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ABSTRACT

Phosphorinanes are presented as a class of phosphine ligand suitable for organopalladium cross-coupling chemistry. Prepared via a direct
double Michael addition of a monoalkyl- or arylphosphine to phorone followed by a Wolf −Kishner reduction, phosphorinanes are relatively
inexpensive to manufacture and allow modification of one of the alkyl moieties permitting steric and electronic fine-tuning of the ligands.
Library screening and applications of these ligands in the Suzuki, Sonogashira, ketone arylation, and aryl amination reactions are presented.

Palladium-catalyzed cross-coupling reactions are now among
the most prominent synthetic methods for mild, chemo- and
stereoselective carbon-carbon and carbon-heteroatom bond-
forming processes.1 The versatility and scope of this family
of cross-coupling reactions has expanded over the past few
years to now include readily available but less reactive aryl
chlorides and the once problematicâ-hydride-containing
alkyl halides. The direct coupling of aliphaticâ-hydride
containing electrophiles with the standard field of organo-
metallics (including those based on B, Mg, Li, Sn, Al, Zn,
and Zr) has moved from the “remarkable”2 to now standard
protocol.3,4 The success of this chemistry hinges upon the
choice of ligand employed. In particular, the popular tri-
tert-butylphosphane, tricyclohexylphosphane,3 and the di-
tert-butylalkylphosphane (tBu)2PR5-7 family have been used

successfully in addition to the generally useful biaryl ligands
that have emerged.8

In view of these developments, we were attracted to some
chemistry described by Cyanamid chemists over four decades
ago9 that appeared highly applicable as a general entry to a
new class of hindered aliphatic phosphane ligands. The
central scaffold of interest is the phosphorinane skeleton (3)
readily accessed through the direct double Michael addition
of a monoalkyl- or arylphosphine to phorone followed by a

Wolf-Kishner reduction of the central ketone (Scheme 1,
2). There has been no interest in their development as ligands
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and reagents until now.10 The present paper describes the
synthesis of a small library of phosphorinanes and demon-
strates their utility in palladium-catalyzed cross-coupling
chemistry.

Phosphorinanes (3a-f) were obtained via the two-step
procedure outlined in Scheme 1. Phorone was treated with
the appropriate phosphine (1a-f) to provide ketones of the
general type2. Reduction of the carbonyl (in order to avoid
any potential retro-Michael reaction) was achieved via
treatment with hydrazine under basic conditions. The phos-
phorinane products obtained were viscous oils or low melting
solids and were converted into the more easily handled, air-
stable, tetrafluoroborate salts.11 An X-ray structure for
cyclopentyl-substituted phosphorinane (3c) was obtained and
is illustrated in Figure 1.12 Overall, the procedure is high

yielding and versatile allowing for the production of a family
of ligands.

With phosphorinanes3a-f in hand, advantage was taken
of our previously established approach13 wherein the entire
ligand library is screened against a particular palladium-
catalyzed coupling reaction. This parallel screening quickly
establishes the superior ligand to be used for the optimization

of the particular reaction class. Our initial work focused on
the Suzuki coupling ofp-bromoanisole with phenylboronic
acid, and while all the ligands successfully facilitated
coupling, ligand3d revealed itself to be marginally superior
(entry 1, Table 1). Optimizing the conditions for this ligand

allowed for a series of Suzuki couplings to be carried out,
and selected examples are shown in Table 1 (entries 1-3).
Activated aryl chlorides such as 4-chloroacetophenone (entry
2) are readily coupled at room temperature, while as
expected, systems such asp-chloroanisole (entry 3) require
heating. In all cases, reaction times could be diminished at
the expense of increased temperature while maintaining
excellent yields.

Attention was turned to the coupling of enolates with aryl
halides. TheR-arylation of propiophenone with 4-iodotoluene
was the system chosen to compare the activity of the ligand
library. Using previously optimized conditions,14 with sodium
tert-butoxide base, Pd2dba3‚CHCl3 as the palladium source,
and toluene as solvent, the norbornylphosphorinane3d
clearly revealed itself again as the ligand of choice, showing
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Figure 1. X-ray structure of 1-cyclopentyl-2,2,6,6-tetrameth-
ylphosphorinane (BF4- removed for clarity).

Table 1. Selected Examples of Palladium Cross-Couplings
Facilitated by Phosphorinane Ligands

a Set A: K3PO4‚H2O (2.4 equiv), Pd2(dba)3‚CHCl3 (2%), ligand3d (4%),
THF. Set B: NaOtBu (1.5 equiv); Pd2(dba)3‚CHCl3 (1%), ligand3d (2%).
Set C: iPr2NH (1.5 equiv); Pd(PhCN)2Cl2 (3%), ligand3a (6%), CuI (2%).
Set D: KOtBu (1.5 equiv); Pd2(dba)3‚CHCl3 (1%), ligand3d (2%). Set E:
NaOtBu (1.5 equiv); Pd2(dba)3‚CHCl3 (1%), ligand3d (2%). b Isolated yields
averaged between two runs.
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complete conversion (by1H NMR) after just 6 h at room
temperature. Using the optimized catalyst system containing
ligand 3d, aryl bromides such as bromobenzene (entry 4)
and sterically demanding 2,4,5-trimethylbromobenzene (entry
5) were readily coupled with propiophenone at room tem-
perature in high yields. Slightly higher temperatures were
required to facilitate coupling of the aryl chlorides (entries
6 and 7) in a reasonable time period.

Screening revealed that the isobutylphosphorinane (3a)
was the most effective ligand for the Sonogashira reaction.
In addition, optimization revealed that Pd(PhCN)2Cl2 was
the superior palladium source for these couplings. Quantita-
tive yields for activated iodides and bromides (entries 8 and
9) were obtained at room temperature, while deactivated
systems such asp-bromoanisole (entry 10) gave excellent
yields of aryl alkynes at room temperature as well.

Finally, aminations of aryl halides were shown to be best
promoted by ligand3d. Under optimized conditions, aryl
bromides such asp-bromoanisole could be coupled readily
to morpholine (entry 11) and dipropylamine (entry 12) in
high yields at room temperature. Similarly, aryl chlorides
could be coupled to amines in high yields (entries 13 and
14) although NaOtBu was shown to be the optimum base
and higher temperatures were required in these cases.

Overall, the results above demonstrate that the phospho-
rinane family of trialkylphosphine ligands is clearly com-
parable in efficacy to other popular ligands currently

employed (such astBu3P, for example). The phosphorinanes,
however, are much easier to generate, relatively inexpensive
to manufacture, and allow for modification of one of the
alkyl moieties permitting steric and electronic fine-tuning
of the ligands. Furthermore, the intermediacy of the phos-
phorinones2 (Scheme 1) allows entry to P-protected 4-hy-
droxyphosphorinanes10 through hydride reduction, providing
a handle by which this family of ligands could be im-
mobilized onto a solid support.15,16 In conclusion, the ease
of preparation of this family of ligands, structural variation
possible, efficacy in assisting [Pd]-mediated transformations,
and potential applicability to solid supported chemistry makes
this new family of ligands highly attractive. Further develop-
ments and applications along these lines are in progress in
our laboratories.
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