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A family of cis-macrocyclic diphosphines: modular,

stereoselective synthesis and application in catalytic

CO2/ethylene coupling †

Ioana Knopf,a Daniel Tofan,a Dirk Beetstra,b Abdulaziz Al-Nezari,b Khalid Al-Bahily,b and

Christopher C. Cummins ∗,a

A family of cis-macrocyclic diphosphines was prepared in just three steps from white phos-

phorus and commercial materials using a modular synthetic approach. Alkylation of bicyclic

diphosphane 3,4,8,9-tetramethyl-1,6-diphosphabicyclo(4.4.0)deca-3,8-diene, or P2(dmb)2, pro-

duced phosphino-phosphonium salts [R–P2(dmb)2]X, where R is methyl, benzyl and isobutyl, in

yields of 90−96%. Treatment of these salts with organolithium or Grignard reagents yielded sym-

metric and unsymmetric macrocyclic diphosphines of the form cis-1-R-6-R′-3,4,8,9-tetramethyl-

2,5,7,10-tetrahydro-1,6-DiPhospheCine, or R,R′–DPC, in which R′ is methyl, cyclohexyl, phenyl or

mesityl, in yields of 46−94%. Alternatively, symmetric diphosphine Cy2–DPC was synthesized in

74% yield from the dichlorodiphosphine Cl2P2(dmb)2. As a first application, these cis-macrocyclic

diphosphines were used as ligands in the nickel-catalyzed synthesis of acrylate from CO2 and

ethylene, for which they showed promising catalytic activity.

While chelating diphosphines have established a wide range of
uses in areas from fundamental chemistry to catalysis,1 macro-

cyclic diphosphines are an underrepresented class of ligands.
Their scarcity is primarily due to challenges associated with their
synthesis. Macrocycles containing two or more phosphorus atoms
exhibit multiple stereoisomers since the phosphines, which are
locked in place by the cyclic framework, have a high barrier to
inversion. Typically, syntheses of macrocyclic diphosphines yield
mixtures of diastereomers;2,3 stereoselective syntheses of either
cis or trans macrocyclic diphosphines are rare.4,5 While syntheti-
cally challenging, embedding one or more phosphorus atoms in a
cyclic framework is desirable as it leads to more rigid and robust
structures compared to their acyclic phosphine counterparts.6

Cis-macrocyclic diphosphines have been postulated to be “in-
teresting ligands for transition metal complexes, comparable to,
but perhaps usefully different from, the familiar range of chelat-
ing diphosphines”,7 yet their coordination chemistry is essentially
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unexplored.8 In this context, it is useful to distinguish between
medium-sized (7–12-membered rings) and large (>12 membered
rings) macrocyclic diphosphines. Complexes of large macro-
cyclic diphosphines have been synthesized as mixtures of di-
astereomers via ring closing metathesis and hydrogenation of pre-
assembled metal complexes of trans-spanning monophosphines
with pendant olefins.3 This synthetic strategy was also extended
to prepare metal complexes of large trans-spanning macrobicyclic
diphosphines.9 While both cis and trans isomers of a diphos-
phine embedded in a very large macrocycle can bind to a metal
center, only the cis isomer can bind to a single metal center in
medium-sized ring systems. The only medium-sized macrocyclic
diphosphine with structurally characterized metal complexes is
cis-1,5-diphenyl-1,5-diphosphacyclooctane, a ligand obtained af-
ter tedious separation of the cis and trans diastereomers produced
by the lithium aluminum hydride reduction of the corresponding
phosphine oxides.10

The only stereoselective synthetic route to cis medium-sized
macrocyclic diphosphines was reported by Alder et al.5 We were
surprised to find no coordination complexes reported for these
diphosphines, despite them being synthesized two decades ago.
In the Alder synthesis, the desired cis-macrocyclic diphosphines
are obtained by stereoselective cleavage of the P–P bond in
alkylated diphosphabicyclo[k.l.0]alkanes (k = 3–5, l = 3–4) by
organometallic reagents. These diphosphabicyclo[k.l.0]alkanes
are prepared via a tedious procedure from diphosphinoalkanes
H2P–(CH2)k–PH2, which in turn are prepared in two steps from
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