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Summary: A general method for the synthesis of new
families of transition-metal-free 1,2-azaborolides (3) has
been developed, based on a readily available precursor
(1). These azaborolides react with a variety of transition-
metal electrophiles to produce an unprecedented array
of n°-azaborolyl adducts (4) (substituents bound to
boron: nitrogen, oxygen, hydrogen, carbon, and phos-
phorus).

We have initiated a program focused on developing
the chemistry of 5°-1,2-azaborolyls,2* ligands that are
of particular interest due to their isoelectronic relation-
ship with the ubiquitous cyclopentadienyl group.® Thus,
ready access to an electronically diverse set of azaborolyl
complexes may enhance our fundamental understand-
ing of metal-based reactivity as well as provide more
active and/or selective catalysts.
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1,2-azaborolyl cyclopentadienyl

During the 1980s, Schmid pioneered the development
of 1,2-azaborolyl/transition-metal chemistry, focusing
exclusively on adducts in which the boron substituent
is carbon-based (i.e., methyl or phenyl).® Recently, we
described the first azaborolyl complexes in which the
group on boron is hydrogen, nitrogen, oxygen, fluorine,
phosphorus, or sulfur.2 Furthermore, we established
that the electronic character of the boron-bound sub-
stituent is transmitted to the metal.

Unfortunately, the route that we employed to produce
1,2-azaborolyl adducts of iron is not readily generaliz-
able to the synthesis of complexes with other transition
metals (Scheme 1, top). In analogy with cyclopentadi-
enyl (as well as Schmid’'s azaborolyl) chemistry, an
approach that exploits the reaction of an azaborolide
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Scheme 1. Approaches to the Synthesis of
Transition-Metal Complexes of 5°-1,2-Azaborolyls
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with a transition-metal electrophile should provide a
more versatile pathway (Scheme 1, bottom).

In this communication, we describe the synthesis of
a wide range of B-heteroatom-substituted 1,2-aza-
borolides 3 (Scheme 1; e.g., Nu = NR3, OR, H, PRy), the
first examples of transition-metal-free azaborolides
which bear substituents that are not carbon-based. In
addition, we demonstrate that these isolable reagents
react with a spectrum of transition-metal (zirconium,
chromium, and rhodium) electrophiles to generate (°-
azaborolyl)metal complexes, which we have investigated
crystallographically and spectroscopically.

The chloride of heterocycle 16 can be displaced by any
of an array of nucleophiles, thereby producing B-
substituted derivatives 2 in generally excellent yield
(Table 1, step A). Deprotonation of 2 with sterically
demanding lithium 2,2,6,6-tetramethylpiperidide (Li-
TMP) furnishes the desired lithium 1,2-azaborolide (step
B), wherein the boron bears a nitrogen, oxygen, hydro-
gen, carbon, or phosphorus substituent.

With these new families of 1,2-azaborolides in hand,
it was incumbent upon us to demonstrate that they are
indeed suitable, versatile precursors to azaborolylmetal
complexes. We therefore reacted them with a range of
transition-metal electrophiles.

With respect to early-transition-metal chemistry, we
decided to focus our attention on the synthesis of
zirconocene derivatives, since B-methyl and B-phenyl
1,2-azaborolylzirconium complexes serve as active cata-
lysts for Ziegler—Natta polymerizations.”® Furthermore,
electronic tuning of the zirconium adducts of another
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Table 1. Synthesis of a Diverse Array of Lithium
1,2-Azaborolides via Nucleophilic Substitution
Followed by Deprotonation

t Bu tBu t Bu
? A P B ?
N. N. ) N, (C)
< B—Cl M-Nu — ( B-Nu LiTMP —= <®?—Nu Li
1 2 3
Entry M-Nu Yield of Step A (%)@ Yield of Step B (%)@
1 Li-Ni Prp 91 66
2 K-O-tBu 89 54
3 LiEtsBH 58lb] 59
4 Li—:—@ 88 69
5 K-PPh, 95 69

a Average of two runs; ~95% purity by NMR. ° ~90% purity by
NMR.

class of boron-based Cp analogues, boratabenzenes, has
been shown to provide excellent control of polymeriza-
tion/oligomerization activity.®~1! Thus, the capacity to
generate an electronically diverse set of azaborolyl
complexes should open the door to new avenues of
investigation in metallocene-catalyzed processes. We
were pleased to determine that ZrCpCl; reacts with the
entire spectrum of lithium 1,2-azaborolides (3) to pro-
duce the desired zirconocene derivatives in good yields
(Table 2).

We have established that halide complexes of late
transition metals also undergo substitution by 1,2-
azaborolides to provide 7°-azaborolyl complexes. For
example, the reaction of [Rh(cod)Cl], with the NiPr,-
substituted heterocycle proceeds smoothly to furnish the
desired rhodium adduct in 68% vyield (eq 1).}2 The

t?u
tl?u N
N ® <5 B—NiPr,
[Rh(cod)Cl]> SB—NiPry Li 1
© THF Rh M
0.5 equiv cod
4

68%

crystal structure of this complex (Figure 1) is consistent
with donation by the nitrogen “lone pair” to the het-
eroaromatic ring. Thus, the nitrogen is sp? hybridized
(sum of bond angles 360.0°), the NiPr, group adopts a
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Table 2. Synthesis of 1,2-Azaborolylzirconium
Complexes with a Range of Boron Substituents

_tBu

' ?u @\E[Nu

N\ @
ZrCpCl B—Nu Li ZrCl
PCls - (O THF/Et,0 @ 2
3
Entry Nu Yield (%)@
1 NiPrp 65
2 OtBu 59
3 H 75
4 :——_—O 72
5 PPh; 66

2 |solated yield; average of two runs.

Figure 1. ORTEP illustration, with thermal ellipsoids
drawn at the 35% probability level, of the 1,2-azaborolyl-
rhodium complex 4.

Table 3. Synthesis and CO Stretching Frequencies
of 1,2-Azaborolylchromium Complexes with a
Range of Boron Substituents

tl?u
N, t
O BN Li® - ﬁ”
e3Sn S"B—Nu
Cr(CO)s(CHaCN)3 s L?
oc {“'SnMea
oc ¢o
Entry Nu Yield (%)[8l v(CO) (cm™)
1 Ni Pry a7 1819, 1894, 1958
2 OtBu 51 1830, 1900, 1965
3 H 92 1868, 1899, 1968
4 —_———Q 85 1871, 1894, 1965
5 PPh; 630l 1865, 1905, 1966

a |solated yield; average of two runs. P Product slowly decom-
poses in solution; ~95% purity by NMR.

conformation that permits a z interaction between
nitrogen and boron (ON1-B1—-N2-C10 = 9.8(4)°), and
the B—N bond distance is short (1.427(2) A; sum of
covalent radii 1.51 A).

We were also interested in demonstrating that 1,2-
azaborolides can react with non-halide-based transition-
metal electrophiles to generate 7°-azaborolyl complexes.
We chose to investigate reactions with Cr(CO)3(CHs-
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CN)3, since, if the complexations were successful, the
CO stretching frequencies of the products would furnish
additional insight into how the substituent on boron
impacts the electronic nature of the metal.1® We were
pleased to determine that this approach to »°-azaborolyl
adducts is also effective. Thus, treatment of Cr(CO)s-
(CH3CN)3 with an azaborolide, followed by stannylation
of the resulting anion with Me3SnCI, provides the
desired complexes (Table 3). The CO stretching frequen-
cies of the azaborolylchromium adducts are consistent
with effective transmission of electronic effects from the
boron-bound NiPr,; and OtBu substituents to chromium.

In summary, we have developed a general method for
the synthesis of new families of transition-metal-free
1,2-azaborolides (3) from a readily available precursor
(1), and we have demonstrated that these azaborolides
react with a variety of transition-metal electrophiles to

(13) Crabtree, R. H. The Organometallic Chemistry of the Transition
Metals; Wiley: New York, 2001.
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produce r°-azaborolyl adducts with an unprecedented
diversity of substituents on boron (nitrogen, oxygen,
hydrogen, carbon, and phosphorus). These advances
open the door to a wide range of studies of azaborolyl-
metal complexes that, in view of the richness of the
chemistry of the isoelectronic cyclopentadienylmetal
complexes, will doubtlessly lead to the discovery of
interesting new reactivity.
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