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ABSTRACT:  Impregnation of SiO,.Al,O, (24.3% Al,O,) with
6% B,0; increases the activity of supported Re,O, in the
ethenolysis of methyl oleate, but reduces the activity of
CH3ReO; on the same support. Re,0,/5i0,.Al,0,/B,0,-SnBu,
is shown to be an effective catalyst for the ethenolysis of methyl
linoleate and of the methyl esters of olive oil, and can be recy-
cled after calcination at least five times without loss of activity.
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The cross metathesis of methyl oleate and ethene yields
methyl 9-decenoate and 1-decene (Eq. 1):

H,C(CH,),CH=CH(CH,);,COOCH;  H,COOC(CH,),CH=CH,
+ +
CH,=CH, === H,C(CH,),CH=CH,[1]

These products find application in the manufacture of materi-
als for the chemical industry, such as surfactants, lubricants
and polymers (1). Methyl oleate is easily obtained from the
transesterification of vegetable oils. Methyl linoleate, present
in many vegetable oils in minor amounts, yields 1-heptene,
1,4-decadiene, methyl 9-decenoate and methyl 9,12-trideca-
dienoate (Eq. 2):

H,C=CHCH,CH=CH(CH,),COOCH,
+
H,C(CH,),CH=CHCH,CH=CH(CH,),COOCH,
H,C(CH,),CH=CH,

+ - +
H,COOC(CH,),CH=CH,
CH,=CH,
+

H,C=CHCH,CH=CH(CH,),CH, [2]
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These transformations open the possibility of achieving ma-
terials from vegetable oils which are normally obtained from
petroleum. The Re,0,/Al,0;-SnR, catalyst system, used in
the metathesis of functionalized olefins, is more active when
modified with MoO;, WO,, or V,05 (2). Modification of the
surface by addition of boric (3) or phosphoric acids (4) also
increases the catalytic activity. On the other hand, replace-
ment of alumina by silica—alumina causes a large improve-
ment in the performance of such systems (5). A further im-
provement can be achieved by utilization of a boric-modified
silica-alumina (6). Such improvements in the catalytic activ-
ity are usually correlated to an increase in the Brgnsted acid-
ity of the resulting system (7).

Re,0, and SnMe, are effective as catalyst and activator,
respectively, in olefin metathesis. Herrmann et al. (8) reacted
them in refluxing tetrahydrofuran (THF), obtaining methyl-
trioxorhenium (CH;ReQ,). In solution, CH;ReO; is only ac-
tive in the presence of a Lewis acid (for instance, AICl;) and
an alkylating agent (for instance, SnBu,) (8), but when sup-
ported on alumina, silica—alumina, or niobia (9-11), its activ-
ity in metathesis of acyclic olefins is similar to that of sup-
ported Re,O,-SnBu,. However, there are few studies in the
literature comparing the systems Re,0,/8i10,.A1,05-SnR,
and CH;Re0,/510,.Al,0, (9). Furthermore, the real effect of
the B,O; on the catalyst has not been clarified in a satisfac-
tory way. We have, therefore, studied the catalytic activity of
both Re, 0, and CH;ReO; supported on Si0,.Al,0; (13 and
24.3% A1203), in the presence and in the absence
of B,0, (6%), for the ethenolysis of methyl oleate. The effi-
ciency of the catalysts Re,0,/5i0,.Al,05-SnBu, and
Re,0,/5i10,.Al1,0,/B,0;-SnBu, were verified by comparing
their turnover numbers in five consecutive catalytic cycles.
The Re,0,/5i0,.Al,0,/B,0;-SnBu, catalyst was employed
for the ethenolysis of methyl linoleate and of the methyl es-
ters obtained in the transesterification of palm and olive oil
with methanol.

EXPERIMENTAL PROCEDURES

Materials. Re,0, (99.9%; Fluka, Buchs, Switzerland),
NH 4ReO4 (Fluka 99.9%), H3BO3 (99.8%; Merck, Darmstadt,
Germany), SnBu, (Fluka 98%), methyl yellow (99%;
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Aldrich, Milwaukee, WI), octane (Aldrich 99%), and ethene
(99.9%; Petroquimica Unifio, Santo André, SP, Brazil) were
used without further purification. THF (Merck 99%), benzene
(Merck 99.9%), and n-hexane (99%; Grupo Quimica, Penha,
RJ, Brazil) were distilled over Na/benzophenone and stored
in Schlenk tubes over 4 A molecular sieve (Fluka). Silica—alu-
mina was obtained from Akzo (Amsterdam, The Netherlands)
(24.3% Al,O,, pore volume 091 cm3/g and surface area 374
m2/g) and Strem (Newburyport, MA) (13% Al,O,, pore vol-
ume 0.78 cm®/g, surface area 337 m?%/g). Methyl oleate
(Aldrich 99%) was treated with basic Al,O, (activated under
air and nitrogen at 550°C), potassium carbonate (dried at
270°C), and stored under argon over activated silica—alumina.
Olive oil (Simdo Com. Ind. & Cia. Ltda., Alferrade, Portu-
gal) and palm oil (Agropalma Ltda., Belém, PA, Brazil) were
transesterified with methanol, using guanidine as catalyst
(12), and were treated and stored as described for methyl
oleate.

Preparation of the catalysts. The Re,O, catalysts were
prepared by pore-volume impregnation of SiO,.Al,0; with
an aqueous solution of NH,ReO, and dried overnight at
100°C. The catalysts modified with B,0O; (6%) were previ-
ously impregnated with an aqueous solution of H,BO;, dried
and calcined in an air stream at 470°C for 3 h. CH;ReO; was
prepared and characterized according to the literature (13).

Ethenolysis. The catalyst precursor (1%) Re,0,/8i10,.AL,0,
(200 mg) was activated in an air stream (60 mL/min) at 480°C
in order to avoid possible loss of rhenium at higher tempera-
tures. After 2 h, the air was replaced by N, and the system
cooled to room temperature. The catalyst was transferred to a
13-mL teflon-lined stainless-steel autoclave and heated to
50°C under an argon atmosphere. Three mL of a hexane so-
lution containing SnBu, (1.4 puL, 4.6 pmol), octane (0.1 mL,
0.61 mmol) (internal standard), and methyl oleate (0.49 mL,
1.45 mmol) or methyl linoleate (0.49 mL, 1.45 mmol) were
added ([ester)/[Re)/[Sn] = 175:1:0.56). The system was
closed, pressurized with ethene (30 bar), and stirred at 50°C
for 30 min. This procedure also was used for the reactions
with methy! esters of vegetable oils.

In the preparation of the (1%) CH,Re0,/Si0,.Al, 0, cata-
lysts, 200 mg of SiO,.Al,O; or Si0,.Al,0,/B,0; (6%) were
activated and transferred to the autoclave. A solution of
CH;ReO; (2.1 mg, 8.4 pmol Re) in hexane was then added.
The reactions were performed as described previously.

Si05.ALOs
(24.3% AlyO3) S2% 64%
R6207—SnBU4
Si0,.A1,03 34% 34%
(13% Al,O5)
without B,0O4 6% By04
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The products were analyzed by gas chromatography (GC)
and GC/mass spectrometry (MS). The results are given in
wt%, using normalization corrected by the internal standard.
The catalytic activities were compared by using a 23 factorial
design (14). The variables studied were: “active phase”
(Re, 0, or CH;Re03), “silica—alumina” (13 and 24.3% of
Al1,05), and “B,0;” (presence or absence). In the recycling
experiments, 2 g of used (1%) Re,0,/8i0,.A,0;
(24.3%)/(6%) B,0,-SnBu, catalyst was calcined at 550°C in
an air stream for 6 h. The ethenolysis reaction was then per-
formed as described previously.

Characterization. The total acidity of the (1%)
Re,0./810,.A1,0; and (1%) Re,0,/Si0,.A1,0,/(6%) B,O,
catalysts, as well as of the SiO,.Al,0, supports, was deter-
mined by titration with a benzene solution of n-butylamine
using methyl yellow as indicator (pK, = 3.3) (15). Ultrasound
was used to accelerate the reactions. The superficial areas
were obtained by the BET technique (Micrometrics Flowsorb
IT 200, N,, and He; Micrometrics, Norcross, GA).

RESULTS AND DISCUSSION

The type of active compound (CH;ReO; and Re,O,), the ef-
fect of B,0, (6%) addition, and the alumina content in the
support (13 and 24.3% Al,0,) were evaluated using a 23 fac-
torial design. The conversions of methyl oleate are shown in
Figure 1.

The principal products obtained are 1-decene (typically
35%) and methyl 9-decenoate (typically 45%). The remain-
ing 20% are the self-metathesis products 9-octadecene and
dimethyl 9-octadecenedioate-1,18. In agreement with results
obtained in the self-metathesis of methyl oleate (16), catalysts
supported on silica—alumina (24.3% Al,O,) show better ac-
tivity. However, the systems show different behavior with re-
spect to the B,0O; addition. There is a negligible effect for
both catalysts using silica—alumina with 13% Al,O;. Using
silica—alumina (24.3% Al,O,), the catalysts show an ambigu-
ous behavior—conversion increases for ReZO7/Si02.A1203,
but decreases for CH;Re0,/Si0,.Al,0,. Warwel et al. (10)
also found that the addition of B,0; to silica~alumina with
13% Al,0; has no effect on the catalytic activity of
CH;3Re0,4/510,.Al,0;4 in the co-metathesis of octene and
methyl undecenoate. On the other hand, using a silica-alu-
mina with 60% Al,O,, they observed an increase in the cat-

Si0,.ALOs
(243% ALO;) 6% 55%
CH3ReO,
Si02ALOy .
(13% ALOy H% 20%
without B,O3 6% B,04

FIG. 1. Conversion of methyl oleate (50°C, 30 bar of ethene, 30 min, [Ole]/[Rel = 175/1, standard deviation 2%).
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alytic activity of CH;ReO; after B,0; addition to the support.
This shows that the effect of B,0O, addition depends strongly
on the alumina content of the support.

The conversion (64%) obtained with (1%) Re,0./5i0,.Al,0,
(24.3%)/B,04 (6%) corresponds to a turnover number
(TN) of 112 ({oleate]/[Re] = 175). Sibeijn and Mol (17)
achieved a conversion of 70% for [oleate]/[Re] = 120
(TN 84) in the same reaction, using unmodified catalyst (3%)
Re,0,/5i0,.A1,0, (24.3%). Using methyl linoleate, we ob-
served a conversion of 50% (TN 87) under the same condi-
tions and obtained 1-heptene (12%), 1,4-decadiene (17%),
methyl 9-decenoate (30%), and methyl 9,12-tridecadienoate
(22%) as principal products. The remaining 19% were self-
metathesis and secondary ethenolysis products. 1,4-Pentadi-
ene was not detected. The same principal products were ob-
served by Ahamad et al. (18) in the ethenolysis of methyl
linoleate using SnMe,-WCl/linoleate in a 1:10 (w/w) ratio.
Warwel and Jigers (6) described the most active system,
(4.4%) Re,0,/810,.A1,0; (60% Al,0,)/B,0, (5.8%), which
allows a conversion of 87% for [ester]/[Re] = 400 (TN 350)
in the co-metathesis of butene, pentene, or hexene with
methyl esters of palm oil.

The increase of activity observed for (1%) Re,0,/Si0,.Al,0;
(24.3%)/B,0, (6%) might be explained by the higher acidity
of this catalyst (907 pmol/g) compared to 815 pmol/g ob-
served for the B203-free catalyst. On the other hand, the surface
area is slightly reduced (from 374 g/cm? to 358 g/cm?). Al-
though B,0; addition also increases the acidity of the support
(from 597 to 820 umol/g), the activity of CH,Re0,/Si0,.Al,0,
(24.3% Al,0O,) is reduced. However, this seems to be true
only for silica-alumina with 24.3% Al,Oj; this effect is not
observed for other alumina contents (10).

The Re,0,/8i0,.A1,0,/B,0;-SnBu, catalyst was used in
the ethenolysis of methyl esters of olive and palm oil (Table

TABLE 1
Composition of Methyl Esters of Olive and Palm Oil Before and After
Ethenolysis Using (1%) Re,0,/Si0,.AlL,O, (24.3%)/B,0, (6%)-SnBu,?

Composition Olive oil Palm oil
(Wt%) Before After Before After
1-Heptene - 0.8 - 1.1
1-Octene — 0.5 - 0.2
1.4-Decadiene - 0.9 - 1.5
1-Decene — 13.5 — 7.3
C,., ester — 1.0 — 0.6
C, .1 ester — 15.0 — 8.4
C,,.q ester — 0.8 — —
C,;., ester — 1.6 — 1.8
C, 40 ESter 0.4 0.4 0.8 0.8
9-Octadecene — 2.6 — 0.9
C, 6.1 ESter 1.0 0.6 — —
Ci60 E5ter 15.5 15.3 37.0 36.7
C,g., ester 6.7 0.6 11.9 3.0
C,g.1 ester 71.6 37.8 43.0 28.9
C, g, Ester 4.5 4.7 7.2 7.3
C,yp.p EStEr 0.3 0.3 0.2 0.2
C, g4 diester — 3.5 — 1.1

A[Ester)/[Re] = 175, 30 bar of ethene, 50°C for 30 min.
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1). The catalyst showed a good activity for olive oil (TN 70).
The results for palm oil (TN 42) were less favorable due to
the high content of saturated esters. The conversion of methyl
linoleate in these oils was always higher than that of methyl
oleate, which may be due to the higher probability of two
double bonds to react. The ethenolysis products observed cor-
respond to those obtained in the ethenolysis of pure methyl
oleate and linoleate.

The catalysts (1%) Re,0,/8i0,.A1,0, (24.3%)/B,0, (6%)
and (1%) Re,0,/8i0,.Al1,0,4 (24.3%) were recycled five
times without significant loss of activity. The better perfor-
mance of the B,0;-containing catalyst is maintained in the
recycling experiments, allowing a total TN above 500. On the
other hand, a major drawback of the CH;Re0,/Si0,.Al,0,
(24.3%) catalyst is that it cannot be easily recycled.
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