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Carbon-carbon bond cleavage is one attractive target of organic trideutero-2,6-diphenylpyridin8a-d; with more than 97% deute-
chemistry’=2 However, in most cases, the carbararbon bond rium incorporation (eq 2). The#®C NMR spectra clearly showed
cleavage reaction is limited to the ring opening, or elimination of
small molecules, intramolecular rearrangement reactions, or metal- Et Et

D
complex formation of the intermediates. From the point of view of CoDaTi Et 2eq PhCN D Et , DAALD @
. . . . I _—
organic synthesis, conversion of the cleaved fragments into useful *~° >2" ' \—= g oo 1 in THE Et |
organic molecules is more attractive and important. In this Et Et Ph™ "N™ "Ph
contribution, we report an unprecedented double GCbond ta-dyq 2a-dy: 59% 3a-dy: 49%

cleavage of a cyclopentadienyl ligand and transformation of the
resulting two pieces such as a two-carbon unit and a three-carbonthe positions of those deuteriumsda-d, and3a-ds. This indicates
unit into a benzene derivative and a pyridine derivative, respectively, that the two CH moieties in tetraethylbenzeteare from the Cp

in one-pot (Figure 13.
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Figure 1. Formation of a benzene derivative and a pyridine derivative

from a cyclopentadienyl ligand via cleavage of twe-C bonds and selective
C—C formation.

Reaction of titanacyclopentadiede,® which was generated in
situ from CpTiBu, and 2 equiv of 3-hexyne, with 2 equiv of PhCN
in THF at reflux fao 1 h resulted in the formation of 1,2,3,4-
tetraethylbenzen®a, and 2,6-diphenylpyridinea, in 60 and 52%
yields, respectively (eq 1). In addition to PhCN, a variety of nitriles,
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1a 2a: 60%

2eq PhCN
reflux, 1h, in THF

3a: 52%

such agp-F-CH4CN, p-MeCsH4CN, and PrCN were found to be
effective for the above novel reaction, resulting in the formation
of 3b, 3¢, and 3d, respectively, as well as the formation &
Treatment of the reaction mixtures with DCI oy instead of
hydrolysis also afforded the same produtnd the corresponding
pyridine derivatives3 (eq 1), which indicates that free benzene
derivatives2 and free pyridine derivative8 were formed in this
reaction. Monitoring of the reaction d&awith 2 equiv of PhCN at
40°C revealed tha2awas formed first and theBa appeared with
a time-lag.

(CsDs),TiCl, was prepared from 4DsLi and TiCl, and used for
this reaction instead of GpiCl,. Surprisingly, the reaction dfa
with PhCN afforded dideuterated tetraethylbenz2mel, and 3,4,5-

T Peking University-Hokkaido University Joint Lab, Department of Chemistry,
Peking University.

ligand of1aand the remaining three CH moieties of the Cp ligand
were trapped as diphenylpyridirga.

Furthermore, to obtain the direct evidence for the@bond-
tearing reactions of the Cp ligand into two pieces, we synthesized
13C-enriched CpTiCl, (4.7 times!3C enriched in Cp ligands) and
carried out the same reaction as for deuterium experiment. The
results are shown in (eq 3) and tH€ NMR study clearly showed
that C5 and C6 carbons of 1,2,3,4-tetraethylbenzene Weéke
enriched (4.7 times) and C3, C4, and C5 carbons of 2,6-
diphenylpyridine were als&C-enriched (4.6 times). This result is
completely consistent with the deuterium experiments.
3¢- enriched (4.8 times)  '3C- enriched
(4.6 times)(4.8 times)

'3C- enriched (4.7 times)

—FEt Et
Qﬁ_’\ Et 2eq PhCN Et /
[ —_— +
| NS N o /[j\ ®
— Ph” N >Ph

Et Et

1a-'3C-enriched 2a-°C: 50% yield  3a-'3C: 38% yield

As a whole, two carboncarbon bonds of a cyclopentadienyl
ligand were cleaved and torn into two pieces, a two-carbon unit
and a three-carbon unit. The two-carbon unit was trapped by
titanacyclopentadienyl moiety to form tetraethylbenz@agand
the three-carbon unit was trapped by 2 equiv of benzonitrile to
afford diphenylpyridine3a.

On the other hand, reaction &f with 13C-labeled PhCN gave
the benzene derivativBa in 59% vyield in which13C was not
incorporated. Pyridine was obtained in 52% yield, and the carbons
attached to a Ph group wekC enriched.

In addition to the above monocyclic titanacyclopentadiéae
bicyclic titanacyclopentadiengb, 1c, and1d could also undergo
the same reactions and afford@l 2¢, and2d in 50, 72, and 70%
yields, respectively, along with the formation & in 56, 47, and
45% yields, respectively. Results are shown in Table 1To under-
stand whether this reaction proceeds via an intramolecular pattern
or an intermolecular way, a mixture &&—d;o (R = Pr) andlf (R
= Me) in a 1:1 molar ratio was treated with PrCN. As shown in eq

* Catalysis Research Center and Graduate School of Pharmaceutical Science54 only the corresponding intramolecular coupling produes;
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d, and 2f were obtained. This clearly indicates that the benzene
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Table 1. Formation of Benzene Derivatives and Pyridine
Derivatives from Cyclopentadienyltitanacyclopentadienes

Titanacyclo

pentadiene R-CN Conditions Benzene (%) Pyridine (%)
Et
<jEt
Cp,Ti 50°C
_ 2a 62 (45 32 46(45
. PhCN o a 62 (45) a 46(45)
Et
1a
reflux
1a PhCN re 2a 60 32 52
=
1a FO—CN reflix— 2a e6(51) SN
F 3b 47(43) F
=
<
1a MeOCN reflux 2a 68(50) O N
Me 36 55(45) Me
g
f
1a Pr-CN reflux 2a 59 (39) Pr N7 Pr
3d 54 (27)
Et Et
S
Cp,Ti
P2l PhCN ;ehf'ux 3a 56(43)
Et Et
1b? 2b 50(47)
Pr Pr
S
Cp,Ti 50°C
= PhCN o 3a 47
Pr Pr
1c 2672
Pr Pr
CraTi{ PhCN 50°C 3 45
20h
Pr Pr
1d 2d 70(52)

GC yields. Isolated yields were shown in parenthe3&ze ref 2k.

formation from two carbons of a Cp ligand and a titanacyclopenta-
diene moiety proceeds intramolecularly.

Pr R 4 Pr
P D Pr
(CsDg)oTiy
Pr D Pr
Pr Pr
1e-dyg > 2eq PrCN < 2e-dy: 59%
Me 50°C, 12h Me @
- Me H Me
(CsHg)oTiy
Me H Me
Me Me
1f J \_ 2f: 54%

After the reaction ofla with 2 equiv of PhCN, 0.1 equiv of
unreacted PhCN was recovered in the reaction mixture. Hydrolysis
and distillation of the reaction mixture gave 1.21 equiv of ammonia
which was detected by indophenol method. SiBeavas formed
in 52% vyield, more than 90% of N was detected. The origin of
ammonia may be titanium nitride or titanium imide complexes.
However, we did not observe the clean formation of some specified
species.

In addition, we synthesized a tetraethyltitanacyclopentadiene with
one methylcyclopentadienyl ligand and a pentadeuterated Cp ligand.
When it was treated with PhCN, onBa and 4-methyl-2,5-diphenyl-
pyridine were obtained as benzene derivatives and pyridine deriva-
tives, respectively, from the methylcyclopentadienyl ligand. No for-
mation of3afrom the methylcyclopentadienyl ligand was observed.
This clearly shows that the pyridine is formed from the rest of the
C3 unit of cyclopentadienyl ligand after formation of the benzene
derivative.

Recently Rosenthal and co-workers reported an interesting ring
opening of the Cp ligand of bicyclic big>cyclopentadienyltitana-
cyclopentadienes such &b and an intramolecular-€C coupling
to form a stable;,n3-dihydroindenyltitanium complex bearing a
Ti—allyl moiety2<m Although we must await for further investiga-
tions to elucidate the reaction mechanism, one possible reaction
path is via indene derivative formation by coupling of a Cp ligand
with titanacyclopentadiene moiety.
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