A facile one-step catalytic synthesis of biphenyl phosphanes
by Suzuki coupling
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Introduction

The palladium catalysed Suzuki reaction has emerged as an extremely efficient and important carbon—carbon
cross-coupling reaction. " It is of great importance in total synthesis ¥ and is used at an industrial level for the
preparation of pharmaceuticals and fine chemicals. ' This catalytic reaction has several advantages including
relative mild reaction conditions, tolerance of a broad range of functionalities, and its compatibility towards water
as solvent or co-solvent. "

In homogeneous catalysis Lewis-base ligands including phosphanes are essential, as their electronic and steric
properties allow to control, for example, the reaction rate and regio- and stereoselectivity. "” Recently, biphenyl-
based phosphanes became attractive as auxiliary ligands in palladium catalysed carbon—carbon cross-
coupling reactions. " For the synthesis of such phosphanes most likely classical methodologies including
Grignard and lithium reagents were used,  while lately the Suzuki coupling reaction was applied to phosphane
oxides. ' However, the latter catalytic procedure requires a consecutive three-step reaction sequence including
phosphorus oxidation, carbon—carbon cross-coupling and phosphorus reduction to obtain the corresponding
biphenyl phosphanes (Figure 1). *“* The most limiting aspect of this synthesis methodology is the reduction of
the phosphane oxide by chlorosilanes or hydrogen significantly lowering the over-all yield.

This prompted us to develop a more simple and hence, straightforward synthesis protocol for the preparation of
biphenyl phosphanes avoiding phosphorus oxidation (Figure 1).
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Scheme 1: Two routes for the synthesis of biphenyl phosphanes.

Results and Discussion

The carbon—carbon coupling reactions were carried out with compounds Fc,_,Ph,P(CgHsX) (X=4-Br,n=2; X =
3-Br,n=2; X=2-Br,n=2; X=4-Br,n=1; X=4-Br, n=0), 1.1 equiv. of the boronic acids (HO),BAr (Ar = CgHs,
C6H3-2-C|-5-CF3, C6H4-2-OMG, C6H4-3-N02, C6H4—4—Me, C6H4-4-NM62, C6H4-4-OM9), 3.3 equiv. of K3PO4 N
1,4-dioxane as solvent in presence of (dppf)PdCl, (loading of 0.5 mol-% Pd) under inert gas atmosphere at
100°C (Figure 2, Table 1). After appropriate work-up, the corresponding coupling products Fc,_,Ph,P(CgH4Ar)
could be isolated as colorless or orange to red solids in yields > 70 %. As expected, the homo-coupling of the
appropriate boronic acids were formed as by-products and could be separated by column chromatography.
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Scheme 2: Synthesis of biphenyl phosphanes by Suzuki coupling.
Table 1: Synthesis of biphenyl phosphanes by Suzuki coupling. °
Product Entry R Yield / % °
1 H 73
oh.P T 2 4-OMe 70
/
2 \ \R 3 4-NMe,, 86
4 3-NO, 71
T 5 H 75
\ XR 4-OMe 83
Ph,oP V4 3-NO, 74
o 8 H 79
\ XR 9 4-Me 91
PPh, 10 4-NMe, 74
Ph —
©_P \ \ 11 4-Me 71
| . ,

Fe R 2 2-Cl-5-CF; 75
@ 13 2-OMe 79
\__._7 F"< >—<\ \> 4 H &

Fl R 15 4-OMe 82

=
l 16 4-NMe, 78
Q 17 3-NO, 72

2

" Reaction conditions: 1.1 equiv. ArB(OH)9, 3.3 equiv. K3POy4, 0.5 mol-% (dppf)PdCly, 10 mL 1,4-dioxane, 100 °C.
" Based on isolated material.
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Due to the presence of NMR active phosphorous in substrate and product, the Suzuki coupling can easily be
monitored by 3TP{TH} NMR spectroscopy (Figure 1).

The catalytic reaction also takes place when no additional phosphane is present, for example, when Pd,(dba);
(dba = dibenzylidenacetone) is used as palladium source. However, this tactic reduces the over-all yield due to
complexation of the palladium atoms — in case of (dppf)PdCl, no ligand scrabble occurs. Furthermore, a higher
palladium concentration or a longer reaction time is necessary when Pd,(dba); is used instead of (dppf)PdCls.

Carbon—carbon bond forming reactions of Ph,P-CgH4-4-B(OH), and Fc,P-CgH,4-4-B(OH),, respectively, with,
for example, Br-CgHy4-4-Me in presence of catalytic amounts of a Pd source under similar reaction conditions
(vide supra), however, did result in the formation of a dark brown slurry, from which the expected coupling
product could not be isolated. The substitution of Br by (HO),B has obviously significant consequences on the
coupling reaction. Apparently, differences exist in the tolerance of the boron or halide component towards the
corresponding functionality in case of phosphorus(lll) compounds. Likely, the non-polar R,P entity influences
the nature of the boronic acid or its base adduct thus avoiding the formation of the catalytic active species or
trans-metallation.

g
A 75:25,1h
i § S g . 50:50,3h
. - AN - 40:60,4 h
LL 25:75, 8 h
A 10:90, 18 h

< e
Fe

s
S R e/

‘ I I I I ‘ I I I I ‘ I I I I ‘
-25.0 -30.0 -35.0 ppm

Figure 1: 3TP{TH} NMR spectroscopic monitoring of the Suzuki coupling.

Conclusion

In summary, a facile one-step catalytic route to biphenyl phosphanes of general composition
FC2_nPth(C6H4Ar) (Ar = C6H5, C6H3-2-C|-5-CF3, C6H4-2-OMG, C6H4-3-N02, C6H4-4-Me, C6H4-4-NM62,
CgHy-4-OMe; n=2, 1, 0) via Suzuki coupling has been reported and it was shown that this synthesis protocol is
applicable both for different phosphane substituents and boronic acid substrates without phosphorus
protection; this methodology permits an efficient and hence, convenient access to biphenyl phosphanes
featuring diverse electronic and steric properties.
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