Dianion Chemistry

Angewandte

DOI: 10.1002/anie.200904298

Isolation, Structural Characterization, and Synthetic Application of

Oxycyclopentadienyl Dianions**

Lantao Liu, Wen-Xiong Zhang, Chao Wang, Congyang Wang, and Zhenfeng Xi*

Cyclic dianions are considered to be useful synthons for the
construction of a wide variety of cyclic organic compounds
and organometallic complexes.'” However, reported pat-
terns of substituted cyclic dianions are very much limited
owing to the lack of synthetic methods. Furthermore,
information on the structure of dianion species is very rare,
which also to some extent blocks the development of dianion
synthesis and applications. The isolation of important dianion
species and the investigation of their reactivity are of general
interest for both organometallic chemists and synthetic
organic chemists. This would not only contribute to the in-
depth understanding of reaction mechanisms but could also
lead to the discovery of new synthetically useful reactions. In
this context, we report here the first isolation and the X-ray
structure determination of a novel type of cyclic dianion, the
fully substituted oxycyclopentadienyllithium compounds 2,
which were prepared by the reaction of the linear dianion
10¢l and CO (Scheme 1).*! Because of the concomitance of
the CpLi moiety, the exocyclic oxy anion, and the multiple
reactive sites, these OCp dianions 2 are structurally unique
and display novel reaction chemistry towards organic sub-
strates and organometallic compounds.

Pure crystalline compounds 1a—¢ were isolated in high
yield from the lithiation of the corresponding diiodides 3a—c
after filtration of Lil and recrystallization from hexane
(Scheme 2). The structure of 1a was determined by X-ray
single-crystal structure analysis (see the Supporting Informa-
tion).’! Then, treatment of the isolated pure compounds 1
with CO in THF or Et,0O under mild conditions resulted
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Scheme 1. Generation and possible reactivity of cyclic dianions 2.
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Scheme 2. Preparation of 1 and reactions with CO leading to lithio
oxycyclopentadienyl dianions 2.

quantitatively in the formation of OCp dianions 2 (Scheme 2).
Recrystallization from n-hexane/THF or n-hexane/Et,O
afforded 2 in high yields as colorless (2a, 2¢) or yellow (2b)
crystalline compounds.

X-ray structure analyses of single crystals of 2a and 2b
shows that they both display centrosymmetric dimers (see
Figure 1 for 2a; see the Supporting Information for 2b). Two
Cp rings are connected through a four-membered “Li,0,”
ring. In crystals of 2a, for both Cp rings the distance between
the lithium and the carbon atoms (Lil-(C1-C5): 2.141-
2.213 A; Li4—(C18-C22): 2.166-2.226 A) are in quite narrow
ranges, indicating that interactions between the lithium and
every Cp carbon atom are nearly identical.!’! Accordingly
each Cp ring is coordinated to a lithium atom in an #° mode.
This is the first example of OCp dianions, formed conven-
iently from 1,4-dilithio-1,3-dienes and CO.

The concomitance of the CpLi moiety, the exocyclic oxy
anion, and the multiple reactive sites (Scheme 1) makes this
dianion species structurally unique, and novel reaction
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Figure 1. ORTEP drawing of 2a (ellipsoids at the 30% probability
level). Hydrogen atoms are omitted for clarity. Selected bond lengths
[A]: C1-C2 1.434(3), C1-C5 1.440(3), C2-C3 1.460(4), C3-C4 1.390(4),
C4-C5 1.459(3), C1-Li1 2.213(5), C2-Li1 2.174(5), C3-Li1 2.149(6),
CA4-Li1 2.141(6), C5-Li1 2.162(5), C18-Li4 2.226(5), C19-Li4 2.183(5),
C20-Li4 2.167(6), C21-Li4 2.166(5), C22-Li4 2.190(5), C1-O1
1.347(3), O1-Li2 1.827(5), C18-03 1.352(3), O3-Li2 1.881(5).

chemistry can be expected. Thus, after we had determined the
structures of these reactive intermediates, we studied their
applications for organic synthesis and transition-metal com-
plexes.

First, we investigated the reactivity of the OCp dianions 2
with acid chlorides. Obviously, there are (at least) two
reactive sites in 2, the CpLi moiety and the exocyclic OLi
group. In addition, the issue of site-selectivity may arise for
the CpLi moiety, specifically selectivity at C2 or C3. Chemo-
and regioselectivity might thus be a crucial issue for the
reaction of 2 with acid chlorides: both the Cp ring and the oxy
anion may be acylated. Indeed, when 2a or 2¢ was treated
with two equivalents of acid chloride, doubly acylated cyclo-
pentadienes 4a—c were obtained in good yields (Scheme 3).

OEt, /OEtz
R? R Lli L R
RZ%@C( /\oﬁ/Rz 2 RCOCI
R' | ITI R R2
OEt OEt,
2aor 2¢ 4a: R = SiMes, R? = Me,
R = 4-Tolyl, 60%
4b: R'=R?=Et, R = Ph, 65%
1 2
BUCOC] 4c:R'=R?=Et, R =nBu, 61%
O 1
R R
R2 Li* R
RCOCI R2
O —_—— O
2 1Bu 2 fBu
R /f R }/—
4d: R" = SiMe;, R2—Me R=Me, 71%
4e: R'=R? = Et, R = Ph, 69%
Et
o)
>_tBu Et />*tBu
Et O
5
5/5'=2:1
total: 79%

Scheme 3. Reactivity of oxycyclopentadienyl dianions 2.
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The X-ray crystal structure of 4a revealed that one acyl group
is bonded to the oxygen atom and one is bonded to C3 of the
cyclopentadiene ring (see the Supporting Information).
Interestingly, when 2¢ was treated with one equivalent of
tBuCOCI and the reaction mixture was hydrolyzed, only a
mixture of O-acylated products 5 and 5 were obtained in
79 % combined yield (Scheme 3); this can be explained by the
steric effect of the rBu group. This result indicated that, before
quenching, the CpLi moiety in 6 might remain active. To test
this hypothesis, we thereupon added another acid chloride to
trap the proposed intermediate 6. In fact, the mixed doubly
acylated products 4d—e were obtained as the only products in
good yields (Scheme 3). These results demonstrated that the
dianions 2 could be potentially applied as practical building
blocks to synthesize functionalized five-membered rings.
Further synthetic application of the monoacylated intermedi-
ate 6 can also be expected. It should be mentioned that when
the reaction mixture of 1 with CO was treated with alkyl
halides, only C2-alkylated products were obtained.**) The
reason for this unexpected selectivity is not clear yet.

Expecting these OCp dianions 2 to serve as novel
precursors and/or ligands for transition-metal complexes,”
we next investigated their reactions with transition-metal
compounds. Treatment of 2a or 2c¢ with [Ni(dppe)Cl)]
(dppe = 1,2-bis(diphenylphosphanylethane)) afforded the
cyclopentadienone—nickel complexes 8ab in high yields
(Scheme 4).
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Scheme 4. Synthesis of 77*-cyclopentadieneone—nickel (0) complexes 8
from 2 and [NiCl,(dppe)].

The structures of 8ab have been identified by X-ray
single-crystal structure analysis (see Figure 2 for 8a; see the
Supporting Information for 8b). In 8 a, the cyclopentadienone
ring displays alternating single and double and bonds. Mean-
while, the distance between the nickel and the carbonyl
carbon atom (2.330 A) is remarkably longer than that
between the nickel and the four alkenyl carbon atoms
(2.071-2.221 A), which are all comparable with analogous
data in the literature.”! Furthermore, the *C NMR signals of
the carbonyl group of 8 appear at a higher field (below
180 ppm) than those of free cyclopentadienones (over
200 ppm),® undoubtedly as a result of the back-donation of
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Figure 2. ORTEP drawing of 8a (ellipsoids at the 30% probability
level). Hydrogen atoms are omitted for clarity. Selected bond lengths
[A]: C1-O1 1.256(5), C1-C2 1.495(7), C1-C5 1.473(6), C2-C3 1.427(6),
C3-C4 1.461(6), C4-C5 1.414(6), C1-Ni1 2.330(5), C2-Ni1 2.221(5),
C3-Nil 2.074(5), C4-Ni1 2.071(5), C5-Nil 2.199(5), Ni1-P2
2.1515(15), Ni1-P3 2.1522(16).

electrons from Ni to the cyclopentadienone.™ All these
results reveal that 8 is a Ni’ complex, in which the cyclo-
pentadienone unit acts as a neutral #*-diene ligand.”" The
formation of 8 can be explained by an oxidation-reduction
process of intermediate 7 with the elimination of two
equivalents of LiCl. This method represents a novel reaction
route of OCp dianions, which is also a promising synthetic
method for cyclopentadienone—-metal complexes. Moreover,
the proposed intermediacy of 7 suggests that OCp dianions 2
can be utilized for the synthesis of new metallocene com-
plexes.

In summary, the first oxycyclopentadienyl lithium com-
pounds 2 have been isolated and structurally characterized.
The application of these cyclic dianions for organic synthesis
and for the preparation of organometallic complexes dem-
onstrates their rich reaction chemistry and usefulness. Further
experimental investigation and rationalization of the exclu-
sive generation of cyclic OCp dianions from linear dilithio
reagents 1 and CO, the excellent and interesting site-
selectivity, and the transmetalation to afford other metal
complexes are in progress.

Experimental Section

Isolation of 2: CO was bubbled into a solution of 1,4-dilithio-1,3-
butadiene 1 (1.0 mmol) in Et,0 or THF (5mL) at —50°C for
approximately 10 min. The reaction mixture was allowed to warm to
room temperature and stirred for 1 h under CO atmosphere. Solvent
was removed under vacuum in a glovebox to give 2 as a powder (pure
by NMR analysis). Recrystallization of 2a from hexane/Et,O at
—30°C affording crystals suitable for X-ray analysis. 2a: Colorless
solid, yield 80% (213 mg); '"H NMR (300 MHz, C;Ds): 6 =0.46 (s,
18H, CHj,), 2.30 ppm (s, 6 H, CH;); ®C NMR (75 MHz, C;Ds, Me,Si):
0=3.27 (6CH;), 14.07 (2CHs;), 93.11 (br, 2 quart C), 114.12 (br, 2
quart C), 168.06 ppm (br, 1 CO).

Isolation of 8: [Ni(dppe)Cl,] (0.2 mmol, 105 mg) was added to a
solution of the OCp dianion 2 (0.2 mmol) in THF (3 mL) at room
temperature. The reaction mixture was stirred overnight. LiCl was
then filtrated off and the filtrate was evaporated under vacuum to
remove solvent. The resulting powder 8 was recrystallized from
hexane at —30°C to afford crystals suitable for X-ray analysis. 8a:
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Dark green crystals, yield 70% (94 mg); '"H NMR (300 MHz, C¢Ds,
Me,Si): 6 =0.36 (s, 18H, CH3), 0.38 (s, 6H, CH3;), 1.76 (m, 4H, CH,),
7.13-7.19 (m, 12H, CH), 7.55 (t,/ =7.8 Hz,4H, CH), 7.74 ppm (t,J =
7.8 Hz, 4H, CH); "C NMR (75 MHz, C;D, Me,Si): 6 = 1.36 (6 CHs),
13.54 (2 CH3),29.17 (dd, J' =31.8, 17.9 Hz, J* =29.6, 15.0 Hz, 2 CH,),
88.99 (2 quart C), 109.94 (2 quart C), 128.40 (d, Jop»=9.3 Hz, 4 CH),
128.56 (d, Jop=9.3Hz, 4 CH), 12991 (4 CH), 133.10 (d, Jep=
11.8 Hz, 4 CH), 133.37 (d, Jcp,=11.8 Hz, 4 CH), 134.69 (d, Jcp=
29.7 Hz, 2 quart. C), 136.11 (d, Jop =34.0 Hz, 2 quart. C), 179.61 ppm
(br, 1 C=0).

Crystallographic  data for 2a: Cy,Hgli,O¢Si,, M=
829.24 gmol !, T=123(2) K, triclinic, space group P1, a=9.997(2),
b=13.540(3), ¢=20.960(4) A, «=100.49(3), Bf=93.51(3), y=
105.27(3)°, V=26733(9) A% Z=2, pawq=1030Mgm> u=
0.148 mm~', GOF = 1.050, reflections collected: 24698, independent
reflections: 11982 (R;,=0.0521), final R indices [I>20l]: R,=
0.0640, wR, =0.1423, R indices (all data): R, =0.1323, wR,=0.1577.

Crystallographic data for 8a: C;H,NiOP,Si,, M=
709.60 gmol~!, T=163(2) K, monoclinic, space group P2(1)/n, a=
9.861(2), b =20.275(4), ¢ =20.010(4) A, a =90, f=93.91(3), y = 90°,
V=3991.1(14) A}, Z=4, puea=1181Mgm=>, u=0654mm,
GOF =1.024, reflections collected: 26772, independent reflections:
8892 (R;,;=0.0909), final R indices [/>20l]: R;=0.0641, wR,=
0.1298, R indices (all data): R; =0.1523, wR, =0.1434.

Supporting information for this article (experimental details, X-
ray data, and scanned NMR spectra of all new products) is available
on the WWW under http://www.angewandte.org or from the author.
CCDC 736194 (1a), 736195 (2a), 736196 (2b), 736197 (4a), 736198
(8a), and 736309 (8b) contain the supplementary crystallographic
data for this paper. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.
uk/data_request/cif.
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