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Summary — Intramolecular metathesis of various diallylic compounds containing the O, S, Si or P hetero-elements was

achieved in good yields by using the cyclometallated carbene complex W(OAr)(OAr)(CHCMes)Cl(OEtz). Unsubstituted
diallyl ether is converted into 2,5-dihydrofuran; diallyl sulfide is converted into 2,5-dihydrothiophen; diallylphenyl phosphine
is converted into 1-phenyl-2,5-dihydro-1H-phosphole; and diallyldimethyl- or diphenylsilanes are converted into the corre-
sponding silacyclopentenes. The metathesis reaction of methyl-substituted diallyl sulfides shows that steric effects are very
important. Depending on the position of the methyl groups, the reaction can proceed normally or be completely inhibited.
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Introduction

The olefin metathesis reaction represents a powerful
tool in carbon-carbon bond formation reactions [1].
The metathesis of diene compounds (ADMET) is now
widely used in applied organic synthesis for prepara-
tion of functionalized polymers or unsaturated cyclic
products. Up to very recently, only a few examples
of the metathesis of dialkenyl ethers {2], amines [3],
carbonates [4], ketones [5] and sulfides [6] had been
described in the literature, opening novel fields of appli-
cation. In most cases the catalyst was Schrock molybde-
num carbene Mo(=NAr)(=CHCMe,Ph){(OR), [7]. We
have recently reported the synthesis of the cyclometal-
lated o,0’-diphenylaryloxo(chloro)neopentylidene tung-

sten complex W(OAr)(OAr)(CHCMe3)Cl(OEty) 1
(scheme 1) [8, 9].

Scheme 1

The complex 1 is probably one of the most active
(and sometimes the most stereoselective) systems for
the metathesis of cis-2-pentene [10], but it also catalyzes
the metathesis of olefinic esters [9], olefinic sulfides
[11, 12], and olefinic carbohydrates [13-15]. We would
like to report here that 1 is also a selective catalyst for
the cyclization of heterosubstituted diallylic compounds
where the hetero-element is O, S, P or Si (scheme 2).
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Results and discussion

Under our experimental conditions, 1 is highly selective
for such metathetical cyclization, because polymeric
materials were never detected.

Diallyl ether leads to dihydrofuran, which is the
first example of unsubstituted diallyl ether homogeneous
metathesis (table I, entry 7) [16]. We were pleasantly
surprised that diallyl(phenyl)phosphine led to the de-
sired phospholene derivative (table I, entry 10). This is
to our knowledge the first example of metathesis of an
olefin with a not very bulky phosphine derivative, which
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is expected to coordinate strongly to tungsten deriva-
tives. Diallyldimethyl or diallyldiphenylsilyl compounds
led to the corresponding unsaturated cyclic compounds
(table I, entries 8 and 9). Diallyl sulfides led in some
cases to the expected cyclization products but in other
cases no reaction occurred. Steric factors become im-
portant depending on the position of the methyl group
on the two chains; the metathesis reaction proceeds
normally (entries 2 and 3) or is inhibited (entry 4).
Two symmetrical methyl groups result in an inhibition
(entries 5 and 6). These results suggest that the first
propagating carbene species can only be generated by

Table I. Metathesis of diene compounds 1-10.

Entry Substrate Olefin/W Product Time (min) Yield (%)
1000 60 30
1 AN 500 (5—\/ 60 75
250 = 60 100

2 Svk 100 S 60 100
P aYd (:l

3 A Wy 100 \/.Sj 60 920

6 AN S 100 60 [

200 120 50

7 A 100 <5 120 70

40 = 120 100

200 20 50
N/ NS

8 100 s 20 70

SN

PR so () 20 90

0 . Ph 100 PP 6o 4
Ay ( ‘7

10 Fh Ph 300 95

APy 20 : :
R, R

R =R;=H, Ry=Me (entry 2)
Ry=R,=H, Ry=Me (entry 3)

R =Me, Ry=R;3;=H (no reaction)(entry 4)

Scheme 3

coordination of the unsubstituted allyl group (in this
step the corresponding tungstacyclobutane has only two
substituents in the 1-3 position) [17].

These results explain the absence of reaction with
the symmetrically substituted sulfides (the correspond-
ing metallacyclobutane has three substituents in 1-2-3
positions) [17]. The next reaction step is an intramolec-
ular coordination of the remaining unsaturated frag-
ment to complete the cyclization with elimination of
ethylene. This step is also probably driven by steric
interactions (restricted number of substituents in the
metallocycle). By building molecular models it is clear
that the intramolecular coordination of the double bond
is possible without any steric interaction with the bulky
0,0'-diphenylaryloxo ligands for the crotyl and methallyl
groups, whereas it is prevented when the methyl group
is adjacent to the sulfur atom. These remarks are char-
acteristic of this cyclometallated aryloxocarbene com-
plex of tungsten, which has a ‘cavity-shaped’ structure
(17-20].

Conclusion

In conclusion, although in most cases the heteroatom is
not ‘hindered’, and thus could easily coordinate to 1, it
does not deactivate the alkylidene species. These results
contrast with previous reports and are a supplementary
proof of the atypical behavior of 1 in metathesis of
functionalized olefins: inhibition by the heteroatom (O,
S, P) is prevented but steric hindrance on the double
bond seems to be a crucial parameter.

Experimental section

All experiments were carried out using classical Schlenk
techniques working under dried and deoxygenated argon.
The solvent (chlorobenzene) was distilled over phosphorus
pentoxide under nitrogen purge. Diallyl sulfide, diallyl ether,
diallylsilanes and diallylphenylphosphane were purchased
from Aldrich. Mono- or disubstituted diallyl sulfides were
prepared as described in references 19 and 20. All diallyl
compounds (except phosphanes) were treated over activated
alumina (12 h, 150°C, 1 Torr) immediately before use.
Allylic phosphanes were used without further purification.

Diallyl sulfides

In a typical experiment {entry 2) 4 mL chlorobenzene,
0.1 mL n-octane (internal standard) and 0.33 mL sulfide
(2.35 x 1073 mol) were introduced into a 50 mL Schlenk
reactor previously purged with argon. Whilst stirring and
heating at 80°C, a solution of 20 mg (2.35 x 1073 mol) of 1
in 1 mL of chlorobenzene was added. Conversion of the sub-
strate was measured by chromatographic monotoring and
no polymeric materials were detected. The same procedure
was followed for diallylsilanes and diallyl ether.

Diallylphenylphosphane

The conversion rate was determined by measuring the evo-
lution of ethylene with propane as an internal standard. In a
typical experiment a solution of 89 mg (4.68 x 10~* mol) of
diallylphosphane in 1 mL chlorobenzene and 1 mL propane
was introduced into a 50 mL Schlenk tube previously purged
with argon. Whilst stirring and heating at 80°C, a solution
of 20 mg (2.35 x 107° mol) of 1 in 1 mL chlorobenzene



was added. After 12 h of reaction, the solvent was removed
by evaporation at room temperature under 1 Torr pressure.
The residue was then distilled at 100°C and condensed at
liquid nitrogen (—196°C).

Acknowledgments

We wish to thank the SNEA Company for financial support
(SP) and the European Community for partial financial
support of the project (SCI-CT 90-0530).

References

1
2
3
4

5

Ivin KJ, Olefin Metathesis, Academic, London, 1983
Fu GC, Grubbs RH. J Am Chem Soc (1992) 114, 5426
Fu GC, Grubbs RH. J Am Chem Soc (1992) 114, 7324
Wagener KB, Patton JT, Macromolecules (1993) 26,
249

Forbes MDE, Patton JT, Myers TL, Maynard HD.
Smith Jr DW, Schultz GR. Wagener KB, J Am Chem
Soc (1992) 114, 10978

O’Gara JE, Portmess JD, Wagener KB, Macromolecules
(1993) 26, 2837

Schrock RR, Murdzek JS, Bazan GC, Robbins J,
DiMare M, O’Regan M, J Am Chem Soc (1990) 112,
3875

Couturier JL, Paillet C, Leconte M, Basset JM, Weiss
K, Angew Chem Int Ed Engl (1992) 31, 628

Couturier JL, Leconte M, Basset JM, in Transition
Metal Carbyne Complezes, Kreissl FR Ed. Kluwer.
Dordrecht, 1993, p 39

10

13

14

<

—
ot

17

18
1¢

<

1071

Conversion of 1000 equivalents at room temperature
in 3 min with 95% of cis products even near to the
thermodynamic equilibrium

Jouturier JL, Tanaka K, Leconte M, Basset JM,
Ollivier J, Angew Chem Int Ed Engl (1993) 32, 112

Couturier JL, Leconte M, Basset JM, J Organomet
Chem (1993) 451, C7

Descotes G, Ramza J, Pagano S, Basset JM, Tetrahe-
dron Lett (1994) 40, 7379

Descotes G, Ramza J, Pagano S, Basset JM, Tetrahe-
dromn, in press

Descotes G, Ramza J, Mutch A, Basset JM, J Carbohyd
Res, submitted

There is one report of metathesis of diallyl ether by
a heterogeneous catalyst with the catalytic system:
Re207/Al1,03/SnMes; Bogolepova EI, Fridman RA,
Bashkirov AN, Izv Akad Nauk SSSR, Ser Khim (1978)
27, 2429. Although metathesis of various olefinic ethers
has been reported to occur with homogeneous catalysts
the reaction of unsubstituted diallyl ether has never
been reported (for example, see reference 2)

Leconte M, Basset JM, J Am Chem Soc (1979) 101,
7196

Butler GB, Price GD, J Org Chem (1959) 24, 1092

Savoia D, Trombini C, Umani-Ronchi A, J Chem Soc,
Perkin Trans I (1977), 123

Churchill MR, Ziller JW, Freudenberger JH, Schrock
RR, Organometallics (1984) 3, 1554



