ORGANIC
LETTERS

2006
Vol. 8, No. 16
3457-3460

Air-Stable PinP(O)H as Preligand for
Palladium-Catalyzed Kumada Couplings
of Unactivated Tosylates

Lutz Ackermann* and Andreas Althammer

Department of Chemistry and Biochemistry, Ludwig-Maximilianszersitd Miinchen,
Butenandtstrasse 5-13, D-81377 Mihen, Germany

lutz.ackermann@cup.uni-muenchen.de

Received May 6, 2006

ABSTRACT

MgX Ar
[Pd(dba),] (0.5 - 2.5 mol %)

X =
Ar—OTs + | « |
R Oy M “R
0" "0 (1.0-5.0 mol %)
Ar = aryl, heteroaryl
Me’ MeMeMe

Air-stable and easily accessible PinP(O)H enables highly efficient palladium-catalyzed Kumada cross-coupling reactions of aryl tosylates. The

in situ generated catalyst proved applicable not only to electron-rich and electron-poor carbocyclic tosylates but also to heterocyclic tosylates ,
such as pyridine and quinoline derivatives. The results described herein constitute the first use of air-stable secondary phosphine oxides as

preligands for transition-metal-catalyzed coupling reactions between organometallic species and tosylates.

Palladium-catalyzed coupling reactions between organic sium reagents and unactivated aryl tosylates were only
electrophiles and organometallic reagents are reliable andreported for a palladium complex derived from an electron-
versatile tools for the regioselective formation of carbon  rich analogue of a Josiphos ligafd.

carbon bonds involving two &ybridized carbon$? Usu- Recently, we reported on the use of heteroatom-substi-
ally, aryl triflates, bromides, and more recently chlorides tuted® secondary phosphine oxidés;phosphonates and their
are employed as electrophile®iversely substituted aryl  derivatives, as modular and air-stable preligands for cross-
tosylates are readily available from the corresponding phenolscoupling reactions using aryl and vinyl chloridé$ or
and inexpensive reagents. Therefore, and because of theifluorides;* as well as direct arylation reactions employing
significantly increased stability toward hydrolysis when chlorides? and tosylate$3 15 In continuation of our studies,
compared to the corresponding triflates, they constitute we report on palladium-catalyzed Kumada cross-coupling
atFraCtive _SUbStra_t?S in cross-C(_)upIing _reac_tions' prveyer, (5) Selected examples: (a) Hansen, A. L.; Ebran, J.-P.; Ahlquist, M.;
this superior stability translates into an inferior reactivity in  Norrby, P. O.; Skrydstrup, TAangew. Chem., Int. E@006 DOI: 10.1002/
palladium-catalyzed coupling chemistry. Consequently, the anie.200600442. (b) Nguyen, H. N.; Huang, X.; Buchwald, SJLAm.

. . . Chem. Soc2003 125 11818-11819. (c) Gelman, D.; Buchwald, S. L.
conversion of electronically unactivated aryl tosylates usually angew. Chem., Int. E@003 42, 5993-5996 and references cited herein.
requires electron-rich tertiary phosphines as stabilizing _(6) Roy, A. H.; Hartwig, J. F.J. Am. Chem. SoQ003 125 8704~
ligands® Specifically, generally applicable palladium- (7) Limmert, M. E.: Roy, A. H.: Hartwig, J. FJ. Org. Chem2005 70,

catalyzed cross-coupling reactions between organomagne9364-9370.
(8) For seminal work on the use of alkyl-substituted secondary phosphine

(1) de Meijere, A., Diederich, F., Ed3vletal-Catalyzed Cross-Coupling
Reactions2nd ed.; Wiley-VCH: Weinheim, 2004.

(2) Beller, M., Bolm, C., Eds.Transition Metals for Organic Synthesis
2nd ed.; Wiley-VCH: Weinheim, 2004.

(3) Littke, A. F.; Fu, G. C.Angew. Chem., Int. EQR002 41, 4176~
4211.

(4) Tsuiji, J.Palladium Reagents and Catalysnd ed.; Wiley: Chich-
ester, 2004.
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oxides, see: (a) Li, G. YAngew. Chem., Int. ER001, 40, 1513-1516.
Kumada coupling reactions: (b) Li, G. ¥. Organomet. Chen2002 653
63—68. (c) Li, G. Y.; Marshall, W. JOrganometallics2002 21, 590~
591.

(9) Ackermann, L.; Born, RAngew. Chem., Int. EQR005 44, 2444~
2447.

(10) Ackermann, L.; Gschrei, C. J.; Althammer, A.; Riedererem.
Commun200§ 1419-1421.



Table 1. Influence of Preligands on Coupling of Tosyldte? Table 2. Cross-Coupling with Electron-Rich Aryl Tosylates
OMe 2
OTs [Pd(dba),] (2.5 mol %) &
oTs OMe O N Z /Rz dioxane, 80 °C I =
@ [Pd(dba),] / L (1/2) | -+ | OH
+
P2 )
solvent, 22 h R’ LN | D
MgX O O (5.0mol %) TAF
MgBr R
1 2 Me Me 3
1a 2a 3a Me Me
12
isolated
. [Pd(dba), isolated entry R! R? product eld
entry ligand . !
(mol %) yield
) — A s 1 4MeO w0 93 %
Me M
Me Me MeHOMe
e e OO,
2 4 A 1.0 (40 %)
NN
Me Me
M M
e e 3 2Me  4-MeO OMe 92%
Me eMe Me
3 :;p/;‘; 5 B 5.0 (<3%) Q O
Mew /  Lwme 4 2Me  3-MeO H 86 %
Me Me Me OMe
M Me H_ 0O MeM »
e 0,
4 MZ>\\N'P\N kMe 6 B 5.0 (15 %) Q O
/ 5 2-MeO H 93 %
H ,/O
5 Mes._, - Mes 7 B 5.0 49% OMe

L/
o H y
6 oPo B 5.0 83 % 6 3,5(MeO) H 95 %

7 O5° A 05 0% 7 35(Me0)  4-MeO { N )ome 95%
Me Me
o H MeO
8 oo 9 A 1.0 80 % MeQ
Me Me B 0
e\ we 8 3,5(Me0), 2-MeO 93 %
MeO MeO
P
9 M e M 10 A 1.0 88 % 2 Reaction conditions1 (1.0 mmol),2 (1.5 mmol), [Pd(dbg] (2.5 mol
e }\/k e %), 12 (5.0 mol %), dioxane (4.0 mL), 86C, 22 h, yields of isolated
Me  Me products.
O\\P/H
10 oo 11 A 1.0 68 % . .
Ph——ph At the outset of our studies, we screened a variety of
P; :h preligands in the cross-coupling reaction of electronically
o:‘PLo . unactivated tosylatéa (Table 1). Imidazolium chloride
i 2 A 05 3% as precursor for a sterically congestétheterocyclic carbene
Me Me p . . y g . y .
Me  Me (entry 2) and diaminophosphine oxidgs 7 (entries 3-5)
aReaction conditions: 1 (1.0 mmol), 2 (1.5 mmol), [Pd(dba) provided unsatisfactory results. As observed for Kumada
(0.5-5.0 mol %), ligand (1.6-10.0 mol %). A: dioxane (4.0 mL), 8tC. couplings with chloride$? TADDOLP(O)H (8)*¢ enabled
B: THF (4.0 mL), 60°C. Yields of isolated productg.Determined by GC

more efficient conversion of tosylafiea (entry 6). Among a
variety of solvents, dioxane proved superior. Importantly,
the catalyst loading could be significantly reduced (entry 7).
reactions of differently substituted (hetero)aryl tosylates As TADDOLP(O)H @) is prepared in several steps and
employing an air-stable and easily accessible preligand. Theexhibits a high molecular weight, we desired to develop a
results presented herein constitute the first use of air-stablemore easily accessible preligand. On the basis of the modular
secondary phosphine oxides as preligands in transition-metaldigand design, we identified a number of cyélidd-phos-
catalyzed cross-couplings between organometallic reagentgphonates derived from vicinal diols that enable cross-

analysis.

and aryl tosylates. coupling reactions of electronically unactivated tosylbae
(11) Ackermann, L.; Born, R.; Spatz, J. H.; Meyer, Bngew. Chem., (14) Ackermann, LSynthesi006 15571571.

Int. Ed. 2005 44, 7216-7219. (15) Ackermann, L.; Born, R.; Spatz, J. H.; Althammer, A.; Gschrei, C.
(12) Ackermann, LOrg. Lett.2005 7, 3123-3125. J. Pure Appl. Chem2006 78, 209-214.
(13) Ackermann, L.; Althammer, A.; Born, RAngew. Chem., Int. Ed. (16) Enders, D.; Tedeschi, L.; Bats, J. Whgew. Chem., Int. EQ00Q

2006 45, 2619-2622. 39, 4605-4607.
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Table 3. Cross-Coupling with Electron-Poor Aryl Tosylates

RZ
OTs , [Pd(dba)s] (0.5-2.5 mol %) | RS
B Pz dioxane, 80 °C %
00— \
MgX 0" "0 (1.0-5.0 mol %) R1|//
1 2 Me Me 3
Me Me
12
1 2 [Pd(dba)], isolated
entry R R (mol %) product yield
P 25 FOMe 93 %
3- F 0
2 4F 2.5 M 78 %
e
- Cl OM
3 4a o 2.5 ° 8%
4 a0 as OMS 87%
Cl
s b 25 °M° 89 %
Cl
6 g§3 4-Me 0.5 ro(_) ’ Me 919
- - F CHOMe
;e e O e
CF3 MeO
Me
8 3 4Me 05 87 %
CF; FaC
- - OM
9 3 4 0.5 ° 949
CF3 MeO
FiC
10 3 4- 1.0 OMe 95 94b
CF3 MeO : FgC

aReaction conditions: 1 (1.0 mmol), 2 (1.5 mmol), [Pd(dba)
(0.5-2.5 mol %),12 (1.0-5.0 mol %), dioxane (4.0 mL), 80C, 22 h,
yields of isolated product$.Performed at ambient temperature.

(entries 8-11). Interestingly, most efficient catalysis was
accomplished with air-stabld-phosphonate PinP(O)i2!8
(entry 11), which is synthesized on a multigram scale in a
single reaction from inexpensive pinacol.

With an improved and highly economical catalyst for

Table 4. Cross-Coupling with Heteroaromatic Tosyldtes

R Pd(dba),] (2.5 mol %) =
Heteroaryl—QTs + “ | o_H Heteroaryl—( /<R
Mgx O "O (5.0mol%)
1 2 Me Me 3
Me Me
12 dioxane, 80 °C
isolated
entry 1 R product yield
| X
1 @ 4-MeO N 99 %
N oTs OMe
| A Me
2 | A 2-Me N 92 %
N”>oTs
OMe
x OTs
3 | 4-MeO N 98 %
N/ I P
N
OTs
A
4 | 2-Me [ 85 %
N N/ Me
TsO. | N O
5 N 2-MeO | N 98 %
OMe NG
A N
| |
N N
6 OTs 4-MeO 91 %°

a8 Reaction conditionsi (1.0 mmol),2 (1.5 mmol), [Pd(dba] (2.5 mol
%), 12 (5.0 mol %), dioxane (4.0 mL), 80C, 22 h, yields of isolated
products.? GC conversion.

Diversely substituted electron-rich and thereby electroni-
cally deactivated aryl tosylates were efficiently converted
(Table 2). Therefore, a mechanism based on a simple
nucleophilic susbtitution is less likely. High yields of isolated
products were observed even for tosylates bearing ortho-
substituents (entries-%) or two electron-releasing func-
tionalities (entries 68).

The palladium catalyst derived from air-stable PinP(O)H
(12) proved also applicable to electron-poor aryl tosyldtes
(Table 3). Interestingly, the tosylate was a superior leaving

(18) Munoz, A.; Hubert, C.; Luche, J.-11. Org. Chem1996 61, 6015—
6017.

(19) Representative ProcedureA solution of [Pd(dba)] (2.9 mg, 0.005
mmol, 0.5 mol %) and PinP(O)HLR) (1.6 mg, 0.010 mmol, 1.0 mol %) in
dry dioxane (4.0 mL) was stirred undeg for 5 min at ambient temperature
and then treated witBa (3.0 mL, 0.5 M in THF, 1.50 mmol). The resulting

Kumada cross-couplings of tosylates in hand, we explored mixture was stirred for 5 min at ambient temperature. Thereafewas

the scope of this transformatiéh.

(17) Acyclic H-phosphonate (EtGP(O)H and alkyl-substituted secondary
phosphine oxide (1-AdP(O)H proved inferior, giving 11% and 58%
conversion, respectively, using 5 mol % [Pd(dipa) THF at 60°C under
otherwise identical reaction conditions.

Org. Lett, Vol. 8, No. 16, 2006

added, and the resulting suspension was stirred &86r 22 h. At ambient
temperature, agueous HCI (2.0 mL, 2.0 N);@&%50 mL), and HO (30

mL) were added. The separated aqueous phase was extracted y@it{REt

x 50 mL). The combined organic layers were dried over Mg%@d
concentrated in vacuo. The remaining residue was purified by column
chromatography on silica geh{pentane/ED = 200/1) to yield3a (171

mg, 93%) as a colorless solid (mp 85.85.4°C).
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group when compared to a fluoride (entries 1 and 2) or even ||| N N R

a chloridé substituent (entries-35). Scheme 1. Tautomerization and Complex Formation of
Nitrogen-containing heterocycles are ubiquitous in biologi- H-Phosphonates Used as Preligands in Catalysis
cally active compounds, but the use of substrates bearing RO_O _ _ RO_ OH
. I . KK = P
N-heterocyclic moieties was shown to be detrimental to the RO™ H RO

catalytic activity of the Josiphos-based palladium compFféx.
On the contrary, a palladium catalyst derived from air-stable
PinP(O)H (2) proved applicable to heterocyclic tosylates H
(Table 4). Thereby, the synthesis of regioselectively substi- RO.po L-OR
tuted heterocycles, such as pyridine (entries4)l and
quinoline (entries 57) derivatives, was achieved.

As for the working mode of the catalyst, we propose a
formation of a hydrogen-bond-stabilized bidentate as outlined
in Scheme 2* This likely leads to a heterobimetaHic
complex in the presence of a Grignard readédt.

In conclusion, we have reported on the unprecedented us
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Pd], - H®

R'—OTs + XMg—R? R'—R?

reagents. Importantly, the catalyst derived from easily
accessible PinP(O)H proved applicable to Kumada cross-
coupling reactions of electron-rich as well as electron-poor
earyI tosylates, including heteroaromatic electrophiles.
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121-140. OL0611160

3460 Org. Lett, Vol. 8, No. 16, 2006



