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Aliphatic amines in medicines
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Synthesis of amines

1. Reductive amination
AcOH

NaBH(OAc), Fh
2. Metal-catalyzed cross-coupling (Pd, Cu, ...) | R
o/
| AN Pd(dba),, L1 ©\ o) P(t-Bu),
+ BocNH, y Jj\ t-Bu Oi-Pr
2N Cs,CO; N~ Yo~ z
r H
N
L1

3. Synthesis from alkyne
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7 or 1//\\r/
R1 R1)\R2
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[N]

1) Abdel-Magid, A. F.; Carson, K.G.; Harris, B. D.; Maryanoff, C. A.; Shah, R. D. /. Org. Chem.

1996, 61, 3849-3862
2) Ma, F.: Xie, X.; Zhang, L.: Peng, Z.; Ding, L.; Fu, L.; Zhang, Z. J. Org. Chem. 2012, 77, 12,

5279-5285



Synthesis of amine from alkyne (1 step)

0 0 TfO
\eu|
EtO ] OEt t_Bu\F:,/ By

N “NH

PRE e S GEYe W
Ph Au catalyst Ph T

chiral phosphine 1

5 A MS Au catalyst

i-Pr

B + _Ph
HoN" Ph
”
M| —
Ph )l\ A
AulL Ph

Substrate scopes are limited.
Aryl alkynes or simple aliphatic alkynes only.

1) Liu, X.-Y.: Che, C.-M. Org. Lett. 2009, 11, 4204-4207. .



Synthesis of amine from alkyne (2 steps)

Ns _CO,t-Bu
tBu0,C” N7 7 H
Cobalt catalyst 2 N CO,t-B
Lindlar catalyst Ve PhSiH3y tBu0,C” N7 2t-Bu
Ph——— y PH r
Ph

/ - +
SiH,Ph L el — Na
I n \ \ —— 0

N
70N '
t-BuO,C N I '
uv, )\ Ph s 0_/(I:g|||_0
Ph I .
Co'L, o) N
(o)
PhSiH, colL,, Cobalt catalyst 2
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-Bu I
CO,t-Bu 2 \Iril Co™L,
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1) Lindlar, H.; Dubuis, R. Org. Synth. 1996, 46, 89-92
2) Waser, J.; Carreira, E. C. /. Am. Chem. Soc. 2004, 126, 5676-5677. 6



Difficulty in one pot reaction

Controlling reaction pathway
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1) Shi, S.-L.; Buchwald, S. L. Nat. Chem. 2015, 7, 38-44
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2. Copper-Catalyzed Hydroamination of Alkynes (by Buchward’s group,
2015)



Hydroamination of alkene
Cu(OAc), (2.0 mol%)

Bn_ _Bn (R)-DTBM-SEGPHOS(2.2 mol% 0
l/\‘d‘R1 + N <
Ar (l)BZ HSiMe(OEt), (2 eq.) o PAr,
THF, 40 °C, 36 h o i PAr,
______________________________________________________________ (O
BzO-SiMe(OEt), LCu"-H (R)-DTBM-SEGPHOS
A AR
Ar " t-Bu
Ar =

H-SiMe(OEt), OMe

t-Bu

| Cu'L
LCu'OR B Regioselective
D ' -Enantioselective
Bn\N,Bn
Bn_ _Bn
OB N
Ar')\l z Bn I
N LCu"'—N OBz
1 Bn
Ar'

R
C 1

1) Zhu, S.; Niljianskul, N. Buchwald, S. L. /. Am. Chem. Soc. 2013, 135, 15746-15749 9



Alkyne Hydroamination strategy

Previous work:

I X R "Regioselective
LCu-H * ArT et > )\/R Enantioselective
Ar'
This work:
. ? Cu'L
LCulH + Ar————R --------- -Regioselective?
Ar” N
R
Bn\N,Bn cu'l Bn\N,Bn
direct hydroamination reductive hydroamination
AN, € mooeeeee- AN Ttermeeeeeeeeees >Ar-/§ —
Ar without proton source Ar'” "\ with proton source Ar
R hydroamination R protonation R R
cu'L
- - Ar')\l hidroamination
proizization
R

1) Shi, S.-L.; Buchwald, S. L. Nat. Chem. 2015, 7, 38-44
2) Zhu, S.; Niljianskul, N. Buchwald, S. L. /. Am. Chem. Soc. 2013, 135, 15746-1574 10



Optimization (directive hydroamination)

Cu(OAc), (2.0 mol%) B y-B"
Ph Bn_ _Bn Ligand (2.2 mol%)
Z \ >
Ph OBz HSiMe(OEt), (3.0 eq.) Ph™ ™S
THF, 40 °C, 18 h Ph
1 2(1.2eq.)
: v 0 ©
Entry Ligand Yield O PPh, < O < O
- PPh, Me o) PPh, O “PAr,
1 rac-L1 90% PPh, o PPh, o PAr,
. w e OO edEEed
2 \0 \O
3 rac-L3 87% (R)-L1 (R)-L3 (R)-L4
R)-BINAP Xant hos . - -
4 p—— 99% (R) P (R)-SEGPHOS (R)-DTBM-SEGPHOS
t-Bu
Me —
(\0 Me S i-Pr Ar = OMe

\
Ph]/N\) Ph_ _N \ IN\,-_Pr t-Bu
Me
]/ Me NC\/\

with rac-L4, 97% with rac-L4, 99% with rac-L4, 80%

t-Bu Ph

1) Shi, S.-L.: Buchwald, S. L. Nat. Chem. 2015, 7, 38-44 "



Optimization (reductive hydroamination)
Bn_

Cu(OAc), (2.0 mol%) SN
R Bn_  Bn ligand (2.2 mol%)
/ + '}'
Ry OBz HSiMe(OEt), (4.0 eq.) R4
alcohol (1.5 eq) R,

THF, 40 °C, 18 h
1 2 (1.2 eq.)

a:R1=R2=Ph

b: Ry = 4-(t-Bu)C4Hg, R, = H OO O PPh,
- - - PPh, Me
Entry Substrate Ligand Alcohol Yield 3 Yield 4 PPh, Me O
1 1a (R)-L4  MeOH 18% 60% (89% e.e.) OO O PPh;
2 1a (R)-L4  EtOH 2% 92% (89% e.e.) (R)-L1
(R)-BINAP Xantphos

3 1a (R)-L4  j-PrOH 2% 82% (89% e.e.) o o
4 1 R)-L1 EtOH y < 0 0

a (R) to 83% 0 0 PPh, Yo PAI,
5 1a L2 EtOH 95% 0 (0 O PPh, 0 O PAr;
6 1a (R)}-L3  EtOH 80% 0 o Yo

(R)-L3 (R)-L4
7 1b (R)-L4  EtOH - 78% (99% e.e.) (R)-SEGPHOS  (R)-DTBM-SEGPHOS
t-Bu

8

1b (R)-L4 i-PrOH - 83% (99% e.e.) g_Q_
Ar = OMe
-Bu

1) Shi, S.-L.: Buchwald, S. L. Nat. Chem. 2015, 7, 38-44 >



Substrate scope (aryl acetylenes)

Me Cu(OAc), (2.0 mol%) Bn \-B"
_ R2 Bn_ -B" | (R)-L4 (2.2 mol%)
/ + , +  EtO-Si—OEt >
R, OBz |!| i-PrOH (1.2 eq.) R4
THF, 40 °C, 18 h R
1(1.1 eq.) 2 (1.0 eq.) 3 (4.0 eq.) 5 2
B Bn Bn Bn Bn Bn Bn B
n\N/ \NI OEt \NI \Nl n
cl
OMe ©)\/k0Et ©)\/\OH \dMe
83%, 98% e.e.?) 85%, 99% e.e.?) 70%, 98% e.e.?) 71%, 97% e.e.
Me Me
Bn, -Bn Me 07> Me SN
|
Bn (0] N (o)
/ 7
Me Bn’Ns ot \"/ Ve
o)

Rivastigmine
75%, 97% e.e. 62%, 99:1 d.r. (antidementia drug)

1) o
a) using EtOH instead of i-PrOH 69%, >99% e.e.

1) Shi, S.-L.; Buchwald, S. L. Nat. Chem. 2015, 7, 38-44

13



Substrate scope (alkylacetylenes)

Cu(OAc), (2.0 mol%)
M 2 Bn
/H B“\N/B“ I € rac-L4 (2.2 mol%) r!1
/ + I + EtO-Si—OEt - ' /\/ N
alkyl OBz I!I i-PrOH (1.2 eq.) R4 Bn
THF, 40 °C, 18 h
1(1.1eq.) 2(1.0eq.) 3 (4.0 eq.) 5
Bn
N(H)Bn | Bn
N\Bn ?n Bn OMe r!1
Phy N N “Bn
M; “Bn t-Bu/\/ “Bn
86% 76% 71% 88%
Bn R Bn
Ph |’ N 7 | e | — N
7N ~
\l/\ Bn s /N\Me : Me
OTBS OH
OH
73% 72% 72%
(from silyl ether) (from silyl ether)

1) Shi, S.-L.; Buchwald, S. L. Nat. Chem. 2015, 7, 38-44
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Bn Bn

-
ph)ﬁ OBz

Ph
(1.2 eq.)

Bn Bn

Ph OBz

(1.2 eq.)

Control experiments

Cu(OAc), (2.0 mol%)
(R)-L4 (2.2 mol%)

HSiMe(OEt); (4.0 eq.)
EtOH (1.5 eq.)
THF, 45°C, 18 h

Cu(OAc), (2.0 mol%)
(R)-L4 (2.2 mol%)

>
HSiMe(OEt); (4.0 eq.)

EtOH (1.5 eq.)
THF, 45°C,18 h

Bn Bn

SNa 7

N
Ph™ X
Ph

99% rcv.

SN ”

Bn Bn
N

B

Ph
97%

Bn_ _Bn

|
N
Ph)\( “Bn

Ph

0%

Ph/\l

Ph

3%

Bn_ _Bn

B

Ph

0%

1) Shi, S.-L.; Buchwald, S. L. Nat. Chem. 2015, 7, 38-44
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Reaction mechanism

. Ligand | H-SlMe(OEt)2 |
Cu’(OAc), » LCu'-OAc » LCu'-H
B
Bn\N,Bn
9Bz JBn | Enantioselective Cu'L
LCu'""—N OBz Cu'L ROH Regioselective
Bn = .. R1/§| R,
R amination R e R, !
F 2
b Re directive c R
hydroamination __R, reductive
R1/ hydroamination
Bn\N,Bn
H-SiMe(OEt), |
LCu'-OR — > LCu'-H OBz

A B v

Bn Bn

\N/

1 /
R )ﬁ Bn. _Bn
1 \N/ \Bn
R, R,
R, : R

1) Shi, S.-L.; Buchwald, S. L. Nat. Chem. 2015, 7, 38-44
2) Zhu, S.; Niljianskul, N. Buchwald, S. L. /. Am. Chem. Soc. 2013, 135, 15746-15749 16



Stereoselectivity
Enantioselectivity (using (R)-DTBM-SEGPHOS)

frontward frontward

H
Meoﬁ '\\ R'
o
I
p---~Cu{--p

.

OMe

frontward farther disfavored

O ArA .
s s
P-. =Cu' R >,<

oo
(0 O | Ar R‘A/"H Y
cu'L' H 0 AUE—I\\ cu'L' H

H "y closer i& H* Y
R R' R R’

favored

frontward

1) Yang, Y.: Shi, S.; Niu, D.; Liu, P.; Buchwald, S. L. Science 2015, 349, 62.

2) Lu, G.: Liu, R.Y.: Yang, Y.: Fang, C.; Lambrecht, D. S.; Buchwald, S. L.; Liu, P. /. Am.

Chem. Soc. 2017, 139, 16548-16555
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Regioselectivity

Aliphatic alkynes (anti-Markovnikov selectivity)
frontward frontward

alkyl MeO

P <

MeO

OMe OMe
favored frontward disfavored frontward
Aryl alkynes (Markovnikov selectivity)
i cu'L
electric
stabilization Cu'L
Ar > Ar/\/
H H
stable relatively unstable

1) Yang, Y.: Shi, S.; Niu, D.; Liu, P.; Buchwald, S. L. Science 2015, 349, 62.
2) Shi, S.-L.; Buchwald, S. L. Nat. Chem. 2015, 7, 38-44 18



Short summary

1. Buchwald's group (2015)

R Cu(OAc), [N]
(R)-DTBM-SEGPHOS
/ P N
Ar without alcohol r
R
R Cu(OAc),
(R)-DTBM-SEGPHOS [N]
/ - )\/R
Ar with alcohol Ar
Cu(OAc),
s rac-DTBM-SEGPHOS
// e L)
alkyl : alky
with alcohol

O

<

(0

O

<

(0

"High regioselectivity

*Markovnikov selectivity (R = H)
"High enantioselectivity

* Anti-Markovnikov selectivity

0 PAr2 t'Bu
O PArz Ar = OMe
t-Bu

(R)-DTBM-SEGPHOS
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3. Cobalt-Catalyzed Hydroamination of Alkynes (by Lu’s group, 2020)
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Hydroamination by Cobalt catalyst

Co(OAc), (5mol%)

Ligand J\ N Bh | H ;
N, PhSiH; (1.2 eq.) N" 2N

alkyl N N“ O
allyt 7 * Ph)j\COZR' THF, rt, 12 h = l 1
O OR’ Ligand

""""""""""""""""""""""""""""" co'yrv .

H-SiPhH,

H2PhS|O iyl

alkyl\l/ j Di\

IkyI _[Co"] alkyl/\ [Co]

H,0 N / OR
Ph COZR'
\ [CO"]"'O

)\ _N_ _Ph
NT aIkyI +
H __N

0“7 “NOoR' N~

C -Markovnikov selectivity

alkyl

1) Chen, J.;: Shen, X.: Lu, Z. /. Am. Chem. Soc. 2020, 142, 34, 14455-14460
2) Shen, X.; Chen, X.; Chen J.: Sun, Y.;: Cheng, Z.: Lu, Z. Nat. Commun. 2020, 11, 783 22



Reductive hydroamination strategy

Previous work:

. [Co'
N |t | ——=| | | ——
alkyl

L

-Markovnikov selectivity

alkyl

This work: one pot reaction

Co(OAc),
s Ligand J\
|k|//4? ----------------- » alkyl” N o .

alky proton source P HAT process alky [N]

: o’ <. _N_ _Ph

v L’ protonation -‘S‘N’ AN

. [ ] = H
[Co' 0% NoBn
\ CO" ..............
/& or aIkyl/\/[ ] - »

alkyl amination

1) Chen, J.; Shen, X.; Lu, Z. /. Am. Chem. Soc. 2020, 142, 34, 14455-14460
2) Shen, X.; Chen, X.; Chen J.; Sun, Y.; Cheng, Z.; Lu, Z. Nat. Commun. 2020, 11, 783 23



Optimization (1)

L1 (6 mol%)

\ Co(OAc), (5mol%) /\)\
— 2 PhSiH, (2.5 eq.) _N_ _Ph
7 - Ph NT

CO,Bn H,0 (3 eq.)
THF, rt, 24 h o) OBn
1 2 "standard conditions" 3
entry variation from "standard conditions™ yield
1 - 83%
2 no PhSiH; -
| N
3 no L1 - ~N
N“ "0
4 no Co(OAc), ) %_/
5 CoCl, insted of Co(OAc), - L1
6 under air, rather than under N, -*

* Alkene 4 was detected (13%)
Ph N
4

Yields were determined by 'TH NMR

1) Chen, J.; Shen, X.; Lu, Zhan. /. Am. Chem. Soc. 2020, 142, 34, 14455-14460 24



Optimization (2)

L1 (6 mol%)

N Co(OAc), (5mol%)
= 2 PhSiH; (2.5 eq.) N Ph
Ph N~ N
Ph/\// i PN > " l

Ph CO,Bn H,0 (3 eq.)
THF, rt, 24 h (o) OBn
1 2 "standard conditions" 3
entry variation from "standard conditions™ yield N
: N H N
1 i 83% Neo Ly B NG
7 L2 instead of L1 - L1 L2
8 L3 instead of L1 9%** o)
9 L4 instead of L1 63% ” P H
N
instead o -
11 L6 instead of L1 - L3 L4

** Alkene 4 was detected (45%) z
/\/\ I-PI’ i-Pr 0 0
Yields were determined by "TH NMR Ph EI J@ *N N)'(
l-Pr

1) Chen, J.; Shen, X.; Lu, Zhan. /. Am. Chem. Soc. 2020, 142, 34, 14455-14460 o5



Substrate scope

L1 (6 mol%)
Co(OAc), (5mol%)

N2 PhSiH; (2.5 eq. wy-Na-Ph
2 . K i~y M7 P T
alkyl H,O (3 eq.)

Ph” >CO,Bn alkyl [N]
THF, rt, 24 h O~ 'OBn
1 2 3
[N] Ph\)\ )\ O 0\)\
Nl  HO” """\ [N]
Br
80% 84% 36 h, 69% 70%

HH

EtN /\)\
3 INI Aco IN]
o)

36 h, 66% %
74%
S S
)\ N )\ 1) Zn dust, AcOH, 60 °C N\)\ .Me
° IN] D - )
\ | ~Z 2) HCOOH, HCHO, rt Me

74% Promethazine
60%

1) Chen, J.; Shen, X.; Lu, Zhan. /. Am. Chem. Soc. 2020, 142, 34, 14455-14460 26




Control experiments (1)

1. Isotopic labeling experiments

85% D
L1 (6 mol%) H/D
_ D Co(OAc), (5 mol%) 19% D
74 +  PhSiH; + D,0 > H/D
THF, rt, 1 min X
o 9
>99% D 2.5 eq. > 99% D H/D 95% D
3 eq.
Syn-Markovnikov selectivity. [Co"]

AN

2. Role of H,O
L1 (6 mol%)

Co(OAc), (5 mol%)

/ .
7 + PhSiH;
\(V)Q/ THF, rt \(v)g/\

2.5 eq.
11% (without H,0, 30 min)
55% (without H,0, 60 min)
68% (without H,0, 120 min)
68% (with 3 eq. H,0, 2 min)

H,0O accelerates protonation.

1) Chen, J.: Shen, X.; Lu, Zhan. /. Am. Chem. Soc. 2020, 142, 34, 14455-14460
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Control experiments (2)

3. Radical clock experiment

L1 (6 mol%) BnO,C___Ph
Co(OAc), (5mol%) \ﬂ/

PhSiH; (2.5 eq.) -N
A + )]\ > HN
Ph ‘

] Ph” “CO,Bn H,0 (3 oq.) Ay
N THF, rt, 24 h Ph
Z/E=111,92%
H—Co'lL
& LCo! Co'lL
Y, / A"' \
HAT process occured.
Ph PN - > /A
\‘H/COHL Ph "'/\CQ"L

1) Chen, J.; Shen, X.; Lu, Zhan. /. Am. Chem. Soc. 2020, 142, 34, 14455-14460 o8



Reaction mechanism

I I_ I
Co"'(OAc),+ N —>» LCo0"-OAc / \> LCo'H
I H _ A
<N No H-SiPhH, AcO-SiPhH,

L-H 4—/ H2PhSiOIOBn
_ | A

H,O0 R N'N\ Ph
R—— 2
N° Ph— 5 H I
RTN (o) OBn
N 0/[C°"]
H-SiPhH ) “N.
2 OBn
[Co'] F Ph
] N N,
R& 1. Reduction [Col—H 2. Hydroamination )l\
B A [C "] o OB Ph COan
Q; o|--- n
H,0 H-SiPhH, < I )
+
HAT - -_N“"Ph
1 E
[Co'"]—OH P [Col]
R/§ C R™ ™R D

HO-SiPhH,

1) Chen, J.; Shen, X.; Lu, Zhan. /. Am. Chem. Soc. 2020, 142, 34, 14455-14460 29




1. Buchwald's group (2015)

R Cu(OAc),
(R)-DTBM-SEGPHOS
/ >
Ar without alcohol
R Cu(OAc),
(R)-DTBM-SEGPHOS
/ >
Ar with alcohol
Cu(OAc),
s rac-DTBM-SEGPHOS
// >
alkyl with alcohol
2. Lu's group (2020)
s cobalt catalyst
// -

alkyl

X
0 PAr,
(o)

(R)-DTBM-SEGPHOS

Summary

[N]

Ar)ﬁ

alkyl” NI

alkyl” NI

t-Bu

t-Bu

*High regioselectivity

*Markovnikov selectivity (R = H)
*High enantioselectivity

*Anti-Markovnikov selectivity

-Markovnikov selectivity

OMe

OAc
cobalt catalyst 30
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Reaction mechanism (page 5)

(o) (o)
EtO I I OEt
Ph
_ H “NH (o) (o)
+  PhNH /l\\
ph// 2 - Ph EtO OEt
Au catalyst | |
chiral phosphine 1
5AMS
/ég& LAu'*
Ph A
N,Ph
Ph—== - A
: Ph
LAu'*
-+ _Ph
PhNH, H,N _Po

RO” | “OH
X H OR
Ph Ph._
AuIL NH
Ph)\

1) Liu, X.-Y.; Che, C.-M. Org. Lett. 2009, 11, 4204-4207.



Proposed mechanism of copper reduction

1
o PAr,

Cu'(OAc), + par., —> LCu-OAc
2

I

\

Lcu'(0Ac),

LCu'(OAc); /
LCu"—OAc

Leu'oae, Ny oA

HSiMe(OEt),

1) MacCann, S. D.; Stahl, S. S. Acc. Chem. Res. 2015, 48, 1756 — 1766
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Substrate scope of copper catalyst

Me Cu(OAc), (2.0 mol%) Bn y-B"
_ R2 Bn - B" | (R)-L4 (2.2 mol%)
/ , +  EtO-Si—OEt
R, OBz I!I i-PrOH (1.2 mmol) R4
THF, 40 °C, 18 h R
1(1.1eq.) 2 (1.0 eq.) 3 (4.0 eq.) 5 2
Bn. _Bn Bn\N,Bn
N
Me /4 Me
N
MeO Tsl
81%, > 99% e.e. 80%, 98% e.e.
Bn B
\N’ n Me 0/>
" O
7 I Me anN' .
> H
N

63%, 98% e.e.

with (S)-L4, 76%, < 1:99 d.r.

with (S)-4, 75% yield, >1:99 d.r.

1) Shi, S.-L.; Buchwald, S. L. Nat. Chem. 2015, 7, 38-44 -



Catalyst reactivity

(R)-SEGPHOS (L1) ——> low yield
Cp o PAr,
p

|
e PAr, — -
<O O /@\ SEGPHOS (L2) ——> high yield

1] v

stabilizing dispersion interactions

(AE 4, kecal/mol) in TS2

Dispersion interactions between {-Bu groups and substrate enhances reactivity.

1) Lu, G.: Liu, R. Y.; Yang, Y.: Fang, C.; Lambrecht, D. S.; Buchwald, S. L.; Liu, P. /. Am.

Chem. Soc. 2017, 139, 16548-16555
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Substrate scope of cobalt catalyst (1)
L1 (6 1%
Co(O;ch)ngchI%)

N> PhSiH, (2.5 eq.) J\ SN
/// + )J\ 3 - alkyl [N] [N]= H l
alkyl Ph CO,Bn H,O0 (3 eq.) T
THF, rt, 24 h n
1 2 3
\/\)\[N] /\/\)\[N] TBSO/\)\[N] BzO/\)\[N]
56%"* 63%"* 78%"* 63%**
[N] NC N BO N] é\ [N] PhJ\[N]
OEt
48% 45%* 63%** 86%"* 96%
o MeO o
RS § § S W
o 0 [N] 5
61% 65% 68%

* stirred for 36 h
** stirred for 36h, without water

1) Chen, J.; Shen, X.; Lu, Zhan. /. Am. Chem. Soc. 2020, 142, 34, 14455-14460 35



Substrate scogﬁsofwc):obalt catalyst (2)

" Co(OAc), (5mol%) J\ 5. N.__Ph
2 PhSiH; (2.5 eq.) NS
/// + )]\ 3 - alkyl [Nl [N]= H l
alkyl Ph” ~CO,Bn H,0 (3 eq.) 0“ ~OBn
THF, rt, 24 h
1 2 3
o)
U S SN |
[N] w/\ [N] o [N] cI [N]
o)
58%* 5Q0, ** 58%*
R = 2-Me, 67%
R = 3-Me, 68%*
R = 4-Me, 69%*
R = 3,5diMe, 70%*
R = 4-Ph, 65%* 9 ez Q
[N]
o) [N] )\
NG
NHBoc O [N]
76% 54%* 85%*

* stirred for 36 h
** stirred for 36h, without water

1) Chen, J.; Shen, X.; Lu, Zhan. /. Am. Chem. Soc. 2020, 142, 34, 14455-14460 36




HAT process semihydrogenation

=

|
ocC- -,Cr{- -CO H \
oc’ 1 H Q ph | cage escape H
Ph——Ph . OC--(I:r" —_—
HAT o ) ) (faster) Ph
oc’ , Ph
co
2.5
A, forced
2 Y \ i 1 backside 1
' attack
= 1.5 ;'/
3 : \ /Ph ! (cat) Ph Ph
© ! / —_— A
0.5 |- ) . Ph (Slower)
) (E) (2)
b (more stable)
0 | |
0 2 4 6 8 10
time (h)
1) 1) Estes, D. P.: Norton, J. R.: Jockusch, S.; Sattler, W. /.. Am. Chem. Soc. 2012, 134,
15512-15518 37



HAT or insertion? (without water)

oh L1 (6 mol%)
Co(OAc), (5 mol%)
/—\ Ph
/ > ol e e Y

Ph THF, rt
1 2 3
Entry time (h) 2 (%) 3 (%)
1 0.5 3 -
2 8 77 2

No alkene isomerization occured in this reaction.

1) Chen, J.: Shen, X.; Lu, Zhan. /. Am. Chem. Soc. 2020, 142, 34, 14455-14460
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HAT or insertion? (with water)

i L1 (6 mol%)
P Co(OAc), (5 mol%)

/=\ Ph
/ > ol en * oY

Ph H,0 (3 eq.)
1 THF, rt 2 3
5 10 15 20 0 5 10 15 20
100 . : . . . . . . 100 - . - . - . : :
. 0.35 4035
- ‘\\-\. 7 d . -
“ﬂ-_____.\_hk—h—hh—‘_h—
80 4 — 480 0.30-_ / - 0.30
i ] ]
0.25 do25
o %07 2 —=— Z-alkene 160 5 ] -
5 —e— E-alkene ] 0 0.201 1020
@ ® 1 i
> 40 - d40 0154 e 4015
) / | —=— ratio of E/Z]
] _7_______..-. 0.10 + | 40.10
20 v 420 1 / 1
e 0.05 4 4 0.05
_e- . -
0 -:"""._"_, . , . . . . 0 0.00 . T . : . ' : . 0.00
0 5 10 15 20 0 5 10 15 20
time/min time/min

No HAT process

1) Chen, J.; Shen, X.; Lu, Zhan. /. Am. Chem. Soc. 2020, 142, 34, 14455-14460 39



Time course study

3. Time course experiment

NN

N Ph
L1 (6 mol%) NT
N, Co(OAc), (5mol%) H l Ph” N
PhSiH; (2.5 eq. 4a
/\/// + )J\ 3 ( q ) 3a (o) OBn
Ph Ph” CO,Bn H,0 (3 eq.)
THF, rt, 24 h Ph/\ﬂ Ph/\/\
Entry  time (h) 3(%)  4a(%)  4b(%)  4c(%) 4b 4c
1 0.25 2 26 - - Diazo compounds reduce the rate
of alkyne semihydrogenation,
2 0.5 5 42 - - which could make the reaction
3 0.75 9 45 conduct smoothly.
4 .1 13 49 0 5 10 15 20 25
80 . . * 80
5 2 26 57 - 3 o
6 3 39 51 - 5 604 n e —I—terrzinalalkene - 60
=2 P ™ —*— product
7 4 57 44 - 9 2ot % Ja0
8 6 72 25 9 13 F . = |,
9 8 75 14 16 14 15 .
D-F T T T T T - T T . 0
0 5 10 . .15 20 25
10 23 81 1 20 17 time/h

Yields were determined by 'H NMR

1) Chen, J.; Shen, X.; Lu, Zhan. /. Am. Chem. Soc. 2020, 142, 34, 14455-14460 40



Wrong pathway (radical clock experiment)

: [N]
""" Mo cessessesse=-
o Au e, » Ph X >PhM.

; Ph
S (not detected)
[N] ’ IN] N ]
N, c----- - N EEEY - EERY o
. [Co'] (E/Z will not be 1/1)
\‘ [N] " "
A Ph o 3Co'L
\\ “7 eeeeaaan S NS
Ph
’Z: (E/Z will not be 1/1)
Nco'lL
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Another radical clock experiment

Co(OAc), (5 mol%)

L1 (6 mol%)
Ph N2 PhS|H3 (1 2 eq. )
+
Ph >

COOEt THF (0.25M),rt, Ny, 12 h COzEt

62%, E/Z = 25/1

Ph Ph
Ph N A Ph — Ph . _»Ph .
Ph Ph 7 7 [Co"]
Me Me

1) Shen, X.; Chen, X.; Chen J.; Sun, Y.; Cheng, Z.; Lu, Z. Nat. Commun. 2020, 11, 783 42



