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Figure 1. Examples of previously prepared dimethylsi
fused compounds.
A ring-closing metathesis (RCM) strategy afforded a number of novel 9- and 10-membered benzo-fused
compounds containing at least one silicon atom as part of the heterocyclic portion. In this manner, the
following compounds containing heterocyclic rings of 9–10 atoms were synthesized: (Z)-2,2-dimethyl-
7-[(4-methylphenyl)sulfonyl]-2,3,6,7-tetrahydrobenzo[h][1,7,2]oxazasilonine, (Z)-2,2-dimethyl-3,6-di-
hydro-2H-benzo[h][1,7,2]dioxasilonine, (Z)-8-isopropoxy-9-methoxy-3,3-dimethyl-1,3,4,7-tetrahydro-
benzo[g]-[1,2]oxasilonine and (Z)-2,2,7,7-tetramethyl-2,3,6,7-tetrahydrobenzo[i][1,8,2,7]dioxadisilecine.

� 2008 Elsevier Ltd. All rights reserved.
Medicinal chemistry regularly makes use of benzo-fused com-
pounds as templates for the investigation of pharmaceutical scaf-
folds.1 In addition, the use of silicon as an isostere in drug
discovery has also been seen to increase;2 this would make benz-
annulated compounds containing silicon atoms in their backbone
interesting candidates for biological evaluation. Over the past
few decades, benzo-fused heterocycles containing silicon in the
heterocyclic portion of the molecule have seen sporadic investiga-
tion.3 Examples include compounds which comprise 6,6-, 6,7- and
6,8-fused systems, such as the generalized structures 1a,4 1b,5 1c,6

benzoxasilepin-2(3H)-one 27 and benzazasilocine 3,8 respectively
(Fig. 1).

Rather surprisingly, although ring-closing metathesis (RCM) has
seen a tremendous increase in synthetic applications over the last
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lyl-containing bicyclic benzo-
decade,9 very few examples resulting in the synthesis of com-
pounds such as those represented in Figure 1 have been reported.10

To the best of our knowledge only Rodríguez-García and co-work-
ers have been active in this area, in their elegant pursuit of the
pterocarpans and related compounds.11 Amongst other examples,
this group demonstrated that the application of RCM to com-
pounds 5 and 8, synthesized from substrates 4 and 7, readily affor-
ded 2,3-dihydro-1,2-benzoxasilepine 6 and 3,6-dihydro-2H-1,2-
benzoxasilocine 9, respectively (Scheme 1).

Our research group has been heavily involved in the application
of RCM to the synthesis of benzo-fused bicyclic molecules.12 It was
thus decided to investigate the application of metathesis and isom-
erization-metathesis strategies towards the synthesis of other sili-
con-containing benzo-fused heterocycles. This communication
describes the successes of our investigations as well as some of
the limitations of this approach.

In the first experimental work performed, it was decided to re-
peat the work described by Rodríguez-García and co-workers
(Scheme 1),11 with the difference that the second-generation Grub-
bs’ catalyst 11 was used in preference to 10.13 The reason for this
was because one of the goals of this research was to extend the
methodology to other potentially electron-rich substrates.

The initial results were very promising, and it was thus decided
to investigate the RCM reaction for the formation of other annu-
lated heteroatom-containing silacycles, the first of which con-
tained nitrogen and oxygen atoms. To this end, substituted
phenol 1314 was silylated with reagent 1215 to afford the diallyl
species 14 in a good yield of 80% (Scheme 2). A RCM reaction with
catalyst 11 proved to be a straightforward process and afforded the
9-membered benzoxazasilonine 15 in good yield (78%).16

Rodríguez-García and co-workers successfully employed an
‘isomerization-RCM’ strategy to obtain compounds with the skele-
ton 9. It was thus decided to investigate whether it was possible to
utilize a similar strategy involving an O-vinyl ether obtained from
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Scheme 2. Reagents and conditions: (i) Et3N, CH2Cl2, allylchlorodimethylsilane 12,
0 �C–rt, N2, 15 h, 80%; (ii) 5% catalyst 11, CH2Cl2, rt, N2, 12 h, 78%.
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Scheme 3. Reagents and conditions: (i) 3% catalyst [RuClH(CO)(PPh3)3], CH2Cl2,
reflux, N2, 20 h, 56%; (ii) Et3N, CH2Cl2, allylchlorodimethylsilane 12, rt, N2, 5 h, 73%;
(iii) 5% catalyst 11, CH2Cl2, reflux, N2, 24 h; (iv) Et3N, CH2Cl2, allylchlorodimeth-
ylsilane 12, rt, N2, 66 h, 76%; (v) 5% catalyst 11, CH2Cl2, reflux, N2, 18 h, 22%.
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Scheme 4. Reagents and conditions: (i) Et3N, CH2Cl2, allylchlorodimethylsilane 12,
rt, N2, 40 h, 85%; (ii) 5% catalyst 11, CH2Cl2, reflux, N2, 8 h, 82%.

8

PCy3
Ru

Cl
Cl

Ph
PCy3

9

SiO

10

O
Si

5

ii

SiO

O
Si

6

ii

7

OH

4

OH

i

N N

Ru
Cl
Cl

Ph
PCy3

MesMes

11

i

Scheme 1. Rodríguez-García’s work.11 Reagents and conditions: (i) Et3N, CH2Cl2,
allylchlorodimethylsilane 12; (ii) 5% catalyst 10.
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Scheme 5. Reagents and conditions: (i) Et3N, CH2Cl2, allylchlorodimethylsilane 12,
rt, N2, 66 h, 76%; (ii) 5% catalyst 11, CH2Cl2, reflux, N2, 18 h, 96%.
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the corresponding O-allyl ether.17,18 Catechol 16 was thus mono-
allylated to afford compound 17 (Scheme 3). Subsequent treatment
of this substance with the ruthenium hydride complex [RuClH-
(CO)(PPh3)3]19 successfully afforded the vinyl ether 18, as a
mixture of E/Z isomers. Conversion into compound 19 with allyl-
chlorodimethylsilane 12 then occurred without problem. However,
we were unable to initiate the metathesis reaction to afford the 8-
membered heterocycle 20, a benzodioxasilocine, and are unable to
offer a rationalization for this result as our previous experience
with the RCM of similar propenyl ethers has been excellent.18

Unfortunately, even under harsher conditions, only the unreacted
starting material was obtained after chromatography. However, a
RCM strategy utilizing the unisomerized scaffold 17 gave more
promising results: treatment of the allyl ether 17 with 12 afforded
the bis-allyl product 21 in good yield (Scheme 3). This compound
then underwent cyclization in the presence of catalyst 11, produc-
ing the benzodioxasilonine 22,20 albeit only in a low, unoptimized
22% yield.

A search for other potential scaffolds for the RCM identified the
substituted benzyl alcohol 23, a substrate utilized previously in our
studies.21 This compound was readily converted into silylated
compound 24 in a yield of 85% (Scheme 4). Application of the
metathesis methodology then gratifyingly afforded (Z)-8-iso-
propoxy-9-methoxy-3,3-dimethyl-1,3,4,7-tetrahydrobenzo[g][1,2]-
oxasilonine 2522 in a good yield of 82%.
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Finally, we investigated whether larger benzo-fused ring-
systems containing silicon could also be synthesized utilizing the
RCM strategy. Catechol 16 was thus treated with allylchlorodi-
methylsilane 12, and the disilylated compound 26 was isolated
after chromatography in good yield (Scheme 5). Subsequent reac-
tion of 26 with catalyst 11 then gave compound 27.23 Product 27
contains a 10-membered benzo-fused ring, a system that tradition-
ally is challenging to synthesize by way of a metathesis strategy.15a

We have thus shown that the versatile RCM reaction with Grub-
bs’ second-generation catalyst 11 can be applied to the synthesis of
a number of silicon-containing benzo-fused heterocycles. The
extension of this work to the synthesis of other interesting systems
is currently under investigation, and will be reported in due course.
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N.; Urbala, M.; Rzepa, J. J. Mol. Catal. A 2006, 248, 198–209; (c) Krompiec, S.;
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