligand (2.0 mol%)

Shvo's cat. (1.5 mol%-Ru)
RU3(CO)12 (15 mol%-Ru)

R H,/CO (1:1, 0.25 MPa CH,0H XN
R1/\/ 2 2 ( ) - R/\/ 2 R CH,OH
R3 1,4-dioxane (4.0 mL); 120°C n-alcohol i-alcohols
Internal Alkene
2.0 mmol
alcohol yield  aldehyde yield
(%) (%)
direct
time conversn total hydrogenation  total others
alkene ligand (h) (%) n/i® n = n i of C=C (%) (%)°
1-octene A4N3 18 100 40 24 0.6 59 1.5 55 44
(Z)-2-octene A4N3 18 100 27 34 1.5 49 15 D7 1.7
9 (E)-2-octene A4N3 18 100 17 45 23 16 12 5.0 6.4
10 (E)-4-octene A4N3 18 100 16 46 3.0 17 0.9 4.4 8.2

University of lllinois at Urbana-Champaign

Yuki, Y.; Takahashi, K.; Tanaka, Y.; Nozaki, K. J. Am. Chem. Soc. 2013, 135, 17393.




Control Experiments to Elucidate Catalyst Roles

a) Isomerization/hydroformylation
Rh/A4N3

H,/CO 1:1
Rh(acac)(CO),

o \) ANS c
TS~ 1,4-dioxane, 5 15\/X
2.0 mmol 207°¢,18h 48%, n/i=1.3
conv. 60% '

of (Z)-2-decene by

alcohols
2.8%,

nli=2.2

decane
3.2%

unknowns
1.7%

b) Isomerization of (£)-2-decene by Shvo’s catalyst

H,/CO 1:1
Shvo's cat. 1
C/H \) o B o2 s
P 1,4-dioxane, \/%LR
2.0 mmol 120°C, 18 h isomers of
decene 72%

decane
19%
unknowns

a0/
J7o

¢) Hydrogenation of n-undecanal by Shvo’s catalyst

O H,/CO 1:1
Shvo's cat. - C.H /\‘OH unknown
C1oHz H 1,4-dioxane, e
2.0 mmol 120 OC, 18 h 8.8% 2 5%
conv. 13%

d) Hydrogenation of aldehyde by Rh(acac)(CO),/Shvo’s cata-
lyst

H,/CO 1:1
O Rh(acac)(CO),
Shvo's cat. ey
=  CyoH OH  unknown
C1oHa1 b 1,4-dioxane, Ld
2.0 mmol 120 0C, 18 h 91% 0.8%
conv. 98%

Conditions: Substrate 2.0 mmol, 1,4-dioxane 4.0 mL, H, 0.25 MPa, CO 0.25 MPa, 120 °C, 18 h. a) Rh(acac)(CO), 1.0 mol%, A4N3 2.0 mol%. b), ¢) Shvo’s
catalyst 1.5 mol% (Ru). d) Rh(acac)(CO), 1.0 mol%, Shvo’s catalyst 1.5 mol% (Ru).

Yuki, Y.; Takahashi, K.; Tanaka, Y.; Nozaki, K. J. Am. Chem. Soc. 2013, 135, 17393.
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Hydrogenation Varying Catalyst Components

H./CO 0.25/0.25 MPa

Rh(acac)(CO),
A4N3
0 Shvo's catalyst
M . ™ CioHar” “OH
CioHar” TH solvent4 mL, 120°C, 18 h 1oti21
2 mmol

run  Rh(acac)(CO), (mol %)  A4N3 (mol %)  Shvo’s cat. (mol % (Ru))  conversn (%)  n-alcohol (%) other deviations from run 1
6 0 0 20 98 85 [Rh(coe),Cl], 1.0 mol %
7 1.5 0 0 34 22 tetraphenylcyclopentadienone 1.0 mol %
8 1.5 0 0 35 82 Ru;(CO);, 2.0 mol % (Ru)
9 0 0 20 91 79 DMA used as a solvent

“Conditions: undecanal 2.0 mmol, H, 0.25 MPa, CO 0.25 MPa, 1,4-dioxane 4.0 mL, 120 °C, 18 h. Yields were determined by gas chromatography
using dodecane as an internal standard.

Yuki, Y.; Takahashi, K.; Tanaka, Y.; Nozaki, K. J. Am. Chem. Soc. 2013, 135, 17393.
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Kinetic Experiments

.

d[1]/dt=k,[1][XANTPHOS]
k,=2.5 + 0.4 L mol"'min™

5p 21 (d, J=122 Hz)

Rh(CO),(xantphos),
dp 8 (d, J=134 Hz); 1 (d, J=134)

Other Rh species
(not detectable by *'P NMR)

( Ph Ph Ph Ph )
w-RU Ph 6.0 ymol 1,4-dioxane, 0.6 mL we-RU Ph
OCIN p-17(s)  100°C S
oc CO oc P
/
4.5 pmol P
5p 39(s), -22 (s)
d[1])/dt=k4[1][XANTPHOS]
k4=0.48 + 0.01 L mol"'min
\\§ J
( Ph Ph Ph Ph )
Rh(acac)(CO),
Ph—S o 3.0 umol H,/CO 0.05/0.05 MPa . Ph—3 0
ocul"'Rl{ Ph 1,4-dioxane, 0.6 mL oc"""R‘{ Ph
od! o XANTPHOS ~ 100°C od P
6.0 umol /
4.5 pmol dp -17 (s) P
5p 39(s), -22 (s)
Rh(CO),H(xantphos)

Yuki, Y.; Takahashi, K.; Tanaka, Y.; Nozaki, K. J. Am. Chem. Soc. 2013, 135, 17393.

PPh,  PPh,

pr=—
fr==li
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Proposed Hydrogenation Mechanism

Scheme 3. Proposed Reaction Mechanism of Hydrogenation of Aldehyde by Shvo’s Catalyst under H,/CO Pressure and Trap of
Coordinative Unsaturated Species 2 by Another Ligand L.
Ph

Phgo
Ph |
Ph\@;o L Ph” Ry Ph
7 | ~ // OC\./ \'
Ph" Ry Ph oc -
1-L

26O ol H,
;e ™
2
Ph N Ph Ph
/@Ph Ph%\ s Ph\go Phgo

Ph N / o , |

Ph" Ry Ri, PP —— PhwRu Ph Ph\\ Ph
o [ S\ eo ¢ “co o \ H
(L U -

resting state

@’ ./
RCH,OH ’\\

RCHO OC‘\ NG
co OC 4

Yuki, Y.; Takahashi, K.; Tanaka, Y.; Nozaki, K. J. Am. Chem. Soc. 2013, 135, 17393.
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Functionalization from Alkanes

(PSCOP)IrHCI 1 npr NNF 2%
0
NaOtBu (10 mM) 1 A\ 32%

S O
n-octane TBE (0.5 M) | ;
200°C 1h - npr/\/ﬂb""/ }66%} iPryP——|r—PiPr;
’ e T H,
nPr Cl 1

18t cat.: [Ir]

> R X" \_~ + other isomers
dehydrogenation R

[

2nd cat,
"extensive"
Isomerisation

2nd cat.. CO/H
e S G W ’ 2
R CHO = RNANF

selective hydroformylation

Tang, X; Jia, X.; Huang, Z. J. Am. Chem. Soc. 2018, 140, 4157.
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Functionalization from Alkanes

TBE (0.5 mmol) CO/H, (5/5 bar)
RN 1(1%), NaOfBu(1.2%) - [Rh] (1.2%). L6 (4.8%) _ ~__CHO
2 200°C,t 120°C, 18 h 3

Entry t (min) Product Yield (%) mi
1 10 % CHO 3a 81(70) 13.9
2 10 7 CHO  3b 82(71) 125
3 10 % CHO 3¢ 87(78) 11.6
4 10 O cHO  3d 75(66) 8.5
5 30 M5 CHO  3e 70(55) 19.6
6 30 V5 ScHO 3 67 23.3
7 30 5 cHO 3 84 48.9
c,d

8 300 Pho~epo 3N 48 1.8
ged 300 P "cHO 3 82 1.0
10%¢ 180 Pw CHO 3 64(60) 10.6
1196 180 MesSi” ®)3 CHO 3k 82(67)  17.1
125 180 PhMe,Si” 15 "CHO 3l 86(72) 18.3

si” 97 CHO
136 180 | 3m 64(54) 10.4
F
~siT9; CHO
145 180 /@’ | 3n 63(55) 11.3
CF;
156 180 MePh,Si~” ¥, "CHO 30 78(73) 16.5

“Conditions: 1 (1% relative to TBE), NaOtBu (1.2%), alkane (2 mL),
[Rh] (1.2%), L6:[Rh] = 4:1. Yields and n:i ratios were determined by
GC. Numbers in parentheses are isolated yields. Yields are relative to
TBE. YAt 190 °C for AD. 1 (2 mol % relative to TBE), NaOtBu (2.4
mol %). Rh(acac)(CO)z (0.8 mol %) and L6 (3.2 mol %), “Alkane
(1.5 mmol), p-xylene (1.5 mL).

rPr2P---_]|—..--ﬂPrPr2
'S
L6

Tang, X; Jia, X.; Huang, Z. J. Am. Chem. Soc. 2018, 140, 4157.
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TBE (0.5 mmol)

Functionalization from Alkanes

CO/H, (5/25 bar)
amine (0.5 mmol)

R

NN

a7 1 (1%), NaOtBu(1.2%) [Rh] (1.2%), L (4.8%) 6 X
2 200 °C, 10 min 130°C,18 h X=CH, S
. Amine P
Entry  Alkane L Amine  Yield (%) gglectivity (%)
i® n-octane L6 ( NH(PP) 22 47 10.4
2b n-octane L4 PP trace - -
3¢ n-octane L5 PP 59 93 0.4
4¢ n-octane L2 PP 20 22 0.3
5b n-octane L1 PP 58 96 1.6
6 n-octane L1 PP 85 99 1.3
Z n-octane L1 S NH(TP) 36 93 4.0
n_/
gd n-heptane L1 PP 75 99 3.3
9 n-heptane L1 TP 71 97 46
10¢  n-pentane L1 PP 95 98 6.1
11¢  n-pentane L1 TP 60 99 240

Tang, X; Jia, X.; Huang, Z. J. Am. Chem. Soc. 2018, 140, 4157.

“Conditions: 1 (1 mol % relative to TBE), NaOtBu (1.2 mol %),
alkane (2 mL), [Rh] = Rh(acac)(CO), (1.2 mol %), L:[Rh] = 4:1.
Amine (0.5 mmol). Yields, amine selectivities, and n:i ratios were
determined by GC. Yields are relative to TBE. PransC CO/H, (10/
50 bar) for ISO-HAM. 120 °C, CO/H, (5/33 bar) for ISO-HAM.
4AD 200 °C, 30 min. “AD 190 °C, 30 min.

(PY)»LPO OP(PY), mMeO

QR L 0
(PY)ZPO OP(PY), rBu tBu
AP PAr, PPh; PY-"—Ni:l
A= R R=H, L2
3,5-CF4-CeHs i it
L1 R=Bu, L6

1

University of lllinois at Urbana-Champaign



Redox-Relay Strategy

NoPFs 3 mol % Pdsdbas o R!

OH = 7
(i))\/% . @/ 7 mol % 1b - a .
1 2 2
R R P 22equiv  DMF, room temp., 3-24 h 3a-3m !//
2

Werner, E. W.; Mei, T.-S.; Burckle, A. J.; Sigman, M. S. Science 2012, 338, 1455.

Pd{CHa1CN),(OTs), (8.0 mol%)

v B ¥ @ Ar, Ar
Cu(OTf), (6.0 mol%), 1 (13 mol%
MEOHE +_pn o il Lotk AL L )—\_; N,
. 3A MS, DMF Et Et
EHaenuiv) R Oz (balloon), 1t, 24 h 7-product R p-product R

Mei, T.-S.; Werner, E. W.; Burckle, A. J.; Sigman, M. S. J. Am. Chem. Soc. 2013, 135, 6830.

Pd(CH,CN),(OTs), (6 mol%) 0

T B T 1% i | 4
: r’_l - . Ar-BOH), Cu(OTf), (3 mol%), ligand (9 mol%) . __‘/\)
3 A MS, DMF

1 (3.0 equiv.) 0, (balloon), RT, 24 h ar
Mei, T.-S.; Patel, H. H.; Sigman, M. S. Nature 2014, 508, 340.

oTt Pdsdbaz*CHCI (5 mol%)

SN —‘,1‘_/—\ ligand (12 mol %), 3 A MS _
{\ R+ — OH -

DMF, N, 10 °C
X Y 1 (2)- or (E)-2a z
1 equiv. 1 equiv.

Patel, H. H.; Sigman, M. S. J. Am. Chem. Soc. 2015, 137, 3462.

5 7 Pd{MeCN)5(OTs)s (7 mol%) Ar
— =0 PyrOx (9 mol%)
Ar—B(OH), + CSHN i > CH MAO
1 2a DMA, O, (1 atm) 511 3
3AMS, it 24 h

Zhang, C.; Santiago, C. B.; Kou, L.; Sigman, M. S. J. Am. Chem. Soc. 2015, 137, 7290.

Pd(CH3CN)4(OTf), (6 mol %)
Cu(OTf); (3 mol %)

R OH Ligand 4 (10 mol %) R O
Ar—B(OH), + >

e /\.)\Rz 4 A MS, MeQH:MTBE = 3:1 AF\/'\)LR::
Ar = p-CIPh 1 0, (balloon), rt, 24-60 h 2

Chen, Z. M.; Hilton, M. J.; Sigman, M. S. J. Am. Chem. Soc. 2016, 138,
11461.

Pd(OTs)a2(MeCN)a2 (8 mol %)

OH - OH L-3 (10 mol %)
A~ s
@ R "\/\r BQ (3 equiv), Ca(OH), (1 equiv) O'rYO
RZ

2
1a g X 3 AMS, PhCF3, 22°C 1
2 equiv 1 equiv R' 3

Race, N. J.; Schwalm, C. S.; Nakamuro, T.; Sigman, M. S. J. Am. Chem. Soc.
2016, 138, 15881.

Pd,dbagsCHCly (5 mol %)
oTt L1 (12 mol %)
R 2 3 3AMS, DMF, Ny, rt

a > o) OH
; then, NaBH, in MeOH
R O A~_-OH 5 RAZ
1 2 = 5
¢ OZN—C}—Q j R
N N=

L1 “t-Bu

Patel, H. H.; Prater, M.B.; Squire, S.0.; Sigman, M. S. J. Am. Chem. Soc.
2018, 140, 5895.

Cu(OTf), (3 mol %), O, AT N0

{2.6quiv) 3 A MS, DMF, ft, 72-96 h ?

Pd{CH3CN)2(OTs): (6 mol %) ~
Q PyrOx (10 mol %) ,L/l
+  Ar—B(OH), >
I‘:l (0]
R
!

Yuan, Q.; Sigman, M. S. J. Am. Chem. Soc. 2018 ASAP
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Redox-Relay Strategy

Regio- and Enantioselectivity

Fgc@—:frfj\ Determining TSs F3C'<—=N'\'—“T~f3\

-

iy Pd..
/HBM TS1 B, S "’_WOH
R - — R R
. \ ME-X I
TS1 -. ; -
.S_\ L _, TS1"'S

—

]
:
= 0 S . ! ;

FsC~< o, 3, ! !

-~ ‘N \\ ‘l ; »"

:
Pd % ; s
. ;
;

Oy
R

HO . It
—
Xu, L.; Hilton, M. J.; Zhang, X.; Norrby, P. O.; Wu, Y. D.; Sigman, M. S.; Wiest, O. J. Am. Chem. Soc. 2014,
136, 1960.
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Seminal Sigman Publication

NsPF 3 mol % Pdxdbag 0O R R i e

? = 0
OH = 7 mol % 1b !
. : o <]
R)\%"«W A2 . R x \ W N

. 2.2 equiv DMF, room temp., 3-24 h B I//

Usr'ng (E)-alkenyl substrates

3a, 72% yield CO,Me 3b 65% y}eld COMe 3c, 76% vyield CO.Me 3d, 68% yield COMe 3e, 73% yield COMe

955 er 97:3er 96:4 er 97:3er

m

Q 0 /\/\OH

3f, 67% yield 3g, 73% vield CO.Me 3h, 65% yield CO.Me jl);;p\

96:4 er 94:6 er 955 er 95:5 er

Using (Z)-alkenyl substrates

0] @)
COMe COoMe CO:Me COsMe|

3d, 75% vyield 3i, 77% yield 3j, 85% yield 3k, 52% yield 74% yield 3m, 84% yield
96:4 er 973 er a7:3er 97:3 er 96 4 er 93:7 er

Werner, E. W.; Mei, T.-S.; Burckle, A. J.; Sigman, M. S. Science 2012, 338, 1455.
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Quaternary Centers

Pd(CH,CN),(OTs), (6 mol%) o £
3 %), li | .
)LI\_/OH . Ar-B(OH), Cu(OTf), (8 mal%), ligand (9 mol%) . __‘/\)
) 3 A MS, DMF o
1 (3.0 equiv.) 0, (balloon), RT, 24 h d

2, 77T%
973 er.
(gram scale)

MeO

2h, 68%
ar:3 er.

OMe
OMe cl

b Effect of chain length using racemic secondary alcohols

MeO

B o TBSO—}

3a, 75%

3b, 61% 3c, 45% 3d, 61%

96:4 e.r. 93:7 er. cl 946 er. 94.5:5.5eur.
(from (from {from
(E)-alkene) OMe (E)-alkene) (E)-alkene) e
€ Effect of alkene substitution
6] ([) '_\_ 0]
TBSO Vs -
3h, 56% 3i, 73% 3j, 75%
99:1 eur, 97:3 er. 982 er.
(from (from
(E})-alkene) (E})-alkene)
d Analysing origin of enantioselectivity
(Z)-alkene (E)-alkene
OH Ph-B(OH), } OH Ph-B(QH), OH
relay Heck relay Heck 0
R b
| @-1a I (B 1a |
Bu® Me A Bu : Me”™ Bu B Me™ “Bu

]
= 0]
N 1l
N
Ligand ;g

Ent-3j, 73%
98:2 e.r.
(from
(E)-alkene)

Ent-3j
(S), 73%
973 e.r.

Mei, T.-S.; Patel, H. H.; Sigman, M. S. Nature 2014, 508, 340.
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Computational Investigation

reinsertion

[-hydride elimination reinsertion [B-hydride elimination

T — \)_ (8] —I+ +
FsC—~_ > ~
AGsol P \ N N~
kealimol s Pd,
Ara £ "H '
H WY
LT 10.3 —
[ TS1"S) I
! : 14415
.‘ '. :
; '. Fac-CB——r H
: : Ar"XL\;
P 1 / \ e ——
[ ~I H
’ J ™ 5 —oH
: e -
" '- Fe—_ >0
: ., R N
:u -II H/Pd\ /ﬁ pe OH
! ! 12 DMF 13
i ™ D5 DMF
' o - 03
;187 =02 'y o3 f 8
Pd_ [~ Y W oo A ;
{13 N ' | 2.1 —_— ;
% P ; ! TS
1w
BL 7
z—'
2
TN, 0O
%
~ N
Pd
H
OH

deprotonation regeneration

migratory insertion

relay processes

release of product

determination of the selectivity

Xu, L.; Hilton, M. J.; Zhang, X.; Norrby, P. O.; Wu, Y. D.; Sigman, M. S.; Wiest, O. J. Am. Chem. Soc. 2014, 136, 1960




Computational Investigation

Table 2. NBO Charges and Key Dihedral Angles in TS1 and

TS2
% g
TS1 7S TS1#R TS2R TS2/S
charge CH 0.00 0.11 -0.02 0.12
charge CH], 0.12 0.01 0.13 —0.01
CN—PdFCﬁ—Cr 11.1° 15.5° —16.3° —17.8°

« “An NBO charge analysis indicates that, in the isomers of TS1,
the alkene carbon forming a bond to Pd is substantially more
negative than the carbon forming the bond to the aryl moiety.
This negative charge can interact favorably with the positive
charge of the oxygen-bound carbon in the y-isomers of the TS,
but not in the B-isomers.”

Xu, L.; Hilton, M. J.; Zhang, X.; Norrby, P. O.; Wu, Y. D.; Sigman, M. S.; Wiest, O. J. Am. Chem. Soc. 2014, 136, 1960
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Computational Investigation

TS1" S TS1PR
AG* = 10.7 kcal/mol AG* = 11.7 kcal/mol

TS2h S

TS2" R
AG* = 13.0 kcal/mol AG* = 13.4 kcal/mol

Xu, L.; Hilton, M. J.; Zhang, X.; Norrby, P. O.; Wu, Y. D.; Sigman, M. S.; Wiest, O. J. Am. Chem. Soc. 2014, 136, 1960
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Presentation Overview

Definition of remote functionalization and brief
historical perspective.

Historical development of metal-mediated chain
walking processes and mechanistic paradigms.
Survey 1,2-hydrogen shift processes from the
literature as well as mechanistic investigations.
Survey 1,3-hydrogen shift processes from the
literature.

Future directions and concluding remarks.
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(1) Cp,ZrCH,, Et,0 E!

2
R‘,)Av\ 78°CtoRT, 12h _ ’\(\/l\«c“a
i @ E'X = it n-1

2 1
S PRTS (3) E-X W i
then H,0* E/Z > 99:1
Mechanistic hypothesis for the transformation of 1a (n = 1) into 4
Allylic
Cp,2rC H,, Et,0 C-H bond 3
F"»._A/\ -78°CtoRT, 12 h R% activation R’c/_%\ R%
\ i - ~ 1 2 CH
2 2 R? | 2
" 1a T HHE 8 2.) "
s [Zr] = Cp,Zr v H
+ ==\
Et
Selective
Cgc_:tcl;\?alt)lg:d ﬁi/\ " [ZF]
. E'-X E2-X
/ _."X[Zr] /Y\)\E'I E?’NE'F
1 2 1 p2
3b R'R 10 R'"R? g4
Representative examples
D
WM& D/\;(V\Me WB W\Pr WHex
Ph" Ph Ph Ph Ph Ph Ph Ph Ph Ph
4a, 711% 4a(D), 71% 4b, 58% 4c,61% 4d, 55%
n=1 n=1 n=2 n=3 n=6
E'=E’=H E'=E°=D E'=E’=H E'=E°=H E'=E’=H
Me Me Me Hex
™ Me ™ Me ™ Me | AN Me ™ Me
PR Me PR Ph HO Me By Bu HO Me BU Bu HO Me PH Ph HO Me
4e, 85% 4f, 56% 49, 75% 4h, 53% 4i, 55%
n=1 n=1 n=1 n=1 n=6
E'=E’=H E' =Me,CO,E°=H E'=Me,CO,E?=H E' =Me,CO,E?= |, E'=Me,CO, E? =

Masarwa, A.; Didier, D.; Zabrodski, T.; Schinkel, M.; Ackermann, L.; Marek, |. Nature 2014, 505, 199.



1-3, Long Range Champion

OH
/\/\/\/\/\/\/\/\/\/\/\/\/\/\)\
+ _
\
chCN_RU""'P/<
70°C, 3d, acetone-d6

-

N=

t'BU&N“Me

Y 0

/\/\/\/\/\/\/\/\/\/\/\/\/\/\)]\

81%

Grotjahn, D. B.; Larsen, C. R.; Gustafson, J. L.; Nair, R.; Sharma, A. J. Am. Chem. Soc. 2007, 129, 9592.
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Concluding Remarks

Use of chain-walking enables novel synthetic
strategies that should continue to be explored.
Future developments should place emphasis on
those methods which expand the scope beyond
olefinic substrates.

Enantioselective convergent strategies should
become a priority.

Questions?
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