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Abstract

The tungsten(ll) carbonyl compound (C®J(p.-Cl)sW(SnCk)(CO); has been found to be a very effective catalyst for dimerization
reaction of bicyclo[2.2.1]hept-2-ene to 2-bicyclo[2.2.1]hept-2-ylidenebicyclo[2.2.1]-heptane conducted in dichloromethane solution at roo
temperature. A very labilg?-norbornene complex of tungsten(ll) has been shown to be formed on the pathway to the catalytically active
species. A mechanism involving-E bond activation of thej?-norbornene ligand and the formation of metallacarbene is proposed to explain
those results. In addition, it has been determined that other products, such as cyclotrimers and the ring opening metathesis polymerization
(ROMP) polymer of norbornene can be formed in amounts depending upon the catalyst-to-norbornene molar ratio. The reaction products are
identified by means of chromatography (GC-MS) 4Hcdand**C NMR spectroscopy.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction catalytic systems. Nevertheless, compoundas detected
in small amounts during the ring opening metathesis poly-

Although transition metal-catalyzed dimerization and merization (ROMP) of NBE catalyzed by transition metal
oligomerization of olefins have been investigated extensively halides such as Wg)| MoCls, and Red [3]. Similarly, the
for many yearg1], the topic remains of great interest, both recently reported ROMP reaction of NBE catalyzed by tung-
academic and industrial. One of these reactions is [2 + 2] sten(ll) ) and molybdenum(I1)3) compounds of the type
dimerization of cyclic olefins such as bicyclo[2.2.1]hept-2- (CO)M(p.-Cl)sM(SnCk)(CO); is accompanied by the for-
ene (norbornene, NBE), bicyclo[2.2.1]hepta-2,5-diene (nor- mation of oligomers as a step preceding the initiation of
bornadiene, NBD), and their derivativy. Catalysts con-  the ROMP reactiorf4]. In the latter studies we have also
taining Cu [2a], Co [2a], Fe [2d], Mo [2e], Ru[2g,h], Pd [2i], found that the coordination of cyclic olefin to the transition
and, most commonly, Ni [2a,b,c,f], have been demonstrated metal atom is a very important step in the ROMP reaction.
to be involved in the [2 + 2] dimerization reaction. However, An m?-olefin ligand such as NBE or NBD can rearrange to
although many transition metal systems have been examinedgive a carbene species initiating the catalytic ROMP reaction
dimerization reactions involving group 6 metals still remain [4,5].
very rare. Moreover, the dimerization of NBE and the forma- Numerous studies on stoichiometric reactions of carbene
tion of 2-bicyclo[2.2.1]hept-2-ylidenebicyclo[2.2.1]-heptane complexes have shown that the coupling of two carbene lig-
(2,2-binorbornylidene) 1) is unprecedented in the above ands leads to the formation of a carbon—carbon double bond,

i.e. a new olefin or, to put it differently, a carbene dirf@r
* + Corresponding author. Tel.: +48 71 375 7221; fax: +48 71 328 23 48, | 1OWEVer, nobody has yet demonstrated that transition metal
E-mail addresstsz@wchuwr.chem.uni.wroc.pl complexes can be used as catalysts in such a specific dimer-

(T. Szymaiska-Buzar). ization reaction of olefins giving.
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Scheme 1.

To date, the McMurry and Fleming procedure for reduc-
tive dimerization of ketonel§] has been applied for the syn-
thesis of compound [3,8]. Using this method, Nelsen and
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Ji—n=15Hz, 2H), 1.71 @, J4—n =15 Hz, 2H), 1.54 (m,
4H5%), 1.27 (m, 2H), 1.22 (m, 6H-67). 13C{IH} NMR (3,
CDCl)—anti-cis: 131.84 (&), 41.87 (C), 39.69 (C), 37.01
(C®),36.59(), 29.73(C), 28.72 (C®); syncis: 131.95 (C),
41.82 (@), 39.89 (C), 37.04 (C), 36.64 (), 28.93 (©),
28.67 (®); anti-trans 131.43 (&), 41.37 (&), 39.26 (C),
37.08(3), 36.70 (&), 29.77 (©), 28.55 (); syntrans[8]:
131.53 (&), 41.01 (@), 39.03 (C), 37.16 (), 36.78 (&),
29.07 (@), 28.59 (¢).

Reinhardt obtained from 2-norbornanone the four possible 3 Results and discussion

stereoisomerssyritrans, anti-trans, syncis, andanti-cis) of
compoundl in 20% vyield[8]. From the latter mixture the
puresyntransisomer ofl was separated by preparative TLC

Two reaction procedures were used in synthesid.of
In the procedure presented 8theme 1 compound? and

and characterized by NMR spectroscopy. Thus, there is anorbornene (1:50 molar ratio) in dichloromethane solution

strong need for a simple and straightforward synthesik of

(10 cn?) were stirred at room temperature and conversion

using norbornene as a cheaper starting material. We reporiof NBE (ca. 50% after 1h and 90% after 24 h) was con-

here that the binuclear tungsten(ll) compound (§£).-
Cl)3W(SnCE)(CO); (2) [9] can be used as a catalyst for
clean conversion of norbornene to compoundfairly good,
68% yield. The overall one-pot synthesisldgs illustrated in
Scheme 1

2. Experimental

2.1. Reaction procedure

A dichloromethane solution (10 cihof NBE (0.24g,
2.5mmol) andn-heptane (0.3cfas internal chromato-

firmed by the GC—FID method. Analysis of the crude product
by the GC-MS method showed the formation of com-
poundl (m/z=188) in 68% yield. Other products, such as
hydroxyl-2,2-binorbornyl fVz=206; 5%), and cyclotrimers
of norbornene (several signals with’z=282; 27%), were
also detected. To avoid the formation of ROMP polymers, a
solution of NBE was added to the solution of the catalyst in
five portions over a period of 5 h. Conversion of each portion
of NBE reached ca. 80% within 10 min. In such a procedure
90% conversion of NBE was achieved within a short time
(5h), but the overall yield ol decreased drastically, while
yield of cyclotrimers was much higher.

Monitoring the reaction of NBE in the presence2ofr 3

graphic standard) was added under an atmosphere of nitrogei10] by 1H NMR spectroscopy in CDGlor CD,Cl, solution

to a 50 cni Schlenk tube containing compoud0.045 g,

0.05 mmol). The reaction mixture was stirred at room tem-

perature until completion (ca. 24h, GC-FID monitoring).

allowed us to observe the coordination of NBE to the metal
centre in the step preceding the formationloffwo of the
six characteristic proton signals for g&-norbornene ligand

The solvent was evaporated in vacuum and the crude reaccoordinated to tungsten(I[] were detected at 5.05 and

tion product extracted with-heptane. Analysis by GC-MS
showed 68% of, 5% of hydroxyl-2,2-binorbornyl, and 27%
of norbornene cyclotrimers. Fractional distillation at°€5
under reduced pressure gave pliges colorless oil. GC-MS
for the four stereoisomers df (C14H20, M; =188.32) ap-

—0.72; other signals were obscured by the NBE and com-
pound1l signals. However, such an interaction of NBE with
the metal atom can be observed only during the first few
minutes of reaction preceding the appearance and increase
in intensity of signals at 2.80, 2.77, 2.59, and 2.53 due to

pearing as three signals at retention time 11.48 min (43.2%),the methine protons (H of anti-cis, syncis, anti-trans, and

11.53min (23.3%), and 11.63 (33.5%)yz (relative in-
tensity): 41(14), 67(22), 79(39), 91(33), 105(11), 131(18),
159(100), 188(35).

2.2. NMR characteristics of the four steroisomerd of

IHNMR (8, CDCk)—anti-cis: 2.79 (s, 2H), 2.32 (s, 2H),
1.94 @, J4—n =15Hz, 2H), ca. 1.6 (2H), 1.54 (m, 4H5),
1.27 (m, 2H), 1.22 (m, 6169 syncis: 2.76 (s, 2H), 2.32
(s, 2H",1.94 @, Jy—n = 15 Hz, 2HP), ca. 1.6, 2H), 1.54 (m,
4H>6), 1.27 (m, 2H), 1.22 (m, 6H-%7); anti-trans 2.58 (s,
2H, HY, 2.32 (s, 2H4, 2.03 @, J4—n =15 Hz, 2H), 1.80 @,
Jh—H = 15Hz, 2H), 1.54 (m, 4+1-), 1.27 (m, 2H), 1.22 (m,
6H>59; syntrans[8]: 2.54 (s, 2H), 2.32 (s, 24, 2.12 @,

syntrans steroisomers ol, respectively. The integral ratio
of the latter signals made it possible to calculate the molec-
ular ratio of the four isomers: 1:0.65:0.57:0.61, respectively.
The isomer ratio calculated from NMR spectra is in a good
agreement with that obtained from GC-MS analysis, with one
exception: theanti-transandsyntransisomers, which have
the lowest retention time (11.48 min), are not separated. The
retention time for theanti-cis and syncis isomers is 11.53
and 11.63 min, respectively. Prolonged reaction in the NMR
tube allowed us to observe the formation of ROMP polymers
due to characteristic olefinic proton signalss&.32 frans)
and 5.20 ¢is) [4].

Although different mechanism pathways may account for
the dimerization reaction of cyclic olefins, a mechanism
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rationale based on the observed results, involving coordina-4. Conclusions
tion of norbornene to the metal atom and its transformation

to a carbene species is depictedsicheme 2 In summary, we have developed a new and straightforward
The splitting of chlorine bridges ibor3by NBE is accom- synthesis of 2,2binorbornylidenel) from norbornene using

panied by its coordination to the transition metal atom and a tungsten(ll) carbonyl complex as a catalyst.

the formation of a monoolefinA) or bisolefin 8) complex. Also, it is worth pointing out that the formation @fgives

The 1,2-hydrogen shift gives the metallacarbene comPlex  direct evidence for the formation of norbornylidene frofa
The similar rearrangement of thg-cyclohexene to cyclo-  norbornene ligand of tungsten(ll) complex.

hexylidene ligand was recently observed by Wolczanskiand  Studies on the application of compour2isnd3 as the
co-workerq11]. A bimolecular coupling of two carbene lig-  catalyst in such a specific dimerization of other cyclic and
ands derived from comple2 leads to the formation df and acyclic olefins are in progress.

regenerates the binuclear complex of tungsten. An analogous

dimerization of alkylidene complexes was earlier observed by
Schrock and co-workerd 2]. In the presence of an excess
of NBE the carbene speci€sinitiates the ROMP reaction.
Additionally, reductive dimerization and cyclotrimerization
of NBE take place. This indicates an alternative route in-
volving the coupling of two mutuallgis n2-olefin ligands

in compoundB and the formation of metallacyclopentane
(D) as an intermediate species. As a result of hydrolysis o
D by H»0O the hydroxyl-2,2binorbornyl €) is formed. The
insertion of an NBE molecule into the metal—carbon bond of References
metallacyclopentan®, followed by reductive elimination,
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