
Process for the production of lower alcohols by olefin hydration The
present invention relates to the production of lower alcohols by
heterogeneously acid catalysed olefin hydration by the uses of structured
catalysts preferably under simultaneous extraction. In particular concerned
is an improved process for the production of isopropyl alcohol (IPA) by the
catalytic reaction of propylene with water. Description of the prior art
The hydration of olefins by the use of acids as catalysts is well known in
the art. Early industrial processes were based on inorganic acids, e.g.
sulphuric acid at high or low concentration (US 4,471 ,142) employed in the
liquid state. Corrosion problems, acid re-concentration, high energy demand
and environmental con cerns led to more modern techniques and the use of
heterogeneous catalysts such as solid acid catalysts. As supported
catalysts liquid acids based on phos phoric acid on an inorganic porous
support were suggested in DE 1042561 A 1, heteropolyacids in US 3,996,298,
zeolites in US 1,395,65 and ion exchange res ins in DE 2147740 A 1.
Processes for the hydration of olefins employing ion exchange resins
commonly operate at pressures in the range from 60 to 200 bar and
temperatures between 120 and 18O0C. When resins are used modern temperature
resistant resins, such as Amberlyst 70 (Rohm and Haas) are preferred, such
as those disclosed in EP 1,574,252 Al. Ion exchange resin catalysts are
generally randomly arranged on stages in con tinuously operated tubular
reactors. Due to the very limited miscibility of propyl ene and water both
components pass the catalyst bed in the form of separate phases (T. W.
Leland et al., Ind. Eng. Chem. 1955(6), pp. 1265-1271). Such fixed bed
reactors can operate in a co-current up flow such as taught in US 4,760,203
or in a down flow as disclosed in DE 2,147,740. The resin is typically used
in the form of beads with diameters in the range of 0.5 to 1.0 mm. The
beads are ran domly packed on such stages. An example of such a random
packing is de scribed in US 4,831 ,197.The hydration of olefins is a
reversible exothermic reaction consuming water as the reactant. Many prior
art processes, however, use additional water to remove heat. Typical molar
feed ratios water/olefin therefore range from 10 to 20 : 1, an example of
which is described for IPA in US 4,340,769. The advantage of the 5 process
layout of US 4,340,769 is a high olefin conversion rate but the product
alcohol IPA exits the reactor as a diluted aqueous solution with
concentrations ranging from 5 to 15 wt.-%. To recover pure IPA costly
distillation processes are required. i o Object of the Invention The
hydration of olefins requires ion exchange resin catalysts with great me
chanical strength in particular when high pressures and temperatures are in
volved. It has been found that many ion exchange resin catalysts deform due
to the high pressure drop caused at high mass flow velocity. It is
therefore one ob- 15 jective of the present invention to provide suitable
catalyst arrangements for the 



hydration of olefins. A further object of the invention is to provide a new
process for olefin hydration by arranging the acidic catalyst in structured
packings. Summary of the Invention 0 The invention is defined in the
independent claims. Preferred embodiments are the subject matter of the
dependent claims or are described herein below. The invention relates to a
process for the continuous production of a lower ali phatic alcohol having
from 2 to 5 carbon atoms, preferably having 3 to 5 carbon, 5 most
preferably having 3 or 4 carbon atoms, by the catalytic hydration of lower
aliphatic olefins having 2 to 5 carbon atoms, preferably 3 to 5 carbon
atoms, most preferably having 3 or 4 carbon atoms, in the presence of water
and an immobi lized strongly acidic structured catalyst preferably at a
temperature of 80 to 22O0C, in particular from 130 to 1900C, and a pressure
of about 40 to 200 bar, in 0 particular from 60 to 120 bar. As starting
material linear olefins are preferred. Preferably each the olefin, the
water and the alcohol are predominantly (by weight) in the liquid state
during the reaction. Elevated pressures are necessary to keep all
components in a condensed state, liquid and/or supercritical, wherein
olefins such as propylene and water show a large miscibility gap. Due to
the hy- 5 drophilic behaviour of the acidic resins the catalyst surface is
always well wetted with water even at low water hold-up. This demands high
pressures to dissolve the olefin in water and to transport the olefin to
the active sites of the catalyst.Caused by the arrangement of the catalyst,
in particular the catalyst beads, an effective extraction occurs
simultaneously with the formation of the alcohol. As a consequence recovery
of the alcohol can be done by working up the organic phase instead of the
aqueous phase as it is done in state of the art processes. Simultaneous
extraction of the product alcohol exceeds chemical equilibrium limi tations
and improves the selectivity. Structured catalysts are catalysts enabling
high mass transfer and high interfacial areas for distributing and mixing
the two nearly immiscible liquids in the afore mentioned process of
heterogeneous reactive extraction. Structured packings can be obtained by
any kind of wrapping method for the catalyst particles and shaping the
wrapped catalyst into fluiddynamically favourable arrangements. In
principal the structured catalysts used in the reactive extraction process
of the present invention can be those known from reactive distillation
processes. In the process of heterogeneous reactive extraction a structured
catalyst ensures mass transfer between two liquid phases. In addition a
structured catalyst can be in stalled in the reactor avoiding dead volumes
and bypasses for the liquid flow, thereby leading to higher catalyst
efficiency. The present invention differs from conventional homogenous
liquid-liquid extrac tion processes, wherein a liquid catalyst or a
catalyst in the dissolved state, solved in at least one of the liquid
phases is used in that the catalyst is an immobilized solid and a
liquid-liquid extraction is employed in the presence of such catalyst. Such
process may be called a heterogeneous reactive extraction pro cess.
According to one embodiment of the process according to the present
invention 



the acidic catalyst is immobilized in the form of a) a structured catalytic
packing. According to a preferred form of above embodiment the catalyst,
preferably in the form of particles/beads of approximately 0.5 to 5 mm
diameter in size, is locked inside multiple, liquid permeable and shaped
containments which insure good liquid distribution and mixing inside the
reactor.A suitable example of a structured catalytic packing is the
commercially available catalyst Sulzer Chemtech Katapak, which consists of
a wire mesh forming pock ets filled with the catalyst. The catalyst is in
particulate form. The liquid permeable wire mesh pockets are corrugated, by
this shaping the mesh into a geometrical shape. This ensures good fluid
distribution and mixing. The structured packing consists of layers of metal
wire gauze in which the acid catalyst is embedded and thus immobilized in
"pockets". A further example is commercially available by the company
CDTECH. Instead of wires glass fibre cloth is used to enclose the
particulate catalyst, which is sewn into pockets. The pockets are filled
with catalyst particles. In US 4,242,530 such a catalyst arrangement is
described in more detail. Today this technology is used by the CDTECH
Company. Said catalyst arrangement consists of resin beads arranged in a
plurality of pockets in a cloth belt. This belt is supported in the reactor
by open mesh knitted stainless steel wire by twisting belt and knitted mesh
together. The knitted stainless steel mesh allows passage of two phase
flow. By coiling the arrangements bales are formed which can be introduced
inside the reactor an trays. Another example of a structured catalyst
consists of vapour permeable plates which contain catalyst in a space
between the plates. Another approach is the shaping of the catalyst into a
monolithic body to form b) a monolithic support impregnated or coated with
the acidic catalyst. This layout of a catalyst is known in the field of
exhaust gas treatment catalysts for cars. Monoliths preferably have
parallel channels whereby the channels are not necessarily interconnected.
By impregnating such a monolith with acidic ma terials a well suited
structuring for olefin hydration may be reached. Furthermore monolithic
structured catalysts with the shape of honeycombs or other parallel channel
structures known from exhaust gas catalysts in cars are suitable. c) Acidic
fibres as part of woven or non woven fabrics The structuring of the
catalyst can be established by shaping the catalyst into acidic fibres as
part of woven or non woven fabrics. This is explained in Yoshioka T., Bull.
Chem. Soc. Japan 56, (1983), 3726-3729 and Yoshioka T., Bull. Chem. Soc.
Japan 58, (1985) 26182625. The manufacture of ion exchange fibres is well
known to those skilled in the art, see, for example,M. Lewin et al., "High
Technology Fibers" Part B, Handbook of Fiber Science and Technology, Volume
111, Marcel Dekker, Inc., New York, 1989; U.S. Pat. No. 3,055,729 and U.S.
Pat. No. 2,933,460, which are hereby incorporated by refer ence. Materials
such as the FIBAN-fibres (as mentioned in US 5,552,056 A) can be suitable
for heterogeneous reactive extraction for olefin hydration especially when
the fibres are shaped into 3-dimensional structures. Such shaping into
structured 



devices can be accomplished by weaving, knitting, crocheting, breading,
stitching, knotting, twisting into ropes, as non woven fabrics, as felts or
any other method that allows to design fibrous 3-dimensional structures
with good heat and mass transfer properties and high interfacial area. d)
Catalytic elements aligned on wires or filaments Catalytic elements aligned
on wires or filaments are perforated catalyst particles on fibres, ropes,
wires or any kind of filament, like a pearl necklace in jewellery and
coiling this rope of pearls to larger arrangements by weaving, twisting,
bend ing, braiding, knitting, knotting or crocheting. Another method can be
the stitching of pearls on a cloth and shaping the pearl covered cloth into
a three dimensional structure. e) Catalytic elements formed by foams or
sponges Different to b) foams and sponges are porous solid materials with a
random channel structure of the open pores. In addition for good liquid
distribution and mixing gaps, slots in straight or corrugated kind may be
cut into the sponge or foam. With respect to the pore structure sponges and
foams are like picture and mirror picture. For example foams are prepared
by expansion of a gas in a polymer mixture. If such a porous polymer is
filled with inorganic slurry and the polymer is burned off, the result is a
sponge of the inorganic sintered material. In recent years foams or sponges
have been proven to be suitable for multiphase processes. Examples how to
manufacture such materials are given in US 4,985,468 and US 6,855,739. It
can be useful to introduce gaps, grooves or the like to guide fluid through
the sponges/foams and or to distribute the liquids over the surface area of
such materials to favour mass and heat transfer.Above immobilized catalyst
ensures excellent mass transfer between olefin and water phase, which form
two nearly immiscible liquid phases under the reaction conditions. The
Taylor flow regime known from gas-liquid processes may be used for the
present liquid-liquid process as well. Structured catalysts can be
dispersed in the reactor, avoiding dead volume and bypassing of the two
liquids to be contacted. Many different types of structured catalysts known
from reactive distillation processes can be employed in the pre sent
process. For the further definition and layout of structured catalytic
packings it is referred to K. Pangarkar et al., Ind. Eng. Chem. Res. 2008,
47, pp. 3720-3751 . The devices of which are disclosed therein, are
herewith made of reference for the present application. Some particular
preferred catalyst designs that can suitably be employed in the process
according to the present invention are described in WO 90/02603. The
structured catalytic packings according to WO 90/02603 comprises a
plurality of layers with flow channels between said layers for a flow of
reactants, therein said layers having walls defining an interspace there
between; and a catalyst material in each interspace of said layers, wherein
the walls are made of a material per meable to the reactants but
impermeable to the catalyst material to permit a cata 



lyzed reaction of the reactants within said interspaces. The device further
com prises a plurality of guide elements spacing said layers from each
other and defining said flow channels. The guide elements are preferably
made of corrugated plates and/or rod element. The guide elements may be
angularly disposed with respect to a longitudinal axis of a respective
layer. The layers may be made of wire cloth and knitted wire fabric and of
materials such as metal, glass and plas tic. The layout of the reactor may
comprise a housing having an admission space for reactants and a delivery
space for drawing off reactants and products; a plurality of tubes
connecting said spaces with each other; a plurality of devices disposed in
each tube for a catalyzed reaction therein, each said device including a
plurality of layers disposed in relation with flow channels between said
layers for reac tants, each said layer defining an interspace therein; and
a catalyst material in each interspace of said layers,each said layer being
made of a material permeable to the reactants and imper meable to said
catalyst material to permit a catalyzed reaction in a respective in
terspace; a tube connection in said housing for supplying a heat conveying
medium to a heat exchange space about said tubes; and a tube connection in
said housing for moving the medium from said heat exchange space. Other
suitable layouts of structured catalysts are described in EP 0,428,265 A1,
US 4,242,530, US 4,439,350, DE 1904144 A 1 , US 4,296,050 and EP 0 130745
A2, EP 0664732, DE 10012615. US 3,965,039 and US 4,012,456, DE 1569537, CH
422306 and CH 437249. Structured packings are called the three-dimensional
structures forming the cata lyst containing pockets. Particularly preferred
for use in the claimed process are stainless steel wire mesh packings, such
as Sulzer Chemtech Katapak, and bale packings, as offered by CDTECH. The
catalysts is an acidic solid material e.g. ion exchange resins, composites
made of ion exchange resins with porous carrier materials, heteropolyacids,
impregnated supports with strong mineral acids, zeolites or any acidic
material which is stable under the process conditions of the present
process. All catalysts are preferably in the form of particles when used in
the structured catalytic pack ings. One preferred aspect of the invention
is the application of a structured packing filled with ion exchange resin
catalysts. Thus, the applicability of commercially available ion exchange
resin catalyst is enlarged even to mechanically less stress resistant
polymers (brittle or soft, gel type or macro reticular). The structured
packing aerates the wetted catalyst avoiding large lumps of catalyst to be
formed which are impenetrable by the olefin flow. This property of the
structured packing in combination with the excellent wetting by water leads
to high interfacial surface areas and thereby enhances mass transfer. In
addition the olefin is well distrib uted all over the structured catalytic
packing efficiently penetrating the wet cata lyst.When using a structured
metal packing the radial heat transfer is improved. The well defined
distribution of reactants and the catalyst guaranties a uniform heat 



generation avoiding clusters of overheated catalyst. This prevents also the
oligomerisation of propylene. Thus, the catalyst is less stressed by
thermal and chemical attack extending its lifetime. Furthermore, the
structured packing decreases the heat generation rate per reac tor volume
by spacing the catalyst within the reactor. The heat of reaction for IPA
formation by propylene hydration with 5 1.4 kJ/mole is moderate and the
generated amount of heat can be removed by well known procedures, e.g.
multibed adiabatic reactors with intersectional heat exchangers or cooled
multitube reac tors. Due to the application of structured packings as is
proposed herein the water hold-up and consequently the water feed can be
reduced significantly. Coming to a higher propylene feed an organic phase
is established which efficiently extracts the IPA from the catalyst. The
simultaneous extraction of the IPA avoids the un wanted formation of ether
and enlarges the distance to the chemical equilibrium. Product recovery
from such an organic phase is easier achieved than from the commonly
produced aqueous phase. The aqueous phase withdrawn from the reactor outlet
is separated from the organic phase by decantation and can be re cycled to
the reactor inlet. The recyclate has to be treated with anion exchange
resins to trap acidic ions which can be dissolved from the acidic catalyst
in the reactor. Extraction occurs parallel and simultaneously with the
formation of the alcohols. The obtained alcohol is preferably extracted
from the water phase existing on the phase boundary made up between the
surface of the water comprising film and the organic phase flooding the
empty space within the structured packings. The outlet streams are
preferably worked up by heteroazeotropic distillation. The reaction
conditions are preferably such that multiple condensed phases are formed in
the reactor. This is achieved by applying a pressure to the reactor which
ensures to keep the water in the liquid state and the olefin in the liquid
or supercritical state, respectively.Under such conditions it is found that
water and olefin are nearly immiscible in the condensed state for process
conditions ranging from 80 to 220 0C and from 40 to 200 bar, in particular
ranging from 130 to 1900C and from 60 to 120 bar. In summary the reactive
extraction in combination with the application of a struc tured catalytic
packing and the improved product recovery present enormous process
intensification. According to one embodiment of the invention the en
hancement of the overall chemical reaction rate is achieved by simultaneous
ex traction in multiple condensed phases. The best results were found when
using propylene as the stationary phase and water as the mobile phase
flowing downwards through the structured catalytic packing and separating
IPA from the organic phase. A space-time yield (STY) of max. 7.96 molep
A/ltr cat/hr was observed compared to 4.79 molei PA/ltr cat/hr in an
experimental setup without structured packing. A further advantage of this
Opera tion mode in particular for IPA production is a low pressure drop
even at high flow rates. 



Below given examples show how structured catalytic packings can be used
advantageously. A high hold-up of the organic phase and a low load of the
trickling aqueous phase inside the structured packing are the key factors
for improved alcohol production. In addition the pressure drop is
significantly reduced so that an additional surfactant as recommended in US
4,831 ,197 is no longer neces sary. Though, the experiments presented here
were performed in a counter-current flow mode it is obvious that co-current
flow mode from the reactor design and Layout is easier to realise. Detailed
Description of the Invention The invention is further detailed with
reference to the figures without that the fig ures are construed to limit
the scope of the invention to the embodiments de picted. The figures show
the following: Figure 1: a set up of an apparatus for evaluating the
catalyst; Figure 2 : a laboratory column reactor with structured catalytic
packing for olefin hydration with separation layer at the bottom;Figure 3:
a laboratory column reactor with structured catalytic packing for olefin
hydration with separation layer at the top; Figure 4: a scheme of the
multibed adiabatic reactor with intersectional heat ex change; Figure 5: a
multitube reactor with heat exchange; and Figure 6: a scheme of the
separation procedure according to the present inven tion. Surprisingly high
space time yields (SPO were observed in the test apparatus as depicted in
Fig. 1 even for traditional resin catalysts for the below given superfi
cial mass flow velocities (G) described in Table 1. The operating pressure
was set to 90 bar. Table 1 Comparison of random and structured packing for
IPA production catalyst A catalyst B operated at temperature operated at
1700C limit temperature limit 19O0C of 16O0C random structured random pack-
structured packing packing ing packing STY 3.34 5.37 4.79 7.96
[moleiPA/ltrcat/hr] G [kg/m2/s] 0.78 0.29 0.78 0.29 In the following
examples further results are given showing the improvements in alcohol
production by the application of a structured packing in combination with 



extraction. The examples concern the hydration of n-butylenes and propylene
to 2-butyl alcohol (SBA) and isopropyl alcohol (IPA), respectively. All
experiments were performed in a laboratoiy column reactor equipped with
structured catalytic packing as depicted in Fig. 2 and 3.Example 1:
Butylenes were used as the olefins for the comparison of different flow and
hold up situations. In the Figs. 2 and 3 the reactor 7 is fed by the olefin
inlet stream 1 and the water inlet stream 2. The reactor is equipped with a
structured catalytic packing (Sulzer Chemtech Katapak) and an adequate
temperature control. Stream 3 is the organic phase outlet and stream 4 is
the aqueous phase outlet. The minor part of stream 3 served as purge
stream. The recycle stream 5 is moved by pump 8 and is combined with a feed
stream to the reactor inlet stream 6. Number 9 marks the position of the
phase boundary layer between organic and aqueous phase. Four different
Operation modes were investigated: a) Butylenes were the stationary phase
and water was the mobile phase. Sepa ration layer 9 was below the catalytic
packing, see Fig. 2 . Recovery of SBA was done from the aqueous phase,
stream 4. There was no recycle, stream 5 was zero. By feeding 1980 gr/hr of
water (stream 2) a reaction product of 1999 gr/hr (stream 4) was removed.
This product stream contained 1.16 wt.-% of SBA, the achieved STY was 0.78
moless BA/ltr cat/hr. Reacted butylenes were added via a pressure control
system over stream 1 with a calculated amount of app. 19 gr/hr. b)
Butylenes were the stationary phase and water was the mobile phase. Sepa
ration layer 9 was below the catalytic packing, see Fig. 2 . Recovery of
SBA was done from the organic phase, stream 3 . The major part of the
aqueous phase outlet stream 4 was recycled by stream 5. By feeding 990
gr/hr of butylenes (stream 1) a reaction product of 1016 gr/hr (stream 3)
was removed. This product stream contained 5.28 wt.-% of SBA, the achieved
STY was 1.81 mole SBA/ltr cat/hr. Reacted water was added via a level
control system for phase boundary layer over stream 2 with a calculated
amount of app. 26 gr/hr. c) Water was the stationary phase and the
butylenes were the mobile phase. Separation layer 9 was above the catalytic
packing, see Fig. 3. Recovery of SBA was done from the aqueous phase,
stream 4. The major part of the organic phase outlet stream 3 was recycled
by stream 5. By feeding 1010 gr/hr of water (stream 2) a reaction product
of 1017 gr/hr (stream 4) was removed. This product stream contained 0.93
wt.-% of SBA, the achieved STY was 0.32 moless BA/ltrcat/hr. Reacted
butylenes were added via a pressure control system over stream 1 with a
calculated amount of app. 7 gr/hr.d) Water was the stationary phase and the
butylenes were the mobile phase. Separation layer 9 was above the catalytic
packing, see Fig. 3. Recovery of SBA was done from the organic phase,
stream 3. There was no recycle, stream 5 was zero. By feeding 500 gr/hr of
butylenes (stream 1) a reaction product of 515 gr/hr (stream 3) was
removed. This product stream contained 3.13 wt.-% of SBA, the achieved STY
was 0.54 molesBA/ltrcat/hr. Reacted water was added via a level control
system for phase boundary layer over stream 2 with a calculated amount 



of app. 15 gr/hr. The results of these Operation modes are summarized in
Tab. 2. Table 2 Test results for SBA production operation mode a mode b
mode c mode d catalyst type B B B B cat. volume Itr. 0.40 0.40 0.40 0.40
pressure bar app. 90 app. 90 app. 90 app. 90 temperature 0C 170 170 170 170
STY molesBA/ltrCat/hr 0.78 1.81 0.32 0.54 stream 1 gr/hr app. 19 X) 990
app. 7 X) 500 stream 2 gr/hr 1980 app. 26 y) 1010 app. 15 y) stream 3 gr/hr
0 1016 0 515 stream 4 gr/hr 1999 0 1017 0 stream 5 gr/hr 0 2000 1000 0 x)
fed via pressure control system y) fed via level control system for phase
boundary layer The best results were achieved when using butylenes as the
stationary phase and water as the mobile phase flowing downward through the
structured catalytic packing and separating SBA from the organic phase. A
space-time yield (STY) of max. 1.8 molesBA/ltrcat/hr was achieved compared
to 1.4 molesBA/ltr cat/hr in an ex perimental setup without a structured
packing. Further advantages of this Opera tion mode for SBA production are
low ether formation and avoiding pressure drop problems at high flow
rates.Example 2 : Propylene was used as the olefin for the comparison of
different flow and hold-up situations. In the Figs. 2 and 3 the reactor 7
is fed by the olefin inlet stream 1 and the water inlet stream 2 . The
reactor is equipped with a structured catalytic packing and an adequate
temperature control. Stream 3 is the organic phase outlet and stream 4 is
the aqueous phase outlet. The minor part of stream 3 served as purge
stream. The recycle stream 5 is moved by pump 8 and is combined with a feed
stream to the reactor inlet stream 6 . Number 9 marks the position of the
phase boundary layer between organic and aqueous phase. Four different
operation modes were investigated: a) Propylene was the stationary phase
and water was the mobile phase. Separation layer 9 was below the catalytic
packing, see Fig. 2. Recovery of IPA was done from the aqueous phase,
stream 4. There was no recycle, stream 5 was zero. By feeding 1981 gr/hr of
water (stream 2) a reaction product of 2 110 gr/hr (stream 4) was removed.
This product stream contained 9.36 wt.-% of IPA, the achieved STY was 5.48
moliPA/ltrcat/hr. Reacted propylene was added via a pressure control system
over stream 1 with a calculated amount of app. 129 gr/hr. b) Propylene was
the stationary phase and water was the mobile phase. Separation layer 9 was
below the catalytic packing, see Fig. 2 . Recovery of IPA 



was done from the organic phase, stream 3. The major part of the aqueous
phase outlet stream 4 was recycled by stream 5. By feeding 2010 gr/hr of
propyl ene (stream 1) a reaction product of 2120 gr/hr (stream 3) was
removed. This product stream contained 13.55 wt.-% of IPA, the achieved STY
was 7.96 moleipA/ltrcat/hr. Reacted water was added via a level control
system for phase boundary layer over stream 2 with a calculated amount of
app. 110 gr/hr. c) Water was the stationary phase and propylene was the
mobile phase. Separation layer 9 was above the catalytic packing, see Fig.
3. Recovery of IPA was done from the aqueous phase, stream 4 . The major
part of the organic phase outlet stream 3 was recycled by stream 5. By
feeding 978 gr/hr of water (stream 2) a reaction product of 1016 gr/hr
(stream 4) was removed.This product stream contained 5.17 wt.-% of IPA, the
achieved STY was 1.62 moleipA/ltrcat/hr. Reacted propylene was added via a
pressure control system over stream 1 with a calculated amount of app. 38
gr/hr. d) Water was the stationary phase and propylene was the mobile
phase. Separation layer 9 was above the catalytic packing, see Fig. 3 .
Recovery of IPA was done from the organic phase, stream 3. There was no
recycle, stream 5 was zero. By feeding 980 gr/hr of propylene (stream 1) a
reaction product of 1022 gr/hr (stream 3) was removed. This product stream
contained 9.18 wt.-% of IPA, the achieved STY was 2.89 mol iPA/ltrcat/hr.
Reacted water was added via a level control system for phase boundary layer
over stream 2 with a calculated amount of app. 42 gr/hr. The results of
these operation modes are summarized in Tab. 3. Table 3 Test results for
IPA production operation mode a mode b mode c mode d catalyst type B B B B
cat. volume Itr. 0.60 0.60 0.54 0.54 pressure bar app. 90 app. 90 app. 90
app. 90 temperature 0C 170 170 170 170 STY molei PA/ltrcat/hr 5.48 7.96
1.62 2.89 stream 1 gr/hr app. 129 x) 2010 app. 38 x) 980 stream 2 gr/hr
1981 app. 110 y) 978 app. 42 y) stream 3 gr/hr 0 2120 0 1022 stream 4 gr/hr
2 110 0 1016 0 stream 5 gr/hr 0 2000 2000 2000 x) fed via pressure control
system y) fed via level control system for phase boundary layer The
formation of C2-C5 alcohols by olefin hydration is exothermic. For
instance, the heat of reaction for IPA production of 5 1.4 kJ/mole is
moderate and even lower for the higher alcohols.The generated amount of
heat can be removed, e.g. by multibed adiabatic reac tors with
intersectional heat exchangers o r cooled multitube reactors. Simplified
sketches showing the flow directions of the components with two heat
removal concepts are depicted in Fig. 4 & 5 . Co-current flow and/or
counter-current flow 



are also possible. Structured packings with high thermal conductivities are
bene ficial. State of the art in IPA production is the refinement of the
aqueous phase. Accord ing to one embodiment of the present invention the
organic phase is refined. This concept reduces the energy consumption
necessary for evaporating huge amounts of water which has a high heat of
vaporisation. The reactor is operated in such a way that in the organic
phase the molar ratio of water to IPA is always less than one. This can be
reached by appropriate short residence times of the organic phase since the
mass transfer rate into the organic phase for alcohol is higher than for
water and is additionally limited by the physical equilibrium be tween the
coexisting condensed phases. A s a consequence, the separation units can be
simplified. The presently used conventional distillation column for alcohol
enrichment from the dilute aqueous phase can be avoided and can be replaced
by a simple stripper to separate the unconverted propylene. It is state of
the art to use such a stripper for the easy separation of mixtures con
taining components having wide range of boiling points (Tb,Propene app. 225
K; Tb.isopropanoi app. 355 K; Tb,water app. 373 K ; all at 1 atm). The IPA
containing bot tom stream from the stripper is fed to the currently used
IPA purification units. A sketch of the simplified separation procedure is
depicted in Fig. 6 . The stripper can be operated without auxiliary
stripping gas. This is due to the large amount (greater 60 mole-%) of
propylene in the mixture supposed for separation. In one preferred
embodiment of the present invention the pressure level in the stripper
should be close to atmospheric conditions. The top stream 3 is recycled to
the reactor whereas purge stream 4 avoids accumulation of inerts in the
recycle stream.Table of Reference Numbers for Fig. 1 to 6 Fi ure 1:SIMIAN
ADENOVIRUS NUCLEIC ACID- AND AMINO ACID-SEQUENCES, VECTORS CONTAINING SAME,
AND USES THEREOF The present invention relates to novel adenovirus strains
with an improved seroprevalence. In one aspect, the present invention
relates to isolated polypeptides of adenoviral capsid proteins such as
hexon, penton and fiber protein and fragments thereof and polynucleotides
encoding the same. Also provided is a vector comprising the isolated
polynucleotide according to the invention and adenoviruses comprising the
isolated polynucleotides or polypeptides according to the invention and a
pharmaceutical composition comprising said vector, adenovirus, polypeptide
and/or polynucleotide. The invention also relates to the use of the
isolated polynucleotides, the isolated polypeptides, the vector, the
adenoviruses and/or the pharmaceutical composition for the therapy or
prophylaxis of a disease. BACKGROUND OF THE INVENTION The adenoviruses
(Ads) comprise a large family of double-stranded DNA viruses found in
amphibians, avians, and mammals which have a nonenveloped icosahedral
capsid structure (Straus, Adenovirus infections in humans; The
Adenoviruses, 451-498, 1984; Hierholzer etal.,J. Infect.Dis.,158 :
804-813,1988; Schnurr and Dondero, Intervirology., 36: 79-83,1993 ; Jong et
al., J. Clin. Microbiol., 37 : 3940-3945: 1999). In contrast to
retroviruses, adenoviruses can transduce numerous cell types of several
mammalian species, including both dividing and 



nondividing cells, without integrating into the genome of the host cell.
Generally speaking, adenoviral DNA is typically very stable and remains
episomal (e. g., extrachromosomal), unless transformation or tumorigenesis
has occurred. In addition, adenoviral vectors can be propagated to high
yields in well-defined production systems which are readily amenable to
pharmaceutical scale production of clinical grade compositions. These
characteristics and their well-characterized molecular genetics make
recombinant adenoviral vectors good candidates for use as vaccine carriers.
The production of recombinant adenoviral vectors may rely on the use of a
packaging cell line which is capable of complementing the functions of
adenoviral gene products that have been either deleted or engineered to be
nonfunctional. Presently, two well-characterized human subgroup C
adenovirus serotypes (i. e., hAd2 and hAd5) are widely used as the sources
of the viral backbone for most of the adenoviral vectors that are used for
gene therapy. Replication-defective human adenoviral vectors have alsobeen
tested as vaccine carriers for the delivery of a variety of immunogens
derived from a variety of infectious agents. Studies conducted in
experimental animals (e. g. rodents, canines and nonhuman primates)
indicate that recombinant replication-defective human adenoviral vectors
carrying transgenes encoding immunogens as well as other antigens elicit
both humoral and cell-mediated immune responses against the transgene
product. Generally speaking, investigators have reported success using
human adenoviral vectors as vaccine carriers in nonhuman experimental
systems by either using immunization protocols that utilizes high doses of
recombinant adenoviral vectors that are predicted to elicit immune
responses; or by using immunization protocols which employ the sequential
administration of adenoviral vectors that are derived from different
serotypes but which carry the same transgene product as boosting
immunizations (Mastrangeli, et. al., Human Gene Therapy, 7: 79-87 (1996).
Viral vectors based on human adenovirus type 5 (Ad5) have been developed
for different gene therapy and vaccine applications. Although Ad5-based
vectors are extremely efficient in animal models, the presence of a
pre-existing immunity in humans against Ad5 wild type virus has been
demonstrated in clinical trials to reduce the efficiency of gene
transduction. In particular, a clear reduction of the immunization
efficiency was demonstrated in subjects with titers of neutralizing
antibodies over 200 enrolled in vaccine clinical trial based on Ad5
vectors. The most extensive characterization of an Ad5 vectored vaccine was
obtained in the HIV vaccine STEP trial conducted by Merck (Moore JP et al.
Science. 2008 May 9; 320(5877):753- 5). The vaccine study was based on the
co-injection of 3 Ad5 vectors expressing different HIV antigens as proof of
concept study in subjects with high risk of HIV infection. Surprisingly,
the data revealed an increase of HIV infection rate in vaccinated subjects
with anti-Ad5 pre-existing immunity rather then a protective effect.
Although the mechanism of this paradoxical observation is not clear yet,
the results raised additional questions on the safety and efficiency of
vectors based on adenovirus of human origin for vaccine application in
healthy subjects. Taken together all results obtained so far in different
vaccine and gene therapy clinical trials such as the trials with Ad5
vectors increased the need for an adenovirus characterized in a very low or
absent pre-existing immunity in humans. SUMMARY OF THE INVENTION In a first
aspect the present invention provides an isolated polynucleotide that
encodes an adenoviral fiber protein or a functional derivative thereof and
that is selected from the group 



consisting of:(a) a polynucleotide encoding a polypeptide having the amino
acid sequence according to any of SEQ ID NOs: 14-19, 50 and 53; (b) a
polynucleotide encoding the functional derivative of a polypeptide
according to any of SEQ ID NOs: 14-19, 50 and 53, wherein said functional
derivative comprises the deletion, insertion and/or substitution of one or
more amino acid residues; and (c) a polynucleotide encoding a functional
derivative having an amino acid sequence which is at least 85% identical
over its entire length to the amino acid sequence of any of SEQ ID NOs:
14-19, 50 and 53. In a further aspect the present invention relates to an
isolated polynucleotide that encodes an adenoviral hexon protein or a
functional derivative thereof and that is selected from the group
consisting of: (a) a polynucleotide encoding a polypeptide having the amino
acid sequence according to any of SEQ ID NOs: 20-25, 5 1 and 54; (b) a
polynucleotide encoding the functional derivative of a polypeptide
according to any of SEQ ID NOs: 20-25, 5 1 and 54, wherein said functional
derivative comprises the deletion, insertion and/or substitution of one or
more amino acid residues; and (c) a polynucleotide encoding a functional
derivative having an amino acid sequence which is at least 95% identical
over its entire length to the amino acid sequence of any of SEQ ID NOs:
20-25, 5 1 and 54. Also provided is an isolated polynucleotide that encodes
an adenoviral penton protein or a functional derivative thereof and that is
selected from the group consisting of: (a) a polynucleotide encoding a
polypeptide having the amino acid sequence according to any of SEQ ID NOs:
26-31, 52 and 55; (b) a polynucleotide encoding the functional derivative
of a polypeptide according to any of SEQ ID NOs: 26-31, 52 and 55, wherein
said functional derivative comprises the deletion, insertion and/or
substitution of one or more amino acid residues; and (c) a polynucleotide
encoding a functional derivative having an amino acid sequence which is at
least 85% identical over its entire length to the amino acid sequence of
any of SEQ ID NOs: 26-31, 52 and 55. The invention also relates to a
polynucleotide comprising at least one of the isolated polynucleotide
according to the invention as outlined above. The invention further
provides an isolated adenoviral capsid polypeptide encoded by the isolated
polynucleotide according to the invention or a functional derivative
thereof. In a further aspect the invention provides a vector comprising the
isolated polynucleotide according to the invention.Also provided is a
recombinant adenovirus, preferably a replication-incompetent adenovirus,
comprising an isolated polynucleotide according to the invention and/or at
least one isolated adenoviral capsid polypeptide according to the
invention. A further aspect of the invention is a composition comprising an
adjuvant and at least one of the following (i) through (iv): (i) one or
more isolated adenoviral capsid polypeptides according to the invention;
(ii) an isolated polynucleotide according to the invention; (iii) a vector
according to the invention; (iv) a recombinant adenovirus according to the
invention; 



and, optionally, a pharmaceutically acceptable excipient. The invention
further relates to a cell comprising at least one of the following: (i) one
or more isolated adenoviral capsid polypeptides according to the invention;
(ii) an isolated polynucleotide according to the invention; (iii) a vector
according to the invention; (iv) a recombinant adenovirus according to the
invention. A further aspect of the invention relates to the use of an
isolated adenoviral capsid polypeptide according to the invention; an
isolated polynucleotide according to the invention; a vector according to
the invention; a recombinant adenovirus according to the invention; and/or
the composition according to the invention for the therapy or prophylaxis
of a disease. DETAILED DESCRIPTION OF THE INVENTION Before the present
invention is described in detail below, it is to be understood that this
invention is not limited to the particular methodology, protocols and
reagents described herein as these may vary. It is also to be understood
that the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to limit the scope of the
present invention which will be limited only by the appended claims. Unless
defined otherwise, all technical and scientific terms used herein have the
same meanings as commonly understood by one of ordinary skill in the art.
Preferably, the terms used herein are defined as described in "A
multilingual glossary of biotechnological terms: (IUPAC Recommendations)",
Leuenberger, H.G.W, Nagel, B. and Klbl, H. eds. (1995), Helvetica Chimica
Acta, CH-4010 Basel, Switzerland) and as described in "Pharmaceutical
Substances: Syntheses, Patents, Applications" by Axel Kleemann and Jurgen
Engel, Thieme Medical Publishing, 1999; the "Merck Index: An Encyclopedia
of Chemicals, Drugs, and Biologicals", edited by Susan Budavari et al., CRC
Press, 1996, and the United StatesPharmacopeia-25/National Formulary-20,
published by the United States Pharmcopeial Convention, Inc., Rockville
Md., 2001. Throughout this specification and the claims which follow,
unless the context requires otherwise, the word "comprise", and variations
such as "comprises" and "comprising", will be understood to imply the
inclusion of a stated feature, integer or step or group of features,
integers or steps but not the exclusion of any other feature, integer or
step or group of integers or steps. In the following passages different
aspects of the invention are defined in more detail. Each aspect so defined
may be combined with any other aspect or aspects unless clearly indicated
to the contrary. In particular, any feature indicated as being preferred or
advantageous may be combined with any other feature or features indicated
as being preferred or advantageous. Several documents are cited throughout
the text of this specification. Each of the documents cited herein
(including all patents, patent applications, scientific publications,
manufacturer's specifications, instructions, etc.), whether supra or infra,
are hereby incorporated by reference in their entirety. Nothing herein is
to be construed as an admission that the invention is not entitled to
antedate such disclosure by virtue of prior invention. In the following,
some definitions of terms frequently used in this specification are
provided. These terms will, in each instance of its use, in the remainder
of the specification have the respectively defined meaning and preferred
meanings. Generally speaking, the adenoviral genome is well characterized.
There is general conservation in the overall organization of the adenoviral
genome with respect to specific open 



reading frames being similarly positioned, e.g. the location of the ElA,
ElB, E2A, E2B, E3, E4, LI, L2, L3, L4 and L5 genes of each virus. Each
extremity of the adenoviral genome comprises a sequence known as an
inverted terminal repeat (ITRs), which is necessary for viral replication.
The virus also comprises a virus-encoded protease, which is necessary for
processing some of the structural proteins required to produce infectious
virions. The structure of the adenoviral genome is described on the basis
of the order in which the viral genes are expressed following host cell
transduction. More specifically, the viral genes are referred to as early
(E) or late (L) genes according to whether transcription occurs prior to or
after onset of DNA replication. In the early phase of transduction, the
ElA, ElB, E2A, E2B, E3 and E4 genes of adenovirus are expressed to prepare
the host cell for viral replication. During the late phase of infection,
expression of the late genes L1-L5, which encode the structural components
of the virus particles are activated. The following Table 1 provides an
overview over the sequences referred to herein:Case 25249 PHARMACEUTICAL
COMPOSITIONS WITH SUPERIOR PRODUCT PERFORMANCE AND PATIENT COMPLIANCE The
present invention provides novel formulations of isobutyric acid
(2R,3R,4R,5R)-
5-(4-amino-2-oxo-2H-pyrimidin-l-yl)-4-fluoro-2-isobutyryloxymethyl-4-methyl
tetrahydro- furan-3-yl ester and hydroxypropylcellulose that provide high
bulk density, low granule size better suited for improved compression and
flow and fast dissolution profiles. Isobutyric acid
(2R,3R,4R,5R)-5-(4-amino-2-oxo-2H-pyrimidin- 1-yl)-4-fluoro-2-
isobutyryloxymethyl-4-methyl-tetrahydro-furan-3-yl ester (compound 1) is a
hepatitis C virus (HCV) polymerase inhibitor prodrug. Compound 1 can be
prepared as described in WO2007/065829. Hepatitis C virus is a blood-borne
infectious disease that affects the liver. The infection is often
asymptomatic, but once established, chronic infection can cause
inflammation of the liver (chronic hepatitis). No vaccine against hepatitis
C virus is available. Compound 1 is being evaluated in the clinic for the
treatment of liver infection caused by hepatitis C virus. The estimated
daily dose is lg-2g requiring high drug loading in the drug product to
provide the best treatment regimen for the patients. Compound 1 is a weak
base with a pKa of 3.5 thus requiring the drug product to have an immediate
release (IR) profile to overcome pH-dependent solubility limitations (see
Figure 1).As shown in Figure 1, the drug solubility drops precipitously at
pH>4 suggesting that the absorption of drug could become dissolution-rate
limited at physiologically relevant pH. The high dose and need for an
immediate release profile are further complicated by the low bulk density
of the drug substance (0.04 to 0.3g/cc). The conventional manufacturing
technologies employing commonly used excipients require the use of multiple
densification steps as well as high amounts of excipients such as binders.
In addition to the multi-step manufacturing process, the high usage of
binder has a negative impact on the dissolution of the product resulting in
lower bioavailability. The availability of commercially manufacturable drug
products that provide the best mode of treatment for the patient is a
critical component of the drug development process. The safety, efficacy
and acceptability of drug can be significantly influenced 



by the selection of a dosage form that depends on the dose,
physico-chemical, and biopharmaceutical properties of the therapeutically
active agent. Use of the appropriate manufacturing technologies and
pharmaceutically acceptable excipients can resolve many common problems
with such compounds. For example, frequently used approaches to resolve the
biopharmaceutical issues include technologies such as particle size
reduction, lipid solution, conversion to solid dispersions, or the use of
amorphous forms. Similarly there are well-established approaches to manage
poor particulate properties e.g., flow and compaction properties by mixing
with excipients and processing such as granulation and sizing of the
particles. Manufacturing technologies such as granulation (dry/wet), fluid
bed granulation, and high shear granulation are commonly used approaches to
resolve manufacturing difficulties related to flow, content uniformity, and
compression. Similarly there are many technologies available to solve poor
biopharmaceutical properties of compounds. Although many technologies are
available to resolve these issues, the combination of these challenges such
as dose, solubility, and poor physico-chemical properties can present
insurmountable difficulties in developing suitable products. Accordingly,
novel approaches are frequently employed to formulate these products to
deliver optimal results with respect to manufacturability, stability,
bioavailability, and patient convenience. The present invention provides a
composition comprising compound 1 set out below:i present in an amount from
about 50%w/w to about 95%w/w, hydroxypropylcellulose present in an amount
from about l%w/w to about 4%w/w, and at least one excipient present in an
amount up to about 49%w/w. The excipient may be selected from the group
consisting of compression aids, disintegrants, glidants, lubricants,
film-coating agents, and mixtures thereof. Figure 1 provides a graph
illustrating the pH solubility profile of compound 1 at room temperature.
Figure 2 provides a graph illustrating the effect of binder type and its
concentration on bulk density of granulates in compound 1. Figure 3
provides a graph illustrating the effect of binder type and its
concentration on compression profiles in compound 1. Figure 4 provides a
graph illustrating the effect of binder type and its concentration on in
vitro dissolution profile (USP II Apparatus, 370C , 50 rpm in 1000 mL of
0.005N HCL) in compound 1. Figure 5 provides a graph illustrating the
effect of hydroxypropylcellulose grade on cumulative granule size, measured
using an ATM Sonic Sifter at amplitude setting of 6 for 7 minutes, in
compound 1. Figure 6 provides a graph illustrating the effect of different
grades of hydroxypropylcellulose on compression profiles, measured using a
Presstor (r), Compaction Simulator simulating Fette 2090 at 50 rpm, in
compound 1.Figure 7 provides a graph illustrating the effect of different
grades of hydroxypropylcellulose on dissolution profiles in compound 1.
Figure 8 provides a graph illustrating the effect of binder addition method
on dissolution profiles in compound 1. 



The present invention provides formulations of compound 1 with
hydroxypropylcellulose (HPC) as a binder that resolves many undesirable
issues associated with the processing and performance of compound 1 and
enables the manufacture of patient friendly dosage forms. The key features
of this invention are: (a) the use of hydroxypropylcellulose as a binder at
the l-4%w/w level; (b) the loading of compound 1 at the 50-95%w/w level in
the final product; (c) the use of hydroxypropylcellulose as a surface
active agent; (d) an overall composition and a process of making the final
dosage form; (e) a dissolution profile providing 80% release of the dosage
unit of compound 1 in less than 45 minutes and (f) improved bioavailability
of compound 1 compared to formulations prepared using alternate methods.
The development of suitable dosage forms of compound 1 requires the use of
highly functional excipients that can provide the above described
attributes of compound 1 at low usage levels. Conventional binders are
needed at the 5-10%w/w level in order to provide adequate densification of
compound 1, thus decreasing the drug loading of compound 1 in the final
product. Surprisingly, for Compound 1, hydroxypropylcellulose was found to
provide the required granule density with just a l-4%w/w level of binder.
As used herein, the following terms have the meanings set out below. The
term "API" refers to the active pharmaceutical ingredient The term
"excipients" refers to an inactive substance used as a carrier for an
active pharmaceutical ingredient. Excipients may be used to aid in the
absorbtion of the active pharmaceutical ingredient, to bulk up formulations
to aid in the manufacturing process, or to help stabilize the active
pharmaceutical ingredient. Non-limiting illustrative examples of excipients
include antiadherents, binders, coatings, disintegrants, fillers/diluents,
flavors and colors, glidants, lubricants, preservatives,sorbents, and
sweeteners. The term "pharmaceutically acceptable," such as
pharmaceutically acceptable carrier, excipient, etc., means
pharmacologically acceptable and substantially non-toxic to the subject to
which the particular compound is administered. The term "pharmaceutically
acceptable salt" refers to conventional acid-addition salts or
base-addition salts that retain the biological effectiveness and properties
of the compounds of the present invention and are formed from suitable
non-toxic organic or inorganic acids or organic or inorganic bases. Sample
acid-addition salts include those derived from inorganic acids such as
hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid,
sulfamic acid, phosphoric acid and nitric acid, and those derived from
organic acids such as p-toluenesulfonic acid, salicylic acid,
methanesulfonic acid, oxalic acid, succinic acid, citric acid, malic acid,
lactic acid, fumaric acid, and the like. Sample base-addition salts include
those derived from ammonium, potassium, sodium, and quaternary ammonium
hydroxides, such as for example, tetramethylammonium hydroxide. Chemical
modification of a pharmaceutical compound (i.e., drug) into a salt is a
technique well known to pharmaceutical chemists to obtain improved physical
and chemical stability, hydroscopicity, and solubility of compounds. See,
e.g., H. Ansel et. al., Pharmaceutical Dosage Forms and Drug Delivery
Systems (6th Ed. 1995) at pp. 196 



and 1456-1457. The term "prodrug" refers to compounds, which undergo
transformation prior to exhibiting their pharmacological effects. The
chemical modification of drugs to overcome pharmaceutical problems has also
been termed "drug latentiation." Drug latentiation is the chemical
modification of a biologically active compound to form a new compound,
which upon in vivo enzymatic attack will liberate the parent compound. The
chemical alterations of the parent compound are such that the change in
physicochemical properties will affect the absorption, distribution and
enzymatic metabolism. The definition of drug latentiation has also been
extended to include nonenzymatic regeneration of the parent compound.
Regeneration takes place as a consequence of hydrolytic, dissociative, and
other reactions not necessarily enzyme mediated. The terms prodrugs,
latentiated drugs, and bio-reversible derivatives areused interchangeably.
By inference, latentiation implies a time lag element or time component
involved in regenerating the bioactive parent molecule in vivo. The term
prodrug is general in that it includes latentiated drug derivatives as well
as those substances, which are converted after administration to the actual
substance, which combines with receptors. The term prodrug is a generic
term for agents, which undergo biotransformation prior to exhibiting their
pharmacological actions. The present invention provides compositions
comprising compound 1 set out below: 1 Present in an amount from about
50%w/w to about 95%w/w, hydroxypropylcellulose present in an amount from
about l%w/w to about 4%w/w, and at least one excipient present in an amount
up to about 49%w/w. The excipient may be selected from the group consisting
of compression aids, disintegrants, glidants, lubricants, film-coating
agents, and mixtures thereof. As set out above, compound 1 may be present
in an amount from about 50%w/w to about 95%w/w, preferably from about
60%w/w to about 90%w/w, more preferably from about 70%w/w to about 85%w/w,
and most preferably from about 75%w/w to about 80%w/w.
Hydroxypropylcellulose may be present in an amount from about l%w/w to
about 4%w/w, preferably from about 1.5%w/w to about 4 %w/w, more preferably
from about 2%w/w to about 3%w/w, and most preferably about 2.5%w/w.
Hydroxypropylcellulose (HPC) is non-ionic water-soluble cellulose ether,
formed by reaction of cellulose with propylene oxide. It is soluble in many
polar organic solvents and in water below 38C, but is insoluble in water
above 45C. It has filmforming properties but yields flexibility and
adhesion without plasticizers due to its low surface and inter facial
tensions of solutions. It has thickening and stabilizingproperties and is
available in a wide range of viscosities and molecular weights. Preferably,
the compositions of the present invention are in tablet form. A tablet is a
mixture of an active pharmaceutical ingredient and excipients (inactive
ingredients), usually in powder form, pressed or compacted into a solid.
The excipients may include binders (to help hold the tablet together),
compression aids, disintegrants (to ensure the tablet breaks up in the
digestive tract), glidants (flow aids), lubricants (to ensure efficient
tableting), and film-coating agents (to hide the taste of the tablet's
components, to make the tablet smoother and easier to swallow, and to make
it more 



resistant to the environment, extending its shelf life). The compressed
tablet is the most popular dosage form for an active pharmaceutical
ingredient. In the tabletprocess, it is important that all ingredients be
fairly dry, powdered or granular, somewhat uniform in particle size, and
freely flowing. Mixed particle sized powders can segregate due to
operational vibrations, which can result in tablets with poor drug or
active pharmaceutical ingredient content uniformity. Compression aids may
be present in the inventive composition in an amount up to about 49%w/w,
preferably from about 1 to about 40%w/w, more preferably from about 3 to
about 20%w/w, and most preferably about 12%w/w. Non-limiting illustrative
examples of compression aids include lactose monohydrate, microcrystalline
cellulose, starch 1500, and lactose anhydrous. Microcrystalline cellulose
is a preferred compression aid. Disintegrants may be present in the
inventive composition in an amount up to about 10%w/w, preferably from
about 8 to about l%w/w, more preferably from about 6 to about 2%w/w, and
most preferably about 3.5 %w/w. Non-limiting illustrative examples of
disintegrants include croscarmellose sodium, crospovidone, starch,
cellulose, and low substituted hydroxypropyl cellulose. Croscarmellose
sodium is a preferred disintegrant. Glidants may be present in the
inventive composition in an amount up to about 5%w/w, preferably from about
4 to about 0.5%w/w, more preferably from about 3 to about 0.75%w/w, and
most preferably about 2 %w/w. Non-limiting illustrativeexamples of glidants
include talc, colloidal silicon dioxide, and cornstarch. Talc is a
preferred glidant. Lubricants may be present in the inventive composition
in an amount up to about 2%w/w, preferably from about 1.75 to about
0.25%w/w, more preferably from about 1.75 to about 0.5%w/w, still more
preferably from about 1.0 to about 0.5%w/w, and most preferably about 0.5
%w/w. Non- limiting illustrative examples of lubricants include magnesium
stearate, stearic acid (stearin), hydrogenated oil, polyethylene glycol,
sodium stearyl fumarate, and glyceryl behenate. Magnesium stearate is a
preferred lubricant. Film-coating agents may be present in the inventive
composition in an amount up to about 5%w/w, preferably from about 4 to
about l%w/w, more preferably from about 3 to about 2%w/w, and most
preferably about 2.5%w/w. Non-limiting illustrative examples of
film-coating agents include hypromellose or polyvinyl alcohol based coating
with titanium dioxide, talc and optionally colorants available in several
commercially available complete coating systems such as Opadry film-coating
composition (Colorcon) and Advantia" film-coating composition (ISP) or can
be produced by mixing individual ingredients. Opadry film coating
composition (available from Colorcon, Inc.) is a one-step film coating
system, which combines polymer, plasticizer and pigment, as required, in a
dry concentrate. The coating agent provides film-forming capabilities
including sharp logo definition, high tensile strength and adhesion
properties. Opadry is a preferred film coating composition according to the
present invention. Preferred methods for preparing the compositions of the
present invention include 



high shear granulation, low shear granulation, wet granulation, dry
granulation, fluid bed drying, milling, blending, compression, and
film-coating, fluid bed granulation, roller compaction, and extrusion
granulation, with or without the use of granulation fluid. The more
preferable modes of granulation are high shear granulation with fluid bed
drying and fluid bed granulation, most preferably high shear granulation.
Compressed tablets are exerted to great pressure in order to compact the
material. If asufficiently homogenous mix of the components cannot be
obtained with simple mixing, the ingredients must be granulated prior to
compression to assure an even distribution of the active pharmaceutical
ingredient in the final tablet. Two basic techniques are used to prepare
powders for granulation into a tablet, wet granulation and dry granulation.
Powders that can be mixed well do not require granulation and can be
compressed into tablets through direct compression. High shear granulation
is an effective means for turning powders into dense granules for tableting
or coating. To create the granules, powders are added to the mixing bowl
and the bowl is sealed. If necessary, a dry binder may be added with the
powders or dispersed into the granulating liquid. A large impeller spins at
desired speeds spinning the powders into a vortex. After the powders are
blended together, liquid is added to the product using a pump or
pressurized container. A chopper tool located in the bowl spins at fairly
high speeds shearing the granules and removing air. The mixing continues
until the desired end granule size and density is achieved. End point is
often determined via power consumption or torque on the main mixing tool
drive. The granulated product may be dried in the mixing bowl, if equipped
for vacuum drying, or discharged for fluid bed drying or dried in
forced-air ovens. Wet granulation is a process of adding a liquid binder or
adhesive to the powder mixture. The amount of liquid can be properly
managed, and over wetting will cause the granules to be too hard and under
wetting will cause them to be too soft and friable. Aqueous solutions have
the advantage of being safer to deal with than solvents. Dry granulation is
a process used when the product needed to be granulated may be sensitive to
moisture and heat. Dry granulation can be conducted on a press using
slugging tooling or on a roller compactor commonly referred to as a
chilsonator. Dry granulation equipment offers a wide range of pressure and
roll types to attain proper densification. However, the process may require
repeated compaction steps to attain the proper granule end point. Fluid bed
processing involves drying, cooling, agglomeration, granulation, and
coating of particulate materials. It is ideal for a wide range of both heat
sensitive andnon-heat sensitive products. Uniform processing conditions are
achieved by passing a gas (usually air) through a product layer under
controlled velocity conditions to create a fluidized state. In fluid bed
drying, heat is supplied by the fluidization gas, but the gas flow need not
be the only source. Heat may be effectively introduced by heating surfaces
(panels or tubes) immersed in the fluidized layer. In fluid bed cooling,
cold gas (usually ambient or conditioned air) is used. Conditioning of the
gas may be required to achieve sufficient product cooling. Agglomeration
and granulation may be performed in a number of ways depending upon the
feed to be processed and the product properties to be achieved 



Direct compression is a method used when a group of ingredients can be
blended and placed in a tablet press to make a tablet without any of the
ingredients having to be changed. This is not very common because many
tablets have active pharmaceutical ingredients, which will not allow for
direct compression due to their concentration or the excipients used in
formulation are not conducive to direct compression. Tablet presses, also
called tableting machines, range from small, inexpensive benchtop models
that make one tablet at a time (single-station presses), no more than a few
thousand an hour, and with only around a half-ton pressure, to large,
computerized, industrial models (multi-station rotary or eccentric presses)
that can make hundreds of thousands to millions of tablets an hour with
much greater pressure. Many tablets today are coated after being pressed.
Modern tablet coatings are polymer and polysaccharide based, with
plasticizers and pigments included. Tablet coatings must be stable and
strong enough to survive the handling of the tablet, and must not make
tablets stick together during the coating process. Coatings are necessary
for tablets that have an unpleasant taste, and a smoother finish makes
large tablets easier to swallow. Tablet coatings are also useful to extend
the shelf life of components that are sensitive to moisture or oxidation.
Opaque materials like titanium dioxide can protect light-sensitive actives
from photodegradation.Table 1 Summary of Product Challenges and Desired
Target Product Profile The compositions of the present invention can be
prepared according to the examples set out below. The examples are
presented for purposes of demonstrating, but not limiting, the preparation
of the compositions of this invention. EXAMPLES In accordance with the
present invention, the following examples are provided to illustrate
preferred methods for preparing compositions of compound 1 with the use of
hydroxypropylcellulose as binder at the l-4%w/w level. Examples I-III
Conventional Methods for Preparing Compositions of Compound 1 A tablet form
was chosen as the preferred dosage form for compound 1. The manufacture of
granules is a common practice for densification of the low density of drugs
to ensure smooth processing for the tableting process. Several technologies
can be used either alone or in combination to achieve satisfactory
granulation such as direct powder compression, dry or wet granulation
method, and roller compaction or spray granulation methods. The selection
of the appropriate granulation processdepends upon the properties of the
starting materials and the resultant granules such as particle size,
density and flow properties because they can have a significant effect on
the tablet manufacturing process and can also affect the dissolution. For
compound 1, granules with adequate bulk density in the range from about
0.3g/cc to about 0.6g/cc, preferably 0.35g/cc or higher and most preferably
0.4g/cc or higher are required to achieve adequate powder flow and tighter
weight variation during the tableting process. As shown in Table 2, the
roller compaction process did not provide adequate densification even at
higher roller pressures similarly, direct powder compression was not
possible due to the very low bulk density and poor flow property of the
active pharmaceutical ingredient. Although adequate densification was not
achieved with 



wet granulation in the early trials, it was selected for further
improvement because of superior performance in the early trials. The
manufacture of conventional tablets with commonly used excipients such as
binder (povidone), disintegrant (croscarmellose sodium), compression aid
(lactose monohydrate and microcrystalline cellulose) and standard
manufacturing methods such as high shear granulation, fluid bed drying,
milling, compression and filmcoating failed to provide tablets with
adequate quality particularly with regard to flow properties and weight
variations. To improve the manufacturing process, the drug product was
manufactured using a higher amount of binder (to obtain higher bulk
density) and a dual densification process, i.e., high shear granulation
followed by dry granulation (slugging) prior to tablet compression.
However, the use of higher binder level and double densification had a
negative impact on the dissolution process. Furthermore, this product also
required the use of sodium lauryl sulfate as a wetting agent to achieve the
binding of the drug as well as aid in the dissolution. The use of sodium
lauryl sulfate is not desirable due to unwanted side effects and downstream
processing challenges such as poor tablet compression. Based on the initial
trials, it was found that the product has not only complex manufacturing
process issues but also variable dissolutions.Table 2 Conventional
Compositions Evaluated Using Different Granulation Principles Examples
IV-IX Effect of Binder Type and Concentration on Compositions of Compound 1
To improve the manufacturing and performance of the product, the wet
granulation process was further optimized. Several commercially available
binders were evaluated. The following examples set out in Table 3
demonstrate pharmaceutical compositions of compound 1 using different
binders.Table 3 Formulations Using Different Binders and Concentrations The
compositions IV to IX were manufactured using conventional wet granulation
methods using high shear granulator and fluid bed drying. Binder was added
in the dry powder mix and water was used as granulation fluid that was
removed during processing. Compression aid microcrystalline cellulose
(MCC), glidant (talc), disintegrant (croscarmellose sodium or crospovidone)
and lubricant (magnesium stearate) may be added externally to achieve
optimized tablet composition. As summarized in Table 3 and shown in Figure
2, the bulk density of the resulting granules was influenced by the binder
type. The increase in bulk density associated with increase in particle
size for hypromellose was an expected finding. Similarly no significant
influence of polyvinylpyrrolidone (PVP) on the granule size or density is
also understandable. However the significant increase in bulk density with
hydroxypropylcellulo se (HCP, Klucel", distributed by the Aqualon division
of Hercules Incorporated, Wilmington, DE.) with lower granule size was an
unprecedented finding. Although hydroxypropylcellulose is a commonly used
binder, there is no evidence suggesting the superior densification
properties of hydroxypropylcellulose for low bulk density drugs with
reasonable granule growth. Furthermore, the formulations manufactured using
povidone and hypromellose 



(HPMC) also exhibited poor compression characteristics perhaps due to under
or overgranulation (Figure 3). This effect was attributed to the superior
granulation as well as superior compactibility of hydroxypropylcellulose.
This analysis was further extended to evaluate the effect of binder on the
dissolution performance of the final dosage form. The tablets were
compressed at a desired hardness to a target active weight of 500mg. The
dissolution was studied using USP II dissolution apparatus. As shown in
Figure 4, the dissolution performance of hydroxypropylcellulose formulation
was superior to the formulation containing polyvinylpyrrolidone as a
binder. As shown by Examples IV-IX, the use of hydro xypropylcellulose in
compositions of compound 1 provides several advantages in ensuring the
superior product processing and robustness, for example, (a) higher bulk
density; (b) particle size that is better suited for improved compression
and flow; (c) good compression; and (d) faster dissolution profiles. In
summary, the combination of these advantages with regard to the processing
and performance of compositions of compound 1 are unique and could not have
been predicted. Examples X to XIII Effect of Different
Hydroxypropylcellulose Grades on Compositions of Compound 1 To further test
the benefits of hydro xypropylcellulose for dosage forms of compound 1, an
additional study was designed as set out in Table 4. Four different grades
of hydro xypropylcellulose were evaluated, as supplied by Aqualon
(Wilmington Delaware) as Klucel (r) LF (HPC-LF, hydroxypropylcellulose-LF),
Klucel (r) EF (HPCEF, hydro xypropylcellulose-EF), Klucel HF(HPC-HF, hydro
xypropylcellulose-HF), and Klucel (r) MF (HPC-MF,
hydroxypropylcellulose-MF). Klucel is provided as a line of hydro
xypropylcellulose products that come in a wide variety of viscosity ranges
and molecular weights and are distributed by the Aqualon division of
Hercules Incorporated, Wilmington, DE.Concentration in water, weight%.
Viscosities determined at 250C, using a Brookfeld L VF viscometer Source:
Signet Chemical Corp. Data Sheet. 2002 Compositions X-XIII were
manufactured using a conventional high shear wet granulation process.
Different grades of hydroxypropylcellulose were added in the dry powder mix
and water was used as the granulation fluid that was removed during
processing. Compression aid (MCC), glidant (talc), disintegrant
(croscarmellose sodium, crospovidone) and lubricant (magnesium stearate)
were added externally to achieve optimized tablet composition.Table 4
Effect of Hydro xypropylcellulose Type and Grade on Product Processing and
Performance The performance of different grades of hydroxypropylcellulose
was assessed using their effect on bulk density of granules, granule size,
compression and dissolution while all other parameters were kept constant.
As set out in Table 4, the target bulk density of 0.4g/cc was achieved for
all the grades. Some variations were observed between different grades,
however it could not be described based on either molecular weight or
solution viscosity (as summarized in Table 5). Although all grades were 



acceptable from a bulk density and particle size perspective, some
differences were observed in compression behavior and dissolution. The
compression profile with Klucel(r) EF was on the lower end of acceptability
suggesting a higher amount of Klucel(r) EF may be needed to achieve similar
granule properties as with Klucel(r) LF. Similarly, the lower dissolution
of Formulation XI could also be attributed to inadequate binding of the
particles. Based on the results, it is evident that all the grades of
hydroxypropylcellulose are acceptable in the compound 1 product, but their
usage level may need to be optimized with respect to compression and
dissolution. Klucel LF (HPC-LF) is the most preferred
hydroxypropylcellulose. Table 5Different Grades of Binders and Their
Molecular Weight and Solution Viscosity at Different Concentrations a, b :
Values quoted from literature. : Aqualon technical bulletin, Klucel(r)
Kollidon Polyvinylpyrrolidone for the pharmaceutical industry, 8th ed, pp.
22-23 The preferred hydroxypropylcellulose has a viscosity in the range
from about 5 to about 1500 mPa s at a concentration of l-5%w/w in water at
250C with a molecular weight in the range of about 80,000-1,150,000
daltons, most preferable 95,000 daltons. Examples XIV-XV Mode of Binder
Addition on Compositions of Compound 1 Examples XIV and XV were prepared to
evaluate the effect of the mode of binder addition during wet granulation
using the granule bulk density and dissolution profile. As set out in Table
6, similar bulk densities were achieved either by adding binder as a
solution or as a dry binder in the powder mass. Moreover, the mode of
binder addition appeared to have no effect on the dissolution profile as
set out in Figure 8. Dry binder addition in powder mass is the preferred
method because it eliminates the need for a solution preparation step.Table
6 Effect of the Mode of Binder Addition Method on Compositions of Compound
1 Examples XVI-XIX Effect of Concentration of HPC-LF on Compositions of
Compound 1 The compositions XVI-XIX show the range of formulations that can
be prepared using wet granulation process and compositions to produce
tablets of different dosage strengths. Different grades of
hydroxypropylcellulose can be added as a binder solution or the dry powder
mix and water can be used as a granulation fluid that can be removed during
processing. Compression aid (MCC, Starch 1500, reducing and non-reducing
sugars), glidant (talc, colloidal silica, silicates), disintegrant
(croscarmellose sodium, crospovidone, sodium starch glycolate, corn starch,
L-HPC) and lubricant (magnesium stearate, stearic acid, sodium stearyl
fumarate, glyceryl behenate) were added externally to achieve optimized
tablet composition. The tablets can be coated using standard film-coating
compositions such as hypromellose-based coating with titanium dioxide and
talc.Table 7 Effect of Concentration of Hydro xypropylcellulose on Compound
1 Examples XXI-XXII 



In-Vivo Performance of the Selected Formulations of Compound 1 The
pharmaceutical compositions were further evaluated for in-vivo performance
in comparison to the formulations described in Table 8. The 'Early
formulation' described in Table 8 were manufactured using a 2-step
granulation process to achieve target bulk density. These formulations also
have sodium lauryl sulfate as the wetting agent to increase wettability and
dissolution of the composition to overcome some of the issues for compound
1 described in Table 1. On the other hand, the "Innovative formulation"
required only 1-step granulation process to achieve target bulk density.
The "Innovative formulation" contains higher API level as well as low
binder and disintegrant level compared to "Earlier formulation". The
"Innovative formulation" also resulted in smaller tablet ( size and weight)
due to above mentioned changes. Later formulations achieved higher AUC
(-10%) and Cmax (-50%) compared to earlier formulations in Monkey studies.
Moreover, the Tmax for the innovative formulations was shorter in monkeys
(Table 9). Pharmacokinetic (PK) data from the healthy human volunteer study
provided similar observations as reported from the monkey pharmacokinetic
study (Table 10). The superior performance of the novel formulations in the
pharmacokinetic profile compared to the earlier formulations that contain
sodium lauryl sulfate as a wetting agent was also an unpredicted result.
Part of that effect can be attributed to the surface-active properties of
hydroxypropylcellulose, however, its comparability and superiority to
sodium lauryl sulfate as a wetting agent was unexpected. Therefore, the
ability ofhydroxypropylcellulose to provide better dissolution and
bioavailability represents a significant advantage to the product in
addition to favorable processing. Table 8 Method of Manufacture and
Compositions for Compound 1 Evaluated for in vivo Pharmacokinetic
Performance in Monkey and Human Volunteer Studies XXI XXII Ingredients
Early formulation Innovative formulation %w/w/tab Compound 1 73.5 77.0
Povidone K30, 5.9 - Klucel(r) LF - 2.3 Sodium lauryl sulfate 0.9 -
Croscarmellose sodium 6.9 3.8 Microcrystalline cellulose 8.8 12.3 Colloidal
silicon dioxide 1.0 - Talc - 1.8 Magnesium stearate 1.0 0.5 Coating
composition Opadry Yellow 03K 12429 2.0 2.3 Manufacturing Method Used
multistep 1 step process: wet processing to achieve granulation provided
target granules bulk target granules bulk density densityTable 9 



Comparative Mean Pharmacokinetics of Compositions of Compound 1 Obtained
after Single Dose Administration to Fed Male Cynomolgus Monkeys Table 10
Comparative Mean Pharmacokinetic of Compositions of Compound 1 Obtained
after Single Dose Administration to Healthy Human Volunteer Example XX
Preferred Composition and Method of Manufacture Based on the evaluation of
different binders, their concentrations and mode of addition in the product
and in vivo performance, the following formulation compositions are set out
in Table 11 below as a preferred embodiment of this invention.Table 11
Preferred Composition and Method of Manufacture for Compositions of
Compound 1 ''Complete film-coating composition supplied by Colorcon (PA)
While a number of embodiments of this invention have been represented, it
is apparent that the basic construction can be altered to provide other
embodiments that utilize the invention without departing from the spirit
and scope of the invention. All such modifications and variations are
intended to be included within the scope of the invention as defined in the
appended claims rather than the specific embodiments that have been
presented by way of example.CLAIMS 1. A pharmaceutical composition
comprising compound 1 set out below: 1 present in an amount from about
50%w/w to about 95%w/w, hydroxypropylcellulose present in an amount from
about l%w/w to about 4%w/w, and at least one excipient present in an amount
up to about 49%w/w. 2. The pharmaceutical composition according to claim 1,
wherein compound 1 is present in an amount from about 60%w/w to about
90%w/w. 3. The pharmaceutical composition according to claim 2, wherein
compound 1 is present in an amount from about 70%w/w to about 85%w/w. 4.
The pharmaceutical composition according to any of claims claims 1 to 3,
wherein hydroxypropylcellulose is present in an amount from about 1.5%w/wto
about 4%w/w. 5. The pharmaceutical composition according to claim 4,
wherein hydroxypropylcellulose is present in an amount from about 2%w/w to
about 3%w/w. 6. The pharmaceutical composition according to any of claims 1
to 5, wherein the excipient is selected from the group consisting of
compression aids, disintegrants, glidants, lubricants, film-coating agents,
and mixtures thereof. 7. The pharmaceutical composition according to claim
6, wherein the compression aid is selected from the group consisting of
lactose monohydrate, micro crystalline cellulose, starch 1500, and lactose
anhydrous.8. The pharmaceutical composition according to claim 7, wherein
the compression aid is present in an amount up to about 49%w/w. 9. The
pharmaceutical composition according to claim 6, wherein the disintegrant
is selected from the group consisting of croscarmellose sodium, 



crospovidone, starch, cellulose, and low substituted hydroxypropyl
cellulose. 10. The pharmaceutical composition according to claim 9, wherein
the disintegrant is present in an amount up to about 10%w/w. 11. The
pharmaceutical composition according to claim 6, wherein the glidant is
selected from the group consisting of talc, colloidal silicon dioxide, and
corn starch. 12. The pharmaceutical composition according to claim 11,
wherein the glidant is present in an amount up to about 5%w/w. 13. The
pharmaceutical composition according to claim 6, wherein the lubricant is
selected from the group consisting of magnesium stearate, stearic acid,
hydrogenated oil, polyethylene glycol, sodium stearyl fumarate, and
glyceryl behenate. 14. The pharmaceutical composition according to claim
13, wherein the lubricant is present in an amount up to about 2%w/w. 15.
The pharmaceutical composition according to claim 6, wherein the
filmcoating agent is selected from the group consisting of hypromellose or
polyvinyl alcohol based coating with titanium dioxide and talc, Opadry"
film-coating composition, and Advantia" film-coating. 16. The
pharmaceutical composition according to claim 15, wherein the coating is
present in an amount up to about 5%w/w. 17. The pharmaceutical composition
according to any of claims 1 to 16,wherein the composition is in granular
form and has a bulk density of about 0.35g/cc or higher. 18. The
pharmaceutical composition according to any of claims 1 to 17, wherein the
hydroxypropylcellulose has a viscosity in the range from about 5 to about
1500 mPa s at a concentration of l-5%w/w in water at 250C with a molecular
weight in the range of about 80,000-1,150,000 daltons. 19. The
pharmaceutical composition according to any of claims 1 to 18, wherein the
composition is set out below: 20. The pharmaceutical composition according
to claim 19, wherein the composition is set out below:21. The
pharmaceutical composition according to any of claims 1 to 20, wherein the
composition is in tablet form. 22. Use of a composition according to any of
claims 1 to 2 1 for the treatment of a disease mediated by the Hepatitis C
Virus (HCV) virus. 23. Pharmaceutical compositions according to any of
claims 1 to 2 1 for use in therapy. 24. The invention as hereinbefore
described. 


