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General procedure

All reactions and manipulations involving air- and/or moisture-sensitive
compounds were carried out using standard Schlenk technique under nitrogen. NMR
spectra were recorded on a BRUKER DRX 400 MHz or Varian INOVA 400 MHz (*H
400 MHz; *3C 100 MHz; 3'P 162 MHz) spectrometers. Chemical shifts are reported in
ppm relative to TMS. Elemental analyses were obtained on an Elementar Vario El
anayzer. High-resolution mass spectra (HRMS, ESI) were obtained on a Micromass
Q-Tof Micro (Micromass Inc., Manchester, England). GC analyses were performed on
a BF-2002 spectrometer fitted with 50 m AT. SE-30 column. All amines, aryl
bromides and chlorides (Aldrich or Acros) were used as received. Pd(OAC),,
Pd,(dba); were purchased from Acros chemical Company. 1,4-Dioxane, toluene and
THF were distilled from sodium benzophenone ketyl under nitrogen. Anhydrous
DMF was freshly distilled from calcium hydride. KOH was ground to a fine powder
using a mortar and a pestle and dried in a vacuum oven prior to use. Cs,COgz, K,COsg,
KF, NaOBU', K3PO, and NaOH were used as received.
General Procedure for Aminations of Aryl halides. Representative Procedure: An

oven-dried round-bottom flask was cooled in vacuo, back-filled with nitrogen, and
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charged with Pd(OAC),, imidazolium salts, and NaO'Bu (were weighed in air). Then
the flask was evacuated, and back-filled with nitrogen (three times), and dioxane was
added under nitrogen. The mixture was stirred at 50 °C for 0.5 h. After cooling to
room temperature, the aryl halide and amine were added, and placed in an oil bath.
The reaction was monitored by TLC or GC. After complete consumption of starting
materials, the reaction mixture was allowed to cool to room temperature, filtered
through alayer of Celite with the aid of ethyl acetate. The filtrate was concentrated in
vacuo and the crude product was purified chromatographically and the products were

identified by *H NMR.

Cross-coupling products:

4-(4-Tolyl)morpholine® The general procedure afforded 170mg (96%) of the title
compound. *H NMR (400 MHz, CDCls): § 2.87 (s, 4H), 3.71 (s, 3H), 3.86 (s, 4H),
6.84 (d, J = 7.6Hz, 2H), 7.09 (d, J = 8.0Hz, 2H).

4-(4-M ethoxyphenyl)mor pholine® The general procedure afforded 172mg (89%) of
the title compound. *H NMR (400 MHz, CDCl3): 8 3.00 (s, 4H), 3.71 (s, 3H), 3.80 (s,
4H), 6.78-6.80 (M, 4H).

N-[4-(trifluor omethyl)phenyl]mor pholine® The general procedure afforded 201mg
(87%) of the title compound. *H NMR (400 MHz, CDCls): & 3.24 (t, J = 4.4Hz, 4H),
3.87 (t, J = 4.4Hz, 4H), 6.93 (d, J = 8.4Hz, 2H), 7.50 (d, J = 8.4Hz, 2H).
N-(2-Pyridyl)mor pholine® The general procedure afforded 154mg (94%) of the title
compound. *H NMR (400 MHz, CDCl3): § 3.46 (t, J = 5.2Hz, 4H), 3.78 (t, J = 4.8Hz,
4H), 6.59-6.64 (m, 2H), 7.44-7.48 (m, 1H), 8.18-8.19 (m, 1H).

N-(2-M ethylphenyl)mor pholine® The general procedure afforded 165mg (93%) of
the title compound. *H NMR (400 MHz, CDCls): § 2.30 (s, 3H), 2.88 (t, J = 4.8Hz,
4H), 3.82 (t, J = 4.8Hz, 4H), 6.98-7.01 (m, 2H), 7.14-7.18 (m, 2H).

N-(4-M ethylphenyl)phenylamine® The genera procedure afforded 106mg (58%) of
the title compound. *H NMR (400 MHz, CDCls): § 2.29 (s, 3H), 5.57 (br, 1H), 6.87 (t,
J=7.2Hz, 1H), 6.98-7.08 (m, 6H), 7.22 (t, J = 7.6Hz, 2H).

N-phenyl-morpholine’” The general procedure afforded 156mg (96%) of the title
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compound. *H NMR (400 MHz, CDCls): & 3.10 (t, J = 5.2Hz, 4H), 3.80 (t, J = 4.8Hz,
4H), 6.81-6.87 (m, 2H), 7.19-7.24 (m, 2H).

N-Hexyl-4-methylaniline” The general procedure in argon afforded 159mg (83%) of
the title compound. *H NMR (400 MHz, CDCl5): § 0.90 (t, J = 6.4Hz, 3H), 1.26-1.42
(m, 6H), 1.60-1.66 (M, 2H), 2.10 (s, 3H), 3.12 (t, J = 7.2Hz, 2H), 6.58-6.64 (dd, J, =
7.8Hz, J, = 10.0Hz, 1H), 7.02 (d, J = 7.2Hz, 1H), 7.10 (t, J = 7.6Hz, 1H).
N,N-Dibutyl-4-methylbenzenamine’ The general procedure afforded 202mg (92%)
of the title compound. 'H NMR (400 MHz, CDCls): § 0.84 (t, J = 7.6Hz, 6H),
1.21-1.26 (m, 4H), 1.41-1.48 (m, 4H), 2.13 (s, 2H), 3.12 (t, J = 7.6Hz, 4H), 6.48 (d, J
= 8.0Hz, 2H), 6.91 (d, J = 8.4Hz, 2H).

N-(2-M ethoxyphenyl)mor pholine’” The general procedure afforded 169mg (90%) of
the title compound. *H NMR (400 MHz, CDCl3): § 3.08 (s, 4H), 3.87-3.90 (m, 7H),
6.87-7.02 (m, 4H).

N-(4-M ethylphenyl)piperidine’ The general procedure afforded 163mg (93%) of the
title compound.

N-(2,6-Dimethylphenyl)mor pholine’ The general procedure afforded 138mg (72%)
of the title compound. *H NMR (400 MHz, CDCls): § 2.85 (d, J = 3.2Hz, 6H), 2.86 (t,
J = 4.8Hz, 4H), 3.82 (t, J = 4.8Hz, 4H), 6.90-7.00 (m,3H).

N-Hexyl-2-methylaniline’ The general procedure afforded 170mg (89%) of the title
compound. *H NMR (400 MHz, CDCl3): § 0.87-0.91 (m, 3H), 1.26-1.43 (m, 6H),
1.58-1.65 (m, 2H), 3.23 (m, 2H), 4.6 (br, 1H), 6.36 (d, J = 8.4Hz, 1H), 6.54 (dd, J; =
1.2Hz, J, = 5.6Hz, 1H), 7.38-7.42 (m, 1H), 8.06 (d, J = 5.2Hz, 1H).
4-(4-1midazol-1-yl-3,5-dimethylphenyl)mor pholine The general procedure afforded
183mg (71%) of the title compound. *H NMR (400 MHz, CDCls): § 2.00 (s, 6H),
3.20 (t, J = 4.8 Hz, 4H), 3.87 (t, J=4.8Hz, 4H), 6.66 (s, 2H), 6.90 (s, 1H), 7.24 (s,1H),
7.46 (s, 1H).
1-(4-Imidazol-1-yl-3,5-dimethylphenyl)-4-(3,5-dimethylphenyl)piperazine  The
general procedure afforded 344mg (78%) of the title compound. *H NMR (400 MHz,
CDCl3): 6 1.97 (s, 12H), 3.35 (s, 8H), 6.69 (s, 4H), 6.87 (s, 2H), 7.21 (s, 2H), 7.43 (s,
2H).
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1-(4-1midazol-1-yl-3,5-dimethylphenyl)piperazine The general procedure afforded
151mg (59%) of the title compound. *H NMR (400 MHz, CDCl3): 1.97 (s, 6H), 3.03
(t, J = 5.2Hz, 4H), 3.18 (t, J = 4.8Hz, 4H), 6.66 (s, 2H), 6.87 (s, 1H), 7.20 (s, 1H),
7.41 (s, 1H).

1,4-Di-p-tolyl-piperazine’ The general procedure afforded 234mg (88%) of the title
compound. *H NMR (400 MHz, CDCl3): § 2.28 (s, 6H), 3.29 (s, 8H), 6.91 (d, J =
8.4Hz, 4H).

References:

() Seo, H.; Kim, J. H.; Kim, B. Y.; Lee, H. J; Son, S. U.; Chung, Y. K.
Organometallics 2003, 22, 618-620.

(2) Tsuji, Y.; Huh, K. T.; Ohsugi, Y.; Watanabe, Y. J. Org. Chem. 1985, 50,
1365-1370.

(3) Old, D.W.; Walfe, J.P.; Buchwald, S.L. J. Am. Chem. Soc., 1998, 120, 9722-9723.
(4) Kamikawa, K.; Sugimoto, S.; Uemura, M. J. Org. Chem., 1998, 63, 8407-8410.
(5) Barluenga, J.; Aznar, F.; Fernandez, M. Chem. Eur. J. 1997, 3, 1629-1637.

(6) Desmarets, C.; Schneider, R.; Fort, Y. Tetrahedron Lett., 2000, 41, 2875-2879.

(7) Wolfe, J. P.; Buchwald, S. L. J. Am. Chem. Soc. 1997, 119, 6054-6058.



000 0

Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2007

e — Sl S S — _r ¥ —
\
Z
D7
Z7 N
- —
o -
a yd  wu
000° 1 suy
z N
0 34
() T ELEZ 134
LL 00" 241 st
TR wzy
052 am
o 2%
| 0ET sA
2 198§ dm
| 9° 582~ ds
| A¥1dSIO
| | uu ET
| % dp
| | u uy
u Lt
| | | SOV14
| Jum pasn jou uyeh
| soqm U PECIL
dxam g 39
Jiam g u
0 103
| & uiew 000" € 1]
| pasn jou ui 0°f d
1 204d g5 amdy
aLIIIA b sq
| ONISSID0Ud 0009 a3
| u owoy 0700001 Mg
| Lo S84p 088K du
| basp  ppitE 1
: | 00z Jup TH u3
1] | | |2 wup  9TL"66E c buys
"R R WWw W & o U up NOILISINDOY
P i b o ] 0P PLIT9-925050° N
43 2% 2L B & =0 aMdp b /5050/20IRD/ 8113
- == A A ~ @ wIH up  E£100D JUBALOS
91¢"GBE bajp 5002 52 AK  @jep
1A % D30 31dHYS
uipls  gdxa

9-925050-NF ¥52-5-Ad




Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2007

n_vaunue-u tnwous

Pulse Sequence: sZpul

rr69Z-

Fe PPhZ \\N

<

L1

\

-40 -60 -80 -100 =120 ppm

-20

60 40 20

80



Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2007

BT~ N ] 9050°L
J
S
O

et
0ET” I.E;
[CTA

150°7
S0 7—

BELLE

B
688°€
%MN
vz — —55960
hb' b - —S@et
850 p 3
595k =
ILh'p ol
£96°F
Y — ) =
& 666°C
—  100°9
2 ewg
S 8899
= 09
A ——
— IEL'9 - 586 0
T
A\
z Iylyl. ?_LE_"‘
= el —=LbL6'D
1 29071 FU.GE
o T
— 080l — R0t
P02 L —§oe0°7 -
S0E°L
12€°L
9gEL
£8E°L
L8°L
€0y L
0w N/»
£2h'L @
Fe Pphz\\N
@ I” )7
L2 —
RRC T —— St —_LI00°1
wdd TeIbaIuE

T L B

3

LI B B B B

T
4

T
J

6

LI N

R BLELIRE I e i
8

9

UL L B R

ppn




Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2007

LkL 25
BZZ 98
BZE"9S
BLO"0

202" 0L

.....,..
40

L

Tn
6U

9067 0L
LBY 2L

ZBS79L
668°9L
LIZ7LL
EdL Ga

SN

=
o
b6 &LL:
8 €94 GLL
— Qi ELL
- L 82l
—F el iiﬁi&'
D 185" BZL—\=
; 266" IEL
= US' i~
% AL BEL
GEL' BEL
- Lb6” BEL
= 188 SEL
— 098" GEL
NG
Fe PPhy
L2
udd

100 80

L B B e B

120

T
140

T O e



Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2007

204" kE
P
—
oo
=
o2
=]
-
N
0
[ )
_—
-_—
oy
.
N/§
Fe PPh2 @N
C I” )J
L2
-




Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2007

000 056
{11 JRS——
2908
+S3SWH0L°L

006 0S8

008

0SL

00L

0s9

009

056 005 0S¥

0641605 £84L'S0S

£591°805

9r9L'L0S

LEBO L6E

N
PPhy | =
L2

Fe

00 0Se€ 00€ 0SZ€ 002 OSL

t D\O

Lool

(59:1) wo (00'0%'L) 9s '(00°0F'L) 9S (00°1x2 'uW) WS (0L ST'00°L'ZE¥LS'0°00054Y ‘¥'dol) WY (¢EL°0) ¥ 00LLLOSO

L-Zl-L-Ad



Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2007

100005t 000000F 00000S€

d

a4 ZN

000000€

Z/w i v TP
00000041405

¥980'8

L abed

Z N
- N
o -
o
(B}
LL
ZEH QED 1 S'a1 £ 1~ L0~ £S9T°LOS 9F91°LOS
eTWIO] al00g q8d Hdd W S5BW "OTED SERH
0709 0°'s 0002 SWOWTRER
S 1- SUNWTUTR
0000052 0000002 0000051 0000001 000005
A i I 0
06.1°605
€591'805
%

+S3SW 401 L
V2i-ihd

(ssew yoes 1o} s)nsal }15250|0 9 0} dn) SHWI| UM S)NSSI | YIm pajenjeas (8)ejnwuo) /S
SUO| UOKO3|T UBAT PUE PPO 'sse oidojosiouop

%0 | = @ouepunqy ('} = uoieledag :s1ajowesed Jsjsnjo adojos|

009 =Xew 'G'L-=ulw 390 / WNdd 0'G = 82UBIS|0]
sisAjeuy sseyy @|6uig

Hoday uonisodwo) |ejuawall




Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2007

1H NMR (r1-36 in QDCl3)
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31 P NMR (-1-36 in QPC13)
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1H-NMR (-1-40 in QpCl3)
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13C NMR (-1-40 in CDC13)

[AXNRY
e
LB

Lgn”

(A
AN
994"
CrAN
180"
A7
684"
G00
4
LGE

0ze’
=0
9Le”
98- 143
#LZ BEL
‘BT

Bl

€GE

“TEL
"ZET
LLg”

06l

T

60 —
GE

N

A2

1
04
oL
oL
7
iL
9L
LL
LL

n

S

LLL
338
LEt

BEL

e

S\\

PEL

~

Fe

PPh, |

L4

®

4
;}j




Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2007

in CDC13)

31P NMR (-1-40
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1H NMR (PY-01-11 in CDC13)
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13C NMR (YP-01-11 in CDCl3)
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31P NMR (PY-01-11 in CDCl3)
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Pulse Sequence:

LpE”
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96"
gvE"
LZE"
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£EE°
zoe”
£zZp°
285"
2LL
agy*
161"
bE9”
900"
zzb"
125°
251"
s9z°
SEP”
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990"
z9€°

-1

Zb

T
921
LET
£21

LT —— S

221
[Tite
08T\
1e1—)
PET s
PET—,
SET
SET
LET—/
LET
851 —"/
gET—

a5t S S

ppm

180 160 140 120 100 80 60 a0 20
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Fe " N

Ph Pd-<
/
cl Cl

Pulse Sequence: sZpul

PHOSPHORUS OBSERVE
051206-36 yhw

aN,

-W'IWWMJHWMJN*MFWPMM*W\%'WWW M\«Wﬁﬁmﬁﬁﬁmmwwmﬁuw? eI e WA PR &gyrw\m\

ppm

=80

=60
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40

60
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Pulse Sequence:

e
BIS”

psT”

566"
818"
pSE”
L6k°
119°
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0zs’
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925"
L19°
9LE7
06L”
Z0L”
9LE”
EZ6”
5227

962"
zna’

26

ppm

20

a0

60

80

100

120

140

160



Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2007

viate

051123-18
sZpul

PHOSPHORUS OBSERVE

pPy=051123 aN
Pulse Sequence:

-200 -300 -400 -500 ppm
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