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A new dealkylation reaction between organophosphate esters and Salen aluminum bromide compounds has been
used to prepare three new aluminum salen compounds salen('Bu)AIOP(O)Ph; (1) (salen = N,N'-ethylenebis(3,5-
di-tert-butylsalicylideneimine)), [(MeOH)Alsalen('Bu){ OMePO,(0)} Alsalen('Bu){ OMePO,(0)} Alsalen('Bu)]Br (2), and
[salpen(Bu)AIO][(BuO),PO]; (3) (salpen = N,N'-propylenebis(3,5-di-tert-butylsalicylideneimine)). Compounds 1-
MeOH, 2, and 3 were characterized by single-crystal X-ray diffraction. Compound 1 is the first example of a
monomeric aluminum Schiff base phosphinate. Compound 2 is a cationic Salen aluminum phosphate, and compound
3 contains an aluminophosphate ring. This work is the first example of the intentional use of an aluminum-based

dealkylation reaction to form new compounds.

Introduction

reported. Also, aluminum trialkyls undergo adduct formation

Group 13 phosphates and phosphonates are of potentiafmd subsequent dealkylsilylation 'Fo produce molecular alu-
utility in areas such as catalysis, molecular sieves, ion- MnophosphatesMost of the aluminophosphate molecules

exchange resins, and adsorption médtaAluminophosphate
molecular sieveéshave traditionally been prepared by hy-

and materials contain four-coordinate alumintiithere are
relatively few higher-coordinate aluminum compounds bound

drothermal synthetic methods at temperatures between 10d° €ither a phosphate, phosphonate, or phosphinate. One such

and 200°C where a source of aluminum, e.g., AlRD), is
combined with aqueoussR0,.56 The nonaqueous prepara-

example is [Al(OPry0,P(OBu);]4 where the aluminum atom
is five-coordinaté? Group 13 molecular phosphates and

tion of aluminum phosphate molecules and materials hasphosphinates are predominantly dimeric, and almost all of

recently been discoveréd®

The syntheses of molecular aluminophosphates by a
dealkylation reaction between aluminum amides and phos-

phoric acid triesters, and also by a dealkylsilylation reaction
between aluminum chloride and OP(OSi)iehave been
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them have four-coordinate aluminum.

Previously, we reported that six-coordinate aluminum
phosphinates may be readily obtained in combinations with
the tetradentate Salen class of ligdhé' In these chelated
phosphinates, [SaleBU)AIO,P(H)Ph], the degree of ag-
gregation may be manipulated by changing the length of the
ligand “backbone”. Some of the compounds revealed unique
coupling of the Salen ligand with THF. Recently, our group
has been studying the cleavage of organophosphate esters
with group 13 Schiff base chelat&s}!® and one of our goals
has been to elucidate the structures of the dealkylated
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products resulting from the dealkylation reaction. This paper (M™ — Bu, 100%), 517 (M — Ph,P(O)O, 8%). Anal. Calcd for
reveals for the first time the use of Salen aluminum CasHssOsNZAl: C 71.91, H 7.68, N 3.81. Found: C 71.49 8.18,
compounds for the dealkylation of phosphinates and phos-N 3-57.

phates at room temperature in an organic solvent to prepare Synthesis of [(MeOH)Alsalen{Bu){ OMePO,(O)} Alsalen(Bu)-
soluble monomeric aluminum phosphates and phosphinated O©MePO(O)} Alsalen(Bu)]Br (2). To a rapidly stirred solution

with five- and six-coordinate aluminum. of salen{Bu)AIBr (0.62 g, 1.05 mmol) in toluene (MeghO (0.062
g, 0.44 mmol) was added. The reaction mixture was stirred for 7

d. After concentration to about one-third of its volume and cooling
for several days at30°C, yellow crystals precipitated which were
All air-sensitive manipulations were conducted using standard filtered, washed with hexane, and dried under vacuum. Yield: 0.34
benchtop Schienk line techniques in conjunction with an inert- 9 (54.3%). mp: 284C. *H NMR (CDCl): 6 1.30 (s, C(G13)3),
atmosphere glovebox. All solvents were rigorously dried prior to 1.43 (s, C(Gls)s), 2.1 (d,*p = 12.2 Hz, OC13), 2.91 (d,Jpn =
use. All glassware was cleaned and dried in an oven afC3or 11.6 Hz, OGH3), 3.76 (M, NGHy), 7.11-7.18 (m, Ph-H), 7.48 (s,
at least 12 h prior to use. The compounds s&BenAlBr and br, Ph-H) 8.35 (s, br, N=CH); *C NMR (CDCk): 4 29.6
salpenBu)AIBr were prepared according to the literature method. (C(CHs)s), 30.0 (CCH3)3), 31.3 (CLHa)3), 31.4 (CCHy)y), 34.0
All other chemicals were purchased from Sigma-Aldrich. NMR data (CCHy)s), 35.5 CCHy)y), 53.1 (QCHs, 2Jpoc = 27.4 Hz), 53.9
were obtained on Varian Gemini-200 and Varian VXR-400 (OCHs), 54.4 (NCH,), 118.3 (Ph), 127.5 (Ph), 127.8 (Ph), 130.4
instruments. Chemical shifts are reported relative to SifdeH (Ph), 130.6 (Ph), 130.9 (Ph), 131.1 (Ph), 138.9 (Ph), 139.9 (Ph)
and13C, 85% HPQ, for 3P, and AICk in D,O for 27Al and are 140.5 (Ph), 162.6 (Ph), 171.5 (N CH); 2’Al NMR (CDCl3): 6
reported in ppm. Infrared transmission spectra were recorded at~1 (Wi, = 8701 Hz).3P{*H} NMR(CDCl): 6 —13 (s), —21
room temperature in a potassium bromide pellet on a Fourier (8)- IR (cnT?): 3053w, 2956s, 2909m, 2869w, 1642s, 1625vs,
transform Magna-IR ESP 560 spectrometer. Thermogravimetric 1°47W, 1537w, 1478w, 1469w, 1444m, 1391m, 1360s, 1257m,

analyses were performed on a TA Instruments Hi-Res TGA 2950 1236w, 1178m, 1139w, 1058w, 1025, 861w, 843m, 788w,756m,

Analyzer. Elemental analyses were performed on a LECO CHN- /26m, 607m, 587vw. MS (MALDI-TOF): 1644 (M— Br — 'Bu,
2000 Analyzer. 17%), 1608 (M — Br— 2tBU, 10%), 1160 (M - Salen(BU)AI -

3CH;,, 100%). Anal. Calcd for @iH154016N6AlsP,Br: C 62.85, H
7.99, N 4.35. Found: C 64.1H 6.36, N 4. 50.

Synthesis of [salperiBu)AIO] ;[(BuO),PO]; (3). To a rapidly
stirred solution of salpefgu)AIBr (0.83 g, 1.35 mmol) in toluene
(BuO)PO (0.13 g, 0.47 mmol) was added. The yellow reaction

Experimental Section

X-ray data were collected on either a Bruker-Nonius X8 Proteum
diffractometer {; Cu Ko radiation) or a Nonius Kappa-CCL2 (
and 3; Mo Ka radiation). All calculations were performed using
the software package SHELXTL-PI&%2° The structures were
solved by direct methods and successive interpretation of difference'~ . > - )
Fourier maps, followed by least-squares refinement. All non- mixture was stirred for 48 h. After filtration and concentration to

hydrogen atoms were refined with anisotropic thermal parameters.‘:“IOOUt one-third of its volume and cooling for several daysad
The hydrogen atoms were included using a riding model with C, yellow crystals precipitated whlch were filtered, wgshed with
isotropic parameters tied to the parent atom. Crystallographic dataether (twice) and hexane, and dried under Vacuuom. Yield: 0.35¢g
for 1, 2, and3 were deposited with the Cambridge Crystallographic (100%). mp: softens at 196 and melts at 236238°C. 'H NMR
Data Center (CCDC reference numbers: 267092, 269612, and(CDCk): 0 0.65 (m, phosphate GEH,CH,CHy), 0.89 (m,

290877, respectively) and copies of the data can be obtained freePhosphate CbCH,CHCH3), 1.30 (s, C(l)s), 0 1.32 (s, br,
of charge on application to CCDC, 12 Union Road, Cambridge Phosphate CHCH,CH.CHs and C(CHs)s), 1.41 (s, C(Cls)s), 1.46

CB2 1EZ, UK (Fax: +44-1223-336033, e-mail: deposit@ (S Pr. phosphate GiEH,CH,CH; and C(CGH5)s), 2.1 (M, CHCH,-
cede.cam.ac.uk) CHy), 3.4 (m, phosphate;CH,CH,CH3), 3.72 (m, NGH,), 7.20~
. .ac.uk). “

Synthesis of saleriBu)AIOP(O)Ph, (1). To a rapidly stirred LEA?Q((T:DPCZH%O(? ':fAlH(ZS)’- gr’licgj)ﬁoisﬁag Cj@br, I-Iz:gli)CHZ?
solution of saleriBu)AIBr (0.50 g, 1.77 mmol) in toluene PB- 18.3 (phos r’1ate cieH éH CH.) 27.2 CH,), 29.6 (CCH:) )’
(O)OMe (0.197 g, 0.85 mmol) was added. The reaction mixture (2§ 8 (pCCHp) ), 31.5 (éCHZ) ) 33’1 6(.CCH )2)’ 31'9 (phos;;’aite
was stirred for 24 h and then refluxed for 17 h. It was then cannula ~ AN ¥ = ¥ S
) X ) . CH,CH,CH,CHj3), 34.2 (CCHj3)3), 34.3 (CCHy)3), 35.5 (CCHy)3),
filtered, and the resulting pale yellow residue was dried under 551 (NCH-). 67 8 CH-CH-CH-CH.). 118.4 (Ph). 125.6 (Ph). 126
vacuum. Yield: 0.400 g (65.0%). mp: 36304 °C. H NMR 1 (NCH2), 67.8 CH.CH,CH;CH,), 118.4 (Ph), 1256 (Ph),
(CDCh): 6 1,20 (.18H. C(64)), 1.59 (5.18H, C(E1)s), 3.64 (Ph), 128.1 (Ph), 128.5 (Ph), 129.3 (Ph), 131.4 (Ph),139.4 (Ph),
(m. 2H, NGHy), 4.40 (m, 2H. N@®,). 6.90 (d, 2H, PRH). .09  10-6 (Ph), 166.9 (Ph), 172.0 (N CH):*’Al NMR (CDCls): o

—5 (Wi, = 997 Hz), 40 (W, = 3704 Hz).3P{H} NMR-
(2T| Ei’cﬂ-*g)gﬁﬁédbﬁ%f"?@@%“ﬁ 5H'31P'§)08'E7 (S (cDCL): 6 —18 (s). IRviem ®: IR vicm % 2957s, 2906s, 2870m,
: ): ( ): 7 (CCH)3), 31.3 (CCHy)y), 1620s, 1547m, 1479s, 1467s, 1442s, 1418s, 1391m, 1361m, 1342w,
33.9 (CCHa)s), 35.6 CCHa)s), 54.7 (NCH,), 118.3 (Ph), 127.2 (Ph),

132 1312 1271s, 12 12 1201 1174s, 1091
127.4 (Ph), 127.5 (Ph), 129.9 (Ph), 130.8 (Ph), 130.9 (Ph), 131.1136%’ 1328va’ SGOWS’ 8475n35’786§fm7’51w° 5”;'9W 5eséw 0,3'8""'
(Ph), 138.4 (Ph), 140.5 (Ph), 162.8 (Ph), 170.3<\CH): Z7Al ' ! ’ ' ’ ’ ' :

_ . + — 0 —

NMR (CDCL): 6 30 (Wi, = 1951 Hz).3P{*H} NMR(CDCL): (MALDI-TOF): 1272 (M (BUOEPO;, 1.9%), 5,31 (M
2(BUOYPO;,, 100%). Anal. Calcd for gH13/01:N4AILP,: C 66.46,

0 35. IR (cnTY): 3053 (w), 2955s, 2905m, 2858w, 1643s, 1625s, H 8.98, N 3.78. Found:C 65.85{ 9.66, N 4.15

1547w, 1536w, 1478m, 1468m, 1441m, 1390m, 1359m, 1259m, o o ' ' T T

1176s, 1131m, 1071w, 1025, 857w, 847m, 786w, 753m, 726m

700m. 605m, 555m. MS (El, positive): 734(M17%), 677  esults and Discussion

Compoundl was prepared by dealkylation by sal@&uy)-

(19) Sheldrick, G. M.SHELXS97 and SHELXL9University of Gdtin- AIBr of methyl diphenyl phosphinate by stirring in toluene
gen: Gdtingen, Germany, 1997. at room temperature (Figure 1). Compouhdvas soluble
(20) Sheldrick, G. MSHELXTL version 5.0; Bruker AXS, Inc.: Madison, p g : p

Wi, 1998. in the organic solvents toluene and chloroform. It was fully

Inorganic Chemistry, Vol. 45, No. 10, 2006 3971



Mitra et al.

N o
~
O/

MeOPOPh, 2N TN\ (3¢ m
Toluene Al\ — Al Al -—
> H,0 FARN 207 AN\
Salen('Bu)AIBr \O o) 3 Salen(BU)AIBr +2 (MeORPO "> }) Oms P \ T’\N o
B T
- MeBr / “HBr L / \OM O, O o
Ph,(O)P Med e @‘l‘ ~
B! B /\

Bu! Bu u u MeO  OMe
Figure 1. Synthesis of Salen aluminum phosphinét} ( Figure 3. Synthesis of compounz.

example of a structurally characterized monomeric aluminum
phosphinate compound bound by a Salen ligand. The
aluminum atom has a six-coordinate distorted octahedral
environment with MeOH and the phosphinate group at the
axial positions. The O3AI—04 angle is nearly linear
(~175°). The Al-O—P linkage is bent with a bond angle
of 151°, which is considerably narrower than the-AD—P
angle (~159) in [Salen{Bu)AI{ O,P(H)P{].. * The AI-O
(ligand) bond distances~(1.80-1.81 A) are marginally

. _ shorter than the AtO(P) bond distance~(1.87 A).
Figure 2. Crystal structure ol-MeOH (hydrogen atoms are omitted for . .
clarity). The reaction of salefBu)AIBr and trimethyl phosphate
after stirring in toluene for 7 days at room temperature gave

characterized using, *C, >’Al, and*!P NMR, IR, and MS 5 (Figure 3), which could be isolated as yellow crystals after
(El, positive). The'H NMR spectrum ofl was very close  .oncentration and filtration of the reaction mixture followed

to the cc;rresponding chloride analogues reported in the b ¢ooling. Compound is a trimetallic cation with three
literaturé” and also the bromide starting materigiShere  g5ena| units connected by phosphate linkages. It is soluble
are two singlets for théu—Ph groups ab 1.29 and 1.58.  j; the organic solvents toluene and chloroform. It was
Two methylene peaks corresponding to the ethylene back-.naracterized by IRIH NMR, Z7Al NMR, 3P NMR, mp
bone protons from the ligand appear&iG.6427and 4.40.  and MS. Thé'H and®*C NMR contain peaks corresponding
There is only one imine singlet @ 8.17. The*’Al NMR to saleniBu) units and phosphate methoxy groups. Interest-
showed a broad peak centereddaB0 for five-coordinate ingly, there are twa'P peaks a® —13 and—21. These
aluminum, which is similar to the shift observed in many gpifts are close to that of other bridging phosphate com-
other five-coordinate aluminum Salen compounds (e.g., pounds. For example, tH&P shift in Mg(XDK)DPP(CH-
SalenBu)AIOSiMe; (6 30.5) and Saleffu)AINs (0 31.9))”  OH),(H,0)(NOy) (H,XDK = m-xylenediaminebis (Kemp's
However, this is upfield from the related chloride analogue i5cid imide), HDPP= diphenyl phosphate) i§ —15.463

(6 57)** The *P{H} NMR of 1 contained a single peak at 54 jn MeAIO,P(OBu),], is 6 —22.5712 The two3!P peaks

0 35_. Inte_:restmgly, th|s_ is con3|derab!y downfield c_ompared imply different shielding environments for the two phos-
to dimeric or polymeric Salen aluminum phosphinatés ( phorus atoms. There is only one very bréa NMR peak

7.08-9.16)* ) ) at 6 —1, which confirms the presence of a six-coordinate
Compoundl was recrystallized by slow evaporation of & - 51yminum atom. Surprisingly, another aluminum peak for

methanol solution at room temperature under atmospheriCine five-coordinate aluminum was not observed in it

conditions to producé-MeOH. The compound was stable  NuR_ it is possible that it was overshadowed by the broad
in the atmosphere, and no nucleophilic displacement of the gjy_cqordinate aluminum peak. Interestingly, one methanol
phosphinate group by methanol or atmospheric moisture wasygjecule was coordinated to one of the aluminum atoms.
observed. The molecular structure is shown in Figure 2. 1he formation of methanol in the reaction system could occur

There are two molecules in the asymmetric unit; only one is 1y, 4qventitious hydrolysis of the reaction byproduct methyl
shown in the figure. Previously, the only structurally p.omide.

characterized examples of Salen aluminum phosphinate .
) The X-ray crystal structure d (Figure 4) reveals three
compounds were polymeric [Sal&Bi)A{ O:P(H)P}]x (n aluminum salen units connected by two phosphate groups.

= o) for salen, salophen, and salomphen and dimerie ( The compound is monocationic with two six-coordinate and

14
2?} forhsalgzt)en and sbaI_Zéﬁ.b l? thesteh cc;mpour;ds,.ttwo one five-coordinate aluminum atom. The phosphate groups
phosphinate groups bridge between the Siefdl units. are monodealkylated with two methoxy groups attached to

They were synthesized by alkane elimination between Salen- L .
) L . each phosphorus atom. It is interesting to note that out of
(Bu)Me and phenyl phosphinic acid, Ph(H)P(O)OH, and ot |- b5 honds around P1P, PERLP (1.476(3) A)

Zorlne I(')f thg C%T_Irfal::an r_eve”aIetc;] uglqlue I(_:oup(ljlng of thte and P1P-O2P (1.480(3) A), have bond lengths close to a
aien 'C?.fm dWI' i d é/:pu:a y: ﬁ_eM %eHn _|gatr;] s]:'_iret no phosphorusoxygen double bond; the other twe-B bonds,
SO readily denvatized. .ompount-ie IS the irs P1P-0O3P and P1PO4P, are longer and their bond lengths

(21) Rutherford, D.; Atwood, D. AOrganometallicsl 996 15, 4417-4422.
(22) Munoz-Hernandez, M.-A.; Keizer, T. S.; Wei, P.; Parkin, S.; Atwood, (23) Yun, J. W.; Tanase, T.; Pence, L. E.; Lippard, SJ.JAm. Chem.
D. A. Inorg. Chem.2001, 40, 6782-6787. Soc.1995 117, 4407-4408.
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Figure 4. Molecular structure o2. The'Bu groups on the phenyl rings, the disordered atoms, and the hydrogen atoms are omitted for clarity.

Table 1. Crystallographic Data and Refinement Details for Compould3

compoundL compound2 compound3
empirical formula GsHgoAIN 205P, C118H160Al 3BrNgO15P2 CogH148A1 2N4O012P2
M/g mol~* 766.90 2098.35 1666.08
color yellow pale yellow pale yellow
cryst size/mrf 0.22x 0.10x 0.10 0.35x 0.10x 0.10 0.20x 0.20x 0.08
cryst syst orthorhombic triclinic monoclinic
space group P21212¢ P1 P21/c
alA 11.6850(2) 15.02320(10) 10.6546(2)
b/A 26.1840(5) 18.8031(2) 17.6944(3)
c/A 28.1148(5) 21.9993(3) 24.9473(5)
of° 90.00 89.9924(4)) 90.00
pI° 90.00 71.8021(4) 95.9921(7)
yl° 90.00 82.2916(4) 90.00
VIA3 8602.0(3) 5844.49(11) 4677.54(15)
pealdg cm 3 1.184 1.191 1.183
z 8 2 2
F(000) 3296 2244 1808
radiation used CuK Mo K¢ Mo K¢
wlmm~t 1.121 0.463 0.126
TIK 90.0(2) 90.0(2) 90.0(2)
hklrange —14<h =13, —-17<h=17, —12<h=<12,
—11=< k=31, —21=<k=21, —21=<k=21,
—33=1=32 —25=1=<25 —29=<1=<29
©® rangef 2.31-68.22 1.46-24.00 1.4325.00
reflns measured 48 842 36 627 91792
unique reflns Rint) 15 283 (0.0524) 18337 (0.0604) 8238 (0.1476)
obsd reflnsnp [I = 20(1)] 14 037 11 102 4803
refinement method full-matrix least-squaresrn full-matrix least-squares of? full-matrix least-squares of?
refined params/restraints 1018/120 1315/235 538/0

R1[l > 20] R1=0.0408, wR2= 0.0996 R1=0.0720, wR2=0.1783 R1= 0.0566, wR2= 0.1079
R1 (all data) R% 0.0457, wR2= 0.1030 R1= 0.1426, wR2= 0.2108 R1=0.1236, wR2= 0.1307
GOF onF? 1.050 1.032 0.998

largest diff. peak and hole/&—3 0.415 and-0.277 0.713 and-0.600 0.314 and-0.559

(1.568(3) and 1.559(3) A) fall in the range ofP single of 109.5 is shown for P1P by O1PP1P-O2P (116.48-
bonds (Table 2). (29)° and for P2P by O5PP2P-06P (120.1(2). Al1A and

For the phosphorus atom P2P, the PZI5P bond length  AI1B have distorted octahedral geometries, whereas Al1C
1.469(4) A indicates double-bond character but the other has a distorted geometry between trigonal bipyramidal and
three P-O bonds (P2PO6P = 1.531(4), P2P-O7P = square pyramidal. The compound is cationic with bromide
1.575(5), and P2PO8P = 1.554(4) A) show normal PO (not shown in the crystal structure) present as the counter-
single bond lengths. The variation of the-© bond lengths anion.
around the two phosphorus atoms P1P and P2P could partly A quantitative measure has been proposed to describe the
explain the presence of two differefP chemical shifts. distortion from perfectly sqare pyramidal or trigonal bipy-
Each phosphorus atom has a distorted tetrahedral geometryamidal geometry in five-coordinate compounds. The amount
and is connected to the aluminum atoms through the oxygenof this distortion is expressed by a value”. (For a
atoms. The largest deviation from the ideal tetrahedral angledescription of the calculation of the Value” see Supporting

Inorganic Chemistry, Vol. 45, No. 10, 2006 3973
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Table 2. Selected Bond Distances (A) and Angles (deg) for BuO\ /OBu
Compoundsl—3 P
o o Do ©

1 . -2 "BuBr Q:\AI/ AN l/ /p
AILA—N1A 2.0023(19) AILA-O2A 1.8133(16) 2 Salpen(BwAIBrt 2 (n-BuO)PO —rers (_,N/ W\ o//A N
AlILA—N2A 1.9977(19) AI1A-O3A 2.0255(17) N0 O—p7 0 N\)
Al1A—O1A 1.8033(16) Al1A-O4A 1.8729(17) / \OBU\J

04A-P1A 1.5052(17) BuO

O1A—-AI1-02A 95.97(7) O3A-AILA—N1A  88.76(7) Figure 5. Synthesis of compoung.
O1A—-AI1-03A 87.18(7) O3A-AILA—N2A  82.36(7)
O1A-AIlA—N1A  91.34(7) O3A-AlIA—04A 175.39(7) : B

O2A—AIlA—N2A  91.22(7) N1A-AILIA—N2A  81.27(8)
O2A—-A1IA—03A  89.79(7) AllA-O4A—P1A 151.12(11)

2

AlLIA—N1A 1.988(4)  Al1G-N2C 1.996(4)

AILA—N2A 2.008(4)  AlC-01C 1.758(3)

AIA—O1A 1.808(3)  AIG-02C 1.797(3)

AIA —O2A 1.795(3)  Al1G-06P 1.798(4)

Al1IA—03A 2.038(3) P1PO1P 1.476(3)

AllIA—01P 1.847(3)  P1PO2P 1.480(3)

Al1B—N1B 1.997(4)  P1PO3P 1.568(3)

Al1B—N2B 2.005(4)  P1PO4P 1.559(3)

AB—01B 1.801(3)  P2POS5P 1.469(4)

AIB—02B 1.814(3)  P2PO6P 1.531(4)

AllB—O2P 1.883(3)  P2PO7P 1.575(5)

Al1B—O5P 1.921(4)  P2PO8P 1.554(4)

AlLC—N1C 1.977(4) '

O1A-AILA—02A  96.55(14) O1B-Al1IB—02B  97.70(15) Figure 6. Molecular structure oB. Hydrogen atoms are not shown for
O1A-AIllIA—O3A  87.37(14)  O1B-AIlIB-O2P  93.39(15) clarity.

O1A-AIlIA—N1A  91.38(15)  O1B-AllIB—N1B  91.87(15)

O1A-AIlIA—N2A 169.73(16)  O1B-AlIB—N2B 172.19(16) ; ;
O2A-AIIA—N2A  9132(15) O2BALB-N2B  80.97(16) fo_und to be 0.31. Thu_s, it car_mot be reasonably defme_d as
02A-ALIA—O3A  89.67(13) 02BALB-02P  93.30(17) either of the geometries but is closer to square pyramidal.
O3A—AIIA—N1A  84.38(14) O2PAIlIB—N1B  87.58(15) The Al-0O—P linkages in2 are bent. However, the angle
O3A-AILA-N2A  86.09(14)  O2PAILB-N2B  84.64(17) AlLA—O1P-P1P (163.5(2) is considerably less bent than
O3A—AIIA—O1P 173.56(15)  O2PAIIB—O5P  169.04(17) .
NIA—AIIA—N2A  80.12(16)  N1B-AILB—N2B  80.50(16) the other AFO—P angles (151.1(3)153.4(2)) in the
AlIA—O1P-P1P  163.6(2) Al1B-O5P-P2P  151.2(3) molecule.

O1P-P1P-0O2P 116.48(19) O5PP2P-06P 120.1(2)

O1P-P1P-O3P  105.60(18) OSPP2P-O7P  111.1(3) Compound3 was prepared by the reaction of salpBnj-

O1P-P1P-O4P  110.28(19) O5PP2P-O8P  108.8(2) AlBr with tributyl phosphate in toluene at room temperature
O2P-P1P-O3P  111.2(2) 06PP2P-07P  100.7(2) (Figure 5). Only one of the three methoxy groups on each
o o 115036;19(%18) il 182'3% phosphate molecule undergoes dealkylation. The compound
O3P-P1P-04P 105'.86(19) P2PO5P—AI1B 151,'2(3) is soluble in toluene and chloroform. It was characterized
N1C—AIIC—N2C  79.14(15) 02€AIIC—N2C  88.55(15) by IR, ™H NMR, 2’Al NMR, 3P NMR, mp, and MS. ThéH
gig:ﬁ:}g:g%g gg:gigg mfgﬁ:igigég iﬁ:ggg% NMR has peaks corresponding to the ligand and the alkoxy
NIC-AIIC—O6P  93.67(17) OlEAILIC—O6P 111.64(16) groups of the mono-dealkylated phosphate. 7#¢ NMR
O2P-Al1B—O5P  169.04(17) shows two peaks. The peak @ —5 corresponds to
P2P-06P-AIIC  151.6(3) six-coordinate aluminum. However, the peakdat0 falls
AL-NI 2.026(2) 3 PLO3 1.4827(18) in the region of five_—coordinate aluminum. This does not
AlL—N2 2.001(2 PLO4 1.4778(18) correspond to the solid-state structure of the compound which
Al1-01 1.8274(19) P05 1.5750(19) shows the presence of six-coordinate aluminum only. It could
2:1*_053 i-gg%gg; P106 1.5836(18)  pe possible that in solution one phosphate linkage from one
All—04 1.8611(19) of the aluminum atoms dissociates, thus making it five-
01-Al1—N1 88.32(9) 02-Al1-04 91.34(8) coordinate. Thé'P NMR has a single peak at—18. The
gi:ﬁ:i:’c\‘)g 1;2-(13%?) ggﬁ:i:mé gg-ggggg TGA curve (Supporting Information Figure S3) 8&hows
O1-Al1-03 93.64(8) O3All—04 91.40(8) a weight loss of about 10% around 10020 °C, whlch is
0O1-Al1l-04 93.45(8) NE-AIL-N2 87.98(9) probably due to the entrapped solvent. There is a second
NS gg-gzg; Aoe igggg&g weight loss of about 90% in the temperature range-300
02-A1-03 172-.64(9) 03P1-04 118:52(11) 600 °C that is probably due to the thermal oxidation of the
03-P1-05 111.59(10)  O4P1-06 110.32(10) organic species leaving behind some inorganic aluminophos-
05-P1-06 105.78(10)

phate material.

The molecular structure o8 (Figure 6) contains an
Information Figure S2§* A perfectly sqp geometry hasma aluminum-phosphate ring formed by two Salen aluminum
value equal to zero, whereas a perfectly trigonal bipyramidal units and two mono-dealkylated phosphate units. Two
geometry has a value equal to 1. This value may be aluminum and two phosphorus atoms are part of an eight-
important in determining the accessibility of a sixth coor- membered A-O—P ring. The ring P-O bond distances P1
dination site?® For compoun@, the calculated value was O3 and P+ 04 (1.4827(18) and 1.4778(18) A, respectively)
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are essentially equal and have double-bond character (Tablaised to synthesize the first structurally characterized mon-
2). The other P-O distances, P2O5 and P+06, are longer  omeric Salen aluminum phosphinate. Furthermore, the
(1.5750(19) and 1.5836(18) A, respectively) and in the range dealkylation reaction with alkyl phosphates has been used

of P—O single bonds. o _ to prepare a cationic aluminum phosphate and an alumino-
Each phosphorus atom is in a distorted tetrahedral phosphate ring. These compounds are the first examples of
geometry. The biggest distortion is found in the-B-O aluminum phosphates with Salen ligands. They contain five-

bond angle (118.52(17) inside the aluminophosphate ring. 5 six-coordinate aluminum, which is rare for molecular
Each aluminum atom is six-coordinate with a distorted aluminophosphate compounds. The reaction conditions for
octahedral geometry. The phosphate oxygen atoms OCCURY e preparation of all of the compounds are very mild.
two of the equatorial positions. The other two equatorial _, . .
This method could be developed to prepare alumino-

positions are occupied by one nitrogen atom and one oxygen hosphat nd chain structures for potential lication
atom from the ligand. Another pair of nitrogen and oxygen phosphate cag_ea chain structures q po © "?1 applicatio
as molecular sieves and catalysts. This is the first example

from the ligand occupy the axial positions. The axiat-&) ) ] ; )
distance (1.8274(19)A) is slightly shorter than the equatorial ©f the intentional use of an aluminum-based dealkylation
Al—0 distances (1.8597(19), 1.8816(19) and 1.8611(19) A). reaction to form new compounds. The utility of this reaction
However, the axial A+N2 distance (2.001(2) A) is almost  in forming other unique products is currently being

the same as the equatorial-A\1 distance (2.026(2) A). The ~ explored.

longer A-N distances compared to AD distances are a

reflection of the larger atomic radius of nitrogen. The-Al Acknowledgment. This work was supported by Kentucky
O—P angles are not equal. AHO4—P1 (165.22(12) A) is Science and Engineering Foundation (KSEF Grant No. 148-
larger than Al-03—P1 (150.46(12) A). 502-04-100). Instruments used in this research were obtained

The crystal packing diagram 8f(Supporting Information  from the CRIF (NMR, CHE 997841) and MRI (X-ray, CHE
Figure S4) shows that the aluminophosphate rings stack onp319176) programs of the National Science Foundation and
top of each other with alkyl chains on phosphorus and ligand from the Research Challenge Trust Fund of the University
groups on aluminum extending away from the ring. The ¢ kentycky. Partial support from the University of Kentucky
distance between two alumlnum atoms is 5.108 A, which is Tracy Farmer Center for the Environment is acknowledged.
cqmparable to the pore diameter (6'6_ A) of layered alu- Thanks are also expressed to the University of Kentucky
minphosphate templated by 2-methylpiperazie. Mass Spectrometry Facility and the Center for Applied
Conclusion Energy Research.

The dealkylation reaction between a Salen aluminum

Schiff base halide and methyl diphenylphosphinate has been  SuPPOrting Information Available:  The crystal packing
diagrams of2-MeOH and3; figure showing the calculation aof

(24) Addison, A. W.; Rao, T. N.; Reedijk, J.; Vanrijn, J.; Verschoor, G. value; TGA curve for3; figure of 3 showing the A-O—P ring;
C.J. Chem. Soc.-Dalton Tran$984 1349-1356. and CIF files for compound$—3. This material is available free

(25) g:{gﬁhr?&méjéo\gfzg (2)(.);7§fi2c517tigger, D.. Plattner, D.Augew. of charge via the Internet at http:/pubs.acs.org.

(26) Tuel, A.; Gramlich, V.; Baerlocher, QMicroporous Mesoporous
Mater. 2002 56, 119-130. 1C052090K

Inorganic Chemistry, Vol. 45, No. 10, 2006 3975



