2 6 DE 2003 - 1 PROCESS FOR THE PREPARATI ON OF SUBSTI TUTED e
[1, 4] Dl AZEPI N 6, 7, 1- hi ] | NDOL- 4- ONES FI ELD OF THE | NVENTION 5 The prie%Ent 2003
invention relates to a novel nethod for the preparation of chiral [1, 43
di azepino [6, 7, 1-hi] - indol-4-ones of use in the preparation of

medi canents whi ch nake possible the-tneatnent of ailnments involving 10
therapy by an inhibitor of phosphodi esterases 4 (PDE4). These nedi canents
are of use in partAROQUEES dFOR dFHE | PRERARAT DPN cQF 3WBSALTETHPCS,

bronchodi | at ors or ti U] il hOnal ent application
publ i shed 15 under ﬁg'*@ 98/ 4159%2%55{1%; (r;%n feﬁgﬂo? " i%h are

incorporated in the present application by reference, discloses

di azepi no-i ndol ones, whi ch argGompePUREs et Yemas | nhibitors of PDE4

enzymsss of formula 20 in which: - A is hydrogen, |ower alkyl, |ower
al koxy,?nitro or amno; - B is hydrogen or optionally functionalized | ower
25 alkyl; - X1 and P& pHésén@r endbhkeonr rdihterenic xamhea dyekhiogen,

hal ogen, | aqwer al kyl, |ower.al koxy or. lternatjvely - of H, which
are opti onglolry ta}'é%&’f‘??%’f%‘af‘ogoo-% f?’iléra%—i,ﬁt'qgr?hflz%‘ﬁdlozgé 'a%'e{b%{cf'za—l or N
or Zis N, irgdhdn4Zbreesd 4P arse Cth 206 DECGROO0B-ioR oF Imedivandyppdication
WO 98/ 49169, .t he gl a I DO n f. 4f . those in
Wi ch - the BiSh BRRELBIFE P L IFAG, EReLPREnReoT, M Bl Rubtd1 AL
nuc|eu§0ha§hpﬁ@pg(ﬁyﬁQ@u¥@bihhtor of phosphodiesterases 4 (PDE4) .

These medicaments are of use 1in particular as

antiinflammatories, antiallergics, bronchodilators or
antiasthmatics.

The internaticonal patent application published

15 under No. WO 98/49169, the contents of which are

incorporated in the present application by reference,

discloses diazepino-indoleones, which are compounds

active as inhibitcrs of PDE4 enzymes, of formula

poatd
A O =N thQN\ Z\Zixz

.

in which:
- A 1is hydrogen, lower alkyl, lower alkoxy, nitro or
amino;
- B 1is hydrogen or 6ptionally functionalized Llower
25 alkyl;
- X, and X;, which are alike or different, can be
hydrogen, haleogen, lower alkyl, lower alkoxy or
alternatively -CH;0E or -CO;H, which are opticnally
- gsubstituted;
30 - Z is CH, then 2, and Z, are both CH or N; or Z is N,
then Z. and 2, are CH.



These conpounds were obtained in Patent Application WO 98/49169 as racem c
conmpounds and could only be separated by chiral phase chromatograptgyg @F( 200
el se by the formation of salts with an enantionerically pure am ne. The
synthetic process disclosed in Patent 10 Applicati on WD 98/ 49169 can

exhi bit di sadvantages, including, on qgccasions, |ow yields and the need

for a resolution stage. SUMVARY OF THE I NVENTION 15 In point of fact, an

i mproved process has, nE}Q&s %%ﬂ 1N, Jrorwd hes pr epasat i-g. ogré*@§§esane
products directly in the pure enantioners, which process is

efficient mmﬂen%%p%is m§’ft r@@mﬂj%cﬁlhaﬁr@r phcse tlﬁe Wi eslnt

i nvention. {Gpnsequenbby, okhe ner egent] qipr SR [&V,0l ds- 4 e idady aphages of
t he known processes and it _can be adapted to a Iarger scal e. The invention

rel ates to IFiSHT AR ProcR s ¥ HFUTHel P epar ation of chiral substituted
25 [1, 4] diazepirumﬂé%e'7 coniduriddol wéreoneebeélheanulan(l)Pdﬂéntn whi ch,
in particula lower_ al kyl, | ower gskox nltig or

hydr,
L et s Rt AR B PSRy anadtr ¥ reeftSha o then
Z1 and Z° ardyt opet heep&rhoedN. ber chiml Nphaben ﬂiratndtczgrapleya-br- X1 and

X2, which | ' | kyl ,
Iomer ;fkogéggfkhgggﬁ%egﬁéégég$$ gH%EEFS axgéﬁgﬁpﬁﬁﬂﬂh:are op %%%%?Iyy
subst i t ut e@UIBETARLED. DEBER mmmmeonmﬁmmms%e ipnvatison i s

target g ath31RQ48%% f oRot bg/mneaar dron 8kniBer enaid LIRIE: Led he
di azepi no- indolones (1) of formula m
including, on occasions, low yields and the need for a

resolution stage.

SUMMARY OF THE INVENTION
15
In point of fact, an improved process has now
been found for the preparation of these same products
directly in the form of pure enantiomers, which process
is efficient and economic and forms the subject-matter
20 of the present invention. Consequently, the present
process avoids the disadvantages of the known processes
and it can be adapted to a larger scale.
The invention relates to an improved process
for the preparation of cﬂiral substituted
25 [1,4]1diazepine[6,7,1-hilindol-4-ones of formula (I)

x1
Z

‘g\ X Ry
O

m

in which, in particular:
30 - A is hydrogen, lower alkyl, lower alkoxy, nitrc or
amino;

- B is hydrogen or lower alkyl;



15 in which: - Ais hydrogen, |ower alkyl, hydroxyl, |ower alkoxy, nitro
cyano or NR1IR2; R1 and R2 are |ndependently hydrogen or |ower alkyl 2 BEC 2003
ri

form together with the nitrogen atomto which 20 they are bonded, a ring
having 4 or 5 carbon atons; - B is hydrogen or |ower alkyl; - Z is CH,
then Z1 and Z2 are together CHor N .o Zis N, then Z and Z2 are CH 25
- X1 and X2 are independently hydrogen, Cl-&A4 al kyl, - (CH2) j -0OR3,

hal ogen, cyano,;s &H (Ghés 2t Ksyrlci 7% - HYgiher - (59 NORGr -ZC {0
NR6R7, or 30 26 DEC 083 or NNR8 OR3, R4 and RS are |ndependently
hydr ogen, #&1- é@enalzkyﬁn bénz3TS Phenethyl or -Q-Q@; R6 is hydrogen or
Cl-C4 al kyl; %' Rands wdro@en;hc:hv@ alliyle, ofHRALE Eafeh), OBanr be (3- Q4:

R8 is hydr Cl-4 al an a-a

resi due, E‘gggglgﬁ’gn ir*(r%! %nWhl ch""lgt5 boR%Ldk%l bei %té’% ?omﬁgge ellt'dher 10
the S cS)nf a@;uaanlaanverly[ he CR:@Bnfégur a€P4h; @hiich - a(r@HZ)OQ&lC(r@-JGH)m (CH2)
p_; Q2is ﬂgg luteo (C1-C6 alkyl) , -OC (=0) - (Ci1-C6 alkyl) or

4- mor phol i ny % are independently a bond, -CH2-, - (CH2) 2 15 or -
(CH2) 3-; 4 is -NMl I\/I4 or 4-norpholinyl; @ is -Mb or -OM; M, M, M

: Mg ,kIVB agd 2/!5 ar%emm(’smm@hﬁ@g@@ e Sfvedrabkyl; 20 ) is 1, 2
or IS or 3;

10 The invention is targeted at a process for the

preparation of the enantiomers of the diazepino-

indolones (I} of formula

’ X
H —N
=

M

15 in which:
- A is hydrogen, lower alkyl, hydroxyl, lower alkoxy,
nitre, cyano or NR'R?*;
R, and R, are independently hydrogen or lower alkyl
or form, tocgether with the nitrogen atom to which
20 they are bonded, a ring having 4 or 5 c<arbon
atoms;
- B is hydrogen or lower alkyl;
- Z is CH, then 2z' and Z? are together CH or N; or Z is
N, then Z' and Zz? are CH;
25 - X* and X® are independently hydrogen, C;-C, alkyl,
- (CHy) -OR?, halogen, cyane, -0- (C;-Ce¢ alkyl), -C(=0)R*,
-C(=0)OR®, -C(=0)NR°R’, or

30



mis O, 1, 2, 3 or 4, pis 0, 1, 2 or 3, wwth the proviso that, if m> 0,
then p > 0; their isoners, their racemc forms, as well as their sa3I6BEL 2003
sol vates, esters, am des and prodrugs which are 25 pharnaceutically
acceptable. In what precedes and in what follows: the term "hal ogen" is
understood to nean fluorine, chlorine, bromne or iodine; the term"|ower
al kyl" or "Cl-C4 alkyl" is understood to- 30 nean a |linear or branched

radi cal conprjysing from1l to 4 carbon atons or alternatively the

cycl opropyl h ] radical; the t&rm\ | ower alkoxy" is understood to nean a
radi cal of Yornyla -0-AlK, i A kpN-sROwer alkyl; 2 6 QE C 2003 - 5
the term"CL-NG6 al kyl" ks u erstipod £ 0 nmean a linear or branched radical
conprising frGml to 6 carb atons or alternatively the cycl opropyl nmet hyl
radi cal . The 'process of the present invention nmakes it 5 possible to
obtain the chiral [1,4]di azepino[6,7,1- hi]indol-4-ones (I) directly, in

the formof pure; enantionerss from opt.icall tiv -
ani nobenzodi aze51'3nesR (1 F‘flgienﬁa satrfgelF‘gSngé%Fggyi ngyéﬁﬁgﬁ%'l C1tsschere 1
(U OD where A aZkyZl, bBRzyB, Xheamth¥d have @*h@’meani ngs defined above

for (1) ; 15 R i,8 I ylL..radical, eferably the nethyl radical.
During this reack,gt i g%,ﬂgﬁ£?%%ér%d?ét% (Eﬁ%%‘l s cycli zed, preferably at

normal % enperat@fe b bbréwegen, i Aithe presehce UFHR -1 AEi d©Tsuch as
scandi um 20 trigkugromet hanesul phonate, to give the product (1). The
internmediate (11) is dissolved in a sc_)LIv nt and agcatal ytic anount of
Lewi s acid, preRergplyydrogen, Ci-Cqi alkyl or -Q°-U%;

R* is a natural o-amino acid residue, the carbon

atom to which it bonded being able to have either

10 the S configuration or the R configuration;
Q' is - (CH;)x- (CHOH) m- (CHa) o-;
0Q® is hydroxyl, -0- (C,-C¢ alkyl), -0OC(=0}-{Cy-Cs
alkyl) or 4-morpholinyl;
Q® and Q° are independently a bond, -CH,-, - (CHa).-
15 or -{CHai)i-; ’

Q* is -NMM* or 4-morpholinyl;
Q® is -M° or -oM%;
MY, M2, M, M*, M° and M° are independently hydrogen
or C;-Cs alkyl;
20 j is 1, 2 or 3; kis 1, 2 or 3;
mis 0, 1, 2, 3 or 4; p is 0, 1, 2 or 3, with the
proviso that, if m > 0, then p > 0;
their isomers, their racemic forms, as well as their
salts, solvates, esters, amides and prodrugs which are
25 pharmaceutically acceptable. ' '
'~ In what precedes and in what follows:
the term “halogen” is understood to mean fluorine,
chlorine, bromine or iodine;
the term “lower alkyl” or “C;-C4 alkyl” is understood to
30 mean a linear or branched radical comprising from 1 to
4 carbon atoms or alternatively the cyclopropylmethyl
radical;
the term “lower alkoxy” is understood to mean a radical

of formula -0O-Alk, where Alk is lower alkyl;



scandiumtrifl uoronet hanesul phonate, is added at norrmal tenperature. The
product (1) is obtained, the optical 25 purity of which is confirngpggy 003
anal ytical HPLC. Mdre generally, the Lewis acids of use in the proce %
the present invention are described in particular in the follow ng
publications: i) Advanced Oganic Chegistry, Third Edition, by Jerry March
(John 30 Wley & Sons, New York, 1985) ii) "Friedel-Crafts Reactions"

Qah, G anpgMeidar “d?h KL1 & ghﬂgr unéa%%%ae%an@fanﬂaeml%arw&hnol ogy,
Third Edition, 11, 26 DEC 2005 -6 358300 (John Wil 6y & Sons. New Yor k,
1979), iii Pranghssk |Itaé5t11‘3\ﬁé- RQTERT 5 bAT LEWPR AcFai fyTarB8ePcReAMS 93 P. N and

Satchel I, R18ern@¢afieai] xR eiodddsy Lddhey Latadioedety, London), 1971,
25: 171-199, iv) 5 "Lant hanide trlflates as unlggp Lewi s acids", Xie, W,

Jin, Y. and Wang, BUG :PYPERFECAL 1989, 355285 J9WVaiHdo%) "MaFshien, R W,
"Rar e eﬁrtbobgﬁbuatesOlno@tgamicthsynthasai tAl, drl idd hizeipd aoA@t, &, 11995, 28,
77-84. Str s, acids (such a nlun1chl r|d 10 ferric chloride
and equiva%eﬂ%s?w%o ‘nét seeéﬁglndﬁhEéQRMésen |n3Entﬁ%ﬁ. asfgfﬁbctlve

cat al ysts esameakmeew,s aci dzomls ExacmptesabiyLew s afides of usé-n the
present 1 Dyenbian 6e CAERAUS (o) Compl exesciolgd ormdaddntey] dhavi ng a
vacant orb?taﬁ w&g a a neta? bor on, SsTlcon g%&gntlnnny Xand Y are
neut r al orsﬁhﬁﬁﬁlér nonnetalllc | i gands, atons or radicals, 20 x and y are
each zgf 0 grnhamel At.eger. Typical values of L conprise boron, alum nium
silicon, sCandium titanium galllqnn indium yttrium ZIFCOﬂIUﬁ] silver,

tin, antinony, fs thangn1@nd zbgg} ani des, Nry, dhalli
iron, 25 cobal Zinc, cal ci ym 3

QL z xz

where A, Z, 2', 2Z* B, x* and X?® have the meanings
defined above for (I); '

15 R 1is a lower alkyl radical, preferably the methyl
radical.

During this reaction, an intermediate (LI} 1is
cyclized, preferably at normal temperature or below
0°C, in the presence of a Lewis acid, such as scandium

20 trifluoromethanesulphonate, to give the product (I}.

The intermediate (II} is dissolved in a solvent
and a catalytic amount of Lewis acid, preferably
scandium trifluorcmethanesulphonate, is added at normal
temperature. The product (I) is obtained, the optical

25 purity of which is confirmed by analytical HPLC.

More generally, the Lewis acids of use in the

process of the present invention are described in

- particular in the following publications: i) Advanced

" Organic Chemistry, Third Edition, by Jerry March (John

30 Wiley & Sons, New York, 1985); 1i) “Friedel-Crafts
Reactions”, ©Qlah, G. and Meidar, D.; Kirk-Othmer
Encyclopedia of Chemical Technology, Third Edition, 11,



another transition netal. Preferred values of L conprise boron, silicon,
“al um nium scandium | anthanides, titanium gallium silver, tin, iZ®8EC 2003
zinc and nmagnesium 30 Typical values of X and Y are chosen from halides,
oxygen, oxygen-conprising ligands, organic radicals and organic anions.

The oxygen-conprising |igands conprise, for. exanple, oxygen or alkoxy,
phenoxy, carboxylate, V 35 .. ketocarboxylate, sulphate, sulphonate,

phosphate, ;phosphonassh Ang aqu} V%J eRlniadi ﬁatqs vahe, org@ﬁa ,ragicals
conprise, for exanple, alkyl, "su bstituted alkyl, cyc oal é%? substltuted
?I"

26DEC2003 -"Guanbrlaai¥g| , APRRAYF, Sbbstierited AHeMAY" ph }+and
~(substitutegl mmnylaﬁakybataﬂeml s. rTBe; ormz&e&m NSRSL@s Se The

cycl opent adi_en nd_substitut C ope ien ani The L mns

aci ds prefé#&ﬁ{yc%ﬁnp$?% g Ieggfl8¥ 3533 rléfﬁb Y Hand-V

exanpl esan m.dﬁm@anicﬁéil Cﬁiﬂ).ﬂtassulsphm‘nai@ rmim:al acIhe pr e<hear r ed. weak

Lew s aC|d§{are Qor N4, %Ln@'“ﬂ”n S|&§§ﬁ?Ec§ca@gbgn129Ia@guygde &ltanlum

gal lium si‘1Ver n, iron-‘zinc 10 or nugnhesi um conplexes coﬁbr|5|ng at
| east one omngﬁraMwWW|sRn§ | i gaieire Specidli ¢ texdipltes ofnweakgdmrwes  aci ds

of use in té{ﬁﬁa{@éﬂu 'm&ﬂm&n@é; scandi ugystrpgl ugroget hanesul phonate,

al um niumt or onet hane- | phonate, as well as ytterbium or_ other

-l ant hani de, 15 S|I|%Rﬁpn9mkﬁ%%$uﬁ?l@FnGFPFh a@oﬁﬁ%ﬁ?#ﬂ%um hirrEiesil ver
triflugpomeihianesutnhepaties;arti mghoxudiaysh opent actdi esw | i tianiwig | V) or

di cycl o- pent adi enyl titaniu bis trlfluor thanesul honat e
iron(111), %ﬁﬁﬁqgujrﬁ‘v%‘?‘t]z‘?né‘u \%ﬁe?yFéﬁﬁf‘XﬁaFS Vﬁ(’fsdlazfcg'fe:ﬁ L%"Ol

di met hoxymagiiess um triisopropoxyal umnium tetra- butoxytltanlun(IV)

;[jle;{ ﬁlyisg:o;]gpoxyt it alpxamrgle\g oft rﬂemtshyégfciém ft rdseé hi’ha'c'ﬁ@ 'E%Qenc
invention are compounds or complexes of formula

15 [LXYy]
having a vacant orbital,
where L is a metal, boron, silicon or antimony,

X and Y are neutral or anionic, nonmetallic ligands,
atoms or radicals, )

20 x and y are each zero or an integer.

Typical values of L comprise LCtoron, aluminium,
silicon, scandium, titanium, gallium, indium, yttrium,
zirconium, silver, tin, antimony, lanthanum and
lanthanides, mercury, thallium, manganese, iron,

25 cobalt, nickel, copper, zinc, calcium and magnesium or
another transition metal. Preferred values of L
compfise beron, silicon, aluminium, scandium,
lanthanides, titanium, gallium, silver, tin, iron, zinc
and magnesium.

30 Typical values of X and Y are chosen from
halides, oxygen, oxygen-comprising ligands, organic
radicals and organic anions.

The oxygen-comprising ligands comprise, for
example, oxygen or alkoxy, phencxy, carboxylate, B-

35 . ketocarboxylate, sulphate, sulphonate, phosphate,
phosphonate and equivalent radicals.

The organic radicals comprise, for example,

alkyl, substituted alkyl, cycloalkyl, substituted



triisobutylalumnium tetrabutyltin(lV), triphenyl- boron,

tri phenyl anti nony; or halides, in particular 25 zinc, tin(ll), 2 6 DEC 2003
antinmony(lI11), antinony(V), titaniun(lll), titaniumlV), scandium indium
gallium and nmercury(ll) chlorides or, preferably, brom des. The
cyclization reaction is carried out in an inert solvent, that is to say a
solvent or mixture of 30 solvents which does not react with the reactants

or the reagctio uc and ' ! t.s i Q. n o] bl e way
I S T S
very pol ar (sulRepreseatapheaysobvisnts radécadsomati ¢ hydrocar bons, 35 such as

benzene, toluene, & Lro Ne OLp or , | heaRydrogar bons,
such as pent ane, ﬁ%éanggg%ﬁggptéﬁégﬁgia?ﬁﬁP%ggﬁerg?bggg%hag eghgl or

i sopropyl @rfepubehibriadt eUChPBESEAABSAY L SGAPSs  di chl or onet hane,

trichl gronet hane, +tgér achlos onRlikkaNep2:6ePEC120080mp8is@r ab chkageet hyl ene;
1,1, 1-trinet hoxyal kanes, such as trinethyl_orthoacetate,; cycikc.et her s,
such as t%#% atREHIIRTEHTRY L § B8R anktd tHET ASaREs. 3t RSROHRE
necessary f£fid¢de rq@acktangglphohbeecatadysilt o Tiee Srefiereteel ywdaRsol ved in
the solvent used. The amount, of Lew slac.i d used ggneral ly__rept ﬁents from
1 to 10 not®%hui Ak G t IOF 28 pecdtt TS Y sCArtiTy maf &7 la ? 1) In this
cyclizati oantlesmmeideon, ttthendum, mgakimunt sf lvvew s tagi.d ¥edmati 2énco 10 the

pr odu of _fo (] 1) 8 n L Vi f e ] L, d under
consi gtgr at?%n&g%{r{g?%léﬁt é%gr%r*%q%% cc%e‘f:tglg%ﬂrl\garr% gneaigté; ?rlg\i,\brr%%agil?l otted
duration; ¢empsisieyerkimeudby FoatifécexpsplReRfs. °Fheweali sLa¥Ld can

advant ageoysi ¥s be,eagisky facyehed ptedditr enthvainditen 13er eaehh@iumThe Lewi s
acid catalyst _is preferably soluble in_.the solvent Eied. A dehsdr ating

agent, such:HsL AR DRRNERRGRBSF RS uISIHE 0™ a“FbFEBEFEPEEPRVE. can

optional | ysulphonate, as well as ytterbium or other lanthanide,
15 silicon, magnesium, tin(II), copper{lI), zinc or silver
triflucromethanesulphonates; dimethoxydicyclopenta-
dienyltitanium(IV) or dicyclo-pentadienyltitanium{IV)
bis (trifluoromethanesulphonate) ; iron(III), aluminium
or zinc acetylacetonate; i zinc diacetate;
20 dimethoxymagnesium; triisopropoxyaluminium, tetra-
butoxytitanium (IV), tetraisopropoxytitanium{IV),
trimethylboron, triethylaluminium, diethylzinc,
triisobutylaluminium, tetrabutyltin (IV), triphenyl-
boron, triphenylantimony; or halides, 1in particular
25 zinc, tin(IX}), antimony (III), antimony{V),
titanium(III), titanium{IV), scandium, indium, gallium

and mercury (II) chlorides or, preferably, bromides.
The cyclization reaction is carried out in an
inert solvent, that is to say a solvent or mixture of
30 solvents which does not react with the reactants or the
reaction products and which does not react 1in an
unfavourable way with the Lewis acid catalyst. The
solvent is aprotic and preferably not very polar..
Representative solvents are: aromatic hydrocarbons,
35 . such as benzene, taoluene, nitrobenzene or
chlorobenzene; aliphatic hydrocarbons, such as pentane,
hexane or heptane; dialkyl ethers, such as ethyl or
isopropyl ether; chlorinated hydrocarbons, such as

dichloromethane, trichloromethane, tetrachloromethane



20 be introduced into the cyclization reaction m xture. The cyclization
reaction is carried out at a tenperature of between approxi mately OL6&4xd 2003
40C and preferably between approxi mtely 25C and 40C. It is advisable not
to exceed 40C in order not to epinerize 25 the stereogenic centre. 30 The
duration of the reaction is generally gbetween 6 and 48 h. Its progress can
be nonitored by analytical HPLC or TLC, the reaction is thus stopped

after the shartinglsebethgllehas disappearedecMbeipalchieda,prsueny Hdn ne

group in the final . produgt, the process canpris an additignal stage

where a pr&&&&et(%lyﬁl , ioﬁt&}ﬁaccr?mf'{)%’ Ncﬁfyq%s‘%roedlfg: R asd‘l’cg'ﬂuctail) ,in

~which A is tethidhydyy e nmealdiaxanegat &gt teeiedutixtoncadi clitr eispects t he
asynmetric ) Thj .age ' ' cifically. reduging a

compound (3 (HERHTEITA PR nero TeR P Fadng: s 1 e CEbrdt LHEOREE,

appr opr? at eompd@tialy sistsensted Hasetha solvyanterusgda, zinc in acid medi um

titani umchloride iphe acidoiRdi UPOr gLeesti B origdesi n Lianalie medium
2 6 DEC 2003 9 this stage is represented in the experinental part bel ow
by the syntRESESSHLSt NFPRodudts 0 TQlafduigaleidse’ r Wabet iteTPSse carried
out under egel deheongihionsgbubatBeipref erred reducthion icyQarFadtaéout 5 in
met hanol , with rutheniumon-charcoal as catalyst, at.a te rature not
exceedi ng BEECHIG unddlc drHyaFohen OBFbs Sy SR S0 1S B0 KPYS Tie
hydr ogehat itae tomelucshowf dfbemhias ({Han d2genadsd pr etlee abkyivisyhofThe _
b e Sl el o desPugpa e e Ao Le Lhe Schegatmee et i1
and PG israagﬁ:ép@(;tarrp:@ onuipt_s Segeqipum -3l lotted duration; it is
determined by routine experiments. The Lewis acid can
advantageously be easily recycled at the end of the
15 reaction. .

The Lewis acid catalyst is preferably soluble
in the solvent used.

A dehydrating agent, such as anhydrous
magnesium sulphate or a molecular'sieve, can optionally

20 be introduced into the cyclization reaction mixture.

The c¢yclization reaction 1s carried out at a
temperature of between approximately 0°C and 40°C and
preferably between approximately 25°C and 40°C. It is
advisable not to exceed 40°C in order not to epimerize

25 the steresogenic cerntre.

The duration of the reaction 1is generally
between 6 and 48 h. Its progress can be monitored by
analytical HPLC or TLC; the reaction is thus stopped
after the starting material has disappeared.

30 When A is a primary amine group in the final
product, the process comprises an additicnal stage
where a product (I), in which A is - NOp, is reduced to
a product (I}, in which A is - NH,, by a chemical or
catalytic reduction which respects the asymmetric

35 . carbon. This stage consists in specifically reducing a
compound (I}, in which A is nitro, which reduction is
carried out by appropriate reducing systems: these are,
inter alia, =zinc in acid medium, titanium chloride in

acid medium or else tin chloride in ethanclic medium;



15 (VM an The first stage consists of the condensation of optically é’;l \ﬁi
am nobenzodi azepine (VI) with a suitably substituted anthranilic acild ﬁb& 003
protected on 2 6 DEC 2003 - 10 the am ne functional group, in order to
obtain an internmediate (1V). The internediate (I1V) is subsequently
deprotected to give the internediate_(LlIL) with a free 5 amne functional
group. The internediate (111), reacted with an appropriate ortho ester (or

1,1, 1-triakkexyakkage) iEV fé%ﬂéééﬁtgiﬂ di gonghid | AigetimeHer nRird o

epinmerize  the a tric carbon of the benzodi azepin iyes_an 10
nt er medi abELOM PV 0SS CHE RS O Wit G abi 3 VI wbBeh s
unprot ected on theTaste tedoticapals gaeep caprbed comdenseibsli regidy with

the am nobenzgdi azepi r&g t(éVI ) vvhiL_fh di%egt lc}é Er. gvides the internediate
conpound (FrF@l 150CP BeesEME) PINbre secr BRESFIY™ ProcgdE™ A=“ad vt esent ed
in Scheneil, megipanicdes wieh prepeert tononf chhecoaht esneditatlgst(.| At by
reaction o n..am inte di ods b i dLa epar ed
froma 2 2% Zcﬁtnﬁgafn%L}%g a%:ll : e?%ceeé’()énlg#%t%@ g\ll ?%damﬁ%c%e‘g&ér\%rﬂrani lic
acid (V), pregaprgi ngfout00i ke BPPst kPat aglhe t My ArQggnaii®h &fifshe ani ne
(V). The opgpali 8 1ke$sCaHHES QUladd i AanKinous Hrgani ¢ sol vent, such
as a chlorinated h%drqcar bon, for exanpl e di chloronet hane 25 or,

np
trichl oromet hane, A%Ri AE&ETFHEENAAS cl bt hefar shehPagrared. gesay gkt hane,
t et r alydr ot yr @meOrpebOx@8e prasepekar aprothemsokyenihesaich, az pyzi,di ne,
di et hyl yl phoxi d L N_N-dinethyl formam de _(DVE) ,. or ot her_ . suitable
sol vent anfl th®ir? x%urgg;veThtg%r e‘é%?‘?%ﬂg% 2e4REE) =Y PV 2HdCee

is a protecting group.
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The first stage consists of the condensation of

15

an optically active aminobenzodiazepine (VI) with a

suitably substituted anthranilic acid (V) protected on



30 advantageously carried out in the presence of a coupling agent and
optionally of an organic base. Thus, use is made, as coupling agent,?&6§QEC30N0]
O-[ (et hoxycar bonyl ) cyanonet hyl am no]-. N, N, N, N -tetramet hyl uroni um

tetrafl uoroborate/ N, N 35 .. diisopropyl ethylam ne conbination, or - an

i sobutyl chl orof or mat e/ N- et hyl nor pholjipe. conbination, or - preferably, a
conbi nati on of hydroxy- benzotriazole (HOST) and of a carbodiimde, such as

26DEC2003 NN - dirg i@l off%ék%qul E¥ode , (DER) , cvbbeh is the-a pfefsyred
reagent, N, N - dls%Propy carbodllnlde or carbonyl diimdazole, in a neutral

anhydr ous darteame "Idi chl oromethane 5 or DMF, at OC. In this first
stage of Process AThtehe tlnla@traaésﬁqar:léonyl (aghno ags d (‘é)uﬂééd:!ﬁa&d:ﬂ t he

i solated f Th d st t he

oncti onal COROS BEThE T g anare dHanredvte ubt TEb 88eh 7 ﬂ%r@e?}?‘. mary

am ne ($Ilhmﬁwatfddmmiamam gﬁduplrnernedlate (I'V) can be dissolved in an

acid, such as tr'%ﬁ#PrOQ%EtE%egﬁb%e 391%5 thge rgégrreqT% rocess, and
e

|l eft to react for i me Wi Ch ends the hatare of. prékectlng
group enpl epedopm atlee @agkoofEﬁh@rpref@rrea pr. dt-éctiieddrogryadkaP@) which is

the 1-butqxygar elhr %PP@ cBﬁEi‘i'c%E%er it A%er Lhe cBrogucisiale left in

contact for half an hour m xture 1s evaporate The pro uct S
taken up i AEgO %ﬁi@m‘@ﬁ%t ﬁaﬁéoatndvﬁneebﬁameﬂew%atwsal@@ ag¥8as ANaHCO3

sol utiof. Theekhlearord atre)(l11) |s obtained. In the experinental part
which illustrates the invention,

| e 4 and. 5,are representative
of CProcess A 25 Tl Fer ABACHLe 311 FFCRARNAELE B Wbt &7 nbd “A6w t h &
p055|bly | aeeruypedbtecbyddigrectheouphimg dfurational group can be

condensed directly with the aminobenzediazepine (VI),
which directly provides the intermediate compound (III)
15 (Process B) . '
More specifically, Process A, as presented in
Scheme 2, comprises the preparation of the
intermediates (IV}) by reaction of an amino intermediate
(VI} with an intermediate (V) prepared from a 2-
20 anthranilic acid. It comnsists, with a protected 2-
anthranilic acid (VvV}, in carrying out, in a first
stage, the N-acylation of the amine (VI}. The operation
is carried out in an anhydrous organic solvent, such as
a chlorinated hydrocarbon, for example dichloromethane
25 or trichloromethane, a linear or cyclic ether, such as
1,2-dimethoxyethane, tetrahydrofuran or dioxane, a
polar aprotic solvent, such as pyridine, dimethyl
sulphoxide or N,N-dimethylformamide (DMF), or any other
suitable solvent and their mixtures. The reaction 1is
30 advantageously carried out 1in the presence of a
coupling agent and optionally of an organic base.
Thus, use is made, as coupling agent, of:
- an O- [{ethoxycarbonyl) cyancmethylamino] -.
N,N,N’ ,N’-tetramethyluronium tetrafluoroborate/N,N-
35 .diisopropylethylamine combination, or
- an iscobutyl chloroformate/N-methylmorpholine
combinaticn, or
- preferably, a combination of hydroxy-

benzotriazole (HOBT) and of a carbodiimide, such as



anthranilic acid which is unprotected on the am ne functional group (V)
with the starting enantioneric amne (VI) by Process B. In this ca?eﬁ DF[E?MB
coupling agent can also be the DCC HOBT conbi nation. Use nay be made,

this stage, of other acids, such as formc acid, dichloroacetic acid or
any other organic or inorganic acid,. Ahxed or not with a solvent in
various 35. proportions, at a concentration and at a tenperature such that
t here i s noNhydrak ygid ohkxtNeahenaadirdzepi neDcaicl eushith t hes expeéri nent al
part, Exanple 3 is__.representative of Process B. .26 DEC 203.- 12 _Process
B M) (T PERERESP g “FrGA e | el et 5087 0PV 1§27 PRE: CTERT ol RG st ages
are common tarbonhirlgidcessesles In the third stage, a solution of the

internediatfn(g'hguk§5¥i%§§y§§gJJ1gghégﬁﬁp §§&Eras(ﬁﬁbkifp%§éﬁ&gﬁky a

met hyl ortho ester, in or obtain the 1 nternedi ate Ich is not
purified buer P¥Fenproyéd-as is in the followi ng stage. During this 10
third stage, it is agvisgbke 9 LemiRaak | 8w beppesatuke apdei Nk
particular not to exceed_ 40C, falllng{ which (1'11) and (I1), would epinerize
to give a PAESHYEARPRDULE™ TR A%t i'dA of St RSSSoupPi r’rij“ecahsPiéEﬁd 24 h
but it is segehines nuch faster. It is.possible, 15 by vacuumdistillation,

to renpve the net ha,EIJ_ﬁI V\/ré!i coh hag for medn d.urti ng.%he rerac‘:taiG n, 1 hghr eaction
is thus conplete. 8 Sr STt e8-3R SUBR I edl andteﬁjr aniiic &t ds° (V) are
descri hed iamihe |fdreraian®l igraug , ofheyhar eln2rmedpared (iIV)a wap

anal ogous tQ.h0¢ PLeRREAthoR Al Ziflary amine (IIT). with this aim,
the intermediate (IV) car be dissolved in an acid, such
as trifluorcacetic acid, which 1is the preferred
process, and left to react for a time which depends on

15 the nature of the protecting group employed. In the
case of the preferred protecting group PG, which is the
t-butoxycarbonyl group, hereinafter " £-BOCY, the
products are left in contact for half an hour and the
mixture 1is evaporated. The prdduct is taken up in

20 dichloromethane and neutralized with a 5% agueocus
NaHCO, solution. The intermediate (III) is obtained.

In the experimental part which illustrates the
invention, Examples 1, 2, 4 and 5 are representative of
Process A.

25 The intermediate (III) <¢an also be obtained,
with a possibly lower yield, by direct coupling of an
anthranilic acid which 1s unprotected on the amine
functional group (V') with the starting enantiomeric

amine (VI) by Process B.

30 In this case, the coupling agent can also be
the DCC/HOBT combination. Use may be made, for this
stage, of other acids, such as formic acid,

dichloroacetic acid or any other organic or inorganic

acid, mixed or not with a solvent in various

35 . proportions, at a concentration and at a temperature

such that there is no hydrolysis of the benzodiazepine
nucleug.

In the experimental part, Example 3 is

representative ¢f Progcess B.




but oxycar bonyl am no) benzoic acid 2, which preparation is described in the
experinental part bel ow. EXPERI I\/EI\FI'AL PART 25 The fol | om ng exanpl egﬁ DEC 2003
illustrate, without, however, limting it, the inplenentation of the
process according to t he |nvent|on and the products obtai ned. The process
disclosed in the present application 3%? | lustrates the preparation of a
product of forrmula (1) which is an S erantionmer; with this teaching, the
preparation r respondi ng R anti pode, fromthe 26 DEC 2003 - 13
approprlatefgiﬁﬁgﬁngternedlate according to the process of the,invention
is within the scopa of @ person i4ded int \rt. Jhe puri % he
identity and the 5SWpRYsi coghemytalhcharacteristi ft rotlycts and of
t he essenti al LGS _‘prear_ are det# hed; JLipus: __zh\e purity is
confirmed by chriomat ggraph¥§ (. ope th ons u3|ng‘5|llca
gel (Merck @ 10 andHidhe R OBDSerared £pPbMt edtNor the el ution
sol vent used, whi is usually gentical wth thal used for the

chr omat ogr aphi ¢ @ SI s of the conpounds. Theg 3ol vents are identified
by the follow ng by evi ations: D/IM: dichlorg hane/ net hanol , 99/1
-(v/v), 15 D/ M: djgh! or onet hane/ net hanol , 98/ 2 v) D/ MVb:

di chl or onet hane/ net'hanol, 95/5 (v/ v), DIM\G: di } or onet hane/ 10% anmoni acal
met hanol, 95/5 (v/ hi met 0 me nol 20
80/20 (v/v), - the i eﬁ?&?%y %ﬁ pggguctgﬁﬂﬁé%?ﬁ% tﬁagﬁg p&%%bsed
struct ures oldonfinoned auest r@eler qerestaon ©anuesttdi @W% resonance

spectrung and by theirr, iphgarqdSRect toggaphy.a 25sHhacinN MR spectra are

run at 400 MHz on a ]
intermediate (ZIT} is stirred with an ortho ester

(VII), preferably a methyl ortho ester, in order to

obtain the intermediate (II), which is not purified but

is employed as is in the following stage. During this

10 third stage, it 1s advisable to remain at low

temperature and 1in particular not to exceed 40°C,

failing which (III) and (II) would epimerize to give a

racemic mixture. The duration of the coupling can reach

24 h but it is sometimes much faster. It is possible,

15 by wvacuum distillation, to remove the methanol which

has formed during the reaction; the reaction is thus
complete.

The protected and substituted anthranilic acids

(V) are described in the literature; if not, they are

20 prepared in a way analogous to the preparation of 2-(t-

butoxycarbonylamino)benzoic acid 2, which preparation

is described in the experimental part below.

EXPERIMENTAL PART

25
The following examples illustrate, without,
however, limiting it, the implementation of the process
according to the invention and the products ocbtained.
The process disclosed in the present application
30 illustrates the preparation of a product of formula (I}
which 1s an 8§ enantiomer; with this teaching, the

preparation of the corresponding R antipode, from the



devi ce of Bruker trademark, the conpounds being dissolved in
deuterochloroformwith tetranmethylsilane as internal reference. Thez E‘QEE“ZW
of the signals, their chemcal shifts in ppmand the nunber of protons

which 30 they represent are noted. The infrared spectra are recorded as a
pot assi um brom de disc on a Shinmadzu | R4435 spectroneter. The opti cal
purity of. the various enantiomers 35 is confirmed on an analytical high
pressure |'§EP§0 e Q@toaaap@y systemmali: Meeck te, by ﬂg‘l echionp@n a 250
X 4.6 mnmPir B ' yci ne chiral col um, articles

t her nost at i EéﬁPF?Sé‘onPFoltF ATIBE 1 udit Wlﬁ@%&ne}‘g?haﬁéﬁp?)m% @v/v),

flowrate | gk/sghnsk‘[he_edzanE@eZQ&& 14 result, calculated in the form of
enant i omer i c excess ee), is given by the forrrul a,; rrass of (S) enantiomer
- mass of (R) enant i~ Bfgre rﬁ'&é’s' of (B} enantioiet Y mass26f (R) t"g‘r‘ffanti omer
5 - the mhyghyed:benfhemhcaharc&ﬁﬁatsénss; igecof dethel pRiudtas asdtbére is

suf ficient oduct av bl 8y SLE uncorrect ed nmelti poi nt
det erm ned Eg} th%s%%%lélf‘?gry e He Hnd the oﬁltl ca?gr Ot_éntllngl’c]l

det ermi ned Bhug@® anbi ent tenper ature |n the region of 20C on a Polartronic

device in a C‘t’:'h' 2“ A 'PQQEBnQEr{JnQdC%gr A P984 vtBﬁrS ek Q%Bhgj

description: - concentratin r eNDVi N ven
under st ood 8- heﬁn @Pﬁr@ﬁdlq%ﬁ &%@?Qtﬁé%ﬁ%vé%ee‘ﬁ“erﬁ{ cﬁ'q’ ed &¢6f)an

appr oprigat eaﬁahyaéatglfn@b%@&%d sl@hr NazB Qo 01 £ MY SOt = dbsit Ebhkagdrunder a

water bath £ada BEABEr dtu &mﬂ%&d o0yttt Tt erRR FPaCRe |

chr omat ogra@hyomﬂtagsabhd:a coammysis 2F undee st aathpicaumd=an t Taegse of a

et hod adapteﬂv O are identified by the fellowing abbreviations:
D/M1: dichloromethane/methanol, 99/1 (v/v},

15 D/M2: dichloromethane/methanol, 98/2 (v/v),

D/M5: dichloromethane/methanol, 95/5 (v/v),

D/MNS : dichloromethane/10% ammoniacal methanol,
95/5 {(v/v),
D/MN20: dichloromethane/10% ammoniacal methanol,

20 80/20 (v/v),

- the identity of the products obtained with the
proposed structures is confirmed by their proton
nucleic magnetic resonance spectrum and by their
infrared spectrography.

25 The H N.M.R. spectra are run at 400 MHz on a
device of Briuker trademark, the compounds being
dissolved in deuterochloroform with tetramethylsilane
as internal reference. The nature of the signals, their
chemical shifts in ppm and the number of protons which

30 they represent are noted.’

The infrared spectra are recorded as a
potassium bromide disc on a Shimadzu IR-435
spectrometer.

The optical purity of the wvarious enantiomers

35 . is confirmed on an analytical high pressure liquid
chromatography system of Merck type by injection on a
250 x 4.6 mm Pirkle D-phenylglycine chiral column, 5 pm
particles, thermostatically contreolled at 35°C, eluent:
hexane/ethanocl 50/50 (v/v), flow rate 1 ml/min. The



that of Still et al. (1978), J. Og. Chem, 43, 2923, +the purity of the
elution fractions being confirnmed before they are conbi ned and evapoy pteH()
under the conditions defined above. 25 EXAMPLE | (39)
(2- met hyl - 4- oxo- 4H qui nazol in-3-yl) -9-amino _| _ phenyl- 6 7-di hydr o- 3H
[1, 4] diazepino [6, 7, 1-hi] indol-4-31ane. (7) 30 [ (1) ; A= NH, Z = CH,
Z' =CH Z2 =CH B=CH3, X1 =H X2 =H (Process A) 1) Synthesis of the
i nt er nedi at eeéull): I ruadrdtmﬁtmcé in( 3IWe 3fannnoL9-andmior dmgheny lkx@ets35
di hydro 3H i i)]. indol-4-one. ((VI) ; A = NOR2].
51.0 m of éoncén Faf gé’ggupgh%gﬁ%&a éﬁ d = 1.83) are introduced into a
100 m reactor and, with 2 6 DEC 2003 - 15 - stirring, 16.0 g (57.7 mol)
of (3R) - 3-amnm nomaisqil{Brephntiofher -/makishy @)en@ttomkd, 41 di azepino [6, 7, 1-hi]
i ndol - 4- one’® = REPAT(Efenamtiotlen s 86 (7 )QharkiB@ed Nternediate 1.b of Patent FR
94/ 12282, are added. During the exothermc 5 introduction, the tenperature
reaches 570C the brown solution obtained is cooled to 5-10C. 6.93 g (68.5

mrol ) of pure-pat aﬁﬁyé‘ﬂ&:@élﬁérﬂ@almc&%}lé&éﬂﬂbtﬂgso whcob-asdl phwrise acid (d
= 1.83) ar then rapidly introduced. The ltlngerature rises to .40C and

t hen the 10 Fealfi E‘rﬁ%(tﬁ?e sud Tk W e oeVRLRES r rid Y ther 40
m n. The brmwbﬁﬁéute@nmesmhgcmﬁirm eddéternihel Wy ofhe aayiularef water

and ice. The mxtur i f| ed with a concentrat ed ueous ium
solution an®Thds Q’ﬂ ac vﬁkieh §p% LG8d 1EO- AT IOt 1?8" ﬁg ane. The
or gani ¢ Ophasesieante wasmpdrmnhe watrer @mel dehygdeat ed:fancﬁct"rfe sohveats are
subsequent | 31 £ £OPYRG- DYe gl SLT Lhaki g1 1AL EENG BEAWR K Q@mid @5 due i's

As regards the experimental description:

- the term “concentrating or removing the solvents” is
understood to mean, opticnally after they have been
15 dried over an appropriate dehydrating agent, such as
Na,S0, or MgS80,;, distilling under a wvacuum of 25 to
50 mm Hg (3.3 to 6.7 kPa) and with moderate heating on
a water bath (at a temperature of less than 30°C);
- the term “"flash chromatography on a silica column” is
20 understood to mean the use of a method adapted from
that of Still et al. (1978), J. Org. Chem., 43, 2923,
the purity of the elution fractions being confirmed
before they are combined and evaporated under the

conditions defined above.

25
EXAMPLE 1
{38) -3- (2-methyl-4-oxc-4H-guinazolin-3-yl) -9-amino-1-
phenyl-6,7-dihydro-34-[1,4]diazepino(6,7,1-hi]lindol-4-
one. (7)
30
[(I); A =NH,, 2 =CH, z* = CH, z* = CH, B = CHs, X' = H,
X* = H] (Process A)
1) Synthesis of the intermediate (II)
- Intermediate 1 : (3R) -3-amino-9-nitro-1-phenyl-6,7-
35 dihydrc-3H-[1,4]ldiazepino(6,7,1-hilindol-4-one. ((vI);
A = NO.].

51.0 ml of concentrated sulphuric acid {d =

1.83) are introduced into a 100 ml reactor and, with



obtained (17.5 g), which residue is purified by silica flash

chromat ography. Elution with dichloromethane 20 progressively enri chegpfhi03
nmet hanol nakes it. possible to obtain 12.0 g of purified product 1. Yd

= 75% M P. = 177--178C [cL]D (c = 0.4, CHdA2) = + 66.8C Internediate 2:
2--(t-butoxycarbonyl am no)benzoic acid._25 [ (V) ; Z=CH Z1 = CH, Z2 = -
CH X1 =H X2 =H 22 g (160 muol) oflAnthranilic acid are dissol {/ed wth

stirring in 300 M of _ pethano C rising-10%of 4riethylam . a
reactor pr cﬁtéé”t’-g”e’dlgffrbfn'ﬂoigst{ﬁp‘fe'fg%{“%gs g%(%f (§@t_-%-udtn3%ﬁ%ilgra§rl{o%}1%;te are 30
Z\O/Iggg atnddtmfyh.ramw?+$Hheatebldaazepihui6f6r14hh] iqgel -kikP8re is

rated, e’[eliuei.t e p in_et Aced ek t he, ©r iC
sol ution i PVRRHES with aél%%ir(?m?élm#s%l s%?%ti on a]ﬂ%@dwashed :?hﬁm)ater. The
sol uti on i Laapor aRed94 { he282si duee | sddaken QAFing BEEEdi%’?ﬂ':gﬂ?%%’t%ane and

the insgluble material is hiltg off+2204

. ! ofest heg expeehed produ

The resPdue & ® plgér%narfogfaghedéygﬁegi ILiu(T:?a ir? gi gﬁl oroorgephang nrzlr‘i chgftl (iVZ]
ethyl acet atelutiidmrt pdtagngdof ife SGPR%ed pPodutt™ ;'are Ogt ai med.

[02/_92 ?|3|R) -Ygi(nsl78t6';ygo rﬁm%]ggDﬁggﬁlﬁe 1 oltlzlagfs&hltﬁﬁdhateSBE, dissolved in

(3l -4- - 1- - 3, -tetr r , ' '
1--hi]indolXB-0 W%a‘PSaﬁH}P}’b‘ﬁéﬁylaﬁ:’eﬁ b&%’l c ;C?g){t’ %&Seyfgkgésr?ére%fﬂg) 7: A =
N2, Z = CHnZlodu&dl. Z2hs Cdmpékatife Xpised, to54PEC=andBoEiey g€ 32 mol )

of 2 are dissolved with stirring in 250 o di chlor :
r eact of-Opr GiEREetP f MIMTBiSst OF e, "3rHE i X urgEi Si%/orgl gél_c?loo%%igﬁd |0nga (32

mlrz)x% eﬁzﬁ'dﬂr ?Omg}mio{. diTtlel oboowhhasel wlt Eomdded. PIOCAP35a5eA32EH¥BI )  of
di cycl ohexy%)iérrﬁ%df’?rri(%gﬁ;%&g?gar% 6“5%6%“32 a%?i? lejECés?{i rrrim o
the insol ubbasified with a concentrated agqueous ammoﬁfgﬁfgglétbogt 0C
and then extracted with 3 cimes 150 ml of
15 dichloromethane. The organic phases are washed with
water and dehydraced and the solvents are subsequently
removed by distillation. A light brown foamy residue is
obtained (17.5 g), which residue is purified by silica
flash chromatography. Elution with dichloromethane
20 progressively enriched in methanol makes it possible to
obtain 12.0 g of purified product 1.
¥d = .75% M.p. = 177-178°C
falp (¢ = 0.4, CHCl;) = + 66.8°C.
Intermediate 2: 2 - { t-butoxycarbonylamino) benzoic acid.
25 [(V); Z = CH, 2% = CH, 2% = CH, X! = H, X* = H]
22 g (160 mmol} of anthranilic acid are

dissblved with stirring in 300 ml of methanol
comprising 10% of triethylamine in a reactor protected
from moisture. 38.68 g of di-t-butyl dicarbonate are
30 added and the mixture is heated at reflux for 4 h. The
mixture is evaporated, the residue is taken up in ethyl
acetate and the organic solution 1is washed with a
normal KHSO, sclution and washed with water. The
solution is evaporated, the residue is taken up in
15 dichloromethane and the insoluble material is filtered
of f: 20 g of the expected product (V). The residue is
chromatographed on silica in dichloromethane enriched
in ethyl acetate. A further 9 g of the expected product

2 are cbtained. Overall Yd: 76%.

-



material is filtered off and the filtrate is successively extracted wth a
0. 1N HKSO4 sol ution, a 15 saturated NaHCO3 sol ution and, finally, wZtthDEC 2003
water. The solvent is evaporated under vacuumat OC and the residue is
purified by flash chromat ography on a silica colum, elution being carried
out with the solvent dichloronethane/;5% ethyl acetate. 10 g of a white 20
crystalline solid are obtained. Yd = 60% T.L.C. (DM): Rf = 0.43.
QSCP:. L]; IC ( Binddreddiptany| g yci ng cqlunm 3 rel-wenti ¢ fexanel{ethatdndd/ 50, T

: ow rate: "I mi/ruin, 54. nm: ee = 93.2% 25, 1IH N MR , (ppm :
1.5 (s, 9H)3:,4:§.r27-3t.e§1’(5rﬁdeﬁ$le,f%}.%BQQ%E%%OE% Qﬁg%lﬁ%f’f%oj(\w"m, 5.65 (d,
(1Id—|) 7i—I;)8 (lcalddamoyil }oherSy (Imadmic Aadld (chbdtfyl,eqde88. (d, 1H) , 8.22

,  2H), 8. s, ,1H),,. 8. 4Q- 8. (da 1 1021 _( 1H . I ntepnediate 4:
2-ami no- N- ( @ﬁé’-@?ﬁﬁ rNoC?M- xa-fq?{phg”nyr%% % 2, éJé: gl?t_etlg‘a%dr_o "1, 4]
di azepi B0 [F& =7,t-BANl] indol -3- yl)benzam de. [(111)- A= N2, Z = CH, Z1 =
CH 22 = CH XL = W X235, Hhol9 @19 4uml ;s 0f 038k iRty Qiuced; dnt o 500
m 35 . of dichloro t%aneﬁ%ﬁ g 50 éf reactér grgtectéd from noi sture and
under a ni to@&® atlnhidre dhahipeATesRangCclnys §FeEeERIMAAIOtasFted
trldfl uor oaq%wpt@%m%@%% Izglfer afleedre T_Iir@ r&aﬁ}%@ k® sdda;<r gflaf aro & BEgt 286:3
an is evaporated a under _yvacyum e residue js taken .
- 17 up iH3_§t B1CHcePht & it the r&%i%%%?‘aﬁt#%n%?ﬁ@d Ey‘%ﬂzetcﬁ an
NaHCCBL g ol ut.izengandsthenmwii h af Naftdrofsdn ofc r tado by apHERED aindC. Crude

product: 8.4 g. The prodyct i mpl oyed cruyde in i.he foll ow 5 stage.

T.L.C. (IDPMP)9 Rpf% Bed) ok %lﬁ.cé%%eﬁy .c.arﬁo.éﬁif“@‘fe s?l?%%% a’s"0c (s,

2H, exchangesdkle) After stirring for 4 h at 0°C, the insoluble
material ig filtered ©off and the filtrate is

successively extracted with a 0.1N HKSO, soclution, a

15 saturated NaHCO: soluticn and, finally, with water. The
solvent 1is evaporated under vacuum at 0°C and the
residue is purified by flash chromatography on a silica
column, elution being carried out with the solvent
dichlorcmethane/5% ethyl acetate. 10 g of a white

20 crystalline solid are obtained. Yd = 60%.

T.L.C. (D/M1): REf = 0.43.

H.P.L.C. (Pirkle/D-phenylglycine column, eluent
hexane/ethanocl 50/50, T = 35°C, flow rate: 1 ml/min,
UV: 254 nm}: ee = 93.2%

25 'H N.M.R., & (ppm): 1.5 (s, S9H), 3.2-3.6 (m, 2H), 4.05-
4.25 (m, 2H), 4.75 {(m, 1H), 5.65 (4, 1H}, 7.08 (t, 1H),
7.4-7.6 {(m, S5H), 7.80 (d, 1H), 7.88 (d, 1iH}, 8.22 (4,
2d), 8.3 (s, 1H), 8.40-8.45 {4, 1H), 10.1 (s, 1lH).
Intermediate 4: 2-amino-N-((3R)-9-nitro-4-oxo-l-phenyl-

30 3,4,6,7-tetrahydrc(l,4ldiazepino(6,7,1-hi]lindol-3-

yl) benzamide.
[(III): A = NO;, Z = CH, z' = CH, 2?® = CH, X' = H, X? =
H]
10 g (19 mmol) of 3 are introduced into 500 ml
35 . of dichloromethane in a 50 ml reactor protected from
moisture and under a nitrogen atmosphere and then, at
peC, 75 g (665 mmol) of ctrifluorcacetic acid are
introduced. The mixture is stirred for 1 h at 0°C and

is evaporated at 0°C under vacuum. The residue is taken



3.1-3.5 (m 2H), 3.9-4.12 (m 1H), 4.4-4.6 (m 1H), 5,12 (d, 10 1H), 6.35
(s, 1H, exchangeable), 6.45-6.6 (t, 1H , 6.65 (d, 1H , 7.12 (t, 1H)§DEC 200
7.35-7.6 (m 4H), 7.6-7.9 (m 1H) 7.9-8. 1 (m 1H) , 8.38 (s, 1H , 9.25
(m 1H) . Internediate 5. N-[2-((3R)-9-nitro-4-oxo-I|-phenyl 3, 4, 6,
7-tetrahydro [1, 41 diazepino [6, 7,_1;thi] indol-3- 15

yl car banoyl ) phenyl Jacetimdic acid nethyl ester. = [(11) ; A= N®, Z =

" CH 72" = CHipZ&n= e@Hleatdgi%e>%n&*tﬁ@ arganBﬂ—éaiﬂtﬁaﬂ)ﬂﬂ ﬁ&sﬁé*nEthy|
orthoacetate and are introdu |ntoare t ar tected from
noi st ure ﬂ%da%nﬁégcgmﬁfj}b‘&éﬁnataﬁﬁsp §. WThE &f) 1ot°ts placed

under a vacitiinefaghdatkdd ando?s. hephéd atcdC: - f oL 46gh. The mxture is
evapor at ed under v um a confiris he exi st.en of . t-he new product
5 0 5 of crude ri: PERBFpads: S gt fadde” SRR 4R

0.87. 1H Nddaye., & (ppm : 1.95 (s, 3H) , 3.13.6(m 2H) : 4.0 (s 3H)
, 3.95-4.22.(;m .8 1H , 5.7 (d, 1H), 6.85 (d, 1H),
715730ZFL %/f'l PRE: 6n§%o 6H . 8.15-8.25 (m 2H) , 8.3 (s,
broad, 1H) 689%55(9@ 1H) 2) (3S) -3- (2-meth

| - 4- - ox0- 4Bqud RAZOI | 1y i) - 93 a8 Ns, 2, p@&@ﬂaﬂ%eable . 3.1- 3.

7-di hydro-3H [ 1 4Ld| aze |no[6 7,1-hi |ndoI 35 , one (7)5 ro (uct 6:
(3S) - 3- ( 2- nEthybE 40)@0 A ndPol ihD3-yF)4-4-6 m'

9-nitroegl - phenyls B - ds hydro- 3kchindkdbazepi Bok6,-%,.%5 (W] ivxiol -et-ame. 26

gg(c): rzﬂoogf aﬂlcﬁhl%?grret hé‘% é’hNt?zf'(sgg 0 EZ%e |?f_r{r’od‘§p’d |ntf)( ; rHegi?:’(tzor: "

protected futhm roistdure amd 1HNdes - 38 n($rog:éh, a? ndSplmr elHD. 2 g of scandium
-9 tr'fluor%@%éyﬂgﬁﬁgﬁgmma%ﬁ is gdded @ng)the Jiodde ds&-1-phenyl -

3,4,6,7-tetrahydro(l,4]diazepino{6,7,1-hi]lindol-3-

15 vylcarbamoyl)phenyl]acetimidic acid methyl ester.
[(II); A = NO;, Z = CH, 2" = CH, 2Z* = CH, B = CH;, X' =
H, ¥ = H, R = CH;]

500 ml of trimethyl orthoacetate and 8.4 g of 4

are introduced into a reactor protected from moisture

20 and under a nitrogen atmosphere. The stirred reactor is
placed under a vacuum of 0.1 kPa and is heated at 40°C
for 6 n. The mixture is evaporated under vacuum and NMR
confirms the existence of the new product 5: 10 g of
crude reaction preoduct,

25 HPLC: ee > 95%.

TLC (D/M2): Rf = 0.87.

'H N.M.R., & (ppm}: 1.95 (s, 3H), 3.1-3.6 (m, 2H), 4.0

(s, 3H), 3.95-4.22 {m, 1H), 4.65-4.8 {(m, 1H), 5.7 (d,

1H), 6.85 {d, 1H), 7.15-7.30 (m, 1H), 7.35-7.55 (m,
30 6H), 8.15-8.25 (m, 2H), 8.3 (s, broad, 1H), 9.65 (d,

1H) .

2) (238) -3-(2-methyl-4-ox0-4H-quinazolin-3-yl) -9-amino-

1-phenyl-6,7-dihydro-3H-[1,4]diazepino{6,7,1-hi]lindol-
35 . 4-one. (7)

Product 6: {38)-3-(2-methyl-4-oxo-4H-quinazolin-3-yl) -
9-nitro-1l-phenyl-6,7-dihydro-3H-(1,4]}diazepino(6,7,1-

hilindocl-4-one.



left stirring at anbiant tenperature (18C) for 18 h. Wshing is carried
out with an NaHCO 3 solution and the organic phase is dried and 2 6 DEC 2003
evaporated. The residue is purified by silica chromatography, the elution
being 10 carried out with a gradient of nmethanol in dichloronethane. 88%
of a product 6 are obtained. HPLC. ee.=84% 1HN MR, d (ppm: 2.70 (s,
3H), 3.2-3.6 (m 2H), 4.0 4.25 (q, 1H) 4.7-4.9 (m 1H), 7.28 (s, 1H),
7.35-7.65 1p(1)m XH) Ndz,e& % &5 (m* 2HCE,8215=8CR3 Km 2HH) x?8 304] 8.35 (m

1H). Product 7: [(I) éil 2 =
1.5 g of the pr oduct- g%t ali negzllcgllt i anrg;ceﬁl ng stgge are- 5 ard
hydr ogenat ed.retra80@adch 150onia ofeaqeohamotaqt%efmresmt@tﬁ?ﬂ ;NG of 5%

rut heni um on;, ghar cgal , L&qu pg@,ﬁgg Bapf 80Q) &Pah%Af el coolhfng,n

filtering anéirlna ngt al yst met hano| , t solvent 1s

evapor at ed. tmélpmmesth@%wkm@wmphéd agiiadh andr hEreMixgMre is
di chl or onet haire epeishedsi Riteifenohe ¥ eréé%reTL@e(iM) FoRf 13 Or 25.

‘HPLC. ee—94% IHN MR 2 (m
1H) 3.85 (qWaptying 5“Cq,cafFl}ed6°2‘FrQ mtﬁmaneNgH?Qs fﬁiuﬁiw %@(%he
7.4-7.6 (M orgédic ghisémis2Hixidd 9aam ;M&pdkdﬁhd(dThéer51ﬁd§ 1§300
1660, 1580, 148 8 130 0 0, 7 26 DEC 2003
- 19 EXAVPEET, %‘%\‘}gt %% - ?j(gﬁ)-- 0amrr‘zlt(:)':ndogr4ap8rl §E2’heny19 g

t etrahydeo [darriledi azepi no yi5h 7, 4 - higradidoit 3- vdf 4n&j>¢mar5:l in

?Kule d&“{“%ﬁ%@éﬂ%f@ﬁﬁ'aﬁ Géépoa@ébyé @ééeébtaiﬁéa [ {I}.;]Alg

Thi's productHLs praspar &£ ¥+ om t he sanme nitrated
'H N.M.R., 8 (ppm): 2.70 (s, 3H), 3.2-3.6 {(m, 2H), 4.0-

4.25 (g, 1H) 4.7-4.9 (m, 1H), 7.28 (s, 1H), 7.35-7.65
15 {m, 6H), 7.65-7.85 {(m, 2H), 8.15-8.28 {(m, 2H), 8.30-

8.35 (m, 1H).

Product 7: [(I}; A = NH;, 2 = CH, 2' = CH, Z° = CH, X' =

H, X* = H]

1.5 g of the product’ 6 obtained in the

20 preceding stage are hydrogenated at 80°C in 150 ml of

methanel, in the presence of 1.3 g of S% ruthenium-on-

charcoal, under a pressure of 800 kPa. After cocling,

filtering and rinsing the catalyst with methanol, the

solvent is evaporated. The product is chromatographed
25 in a gradient of dichloromethane enriched in methanol.

¥Yd = 55%. TLC (DM2): RfE 0.25.

HPLC: ee = 94%.

M N.M.R., & {ppm): 2.8 (s, 3H), 3 {(m, 1H), 3.2 (m, 1H),

3.85 (g, 1H) 4.5 (g, 1H), 6.4 (s, 1H), 6.8 (s, 1H), 7.1
30 (s, 1H), 7.4-7.6 (m, 7H), 7.7 (m, 2H), 7.9 (m, 1H).8.15

(d, 1H) .

I.R.: 3300, 1660, 1580, 1480, 1380, 1300, 1240, 1100,

880, 780, 700 cm™”



amne 1 as for Exanple 1, and fromthe nononet hyl ester of protected

2-am noterephthalic acid, itself prepared in tw stages from 2 6 DEC 2003
2-am noterephthalic acid. 15 1) Synthesis of the internediate (I1)

I nternediate 9: 3-(t-butoxycarbonyl am no)-N-((3R)-9-

ni tro-4-oxo-I|-phenyl-3,4,6,7-tetrahydros {1, 4] diazepino [6, 7, 1-hi]

i ndol - 3-yl) terephthalamc met hyl ester. 20 [(IV) ; A= N®,. Z=CH Z =
CH Z2 = CH X =H X2 - C02CH3, PGaMPLEBQC] 7 g (32 mmol) of

2- (t-butoxycarbonyl anm no)- terephthalic acid 4-nmethyl ester are dissolved
with stirring in 250 m  of dry dICh| ororrethane in a reactor 25 protected
from noi st @Erdledh ) ] ; ol ) of 1 in 30

M of di cmt@%g%%@@ | g Adge mafgzvglcgz]ma 3T HOBT 839.6.6 g (32

nmol ) of soluble

mat eri aP |MJ§WﬂM%M§Mt%&m§ﬁ&§ﬂely Wit h
~a O 1IN HKSG4 3ol ution, a saturated NaHCO3 solution and, finally, wth

wat er. The  solvent is evaporated under vacuum at 0C and the residue is
purified by flash chromat ography on a silica colum, elution being carried
out with thie{9ol vent M5, Zichlthr difet=hale/ 3% et Afl, &cet &He. X0 g Bf 9 are
obt ai ned- \Qd = Q)O/& 195A\| }R $ (pprr) 1.42 (s, 9H), 3.12-3.6 (m 2H), 3
.95-4 .2 (M 1IH) 123 (s , 4.52 (m 1H , 5.62 (d, ZH), 7.4-7.65
(m 4H}0 7.65-7. 72 TS Jm;odwcvzls prepeged2do3m the same mHtraged 15 (d,
|F.) . 3.42n(i%he Has Bor8ef2mple 11- hndl@rbe (td]:e Mdnomelth?6 dscetH) , 10.
B8 (s, 1H) H P.T.C (Pl rkl e col umm, t?{ henyl CI ne, el uent

hexane/ et h&fol PEDFSBE ST 2 -3HGEC A&k Tt 4° n'? U\g‘ gﬁeWEd =

93. 2% | nt emmedicat=e dfss Fash ND- 1A rSpint ha Did- @cxnc-i

1- phenyl -3, 4,6, 7-tetrahydro[ 1, 4] di azepi no[ 6, 7, 1-hi ] -

15 1) Synthesis of the intermediate (II)

Intermediate 9: 3-(t-butoxycarbonylamino} -N- ((3R) -9-

nitro-4-oxo-1l-phenyl-3,4,6,7-tetrahydro-
[1,4]diazepino(6,7,1-hi]indol-3-yl)terephthalamic
methyl ester. .
20 [(IV); A = NO,, 2 = CH, 2z' = cH, 2° = CH, X' = H, ¥ =
CO,CH;y, PG t-BOC]
7 g (32 mmol) of 2-(t-butoxycarbonylamino) -

terephthalic acid 4-methyl ester are dissolved with
stirring in 250 ml of dry dichloromethane in a reactor
25 protected from moisture. The mixture is coocled to 0°C
and 10 g (32 mmol) of 1 in 30 ml of dichloromethane are
added. 4.32 g (32 mmol) of HOBT and 6.6 g (32 mmol} of
DCC are added. After stirring for 4 h at 0°C, the
insoluble material is filtered off and the filtrate is
30 extracted successively with a 0.1N HKSQO, solution, a
saturated NaHCO; solution and, finally, with water. The
solvent is evaporated under wvacuum at 0°C and the
residue is purified by flash chromatography on a silica
column, elution being carried out with the solvent
35 . dichloromethane/5% ethyl  acetate. 10 g of 9 are
obtained. Yd = 60%.
'H N.M.R., & (ppm): 1.42 (s, 9H), 3.12-3.6 {(m, 2H),
3.95-4.2 (m, 1#), 4.05 (s, 3H), 4.52 (m, 1H), 5.62
(d, 1H), 7.4-7.65 {(m, 4H), 7.685-7.72 {(m, 1H}, 7.72-8.1




i ndol -3-yl)terephthalam c acid nethyl ester . [ (Ill) ; A= NX®, Z=CH Z1
= CH Z2 =CH X =H X2 = 10 CRCH3 at the para position] 27 g off PDEr®03
dissolved in 1.4 1 of dichloro- nethane and 140 ml of trifluoroacetic acid
are slowy added. The reaction mxture is left stirring for 1 h at nornal
tenperature and is evaporated under vagjgumat a 15 tenperature of |ess than
25C. The residue is taken up in 1 1 of dichloronethane and washed with a

_Ela_;’f) sol utionp ﬁfl}NchgI;J_Bnd(\@at efgzpnd st hen v\g;hl\mtera satar atiegd wigh Nad .
e organic ase is dried over sul phat e eva ated at a tenperature
of Iess tharf 2% (If t'6t 2]0012%0?51%11 % f/l ?lc [n di chl or onet hane

((anrin;:hed i m.met mnol PZ_J::}-{Leg (%%unm‘ an m{phélrﬁrlag.eycmbtaj necelugh®N. MR, S
pp : 4 15

iH . 3 9%‘?éanefl%t%arkf’%§5r@] 1|3)35 5‘3'2335(10"" (@CESJB(SHJ(/ (m
730750@m2@3|~4)rﬁ:57e760-758132(m 1H), 8.05-8.35 (m 3H). Interrredlate 11:
- 3-(1- ”Ethoﬁﬂﬁthﬁé¥%§g“ﬂP) y’é&%ﬁb ﬁ'ér3RJ -9-nitro-4-oxo-

9-nitro-4- = 0-
[ 1, 4] di azepi-mbwesiyZ -E Hi |6 rffdxﬂetacasm)ci@@pm}@%wwmi@ Trethyl —ester. 30 [

(Lr) 5 A =iNR1 A 3 1GHe ot fdladde 24H deth sger H X2 = para- C02CH3]
20 g of 10 are di'ssol'ved in 750 m_ of trlrrethy orthoaqetate 840 ng of

scandi um t rli fiZddriofet hatiez: sfil phbRat & areCHdddd andHrhel mixtin &5 5™ stirred
at 40G @5 whi,te, c4eathagparyagysi 0bnl00 to 140 hPa. The progress of the

reaction is nonitored 1§ pPgducl ica Hli%tselgn%ornedbp#q Ihe aminoether 11 and

correspondi ng cycl |22 t ‘(Ef) he mxture I's evaporated
to ., 2 6 BDECHh20@3 an?1l4dr ylesst afrefladrbacEhecurpiid f heg priotilet i s

e”p' gygd aﬁfﬁ*&e fgfﬂté% ﬁ?%@ig@ﬁéﬂé\'&&s&%}%{; fo% 9L5r£5ac 3H)
( normal temoerature and is evaoo*ated under ggcuum’at a
15 temperature of less than 25°C. The residue is taken up
in 1 1 of dichloromethane and washed with a S% solution
of NaHCO; in water and then with water saturated with
NaCl. The organic phase is dried over sulphate and is
evaporated at a temperature of less than 25°C. After
20 chromatography on silica in dichloromethane. enriched in
methanol, 21.4 g (95%) of an oil 10 are obtained.
'y N.M.R., & {(ppm): 3.35 (s, 2H, exchangeable), 3.1-3.5
(m, 2H), 3.%-4.15 {(m, 1H)}), 3.95 (s, 3H), 4.55-4.65
(m, 1H€), 5.23 (s, 1H), 5.60 (d, 1H), 7.30-7.50 (m, &H) ,
25 7.70-7.80 (m, 1H), 8.05-8.35 (m, 3H}.
Intermediate 11: 3- (1-methoxyethylidenamino) -N- ( (3R) -

9-nitro-4-oxe-1l-phenyl-3,4,6,7-tetrahydro-
[1,4]diazepino[6,7,1-hi] indol-3-yl) terephthalamic acid
methyl ester.

30 [(II); A = NO,, Z = CH, 2z* = CH, 2> = CH, B = CH;, X' =
H, X? = para-C0,CH;]

20 g of 10 are dissolved in 750 ml of trimethyl
orthoacetate. 840 mg of scandium trifluoromethane-
sulphonate are added and the mixture is stirred at 40°C

35 . while creating a vacuum of 100 to 140 hPa. The progress
of the reaction is monitored on a silica plate and by
HPLC. The amincether 11 and corresponding cyclized

product (I} 12 are formed. The mixture is evaporated to



5(m 1H , 5 .22 (s, 1H , 5. 60 (d, 1H , 7.30-7.50 (m 6H) 7.70-7.80
(m 1H), 8.05-8.35 (m 3H). 2) 2 6 DEC 2003
2- Met hyl - 3- ((3S) - 9- am no- 4- oxo- | - phenyl -3, 4,6, 7-

tetrahydro(1, 4] di azepi no{6, 7, 1-hi]indol -3- 1)-4-oxo 10 3,

4- di hydr oqui nazol i ne-7- carboxyllc acidymet hyl ester (13) Product 12:

2-met hyl -3- ((3S) -9-nitro--4-o0xo-I|-phenyl -

3,4,6, 7t(ﬂdfﬁﬁ@&@[é;ékdi&BemINﬂKé?uﬁe@iifhddls&cﬁth is employed

4- 0X0-

3, 4-di hy r oquihazol | ne 7 car boxyl ic acid nethyl 15 ester [(l) ; A =
N2, Z = CH"Z “ai‘f O®H,, X = H XZ = COOCH3 at 7] The
product 11,'BEwd.ohRcan &:o(rppm)s:e la %:mal(ﬁ am)untB af-31.3, (s dA¥sol¥eiBin 250

m of trinmethyl ort etate SC trhfluor et
sul phonate {l aa%@d é]?fsfu ngél s' egun at angé]an terrperatétjre J‘(’Ia%C) and 2
m of tFifllorddbetiZ 2Ri dsar &H) addedl AftedH4 H,- I Qe €rarding
mat eri al re;r_a;lcrLs;_SOThﬁnm%{r[)ureal@_:,eyapg)r%edBH he residue is taken up in 25
di chl oronet hane and the solution is washed with a 5% NaHCO3 sol uti on and
then with water, dried and evaporated. The residue is purified by
chromat ogr gphy  omesidyicas i n( ﬁﬁgrﬁda@ﬂﬁ004 ak@higpﬁaﬁymaae4earvched in
met hanol . I0. 4/ 0 re. obtal ned. | ] T 9 crystals from
met hanol . | LG 2P 2950 p11ndg 259~ 3.35-3. 48
(1H), 3090 y,&,- cﬂ}*bydrqu]jﬂla’l?ZDIMe 1T—I)c;axﬂbc&8{*4c75a¢nqi I chpl 20&s(tsar 1H),
712(s 1%730740 (m 2H), 7.40-7.50 (m 3H), 7.97 (d, 1H),
8.10-8. 20 (m 8.35 (s, LH), 8.4 (s, 1H). Product 13: 3.0 g (5.7
mol ) of 12Prpduali 950 védmeﬁhﬁmmf (@6) -Rertidnsi-4 e doiaharei 1 s pl aced in
a hydrogenat g 16 ’ﬁ—'&tectf’!}lﬁ}@[;e %&&960*5 §‘YhHPlﬂ§BLU@19m70har coal

|

26 DEC 2003 - S bro ht_to a n_pr r f kP
4- oxo 4= dlhydroquinazolfﬁg 7~ carbo%yEoge a%l%§5“ 5 O 800 &

15 ester
[(I); A = NO,, Z = CH, 2* = CH, Z°® = CH, B = CH;, X' = H,
X* = COOCH; at 7] ‘
The product 11, which can comprise a small
amount of 12, is dissolved in 250 ml of trimethyl
20 orthoacetate and 1 g of scandium trifluoromethane-
sulphonate 1is added. Stirring is begun at ambiant
temperature (20°C) and 2 ml of trifluorcacetic acid are
added. After 24 h, no more starting material remains.
The mixture is evaporated, the residue is taken up in
25 dichloromethane and the solution is washed with a
5% NaHCO; solution and then with water, dried and
evapérated. The residue is purified by chromatography
onn silica in a gradient of dichloromethane enriched in
methanol. 10.47 g of 12 are obtained in the form of
30 crystals from methancl.
'Y N.M.R., & (ppm): 2.72 (s, 3H), 3.1-3.25 (m, 1H),
3.35-3.48 (1H), 3.90 (s, 3H), 4.0-4.12 (m, 1H), 4.68-
4,7 (m, 1H), 5.20 (s, 1iH), 7.12 (s, 1H), 7.30-7.40
{m, 2H), 7.40-7.%0 {m, 3H), 7.97 (d, 1B), 8.10-8.20
35 . {m, 2H), 8.35 (s, 1H), 8.4 (s, 1H).
Product 13:
3.0 g (5.7 mmel} of 12 are dissclved in 150 ml of
methanocl. The soluticon is placed in a hydrogenator,

into which are poured 3.0 g of S% ruthenium-on-charcoal

-



The interior of the reactor is heated at 80C for 1 h. The mxture is

exam ned on a silica plate after cooling: there is no nore Sta”'”QEUEEZUfB
material. The S mxture is filtered, the filter residue is rinsed,

filtrate is evaporated and the residue is chromat ographed on S|I|ca |n

di chl oronet hane enriched in nmethanol- 22 g (yd = 719% of pure product 13
are obtained. 10 IHN MR, S (ppm : 2.8 ( s, 3H, 3. 0-3. 1 (m 1H),
3.25- 3. 3 an@mwhilh i% GEoBh({ nro 24) hydr8Sefisprdburd. 6£48700 Pr.1H),

6.45 (s, 1 6 5 . (s, 7076(m5K)
"800 tu, itpe" sy ey e Rg et frot e rdeq e it sdedi il
1770, 1650, Th620mik590;= 1569, e31a1801e444®'1 1880511308, p240e 136021090,
%gé? 27§gthy%ég %g}ggFﬁ%Q' 0%%¥)}%%eHY$gthSé§rtlng material. The

3,4, 6, 7-1 et RaKGare[ L]t Bz@FF Ao 627, FIACRPIndRSi3ug )1s rinsed, the

4- oxo- 3, 4- dehydr-gegi nazpl | nee%a%&'@%)d iC aghd. knel) 1re%rdLM'|2 £g= CH, Z3
= CH Z = al um ni,um

71
tribronide S?EGBGEPSHaPHFé % fdlrﬁcaof l?em’a@ﬁ e(‘fllﬁ*ﬁ“eénd t he
mxture is inocherhdrmo20C2 Aft éydl10- mmy) 1. «df g pofrel 3prdidssol vied ame 10 m
of THT, are gg\%ed gnd the mxture is Ieft stirring overni ght at anbi ant
terrperature r%and dichl oronet hane are added and a solid is separ at ed.
The 30 1 | t ttatde. N SR evapofmtred;: Thes adaeodl) phase-pslexty atkied 3wRkEh

di chl or onet agg and ey__@)oor ated, ,glfg5 the %}tragt? af;se copi ngdgapd-,brought
oro

to a pH of in the presence wat'er and ch orm D|ssolut|on|s

carried out {fn 1Ehr ofofsr rhsconpgh)isithgf 508 of Lt handf. (A 38HEhr dmdfogr aphi ¢
separation s, catniedy oplt 7 08 Sinl,i CE) , €ebubi oy being, car pised(@ut 1whth a

gr adi ent of n%%rb?nol n di chl or onet hane. The fractions conprising the

pr oduct aredc fedlh d subj ected to reverse phase chromatography of
Kromasils C1B.kype 3afocy uny3e) udizae, 1770, 1650, 1820, 1580, 1560,

1480, 1440, 1380, 136C, 1240, 1160, 10%¢, 1010, 764,

710 cm'*

ee = 96%.

3) Product 14: (38)-2-methyl-3-{3-aminc-4-oxo-1-phenyl-
20 3,4.,6,7-tetrahydro(l,4]diazepineo(6,7,1-hi]indol-3-y1}-

4-0x0-3,4-dihydroquinazoline-7-carboxylic acid.
[(I); A = NH,, 2 = CH, 2= CH, 2> = CH, B = CH;, X' = H,
X? = CO;H at 7]
4 g of aluminium tribromide are poured into
25 20 ml of tetrahydrothiophene (THT) and the wmixture is
cooled to 20°C. After 10 min, 1.4 g of 13, dissolved in
10 ml of THT, are added and the mixture is left
stirring overnight at ambiant temperature. Water and
dichloromethane are added and a solid is separated. The
30 filtrate is evaporated. The agueous phase is extracted
with dichloromethane and evaporated. All the extracts
are combined and brought teo a pH of 3.8 in the presence
of water and chloroform. Dissolution is carried out in
chloroform comprising 15% of methanocl. A
35 . chromatographic separation is carried out on silica,
elution being carried out with a gradient of methanol
in dichloromethane. The fractions comprising the
product are combined and subjected to reverse phase

chromatography of Kromasil C18 type of 5 um, elution



260EC2003 - 23 being carried out with a gradient ¢ acetonitrile in water.
obtained: 0.476 g (Yd = 359 of 14, light beige powder. T.L.C (D @EC 7003
Rf =0.37. 5ee =94% 1IHNMR , 6 (ppm : 2 .7 (s, 3H , 3.0-3.

1H , 3.3-3.4 (m 1H) , 3.4-3.7 (m 3H) 3.8-3.95 (m 1H), 445455(m
1H , 6.43 (s, 1H) , 6.9 (s, 1H) , 6.9%3 (s, 1H), 7.4-7.6 (m 5H), 7.95-8.2
(m 3H. 10 I.R: 3350, 1680, 1480, 1380, 1300, 1240, 1170, 1110, 1010,
790, 690. EXANRIFE 3at35pd- ul 2wMehhysl -draavedtt @yt i doefBnidrdlpyrimi din-

153y|)9amno| 7-d dro- 35 l: zepi 6, 7, 1-hi
i ndol - 4- one.” &ZI}I yne‘g = Nih:i%( f\il llﬁ Z— pu%hl[fu 7,ge|13 = ]CHS
\>/\(/|h = H, 20 ﬁmu&ieﬂyntheas is an |IIustrat|on of the direct process B,

ere the Syn th is ot startyfyoma protected ortho-anino acid but
directly from a(ra?sor Eﬁ@-ﬁ\ﬁadr}l no aC| {f 1) Synthesis of the internediate
(1) 25 $nt eenedi®dt® 15: 2-am no- N ((3R) -9-nitro-4-oxo-1-
phenyl -3, 4, 6 7- el r ahydro[ J(,pﬂ,gl azephno[(g 7, thl ] |;nd@13 8-yl ni qq;)l nam de.
[(I11) ;5 A= NXR, Z =N, Zl—CHZ E?F H| (22.3
ol ) of 2- anrenidcofPni i d Jarke 3 30 ss&Wed \'-Rn 18h st9|5rri“ﬂg | 150 m of
dr yI ;ﬂl c][ﬂ or arTmtshgn%slsg(e rf.g@%pr aom;zi ec¢ked fxpom rmlsst(tjoee h_12 } pl @3 «518, 6
mmol ) o an 9 :Z)(g(: re a The m xture is
cooled to Sand8.:0 g '( 1§; 6"}1'2?‘;] 237 Zgg ﬁi‘ gﬁ%dl chl oronet hane are
added. B5. IAfR’I er m&orl ngsbor 28h alzﬁ)@ LR g, nsidl 4] elwr@Derildllo,i s
filtered offl due is rinsed with dichloronethane. The organic
phases are evapdrat ed anc?

EXAMPLE 3
(38) -3- (2-Methyl-4-0oxo-4H-pyrido [3,4-d]pyrimidin-

15 3-v1l)-9-amino-1l-phenyl-6,7-dihydro-3H-
[1,4}diazepino[6,7,1-hilindol-4~cne. {(18)

(I); A = NH,, Z = N, Z* = CH, Z°® = CH, B = CH;, X* = H,

20 This synthesis is an illustration of the direct
process B, where the synthesis does not start from a
protected ortho-amino acid but directly from an ortho-
amino acid (V'}.

1) Synthesis of the intermediate (II)
25 Intermediate 15: 2-amino-N- ({3R) -9-nitro-4-oxo-1-

phenyl-3,4,6,7-tetrahydro[l,4]diazepino(6,7,1-hi]indol-
3-yl)nicotinamide.

[(III); A = NO;, 2 = N, 2' = ci, 2® = CH, X' = E, X* = H]

3.08 g (22.3 mmol} of 2-aminonicotinic acid are

30 dissolved with stirring in 150 ml of dry

dichloromethane in a reactor protected from moisture.

2.51 g (18.6 mmol) of HOBT and 3.83 g (18.6 mmol} of

DCC are added. The mixture is cooled to 0°C and 6.0 g

(18.6 mmol) of 1 in 25 ml of dichloromethane are added.

35 . After stirring for 24 h at 0°C, the insoluble material

is filtered off and the residue 1is rinsed with

dichloromethane. The organic¢ phases are evaporated and

the residue 18 dissolved in an excess of

dichloromethane. The organic phase 1is washed with a



the residue is dissolved in an excess of dichioronethane. The organic
phase is washed, with a 260EC2003 - 24 0.1N HKSO4 sol ution, a satumggp 2003
NaHCO3 solution and, finally, with water. The solvent is evaporate er
vacuum at OC and the residue is purified by flash chromatography on a
silica colum, elution being 5 carrledzgut_ with DML. 4.0 g of a V\/nite
crystalline SO|Id 15 are obtained. Yd™= 48% T.L.C. (DML) : Rf 0. 49.
1H N. M R 8. I§:§prﬂKSO3 gglét:)?gngma 1E%tu§a€'e§ REdd, 4d1uhoe_ ‘én& (m 1H),
4.7-4.8 m 0 (s, 2H, exchangeabl e) 6. 75 ‘(m 1H)
7.4-7.5 (m tarplly, 5wrte‘1(f'natsm) 37"195 SRVeny | 19, ganpratgd  wgdss (m

2H) , 8 .32.6MuukHat lonicer aRdi a&l@elﬁreé\fc{@e((x%R) QrEieq- %;oxgllashhenyl
3,467tetrah droigi 4] di azeni no[ 6, 7, [ %

yl car baroyl §pFPPaF 9§39F]facé’t“i m di ¢Sk F&arret u“é%'t erel‘[lt%?’?) being Nop, 7
=N Zl5x CGhré2ed GH.\t Bw—}.t@'BD/K]. = 4,0 Kzof Hh RiEdEH3Er¢sBadlahel5 are
di ssol ved in_ 125 wt of . Lrioethvl ?{rth_o%%et ate; the mxture is heated at

40C 20 witf°s i'r¥ng un aén\ei;‘acuum of "0."I. kPa in order to renove the

met hanol wh"fch Cs flBryMya) |nRtEhe= Peddt.ion. After 6 h, the reaction is
conplete. T vent 4 s jap d+ apel e depQu i(§ U dlrectly
in the folﬁ‘gwn reacgtloerﬁP(ZSOjlaé{I ?\/lﬁl I,m Epgngz §99u85 (Fn iﬂg

.1-3 .6 (m42Pr;? 43295&13 2l BH)7-48 (B, 45 5@54(735 (#ﬁ” AHF - 45 62

(d, 1Hno @5 722, (nxdilingdaBbe¥; 5% .0M 7n'1'D l§§95‘784357 g MmZ2Hpx) §. 35-8. 55

(m 1H) . 30 gsé) -3 (2 Mathél-4 0x0- 4H p rug Lf’ pyrl d|n-
3-yl)-9-ani 71031‘ pher - EF-di hyfro- B ¥ 4] 7dPazé ﬁf“]

i ndol - 4- onezq(,’LSé 3br @ducum? 16 is taken up in 400 m of d| chl or onet hane,

35 240 ny (16(V% 1¥m¥§ g@t) of Gscandhu'f%tr H{}jogof@EggnE -oxo-1-phenyl -

3,4,6,7-tetrahydro{1,4]diazepino(6,7,1-hi]lindol-3-

15 vylcarbamoyl)pyridin-2-yl]acetimidic acid methyl escer.
[(II); A = NO,, 2 = N, 2* = CH, 2* = CH, B = CH;, X' = H,
X* = H, R = CH;]

2.0 g of 15 are dissolved in 125 ml ©of

trimethyl orthoacetate; the mixt’ure is heated at 40°C

20 with stirring under a vacuum of 0.1 kPa in oxder to
remove the methanol which is formed in the reaction.
After 6 h, the reaction is complete. The sclvent is
evaporated and the c¢rude product is used directly in
the following reactiom.

25 'Y N.M.R., & (ppm): 2.1 (s, 3H}), 3.1-3.6 (m, 2H),
3.95-3.2 {m, 1H), 4.1 (s, 3H), 4.55-4.75 {(m, 1lH), 5.62
(4, 1H€), 7.05-7.2 (m, 1H), 7.25-7.55 {(m, 7H), B.05-8.35
{m, 2H), 8.35-8.55 (m, 1H).

30 2) (38) -3-(2-Methyl-4-oxo-4H-pyrido[3,4-dlpyrimidin-
3-yl)-9-amino-1-phenyl-6,7-dihydro-3H-
[1,4]diazepino(6,7,1-hilindol-4-one. {(18)
Product 17:
16 is taken up in 400 ml of dichloromethane,

i5 240 mg (6% by weight) of scandium trifluoromethane-
sulphonate are added and the mixture is stirred for 6 h
at 40°C. 500 mg of catalyst are again added and the
mixture 1s stirred at normal temperature for 6 h and

evaporated to dryness. The residue 1s taken. up in



sul phonate are added and the m xture is stirred for 6 h at 40C. 500 ng of
catal yst are again added and the mxture is stirred at normal tenpgr@abil &03
for 6 h and evaporated to dryness. The residue is taken, up in r 26DEC2003
- 25 400 m of dichloronmethane and a further 500 ng of catalyst are
added. After 24 h, the reaction is 8?%' ete. washing is carried out with

water, evaporation is carried out an 4 g of crude product 5 are

obt ai ned i n, giey { OrgR ofgA{ RS e FAMCIAAS: 2 G difed md Jngf d7 are
hydr ogenat e under a pressure o ?‘ 800 kPa at 80C in 260 of net hanol for

90 nin in tdREPresFencersf adgdeg-of ABUFUt hehi im oR1E0 éﬁérccdé%n T nixture
i's cooled ang ﬂééeered vdyough a ided @irsidd ca and themgama:c@base i's

evapor at ed. gtsof crude product are ohtai ned whi ch product
subj ect ed (€T AR Jé’%hb%ecéﬁlrdm?t S apAPY P m3 KPonESi eC]%r%%"l‘%rrm in a
| i near gradi-entordfaikhedcat otid rédeniof wat e63in300 ng of product 18 are

obt ai ned. e—9 % 1IHNMR , 8 (ppm : 2 .7 (s, 3H , 3.05 (m 1H) ,
3.3 (m 1%’:”9—“@— 9, 1H) , 4 .5 (t, 1H , 5 .4 (s, 2H) , 6.4 (s, 20

1H), 6.85 (s, 1H), 5.0 d s{5 H)gmIl 5 6 15H)are7h9d@@gen1am)ed Lald?al(da 1H) |,

?9 #e'gﬁ 11 - E>%enyT é 93%% ro(ép—l-wﬁ adz)g%ﬁ h%%%ﬁhl |IXI

one. (23) [90(mln; AN= QM3, pZesepde Z79f= 2:h6 9:204E Gk put umork H, x2 =
H 30 1) Syaf 2 Ofmweml pterpedicate,didd dnternediate (tla&')ou h a

(3R) 3- amno - met y -1 - yI--6,7- di hydr o- 3H Ll 4] dlazelpl no, [6 7,

~ 1-hi] indolbeg ofé. Hﬁ angy thgpopganic phase is’ evaporated

2.1 g of crude product are obtained, which product is

subjected to reverse phase chromatography (5 um

Kromasil C18 column in a linear gradient of
15 acetonitrile in water). 300 mg of product 18 are

obtained.

ee = 94.5%. 7

Yy N.M.R., & (ppm): 2.7 (s, 3H), 3.05 {(m, 1H), 3.3 (m,

1H), 3.9 (g, 1H), 4.5 (t, 1H), 5.4 (s, 2H), 6.4 (s,
20 1¥), 6.85 (s, 1H), 6.9 (s, 1H), 7.5 (m, SH), 7.9 {(d,

1H), 8.7 (4, 1H), 9.1 (s, 1H}.

EXAMPLE 4

(35) -3-(2-Methyl-4-oxo~-4H-quinazolin-3-yl)-9-methyl-1-

25 phenyl-6,7-dihydro-3H-[1,4]diazepino(6,7,1-hi]jindol-4-
one. (23)

[(I}): A = CH;, Z = CH, z2* = CH, Z? = CH, B = CH,, X' = H,

x* = H]

30 1) Synthesis of the intermediate (II)
Intermediate (19): (3R)-3-amino-9-methyl-1l-phenyl-6,7-
dihydro-3H-[1,4]ldiazepino(6,7,1-hi]lindol-4-one. [(VI);
A = CH;].

A method for the preparation of this product is
35 disclosed in Application WO 96/11690.
Intermediate (20) : [2- ((3R) {5-methyl-4-oxo-1-phenyl-
3,4,6,7-tetrahydro(1l,4ldiazepino(6,7,1-hi]lindol-3-

vlcarbamoyl)phenyl]carbamic acid t-butyl ester.



A nmethod for the preparation of this product is 35 disclosed in
Application WD 96/11690. Internediate (20): 7 6 DEC 2003
[ 2- ((3R) (9- net hyl - 4- oxo- | - phenyl -

3,4,6,7-tetrahydro[ 1, 4] di azepi no[ 6, 7, 1-hi] i ndol - 3-

yl car banoyl ) phenyl J carbam ¢ acid t-butylk ester. 260EC2903 - 26 P IV) ; A=

CH3, Z=CH Z =CH Z=CH X1 =H X2 =H PG=1t-BOC]. 4.07 g (17.61
mmol ) of 2 @t(gvgi saoLved, W gh= stiiruing ¢m, 62° d af, d'y digghlxdr emgt hane in
a reactor protecte fromnoisture. The mixture is cooled to OC and 5 g
(17.61 mmIB> of ¥9BPRi165 ml of dichloronethane are added. 2.32 g (17.61
mol ) of HOBT and 34547gg (17641 mmab) ) of o DCQ arerenddedscAfeer stikhring for

2 h t 0C it - C 5 t 1 19
2o 8L 0% ik enont (EbY E LG helugaloRULR) ety 10egacre 1o,
purified bypfdashtedhrfomat crgaaa@d:wr@n Thei Imice-wwot umm, O@Iqltadortdaepﬁg _
carried oul,Yath LN 1soleieind)Ch) £r 9FPLRANG 2 @@eaie‘%lo%oﬂe%ﬁhea white

crystalllne 'sol rd are = 82% B
HP.L C (P ea@eedmm, 2D3§h§nyl glyéilnamod) yaff HeRanerBEhadoF4¢ 50/ 50 T

30C flow{Rtei dmfLlimMdE pad: 2284 JHHed eﬁft:e97%t1%@1[n@] Ofor+a7h5 (c
0 0204 g/ M, acetone, -D589. nm I'HN

2.3
(s, 3H) . 3t 4°GH) 1t1)S QppLsrmedsbyT i %EILQJ)'F% Iifﬂj‘ 4th3t(H)m 1H)
, 5.45107. Ond SmclklA) 197. ﬁe@méims 1HThe! . EOQ.ﬂ‘EnEH)J,s8e1rap8>ra2%cK dundel , 9.
(d, 1H , 10.4 (S, 11:!7'200%5 éerggdl at e, 2- &(%y) £1ash

- - 9- net hyl SRCY % resi ue 1s purl ie
phenyl - 3, 4, éh7ehet cahydhg| 1 04] dizazepihd¢s, 7 cblhimni ndotlutdiqn ) beazagi de. |

() A'_é%£&e§ QHH:Z w1éﬁ+ %ﬁe so%@eﬁﬂi dichloromethane/2%

acetone. 7.4 g of a white crystalline solid are

15 obtained. ¥Yd = 82%.
T.L.C. {(D/M5): RE 0.76
H.P.L.C. (Pirkle column, D-phenylglycine, eluant
hexane/ethanol 50/50, T = 30°C; flow rate: 1 ml/min,
UV: 254 nm): ee = 97%. )

20 [alp = +27.5° (¢ = 0.0204 g/ml, acetone, Na-D 589 nm)
‘¥ N.M.R., & (ppm): 1.4 (s, SH), 2.3 (s, 3H), 3.1 (m,
14), 3.35 {(m, 1H), 3.9 {(m, 1H}, 4.5 {(m, 1H}, 5.45 {d,
1), 7.0 (s, 1H), 7.10 {(t, 1H), 7.5 (m, 7H), 8.1 {d,
1H), 8.22 (4, 1H), 9.8 (4, 1H), 10.4 (s, 1lH).

25 Intermediate 21: 2-amino-N- ( (3R) -9-methyl-4-oxo-1-
phenyl—3,4,6,7—tetrahydro[l,4]diazepino[6,7,l—hi]indol—

3-yl)benzamide.
{(III); A = CHs, Z = CH, 2z' = CH, Z° = CH, X' = H,
X* = H].

30 7.4 g (145 mmol) of 20 are introduced into
400 ml of dichloromethane in a 100 ml reactor protected
from meisture and under a nitrogen atmosphere and then
57.84 g (507.25 mmol) of trifluocrocacetic acid are
introduced at 0°C. The mixture is stirred for 1 h at

35 . 0°C and is evaporated at 20°C under vacuum. The residue
is taken up in dichloromethane and the organic solution
is washed with an agquecus NaHC0; scluticn and then with
an NaCl solution and evaporated at 20°9C. Crude product:

5 g. The residue is purified by flash chromatography on



X2 =H. 30 7.4 g (145 nmmol ) of 20 are introduced into 400 m of

di chl oronethane in a 100 m reactor protected from noi sture and und erg 8rc 20
nitrogen atnosphere and then 57.84 g (507.25 nmol) of trifluoroacetic amg3
are introduced at OC. The m xture is stirred for 1 h at 35.. 0OC and is
evaporated at 20C under vacuum The residue is taken up in di chl or onet hane
and the organic solution is washed with an aqueous NaHCO3 sol ution and

then with gn Magl-gol 81 @Arands eyapesatiedh @ 2QG-r @adeyy oduet a5 g. The
residue is purlfled by flash chromatography on 26 DEC 20Q3 - 27 . a silica

col umm, el uBPoMEBEI ﬁ&%’&r??@&e%@ﬁn%ﬁﬁ gcesghfent dT%hﬂJoP met hAA&F5%
acetone. 4. Abwgeof 22 whist e,bt[ao_wéar %4 ar @oaght ai ned = 80% Chiral HPLC

Pi rkl I I I 5 | 50/5 30C,
[Pl col B Mt oluchoe oLuant, S besanglovnl 050,10 3
[cc][) = +3heB2fe(aechafol3150gtal, AcetIMNES, NillbvBBQame) 1HON/MiR, 5

(ppm : 2. (s §Hém 3, e1=( %1H) , 3. 3 (m 101H, 3.9 (m 1H, 4.5 (m
1H , 5.4 (d,° ?i? .53.5 ?m ?ﬁ) ', 6.55 (t, 1H) , 6.7 (d, 1H) , 7.0 (s, 1H)
, 7.2 (t, TH. <,2 7.B/¥m :6RE = P..28.(d, 1H) . 9.15 (d, 1H) . Internediate

22: N-T2-(( gz Oalopblgwl R, 4acebond; t RRLBNYELO 4]

di azeoi no [25 @%@{ 1 ndgf'( 5 vyl c% ban’o?/ri:epﬁgny | ] acetl m dlncjram d

net hyl esterH[I(WMt —(Rmé z?‘-r30111S ZBHE .o -2 (@ .cRiB S @M X1 = H,
)2(5 = H1oR —1§;4S]d3 9309nn1 1ef  trgd net iyl QHI} ho%e% atg, andn4. 55935(1&; gm)l) of
: are introduce ntoare tor o] ure ner a
nitrogen at ﬁ%%phér@ THe: sll r’ed5 reaig E%% "pl 7 drpﬁnde@}a vat: Of 0.1
kPa and i siheated4atm40&H) or 76 8h.(dEvapor, ati.af i(sl,caelhi.ed out under

gaggugl VR GOOLLARaLRe exh st enger ol (PyRPYs - RLOAYEL 4 28x0CE UReRY RAUCT
3,4,6,7-tetrahydrol(l,4]ldiazepino{6,7,1-hi]indol-3-
15 ylcarbamoyl)phenyl]acetimidic acid methyl ester
[(II); A = CHs, Z = CH, 2 = CH, 2 = CH, B = CHs,
X' = H, X* = H, R = CH;]. '
300 ml of <trimethyl orthoacetate and 4.5 g
(11 mmol) of 21 are introduced into a reactor protected
29 from moisture and under a nitrogen atmosphere. The
stirred reactor is placed under a vacuum of 0.1 kPa and
is heated at 40°C for 6 h. Evaporation is carried out
under wvacuum; NMR confirms the existence o©f a new
product 22. Crude product: 5.55 g. The product 1is
25 employed as is in the following stage.
Chiral HPLC (Pirkle column, D-phenylglycine, eluant
hexahe/ethanol 50/50, T = 30°C, flow rate: 1 ml/min,
UV: 254 nm): ee = 99%.
T.L.C. (D/M5)}: Rf 0.19.

30
2) (38) -3-(2-Methyl-4-0oxo-4H-gquinazolin-3-yl) -9-
methyl-1-phenyl-6,7-dihydro-3H-(1,4]diazepino(6,7,1-
hijindol-4-cne. (23)
300 ml of dichloromethane and 5.55 g of 22 are

35 . intrcduced into a reactor protected from moisture and
under a nitrogen atmosphere. 0.117 g of scandium
triflucromethanesulphonate is added and the mixture 1is
left stirring for 28 h at ambiant temperature (18°C).

Washing is carried cut with an NaHCO; solution, drying



25 enployed as is in the follow ng stage. Chiral HPLC (Pirkle col um
D- phenyl gl yci ne, eluant hexane/ethanol 50/50, T = 30C, flow rate: 2 6 DEC 2003

- m/min, W 254 nm) : ee = 99% T.L.C. (D)MB): Rf = 0.19. 30 2) (3S) -3-

(2-Meth 1-4-oxo-4H wuinazol in-3- 1) -9- nmethyl-1- hen

| -6, 7-di hydro-3H-[1, 4] di aze ino[6, 7, 1- d¢ ]indol -4-one. (23) 300 m of

di chl oronet hane and 5.55 g of 22 are 35. introduced into a reactor

protected frigm paistivEe and amderevrgddatogen atsnosahemed Oodd7 giaf

scandi um trifl uoronet hangsu!ﬂghonate |% added afd t he ture i.s . left

stirring foreS&eyt *inbfF FRPTRERFERRDGFe Pi8G* l%shleﬁdl P af & out

w th an NaHGRZFrdekuti aur drying 2 & CEGr2608nt 28cfi s eamtiome outirand

evaporatlonls arrie The ) tpgraph l'ica,

el ution bei ng f:iarrﬂmee%h%} E{] %r%ﬁf@ﬁ% o?ga‘gglgfim‘fr’é %’ﬁ S%l:cﬁ?%ériorret hane.

0.65 g of tkhipaddudPLE3 i Elnbﬂal nedludn Chid-ahadBtG (R rte e edluant,:

D phenyl gl y¢i I h et hanol 50,¢1 f l;owqr 1

m /min, ?‘%gne%%.%tml 9% 1. L bia (3[5%5’) wa %%gf Ty, S

(pprr) 2 ?}E’(§543H)“ ?ef(ﬂﬁill-l) 3. 3 (m 10 1H , 3.95 (m 1H) , 4.
7 (m 1H | 177, @7.@0Mem. 1H- 0 820 (s, 1H) EXAMPLE 5 (3S)

- 9- Met hoxy- 3- ( 2- rrethyl- 0X0- 4H unaﬁolln n% -1- 15 a hen -6, 7-dih

dro-3H [1, 4I]1d alfeRi- o O 6.PPR) 1%qi} dol 2 1 (om) f-f N T
CH, Zo= €H),Z2 .535CHm B =1)CH34 . 7 Xlm~= X27 oHp . &p Synt hessﬂs a&f. 2tche

'i nt er medi ate( I I%il 20 Internedi ate 24: (3R) 3- am no- 9- net hoxy- | - phenyl -6, 7-

di hydr o- 3H Fl ]) ‘di azepino (6, 7, 1-hi] indol-4-one. [ (M) ; A = OCH3].

EXAMPLE S
(38) -9-Methoxv-3-(2-methvl-4-oxo-4H-quinazolin-3-v1)-1-
15 phenyl—6,7—dihydro—3H—[l,4]d1azep1no[6,7,l-h1]1ndol—4—

one. (28)
[(I); A = OCHy, Z = CH, z' = cH, 2 = CH, B = CHs,
x} = H, X* = H]
1) Synthesis of the intermediate (II)
20 Intermediate 24: (3R) -3-amino-9-methoxy-1-phenyl-6,7-
dihydro-3H-[1,4]diazepino[6,7,1-hi]lindol-4-one. [(VI};
A = OCH,;].

7.1 g {231 mmol) of (3R,S)-3-amino-9-methoxy-1-
phenyl-6,7-dihydro-3H-[1,4]diazepino{6,7,1~-hi}indol-4-

25 one, prepared as taught in Patent Application

WC 96/11690, are brought to reflux in 17.75 ml of

acetonitrile; 8.92 g (23.1 mmol) of di{p-toluoyl)-D-

tartaric acid, brought beforehand to reflux in 17.75 ml

of acetonitrile, are added thereto. The addition with

30 stirring 1is carried out very vzrapidly. Reflux is

maintained for 5 min before the mixture is left

standing for 18 h. The precipitate is filtered off,

rinsed with 35 ml of acetonitrile and dried under

0.1 kPa at 35°C. 8.5 g of salt are obtained, which salt

35. is taken up in 85 ml of acetonitrile; it is brought teo

reflux for 5 min and left standing for at least 4 h.

The precipitate is filtered off, rinsed with 40 ml of

gcetonitrile and dried under 0.1 kPa at 35°C. 5 g of

salt are obtained. The base 1s released, by taking 5 g



7.1 g (231 mmol) of (3R, S)-3-am no-9-nethoxy-1- phenyl-6, 7-dihydro-3H (1,
4] diazepino (6, 7, 1-hi] indol-4- 25 one, prepared as taught in Pal &Ml 2003
Application WO 96/ 11690, are brought to reflex in 17.75 m of

acetonitrile; 8.92 g (23.1 mml) of di(p-toluoyl)-D tartaric acid, brought
beforehand to reflex in 17.75 m of .agetonitrile, are added thereto. The
addition with 30 stirring is carried out very rapidly. Reflux is

mai nt ai ned &gr Baltn hefoie theo nrhxtume i |mfltar steamdiuny thodrisilkde The

preC|p|tate fi.ltered .o |ns a ni L and dried
under Eﬁi b ok §5€°°&l€§{ b%’%‘gg% g‘r Fégog{%aqﬂne%dmgﬁ%ﬁ gg.tﬂagg %?15 t aken
up in 85 n1 ief aaetmmdrldl.e: ivitils b¥oughmeso 2pefmluxofor i5opnerand | ef t
st andi ng for gast precipitate | t.er f with 40
m of acetofir %rltl'e aThaed %%Hgﬁdg {5 1 %awgtghég ‘,531&9 Q sat‘{r?%?rée

obt ai nedk 'ﬂiécbasesoéutebeaseddrt@dt ak?PYRE S5 FEE-IEC 23(9@33 pge of 288l t uo in
1100 m of a.ppharaged us, by%r% 48t Soled it ol bﬁftﬁﬁ{*@d\d to 0C, and

then extraction 1s carried out with 3 tines CT i sopropyl acetate.
The organi cChhadé i BPRAShEULWRi® é:%]d{rﬂﬂfat@d S 91§’c931ﬂq'one‘d’ra|“§d over
sodi um sul pﬁg;cgnapgsog\f@@g&l@md 20 25@ of Mtenpedi,at e Phoar e qlatai:ned.
Chiral HPLC (Pirkle col um Dphe cing, el uant: hexane/i sopropanol

50/ 50, T = 20€ "t/ B ral¥: 2P ’U& ©54 nm): ee = 99% 10

~Prepar atg Onpﬁénhhemamplcﬁ fitie champlleHEbe dhiergdr ofRiGE : hhst plmd@herti vati zed

with 2 equival -tol SO I t hgne
diluted ?n §§ % gg a)élged %%glefore gql ?gallg%%gg eg félr&g}l rrredl ate
25: [2- ((3R$oey@9anet hox1y ﬂm&’dfdrqjmi;ﬂHES and " then7. dédushgdrén 1, 41

di azepi no [ ngol Iq%rflgﬁ@)ge) rm{ é‘@g@ﬁm c acid t-butyl
ester. | (I% ércﬂ) tlo % S—%Igfn}i %Jge 3 H Xz = H PG=
t-BOC]. 20 1.7g(7.16 mml) of 2 are dlssolved vmth

15 Intermediate  25: [2-((3R) - (9-methoxy-4-oxo-1-phenyl-
3,4,6,7-tetrahydroi{i,4}diazepino(6,7,1-hi]lindol-3-

ylcarbamoyl)phenyl]lcarbamic acid t-butyl ester.
[(IV); A = OCHy, Z = CH, z' = CH, 2> = CH, X' = H, X} =
H, PG = t-BOC]. ’

20 1.7 g (7.16 mmol) of 2 are dissolved with
stirring in 55 ml of dry dichloromethane in a reactor
protected from moisture. The mixture is cocled to 0°C
and 2.2 g (7.16 mmol} of 24 in 55 ml of dichloromethane
are added. 0.97 g {7.16 mmol}) of HOBT and 1.47 g

25 (7.16 mmol} of DCC are added. After stirring for 8 h at
0°C and then overnight at ambiant temperature, 1t is
confirmed by T.L.C. ({eluant: D/M5) that no more 24
remains. The solvent is evaporated under vacuum at 30°C
and the residue is purified by flash chrematography on

30 a silica column, elution being carried out with the
solvent dichloromethane/3% acetone. 3.2 g of a white
crystalline solid 25 are obtained. Yd = 85%

T.L.C. {(D/M5): Rf = 0.72. _
H.P.L.C. (Pirkle column, D-phenylglycine, eluant

35 hexane/ethanol 50/50, T = 30°C; flow rate: 1 ml/min,

UV: 254 nm): ee = 98%.

]y = +11° {c = 0.04507 g/ml, acetone, Na-D 58% nm)

'y N.M.R., & (ppm): 1.45 (s, 9H}, 3.1 {m, 1H), 3.4 (m,
1H), 3.7 {s, 3H), 3.9 {m, 1iH), 4.5 {(m, 1H), 5.5 (d,



stirring in 55 mM of dry dichloronmethane in a reactor protected from

nmoi sture. The nmixture is cooled to OC and 2.2 g (7.16 nmol) of 24 Q2§ B 1
of dichloromethane are added. 0.97 g (7.16 mmol ) of HOBT and 1.47 g 25
(7.16 mol ) of DCC are added. After stirring for 8 h at O0C and then

overni ght at anbiant tenperature, it-iso eonfirnmed by T.L.C. (eluant: D M)
that no nore 24 remains. The solvent is evaporated under vacuum at 30C
and the resigue issepurid,i etipy Tl ash (chr orlt og7 aphyisen 130 .a 3i%i d& col um,
el ution being, carried, qut _wth_,the, .solvent ;di ghl,Qro hane/ 3% acet one. 3.2
g of a whit )cr%{zgl TE:WRE HF IR vt st Y L r:ﬁéS%T. L.C (DM): Rf
= 0.72. H. PrhtE€rmé@irkke c@éum, D-phbrgtNt {EIRk; ® ePaaRPXY 34 -HERANE/ et hanol
50/50, T = 30C. flow,rate. i-n, 3 N (5@ 3 -9B%idddio = +11 (c
= 0. 04507 g?slﬁ??ygcgf8h§:gﬁéﬁ%ggaﬁ%[ligyﬁ%ﬂ%? %6[ Copm) T (s, 9H) |
3.1 (m5 1H)-ylBbenzgmidelH) , 3.7 (s, 3H , 3. 9 (m 1H) , 4.5 (m 1H) ,
5.5 (d, 2 6;PECT2003, - .3Qcult) £-65cts, #H)-, CR, 1@ ts tH),, & 3=(&, 1H ,
7.5 (m 6H£ , 7 8.25 (d, 1H)*, 9.8 (d, 1H , 10.4 (s, 1H) . Internediate
26: 2-ami noXN-t (BR) - 9- met hoxy- 4-cxo- 1 phenyl--3, 4, 6, 7-tetrahydro [1, 4]
di azepino [6, 7, 1-Bi.l gndos:85 ®Bmyl)bemzardSeaze (Lnkyoduged OEA%S, Z= CH,
Z1 = CH, Zz = CH X1 =_.H X2 = 3. - it roduced
into 260 nf®Bfyj BI%I SHERECRE ee{_‘lhr‘?tlﬂl]ée gd% %éfoeg[gjf 2?9%%5‘?%0?28@%%‘3«‘9?%

i st une angromdekidthirter egeh @bhdes phené taRGSrhSFTIOEPIEX Y 808, 5620mpl ) of
trifluoroacetic.acid I .n ced,at £ lodari@ | Sgsidirredefor 1 h
at 0C and ?g'g\:}agora(?%og’ 6adt4 %%@Hnde??vagg&%I,n%fe@ resi%u is taken up in
di chl or onet haheodndetheator §afi c B UL BRIS 1§ \WRishEtE i &t‘?ranl NAHESB

sol ution angothgpawith ARNRG: S Wit o andiey apatated The2@EsiZur5 g of
pure 26 areis taken up in dichloromethane and the organic sclution
15 is washed with an NaHCO; solution and then with an NacCl
solution and evaporated at 20°C. 2.75 g of pure 26 are

obtained.
The product is employed as is in the following stage.
Chiral HPLC (Pirkle column, UDU-phenylglycine, eluant
20 hexane/ethanol 50/50, T = 30°C, flow rate: 1 ml/min,
UV: 254 nm): ee = 99%. '
T.L..C. (DfM5): RE = 0.20.
[a]lp = +20.5° (c = 0.02923 g/ml, acetone, Na-D 589 nmp .
¥ N.M.R., & (ppm): 3.15 {m, 1H), 3.45 (m, 1H), 3.7 (s,
25 3H), 3.9 {(m, 1H), 4.5 (m, 1H), 5.45 (4, 1H), 6.4 (m,
1H), 6.55 (&, 1H), 6.8&5 (g, 1H), 6.7 {4, 1H), 7.3 (s,
1H), 7.55 (m, S5H), 7.8 (d, 1H}, 9.10 (d, 1H}.
Intermediate 27: N-[2- ((3R) -9-methoxy-4-oxo-1-phenyl-
3,4,6,7-tetrahydro[l,4]diazepino[6,7,1—hi]indol-3—
30 ylcarbamoyl}phenyl]acetimidic acid methyl ester
[(II); A = OCH;, % = CH, 2' = CH, Z' = CH, B = CH,
x' = H, X* = H, R = CHi].
200 ml of trimethyl orthoacetate and 2.5 g
(5.86 mmol} of 26 are introduced into a reactor

35. protected from moisture and under a nitrogen
atmosphere. The stirred reactor is placed under a
vacuum of 0.1 kPa and is heated at 40°C for 6 h.

Evaporation is carried out under vacuum. NMR confirms



obtai ned. The product is enployed as is in the follow ng stage. Chiral
HPLC (Pirkle colum, 5-phenylglycine, eluant 20 hexane/ et hanol 50%?%[EEEW3
30C, flowrate: 1 mM/mn, W 254 nn) : ee = 99% T.L.C. (D M)
0.20. [aJo = +20.5 (c = 0.02923 g/m, acetone, Na-D 589 nm. IHNMR , 5
(ppm : 3.15 (m 1H), 3.45 (m 1H), 3-731s; 25 3H) , 3.9 (m 1H) , 4.5 (m
1H), 5.45 (d, 1H, 6.4 (m 1H), 6.55 (t, 1H), 6.65 (s, 1H), 6.7 (d, 1H
7.3 (s 1HO-Ie SBxisgeBEy oL7LBe(dewl HEod@cr) A, anidd)the |ptesamde acé 27: N-
[2 - ((3R) -t s hoxyeye - %Q?tlwcp\9§9¥£ al. 26
3,4,6, 7-tetrahydro[ 1, 4] di azepi nol 6, 7, 1 - hi i mdol -3 30
yIcarbanow)Qﬁkﬁ%ﬂ?@@@@?ﬁ}dﬁc5a@1jﬁhﬁtﬁﬂoi%¢%r*F erpjloyvef As0GHB, 1Z = CH,
Zi = CH ZZ 3L 0Bow scadde= H Xz = H R=CH ] . 200 nl of trinmethyl
orthoacetate and 2.5 5,86 mml) of 26 are introduced into a reactor
35. protéct &dt rﬁéhﬁLw%r%ﬁﬁﬂ?uuﬁﬁ Lumny ¢ foyRbeRY HOSHRERR: TREY&RY rred
reactor is piaa@ecbwuiﬂncal vaga ofT 0= 13kRa, angibs hested atmBpRiAor 6 h.
Evaporation %%rle out unggé vacuum NMR confirms 26UEC2003 - 31 the
exi stence of t'h rodiict™ 27°And the presence of traces of the starting
mat eri al 26.T.<I:r.mie {ir/othict :R2.=50g22 The product is enployed as is in the
followng stage. 5 Chiral HPLC (Pirkle colum, D phenylglycine, el uant
hexane/ et hanol 50/50, T =230C, flowrate 1 m/mn, UV: 254 nn) . ee = 99%
T.L.C. 1 M) R3S @ -Methgryy3- (2-methyl-4-oxo-4H-quinazolin-3-
(39)-9- thh%ﬁ%'%? g A= d%%fﬂwpﬁf04]@i§2e inol6,7,1-

I -one. (28) 200

yl)-1-pheny
|ntroduced into a reactor

m ~of dichi &3 Sridrisdelsd -ane o, of 27 are
protected from noi stwce ndndof 1% iWhdIrcndtidgeandt mspheref @70%krg of
scandi um

introduced into a reactor protected from meoisture and
15 wunder a nitrogen atmosphere. 0.051 g of scandium
trifluoromethanesulphonate is added and the mixture is
left stirring for 36 h at ambiant temperature (18°C).
Washing is carried out with an NaHCOQ solution, drying
is carried out and evaporatior is carried out. The
20 residue is chromatographed on silica, elution being
carried out with a gradient of acetone in
dichloromethane. 1.7g of a pure product 28 are
obtained.
Chiral HPLC (Pirkle column, D-phenylglycine, eluant:
25 hexane/ethanol 50/50, T = 30°C, flow rate: 1 ml/min,
UV: 254 nm): ee = 99%.
T.L.C. (D/M5): Rf = 0.20.
'H N.M.R., & {(ppm): 2.8 (s, 3H), 3.1 (m, 1H), 3.4 (m,
1H), 3.75 {(m, 1H), 3.9 (m, 1H), 4.7 (4, 1H), 6.70 (m,
30 1H), 7.10 (s, 1H), 7.2 (s, 1H), 7.3-7.85 {(m, 8H), 8.2
(éd, 1H).

EXAMPLE & |

Synthesis cof the compound 12 [(I}: A = NQ,, Z = CH,

35. z' = cy, z* = CH, B = CHy, X' = H, X} = COOCH; in 7] from
the intermediate 10 [(IXI): A = NO,, 2 = CH, z' = CH, Z°

= CH, X' =H, X’ = para-CO,CH:] in the presence of

various catalysts.




trifluoronethanesul phonate is added and the m xture is left sti rri[\@%(@rm3
36 h at anbiant tenperature (18C) Washing is carried out with an

solution, drying 1is carried out and evaporation is carried out. The 20
residue is chromatographed on silica, elution being carried out with a
gradient of acetone in dichloronethaneiz =7 g of a pure product 28 are
obtained. Chiral HPLC (Pirkle colum, D-phenylglycine, eluant: 25

hexane/ et hanol 50/ 5@ - & & 86CPdowtr at®: axe ngimse L vegy: 1p530nmL ofee =

995. T.L.C c(x'%/nl\éfé)hyl RBrthQ;a%%ta't'eH Qh&/l %pa b re 3edp 230 ﬂs%rs 410 (d,
1H . 6 (pp 8 3H) ng m 3.9 (m 1H
4.7 (d, -1 H)amtaem‘ (trﬁmpe(%ataw 'f?han( ayeH) ch¥031a?085apﬁw ma)kess X EXAMPLE

6 Synt hesi Sﬁéfsstﬂ]tﬁéorﬂlpun@bﬁﬁl%wthé\u— NER:14 =sCHrti39 Zmata@d,a Z2 = CH,
CHBr X1 = H, X2 COOCH3 in.7] from the ntern‘edlatgloNlll A=

N02 7 =5 CHTePRifiscH THe ERITRIC1onH 0503 =SPat tRe ffesEhce of
various cat axllweat S ob3ervBEE 2903 -mB2 of2. &agad_fysp;r odied Lhbaeen@diraset ved in
50 m of riethyl thoacetate and are_ left f ours_at nbl ent

t enper at ur e. dqﬁ%drr: I%@% onat's ra%ﬁi/ rrﬁkrgi O%r pog‘%pﬁﬁ”e “Yo c%*' i’ t hat
little star ciomgespoedsal t53remalrmg ThE fatﬂatu.ng ofnaaes‘rmlll) .amfmits of

I mnes 1s e%%c%%e”’&dc?m?ﬁe@g Ale caiahyst ﬂﬁ%&%@%g@ cr@dded all at

.once to 2 sol ution ich correspon sto rtln
materialy. FTAcelvesadmiesn | 5e@aEiPRd Bt WriPC6 sPrTtsht @a‘ﬁaly . A 10

catal yst-freecheaski 09ri 1 S@cG@ithiicad P8t moHi&oRDIEeSS:0fnt haysaction

is monitored by thin | ayer
chromatography (eluent D/M1,5)

After 48 hours, each reaction medium is taken
up in 100 ml of methylene chloride. After adding 1N HCl
15 and dissolving the catalyst, the following operations
are carried out: separating by settling, washing with
NaHCO;, drying and evaporating. The product obtained 1is
finally weighed.
1 mg/ml solutions of th& various products are
20 prepared and then .the products are analysed by
analytical HPLC using the following methods:
1) column of C18 Kromasil S um type (250 x 4.6 mm),
elution being carried out with a gradient of
acetonitrile in water.
25 to min: 20% acetonitrile,
t2s min: 95% acetonitrile).
2)  column of Pirckle D-phenylglycine type
(250 x 4.6 mm), elution being carried out with a
hexane/ethanol (50/%50) mixture.
30 The retention times for the two optical isomers
are 10.15 min for the R enantiomer and 14.60 min for

the S enantiomer.



~chromat ogr aphy (eluent D/ML,5). After 48 hours, each reaction nedi ug]ndjﬁ
taken wup in 100 mM of nethylene chloride. After adding IN HC EC 2003
di ssolving the catalyst, the follow ng operations are carried out.
separating by settling, washing with NaHCO3, drying and evaporating. The
product obtained is finally weighed.- B3ng/m solutions of the various
products are 20 prepared and then .the products are anal ysed by

anal yti cal FPE@LESiing the followi ng nmethods: 1) columm of C18 Kromasil 5
porn type (250 X 4 6 m) , elution being carried out with a gradi ent of
acetonitrilezry e~ mias af ([0 %5 2076 a@g@&git M TS produéss Mitye Pk
acetonitrile). co MH r i ezda phenydk-gdycine type  (R58rotuds 6 m),
elution being carried Qshivdgt ) grcdiexane/ et hanol (50/50) mixture. The
retention tirres for the two opticakyispmers are 10.15 min for the R
enant i oner g,__{t 60 TBsThd OF |oREe S enphsgpner. 2|6 DEC 20039 33 Results:
cat al yst I\/a<>§regf Yo of ot i cal Byprjoduct s[ hgcycli zed
usedpr oduct edetbizedpuri t yproalircr; obtai nedprcdictt (12) Catml yst-106]|ng0%

98989% fre¢ _control Sc(OSO2CF,}).3106 020> 989b%0%.ccnl et e Br 398
nglO%a(I)oi rre?ﬂ.?%%%@ﬁé%g ALCI g%ﬁln .urrg t?g—%erqee%%g b

U

A== == = v

ccxmle a
AlBr, 98 mg 10% epimerizaticn | 83% 0%
A1, 110 mg 44% > 98% 30% 0%
BF; 130 mg 26% > 98% £4% 1%
ZnCl,; 120 wy 76% > 98% 20% 0%

CrCO0H 105 mg 22% > 98% 47% 28%




SF3130 rrg26% 98%4%% Znd | 2120 rrg76% 98%20%% C F, CcOH1L05 ng22%
98%#7%28% . 0 2UEC2003 -34 CLAIMS 1. Process for the preparation of )% DEC 2003
, di azepi no-i ndol one of fornmula in which: - Ais hydrogen, Cl-C4 al kyl,

hydr oxyl, Cl-C4 al koxy, nitro, cyano or NRLR2; Rl and E&? are

i ndependently hydrogen or G -C4 alkyl or form together with the nitrogen
atomto which they are bonded, a ringspaving 4 or 5 carbon atons; - B is
hydrogen or -Cl-C4 alkyl; - Zis CH then Z' and Z2 are together CH or N,
or Zis N then Z1 and Z2 are CH, - X and X2 are independently hydrogen,
Cl-4 al kyI -(CH2); - OR3, hal ogen, cyamvs-0- (Ct-Co6 alkyl), -C(=0 R4,
“C(=0)OR -C(=ONRcR', or or ~--Nv -RB Q R3, R4 and R5 are independently
hydr ogen,; %Gg@cfghlﬁx ,epgﬁﬁgxlof phenet hyl or dl ng{m(ﬁ)mﬁé@%}ﬁﬁkpr Cl-c4
alkyl; R7 is hy oge ad-c4 al kyl, -CHR' - OR/I B-A RRis
hydrogen Cl -4 al kyl or -@5-Q5; IR' is a natural cc- am no acid residue, the
carbon atomto which it is bonded being able _to h w either the S
configuration or the R conffguration® QQjs - ZCF%E—(CHC]—I)m(WZ)IO-; . Q@

[ al kyg) or 4-norpholinyl; @

1d, = nd (CH 2;_2 -{CH2)3 ; 26 DEC 2993
35 4 is -NMBMA or 4-ni of phol ; |'§-I\/Borz- , M, M MB, M4, MNDb

: kyl; j is 1, 2or 3;, kis 3
) mmis 0, 1, 2, 3 oh 4, pis , 26r 3, with the proviso that, if m>
0, then p > 0; B

@

in which:

- A is hydrogen, C¢-Cy alkyl, hydroxyl, C;-Cy alkoxy, nitro, cyano or NR'R%;
R, and R; are independently hydregen ot C-C4 alkyl or form, together with
the nitrogen atom to which they are bonded, a ring having 4 or 5 carbon atoms;

- B is hydrogen ot -Cy-Cy alkyl;

-le CH, then 7! and Z? are together CH or N; or Z is N, then Z' and Z? are CH;

-X' and X are mdependently hyd.ro?gen, Ci-Cy alkyl, —(CH;)J -OR?, halogen, cyano, -O-

(C1-Cs alkyl), -C(=0)R*, -C(=0)OR’, -C(=0)NR’R’, 0
/N‘N

<N,,'\', )——N N—R8 .
a1

R3’1 R“zand R® are independently hydrogen, C,-Cs alkyl, benzyl, phenethyl or
Q-Q%
R is hydrogen or Cy-C4 alkyl;
R is hydrogen, C-Cq alkyl, CHRA-C(“O)OM“ or -Q-Q%
R is hydrogen, Ci-Cs alkyl or - Q Q
R* is a natural c.-amino acid residue, the carbon atom to which it is bonded being
ablc to have cither the S configuration or the R configuration;
'is «(CHOw-(CHOH)q-(CHa)ps
Q‘ is hydroxyl -0-(C;-Cs alkyl), -OC(=0)- (C1 Cs atkyl) or 4-morpholinyl;
Q and Q are independently a bond, -CH;-, -(CHa)z- or -{CHy);-:



-their salts anti; solvates, which are pharmaceutically acceptable, which
conprises the intranolecular cyclization at a tenperature riot hi ghérﬁ B HaH03
40 C of a product of formula in which A Z, Zi, Z2, B, X and X2 have the
meani ng defined above and Ris Cl1-C4 alkyl, in the presence of a weak
Lew s acid catalyst, which is selected from scandi um |
trifluoronmet hanesul phonate; al um ni umstrifl uoronet hanesul phonat e; |
| ant hani de, silicon, nagnesium tin(ll), copper(ll), zinc or silver
trifluoronl et he}nesul honat es;  di met hoxydi cyel opent adi enyl titani un(lV);
di cycl opent adeeanM Mﬁpuﬁ@dvphohbyls(t rifl uoromet hanesul phonate); iron(Jll),
al um nium or £} Slic-Mtet ﬁlM?;et onate; zinc diacetate; dinmethoxymagnesi um
triisopropoxyaf'ynniiy wr’, Méﬁr[cﬁMﬁlmwddpEﬁ&hMMmcren or C1-Cq alky];
tetrai sopr opogystj agiurtd Ve orBFI met hyl boron; iriethylal um nium
di ethyl zi nc; 'of fsig, $aBUtoplaab W Ni @mat‘ﬁ&r@bwdﬁsb'tﬁ%th »b%s}hﬁmd bor on;
tri phenyl antimony; or zinc, ti n{Il), a&ghqg&ymd_%) Sum - scandi um i ndi um
|

gal | ium or rrerq,w;lyl( !u]c a!cgﬁﬁ;all gss according to daim1, in which

t he sald oro tha e t.e. 3
Process acco cdllﬂ? ﬁoiécgaﬁa?fclﬁz?norn‘ géymp PR {'52’5’ f‘f‘g@sga?rﬁ

addi ti ond1F* %({ﬁ%igqﬁ“ l\7§,h|chaproduct (1), inwhich Ais -NO2, is reduced to

a product (1), in which Ais -N1712. 4. Process according to Claim1l, in
which Ais -N1-12, Bis CH3, and X and X2 are |nd)gpendently hydr ogen,

hal ogen or -(C( O)CRS |
|
I
\3“'“'\1)_&'12\ |
—=N

in which A, Z, Zi, Zz, B, X' and X? have the meaning defined above and R is Cr-Cy -
allcyl, in the presence of a weak Lewis acid catalyst, which is selected from scandium
trifluoromethapesulphonate; aluminium triflucromethanesulphonate; lanthanide, silicon,
magnesium, tinfIl), copper(lf), zinc or silver trifluoromethanesulphonates;
dimethoxydicyclopentadienyltitanium(IV); dicyclopentadienyltitanium(IV)
bis(trifluoromethanesulphonate); iron(Il), alumimium or zinc acetylacetonate; zinc
diacetate; dimethoxymagnesium; triisopropoxyaluminium; tetrabutoxytitanium(IV);
tetraisopropoxytitanium(IV); trimethylboron; trethylaluminium; diethylizinc;
triisobutylaluminium; tetrabutyltin(IV}; triphenylboron; triphenylantimony; or

zinc, tin(II), antimony, titanium, scandium, indium, gallium or mercury(Il) halides.

2. Process according to Claim 1, in which the said weak Lewis acid is scandium
rifluoromethanesulphonate.

3 . Process according to Claim !, characterized in that it comprises an additional stage in
which a product (I), in which A is -NO;, is reduced to a product (I), in which A is -INHa.

4. Process according to Claim 1, in which A is -NHa, B is CH;, and X' and X* are
independently hydrogen, halogen or -C(=0)OR’.



