ACT 93A Novel Thi ophene Derivatives Field of the
i nvention The present invention relates to S 1P1/EDGL
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active ingredients in the preparation of
phar maceuti cal conpositions. The invention also
concerns rel ated aspects including processes for the
preparation of the conpounds, pharmaceutica
conposi tions containing one or nore conpounds of the
Formula (1), and their use as conpounds i nproving
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conmpounds or therapies. Background of the invention
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netal salts, for exanple sodium potassium nagnesium
or calciumsalts, or ammoniumsalts with ammoni a or
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according to enbodinent i), wherein Rl represents
hydr ogen, R2 represents a nethyl group, and R4

WO 2pressm s an ethyl group in the ortho-positiRCT/AB2006/052101
respect to R3. v) Another preferred enbodi nent of the
invention relates to thiophene derivatives according
to enbodinent i), wherein Rl represents hydrogen, R2
represents a nethyl group, and R4 represents chlorine
in the ortho-position with respect to R3. vi) Another
preferred enbodi nent of the invention relates to
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The production of the pharmaceutical conpositions can

be effected in a manner which will be famliar to any
w@ee3oem7skil led in the art (see for exanpl e MaPKI/IB2006/052101
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Phar macy, 20th Edition, Philadel phia College of

Phar macy and Sci ence) by bringing the described

conmpounds of Fornmula (1) or their pharmaceutically
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Bu butyl CC col umm chromat ography DCC di cycl ohexyl
car bodi i m de DCM di chl or onet hane DI PEA
waleogomrepyl - et hyl am ne, Hni g's base, PCT/IB2006/052101
et hyl - di i sopropyl ami ne DVF di net hyl f or mam de DVSO
di met hyl sul f oxi de EA ethyl acetate EDC
N- ( 3- di et hyl am nopropyl )-N -ethyl -carbodii m de Et
et hyl h hour(s) HPLC high performance |iquid
chromat ography LC-MS |iquid chromat ography - nass
spectronmetry Me nmethylmn m nute(s) MPLC nedi um
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2, 2-di Iﬂgtd}ytla;s)(le%t th%]iﬁUeBﬁ( 'réﬁXés JMAd fgtsfo%ﬁin-élag el.rnitgel-gase
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Exanple 1_.a). 0C, - (4,.3,,m) is carefully treated
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stirred_at rt_for 20 mn before 1, 1, 1
-fetcP‘?qSSB&’ngs-%%nyl -propan-2-one ( 1 .55 nL, 10 nmol)

is slowmy added. The reaction mxture is stirred faqr 2

h at 48@3RePnd asngctathe inventinn nrevides ginpqthadof progessing a wafer,

Na- acetate solution (20 m ) and water (40 m_). and
esempsising dhs,iteps offipkacig|thev el intopfeackyr ghamber;jpaigiaining an clevated
separated, washed with sat. ag. NaHCO3-sol ution, dried
olgEpeppecEithiy the reactys shambes priey tgprascssingiagging hydrogen through the
trifluoro-2-phenyl-but-2-enal (2.20 g) as a pale
yeep¢tenghginper; wyning,omma sebpiprpesss gasesewherpin the process gases include a Ge
2-mer capt oacetate (0.88 g, 6.75 mmol) in THF (45 m )
Negurqe2tpmningyoff the 18 sonnge witBidsofirst ferv sesonds; and thming citiéie gemaining
at - 10C. The m xture is stirred at OC for 30 mn

bpocese gasesalaisubstantialty later time.
3-chloro-4,4,4-trifluoro-2-phenyl -but-2-enal 1.32 g

(4.5 nhomlthird aspddtihg dventtion prosidagialadthod foe preeessing @rsemiconductor,
m xture is stirred at rt for 45 mn, then treated wth
2cdhmigingNarOWling2 dobed moift-énittemigyar ®n @ badeilayee asiigedr gakFlowi n

and the mxture is diluted with water ( 100 m _) and 1
Neaaprisbdiéid det dfprédess) gasch@hditin igal fow ckudés aaciklditiomof 1Ge source
diethyl ether (70 ml ). The organic extract is dried

Opvethe Pracesiiasaddr £ Hirp fnedeshds 8fvBe gasUtbsv. pr oduct i's

purified by prep. HPLC (Waters Xterra M5l 8, 75 X

30mm 10mm 10 to 95% acetonitrile in water containing
0.5%formc acid) to give 4-

pheny| FrRsd dndfdiée FarRdshy tid idb QRBE WAt Be mareR@mtl hsdedtddd from the
ethyl ester (760 ng) as a brownish oil, LCGM tR = 1.

1 o118 g abtail MR sérfgdbh 81 the vakiols dspedts 62thé Mveridh takén fcdnfunction
5H), 4739 (q, J = 7.0 Hz, 2H), 1.40 (t, J = 7.0 Hz,

3t t]i@ac&)nﬁﬁ]aﬁﬁ% %Wﬁ{%% in which:

4- phenyl -5-tr1 T uor orret hyl -t hi ophene- 2-carboxylic acid

et hyl A ; i > . -
and 2 TEE dpie i aepgs ATl ernfRobdagdn g pblysilcon
r@g&tion m xture is cooled to rt, diluted with water

( m.) and extracted with DCM (50 nL). The aqg. phase

is acidified by adding 2 Nag. HC (7 nL) and

extracted twice with DCM (2x50 nlL). These organic
extracts are conbi ned, washed3with sat. ag. NaHCOB,

dried over Na2SO4, evaporated and dried under high
vacuumto give

T Y T 1 T L ~ I T L Y |



The m xture is cooled to rt, diluted with water/ice

and buffered by addi ng Na-acetate (40 g). The sol ution
WO 200200788t ed twice with EA (250 nL). The or gaP@TIB2006/052101

extracts arewashed with water and evaporated. The

crude product is purfied by CC on silica gel eluting

with heptane : EA 4:1 to give

3-chl oro- 2- phenyl - but - 2-enal (8.96 g) as an orange

liquid; 1H NWR (CDCI3) : d 10.42 (s, 1H), 7.42-7.30

(m 5H), 2.29 (s, 3H). b) Ethyl 2-nercaptoacetate

(5. 92 Bgur#9 d3pibE®e)dopidg PEHHEA, dsGmPlahicg Sl éftepflﬁmi’%hecgm erature

solution of sodium( 1.2 g, 50 nmol) in ethanol (5

Mreakment ot &'ta%liﬁﬂﬂ%’thé ORitdr-6dk flnesicar.  Phenyl - but - 2- enal

(8.90 g, 49.3 mol) is added and the m xture is

stirr [ ool Sndin :

sol ut ?ﬂ%‘ﬁ%? dtﬁl?lédt%[hf %S%pﬂ?f_%nrh?gmg%vg ergéﬁa{ﬁ{fsft [ |r1 r ar%}ig&?]{s}éra&se

CRbiGNS(le 3 ARl Blcrulle I SHNG) e T ETOVET

ning mxture 1's uted with water and

. B Habglei it aodnf pftitesTnBlabiEo A e kB hightbllperaure
o&eaﬁlplgn&,gftap eesEabH&?S%?tH%: Sr%lﬁ\érg’gaos{: i%%n?ﬁidn %pn% r?r %Sftag(ﬁaz ady\éj’\ﬁ. th

suspen In ace ere
dditi | tonitr Ll d i,ed.t '
5 met HOPES 5 SRERS FSDYD affn B AR pRoPretse e 4. 45 g)
] wd CMS. tR=0.92 mn, [MI1 + ,
2% 50" e B R LSO} of sy dopyd ignt- et sty 58 spike a

(m .5H)., 2.55 , 3H). ¢) To a soJution of

5£Th]ﬁé‘ttFHf}§"1°9’4‘9 ﬁ??@?ﬁ’;s?P@t‘ﬁ‘H%]stﬁB‘i’?é‘?nélncYﬁtF‘BBxyl ic acid ( 1 .50

g, 6.87 mml) .in diethyl ether ( 100 nmi) MeLi (7 ni, .

1.5 MmYigurg 7 demigts 2 sgoned ¥M%Plaa<bf@& Agrdoped meposcritisy lgyes With a Ge
stirred at rt for 90 m n before another portion of

Mike gt the interfagesin gegpadancegyith the REpSes inveRionued for 1 h.

The m xture is diluted wth water and extracted with

EA. THEgwe §depiets alowdiagsan showinggypethedef ipplemeniénganyde
product is purified by CC on silica gel eluting with
hepeagifaeneaf the invefiog ve

1- (5- met hyl - 4- phenyl -t hi ophen-2-yl)- et hanone (490 ny)

as a chn dlustratiys cob¢dimenCof/Bventian is des@ibedihat prowidds 4 methodfor
17.1 0; 1H NWR (CDCI3) : d 7.62 (s, 1H), 7.48-7.33 (m
5ipwing, ebttqrascqifctiony usingsanl epitaxaad layer, which includes the step of adding
1- (5- net hyl - 4- phenyl - t hi ophen- 2-yl ) - et hanone (41 9 nuy,

1a §etmamiom)(Gansbude Fe.gli Gelll) yd thd ghs/fibvofoy b deve sicolels ptite pBB00f the
nmg, 2.33 mol) in ethanol (4 nL) and 5 N HCl in

I gropttogfan As-dopedidpitakisl 1ageir.r Thisl nattontyt créatds alGdspikEhaethd adtérface of
green solution is diluted wwth water and extracted

Wht IB-doped Jubstraie galthe€ AexdbpedChitdxial @mitied lag e byt atbo smprloveéxcthe slope
in ethanol ( 10 nL) and treated with Pd/C (60 ng, 10%

Pl the AR BroSild! rThy iAcBrpdyioe GEARINESIGH BRdtindt. o ke itbrpofation of As
for 6 h. The mxture is filtered, the solvent is

I RS Vieahat 4oy PHhi0Si60 thykhifided! fRquittkBeidsch al HgHOAIS édnk@fieatioh,
CCon silica gel eluting with heptane:EA 4:1 to give

Beduedu¥slyaky sidpcis Stedpe tHiyire & BRRVE2)STIMS plot of 2 mono-emitter layer with
- (5- et hyl - 4- phenyl t hi ophen-2-yl)-propan-1 -one (360

i | i1 ie'Yeadi ve of bids imipr
USRI SALARS el O i 0 R Wi
7 i T Fighré* m mi T
o e 5y s e

g@ogga?eﬁﬁg%?% t)](ag F%dlté(_%ldl% n%}gﬁ;/ﬁ_@ E%}n‘ebﬁ%@e%loﬁe % ﬁnoﬂ"ig&rla 8% about
it B it B BB ook I ARRER o Yo QR Blle5 112 °°

NaOH (0.3 m _) is treated with (S)-3-chl oro-propane-1
,2-diol (95 ng, 0.86 nmol) and the m xture is stirred
at 70C for 24 h. The solvent Ps evaporated and the
residue is purified on prep. TLC plates with EAto

gi ve
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1H, 3.1 8-3.1 0 (m 2H), 2.97-2.86 (m 4H), 2.22 (s,
6H), 1.30 (t, J = 7.6 Hz, 3H. Exanple 10 A sol ution
W@2003/00041ydr oxy- 3, 5- di net hyl - phenyl ) -1 PCT/IB2006/052101

- (5- et hyl - 4- phenyl -t hi ophen-2-yl)- propan-1 -one (52

ng, 0.1 43 mol) in 2-propanol ( 1 nL) and 3 N ag.

NaOH (0.3 mL) is treated with (S)-3-chloro-propane-1
,2-diol (79 nmg, 0.71 mmol) and the m xture is stirred

at 70C for 15 h. The reaction mxture is diluted with

wat er and extracted wwth DCM The sol vent of the

or gani &n &4pRCIF how 16 él%mn%se&)p@@ FohdemftcH R ermlﬂldéjGé sﬂﬂ& at the
purified on"prep. TLC plates with heptane:

gin‘(e?face is descrlbed helow with reference to Figure 8. First, at step S1 the wafer is
3-14-((S)-2, 3-di hydroxypropoxy) -3, 5-di net hyl - phenyl | -

Igan%& m@ucﬁlf) gﬁf Fﬂé{ id & \@mﬁﬁe gatﬁ(fle ))xﬂé fmé{]ln]the S)i%né%vgs% which

as a co €SS resin,

] fhﬁ gp@%%&) ?a?er 12’@}%&%& (I@xt é’l e]; %? ?he(@a}ferg)lgqﬂ(aced I.DL 't_]ise load lock

il Phanets -3 %8%%8%52“%3%’ il T o
( mclfer 'F_Q:priuref aﬁmsdlen@épr s 1m u{(f as mu<cE ej pOS]SIEFe A:% '_pep S3, cycle

Lt atgf
3 5 Ej%lﬁﬂ%?l%g%fﬂl d)to gd ! oxﬁe 2 Z ?lg%%%r},% %() en transfepED v&)afer into
trlfluor hanesul fonic acid anhydride (3 m ) is

s IFAFYT g Upon conpl ete addition, the n1xture i's

warmed to rt tirred for h. Th xt.ur e
di | ut et et ? °f ggTatyre H‘n‘ge AP %L?rﬁs waw@fneezk@out
). The solvent of the organic phase is evaporated
aﬁQP thé eptirpeupilen e%%bOP@%mnﬂwﬂé&rWI%@ & of PY“E%Seﬁéﬁ also
eluting with heptane: EA 3: give t rifluoro
nidemiined threesh the reagter @amb?rngf he oongmeR bake |5i5P (48 EapgHe the native
ester (3.1 3 g) as a colourless liquid. b) To a
s@’ﬂ@ﬁ)labﬁteéﬂf’eltaﬁlifq highsr hep thedepesifiondernperafiiedprior to cpi growth is
4-fornyl -2, 6- di met hyl - phenyl ester (3.1 3 g, 11. 1
nékdpped t<blie§\1qe thoteepsrptoredudgdt nbthe avafesdihgrvadir spéndp prpeminute in the
(682 ng, 0.972 mmol ), triphenyl phosphine ( 1 .76 g,
echambatit 700°G to:stabiﬁz@?@ tgmpgu® hefrnd the aragess gesea gt terped on. This
2,6-di-tert.-butyl-4-nethyl phenol in DMVF (30 niL),
alsisyfficrentiotgydve d gondaquelity 2pirthyer.i 4t sichd® theinecess gasesraes turned on.
heated to 120C and stirred for 2 h before another
pbr this dltustrétivatlcmpbdirichi, the Ipsdcassrgasses in2ludd gbouts 16@isiadlard cubic
Stirring is continued at 120C for 1 h. The mxture is
cannsdnlute eerh) of il 6aYo)60 becnadfaleH|, (1260 th Hi))and N80 sccm AsH; (0.7%
extracted with EA. The organic extract is washed with
1inS1,M Tiep HHGw §f26dutQ0 siih s, coftinuetslpinaintaidp@@id thaidepdsiii@n process
sol vent is evaporated. The crude product is purified

big doke araumSFh&a pasburel At dtepoSepafidt abeR aBRnEA theWGeH, Flew is turned
give 4-allyl-3,5-dinmethyl -benzal dehyde ( 1 .34 g) as a

COfOURd GtBér ghd Adthhire MalinbdRd (FLdbbek 180 nﬁ)r@%c&rﬁis bdfode beihgIdned
(s, 2H), 5.96-5.80 (m 1H), 5.06-5.00 (m 1H),

407 AfstdPS T, e Wdibr is Anfbedirdd thdFeactdtafterdhdprob s gfED hatd been
To a solution of 4-allyl-3,5-dinethyl - benzaldeﬁyde

( gedﬁht ofth8 Zea%péﬂatﬂber 48 S Fer(had Bedilcodlc B orddE R unloaded
,  N-net hyl nor phol i ne- N-oxi de (465 ng, 3.

mml ) I@Mu@%%n&eréto? thzg t]?e %e/elﬁphlﬁaﬁdﬁrbf fithe during which the Ge

tert - but anol I'S e reaction mxture 1s

S e

organlc | ayer is drled over MgSO™4 and the solvent is
renmoved i n vacuo. The crude product is purified by CC
on silica gel eluting wwth EA to give
4- (2, 3-di hydroxy- propyl) -3, 5- dlnethyl benzal dehyde (
190 ny) as a colourless oil; ZCMS: tR = 0.69 nin,
[NHl +CH3CN] + = 250. 28. d) A solution of

(2 3- dlhydroxy propyl) 3, 5-di net hyl - benzal dehyde (64

~N NSNS



is stirred at 70C for 24 h, then diluted with water

and extracted with EA. The solvent of the organic
w@araen718 s evaporated and the residue i s puriPCEIB2§6/052101

CC on silica gel eluting with heptane:EA 1. 1 to give

3- (3-chl or o- 4- hydr oxy- 5- met hoxy- phenyl )-1 -(5-

et hyl - 4- phenyl -t hi ophen-2-yl)-propan-1 -one ( 100 ny)

a colourless oil; LCGMs: tR=1. 14 min, [Ml ]+ =

457.1 3 . b) A solution of

3- (3-chl oro- 4- hydr oxy- 5- met hoxy- phenyl ) -1

- fnverRiolY bt feh&lap alid fHaePhghy F a%méll )ﬁ'a@t'idﬂ?%'ﬂrcllly SR %r fe@so of the time

ng, 110 mmol) in met hanol amoni a (53

m%d§9b dvPthe ntbnBRfA@R0! ) 1S stlrred for 16 h at 6OC
before the solvent is evaporated. The residue is

:S%e FZE aflﬁ@pr@%sﬂeﬁﬁts JLFA—%&& lgh)ye? with @nef &Bﬁ@pﬁ)fﬁ@ﬁ%l&fa Ge spike

( %%&%«ﬂﬂ e?fi&yfﬁfel %;é?éeﬂ% op% M}lees465 t‘iil; pglﬁ P%%%iuea hﬁgme 6.
”?)Zg&j%% sﬁoﬁ%l g%é Eté?(fo? 31% Q%?ih%ré\ﬁu §f}§ﬂowQVa% Qnd®aed to 150 scem

_ ?tgfﬂé? ﬁ'y]lﬁf{@%é rﬁle%'SvYa_os)a creas”&% s?cerﬂ ¥<g)5as8cofds s S plt of
TR 7R o N AP fm*h Snr"llefs?‘? ?H?leegng_%srw‘l"gé Rap U%t?f Apante
: SEp ﬁgﬁeqfn%tt@eeggwglfe L Gy Mo 45 B B0 LGk T

sal
cPﬂoélreo TEHS( Eﬂem}le@e PikeP S et Allre Y5 mgvn%mﬁé?we qf the
hen 5-et hyl - 4- phenyl - t hi gphen- 2-yl ) - praopan

%% flo "aX %lﬁrTI@s%ops ﬂﬁwn%eemomﬁmnﬂd@ lgﬁlgﬁfrem (with

]+ .= 488 1 8. Exanple 18 a) A solution

1the @Isﬁ ﬁ‘y pnike 4R ¥ nemee Bhidgure 7ywith thersanl Gis Splée 82)ntp, 23 nm/dec
2.61 mml) and terephthal al dehyde (874 ng, 6.51 mol)
i i lgwaAgher naGeinappligd 5 N HCl i n i sopropanol (5 ni)
is stirred at rt for 3 days. The reaction mxture is
di | ut edllthgughhdeserited hargin ish ekaeneel tognene-anigers yi a HBRdechnology, it
The organic extract is washed with water and sat. ag.
Nisr@d3steerd thatithemethed ddseribed horgigan besused dpgsneraktd imfiioue the leading
crude product is purified by CC on silica gel eluting
wslope diapsiaindepésited ndyniealoged/layets. [ Bor (rstastdy hic-dethod may be used with
phenyl -t hi ophen- 2-yl) - 3- oxo- propenyl ] - benzal dehyde
( 28 (P ang})Sbadoping)isisitwepitsial ahd pbighdicon Riyers Hepdsdtedibynmednk/iofl
]+ = 347.14, 1H NMR (CDCI3) : d 10.05 (s, 1H)
7 cli¥mical 8dpof dapofitibn (CNIBA-Moréovef, it is Biflerstobd Skt the3bveption may
5H), 2.96 (g, J = 7.6 Hz, 2H), 1.35 (t, J = 7.6 Hz,
3ighply $0)amASBEutek is@itableffor growing Si layers by CVD. The most common sources
4-[ 3- (5-et hyl - 4- phenyl -t hi ophen- 2-yl) - 3- oxo- propenyl ] -
bare Ba dskrJsi: i, $A0CHBiHO1, 48P SH0NP | Anyachource suitable to grow SiGe
azeti di ne-3-carboxylic acid (51 ng, 0.506 nmol)
angié¥s Bl @186 be Bsed 2D, OBH,, Ge@] ol ) in THF (6 m _) is

stirred at rt for 6 h. The reaction mxture is dil uted

Wi th armdthodasPatitulffy (BLDAMRY te@PetatieYatgeb?Abdbk 600-85TFC,

washed with water. The organi c phase is separated and

t BRcrafl RO eliA® & REfhRcEX diftalieH(c ‘(’]g LR HBEA, d&@ﬁoratlon of the

conbi ned organi c extracts are dried over MJSO4 and

e
sz%tge rpg{sjag by Hgﬁfﬁégﬂnﬁ% 15@ SHSIPRER AN %S{Etﬁaap QJthrate (.2,

The so id materi al

S

HRBTRIN Sy T BRIy S0 B gy o
a mxture is filtered and the
f%7%£h%%t?égd%§%%$gted and dried to give

1-{4-[3- (5-et hyl - 4-phenyl -t hi ophen-2-yl) - 3-

oxo- propyl ] -benzyl } -azeti di ne-3-carboxylic acid ( 15

ny) as a colourless solid; LCBS: tR = 0.89 nin, [M1l

]+ = 434.1 7. Exanple 19 a) At 5C

o-tonI acetaldehyde (3 50 g, 29 nnDI) |s added to a

o Y NN N I Y o [P — ~




MySO4 and the solvent is evaporated to give
4-p-tolyl -thi ophene-2-carboxylic acid (580 ng) as a

WG 07 doo7C- MS: tR = 0.91 min, [Mr | +CH3CN + =PQG0B20063)52101

IH NVR (CDCI3) : d 8.1 4 (s, 1H, 7.70 (s, 1H), 7.50
(d, J =7.6 H, 2H), 7.24 (d, J = 7.6 Hz, 2H), 7.05 (s
br, 1H), 2.39 (s, 3H). b) At -70C a solution of
4-p-tolyl -thiophene-2-carboxylic acid (580 ng, 2.66
mmol) in THF (8 M _) is treated with tert.-Bu (5 m _,
1.7 Msolution in pentane). The m xture is stirred at

- 70C fife ROcomieht iR cptke SirbbHblystsid&plesstd irfa ddse fat/cfh?) as the SIMS

added. The mi xture iS warnedto rt and stirring is

CQflE Ad AR Elve tie dike] Hould@R hidhf thhS2EIUSRERE s A% ﬁ@%&&naﬁely

AL
sat. ag. NHACI and the mxture is extracted wt

T b Goi i .
. E;g &8 6t c&iﬂéﬁz % tg@% )Qpllﬁés%iijl?g&sré 71X é}%\ﬁ%&‘)&f‘%f)%%\sﬂé{hdat/cm

remal ni 'hg Ol olved in dry

&Iggé%llh)rrheatl{ﬁ%ga ?%r x‘ﬁ%‘rﬁ% %I(ian%‘(‘%éﬁ(q@{ ‘}”jnt‘}% silicon) \Yafgrs]) pr higher

P%%F@#%&%u@d&t%gﬂ d and the m xture is stirred at

efore i1t is diluted with EA and washed
W th v%ter

4 e organic.laver .is separated evaporated
and t o g AR e B e BREL BB B BRI UG e

%S%qaﬁéﬁééeﬁ%xeﬂé'éﬁgﬁk%%ﬁ e Histafiphersit pgld b vry ol
- am de . This

RO BB o e dqB o e e S SR B i FyFistors, wheh the

magnesj unrom de (Q.3 m . M solution in THF). The

r GRET IS ﬁln;ﬂ? oy E‘F@“Siog Cgfﬁ a@éﬁgoged Fsific, Whep %I@ﬁ%frl%grown

anqgt her portion of the G.ignard reagent (0.5 mM ) is
atRiegiallgimenereyttery, thejRysnfipdyilt ‘HfPrW%H‘PSISF?FéWFFP‘SE’PW"eaS igmakes
diluted with water and extracted with EA The sol vent
otheqading slopspithentyps depans prediletnensre dragh fomihe battgrprofile
product is purified on prep. TLC plates with ) )
heqtrah ghigaisa allogis ac tpredsice thevertisal dimeyisions efthe ansistop, which
yl)-ethanone (28 ng) as a yellowoil; LCGMs tR = 1.06
nirgnslafayin betterpeefopmance atchighey fraqusotiest i on of

1-(5-ethyl -4-p-tol yl -thi ophen-2-yl)-ethanone (28 ny,

0. 1 15Therfolegoingdesgrimiodiofithe ligventionthas besaypiesented t9e hyrgeses of
(26 ng, 0.1 72 mmol) in ethanol ( 1 .5 nL) and 5 N HC

i Muptsatipn epxhdeséription.31tmd ot intendtd torbeaxkeustive of o lirhi® the.invEngon to
solution is diluted with water and extracted with EA

Tthe poxcgafirm disctased; tnd sbvéonalyomartyadodificatiend and tratiations are possible.
nmet hanol (3 nL) and THF (3 nL) and treated with Pd/C

( Sechrmypdifidafiod3chhd varingiosd thitryayi & appdrént @wla perstarskilled irhé art are
of H2 for 18 h. The m xture is filtered, the solvent
Ofntdnb&d tolbk irdtuded &ithiaNi/s2opd of thigihsientidf As Hdfihed byl accompanying
product is purified by prep. HPLC to give

lclbimset hyl - 4- p-t ol yl -t hi ophen- 2-yl) - 3- (4- hydr oxy- 3, 5-d

i met hyl - phenyl ) -propan-1 -one (46 ng) as a col ourl ess
oil; LGMs tR=1. 13 mn, [Ml |+ = 379.22. Exanple

22 A solution of

1-(5-ethyl -4-p-tolyl-thiophen-2-yl)-3-(4-hydroxy-3,5-d

i met hyl - phenyl )- propan-1 -one (47 ng, 0.1 25 mmol) in
ethanol (2 nm.) and 3 N ag. NaOH (0.5 nL) is treated

wth (S)-3-chloro-propane-1 ,2-diol (90 nL) and the

m xture is stirred at 60C for 20 h. Another portion of
(S)-3-chl oro-propane-1 ,2-diol (60 nL) is added and
stirring is continued at 60C for 5 days. The reaction
mxture is diluted wth water and extracted with DCM

The sol vent of the organic extract is evaporated and

the crude product is purified on prep. TLC plates with
heptane: EA 2:1 to give 3-[4-((9)-

2, 3-di hydr oxy- propoxy) - 3, 5-di net hyl - phenyl ] -1

-(5-ethyl -4-p-tolyl -thi ophen-2-yl)- propan-1 -one (6

ng) as a colourless resin; LGMS: tR=1.05 mn, [M1l

]+ = 453.25; 1H NMR (CDCI3) : d 7.56 (s, 1H)

-— NN = o~ A ~ NS
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mol ) in nethanol (2 nL) is stirred for 16 h at 75 C
before the solvent is evaporated. The residue is
waepanet7esl by prep. HPLC to give the fornmate seCT/IBR2006/052101
3-{4-
[ 2- hydr oxy- 3- ( 2- hydr oxy- et hyl am no) - pr opoxy] - 3, 5- di net
hyl - phenyl }-1 - (4-phenyl -
propyl -t hi ophen-2-yl)-propan-1 -one (27 ngy) as a
colourless resin; LCGMs: tR=0.91 mn, [M 1 ]+ =
496. 50. Exanples 27 to 29 The foll ow ng Exanples are
prepared in anal ogy to Exargy em§ starting from
Exanpl e 19 and using the appropriate al kyl ating

ageR tmdmAITH Srmidg 3 erg‘ﬁ%f b@eﬂﬁﬂ:ﬁ&fjc prizfhg N @ sol ution
of SnCi4 (60.9 g° 23 in hexane (20 m ) is

addedlkgg&ng §%Hﬂ£o§%ée“ thylthlophene (25 g, 223

nmol ) 18.4 g, 234 mmol) in hexane

gg?u[ﬂl nV_VinE g})ﬁt ot dd(%nng%ﬁa}?? 8582919 %aéeQa t%%ng 21[ gas flow
t Do?nvygﬂ% éj‘fat Q1 %’6@?5 e%gvg%]%r:]m Elgseq&:!r f'ﬂ‘éiﬁ{ié’s a%%ﬁhiﬁfﬂ%d?‘a‘ strfanium

ore | IS CO

%QO ! Co totthe rOCCss ga. SLH) ﬁr se on e 0/ wat er
rﬁre) & racﬁ%ae o a e¥vh (f %aégf and the
conblned etheral extracts are masehd Mﬁth NaCH ( 1 M,
sat NaHCO3 sol ution and brine, dried over MySO4,
a ted The crude . o
2 BEEHyP e Bomoreityh it i sRmpyiss o gidoped bt et
a, solution of sodiumacetate ( 16.0 g, 195 mmol) in
¥ ( 160 M ) and the resulting emulsion is stirred
vigorously. To this enulsion bromne (28.5 g, 178
nnDI) i s added dropwi se over a period of 25 m n. Upon
| ete addition of the brom ne, sodium acetate (60
methest 9f qlaim Zewhereiade doped PG PMESElaKETY fi?}eetefi om the
adjusted to 9 by adding 10 M ag. NaOH sol uti on.
f gormensising eforn A¥-dened apitaxial layer; a Pylopedepitaial)layies aa‘éi @ 8brdoped
and stirring is continued for 15 mn. The reaction is
qﬂ@ﬂéﬁb@%ﬁy adding 1 Maq. Na2S2Q3 sol ution and the
m xture is extracted three tinmes with diethyl ether.
The organic extracts are washed with 1 N ag. NaCH, 2 N
aqg. HCl and brine, dried over MJSO4, filtered and
ed.aplg methell ofclaginviewherein the Ge source is added for approximately 5% or less of
1- (4-brono-5-ethyl -t hi ophen-2-yl)-ethanone (38 g) as a
baroamount of, tirheGelyBreditdrgrowth®@dopetl mondetnitter BFRICN| + =
274.20.b) A solution of
1- (4- brono-5-et hyl -t hi ophen-2-yl)-ethanone ( 1 0.6 g,
46 mmol ) and 3, 5-di net hyl - 4- hydr oxybenzal dehyde (7.6
05. Dhelmedsd of didimet aeoin thedGe §durce i@stibcted MoliGhe pidup consisting of:
i sopropanol (20 m ) is stirred at 50C for 1.5 h. The
NG¥tdnd Geslpourred into ice/water (400 m _) and
extracted four tinmes with diethyl ether ( 100 m ).
The organic extracts are washed with sat. aq. NaHCO3
solution, 5%aq. citric acid solution foll owed by
DB TR melhbest e, Mseh, the{jﬁrbée@i s @ VRRRE 2 soubé€and an
crude product is suspende in chloroform stirred and
sapksadeed at rt for 15 mn, filtered and dried to give
1-(4-bronn-5-ethy|-thiophen-2-y|)-3-(4-hydroxy-3,5-dim
ethyI phenyl) - propenone (2.1 1 g) as a yellow solid;
LCGMs: tR=1. 1 1 mn, [M 1| ]+ = 365.01 ; 1H NWR

L/;Dgﬂe’(gﬂsleth%%fvcla;é 11( gfhe(*rém'ﬂjell?as%lgp%’ éﬂlse%l é&p&% Sl(}]el_gyer

1H, 2.84 (q, J =7.6 Hz, 2H), 2.30 (s, 6H), 1. 34 (t,
J =7.6 Hz, 3H). ¢) A mixture of
1- (4- br ono- 5- et hyl -t hi ophen- 2- yI) 3- (4- hydroxy-3,5-dim
et hyl - phenyl ) - propenone (2.1 g, 5.7 mmol),

Pd( PPh3)4 (66 nmg, 57mol), dlghenyIS|Iane (2.54 g,
13.8 nmol) and ZnC12 (627 ng, 4.6 mml) in CHA3 ( 100
n1_) |s stlrred at 40C for 1 5 h The n1xture |s

. o s o o,



Is grown epitaxially. Figure 3 depicts the process

steps for growng an emtter epitaxially. Step A
waelepiroeE1g he result of growi ng a B-doped base PBEI/IB28§6152101

26 (in a HBT, the SiGe and C-doped Si Ge |ayers wll

al so be grown epitaxially, which is not shown). Step B

depicts the process after growi ng the As-doped top

| ayer epitaxially (i.e., the nono-emtter |ayer)

28. Note that there is no interfacial oxide |layer. Step

C depicts the process after a high tenperature

t § ARV JTPRocbRR! ? ARl &ﬂlpn@fﬂ? ﬁﬁe@?eg@ﬂ?:t ter base
ou

junction 30 i s established. Al the processing

st eps MiNEEOwRRE ¥ito @fegctmenbem tter seemsinmilar,
there ‘are considerable differences. These dlfferences

are evﬂlgﬁﬁ];mﬂ Mn el g te gﬁQEﬁ&@lltﬁlH ecjlcl't@ cﬂzﬁ%e? ?rlor to
proflles 0 § p05|t ase an nDno em

ﬁ.? g Simlar to Figure 2, Figure 4 shoms the dopi ng
pro e¥ as grown (solid Ilnes) and after the

'Zx'sgBrét%?%?% ‘%’f“tgg%néb%&%‘amftﬁ%&%?“?% ' 'mﬂief ’e' thes

profile “'l e°é‘ a ep &M;'ocess 55 g es wf:teg%{l Gce%s )ﬁases include a germanium

bl ock-'sS S 0

I ten erature epltaxy When conparing Figure 4, to
F&%% ? it can be seen that steeper doping profiles
are achi eve er prafiles _allow the vertical

St ee
di rrens%‘%ffthf & 5P eh t@t‘é‘f“%ﬁ%fﬁc? »88nhancing its

hi gh freque perf qormance. Unfort atel inreality
t he As“lﬂ’g[tgi#@(‘ﬁ FEAURE Procssy,gaseisatp fu FanH%‘YY latertig@est ed

in the plot of Figure 4. Conpared to other dopants

used in lowtenperature epitaxy (e.g., B, Ge, O

whi ch can be grown bl ock-shaped with a steepness of )
t e Thq mpfbed efickdmd: WhcteRdhe devgtedismneratep iAbpyt AP0 degregsifislsius.
(Secondary lon Mass Spectroscopy, an anal yzi ng net hod
for these layers), the steepness of the slope of an As
profile is not so good. Upon turning on the AsEb gas

f 1&wWhetrpethotiof elaie 8nwhaaein dhe clraated W@W@ﬁﬂeﬁ@yow@drfﬁ@bout one
very slowy until it reaches its equilibriumval ue.
Sménutee. g., WB. de Boer, F. Roozeboom "Advances in

Rapi d Thermal and Integrated Processing," published by
Kl uner Academ ¢ Publishers, 101 Philip Drive, Norwell,
MA 02601, | SBN 0-7923-401 1-6, p. 443-463 (1995). The

pi b bTlemdtisodsad chail 85 Wladrein theipsocessrgpsad iifidiude ah Si ¢omrce@nd aroAs
the As doping level in thin epitaxially grown |ayers.
Semyrcee. g., US Patent 6,579,752, entitled "Phosphorus
Dopant Control in Low Tenperature Si and Si Ge

Epi taxy," issued to De Boer on June 17, 2003, which is
hereby incorporated by reference. Al though a

MOX) OF IR ThdthRY of KRy 8Ok hdd€in MR Iwhetdin tht CRlsolrBe 1s8616&edfrom the group
t hi ckness or doping level, the sloped profile at the
ossneististf oft e GmaWeln,0f the emtter layeris

undesirable. Nanely, steep slopes enable a decrease in
the vertical dinensions of the transistor, enhancing

its speed. This benefit is |ost when the sl opes get

| &5 STIRIB&Rod dFicBim B, Wherén Blc\hetcit®O tdabired 8RS approximately
Spectroscopy) plot of an As-doped nonoemtter | ayer,

c

ot SRRl DN QE R B P o e
turned on. The | ong sl ope before the concentration
hits its equilibriumlevel is typical for n-type
dopants in | owtenperature epitaxy. The sl ope of
approximately 23 nnidec is nuch weaker than 4-6

nm dec, which is common for true bl ock-shaped profiles
when the SIMS resol ution determ nes the slope. A slope
of 23 nmdec is real and is nbt SIMS determ ned. (Note
that when the SIMS profile is plotted on a | og-scale,
the slope of a I|ne on thls scale |s often expressed

. o



purging is performed to renove the air fromthe | oad
| ock, and then transfer the wafer into the reactor

W@ b@moen718 At step S4, the wafer tenperature i nP@HEB2006/052101
reactor chanber is maintained at about 700C. A
conti nuous fl ow of about 20 standard liters/m nute
(slm of hydrogen is al so maintained through the
react or chanber. The comon bake step (to renove the
native oxide) at a tenperature higher than the
deposition tenperature prior to epi growh is skipped
t @4 I BRUAREhIIT claRTB SN RIr&h EheRbiSiRing Bfockdd adt bR furndd6iT about 180
waf er spends one mnute in the cﬁanber at 700C to
SiabidsiA&. 1ts tenperature before the process gases are
turned on. This is sufficient to grow a good quality
epi layer. At step S5, the process gases are turned
on. Inthis illustrative enbodi ment, the process

(222%‘?11(3@6 lfﬁjﬁ?ca i seéag&néﬁc%}t@@ﬁﬁﬂga&) ICT E:Z;]Ut gn q
180 sg E%fr?‘?k%o%e% rﬁo{go-é?m )la ?%& I:-‘J?]sg\élglefma?gg&th)%smg a gas

slml I nu y maln arne posI
pflov(x:' %g’ 7 rllse a set Q ract:ers? scpser ol aé‘:’ ﬁ(l)'lvrv ?nc tes g’ t n'of a
atter ap sec&%a % ﬂﬁ'ﬁ OW’IS Grhed F?.
The other re
s%eeslﬁ%rgmég"?)oﬁ%rcs & i P aeres o B g 197 sl of PRgaf B,
is renoved fromthe reactor after the process gases
have been purged out of the reactor chanber and the
waf er has been cool ed before being unloaded. It should
be understood that the specific duration of tine
during which the Ge source is added to the process
gases can vary w thout departing fromthe scope of
theinvention. In general, Ge is added during a snal
fraction, typically 5%or |less, of the tine needed to
grow the nono-emtter. This process results in an
epitaxial layer with the doping profile having a Ge
spi ke 40 at the interface and a steep | eading sl ope 46
of the As profile, as depicted in Figure 6. Figure 7
shows a SIMS plot for the case where the SiH4 fl ow was
increased to 150 seem and the GeH4 (1% fl ow was
decreased to only 10 seemfor 5 seconds. The SIMs pl ot
of this layer in Figure 7 shows a nuch snaller Ge
spi ke 42, as woul d be expected. As can be seen,

| owering the Ge spi ke 42 deteriorates the slope 48 of
the | eading edge of the As profile. Thus, the snaller
Ge spike 42 is less effective in inproving the
steepness of the |eading slope 48 of the As profile.
The sl ope deteriorates from4 nmdec in Figure 6 (wth
the large Ge spike 40), to 17 nmdec in Figure 7 (with
the small Ge spike 42), to 23 nmdec in Figure 5 when
no Ge is applied. Although described herein with
reference to nono-emtters in a HBT technology, it is
understood that the nethod descri bed here can be used
in general to inprove the | eading slope of in-situ
deposited n-type doped | ayers. For instance, the

nmet hod may be used with As, P and Sb, doping in-situ
epi taxial and poly-silicon | ayers deposited by neans
of chem cal vapor deposition (CVD). Mreover, it is
understood that the invention may apply to any S
source suitable for growing Si |layers by CVD. The nost
common sources are SiH4, Si2H6, Si3H8, SiH2CA 2, SiHA 3
and SiCl 4. Any CGe source suitable to grow Si Ge | ayers
may al so be used, e.g., GeH4, GeC 4. The nethod is
particularly useful in the tenperature range of about
600- 850C, wherein the upper Iimt is determ ned by

di ffusion (e.g., in HBT's, det%rioration of the base B
profile by diffusion) and the lower limt is
detern1ned by t he gromﬁh rate (e 9., beIom1600C t he
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