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The analytical data of 4-(tert-butyl)phenyl methanesulfonate are as
follows mp = 53-54 °C; 'H NMR (600 MHz, CDCl,) &: 1.32 (s, 9 H),
312 (s, 3 H), 7.20 (d, ] = 8.1 Hz, 2 H), 7.42 (d, ] = 8.1 Hz, 2 H); 3C NMR
(150 MHz, CDCl,) 6: 31.5, 34.8, 37.3, 121.5, 127.1, 147.1, 150.7; MS (EI):
m/z (relative intensity) 228 (M*, 16), 213 (100), 135 (70), 91 (41), 79 (47);
HRMS calcd. for C;H;,0,5": 228.0820, found 228.0811; Anal. calcd for
C;;H,,OsS: C,57.87; H,7.06; S, 14.04. Found: C, 57.86; H, 6.93; S, 13.88.
The resealable Schlenk flask used by the checkers was tailor-made with
a Rotaflo stopcock and a 250-300-mL round-bottomed flask. The key
bore of the Rotaflo stopcock was 10-mm. In order to have effective
stirring during the reaction, Teflon-coated magnetic stirbar (cylindrical,
45 mm x 7 mm) was chosen. The resealable Schlenk flask used by the
submitters was tailor-made with a Rotaflo stopcock and a 250-mL,
round-bottomed flask. The key bore of the Rotaflo stopcock was 10-mm.
In order to have effective stirring during reaction, Teflon-coated
magnetic stirbar (cylindrical, 50 mm x 8 mm) was chosen. Photographs
of the Schlenk flasks are shown below.

Checker’s flask Submitter’s flask
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Palladium(II) acetate (=99.9% trace metals basis) was obtained from
Aldrich Co., Inc., and used as received.

CM-Phos (98%) is available commercially from Strem Chemical, Co.
and can be used for the reaction described above. The checkers used
material produced in their laboratory based on a procedure that has
been submitted for checking by Organic Syntheses.

The checkers used dichloromethane (anhydrous) as received from
KANTO CHEMICAL Co., Inc. The submitters used dichloromethane
(GR Grade) obtained from DUKSAN, and the solvent was distilled from
calcium hydride under nitrogen prior to use.

Triethylamine (299.5%) was obtained from Aldrich Co. Inc., and
distilled from potassium hydroxide under nitrogen prior to use.
Potassium carbonate (ACS reagent, =99.0%) was obtained from Aldrich
Co., Inc., and used as received.

Two equiv of phenylboronic acid were used in order to obtain the
desired yield of the coupling reaction. The checkers used phenylboronic
acid from Aldrich Co., Inc., and the submitters used phenylboronic acid
from Soochiral Chemical Science & Technology Co., Ltd. Phenylboronic
acid was recrystallized from dichloromethane and hexane prior to use.
N-Methylaniline (98%) was obtained from Aldrich Co., Inc, and
distilled under nitrogen.

tert-Butyl alcohol (ACS reagent, =99.0%) was obtained from Aldrich Co.,
Inc., and distilled from sodium under nitrogen.

The oil bath temperature was higher when run on a large scale than
previously published examples because of the lower internal
temperature of the large-scale reactions. A blast shield was used since
the boiling point of tert-butyl alcohol is 82 °C and the reaction was run
at 120 °C under a closed system.

Reaction times are longer when run on a large scale than the previously
published reaction times for smaller scale reactions. Efficient stirring is
very important for these large-scale reactions, otherwise, very sticky
and glutinous reaction mixtures form, and lower product yields are
obtained.

The analytical data of 4-(tert-butyl)-N-methyl-N-phenylaniline are as
follows: '"H NMR (600 MHz, CDCl,) 8: 1.32 (s, 9 H), 3.30 (s, 3 H), 6.89 (t,
J=78 Hz 1 H), 697 (d, | = 7.8 Hz, 2 H), 7.00 (brd, [ = 8.7 Hz, 2 H),
7.24 (brt, 7.8 Hz, 2 H), 7.30 (brd, | = 8.7 Hz, 2 H); ®C NMR (150 MHz,
CDCl,) 6: 31.6, 34.4, 40.4, 119.1, 120.4, 121.4, 126.2, 129.2, 145.0, 146.5,
149.4; MS (EI): m/z (relative intensity) 239 (M, 31), 224 (100); HRMS
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calcd. for C;;H,,NH": 240.1752, found 240.1743; Anal. calcd for C,;H,;N:
C, 85.30; H, 8.84; N, 5.85. Found: C, 85.21; H, 8.59; N, 5.92. R; = 0.5, in
dichloromethane-hexane (1:19) solvent system.

22. The checkers used potassium phosphate as received from Aldrich Co.,
Inc. The submitters use potassium phosphate (97%) as obtained from
Strem Chemicals, Inc.

23. The analytical data of 4-(tert-butyl)-1,1'-biphenyl are as follows: mp =
47-49 °C."H NMR (600 MHz, CDCl,) 8: 1.36 (s, 9 H), 7.32 (t, | = 7.2 Hz,
1H),742(, J=72Hz 2H),746(d, ]=84Hz, 2 H),7.54 (d, ] = 8.4 Hz,
2 H), 759 (d, ] = 7.2 Hz, 2 H); ®C NMR (150 MHz, CDCl,) §: 31.5, 34.7,
1259, 126.9, 127.12, 127.17, 128.8, 138.5, 141.2, 150.4; MS (EI): m/z
(relative intensity) 210 (M", 34), 195 (100), 167 (25); HRMS calcd. for
CiHis': 210.1409, found 210.1402; Anal. calcd for C;H;s: C, 91.37; H,
8.63. Found: C, 91.06; H, 8.47. R; = 0.3, in hexane solvent system.

Working with Hazardous Chemicals

The procedures in Organic Syntheses are intended for use only by
persons with proper training in experimental organic chemistry. All
hazardous materials should be handled using the standard procedures for
work with chemicals described in references such as "Prudent Practices in
the Laboratory" (The National Academies Press, Washington, D.C., 2011;
the full text can be  accessed free of charge at
http:/ /www.nap.edu/catalog.php?record id=12654). All chemical waste
should be disposed of in accordance with local regulations. For general
guidelines for the management of chemical waste, see Chapter 8 of Prudent
Practices.

In some articles in Organic Syntheses, chemical-specific hazards are
highlighted in red “Caution Notes” within a procedure. It is important to
recognize that the absence of a caution note does not imply that no
significant hazards are associated with the chemicals involved in that
procedure. Prior to performing a reaction, a thorough risk assessment
should be carried out that includes a review of the potential hazards
associated with each chemical and experimental operation on the scale that
is planned for the procedure. Guidelines for carrying out a risk assessment
and for analyzing the hazards associated with chemicals can be found in
Chapter 4 of Prudent Practices.
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The procedures described in Organic Syntheses are provided as
published and are conducted at one's own risk. Organic Syntheses, Inc., its
Editors, and its Board of Directors do not warrant or guarantee the safety of
individuals using these procedures and hereby disclaim any liability for any
injuries or damages claimed to have resulted from or related in any way to
the procedures herein.

Discussion

Palladium-catalyzed cross-coupling reactions have become an
extremely versatile tool in organic synthesis for the construction of carbon-
carbon as well as carbon-heteroatom bonds.” Notably, it evolves into a
synthetically attractive transformation in targeting pharmaceutically useful
intermediates.’ In particular, the Buchwald-Hartwig amination and Suzuki-
Miyaura cross-coupling reaction represent an effective method for the
construction of C(sp’)-N and C(sp?)-C(sp’) linkages, respectively.

In 2008, we reported the synthesis and applications of CM-phos,* which
showed excellent catalytic activities towards the first palladium-catalyzed
amination and Suzuki coupling reaction of aryl mesylates. Aryl mesylates
can be easily accessed from phenols, owing to their lower molecular mass,
and cross-coupling reactions utilizing these reagents have the advantage of
higher atom economy than those employing the corresponding aryl
tosylates.” However, their relatively inert leaving-group activity, with
respect to tosylates, has limited their applications in coupling reactions.
Thus, this area remains highly challenging as mesylates are regarded as the
least active sulfonate leaving group.

The examples described here demonstrate that a variety of aryl
mesylates with differing substitution patterns, electronic properties, and
functional groups can be coupled with differing amines and arylboronic
acids in high yield on large scale up to 40 mmol (Tables 1 and 2).

As shown in Tables 3 to 6, the Pd(OAc),/ CM-phos catalyst is highly
effective for both amination and Suzuki coupling reactions of aryl
mesylates. The examples showed that the catalytic system is applicable to
couple a range of aryl/heteroaryl mesylate substrates with amine and
arylboronic acid nucleophiles in high yield with low to moderate levels of
catalyst loading (0.5-4 mol% Pd). Notably, the reactions require no special
techniques and are amenable to large-scale synthesis.
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Table 1. Palladium-catalyzed amination of aryl mesylates with amines or N-
heterocycles on large scalel?!

3 CyZP
R HII\I'RZ Pd(OAc),/CM-phos O\ i
~F Ot Rs Re |
K,CO3, £BUOH, 110 °C 3

OMs or N-Heterocycle

CM phos
Entry ArOMs Amine or N-heterocycle Product Pd (mol%) Time (h) Yield (%)®!
FBU_ +Bu
10 | Me.. 1 24 72
Z>oMs N Ne
NC N NC
2 | Me\N 1 24 83
& OMs H R‘/Ie

tBu
N s
3 | @ 1 24 74
& OMs \ N
-

[a] Reaction condtions: ArOMs (40 mmol), amine or N-heterocycle (60 mmol), K,CO3 (100 mmol),
Pd(OAc),:CM-phos = 1:4 (mol% as indicated), PhB(OH), (0.8 mmol), -BuOH (160 mL), at 110 °C under N, for
indicated period of time. [b] Yields of isolated product. [c] ArOMs (35 mmol), amine (52.5 mmol), K,CO3 (87.5
mmol), Pd(OAc),:CM-phos = 1:4 (mol% as indicated), PhB(OH), (0.7 mmol), -BuOH (140 mL), at 120 °C
under N, for indicated period of time.
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Table 2. Palladium-catalyzed Suzuki-Miyaura coupling of aryl/heteroaryl
mesylates with arylboronic acids on large scalel?!

T B(OH R+ N
Rie ©H2  pyoAcy/CM-phos LS
+ !
OMs K4POy, t-BUOH, 110 °C N
or Het-OMs . 1
Entry  ArOMs or Het-OMs ArB(OH), Product Pd (mol%) Time (h) Yield (%)®!
t-Bu
1 \©\ t—Bu 1 24 96
omMs (HO)B
o)
o)
2 Ph 1 12 97
(HO)B Ph
OMs
NC
omMms (HO):B
4 KD\ 7\ 1 12 95
= oms (HO)B

[a] Reaction conditions: ArOMs or Het-OMs (40 mmol), ArB(OH) , (80 mmol), K3PO, (120 mmol),
Pd(OAc),:CM-phos = 1:4 (mol% as indicated), -BuOH (180 mL), at 110 °C under N, for indicated period of
time. [b] Yields of isolated product. [c] Reaction conditions: ArOMs (35 mmol), Ar'B(OH), (70 mmol), K3PO,4
(105 mmol), Pd(OAc),:CM-phos = 1:4 (mol% as indicated), --BuOH (175 mL), at 120 °C under N, for indicated
period of time.
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Table 3. Palladium-catalyzed amination of aryl mesylates!a!

! CysP
RS R,  Pd(OAc)/CM-phos g I = | O N
10 P> HN = N’Rz ! N
R Ry | Me

+

3 K2COg3, t-BuOH, 110 °C

OM
s CM-phos
Entry ArOMs Amine Product Pd (mol%) Time (h) Yield (%)®!
t-Bu Bu
1 \©\ Ve 2 4 93
2 ~N 0.5 24 96
OMs H R‘/Ie
£Bu Me +Bu Me
3 \©\ N N 1 24 20
oM 2
s Me H Me
tB
t-Bu _Ph Y | X
4 \©\ th AN P 4 24 80
M
OMs Ph
B t-Bu
t-Bu
5 \Q HN()) \QN/\ 1 18 20
OMs K/O
+Bu N tBu
6l \©\ Q . 2 24 93
OMs Q
-Bi
t-Bu _Bn FBu | AN
7l \©\ HiY AN\ B 4 24 81
OMs Bn |
Bn

[e-]
=
[0}
O
(0]
x =
=z @
)
[0}

OMs

Me
Me
1 24 87
Me H
Me
"
O
MeO
T 2 2w
N
Me

[a] Reaction condtions: ArOMs (1.0 mmol), amine (1.5 mmol), Ko,CO3 (2.5 mmol), Pd(OAc),:CM-phos = 1:4
(mol% as indicated), PhB(OH), (0.04 mmol), -BuOH (4.0 mL), at 110 °C under N, for indicated period of time.
[b] Yields of isolated product. [c] K3PO,4 was used instead of K,COg.

N

24 85

:

OMs

OMs

>
<
@
; O
<
©
7/
Iz
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Table 4. Palladium-catalyzed N-arylation of nitrogen heterocycles with aryl
mesylates/@l
: CyaP
RS "”‘[\> PA(OAC)/CM-phos  p 1 N - ! O 3
S 1‘/N'\I:1 N O
om ) KoCOs, t-BUOH, 110 °C Q : Me
S '
! CM-phos
Entry ArOMs N-Heterocycle Product Pd (mol%) Time (h) Yield (%)®!

-Bu
|91
- 1 24 93
@ @
Me
Me H
N
’ /@\ > \ —
Me OMs Ef Me

N

24 84

t-Bu
HD Q 1 24 80
OMs "@
I

41 \©\ O N 2 24 98
o O =

o}
o)
¥ Ph
5  Ph I\ @ 1 24 88
X N

T
6 Meoj\©\ @ 1 24 79

OMs N /

\

2

[a] Reaction condtions: ArOMs (1.0 mmol), N-heterocycle (1.5 mmol), K,CO3 (2.5 mmol), Pd(OAc),:CM-phos
= 1:4 (mol% as indicated), PhB(OH), (0.04 mmol), :-BuOH (4.0 mL), at 110 °C under N, for indicated period of
time. [b] Yields of isolated product. [c] ArOMs (1.0 mmol), carbazole (1.0 mmol) were used.
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Table 5. Palladium-catalyzed Suzuki-Miyaura coupling of aryl mesylates with

arylboronic acidsl!

N :
Ry :
RS BOH2  pyoAc)/CMphos L~ |
> + N |
1R, } _ :
One o ! K3PO,, t-BUOH, 110 °C Yg, |
> :
Entry ArOMs Ar'B(OH), Product Pd (mol%) Time (h) Yield (%)®!
t-Bu —
1 \@\ @ B @ 1 19 91
2 05 24 88
oms  (HO)B
Me Me Me Me
s P 0o TR
/@ (HO),B H
Me OMs Me Mé€ Mé
)O Ph Ph
L, D $OO
HO),B
OMs ( )2 Me
(0] OMe
5 H OMe @ Q 2 3 81
(HO),B
OMs H
o OMe
6 Me)Kii[OM‘e @ 9 2 3 95
(HO),B
OMs Me
o) Me Me
oms (HO:B MeO
O/\o Me o} Me,
U GRS o SRR
HO),B
OMs (HO)
MeO
oms (HO):B

[a] Reaction conditions: ArOMs (1.0 mmol), Ar'B(OH), (2.0 mmol), K3PO4 (3.0 mmol), Pd(OAc),:CM-phos =
1:4 (mol% as indicated), t-BuOH (3.0 mL), at 110 °C under N, for indicated period of time. [b] Yields of isolated

product.
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Table 6. Palladium-catalyzed Suzuki-Miyaura coupling of heteroaryl
mesylates with arylboronic acids/?!

Cy,P
B(OH) Pd(OAc),/CM-phos O \
Het-OMs + Z O
T R2 kPO, £BUOH, 110 °C

SN

Entry Het-OMs Ar'B(OH), Product d (mol%) Time (h) Yield (%)®!

N
COL D
& OMs  (HO).B

84

w
=
)
o
o
=
7
T
°
N
O
=
@
e
N
w

84

S
o
(@]
=
w
T
O
N
O
N\
N
w

[a] Reaction conditions: Het-OMs (1.0 mmol), Ar'B(OH), (2.0 mmol), K3PO4 (3.0 mmol), Pd(OAc),:CM-phos =
1:4 (mol% as indicated), {-BuOH (3.0 mL), at 110 °C under N, for indicated period of time. [b] Yields of isolated
product. Het-OMs = heteroaryl mesylate
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Appendix
Chemical Abstracts Nomenclature (Registry Number)

4-tert-Butylphenol; (98-54-4)
Triethylamine; (121-44-8)
Methanesulfonyl chloride; (124-63-0)
Palladium(II) acetate; (3375-31-3)
CM-phos: 2-(2-(Dicyclohexylphosphino)phenyl)-1-methyl-1H-indole,
(1067883-58-2)
Phenylboronic acid; (98-80-6)
N-Methylaniline; (100-61-8)
tert-Butanol; (75-65-0)

Potassium phosphate; (7778-77-0)
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4-(tert-butyl)phenyl methansulfonate
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4-(tert-butyl)phenyl methansulfonate
13C CDCI3
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4-(tert-butyl)-N-methyl-N-phenylaniline
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: NAME kml-1018-1-cdcl3
fl\~ EXPNO 10
/IE:;]/ﬁ Pl PROCNO 1
—
Dy F2 - Acquisition Parameters
Date 20141205
Time 15.04
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG 2g30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 12019.230 HZ
FIDRES 0.183399 HZ
AQ 2.7262976 secC
RG 31.94
DW 41 .600 usec
DE 10 .00 usec
TE 300.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 12.00 usec
PLW1 23.00000000 W
F2 - Processing parameters
ST 65536
SF 600.1300220 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
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4-(tert-butyl)-N-methyl-N-phenylaniline

13C CDCI3 BRUKER
He M)
)
o Current Data Parameters
L-:/. M/ 0 MW O N O N NAME kml-1018-1-cdcl3
% oo g S . = o = L, EXPNO 11
™M - O ™M ™M WO g)
T-Au 383 X & AR e s ¢ PROCNO 1
1 ~ i -~ N t~ 0~ > < ™M ™M o
{ \( ‘ | \l/ \¢/ ’ I l F2 - Acquisition Parameters
Date 20141205
Time 15.39
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG Zgpg30
TD 65536
SOLVENT CPEL3
NS 256
DS 4
SWH 36057.691 Hz
FIDRES 0.550197 HZz
AQ 0.9087659 sec
RG 175 .56
| DW 13.867 usec
DE 18.00 usec
TE 300.0 K
D1 2.00000000 sec
| D11 0.03000000 sec
\ TDO 1
‘ ======== CHANNEL fl ========
SFO1 150.9178981 MHz
‘ NUC1 13C
| Pl 10.00 usec
PLW1 70.00000000 W
| ======== CHANNEL f2 =s======
SFO2 600.1324005 MHz
| NUC2 1H
CPDPRG (2 waltzlé
PCPD2 70.00 usec
PLW2 26.00000000 W
PLW12 0.76407999 W
| PLW13 0.37439999 W
| F2 - Processing parameters
| SI 32768
| SF 150.9027880 MHz
| WDW EM
SSB 0
LB 100 HZ
GB 0
PC 1.40
|
|
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4-(tert-butyl)-1,1"-biphenyl
1H CDCI3

7.591
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7.543
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Current Data Parameters

NAME kml-949-1-cdcl3
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date 20140808
Time 1519
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

DS 2

SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 secC
RG 175

DW 41.600 usec
DE 10.00 usec
TE 300.0 K
D1 1.00000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H

Pl 12.00 usec
PLW1 23.00000000 W
F2 - Processing parameters
SI 65536

SF 600.1300327 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1,00




4-(tert-butyl)-1,1"-biphenyl
13C CDCI3

Current Data Parameters
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NAME kml-949-1-cdcl3
EXPNO 21
DROCNO i 5

F2 - Acquisition Parameters
Date 20140827

Time 9.03
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG Zgpg30

ITD 65536
SOLVENT CDCL13

NS 1200

DS 4

SWH 36057.691 Hz
FIDRES 0.550197 HZz
AQ 0.9087659 sec
RG 175.56

DW 13.867 usec
DE 18.00 usec
TE 300.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9178981 MH2z
NUC1 13C

Pl 1000 usec
PLWL1 70.00000000 W
======== CHANNEL f2 ========
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG [2 waltzlé
PCPD2 70.00 usec
PLW2 26.00000000 W
PLW12 0.76407999 W
PLW13 0.37439999 W

F2 - Processing parameters
SI 32768

SF 150.9027898 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

pC 1.40



