
CHEMICAL COMPOUNDS This invention relates to chemical
compounds, or pharmaceutically-acceptable salts
thereof. These compounds possess human
11-b-hydroxysteroid dehydrogenase type 1 enzyme (ll
bHSDl) inhibitory activity and accordingly have value
in the treatment of disease states including metabolic
syndrome and are useful in methods of treatment of a
warm-blooded animal, such as man. The invention also
relates to processes for the manufacture of said
compounds, to pharmaceutical compositions containing
them and to their use in the manufacture of
medicaments to inhibit 1l bHSDl in a warm-blooded
animal, such as man. Glucocorticoids (Cortisol in man,
corticosterone in rodents) are counter regulatory
hormones i.e. they oppose the actions of insulin
(Dallman MF, Strack AM, Akana SF et al. 1993; Front
Neuroendocrinol 14, 303-347). They regulate the
expression of hepatic enzymes involved in
gluconeogenesis and increase substrate supply by
releasing glycerol from adipose tissue (increased
lipolysis) and amino acids from muscle (decreased
protein synthesis and increased protein degradation).
Glucocorticoids are also important in the
differentiation of pre-adipocytes into mature
adipocytes which are able to store triglycerides
(Bujalska IJ et al. 1999; Endocrinology 140,
3188-3196). This may be critical in disease states
where glucocorticoids induced by "stress" are
associated with central obesity which itself is a
strong risk factor for type 2 diabetes, hypertension
and cardiovascular disease (Bjorntorp P & Rosmond R
2000; Int. J . Obesity 24, S80-S85) It is now well
established that glucocorticoid activity is controlled
not simply by secretion of Cortisol but also at the
tissue level by intracellular interconversion of
active Cortisol and inactive cortisone by the 11-beta
hydroxysteroid dehydrogenases, 1l bHSDl (which
activates cortisone) and 1l bHSD2 (which inactivates
Cortisol) (Sandeep TC & Walker BR 2001 Trends in
Endocrinol & Metab. 12, 446-453). That this mechanism
may be important in man was initially shown using
carbenoxolone (an anti-ulcer drug which inhibits both
1l bHSDl and 2) treatment which (Walker BR et al.
1995; J. Clin. Endocrinol. Metab. 80, 3155-3159) leads
to increased insulin sensitivity indicating that 1l
bHSDl may well be regulating the effects of insulin by
decreasing tissue levels of active glucocorticoids
(Walker BR et al. 1995; J. Clin. Endocrinol. Metab.
80, 3155-3159). Clinically, Gushing' s syndrome is
associated with Cortisol excess which in turn is
associated with glucose intolerance, central obesity
(caused by stimulation of pre-adipocytedifferentiation
in this depot), dyslipidaemia and hypertension.
Gushing' s syndrome shows a number of clear parallels
with metabolic syndrome. Even though the metabolic
syndrome is not generally associated with excess
circulating Cortisol levels (Jessop DS et al. 2001; J.
Clin. Endocrinol. Metab. 86, 4109-41 14) abnormally
high 1l bHSDl activity within tissues would be
expected to have the same effect. In obese men it was
shown that despite having similar or lower plasma
Cortisol levels than lean controls, l l bHSDl activity
in subcutaneous fat was greatly enhanced (Rask E et
al. 2001; J. Clin. Endocrinol. Metab. 1418-1421).
Furthermore, the central fat, associated with the
metabolic syndrome expresses much higher levels of 1l
bHSDl activity than subcutaneous fat (Bujalska IJ et
al. 1997; Lancet 349, 1210-1213). Thus there appears
to be a link between glucocorticoids, 1l bHSDl and the
metabolic syndrome. 1l bHSDl knock-out mice show
attenuated glucocorticoid-induced activation of
gluconeogenic enzymes in response to fasting and lower
plasma glucose levels in response to stress or obesity
(Kotelevtsev Y et al. 1997; Proc. Natl. Acad. Sci USA
94, 14924-14929) indicating the utility of inhibition
of 1l bHSDl in lowering of plasma glucose and hepatic
glucose output in type 2 diabetes. Furthermore, these
mice express an anti-atherogenic lipoprotein profile,
having low triglycerides, increased HDL cholesterol
and increased apo-lipoprotein AI levels. (Morton NM et
al. 2001 ; J. Biol. Chem. 276, 41293-41300). This
phenotype is due to an increased hepatic expression of
enzymes of fat catabolism and PPARa. Again this
indicates the utility of 1l bHSDl inhibition in
treatment of the dyslipidaemia of the metabolic
syndrome. The most convincing demonstration of a link
between the metabolic syndrome and 1l bHSDl comes from
recent studies of transgenic mice over-expressing 1l
bHSDl (Masuzaki H et al. 2001; Science 294,
2166-2170). When expressed under the control of an
adipose specific promoter, 1l bHSDl transgenic mice
have high adipose levels of corticosterone, central
obesity, insulin resistant diabetes, hyperlipidaemia
and hyperphagia. Most importantly, the increased
levels of 1l bHSDl activity in the fat of these mice
are similar to those seen in obese subjects. Hepatic
1l bHSDl activity and plasma corticosterone levels
were normal, however, hepatic portal vein levels of
corticosterone were increased 3 fold and it is thought
that this is the cause of the metabolic effects in
liver. Overall it is now clear that the complete
metabolic syndrome can be mimicked in mice simply by
overexpressing 1l bHSDl in fat alone at levels similar
to those in obese man. 1l bHSDl tissue distribution is
widespread and overlapping with that of the
glucocorticoid receptor. Thus, l l bHSDl inhibition
could potentially oppose the effects ofglucocorticoids
in a number of physiological/pathological roles. 1l
bHSDl is present in human skeletal muscle and
glucocorticoid opposition to the anabolic effects of
insulin on protein turnover and glucose metabolism are
well documented (Whorwood CB et al. 2001; J. Clin.
Endocrinol. Metab. 86, 2296-2308). Skeletal muscle
must therefore be an important target for 11bHSD1
based therapy. Glucocorticoids also decrease insulin
secretion and this could exacerbate the effects of
glucocorticoid induced insulin resistance. Pancreatic
islets express 1l bHSDl and carbenoxolone can inhibit
the effects of 11-dehydocorticosterone on insulin
release (Davani B et al. 2000; J. Biol. Chem. 275,
34841-34844). Thus in treatment of diabetes 1l bHSDl
inhibitors may not only act at the tissue level on
insulin resistance but also increase insulin secretion
itself. Skeletal development and bone function is also
regulated by glucocorticoid action. 1l bHSDl is
present in human bone osteoclasts and osteoblasts and
treatment of healthy 



volunteers with carbenoxolone showed a decrease in
bone resorption markers with no change in bone
formation markers (Cooper MS et al 2000; Bone 27,
375-381). Inhibition of 1l bHSDl activity in bone
could be used as a protective mechanism in treatment
of osteoporosis. Glucocorticoids may also be involved
in diseases of the eye such as glaucoma. 1l bHSDl has
been shown to affect intraocular pressure in man and
inhibition of 11bHSD 1 may be expected to alleviate
the increased intraocular pressure associated with
glaucoma (Rauz S et al. 2001; Investigative
Opthalmology & Visual Science 42, 2037-2042). There
appears to be a convincing link between 11bHSDl and
the metabolic syndrome both in rodents and in humans.
Evidence suggests that a drug which specifically
inhibits 1l bHSDl in type 2 obese diabetic patients
will lower blood glucose by reducing hepatic
gluconeogenesis, reduce central obesity, improve the
atherogenic lipoprotein phenotype, lower blood
pressure and reduce insulin resistance. Insulin
effects in muscle will be enhanced and insulin
secretion from the beta cells of the islet may also be
increased. Currently there are two main recognised
definitions of metabolic syndrome. 1) The Adult
Treatment Panel (ATP III 2001 JMA) definition of
metabolic syndrome indicates that it is present if the
patient has three or more of the following symptoms:
Waist measuring at least 40 inches (102 cm) for men,
35 inches (88 cm) for women; Serum triglyceride levels
of at least 150 mg/dl ( 1.69 mmol/1); HDL cholesterol
levels of less than 40 mg/dl (1.04 mmol/1) in men,
less than 50 mg/dl (1.29 mmol/1) in women;Blood
pressure of at least 135/80 mm Hg; and / or Blood
sugar (serum glucose) of at least 110 mg/dl (6.1
mmol/1). 2) The WHO consultation has recommended the
following definition which does not imply causal
relationships and is suggested as a working definition
to be improved upon in due course: The patient has at
least one of the following conditions: glucose
intolerance, impaired glucose tolerance (IGT) or
diabetes mellitus and/or insulin resistance; together
with two or more of the following: Raised Arterial
Pressure; Raised plasma triglycerides Central Obesity
Microalbuminuria We have found that the compounds
defined in the present invention, or a
pharmaceutically-acceptable salt thereof, are
effective l l bHSDl inhibitors, and accordingly have
value in the treatment of disease states associated
with metabolic syndrome. We have also found that the
compounds of the invention have improved properties,
which would make them better candidates for use as
pharmaceuticals. For example, in general the compounds
of the invention have good oral bioavailability whilst
retaining potency. Therefore this group of compounds
would be expected to provide superior oral exposure at
a lower dose and thereby be particularly suitable for
use in the treatment or prevention of a disease or
medical condition treatable by inhibiting11bHSD1. The
compounds of the invention may also have superior
potency and/or advantageous physical properties and/or
favourable toxicity profiles and/or favourable
metabolic profiles in comparison with other 1l bHSDl
inhibitors known in the art. Accordingly there is
provided a compound of formula (1): (1)wherein: Q is a
single bond, -O-, -S- or -N(R 15)- wherein R15 is
hydrogen, C1-3alkyl or C2-3alkanoyl or R15 and R1
together with the nitrogen atom to which they are
attached form a 4-7 membered saturated ring; R1 is
C1-6alkyl, C2-6alkenyl, C2-6alkynyl, C3-7cycloalkyl,
C3-7cycloalkylC1-3alkyl, C3-7cycloalkylC2-3alkenyl,
C3-7cycloalkylC2-3alkynyl, phenyl, phenylC1-3alkyl,
heteroaryl, heteroarylC1-3alkyl, heterocyclyl, or
heterocyclylC 1-3alkyl [each of which is optionally
substituted by 1, 2 or 3 substituents independently
selected from C1-3alkyl, hydroxy, halo, oxo, cyano,
trifluoromethyl, Ci-3alkoxy, carboxyC1-3alkyl,
Ci-3alkylS(O)n- (wherein n is 0, 1, 2 or 3),
R5CON(R5')-, (R5')(R5")NC(O)-, R5 C(O)-, R5 OC(O)- and
(R5')(R5")NSO2- (wherein R5 is Ci-3alkyl optionally
substituted by 1, 2 or 3 substituents independently
selected from hydroxyl, halo and cyano; and R5 and R5
are independently selected from hydrogen and C1-3alkyl
optionally substituted by 1, 2 or 3 substituents
independently selected from hydroxyl, halo,
C1-3alkoxy, carboxy and cyano or R5 and R5 together
with the nitrogen atom to which they are attached form
a 4-7 membered saturated ring)] and optional
substituents for heterocyclyl and the heterocyclyl
group in heterocyclylC1-3alkyl are additionally
selected from R2 1, R2 1CO- R2IS(O)k (wherein k is 0,
1 or 2) and R2 1CH2OC(O)- wherein R2 1 is phenyl
optionally substituted by 1 or 2 substituents
independently selected from halo, hydroxy, cyano and
trifluoromethyl; or when Q is a bond R1may also be
hydrogen; R2 is selected from C3-7cycloalkyl(CH2)m-,
and C6-i2polycycloalkyl(CH2)m- (wherein the cycloalkyl
and polycycloalkyl rings optionally contain 1 or 2
ring atoms independently selected from nitrogen,
oxygen and sulphur; m is 0, 1 or 2 and the rings are
optionally substituted by 1, 2 or 3 substituents
independently selected from R6); R3 is selected from
hydrogen, C1-4alkyl C3-5cycloalkyl and
C3-5cycloalkylmethyl; R2 andR3 together with the
nitrogen atom to which they are attached form a
saturated mono, bicyclic or bridged ring system
optionally containing 1 or 2 additional ring
heteroatoms selected from nitrogen, oxygen and sulphur
and which is optionally fused to a saturated,
partially saturated or unsaturated monocyclic ring
wherein the resulting ring system is optionally
substituted by 1, 2, or 3 substituents independently
selected from R7; R4 is independently selected from
halo, C1-2alkyl, cyano, Ci-2alkoxy, and
trifluoromethyl; 



R6 and R7 are independently selected from hydroxyl,
halo, oxo, carboxy, cyano, trifluoromethyl, R9, R9O-,
R9CO-, R9C(O)O-, R9CON(R9')-, (R9')(R9")NC(O)-,
(R9')(R9")N-, R9S(O)a- wherein ais 0 to 2, R9 OC(O)-,
(R9')(R9")NSO2-, R9SO2N(R9")-,
(R9')(R9")NC(O)N(R9'")-, phenyl and heteroaryl
[wherein the phenyl and heteroaryl groups are
optionally fused to a phenyl, heteroaryl or a
saturated or partially-saturated 5- or 6-membered ring
optionally containing 1, 2 or 3 heteroatoms
independently selected from nitrogen, oxygen and
sulphur and the resulting ring 5 system is optionally
substituted by 1, 2 or 3 substituents independently
selected from C1-4alkyl, hydroxyl, cyano,
trifluoromethyl, trifluoromoxy, halo, C1-4alkoxy,
C1-4alkoxyC1-4alkyl, amino, N-C1-4alkylamino,
di-N,N-(C1-4alkyl)amino, N-C1-4alkylcarbamoyl,
di-N,N-(C1-4alkyl)carbamoyl, Ci-4alkylS(O)r ,
C1-4alkylS(O)rCi-4alkyl (wherein r is 0, 1 and 2)]; R9
is independently C1-3alkyl optionally substituted by
1, 2 or 3 substituents independently io selected from
hydroxyl, halo, C1-4alkoxy, carboxy and cyano; R9 , R9
and R9 are independently selected from hydrogen and
C1-3alkyl optionally substituted by hydroxyl, halo,
C1-4alkoxy, carboxy or cyano); p is 0, 1 or 2; either
X is -O(CH 2)q-, -S(CH2) q- or -N(R 12)(CH2) q-
wherein R12 is hydrogen, C1-3alkyl or Cii 5 3alkanoyl
and q is 0 or 1; and Y is: 1) a C3-7cycloalkdiyl ring,
a phenylene ring, an adamantdiyl group, a 5-7 membered
saturated heterocyclic ring (linked by a ring carbon
atom) containing 1 or 2 ring heteroatoms selected from
nitrogen, oxygen and sulphur, or -[C(Rx)(Ry)]v-
(wherein Rx and Ry are 20 independently selected from
hydrogen, C1-3alkyl, C1-3alkoxy and hydroxyl or Rx and
Ry together with the carbon atom to which they are
attached form a C3-7cycloalkdiyl ring and v is 1, 2,
3, 4 or 5) and when v is more than 1 the
-[C(Rx)(Ry)]v- group may optionally be interrupted by
a -O-, - S- or -N(R 20)- group wherein R20 is hydrogen
or C1-3alkyl; or 2) -X-Y- together represents a group
of the formula: i s (Z)t[C(Ri3)(Ri4)]s - wherein:ring
A is linked to the pyridine group and -(Z) t[C(R13)(R
I4)]s- is linked to the carboxy group; and A is a 4-7
membered mono-, bi- or spiro heterocyclic ring system
containing a ring nitrogen atom by which it is
attached to the pyridine ring and additionally
optionally one other ring heteroatom selected from
nitrogen, oxygen and sulphur; Z is -O-, -S- or -N(R
16)- wherein R16 is hydrogen, C1-3alkyl or C^alkanoyl;
t is 0 or 1 provided that when s is 0 then t is 0; R10
is independently selected from C1-3alkyl, C2-3alkenyl,
C2-3alkynyl, hydroxy, halo, oxo, cyano,
trifluoromethyl, C1-3alkoxy, Ci-3alkylS(O)n- (wherein
n is 0, 1, 2 or 3), R1 1CON(R11'), (R1 1 XR11^NC(O)-,
R1 1 OC(O)- and (Rl r )(Rn ")NSO2- (wherein R1 1 is
C1-3alkyl optionally substituted by hydroxyl, halo or
cyano; and R11 and R1 1 are independently selected
from hydrogen and C1-3alkyl optionally substituted by
hydroxyl, halo, C1-3alkoxy, carboxy or cyano) or R1 1
and R11 together with the nitrogen atom to which they
are attached form a 4-7 membered ring; u is 0, 1 or 2;
R13 and R14 are independently selected from hydrogen
and C1-3alkyl or R13 and R14 may together with the
carbon atom to which they are attached form a
C3-7cycloalkyl ring; and s is 0, 1 or 2; or a
pharmaceutically-acceptable salt or in vivo
hydrolysable ester thereof. provided the compound is
not:
{(35)-l-[5-(adamantan-l-ylcarbamoyl)pyridin-2-yl]piper
idin-3-yl}acetic acid; or
{(35)-l-[5-(cyclohexylcarbamoyl)-6-(piperazin-l-yl)pyr
idin-2-yl]piperidin-3-yl}acetic acid; or a
pharmaceutically-acceptable salt or in vivo
hydrolysable ester thereof. In another aspect there is
provided a compound of the formula (1) as herein above
defined or a pharmaceutically-acceptable salt thereof.
In another aspect there is provided a compound of
formula (1): wherein: Q is a single bond, -O-, -S- or
-N(R 15)- wherein R15 is hydrogen, Ci-3alkyl or
C2-3alkanoyl or R15 and R1 together with the nitrogen
atom to which they are attached form a 4-7 membered
saturated ring; R1 is C1-6alkyl, C2-6alkenyl,
C2-6alkynyl, C3-7cycloalkyl, C3-7cycloalkylC 1-3alkyl,
C3-7cycloalkylC2-3alkenyl, C3-7cycloalkylC2-3alkynyl,
phenyl, phenylCi_3alkyl, heteroaryl, heteroarylC
1-3alkyl, heterocyclyl, or heterocyclylC 1-3alkyl
[each of which is optionally substituted by 1, 2 or 3
substituents independently selected from hydroxy,
halo, oxo, cyano, trifluoromethyl,C1-3alkoxy,
C1-3alkylS(O)n- (wherein n is 0, 1, 2 or 3),
R5CON(R5')-, (R5')(R5")NC(O)-, R5OC(O)- and
(R5')(R5")NSO2- (wherein R5 is C1-3alkyl optionally
substituted by 1, 2 or 3 substituents independently
selected from hydroxyl, halo and cyano; and R5 and R5
are independently selected from hydrogen and C1-3alkyl
optionally substituted by 1, 2 or 3 substituents
independently selected from hydroxyl, halo,
C1-3alkoxy, carboxy and cyano or R5 and R5 together
with the nitrogen atom to which they are attached form
a 4-7 membered saturated ring)]; or when Q is a bond
R1 may also be hydrogen; R2 is selected from
C3.7cycloalkyl(CH2)m-, and C6- i2polycycloalkyl(CH2)m-
(wherein m is 0, 1 or 2 and the rings are optionally
substituted by 1, 2 or 3 substituents independently
selected from R6); R3 is selected from hydrogen,
C1-4alkyl C3-5Cy cloalkyl and C3-5cycloalkylmethyl; R2
andR3 together with the nitrogen atom to which they
are attached form a saturated mono, bicyclic or
bridged ring system optionally containing 1 or 2
additional ring heteroatoms selected 



from nitrogen, oxygen and sulphur and which is
optionally fused to a saturated, partially saturated
or unsaturated monocyclic ring wherein the resulting
ring system is optionally substituted by 1, 2, or 3
substituents independently selected from R7; R4 is
independently selected from halo, C1-2alkyl, cyano,
C1-2alkoxy, and trifluoromethyl; R6 and R7 are
independently selected from hydroxyl, halo, oxo,
carboxy, cyano, trifluoromethyl, R9, R9O-, R9CO-,
R9C(O)O-, R9CON(R9')-, (R9')(R9")NC(O)-, (R9')(R9")N-,
R9S(O) - wherein a is Oto 2, R9 OC(O)-,
(R9')(R9")NSO2-, R9SO2N(R9")-,
(R9')(R9")NC(O)N(R9'")-, phenyl and heteroaryl
[wherein the phenyl and heteroaryl groups are
optionally fused to a phenyl, heteroaryl or a
saturated or partially-saturated 5- or 6-membered ring
optionally containing 1, 2 or 3 heteroatoms
independently selected from nitrogen, oxygen and
sulphur and the resulting ring system is optionally
substituted by 1, 2 or 3 substituents independently
selected from C^alkyl, hydroxyl, cyano,
trifluoromethyl, trifluoromoxy, halo, C1-4alkoxy,
C1-4alkoxyC1-4alkyl, C1-4alkoxyC1-4alkyl, amino,
N-C1-4alkylamino, di-N,N-(C1-4alkyl)amino,
N-C1-4alkylcarbamoyl, di-N,N-(C1-4alkyl)carbamoyl,
C1-4alkylS(O)r , Ci-4alkylS(O)rCMalkyl (wherein r is
0, 1 and 2)]; R9 is independently C1-3alkyl optionally
substituted by 1, 2 or 3 substituents independently
selected from hydroxyl, halo, Ci-4alkoxy, carboxy and
cyano; R9 , R9 and R9 ' are independently selected
from hydrogen and Ci-3alkyl optionally substituted by
hydroxyl, halo, C1-4alkoxy, carboxy or cyano); p is O,
1 or 2;X is -O-, -S- or-N(R 12)- wherein R12 is
hydrogen, C1-3alkyl or C1-3alkanoyl; Y is either: 1) a
C3-7cycloalkdiyl ring, a 5-7 membered saturated
heterocyclic ring (linked by a ring carbon atom)
containing 1 or 2 ring heteroatoms selected from
nitrogen, oxygen and sulphur, or 5 -[C(Rx)(Ry)]v-
(wherein Rx and Ry are independently selected from
hydrogen, C1-3alkyl, C1- 3alkoxy and hydroxyl or Rx
and Ry together with the carbon atom to which they are
attached form a C3-7Cy cloalkdiyl ring and v is 1, 2,
3, 4 or 5) and when v is more than 1the -[C(Rx)(Ry)]v-
group may optionally be interrupted by a -O-, -S- or
-N(R 20)- group wherein R20 is hydrogen or C1-3alkyl;
or io 2) -X-Y- together represents a group of the
formula: i5 wherein: ring A is linked to the pyridine
group and -[C(R 13)(R14)]S- is linked to the carboxy
group; and A is a 4-7 membered mono-, bi- or spiro
heterocyclic ring system containing a ring nitrogen
atom by which it is attached to the pyridine ring and
additionally optionally one other ring heteroatom
selected from nitrogen, oxygen and sulphur; 20 R10 is
independently selected from Ci-3alkyl, C2-3alkenyl,
C2-3alkynyl, hydroxy, halo, oxo, cyano,
trifluoromethyl, C1-3alkoxy, C1-3alkylS(O)n- (wherein
n is 0, 1, 2 or 3), R1 1CON(R11'), (RU')(RU")NC(O)-,
R1 1 OC(O)- and (Ri r )(R p ")NSO2- (wherein R11 is
Ci-3alkyl optionally substituted by hydroxyl, halo or
cyano; and R11 and R11 are independently selected from
hydrogen and C1-3alkyl optionally substituted by 2
hydroxyl, halo, Ci-3alkoxy, carboxy or cyano) or R11'
and R11" together with the nitrogen atom to which they
are attached form a 4-7 membered ring; u is 0, 1 or 2;
R13 and R14 are independently selected from hydrogen
and Ci-3alkyl or R13 and R14 may together with the
carbon atom to which they are attached form a
C3-7cycloalkyl ring; ands is 0, 1 or 2; or a
pharmaceutically-acceptable salt thereof. In this
specification the term "alkyl" includes both straight
and branched chain alkyl groups but references to
individual alkyl groups such as "propyl" are specific
for the straight chain version only. For example,
"C1-4alkyl" includes propyl, isopropyl and -butyl.
However, references to individual alkyl groups such as
'propyl' are specific for the straight chain version
only and references to individual branched chain alkyl
groups such as 'isopropyl' are specific for the
branched chain version only. A similar convention
applies to other radicals therefore
"C1-4alkoxyC1-4alkyl" would include l-(C
1-4alkoxy)propyl, 2-(C1-4alkoxy)ethyl and
3-(C1-4alkoxy)butyl. The term "halo" refers to fluoro,
chloro, bromo and iodo. Where optional substituents
are chosen from "one or more" groups it is to be
understood that this definition includes all
substituents being chosen from one of the specified
groups or the substituents being chosen from two or
more of the specified groups. A 4-7 membered saturated
ring (for example formed between R1 and R15 or R5 and
R5 and the nitrogen atom to which they are attached)
is a monocyclic ring containing the nitrogen atom as
the only ring atom. "Heteroaryl", unless otherwise
specified, is a totally unsaturated, monocyclic ring
containing 5 or 6 atoms of which at least 1, 2 or 3
ring atoms are independently chosen from nitrogen,
sulphur or oxygen, which may, unless otherwise
specified, be carbon-linked. A ring nitrogen atom may
be optionally oxidised to form the corresponding
N-oxide. Examples and suitable values of the term
"heteroaryl" are thienyl, furyl, thiazolyl, pyrazolyl,
isoxazolyl, imidazolyl, pyrrolyl, thiadiazolyl,
isothiazolyl, triazolyl, pyrimidyl, pyrazinyl,
pyridazinyl and pyridyl. Particularly "heteroaryl"
refers to thienyl, furyl, thiazolyl, pyridyl,
imidazolyl or pyrazolyl. "Heterocyclyl" is a 4-7
saturated, monocyclic ring having 1-3 ring heteroatoms
selected from nitrogen, oxygen and sulphur. Examples
of heterocyclyl include piperidinyl, piperazinyl,
morpholinyl and thiomorpholinyl A polycycloalkyl ring
is a ring system in which either at least 2 rings are
fused together or in which 2 rings have one ring atom
in common (spiro). In particular the polycycloalkyl
ring has 2, 3 or 4 rings. An example of a
polycycloalkyl ring is adamantyl. A "saturated mono,
bicyclic or bridged ring system optionally containing
1 or 2 additional 



ring heteroatoms selected from nitrogen, oxygen and
sulphur", unless otherwise specified contains 4-14
ring atoms. Particularly a mono ring contains 4 - 7
ring atoms, a bicyclic ring 6-14ring atoms and a
bridged ring system 6-14 ring atoms. Examples of mono
rings include piperidinyl, piperazinyl and
morpholinyl. Examples of bicyclic rings include
decalin and 2,3,3a,4,5,6,7,7a-octahydro-lH-indene.
Bridged ring systems are ring systems in which there
are two or more bonds common to two or more
constituent rings. Examples of bridged ring systems
include l,3,3-trimethyl-6- azabicyclo[3.2.1]octane,
2-aza-bicyclo[2.2.1]heptane and
7-azabicyclo(2,2,l)heptane, 1- and 2- adamantanyl. A
"saturated, partially saturated or unsaturated
monocyclic ring" is, unless otherwise specified, a 4-7
membered ring. Examples include, cyclopropyl,
cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl,
cyclohexenyl and phenyl. A "C3-7cycloalkdiyl ring" is
a saturated monocyclic carbocyclic ring. It is the
di-radical of the cycloalkane ring. Adamantdiyl is the
di-radical of an adamantane ring system. Phenylene is
the diradical of the benzene ring. In a particular
aspect the radicals are on different ring atoms.
Examples of "5-7 membered saturated heterocyclic ring
(linked by a ring carbon atom) containing 1 or 2 ring
heteroatoms selected from nitrogen, oxygen and
sulphur" include piperazinyl, piperidinyl and
morpholinyl. A "4-7 membered mono-, bi- or spiro
heterocyclic ring system containing a ring nitrogen
atom by which it is attached to the pyridine ring and
additionally optionally one other ring heteroatom
selected from nitrogen, oxygen and sulphur" is a
saturated ring system being monocyclic, bicyclic or a
spiro ring system having 4 to 7 ring atoms. Examples
of the "4-7 membered mono-, bi- or spiro heterocyclic
ring system containing a ring nitrogen atom by which
it is attached to the pyridine ring and additionally
optionally one other ring heteroatom selected from
nitrogen, oxygen and sulphur" include piperidinyl,
piperazinyl and morpholinyl. Examples of a "saturated
or partially-saturated 5- or 6-membered ring
optionally containing 1, 2 or 3 heteroatoms
independently selected from nitrogen, oxygen and
sulphur" include piperidinyl, piperazinyl and
morpholinyl. Examples of "Ci-4alkoxy" include methoxy,
ethoxy and propoxy. Examples of "Ci -4alkoxyC1-4alkyl"
include methoxymethyl, ethoxymethyl, propoxymethyl,
2-methoxyethyl, 2- ethoxyethyl and 2-propoxyethyl.
Examples of "Ci-4alkylS(O)n wherein n is 0 to 2"
include methylthio, ethylthio, methylsulphinyl,
ethylsulphinyl, mesyl and ethylsulphonyl. Examples of
"C1.4alkylS(O)qCi.4alkyl" wherein q is 0 to 2" include
methylthio, ethylthio, methylsulphinyl,
ethylsulphinyl, mesyl, ethylsulphonyl,
methylthiomethyl,
ethylthiomethyl,methylsulphinylmethyl,
ethylsulphinylmethyl, mesylmethyl and
ethylsulphonylmethyl. Examples of "C1-4alkanoyl"
include propionyl and acetyl. Examples of
"iV-(C1-4alkyl)amino" include methylamino and
ethylamino. Examples of "L -(C 1-4alkyl)2amino"
include iV-dimethylamino, , -diethylamino and
-ethyl-JV-methylamino. Examples of "C2-4alkenyl" are
vinyl, allyl and 1-propenyl. Examples of "C2-4alkynyl"
are ethynyl, 1-propynyl and 2-propynyl. Examples of
"N-(C 1-4alkyl)carbamoyl" are methylaminocarbonyl and
ethylaminocarbonyl. Examples of
"N,iV-(C1-4alkyl)2carbamoyl" are dimethylaminocarbonyl
and methylethylaminocarbonyl. Examples of
"C3-7cycloalkylC 1-3alkalkyl" include
cyclopropymethyl, 2-cyclopropylethyl,
cyclobutylmethyl, cyclopentylmethyl and
cyclohexylmethyl. Examples of "C3-7cycloalkylC 2-
3alkalkenyl" include 2-cyclopropylethenyl,
2-cyclopentylethenyl and 2-cyclohexylethenyl. Examples
of "C3-7cycloalkylC 2-3alkalkynyl" include
2-cyclopropylethynyl, 2-cyclopentylethynyl and
2-cyclohexylethynyl. Examples of "C3-7cycloalkyl(CH
2)m-" include cyclopropymethyl, 2-cyclopropylethyl,
cyclobutylmethyl, cyclopentylmethyl and
cyclohexylmethyl. Examples of C6- i2polycycloalkyl(CH
2)m- include norbornyl bicyclo[2.2.2]octane(CH 2)m-,
bicyclo[3.2.1]octane(CH 2)m- and 1- and
2-adamantanyl(CH 2)m-. A suitable
pharmaceutically-acceptable salt of a compound of the
invention is, for example, an acid-addition salt of a
compound of the invention which is sufficiently basic,
for example, an acid-addition salt with, for example,
an inorganic or organic acid, for example
hydrochloric, hydrobromic, sulphuric, phosphoric,
trifluoroacetic, citric or maleic acid. In addition a
suitable pharmaceutically-acceptable salt of a
compound of the invention which is sufficiently acidic
is an alkali metal salt, for example a sodium or
potassium salt, an alkaline earth metal salt, for
example a calcium or magnesium salt, an ammonium salt
or a salt with an organic base which affords a
physiologically-acceptable cation, for example a salt
with methylamine, dimethylamine, trimethylamine,
tert-butylamine, piperidine, morpholine or
tris-(2-hydroxyethyl)amine. An in-vivo hydroly sable
ester of a compound of the invention containing a
carboxy or a hydroxy group is, for example, a
pharmaceutically-acceptable ester which is hydrolysed
in the human or animal body to produce the parent acid
or alcohol. Suitable pharmaceuticallyacceptable esters
for carboxy include C1 to C6alkoxymethyl esters for
example methoxymethyl, Ci to 6alkanoyloxymethyl esters
for example pivaloyloxymethyl, phthalidyl esters, C3
to 8cycloalkoxycarbonyloxyCi to 6alkyl esters for
example 1-cyclohexylcarbonyloxyethyl;
l,3-dioxolen-2-onylmethyl esters, for example
5-methyl-l,3-dioxolen-2-onylmethyl; and C1-
6alkoxycarbonyloxyethyl esters. An in-vivo
hydrolysable ester of a compound of the invention
containing a hydroxy group includes inorganic esters
such as phosphate esters (including phosphoramidic
cyclic esters) and a-acyloxyalkyl ethers and related
compounds which as a result of the in-vivo hydrolysis
of the ester breakdown to give the parent hydroxy
group/s. Examples of a-acyloxyalkyl ethers include
acetoxymethoxy and 2,2-dimethylpropionyloxy-methoxy. A
selection of in-vivo hydrolysable ester forming groups
for hydroxy include alkanoyl, benzoyl, phenylacetyl
and substituted benzoyl and phenylacetyl,
alkoxycarbonyl (to give alkyl carbonate esters), 



dialkylcarbamoyl and
N-(dialkylaminoethyl)-N-alkylcarbamoyl (to give
carbamates), dialkylaminoacetyl and carboxyacetyl.
Some compounds of the formula (1) may have chiral
centres and/or geometric isomeric centres (E- and Z-
isomers), and it is to be understood that the
invention encompasses all such optical,
diastereoisomers and geometric isomers that possess 1l
bHSDl inhibitory activity. The invention relates to
any and all tautomeric forms of the compounds of the
formula (1) that possess l l bHSDl inhibitory
activity. It is also to be understood that certain
compounds of the formula (1) can exist in solvated as
well as unsolvated forms such as, for example,
hydrated forms. It is to be understood that the
invention encompasses all such solvated forms, which
possess 1l bHSDl inhibitory activity. In one
embodiment of the invention are provided compounds of
formula (1). In an alternative embodiment are provided
pharmaceutically-acceptable salts of compounds of
formula (I)- When a general reference is made to the
positions on the pyridine ring, the 2-position refers
to the position which is substituted by the -Q-R 1
group and the other positions are numbered
accordingly. Particular values of variable groups are
as follows. Such values may be used where appropriate
with any of the definitions, claims or embodiments
defined hereinbefore or hereinafter, for compounds of
formula (1): In one aspect Q is a single bond, -O-,
-S- or -N(R 15)- wherein R15 is hydrogen, Ci-3alkyl or
C2-3alkanoyl or R15 and R1 together with the nitrogen
atom to which they are attached form a 4-7 membered
saturated ring and R1 is C1-6alkyl, C2-6alkenyl,
C2-6alkynyl, C3-7cycloalkyl, C3- 7cycloalkylC1-3alkyl,
C3-7cycloalkylC2-3alkenyl, C3-7cycloalkylC2-3alkynyl,
phenyl,phenylC 1-3alkyl, heteroaryl,
heteroarylCi-3alkyl, heterocyclyl, or [each of which
is optionally substituted by 1, 2 or 3 substituents
independently selected from hydroxy, halo, oxo, cyano,
trifluoromethyL C1-3alkoxy, C1-3alkylS(O)n- (wherein n
is 0, 1, 2 or 3), R5CON(R5')-, (R5')(R5")NC(O)-, R5
OC(O)- and (R5')(R5")NSO2- (wherein R5 is C1-3alkyl
optionally substituted by 1, 2 or 3 substituents
independently selected from hydroxyl, halo and cyano;
and R5 and R5 are independently selected from hydrogen
and C^alkyl optionally substituted by 1, 2 or 3
substituents independently selected from hydroxyl,
halo, C1-3alkoxy, carboxy and cyano or R and R5
together with the nitrogen atom to which they are
attached form a 4-7 membered saturated ring)]. In one
aspect Q is a single bond, -O-, -S- or -N(R 15)-
wherein R15 is hydrogen, C1-3alkyl or C2-3alkanoyl or
R15 and R1 together with the nitrogen atom to which
they are attached form a 4-7 membered saturated ring
and R1 is C1-6alkyl, C2-6alkenyl, C2-6alkynyl,
C3-7cycloalkyl, C3- 7cycloalkylC 1-3alkyl, C3-7Cy
cloalkylC2-3alkenyl, C3-7cycloalkylC2-3alkynyl,
phenyl, heteroaryl, heterocyclyl, or heterocyclylC
1-3alkyl [each of which is optionally substituted by
1, 2 or 3 substituents independently selected from
hydroxy, halo, oxo, cyano, trifluoromethyl,
C1-3alkoxy, C1-3alkylS(O)n- (wherein n is 0, 1, 2 or
3), R5CON(R5')-, (R5')(R5")NC(O)-, R5 OC(O)- and
(R5')(R5")NSO2- (wherein R5 is C1-3alkyl optionally
substituted by 1, 2 or 3 substituents independently
selected from hydroxyl, halo and cyano; and R5 and R5
are independently selected from hydrogen and C1-3alkyl
optionally substituted by 1, 2 or 3 substituents
independently selected from hydroxyl, halo,
C1-3alkoxy, carboxy and cyano or R5 and R5 together
with the nitrogen atom to which they are attached form
a 4-7 membered saturated ring)]. In one aspect, Q is
O, S or a single bond and R1 is C alkyl, C2-6alkenyl,
C2-6alkynyl, C3- 7cycloalkyl, C3-7cycloalkylC
1-3alkyl, C3-7cycloalkylC2-3alkenyl or
C3-7cycloalkylC2-3alkynyl, [each of which is
optionally substituted by 1, 2 or 3 substituents
independently selected from C1-3alkyl, hydroxy, halo,
oxo, cyano, trifluoromethyl, C1-3alkoxy,
C1-3alkyIS(O)n- (wherein n is O, 1, 2 or 3),
R5CON(R5')-, (R5')(R5")NC(O)-, R5 OC(O)- and
(R5')(R5")NSO2- (wherein R5 is Ci-3alkyl optionally
substituted by 1, 2 or 3 substituents independently
selected from hydroxyl, halo and cyano; and R5 and R5
are independently selected from hydrogen and C1-3alkyl
optionally substituted by 1, 2 or 3 substituents
independently hydroxyl, halo, Ci-3alkoxy, carboxy and
cyano or R5 and R5 together with the nitrogen atom to
which they are attached form a 4-7 membered saturated
ring)].In another aspect, the invention relates to a
compound of the formula (I) as hereinabove defined
wherein Q is a single bond. . In another aspect Q is
-N(R 15)-. In one aspect R15 is hydrogen. In another
aspect R15 is C1-3alkyl. In one aspect R15 is methyl.
In one aspect Q is O. In another aspect Q is S. In one
aspect R1 is C1-6alkyl, C3-7cycloalkyl,
C3-7cycloalkylC 1-3alkyl, [each of which is optionally
substituted by 1, 2 or 3 substituents independently
selected from hydroxy, halo, oxo, cyano,
trifluoromethyl, C1-3alkoxy, C1-3alkylS(O)n- (wherein
n is 0, 1, 2 or 3). In another aspect R1 is C1-6alkyl,
C3-7cycloalkyl or C3-7cycloalkylCi -3alkyl. In another
aspect R1 is C3-4Cy cloalkyl optionally substituted by
1, 2 or 3 substituents independently selected from
C1-3alkyl, hydroxy, halo, oxo, cyano, trifluoromethyl
and C1-3alkoxy. In another aspect R1 is
C3-4cycloalkyl. In another aspect R1 is
C3-4cycloalkylC 1-2alkyl optionally substituted by 1,
2 or 3 substituents independently selected from
C1-3alkyl, hydroxy, halo, oxo, cyano, trifluoromethyl
and Ci-3alkoxy. In another aspect R1 is
C3-4cycloalkylC 1-2alkyl. 



In another aspect R1 is C1-4alkyl optionally
substituted by 1, 2 or 3 substituents independently
selected from C1-3alkyl, hydroxy, halo, oxo, cyano,
trifluoromethyl and C1-3alkoxy. In another aspect R1
is C1-4alkyl. In another aspect R1 is propyl
optionally substituted by 1 or 2 substituents
independently selected from C1-3alkyl, hydroxy, halo,
oxo, cyano, trifluoromethyl and C1-3alkoxy. In another
aspect R1 is propyl. In another aspect R1 is
phenylC1-3alkyl optionally substituted by 1, 2 or 3
substituents independently selected from hydroxy,
halo, oxo, cyano, trifluoromethyl and C1-3alkoxyln
another aspect R1 is phenylCi -3alkyl. In another
aspect R1 is heteroarylC 1-3alkyl optionally
substituted by 1, 2 or 3 substituents independently
selected from hydroxy, halo, oxo, cyano,
trifluoromethyl and C -3alkoxy. In another aspect R1
is heteroarylC 1-3alkyl. In another aspect R1 is
phenyl optionally substituted by 1, 2 or 3
substituents independently selected from hydroxy,
halo, oxo, cyano, trifluoromethyl and C1-3alkoxy.In
another aspect R1 is phenyl. In another aspect R1 is
heteroaryl optionally substituted by 1, 2 or 3
substituents independently selected from hydroxy,
halo, ox, cyano, trifluoromethyl and C1-3alkoxy. In
another aspect R1 is heteroaryl. In another aspect
-Q-R 1 is hydrogen. In one aspect, R3 is C1-4alkyl. In
another aspect, R3 is hydrogen, methyl or ethyl. In
another aspect, R3 is hydrogen. In another aspect, R3
is methyl. In another aspect, R3 is ethyl. In one
aspect, R4 is methyl. In one aspect p is 0. In one
aspect, p is 1 or 2. In another aspect, p is 0 or 1.
In another aspect, p is 1. In another aspect, p is 2.
In one aspect p is 1 and R4 is in the 5-position. In
one aspect R2 is selected from C3-7cycloalkyl(CH 2)m-,
and C6-12polycycloalkyl(CH 2)m- (wherein m is 0, 1 or
2 and the rings are optionally substituted by 1, 2 or
3 substituents independently selected from R6 as
hereinabove defined). In another aspect R2 is selected
from C3.7cycloalkyl(CH 2)m-, and C -
12polycycloalkyl(CH 2)m- (wherein m is 0, 1 or 2 and
the rings are optionally substituted by 1 or 2
substituents independently selected from R6, wherein
R6 is independently selected from hydroxyl, halo and
trifluoromethyl). In another aspect, R2 is selected
from C3-7cycloalkyl, and C6-12polycycloalkyl each of
which is independently optionally substituted by 1 R6,
wherein R6 is selected from hydroxyl, halo and
trifluoromethyl). In one aspect, R2 is selected from
C5-7Cy cloalkyl(CH 2)m- and Cg.i2polycycloalkyl(CH
2)m- (wherein the rings are optionally substituted by
1, 2 or 3 substituents independently selected from R6)
and wherein m is 0, 1 or 2. In another aspect, R2 is
selected from C5-7cycloalkyl(CH 2)m-, C7-
i0bicycloalkyl(CH 2)m- and Ciotricycloalkyl(CH 2)m-
(wherein the cycloalkyl, bicycloalkyl and
tricycloalkyl rings areoptionally substituted by 1, 2
or 3 substituents independently selected from R6) and
wherein m is 0, 1 or 2. In yet another aspect, R2 is
selected from C5-7cycloalkyl(CH2)m-,
C7-10bicycloalkyl(CH2)m- and adamantyl (wherein the
cycloalkyl, bicycloalkyl and tricycloalkyl rings are
optionally substituted by 1, 2 or 3 substituents
independently selected from R6) and wherein m is 0, 1
or 2. In one aspect, m is 0 or 1. In another aspect,
R2 andR3 together with the nitrogen atom to which they
are attached form a saturated 5 or 6-membered mono,
6-12 membered bicyclic or 6-12 membered bridged ring
system optionally containing 1 or 2 additional ring
heteroatoms selected from nitrogen, oxygen and sulphur
and which is optionally fused to a saturated,
partially-saturated or aryl monocyclic ring wherein
the resulting ring system is optionally substituted by
1, 2, or 3 substituents independently selected from
R7. In another aspect, R2 andR3 together with the
nitrogen atom to which they are attached form a
saturated 5 or 6-membered mono, ring system optionally
containing 1 or 2 additional ring heteroatoms selected
from nitrogen, oxygen and sulphur and which is
optionally fused to a saturated, partially-saturated
or aryl monocyclic ring wherein the resulting ring
system is optionally substituted by 1, 2, or 3
substituents independently selected from R7. In
another aspect, R2 andR3 together with the nitrogen
atom to which they are attached form a saturated 5 or
6-membered mono, ring system optionally containing 1
additional ring heteroatoms selected from nitrogen,
oxygen and sulphur and is optionally substituted by 1
or 2 substituents independently selected from R7. In
one aspect, R6 is independently selected from
hydroxyl, R9O-, R9CO- and R9C(O)Owherein R9 is as
hereinabove defined. In one aspect, R6 is
independently selected from hydroxyl, R9O-, R9CO- and
R9C(O)Owherein R9 is C1-3alkyl optionally substituted
by C1-4alkoxy or carboxy. In another aspect, R6 is
independently selected from R9CON(R9')-, R9SO2N(R9")-
and (R9')(R9")NC(O)N(R9'")-; wherein R9 is as
hereinabove defined. In another aspect, R6 is
independently selected from R9CON(R9')-, R9SO2N(R9")-
and 



(R9')(R9")NC(O)N(R9'")-; R9 is Ci-3alkyl optionally
substituted by C1-4alkoxy or carboxy; R9 , R9 and R9
are independently selected from hydrogen and d^alkyl
optionally substituted by Ci-4alkoxy or carboxy).In
another aspect, R6 is independently selected from
(R9')(R 9")NC(O)- and (R9')(R 9")N-; wherein R9 and-R9
are as hereinabove defined. In another aspect, R6 is
independently selected from (R9')(R 9")NC(O)- and
(R9')(R 9")N-; wherein R9 and R9 are independently
selected from hydrogen and C1-3alkyl optionally
substituted by Q^alkoxy or carboxy. In one aspect R6
is selected from methyl, trifluoromethyl, chloro,
fmoro, bromo, methoxy, ethoxy, trifluormethoxy,
methanesulfonyl, ethanesulfonyl, methylthio,
ethylthio, amino, Nmethylamino, N-ethylamino,
N-propylamino, N,N-dimethylamino, N,N-methylethylamino
or N,N-diethy lamino . In one aspect R6 is selected
from hydroxy, halo and trifluoromethyl. In another
aspect, R6 is optionally substituted phenyl, pyridyl
or pyrimidyl. In another aspect, R6 is optionally
substituted pyrid-2-yl, pyrid-3-yl or pyrid-4-yl. In
another aspect, R6 is carboxy. In one aspect R7 is
selected from hydroxy, halo and trifluoromethyl. In
one aspect X is -O-, -S- or -N(R 12)- wherein R12 is
hydrogen, C1-3alkyl or C1-3alkanoyl. In one aspect X
is -O- . In another aspect X is -N(R 12)-, wherein R12
is as hereinabove defined. In another aspect X is -N(R
12)-, wherein R12 is hydrogen. In another aspect X is
-S-. In one aspect Y is a C3-7cycloalkdiyl ring, a 5-7
membered saturated heterocyclic ring (linked by a ring
carbon atom) containing 1 or 2 ring heteroatoms
selected from nitrogen, oxygen and sulphur, or
-[C(Rx)(Ry)]v- (wherein Rx and Ry are independently
selected from hydrogen and methyl or Rx and Ry
together with the carbon atom to which they are
attached form a C3- 7cycloalkdiyl ring and v is 1, 2,
3, 4 or 5). In another aspect Y is a C3-7cycloalkdiyl
ring or a 5-7 membered saturated heterocyclic ring
(linked by a ring carbon atom) containing 1 or 2 ring
heteroatoms selected from nitrogen, oxygen and
sulphur. In another aspect Y is a C3-7cycloalkdiyl
ring. In another aspect Y is a 5-7 membered saturated
heterocyclic ring (linked by a ring carbon atom)
containing 1 or 2 ring heteroatoms selected from
nitrogen, oxygen and sulphur. In another aspect Y is
of the formula -[C(Rx)(Ry)]v- (wherein Rx and Ry are
independently selected from hydrogen and methyl and v
is 1, 2, 3, 4 or 5) and when v is morethan 1 the
-[C(Rx)(Ry)]v- group may optionally be interrupted by
a-O-, -S- or -N(R 20)- group wherein R20 is hydrogen
or C1-3alkyl. In another aspect Y is of the formula
-[C(Rx)(Ry)]v- (wherein Rx and Ry are independently
selected from hydrogen and methyl and v is 1, 2, 3, 4
or 5). In one aspect -X-Y- together represents a group
of the formula: wherein: ring A is linked to the
pyridine group and -[C(R 13)(R14)]S- is linked to the
carboxy group; and A is a 4-7 membered mono-, bi- or
spiro heterocyclic ring system containing a ring
nitrogen atom by which it is attached to the pyridine
ring and additionally optionally one other ring
heteroatom selected from nitrogen, oxygen and sulphur;
R10 is independently selected from C^alkyl, hydroxy,
halo and trifluoromethyl; u is 0, or 1; R13 and R14
are independently selected from hydrogen and C^alkyl
or R13 and R14 may together with the carbon atom to
which they are attached form a C3-7cycloalkyl ring;
and s is 0, 1 or 2. In another aspect -X-Y- together
represents a group of the formula: wherein: ring A is
linked to the pyridine group and -[C(R 13)(R14)]S- is
linked to the carboxy group; andA is a 4-7 membered
mono- or bi- heterocyclic ring system containing a
ring nitrogen atom by which it is attached to the
pyridine ring and additionally optionally one other
ring heteroatom selected from nitrogen, oxygen and
sulphur; u is O; R13 and R14 are independently
selected from hydrogen and methyl; and s is 0, 1 or 2.
In another aspect Rx and Ry are hydrogen. In another
aspect v is 3, 4 or 5. In one aspect A is a 5 or 6
membered mono-heterocyclic ring containing a ring
nitrogen atom by which it is attached to the pyridine
ring and additionally optionally one other ring
heteroatom selected from nitrogen, oxygen and sulphur.
In another aspect A is piperidino, pyrrolidino,
azabicyclo[3.1.0]hexane, morpholino or thiomorpholino.
In another aspect A is piperidino, morpholino or
thiomorpholino. In another aspect A is piperidino. In
another aspect A is piperidino in which the
~(Z)t[C(R13)(R14)]s-COOH group is in the 3-position.
In another aspect A is piperidino in which the -(Z)
t[C(RI3)(R14)]s-COOH group is in the 4-position. In
another aspect A is pyrrolidino. In one aspect Z is
-N(R 16)-, wherein R16 is as hereinabove defined. 



In another aspect Z is -NH-. In one aspect t is 0. In
one aspect R10 is selected from C^alkyl, C2-3alkenyl,
C2-3alkynyl, hydroxy, halo, oxo, cyano,
trifiuoromethyl and alkoxy. In another aspect R10 is
selected from C^alkyl, hydroxy, halo, oxo, cyano,
trifiuoromethyl and alkoxy. In another aspect R10 is
independently selected from C1.3alk.yl, hydroxy, halo
and trifiuoromethyl. In another aspect R10 is selected
from Ci-3alkyl and alkoxy. In one aspect u is 0 or 1.
In another aspect u is 1.In another aspect u is 0. In
one aspect R13 and R14 are independently hydrogen or
methyl. In another aspect R13 and R14 are hydrogen. In
one aspect s is 0 or 1. In one aspect s is 0. In
another aspect s is 1. 1. A class of compounds of the
present invention is of formula (1) wherein: Q is -O-,
-S- or -N(R 15)- wherein R15 is hydrogen, Ci-3alkyl or
C2-3alkanoyl or R15 and R1 together with the nitrogen
atom to which they are attached form a 4-7 membered
saturated ring; R1 is Ci- alkyl, C2-6alkenyl,
C2-6alkynyl, C3-7cycloalkyl, C3-7cycloalkylC 1-3alkyl,
C3-7cycloalkylC2-3alkenyl, C3-7cycloalkylC2-3alkynyl,
phenyl, heteroaryl, heterocyclyl, or heterocyclylC
1-3alkyl [each of which is optionally substituted by
1, 2 or 3 substituents independently selected from
hydroxy, halo, oxo, cyano, trifluoromethyl,
Ci-3alkoxy, C1-3alkylS(O)n- (wherein n is 0, 1, 2 or
3), R5CON(R5')-, (R5')(R5")NC(O>, R5 OC(O)- and
(R5')(R5")NSO2- (wherein R5 is C1-3alkyl optionally
substituted by 1, 2 or 3 substituents independently
selected from hydroxy1, halo and cyano; and R5 and R5
are independently selected from hydrogen and C1-3alkyl
optionally substituted by 1, 2 or 3 substituents
independently selected from hydroxyl, halo, C^alkoxy,
carboxy and cyano or R5 and R5 together with the
nitrogen atom to which they are attached form a 4-7
membered saturated ring)]; or R2 is selected from
C3-7Cy cloalkyl(CH2)m-, and C6-12polycycloalkyl(CH
2)m- (wherein m is 0, 1 or 2 and the rings are
optionally substituted by 1, 2 or 3 substituents
independently selected from R6); R3 is selected from
hydrogen, C1-4alkyl C3.5cycloalkyl and
C3-5cycloalkylmethyl; R2 and R3 together with the
nitrogen atom to which they are attached form a
saturated mono, bicyclic or bridged ring system
optionally containing 1 or 2 additional ring
heteroatoms selected from nitrogen, oxygen and sulphur
and which is optionally fused to a saturated,
partially saturated or unsaturated monocyclic ring
wherein the resulting ring system is optionally
substituted by 1, 2, or 3 substituents independently
selected from R7; R6 and R7 are independently selected
from hydroxyl, halo, oxo, carboxy, cyano,
trifluoromethyl, R9, R9O-, R9CO-, R9C(O)O-,
R9CON(R9')-, (R9')(R9")NC(O)-, (R9 >)(R9")N-, R9S(O) -
wherein a is 0 to 2, R9 OC(O)-, (R9')(R9")NSO2-,
R9SO2N(R9")-, (R9')(R9")NC(O)N(R9 >> , phenyl and
heteroaryl [wherein the phenyl and heteroaryl groups
are optionally fused to a phenyl, heteroarylor a
saturated or partially-saturated 5- or 6-membered ring
optionally containing 1, 2 or 3 heteroatoms
independently selected from nitrogen, oxygen and
sulphur and the resulting ring system is optionally
substituted by 1, 2 or 3 substituents independently
selected from C^alkyl, hydroxyl, cyano,
trifluoromethyl, trifluoromoxy, halo, C1-4alkoxy,
C1-4alkoxyC1-4alkyl, 5 C1-4alkoxyC1-4alkyl, amino,
N-C^alkylamino, di-N,N-(C1-4alkyl)amino,
N-C1-4alkylcarbamoyl, di-N,N-(C 1-4alkyl)carbamoyl,
C1-4alkylS(O)r-, C1-4alkylS(O)rC1-4alkyl (wherein r is
0, 1 and 2)]; R9 is independently C1-3alkyl optionally
substituted by 1, 2 or 3 substituents independently
selected from hydroxyl, halo, Ci-4alkoxy, carboxy and
cyano; R9 , R9 and R9 are independently selected from
hydrogen and C1-3alkyl optionally substituted by io
hydroxyl, halo, C1-4alkoxy, carboxy or cyano); p is 0;
either X is -O-, -S- or -N(R 12)- wherein R12 is
hydrogen, C1-3alkyl or C1-3alkanoyl; and Y is: 1) a
C3-7cycloalkdiyl ring, a 5-7 membered saturated
heterocyclic ring (linked by a ring i5 carbon atom)
containing 1 or 2 ring heteroatoms selected from
nitrogen, oxygen and sulphur, or -[C(Rx)(Ry)]v-
(wherein Rx and Ry are independently selected from
hydrogen, C1-3alkyl, C1- 3alkoxy and hydroxyl or Rx
and Ry together with the carbon atom to which they are
attached form a C3-7cycloalkdiyl ring and v is 1, 2,
3, 4 or 5) and when v is more than 1 the
-[C(Rx)(Ry)]v- group may optionally be interrupted by
a -O-, -S- or -N(R 20)- group wherein R20 is hydrogen
or 20 C1-3alkyl; or 2) -X-Y- together represents a
group of the formula: 25 wherein: ring A is linked to
the pyridine group and is linked to the carboxy group;
andA is a 4-7 membered mono-, bi- or spiro
heterocyclic ring system containing a ring nitrogen
atom by which it is attached to the pyridine ring and
additionally optionally one other ring heteroatom
selected from nitrogen, oxygen and sulphur; R10 is
independently selected from C1-3alkyl, C2-3alkenyl,
C2-3alkynyl, hydroxy, halo, oxo, cyano,
trifluoromethyl, C1-3alkoxy, C1-3alkylS(O) n- (wherein
n is 0, 1, 2 or 3), R11CON(R 1v ), (Ri r )(Rp
")NC(O)-, R1 1 OC(O)- and (R1 1 XR11 NSO2- (wherein
R11 is C1-3alkyl optionally substituted by hydroxyl,
halo or cyano; and R11 and R1 1 are independently
selected from hydrogen and C1-3alkyl optionally
substituted by 



hydroxyl, halo, C1-3alkoxy, carboxy or cyano) or R11'
and R1 1 together with the nitrogen atom to which they
are attached form a 4-7 membered ring; u is 0, 1 or 2;
R13 and R14 are independently selected from hydrogen
and C1-3alkyl or R13 and R14 may together with the
carbon atom to which they are attached form a
C3-7cycloalkyl ring; and s is 0, 1 or 2; or a
pharmaceutically-acceptable salt or in vivo hydroly
sable ester thereof. 2. Another class of compounds of
the present invention is of formula (1) wherein: Q is
-S-; R1 is Ci-6alkyl, C3-7cycloalkyl, C3-7cycloalkylCi
-3alkyl, [each of which is optionally substituted by
1, 2 or 3 substituents independently selected from
hydroxy, halo, oxo, cyano, trifluoromethyl,
C1-3alkoxy, C1-SaIlCyIS(O)n- (wherein n is 0, 1, 2 or
3); or R2 is selected from C3-7cycloalkyl(CH 2)m-, and
C6-12polycycloalkyl(CH 2)m- (wherein m is 0, 1 or 2
and the rings are optionally substituted by 1, 2 or 3
substituents independently selected from R6); R3 is
selected from hydrogen; R2 and R3 together with the
nitrogen atom to which they are attached form a
saturated mono, bicyclic or bridged ring system
optionally containing 1 or 2 additional ring
heteroatoms selected from nitrogen, oxygen and sulphur
and which is optionally fused to a saturated,
partially saturated or unsaturated monocyclic ring
wherein the resulting ring system is optionally
substituted by 1, 2, or 3 substituents independently
selected from R7; R6 and R7 are independently selected
from hydroxyl, halo, oxo, carboxy, cyano,
trifluoromethyl, R9, R9O-, R9CO-, R9C(O)O-, R9CON(R
9')-, (R9')(R9")NC(O)-, (R9 >)(R 9")N-, R9S(O)a-
wherein a is 0 to 2, R9 OC(O)-, (R9')(R9")NSO 2-, R
SO2N(R 9")-, (R9 XR9")NC(O)N(R 9'")-, phenyl and
heteroaryl [wherein the phenyl and heteroaryl groups
are optionally fused to a phenyl, heteroarylor a
saturated or partially-saturated 5- or 6-membered ring
optionally containing 1, 2 or 3 heteroatoms
independently selected from nitrogen, oxygen and
sulphur and the resulting ring system is optionally
substituted by 1, 2 or 3 substituents independently
selected from Chalky 1, hydroxyl, cyano,
trifluoromethyl, trifluoromoxy, halo, C1-4alkoxy,
C1-4alkoxyC1-4alkyl, 5 C1-4alkoxyC1-4alkyl, amino,
N-C1-4alkylamino, di-N,N-(C1-4alkyl)amino,
N-C1-4alkylcarbamoyl, di-N,N-(C1-4alkyl)carbamoyl,
C1-4alkylS(O)r-, C1-4alkylS(O)rC1.4alkyl (wherein r is
O5 1 and 2)]; R9 is independently C1-3alkyl optionally
substituted by 1, 2 or 3 substituents independently
selected from hydroxyl, halo, C1-4alkoxy, carboxy and
cyano; R9 , R9 and R9 are independently selected from
hydrogen and C1-3alkyl optionally substituted by io
hydroxyl, halo, C1-4alkoxy, carboxy or cyano); p is 0;
either X is -O-, -S- or -N(R 12)- wherein R12 is
hydrogen, Ci-3alkyl or C1-3alkanoyl; and Y is : 1) a
C3-7cycloalkdiyl ring, a 5-7 membered saturated
heterocyclic ring (linked by a ring i5 carbon atom)
containing 1 or 2 ring heteroatoms selected from
nitrogen, oxygen and sulphur; or 2) -X-Y- together
represents a group of the formula: 20 wherein: ring A
is linked to the pyridine group and -[C(R 13)(R14)]S-
is linked to the carboxy group; and A is a 4-7
membered mono-, bi- or spiro heterocyclic ring system
containing a ring nitrogen atom by which it is
attached to the pyridine ring and additionally
optionally one other ring heteroatom 25 selected from
nitrogen, oxygen and sulphur; R10 is independently
selected from C[-3alkyl, C2-3alkenyl, C2-3alkynyl,
hydroxy, halo, oxo, cyano, trifluoromethyl,
Ci-3alkoxy, C1-3alkylS(O)n- (wherein n is 0, 152 or
3), R1 1CON(R11'), (RH')(Rn ")NC(O)-, R1 1OC(O)- and
(RH')(Rp ")NSO2- (wherein R1 1 is C1-3alkyl optionally
substituted by hydroxyl, halo or cyano; andR11' and
R11" are independently selected from hydrogen and
C1-3alkyl optionally substituted by hydroxyl, halo,
C^alkoxy, carboxy or cyano) or R1 1 and R11 together
with the nitrogen atom to which they are attached form
a 4-7 membered ring; u is 0, 1 or 2; R13 and R14 are
independently selected from hydrogen and C^alkyl or
R13 and R14 may together with the carbon atom to which
they are attached form a C3-7cycloalkyl ring; and s is
0, 1 or 2; or a pharmaceutically-acceptable salt or in
vivo hydrolysable ester thereof. 3. Another class of
compounds of the present invention is of formula (1)
wherein: Q is -S-; R1 is C1-6alkyl, C3-7cycloalkyl or
C3-7cycloalkylC1-3alkyl; or R2 is selected from
C3-7cycloalkyl(CH2)m-, and C6-12polycycloalkyl(CH2)m-
(wherein m is 0, 1 or 2 and the rings are optionally
substituted by 1 or 2 substituents independently
selected from R6); R3 is selected from hydrogen; or R2
and R3 together with the nitrogen atom to which they
are attached form a saturated mono, bicyclic or
bridged ring system optionally containing 1 or 2
additional ring heteroatoms selected from nitrogen,
oxygen and sulphur and which is optionally fused to a
saturated, partially saturated or unsaturated
monocyclic ring wherein the resulting ring system is
optionally substituted by 1 or 2 substituents
independently selected from R7; R6 and R7 are
independently selected from hydroxyl, halo, oxo,
carboxy, cyano, trifluoromethyl, R9, R9O-, R9CO-,
R9C(O)O-, R9CON(R9')-, (R9')(R9")NC(O)-, (R9 )(R9")N-,
R9S(O)8- wherein a is 0 to 2, R9 OC(O)-,
(R9')(R9")NSO2-, R9SO2N(R9")-,
(R9')(R9")NC(O)N(R9'")-; R9 , R9 and R9 are
independently selected from hydrogen and C1-3alkyl
optionally substituted by hydroxyl, halo, C1-4alkoxy,
carboxy or cyano); 



p is 0; either X is -O-, -S- or -N(R 12)- wherein R12
is hydrogen, C1-3alkyl or C1-3alkanoyl; and Y is: 1) a
C3-7Cy cloalkdiyl ring or a 5-7 membered saturated
heterocyclic ring (linked by a ring carbon atom)
containing 1 or 2 ring heteroatoms selected from
nitrogen, oxygen and sulphur; or 2) -X-Y- together
represents a group of the formula:wherein: ring A is
linked to the pyridine group and -[C(R 13)(R 14)]S- is
linked to the carboxy group; and A is a 4-7 membered
mono-, bi- or spiro heterocyclic ring system
containing a ring nitrogen atom by which it is
attached to the pyridine ring and additionally
optionally one other ring heteroatom selected from
nitrogen, oxygen and sulphur; R10 is independently
selected from C1-3alkyl, C2.3alkenyl, C2-3alkynyl,
hydroxy, halo, oxo, cyano, trifluoromethyl,
C1-3alkoxy, C1-3alkylS(O)n- (wherein n is 0, 1, 2 or
3), R1 1CON(R11'), (R11'XRir' )NC(O>, R11OC(O)- and
(Rn ')(R p ")NSO2- (wherein R1 1 is C1-3alkyl
optionally substituted by hydroxy1, halo or cyano; and
R1 1 and R1 1 are independently selected from hydrogen
and C1-3alkyl optionally substituted by hydroxyl,
halo, C1-3alkoxy, carboxy or cyano) or R11 and R1 1
together with the nitrogen atom to which they are
attached form a 4-7 membered ring; u is 0, or 1; R13
and R14 are independently selected from hydrogen and
C1-3alkyl or R13 and R14 may together with the carbon
atom to which they are attached form a C3-7cycloalkyl
ring; and s is 0, 1 or 2; or a
pharmaceutically-acceptable salt or in vivo
hydrolysable ester thereof. 4. Another class of
compounds of the present invention is of formula (1)
wherein: Q is -S-; R1 is Ci- alkyl; R2 is selected
from C3-7cycloalkyl(CH2)m-, and
C6-12polycycloalkyl(CH2)m- (wherein m is 0, 1 or 2 and
the rings are optionally substituted by 1 or 2
substituents independently selected from R6); R3 is
selected from hydrogen; or R2andR3 together with the
nitrogen atom to which they are attached form a
saturated mono, bicyclic or bridged ring system
optionally containing 1 or 2 additional ring
heteroatoms selected from nitrogen, oxygen and sulphur
and which is optionally fused to a saturated,
partially saturatedor unsaturated monocyclic ring
wherein the resulting ring system is optionally
substituted by 1 or 2 substituents independently
selected from R7; R6 and R7 are independently selected
from hydroxyl, halo and trifluoromethyl; p is 0;
either X is -N(R 12)- wherein R12 is hydrogen; and Y :
1) a C3-7cycloalkdiyl ring or a 5-7 membered saturated
heterocyclic ring (linked by a ring carbon atom)
containing 1 or 2 ring heteroatoms selected from
nitrogen, oxygen and sulphur; or 2) -X-Y- together
represents a group of the formula: wherein: ring A is
linked to the pyridine group and -[C(R 13)(R14)]S- is
linked to the carboxy group; and A is a 4-7 membered
mono-, bi- or spiro heterocyclic ring system
containing a ring nitrogen atom by which it is
attached to the pyridine ring and additionally
optionally one other ring heteroatom selected from
nitrogen, oxygen and sulphur; R10 is independently
selected from C1-3alkyl, hydroxy, halo and
trifluoromethyl; u is O, or 1; R13 and R14 are
independently selected from hydrogen and C1-3alkyl or
R13 and R14 may together with the carbon atom to which
they are attached form a C3-7cycloalkyl ring; and s is
0, 1 or 2; or a pharmaceutically-acceptable salt or in
vivo hydrolysable ester thereof. 5. Another class of
compounds of the present invention is of formula (1)
wherein: Q is -S-; R1 is C1-6alkyl; R2 is selected
from C3-7cycloalkyl, and C6-12polycycloalkyl each of
which is independently optionally substituted by 1R6;
R3 is selected from hydrogen; R6 is selected from
hydroxyl, halo and trifluoromethyl; p is O; -X-Y-
together represents a group of the formula: wherein:
ring A is linked to the pyridine group and -[C(R
13)(Rl4)]s- is linked to the carboxy group; and A is a
4-7 membered mono- or bi- heterocyclic ring system
containing a ring nitrogen atom by which it is
attached to the pyridine ring and additionally
optionally one other ring heteroatom selected from
nitrogen, oxygen and sulphur; uis 0; R13 and R14 are
independently selected from hydrogen and methyl; and s
is 0, 1 or 2; or a pharmaceutically-acceptable salt or
in vivo hydrolysable ester thereof. 6. In another
aspect a class of compounds according to the present
invention is of the formula (IB): wherein R1 R2, X and
Y have any of the definitions given above. In another
aspect of the invention, suitable compounds of the
invention are any one or more of the Examples or a
pharmaceutically-acceptable salt thereof. 



In another aspect the invention relates to: a compound
selected from
:2-[(3R)-1-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-p
yridin-2-yl]-3-piperidyl] acetic acid
1-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]piperidine-3-carboxylic acid
l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]piperidine-4-carboxy lie acid
2-[l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin
-2-yl]-4-piperidyl]acetic acid
2-[1-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin
-2-yl]-3-piperidyl]acetic acid
l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]pyrrolidine-3-carboxy lie acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-py
ridin-2-yl]-3-piperidyl]acetic acid
2-[4-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin
-2-yl]piperazin-l-yl]acetic acid
(3R,5S)-4-[[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-r
yridin-2-yl]amino]adamantane-lcarboxylic acid
(3R,5S)-4-[[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-p
yridin-2-yl]amino]adamantane-lcarboxylic acid
4-[[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2
-yl]-metb.yl-amino]cyclohexane-lcarboxylic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-py
ridin-2-yl]pyrrolidin-3-yl]acetic acid
3-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]oxybenzoic acid
3-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]sulfanylbenzoic acid
4-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]sulfanylbenzoic acid
4-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]oxybenzoic acid
2-[4-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin
-2-yl]oxyphenyl]acetic acid
3-[4-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin
-2-yl]oxypb.enyl]propanoic acid
2-[4-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin
-2-yl]sulfanylphenoxy]acetic acid
2-[4-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin
-2-yl]oxyphenoxy]acetic acid
2-[4-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin
-2-yl]oxyphenyl]propanoic acid
2-[4-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin
-2-yl]sulfanylphenyl]acetic acid
2-[3-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin
-2-yl]oxyphenyl]acetic acid
2-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]sulfanylbenzoic acid
4-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]oxycyclohexane-l-carboxylic acid
l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]piperidine-2-carboxylic acid
(2S)-l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyrid
in-2-yl]pyrrolidine-2-carboxylic acid
2-[l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin
-2-yl]-4-piperidyl]propanoic
acid4-[[[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-ryri
din-2-yl]amino]methyl]cyclohexane-lcarboxylic acid
3-[[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2
-y1] amino]propanoic acid
l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]azepane-4-carboxylic acid
l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]-4-methyl-piperidine-4-carboxylic acid
(lS,5R)-3-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-py
ridm-2-yl]-3-azabicyclo[3.1.0]hexane- 6-carboxylic
acid
4-[[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2
-yl]amino]cyclohexane-l-carboxylic acid
l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]-4-propan-2-yl-piperidine-4- carboxylic acid
l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]-3-metliyl-piperidine-4-carboxylic acid
2-[l-[5-(cycloliexylcarbamoyl)-6-propylsulfanyl-pyridi
n-2-yl]-3-piperidyl]-2-methyl-propanoic acid
2-[(3R)-l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-py
ridin-2-yl]pyrrolidin-3-yl]acetic acid
3-[l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin
-2-yl]-3-piperidyl]propanoic acid
2-[l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin
-2-yl]azetidin-3-yl]oxyacetic acid 1-[I
-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-y
l]-3-piperidyl]cyclobutane-l - carboxylic acid
1-[1-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin
-2-y1] -3-piperidyl]cyclopropane-1- carboxylic acid
2-[l-[5-(cycloliexylcarbamoyl)-6-propylsulfanyl-pyridi
n-2-yl]pyrrolidin-3-yl]oxyacetic acid
2-[[l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridi
n-2-yl]-3-piperidyl]oxy]propanoic acid 2-[[I
-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-y
l]-3-piperidyl]oxy]-2-methylpropanoic acid
2-[[l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridi
n-2-yl]-3-piperidyl]oxy]acetic acid
l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]-3-methyl-piperidine-3-carboxylic acid
2-[l-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin
-2-yl]-4-piperidyl]-2-methyl-propanoic
acid1-[1-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyr
idin-2-yl]-4-piperidyl]cyclobutane-1- carboxylic acid
1-[I
-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-y
l]-4-piperidyl]cyclopropane-1- carboxylic acid
4-[5-(cyclohexylcarbamoyl)-6-propylsulfanyl-pyridin-2-
yl]morpholine-2-carboxylic acid
2-[(3R)-l-[5-(cyclohexylcarbamoyl)-6-cyclohexylsulfany
l-pyridm-2-yl]pyrrolidin-3-yl]acetic acid
2-[(3R)-l-[5-(cyclohexylcarbamoyl)-6-cyclohexylsulfany
l-pyridin-2-yl]-3-piperidyl]acetic acid 2-[(3
S)-1-[5-(cyclohexylcarbamoyl)-6-cyclopentylsulfanyl-py
ridin-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-cyclopentylsulfan
yl-pyridin-2-yl]pyrrolidin-3-yl]acetic acid
2-[(3R)-l-[5-(cyclohexylcarbamoyl)-6-cyclopentylsulfan
yl-pyridin-2-yl]pyrrolidin-3-yl]acetic 



acid
2-[(3R)-l-[5-(cyclohexylcarbamoyl)-6-cyclopentylsulfan
yl-pyridin-2-yl]-3-piperidyl]acetic acid
l-[l-[5-(cyclohexylcarbamoyl)-6-cyclopentylsulfanyl-py
ridin-2-yl]-3-piperidyl]cyclopropane-lcarboxylic acid
2-[(3S)-I-
[5-(2-adamantylcarbamoyl)-6-propylsulfanyl-pyridin-2-y
l]-3-piperidy1] acetic acid
2-[(3S)-l-[5-(2-adamantylcarbamoyl)-6-propylsulfanyl-p
yridin-2-yl]pyrrolidin-3-yl]oxyacetic acid
2-[(3R)-l-[5-(2-adamantylcarbamoyl)-6-propylsulfanyl-p
yridin-2-yl]pyrrolidin-3-yl]oxy acetic acid
2-[(3S)-l-[5-(2-adamantylcarbamoyl)-6-propylsulfanyl-p
yridin-2-yl]pyrrolidin-3-yl]acetic acid
(3R)-l-[5-(2-adamantylcarbanioyl)-6-propylsulfanyl-pyr
idin-2-yl]pyrrolidine-3-carboxy lie acid
2-[(3R)-l-[5-(2-adamantylcarbamoyl)-6-propylsulfanyl-p
yridin-2-yl]pyrrolidin-3-yl]acetic acid
(2S)-1-[5-(2-adamantylcarbamoyl)-6-propylsulfanyl-pyri
din-2-yl]pyrrolidine-2-carboxylic acid
(lS,5R)-3-[5-(2-adamantylcarbamoyl)-6-propylsulfanyl-p
yridin-2-yl]-3-azabicyclo[3.1.0]hexane- 6-carboxylic
acid
(3S)-1-[5-(2-adamantylcarbamoyl)-6-propylsulfanyl-pyri
din-2-yl]ryrrolidine-3-carboxylic acid
4-[5-(2-adamantylcarbamoyl)-6-propylsulfanyl-pyridin-2
-yl]morpholine-2-carboxylic acid
2-[(3S)-l-[5-(2-adamantylcarbamoyl)-6-cyclopentylsulfa
nyl-pyridin-2-yl]pyrrolidin-3- yl]oxyacetic
acid2-[(3R)-l-[5-(2-adamantylcarbamoyl)-6-cyclopentyls
ulfanyl-pyridin-2-yl]pyrrolidin-3- yl]oxyacetic acid
2-[(3S)-l-[5-(2-adamantylcarbamoyl)-6-cyclohexylsulfan
yl-pyridin-2-yl]pyrrolidin-3- yl]oxyacetic acid
2-[(3R)-l-[5-(2-adamantylcarbamoyl)-6-cyclohexylsulfan
yl-pyridin-2-yl]pyrrolidin-3- yl]oxyacetic acid
2-[(3R)-l-[5-(2-adamantylcarbamoyl)-6-ethylsulfanyl-py
ridin-2-yl]pyrrolidin-3-yl]acetic acid
(3R)-l-[5-(2-adamantylcarbamoyl)-6-ethylsulfanyl-pyrid
in-2-yl]pyrrolidine-3-carboxylic acid
(3S)-l-[5-(2-adamantylcarbamoyl)-6-ethylsulfanyl-pyrid
in-2-yl]pyrrolidine-3-carboxy lie acid (
1S,5R)-3-[5-(2-adamantylcarbamoyl)-6-ethylsulfanyl-pyr
idin-2-yl]-3-azabicyclo[3 .1.OJhexane- 6-carboxylic
acid 2-[(3R)-
1-[5-(2-adamantylcarbamoyl)-6-methylsulfanyl-pyridin-2
-yl]pyrrolidin-3-yl]acetic acid
(3R)-l-[5-(2-adamantylcarbamoyl)-6-methylsulfanyl-pyri
din-2-yl]pyrrolidine-3-carboxy lie acid (lS,5R)-3-[5
-(2-adamantylcarbamoyl)-6-methy
lsulfanyl-pyridin-2-yl] -3- azabicyclo[3
.1.0]hexane-6-carboxylic acid
2-[(3S)-l-[5-[((2r,5s)-5-hydroxy-2-adamantyl)carbanioy
l]-6-propylsulfanyl-pyridin-2- yl]pyrrolidin-3-yl]
acetic acid
4-[[[5-[((2r,5s)-5-hydroxy-2-adamantyl)carbamoyl]
-6-propylsulfany l-pyridin-2-
yl]amino]methyl]cyclohexane- 1-carboxylic acid
4-[[5-[((2r,5s)-5-hydroxy-2-adamantyl)carbamoyl]-6-pro
pylsulfanyl-pyridin-2- yl]amino]cyclohexane-
1-carboxylic acid
4-[[5-[((2r,5s)-5-hydroxy-2-adaniantyl)carbamoyl]-6-pr
opylsulfanyl-pyridin-2- yl]amino]cyclohexane-
1-carboxylic acid
2-[(3S)-l-[5-[(2r,5s)-5-hydroxy-2-adamantyl]carbamoyl]
-6-propylsulfanyl-pyridin-2-yl]-3- piperidyl] acetic
acid
l-[5-[[(2r,5s)-5-hydroxy-2-adamantyl]carbamoyl]-6-prop
ylsulfanyl-pyridin-2-yl]piperidine-4- carboxylic acid
2-[(3R)-l-[5-[[(2r,5s)-5-hydroxy-2-adamantyl]carbamoyl
]-6-propylsulfanyl-pyridin-2-yl]-3- piperidyl] acetic
acid
2-[l-[5-[[(2r,5s)-5-hydroxy-2-adamantyl]carbamoyl]-6-p
ropylsulfanyl-pyridin-2-yl]-4- piperidyl] acetic
acid(lR,5S)-3-[5-[[(2r,5s)-5-hydroxy-2-adamantyl]carba
moyl]-6-propylsulfanyl-pyridin-2-yl]-3- azabicyclo[3
.1.0]hexane-6-carboxylic acid
l-[5-[[(2r,5s)-5-hydroxy-2-adamantyl]carbamoyl]-6-prop
ylsulfanyl-pyridin-2-yl]-4-methylpiperidine-
4-carboxylic acid
l-[5-[[(2r,5s)-5-hydroxy-2-adamantyl]carbamoyl]-6-prop
ylsulfanyl-pyridin-2-yl]pyrrolidine-3- carboxylic acid
2-[(3R)-l-[5-[[(2r,5s)-5-hydroxy-2-adamantyl]carbamoyl
]-6-piOpylsulfanyl-pyridin-2-
yl]pyrrolidin-3-yl]acetic acid
3-[l-[5-[[(2r,5s)-5-hydroxy-2-adamantyl]carbamoyl]-6-p
ropylsulfanyl-pyridin-2-yl]-3- piperidyljpropanoic
acid
2-[l-[5-[((2r,5s)-5-hydroxy-2-adamantyl)carbamoyl]-6-p
ropylsulfanyl-pyridin-2-yl]-3-piperidyl]-
2-methyl-propanoic acid
2-[(3S)-l-[6-cyclopentylsulfanyl-5-[((2r,5s)-5-hydroxy
-2-adamantyl)carbamoyl]pyridin-2-
yl]pyrrolidin-3-yl]acetic acid
2-[(3S)-l-[6-cyclopentylsulfanyl-5-[[(2r,5s)-5-hydroxy
-2-adamantyl]carbamoyl]pyridin-2-yl]-3-
piperidyl]acetic acid
2-[(3R)-l-[6-cyclopentylsulfanyl-5
[((2r,5s)-5-hydroxy-2-adamantyl)carbamoyl]pyridin-2-
yl]pyrrolidin-3-yl]acetic acid (3R)-I-
[6-cyclopentylsulfany1-5-[((2r,5s)-5-hydroxy-2-adamant
yl)carbamoyl]pyridin-2- yl]pyrrolidine-3-carboxylic
acid
(2S)-1-[6-cyclopentylsulfany1-5-[((2r,5s)-5-hydroxy-2-
adamantyl)carbamoyl]pyridin-2-
yl]pyrrolidine-2-carboxylic acid
(lR,5S)-3-[6-cyclopentylsulfanyl-5-[((2r,5s)-5-hydroxy
-2-adamantyl)carbamoyl]pyridin-2-yl]-3- azabicyclo[3
.1.0]hexane-6-carboxylic acid
l-[6-cyclopentylsulfanyl-5-[((2r,5s)-5-hydroxy-2-adama
ntyl)carbamoyl]pyridin-2-yl]piperidine- 



4-carboxylic acid
2-[(3R)-l-[6-cyclohexylsulfanyl-5-[((2r,5s)-5-hydroxy-
2-adamantyl)carbamoyl]pyridin-2-
yl]pyrrolidin-3-yl]acetic acid
(2S)-l-[6-cyclohexylsulfanyl-5-[((2r,5s)-5-hydroxy-2-a
damantyl)carbamoyl]pyridin-2-
yl]pyrrolidine-2-carboxylic acid
(3R)-l-[6-cyclohexylsulfanyl-5-[((2r,5s)-5-hydroxy-2-a
damantyl)carbamoyl]pyridin-2-
yl]pyrrolidine-3-cafboxylic
acid2-[(3S)-l-[6-cyclohexylsulfanyl-5-[[(2r,5s)-5-hydr
oxy-2-adaniantyl]carbamoyl]pyridin-2-yl]-3-
piperidyl]acetic acid
2-[(3S)-l-[5-[[(2r,5s)-5-hydroxy-2-adamantyl]carbamoyl
]-6-(3-methylbutylsulfanyl)pyridin-2-
yl]-3-piperidyl]acetic acid
(3R)-l-[5-[((2r,5s)-5-hydroxy-2-adamantyl)carbamoyl]-6
-(3-methylbutylsulfanyl)pyridin-2-
yl]pyrrolidine-3-carboxylic acid
(1R,5S)-3-[5-[((2r,5s)-5-hydroxy-2-adamantyl)carbamoyl
]-6-(3-methylbutylsulfanyl)pyridin-2-
yl]-3-azabicyclo[3 .1.0]hexane-6-carboxylic acid
2-[(3S)-l-[6-benzylsulfanyl-5-[[(2r,5s)-5-hydroxy-2-ad
amantyl]carbamoyl]pyridin-2-yl]-3- piperidyl]acetic
acid 2-[(3S)-l-[5-[
[(2r,5s)-5-hydroxy-2-adamantyl]carbamoyl]-6-phenethyls
ulfanyl-pyridin-2-yl]-3- piperidyl]acetic acid 2-[(3
S)-1-[5-[[(2r,5s)-5-hydroxy-2-adamantyl]carbamoyl]-6-p
ropoxy-pyridin-2-yl]-3- piperidyl] acetic acid
2-[l-[5-[((2r,5s)-5-hydroxy-2-adamantyl)carbamoyl]-6-p
ropoxy-pyridin-2-yl]-3-piperidyl]-2- methyl-propanoic
acid
(1R,5S,6r)-3-(6-(cyclopentylthio)-5-(3-(pyridin-3-yl)p
yrrolidine- 1-carbonyl)pyridin-2-yl)-3- azabicyclo[3
.1.0]hexane-6-carboxylic acid (
1S,5R)-3-[6-cyclohexylsulfanyl-5-(3-pyridin-3-ylpyrrol
idine- 1-carbonyl)pyridin-2-yl]-3-
azabicyclo[3.1.0]hexane-6-carboxy lie acid
2-[(3S)-l-[6-propylsulfanyl-5-(3-pyridin-3-ylpyrrolidi
ne-l-carbonyl)pyridin-2-yl]-3- piperidyl]acetic acid
2-[(3 S)-I-
[6-propylsulfanyl-5-(3-pyridin-2-ylpyrrolidine-1-carbo
nyl)pyridin-2-yl]-3- piperidyl]acetic acid
2-[(3S)-l-[5-(piperidine-l-carbonyl)-6-propylsulfanyl-
pyridin-2-yl]-3-piperidyl]acetic acid 2-[(3 S)-I-
[6-propylsulfanyl-5-(3-pyrazin-2-ylpyrrolidine-
1-carbonyl)pyridin-2-yl]-3- piperidyl]acetic acid
2-[(3S)-l-[5-(4,4-difluoropi
reridine-l-carbonyl)-6-propylsulfanyl-pyridin-2-yl]-3-
piperidyl]acetic acid
2-[(3S)-l-[6-propylsulfanyl-5-[3-(trifluoromethyl)pipe
ridine-l-carbonyl]pyridin-2-yl]-3- piperidyl]acetic
acid2-[(3S)-l-[6-propylsulfanyl-5-[4-(trifluoromethyl)
piperidine-l-carbonyl]pyridin-2-yl]-3-
piperidyl]acetic acid 2-[(3S)-I-
[5-(4-carbamoylpiperidine-1-carbonyl)-6-propylsulfanyl
-pyridin-2-yl]-3- piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexyl-cyclopropyl-carbamoyl)-6-prop
ylsulfanyl-pyridin-2-yl]-3- piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexyl-(cyclopropylmethyl)carbamoyl)
-6-propylsulfanyl-pyridin-2-yl]-3- piperidyl]acetic
acid
2-[(3S)-l-[5-(cyclohexyl-ethyl-carbamoyl)-6-propylsulf
anyl-pyridin-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexyl-propan-2-yl-carbamoyl)-6-prop
ylsulfanyl-pyridin-2-yl]-3- piperidyl]acetic acid
2-[(3S)-l-[5-[(4-hydroxycyclohexyl)carbamoyl]-6-propyl
sulfanyl-pyridin-2-yl]-3- piperidyl]acetic acid 2-[(3
S)-I-
[6-propylsulfanyl-5-[3-[2-(trifluoromethyl)phenyl]pyrr
olidine-1-carbonyl]pyridin-2- yl]-3-piperidyl]acetic
acid
2-[(3S)-l-[5-[((2r,5s)-5-methylsulfonyl-2-adamantyl)ca
rbamoyl]-6-propylsulfanyl-pyridin-2-yl]-
3-piperidyl]acetic acid 2-[(3
S)-1-[6-cyclopentylsulfanyl-5-(3-pyridin-3-ylpyrrolidi
ne- 1-carbonyl)pyridin-2-yl]-3- piperidyl]acetic acid
2-[(3R)-l-[5-(cyclohexylcarbamoyl)-6-phenethylsulfanyl
-pyridin-2-yl]-3-piperidyl]acetic acid2-
[(3S)-l-[5-(cyclohexylcarbamoyl)-6-phenethylsulfanyl-p
yridin-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-(2-pyridin-3-ylet
hylsulfanyl)pyridin-2-yl]-3- piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-(2-pyrazin-2-ylet
hylsulfanyl)pyridin-2-yl]-3- piperidyl]acetic acid
2-[(3S)-I-
[5-(cyclohexylcarbamoyl)pyridin-2-yl]-3-piperidyl]acet
ic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-[2-(4-fluoropheny
l)ethoxy]pyridin-2-yl]-3-piperidyl]acetic acid 2-[(3
S)-I-
[5-(cyclohexylcarbamoyl)-6-(3-methylbutoxy)pyridin-2-y
l]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-(3-phenylpropoxy)
pyridin-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-(2-pyridin-3-ylet
hoxy)pyridin-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-methoxy-pyridin-2
-yl]-3-piperidyl]acetic
acid2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-propoxy-pyrid
in-2-yl]-3-piperidyl]acetic acid 2-[(3
S)-1-[5-(cyclohexylcarbamoyl)-6-(1-piperidyl)pyridin-2
-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[6-[2-(4-chlorophenyl)ethylamino]-5-(cyclohe
xylcarbamoyl)pyridin-2-yl]-3- piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-[3-(4-fluoropheny
l)pyrrolidin-l-yl]pyridin-2-yl]-3- 



piperidyl]acetic acid 2-[(3 S)-I-
[5-(cyclohexylcarbamoyl)-6-(3,4-dihydro-1H-isoquinolin
-2-yl)pyridin-2-yl]-3- piperidyl]acetic acid 2-[(3
S)-1-[5-(cyclohexylcarbamoyl)-6-(3,4-dihydro-
1H-isoquinolin-2-yl)pyridin-2-yl]-3- piperidyl]acetic
acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-(4-phenylpiperazi
n-l-yl)pyridin-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-[4-(4-fluorobenzo
yl)piperazin-l-yl]pyridin-2-yl]-3- piperidyl]acetic
acid
2-[(3S)-l-[6-(4-acetylpiperazin-l-yl)-5-(cyclohexylcar
bamoyl)pyridin-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-(4-ethylsulfonylp
iperazin-l-yl)pyridin-2-yl]-3- piperidyl]acetic acid
2-[(3S)-l-[6-[4-(benzenesulfonyl)piperazin-l-yl]-5-(cy
clohexylcarbamoyl)pyridin-2-yl]-3- piperidyl]acetic
acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-(4-phenylmethoxyc
arbonylpiperazin-l-yl)pyridin-2-yl]-3-
piperidyl]acetic acid 2-[(3
S)-1-[5-(cyclohexylcarbamoyl)-6-propylamino-pyridin-2-
yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-(phenethylamino)p
yridin-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-(methyl-phenethyl
-amino)pyridin-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-(methyl-propyl-am
ino)pyridin-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-pyrrolidin-l-yl-p
yridin-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-morpholin-4-yl-py
ridin-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexyl-methyl-carbamoyl)-6-propylami
no-pyridin-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexyl-methyl-carbamoyl)-6-(methyl-p
ropyl-amino)pyridin-2-yl]-3- piperidyl]acetic
acid2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-methyl-pyridi
n-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(l-adamantylcarbamoyl)-6-methyl-pyridin-2
-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(2-adamantylcarbamoyl)-6-methyl-pyridin-2
-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(2-adamantylcarbamoyl)-6-butyl-pyridin-2-
yl]-3-piperidyl]acetic acid
3-[5-(2-adamantylcarbamoyl)-6-butyl-pyridin-2-yl]-3-az
abicyclo[3.1.0]hexane-6-carboxylic acid
2-[(3S)-l-[6-butyl-5-(cyclohexylcarbamoyl)pyridin-2-yl
]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexylcarbamoyl)-6-cyclopropyl-pyrid
in-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(2-adamantylcarbamoyl)-6-cyclopropyl-pyri
din-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[6-cyclopropyl-5-[[(2r,5s)-5-hydiOxy-2-adama
ntyl]carbamoyl]pyridin-2-yl]-3- piperidyl] acetic acid
2-[(3R)-l-[5-(cyclohexyl-methyl-carbamoyl)-6-propylsul
fanyl-pyridin-2-yl]-3-piperidyl]acetic acid
2-[(3S)-l-[5-(cyclohexyl-methyl-carbamoyl)-6-propylsul
fanyl-pyridin-2-yl]-3-piperidyl]acetic acid
[(35)-l-{5-[((2r,5s)-5-methoxyadamantan-2-yl)(methyl)c
arbamoyl]-6-(propylthio)pyridin-2- yl}piperidin-3-yl]
acetic acid
[(35)-l-{5-[((2r,5s)-5-hydroxyadamantan-2-yl)(methyl)c
arbamoyl]-6-(propyltliio)pyridin-2-
yl}piperidin-3-yl]acetic acid
{(3S)-1-[5-(adamantan-1-ylcarbamoyl)-6-(propylthio)pyr
idin-2-yl]piperidin-3 -yl}acetic acid
{(35)-l-[6-(propylthio)-5-(tetrahydro-2i7-pyran-4-ylca
rbamoyl)pyridin-2-yl]piperidin-3-yl}acetic acid
[(3S)-l-{5-[methyl(tetrahydro-2H-pyran-4-yl)carbamoyl]
-6-(propylthio)pyridin-2-yl}piperidin-3- yl]acetic
acid
2-[(3S)-l-[6-cyclohexylsulfanyl-5-[[(2r,5s)-5-(difluor
omethoxy)-2-
adamantyl]carbamoyl]pyridin-2-yl]pyrrolidin-3-yl]aceti
c acid
2-[(3S)-l-[6-cyclohexylsulfanyl-5-[[(2r,5s)-5-(difluor
omethoxy)-2-
adamantyl]carbamoyl]pyridin-2-yl]-3-piperidyl]acetic
acid 2-[(3S)-l-[6-cyclo
rentylsulfanyl-5-[[(2r,5s)-5-(difluoromethoxy)-2-
adamantyl]carbamoyl]pyridin-2-yl]pyrrolidin-3-yl]aceti
c acid 2-[(3S)-l-[6-cyclo
rentylsulfanyl-5-[[(2r,5s)-5-(difluoromethoxy)-2-
adamantyl]carbamoyl]pyridin-2-yl]-3-piperidy1] acetic
acid2-[(3S)-l-[5-[[(2r,5s)-5-(difluoromethoxy)-2-adama
ntyl]carbamoyl]-6-propylsulfanyl-pyridin-2-
yl]-3-piperidyl] acetic acid
2-[(3S)-l-[5-[[(2r,5s)-5-(difluoromethoxy)-2-adamantyl
]carbamoyl]-6-propylsulfanyl-pyridin-2-
yl]pyrrolidin-3-yl] acetic acid
2-[(3S)-l-[5-[[(2r,5s)-5-(difluoromethoxy)-2-adamantyl
]carbamoyl]-6-propoxy-pyridin-2-yl]-3-
piperidyljacetic acid (3R)-l-[6-cyclo
rentylsulfanyl-5-[[(2r,5s)-5-(difluoromethoxy)-2-
adamantyl]carbamoyl]pyridin-2-yl]pyrrolidine-3-carboxy
lic acid
(lR,5S)-3-[6-cyclopentylsulfanyl-5-[[(2r,5s)-5-(difluo
romethoxy)-2-
adamantyl]carbamoyl]pyridin-2-yl]-3-azabicyclo[3.
1.0]hexane-6-carboxylic acid 2-[(3R)-l-[5 -[[(2r,5s)
-5-(difluoromethoxy)-2-adamanty 1] carbamoyl]
-6-propylsulfany 1- pyridin-2-y l]pyrrolidin-3
-yl]acetic acid
l-[5-[[(2r,5s)-5-(difluoromethoxy)-2-adamantyl]carbamo
yl]-6-propylsulfanyl-pyridin-2-
yl]pyrrolidine-3-carboxylic acid
(S)-2-(l-(5-(cyclohexylcarbamoyl)-3-fluoro-6-(propylth
io)pyridin-2-yl)piperidin-3-yl)acetic acid 



and
(R)-2-(l-(5-(cyclohexylcarbamoyl)-3-fluoro-6-(propylth
io)pyridin-2-yl)piperidin-3-yl)acetic acid and
pharmaceutically-acceptable salts thereof. Another
aspect of the present invention provides a process for
preparing a compound of formula (1) or a
pharmaceutically acceptable salt thereof which process
[wherein Z is -X-Y-COOH and other variable groups are,
unless otherwise specified, as defined in formula (I)]
comprises any one of processes a) to e): a) reaction
of a compound of Formula (2) with a compound of
Formula (3): (2) (3) b) reaction of a compound of
Formula (4) with a compound of Formula (5):(4) (5)
wherein X is a leaving group; or c) reaction of a
compound of Formula (6) with a compound of Formula
(7): (6) (7) wherein X' is a leaving group; or d)
reaction of a compound of Formula (8) with a compound
of Formula (9): wherein X" is a leaving group; or e)
reaction of a compound of Formula (10) with a compound
of Formula (11):(10) ( 11) wherein X'" is a leaving
group; and thereafter if necessary or desirable: i)
converting a compound of the formula (1) into another
compound of the formula (1); ii) removing any
protecting groups; iii) resolving enantiomers; iv)
forming a pharmaceutically-acceptable salt or in vivo
hydrolysable ester thereof. Examples of conversions of
a compound of Formula (1) into another compound of
Formula (1), well known to those skilled in the art,
include functional group interconversions such as
hydrolysis, hydrogenation, hydrogenolysis, oxidation
or reduction, and/or further functionalisation by
standard reactions such as amide or metal-catalysed
coupling, or nucleophilic displacement reactions.
Suitable conditions for the above processes a) to e)
are as follows. Process a) is typically carried out in
a suitable solvent such as dichloromethane or
N,Ndimethylformamide for example with either the in
situ formation of the acyl halide using a suitable
reagent such as oxalyl chloride for example or with
the addition of a suitable coupling agent (or
combination of agents) to form an active ester such as
HOBT and EDAC for example, optionally in the presence
of a suitable base such as triethylamine or L
iV-di-wo-propylamine for example. Typically the
reaction is carried out at ambient or elevated
temperature between 0-60 0C. Process b) is typically
carried out in a suitable solvent such as
dichloromethane or THF for example using a strong base
(such as sodium hydride or lithium or potassium
hexamethyldisilylazides) and a suitable alkylating
agent (such as alkyl iodide). Typically the reaction
is carried out at ambient or temperature. Suitable
examples of leaving groups (X) are chloro, bromo,
iodo, mesylate, tosylate or triflate. Others are known
to the art. Process c) may be carried out in a
suitable solvent such as acetonitrile, butyronitrile
or methanol for example, typically with the addition
of a suitable base such as potassium carbonate or
sodium hydroxide for example. Typically the reaction
is carried out at elevated temperature, using
Microwave or conventional heating, for example at
temperatures between 100-140 0C. In certain cases the
reactions can be carried out at ambient temperature.
Suitable examples of leaving groups (X') are chloro,
bromo, iodo, mesylate, tosylate or triflate. Others
are known to the art. Process d) may be carried out in
a suitable solvent such as acetonitrile,
butyronitrile, DMF or THF for example, typically with
the addition of a suitable base such as potassium
carbonate or sodium hexamethyldisilylazide for
example. Typically the reaction is carried out at
ambient orelevated temperature between 30-1 80 0C
(achieved using conventional heating or microwave
irradiation). Suitable examples of leaving groups (X")
are fluoro, and chloro. Others are known to the art.
Process e) may be carried out in a suitable solvent
such as acetonitrile, butyronitrile, DMF or THF for
example, typically with the addition of a suitable
base such as potassium carbonate or sodium
hexamethyldisilylazide for example. Typically the
reaction is carried out at ambient or elevated
temperature between 30-180 0C (achieved using
conventional heating or microwave irradiation).
Suitable examples of leaving groups (X'") are fluoro,
and chloro. Others are known to the art. It will be
appreciated that the intermediates required to
synthesise compounds of formula (1) may be
commercially available, may be known to the art or may
be prepared by known procedures and/or by the
procedures described above a)-e). It will be
appreciated that the sequence in which these processes
are carried out, will be determined by the type of
compound of formula (1) being synthesised. For
example, reaction of a compound of Formula (12) with
appropriate nucleophilic reagents (Nu) resulting in
displacement of leaving groups (X1and X2) to generate
compounds of types (13) or (14) which would be
potentially useful intermediates in the synthesis of
compounds of formula (1) (12) (13) (14) wherein X1 and
X2 are leaving groups (typically fluoro or chloro) and
Wis an amide or alternatively a group that may be
converted into an amide by processes known to the art
(for example an ester which may be hydrolysed to an
acid that may be subsequently transformed into an
amide); It will be appreciated to those skilled in the
art that the nature of X1 and X2, the nature ofW, the
nature and position of any R4 substituents and
reaction conditions such as solvent and temperature
and any additional catalysts (for example palladium
&copper ligands) may affect the order in which the
groups are X1 and X2 are displaced and in turn the
order in which the reactions are required to be
carried out in order to deliver the required
compounds. It will be appreciated that examples of
pyridines with appropriate substitution in the 4 and
6-positions are known to the art and 



that they may also be used as starting points for the
synthesis of compounds of type (1).It will be
appreciated that when Q is H, the required compounds
may be accessed from intermediates of type (15)
according to the processes described above. It will be
appreciated that certain of the various substituents
in the compounds of the present invention, and in
intermediates in their preparation, may be introduced
by standard aromatic substitution reactions or
generated by conventional functional group
modifications either prior to or immediately following
the processes mentioned above, and as such are
included in the process aspect of the invention. Such
reactions and modifications include, introduction of a
substituent by means of an aromatic substitution
reaction, reduction of substituents, oxidation of
substituents and alkylation of substituents, for
example, alkylation reactions such as conversion of a
secondary amide to a primary amide typically carried
out using strong base (such as sodium hydride or
lithium or potassium hexamethyldisilylazides) and a
suitable alkylating agent (such as methyl iodide). The
reagents and reaction conditions for such procedures
are well known in the chemical art. Particular
examples of aromatic substitution reactions include
the introduction of a nitro group using concentrated
nitric acid, the introduction of an acyl group using,
for example, an acyl halide and Lewis acid (such as
aluminium trichloride) under Friedel Crafts
conditions; the introduction of an alkyl group using
an alkyl halide and Lewis acid (such as aluminium
trichloride) under Friedel Crafts conditions; and the
introduction of a halogeno group. Particular examples
of modifications include the reduction of a nitro
group to an amino group by for example, catalytic
hydrogenation with a nickel catalyst or treatment with
iron in the presence of hydrochloric acid with
heating; oxidation of alkylthio to alkylsulphinyl or
alkylsulphonyl. It will also be appreciated that in
some of the reactions mentioned herein it may be
necessary/desirable to protect any sensitive groups in
the compounds. The instances where protection is
necessary or desirable and suitable methods for
protection are known to those skilled in the art.
Conventional protecting groups may be used in
accordance with standard practice (for illustration
see T.W. Green, Protective Groups in Organic
Synthesis, John Wiley and Sons, 1991). Thus, if
reactants include groups such as amino, carboxy or
hydroxy it may be desirable to protect the group in
some of the reactions mentioned herein.A suitable
protecting group for an amino or alkylamino group is,
for example, an acyl group, for example an alkanoyl
group such as acetyl, an alkoxycarbonyl group, for
example a methoxycarbonyl, ethoxycarbonyl or
-butoxycarbonyl group, an arylmethoxycarbonyl group,
for example benzyloxycarbonyl, or an aroyl group, for
example benzoyl. The deprotection conditions for the
above protecting groups necessarily vary with the
choice of protecting group. Thus, for example, an acyl
group such as an alkanoyl or alkoxycarbonyl group or
an aroyl group may be removed for example, by
hydrolysis with a suitable base such as an alkali
metal hydroxide, for example lithium or sodium
hydroxide. Alternatively an acyl group such as a
-butoxycarbonyl group may be removed, for example, by
treatment with a suitable acid as hydrochloric,
sulphuric or phosphoric acid or trifluoroacetic acid
and an arylmethoxycarbonyl group such as a
benzyloxycarbonyl group may be removed, for example,
by hydrogenation over a catalyst such as
palladium-on-carbon, or by treatment with a Lewis acid
for example boron tris(trifluoroacetate). A suitable
alternative protecting group for a primary amino group
is, for example, a phthaloyl group which may be
removed by treatment with an alkylamine, for example
hydroxylamine, or with hydrazine. A suitable
protecting group for a hydroxy group is, for example,
an acyl group, for example an alkanoyl group such as
acetyl, an aroyl group, for example benzoyl, or an
arylmethyl group, for example benzyl. The deprotection
conditions for the above protecting groups will
necessarily vary with the choice of protecting group.
Thus, for example, an acyl group such as an alkanoyl
or an aroyl group may be removed, for example, by
hydrolysis with a suitable base such as an alkali
metal hydroxide, for example lithium or sodium
hydroxide. Alternatively an arylmethyl group such as a
benzyl group may be removed, for example, by
hydrogenation over a catalyst such as
palladium-on-carbon. A suitable protecting group for a
carboxy group is, for example, an esterifying group,
for example a methyl or an ethyl group which may be
removed, for example, by hydrolysis with a base such
as sodium hydroxide, or for example a -butyl group
which may be removed, for example, by treatment with
an acid, for example an organic acid such as
trifluoroacetic acid, or for example a benzyl group
which may be removed, for example, by hydrogenation
over a catalyst such as palladium-on-carbon. The
protecting groups may be removed at any convenient
stage in the synthesis using conventional techniques
well known in the chemical art. As stated hereinbefore
the compounds defined in the present invention possess
1l bHSDl inhibitory activity. These properties may be
assessed using the following assay.Assays The
conversion of cortisone to the active steroid Cortisol
by 1l bHSDl oxo-reductase activity, can be measured
using a competitive homogeneous time resolved
fluorescence assay (HTRF) (CisBio International, R&D,
Administration and Europe Office, In Vitro
Technologies - HTRF(r) / Bioassays BP 84175, 30204
Bagnols/Ceze Cedex, France. Cortisol bulk HTRF kit:
CatNo. 62CORPEC). The evaluation of compounds
described herein was carried out using a baculovirus
expressed N terminal 6-His tagged full length human 1l
bHSDl enzyme(* 1). The enzyme was purified from a
detergent solublised cell lysate, using a copper
chelate column. Inhibitors of 11bHSD 1 reduce the
conversion of cortisone to Cortisol, which is
identified by an increase in signal, in the above
assay. Compounds to be tested were dissolved in
dimethyl sulphoxide (DMSO) to 1OmM and diluted further
in assay buffer containing 1% DMSO to 10 fold the
final assay concentration. Diluted compounds were then
plated into black 384 well plates (Matrix, Hudson NH,
USA). The assay was carried out in a total volume of
20ml consisting of cortisone (Sigma, Poole, 



Dorset, UK, 16OnM), glucose-6-phosphate (Roche
Diagnostics, ImM), NADPH (Sigma, Poole, Dorset,
lOOmM), glucose-6-phosphate dehydrogenase (Roche
Diagnostics, 12.5mg/ml), EDTA (Sigma, Poole, Dorset,
UK, ImM), assay buffer (K2HPO4/KH2PO4, 10OmM) pH 7.5,
recombinant 11bHSD 1 [using an appropriate dilution to
give a viable assay window - an example of a suitable
dilution may be 1 in 1000 dilution of stock enzyme]
plus test compound. The assay plates were incubated
for 25 minutes at 370C after which time the reaction
was stopped by the addition of l Oml of 0.5mM
glycerrhetinic acid plus conjugated cortisol(XL665 or
D2). l Oml of anti-cortisol Cryptate was then added
and the plates sealed and incubated for 6 hours at
room temperature. Fluorescence at 665nm and 620nm was
measured and the 665nm:620nm ratio calculated using an
Envision plate reader. These data was then used to
calculate IC50 values for each compound (Origin 7.5,
Microcal software, Northampton MA, USA) and/or the %
inhibition at 30mM of compound. *1 The Journal of
Biological Chemistry, Vol. 26, No 25, rpl6653 - 16658
Compounds of the present invention typically show an
IC5O of less than 30mM, and preferably less than 5 mM.
The following table displays IC50 values for selected
compounds:The following table displays %inhibition of
human 11-bHSD at a test concentration of 30mM of
compound:The compounds:
{(35)-l-[5-(adamantan-l-ylcarbamoyl)pyridin-2-yl]piper
idin-3-yl}acetic acid; and
{(3S)-1-[5-(cyclohexylcarbamoyl)-6-(piperazin-
1-yl)pyridin-2-yl]piperidin-3 -yl} acetic acid did not
achieve 50% inhibition of the enzyme at less than or
equal to 30 micromolar and hence are not preferred
compounds of the invention. The compound
2-[(3S)-l-[5-(2-adamantylcarbamoyl)pyridin-2-yl]-3-pip
eridyl]acetic acid achieved 50% inhibition in one
assay, but in a subsequent 3 assays did not and hence
is also not a preferred aspect of the invention. In
one aspect the invention does not relate to 2-[(3S)-I
-[5-(2-adamantylcarbamoyl)pyridin-2-yl]-
3-piperidyl]acetic acid. The oral bioavailability of
the compounds of the invention may be tested as
follows: Determination of Bioavailability in PK
Studies Compounds are dosed intravenously at 2mg/kg
(2ml/kg) and orally at 5mg/kg (5ml/kg) in a 25% HPBCD
in sorrensons buffer pH 5.5 formulation. Blood samples
(20OuI) are taken Predose, 0.25, 0.5, 1, 2, 3, 4, 5,
6, 8 and 24 h post dose for both routes and plasma
prepared by centrifugation. Plasma samples are
analysed as below. PK parameters (clearance, volume of
distribution, bioavailability, fraction absorbed etc.)
are calculated by standard PK methods using suitable
PK software (WinNon-Lin). Bioanalvsis of plasma
samplesThe guidelines described are for the manual
preparation of plasma samples following single
compound or cassette dosing of project compounds to
all PK species used within discovery DMPK. Analysis by
open access (LC-MS/MS) or manual approaches (LC-MS) is
described. Contents 1. Materials 2. Generic Extraction
Method 3. Example Sample List Using Generic Plate
Layout 4. Open Access Batch Submission and System
Checks 5. Acceptance Criteria for Batch Pass 1.
Materials Solvents: Methanol, acetonitrile and DMSO
Water: Purified or HPLC grade ImI shallow 96-well
plates OR eppendorf tubes 2ml deep well 96-well plates
plus lids Blank (control) plasma 2. Generic Extraction
Method Solubilise compound(s) to lmg/ml using DMSO
taking into account salt factors if any. The DMSO
stock(s) may be used to make all calibration & quality
control (QC) samples: 2.i Single compound analysis
2.i.a Preparation of calibration and QC samples: 1.
Prepare standard solutions as follows:100 0.5 0.5 50 5
50 0.5 0.5 10 1 2. Transfer 50ul blank plasma to a
well of a ImI 96- well plate (shallow well) 3.
Transfer 5ul of each of the standard solutions to
further wells of the plate 4. Add 50ul blank plasma to
each of these wells. 5. To generate the QC samples,
add three aliquots of 5ul of the 100ng/ml, 1000ng/ml
and 10,000ng/ml standard solutions to the plate (3 QCs
at each concentration). 6. Add 50ul blank plasma to
each of these. 7. Transfer 50ul of each PK sample to
the ImI 96-well plate 8. Add 5ul methanol (- compound)
to each of the PK samples 9. Ensure all dose
formulations are well mixed by vortex mixing. 10.
Dilute intravenous (IV) and oral dose (PO)
formulations of expected concentration to lOug/ml in
methanol. (For example, a formulation made to an
expected concentration of 2 mg/ml would be diluted
1:200 to give 10ug/ml solution). 11. Add 6x 50 ul
aliquots of plasma to the plate. Add 5 ul of diluted
IV formulation to three of the wells, repeat with PO
formulation and remaining 3 wells. 12. Precipitate
proteins by adding lOOul acetonitrile containing a
project related internal standard (at lug/ml) to all
calibration, QC, PK and formulation samples. 13.
Vortex mix the plate before centrifugation at 4,00Og
for 10 minutes. 



14. Transfer lOOul of the supernatant to the wells of
a 2ml 96-well plate (see following plate map). Care
should be taken not to disturb the pellet. 15. Add ~
1.5ml of 50:50 Methanol: Water into the last well. 16.
For analysis on triple quad systems: add 400ul water
(HPLC grade) to each sample. Gently mix. 17. Add lOOul
of the 100,000ng/ml stock of each of the standard
solutions to the 2ml plate and add 900ul water. Add a
sample of internal standard to a further well (see
plate map). These arefor compound tuning (denoted on
the plate map as tune solutions) 18. For analysis on
platform systems: add lOOul water (HPLC grade) to each
sample. Gently mix. 19. Manually tune all compounds
using compound solutions prepared to 5,000ng/ml (add
1OOul of the 50,000ng/ml standard solutions to 900ul
water)2.ii Cassette dose analysis 2.iia Preparation of
calibration and QC samples: Note: For cassette dosing,
the amount of methanol required to dilute the lmg/ml
stock will be adjusted according to the number of
compounds present. 1. Add 1OOul of each lmg/ml stock
required to a vial. 2 . Add the required volume of
methanol to yield a total volume of ImI. 3. Perform
all further steps as for single compound analysis
(steps 2 -16 above). 2.iii In cases where PK samples
exceed the Upper limit of Quantification (ULOQ). 1.
Prepare a further calibration curve and QC samples as
above (steps 1 - 6). 2. Transfer <50ul (e.g. 25ul) of
the PK samples that exceed the ULOQ. 3. Add enough
control plasma to these samples to yield a final
plasma volume of 50ul. Make a note of the dilution
made. 4 . Transfer 50ul of all remaining PK samples.
5. Prepare all formulation samples and extract all
samples as described above, (steps 8 - 16) Note: Upper
concentrations used to generate the calibration curve
may be reviewed, however, care must be taken to avoid
saturation of the HPLC column or MS equipment. It is
for this reason that dilution of PK samples is
recommended. 2.iv In cases of poor sensitivity (high
Lower Limit of Quantification). Note: High LLOQ is
taken as when most of the plasma concentrations lie
below the lower limit of quantification or where the
LLOQ is greater the 10ng/ml. The following methods
should be applied when either of these scenarios is
encountered. According to a further aspect of the
invention there is provided a pharmaceutical
composition, which comprises a compound of the
Examples, or a pharmaceutically-acceptable salt
thereof, as defined hereinbefore in association with a
pharmaceutically-acceptable diluent or carrier. The
compositions of the invention may be in a form
suitable for oral use (for example as tablets,
lozenges, hard or soft capsules, aqueous or oily
suspensions, emulsions, dispersible powders or
granules, syrups or elixirs), for topical use (for
example as creams, ointments, gels, or aqueous or oily
solutions or suspensions), for administration by
inhalation (for example as a finely divided powder or
a liquid aerosol), for administration by insufflation
(for example as a finely divided powder) or for
parenteral administration (for example as a sterile
aqueous or oily solution for intravenous,
subcutaneous, intramuscular or intramuscular dosing or
as a suppository for rectal dosing). In general,
compositions in a form suitable for oral use are
preferred.The compositions of the invention may be
obtained by conventional procedures using conventional
pharmaceutical excipients, well known in the art.
Thus, compositions intended for oral use may contain,
for example, one or more colouring, sweetening,
flavouring and/or preservative agents. Suitable
pharmaceutically-acceptable excipients for a tablet
formulation include, for example, inert diluents such
as lactose, sodium carbonate, calcium phosphate or
calcium carbonate, granulating and disintegrating
agents such as corn starch or algenic acid; binding
agents such as starch; lubricating agents such as
magnesium stearate, stearic acid or talc; preservative
agents such as ethyl or propyl p_-hydroxybenzoate, and
anti-oxidants, such as ascorbic acid. Tablet
formulations may be uncoated or coated either to
modify their disintegration and the subsequent
absorption of the active ingredient within the
gastrointestinal tract, or to improve their stability
and/or appearance, in either case, using conventional
coating agents and procedures well known in the art.
Compositions for oral use may be in the form of hard
gelatin capsules in which the active ingredient is
mixed with an inert solid diluent, for example,
calcium carbonate, calcium phosphate or kaolin, or as
soft gelatin capsules in which the active ingredient
is mixed with water or an oil such as peanut oil,
liquid paraffin, or olive oil. Aqueous suspensions
generally contain the active ingredient in finely
powdered form together with one or more suspending
agents, such as sodium carboxymethylcellulose,
methylcellulose, hydroxypropylmethylcellulose, sodium
alginate, polyvinyl-pyrrolidone, gum tragacanth and
gum acacia; dispersing or wetting agents such as
lecithin or condensation products of an alkylene oxide
with fatty acids (for example polyoxethylene
stearate), or condensation products of ethylene oxide
with long chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products
of ethylene oxide with partial esters derived from
fatty acids and a hexitol such as polyoxyethylene
sorbitol monooleate, or condensation products of
ethylene oxide with long chain aliphatic alcohols, for
example heptadecaethyleneoxycetanol, or condensation
products of ethylene oxide with partial esters derived
from fatty acids and a hexitol such as polyoxyethylene
sorbitol monooleate, or condensation products of
ethylene oxide with partial esters derived from fatty
acids and hexitol anhydrides, for example polyethylene
sorbitan monooleate. The aqueous suspensions may also 



contain one or more preservatives (such as ethyl or
propyl |>-hydroxybenzoate, anti-oxidants (such as
ascorbic acid), colouring agents, flavouring agents,
and/or sweetening agents (such as sucrose, saccharine
or aspartame).Oily suspensions may be formulated by
suspending the active ingredient in a vegetable oil
(such as arachis oil, olive oil, sesame oil or coconut
oil) or in a mineral oil (such as liquid paraffin).
The oily suspensions may also contain a thickening
agent such as beeswax, hard paraffin or cetyl alcohol.
Sweetening agents such as those set out above, and
flavouring agents may be added to provide a palatable
oral preparation. These compositions may be preserved
by the addition of an anti-oxidant such as ascorbic
acid. Dispersible powders and granules suitable for
preparation of an aqueous suspension by the addition
of water generally contain the active ingredient
together with a dispersing or wetting agent,
suspending agent and one or more preservatives.
Suitable dispersing or wetting agents and suspending
agents are exemplified by those already mentioned
above. Additional excipients such as sweetening,
flavouring and colouring agents, may also be present.
The pharmaceutical compositions of the invention may
also be in the form of oil-in-water emulsions. The
oily phase may be a vegetable oil, such as olive oil
or arachis oil, or a mineral oil, such as for example
liquid paraffin or a mixture of any of these. Suitable
emulsifying agents may be, for example,
naturally-occurring gums such as gum acacia or gum
tragacanth, naturally-occurring phosphatides such as
soya bean, lecithin, an esters or partial esters
derived from fatty acids and hexitol anhydrides (for
example sorbitan monooleate) and condensation products
of the said partial esters with ethylene oxide such as
polyoxyethylene sorbitan monooleate. The emulsions may
also contain sweetening, flavouring and preservative
agents. Syrups and elixirs may be formulated with
sweetening agents such as glycerol, propylene glycol,
sorbitol, aspartame or sucrose, and may also contain a
demulcent, preservative, flavouring and/or colouring
agent. The pharmaceutical compositions may also be in
the form of a sterile injectable aqueous or oily
suspension, which may be formulated according to known
procedures using one or more of the appropriate
dispersing or wetting agents and suspending agents,
which have been mentioned above. A sterile injectable
preparation may also be a sterile injectable solution
or suspension in a non-toxic parenterally-acceptable
diluent or solvent, for example a solution in
1,3-butanediol. Compositions for administration by
inhalation may be in the form of a conventional
pressurised aerosol arranged to dispense the active
ingredient either as an aerosol containing finely
divided solid or liquid droplets. Conventional aerosol
propellants such as volatilefluorinated hydrocarbons
or hydrocarbons may be used and the aerosol device is
conveniently arranged to dispense a metered quantity
of active ingredient. For further information on
formulation the reader is referred to Chapter 25.2 in
Volume 5 of Comprehensive Medicinal Chemistry (Corwin
Hansch; Chairman of Editorial Board), Pergamon Press
1990. The amount of active ingredient that is combined
with one or more excipients to produce a single dosage
form will necessarily vary depending upon the host
treated and the particular route of administration.
For example, a formulation intended for oral
administration to humans will generally contain, for
example, from 0.5 mg to 2 g of active agent compounded
with an appropriate and convenient amount of
excipients which may vary from about 5 to about 98
percent by weight of the total composition. Dosage
unit forms will generally contain about 1mg to about
500 mg of an active ingredient. For further
information on Routes of Administration and Dosage
Regimes the reader is referred to Chapter 25.3 in
Volume 5 of Comprehensive Medicinal Chemistry (Corwin
Hansch; Chairman of Editorial Board), Pergamon Press
1990. We have found that the compounds defined in the
present invention, or a pharmaceutically-acceptable
salt thereof, are effective l l bHSDl inhibitors, and
accordingly have value in the treatment of disease
states associated with metabolic syndrome. It is to be
understood that where the term "metabolic syndrome" is
used herein, this relates to metabolic syndrome as
defined in 1) and/or 2) or any other recognised
definition of this syndrome. Synonyms for "metabolic
syndrome" used in the art include Reaven's Syndrome,
Insulin Resistance Syndrome and Syndrome X. It is to
be understood that where the term "metabolic syndrome"
is used herein it also refers to Reaven's Syndrome,
Insulin Resistance Syndrome and Syndrome X. According
to a further aspect of the present invention there is
provided a compound of formula (1), or a
pharmaceutically-acceptable salt thereof, as defined
hereinbefore for use in a method of prophylactic or
therapeutic treatment of a warm-blooded animal, such
as man. Thus according to this aspect of the invention
there is provided a compound of formula (1), or a
pharmaceutically-acceptable salt thereof, as defined
hereinbefore for use as a medicament. According to
another feature of the invention there is provided the
use of a compound of formula (1), or a
pharmaceutically-acceptable salt thereof, as defined
hereinbefore in themanufacture of a medicament for use
in the production of an 1l bHSDl inhibitory effect in
a warm-blooded animal, such as man. Where production
of or producing an 1l bHSDl inhibitory effect is
referred to suitably this refers to the treatment of
metabolic syndrome. Alternatively, where production of
an 11bHSDl inhibitory effect is referred to this
refers to the treatment of diabetes, obesity,
hyperlipidaemia, hyperglycaemia, hyperinsulinemia or
hypertension, particularly diabetes and obesity.
Alternatively, where production of an 1l bHSDl
inhibitory effect is referred to this refers to the
treatment of glaucoma, osteoporosis, tuberculosis,
dementia, cognitive disorders or depression.
Alternatively, where production of an 1l bHSDl
inhibitory effect is referred to this refers 



to the treatment of cognitive disorders, such as
improving the cognitive ability of an individual, for
example by improvement of verbal fluency, verbal
memory or logical memory, or for treatment of mild
cognitive disorders. See for example WO03/086410 and
references contained therein, and Proceedings of
National Academy of Sciences (PNAS), 2001, 98(8),
4717-4721. Alternatively, where production of an 1l
bHSDl inhibitory effect is referred to this refers to
the treatment of, delaying the onset of and/or
reducing the risk of atherosclerosis - see for example
J. Experimental Medicine, 2005, 202(4), 517-527.
Alternatively, where production of an 1l bHSDl
inhibitory effect is referred to this refers to the
treatment of Alzheimers and/or neurodegenerative
disorders. According to a further feature of this
aspect of the invention there is provided a method for
producing an 1l bHSDl inhibitory effect in a
warm-blooded animal, such as man, in need of such
treatment which comprises administering to said animal
an effective amount of a compound of formula (1), or a
pharmaceutically-acceptable salt thereof. In addition
to their use in therapeutic medicine, the compounds of
formula (1), or a pharmaceutically-salt thereof, are
also useful as pharmacological tools in the
development and standardisation of in vitro and in
vivo test systems for the evaluation of the effects of
inhibitors of 1l bHSDl in laboratory animals such as
cats, dogs, rabbits, monkeys, rats and mice, as part
of the search for new therapeutic agents. The
inhibition of 1l bHSDl described herein may be applied
as a sole therapy or may involve, in addition to the
subject of the present invention, one or more other
substances and/or treatments. Such conjoint treatment
may be achieved by way of the simultaneous, sequential
or separate administration of the individual
components of the treatment. Simultaneous treatmentmay
be in a single tablet or in separate tablets. For
example agents than might be co-administered with 1l
bHSDl inhibitors, particularly those of the present
invention, may include the following main categories
of treatment: 1) Insulin and insulin analogues; 2)
Insulin secretagogues including sulphonylureas (for
example glibenclamide, glipizide), prandial glucose
regulators (for example repaglinide, nateglinide),
glucagon-like peptide 1 agonist (GLPl agonist) (for
example exenatide, liraglutide) and dipeptidyl
peptidase IV inhibitors (DPP-IV inhibitors); 3)
Insulin sensitising agents including PPARg agonists
(for example pioglitazone and rosiglitazone); 4)
Agents that suppress hepatic glucose output (for
example metformin); 5) Agents designed to reduce the
absorption of glucose from the intestine (for example
acarbose); 6) Agents designed to treat the
complications of prolonged hyperglycaemia; e.g. aldose
reductase inhibitors 7) Other anti-diabetic agents
including phosotyrosine phosphatase inhibitors,
glucose 6 - phosphatase inhibitors, glucagon receptor
antagonists, glucokinase activators, glycogen
phosphorylase inhibitors, fructose 1,6 bisphosphastase
inhibitors, glutamine:fructose -6-phosphate
amidotransferase inhibitors 8) Anti-obesity agents
(for example sibutramine and orlistat); 9) Anti-
dyslipidaemia agents such as, HMG-CoA reductase
inhibitors (statins, eg pravastatin); PPARa agonists
(fibrates, eg gemfibrozil); bile acid sequestrants
(cholestyramine); cholesterol absorption inhibitors
(plant stanols, synthetic inhibitors); ileal bile acid
absorption inhibitors (IBATi), cholesterol ester
transfer protein inhibitors and nicotinic acid and
analogues (niacin and slow release formulations); 10)
Antihypertensive agents such as, b blockers (eg
atenolol, inderal); ACE inhibitors (eg lisinopril);
calcium antagonists (eg. nifedipine); angiotensin
receptor antagonists (eg candesartan), a antagonists
and diuretic agents (eg. furosemide, benzthiazide);
11) Haemostasis modulators such as, antithrombotics,
activators of fibrinolysis and antiplatelet agents;
thrombin antagonists; factor Xa inhibitors; factor
Vila inhibitors; antiplatelet agents (eg. aspirin,
clopidogrel); anticoagulants (heparin and Low
molecular weight analogues, hirudin) and warfarin;12)
Anti-inflammatory agents, such as non-steroidal
anti-inflammatory drugs (eg. aspirin) and steroidal
anti-inflammatory agents (eg. cortisone); and 13)
Agents that prevent the reabsorption of glucose by the
kidney (SGLT inhibitors). In the above other
pharmaceutical composition, process, method, use and
medicament manufacture features, the alternative and
preferred embodiments of the compounds of the
invention described herein also apply. Examples The
invention will now be illustrated by the following
Examples in which, unless stated otherwise: (i)
temperatures are given in degrees Celsius (0C);
operations were carried out at room or ambient
temperature, that is, at a temperature in the range of
18-25 C and under an atmosphere of an inert gas such
as argon; (ii) evaporation of solvent was carried out
using a rotary evaporator under reduced pressure
(600-4000 Pa; 4.5-30 mniHg) with a bath temperature of
up to 60 0C; (iii) chromatography means flash
chromatography on silica gel; (iv) in general, the
course of reactions was followed by TLC and reaction
times are given for illustration only; (v) yields are
given for illustration only and are not necessarily
those which can be obtained by diligent process
development; preparations were repeated if more
material was required; (vi) where given, NMR data (1H)
is in the form of delta values for major diagnostic
protons, given in parts per million (ppm) relative to
tetramethylsilane (TMS), determined at 300 or 400 



MHz (unless otherwise stated) using perdeuterio
dimethyl sulfoxide (DMSO-J6) as solvent, unless
otherwise stated; peak multiplicities are shown thus:
s, singlet; d, doublet; dd, doublet of doublets; dt,
doublet of triplets; dm, doublet of multiplets; t,
triplet, m, multiplet; br, broad; (vii) chemical
symbols have their usual meanings; SI units and
symbols are used; (viii) solvent ratios are given in
volume : volume (v/v) terms; (ix) mass spectra (MS)
were run with an electron energy of 70 electron volts
in the chemical ionisation (CI) mode using a direct
exposure probe; where indicated ionisation was
effected by electron impact (EI), fast atom
bombardment (FAB) or electrospray (ESP); values for
m/z are given; generally, only ions which indicate the
parent mass are reported; (x) The following
abbreviations may be used below or in the process
section hereinbefore: Et2O diethyl ether DMF
dimethylformamideDCM dichloromethane DME
1,2-dimethoxyethane MeOH methanol EtOH ethanol H2O
water TFA trifluoroacetic acid THF tetrahydrofuran
DMSO dimethylsulfoxide HOBt 1-hydroxybenzotriazole
EDCI (EDAC)
l-ethyl-3-(3-dimethylaminopropyl)carbodi-imide
hydrochloride DIPEA diisopropylethylamine DEAD diethyl
azodicarboxylate EtOAc ethyl acetate NaHCO3 sodium
bicarbonate K3PO4 potassium phosphate MgSO4 magnesium
sulfate PS polymer supported BINAP
2,2'-bis(diphenylphosphino)- 1,1'binaphthyl Dppf
1,1'-bis(diphenylphosphino)ferrocene dba
dibenzylidineacetone PS-CDI polymer supported
carbonyldiimidazole Example 1
2-f(3RVl-f5-(CvclohexvIcarbamov -6-proDVlsulfanvl-
vridin-2-vll-3-piperidvllacetic acid
6-chloro-N-cyclohexyl-2-propylsulfanyl-pyridme-3-carbo
xamide (Intermediate 2, 1.88 g, 6.03 mmol ),
Methyl-(R)-3-Pireridine Acetate hydrochloride (1.17 g,
6.03 mmol), K2CO3 (2.50 g,18.08 mmol) and
butyronitrile were mixed in a microwave tube and
stirred at 170 0C for 2 hours. The mixture changed
from a poorly soluble white mixture to an orange
solution. The reaction was stopped and most of the
butyronitrile was evaporated under reduced pressure.
Water (20 niL) was added and the product was extracted
with EtOAc (2 x 40 mL), washed with brine (10 mL),
dried over MgSO4 filtered and evaporated under reduced
pressure to give an orange oil. It was preloaded on
Celite and purification by flash column chromatography
(SiO2, eluent gradient: 0% to 50%, hexane:EtOAc)
afforded the title compound as a slightly yellow oil
which crystallised to give a white solid (1.44 g,
55%). The solid was taken in THF (20 mL), water was
added (10 mL) followed by LiOH (281 mg). The reaction
was stirred at room temperature for three hours. The
solution was acidified with 2 N HCl between pH 4 and
pH 5 and the product extracted in EtOAc (2 x 40 mL).
The solution was washed with brine (10 mL), dried over
MgSO4 and the organic phase evaporated under reduced
pressure to give a white solid (1.38g, 99%). 1HNMR
(400.13 MHz, DMSO-d6) dq.95 (3H, t), 1.1 1 (IH, m),
1.26 (3H, m), 1.30 (IH, m), 1.43 (IH, m), 1.59 (2H,
t), 1.65 - 1.72 (2H, m), 1.69 - 1.73 (IH, m), 1.77
(3H, m), 1.83 - 1.85 (IH m), 2.12 - 2.25 (2H, m), 2.71
- 2.77 (IH, m), 2.86 - 3.02 (3H, m), 3.63 - 3.67 (IH,
m), 4.20 (IH, d), 4.29 (IH, d), 6.47 (IH, d), 7.61
(IH, d), 7.79 (IH, d) MS m/e MH+420 The following
Examples were prepared in a similar manner to Example
1, using Intermediate 2 and an appropriate aminoester
starting material:FUEL CELL HEAT EXCHANGE SYSTEMS AND
METHODS Field of the invention The present invention
relates to energy management within fuel cell systems.
In particular, the present invention relates to heat
exchange systems and methods within fuel cell systems.
Background of the invention Solid-Oxide Fuel Cell
(SOFC) systems operate efficiently by converting the
energy contained in a fuel stream into usable heat and
electricity. Heat recovery in SOFC systems is commonly
achieved by the use of heat exchangers (for example,
shell and tube, plate and fin and micro channel) in a
variety of flow configurations (multi-stream, counter
flow, co-flow, cross flow). Some of the fluid streams
in the system are liquid and some are gas, of which
some contain water vapour. The SOFC system efficiency
can be derived from comparing the potential energy
contained in the fuel stream entering the system to
the total usable heat and power produced by the system
and available to the user. Overall SOFC system
efficiency is important as it impacts on the
commercial viability of the SOFC system product in the
chosen application market. Thermal and electrical
losses are important in determining the overall SOFC
system efficiency. Management of heat and mass
transfer within the SOFC system influences 



the magnitude of thermal and electrical losses. A SOFC
itself operates by converting the energy in the fuel
into heat and electricity using an electrochemical
process. The efficiency of that process is dependent
on several factors, including the concentration of the
fuel on the fuel side of the fuel cell, partial
pressure of oxygen on the air side of the fuel cell,
and the temperature of the fuel cell. In order to
operate, the fuel cell consumes fuel and consumes
oxygen in the air in the electrochemical reaction. In
addition to the electricity generated by this
reaction, excessthermal energy is created by the
electrochemical process in the region of the fuel cell
active area. To maintain the energy conversion
process, fuel and air need to be supplied to the fuel
cell and heat needs to be removed from the fuel cell.
Commonly, the heat generated by the fuel cell reaction
is partly consumed keeping the fuel cell itself and
its surrounding environment at operating temperature,
and the majority of the remaining heat is removed from
the fuel cell using the air stream, and/or the fuel
exhaust stream. In general, an operating fuel cell
does not consume all the fuel in the fuel stream, and
likewise does not consume all the oxygen in the air
stream. As the fuel cell does not fully consume the
fuel and the oxygen in air, there must be a method of
removing the depleted fuel stream (commonly termed the
anode off-gas) and the altered air stream (commonly
called the cathode off-gas) from the fuel cell active
area. Thus, fuel is fed to and removed from the fuel
cell active area, and air is fed to and removed from
the fuel cell active area. To achieve effective energy
conversion by the fuel cell, a fuel reformer may be
included in the fuel supply line before the fuel cell
or reformation may occur internally to the fuel cell
stack, to reform the hydrocarbon based fuel into a
hydrogen rich stream before the fuel gas reached the
fuel cell. SOFCs operate effectively at a specified
operating temperature, often over a range of
temperatures around the specified operating
temperature. This effective operating temperature is
typically set by the type of material used in the fuel
cell active layers - e.g. 720-950 0C for YSZ,
500-6500C for CGO. For SOFCs, the incoming air and
fuel streams may be heated to about the fuel cell
operating temperature before the streams reach the
fuel cell active area. This improves the operating
efficiency of the fuel cell and reduces the
temperature gradients, and hence thermal stresses,
that the fuel cell would undergo if ambient
temperature fluids were to come in contact with the
hot 500-9000C fuel cell structures. Efficiency is also
improved due to improved thermal balancing of the cell
to the optimal operating temperature range. Because of
the high operating temperatures, the fuel stream is
normally a gas at or close to the point where it meets
the fuel cell active area.Heat energy may be extracted
form the gas streams exiting the fuel cell active area
(anode and cathode off-gasses) and used to heat the
fuel and air streams entering into the fuel cell
active area. This is generally achieved by mixing the
fuel cell exhaust fuel stream (which contains chemical
energy in the form of unused fuel) and the fuel cell
exhaust air stream and burning the resultant mix very
close to the fuel cell stack (as shown in US5212023
and EP1037296) and using the heat generated by this
process to pass, via a heat exchanger, to the incoming
air stream. When fuel cell systems are fed with
hydrocarbon fuels it is not uncommon for a fuel
reformer to be placed in the fuel stream ahead of the
fuel cell stack in order to facilitate the reformation
of the hydrocarbon fuel into constituent parts:
hydrogen, carbon dioxide, carbon monoxide and other
elements. There are several reforming methods suitable
for fuel cell use which are known and are thus are not
detailed herein. Typical reforming methods include
auto-thermal reforming (ATR), steam reforming (SR),
water gas-shift reforming (WGS) and partial oxidation
reforming (POX or CPOX). hi overview, for effective
reformer operation, there are some methods of
reforming that do not require water to be added to the
fuel stream to operate (e.g. CPOX), and there are
those that do require water to be added (e.g. ATR, SR,
WGS). Non-water reformer types, such as CPOX, do not
require a water supply unit to be part of the fuel
cell system. To one skilled in the art, it will be
understood that such nonwater added systems produce a
lower hydrogen concentration in the reformed fuel
stream than is provided from water added systems,
which produce a richer hydrogen fuel stream. For
optimum fuel cell operating efficiency, the reforming
options using steam offer considerably greater gains
in the potential operating efficiency. Li systems
seeking such efficiency, water is added in the system
to produce steam. The steam can be provided from the
water content in the fuel side exhaust stream and/or
from a water store or water source. At system start up
from ambient temperature, there may not be steam
directly available in the system from the fuel side
exhaust stream, and thus the steam may be generated
from a water store using a steam generator.In some
applications, there is a requirement to heat an
external load-for instance a hot water store. Thus
some of the heat generated by the SOFC system can be
used to provide for this heating requirement. Summary
of the invention Aspects of the invention seek to
provide at least one or more, possibly integrated,
heat exchange elements for a fuel cell system that
is/are arranged to transfer heat between the exhaust
stream of at least one of the fuel cell stack fuel
side and the air side exhaust streams, which are
separated into separate anode and cathode off-gases.
In aspects of the invention, the transfer is to
transfer heat from the exhaust stream(s) to air and
fuel streams being fed into the fuel cell stack,
whilst also, in some aspects of the invention,
transferring heat to an external thermal load such as
a heat receiving device e.g. thermal 



store and/or a heat rejection device e.g. a radiator
and/or a heat transfer device e.g. a heat pump or
Stirling Engine. Condensing out of water from the
exhaust stream(s) e.g. either or both of the anode
off-gas and the cathode off-gas may also occur, for
additional transfer of heat. The energy from the
unused fuel in the anode off-gas may also be utilised
by burning the unused fuel gas to generate heat, hi an
aspect, this heat is fed back into the fuel cell
system. Ih another aspect the fuel cell system
receives heat from another source (e.g. a reformer
placed beside an automotive exhaust system, or turbine
exhaust) and the heat generated by burning the unused
fuel gas is used for other purposes outside the fuel
cell system. An aspect of the invention provides a
method of altering the temperature of off-gases
exiting at least one fuel cell stack, the at least one
fuel cell stack having separate anode and cathode
off-gas flow paths, the method comprising passing
separate anode off-gas from the at least one fuel cell
stack and heat transfer fluid through a first heat
exchange element to exchange heat between the anode
off-gas and the heat transfer fluid. In aspects of the
invention, the order of the separate fluid feeds to
the heat exchange elements, the arrangement and
combination of heat exchange element(s) and/or the
controllability of the fluid feeds allow for
sufficient heat energy to be returned to the fuel cell
system for sustained operation, and are advantageous
and improve systemoperation and efficiency, whilst
allowing for condensing of water vapour to occur
independently, from at least one of the anode off-gas
and from the cathode off-gas streams to maximise heat
recovery for non-fuel cell system heat load use. In
aspects of the invention, the order and placement of
the heat exchange elements (which may be condenser
heat exchange elements) is set by the requirement to
improve the transfer of heat energy from the fuel cell
stack hot exhaust gases to the cold incoming fluids,
and to condense out as much steam as possible from the
anode and/or the cathode off-gas exhaust streams
(which may be at a stage after combination and
combustion of the anode and cathode off-gases to form
a burner off-gas) in order to capture the latent heat
energy and to recover the condensed water for use in
the system and/or elsewhere. For an SOFC system, the
maximum amount of water vapour available by volume
generally occurs in the anode off-gas stream. Thus
this stream is, in energy terms, the most effective
combined source of heat and condensed water recovery.
Therefore, in an aspect, this stream undergoes the
most effective condensing process. If the system
involves a single circulating heat transfer fluid,
then for this to occur an anode off-gas condenser heat
exchange element for the condensing of water from the
anode off-gas is placed such that it receives the
lowest temperature heat transfer fluid (e.g. cooling
water circulating from a thermal store) ahead of any
other condensing heat exchange elements that are
included in the same heat transfer fluid circuit. For
purposes of clarity, a condenser heat exchange element
or condenser heat exchanger is defined here as a heat
exchanger that is designed so that when it is
operating it may condense water out of one of the
streams passing through the heat exchanger unit. The
anode off-gas comprises unconverted fuel, heat energy
and water vapour. It is advantageous to recover as
much of tins energy as possible by recovering the
thermal energy in the stream, which also includes
recovering the latent heat contained in the water
vapour carried in the stream, and recovering the
chemical energy in the unburnt fuel carried in the
stream. When condensing the anode off-gas to recover
the latent heat energy and the water vapour as liquid,
a significant temperature drop in the anode off-gas
stream must beachieved - depending on operating
conditions, dropping the stream temperature to
significantly below 1000C e.g. 50C or lower. By
removing this much heat energy from the anode off-gas
stream, the majority of the heat energy carried in the
stream goes to the heat transfer fluid and only a
small amount of heat energy remains in the anode
offgas stream. Assuming the heat transfer fluid is
water, unless the water is pressurised, it can only
generally be heated up to 1000C, though more normally
50-85C. At these temperatures, the water might not be
able to be used as a high temperature energy source to
effectively feed this energy back into the fuel cell
system, which is at a higher temperature than this now
heated water; thus the heat may be exported to the
thermal load or store, for use as a heat source, for
example in a domestic heating system. Removing the
latent heat energy and the condensed water from the
anode off-gas stream may affect the thermal efficiency
of the fuel cell system. Therefore, according to an
aspect of the invention, a fuel cell set-up is
provided, where by at least some of the heat energy is
transferred from the anode off-gas by a further heat
exchange element, before it reaches a condenser heat
exchanger. This heat energy, transferred before
reaching the condensing heat exchanger, can be passed
back into to the fuel cell stack system using one of
the lower temperature fluid feeds entering into the
fuel cell stack system, such as the air side feed. As
the fluid feeds to the stack are mainly gases, and the
anode off-gas is a gas, the further heat exchange
element may be a gas-to-gas heat exchanger. Thus, in
aspects, it is possible to transfer some of the anode
off-gas thermal energy to the fuel cell stack incoming
air stream, thus heating it before it enters the fuel
cell stack on the cathode side. As some of the thermal
energy is removed from the anode off-gas stream by the
further (gas-to-gas) heat exchange element in aspects
of the invention, which may be an air heater heat
exchange unit, the size and operational requirements
of the heat exchange element, which may be a
gas-to-water condenser heat exchanger, to which the
anode off-gas flows after passing through the further
heat exchanger, can be reduced. This 



may allow a reduced heat transfer fluid circuit volume
and a smaller heat transfer fluid pump (and so
reducing the fuel cell system electrical parasitic
load). In addition, the required size of the thermal
store and or the thermal radiator may be reduced,
which may provide for a more compact system.In an
aspect of the invention, a burner is provided for
mixing and burning the anode and cathode off-gases.
The burner then outputs burner off-gas. A second heat
exchange element, for recovering heat from this burner
off-gas is provided in aspects of the invention, and
this may make use of the same heat transfer fluid as
the anode off-gas condenser heat exchange element. The
heat transfer fluid may have passed through the first
(anode off-gas) heat exchange element before passing
through the second (burner off-gas) heat exchange
element, which in aspects of the invention is referred
to as a fuel cell heat recovery heat exchanger, so
that the anode off gas exchanges heat with heat
transfer fluid before the heat transfer fluid is
heated further in the fuel cell heat recovery heat
exchanger. This may be beneficial where the anode
off-gas contains a greater proportion of steam and
water vapour than the burner off-gas. As the cathode
off-gas generally contains less water vapour than the
anode off-gas, there is marginal benefit from
attempting to recover the small amount of energy
associated with the cathode off-gas water vapour when
compared with that available from condensing out the
anode off-gas water vapour. Thus water vapour in the
cathode off-gas might not be condensed out. Therefore,
the cathode off-gas exiting the fuel cell is fed to
the burner as the after-burner oxidant feed, i.e a
heat exchanger does not need to be provided in the
cathode off-gas stream between the fuel cell and the
burner. The cathode off-gas exiting the fuel cell may
be fed directly to the burner, and there may be no
significant heat loss from the cathode off-gas. The
higher temperature cathode offgas feed to the burner
assists in maintaining a high burner temperature. This
feature allows the oxidant feed for the burner to be
input without being heated, which means that there is
more thermal energy available in the burner off-gas,
which can be used in embodiments to heat a fuel
reformer. In particular, combination of a relatively
low water vapour content heat exchanged anode off-gas
feed into the burner with a relatively high
temperature cathode off-gas allows the burner to
operate at a higher temperature, so that an
endothermic reformer unit thermally connected to the
burner offgas stream can be operated without
additional heat input. Such an arrangement may mean
that no additional burner is required to heat the
reformer, no additional fuel supply is required during
at temperature operation of the reformer and/or the
unburnt fuel percentage of the anode off-gas need not
be increased. Alternatively, the second heatexchanger
may be provided before the burner and cool the cathode
off-gas before it is burned. An additional heat
exchanger may be provided between the fuel cell stack
producing the cathode off-gas, and the burner. In an
aspect of the invention, the burner off-gas may be
passed through another heat exchange element, before
it reaches the second heat exchange unit, which may
occur for similar reasons to passing the anode off-gas
through a further heat exchange element before passing
it through the first heat exchange element. The
relative sizes and energy transfer characteristics of
the provided heat exchange elements (which may include
one or more of first and second heat exchange elements
(which may be condensing), the further heat exchange
element (which may be gas to gas), and/or the other
heat exchange element between the burner and the
second heat exchange element) can be balanced to
achieve good thermal transfer from the anode offgas to
the incoming air, whilst allowing condensation heat
recovery to occur and so achieve good thermal recovery
to the heat sink or heat load. By reclaiming water
from the off-gas(es) in the system, a self sufficient
system can be provided in terms of water usage. The
water received from the off-gas(es) can be used in a
reforming process for the fuel, prior to entry into
the fuel cells. Such a system reduces water
consumption, as water is reclaimed and re-used. In
remote locations, the need for a separate water supply
may be removed completely. Whilst the invention and
layouts are not limited to one application, the
intermediate temperature operation (400-6500C) of the
applicant's fuel cell technology (as shown in
GB2368450 - incorporated herein in its entirety by
reference), when compared with high temperature
designs operating above 700C, means that the system
components that are exposed to the high temperature
fluids can be made from non-exotic metals, allowing
for a more flexible system design and the resulting
selection of lower specification and lower cost
materials for system components. Such materials
include the use of stainless steel components for the
fuel cell support and the bi-polar plates, meaning
that the anode fuel-side seal can be simply be
achieved by welding the fuel cell support plate to the
adjoining bi-polar plate. The air side seal can simply
be achieved by the use of a compression gasket, made
from a material such as vermiculite.Additionally, the
intermediate operating temperatures of the system
components and fluid streams allow for a closely
thermally coupled and thermally integrated design.
This results in reduced system cost and complexity.
The closely coupled heat exchanger arrangement of
aspects of the present invention can be applied to a
variety of applications, including combined cooling
and power, trigeneration (combined heating, cooling
and power generation), stationary power generation and
auxiliary power production. Aspects of the present
invention are particularly useful in combined heat and
power systems, and grid independent power supplies.
The rate of heat removed from the SOFC system to the
thermal store or the thermal load may be controlled by
at least one circulation pump, which allows for a
degree of control of the amount of energy taken out of
the system by the condenser heat 



exchange elements, and hence the amount of energy
available to be fed back into the system, and also the
degree of condensing that can be achieved. In a set-up
according to an aspect of the invention of at least
two heat exchange elements, these can be combined into
the same unit, thus providing a more cost effective
and efficient unit. Further, where there are reduced
fluid connections, simpler packaging and a lighter
overall unit can be achieved. In a further aspect of
the invention, at least the anode off-gas condenser
heat exchange element can be fed with more than one
heat transfer fluid. For example, some of the heat
transferred from the anode off-gas can be fed to the
fuel cell system fuel supply, and the amount of heat
transferred is partially controlled by the flow of
fuel, which is set by the application power
requirements, and also by controlling the flow rate of
the other heat transfer fluid, say through a
circulation pump in a thermal absorption/release
system. The heat transfer fluids used can be varied
and the performance and hence design of the heat
exchanger will be determined in part by the heat
transfer fluid flow rates as well as the heat capacity
of the heat transfer fluid. Such fluids could include
water either in a closed circulation system or an open
circulation system, refrigerants (for example from an
absorption chiller), fuels (for example from a vehicle
or piped gas), or air.Ih aspects of the invention, the
temperature of operation of the fuel cell(s) in the
fuel cell stack may be between 1000C-IlOO0C5
250C-850C, or 450C -65O0C. In aspects of the
invention, the fuel cell(s) maybe metal supported
SOFC. Brief description of the drawings Embodiments of
the invention will now be described, purely by way of
example, with reference to the accompanying drawings,
in which: Figure I a shows a fuel cell system
including a heat exchange system according to an
embodiment of the invention; Figure Ib shows a
variation of the system shown in Figure Ia; Figure I c
shows a variation of the system shown in Figure Ia,
with an alternative reformate flow path to the fuel
cell stack assembly omitting the reformer cooler heat
exchanger unit; Figure 2a shows a heat exchange system
according to an embodiment of the invention, for use
in the fuel cell system shown in Figure I a or Ib;
Figure 2b shows an alternative heat exchange system
according to an embodiment of the invention; Figure 2c
shows another alternative heat exchange system
according to an embodiment of the invention; Figure 2d
shows another alternative heat exchange system
according to an embodiment of the invention; Figure 3
shows an alternative fuel cell system including a heat
exchange system according to an embodiment of the
invention;Figure 4 shows a heat exchange system for
use in the fuel cell system of Figure 3; Figure 5
shows an alternative fuel cell system including a heat
exchange system according to an embodiment of the
invention; and Figure 6 shows combined first and
second heat exchange elements according to an
embodiment of the invention. Detailed Description of
Embodiments of the Invention Figure I a shows a fuel
cell system 100 including a heat exchange system 120
according to an embodiment of the invention. The fuel
cell system 100 includes a fuel cell stack assembly
110 and a heat exchange system 120. The fuel cell
system 100 also includes a burner/reformer unit 130, a
start-up heating unit 140, and a condensation water
storage tank 150. With reference to Figure I a3 fluid
flow paths undertaken by the oxygen gas (e.g. air) and
the fuel gas for the operation of the fuel cell system
are shown. Firstly, the air-side feed system will be
described. Oxygen containing gas, commonly air, is
supplied to the fuel cell system 100 from the
environment via an air filter unit (not shown) and a
mechanical air movement device, in the present
embodiment a variable speed air blower 172 -with the
blower speed being controlled by a system control unit
(not shown). The air filter unit can be mounted on a
frame surrounding the system. The air is drawn through
the unit to the air blower 172 with minimal pressure
losses. On its way through the blower 172, if the
direction of air flow is controlled, the air can pick
up heat from hot surfaces / heat exchangers that it
comes in contact with, such as heat exchangers 174
mounted on the power electronics and transformer
units. This air then feeds from the air blower 174 to
an air heater heat exchange unit 122 in the heat
exchange system 120. The air heater heat exchange unit
122 is a gas/gas heat exchanger. One of the gas feeds
is the incoming air fed from the air blower 172; the
other is the anode off-gas coming from the fuel cell
stack assembly (discussed inrelation to the fuel side
flow below). Under normal operation of the unit 122, a
certain amount of heat energy is transferred from the
anode off-gas feed from the fuel side of the fuel cell
stack assembly (dropping the anode off-gas stream from
the fuel cell stack outlet temperature, around
500-6500C3 to above the boiling point temperature of
water, around 100-2000C) as it is fed across the heat
exchanger 122 to heat the incoming air stream (heating
the air stream from around ambient temperature, 0-50C
to 100-2500C). The difference in heating rates is due
to the significantly higher flow rates of the air
stream versus the anode-off gas. The degree of cooling
provided to the anode off gas by the air heater heat
exchange unit 122 can be controlled by the flow of air
through the unit 122, which in turn is controlled by
the speed of the blower 172. 



The temperature of the air leaving the air heater heat
exchanger unit 122 under normal operating conditions
will have increased. However, the air temperature is
further increased up to the temperature required for
the fuel cell stack air inlet temperature. The inlet
air temperature of the fuel cell stack is
controllable. This can be achieved as described below.
The heated air leaving the air heater heat exchanger
unit 122 then flows through an air pre-heater heat
exchanger 142 in the air pre-heating unit 140. The air
pre-heater heat exchanger 142 is used to boost the
incoming air supply temperature to close to or at
stack operating temperature by using heat energy
contained in the post exhaust gas burner stream. In
order to aid the control of the fuel cell stack inlet
temperature, a controllable air by-pass valve 180,
included in an air by-pass line 182, allows air to be
supplied from a point before the air heater heat
exchange unit to a point after the air preheater heat
exchanger but before the fuel cell stack. The air
by-pass variable control valve 180 in this by-pass
line 182 allows for control of the air temperature by
mixing the by-pass air with the air pre-heating heat
exchanger outlet air ahead of the air entering the
fuel cell stack by controlling the volume of air that
by-passes. In an alternative embodiment, the air
by-pass line and valve are omitted from the system.
The air pre-heating unit 140 of this embodiment
includes a start-up burner 144, which, in the present
embodiment, is supplied with fuel from the same source
as the fuel cell system fuel supply (though in other
embodiments it could be an electrical heater) andwhich
is ignited to heat the air passing through the air
pre-heater heat exchanger 142 in certain
circumstances. In particular, it is operative during
start-up of the fuel cell system 100, when the air
heater unit heat exchanger 122 is not producing
sufficient heat to heat the incoming air to the
desired operating temperature. The start-up burner 144
may also operate during sudden changes in load, e.g.
where the output required from the fuel cell stack
assembly 110 is increased, requiring an increased
operating temperature of the fuel cell stack assembly
110. The start-up burner and pre-heater may be a
single unit. The air supply then enters into the fuel
cell stack assembly 110 on the air side (the cathode
side), into the fuel cell cathode side active area
112. The now heated air stream flows to the fuel cell
stack air side 112, crossing over the cathode areas of
the fuel cell stack, undergoing oxygen depletion, and
picking up heat from the cathode side 112 of the fuel
cell active area and the surrounding environment and
surfaces. At the end of the fuel cell cathode active
area 112, the now partially oxygen depleted air stream
is termed cathode off-gas with a temperature of around
500-650C. The cathode off-gas, once it has passed
through the fuel cell stack assembly 110 does not
immediately combine with the anode off-gas as in
previous fuel cell systems, but instead the cathode
off-gas exiting the fuel cell passes directly into a
burner 132 in the burner/reformer unit 130. The fuel
feed side will now be described. Ih the present
embodiment, the fuel is a hydrocarbon containing fuel,
for example, either bottled gas (such as LPG) or piped
gas, such as natural gas or town gas. Alternatively,
other fuel feeds could be hydrogen (no fuel gas
reformer would be required in this case) or sources
such as coal gas, or carbon monoxide, or anaerobic
digester gas, or bio-gas, or auto-gas, or gasoline or
diesel or aviation fuels (kerosene or Jet-Al) or
similar such fuels. The fuel feed to the fuel cell
system 100 is regulated to a set pressure and
controllable flow rate (either by regulating from a
main feed, or from at least one controllable pump,
before passing through at least one isolation valve,
through an optional and re chargeable desulphuriser
unit, and if required to a gas pressure boost pump
with optional pulsation dampener). The main fuel gas
feed temperature, for example anatural gas supply,
will generally range from 0-5O0C, more normally, from
12-250C. By placing the desulphuriser unit before the
pump, the desulphuriser unit is exposed to a lower
pressure requirement and this has implications for its
design, use of materials and also for
maintenance/recharging of the desulphuriser material.
Several feeds can come off this fuel line depending on
the system requirements. Firstly, as described above,
a feed is provided to the start-up burner 144. This
can be taken from either before or after the
desulphurisation unit. This fuel feed is required to
feed the start-up burner at system start-up or at
times of rapid load change, from, say, a low power
operating point to full power, as discussed above. The
start-up burner 144 is, in the present embodiment, a
sub-stoichiometric burner producing a hot exhaust
stream to then feed the air pre-heater to heat the air
flowing through the fuel cell stack and hence heat up
the fuel cell stack assembly 110. The exhaust gas from
the start-up burner 144 then flows to a fuel cell heat
recovery/burner off-gas condenser heat exchanger 124
in the heat exchange system 120 (discussed in more
detail below). At no point during start up or normal
operation does the air pre-heater heat exchanger
become a heat sink to the incoming heated air coming
from the air heater heat exchange unit. A further
separate feed is provided after the desulphurisation
unit and supplies the burner 132 of the burner
reformer unit 130. This fuel feed is only used for
system start up, where the burner 132 is run whilst
the rapidly heating air is circulating through the
fuel cell stack to heat up the fuel cell stack
assembly 110 and related system components to near
operating temperature. The burner 132 then reacts with
the air and the depleted fuel reactants in the fuel
cell stack exhaust stream and the resulting hot stream
of gas (500-7500C) enters a reformer 134 within the
burner/reformer unit 130 to heat up the reformer 134
to close to operating temperature, i the present
embodiment, desulphurised fuel is used as a feed to
the burner 132 as it simplifies the burner catalyst 



design. Further, the use of a pump overcomes
back-pressure issues that might arise as a result of
pressure drops in the flow path downstream of the
burner 132. However, if a sulphur tolerant burner is
used, then desulphurised fuel is not a specific
requirement. In the embodiment shown in Figure Ia, the
remaim'ng fuel is fed, via an optional non return
valve (not shown), to a steam/fuel gas mixer 136 and
steam generator 139, where it mixes with steam. The
temperature of the steam fed fuel is raised to
120-4000C,before it enters a reformer heat exchanger
138, in which the fuel stream picks up temperature
from a reformate stream passing from the reformer 134
(discussed below), raising the fuel stream temperature
to 350-550 0C before it passes into the fuel reformer
134. The endothermic reaction of a catalyst provided
in the reformer 134 for the reformation process has
heat fed from the burner 132 output that passes
through the reformer 134. The now reformed fuel
(reformate) exits the reformer 134 at between 500-750C
before it passes back through the other side of the
reformer heat exchanger 138 to transfer some of its
heat to heat the incoming fuel gas. The reformer heat
exchanger 138 and the fuel reformer 134 may be a
single unit. Further, the burner 132 may be in the
same unit as the reformer 134 and reformer heat
exchanger 138. hi another embodiment, shown in Figure
Ib, and which is otherwise the same as that described
with reference to Figure Ia, the remaining fuel is
fed, via an optional non return valve (not shown), to
a steam/fuel gas mixer 136, where it mixes with steam,
as in the first embodiment. The temperature of the
steam fed fuel is raised to 120-400C in the embodiment
shown in Figure Ib, before it enters the reformer heat
exchanger 138, in which the fuel stream picks up
temperature from the reformate stream passing from the
reformer 134, raising the fuel stream temperature to
350-650C before it passes into the fuel reformer 134.
In the embodiment shown in Figure Ib, the reaction is
exothermic, rather than endothermic, by reaction of a
catalyst provided in the reformer 134. In the
embodiment shown in Figure Ib, the reformation process
is self-sustaining. Therefore, in this embodiment,
heat from the burner off-gas is not required, and the
burner off-gas does not feed through the reformer 134.
The now reformed fuel (reformate) exits the reformer
134 at between 500-750C before it passes back through
the other side of the reformer heat exchanger 138 to
transfer some of its heat to heat the incoming fuel
gas. The reformer heat exchanger 138 and the fuel
reformer 134 may be a single unit. Further, the burner
132 may not be in the same unit as the reformer 134
and reformer heat exchanger 138. The burner off-gas
stream may feed from the burner 132 to the steam/fuel
gas mixer 136. Returning now to Figure Ia, the
reformate gas leaves the reformer heat exchanger 138
at around 350-550C before it enters the fuel cell
stack assembly 110 on the fuel side 114. The reformate
passes through the anode side fuel cell active area
114, passing overthe anode sides of the fuel cells in
the fuel cell stack, undergoing exothermic
electrochemical reactions to pick up oxygen ions that
have come across the fuel cell assembly from the air
on the cathode side, produce electricity and release
heat. These oxygen ions combine with the hydrogen in
the reformate stream to produce steam, so closing the
electrochemical reaction and driving the electrons
around the electrical load circuit from one side of
the fuel cell stack to the other via the power
electronics system and electrical loads. The
electrical loads can both be internal to the fuel cell
system and external to the fuel cell system. The
reformate stream is converted to a less hydrogen rich
stream as it travels across the anode side fuel cell
active area 114. As it leaves the anode side fuel cell
active area 114 it is termed anode off-gas. The anode
off gas takes with it steam from the fuel cell area,
and also picks up heat from the anode side fuel cell
active area 114 and its surrounding environment and
surfaces. The anode off-gas leaves the fuel cell stack
assembly 110 at 500-620C. This anode offgas stream
then passes into the gas-gas air heater heat exchange
unit 122 to give up some of its heat energy to the
incoming air stream, which heat energy is then
returned to the fuel cell stack assembly 110 via the
air side gas feed. The anode off-gas leaves the air
heater heat exchanger unit 122 at around 100-3000C.
This stream then passes into an anode off-gas
condenser heat exchanger 126, where the temperature is
reduced to as low a temperature as reasonably possible
(0-100C, but preferable to be in the region of 20-
60C) given the environmental temperature and the
cooling capacity of the heat exchanger heat transfer
fluid. At such temperatures, anode off-gas steam
condensing can occur in order to recover the water
contained within the anode off-gas stream and hence
recover the associated latent heat of evaporation
energy. This anode off-gas condenser heat exchanger
126 is a gas-to-liquid heat exchanger, with a
preference for a high thermal energy storage medium
being used on the opposing side of the heat exchanger
to the anode off-gas as the heat transfer fluid. Such
a medium could be, say, water from a thermal store, or
a water mix from a cooling radiator in a car, or a
refrigerant fluid, or an oil or other fuel fluid. The
medium could also be air. The anode off-gas condenser
heat exchanger 126 is arranged such that the
condensate can collect and drain from the heat
exchanger 126, via baffles if required when mounted
for anapplication where movement is uncertain. The
heat exchanger 126 is discussed in more detail below.
The anode off-gas then flows from the condenser heat
exchanger 126 to the burner 132, where it is combined
with the cathode off-gas and burnt over a suitable
catalyst or in the presence of a flame. The cooling of
the anode off gas allows the burner 132 to operate at
a lower temperature, which reduces the cost of the
burner. The burner reaction consumes, and thus
removes, any unused fuel from the anode offgas stream
and produces a hot gas stream of around 600-850C,
called the burner offgas 



stream, which is a continuation of the cathode off gas
stream. The burner off-gas stream then feeds directly
to the reformer 134 in the embodiment shown in Figure
Ia, to thermally balance the fuel feed endothermic
reformer reaction via the reformer heat exchanger 134
to heat up the reformer 134. The burner off-gas stream
leaves the reformer at 580-720C. The burner 132 and
reformer 134 maybe part of the same unit. As discussed
above, in the embodiment shown in Figure Ib, the
burner off-gas does not pass through the reformer 134.
In both embodiments shown in Figures I a and Ib, the
burner off-gas stream then feeds to at least one steam
generator 139, where the heat energy is partially
transferred via a heat exchange surface to water to
generate steam that feeds into the fuel stream that
supplies the reformer 134. The water for the steam
generator is stored in the condensation water storage
tank 150. The burner off-gas leaves the steam
generator 139 at between 400-6500C, depending on the
operating conditions of the system. The steam
generator 139 and steam/fuel gas mixer 136 may be
combined in a single unit. The burner 132 and/or the
reformer 134 may also be provided in the same single
unit. The burner off-gas then passes through the
start-up burner 144 and across the air preheater heat
exchange unit 142 (which, as discussed above, is a gas
to gas heat exchanger) where some of the heat energy
transfers across the heat exchanger 142 to heat the
incoming air stream. In the present embodiment, this
heating action reduces the burner off-gas temperature
to 100-3500C in steady state mode.The cooled burner
off-gas stream then passes to the fuel cell heat
recovery condenser heat exchanger 124, where the
temperature is dropped to as low a temperature as
reasonably possible (0-80C, but preferably in the
region of 15-5O0C) given the environmental temperature
and the cooling capacity of the heat exchanger heat
transfer fluid. At these temperatures, burner off-gas
steam condensing can occur in order to recover the
water contained within the burner off-gas stream and
hence recover the associated latent heat of
evaporation energy. Thus, the cathode off-gas passes
through the burner 132, reformer 134, steam generator
139 and air preheating unit 140 before entering the
fuel cell heat recovery condenser heat exchanger 124,
but after the burner unit the cathode off-gas has
combined with the anode off-gas and been burned in the
burner unit, so is termed burner off-gas. The fuel
cell heat recovery condenser heat exchanger 124 may be
a gas to liquid heat exchanger, with a high thermal
energy storage medium being on the opposing side of
the heat exchanger to the burner off-gas. Such a
medium is, in the present embodiment, water from a
thermal store, but could alternatively be from a
cooling radiator in a car or a ground source heat pump
system. The heat exchanger 124 is arranged such that
the condensate can collect and drain from the heat
exchanger, via baffles if required when mounted for an
application where movement is uncertain. The heat
exchanger 124 is described in more detail below. The
heat transfer fluid mat feeds the fuel cell heat
recovery condenser heat exchanger 124 can also be the
same as that that flows via the anode off-gas
condenser heat exchanger 126. Thus the anode off-gas
condenser heat exchanger 126 and the fuel cell heat
recovery condenser heat exchanger 124 can be the same
unit with a common cooling side feed. In the present
embodiment, the arrangement is that the heat transfer
fluid will cool the anode off-gas first in order to
recover the maximum amount of latent heat, and hence
condensate, from the anode off-gas. Such an
arrangement is discussed in more detail below. In the
present embodiment, the heat transfer fluid is liquid
water, although other heat transfer fluids, such as
oil, liquid or gaseous refrigerants, liquid or gaseous
fuels, or air or the like could also be used.In an
alternative embodiment, the heat transfer fluid
flowing through the heat exchangers 124, 126 is
divided and flows via each heat exchanger 124, 126 and
the flow volumes to each heat exchanger 124, 126 are
controlled, for instance passively or via a simple
choke arrangement, to optimise the heat removal from
each heat exchanger cooling side. The heated heat
transfer fluid is then fed to the thermal store, or to
the thermal load, or to the thermal transfer unit or
to the heat rejection device. The condenser heat
exchangers may be cooled by using cool air flow,
especially where the fuel cell system is not a CHP
(combined heat and power) system or tri-generation
system, such as that provided by a fan arrangement, or
by a cold surface such as an area a ship that is below
the water line - such as for instance an area of the
hull, or rudder, or flap, or a satellite surface or an
aircraft surface. The condensate from the condenser
heat exchangers 124, 126 is collected and fed to the
condensate collection tank 150 where it can be
filtered, degassed, conditioned and stored in the
condensation water storage tank 150 ready for use as
water for the steam generator 139 of the
burner/reformer unit 130. By reclaiming water from
off-gas(es) exiting the fuel cells, the water can be
reused in the reforming process. This reduces, and can
eliminate in some embodiments, the need for a separate
supply of water to the fuel cell system as a whole.
Because of this, significantly less processing is
required for water used in the system, which results
in smaller processing (e.g. softening) unit
requirements, and overall size of the system. Heat
energy remaining in the recovered water can also be
used to ensure that the water system temperature as a
whole remains above the freezing temperature of water.
The burner off-gas stream leaves the heat exchanger
system 120 and passes though an optional non-retum
valve (not shown) before exiting the unit to via an
exhaust flue assembly to atmosphere or another
extraction system. 



In the present embodiment, an additional integrated
condenser heat exchanger and burner assembly 160 is
incorporated in the system. Such a unit is similar to
an integrated condenser heat exchanger and burner
assembly found in domestic condensing boiler units.
This unit has a separate fuel feed. The integrated
condenser heat exchanger and burner assembly 160 can
run independently of the fuel cell system 100 but
iscontained within the same system envelope, being
controlled by the control electronics that are common
to both the fuel cell system 100 and the integrated
condenser heat exchanger and burner assembly 160. The
fuel feed does not necessarily require
desulphurisation if sulphur compounds are present in
the fuel gas. Such an additional heat exchanger allows
for additional thermal energy to be provided to the
thermal store or heat load, and for additional
condensing to occur if required either for additional
energy recovery or for the provision of condensed
water. Independent but linked integrated burner and
condenser heat exchanger unit that affords additional
heat output independent of the fuel cell. This
independent additional heat exchanger can also supply
additional condensing water if the condensing system
includes a suitable contaminant removal set-up to
remove any sulphur or nitrous or similar related
contaminants. The integrated condenser heat exchanger
and burner assembly 160 has its own pump or blower fed
air supply. The air is supplied to the integrated
condenser heat exchanger and burner assembly 160 from
the environment via an optional air filter unit (not
shown) and a controllable air blower. The filter can
be mounted on the frame surrounding the system. The
air is drawn through the unit to the air blower with
minimal pressure losses. On its way through the unit,
if the direction of air flow is controlled, the air
can pick up heat from hot surfaces / heat exchangers
that it comes in contact with. In addition, the
integrated condenser heat exchanger and burner
assembly 160 has its own circulation pump that
circulates the heat transfer fluid from the thermal
load or thermal store. This may be the same as the
heat transfer fluid used in the anode off-gas
condenser heat exchanger 126 and fuel cell heat
recovery heat exchanger 124. The load can be a thermal
store or a heat radiator assembly such as an radiator
for automotive applications, a radiator for shipping
container heating or cooling, or a radiator for a
space heating system such as that found in typical
domestic or office situations. In this way the
integrated condenser heat exchanger and burner
assembly 160 can operate independently from the fuel
cell system 100 and yet still meet thermal demands
from the source or load. The electricity produced by
the fuel cell stack assembly 110 is fed via the power
electronics unit to the electrical load or loads. Some
of this power can be taken to feedthe fuel cell system
power requirements either directly or by feeding power
onto the load grid and taking power back off the load
grid. An alternative reformate feed to Figure I a is
shown in Figure Ic. Here the reformer heat exchanger
138 is removed and thus by doing so the output of the
reformer is not cooled by the reformer heat exchanger,
but flows via at least one fluid conduit to the fuel
cell stack assembly 110. The fluid conduit may be so
designed to allow sufficient reformer output
temperature reduction such that the reformate entering
the fuel cell stack assembly is of the right
temperature, and is below that at which it leaves the
reformer 134. With such an alteration, the design of
reformer unit 134 maybe altered to allow for the loss
heat energy from the missing reformer heat exchanger
138. The system design alteration in Figure Ic is
applicable to all of the system layouts here
disclosed. A simplified diagram showing a heat
exchange system for use in the fuel cell system of
Figure Ia, having separated anode and cathode/burner
off-gases is shown in Figure 2a. Three heat exchangers
are shown. These are a first heat exchange element 226
which may be, for example, the anode off-gas condenser
heat exchanger 126 of Figure Ia, a second heat
exchange element 224 which may be, for example, the
fuel cell heat recovery/burner off-gas condenser heat
exchanger 124 of Figure I a and a further heat
exchange element 222 which may be, for example, the
air heater heat exchanger 122 of Figure Ia. Further,
four fluid paths are shown. These are 1. a first fluid
path 210 of heat transfer fluid through the first heat
exchange element 226 and subsequently through the
second heat exchange element 224; 2. a second fluid
path 212 through the further heat exchange element 222
and subsequently through the first heat exchange
element 226; 3. a third fluid path 214 through the
second heat exchange element 224; and 4. a fourth
fluid path 216 through the further heat exchange
element 222. The first fluid flow path 210 comes to
the first heat exchange element 226 from a cold side
of a thermal store or heat rejection device or unit,
and exits the second heat exchange element 224 to a
warm side of a thermal store or radiator heat
rejection device or unit. The first fluid is water in
the present embodiment. The thermal store might be a
domestic water heating store, and or might be a
domestic heating system. Various other options are
described herein and further options will also be
apparent to one skilled in the art.The second fluid
flow path 212 comes to the further heat exchange
element 222 from an anode side active area of a fuel
cell system, and subsequently exits the first heat
exchange element 226 to a burner of a fuel cell
system, for example as shown in Figure Ia. The second
fluid is anode off-gas from the fuel cell. The third
fluid flow path 214 contains burner off-gas and comes
from a pre-heater burner to the second heat exchange
element 224, and exits as exhaust. The fourth fluid
flow path 216 is air, which is passed through the
further heat exchange element 224 and is then output
to be used in the air side flow of the fuel cell. The
capacity of heat exchange for each element can be
varied by sizing as appropriate, and by varying the 



relative flow rates of the two fluids and/or the entry
temperature of the heat transfer fluid to the first
heat exchanger. An example of such control could
include, for instance, a variable speed heat transfer
fluid pump and/or a variable thermal output control
device (such as a radiator and fan unit in a car)
through which the heat transfer fluid flows prior to
entering the first heat exchanger unit). Further, the
overall heat exchange of the two units 224, 226 can be
varied by changing the flow rate of the heat transfer
fluid. In operation, hot anode off-gas flows from the
fuel cell along the second fluid path 212 through the
further heat exchange element 222. Heat is exchanged
from the anode offgas to the air drawn in to the
system along the fourth fluid path 216. Heat is passed
from the anode off-gas to the air in the further heat
exchange element 222, cooling the anode off-gas and
warming the air before it enters the fuel cell
assembly. The further heat exchange element 222 is a
gas-gas heat exchanger. The anode off-gas then
continues along the second fluid path 212 to the first
heat exchange element 226, which receives heat
transfer fluid in the form of water along the first
fluid flow path 210. The anode off gas is further
cooled by the first heat exchange element 226, which
is a condenser heat exchanger, and so removes latent
heat of fusion energy from the anode off-gas. The heat
transfer fluid is wanned in this heat exchange. The
heat transfer fluid then passes along the first fluid
path 210 to the second heat exchange element 224 and
receives heat energy from the burner off gas in the
third fluid flow path 214. The second heat exchange
element 224 is also a condenser heatexchanger, and so
removes latent heat of fusion energy from the burner
off-gas. The heat transfer fluid is further warmed in
this heat exchange process. hi an embodiment, the
first and second heat exchange elements 226, 224 are
combined into a single unit. In a further embodiment,
the further heat exchange unit 222 is also
incorporated into the single unit. Ih a further
embodiment, the first and further heat exchange units
226 and 222 are incorporated into a single unit. In an
alternative embodiment, shown in Figure 2b, the
further heat exchange element and the fourth fluid
flow path of Figure 2a are omitted, the second fluid
flow path being through the first heat exchange
element only. In a further alternative embodiment,
shown in Figure 2c, the second heat exchange element
of Figure 2a is omitted, and the first fluid flow path
is through the first heat exchange element only. In a
further alternative embodiment, shown in Figure 2d,
both the second and further heat exchange elements of
Figure 2a are both omitted. In this embodiment, the
second fluid flow path is from the fuel cell stack,
and through the first heat exchange element. In each
of Figures 2, 2b, 2c, and 2d, the references to
condensate may be omitted if no condensate is
generated by the heat exchange elements. A further
embodiment will now be described with reference to
Figure 3. In this embodiment, which, referring to
Figure Ia, has like elements being referred to with
like references, an additional gas-gas heat exchanger
unit 380 is inserted between the anode off-gas heat
exchanger 126 and the burner 132. This additional
gas-gas heat exchanger 380 uses air that is being
pulled into the cathode air feed to the fuel cell
system upstream of any heat being added to the air
stream, i.e. before the power electronics heat
exchanger 174, as shown. The additional cooling
offered by the air flow affords additional condensing
to occur from the anode off-gas before it is returned
to the burner 132 and as such may raise the overall
operating efficiency of the system, hi an alternative,
air that is being blown into the integrated burner
condenser 160, may be used as the cooling intake for
the additional heat exchanger 380. Further, in
thisembodiment, the flow of the air for the integrated
burner unit 160 is passed through the power
electronics heat exchanger 174, although this maybe
omitted. A heat exchange system embodying the
invention and containing such an additional heat
exchange element is shown in Figure 4. Figure 4
corresponds to Figure 2a5 with the exception that the
additional heat exchange element 480 is provided in a
slightly modified second fluid flow path 412, after
the first heat exchange element 126, and a fifth fluid
flow path 418 is provided, through the additional heat
exchange element 480. This results in more condensate,
and hence more heat, being removed from the anode
off-gas flowing through the second fluid flow path
412. In a further embodiment, the pipe carrying the
anode off-gas from the anode off-gas condenser heat
exchanger to the burner runs on the outside surface of
the system assembly, exposing the pipe to ambient
environmental temperatures such as the surrounding
air, or forced air flow or even water if, for example
the pipe became part of a hull of a ship or similar
aspect that is below the water line. Another
embodiment of this additional gas-to-gas heat
exchanger 380 is shown in Figure 5, elements
corresponding to those described with reference to
Figure Ia, have the same reference numeral. In this
embodiment, the power electronics heat exchanger 174
is cooled by air for the integrated condenser burner
160 and/or for the fuel cell assembly 110. The flow of
air can also go through a further additional air
cooled heat exchanger 590 to provide additional
cooling and hence provide an additional condensing
effect. Figure 6 shows combined first and second, or
anode off-gas and fuel cell heat recovery condenser
heat exchange elements 624, 626 according to an
embodiment of the invention, which may be as shown in
a previous embodiment. In this embodiment, a common
tube 610 defines a first, heat transfer, fluid flow
path, which carries the heat transfer fluid. This tube
diameter and thickness can be continuous or varied or
have heat exchange feature added to enhance or control
heat exchange, such as fins or 



turbulence enhancing features, to match thermal
exchange requirements of the combined heat exchanger
unit based on the application specification and the
temperatures of the heat exchanger fluid flows. The
first heat exchange element 626further includes a
second fluid flow path, for anode off gas, 612, which
carries anode off gas past the tube 610, to allow heat
exchange from the anode off gas to the heat transfer
fluid. The second heat exchange element further
includes a third fluid flow path 614 for receiving
burner off gas and allowing heat exchange from that
gas to the heat transfer fluid. In use, heat transfer
fluid, for example in the form of water or treated
water, a refrigerant fluid, or an oil, or other fuel
fluid or air, flows through the tube 610 from the
first element 626 and then to and through the second
element 624. As the heat transfer fluid flows through
the first element 626, it absorbs heat energy from the
anode off-gas in the second fluid flow path 612. The
anode off gas is sufficiently cooled that steam in the
gas flow condenses out and runs out of the first
element 626, in the present embodiment, simply by
gravity flow or via a scavenge pump. As the heat
transfer fluid flows through the second element 624,
it absorbs heat energy from the burner off-gas in the
third fluid flow path 614. The burner off gas is also
sufficiently cooled that steam in the gas flow
condenses out and runs out of the second element 624,
in the present embodiment, also by gravity flow.
Alternatively, if backflow is an issue and is to be
avoided, the condensate may be drained under very
slight pressure via a low pressure set one-way valve.
The gases exit the first and second element 626, 624,
having been cooled by the heat transfer fluid, and the
heat transfer fluid exits having been warmed by both
gases. The two air receiving regions 612, 614 of the
heat exchangers can be joined, for example by welding
or brazing or other such material joining technique,
to this tube 610 using simple covering units with
simple feed in and out connections. Such a type of
assembly may be advantageous in that it is very simple
to construct as it has few components, and can be mass
manufactured, for instance by using hydro-forming
processes, can be made from low-cost steels, can be
readily sized for differing applications and thermal
requirements and is flexible in packaging location and
volume, having a simple, flexible bend inserted in the
centre portion. Other examples of suitable heat
exchangers are a stamped, machined or etched plate
heat exchanger, shell and tube heat exchanger and
multi-stream heat transfer devices.In embodiments
described above, heat may be provided into the fuel
cell system by reversing the heat exchange direction
across one or more of the heat exchange elements
discussed above. This approach may be used, for
example for fuel cell system start-up from cold, frost
protection, condensation avoidance or low temperature
protection of the fuel cell system. This may be
achieved in a number of ways, * for example, with
reference to Figure Ia, by reversing the direction of
the blower 172 and taking in air via the exhaust
outlet and across the heat exchange element 124 which
is receiving heat transfer fluid from a thermal store
or radiator at a higher temperature than the air
entering the exhaust. Thus the incoming air is heated
and passed in reverse through the system at such a
rate as to prevent freezing or condensation occurring
within the fuel cell system. Such an embodiment, might
be used for example in an automotive APU application,
where the heat transfer fluid can pick up heat from
the hot automotive exhaust or the hot side of the
engine cooling circuit. In addition, the air entering
via the fuel cell system exhaust may be taken from
across the engine exhaust or even from the engine
exhaust stream itself. Such operations might occur
continuously whilst the fuel cell is not in full
operating mode, or be on a timer cycle, or be
triggered by certain monitored conditions. Such
monitored conditions could include when the fuel cell
system temperature drops below a certain temperature
(which might be 3 or 5C for frost protection), or
could be a measurement of humidity and temperature
difference between the fuel cell system and the
temperature of the environment (for condensation
protection, for example). In another such reverse
heating embodiment, again with reference to Figure Ia,
electrical power is available to the fuel cell system
when the fuel cell system is not operational. Examples
include being connected to the grid or a battery
device. Even though the fuel cell system is not
operating, the power electronics unit 174 may be
powered from the connected electrical power source to
produce sufficient heat energy to heat the incoming
air and then exchange some of this heat across the air
heater heat exchanger 122 to heat the fuel gas stream.
In another embodiment, the heat thus generated by the
power electronics is used to heat the air circulated
through the fuel cell system by the blower unit 172 to
prevent condensation or freezing of the fuel cell
system when the system is not in operation.In a
further embodiment of the invention, either or both of
the first and second heat exchange elements are
adapted to receive more than one heat transfer fluid,
hi an embodiment, the design of such a heat transfer
exchange element allows through passage of the heat
transfer fluid with at least two heat exchange zones
designed such that each heat exchange zone has a
controllable rate of heat exchange fluid flowing
through it. In another embodiment, the first fluid
flows through the heat transfer exchange element and
the element is arranged so that the heat exchange
fluids each controllably pass through separate
enclosures in the heat exchange element so that they
do not mix. hi embodiments the flow of the different
heat exchange fluids is controllable, to controllably
remove heat at different rates. The present invention
has been described purely by way of example, and
various modifications, additions and/or omissions will
present themselves to one skilled in the 



art, all of which form part of the invention, together
with their equivalents. Unless the context clearly
indicates otherwise, the words "comprise",
"comprises", "comprising" and the like are to be
interpreted in an inclusive, rather than exhaustive
sense i.e. the sense of "including, but not limited
to". 100 fuel cell system 110 fuel cell stack assembly
120 heat exchange system 122 air heater heat exchange
unit 124 fuel cell heat recovery/burner off gas
condenser heat exchanger 126 anode off gas condenser
heat exchanger 130 burner/reformer unit 132 burner 134
reformer 136 steam/fuel gas mixer 138 reformer heat
exchanger 139 steam generator 140 air pre-heating unit
142 air pre-heater heat exchanger144 start-up burner
150 condensation water storage tank 160 integrated
condenser heat exchanger and burner assembly 172 air
blower 174 power electronics heat exchanger 180 air
by-pass variable control valve 182 by-pass line 210
first fluid flow path 212 second fluid flow path 214
third fluid flow path 216 fourth fluid flow path 222
further heat exchange element 224 second heat exchange
element 226 first heat exchange element 380/480
additional heat exchange element 412 second fluid flow
path 418 fifth fluid flow path 590 further additional
air cooled heat exchanger 610 tube (first fluid flow
path) 612 second fluid flow path 614 third fluid flow
path 626 first element 624 second elementCLAIMS: 1. A
method of altering the temperature of off-gases
exiting at least one fuel cell stack, the at least one
fuel cell stack having separate anode and cathode
off-gas flow paths, the method comprising: passing
separate anode off-gas from the at least one fuel cell
stack and at least one heat transfer fluid through a
first heat exchange element to exchange heat between
the anode off-gas and the at least one heat transfer
fluid; passing the separate anode off-gas from the
first heat exchange element to a burner; and passing
the separate cathode off-gas exiting the at least one
fuel cell stack into said burner. 2. A method
according to claim 1, wherein the first heat exchange
element cools the anode off-gas and heats the at least
one heat transfer fluid. 3. A method according to
claim 1 or 2, further comprising: burning the combined
anode and cathode off-gases to produce burner off-gas
; and passing burner off-gas and the at least one heat
transfer fluid through a second heat exchange element
to exchange heat between the burner off-gas and the at
least one heat transfer fluid. 4. A method according
to claim 3, wherein the second heat exchange element
cools the burner off-gas and heats the at least one
heat transfer fluid. 5. A method according to claim 4,
wherein the cooled burner off-gas is output from the
second heat exchange element to an exhaust. 6. A
method according to claim 3 4 or 5, wherein condensate
from the burner offgas is formed in and output from
the second heat exchange element.7. A method according
to any of claims 3 to 6, wherein the second heat
exchange element receives the heat transfer fluid
after it has been output from the first heat exchange
element. 8. A method according to claim 2, or any
claim dependent thereon, wherein condensate from the
anode off-gas is formed in and output from the first
heat exchange element. 9. A method according to any
preceding claim, wherein the at least one heat
exchange fluid is chosen from a group comprising:
water, refrigerant fluid, anti-freeze fluid, mixed
fluids, fuel and air. 10. A method according to any
preceding claim, wherein the first heat exchange
element receives a plurality of heat transfer fluids. 



11. A method according to claim 10, further comprising
independently controlling the rate of flow of each of
the heat transfer fluids to optimise heat exchange to
or from the heat transfer fluids. 12. A method
according to any preceding claim, further comprising
passing the separate anode off-gas through a further
heat exchange element before it is received by the
first heat exchange element, the further heat exchange
element exchanging heat between the anode off-gas and
a flow of fluid. 13. A method according to claim 12,
the further heat exchange element cooling the anode
off-gas and warming the flow of fluid. 14. A method
according to claim 12 or 13, wherein the flow of fluid
into the further heat exchange element is a flow of
cathode side feed gas, which cathode side feed gas
subsequently enters the at least one fuel cell stack
and exits as the cathode off-gas. 15. A method
according to any preceding claim, wherein the
operating temperature of the fuel cell is between 100C
and HOO0C, 250C and 850C, or 450C and 6500C.16. A
method according to claim 6 or 8, or any claim
dependent thereon, wherein condensed water is recycled
and used to reform fuel before it enters the fuel
cell(s). 17. A fuel cell system, comprising: at least
one fuel cell stack having separate outlets and flow
paths for flow of anode and cathode off-gases
respectively; a first heat exchange element coupled to
receive anode off-gas which has been output from the
at least one fuel cell stack anode off-gas outlet, the
first heat exchange element for exchanging heat
between the anode off-gas from the at least one fuel
cell stack and the at least one heat transfer fluid;
and a burner configured to receive and combine anode
off-gas exiting the first heat exchange element and
cathode off-gas exiting the at least one fuel cell
stack and combust same to produce burner off-gas,. 18.
A fuel cell system according to claim 17, wherein the
first heat exchange element is configured to cool the
anode off-gas, and heat the heat transfer fluid. 19. A
fuel cell system according to claim 18 or 19, the
first heat exchange element being for reducing the
operating temperature of the burner. 20. A fuel cell
system according to any of claims 17 to 19, further
comprising a second heat exchange element, coupled to
receive the heat transfer fluid and burner offgas from
the burner, the second heat exchange element for
exchanging heat between the burner off-gas and the
heat transfer fluid. 21. A fuel cell system according
to claim 20, wherein the second heat exchange element
is configured to cool the burner off-gas and heat the
heat transfer fluid. 22. A fuel cell system according
to claim 20 or 21, wherein the second heat exchange
element comprises a condensing heat exchanger. 23. A
fuel cell system according to any of claims 20 to 22,
wherein the heat exchange fluid flow path is defined
by the first heat exchange element followed by the
second heat exchange element, for passing heat
transfer fluid into, through and out ofthe first heat
exchange element and subsequently into, through and
out of the second heat transfer element. 24. A fuel
cell system according to any of claims 20 to 23,
wherein the second heat exchange element is adapted to
receive a plurality of heat transfer fluids. 25. A
fuel cell system according to any of claims 17 to 24,
wherein the first heat exchange element comprises a
condensing heat exchanger. 26. A fuel cell system
according to any of claims 17 to 25, wherein the first
heat transfer exchange element is adapted to receive a
plurality of heat transfer fluids. 27. A fuel cell
system according to any of claims 17 to 26, further
comprising a further heat exchange element coupled
between the at least one fuel cell stack anode off-gas
outlet and the first heat exchange element, for
reducing the temperature of the anode off-gas before
it enters the first heat exchange element. 28. A fuel
cell system according to claim 27, wherein the further
heat exchange element is a gas-gas heat exchanger. 29.
A fuel cell system according to claim 27 or 28,
wherein the first and further heat exchange elements
are integrated into a single unit. 30. A fuel cell
system according to claim 20, or any claim dependent
thereon, wherein the first and second heat exchange
elements are integrated into a single unit. 31. A fuel
cell system according to any of claims 17 to 30,
wherein the fuel cell is a solid oxide fuel cell. 32.
A fuel cell system according to any of claims 17 to
31, wherein the fuel cell is configured to operate at
between 1000C-IlOO0C, 250C-850C, or 45O0C -6500C. 33.
A fuel cell system according to claim 22 or 25, or any
claim dependent thereon, wherein the system is
configured to recycle water from the condensing
heatexchanger(s) and provide the water to a reformer
for reforming fuel before it enters the fuel cell(s).
34. A fuel cell system according to any of claims 17
to 33, configured to be operated in a marine
environment. 35. A fuel cell system according to any
of claims 17 to 33, configured to be operated in an
automotive environment. 36. A fuel cell system
according to any of claims 17 to 33, configured to be
operated in an aeronautical environment. 37. In a fuel
cell system having separate anode and cathode off-gas
outlets and flow paths from at least one fuel cell
stack, a heat exchanger system comprising: a first
condensing heat exchange element coupled to receive
anode off-gas from 



the anode off-gas outlet of the at least one fuel cell
stack of the fuel cell system and heat transfer fluid,
and output cooled anode off-gas, condensate from the
anode off-gas and warmed heat transfer fluid from the
first heat exchange element; and a burner coupled to
the first heat exchange element to receive cooled
anode offgas from the first heat exchange element and
cathode off-gas exiting the at least one fuel cell
stack and combust same to produce burner off-gas. 38.
In a fuel cell system having separate anode and
cathode off-gas outlets and flow paths from at least
one fuel cell stack, a heat exchanger system
comprising: a first condensing heat exchange element
coupled to receive anode off-gas from the anode
off-gas outlet of the at least one fuel cell stack and
heat transfer fluid, and output cooled anode off-gas,
condensate from the anode off-gas and warmed heat
transfer fluid from the first heat exchange element; a
burner coupled to the first heat exchange element to
receive cooled anode offgas from the first heat
exchange element and cathode off-gas exiting the at
least one fuel cell stack and combust same to produce
burner off-gas; and a second condensing heat exchange
element coupled to receive burner off-gas, and the
heat transfer fluid, and output cooled burner off-gas,
condensate from the burner off-gas and warmed heat
transfer fluid from the second heat exchange
element.39. In a fuel cell system having separate
anode and cathode off-gas outlets and flow paths from
at least one fuel cell stack, a heat exchanger system
comprising: a first condensing heat exchange element
coupled to receive anode off-gas from the anode
off-gas outlet of the at least one fuel cell stack and
heat transfer fluid, and output cooled anode off-gas,
condensate from the anode off-gas and warmed heat
transfer fluid from the first heat exchange element; a
burner coupled to the first heat exchange element to
receive cooled anode offgas from the first heat
exchange element and cathode off-gas exiting the at
least one fuel cell stack and combust same to produce
burner off-gas; a second condensing heat exchange
element coupled to receive burner off-gas, and the
heat transfer fluid, and output cooled burner off-gas,
condensate from the burner off-gas and wanned heat
transfer fluid from the second heat exchange element;
and a further heat exchange element coupled in the
anode off-gas fluid flow path between at least one
fuel cell stack and the first heat exchange element,
configured to reduce the temperature of the anode
off-gas passing therethrough before it enters the
first heat exchange element. 40. hi a fuel cell system
having separate anode and cathode off-gas outlets and
flow paths from at least one fuel cell stack, a heat
exchanger system comprising: a first condensing heat
exchange element coupled to receive anode off-gas from
the anode off-gas outlet of the at least one fuel cell
stack and at least one heat transfer fluid, and output
cooled anode off-gas, condensate from the anode
off-gas and warmed heat transfer fluid from the first
heat exchange element; and a further heat exchange
element coupled in the anode off-gas fluid flow path
between at least one fuel cell stack and the first
heat exchange element, configured to reduce the
temperature of the anode off-gas passing therethrough
before it enters the first heat exchange element. 4 1.
A method of cooling off-gases exiting at least one
fuel cell stack having separated anode and cathode
off-gas flow paths, substantially as hereinbefore
described with reference to any of the accompanying
drawings.42. A fuel cell system, substantially as
hereinbefore described with reference to any of the
accompanying drawings. 


