
"(Aza)indole derivative substituted in position 5,
pharmaceutical composition comprising it, intermediate
compounds and preparation process therefor" * * * * *
* * * * * * * * The present invention relates to an
(aza)indole derivative substituted in position 5, to a
pharmaceutical composition comprising it, to
intermediate compounds and to a preparation process
therefor. More particularly, the present invention
relates to an (aza)indole derivative substituted in
position 5, which has inhibitory activity on mPGES-1 .
It is known that prostaglandins (PG) are oxygenated
fatty acids synthesized and released into the
extracellular space, and then into the plasma, urine
and other biological fluids. They are important
bioregulators, but also inflammation mediators that
modulate intracellular reactions and intercellular
communication. The prostaglandins E2 (PGE2) have an
important physiological role of regulating renal
function, vascular homeostasis, bone remodeling,
induction of fever, gastrointestinal function and
pregnancy. Besides these physiological functions, the
PGE2 prostaglandins behave as potent mediators of
acute inflammation (inducing hyperalgesia,
vasodilatation and discharge of fluids from vessels:
Vane J.R. and Botting R.M. 1997 "Anti-inflammatory
drugs and their mechanism of action" Inflamm. Res. 47
(2): p. 78) and chronic inflammation. Specifically,
the PGE2 prostaglandins are particularly abundant in
articular inflammatory pathologies. PGE2
prostaglandins also play a role in pain and are potent
pyretic agents (Ayoub S.S. et al., 2004
"Acetaminophen- induced hypothermia in mice is
mediated by a prostaglandin endoperoxide synthase 1
gene-derived protein", PNAS 101 : 11165- 11169; Ivanov
A. et al. 2002 "Prostaglandin E2 - synthesizing
enzymes in fever: differential transcriptional
regulation", Am. J. Physiol. Regul.Integr. Comp.
Physiol. 283: R 1104-R1 117). The enzyme responsible
for the synthesis of PGE2 prostaglandins is
prostaglandin E synthase (PGES), which converts the
endoperoxide PGH2, formed from arachidonic acid by the
action of cyclooxygenases, into PGE2. The activity of
PGES has been found both in the cytosolic fraction and
membrane-bound in various types of cells. Three
enzymatic forms have been identified (Kudo I . et al.
2005 "Prostaglandin E synthase, a terminal enzyme for
prostaglandin E2 biosynthesis", Journal of
Biochemistry and Molecular Biology 38, 633-638); among
these, microsomal PGES-1 (mPGES-1 ) is a
membrane-bound enzyme that requires glutathione as an
essential cofactor for its activity. The expression of
mPGES-1 is induced by pro-inflammatory stimuli such as
IL-1 b or LPS (Proc. Natl. Acad. Sci. 96: 7220, 1999).
It is colocalized together with COX-2 on the
endoplasmatic reticulum and on the nuclear envelope
(Lazarus M. et al. 2002 "Biochemical characterization
of mouse microsomal prostaglandin E synthase-1 and its
colocalization with cyclooxygenase-2 in peritoneal
macrophages" Arch. Biochem. Biophys. 397: 336;
Murakami M. et al. 2000 "Regulation of prostaglandin
E2 biosynthesis by inducible membrane-associated
prostaglandin E2 synthase that acts in concert with
cyclooxygenase-2" J. Biol. Chem. 275: 32783; Yamagata
K. et al. 2001 "Coexpression of microsomal-type
prostaglandin E synthase with cyclooxygenase-2 in
brain endothelial cells of rats during
endotoxin-induced fever" J. Neurosci. 15;21 (8):
2669-77). Although the two enzymes (COX-2 and mPGES-1
) have a functional connection and co-expression,
their rate of induction differs in a few cellular
systems, indicating different regulatory induction
mechanisms (J. Immunol. 167: 469, 2001 ) . Drugs that
inhibit the enzyme COX-2 have been shown to be
effective in alleviating inflammation and pain in
chronic inflammatorypathologies such as arthritis, but
their prolonged use may induce tissue damage caused by
an overproduction of cytokines, for instance TNF a and
IL-1 b (Stichtenoth D.O. 2001 "Microsomal
prostaglandin E synthase is regulated by
proinflammatory cytokines and glucocorticoids in
primary rheumatoid synovial cells" J. Immunol. 167:
469). In addition, the prolonged use of these drugs is
associated with cardiovascular side effects. This has
led to the withdrawal from the market of a number of
selective COX-2 inhibitors and to a revision of the
indications for the entire class of these drugs.
Recent research efforts are directed towards
overcoming the side effects of COX-2 inhibitors by
studying mPGES-1 inhibitors for the purpose of
developing drugs that are active in the treatment of
inflammation and pain (B. Samuelsson et al. "Membrane
Prostaglandin E Synthase-1 : A Novel Therapeutic
Target" Pharmacol. Rev. 59:207- 224, 2007). In
addition, numerous studies have demonstrated that the
PGE2 prostaglandins are tumor-promoting factors (L.R.
Howe, "Inflammation and breast cancer.
Cyclooxygenase/prostaglandin signaling and breast
cancer", Breast cancer research 2007, 9:21 0,
Castellone M.D. et al. 2005 "Prostaglandin E2 promotes
colon cancer growth through a novel
Gs-Axin-B-catenin", Science 310, 1504-1510; Mehrotra
S., et al. 2006 "Microsomal prostaglandin E2 in breast
cancer: a potential target for therapy", J. Pathol.
208(3): 356-63; Nakano et al. 2006 "Induction of
macrophagic prostaglandin E2 synthesis by glioma
cells" J. Neurosurgery 104(4), 574-582) that are
involved in angiogenesis, cell proliferation and cell
migration functions. Selective FANS and COX-2
inhibitors are also found to inhibit various types of
tumors, including colonrectal, oesophageal, breast,
lung and bladder tumors by means of inhibiting PGE2.
PGE2 prostaglandins derived from COX-2 induce tumor
growth by means of binding to the actual receptors and
activatingsignals for controlling cell proliferation,
migration, apoptosis and angiogenesis (Wang D. et al.
2006 "Prostaglandin and cancer" Gut. 55 ( 1):1 15-22;
Han C. et al. 2006 "Prostaglandin E2 receptor EP1
transactivates EGFR/MET receptor tyrosine kinases and
enhances invasiveness in human hepatocellular
carcinoma cells", Journal of Cellular Physiology 207:
261 -270). An (aza)indole derivative substituted in
position 5 that has selective inhibitory activity on
mPGES-1 has now been found. The wording 



"(aza)indole derivative" is intended to represent a
compound within formula (I) hereinbelow, wherein the
basic nucleus, represented by an indole ring, can have
one or more carbon atoms in the 4, 6, and 7 position
optionally replaced with a nitrogen atom and a single
or double bond between the carbon atoms in the 2- and
3-position. In a first aspect, the present invention
relates to an (aza)indole derivative substituted in
position 5, of formula (I): in which: X is a halogen
atom or a (CrC 3)alkyl, trifluoromethyl, nitro, amino,
cyano, di(Ci-C 3)alkylamino, hydroxy, (Ci-C 3)alkoxy,
phenyl or (Cr Cs)alkylphenyl group; Y and Z, which may
be identical or different, are a hydrogen or halogen
atom, or a (CrC 3)alkyl, trifluoromethyl, nitro,
amino, di(Cr C3)alkylamino, hydroxy, (CrC 3)alkoxy,
phenyl, COOH, (Ci-C 3)alkyl- COOH,
(C2-C3)alkenyl-COOH, COOR, wherein R is a linear or
branched (Ci-C 6)alkyl or hydroxyalkyl group, CONH2,
SO2CH3,SO2NHCH3 or NHSO2CH3 group; G 1, G2, and G3,
which may be identical or different, are a nitrogen
atom or a CH group; R 1 is a (Ci-C 6)alkyl,
(C3-C7)cycloalkyl, (Ci-C 6)alkylOR', (CH2)PNR1 1R1" ,
(CH2) CONR 1 1R1" , (CH2)nCOR', (CH2)nCOOR",
(CH2)nOCOR', SO2R1, (CH2)nNR"SO2R', (CH2)nSO2R' group,
optionally substituted with 1 to 3 hydroxy groups,
wherein n is an integer from 1 to 6, R1is a (Ci-C
3)alkyl, or (Ci-C 3)alkylOH group, and R" and R1" ,
which may be identical or different, are a hydrogen
atom or a (Ci-C 3)alkyl group; W is a s bond, or a
(Ci-C 6)alkyl, (C2-C6)alkenyl, O(Ci-C 6)alkyl, 0(C 2-
C6)alkenyl, C(O)NH, (CH2)pCO(CH 2)q, or (CH2)pC(OH)(CH
2)q group, wherein p and q, which may be identical or
different, are an integer from Oto 3; R2 is a phenyl,
pyridine or (C3-C7)cycloalkyl group, optionally
substituted with 1 to 3 substituents, which may be
identical or different, represented by a L-M group,
wherein L is a s bond, or a (Ci-C 6)alkyl,
(C2-C6)alkenyl, (C2-C6)alkinyl, O(Ci-C 6)alkyl, 0(C 2-
C jalkenyl, O(C2-Ce)alkinyl group, and M is a hydrogen
or halogen atom, or a OH, CF3, NO2, CN, COOR",
SO2NHR", CH2CONR 1 1R1" , NR1 1R1" , SO2RIV , NHSO2RIV
, PORIVRV, or OPOR IVRV group, wherein R" and R1" ,
which may be identical or different, have the meaning
above, and Riv and Rv , which may be identical or
different, are a (Ci-C 3)alkyl group, provided that
when G 1, G2, and G3 are all a CH group, R 1 is a
(Ci-C 6)alkyl or (C3- C7)cycloalkyl group, optionally
substituted with 1 to 3 hydroxy groups, W is a s bond,
and the bond between the carbon atoms in the 2 and 3
position is a double bond, R2 is not a phenyl or
pyridine group, optionally substituted with 1 to
3substituents, which may be identical or different,
selected from halogen, (Ci-C6)alkyl optionally
substituted with a hydroxy group, trifluoromethyl,
nitro, amino, di(Ci-C 3)alkylamino, hydroxy, (Cr
C3)alkoxy, COOH, COOR", SO2CH3, SO2NHCH3, NHSO2CH3,
PORIVRV, OPORIVRV, (Cr C6)alkyl-COOH, and
(C2-C6)alkenyl- COOH; and provided that when G 1 is N,
and G2 and G3 are a CH group, R2 is not a divalent
aromatic group substituted with one L-M group
represented by O(d- C6)alkyl, O(C2-C6)alkenyl, and
O(C2-C6)alkinyl group; and the physiologically
acceptable addition salts, stereoisomers, enantiomers,
hydrates, solvates and polymorphic forms thereof. The
dotted line between the carbon atoms in the 2 and 3
position means that such a bond can be a single or a
double bond. The chain of the various alkyl groups
that may be present in the compound of formula (I) may
be linear or branched. In the case of certain
substituents, the compound of formula (I) according to
the present invention may contain an asymmetric carbon
atom and may thus be in the form of stereoisomers and
enantiomers. Typical examples of such substituents are
2-butanol, 2-methylbutyl, 2-butenoic acid,
2-methylpropanoic acid and 1,2-pentane diol.
Preferably, the halogen is bromine, chlorine or
fluorine. Preferred meanings of X are halogen, (Ci-C
3)alkyl, trifluoromethyl, nitro, cyano and (Ci-C
3)alkoxy. Particularly preferred meanings of X are Cl,
Br, F, trifluoromethyl and nitro. Preferred meanings
of Y and Z are H, halogen, nitro, COOH, (Cr C3)alkyl,
trifluoromethyl and (CrC 3)alkoxy. Particularly
preferred meanings of Y and Z are H, Cl, Br, F,
trifluoromethyl, nitro, COOH, methyl, ethyl, methoxy
and ethoxy. Preferred meanings of R 1 are a (CrC
3)alkyl, (CrC 3)alkylOR',(CH2)nNR"R m, (CH2)nCONR"R m,
(CH2)HCOR1, (CH2)PCOOR1 1, (CH2)HOCOR1, SO2R1,
(CH2)HNR1 1SO2R1, (CH2)nSO2R' group, optionally
substituted with 1 to 3 hydroxy groups, wherein n is
an integer from 1 to 4, R1 is a (Cr C3)alkyl or (Ci-C
3)alkylOH group, and R" and R1" , which may be
identical or different, are a hydrogen atom or a (Ci-C
3)alkyl group. Particularly preferred meanings of R 1
are a (CrC 3)alkyl, (Cr C3)alkylOR', (CH2)HCONR1 1R1"
, (CH2)nCOR', (CH2)nCOOR", (CH2)nOCOR', SO2R1,
(CH2)HNR1 1SO2R1, (CH2)nSO2R' group, optionally
substituted with 1 to 3 hydroxy groups, wherein n is
an integer from 1 to 3, R1 is a CH3, C2H5, CH2OH, or
C2H4OH group, and R" and R1" , which may be identical
or different, are a hydrogen atom or a CH3, C2H5
group. Preferred meanings of W are a s bond, or a (CrC
3)alkyl, (C2- C4)alkenyl, O(C r C3)alkyl, O(C
2-C3)alkenyl, C(O)NH, (CH2)pCO(CH 2)q, or
(CH2)pC(OH)(CH 2)q group, wherein p and q, which may
be identical or different, are an integer from 1 to 3
. Particularly preferred meanings of W are a s bond,
or a CH2, C2H4, CH=CH, OCH2, OC2H4, OCH=CH, C(O)NH,
(CH2)pCO(CH 2)q, or (CH2)pC(OH)(CH 2)q group, wherein
p and q, which may be identical or different, are an
integer from 1 to 2 . Preferred meanings of R2 are a
phenyl, pyridine or (C3-C7)cycloalkyl 



group, optionally substituted with 1 to 2
substituents, which may be identical or different,
represented by a L-M group, wherein L is a s bond, or
a (Ci-C 3)alkyl, (C2-C4)alkenyl, (C2-C4)alkinyl,
O(Ci-C 3)alkyl, O(C2-C4)alkenyl, O(C2-C4)alkinyl
group, and M is a hydrogen or halogen atom, or a CF3,
CN, COOR", SO2NHR", CH2CONR 1 1R1" , NR1 1R1" , SO2RIV
, NHSO2RIV , PORIVRV, or OPOR IVRV group, wherein R"
and R1" , which may be identical or different, are a
hydrogen atom or a (Cr C3)alkyl group, and Riv and Rv
, which may be identical or different, area (Ci-C
3)alkyl group. Particularly preferred meanings of R2
is a phenyl, pyridine or (C3- C7)cycloalkyl group,
optionally substituted with 1 substituent represented
by a L-M group, wherein L is a s bond, or a CH2, C H4,
CH=CH, CC, OCH2, OC2H4, OCH=CH, OCC group, and M is a
hydrogen or halogen atom, or a CF3, CN, COOR",
SO2NHR", CH2CONR1 1R1" , NR1 1R1" , SO2RIV , NHSO2RIV
, PORIVRV, or OPORIVRV group, wherein R" and R1" ,
which may be identical or different, are a hydrogen
atom or a CH3, C2H5 group, and Riv and Rv , which may
be identical or different, are a CH3 or C2H5 group. A
first particularly preferred meaning of the group W-R2
is where W is a s bond, or a CH2 or C2H4 group and R2
is a phenyl group optionally substituted with 1 to 3
substituents, which may be identical or different,
selected from Br, Cl, and F atom, and CH3, C2H5, OCH3,
OC2H5, CN, CH2CN, and CH2CONH2 group. A second
particularly preferred meaning of the group W-R2 is
where W is a s bond, or a CH2 or C2H4 group and R2 is
a pyridine group optionally substituted with 1 to 3
substituents, which may be identical or different,
selected from Br, Cl, and F atom, and CH3, C2H5, OCH3,
OC2H5, CN, CH2CN, and CH2CONH2 group. A third
particularly preferred meaning of the group W-R2 is
where W is a s bond, or a CH2 or C2H4 group and R2 is
a cyclohexyl group optionally substituted with 1 to 3
substituents, which may be identical or different,
selected from Br, Cl, and F atom, and CH3, C2H5, OCH3,
OC2H5, CN, CH2CN, and CH2CONH2 group. Depending on the
nature of the substituents, the compound of formula
(I) may form addition salts with physiologically
acceptable organic or mineral acids or bases. Typical
examples of physiologically acceptable mineral acids
are hydrochloric acid, hydrobromic acid, sulfuric
acid, phosphoric acid andnitric acid. Typical examples
of suitable physiologically acceptable organic acids
are acetic acid, ascorbic acid, benzoic acid, citric
acid, fumaric acid, lactic acid, maleic acid,
methanesulfonic acid, oxalic acid, paratoluenesulfonic
acid, benzensulfonic acid, succinic acid, tannic acid
and tartaric acid. Typical examples of suitable
physiologically acceptable mineral bases are: ammonia,
calcium, magnesium, sodium and potassium. Typical
examples of suitable physiologically acceptable
organic bases are: arginine, betaine, caffeine,
choline, N,Ndibenzylethylenediamine, diethylamine,
2-diethylaminoethanol, 2- dimethylaminoethanol,
ethanolamine, ethylenediamine, Nethylmorpholine,
N-ethylpiperidine, N-methylglucamine, glucamine,
glucosamine, histidine, N-(2-hydroxyethyl)piperidine,
N-(2- hydroxyethyl)pyrrolidine, isopropylamine,
lysine, methylglucamine, morpholine, piperazine,
piperidine, theobromine, triethylamine,
trimethylamine, thpropylamine and tromethamine. In a
second aspect, the present invention relates to a
process for preparing an (aza)indole derivative
substituted in position 5, of formula in which X, Y,
Z, G 1, G2, G3, W, R 1 and R2 have the meanings given
above, and the physiologically acceptable addition
salts, stereoisomers, enantiomers, hydrates, sulfates
and polymorphic forms thereof,a) by reacting a
compound of formula (II): in which X, Y and Z have the
meanings given above, and Q is a halogen atom or a
hydroxy group, with a compound of formula (III): in
which G 1, G2, G3, R 1, R2 and W have the meanings
given above, to give a compound of formula (I): in
which X, Y, Z, G 1, G2, G3, R 1, R2 and W have the
meanings given above, and b) forming, if so desired, a
physiologically acceptable addition salt of the
compound of formula (I) from step (a). According to a
first embodiment, the abovementioned step (a)
isperformed by reacting a compound of formula (II) in
which Q is Cl with an amine of formula (III) in the
presence of a suitable acid acceptor according to
standard techniques. According to a second embodiment,
the abovementioned step (a) is performed by reacting a
compound of formula (II) in which Q is OH with an
amine of formula (III) in the presence of a suitable
coupling agent according to standard techniques.
Further, the reaction of step (a) can also be
conducted in solid phase by preliminary linking the
compound of formula (III) to a preparative resin, such
as, for example PL-FMP Resin, manufactured by from
Polymer Laboratories. In this case, a cleavage step,
in which the resulting compound of formula (I) is
removed from the resin is made after step (a). Such a
cleavage step is made with conventional techniques,
such as, for example, treatment with trifluoroacetic
acid. When the compound of formula (I) is intended to
have a single bond between the carbon atoms in the 2-
and 3-position, a reduction step is made after step
(a). Such a reduction step is made with conventional
techniques, such as, for example, treatment with tin
in the presence of a strong acid. When R 1 is
represented by a (CH2)nCOORN group, and R" is an alkyl
group, the corresponding acid, wherein R" is a
hydrogen atom, may be obtained by hydrolysis,
according to standard techniques, such as, for
example, in the presence of a strong base like NaOH.
The intermediate compounds of formula (III) are novel.



According to a third aspect, the present invention
also relates to a compound of formula (III):wherein G
1, G2, and G3, which may be identical or different,
are a nitrogen atom or a CH group; R 1 is a (Ci-C
6)alkyl, (C3-C7)cycloalkyl, (Ci-C 6)alkylOR', (CH2)
CONR 1 1R1" , (CH2) COR1, (CH2)nCOOR", (CH2)nOCOR',
SO2R1, (CH2)HNR1 1SO2R1, (CH2)nSO2R' group, optionally
substituted with 1 to 3 hydroxy groups, wherein n is
an integer from 1 to 6, R1is a (Ci-C 3)alkyl, or (Ci-C
3)alkylOH group, and R" and R1" , which may be
identical or different, are a hydrogen atom or a (Ci-C
3)alkyl group; W is a s bond, or a (Ci-C 6)alkyl,
(C2-C6)alkenyl, O(Ci-C 6)alkyl, 0(C 2- C6)alkenyl,
C(O)NH, (CH2)pCO(CH 2)q, or (CH2)pC(OH)(CH 2)q group,
wherein p and q, which may be identical or different,
are an integer from Oto 3; and R2 is a phenyl,
pyridine or (C4-C7)cycloalkyl group, optionally
substituted with 1 to 3 substituents, which may be
identical or different, represented by a L-M group,
wherein L is a s bond, or a (Ci-C 6)alkyl,
(C2-C6)alkenyl, (C2-C6)alkinyl, O(Ci-C 6)alkyl, 0(C 2-
C jalkenyl, O(C2-Ce)alkinyl group, and M is a hydrogen
or halogen atom, or a OH, CF3, NO2, CN, COOR",
SO2NHR", CH2CONR 1 1R1" , NR1 1R1" , SO2RIV , NHSO2RIV
, PORIVRV, or OPOR IVRV group, wherein R" and R1" ,
which may be identical or different, have the meaning
above, and Riv and Rv , which may be identical or
different, are a (Ci-C 3)alkyl group, provided that
when G 1, G2, and G3 are all a CH group, R 1 is a
(Ci-C 6)alkyl or (C3- C7)cycloalkyl group, optionally
substituted with 1 to 3 hydroxy groups, W is a s bond,
and the bond between the carbon atoms in the 2 and 3
position is a double bond, R2 is not a phenyl or
pyridine group, optionally substituted with 1 to
3substituents, which may be identical or different,
selected from halogen, (Ci-C 6)alkyl optionally
substituted with a hydroxy group, trifluoromethyl,
nitro, amino, di(Ci-C 3)alkylamino, hydroxy,
(CrC3)alkoxy, COOH, COOR", SO2CH3, SO2NHCH3, NHSO2CH3,
PORIVRV, OPORIVRV, (Ci- C6)alkyl-COOH, and
(C2-C6)alkenyl-COOH and provided that when G 1 is N,
and G2 and G3 are a CH group, R2 is not a divalent
aromatic group substituted with one L-M group
represented by O(Ci- C6)alkyl, O(C2-C6)alkenyl, and
O(C2-C6)alkinyl group. Preferred meanings of R 1 is a
(CrC 3)alkyl, (Ci-C 3)alkylOR', (CH2)HCONR11R1" ,
(CH2)nCOR', (CH2)nCOOR", (CH2)nOCOR', SO2R1,
(CH2)nNR"SO2R', (CH2)nSO2R' group, optionally
substituted with 1 to 3 hydroxy groups, wherein n is
an integer from 1 to 4, R1is a (Ci-C 3)alkyl or (Ci-C
3)alkylOH group, and R" and R1" , which may be
identical or different, are a hydrogen atom or a (Ci-C
3)alkyl group. Particularly preferred meanings of R 1
is a (Ci-C 3)alkyl, (d- C3)alkylOR', (CH2)HCONR1 1R1"
, (CH2)nCOR', (CH2)nCOOR", (CH2)nOCOR', SO2R1, (CH2)
NR1 1SO2R1, (CH2)nSO2R' group, optionally substituted
with 1 to 3 hydroxy groups, wherein n is an integer
from 1 to 3, R1 is a CH3, C2H5, CH2OH, or C2H4OH
group, and R" and R1" , which may be identical or
different, are a hydrogen atom or a CH3, C2H5 group.
Preferred meanings of W are s bond, or a (CrC 3)alkyl,
(C2- C4)alkenyl, O(Ci-C 3)alkyl, O(C2-C3)alkenyl,
C(O)NH, (CH2)pCO(CH2)q, or (CH2)pC(OH)(CH2)q group,
wherein p and q, which may be identical or different,
are an integer from 1 to 3 . Particularly preferred
meanings of W are s bond, or a CH2, C2H4, CH=CH, OCH2,
OC2H4, OCH=CH, C(O)NH, (CH2)pCO(CH2)q, or
(CH2)pC(OH)(CH 2)q group, wherein p and q, which may
be identical or different, are an integer from 1 to 2
.Preferred meanings of R2 is a phenyl, pyridine or
(C4-C7)cycloalkyl group, optionally substituted with 1
to 2 substituents, which may be identical or
different, represented by a L-M group, wherein L is a
s bond, or a (Ci-C 3)alkyl, (C2-C4)alkenyl,
(C2-C4)alkinyl, O(Ci-C 3)alkyl, O(C2-C4)alkenyl,
O(C2-C4)alkinyl group, and M is a hydrogen or halogen
atom, or a CF3, CN, COOR", SO2NHR", CH2CONR1 1R1" ,
NR1 1R1" , SO2RIV , NHSO2RIV , PORIVRV, or OPORIVRV
group, wherein R" and R1" , which may be identical or
different, are a hydrogen atom or a (Cr Cs)alkyl
group, and Riv and Rv , which may be identical or
different, are a (Ci-C 3)alkyl group. Particularly
preferred meanings of R2 is a phenyl, pyridine or (C4-
C7)cycloalkyl group, optionally substituted with 1
substituent represented by a L-M group, wherein L is a
s bond, or a CH2, C2H4, CH=CH, CC, OCH2, OC2H4,
OCH=CH, OCC group, and M is a hydrogen or halogen
atom, or a CF3, CN, COOR", SO2NHR", CH2CONR1 1R1" ,
NR1 1R1" , SO2RIV , NHSO2RIV , PORIVRV, or OPORIVRV
group, wherein R" and R1" , which may be identical or
different, are a hydrogen atom or a CH3, C2H5 group,
and Riv and Rv , which may be identical or different,
are a CH3 or C2H5 group. A first particularly
preferred meaning of the group W-R2 is where W is a s
bond, or a CH2 or C2H4 group and R2 is a phenyl group
optionally substituted with 1 to 3 substituents, which
may be identical or different, selected from Br, Cl,
and F atom, CH3, C2H5, OCH3, OC2H5, CN, CH2CN, and
CH2CONH2 group A second particularly preferred meaning
of the group W-R2 is where W is a s bond, or a CH2 or
C2H4 group and R2 is a pyridine group optionally
substituted with 1 to 3 substituents, which may be
identical or different, selected from Br, Cl, and F
atom, CH3, C2H5, OCH3, OC2H5, CN, CH2CN, and CH2CONH2
group A third particularly preferred meaning of the
group W-R2 is where Wis a s bond, or a CH2 or C H4
group and R2 is a cyclohexyl group optionally
substituted with 1 to 3 substituents, which may be
identical or different, selected from Br, Cl, and F
atom, CH3, C2H5, OCH3, OC2H5, CN, CH2CN, and CH2CONH2
group The investigations on the biological properties
of the compound of formula (I) according to the
present invention demonstrated that it has an
unexpected selective property of inhibiting mPGES-1
and 



pronounced anti-nociceptive activity in inflammatory
pain. In a fourth aspect, the present invention thus
relates to a pharmaceutical composition containing an
effective amount of a compound of formula (I), or of a
physiologically acceptable addition salt,
stereoisomer, enantiomer, hydrate, solvate or
polymorphic form thereof, and at least one
pharmaceutically acceptable inert ingredient. In the
present description and in the claims, the term
"effective amount" refers to an amount that gives an
appreciable improvement in at least one symptom or
parameter of a specific disorder. The pharmaceutical
composition according to the present invention will be
used in the treatment or prevention of disorders
associated with the production of prostaglandin E2
(PGE2) , for instance inflammatory processes, pain,
tumors, neurodegenerative disorders and
atherosclerosis. Advantageously, the pharmaceutical
composition according to the present invention will be
used in the treatment of pain in chronic inflammatory
pathologies such as arthritis, or of tumors,
particularly colorectal, oesophageal, breast, lung and
bladder tumors. Preferably, the pharmaceutical
compositions of the present invention are prepared in
suitable dosage forms comprising an effective dose of
at least one compound of formula (I) or of a
physiologically acceptable addition salt,
stereoisomer, enantiomer, hydrate, solvate or
polymorphic form thereof, and at least one
pharmaceutically acceptable inertingredient. Examples
of suitable dosage forms are tablets, capsules, coated
tablets, granules, solutions and syrups for oral
administration; creams, ointments and antiseptic
plasters for topical administration; suppositories for
rectal administration and sterile solutions for
administration by injection or aerosol or ophthalmic
administration. The dosage forms may also contain
other conventional ingredients, for instance:
preserving agents, stabilizers, surfactants, buffers,
salts for regulating the osmotic pressure,
emulsifiers, sweeteners, colorants, flavorings and the
like. If required for particular therapies, the
pharmaceutical composition of the present invention
may contain other pharmacologically active ingredients
whose simultaneous administration is beneficial. The
amount of compound of formula (I) or of a
physiologically acceptable addition salt,
stereoisomer, enantiomer, hydrate, solvate or
polymorphic form thereof, and at least one
pharmaceutically acceptable inert ingredient in the
pharmaceutical composition of the present invention
may vary within a wide range depending on known
factors, for instance the type of disease to be
treated, the severity of the disease, the body weight
of the patient, the dosage form, the chosen route of
administration, the number of daily administrations
and the efficacy of the chosen compound of formula
(I). However, the optimum amount may be easily and
routinely determined by a person skilled in the art.
Typically, the amount of compound of formula (I) or of
a physiologically acceptable addition salt,
stereoisomer, enantiomer, hydrate, solvate or
polymorphic form thereof, and at least one
pharmaceutically acceptable inert ingredient in the
pharmaceutical composition of the present invention
will be such that it provides a level of
administration of between 0.0001 and 100 mg/kg/day and
even more preferably between 0.01 and 10
mg/kg/day.Clearly, the pharmaceutical formations of
the present invention do not necessarily need to
contain the entire amount of the compound of formula
(I) since the said effective amount may be added by
means of administration of a plurality of doses of the
pharmaceutical composition of the present invention.
The dosage forms of the pharmaceutical composition of
the present invention may be prepared according to
techniques that are well known to pharmaceutical
chemists, including mixing, granulation, compression,
dissolution, sterilization and the like. The examples
that follow serve to further illustrate the invention
without, however, limiting it. EXAMPLE 1 Preparation
of intermediate compounds a)
1-ethyl-2-(4-methylphenvD-1
H-pynOlo[2,3-fc>ipyridin-5-amine To a solution of
2-amino-3-bromo-5-nitropyridine ( 1 .2 g, 5.5 mmol) in
anhydrous THF (23 ml), PdCI2 (52 mg, 0.29 mmol), 1, 1
'-Bis(di-tertbutylphosphino) ferrocene (D-tBPF, 0.17
g, 0.39 mmol), diisopropylamine (0.81 g, 8.0 mmol),
and CuI (22 mg, 0.1 1 mmol) were added while stirring.
To this mixture 4-ethynyltoluene ( 1 .0 ml, 7.9 mmol)
was added dropwise over 2.25 hours. The mixture thus
obtained was filtered under vacuum through Celite, the
residue washed several times with EtOAc. After
evaporation of the solvent, the residue was purified
by column chromatography on silica gel (Et2O/n-hexane,
Et2O 30%->60%) to give
5-nitro-3-(phenylethynyl)pyridin-2-amine as yellow
solid: 1H-NMR (CDCI3) : 8.93 (d, J= 2.7 Hz, 1H); 8.36
(d, J= 2.7 Hz, 1H); 7.42 (AA' of AA'BB' system, 2H);
7.19 (BB' of AA'BB' system, 2H); 5.85 (bs, 2H); 2.39
(s, 3H).To a suspension of potassium ter-butoxide
(0.41 g, 3.7 mmol) in anhydrous DMF (5 ml) a solution
of 5-nitro-3-(phenylethynyl)pyridin-2- amine (0.70 g,
2.8 mmol), in DMF (25 ml) was added dropwise while
stirring at room temperature. After 1.5 days,
iodoethane (0.38 ml, 4.7 mmol) was added and the whole
stirred for additional 1.5 days. To the reaction H2O
(50 ml) and EtOAc ( 100 ml) were then added. The
mixture was poured into a separatory funnel, the
organic layer separated, the aqueous one thoroughly
extracted with EtOAc (50 ml) and combined organic
layers washed with brine (2 x 100 ml). The organic
solvent was removed by evaporation under reduced
pressure and the residue was purified by column
chromatography on silica gel (Et2O/n-hexane, Et O
10%^20%) to give 1-ethyl-2-(4-methylphenyl)-5-nitro-1
H-pyrrolo[2,3- >]pyridine: 1H-NMR (CDCI3) : 9.21 (d,
J= 2.7 Hz, 1H); 8.71 (d, J= 2.7 Hz, 1H); 7.40 (AA' of
AA BB' system, 2H); 7.32 (BB' of AA'BB' system, 2H);
6.60 (s, 1H); 4.41 (q, J=7.2 Hz, 2H); 2.45 (s, 3H);
1.31 (t, J=7.2 Hz, 3H) A solution of
1-ethyl-2-(4-methylphenyl)-5-nitro-1 H-pyrrolo[2,3- b]



pyridine (0.36 g, 1.3 mmol) in a EtOAc/EtOH (absolute
)= 4:7 mixture ( 1 10 ml) was hydrogenated in H2
atmosphere with the presence of 10% Pd(C) ( 1 10 mg)
for 2h. The residue was filtered under vacuum through
CeI ite to remove the catalyst and the solvent
evaporated to give crude 1-ethyl-2-(4-methylphenyl)-1
/-/-pyrrolo[2,3-ib]pyridin-5-amine which was used
without any further purification: 1H-NMR (CDCI3) :
7.91 (d, J= 3.0 Hz,1 H); 7.39 (AA' of AA'BB' system,
2H); 7.32-7.1 8 (m, 3H); 6.25 (s, 1H); 4.30 (q, J= 7.5
Hz, 2H); 3.32 (bs, 2H); 2.41 (s, 3H); 1.27 (t, J= 7.5
Hz, 3H). b) 1-isopropyl-2-(4-methylphenyl)-1
/-/-pyrrolo[2.3-ib1pyridin-5-amine The process
described above in Example 1a) was used, except that
isopropyl bromide was used instead of iodoethane.
1-isopropyl-2-(4-methylphenyl)-5-nitro-1
H-pyrrolo[2,3-b]pyridine:1H-NMR (CDCI3) : 9.1 8 (d, J=
2.4 Hz, 1H); 8.67 (d, J= 2.4 Hz, 1H); 7.34 (AA BB'
system, 4H); 6.52 (s, 1H); 4.70 (ept., J=6.9 Hz, 1H);
2.45 (s, 3H); 1.70 (d, J = 6.9 Hz, 6H)
1-isopropyl-2-(4-methylphenyl)-1 H-pyrrolo[2,3-
b]pyridin-5-amine: 1H-NMR (CDCI3) : 7.85 (d, J= 1.4
Hz,1 H); 7.27 (AA' of AA'BB' system, 2H); 7.1 6-7.05
(m, 3H); 6.1 1 (s, 1H); 4.56 (ept., J=7.0 Hz, 1H);
3.85 (bs, 2H); 2.33 (s, 3H), 1.59 (d, J= 7.0 Hz, 6H).
c) 1-(2-methoxyethyl)-2-(4-methylphenyl)-1
H-pyrrolo[2,3-ibipyridin-5- amine The process
described above in Example 1a) was used, except that
2-methoxyethyl bromide was used instead of iodoethane.
1-(2-methoxyethyl)-2-(4-methylphenyl)-5-nitro-1
H-pyrrolo[2,3-ib]pyhdine: 1H-NMR (CDCI3) : 9.21 (d, J=
2.4 Hz, 1H); 8.71 (d, J= 2.4 Hz, 1H); 7.49 (AA' of
AA'BB' system, 2H); 7.32 (BB' of AA'BB' system, 2H);
6.62 (s, 1H); 4.54 (t, J= 5.6 Hz, 2H); 3.70 (t, J =
5.6 Hz, 2H); 3.19 (s, 3H); 2.45 (s, 3H).
1-(2-methoxyethyl)-2-(4-methylphenyl)-1
/-/-pyrrolo[2,3-ib]pyridin-5- amine: 1H-NMR (CDCI3) :
7.89 (d, J= 2.7 Hz, 1H); 7.46 (AA' of AA'BB' system,
2H); 7.25 (BB' of AA'BB' system, 2H); 7.1 9 (d, J= 2.4
Hz, 1H); 6.27 (s, 1H); 4.42 (t, J= 6.0 Hz, 2H); 3.68
(t, J = 6.0 Hz, 2H); 3.40 (bs, 1H); 3.1 7 (s, 3H);
2.40 (s, 3H). d) 1-ethyl-2-(4-fluorophenyl)-1
H-pyrrolo[2,3-ibipyridin-5-annine The process
described above in Example 1a) was used, except that
1-ethynyl-4-fluorobenzene was used instead of
4-ethynyltoluene.
3-[(4-fluorophenyl)ethynyl]-5-nitropyridin-2-amine:
1H-NMR (CDCIs/CDsOD): 8.78 (d, J= 2.3 Hz, 1H); 8.24
(d, J= 2.3 Hz, 1H); 7.43 (m, 2H); 6.97 (m, 2H), 2.05
(s, 3H). 1-ethyl-2-(4-fluorophenyl)-5-nitro-1
/-/-pyrrolo[2,3-ib]pyridine1H-NMR (CDCI3) : 9.30 (d,
J= 2.5 Hz, 1H); 8.80 (d, J= 2.5 Hz, 1H); 7.60 (m, 2H);
7.30 (m, 2H); 6.70 (s, 1H); 4.48 (q, J= 7.6 Hz, 2H);
1.39 (t, J= 7.6 Hz 3H) 1-ethyl-2-(4-fluorophenyl)-1
/-/-pyrrolo[2,3- b]pyridin-5-amine 1H-NMR (CDCI3) :
7.90 (d, J= 2.4 Hz, 1H); 7.42 (m, 2H); 7.25-7.05 (m,
3H), 6.21 (s, 1H); 4.24 (q, J= 7.2Hz, 2H); 3.50 (bs,
2H);1 .22 (t, J= 7.2 Hz, 3H) e)
2-(4-fluorophenyl)-1-(2-nnethoxyethyl)-1/-/-Dyrrolor2,
3-ibipy pdin-5- amine The process described above in
Example 1a) was used, except that
1-ethynyl-4-fluorobenzene and 2-methoxyethylbromide
were used instead of 4-ethynyltoluene and iodoethane,
respectively. 2-(4-fluorophenyl)-1
-(2-nnethoxyethyl)-5-nitro-1
/-/-pyrrolo[2,3-ib]pyridine: 1H-NMR (CDCI3) : 9.23 (d,
J= 2.6 Hz, 1H); 8.74 (d, J= 2.6 Hz, 1H);7.90-7.20 (2m,
5 H); 6.64 (s, 1H); 4.51 (t, J= 5.6 Hz, 2H); 3.75 (t,
J= 5.6 Hz, 2H); 3.20 (s, 3H); 2-(4-fluorophenyl)-1
-(2-methoxyethyl)-1 /-/-pyrrolo[2,3-ib]pyridin-5-
amine: 1H-NMR (CDCI3) : 8.00 (d, J= 2.2 Hz, 1H); 7.63
(m, 2H); 7.40-7.10 (m, 3H), 6.34 (s, 1H); 4.47 (t, J=
5.8 Hz, 2H); 3.80 (t, J= 5.8 Hz, 4H); 3.25 (s, 3H). f
) ethyl 4-(5-amino-2-phenyl-1 /-/-indol-1
-yl)butanoate To a solution of 2-phenyl-5-nitroindole
(prepared as described in J. Org.Chem. ( 1966), 3 1(
1) , 65-9) ( 1 .5 g; 6.3 mmol) in CH3CN (50ml) was
added K2CO3 ( 1 .7 g; 12.6 mmol).To the mixture thus
obtained was then added dropwise ethyl
4-bromobutanoate (3.3 g; 16 mmol) and the resulting
mixture was heated to 120 0C under stirring for 18
hours. After cooling, the mixture was poured into
water (500ml) and the crude product was filtered,
dried under vacuum to give ethyl 4-(5-nitro-2-
phenyl-1 H-indol-1 -yl)butanoate which was used in the
following reactionwithout any further purification.
1H-NMR (DMSO-de) 1.08 (t, J=7.1 6 Hz, 3 H); 1.80
(quin, J=7.23 Hz, 2 H); 2.1 5 (t, J=7.00 Hz, 2 H);
3.91 (q, J=7.02 Hz 2 H); 4.34 (t, J=7.31 Hz, 2 H);
6.84 (s, 1 H); 7.47 - 7.62 (m, 5 H); 7.80 (d, J=9.06
Hz, 1 H); 8.08 (dd, J=9.21 , 2.1 9 Hz, 1 H); 8.59 (d,
J=2.34 Hz, 1 H). To a suspension of 10% Pd/C (67 mg,
0.06 mmol) in 95% ethanol (50 ml) a solution of
4-(5-nitro-2-phenyl-1 H-indol-1 -yl)butanoate (2.2 g;
6 mmol) in 95 ethanol ( 100 ml) was added (0.1 g; 0.1
mmol) and the mixture underwent hydrogenation in a
Parr hydrogenator (H2,30 psi) for 4 hours. The residue
was filtered under vacuum through Celite to remove the
catalyst and the solvent evaporated to give crude
ethyl 4-(5-amino-2- phenyl-1 H-indol-1 -yl)butanoate
which was used without any further purification. 1H
NMR (DMSO-CZ6) 1.09 (t, J=7.16 Hz, 3 H); 1.78 (quin,
J=7.16 Hz, 2 H); 2.09 (t, J=7.1 6 Hz, 2 H); 3.92 (q,
J=7.21 Hz, 2 H); 4.20 (t, J=7.31 Hz, 2 H); 6.44 (s, 1
H); 6.87 (dd, J=8.62, 2.1 9 Hz, 1 H); 7.14 (d, J=2.05
Hz, 1 H); 7.35 - 7.59 (m, 6 H); 8.08 (br. s., 2 H). g)
ethyl 3-(5-amino-2-phenyl-1 H-indol-1 -vDpropanoate
The process described above in Example 1f) was used,
except that ethyl 3-bromopropanoate was used instead
of ethyl 4-bromobutanoate. ethyl 3-(5-nitro-2-phenyl-1
H-indol-1 -yl)propanoate 1H NMR (DMSO-CZ6) 1.02 (t,
J=7.02 Hz, 3 H); 2.61 (t, J=7.31 Hz, 2 H); 3.88 (q,
J=7.02 Hz, 2 H); 4.57 (t, J=7.1 6 Hz, 2 H); 6.83 (s, 1
H); 7.46 - 7.65 (m, 5 H); 7.80 (d, J=9.06 Hz, 1 H);
8.08 (dd, J=9.06, 2.34 Hz, 1 H); 8.57 (d, J=2.34 Hz, 1
H). 



ethyl 3-(5-amino-2-phenyl-1 H-indol-1 -yl)propanoate
1H NMR (DMSO-c/e) 1.05 (t, J=7.16 Hz, 3 H); 2.54 (br.
s., J=7.50, 7.50 Hz, 2 H); 3.90 (q, J=7.02 Hz, 2 H);
4.36 (t, J=7.31 Hz, 2 H); 4.55 (br. s., 2 H); 6.24 (s,
1 H); 6.57 (dd, J=8.62, 2.19 Hz, 1 H); 6.70 (d,J=2.05
Hz, 1 H); 7.21 (d, J=QJl Hz, 1 H); 7.34 - 7.55 (m, 5
H). h ethyl (5-amino-2-phenyl-1/-/-indol-1 -yl)acetate
The process described above in Example 1f) was used,
except that ethyl 2-bromoacetate was used instead of
ethyl 4-bromobutanoate. ethyl (5-nitro-2-phenyl-1
H-indol-1 -yl)acetate: 1H NMR (DMSO-CZ6) 1.1 1 (t,
J=7.02 Hz, 3 H); 4.09 (q, J=7.02 Hz, 2 H); 5.1 5 (s, 2
H); 6.90 (d, J=0.58 Hz, 1 H); 7.46 - 7.60 (m, 5 H);
7.73 (d, J=9.35 Hz, 1 H); 8.08 (dd, J=9.06, 2.34 Hz, 1
H); 8.60 (d, J=2.34 Hz, 1 H). ethyl
(5-amino-2-phenyl-1 /-/-indol-1 -yl)acetate: 1H NMR
(CDCI 3) 1.23 (t, J=7.1 6 Hz, 3 H); 2.97 (br. s., 2
H); 4.20 (q, J=7.02 Hz, 2 H); 4.74 (s, 2 H); 6.45 (s,
1 H); 6.79 (dd, J=8.77, 2.05 Hz, 1 H); 7.06 (s, 1 H);
7.08 (d, J=5.85 Hz, 1 H); 7.34 - 7.52 (m, 5 H). i)
1-[2-(dimethylamino)ethyl]-2-phenyl-1
/-/-indol-5-amine The process described above in
Example 1f) was used, except that 2-chloro-
L/,L/-dimethylethanamine hydrochloride was used
instead of ethyl 4-bromobutanoate
A/,L/-dimethyl-2-(5-nitro-2-phenyl-1 H-indol-1
-yl)ethanamine: 1H NMR (DMSO-CZ6) 1.98 (s, 6 H); 2.41
(t, J=6.87 Hz, 2 H); 4.36 (t, J=6.87 Hz, 2 H); 6.81
(s, 1 H); 7.45 - 7.65 (m, 5 H); 7.77 (d, J=9.06 Hz, 1
H); 8.07 (dd, J=9.06, 2.34 Hz, 1 H); 8.56 (d, J=2.34
Hz, 1 H). 1-[2-(dimethylamino)ethyl]-2-phenyl-1
/-/-indol-5-amine: 1H NMR (DMSO-Cy6) 2.00 (s, 6 H);
2.38 (t, J=7.31 Hz, 2 H); 4.1 3 (t, J=7.31 Hz, 2 H);
4.52 (br. s., 2 H); 6.23 (s, 1 H); 6.57 (dd, J=8.62,
2.1 9 Hz, 1 H); 6.69 (d, J=1 .75 Hz, 1 H); 7.19 (d,
J=8.48 Hz, 1 H); 7.35 - 7.58 (m, 5 H). I)
1-(2-methoxyethyl)-2-phenyl-1 /-/-indol-5-amine The
process described above in Example 1f) was used,
except that 1-bromo-2-nnethoxyethane was used instead
of ethyl 4-bromobutanoate
1-(2-methoxyethyl)-5-nitro-2-phenyl-1 /-/-indole1H NMR
(DMSO-c/e) 3.04 (s, 3 H); 3.53 (t, J=5.41 Hz, 2 H);
4.44 (t, J=5.41 Hz, 2 H); 6.83 (s, 1 H); 7.46 - 7.66
(m, 5 H); 7.79 (d, J=9.06 Hz, 1 H); 8.06 (dd, J=9.06,
2.34 Hz, 1 H); 8.57 (d, J=2.34 Hz, 1 H).
1-(2-methoxyethyl)-2-phenyl-1 /-/-indol-5-amine I)
4-(5-amino-2-phenyl-1 H-indol-1 -yl)butan-2-one The
process described above in Example 1f) was used,
except that 4-chlorobutan-2-one was used instead of
ethyl 4-bromobutanoate 4-(5-nitro-2-phenyl-1 H-indol-1
-yl)butan-2-one 1H NMR (DMSO-c/e) 2.00 (s, 3 H); 2.85
(t, J=7.50 Hz, 2 H); 4.45 (t, J=7.50 Hz, 2 H); 6.83
(d, J=0.58 Hz, 1 H); 7.47 - 7.62 (m, 5 H); 7.79 (d,
J=9.35 Hz, 1 H); 8.07 (dd, J=9.06, 2.34 Hz, 1 H); 8.58
(d, J=2.34 Hz, 1 H). 4-(5-amino-2-phenyl-1 H-indol-1
-yl)butan-2-one 1H NMR (DMSO-c/e) 1.98 (s, 3 H); 2.77
(t, J=7.68 Hz, 2 H); 4.25 (t, J=7.68 Hz, 2 H); 4.52
(br. s., 2 H); 6.24 (s, 1 H); 6.57 (dd, J=8.64, 2.06
Hz, 1 H); 6.69 (d, J=1 .92 Hz, 1 H); 7.20 (d, J=8.51
Hz, 1 H); 7.32 - 7.63 (m, 5 H). m )
2-(4-fluorophenyl)-1 -(2-methoxyethyl)-1
/-/-indol-5-amine To a solution of 5-nitroindole (3.5
g; 2 1.6 mmol) in DMF ( 100ml) was added CS2CO3 ( 13.9
g; 42.6 mmol). The mixture thus obtained was stirred
1h hour at room temperature then
1-bromo-2-methoxyethane (5.9 g; 42.6 mmol) was added
dropwise. The resulting mixture was heated to 120 0C
under stirring for 4 hours. After cooling, the mixture
was poured into water (500ml) and the crude product
was filtered, dried under vacuum to give1
-(2-methoxyethyl)-5-nitro-1 /-/-indole which was used
in the following reaction without any further
purification. 1H NMR (DMSO-CZ6) 3.21 (s, 3 H); 3.68
(t, J=5.26 Hz, 2 H); 4.43 (t, J=5.26 Hz, 2 H); 6.75
(dd, J=3.22, 0.58 Hz, 1 H); 7.62 (d, J=3.22 Hz, 1 H);
7.70 (d, J=9.35 Hz, 1 H); 8.02 (dd, J=9.06, 2.34 Hz, 1
H); 8.56 (d, J=2.34 Hz, 1 H).To a suspension
containing cesium acetate dried under vacuum overnight
at 140 C (7.3 g; 38 mmol) in N,N-dimethylacetamide
(DMA, 10 ml), under an inert atmosphere, were added
palladium acetate (0.22 g; 0.98 mmol),
triphenylphosphine ( 1 g; 3.8 mmol),
1-(2-methoxyethyl)- 5-nitro-1 H-indole (4.2 g; 19.1
mmol) and 1-iodo-4-fluorobenzene (4.7 g; 2 1 mmol).
The reaction mixture was left under stirring at 140 0C
under an inert atmosphere for 18 hours. The mixture
was then cooled to room temperature, dichloromethane
(100 ml) was added and the mixture thus obtained was
filtered under vacuum through Celite. The organic
solution was transferred into a separating funnel,
washed with H2O (2x 100ml) and dried over Na2SO4. The
organic solvent was removed by evaporation under
reduced pressure and the residue was purified by flash
chromatography on silica gel (n-hexane/EtOAc ,
n-hexane1 00->60%) to give 2-(4-fluorophenyl)-1 -
(2-methoxyethyl)-5-nitro-1 H-indole (0.9 g), which was
used without any further purification. 1H NMR
(DMSO-c/e) 3.05 (s, 3 H); 3.53 (t, J=5.33 Hz, 2 H);
4.41 (t, J=5.41 Hz, 2 H); 6.83 (s, 1 H); 7.32 - 7.44
(m, 2 H); 7.62 - 7.73 (m, 2 H); 7.79 (d, J=9.21 Hz, 1
H); 8.06 (dd, J=9.06, 2.34 Hz, 1 H); 8.57 (d, J=2.34
Hz, 1 H). To a suspension containing
2-(4-fluorophenyl)-1 -(2-methoxyethyl)-5- nitro-1
H-indole (0.9 g; 2.9 mmol) in ethanol absolute ( 100
ml) was added stannous chloride dihydrate (3.3 g; 14.6
mmol).The reaction mixture was left under stirring at
75 C for 48 hours. The mixture was then cooled to room
temperature, the solvent partially evaporated under
reduced pressure and poured in water (100 ml) and ice.
NaHCO3 (saturated solution) was added to pH 8 and the
mixture was left under stirring for 20 minutes. The
solution was transferred into a separating funnel, and
extracted with ethyl acetate (2 x 50 ml). The organic
phaseswere combined, and the resulting organic phase
was washed with H2O (2x 100 ml) and dried over Na2SO4.
The organic solvent was removed by evaporation under
reduced pressure and the residue was purified by flash
chromatography on silica gel (n-hexane/EtOAc ,
n-hexane1 00->60%) to give 2-(4-fluorophenyl)-1 - 



(2-methoxyethyl)-1 H-indol-5-amine (0.7 g), which was
used without any further purification. 1H NMR
(DMSO-CZ6) 3.07 (s, 3 H); 3.51 (t, J=5.70 Hz, 2 H);
4.1 8 (t, J=5.85 Hz, 2 H); 4.53 (br. s., 2 H); 6.22
(s, 1 H); 6.56 (dd, J=8.62, 2.19 Hz, 1 H); 6.69 (d,
J=1 .46 Hz, 1 H); 7.22 (d, J=8.77 Hz, 1 H); 7.30 (t,
J=8.92 Hz, 2 H); 7.59 (dd, J=9.06, 5.55 Hz, 2 H). n)
3-(5-amino-2-phenyl-1 /-/-indol-1 -yl)propyl acetate
To a solution containing ethyl 3-(5-nitro-2-phenyl-1
H-indol-1 - yl)propanoate (prepared as described in
example 1g) (2.1 g; 6.2 mmol) in THF (20 ml) sodium
borohydride (0.98 g, 24.8 mmol) and EtOH absolute (25
ml) were added; the reaction mixture was left under
stirring at room temperature for 18 hours. Then water
(5 ml) and HCI 2N were added to pH 6 . The solution
was transferred into a separating funnel, and
extracted with ethyl acetate (2 x 50 ml). The organic
phases were combined, and dried over Na2SO4. The
solvent was removed by evaporation under reduced
pressure and the residue was purified by flash
chromatography on silica gel (n-hexane/EtOAc, nhexanei
00->70%) to give 3-(5-nitro-2-phenyl-1 H-indol-1
-yl)propan-1 -ol ( 1 .5 g), which was used without any
further purification. 1H NMR (CDCI3) 1.81 - 1.93 (m,
J=6.58, 6.58, 6.43, 6.14 Hz, 2 H); 3.36 (t, J=5.70 Hz,
2 H); 3.50 (br. s., 1 H); 4.38 (t, J=7.02 Hz, 2 H);
6.69 (s, 1 H); 7.28 - 7.61 (m, 6 H); 8.06 (dd, J=9.06,
2.34 Hz, 1 H); 8.55 (d, J=2.05 Hz, 1 H). To a solution
containing ethyl 3-(5-nitro-2-phenyl-1 H-indol-1 -yl)
propan-1 -ol (2.2 g; 7.4 mmol) and triethylamine ( 1
.24 ml; 8.9 mmol) inCH2C (20 ml), acetyl chloride (0.6
ml; 8.9 mmol) was added dropwise; the reaction mixture
was left under stirring at room temperature for 2
hours. Then water (20 ml) and NaHCO 3 (saturated
solution) were added to pH 7 . The biphasic solution
was transferred into a separating funnel extracted
with CH2CI2 (2 x 50 ml). The organic phases were
combined, washed with brine (2x 100 ml) and dried over
Na2SO4. The solvent was removed by evaporation under
reduced pressure to give 3-(5-nitro-2- phenyl-1
H-indol-1 -yl)propyl acetate ( 1 .5 g), which was used
without any further purification. 1H NMR (DMSO-CZ6)
1.79 (s, 3 H); 1.86 (qd, J=6.63, 6.43 Hz, 2 H); 3.75
(t, J=5.99 Hz, 2 H); 4.41 (t, J=7.1 6 Hz, 2 H); 6.85
(s, 1 H); 7.47 - 7.64 (m, 5 H); 7.79 (d, J=9.06 Hz, 1
H); 8.08 (dd, J=9.06, 2.34 Hz, 1 H); 8.59 (d, J=2.05
Hz, 1 H). To a suspension of 10% Pd/C (87 mg, 0.08
mmol) in 95 ethanol (100 ml) a solution of
3-(5-nitro-2-phenyl-1 H-indol-1 -yl)propyl acetate
(2.76 g; 8 mmol) in 95 ethanol (200 ml) was added and
the mixture underwent hydrogenation in a Parr
hydrogenator (H2, 30 psi) for 4 hours. The residue was
filtered under vacuum through CeI ite to remove the
catalyst and the solvent evaporated to give crude
3-(5-amino-2-phenyl- 1H-indol-1 -yl)propyl acetate
which was used without any further purification. o)
2-(5-amino-2-phenyl-1 H-indol-1 -vhethyl acetate The
process described above in Example 1n) was used,
except that ethyl (5-nitro-2-phenyl-1 H-indol-1
-yl)acetate (prepared as described in example 1h) was
used instead of 3-(5-nitro-2-phenyl-1 H-indol-1 -
yl)propanoate. 2-(5-nitro-2-phenyl-1 H-indol-1
-yl)ethanol 1H NMR (DMSO-CZ6) 3.63 (t, J=5.85 Hz, 2
H); 4.32 (t, J=5.85 Hz, 2 H); 6.46 (br. s., 1 H); 6.83
(s, 1 H); 7.43 - 7.71 (m, 5 H); 7.77 (d, J=9.06 Hz,1
H); 8.06 (dd, J=9.06, 2.34 Hz, 1 H); 8.57 (d, J=2.34
Hz, 1 H). ethyl 2-(5-nitro-2-phenyl-1H-indol-1 -yl)
acetate 1H NMR (DMSO-CZ6) 1.70 (s, 3 H); 4.16 (t,
J=5.26 Hz, 2 H); 4.57 (t, J=5.26 Hz, 2 H); 6.83 (s, 1
H); 7.35 - 7.70 (m, 5 H); 7.81 (d, J=9.35 Hz, 1 H);
8.09 (dd, J=9.35, 2.34 Hz, 1 H); 8.58 (d, J=2.34 Hz, 1
H). p) 2-cvclohexyl-1 -ethyl-1 /-/-indol-5-amine To a
solution containing 2-iodo-4-nitroaniline (25 g; 95
mmol) and triethylamine (43 ml; 312 mmol) in CH2CI2
(250 ml), a solution containing methanesulphonyl
chloride (36 g; 312 mmol) was added dropwise. The
reaction mixture was left under stirring at room
temperature for 18 hours, then NH4CI (saturated
solution) was added (250 ml). The biphasic solution
was transferred into a separating funnel, the organic
phase was separated, dried over Na SO4 and the solvent
was removed by evaporation under reduced pressure. The
residue was suspended in EtOH (200 ml) and heated
under stirring until a yellow solid precipitated. The
crude product was filtered, washed with EtOH (750 ml),
and dried under vacuum to give
L/-(2-iodo-4-nitrophenyl)-/V-
(methylsulfonyl)methanesulfonamide (32 g) which was
used in the following reaction without any further
purification. 1H NMR (DMSO-c/e) 3.68 (s, 6 H); 7.93
(d, J=8.77 Hz, 1 H); 8.29 (dd, J=8.48, 2.34 Hz, 1 H);
8.73 (d, J=2.63 Hz, 1 H). To a mixture containing
L/-(2-iodo-4-nitrophenyl)-/V-
(methylsulfonyl)methanesulfonamide (31 g; 75 mmol) in
EtOH (230 ml), water ( 1 15 ml) and LiOH (9 g; 375
mmol) were added. The reaction mixture was refluxed
for 2 hours, then cooled to room temperature, the
solvent evaporated under reduced pressure. NH4CI
(saturated solution, 250 ml) was added and the mixture
was stirred until a yellow solid precipitated. The
crude product was filtered and dried under vacuum to
give L/-(2-iodo-4-nitrophenyl)methanesulfonamide (24
g) which was used in the following reaction without
any further purification.1H NMR (DMSO-CZ6) 3.01 (s, 3
H); 7.41 (d, J=9.06 Hz, 1 H); 8.10 (dd, J=9.21 , 2.78
Hz, 1 H); 8.53 (d, J=2.92 Hz, 1 H); 9.55 (br. s., 0
H). To a mixture containing
/V-(2-iodo-4-nitrophenyl)methanesulfonannide ( 13.5 g;
39.5 mmol), thethylamine ( 17.9 ml; 129 mmol),
ethynylcyclohexane (8.55g; 79 mmol) in DMF (60 ml),
CuI ( 1 .5 g; 7.9 mmol) and
dichlorobis(triphenylphosphine)palladium(ll) [Cl
2(PPh3)2Pd] (2.77 g; 3.95 mmol) were added. The
reaction mixture was left under stirring at 700C for
18 hours. After cooling to room temperature, EtOAc
(100 ml) was added, the inorganic precipitate was
filtered off and the solution was transferred into a
separating funnel and washed with NaHCO 3 (saturated
solution, 3 x 200 ml) and water (2 x 150 ml). The
organic phase was dried over Na SO4, the solvent was
removed by evaporation under reduced pressure. The so
obtained crude product 



was crystallized (isopropylether) to give
2-cyclohexyl-1 -(methylsulfonyl)- 5-nitro-1H-indole (
11.7 g) 1H NMR (DMSO-c/e) 1.14 - 1.53 (m, 5 H); 1.62 -
1.93 (m, 3 H); 2.02 - 2.20 (m, 2 H); 3.08 - 3.27 (m, 1
H); 3.46 (s, 3 H); 6.87 (s, 1 H); 8.09 (d, J=9.1 0 Hz,
1 H); 8.1 7 (dd, J=9.1 0, 2.05 Hz, 1 H); 8.52 (d,
J=2.05 Hz, 1 H). To a solution containing
2-cyclohexyl-1 -(methylsulfonyl)-5-nitro-1 Hindole
(5.8 g; 18 mmol) in THF (50 ml), tetrabutylammonium
fluoride ( 1M solution in THF; 18 ml; 18 mmol) was
added dropwise. The reaction mixture was refluxed for
18 hours, then cooled to room temperature. Water (50
ml) and EtOAc (50 ml) were added, the biphasic
solution was transferred into a separating funnel, the
organic layer separated and dried over Na SO4, and the
solvent was removed by evaporation under reduced
pressure. The residue was purified by flash
chromatography on silica gel (n-hexane/EtOAc ,
n-hexane1 00->80%) to give 2-cyclohexyl- 5-nitro-1
H-indole (3.2 g), which was used without any further
purification.1H NMR (DMSO-c/6) 1.12 - 1.58 (m, 5 H);
1.64 - 1.87 (m, 3 H); 1.95 - 2.12 (m, 2 H); 2.67 -
2.85 (m, 1 H); 6.41 (d, J=1 .98 Hz, 1 H); 7.43 (d,
J=8.92 Hz, 1 H); 7.92 (dd, J=8.92, 2.31 Hz, 1 H); 8.43
(d, J=2.31 Hz, 1 H); 11.66 (br. s., 1 H). To a
solution of 2-cyclohexyl-5-nitro-1 H-indole (5 g; 20.5
mmol) in DMF (100 ml) sodium hydride (50% suspension)
( 1 g, 20.5 mmol) was added; the mixture was left
under stirring for 30 minutes, then ethyl iodide (2.5
ml; 30.8 mmol) in DMF ( 10 ml) was added dropwise and
the resulting mixture was left under stirring at room
temperature for 18 hours. The reaction mixture was
poured in NaHCO3 (saturated solution, 100 ml) and
stirred for 30 minutes. The solid was filtered under
vacuum to give 2-cyclohexyl-1 -ethyl-5-nitro-1
H-indole (4.8 g) which was used without any further
purification. 1H NMR (DMSO-CZ6) 1.16 - 1.56 (m, 5 H);
1.29 (t, J=7.09 Hz, 3 H); 1.67 - 1.89 (m, 3 H); 1.90 -
2.05 (m, 2 H); 2.69 - 2.86 (m, 1 H); 4.28 (q, J=7.1 6
Hz, 2 H); 6.52 (s, 1 H); 7.62 (d, J=9.06 Hz, 1 H);
7.96 (dd, J=9.06, 2.34 Hz, 1 H); 8.45 (d, J=2.34 Hz, 1
H). To a suspension of 10% Pd/C (380 mg, 0.36 mmol) in
95 ethanol (50 ml) a solution of 2-cyclohexyl-1
-ethyl-5-nitro-1 H-indole (4.8 g; 18 mmol) in 95
ethanol (100 ml) was added and the mixture underwent
hydrogenation in a Parr hydrogenator (H2, 30 psi) for
4 hours. The residue was filtered under vacuum through
Celite to remove the catalyst and the solvent
evaporated to give crude 2-cyclohexyl-1 -ethyl-1
H-indol- 5-amine (4 g) which was used without any
further purification. Monoisotopic mass = 242.1 8;
GC/MS (M)+ m/z =242. q) 2-phenethyl-1 -ethyl-1
/-/-indol-5-amine To a solution of
2-iodo-4-nitroaniline ( 1 .02 g, 3.86 mmol) in
dichloromethane (10 ml), has been added under stirring
triethylamine ( 1 .77 ml, 12.7 mmol). To this mixture,
a solution of methanesulphonyl chloride (0.98 ml, 12.7
mmol) in dichloromethane (2 ml) has beenadded
dropwise, very slowly and in an ice-bath. The mixture
so obtained was left under stirring at room
temperature overnight. The day after, the reaction
mixture was neutralized with a saturated aqueous
solution of NH4CI. The organic phase was separated,
and, after evaporation of the solvent, the residue has
been washed with ethanol and filtered to give
N-(2-iodo-4-nitrophenyl)-N-(methylsulfonyl)-
methanesulfonamide as yellow solid.
N-(2-iodo-4-nitrophenyl)-N-(methylsulfonyl)methanesulf
onamide: 1H-NMR (DMSO-de): 8.73 (d, J= 2.6 Hz, 1H);
8.29 (dd, J= 8.8,2.6 Hz, 1H); 7.93 (d, J= 8.8 Hz, 1H);
3.68 (s, 6H). LiOH (0.21 mg, 8.9 mmol) in a mixture
ethanol/water 2/1 ( 18 ml) was added to a solution of
N-(2-iodo-4-nitrophenyl)-N-(methylsulfonyl)
methanesulfonamide (0.75 g, 1.78 mmol). The reaction
mixture was refluxed for two hours. After cooling at
room temperature, the reaction mixture was neutralized
with H2O, NH4CI and HCI 2N, then ethanol was
eliminated, and the aqueous phase was extracted with
ethyl acetate (3x20 ml). The organic solvent was
removed by evaporating under reduced pressure to give
L/-(2-iodo-4-nitrophenyl)methanesulfonamide without
further purification.
L/-(2-iodo-4-nitrophenyl)methanesulfonamide: 1H-NMR
(DMSO-de): 9.53 (br. s., 1H); 8.59 (d, J= 2.2 Hz, 1H);
8.19 (dd, J=8.8, 2.7, 1H); 7.55 (d, J= 8.8, 1H); 3.14
(s, 3H). CuI (0.06 g, 0.34 mmol) previously maintained
in oven for at least 48 hours,
bis(thphenylphosphino)palladium dichloride (0.2 g, 0.1
7 mmol), triethylamine ( 1 .1 ml, 7.82 mmol) and
4-phenyl-1 -butyne (0.44 g, 3.4 mmol) was added to a
solution of L/-(2-iodo-4-
nitrophenyl)methanesulfonamide (0.6 g, 1.7 mmol) in
anhydrous DMF (20 ml) kept under nitrogen atmosphere.
The reaction mixture was left under stirring
overnight. Next morning, after cooling, the reaction
mixture was poured in H2O and ice (200 ml) leaving
under stirring forsome hours. After filtration, a
brown solid was recovered, recrystallized from ethyl
acetate/hexane 1:1 , and then from iPrOH/EtOH 9:1 .
The residue was filtered to give
1-(methylsulfonyl)-5-nitro-2-(2-phenethyl)- 1H-indole.
1-(methylsulfonyl)-5-nitro-2-(2-phenethyl)-1
/-/-indole: 1H-NMR (DMSO-de): 8.53 (d, J= 2.0 Hz,1 H);
8.1 8 (dd, J= 8.4, 2.5, 1H); 8.10 (d, 1H); 7.29 (m,
5H); 6.91 (s, 1H); 3.52 (s, 3H); 3.29 (m, 2H); 3.05
(m, 2H). Tetrabutyl ammonium fluoride (TBAF, 0.37 ml,
1.29 mmol) was added to a solution of
1-(methylsulfonyl)-5-nitro-2-(2-phenethyl)-1 /-/-
indole (0.25 g, 0.95 mmol) in THF (5 ml). The reaction
mixture was refluxed overnight under stirring. The
next morning, after cooling, the reaction mixture was
poured in H2O, and kept under stirring overnight.
After filtration, the solid was purified with flash
chromatography on silica gel (n-hexane/EtOAc, n-hexane
90->80%) to give 2-phenethyl-5-nitro- 1/-/-indole.
2-phenethyl-5-nitro-1 /-/-indole: 1H NMR (300 MHz,
DMSO-d6) d 11.76 (br. s., 1H), 8.42 (d, J = 2.31 Hz,
1H), 7.93 (dd, J = 2.31 , 8.92 Hz, 1H), 7.45 (d, J =
8.92 Hz, 1H), 7.1 1 - 7.34 (m, 5H), 6.45 (s, 1H), 2.97
- 3.15 (m, 4H) A 60% dispersion of NaH (0.5 g, 2.02
mmol) was added to a solution 



of 2-phenethyl-5-nitro-1 H-indole (0.16 g, 0.6 mmol)
in DMF (30 ml). The reaction mixture was kept under
stirring for 30 minutes. Then, ethyl iodide (0.1 5 ml,
1.9 mmol) was added, and the mixture was left under
stirring overnight at room temperature. The next
morning, the mixture was poured in H2O left under
stirring overnight, obtaining a precipitate which was
filtered to give 2-phenethyl-1-ethyl-5-nitro-1
/-/-indole. 2-phenethyl-1 -ethyl-5-nitro-1 H-indole:
1H NMR (300 MHz, DMSO-d6) d 8.46 (d, J = 2.05 Hz, 1H),
7.97 (dd, J = 2.34, 9.06 Hz, 1H), 7.62 (d, J = 9.06
Hz, 1H), 7.1 3 - 7.40 (m, 5H),6.58 (s, 1H), 4.26 (q, J
= 7.31 Hz, 2H), 2.99 - 3.18 (m, 4H), 1.25 (t, J = 7.20
Hz, 3H) SnC ( 1 ,2 g, 6,3 mmol) was added to a
solution of 2-phenethyl-1 - ethyl-5-nitro-1 H-indole
(0.1 7 g, 0.57 mmol) in THF (50 ml). The mixture was
kept under stirring at 700C overnight. After cooling,
the mixture was poured in H2O, neutralized with
NaHCO3, and extracted with ethyl acetate (3x50 ml).
After evaporation of the solvent under reduced
pressure, the solid was purified on a chromatographic
column using CHCI3 as eluent to give 2-phenethyl-1
-ethyl - 1/-/-indol-5-amine. 2-phenethyl-1 -ethyl -
1/-/-indol-5-amine: 1H NMR (300 MHz, DMSO-d6) d 7.25 -
7.37 (m, 4H), 7.1 5 - 7.25 (m, 1H), 7.1 1 (d, J = 8.48
Hz, 1H), 6.72 (d, J = 2.05 Hz, 1H), 6.53 (dd, J = 2.1
9, 8.62 Hz, 1H), 6.02 (s, 1H), 5.46 (br. s., 2H), 4.05
(q, J = 7.1 1 Hz, 2H), 2.81 - 3.1 5 (m, 4H), 1.18 (t,
J = 7.1 6 Hz, 3H) r 2-benzyl-1 -ethyl-1
/-/-indol-5-ammina The intermediate compound r) was
prepared with a procedure similar to that described
for the intermediate compound q) by using 3-phenyl-
1-propyne (0.1 6 g, 1.4 mmol) instead of 4-phenyl-1
-butyne. 2-benzyl-1 -(methanesulfonyl)-5-nitro-1
/-/-indole: 1H-NMR (DMSO-de): 8.54 (d, J= 2,3 Hz, 1H);
8.1 7 (m, 1H); 8.08 (m, 1H); 7.35 (m, 5H); 6.53 (s,
1H); 4.37 (s, 2H); 3.37 (s, 3H). 2-benzyl-5-nitro-1
/-/-indole: 1H-NMR (DMSO-de): 11.74 (bs, 1H); 8.44 (d,
J= 2.3 Hz, 2H); 7.92 (dd, J= 8.9, 2.3 Hz, 1H); 7.44
(d, J= 8.9, 1H); 7.32 (m, 4H); 7.24 (m, 1H); 6.44 (s,
1H); 4.12 (s, 2H). 2-benzyl-1 -ethyl-5-nitro-1
/-/-indole: 1H-NMR (DMSO-de): 8.48 (d, J= 2.3 Hz, 1H);
7.98 (dd, J= 9.1 , 2.3 Hz, 1H); 7.60 (d, J= 9.1 Hz,
1H); 7.30 (m, 5H); 6.43 (s, 1H); 4.22 (m, 4H); 1.09
(t, J= 7.2 Hz, 3H). 2-benzyl-1 -ethyl-1
/-/-indol-5-amine:1H-NMR (DMSO-Cl6) : 7.22 (m, 5H);
7.04 (d, J= 8.5 Hz, 1H); 6.84 (d, J= 2.3 Hz, 1H); 6.59
(dd, J= 8.5, 2.3 Hz, 1H); 6.05 (s, 1H); 4.05 (s, 2H);
3.94 (q, J = 7.2 Hz, 2H); 3.22 (bs, 2H); 1.10 (t, J=
7.2 Hz, 3H). s) 5-amino-1
-(3-triisopropylsilanyloxypropyl)-1
H-indol-2-carboxylic acid phenylamide N2H4*H2O (25 ml)
was added dropwise to a solution of 1-fluoro-4-
nitrobenzene. The mixture was kept under stirring, at
first at room temperature for 3 hours, and then under
reflux for 1 hour. After cooling, the resulting
precipitate was filtered and washed with H2O to give
4- nitrophenylhydrazine which was used in the next
reaction without any further purification.
4-nitrophenylhydrazine: M/z (APCI+) 154 (MH+) A
suspension in water ( 150 ml) of
4-nitrophenylhydrazine ( 15 g, 23 mmol) and
2-oxo-propionic acid ethyl ester ( 12 g, 100 mmol) was
left under stirring at room temperature for 6 hours.
The obtained precipitate was filtered and washed to
give the ethyl ester of the 2-[(4-nitrophenyl)-
hydrazono]-propionic acid. 1H-NMR (DMSO-de): 10.45 (s,
1H); 8.21 -8.1 5 (m, 2H); 7.42-7.36 (m, 2H); 4.28-4.15
(m, 2H); 2.1 5 (s, 3H); 1.36-1 .22 (m, 3H).
Polyphosphoric acid (PPA, 50 g) was added to a
solution of ethyl ester of the
2-[(4-nitrophenyl)-hydrazono]-propionic acid (6 g, 23
mmol) in toluene (70 ml). The mixture was refluxed for
3 hours, then was cooled at 0-1 00C, and added with
NH4CI until pH 8-9. The mixture was extracted with
ethyl acetate (EtOAc), and then the solvent was
removed by evaporation under reduced pressure. The
residue was purified by flash chromatography on silica
gel (n-hexane/EtOAc, 80/20) and crystallized with
CH2CI2 to give the ethyl ester of 5-nitro-1
H-indole-2- carboxylic acid. Ethyl ester of 5-nitro-1
H-indole-2-carboxylic acid: 1H-NMR (DMSO-de): 12.55
(s, 1H); 8.73 (s, 1H); 8.14 (d, 1H); 7.62(d, 1H); 7.45
(s, 1H); 4.45-4.32 (m, 2H); 1.43-1 .30 (m, 3H).
Anhydrous K2CO3 (2.36 g, 17.1 mmol), 18-crown-6 ( 1
.14 g, 4.28 mmol) and 3-triisopropylsilanyloxypropyl
bromide (3.78 g, 12.82 mmol) were added to a solution
of ethyl ester of 5-nitro-1 H-indole-2-carboxylic acid
(2 g, 8.85 mmol) in anhydrous acetonitrile (50 ml).
The mixture was heated at 800C for 4 hours. After
evaporation of the solvent under reduced pressure,
water was added, and the resulting mixture was
extracted with dichloromethane. After evaporation of
the solvent under reduced pressure, the solid was
purified by flash chromatography on silica gel
(n-hexane/EtOAc, 50/1 0) to give the ethyl ester of
5-nitro-1 - (triisopropylsilaniloxypropyl)-1
/-/-indole-2-carboxylic acid: M/z (APCI+) 449 (MH+)
The ethyl ester of 5-nitro-1
-(triisopropylsilaniloxypropyl)-1 H-indole-2-
carboxylic acid (2.76 g, 6.2 mmol) was dissolved in a
solution of KOH 5% in EtOH/H 2O 1/1 (80 ml) and left
under stirring at room temperature for 16 hours.
Ethanol was then evaporated, and 1N HCI was added to
the solution until to pH 5 . The solution was then
extracted with EtOAc. After evaporation of the solvent
under reduced pressure, the solid was washed with
n-hexane/dichloromethane 10/1 and filtered to give the
5- nitro-1 -(triisopropylsilaniloxypropyl)-i
H-indole-2-carboxylic acid. 5-nitro-1
-(triisopropylsilaniloxypropyl)-i
H-indole-2-carboxylic acid: M/z (APCI+) 421 (MH+) A
mixture of 5-nitro-1 -(triisopropylsilaniloxypropyl)-1
H-indole-2- carboxylic acid (0.448 g, 1.065 mmol),
O-benzotriazol-1 -yl-N,N,N',N'- tetramethyluronium
tetrafluoroborate (TBTU) (0.478 g, 1.49 mmol) and
triethylamine (0.22 ml, 1.59 mmol) in anhydrous
acrylonitrile (14 ml) was kept under stirring at room
temperature for 30 minutes. Aniline (0.109 g, 1.175
mmol) was added to this mixture. The mixture was left
at 50-55C for about 3 hours, and then diluted with H2O
and extracted 



with ethyl acetate (EtOAc). After evaporation of the
solvent underreduced pressure, the obtained solid was
purified by flash chromatography on silica gel
(n-hexane/EtOAc, 50/1 0) to give phenylamide of
5-nitro-1 -(triisopropylsilaniloxypropyl)-i
H-indole-2- carboxylic acid: M/z (APCI+) 496 (MH+) A
catalytic amount of 10%Pd/C was added to a solution of
phenylamide of 5-nitro-1
-(triisopropylsilaniloxypropyl)-i H-indole-2-
carboxylic acid (0.323 g, 0.65 mmol) in MeOH ( 100
ml), and the mixture was hydrogenated at 29 psi for 12
hours. The solution was filtered through Celite(tm)
and the filtrate was evaporated under reduced pressure
to give a solid used without any further purification.
Phenylamide of 5-amino-1
-(triisopropylsilaniloxypropyl)-i H-indole-2-
carboxylic acid: M/z (APCI+) 466 (MH+) . EXAMPLE 2
Preparation of compounds of the invention a) Example
of a first variant of the preparation process: To a
solution of a ino(aza)indole dichloromethane ( 10 ml)
was added triethylamine (2.2 mmol), followed by
dropwise addition of an acyl chloride (II) (2.2 mmol)
dissolved in dichloromethane ( 10 ml). Once the
additions were complete, the mixture was left under
stirring at room temperature for 20 hours. Water (50
ml) was then added and the organic phase was separated
out and dried over Na2SO4. The solution was evaporated
under reduced pressure. The crude product obtained was
purified to give compound offormula (I) in which X, Y,
Z, G 1, G2, G3, R 1, W and R2 have the meanings given
above. b) Example of a second variant of the
preparation process: To a suspension of
5-amino(aza)indole (III) (0.9 mmol) were added
Amberlyst A21 resin (0.9 g) in dichloromethane (3 ml)
and an acyl chloride (II) (0.28 mmol) in
dichloromethane (3 ml). The mixture was left under
stirring for 20 hours. The Amberlyst A21 resin was
then removed by filtration and washed with
dichloromethane (5 ml). The organic phases were
combined, diluted with dimethylformamide ( 1 ml) and
stirred with Amberlyst 15 resin (0.9 g) for 5 hours.
This treatment was repeated twice. The Amberlyst 15
resin was removed by filtration and the solution was
evaporated under centrifuge to give compound of
formula (I) in which X, Y, Z, G 1, G2, G3, R 1, W and
R2 have the meanings given above c) Example of a third
variant of the preparation process: Under an inert
atmosphere, a benzoic acid (II) (0.67 mmol) and a 5-
amino(aza)indole (III) (0.45 mmol) were dissolved in
dichloromethane (8 ml) and dimethylformamide (0.8 ml).
After leaving the mixture stirring at room temperature
for 10 minutes, PS-carbodiimide resin (0.73 g)
wasadded. After leaving the reaction mixture stirring
for 20 hours, the resin was removed by filtration and
washed with dichloromethane (2 x 5 ml). The solution
was evaporated under centrifugation to give compound
of formula (I) in which X, Y, Z, G 1, G2, G3, R 1, VV
and R2 have the meanings given above. d) Example of a
fourth variant of the preparation process: To a
solution of a benzoic acid (II) ( 10 mmol) in
dimethylformamide (40 ml) with stirring at 0 C,
1-hydroxybenzotriazol (HOBt) ( 10 mmol) and
dicyclohexylcarbodiimide (DCC) ( 10 mmol) were added.
The mixture was left under stirring at 0 C for 30
minutes and a 5- amino(aza)indole (III) (9 mmol)
dissolved in dimethylformamide (20 ml) was added. The
mixture was left under stirring at 0 C for a further
30 minutes, and then at room temperature for 18 hours.
The mixture was filtered, 2N hydrochloric acid was
added to pH 2, and the precipitate thus formed was
filtered off and purified to give compound of formula
(I) in which X, Y, Z, G 1, G2, G3, R 1,W and R2 have
the meanings given above. e) Example of a fifth
variant of the preparation process: (I)To a suspension
of cesium acetate dried under vacuum overnight at 140
C (6.02 mmol) in N,N-dimethylacetamide (DMA) (3 ml),
under an inert atmosphere, were added palladium
acetate (0.01 7 mmol), triphenylphosphine (0.067
mmol), 5-amino(aza)indole (IV)' (3.35 mmol) and an
aryl iodide (V) (3.68 mmol). The reaction mixture was
left under stirring at 140 C under an inert atmosphere
for 18 hours. The reaction mixture was cooled to room
temperature, dichloromethane (50 ml) was added and the
resulting mixture was filtered under vacuum through
Celite. The filtered organic solution was transferred
into a separating funnel. The organic phase was washed
with H2O (2 x 50 ml), dried over Na SO4 and evaporated
under reduced pressure. The residue was purified to
give compound of formula (I) in which X, Y, Z, G 1,
G2, G3, R 1, W and R2 have the meanings given above. f
) Example of solid phase preparation using a PL-FMP
resin: The following example of solid phase
preparation by using a preparative resin is given with
specific reference to compounds of the present
invention wherein the above mentioned G 1, G2, G3
groups are CH and R 1 is SO2R1 and X, Y, Z, W, R2 and
R1 have the meanings given above. Additionally, the
following example comprises steps 1 and 2 to prepare
the starting compound B 1 of the process of the
present invention because intermediate A 1 is first
prepared in situ without separation from the
preparative resin.Step ( 1 ) : 15 g of PL-FMP resin
(0.9 mmol/g) in a solution 1% AcOH in DMF (300 ml) was
stirred at room temperature for 2h. Then, N-(Aamino-
2-iodophenyl)alkylsulfonamide (54 mmol) and 11.5 g of
sodium triacetoxyborohydride (54 mmol) were added.
PL-FMP Resin (manufactured by Polymer Laboratories,
UK) is an aldehyde-based resin suitable for attachment
of amines via reductive amination. The mixture was
stirred at room temperature for 24h, then the resin
was filtered and washed with DMF (3 x 150 ml), DMF /
MeOH in a 1/1 volume ratio (3 x 150 ml), MeOH (3 x 150
ml), CH2CI2 / MeOH in a 1/1 volume ratio (3 x 100 ml),
and CH2CI2 (3 x 100 ml). The resin was dried under
vacuum at room temperature to give 18.3 g of resin (A1
) which was used without any further purification.
Step (2): 1.172 g of resin (A1 ) (0.8 mmol,
theoretical ) were added to 



a mixture of DMF(IO ml), the B2 alkyne (5 mmol), CuI
(32 mg, 0.17 mmol), 58 mg of
dichlorobis(triphenylphosphine)palladium(ll)[CI
2(PPh3)2Pd] (0.8 mmol) and 2 ml of triethylamine (22
mmol). The mixture was heated at 700C and stirred for
48h. The reaction was quenched by cooling to room
temperature. The resin was filtered and washed with
DMF (3 x 10 ml), DMF / H2O in a 95/5 volume ratio (3 x
10 ml), DMF / H2O in a 90/1 0 volume ratio (3 x 10
ml), DMF / H2O in a 80/20 volume ratio (3 x 10 ml),
DMF / H2O in a 50/50 volume ratio (3 x 10 ml), DMF (3
x 10 ml), DMF / MeOH in a 50/50 volume ratio (3 x 10
ml), MeOH (3 x 10 ml), MeOH / CH2CI2 in a 50/50 volume
ratio (3 x 10 ml), and CH2CI2 (3 x 10 ml). The resin B
1 so far obtained, was used without any further
purification. Step (3): 1.38 ml of
N,N-diisopropylethylamine (DIEA, 8.0 mmol) and acyl
chloride (6.5 mmol) (C2) were added to a suspension of
resin (B1 ) in CH2CI2 ( 10 ml). The mixture was
stirred at room temperature for 18h, then the resin
was filtered and washed with CH2CI2 (3 x 10 ml),
CH2CI2 / DMF in a 1/1 volume ratio (3 x 10 ml), DMF (3
x 10 ml), DMF / H2O in a 9/1 volume ratio (3 x 10 ml),
DMF (3 x 10 ml), DMF / MeOH in a 1/1 volume ratio (3 x
10 ml) , MeOH (3 x 10 ml), CH2CI2 / MeOH in a 1/1
volume ratio (3 x 10 ml), CH2CI2 (3 x 10 ml). The
resin (C1 ) so far obtained, was used without any
further purification. Step (4): The resin (C1 ) was
added to a solution of triethylsilane (0.15 ml) in TFA
/DCM in a 1/1 volume ratio (15 ml) and stirred at room
temperature for 15 minute. The resin was filtered and
washed with solution of triethylsilane (0.1 5 ml) in
TFA /DCM in a 1/1 volume ratio (5 ml). The solution
was evaporated under vacuum to give the crude product
that was purified with preparative HPLC to give
compound (I) in which X, Y, Z, W, R2 and R1have the
meanings given above g) Example of reduction of double
bond in position 2-3:A 5-amino(aza)indole derivative (
1 mmol) was dissolved in a solution of EtOH (3 ml) and
HCI cone. ( 1 .5 ml). Then, tin (5 mmol) was added and
the mixture was refluxed for 6 hours. The mixture was
filtered, the solution poured in a 20% KOH solution (5
ml), and extracted with Et.20 (3 X 10 ml). Organic
phase was filtered on Celite and dried over Na2SO4.
The solution was evaporated under reduced pressure.
The crude product obtained was purified to give
compound of formula (T) in which X, Y, Z, G 1, G2, G3,
R 1, W and R2 have the meanings given above. h)
Example of preparation of acid from the corresponding
ester: An (aza)indolester derivative (0.32 mmol) was
dissolved in a solution of THF/EtOH in a 1/1 volume
ratio (3 ml), then a solution of NaOH 1N was added ( 1
.2 ml) and the mixture was stirred a room temperature
for 3 h. The organic solvents were removed under
vacuum and 1N HCI solution was added until
precipitation of acid. The product was filtered,
washed with water and dried under vacuum to give
compound of formula (I) in which X, Y, Z, G 1, G2, G3,
n, W and R2 have the meanings given above.i) Example
of a sixth variant of the preparation process: CH3CN
2N (H) (V) (I) In inert atmosphere, a benzoic acid
(II) (0.74 mmol), TBTU (0.86 mmol) and triethylamine
(0.98 mmol) have been dissolved in anhydrous
acetonitrile (3 ml). After having left the mixture
under stirring at room temperature for 30 minutes, a
solution of the compound (V) (0.61 mmol) in anhydrous
acetonitrile (3 ml) has been added. The mixture has
been left under stirring at room temperature for 3
hours, then diluted with H2O and extracted with ethyl
acetate (EtOAc). After evaporation of the solvent
under reduced pressure, the resulting solid (0.1 6
mmol) has been dissolved in MeOH ( 15 ml). To the
solution. HCI 2N (2.5 ml) has been added, and the
mixture has been left at room temperature for 3 hours.
The solvent has been then evaporated under reduced
pressure, and the residue dissolved in DCM and washed
with a saturated solution of NaHCOs. After evaporation
of the organic solvent, the residue has been purified
to give the compound (I) where Y, Z, G 1, G2, and G3
have the meanings indicated above, W is an amidic
bond, and R2 is a phenyl group. The compounds of the
present invention shown in Table 1 below were thus
prepared. In Table 1 the following abbreviations with
the following meanings are used: Purification A =
Crystallization Purification B = Flash chromatography
on silica gel Purification C = Preparative HPLC (X
Bridge prep. C 18;5 mm, 3O x 150 mm) EtOAc = Ethyl
acetate Hex = Hexane MeOH = Methanol EtOH = Ethanol
CH3CN = Acetonitrile H2O Water HCOOH = Formic acid
iPrOH = lsopropanol Pr2O = Propyl etherTABLE 1Process
for the production of microelectromechanical systems
The present invention relates to the etching of
circuit patterns on semiconductor wafer structures in
the fabrication of integrated circuits, specifically
it relates to the etching of deep trenches in
structures in the fabrication of
microelectromechanical systems ("MEMS"). MEMS concerns
the technology of very small items, e.g. machines,
generally ranging in the size from a micrometer to a
millimeter. The potential of very small machines was
appreciated long before the technology existed. Common
applications include inkjet printers operating with
piezoelectrics or thermal bubble ejection,
accelerometers in cars, e.g. for airbag deployment in
collisions, gyroscopes, silicon pressure sensors e.g.
for monitoring car tires or blood pressure, optical
switching technology or bio-MEMS applications in
medical and health-related technologies.
Microelectronic circuits process the information
gathered by sensors from the environment through
measuring mechanical, thermal, biological, chemical,
optical or magnetic phenomena. International patent
application WO88/08930 (= US 5,047,1 15) discloses a 



process for etching deep trenches into silicon using
SF5 or NF3. The process is very suitable in the field
of producing magnetic recording heads, a very
important field of MEMS. EP patent application EP-A-O
200 951 discloses a method for high-rate anisotropic
etching of silicon by applying a mixture of NF3 or
SF5, N2, and a layer forming (passivating) gas such as
CHF3. British patent GB 2 290 413 discloses a method
for processing silicon structures by generating a
trench in a first etching step using a gas which
supplies fluorine, e.g. SF5 or NF3, and a passivating
gas which forms Teflon (RTM), e.g. CHF3, C2F5, C2F4 or
C4Fg). Then, underetching is generated by a further
isotropic plasma etching step. The structures produced
may be used as acceleration sensors. US patent
application publication US 2003/0189024 discloses how
to provide openings of variable shape by alternatively
etching an opening in silicon and depositing a
conformal (passivating) fluorocarbon polymer on the
sidewalls. HBr and helium-oxygen and optionally SF5
are mentioned as known isotropic etch.US patent
application publication US 2005/0029221 discloses a
process for etching deep trenches in a two-step
process. The first step includes etching a tapered
trench with a tapered profile. HBr/CF4 is used as
preferred etchant in the first step. Then, trimming of
the tapered trench by high-density plasma is performed
in an isotropic etching step to provide a
straight-profile deep trench by applying SF6/HBr/O2 .
Object of the present invention is to provide an
improved process for producing of
microelectromechanical systems. Another object of the
present invention is to provide novel etching gas
mixtures suitable, La., for application in the process
of the present invention. These and other objects of
the present invention are achieved by the process and
gas mixtures as outlined below. According to a first
aspect of the present invention, a method of producing
a microelectromechanical system ("MEMS") from a
structure is provided comprising a step wherein the
structure is etched applying an etching gas comprising
elemental fluorine or carbonyl fluoride (COF ) or a
mixture of both. Preferably, simultaneously in the
etching step, or in an additional step after the
etching, the structure is treated with a passivating
gas. If etching and passivating are performed in
separate steps, preferably a multitude of consecutive
etching steps and passivating steps are performed. The
passivating gas preferably is selected from compounds
forming a fluorine-containing or fluoride-containing
passivating layer. Preferably, the passivating agent
is selected from organic compounds providing, in a
plasma, a fluoropolymer; the passivating agent
optionally is applied in the presence of hydrogen or a
hydrogen-releasing gas. Preferably, no hypofluorites,
fluoroperoxides and/or fluorotrioxides are introduced
into the reactor or intentionally formed therein. The
gas mixtures are also free of compounds containing a
CN bond and hydrogen. Preferably, the items to be
etched do not contain WC (tungsten carbide) or its
alloys. Throughout the present invention, the term
"comprising" includes the meaning of "consisting of.
The "structure" can be, for example, a silicon wafer
in bulk micromachining, or an assembled item in
surface micromachining. While the process can be
performed thermally, i.e. by performing it at high
temperature, e.g. at a temperature equal to or higher
than 200 0C, and equal to or lower than 500 0C, or
according to the cryo process where super low
temperatures are involved of up to -110 0C, the
process is best performed using the Bosch process
which may be carried out in plasma etchers available
fromAlcatel, Advanced Materials, Plasma-Therm or
Surface Technology Systems. The plasma conditions are
induced by a magnetron or microwave irradiation. The
invention will described further in view of the
preferred embodiment of plasma etching. Elemental
fluorine and carbonyl fluoride can be applied as such,
without diluent or additional compounds. It is
preferred to apply them diluted by an inert gas, or in
the presence of oxygen and/or in the presence of gases
or vapors which have a passivating effect, or even
diluted by oxygen and/or an inert gas and in the
presence of a passivating gas. Preferred diluents are
selected from the group consisting of nitrogen and
noble gases. Further, additives like oxygen, hydrogen,
or passivating gases can be added as is described
later. According to a first preferred embodiment of
the present invention, mixtures of elemental fluorine
with nitrogen, helium and/or argon are applied. The
mixture can be formed in the reactor, or a mixture of
elemental fluorine and the inert gas or gases is
formed before introducing it into the reactor. If the
gases are introduced in such a premixed form into the
reactor, a homogenous or nearhomogenous mixture can be
provided throughout the reactor chamber. In general,
the fluorine content of the mixture is preferably
between 1 and 35 %by volume. For example, a mixture of
F2 and the inert gas can be supplied from pressurized
bottles. In such pressurized bottles, a homogenous
mixture forms. Mixtures comprising elemental fluorine
and nitrogen, mixtures comprising elemental fluorine
and argon are preferably applied, and, especially
preferably, mixtures comprising elemental fluorine,
nitrogen and argon. If mixtures comprising only
elemental fluorine and nitrogen are applied, the
content of elemental fluorine preferably is equal to
or greater than 1 % by volume. The content of
elemental fluorine is preferably equal to or lower
than 25 %by volume. The content of nitrogen is
preferably equal to or lower than 99 %by volume.
Preferably, it is equal to or greater than 75 %by
volume. In an especially preferred embodiment, the
content of elemental fluorine lies in the range of 18
to 22 %by volume. If mixtures comprising elemental
fluorine and argon are applied, the content of argon
preferably is equal to or greater than 50 %by volume.
Preferably, it is equal to or lower than 99 % by
volume. The content of elemental fluorine is
preferably equal to or greater than 1 %by volume.
Preferably, it is equal to or lower than 50 %by
volume, especially equal to or lower than 25 %by
volume.- A - If mixtures comprising elemental
fluorine, nitrogen and argon are applied, the content
of elemental fluorine is preferably equal to or
greater than 1 %by volume. It is preferably equal to
or lower than 25 %by volume. The content of argon is
preferably equal to or greater than 4 %by volume.
Preferably, the content of argon is equal to or lower
than 25 %by volume. The content of nitrogen is
preferably equal to or greater than 4 %by volume. It
is preferably equal to or lower than 75 %by volume.
The sum of elemental fluorine and argon preferably is
equal to or lower 



than 50 %by volume, especially preferably equal to or
lower than 45 %by volume. It is preferably equal to or
higher than 25 %by volume. According to a second
preferred embodiment, mixtures comprising carbonyl
fluoride, but being free from elemental fluorine, are
applied. This embodiment is preferred to the
embodiments wherein gas mixtures are applied which
contain elemental fluorine (see above) or fluorine and
carbonyl fluoride (see below). Carbonyl fluoride can
be used very flexibly. Generally, it is applied
together with other gases or vaporized liquids.
Carbonyl fluoride also can be used in anisotropic
etching and isotropic etching. If it is used in
isotropic etching, it can be applied as such, but
preferably, it is applied in admixture with other
fluorinated organic gases or vapors, for example,
saturated or unsaturated fluoroethers or fluorinated
esters, for example, those described in JP 10-223614,
but especially, it is applied together with nitrogen,
oxygen and/or noble gases. In general, the carbonyl
fluoride content of the mixture is preferably equal to
or greater than 1 %by volume. In general, it is equal
to or lower than 99 %by volume. The mixture can be
formed in the reactor, or, which is preferred, a
mixture of carbonyl fluoride and the inert gas or
gases is formed before introducing it into the
reactor. If the gases are introduced in such a
premixed form into the reactor, a homogenous mixture
is provided throughout the reactor chamber. Mixtures
comprising carbonyl fluoride and nitrogen, mixtures
comprising carbonyl fluoride and argon and mixtures
comprising carbonyl fluoride, nitrogen and argon are
advantageously applied. They can be applied together
with hydrogen or a hydrogen releasing gas. Preferably,
these mixtures also include oxygen.If mixtures
comprising only carbonyl fluoride and nitrogen are
applied, the content of carbonyl fluoride preferably
is equal to or greater than 1 % by volume. The content
of carbonyl fluoride is preferably equal to or lower
than 75 % by volume. The content of nitrogen is
preferably equal to or greater than 25 %by volume;
preferably, it is equal to or less than 99 % by
volume. In one embodiment, the mixtures consist of
carbonyl fluoride and nitrogen. If mixtures comprising
carbonyl fluoride and argon are applied, the content
of argon preferably is equal to or greater than 10 %
by volume. Preferably, it is equal to or lower than 80
% by volume. The content of carbonyl fluoride is
preferably equal to or greater than 20 %by volume;
preferably, it is equal to or less than 90 % by
volume. In one embodiment, the mixtures consist of
carbonyl fluoride and argon. Mixtures comprising
carbonyl fluoride, nitrogen and argon are very
preferably applied. The content of carbonyl fluoride
is preferably equal to or greater than 1 % by volume.
It is preferably equal to or lower than 50 % by
volume. The content of argon is preferably equal to or
greater than 5 % by volume. Preferably, the content of
argon is equal to or lower than 50 % by volume;
especially, the content of argon is equal to or lower
than 40 %by volume. The content of nitrogen is
preferably equal to or greater than 1 % by volume;
preferably, it is equal to or less than 80 %by volume.
In one embodiment, the mixtures consist of carbonyl
fluoride, nitrogen and argon. In a third preferred
embodiment, elemental fluorine and carbonyl fluoride
are applied together. The molar ratio of elemental
fluorine to carbonyl fluoride lies preferably in the
range of 1:99 to 99:1. Preferably, the mixture of
elemental fluorine and carbonyl fluoride is diluted by
oxygen and/or an inert gas, preferably nitrogen, or a
noble gas. The mixtures preferably are constituted as
described above in the first embodiment with the
proviso that "mixture of elemental fluorine and
carbonyl fluoride" has to be substituted for
"elemental fluorine". It is preferred that the sum of
the volumes of elemental fluorine and argon are equal
to or less than 60 %by volume. It has to be noted
that, in the presence of a catalyst, F2 and COF2 may
react with each other, especially to form
fluorooxytrifluoromethane, a hypofluorite. In the
process of the present invention, preferably such a
reaction is not performed. Thus, no such catalyst is
present in the reactor wherein etching is performed.
In one embodiment, the mixtures mentioned above of
carbonyl fluoride, elemental fluorine or their
mixtures, optionally including nitrogen and/or
argon,may also comprise oxygen. Preferably, the
content of oxygen is equal to or greater than 5 % by
volume. Very preferably, it is equal to or greater
than 10 % by volume. Preferably, the content of oxygen
is equal to or less than 30 % by volume. Very
preferably, it is equal to or less than 25 %by volume.
The content of the other constituents is then
diminished respectively. For example, if 10 % by
volume of the gas mixture is constituted by oxygen,
then the content of the other constituents is reduced,
for example, by 10 % each. If desired, elemental
fluorine, carbonyl fluoride or the mixture of
elemental fluorine and carbonyl fluoride, optionally
also comprising nitrogen, noble gases and/or oxygen,
can be applied together with etching gases known from
the art. For example, they can be applied together
with HBr, SF or NF3 as additional etching gas. In this
case, the content of the additional gas is preferably
less than 20 % by weight of the gas mixture. In a
preferred embodiment, elemental fluorine, carbonyl
fluoride or their mixture are applied as the only
etching gases, especially preferably together with
argon, oxygen and/or nitrogen as described above.
Here, argon, oxygen and/or nitrogen, respectively, are
the balance to 100 % by volume. The mixtures described
above can be applied in MEMS production in anisotropic
and isotropic etching. In anisotropic etching, the
etching gas forms a trench by etching the bottom of
the trench without or nearly without affecting the
side walls. Anisotropic etching can be induced by
balancing physical etching (which essentially etches
the bottom of the trench) and chemical etching (which
etches bottom and side walls). If isotropic etching is
desired, prevention of side wall etching is not
necessary. In anisotropic etching, side wall etching
is undesired. A preferred method of anisotropic
etching is performed by either including a passivating
gas into the etching gas which passivating gas
protects the side walls, or by sequential etching with
an etching gas and in a separate step, forming a
passivating layer on the side walls using a
passivating gas. The passivating gas is applied to
form a protective layer on the trench walls to prevent
them to react with the etchant. The nature of the
passivating gas depends on the kind of structure. For
silicon as structure, bromine sources, for example
elemental bromine or HBr can be applied as passivating
gas. A layer of non-volatile SicBrg compounds form as
protective layer. Other sources forming 



a protective layer with silicon are NO, NO2, CO2, CO,
N2, O2, CS2 or a combination of SiCl4 and N2. The
passivating gas is preferably selected from cyclic,
linear or branched saturated aliphatic compounds with
1 to 6 carbonatoms, substituted by at least one
fluorine atom, or from cyclic, linear or branched
unsaturated aliphatic compounds with 2 to 6 carbon
atoms, substituted by at least one fluorine atom.
These compounds consist of carbon and fluorine and
optionally hydrogen. Preferably, at least 50 % of the
hydrogen atoms of the respective saturated or
unsaturated compound are substituted by fluorine
atoms. Saturated hydrofluorocarbons and saturated
fluorocarbons with 1 to 6 carbon atoms and unsaturated
hydrofluorocarbons and unsaturated fluorocarbons with
2 to 6 carbon atoms are preferred. Highly preferred
compounds which are applicable as passivating gas are
C-C4F6, C-C5F8, CH2F2, CHF , CF4 , C2F6, C F , C2F ,
C4F , and C4Fg. The compounds c-C F and CF3I are also
suitable. C4F is especially preferred as passivating
gas. The expert knows that some of the suitable
compounds have a boiling point which is higher than 20
0C at normal pressure. He is aware that for these
compounds, the term "gas" should be understood to mean
"vapor". These compounds are suitable even if not
gaseous at 20 0C because the process of the present
invention is performed at a pressure low enough where
these compounds are no longer liquid, but in the form
of a vapor. He also is aware that these vapors
function like gases. Especially if only fluorocarbon
compounds (consisting of carbon and fluorine) are
applied as passivating gas, it can be preferred to
include also a hydrogen-providing gas into the gas
mixture. This may improve the anisotropic effect of
the gas mixtures during etching. Without being bound
by any theory, it is considered possible that hydrogen
scavenges fluorine radicals, thus leaving fluorocarbon
radicals in the reaction mixture. Fluorocarbon
radicals are good etchants and still improve the
anisotropic effect of the passivating gas; thus,
hydrogen seems to make it possible to balance the
ratio between fluorine radicals and fluorocarbon
radicals. A higher share of fluorocarbon radicals
compared to fluorine radicals is thought to reduce the
reaction with the protective layer on the trench wall.
Elemental hydrogen or hydrogen providing compounds,
e.g. hydrogen-containing fluorocarbons, especially Cl
or C2 hydrofluorocarbons, most preferably
difluoromethane and trifluoromethane, are very
suitable. The passivating gas can be present even in
higher amounts. For example, the gas mixture may
contain up to 45 %by volume of the passivating
compound. The content of one or all of the other
constituents is then lower than given above. Preferred
gas mixtures for passivation only (with low or no
anisotropic etching effect) in MEMS preparation
include one or more of the abovementioned aliphatic
cyclic, linear or branched fluorocarbons
orhydrofluorocarbons with 1 to 6 carbon atoms
(saturated) or 2 to 6 carbon atoms (unsaturated).
Optionally, a hydrogen or a hydrogen-releasing gas (a
gas that releases hydrogen under thermal conditions,
especially at temperatures at or higher than 200 0C,
or in a plasma), preferably difluoromethane or
trifluoromethane, is also present, especially, if
perfluorinated compounds are applied as passivating
gas. If hydrogen or a hydrogen-releasing gas is
present, it is preferably comprised in an amount of 1
to 5 % by volume. Also, it is possible to include
argon for improving the plasma. The process for MEMS
etching can principally be performed in two
alternatives: the structure is treated with the
etching gas and the passivating gas simultaneously, or
treatment with the etching gas is performed in one
step, and treatment with the passivating gas is
performed in another step; the second alternative
wherein etching and passivation are consecutively
performed is called "Bosch" process. The "Bosch" type
process is preferred. Of course, the treatment can be
performed as a one-time treatment by extending the
treatment time until the desired result, e.g. trench
depth, is achieved. Especially if etching and
passivation are performed separately, the steps of
etching and passivation are repeated several times
consecutively until the desired result is achieved.
While it is technically advantageous to perform
etching and passivation consecutively, it may be
mandatory if etching gas and passivating gas are
expected to react with one another in an undesired
manner. For example, if elemental fluorine is applied
as etching gas and an unsaturated fluorocarbon or
saturated or unsaturated hydrofluorocarbon is intended
to be applied as passivating gas, it is very
recommendable to perform etching and passivation in
separate consecutive steps. Even if no side reaction
is expected between elemental fluorine and the
passivating gas, still the Bosch type process is
advantageous compared to simultaneous etching and
passivation because it is faster. Carbonyl fluoride
and C4F5 can be applied in separate steps or together
in one simultaneous etching/passivating step,
optionally in admixture with nitrogen or a noble gas,
e.g. argon, or a hydrogen-releasing gas, because no
undesired reaction will occur elemental fluorine and a
perfluorocarbon might also be applied simultaneously,
because no adverse reaction is expected (nevertheless,
consecutive application may be advantageous because of
possible higher speed of reaction), while elemental
fluorine and C4F5 should be applied in separateetching
and passivating steps, because, even if diluted by
nitrogen and/or a noble gas, an addition reaction may
take place between elemental fluorine and C4F5. If the
etching and passivation are performed in separate
steps, then etching can be performed with the etching
mixtures describe above. Passivation can then be
performed using the passivating gases mentioned above.
If desired, after forming the trench by etching and
passivation, an additional step (or multitude of
steps) can be performed to achieve underetching, as
described in GB 2 290 413. In this step, it is
preferred only to apply the etching gas. The
temperature of the structure during plasma treatment
will generally be kept in a range of 20 0C to 100 0C,
but it may be higher. The pressure during the plasma
treatment is preferably equal to 1.5 10~2 mbar to 15
mbar. Preferably, the pressure is equal to or greater
than 1 10 1 mbar. It is preferably equal to or lower
than 1.5 mbar. While the structure may have variable
forms, it is preferably in the shape of a wafer.
Preferably, the structure is a silicon wafer. The
etching can be performed according to the bulk
micromachining technology wherein the whole thickness
of the item to be etched, e.g. a silicon wafer, is
used to build the micromechanical structure.
Alternatively, the etching can be performed according
to the surface micromachining technology wherein
layers are produced by applying coatings and selective
etching of them. The etching process can generally be
used in the deep reactive ion etching technology. The
process according to the present invention can be
applied to produce 



semiconductors for microelectromechanical systems, for
example, acceleration sensors, magnetic recording
heads, ink jet printers, gyroscopes and other items as
described above. Certain gas mixtures useful in the
process of the present invention are novel; they are
also an aspect of the present invention and are
claimed r se. In this aspect of the present invention,
too, the term "comprising" includes the meaning of
"consisting of. These gas mixtures contain no added
hypofluorites, fluoroperoxides and/or fluorotrioxide,
and preferably, the gas mixtures are essentially free
of hypofluorites, fluoroperoxides and/or
fluorotrioxide; the term "essentially" denotes a
content of any of these compounds of less than 1 % by
volume, and preferably a content of 0 % by volume. The
gas mixtures are also free of compounds containing a
CN bond and hydrogen.The gas mixtures which are
described in detail in the following paragraphs are,
as mentioned above, claimed r se. They can be in the
gaseous state, in the liquid state, in the solid state
or even in the supercritical state. The gas mixtures
claimed per se are preferably present in the liquid
state. For example, they can be contained, in the
liquid state, in pressurized containers, e.g. bottles.
Of course, above the liquid, a certain amount of
gaseous atmosphere exists, depending of the volume of
the liquid and the container. One embodiment of this
aspect relates to mixtures comprising elemental
fluorine and carbonyl fluoride. The mixtures according
to the present invention preferably comprise elemental
fluorine and carbonyl fluoride in a molar ratio of
1:99 to 99:1. The molecular ratio of elemental
fluorine and carbonyl fluoride is preferably equal to
or greater than 5:95. Preferably, it is equal to or
lower than 95:5. Mixtures consisting of equimolar
amounts of elemental fluorine and carbonyl fluoride
are preferably excluded. The mixture of elemental
fluorine and carbonyl fluoride may further comprise
oxygen, a noble gas, nitrogen. The noble gas
preferably is selected from helium and argon, whereby
argon is especially preferred. These mixtures are
especially suitable for MEMS etching. Optionally,
these mixtures may also comprise a passivating gas,
preferably a passivating as described above. The
passivating gas should not react with elemental
fluorine; perfluoro compounds are very suitable. The
amounts of elemental fluorine, carbonyl fluoride, and
optionally oxygen, argon, and/or nitrogen and, if
comprised, a passivating gas, are given above. The
mixtures, claimed per se, of elemental fluorine and
carbonyl fluoride can be in the gaseous state, in the
liquid state, in the solid state or even in the
supercritical state. The gas mixtures are preferably
present in the liquid state. For example, they can be
contained, in the liquid state, in pressurized
bottles. Another embodiment of this aspect of the
present invention relates to mixtures comprising
carbonyl fluoride, nitrogen and/or a noble gas,
optionally a passivating gas and optionally hydrogen
or a hydrogen-releasing gas. Preferably, the noble gas
is elected from helium and argon, especially
preferably it is argon. According to one preferred
embodiment, the mixtures consist of carbonyl fluoride
and nitrogen, or they consist of carbonyl fluoride and
argon, and, in both alternatives, optionally also
contain oxygen. In mixtures comprising only carbonyl
fluoride and nitrogen, the content of carbonyl
fluoride preferably isequal to or greater than 1 %by
volume. The content of carbonyl fluoride is preferably
equal to or lower than 75 %by volume. The content of
nitrogen is preferably equal to or greater than 25 %by
volume; preferably, it is equal to or less than 99 %by
volume. In one embodiment, the mixtures consist of
carbonyl fluoride and nitrogen. In mixtures comprising
carbonyl fluoride and argon, the content of argon
preferably is equal to or greater than 10 %by volume.
Preferably, it is equal to or lower than 80 %by
volume. The content of carbonyl fluoride is preferably
equal to or greater than 20 %by volume; preferably, it
is equal to or less than 90 %by volume. In one
embodiment, the mixtures consist of carbonyl fluoride
and argon. Mixtures comprising carbonyl fluoride,
nitrogen and argon are especially preferred. The
content of carbonyl fluoride is preferably equal to or
greater than 1 %by volume. It is preferably equal to
or lower than 50 %by volume. The content of argon is
preferably equal to or greater than 5 %by volume.
Preferably, the content of argon is equal to or lower
than 50 %by volume; especially, the content of argon
is equal to or lower than 40 %by volume. The content
of nitrogen is preferably equal to or greater than 1
%by volume; preferably, it is equal to or less than 80
%by volume. In one embodiment, the mixtures consist of
carbonyl fluoride, nitrogen and argon. The mixtures
may also comprise oxygen, hydrogen, a hydrogen
releasing gas and/or a passivating gas. Details are
explained above. The mixtures, claimed r se, of
carbonyl fluoride and nitrogen and/or a noble gas and
optionally passivating gas or hydrogen can be in the
gaseous state, in the liquid state, in the solid state
or even in the supercritical state. The gas mixtures
are preferably present in the liquid state. For
example, they can be contained, in the liquid state,
in pressurized bottles. The inventive mixtures are
suitable, for example, for performing the process
according to the present invention, but also for other
etching processes, for example, for producing
semiconductors, for flat panel display production or
for wafer cleaning. Still another embodiment of this
aspect of the present invention relates to mixtures
comprising carbonyl fluoride and a passivating gas,
and optionally also nitrogen, a noble gas and/or a
hydrogen-releasing gas. These mixtures are suitable
for simultaneous etching and passivating. The presence
of argon is very preferred.In mixtures comprising
carbonyl fluoride, the passivating agent, argon and
optionally nitrogen, hydrogen or a hydrogen-releasing
gas, the content of carbonyl fluoride preferably is
equal to or greater than 15 % by volume, very
preferably, equal to or greater than 20 %by volume.
Preferably, it is equal to or lower than 60 % by
volume. The content of the passivating agent is
preferably equal to or greater than 10 % by volume,
very preferably, equal to or greater than 15 % by
volume. The content of the passivating gas is
preferably equal to or lower than 50 %by volume, very
preferably, equal to or lower than 45 %by volume. The
content of argon preferably is equal to or greater
than 20 % by volume, very preferably, equal to or
greater than 25 %by volume. Preferably, the content of
argon is equal to or lower than 50 % by volume, very
preferably, equal to or lower than 40 %by volume. If
nitrogen is comprised, its content is preferably in a
range of 1 to 10 % by volume. If hydrogen or a
hydrogenreleasing gas is comprised, its content
preferably is equal to or greater than 2 % 



by volume. Preferably, it is equal to or lower than 15
% by volume. Preferably, the term "passivating gas"
denotes inorganic or organic compounds other than N2,
CO2, CO, CHF2CI, O2 or CO; suitable passivating gas
are compounds which react under thermal (200 0C and
higher) or under plasma conditions with silicon to
form silicon compounds with low volatility, or which
form a passivating layer thus protecting the structure
against etching. Especially preferably, the term
"passivating gas" denotes one or more organic
compounds selected from cyclic or linear or branched,
saturated aliphatic compounds with 1 to 6 carbon
atoms, substituted by at least one fluorine atom, or
from cyclic or linear or branched, unsaturated
aliphatic compounds with 2 to 6 carbon atoms,
substituted by at least one fluorine atom. These
compounds consist of carbon and fluorine and
optionally hydrogen. Preferably, at least 50 % of the
hydrogen atoms of the respective saturated or
unsaturated compound are substituted by fluorine
atoms. Saturated hydrofluorocarbons and saturated
fluorocarbons with 1 to 5 carbon atoms and unsaturated
hydrofluorocarbons and fluorocarbons with 2 to 5
carbon atoms are preferred. Highly preferred compounds
which are comprised as passivating gas are C-C4F5,
c-C5Fg, CH2F2, CHF3, CF4, C2F5, C3Fg, C2F4, C4F5 , and
C4Fg. C4F5 is especially preferred as passivating gas.
The compounds c-C F and CF3I are also suitable. The
mixture of carbonyl fluoride and passivating gas may
further include nitrogen, oxygen, and/or a noble gas.
Even elemental fluorine can be comprised provided the
passivating gas is a perfluorocarbon compound.Still
more preferably, the mixture comprises carbonyl
fluoride, C4F5, and argon and optionally hydrogen or a
hydrogen-releasing gas. The mixtures, claimed r se, of
carbonyl fluoride and passivating gas can be in the
gaseous state, in the liquid state, in the solid state
or even in the supercritical state. The gas mixtures
are preferably present in the liquid state. For
example, they can be contained, in the liquid state,
in pressurized bottles. These gas mixtures including a
passivating gas are especially suitable for use in the
etching step, the passivating step or the combined
etching and passivating step, respectively. Finally,
an etching gas mixture consisting of elemental
fluorine, nitrogen and argon and optionally oxygen is
a further aspect of the present invention. This gas
mixture contains equal to or more than 10 % by volume
of elemental fluorine. It contains equal to or less,
preferably less, than 25 % by volume of elemental
fluorine. It contains equal to or more than 5 % by
volume of argon. It contains equal to or less than 15
% by volume of argon. It contains equal to or more
than 65 %by volume of nitrogen. It contains equal to
or less than 80 %by volume of nitrogen. This mixture
is very suitable for MEMS etching. If oxygen is
contained, it is preferably present in a range between
2 and 15 % by volume. The content of one or more of
the other constituents (elemental fluorine, nitrogen,
argon) may then be lower so that the constituents add
up to 100 % by volume. The mixtures, claimed r se, of
elemental fluorine, nitrogen and argon and optionally
oxygen can be in the gaseous state, in the liquid
state, in the solid state or even in the supercritical
state. The gas mixtures are preferably present in the
liquid state. For example, they can be contained, in
the liquid state, in pressurized bottles. It has been
found that elemental fluorine is more effective than
SFg, and both elemental fluorine and carbonyl fluoride
have a low GWP (greenhouse warming potential). The
invention will now be explained in further detail by
the following examples. Examples Example 1 : Mixtures
suitable for etching silicon in MEMS production
General procedure : the different constituents are
passed in gaseous form from respective storing bottles
to a stainless steel container stored therein in
gaseous form. By controlling the volume during storing
the respective gases, gasmixtures comprising the
appropriate amounts of gases given in table 1 are
prepared. Table 1 : Etching gas mixtures (amounts
given in % by volume) * Elemental fluorine and
nitrogen are added as 1:4 v/v mixture. Table 2 :
Passivating gas mixtures (amounts given in %by volume)
Table 3 : Gas mixtures suitable for simultaneous
etching and passivating (amounts given in %by volume)
D Hexafluorobutadiene, available as Sifren(r) from
Solvay Fluor GmbH, Hannover, Germany Example 3 :
Preparation of a MEMS device by consecutive etching
and passivating (bulk micromachining) A silicon wafer
for a MEMS device is coated with a photo resist
lacquer. After partial exposure of the photo resist
lacquer with light according to the desired structure
including desired trenches, non-exposed parts of the
lacquer are removed. The silicon wafer is then put
into a plasma chamber. An premixed etching mixture
according to example 1.1 consisting of 20 %by volume
of elemental fluorine, 70 %by volume of nitrogen and
10 % by volume of argon is introduced into the chamber
at a pressure of about 0.2 mbar, and the microwave
radiation is started to initiate plasma conditions.
Silicon in regions not covered by the photo resist is
etched away isotropically whereby a trench forms in
the silicon. After a trench with a width of about 20
mm is formed, the etching gas is removed from the
reactor, and a passivation gas according to example
1.5 consisting of C4F (60 %by volume) and argon 40 %by
volume) is introduced into the reactor, and the
microwave radiation is started to initiate the
plasma.The hexafluorobutadiene introduced into the
reactor essentially forms a fluoropolymer coating on
the walls of the trenches formed in the silicon, while
the argon stabilizes the plasma. After a coating with
desired thickness has formed on the walls, the
passivating gas is removed, and fresh etching gas is
reintroduced into the reactor. The silicon layer is
then again isotropically etched, thereby deepening the
trench formed in the first etching step. The
passivating layer protects the wall of the trench.
When the desired additional depth of the trench is
achieved, etching is terminated and the etching gas is
removed from the plasma reactor. Once again,
passivating gas is introduced, and another passivating
step is performed. Thereafter, the passivating gas is
removed, and the anisotropic etching is continued.
Etching and passivation are consecutively performed
until a trench with desired depth has formed. The
etched wafer can be removed from the chamber. Example
4 : Preparation of a MEMS device using carbonyl
fluoride etchant (bulk micromachining) A wafer from
monocrystalline silicon is coated with silicon dioxide
and a 



photo resist lacquer. The wafer is then treated as
described in example 3, but with an etachant mixture
according to example 1.5. Example 5 : Preparation of a
MEMS device by simultaneous etching and passivating
(bulk micromachining) A silicon wafer is coated with a
dielectric layer of silicon dioxide which, in turn, is
coated with a photo resist lacquer. After partial
exposure of the photo resist lacquer with light
according to the desired structure including desired
trenches, non-exposed parts of the lacquer are
removed. The silicon wafer is then put into a plasma
chamber. An gas mixture according to example 2.1
consisting of 35 %by volume of elemental carbonyl
fluoride, 30 %by volume of argon and 35 % by volume of
C4F5 is introduced into the chamber at a pressure of
about 0.2 mbar, and the microwave radiation is started
to initiate plasma conditions. Silicon dioxide in
regions not covered by the photo resist is etched
away. During etching, a trench forms. Simultaneously,
a fluoropolymer passivation layer is formed on the
walls of the trench. The treatment is continued until
the trench has the desired depth. The
etching/passivating gas is removed from the reactor,
and the etched silicon wafer can be removed from the
chamber.Example 6 : Preparation of a MEMS device by
simultaneous etching and passivating with a gas
mixture comprising a hydrogen-releasing gas (bulk
micromachining) Example 5 is repeated with the gas
mixture of example 2.2 consisting of 40 % by volume of
carbonyl fluoride, 20 % by volume of C4F5, 30 % by
volume of argon and 10 % by volume of CHF3. Example 7
: Preparation of a MEMS device (surface
micromachining) A round silicon wafer disk forms the
basis of the MEMS to be produced. First, a silicon
nitride layer is formed on the wafer by means of a
low-pressure CVD (Chemical Vapor Deposition) process.
Then, a sacrificial layer of silicon dioxide is
deposited, again by means of LPCVD. The sacrificial
layer allows a beam to be freely moving on the MEMS
device. By applying lithographic techniques, the
sacrificial layer is opened, e.g. by wet etching with
HF/NH4F, to allow anchoring of the planned beam. Then,
a polysilicon layer is deposited by means of LPCVD. To
remove those parts of the layer which are not part of
the defined structure of the polysilicon layer, a
lithographical mask is applied, and then, an etching
gas of table 1, e.g. the gas mixture of example 1.1,
is applied in a plasma chamber to remove the undesired
parts of the polysilicon layer on the wafer. Then,
another layer is applied, e.g. photoresist SU8, an
epoxy-based resin used as structural material. Details
about SU8 and how to apply it can be found Gold as
means for heating the MEMS is applied in a lift-off
process and is deposited by electronic-beam
evaporation using lithography to remove undesired
parts of the SU8 layer together with deposited gold
thereon, so that only the desired gold structure
remains. The sacrificial layer is now removed, e.g.
with the wet etching mixture mentioned above. Now, the
beam is released, and the structure is finished.C L A
I M S 1. A method of producing a
microelectromechanical system ("MEMS") from a
structure comprising a step wherein the structure is
etched applying an etching gas comprising elemental
fluorine or carbonyl fluoride (COF2) or a mixture of
both. 2. The method according to claim 1 wherein
elemental fluorine or carbonyl fluoride are applied
together with an inert diluent, oxygen, and/or a
passivating agent. 3. The method according to claim 1
wherein simultaneously or consecutively to etching,
passivation of at least a part of the etched surface
of the structure is provided. 4. The method according
to claim 3 wherein the passivating agent is selected
from organic compounds providing, in a plasma, a
fluoropolymer. 5. The method according to claim 4
wherein the passivating gas is selected from C-C4F6,
C-C5F8, CH2F2 , CHF3, CF4 , C2F6 , C3F8, C2F4 , C4F6 ,
C-C6F6, CF3I and C4F8 . 6. The method according to
claim 1 wherein a silicon wafer is applied as
structure. 7. The method according to claim 1 wherein
a gas mixture comprising elemental fluorine, nitrogen
and argon is applied as etching gas in an etching
step, and a passivating gas comprising C4F6 is applied
for providing passivation in a passivating step, and
whereby etching steps and passivating steps are
performed consecutively after each other. 8. The
method according to claim 1 wherein a gas mixture
comprising carbonyl fluoride and nitrogen and/or argon
is applied as etching gas. 9. A gas mixture,
comprising carbonyl fluoride and elemental fluorine.
10. The gas mixture according to claim 9, further
comprising nitrogen, argon, and/or a passivating gas
compatible with elemental fluorine.11. A gas mixture,
comprising carbonyl fluoride and at least one compound
selected from the group consisting of a passivating
gas, nitrogen and argon. 12. The gas mixture according
to claim 11, comprising carbonyl fluoride and a
passivating gas; carbonyl fluoride and argon; carbonyl
fluoride and argon and nitrogen; or carbonyl fluoride,
a passivating gas, and argon; or carbonyl fluoride, or
carbonyl fluoride, a passivating gas, and argon and
nitrogen; or carbonyl fluoride a passivating gas and
hydrogen or a hydrogen-releasing gas. 13. The gas
mixture according to any of claims 9 to 12 wherein the
passivating gas is selected from C-C4F , c-C5F8,
CH2F2, CHF3, CF4, C F , C3F8, C2F4 , C4F6 , C-C6F6,
CF3I and C4F8 . 14. A gas mixture consisting of
elemental fluorine, nitrogen and argon, containing
equal to or more than 10 % by volume of elemental
fluorine, equal to or less than 25 %by volume of
elemental fluorine, equal to or more than 5 % by
volume of argon, equal to or less than 15 % by volume
of argon, equal to or more than 65 %by volume of
nitrogen, equal to or less than 80 %by volume of
nitrogen and optionally oxygen in a range between 2
and 15 % by volume, the contents adding up to 100 % by
volume. 15. The gas mixture according to claim 9, 11
or 14 in liquid state. 16. The gas mixture according
to claim 15, compressed in a container. 


