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Abstract

The ring closing metathesis (RCM) of acyclic dienes has been successfully achieved in water through the use of the Grubbs’
catalyst RuCl,(PPh3),(CHPh), with or without surfactants. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Organometallic homogeneous catalysis is now a
well-used methodology in organic synthesis and has
resulted in an increasing number of applications for
the production of chemicals [1,2]. Generally, these
systems have the advantages of high activity as well
as high selectivity, and also good reproducibility.
Most chemical transformations, in the laboratory or
in the industry, need organic solvents as reaction me-
dia. Due to environmental problems, there is a need
to use water as a solvent: water is safe, benign and
cheap. However, one of the problems is the insolu-
bility of most organic substances in water, even if
water-soluble organometallic catalysts are now well
known [3]; a decrease of reaction rate is often ob-
served and, therefore, increase of catalyst loading or
reaction temperature is usually needed. One way to
improve the solubility of organic substrates in water,
as well as that of the homogeneous organometallic cat-
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alyst, is the use of surfactants that can form micelles.
Indeed, surfactants have been used in organometallic
catalysis such as hydrogenation [4-15], even in an
asymmetric way, hydroformylation [16], Suzuki cou-
pling reaction [12,17-20], and more recently allylic
alkylation [21,22].

The recent development of ruthenium and molyb-
denum catalysts, such as (PCy;)2Cl,Ru=CHPh
[23,24] or Mo(CHCMe,Ph)[N(2,6-(i-Pr),CeH3)]
[OCMe(CF3)2]> [25] for metal catalyzed olefin
metathesis, has an important impact in synthetic
organic chemistry. ! Some water-soluble ruthenium
complexes have been prepared and have been shown
to initiate ring closing metathesis (RCM) in water
[31-33]. Classical initiators are also active for ring
opening metathesis polymerization (ROMP) in aque-
ous media [34-37].

As a continuous interest in the field of organometal-
lic catalysis in water, we expected that the RCM reac-
tion could be performed under these conditions using
the commercially available Grubbs’ catalyst. We have

! For recent reviews on the use of olefin metathesis in organic
chemistry, see [26-30].
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detailed in this paper a full account of our study in
this field.

2. Experimental

All manipulations and reactions involving ruthe-
nium alkylidenes were performed by the use of
standard Schlenk techniques under an atmosphere

was rigorously degazed by purging with nitrogen.
Substrates 1a [38], 1b [38], 1c [39], 1d [40], 1e
[41], 1f [38], 3a [42], 3b [43], 5a [44], 5b [45],
and products 2a [46], 2b [47], 2¢ [48], 4 [49], 6a
[50] and 6b [50], have been previously prepared. All
detergents, sodium dodecyl sulfate (SDS), sodium
dodecyl sulfonate (SDSO3;Na), cetyltrimethylammo-
nium hydrogen sulfate (CTAHSOy), decaoxyethylene
dodecyl ether (Brij 35), polyoxyethylenesorbitane

of nitrogen. Distilled deionized water was used and monopalmitate (Tween 40), N-hexadecyl-N,N-
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dimethyl-3-ammonio- 1 -propanesulfonate (HDAPS),
N-dodecyl-N,N-dimethyl-3-ammonio-1-propanesul-
fonate(DDAPS), and (PCy;)2Cl,Ru = CHCgHs, are
from commercial sources and used as obtained. The
conversions were determined by GLC with a 30m
capillary OV1 column after calibration.

2.1. General RCM procedure

In a typical reaction, Grubbs’catalyst (10mg,
5mol%) and surfactant (0.05M) were placed in a
Schlenk tube under nitrogen, and water (1.5 ml) was
added, followed by diene substrate (0.25 mM). The
reaction mixture was vigorously stirred at room tem-
perature for the indicated time. The reaction mixture
was quenched by exposure to air for 6h, and it was
extracted with diethyl ether (2 x 5ml). The ether so-
lution was dried over sodium sulfate and concentrated
under reduced pressure. The product was analyzed
by gas chromatography and '"H NMR spectra, and
eventually purified by column chromatography.

3. Results and discussion

Initial attempt to study the activity of (PCys)»
CI,Ru = CHCg¢Hs toward RCM in water in the pres-
ence of surfactant is centered upon the cyclization
of diethyl diallylmalonate 1a (Scheme 1). Cyclopen-
tene diester 2a was obtained with 51% conversion
after 1h reaction at room temperature in the pres-
ence of Smol% catalyst when the cyclization was
performed in water without any surfactant (Table 1,
entry 1). Addition of SDS as the surfactant in a ratio
[substrate] /[SDS] = 5 gave almost quantitatively the
cyclized product 2a after 1h, and even after 30 min,
although 58% conversion was observed after 15 min
(Table 1, entries 2—4). This increase in reaction rate
is probably due to the formation of micelles. Unfor-
tunately, no insight about the mechanism of the educt
and product transfer during the reaction was possible.
It is to be noticed that decreasing the catalyst con-
centration to 1 mol% gave only 53% conversion in 2a
after 1 h (Table 1, entry 5). Surprisingly, increasing or
decreasing the amount of surfactant gave also lower
conversion (Table 1, entries 6 and 7). Fig. 1 shows the
difference in the reaction rates using various amounts
of surfactants.

We also performed the RCM reaction in the pres-
ence of another anionic surfactant, SDSO3Na (Table 1,
entries 8—10). We obtained lower conversions in 2a
close to those obtained in water only, whatever be the
surfactant concentration.

We then used the cationic surfactant CTAHSO4
(Table 1, entries 11-17). We obtained only 44 and
66% conversion after 30 min and 1 h, respectively. In-
creasing the amount of surfactant increased slightly
the conversion, although decreasing this amount had
no influence on the conversion. So, it seems that there
is no influence of a cationic surfactant on the activity
of the catalyst.

The use of non-ionic surfactants such as Brij 35
(Table 1, entries 18 and 19) or Tween 40 (Table 1,
entries 20 and 21) gave almost the same conversion,
quite similar to those observed in water alone, what-
ever be the amount of surfactant used.

Finally, the zwitterionic surfactants HDAPS
(Table 1, entries 22-25) or DDAPS (Table 1, entry
26) also gave quite similar results, with no influence
of the amount of surfactant on the conversion: ap-
proximately 40-45% conversion was obtained after
30 min reaction.

We then extended the RCM reaction in water cat-
alyzed by (PCy;),ClRu = CHCgHs to other dienes
in the presence or not of the surfactant. Treatment
of 1b with 5mol% catalyst in water in the pres-
ence of SDS as the surfactant gave 94% conversion
to cyclic diester 2a after 30 min (Table 2, entry 4).
Surprisingly, we observed 95% conversion when the
reaction was performed without surfactant (Table 2,
entry 3), although the water system is completely
heterogeneous. Even decreasing the catalyst concen-
tration to 2.5mol% gave the cyclized product 2a
in 96% conversion after 10 min, compared to 89%
in the presence of SDS (Table 2, entries 5 and 6);
in the latter case lower conversion was observed,
although the surfactant homogenized the reaction
system.

Phenyl-substituted diene 1c¢ gave also the cyclopen-
tene diester 2a almost quantitatively in the presence
of 5 or 2.5 mol% of the catalyst when the reaction was
performed in water only (Table 2, entries 7 and 9). We
noticed again in this case that the presence of the sur-
factant decreased slightly the activity of the catalyst
(Table 2, entries 8 and 10). Dibenzylidene derivative
1e gave no reaction at all under the above conditions
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Table 1
RCM of 1a initiated by (PCy;)2ClRu = CHCgHs in water with or without various surfactants®
Entry Surfactant [1a]/[surfactant] Catalyst (mol%) Time (min) Conversion in 2a® (%)
1 No - 5 60 51
2 SDS 5 5 60 97
3 SDS 5 5 30 96
4 SDS 5 5 15 58
5 SDS 5 1 60 53
6 SDS 10 5 30 70
7 SDS 2.5 5 30 62
8 SDSO3Na 5 5 30 46
9 SDSO3Na 10 5 30 42
10 SDSO3Na 2.5 5 30 34
11 CTAHSO4 5 5 60 66
12 CTAHSO4 5 5 30 44
13 CTAHSO4 5 1 60 55
14 CTAHSO4 10 5 30 61
15 CTAHSO4 7.5 5 30 62
16 CTAHSO4 2.5 5 30 43
17¢ CTAHSO4 5 5 30 46
18 Brij 35 5 5 30 43
19 Brij 35 10 5 30 47
20 Tween 40 5 5 30 59
21 Tween 40 10 5 30 50
22 HDAPS 5 5 60 66
23 HDAPS 5 5 30 42
24 HDAPS 7 5 30 42
25 HDAPS 10 5 30 45
26 DDAPS 5 5 30 44

4 Reactions conditions: [substrate] = 0.17 mol1~!, 1.5 ml H,O, 25°C, all the experiments were done at least twice.
b Determined by GC with a 30m capillary column OV1.
¢ Reaction performed in 4 ml H,O.

100 1

Conversion (%)

O L T 1 T ] 1
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Time (min)

Fig. 1. Reaction rate of the RCM of 1a in water in the presence of various amounts of SDS: (1) without SDS; (2) [1a]/[SDS] = 2.5; (3)
[1a]/[SDS] = 5; (4) [1a]/[SDS] = 10.
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Table 2

RCM of 1a-f, 3a and 3b, and 5a and 5b initiated by (PCy;)2,Cl,Ru = CHCgHs in water with or without SDS*

Entry Substrate Product Surfactant Catalyst (mol%) Time (min) Conversion (%)° (Yield %)°
1 la 2a No 5 30 42
2 la 2a Yes 5 30 96 (90)
3 1b 2a No 5 30 95
4 1b 2a Yes 5 30 94 (91)
5 1b 2a No 2.5 10 96
6 1b 2a Yes 2.5 10 89
7 1c 2a No 5 30 94
8 1c 2a Yes 5 30 82 (80)
9 1c 2a No 2.5 10 100
10 1c 2a Yes 2.5 10 79
11 1d 2b No 5 30 24
12 1d 2b Yes 5 30 23
13 1f 2¢ No 5 30 95
14 1f 2¢ Yes 5 30 95 (89)
15 3a 4 No 5 30 100
16 3a 4 Yes 5 30 100 (88)
17 3b 4 No 5 30 99
18 3b 4 Yes 5 30 97 (90)
19 5b 6b No 5 30 100 (90)
20 5b 6b Yes 5 30 26
21 5b 6b No 5 10 87
22 5b 6b Yes 5 10 84
23 5b 6b Yes 5 60 9
244 5b 6b Yes 5 30 67
25¢ 5b 6b Yes 5 15 73
26°¢ 5b 6b Yes 5 30 72
4 Reactions conditions: [substrate] = O.]7m011_1, [substrate] : [surfactant] = 5, 1.5ml H;O, 25°C, all the experiments were done at

least twice.
b Determined by GC with a 30 m capillary column OV1.
¢ Isolated yield after column chromatography.
d Reaction performed under a flow of nitrogen.
¢ Reaction performed under reduced pressure.

(5 mol%, 30 min, room temperature) with or without
SDS.

When the gem-disubstituted olefin 1d was exposed
to 5mol% catalyst for 30 min, cyclopentene 2b was
obtained in only 24 or 23% conversion in the absence
or presence of the surfactant, respectively (Table 2,
entries 11 and 12).

Cyclization of diene 1f with 5 mol% catalyst in wa-
ter without or with surfactant gave the cyclohexene
diester 2¢ in 95% conversion after 30 min (Table 2,
entries 13 and 14).

In order to demonstrate that this methodology could
be extended to a variety of dienes, ethers 3a and 3b,
amine 5a, and amide 5b were examined. Ethers 3a
and 3b were readily and quantitatively cyclized to the

dihydrofuran derivative 4 in 30 min in water in the
presence of 5 mol% catalyst (Table 2, entries 15-18).
There is again no effect of added surfactant on the
conversion.

We observed no cyclization of the amine 5a, as pre-
cedingly noticed by Grubbs and coworkers [51], what-
ever be the conditions used. However, amide Sb was
readily cyclized in water only in the presence of the
catalyst (PCy;)2CloRu = CHCgHj to give the hetero-
cycle 6b in 100 and 87% conversion after 30 or 10 min,
respectively (Table 2, entries 19 and 21). When this
cyclization was performed in the presence of SDS,
formation of heterocycle 6b was observed in 84, 26,
and 9%, after 10, 30, and 60 min, respectively. This
surprising behavior prompt us to perform the same
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reaction under a flow of nitrogen or under reduced
pressure in order to eliminate the ethylene formed in
the reaction. Under these conditions, we obtained ef-
fectively the cyclized amide in 67 and 72%, respec-
tively, even after 30 min.

4. Conclusion

In conclusion, we have demonstrated that RCM oc-
curred in water without water-soluble catalyst using
the well-known Grubbs’ catalyst RuCl, (PPh3),(CHPh),
and that surfactant is not needed. Water is an excel-
lent medium for this reaction, although both catalyst
and substrate are insoluble in water, and in spite of
the heterogeneousness of the system.
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