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their therapeut.c applications The present invention relates to
pharmaceutical 5 conpositions based on pol yaromatic conpounds of use in

- particular as antitunour nedi canents. In 1999, cytotoxic treatnents
(chenDtherapy) used to reduce the size of cancerous tunours, to suppress

the 10 devq+ t he tunour procegs or I ndeed evpoT/FRO0O$ORBAL3t 00 few
cases, to e |n1nate c?unps of cancer cells and the risk of netastases,
conbi ne chemical substances which have been recently introduced with

ot hers whi ch have been used for several decades. For 15 exanp

5- f | uor our adiHer@n g olineoimeneddenivabivey and Fogis §§eEEBQHF €he nost
active treatnents for colorectal gances+i&a8 be replaced by one or other
of the specific inhibitors of to oi sonerase | (irinotecan or topotecan)
when the tunour is no Ionger sensitive to 20 5-FU. More generally, the

therapeutlcTﬁ%seﬂgg t%ﬁ%eﬁgybd:resgqgge@ploEgctabhgyﬁQuéatmtbn al so be
enriched w't e ava Ity of oxaliplatin, novel in %%%u donors" of

5- FU orSSeI@@mpvelthﬁnﬁlb@ﬁ?doﬂ”tH?%%H%t%@%tlgyﬁPW€P§§gs sUe%exl’st ence

|'s not "”1%§Ptiﬁutﬁs 2% hheatimeLrofheaebarestal. cancers since, in
addi tion, enot herapy of breast, ovarian and |ung cancers now nakes

wi de use of the fanily of taxane derivatives (paclitaxel, docetaxel) The
need for nofg efdapti E?to@@@lllée'[tﬁéatﬁéﬁtét ecbrtere@tmemlsy) t hussed mpoovi ng

the 30 | th life of_th
Simce, sti1TERHREnGHEnes Ganble CaPCSEsi cEYAroPahoors, STHPTRRs DEen

esti mtyed (&etelbpnéat, off. tﬁeng,urr&mBopdeneets alx , iGAe€dncererd. Chin.
1997) that% igéYQe Ung%ﬂd States a{gn 1£Xf£aé§1-é¥H%§§aNd%5 Egﬁggrmere

di agnosed |
cells and the IlSk of metastases, combine chemical

substances which have been recently introduced with
others which have been used for several decades. For
15 example, 5-~fluorouracil (5-FU), recognized for nearly
40 vyears as one of the most active treatments for
colorectal cancer, can be replaced by one or other of
the specific inhibitors of topoisomerase I (irinotecan
or topotecan) when the tumour is no longer sensitive to
20 5-FU. More generally, the therapeutic arsenal available
for treating colorectal tumours will also be enriched
with the availability of oxaliplatin, novel in situ
“donors” of 5-FU or selective inhibitors of thymidylate
synthetase. This coexistence is not limited to the
25 treatment of colorectal cancers since, in addition, the
chemotherapy of breast, ovarian and lung cancers now
makes wide use of the family of taxane derivatives
(paclitaxel, docetaxel). The need for more effective
and better tolerated treatments, thus improving the
30 survival and the quality of life of the patients, is
imperative since, still taking the example of
colorectal tumours, it has been estimated (S.L. Parker, -
T. Tong, S. Bolden et al., CA Cancer J. Clin., 1997)
that, in the United States alone, over 131 000 new
35 cases were diagnosed in 1997, 54 000 of which were
responsible for the death of the patient. It 1is the
awareness of this situation which has prompted the

inventors to focus their attention on a family of



responsible for the death of the patient. It is the awareness of this?17?FFR2004
situation which has pronpted the inventors to focus their attention on a
famly of 1 2 FF' A 2004 - 2 polyaromatic conpounds which have not yet been

. studied to any great extent, identified in the Ascidia of warm seas, in
order to develop a novel nedicinal chemstry intended to select synthetic
conmpounds resulting from5 chem cal desjgn/ nodul ation research which

possess a significant cytotoxic activity at the therapeutic |evel. The

seas and ocgans ukieh icoY fad han: 20% el et bt L supiage sehidike pl anet

har bour né-plants an S( onges, which |iving species, under %radual
systematic tphanmchiprsi extaave bEeAtiBSRA 6 Hé“eabzi“%c-‘t%l%oﬁf'a Mol ex

al kal oi ds eé% ki ting adyanpt AgeQuSse AT FBGRARAI GRbd DE DPL t khemikaryexanpl e,
t he sponges § Cryptotheca crypta and Hal i chondri a okadai, have forrred t he

subj ect of inteagiel stadised esitnceyHHE S c6PBPPUARS tHSBHesshcd I their

cells, of cyharakizne @lesQfyn/MRlduaRendn nrBselirdhs Whe chanpokekstshe a

tuni cates, since the isolation of aplidine fromthe tunicate ApI i um 20
al bi cans, whieRLfiFedt n eHet Bxfar | CF%VéﬁHs @pai ﬁ? Bﬁﬁgﬁg th a
t et rahydr0| sequiinol one structure-have been isolated fromthe asm di an
Ecteinascidia turbinata. Anong these, ecteinasci.din-743 has fornmed the
subj ect of in-depth preclinical studies (E. lgbicka 25 et al., NCl -EORTC
symposi um t&%&sé&gt an&iBQ;cepansles.)hiahndcoﬁfetrl imd el thanal ™% neéndéd t o

def i ne §s apeutic p tent| a er T%ﬂ e Bowran et
al ., ECﬁJﬁé oscfﬁm t ‘598 %f%%%& 1 Iﬁf\/ ?Iﬁgég\\s/a Calero et
al ., NCI - an"penwsposmuqh 301 i098; smxes ,45@nd9r gradupll) SYStRMAtalst and et

al ., NG - ERL h 48 Pro 188 dp1d EEOwLh et al
NCI - EORTC s;? o??aﬁﬁi%q‘?ﬁtg{? 1}?‘9‘% % > n .O Novel pent clic acridine
deri vati ves clawpdead so forarilré@—wlds EXhlbltlﬂg van ageous

pharmacological properties. For example, the sponges
15 Cryptotheca crypta and Halichondria okadai have formed
the subject of in-depth studies since the discovery of
the presence, in their cells, of cytarabine or of
halichondrin B. It is the same for the tunicates, since
the isolation of aplidine from the tunicate Aplidium
20 albicans, which lives in the Balearic Islands (Spain).
Alkaloids with a tetrahydroisoquinolone structure . have
been isolated from the ascidian Ecteinascidia
turbinata. Among these, ecteinascidin-743 has formed
the subject of in-depth preclinical studies (E. Igbicka
25 et al., NCI-EORTC symposium, 1998; Abst. 130, p. 34)
and of «clinical trials intended to define its
therapeutic potential as anticancer medicament (A.
Bowman et al., NCI-EORTC symposium, 1998; Abst. 452, p.
118; M.Villanova-Calero et al., NCI-EORTC symposium,
30 1998; Abst. 453, p. 118; M.J.X. Hillebrand et al., NCI-
EORTC symposium; 1998; BAbst. 455, p. 119; E. Citkovic
et al., NCI-EORTC symposium, 1998; Abst. 456, p. 119).
Novel pentacyclic acridine derivatives have also formed-
the subject of pharmacochemical studies (D.J. Hagan et
35 al., J. Chem. Soc., Perkin Transf., 1997; 1: 2739~
2746) .

Other natural alkaloid of marine origin, ascididemin,

has been extracted from the tunicate Didemnum sp. (J.



t he subj ect of pharmacochem cal studies (D.J. Hagan et 35 al., J. Cher%2 FEB 2004
Soc., Perkin Transf., 1997; -1: 2739- 2746) . Other natural alkal oid of
marine origin, asci di demi n, has been extracted fromthe tunicate D demum
sp. (J. 1 2 FEB 2004 - 3 Kobayashi et al., Tetrahedron Lett., 1988; 29:
1177-80) and fromthe ascidian Cystodytes dellechiajei (I. Bonnard et

al ., Anti-cancer Drug Design, 1995, 103 333-46). Ascididemn has
antiproliferative 5 properties denonstrated on the nodel of nurine

| eukaem a ( eplkl 1 nespe @sh deser i bed- by 168d4; 3Sehmitz 7e0al J.
Org. Chem %ég%'y%sz ge(])t?l%) B. Li ndsi&ﬂet a]c ;&BI oor E&Mﬁ eema Legt

1995; 5: 738942) f&wd J. t}«hﬂaaya?s?ﬁlfé%ﬂ%l ExstP9KEGPon eChfﬁ’iJf@}ss 29"

1177-80), ang O@Otnfﬂ%r@d%'t of; jhuman nlreukaerea @s:u@esm)resb@dl by 119.95Bonnard
et al. (Anti-cancer Drug Design, 1995, 10: 333-4 may aI so be

made of  2- BAondI3Sptddal-i ni doarfé3 didgmiied frBAvt he 3§5|1813ﬁf1%e§8t ocl5i ni des
sp. by §J §b%%rrtqtesal dédendara€hem &5 Sate 1883pll0%f 6134xGNeand

synt hesi zed by . Brach er et a rocycl e 9; 9 and
then by M Eeuk@sgié ofF3 %t%o%ﬁt@ ié@ﬁS%Q%gg 9%3@?;%)% Py

2- :3|rorm:jelot @cthmmﬂEDggxh?bl 5] cyt@t oxmg tyCheth 1r9<9§pec56t o 80He 8)eukaeni a
ce nodel w an of 2 [ Th cyt rt| qner e
confirmed by EINESZehefY( Pﬁgr maﬁl?gg °4997: %} 5@*%@ ‘in \E%Qgtro on
sixty tunous: cel3|9-|4:27esand1 Zul Kubayaahd it vavo, (Eﬁtrﬁbéémnoﬂ%@éﬂogr afts

of human_ tu | i ol o 0.a&n 1 Rhala t umour
A498 and 2 ?odn’a ]L%? ij*l(\9ﬁVI )an1 ant e?j ;ﬁ}é‘é%ﬁcg% %UHég? c]:l%#p]%undsa derived

from asci di dem dessumheds byl1IhydBoxyasdi ditdediln, AT RARGRSciltiteni n,
11- phenyl asgl % %%m Ny g délﬁl ni@ro ggn%@scwnq%rgnn,ma’gp dy 8bt beagaiddi dgmi n,

3-nitroasci H an neocal Iactine, have n descrlbed che
2-bromoleptoclinidone, isolated g om Lhemcally by

Leptoclinides sp. by S.J. Bloor et al. (J. Am. Chemn.
15 Soc., 1987; 109: 6134-6) and synthesized by F. Bracher
et al. {(Heterocycles, 198%9; 29: 2093-95) and then by
M.E. Jung et al. (Heterocycles, 1994; 39; 2: 767-778).
2-Bromcleptoclinidone exhibits cytotoxicity with
respect to the leukaemia cell model with an EDsy of
20 0.4 ng/ml. The cytotoxic properties were confirmed by
F. Bracher (Pharmazie, 1987; 52: 57-60), both in vitro,
on sixty tumour cell lines in culture, and in vivo, ©n
models of xenografts of human tumour cell lines {colon
tumours SW-620 and HTC116, renal tumour A498 and
25 melanoma LOX IM VI) implanted in mice.

Other compounds derived from ascididemin, such as

l1l1-hydroxyascididemin, ll-methoxyascididemin,
l1-phenylascididemin, 1l1-nitrophenylascididemin,
30 l-nitroascididemin, 3-nitroascididemin and

neocalliactine, have been described chemically by
various groups, such as those of F.J. Schmitz (J. Org.
Chem., 1891; 56: 804-8) and Y. Kitahara et al.
(Heterocycles, 1993; 36: 943-46; Tetrahedron Lett.,

35 1997; 53[ 17029-38}, G. Gellerman et al. (Tetrahedron
Lett., 19593; 34: 1827-30}, S. Nakahara et al.,
(Heterocycles, 1993; 36: 1139-44) and 1. Spector et al.
(US~-A 5 432 172).



various groups, such as those of F.J. Schmtz (J. Og. Chem, 1991, 62 FEB 2004
804-8) and Y. Kitahara et al. (Heterocycles, 1993; 36: 943-46; Tetrahedron
Lett., 35 1997; 53, 17029-38), G Cellerman et al. (Tetrahedron Lett.,

1993; 34: 1827-30), S. Nakahara et al., (Heterocycles, 1993; 36: 1139-44)
and |I. Spector et al. (US-A5 432 172). 1 2 FEB 2004 - 4 -Meridine is

anot her natural alkaloid extracted fromthe ascidian Anphicarpa rneridiana

or fromthe marine sponge Corticurn sp. Meridine was isolated by F.J.

Schmitz et #1d§%e Q.2 8w ﬂé¥ﬂ1a§6al§9ﬂ05@8éx@9§ctﬁgnf@oﬁe&%kibed for

its anti proll erative properties on a nodel of marjine |eukaem ang;388 and
its antifungar idgedpetiaiey qapPPAent I & 1@320‘28'71"?@‘%\%/8%5#?&)

23 January 293); s Syt Oﬁgfhglﬁéoﬂ«%@'%op&é&\l)béhm Csbhmhtﬂe%,t col on

cancer cells (HT 29) and lung 10 carci | 1's (A5 orted by
R E. Longl efl-et - QK9 of .-'Projd%g égé% 9?61 I%E“ﬁﬂon may

a: iol bedgmdefs@rfg@f@d h%ﬁ CQﬂEOLﬁ’lﬁiﬁlpﬂﬁllﬁe’.ﬁé'@ﬂ@éﬂ r;eﬁ;aenemh :acym i ca

al kal oid isol ate romthe 15 _as an Cy tes del. echi_ajei

Bont enps et M@fel (P&t r%"?f’e’d?%nlLé‘ﬁ‘F mlfQQi%ggy 7‘_1‘)"?% a% f@ﬁl% Exhi bit's
cytotoxic a@&rb‘pletr&tl\@st Ho espeait tUs MINRNLB2 emkaemﬁanhyapl:iablaastts al20 A
subj ect-matt the prese nvention_is conp ound f ne rmul a |
and la and R F%$r’r€la§ular2'5 9%1 cﬁtﬁ Fo?%?%o %ﬁf%tﬁ%% Réﬁ %RS are
sel ect ed fraumaAydregen, 1inkal ogeisn Claseal k:y‘[ngr o(uﬂk291\ydandyllun90-lo

vh mi%mzcﬁr(céﬂﬁ“az I RO eﬁ%ﬁ%&tea'\lﬁ% RNEFBLongelf) 2.

et al. of Nat. Products, 1993; 56: 915-920).

Mention may alsc be made, among these compounds, of
cystodamine, a pentacyclic alkaloid isolated from the
15 ascidian Cystodytes dellechiajei by N. Bontemps et al.
(Tetrahedron Lett., 1994; 35: 7023-7026}), which
exhibits cytotoxic activity with respect to human

leukaemia lymphoblasts.

20 A subject-matter of the present invention is compounds

of general formula I and Ia

Ry Ry
=
R, ;\} X |
R Ra Rs
N l 0 & =
. ~ . =
Rg R2
O
O and Ry
Formula I Formula Ia

25

in which:

Ry, Rs, R3, Ry and Rg are selected from hydrogeny
halogens, C;-C¢ alkyl groups, hydroxyl, -CHO, =CRe,
30 —COdH, -CN, -CO;Rg, -CONHRg, -CONRgRg, -NH;, -NHRg, -
N(Rg} 2, ~NH-CH;-CH;-N (CHa} 2, -NH-CH,-CH,-C1, -NHCOCRg,

morphelino, nitro, SO3R,



- norpholino, nitro, SO3H, -CH2-N- COOR8 - CH2- N-COORB CH2- COOR9 CH2- Ar ra! &rFdB 2004
RO being selected from Cl-C6 al kyl groups and phenyl (Cl-C4) al kyl groups
and Ar being a C6-C19 aryl 5 group, - R6 is selected from hydrogen,

- hal ogens, C1-C6 al kyl or - (CH2)nRlo groups with R10 being selected from
hal ogens or -OH, (Cl-C6) al koxy or --0-CO (Cl-C6) al kyl groups and n
between 1 and 6, -CN, -CO2Et or -CORI 1 groups with R11 10 bei ng sel ected
from Cl-C6 [l acuna] and phenyl (Cl- C4) al kyl groups, and -NR12R13 groups
with R12 and R13 sel ect ed,chnsependent | y -oH,one0affet her, from hydrogen or
C1-C6 al kyl, phenyl (Cl-C4) afkyl or - (CH2) "CRL9 groups with R19 being
sel ected fron1ha|ogens or (Cl-6f) éﬂ? RXy 15 qnngml(CH3) 2 groups and n
between 1 and '6, - R is selecté roh1hydrogen groups of type (Cl-C6)

al kyl, phenyl (Cl-C4) alkyl, -NR15R16 with R15 and R16 sel ect ed,

|ndependently of one another from hydrogen, . grou of t Cl- | kyl
and phenyl RE€1268) By kPELAAd ‘*?be%@é) "fw R%ilf g ‘é%sf%’ndna

hydr ogen, hﬁhgg@@qc LCs) a@-ﬂ{ﬂr E alah@xyAgro]bl@sngndanCtxeC\t\eeraﬂyland 6,
and the addition salts of these conpounds with pharmaceutically acceptable
acids. 25 A93pE®rfic group of conmpounds of the formula | and/or lais

th)se in V\/rélicgg B:skslgzecRéd B&oﬁgduy&loajem ,SdlEiciesn $ r ofa18kdedden, or
al ogens, - a roups I QX , 2RB,
e, bt T i S e i) s5 19 e, SHA g Mg

- NHCORS, nDb@heknmo unktgpalkﬁﬁﬁHpr CH%CNPGEEFBG ) allrp- QFQEERBaﬂGH? COORS
G2 e g, hei00ysg) 2oL ol om S0 WorgiouRe A unbRLDG 3
10 being selected from C;-Cs [lacuna] and phenyl (C;-
Cqyalkyl groups, and -NRjpRi3 groups with Rj; and Rij
selected, independently of one ancther, from hydrogen
or C;-C¢ alkyl, phenyl{Ci-Cslalkyl or =-(CHz)aRi4 groups
with Ri4 being selected from halogens or (C;-Cs)alkoxy
15 and -N{CHis)2 groups and n between 1 and &,
- R, is selected from hydrogen, groups of type {C1-Cé)
alkyl, phenyl(Ci-Cq)alkyl, ~-NR;sRi1g with Ry and R
selected, independently of one another, from hydrogen,
groups of type C;-C¢ alkyl and phenyl (C;-Cy)alkyl and -
20 (CH»)pR17, with Rj; selected from hydrogen, halogens or -
OH or (C;-Cg)alkoxy groups and n between 1 and 6,
and the addition salts of these compounds with

pharmaceutically acceptable acids.

25 A specific group of compounds of the formula I and/or

Ia is these in which:
Ry, Rz, Rz, Ry and Rs are selected from hydreogen,

halogens, C3;-Cg alkyl groups, hydroxyl, -CHO, -ORs,

-COCH, -CN, -CO2Rg, ~CONHRg, —CONRgRg, -NH-, —NHRg,
30 -N{Rg) 2, =NH-CH;—-CH,-N({(CH3)2, -NHCORg, morpholino, nitro,
S0sH,
.CH,;N-COORg . -CHpN-COORg
| :
CHQ'COORQ C Hz'Ar

Rg and Ry being selected from C;~C¢ alkyl groups and Ar
being a C¢—Ciy aryl group.
35



- 6 The subject-matter of the present invention is nore particul arIthFrEg 2004
conpounds selected fromthe conpounds of fornmula ( I ) and of formula (la)
in which RI, R2, R3, R4 and R5 are selected from hydrogen, hal ogens, Cl-C6
5 al kyl groups, hydroxyl, -ORB, NO2, -NH2, -NHR9, -NH(RO)2, -NH CH2-CH2-N
(CH3) 2, -NHCH2-CH2-d, -NHCOR8, Re being selected fromCl-C6 al kyl

groups, - R6 is selected from hydrogep,6-; (CH2) nR1o groups, with RID

bei ng sel ected from hal ogens, the -O CO*CH3 group, 10 Cl1-C6 al kyl groups

and N (R12 ro +R12 a , nt e
anot he§ #ﬁehg B %rC\W"Fn &%% le E_]rfé Eé%%%ﬁqor hf}d@ﬁ%%ﬁn%% q}iooﬁt}in wth
R14 bei ng sxalreo.tcenlafrrlq,m tiae og@m@O@ﬂd§CﬁﬁG®)Ce¥I%x§/r‘arﬁdtheN(CG@CgJ %ups and

n between 1 7 egked mzhy gefn oxh9RAURS, OR, L YRE (Cl- C6)
al kyl , benzﬁ %%Q%Rigﬂ \%\nﬁbthwoa 316%% ected from h dzr ge groups

of type Cl-® &gl Randusenegleched Lrom Qupirage?; WatPFerselected from
hydr ogen; h n OH, Qdir b1 C6) 8RKOXYo 9 oupRs, , andiHRghet-waeR, 1, ,and 6,
20 and the %&g(?'tgi gynlqgsuaffst's of % %%e c?gg})%undszgvmth ﬁEﬁém;ce alsl%f

accept abl e a@ifbéiﬂzACérznﬂbcﬁﬁ)qor ef :chpothds T8 of#p t he
compounds ofs SUTBIR drgnck gl 2 &CﬁrahpbﬁaSt one of 25 the R, R2, R3,
R4 and R5 groFEs I's an %e he "addltlor?% 'ﬁwthggarnm‘tq_ytlcally
accept abl e dsi's déﬁé?ét? fs‘%ﬂ”’ts VT ey ve 18] §§iCEE”° " properti es
of the freeRQ@sggl t hewit e bByd NG ranm B{hum;kam r abhe aciHir+CHEhepeowal ts can
in particular hoeforrred wi th S, h r chlorlc
acid, hy rol{):rloFrﬁc é{ LR fe%ad %‘ FI’I%(:‘,E%& &% %$Hﬁ ﬁé%p%%?l % aci d;
metal acid Ss’zélte?ctéi:uchlaSegiesddnmﬂy orft hophoypmreelarndfmmoﬁmcb@ﬁﬁﬂn

sul phate, and o aci neral | Ofy5f I 1
andp(la) car?rbeEga(gT a.a%i‘é(lb ggg%ggesila\/\hy(g#zzgﬁs ggg&fn% 1%(:2% go( )

being selected from halogens or (Ci- Cs)alkoxy and -
N (CHs)» groups and n between 1 and 6,

15 - Ry selected from hydrogen or groups of type (C1-Ce)
alkyl, benzyl, =-N(RisRis) with Ris and R;¢ selected from
hydrogen, groups of type C1-C¢ alkyl and benzyl, and
—~(CHs) gR17, with R;; selected from hydrogen, halogens or
-OH or (C;-Ce¢)alkoxy groups and n between 1 and 6,

20 and the addition salts of these compounds with

pharmaceutically acceptable acids.

A group of preferred compounds is that composed of the
compounds of formula I and Ia in which at least one of

25 the R;, Ra, Rs, R; and Rs groups is an ORg group.

The “addition salts with pharmaceutically acceptable
acids” denote the salts which give the biological
properties of the free Dbases without having an
30 undesirable action. These salts can in particular be
those formed with inorganic acids, such as hydrochloric
acid, hydrobromic acid, sulphuric acid, nitric acid or
phosphoric acid; metal acid salts, such as disodium
orthophosphate and monopotassium sulphate, and organic
35 acids.

Generally, the compounds of formula (I) and (Ia) can be

obtained by a process which consists in:



| 7 i 5 and an azadiene of formula: X NRA V { N(CH3)2 where X = cH3,? FrR 200

order to obtain a m xture of conpounds 10 O Fornula Il Formula Ila b) in
optionally separating the conpounds of formulae 11 and Ila, 15 cl)
subsequently reacting a conpound of forrmulae Il and/or Ila with

di net hyl f ormam de di methyl acetal, in _order to obtain an enam ne of
formula: 1 2 FEB 2004 8 N(CH 32 R~ dnd/ or RENNR OO Formula Il
Formula | Wla then functionalizing the enam nes—porder—i-o—5—Htro

the R6 and/or R substituents, and cyclizing, in order to obtai e
conmpounds of formnul ae | and/ or la, or C2) functionali zi nd cyclizing
at the sane tine, in 10 order to obtain the conpo of fornulae | and/or
la, d) optionally separating the conpounds of nmul ae |

and an azadiene of formula:

5
X
N
as v
N Ra
N(CHa)2
where X = CHs,
in order to obtain a mixture of compounds
X
R, O X Q
R
Ry RS RB N 5
.§.
R N
Ry SN N R, 2 R
O R1 O
Formula II Formula Ila
b) in optionally separating the compounds of formulae
IT and Ila,
15 c¢1) subsequently reacting a compound of formulae II

and/or Ila with dimethylformamide dimethyl acetal, 1in

order to obtain an enamine of formula:



and la. In an alternative form the conpounds of fornulae | or 15 Iltzi"-r":B 2004
which R6 and R7 are hydrogens can be obtained by a process which consists
in: a) reacting: 0 and an azadiene of formula x RS N(CH3)2 R3R51v N
R4 V N(CH3)2 20 where X = C1H2-CH2-NHBoc, 1 2 FEB 2004 __ 9 in order to
obtain a m xture of conmpounds Qx R N-N~," O Formula Il Formula Ila 5 b)
optionally separating the conpounds of fornulae Il and lla, 1 2 FFR 2004 -
10 An exanple of substituted azadi ene can be prepared according to the
following schene:1 SCH Di-tert-butyl dicarbonate 1IN NaOH Zzzz 0O

l}i(CHs)z N(CHa)y -

R, 0 0 N

RZ\\ﬁf/»\F//\\?//qqﬁ//Rs Ra. A | Ii//§§§//R5
SIS == LI X
. ~ » ,;\\ ) . /

R™ N Y W R Ry \ ﬁi/J\N Ra
| 0 R, O

Formula III

then functicnalizing

Formula IIla

the enamines, in order to

5 introduce the Rg

and/or Ry substituents,

and cyclizing,
in order to obtain the compounds of formulae I and/or
Ia,
or
c2) functionalizing and cyclizing at the same time, in
10 order to obtain the compounds of formulae I and/or Ia,
d) optionally separating the compounds of formulae I
and Ia.
In an alternative form, the compounds of formulae I or
15 Ia in which R¢ and R; are hydrogens can be obtained by a
process which consists in:

a) reacting:

i
RE-\/\\A.\E;

) | v
O

and an azadiene of formula
X
N
P
N/ \R,; Vv
i

N{CH
00 3k

where X = CH;-CH,-NHBoc,



BocNW N- Chl or asucci ni m de BocNH ~ TEMPO TBACI Conpound 2 Di net hyi hyc;r?agméﬂm
BocNH~ OH Conpound 1 Conpound 3 O Conpound 4 N(CFbh 5 TEMPO =

tetramet hyl - | - pi peridinyloxy, free radical TBACL = tetrabutyl anmoni um
chloride FMIP = fornyl net hyl enetri phenyl phosphorane . The foll ow ng
exanples illustrate the preparation of 10 the conpounds of formulae (1)

and (la). A - Preparation of the azadi &ne (Conpound 4) A-1 - Synthesis of
N- BOC- 1- - ami no- - 2- hydr oxypropane 15 (Conpound 1) 4.2 g (29.7 nmmol) of
di-tert-butiy) cdidear hanate saire 2 auitetize QC ¢omRCWOESti on of 2 m (27 nmml)
of 3-am no-Il-propanol in a mxture of 60 m of di oxgre, ?p m of water
and 30 m of IN NaBH. Tie reaition 20 mxture is keptystirfped at anbi ent

tenperature Id then it is acimi hcentr at ed
HCl. After sSwergie i (3-Ranes < : q ate (AcCEt),
t he organi c phast nySO4 and on a rotary
FMIP 1 2 FFR ?004 evap lr at or to giv )t ' e uct in the

for, i of a 9 2.50 (m
2H); 3.05 5 %?n A-2 - Synthesis
of N-BOC- 3-am nopr opanalo(Corrpound 2)

Formula II Formula IIa
S b) optionally separating the compounds of formulae Il
and IIa,

1
v




18 g (103 muol ) of Conpound 1, 1.62 g (10.4 mmol) of TEMPO 12FER 2004
(tetramet hyl -1 -pi peridinyloxy, free radical), 10 2.9 g (10.45 mml) of ~
t et rabut yl ammoni um chloride and 21 g (75.5 mml) of N-chl orosuccini m de
_are suspended in 351 m of NaHCO3/ K2CO3 (0.5N 0.05N) and 351 ml of CHC13.
The reaction mxture is vigorously stirred for 2 hours. The organic phase
is separated by settling, 15 dried ove%ongscn and then concentrated on a

rotary evaporator to give the expected aldehyde in the formof a light

orange oil._ _Yield: 100%* 1H N 13): 1.35 ( 9H) ; 4 2H, J =
20 25 6.8 HY); F3FPe %;Suﬁisggté’%ad%)éﬁdiﬁ)”;e 6287 F%‘éd,%’”?ﬂ,’ége‘i 8 and
15.6 Hz); Gaddofdihglth the HoBlcandgl5cBekkz)! 9.39 (d, 1H, J = 8 Hz). A-3
- Synthesis of N BOC-5-am no-2-penten-l-al (Conpound 3) 11 g (66.7 mmuol)
of Conpound 2 .3 g (80 mml) of fornylrnethy@gggtf?ghenylphosphorane
(FMIP) are dissolved in 350 q[ bteg (laneband Al hen the reaction mxture
is brought to refluxgr 9 MBI & LA A PR0&1for at i ng t he Sehyent on a
rotary evaporator, the> ' residue insNBOHt ered a fir§ﬂ)tig@ Jprough silica
[(1/1° CHCL3/ heptane) then CHCL31 to renove the tripheayr— phosphine. A
second filtration through silica (8/ 2 AcCEt/heptane) makes it possible to

obtain 3.88 g of 35 Conpound 3 in the formof an orange-yellow oil.

Yield: 29% 1H NVR (CDC 13): 1.47 (s, 9H); 2.60 (m 2HpeNB. 3 (m 2H);

4.82 (broad s,N-Cipros@cibiBniged ~6.88 ( 1H ; 9.55 (d, 4H 1 2 FEB

2004 - 12 A-4 - Synthkesis g?”%?ESEES-ani Ef ~penten-1 - al X

di met hyl hydr azonegi€onpound 4) =0 P
TBACI Compound 2 Compound3 2

Bocl\H/\l
q

Dimethyihydrazine
- /

Compound 4 ILJ(CHa)Z

5 TEMPO
TBAC1
FMTP = formylmethylenetriphenylphosphorane

tetramethyl-1l-piperidinyloxy, free radical

tetrabutylammonium chloride

The following examples illustrate the preparation of

10 the compounds of formulae (I) and (Ia).

A - Preparation of the azadiene (Compound 4}

A-1 - Synthesis of N-BOC-l-amino-Z2-hydroxypropane
15 {Compound 1)
4.2 g (29.7 mmol) of di-tert-butyl dicarbonate are
added at 0°C to a solution of 2 ml (27 mmol) of
3-amino-l-propanol in a mixture of 60 ml of dioxane, .
30 ml of water and 30 ml of 1N NaOH. The reaction
20 mixture is kept stirred at ambient temperature
overnight and then it is acidified to pH 1 using
concéntrated HCl. After several extractions (3 times
50 ml) with ethyl acetate (AcOEt), the organic phases

are dried over mgSQO, and then concentrated on a rotary



3.88 g (19.5 mml) of Compound 3 are added at OC to 1.47 m '(19.5 rmiol FFR20N
di nmet hyl hydrazone and 8 drops of 5 acetic acid in 30 m of ether. The
reaction mxture is left stirring for 10 mn and the organic phase is
separated by settling and washed with 1IN HCI and then wth a saturated

NaCl solution. After drying over ngSO4 and evaporating the solvent on a
rotary evaporator, 10 4.4 g of hydrazornge (Conpound 4) are obtained in the
form of an orange- yellowoil. Yield: 94% 15 IH NWR (CDC13) : 2.30 (s, 9H)

; 2.3 (M 2H) 52282 ,44 5%ﬂt¥ﬂ@d spebied Hrddudt dinlthel = 6.8
and 15.6 H5y7a®, 453 ro|<r:|]Bo|O %ﬂ}e 8 'and 8.8 and 15%:Hz) 6.96 (d, 1H, J

8.8 Hz). f130 NpﬁRa( @e&igy: oig.- 15' 33.05; 39.58; 42.51; 78.77; 130.84;
130 95; 135454; 15%168. 82@ B - Pre aration of the conpounds of fornula II

and Ila B-1: Synthesis of 4-methylp o[ 2, 3-9] qui pal i ne-5 e

(1 nt er medi af’e I-tiB) Q’I;ﬂetth %%/rﬂﬁo- 91%?,’2-3]' gguiﬁ%ﬂ i %%P %JOCU(}\ one
(Intermegiate I1-3h) 2%5 A3m4>5t ure of)Q. 5 .¢ A 3ikdrbadrod,) o)

qgui nol i ne- 5, 8-di one, 0.35 g (3.14 mol) of crotonaldehyde

di met hyl hydrazone and 0.45 m (4.76 mmol) of acetic anhydride in 20 m of

CHC13 are tpeat ed |m3m|thdsummm-ﬂmﬁ—fmnomanahﬂ mpoap@réti ng the
sol vent on rot agi/%? %ij’it Sf’rf égmgggnaeaict i Qn 6r2n ét UFeoi & fuhbierege through
ve

SI|IC8.(CHC m xt ur'e of | somers l-la and
Il-la in thaEMROM 01(tatpamnptbybnﬂ«\dmpeﬂ'hﬁsﬂwé%é’rr : aﬁ’éleq 6 I¢dir® 4 mol ) of

M02 arg,susp d 2Ryt he afinehufe | snbeeuget draref | ux
for 2 hf(;%r 2 %g Aft(%aerj] ?Iﬁ?ﬂ]gﬁqﬁ%ﬁé cg Ptg the filtrate is
al’

concentrat e@lo a (7ot arymedhpdfat Brel Pﬁéﬁcﬁl‘}ﬂff‘flldéd apy Auskended
chronmat ography €Bi1apsi ld£ane@cwink(E8! 2 (0CHRCD2/0p0H) ahd giyE:ml 2FEB 2004

- 13 CHCls;. The reaction mixture is vigorously stirred for
2 hours. The organic phase is separated by settling,
15 dried over mgS0O, and then concentrated on a rotary
evaporator to give the expected aldehyde in the form of
a light orange oil.
. Yield: 100%
. 4 NMR (CDCls): 1.35 (s, O9H); 2.44 (d, 2H, J =
20 £.8 Hz); 3.21 {m, 2R); 4.90 (broad s, 1H): 6.04
(dd, 1H, J = 8 and 15.6 Hz); 6.74 (td, 1H, J = 6.8
and 15.6 Hz); 9.39 (d, 1H, J = 8 Hz).

A-3 - Synthesis of N-BOC-5-amino-2-penten-l-al
25 {(Compound 3)
11 g (66.7 mmol) of Compound 2 and 24.3 g {80 mmol) of
formylmethylenetriphenylphosphorane {FMTP) are
dissolved in 350 ml of benzene and then the reaction
mixture is brought to reflux for 9 hours. After
30 evaporating the solvent on a rotary evaporator, the
residue is filtered a first time through silica [(1/1
CHCls/heptane) then CHCl;3] to remove the triphenyl-
phosphine. A second filtration through silica (8/2
AcOEt/heptane) makes it possible to obtain 3.88 g of
35 Compound 3 in the form of an orange-yellow oil.
. Yield: 29%
. 'H NMR (CDCl3): 1.47 (s, 9H); 2.60 (m, 2H); 3.38
{m, 2H); 4.82 (broad s, 1H); 6.18 (dd, 1HY; 6.88
(td, 1H); 9.55 (d, 1H). '



I ntermedi ate (1-1b): 4-nmethyl pyrido[2, 3-g]quinoline- 5,10-dione 40 HszEB2W£
(Yield: 699 in the formof a brown powder. Melting point: 220C. 5 iH NWR
(CcbC13) : 2.91 (s, 3H) ; 7.54 (d, 1H J 4.8 Hz); 7.75 (dd, 1H J = 4 and
7.6 Hz); 8.67 (dd, 1H, J =2 and 7.6 Hz); 8.91 (d, 1H, J = 4.8 Hz) ; 9.12
(dd, 1H, J = 2 and 4 Hz). 13C NWR (CDC13) : 22.75; 127.93; 128.04; 129.32;
10 131.50; 135.50; 148.73; 149.26; 152.,11; 153.68; 155.47; 181.46; 182.87.
IR (CHC13) : 1689 cm 1. Internediate (II-1b)

4- met hyl pyr hdgl 3. 2&@%{@1%@ lisngnsdily - AAeA S Alr: 239 in the

formof a bromn lting point: 270C H NVR (CDC13) - 2.94 (s,
?5%, IFFZJ(d 1H ‘JdimethythdIEZQH?((ﬁPmH9¥n@ D 4.8 and 8.4 rz) 8.59

, 9 a9, 81
(dd. 8, .38%|§z ?Jrgck'z’\ﬁx/x&? %f(cbo =3 20, A 8aHel ;a9 8ic(dd, 1H J

81 128.30: 128. 3% 130. 84:
131.55: 1351527 xﬂ7 g - 3 4B <1%1dvmeth5%h9qra215% 35d §g6Teps £d1. 02.

| R ( CHCL) %@g%ucr@gﬂd2§n53§ mBYy BrhetireOf The reaction mixture is
9- net hoxy- 4- net hyl pyri do[ 2, 3-g] - . qui nol i ne- 5, 10- dlone I nternedi at.e | -2b)

and of 6- neeRdxySAiFEHMA pﬁPFdoE  BLE] g fol Fie- A% J(ﬁorFeh Tt érredi at e
Blégb) ?g Q;@b@ﬁ#ﬂéﬁﬁbQ Be@t(2n§ mma)waéhédnaﬁhhanU|m©llaed g herdi one,

. g nmo of croton y ne ydrazone an 4. 23
mol ) of ac¥iit® ZAntRdITY egaN§8£1s8%ugﬁef g%ﬁwﬁ%ﬁﬁn%(é%ék ég?(
hour. After agwapervapbpgttihg Sﬂh@fﬁﬂokﬂeni.rﬂhary aﬁneuapOﬁammworauﬂ;,react|on
n1xture s flltered thro

m.xt ur e t ﬁegt V\Bf h Cf]’?%lal %%/ %a ﬁcj%é\/e%}iarl egl' ano tzh% g of a

ormo purp
form of an orange- yellow 011

. Yield: 94%
. 13 NMR (CDCls3): 2.30 (s, 9H); 2.3 (m, 2H); 2.82 (m,
2H); 4.52 (broad s, 1H); 5.70 (td, 1H, J = 6.8 and
15 15.6 Hz); 6.22 (dad, 1H, J = 0.8 and 8.8 and
15,6 Hz); 6.96 (d, 1H, J = 8.8 Hz).
. 13c NMR (CDCls): 28.15; 33.05; 39.58; 42.51; 78.77;

130.84; 130.95; 135;54; 155.68.

20 B — Preparation of the compounds of formula II and IIa

B-1: Synthesis of 4-methylpyrido{2,3-glquinoline-5,10-
dione {(Intermediate I-1b) and of 4-methylpyrido-
[3,2-g]quinoline-5,10-dione (Intermediate II-1b)

25 A mixture of 0.5 g (3.14 mmol) of quinoline-5,8-dione,
0.35 g (3.14 mmol) of crotonaldehyde dimethylhydrazone
and 0.45 ml (4.76 mmol) of acetic anhydride in 20 ml of
CHCly are treated in an ultrasonic bath for 1 hour.
After evaporating the solvent on a rotary evaporator,

30 the reaction mixture is filtered through silica (CHClj)
to give 0.428 g of a mixture of the two isomers I-la
and II-la in the form of a purple powder. This powder
and 1.6 g (18.4 mmol) of MnO; are suspended in 20 ml of -
CHC1; and the mixture is brought to reflux for 2 hours.

35 After filtering through celite, the filtrate 1is
concentrated on a rotary evaporator and then purified
by flash chromatography on a silica column (98/2
CH-Cl,/MeQH) to give:



powder. This powder and 2.3 g (26.45 mmol) of M2 are suspended in bé F&p 2004
of CHC13 and the m xture is brought 1 2 FFR 7004 - 14 to reflux for 2
hours. After filtering through celite, the filtrate is concentrated on a
rotary evaporator and then purified by flash chromatography on a silica
colum (98/2 CH2A 2/ MeCH) to give: 5 Internediate |-2b:

9- met hoxy- 4- net hyl pyrido[ 2, 3-g] - quivwol8ne-5,10-dione 57 ng (Yield: 8% in
the formof a red powder. 1H NMR (CDC13) : 2.84 (s, 3H); 4.06 (s, 3H ;
7.18 (d, lthtdrme8ikiee; 7(Z61KY; 1H-rmethyllplydido (B, B7g]geingline: J = 6
Hz) ; 8.87 (d, . IH, J = 4.4 Hz) . Internediate II-2b: _

6- et hoxy- 42 mePR$FBYRI do[ 3, 2-g] - qui nol i ne- 5, 10-di one 293 ng (Yiel d: 40%
in the formof angomgng¥iepdwdék) 15 thE KNRmM( CBCE3PIowp @OWEEI -3H) ; 4. 05
(s, 3H) ; 7.2 (d H J =.6.Hz);,n9~48 (d, 1H, J = 4.8 Hz); 8.85 (d, 1H, J
=6 H) ;. 8. 8 Ee%é}“?kfoig‘éwb?oscm). 13C NVR (CDCL3) - 21.75; 43. 41
112. 74; 5119¢72; ‘H3GMB3; (ABA104; 248132(s,143H22: 1594 2d<4-154H60;Y 20

152. 80; 155.11; 18%.44; .184.53. R ( Fl ) = 4675n4170% ¢l B- 87
Synt hesi s of 9-n%t’féoﬁ?l?fre§ﬁylﬁpyr{fig -8

0[ 2,3-g]- quinaline-5,10-djone. _
(Intermediate |-538%, antHof J 25 & nﬁﬂﬁo-h=%re‘f’?’|§/f Py to[ f§,"12-g§i ui ol T'ne
5, 10-di one (I nte@ngdhgt)g bl 15b) aA, Myt uge=0 @Gnd @ EZ)92 ol ) of
4-ni troqui nol i ne335, 8- dione, 0.65 (EL). 8 r’rm&lg) éﬁ cgg%oml.de?éges .
di met hyl hydPazone G@ndMg. 55CRF1¢)s: 82%11)]5" oft Zdcetdiic afftydr F4é A 10.5 m
of CHCL3 are treakedsin anzsubdyasiond c7bat h 402630 misa.. 1Af:t el 58vépor at i ng
the solvent on a rotaryégva%gr.a gr, g he reaction mxture is filtered

2 Ol—i%L £o

t hrough silica (é§/52'4&l'42 i‘'ve 0.7 g of a mxture of the two
i soners |-5a and1Rl -(5aciip) t heess cm™.

Intermediate (II-1b): 4-methylpyrido[3,2-glguinocline-

5,10-dione

i5 e 160 mg (Yield: 23%) in the form of a brown powder.
® Melting point: 270°C.
. 1y NMR (CDCls): 2.94 (s, 3H); 7.52 ({d, 1H, J =

4.8 Hz); 7.76 (dd, 1H, J = 4.8 and 8.4 Hz); 8.59
(dd, 1H, J = 2 and 8.4 Hz); 8.9%2 (d, l1H, J =

20 4.8 Hz); 9.11 {dd, 1H, J = 2 and 4.8 Hz}.

. 3¢ NMR (CDCls): 22.81; 128.30; 128.39; 130.84;
131.55; 135.52; 147.90; 149.95; 151.74; 153.94;
155.35; 180.42; 184.02.

* IR (CHCl3) 1672; 1700.

25
B-2: Synthesis of g-methoxy-4-methylpyrido{2,3-g]-

quinoline-5,10-dione (Intermediate I-2b) and of
6-methoxy-4-methylpyrido[3,2-g]quinoline-5,10-
dicone (Intermediate II-2Zb)

30 A mixture of 0.5 g (2.8 mmol) of 4-methoxygquinoline-
5, 8-dione, 0.32 g (2.87 mmol) of crotonaldehyde
dimethylhydrazone and 0.4 ml (4.23 mmol) of acetic
anhydride in 8 ml of CHClsy are brought to reflux for
1 hour. After evaporating the solvent on & rotary

35 evaporator, the reaction mixture is filtered through
silica (98/2 CH,Cl./MeOH) to give 0.48 g of a mixture of
the two isomers I-2a and II-2a in the form of a purple
powder. This powder and 2.3 g (26.45 mmol) of MnO,; are
suspended in 26 ml of CHCl; and the mizture is brought



35 formof a purple powder. This powder and 2.9 g (33.4 mmol) of Nh(gz2 f;;frﬂe?w
suspended in 29 m of CHCL3 and the mxture is brought to reflux for 2
hours. After filtering through celite, the filtrate is concentrated on a
rotary evaporator and then purified by. flash Il FEa2oo0a - 15

chromat ography on a silica colum (98/2 CH2C12/MeOH) to give: Internediate
| -5b: 9-nitro-4-nmethyl pyrido[2,3-g]-_quignoline-5,10-dione 5 110 ng (Yield:
11% in the powder form 1H NWR (CDC13) : 2.98 (s, 3H) ; 7.19 (d, 1H, | =

5'_ 4 8 Hz) 7. 04 Q%fiéﬁc13rzflﬁ%$¥§ ﬁfzar(QQl¥@¢lnb:%ﬁiﬁhéﬂ)ce819é (d, 1H

J 1703 cm 1. 10 Internediate I1-5

6-ni tro-4- rr*e?t“ﬁylfp Er@bp3 13- PN CeuitidtSte-99 1D- 1k by ﬁ%%p?rﬁaf‘?f:eﬁad 16% in
the form of ﬁexelwﬁbgew bgowg%sh 1&%66@5&;’3}1 3n85a( silidk) ; 7 .

6 (d, 1H J = 15 4 1H J = 4.8 H): 899 (d, 1H J = 4. 8
Hz) ; 9.33 geluap, (384240‘18{: eOH3 £0 §ritshesi s of

9- di et hy| afhperfedehbyl pym-do: [ 2, 3-0¢ thuoxpt 4 Aee bhy Dpgrdde [@), Btgd redi at e

| -3b) 20 and of -d| ggtggl mi no- 4- net hyl pyrido[ 3, 2-g] - qui noline-5, 10-di one
(1 nt er medi a‘EI'élT“P 5 rra"(:’59558 mmi) of nitrated tricycle I-5a or |1-5a
and 0.4 nm 1. 955mmak) (PhelNaN- dl%r)tetmhylther femmde fdisetrieyd poackal are

dissolved in 2.1, a |o 5 xture s fe 130C
for 1 hour. AfterﬁT1 gﬁgp%@ﬁg rh% Srs')'gl eht %VI\-II%'[ hn%a é/gcgl?rh pél}gfi ?Agts
i nt er medi at e conpaunddl, | ~Ba 06 Hi}3b7aﬁé dBt ailbed,J whi ch Haier i8a|87W| I I be

used as s in the,fol|owng cst 3Q 4l nteer i at e Iyl -3ky
6- di net OIylamno d hhylpyrlgo ?3?3}7 gt&ngﬁ?ng{S fo dlozn)e

Intermediate II-2 6-methoxy-4-methylpyridol3,2-g]-
quinoline-5,10-dione
. 293 mg (Yield: 40%) in the form of an orange
powder. _
15 e IH NMR (CDCl;): 2.80 (s, 3H); 4.05 (s, 3H}; 7.2 (d,
18, J = 6 Hz); 7.48 (d, 1H, J = 4.8 Hz); 8.85 (d,
1H, J = 6 Hz); 8.88 (d, 1H, J = 4.8 Hz}.
. 13c NMR (CDCli): 21.75; 43.41; 112.74; 119.72;
130.93; 131.04; 148.32; 149.22; 150.26; 151.60;
20 152.80; 155.11; 181.44; 184.53.
. IR (CHCl;): 1675; 1700 cm™
B-3: Synthesis of 8-nitro-4-methylpyrido[2,3-g]-

quinoline-5,10-dione (Intermediate I-5b) and of
25 6-nitro-4-methylpyrido[3,2-glquincline-
5,10-dione (Intermediate II-S5b)
A mixture of 0.8 g (3.92 mmol) of 4-nitroquinoline-5, 8-
dione, 0.65 g (5.8 mmel) of crotonaldehyde
dimethylhydrazone and 0.55 ml (5.8 mmol) of acetic
30 anhydride in 10.5 ml of CHCls; are treated in an
ultrasonic bath for 30 min. After evaporating the
solvent on a rotary evaporator, the reaction mixture is
filtered through silica (98/2 CH»Cl./MeOH) to give 0.7 g-
of a mixture of the two isomers I-5a and II-5a in the
35 form of a purple powder. This powder and 2.9 g
(33.4 mmel) of MnO, are suspended in 29 ml of CHCl; and
the mixture is brought to reflux for 2 hours. After
filtering through celite, the filtrate is concentrated

on a rotary evaporator and then purified by . flash




Yield: 94% 'H NWR (CDC13): 2.77 (s, 3H); 3.05 (s, 611); 6.89 (d, 1H J =
6 Hz); 7.39 (d, 1H, J = 4.8 Hz); 8.42 35 (d, 1H, J 4 6 Hz); 8.74 (d, 1H J
= 4.8 Hz). 1 2 FEB 2004 - 16 B-5: Synthesis of 9-chloro-4-(N BOC- 1-am no-
et hane) - 5, 10-di hydr opyri do[ 2, 3-g] qui nol i ne- 5,10-dione (Internediate |-7b)
and of 6- chl oro-4-(N BOC- 1-am noet hane) -5, 10-di hydro 5

pyrido[ 3, 2-g] qui noline-5,10-dione (knternediate I1-7b) A mxture of 0.6 g
(3.1 mmol ) of 4-chloroquinoline- 5,8-dione, 0.75 g (3.1 mmol) of

di met hyl hydeazone tbgaagh0.445 4l s{#ids avpljhnof(98cet iaH.anbydedde itn 8.5 n
of 10 CHC13 are treated in an ultrasonic bath for 30 mn. After

evapor ati ng92N&‘sol vent on a rotary evaporator, 2.7 g (31.1 mmol) of M02
and 22 mM ofkntdeheddateadded -5to: t he 2eattrondnimethyépywnidel2i 3-Bdought to
reflux for 2_ho§ps._§fa%g f.iltering through celite, the filtrate 15 is
concent r at e@UdROA PS 2y %6 FaS8 at or and then purified by flash

chr omat oyr aphy on 1@ sid i(@aedal:umi %)( 99y LheHZCHWHNeE@Prm-0 gi ve: |nternediate
| -7b: 9-chl Qro-44(N- - 1=am noet Bare) - . =

5, 10- di hydrgpyri dg[i‘,%%gf‘agg%gﬁi nlg-' f%)lo-(%i one? ' 20"190 ity (\1(iHéI d 6% in
the formof a brGwé paider?.54 HINWR ({oDCI3)= 4:85Hes; &H)/° 3(ds5-3H52 (1
4H); 4.86 (broad, s , N el (dg lHp I F44. ). . 7.74 (d, 1H, J =
5.2 Hz); 8.90 (d%‘1HF'}ﬁ§z%f28ag$;qig.gﬁ (d, 1H, JIEE4 Hz). 25 13C NWMR
(CDC13) : 28.37; 135.(€3Cl4p:307039CR7:- 126.84; 128.04; 130.88; 131.17;

145. 78;1 450 134 e rme2fl a3% 152128h:154. @5nit24-36methy18§ridivg37@-g]+82. 32.
IR (CHC13) : 1695 cm 1. 30 I nternediate |1-7b:

6- chl or 0- 4- ABSELPeTA APsHERS - 5, 10- di hydropyri do[ 3, 2- g]

qui nol i ne- 5610-dil®¥® mg (Yield: 16%) in the form of a yellow-brown

powder.
° ly NMR (CDCls): 2.85 (s, 3H); 7.6 (d, 1H, J =
15 4.8 Hz); 7.74 (48, 1H, J = 4.8 Hz); 8.99 (d, 1H,

J = 4.8 Hz); 9.33 (d4, 1H, J = 4.8 Hz).

B-4: Synthesis of 9-dimethylamino-4-methylpyrido-
[2,3-g]quinoline-5,10-dione {Intermediate I-3b)
20 and of 6-dimethylamino-4-methylpyrido{3,2-g]-
quinoline-5,10-dione {Intermediate II-3b)
150 mg (0.558 mmol) of nitrated tricycle I-5a or II-5a
and 0.4 ml {(1.85 mmol) of N,N-dimethylformamide diethyl
acetal are dissolved in 2.1 ml of DMF and the reaction
25 mixture is heated at 130°C for 1 hour. After
evaporating the solvent with a vacuum pump, 140 mg of
intermediate compound II-3a or II-3b are obtained,

which material will be used as is in the following

stage:
30 Intzrmediate II-3b: 6-dimethylamino-4-methylpyrido-
[3,2-glquincline-5,10-dione
° Yield: 94%.
. 4 NMR (CDCla): 2.77 (s, 3H); 3.05 (s, 6H); 6.89.

(d, 14, J = 6 Hz); 7.39 (4, 1H, J = 4.8 Hz}; 8.42
35 {(d, 1H, J 6 Hz); 8.74 (d, 1H, J = 4.8 Hz).

]



200
28.24; 34.96; 40.33; 79.47,

ng (Yield:

17% in the formof a brown powder.

128. 46; 130.15; 131.06; 131.59; 145. 20;

13C NVR (CDC13) : | 2 FEB 2004

183.20. IR

148. 76; 35 149.71; 151.74; 153.88; 153.92; 155.84; 179.76;

(CHC13) : 1705 cm 1. 1 2 FFR 2004 -
3- met hoxy- 4- - net hyl pyrido[ 2., 3-g] - qui nol
and of 3-nethoxy-4-nmethyl pyrido{3, 2-9g
I1-8b) 5 A mxture of 1 g (6.28 mmuol)

17

oG

B-6: Synthesis of

I ne-5, 10-di one (Internediate I|-Bb)
I noline- 5,10-dione (Internediate
qui noline-5,8-dione and 1.78 g

(12.57 mmol
are stirre

of 2 t
at

- but enal

éPaturefrdlnE thﬁiQ¥9r§ZQﬁeBbe ~23afilin8t

or 5 hours. After evaporating

AP tbRE

t

CHC13
he

sol vent on a rotary eéapanenesu1Uhd1hgdcppwmuﬁqm@uﬁggkHQHPQQNQ%Hed t hr ough

silica (95/
|-8a and 11
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filtrat
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1&5)9 ofngheckwo gi-s
-8a int

wd d1l
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®a purﬁ

G - rhr Al oe

t enper at ur

concentr

Evegueld, 2 g1

flash chronatography dﬁnxegmpﬁé&t@oﬁéﬁﬂh@99/1 CH2C12/ MeCH) to gi ve:

| nt er nedi at

110 mg (Vi of . m17%)
1H NMR ( CDC33$- dlgnrfsg Os,75319) ; { 3. 1 gl )
8.66 (s,

4.8 and 1.9 Fé
135. 50;10136CB4:

Hz) ;

u?cre] . go;@’mbﬁqd;et(@yllpk‘rﬁﬂdicﬂzo&“ gk~ cﬁ@o&blqﬁh(ilnlor_leﬂé -1
br.own in
e

Hhi %4577621%&@ okH, aéeelg arantidide Hin 9. 30n] debf
C NWVR (CDC13): 13. 56.87;

23 1@9826“13@28@6 “1219“33” tf§§°ffc 1%%% f%‘%tz).%g?”ifgl
After evaporating the solvent on a rotary evaporator,
2.7 g (31.1 mmol) of MnO; and 22 ml of CHCl; are added
to the reaction mixture, which is brought to reflux for
the filtrate

2 hours. After filtering through celite,

15 is concentrated on a rotary evaporator and then
purified by flash chromatography on a silica column
(99/1 CH»Cl:;/MeOH) to give:

Intermediate I-7b: 9-chloro-4- (N-BOC-1-aminocethane) -
5,10-dihydropyrido[2,3-g]quinoline—S,lO—dione:

20 e 70 mg (Yield: 6%) in the form of a brown powder.

. 1§ NMR (CDCl3): 1.35 (s, 9H); 3.45-3.52 (m, 4H);
4.86 (broad s, 1H); 7.56 (d, 1H, J = 4.0 Hz); 7.74
(d, 1H, J = 5.2 Hz}); 8.90 (d, 1H, J = 5.2 Hz);
8.94 (d, 1H, J = 4 Hz).

25 e 3¢ NMR  (CDCls): 28.37; 35.32; 40.30; 73.47;

126.84; 128.04; 130.88; 131.17; 145.78; 150.34;
150.98; 152.29; 154.05; 154.36; 155.88; 179.76;
182.32.

. IR (CHCls): 1695 cm ™.

30 Intermediate II-7b: 6-chloro-4- (N-BOC-1l-aminocethane) -
5,10-dihydropyrido[3,2-g]jquincline-5,10-dione
. 200 mg (Yield: 17%) in the form of a brown powder.
J 3¢ NMR (CDCly): 28.24; 34.96; 40.33; 79.47;

128.46; 130.15; 131.06; 131.59; 145.20; 148.76;

35 149.71; 151.74; 153.88; 153.92; 155.84; 179.76;

. 183.20.
. IR (CHCl3): 1705 cm™.

3.

omer s
(11.5
tirred
t he

by

0- di one
>260C.
and 8,1
1H J =
29. 95;
56.



30 IR (CHCI3) : 1684 cm1. Internediate I1-8b: T ZFFR 2004
3- net hoxy- 4- et hyl pyri do[ 3, 2-g]- quinoline-5,610-dione 190 ng (Yield: 12%
in the formof a brown powder. Mel ting point: >260C. 35 1H NMR (CDCl13):
2.77 (s, 3H ; 4.12 (s, 3H) ; 7.74 (dd, 1H J = 4.6 and 8,0 Hz); 8.60 (dd,
1H J = 8.0 and 1.6 Hz); 8.68 (s, 1H); 9.12 (dd, 1H, 3 = 4.6 and 1.6 Hz).
12FFR2A - 18 5 13C NWR (CDC13) : 12198;- 56.93; 127.99; 129.06; 131.27
135.53; 136.84; 138.81; 155.20; 157.16; 179.69; 184.59. IR (CHCL13)

1670; 1692 am 1. BL43. inthisild; oB- 3-m8yhbhysidsmefthylpyrido(2,3-g]-

3, 9-di et hoxy-4- et hyl pyri do] 2, 3- gls_ pui nol i diane {1 r | ate

| -9b) and of 3, 6-di M%‘%&%ﬂﬁ p#}roln o[é,&g‘-tgrgqn%idg’gl%:&ne:f S%EO% one
(Intermediate |1-9b) ¥ A Somethomyofi-getrbydpyyigdodd @rd] TRIROLINETYdr azone
(19, 722 mmol) in 15 f . C r ey £4de wi se to a solution of
4- - met hoxyqui nol i nedi o#el&(i%%g&ggg%ﬁmﬁ I n gIOIﬂ??jgf chl orof orm The
reactions miatmisecuse kept1sgi Fedsammakbi eft quénpeiaeade B-Gidde 5%t r ogen

and with th | usi on | igh 9% 5 hoyss. Af emavapa-#-ingda sol vent
on a rot aryele'\??a%ﬁlat or,qfltzﬁggcmge)pr oduct obtained is purified by flash

chr omat ogr aphynatindlgrdst29ma (CHCES, ™heR F98FEC1aHARS MH T 1%HEn &5/ 5

CHC13/ MeGH) a%ipérpéjufs?ge%{ﬂe 2Qbr actiqne £1 soppri siagolae ingnartmat i
product and a ‘second action F2 conprising hhe expect ednpr(%duct..sl g of
M02 is addebXeentheod rack PHATFI CERBOSBLRT - of " ARGCSF S M™ THe M xture is

left stipring fai-&9 Mmroudtesifidd eriag/bhronghl peldctsy anw washieng the
25 precipi talt.enggghogiglénia}'(r]cq_lgeheonf%}t‘ng I}:/%g_"istohrgegéliiggeand II-8a
in the form of a purple powder. This powder and 1 g
(11.5 mmol) of MnO, are suspended in 30 ml of CRHCl:; and
the mixture is stirred at ambient temperature for
15 1 hour. After filtering through celite, the filtrate is
concentrated on a rotary evaporator and then purified
by flash chromatography on a silica column (99/1
CH2C1,/MeOH) to give: ,
Intermediate I-8b: 3-methoxy-4-methylpyride([2,3-g]-

20 <¢uinoline-5,10-dione
. 110 mg (Yield: 7%) in the form of a brown powder.
. Melting point: >260°C.
. 4 NMR (CDCl3): 2.79 (s, 3H); 4.11 (s, 3H); 7.72
(dd, 1H, J = 4.8 and 8,1 Hz); 8.66 (s, 1H); 8.67
25 (dd, 1H, J = 8.1 and 1.9 Hz); 9.10 (dd, 1H, J =
4.8 and 1.9 Hz).
. 13- NMR (CDClz): 13.03; 56.87; 127.88; 129.50;

129.95; 135.50; 136.64; 139.26; 142.56; 149.33;
155.11; 157.24; 180.63; 183.56.
30 e IR (CHClj;): 1684 cm'.
Intermediate II-8b: 3-methoxy-4-methylpyrido[3,2-g]-

quinoline-5,10-dione

. 190 mg (Yield: 12%) in the form of a brown powder.
. Melting point: >260°C.
35 e 1§ NMR {(CDCl3): 2.77 (s, 3H); 4.12 (s, 3H); 7.74

(dd, 1H, J = 4.6 and 8,0 Hz); 8.60 (dd, 1H, J =
8.0 and 1.6 Hz); 8.68 (s, 1H); 9.12 (dd, 1H, J =
4.6 and 1.6 Hz).



I's concentrated on a rotary evaporator to produce a fraction F1' . Tﬂe2 FFR 2004

then purified by (CHC13 and then 30 fractions FI' and F2 are conbi ned and
fl ash chromatography through silica 97/3 CHC13/MeOH) to give the two [-9a
and 11-9b in the formof a Internediate (I1-9b): expected conpounds brown
powder. 3, 6-di net hoxy-4-mnet hyl pyrido [ 3, 2-g] qui nol i ne-5,10-di one Yi el d:
11% (210 ng). 35 Melting point: >260C,¢ 1H NVR (CDC13) : 2.68 (s, 3H)
4.09 (s, 3H); 4.10 (s, 3H); 7.18 (d, 1IH J = 5.5 Hz); 8.60 (s, 1H); 8. 88

(d, 1H, J =,5.5 Hz). F - . . : :
(0 2P 307150 - R TERE0N - 1 013G AR CHOIE)99, 12.B5.066. 8%,

: 5:3'1'36, 43" 137, 79; 141.95; 150. 31 44
157.33; 165.97; 180..13; 18852483; | R3eCHEr3) 1381878, &%%z%imil.‘f%- -"553 i
Synt hesi s of 3-matoxye A~y hyd . -1 9 Chb Or DYT6l0- [ 2, 3- ]

qui nol i ne-5, 10-dione (I'nternedi_ate |-10b),and of
3- met hoxy- 4#met hylR 5(@Hl o 6- 1y47ddF2-4F] qui nol i ne- 5, 10- di one
(Intermedgiate 10 11-10b) A solution of 2-nethoxy-2-butenal

i opui 2 0 5 oI GIESHS LB of sEtPRERPREaT RE T BRELER IS RIS ) | 5

[71 of chl or of or Mgty fraet 5 P10 -18i shat (Intesmédpatat Ir Bl andanifi ent

enperature, undef o nifrogen angd wiip {he.£4615550878h:hb8he-50 03N 30.
dione (Intermediate II-9b) -

10 A solution of 2-methoxy-Z2-butenal dimethylhydrazone
(t g, 7.1 mmol) in 15 ml of chloroform 1is added
dropwise to a solution of 4-methoxygquinolinedione
(1.33 g, 7 mmol) in 30 ml of chloroform. The reaction
mixture is kept stirred at ambient temperature, under

15 nitrogen and with the exclusion of light for 5 hours.
After evaporating the solvent on a rotary evapcrator,
the crude product obtained is purified by flash
chromatography  through silica (CHCls, then 98/2
CHCl3;/MeOH, then 95/5 CHCl3/MeCH) to produce a first

20 fraction F, comprising the nonaromatic product and a
second fraction F, comprising the expected product. 1 g
of MnO, is added to the fraction F1 and 30 ml of
chloroform. The mixture is left stirring for 90 min.
After filtering through «celite and washing the

25 precipitate with CHCl; and then with MeOH, the filtrate
is concentrated on a rotary evaporator to produce a
fraction F,’. The fractions F;’ and F; are combined and
then purified by flash chromatography through silica
(CHC1; and then 97/3 CHCl3/MeCH) to give the two

30 expected compounds I-8a and I1I-9b in the form of a
brown powder.

Intermediate (II-9b): 3, 6~dimethoxy-4-methylpyrido-
[3,2-g]lquinoline-5,10-dione
. Yield: 11% (210 mg).

35 e Melting point: >260°C.

. 1§ NMR (CDC1l3): 2.68 (s, 3H); 4.09 (s, 3H); 4.10
(s, 3H); 7.18 (d, 1H, J = 5.5 Hz}; 8.60 (s, 1H):
8.88 (d, 1H, J = 5.5 Hz). -



After evaporating the solvent on a rotary evaporator, the crude prodJJ@tFFF' 2004
obtained is purified by flash chromatography through silica (CHC13, then
98/2 20 CHC13/MeOH) to produce a first fraction F1 conprising the
nonaromatic product. 1 g of Mi02 is added to this fraction F1 and 30 ml of
chloroform The mxture is left stirring at ambient tenperature for 60

mn. After filtering through celite_aRd washing the precipitate 25 with
CHC13 and then with NeOH, the mxture is concentrated on a rotary

evapor ator. gThe cPudeyps odyushe) pbt ainedgs s pusiBled by.Blkash ichr.amat ogr aph

through silica (]497/ 33&[)} acuna‘%_to gi ve_t he C—f”-?&?”ﬁ? I-g’l50‘b elr% .- 18b Pny

the formof a yell<ddwowdeprl- .'Inlc Prdi ate® (112100031 - 77 AL

?1ggt krlrg?y- 4M3nﬂ P%ﬁlssgo@m qr5o;g%gr3|édq-65{,33'ﬁhg]]¢%u.céj1n}3)ﬂ) | et 524.0- di one Yield: 5%
. I o> 1 . 2.68 (s, 3H); 4.11 (s,

3H; 7.71 35 (dIRHCHFLa) 5, égﬂ@) ?ngg%ffm(s', 1H); 8.90 (((j, 1H,H) J = 5.(2

Hz). 13€ NMR (CDC13): 12.96; 56.97; 128.92; 130.72; 130.98; 136.95;

138.12; 141.93; 145.06;,.15Q.21; 5 . 15%. 55 31 . F
2004 - 20 B® (CHC “t:h%g%;°ﬁ6§2§'8%ﬁf°."§’|§-59?‘é§/’%%3§i%§1 %}ii%p%ml,i =
3- net hoxy- 4- net hy! - 9-2i Ivegigdincdrineordy i Uodiome g] qui ndilintexredd-afeone

(I'ntermediate 1-11b) _a_,@q !of HEL gy - 430RANLx9 -4 -methyl-6-chloro-

6- di et hyl am nopyr i d.[o[ , 2- %lrfl nol %)r?e- 5,1-di ong‘? (1 r?teer r:r{edi atce (_Jlr-ol ib) A
sol ution of 1-10b orpysfidql gl iRplines® rhiidions  inhaTiA i um

chl ori dfo(127 ng, l.ﬂﬁ_lr@ml) and of NaOH (63 ng, 1.56 mol) in a THE H20
(4mM/2mM) 10 m xture is brought to reflux for_ 1 gﬁur. After, evaporating
the sol vent Zon so¥ et i@y evhpo? aleENOFKE2-BREERSPr o &e%’tﬁlgﬂy (?zloélpet aken up

in a 95/5 CHaCl2/ MePH mmol) in 15 ml of chloroform is added
dropwise to a solution of 4-chloroquinolinedione
(1.37 g, 7.1 mmol) in 30 ml of chloroferm. The reaction
15 mixture is kept stirred at ambient temperature, under
nitrogen and with the exclusion of light, for 5h 30.
After evaporating the solvent on a rotary evaporator,
the crude product obtained is purified by flash
chromatography through silica {CHCl,, then 88/2
20 CHCl;/MeOH) to produce a first fraction I comprising
the nonaromatic product. 1 g of MnO; is added to this
fraction F; and 30 ml of chloroform. The mixture 1is
left stirring at ambient temperature for 60 min. After
filtering through celite and washing the precipitate
25 with CHCl; and then with MeOH, the mixture 1is
concentrated on a rotary evaporator. The crude product
obtained is purified by flash chromatography through
silica (97/3 [lacunal) to give the compounds I-10b and
II-10b in the form of a yellow powder.
30 Intermediate II-10b: 3-methoxy-4-methyl-6-chloropyrido-
[3,2-g}lquinoline-5,10-dione

. Yield: 5% (100 mg}.
L Melting point: >260°C.
o 3 NMR (CDCli): 2.68 (s, 3H):; 4.11 (s, 3H); 7.71
35 (d, 1H, J = 5.2 Hz); 8.64 (s, 1H); 8.90 (d, 1H,
J = 5.2 Hz).
. 13- NMR (CDCli}: 12.96; 56.97; 128.92; 130.72;

130.98; 136.95; 138.12; 141.%3; 145.06; 150.21;
153.85; 157.55; 179.31; 183.67.



m xture (50 m) The organic phase is recovered and then dried over nySFB o
After concentrating on a rotary 15 evaporator, the crude product obtained

is purified by flash chromatography through silica (95/5 CH2A 2/ MeCH) to

gi ve the expected conpounds |-11b or 11-11b in the formof a yellow

powder. Internediate I1-11b: 3-nethoxy-4-nethyl -6-di nmet hyl - 20

am nopyri do[ 3, 2- g] qui nol i ne-5, 1 0-di on_egoYi_eI d: 87% (80 ng). Melting point:

>260C. 1H NMR (CDC13): 2.64 (s, 3H); 3.06 (s, 6H): 4.08 (s, 3H): 6.95 (d,

1H J = 5.9 §2); £ 53-ddh LH1sR8 J 5o GHz) ; 8.56 (s, 1H). 13C NWR
(CDCL3) : 12.62;:§§.§8%§%gf80; 112.45"" c%20.50; 132. 23;

135,90; 136.08;
141. 86; 150.B59: 151Symthasss 04; °£57.§9;m91t819’6’77418%‘?11ﬁ51.'§ﬁ?‘t‘%ﬂé}1% :

1693; 1654 cm 1. 30 é@,ﬁsﬂ&igymhgsé}sqgj_nglingi-aﬂboaioﬁenet hyl pyri do-
[2,3-g] quinoline-5,10-di'ohe (Internediate |- 12b_g1 and of _
3, 8- di net hoxy- 4- met hiiptermediate 215} ol napAneis, 'G“‘?J‘?lb??év I et at e

| 1-12b) & - Synthesig @fmethPl Aaxyepy s N8; 2-§1 ghoneldnetSpansioneof

5, 8- di oxocar bost yryl £3. 19, . .17.7 fmg%g of silver carbonate (10.2 g, 37
mol) and of nethyl (3oteERedsate IL288Pmpl) in 1.2 1 of CHC13 is 1 2 FEB
2004 - 21 siigspetiontde danbbabrashi emtittenpertatyg,e §o31 ®@ohpursf The

ot ary evapdtSRErY) TR the PROHIRE 0D mB8 i s TpaF FFSd oy I o1 { Cation 5
t hrough si | ics0K CHCE3) mge Qilv.es & henceXpecied qui AR/ Ha® t he mbf i) a
yell ow i%“‘%&é%é&g) igiaf%oégﬁ@' to reflux for 1 hour. After
evaporating the solvent on a rotary evaporator, the
crude product obtained is taken up in a 95/5 CHpClz/MeCH
mixture (50 ml). The organic phase is recovered and
then dried over mgSO,. After concentrating on a rotary
15 evaporator, the crude product obtained is purified by
flash chromatography through silica (95/5 CHzClz/MeOH)
to give the expected compounds I-11b or II-1lb in the
form of a yellow powder.
Intermediate II-11b: 3-methoxy~4-methyl-6-dimethyl-
20 aminopyride[3,2-g)lquinecline-5,10-dione
° Yield: 87% (80 mg).

. Melting point: >260°C.
. 4 NMR (CDCli): 2.64 (s, 3H); 3.06 (s, 6H); 4.08
(s, 3H); 6.95 (4, 1H, J = 5.9 Hz); 8.53 (d, 1H,
25 J = 5.9 Hz); 8.56 (s, 1H).

. 13- NMR (CDCli): 12.62; 43.40; 56.80; 112.39;
120.50; 132.23; 135.90; 136.08; 141.86; 150.53;
151.70; 155.04; 157.19; 180.67; 185.45,

. IR (CHCli): 1693; 1654 cm .
30
B-10: Synthesis of 3,7-dimethoxy-4-methylpyrido-
[2,3-g]lgquinoline-5,10-dione {Intermediate
I-12b) and of 3,8-dimethoxy—4—methylpyrido--
[3,2-g]lquinoline-5,10-dione {Intermediate
35 II-12b)
1 - Synthesis of 2-methoxyquinoline-5,8-dione
- suspension of 5, 8-dioxocarbostyryl (3.1 g,

17.7 mmol), of silver carbonate (10.2 g, 37 mmol) and
of methyl iodide (31 ml, 498 mmol) in 1.2 1 of CHClj3 is



Melting point: 196C. 1H NWR (CDCI3) : 4.14 (s, 3
10.3 Hz); 7.02 (d, 1H, J = 10.3 Hz); 7.06 (df 1H,FDJ =8. 8 H) ; 8.25 (d
1H J =8 . 8 Hz). 23C NWR (CDC13) : 54.70; 116.68; 124.32; 136. 83; ’
137.54; 138.21; 146.58; 167.14; 183.48; 184.31. 2 - Synthesis of o

3, 7- di met hoxy- 4- net hyl pyrido- 15 [2, 3-g] qui noline-5, 10-di one (Internediate
1-12b) and of 3,8-d|nethoxy-4-nethy|pﬁéigo[3,2-g]- qui nol i ne-5, 10- di one
(Intermediate 11-12b) A solution of 2 t hoxy- 2- but anal di et hyl hydrazone

(0.75 g, 5.3 mol ), in 10 of .TH add [
nethoxqu|néFPﬁ§8F0néJ(1 gLS §hn3 %ﬁgge Qmﬂsgéég?r%%%§$ng?Fggn °
mxture is @@pho@&grrenuaa@r@mbpenateempe¢§FGW@d dridef LAFERBYER ARG with

the exclusion o f.qr 4 t eya

rotary evapbPSto% i%ﬁ%t%rdﬁé prog F§3E@%bﬁg}nédQ??g%ﬁ%ggﬁeporﬁﬁbggnh1nga
CHC13 and 85‘%M\@£udé5p¢ogiuc33 ohbejned dddeBUrThdefedeYi § 3%1 R8s kept
stirred ﬁé hOUfS and is R@ﬁ@l j 1L&r gdvehrdieghexsettée. gAihene in
concentr rotary evaporator the crude product obtained is
purified bytueammqﬂneommld@waw itchr Gugh ¥i1ica (CHCL3) to give the
conpounds | 412b yin the formof a brown powder. Internediate
|!-12p 3, 8- *di met oxy 4 nethylpyr|QQ [ 3, 2-g] qui nol i ne-5, 10--di one 35

Yi el d: 8@6(220|n%eltMW9tHQRfﬁxn%ﬁ. Co60C. 1H NMWR (CDC13) : 2.74 (s, 3H
4 .09 (s 3 ; 4y 2@1 ( Scpdhl) 7409_4(d s;LH3H] 8435Hz}d 8144 (d, <1H, J

8.4 Hz) . 8.63 (s, 1

|

1667, 113@3 cm 1. 1é1131 @ynthe@a %gf éHét oxycar boﬁ CD(Q:Z'623 (d(’xal-(CHClS)
J = 8.8 Hz); 8.25 (4, 1H, J = 8.8 HZ .

. 13- NMR (CDCl;): 54.70; 116.68; 124.32; 136.83;
137.54; 138.21; 146.58; 167.14; 183.48; 184.31.

2 - Synthesis of 3,7-dimethoxy~4-methylpyrido-

15 [2,3-g]lquinoline-5,10-dione (Intermediate I-12b)

and of 3,B—dimethoxy-4—methylpyrido[3,2-g]-

quinoline-5,10-dione (Intermediate II-12b)
A solution of 2-methoxy-2-butanal dimethylhydrazone
(0.75 g, 5.3 mmol) in 10 ml of THF is added dropwise to
20 a solution of methoxygquinolinedione (1.0 g, 5.3 mmol)
in 60 ml of THF. The reaction mixture is kept stirred
at ambient temperature, under nitrogen and with the
exclusion of light, for 40 hours. After evaporating the
solvent on a rotary evaporator, the crude product
25 obtained is dissolved in 80 ml of CHCli: and 85% MnO;
(5.4 g, 53 mmol) is added. The reaction mixture is kept
stirred for 2 hours and is then filtered through
celite. After concentrating on a rotary evaporator, the
crude product obtained is purified by flash
30 chromatography through silica (CHCl:) to give the
compounds I-12b and I11-12b in the form of a brown
powder.
Intermediate II-12b: 3,8-dimethoxy-4-methylpyrido-
[3,2-glquinoline-5,10-dione
35 Yield: 8% (120 mg).
. Melting point: >260°C.
. 13 NMR (CDCl3): 2.74 (s, 3H); 4.09 (s, 3H); 4.20
(s, 3H); 7.09 (d, 1H, J = 8.4 Hz); 8.41 (d, 1H,
J = 8.4 Hz); 8.63 (s, 1H).

. 6.95 (d, 1H, J =1 ZakEB 2004



am noet hyl ) pyri do[ 2, 3-g] quinoline-5,10-dione 5 (Internediate |-13b) lahafpi00s
7-ethyl carbonyl - 6- (2'- N BOC- am noet hyl ) pyrido[ 3, 2- g] qui nol i ne- 5, 10-di one
(Internmediate I1-13b) A solution of N BOC-5-am no-2-penten-1-al dinethyl-
hydrazone (1.1 g, 4.56 mmmol) in 15 nl of acetonitrile 10 is added dropw se
to a solution of 3-ethyl quino |inecarboxylate-5,8-dione (1.05 g, 4.54
rrmol ) and of acetic anhydride (4.6-nbp in 75 m of acetonitrile. The
reaction mxture is kept stirred at anbient tenperature, under nitrogen
an? mnth the EXCHE§INMR(ﬁcﬂéﬁhIght for 24 hours. After evaporating the
solvent on a rotary evaporator f My02 and 150 ml of chloroform are
added to th& crud& pféddet o%?élneaggghﬁ mi-xture is left stirring at

ambi ent tempenat:ur e sygthelsil0. Abfer BféthbxygathooyghBCéEit@—@ﬁ@-washing

concentrated on a r SRPEIIEYESAS TS A T fele | |
purifieds first by f(lIInttrea'arle(matt:lu oligh3b ki lainda q§9771e§hﬁlph§h°9?/135'

give the 25 compound TN ARy IIYAR, (e ot i 1

I nternediate 11-13b5 lﬂeﬁhmuycdﬂmdmﬂmQ§#§¥erl#xxﬂﬂan1noethyl)pyr|d0[3 2-9]

qui nol i ne-5,10- d|o e _Yie 82,660 0
(CDClS) 1. 36 TR 47 (1 % 3%193 Z#Méﬂglpgnm dkll)%;—éQ?i éleq{\INZRH

= 7.4 Hz) hyd4az®nebr 6hdl sg. 1|4|) 56 G }( gin 1|l|5 = cgfzaggj:o,nlg:rgée (d, 1H,
1 1 2. Hg);a 3 d, ofH, 33 - 13C
NNR (C%H?é) %4 %%ﬂﬂﬁs EBT 355%2 'ﬁ% 22: %%9%§f°$9 gih 3 §%h%l%uE§F :
130.49: 131183ecezboaylatesd. . Srdipse 23:(14Epgyo. 4 lgirw§i 15§“¥%; fgg.gs;
163.52; 179461183 ddide FEB €304 in 75 ml of acetonitrile. The

reaction mixture is kept stirred at ambient
temperature, under nitrogen and with the exclusion of
15 1light, for 24 hours. After evaporating the scolvent on a
rotary evaporator, 5 g of MnO; and 150 ml of chloroform
are added to the crude product obtained. The mixture is
left stirring at ambient temperature for 1h 30. After
filtering through celite and washing the precipitate
20 with CHCl; and then with MeOH, the mixture is
concentrated on a rotary evaporator. The crude product
obtained is purified, first by filtration through
silica ({99/1 and then 97/3 CHyClp,/MeOH) and then by
flash chromatography through silica (99/1), to give the
25 compounds I-13b and 1II-13b in the form of a brown
powder.
Intermediate I1-13b: 7-ethoxycarbonyl-6- (2’ -N-BOC-
amincethyl)pyrido[3,2-g]lquinoline-5,10-dione
. Yield: 3% (60 mg).
30 e Melting point: 170°C.
. 4 NMR (CDCls): 1.36 (s, 9H); 1.47 (t, 3H, J =
7.4 Hz); 3.52 (m, 4H); 4.51 (g, 2H, J = 7.4 Hz);
4.78 (broad s, 1H); 7.57 (d, 1H, J = 5.2 Hz); 8.99.
(d, 1iH, J = 5.2 Hz); -9.17 (&, 1H, J = 2.2 Hz};
35 9.64 (d, 1H, J = 2.2 Hz).
e 3¢ NMR (CDCl;): 14.33; 28.40; 35.74; 40.22; 62.62;
79.63; 128.65; 130.33; 130.49; 131.83; 137.30;
149.60; 150.23; 152.72; 154.23; 155.72; 155.988;
163.52; 179.69; 183.38.



.- 23 IR (CRC13) : 3457, 1726; 1705; 1677 cm. B-12: Synthesis of 127 FEB 2004
7- hydroxy-4-(2' - N-Boc-am noet hyl )- pyrido[2,3-g] quinoline-5,10-dione :
(Internmediate 5 I-14b) and of B-hydroxy-4-(2'-N Boc-ani no-

- ethyl)pyrido[3,2-g]quinoline-5,10-dione (Internediate I1-14b) A solution

of N-BQOC- 5-am no-2-penten-1|-al dinethyl- hydrazone (1.49 g, 6.15 mmol) in

30 m of acetonitrile 10 is added dropw se to a sol ution of

5, 8-di oxocarbostyril (0.98 g, 5.59 mmvl) and of acetic_anhydride (5.8 m)

in 100 mM f acetponi¢idlg.: BASTeacvison 1Motulé s dweépt  stirred at

anbi ent tenperature, under nitrogen and with the exclusion of |ight, for

16 hours. After evaporating 15 the solvent on a rotary evaporator, 7 @

(80.5 mol ) @12 MOZwichdsils nbf of? mmmm&n(&'erhmamwlmld

product obtained. The mcﬁ? E%’g_?] gslcée,']?fr%ofﬂé I ng%a&mgﬂ‘g aMrdmaraidre for

| h 30. After fllterl € and wa preC|p|tate W th
CHC13 ang with 20 MGH4bhe rind uref s Gobysinoatdd @i A BRdprne”

evaporator. The crudg {ifeesl Dy-afbhération through
silica (98/2 and then w&—ﬁ%%/ Jf!gblgl ve the conpound I-14b and
I1-14b in the form tintetrediaewblrl4RE | nternediate |- 14b:

8- - hydr oxy- (2' %@98 %@Oehh)ébb 5p¥1;n|lql,%[§ egﬂt@ﬁqmallne-&ﬂétnylme
Yi el d: 12%

Vel ©i ng point: 252C. 13 1. 56 ( 9H)
3.49 (m 4+ﬂhydmaﬂ@n83®1(6905d é 1pHmo 1§ 9Mﬂ(é Th C?C 4%99 rile’ 54 (d.

11 J =14.8 H7), % &Odgg le@ Qo ags@lﬂ%hoan%95(EidiHiodhﬁbdbﬁy#tD © 9.66
(broad 5, 1H° g g : °28.29: 35.53: 40 24, 117 c% 127, 87;
128. 62: 132. t®: 9&3%,13 5 3@m@h ang. of. acghifsFnhy f§§ 33 - 98 Ig6 ™ 176, 36:

181.35. IR {§#GAB) of 3é1§§t013§|4911é693he1658a6ﬂ1&n miktEfR 708- kept
stirred at ambient temperature, under nitrogen and with
the exclusion of light, for 16 hours. After evaporating

15 the solvent on a rotary evaporator, 7 g (80.5 mmol) of
MnO, and 180 ml of chloroform are added to the crude
product obtained. The mixture is left stirring at
ambient temperature for 1lh 30. After filtering through
celite and washing the precipitate with CHCl; and with

20 MeOH, the mixture is concentrated on a rotary
evaporator. The crude product obtained is purified by
filtration through silica (98/2 and then 95/5
CH,Cl,/MeOH) to give the compound I-14b and II-14b in
the form of a brown powder.

25 Intermediate II-14b: B8-hydroxy-4-(2’-N-Boc-aminoethyl)-
pyrido[B,2—g]quinoline-5,10-dione

. Yield: 12% (230 mg).

. Melting point: 252°C.

. ly NMR {(CDCls): 1.56 (s, 9H); 3.49 (m, 4H); 4.73
30 (broad s, 1H); 6.94 (d, 1H, J = 9.6 Hz); 7.54 (d,

1H, J = 4.8 Hz); 8.10 (d, 1H, J = 9.6 Hz); 8.83
(¢, 1H, J = 4.8 Hz); 9.66 (broad s, 1lH).
o 13- NMR (CDCli): 28.29; 35.53; 40.24; 117.01;
127.87; 128.62; 132.29; 136.18; 138.04; 148.25;
35 152.26; 153.33; 155.86; 176.36; 181.35.
® IR (CHC1,): 3457; 3340; 1693; 1663 cm .



12 FFR 4

- 24 B-13: Synthesis of 7-hydroxy-4-nethyl pyrido[2.,3-9]-
qui nol i ne-5, 10-di one (Internediate |-15b) and of

8- hydroxy-4--inethylpyrido [ 3, 2-g] quinoline- 5,10-dione (Internediate
[1-15b) 5 A solution of 2-butenal dinethyl hydrazone (0.703 g, 6.28 mmol)
in 20 m of acetonitrile is added dropwise to a solution of

5, 8-di oxocarbostyril (1 g, 5.71 mmol )~ 2nd- of acetic anhydride (6.2 m) in
220 m of acetonitrile. The reaction mxture is kept stirred at 10 anbi ent
t enper at ur e,B+dler nSymidgesiandodi t IV -thyelrceyti4drgteth iy ¥ e [2f3rgle hours

and is then heated ap,,[of|y& £050ballOe s, (fliSmeyaperatibgshie sohvent on

a rotary evaporator; e cru product obtained 1s purified filtration
t hrough silica (CHZGEQ and Brhardrexyod/-metHyd By NteH) 3 + - Pl el We T r st

fraction conprising g jf*f Ofh L Eré QEMNEL gfdlgjg,a expected product. 3 g
of Mh02 and 75 m of oroformare added to the mxture, which is left

stirringSat Aanbtetiemperat FeUEAh] gﬂwet/mtléwdm%@?? ng ¥ hB3gh celite
and washing 20,4 hﬁncpi £CkRi tAaf gnv bl GHCE3nard itiken; Wi IO rébe 1sén Xt ure

is concentrated on rotary evaporator. The crude roduct oﬁ/al ne
purified by §¢ aéhsoéwrté@&tdgfraéh§ %ih%aﬁﬁrE?FHéalégg(/ 19t 0° g

expecteg Comﬁqynd%gl Léﬁegﬂ@ ||aﬂH¥aﬁﬂ%éihe(502ﬁmmi ?JJ25 DQPQ&lDOWGerd
Internediate I1-15 y roxy pyrl 3,2-¢ I nQl.l ne 10 |one
Yield: 12% a9@teRhigrpbfnt T he) gRa C e ﬁﬁ@f %ﬁﬁg% %i

6. ;32 (dZLO]-'("aamls;'lenQ StEmperdtéde(d, uh‘d,erJ —nﬁ;ﬁ’ocjrbll) 8nd5 with lH;hé = 9.5
Hz 8.85

o 62: 114 FxC e, S123 158t a30R L 60N RA0 Tk BET %(%2%@
(20); 176.4def18R. #38r(BChours. After evaporating the solvent on a
rotary evaporator, the crude product obtained 1is
purified by filtration through silica (CHyCl; and then
15 98/2 CH,Cl,/MeOH) to produce a first fraction comprising
the nonaromatic product and the expected product. 3 g
of Mn0O, and 75 ml of chloroform are added to the
mixture, which is left stirring at ambient temperature
overnight. After filtering through celite and washing
20 the precipitate with CHClz: and then with MeCOH, the
mixture is concentrated on a rotary evaporator. The
crude product obtained is purified by flash
chromatography through silica (%9/1) to give the
expected compounds I-15b and II-15b in the form of a
25 beige powder. '
Intermediate II-15b: 8-hydroxy-4-methylpyrido[3,2-g]-

quincline-5,10-dione

. Yield: 12%.
. Melting point: >260°C.
30 e 3 NMR (de-DMSO): 2.79 (s, 3H); 6.82 (d, 1H,
J=9.5Hz); 7.73 (d, 1H, J = 5.2 Hz); 8.05
(d, 1H, J = 9.5 Hz); 8.85 (d, 1H, J = 5.2 Hz);

12.27 (breoad s, 1lH).
. 3¢ NMR (de-DMSO): 21.92; 114.30; 122.66; 127.30;
35 131.52; 135.94; 148.60; 149.80; 152.48 (2C);
176.41; 182.13 (2C).
. IR (CHCls): 1684; 1664 cm™t.



|R (CHC13) : 1684; 1664 cm1. 1 2 FEA 2004 - 25 B-14: Synthesis of 12 FFR 2004
7- met hoxy- 4- et hyl pyrido[ 2, 3-g] - quinoline-5,10-dione (Internedi ate 1-16b)

and of 8-nethoxy-4-mnethyl pyrido[ 3, 2-g]quinoline- 5,10-dione (Internediate

- 11-16b) 5 A m xture of conpound I-15b or 11-15b (70 ng, 0.29 nmol), of

met hyl iodide (1 m, 15.9 nmmol) and of Ag2C02 (170 ng, 0.62 mmol) in 100

m of CHC13 is stirred at anbient tenperature and with the exclusion of

light for 14 hours and is then heated at 56C for 5 hours. 10 After

concentrati Bg1@QN a IirAHesSRPoS AL 07 -mbR8 osktde mephyd petr ietat [@ 15ed; ]i-S
purified by flash chromatogra t hrough sJlica (99.5/0.5 C12/ NeOH) to
give the expected Mﬁig?'%nlﬁfaoo' ng 1@6‘?‘7@ FSt mlgflqz;g) bez‘lnjl\“ea-brovm
powder. 15 Intermediggt e || gifbth8xyethosyhdlpyichidogdr,i2defl3nd ngiline-

qui nol i ne-5, 10-dione. _.Yigld: 41% (30 X 14 point: 128C. 1H NMWR
(CDC13): 4.14 (s, 3 f;1°7‘.°§‘f’"(ed, ; Hne:@%ﬁ ’Ir?;i%; 7.44 (d, 1H, J = 4.8
Hz); 8.37 (d Ihixtdre 8.0f8 Hzdmpo8n85 (Ih13MH, dr= 4II1815k) .(7013G@.NMVR
(CDC13) : 54.92; 117.58; 126.24; .128. 09; 1._30; 1o 13, 7 ; 0. 00;
151. 34; 153.3%;% A 13g: © i ?’llés‘?cgb‘?e o T“?e'( C193)r§‘?o_ﬂ1¢6g§é16019%; 1667;
1603 cm 1. BgiB0, Syhibesgs 0f 67, @mdilthlior 04- mét il BHGdols stirred

[ 2, 3-g] qui nqgl.i ne-.5, 10-dj l.a | - ) f £ light

6, 8-di chl or8F4[1aimr:r.% %Rﬁ p!}:lé)l %{eégﬁfé”%ﬂg gﬁitﬁolﬁ%-%?%ygi gﬂeo(l ntlegr medi at e
|1-17b) 1. S$pnt hesi bouks2,andii Ehl 6hequi oA te@- 8L8-2f dnefeEr iruMcAtifoni um
nitrate §m%!f%%§458%n§§np§%m&) oS aagg€grggré\}éﬁb’!é5@)£,0 ansoldstiqen of

2, 4-di chl or o- - di nret hoxyqui nol i ne (2. g.. 11.04 mmla) in a
product obtained "is purified by flash chromd&tography

through silica (99.5/0.5 CH;Cl»,/MeOH) to give the
expected compounds I-16b or II-16éb in the form of a
beige-brown powder.

15 Intermediate II-16b: 8-methoxy-4-methylpyrido[3,2-g]-

quincline-5,10-dione.

° Yield: 41% (30 mg).
. Melting point: 128°C.
. 'k NMR (CDCls): 4.14 (s, 3H); 7.07 (d, 1H, J =
20 8.8 Hz); 7.44 (d, 1H, J = 4.8 Hz}); 8.37 (d, 1H,
J = 8.8 Hz); 8.85 (d, 1H, J = 4.8 Hz).
. 13 NMR (CDClj): 54.92; 117.58; 126.24; 128.09;

131.30; 137.73; 147.31; 150.00; 151.34; 153.38;
167.39; 180.44; 183.70.

25 . IR (CHClz): 1765; 1698; 1667; 1603 cm .
B-15: Synthesis of 7,9-dichloro-4-methylpyrido-
[2,3-g]quinoline-5,10-dione (Intermediate
I-17b) and of 6,8-dichloro-4-methylpyrido-
30 [3,2-g]lquinoline-5,10-dione (Intermediate
II-17b)

1. Synthesis of 2,4-dichloroquincline-5,8-dione
Cerium ammonium nitrate (CAN 21.4 g, 3%.03 mmol) is-
added portionwise to a solution of Z2,4-dichloro-
35 5,8-dimethoxyquinoline {2.85 g, 11.04 mmol) in a
CH3aCN/H,0 mixture (150 ml/75 ml}. The reaction mixture
is stirred at ambient temperature for 40 min. The
acetonitrile is subseguently evaporated and 350 ml of
water and 200 ml of a saturated NaHCOs solution are



CH3CN H20 m xture (150 mM /75 m) . The reaction mxture 1is stirred at1'ZFEB'ZUM
anbi ent tenperature for 40 mn. The acetonitrile is subsequently
evaporated and 50 m of water and 200 m of a saturated NaHCO3 sol ution
. are 12FEB2004 - 26 added. The aqueous phase is extracted with CH2C12 (5
times 200 m) . After drying over ngSQq, the solvent is evaporated on a
rotary evaporator to give the expect eg compound in the formof a brown
powder 5 (1.9 g). Yield: 75% Melti ng point: 161C. 1H NWR (CDC13): 7.03

d, 1H J = Horl = 1 7 13C NVR
ECDClB) 1248 A%l@e%:ml)rfﬁ %%‘(egjl 511§>§]a§2e quesl_%%traﬁ%édgg%ll%}gb 1c11;t11820 53:

182.01. IR( @cra@ma)s 20B87}) 1676tem PrYZHQSyChY%s‘P%SQFf the solvent

7,9-di chl or Ligdo[2, 3=9] ol LREr3rh@odi om_@ ( bAter medicat e
I-17b) and g %E%g;}{)g@é (L)Jr%o 2 nerfﬁglkgyeroFBI % nol Pne 5, 10 di one

(1 nterrredl ateetplemﬂib) c,@rrmqm oritof PioutedEm dbhet yl Ry 4Zon&FEe325 g,
2. 89 iri of acetonitrile is added dropwi se to a solution of
2,4-dich orqu| ngllne 5,8-dione 20 (0.6 g, 2.63 mml) and of acetic
anhydride (% m) Yigldrod5H- of acetonitrile. The reaction mixture is kept
stirred at gnbi eMe 1t 8MRE R, under . nltrogen and with the excl usi on of

the o ude pioduct H2SBbiGPRaE [ o t bRerCupiin 145 AP 8 P . 687G of
M02 are subsequent lyy =added and t erw4 h(es,meH)u.re is Ieft stirring at
vashi ngthe%or eci bt MPE WFERTENCLE 4nd heh ti TAONECLT THe Soldtian i's 30
concentrated on a4matéd;y leMadf atldre . Thye lcﬁQJc&B’prb%ﬁuch obt ai ned is
purified by Jflashchiomatograpy ;t hsaydhm .
2. Synthesis of 7,9-dichloro-4-methylpyrido(2,3-g]-
quinoline-5,10-dione (Intermediate I-17b) and of
15 6,B—dichloro-4-methylpyrido[3,2—g]quinoline-5,10-
dione (Intermediate II-17b)
A solution of 2-butenal dimethylhydazone (0.325 g,
2.89 mmol) in 20 ml of acetonitrile is added dropwise
to a solution of 2,4-dichloroquinoline-5, 8~-dione
20 (0.6 g, 2.63 mmol) and of acetic anhydride {5 ml) in
100 ml1 of acetonitrile. The reaction mixture 1is .kept
stirred at ambient temperature, under nitrogen and with
the excliusion of light, for 20 hours. After evaporating
the solvent on a rotary evaporator, the crude product
25 obtained is taken up in 140 ml of CHCl3. 3.65 g of MnO;
are subsequently added and then the mixture is left
stirring at ambient temperature for 56 hours. After
filtering through celite and washing the precipitate
with CHCl3; and then with MeOH, the solution 1is
30 concentrated on a rotary evaporator. The crude product
cbtained is purified by flash chromatography through
silica (CH»Cl;) to give the expected compounds I-17b and
I1-17b in the form of a brown powder.
Intermediate II-17b: 6,8-dichloro-4-methylpyrido-
35 [3,2-glquinoline-5,10-dione
o Yield: 41% (314 mg}
. Melting point: 177°C.
. 'y NMR (CDCls): 2.87 (s, 3); 7.56 (d, 1H, J =
4.8 Hz); 7.79 (s, 1H); 8.93 (d, 1H, J = 4.8 Hz).




silica (CH2Cl12) to give the expected conpounds I-17b and

formof a brown powder.

117
( [1-17b in the FEB 200
Internmediate 11-17b: 6, 8-di chl oro-4-net hyl pyri do-

35 [3,2-g]quinoline-5,10-dione Yield: 41% (314 ng) Melting point: 177C.
1H NMR (CDC13) : 2.87 (s, 3) ; 7.56 (d, 1H, J = 4.8 Hz) ; 7.79 ( s , 1H ;
8.93 (d, 1H, J =4 . 8 Hz). Z FE8 - 27 13C NWR (CDC13) 22.41; 125.44;
127.84; 131.13; 131.30; 147.44; 149.8%~ 150.62; 151.90; 154.30; 156.58;
179.12; 180.66. IR (CHC13) 1706; 1683 cm1l 5 B-16 - Synthesis of

7,9- dlnetho&y 4- et hylpy 1 i 'ci 329g] qui: nol 2pe4 b; thho&e | leriedi at e
1-18b) and of 6, 8- dlnethoxggj 2 (

(Internediate 10-34-3Bb) 1A
(8?hng,|0 ig gznlﬁ5?N5§(ﬁlﬁ?xhzunp@@h@gjde (300 ng of Na in 40 m of
met hano o in 4 t.hanak is brought to reflux for
hours. The 1% reéE5|ZﬁﬁQﬁ%&|JH§O é%ﬁw}ated to dryness and then
of watersgare added. After neutraI|Z|ng with 25% HC1,

in

extracted wi_t tines 50 n1) f
evapor at i ng qﬁeﬁso%&%‘?% r ot 5ty evdggréa or, (##Lq; ecte corrpounds
1-18b or 11-18b [ acl®Al-glmumindkineesyl0taicnerdi at e |{Intgrmegiiate

8- di net hoxy- 4- net hyl y{é}g) L\?ldz gﬁw }ogs%é%ﬂ 4 07 I_l,ﬁgldg).t nt :

219C.  1H NMWR (CDCl 6.
(s, 1H): 7.45 (d, IH3J2=§¥H181¢12591ne*858130(61°11H = 4. 6 ‘i’s@w

(CDC13) ; 522. 64; 54. 7g;_Hf,P0; 97.79;

17
50 m
the solution is

I-17b or of
and of sodium methoxide
13.04 mmol)

for

compound II-17b
(300 mg of
of methanol, in 40 ml of
to 17 hours. The

concentrated to dryness and then

A mixture of compound
(80 mg, 0.27 mmol)
Na 40 ml

is

in

methanol brought reflux
reaction mixture is
50 ml of water are added. After neutralizing with 25%
HC1l, the extracted with CH,Cl;
50 ml).
solvent on a rotary evaporator,
I-18b or II-18b

Intermediate

15

solution is {3 times

After drying over mgSO; and evaporating the
the expected compounds
20 [lacuna] gquantitatively.
II-18b:
[3,2-g]quinoline~5,10-dione
21%°C.

2.88 (s, 1H);
(s, 1H); 7.45
4.8 Hz).

22.64;

6,8-dimethoxy-4-methylpyrido-
o Melting point:

*H NMR (CDCls):
3H); 6.53

8.83 (d, 1H, J
3¢ NMR  {CDClj):
117.61; 129.55; 131.46; 148.67; 149.41;
152.96; 167.95; 168.00; 180.91; 183.41.

IR (CHCli): 1701; 1668 cm™.

4.03
(d, 1H,

3H); 4.07
4.8 Hz);

. (s,

J

25 (s,

54.73; 56.80; 897.79;

150.73;

30

EXAMPLE 1
7H-Pyrido[4,3,2-de] [1,10])phenanthroline-7-one

(CRL 8293) and 7H-pyrido[4,3,2-de][l,7]phenanthroline-
7-one (CRL 8294)

63 mg {(2.81 mmol)
(9.84 mmol) of
4.5 ml of DMF are brought to 120°C,

solvent with a vacuum

35
1.7 ml

acetal

I-b
diethyl
under nitrogen,

of and

dimethylformamide

compound
in
for

1 hour. After evaporating the

VAR I R e

20

53



117. 61; 129.55; 131.46; 148.67; 149.41; 150.73; 152.96; 167.95; 168.062FEBZ%L
180.91; 183.41. 30 IR (CHC13) : 1701; 1668 cm 1. EXAMPLE 1

7H Pyrido[ 4, 3, 2-de] [ 1, 10] phenant hrol i ne-7-one (CRL 8293) and

7H pyrido[ 4, 3,2-de] [1, 7] phenanthroline- 35 7-one (CRL 8294) 63 ny (2.81

mol ) of conpound I-b and 1.7 M (9.84 mml) of dinethylformam de di et hyl
acetal in 4.5 m of DV are brought _tegl120C, under nitrogen, for 1 hour.
After evaporating the solvent with a vacuum1 2 FEB 2004 28 punp, 3.5 g

(65 mol) Oguk}b@ and $0 gk phoalpsaut gu,et hanel @pemhdded. afbelueaction

m xture is brought to "reflux for 30 mn. After evaporating t ete%'hanol on

a rotary e9hpenralorrsREMeSf waterr B IUdH i hes rETHIL" ahd

extracti OE kareakried oy mﬁg EHRE12 e(v%pdﬂd’fﬁ&lcﬁlotﬁé)ethfah‘@rl doyi ag t he

organi ¢ phases over SO4 and evaporating the_sol vent .ot a

evapor at or, Y08y o?vgéﬂr%*?@ﬂ' ar5egad'g]t aiorfedwi_"gefhea¥%r rﬁooc{c])eféa tg)r eéﬁ?sh

powder . 510 #HsPynedordd 3eztdaklkiocin0] pherantrtied | et 7-wirtdh  CERL18293)

Yield: 90% Melting. point: 240C. 1 : .(.dd, =4 .4

aid 8 1) - eingsy g9 (gl AP 5 RGTOTRE)  ofeafitpishey T g o7

(dd, 1H, J svér fig8od Sartt) evéhddat(ihy IHe JsolyentHzpn 9216rPHErYIH, J =

1.6 and 4.4 _Hz): 9.19 (d, , ~oD. ) 1 (DG 3 he 20195,

124. 40; 126?Y2?2°I§g.°§2; (0‘fo]dfscéfl7%5]?1@55%9?:?4?’9%%1348. 58;Q1£Z8. 82, 148. 96;

150. 66; 152060z $5BeN3Ishl®dWEEr.7H Pyri do[ 4, 3, 2-de] (1, 7phenant hrol i ne- 7- one

(CRL 8 ) Y : n heyArrgc desehiread ndhovernd arting fromthe
- gﬁlfs’?%@%'%gbo?e@ (359U phetanth

i nt er medi at conpound CRL 8

(CRL 8293)

. Yield: 90%.

. Melting point: 24C°C.

. 3 NMR (CDCls): 7.68 (dd, 1H, J = 4.4 and 8 Hz);

15 7.87 (d, 1H, J = 5.6 Hz); 8.02 (d, 1lH, J =

5.2 Hz); 8.77 {dd, 1H, J = 1.6 and 8 Hz):; 9.1l1 (d,
1H, J = 5.2 Hz); 9.16 (dd, 1H, J = 1.6 and

4.4 Hz); 9.19 (d, 1H, J = 5.6 Hz).
. 3¢ NMR (CDCl3): 120.95; 124.40; 126.14; 129.32;
20 136.78; 139.09; 147.45; 148.58; 148.82; 148.96;
150.66; 152.00; 155.73; 181.96.
7H;Pyrido[4,3,2-de][1,7phenanthroline-7-one {CRL 8294)
By following the procedure described above starting
from the intermediate II-1b, 72 mg of compound CRL 8294
25 are obtained in the form of a yellow powder.
. Yield: 80%.
. 'Y NMR (CDCla}: 7.76 (dd, 1H, J = 4.4 and 8 Hz);
7.80 (d, 1H, J = 5.2 Hz); 7.99 (d, 1H, J =
5.6 Hz); 8.93 (d, 1H, J = 5.6 Hz); 9.05 (dd, 1H,
30 J= 1.6 and 4.4 Hz); 9.17 (dd, 1H, J = 1.6 and
8 Hz); 9.19 (d, 1H, J = 5.2 Hz).
. 3¢ NMR (CDCls): 119.39; 120.01; 123.85; 128.15;
132.87; 133.80; 138.65; 147.54; 147.74; 148.93; .
149.49; 149.99; 152.97; 180.73.
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25 are obtained in the formof a yell ow powder. Yield: 80% 1HN
(CDC13) : 7.76 (dd, 1H, J =4 .4 and 8 Hz) ; 7.80 (d, 1H J =5.2 Hz); 7.99
(d, 1H J = 5.6 Hz); 8.93 (d, 1H, J = 5.6 Hz); 9.05 (dd, 1H, 303:16
and 4.4 Hz); 9.17 (dd, 1H, J = 1.6 and 8 Hz) : 9.19 (d, 1H, J = 5.2 Hz)

13C NWR (CDC13) 119.39; 120.01; 123.85; 128.15; 132.87; 133.80; 138 65;
147.54; 147.74; 148.93; 149.49; 149-99% 152.97; 180.73. 1 2 FEB 2004 - 29
EXAMPLE 2 8- Met hoxy 7H pyrido[ 4,3, 2-de] [1, 10] phenant hrol i ne-7-one (CRL

8363) and 1% - TH pyrl do[ 4, 3, 2-de][1, 7] - phenanthroline--7-one (CRL
8364) 5 74 ; 92 1 13
di met hyl for oc’ﬁy Yzfc‘}é%gqp rég %e]ﬁ[‘ti ﬁfﬂﬁéﬂ é}};-bcr?%ﬂ?i‘%t t%ﬁélzoc

under nit rogEB.L 831631 houamd Af t k- methpayaﬁﬂngw‘hdoédl JeRrdaltid & Wacuum

punmp, 4.5 g h(a?x%n@:hml et :glﬁ%b of absolute ethanol are 10

added. The Feaction m xture roug t to reflux for 30 m.n. After
evapor at3 ng 78heget{farfd! mrela rast M ympewap of atler ango 2ninlof( Maemmeld added

to the residye ange, ﬁgif@fﬂﬁpaés&aﬁrﬂaﬁd BUE LML N CHRCK2 13 i mamsSO )
After drying the or hases over ngSO4 and 15 evap Ol‘ﬁtl ng the sol vent

on a rot aryaéﬁa@éroaltgé’rt ttCheuq €51 diAes PLFTPPRA/ by OF | ds RO ot S aphy on

asihica caluiedhg CHELS/ MeGHlrko Gied 0228 colurcoRad (L $363 1
t he form of an orange

8- Met hoxy- 7HB3pyer M4, 30f2 %ﬁll anf pAdndnt ol IR M bhetBBNPERIATE363) +

Efijel d: 13(7% aadleld Nwﬁaéc@@h@tloﬁ 2Ri¢surdHis 7oddu¢ht i ﬂeﬁlus Gchiz); 7.82
1H,

.07 (d, 1H3% 5151 @’fﬁ%% (%"f%’g(r&tlfﬁ 65@5%71%";&%9% Ga, *f aq)riz)
evaporator, 50 ml of water are added to the residue 'and
extraction is carried out with CH,Cl, (3 times 50 ml}.
After drying the organic  phases over mgSQ, and

15 evaporating the solvent on a rotary evaporator, the
residue is purified by flash chromatography on a silica
column (98/2 CHCli/MeOH) to give 0.28 g of compound
CRL 8363 in the form of an orange powder.
8-Methoxy- 7H-pyrido[4,3,2-de] [1,10]phenanthroline-7-one

20 (CRL 8363)

. Yield: 37%.
. 'H NMR (CDCljz): 4.20 (s, 3H); 7.13 (d, 1H, J =
5.6 Hz); 7.82 (d, 1H, J = 5.2 Hz); 7.9%4 (d, 14,

J = 6 Hz); 8.92 (d, 1H, J = 5.6 Hz); 9.07 (d, 13,

25 J = 6 Hz); 9.13 (d, 1H, J = 5.2 Hz); 9.19 (d, 1H,
J = 5.2 Hz).

. 3¢ NMR (CDCl;): 56.77; 109.26; 118.70; 120.47;

123.09; 138.50; 147.85; 148.25; 148.69; 150.66;
154.08; 155.68; 167.54; 180.40.
30 11-Methoxy- 7H-pyrido[4,3,2-de] [1,10]}phenanthroline-7-
one (CRL 8364)
By following the procedure described above starting
from 1.14 ¢ of the intermediate II-2b, 0.59 g of
compound CRL 8364 are obtained in the form of a yellow

35 powder.
. Yield: 50%.
. ly NMR {(CDCls): 4.15 (s, 3H); 7.26 (d, 1H, J =

6 Hz); 7.70 (4, 1lH, J = 6 Hz); 7.%6 (d, 1H, J =



J = 5.2 Hz). 13C NWR (CDC13) : 56.77; 109.26; 119.70; 120.47; 123.09;7 FEB 2004
138.50; 147.85; 148.25; 148.69; 150.66; 154.08; 155.68; 167.54; 180.40. 30
11- Met hoxy- 7H pyrido[ 4, 3, 2-de] [ 1, 10] phenant hrol i ne-7- one (CRL 8364) By
foll owi ng the procedure descri bed above starting from1.14 g of the
intermediate 11-2b, 0.59 g of conpound CRL 8364 are obtained in the form
of a yellow 35 powder. Yield: 50% J%;J\IMR (CDC13): 4.15 (s, 3H); 7.26 (d,

IH J =6 Hz); 7.70 (d, 1H J = 6 Hz); 96 (d, 1H, J 1 2 FEB 2004 - 30

5.6 Hz) ; 8.85 (Ct,_el*ﬁ&% = 6g41z)q; BuO7i(d dHiz); =8.67Hed;, 9u35ad 1H J
= 5.6 Hz). 13C NVR (CDC13) : 57.05; 111.33; 118.72; 119.61; 122.12;
124.29: 138.56: M@élzd1 945 168, 148 6b= & a4%B1: 150. 96 153.13: 165. 83:

|180- 8;- EXA(NPCIIQE g;cgo?mmgtm{j@ :)30)57[765 pyrido[ 333, Zrmli&ié(l]mm&nt hr o-
i ne-7- one an - (di me no) . -
[ 4,3, 2-de] [ 1, 7] pheifantdr olki e52 -"onté%C%E]"BS%%‘ég; %f{—golaomﬁq)a Ftricycl e

|-3b or ef tricyals .ld1;356ne 0. 253 m3( 165 3ol )8ofsdi net hyl f or mami de
diethyl acetal in 1.2 m of DWF are brought to 120C, under nitrogen, for

1 hour. After evaporating the solvent 15 with a vacuum punp, 0.5 g (9.3
mmol ) of NHEXBMBIE & nl of absolute ethanol are added. The reaction

2 Totary evindtiaelafiagi IPpythds b €3 e FIPERI BRbaRa theo 100, o
is carried dunentHer@H (IRL 288¢0) t rpds 13 —rfcimeshydamdng g HRY TdRmi ¢
Fuo tot oy di e o e b e T O T 1o form.of & red
powder . 80 mg (0.3 mmol) of tricycle I-3b or of tricycle II-3b
and 0.21 ml (1.05 mmol) of dimethylformamide diethyl
acetal in 1.2 ml of DMF are brought to 120°C, wunder
nitrogen, for 1 hour. After evaporating the solvent
15 with a vacuum pump, 0.5 g (9.3 mmol) of NH,Cl and 80 ml
of absolute ethanol are added. The reaction mixture 1is
brought to reflux for 40 min. After evaporating the
ethanol on a rotary evaporator, 5 ml of water are added
to the residue and extraction is carried cut with CH:CIl;
20 (3 times 5 ml). After drying the organic phases
over mgS0, and evaporating the solvent on a rotary
evaporator, the two tetracyclic compounds are obtained
guantitatively in the form of a red powder.
11- (Dimethylamino) - 7H-pyride[4,3,2-de] [1,7] -
25 phenanthroline-7-one (CRL B8367)
J 4 NMR (CDClsz): 3.00 (s, 6H); 7.09 (d, 1B, J =
5.2 Hz); 7.57 (d, 1lH, J = 5.6 Hz); 7.9 (4, 1H,
J= 5.2 Hz); 8.54 (d, 1H, J = 5.2 Hz}); 8.89 (d,
1H, J = 5.2 Hz); 9.11 {(d, 1B, J = 5.6 Hz).
30
EXAMPLE 4
8-Hydroxy- 7H-pyrido[4,3,2-de] [1,10] phenanthroline-7-one
(CRL 8802) and 11-hydroxy-7H-pyrido[4,3,2-de] [1,7] -
phenanthroline-7-one (CRL 8388)
35 50 mg {0.126 mmol) of tricycle I-7b or of tricycle
II-7b are dissolved in 0.5 ml of TFA and then the
reaction mixture is stirred for 24 hours. The TFA is
evaporated on a rotary evaporator and then a saturated
NaHCO; solution is added until a pH of 9-10 is



: : : _ 12 FFR 2004
11- (Di et hyl am no) - 7H-pyrido[ 4, 3, 2-de] [1,7]- 25 phenanthroline-7-one (CRL

8367) 1H NWR (CDC13) : 3.00 (s, 6H) ; 7 .09 (d, 1H, J 5.2 Hz); 7.57 (d,

1H, J = 5.6 Hz); 7.90 (d, 1H J = 5.2 Hz); 8.54 (d, 1H, J = 5.2 Hz); 8.89
(d, 1H, J = 5.2 Hz) ; 9.11 (d, 1H, J 5. 6 Hz) . 30 EXAMPLE 4

8- Hydr oxy- 7H pyri do[ 4, 3, 2-de] [ 1, 10] phenant hrol i ne-7-one (CRL 8802) and

11- hydroxy-7H-pyrido [4, 3,2-de] [1, #] 33 phenanthroline-7-one (CRL 8388) 35
50 ng (0.126 mmol ) of tricycle I-7b or of tricycle I11-7b are dissolved in

0.5 m of ThAtandetherrteheniteact i D akxtacEedswgmmrmédCﬂor(24thmeﬁs The

TFA is evapor +a,rotar a rat # CO3
solution is a@ggd uAticE a Sﬁyﬁp%v %% Eggoogvgg§¥a%3§9alwg The
m xture is enirvactedomi th GHRCLY (@amcmastOG nﬁp mgAfeer tGrtWaﬁgCé\}ér ngSO4
and evaporatif g)oulila% 5&*%' \égya ?]%dal Ott@lré/e %pr@té)ryelzPoﬁ%&idélet racyclic

conpound ar € “obtai ne | ow po

11- Hydr dxy- 1E-Bycigety4, 7H-pyadded 4713 t&%(ﬂ|Hh£anﬁRF°%%§&r1n&ﬁs +
Yield: 62% (cMgl fgigg)poi nt: > 260C. 1H NVR (CDC 13) : 7.20 (d, 1H J = 5.
6 Hz) ; 7.83 (d, 10 1H J =6 Hz); 8.00 (d, 1H, J = 6 Hz); 8.72 (d, 1H J
=6 Hz); 8.7%6 (leﬁlldJ@%e Hz); 9.24 (d, 1H, J = 5.6 Hz), 14.65 (s, 1H).
+ 13C NNR (J6- DVBQ) £ ink16,:22t :136 3% °CL18. 61; 120 24 124. 06; 138 09;

143.61; 148.04; 148, 99 49.41; _1 6 6 0; -1 5 EXAMPLE
5 8- Chl or 0®7H pyHi §8R4, 8D51abi 1 ?8 dl‘zi‘e alH'{'hr ||n8 39 gﬁg % é’%) and
11-chl or®- 7H pyr iigio[ 47 3= Zmeﬂz)[,l,WJOQO(nherlant hdol=i ne- }?z)oneB((Z:RL ®801)

1B, J = 6 Hz); 8.76 (d4, 1H, J = 6 Hz); 9.24 (4,

1H, J = 5.6 Hz), 14.65 (s, 1lH).

. 3¢ NMR (de-DMSO): 116.22; 116.35; 118.61; 120.24;
124.06; 138.09; 143.61; 148.04; 148.99; 149.41;
15 152.61; 153.01; 165.80; 179.55.
EXAMPLE 5
8—Chloro—7H-pyrido[4,3,2-de][1,10]phenanthroline—7-one
{CRL 8396) and ll-chloro- 7H-pyrido{4,3,2-de} [1,7]-

20 phenanthroline-7-one (CRL 8801)
260 mg (0.67 mmol) of tricycle I-7b or of tricycle
I1-7b are dissolved in 2.6 ml of TFA and then the
reaction mixture is stirred for 64 hours. The TFA is
evaporated on a rotary evaporator and then 200 ml of

25 95/5 CH,Cl,/MeOH are added, followed by a saturated
NaHCO; solution until a pH of 10 is obtained. The
organic phase is recovered and is washed with water.
After drying over mgSO, and evaporating the solvent on
a rotary evaporator, 40 mg of tetracyclic compounds are

30 obtained in the form of a brown powder which is washed
with ether.
8-Chloro-7H-pyride[4,3,2-de] [1, 7]phenanthroline-7~one

(CRL 8396)
. Yield: 28%.
35 e Melting point: > 260°C.
. 'Y NMR (CDCl;): 7.68 (d, 1H, J = 5.2 Hz); 7.89 (d,

1H, J = 5.5 Hz); 8.01 «(d, 1H, J = 5.5 Hz); 8.96
(d, 1H, J = 5.2 Hz);9.14 (d, 1H, J = 5.5 Hz); 9.19
(d, 1H, J = 5.5 Hz).



260 nmg (0.67 mmol ) of tricycle I-7b or of tricycle 11-7b are dissol ved1 Z,EFHZBM
2.6 M of TFA and then the reaction mxture is stirred for 64 hours. The

TFA is evaporated on a rotary evaporator and then 200 ml of 25 95/5

CH2C12/ MeOH are added, followed by a saturated NaHCO3 solution until a pH

of 10 is obtained. The organic phase is recovered and is washed with

water. After drying over ngSO4 and evaporating the solvent on a rotary
evaporator, 40 ng of tetracyclic conpounds are 30 obtained in the formof a

brown powdeg whi ¢ iﬁmfgﬂ%ﬁgdom%w ether7,;8-1C @@~ 123.61; 126.31;
7H-pyrido[ 4, 3, 2-de] [ 1, 7] phenant hrol i ne-7-one (C%QL a:z%&% Yi gl,;%:z 928% 35
Mel ting point: >126001; 1H3R&VREFCDEA8)8Y/ 7. 5687 (37 113°1 P s, 'Y 7,89
(d, 1H J = 5.5:4%) 78. Q5 { B5;1H53) 9%,5.159H87. 8.96 (d, 1H J = 5.2 Hz) ;
9.14 (d, 1H, J =55 Hz); 9.19 (d, IH J =5.5 Hz). 1 7 FFR 2004 - 32

13C NWR (d6-DVSO : 119.87; 120.88; 123.61; 126.31; 129.01; 138.56;

146. 87; {47sxpmpid8.646; 148.94; 149.76; 153.85; 153.96; 179.87. 5 EXAMPLE

6 4-Met hox{-7Hpyrida] 4, 3, 2- )] anthr gl i ne-4-qne: - L CRL..8400) and
4 et hoxy- 74 PRSI, F- che‘]‘f"iﬂ"[r]%-']zgh%ggﬁt'hrird(}Pﬁlrée’Eﬁ%’nfeB%ic’ﬁ{ 8401) 100 ny
(0.39 mol ) (el a0l e | adkd or éFmethogy-dH-pgridodh,dnd-¢edd1m7i(1. 37
mml ) of dinethyl faqrmam de - dieth l,in 0.7 m of DWMF are brought to
120C, unde%?"ﬁ"l rrfa‘L:'fnoer 71 %noeur&%?ﬁ&e)vaporati ng the solvent with a
vacuum punp10®. gy (D132 mwll) obfNHUCLcyahd 9D-8 oFr atdlol Jifed StH&nol are

added. T¢1e I a_cgtg onanlé n@géyrﬁli 5(?(9‘7'9}%019 r gkl ugifn@rth?qurmaﬂdeer
evapora]( ng € ethanol on a rotary evaporator, 10 ml of water, are added
to the resi duetind extedati on 07 ml of DMF are brought to 1207C,

under nitrogen, for 1 hour. After evaporating the
solvent with a vacuum pump, 0.6 g (11.7 mmol} of NH4Cl
and 90 ml of absolute ethanol are added. The reaction
15 mixture is ©brought to reflux for 30 min. After
evaporating the ethanol on a rotary evaporator, 10 ml
of water are added to the residue and extraction is
carried out with CHpCIl, (3 times 10 ml). After drying
the organic phases over mgS0,, evaporating the solvent
20 on a rotary evaporator and purifying by filtration
through silica (95/5 CH;Cly/MeOH), the compounds CRL
8400 and CR1 8401 are obtained in the form of a brown
powder.
4—Methoxy-7H—pyrido[4,3,2-de][1,10]phenanthroline—7—one
25 (CRL 8400) .
. Yield: 83% (85 mg).

. Melting point: > 260°C.
* ly NMR (CDCl3): 4.27 (s, 3H); 7.65 (dd, 1H, J = 4.8
and 8 Hz); 8.15 (d, 1H, J = 6 Hz); 8.70 (s, 1H);
30 8.78 (dd, 1H, J = 8 and 1.9 Hz); 9.10 (d, 1B, J =

6 Hz); 9.13 (dd, 1H, J = 1.9 and 4.8 Hz}).

. 3¢ NMR (dg-DMSO): 56.97; 115.63; 120.81; 125.52;
129.02; 129.16; 130.22; 136.24; 139.81; 147.37;:
149.31; 151.65; 153.07; 154.81; 180.34.

35 e IR (CHCl3): 1674 cm™ .
4-Methoxy—7H;pyrido[4,3,2—de][1,7]phenanthroline-7-one
(CRL 8401)

. Yield: 59%.
. Melting point: > 260°C.



"carried out with CH2C12 (3 times 10 ml). After drying the organic phhéd&B 200
over ngSOL, evaporating the solvent 20 on a rotary evaporator and purifying
by filtration through silica (95/5 CH2C12/ MeOH), the conpounds. CRL 8400
~and CR1 8401 are obtained in the formof a brown powder.
4- Met hoxy- 7H pyrido[ 4, 3, 2-de] [ 1, 10] phenant hrol i ne-7-one 25 (CRL 8400)
Yield: 83% (85 ng) Mel ting point: > %% 1H NVR (CDC13) : 4.27 (s, 3H

5 (d

. 7.65 (dd, 1H, J = 4. 8 and 8 Hz); 1HJ—6H2)870(S 1H);

30 8.78 (dd, 1H,1 ) . 9.13 (dd, 1H,
J=1.9afd 4. 8Ni‘ﬂ§) ?CBE%?) Nl\H/é%?jes Li 52 6% Tffs g%) fzo 3341 (125 52:
129.02; 129.16; 3@ 22 1186) 248.089. @1; 147, 37;= BA% 3%) ;15868 (E53. 07:

154. 81; 180. 34. C13) 71674 cm1 t o
7H pyrido[ 4,3, 2- i@ﬁ)[ 1%]% iaht %#()I i‘ne- ggo%eﬁz?/bCR% g%msdd Yi eI d: 59%
Mel ting point: >12680Cand 2 4FEBF2004 9.3® {td,NVRH, CD@13)= 142708 3H)
7.74 (dd 1H J 3 ﬁ.ﬂa and 8 1 Hz); 8.08 (d, 1H J 5 6 FE) 8.72 (s,

93 (d. 1H, ] 6 9.05 (dd, 1H, 9.19 (dd,
15,7 %9= 1lgg'anc81 %CBNMRHz)ds Dl@@)NI\/RBZd@3DI\/S®)5 1657 blﬁ 1‘15 11§>7 -£89. 70:

4 1335 746 14038274 14 14 A48, 6

152.81; 152.98; 1 é%ﬁ %é% §@ Ei§2 ?8 79 %%?17410@1ﬁ96gi5 $4$88Cl >
4, 8- Di et hoxy- 7H-IRk i o] 4,48 ﬁ:’de]l[ B ipHetant $r ot { he2? 7- one (CRL 8803) and

4, 11- di met hqxy- 7Xlk pydH®E0) : 1679 cm™.

10
EXAMPLE 7
4,8-Dimethoxy—7H-pyrido[4,3,2—de}[1,10]phenanthroline-
7-one (CRL 8803) and 4,11-dimethoxy- 7H-pyrido-

[4,3,2-de] [1,7]phenanthroline-7-ocne (CRL 8440)

15 A solution of the compound I-9b or of the compound
II-9b (100 mg, 0.35 mmol) and of N,N-dimethylformamide
diethyl acetal (0.24 ml, 1.23 mmol) in 1 ml of DMF is
brought to 120°C for 90 min. The reaction mixture 1is
concentrated under high vacuum to remove the DMF and

20 the residue is diluted in 100 ml of absolute EtOH.
After adding 0.6 g of NHsCl, the mixture is brought to
reflux for 30 min. After concentrating on a rotary
evaporator, 30 ml of water are added and the mixture is
extracted with CHCl; (3 times 75 ml). The organic

25 phases are dried over mgSO, and concentrated. The crude
product obtained is purified by flash chromatography
through silica (95/5 CHCl;/MeCH) to give the compounds
in the form of a yellow powder.
4,11-Dimethoxy—7H—pyrido{4,3,2—de}[1,7]phenanthroline—

30 7-cne (CRL B440)

. Yield: 26% (27 mg).

. Melting point: > 260°C.
. 1y NMR (de-DMSO): 4.08 (s, 3H); 4.26 (s, 3H); 7.54
(d, 1H, J = 5.9 Hz); 7.98 (d, 1H, 5.9 Hz); 8.77
35 (d, 1H, J = 5.9 Hz); 8.83 (s, 1H); 8.94 (d, 1H,
J = 5.9 Hz).

. 3¢ NMR (d¢-DMSO): 57.41; 58.07; 112.43; 113.75;
119.84; 122.13; 129.60; 130.54; 140.17; 146.81;
150.17; 150.62; 153.03; 153.35; 166.06; 179.30.



[4, 3, 2-de] [1, 7] phenant hrol i ne-7-one (CRL 8440) 15 A solution of the 12 FEB 2004
conpound 1-9b or of the conpound 11-9b (100 ng, 0.35 mol) and of

N, N- di met hyl f ormam de diethyl acetal (0.24 m, 1.23 nmmol) in 1 mM of DW

- is brought to 120C for 90 mn. The reaction mxture is concentrated under
hi gh vacuumto renove the DMV and 20 the residue is diluted in 100 ml of
absolute EtOH  After adding 0.6 g of- NbE4CL, the m xture is brought to

reflux for 30 mn. After concentrating on a rotary evaporator, 30 m of

wat er are aaded and @nﬁughxtqgezhs16@gurq6Uech‘fh CHC13 (3 tinmes 75 m).

The organi c 25 phases are dried. over SA4, .and centsatedy,The, gr.ude
pr oduct obt & ned M% p‘ﬁz?fizgo’” byBﬁ asﬁgghrbqrét’og?gghy {)Hr 038% sﬁcﬁda (95/5

CHC13/ MeCH) to ginmgs tfee)conpounds in the formof a yell ow powder.

4, 11- Di met hoxy- 7H-pyrido[ 4, 3, 2-de] [ 1, 7] phenant hrol i ne- 30 7-one (CRL 8440)

Yield: 26% (27 ng) Melting point: > 260C. 1H NWVR (d6-DVMSO : 4.08 (s, 3H)
. 4 .26 bs, EXAMPLE.®4 (d, 1H J = 5.9 Hz); 7.98 (d, 1H 5.9 Hz); 8.77 35
(d, 1H J = 5. RS s B WA s ddta 3 F-8ePrizio;-13C NWR

( d6- DVBO) :%%%ﬂg;a’%’&Q?"%%f%?’;“‘ﬂ%%-“%b&%ﬁ;’1?2.13?[1?9. 0: 130. 54
140.17;, 146 Fenantdeolinersiram 156CRE; 88848) 35, ands. 0 TEARRY 1L 2 FFB
2004 - 34 4R HGHGEN: no ARy A8 4 1572 481 1,7 FhedRtRES1{84) 7- 292
(42): 220 (19)" i %5’3 133(22)‘. N e

4- Met hoxy- 8-cdieretdRA -7H pyrido[ 4, 3, 2-de] [ 1, 10] - phenant hrol i ne- 7- one

i ot hy i - e BT P01, 3 3o el B bhenant ol neo7- one ( OH. 8441) 10 A
i met hyl ami no- pyrido[4,3,2-de][1,7] phepanthroljne-7- one :

sol ution of lthe onpddinmdsy - pi'gqof‘m@fl)t r'?encgoﬂ%o:ifny-dlmethyqformamlde

diethyl acetal (0.18 ml, 0.94 mmol) in 2 ml of DMF is
brought to 120°C for 3 hours. The reaction mixture is
concentrated under high vacuum to remove the DMF and

15 the residue is diluted in 90 ml of absolute EtOH. After
adding 0.4 g of NH.,Cl, the mixture is brought to reflux
for 30 min and then concentrated on a rotary
evaporator. 30 ml of water are added and then the
solution is extracted with CH;Cl; (3 times 50 ml). The

20 organic phases are dried over mgS0, and concentrated.
The crude product obtained is purified by £flash
chromatography through silica (95/5 CH2Cl;/MeOH) to give
the tetracyclic compounds in the form of a red-brown
powder.

25 4-Methoxy-1ll-dimethylamino-7H-pyrido([4,3,2-de] [1,7]-
phenanthroline-7-one (CRL 8441)

. Yield: 40% (33 mg).

. Melting point: decomposes.

. 4 NMR (CDClj3): 3.02 (s, 6H); 4.23 (s, 3H); 7.08
30 (d, 1H, J = 5.9 Hz); 7.87 (d, 1H, J = 5.5 Hz);

8§.54 (d, 1E, J = 5.9 Hz); 8.65 (s, 1H); 8.90 (d,
18, J = 5.5 Hz).

. 3¢ NMR (CDCls): 44.28; 56.94; 112.14; 113.63;.
119.38; 119.73; 129.31; 129.99; 140.20; 145.81;
35 150.31; 150.63; 151.41; 152.99; 156.77; 180.57.
e IR (CHCls): 1682 cm'.

. MS: m/z 306 (52); 305 (32); 291 (100); 290 ({(66);
276 (24); 248 (9); 220 (13); 183 (21).
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[1--11b (80 ng, 0.27 mml) and of N, N-di nethylformam de diethyl acetal

(0.18 M, 0.94 nol) in 2 mM of DMWF is brought to 120C for 3 hours. The
reaction mxture is concentrated under high vacuumto renove the DW and
15 the residue is diluted in 90 m of absolute EtOH After adding 0.4 g of
NHAC , the m xture is brought to reflux for 30 mn and then concentrated
on a rotary evaporator. 30 m of water3@are added and then the solution is
extracted with CH2C12 (3 tinmes 50 nl). The 20 organic phases are dried over
nSO4 and cEXZMBLEL 2d. The crude product obtained is purified by flash
chromatogra;ﬁ _Fgo | [ heacyclic
conpounds in ’%L"hé J(')rm 0 9‘9 ?%)%ﬁg_ibo(/\% HEPE& ﬁ@]ﬂh}éﬁanttlﬂ@ohg ey

4- Met hoxy- 1 T*-ghmet hy| dlﬁ%-ﬂ'ﬁquﬂyrl dogad3, 2- db]§1dinethernaAF P BT 1$%= 7- one

(CRL 8441) 0[24 eyd;_ 6@,?%13%53?%51&%&1&90 pobpk: (8REOBRTSPS. 1H NMWR

(CDCL3): 0 (d, 1H J = 7.87 (d,
1H, J = 5. 51Hz;oluslgn ed, the, qpmpqpmﬁ+&712% 65 @é,?ﬂmPO%P%oI%dl Bin g =
izg g%) 129 ¢ 14%CIE1§)35 e 28 S6n@4; dd2. m$N4d£h@6hy1idamaaidé19 73;

20: 145.81: ' 35 15on$1 159 151, 11 9; .156. 77;
180.57. | RqicHN®} acesa? cif 24 miys: Inf3 @@8 {53 50BL (3% ."™911$100):
290 (66); Ffokad) t24BdD 0220 (Adhr; (ﬁé;ctianFﬁamme (i85

EXAVPLE 9 4, 10- Di met hoxy- 7H pyri daf 4, 3, 2" de] [ 1, 10] phen - 7-one
(CRL 8BO5) a%rl@e@tﬁ?%é é&i{; b ‘%[1 t& 1URhRNaphb Hneand-

[ 4, 3, 2-de] [ luHé phensid e olllsnedZ:‘Loned(CRIL &4)@)m]5 A)fsohbtst)dmt@f EneHeonpound
| -12b or of ¢ oun L] - (10 I
NN di et hyl 4ol B "idaihg  or Ryl 9 a%é’?g“iﬂ‘*?b %D“?lfapé’gf PPIR S Dv

i S reflux for 30 min. After concentratlng on a rotary
evaporator, 20 ml of water are added and the solution
is extracted with CHCls; (3 times 30 ml). The organic

15 phases are dried over mgSO; and concentrated. The crude
product obtained is purified by flash chromatography
through silica (CHCl3) to give the tetracyclic
compounds in the form of a green powder.
4,9-Dimethoxy-7H—pyrido[4,3,2-de][1,7]phenanthroline—7—

20 one (CRL 8479)

. vield: 36% (37 mg).
U Melting point: > 260°C.
. 1H NMR (de-DMSO): 4.21 (s, 3H); 4.24 (s, 3H); 7.16
(d, 1H, J = 8.8 Hz); 7.98 (d, 1H, 5.6 Hz); 8.69
25 (s, 1H): 8.85 (d, 1H, J = 5.6 Hz); 9.00 (d, 1H,
J = 8.8 Hz).
J 3¢ NMR (de~DMSO): 54.44; 56.92; 114.04; 117.17;

118.86; 127.74; 129.43; 129.99; 136.29; 141.16;
146.36; 146.72; 149.38; 152.94; 165.80; 179.70.
30 e IR (CHCl3): 1679 cm™?
. MS: m/z 293 (44); 248 (100); 220 (12).

EXAMPLE 10
9-Ethoxycarbonyl—7H—pyrido[4,3,2-de][1,10]phenan-

35 throline-7-one (CRL 8805) and 10-ethoxycarbonyl-7H-
pyrido[4,3,2-de][1,7]phenanthroline—7-one (CRL B482)
A solution of the compound I-13b or of the compound
17-13b (30 mg, 0.07 mmol) and of trifluorcacetic acid
{0.27 ml, 3.5 mmol) in 15 ml of CH,Cl; is stirred for




brought to 120C for 1 hour. The reaction mxture is concentrated unde"r2 FEB 200
hi gh vacuumto renove the DMF and 10 the residue is diluted in 100 m of
absolute EtOH  After adding 0.54 g of NH4Cl, the mixture is brought to

- reflux for 30 mn. After concentrating on a rotary evaporator, 20 m of

water are added and the solution is extracted with CHC13 (3 tinmes 30 m).

The organic 15 phases are dried over nmg$0O4 and concentrated. The crude

product obtained is purified by flash chromatography through silica

(CHC13) to givedihe teAf@EYdd&)ceQ{HM bA taheréﬂéﬂyofe@pg:"mnov\der

4, 9- Di net hox 7E— yrido[ 4, 3, 2-de] ant rol.ine nel(CRL 8479)
Yiel d: 36% (3% ngljea%+‘?¥’ng”ﬁﬁ‘lth‘tre> asifiger (%t*blvsb? At (s, 3H)

, 4.24 (s, 3drurakelf nbHCOIHsoduzi8n8 aHZc) e?:t&&c(t(éd 1kt £ 15. @Hﬂﬂ)a, &69 25

. 1H): 8.85 (d, 1H J.= 5.6 Hz): 9.00
Eéa-owéc» téﬁ&ﬁh }Q%ng; %?ﬁ%oﬂ%@i&%clf asff% %%e fﬁgeghkgﬁiﬁ ﬁggbizg 99:
136.29; 841aHe thAG 3Gonki A2t a9 .@8; d5XEATYI6RBROITRT0. Bee | R

(CHC13) : 1679 .c 3 0) SANRLE 10

9- Et hoxycar By C{nuﬁ—l- &Prl\élsdlor[rngsz%zs d ﬁ@fffgﬁ%h £ Qé%t( ]CI%?’IE oneéﬂl‘E

8805) and l&ﬁinfmycaar@nmltﬁﬂtgyrady{ﬂu@ zomp:]apmdﬁ] pie rdre hﬁftﬁ“i‘ 7- one
(CRL 8482) A C?j %]]he conpound 1-13b or of the conmpound 11-13b (30
ng, 0.07 m’r@l% rifluoroacetic acid nmol) in 15 m of

0.27 m
CH2Cl12 is sthq—ﬁédlqwcqr@%mrl%“@ ébﬁ?k[lA?lE]PeEBﬂcentratl ng on a

rotary eyapqilfiineliNeofeaptroneq@xyure is basified with 10 nl of
saturated NaHCO3 sol ution_and extrcﬁé:)ted wth CHC13 (2 times 30 ml) . The

organi ¢ phades ardlekdeddvell

. Melting point: 246°C.
o !H NMR (CDCls}: 1.49 ({t, 3H, J = 7.3 Hz); 4.53 (q,
2H, J = 7.3 Hz); 7.85 (d, 1H, J = 5.9 Hz); 8.03
15 (d, 1H, J = 5.5 Hz); 8.98 (d, 1H, J = 5.9 Hz);
9.22 (d, 1H, J = 5.5 Hz); 9.56 (d, 1H, J =

1.9 Hz); 9.73 {(d, 1B, J = 1.9 Hz).
. 3¢ NMR (CDCls): 14.32; 62.29; 119.61; 120.39;
124.04; 129.94; 132.60; 135.46; 138.77; 147.78;

20 149.17; 149.46; 153.23; 164.15; 180.20 (1C not
observed) .
. IR (CHCl3): 1726; 1694 cm™’.

L4 MS: m/z 305 (92); 260 (7); 232 (93); 204 (25).

25 EXAMPLE 11
10—Hydroxy—7ﬂ;pyrido[4,3,2-de][1,10]phenanthroline-7—
one (CRL 8809) and 9-hydroxy-7H-pyrido(4,3,2-de][l,7]-
phenanthroline-7-cne (CRL 8483)

A solution of the compound I-14b or of the compound

30 II-14b {(tricycle 56) (50 mqg, 0.135 mmol) and of

trifluorcacetic acid (0.54 ml, 7 mmol} in 30 ml of

CH-Cl, is stirred for 48 hours. After concentrating on a
rotary evaporator, the reaction mixture is‘ basified:
with 13 ml of saturated NaHCO; soclution and extracted
35 with CHy,Cl, (7 times 30 ml). The organic phases are
dried over mgSO, and then concentrated on a rotary
evaporator. The residue obtained is purified by flash
chromatography (97/2 CH,C1,/MeOH) to give the
tetracyclic compounds in the form of an orange powder.



5 and then concentrated on a r
purified by filtration through

the formof a yell ow powder. -
. 10- Et hoxycar bonyl - 7R- pyri do[ 4,
8482) + Yield: 53% (11.3 ny).

1.49 (t, 3H J = 7.3 H) ; 4.5
H); 8.03 15 (d, 1H, J = 5.5
5.5 Hz):

(CDC13) 1%%2"1(’%’5‘

otary evaporator. The residue obtained is
silica to give the tetracyclic conpounds in

3,2-de][1, 7] phenan- 10 throline-7-one (CRL
+ Melting point: 246C. 1H NWR (CDC13) :
3(q,_,7J—73Hz)785(d,1H,J:5.9
Hz) ; 89§(d 1H, J 5.9 Hz); 9.22 (d, 1H, J

%’fglg‘% [9‘1%)2’—&]7[31 (4, 5hﬂﬂan1thr01h%éﬂzj_ orte 13C NMR

124.°04; 129.94; 132.60; 135. 46;

138. 77, i47(¢8l 32@3ﬂ49 17; 149.46; 153.23; 164.15; 180.20 (1C not

observed) o R (
(93); 204 (25)

AR

11

(S a

7H pyri do[ 423, 2- d@]l[tllrrm]améwant%

9- hydr oxy- 7ig- pyr igofjuthr3, &ritel

solution of the conpound | -
(50 ng, 0.135 nmoi ahd=of>
of
evaporator, the reactlocr mxt
NaHCO3 sol ution ahd %ext 'a(f’t}bd

phases are edri ectpovmﬁcmgsmmsd t hés7coné6at cat bd on a rotary

1jrﬁzf 'uoé oéjg

CH2C12 is stigqg, edlﬁpr FA8= h@uﬁs HzAfte$ gonaent raj ng on &.9 cbltzar,y

186% cml. Ms: mz 305 (92); 260 (7); 232

10 I% roxy-
ffe- 7- one (CRL 8809) and

1, 7] geph@r)arltmr af isnes750ne) € CRL78488), A

e co nd_ 30 1 i cycl e 56)

ot aotd (50‘54érr? ézﬂhm? %u n 30 m

:,asi ified- with 13 m of saturated

t 2012 (7 times 30 m) The organic

evapor at or .

The resjdue obtained i 'f' by as ro g hyy (9712
CHz2C12/ O—|)' to ﬁ&/e I‘f/ts?eij{éet ¢1a c’I é:jl {?poﬁér} nlleg%]é)t ngg)form of an orange
powder. r z FEe tooa -- 3 7

9- Hydr oxy- 7kp¥iei40[rh 3, 2- de] [

1, 7] phenant hrol i ne-7- one

10—Methoxy—7ﬂ-pyrido[4,3,2-de][1,10]phenanthroline-

7-one (CRL 8810)

and 9-methoxy-7H-pyrido[4,3,2-de]-

15

20

25

[1,7]phenanthroline-7-one (CRL 8484)
A solution of the compound I-16b or of the compound
Ir-leb (200 mg, 0.786 mmol) and of N,N-dimethyl-
formamide diethyl acetal (0.47 ml, 2.73 mmol}) in 3.2 ml
of DMF is brought to reflux for 2 hours. The reaction
mixture is concentrated under high vacuum to remove the
DMF and the residue is diluted in 200 ml of absolute
EtOH. After adding 1.4 g of NH,C1l (26.2 mmol), the
solution to reflux for 30 min. After

is brought

concentrating on a rotary evaporator, 50 ml of water
are added and then the solution is extracted with CH2Cl:
(5 40 ml}. The dried
over mgSO, and concentrated. The crude product obtained

flash

times organic phases are

is chromatography through silica

purified by
(99/1 CHyCl,/MeQH)
30

to give the tetracyclic compounds in

the form of a brown powder.

9-Methoxy- 7H-pyrideo[4,3,2-de] [1,7)phenanthroline-7-cne

(CRL 8484)

Yield: 10%

[ ]
®
H NMR
8.8 Hz); 7.63
J 5.5 Hz});
(d,

35

Melting point:
(CDC13):

1H, J = 8.

(20 mg) .

> 260°C.
4,14
(d, 1H,
8.77 (d,
8 Hz); 2.09

{d, 1H,

7.87 (d,
5.5 Hz);
5.5 Hz}.

J
18,
8.91

30); 7.11
5.5 Hz);
J
1H,

(s,
J

1H,
(d,

J



(CRL 8483) Yield: 50%(16.8 my) Melting point: > 260C. 5 'H NVR (cCDEZFEB 2004
: 7.06 (d, 1H, J = 9.5 Hz) ; 7.72 (d, 1H, J =5.9 Hz); 8.02 (d, 1H, J =
5.2 Hz); 8.70 (d, 1H, J = 9.5 Hz); 8.87 (d, 1H, J = 5.9 Hz); 9.19 (d, 1H
-J =55 H). IR (CHC13) : 1690; 1667; 1602 -m'. 10 Ms: mz 249 (100) ;
221 (77.6) ; 193 (99.2). EXAMPLE 12 10- Met hoxy-

7H pyrido[ 4, 3, 2-de][1, 10] phenant hrol i ney 7-one (CRL 8810) and

9- met hoxy- 7H pyri do[ 4, 3, 2-de] - 15 [1, 7] pshenanthrol i ne-7-one (CRL 8484) A
solution of jthe a . of~t corpp I (2 .0. 786
mmol ) and of N, I\I—fj)élrfre (C%)@i ?m d?d?gth acet al 1181?13;4 mqq8rr§7§;§, mml ) in
3.2 mM of DW |5121§rc?|.'?ght 123 -réfil uk3fer 92 hbh&s52:'l’he14rft-}a%5t:l o 430 4iixture is
concentrated underghiggh aguwy .t o genpye the 86!3'\/':183@‘%5 he residue is
diluted in 200 m_ of absolut'e EtOH_ After adding 1.4 g of NH4Cl (26.2
mmol ), the ®*sol utiforlGHE1n) 6udke6t 6™ eflux for 30 min. After concentrating
on a rotary eevapeisat @f/, 3G M (pf2 wateyz 2 are adaed edwl 4hen the sol ution
is extracted with CH2C12 (5 tirres 40 m). The organi ¢ phases are dried
over ngSO4 and concentrated. The crude product obtained is purified by

fl ash chronm‘.qummhmat hrough silica (99/1 CH2C12/ MeOH) to give the

tetracyclic t he .f c
9- Met hoxy- 7 393 [W%‘%%Qn'am’ﬁr ch] %’%\c@‘e“{’tﬂt’“ﬁh’sﬁ? Yi el d:
10% (20 ng) T—Wetl ng (ﬂRIntEBbl)QGOC a8 1H9NMR 6CRELBpoxy-FHrpyErs da3H) ;
7.11 (dy41H, Hz 5 ) 4 7 (d, 1H, J =
5 5 Hz)10 Hj(sc_f [f hl?*‘fﬂ%ﬁ}t(hq%"% ‘%ﬁ (qel 884.%5&) 19,00 (d, 1H,
J = 5. kt)}{ goQuFEBnZ@Uﬂ the compound I -i8b or of the compound
II-18b (105 mg, 0.37 mmol) and of N,N-dimethylformamide
diethyl acetal (0.22 ml, 1.2% mmol) in 1.5 ml of DMF 1is

brought to reflux for 1h 30. The reaction mixture is

15 concentrated under high wvacuum to remove the DMF and
then the residue is diluted in 95 ml of absolute EtOH.
0.7 g of NH,C1 (13.08 mmel) is added and the solution
is brought to reflux for 30 min. After concentrating on
a rotary evaporateor, 50 ml of water are added. The

20 solution is extracted with CH»Cl:; (5 times 40 ml). The
organic phases are dried over mgS0O, and concentrated.
The crude product obtained is purified by £flash
chromatography through silica (99/1 CH;Cl,/MeOH) to give
the tetracyclic compounds in the form of an orange-

25 vyellow powder.

! 9,11-Dimethoxy-7H-pyrido[4,3,2-de] [1,7]phenanthroline-

7-one (CRL 8485)

L Yield: 9% (10 mg}.
. Melting point: > 260°C.
30 e 'H NMR (CDCli): 4.12 (s, 3H); 4.18 (s, 3H); 6.65

(s, 1H); 7.64 (d, 1H; J = 5.5 Hz); 7.92 (d, 1H,
J = 5.5 Hz); 8.93 (d, 1H, J = 5.5 Hz); 9.14 (d,
1H, J = 5.5 Hz).

. 3¢ WMR (CDC13): 54.39; 57.02; 98.26; 117.89;

35 118.64; 118.86; 124.16; 138.50; 146.93; 147.09;
148.29; 148.62; 151.50; 166.32; 167.73; 180.65.
. IR (CHCli): 1688 cm™?.

. MS: m/z 293 (15}; 292 (28); 233 (24); 204 (13);:
165 (10).



- 38 13C NMR (CDC13) : 53.41; 117.66; 118.54; 118.93; 123.70; 127.73] 7 FFB 2004
136. 29; 138.52; 145.95; 147.45; 148.03; 148.83; 150.19; 165.86; 180.55.

IR (CHC13) : 1686 cm1l. 5 Ms mz 263 (8.2); 233 (25.1); 204 (35.4).

- EXAMPLE 13 8, 10- Di net hoxy- 7H pyri do[ 4, 3, 2-de] [ 1, 10] phenant hrol i ne- 7-one

(CRL 8811) and 9, 11-di net hoxy-7H pyrido 10

[4, 3,2-de] (1, 7] phenant hr ol i ne-7-one (CR§98485) A sol ution of the conpound

| -18b or of the conmpound 11-18b (105 ng; 0.37 mmol) and of

N, N-di met hyl g0k gk dgq di ethyl acetal (0.22 nl, 1.29 mmol) in 1.5 m of DWF

is brought tToTeftox-for Ih 30. The reaction m xture is 15 concentrat ed

under hi gh \Bciimethy}anbye-1fechhierandd-puehdefié Bedirded [As7dirl uted in 95

M of absol iieed throf1ded7 bndHCl (dRE3-d¥2T0! ) ahd addscypndld by sol uti on

is brought to reflux for 30 mn. After concentratlng arotary
evapor at or, Sonethptanaier 7Hreyaidedd - Tné-del £&) di PBRN AR tBEXPLABREEd Wi t h

CH2C12 (% tidmg ¢Or1i 3483he organic phases are dried over ngSO4 and

concentr at ed. S};He crude frgg’ uct obtai n _'ggourl fied bé flash

chr omat ogr apghy & 9’9?@13?}11‘2 OFo Qf vaNet PR ey cl i ¢

conpounds i r X-he7i or m1c1f0 &gy ,or a@gg?szﬁnw; I owmpvvolef N - et oy -

7H- pyr| do[4,3,2-de] [ 1, nant hr n 8485 Yi el d 90/ (10
el ¢ e LA LEREDRREL e i AT} TS Toan iyl b (s,

3H) ; 6.65 dfs, DMH) ;ig. &4 cughtlH o re Bk Hfior 7J_r923q.d Tlhlal re]ac.=t;50r5 Hz) ;

g4ggg(d%9 of“%ﬁf%% %ﬁéoﬁgé%téégﬁﬁs ge%l§é§§6 f%ﬁ“&és %%éiﬁﬁ%)gé

147.09; 148M10; aﬂ.lz@ ehenS5itis0; e B  16y. 7381,1111:8{13651n |9 (MOHCX3) : 1688
cm 1. absolute  EtOH. After  adding 0.7 g of  NH,Cl

(13.08 mmol), the mixture is brought to reflux for
30 min. and then concentrated on a rotary evaporator.

15 50 ml of water are added and then the soclution is
extracted with CHyCl, (5 times 40 ml). The organic
phases are dried over mgSQs and concentrated. The crude
product obtained is purified by flash chromatography
through silica (99/1 CH,C1l;/MeOH) to give the

20 tetracyclic compounds in the form of a purple-red
powder
9-Chloro-1l-dimethylamino~7H-pyrido[4,3,2~-de] [1,7]-
phenanthroline-7-one (CRL 8486)

* Yield: 3% (3.3 mg).
25 e Melting point: 246°C.
. 'H NMR (CDCl3): 3.04 (s, 6H); 7.11 (s, 1H); 7.61
(d, 1H, J = 5.5 Hz); 7.%2 (4, 1H, J = 5.5 Hz);
8.90 (d, 1H, J = 5.5 Hz); 9.14 (d, 1H, J =
5.5 Hz).
30 e C NMR (CDCl3): 44.39; 113.57; 117.60; 119.00;

119.37; 123.99; 138.50; 146.51; 146.77; 148.83;
150.68; 150.89; 153.68; 158.21; 180.05.
. IR (CHCls): 1698 cm™
° MS: m/z 311 (19); 309 (11); 296 (89); 294 (100);
35 269 (4); 267 (1); 204 (66).



- MS: mlz 293 (15); 292 (28); 233 (24); 204 (13); 165 (10). - 39 EXANPLEngBzma
8- Di net hyl am no- 10- chloro- 7H pyri do[ 4, 3, 2-de] [ 1, 7] - phenant hrol i ne-7-one

(CRL 8812) and 9-chloro--11-

. di rnet hyl am no- 7H pyrido[ 4, 3, 2-de] [ 1, 7] phenanthroline-7- 5 one (CRL 8485) A
solution of the conpound I-17b or of the conpound 11-17b (110 ng, 0.375

mmol ) and of N, N-di nethyl - formam de_diget hyl acetal (0.23 m, 1.31 mmol) in

1.1 mM of DW is brought to reflux for Ih 30. The reaction 10 m xture is
concentr at egydM@eE isgh vacuumto renove the DM and then the residue is

diluted in 95— m_of absol ute r.a 3.08
mol ), the A Byerexys 4 ﬁ?@ﬁ@ﬁ@éﬁéﬁiﬁ#ﬁéﬁl (¥ﬂ&§hﬁnan %P%hggcianééntrated
on a rotary gengaed b@hde15 50cHI aﬁlmteraﬂde addbydaneck T Rt dsol ut i on

t t h g dried
Io\S/ere)r(rgrsﬁ'l)(jl i%d‘é{'% é’%ﬁrc" at’d ((ig‘eﬂ’? e %r'?oaotr}%:? OB%?Q: %&e I'S purdagl edrlb§

fl ash chg ongicegs 8aiey) t hr ough silica (99/1 CH2C12/NbCH) to give the 20

tetracyclic_c nds i_n.the EM

9- Chl or o- 11%’9@5@1 ﬁ&dﬂ—l-(%?/rl dg{u é)gé ]e[%@ hen;6ntnﬁ?%ll)| nels7-one

( CRL %(3486) l_Da‘dld@Idd t3>%(a3 Suspensizs Ml t IQRPRsH] Fi6EB 400 H NVR qicDe13)
3.04 (s, 6 ; 6 I H nJd 7 = 5.5
Hz): 8 90 &’mpfﬁ]“d( CR&SH@ 15 J(Bblﬂg(d O3 émélw)lnggjgestgﬂmlédchﬁ]w
(CDC13) : 4443%1)113Tha; mlmw@ qaghséted11@t3%001§3 £33 T 46. 51;
g46 77’1&48 %er§§§Bﬁ§6%1%€18%he%5%ﬁ¥%eﬂiﬁ@thhé8@1ﬁ§droh8dﬂadﬂﬁ$ . 1698

11 296 (89 0
the éxpected compounds gs )1553 éé' 1n the form of a

purple powder.
4—Hydroxy-7H-pyrido[4,3,2—de][1,7]phenanthroline—7-one
dihydroiodide (CRL 8487)
15 o Yield: 85% (82 mg).
. Melting point: > 260°C.
. lH NMR (dg-DMSO): 6.75 (d, 1H, J = 5.8 Hz); 7.42
(broad s, 1H); 7.63 (dd, 1H, J = 8.4 and 4.4 Hz);
8.20 (d, 1H, J = 5.8 Hz); 9.07 (m, 2H).
20 e IR (CHCl:): 3037; 1647; 1635; 1617; 1604 cm ™~

EXAMPLE 16
4-Chloro-7H—pyrido[4,3,2-de][1,10]phenanthroline-7—one
(CRL 8806) and 4-chloro- 7H-pyrido[4,3,2-de] [1,7]-

25 phenanthroline-7-one (CRL 8480)
A solution of compound CRL 8813 or of compound CRL 8487
(45 mg, 0.14 mmol) in POCly (3.5 ml) is brought to
reflux for 2 hours. After evaporating on a rotary
evaporator, the mixture is basified to pH 8 with a 1IN

30 NaHCO; solution (10 ml) and then extraction is carried
out with a 5% MeOH/CHCl; mixture (2 x 20 ml). The
organic phases are dried over mgSO,y and then
concentrated on a rotary evaporator. The residue.
obtained is purified by flash chromatography (99/1

35 CH,Cl,/MeOH) to give the expected compounds in the form
of a brown powder.
4-Cﬁloro-7H—pyrido[4,3,2-de][1,7]phenanthroline-7—one
(CRL 8480)
o Yield: 4% (2 mg).



35 269 (4); 267 (1); 204 (66) . 1 2 FEB 2004 - 40 EXANPLE 15 17 £FR 2004
4- Hydr oxy- 7H pyri do[ 4, 3, 2-de] [ 1, 10] phenant hr ol i ne-7-one di hydr oi odi de (CRL
8813) and 4- hydroxy- 7H pyrido- [4,3,2-de][1, 7] phenant hroline-7-one

di hydroi odide, 5 (CRL 8487) Hydriodic acid (57%in water: 10 m, 44.6

mtl) is added to a suspension of conpound CRL 8400 or of conpound CRL

8401 (50 ng, 0.19 mmol) in acetic acid 4{4-nm). The m xture is heated at

100C for 21 hours. 10 After cooling and then filtering, the dihydroiodide

Zf ;he expegt ed ﬁgprHgdéoggtgsglgggdC[n the formof a purple powder.
-Hydroxy- 7H-pyrjdo[4, 3, 2-de][1, 7] phenanthrgline-7-on di hydr oj odi de ( CRL
8487) 15 Yi®ld: 845%5%2(%%3):@'( fhg(9oi ntEr>J260 .-flﬁ‘ﬁgz-%d%?gwsc;) :
2-Z5H§dZ 13,23 :d§=@8Hﬁb,; HA2s . ebuead so. d¥) (d7. 6K (dd, ElH.9 EzB; 4 and
'i647;)i6355 16&7?-%%%4éé}}gﬁﬁEgiLﬁLégfgéﬂén125032?9 d. Rel A& dn) ; 30%7
j—Cﬂ:oroggkkpyrigg[ﬂ93‘adgelﬁl,io%pmeaaahhreLnnaaizone (CRL 8806) and
-chloro-7H pyridg[4, 3, 2- , (] 2 hepnant.hrol 4 he- 7-,ane «(. 430) A
sol ution of gonpoukd §¥£ 8@#%563'of?%ghggUndhé%fhg48§2%(?§’gE%B%T%g'nnnl)
in POC13 (3.5 m)1Bs.bepught3t.@3;refld&. $r 21KGuB$. Afl&r. B/apde@ting on a
rotary evaporato the m xtuge. i ash fi tgopH 8 with a 1IN 30 NaHCG3
sol ution (10 m) %ﬁ%-?ﬁeﬂlééfﬁgct?8?-?%'c§§9r§§~ out with a 5% MeOH CHC13
mxture (2 x®20 nik. (THEls)or gad?2; phed®scmre dried over ngS04 and then
concent at edy 0N ay kot g p or ,cFhe pesi due, (@htai ned i@curified by
flasﬂ cﬁ?onafograpﬁy ?6g/§g25qg%;C1nghg}D ?6 give(thé expec#eépconpounds
in the form

EXAMPLE 17

4-Dimethylamino- 7H-pyrido[4,3,2-de] [1,10]phenan-

throline-7-one {CRL 88B07) and 4-dimethylamino-7H-
15 pyrido[4,3,2~de][1,7]phenanthroline—7—one {CRL 8481)

A solution of compound CRL 8806 or of compound CRL 8480

(14 mg, 0.052 mmol) of dimethylamine hydrochloride

(24 mg, 0.29 mmol) and of sodium hydroxide (13 mg,

0.32 mmol) in a THF/H;0 mixture (2 ml/1 ml) is brought
20 to reflux for 1h 30. After concentrating on a rotary

evaporator, the mixture is taken up‘in 15 ml of water.

After extracting with CHCly (3 x 20 ml), the organic

phases are dried over mgSO, and then concentrated on a

rotary evaporator. The residue obtained is purified by

25 flash chromatography (95/5 CHCls;/MeCH) to give the
expected compounds in the form of a red powder.
4-Dimethylamino-7H-pyrido[4,3,2-de] [1,7]phenanthroline-
7-one (CRL 8481)

. Yield: 63% (9 mg).
30 e Melting point: > 260°C.
. H NMR (CDCls3): 3.34 (s, 6H); 7.71 (dd, 1H, J = 4.4

and 8.1 Hz); 7.96 (d, 1H, 6.0 Hz); 8.62 (s, 1H);
8.83 (d, 1H, J = 6.0 Hz); 9.04 (dd, 1H, J = 1.5
and 4.4 Hz): 9.19 (dd, 1H, J = 1.5 and 8.1 Hz}.
35 e 3¢ NMR (CDCl3): 44.06 (2C); 117.89; 120.40;

127.22; 129.69; 132.59; 133.68; 135.30; 138.51;
144.67; 146.98; 148.14; 149.16; 152.66; 179.55.

. IR (CHCl3): 1666 cm’.

. MS: m/z 276 (100); 249 (11); 204 (1).



of a brown powder. 4-Chloro-7H pyrido[4,3,2-de][1, 7] phenanthroline-7-0
(CRL 8480) Yield: 4% (2 ng). 1 7 FFR 2004 - 4]1[ I\/Llotl ng point: > 260 M FEB 20
1H NWR (CDC13) : 7.78 (dd, 1H, J =4 .4 and 8.1 Hz) ; 8.08 (d, 1H, 5.9
Hz); 9.03 (d, 1H, J = 5.9 Hz); 9.07 (dd, 1H, J= 4.4 and 1.8 Hz); 9.18 (s,
1H; 5 9.19 (dd, 1H, J =1 . 8 and 8 . 1 Hz). 13C NWR (CDC13) : 116.63;
119.80; 128.25; 132.64; 134.05; 137. (C)%é 145.92; 147.56; 147.78 (20);

13)

148. 47; 149.93; 153.31; 180.08. IR ( 1692; 1608 cm1l. 10 MS: mz

269 (34), 2 1232 (60) ; 204 (29) EXAI\/PLE 17
4- Di net hyl aM| do[ 4, 3, 2-de] [ 1, 10] phenan- throline-7-one (CRL 8807)
and 4-di net mﬂpmumﬁnétlﬁrlpy?ﬁ'dmm@@ 14 -1de]] PhetfreRA? fie- 7- one (CRL

8481) A sol felo] 853%?5 -
0. 052 mol )l{t}‘?:%g'l(r}ge hyI am ne %r’ ri dggn‘(ggzp%l?ég% :l(ﬁ-—g?
sodi um hydrwrddc([l%,l‘n;g? deg, @z7m$awlarqmwb‘9ﬁ%<ttﬁ%m§’g%ﬁl m) is

brought 20 E? L&k HfoﬂOBflQﬁg)cdﬁﬁ6ﬂngomc@ﬁt%@kiQﬂfoﬂoﬂpbﬁhdrﬁl -1b
evapor ator,

he"m xture Is taken up in 15 ter ter t|n
with CHC13 (@ 212 )0- % macdrigading ﬁrfasé’sl”@rt@yc} Oé&‘aal}ge n&é@g thgn
concentrated Qa4 ref as ymByppor ahor pMEhe (esidue obt aheedeids purdednd ed by

25 flash chromat ogr aph 95/,
in the formr{j:ftra)qg%'dpﬁév\é 2 %%13”\/9 ¢4 2,9 'é’§of1hneg, expectad, apounds

f’(l E: gEt ggl%azﬂgsnocahit:@)ith:ﬁ/gl[e? 31r2ie£ie] i3 cBluph enan iohroaivicme - tﬁemee-:r.(e@m_ec8481)
6H) ; 7191 (GRF: %'Jf,l‘ﬁe Wi 4 o1 pOI qf%)fz%%c% 1%’? N%Ee(c%]’@z) Sé%le §§
1H); derivative (125 mg, O 45 mmol) is taken up in DMF and
13 mg (0.7 mmol) of Eschenmoser’s salt is added. The
mixture is heated wunder nitrogen at 115°C for
30 minutes. After cooling, NH,Cl (10 mmol) and acetic
15 acid (75 ml) are added to the mixture, which is brought
to 115°C for 30 minutes. After cooling, the reaction
mixture is poured into ice, basified with 10% KOH and
extracted with CHClis. The organic phases are dried
over mg$0; and concentrated on a rotary evaporator. The
20 residue is purified by flash chromatography through

silica.

3—Acetal—7H—pyrido[4,3,2—de][1,10]phenanthroline-7—one
(CRL 8815) and 3-acetal-7H-pyridol[4,3,2-de][1l,7]phenan-

25 throline-7-one (CRL 8814),
3-cyano—7H—pyrido{4,3,2-de][1,10]phenanthroline—7—one
(CRL 8817) and 3-cyano-7H—pyrido[4,3,2—de][1,7]phenan—
throline-7-one (CRL 8816),
3-ethoxycarbonyl-7H-pyrido[4,3,2-de] [1,10]phenan-

30 throline-7-one (CRL 8819) and 3-ethoxycarbonyl-7H-
pyrido([4,3,2-de) {1, 7]phenanthroline-7-one {CRL 8E818)
3—methoxymethyl-7H;pyrido[4,3,2—de][1,10]—
phenanthroline-7-one (CRL 8821) and 3-methoxymethyl-7H- -
pyrido[4,3,2-de][1,7]phenanthroline—7~one {CRL 8B20)

35 3-fluoro-7H-pyridol4,3,2-de] [1,10]phenanthroline-7-one
(CRL 8823) and 3~fluoro-7H-pyridol4,3,2-de}l[l,7]phenan-
throline-7-one (CRL 8822)
3-acetoxymethyl-9-methoxy-7H-pyrido[4,3,2-de] [1,10]-
phenanthroline-7-cne (CRL 8825) and 3-acetoxymethyl-9-



8.83 (d, 1H, J = 6.0 Hz); 9.04 (dd, 1H J = 1.5 and 4.4 Hz); 9.19 (dd1 2IRRB 2004
J=1.5and 81 Hz). 35 13C NWR (CDC13) : 44.06 (2C) ; 117.89; 120.4

127.22; 129.69; 132.59; 133.68; 135.30; 138.51; 144.67; 146.98; 148. 14
149.16; 152.66; 179.55. IR (CHC13) : 1666 cm 1. M&S: mz 276 (100); 249

(11); 204 (1). 1 2 FEB 2004 - 42 EXAMPLE 18

3- Acet oxynet hyl - 7H pyri do[ 4, 3, 2-de] [ |, 34 ] phenan- throline-7-one (CRL 8825)

and 3-acet oxynet hyl -7H pyrido[ 4, 3, 2-deJ[ 1, 7] phenant hrol i ne-7-one (CRL

8824) 5 A | uti 0.11 g, 0.5
rnrml)) ands%‘fe%glzo%&t_h %r%;a%gﬁo%n% eqér‘}allanﬂgg{ al (1.5 rrrrri)él)—“l)%n%lVF (3 gm)

i s heated urd&i 8r8i2t4rogen at 120C for 1 h. After cooling, the mxture is

concent r at ed_ndsf, el Lo, praduce the expect edol@adetl vatdsve sbad he
solid form %e g{reeelng sé(;(f(?(; ggjrelvatlve(ug 0.45 mmol ) is taken up
in DWW and ab®veg (0.7 mol) of Eschennopser's salt i s added. The mixture

is heated under nitrogen at 115C for 30 mnutes. After cooling, NH4d (10

nmol ) and acetic 15 acid (75 m) are added to the m xture, which is brought
to 115C for E¥AMBLE 1A After cooling, the reaction mnixture is poured into

ice, basifi QdMMEH}IJ—O% Wt 4 S ta-atdjefl i Tp KRGSt h Adiki we ¢&none phases
dried ty 20

esi due i's JGRL BT By FRsh BREORAr Ghr B8 SPo0R - Saliles | Pherdn-

3- Acet al - 7Huwd 18G4 B ohel e{drl, mjamenant hr ol i ne- 7- one (CRL 8815) and

3- acet aI 7H do h 8814),

3-cyanol9H 65?‘/‘{156‘[%453 ‘?gd‘é‘]"ﬁﬁo‘%rtf# phe Ircl)?ﬁ oPFnegl?EDone ?gR% 8(33%7%n and :

3-cyano- 7H my.rd dejct, )3, 2-sdepiftpIpphdenan- adeoitneagidnel (TR B8 ME)LN
3- ethoxycarb%mxnrgﬁtp%%h%%&ééB’?69%&&}’%Eﬂggﬁﬂgn and the solution,
kept stirred, is heated to 70°C. Acetaldehyde (88 mg,

2 mmol) in acetic acid (10 ml) is added dropwise. The

15 mixture is heated at reflux under nitrogen for

45 minutes and then cooled. After adding water, the

solution is basified with NHs OH and extracted with
dichloromethane. After drying [lacuna] mg&0y and

evaporating, the residue obtained is purified by flash

20 chromatography through silica.

2—Benzyl-7H-pyrido[4,3,2—de]{l,10]phenanthroline-7—one
(CRL 8829) and 2-benzyl-7H-pyrido(4,3,2-de][1,7]phenan-
throline-7-one (CRL 8828),

25 2-(2'-chloroethyl}-7H-pyrido[4,3,2-del (1,10}~
phenanthroiine-7-one (CRL 8831) and 2-{2’-chloroethyl)
- 7H-pyridol4, 3, 2-de} {1, 7)phenanthroline-7-one

{CRL 8830),
- (2’ -methoxymethyl) - 7H-pyrido(4,3,2-de] [1,10]~-
30 phenanthroline-7-one (CRL B8833) and 2-(2' -

methoxymethyl)—7H—pyrido[4,3,2—de][1,7]phenanthroline—
7-one (CRL 8832),
are prepared according to the procedure described -
above.

35
The results of the in vitro and in vivo pharmacological
tests, presented below, demonstrate the cytotoxic
properties of the compounds of formula (I) and (Ia} and

the maximum tolerated doses (MTD}.



30 throline-7-one (CRL 8819) and 3-ethoxycarbonyl - 7H T2 FEB 200
pyrido[ 4,3, 2-de] (1, 7)phenanthroline-7-one (CRL 8818) 3-met hoxymet hyl -
/Hpyrido [ 4, 3, 2-de ] [ 1, 10 ] -- phenanthroline-7-one (CRL 8821) and
3-met hoxynet hyl - 7H  pyri do[ 4, 3, 2-de] [1, 7] phenant hrol i ne-7-one (CRL 8820) 35
3-fluoro-7H pyrido[ 4, 3, 2-de] [1, 10] phenant hrol i ne-7-one (CRL 8823) and
g-flu?ro-7ktﬁy{|80[4,ﬁ,2-d$][1,7]8hega§a throline-7-one (CRL 8822)

acet oxynet hy met hox H pyri do 2-de][1, 10]- ph i ne-7-
(CRL 8825) and 3: acetox e 0 [ ][ = phenant hr ol ne-7-one

methyl -9 1 . .
met hoxy- 7H pyri do[ 4; 3¢ §¥8§f’f‘ c?]?)‘r'\téh‘éh rc%ﬂ | N5 gﬁe c?&Llé'é‘féls) are
grEE?LeF gﬁfg1gugg znTTheggtpcedure descrlbed above. EXAMPLE 19
y yrido 3,2-de]l[1,14] henant n 7 L' 2 and

2-met hyl - 7HF 9rﬂ&6%$e§°f d%% %h pHEhan-" #gl |ﬁ% "She %gg §§%6§k10 A
ngtU[e gf ¢ogpousd Ithgoaﬁd oélmsnpoaad éVabu@BédngpSlag4 ahel ) MIS

i ssolved in acetic, aci 0 n1) ni 6 2 mol
and t he %ol 6P+ 8RIMEkEPTE %??Fed ﬁeate toH70 éggglgeﬁ ggo?é gy, )2
mol ) in acebss; acsﬂ (1$B+ﬁ3,| STadMQmthhﬁﬁﬁ s@t Thd .15 ﬁﬁ%ﬁ@ﬁe R§Sheat ed at
refl ux undeéﬁghgr __ Eg_g _nlnutes and then cool ed. After adding water,
the soluti ? d h  NHAOH and extracted with dichl oronet hane.
After drying [lacuna] mgSO4 and evaporating, the residue obtained is

purified by | ash Lo gr y ou i lica. 7 q
[4, 3, 2- de F 1prf§? %Eeng%% ?M%e gﬁgneggsg 5 Zg%ngﬁgZYbn cheyri do

2- ben;yﬂ@7mpypcuonpnla3 @c@}eqt{qn ?VpH@?\%‘thth?%Hlﬁe 2EGE (BRLVES28), 25
2. (2 - ch gLosLhyll - g pé}él‘i Wl-chloded dfloduds 14T7 - (3-(4,5-
phenant hr ol I'ne-7-one ( an g chl.or oet hyl.).
dlmethylthlazol -2- ;5= d phenyltetrazollum bromide)
to a blue-coloured product, formazan. The amount of
formazan thus obtained is directly proportional to the
15 amount of live cells present in the culture well cor
wells, This amount of formazan is measured by

spectrophotometry.

The cell lines are maintained in monolayer culture at
20 37°C in stoppered culture dishes containing 25 MM HEPES
MEM (Minimum Essential Medium) base medium. This medium
is well suited to the growth of a range of varied
diploid or primary mammalian cells. This medium 1is
subsequently supplemented:
25 - with an amount of 5% of FCS (Foetal Calf Serum)
decomplemented at 56°C for 1 hour,
- with 0.6 mg/ml of L-glutamine,
- with 200 IU/ml of penicillin,
- with 200 pg/ml of streptomycin,
30 - with 0.1 mg/ml of gentamicin.

The 12 human cancer cell lines which were used were
obtained from the American Type Culture Collection:
(ATCC, Rockville, MD, USA). These 12 cell lines are:

35 - U-373MG (ATCC code: HTB-17) and U-87MG (ATCC code:
HTB-14), which are two glioblastomas,
- SW1088 (ATCC code: HTB-12) which is an astrocytoma,
- A549 (ATCC code: CCL-185) and A-427 (ATCC code:
HTB-53), which are two non-small-cell lung cancers,



-7Hpyrido[4,3,2-de][1, 7] phenant hrol i ne-7-one (CRL 8830), 2- (2
-met hoxynethyl) - 7H pyrido [4, 3, 2-de] [1, 10] 30 phenanthroline-7

(CRL 8833)

met hoxynet hyl') - 7H pyri do[ 4, 3, 2-de] [ 1, 7] phenant hr ol i ne-
are prepared according to the procedure described above.

and 2-(2'-

the in vitro and in vivo pharnacol ogical tests, presented bel ow,

denonstrate the cytotoxic

1 J-EEB 2004

7-one (CRL 8832),
35 The results of

properties 6f tThe conpounds of fornula (1) and

(la) and the nmaxinumtol erated doses (Nﬂt» 12FEB2 t ot oxi c

activity on-tt@BuolSceldTEEnezod% QHLHE ( MPTRG edh) OT i FHFI u%%%: of the

conmpounds ofq

the MIT 5

0bHY) a @hlcﬁngr@ftw6|%bl@@et@ﬁqutaﬂebk$ was evaluated usi ng

co;orlnefrlc (T. sma
55-63, J. Carﬁréﬁﬁel(é?cﬁl CO@ﬁﬂceﬁTﬁ@233)198$Hu4§£F5 Rgﬁgi 3pr?ﬁmple

of the MIT
met abol i cal
(3-(4,5-5 di

bl ue- col our g; produet twof enEBar. cEheeampunt of

P@§122§ bageehonrkhewol8 reiatsec handeiral, reduction by

edRg) (Aol Loost) ST by (40t an e ootk Tl 4

formazan thus obtained is

directly proportlonal to the 15 a l'ive, cells.pregen cul ture
vel | or  weftl BC—?hi $A8RbunfCBe: fogggziﬁggé Eﬁ?h B %pe% rophggonetry.
REscare mai ntai ned i n nonol ayer culture at 20 37C in stoppered

The cell Ii

cul ture dishes containing 25 MM HEPES MEM (M ni num Essenti a

medi um Thi
di pl oi dy or

Medi um) base

s nedium is well suited to the gromh of a range of varied

BkpeRiyermadali:ar idellls. offhis awddi WH$RENSLPB e GABRELY1INT

suppl
pp enentegn 000 to 50 000 (depending on the cell type used)

15

20

25

30

35

cells/ml of culture medium are inoculated in flat-
bottomed 96-well multi-well plates and are incubated at
37°C under an atmosphere comprising 5% of CO: and 70%
humidity. After incubating for 24 hours, the culture
medium is replaced with 100 pl of fresh medium
comprising either the wvarious test compounds at
concentrations wvarying from 10™® to 107 M of the
solvent used to dissolve the test products (control
condition). After incubating for 72 hours under the
above conditions, the culture medium is replaced with
100 pl of a yellowish solution of MTT dissolved, in a
proportion of 1 mg/ml, in RPMI 1640. The microplates
are reincubated for 3 hours at 37°C and then
centrifuged for 10 minutes at 400 g. The yellowish MTT
solution is removed and the blue formazan crystals
formed at the cellular level are dissolved in 100 upl of
DMSO. The microplates are subsequently agitated for
5 minutes. The intensity of the resulting blue
coloration, and thus of the conversion of the yellow
MTT product into blue formazan by the cells which are

still alive at the end of the experiment, is quantified

by spectrophotometry using a device of DYNATECH-

TMMUNOASSAY SYSTEM type at wavelengths of 570 nm and
630 nm corresponding respectively to the maximum
absorption wavelengths of formazan and to the
background noise. Software built into the

spectrophotometer calculates the mean optical density



25 - with an anount of 5% of FCS (Foetal Calf Serum deconplenented at 56C
for 1 hour, -- with 0.6 ng/m of L-glutamne, - with 200 U m of
penicillin, - with 200 g/m of streptonycin, 30 -- with 0.1 ng/m of

. gentam cin. The 12 human cancer cell lines which were used were obtained
fromthe Anerican Type Culture Collection (ATCC, Rockville, MD, USA).

These 12 cell lines are: 35 - U 373M5 (ATCC code: HIB-17) and U 87Ms (ATCC
code: HIB-14), which are two glioblastomas, - SW088 (ATCC code: HIB-12)

which is an rQcy A5 cede: 26Gkm189rand A=427 (ARGC code:
HTB- 53), whl pERUERCY B chel>ERahali | ggglgancgr 55 1 2 FEB 2006 - 45 -

HCT- 15 (ATC@te@d@rdC@Er@ZSPfaﬁdPeLmn( )c et UeSCCL- 229), which are two
col orectal cancers, - T-47D (ATCC code: HIB-133) and MCF7 (ATCC code:

HTB- 22), which are two breast cancers, 5 - J82 CC cod HIB- 1 nd T24
( ATCC code: THPB- 4phibjfpel apetiyiéth aﬂ’dert}&%ncéeﬁsl q'fsh CC)C@%de

CRL- 1435%), %h%dn%sao@q%@ﬂﬁa cancednd 1@IE)<pem farat alalrynuﬁomu}nolurof a
cell suspension conprising 20 000.to 50 000 c(Foendl ;_hgfc%lhl type
used) cel | §EAL OFin&H t‘iﬁ‘% HRAPUATEr &1 rSEtH e at =6t tomed 96- wel |

mul ti-well phatgsianskadeci ncBbated atf 8¥&mphder the ataiosphepd ¢&pri sing

5% of CO2 and 70% 15 hum dity. _After incubgfing f 4 hoyr | ture
medi um i s r ERPECAF AR 00 1 6F AFFESh mad?%%n co%r%lzm nglie?Jtlhbtﬁ%&J

vari ous testoa@@mamnds ais dateent patiedmedsafpingedclomakiMBYRA 1GXE M of

the solvent used . .to, di s l.ve t t products (control 20 condition)
Af ter |]nQ:ub§Fer§gerftcﬁd 72 dorlse ufgg)erletﬁ{] above conditions, the culture

mediumis replaced with 100 pl of a yellow sh solution of MIT dissolved,
Ina [lacuna]
all of the compounds studied exhibit significant
15 inhibitory activity on the cell proliferation of the 12
human tumour lines: U-87MG, U-373MG, SW 1088, T24, J8Z,
HCT-15, LoVo, MCF7, T-47D, A549, A-427 and PC -3, with
an ICs; which can be between 107> and 10°° M, depending
on the compounds and the tumour lines tested.
20
2 - Determination of the maximum tolerated dose
(MTD)
The evaluation of the maximum tolerated dose was
carried out on B6D2F1/Jico mice aged from 4 to 6 weeks.
25 The compounds were administered intraperitoneally at
increasing doses ranging from 2.5 to 160 mg/kg. The
value of the MTD (expressed in mg/kg) is determined
from the observation of the survival rates of the
animals over a period of 14 days after a single
30 administration of the product under consideration. The
change in the weight of the animals is also monitored
over this period. When that the value of the MTD is
greater than 160 mg/kg, the value of the MTD is.
categorized as 160 mg/kg by default.
35
The results of the assessment of the maximum tolerated

dose (MTD) are collated in the following Table II:



A e o

proportion of | ng/m, in RPM 1640. The microplates are reincubated for 3
hours at 37C and then 25 centrifuged for 10 m nutes at 400 g. The yell b\@ﬁﬁtﬂggm
MIT solution is renoved and the blue formazan crystals forned at the
~cellular level are dissolved in 100 | of DMSO. The mcroplates are
subsequently agitated for 5 mnutes. The intensity of the resulting blue

30 coloration, and thus of the conversign of the yellow MIT product into

bl ue formazan by the cells which are” &tiT alive at the end of the
experinment, is quantified by spectrﬁggoio try using a device of DYNATECH

| MMUNOASSAY SYSTEM type at wavel engt 70 nm and 35 630 nm

correspondi ng respectively tgathe.nmex mematadsdopeson wavel engt hs of

formazan and to the background noise. Software built into the
spectrophotanet er _cal cul-at.es the-—rean—epti+eat—denstty—+—z 1TEe~Zzoua =} 46

val ues and|the stamgar dcggtdidon (Std. | Dev.) an@Tst@ad¥ed error of| t he

mean (SEM [vattes. Ihe.inhibrtory,activity on the cel{pgrowth of the| 5
conpounds  of fn@ﬂ%l§3§§)(gﬁﬁm??§)qgn t hp—Var-ous tu”ua? cett—tHrmeswas
measured i N conpat,i §9P3Wi(ERatpat 0f the| natural prodl@t. By way of
exanple, thevatrges_of the concenfratipns fram ng they50% i nhibitory
concent r at iL.ans @Rbﬁﬁ§9ﬁhﬁgﬁﬁ@39?oiseach corpotnd grc f%G presermted—h Tabl e
| bel ow [l acungkiABkeaf (Ehampoapounds st udi ed exhi bitOsignificant 5
i nhi bitoryactivity gn tnE cel& pé?llfe'ation of the X2 human tunour|lines:
U 87M5, U 373MEREF 1888 (E¥aAPLI§es) Lok 15 Levo—MEF7—T-—47DAS549| A 427
and PC -3, {wit hcrangB€50 (phisblean)be bétween 10-5 and010-9 M _dependi ng

P

22X}25n$?0|pr2?§ﬁ%2 352?§$%g%%&elg?es tested. 20 2 - Pgterm nation of the
CRL 8400 (Example 6) > 160
CRL 8401 (Example 6) > 160
CRL 8440 (Example 7) 20
CRL 8441 (Example 8) > 160

5 The products of this family exhibit either a degree of
direct toxicity or may be devoid of it and may then be
used in vivo at high tissue concentrations and

therefore at high dosages.

10 3 — in vivo Antitumour activity
The tests were carried out on models of:
- hormone-insensitive mouse mammary carcinoma MXT
(HI-MXT),
- hormone-sensitive mouse mammary adenocarcinoma MXT
15 (HS-MXT) ,
~ lymphoma L 1210.

The model of mouse mammary adenocarcinoma MXT of
Watson C. et al. (Cancer Res., 1977; 37: 3344-48),
20 grafted onto B6D2Fl/Jico mice aged from 4 to 6 weeks,
is derived from the mammary gland milk ducts. Initially
hormone-sensitive (HS-MXT model), the differentiated
tumour develops in the direction of an undifferentiated
hormone-insensitive tumour (HI-MXT model). The agents
25 with the antitumour activity which has been
demonstrated clinically prolong the survival of the



The eval uation of the maxi numtol erated dose was carried out on 12 FEB 2004

B6D2F1/ Jico mce aged from4 to 6 weeks. 25 The conpounds were admi nistered
intraperitoneally at increasing doses ranging from2.5 to 160 ng/kg. The
~value of the MID (expressed in ng/kg) is determined fromthe observation
of the survival rates of the animals over a period of 14 days after a

single 30 adm nistration of the product under consideration. The change in
the weight of the aninmals is al so moni 88réd over this period. When that

the value of the MID is great than 160 nmpg/ kg, th MID i
cat egori zed2B3M#86 nﬁ?EﬁYBdiegéﬁmgf 3@”*%%9 egﬁ¥isﬁg¥ﬁ #g gégéggﬁént g?

ageFng;ggzmhgﬁgrﬁgEfgédQﬁgeLNﬂfbraeaa@@ﬂbatediﬂn thelbphbephagitabl e ||
- 2 Maxi num Tol erat ed Doses CRL ConpoundsDMT /k
CRL 8388 (E%HBPé@ﬁ@rcﬁE%f%’C(lﬁxanpl e 1)10 CRL 8294 (Exanple 1) 1ngCRLg)
?ESS (ang?le é%io SRB 8364 (Exanmple 2)5 CRL 8367 (Exanple 3)10 CRL 8396
anpl e I > 160 1.( e >r1 8440
(Exanpl € 7) %gecdﬂogigl C%%E%Pghg%@ 1§olgﬁfh§%8r8d5§‘?‘ﬁs@%f ﬁié‘ f@ grlngﬁb
exhibit eitheukandegreslbé odi megdse oRirdity @TafebesibFsF4nN6PUPLYand may
then be used ifpyixg,aL hhghtissye coaeentiatiqne 8ad cddwefepeaat high

e :
dosages. 10'3 - Vi Vo Anti r activif The tests were carried out on
nmodel s of : rapid-growth subcutaneous solid tumour (L 1210 s.c.).

10 When the MTD value of a product was determined, its in
vive antitumour activity was characterized at the
MTD/2, MTD/4 and MTD/8 doses on the models of mammary
adenocarcinoma of mouse origin HS-MXT and of mouse
mammary carcinoma HI-MXT and on the model of

15 subcutaneous lymphoma L 1210.

In all the examples presented below, whatever the
model, the control condition is represented by a batch
of 9 or 15 mice to which is administered, for
20 3 consecutive weeks and at the rate of 3
administrations (Monday, Wednesday and Friday) per
week, a volume of 0.2 ml of physiological saline
comprising the solvent used to dissolve the wvarious
compounds of formula (I) and (Ia) used.
25
During these tests, either the tumour growth or the
survival rate of the mice were determined:
i)~ The tumour growth was evaluated by measuring
twice weekly (Monday and Friday) the -area of the
30 grafted HS-MXT, HI-MXT or L 1210 tumours. This area 1is
calculated by multiplying the value of the two greatest

perpendicular axes of the tumour. The value of these

axes is measured using a sliding caliper.
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hor none- sensi ti ve nouse nmammary adenocarci noma MXT 15 (HS-MXT), - |ynphoma
L 1210. The nodel of nouse mammary adenocarci noma MXT of Watson C. et al.
- (Cancer Res., 1977; 37: 3344-48), 20 grafted onto B6D2F1/ 3ico m ce aged

from4 to 6 weeks, is derived fromthe mammary gland m |k ducts. Initially
hor none-sensi tive (HS-MXT nodel ), the d fferentiated tunour develops in
the direction of an undifferentiated %horhone-insensitive tunour (HI - MXT

nodel ). The agents 25 with the antitunour agh vi whi.ch
derponst r at ed cI|%ﬁcaJEQ_pEﬁléﬁéﬁﬁheigﬁiv+$a%—é?—i¥e~ % ﬁ%ﬂ?ig@% %R mal s

carrying HizdWhd uimti soang HS: MXKTTfopowhsre:This is the case, for exanple,
wi t h cycl ophospham de, etoposide or adrianycin. 5 The nodel of Iynophona L

1210 is a yodel of L 1210 |eukema—eceHs—ofrogse—orrgrngrafted

subcut anequsly| in the nouse. They giMeiiminse] irn (MNo%eofocfadesl to a

rapi d-gro subcutaneous solr1d tynour (L 1210 9 0 efy.Jhe M[D val ue
of a prod s determ ned, it|s iln Wﬂ%ﬁ% antltLﬁgﬁ% éétf%%tyhaas
characteri|zed anﬁﬂ@ErNﬁﬁhgysNﬂtyz amda MY 8| dogediigh phecesrieltdhast |mammary
adenocar cijnoma|of nouse Qqri HS-{MXT and of ﬁDL%ﬁ-tggnH@&yaﬁq&Q@@OWB

HI - MXT and on {Ré& ﬁ%ﬁﬁﬂvé% 5 |suhcut aneous | ynghoma L 1210. In all [the
exanpl es presented hedion mwhaéever the nodel ., tlHee@88E ol condition is

represented byja_batch _ of or[ 19 m3 0 | dghnisd esgQd, for 20 3
n% a%t cthh%f mu%%eE %&JB HﬁC@

consecuti vie we¢Ré erate adm ni strations (Mnday, Wdnesday
and Friday) pel mniwneekreatedl ung of] @®y2 a the mﬁﬁ#ﬁnnmﬁﬁﬁﬁatf%§ﬂ344p

conprising the solvent used to dissolve the varilous conpounds of faqrmula
(1) and (1 guged—25 {Number of dead
(Median mice in the days
mouse - | which preceded that
{Number of days treated) of the median mouse
of survival of treated)
C = | the median mouse | +
of the batch of (Number of dead mice on the same
mice treated) day as the median mouse)

5 This ratio represents the mean survival time of the
mean mouse of the batch of treated mice with respect to
the mean survival time of  the median mouse of the batch
of control mice. Thus, a molecule induces a significant
(P < 0.05) increase in the survival of the animals when

10 the T/C index exceeds 130%. On the other hand, it has a
toxic effect when this T/C value is less than 70%.

3.1.- Mouse mammary carcinoma (HI-MXT)
The influence of the two products CRL 8293 and CRL 8294
15 on the growth of HI-MXT tumours will be presented below
by way of example. Each batch of mice grafted with

HI-MXT tumours relating to a given experimental

condition comprises 15 animals.

20 Treatment 1
The product CRL 8293 is administered intraperitoneally.

The first injection of the product is carried out on




During these tests, either the tumour growth or the survival rate of 1 R EB 2004
mce were determned: i)- The tumour growth was eval uated by neasuring
twi ce weekly (Monday and Friday) the area of the 30 grafted HS- MXT, HI - MXT
~or L 1210 tumours. This area is calculated by nultiplying the value of the
two greatest perpendicular axes of the tumour. The value of these axes is
measured using a sliding caliper. 1 ZWEEB 2004 - 49 ii)- The survival rate

r

of the mice is calculated in the for “aratio T/C, where: T =C =

(Nurmber of days of survival of he _nedi an e qQf t ba of .Ip ce
treated) (NGRBer S6F°8hys 98¢ sﬁP?&@éFggﬁngthgeﬁédi%% ngﬁge %%@Fheog;tch of
m ce treated) injeMedioas peusevdgleati®dhdehMunb@edoésdapd arideFgadee sane

m Lo in UhelBkys CHRFER dCedb R AnATT B thetimsal dn aiva s o O e

mce in the e nedi an nouse

5 Treatment 2
The product CRL 8294 is administered intraperitoneally.

The first injection of the product is carried out on
the seventh day postgrafting (D7) at the rate of
3 injections per week (Monday, Wednesday and Friday)

10 for 3 consecutive weeks and at a dose of 5 mg/kg.

The decreases (-) or the increases {(+) in the area of
the HI-MXT tumours induced with treatments 1 and 2 with
respect to the control condition on the 21st day after
15 the tumour grafting, i.e. after 6 administrations of
the product CRL 8293 or of the product CRL 8294, are
shown, as percentage, in the following Table II. 100%
of the control animals are still alive on the 21lst day

postgrafting.
20
TABLE III
Treatments Tumour area (expressed as %)
1 (CRL 8293} -33
2 {(CRL 82954) -36

These results show that these two products CRL 8293 and
25 CRL 8294 induce a significant decrease in the growth of
the HI-MXT tumours. These results show that these
products of formula I and Ia exhibit, in vivo and on

this model, an advantageous antitumour activity.

30 3.2.- Mouse mammary adenocarcinoma (HS-MXT)
The influence of the two products CRL 8293 and CRL 8294
on the growth of HS-MXT tumours will be presented below

by way of example. Each batch of mice grafted with the
HS-MXT tumours relating to a given experimental

35 condition comprises 9 animals.
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nmedi an nouse treated) (Nunmber of dead mice on the sane day as the nedian
nouse) 5 This ratio represents the nean survival tinme of the nean nouse of
the batch of treated mce with respect to the nmean survival tine of'the
medi an nouse of the batch of control mce. Thus, a nolecul e induces a
significant (P < 0.05) increase in Lh%lsqrvival of the animals when 10 the
T/ C i ndex exceeds 130% On the other hand, it has a toxic effect when this
T/C value ig |less tnhcar1070% 3.1.- Mouse manmary carci nonma (H - MXT) The

i nfl uence of—rgﬁiﬁﬁﬁ—pmducts CRL 8293 and CRL 8294 15 on the growth of

H - MXT tunoohe widddbet (CRiseh? 28 bel admipyshayesf EANSE L BASF batch of
mce grafted, wth. - : S. k€ [ gi; Len- £xpesd neqtalon
condition c Ir?ﬁrigjéguw%iermqy{ Z%fTitgtgtl%nc%&ul@grhe rodyct CRL 8293 is

admi ni st er edhient s&perittonetdy y POSTEE F54idtg i njRek i %t of he JFddut i s
carried out jon 1 0 - R t éﬁ%@ﬂthW@@meﬁ@%t rahti ey i(d3A)) at the
rate of §3 ?n?e f%gﬁgﬁgirgééek %i%ng§§ dnesday a dygrig ) for 3
consecut i ve faaelds canPefutE W SEES ?%/%ﬁ.aﬁq?%a?ﬁeﬁtmg %é product CRL
8294 is adm nistered intraperitoneally. The first injection of the product
Is carried out on the seventh day postgrafting (D7) at the rate of 3

i nj ections ﬁé@.ﬁﬁ@é&lﬁﬂlday, Wednesday and Friday) 10 for 3 consecutive
weeks and airpe desedfctt RHkg2 Fhe idecreasiesi (tgred thbondcriaseshg+) in

the ar e?OOf intthreapl_gz.:{vtpgneta U£§U{Q(}iuc$gewi Ehirtsrteati%@&ijorﬁn%fz Wid
product is carried out on the seventh day postgrafting
(D7) at the rate of 3 injections per week (Monday,
Wednesday and Friday) for 3 consecutive weeks and at a
dose of 5 mg/kg.
15
The decreases (-) or the increases (+) in the area of
the HS-MXT tumours induced with treatments 10 and 20
with respect to the control condition on the 31st day
after the tumour grafting, i.e. after the
20 9 administrations provided in the experimental protocol
of the 2 products CRL 8293 and CRL 8294, are shown, as
percentage, in the following Table IV. 100% of the

control animals are still alive on the 3lst day

postgrafting.
25 TABLE IV
Treatments Tumouy area (expressed as
%)
10 (CRL 8293) -45
20(CRL 8294) -64

These results show that these two products CRL 8293 and
CRL 8294 induce a very highly significant decrease in-
30 the growth of the HS-MXT tumours. These results show,
as on the HI-MXT model, that the products of formula I
and Ia also exhibit on the HS-MXT model a highly

advantageous antitumour activity.



respect to the control condition on the 21st day after 15 the tunour 12 FFR 2004
grafting, i.e. after 6 admnistrations of the product CRL 8293 or of the
product CRL 8294, are shown, as percentage, in the following Table I

100% of the control animals are still alive on the 21st day postgrafting.
20 TABLE 111 TreatnentsTunour area (expressed as 1 (CRL 8293)-33 2 (CRL
8294) - 36 These results show that thesegbwo products CRL 8293 and 25 CRL

8294 induce a significant decrease in the growh of the H - MXT tunours.

These results shgmgtha‘%:égﬁgﬁa prodyets of fornula I and la exhibit, in
vivo and on thi ous anti tunour agtlw te[y f°‘> g

Mbuse nmarmeFyeadafdsgnsienchin (RS- RKF) The Fh7 | 8BALEVE W pF Sucts CRL
8293 and CR%1§@94W19Q tq%gyﬁwggbﬁﬁeﬁﬁ-mgjouunbgrswmyI df persepied below

by way of exa Each batch of m_ce grafted. w ur
rel ating to(ﬁngiQeﬁlexEéFPnPﬁﬁép of5 i95 & {E %ﬁ% g%%ﬁaﬁﬁg 1 2 FEB
2004 - 51 Ergggaentreigt'[he_; prreduct @Lvé?r?%ex;se:aﬁmmtsleredndltlon
intraperitoneally |rsE injection of the product is carried out on
t he seventhCGQQIbﬁgﬁg aPPFW@ €D7) at the rate of 5 3 injections per week
(Monday, Wednesday and Friday) for 3 consecutive weeks and at a dose of 5
ng/ kg. Treatnent 20 Tq% product CRL 8294 is adm nistered alone by the 10
|ntraperltoEéSE-ESﬂEe——Qhe first injection of the product is carrled out
on the sevemhb dapruestar af tCRyg (BzP4at tife radntistergdcti 8RS8 Ber week
ngN/bEgayI Vednesday ;and Eniday)rfOr £3rconsecidvoesls @nd producdose of 5
is carried out on the seventh day postgrafting (D7) at
the rate of 3 injections per week (Monday, Wednesday

and Friday) for 3 consecutive weeks and at a dose of

1.25 ng/kg.
15
Table V
Treatment T/C (expressed as %)
100 (CRL 8294) 136

The compound CRL 8294 of formula (I} exhibits an
20 antitumour activity on the model of subcutaneous
lymphoma 1 1210. This activity is characterized by a
significant extension of the mean survival time of the
median mouse of the batch of mice thus treated with
respect to the mean survival time of the median mouse

25 of the batch of control mice.

4- Tolerance/cytotoxic activity ratios

The results of the mean ICsy values (in nM) (calculated
from the individual cytotoxic activities obtained on

30 each of the 12 tumour lines studied) and the MTD/ICsg
" ratios, calculated by taking the ratio of the MTD -
values to the 1ICsy values, are presented 1in the
following Table VI. The MTD/ICs; ratio is expressed as a

dimensionless number.
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tunours induced with treatnents 10 and 20 wth respect to the control :
condition on the 31st day after the tunmour grafting, i.e. after the 20 9
~administrations provided in the experinental protocol of the 2 products

CRL 8293 and CRL 8294, are shown, as percentage, in the follow ng Table

V. 100% of the control aninmals are_stklL alive on the 31st day

postgrafting. 25 TABLE |V Treat nent sTunour area (expressed as 10(CRL

8293) -45 20(CRL 8294)-64 These resufigrghow that these two products CRL

8293 and CRL 8294 induce a very highly significant decrease in 30 the

growth of the HS-MXT tunours. These results show. —as-ogn-the—H—M—rodel ,
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admi ni st eregp\%l Qg3 J(Qxlaﬂlbqugrl t pneal | ypoThe flrsu.opj egti orldf5the
product | g—earrtedout—om the seyentit day post graft (D7) 2[[2 thejrate

weeks and dppd, @2%9 Qexakpde B9/ kg. T TS .

UJ

N Oz I |

1518 e V| 0.006

A4

CRL 8396 (Example 5) 600 0.033 20.6
CRL 8400 (Example 6) 380 0.42 262
CRL 8401 (Example 6) 53 3 1870
CRL 8440 (Example 7) 10 0.42 1240
CRL 8441 (Example 8) 5000 3 19.8

*. the MTD/ICs; ratio of the various compounds was
evaluated by taking, as reference, a ratio equal to 1
5 for CRL 8388.

The compounds of formula (L) and (Ia) exhibit
significant antitumour activity both in vitro and in
vivo under the experimental conditions described above.
10 They inhibit, in vitro, the growth of tumour cells, as
indicated by the results of the MTT colorimetric tests.
They significantly and greatly inhibit, in vivo, the
growth of HI-MXT and HS-MXT tumours and significantly
: increase the mean survival time of the median mouse of
15 the batch of mice thus treated and grafted with
lymphoma L 1210 with respect to the mean survival time

of the median mouse of the batch of control mice.

By virtue of their cytotoxic properties, the compounds
20 of formulae (I) and (Ia), as described or in. the form
of acceptable pharmaceutical salts or solvates, can be
used as active principles of medicaments for treating

cancerous tumours and their metastases.

25 The compounds of formulae (I) and (Ia) are generally

. 2
administered in dosage units drawn up either per m of
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surface, preferably at doses of 0.5 to 50 mg/mzfday for
the curative treatment 1in its acute phase, as a
function of the number of treatment cycles of each
cure. For a maintenance treatment, the compounds of
formulae (I) and {(JIa) will advantageously be used at
doses of 0.05 to 25 mg/m‘’/day, preferably at doses of
0.1 to 1.5 mg/m?’/day, according to the number of
treatment cycles of the cure. They may be used 1in
combination with antitumour medicaments used in

protocols validated for intensive polychemotherapy.

In the pharmaceutical compositions of the present
invention for oral or intravenous administration, the
active principles can be administered in unit
administration forms, as a mixture with conventional
pharmaceutical vehicles suitable for human
therapeutics. The appropriate unit administration forms
comprise forms to be taken orally, such as tablets,
which may optionally be scored, or gelatin capsules,

implants and intravenous administration forms.

For parenteral administration (intravenous infusion at
a constant flow rate), use is made of sterile aqueous

suspensions, sterile isotonic saline solutions or

sterile and injectable solutions which comprise -

pharmacologically compatible dispersing agents and/or
solubilizing agents, for example propylene glycol,
polyethylene glycol or a P-cyclodextrin.

Thus, to prepare an agqueous scolution for intravenous

injection intended for an infusion carried out over 1

ounds
L 8388.



The conpounds of fornmula (I) and (la) exhibit significant antitunour 12FEB 2004
activity both in vitro and in vivo under the experinental conditions

descri bed above. 10 They inhibit, in vitro, the growh of tunour cells, as
indicated by the results of the MIT colorinetric tests. They significantly
and greatly inhibit, in vivo, the growh of H -MT and HS- MXT tunours and
significantly increase the nean suryigsl_tine of the nedi an nouse of 15

the batch of mce thus treated and graffed with |ynphoma L 1210 with
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at doses of to,.1l. I day. rdi t hepauRheN «@k clameat ment
cycl es of tﬁééggﬁé?'Tﬁé§%ﬁa 1@% usedlﬁgﬁpggh%?%%§?on wi th antitunngr

medi canent sbesambated with sucrose, with various polymers or wit

other appropriate materials while alternatively they
15 «can be treated so that they have a sustained or delayed

activity and so that they continuously release a

predetermined amount of active principle.

The preparation as gelatin capsules 1is obtained by
20 mixing the active principle with a diluent, such as a
glycoel or a glycerol ester, and incorporating the

mixture obtained in soft or hard gelatin capsules.

The active principle can also be formulated in the form
25 of microcapsules or microspheres, optionally with one

or more supports or additives.

The active principle can also be presented in the form
of a complex with a cyclodextrin, for example a-, B- or

30 y-cyclodextrin, 2-hydroxypropyl-p~cyclodextrin or
methyl-B-cyclodextrin.

The compound of formulae (I) and (Ia) will be used in -
the treatment of the majority of solid tumours as a
35 result of their powerful cytotoxic activities, in
particular for treating cerebral tumours, lung cancers,
ovarian and breast tumours, endometrium cancers,
colorectal «cancers, prostate cancers and testicular

tumours.




protocols validated for intensive polychenotherapy. 20 In the 17 FEB 2004
phar maceuti cal conpositions of the present invention for oral or

i ntravenous adm ni stration, the active principles can be adm nistered in
~unit admnistration forns, as a mxture with conventional pharmaceutica
vehicles suitable for human 25 therapeutics. The appropriate unit
admnistration forns conprise forns tgébg taken orally, such as tablets,

whi ch may optionally be scored, or gelatin capsules, inplants and

i ntravenous adm ni stration forns. BOCEEEM%arenteral adm ni stration
(intravenous infusion at a constant ate), use is made of sterile
aqueous suspensions, sterile isotonic saline solutions or sterile and
i nj ectabl e sol utions which ri s har macol ogi cal |y conpati bl e

di spersing égent§°Eﬁ&P8PSB§&§§%HgFﬁf¥$ng agents, for exanple propyl ene
gl ycol, polyethylene glycol or a (i-cyclodextrin. Thus, to prepare an
aqueous solution for intravenous_  injection intended for an igfusion
carried out over 1 12 FFR 2004 -R%55 to 24 h, use may be nade’6f a

cosol vent: an al cohol, such as gl , or a glycol, such as Lhy] me
gl ycol or propylene glycgl, aR ydrophilic surfactant, N ween
80. 5 Wien a solid_conpogitionin the formof taplets jis

wetting agent, sucRzas sodi uprhaury stisphat e, Tam b S

m croni zed or unmcro e prlncipﬁ¥¥iand t ‘ bi nati on
is mxed with a pharnmageuti i such as si N a[ch,

| act ose, magnesi UMR, A g g
be coated with sucrose, arious polymers or with appropriate
materialg while alternativel y& hey 15 can be treated t hey have a
sust ai ned or delayed activity and so that they continuously rel ease a

Formula I Formula Ia

in which:
10
R;, Rz, Ri, Ry and Rs are selected from hydrogen,
halogens, C;-Cg¢ alkyl groups, hydroxyl, -CHO, -ORg,
-COOH, -CN, -CO;Rg, -CONHRg, -CONRgRg, -NH;, —NHRg,
-N(Rsg) 2, -NH-CH;-CHz-N (CHz) 2, -NH-CHZ—CH;-Cl,
15 -NHCORy, morpholino, nitro, S803H,
-CH,-N-COORg , -CHz-N-COORg
! i
{ !
- CH,COORg CHoAr
Rg and Ry being selected from C;-Ce¢ alkyl groups
20 and phenyl (C;-C4)alkyl groups and Ar being a CeCis

aryl group,
- R¢ is selected from hydrogen, halogens, C3-Ce
alkyl or -(CHz)nRi0 groups with Ry being selected
from halogens or -O0H, (C;-Cg)alkoxy or -0-CO-
25 (C1-Ce¢)alkyl groups and n between 1 and 86, -CN,
-CO;Et or -COR;; groups with Rj; being selected from
C1-Cs [lacuna] and phenyl(C;-Cs)alkyl groups, and
-NRj2R13 groups with Ri» and Rij selected,
independently of one another, from hydrogen or
30 C:-Ce¢ alkyl, phenyl(C;-Cs)alkyl or -(CH:)nRiq groups
with Rig being selected from halogeris or
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- predeterm ned anount of active principle. The preparation as gelatin
capsules is obtained by 20 mxing the active principle with a diluent,
such as a glycol or a glycerol ester, and incorporating the mxture

- obtained in soft or hard gelatin capsules. The active principle can al so be
fornmulated in the form 25 of mcrocapsules or mcrospheres, optionally
with one or nore supports or additivess7 The active principle can al so be
presented in the form of a conplex with a cyclodextrin, for exanple a-,

J3- or 30 y-cycl Oﬂ@fﬂd')@lkgxbyfgrﬂ%ypﬁ@@b{%)'gp §y&hpdextnd nnobetween 1

met hyl - (3- cycl odextrin. The conpound of formulae (1) and (la) will be used
in the treatnent®® ¢he majority of solid tunours as a 35 result of their

power ful cytotoxi€ agtivdtisegecitrd pﬁfbﬂnCLﬂyaﬂrdgxntr@‘tdm:gs cerfebt wbe
tumours, lung cancers i.an and b st tu tr cers,
col orectal cancer 17 6sf%£k¥ d@%?gygﬁg 11l Iar e@EH%P?SbEEEZ%QEB 2004
- 56 - ELAIM 1. a@npquncb&lm‘ctfaﬁ muliaete pamdiem tRor nwifa bnen smdther 10
Formula la R1, R2 ected f drage a

Cl-C6 al kyl gr oup% rﬂycﬂ% aé]geﬁmgr%% re(fdﬁ%n g)él E %H@yf‘

- CONRBR9i - NH2, ml(cw%mﬂkz; -altHrGI-IQC}G-)IZRN,(C}L{BthRn wbﬁzt@ﬂz a,

15 - NHOORS, m)rph%élpo, SOt o2 No F%/]f@groups&ml%gy COORS

CH2- Ar R8 and R9 bei ng ed from
groups and n between 1 and 6,

10 and the addition salts of these compounds with

pharmaceutically acceptable acids.

2. Compounds according to Claim 1, which are

compounds of formulae I or Ia in which:

15
Ri, Rz, Ri3, Ry and Rs are selected from hydrogen,
halogens, C;-Cs alkyl groups, hydroxyl, -CHO, -ORg,
-COQH, -CN, -CO;Rg, -CONHRg, -CONRgRg, =-NHz, -NHRg,
-N (Rg) 2 —NH—CHZ—CHQ—N (CHj3) 2, "NHCORa, morphol iI'lO,
20 nitro, SO3H,
-CHo-N-COORg ., -CH3-N-COORg
| 5
CHQ'COORQ CH2'AI'
Rs and Ry being selected from C;-Cs alkyl groups
25 and Ar being a C¢Cigq aryl group.
3. Compounds according to Claim 1, which are
compounds of formulae I or Ia in which:
30 Ri, Rs, Ri, Ry and Ry are selected from hydrogen,
halogens, ¢C;-C¢ alkyl groups, hydroxyl, -ORs, NOj,
-NH,, -NHRg, -NH(Rg)z, -NH-CH;-CH,-N(CH3)2, ~NH-CH;-
CH,-Cl, -NHCORg, Rg being selected from C;-Cg alkyl
groups,
35 ~ Rg is selected from hydrogen, - (CHz)pRiec groups,

with Rio being selected from halogens, the
-0-CO-CH3z group, Ci;-Cg¢ alkyl groups and NRizR;;



. 20 and phenyl (Cl-C4) al kyl groups and Ar being a C6-Cl4 aryl group, 1 REB 2004
is selected from hydrogen, hal ogens, Cl1-C6 alkyl or - (CH2) nRlo groups

with Rio being selected from hal ogens or -OH, (Cl-0C6)al koxy ox -0-CO 25
(C1-Co6)al kyl groups and n between 1 and 6, -CN, -CO2Et or -CORl11l groups

with R11 being selected from Cl1-C6 [lacuna] and phenyl (Cl-C4) al kyl

groups, and -NR12R13 groups with R12 amd-R13 sel ected, independently of

one anot her, from hydrogen or 30 Cl-C6 al kyl, phenyl (Cl-C4) al kyl or -

(CH2) nR14 groups idsh WRl¢h beingsel ret etk feoredial ogeapendett2yFEE 2004 -
57 (C1-C6) al koxy and -N (CHB§ 2 groups and n _between ndb6 Sy T IS
sel ect ed from hy@6geOgtips LEPMt yPE T By atk ?,a%ﬁégyl &?1-3’64)

al kyl, -NRL5R16 wt h- Ri,) R, AngrKRiPssehdatredr, i noeipendeal éytofl dmnot her,

from hydrogen, groups of type Cl- IQ}kI and L (Cl- | kyl. and -
(CH2), ,RI7, wit hhﬁﬂﬁ%é’lseé{‘gd‘clr‘rcgﬁ@ﬁ 8¥‘ggeaﬁl,d hﬁ]@g%ﬁé %O%E %r“@(/ &1- o6)
al koxy mroups ametw<kef ieestmd @Gnd 6, 10 and the addition salts of these
conmpounds with phagmaceutically accep I id gggﬁo%ﬁgs rdi ng
to Claima1, which a%é T %tu%%s fgrf&f otrh%?lrg)g%% orgrl ;glrn ich: 15 Rlr R2,
R3, R4 and R5 arecsetert el ¥ybm fyaroglen, ~WakbBgengittl- B alP@  roups,
hydr oxyl, -CHO - - - = R8L, .~ HRE  +CNR8 i, -NH2;1 - NHRS,
"N (R8) 2, -NHQ?%W% *%F?%ém%,”ﬁ?? hol i o, 2 nsitrequ,ay SOBH,
- CH2- N-COCR8 , - @izt No©DORS: @ik 000Fp JGRe-Ar wRBh affe” R9CBEFRGIsel &t ed from
Cl-C6 af kyl 9roupg,qydld AE18§ERE 2:C6=614 08T YlC.GQYRlkoxy groups

and n between 1 and 6,

and the addition salts of these compounds with

pharmaceutically acceptable acids.

15 4. Compounds according to Claim 3, which are
compounds of formulae I or Ia in which at least
one of the R;, Rs, Rs, Ry and Rs groups is an ORg

group.

20 5. Compounds according to Claim 3, which are

compounds of formulae I or Ia in which:

R, is selected from hydrogen, halogens or

hydroxyl, methoxy, nitro, -NHz, -NHCHa4,
25 -NH"‘CHQ-CHz—N (CH3) 2s -NH—CHQ—Cﬂz-Cl or -NHCOCH,
groups,

R, is hydrogen,

30 R3; and Rs are selected from hydrogen or hydroxyl or

methoxy groups

and the addition salts of these compounds with
pharmaceutically acceptable acids.
35
6. . Compounds according to Claim 3, which are
compounds of formula (I):
1l-methoxy—7H—pyrido[4,3,2-de]{1,7]phenanthroline—

7-one,



. 3. Conpounds according to Claim1, which are conpounds of fornulae | or1?£EBZW4
in which: 30 Rl, R2, R3, R4 and R5 are selected from hydrogen, hal ogens,

Cl- C6 al kyl groups, hydroxyl, -OR8, NO2, -NH2, -NHR8r -NH(R8)2.-

o -NHCH2-CH2-N (CH3) 2, -NH-CH2 CH2-Cd, -NHCOR8, R8 being selected from

Cl-C6 al kyl groups, 35 - R6 is selected from hydrogen, - (CH2), Rlo groups,

with RLO being sel ected fronlhalogen§,55hg -0 CO CH3 group, Cl1-C6 al kyl

groups and NR12R13 1 2 FE B 2004 - 58 "groups with R12 and R13 sel ected,

i ndependent |y of ,.on ther, Lr ydr g r - o Pyl or -
(CH2) nR19 group%} ﬁﬁ%%gal?%ggyﬁégggpégfgd%gﬁg#feﬁgﬁgggﬁgMgﬁo(Cﬁ-CB) al koxy

and -N (CH3) 2 grFeops,and n 5 between 1 and 6, - R7 selected from hydrogen.
or groups of typg-mé%b lﬁ-@'r?d%%%' ,2—-d§1[ilﬁfbﬁlﬁﬂéﬁhr&3¥5r@m1&6
0

sel ected from hydrogen, droup typé CI-- al ky and benzyl, and -
(CH2) nR17, with/Reresel ected from 10 hydrogen, hal ogens or -OH or

(Cl-CB)%!koxy grgy@;_dgﬁgtHOQ%nge@y%i@@q4@3}@nquhgﬂanition salts of
t hese conpounds w t pharmacéuti cally acceptabl e acids. 15 4. Conpounds
accordi ng to C aPhesankhireligfes ’-@8fpounds of formulae | or la in which at

| east one of theg BlgiRé+nBRy--pRd ik (@r,®yps-des [@) QORe  group. 20 5.
Conmpounds according to Caim 3, ich are conpounds of fornulae I or lain

which: Rl is sel BREBANLPEMLAYET JGERE hal ogens or  hydroxyl, methoxy, nitro,
-NH2, - NHCH3, 25 9= Nt G82yCH2-N y(r@dR)[ 42,3 , 2NHdeGHA-, CH2>he@l arorh x NHOBESH3
groups,. R2 is hy rogen, 30 R3 and R5 are sel ected from hydrogen or hydroxyl
or netHbxy groups©her

9,11-dimethoxy- 7H-pyrido[4,3,2-de) [1,7]~

phenanthroline-7-one,
3-acetoxymethyl-7H-pyrido(4,3,2-dej [1,7]~-
phenanthroline-7-one,

15 3—acetoxymethyl-9—methoxy—7H-pyrido[4,3,2—de]—
[1,7]1phenanthroline-7-one,
2-(2-chloroethyl}-7H;pyrido[4,3,2—de][1,7]—
phenanthroline-7-one,
and the addition salts of these compounds with

20 pharmaceutically acceptable acids.

7. Compounds according to Claim 3, which are
compounds of formula (Ia):
8—methoxy—7H—pyrido{4,3,2—de][1,10]phenanthroline—

25 T-one,
8-chloro- 7H-pyrido[4,3,2-de) [1,10]phenanthroline-
7-one,
4—methoxy—7H-pyrido[4,3,2—de][1,10]phenanthroline—
T-one,

30 4,8-dimethoxy-7H-pyrido(4,3,2~de] [1,10]~-
phenanthroline-7-one,
4,lO-dimethoxy—?H;pyrido[4,3,2—de][1,10]-_
phenanthroline-7-one,
10-methoxy- 7H-pyrido[4, 3, 2-de] [1,10] -

35 phenanthroline-7-one,
8,10-dimethoxy~- 7H-pyrido[4,3,2-de] [1,10])-
phenanthroline-7-one,
3-acetoxymethyl-7H-pyrido[4,3,2-de} [1,10]-

phenanthrecline-7-cne,



and the addition salts of these conpounds with pharmaceutically accepﬂi&ﬁﬁ?%&
acids. 35 6. . Conpounds according to Caim3, which are conpounds of

formula (1): 11-nethoxy-7H pyrido[4, 3,2-de][1, 7] phenanthroline- 7-one, - 5

9 - 11-chloro-7H pyrido[ 4, 3,2-de] [1, 7] phenanthroline- 7-one,

4- met hoxy- 7H-pyri do[ 4, 3, 2-de] [ 1, 7] phenant hrol i ne- 7-one, 5 4, 11-di net hoxy-
THpyrido [ 4, 3, 2-de] [ 1, 7] - pﬁeﬁgnthrollne 7-one,

4, 9- dlﬁEthoxy;ZH—Dvrldo[4 3.2-de][1,.7]- phenanthraoline-7-gne -

9- met hoxy- 7H-pyri do[ 4, 3, 2-de] [ 1, 7]phenanthrollne-

11-di nmet hoxy- 7H-pyrido [ 4, 3, . enanthrollne--7 - one,
3-acet oxynet hyl - 7H pyri do[ 4, 3, 2- phenanthrollne 7--one, 15

3- acet oxynet hyl - 9- net hoxy=7TH [1 7]phenanthrollne 7-one,
2- (2- chl or oet<w -dot-4—32—det—+—+——phenan and

t he addition salts of these ounds i th 0 rnace tabl e
acids. 7 Compoufittd aE%%roqqunt o zf’ar%tf are r%og%%nés of %grrml a
(lta): 8- nethoxypEH{mﬁcedahéﬁai& @@Hﬁptﬂﬁhﬁuaumﬂ&wollne- 25 7-o0ne,

8-chl oro-7H pyrido[ 4, 3, 2-de] [ 1, 10] phenant hrol i ne- 7-one,

4- met hoxy- 7H-pyri dof 4, 3 2-de] [ 1, 10] phenant hrol i ne- 7-one, 30
4, 8- di net hoRy- 7HPpymmegpmtgcgidéymm@ﬂﬂtlon comprising an effective

amount of a compound selected from the compounds
10 according to any one of Claims 1 to 7 for
treating, by virtue of their cytotoxic properties,

cancerous tumours and their metastases.

S. Use of the compounds as defined in any one of

15 Claims 1 te 7 in the manufacture of an anticancer
medicament.

10. Process for the preparation of compounds according

to Claim 1, which consists in:

20
a) reacting, according to a heterco Diels-Alder
reaction, a quinclinedione of formula:
R- ?
R, i t
oo
\(/\ﬁr/\?! \Y
3/J\N)\n/
o}

25
' and an azadiene of formula

X

Y Re
A

PRV
N(CHs)

where X = CHs,
30 in order to obtain a mixture of compounds



phenant hrol i ne-7--one, 4, 10-di methoxy- 7Hpyrido [ 4 , 3, 2-de] [ 1,1ZdEB 2004
- phenant hrol i ne-7-one, 10-nethoxy-7H pyrido[4,3,2-de][1,10] 35
phenant hrol i ne-7-one, 8, 10-di nmethoxy- 7Hpyrido [ 4, 3, 2-de] [ 1, 10 ] -
phenant hrol i ne- 7-one, 3-acetoxynethyl -7H pyrido[4, 3,2-de][1, 10]-
phenant hrol i ne-7-one, 1 2 FEB 2004 - g 5 and the addition salts of these
compounds with pharmaceutically accep éble acids. 8. Pharmaceuti cal
conposition conprising an effective anpbunt of a conpgund selected fromthe
conmpounds 10 accorging {® anyxone of Claims 1 to 7 fo gating, by virtue

of their cytotoxic < tles cancer ousgl UNDUNS and thelr nmet gst ases. 9.
Use of the doppoups d_i pRyny one=o ~ X " the
manuf acture o -dicanent 10 t helpreparation
of conpounds acc-rdin 1, whicdh copsy beacti ng,
according tg,a ' . eact i By edi &he ofRfornul a

R2 RO 25 a ormul & where X = 38 in order to obtain a

Formula II Formula Ila




1 2 FEB 2001 - 62 5 10 where X = CH2- CH2-NHBoc, in order to obtain alZFEB 2004
m xture of conpounds 15 O Formula Il R R Formula Ila b) optionally

separating the conpounds of formulae 20 Il and Ila, 1 2 FEB 200& - 63 ¢)
cyclizing a conpound of formulae Il and/or Ila, in order to obtain a
conpound of forrmulae |I and/or la, 5 djz2optionally separating the conpounds
of-fornmulae | or la. 12. Method for the treatnment of a patient exhibiting

a cancerous tunmour, which consists in admnistering, 10 to this patient,

an effective anount of a conpound as defined in Claiml. 13 Conpounds
according Mo ctarm I wherern Ro and R7 are H 15 20 25 30

5
10
—t
v : {
where X = CH;-CH;-NHBoc¢,
in order to obtain a mixture of compounds
15

R, O X o X
+
Ry N R, T2 N™ "R
0 Ry O

Formula II Formula Ila

b) optionally separating the compounds of formulae

20 IT and IIa,



10

15

20

25

30

12.

- 63 -

c) cyclizing a compound of formulae II and/or IIa,
in order to obtain a compound of formulae I and/or

Ia,

d) optioconally separating the compounds of formulae
I or Ia.

Method for the treatment of a patient exhibiting a
cancerous tumour, which consists in administering,
to this patient, an effective amount of a compound

as defined in Claim 1.

13. Compounds according to claim 1 wherein R6 and R7 are H.

12 FEB 2004



