
ACT 93A Novel Thiophene Derivatives Field of the
invention The present invention relates to S 1P1/EDG1
receptor agonists of Formula (I) and their use as
active ingredients in the preparation of
pharmaceutical compositions. The invention also
concerns related aspects including processes for the
preparation of the compounds, pharmaceutical
compositions containing one or more compounds of the
Formula (I), and their use as compounds improving
vascular function and as immunomodulating agents,
either alone or in combination with other active
compounds or therapies. Background of the invention
The human immune system is designed to defend the body
against foreign micro organisms and substances that
cause infection or disease. Complex regulatory
mechanisms ensure that the immune response is targeted
against the intruding substance or organism and not
against the host. In some cases, these control
mechanisms are unregulated and autoimmune responses
can develop. A consequence of the uncontrolled
inflammatory response is severe organ, cell, tissue or
joint damage. With current treatment, the whole immune
system is usually suppressed and the body s ability to
react to infections is also severely compromised.
Typical drugs in this class include azathioprine,
chlorambucil, cyclophosphamide, cyclosporin, or
methotrexate. Corticosteroids which reduce
inflammation and suppress the immune response, may
cause side effects when used in long term treatment.
Nonsteroidal anti-infammatory drugs (NSAIDs) can
reduce pain and inflammation, however, they exhibit
considerable side effects. Alternative treatments
include agents that activate or block cytokine
signaling. Orally active compounds with
immunomodulating properties, without compromising
immune responses and with reduced side effects would
significantly improve current treatments of
uncontrolled inflammatory disease.In the field of
organ transplantation the host immune response must be
suppressed to prevent organ rejection. Organ
transplant recipients can experience some rejection
even when they are taking immunosuppressive drugs.
Rejection occurs most frequently in the first few
weeks after transplantation, but rejection episodes
can also happen months or even years after
transplantation. Combinations of up to three or four
medications are commonly used to give maximum
protection against rejection while minimizing side
effects. Current standard drugs used to treat the
rejection of transplanted organs interfere with
discrete intracellular pathways in the activation of
T-type or B-type white blood cells. Examples of such
drugs are cyclosporin, daclizumab, basiliximab,
everolimus, or FK506, which interfere with cytokine
release or signaling; azathioprine or leflunomide,
which inhibit nucleotide synthesis; or
15-deoxyspergualin, an inhibitor of leukocyte
differentiation. The beneficial effects of broad
immunosuppressive therapies relate to their effects;
however, the generalized immunosuppression which these
drugs produce diminishes the immune system's defense
against infection and malignancies. Furthermore,
standard immunosuppressive drugs are often used at
high dosages and can cause or accelerate organ damage.
Description of the invention The present invention
provides novel compounds of Formula (I) that are
agonists for the G protein-coupled receptor S 1P1/EDG1
and have a powerful and long-lasting immunosuppressive
effect which is achieved by reducing the number of
circulating and infiltrating T- and B-lymphocytes,
without affecting their maturation, memory, or
expansion. The reduction of circulating T- /
B-lymphocytes as a result of S 1P1/EDG1 agonism,
possibly in combination with the observed improvement
of endothelial cell layer function associated with S
1P1/EDG1 activation, makes such compounds useful to
treat uncontrolled inflammatory disease and to improve
vascular functionality. The compounds of the present
invention can be utilized alone or in combination with
standard drugs inhibiting T-cell activation, to
provide a new immunosuppressive therapy with a reduced
propensity for infections when compared to
standardimmunosuppressive therapy. Furthermore, the
compounds of the present invention can be used in
combination with reduced dosages of traditional
immunosuppressant therapies, to provide on the one
hand effective immunosuppressive activity, while on
the other hand reducing end organ damage associated
with higher doses of standard immunosuppressive drugs.
The observation of improved endothelial cell layer
function associated with S 1P1/EDG1 activation
provides additional benefits of compounds to improve
vascular function. The nucleotide sequence and the
amino acid sequence for the human S 1P1/EDG1 receptor
are known in the art and are published in e.g.: HIa,
T., and Maciag, T. J. Biol Chem. 265 ( 1 990),
9308-931 3; WO 91/1 5583 published 17 October 1991 ;
WO 99/46277 published 16 September 1999. The potency
and efficacy of the compounds of Formula (I) are
assessed using a GTPgS assay to determine EC5O values
and by measuring the circulating lymphocytes in the
rat after oral administration, respectively (see in
Examples). The following paragraphs provide
definitions of the various chemical moieties that make
up the compounds according to the invention and are
intended to apply uniformly throughout the
specification and claims unless an otherwise expressly
set out definition provides a broader definition. Any
reference to a compound of Formula (I) is to be
understood as referring also to optically pure
enantiomers, mixtures of enantiomers such as
racemates, diastereomers, mixtures of diastereomers,
diastereomeric racemates, and mixtures of
diastereomeric racemates, as well as salts (especially
pharmaceutically acceptable salts) and solvates
(including hydrates) of such compounds, and
morphological forms, as appropriate and expedient. The
term lower alkyl, alone or in combination with other
groups, means saturated, branched or preferably
straight chain groups with one to five carbon atoms,
preferably one to three carbon atoms. Examples of
lower alkyl groups are methyl, ethyl, n-propyl,
/so-propyl, n-butyl, /so-butyl, sec-butyl, te/t-butyl,
and n-pentyl.The term lower alkoxy means an R-O group,
wherein R is a lower alkyl. Preferred examples of
lower alkoxy groups are methoxy, ethoxy, propoxy,
iso-propoxy, isobutoxy, sec-butoxy and te/t-butoxy.
The term hydroxy-lower alkoxy means a straight or
branched alkoxy chain bearing a hydroxy group whereby
there are at least two carbon atoms between the
hydroxy group and the oxygen of the lower alkoxy
group. Examples of hydroxy-lower alkoxy groups are
2-hydroxy-ethoxy, 3-hydroxy-propoxy,
2-hydroxy-propoxy, 4-hydroxybutoxy, 3-hydroxy-1
-methyl-propoxy, 3-hydroxy-butoxy, etc.. The term
lower alkylamino or di-(lower alkyl)amino means an
R'-NH- or an R'- NR"- group, respectively, wherein R'
and R" are each independently a lower alkyl group.
Preferred examples of lower alkylamino or di-(lower
alkyl)amino groups are methylamino, ethylamino,
N,N-dimethylamino, and N-methyl-N-ethyl-amino. The
term halogen means fluoro, chloro, bromo or iodo,
preferably fluoro or chloro. Salts are preferably the
pharmaceutically acceptable salts of the compounds of
Formula (I). Salt-forming groups are groups or
radicals having basic or acidic properties. Compounds
having at least one basic group or at least one basic
radical, for ex ample amino, a secondary amino group
not forming a peptide bond or a pyridyl radical, may
form acid addition salts, for example with inorganic
acids. When several basic groups are present mono- or
poly-acid addition salts may be formed. Compounds
having acidic groups, such as a carboxy group or a
phenolic hydroxy group, may form metal or ammonium
salts, such as alkali metal or alkaline earth 



metal salts, for example sodium, potassium, magnesium
or calcium salts, or ammonium salts with ammonia or
suitable organic amines, such as tertiary monoamines,
for example triethylamine or
tri-(2-hydroxyethyl)-amine, or heterocyclic bases, for
example /V-ethyl-piperidine or L/
LT-dimethylpiperazine. Mixtures of salts are
possible.Compounds having both acidic and basic groups
can form internal salts. For the purposes of isolation
or purification, as well as in the case of compounds
that are used further as intermediates, it is also
possible to use pharmaceutically unacceptable salts,
e.g. the picrates. Only pharmaceutically acceptable,
non-toxic salts may be used for therapeutic purposes,
however, and those salts are therefore preferred. The
expression pharmaceutically acceptable salts
encompasses either salts with inorganic acids or
organic acids like hydrochloric acid, hydrobromic
acid, hydroiodic acid, sulfuric acid, sulfamic acid,
phosphoric acid, nitric acid, phosphorous acid,
nitrous acid, citric acid, formic acid, acetic acid,
oxalic acid, maleic acid, lactic acid, tartaric acid,
fumaric acid, benzoic acid, mandelic acid, cinnamic
acid, pamoic acid, stearic acid, glutamic acid,
aspartic acid, methanesulfonic acid, ethanesulfonic
acid, ethanedisulfonic acid, p-toluenesulfonic acid,
salicylic acid, succinic acid, trifluoroacetic acid,
and the like that are non toxic to living organisms
or, in case the compound of Formula (I) is acidic in
nature, with an inorganic base like an alkali or earth
alkali base, e.g. sodium hydroxide, potassium
hydroxide, calcium hydroxide and the like. For other
examples of pharmaceutically acceptable salts,
reference can be made notably to "Salt selection for
basic drugs", Int. J. Pharm. ( 1 986), 33, 201 - 2 17.
i) The invention relates to novel thiophene
derivatives of the Formula (I), Formula (I)wherein R1
represents hydrogen, lower alkyl, lower alkoxy, or
halogen; R2 represents hydrogen, lower alkyl, lower
alkoxy, or halogen; R3 represents hydrogen,
hydroxy-lower alkyl, 2,3-dihydroxypropyl,
di-(hydroxy-lower alkyl)-lower alkyl, -CH2-(CH2)K-NR3
1R32 , (azetidine-3-carboxylic acid)-1 -yl-methyl,
(azetidine-3-carboxylic acid lower alkylester)-1
-yl-methyl, 2-[(azetidine-3-carboxylic acid)-1
-yl]-ethyl, 2-[(azetidine-3-carboxylic acid lower
alkylester)-1 -yl]-ethyl, 3- [(azetidine-3-carboxylic
acid)-1 -yl]-propyl, 3-[(azetidine-3-carboxylic acid
lower alkylester)-1 -yl]-propyl,
(pyrrolidine-3-carboxylic acid)-1 -yl-methyl,
(pyrrolidine-3- carboxylic acid lower alkylester)-1
-yl-methyl, (pyrrolidine-2-carboxylic acid)-1
-ylmethyl, (pyrrolidine-2-carboxylic acid lower
alkylester)-1 -yl-methyl, 2-[(pyrrolidine-3-
carboxylic acid)-1 -yl]-ethyl,
2-[(pyrrolidine-3-carboxylic acid lower alkylester)-1
-yl]- ethyl, 2-[(pyrrolidine-2-carboxylic acid)-1
-yl]-ethyl, 2-[(pyrrolidine-2-carboxylic acid lower
alkylester)-1 -yl]-ethyl, 3-[(pyrrolidine-3-carboxylic
acid)-1 -yl]-propyl, 3- [(pyrrolidine-3-carboxylic
acid lower alkylester)-1 -yl]-propyl,
3-[(pyrrolidine-2- carboxylic acid)-1 -yl]-propyl,
3-[(pyrrolidine-2-carboxylic acid lower alkylester)-1
-yl]- propyl, -CH2-(CH2)n-CONR 3 1R32 , -CO-NHR 3 1 ,
1-(1 -(3-carboxy-azetidinyl))-2acetyl, 1- ( 1
-(2-carboxy-pyrrolidinyl))-2-acetyl, 1-(1
-(3-carboxy-pyrrolidinyl))-2-acetyl, 1-(1 -(3-
carboxy-azetidinyl))-3-propionyl, 1-(1
-(2-carboxy-pyrrolidinyl))-3-propionyl, 1-(1 -(3-
carboxy-pyrrolidinyl))-3-propionyl, -(CH2)nCH(OH)-CH
2-NR3 1R32 , hydroxy, lower alkoxy, fluoro-lower
alkoxy, hydroxy-lower alkoxy, di-(hydroxy-lower
alkyl)-lower alkoxy, 1-glyceryl, 2-glyceryl,
2-hydroxy-3-methoxy-propoxy, -OCH2-(CH2)m- NR3 1R32 ,
2-pyrrolidin-1 -yl-ethoxy, 3-pyrrolidin-1 -yl-propoxy,
2-piperazin-1 -yl-ethoxy, 2-[4-(lower
alkyl)-piperazin-1 -yl]-ethoxy,
2-[4-(2-hydroxy-ethyl)-piperazin-1 -yl]- ethoxy,
3-piperazin-1 -yl-propoxy, 3-[4-(lower
alkyl)-piperazin-1 -yl]-propoxy, 3-[4-(2-
hydroxy-ethyl)-piperazin-1 -yl]-propoxy,
2-morpholin-4-yl-ethoxy, 3-morpholin-4-ylpropoxy,
2-[(azetidine-3-carboxylic acid)-1 -yl]-ethoxy,
2-[(azetidine-3-carboxylic acid lower alkylester)-1
-yl]-ethoxy, 2-[(pyrrolidine-3-carboxylic acid)-1
-yl]-ethoxy, 2- [(pyrrolidine-3-carboxylic acid lower
alkylester)-1 -yl]-ethoxy, 2-[(pyrrolidine-2-
carboxylic acid)-1 -yl]-ethoxy,
2-[(pyrrolidine-2-carboxylic acid lower alkylester)-1
-yl]-ethoxy, 2-[(2-hydroxy-pyrrolidine)-1 -yl]-ethoxy,
2-[(3-hydroxy-pyrrolidine)-1 -yl]- ethoxy,
3-[(azetidine-3-carboxylic acid)-1 -yl]-propoxy,
3-[(azetidine-3-carboxylic acid lower alkylester)-1
-yl]-propoxy, 3-[(pyrrolidine-3-carboxylic acid)-1
-yl]-propoxy, 3- [(pyrrolidine-3-carboxylic acid lower
alkylester)-1 -yl]-propoxy, 3-[(pyrrolidine-2-
carboxylic acid)-1 -yl]-propoxy,
3-[(pyrrolidine-2-carboxylic acid lower alkylester)-1
- yl]-propoxy, 3-[(2-hydroxy-pyrrolidine)-1
-yl]-propoxy, 3-[(3-hydroxy-pyrrolidine)-1 -yl]-
propoxy, 2-amino-3-hydroxy-2-hydroxymethyl-propoxy,
-0-CH 2-CONR3 1R32 , 1-(1 -(3- carboxy-azetidinyl))-1
-oxo-2-ethoxy, 1-(1 -(pyrrolidine-2-carboxylic acid)-1
-yl)-1 -oxo- 2-ethoxy, 1-(1 -(pyrrolidine-3-carboxylic
acid)-1 -yl)-1 -oxo-2-ethoxy, 3-carbamoylpropoxy,
3-(lower alkylcarbamoyl)propoxy,
3-(2-hydroxyethylcarbamoyl)propoxy, -OCH2-CH(OH)-CH
2-NR3 1R32 , 3-[(azetidine-3-carboxylic acid)-1
-yl]-2- hydroxypropoxy, 3-[(azetidine-3-carboxylic
acid lower alkylester)-1 -yl]-2- hydroxypropoxy,
2-hydroxy-3-[(pyrrolidine-3-carboxylic acid)-1
-yl]-propoxy, 2- hydroxy-3-[(pyrrolidine-3-carboxylic
acid lower alkylester)-1 -yl]-propoxy, 2-hydroxy-
3-[(pyrrolidine-2-carboxylic acid)-1 -yl]-propoxy,
2-hydroxy-3-[(pyrrolidine-2- carboxylic acid lower
alkylester)-1 -yl]-propoxy,
2-hydroxy-3-[(2-hydroxy-pyrrolidine)- 1-yl]-propoxy,
2-hydroxy-3-[(3-hydroxy-pyrrolidine)-1 -yl]-propoxy,
2-hydroxy-3- pyrrolidin-1 -yl-propoxy,
2-hydroxy-3-piperazin-1 -yl-propoxy,
2-hydroxy-3-[4-(lower alkyl)-piperazin-1 -yl]-propoxy,
2-hydroxy-3-[4-(2-hydroxy-ethyl)-piperazin-1 -yl]-
propoxy, 2-hydroxy-3-morpholin-4-yl-propoxy, -NR3
1R32, -NHCO-R 3 1 , -CH2-(CH2)k- NHSO2R33,
-(CH2)nCH(OH)-CH 2-NHSO2R33 , -OCH2-(CH2)m-NHSO2R33 ,
-OCH2- CH(OH)-CH 2-NHSO2R33 , -CH2-(CH2)k-NHCOR34,
-(CH2)nCH(OH)-CH 2-NHCOR34, -OCH2-(CH2)m-NHCOR34, or
-OCH 2-CH(OH)-CH 2-NHCOR 34 ; R3 1 represents
hydrogen, methyl, ethyl, 1-propyl, 2-propyl,
2-hydroxyethyl, 2- hydroxy-1 -hydroxymethyl-ethyl,
2-lower alkoxyethyl, 3-hydroxypropyl, 3-lower
alkoxypropyl, 2-aminoethyl, 2-(lower alkylamino)ethyl,
2-(di-(lower alkyl)amino)ethyl, carboxymethyl, lower
alkylcarboxymethyl, 2-carboxyethyl, or 2-(lower
alkylcarboxy)ethyl; R32 represents hydrogen or methyl;
R33 represents methyl, ethyl, propyl, isopropyl,
butyl, 2-hydroxyethyl, 2-methoxyethyl, methylamino,
ethylamino, propylamino, isopropylamino, n-butylamino,
or dimethylamino; R34 represents hydroxymethyl,
hydroxyethyl, aminomethyl, methylaminomethyl,
dimethylaminomethyl, aminoethyl, 2-methylamino-ethyl,
or 2-dimethylamino-ethyl; k represents the integer 1,
2, or 3; m represents the integer 1 or 2; n represents
the integer O, 1, or 2; R4 represents hydrogen, lower
alkyl or halogen; R5 represents trifluoromethyl,
methyl, ethyl, or propyl; R6 represents phenyl
optionally mono- or di-substituted, wherein the
substituents are independently selected from methyl,
ethyl, trifluoromethyl, halogen and methoxy; or 2-, 3-
or 4-pyridyl optionally substituted with methyl or
methoxy; and R7 represents hydrogen, or methyl; and
optically pure enantiomers, mixtures of enantiomers
such as racemates, diastereomers, mixtures of
diastereomers, diastereomeric racemates, and mixtures
of diastereomeric racemates, as well as salts and
solvates of such compounds, and morphological forms.
ii) A preferred embodiment of the invention relates to
thiophene derivatives according to embodiment i),
wherein R1 and R4 represent hydrogen, and R2
represents a methyl group. iii) Another preferred
embodiment of the invention relates to thiophene
derivatives according to embodiment i), wherein R1
represents hydrogen, and R2 and R4 represent a methyl
group, wherein R4 is in the ortho-position with
respect to R3.iv) Another preferred embodiment of the
invention relates to thiophene derivatives 



according to embodiment i), wherein R1 represents
hydrogen, R2 represents a methyl group, and R4
represents an ethyl group in the ortho-position with
respect to R3. v) Another preferred embodiment of the
invention relates to thiophene derivatives according
to embodiment i), wherein R1 represents hydrogen, R2
represents a methyl group, and R4 represents chlorine
in the ortho-position with respect to R3. vi) Another
preferred embodiment of the invention relates to
thiophene derivatives according to embodiment i),
wherein R1 and R4 represent hydrogen, and R2
represents chlorine. vii) Another preferred embodiment
of the invention relates to thiophene derivatives
according to embodiment i), wherein R1 represents
hydrogen, R2 represents a methoxy group, and R4
represents a chlorine or fluorine in the
ortho-position with respect to R3. viii) Another
preferred embodiment of the invention relates to
thiophene derivatives according to embodiment i),
wherein R1 represents a methoxy group, and R2 and R4
represent hydrogen. ix) A further preferred embodiment
of the invention relates to thiophene derivatives
according to any one of the embodiments i) to viii),
wherein R3 represents hydrogen, hydroxy-lower alkyl,
2,3-dihydroxypropyl, di-(hydroxy-lower alkyl)-lower
alkyl, (azetidine-3-carboxylic acid)-1 -yl-methyl,
(azetidine-3-carboxylic acid lower alkylester)-1
-yl-methyl, (pyrrolidine-3-carboxylic acid)-1
-yl-methyl, (pyrrolidine-3- carboxylic acid lower
alkylester)-1 -yl-methyl, (pyrrolidine-2-carboxylic
acid)-1 -ylmethyl, (pyrrolidine-2-carboxylic acid
lower alkylester)-1 -yl-methyl, -CH2-(CH2)n- CONR3
1R32 , -CO-NHR3 1 , -(CH2)nCH(OH)-CH 2-NR3 1R32 ,
lower alkoxy, hydroxy-lower alkoxy, di-(hydroxy-lower
alkyl)-lower alkoxy, 1-glyceryl, 2-glyceryl,
2-hydroxy-3- methoxy-propoxy, -OCH2-(CH2)m-NR3 1R32,
2-[(azetidine-3-carboxylic acid)-1 -yl]-ethoxy,
2-[(azetidine-3-carboxylic acid lower alkylester)-1
-yl]-ethoxy, 2-[(pyrrolidine- 3-carboxylic acid)-1
-yl]-ethoxy, 2-[(pyrrolidine-3-carboxylic acid lower
alkylester)-1 - yl]-ethoxy,
2-[(pyrrolidine-2-carboxylic acid)-1 -yl]-ethoxy,
2-[(pyrrolidine-2-carboxylic acid lower alkylester)-1
-yl]-ethoxy, 2-[(2-hydroxy-pyrrolidine)-1 -yl]-ethoxy,
2-[(3- hydroxy-pyrrolidine)- "!-yl]-ethoxy,
3-[(azetidine-3-carboxylic acid)-1 -yl]-propoxy, 3-
[(azetidine-3-carboxylic acid lower alkylester)-1
-yl]-propoxy, 3-[(pyrrolidine-3- carboxylic acid)-1
-yl]-propoxy, 3-[(pyrrolidine-3-carboxylic acid lower
alkylester)-1 - yl]-propoxy,
3-[(pyrrolidine-2-carboxylic acid)-1 -yl]-propoxy,
3-[(pyrrolidine-2- carboxylic acid lower alkylester)-1
-yl]-propoxy, 3-[(2-hydroxy-pyrrolidine)-1 -yl]-
propoxy, 3-[(3-hydroxy-pyrrolidine)-1 -yl]-propoxy,
2-amino-3-hydroxy-2- hydroxymethyl-propoxy, -0-CH
2-CONR3 1R32 , -OCH2-CH(OH)-CH 2-NR3 1R32, 3-
[(azetidine-3-carboxylic acid)-1
-yl]-2-hydroxypropoxy, 3-[(azetidine-3-carboxylic acid
lower alkylester)-1 -yl]-2-hydroxypropoxy,
2-hydroxy-3-[(pyrrolidine-3-carboxylic acid)-1
-yl]-propoxy, 2-hydroxy-3-[(pyrrolidine-3-carboxylic
acid lower alkylester)-1 - yl]-propoxy,
2-hydroxy-3-[(pyrrolidine-2-carboxylic acid)-1
-yl]-propoxy, 2-hydroxy-3- [(pyrrolidine-2-carboxylic
acid lower alkylester)-1 -yl]-propoxy,
2-hydroxy-3-[(2- hydroxy-pyrrolidine)-1 -yl]-propoxy,
2-hydroxy-3-[(3-hydroxy-pyrrolidine)-1 -yl]- propoxy,
2-hydroxy-3-pyrrolidin-1 -yl-propoxy,
2-hydroxy-3-piperazin-1 -yl-propoxy, 2-
hydroxy-3-[4-(lower alkyl)-piperazin-1 -yl]-propoxy,
2-hydroxy-3-[4-(2-hydroxy-ethyl)- piperazin-1
-yl]-propoxy, 2-hydroxy-3-morpholin-4-yl-propoxy, -NR3
1R32 , -NHCO-R3 1 , -CH2-(CH2)k-NHSO2R33 ,
-(CH2)nCH(OH)-CH 2-NHSO2R33, -OCH2-(CH2)m-NHSO2R33,
-OCH 2-CH(OH)-CH 2-NHSO 2R33 , -CH2-(CH2)K-NHCOR34,
-(CH2)nCH(OH)-CH 2- NHCOR34, -OCH2-(CH2)m-NHCOR34, or
-OCH 2-CH(OH)-CH 2-NHCOR 34, wherein R3 1 , R32, R33
and R34 are as defined for Formula (I) above. x)
Another further preferred embodiment of the invention
relates to thiophene derivatives according to any one
of the embodiments i) to viii), wherein R3 represents
hydroxy-lower alkyl, 2,3-dihydroxypropyl,
di-(hydroxy-lower alkyl)-lower alkyl,
(azetidine-3-carboxylic acid)-1 -yl-methyl, -CO-NHR3
1, -(CH2)nCH(OH)-CH 2- NR3 1R32 , lower alkoxy,
hydroxy-lower alkoxy, di-(hydroxy-lower alkyl)-lower
alkoxy, 1-glyceryl, 2-glyceryl,
2-hydroxy-3-methoxy-propoxy, -OCH2-(CH2)m-NR3 1R32 ,
2- amino-3-hydroxy-2-hydroxymethyl-propoxy, -0-CH
2-CONR3 1R32, -OCH2-CH(OH)- CH2-NR3 1R32, -NR3 1R32 ,
-NHCO-R3 1, -CH2-(CH2)k-NHSO2R33, -(CH2)nCH(OH)-CH
2-NHSO2R33, -OCH2-(CH2)m-NHSO2R33, -OCH 2-CH(OH)-CH
2-NHSO 2R33 , -CH2- (CH2)k-NHCOR34, -(CH2)nCH(OH)-CH
2-NHCOR34, -OCH2-(CH2)m-NHCOR34, or -OCH 2-CH(OH)-CH
2-NHCOR 34, wherein R3 1 , R32 , R33 and R34 are as
defined for Formula (I) above. xi) Another further
preferred embodiment of the invention relates to
thiophene derivatives according to any one of the
embodiments i) to viii), wherein R3 represents
hydroxy-lower alkyl, 2,3-dihydroxypropyl,
di-(hydroxy-lower alkyl)-lower alkyl, -CO-NHR3 1,
lower alkoxy, hydroxy-lower alkoxy, di-(hydroxy-lower
alkyl)-lower alkoxy, 1-glyceryl, 2-glyceryl,
2-hydroxy-3-methoxy-propoxy, or -0-CH 2-CONR3 1R32 ,
wherein R3 1 and R32 are as defined for Formula (I)
above. xii) A particularly preferred embodiment of the
invention relates to thiophene derivatives according
to any one of the embodiments i) to xi), wherein R5
represents ethyl. xiii) Another particularly preferred
embodiment of the invention relates to thiophene
derivatives according to any one of the embodiments i)
to xii), wherein R6 represents an unsubstituted phenyl
ring. xiv) A still further preferred embodiment of the
invention relates to thiophene derivatives according
to any one of the embodiments i) to xiii), wherein R7
represents hydrogen. A preferred embodiment of the
present invention relates to a compound of Formula
(I), wherein R1 represents hydrogen; R2 represents
hydrogen, lower alkyl, or lower alkoxy; R3 represents
2,3-dihydroxypropyl, (azetidine-3-carboxylic acid)-1
-yl-methyl, hydroxy, hydroxy-lower alkoxy, 1-glyceryl,
-OCH2-(CH2)m-NR3 1R32 , or -OCH2- CH(OH)-CH 2-NR3
1R32; R3 1 represents hydrogen, methyl, or
2-hydroxyethyl; R32 represents hydrogen or methyl;m
represents the integer 1; R4 represents hydrogen,
lower alkyl or halogen; R5 represents trifluoromethyl,
methyl, ethyl, or propyl; R6 represents phenyl
optionally mono- or di-substituted, wherein the
substituents are independently selected from methyl,
ethyl, trifluoromethyl, halogen and methoxy; or
3-pyridyl; and R7 represents hydrogen. Preferred
compounds of Formula (I) are those of the Examples
given below. Very preferred compounds of Formula (I)
are:
3-[4-((S)-2,3-dihydroxy-propoxy)-3,5-dimethyl-phenyl]-
1 -(5-ethyl-4-phenylthiophen- 2-yl)-propan-1 -one,
3-[4-((S)-2,3-dihydroxy-propoxy)-3,5-dimethyl-phenyl]-
1 -(5-ethyl-4-(2-methylphenyl)-
thiophen-2-yl)-propan-1 -one, and
3-[4-((S)-2,3-dihydroxy-propoxy)-3,5-dimethyl-phenyl]-
1 -(4-phenyl-5-propylthiophen- 2-yl)-propan-1 -one.
The compounds of Formula (I) and their
pharmaceutically acceptable salts can be used as
medicaments, e.g. in the form of pharmaceutical
compositions for enteral, parental or topical
administration. They can be administered, for example,
perorally, e.g. in the form of tablets, coated
tablets, dragees, hard and soft gelatine capsules,
solutions, emulsions or suspensions, rectally, e.g. in
the form of suppositories, parenterally, e.g. in the
form of injection solutions or infusion solutions, or
topically, e.g. in the form of ointments, creams or
oils. 



The production of the pharmaceutical compositions can
be effected in a manner which will be familiar to any
person skilled in the art (see for example Mark
Gibson, Editor, Pharmaceutical Preformulation and
Formulation, IHS Health Group, Englewood, CO, USA,
2001 ; Remington, The Science and Practice of
Pharmacy, 20th Edition, Philadelphia College of
Pharmacy and Science) by bringing the described
compounds of Formula (I) or their pharmaceutically
acceptable salts, optionally in combination with other
therapeutically valuable substances, into agalenical
administration form together with suitable, non-toxic,
inert, therapeutically compatible solid or liquid
carrier materials and, if desired, usual
pharmaceutical adjuvants. The pharmaceutical
compositions comprising a compound of Formula (I) are
useful for the prevention and/or treatment of diseases
or disorders associated with an activated immune
system. Such diseases or disorders are selected from
the group consisting of rejection of transplanted
organs such as kidney, liver, heart, lung, pancreas,
cornea, and skin; graft-versus-host diseases brought
about by stem cell transplantation; autoimmune
syndromes including rheumatoid arthritis, multiple
sclerosis, inflammatory bowel diseases such as Crohn's
disease and ulcerative colitis, psoriasis, psoriatic
arthritis, thyroiditis such as Hashimoto's
thyroiditis, uveo-retinitis; atopic diseases such as
rhinitis, conjunctivitis, dermatitis; asthma; type I
diabetes; post-infectious autoimmune diseases
including rheumatic fever and post-infectious
glomerulonephritis; solid cancers and tumor
metastasis. Preferably, the diseases or disorders to
be prevented or treated with the compounds of Formula
(I) are selected from the group consisting of
rejection of transplanted organs selected from kidney,
liver, heart and lung; graft-versus-host diseases
brought about by stem cell transplantation; autoimmune
syndromes selected from rheumatoid arthritis, multiple
sclerosis, psoriasis, psoriatic arthritis, Crohn's
disease, and Hashimoto's thyroiditis; and atopic
dermatitis. The present invention also relates to a
method for the prevention or treatment of a disease or
disorder mentioned herein comprising administering to
a patient a pharmaceutically active amount of a
compound of Formula (I). Furthermore, compounds of the
Formula (I) are also useful, in combination with one
or several immunomodulating agents, for the prevention
and/or treatment of the diseases and disorders
mentioned herein. According to a preferred embodiment
of the invention, said agents are selected from the
group consisting ofimmunosuppressants,
corticosteroids, NSAID's, cytotoxic drugs, adhesion
molecule inhibitors, cytokines, cytokine inhibitors,
cytokine receptor antagonists and recombinant cytokine
receptors. The present invention also relates to the
use of a compound of Formula (I) for the preparation
of a pharmaceutical composition, optionally for use in
combination with one or several immunomodulating
agents, for the prevention or treatment of the
diseases and disorders mentioned herein. The present
invention also relates to pro-drugs of a compound of
Formula (I) that convert in vivo to the compound of
Formula (I) as such. Any reference to a compound of
Formula (I) is therefore to be understood as referring
also to the corresponding pro-drugs of the compound of
Formula (I), as appropriate and expedient. The
compounds of Formula (I) can be manufactured by the
methods given below, by the methods given in the
Examples or by analogous methods. Optimum reaction
conditions may vary with the particular reactants or
solvents used, but such conditions can be determined
by a person skilled in the art by routine optimisation
procedures. Compounds of the Formula (I) of the
present invention can be prepared according to the
general sequence of reactions outlined below. Only a
few of the synthetic possibilities leading to
compounds of Formula (I) are described. The compounds
of Formula (I) may be prepared by reacting a compound
of Structure 1 with hydrogen in the presence of a
catalyst such as Pd/C, Pt/C, PtO2,etc. in a solvent
such as ethanol, methanol, THF, etc.. The compounds of
Structure 1 may be prepared by reacting a compound of
Structure 2 with a compound of Structure 3 in a
solvent such as methanol, ethanol, isopropanol,
toluene, etc. in the presence of a base such as KOH,
NaOH, NaOMe, NaOEt, potassium tert. butylate, or an
acid such as HCI. Structure 2 The compounds of Formula
(I) in addition may be prepared by reacting a compound
of Structure 4 with a compound of Structure 5 under
Grignard conditions, preferably at temperatures below
room temperature. The Grignard reagent of Structure 5
is prepared according to standard methodology. The
functional groups present in the residues R1 to R4 may
require temporary protection or may even be introduced
in additional steps that follow the Grignard
reaction.The Weinreb amide compound of Structure 4 is
prepared by treating a compound of Structure 6 with
N,O-dimethylhydroxylamine hydrochloride in the
presence of a coupling reagent such as EDC, DCC, TBTU,
etc. (M. Mentzel, H. M. R. Hoffmann, N-Methoxy
N-methyl amides (Weinreb amides) in modern organic
synthesis, Journal fuer Praktische
Chemie/Chemiker-Zeitung 339 ( 1 997), 5 17-524; J.
Singh, N. Satyamurthi, I . S. Aidhen, The growing
synthetic utility of Weinreb's amide, Journal fuer
Praktische Chemie (Weinheim, Germany) 342 (2000)
340-347; V. K. Khlestkin, D. G. Mazhukin, Recent
advances in the application of
N,O-dialkylhydroxylamines in organic chemistry,
Current Organic Chemistry 7 (2003), 967-993).
Structure 6 The compounds of Structure 2 may be
prepared by treating a compound of Structure 6 with
MeLi in a solvent such as diethyl ether, THF, or
dioxane, at temperatures between -20 and 50C.
Alternatively, a compound of Structure 2 may be
prepared by reacting a compound of Structure 4 with
methylmagnesium bromide. The compounds of Structure 6
are either commercially available or are prepared
according to or in analogy to known procedures (e.g.
WO 03/01 4 107; I. C. Gonzalez, L. N. Davis, Ch. K.
Smith, Bioorg. Med. Chem. Lett. 14 (2004) 4037- 4043;
M. J. Rudolph et al. Bioorg. Med. Chem. Lett. 12
(2002) 491 -495; N. L. Subasinghe et al. Bioorg. Med.
Chem. Lett. 11(2001 ) 1379-1382 and literature cited
therein; T. Thiemann, M. Watanabe, Y. Tanaka, S.
Mataka, J. Chem. Res. 2004, 723-727). Examples The
following examples illustrate the invention but do not
at all limit the scope thereof.All temperatures are
stated in C. Compounds are characterized by 1H-NMR
(300 MHz) or 13C-NMR (75 MHz) (Varian Oxford; chemical
shifts are given in ppm relative to the solvent used;
multiplicities: s = singlet, d = doublet, t = triplet;
p = pentuplet, hex = hexet, hept = heptet, m =
multiplet, br = broad, coupling constants are given in
Hz); by LC-MS (Finnigan Navigator with HP 1100 Binary
Pump and DAD, column: 4.6x50 mm, Zorbax SB-AQ, 5 mm,
120 A, gradient: 5-95% acetonitrile in water, 1 min,
with 0.04% trifluoroacetic acid, flow: 4.5 mL/min), tR
is given in min; by TLC (TLC-plates from Merck, Silica
gel 60 F2S4) ; or by melting point. Compounds are
purified by preparative HPLC (column: X-terra RP1 8,
50x1 9 mm, 5 mm, gradient: 10-95% acetonitrile in
water containing 0.5 % of formic acid) or by MPLC
(Labomatic MD-80-1 00 pump, Linear UVIS-201 detector,
column: 350x1 8 mm, Labogel-RP-1 8-5s-1 00, gradient:
10% methanol in water to 100% methanol). Abbreviations
(as used herein) approx. approximately aq. aqueous atm
atmosphere BSA bovine serum albumin 



Bu butyl CC column chromatography DCC dicyclohexyl
carbodiimide DCM dichloromethane DIPEA
diisopropyl-ethylamine, Hnig's base,
ethyl-diisopropylamine DMF dimethylformamide DMSO
dimethylsulfoxide EA ethyl acetate EDC
N-(3-dimethylaminopropyl)-N'-ethyl-carbodiimide Et
ethyl h hour(s) HPLC high performance liquid
chromatography LC-MS liquid chromatography - mass
spectrometry Me methylmin minute(s) MPLC medium
pressure liquid chromatography OAc acetate PdCI2(dppf)
dichloro[1 , 1
'-bis(diphenylphosphino)ferrocene]palladium (II) Ph
phenyl prep. preparative TBTU 2-(1 H-benzotriazole-1
-yl)-1 ,2,3,3-tetramethyluronium tetrafluoroborate THF
tetrahydrofuran rt room temperature sat. saturated S
1P sphingosine 1-phosphate TLC thin layer
chromatography tR retention time Methanesulfonic acid
2,2-dimethyl-[1 ,3]dioxan-5-ylmethyl ester The title
compound is prepared following the procedures given in
B. Xu, A. Stephens, G. Kirschenheuter, A. F. Greslin,
X. Cheng, J. Sennelo, M. Cattaneo, M. L. Zighetti, A.
Chen, S.-A. Kim, H. S. Kim, N. Bischofberger, G. Cook,
K. A. Jacobson, J. Med. Chem. 45 (2002) 5694-5709.
Example 1 a) At 0C, DMF (4.3 mL) is carefully treated
with phosphoroxychloride (2.8 mL) and the mixture is
stirred at rt for 20 min before 1, 1 , 1
-trifluoro-3-phenyl-propan-2-one ( 1 .55 mL, 10 mmol)
is slowly added. The reaction mixture is stirred for 2
h at 45Cand 18 h at rt, diluted with sat. aq.
Na-acetate solution (20 ml_) and water (40 ml_) and
extracted with diethyl ether. The organic phase is
separated, washed with sat. aq. NaHCO3-solution, dried
over Na2SO4 and evaporated to give 3-chloro-4,4,4-
trifluoro-2-phenyl-but-2-enal (2.20 g) as a pale
yellow oil. b) To a solution of ethyl
2-mercaptoacetate (0.88 g, 6.75 mmol) in THF (45 ml_)
NaH (271 mg, 6.75 mmol, 60% in mineral oil) is added
at - 10C. The mixture is stirred at 0C for 30 min
before a solution of
3-chloro-4,4,4-trifluoro-2-phenyl-but-2-enal 1.32 g
(4.5 mmol) in THF (5 ml_) is added. The reaction
mixture is stirred at rt for 45 min, then treated with
2 N aq. NaOH (2 ml_). Stirring is continued for 15 min
and the mixture is diluted with water ( 100 ml_) and 1
N aq. NaOH ( 15 ml_). The mixture is extracted with
diethyl ether (70 ml_). The organic extract is dried
over Na2SO4 and evaporated. The crude product is
purified by prep. HPLC (Waters Xterra MS1 8, 75 x
30mm, 10mm, 10 to 95% acetonitrile in water containing
0.5% formic acid) to give 4-
phenyl-5-trifluoromethyl-thiophene-2-carboxylic acid
ethyl ester (760 mg) as a brownish oil, LC-MS: tR = 1.
12 min; 1H NMR (CDCI3) : d 7.75-7.72 (m, 1H), 7.42 (s,
5H), 4.39 (q, J = 7.0 Hz, 2H), 1.40 (t, J = 7.0 Hz,
3H). c) A solution of
4-phenyl-5-trifluoromethyl-thiophene-2-carboxylic acid
ethyl ester (750 mg, 2.50 mmol) in ethanol ( 12 mL)
and 2 N aq. LiOH (6 mL) is stirred at 65C for 2 h. The
reaction mixture is cooled to rt, diluted with water
(60 mL) and extracted with DCM (50 mL). The aq. phase
is acidified by adding 2 N aq. HCI (7 mL) and
extracted twice with DCM (2x50 mL). These organic
extracts are combined, washed with sat. aq. NaHCO3,
dried over Na2SO4, evaporated and dried under high
vacuum to give
4-phenyl-5-trifluoromethyl-thiophene-2-carboxylic acid
(670 mg) as a brown solid, LC-MS: tR = 0.97 min, 1H
NMR (D6-DMSO): d 7.57-7.54 (m, 1H), 7.46-7.42 (m, 5H).
d) To a solution of
4-phenyl-5-trifluoromethyl-thiophene-2-carboxylic acid
(272 mg, 1.0 mmol) in THF ( 10 mL), a solution of MeLi
( 1 .30 mL, 1.6 M solution in diethyl ether) is added.
The dark red reaction mixture is stirred at rt for 10
min. The reaction is quenched by adding sat. aq. NH4CI
( 10 mL). The organic phase is separated, dried over
Na2SO4 and evaporated. The crude product is purified
by prep. HPLC(Waters Xterra MS1 8, 75 x 30mm, 10mm, 10
to 95% acetonitrile in water containing 0.5 % formic
acid) to give
1-(4-phenyl-5-trifluoromethyl-thiophen-2-yl)-ethanone
(31 mg) as pale yellow oil, LC-MS: tR = 1.06 min, 1H
NMR (CDCI3) : d 7.62-7.60 (m, 1H), 7.45-7.40 (m, 5H),
2.60 (s, 3H). d) A solution of
1-(4-phenyl-5-trifluoromethyl-thiophen-2-yl)-ethanone
(30 mg, 0.135 mmol) and
3,5-dimethyl-4-hydroxybenzaldehyde (41 mg, 0.27 mmol)
in ethanol ( 1 ml_) and 5 N HCI in isopropanol (0.5
ml_) is stirred at rt for 18 h. The reaction mixture
is diluted with water ( 10 ml_), sat. aq. NaHCO3 ( 15
ml_) and 1 N NaOH, and extracted with DCM (25 ml_).
The organic extract is dried over Na2SO4 and
evaporated to give 3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(4-phenyl-5-trifluoromethylthiophen- 2-yl)-propenone
(38 mg) as a brown solid, LC-MS: tR = 1. 17 min. e) A
solution of 3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(4-phenyl-5-trifluoromethylthiophen- 2-yl)-propenone
(30 mg, 0.075 mmol) in ethanol (3 mL) is treated with
Pd/C (25 mg, 10 % Pd) and the resulting suspension is
stirred at rt for 1 h under 1 atm H2. The mixture is
filtered over celite and the solvent is removed in
vacuo to give 3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(4-phenyl-5-trifluoromethyl-thiophen-2-yl)- propan-1
-one (28 mg) as a green oil, LC-MS: tR = 1. 13 min, 1H
NMR (CDCI3) : d 7.56-7.53 (m, 1H), 7.46-7.38 (m, 5H),
6.83 (s, 2H), 4.48 (s, 1H), 3.1 8 (t, J = 7.6 Hz, 2H),
2.94 (t, J = 7.6 Hz, 2H), 2.21 (s, 6H). Example 2 A
solution of 3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(4-phenyl-5-trifluoromethylthiophen- 2-yl)-propan-1
-one (8 mg, 20 mmol) in 2-propanol (0.7 mL) and 2 N
aq. NaOH (0.27 mL) is treated with
(S)-3-chloro-propane-1 ,2-diol (9 mg, 80 mmol) and the
mixture is stirred at 65C for 24 h. The mixture is
cooled to rt, diluted with formicacid (0.25 ml_) and
separated by prep. HPLC (Waters Xterra MS1 8 19x50mm
5mm, 10 to 95% acetonitrile in water containing 0.5 %
formic acid) to give 3-[4-((S)-2,3-
dihydroxy-propoxy)-3,5-dimethyl-phenyl]-1
-(4-phenyl-5-trifluoro-methyl-thiophen-2- yl)-propan-1
-one (3 mg) as a colourless lyophilisate; LC-MS: tR =
1.06 min, [M+1]+ = 479.21 . Example 3 A solution of
3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(4-phenyl-5-trifluoromethylthiophen- 2-yl)-propan-1
-one (8 mg, 20 mmol) in 2-propanol (0.7 mL) and 2 N
aq. NaOH (0.27 mL) is treated with 2-bromoethanol ( 10
mg, 80 mmol) and the mixture is stirred at 65C for 2
h. The mixture is cooled to rt, diluted with formic
acid (0.25 mL) and separated by prep. HPLC (Waters
Xterra MS1 8 19x50mm 5mm, 10 to 95% acetonitrile in
water containing 0.5 % formic acid) to give
3-[4-(2-hydroxy-ethoxy)- 3,5-dimethyl-phenyl]-1
-(4-phenyl-5-trifluoro-methyl-thiophen-2-yl)-propan-1
-one (4 mg) as a colourless lyophilisate; LC-MS: tR =
1. 12 min, [M+1 ]+ = 449.1 5. Example 4 a) Phosphoroxy
chloride ( 17 mL, 186 mmol) is slowly added to DMF (
17 mL) at 5C and the mixture is stirred at rt for 40
min before phenylacetone (9.5 mL, 74.5 mmol) is added
at 8C. The reaction mixture is stirred for 1 h at 8C,
then at 72C for 3.5 h. 



The mixture is cooled to rt, diluted with water/ice
and buffered by adding Na-acetate (40 g). The solution
is extracted twice with EA (250 mL). The organic
extracts arewashed with water and evaporated. The
crude product is purfied by CC on silica gel eluting
with heptane : EA 4:1 to give
3-chloro-2-phenyl-but-2-enal (8.96 g) as an orange
liquid; 1H NMR (CDCI3) : d 10.42 (s, 1H), 7.42-7.30
(m, 5H), 2.29 (s, 3H). b) Ethyl 2-mercaptoacetate
(5.92 g, 49.3 mmol) is added to a freshly prepared
solution of sodium ( 1 .2 g, 50 mmol) in ethanol (50
ml_). To this solution 3-chloro-2- phenyl-but-2-enal
(8.90 g, 49.3 mmol) is added and the mixture is
stirred at rt for 16 h, then at 70C for 2 h. A 2 N aq.
solution of LiOH (30 ml_) is added and stirring is
continued at 70C for 2 h. The ethanol is removed in
vacuo, the remaining mixture is diluted with water and
extracted with DCM. The aq. phase is acidified with
aq. HCI and extracted with diethyl ether. The solvent
of the ether phase is evaporated, the residue is
suspended in acetonitrile, filtered and washed with
additional acetonitrile and dried to give
5-methyl-4-phenyl-thiophene-2-carboxylic acid (4.45 g)
as a yellow powder, LC-MS: tR = 0.92 min, [M+1 +MeCN]+
= 260.13; 1H NMR (CDCI3) : d 7.84 (s, 1H), 7.46-7.33
(m, 5H), 2.55 (s, 3H). c) To a solution of
5-methyl-4-phenyl-thiophene-2-carboxylic acid ( 1 .50
g, 6.87 mmol) in diethyl ether ( 100 mL) MeLi (7 mL,
1.5 M in diethyl ether) is added at 5C. The mixture is
stirred at rt for 90 min before another portion of
MeLi ( 1 mL) is added. Stirring is continued for 1 h.
The mixture is diluted with water and extracted with
EA. The organic extracts are evaporated and the crude
product is purified by CC on silica gel eluting with
heptane:EA 4:1 to give
1-(5-methyl-4-phenyl-thiophen-2-yl)- ethanone (490 mg)
as a colourless oil, LC-MS: tR = 1.00 min, [M+1 ]+ = 2
17.1 0; 1H NMR (CDCI3) : d 7.62 (s, 1H), 7.48-7.33 (m,
5H), 2.54 (s, 6H). d) A solution of
1-(5-methyl-4-phenyl-thiophen-2-yl)-ethanone (41 9 mg,
1.94 mmol) and 3,5-dimethyl-4-hydroxybenzaldehyde (350
mg, 2.33 mmol) in ethanol (4 mL) and 5 N HCI in
isopropanol (2 mL) is stirred at rt for 1 h. The dark
green solution is diluted with water and extracted
with EA. The organic extract is evaporated, dissolved
in ethanol ( 10 mL) and treated with Pd/C (60 mg, 10%
Pd). The slurry is hydrogenated under 1.4 bar of H2
for 6 h. The mixture is filtered, the solvent is
removed in vacuo and the crude product is purified by
CC on silica gel eluting with heptane:EA 4:1 to give
3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(5-methyl-4-phenylthiophen-2-yl)-propan-1 -one (360
mg) as a colourless resin; LC-MS: tR = 1.09 min, [M+ I
]+ = 351 .25; 1H NMR (CDCI3) : d 7.60 (s, 1H),
7.46-7.30 (m, 5H), 6.85 8s, 2H), 4.48 (s, 1H), 3.14
(dd, J = 7.0, 8.2 Hz, 2H), 2.92 (dd, J = 7.0, 8.2 Hz,
2H), 2.52 (s, 3H), 2.21 (s, 6H). Example 5 A solution
of 3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(5-methyl-4-phenyl-thiophen-2-yl)- propan-1 -one (60
mg, 0.1 72 mmol) in 2-propanol ( 1 ml_) and 3 N aq.
NaOH (0.3 ml_) is treated with (S)-3-chloro-propane-1
,2-diol (95 mg, 0.86 mmol) and the mixture is stirred
at 70C for 24 h. The solvent is evaporated and the
residue is purified on prep. TLC plates with EA to
give
3-[4-((S)-2,3-dihydroxy-propoxy)-3,5-dimethylphenyl]-
1 -(5-methyl-4-phenyl-thiophen-2-yl)-propan-1 -one (44
mg) as an oil; LC-MS: tR = 1.00 min, [M+ I ]+ =
425.23; 1H NMR (CDCI3) : d 7.60 (s, 1H), 7.46-7.32 (m,
5H), 6.88 (s, 2H), 4.1 1-4.06 (m, 1H), 3.86-3.80 (m,
4H), 3.1 9-3.1 1 (m, 2H), 2.98-2.91 (m, 2H), 2.72 (d,
J = 5.3 Hz, 1H), 2.53 (s, 3H), 2.25 (s, 6H), 2.1
1-2.05 (m, 1H). Example 6 a) A solution of
3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(5-methyl-4-phenyl-thiophen-2- yl)-propan-1 -one (300
mg, 0.86 mmol) in 2-propanol (7.5 mL) and 3 N aq. NaOH
(2.5 mL) is treated with epichlorohydrine ( 158 mg,
1.72 mmol) and the mixture is stirred at rt for 24 h,
then diluted with water and extracted with EA. The
solvent ofthe organic extract is evaporated and the
residue is purified by CC on silica gel eluting with
hepaten:EA 5:1 to give
3-(3,5-dimethyl-4-oxiranylmethoxy-phenyl)-1 -(5-
methyl-4-phenyl-thiophen-2-yl)-propan-1 -one (92 mg)
as an oil; LC-MS: tR = 1. 13 min, [M+1 ]+ = 407.24. b)
A solution of
3-(3,5-dimethyl-4-oxiranylmethoxy-phenyl)-1
-(5-methyl-4-phenylthiophen- 2-yl)-propan-1 -one (30
mg, 74 mmol) in methanol ( 1 ml_) and ammonia (22 ml_,
approx. 7 N solution in methanol) is stirred at 65C
for 4 h and at rt for 18 h. The solvent is removed in
vacuo and the residue is purified by prep. HPLC to
give 3-[4-
(3-amino-2-hydroxy-propoxy)-3,5-dimethyl-phenyl]-1
-(5-methyl-4-phenyl-thiophen-2- yl)-propan-1 -one (4
mg) as a colourless resin; LC-MS: tR = 0.87 min,
[M+1]+ = 424.24. Example 7 A solution of
3-(3,5-dimethyl-4-oxiranylmethoxy-phenyl)-1
-(5-methyl-4-phenylthiophen- 2-yl)-propan-1 -one (33
mg, 82 mmol) and methylamine (0.082 mL, 2 M solution
in THF) in methanol ( 1 mL) is stirred at 65 C for 4 h
and at rt for 18 h. The solvent is removed in vacuo
and the residue is purified by prep. HPLC to give
3-[4-
(2-hydroxy-3-methylamino-propoxy)-3,5-dimethyl-phenyl]
-1 -(5-methyl-4-phenylthiophen- 2-yl)-propan-1 -one (4
mg) as a colourless resin; LC-MS: tR = 0.88 min, [M+ I
]+ = 438.25, 1H NMR (as formate salt) (CDCI3) : d 8.56
(s, 1H), 7.60 (s, 1H), 7.45-7.30 (m, 5H), 6.85 (m,
2H), 4.60 (s br, 2H), 4.37-4.30 (m, 1H), 3.81 -3.70
(m, 2H), 3.1 8-3.1 0 (m, 4H), 2.96-2.88 (m, 2H), 2.70
(s, 3H), 2.51 (s, 3H), 2.20 (s, 6H). Example 8A
solution of
3-(3,5-dimethyl-4-oxiranylmethoxy-phenyl)-1
-(5-methyl-4-phenylthiophen- 2-yl)-propan-1 -one (30
mg, 74 mmol) and aminoethanol (9 mg, 0.148 mmol) in
methanol ( 1 ml_) is stirred at 65C for 4 h. The
solvent is removed in vacuo and the residue is
purified by prep. HPLC to give
3-{4-[2-hydroxy-3-(2-hydroxyethylamino)-
propoxy]-3,5-dimethyl-phenyl}-1
-(5-methyl-4-phenyl-thiophen-2-yl)- propan-1 -one (22
mg) as a colourless resin; LC-MS: tR = 0.88 min, [M+1
]+ = 468.28. Example 9 a) At -78C, a solution of
4-phenylthiophene-2-carboxylic acid (800 mg, 3.92
mmol) in THF ( 10 mL) is treated with tert.-Bu  (8 mL,
1.6 M in pentane). The mixture is stirred at -70C for
40 min before iodomethane ( 1 mL) is added. Stirring
is continued for 5 h at -78C, then the reaction
mixture is allowed to warm to rt overnight. The
reaction is quenched with sat. aq. NH4CI and extracted
with EA. The organic extract is dried over MgSO4, the
solvent is removed and the crude product is purified
by CC on silica gel eluting with DCM containing 3% of
methanol to give 5-ethyl-4-phenylthiophene-
2-carboxylic acid (340 mg) as a red solid; LC-MS: tR =
0.95 min, [M+ UMeCN] + = 274.1 5; 1H NMR (CDCI3) : d
7.79 (s, 1H), 7.46-7.31 (m, 5H), 2.92 (q, J = 7.6 Hz,
2H), 1.30 (t, J = 7.6 Hz, 3H). b) At 5C a solution of
5-ethyl-4-phenyl-thiophene-2-carboxylic acid ( 180 mg,
0.775 mmol) in THF (4 mL) is treated with MeLi (0.9
mL, 1.6 M in diethyl ether). The reaction mixture is
stirred at rt for 30 min before another portion of
MeLi (0.5 mL) isadded. Stirring is continued for 1 h,
the reaction is quenched by adding water (50 ml_) and
extracted with EA. The organic extract is dried over
MgSO4, the solvent is removed in vacuo, and the crude
product is purified by CC on silica gel eluting with
heptane:EA 30:1 to give
1-(5-ethyl-4-phenyl-thiophen-2-yl)-ethanone (64 mg) as
a colourless oil; LC-MS: tR = 1.03 min, [M+1 +MeCN] +
= 272.1 5; 1H NMR (CDCI3) : d 7.60 (s, 1H), 7.47-7.32
(m, 5H), 2.91 (q, J = 7.6 Hz, 2H), 2.54 (s, 3H), 1.30
(t, J = 7.6 Hz, 3H). c) A solution of
1-(5-ethyl-4-phenyl-thiophen-2-yl)-ethanone (64 mg,
0.278 mmol) and 3,5-dimethyl-4-hydroxybenzaldehyde (53
mg, 0.334 mmol) in ethanol ( 1 .2 ml_) and 5 N HCI in
isopropanol (0.6 ml_) is stirred at rt for 1 h. The
dark green solution is diluted with water and
extracted with EA. The organic extract is evaporated,
dissolved in methanol ( 1 ml_) and THF ( 1 ml_), and
treated with Pd/C (60 mg, 10% Pd). The slurry is
hydrogenated under 1.4 bar of H2 for 1.5 h. The
mixture is filtered over celite, the solvent is
removed in vacuo and the crude product is purified on
prep. TLC plates with heptane:EA 2:1 to give
3-(4-hydroxy-3,5-dimethyl-phenyl)-1 -
(5-ethyl-4-phenyl-thiophen-2-yl)-propan-1 -one (59 mg)
as a yellow oil; LC-MS: tR = 1. 1 1 min; 1H NMR
(CDCI3) : d 7.58 (s, 1H), 7.46-7.30 (m, 5H), 6.85 (s,
2H), 4.56 (s, 



1H), 3.1 8-3.1 0 (m, 2H), 2.97-2.86 (m, 4H), 2.22 (s,
6H), 1.30 (t, J = 7.6 Hz, 3H). Example 10 A solution
of 3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(5-ethyl-4-phenyl-thiophen-2-yl)- propan-1 -one (52
mg, 0.1 43 mmol) in 2-propanol ( 1 mL) and 3 N aq.
NaOH (0.3 mL) is treated with (S)-3-chloro-propane-1
,2-diol (79 mg, 0.71 mmol) and the mixture is stirred
at 70C for 15 h. The reaction mixture is diluted with
water and extracted with DCM. The solvent of the
organic extract is evaporated and the crude product is
purified on prep. TLC plates with heptane:EA 1:3 to
give
3-[4-((S)-2,3-dihydroxypropoxy)-3,5-dimethyl-phenyl]-1
-(5-ethyl-4-phenyl-thiophen-2-yl)-propan-1 -one ( 14
mg) as a colourless resin; LC-MS: tR = 1.03 min, [M+1
]+ = 439.25; 1H NMR (CDCI3) : d 7.58 (s, 1H),
7.45-7.30 (m, 5H), 6.88 (s, 2H), 4.1 1-4.04 (m, 1H),
3.87-3.80 (m, 4H), 3.67-3.60 (m, 2H), 3.60-3.56 (m,
1H), 3.48-3.40 (m, 1H), 3.20-3.1 0 (m, 2H), 2.98- 2.87
(m, 4H), 2.25 (s, 6H), 1.30 (t, J = 7.6 Hz, 3H).
Example 11 a) To a cold solution (5C) of
3,5-diemthyl-4-hydroxybenzaldehyde (2.5 g, 16.6 mmol)
in DCM (25 ml_) and pyridine (3.8 ml_),
trifluoromethanesulfonic acid anhydride (3 ml_) is
slolwly added. Upon complete addition, the mixture is
warmed to rt and stirred for 2 h. The mixture is
diluted with EA ( 150 ml_) and washed with water (2x1
00 ml_) The solvent of the organic phase is evaporated
and the crude product is purified by CC on silica gel
eluting with heptane:EA 3:1 to give t rifluoro
methanesulfonic acid 4-formyl-2,6-dimethyl-phenyl
ester (3.1 3 g) as a colourless liquid. b) To a
solution of trifluoromethanesulfonic acid
4-formyl-2,6-dimethyl-phenyl ester (3.1 3 g, 11. 1
mmol), bis(triphenylphosphine)palladium dichloride
(682 mg, 0.972 mmol), triphenylphosphine ( 1 .76 g,
6.7 mmol), LiCI (3.98 g, 93.8 mmol) and a trace of
2,6-di-tert.-butyl-4-methylphenol in DMF (30 mL),
allyltributylstannane (2 mL) is added. The mixture is
heated to 120C and stirred for 2 h before another
portion of allyltributylstannane (2 mL) is added.
Stirring is continued at 120C for 1 h. The mixture is
cooled to rt, diluted with water ( 100 mL) and
extracted with EA. The organic extract is washed with
1.5 M aq. HCI (2x1 00 mL), dried over MgSO4, and the
solvent is evaporated. The crude product is purified
by CC on silica gel eluting with heptane:EA 20:1 to
give 4-allyl-3,5-dimethyl-benzaldehyde ( 1 .34 g) as a
colourless liquid; 1H NMR (CDCI3: d 9.92 (s, 1H), 7.53
(s, 2H), 5.96-5.80 (m, 1H), 5.06-5.00 (m, 1H),
4.87-4.78 (m, 1H), 3.48-3.40 (m, 2H), 2.38 (s, 6H).c)
To a solution of 4-allyl-3,5-dimethyl-benzaldehyde
(500 mg, 2.87 mmol) in acetone ( 10 ml_) and water
(0.4 ml_), N-methylmorpholine-N-oxide (465 mg, 3.44
mmol) and OsO4 ( 1 ml_, 2.5% solution in
tert.-butanol) is added. The reaction mixture is
stirred at rt for 3 h before it is diluted with DCM
and washed with 10% aq. citric acid solution. The
organic layer is dried over MgSO4 and the solvent is
removed in vacuo. The crude product is purified by CC
on silica gel eluting with EA to give
4-(2,3-dihydroxy-propyl)-3,5-dimethyl-benzaldehyde (
190 mg) as a colourless oil; LC-MS: tR = 0.69 min,
[M+1 +CH3CN]+ = 250.28. d) A solution of
4-(2,3-dihydroxy-propyl)-3,5-dimethyl-benzaldehyde (64
mg, 0.308 mmol) and
1-(5-ethyl-4-phenyl-thiophen-2-yl)-ethanone (50 mg,
0.21 8 mmol) in ethanol (2 ml_) and 5 N HCI in
isopropanol (0.5 ml_) is stirred at rt for 5 days. The
solvent is removed in vacuo and the residue is
separated by prep. HPLC. Product containing fractions
are treated with sat. aq. NaHCO3 and 3 M aq. NaOH (5
mL). The mixture is stirred at rt for 1 h, then
extracted with DCM. The solvent of the organic extract
is removed. The residue is dissolved in THF:methanol
1: 1 (5 mL) and is treated with Pd/C. The slurry is
stirred at rt for 16 h under 1.5 bar of H2. The
mixture is filtered over celite and the filtrate is
evaporated to give 3-[4-(2,3-
dihydroxy-propyl)-3,5-dimethyl-phenyl]-1
-(5-ethyl-4-phenyl-thiophen-2-yl)-propan-1 - one (20
mg) as a colourless oil, LC-MS: tR = 1.04 min, [M+1 ]+
= 423.28. Example 12 a) A solution of
3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(5-ethyl-4-phenyl-thiophen-2- yl)-propan-1 -one (296
mg, 0.81 mmol) in 2-propanol (2.5 mL) and 3 N aq. NaOH
( 1 mL) is treated with epichlorohydrine ( 150 mg,
1.63 mmol) and the mixture is stirred at rt for 24 h,
then diluted with water and extracted with EA. The
solvent of theorganic extract is evaporated and the
residue is purified by CC on silica gel eluting with
hepaten:EA 4:1 to give
3-(3,5-dimethyl-4-oxiranylmethoxy-phenyl)-1
-(5-ethyl-4- phenyl-thiophen-2-yl)-propan-1 -one ( 160
mg) as a pale yellow oil; LC-MS: tR = 1. 16 min, [M+ I
]+ = 421 .22, 1H NMR (CDCI3) : d 7.58 (s, 1H),
7.45-7.30 (m, 5H), 6.88 (s, 2H), 3.99 (dd, J = 2.9,
11. 1 Hz, 1H), 3.72 (dd, J = 5.8, 11. 1 Hz, 1H),
3.38-3.31 (m, 1H), 3.1 9-3.1 1 (m, 2H), 2.98-2.85 (m,
5H), 2.72-2.67 (m, 1H), 2.26 (s, 6H), 1.30 (t, J = 7.6
Hz, 3H). b) A solution of
3-(3,5-dimethyl-4-oxiranylmethoxy-phenyl)-1
-(5-ethyl-4-phenylthiophen- 2-yl)-propan-1 -one (30
mg, 72 mmol) in methanol (2 ml_) and ammonia (22 ml_,
7 N solution in methanol) is stirred for 16 h at rt
and for 16 h at 40C before the solvent is evaporated.
The residue is separated by prep. HPLC to give the
formate salt of
3-[4-(3-amino-2-hydroxy-propoxy)-3,5-dimethyl-phenyl]-
1 -(5-ethyl-4-phenylthiophen- 2-yl)-propan-1 -one (4
mg) as a colourless resin; LC-MS: tR = 0.89 min, [M+ I
]+ = 438.24, 1H NMR (CDCI3) : d 8.54 (s, 1H), 7.56 (s,
1H), 7.42-7.26 (m, 5H), 6.79 (s, 2H), 5.22 (s br, 3H),
4.26-4.1 8 (m, 1H), 3.75-3.66 (m, 2H), 3.24-3.06 (m,
3H), 2.94-2.80 (m, 4H), 2.28-2.20 (m, 1H), 2.1 4 (s,
6H), 1.28 (t, J = 7.0 Hz, 3H). Example 13 A solution
of 3-(3,5-dimethyl-4-oxiranylmethoxy-phenyl)-1
-(5-ethyl-4-phenylthiophen- 2-yl)-propan-1 -one (30
mg, 72 mmol) and methylamine (80 mL, 2 M solution in
THF) in methanol (2 mL) is stirred for 16 h at rt and
for 16 h at 40C before the solvent is evaporated. The
residue is separated by prep. HPLC to give the formate
salt of
1-(5-ethyl-4-phenyl-thiophen-2-yl)-3-[4-(2-hydroxy-3-m
ethylamino-propoxy)- 3,5-dimethyl-phenyl]-propan-1
-one (4 mg) as a colourless resin; LC-MS: XR = 0.91
min, [M+ I ]+ = 452.25.Example 14 A solution of
3-(3,5-dimethyl-4-oxiranylmethoxy-phenyl)-1
-(5-ethyl-4-phenylthiophen- 2-yl)-propan-1 -one (30
mg, 72 mmol) and aminoethanol (9 mg, 150 mmol) in
methanol (2 ml_) is stirred for 4 h at 60C before the
solvent is evaporated. The residue is separated by
prep. HPLC to give the formate salt of
1-(5-ethyl-4-phenylthiophen-
2-yl)-3-{4-[2-hydroxy-3-(2-hydroxy-ethylamino)-propoxy
]-3,5-dimethylphenyl}- propan-1 -one ( 14 mg) as a
colourless resin; LC-MS: tR = 0.89 min, [M+1]+ =
482.32, 1 H NMR (CDCI3) : d 8.54 (s, 1H), 7.57 (s,
1H), 7.45-7.30 (m, 5H), 6.85 (s, 2H), 4.34-4.26 (m,
1H), 3.88-3.84 (m, 2H), 3.80-3.75 (m, 2H), 3.65 (s br,
4H), 3.23- 3.05 (m, 6H), 2.98-2.86 (m, 4H), 2.21 (s,
6H), 1.29 (t, J = 7.6 Hz, 3H). Example 15 A solution
of 1-(5-ethyl-4-phenyl-thiophen-2-yl)-ethanone (200
mg, 0.869 mmol) and
3-chloro-4-hydroxy-5-methoxybenzaldehyde ( 194 mg,
1.04 mmol) in ethanol (2 mL) and 5 N HCI in
isopropanol ( 1 mL) is stirred at rt for 18 h. The
dark green solution is diluted with water and
extracted with EA. The organic extract is evaporated,
dissolved in methanol (5 mL) and THF (5 mL) and
treated with Pd/C ( 150 mg, 10% Pd). The slurry is
hydrogenated under 1.8 bar of H2 for 18 h. The mixture
is filtered over celite, the solvent is removed in
vacuo and the crude product is purified by CC on
silica gel eluting with heptane:EA 7:3 to give
3-(3-chloro-4-hydroxy-5-methoxyphenyl)- 1
-(5-ethyl-4-phenyl-thiophen-2-yl)-propan-1 -one (208
mg) as a colourless oil; LC-MS: tR = 1. 10 min, [M+ I
]+ = 401 .12; 1H NMR (CDCI3) : d 7.58 (s, 1H),
7.46-7.30 (m, 5H), 6.83 (d, J = 1.8 Hz, 1H), 6.67 (d,
J = 1.8 Hz, 1H), 3.88 (s, 3H), 3.1 6 (t, J = 7.6 Hz,
2H), 2.98 (t, J = 7.6 Hz, 2H), 2.91 (q, J = 7.6 Hz,
2H), 1.30 (t, J = 7.6 Hz, 3H). Example 16 a) A
solution of 3-(3-chloro-4-hydroxy-5-methoxy-phenyl)-1
-(5-ethyl-4-phenylthiophen- 2-yl)-propan-1 -one ( 150
mg, 0.375 mmol) in 2-propanol (3 ml_) and 3 N aq. NaOH
( 1 ml_) is treated with epichlorohydrine ( 104 mg, 1.
12 mmol) and the mixture 



is stirred at 70C for 24 h, then diluted with water
and extracted with EA. The solvent of the organic
extract is evaporated and the residue is purified by
CC on silica gel eluting with heptane:EA 1: 1 to give
3-(3-chloro-4-hydroxy-5-methoxy-phenyl)-1 -(5-
ethyl-4-phenyl-thiophen-2-yl)-propan-1 -one ( 100 mg)
a colourless oil; LC-MS: tR = 1. 14 min, [M+1 ]+ =
457.1 3 . b) A solution of
3-(3-chloro-4-hydroxy-5-methoxy-phenyl)-1
-(5-ethyl-4-phenylthiophen- 2-yl)-propan-1 -one (50
mg, 110 mmol) in methanol (2 ml_) and ammonia (53 ml_,
7 N solution in methanol) is stirred for 16 h at 60C
before the solvent is evaporated. The residue is
separated by prep. HPLC to give the formate salt of
3-[4-
(3-amino-2-hydroxy-propoxy)-3,5-dimethyl-phenyl]-1
-(5-ethyl-4-phenyl-thiophen-2- yl)-propan-1 -one (5
mg) as a colourless resin; LC-MS: tR = 0.90 min,
[M+1]+ = 474.28. Example 17A solution of
3-(3-chloro-4-hydroxy-5-methoxy-phenyl)-1
-(5-ethyl-4-phenyl-thiophen- 2-yl)-propan-1 -one (50
mg, 110 mmol) and methylamine (55 ml_, 2 M solution in
THF) in methanol (4 ml_) is stirred for 16 h at rt and
for 16 h at 70C before the solvent is evaporated. The
residue is separated by prep. HPLC to give the formate
salt of 3-[3-
chloro-4-(2-hydroxy-3-methylamino-propoxy)-5-methoxy-p
henyl]-1 -(5-ethyl-4- phenyl-thiophen-2-yl)-propan-1
-one (7 mg) as a colourless oil; LC-MS: tR = 0.90 min,
[M+1 ]+ = 488.1 8. Example 18 a) A solution of
1-(5-ethyl-4-phenyl-thiophen-2-yl)-ethanone (600 mg,
2.61 mmol) and terephthalaldehyde (874 mg, 6.51 mmol)
in ethanol ( 10 mL) and 5 N HCI in isopropanol (5 mL)
is stirred at rt for 3 days. The reaction mixture is
diluted with water and extracted with diethyl ether.
The organic extract is washed with water and sat. aq.
NaHCO3 solution and the solvent is evaporated. The
crude product is purified by CC on silica gel eluting
with heptane:EA 4:1 to give 4-[3-(5-ethyl-4-
phenyl-thiophen-2-yl)-3-oxo-propenyl]-benzaldehyde
(280 mg) as a yellow solid, LCMS: tR = 1. 14 min, [M+1
]+ = 347.14, 1H NMR (CDCI3) : d 10.05 (s, 1H),
7.95-7.88 (m, 2H), 7.84-7.77 (m, 3H), 7.52-7.35 (m,
5H), 2.96 (q, J = 7.6 Hz, 2H), 1.35 (t, J = 7.6 Hz,
3H). b) A solution of
4-[3-(5-ethyl-4-phenyl-thiophen-2-yl)-3-oxo-propenyl]-
benzaldehyde ( 140 mg, 0.405 mmol) and
azetidine-3-carboxylic acid (51 mg, 0.506 mmol)
andNaBH(OAc) 3 (257 mg, 1.21 mmol) in THF (6 ml_) is
stirred at rt for 6 h. The reaction mixture is diluted
with a small amount of methanol and DCM ( 150 ml_) and
washed with water. The organic phase is separated and
the aqueous phase again extracted with DCM. The
combined organic extracts are dried over MgSO4 and
evaporated. The residue is suspended in methanol,
filtered and dried. The solid material obtained is
suspended in DMF/methanol and treated with Pd/C (20
mg, 10% Pd). The slurry is stirred under 1.5 bar of H2
at rt for 16 h. The mixture is filtered and the
filtrate is evaporated and dried to give
1-{4-[3-(5-ethyl-4-phenyl-thiophen-2-yl)-3-
oxo-propyl]-benzyl}-azetidine-3-carboxylic acid ( 15
mg) as a colourless solid; LCMS: tR = 0.89 min, [M+1
]+ = 434.1 7. Example 19 a) At 5C,
o-tolyl-acetaldehyde (3.50 g, 29 mmol) is added to a
mixture of POCI3 (7.5 ml_, 93 mmol) and DMF (8 ml_).
The mixture is stirred at 70C for 3 h before the
reaction is quenched by adding water/ice and NaOAc (
17 g) and extracted with EA (2x1 50 ml_). The solvent
of the organic extract is evaporated and the product
is purified by CC on silica gel eluting with
heptane:EA 9:1 . The resulting oil (2.5 g) is
dissolved in ethanol (5 ml_) and then added dropwise
to a freshly prepared solution of Na (31 8 mg, 13.8
mmol) and ethyl-2-mercaptoacetate ( 1 .64 g, 13.6
mmol) in ethanol ( 15 ml_). The reaction mixture is
stirred at rt for 16 h, then at 70C for 2 h. 3 M aq.
NaOH ( 15 ml_) is added and the mixture is stirred at
70C for 2 h. The mixture is cooled to rt, diluted with
water and extracted with DCM. The aqueous phase is
acidified with aq. HCI and extracted with EA. The
organic extract is dried over MgSO4 and the solvent is
evaporated to give crude
4-o-tolyl-thiophene-2-carboxylic acid (790 mg) as a
brown solid; LC-MS: tR = 0.91 min. b) At -70C a
solution of 4-o-tolyl-thiophene-2-carboxylic acid (790
mg, 3.62 mmol) in THF ( 10 mL) is treated with
tert.-Bu  (6.5 mL, 1.7 M solution in pentane).
Themixture is stirred at -70C for 30 min before
ethyliodide ( 1 .5 ml_) is added. The mixture is
warmed to rt and stirring is continued for 16 h. The
reaction is quenched by adding sat. aq. NH4CI and the
mixture is extracted with EA. The solvent of the
organic extracts is evaporated and the remaining oil
(680 mg) is dissolved in dry DCM ( 10 ml_). TBTU ( 1
.24 g, 3.87 mmol), N,O-dimethylhydroxylamine (41 5 mg,
4.25 mmol) and DIPEA (2 ml_) is added and the mixture
is stirred at rt for 20 h before it is diluted with EA
and washed with water. The organic layer is separated,
evaporated and the remaining residue is purified by CC
on silica gel eluting with heptane:EA 9:1 to 2:1 to
give 5-ethyl-4-o-tolyl-thiophene-2-carboxylic acid
methoxymethyl- amide (58 mg) as an oil. This oil is
dissolved in THF (4 ml_) and treated at 4C with methyl
magnesiumbromide (0.1 ml_, 3 M solution in THF). The
reaction mixture is stirred at rt for 16 h before
another portion of the Grignard reagent (0.2 ml_) is
added. Stirring is continued for 72 h. The mixture is
diluted with water and extracted with EA (50 ml_). The
solvent of the organic extract is evaporated to give
crude 1-(5-ethyl-4-o-tolyl-thiophen-2-yl)-ethanone (58
mg) as a yellow oil; LC-MS: tR = 1.05 min, [M+1 ]+ =
245.1 6. c) A solution of
1-(5-ethyl-4-o-tolyl-thiophen-2-yl)-ethanone (51 mg,
0.209 mmol) and 3,5-dimethyl-4-hydroxybenzaldehyde (47
mg, 0.1 72 mmol) in ethanol ( 1 .5 ml_) and 5 N HCI in
isopropanol (0.7 ml_) is stirred at rt for 18 h. The
solution is diluted with water and extracted with EA.
The organic extract is evaporated, dissolved in
methanol (3 ml_) and THF (3 ml_) and treated with Pd/C
( 10 mg, 10% Pd). The slurry is stirred under 1.5 bar
of H2 for 18 h. The mixture is filtered, the solvent
of the filtrate is removed in vacuo and the crude
product is purified on prep. TLC plates with
heptane:EA 3:1 to give
1-(5-ethyl-4-o-tolyl-thiophen-2-yl)-3-(4-hydroxy-3,5-
dimethyl-phenyl)-propan-1 -one ( 18 mg) as a
colourless oil; LC-MS: tR = 1. 12 min, [M+1 ]+ =
379.24. Example 20A solution of
1-(5-ethyl-4-p-tolyl-thiophen-2-yl)-3-(4-hydroxy-3,5-d
imethyl-phenyl)- propan-1 -one ( 18 mg, 48 mmol) in
ethanol ( 1 .5 ml_) and 3 N aq. NaOH (0.3 ml_) is
treated with (S)-3-chloro-propane-1 ,2-diol (30 ml_)
and the mixture is stirred at 60C for 14 h. The
solvent is removed in vacuo and the residue is
separated on prep. TLC plates with heptane:EA 2:1 to
give
3-[4-((S)-2,3-dihydroxy-propoxy)-3,5-dimethylphenyl]-
1 -(5-ethyl-4-o-tolyl-thiophen-2-yl)-propan-1 -one (4
mg) as a colourless resin; LC-MS: tR = 1.04 min, [M+ I
]+ = 453.28; 1H NMR (CDCI3) : d 7.45 (s, 1H),
7.29-7.08 (m, 4H), 6.87 (s, 2H), 4.1 1-4.04 (m, 1H),
3.87-3.80 (m, 4H), 3.1 6-3.1 0 (m, 2H), 2.97- 2.90 (m,
2H), 2.64 (q, J = 7.6 Hz, 2H), 2.24 (s, 3H), 2.1 7 (s,
6H), 1.20 (t, J = 7.6 Hz, 3H). Example 2 1 a) At 10C,
p-tolyl-acetaldehyde ( 1 1.0 g, 82 mmol) is added to a
mixture of POCI3 (20 mL, 230 mmol) and DMF (20 mL).
The mixture is stirred at rt for 2 h before the
reaction is quenched by adding water/ice and NaOAc and
extracted with DCM (2x200 mL). The solvent of the
organic extract is evaporated and the product is
purified by CC on silica gel eluting with heptane:EA
9:1 . The resulting oil ( 1 .95 g) is dissolved in
ethanol (5 mL) and then added dropwise to a freshly
prepared solution of Na (370 mg, 16.2 mmol) and
ethyl-2-mercaptoacetate ( 1 .95 g, 16.2 mmol) in
ethanol (20 mL). The reaction mixture is stirred at rt
for 72 h, diluted with water ( 100 mL) and extracted
with EA (2x1 50 mL). The organic extracts are dried
over MgSO4 and evaporated. CC on silica gel eluting
with heptane:EA 5:1 gives
4-p-tolylthiophene-2-carboxylic acid ethyl ester (850
mg). This ester is dissolved in ethanol ( 10 ml_) and
3 M aq. NaOH (5 ml_) and the mixture is refluxed for 2
h. The reaction mixture is acidified and extracted
with DCM. The organic extract is dried over 



MgSO4 and the solvent is evaporated to give
4-p-tolyl-thiophene-2-carboxylic acid (580 mg) as a
solid; LC-MS: tR = 0.91 min, [M+ I +CH3CN]+ = 260.1 6,
1H NMR (CDCI3) : d 8.1 4 (s, 1H), 7.70 (s, 1H), 7.50
(d, J = 7.6 Hz, 2H), 7.24 (d, J = 7.6 Hz, 2H), 7.05 (s
br, 1H), 2.39 (s, 3H). b) At -70C a solution of
4-p-tolyl-thiophene-2-carboxylic acid (580 mg, 2.66
mmol) in THF (8 ml_) is treated with tert.-Bu  (5 ml_,
1.7 M solution in pentane). The mixture is stirred at
-70C for 30 min before ethyliodide ( 1 .2 ml_) is
added. The mixture is warmed to rt and stirring is
continued for 72 h. The reaction is quenched by adding
sat. aq. NH4CI and the mixture is extracted with DCM.
The solvent of the organic extracts is evaporated and
the remaining oil (780 mg) is dissolved in dry DCM (
10 ml_). TBTU ( 1 .42 g, 4.43 mmol),
N,O-dimethylhydroxylamine (463 mg, 4.75 mmol) and
DIPEA (2 ml_) is added and the mixture is stirred at
rt for 18 h before it is diluted with EA and washed
with water. The organic layer is separated, evaporated
and the remaining residue is purified by CC on silica
gel eluting with heptane:EA 4:1 to give
5-ethyl-4-p-tolyl-thiophene-2-carboxylic acid
methoxymethyl- amide (21 0 mg) as an oil. This oil is
dissolved in THF and treated at 3C with methyl
magnesiumbromide (0.3 ml_, 3 M solution in THF). The
reaction mixture is stirred at rt for 16 h before
another portion of the Grignard reagent (0.5 ml_) is
added. Stirring is continued for 72 h. The mixture is
diluted with water and extracted with EA. The solvent
of the organic extract is evaporated and the crude
product is purified on prep. TLC plates with
heptane:EA to give 1-(5-ethyl-4-p-tolyl-thiophen-2-
yl)-ethanone (28 mg) as a yellow oil; LC-MS: tR = 1.06
min, [M+ I ]+ = 245.1 9. c) A solution of
1-(5-ethyl-4-p-tolyl-thiophen-2-yl)-ethanone (28 mg,
0.1 15 mmol) and 3,5-dimethyl-4-hydroxybenzaldehyde
(26 mg, 0.1 72 mmol) in ethanol ( 1 .5 mL) and 5 N HCI
in isopropanol (0.3 mL) is stirred at rt for 18 h. The
solution is diluted with water and extracted with EA.
The organic extract is evaporated, dissolved in
methanol (3 mL) and THF (3 mL) and treated with Pd/C
(30 mg, 10% Pd). The slurry is stirred under 1.5 bar
of H2 for 18 h. The mixture is filtered, the solvent
of thefiltrate is removed in vacuo and the crude
product is purified by prep. HPLC to give
1-(5-ethyl-4-p-tolyl-thiophen-2-yl)-3-(4-hydroxy-3,5-d
imethyl-phenyl)-propan-1 -one (46 mg) as a colourless
oil; LC-MS: tR = 1. 13 min, [M+1 ]+ = 379.22. Example
22 A solution of
1-(5-ethyl-4-p-tolyl-thiophen-2-yl)-3-(4-hydroxy-3,5-d
imethyl-phenyl)- propan-1 -one (47 mg, 0.1 25 mmol) in
ethanol (2 mL) and 3 N aq. NaOH (0.5 mL) is treated
with (S)-3-chloro-propane-1 ,2-diol (90 mL) and the
mixture is stirred at 60C for 20 h. Another portion of
(S)-3-chloro-propane-1 ,2-diol (60 mL) is added and
stirring is continued at 60C for 5 days. The reaction
mixture is diluted with water and extracted with DCM.
The solvent of the organic extract is evaporated and
the crude product is purified on prep. TLC plates with
heptane:EA 2:1 to give 3-[4-((S)-
2,3-dihydroxy-propoxy)-3,5-dimethyl-phenyl]-1
-(5-ethyl-4-p-tolyl-thiophen-2-yl)- propan-1 -one (6
mg) as a colourless resin; LC-MS: tR = 1.05 min, [M+1
]+ = 453.25; 1H NMR (CDCI3) : d 7.56 (s, 1H),
7.30-7.21 (m, 4H), 6.88 (s, 2H), 4.1 1-4.05 (m, 1H),
3.87-3.80 (m, 4H), 3.1 8-3.1 1 (m, 2H), 2.98-2.85 (m,
4H), 2.39 (s, 3H), 2.25 (s, 6H), 1.29 (t, J = 7.6 Hz,
3H). Example 23 a) At -75C, a solution of
4-phenylthiophene-2-carboxylic acid ( 1 .20 g, 5.88
mmol) in THF ( 15 mL) is treated with tert.-Bu  ( 10
mL, 1.6 M in pentane). The mixture is stirred at -70C
for 1 h before 1-iodopropane ( 1 .5 mL) is added. The
reactionmixture is allowed to warm to rt and is
stirred overnight. The reaction is quenched with sat.
aq. NH4CI ( 100 ml_) and extracted with DCM (2x200
ml_). The solvent of the organic extracts is
evaporated and the residue is dissolved in DCM ( 15
ml_). TBTU (2.03 g, 6.33 mmol),
N,O-dimethylhydroxylamine (760 mg, 7.80 mmol) and
DIPEA (2 ml_) is added and the mixture is stirred at
rt for 72 h before it is washed with water. The
organic layer is separated and evaporated. The residue
is purified by CC on silica gel eluting with
heptane:EA 5:1 to give 4-phenyl-5-propyl-thiophene-
2-carboxylic acid methoxy-methyl-amide (900 mg) as
colourless oil; LC-MS: tR = 1.05 min, [M+1 ]+ = 290.1
5. b) At 2C methylmagnesium bromide ( 1 ml_, 1.7 M in
THF) is added to a solution of
4-phenyl-5-propyl-thiophene-2-carboxylic acid
methoxy-methyl-amide (900 mg, 3.1 1 mmol). The mixture
stirred for 1 h before another portion (0.2 ml_) of
the Grignard reagent is added. Stirring is continued
for 2 h. The mixture is diluted with water, extracted
with EA and the organic extracts are dried over MgSO4
and concentrated. The crude product is purified by CC
on silica gel eluting with heptane:EA 5:4 to give
1-(4-phenyl-5-propyl-thiophen-2-yl)-ethanone (456 mg)
as a yellow oil; LC-MS: tR = 1.06 min, [M+ I ]+ =
245.1 4, 1H NMR (CDCI3) : d 7.59 (s, 1H), 7.47-7.32
(m, 5H), 2.87- 2.81 (m, 2H), 2.54 (s, 3H), 1.76-1 .63
(m, 2H), 0.95 (t, J = /.6 Hz, 3H). c) A solution of
1-(4-phenyl-5-propyl-thiophen-2-yl)-ethanone (450 mg,
1.84 mmol) and 3,5-dimethyl-4-hydroxybenzaldehyde (331
mg, 2.21 mmol) in ethanol (4 mL) and 5 N HCI in
isopropanol (2 mL) is stirred at rt for 18 h. The dark
solution is diluted with water and extracted with EA.
The organic extract is evaporated, dissolved in
methanol (5 mL) and THF (5 mL) and treated with Pd/C (
100 mg, 10% Pd). The slurry is stirred under 1.8 bar
of H2 for 16 h. The mixture is filtered, the solvent
of the filtrate is removed in vacuo and the crude
product is purified by CC prep. TLC plates with
heptane:EA 2:1 to give
3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(4-phenyl-5-propylthiophen- 2-yl)-propan-1 -one (550
mg) as a colourless oil; LC-MS: tR = 1. 13 min; [M+ I
]+ = 379.20, 1H NMR (CDCI3) : d 7.56 (s, 1H),
7.45-7.28 (m, 5H), 6.85 (s, 2H), 4.48 (s, 1H), 3.1
7-3.1 0 (m, 2H), 2.96-2.89 (m, 2H), 2.87-2.80 (m, 2H),
2.21 (s, 6H), 1.74-1 .64 (m, 2H), 0.94 (t, J = 7.0 Hz,
3H).Example 24 A solution of
3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(4-phenyl-5-propyl-thiophen-2-yl)- propan-1 -one (47
mg, 125 mmol) in isopropanol (2 ml_) and 3 N aq. NaOH
(0.5 ml_) is treated with (S)-3-chloro-propane-1
,2-diol (55 mg, 0.50 mmol) and the mixture is stirred
at 70C for 14 h. Another portion of
(S)-3-chloro-propane-1 ,2-diol (55 mg, 0.50 mmol) is
added and stirring is continued at 70C for 24 h. The
solvent is removed in vacuo and the residue is
separated on prep. TLC plates with heptane:EA 2:1 to
give
3-[4-((S)-2,3-dihydroxy-propoxy)-3,5-dimethyl-phenyl]-
1 -(4- phenyl-5-propyl-thiophen-2-yl)-propan-1 -one (
15 mg) as a colourless resin; LC-MS: tR = 1.05 min,
[M+ I ]+ = 453.1 8. Example 25 a) A solution of
3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(4-phenyl-5-propyl-thiophen-2- yl)-propan-1 -one (250
mg, 0.661 mmol) in 2-propanol (2 mL) and 3 N aq. NaOH
( 1 mL) is treated with epichlorohydrine ( 122 mg,
1.32 mmol) and the mixture is stirred at rt for 18 h,
then diluted with water and extracted with EA. The
solvent of the organic extract is evaporated to give
crude 3-(3,5-dimethyl-4-oxiranylmethoxyphenyl)- 1
-(4-phenyl-5-propyl-thiophen-2-yl)-propan-1 -one (257
mg) as a yellow oil; LC-MS: tR = 1. 18 min, [M+1 ]+ =
435.20. b) A solution of
3-(3,5-dimethyl-4-oxiranylmethoxy-phenyl)-1
-(4-phenyl-5-propylthiophen- 2-yl)-propan-1 -one (80
mg, 19 1 mmol) and methylamine (0.4 mL, 2 Msolution in
THF) in methanol (4 ml_) is stirred for 16 h at 75 C
before the solvent is evaporated. The residue is
separated by prep. HPLC to give the formate salt of
3-[4-
(2-hydroxy-3-methylamino-propoxy)-3,5-dimethyl-phenyl]
-1 -(4-phenyl-5-propylthiophen- 2-yl)-propan-1 -one
(23 mg) as a colourless resin; LC-MS: tR = 0.91 min,
[M+ I ]+ = 466.27; 1H NMR (CDCI3) : d 8.54 (s, 1H),
7.58 8s, 1H), 7.45-7.30 (m, 5H), 6.86 (s, 2H),
4.40-4.30 (m, 1H), 3.82-3.74 (m, 2H), 3.25-3.1 1 (m,
2H), 2.96-2.90 (m, 2H), 2.87-2.80 (m, 2H), 2.71 (s,
3H), 2.22 (s, 6H), 1.75-1 .63 (m, 2H), 0.94 (t, J =
7.6 Hz, 3H). Example 26 A solution of
3-(3,5-dimethyl-4-oxiranylmethoxy-phenyl)-1
-(4-phenyl-5-propylthiophen- 2-yl)-propan-1 -one (80
mg, 19 1 mmol) and aminoethanol (35 mg, 0.571 



mmol) in methanol (2 mL) is stirred for 16 h at 75 C
before the solvent is evaporated. The residue is
separated by prep. HPLC to give the formate salt of
3-{4-
[2-hydroxy-3-(2-hydroxy-ethylamino)-propoxy]-3,5-dimet
hyl-phenyl}-1 -(4-phenyl-5-
propyl-thiophen-2-yl)-propan-1 -one (27 mg) as a
colourless resin; LC-MS: tR = 0.91 min, [M+ I ]+ =
496.50. Examples 27 to 29 The following Examples are
prepared in analogy to Example 20 starting from
Example 19 and using the appropriate alkylating
agent:Example 30 a) Over a period of 20 min a solution
of SnCI4 (60.9 g, 234 mmol) in hexane (20 ml_) is
added to a solution of 2-ethylthiophene (25 g, 223
mmol) and acetylchloride ( 18.4 g, 234 mmol) in hexane
(80 ml_). Evolving HCI gas is trapped in a NaOH
solution. Evolution of HCI stops when about half of
the SnCI4 solution is added. The black viscous mixture
is warmed to 100C for 30 min, before it is cooled
again to rt. The mixture is pourred into ice/water
(600 ml_), extracted with diethyl ether (3x) and the
combined etheral extracts are wasehd with NaOH ( 1 M),
sat. NaHCO3 solution and brine, dried over MgSO4,
filtered and evaporated. The crude
1-(5-ethyl-thiophen-2- yl)-ethanone (35 g) is added to
a solution of sodium acetate ( 16.0 g, 195 mmol) in
water ( 160 ml_) and the resulting emulsion is stirred
vigorously. To this emulsion bromine (28.5 g, 178
mmol) is added dropwise over a period of 25 min. Upon
complete addition of the bromine, sodium acetate (60
g, 731 mmol) is added and the pH of the mixture is
adjusted to 9 by adding 10 M aq. NaOH solution. A
further portion of bromine ( 12.4 g, 78 mmol) is added
and stirring is continued for 15 min. The reaction is
quenched by adding 1 M aq. Na2S2O3 solution and the
mixture is extracted three times with diethyl ether.
The organic extracts are washed with 1 N aq. NaOH, 2 N
aq. HCI and brine, dried over MgSO4, filtered and
evaporated to give
1-(4-bromo-5-ethyl-thiophen-2-yl)-ethanone (38 g) as a
brown oil; LC-MS: tR = 0.97 min, [M+1 +CH3CN]+ =
274.20.b) A solution of
1-(4-bromo-5-ethyl-thiophen-2-yl)-ethanone ( 1 0.6 g,
46 mmol) and 3,5-dimethyl-4-hydroxybenzaldehyde (7.6
g, 5 1 mmol) in ethanol (40 ml_) and 5 N HCI in
isopropanol (20 ml_) is stirred at 50C for 1.5 h. The
mixture is pourred into ice/water (400 ml_) and
extracted four times with diethyl ether ( 100 ml_).
The organic extracts are washed with sat. aq. NaHCO3
solution, 5% aq. citric acid solution followed by
brine, dried over MgSO4, filtered and evaporated. The
crude product is suspended in chloroform, stirred and
sonicated at rt for 15 min, filtered and dried to give
1-(4-bromo-5-ethyl-thiophen-2-yl)-3-(4-hydroxy-3,5-dim
ethyl-phenyl)-propenone (2.1 1 g) as a yellow solid;
LC-MS: tR = 1. 1 1 min, [M+ I ]+ = 365.01 ; 1H NMR
(CDCI3) : d 7.74 (d, J = 15.2 Hz, 1H); 7.68 (s, 1H),
7.30 (s, 2H), 7.1 8 (d, J = 15.2 Hz, 1H), 4.99 (s,
1H), 2.84 (q, J = 7.6 Hz, 2H), 2.30 (s, 6H), 1.34 (t,
J = 7.6 Hz, 3H). c) A mixture of
1-(4-bromo-5-ethyl-thiophen-2-yl)-3-(4-hydroxy-3,5-dim
ethyl-phenyl)- propenone (2.1 0 g, 5.7 mmol),
Pd(PPh3)4 (66 mg, 57mmol), diphenylsilane (2.54 g,
13.8 mmol) and ZnCI2 (627 mg, 4.6 mmol) in CHCI3 ( 100
ml_) is stirred at 40C for 1.5 h. The mixture is
diluted with water and the organic phase is separated.
The aq. phase is extracted once more with CHCI3. The
organic extracts are washed with 5% aq. citric acid
solution, dried over MgSO4, filtered and evaporated.
The crude product is purified by column chromatography
on silica gel eluting with heptane:EA 4:1 to give
1-(4-bromo-5-ethyl-thiophen-2-yl)-3-(4-hydroxy-3,5-dim
ethyl-phenyl)- propan-1 -one ( 1 .03 g) as a solid;
LC-MS: tR = 1.08 min, [M+1 ]+ = 367.1 8. d)
1-(4-Bromo-5-ethyl-thiophen-2-yl)-3-(4-hydroxy-3,5-dim
ethyl-phenyl)-propan-1 - one (45 mg, 123 mmol) and
2-ethylphenylboronic acid (22 mg, 148 mmol) are
dissolved in degassed dioxane (0.8 mL) and degassed 2
M aq. Na2CO3 solution. To this solution PdCI2(dppf) (5
mg, 7 mmol) is added under a stream of argon. The
mixture is stirred at 80C for 8 h. The mixture is
cooled to rt and an aliquot is purified by prep. HPLC
to give
1-[5-ethyl-4-(2-ethyl-phenyl)-thiophen-2-yl]-3-(4-hydr
oxy-3,5- dimethyl-phenyl)-propan-1 -one as a
colourless resin; LC-MS: XR = 1. 10 min, [M+1 ]+ =
383.25.Examples 3 1 to 34 To the crude reaction
mixture of Example 30 containing
1-[5-ethyl-4-(2-ethylphenyl)-
thiophen-2-yl]-3-(4-hydroxy-3,5-dimethyl-phenyl)-propa
n-1 -one (9.5 mg, 25 mmol) a solution of the
appropriate alkylating agent (125 mmol) in isopropanol
(0.1 5 ml_) and 2 N aq. NaOH (0.1 5 ml_) is added. The
reaction mixture is stirred at 75C for 8 h before it
is again cooled to rt. The reaction mixture is
centrifuged for 15 min and the supernatant is
separated by prep. HPLC to give the corresponding
alkylated derivative as a colourless resin. Examples
35 to 64 The following examples are prepared in
analogy to Examples 30 and 3 1 to 34.DOPING PROFILE
IMPROVEMENT OF EV-SITUDOPED N-TYPE EMITTERS The
present invention relates generally to bipolar
processing, and more specifically relates to a process
for making the leading slope of the doping profile of
an n-type in-situ doped epitaxial Si (epi) layer more
steep by co-doping the epi layer with germanium (Ge)
for the first few seconds of the deposition. In common
bipolar processing, the emitter-base junction of a
transistor is typically formed by going through the
following steps shown in Figure 1. First, at step A,
boron (B) 10 is implanted in a single-crystalline
silicon substrate 12. Subsequently, as shown in step
B, a polysilicon (poly) layer 14 is deposited on top
of the substrate 12, and is separated from the
substrate 12 by a very thin layer of silicon dioxide
16. The polysilicon layer 14 needs to be n-type doped
by either in-situ doping or by first growing undoped
poly, which is later implanted with arsenic (As),
phosphorus (P) or antimony (Sb). As is more common
than P, and Sb is rarely used. Ultimately, as shown in
step C, an emitter-base junction 18 is formed during a
high temperature treatment. The high temperature
causes the B and the As (or P/Sb) to diffuse. The
junction 18 is established where the B and As
diffusion fronts meet. The high temperature may cause
the interfacial oxide layer 16 to break up, resulting
in some recrystallization of the polysilicon layer 14.
In Figure 2, the doping profiles are depicted: (1) as
implanted (solid lines); and (2) after the
high-temperature treatment that establishes the
emitter-base junction (dashed lines). The As profile
20 is shown on the left side and the B profile 22 is
shown on the right, with the y-axis representing the
concentration and the x-axis represents depth. Due to
the fact that the diffusion constant in polysilicon is
several orders of magnitude higher than in
single-crystalline silicon, the implanted Gaussian
profile has a strong tendency to become flat when
exposed to temperatures that are sufficiently high to
drive the As acrossthe interfacial oxide layer into
the substrate. Thus, the As distribution 24 in the
polysilicon becomes almost flat after exposure to a
moderate temperature budget. The interfacial oxide 16
between poly- and mono-silicon decreases the base
current of the transistor and gives rise to a high
current amplification factor. It also contributes to
the series resistance in the emitter, as do the grain
boundaries in the polysilicon layer 12. In recent
developments, the B base implantation has been
replaced by an in-situ Bdoped epitaxial layer to
better control the doping profiles. True block-shaped
doping profiles are possible with abrupt transitions
in dope concentration. This technology, based on
low-temperature epitaxy rather than on implantations
to determine the doping profiles, is used for instance
in SiGe HBTs (Heterojunction Bipolar Transistors), not
only to determine the B profile, but also to determine
the Ge and, if applicable, the C profile. The steeper
dopant transitions and thinner layers, together with
SiGe band-gap engineering, give rise to exceptionally
high operating frequencies for these transistors. Due
to the decreasing dimensions, it is getting
increasingly difficult to evenly implant the
poly-emitter in these transistors and in-situ doped
poly is the mainstay. As the emitter resistance
becomes a limiting factor in high-frequency
operations, it is very advantageous to lower this
resistance. This can be done by growing an epitaxial
(epi) layer rather than a polysilicon layer. The
specific resistance of an epi layer is lower than the
specific resistance of a polysilicon layer, due to the
lack of grain boundaries in epi. Also, by definition,
there is no interfacial oxide layer adding to the
resistance when the top layer 



is grown epitaxially. Figure 3 depicts the process
steps for growing an emitter epitaxially. Step A
depicts the result of growing a B-doped base epi layer
26 (in a HBT, the SiGe and C-doped SiGe layers will
also be grown epitaxially, which is not shown). Step B
depicts the process after growing the As-doped top
layer epitaxially (i.e., the mono-emitter layer)
28.Note that there is no interfacial oxide layer. Step
C depicts the process after a high temperature
treatment has been applied, and the emitter base
junction 30 is established. Although the processing
steps between poly- and mono -emitter seem similar,
there are considerable differences. These differences
are evident in Figure 4, which shows the doping
profiles of the deposited base and mono-emitter
layers. Similar to Figure 2, Figure 4 shows the doping
profiles as grown (solid lines) and after the
high-temperature treatment (dashed lines). Again, the
As profile 32 is shown on the left, while the B
profile 34 is shown on the right. Note the
block-shaped doping profiles obtained by
low-temperature epitaxy. When comparing Figure 4, to
Figure 2, it can be seen that steeper doping profiles
are achieved. Steeper profiles allow the vertical
dimensions of the transistor to shrink, enhancing its
high frequency performance. Unfortunately, in reality
the As doping profile is not as ideal as is suggested
in the plot of Figure 4. Compared to other dopants
used in low-temperature epitaxy (e.g., B, Ge, C),
which can be grown block-shaped with a steepness of
the slopes exceeding the resolution capability of SIMS
(Secondary Ion Mass Spectroscopy, an analyzing method
for these layers), the steepness of the slope of an As
profile is not so good. Upon turning on the AsEb gas
flow, the As concentration has the tendency to rise
very slowly until it reaches its equilibrium value.
See, e.g., W.B. de Boer, F. Roozeboom "Advances in
Rapid Thermal and Integrated Processing," published by
Kluwer Academic Publishers, 101 Philip Drive, Norwell,
MA 02601, ISBN 0-7923-401 1-6, p. 443-463 (1995). The
problem is so bad that it is very difficult to control
the As doping level in thin epitaxially grown layers.
See, e.g., US Patent 6,579,752, entitled "Phosphorus
Dopant Control in Low Temperature Si and SiGe
Epitaxy," issued to De Boer on June 17, 2003, which is
hereby incorporated by reference. Although a
mono-emitter may not be very critical in terms of
thickness or doping level, the sloped profile at the
onset of the growth of the emitter layeris
undesirable. Namely, steep slopes enable a decrease in
the vertical dimensions of the transistor, enhancing
its speed. This benefit is lost when the slopes get
less steep. Fig. 5 is a SIMS (Secondary Ion Mass
Spectroscopy) plot of an As-doped monoemitter layer,
clearly showing the low rate at which the As
concentration rises after the AsH3 flow has been
turned on. The long slope before the concentration
hits its equilibrium level is typical for n-type
dopants in low-temperature epitaxy. The slope of
approximately 23 nm/dec is much weaker than 4-6
nm/dec, which is common for true block-shaped profiles
when the SIMS resolution determines the slope. A slope
of 23 nm/dec is real and is not SIMS determined. (Note
that when the SIMS profile is plotted on a log-scale,
the slope of a line on this scale is often expressed
in nm/dec, i.e., how many nm on the horizontal scale
are needed for the concentration to increase by a
factor of 10. A smaller number indicates a steeper
slope.) A known way to improve the steepness of the
slope is to expose the surface upon which the epi
layer is to be grown to a certain AsH3 concentration
before starting to grow. See, e.g., W.D. van Noort et
al, "Advances in Rapid Thermal Processing," The
Electrochemical Society Proceedings, Volume 99-10,
ISBN 1-56677-232-X, p. 335-342 (1999). However, at
these high As concentrations, there is a risk that the
equilibrium concentration will be exceeded, which may
lead to crystallographic defects in the epitaxial
layer that is to follow. Defects in general are
undesirable, even more so because they originate on an
interface that is very sensitive and which can have a
large influence on the transistor behavior, as is
known from the poly emitter. It is also not sure how
effective this method (i.e., exposing the surface to
an As concentration prior to growing) is at the high
concentrations that are needed for the mono emitter.
The present invention provides a method to improve the
steepness of the slope of an n-type doping profile
when growing a mono-emitter. During the first few
seconds ofthe growth, a germanium (Ge) source (e.g.,
GeH4) is added to the gas flow. The remainder of the
mono-emitter layer is deposited as usual, with just a
Si source (e.g., SiH4) and an ntype dopant source
(e.g., AsH3) added to a main flow of H2. Using this
technique, the ntype dopant reaches its equilibrium
concentration almost immediately. In a first aspect,
the invention provides a method for forming an
emitter-base junction, comprising: providing a base
epitaxial layer; and growing a doped mono-emitter
layer on the base epitaxial layer using a gas flow
comprised of a set of process gases, wherein gas flow
includes an addition of a Ge source to the process
gases for a first few seconds of the gas flow. In a
second aspect, the invention provides a method of
processing a wafer, comprising the steps of: placing
the wafer into a reactor chamber; maintaining an
elevated temperature within the reactor chamber prior
to processing; passing hydrogen through the reactor
chamber; turning on a set of process gases, wherein
the process gases include a Ge source; turning off the
Ge source within a first few seconds; and turning off
the remaining process gases at a substantially later
time. In a third aspect, the invention provides a
method for processing a semiconductor, comprising:
growing a doped mono-emitter layer on a base layer
using a gas flow comprised of a set of process gases,
wherein gas flow includes an addition of a Ge source
to the process gases for a first few seconds of the
gas flow. These and other features of this invention
will be more readily understood from the following
detailed description of the various aspects of the
invention taken in conjunction with the accompanying
drawings in which: Figure 1 depicts the steps of
forming an emitter-base junction using a polysilicon
layer.Figure 2 depicts the doping profiles, as
implanted and after the high-temperature treatment,
for establishing the emitter-base junction. Figure 3
depicts the steps of an alternative method of forming
an emitter-base junction using an epitaxial layer
rather than a polysilicon layer. Figure 4 depicts the
doping profiles, as implanted and after the
high-temperature treatment, for establishing the
emitter-base junction using an epitaxial layer. Figure
5 depicts a SIMS plot of an As-doped mono-emitter
layer. Figure 6 depicts a SIMS plot of an As-doped
mono-emitter layer with a Ge spike at the interface,
in accordance with the present invention. Figure 7
depicts a second SIMS plot of an As-doped mono-emitter
layer with a Ge spike at the interface, in accordance
with the present invention. Figure 8 depicts a flow
diagram showing a method of implementing an embodiment
of the invention. An illustrative embodiment of
invention is described that provides a method for
growing emitter-base junctions using an epitaxial
layer, which includes the step of adding a germanium
(Ge) source (e.g., GeH4) to the gas flow for a few
seconds at the onset of the growth of an As-doped
epitaxial layer. This not only creates a Ge spike at
the interface of the B-doped substrate and the
As-doped epitaxial emitter layer, but also improves
the slope of the As profile. The incorporation of As
in SiGe is distinct from the incorporation of As in Si
in that a very thin SiGe layer suffices to quickly
reach a high As concentration, consequently the slope
is steep. Figure 6 shows a SIMS plot of a mono-emitter
layer with a Ge spike 40 at the interface. The slope
of the leading edge of the As profile 46 improves
considerably relative to the SIMS plot shown in Figure
5 for a mono-emitter layer fabricated without the
addition OfGeH4. As can be seen, the slope 46 in
Figure 6 is about 4nm/dec compared to the slope 44 of
23nm/dec for the plot of Figure 5.An example of how to
grow an As-doped mono-emitter layer with a Ge spike at
the interface is described below with reference to
Figure 8. First, at step Sl, the wafer is cleaned in
such a way that no or very little native oxide is left
in the Si windows in which the epitaxial layer is to
be deposited. Next, at step S2, the wafer is placed in
the load lock of an epitaxial reactor chamber, e.g.,
an ASM EPSILON(tm) 2000, taking care that the wafer's
exposure to ambient air is minimized as much as
possible. At step S3, cycle 



purging is performed to remove the air from the load
lock, and then transfer the wafer into the reactor
chamber. At step S4, the wafer temperature in the
reactor chamber is maintained at about 700C. A
continuous flow of about 20 standard liters/minute
(slm) of hydrogen is also maintained through the
reactor chamber. The common bake step (to remove the
native oxide) at a temperature higher than the
deposition temperature prior to epi growth is skipped
to reduce the temperature budget of the wafer. The
wafer spends one minute in the chamber at 700C to
stabilize its temperature before the process gases are
turned on. This is sufficient to grow a good quality
epi layer. At step S5, the process gases are turned
on. In this illustrative embodiment, the process
gasses include about: 100 standard cubic cm/minute
(seem) OfSiH4 (100%), 50 seem OfGeH4 (1% in H2), and
180 seem AsH3 (0.7% in H2). The H2 flow of about 20
slm is continuously maintained and the deposition
process is done at atmospheric pressure. At step S6,
after about 2 seconds, the GeH4 flow is turned off.
The other gas flows are maintained for about 180 more
seconds before being turned off. At step S7, the wafer
is removed from the reactor after the process gases
have been purged out of the reactor chamber and the
wafer has been cooled before being unloaded. It should
be understood that the specific duration of time
during which the Ge source is added to the process
gases can vary without departing from the scope of
theinvention. In general, Ge is added during a small
fraction, typically 5% or less, of the time needed to
grow the mono-emitter. This process results in an
epitaxial layer with the doping profile having a Ge
spike 40 at the interface and a steep leading slope 46
of the As profile, as depicted in Figure 6. Figure 7
shows a SIMS plot for the case where the SiH4 flow was
increased to 150 seem and the GeH4 (1%) flow was
decreased to only 10 seem for 5 seconds. The SIMS plot
of this layer in Figure 7 shows a much smaller Ge
spike 42, as would be expected. As can be seen,
lowering the Ge spike 42 deteriorates the slope 48 of
the leading edge of the As profile. Thus, the smaller
Ge spike 42 is less effective in improving the
steepness of the leading slope 48 of the As profile.
The slope deteriorates from 4 nm/dec in Figure 6 (with
the large Ge spike 40), to 17 nm/dec in Figure 7 (with
the small Ge spike 42), to 23 nm/dec in Figure 5 when
no Ge is applied. Although described herein with
reference to mono-emitters in a HBT technology, it is
understood that the method described here can be used
in general to improve the leading slope of in-situ
deposited n-type doped layers. For instance, the
method may be used with As, P and Sb, doping in-situ
epitaxial and poly-silicon layers deposited by means
of chemical vapor deposition (CVD). Moreover, it is
understood that the invention may apply to any Si
source suitable for growing Si layers by CVD. The most
common sources are SiH4, Si2H6, Si3H8, SiH2Cl2, SiHCl3
and SiCl4. Any Ge source suitable to grow SiGe layers
may also be used, e.g., GeH4, GeCl4. The method is
particularly useful in the temperature range of about
600-850C, wherein the upper limit is determined by
diffusion (e.g., in HBT's, deterioration of the base B
profile by diffusion) and the lower limit is
determined by the growth rate (e.g., below 600C, the
growth rate is too low to be of practical importance
when relatively thick layers have to be deposited).The
Ge content in the spike, probably best expressed in a
dose (at/cm2) as the SIMS will not fully resolve the
spike, should be higher than 2El 4 at/cm2, as this is
approximately the (insufficient) Ge content in the Ge
spike of Figure 7. A Ge dose of about 5el4 at/cm2
(roughly half a monolayer when dealing with (100)
oriented silicon wafers) or higher should provide
sufficient results. As noted, the invention can be
applied in general to improve the profile of n-type
dopants in Si layers grown by CVD. One illustrative
area where it would be very useful is to better
control the dopant profile of the emitters in bipolar
(npn) transistors, when the emitter is made by means
of CVD and is doped in-situ. When the emitter is grown
epitaxially (mono-emitter), the invention will improve
transistor performance as it makes the leading slope
of the n-type dopant profile steeper. Apart from the
better profile control, this also allows one to reduce
the vertical dimensions of the transistor, which
translates in better performance at higher
frequencies. The foregoing description of the
invention has been presented for purposes of
illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise
form disclosed, and obviously, many modifications and
variations are possible. Such modifications and
variations that may be apparent to a person skilled in
the art are intended to be included within the scope
of this invention as defined by the accompanying
claims.CLAIMS 1. A method for forming an emitter-base
junction, comprising: providing a base layer (26); and
growing a doped mono-emitter layer (28) on the base
layer (26) using a gas flow comprised of a set of
process gases, wherein gas flow includes an addition
of a germanium (Ge) source to the process gases for a
first few seconds of the gas flow. 2. The method of
claim 1, wherein the base layer comprises a B-doped
base epitaxial layer. 3. The method of claim 2,
wherein the doped mono-emitter layer is selected from
the group consisting of: an As-doped epitaxial layer;
a P-doped epitaxial layer, and a Sb-doped epitaxial
layer. 4. The method of claim 1, wherein the Ge source
is added for approximately 5% or less of an amount of
time required to grow the doped mono-emitter layer. 5.
The method of claim 1, wherein the Ge source is
selected from the group consisting of: GeH4 and GeCl4.
6. The method of claim 1, wherein the process gases
further include: an Si source and an As source. 7. The
method of claim 1, wherein the base layer comprises a
C-doped SiGe layer.8. A method of processing a wafer,
comprising the steps of: placing the wafer into a
reactor chamber; maintaining an elevated temperature
within the reactor chamber prior to processing;
passing hydrogen through the reactor chamber; turning
on a set of process gases, wherein the process gases
include a germanium (Ge) source; turning off the Ge
source within a first few seconds; and turning off the
remaining process gases at a substantially later time.
9. The method of claim 8, wherein the elevated
temperature is about 700 degrees Celsius. 10. The
method of claim 8, wherein the elevated temperature is
provided for about one minute. 11. The method of claim
8, wherein the process gases include an Si source and
an As source. 12. The method of claim 8, wherein the
wherein the Ge source is selected from the group
consisting of: GeH4 and GeCl4. 13. The method of claim
8, wherein the wherein the Ge source is added for
approximately 5% or less of the amount of time
required to grow a doped mono-emitter.14. The method
of claim 8, wherein the remaining process gases are
turned off about 180 seconds later. 15. A method for
processing a semiconductor, comprising: growing a
doped mono-emitter layer (28) on a base epitaxial
layer (26) using a gas flow comprised of a set of
process gases, wherein gas flow includes an addition
of a germanium (Ge) source to the process gases for a
first few seconds of the gas flow. 


