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Direct synthesis of organonitrogen compounds from molecular
dinitrogen has been of extensive interest. An approach based on
the chemical transformation of coordinated dinitrogen provides
one of the most promising methods for that purpose.2 Dinitrogen
coordinated to molybdenum and tungstenis known to be converted
into various organonitrogen ligands such as organohydrazido,
organodiazenido, and diazoalkane ligands, which can be released
from the metal as organonitrogen compounds such as alkylamines
and azines under appropriate conditions. One of the most
attractive targets from a standpoint of synthetic organic chemistry
istodevelop a method for preparation of nitrogen heteroaromatics
from molecular dinitrogen. We have so far established the
formation of diazoalkane complexes? by way of the condensation
of carbonyl compounds with hydrazido(2-) complexes [MX-
(NNHp)(L)4]* or [MX(NNH,)(L);] (M = Mo, W; L =
phosphine),# which in turn are readily obtained from the
protonation of dinitrogen complexes of the type [M(N3)2(L)4].
The unique reactivities of the diazoalkane complexes have also
been investigated in this laboratory. We have now tried to use
a succinaldehyde equivalent in the above condensation reaction
in order to form the pyrrole ring.

Thereaction of hydrazido(2—) complexes [MF(NNH,)(dpe),]-
[BF,] (1a, M = Mo; 1b, M = W, dpe = Ph,PCH,CH,PPh,) with
2,5-dimethoxytetrahydrofuran in the presence of HBF, gave

S e—
1-pyrrolylimido complexes [MF(NNCH=CHCH==CH)(dpe),]-
[BF,] (2a, M = Mo; 2b, M = W) in good yields (eq 1).¢ The
13C NMR spectrum of the tungsten complex 2b in CD,Cl, showed
signals due to - and -carbons of the pyrrole ring at 5 119.4 and
106.1, respectively, which were comparable to those of pyrrole
(6 118.0 (a-C), 107.7 (8-C)). In contrast, two triplets at 6 4.88
and 5.41 (CD,Cl,, J = 2.3 Hz) in the 'H NMR spectrum of 2b
were assigned to the a- and §-protons of the pyrrole ring,
respectively, which exhibited considerable higher field shifts in
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Figure 1. ORTEP drawing for the cationic part of 2b (hydrogen atoms
are omitted). Selected bond lengths (A) and angles (deg): W-N(1),
1.74(1); N(1)-N(2), 1.41(1); N(2)-C(1), 1.39(1); N(2)-C(4), 1.39(1);
C(1)-C(2),1.35(2); C(2)-C(3), 1.42(2); C(3)-C(4), 1.32(2); W-N(1)-
N(2),173.8(8); N(1)-N(2)-C(1), 124.1(10); N(1)-N(2)-C(4), 124.8-
(10); C(1)-N(2)-C(4), 111.0(9); N(2)-C(1)-C(2), 107(1); C(1)-C(2)-
C(3), 104(1); C(2)-C(3)-C(4), 113(1); N(2)-C(4)-C(3), 103(1).

comparison with those of pyrrole (6 6.62 («-H), 6.05 (5-H))
because of the shielding effect of the phenyl groups of the dpe
ligands. The molecular structure of 2b was further confirmed by
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the X-raydiffraction method.” Asshownin Figure 1, the terminal
nitrogen atom of the hydrazido ligand in 1b (N(2)) is incorporated
in the pyrrole ring to form the pyrrolylimidoligand. Thestructure
of the pyrrolyl ring is essentially similar to that of pyrrole. The
W-N(1)-N(2) bond is nearly linear, and the W and N(1) atoms
lie almost in the plane of the pyrrole ring. The N(1)-N(2) bond
(1.41(1) A) is longer than those reported for similar hydrazido
complexes (1.25-1.38 A).8

Reduction with LiAlH, was found to be effective for the purpose
of liberating pyrrole from the pyrrolylimido complexes. Thus,
when tungsten complex 2b was treated with an excess amount of
LiAlH, at room temperature in THF for 2 h, pyrrole was obtained
in 85-87% GC yield after workup with MeOH. A small quantity
of N-aminopyrrole (ca. 10-14%) was also formed (eq 2). It
should be pointed out that the liberation of pyrrole from the
metal occurred smoothly under milder conditions than those for
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the corresponding reductions of alkylhydrazido or alkyldiazenido
complexes with dpe ligands.!9 The facile cleavage of the N-N
bond isconsidered toreflect the relatively long N-N bond distance
in complex 2b, i.e., the reduced bond multiplicity of the N-N
bond, compared with those in usual alkylhydrazido complexes.
Thisis accounted for by the participation of the lone pair electrons
on the N(2) atom in forming the 6ér aromatic system; these
electrons otherwise delocalize over the W-N-N moiety.

The pyrrole ring newly formed on the tungsten complex was
found to undergo §-selective electrophilic substitution reactions.
When 2b was treated with N-bromosuccinimide (NBS) in THF
at -10 °C, the B-bromo derivative 3 was obtained in 74% yield,
and no a-brominated complex was detected in the 'H NMR
spectrum of the crude product (eq 3). The S-bromopyrrole
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structure of 3 was confirmed by 'H and 13C NMR!! and fully
characterized by X-ray analysis.!? Further, exclusive 8-cyanation
and B-benzoylation of 2b were also achieved by reaction with
chlorosulfonyl isocyanate/DMF (0 °C)!3 and benzoyl chloride/
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AICI; (0 °C), respectively,!! although the latter reaction was
accompanied by the halogen exchange on the tungsten atom.!4

Since electrophilic substitutions of usual pyrrole derivatives
are known to occur mostly at the a-position, it is of interest that
the regioselectivity was completely changed in the reaction of 2b.
This fact may be explained by the steric effect of dpe ligands
surrounding the pyrrole ring. The phenyl groups of dpe ligands
effectively protect the a-position of the pyrrole ring, and therefore
the electrophiles selectively attack the S-position. In order to
realize the g-functionalization of pyrrole, reactivities of several
N-substituted pyrroles have been investigated.!S However, the
B-selectivity of cyanation was not able to be controlled even by
introducing the triisopropylsilyl group (TIPS),!% one of the most
effective N-substituents to favor the S-selective substitution
reactions of pyrrole. Therefore, essentially complete §-regio-
control achieved by using 2b is outstanding.

In conclusion, the chemistry of the 1-pyrrolylimido complex
was found to be interesting not only in that it realized the mild,
high-yield conversion of molecular dinitrogen into pyrrole in a
fully defined manner butalsoin that the complex exhibited unusual
regioselectivity in pyrrole substitution reactions. These findings
provide a new possibility for the transformation of coordinated
dinitrogen into organonitrogen compounds which are not prepared
by conventional methods. Further reactivities of the 1-pyrrol-
ylimido complexes as well as novel construction of various nitrogen
heterocycles on metal complexes starting from molecular dini-
trogen are now under investigation,
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