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Molecular weight and ' H-NMR and IR spectral measurements evidence that in dimeric alumi-
nium isopropoxide in which one or two isopropoxyls have been replaced by caprolactam ligand,
only the oxygen atoms of the isopropoxyl take part in the bridge formation between the two
aluminium atoms.

Freshly prepared aluminium isopropoxide (I) is a trimer, converting slowly to tetra-
mer if allowed to stand at room temperature'. This change in association (ageing
effect) of aluminium alcoholates is a manifestation of the tendency to increase
the aluminium coordination number from 4 to 6. Solid aluminium isopropoxide
heated to 130—140°C is predominantly dimeric (II, R = i-C;H;), and the dimeric
structure remains preserved for some time after rapid cooling of the hot benzene
solution?. Based on 'H-NMR spectroscopic investigation of this solution, the dimeric
structure of I was confirmed; it is analogous to that of aluminium tert-butoxide®+*
or monoisopropoxy-ditert-pentyloxyalane®.  Aluminium caprolactamate Al
.[OCN(CH,)s]; (II1) occurs in solution as a dimer, in equilibrium with the mono-
mer. The two aluminium atoms of the dimer are interconnected by —Q==2C==N—
bridges of the caprolactam, forming eight-membered ring®. The terminal caprolactam
ligands in both the monomer and the dimer can take part in the further coordination
of the aluminium atom.
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Aluminium isopropoxide I reacts with 6-caprolactam analogously as with other
lactams” so that two of the three isopropoxyls are replaced by the caprolactam
ligand with the formation of monoisopropoxydicaprolactamoalane (IV). The stage
of diisopropoxymonocaprolactamoalane (V) is difficult to catch in this reaction;
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this compound was therefore prepared by successive reaction of isopropylimino-
alane, HA]NCH(CH;);, with 6-caprolactam and 2-propanol in benzene solution.

The dicaprolactamo derivative IV is a white crystalline substance, well soluble
in ether, considerably less soluble in aromatic hydrocarbons (max. 5% in benzene
at room temperature). The molecular weight, determined ebuliometrically, decreases
slightly with increasing concentration; in the concentration region 5— 12% in benzene
solution it corresponds to the association degree 2:15— 1-9. The monocaprolactamo
derivative V retains the honey-like consistence also in substance. It is completely
miscible with aromatic hydrocarbons and ethers. Its molecular weight is independent
of the concentration and corresponds to the association degree 2-18 + 0-04 for
5-—229% benzene solutions.

1V, Y =OCN(CHs
CH,

=—0—CHC
v, \CH.\

Table T gives the chemical shifts in the '"H-NMR spectra of the compounds
AI[OCN(CH,);]4(0-i-C3H); -, for n = 0, 1, 2, 3 (compounds I, ¥, IV, 111, respec-
tively). Obviously, the bridge joining the two aluminium atoms is formed exclusively
by the isopropoxyl oxygen atoms. For the aluminium-to-isopropoxyl ratio 1 :1
(compound IV), the spectrum exhibits only a single methyl doublet belonging ap-
parently to the bridge isopropoxyl and a septet of the methine hydrogen. For the
aluminijum-to-isopropoxyl ratio 1 : 2 (compound V), a doublet and a septet of the
terminal isopropoxyl groups appear in addition. Signals that can be attributed
to the caprolactam forming the —O == C == N— bridge between two aluminium atoms,
which appear in the spectrum of the dimeric aluminium caprolactamate III, are
absent from the spectra of the compounds IV and V. The signal of the f to § CH,
groups appears as a broad singlet in the spectra of compounds whose caprolactam-
-to-aluminium ratio is higher than unity (111, IV). In the spectrum of the compound
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V, with one caprolactam ligand per one aluminium atom, the protons of such methy-
lene groups appear as a multiplet, similarly as in the case of isopropyliminomono-
caprolactamoalane Al(N-i-C3H,) [OCN(CH,);s] (ref.?). These facts can be ex-
plained, for instance, in terms of restriction to rotation of the caprolactam ligand
resulting from its further coordination to the aluminium atom.

Table II lists the absorption peaks in the infrared spectra of the compounds I, I11,
IV, Vin the regions of the Al—O and C—O (600—1200 cm™') and caprolactam
N=:C==0 (1500~1700cm~!) stretching vibrations. The views of authors®~'?
upon the band assignment in the spectra of the tetrameric, trimeric, and dimeric
aluminium isopropoxide are somewhat different. In the range 830—870 cm™',
several bands appear in the case of compounds where the presence of bridge as well
as terminal isopropoxyls can be assumed (I, V), whereas in the spectrum of IV

TabLE IT
Infrared Absorption Bands, in the Regions 600—1200 cm ™! and 1500—1700 cm ™!,
of AI[OCN(CH)s),, (0-i-C3H4)3_, (n =0, 1,2, 3, compound /, V, IV, 1], respectively) in Ben-
zene Solutions

1 vV v i
618 mw 640 sh 634 vs 635 vs
650 w
688 ms 680 vs
704 sh 705 sh 705 sh
819 sh 799 w
839 ms 837 ms 837m 840 w
863 m 860 sh 881 w 881 w

878 sh 896 w
956 s 960 s 960 s 962 w
1038s 1033s 1024 w 1020 ms
1088 w 1086 m 1088 m
1127s 11325 1126w
1142 11425 1152w
1175s 1170s 1155 sh
1186s 1198 sh 1173 sh 1200 m

1524w 1523w 1529 m
1558 sh 1582 sh

1592s 1598 vs 1598 vs
1612 sh
1677w 1676 w 1674w

“ Spectra of mixture of dimeric and trimeric aluminium isopropoxide measured in Nujol mull,
according to ref.*!.

Collection Czechoslov. Chem. Commun. [Vol. 45] [1980]



1340 Kiiz, Casensky, Machagek :

where the isopropoxyl present only takes part in the bridge formation, a single band
is observed in the above region. In the 1150 cm ™! range, 111 does not exhibit ap-
preciable absorption, IV displays one marked band at 1142 cm ™, and in the spectra
of Vand I several bands are found. The occurrence of several distinct bands in the
case of aluminium isopropoxide (I) is explained by Fieggen and Gerding* in terms
of participation of both terminal and bridge isopropoxyl groups in the structure.
Wilhoit and coworkers'? attributed the band at 1033 cm™! in the spectrum of I
to the Al—O—C grouping of the terminal isopropoxyl, the band at 935cm™!
to the Al—O—Al grouping. While in the spectra of I and V the two bands are com-
parable in intensity, in the spectrum of IV the band at 960 cm™' is a prominent
one, whereas that at 1025 cm™! is substantially less intense.

The above facts comply with the general conclusion that an isopropyl bridge
between aluminium atoms is stronger than a bridge constituted by the caprolactam
—N:==C==0— grouping. The structure of the isopropoxycaprolactamoalanes IV
and Vis represented by a four-membered ring composed of two oxygen and two
aluminium atoms, and similarly as in III (ref.%) the caprolactam ligand is at least
partly involved in the further coordination to the aluminium atom.

Fic. 1

'H-NMR Spectra (100 MHz) of Diisopropoxymonocaprolactamoalane 1 and Monoisopropoxy-
dicaprolactamoalane 2 in 5% Benzene Solutions
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EXPERIMENTAL

All reactions and preparations of the substances examined were conducted in annealed apparatus
in argon atmosphere. 6-Caprolactam was distilled prior to use; aluminium isopropoxide was
prepared from 2-propanol and elemental aluminium’ 3, isopropyliminoalane was obtained by di-
rect synthesis from isopropylamine, aluminium, and hydrogen'®. The infrared spectra were
measured on a spectrophotometer Beckman IR 20A in 2—4% benzene solutions, the ' H-NMR
spectra were scanned on a spectrometer Varian XL-100 (100 MHz) or on an instrument Tesla 60
(60 MHz2) in 5% benzene solutions, using tetramethylsilane as internal standard. The molecular
weights were determined ebuliometrically in benzene solutions as described previouslyl s

Monoisopropoxydicaprolactamoalane

87-6 g (0-328 mol) of aluminium isopropoxide and 99-1 g (0:876 mol) of 6-caprolactam were
placed in a flask fitted with a reflux condenser and a capillary reaching the flask bottom. Dry
nitrogen was fed through the capillary, and the apparatus was attached to vacuum of 2500 Pa
via the condenser. The 2-propanol formed was condensed in a freezing vessel (solid CO, with
methanol). After 12 h heating, 50'1 g (97-3%) of 2-propanol was obtained. 150 ml of benzene
was then added to the product and the mixture was boiled at normal pressure for 1| h. After
cooling, the crystals were filtered out, washed twice with 100 m! of benzene, and dried at 50°C
and 130 Pa. White crystalline substance (1085 g) was obtained. For C,sH,,AIN,0, (310-4)
calculated: 8:69% Al, 9-02% N; found: 8-34% Al, 8-81% N.

Diisopropoxymonocaprolactamoalane

Solution of 6-caprolactam (15:30 g, 0-135 mol) and 2-propanol (16:25 g, 0-270 mol) in 100 ml
of benzene was heated to boil for 1 h and benzene solution of isopropyliminoalane (11-90 g
of 96:-56% substance, 0-135 mol, in 90 ml of benzene) was added dropwise with constant stirring.
160 ml of benzene with isopropylamine was distilled off from the mixture, and the solution was
diluted with 160 m! of benzene to obtain 190-5 g of a yellow-brown solution. Analysis of the
solution: 1:92% Al, 0:97% N, hence Al: N molar ratio 1:0-97. According to the aluminium
content, the solution contained 18-:31% AI[OCN(CH,)s] (O-i-C3H),.

The authors wish to thank Mrs K. Prochdzkovd for the infrared spectral measurements, Dr Z. Sa-
mek and Dr F. Mares for the '"H-NMR spectral measurements, and Mr P. KoldF for the molecular
weight determinations.
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