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Abstract

[C4sH3N(CH2NMe,)-2]AlMe; (1) is prepared by the reaction of substituted pyrrole [C4H4sN(CH,NMe;)-2]
with 1 equiv of AIMe; in methylene chloride. Reaction of complex 1 with one equiv of phenyl
isocyanate in toluene generates complex 2. The phenyl isocyanate was inserted into the aluminum and
dimethylamino nitrogen bond and induced an unusual rearrangement which results the C—N bond
breaking and formation. The reaction of substituted pyrrole [C4H4sN(CH2NMe;)-2] with 1 equiv of
phenyl isocyanate in diethyl ether yields a pyrrolyl attached urea derivative 3.  The reaction of AlMe;
with 1 equiv of 3 in methylene chloride afforded O-bounded and N-bounded aluminum dimethyl
complexes 4a and 4b. Both 4a and 4b are observed in 'H NMR spectra, however, the relative ratio of
4a and 4b depends on the deuterium solvent used.

[C4H3N(CH2NM62)-2]A1M62 (1) [C4H4N(CH2NM62)-2] 1 AlMe;
1 1 PhNCO 2. PhNCO
C-N
[C4HAN(CHoNMe,)-2] 1 PhNCO 3
AlMe; 1 3 O- N- 4a 4b. 4a
4b 1H NMR

K e y W 0 pyrreleSphienyl isocyanate, C-N bond breaking and formation, aluminum



Metal-Induced Coordination Inversion and Carbon—-Nitrogen Bond Rearrangement.
Structurally Characterized Phenyl Isocyanate Inserted into Aluminum Methyl
Complexes and O- and N-Bound Aluminum Complexes

Chia-Fu Tsai, Hsing-Jen Chen, Jr-Chiuan Chang, Cheng-Hsiang Hung, Chun-Chia Lai, Ching-Han Hu,
Jui-Hsien Huang*

Department of Chemistry, National Changhua University of Education, Changhua, Taiwan 50058

juihuang@cc.ncue.edu.tw

Organic isocyanates represent an important character in organic
synthesis' and polymer chemistry.” The synthesis and
characterization of organic isocyanate complexes is of great
interest because of their possible relevance to the intermediate of
catalytic reactions. Moreover, the organometallic isocyanate
complexes can also serve as useful models for the chemical
behavior of carbon dioxide.? The reactions of organic
isocyanates with organometallic complexes generally involve
insertion reactions,’ coupling reactions,” and catalytic reactions.®
Here we report the reactions of phenyl isocyanate with aluminum
complexes and an unusual rearrangement, which results the
nitrogen—carbon bond breaking and formation. Moreover, Lewis
acid induced O— and N—-bound inversion reactions of aluminum
complexes are also reported.

The dimethyl aluminum complex [C4H;N(CH,NMe,)-2]AlMe,
(1) is readily prepared in 90 % yield by the reaction of substituted
pyrrole [C4H4N(CH,NMe,)-2] with 1 equiv of AlMe; in
methylene chloride (Scheme 1).
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Complex 1 was obtained in an oily form after work-up
procedure. However, it solidified after immersing the flask in
liquid nitrogen and the solid complex 1 remained as solid after
warming up to room temperature. Solid complex 1 can be
recrystallized from methylene chloride to yield crystallized
product. The 'H and '*C NMR spectra of complex 1 in CDCl,
are all as expected; the 'H NMR spectra of methylene and
dimethylamino groups of the substituted pyrrolyl exhibit singlet
resonance at & 3.90 and 2.56, respectively and the dimethyl group
of the AlMe, fragment appears at — 0.70. The single crystal
structure of complex 1 was determined and the molecular
structure is depicted in Figure 1. 1 represents as a tetrahedral
structure with the biting angle of the substituted pyrrolyl ligand at
85.40(5)°.

Reaction of complex 1 with one equiv of phenyl isocyanate in
toluene generates an unusual cycloheptaaluminum complex 2 as
shown in Scheme 1. The 'H NMR spectra of methylene and
dimethylamino groups of the substituted pyrrolyl of 2 exhibit
singlet resonance at 0 4.76 and 2.72, respectively and the dimethyl
group of the AlMe, fragment appears as a singlet at d— 0.64.
The C NMR gated decoupling spectrum exhibited a singlet
resonance at  161.5 which can be assigned to the NCO carbonyl.
The phenyl isocyanate was inserted into the aluminum and
dimethylamino nitrogen bond and induced an unusual
rearrangement which results the C-N bond breaking and
formation.

Figure 1. The molecular structure of compound 1.

The proposed reaction mechanism is as shown in Scheme 2.
The molecular geometry of 2 was confirmed by X-ray
crystallography. The colorless crystals of 2 were obtained by
cooling of its saturated methylene chloride solution. The
molecular structure of 2 is shown in Figure 2. The molecular
structure of N,N-dimethyl-N-phenyl urea (DMPU) was taken into
account for comparisons. The bond lengths of C(12)-O(1)
(1.276(8) A) and C(12)-N(3) (1.339(8) A) both are in the range
between single and double bond while comparing with the bond
lengths of C=0 (1.239(3) A) and C-N (1.378(3) and 1.360(4) A)
of DMPU. As suggested in Scheme 2, the unpaired electrons of
the urea group of 2 are resonance between CN and CO bond,
which results the partially doubly bonded C(12)-N(3) and
C(12)-0(1). In the view of covalent model, the N(3) would be
partially positive charge and the O(1) would be partially negative
charge. Indeed, charge distribution (see Figure 3) derived from
density functional theory (B3LYP/6-31G*) confirms that O(1) is
negatively charged, while N(3) is positively charged.
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Figure 2. The molecular structure of compound 2.

The reaction of isocyanate with amine to form urethane was
common.” Rearrangement involving C-N bond-breaking and
formation can be found in the literature."” However, the metal



induced rearrangement reactions in scheme 1 were unusual. A
controlled experiment was performed for comparison the
reactions in Scheme 1 with the non-metal existence reaction of
phenyl isocyanate with substituted pyrrolyl ligand. The reaction
of substituted pyrrole [C4H4N(CH,NMe,)-2] with 1 equiv of
phenyl isocyanate in diethyl ether yields a pyrrolyl attached urea
derivative 3. No rearrangement as shown in Scheme 2 was
observed. The 'H NMR spectra of 3 showed a downfield singlet
(® 12.91) which can be assigned to the NH proton. The "*C
NMR spectrum exhibited a high field singlet at & 149.1 that is
assigned to the carbonyl group of the urea of 3. However, the
unambiguous molecular geometry was determined by X-ray
single crystal structure determination. The molecular structure
of 3 is shown in Figure 4. The bond distances of C(8)—O(1)
(1.2132 A) and C(8)-N(2) (1.343(2) A) are in the range of double
and single bond, respectively while comparing with that of
DMPU.

Figure 3. The electron charge distribution of compound 2.
Red and blue colors represent negative and positive charges on
the electron density isosurface respectively.

Figure 4. The molecular structure of compound 3.

Compound 3 represents a new type of polydentate ligand with
multiple coordination sites which may bind to metal(s) via sigma
or coordinating bond. Scheme 3 represents some possible metal
complexes geometry. The demethanation reaction of trimethyl
aluminum with 1 equiv of 3 in methylene chloride at room
temperature afforded O-bounded and N-bounded aluminum
dimethyl complexes 4a and 4b (type A and B) in total of 78 %
yield after recrystallization. Both 4a and 4b are observed in 'H
NMR spectra, however, the relative ratio of 4a and 4b depends on
the deuterium solvent used. The general ratio of 4a/4b is ca 1.0
in CDCl; and ca 0.5 in C¢Dg at room temperature, which indicates
that 4a and 4b are inter-converting at room temperature and
affected by the polarity of solvents. Two singlets for the NMe,
moiety at 0 2.47 and 2.43 and two singlets for the AlMe, at & —
0.98 and — 1.29 are observed for 4a and 4b in CDCl;, however,
we are not able to distinguish them. The molecular structure of
4b was determined by X-ray crystallography (Figure 5) and
revealed an unsymmetrical geometry with the aluminum bonded
with 3 forming a puckered seven-member ring. The bond
distances of C(10)-N(3) (1.270(5) A) and C(10)-O(1) (1.317(5)
A) are clearly identified as a C=N double bond and a C-O single
bond, respectively. The bond angle of C(10)-N(3)-C(11)

(119.0(4)°) represents the N(3) belonging to a sp’ hybridization
mode with a lone pair electrons leaving un-coordinate.
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Figure 5. The molecular structure of compound 4b.

In conclusion, we have found a novel metal induced
carbon-nitrogen bond rearrangement of an aluminum complex.
The pyrrolyl ligand 3 represents a new type of polydentate ligand
which can bound to metals in various binding modes. A more
detailed study of reactions 3 with metal alkyl complexes, where M
= group 13 and early transition metals, in different stoichiometric
ratios is under investigation.
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