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Typi cal ly, the amount of conpound of forrmula (1) or of
a physiol ogically acceptable addition salt,
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pol ynor phic formthereof, and at | east one
pharmaceutically acceptable inert ingredient in the
pharnaceutlcal conp03|t|on of the present i nvention
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pyridine (0.36 g, 1.3 mmol) in a EtOAc/ Et OH (absol ute

)= 4.7 mxture (1 10 m) was hydrogenated in H2
waeowsphes e with the presence of 10% Pd(C) ( 1PADEPIPS/067623

for 2h. The residue was filtered under vacuum through

Cel ite to renove the catal yst and the sol vent

evaporated to give crude 1-erﬁy1-2-(4-nethylphenyl)-l

/-/-pyrrolo[2,3-ib]pyridin-5-an ne which was used

wi t hout any further purification: 1H NVR (CDCI3) :

7. gmay glso gemprigy gy gan. Fﬁrefeyabgg tb%apnt@ﬁ OAAX RN 1g9<§{a(]3‘pﬂ or
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2. %&ﬁc aﬁh"):arblnle]u(oﬁde Jop'ﬁoﬁalg/ 4ika C(ﬁﬁbrlsmg mtro%en noble gases
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H pfylicrrﬁl@&a%b&lyn hh@bfdié @tﬁe@mﬁmerb@e IhRieRRQeRSshly etching gases,
descri b ve in la) was use except
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71 (d, J= 2.4 Hz, 1H); 7.49 (AA of
AA BB' 'Ehnsmequqreszwsmﬂf:d%o@B&n of ap@AC@Bi MaiNgH ernduﬁﬂﬂ)n in

%B%D@nd észl)ilgﬁl(c(ettc}gliﬁ R a(ﬁhsggr gl%’% 1% 4R e‘téhmg] gas forms a
20 1- (tgmwﬁﬂaﬁ@@@tg@p potparp of Fh?ttWP}b Wétﬁypt) Qrpearly without affecting the
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HZ , etdid bofhord And Side WH)Ls). 4If ‘ﬂthr()pl,c edchinte 1@ dhﬁredeﬂ)everBloﬁ&f side
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5 4?#1 etcﬁlggl)ls n% ne'ﬁ__le)ss%rﬁ ? %r‘ jfoﬁ)llcz%$%§ s1deI \§/z§lﬁet§hH}1g is
25H p;ndpmre@[ 2 M@rqdynﬁbodwfsammom eTﬁengnsov@estned by either
deslﬁEl'uQﬁ"lg %Qﬁ%tin tg%ﬁﬂ{wlt}f‘e &@})m as%Mﬁﬂé g&sllﬁ'gtects

1 uor zene was Uus |nstgad of
4- etpﬁ)saﬁy Wadls. s by sequential etching with an etching gas and in a separate step,

3- [fofmin ﬁ%@ﬁhﬁfh\g D oy iyd aldéwau; ﬁ@@g’ﬁ Eézbsnraangagme

1H NNR ePaspiva Ellg)gas ?s @Pgﬁ(;#o ffpﬁl I%O‘ﬁ?tl"(eﬁﬁyeéﬁ)n tﬁeztr%lgh walls
30( S to?ph‘ﬁvenﬂ.t—heml’ty lrea2t Qvﬁhftlhelmclmnh eTiyd natorenif thieopaksivating gas

1RO Rl LRV 15 SR, GREAAL s indQobiles o
7 3txample cemental bxgm@gt or;ﬁ-ﬁr can, b@glpp]@f:d dpagsigatigg gag. H)\ layer of
} %n@olatﬁe‘ ST, }@rY%nﬁJdllnés i%hlﬂ}éls p?oté&lvﬁlé’s@f ool X(Bl)rcés forming

-pyrral o{ ? am ne
7 gq)pr()gtctlge_ ager4wp;]2 St 1@_]3 are-}\I Q,j\l @m C(Q;H)CO Ny 27C§5 of i’n
353 |‘|)Gonﬁ)1123110(13),f Siy; and N34 Thel paskivating loids isPrbferaBlyclechs, from

o e dettrdnpiehed sty dlinBissompopndy vith bye pspien,
3 |b|py pdi n-5- am ne The process descri bed above in
Exanpl e la) was used, except that
1-ethynyl -4-fl uorobenzene and 2- net hoxyet hyl br om de
were used instead of 4-ethynyltol uene and i odoet hane,
respectively. 2-(4-fluorophenyl)-1
-(2-nnet hoxyethyl )-5-nitro-1
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et hyl 3-(5-am no-2-phenyl-1 Hindol-1 -yl)propanoate
1H NVR (DVMBO-c/e) 1.05 (t, J=7.16 Hz, 3 H); 2.54 (br.
W@ 20090806150, 7.50 Hz, 2 H); 3.90 (q, J=7.02 HzPCREPH0D8/067623
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=QIl Hz, -YH); 7.34 - 7.55 (m 5
Hy. h ethyl (5-am no-2-phenyl-1/-/-indol-1 -yl)acetate
The process descri bed above in Exanple 1f) was used,
ex cupms tsHAttitaed by aplepst onp Hleeting doNasr s YFlis diagr Bf
et thndred LAY @ﬁ?ﬁﬁic Rhp¥lindsdwith b i®6 2aBbe Bddhtslsubstituted
iwygéllcﬁ%t o | [iﬁo%%tggggh.( iﬁes\@%&m&% c%sﬁlh)ojf'cérb%n %%1? Huorjne
H) ; and. @pfiofdly RydbodeB. Hzeferhbh) at [Zas60 % df the hiydnogbn &fpms of the
SZIj 7r%§;egﬂvé(] s;il?urgtgsﬁ %Hn%&u@t&d E&lgl%oethgis efre gﬁbgstigl@ed 1%7 &1‘1101{_1%' atcgins.
( 5-Zatinated hydreghwprocarbong andngdoirated fipbjogabons with 1Ho KivRbon
( CDfbmSindufsdtfeited Hdtoftubobfibord dilliunat@riteduordearbos with
H;_ 4.20 ‘(99’ J=7.02" Hz, 2 g%g 4.74 (s, 2 H; 6.45 (s,
1 H) to Gearbon ggms geegproferred. Piaghly preferpgd compggngdsswhigh pge
7. Ofpplidabld &ppBGividing dastle c-C4BA c-Chgd@HOR), CHIH) CH,)C,F,
101-[ -(d nlgt am n hﬁ.h%ﬁg%}g@gl ct‘,ly 1 tabl
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of fdidrydardorbimdicnlotit errReeicdion mixture. Fluorocarbon radicals are good

(NSO B30 BB Gl o DAL BT
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. ©8.57 (d, 9= .1 H). .
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4- (t%rﬂmvfjh@k Zﬂaig@fgml Igyllrdg'e:h ¢ g&drﬁgewlbrb?idﬁ@boznﬂﬂgds-[ Bg.
rQcess escrlLpe apove.l n anpl.e S US ,
P A oD TR DU CHRER AR i S ek Bigosgbons,
30et hyibstprdfeabiydiflanoaicthade id tifluomnZethdrenyte -veryHuitablel The

-yl 2. - . ; 8
B2 00, MM EVRRIGURY 250 Py i 378

( d, mixage B@yHentain ¢ to 45 %by-voturg of the pgssijating cympeend. The
J=%caRenk’f ork ddall 31 oth&bondfilefiPis (ReSIdWE that oien Bowd
(d, J=2.34 Hz, 1 H). 4-(5-am no-2- hen%/l -1 Hindol-1
-yl ) butERfeped gas wwvﬁfqrmaéwé)onﬁx gt lew oy ngjanisptropic
35(t, ety 6@edtizin MEMS prépatbtidit inclidd ofSoHaoreloftile abbyva2

(br. s., 4),; 6. 24. ( 1 . 6.57. (dd, J=8.64, 2.06
b ngftiged alifine 56l e P hinOnedoRGeasir o7y G- o7
Hz, 1 H,; 7.32 - 7263 (m 5 H. m)
2-(4-fluorophenyl)-1 -(2-nethoxyethyl)-1
/-/-indol-5-amne To a solution of 5-nitroindole (3.5
g; 2 1.6 mol) in DM ( 100m ) was added CS2C33 ( 13.9
g; 42.6 mml). The m xture thus obtained was stirred

1h hour at roomtenperature then
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(2-met hoxyethyl)-1 Hindol-5-amne (0.7 g), which was
used without any further purification. 1H NWR
W@ DNB@BGES) 3.07 (s, 3 H); 3.51 (t, J=5.70 Hz, PQI/ER2008/067623

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§77Hz 1 H; 7.30 (t,
J=8.92 Hz, 2 H); 759(dd J906 555Hz,2H) n)
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20\Nasm@§x‘ bhBRadatery if efclying gswﬁirmsmﬁ@tﬂfglm are apeetad tOe@act with
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o (5. niCcBoad SRBRGY 2t Vabiattho? s5EU BRERGre siept g gzether i

30( 2. aie spnulanenmd otching/Passatatiag etbp,(apfiOnatly) invedmiatdoieditianitirogen
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process descri bed above in Exanple 1n) was used

except that ethyl (5-nitro-2-phenyl-1 Hindol-

-yl )acetate (prepared as described in exanple 1h) was

used instead of 3-(5-nitro-2-phenyl-1 Hindol-1

yl ) propanoate. 2-(5-nitro-2-phenyl-1 Hindol-1

-yl)ethanol 1H NVR (DMSO CzZ6) 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
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was crystallized (isopropylether) to give
2-cycl ohexyl -1 -(nethyl sul fonyl)- 5-nitro-1Hindole (
W@ 2009/08)61lH NVR (DMSO-c/e) 1.14 - 1.53 (m 5 HCT/LPRBS/667623
1.93 (m 3 H; 2.02 - 2.20 (m 2 FD; 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; 817 (dd, J=9.1 0, 2.09+Hz, 1 H; 8.52 (d,
J=2.05 Hz, 1 FD To a solution containing
2-cycl oh - (met hyl sul fonyl)-5-nitro-1 Hi ndol e
(5 &chyng aIgY wytmawstqnsl:bf(ca@swyen if dilytadby piteaganARY A a noble
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H iqigdohgeds3. 2 g), which was used wi t hout any further
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et hanol_ (1 was added and the m Xture underwent
hyd#@@@ﬁﬁﬁﬁ@ﬂ3ln a Parr hydrogenator (H2, 30 psi) for

4 hour SCer?éh‘@gzisQﬁix‘ﬂﬁ@s wsul fih tHeqfr@&syadtaé pyeaauumetnhb@ H@h
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/ﬂmm@]@ro;gd@ﬁﬁnﬁé)rﬂyog)tg@mm iapgd pcﬁferably the gas mixtures are
2 ' é%géh'tﬁiﬂﬁ Heé @Pﬂﬁfﬂdﬂﬁ%n{es 1ﬂu&g%&®x1§esgﬁldm&rdtﬁomde the term

dIC | or gnet hane een ad under stlrrlng
tri EOIRpAal rfk@n@teia C?rrtem of apy oy thespFgmPorgds Af ESi3R &% By
35a swlluthé mﬁd@fefaiabiymwnp Bo0YE b hblafmedehd SasIBixblres drd albo

i di chl h b dded
i ote Ao P AT o 6 POl R RS The m xture

so obtained was left under stirring at room
tenperature overnight. The day after, the reaction

m xture was neutralized with a saturated aqueous
solution of NH4ACI. The organi c phase was separ at ed,
and, after evaporation of the solvent, the residue has
been washed w th ethanol and flltered to glve

L,




of 2-phenethyl-5-nitro-1 Hindole (0.16 g, 0.6 nmol)
in DVF (30 m). The reaction m xture was kept under

W@ 20090805 f or 30 m nutes. Then, ethyl iodide (BCWEB200$/067623
1.9 mol ) was added, and the m xture was |eft under
stirring overnight at roomtenperature. The next
morning, the mxture was pouré “in H20O | eft under
stirring overnight, obtaini ng a precipitate which was
filtered to glve2phenetd}é -ethyl-5-nitro-1
[ - | - i ndbheegas Pigtetteringh are éqrrh@fh%d@falﬂ ibthe fellqwigg paragraphs
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(0. above ghe 1@ukl arprmshin ameulrHpt gaS@Duma)mosphereW»stSU feponding of

kephe YORGTe ctlihd fi ﬂ@a@d thgqgﬁ:taﬁl\é:?r night. After cooling,
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NaHCOB, Ongemgdimgit dhwm%&ems tq UK RI S EBIPSHIng cjemental
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15( q, J _T 1 2H) 3. 4H) ,
J =71 l@ rpE(turgqu e]iemﬁn@éﬂgg}pneiandé:@mppyllﬂuorlde may furt er
/ - /cdn[pmb oﬁyg?emm nabl'eflges Ini’tt(%%ﬁﬁ trhaheble (gﬁppﬂdfﬁﬂalﬂ) 1m&cted
e sim.lar

d.w
For e RECl et BRERhealhl ey PRyt Histures
1- m‘ropgm:ela(lgsmtﬁlgfor MBEMSrmapdhing. n@ptamallp;fthdsepmsnyesmay also
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1|‘|)are4'e1§'7su{t§ble2|‘|) 3.37 (s, 3H). 2-benzyl-5-nitro- 1

-indgle: 1H N »11.74 8.44
J = 2.3 HF amqynts %ﬂ?eéesz(“&é} Fﬂ{?”n%’ Cérboﬁyéﬁ‘il—@d%;g—@d OPfloﬂﬁl
(d, ox}zel. a9gonl lsd)d/or?mﬁrage(ﬂnndﬁ'ﬂ)cpmﬁrlgéi @rpassi.\l-d)mg @ad4rd @yen
1H)abo e12 (s, 2H). 2-benzyl-1 -ethyl-5-nitro-1
/-15°Ndol e: 1H NMWVR (Dl\/BOde) 8.48 (d J= 2.3 Hz, 1H);
257. 98 ( dthe Rixt@ed claide@pédzse, diHhlemantal(flyodine dnd garmom-jd fluoride
(1H)can%'eqﬁ) t}{e%as@ﬂ)s sta‘i:b ﬁl?’th@% uljd"é)tate ‘in%}?e Jomi sf]a@ or e"veg %h the

en
/ - 1 S9PRgEHca SHiA. rTéle 2R W@m@e@b}/y presepp iry the ligpyy: state. For
Zdé.ékagf_@le drey &aﬁ bé‘léontllh’&d iR tl&%cﬁudd stdfe, i p'ieéﬂﬁmzelﬂ‘ﬁo,ttl& 59
3.94 ( qAn%tgér e;,n‘t?dpaént ?Eghls %,spﬁg ogf E@ﬁ prggﬁ)nt mi’elﬂ_tfj)(rkl?latej—tb

307. ZrnblZurGSBd:d)mpm;s)n@caMHyd)ﬂilorlde mtrogen and/or a noble gas, optionally a

RO BRLRR St RO et ol
wasthadeleld gas @@lﬁoseéi fmm éielslan and @lrgoof espediplipopretesably it is argon

nitr Obeﬁ&%ﬁﬁng Fch&qe"ﬂréfe%& e%%dﬂfr%ﬂ% Bl urSt EddstsnOf cafi‘Bonyl
first at roomtenperature ,for 3 hours, and then under

¢ ef igide gnd PitFaggh. or ARyerongioigh fiGagpony hiduqricle el japggn. and, in both
35 p I efliepiatiat s op@snalllylal @reedtagnek yas hBOmwitiides tetpitiin@ome

T R N T

4-ni trophenyl hydrazine: Mz (APCl+) 154 (M+#) A
suspension in water ( 150 m) of

4-ni trophenyl hydrazine ( 15 g, 23 mmol) and

2- 0oxo-propionic acid ethyl ester ( 12 g, 100 nmol) was
| eft under stirring at roomtenperature for 6 hours.
The obtalned preC|p|tate was flltered and mashed to



with ethyl acetate (Et OAc). After evaporation of the

sol vent underreduced pressure, the obtained solid was
w@enovoswas by fl ash chromat ography on silica gePCT/EP2008/067623

(n-hexane/ Et OAc, 50/1 0) to give phenyl anm de of

5-nitro-1 -(triisopropylsilaniloxypropyl)-i

Hindol e-2- carboxylic acid:-Mz (APCl+) 496 (MH+) A

catal yti c anmount of 10%d/ C was added to a sol ution of

phenyl ami de of 5-nitro-1

- (t9qupkieer gpspresithaant fedwyyseapg Yhe cqutei@brabonyl fluoride is
Carﬁl@f@/ﬁ‘tﬂye | Q) drfQowe3hen 79 766y tok. Mhe Usl%ht(of Hbgen is

xturevva ted at_2 for 12
oS PLCas [ U 1 @r@v HPGUGHRA e £l o or
andetdtiarf 99 b 3t eoluams. &vapEosrab@imendte niietuesadnpisedsarbenyl
to sed without any further purification.
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-(trii sI@pmgpywsqqnamsmg)@mqnpyﬂyondemndmgﬁnethg.content of argon
car hoepylHi¢ 1s%€1h5’1 to Mv re(lt%P Fﬂai'i)l 04@@ (WMhle. Prg%ﬂwgzﬁt ige ual to

Preparatlon unds nventi on
of & lpyweisthay §@ ‘%am veipmend hB F@‘Efﬁ?te& .Céwomlcf&l@é@e lsne;re%f:rably
SO|ddfuhpt6 o@fgr@wrrﬂl@(r@m%wd@lﬁn@h dtebpatibanal {o JQeg¥ithan

ri m ?nﬁ
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di ssolavgeh.i n di chl oronethane ( 10 ml). Once the

addt ! OB RC Eo fRTE L S0l ABLAL Yook Blibn 4R pecially
m ) predgsred hdhe aerdeitt o sarbeond fbmgéﬁ iscrrpiesabdy ol eqrareaterghan

out gngl, %un%g gwgpremzﬁ%quﬂ he oﬁf%kxlé} {HaR 5088 b?%ﬁﬂ@t'ﬁﬂ:
under red ressurgU The crude I‘On;.l§t obt ai ned was

LSpur§opicao f Yegr PPrelSIYoUTIAbFB BRI 14D v Sl BREX, Y,
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abov econ var nt ..o
pr eeﬁg?ceﬁ ?yoﬁf :%(Leélg g{ argi 13 equdl tg 98 }o(%er gﬁan ZIOW/% by volume. The
5- asnintenf aﬁm}mgdmls @re¢fetably e(q@algo ogteptengrag la@dedvolume;

A”’g;%fe}‘ébtl Atzéhp@aﬁ kdof y?fﬁsh 8@2’ ﬂ'y 9(131 gﬂoﬁgﬁ@é}ﬁb&ﬁm@lo the

an ac I
20di chixgreneatsishel qasban mtsagevén goheft under

stirri nphef @fxtdls ﬁh@?ﬂ hRo CER@I‘IM@)@@EH Sﬂydﬁ?g@n r@ﬁydﬂog’@%eleasmg
then renpved b tration and

di cHSEPYRER RANE2HBE g4y Defpids ¢ ﬁgﬁﬁ%‘e %%Vés wer e

conbi nethe dixtwte dlawnédlpdl seedihaakiomy lnoritk (ndhitidgenand/or a

%]: ; b?d aastagg r(])pﬂgnaﬁly pélg%\éa?mré%?s or eydr%]e%)c’&n,g)r I? thlgt%%ae%us state,
25r esintherhaguid statey erdthbyolﬁd $tate @ eoan iarke mperosmlc@ltsrcam Thagas

ev [

¢ o?rﬁg{ugrts%%e %&@fabﬁﬁ&&eﬁ HAfke Ileulg f?ﬁ?e %Fp%ﬁﬂqe q‘fley can bcfj:

R2 pataenadnm tﬁ@&ﬁvlﬁg%at@|1%WS%@9@bet)ﬂeExanp| e of a t hird

vari antTbeln‘&dE}ﬁwE hERAFAIr®KuiRbRE &5 $xarkPdEfor g&fbﬂﬂﬁhg the

at nospher e, oic aci.d
RS o 5 Pt b o Rl reses.
30di cfiok oxaon@e, HfanprofiBcing yeraiaondlictoes, iyt filampaaetidikp ] (yCor8dundtipn or
Aft he m xture stirring at room tenperature
f%ﬁﬁ)a%?\réietgglgg PS-carbodiimde resin (0.73 Q)
was addewtill axfotter emdadinmgt ohidisraspeat cbHieprssentiavetionrtlags to
f Or m B8 BO Rpridi carrgcﬁiyll‘ fiBddd @rf@avgﬂmbytlrf atsrzﬁltd' PioRRAT, also
washed wi th di chl oromét hane (2 e sol ution
washB02o A 40RIe 2ahad/ Ol drPgligstergRe %S gt Rree BOHPISS At
350f duaabllfér ihpltateowhétciinXand'paséivating., Tkepre€ahce B drgoV¥ very
and ve the neani ngs given above. d) Exanple of a
f ol EHy" I‘\ef'grl ant of the preparation process: To a
solution of a benzoic acid (I1) ( 10 mmol) in
di met hyl formam de (40 m) with stirring at 0 C,
1- hydr oxybenzotriazol (HOBt) ( 10 nmmol) and
di cycl ohexyl carbodiimde (DCC) ( 10 nmol) were added.
The m xture was | eft under stirring at 0 C for 30
m nutes and a 5 am no(aza)| ndoI e (I II) (9 mml)
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a mxture of DM(1O m ), the B2 al kyne (5 nmmol), Cul
(32 ng, 0.17 mmol ), 58 ng of
walr@bogwebi s(tri phenyl phosphi ne) pal | adi un(| 1) [ BI'T/EP2008/067623
2(PPh3)2Pd] (0.8 mol) and 2 m of triethylamne (22
nmol ). The m xture was heated at 700C and stirred for
48h. The reaction was quenched2by cooling to room
tenperature. The resin was filtered and washed with
DV (3 x 10 M), DWW/ HOin a 95/5 volunme ratio (3 x
10 ) ,Inpyrtyresgronnrising @oony bilygidsntherpassiviting agentoargon and
m )Optl% mh‘%g%ﬂ Mydro8ed éPa Hﬁirbl Ireﬁitalslﬁg 8s, Xhelénfn} of
sl 3 R g
X f@r‘mny f /Pr Xﬁ“ﬁ“ a7 ng%ﬁ &FP@“ t'f ¢ ('S"&neL ety
m ) prefeeBit;, (eauad td Or giehter MaBI0/% Bz Cluznel. PrefeLdlyb @ iv odjwuieo or
rat, d 0 T esj
51°oa%k i gpar Redon il WEEghGnl ol Palf o (i LR A8y
purqqfualctatqr @rﬁategtﬂ@qm 103%:byvobgnevivenyf preferably, equal to or greater than
N, I
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r esiPHe{ @fﬂ? i% brrp (ermrfffrﬂ)ablyrﬁ@%%rdwemn
stivdl@de.alhe @@mﬂt@m@batpwferaﬁ is 4@ td &Gg’tezit&ethﬁlegﬂ) Mo by
1o%es fllltered a db gl %{%% 2%%)@ e)
CH2XQ M7 OOFP T 31/%1“ dP l?ﬁﬁr e Y0/ OMe: TBREe Py
X liBe nbljtﬁntDIVErgonhE@luaﬂ]tcaoﬂbWeNtﬂihmﬁ&%hy volu(r®, werg @raferpbly,

10 enqI £8 o ég% )tléan%: % %\i%@t} Qe@e%g&m&mfeét ifs co(nigen%ls
vol RipksTably ing: (a3g$<0ﬁbtqﬁ tyHxdppe. (B hydnggendoy a hsrdfégen

r eSﬂen:agli;g gds é%o&?ﬁséabit’s‘b&ﬁé’m X\P@ﬁraﬁﬁfe@l el ka@ylt gI@Mr than 2 %
further purification
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reparat ve
20conyoigh éor(n 3 p@slalvmw&}@m thys prpteciypg the sa*ﬁ@tumagamét ¢tRling.
e R EiE11 P pl\e@é}a@!@ OME tdhin @amuﬁg @hs'T RAbEE bA® opﬁloféocsfgblﬁc

bond i n ﬁﬁéﬁg{}ZBASa noa%ﬂdé)leder (

1 e S¢ FRRBAYSUE o lwgiiArits E’F BREHR al}ﬂ tl%md

HCI coﬂ’,lqmﬁnds( wikh 150 Blchrbomhers, bubisti{Ubedinpht)leavasnefdotatheainsn,

t he refl xedf r 6.h mxtur

1 e e ko e P an Rl ol RE Dl Fol 3 o
25m )6 caheh arms asibeittuigid tby aEteag@®@ng Flugrin®atein. . Tl(asg acpmpounds

pha&)%sfé@ocf datd 8 HuBANERd & 10%9&13' H§dr§ @%Efe%%least 50 %

The sol uti on was evaporate under Teduced pressu
Theofdhe Bedrpeeaaiens ebthgirereactivesapited Prelalswragﬂ/@mpound are

c 0"@1@ stitdte@ oy ffRIOAME atofnk) Jaturyvbd ﬁ?dr?fﬂuéfoczﬁborﬁ ahd s&HratéeB,

h
Thistedfonssullal B SoaT Maerdnd PeEeHEd Bufieabsserbn and
30estﬂ1mrodhmbc(mm)h oo} esbdear atdens iavapriefeere O PBgnlyrpLHférrmhs

Cnehafaflad o AR MA@ Ohs ARSI by e S ST P
. 2 @HFES &rfch, €pks. fskgUr g anast sstand Calfs aCnEmeeswpélyalerp@red as

f 0 rpa%s@atlnggas ormga BbrﬁFeﬁﬁidY et F Wed @FH%@M@G’ sHRER! The mixture
vacuum an uti on was add unti |

pr e’ prhoay} %Wrtsir: 2z PASSIVAHBE BROIAY fursbgg inc{yde gitgegen, oxygen,
35wasditbr i o levls € Evaméleshe h@UfludtRrcad &6 duitptiedrveided the

corrl%%un . of forrrulrﬁ Sﬁ% 'hn whi Ch"{)’é' Y, Z, G1l, &, G3,

n, KPERYRERREPTHETEEAPRGEBYVEN above. i) Exanpl e

of a sixth variant of the preparation process: CH3CN

2N (H) (V) (1) Ininert atnosphere, a benzoic acid

(rr) (0.74 nmol ), TBTU (0.86 mmol) and triethyl am ne

(0.98 mmol ) have been di ssol ved i n anhydrous

acetonitrile (3 m). After having left the mxture
under stlrrlng at roomtenperature for 30 mnutes a
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process for etching deep trenches into silicon using
SF5 or NF3. The process is very suitable in the field
wW@Roopog@uTi ng nagnetic recordi ng heads, a ver yPCT/EP2008/067623
important field of MEMS. EP patent application EP-A-O
200 951 discloses a nethod for high-rate anisotropic
etching of silicon by applyind3a mxture of NF3 or
SF5, N2, and a layer form ng (passivating) gas such as
CHF3. British patent (B 2 290 413 di scl oses_a net hod
for provBk@prrgpraferabby thampiierespapripgs gernayblniificaCsFe, and
tr ezﬁ?&h hi @ptfolnﬁ@} hRir6dnng a%y@ﬂ)géﬁlré\lgas@ndgga& whi ch
supp fl uorlne SF5 or NF3 assi.vatin
gas. whi LI TERHES FLHPERPCREM! Cogbagy! (il (aa e ssivadiag gg can
CARg)in tﬁ'dwmeousrs@ee éh dlel liygid sageinahat@id dote ar Ewentihére
5I SOtul%) 91c ls%?ﬁ hgt %p }I]E])?.ul%g GR rerf%?ab?y ﬁg‘s:env %netsh{: 81‘21%9&%9 For
as 'accéleratron sensor
ap pﬂmamq, (dﬁ:yp@ab bt centhinad, U tROGBY® s_tstgomzpreh sgiteglswstldsow
to proviyle. ngerﬁix@lﬂ‘Es ﬁlt:lu\ﬂﬁ{g' zﬁ%ls?w shYe &EEﬁﬁlﬂagdlﬁéﬁie)for

etchlng an enin in sil eposi t
confseide %%%rt%tth%@sswrw BFP A CBP YRS FtCBWgtaﬁ@
Si q@}g@kfﬁtﬁ}g gd? réspéktivelyl. um oxygen and optr onal Iy SF5

103001 oA BB PERAO U8 AOBer b eBLise. piosen

pr aoessgdroandatptionalty degpn tsraeﬁmcthersaspect@f thapredeepinvention.
Oflﬁ%gas %E&‘mfe c{)t?ttecurnégﬁl?al $8+ fﬂgleeﬁggr, @%ngy 901{11@1% N ggmental

pr effeqringd IfeCtO@FﬂafrﬁteCIrUhl tphve legsp.rpseferpbbplessTHan 25t% |brm10hgnm¢f

t hee1&ﬁaﬁ51erﬂlotrrnenﬁrbomﬁlﬁy &lharie g hro¥% gl!aﬁlgr% by SoRekd GTaTESh. It

in an ISOtrgf tC Iﬂ%r g
15st reangifs 5o tPrOé ge dpntloeh On Vsﬁlr%fp%f 14729Ty l6p@tRs eyl to or
Oo J 1ﬁ61te thin 631¢ B edemt of mélegtam OR cbBtain® eflidVo Bi€ledthan 80 % by
roauc

d f .
m oY BuTeet PERERRaH AT Sy e Chite frMER S ige- Liggveen
pr eis enttainad,ghisipogferablyt megnoin dengobaiveat Zhndfd Galsy volume.
m Xﬁﬁé &htettbi R & m&% of tﬂe%&%hétﬁ@éﬂt@{%lénﬁbn%&“ ﬁuBﬁH& ess

present 1 nvention
20t hemtrpe@e Atzop hinev thegrbe do weraeHhalvericasytitupets ﬁé@eegsl%ﬂq% by
gasydrmé ures as outlined below. According to a first

aspect of the pre i nven t hod af producin
a mcro eé&#‘&ﬁ%&ﬁ?éﬁ??%ﬁ‘f’” %y%éegﬁ‘?l?mﬂgﬁ’@“}“efrrlgﬁgf‘él and argO%
St ranctaptienaldy ¢ygen detbeciarty § gz&emg; statstie gheitpri®statet imghe solid

str n .
eléﬁéégg w?Vﬂgé ngg%%8§g¥hony uortg% ?%ﬁﬁ&§g%%ﬁéfs tin
25mi xthe tiguidfstato ther eRmeflerthey gan bei qmtan@rdemuhdz liquid states in

etqﬁhﬁgng&g&ﬁﬂgr in an additional step after the
etchin he structure is treated with a gassrvatln

gas. glt Brchsien doudhysdeamensalithigriae & peiiercdlierisre than SF, and

S ep@rtlaéleHehepﬂqueeJneroaﬂJon BfliBHdeibaliele 16§ CopP$geeihovs:

etching ste nd passrvatlng steps are performed. The

paé@@@g 8% gg)preferably is selected from conmpounds
30f or m ndlte ihlemion el momnt ks axiphtagnedrin frhrtier deiail by nhafohlioning

passi, gk;ng | ayer. Preferably, the passivating agent

is selected fromorgani c conmpounds providing, in a

pl asxeanples f 1 uor opol ymer; the passivating agent

opt i omaid Y - MixRPR! Jufisbik Poldiéhiky §8EREH MEMYSILEE8RINOT @
hydrogen releaS|n gas. Preferab|&¢ no h oTIuorltes

f1 uor ofégnsxdl d?é%cegrr&/ &he diffgrnbeqnst ’éltéérealraésqdrifl Earoufprm

35i ntfeorh h@péﬁﬁ%tswrlrtgrbdttlﬁs&@hIs@tﬂﬂéds}étd‘epéd’mﬁnérh&rral thereli i
ounds cont ai ni

gas_m xt res

N R R B oS Rn D Pim RS hedfE FEpRRY efes. gas
et ched do not contain WC (tungsten carbide) or its

al l oys. Throughout the present invention, the term
"“conprising"” includes the neaning of "consisting of.

The "structure" can be, for exanple, a silicon wafer

in bulk mcromachi ning, or an assenbled itemin

surface nrcronachlnlng V%lle t he process can be
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than 50 %y vol une,
| ower than 45 %y vo

preferred enbodi nent,
fluoride,

especially preferably equa
is preferably equal
wohe@hesosthan 25 %y vol unme. According to a secPCHEP2008/067623
m xt ures conprising carbonyl

lune. It

but being free fromel enenta

fluorine,

appl i ed. This embodinment is pléferred to the
enbodi ments wherein gas m xtures are applied which

contai n el enent a

to or
to or
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fluorine (see above) or fluorine and
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especially, the content of argon is equal to or
than 40 %y volunme. The content of nitrogen is
preferably equal to or greater than 1 % by vol une;

preferably, it is equal to or less than 80 %y vol une.
In one enbodi ment, the m xtures consist of carbonyl
quorlde nltrogen and argon. In athird preferred
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a protective layer with silicon are NO N2, CO2, CO

N2, O2, CS2 or a conmbination of SiC4 and N2. The
w@a®eios®mii ng gas is preferably sel ected from cRCI/ER2008/067623

i near or branched saturated aliphatic conmpounds with

1 to 6 carbonatons, substltuted by at |east one

fluorine atom or fron1cycllc 15tinear or branched

unsaturated aliphatic conpounds with 2 to 6 carbon

atons, substituted by at |east one fluorine atom
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gas m xtures for passi vation only (wth low or no

ani Fpéblc etching effect) in MEMS preparation

i nclude one or nore of the abovenentioned aliphatic
cyclic, linear or branched fl uorocarbons

or hydr of | uorocarbons with 1 to 6 carbon atons
(saturated) or 2 to 6 carbon atons (unsaturated).
Optionally, a hydrogen or a hydrogen-rel easing gas (a
gas that rel eases hydrogen under thernmal conditions,
especially at tenperatures at or higher than 200 0C,

or in a plasma), preferably difluoronethane or
trlfluoronethane |s also present, espeC|aIIy, if
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sem conductors for mcroel ectronechani cal systens, for
exanpl e, accel eration sensors, nagnetic recording
wheadesosihk jet printers, gyroscopes and ot her PCT/BP®0$667623

descri bed above. Certain gas m xtures useful in the

process of the present |nvent|on are novel; they are

al so an aspect of the present!®nvention and are

claimed r se. In this aspect of the present invention,

too the term"conprisin i ncl udes the neani ng of
ol%&anm ¢ fg PrﬁparannggéaMlgM% device by sipwfanrouseichipgand

hy pefskiVirio @%h a bh4TARe cOMIpHER e ANHRSoch Bk iRXbEIR,
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oxygen, (?%ﬁﬁé meénbfg% %eﬁfntgrtg@ &ﬂﬁ“ga %aRPgﬁé tPprocess and is
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passi vatin as should not react with el enental
fIU%FWW@3SBHFﬂF90ro compounds are very suitable. The
anmounts of el enental fluorine, carbonyl fluoride, and
optionally oxygen, argon, and/or nitrogen and, if
conprised, a passivating gas, are given above. The
m xtures, clainmed per se, of elenental 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 m xtures are preferably
present in the liquid state. For exanple, they can be
contained, in the liquid state, in pressurized
bottl es. Anot her enbodi nent of this aspect of the
present invention relates to m xtures conprising
carbonyl fluoride, nitrogen and/or a nobl e gas,
optionally a passivating gas and optionally hydrogen
or a hydrogen-rel easing gas. Preferably, the noble gas
Is elected fromheliumand argon, especially
preferably it is argon. According to one preferred
enbodi ment, the m xtures consist of carbonyl fluoride
and nitrogen, or they consist of carbonyl fluoride and
argon, and |n both alternatlves optionally al so
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by volune. Preferably, it is equal to or |ower than 15

% by volune. Preferably, the term "passivating gas"
wQ@l2wog®13 nor gani ¢ or organi ¢ conpounds ot her PCEEPINAS/067623

Cx2, CO CHF2Cl, 2 or CO suitable passivating gas

are conpounds which react under thermal (200 OC and

hi gher) or under plasma conditfons with silicon to

formsilicon conpounds with low volatility, or which

forma passivating |layer thus protecting the structure

agai nst etching. Especial |§LodéMBably, the term

"passi vating gas" denotes one or nore organic

compounds sel ected fromcyclic or |inear or branched,
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atons. Saturated hydrofl uorocarbons and saturated

f1 W Btarbons with 1 to 5 carbon atons and unsaturat ed

hydr of | uor ocar bons and fl uorocarbons with 2 to 5

car bon AZtlbesncihnal gpcefdorg tedlait Igwhgreiprseheltanedudpopounds
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passivating gas is a perfluorocarbon conmpound. Still

nor e prefléeaidthqd acerdmgxtowtamcbwheriemgbe passibvanyg gas is selected
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car@%&yﬁndﬁhﬁmi de and passivating gas can be in the
gaseous state, in the liquid state, in the solid state
Oor every, Mhe hith &UREb[ing toGalimSt Rh&rein 8li@RSwATeXis WpBiSed as
are preferably present in the liquid state. For
exasrﬁlg‘ic ®they can be contained, in the liquid state,

in pressurized bottles. These gas m xtures including a
passi vat.ilihg ngpalsodaace owlappetoicdinyl whertabd gsfnoixtuns eompridimge
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a further aspect. of the present invention. This gas
mi XA émﬁ%ﬁ?‘g?l:ﬂgwé L?gTengChoqlh%re than 10 % by vol ume
of elenmental fluorine. It contains equal to or |ess,
P:r ef er ablThelnesisqd dchardiidbo%diy veherin a)gaseiﬁemg/@hprising
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% by volume of argon. It contains equal to or nore
t han 65 YhgasypixiiHe @mphistigsgewnyl fluasistaail glemegipd flupgne.
or |l ess than 80 %y volume of nitrogen. This m xture
i's verylsUht ab @ixtoe abEYBingt:6 blals 9, fulthexy@@tisirfz nitrogen,

cont ai ned t is.preferabl sent in a nge bet ween
> alEom 8Ngiobd PHIAHES SatenaRPEay thrleBRaa bt e of

the other constituents (elemental fluorine, nitrogen,
argon) may then be | ower so that the constituents add
up to 100 % by volunme. The m xtures, clainmed r se, of
el enrental 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 supercritica
state. The gas m xtures are preferably present in the
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photo resist |lacquer. The wafer is then treated as
described in exanple 3, but with an etachant m xture
waecwosglionyy t o exanple 1.5. Exanple 5 : Prepar aPCDREPIDS/867623
MEMS devi ce by sinultaneous etching and passivating
(bulk m cromachining) A silicon wafer is coated with a
dielectric layer of silicon dil®xide which, in turn, is
coated with a photo resist |acquer. After partial
exposure of the photo resist |acquer with lig
accor di hg 4 gAsthiEtige SORPpHsHe ﬁﬂ@@@?}eﬂqqﬂi@lﬁ aad mgle@ﬁé one ed
t r enpi}Reind BEBctEX ROmaHe PRAfubToRdistiddeof |a%@éi%tln§rg§s mtrogen and
renmoved. The silicon wafer is then put into a plasna
chat®®. An gas nmixture according to exanple 2.1
consi sting of 35 %y volune of el enental carbonyl
fluori d@, TR gdomixtade aneordingas giaim d mhgdeadipringycaviainghBuaide
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During.etching rench forns. Sinultaneously,
a fcraalaﬂnabﬂ}l%%era Wéélg?%& gyngl Qy%rrog?%mf DR HeleReng gas.
wal I's of the trench. The treatnment is continued until
the trerkiThbgss hhewdascdraihgde piyrof clhiens 9 to 12 wherein the
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chd&ﬁésCE&aﬁth 6 CoFRdpbanatCdiR. of a MEMS devi ce by
si mul t aneous etching and passivating with a gas
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Then, a sacrificial layer of silicon dioxide is

deDOSI t B Thagad Mikdyreadtgingfto bﬁiﬁv@ 1Tbe1s@diduid Shil
| ayer allows a beamto be freely noving on t e NENB

deV|ce ing lithqgr h chni gues

Ogacr 111 4Pe Ry ts s 10 gafn 1§ R BRI hep
HF/ NHAF, to all ow anchoring of the planned beam Then,
a polysilicon |ayer is deposited by neans of LPCVD. To
renmove those parts of the layer which are not part of
the defined structure of the polysilicon |ayer, a
I'ithographical nmask is applied, and then, an etching
gas of table 1, e.g. the gas m xture of exanple 1.1,
is applied in a plasma chanber to renove the undesired
parts of the polysilicon |layer on the wafer. Then,
another layer is applied, e.g. photoresist SU3, 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 el ectronic-beam
evaporation using |ithography to renove undesired
parts of the SU3 | ayer together with deposited gold
thereon, so that only the desired gold structure

remai ns. The sacrificial layer is now renoved, e.g.
with the wet etching m xture nmentioned above. Now, the
beamis rel eased, and the structure is finished.CL A
I MS 1. A nethod of producing a

m cr oel ectronechani cal system ("MEMS') from a
structure conprising a step wherein the structure is
et ched appl ying an etching gas conprising el enent al
fluorine or carbonyl quorlde (CCFZ) or a n1xture of

1 a1 ~ o



