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Mannich Reaction
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1) Mannich, C.; Krosche, W. Arch. Pharm. 1912, 250, 647. 2) List, B. J. Am. Chem. Soc. 2000, 122, 9336.



Asymmetric Mannich Reaction (1)
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87%, 98/2 dr,

>99% ee
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4 A MS, CH,CI,, 40 °C
93%, 9/1 dr,
95% ee

PMP = §—©—0Me

Ar = 9-anthracenyl
1) Zhang, H.; Chuan, Y.; Li, Z.; Peng, Y. Adv. Synth. Catal. 2009, 357, 2288. 2) Ye, X; Pan, Y.; Yang, X. Chem, Commun., 2020, 56, 98




Asymmetric Mannich Reaction (2)

CFy 1
N
O O O O
BnoJ\/U\OBn CFs N BnOJJ\:/U\OBn
(3 eq.) =
OMe HN” “Ph
. PN
J\ (10 mol%)
S~ N >
l CHCls, -15 °C
Ph
(1eq.) 99%, 98% ee
2)
NMe2
o o NH; O O
Cbz_ _~_ (20 mol%)
)I\(U\OBn NN NO,C¢H,4CO,H (50 >|°/) L oen
m- mo N
Me 2 éH‘&|3, 260 oC ° Me NHCbz
(1eq.) (1.5 eq.) 92%, >99% ee

1) He, H.-X,; Du, D.-M. RSC Adv., 2013, 3, 16349. 2) You, Y.; Zhang, L.; Cui, L.; Mi, X.; Luo, S. Angew. Chem., Int. Ed. 2017, 56, 13814.
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Vinylogous Asymmetric Mannich Reaction (1)

J H
Ph -
(1 mol%)
> Ph
@\ AgOAc (1 mol%) o
OTMS i-PrOH (1.1 eq.) 0
o THF, -78 °C
82%, >99/1 dr, 96% ee

2)

. PPh,
N F PPhe thg\
NH

N/
P e
Ph’ A\

(1eq.) (10 mol%)
>
[Cu(MeCN),]PFg (10 mol%) O
Et;N (50 mol%) S
87%, >20:1 dr, 99% ee

CO\A\O THF, 0 °C

(3 eq.)
1) Carswell, E. L.; Snapper, M. L.; Hoveyda, A. H. Angew. Chem. Int. Ed. 2006, 45, 7230. 2) Yin, L.; Tanaka, H.; Kumagai, N.; Shibasaki, M. Angew,

Chem, Int. Ed. 2013, 52, 7310,



Vinylogous Asymmetric Mannich Reaction (2)
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(1eq.) (1eq.)

OTMS

NF okt

(3 eq.)

S

(1eq.) (1.2 eq.)

1)

(10 mol%)

-

Sc(OTf)3; (5 mol%)
t-BuOMe, 0 °C

Ar = 2,6-(i-Pr),CgHs

Qa0

H H

201

Me2
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>
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HO]@
HN (@)
PhWLOEt

99%, 82% ee

*Absolute configuration
was not mentioned.

NC CN
NHBoc

Ph

S
98%, 98% ee

1) Zhan, Q.; Hui, Y.; Zhou, X,; Lin, L.; Liu, X.; Feng, X. Adv. Synth. Catal. 2010, 352, 976. 2) Liu, T.-Y.; Cui, H.-L.; Long, J.; Li, B.-J.; Wu, Y.; Ding, L.-S.;
Chen, Y.-C. J. Am. Chem. Soc. 2007, 129, 1878.



Vinylogous Asymmetric Mannich Reaction (3)

t-Bu
Arl =
PAr1,
o) NHBoc o)
/\)j\ N Boc (2 mol%) NS _N
N"'\—Ph N~ > Ph N™ N—Ph
— )I [Cu(MeCN),]PF¢ (2 mol%) =
Ph Ph Et;N (50 mol%) Ph
(1 eq.) (2 eq.) THF, -20 °C 96%, 97% ee
Ar? = g—@—t-Bu H Ar? 2)
(Cst)zB—<I>_B(C6F5)2
(o) :
_Boc < 0
N Az H
AN Ph |
(5 mol%)
Ph -
(1eq.) (1.5 eq.) N-methylpiperidine (20 mol%) 94%, 11/1 dr, 92% ee
PhCF3, 10 °C

1) Zhan, H.-J.; Zhong, F.; Xie, Y.-C,; Yin, L. Chin. J. Chem. 2021, 39, 55. 2) Tian, J.-J.; Liu, Q.-F.; Sun, W.; Wang, X.-C. J. Am. Chem. Soc. 2021, 143,
3054.
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Previous Studies
(R)-DTBM-SEGPHOS (1 mol%) ")

Q Boc  [CU(MeCN),IPFs (1 mol%) NHBoc O
N N~ EtzN (1 mol%) WL N
H = Ph THF, -40 °C, 8h —
Ph Ph
(1eq.) (2 eq.) 93%, yla >20/1, 98% ee

(R)-DTBM-SEGPHOS (3-5 mol%) 2
[Cu(MeCN),]PFg (3-5 mol%)
X X _N N~ Et;N (3-5 mol%) X _N
N™' N _Ph )l > Ph N™ \N—Ph
H — THF, -40 °C, 12-48h X ~
Ph Ph

(1 eq.) (2 eq.) y/a >20/1
X =F, 81%, >20/1 dr, >99% ee
X =Cl, 93%, 13/1 dr, >99% ee
X = Br, 89%, 13/1 dr, >99% ee

o)
< O t-Bu
O PAr,

Ar = g OMe

(o) PAI’Z
( O t-Bu
(o)

(R)-DTBM-SEGPHOS

NHBoc 0

1) Zhan, H.-J.; Shi, C.-Y.; Zhong, F.; Yin, L. J. Am. Chem. Soc. 2017, 139, 2196. 2) Zhang, F.; Yue, W.-J.; Zhan, H.-J.; Zhang, C.-Y; Yin, L. J. Am.
Chem. Soc. 2018, 140, 15170.



Extension to a,f-Unsaturated Pyrazoleamides
sl I _

N
2 s\ Ph N
cu--Nx/ : =

Zhan, H.-J.; Zhong, F.; Xie, Y.-C,; Yin, L. Chin. J. Chem. 2021, 39, 55.



Screening of Base
(o) NHBoc (o)
/\)j\ ~N _Boc (R)-BINAP (5 mol%) WL ~N
N™ N —Me N [Cu(MeCN),]PFg (5 mol%)  Ph N™ \N—Me
-~ )| base (5 mol%) ~
Me Ph  al Me
(1 eq.) (2 eq.) THF, rt, 12 h y-adduct (desired)
(o)
entry base total yield [%] y/a ee [%] N
- N~
, \N—Me
1 Barton’s base trace - - —
Ph
2 DBU trace - - BocHN Me
3 (i-Pr),NEt 35 1.3/1 -11 a-adduct (undesired)
4 Et;N 44 11.3 -7

OO PPh, X
N
PPh, |

99 SN

(R)-BINAP Barton’s base

Zhan, H.-J.; Zhong, F.; Xie, Y.-C,; Yin, L. Chin. J. Chem. 2021, 39, 55.



Screening of Ligand

o NHBoc (o)
/VL _N _Boc ligand (5 mol%) NS _N
N™ N—Me N [Cu(MeCN),]PFg (5 mol%)  Ph N™ \N—Me
- )l Et;N (5 mol%) —
Me Ph > Me
THF, rt, 12 h
(1 eq.) (2 eq.) y-adduct (desired)
entry ligand total yield [%] y/a ee [%] o
R)-BINAP
1 (R) 44 11.3 -7 Z N,N\ Ve
2 (R)-SEGPHOS 84 1.5/1 17 )J
Ph
3 (R)-DTBM-SEGPHOS 77 >20/1 94 BocHN Me
49  (R)-DTBM-SEGPHOS 96 >20/1 97 a-adduct (undesired)

a) 2 mol% [Cu(MeCN),]PFg, 2 mol% (R)-DTBM-SEGPHOS, 50 mol% Et;N, -20 °C, 24 h

0
ol es
PPh, o PAr, (R)-SEGPHOS:Ar = Ph
PPh, o PAr, (R)-DTBM-SEGPHOS:Ar = OMe
OO <0 O t-Bu

(R)-BINAP

Zhan, H.-J.; Zhong, F.; Xie, Y.-C,; Yin, L. Chin. J. Chem. 2021, 39, 55.



Substrate Scope (1)

O

Boc (R)-DTBM-SEGPHOS (2 mol%) NN

NHBoc (0]

-

[Cu(MeCN),]PF¢ (2 mol%)

R N™ \y—Ph
—
> Ph

/VLN,N N~
)\\7—% )l Et;N (50 mol%)
= R
Ph

THF, -20 °C, 24h

(1eq.) (2 eq.)
Me
%, X 3
R= R =
95%, 87% ee X = Me, 89%, >99% ee

X = OMe, 94%, >99% ee
X =Cl, 70%, 91% ee 3
X = Br, 81%, 93% ee 2

- -7

94%, 99% ee 74%, 87% ee ©

y/a > 20/1

- 7 e

X = Me, 86%, >99% ee X
X = t-Bu, 95%, 97% ee X
X = OMe, 97%, 97% ee

X =F, 89%, 95% ee

X =NO,, 26%, 39% eeb)

X = CN, traceb)

0O, 77%, 88% ee
S, 87%, 93% ee

_ a)0°C
R= b) 12 h
c) 5 eq. N-Boc imine employed.

87%, 86% ee ©

Zhan, H.-J.; Zhong, F.; Xie, Y.-C,; Yin, L. Chin. J. Chem. 2021, 39, 55.



Substrate Scope (2)

O
_Boc (R)-DTBM-SEGPHOS (2 mol%)

[Cu(MeCN),]PFg (2 mol%)

\/\)L -N N
N™ Ny —Ph )I Et;N (50 mol%)
~ R .
Ph

THF, -20 °C, 24 h

(1eq.) (2 eq.)

H, 97%, 11/1 dr, >99% ee 98%, 10/1 dr, >99% ee

X
X =F, 89%, 10/1 dr, >99% ee

NHBoc O
NS ~N

N™ N—Ph
—

Ph
yla > 20/1

- Y

72%, 2.2/1 dr, 77% ee

Zhan, H.-J.; Zhong, F.; Xie, Y.-C,; Yin, L. Chin. J. Chem. 2021, 39, 55.



Substrate Scope (3)

o)
Boc (R)-DTBM-SEGPHOS (2 mol%) N
R\/\)I\N,N N” [Cu(MeCN),]PFg (2 mol%) Ph N“'\N—ph
S—ph ] Et;N (50 mol%) R —
— Ph > Ph
THF, -20 °C, 24 h

Ph
(1eq.) (2 eq.) y/a >20/1

R = Et R = &(\CN R = W\CI

98%, 3/1 dr, >99% ee 99%, 2.2/1 dr, 98% ee 90%, 1.5/1 dr, 99% ee
_ _ = _ —

R= % oBn R= ¢ "™\~ R= % N———nBu
89%, 3/1 dr, 95% ee 89%, 3/1 dr, 95% ee 95%, 1.5/1 dr, 99% ee

Zhan, H.-J.; Zhong, F.; Xie, Y.-C,; Yin, L. Chin. J. Chem. 2021, 39, 55.



Stereoselectivity of syn/anti (1)

o
Boc (R)-DTBM-SEGPHOS (5 mol%)
Et\NLN,N N~ [Cu(MeCN),JPFg (5 mol%) Fh
\\—Ph )l Et;N (5 mol%)
= Ph >
Ph THF, rt, 12 h
(1eq.) (2 eq.) y/a > 20/1

_Boc (R)-DTBM-SEGPHOS (5 mol%)
[Cu(MeCN),]JPFg (5 mol%) Ph

o
_N N
(\)LN N—Ph )l Et;N (5 mol%)
Et — Ph
Ph

THF, rt, 12 h
(1eq.) (2 eq.) y/a > 20/1

>

N

-

)Y\/U\N N oh
Et =

99%, 11/1 dr, >99% ee

moderate dr

Zhan, H.-J.; Zhong, F.; Xie, Y.-C,; Yin, L. Chin. J. Chem. 2021, 39, 55.



Proposed Mechanism from
B,y-Unsaturated Pyrazoleamide

(o) + O/CU‘I
\
Et _~ N Houl] Bt AN N
H = -H* —
Ph Ph
(1eq.)
o _Boc -~
[ e )
Bt & Ph
N cu
M | N > \)\I\ o
Cu' -=-N -
1,3-diaxial
Ph
~  repulsion °° -
0 ¥
Ph

% NHBoc o
o H )\/\/U\
NS _
,Cu' » Ph X X=
Et\ /FN'/BOC - t
Ph

M

-[Cu()]

Zhan, H.-J.; Zhong, F.; Xie, Y.-C,; Yin, L. Chin. J. Chem. 2021, 39, 55.



Stereoselectivity of syn/anti (2)

NHBoc o
o

Boc (R)-DTBM-SEGPHOS (5 mol%) A N
Et\/VLNfN N” [Cu(MeCN),JPFg (5 mol%) P N“"\__ph
S—FPh )| Et;N (5 mol%) Et —_
= Ph > -

Ph THF, rt, 12 h
(1 eq.) (2 eq.) yla > 20/1 77%, 2.5/1 dr, 99%/83% ee

Et NHBoc (o)
0
_Boc (R)-DTBM-SEGPHOS (5 mol%) WL _N
XN N [Cu(MeCN),JPFg (5 mol%) Ph™ = N N Ph
\\—Ph )I Et;N (50 mol%) Et =
= Ph > Ph

Ph THF, rt,12 h
(1eq.) (2 eq.) y/a > 20/1 58%, 8/1 dr, 99% ee

bad dr

Zhan, H.-J.; Zhong, F.; Xie, Y.-C,; Yin, L. Chin. J. Chem. 2021, 39, 55.



Proposed Mechanism from
a,B-Unsaturated Pyrazoleamide

| |
(o) . OICU‘ O/CU‘
Y Y
Et A N +[Cu(l)] Et\M N — N
Y\)]\Nz N Ph - N~ N Ph — N~ N Ph
H = H* = Et =
Ph Ph Ph
(minor) (major)
0 Ph 0 Ph
Et ~
N N 7 N N\
| |
= = Cul ---Nx Et _Cu ---NX
Ph Ph
N,Boc (minor) (major)
)I NHBoc o) NHBoc o)
Ph
N N N N
>  ph” N“"\\—ph Ph)\I/\/l]\"" \__ph
Et )J Et )J
Ph ~ Ph
(minor) (major)

1) Zhan, H.-J.; Zhong, F.; Xie, Y.-C,; Yin, L. Chin. J. Chem. 2021, 39, 55. 2) Johnson, W. S.; Lyle, T. A.; Daub, G. W. J. Org. Chem. 1982. 47, 163



Proposed Enantioselectivity (1)

Et

~ steric
Ph repulsion

Ar = g OMe

t-Bu

Zhan, H.-J.; Zhong, F.; Xie, Y.-C,; Yin, L. Chin. J. Chem. 2021, 39, 55.



Proposed Enantioselectivity (2)
o/\o

e

Ar=p 5 O o
O_Cl.]h" I \Ar

steric (0] Ph

repulsion ) H]\
/ "' N
[

Zhan, H.-J.; Zhong, F.; Xie, Y.-C,; Yin, L. Chin. J. Chem. 2021, 39, 55.



Proposed Enantioselectivity (3)

O (0)
Ph N,Boc
z
O tL.«Cuy---N= Ph
L \"\Ar m—
0 | Ar Ph =~
Ar

Zhan, H.-J.; Zhong, F.; Xie, Y.-C,; Yin, L. Chin. J. Chem. 2021, 39, 55.
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Design of Vinylogous Mannich Reaction

strong chiral

Lewis acid ©
. _LA
o) : : (0]
frustrated Lewis acid
N Ph = === Y NP Ph
H
high pK,
Boc
N/ - - ‘O @
)I . Jj\ oA
Ph N Ot-Bu
--------- : )I NG Npy, TR

Tian, J.-J.; Liu, N.; Liu, Q.-F.; Sun, W.; Wang, X.-C. J. Am. Chem. Soc. 2021, 143, 3054. 27



Deprotonation of y Position

Lewis acid (10 mol%)

N~ E0¢ Et;N (20 mol%)
S Ph )I >
Ph toluene, 10°C, 24 h Ph
H
(1eq.) (1.5 eq.)
entry Lewis acid acceptor number total yield [%] dr
1 B(3,4,5-F3;CgH,); 81.7 87 3.0/1
2 B(CgF5)3 79.9 91 5.2/1
3 Phe 75.7 47 3.2/1
B(CeFs)2 ' '
4 B(2,4,6-F;CgH,); 70.6 23 4.01
5 BPh; 45.7 no reaction -

Tian, J.-J.; Liu, N.; Liu, Q.-F.; Sun, W.; Wang, X.-C. J. Am. Chem. Soc. 2021, 143, 3054.



Screening of Chiral Borane

Boc Lewis acid (5 mol%)
N~ EtsN (20 mol%) NHBoc 0
N Ph )I -
toluene, 10 °C, 24 h
Ph
(1eq.) (1.5 eq.)
entry Lewis acid total yield [%] dr ee [%]
1 LA1 50 10/1 40
2 LA2 80 5.5/1 82
3 LA3 80 111 87

Ph

(i
"'
>

(CgFs5)2B'* 111B(CgF5)2 (CgF5)2B B(CeFs)2

;

-~

Ph Ar

T

Ar = 4-(t—BU)C6H4

LA1 LA2 LA3

Tian, J.-J.; Liu, N.; Liu, Q.-F.; Sun, W.; Wang, X.-C. J. Am. Chem. Soc. 2021, 143, 3054.



Screening of Base and Solvent
0 LA3 (5 mol%)

N,Boc base (20 mol%) NHBoc O
A Ph )l ol
Ph solvent, 10 °C, 24 h Ph
(1eq.) (1.5 eq.)
entry base solvent total yield [%] dr ee [0/0]
1 Et;N toluene 80 11/1 87
2 (i-Pr),NEt toluene 11 11/1 85
3 N-methylpyperidine toluene 63 11/1 92
4 DBU toluene no reaction - -
5 DTBP toluene no reaction - -
6 N-methylpyperidine PhCF3 94 11/1 92
7 N-methylpyperidine CHCI; 36 9.1/1 88
A
N | X -
g _ (CeF5)2B B(CgFs)2
N t-Bu N t-Bu N
ar H
DBU DTBP Ar = 4-(t-Bu)C6H4
LA3

Tian, J.-J.; Liu, N.; Liu, Q.-F.; Sun, W.; Wang, X.-C. J. Am. Chem. Soc. 2021, 143, 3054.



Substrate Scope : Nucleophiles (1)

N~ Boc N-methylpyperidine (20 mol%)
A R )l >
Ph PhCF3,10°C, 24 h
(1eq.) (1.5 eq.)
Me

84%, 13/1 dr, 91% ee

.- *"I}

61%, 10/1 dr, 90% ee 2

a) 0 °C, b) 25 °C

LA3 (5 mol%)

X = Me, 85%, 12/1 dr, 93% ee
X = OMe, 89%, 12/1 dr, 92% ee
X =Cl, 90%, 13/1 dr, 93% ee

X = CF3, 90%, 14/1 dr, 90% ee

94%, 11/1 dr, 90% ee

NHBoc o

Ph

X = Me, 86%, 12/1 dr, 92% ee

X = OMe, 82%, 12/1 dr, 95% ee
X =Br, 88%, 13/1 dr, 91% ee

X = CF3, 98%, 15/1 dr, 91% ee a)

S{D S—OEt

no reaction P

Tian, J.-J.; Liu, N.; Liu, Q.-F.; Sun, W;

Wang, X.-C. J. Am. Chem. Soc. 2021, 143, 3054.



Substrate Scope : Nucleophiles (2)

o) Boc LA3 (5 mol%)
R2 N~ N-methylpyperidine (20 mol%) NHBoc O
A Ph )l ol
1 Ph PhCF3,10°C, 24 h Ph 7N Ph
R RZ R
(1eq.) (2 eq.)
R'=Me R2 = Et, 85%, 15/1 dr, 96% ee 2 2
’ ’ ’ R - j\/OTBS
R2 = Bn, 70%, 15/1 dr, 90% ee
RZ = H, 55%, 85% ee ¢ 9) 85%, >20/1 dr, 94% ee ©
R2= Me
R'1 = Et, 90%, 16/1 dr, 86% ee* ®)©)
R1 = Br, 71%, 10/1 dr, 82% ee* ©
R1=H, 75%, 2.9/1 dr, 78/85% ee )
R'= & _TMS R = ;_4
87%, >20/1 dr, 88% ee* © 84%, 1.7/1 dr, 71/87% ee* 9N

a) 1.5 eq. N-Boc imine, b) 0 °C, c) 10 mol% LA3, 40 mol% N-methylpypiridine, d) Absolute configuration
was not determined. f) -10 °C, g) -20 °C, h) 36 h

* /N—Boc
F—@—/ was used as an imine.

Tian, J.-J.; Liu, N.; Liu, Q.-F.; Sun, W.; Wang, X.-C. J. Am. Chem. Soc. 2021, 143, 3054.



Unsuccessful Nucleophiles

LA3 (5 mol%)
N ~-Boc  N-methylpyperidine (20 mol%)

nucleophiles )| X - no reaction
Ph PhCF, 25 °C, 24 h
(1 eq.) (1.5 eq.)

nucleophiles
(0) Ph O o) o)
n-Pr
Br

(o) Boc LA3 (5 mol%)
(\HL N~ N-methylpyperidine (20 mol%) o NHBoc o
N Ph )I > WL
Ph PhCF3, 10 °C, 24 h z Ph  Ph Ph
H H

37%, 1.3/1 dr, 83/43 % ee 16%, 68 % ee

O

Tian, J.-J.; Liu, N.; Liu, Q.-F.; Sun, W.; Wang, X.-C. J. Am. Chem. Soc. 2021, 143, 3054.



Substrate Scope : Imine

0 Boc LA3 (5 mol%)
N~ N-methylpyperidine (20 mol%) NHBoc O
S5 Ph )I >
R PhCF3, 10 °C, 24 h
(1 eq.) (1.5 eq.)
R = /©/
X
X = Me, 87%, 10/1 dr, 90% ee a) X = CO,Me, 93%, 11/1 dr, 91% ee 96%, 11/1 dr, 91% ee
X =F, 94%, 12/1 dr, 90% ee X = SMe, 88%, 9.3/1 dr, 89% ee
X =Cl, 93%, 12/1 dr, 90% ee X = OCF3, 82%, 10/1 dr, 90% ee

X =CFj3, 95%, 11/1 dr, 92% ee

f’@ f“ f‘@

0O, 70%, 11/1 dr, 92% ee 93%, 13/1 dr, 90% ee ®) no reaction ©
S

X
X =S, 81%, 10/1 dr, 91% ee

a) -10 °C, b) 0 °C, c) 25 °C

Tian, J.-J.; Liu, N.; Liu, Q.-F.; Sun, W.; Wang, X.-C. J. Am. Chem. Soc. 2021, 143, 3054.



Proposed Enantioselectivity (1)

(o) (o) (o)
Me Me Me
AN R -
Me Me ‘&
steric H sp2
repulsion sp°® P
Me
(o) (o)
1,3-allyl Me Me
strain ’\’ | —_—
—~—
Me H
H+ .. H Me H
B e o B!
y
Me Me
7 7
Me

= Z

Me

Tian, J.-J.; Liu, N.; Liu, Q.-F.; Sun, W.; Wang, X.-C. J. Am. Chem. Soc. 2021, 143, 3054.



Proposed Enantioselectivity (2)

F, F
Arl = g F
F F
Ar2 = %—@—t—Bu
Me
H
+
-H L Me -H*

N\ N\
\Ar2
PH ,?rz

S) 1 1
Me . B : ! B\Arz Ph, 2+ B > ’ B\Ar

z (O | ar H [} TH

Ars\Ar H Ar
Me

steric
repulsion Me /

Tian, J.-J.; Liu, N.; Liu, Q.-F.; Sun, W.; Wang, X.-C. J. Am. Chem. Soc. 2021, 143, 3054. 36



Proposed Enantioselectivity (3)

m-1r stacking

\ n
1
\\“B@ X ) B\Arz
sterically L Ar! H
hindered o Ar'y
Ar2 = g—@—t-Bu Me I/ Me
:  Ot-Bu
. /=0 ®
—N----H—NR,
Ph
i t-Bu ¥ ] T
NHBoc (0 H \0 Ph (o) H Ph
Ph N o.\ ® t-BuO N Ph
H Me " *H—NR; H Me

Tian, J.-J.; Liu, N.; Liu, Q.-F.; Sun, W.; Wang, X.-C. J. Am. Chem. Soc. 2021, 143, 3054.



Summary

o (R)-DTBM-SEGPHOS (2 mol%)
[Cu(MeCN)4]PFg (2 mol%)
R1NLN,N\ o N,Boc Et;N (50 mol%)
o
)Q)f , | THF, -20 °C
Ph
R R! = alkyl
R? = aryl, alkyl
HoA
) (cer)ZB—<:|:>—B(c6F5)2
Boc N
RS N~ Ar H
S R3 J|
6 (5 mol%)
R4 R

N-methylpiperidine (20 mol%)
PhCF3, 10 °C
R3, R® = aryl
R4, R® = alkyl

NHBoc O
NS N
R? N\ _Ph
R1 =
Ph

up to 98%, 10/1 dr, 98% ee

RS R*
up to 98%, 15/1 dr, 91% ee
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