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The addition of a chloride ion to Pd and Rh complexes supported a chloride ion and the apparent retention of this supramo-
by the ureaphosphine ligand L results in the formation of chelating lecular interaction during the Rh-catalyzed hydroformylation
diphosphine complexes that retain some catalytic activity. of octene.

Reaction between the ureaphosphinegenerated by the
addition of PhANCO tan-H,NCgH4PPh, and PdGI(PhCN)

Chelating diphosphines are ubiquitous as ligands thatin CH:Cl> results in the rapid formation of the bis-
stabilize and define transition-metal centers during important (Phosphine)palladium complex Pa(l). (1) in good yield
catalytic processes. Interwoven variables such as bite angle(Scheme 1). If the reaction mixture is rapidly worked up
ste_rlc demand, and electronic eﬁeCtS_are key to (‘_"atalyStScheme 1. Synthesis and Anion-Binding Reactions of Ureaphosphine
efficacy and have led to the generation of a myriad of complexesl and22

elegantly designed, chelating diphosphine ligands for use in o 0w W

catalytic processés.Recently, two new and potentially pn_ I — 0is{PdClL(L)] —=" cisltrans-{PdCly(L)] 77%
versatile supramolecular approaches to chelating diphosphine N . N FPh; \“j)

ligands were reported in which (i) direct hydrogen-bonding W) ) cisltrans-[BuNJPACIo(L),Cl|  85%
interactions between 2-pyridone- and 2-hydroxypyridine- 1.l

phosphine tautomersand (ii) the assembly of monomeric,

pyridine-functionalized phosphines on a bis[zinc(Il) porphy- trans-[Rh(CO)CI(L),] trans-[BuNJIRh(CO)CI(L),Cl]  77%

rin] templaté both resulted in chelate formation and unique 2 8% 2¢l

catalytic activity. aReagents and conditions: (i) [PGEhCNY], CHxCl;, 5 min; (ii)

. . reaction time 1 h; (i) BuN-Cl, CHxCly; (iv) [{Rh(COXCI}2], CH:Cly;
As a new supramolecular approach to chelating diphos- (v) [{Rh(COCI}2], BusNCI, CH,Cla.

phine catalysts, we envisaged that anion sequestration by a ) ] o

suitably designed phosphine ligand would result in chelate (@fter ca. 5 min), puresis-1 is isolated ¢p 34.3 ppnf).
formation and subsequent control of catalytic activity. While HOwever, prolonged reaction at room temperature results in
ligands able to act as ionophores for both metal and aniontn€ Precipitation ofl as a pale-yellow solid in a 1:3 cis/
are well-knowrf to our knowledge, the use of anions as tran§ isomeric ratlod(pj 25.5 ppm [trans]). The insolubility
supramolecular constructs in catalyst ligand design has yetf 1in common organic solvents can be attributed to polymer
to be explored. Significantly, it has been shown that anion- (4) Kovbasyuk, L. Kianer, R.Chem. Re. 2004 104 3161, Baer, A. J.
binding ureas can affect the outcome of Pd-catalyzed alkene ~ ° Koivisto, B. D.; Cdg, A. P.; Taylor, N. J.; Hanan, G. S.; Nierengarten,

hvdr rbonvlatios. and. furthermor n anion- i H.; Dorsselaer, A. ViInorg. Chem.2002 41, 4987. Bondy, C. R,;
yd Oc.a po ya’go ) and, furthermo e.' an a O ass St.ed Gale, P. A.; Loeb, S. JChem. Commun2001, 729. Choi, K.;
trans/cis isomerization was observed in acetanilide-function- Hamilton, A. D.Coord. Chem. Re 2003 240, 101. Coxall, R. A.;
alized phosphine complexes of Pdlhese observations Lindoy, L. F.; Miller, H. A.; Parkin, A.; Parsons, S.; Tasker, P. A.;

. . - - White, D. J.Dalton Trans.2003 55. Liu, X.; Kilner, C. A.; Halcrow,
suggest thz_ﬂ hydrogen-bonding mterac_tlons are sufficiently M. A. Chem. Commur2002 704. Love, J. B.; Vere, J. M.: Glenny,
robust to direct the outcome of catalytic reactions. M. W.; Blake, A. J.; Schider, M. Chem. Commur2001, 2678. Qin,

. - . . Z.; Jennings, M. C.; Puddephatt, R.Idorg. Chem.2002 41, 3967.
We report herein the ability of ureaphosphine ligands to Turner, D. R.; Spencer, E. C.; Howard, J. A. K.; Tocher, D. A.; Steed,
form well-defined chelates at Pd and Rh in the presence of J. W.Chem. Commur2004 1352. Uppadine, L. H.; Drew, M. G. B.;
Beer, P. DChem. Commur2001, 291. White, D. J.; Laing, N.; Miller,
H. A.; Parsons, S.; Coles, S.; Tasker, P.Ghem. Communl999
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Figure 2. Job plots from the addition of Cl] to the ureaphosphine
Figure 1. X-ray crystal structure of the ureaphosphine complex [RdCI Iig%nd L and th(g Pd complet. [BwCl phosp

(L)2]-2DMSO (@-2DMSO; 50% displacement ellipsoids). For clarity, all
hydrogens except those of the urea nitrogens N1, N2, N3, and N4 are . . o . . .
omitted. Selected bond lengths (A) and angles (deg): -1 2.2978(11), andL confirm that 1:1 anion binding occurs in solution in

Pd1-Cl2 2.3036(11), PdP1 2.3509(12), PdiP2 2.3268(12); CH:Pd1- both cases. Unfortunately, we have been unable to calculate
g% gg:éggg' gﬁ%‘i&;gzlgg'ig((?)’ g:iEgEETzl 19757'4302(25 Cl2-Pdi- accurate association constants using these data, possibly as
' T ST a consequence of competing inter- and intramolecular
formation due to intermolecular hydrogen bonding. These hydrogen-bonding interactions betweeyi, and the chloride
interactions are disrupted by dissolution in DMSO, so 0N
allowing the above NMR data to be acquired. An EXSY The inaccuracy of the above calculations and the reality
NMR experiment showed that no isomer exchange occursthat many metal-catalyzed reactions are conducted at elevated
in solution at room temperature, and this contrasts with the temperature led us to assess the thermal stabilify ©f by
allosteric, anion-controlled, cis/trans isomerization seen for *H NMR spectroscopy in BrgDs. Between 300 and 403 K,
Pd complexes of similar acetanilide-functionalized phosphine N0 significant change in the urea chemical shift was observed
ligands? Crystals grown from DMSO were analyzed by [0(300 K) = 10.41 ppm;06(403 K) = 10.27 ppm], which
X-ray crystallography (Figure 1). sqggest; that hydrogen bonding to the anion is uncompro-
Itis clear from the solid-state structure that crystallization Mised within this temperature range. In contrast, the non-
of trans-1 is favored over that ofis-1 and that intermolecular ~ @nion-bound compled is completely insoluble in BréDs
hydrogen bonding occurs between the urea protons and thét 400 K, and this implies that intermolecular hydrogen-
DMSO solvent oxygen atoms O1S and 02S [N11S bonding interactions remain dominant in t_h|s case.
2.846(5) A, N2-01S 2.962(4) A, N3-02S 2.819(5) A, N4 To classify definitively thg nature of anion binding, the
02S 2.836(4) AJ; the ureaphosphine backbones adopt an antSolid-state structural determinationtoéns-1-Cl was under-
configuration, presumably for steric reasons. Dissolution of taken (Figure 3). Unlike withl, intramolecular hydrogen-

crystallinetrans-1 in DMSO-d results in rapid equilibration bonding interactions between the hydrogens associated with
to a 1:3 cis/trans mixture. the urea nitrogen atoms N1 and N2 and their symmetry
Unlike the above, the 1:1 reaction between in-situ-prepared duivalents and the single chloride ions@tcur [N1-CI3
cisltrans1 and BW,N-Cl in CH,Cl, does not result in  3-341(4) A, N2-CI3 3.201(4) Al and result in the formation
precipitation due to polymer formation but instead forms the ©f @n unusual, effectively chelating diphosphine bound to
anion-bound addudisitrans [Bu"sN][PdCL(L ),Cl] (1-Cl) in Pd1; this supramolecular interaction between the urea
high yield (Scheme 1); the 1:1 complex/anion ratio was hydrogens and the chloride ion also results in meso stereo-

supported by elemental analysis, and no change in the cis/chemistry af[ Pd_l. It is clear that trans orientatio_n of th_e
frans isomer ratio was observed upon anion binding. Surpris-uréaphosphine ligands results in a hydrogen-bonding cavity
ingly, the addition of B&N-H,PO; to 1 resulted in chloride that is suitable for chloride anion binding. This feature is

substitution at Pd and isolation as crystals of substoichio- Potentially important in the catalytic chemistry of these
metric amounts of the Clbound adductl-Cl: other Pd systems because rhodium complexes of chelating diphos-

species are also formed in the bulk material during this Phines that can adopt a range of bite angles or even span

reaction and showdep coupling in the3'P{*H} NMR trans sites are extremely effective hydroformylation cata-
spectrum that is consistent with metal phosphate coordina-1YSts** o
tion. TheH NMR spectrum ofl-Cl clearly shows that anion To date, we have been unable to crystallize eittistl

binding has occurred in solution because the resonancedr €is-1:Cland so cannot unequivocally define the structural
attributed to the urea NH's shift significantly downfield ~ €ffect of anion binding in this isomer. Itis clear, nowever,
as compared to the resonances of the anion-free conplex that anion binding does occur in solution in both"Rdo
(AS[DMSO-d] 0.46 ppm) and the ureaphosphine ligand 0.46 ppm) and also Pdomplexes; preliminary investigations
(AJ[DMSO-d] 0.58 ppm) (DMSOd was used becaudeand (8) Bessel, C. A.; Aggarwal, P.; Marschilok, A. C.; Takeuchi, KChem

L are otherwise insolublel-Cl is soluble in chlorinated Rev, 2001 101, 1031, Eberhard, M. R, Heslop. K. M.. Orpen. A, G..
solvents). This interaction was also probed using standard  Pringle, P. GOrganometallics2005 24, 335. Freixa, Z.; Beentjes,
NMR titration methodology (Figure 2), and the Job plots M. S.; Batema, G. D.; Dieleman, C. B.; van Strijdonck, G. P. F.; Reek,

; - ' . J. N. H.; Kamer, P. C. J.; Fraanje, J.; Goubitz, K.; van Leeuwen, P.
derived from the addition of anion to solutions of bdth W. N. M. Angew. Chem., Int. EQ003 42, 1284.
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Figure 3. X-ray crystal structure of the anion-bound complex -
[PACh(L)+Cl] (1-Cl; 50% displacement ellipsoids). For clarity, the [&\]*

cation and all hydrogens except those of the urea nitrogens N1 and N2 are
omitted. Selected bond lengths (A) and angles (deg):—f&i1 2.2857(18),
Pd1-CI2 2.3007(16), Pd1P1 2.3484(10); CI+Pd1-P1 93.88(3), CI2
Pd1-P1 87.25(3), Cl+Pd1-CI2 169.59(8), P+ Pd1-P1A 165.83(5). The
suffix A on atom P1A indicates the symmetry operatign(z — vy, 2).

suggest that Pacomplexes such as [Pd(TCNE)¢] (TCNE

= tetracyanoethylene) and its anion-bound congenetfBu
[PA(TCNE)(L)2Cl] can be synthesized and that anion
binding is observed in solutiomMp(CDCl;) 1.48 ppm].

We have also started to explore the synthesis of Rh
complexes of. and have been able to prepar@ns[RhCI-
(CO)(L)2] (2) andtrans[Bu;N][RhCI(CO)(L)..Cl] (2-Cl)
in good yield by ligand substitution fron{ RhCI(CO)} ;]
(Scheme 1). The resonances at 30gL( = 125.7 Hz) and
30.7 ppm Jrn-p = 126.7 Hz) in the’’P{*H} NMR spectra
of 2 and2-Cl, respectively, are consistent with trans ligand
arrangements; no resonances consistent with cis isomers wer
observed. The elemental analysis DfC| supports a 1:1
complex/anion ratio, and anion binding in solution is inferred
from the'H NMR spectrum of2-Cl, which shows that the
urea N-H’s shift to higher frequency upon anion addition
[A6(2:Cl vs 2, DMSO-d) 0.39 ppm].

The occurrence of well-defined anion binding in the above
Pd', P, and Rh complexes led us to undertake a prelimi-
nary investigation of the effect of anion incorporation on
the catalytic activity of these metal complexes. Catalyst
mixtures derived fronk, palladium(0) dibenzylideneacetone
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precursors, and with or without FCI~, Br~, HSQ,™, and
lactate were assessed for the ambient-temperature allylic
alkylation reaction betweemrac-1,3-diphenyl-2-propenyl
acetate and dimethyl malonate. While all catalyst mixtures
were found to be active and achieved 100% conversion after
18 h, no significant difference was seen with anion present,
and no asymmetric induction was observed in the presence
of the chiral lactate anion; as such, and in line with the solid-
state structure ofrans-1-Cl, it would appear that a meso
isomer may be adopted in preference to the rac isomers. The
Rh complexes2 and 2:Cl were assessed as preformed
catalysts for the hydroformylation of octene using 1:4 H
CO syngas at 80C, 20 bar, and compared to the com-
mercially available ROPAC catalyst, [Rh(CO)(acac)(jPh
While complete conversion of octene to linear/branched (2.6:
1) aldehyde was observed afté h using the ROPAC
catalyst, both2 (10 h) and2-Cl (24 h) required prolonged
reaction times for complete conversion to an aldehyde
product of a similar linear/branched ratio (ca. 3:1 in both
cases). Reactions carried out for 2, 4, 6, 8, and 10 h uking
and 2:Cl were analyzed, and in both cases, a significant
induction period was observed (5 h f8r>10 h for2:-ClI).

The increased reactivity seen faras compared to that of
2-Cl suggests that the abstraction of chloride necessary to
form a reactive, hydridic intermediate is less hindere@ in
because the urea anion-binding pocket is blocked by a
precoordinated chloride ion i2-Cl.

We have shown that the new (bis)ureaphosphine com-
plexesl and?2 bind a chloride ion to form, primarily, trans-
chelating diphosphine ligands at the metal. These supramo-
lecular interactions are observed both in solution and in the
solid state (forl-Cl) and appear to be retained at the elevated
temperatures required for many catalytic reactions? Pd
complexes derived from PdrecursorsL, and additional
anion act as catalysts for allylic alkylation, although no
product discrimination is observed in the presence of added
anion. However, the presence of anion does appear to
decrease the efficacy @in the rhodium-catalyzed hydro-

formylation of octene.
e
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