ASYMMETRIC PALLADIUM-CATALYZED
ALKENE CARBOAMINATION
REACTIONS FOR THE SYNTHESIS OF
CYCLIC SULFAMIDES
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Alkene Difunctionalization: Carboamination

Z —— R ~pe

« Ethylene is produced from from petroleum and natural gas by thermal cracking.
» Largest chemical produced organic compound.

» Alkenes used extensively in the polymer industry.

« Carboamination

R > Rk)\R or 1R2RN\)\R

» Inexpensive starting materials are rapidly functionalized in a single step
» Easily accessed heterocycles and amine building blocks (amino acids).
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Intramolecular Palladium-Catalyzed
Carboamination Reactions
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R Ar-Br R
|

Y\t,{n:‘ Y.

Y
;é*\[‘

R -
R SAr
S P
N
Ri.,_o Rj
o %
N SN
\ R
R 2 H
A o
;)Im Ty "
N [] R,
R
R, 3
Ro N
Rs

James Johnson @ Wipf Group Page 3 of 19 3/4/2017



James Johnson @ Wipf Group 4

Intermolecular Carboamination

NiCl,(PMeg), (10 mol%) o

Cu(OTf), (20 mol%) ;
R2 R2 R~ 1,10-phen (25 mol%) R
@ Cﬁj\ Zn dust (5 eq.) ol X Rt MO, (255 mol%) R,
4 >
O tOIUene 100 °C 12 h R N RS BF.K DCE. 105 °C. 24 h CbZN
R 20 examples 21-90% Ri CbzHN™ >3 ’ ’

35 examples 35-78%
OH O 16mol%

\]//O [Cp*Co(CO)l,] (10 Mol%)
AgSbFg (20 mol%) OH 0
PhOQS \-S02Ph @Ak Q NH CsOAc (25 mol%)

o 0 KsPO, (25 mol%) N OR
Cu(CH3CN),4BF, (2.5 mol% - -
R/\ (CHsCN)4BF, ( =°) EOZ KJ\OR TFE, 3A MS pinF HNm/
R PhCN, 60 °C R *50,Ph 40°C,22h o
R R 17 examples 30-88%
R5
O NHNs  cat. (20 mol® O 1 6 R6 Mes
N at. (20 mol%) J R - 0 N1 Cat. 5 mol% ms R
H )R\z Fe(phen)s(SbFe)s H Eg, N NHTf R7 4-MeO-PhSH R =
Rl_~ “R3 R > R o) +
N7 O Rs D'fq%o"éaa'f& Ns 5 P Ri CHCls, 2,6-lutadine '~ o N
, tBum 4 \/\RS 455 nm LEDs, rt, 24h R° T¢ 4 py Cat
2:1 dr to >20:1 dr; 87-96% ee R2 examples Jo-/ 7 7o

1.7:1drto 16:1 dr

Pd,(dba); (2.5 mol%)
R CPhos (5 mol%) or L

D LiOtBu
RO,SHN toluene:t-Amyl- OH

110°C, 24 h

20 example 20-94% AT
dr 19:1 to 49:1; 63-73 % ee

Org. Lett. 2013, 15, 2502-2505; ACS Catal., 2016, 6 (10), pp 7183—-7187
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Wolfe Group Chemistry

R1-Br R-OTf
Pd,(dba); (2.5 mol%) Pd(OAc), (4 mol%)

CPhos (10 mol%
(R)-Siphos-PE (7.5 mol%) ~ Boc ( )

NHBoc alibu R >
- R/}i)# tON {BUOH, 82 °C, 16 h
R — toluene, 90 °C

0O,S. 9 examples 45-89% N H
R 23 examples 61-80% R '.\IH 2:1 t% 13:1 dr °
72-94% ee Ar-Br PMP

2 Mol% [Pd,(dba)g] N
0 CN' 6 mol% (S)-Siphos-PE i
U NaOtBu — N
~ > N
LA \’&
H Ar

>

xylenes, 115 °C
\ 56-89% (77-95% ee)
R VS
BnO 4 Pd,(dba)g BnO n 1) TFA BnO 4
/\)qH\\ P(2-furyl)s : 2) PMBNCO
NaOtBu, xylen'es 72% 'C H N
C,H o 479
4Mg Oél\OtBu 140 °C C4H 07 0Bl TMS O II\IH
68% >20:1 dr PMP
Pd,(dba)s BnO
PCYS'HBF4 -
- —
NaOtBu, toluene —>
110 °C C4Hg o) N
91% >20:1 dr
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Cyclic Sulfamides

o2 N- so2
Q\/NHAC
F

Low M inhibition
Active against gram-positive O of norovirusus

methicillin and vancomycin YO

resistant bacteria p-secretase-1 inhibitor

» Biologically active
« Enantioselective synthesis usually multi-step starting from amino acids

OH 5 steps /g/\
,NBn
O OxN-g
NH, O

» Only one previous asymmetric metal-catalyzed synthesis

Pdy(dba); (25 mol%) Oy O O‘ Ph
Qg 10 mol% L -S. o

2 o> HN NH

N ~INT o /
R ipy N N\t-Bu toluene, 65 °C, 3 h R)_J::: O o
14 examples, 66-98% ¥
90-93% ee

Org. Lett., 2013, 15 (4), pp 796799
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Anti-aminopalladation

ArOTf
Pd(OAc), (2 mol%)
5 0\\8,,0 5 Ru-Phos(5 mol%)
n\N/ \N’ n LiOtBu \N/S\

> N—Bn
PhCF3, 100 °C
‘ 14 examples )
511092 % 5 "Ar
Anti-aminopalladation

Chem. Eur. J. 2014, 20, 8782 — 8790
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Optimization of Cyclization with Ar-OTf

p-MeCgH,OTf

- O‘\s."o o, 2Mol % [Pdz(dba)] 0, 0 Q.0
N ‘u‘ 6 mol % ligand = Bn‘N’s‘N’B" Bn‘N,S‘N.Bn
H Base, solvent \_k" * "
| 1a 100 °C 2¢ p-Tol 4. f
p-Tol
Entry Ligand  Base Solvent 2¢/3¢  Conversion [%] "~
X-Phos NaOtBu  toluene 11 81
RuPhos  NaOtBu  toluene 9:1 90

RuPhos  LiOtBu toluene 19:1 100
RuPhos  LiOtBu PhCF, >25:1 100

SN -
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R ?‘\s’? R’ R . 2
NN L riom Smol%RuPhos _  R.,-S\ R
‘\l LIOtBu, PhCF 5 \_&
| 1 100 °C , R

Entry R R' R’ Product  Yield [%]™

1 Bn Bn p-Me-CH, 2¢ 85

2 Bn Bn p-NC-CH, 2a 90

3 Bn Bn p-MeO-CH, 2d 90

4 Bn Bn o-Me-C.H, 2e 85

5 Bn Bn 1-cyclohexenyl 2f 87

6 Bn Bn (E)-1-decenyl © 2g 80"

7 Me Bn p-C-CH, 2h 79

= Bn PMB  p-Me-CH, 2i 90

9 Bn Me m-F,C-CH, 2j 86
10 Bn t8Bu p-MeO-CH, 2k 92
n Bn PMP Ph 21 90

0 X

12 Me  Bn <oﬁ 2m 84
13 Bu Bn m-F,C-CH, 2n 8g™
14 - allyl Ph 20 51¢
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Y gn Ph-X 0\\ 0 0, ,,o Y
SN 4 mol % [P} Bn- > N-Bn Bn\N “N-8n ey oy
H 10 mol % ugana
5 ‘S ”»—m \
100 ’C
T e e e
: Cy,P OPr Cy:P Pr Cy® NMe, MeO Cy.P Pr
T — e A oo S R s

Entry X Ligand M  Solvent  15/19°% (15+19)/3 b o

1 OTf RuPhos Li PhCF, >20:1 99:1

2 OTf  RuPhos Na toluene 7:1 9467

3 OTf X-Phos Na toluene 1.7  72:28¢

4 OTf X-Phos Li dioxane 1:10 60:40

5 OTf X-Phos Li PhCF, 10:1 93:7

6 Br  X-Phos Na toluene 1:4 70:30“

7 Br RuPhos Na toluene 1:1 60:40

8 Br RuPhos Na toluene 111 60:40

9 Br RuPhos Na PhCF, 10:1 93:7
10 Br X-Phos Na PhCF; 11 60:40
n Br BrettPhos Na PhCF, 10:1 98:2
12 Br C-Phos Na PhCF, >20:1 99:1

James Johnson @ Wipf Group
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Bn.,, ‘\ ” 2mol % Pd(OAcy, P
ﬂ 5mol % X-Phos _ BA~NT N-BR (5,
LiOtBu, PhCF4 ON
100 °C ‘
83%, >20:1d.r. 8
o\\ //o o‘\ ,o
Bn. .S. _Bn 2 mol % Pd(OAc), s
NN Bn~p > N-BN
N 4 pnop _ Smol%CPhos -
Y 9 LiOfBu, PhCF3, 100 °C 10\—7K’Ph
96%
QP
Bn. .S. .Bn 2 mol % Pd(OAc),
Jl) 11 LiOtBu, PhCF,, 100°C ~ Product
Ph
0\ /o Bﬂ‘ 9
Bn. .S, .Bn 2 mol % Pd(OAc), N-$=
NN s phorr _7SmOl%CPhos I N-g,
@ LiOtBu, PhCF3, 100 °C
12 67%, >20:1 dr. on 13
N\, 0. 0
Bn\N,S\N,Bn 2 mol % Pd(OAc), “s”
H 4+ phoTs 5mol % RuPhos  BN~N"""N-BN
‘) LiOtBu, PhCF3, 100 °C e
o~ 14 75%, >20:1 d.r. 54
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Syn vs Anti-aminopalladation

PhBr
Q Pd(OACc), (2 mol%)
Bn N,‘S//O X-Phos(5 mol%)
N-Bn _ NaOtBu h
\\L toluene, 100 °C
Ph 47%, 4:1 dr
D
Syn-aminopalladation
2 L,Pd(0) Ar-Br
. >/ X
Bn\N’S‘N—Bn
PdL, LyPd_
HB "HA \Ar
Bn~N’ :N’B" NaOtBu
Pd L,
tBuOH, NaBr

Mechanism highly solvent and ligand dependent

James Johnson @ Wipf Group
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PhBr
Pd(OACc), (2 mol%)
Q\ /,O C-Phos(5 mol%) Q\ 0
-S BN NaOtBu Bn,  s®
N" "N N~
H > N—Bn
PhCF3, 100 °C
| 90%, >20:1 dr
""'Ph
D . . D
Anti-aminopalladation
O\\ /O
Bn- 8L -Bn
N ) L,Pd(0) Ar-OTf
YPh
15 4
0.0
Bn\N’S\N—Bn
\_g L,Pd—Ar OTf_
+Pd L
18 D Ar 16
S o
LIOTS P ot~ o\ L .
tBUOH Bn-n-T N-BD NI Vi
H b
L,pd" ) \E
LiOtBu Ar P 17 p~ 14

Chem. Eur. J. 2014, 20, 8782 — 8790
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Title Paper

Ar-Br
Pd,(dba)z (1 mol%) ')
o, O (S)-Siphos-PE (5 mol%) t-Bu_ \\S//O
t-Bu. .S. _Bn NaOtBu N

N N . N—Bn
H xylenes
‘ 120 °C, 18 h Ar
D

Syn-aminopalladation

Chem. Eur. J. 2016, 22, 5919 — 5922
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Optimization of Protecting Groups
0.0 Bu—_ )6 Q.0

g R1_, -« _R2
R“N'S‘N'Rz [Pd;(dba);] (1 mol %) NN
\_{ (S)-Siphos-PE (5 mol %) _ \—\_O By
dad N NaO'Bu, xylenes, 120 °C 2a-i

Entry R’ R? (substrate) Yield [%]™ e.r.l
1 tBu CH.-p-OMe (1a) 47 (2a) 78:22
2 tBu CH.pCl(1b) 11 (2b) 73:27
3 tBu Bn (1¢) 70 (2¢) 93:7
4 tBu p-MeO-Bn (1d) 77 (2d) 919
5 tBu m-MeO-Bn (1e) 60 (2e) 91:9
6 Bn Bh(1f) 0(2f) -

7 CsH.-p-OMe Bn (19) 0(2g) -

8 CiH.-p-Cl Bn (1h) 0(2h) -

9 Ph,CH Bn (1) 0 (21 -
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Reaction Scope

' rd ~
Bu\N

\_\Q

1c

\\ o

t- BU\N/ \

\ s

/S\ \
t-Bu\N N/Bn t-Bu

Lo Lo oo

85% (95:5 er)

96% (93:7 er) Br 95% (94:6 er)

| 75% (75 25 er)

X
X

o0

\\ o

tBU\N’ N ’Bn

o,

74% (90:10 er)

N

t_Bu\N/S\N,Bn t+-Bu~

@)

74% (92:8er) O

o0

N

-S.
t'BU\N N’Bn

N

N
tBu~ NN Bn

21% (62:38 er)
FsC

58% (68:32 er)
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[Pdy(dba)s] (1 mol %)
(S)-Siphos-PE (5 mol %)

\ /s

t LS.

\\ 7

o)

NaO'Bu, xylenes, 120 °C

3a-n R

o 0

\\ %

t- BU\N’ \

o0

2

°S.
t'BU\N N’Bn

\WOMG
75% (966 er)

89% (94:6 er) ° OMe

0

\\ G )

tBU\ tBU\N’S\N/Bn

%@%@%

\\ o

77% (88:12 er) 69% (90:10 er) 72% (92:8 er) lgln
2 N
.S,
t_Bu\N/S\N/Bn t'BU\N N’Bn
\ N\ OMe
34% (95:5 er) 44% (94:6 er)
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Anti-aminopalladation

O O

7 0\ O
Bﬂ\ ,S\ ) Bl'l 2 mol % pd‘OAC)z Bn :S/: o
H + Ph-OTf 5 mol % C-Phos "N N7
\( 9 LiOfBu, PhCF3, 100 °C 10\_71\,%
96%
Syn-aminopalladation
'Bu—©—er
O\\S/P [Pd,(dba)s] (1 mol %) Q.0
Bu~\""'N-BN  (S)-Siphos-PE (5mol %)  Bu~pSi-Bn (1)
H
2 x = ~ 'BU
NaO'Bu, xylenes, 135 °C R
4a-b: R = Me, Ph 5 Not Observed

e Olefin substitution not tolerated
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Deuterium Labeling Studies
o\\soo R—@—Br 'Bu\N?\\S,? _Bn

l rd N -
Bu~N""N-B" g, (dba)s] (1 mol %) N

H (S)-Siphos-PE (5 mol %) \—S_O,R
\ 5 NaO'Bu, xylenes, 120 °C

8 9a-d ° M
Entry R Yield [%]® d.r.© e.r.
1 tBu 58 (9a) 17:1 94:6
2 H 67 (9b) 8:1 95:5
3 Ph 65 (9¢) 9:1 92:8
4a CF, 58 (9d) 7:1 88:12
4b'® 78 (9d) 5:1 89:11

« EWD groups decrease dr
« anti-aminopalladation pathway
» Addition of water (4b) improved yield.
* No effect on drorer
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Deprotection

0O 0O
\/ ) //
'BU‘N:S/‘N’Bn TFAhexanes (1:1) NON-BY (2)
\—K_ it, 24 h \_\,
3a Ph 6 Ph
93.7 e.r. 98% yield (93:7 e.r.)
O\\ ,9 Bn
‘Bu ~N" O N-Bn HBr/phenol _ HzN\_H{ (3)
ab \—&_ 130 °C, 24 h : CeHep-Ph
CGH4p-Ph .
946 e.r. 85% vyield (946 e.r.)
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Q0 [Pd;(dba)s] (1 mol %) O\\S,P
t .S, _Si g t .S,
Bu~y N/Bn b m (S)-Siphos-PE (5 mol %) B“‘N N/Bn
\—\Q NaO'Bu, xylenes, 120 °C
1c 3a-n R

- Developed enantioselective Pd-catalyzed alkene
carboamination with good to high enantio selectivity

- Example of controlling syn vs anti-aminopalladation

- Expansion to intermolecular variant?

James Johnson @ Wipf Group Page 19 of 19 3/4/2017





