
ROSUVASTATIN AND ATORVASTATI N DERIVATIVES The present invention relates to
novel rosuvastatin and atorvastatin lactol derivatives. Rosuvastatin,
7-[4-(4-fluorophenyl)-6-(1-methylethyl)-2-(methyl-methylsulfonyl-amino)-
pyrimidin-5-yl]-3,5-dihydroxy-hept-6-enoic acid, and its use in the
inhibition of the biosynthesis of cholesterol was first disclosed in EP
0521471 . Rosuvastatin is a potent inhibitor of HMG-CoA enzyme.
Trans-6-[2-(3- or 4- carboxamido-substituted
pyrrol-1-yl)alkyl]-4-hydroxypyran-2-one compounds are lactones which were
first disclosed in US 4,681 ,893. This document also disclosed their
corresponding ring opened acid equivalents i.e. atorvastatin and its
analogues which have activity as HMG-CoA inhibitors. The lactone compounds,
however, apparently do not have intrinsic activity of their own. The
corresponding ringopened acid equivalents are useful as cholesterol
biosynthesis inhibitors because of their HMG-CoA activity. Also disclosed
in US 4,681 ,893 are various methods of manufacture for such compounds.
Atorvastatin, which is the R form of the ring-opened acid of
trans-5-(4-fluorophenyl)-2-
(1-methylethyl)-N,4-diphenyl-1-[2-tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)
ethyl]-1 Hpyrrole- 3-carboxamide, and its use in the inhibition of the
biosynthesis of cholesterol was first disclosed in EP 0409281 .
Atorvastatin both in racemic form, and in the form of its [R-(R ,R )]
isomer is a potent inhibitor of HMG-CoA enzyme. Clin Invest Med, Volume 24,
No 5, p258-72, 2001 (Baker and Tamopolsky) discloses that whilst statins
having an open, hydroxy acid conformation are active, the lactone,
closed-ring analogue is inactive. Hepatic hydrolysis at alkaline pH
decyclises and hence activates the lactone prodrugs lovastatin and
simvastatin in vivo by formation of the active ring opened species.
However, one problem with such compounds is that extensive first path
metabolism leads to rapid clearance of the resulting ring opened statin.
Similarly, Trends in Pharmacological Sciences, Volume 19, Issue 1, 1
January 1998, Pages 26-37 discloses that the inactive lactones must be
metabolised to their corresponding open hydroxy acid forms in order to
inhibit HMG-CoA reductase.The lactone form, and also the ring opened active
form, may also suffer problems in terms of stability over an extended
period of time. This represents a significant problem during manufacture of
an active principal or during extended storage of the same in a pharmacy.
For example, loss of the hydroxy group in a dehydration reaction may occur.
The resulting decomposition product may have a double bond that is
conjugated with the lactone carbonyl group and this will tend to favour the
potential decomposition product. Equally, in the ring opened form, one of
the possible decomposition products could also have a conjugated double
bond with the acid carbonyl group. It is therefore an aim of the present
invention to provide pharmaceutically active novel rosuvastatin and
atorvastatin lactol derivatives. It is also an aim to provide compounds
having improved stability. Ideally, the compounds will have an extended
shelf-life. It is an aim of the invention to provide compounds that can be
prepared by synthetic methods that are susceptible to industrial scale up.
It is also an aim of the invention to provide compounds that can be
prepared economically and reliably. It is also an aim to provide compounds
which have good solubility and / or bioavailability. This invention
provides compounds that achieve one or more of the above aims. According to
one aspect, the present invention provides a compound of Formula I and
pharmaceutically acceptable salts and solvates thereof: wherein: A is
selected from the group comprising: andR1a , R4a, R1b, R4b and one of R2b
and R3b are each independently selected from the group comprising:
hydrogen, halo, Ci-6 alkyl, C2-6 alkenyl, C3-6 cycloalkyl, aryl, Ci-4 alkyl
aryl, heterocyclyl, and Ci-4 alkyl heteroaryl; R2a is -S(O) 2R9 wherein R9a
is Ci-6 alkyl, C3-6 cycloalkyl, Ci-6 alkyl aryl or aryl; R3a is hydrogen,
Ci-6 alkyl, C2-6 alkenyl, C3-6 cycloalkyl or aryl; and the other of R2b and
R3b is -CONR 9bR10b where R9b and R1Ob are independently selected from the
group comprising: hydrogen, Ci-6 alkyl, C2-6 alkenyl, aryl, Ci-4 alkyl
aryl, heteroaryl, Ci-4 heteroaryl; R5 and R6 are independently selected
from the group comprising: hydrogen, Ci-6 alkyl, Ci-6 haloalkyl, C2-6
alkenyl, C3-6 cycloalkyl, aryl, Ci-6 alkyl aryl, Ci-6 alkanoyl aryl,
heteroaryl, Ci-6 alkanoyl heteroaryl and Ci-6 alkyl heteroaryl; provided
always that both R5 and R6 are not hydrogen; and provided that R5 is not
benzyl or H when R6 is methyl. R7 and R8 are independently selected from
the group comprising: H, Ci-4 alkyl and halo; X is -(CR
aRb)m(CRa=CRb)n(CRaRb)0- where Ra and Rb are independently selected from
the group comprising: H, methyl, ethyl and halo and m, n, and o are
independently 0, 1, 



2, or 3 provided that m + n + o is not more than 3; and wherein each of the
above R groups may, where chemically possible, be independently optionally
substituted by from 1 to 5 groups chosen independently at each occurrence
from the groups comprising: halo, Ci-3 alkyl, halo Ci-3 alkyl, Ci-3 alkoxy,
Ci-3 haloalkoxy, hydroxy, and cyano. The compounds of the invention may
have activity in their own right or may in certain cases ring open under
physiological conditions to corresponding compounds having inhibitory
activity. Reference is made to the accompanying figure (figure 1) which
illustrates the effect on the level of plasma triglycerides in rats after
administration of rosuvastatin (25 mg/kg po) and four rosuvastatin
analogues (25 mg/kg).Pharmaceutically acceptable salts of the compounds of
formula ( 1) include the acid addition and base salts thereof. Suitable
acid addition salts are formed from acids which form non-toxic salts.
Examples include the acetate, aspartate, benzoate, besylate,
bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate,
edisylate, esylate, formate, fumarate, gluceptate, gluconate, glucuronate,
hexafluorophosphate, hibenzate, hydrochloride/chloride,
hydrobromide/bromide, hydroiodide/iodide, isethionate, lactate, malate,
maleate, malonate, mesylate, methylsulphate, naphthylate, 1 ,5-
naphthalenedisulfonate, 2-napsylate, nicotinate, nitrate, orotate, oxalate,
palmitate, pamoate, phosphate/hydrogen phosphate/dihydrogen phosphate,
saccharate, stearate, succinate, tartrate, tosylate and trifluoroacetate
salts. Suitable base salts are formed from bases which form non-toxic
salts. Examples include the aluminium, arginine, benzathine, calcium,
choline, diethylamine, diolamine, glycine, lysine, magnesium, meglumine,
olamine, potassium, sodium, tromethamine and zinc salts. Hemisalts of acids
and bases may also be formed, for example, hemisulphate and hemicalcium
salts. For a review on suitable salts, see "Handbook of Pharmaceutical
Salts: Properties, Selection, and Use" by Stahl and Wermuth (Wiley- VCH,
Weinheim, Germany, 2002). Pharmaceutically acceptable salts of compounds of
formula ( 1 ) may be prepared by one or more of three methods: (i) by
reacting the compound of formula (1) with the desired acid or base; (ii) by
removing an acid- or base-labile protecting group from a suitable precursor
of the compound of formula ( 1 ) or by ring-opening a suitable cyclic
precursor, for example, a lactone or lactam, using the desired acid or
base; or (iii) by converting one salt of the compound of formula ( 1) to
another by reaction with an appropriate acid or base or by means of a
suitable ion exchange column. All three reactions are typically carried out
in solution. The resulting salt may precipitate out and be collected by
filtration or may be recovered by evaporation of the solvent. The degree of
ionisation in the resulting salt may vary from completely ionised to almost
non-ionised.The compounds of the invention may exist in both unsolvated and
solvated forms. The term 'solvate' is used herein to describe a molecular
complex comprising the compound of the invention and a stoichiometric
amount of one or more pharmaceutically acceptable solvent molecules, for
example, ethanol. The term 'hydrate' is employed when said solvent is
water. Included within the scope of the invention are complexes such as
clathrates, drug-host inclusion complexes wherein, in contrast to the
aforementioned solvates, the drug and host are present in stoichiometric or
non-stoichiometric amounts. Also included are complexes of the drug
containing two or more organic and/or inorganic components which may be in
stoichiometric or non-stoichiometric amounts. The resulting complexes may
be ionised, partially ionised, or non- ionised. For a review of such
complexes, see J Pharm Sci, 64 (8), 1269-1288 by Haleblian (August 1975).
Hereinafter all references to compounds of formula ( 1) include references
to salts, solvates and complexes thereof and to solvates and complexes of
salts thereof. The compounds of the invention include compounds of formula
( 1 ) as hereinbefore defined, including all polymorphs and crystal habits
thereof, prodrugs and isomers thereof (including optical, geometric and
tautomeric isomers) as hereinafter defined and isotopically-labelled
compounds of formula ( 1 ) . Before purification, the compounds of the
present invention may exist as a mixture of enantiomers depending on the
synthetic procedure used. For example, the compounds of the present
invention may exist as a mixture of enantiomers having a ratio of between
2:1 and 3:1 , though they may also occur in other ratios. The enantiomers
can be separated by conventional techniques known in the art. Thus the
invention covers 



individual enantiomers as well as mixtures thereof. When the chemical
structures disclosed herein includes an '* ' , it is intended that the
compound is a mixture of enantiomers having a ratio of between 2:1 and 3:1
. For some of the steps of the process of preparation of the compounds of
formula ( 1 ) , it may be necessary to protect potential reactive functions
that are not wished to react, and to cleave said protecting groups in
consequence. In such a case, any compatible protecting radical can be used.
In particular methods of protection and deprotectionsuch as those described
by T.W. GREENE (Protective Groups in Organic Synthesis, A. Wiley-
lnterscience Publication, 1981 ) or by P. J. Kocienski (Protecting groups,
Georg Thieme Verlag, 1994), can be used. All of the above reactions and the
preparations of novel starting materials used in the preceding methods are
conventional and appropriate reagents and reaction conditions for their
performance or preparation as well as procedures for isolating the desired
products will be well-known to those skilled in the art with reference to
literature precedents and the examples and preparations hereto. Also, the
compounds of formula ( 1 ) as well as intermediate for the preparation
thereof can be purified according to various well-known methods, such as
for example crystallization or chromatography. We have found that compounds
of the invention enjoy good activity as HMG-CoA inhibitors. The compounds
are sparingly soluble in water and are thus available for metabolism. In
this regard, despite the presence of a bulky group at the 2-position of the
lactol derivative, the compounds will still metabolise by loss of the
substituent group, oxidation and subsequent ring opening to form HMG-CoA
inhibitors. Furthermore, the compounds have intrinsic activity in their own
right Both of these findings are unexpected and counterintuitive. It is
therefore expected that the compounds will show a more stable release
profile in vivo. It is also expected that the compounds may have a longer
half-life and / or an extended duration of action. This is surprising
because these types of closed ring compounds are not expected to have
activity at all. Furthermore, the presence of a substituent group might be
expected to be a barrier to oxidation and subsequent transformation to a
useful active compound by ring opening. In an embodiment, R6 is selected
from the group comprising: C2-6alkyl, C2-6alkenyl, C3-6 cycloalkyl, aryl,
Ci -6 alkyl aryl, heteroaryl, and Ci -6 alkyl heteroaryl. In an embodiment,
A is:In an alternative embodiment, A is: In an embodiment, R1a and R1b are
each independently selected from the group comprising: hydrogen, Ci-6
alkyl, C2-6 alkenyl or C3-6 cycloalkyl. In an embodiment, R1a and R1b are
each independently selected from the group comprising: C2-6 alkenyl or C3-6
cycloalkyl. In an alternative embodiment, R1a and R1b are each
independently Ci-6 alkyl. In an embodiment, R1a and R1b are each
independently methyl, ethyl, propyl or butyl. In an embodiment, R1a and R1b
are /-propyl. In an embodiment, R2a is -S(O) 2R9 wherein R9a is Ci-6 alkyl.
In an embodiment, R2a is - S(O)2R9 wherein R9a is methyl, ethyl, propyl or
butyl. In an embodiment, R2a is - S(O)2Me. In an embodiment, R2b is -CONR
9bR10b where R9b is hydrogen or Ci-4 alkyl, preferably hydrogen; and R1Ob
is selected from the group comprising: aryl, Ci-4 alkyl aryl, heteroaryl
and Ci-4 alkyl heteroaryl, preferably R1Ob is selected from the group
comprising: aryl and Ci-4 alkyl aryl. In an embodiment, R1Ob is phenyl. In
an embodiment, R3a is selected from the group comprising: hydrogen, Ci-6
alkyl and C3-6 cycloalkyl. In an embodiment, R3a is selected from the group
comprising: hydrogen and Ci-6 alkyl. In an embodiment, R3a is methyl, ethyl
or propyl. In an embodiment, R3a is methyl. In an embodiment, R3b is
selected from the group comprising: aryl, Ci-4 alkyl aryl, heteroaryl and
Ci-4 alkyl heteroaryl. In an embodiment, R3b is selected from the group
comprising: aryl and Ci-4 alkyl aryl. In an embodiment, R3b is aryl. In an
embodiment, R3b is phenyl. In an embodiment, R4a and R4b are each
independently selected from the group comprising: aryl, Ci-4 alkyl aryl,
heteroaryl and Ci-4 alkyl heteroaryl, wherein each of theaforementioned
groups may be optionally substituted as discussed above in relation to the
first aspect. In an embodiment, R4a and R4b are each independently selected
from the group comprising: aryl and Ci- alkyl aryl. In an embodiment, R4a
and R4b are each independently aryl. In an embodiment, R4a and R4b are each
phenyl. In an embodiment, R4a and R4b are each phenyl independently
substituted with halo, optionally wherein the halo is fluorine. In an
embodiment, R4a and R4b are each 4- fluorophenyl. In an embodiment, R5 is
selected from the group comprising: hydrogen, Ci-6 alkyl, aryl, Ci-4 alkyl
aryl, Ci-6alkanoyl aryl, heteroaryl, Ci-6alkanoyl heteroaryl and Ci-4 alkyl



heteroaryl. In an embodiment, R5 is selected from the group comprising:
hydrogen, Ci-4 alkyl aryl and Ci-4 alkyl heteroaryl. In an embodiment, R5
is Ci-4 alkyl aryl. In an embodiment, R5 is Ci-6alkanoyl heteroaryl, e.g.
methanoyl heteroaryl. In a preferred embodiment, R5 is methanoyl pyridyl,
e.g. 2-methanolyl pyridine, 3-methanolyl pyridine or 4-methanolyl pyridine,
preferably 3-methanolyl pyridine. In an embodiment, R5 is hydrogen. In an
alternative embodiment, R5 is benzyl. In an embodiment, R6 is selected from
the group comprising: Ci-6 alkyl, Ci-6 haloalkyl, C2-6 alkenyl, C3-6
cycloalkyl and optionally substituted aryl. In an embodiment, R6 is Ci-6
alkyl. In an embodiment, R6 is methyl, ethyl, propyl, npropyl, iso-propyl,
butyl, sec-butyl, iso-butyl or tert-butyl. In an embodiment, R6 is methyl.
In an embodiment, R6 is iso-propyl or tert-butyl. In an embodiment, R6 is C
-6 cycloalkyl. In a preferred embodiment, R6 is cyclohexyl. In an
embodiment, R6 is Ci-6 haloalkyl e.g. a Ci-6 chloroalkyl. In an embodiment,
R6 is chloroethyl. In an embodiment, R6 is C2-6 alkenyl. In an embodiment,
R6 is prop-2-ene. In an embodiment, R6 is optionally substituted aryl. In
an embodiment, R6 is 2,4,6- trifluorophenyl or 2,4-dimethoxyphenyl. In an
embodiment, R7 is H.In an embodiment, R8 is H. In an embodiment, m = 0, n =
1 and o = 0. In an embodiment, m = 1, n = 1 and o = 0, or m = 0, n = 1 and
o = 1. In an embodiment, n is 0. In an embodiment, m = 1, n = 0 and o = 1;
m = 2, n = 0 and o = 0; or m = 0, n = 0 and o = 2. In an alternative
embodiment, m = 3, n = 0 and o = 0. In an alternative embodiment, m = 1, n
= 0 and o = 0. In a preferred embodiment, X is In an alternative preferred
embodiment, X is In an embodiment, Ra is H at each occurrence. In an
embodiment, Rb is H at each occurrence. Preferably, when one or more of the
above groups is substituted, each optional substituent is an independently
chosen halo atom. Amongst halo, chloro and fluoro are preferred. In an
embodiment, R1a is preferably i-propyl, and R4a is optionally substituted
aryl, preferably 4-fluorophenyl. In an embodiment, R1b is Ci-4alkyl,
preferably i-propyl, and R4b is optionally substituted aryl, preferably
4-fluorophenyl. In another embodiment, R2a is -S(O) 2R9 wherein R9a is Ci-6
alkyl, preferably methyl, and R3a is hydrogen or Ci-6 alkyl, preferably
methyl. In another embodiment, R2b is -CONR 9bR10b wherein R9b is
optionally substituted aryl, preferably phenyl; R1Ob is hydrogen; and R3b
is optionally substituted aryl, preferably phenyl. In an embodiment, R1a is
C1-4alkyl, preferably i-propyl; R2a is -S(O) 2R9 wherein R9a is Ci- 6alkyl,
preferably methyl; R3a is hydrogen or Ci-6 alkyl, preferably methyl; and
R4a is optionally substituted aryl, preferably 4-fluorophenyl.In a further
embodiment, R1b is C1-4alkyl, preferably i-propyl; R2b is -CONR 9bR10b
wherein R9b is optionally substituted aryl, preferably phenyl, R1Ob is
hydrogen; R3b is optionally substituted aryl, preferably phenyl; and R4b is
optionally substituted aryl, preferably 4- fluorophenyl. In an embodiment,
R5 is hydrogen or optionally substituted benzyl; and R6 is optionally
substituted C2-6alkyl, preferably propyl or butyl, or optionally
substituted C2-6alkenyl, preferably prop-2-ene. In a preferred embodiment,
R5 is benzyl and R6 is C2-6alkyl, preferably propyl, iso-propyl, butyl,
iso-butyl or tert-butyl. In a preferred embodiment, R5 is benzyl and R6 is
C2-6alkenyl, preferably prop-2-ene. In a preferred embodiment, R5 is benzyl
and R6 is C2-6 haloalkyl, preferably 2,2,2-trichlororethyl. In a preferred
embodiment, R5 is hydrogen; and R6 is optionally substituted aryl,
preferably 2,4,6- trifluorophenyl or 2,4-dimethoxyphenyl. In a preferred
embodiment, R5 is hydrogen and R6 is C2-6alkyl, preferably n-propyl. In a
preferred embodiment, R5 is hydrogen and R6 is C3-6 cycloalkyl, preferably
cyclohexyl. In a preferred embodiment, R5 is hydrogen; and R6 is C2-6
haloalkyl, preferably chloroethyl. In a preferred embodiment, R5 is Ci-6
alkanoyl heteroaryl and R6 is Ci-6 alkyl, preferably methyl. In another
preferred embodiment, R5 is methanoyl pyridyl, e.g. 2-methanolyl pyridine,
3-methanolyl pyridine or 4-methanolyl pyridine, preferably 3-methanolyl
pyridine and R6 is Ci-6 alkyl, preferably methyl, ethyl or propyl. Aryl
groups include aromatic ring systems comprising 6, 7, 8, 9, 10, 11, 12, 13,
14, 15 or 16 ring carbon atoms. Aryl groups may consist of a single ring
but may include a polycyclic ring system, having two or more rings, at
least one of which is aromatic. Aryl 



groups include: phenyl, naphthyl, fluorenyl, azulenyl, indenyl and anthryl
groups. In an embodiment, the aryl group is phenyl. Heteroaryl groups
include aromatic heterocyclic ring systems having 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15 or 16 ring atoms with 1 to 4 heteroatoms independently
selected from nitrogen, oxygen and sulfur. The group may be a polycyclic
ring system, having two or more rings, at least one of which is aromatic,
but is more often monocyclic. Preferred heteroaryl groups are monocyclic
groups containing 5 or 6 ring atoms. Heteroaryl groups include: pyrrolyl,
pyrazolyl, imidazolyl, pyrazinyl, oxazolyl, isoxazolyl, thiazolyl,furyl,
thiophenyl, pyridyl, pyrimidyl, benzimidazolyl, indolyl, isoquinolyl,
quinoxalinyl and quinolyl. In an embodiment, the heteroaryl group is
selected from the group comprising: pyridine, pyrimidine, pyrazine,
pyrazole, and oxazole. Preferably the heteroaryl group is pyridine. In an
embodiment, the compound has a structure selected from:LAMINATED ACOUSTIC
SOUNDPROOFING PANEL This invention relates to a laminated building panel
with improved acoustical soundproofing properties. It is well known to form
acoustic building panels for walls, ceilings, floors and the like by
laminating together two or more substrate layers. Once such building panel
is disclosed in WO2008/1 24672 and comprises a pair of plasterboard
substrate layers, for example of gypsum, which are bonded together with an
acrylic glue. Typically most acoustic building panels attempt to improve
the overall sound transmission coefficient by increasing the waited sound
reduction index (Rw) using substrate layers which themselves have good
waited sound reduction index (Rw) values. The substrate layers are bonded
together with a thick layer of adhesive which improves waited sound
reduction index (Rw) value. For this reason known acoustic building panels
have been heavy in construction, expensive and difficult to manufacture. We
have now devised a laminated acoustic building panel which alleviates the
above-mentioned problems. In accordance with the present invention, there
is provided a laminated acoustic building panel comprising a first
substrate layer, a second substrate layer bonded to the first layer by an
adhesive layer, the panel having a dynamic Young's modulus of 0.1 to 5 GPa
and a damping loss factor of 5 - 30% (h = 0.05 - 0.3), wherein the ratio of
the adhesive to the applied surface area of the substrate is 80 - 250 g/m2.
A laminated panel having the above-mentioned characteristics is relatively
soft in construction and hence sound waves caused by knocking or impact
noise is surprisingly damped using considerably less adhesive than known
panels. The use of soft substrates and less adhesive significantly reduces
the weight of the panel. Furthermore, the use of less glue significantly
reduces costs and makes production easier. Preferably the substrate layers
comprise sheets of gypsum (i.e. plasterboard), gypsum fibre or
cement.Preferably the substrate sheets are formed of identical material and
are preferably identical in thickness, although sheets of different
thicknesses and/or materials can be used. At least one substrate sheet may
comprise layers which are laminated together. One such substrate sheet is
disclosed in European Patent Application EP1 688553 and provides enhanced
acoustic insulation properties compared with conventional gypsum
plasterboards. Preferably each substrate layer has a thickness of 6 to 25
mm. Preferably the adhesive has a dynamic Young's modulus (at 200C) of 0.1
to 50 MPa at 100 Hz and/or 0.5 MPa to 100 MPa at 1000 Hz and a loss factor
of at least 50% (h > 0.5). Alternatively, the adhesive has a dynamic
Young's modulus (at 200C) of 0.1 to 0.5 MPa at 100 Hz and/or 0.5 MPa to 100
MPa at 1000 Hz and a loss factor of at least 50% (h > 0.5). We have found
that the greatest damping of sound waves caused by knocking or impact noise
is achieved when the substrate layers are bonded together with a very thin
layer of adhesive (less than 250 g/m2) having the lowest Young's modulus
and the highest loss factor. Preferably the adhesive comprises an
acrylic-based adhesive, such as a tile or paper adhesive, preferably having
a loss factor of 100% (h = 1.0). Alternatively, the adhesive may comprise a
hot-melt adhesive. Preferably the ratio of the adhesive to the applied
surface area of the substrate is 100 - 150 g/m2. Alternatively, the ratio
of the adhesive to the applied surface area of the substrate is 80 - 100
g/m2 An embodiment of the present invention will now be described by way of
example only and with reference to the accompanying drawings, in which: 



Figure 1 is a perspective view of a laminated acoustic soundproofing
building panel in accordance with the present invention; andFigure 2 is a
graph of sound attenuation vs. frequency of test results obtained from a)
known plaster board, b) a first embodiment of laminated acoustic
soundproofing building panel in accordance with the present invention, and
c) a second embodiment of laminated acoustic soundproofing building panel
in accordance with the present invention. Referring to Figure 1 of the
drawings, there is shown a laminated acoustic soundproofing building panel
for use as a wall board, floor panel or ceiling panel. The panel comprises
a first substrate sheet 10 of plasterboard having a core formed of gypsum
plaster (calcium sulphate hemihydrate) which is disposed between inner and
outer lining sheets 11, 12 of paper. The panel also comprises a second
substrate sheet 13 of plasterboard having a core formed of gypsum plaster
which is disposed between inner and outer lining sheets 14, 15 of paper.
The first and second substrate sheets 10,13 are bonded in face-toface
registration by a layer 16 of acrylic adhesive. The layer 16 is formed by
applying a continuous layer of adhesive onto the inner face of the second
substrate sheet 14 in quantity of 80 - 250 g/m2, preferably 100 -150 g/m2
The first substrate sheet 10 is then applied onto the adhesive layer 16,
whereupon the substrate sheets 10,13 are pressed together until the
adhesive has cured sufficiently. The loss factor and Young's modulus values
of the panel components herein are measured and calculated by the
mechanical impedance method (MIM), which is based on ISO 16940 standard,
wherein continuous subtle vibration is applied to the centre of a test
piece.. The value of dynamic Young modulus for substrate sheets 10,13
having a thickness of 6 - 25mm is 1 - 8GPa at 500Hz and generally around
3GPa +/- 1GPa. The loss factor evaluated on each peak is less than 5%
(h=0.05). It is well known to the skilled in the art that the dynamic Young
modulus of polymer is dependant on frequency and the temperature. The data
can be measured with a DMTA system (Dynamical Mechanical Thermo Analysis),
for example MetravibViscoanalyser. Accordingly, the typical values for the
Young's modulus of the adhesive layer 16 at 200C are as follows at the
given frequencies: 100 Hz 0,1 MPa < E < 50 MPa 1000 Hz 0.5 MPa < E < 100
MPa The minimum loss factor of the adhesive layer 16 is a minimum of 50%
(h>0.5). Accordingly, the combined Young modulus value for the whole panel
is 0.1 - 5GPa and the equivalent loss factor evaluated on each peak is
generally between 5% and 30% (0.05 < h < 0.3) and preferably is
approximately 20% (h=0.2), depending on the characteristics of the adhesive
used for the layer 16. The most surprising results, with a really thin
layer of damping material (less than 250g/m 2) , are obtained with the
softest Young modulus and the highest loss factor. Referring to Figure 2 of
the drawings, there is shown a graph of sound attenuation vs. frequency of
test results obtained from the following partitions: A) conventional
plasterboard mounted on studs separated by 48mm; B) a laminated acoustic
soundproofing building panel in accordance with the present invention
mounted on studs separated by 48mm and having substrate sheets 10,13 of
conventional plasterboard; and C) a laminated acoustic soundproofing
building panel in accordance with the present invention mounted on studs
separated by 48mm and having substrate sheets 10,13 of acoustic wallboard
of the kind disclosed in European Patent Application EP1688553. Firstly, it
can be seen that the sound attenuation properties of a partition formed
with conventional plasterboard increases from 100Hz, until there is a
significant drop in attenuation (sound transmission loss) by approximately
1OdB towards the critical frequency between approximately 1600 and 4000 Hz.
The critical frequency is the frequency at which the wavelength of sound in
air equals the flexural bending wavelength in the partition.Secondly, it
can be seen that the sound attenuation properties of a partition formed
with a laminated acoustic soundproofing building panel in accordance with
the present invention having substrate sheets 10,13 of conventional
plasterboard are improved over the whole frequency range. Moreover, it can
be seen that there is less of a drop in attenuation towards the critical
frequency between approximately 1600 and 4000 Hz. Thirdly, it can be seen
that the sound attenuation properties of a partition formed with a
laminated acoustic soundproofing building panel in accordance with the
present 



invention having substrate sheets 10,13 of acoustic wallboard are yet
further improved over the whole frequency range and there is even less of a
drop in attenuation towards the critical frequency between approximately
1600 and 4000 Hz. The benefit of a laminated acoustic soundproofing
building panel in accordance with the present invention is due to the
properties of the glue (ie its Dynamic Young's Modulus and loss factor) and
the selection of the substrate sheets 10,13, leading to enhanced acoustic
performance. The enhanced acoustic performance is partially due to an
increased weighted sound reduction index (Rw) and the increased damping of
sound waves caused by knocking or impact noise. This is surprisingly
achieved using considerably less adhesive than known laminated acoustic
soundproofing building panels. In an alternative embodiment, the substrate
sheets 10,13 comprise cement wallboards and have values of dynamic Young's
modulus between 5 and 15GPa at 500Hz. In another alternative embodiment,
the substrate sheets 10,13 comprise wood wallboards and have values of
dynamic Young's modulus between 1 and 15GPa at 500Hz.CLAIMS 1. A laminated
acoustic building panel comprising a first substrate layer, a second
substrate layer bonded to the first layer by an adhesive layer, the panel
having a dynamic Young's modulus of 0.1 to 5 GPa and a damping loss factor
of 5 - 30% (h = 0.05 - 0.3), wherein the ratio of the adhesive to the
applied surface area of the substrate is 80 - 250 g/m2. 2. A laminated
acoustic building panel as claimed in any preceding claim, in which at
least one the substrate layers comprises a sheet of gypsum or plasterboard.
3. A laminated acoustic building panel as claimed in any preceding claim,
in which the adhesive has a dynamic Young's modulus (at 200C) of 0.1 to 50
MPa at 100 Hz and/or 0.5 MPa to 100 MPa at 1000 Hz and a loss factor of at
least 50% (h > 0.5). 4. A laminated acoustic building panel as claimed in
claim 1 or claim 2, in which the adhesive has a dynamic Young's modulus (at
200C) of 0.1 to 0.5 MPa at 100 Hz and/or 0.5 MPa to 100 MPa at 1000 Hz and
a loss factor of at least 50% (h > 0.5). 5. A laminated acoustic building
panel as claimed in any preceding claim, in which the adhesive comprises an
acrylic-based adhesive. 6. A laminated acoustic building panel as claimed
in any preceding claim, in which the adhesive comprises a hot-melt
adhesive. 7. A laminated acoustic building panel as claimed in any
preceding claim, in which at least one the substrate layers comprises a
sheet of fibre reinforced gypsum or fibre reinforced plasterboard. 8. A
laminated acoustic building panel as claimed in any preceding claim, in
which at least one the substrate layers comprises a sheet of cement
wallboard.9. A laminated acoustic building panel as claimed in any
preceding claim, in which at least one the substrate layers comprises a
sheet of wood wallboard. 10. A laminated acoustic building panel as claimed
in any preceding claim, in which at least one the substrate layers
comprises a sheet having layers of material which are laminated together.
11.A laminated acoustic building panel as claimed in any preceding claim,
in which the substrate sheets are formed of identical material. 12. A
laminated acoustic building panel as claimed in any preceding claim, in
which the substrate sheets are of identical thickness. 13. A laminated
acoustic building panel as claimed in any preceding claim, in which each
substrate layer has a thickness of 6 to 25 mm. 14. A laminated acoustic
building panel as claimed in any preceding claim, in which the ratio of the
adhesive to the applied surface area of the substrate is 100 - 150 g/m2.
15. A laminated acoustic building panel as claimed in any of claims 1 to
13, in which the ratio of the adhesive to the applied surface area of the
substrate is 80 - 100 g/m2. 


