
Redox Drug Derivatives The present invention relates to redox drug
derivatives. In particular, the present invention relates to
9-fluoro-2,3-dihydro-3-methyi-10-(4-methyl-1-piperazinyl)-7-oxo-7Hpyrido[
1,2,3-de3-1 ,4-benzoxazine-6-carboxylic acid (ofloxacin),
1-ethyl-6-fluoro-1 ,4-
dihydro-7-(4-methyl-1-piperazinyl)-4-oxo-3-quinolinecarboxylic acid
(pefloxacin), (3R, 4R, 5S)-4-(
acetylamino)-5-amino-3-(1-ethylpropoxy)-1-cyclohexene-1-carboxylic acid
ethyl ester (oseltamivir), {3S)-3-(aminomethyl)-5-methylhexanoic acid
(pregabaiin), (3S)-1-[2-
(2,3-dihydro-5-benzofuranyl)ethyf3~a-a-diphenyI-3-pyrrolidineacetamide
(darifenacin), (1S,2S,3S,4R)-3-[(1 S)-1 -acetamido-2-ethyl-butyi]-4-
(diaminomethyiideneamino)-2- hydroxy-cyclopentane-1-carboxylic acid
(peramivir) and (2R,3R,4S)-4-
[(diaminomethy!idene)amino]-3-acetamido-2-[(1R,2R)-1,2,3-trihydroxypropyl]-
3,4- dihydro-2H-pyran-6-carboxylic acid (zanamivir) redox derivatives.
Ofloxacin was first disclosed in EP 0 047 005 and US 4,382,892. This
disclosure included a racemic mixture of the two enantiomers of ofloxacin.
The optically active enantiomer was disclosed in EP 0 206 283. Pefloxacin
was first disclosed in DE 2840910 and US 4,292,317. An essential feature of
the compounds disclosed in each of these documents is the substitution at
the 6-position by a carboxylic acid and at the 7- position by an oxo group.
Thus, it is considered that the specific substitution at the 6- and
7-positions of the ring is central to providing the desired antibacterial
activity properties of the compounds. Moreover the synthetic route for
ofloxacin disclosed in EP 0 047 005 involves the conversion of a
4-aza-chromane compound to the below illustrated di-ester compound which is
subsequently ring-closed to form an ofloxacin precursor: Thus, in addition
to being considered essential to providing the desired antibacterial
activity properties of the compounds, this specific substitution results
from the synthesis of the active compound.Oseltamivir was first disclosed
in US 5,763,483. it appears that the combination of (i) an ester group at
the double bond on the cyclohexene ring, and (ii) an amine group para to
the ester are essential in obtaining an active compound. Pregabalin was
first disclosed in US 5,563,175 in which its use, amongst other 3-aIkyl-4-
aminobutyric acid analogues, as an anticonvulsant was also disclosed. In
addition to this document, US 6,001 ,876 and US 6,127,418 disclose a series
of 3-a!kyl-4- aminobutyric acid analogues which are useful in the treatment
of pain and in preventing and treating gastrointestinal damage
respectively. The essential features of the compounds disclosed in each of
the above documents are the terminal amine group and the opposing terminal
carboxylic acid group. Thus, it is considered that these features are
essential for providing the desired GABA regulating activity of the
compounds which is believed to be responsible for the useful effects of
these compounds. Darifenacin, and its activity as a muscarinic receptor
antagonist, was first disclosed in US 5,096,890. This document discloses,
in particular, compounds having an amide group adjacent to the two phenyl
rings. There are also disclosed compounds having a nitrile group adjacent
to the two phenyl rings, the nitrile moiety being in place of the amide
moiety. However, it is considered that the presence of the amide group is
essential in imparting the antagonistic activity of these compounds as it
is disclosed that the analogous nitrile compound is useful as a synthetic
intermediate but has low activity 



as a muscarinic receptor antagonists. Zanamivir was first disclosed in US
5,360,817. It appears that the combination of (i) a carboxylic acid group
at the double bond on the cyclohexene ring, and (ii) an amine group para to
the carboxylic acid group are essential in obtaining an active compound.
The acid forms of the parent compounds, for example ofloxacin, pefloxacin
and pregabalin, may suffer problems in terms of stability over an extended
period of time. For example, oxfloxacin and pefloxacin may undergo
decarboxylation of the terminal acid. This represents a significant problem
during manufacture of an active principal or during extended storage of the
same in a pharmacy. Similarly, the unprotected amide form of darifenacin is
subject to hydrolysis to the carboxylic acid derivative. The resulting
decomposition products may have reduced activity and potentially increased
toxicity when compared with the parent active.It is therefore an aim of the
present invention to provide reduced or oxidised derivatives of active
compounds which are able to demonstrate similar to or better than the
parent active compound. It is also an aim of the present invention to
provide compounds which have an IC50 value comparable to or better than
that of the parent active, ideally, these reduced or oxidised derivatives
will have good stability and bioavailability relative to the parent active
compound. It is thus an aim to provide reduced or oxidised derivatives
having improved stability. Ideally, the reduced or oxidised derivatives
will have an extended shelf-life. It is thus an aim of the present
invention to provide further compounds having improved bioavailability.
This invention provides compounds that achieve one or more of the above
aims. The compounds may be active in their own right or may metabolise or
react in aqueous media to yield a parent active compound. According to a
first aspect, the present invention provides a method of preparing an
oxidised or reduced pharmaceutical active derivative, comprising: (i)
obtaining a parent pharmaceutical active; (ii) oxidising the parent
pharmaceutical active to provide an oxidised pharmaceutical active
derivative which is in an oxidation state one or more oxidation states
higher than the parent pharmaceutical active; or reducing the parent
pharmaceutical active to provide a reduced pharmaceutical active derivative
which is in an oxidation state one or more oxidation states lower than the
parent pharmaceutical active; and ( ii) isolating the oxidised or reduced
pharmaceutical active derivative. The term derivative in this context means
a compound that is identical to a target active compound (which may be an
approved drug compound or a known active structural compound of the same
class as an approved drug compound) in terms of its structure except that
one or more functional groups in the compound have been oxidised or
reduced. This approach is novel and the finding of activity for compounds
of the invention is contrary to normal expectations in the pharmaceutical
industry. Whilst, it is may be conventional in the industry to aim to
provide prodrugs of certain compounds, the industry has been very wary of
modifying active compounds to any significant degree. In addition, there is
a concern in the industry that compounds such as aldehydes could
bepotential!y problematic in terms of their effects. Thus aldehydes,
acetal, hemi-acetals and related compounds in the same oxidation state as
these have been avoided since it 



is expected that they will not be viable development candidates.
Surprisingly, we have found that we can provide active compounds or
compounds that metabolise to active compounds by modifying the oxidation
state of certain key functional groups in known active compounds. This
effect is surprising given that the modification of the oxidation state of
one or more functional groups in a known active will inevitably have an
effect on the electronic distribution and hence binding of a molecule.
Similarly, the overall stereochemistry is likely to be affected which will
also affect binding of a molecule at the target receptor site. Thus the
finding of activity in the compounds of the invention is both unpredictable
and unexpected. For a compound to qualify as a parent pharmaceutical active
drug compound that is suitable for synthetic modification according to the
invention, the parent must contain one or more oxidisable or reducible
functional groups. Another, requirement of the parent compound is that it
must have existing pharmaceutical activity against a particular target. The
parent compound is preferably and approved drug. Preferably, the oxidisable
or reducible functional group is selected from the group comprising:
hydroxy!, carbony!, carboxylate, amine, amide, imine, and ester. The
compound according to the invention will, in one embodiment, thus contain
at least one functional group that can be obtained by or has been obtained
by reducing or oxidising (as chemically appropriate) one or more groups in
the parent active compound selected from the group comprising: hydroxy!,
carbonyl, carboxylate, amine, amide, imine, and ester. Most preferred are
compounds of the invention derived from a parent having one or more of:
hydroxyl, carbonyl, and carboxylate groups. The efficacy of the compounds
of the invention against a particular target can be demonstrated for
example by in silico modelling, or by conventional in vitro or in vivo
testing. The in silico modelling provides a good proof of efficacy of the
compounds of the invention. In an embodiment, step ( ) of the method
comprises oxidising the parent pharmaceutical active to provide an oxidised
pharmaceutical active derivative. In an embodiment, step (ii) of the method
comprises reducing the parent pharmaceutical active to provide a reduced
pharmaceutical active derivative.Processes for the manufacture of parent
pharmaceutical active are disclosed in EP 0 206 283, US 4,292,317, US
5,763,483, US 5,563,175 and 5,096,890 and, in particular, in the examples
of these documents. The disclosures of EP 0 206 283, US 4,292,317, US
5,763,483, US 5,563,175, 5,096,890 and US 5,360,817 insofar as the
synthetic procedures are concerned form part of the disclosure of the
present invention. n the interests of brevity, the details of these
synthetic procedures are not reproduced here but it is intended that this
subject matter is specificaliy incorporated into the disclosure of these
documents by reference. Each of the compounds of the present invention may
be used as a medicament. The compounds of the present invention may be used
in the treatment of treatment of bacterial infections. For example,
diseases such as pneumonia, urinary tract infections, acute bacterial
sinusitis, acute bacterial exacerbation of chronic bronchitis, anthrax,
various skin infections, chronic bacterial prostatitis, acute
pyelonephritis. The compounds of the present invention may also be used in
the treatment of conditions treatable by neuraminidase inhibition. For
example, the compounds of the present 



invention may be used to treat viral infections, in particular, infections
caused by the influenza virus. The compounds of the present invention may
also be used in treating conditions treatable by modulating GABA turnover
and, in particular, in the treatment of neuropathic pain such as
neuropathic pain from diabetic neuropathy or post herpetic neuralgia. The
compounds of the present invention may also be used in the treatment of
seizures. The compounds of the present invention may also be used in
various anxiety disorders, such as bipolar disorder or generalised
depression. The compounds of the present invention may also be used in
conditions treatable by blocking the M3-muscarinic acetylcholine receptor.
In particular, the compounds of the present invention may also be used in
the treatment of urinary incontinence, oesophageal achalasia, irritable
bowel syndrome and chronic obstructive airways disease.The skilled man will
appreciate that adaptation of methods known in the art could be applied in
the manufacture of the compounds of the present invention. For example, the
skilled person will be immediately familiar with standard textbooks such as
"Comprehensive Organic Transformations - A Guide to Functional Group
Transformations", C Larock, Wiiey-VCH (1999 or later editions), "March's
Advanced Organic Chemistry ~Reactions, Mechanisms and Structure", MB Smith,
J. March, Wiley, (5th edition or later) "Advanced Organic Chemistry, Part
B, Reactions and Synthesis", FA Carey, RJ Sundberg, Kluwer Academic/Plenum
Publications, (2001 or later editions), Organic Synthesis - The
Disconnection Approach", S Warren (Wiley), ( 1982 or later editions),
"Designing Organic Syntheses" S Warren (Wiley) ( 983 or later editions),
"Guidebook To Organic Synthesis" RK Mackie and DM Smith (Longman) (1982 or
later editions), etc., and the references therein as a guide. The skilled
chemist will exercise his judgement and skill as to the most efficient
sequence of reactions for synthesis of a given target compound and will
employ protecting groups as necessary. This will depend inter alia on
factors such as the nature of other functional groups present in a
particular substrate. Clearly, the type of chemistry involved will
influence the choice of reagent that is used in the said synthetic steps,
the need, and type, of protecting groups that are employed, and the
sequence for accomplishing the protection / deprotection steps. These and
other reaction parameters wi i be evident to the skilled person by
reference to standard textbooks and to the examples provided herein.
Sensitive functional groups may need to be protected and deprotected during
synthesis of a compound of the invention. This may be achieved by
conventional methods, for example as described in "Protective Groups in
Organic Synthesis" by TW Greene and PGM Wuts, John Wiley & Sons nc (1999),
and references therein. Compounds of the invention intended for
pharmaceutical use may be administered as crystalline or amorphous
products. They may be obtained, for example, as solid plugs, powders, or
films by methods such as precipitation, crystallization, freeze drying, or
spray drying, or evaporative drying. Microwave or radio frequency drying
may be used for this purpose.Compounds of the invention containing one or
more asymmetric carbon atoms can exist as two or more stereoisomers. Where
a compound of the invention contains a double bond such as a C=C or C=N
group, geometric cis/trans (or Z E) isomers are possible. 



Where structural isomers are interconvertible via a low energy barrier,
tautomeric isomerism ('tautomerism') can occur. This can take the form of
proton tautomerism in compounds of the invention containing, for example,
an imino, keto, or oxime group, or socalled valence tautomerism in
compounds which contain an aromatic moiety. t follows that a single
compound may exhibit more than one type of isomerism. Included within the
scope of the present invention are ail stereoisomers, geometric isomers and
tautomeric forms of the compounds of the invention, including compounds
exhibiting more than one type of isomerism, and mixtures of one or more
thereof. Also included are acid addition or base salts wherein the counter
ion is optically active, for example, d-lactate or l-lysine, or racemic,
for example, dl-tartrate or dl-arginine. Cis/trans isomers may be separated
by conventional techniques well known to those skilled in the art, for
example, chromatography and fractional crystallisation. Conventional
techniques for the preparation/isolation of individual enantiomers when
necessary include chiral synthesis from a suitable optically pure precursor
or resolution of the racemate (or the racemate of a salt or derivative)
using, for example, chiral high pressure liquid chromatography (HPLC).
Alternatively, the racemate (or a racemic precursor) may be reacted with a
suitable optically active compound, for example, an alcohol, or, in the
case where the compound of the invention contains an acidic or basic
moiety, a base or acid such as 1- phenylethylamine or tartaric acid. The
resulting diastereomeric mixture may be separated by chromatography and/or
fractional crystallization and one or both of the diastereoisomers
converted to the corresponding pure enantiomer(s) by means well known to a
skilled person. Chiral compounds of the invention (and chiral precursors
thereof) may be obtained in enantiomerica!iy-enriched form using
chromatography, typically HPLC, on an asymmetric resin with a mobile phase
consisting of a hydrocarbon, typically heptane or hexane, containing from 0
to 50% by volume of isopropanol, typically from 2% to 20%, and from 0to 5%
by volume of an alkylamine, typically 0.1% diethylamine. Concentration of
the eluate affords the enriched mixture. When any racemate crystallises,
crystals of two different types are possible. The first type is the racemic
compound (true racemate) referred to above wherein one homogeneous form of
crystal is produced containing both enantiomers in equimolar amounts. The
second type is the racemic mixture or conglomerate wherein two forms of
crystal are produced in equimolar amounts each comprising a single
enantiomer. While both of the crystal forms present in a racemic mixture
have identical physical properties, they may have different physical
properties compared to the true racemate. Racemic mixtures may be separated
by conventional techniques known to those skilled in the art - see, for
example, "Stereochemistry of Organic Compounds" by E. L . E iel and S. H.
Wilen (Wiley, 1994). According to a second aspect, th rovides a compound of
formula I: (I) wherein: R and R are together selected from the group
comprising: oxo and =NOR"; or R is -H and R is -OR"; and R2 is selected
from the group comprising: -COOR", -CR'O, -CR"R"OR", - 



wherein ~Y- is selected from the group comprising: =N-, -O- and -S-; is
selected from the group comprising: -O- and ~Seach R, R' and R" is
independently selected from the group comprising: - H and C1-4 alkyl; or
each R" is independently selected from the group comprising: -H and C -
alkyl, and R and R' join to form a 5 to 8 membered ring together with the
atoms to which they are bonded; andR'" is selected from the group
comprising: H, C alkyl and -(CR""R , )naryi; wherein each R"" is
independently selected from the group comprising: H and aryl and wherein n
is from 1 to 4 ; R3, R7 and R8 are each independently selected from the
group comprising: H, substituted or unsubstituted C - alkyl and halogen; R4
and R5 are each independently substituted or unsubstituted C-,. alky!; or
R4 and R5 join to form a 6 membered ring together with the atoms to which
they are bonded; R6 is a substituted or unsubstituted N-heterocyc!oalkyl
group comprising from 5 to 10 ring atoms and at least one nitrogen atom;
wherein, where chemically possible, each alkyl and each aryl may be
independently substituted with up to 5 substituents independently selected
from the group comprising: F, CI, Br, CN, N0 2, OR" or OH; and provided
that the compound is not or According to a third aspect, the present
invention provides a compound of formula ( a): wherein: R and R are
together selected from the group comprising: oxo and =NOR"; or R a is -H
and R1 is -OR"; and2 is selected from the group comprising: -COOR", -CR'O,
-CR"R"OR", wherein -Y- is selected from the group comprising: =N-, -O- and
-S-; -Y'~ is selected from the group comprising: -O- and -S-; each R, R'
and R" is independently selected from the group comprising: - H and C
alkyl; or each R" is independently selected from the group comprising: -H
and C - alkyl, and R and R' join to form a 5 to 8 membered ring together
with the atoms to which they are bonded; and R'" is selected from the group
comprising: H, C1- a!kyl and -(CR""R"")"- aryl; wherein R"" is selected
from the group comprising: H and aryl; R3, R7, R and R are each
independently selected from the group comprising: H, substituted or
unsubstituted C1-4alkyl and halogen; R4 is a substituted or unsubstituted C
-4alkyl; RE is a substituted or unsubstituted N-heterocycloalkyl group
comprising from 5 to 0 ring atoms and at least one nitrogen atom; wherein,
where chemically possible, each alkyl and each aryl may be independently
substituted with up to 5 substituents independently selected from the group
comprising: F, C , Br, CN, N0 2, OR" or OH; and provided that the compound
is not The following embodiments apply to the compounds of the above second
and third aspects. 



n an embodiment, when R1a and R together are oxo, R2 is not -COOH.In an
embodiment, R and R are together oxo. In an alternative embodiment, R and R
b are together =NOR". Preferably, R a and R b are together =NOH. In an
alternative embodiment, R a is H and R is -OR". Preferably, R is H and R is
-OH. In an embodiment, R2 is selected from the group comprising: -COOR",
-CR"0 and - CR"R"OR". Preferably, R2 is selected from the group comprising:
-COOH, -CR' and - Preferably, each R" is H. In an embodiment, R is H. in an
embodiment, R4 is substituted or unsubstituted C -3aikyl. In an embodiment,
R4 is substituted or unsubstituted cyclopropyl, preferably unsubstituted
cyclopropyl. In an alternative embodiment, R4 is substituted or
unsubstituted ethyl. In an embodiment, R5 is substituted or unsubstituted C
-3alkyt. In an embodiment, R5 is methyl. In an embodiment, R4 is ethyl and
R5 is methyl and R4 and R5 join to form a 6 membered ring together with the
atoms to which they are bonded. In an embodiment, R6 is a substituted or
unsubstituted N-heterocyc!oalkyl group comprising from 5, 6 , 7 , 8 , 9 or
10 ring atoms and at least one nitrogen atom. Preferably, the
N-heterocycloalkyl group comprises at least two nitrogen atoms. In an
embodiment, R is substituted or unsubstituted piperizine, preferably
N-methyl piperizine.In an embodiment, R is substituted or unsubstituted
group of preferably unsubstituted. In an embodiment, R is halogen.
Preferably, R7 is fluoro. In an embodiment, R8 is hydrogen. In an
embodiment, R3 is H, R7 is fluoro and R is hydrogen. In an embodiment, R4
is cyclopropyl, R is methyl and R6 is In an embodiment, R4 is ethyl, R5 is
methyl, and R4 and R5 join to form a 6 membered ring together with the
atoms to which they are bonded, and R6 is N-methyl piperizine. In an
embodiment, R3 is H, R4 is cyclopropyl, R5 is methyl, R is R is fluoro and
R8 is hydrogen. In an embodiment, R3 is H, R4 is ethyl, R5 is methyl, and
R4 and R5 join to form a 6 membered ring together with the atoms to which
they are bonded, R6 is N-methyf piperizine, R7 is fluoro and R8 is
hydrogen. In an embodiment, R" is H.an embodiment, the ring formed by the R
and R' in is a 5 to 7 rnembered ring, preferably a 5 or 6 rnembered ring.
In an embodiment, Y and Y' are each -0-. In an alternative embodiment, Y
and Y' are each -S-. In a further alterative embodiment, Y is -O- and Y' is
-S-. In another embodiment, Y is =N- and Y' is -0-, In another embodiment,
Y is =N- and Y is -S-. in an embodiment, R is H. In an embodiment, R is H.
In an alternative embodiment, R and R' are each C alky!, e.g. methyl, ethyl
or propyl. In an alternative embodiment, one of R and R' is H and the other
is C -3a1kyl, e.g. methyl, ethyl or propyl. In an embodiment, Y, Y', R and
R' are selected from the following table: Y Y' R R' -0- -O- H H -s- o - H H
-S- -S- H H =N- -0- H H 



=N- -S- H -O- -0- Methyl H 0 -O- Ethyl H -0- -0- Propyl H -S- .0- Methyl H
-S- -0- Ethyl H -S- - Propyl =N- -O- Methyl H -N- -0- Ethyl H =N_ -0-
Propyl H -0- -s- Methyl H -O- -s- Ethyl H _0- s Propyl H -S- -S- Methyl
H-s- -S- Ethyl H -S- -S- Propyl H = - -S- Methyl H =N- -s- Ethyl H N- -s-
Propyl H -0- -O- Methyl C - alkyl -0- -0- Ethyl C1-3alkyl -0- -0- Propyl C
.3alkyl -S- -0- Methyl C1-3alkyl _s- -o- Ethyl C^alkyl -S- -O- Propyl
C^alkyl =N- 0- Methyl C - alkyl =N- -0- Ethyl 3alkyl =N- -0- Propyl
C1-3alkyl -0- -S- Methyl C -3alkyi -0- -S- Ethyl C -3alkyl -0- -s- Propyl
C1-3aikyi _s- -s- Methyl C^alkyl -S- -S- Ethyl C - alkyl -S- -S- Propyl C
-3alkyl =N- -S- Methyl - a kyl =N- -s- Ethyl C1-3alkyl -s- Propyl C alky!
wherein C-^atkyl includes methyl, ethyl and propyl.APPARATUS FOR SUPPORTING
A DISK DRIVE, DISK DRIVE TEST APPARATUS AND METHOD OF TESTING A DISK DRIVE
The present invention relates to apparatus for supporting a disk drive, to
a disk drive test apparatus and to a method of testing a disk drive. The
present invention has particular application when testing a disk drive
during the manufacturing process, for example a so-called Back End Test
(BET) . However, the 



present invention has application to mounting of a disk drive during a
servo-writing process (when servo tracks are written to the disk drive,
including the case where a separate clock head is used as well as the
self-servo writing process and the self -servo fill process) , and during
normal end use of the disk drive by an end user. Examples of arrangements
for supporting a disk drive are disclosed in US-A-6018437, WO-A-97/06532 ,
WO-A-03/021597, WO-A-03/021598 and WO-A-2004/114286 , the entire
disclosures of which are hereby incorporated by reference. In many of these
arrangements, the disk drive is supported in a carrier (or "tray") which is
inserted into and removed from a housing (or "chassis"). Typically, this
insertion and removal is automated and is carried out by a robotic arm. As
is well known, vibrations arising in the apparatus can affect the operation
of the disk drive and it is therefore desirable to minimise the effect of
such vibrations . This is particularly important during manufacture and
testing of a disk drive as these processes are particularly susceptible to
error. Vibrations mainlyarise from rotation of the disk and/or the pivoting
movement of the disk arm that carries the read/write head or heads. There
is also often a fan present, which gives rise to its own vibrations. In
addition, there may be other sources of vibration within the test
apparatus, including for example automation used for exchanging disk drive
units in the apparatus, power supply units for supplying power to the
apparatus, computing apparatus used for controlling operation of the
apparatus, and pumps and water flow used for cooling the apparatus. To
minimise the effect of vibrations, typically the disk drive is effectively
clamped to a large mass. As is well known, in general the greater the mass,
the lower the frequency of the rotational mode of the combination of the
disk drive and carrier. Whilst in principle it is possible to increase the
mass, this becomes very problematic when plural disk drives are being
operated on in the same housing. For example, existing servo writing and/or
testing apparatus may operate on one thousand or more disk drives
simultaneously. Simply increasing the mass to which each disk drive is
clamped can result in the housing having a very large mass overall, and
also inevitably increases the cost of the equipment because of both the
capital cost of the masses themselves and also the cost of the 



additional supporting arrangements that are needed to support such a heavy
total mass . According to a first aspect of the present invention, there is
provided apparatus for supporting a disk drive, the apparatus comprising: a
housing; a slot for receiving a disk drive, the slot being received in the
housing and having a longitudinal axis; and, a plurality of isolators
disposed between the slot and the housing for isolating theslot from the
housing, the isolators being arranged with respect to the longitudinal axis
such that the slot has a low rotational stiffness in the direction of the
longitudinal axis relative to the rotational stiffness in at least one
other direction. By positioning isolators with respect to the longitudinal
axis the rotational stiffness of the slot about the longitudinal axis can
be made low relative to the rotational stiffness of the slot about other
axes. It follows from this arrangement that the natural frequency of the
slot about the longitudinal axis can be made lower. This is advantageous in
situations where there are noise sources at relatively high frequencies
that tend to excite rotational vibration of the slot about the longitudinal
axis. In particular, by lowering the natural frequency of the slot this
means that the noise sources occur at a higher frequency than the natural
frequency get attenuated. In other words the system is better isolated from
rotational vibration about the longitudinal axis. This is in contrast to
prior art arrangements of isolators, where some of the noise sources may
coincide with the natural frequency about the longitudinal axis and hence
excite greater vibration in this mode. Preferred placement of the isolators
with respect to the longitudinal axis does not interfere with tuning the
isolation system to address different modes of vibration. For example, the
isolators can be spaced from each other along the longitudinal axis to
provide greater rotational stiffness about orthogonal axes to longitudinal
axis. Therefore the natural frequency of the system in other modes of
vibration is not constrained to also be low. Thus-Athe system can be tuned
to the sources of noise expected given the particular application. This can
be done without introducing heavy mass to the system as in prior art
approaches to this problem. Preferably the slot has a first face, the first
face having a centreline parallel with the longitudinal axis, 



wherein at least one of said plurality of isolators is positioned on the
centreline of the first face. Preferably the slot has a second face, the
second face having a centreline parallel with the longitudinal axis,
wherein at least one of said plurality of isolators is positioned on the
centreline of the second face. Preferably the slot has a second face, the
second face having a centreline parallel with the longitudinal axis,
wherein each isolator of said plurality is positioned on either the
centreline of the first face or the centreline of the second face. By
positioning some or all of the isolators on the centrelines of the faces,
the isolators are brought closer to the axis of rotation of the slot about
the longitudinal axis. This leads to reduced stiffness about the
longitudinal axis. This arrangement does not affect the ability of the
system to provide stiffness about other axes. For example, by spacing the
isolators at various points along the centrelines, increased stiffness can
be provided to other modes of vibration, whilst still providing a low
frequency mode about the longitudinal axis. Preferably two isolators are
positioned respectively on the centrelines of the first and second faces so
as to be towards one end of the slot and diametrically opposed to each
other. This provides a firm reaction surface at the rear of the slot. This
is useful in isolating the slotfrom cross talk in neighbouring slots, as
well as in resisting plugging force when disk drive exchange is carried
out. Preferably an isolator is positioned on the centreline of the first
face at the opposite end of the slot to the two diametrically opposed
isolators. This helps provide damping for vibration of the slot about the
axis of the diametrically opposing isolators. This also helps avoid the
effects of temperature induced creep of the front end of the slot, which
helps the automation carry out disk exchange . Preferably the slot
comprises a disk drive receiving portion located at the opposite end of the
slot to the two diametrically opposed isolators. This arrangement has the
advantage of moving the axis of rotation of the slot about the
diametrically opposing isolators outside the disk drive receiving portion
of the slot, which in turn reduces the affects of this mode of vibration on
the disk drive. Preferably an isolator is positioned midway along the
centreline of the second face. This isolator provides the 



primary support for the slot in the housing. The slot is in effect balanced
on this isolator, allowing low stiffness about the longitudinal axis . This
isolator can also be used to provide some damping by appropriately shaping
the isolator. Preferably the separation of the first and second faces is
less than the width and the height of the first and second faces. This
brings the centrelines closer together and thus closer to the axis of
rotation. This in-Sturn reduces the stiffness of the slot to rotation about
the axis of rotation. In practice, the first and second faces of the slot
may be horizontal in use, with the disk drive unit in the slot positioned
relative to the slot such that the disk is parallel with the faces and
therefore horizontal in use. Thus the longitudinal axis in this
configuration would be parallel to the disk. Preferably each isolator does
not extends from the centreline of the face on which it is positioned by
more than a distance D , where D = 25% of the distance from that centreline
33,34 to the side edge of the slot. This allows the stiffness of the slot
to rotation about the axis of rotation to be made low by keeping the
isolators close to the axis of rotation. Preferably at least some of said
isolators are positioned close to the centre of rotation of the slot in the
direction of said longitudinal axis such that less rotational stiffness is
provided by said at least some isolators in the direction of the
longitudinal axis than in said other direction. Preferably the apparatus
comprises at least two slots as described above, the two slots being
adjacent each other such that the first face of one slot is next to the
second face of the other slot, wherein an isolator on one of the faces is
spaced longitudinally from all isolators on the other face. This
arrangement means that at least this isolator does not share a common
reaction surface with the other isolators. Instead for a force to be
transmittedfrom this isolator to one of the other isolators it must pass
along a section of the housing. The effect of this is that some of the
vibration energy is dissipated as it passes along the housing, meaning that
some additional damping is obtained. This decreases the risk of cross talk
between adjacent slots. In another embodiment, the apparatus comprises at 



least two slots as described above, the two slots being adjacent each other
such that the first face of one slot is next to the second face of the
other slot, wherein the housing between the two slots comprises two spaced
walls arranged such that the first wall is at least partiallyisolated from
the second wall . Thus a gap is created between the two walls separating
the two slots. The two walls respectively provide two independent reaction
surfaces to the two slots so that cross talk between the two slots is
minimised. According to a second aspect of the present invention, there is
provided disk drive test apparatus comprising apparatus for supporting a
disk drive as described above and a test module for testing a said disk
drive. According to a third aspect of the present invention, there is
provided a method of testing a disk drive, the method comprising:
supporting a disk drive in a disk drive test apparatus such that the disk
drive has a low rotational stiffness in the direction of a longitudinal
axis of the disk drive relative to the rotational stiffness in at least one
other direction; and, testing the disk drive.Embodiments of the present
invention will now be described by way of example with reference to the
accompanying drawings, in which: Figure 1 shows a view from the front, side
and top of an example of a disk drive test apparatus according to an
embodiment of the present invention; Figure 2 shows schematically a partial
end on cross section view of the apparatus of Figure 1 along lines A-A
showing two vertically adjacent slots of the apparatus; Figure 3 shows
schematically a partial side on cross section view of the apparatus of
Figure 1 along lines B-B showing the two slots of Figure 2 ; Figure 4 shows
from the front, side and top a slot of the apparatus of Figure 1 ; Figure 5
shows from the front, side and bottom of the slot; and, Figure 6 shows a
partial side on a cross section view of another example of a disk drive
test apparatus according to an embodiment of the present invention.
Referring to Figure 1 , an example of a disk drive testing apparatus 10 is
shown such as may be used for BET (Back End Test) or self servo writing or
servo filling. It should be noted that in the following, as shown in the 



drawings, the x-axis is defined as running horizontally from the left side
to the right side of the apparatus, the y-axis is defined as running
horizontally from the frontend to the rear end of the apparatus, and the
z-axis is defined as running vertically upward. Within this co ordinate
system Lx, Ly and Lz refer respectively to linear motion in the direction
of the x-axis, y-axis and z-axis and Rx, Ry and Rz refer respectively to
rotational movement around the x-axis, y-axis and z-axis. The apparatus 10
comprises a housing 11 having walls that define a 3 x 4 array of cells 12 .
A slot 13 is positioned in each of the cells 12. The mounting of each slot
13 in its cell 12 is described in more detail below. Each slot 13 has a
tray 14 at the front end of the slot 13 which is arranged to hold the disk
drive unit being tested in that slot. The tray 14 can be withdrawn from the
slot 13 in order to make the disk drive unit accessible to facilitate
exchanging disk drive units in that slot 13 . In a manufacturing
environment, automation (not shown) may be used to automatically exchange
the disk drive units. Referring now to Figures 2 and 3 , the position of
each disk drive unit 15 is shown within its slot 13 (For clarity, the trays
14 are not shown in Figures 2 and 3 and the disk drive units 15 are shown
in broken line) . The disk drive unit 15 is generally positioned towards
the front end of the slot 13 . The disk drive unit 15 is generally
orientated with its base parallel with the x-y plane, i.e. so that the
rotating disk within the disk drive unit 15 is horizontal in the apparatus
10 in use. The connector (not shown) of the disk drive unit 15 generally
faces the rear of the slot 13 so as to allow connection to be made to the
disk drive unit 15 more easily. Each cell 12 has a top wall 20, a bottom
wall 21 and two side walls 22,23 provided by the housing 11. Each slot 13
has a topwall 24, and bottom wall 25 and two side walls 26,27. A mounting
arrangement 28 is provided between the cell 12 and the slot 13 to secure
the slot 13 within the cell 12 and to provide isolation for the slot 13 .
The mounting arrangement 28 comprises a plurality of isolators, each of
which are fixed between a wall of the cell 12 and a wall of the slot 13 .
The particular arrangement of the mounting arrangement 30 is best
illustrated by Figures 4 and 5 . Each slot 13 has two isolators 31,32
positioned near the rear of the slot 13 consisting of a sheet isolator 31
on the top wall 24 of the slot 13 and a sheet isolator 32 



on the bottom wall 25 of the slot 13 . The rear isolators 31,32 are keyed
into their respective walls 24,25 of the slot 13. The top rear isolator 31
is positioned on the centreline 33 of the top wall 24 of the slot 13 in the
yaxis . The bottom rear isolator 32 is positioned on the centreline 34 of
the bottom wall 28 of the slot 13 in the y-axis . The top rear isolator 31
is positioned above the bottom rear isolator 32 (i.e. aligned in the
z-axis) . A further isolator 35 is positioned on the bottom wall 28 of the
slot 13 towards the centre of the bottom wall 28 of the slot 13. This
centre isolator 35 consists of a Tshape pattern of four sheet isolators
35a-35d and is symmetrically arranged with respect to the centreline 34 of
the bottom wall 28 of the slot 13 in the y-axis. A further isolator 36 is
positioned on the top wall 24 of the slot 13 towards the front of the slot
13 . This front isolator 36 consists of a sheet isolator positioned-li on
the centreline 33 of the top wall 24 of the slot 13 in the y-axis . The
walls of the slot 13 and the cell 12 are constructed so as to be rigid to
provide a reaction surface for the isolators . The walls may for example be
made from plastics material. The slot 13 and cell 12 each have four walls
(top, bottom and two side walls) , such that in principle, isolators may be
positioned anywhere on these walls. The primary purpose of the rear
isolators 31,32 is to provide a relatively rigid reaction surface which
maintains the position of the slot 13 in the y-axis (Ly position) . As
described above, automation may be used to swap disk drive units 15 in the
apparatus 10. This typically involves the slot 13 receiving a "plugging
force" from the automation in the direction of the y-axis as the tray 14 is
pushed home and the connector of the disc drive unit 15 makes connection
with a reciprocating connector (not shown) in the slot 13. The plugging
force acts to displace the slot 13 in the y-axis, i.e. towards the rear of
the apparatus 10. The rear isolators 31,32 are made sufficiently stiff in
order to return the slot 13 to its normal position after being displaced by
the plugging operation. The rear isolators 31,32 also provide sufficient
isolation to the slot 13 to prevent cross-talk between vertically adjacent
cells 12 when the slots share a common 



reaction surface. For example as shown in Figures 2 and 3 the same interior
wall of the housing 11 provides the bottom wall 21 of cell A and the top
wall 20 of cell B . Itis desirable to prevent as much as possible vibration
generated from one slot 13 from being transmitted to an adjacent slot 13.
The rear isolators 31,32 are therefore arranged to isolate vertically
adjacent slots 13 from each other. The front isolator 36 provides a
constraint and damping to reduce displacement from the automation that
would excite Rz vibration at low frequencies. As mentioned in more detail
below, the slot 13 has a higher stiffness (i.e. a higher natural frequency)
for Rz motion than for Ry motion. The arrangement of the centre isolator 35
provides the main vertical support to the slot 13. The centre isolator 35
is highly damped for Rx and Rz motion. Due to positioning of the central
isolator 35 close to the centreline 34 of the bottom wall 21 of the slot 13
in the y-axis, the centre isolator 35 provides relatively little stiffness
to the Ry motion of the slot 13, i.e. the rotation of the slot 13 about the
y-axis, meaning that the slot 13 can rotate about the y-axis relatively
easily. In effect, the slot 13 is balanced on the centre isolator 35 in the
direction of the y-axis. This means that the slot 13 has a low natural
frequency for Ry motion. As will be appreciated, the other isolators
31,32,3 6 at the front and rear of the slot 13 are also positioned along
the respective centrelines 33,34 of the top and bottom walls 24,25 of the
slot 13. This positioning maintains the low stiffness in about the y-axis
and thus also promotes the low natural frequency of the slot 13 for Ry
motion.The centre isolator 35 has some material spread from the centreline
34 (i.e. the "arms" of the T-shape isolator) . This is to tune the
stability of the slot 13 and to provide some damping. The isolators
31,32,35,36 serve to define an axis of rotation for the slot 13 in the
y-axis. Preferably, this axis of rotation is approximately midway between
the centrelines 33,34 of the top and bottom walls 24,25. In effect, due to
the proximity of the isolators 31,32,35,36 to the centrelines 33,34 of the
top and bottom walls 24,25 and the relatively short height of the slot 13,
the isolators 31,32,35,36 are in effect positioned to be close to the axis
of rotation of the slot 13 in the direction of the y-axis. This promotes
low stiffness about the y-axis 



leading to a low natural frequency for Ry motion. Preferably the stiffness
about the y-axis is lower than the stiffness about the x-axis or z-axis .
It is expected that for typical implementations, Ry will be preferably
lower than 50Hz. A low natural frequency in the Ry motion is desirable
because it has been found that there are typically fewer noise sources at
low frequencies for Ry. Typical noise sources are found as follows: Rx <
20Hz, Ry < 25Hz and Rz is 60Hz to 120Hz or even higher depending for
example on the drive rotational speed of the drive being tested. Thus, by
achieving a low natural frequency in Ry, the higher frequency noises can be
better isolated such that the effect of the external noise sources on the
disk drive unit 15 is reduced. In other words, the typical Ry noise is not
at a frequency that can cause problematic Ry rotation to occur.The
isolators 31,32,35,36 combine to provide sufficient stiffness and a
sufficient level of damping in the Rx mode to prevent droop/creep issues.
The automation used to exchange disk drive units 15 in the slots 13 is
typically very sensitive to the precise and repeatable positioning of the
slot 13 so that the automation can successfully interface with the slot 13
. A particular problem in this respect is the vertical positioning of the
front of the slot 13. The vertical positioning of the front of the slot 13
is affected in particular by Rx motion. Furthermore, the stiffness of the
isolators can, depending on their construction and the materials used, vary
with temperature. This means that the front of the slot 13 may creep/droop
under its weight when a change of temperature occurs. In the present
arrangement, the isolators 31,32,35,36 combine to provide a sufficient
stiffness and level of damping in the Rx mode to prevent droop/creep issues
as well as to damp the "out of balance" vibration. The out of balance
vibration is referring to the magnitude of the excitation at the frequency
of the spindle of the disk drive. As will be appreciated, if the disks and
spindle are not well balanced the there will occur a high level of
vibration at the rotational frequency of the spindle. In other words, the
out of balance frequency is the first fundamental of the rotation of the
spindle. Linear vibration issues are also dealt with well with this
arrangement of isolators. In general, dealing with 



linear vibration levels is less of a problem than rotational vibration and
generally, when looking at the drive requirements, an acceptable solution
to dealing withthe rotational vibration levels will also deal with linear
vibration levels . The isolators for example may be comprised of sheets of
various soft elastomers and gels which do not contain silicon. The
isolators may be the same for each isolator 31,32,35,36 or isolators with
different properties can be used to tune the performance of the isolation
system in each dimension. Another scheme for the isolation of a disk drive
carrier is disclosed in the commonly owned US patent application
US-A-2008/0007865 published 10th January 2008, the content of which is
hereby incorporated in its entirety. US-A-2008/0007865 teaches a carrier
(generally analogous to the slot of the present invention) having a fixed
vertical pivot towards the rear of the carrier. It has been found that
US-A-2 008/0007865 works well at reducing Rx and Rz vibration. However, Ry
vibration can still be problematic in some situations. In general, it is
found that for Rz biased systems, such as the arrangement of
US-A-2008/0007865, the Rz vibration tends to excite a secondary Ry mode of
vibration that is close to the drive out of balance frequency. The Ry mode
of vibration can therefore have a negative effect on the performance of the
disk drive unit. As mentioned above, the rear isolators 31,32 of the
present arrangement are highly loaded and thus permit only small movement
of the rear of the slot. The rear isolators 31,32 thus perform to some
extend a similar function in controlling the movement of the slot as the
fixed pivot arrangement of US-A-2008/0007865 and thus provide
similaradvantages to the fixed pivot arrangement of US-A-2008/0007865 in
controlling Rx and Rz modes of vibration. However, whereas
US-A-2008/0007865 provides isolators that are at the side of the carrier,
in the present arrangement the isolators have been moved in effect away
from the sides of the slot 13 and towards the centreline 33,34 of the slot
13 to allow for the low natural frequency in Ry. This allows the Ry to be
better controlled as described above. In effect, the modes of vibration
have been reordered in the present arrangement. Specifically, in the
present arrangement Ry is the first mode of vibration (i.e. it has the
lowest natural frequency) due to the low stiffness of the slot 13 about 



the y-axis . Rx is the second mode of vibration (i.e. it has the second
lowest natural frequency) . This arrangement means that the Rx and the Ry
natural frequencies drop below the out of balance frequency. This in turn
means that the vibration arising at the out of balance frequency excites
the system to a lesser extent. Rz is the third mode of vibration (i.e. it
has the highest natural frequency) due to the large stiffness about the
z-axis caused by the separation of the front isolator 36 and the rear
isolators 31,32. As can be seen most clearly from Figure 2 , the centre
isolator 35 of slot 1 is axially spaced from the front isolator 36 and top
rear isolator 31 of slot 2 . This means that these isolators 31,35,36 do
not share common wall material of the housing 11. Only the top and bottom
rear isolators 31,32 share wall material of the housing 11. This means
forces 50 of the isolators 31,35,36 acting on the common wall of the
housing are separated by portions of wall. This arrangement reduces
potential cross talkbetween cells 12, since the wall of the housing 11 can
be made to absorb vibration energy and thus reduce the vibration energy
that is transmitted from one isolator to another isolator. This is in
contrast to arrangements of isolators in the prior art, where isolators
typically share common walls and thereby are subject to increased risk of
cross talk between adjacent disk drive units. In another example shown by
Figure 6 , two spaced walls 20,21 may be provided between vertically
adjacent cells A ,B so that a gap 29 is formed between the bottom wall 21
of cell A and the top wall 20 of cell B . This allows the walls 20,21 to be
isolated from each other. This means that the two adjacent slots 12 do not
share common wall material of the housing 11 and so do not have a common
reaction surface. This arrangement decreases cross talk between vertically
adjacent cells 12. In general, it is preferred that each isolators
31,32,35,36 is centred on the centreline 33,34 of whichever one of the top
and bottom faces 24,25 to which that isolator is fixed. In any case, it is
preferred that each isolator 31,32,35,36 extends from its centreline 33,34
by no more than a distance D , where D = 50% of the distance from the
centreline 33,34 to the side of the slot 13 in the x-axis. More preferably,
D = 25% of the distance from the centreline 33,34 to the side of the slot
13. Even more preferably, D = 15% of the distance from the centreline to 



the side of the slot 13 . Embodiments of the present invention have been
described with particular reference to the examples illustrated. However,
it will be appreciated thatvariations and modifications may be made to the
examples described within the scope of the present invention. For example,
in another example the bottom rear isolator 32 may be omitted.CLAIMS 1 .
Apparatus for supporting a disk drive, the apparatus comprising: a housing;
a slot for receiving a disk drive, the slot being received in the housing
and having a longitudinal axis; and, a plurality of isolators disposed
between the slot and the housing for isolating the slot from the housing,
the isolators being arranged with respect to the longitudinal axis such
that the slot has a low rotational stiffness in the direction of the
longitudinal axis relative to the rotational stiffness in at least one
other direction. 2 . Apparatus according to claim 1 , wherein the slot has
a first face, the first face having a centreline parallel with the
longitudinal axis, wherein at least one of said plurality of isolators is
positioned on the centreline of the first face. 3 . Apparatus according to
claim 2 , wherein the slot has a second face, the second face having a
centreline parallel with the longitudinal axis, wherein at least one of
said plurality of isolators is positioned on the centreline of the second
face. 4 . Apparatus according to claim 2 , wherein the slot has a second
face, the second face having a centreline parallel with the longitudinal
axis, wherein each isolator of said plurality is positioned on either the
centreline of the first face or the centreline of the second face.5 .
Apparatus according to claim 3 or claim 4 , wherein two isolators are
positioned respectively on the centrelines of the first and second faces so
as to be towards one end of the slot and diametrically opposed to each
other. 6 . Apparatus according to claim 5 , wherein an isolator is
positioned on the centreline of the first face at the opposite end of the
slot to the two diametrically opposed isolators . 7 . Apparatus according
to claim 5 or claim 6 , wherein the slot comprises a disk drive receiving
portion located at the opposite end of the slot to the two diametrically 



opposed isolators . 8 . Apparatus according to any of claims 3 to 7,
wherein an isolator is positioned midway along the centreline of the second
face. 9 . Apparatus according to any of claims 3 to 8, wherein the first
and second faces are opposed to each other and the separation of the first
and second faces is less than the separation of any other opposed faces of
slot. 10. Apparatus according to any of claims 1 to 9, wherein each
isolator does not extends from the centreline of the face on which it is
positioned by more than a distance D , where D = 25% of the distance from
that centreline 33,34 to the side edge of the slot. 11. Apparatus according
to any of claims 1 to 10, wherein at least some of said isolators are
positioned close to the centre of rotation of the slot in the direction of
saidlongitudinal axis such that less rotational stiffness is provided by
said at least some isolators in the direction of the longitudinal axis than
in said other direction. 12 . Apparatus comprising at least two slots
according to any of claims 3 to 11, the two slots being adjacent each other
such that the first face of one slot is next to the second face of the
other slot, wherein an isolator on one of the faces is spaced
longitudinally from all isolators on the other face. 13 . Apparatus
comprising at least two slots according to any of claims 3 to 11, the two
slots being adjacent each other such that the first face of one slot is
next to the second face of the other slot, wherein the housing between the
two slots comprises two spaced walls arranged such that the first wall is
at least partially isolated from the second wall . 14. Disk drive test
apparatus comprising apparatus for supporting a disk drive according to any
of claims 1 to 13 and a test module for testing a said disk drive. 15. A
method of testing a disk drive, the method comprising: supporting a disk
drive in a disk drive test apparatus such that the disk drive has a low
rotational stiffness in the direction of a longitudinal axis of the disk
drive relative to the rotational stiffness in at least one other direction;
and, testing the disk drive. 


