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Synthesis and X-ray crystal structure of novel tetramethylphosphonium
dichlorodimethylaluminate

Mutasem Z. Bani-Fwaz

Department of Chemistry, Faculty of Science, King Khalid University, Abha, Saudi Arabia

ABSTRACT
The reaction of tris(trimethylsilyl)phosphine with dimethylaluminum chloride in 1,2-dimethoxy-
ethane (monoglyme) displays an important role as building blocks that results in the production
of novel tetramethyl phosphonium dichlorodimethylaluminate and the already known dimer com-
pound (bis(2,2-methoxy-ethanolato-O,O0)-tetramethyl-di-aluminum). The newly formed tetramethyl
phosphonium dichlorodimethylaluminate [(CH3)4P]

þ[(CH3)2AlCl2]
� crystallizes in the monoclinic

space group P21/c, having unit cell with lattice constants a¼ 7.522, b¼ 11.644, c¼ 14.841Å, and
b ¼ 99.32� includes four formula units. The mean values of the bond lengths are P-C 1.787Å,
Al-Cl 2.224Å, and Al-C 1.966Å. Both phosphorus and aluminum are tetrahedrally surrounded in
organophosphonium-based cations and organoaluminium-based anions. The geometry of the
dichlorodimethylaluminate anion shows a distorted tetrahedron.
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Introduction

It is known that the common synthetic methods for the
preparation of quaternary phosphonium cations have been
produced by the addition of alkyl- or aryl-halides to the
appropriate phosphines.[1–6] Most tetraalkylphosphonium salts
are prepared by alkylation of tertiary phosphines with appro-
priate alkyl halides.[1–5] On the other hand, most tetraaryl-
phosphonium salts are generated by the complex salt method.
In this case, aryl halides have been heated with appropriate
tertiary phosphines in the presence of nickel complex as
catalysis.[6] Quaternary phosphonium salts can be considered
as Lewis acid organocatalysts. The catalytic applications of
these phosphonium salts are phase-transfer catalysis in
organic reactions.[7] Tris(trimethylsilyl)phosphine compound,
commonly known as a starting material,[8] is probably the
most important compound of phosphorus chemistry with
various applications in the main-groups,[9–13] transition metal
chemistry,[14,15] and organic synthesis.[16,17] As known so
far, the reaction of tris(trimethylsilyl)phosphine with
organic electrophiles via cleavage of the weak polar Si-P
bonds, leads to different classes of starting materials.[8] 1k3-
phosphaalkenes[18,19] and 1k3-phosphaalkynes,[19–26] prepared
from tris(trimethylsilyl)phosphine, have high reactivity in the
field of organoelements and organometallic chemistry. In this
context, synthesis and structural study of new tris(trimethylsi-
lyl)phosphine derivatives are an important area in the
molecular chemistry. Consequently, main-group elements and
transition metal phosphines complexes are ubiquitous and
indispensable in research areas such as homogeneous catalysis

and organic synthesis, etc.[8–26] Recently, the combined inser-
tion of phosphaalkyne and oligomerization reactions of the
elements group 13 and 15 have found renewed interest.[22–26]

Besides, unusual phosphorus oligocycle structures have been
prepared and studied. Lewis acid-base adducts of the elements
group 13 and 15 have been synthesized and structurally char-
acterized, due to their importance in chemical synthe-
sis.[13,14,27] In contrast, the reactions of methylaluminium
dichloride or aluminum trichloride with diglyme have been
studied, which explore the cleavage of diglyme to provide an
Al-O bond in the synthesized compound via methyl chloride
elimination.[28] Lehmkuhl et al. examined the stability of
these adducts and investigated reactions of aluminum deriva-
tives with diglyme which lead partly to the formation of the
unexpected diglyme cleavages. The dimer aluminum alkoxide
compound has also been prepared via diglyme cleavages by
using dimethyl alane.[28] As a consequence, this prompted an
investigation of the final product by elemental analysis,[28]

NMR spectroscopy,[28–31] and X-ray structure analysis.[30,32]

Recently, a series of tricyclic phosphonium salts[22] is derived
from the diorganophosphorus halides and 2-tert-butyl-1k3-
phosphaalkyne, which shows substantial interest. The quan-
tum chemical calculation was applied to these phosphonium
salts, which can be regarded as a conventional trigonal bipyr-
amid structure, that would afford interest in future research.
Moreover, different studies of high-quality phosphonium salt
materials showed strong antimicrobial, antibacterial, and anti-
fungal activities.[33–36]

Furthermore, the environment-friendly and the relatively
low toxicity of phosphonium salts have been reported by
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similar studies.[37,38] Owing to the need for more environ-
ment-friendly, this work is carried out on phosphonium
aluminate salts. The present article has focused on the reac-
tions of tris(trimethylsilyl)phosphine with organoaluminium
halides in 1,2-dimethoxyethane (monoglyme), that show
important role as building blocks in phosphonium dialkyldi-
haloaluminate chemistry, followed by the characterization of
[(CH3)4P]

þ[(CH3)2AlCl2]
� the type of compounds.

Experimental section

General procedures characterization

All manipulations of air- and moisture-sensitive materials
were performed with the exclusion of oxygen and moisture
by applying standard Schlenk techniques under an atmos-
phere of argon (purity >99.998%), which was freed from
oxygen with BTS catalyst[39] and dried with P4O10. All of
the reagents and common solvents were purchased from
Merck, Sigma-Aldrich Co. in 95� 99.5% purity or synthe-
sized according to published procedures. The common
solvents (1,2-dimethoxyethane, n-hexane, benzene, and tolu-
ene) were dried over NaK/benzophenone and distilled under
argon before use.[22–24] Dimethylaluminium chloride was
purchased from Merck Sigma-Aldrich Co. (packaged under
nitrogen in poly-coated Sure/SealTM bottles) as 1M solution
in n-hexane.

Instruments and measurements

NMR spectra were recorded on Bruker AM 200, AC 250,
and AM 400MHz spectrometers, chemical shifts were refer-
enced to internal solvent resonances and are reported rela-
tive to TMS for 1H and 13Cf1Hg chemical shifts and to the
external 85% aqueous solution of H3PO4 for 31Pf1Hg chem-
ical shifts as well as acetylacetonatoaluminium(III), saturated
solution in C6D6 for 27Alf1Hg chemical shifts. All NMR
samples were prepared in 5 or 10mm tubes which were
flame-sealed under argon. All the NMR measurements were
obtained at room temperature unless otherwise stated.
Elementary analyses were carried out using a Perkin-Elmer
Series II Analyzer 2400. Melting points (uncorrected) were
determined using a B€uchi apparatus, with samples sealed in
capillaries under argon. Single crystals were separated dir-
ectly from the solution at room temperature under argon
and covered with polyfluorinated polyether oil (RS 3000,
Riedel-de-Ha€en) and then the crystals are cooled down to
�100 ± 3 �C in a stream of nitrogen.[40] Reflections were
obtained using a Siemens P3 (Syntex P21) four-circle dif-
fractometer with Mo Ka radiation and a graphite mono-
chromator. Structures were solved by direct methods and
refined anisotropically for all non-hydrogen atoms by full-
matrix least-squares on F2 with the programs SHELXTL
Plus (data reduction), SHELXS (structure solving), and
SHELXL (structure refinement).[41,42] The hydrogen atoms
of 2 and 3 were added in calculated positions, included in
the final stage of refinement, and allowed to ride on their
respective carbon atoms.

Preparation of tris(trimethylsilyl)phosphine ((Me3Si)3P)

Tris(trimethylsilyl)phosphine was prepared according to lit-
erature methods.[8,22–24] Sodium/potassium alloy reacts with
white and red phosphorus in 1,2-dimethoxyethane followed
by the addition of a slight excess of freshly distilled chloro-
trimethylsilane. Finally, the solvent was distilled off at
atmospheric pressure, and the remaining tris(trimethylsilyl)-
phosphine was purified by vacuum distillation.

NMR31Pf1Hg : d ¼ –251:50 ppm ðsÞ; solution in d6 � benzene

Preparation of [(CH3)3Si)3P�Al(CH3)2Cl] (1)

A solution of dimethylaluminum chloride in n-hexane
(5mmol) was added to a stirred solution of tris(trimethylsilyl)-
phosphine (5mmol) in n-hexane (15mL) over a period of 2 h
at �78 �C. When the reaction mixture was allowed to warm
up to the room temperature, stirring was continued for 12h.
The solution slowly turned yellow, and a colorless solid pre-
cipitated ([(CH3)3Si)3P�Al(CH3)2Cl]) (1). Inside the drybox, the
solvent was decanted from the solid. An evaporation of the
residual solvent from the solid resulted in 1 (1.5251 g, 88.9%
yield), mp 171 �C. X-ray quality crystals were unobtainable.
Anal. Calc. (Found) for C11H33A1C1PSi3: C, 38.51 (38.29); H,
9.70 (9.74); C1, 10.33 (10.21); P, 9.03 (8.97). lH NMR: d ¼
– 0.59ppm (br,s, AlCH3, 6H), 0.21 ppm [d, Si(CH3)3, 27H,
3JHP ¼ 4.21Hz]. 13CflHg NMR: d ¼ – 8.5 ppm (s, AlCH3),
3.1 ppm [d, Si(CH3)3,

2JCP ¼ 11.21]. 27Alf1Hg NMR: d ¼
160.0 ppm (br,s, W1/2 ¼ 2050Hz). 31Pf1Hg NMR: d ¼
– 246.77 ppm (s); solution in d6-benzene.

Preparation of tetramethyl phosphonium
dichlorodimethylaluminate ([Me4P]

1[Me2AlCl2]
2) (2)

and bis(2,2-methoxy-ethanolato-O,O0)-tetramethyl-di-
aluminum [Me2AlO(CH2)2OMe]2 (3)

A solution of dimethylaluminum chloride in n-hexane
(10mmol) was added to a stirred solution of tris(trime-
thylsilyl)phosphine (10mmol) in n-hexane (25mL) for 2 h
at �78 �C. When the reaction mixture was allowed to
warm up to room temperature, stirring was continued for
12 h. The solution slowly turned yellow, and a colorless
solid precipitated. Solvent and any excess of dimethylalu-
minum chloride were removed without filtration very
slowly under reduced pressure. The residue was washed
with cold n-hexane and dissolved in 1,2-dimethoxyethane
(25mL), then stirring was continued for 12 h at room
temperature. The solution was kept overnight at room
temperature, and the colorless plate crystals (0.50�
0.40� 0.20) were filtered at room temperature
(C10H26Al2O4) (2). The filtrate in 1,2-dimethoxyethane
was kept cold at � 60 �C for 1 week, and the colorless
block crystals (0.50� 0.50� 0.30) were obtained ([Me4P]

þ

[Me2AlCl2]
�) (3).

2 (1.1 g, 41.6% yield), mp 120 �C. X-ray quality crystals
were obtainable. Anal. Calc. (Found) for C10H26A12O4: C,
45.45 (45.30); H, 9.92 (9.71). lH NMR: d ¼ – 0.71 ppm (br,s,
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Al-CH3, 12H), 2.50 ppm (br,s, O-CH3, 6H), 2.88 ppm (br,s,
CH3-O-CH2, 4H), 3.34 ppm (br,s, O-CH2, 4H). 13CflHg
NMR: d ¼ –10.9 ppm (s, AlCH3), 57.0 (s, CH3-O-CH2), 58.2
(s, O-CH2), 70.8 (s, O-CH3).

27Alf1Hg NMR: d ¼
124.0 ppm (br,s, W1/2 ¼ 1840Hz); solution in d8-toluene.

3 (1.0 g, 45.7% yield), mp 100 �C. X-ray quality crystals
were obtainable. Anal. Calc. (Found) for C6H18A1C12P: C,
32.90 (32.60); H, 8.28 (8.30); C1,32.37 (32.20); P, 14.14
(14.00). lH NMR: d ¼ � 0.86 ppm (br, s, Al(CH3)2, 6H),
1.90 ppm (d, (CH3)4P

þ, 12H, 2JPH ¼ 14.10Hz). 13CflHg
NMR: d ¼ � 10.6 ppm (br,s, AlCH3), 9.30 ppm (d,
(CH3)4P

þ, 2JPC ¼ 56.0Hz). 27Alf1Hg NMR: d ¼ 152.0 ppm
(br,s, W1/2 ¼ 2450Hz). 31Pf1Hg NMR: d ¼ 24.0 ppm (s);
solution in d3-CD3CN.

Results and discussion

Following the same synthetic protocols as already reported
for donor–acceptor adducts of [RnCl3-nAl�P(Si(CH3)3)3]
(n¼ 0,1,2,3).[12,13] The reaction of tris(trimethylsilyl)phos-
phine, P(Si(CH3)3)3, with dimethylaluminum chloride,
(CH3)2AlCl, in n-hexane afforded the complex
([(CH3)3Si)3P�Al(CH3)2Cl]) (1) (Figure 1), as a white pre-
cipitate ([31Pf1Hg ¼ �246.77 ppm]; [27Alf1Hg¼ 160.0]).

As expected, an inspection of the 31Pf1Hg and 27Alf1Hg
spectra of adduct, ([(CH3)3Si)3P�Al(CH3)2Cl]) is in agreement
with data reported for the adducts, [RnCl3-nAl�P(Si(CH3)3)3]
(n¼ 0,1,2,3).[12,13] It is surprising, stirring the solution of
the adduct ([(CH3)3Si)3P�Al(CH3)2Cl]) in 1,2-dimethoxy-
ethane (monoglyme) for 12h revealed two different types of

Figure 1. A postulated mechanism to explain the formation of tetramethyl phosphonium dichlorodimethylaluminate.
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structures, the first crystal structure is reported previously and
known as bis(2,2-methoxy-ethanolato-O,O0)-tetramethyl-di-
aluminum, [(CH3)2AlO(CH2)2OCH3]2 (2),[30,32] the second
crystal structure is a novel tetramethylphosphonium dichloro-
dimethylaluminate, [(CH3)4P]

þ[(CH3)2AlCl2]
� (3) ([31Pf1Hg¼

24.0 ppm]) (Figure 1), the cleavage of 1,2-dimethoxyethane are
analogous to the reaction reported in previous literature,[28]

wherein carbon–oxygen bond fission results from stirring the
solution of the adduct ([(CH3)3Si)3P�Al(CH3)2Cl]) in 1,2-
dimethoxyethane, the oxophilic character of (CH3)2AlCl ena-
bles coordination with 1,2-dimethoxyethane by the Lewis acidic
center (Al3þ) through the formation of donor–acceptor com-
plexes. The complexes undergo cleavage to form (Al-O) com-
plexes via methyl chloride elimination,[28] the reaction of
tris(trimethylsilyl)phosphine with methyl chloride via cleavage
of the weak polar Si-P bonds,[8] leads to form trimethylphos-
phine and then continue to form a novel tetramethylphospho-
nium dichlorodimethylaluminate (3). Further a mechanistic
and thermodynamics studies, quantum chemical calculations,
and the biological activity of the discussed material are still in
progress under consideration in my laboratory. The phos-
phorus NMR of 3 is in agreement with the NMR data reported
for other phosphonium salts, [(CH3)4P]X.

[43–48] The 27Alf1Hg
NMR spectrum of compound 2 exhibits a broad peak at
124.0 ppm. As can be taken from the literature,[30,32] this
region is attributed to a five coordinated aluminum. On the
other hand, the 27Alf1Hg NMR peak of compound 3 at
152.0 ppm is assigned to a four coordinated aluminum.[30] The
27Alf1Hg NMR parameters of similar aluminum compounds
together with their respective coordination number were
reported in previous publications,[30,32,49,50] in that the chem-
ical shifts values d (27Al) have been taken as an indicator for
the coordination number of aluminum atoms. Chemical shifts
for both the 13Cf1Hg- and 1H NMR spectra of the compound
2 which were already reported previously are similar.[51,52] The
1H NMR of compound 3 exhibits two major peaks at
�0.86 ppm (br,s, Al(CH3)2, 6H) and 1.90 ppm (d, (CH3)4P

þ,
12H, 2JPH ¼ 14.10Hz) are attributed for H3C–Al and H3C–P,
respectively. 13Cf1Hg NMR of compound 3 shows also two
major peaks at �10.6 ppm (br,s, Al-CH3) and 9.30ppm (d,
(CH3)4P

þ, 2JPC ¼ 56.0Hz). Based on the assignment given in
the literature for compound types (CH3)4PX

[43–48] and com-
pound [Te(CH3)3]

þ[Al(CH3)2Cl2]
�,[53] the 13Cf1Hg- and 1H

NMR spectra of complex [(CH3)4P]
þ[(CH3)2AlCl2]

� (3) can
be interpreted similarly.

After the resolution and refinement of the molecular
structure (2), the structural study shows that dimer alumi-
num oxo compound (2) (Figure 2, Table 1) crystallizes in
the monoclinic space group P21/n. The unit cell with lattice
constants a¼ 7.404, b¼ 14.205, c¼ 7.772Å, and b ¼ 101.62�

includes two formula units.
It is obvious by inspection of the previous works that the

molecular structure (2) is studied and is available in the lit-
erature.[30,32] The aluminum alkoxide which here can best
be described quite conventionally as a distorted trigonal
bipyramid. The molecule consists of two fused five-
membered rings and contains a central Al2O2 four-
membered ring. The molecular structure data for (2) as

already published previously byBestmann and Schobert[30]

shows two methyl groups and an oxygen atom (O11) are
located in the equatorial plane. The oxygen atom O11 is
sited over a center of inversion and occupies an apical site
of the second AlA atom with a longer AlA-O11 distance
(þ0.073Å). Since the bond distance A1-O14 is 0.376Å lon-
ger than the AI-O11 distance, O14 is even more weakly

Figure 2. Molecular structure of 2. Thermal ellipsoids are at 30% probability,
hydrogen atoms are omitted for clarity. Selected bond lengths (Å) and angles
(�): Al… Al 2.941(15), Al-C1 2.017(2), Al-C2 2.004(2), Al-O11 1.832(18), AlA-O11
1.905(18), Al-O14 2.208(2), O14-C15 1.434(3), O14-C13 1.422(4), O11-C12
1.423(3), C12-C13 1.483(4), O11-Al-C1 118.42(10), O11-Al-C2 120.47(9), O14-Al-
C1 94.26(9), O14-Al-C2 90.57(9), C1-Al-C2 120.40(11).

Table 1. Crystallographic data and structure refinement for compounds 2
and 3.

Compound 2 3

Formula C10H26Al2O4 C6H18AlCl2P
Mr (g.mol�1) 264.27 219.05
Melting point (K) 393 373
Crystal size (mm) 0.50� 0.40� 0.20 0.50� 0.50� 0.30
T (K) 173(2) 173(2)
k(Å) 0.71073 0.71073
Diffractometer P21 P21
Colour and crystal shape Colorless plates Colorless block
Crystal system Monoclinic Monoclinic
Space group (P21/n (No. 14) (P21/c (No. 14)
Unit cell dimensions a (Å) 7.4039 (19) 7.522 (3)
b (Å) 14.205 (3) 11.644 (2)
c (Å) 7.772 (2) 14.841 (4)
a (�) 90 90
b (�) 101.62 (2) 99.32 (3)
c (�) 90 90
Volume (Å3) 800.7 (3) 1282.7 (7)
Z 2 4
Dcalc (Mg/m

3) 1.096 1.134
l (mm�1) 0.180 0.647
F(000) 288 464
h-Range(�) for data collection 2.87–26.00 2.23–25.00
Limiting indices

0 � h � 9 0 � h � 8
�17 � k � 17 0 � k � 13
�9 � l � 9 �17 � l � 17

Reflections collected 3309 2441
Independent reflections (Rint) 1573 (0.0433) 2258 (0.0457)
Data/restraints/parameters 1573/0/76 2258/0/97
Goodness-of-fit (GOF) 1.074 1.092
Final R1/wR2 with [I> 2r(I)] 0.0584, 0.1824 0.0318, 0.0922
Final R1/wR2 indices (all data) 0.0652, 0.1876 0.0365, 0.0946
Largest diff. peak and hole (eÅ�3) 0.562 and �0.312 0.317 and �0.265
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bonded to aluminum.[30] The length of weak dative bonds
in organo aluminum alkoxide shows a temperature depend-
ence in the solid-state that is distinctively different from the
common effect of liberation and is interpreted as being
caused by thermal excitation.[32] The packing of the

molecular structure (2) in the unit cell is illustrated in
Figure 3. There are no intermolecular contacts less than the
van der Waals distances. One should mention that in the
four-membered ring of 2 the intramolecular distance
Al� � �Al is 2.94(15) Å. Concerning this value, both atoms
approach each other to such an extent that the element–
element distance of metallic aluminum (2.863Å) is almost
achieved.[23,54,55]

The resolution and refinement of the molecular structure
(3) (Figure 4, Table 1) crystallize in the monoclinic space
group P21/c. The unit cell with lattice constants a¼ 7.522,
b¼ 11.644, c¼ 14.841Å, and b ¼ 99.32� includes four formula
units. The mean values of the bond lengths are P-C 1.787Å,
Al-Cl 2.224Å, and Al-C 1.966Å. The results showed the
presence of phosphonium aluminate salt [(CH3)4P]

þ

[(CH3)2AlCl2]
� in the solid-state; the compound is built up of

tetramethylphosphonium cations and dichlorodimethylalumi-
nate anions (3) (Figure 4). Tetramethylphosphonium
dichlorodimethylaluminate (3) is isostructural with tetramethy-
larsonium dichlorodimethylgallate (A).[56] Trimethylgallium
reacts with five-coordinate arsenic (dichlorotrimethyl-
k5–arsane) directly to produce tetramethylarsonium dichlorodi-
methylgallate (A).[56] A new member of these salt family was
obtained with aluminum in place of gallium and phosphorus
in place of arsenic by different synthesis methods (Figure 1).
The effect of P/As and Al/Ga total substitution is remarkable
in the tetrahedra (Table 2). Both phosphorus and aluminum
are tetrahedrally surrounded in organophosphonium-based cat-
ions and organoaluminium-based anions. The geometry of the
dichlorodimethylaluminate anion shows a distorted tetrahedron
(Figure 4, Table 2).

The results obtained in this study are the first report of
phosphonium salt-containing organophosphonium-based

Figure 3. Unit cell contents of molecular structure 2. Thermal ellipsoids are at
30% probability, hydrogen atoms are omitted for clarity.

Figure 4. Molecular structure of 3. Thermal ellipsoids are at 30% probability, hydrogen atoms are omitted for clarity. Selected bond lengths (Å) and angles (�):
Al… P 5.474(2). Tetramethylphosphonium: P-C3 1.785(2), P-C4 1.792(2), P-C5 1.780(2), P-C6 1.789(2), C3-P-C4 109.09(11), C5-P-C6 109.14(10), C6-P-C4 109.35(11),
C3-P-C6 109.80(10), C5-P-C3 109.48(10), C5-P-C4 109.97(10). Dichlorodimethylaluminate: Al-C1 1.961(2), Al-C2 1.970(2), Al-Cl1 2.224(1), Al-Cl2 2.223(1), C1-Al-Cl1
107.94(9), C1-Al-Cl2 108.95(8), C2-Al-Cl1 108.51(8), C2-Al-Cl2 108.85(8), Cl2-Al-Cl1 101.94(4), C1-Al-C2 119.25(10).

INORGANIC AND NANO-METAL CHEMISTRY 5



cations and organoaluminium-based anions. Geometric
parameters in the organophosphonium-based cation,
[(CH3)4P]

þ (Figure 4, Table 1) are in the usual ranges, with
a mean P-C bond distance of 1.787Å. It tallies the mean
value of 1.790Å as determined by X-ray structure analyses
for the P-C bond in tetramethylphosphonium cations.[45,47]

Furthermore, an organoaluminium-based anion
Al(CH3)2Cl2]

� (Figure 4), are also in the usual ranges, with
both mean Al-Cl and Al-C bond distances of 2.223 and
1.966Å, respectively. Whereas similar mean values were
found in [Te(CH3)3]

þ[Al(CH3)2Cl2]
� (2.221 and 1.982Å).[53]

The packing of the molecular structure (3) in the unit cell is
illustrated in Figure 5. There are no intermolecular contacts
less than van der Waals distances. At 5.474Å, the shortest
interionic distance between the phosphorus atom and

aluminum atom, however, is about twice as long as the
corrected sum (2.36Å) of the corresponding covalent radii of
aluminum and phosphorus, estimated using the empirical
formula of Modified Schomaker–Stevenson rule by Blom and
Haaland.[23,57]

Conclusion

The experimental procedure and results presented in this
article are very important for researchers who work on
phosphonium salt. For the first time, herein the synthesis
and X-ray crystal structure of [(CH3)4P]

þ[(CH3)2AlCl2]
�

has been reported. The title compound is unique in that
phosphonium salts contain organophosphonium-based
cations and organoaluminium-based anions that offer inter-
esting synthetic possibilities in the main group chemistry.
This method brings forward a broad idea for the synthesis
of other tetramethylphosphonium dialkyldihaloalumi-
nate compounds.
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