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ABSTRACT

A series of monoethyl and diethylaluminium(I11) complexes of the types Et,AI{O-R-NR'R?} or EtAl {O-
R-NR'R?} [R = —CH3);, R' = H; R = —<(CH,);, R' = R? = H; R = —-CH,CH(CH,CH;), R"=R*=H; R = -
(CH,)s, R' = H, R* = CH;; R = «(CH,);, R' = R? = CH;; R = =C¢H,, R' = R? = H] have been prepared by the
reactions of triethylaluminium etherate adduct (Et;Al.Et,0) with the corresponding aminoalcohols in 1:1 and
1:2 molar ratios in diethyl ether. All the above complexes are soluble in common organic solvents. Molecular
weight measurements in refluxing benzene exhibit monomeric and dimeric nature for the monoethyl and the
diethyl complexes respectively. All these derivatives have been characterized by elemental analysis, IR and
multinuclear NMR ('H, "*C and 2'Al) spectral studies. The 2’Al NMR chemical shift values indicate penta-’

coordination around aluminium(l1l) atom in both the above types of complexes.

INTRODUCTION

L $ A 0

Aluminium alkyls are often used as reagents in organic synthesis and as catalysts in synthetic processes
/1/. For a better understanding of their role from the synthetic and catalytical aspects, it is impbrtant to predict
the coordination ability of aluminium in such types of derivatives. Generally coordination numbers four and
six are more common /2-6/ as compared to five /7,8/ in such compounds. ‘

It has been shown recently /1,9-13/ that aluminium atoms in binuclear metallo-organic complexes usually
acquire unsymmetrical structures (Fig. 1) containing aluminium(Ill) atoms in four- and six-coordination

states rather than a symmetrical five-coordinated strucutre.
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More recently we have also reported what is probably the first known example of a five-coordinated
heteroleptic metallo-organic compound of Al(I1l) [{C¢HsO(CH=NCHs)},AI{ON=C(CH;)C4H3S-2}]/14/.

In view of the above it was considered worthwhile to prepare the corresponding five-coordinated organo-
aluminium(I1l) complexes by the reaction of triethylaluminium etherate adduct (Et;Al.Et,0) with a variety of

aminoalcohols, which are of special interest due to the presence of both hydroxyl as well as amino groups.

MATERIALS AND METHODS

All the complexes described in this investigation were manipulated in a vacuum line or a purified argon
atmosphere. The solvents and reagents were purified by conventional techniques. The Et;ALEt;O was
synthesized and purified according to literature method /15/. Aminoalcohols were purified by distillation
prior to use. Aluminium was estimated gravimetrically as oxinate /16/. Microanalyses were carried out on a
Perkin Elmer-C, H, N & S Il series 2400 analyzer. The IR spectra were recorded as Nujol mull on a Nicolet
Magna-550 spectrometer in the range 4000-400 cm™. 'H, "*C and ¥’ Al NMR spectra were recorded in 5 mm
NMR tubes as freshly prepared CDCI; solutions on a Bruker DPX-300 spectrometer operating at 300, 75.5
and 111.9 MHz, respectively. Spectra were referenced with internal chloroform peak (*7.26 for 'H and 77.0
for °C). Molecular weight measurements were carried out by elevation in boiling point method using
Beckman’s thermometer fitted in a class assembly in anhydrous benzene. The instrument was calibrated
using samples of known molecular weight like naphthalene/benzophenone/benzil in anhydrous benzene (M =
1000.Ky,.w/ATy, W, where M = molecular weight, w = weight of solute in gms., K, = molar elevation

constant, W = weight of solvents in gms., AT}, = elevation in boiling point).

Preparation of Et,Al{O-(CH,);-NH,}

A solution of Et;ALEt;0 (1.19 gm, 6.32 mmol) in 20 ml of anhydrous diethylether was slowly added to
an ether solution of HO(CH,);NH, (0.48 gm, 6.35 mmol) under argon atmosphere. The reaction mixture was
stirred at room temperature for 4 h. The solvents were evaporated under vacuum and the product was washed
(2 x 10 ml) with n-hexane. The compound was dried under vacuum to give a white solid (yield 96%). This

was recrystallized from a mixture of dichloromethane and n-hexane (7:1).

Preparation of EtA1{O-(CH,),-NH,},

A solution of Et;ALEt,O (2.13 gm, 11.31 mmol) in 20 ml of anhydrous diethylether was slowly added to
an ether solution of HO(CH,),NH; (1.38 gm, 22.59 mmol) under argon atmosphere. The reaction mixture
was stirred at room temperature for 4 h. The solvents were evaporated under vacuum and the product was
washed (2 x 10 ml) with n-hexane. The compound was dried under vacuum to give a white solid (yield 98%).
This was recrystallized from a mixture of dichloromethane and n-hexane (7:1). All other complexes were

prepared by using a similar route and their physical and analytical data are summarized in Table 1.
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RESULTS AND DISCUSSION

All the above reactions were carried out under strictly anhydrous and inert atmosphere. Reactions of
Et;ALLEt,O with aminoalcohols (HO-R-NR'R?) in 1:1 as well as 1:2 molar ratio in diethylether afforded
products of the type [Et,AI(O-R-NR'R?)] and [EtAI(O-R-NR'R?),]. The general reaction may be illustrated
schematically as:

tirring

ELALEGO + n(H O-R-NR'R?) —grdo——s Ets,,AI(O-R-NR'R?), + nEtH i

where n =1, [R=-CH,),, R'=R*=H; R =~(CH,);, R' =R*=H]
where n =2, [R =-CH,),, R' = R*=H; R = —(CH,);, R' = R? = H; R = ~CH,CH(CH,CH;), R' =R? = H;
R = —(CHy)s, R' = H, R? = CH;; R = «(CH,);, R' = R*=CHj; R = ~C¢Hs, R' =R*=H]

All the above compounds are white, yellow or light green solids or paste (Table 1), and are soluble in
common organic solvents. These compounds were purified by recrystallization from a mixture of
dichloromethane and n-hexane. Molecular weight measurements indicate the monomeric nature of 1:2

complexes and dimeric nature of 1:1 complexes in refluxing benzene.

Table I1

Some relevant IR spectral data of ethylaluminium(l11) complexes.

S. Compound Aminoalkanolate Moiety
No vC-N vC-O vN-H | vAI-C | vAI-O | vAI-N | vAI-O-Al
1'. Et, AI{O(CH;),NH;} 1075m 1225w | 2900vs | 600w | 710m | 660w -
2. | EtA{O(CH,):NH,}, 1060s 1200w | 2890vs | 590w | 695w | 648w -
_3. Et AI{O(CH);NH3} 1075m 1270w | 2900vs | 600m | 710m | 620w 820w
_4. EtAI{O(CH,);NH;}, 1066m 1200w | 2890vs | 616w | 725m | 674w -

5. | EtAl{OCH,CH(NH,)C,Hs}, | 1080w | 1250w | 2916vs | S66w | 716m | 649w -

6. | EtAI{O(CH,);NH(CH3)}, 1100s 1260w | 2950vs | 550w 710m 660w -
7. | EtAI{O(CH2);N(CHs),}, 1050s 1240w | 2916vs | 656m 708w 675w -
8. | EtAI{O(C¢H4)NH,}, 1083w 1250w | 2900vs | 600w 708w 658w -

il4
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IR Spectra

A tentative assignment of the important IR bands has been made and is summarized in Table II. Broad
stretching vibrations at ~3650 cm™' due to ~OH group of the free aminoalcohols disappeared in the IR spectra
of the above derivatives, suggesting the deprotonation of —OH group and formation of an Al-O bond.
Formation of an Al-O /10, 11, 17, 18/ bond is further supported by the appearance of a weak to medium
intensity band in the region 695-725 cm™'. The appearance of v N-H as well as v C-N stretching frequencies
at lower wave numbers, as compared to the free ligand moieties, indicates the coordination of aluminium to
the nitrogen atom of the ligand. This was further confirmed by the appearance of a new weak to medium
intensity band in the region 620-675 cm™', which may be assigned to v AI-N mode /9, 11/. The weak
intensity band in the region 550-656 cm™' was assigned to v AI-C. In 1:1 complex (3) an additional weak
band at 820 cm™' has also been observed and assigned as v Al-O—Al mode /10, 11, 23/, but complex (1) does

not show such stretching.

'"H NMR Spectra

A comparison of the spectra of the free aminoalcohols with the spectra of the corresponding derivatives
shows the absence of ~OH signals, indicating deprotonation of the hydroxy group of the aminoalcohols and
formation of AI-O bond. 'H NMR spectra of these complexes exhibit characteristic peaks and peak multi-
plicities for Et-Al and ligand protons /19-21/. In the '"H NMR spectra of the complexes, the CH, and CH;
protons of EtAl group appear in the range § 0.06-0.98 ppm and & 1.05-1.39 ppm, respectively. The O-CH as
well as CH;N proton resonances of ligands are shielded on complexation. Shielding effect is greater in 1:2
complexes as compared to 1:1 complexes. Other resonances are almost unaffected and appear at their

expected positions (Table I11).

'>C NMR Spectra

In the *C NMR spectra of the complexes the CH, and CHj; carbon signals of EtAl group appear in the
range & 0.55-1.11 ppm and & 2.92-18.3 ppm, respectively. The C-N carbon resonances of ligands are
shielded on complexation as compared to the free ligand, which suggests that there may be coordination of
aluminium through nitrogen atom as evinced by IR spectra. Other resonances are unchanged, except —O-C,

which is slightly shielded.

A1 NMR Spectra

Coordination behavior of the Et,AI{O-R-NR'R?} type of the complexes has also been investigated long
ago /23/ and two possible structures had been proposed for dinuclear diethyl allong ago /23/ and two possible
structures had been proposed for dinuclear diethyl aluminium complexes containing tetra-coordination
around aluminium(I11) atom on the basis of IR and 'H NMR studies. However, no suitable 2’A1 NMR spectra

and no crystal structure determinations were reported. During the course of the present investigation we
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Table I1I

NMR( 'H, "*C & ?’Al ) spectral data of ethylaluminium(II1) complexes

Compound 'H NMR BCNMR Al
No.* NMR
Ethyl moiety Aminoalkanolate Ethyl moiety | Aminoalkanolate
moiety moiety
1. 0.98 br (CH,); 1.27 br (NHy); 0.92 (CH,); | 58.1 (OCH,CH,); 67.3
1.10 t (CH,) 3.62 m (OCH,CHy); 10.2 (CHy) 65.0 (OCHy)
3.77 br (OCH,)
2. 0.98 q(CH,); 1.32 br (NHy); 0.89 (CH,); | 57.7 (OCH,CH,); 69.8
1.21 t (CHs;) 3.57m (OCH,CHy); | 921 (CHy) 64.3 (OCH,)
3.67 t (OCH,)
3. 0.09br (CH,); | 0.88 s (NHy); 0.81 (CH,); | 41.6 (CH,NH,); 69.8
1.10 t (CH3) 1.64 br (CH,NH,); 10.3 (CH;) 57.6 (OCH,CH,);
3.01 br (OCH,CH,); 64.2 (OCH,)
3.80 br (OCH,)
4. 0.09 m (CH,); 0.88 s (NH,); 0.81 (CH,); | 41.7 (CH,NHy); 70.0
1.14 m (CH,) 1.58 br (CH,NH,); 18.3 (CH3) 57.8 (OCH,CH,);
3.01 br (OCH,CH,); 63.6 (OCH,)
3.77 br (OCHy)
S 0.09 br (CH,); | 0.95s(NHy); 0.55 (CH,); | 27.3 (CHCH,CHjy); 70.4
1.26 t (CH;) 2.72 br 10.2 (CH3) 54.2 (OCH,CH);
{CH(NH,)CH,CH;}; 57.8 (CHCH,CHjy);
3.32 m (OCH,CH), 66.5 (OCH,)
3.51-3.74 m (OCH,)
6. 0.77 m (CHy); 1.10 br (NH); 1.08 (CH,); | 36.3 {NH(CH,); 71.1
1.05 t (CH;) 2.33 br {NH(CH3)}; 18.5 (CHy) 56.6
2.58 br (CH,NH); (OCH,CH,CHy,);
3.64 br (OCH,CH,) 57.5 (OCH,CH,);
61.2 (OCH,)
7. 0.06 br (CHy); 1.68-1.99 m 1.11 (CHy); | 45.4 {N(CH;),}; 67.9
1.26 br (CHs) (CH,CH,N); 18.0 (CH») 56.7
2.31 br {N(CHa),}; (OCH,CH,CH,);
3.80 br (OCHy) 61.9 (OCHy)
8. 0.22 br (CHy); 1.07 s (NH,); 0.83 (CH,); | 124.0, 124.8, 1283, | 71.0
1.39 t (CH3) 6.75-7.35 m (OC¢H,) | 13.9(CH3) 129.3, 131.2 (C¢Hy)

*Compound Nos. as in Table II
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carried out the A1 NMR spectra of the above types of complexes, which exhibit a broad signal at § 67.3-

71.2 ppm. They exclude the possibility of tetra-coordination geometry, and suggest a penta-coordination

around the aluminium(IIl) atom /20-22/.

CONCLUSION

Although it is difficult to comment on the structural aspects of these derivatives without single crystal X-

ray studies of at least one representative compound, yet in view of the above studies on the dimeric nature of

1:1 complexes and monomeric nature of 1:2 complexes, the following tentative structures may be proposed

for these types of derivatives:

-=(CHYz~, t?zcu NH,
Et NH2 (@) Et E
\A.é/ \;\:/ EI\AI/O\i/ t
A D U PPN
Et/ \\O/N:2 \Et Et * 0 Et

(a) (b)
Fig. 2: Proposed structure of Et, {O-(CH;),-NH_} (a) and Et,Al{)-(CH;);-NH,} (b)

Fig. 3: Proposed structure of EtAI[O-R-NR'R?,.

[R = -CH,),, R' = R* = H; R = ~(CHy);, R' = R? = H; R = -CH,CH(CH,CH;), R' = R? = H; R = —(CH,),,

R'=H, R?=CHj; R = (CH,);, R' = R? = CHy; R = —C¢4H,, R' = R? = H]
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