
  

 

ARTICLE 

  

Please do not adjust margins 

Please do not adjust margins 

 Received 00th January 20xx, 

Accepted 00th January 20xx 

DOI: 10.1039/x0xx00000x 

 

Coordination Chemistry and Structural Rearrangements of the 
Me2PCH2AlMe2 Ambiphilic Ligand 

Katarina Paskaruk, David J. H. Emslie,* James F. Britten 

Reaction of 2 equivalents of (Me2PCH2AlMe2)2 with [{RhCl(cod)}2] (cod = 1,5-cyclooctadiene) afforded 

[{2P,P-(Me3AlCl)MeAl(CH2PMe2)2}Rh(cod)] (1), which features a 2-coordinated bis(phosphino)aluminate anion. In 

compound 1, an Al–Cl substituent bridges to a molecule of AlMe3, which could be removed in vacuo to provide 

[{2P,P-ClMeAl(CH2PMe2)2}Rh(cod)] (2). By contrast, reaction of 1 equiv. of (Me2PCH2AlMe2)2 with [{RhCl(cod)}2] yielded 

[Rh(cod)(µ-Cl)(Me2PCH2AlMe2)] (3) as the major product, where the phosphine donor of an intact Me2PCH2AlMe2 ligand is 

coordinated to rhodium and a chloride ligand bridges between Rh and Al. [Rh(cod)(µ-Cl)(Me2PCH2AlClMe)] (3A) and 2 were 

also formed as minor products. The aforementioned reactions were carried out in benzene or toluene, whereas the 1:1 

reaction of (Me2PCH2AlMe2)2 with [{RhCl(cod)}2] in THF afforded [{Rh(-CH2PMe2)(cod)}2] (4). Reactions of (Me2PCH2AlMe2)2 

with iridium(I), gold(I) and platinum(II) precursors were also explored. A 1:1 reaction of (Me2PCH2AlMe2)2 with [{IrCl(cod)}2] 

afforded [{2P,P-Cl2Al(CH2PMe2)2}Ir(cod)] (5) as one of two major phosphine-containing products; unlike 3, this compound 

features two chlorine substituents on aluminium. For comparison, the rhodium analogue of 5, [{2P,P-

Cl2Al(CH2PMe2)2}Rh(cod)] (6), was also synthesized via the 1:1 reaction of {ClAl(CH2PMe2)2}2 with [{RhCl(cod)}2]. Reactions of 

(Me2PCH2AlMe2)2 with [LAuCl] (L = CO or SMe2) or [PtCl2(cod)] also resulted in chloride-methyl group exchange between the 

transition metal and aluminium. However, these reactions generated free (Me2PCH2AlClMe)2 accompanied by gold and 

ethane, or [PtMe2(cod)], respectively. Reaction of 1.5 equivalents of (Me2PCH2AlMe2)2 with [PtMe2(cod)] at 75 °C afforded 

zwitterionic [(PtMe{-1P:2P,P-MeAl(CH2PMe2)3})2] (7) which features two tris(phosphino)aluminate anions bridging 

between PtMe units. Compounds 1-2, 3/3A, 4-7 and (Me2PCH2AlClMe)2 were crystallographically characterized. 

Introduction  

Transition metal complexes bearing ambiphilic ligands, that is 

ligands featuring one or more Lewis basic donor as well as a 

Lewis acidic acceptor, have been of great interest in recent 

years. These ligands are noteworthy due to the ability of the 

Lewis acid to interact with the metal centre, influencing the d-

electron count, yielding compounds with unusual coordination 

geometries, and modulating the amount of electron density at 

the metal centre. Furthermore, the pendent Lewis acid can 

coordinate to substrates or co-ligands, or abstract co-ligands to 

form coordinatively-unsaturated species.1-5 The majority of 

transition metal complexes featuring ambiphilic ligands contain 

borane Lewis acids. By comparison, alane-containing ambiphilic 

ligand complexes are far rarer,6-42 despite the increased Lewis 

acidity of tris(hydrocarbyl)alanes relative to 

tris(hydrocarbyl)boranes.43-45 Of these ligands, only three 

examples with a single phosphine donor have been utilized for 

the synthesis of transition metal complexes: R2P(NR")AlR'2,6-9,46 

Me2PCH2AlMe2,10-12 and Mes2PC(=CHPh)AltBu2.13-15  

 Labinger and Miller et al. explored the reactivity of 

R2PN(R")AlR'2 (primarily with R = Ph, R' = Me or Et, and R" = tBu) 

with iron7,8 and manganese6,9 complexes bearing carbonyl and 

either methyl or hydride ligands, demonstrating the ability of 

ambiphilic ligands to promote the formation of new C–C or C–H 

bonds. For example, reaction of Ph2PN(tBu)AlEt2 with 

[CpFe(CO)2Me] afforded an iron complex containing a 5-

membered CMe–O–AlEt2–NtBu–PPh2 ring coordinated to iron 

via C and O (A in Figure 1). This complex slowly isomerized to 

form an acyl complex featuring a 6-membered Fe–CMe=O–

AlEt2–NtBu–PPh2 metallacycle (B in Figure 1). Similarly, reaction 

of Ph2PN(tBu)AlR'2 (R' = Me or Et) with [HMn(CO)5] afforded a 

complex analogous to A in Figure 1, and for R = Me, this complex 

reacted with an additional equivalent of Ph2PN(tBu)AlMe2 to 

afford C in Figure 1. These manganese complexes were 

proposed not to result from direct 1,1-insertion, given that a 

phosphonium salt was formed initially. 

Zargarian et al. reported the use of the ambiphilic ligand 

precursor (Me2PCH2AlMe2)2 for the synthesis of nickel 

complexes.10 A mixture of (Me2PCH2AlMe2)2 and [(1-Me-

Ind)NiMe(PPh3)] (Ind = indenyl) was used  to facilitate the 

catalytic oligomerization of PhSiH3. The active species was 

proposed to be [(1-Me-Ind)NiMe(Me2PCH2AlMe2)], and the 

pendant alane was suggested to play an important role in 
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catalysis. Although the aforementioned active species was not 

observed, the Lewis base adduct 

[(1-Me-Ind)NiMe{Me2PCH2AlMe2(NEt3)}] (D in Figure 1) was 

spectroscopically observed upon the addition of excess NEt3. 

Additionally, rhodium Me2PCH2AlMe2 complexes were reported 

by Fontaine et al.11,12 These complexes include 

[Cp*RhMe2{Me2PCH2AlMe2(L)}] {L = DMSO  (E in Figure 1) or 

PMe3} and [Cp*RhMe2(Me2PCH2AlMe2)], and heating the DMSO 

adduct in the presence of 2 equiv. of AlMe3 and 1 equiv. of 

(Me2PCH2AlMe2)2 afforded zwitterionic [Cp*RhMe 

{(Me2PCH2)2AlMe2)].11 

 

Figure 1. Complexes featuring monophosphine-alane ambiphilic ligands. 

More recently, coordination of the Mes2PC(=CHPh)AltBu2 

ligand to rhodium, palladium, gold and platinum was reported. 

Reactions with [{Rh(-Cl)(nbd)}2] and [{Pd(-Cl)(allyl)}2] 

afforded complexes in which a chloride ligand bridges between 

the transition metal and aluminium (e.g. F in Figure 1), whereas 

the reaction with [AuCl(THT)] (THT = tetrahydrothiophene) 

afforded a zwitterion in which the chloride anion has been 

abstracted by the alane (G in Figure 1).13 Complexes in which 

the alane is coordinated to the transition metal were accessed 

via reactions with [Au(C2Ph)]n, [Au(THT)(C6F5)],14 [Pd(3-

C3H5)(-Cl)}2],13,14 or [Pt(C2H4)(PPh3)2], and the platinum 

complex [{Mes2PC(=CHPh)AltBu2}Pt(PPh3)] (H in Figure 1) was 

shown to engage in cooperative reactivity resulting in CO2 (I in 

Figure 1) and CS2 fixation, and H2 and PhC(O)NH2 activation.15 

 As research into small alane-containing ambiphilic ligands is 

in its infancy, we sought to further research the coordination of 

Me2PCH2AlMe2 to late transition metal complexes, with a focus 

on probing the ability of this flexible and sterically 

unencumbered ligand to interact with co-ligands (e.g. Cl– or Me–

), and the circumstances under which the ligand engages in 

reactivity at the aluminium–alkyl linkages. 

 

 

Results and discussion 

Reaction of 2 equivalents of (Me2PCH2AlMe2)2
47 with [{Rh(µ-

Cl)(cod)}2] (cod = 1,5-cyclooctadiene) in benzene or toluene at 

room temperature afforded 

[{2P,P-(Me3AlCl)MeAl(CH2PMe2)2}Rh(cod)] (1;  Scheme 1), with 

a 31P{1H} NMR chemical shift of –5.83 ppm (1J103Rh-31P = 138 Hz). 

This complex does not contain two Me2PCH2AlMe2 ligands. 

Rather, it contains a bidentate bis(phosphino)aluminate ligand 

which is 2-coordinated to rhodium via two phosphine arms; 

this bidentate ligand can be considered to be comprised of a 

ClMeAl(CH2PMe2)2 anion in which the chloride substituent 

bridges to a molecule of AlMe3.  

An X-ray crystal structure of 1 (Figure 2) shows the expected 

square planar geometry at rhodium (angles in the square plane 

range from 84.85° to 92.81°), with Rh–P distances of 2.3283(7) 

and 2.3195(6) Å, and Rh–C distances ranging from 2.212(2) to 

2.246(2) Å. The Al(1)–Cl(1)–Al(2) angle is 113.85(3)°, and both 

aluminium centres adopt a slightly distorted tetrahedral 

geometry.  The Al(1)–Cl and Al(2)–Cl distances are 2.3038(9) and 

2.416(1) Å, respectively, indicating that chloride is more tightly 

bound by the aluminium centre of the ligand backbone {Al(1)}, 

although both distances are elongated compared the sum of the 

covalent radii (2.23 Å).48 Additionally, Al(1) is more 

pyramidalized, with the sum of the C–Al–C bond angles equal to 

340.3(2)°, compared to 348.2(3)° for Al(2).  

 

Scheme 1. Reactivity of (Me2PCH2AlMe2)2 with [{RhCl(cod)}2].  

 

Figure 2.  X-ray crystal structures of 1 (left) and 2 (right). Ellipsoids are set at 50% and 

hydrogen atoms are omitted for clarity. In 2, the Cl and CH3 groups on Al(1) are 

disordered (80:20) over two positions, and only the major one of these is shown.  
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Solid 1 loses AlMe3 slowly under vacuum at room temperature, 

or more rapidly at elevated temperature, affording 

[{2P,P-ClMeAl(CH2PMe2)2}Rh(cod)] (2;  Scheme 1). The 

structure of 2 was confirmed by NMR spectroscopy and X-ray 

crystallography (Figure 2), and is analogous to that of 1, 

although the Al–Cl distance in 2 is considerably shorter, at 

2.199(1) Å. The Rh–P distances are 2.3249(5) and 2.3348(5) Å 

for P(1) and P(2), respectively, and the Rh–C distances range 

from 2.209(2) to 2.250(2) Å. Compared with the structure of 1, 

aluminium is more pyramidalized, with the sum of the C–Al–C 

bond angles equal to 332.5(4)°. 

 Room temperature 1H and 13C NMR spectra of 1 in CD2Cl2 

are indicative of apparent C2v symmetry, despite approximate 

Cs symmetry in the solid state. For example, the PMe2 and 

PCH2Al groups each gave rise to just one 1H or 13C NMR signal. 

Furthermore, only a single peak was observed for the methyl 

substituents on the two inequivalent aluminium centres. By 

contrast, low temperature 1H and 13C NMR spectra revealed 

separate AlMe and AlMe3 signals, as well as separation of the 

PMe and PCH2Al 1H NMR signals into two singlets and two 

doublets, respectively. The apparent C2v symmetry at room 

temperature is presumably due to a fluxional process involving 

initial AlMe3 or ClAlMe3
– dissociation. For example, (a) 

reversible AlMe3 dissociation followed by methyl group 

abstraction to afford undetected 

[{2P,P-ClAl(CH2PMe2)2}Rh(cod)][AlMe4], or (b) reversible 

AlMe3Cl– dissociation followed by transfer of a methyl group 

back to the alane in the ligand backbone, affording undetected 

[{2P,P-Me2Al(CH2PMe2)2}Rh(cod)] and Me2AlCl. In keeping 

with either of these mechanisms, room temperature 1H NMR 

spectra of 2 show the expected Cs symmetry, but addition of a 

sub-stoichiometric amount (<0.1 equiv.) of AlMe3 resulted in a 

switch to apparent C2v symmetry. 

 The bidentate bis(phosphino)aluminate ligands in 1 and 2 

are relatives of the Me2Al(CH2PMe2)2
– ligand in Fontaine’s 

[Cp*{2P,P-Me2Al(CH2PMe2)2}RhMe]. These aluminate ligands 

are heavy analogues of Peters’ bis(phosphino)borate ligands, 

R'2B(CH2PR2)2
–,49 and to our knowledge, 1 and 2 are only the 

second and third structurally characterized  examples of 

transition metal R'2Al(CH2PR2)2
– complexes. 

 In contrast to the 2:1 reaction of (Me2PCH2AlMe2)2 with 

[{Rh(µ-Cl)(cod)}2], the 1:1 reaction (in benzene or toluene) 

afforded an orange-brown solution with some suspended solid. 

Three products were observed in the 31P{1H} NMR spectrum of 

the reaction mixture, with chemical shifts at 7.12 ppm (major; 

>80%), and 4.56 and –5.89 ppm (minor), in all cases with similar 
1JRh,P coupling constants of 133.6-138.4 Hz. Based on the 1H, 31C 

and 31P NMR data, the latter minor product (31P = –5.89 ppm) is 

assigned to compound 2.  

Slow evaporation of the reaction solution afforded a dark 

precipitate as well as golden-yellow crystals which contained a 

68:32 mixture of [Rh(cod)(µ-Cl)(Me2PCH2AlMe2)] (3) and 

[Rh(cod)(µ-Cl)(Me2PCH2AlClMe)] (3A); the unit cell contains two 

independent molecules, one of which is not disordered and 

contains only compound 3 (Figure 3), and one of which is 

disordered between 3 and 3A in an 36:64 ratio. Compound 3 

contains an intact Me2PCH2AlMe2 ligand, with a chloride co-

ligand bridging between Rh and Al. The non-disordered 

molecule of 3 features Rh–P and Rh–Cl distances of 2.2967(3) 

and 2.4176(3) Å, respectively, and Rh–C distances ranging from 

2.104(1) to 2.253(1) Å. The Al–Cl bond distance is 2.3427(4) Å, 

which is similar to that in [Rh(nbd)(µ-Cl)(Mes2PC(=CHPh)AltBu2)] 

(nbd = 2,5-norbornadiene),13 and the sum of the C–Al–C bond 

angles is 346.70(9)°. Dissolution of these crystals afforded two 
31P NMR signals at 7.12 and 4.56 ppm in an approximate 2:1 

ratio, indicating that 3 is the major product in the 1:1 reaction 

of (Me2PCH2AlMe2)2 with [{Rh(µ-Cl)(cod)}2], and 3A is the minor 

product with a 31P NMR chemical shift of 4.56 ppm (Scheme 1).  

The reaction between (Me2PCH2AlMe2)2 and [{Rh(µ-

Cl)(cod)}2] is solvent-dependent, and afforded 

[{Rh(-CH2PMe2)(cod)}2] (4) {accompanied by AlMe2Cl(THF)} 

when the reaction was carried out with 1:1 stoichiometry in THF 

(Scheme 2). This process likely involves initial formation of 

compound 3, and consistent with this hypothesis, 3 (as the 

major product in the mixture formed from the 1:1 reaction of 

(Me2PCH2AlMe2)2 with [{Rh(µ-Cl)(cod)}2] in benzene; vide supra) 

rapidly converted to 4 upon dissolution in THF.  

 

Figure 3.  X-ray structure of 3 from crystals containing [Rh(cod)(µ-Cl)(Me2PCH2AlMe2)] 

(3) and [Rh(cod)(µ-Cl)(Me2PCH2AlClMe)] (3A) in a 68:32 ratio. The unit cell contains two 

independent molecules; one is a non-disordered molecule of 3, whereas the other is 

disordered between 3 and 3A in a 36:64 ratio. This figure shows only the non-disordered 

molecule of 3. Ellipsoids are set at 50% and hydrogen atoms have been omitted for 

clarity.  

  

Scheme 2. Formation of 4 in THF. 

 

Figure 4. X-ray crystal structure of 4. Ellipsoids are set to 50% probability. Hydrogen 

atoms have been omitted for clarity.  

Red X-ray quality crystals of 4 were obtained by layering the 

reaction mixture with pentane and cooling to –30 °C, and 

revealed two bridging CH2PMe2
– anions, with each rhodium 

centre coordinating to the carbon atom of one CH2PMe2
– ligand 
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and the phosphorus atom of the other (Figure 4). This structure 

is similar to that observed for the rhodium(III) complex 

[{Cp*RhMe(µ-CH2PMe2)}2].11 For example, both adopt a twist-

boat conformation of the 6-membered Rh2C2P2 ring, and the 

Rh–C distances are similar (2.108(1) Å in 4, compared with 

2.101(7) and 2.095(7) Å in the rhodium(III) complex).  

To explore the generality of the reactivity observed between 

(Me2PCH2AlMe2)2 and [{RhCl(cod)}2] in arene solvents, 

analogous reactions were carried out using [{IrCl(cod)}2]. In the 

1:1 reaction, two phosphorus-containing products were formed 

in an approximate 1:1 ratio, with 31P NMR signals at –13.08 and 

–48.10 ppm. Attempts to isolate and identify the product giving 

rise to the lower frequency 31P NMR signal were unsuccessful. 

However, the compound with a 31P NMR signal at –13.08 ppm 

was isolated from a 2:1 mixture of [{IrCl(cod)}2] and 

(Me2PCH2AlMe2)2, recrystallized from 1,2-

difluorobenzene/hexanes, and was identified by X-ray 

diffraction as [{2P,P-Cl2Al(CH2PMe2)2}Ir(cod)] (5; Scheme 3). 

The new bis(phosphino)aluminate ligand in 5 is related to that 

in compound 2, except that aluminium has two chlorine 

substituents. The rhodium analogue of 5, [{2P,P-

Cl2Al(CH2PMe2)2}Rh(cod)] (6), was also synthesized via the 1:1 

reaction of {ClAl(CH2PMe2)2}2
47 with [{RhCl(cod)}2] (Scheme 3). 

The solid state structures of 5 and 6 (Figure 5) are analogous to 

that of 2. The M–C distances are 2.225(2) and 2.196(2) Å in 5, 

and 2.2546(7) and 2.2190(7) Å in 6, and the M–P and M–Cl 

distances are 2.3208(4) and 2.1789(6) in 5, and 2.3175(2) and 

2.1829(3) in 6. 

 

Scheme 3. Formation of complexes 5 and 6, bearing the Cl2Al(CH2PMe2)2
– ligand.  

 

Figure 5. X-ray crystal structures of 5 (left) and 6 (right). Ellipsoids are set at 50% 

probability. Hydrogen atoms have been omitted for clarity.  

To extend the reactivity of (Me2PCH2AlMe2)2 beyond group 9 

metals, a solution of (Me2PCH2AlMe2)2 (0.5 equiv.) was added 

to [ClAu(CO)] (Scheme 4), affording an ink-blue mixture within 

seconds, indicative of gold colloid formation. This was followed 

by precipitation of a black powder and deposition of a thin gold 

mirror on the walls of the reaction flask. Powder X-ray 

diffraction of the precipitated solid confirmed its identity as 

elemental gold. The remaining clear, colourless reaction 

solution was analysed by 1H and 31P NMR spectroscopy and 

shown to contain ethane as well as (Me2PCH2AlClMe)2 as an 

approx. 2:1 mixture of diastereomers; crystals of the meso 

diastereomer of (Me2PCH2AlClMe)2 were obtained by slow 

evaporation of the supernatant, and the structure was 

confirmed by X-ray diffraction (Figure 6). These products are 

indicative of exchange of chloride and methyl groups between 

gold and aluminium, to generate an unstable gold methyl 

species which undergoes ethane reductive elimination50-52 to 

deposit elemental gold. This reactivity contrasts that of 

Mes2PC(=CHPh)AltBu2,13 {(o-Ph2P)C6H4}2AlCl16 and {(o-

Ph2P)C6H4}3Al17 with gold(I) chloride complexes, which resulted 

in chloride abstraction to afford stable zwitterionic gold(I) 

products.  

 

Scheme 4. Reactivity of (Me2PCH2AlMe2)2 with gold and platinum precursors. 

 

Figure 6. X-ray crystal structure of the meso diastereomer of (Me2PCH2AlClMe)2. 

Ellipsoids are set at 50% probability. Hydrogen atoms have been omitted for 

clarity.  

The reactivity of (Me2PCH2AlMe2)2 with platinum precursors 

containing either chloride or methyl ligands was also explored, 

in light of the varied reactivity observed with late transition 

metal chloride complexes, and to probe the behaviour of the 

Me2PCH2AlMe2 ligand in the presence of methyl co-ligands.  
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When 1 equiv. of (Me2PCH2AlMe2)2 was added to a solution 

of [PtCl2(cod)], chlorine-methyl exchange between platinum 

and aluminium was again observed, affording 

(Me2PCH2AlClMe)2 and [PtMe2(cod)] (Scheme 4). By contrast, 

no reaction was observed between (Me2PCH2AlMe2)2 (0.5 or 1.5 

equiv.) and [PtMe2(cod)] at room temperature. However, when 

the mixture was heated to 75 °C, a new phosphine-containing 

product was generated over the course of 20 hours (in higher 

yield in the 1.5:1 reaction), accompanied by the formation of 

approx. 4 equiv. of free AlMe3 (Scheme 4). 

 

Figure 6. X-ray crystal structure of 7.  Ellipsoids are set at 50%. Hydrogen atoms have 

been omitted for clarity. 

 

Figure 7. Experimental and simulated 31P{1H} NMR spectra of 7. In the simulated 

spectrum, coupling to 195Pt was not included. The *, † and ‡ symbols correspond to the 

three inequivalent phosphine donors attached to each platinum centre; * is trans to a 

methyl ligand, whereas † and ‡ are trans to one another. In the experimental spectrum, 

dashed lines highlight the position of 195Pt-satellites relative to the central peak. 

The new product was isolated as clear colourless crystals by 

slow evaporation of a benzene solution, and was identified by 

X-ray crystallography (Figure 6) as zwitterionic [(PtMe{-

1P:2P,P-MeAl(CH2PMe2)3})2] (7). Compound 7 features two 

tridentate tris(phosphino)aluminate anions bridging between 

square planar platinum centres, with each ligand 2-

coordinated to one platinum, and 1-coordinated to the other. 

Each platinum centre also retains one methyl ligand. The Pt–C 

distance is 2.115(1) Å, and the Pt–P distances are 2.3144(3) and 

2.3211 (3) Å for the phosphines trans to one another, and 

2.3297(3) Å for the phosphine trans to the methyl group. The 

geometry around the platinum centre is square planar, with P–

Pt–P angles of 95.24(1)° and 92.98(1)°, and smaller C–Pt–P 

angles of 87.05(4)° and 84.91(4)°.  

 The 31P{1H} NMR spectrum of 7 features three signals due to 

the three inequivalent phosphine donors (each with 195Pt 

satelites; 1JP,Pt is ~2400 Hz for the phosphines trans to one 

another, and 1830 Hz for the phosphine trans to the methyl 

group), and is complicated by second order effects. Thus, the 
31P-31P coupling constants (and 31P NMR shifts) were found via 

simulation; the cis 2JP-P couplings are 22 and 23 Hz, whereas the 

trans 2JP-P coupling is 398 Hz (Figure 7). To the best of our 

knowledge, compound 7 is the first example of a transition 

metal tris(phosphino)aluminate {R'Al(CH2PR2)3
–} complex, and it 

is interesting that the formation of this ligand was favoured, 

even when an excess of [PtMe2(cod)] was present (e.g. in the 

reaction between 0.5 equiv. of (Me2PCH2AlMe2)2 and 

[PtMe2(cod)]). 

Summary and Conclusions 

Reactions between (Me2PCH2AlMe2)2 and late transition metal 

complexes led to five distinct outcomes: 

(1) Complexation of an intact Me2PCH2AlMe2 ambiphilic 

ligand; one equiv. of (Me2PCH2AlMe2)2 reacted with 

[{RhCl(cod)}2] in arene solvents to afford [Rh(cod)(µ-

Cl)(Me2PCH2AlMe2)] (3) as the major product.  

(2) In-situ generation of a bis(phosphino)aluminate ligand. 

This outcome was observed in the 2:1 reaction between 

(Me2PCH2AlMe2)2 and [{RhCl(cod)}2], and the 1:1 and 1:2 

reactions between (Me2PCH2AlMe2)2 and [{IrCl(cod)}2], 

generating [{2P,P-XMeAl(CH2PMe2)2}Rh(cod)] {X = 

ClAlMe3 (1) or Cl (2)} or [{2P,P-Cl2Al(CH2PMe2)2}Ir(cod)] 

(5), respectively. 

(3) Formation of a dimethylphosphinomethyl complex; 

reactions between (Me2PCH2AlMe2)2 and [{RhCl(cod)}2] in 

THF afforded [{Rh(-CH2PMe2)(cod)}2] (4). Compound 3 

also rapidly converted to 4 in THF. 

(4) Chloride-methyl exchange to afford free 

(Me2PCH2AlClMe)2; reactions of (Me2PCH2AlMe2)2 with 

[(CO)AuCl] or [PtCl2(COD)] provided free 

(Me2PCH2AlClMe)2 accompanied by gold and ethane, or 

[PtMe2(COD)], respectively. 

(5) In-situ generation of a tris(phosphino)aluminate ligand; 

reaction of (Me2PCH2AlMe2)2 with [PtMe2(cod)] yielded 

[(PtMe{-1P:2P,P-MeAl(CH2PMe2)3})2] (7). 

These reactions highlight the ability of Me2PCH2AlMe2 to serve 

as an ambiphilic ligand, but also the propensity of this ligand to 

engage in reactivity involving the Al–Calkyl bonds,11,53 and the 

sensitivity of this reactivity to the identity of the transition 

metal, as well as the co-ligands (Cl vs Me), reaction 

stoichiometry, and solvent (arene solvents vs THF). However, it 

is important to note that ambiphilic ligands featuring Al–Calkyl 

linkages do not always engage in reactivity at the Al–C bonds. 

For example, the Al–C linkages in Ph2P(NtBu)AlR2 (R = Me or Et)6-
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9 and Mes2PC(CHPh)AltBu2
13-15 remained in intact in various 

transition metal complexes (vide supra). Additionally, a 

tridentate PPAl ligand (FcPPAl) containing an ArAlMe2 moiety 

was used to form [{Pt(FcPPAl)}2], [Pt(L)(FcPPAl)] [L= 

norbornene, C2H4, C2Ph2, CO] and [PtH2(FcPPAl)], and in all 

cases, the FcPPAl ligand remained intact.21 

Compounds 1, 2 and 5 are rare examples of 

bis(phosphino)aluminate  {R'2Al(CH2PR2)2
–} complexes, and to 

the best of our knowledge, compound 7 is the first example of 

a transition metal tris(phosphino)aluminate  {R'Al(CH2PR2)3
–} 

complex. It is remarkable that this ligand was assembled 

selectively via the reaction of (Me2PCH2AlMe2)2 with 

[PtMe2(cod)], especially considering that the lithium salt of the 

MeAl(CH2PMe2)3
– anion has been reported to undergo rapid 

ligand redistribution to form Me2Al(CH2PMe2)2
– and 

Al(CH2PMe2)4
–.54 
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Experimental 

General Details:  Experiments were carried out in an argon-

filled MBraun UniLab glove box or on a double manifold high 

vacuum line using standard techniques. The metal complexes 

[{RhCl(cod)}2] and [{IrCl(cod)}2] were purchased from Strem 

Chemicals. [PtMe2(cod)]55 was prepared via literature 

procedure. [AuCl(CO)] and [PtCl2(cod)] were purchased from 

Strem Chemicals. The ligand precursors (Me2PCH2AlMe2)2 and 

{(Me2PCH2)2AlCl}2 were prepared via reactions of Me2AlCl or 

AlCl3 with LiCH2PMe2.47 Benzene, hexanes, pentane, 

tetrahydrofuran (THF), diethyl ether (Et2O) were purchased 

from Sigma Aldrich, dried over sodium/benzophenone, and 

distilled under nitrogen.  Toluene was purchased from Sigma 

Aldrich, dried over sodium metal and distilled.  Anhydrous 

dichloromethane (DCM) was purchased from Sigma Aldrich, 

dried over molecular sieves (4 Å), and distilled. Deuterated 

solvents were purchased from Cambridge Isotope Laboratories; 

C6D6 (99.5%) was dried over sodium/benzophenone, distilled 

prior to use, and stored under argon.  CD2Cl2 (99.8%) was dried 

over molecular sieves (4 Å), distilled prior to use, and stored 

under argon. 

 NMR spectroscopy (1H, 13C{1H}, 31P{1H}, COSY, HSQC, HMBC, 

NOESY) was performed on Bruker AV-500 and AV-600 

spectrometers. Spectra were obtained at 298 K unless 

otherwise indicated. All 1H NMR spectra were referenced 

relative to SiMe4 through a resonance of the protio impurity of 

the solvent used: C6D6 (δ 7.16 ppm), CD2Cl2 (δ 5.32 ppm) and d8-

toluene (δ 2.08 ppm, 6.97 ppm, 7.01 ppm, and 7.09 ppm). All 
13C NMR spectra were referenced relative to SiMe4 through a 

resonance of the 13C in the solvents: C6D6 (δ 128.06 ppm), CD2Cl2 

(δ 54.00 ppm) and d8-toluene (δ 20.43, 125.13, 127.96, 128.87, 

and 137.48 ppm). The 31P NMR spectra were referenced using 

an external standard of 85% H3PO4 in D2O (0.0 ppm). Relative 

concentrations of species were determined by integration of 1H 

NMR spectra, unless otherwise indicated. The 31P{1H} NMR 

spectrum of 7 was simulated using the DAISY program in  

TopSpin 4.0. 

 Single-crystal X-ray crystallographic analyses were 

performed at 100 K (unless otherwise stated) on crystals coated 

in Paratone oil and mounted on a SMART APEX II diffractometer 

with a 3 kW sealed-tube Mo generator and SMART6000 CCD 

detector in the McMaster Analytical X-Ray (MAX) Diffraction 

Facility. Raw data was processed using XPREP (as part of the 

APEX v2.2.0 software), and solved by either direct (SHELXS-97)56 

or intrinsic (SHELXT)57 methods. Structures were completed by 

difference Fourier synthesis and refined with full-matrix least-

squares procedures based on F2. In all cases, non-hydrogen 

atoms were refined anisotropically and hydrogen atoms were 

generated in ideal positions and then updated with each cycle 

of refinement, which was performed with SHELXL58 in Olex2.59 

Combustion elemental analyses were performed by 

Midwest Micro-labs in Indianapolis, the Analest facility at the 

University of Toronto, or the University of Calgary. 

[{2P,P-(Me3AlCl)MeAl(CH2PMe2)2}Rh(cod)] (1): A solution of 

(Me2PCH2AlMe2)2 (53.4 mg, 0.203 mmol) in 1 mL of benzene 

was added to [{RhCl(cod)}2] (49.9 mg, 0.101 mmol) in 2 mL of 

benzene.  The deep red solution was stirred at 25°C for 3 hours.  

NMR spectroscopy indicated a quantitative conversion to the 

product. The deep burgundy solution was evaporated to 

dryness in vacuo, and the resulting deep red solid was dried in 

vacuo for approx. 15 minutes. The product was then 

recrystallized from a concentrated solution of DCM at –30°C to 

obtain clear, red X-ray quality crystals of 1, which were dried for 

10 minutes in vacuo. The recrystallized yield was 53.1 mg (51 

%). Compound 1 slowly loses AlMe3 in vacuo at room 

temperature (~10% after 10 minutes; ~50% after 1h), so the 

AlMe3 signal for the dried solid integrated to ~90% of the 

expected value, and a satisfactory elemental analysis was not 

obtained. 1H NMR (600 MHz, 298K, CD2Cl2) δ:  4.74 (s, 4H, CH 

(cod)), 2.29 (m, 8H, CH2 (cod)), 1.30 (m, 12H, PMe2), 0.36 (d, 4H, 
2JP-H 10.2 Hz, PCH2Al), –0.74 (bs, 12H, AlMe & ClAlMe3)). 13C{1H} 

NMR (150.9 MHz, 298K, CD2Cl2) δ:  93.7 (m, CH (cod)), 31.0 (s, 

CH2 (cod)), 18.0 (t, 1JP-C 13 Hz, PMe2), 11.9 (bs, PCH2Al), –5.9 (bs, 

AlMe & AlMe3). 31P{1H} NMR (242.9 MHz, 298K, CD2Cl2) δ:  –

6.40 (d, 1JRh-P 140.9 Hz). 

[{2P,P-ClMeAl(CH2PMe2)2}Rh(cod)] (2): Compound 2 was 

obtained in a quantitative yield after heating solid 

[{2P,P-(Me3AlCl)MeAl(CH2PMe2)2}Rh(COD)] (1) under vacuum 

at 90 °C for 3 hours. C15H31AlClP2Rh (438.70 g mol–1): calcd. C 

41.07 %, H 7.12 %; found C 41.21 %, H 7.30 %. 1H NMR (600 

MHz, 298K, C6D6) δ:  4.32 (bs, 2H, CH (cod)), 4.22 (bs, 2H, CH 

(cod)), 1.7-1.9 (m, 8H, CH2 (cod)), 1.03 (m, 6H, PMe2), 0.89 (m, 

6H, PMe2), 0.55 (t, 2H, 2JP-H 12 Hz, PCH2Al), 0.31 (t, 2H, 2JP-H 12 

Hz, PCH2Al), –0.02 (s, 3H, AlMe). 13C{1H} NMR (125.8 MHz, 298K, 

C6D6) δ: 91.76 (d, 1JRh-C 75 Hz, CH (cod)), 30.74 (s, CH2 (cod)), 

17.98 (m, PMe2), 17.37 (m, PMe2), 12.46 (bs, PCH2Al), –4.58 (bs, 
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AlMe).  31P{1H} NMR (242.93 MHz, 298K, C6D6) δ: –5.80 (d, 1JRh-

P = 139 Hz, PMe2). 

[Rh(cod)(µ-Cl)(Me2PCH2AlMe2)] (3) and [Rh(cod)(µ-

Cl)(Me2PCH2AlClMe)] (3A): A solution of (Me2PCH2AlMe2)2 

(10.0 mg, 0.0379 mmol) in 0.3 mL of C6D6 was added to 

[{RhCl(cod)}2] (18.7 mg, 0.0379 mmol) in 0.3 mL of C6D6. The 

reaction mixture became orange-brown and cloudy within 

seconds. NMR spectroscopy indicated that the major species in 

solution was 3 (82.5%), accompanied by 6.0% of 3A, and 11.5% 

of 2. The solution was decanted, and slow evaporation afforded 

golden-yellow crystals which were manually separated from a 

dark brown precipitate. X-ray diffraction indicated that the 

crystals contain a mixture of 3 (68%) and 3A (32%). NMR data 

for 3: 1H NMR (500 MHz, 298K, C6D6) δ: 5.11 (m, 2H, CH (cod)), 

3.20 (m, 2H, CH (cod)), 1.90 (m, 4H, CH2 (cod)), 1.51 (m, 4H, CH2 

(cod)), 0.78 (d, 6H, 2JP-H = 9.4 Hz, PMe2), 0.31 (d, 2H, 2JP-H 15 Hz, 

PCH2Al), –0.05 (bs, 6H AlMe2). 13C{1H} NMR (125.7 MHz, 298K, 

C6D6) δ: 103.82 (m, CH (cod)), 68.81 (d, 2JP-C 15 Hz, CH (cod)), 

33.23 (d, 3JP-C 3 Hz, CH2 (cod)), 28.16 (d, 3JP-C 2 Hz, CH2 (cod)), 

15.50 (d, PMe, 1JP-C 26 Hz), 15.0 (bs, PCH2Al), –5.45 (bs, AlMe). 
31P{1H} NMR (202.5 MHz, 298K, C6D6) δ: 7.14 (d, 1JRh-P 136.0 Hz, 

PMe2). NMR data for 3A: 1H NMR (500 MHz, 298K, C6D6) δ: 5.00 

(m, 2H, CH (cod)), 3.14 (m, 2H, CH (cod)), 1.90 (m, 4H, CH2 (cod)), 

1.51 (m, 4H, CH2 (cod)), 0.75 (d, 6H, 2JP-H = 9.4 Hz, PMe2), 0.33 

(d, 2H, 2JP-H 15 Hz, PCH2Al), 0.05 (bs, 3H AlMe). 13C{1H} NMR 

(125.7 MHz, 298K, C6D6) δ: 104.35 (m, CH (cod)), 69.37 (d, 2JP-C 

15 Hz, CH (cod)), 33.08 (m, CH2 (cod)), 28.02 (bs, CH2 (cod)), 

15.05 (d, 1JP-C 26 Hz, PMe), 13.5 (located from 2D NMR spectra, 

PCH2Al), –5.45 (bs, AlMe). 31P{1H} NMR (202.5 MHz, 298K, C6D6) 

δ: 4.59 (d, 1JRh-P 133.6 Hz, PMe2). 

[{Rh(-CH2PMe2)(cod)}2] (4): A solution of (Me2PCH2AlMe2)2 (20.3 

mg, 0.0767 mmol) in 1 mL of THF was added to [{RhCl(cod)}2] (37.8 

mg, 0.0767 mmol) in 2 mL of THF.  The bright red solution was stirred 

at 25°C for 1 hour.  The solution was layered with 1 mL of pentane, 

and cooled to –30°C for 12 hours to obtain bright red x-ray quality 

crystals of 4. The recrystallized yield was 22.2 mg (50.6%). 

C22H40P2Rh2 (572.32 g mol–1): calc. C 46.17 %, H 7.04 %; found C 46.78 

%, H 6.70%. 1H NMR (500 MHz, 298K, C6D6) δ: 4.66 (s, 4H, CH (cod)), 

4.01 (s, 4H, CH (cod)), 2.18 (m, 8H, CH2 (cod)), 2.00 (m, 8H, CH2 (cod)), 

1.27 (dd, 12H, 2JP-H 7.3 Hz, 3JRh-H 1.0 Hz PMe), 0.92 (m, 4H, PCH2). 
13C{1H} NMR (125.8 MHz, 298K, C6D6) δ:   92.17 (m, CH (cod)), 78.54 

(d, 2JP-C 9 Hz, CH (cod)), 32.56 (s, CH2 (cod)), 31.28 (s, CH2 (cod)), 19.90 

(d, 1JP-C 19 Hz, PMe), 18.06 (d, 1JP-C 28 Hz, PCH2). 31P{1H} NMR (202.5 

MHz, 298K, C6D6) δ: –6.69 (dt, 1JRh-P 154.3 Hz, PMe2). 

[{2P,P-Cl2Al(CH2PMe2)2}Ir(cod)] (5): A solution of (Me2PCH2AlMe2)2 

(15.0 mg, 0.0567 mmol) in 1 mL of toluene was added to [{IrCl(cod)}2] 

(77.7 mg, 0.113 mmol) in 2 mL of toluene. The deep red solution was 

stirred at 25°C for 3 hours. The deep red solution was decanted from 

a dark burgundy oil, and the solvent was removed in vacuo, leaving 

behind a solid. The product was then recrystallized from a 

concentrated solution of 1,2-difluorobenzene layered with hexanes 

(1:1) at –30°C to obtain clear, burgundy X-ray quality crystals of 5. 

The recrystallized yield was 12.5 mg (40.1 %)). C14H28AlCl2P2Ir (548.43 

g mol–1): calcd. C 30.66 %, H 5.15 %; found C 30.92 %, H 4.83 %. 1H 

NMR (500 MHz, 298K, C6D6) δ:  3.76 (m, 4H, CH (cod)), 1.70 (m, 4H, 

CH2 (cod)), 1.49 (m, 4H, CH2 (cod)), 0.95 (d, 12H, 2JP-H 9.0 Hz, PMe2), 

0.75 (d, 12H, 2JP-H 13.0 Hz, PCH2Al). 13C{1H} NMR (125.8 MHz, 298K, 

C6D6) δ:  79.81 (t, 2JP-C = 6.3 Hz, CH (cod)), 31.59 (s, CH2 (cod)), 16.81 

(m, PMe), 13.95 (located from 2D NMR spectra, PCH2Al). 31P{1H} 

NMR (202.5 MHz, 298K, C6D6) δ:  –13.08 (s). 

[{2P,P-Cl2Al(CH2PMe2)2}Rh(cod)] (6): A solution of 

{(Me2PCH2)2AlCl}2 (19.3 mg, 0.091 mmol) in 1 mL of benzene 

was added to [{RhCl(cod)}2] (22.2 mg, 0.045 mmol) in 2 mL of 

benzene, and the resulting mixture was stirred at room 

temperature for 1 h. NMR spectroscopy indicated the product 

was formed in a qualitative yield. The resulting vibrant orange 

solution was left at room temperature for 12 hours, at which 

point orange crystals of 6 formed.  The mother liquor was 

decanted and the crystals were dried in vacuo. The 

recrystallized yield was 23.1 mg (55 %). C14H28AlCl2P2Rh (459.12 

g mol–1): calcd. C 36.63 %, H 6.15 %; found C 36.88 %, H 6.18 %. 
1H NMR (500 MHz, 298K, CD2Cl2) δ:  4.78 (s, 4H, CH (cod)), 2.32 

(m, 8H, CH2 (cod)), 1.38 (d, 12H, 2JP-H 7.5 Hz, PMe), 0.55 (d, 4H, 
2JP-H 10.2 Hz, PCH2Al). 13C{1H} NMR (125.8 MHz, 298K, CD2Cl2) 

δ:  93.97 (m, CH (cod)), 31.19 (s, CH2 (cod)), 18.01 (dd, 1JP-C = 

11.3, 13.8 Hz, PMe2), 13.60 (bs, PCH2Al). 31P{1H} NMR (202.5 

MHz, 298K, CD2Cl2) δ:  –6.60 (d, 1JRh-P 139.7 Hz, PMe2). 

[(PtMe{μ-1P:2P,P-MeAl(CH2PMe2)3})2] (7): A solution of 

(Me2PCH2AlMe2)2 (111.2 mg, 0.4207 mmol) in 2 mL of toluene 

was added to [PtMe2(cod)] (93.5 mg, 0.2805 mmol) in 2 mL of 

toluene.  The clear and colorless solution was stirred at 75°C for 

12 hours.  The solvent was evacuated from the pale beige 

solution, leaving behind a pale beige solid. Slow evaporation of 

a benzene solution at 25°C afforded clear, colourless X-ray 

quality crystals of 7 (112.5 mg; 42 % yield).  C22H60Al2P6Pt2 

(954.69 g mol–1): calcd. C 27.68, H 6.33%; found C 27.52, H 

6.09%. 1H NMR (600 MHz, 298K, CD2Cl2) δ:  1.60 (q, 6H, 2JP-H 8 

Hz, PMe2), 1.42 (m, 24H, PMe2), 1.20 (q, 6H, 2JP-H 10 Hz, PMe2), 

0.95 (m, 2H, PCH2Al), 0.53 (m, 4H, PCH2Al), 0.07-0.27 (m, 6H, 

PCH2Al), 0.18 (m, 6H, PtMe), –1.05 (s, 6H, AlMe). 13C{1H} NMR 

(150.9 MHz, 298K, CD2Cl2) δ: 25.11 (d, 1JP-C 21 Hz, PMe2), 22.48 

(d, 1JP-C 21 Hz, PMe2), 21.26 (d, 1JP-C 36 Hz, PMe2), 20.45 (d, 1JP-C 

27 Hz, PMe2), 17.74 (d, 1JP-C 40 Hz, PMe2), 14.83 (d, 1JP-C 34 Hz, 

PMe2), –2.69 (d, 1JP-C 77 Hz, PtMe) (PCH2Al signals and 195Pt 

satellites were not observed in the 13C{1H} NMR spectrum due 

to the low solubility of compound 7). 31P{1H} NMR (242.9 MHz, 

298K, CD2Cl2) δ: –10.14 (t, 2JP-P,cis  23 Hz, 1JPt-P = 1827 Hz),                     

–11.53 (dd, 2JP-P,cis  23 Hz, 2JP-P,trans  398 Hz, 1JPt-P  2354 Hz),                 

–13.59 (dd, 2JP-P,cis  23 Hz, 2JP-P,trans 398 Hz, 1JPt-P 2406 Hz) (31P 

chemical shifts and 2JP-P couplings obtained from simulated 

data; 1JPt,P couplings determined directly from the NMR 

spectrum). 195Pt NMR (107.5 MHz, 298K, C6D6) δ: –4741.6 (ddd, 
1JPt-P(a)  = 2421 Hz, 1JPt-P(b)  = 2376 Hz, 1JPt-P(c)  = 1830 Hz; 1JPt,P 

couplings determined directly from the NMR spectrum; P(a) and 

P(b) are trans to one another; P(c) is trans to the methyl group).  

Reaction of (Me2PCH2AlMe2)2 with [AuCl(CO)]: A solution of 

(Me2PCH2AlMe2)2 (9.3 mg, 0.0352 mmol) in 0.3 mL C6D6 was 

added to AuCl(CO) (18.6 mg, 0.0704 mmol) in 0.3 mL C6D6. The 

solution immediately precipitated a dark blue-black solid, with 

some gold mirror forming on the walls of the vial. The 
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precipitate was allowed to settle, and the clear, colorless 

supernatant was decanted. The black powder was washed three 

times with hexanes and dried in vacuo. The black solid was 

shown to consist of elemental gold by PXRD. Slow evaporation 

of the clear, colorless supernatant yielded colorless crystals, 

which were characterized as (Me2PCH2AlMeCl)2 by XRD. 1H 

NMR (600 MHz, 298K, C6D6) δ:  1.03 (d, 3H 2JP-H = 9.2 Hz, 

PMe**), 0.93 (d, 6H 2JP-H = 8.6 Hz, PMe*), 0.79 (d, 6H 2JP-H = 8.8, 

PMe*), 0.61 (d, 3H 2JP-H = 8.4 Hz, PMe**), 0.20 (m, 1H, CH2**), 

0.04 (m, 4H, CH2*), –0.18 (m, 1H, CH2**), –0.36 (d, 6H, 3JP-H = 4.3 

Hz, AlMe*), –0.42 (d, 3H, 3JP-H = 4.3 Hz, AlMe**). Integrations 

are taken directly from the 1H NMR spectrum, so are reflective 

of the 2:1 ratio ratio of the diastereomers. 13C{1H} NMR (125.8 

MHz, 298K, C6D6) δ:  13.25 (d, 1JP-C = 22.9 Hz, PMe*), 11.93 (d, 
1JP-C = 23.4, PMe**), 11.77 (d, 1JP-C = 24.9 Hz, PMe**), 10.49 (d, 
1JP-C = 27.1 Hz, PMe*), 5.1 (CH2 for both diastereomers; 

identified from the 2D NMR spectra), –8.5 (AlMe**, identified 

from the 2D NMR spectra), –8.9 (AlMe*, identified from the 2D 

NMR spectra). 31P{1H} NMR (202.5 MHz, 298K, C6D6) δ: –41.4 

(broad). * major diastereomer, ** minor diastereomer 

Reaction of (Me2PCH2AlMe2)2 with [PtCl2(cod)]: A solution of 

(Me2PCH2AlMe2)2 (9.1 mg, 0.0344 mmol) in 0.3 mL C6D6 was 

added to PtCl2(cod) (12.9 mg, 0.0344 mmol) in 0.3 mL C6D6. The 

mixture was monitored by NMR spectroscopy at room 

temperature over the course of two days. 
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