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Hydrogenation of ethyl acetate over supported rhenium catalysts
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Re/Sibunite is a more active and selective catalyst for hydrogenation of ethyl acetate to
cthanol under elevated temperatures and hydrogen pressures than Re/6-ALO; and Re/y-AlO4.
The activity of the catalyst is increased on replacing NHReO, with HReQ4 and treatment of

the support with a 13% solution of HNO;.
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Ethano!l and dicthyl cther are the main products of
hydrogenation of ethyl acctatce (EA) over supported
rhenium oxide catalysts.! The reaction proceeds via the
formation of hemiacetal on the surface of Reg particles
according to the following scheme:

AcH CH, + C,Hg + H,0
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The naturc of various modifications of alumina af-
fects substantially the selectivity of the 0.5% Re/Al,0;
catalysts in EA hydrogenation to ethanol.! For instance,
the use of y-Al,05 favors the interaction between rhe-
nium and the support and reduces the yield of the
hydrogenation products.? It was of interest to find out
how replacing conventional oxide supports with a car-
bon support of the Sibunite type affects the activity and
selectivity of the rhenium catalysts.

In this work, the effects of the nature of the starting
ReYY compounds deposited on the supported phase, the
previous oxidative treatment, and the nature of the
support -on the hydrogenating activity and-selectivity of
the supported rhenium catalysts were studied.

Experimental

The catalysts were prepared by impregnation. NH ReO, or
rhenic acid were used as the starting compounds. The support
was pretreated with a 13% solution of HNO; or oxalic acid at

the ratio ReQ,~ : C;O42™ =1 : 5. The catalyst samples were
dried at 120 °C and before the run were reduced with hydro-
gen at 500 °C. Sibunite (C), y-Al,O3, and 0-Al;0; were used
a&s the granulated supports. Their characteristics are presented
in Table 1.

The experiments were carmied out in a flow system (an
integral reactor of stainless steel (dg = 5.5 mm) with a
coaxial pocket for a thermocouple). The reactor was loaded
with the catalyst (1.4 g). Duration of the experimental runs was
at least 5 h. The liquid reaction products were analyzed by
GLC on an Avtokhrom chromatograph (SKB [OKh) (column
1.5 m X 3 mm, Porapak Q, heat-conductivity detector, hy-
drogen as the carrier gas, feeding rate 30 mL min~!, 150 °C).
The gaseous reaction products were analyzed on the same
chromatograph at ~20 °C.

The results and conditions of the runs are shown in
Table 2.

Results and Discussion

It has been shown previously that strong interaction
between metal and support exists in supported rhenium
oxide catalysts, which hinders reduction of the metal
surface.? The reduction of the catalyst with hydrogen
or the reaction mixture becomes more complete at a
metal loading >1.5%. Thercfore, we chosed a con-
centation of Re close to 2%. The findings are presented
in Table 2.

Table 1. Characterization of the supports of rhenium catalysts®

Support BW ¢ 58 V, < 14 Fe

/g em™ /m2g”l femigTl /mm (%)
Sibunite 0.60 680 0.32 23 300/
y-Al O, 0.63 235 065 08-1.2 4.1
0-Al,0, & 0.60 60 0.70 04-0.38 55

4 Bulk weight. ® Specific surface. ¢ Pore volume.
4 Size of granules. ¢ Mechanical strength. / In kg cm™3.
¢ Contains 5% Y-Ale;.
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Table 2. Properties of the supported rhenium-containing cata-
lysts in ethyl acetate hydrogenation (p = 3 MPa, H, : EA =
5: L vy =070

Catalyst T Conversion (%) S

/°C overall to to to %)
EtOH Elzo C|~C3

2% Re/C ? 230 318 241 0.1 78 758
250 461 309 02 150 670
270 650 347 03 306 534
230¢ 306 223 0.1 82 729

2% Re/C 4 230 495 385 01 109 778
250 535 378 03 153 697
270 69.2 362 03 326 523
210 37.2 299 03 70 804

2% Re/C ¢ 230 488 378 0.1 101 788
250 588 395 02 19.1 672
270 529 476 06 447 512

2% Re/C / 230 327 23.1 traces 92 718
270 682 313 01 368 459
2% Re/C % 230 494 392 — 102 794
250 559 369 — 190 660
270 609 321 — 288 527

0.5% Refy-AlL,Oy 230 113 S5 39 19 487
2% Refy-Al,O; 230 440 296 110 34 673
0.5% Re/0-Al,Oy 230 182 130 39 13 714

2% Re/0-AlLLO; 230 319 233 34 52 730
250 470 296 6.1 113 630
270 51.2 269 111 132 525
230 284 195 27 62 687

2% Re/6-AlOy / 230 372 290 33 49 78.0
250 613 374 63 179 605
270 771 367 72 332 476

@ Selectivity of hydrogenation to ethanol.

b Prepared from NH ReOy,.

¢ After 20-h operation.

4 The support was treated with a 13% solution of HNO; for
05 h.

¢ The support was treated with a 13% solution of HNO; for 1 h.

/ The support was treated with oxalic acid.

£ Prepared from HReQ,.

{t follows from comparison of the activity and selec-
tivity of the catalysts 0.5% and 2.0% Re/y-Al,O5 and
Re/6-Al,0;3 in EA hydrogenation to ethanol 4t 230 °C
that when the rhenium loading is increased by 4 times,
the overall conversion over the Re/y-Al,O; catalyst in-
creases nearly by 4 times (from 11.3% to 44.0%) and the
selectivity increases by the factor of 1.4. The overall
conversion of EA over the 0.5% Re/06-Al;0; and 2.0%
Re/6-Al,05 catalysts increases only by the factor of 1.8
(from 18.2% to 31.9%) and the selectivity of hydrogena-
tion to alcohol changes only slightly. The selectivity of
EA hydrogenation to ethanol over the 2% Re/C catalyst
under similar conditions is 75.8% at an overall conversion

of 31.8%. Diethyl ether is practically absent in the reac-
tion products, whereas the conversions of EA to diethyl
cther over the 2% Re/6-AlLO; and 2% Re/y-Al;O5 cata-
lysts are 3.4 and 11%, respectively. In the case of the 2%
Re/C catalyst, an increase in the reaction temperature
from 230 to 270 °C reduces the overall conversion and
the yields of cthanol and C,—C; hydrocarbons. After a
20-h run, the catalyst exhibits the initial activity. When
ammonium perrhenate was replaced by rhenic acid dur-
ing the preparation of the 2% Re/C catalyst, the catalyst
activity was increased. Diethyl ether is absent in the
reaction products, and this is likely caused by the fact
that rhenium in rhenic acid is reduced more easily than
that in ammonium perrhenate.

These findings show that the Re/C catalyst is more
selective in EA hydrogenation than the rhenium oxide
catalysts. The catalysts under study can be arranged
in the series with respect to the selectivity to ethanol:
Re/C > Re/8-Al)O; > Re/fy-ALO;.

Previously,* the activity and selectivity of the 0.5%
Re/Al,O; catalysts prepared from a-, 8-, 8-, and y-Al, 04
have been correlated with the valent state of rhenium
estimated from the IR spectra of CO adsorbed on the
catalysts prior to and after hydrogenation. As a result, a
conclusion has been drawn that metallic rhenium exists
on the surface of the catalysts in two states, Re,® and
Re,?, that differ by dispersion, the character of interac-
tion withi a support, and the capability of coking. EA is
transformed into cthanol and hydrocarbons over Re,°
and into cthanol and dicthyl ether over Ref. The
quanitative ratio between these different states of metal-
lic rhenium determines their activity and selectivity in
the EA conversion.

Similar results were obtained for the 2% Re/y-Al,O,
and 2% Re/0-Al,O, catalysts. Ethanol and hydrocar-
bons are present in the reaction products over Re/C and
dicthyl ether is absent. Apparently, only one state of
metallic thenium, Re,?, occurs on the surface of Re/C.
This can be due to the fact that in the Sibunite-sup-
ported Re, unlike Re/y-Al,05 and Re/08-Al,0O,, the strong
interaction between rhenium and the support is absent
and ReY! is reduced completely to Re,0.

The treatment of the Re/C and Re/6-Al,0; catalysts
with oxalic acid virtually does not affect their hydroge-
nating activity and selectivity. When the temperature is
increased, overall conversion increases due to increasing
fractions of by-products, C;—C; hydrocarbons.

The pretreatment of the most active Re/C catalyst
with a 13% solution of HNOQO; leads to a significant
increase in the overall conversion in EA hydrogenation
while maintaining the high selectivity to ethanol. Dura-
tion of the treatment (0.5 and 1 h) virtually does not
change the activity and selectivity of the Re/C catalyst.
Possibly, the size of the particles of reduced rhenium
decreases and the dispersion increases because of the
treatment of Sibunite with HNO,. A similar effect has
been observed’ when the Pd/C catalyst was treated with
nitric acid.
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A considerable effect of the previous oxidative treat-
ment of the 2% Re/C and 2% Re/6-Al,0; catalysts with
nitric and oxalic acids on cyclohexane dehydrogenation
to benzene at 350 °C, v,, = 0.5 h™!, and atmospheric
pressure has been shown previously.$

Unlike hydrogenation, dehydrogenation is a struc-
ture-sensitive reaction, and the genesis of the catalyst,
including acid pretreatments, has a more pronounced
effect on its occurrence.
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A simple method for preparing racemic dolichols
from the polyprenols of pine needles (Pinus silvestris)
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A simple method for preparing racemic mammalian dolichols by a three-stage transfor-
mation of a native mixture of plant polyprenols has been developed.
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2,3-Dihydroprenols, which belong to a group of
dolichols (1), are participants in biosynthesis of glyco-
proteins of mammalian cells.! Investigation of thesc
vitally important processes has been intensively develop-
ing recently. Hence, the search for preparative methods
of the synthesis of alcohols of type 1 for preparation of
biosynthetic intermediates and modified analogs on their
basis has become timely (see, for example, Ref. 2). At
the same-time the isolation of dolichols.1 from natural
sources is a labor-consuming procedure since their con-
tents in eukaryotic cells, where they exist as mixtures of
isoprenologs, is extremely low (thus, for example, only
0.2 g of dolichols was isolated from 3 kg of pig liver3).

At the present time a number of methods of total
synthesis of compounds of type 1 are known; however,
they are not acceptable as preparative methods since

they include too many stages (see reviews*S and papers
cited therein). Partial synthesis of dolichols 1 by trans-
formation of significantly more available allyl alcohols
of plant origin, polyprenols 2, looks more attractive.$
Two approaches to accomplish such transformation are
described.® One of them is based on lengthening of the
oligoisoprene chain of polyprenols 2 by a saturated unit
using synthetic Cs-blocks specially prepared for this
purpose. The-alternative most effective method includes
catalytic hydrogenation of allyl alcohols of type 2 or
their derivatives. However, the disadvantage of this ap-
proach is the necessity of using very expensive catalysts
to guarantee a high selectivity of hydrogenation of the
terminal double bond in oligoolefins 2.

In this paper we repon a new method for the synthe-
sis of a mixture of (+)-dolichols 1" (Scheme 1) based on
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