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Abstract 1,6-hexanediol (1) is an important polymer
precursor for the polyester industry. In this paper, explor-
atory catalyst screening studies on the synthesis of 1 from
1,2,6-hexanetriol (2) are described via two different routes.
The latter is available by a two-step procedure from
5-hydroxymethylfurfural (HMF, 3), a promising bio-based
platform chemical. In the first approach, the direct catalytic
hydrodeoxygenation of 2 to 1 with heterogeneous catalysts
and molecular hydrogen was explored. Best results were
obtained using a Rh—ReO,/Si0, catalyst in water (180 °C,
80 bar Hj, 20 h reaction time), leading to full conversion
of 2 and 73 % selectivity to 1, the main byproduct being
1,5-hexanediol (4). In a second approach, 2 was first con-
verted to tetrahydropyran-2-methanol (2-THPM, 5) in
quantitative yield using triflic acid as catalyst (125 °C,
30 min). Various catalysts were explored for the sub-
sequent ring opening/hydrodeoxygenation of 5 to 1 using a
hydrogenation protocol and the best results were obtained
with a Rh—ReO,/Si0O; catalyst, viz. 96 % selectivity to 1 at
26 % conversion (120 °C, 80 bar H,, 20 h).
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1 Introduction

1,6-hexanediol (1) is an important chemical for use in the
production of high performance polyesters, polyurethane
resins, and adhesives [1]. In 2000, the worldwide production
volume of 1 was about 33,000 ton/year [2]. The major route to
1 involves the hydrogenation of adipic acid or its esters (e.g.
dimethyl adipate) using heterogeneous catalysts based on
carbon supported Ru—Pt—Sn [3-5], Cu—Cr-Ba oxide [6], Sn-
modified Raney Ru [7], various copper-based catalysts [8, 9],
CuO/ZnO/Al,05 [10-14], and RuSn/Al,0O5 [15, 16] (Eq. 1).
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Our interest in this field concerns the synthesis of green
1,6-hexanediol from renewable resources. We have recently
shown the proof of principle for the reaction of hydroxym-
ethylfurfural HMF (3) to 1 via THF-dimethanol (THFDM)
and 1,2,6-hexanetriol (2) as the intermediates (Eq. 2) [17].

HMF is considered to be a promising bio-based platform
chemical and is regarded as a “sleeping giant” in the field of
intermediate chemicals from renewable resources [18]. It is
accessible by acid-catalyzed dehydration of the C6-sugars
(e.g. p-glucose, p-fructose, and p-mannose) present in lig-
nocellulosic biomass. HMF derivatives like dimethylfuran
[19-21] and its ethers such as methoxymethylfurfural and
ethoxymethylfurfural [22] have potential as fuel (additives),
whereas 2,5-furandicarboxylic acid (FDCA) [23-31], and
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tetrahydrofuran-dimethanol (THFDM) may serve as build-
ing blocks in advanced polymers [32-38].

Here, we report catalytic screening studies on the syn-
thesis of the diol 1 from triol 2. The reaction involves the
selective removal of a secondary alcohol in the presence of
two primary alcohols. A well-known approach involves
catalytic hydrodeoxygenation using heterogeneous catalysts
and, in most cases, molecular hydrogen. Examples for
structurally related alcohols like 1,2-propanediol (6), 1,2-
butanediol (7), 1,2-pentanediol (8), and 1,2-hexanediol (9)
are provided in Table 1.

Bimetallic catalysts based on Rh—Re, Ir-Re, and Pt-W
have shown to be very promising catalyst and selectivities
between 73 and 90 % are reported. In some cases soluble
acids (e.g. sulfuric acid) were added to improve catalytic
conversions. There are also reports [46-52] on the use of
homogeneous ruthenium catalysts in combination with
triflic acid (HOTf) and sulfolane as the solvent for the
selective hydrodeoxygenation of a secondary alcohol in the
presence of a primary alcohol. For example, Schlaf et al.
[51] reported the production of 1-propanol from 6 using
[{Cp*Ru(CO),}»(u-H)] 7 OTf™ (52 bar H,, 110 °C, 30 h)
and obtained 92 % conversion with 54 % selectivity to
1-propanol. Better results were obtained [46] using [cis-
Ru(6,6’—C12—b1py)2(OH2)2](CF;SOg)z (48 bar Hz, 125 OC,
48 h), giving 63 % yield of 1-propanol.

While preparing this manuscript, Dumesic et al. [44]
reported hydrodeoxygenation reactions of various diols and
triols using bimetallic Rh—ReOj catalysts on carbon supports.
When using 2 as the substrate, 1 was obtained in 99.9 % at
8 % conversion (120 °C, 34 bar, 4 h). Prolonged reaction

times (14 h) resulted in improved conversions (59 %),
though, the selectivity to 1 was reduced considerably (62 %).

In this paper, a catalyst screening study on the conver-
sion of 1,2,6-hexanetriol to 1,6 hexanediol using a hydro-
deoxygenation approach is reported. Emphasis is on the use
of bimetallic Rh—Re complexes on various supports,
though monometallic catalysts have been tested as well,
and the results will be compared.

2 Materials and Methods
2.1 Materials

1 (97 %) and tetrahydropyran-2-methanol 5 (98 %) were
purchased from Aldrich. 2 (>97 %) was purchased from
Acros. 1-propanol (>99 %) was purchased from Merck
Chemicals. Sulfolane (99 %) was purchased from Aldrich.
Triflic acid (99%), para-toluenesulfonic acid monohydrate
(>98.5 %), aluminum chloride hexahydrate (>99 %),
copper triflate (98 %), and potassium carbonate (99 %)
were purchased from Aldrich.

Copper chromite catalysts were kindly supplied by BASF
(Cu-1985P) and Siid-Chemie (T-4419), as well as purchased
from Aldrich (product number: 209325). Copper zinc PRI-
CAT CZ/A P and PRICAT CZ/B P catalysts were kindly
supplied by Johnson Matthey. Copper zinc T-2130 was
kindly supplied by Siid-Chemie. Ru/C (5 % w/w), Ru/Al,O3
(5 % wiw), Pt/C (5 % wiw), Rh/C (5 % wiw), Rh/Al,O4
(5 % wiw), Pd/C (5 % w/w), and Pd/Al,O5 (5 % w/w) were
purchased from Aldrich. RuCl; was purchased from Strem.

Table 1 Overview of catalytic

reactions involving selective Substrate ~ Catalyst TCC) PH, (bar) t(h) Yo-conv. % selectivity ~ References

removal of secondary alcohol 6 PYWOL/ZIO, 140 40 24 91 90 (39]

group in the presence of primary o

alcohol groups 6 Rh/SiO3 120 80 10 18 57 [40]
6 Rh/SiO, 120 80 10 10 67 [40]
6 Rh-ReO,/Si0, 120 80 24 87 74 [41]
6 I-Re0,/SiO} 120 80 24 72 85 [42]
6 CeO5 375 - na. 11 23 [43]
7 Rh-Re0,/C 120 34 4 15 78 [44]
7 CeOs 375 - na. 16 17 [43]
8 Rh-ReO,/C 120 34 4 9 88 [44]
9 Rh-ReO,/C 120 34 4 12 80 [44]
9 Rh-ReO,/C 100 80 24 52 78 [45]

* With Amberlyst-15; "With 9 Rh-Re0/Si0, 100 80 2476 73 [45]

sulfuric acid; “No solvent
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Ru/TiO, (5 % w/w) was purchased from Degussa and a
supported nickel catalyst G-69B was kindly supplied by
Siid-Chemie. RhCl;.nH,O (Rh 38-40 %), ammonium
perrhenate (>99 %), ammonium molybdate tetrahydrate
(MoO; 81-83 %) were purchased from Aldrich while tin-
chloride dihydrate (>98 %) was purchased from Riedel-de
Haén. Ammonium tungsten oxide (>99.99 %) was purchased
from Alfa Aesar. CARiIACT G-6 3 micron silica was donated
by Fuji Silysia. TiO, (product number: 14021), SiO,—Al,03
(grade 135), and activated carbon (product number: 484164)
were purchased from Aldrich. y-Al,O5 (product number:
044658) was purchased from Alfa Aesar. Hydrogen gas
(>99.9999 %) was purchased from Hoek Loos.

2.2 Methods

2.2.1 General procedure for the preparation
of the bimetallic Rh—ReO, catalysts

All catalyst preparations were carried out in air. An aqueous
solution of RhCl3.nH,0O(176 mg, 0.8 mmol) in water (5 mL)
was added to silica (2 g, Fuji CARiIACT G-6 3 micron; BET
surface area 529 m’g~" and pore volume 0.617 cm®g ") and
stirred for 2 h at room temperature. After drying at 383 K for
13-14 h, the solid was added to an aqueous solution of
ammonium perrhenate (113 mg, 0.4 mmol) in water (5 mL)
and stirred for 2 h, followed by drying at 383 K for 13—14 h.
Calcinationinairat 773 K for 3 h gave the catalyst containing
4 wt% of Rh and a Re/Rh molar ratio of 0.5.

The same procedure was used for the preparation of
other Rh-based bimetallic catalysts, except for Rh—ReO,/C,
where the calcination step was omitted. Ammonium
molybdate tetrahydrate (131 mg, 0.1 mmol), ammonium
tungsten oxide (30 mg, 0.1 mmol), and tinchloride dihy-
drate (94 mg, 0.4 mmol) were used for preparing the
Rh-Mo0,/Si0,, Rh—-WO,/Si0,, and Rh—SnO,/SiO, catalysts.

2.2.2 Reaction Procedure for the Catalyst Screening Study
of 2 to 1 in 1-propanol

2 (100 mg, 0.75 mmol), catalyst (10 mg), 1-propanol
(2 mL) and a Teflon stirring bar were added to an 8 mL
glass vial capped with a septum, which was punctured with
a short needle. The vial was placed in a stainless-steel
autoclave, the autoclave was closed and stirring was started
at 1,000 rpm. After three times pressurizing with first
nitrogen and then hydrogen, the autoclave was pressurized
with hydrogen to 10 bar and the temperature was raised to
180 °C. After 1 h, the pressure was raised to 80 bar and the
reaction was continued for 3 h. Then, the autoclave was
allowed to cool to ambient temperature and the pressure
was released. The reactor content was filtered to remove
the catalyst and the filtrate was subjected to GC analysis.

@ Springer

2.2.3 Reaction of 2 to 1 Using CuCr Catalysts
at an Elevated Temperature

2 (500 mg, 4 mmol) dissolved in 1-propanol (30 mL) and a
CuCr catalyst (100 mg) were added to a 100 mL stainless
steel autoclave (Parr). The reactor was flushed three times
with nitrogen and subsequently with hydrogen. After
flushing, the reactor was pressurized to 100 bar, and the
reaction mixture was stirred (1,000 rpm) and heated to
260 °C for 6 h. Then, the autoclave was allowed to cool to
ambient temperature and the pressure was released. Prod-
uct mixtures were filtered to remove the catalyst and the
filtrate was subjected to GC analysis.

2.2.4 General Reaction Procedure for the Reaction of 2
to 1 in Water

2 (100 mg, 0.75 mmol), the Rh-ReO,/SiO, catalyst
(10 mg), water (2 mL) and a Teflon stirring bar were added
to an 8 mL glass vial capped with a septum, which was
pierced by a short needle. The vial was placed in a stain-
less-steel autoclave, the autoclave was closed and stirring
was started at 1,000 rpm. After three times pressurizing
with first nitrogen and then hydrogen, the autoclave was
pressurized with hydrogen to 10 bar and the temperature
was raised to 180 °C. After 1 h, the pressure was raised to
80 bar and the reaction was continued for 3 h. Then, the
autoclave was allowed to cool to ambient temperature and
the pressure was released. The reactor content was filtered
to remove the catalyst and the filtrate was subjected to GC
analysis.

2.2.5 Cyclization of 2 to 5

In a 100 mL three-neck round bottom flask, 2 (3.354 g,
25 mmol) was dissolved in sulfolane (25 mL). Then, triflic acid
(13.3 pL, 0.15 mmol) was added and the reaction mixture was
heated to 125 °C for 30 min. The reaction mixture was cooled
and analysed using GC-FID, GC-MS and 'H- and >C-NMR.

2.2.6 General Procedure for the Reaction of 5 to 1
in Water

The procedure described here is for the Rh—-ReO,/SiO,
catalyst. The same procedure was used for all other cata-
lysts. 5 (100 mg, 0.9 mmol), the Rh—ReO,/SiO, catalyst
(10 mg), water (2 mL) and a Teflon stirring bar were added
to a glass vial and the hydrogenation was performed as
described above for the hydrogenolysis of 2, except that the
content was stirred for 3.5 h at 80 bar instead of 3 h.
Product mixtures were filtered to remove the catalyst and
the filtrate was subjected to GC analysis.
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2.2.7 Product Analyses

Gas chromatography using a CP-WAXS7CB column
(25 m length, 0.2 mm internal diameter, and 0.25 pm film
thickness) and a flame ionization detector (GC-FID) was
used for product identification and quantification. The
injector and the detector temperature were set at 250 °C.
The oven temperature was kept at 40 °C for 5 min then
heated up to 180 °C with a heating rate of 5 °C/min and
to 230 °C with a heating rate of 10 °C/min and kept at

OH H,
How
OH cat. OH

2 1 4

H OH
HO/\/\/\/O + w

kieselguhr (promoted with zirconium). Most of the catalysts
were not active at the prevailing reaction condition, the only
exceptions being Ru/C and the bimetallic Rh—ReOy on silica.
Activity though, was very low and the conversion of 2 was less
than 10 % (5 % for Rh—ReO,/SiO, and 8 % for Ru/C) with a
selectivity to 1 of 57 % for Rh—ReO,/SiO, and 56 % for Ru/C.
The byproduct for the reaction with Rh—ReO,/SiO, catalyst
was the undesired 1,5-hexanediol 4 (Eq. 3), byproducts for the
reaction with Ru/C were not identified. It is clear that both Ru/
C and Rh—Re0,/Si0, showed similar performance.

this temperature for 15 min. A split ratio of 50 was used.
Helium was used as the carrier gas with a flow rate of
1.1 mL/min. Toluene was used as an internal standard for
the GC analysis.

GC-MS analyses was performed on a Hewlett-Packard
5890 gas chromatograph equipped with a quadrupole
Hewlett-Packard 6890 MSD selective detector and a
30-m x 0.25-mm internal diameter x0.25-pm-film sol-gel
capillary column. The injector temperature was set at
250 °C. The oven temperature was kept at 40 °C for 5 min,
then increased to 250 °C at a heating rate of 3 °C/min, and
then held at 250 °C for 10 min.

3 Results and Discussion

3.1 One-step Conversion of 2 to 1

CuCr

H, (100 bar)
HO OH 2 HO/\/\/\/OH +

OH 1-propanol, 260 °C

2 1

+ HO/\/\/\ .

10

The screening studies revealed that CuCr catalysts were
not active under the prevailing reaction conditions. This is
remarkable as Utne and co-workers reported the use of
copper chromite catalyst for the direct conversion of
THFDM to 1, most likely also involving 2 as an interme-
diate. However, the reaction conditions used by Utne
(300 °C and 380 bar) to obtain a 40-50 % yield of 1 were far
more severe than used here [53]. Thus, additional experi-
ments were performed with CuCr (BASF) at elevated tem-
peratures and pressures (260 °C, 100 bar, 6 h, 1-propanol)
using 2 as the substrate. At these conditions, the catalyst is
indeed active and 93 % conversion of 2 was achieved. The
selectivity to 1, though, was relatively low (46 %), giving a
yield of 43 %, in the same range as observed by Utne under
more severe conditions. Byproducts were the diol 4 (25 %),
tetrahydropyran-2-methanol (5, 11 %), 1-hexanol (10,
10 %), and 1,5-pentanediol (11, 8 %), (Eq. 4).

QL

4 5 OH

W/OH +

OH

HO" >"""0H

1

3.1.1 Exploratory Catalyst Screening Studies

A wide range of catalysts were screened for the catalytic hy-
drodeoxygenation of 2 to 1 in I-propanol as the solvent
(180 °C, 3 h, 80 bar) including CuCr (three types), CuZn
(three types), Ru-based catalysts (Ru/C, Ru/TiO,, Ru/Al,03),
Rh-based catalysts (Rh—ReO,/SiO,, Rh/C, Rh/Al,03, Rh/
Si0;), Pd-based catalysts (Pd/Al,O3, Pd/C), Pt/C, and Ni/

3.1.2 Detailed Studies Using Bimetallic Rh—Re Catalysts

Further investigations aimed to increase the yield of
1,6-hexanediol were performed using bimetallic Rh—Re
catalysts on various supports in water as solvent (Table 2).

The conversion and selectivity to 1 were considerably
higher in water than in 1-propanol, the solventin the screening
study. These differences in catalytic performances may be

@ Springer
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Table 2 Overview of the reaction of 2 to 1 using Rh-Re catalysts®

Cat. system Yo-conv.  %-sel.  %-sel.  %-sel.
tol to 4 to others

Rh-ReO,/SiO} 5 57 28 15
Rh-ReO,/Si0O, 17 73 27

Rh-ReO,/SiO, + y-Al,O3 22 69 24 7
Rh-ReO,/Si0,-Al,0; 7 66 19 15
Rh-ReO,/Si0,-Al,05 20 76 18 6
Rh-ReO,/y-Al,03 3 38 22 40
Rh-ReO,/SiO; + K,CO; 1 0 0 100
K>CO; 1 0 0 100

T =180°C, P, =10bar, t; =1h, P, = 80 bar, t, = 3 h, cata-
lyst = 10 wt%, solvent = water; ® solvent = 1-propanol; € t; = 20 h

due to competitive adsorption of the solvent (1-propanol) and
the substrate on the ReO, clusters. Tomishige et al. [54]
proposed a mechanism for the reaction of THF-alcohol to 1,5
pentanediol using Rh—Re catalysts. It involves coordination
of the OH group of the substrate to Re and subsequent hy-
drogenolysis of the C—O bond by the neighboring Rh centre.
Thus, itis possible that water is bound more weakly to Re than
1-propanol, leading to enhanced reaction rates.

The possible positive effects of enhanced acidity on
catalyst performance, as observed in the literature (Table 1),
was probed by investigating the use of more acidic supports,
either by using bimetallic Rh—Re catalyst on y-alumina and
mixed silica-alumina supports or the addition of y-alumina
to a bimetallic Rh—Re catalyst on silica. The use of a Rh—Re
catalyst on alumina for alcohol deoxygenation studies has to
the best of our knowledge not been reported before.

Reaction using Rh—Re on silica in combination with
alumina (without Rh—Re), led to slightly higher conver-
sions than for the reaction in the absence of alumina (22 vs.
17 %), though the selectivity to 1 was slightly reduced
(69 % vs. 73 %). Thus, it seems that catalyst activity is
positively affected by the addition of alumina.

The use of a bimetallic Rh—Re catalyst on y-alumina led to
low catalyst activities (3 % conversion vs. 17 % for silica), in
line with the results for the mixed silica-alumina catalyst. Thus,
the use of alumina instead of silica or partial substitution of
silica by alumina has a negative effect on catalyst performance.

Experiments with the standard Rh—Re catalyst on silica
in the presence of K,COj3; gave a negligible conversion at
standard conditions, an indication that bases have a nega-
tive effect on the reaction rates. Similar observations were
reported by Dumesic and co-workers [44] for the conver-
sion of 5 using Rh—ReO, catalysts on carbon in the pres-
ence of 0.1 M NaOH (120 °C, 34 bar H,, 4 h).

The effects of the process conditions (temperature, reac-
tion time) on the hydrogenation of 2 were investigated using
the Rh—Re on silica catalyst (Table 3). Temperature has a
profound effect on catalyst activity and conversions of 2
increased from 9 % to near quantitative conversion at
180 °C for reaction times of 20-24 h. The almost constant
selectivity to 1 at the different conversion levels (67-73 %)
is remarkable. It suggests that the activation energy for the
desired reaction to 1 is rather similar to that of the undesired
reaction to 4.

3.2 Two-step Synthetic Approach Via
Tetrahydropyran-2-methanol

Experiments on the conversion of 2 using CuCr catalysts in
1-propanol at elevated pressures and temperatures (vide
supra) resulted in the formation of tetrahydropyran-2-
methanol 5 as a side product (Eq. 4). This compound may
be considered as an intermediate in the reaction sequence,
as it is formed by an intramolecular etherification of 2, and
a ring opening reaction could either lead to diol 1 or 9
(Eq. 5). This observation triggered us to perform additional
catalytic hydrogenation experiments using 5 as the starting
material.

HOWOH AN OH HOW
> > HO
OH o )

OH
5

2 1

OH
9

Reactions at standard conditions with a Rh—Re catalyston a
mixed silica-alumina support led to considerably lower con-
versions compared to the silica only catalyst (7 vs. 17 %).
Further prolongation of the reaction time to 20 h led to 20 %
conversion with 76 % selectivity to 1. The selectivity at this
conversion level is similar to that of the silica only catalyst.
Thus, the use of mixed alumina-silica supports leads to a
considerable reduction in catalyst activity, though the selec-
tivity is comparable with that of silica at similar conversion
levels. Apparently, silica is essential for high catalyst activity.

@ Springer

Synthetic methodology for the synthesis of 5 has been
reported; examples are the oxidative cyclization reaction of
5-hexen-1-ol [55-57] using TS-1 (60 °C, 6 h) [55, 56] or a
PNIPAAmM-PW ,0,40°~ complex (60 °C, 6 h) [57] to give
90 % and 70 % yield of 5, respectively. The synthesis of 5
from 2 [58] using BuSnCl; as the catalyst (230 °C, 3 h) has
also been explored and § was obtained in 60 % yield.

An improved synthetic procedure was developed by us
involving the acid catalysed ring-closure of 2 using triflic
acid in sulfolane at 125 °C. After 30 min, conversion was
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Table 3 Effect of process conditions on reaction of 2 to 1 using a
Rh-ReO,/SiO; catalyst®

Table 4 Results for catalyst screening study on the conversion of
pyran 5 to diol 12

T (°C) t, (h) %-conv. %-sel. to 1 %-sel. to 4 Catalyst Yo-conv. %-sel. to 1
120 24 9 67 19 Rh-ReO,/Si0, 8 100
150 20 19 71 24 Rh-ReO,/TiO, 12 100
180 3 17 73 27 Rh-ReO,/Al,03 0 0
180 20 100 73 28 Rh-ReO,/C 0 0
" Rh-ReO,/Si0,—Al,04 5 100
“Py=10bar, t;=1h, P,=280bar, catalyst=10 wt%, Rh-MoO,/SiO} 9 100
solvent = water .

Rh-WO,/SiO5 0 0

quantitative and 5§ was the sole product (GC and GC-MS),
indicating that it is a very viable alternative for the syn-
thetic methodology using n-butyltin trichloride.

A wide range of catalysts was screened for the catalytic
hydrogenolysis reaction of pyran 5 to 1 using hydrogen gas
(180 °C, 80 bar, 3.5 h, water as solvent). Ru-based catalysts
(Ru/C, Ru/Al,03), Pd-based catalysts (Pd/C, Pd/Al,O3),
Cu-based catalysts (CuCr, CuZn), Rh-based catalysts (Rh/
C, Rh/SiO,, Rh/Al,03), Pt/C, and Ni/kieselguhr (promoted
with zirconium) were not active at the prevailing reaction
conditions. More promising results were obtained with
bimetallic Rh-based catalysts on various supports (Table 4).

Four catalysts (Rh—ReO,/SiO,, Rh-ReO,/TiO,, Rh-
ReO,/Si0,-Al,05;, Rh—Mo00,/Si0,) gave up to 5-12 %
conversion with 100 % selectivity to 1. The activity is a
function of the support type and best results were obtained
with titania. Surprisingly, the Rh—ReOy on carbon catalyst
is inactive, an observation not in line with literature data
[44, 45]. Tomishige [45] reported 36 % conversion with
97 % selectivity to 1 (100 °C, 80 bar, 24 h) whilst Dumesic
[44] obtained 27 % conversion with 97 % selectivity to 1
(120 °C, 34 bar, 4 h) using carbon supported catalysts. A
possible explanation for these differences in catalytic per-
formance is the use of a different catalyst preparation pro-
tocol. We did not perform a calcination step after catalyst
synthesis to avoid partial destruction of the C support.

Replacement of Re in the bimetallic Rh—Re catalysts
with other metals only led to an active catalyst in case of
Mo. W and Sn promoted Rh-catalysts were not active.

Further improvements in catalytic performance were
explored by variation of the Rh content of the catalyst at a
fixed Rh—Re ratio and the results are provided in Table 5.
Higher Rh contents (6.5 wt%) led to higher conversions but
the selectivity to 1 decreased from 100 to 71 %. Also a
reaction using this catalyst was performed with a higher
catalyst intake (20 wt%) on substrate. Essential quantitative
conversion was obtained (96 %), however the selectivity to 1
was only 55 %, the main byproduct being 1,2-hexanediol (9).

The effect of reaction conditions and particularly reac-
tion time and temperature on catalyst performance of the
Rh—Re/silica catalyst was determined (Table 6). A low
conversion, though with 100 % selectivity to 1 was

Rh-Sn0,/SiO, 0 0

T =180°C, Py =10bar, t; = 1 h, P, = 80 bar, t, = 3.5 h, cat-
alyst = 10 wt%, water; ® Mo to Rh molar ratio of 0.91; W to Rh
molar ratio of 0.13

Table 5 Conversion of pyran 5 to diol 1 using Rh—ReO,/SiO, cat-
alysts with various Rh contents and catalyst intakes

Conditions %-conv.  %-sel. to 1 %-sel. to 9
4 wt% Rh, 10 wt% cat. 8 100 0
6.5 wt% Rh, 10 wt% cat. 62 71 0
6.5 wt% Rh, 20 wt% cat. 96 55 35

Table 6 Reaction of 5 to 1 using Rh—ReO,/Si0O, at different reaction
conditions®

T (°C) ty (h) Jo-conv. %-sel. to 1
180 35 62 71
120 35 7 100
120 20 26 96
180 20 86 46
a P,=10bar, t,=1h, P, =80bar, catalyst= 10 wt%,

solvent = water

obtained at 120 °C. Prolonged reaction times (20 h) at this
temperature gave 26 % conversion with 96 % selectivity to
1. At elevated temperatures (180 °C) and 20 h reaction
time, 86 % conversion was obtained, though the selectivity
to 1 dropped to 46 %. Thus, the most promising result was
obtained at 120 °C and 20 h reaction time leading to a high
selectivity to 1 (96 %) at a reasonable conversion (26 %).

4 Conclusions

The catalytic synthesis of 1,6-hexanediol from 1,2,6-hex-
anetriol using a hydrodeoxygenation approach with heter-
ogeneous catalysts has been explored. Various catalysts
have been tested and Rh—ReO,/Si0O, catalysts were found
to be the best. Two approaches were explored, a one pot
approach and a two-step approach using tetrahydropyran-2-
methanol 5 as the intermediate, see Eq. 6 for details.
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Ha
oH Catalyst OH
H OW —> Ho T one-step approach
OH
2 1
6
Hp
oH H* Catalyst OH
HOW —_—> O > Ho T two-step approach
OH OH
2 5

The one-step approach gave a very promising maximum
yield of 1 of 73 % at full conversion of 2. The first step in
the two step approach was achieved in essentially quanti-
tative yields. For the second step, the ring opening of S to
diol 1, the Rh-Re catalyst showed excellent selectivity
(96 %), though at a relatively low conversion level (26 %).
Thus when aiming for an overall high selectivity, as pre-
ferred for bulk-chemical processes with elaborate recycle
streams, the two step approach seems preferred.
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