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A Concise Asymmetric Synthesis of cis-2,6-Disubstituted N-Aryl
Piperazines via Pd-Catalyzed Carboamination Reactions

Josephine S. Nakhla and John P. Wolfe*
Department of Chemistry, University of Michigan, 930 N. University Avenue, Ann Arbor,

Michigan 48109-1055

Supporting Information (continued).

'H and “C NMR spectra for new compounds in Schemes 2-3 and Tables 1-2
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Data: C:\CLASS-VP\Enterprise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVII-198-2-rac-janl807-3.dat

|
|
1000 | - 1000
i
8 ( 2
|
ol — 0
10 1% l; 15 T 14 15
Minutes
OD-H
0.5% IPA/Hex
0.5 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
10.908 24925024 49.652
12,383 252740132 50,348
Totals
50199037 100.000
eh
N
Bn
1a
(Racemic)
OD-H
0.5% TPA/Hex

0.5 ml/min
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Data: C:\CLASS-VP\Enterprise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVIII-35-2-chiralpure.dat

2000 - 2000
i 8
o S
£ 1000 1000 E
0 -0
10 1; : 12 13 14
Minutes
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
11.150 73900303 98.912
12.717 812851 1.088
Totals
- 74713164 100,000
OD-H
0.5% IPA/Hex
0.5 mL/min
?h
§§ijN:I/’\Ph
N
Bn
1a
OD-H
0.5% IPA/Hex

0.5 mL/min

S

28



29

S

ZE°9

LT

3 O ¢

zz'e ort”

L 4L

€

L

ELRL'T cue ot'e 66°1
T ET'RO0°L 00'T 86°0 LS° S
TR " e P iy
v S 9 L 8 6
PR VA | | ST L B¢ i) o N TR T T T—— |
v _‘ __,. _ ¥ i
-t - 5 .
| |
| W {
} | |1 |
! | |
|
[
|
| [
J ~ $

900Z 0T @2 :93®p UOTITSTODOY
o9e9s g ‘utm g BWTI TEIOL
9E£559 92TS LA

zy z'0 burueproxq sur
ONISSADOHd VIVa

ZHA 9092906 '66F 'IH FAYISEO
suor3Tiadex g

ZH D°B66L UIPTM

Des gpo £ swrl -boy

sesxbep p gy asTng

29 pOT 0 AmTep “x=TY

JOPE YD TN ¥ST weyd Aa,  DOS-YAONI
[BXTUYD-Z-6B1-IL[ANSL dTTI

eruxeul :zo3jmxado

arnexaduny JudTqUY

£TOP0 3UBATOS

tndzs :ecuanbsg asTng

TPITYO-Z-68I-ITANSC 9T33

uc30x3 PIFPUEIS




30

S

wdd o (174 ov 09 08 00T 0zt oVt 09T 081
Sl N A R L R IR A I L L I O U T AN T T N U0 1 U T G T S O ' S ST R L T LTI B I I B S
{ I
| 4
|
|
| |
| |
& il, 5B
2R yoo®
- 8 < © s
L S S P
[ o | o
& 8 i
[
[
, 8 i , ]
° [ | L P In
J o w LU ] | o
[ 2 L) W © 900z z oo :e3wp uoTiTSTEbOY
w Boya 3 8 o oes pz ‘utw QT dwr3 TRIOL
il ST ® 9£G59 BITS L
i @ & wn
85 8L e 2 z4 8'0 butueprozq suTT
2 ONISSEDO¥d VIVa
= 7 PpajeTnpow 9I-ZLTUM
uo Arsnonuriucs
€P € IoMog
| ZHW 796996 66£ 'IH FTANODIA
_ ZHW ZTSTILE 00T 'ETD HAWISHO
_‘. ﬁ suorjtiadex Qpp
T'zs 2SS°LT 99Z°S9OLT 0z - ZH 0 0PTIVZ W3IPTM
8'LS ST9°8T LBO°ZLST 6T Bow oes og-T earry ‘Bow
£°8Y LO0S 6T ZSS°L96T 8T Ao &
o o
0'9p LIE'PS  LEL Z9bS LT 83 khdos mo Sy SELie
9°8y ¥16°GS O9EE"E€ZIS 9T < OUs: 00T 0 AUTIP ALY
€28 ZBY LS 686°08LS ST N
38 < S68°8S TLTET6S vT
, o ok <
phe ST6°9L 0P SELL €T m m m WOPE UDTHA ' ¥ST Weud &d. 00 ‘.Sozu
€02 0£Z°LL BIT LILL (44 S £10-Z-TY-ITANSL :®TTd
8'02 ZSSLL ZEST66LL T =3 ey eul :zojexedo
v'Le 9ZZ°ETIT 9ET LBETT 0T aznjexadwel JusTqUY
V6E DEB"9TIT 689 6PLIT 6 qL £TOPO :3ULATOS
z'6Y O¥8°LIT ESE°TSETT 8
6% TST'LZT 269°LBLZT L ug ndgs :eousnbes esTnd
8111 0TP 8ZT POV PI6ZT 9 i
V66 L8T 62T E6V°266ZT s N €I0-Z-TP—IIANSL :®OTTJ
0°921 OLE'6ZT T16°0TOET v
6° 1Y E96°SET 9E6 ELIET £
8°LT ETL'6ET PZTT TSOVT z I
9°12 680°6FT E£60°DE6YT T d ~_,_I
IHOIEH Wad XONINTI|I XEANI r_& uogqIED PIS




S 31

Data: C:\CLASS-VP\Enterprise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVIII-1-2-rac-9.dat

200 - 200
£ 100 fio %
£ | e
0- — L - | "»0
e : . : |
300 325 350 375 400
Minutes
OD-H
0.1% IPA/Hex
0.2 mL./min
—
Detector 1 Ch2-254nm
Results
Retention Time rea Area Percent
31.083 11357604 49,845
35.008 11428075 50.155
Totals
22785679 100.000

!"h
§§ijN:r,FPr
N
1
Bn
1b
(Racemic)

OD-H
0.1% TPA/Hex
0.2 mL/min




Data: C:\CLASS-VP\Enterprise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVIII-1-2-chiral-2-diltuted-2,dat

8

|
| 400
3 1
4 i
: = mo £
O? — Lo
- TRy < § -
30 32 34 K" 38 40
Minutes
OD-H
0.1% IPA/Hex
0.2 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
31.050 11634 0.038
35.175 30236856 99,962
Totals
30248590 100.000

Ph
\CN], i-Pr

Ly

Bn

1b

OD-H
0.1% IPA/Hex
0.2 mI/min
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Data: C:\CLASS-VP\Enterprise\Projects\Default\Data\Nakhla Data\New

Folder\JSNVII1-99-2-racADO. TmLperpen—2.dat

150 |-150
}
» 100 k100,
2 <
M €
50 50
\
0 0
225 250 zis 300 325 35.0
Minutes
AD
0.7% IPA/Hex
1 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
24.842 1292828% 50.085
28.825 12879138 49.905
Totals
25807424 100.000

CegH4p-CN
\CN j/\OBn

N

|

Bn

1c
(Racemic)

AD

0.7% IPA/Hex

1 mL/min

S
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Data: C:\CLASS-VP\Enterprise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVITI-98-2-2-racADO.7pelmlpermin2.dat

300 300
200 - 200
2
100 100
[} 0
225 77725'70 - 27:.5 300 325
Mmnutes.
AD
0.7% IPA/Hex
1 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
24,750 24428409 99,251
28.100 184284 0.749
‘ Totals
| 240612093 100.000
\
|
\
CsH4p-CN
HN
ﬁ\ j/\osn
‘ N
|
Bn
1c
AD
0.7% IPA/Hex

1 mL/min
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Data: C:\CLASS—VP\EnteIp[ise\onjects\Default\Data\Nakh]a Data\New
Folder\JSNVIII-118-2-rac-0dH4.dat

; )
1uww 11mm
' g
3 ﬂml 50 3
E €
0 -0
— T — asa]
35 40 45 50
Minutes
OJ-H
1% IPA/Hex
0.2 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
372733 86677422 49.766
43.175 87493951 50.23
Totals

174171373' lO0.000i

(Racemic)

OJ-H
1% IPA/Hex
0.2 mL/min

S
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Data: C:\CLASS-VP\Ente

:prise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVIII-lSU-Z—c

hirale-0JdH-1per.dat

—

1mn1 1000
€ 500 800
01 0
35 . 45 50
Minutes
OJ-H
1% IPA/Hex
0.2 mL/min
Detector 1 Chz-254nm
Results
Retention Time Area Area Percent
38.708 270174 0.200
43.683 134817201 99.800
Totals
135087375 100.000

Ph
g
N
( 1d
OJ-H

1% IPA/Hex
0.2 mL/min
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T

Data: C:\CLASS-VP\Enterprise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVIII-135-2-0D18.dat

400 - - 400
2 £
200 200
0- — -0
Q é 62 é : 65
Minutes
0D
1% IPA/Hex
0.2 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
59.092 40209739 50.254
64.175 39803931 49.740
Totals
800135870 100.000
CGHM}C|
§§ijN:],’
i
CgH4p-OMe
1e
(Racemic)
oD
1% TPA/Hex

0.2 mL/min




Data: C:\CLASS-VP\Enterprise\Projects\befault\Data\Nakhla Data\New
Foldet\JSNVIII—l41—2—OD4.dat

1500 ‘| ’ 1500
| l
1000 ' 1000
£ E
0 o
e ——
58 60 62 64 66
Minutes
oD
1% IPA/Hex
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
59.142 1818825 1.085
63.375 169040764 98.935
Totals
170859589 100.000
CeHap-Cl
i
CgHap-OMe
1e
OD
1% IPA/Hex

0.2 ml/min

S
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Data: C:\CLASS~VP\Entezprise\P:ojects\Default\Data\Nakhla Data\New

Folder\JSNVII-206-2-racFebl07.dat

=

200 - 200
£ { ]
= s
= 100 100 €
0 - Lo
T T -1 T ———— -1"[
50 75 100 125 150 175
Minutes
0OJ-H
2% IPA/Hex
0.1 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
-55.425 121188913 51.231
105.233 115365813 48.769
Totals
236554526 100.000

I?h
ory”
+-Bu r;l
Bn

12
(Racemic)

OJ-H
2% IPA/Hex
0.1 mL/min

S
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S 54

Data; C:\CLASS—VP\Entezprise\P:ojects\Default\Data\Nakhla Data\New
Folder\JSNVIII-53~2—chiza1—5.dat

400‘ ) - 400
¥ ,
g :mo{1 200 §
c =
01 — —0
——e e el i
50 75 100 125 150 175
Minutes
OJ-H
2% IPA/Hex
0.1 mL/min
—_—
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
55.133 368950 0.355
101.142 6640805657 99.645

Totals
606449507 100.000

l"h
o
t-Bu rlu
Bn

12

OJ-H
2% IPA/Hex
0.1 mL/min
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Data: C:\CLASS-VP\Enterprise\Projects\Default\Data\Nakhla Data\New

Folder\JSNVIII-2-2-rac-5.dat

1000 f 1000
2
£ o 2
g E
0 — 0
T —" T T -
20 30 40 50 50
Minutes
/
0OJ-H
10% IPA/Hex
0.5 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
1852175 158185551 51.428
30.725 149403298 48.572
Totals
207588849 100.000

?h
/[:::I,A\I:N:]'Bn
MeO l:l
Bn
9
(Racemic)

0J-H
10% IPA/Hex
0.5 mL/min
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Data: C:\CLASS-VP\Enterprise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVIII-39-2-chiral-8.dat

200 200
g 100 100 i
z 3
04— ' - - -0
20 ° 40 s s 7
Minutes
0OJ-H
10% IPA/Hex
0.5 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
15.125 498271 0.398
30,500 124736349 89.602
Totals
1252348620 100.000
lf’h
oy
MeO N
|
Bn
9
0OJ-H
; 10% 1PA/Hex

0.5 mL/min
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Data: C:\CLASS-VP\Enterprise
Folder\JSNVII—ZOB—Z—rac-IZ.dat

\Projects\Default\Data\Nakhla Data\New

1500 | |- 1500
1&»‘ llooo
£ k3
E ‘ | s
500 500
|
0 —_— JLQ
e -V i .
12 14 16 18 20 22
Minutes
OD-H
5% IPA/Hex
2 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
1.400 9803826 51113
1.925 9376659 48.887
Totals
19180285 100.000

l?h
or”
f-BUOzC l}l
Bn
13
(Racemic)
~ ODH
5% IPA/Hex
2ml/min

S
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S 62

Data: C:\CLASS5-VP\Enterprise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVIII-42-2-1chiral.dat

1500 1500
1000 1000
500 TSOO
[ - — _ ! *AJO
12 14 18 18 20 22
Minutes
OD-H
5% IPA/Hex
2 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
1.400 8916087 99.285
1.942 84232 0.715

Totals
8980319 100.000

Ph

or”
-BuO,C N

[}
Bn

13
OD-H
5% TPA/Hex
2 mL/min
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Data: C:\CLASS-VP\Enterprise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVIII-66-2-mayl6071lmLpermindillhex.dat

100 - 100
5 50 50 ﬁ
0 - o
L . P )
5 7 9 10
Minutes
OD-H
100% Hex
1 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
5.250 2334202 50.007
7.842 2333531 49,993
Totals
46677232 100.000

f"h
L ™
f-BU N
Bn

14
(Racemic)

ODH

100% Hex
1 mL/min

S
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Data: C:\CLASS—VP\Enterprise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVIII-59-2-chiralhexanes.dat

1000 (’ —_— — S — 1000
|
— Lw 1
s ) s
g £
of— ——- Lo
s e R |
A B 3
Minutes
OD-H
100% Hex
I mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
6.292 92296 0.312
7.058 29526566 99.688
Totals
29618862 100.000
f’h
/@/\[Nri-Pr
t-Bu N
I
Bn
14
OD-H
100% Hex

I mL/min
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Data: C:\CLASS-VP\Enterprise\Pro
Folder\JSNVIII-67-2-rac30AD.dat

jects\Default\Data\Nakhla Data\New

500 4 | 500
8 $
E 250 250 E
|
0 L [o
40 45 55 55 60
Minutes
AD
5% IPA/Hex
0.9 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
4.308 8690072 50.871
5.058 8392403 49.129
Totals
17082475 106.000

l|=’h
N], Pr
MeO ,?‘
Bn .

15
(Racemic)

AD
5% IPA/Hex
0.9 mL/min

S
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Data: C:\CLASS~VP\Enterpzise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVIII—Sl—Z—chizal—feb1307dilz.dat

lswlki AiLl&n
1000 ‘ 1000
3 ' 3
1 | z
500 ‘ - 500
| |
o — - —to
= — —_— |
40 45 50 5.5 6.0
Minutes
AD
5% IPA/Hex
0.9 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
4.217 23659024 99.580
5.775 99800 0.420

' Totals

23758824] 100,000

I:’h
"
MeO fl\l
Bn

15

AD
5% TPA/Hex
0.9 mL/min
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Data: C:\CLASS-VP\Enterprise\Projects\Default\Data\Nakhla Data\New

Folder\JSNVIII-108-2AD2.dat

| mL/min

1000 - 1000
{
500 500 E
|
TT—— — f— —t— ot i)\ B ] I
5 [} 7 8 £l 10
Minutes
AD
10% IPA/Hex
1 mL/min
—
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
5,208 5057835 48.760
7.192 5313778 51.234
Totals
10371813 100.000
CsHap-CN
N
LI e
Me N
)
Bn
16
(Racemic)
AD
10% TPA/Hex

S
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Data: C:\CLASS-VP\Enterprise\Pro
Folder\JSNVIII-105-2AD.dat

jects\Default\Data\Nakhla Data\New

axm! 3000
1
2000 2000
£ 2
£ :
1000 1000
o —_ — 0
!|’i' . T e — —— A R
50 55 60 65 7.0 7.5
Minutes
AD
10% IPA/Hex
1 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
5.317 18510652 98.501
7.408 241039 1.439
Totals
18751691 100,000
CGng'CN
1

IGAG A,
Me r;l
Bn

16

AD
10% IPA/Hex
1 mL/min
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Data: C:\CLASS-VP\Enterprise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVIII-108-2-AD.dat

400
% 200 -| - 200 %
0- — ——10
s & 1
Minutes
AD
10% IPA/Hex
1 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
5.983 8965137 50,378
8.508 6850614 49.822
Totals
13825751 100.000
C6H4P'CN
1
N
i g
FsC N =
Bn
17
(Racemic)
I
AD
10% IPA/Hex

I mL/min

S
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Data: C:\CLASS-VP\Enterprise\Projects\Default\Data\Nakhla Data\New

Folder\JSNVIII-106-2-AD.dat

400 - 400
£ w0 200 3
€ E
01 = | — to
e s 10 12
Minutes
AD
10% IPA/Hex
I mL/min
—
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
5,992 7074984 S98.686
8.675 22274 0.314
Totals
7097268 100.000
U
N
PGS
FaC N
|
Bn
17
AD
10% IPA/Hex

1 mL/min
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Data: C:\CLASS-VP\Enterprise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVIII-127-2-rachexODH3.dat

150 4 150
a 100 - 100
§ g
e =
50 50
0 — - 0
150 175 200 25 250 275
Minutes
OD-H
100% Hex
1 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
16.600 13692114 49,687
21.708 12864520 50.312
Totals
275560634 100.000
l?h
or-
MeO r:l
Allyl
18
(Racemic)
OD-H
100% Hex

I mL/min

S

89
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Data: C:\CLASS-VP\Ente:prise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVIII-152-2-CDHhexanes.dat

75 75
50 - 50
2 E
$ 3
c ) =
25- -25
0 -0
15 20 25 30
Minutes
OD-H
100% Hex
1 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
19.750 30013 0.351
22.392 8511817 99.649

Totals
85418320 100,000

ll=h
e
MeO N

Allyl
18

OD-H
100% Hex
1 mL/min
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Data: C:\CLASS—VP\Entexprise\Projects\Default\Data\Nakhla Data\New
Folder\JSNVIII-139-2-ODH4a.dat

|
Zwi Ezm
g -
€ 100 - 100 E
0 - - 0
_an roome = T — < T T —— “]
9 10 1 12
Minules
OD-H
1% IPA/Hex
0.5 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
9.375 5279371 52.511
10.817 4774524 47.489
Totals
10053895 100.000
CsH4P‘C|
1
SAGE
N
CGH4P'OM9
19
(Racemic)
OD-H
1% IPA/Hex

0.5 ml/min




Data: C:\CLASS-VP\Enter

prise\Projects\Default\Data\Nakhla Data\New

Folder\JSNVIII-146-2.dat

1500 I / 1500
, 1000 (1mn -
¢ g
€ €
ﬂnl 500
| =2
79 - 4:; e 47& . 72
Minutes
OD-H
1% IPA/Hex
0.5 mL/min
Detector 1 Ch2-254nm
Results
Retention Time Area Area Percent
9.287 37419978 99.808
10.300 71948 0.182
Totals
37491927 100.000
CGH4P'C|
1
o
i
CgHyp-OMe
19
OD-H
1% IPA/Hex
0.5 mL/min

S
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