WO 01/ 12632 PCT/ FROO/ 02313 Phenant hroli ne-7-one derivatives and their

t her-apeutic applications The present invention relates to pharnmaceuti cal
-5 conpositions based on pol yaromati ¢ conpounds of use in particular as
anti tunour nedi caments. In 1999, cytotoxic treatnents (chenotherapy) used
. to Feduce Wbe03/12682 cancerous tunmours, to suppressPCPEFRAQ/ A2IES opnent
of the tunour process or indeed even, in still too few cases, to elimnate
clunps of cancer «cells and the risk of metastases, conbine chem cal

subst ances. | r n < c 4105 .0 ' have
been used foﬁﬁé§€%?§¥gﬁgﬁgggs&ﬁﬁdéé%§+€§%g%#e?ggv%*u%foﬁggggP&?E?ELb,
recogni zed for nearly 40 years a@PPhtcatieng nost active treatnents for

col orectal cancer, can be replaced by one 'or other of the specific

i nhibitors of topoisonerase | (irinotecan or topotecan) when the tunour is

no | onger s&RS&itiRESERNDO SIMENNIE gafdRdesSy, tRe tPRRAEPRERPELIGRSenal

avai | able  tempbkeatibig ®Rlsetewril péLy@tsmatict | cohpouhaserti afigl inith the
availabilitéﬁgi i n ovel "donors" of 5-FU or-selective

.Oﬁillplat .g in thu
i nhi bitors ROHLEY| aBeant HERRPEsBeAHAReREE i stence is not limted to
the 25 treatnent of colorectal cancers since, in addition, the

chenot her apy..of as lsan an es. w.de e of the
famly of thaﬁ%Q%%?i$aF%¥%%l (pggg?tgggFg dgggﬁ%xeli?éﬁyia Hg%g f%? nor e
effective zrdupetitére (9122 apfd cansmnend stuness i nPoAURPHSES 3theur vi val

and the gualjely1ebmbhte & £he RafkisM Sﬁrbéesénﬁﬁr al hd8ed! R&Rn,Stih! taking
the exanple o colorectal tunours, it has been estimted (S.L. Parker, T.

f
Tong, S. BoP8éhlettd? fewn easesr Jstoqsiiminafey) clumps PE (FRPERT ¢ ed
St at es al oneeldgeraddl tHY) new k35 oFfasmetuetasdsagnosaiing 1OREmi&41 000 of

U oot SRERRRREAR, Sl Sin. Dol LIBGBRR e kbal Bk ey e eness
attenti on onthetaniwhialf have been used for several decades. For
15 example, 5-fluorouracil (5-FU), recognized for nearly’
40 years 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, nowvel 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 is the
awareness of this situation which has prompted the
inventors to- focus their attention on a family of



2 polyaromatic conpounds whi ch have not yet been studied to any great
extent, identified in the Ascidia of warm seas, in order to develop a
novel nedicinal chem stry intended to select synthetic conpounds resulting
fromb5 chem cal design/ nodul ati on research which possess a significant
.cytdtoxic activity at the therapeutic- 2 evel. The seas and oceans. which
cover nore than 70% of the 10 surface of the planet harbour marine plants
and spongepplwhiromaltiivi mpmpwavidss, whincterhgvadoalt gipdt dman cstudied
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exhi biting antageous phar nmecol ogi cal properties. For. exanple

sponges 15 EPRStotHecBrdeypts eﬁﬁi’%ﬂ choRQVE& d‘l@é‘t‘i‘é?“}?alveck‘%‘i“hﬁﬁryt he
subj ect of i Rtdapkh swdseae&tnc@ﬂm@aécempwuﬁas tﬂ&lﬂrﬁwwmmn their
cells, C\E/ilarabl r of (i ndri b H

tuni cat es, SPATEC3rhe e§&|9&t/f“8ﬁ‘u l&BI | EFﬁsaFF m FRgc unP‘Bﬁ?%Sipl fdi um 20
al bi cans, wkteghilfivanti n dnsotRatiear i actsvvands @$paithe Lh&adpedsinith a
tetrahydr0|§ggg nol one structure have been isolated fromthe ascidian
Ect ei nasci dia fLur bi nata. Anong these, ecteinascidin-743 has formed the
subj ect of in-depth preclinical studies (E. Igbicka 25 et al., NCl-EORTC

synmposi um %828, M5t and3dcdns3MhiddcBlet! iy LAl thahakbosl Eengdgd to
defi ne |ts therapeutlc potential as anticancer medi cament -(A  Bowran et

al ., NGQEeorvefagfpofumthoogplapet. hggboyr maring \iRlameva- 88Fero et
a: -, “g: - EEOI!SGn@)é@DOSJMTBh &Qﬁg@,sﬁ&&e%g&&ad@r %ﬂﬁduéd.d]s%stéﬁnétﬂbrand et
al ., - osi um : St . . : t kovi c a
NG | EORTC SPRRSERERRTNSIE, ARYe B88h shovbolto ReyaPleoiacertather di ne
derivativescbhapdeal so foriikdlotide subj eekhﬂ:biplhagmacochedvaatageudses (D.J.
Hagan et 35 So n Tganst 7, 27 6)
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O her natur origin, aSCI
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; Abst. 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.



has been extracted fromthe tunicate Didemmum sp. (J. 3 Kobayashi et

al . ,~.Tetrahedron Lett., 1988; 29: 1177-80) and fromthe ascidi an
"Cystodytes dellechiajei (1. Bonnard et al., Anti-cancer Drug Design,.
1995;. 10: 333-46). Ascididem n has antiproliferative 5 properties
.dentrstrated on the nodel of nurine - &ukaem a (P388..or L1210 lines) and
described by F.J. Schmtz et al. (J. Og. Chem 1991; 56: 804-8), B.

Li ndsay et ZXbbayBsbir @t Mdd., Qedmahlesiron 1kgg5:, B8EI3RUD)1HAG-I0)

obayashi ebngl CTah ahedeon \aldiqs P 198 a%edd 77-80) 180k 705 e

nodel of human | eukaem a as descri . Bonnard et al. (Antl-cancer
Drug DesigdI-1898nard: g83-aé), Néﬂ?%bﬁaﬁﬁ?ralgﬁu%e RBegkgns  1995:

2- br ool ept gol:i BBQOQG,) i sol ats%qdflmmlhhe aggigli an ahepd @@hmﬁ@ﬁm@ by
S.J. Bloor et al é{ lrjé em oc 19% 5 109 %é % and s nt hesi zed
by F. BrachBFOPELLAES ( ‘E%‘?’b%‘ir‘&? B 8hd (R ME
Jung et al. lebkbemdaycl(®38819%94; 3&212) ZlﬁJheH)S) .an®- mmm@clbw done
exhibits cy X spe t he ae celd. .no th an
ED50 of 20 tg Eiro b)c"n}“‘yu:%’lhe cy gt oxi ¢ p§5éertdlhgegd<'v\e?%§%on i rme Q@% QM

Bracher (Ph&r rr@znelsaygget 521. 57¢Bi®ordot Meidy viChem. bﬁttbxtylﬁﬁlhbur cel |

ines in cultungsang iahd/iy0 koBaydHE! 8:0 xenomal hifediloduee L Unour

cell lines coI tumours SW©6 nd HTC116, renal tunour_ A498 and 25

mel anorl L Isﬁl VI2)9 3 'd88d -i ﬁ“’%‘ﬁ & téi%é‘i‘o%p‘bﬁnla‘ém%r}%‘é]ﬂa?mb%
asci di dem nassugds@sibdd - bydrpxym:ﬁxdfrrbn, at- nHlAh@i)‘@:&@lbélrdeDt@g

11- phenyl asqi di.dem 1- nyl.asc emn roasc did
3-nitroasci AedeSn gr?(?% g‘@éaﬁﬁi # ﬂdﬁ% %oﬂeglﬁydg &Q%’ gl ly by
vari ous gr oapbromodhpascﬂhnsdoné F. JJ.sS]:amedz (BxonOr gtheChearscldBer 56:

804-8) and é&?@ ?g% §8§t %;8) bg OHUSS: o199% . SQJ Q@Hfgﬁhgxﬁgrahedron

Lett., 351 Ierman et al. (Tefrahe ett.,
1993: 3B 1§g¢,30p98§ |Q§&ﬂu§¥§ﬁg6h|and synthesized by F. Bracher

et al. (Heterocycles, 1989; 29: 2093-95) and then by
M.E. Jung et al. (Heterocycles, 1994; 39; 2: 767-778).
2-Bromoleptoclinidone exhibits cytotoxicity with
respect to the leukaemia cell model with an EDsy of
20 0.4 pg/ml. The cytotoxic properties were confirmed by
F. Bracher (Pharmazie, 1997; 52: 57-60), both in vitro,
on sixty tumour cell lines in culture, and in vivo, on
models of xenografts of human tumour cell lines (colon
tumours SW-620 and HTC116, renal tumour 2A498 and
25 melanoma LOX IM VI) implanted in mice.

Other compounds derived from ascididemin, such as

1l1-hydroxyascididemin, ll-methoxyascididemin,
ll-phenylascididemin, : ll-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., 1991; 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., 1993; 34: 1827-30), S. Nakahara et al.,
(Heterocycles, 1993; 36: 1139-44) and I. Spector et al.
(Us-A 5 432 172). ' '



(Heterocycles 1993; 36: 1139-44) and |. Spector et al. (US-A 5 432 172).
- -=.4 Meridine is another natural alkaloid extracted fromthe ascidian
'Anphlcarpa meridiana or fromthe nmarine sponge Corticumsp. Meridine was
isolated by F.J. Schmtz et al. (J. Og. Chem, 1991; 56: 804-808) and
.therr=5 described for its antiproliferat4dwe properties on a nodel of mnurine
| eukaem a (P388) and its antifungal properties in Patent US A 5 182 287
(Gunawar dan¥egtiddne igf @ thmmaratugol)alkakoiytexbractedopeemni €beon two

human cel | Lig < 260l UG %I C eCells
(A549), were ?gg%rag‘eofﬂ%;ﬁ R E, a@r%zf%ﬁd%%ﬁ% %M &Qﬁgﬂggg{@ 1993;

56: 915- 920COT S ofP mrelfe Rl dbnBe WAgdels th&s@ JonpihRistz ot

cq/yst ogam nealaI peIt.acyorg.c ahe.gi d 193l At esl%'a‘ romMso%ﬁ agatdi 8Aen 05
st odyt ec | gj el Bont.enps £i_a . (Tetrahedr.on Lett 1994;

S 2055 7098r e, “EaRh e o YIRS LAY NG y REHE DR oo BTt oBhunan

| eukaem a ImmﬂbdblaﬁtsuuﬁxheA iehkaemimatKEB88i tdred prigsenanthfengadn i s

conmpounds s f50r B4 nd R 0

Formi a1 FOrsErLtizs A Bdebde W A% ol 7 Nolamapadng EePadl N o

hydrogen, ®&l ocg&ndangargs 3a99<%/)l gL bEpSYtatith/ | PropRiotieRBN  §§O- COOH,

-CN, - Q02R8ny QQ\"iF@n mmcbmw?aané‘h%celi\b(ﬁ%)r—% 29 Mﬂsd?HiuQ&Z N
(CH3) 2 NH- CH2- CH2- Fkxgﬁgt@nnrpho I no, nitro,

PRI T MAAAC PIcE e FEERA waiA reported’ By K.E. Longley
et al. (J. of Nat. Products, 1993; 56: 915-920).

Mention may also 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

and
Formula I Formula Ia
25 |
in which:

Ri, Rz, R3, Ry and Rs are selected from hydrogen,
halogens, C;-Cs alkyl groups, hydroxyl, -CHO, -ORs,

30 -COOH, -CN, -COzRs, -CONHRg, -CONRgRg, -NH,, -NHRg, -
N (Rg) 2, -NH-CH,-CH,-N (CH3) 2, ~NH-CH,~-CH,-C1, -NHCORg,
morpholino, nitro, SOszH,



R8 and R9 being selected fromCl-C6 al kyl groups and phenyl (Cl-C4) alkyl
groups and Ar being a C6-Cl4 aryl 5 group, - R6 is selected from hydrogen,
“hal ogens, C1-C6 alkyl or - (CH2) nR1O groups with RLO being selected from
hal ogens or -OH, (Cl-C6) al koxy or -0-CO (Cl1-C6) al kyl groups and n
.betvieen 1 and 6, -CN, -CO02Et or -CORI4 @rﬂups with R11 10 being sel ected

fromCl-C6 [l acuna] and phen Cl- 4) alk oups, and -NR12R13 groups
with R12 and R13 sel ected: -Ci{'n&bﬁ@ﬁﬂent é‘"’ &1@ ther, from hydrogen or

Cl- C6 al kyl, phenyl (Cl-C4) alklyl or - (CHZ) nR14 groups wth R4 being
sel ected from hal ogens or (Cl-CH;yGORBxy 15 &HAN(CH3)2 groups and n
between 1 and 6, - R7 is selected from hydrogen, groups of type (Cl-C6)
al kyl, phenyl (Cl-C4) alkyl, -NR15R16 with R15 and R16 sel ected,

|ndependent IRg qn@nagawﬂ@r sél@ﬁtéddrﬁmn C1eCHPUpE kOl tg/m;;&l Ghdal kyl

“and phenyl | ky CH2) 7 wth.RL7 sel ec

hydr ogen, hgﬁ%? Cﬁs(c’gr E‘*J?)?—‘F ("@os} ox§ gr%ﬁjpgganad rﬁ:%béi‘\/vegﬁy and 6,

and the addigriamprsal ts of these conpounds with pharnaceutically acceptable

acids. 25 A_specis X f WB'R%E%&F n IS

those in whi cﬁg I':'Zfl CSS% @%dolfélf% e 'se 1Fﬁcte rgcrﬁ hC%drgg%gl o2

hal ogens, CI- (@“Izahhl?qpl WSS, whildr Bxy | beiggoselgrted - o, hadmgensp2R3a

- CONHRSY - CYRARSY, o) BiiRBicy 3 WCNU‘% 2 MofiSE8hnd. - NHCORB,
B A e el Y, e %%?3 o

nor phol i no, _nitro, Ar R8
and RO bei n{PEHSER et PPSmGCCI T%Nal R?]Pz%’f' o8ps FfFiar ITRUPRg W is-Bmg aryl
group. B9 6 belhry sudgebettaert t Eromf CheCpr eskatunhalentindn ipheryle(C,-

e oo GARSKLROLs "6 SO st PO (1) and
selected, independently of one another, from hydrogen
or C;-C¢ alkyl, phenyl(C;-Cs)alkyl or -(CHz),Ris groups
with Rjs being selected from halogens or (C;-Cg¢)alkoxy

15 and -N(CHs), groups and n between 1 and 6,
~ Rg is selected from hydrogen, groups of type (C;-Cé¢)
alkyl, phenyl(C;-C4)alkyl, -NRisRj¢ with Rys and Rie
selected, independently of one another, from hydrogen,
groups of type Ci-Cg alkyl and phenyl (C;-C4)alkyl and -
20 (CH2) nR17, with R;7 selected from hydrogen, halogens or -
OH or (C;-C¢)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 those in which:
Ri, Rz, R3, Ry and Rs are selected from hydrogen,
halogens, C;-Cs alkyl groups, hydroxyl, -CHO, -ORg,
-COOH, -CN, -COzRg, -~CONHRg, -CONRgRg, —NH;, -NHRg,l
30 -N(Rg)2, -NH-CH,-CH;-N(CH3),, -NHCORg, morpholino, nitro,
SO3H,
-CH>-N-COORg; , -CH2-N-COORg

| :
CHyCOORy CHyAr
Rg and Ry being selected from C;-Cg alkyl groups and Ar

being a Ce¢~Ci4 aryl group.
35



R4 and R5 are sel ected from hydrogen, hal ogens, Cl1-C6 5 al kyl groups,
hydroxyl, -ORBi NO2, -NH2, -NHR8, -NH (R8) 2, -NH CH2-CH2-N (CH3) 2,
"-NH-CH2 -CH2-Cl, -NHCOR8, R8 being selected from Cl-C6 al kyl groups, - R6
is selected fromhydrogen, - (CH2) nR10 groups, with R10 being sel ected
.from hal ogens, the -O CO CH3 group, -105Cl-C6 al kyl groups and N (R12R13)
groups with R12 and R13 sel ected, independently of one another, from
hydrogen orrhel- @b@é&yl-mabeezylopr theCI-taj:eE?éAtgrmmsntMmh iRl 4molrei ng

sel ected from hal ogen r I Xy = N u bet ween
1 and 6, 15 Parg;C gaé:i't até ﬁfﬁé%ﬁ ens%rfiggc?:ce)gp?}% t%% E%ngg)nas al kyl ,
benzyl, -N pﬁlmmthI)RlﬁndmdeIer@B[Léct(éd)fmwwoﬁﬁn Rygr dsps of
type Cl- 06 Ik)gndanﬂs bggé_il P{%l CG) %ﬁlo IQ‘WO é{\ﬁth gjlz,ggﬁlsect@p_drom

hydr ogen, hal ogens or n “bet ween 1 and 6,

Xy gro
20 and the addvli GFCIMLrs Itirfdlf rﬁ@rwl N%Zr phillHRewc eTAH €8¢ )2y
acceptabl e awmﬂzécggwm@;) zpref-ﬂnr-eﬂz @nr%a@mds +ddRd, cagpopednef the
conmpounds of formnul adJ-n‘: an % WﬂLCh at |l east one of 25 the Rl, R2, R3,
R4 and R5 gr&dssted 15 éu?Jlki’T' JTQRF i on salts with pharmaceutically
accept abl e -a@gd's deabéetile fyaht hywdiadergl ve(ChE JBhol 9govps, phaperties

of the freegbas vin ir aet kan~Th alts can
in particul §E° bg %oselﬁfe(&aed 9r$rﬁ ﬁgl%gggéé 2@%‘%5 Bsgghcg ﬁ;g}l ¢hloric
aci d, hy@rolnofs cadkyd, gneyrsurard ali(B;2Risk r groupisd wirth pRos @t i Bizaci d;
metal aci da%? te%’te%PChlﬁéeﬂéﬁGQhH et F&Q@O%ﬂ@%&%@ndffmoa%%@bﬂm

sul phat e, organic _35 acids nerally, the corrpounds of “formula (1)
and (1a) ca®®eCitin aphbdlpy RERFBEeST whilEHzbdhsi SROURS, 7WiED rRuct i ng,

acc%r dgg t ®ed et se@ebitelds- Abdar hd Esgdndn.or a (Q4-0p) dNeskpneanf for mul a:
R

N (CH3)2 groups and n between 1 and 6, _

- 15 = Ry selected from hydrogen or groups of type (Ci1—-Cg)
alkyl, benzyl, -N(RisRis) with Rjs and R;s selected from
hydrogen, groups of type C;-C¢ alkyl and benzyl, and
~(CH2)nR17, with Rj7; selected from hydrogen, halogens or
-0H or (Ci1-Cg)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;, Rz, R3, Ry 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 bases 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:



IV R3 and an azadiene of formula: 5 X "\ JR5 NXR4 V N(CH3)2 where X =
CH3i~.in order to obtain a m xture of conmpounds RL o OX R3 RS 4* R4 NR2
"N ::¢c5: R O 10 Formula Il Fornmula Ila b) in optionally separating the
conpounds of forrmulae |l and Ila, 15 cl) subsequently reacting a conpound
.of formulae Il and/or Ila w th di nethyl for mam de di net hyl acetal, in

order to obtain an enam ne of fornula: This Sheet Has Been Replaced
lumiiilll~ abll| EpRPERDG, | | laccqgrdiOCH3FR - § CHBRRerrl RPEIsRAes 3 CAl

RS i1 and/ eeaRtRoft, 4aRquinBtinedione of formula:
Ry O

v

3 H]

and an azadiene of formula:

X
!

N
I v

N 4

l
N(CH3z)>

where X = CHs,
in order to obtain a mixture of compounds

RR O X o X
Ry Rs R3 : Rs
+
Ry SN NZ YR, R N™ "Rq
O R‘l 0

Formula IT Formula IIa
b) in optionally separating the compounds of formulae
IT and IIa,

15 c¢3;) subsequently reacting a compound of formulae II
and/or IIa with dimethylformamide dimethyl acetal, in
order to obtain an enamine of formula:

Sheet Has Been Replaced

A




O Formula Ill Fornmula Illa then functionalizing the enamnes, in order to
5 introduce the R6 and/or R7 substituents, and cyclizing, 1in order to
*obtain the conmpounds of fornulae I and/or 1la, or c¢2) functionalizing and
cyclizing at the sane tine, in 10 order to obtain the conpounds of
formulae | and/or la, d) optionally segarating the conpounds of fornul ae |
and la. In an alternative form the conpounds of formulae I or 15 la in
which R6 and R7 are hydroge¢CKgyy be obtained by a proc }iglch consi sts
in: a) reacting: R 0 R2Z R 3 O and an azadi ene of foﬁﬂﬁi | RS N
[1K-"R4A V N(CH3)2 20 This eet Has Been Repl aced mhere\g

CH2- CH2- NHBoc, | Ii%;IIfDI~~ 11 ~~I1 I~ 11l in ordernto 8btain a m xture
of conpoundsﬁ% R X @ Ix R4 R.NRa OR OFo_irmJI?RII For nul a

Ila b) optio ' npounds
| endfer
Rs/\\)\ﬁ/\N/\R4 R,
O
Formula III Formula IIIa

then functionalizing the enamines, in order to
5 introduce the Rg¢ and/or R; 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 1Ia in which Rg and R; are hydrogens can be obtained by a
process which consists in:

a) reacting:
R, O
Rao
NFH& |
Ri/k§N [
O
and an azadiene of formula
X
\/Rs
i
N/\R4 vV
!
N{CHz), _
20 This Sheet Has Been Replaced
where X = CH;-CH;-NHBoc,
in order to obtain a mixture of compounds III"H




5 and Ila, c) cyclizing a compound of fornulae Il and/or Ila, in order to
obtain a conmpound of fornmulae | and/or la, d) optionally separating the
-conpounds of fornmulae I or la. 10 The reaction for cyclization of the
conpounds of formulae Il and Illa can be obtained under hot conditions
.in the presence of NHACL in an appropti%te solvent. 15 Wen X =
CH2- CH2- NHBoc, the conmpounds of forrmulae | and la are obtained directly in
t he presence of NaHQCB [ uoroacetic acid nedi u@ fronfthe conpounds
of formulae Il and {1a. ' i i

the R6 subsi uenigcan
R- 0001, C1CN, CT"§2Et; ,
25 The functi onalji zat i t he{i nt r oduet i dt uent can be

obt ai ned by %&A:‘;JQ» Q N

this case, t si mul't aneg | i zatMon can be bbtaifed in the p
excess annnniuh1ch|oridqj n acetic acid. This Reet Bhs Been Repl aced 1
11111211 122222 100E 11l ~~1 10 An exanple of substituted azadi ene can be
prepared according to the follow ng schene: Bocl D -tert-butyl

di carbonat e OH | Nokm@HaCddpound 1 OH BocN Formula ITa

b) optionally separating the compounds of formulae II
5 and Ila,

c) cyclizing a compound of formulae II and/or IIa, in

order to obtain a compound of formulae I and/or Ia,

d) optionally separating the compounds of formulae I
or Ia.

10
The reaction for «cyclization of the compoﬁnds of
formulae III and IIIa can be obtained under hot
conditions in the presence of NH4Cl in an appropriate
solvent.

15
When X = CH;-CH,-NHBoc,
the compounds of formulae I and Ia are obtained
directly in the presence of NaHCO; in trifluoroacetic
acid medium from the compounds of formulae II and IIa.

20
The functionalization for the introduction of the Rg
substituent can be obtained with derived reactants,
such as R-COCl, CICN, ClCO;Et, ClCH,OR, FClO; or
CH,=N" (CH3) 2I” (in CH3COOH) .

25

The functionalization for the introduction of an Ry
substituent can be obtained by a Mannich reaction with
an aldehyde of formula R;-CHO.

30 In this case, the simultaneous cyclization can be
obtained in the presence of excess ammonium chloride in

acetic acid.
This Sheet Has Been Replaced

LU




N- Chl or osucci ni m de BocNH FMIP TEMPO o TBACI Conpound 2 Conpound 3 Bo

D met hyl hydrazi ne Conpound 4C 5 TEMPO = tetranet hyl -1-pi peridinyl oxy, free
:radi cal TBACl = tetrabutyl anmoni um chl ori de FMIP = '

f or nyl met hyl enetri phenyl phosphorane The foll owi ng exanples illustrate the
preparation of 10 the conpounds of fonmgulae (1) and (la). A - Preparation
of the azadi ene (Conpound 4) A-1 - Synthesis of

N- BOC- 1- ami Mr 2ekpapdry pofipasebs bt Cedpamatigne. Zan ( 22 7pwrephkedf

di -tert-but | GA t tg a solution of 2 M (27 mmol)
of 3-am no- c%rgig‘a??glr&l ﬁthgererﬁox %q&q, é%lcérﬁeo'of di oxane, 30 m of water
and 30 m of IN The reacti on 20 m xture i s kept i ed at anbi ent
tenperature oveni gh and then it is acidified to usi hg concentrated
HC1. After several extractiold-fezt-butidicatbaniatewi th et hyl agetate (AcOEt),
the organi c phases areCHdried OVER Nq@bpP? and then concentrate Hoon a rotary
- 11 evaporator to give 4 g of the expected produ€empeupdd form of a
yellowoil. Yield: 85% 1H NWR (CDC13) : 1.25 (s, 9H) ; 2.50 (m 2H) ;
3.05 5 (m 2H); 3.45 (m 2H); 5.40 (broad s, 1H). A-2 - Synthesis of

N- BOC- 3- am nopropanal (Conpound 2) 18 g (103 nmol ) ofde .
(10.4 mol ) of n-GrxvB¥dcéikimidea - pi peridinyl oxy, free radijcal), 10 2.9
g (10.45 mol) of iﬂmbutyl%chlor"z nd 21 g (75.5

N-chl orosucci ni mitmgs e suspended  i®=g51 ml of NaHCOB/ K2C3B (0.[SN 0. 05N)

and 351 m of Cl-lf:‘gﬁq The ctoaffduda 21 xture i s vi goCowglonnsity r gy

Dimethylhydrazine
———pe

-\5

Compound 4 N(CHa)2

5 TEMPO = tetramethyl-l-piperidinyloxy, free radical
TBACl = tetrabutylammonium chloride
FMTP = formylmethylenetriphenylphosphorane

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-2-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 1IN NaOH. The reaction
20 mixture 1is kept stirred at ambient temperature
overnight and then it is acidified to pH 1 wusing
concentrated HCl. After several extractions (3 times
50 ml) with ethyl acetate (AcOEt), the organic phases
are dried over mgSOs and then concentrated on a rotary



2 hours. The organic phase is separated by settling, 15 dried over ngSO4
and then concentrated on a rotary evaporator to give the expected al dehyde
inthe formof a light orange oil. Yield: 100% 1H NWR (CDC13) : 1.35 (s,
OH) ; 2.44 (d, 2H, J = 20 6.8 Hz); 3.21 (m 2H); 4.90 (broad s, 1H); 6.04
(dd, "4H, J = 8 and 15.6 Hz); 6.74 (tds I1H-J = 6.8 and 15.6 Hz); 9.39 (d,
1H, J = 8 Hz). A-3 - Synthesis of N BOC 5-am no-2-penten-|l-al 25 (Conpound
3) 11 g (66.¢vaporatof Comgived 2 andf24he EXBacted| profluct in the

f or myl net hyl rsphgnyd phosp, ane (FMIP) are dissolved in 350 m of
benzene and tgﬁgjﬁ ét)ﬁegr%%gt?‘gng?];ﬁ xture is brought to reflux for 9 hours.

After 30 evaborat fA818heB3Bl vent on a rotary evaporator, the. residue is
filtered a ferst i neMRhreogh,pt! ncas[ (&4l 98YC13 et ang) 2uhen £HEE3] to

renmove the triphenyl - osphipe., A ond filtratign through silica (8/2
AcCEt / hep't ane) mal?és ?ﬁppogslﬁgl g oélggt agn4§.é raaafs'Séﬁt‘:orrpound 3in the
formof an orange-yellowoil. Yield: 29% 1H NVWVR (CDC13) : 1.47 (s, 9H)

00 () 2y e o ent- s iy omline ) (1

di net hyl hydr &8 ode (10shpoedd 49f3 ReEppurtd. 5, mibl62 of CdApdummol)aref added
at 0Cto 1.4guwpd (q%éiﬂgmgahyylﬂﬂﬂﬂﬁéﬁ@dﬂﬂyfy§§wia@geé(ﬂé%§%é§1)5 acetic

acid in_30 n% f ether. The réaction m xture 1sleft stirri _ 10 min
and the 18 gafii 2 Bhadd % ™Edr aPEd HRFRARUNYIATATE Wihs RBUORAER i3RHCL and
then wth a2safur@ed Macl)sobat NIt udHM il d ea r8y ¥Xspeiibd

eLaporating. e 5L VA oBN CaB O cBIZH 0l Gl 418 okl 22ope
CHCl3;. The reaction mixture is vigorously stirred for
2 hours. The organic phase is separated by settling,
15 dried over mgSO; and then concentrated on a rotary
evaporator to give the expected aldehyde in the form of
a light orange oil.
L Yield: 100%
o 'H NMR (CDCl3): 1.35 (s, 9H); 2.44 (d, 2H, J =
20 6.8 Hz); 3.21 (m, 2H); 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
CHCl3/heptane) then CHCl3] 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%
o 'H NMR (CDCl3): 1.47 (s, 9H); 2.60 (m, 2H); 3.38
(m, 2H); 4.82 (broad s, 1H); 6.18 (dd, 1H); 6.88
(td, 1H); 9.55 (d, 1H).



Yield: 94% 1H NWR (CDC13) : 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 (ddd, 1H,
J=0.8and 8.8 and 15.6 Hz); 6.96 (d, 1H, J = 8.8 Hz). 13C NWR (CDC13) :
28 15; 33.05; 39.58; 42.51; 78.77; 130.84; 130.95; 135;54; 155.68. 20 B -
Preparation of the conpounds of formuaiz2l-and Ila B-1: Synthesis of

4- met hyl pyri do[ 2, 3-g] quinoline-5,610- dione (Internediate I-1b) and of

4- et hyl p¥/riﬁe4 E3, ZSghqtiéaﬁlbi of-B-BOcdbeamifibnlepantientd-al- 1b) 25 A

m xture of 0.5 i [ 0.35 3.14 mmol ) of
crot onal dehyde d| rret yT%&ihggﬁg%ﬂg (gsﬂé‘)ﬁf’g 3?76 nmol ) gf(acetlc )
anhydri de i n3288nty ofl9.CHBI®ldr eof r €ampeuing ah alrﬁr assad aht 9 Corta hour .

After evapor gt jagnthQ 190V aRL1N o3 Ahdihya HARAIEK a'iﬂitd”'eafcﬁ%itd)pn
m xture is fiff%erIé% Et%?ougﬁl('hsfll(?l ((:)a CHC13) to gi vlee 0.,428 a mxture of

the two iBoneesticl acigndn 134 ) ok hetherm dhes 5o ur ¥ powder

and 1.6 g (1§eﬂtnﬂ§£lr9in Oﬁoﬁraxsm@neném@.lmhéo atgahlccH@HSSandlshe
m Xture is brou

r ef r 2 hoyrs. 35 After, filt 'n
celite, the F?P3F3F88 c%‘?ﬁ: B%t 88%oHa5 %F é’Pse/ﬂEvja]‘goggtLor and‘%%];I
puri fi ed bywithsh caturaitegt apiq:l sphutsidn caAﬁbénndrY@BQZove:Hzmggpwea-i) to

give : I nt gr rredéngéﬁa{('# <%b)t igghgyréﬁlo[az §o%%?|?l e ra1.5m.10 di one

40 ny (Y| el d? % rovvn powder int: 220C. 5
1H NMR (IGDC13) 4 8. Qf ( hydZEgong, SAC@rapoqmd )= azgeg phaine 51(1ddth9H J =

4 and 7.6 Hzko @% aﬁd@ra%ae %eil%waBQl7 6 H); 8.91 (d, 1H J = 4.8 HZ)
; 9.12 (dd, 1H, J = C NWR (CDC13) : 22.75; 127.93; 128.04;

129.32: 10 %31. 5élei§5 Qd% 148.73; 149.26; 152.11; 153.68; 155.47;
181.46; 182.87. 'H NMR (CDCls): 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 (ddd, 1H, J = 0.8 and 8.8 and
15.6 Hz); 6.96 (d, 1H, J = 8.8 Hz).
° 13¢ 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-g]lquinoline-5,10-
dione (Intermediate I-1b) and of 4-methylpyrido-
[3,2-g]lquinoline-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 ml1 (4.76 mmol) of acetic anhydride in 20 ml of

CHCl; 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 (CHCls3)
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

CHCl; and the mixture is brought to reflux for 2 hours.

35 After filtering through celite, the filtrate is
concentrated on a rotary evaporator and then purified

by flash chromatography on a silica column (98/2

CH,Cl,/MeOH) to give:



| R (CHC13)
qui rol i ne-
- powder .

1H, J 4.
~and-8.4 Hz);
Hz) .

: 1689 cm 1. Internediate (11-1b):
5,10-dione 15 160 ng (Yield: 23%

4- et hyl pyri do[ 3, 2-g]
in the formof a brown

Mel ting point:

13C NVR ( CDCL3)

270C. 1H NMR (CDC13) : 2.94 (s, 3H) ; 7.5
8 Hz); 7.76 (dd, 1H, J = 4.8 and 8.4 Hz); 8.59 (dd, 1H,

8.92 (d, 1H, J 20 4.8 H2)-; 9.11 (dd, 1H, J = 2 and
22.81; 128.30; 128.39: 130.84: 131.55: 135.

2 (d,
J =
4.8
52;

2

147.90: 149Igsermediate 156Tslb) : 15589 thgtpyprida (R, Hgl quinglines) 1672

1700.

25 Bg2y
qui nol i ne-5; 10 di one

oSyPbhesi s of 9-net hoxy- 4- nethylpyrldo[z 3-9] -
(Internmediate 1-2b) and o

6- met hoxy- 4'neth§pp99|d§P81§JgPﬁblhBIFHS §°£G Oélén?rPWHtBPWQBFate |l -2b)

30 A n1xtrre ?f Qeitgn|§p81ﬁﬁﬁ|220PC4 nethoxqu|noI|ne 5, 8-di one, O. ?2 gf
2
boetic Bnhgari ot M fOR font 2TaTE BroughlTto et it Trmur ) °

After evaporating.Bh#z$el Verits ordd,r atig y J35= evapandt 4. 6 lee),re&cﬂ on

m Xxture is
m Xt ur e of

ﬂlterggtrgﬁugg Sil

t he tmo i soners |-2

2 ch

2 GRI2IgREH (k

e forn1of a purple

e 348 g of a

powder .

This powder and 2.8 §g2é. 351Amdd, ﬂHMhGZ—aBean§u§p§ﬁded in 26 m of CHC13
and the m xgpure u% bMQhT(CDCi_éb t. oo efd.ux1bar o3 .hoypg. Oé\fte'_'[zél‘_i;i ering

t hrough cel
then pukQ fi

ite, filtrate I's concentrated onar

ed. b9‘3ﬂl a8 chioma?ogrifthy’ n &33-14%a 1

gé ﬁnevg§§2 éor and

CH2C12/ MeCH) to gb®Be473 hsteawspdingpResh-2b: 9- met hoxy- 4- nEthylpyrldO[Z 3-9] -

qui nol i ne-5 10 di

NMVR (cDCL3) ®

15

20

25

30

35

Id.qS@@
(¥ 3H); 7.18
4-methy1pyrido[3,2-g]quinoline-

Rngc@i@ e £€%§3
Intermedlate (II-1b):
5,10-dione

° 160 mg (Yield: 23%) in the form of a brown powder.
Melting point: 270°C.

ly NMR (CDCl3): 2.94

°
J
8.59
J

® (s, 3H); 7.52 (d, 1H, =
4.8 Hz); 7.76 (dd, 1H, J = 4.8 and 8.4 Hz);
(dd, 1H, J 2 and 8.4 Hz); 8.92 (d, 1H,
4.8 Hz); 9.11 (dd, 1H, J = 2 and 4.8 Hz).
B3¢ NMR (CDCl3): 22.81; 128.30; 128.39;
131.55; 135.52; 147.90; 149.95; 151.74;
155.35; 180.42; 184.02.

IR (CHCl3) 1672; 1700.

130.84;
153.94;

Synthesis of 9—methoxy-4—methy1pyrido[2,3-g]-
quinoline-5,10-dione (Intermediate I-2b) and of

B-2:

6-methoxy-4-methylpyrido[3,2-g]lquinoline-5,10-
dione (Intermediate II-2b)
{2.8 mmol)
(2.87 mmol) of crotonaldehyde
and 0.4 ml (4.23 mmol) of
anhydride in 8 ml of CHCl; are brought to reflux for

A mixture of 0.5 g
0.32 g
dimethylhydrazone

5,8-dione,
- acetic
1l hour. After evaporating the solvent on a rotary
evaporator,
silica (98/2 CHyCl,/MeOH) to give 0.48 g of a mixture of
the two isomers I-2a and II-2a in the form of a purple
(26.45 mmol)

suspended in 26 ml of CHCl; and the mixture is brought

the reaction mixture is filtered through

powder. This powder and 2.3 g of MnO,; are

in the formof a red powder.

1H

of 4-methoxyquinoline-.



(d, . 1H, J =6 Hz); 7.46 (d, 1H, J = 4.4 Hz); 8.87 10 (d, 1H, J =-6 Hz);
8.87.(d, 1H, J = 4.4 Hz). Internediate |1-2b:

- 6- met hoxy- 4- met hyl pyri do[ 3, 2-g] - qui noline-5,10-dione 293 ng (Yield: 40%
in the formof an orange powder. 15 1H NWR (CDC13) : 2.80 (s, 3H) ; 4.05
(s,3H) ; - 7.2 (d, 1H J =6 Ft) ;—=7148-(d, 1H, J = 4.8 FE) ; 8.85 (d,
1H J =6 Hz) ; 8.88 (d, 1H, J 4.8 Hz). 13C NMR (CDC13) 21.75; 43.41,
112. 74; 119t@2refldx IFpr 1%1h@l4rs 148f8er mgtgzln%(l:mugﬂmcgblteao

152. 80; 155}3:?1% f%?ﬂcr‘.%e 1%4 c%%cedﬂ%a(t@d@o@ a B&dzry Je?@é)p&f%éor Basd

Synt hesis o nitro- % gl - umollne 10- di one
(1 nt er nedi atBep- SBPr&ﬁéeéf ¥5 §lﬁ§ rocﬁrﬁ@?ﬁ9gﬁ§Phﬁo[§n2 @]qﬁ?%b??ne

2 1Qtdlon¢ EthﬁhﬁﬁgBageCHLGE&”%%PHW>ﬁdﬂgivﬁl(3 8 g (3.92 mol) of
-nitroqui Lne I on no a
di met hylhyd iRasarmeaiats of ék %ol ?h%ﬁy’%é¥?5ﬁ§g£§ ﬁdgf?ﬁg o8 10.5

of CHC13 ar qutinedtine- Enlaﬁdloherasonlc bath for 30 mn. After evapor ati ng

the solveng on ?glgbéégé%;ﬁwgr ) n the Eg@ggbgnawggqﬁﬁgwdé filtered

t hrough silica ( give xture ‘of the two

i soners |-5& and ¥I N8R  {CRGls) 35 3034n éﬁ:a%ﬂnpl‘é Powdér. 3ithi’s pehBer and

2.9 g (33.4 moly, ofigVhQP arg gappended qa ZQHWIJDL.CﬁC13ngd gthe m xture
is brought to reflux for 2 hours. Aft terin Q{ gﬁcellte t he

filtrat®is concdfrdfledd 6n aHFdVa@y%gvéﬁor&Fﬁr afd urified by flash
15 chronatagt&nm;dﬁat& siIleabcoluGﬂmé686£y€}ﬁﬁ§€hyﬁﬁy&1do[392vg]—

I nt er medi at 0 t hylpyrido[ 2, 3-g] - quinoline-5,10-dione 5
110 nyg (Yieﬁakn%?&f% b di RS form  1H NVR (CDC13) : 2.98 (s, 3H)
7.19 (d, 1H® J =293 mg _(Yleld 40%) in the form of an orange

powder. _

15 e 'H NMR (CDC13): 2.80 (s, 3H); 4.05 (s, 3H); 7.2 (4,
1H, J = 6 Hz); 7.48 (4, 1H, J = 4.8 Hz); 8.85 (d,
1H, J = 6 Hz); 8.88 (d, 1H, J = 4.8 Hz).

° 3¢ NMR (CDCls): 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 (CHCl3): 1675; 1700 cm™

B-3: Synthesis of 9-nitro-4-methylpyrido[2,3-g]-

_ quinoline-5,10-dione (Intermediate I-5b) and of
25 6-nitro-4-methylpyrido[3,2-g]lquinoline-

5,10-dione (Intermediate II-5b)

A mixture of 0.8 g (3.92 mmol) of 4-nitroquinoline-5, 8-

dione, 0.65 g (5.8 mmol) of crotonaldehyde

dimethylhydrazone and 0.55 ml (5.8 mmol) of acetic

30 anhydride in 10.5 ml of CHClz3 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 mmol) of MnO, are suspended in 29 ml of CHCls 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



5.6 Hz); 7.54 (d, 1H, J = 4.8 Hz); 8.79 (d, 1H J =5.6 Hz) ; 8.94 (d, 1H
J =48 H). IR (CHC13) : 1703 cm1l. 10 Internediate |1-5b:

6-nitro-4- met hyl pyri do[ 3, 2-g]- quinoline-5,610-dione 165 ng (Yield: 16% in
the formof a yell owbrown powder. 1H NI\/R(CDClB) : 2.85 (s, 3H ; 7.6

(d, 4H J = 15 4.8 Hz); 7.74 (d, 1H- 15 4.8 Hz); 8.99 (d, 1H J = 4.8
Hz) ; 9.33 (d, 1H, J = 4.8 Hz). B-4: Synthesis of

9- di met hyl antinooria teghgpluy ronloa [ilicg] apliuwi i (R85 1©Hzﬂhvféle©ﬂht goredi at e
[-3b) 20 a(gl‘? 6- di met hyl ami no- 4- net hyl pyri do[ 3, 2-g] qui nol i ne-5, 10-di one
(I'ntermedi at 23b) 150 ny ig 558 mml ) of nitrated trlcycle I-5a or Il-5a
and 0.4 m (l;_nwme}t%f N, Ke@Pret hy Fitda-dsmatbypyridody3-gls

di ssol ved i ulom_n@isw_dmshéhe reactlon 25 m xture is heated at 130C
for 1 hour. After ﬁva oratljgg the solvent with._a vacuum punp, 140 ng of

i nt er medPat ¢® corpbbd®¥ | (BEedft: |31%) 1pet %t]%?‘ﬁ@%ir %ﬂ‘ch material will be
used as is i@ the' oNMRW (GDPCls) age2. SO (st er3medj at7e 119 - 8d, 1H, J

?Hd'NVS?é'D"éTs?‘) T N A R e B T ‘é‘e'd o

7.39 (d, 1H, = 4 8 Biz%;HB) A128.34. (dd, 1HH, JJ=—468H2;) 8.74 (d, 1H, =
4.8 Hz). 16 ¢ S ltlflsle,foslg boro-4- (N BOC 1- am no-
et hane) - 5, 10 d| hy o;¥)§rd|9 3 (fﬁt?nol i ne- 5,10-di.one (Internediate |-7b)

and of 89 chipkermedighec 1- ia"?n tharﬁe’)“lf}‘rﬂ)“h'“fﬁ?ﬂ’ry&l’gr’-d° 3,2-g]-
pyridof 3, 2- g?ﬂyhapineesﬁacdmme (Internediate I1-7b) A mxture of 0.6 g

(3.1 mmol) r ogui e- -dio 0.75 g (3.1 1) of
dlnethylhydrazonefég g (9 ig. 1%%§ 1nr¥%e form o% a igyigw(%rown
powder. ' '
o '" NMR (CDCl3): 2.85 (s, 3H); 7.6 (d, 1H, J =
15 4.8 Hz); 7.74 (d, 1H, J = 4.8 Hz); 8.99 (d, 1H,

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

B-4: Synthesis of 9-dimethylamino-4-methylpyrido-
[2,3-glquinoline-5,10-dione (Intermediate I-3Db)
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 (1.95 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 wvacuum 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 Intermediate II-3b: 6-dimethylamino-4-methylpyrido-
[3,2-g]quinoline-5,10-dione
° Yield: 94%.
o 'H NMR (CDCl3): 2.77 (s, 3H); 3.05 (s, 6H); 6.89
(d, 1H, J = 6 Hz); 7.39 (d, 1H, J = 4.8 Hz); 8.42
35 (d, 1H, J = 6 Hz); 8.74 (d, 1H, J = 4.8 Hz).



0.45 m (4.76 mmol) of acetic anhydride in 8.5 nm of 10 CHC13 are treated
in an, ultrasonic bath for 30 mn. After evaporating the solvent on a
rotary evaporator, 2.7 g (31.1 mmol) of Mi02 and 22 ml of CHC13 are added
to the reaction mxture, which is brought to reflux for 2 hours. After
filtering through celite, the filtrate 11§ +s concentrated on a rotary
evaporator and then purified by flash chromatography on a silica colum
(99/1 CH2C12¢ MeOHB-%0 Synthesiser nedifat e |9-dhloro-4- (N-BOC-l-amino~

3u?22?[2e45(QBBSFzﬁeanégﬂghgﬁng) 05dfﬁgagg§ygi88ﬁél?Q%iga%ngﬁromn powder .
1H NVR (CDC13): 1.35 (8¢ 19F511°ae451§ns§r{uﬁfhahf Ir703 (mnshdof 164 7.56

(d, 1H J = 4.0 Hz); 7cKforéb6da-} hLBdc=15aalhBéth§n89 Sdiolbhhg dro2- 2 Hz);
30; 79.47;

8.94 (d, 1H, J = 4 Hz) 32; 4
126. 84: é8.04 130. 88PYE§§°i$ 21§fq§anoi5%esar I§6°98 152.29: 154. 05:
154. 36; 155. 88; 179.76(Int8£m6a1atéFII€¥513) : 1695 cm 1. 30 Internediate
| 1-7b: 6-chl gro-A- (N BOG1

: t
5, 10- di hydr o%yr TS 2- é:] ui nmgln:)ﬁefegni oMPhe ©F odb HEPRBHPOLRE i n the
formof a brond-@boder .0 753@ NSR1(BDGCl3) of 28ndthy3hy@razehe3d ared 47;
128.46; 130.45 3%m§§; 1 : 1149, 71y 151,74, 153.88;
153.92; 155, %445%§% %g 7 183 3 é?R 6ﬁé13)29h¥9ggdé %f? 57% él
Synt hesild of CEChet RERy- BERRESG| dyr i ae[ algragonigi rh?lﬁhwefgrlo'i%m
(I nter nedi atEfteﬁb)av&@@ranl gb) nefd1oxy1deAet v pyT 'r@Q[a%gz Stpb féjll_d:.ne'

G ol | ne- .8 B nd ot w0k pF &, Sl 3ol 206 Gy, Bns e
di met hyl hydreaotleei ne@5tirbnomikriGta, awhlehlﬁse®ﬁﬂught to reflux for
2 hours. After filtering through celite, the filtrate
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-l-aminoethane) -
5,10-dihydropyrido[2,3~-g]quinoline-5,10-dione:
20 o 70 mg (Yield: 6%) in the form of a brown powder.
o 'H NMR (CDCl3): 1.35 (s, 9H); 3.45-3.52 (m, A4H);
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 ¢ NMR (CDCl3): 28.37; 35.32; 40.30; 79.47;
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.
o IR (CHCl3): 1695 cm™
30 Intermediate II-7b: 6-chloro-4—(N-BOC-l—aminoethane)¥
5,10-dihydropyrido[3,2-g]quinoline-5,10-dione
L] 200 mg (Yield: 17%) in the form of a brown powder.
. ®c NMR (CDCl3): 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 (CHClj): 1705 cm™



anbi ent tenperature for 5 hours. After evaporating the ..solvent on a
rotary evaporator, the reaction mxture is 10 filtered through silica (95/5
CH2C12/ MeOH) to give 1.55 g of a mxture of the two isoners |-8a and |1I-8a
in the formof a purple powder. This powder and 1 g (11.5 nmol) of MO02
are suspended in 30 m of CHCL3 and +hk7mxture is stirred at anbi ent
tenperature for 15 1 hour. After filtering through celite, the filtrate is
concent r at ed®on aBréfasynébaﬁbFaF%i annpthnxyxﬂnmethxﬂpysad¢ngﬁ-g]-

chr omat ography on a snl;hszﬁoiszhans i&%hﬂ*@:ﬁé&ﬁ@ﬁﬂ& gt\tﬁb 'furga medi at e

| - 8b: 3-net hoxy- 4- met hyl pyrj 3-g qui nol j ne- 5, 10- di one
ng. (Yield: 7% in the gﬁrm?ﬂ“é?ﬂﬂ*ﬂmﬁ?ﬂﬁﬁﬂﬁ PYr*ﬂQE?fﬁrﬁiﬂ#ﬁn°¥§§EK: 1H
NI\/R (CDC13) : 2.79 (s, 53w-dlénél(iﬁte%d1a¥e721 8591 1H, 4.8 and 8,1

)1 558, (50 MheafeBle B AE il B G0 9 b0 00 (0010 ) -
135.50; 136.5478189. 26; (I42.556;mmbA9. 33; 655 11 2Hﬁ@ﬁhbxﬁ§ﬁ¥ﬁﬁted£ﬁ 56. 30
anr(sﬂj(c):iS)4 }QEQPE %g{r%gggémﬁghfsnl) |nef5 ffslcdéon%relQ%tlrr?% eartd 12%
in the forn]émbaeb oﬁﬁm96Wé§Pre ﬁﬁﬂt5r@P@D$ntAf5260@Vaybranﬂﬂ§W1KéIK13)
2.77 (s, 3H) so1der? b, a3Hbtar§ é@afGQQtO¥H t%e f%é%ﬁﬂyﬁiﬁfkﬂﬁge 60 (dd,
1H J =.8.0 g 2 (dd, 6 and 1.6 Hz).
i N%?F%B%‘gs)t Eq90kg, 5big8, ' 155/800CH 0k MEOM) 3 o7 518, 53
136 84, 138 B1551430%Z7,a Initkthiwe 355tBQ; thy. 1Somdrd. 698al3hdAI-4RN
(CHC13) 1619; t}l%ngg%lbf 5a purple powder. This powder and 1 g

(11.5 mmol) of MnO, are suspended in 30 ml of CHCl; 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
CH;Cl,/MeOH) to give: .

Intermediate I-8b: 3-methoxy-4-methylpyrido[2,3-g]-

20 quinoline-5,10-dione
L 110 mg (Yield: 7%) in the form of a brown powder.

o Melting point: >260°C.
° ‘H 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).
° c NMR (CDCl3): 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 (CHCl3): 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 'H 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).



B-7: Synthesis of 3,9-dinethoxy-4-nethyl pyrido[2,3-g]- quinoline-5,10-di one
(I'nternmedi ate [-9b) and of

3, 6-di et hoxy- 4- net hyl pyri do[ 3, 2-g] qui nol i ne-5, 10- dione (Internediate
[1-9b) 10 A solution of 2-nethoxy-2-butenal dinethylhydrazone (1 g, 7.1
mmol<) in 15 m of chloroformis added idroepw se to a solution of

4- met hoxyqui nolinedione (1.33 g, 7 mol) in 30 mM of chloroform The
reacti on mext ur ¢3¢ s M@Ept &DCYLd afl2adiBi;enb6t OBper 22U O9; und2e.06;ni trogen

and with the excl tésll %n, of Esggt_,) fobg gg)ursl st@‘lt er 1§\éanr at h@g %ge sol vent

on a rotary evaporator pr oduct al'ed 7i’s "puri f flash
chr omat ogr aphy tﬂﬁ@u@l@,smfa%éﬁ( CI-lGﬁ&G&,héJrﬁ‘-'gél% CHC13/ IVEO—| then 95/5

CHC13/ MeCH) ot 0 prrgduegca ,hir $6789 fikaet Lprt F1 conprising’ the nonaromatic
product and a second fraction F2 conprising the expected product. 1 g of

Mh02 is added to the fraction F1 and 30 m of chloroform The m xture'is
left stirrimg7:05ydthdsis off (35r9-dinetihioxy 1gidildd @ B-wfshi ng t he

25 precipitate with C13 n_wt fi te oncentr at ed
on a rotary evapatS s %n%’td"ﬁ'é”%? &nahéemﬁhﬁ%e f'ﬁrl?g ﬁ"ét ns F1' and
F2 are conbi ned 50(5 d;hrathwm-fi-méﬁiwlfpl}asldocﬂi @regJeprimsidindnSoudh sil i ca

(CHC13 and then ﬂ?,gj he two 30 expected conpounds.
|-9a and I1-9b in cﬁ‘e florm %)&Qﬂ%bt er. Internmediate (11-9b):

3, 6- di n&@ hoXy- AalattiyaApyro®o- 2fBebhegkynenovterak, 1dlme5hylhyd§aaon§1%(210

. 35 '\/B(llt Igng PRI DtamaP0Cin  LidsNiR (g%Cl%hlol?oﬁn( S, 18H) adaéda09 (s,
3H) : 4.10 718d1HJ: Hz) ; ( 88 (d, 1H,

J = 5.5 H) drOPI@Q EeBetdpn "ot 854‘§8t§?XY§Bl§E?LlET§l%e
121 32; 130 (95,3313, 4'3 nuﬂ.@]?) 79n BOL.I5; of5@h3dbrofdbrm.44Thd SFeddtidasb. 97,
180. 13; 184m21£;1cture 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 evaporator,
the crude product obtained 1is purified by flash
chromatography through silica (CHC1,, then 98/2
CHC1l3/MeOH, then 95/5 CHCl3/MeOH) 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 Fl1 and 30 ml of
chloroform. The mixture is left stirring for 90 min.
After filtering through <celite and washing the
25 precipitate with CHCl3; 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
(CHClz and then 97/3 CHCl3/MeOH) to give the two
30 expected compounds I-%a and II-9b in the form of a
brown powder. _
Intermediate (II-9b): 3, 6-dimethoxy-4-methylpyrido-
[3,2-glquinoline-5,10-dione
° Yield: 11% (210 mg).
35 o Melting point: >260°C.
o 'HW NMR (CDCl3): 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).



IR (CHC13) : 1678, 1692 cm1l. 5 B-8 - Synthesis of

3- met hoxy- 4- et hyl - 9-chl oropyrido- [2,3-g] quinoline-5,10-dione
(Internmediate 1-10b) and of 3-nethoxy-4-nethyl -6-chl oro-

pyrido(3, 2-g]quinoline-5,10-dione (Internediate 10 I1-10b) A solution of
2- met hoxy- 2- but enal di net hyl hydrazone 191-g, 7.1 mmol) in 15 m of
chloroformis added dropwi se to a solution of 4-chloroquinolinedi one
(1.37 g, 7.¢ nmofici MM mMCRE1DhI orld.&m Tie. §emact5©n846 niktulté:is kept

stirred at anbi EIit21:[5\ BRer piyr 5, UNGES 1}3‘“ t nager andwht st hey ggchysi on of
. ’t 7 . ’ . 4 p 4

light, for 5h 30. ter evaporating e solvent on a rotary evaporator,
the crude product58bti4iind@7i-$3puitbpi-8diby8P1-dsh 18-t ogr aphy t hr ough

silica (CHC$31 then (28C3,P0 {6%d 3/ M6 chd .produce a first fraction F1
conprising the nonaromatic product. 1 g of Mi02 is added to this fraction

F, and 3 m of chloroform' The nmixture is |eft stirring at anbi ent
t enper at ur eBF8r 60 Synthéstier off | 3-+methoxy+d engbhyht9+ehbodoppsidag t he

precipitate 25 with 1 - Wit the m x entrated
on a rotary evapor at[?r;'.g %ﬂgﬂgfﬁ?{gggr ‘glda'@t Qﬁgg‘%eai ned i st(g%??ﬁee‘afgggf | ash
chr omat ogr aphy t hr odghObli | i and( 9708 (| 3vwethoxyodynethyhebrehdborads | - 10b

and 11-10b in the %9&&1:!6“[3@#3 WnBaWher s, 39 -dibpe e ¢tat8xrhediLbe ,
3- et hoxy- 4- net hyl - 6= chl oropyrirdo- [ 3, 2-g] quinoline-5 ,10-dione Yield:
5% (100t%mg). Meiti AFP#9PAt:  >260C. 1H NMR (CDC13) : 2.68 (s, 3H) ; 4.11

(s, 3H) ; 7a7l sciutibn 1kf J =rethdiy-2-Buténd B, dihethPlBPdLEzond, J =
5.2 Hz?. 13g NI\/R (7. :IL%?PS-IG 12..196;- §6§7 %28§§_12_L %0 12, '130'8§éd136' 95;
138.12; 141.'9397145 0s; 210 153 8K P87 SRLOFRFOMN T 1% g999edy0 -
dropwise to a solution of 4-chloroquinolinedione
(1.37 g, 7.1 mmol) in 30 ml of chloroform. The reaction
15 mixture is kept stirred at ambient temperature, under
nitrogen and with the exclusion of 1light, for 5h 30.
After evaporating the solvent on a rotary evaporator,
the crude product obtained is purified by flash
chromatography through silica (CHC13, then 98/2
20 CHCl3/MeOH) to produce a first fraction F; comprising
the nonaromatic product. 1 g of MnO; is added to this
fraction F; and 30 ml of chloroform.” The mixture is
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 [lacuna]) to give the compounds I-10b and
IT-10b in the form of a yellow powder.
30 Intermediate II-10b: 3-methoxy-4-methyl-6-chloropyrido-
[3,2-glquinoline-5,10-dione
° Yield: 5% (100 mg).
. Melting point: >260°C.
. 'H NMR (CDCl;): 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).
o 3¢ NMR (CDCl3): 12.96; 56.97; 128.92; 130.72;
130.98; 136.95; 138.12; 141.93; 145.06; 150.21;
153.85; 157.55; 179.31; 183.67.



IR (CHC13) : 1696; 1684 cm1l. ..B-9: Synthesis of _ _ _

3- nmet hoxy- 4- net hyl - 9-di net hyl - am nopyri do[ 2, 3-g] qui nol i ne-5, 10-di one
(I'ntermediate 1-11b) and of 3-methoxy-4-nethyl 5 _

6- di met hyl am nopyri do[ 3, 2-g] qui nol i ne-5, 1-dione (Internediate I1-11b) A
sol uti on of 1-10b or of I11-10b (90 ny 20341 mol), of di nethyl anmoni um
chloride (127 ng, 1.56 nmol) and of NaOH (63 ng, 1.56 mml) in a THE H20
(4 M/2 M) 20 m XRukGHES3)or chafi; tlb&4efdmix. for 1 hour. After evaporatl ng

t he sol vent gnga rot rat t mﬁ?ﬁbqé' %&h: taken up
ina 95/5 CHgC12/ %(]si?ﬂ?nﬁéélg?e QFE Ch ani c se |s recovered and
then dried over ngSOﬂml‘A?PléFl‘é% e%rg WWQ‘?O!QT‘?J-QBeevaporator t he

crude product obtai neThtérpedisdtedIbyibf! ash @FM&Q}% it silica

. > > . he
(95/5 CH2C12/ MeOH) 0.4V e _gexpecte ds_l I_b(_)r [1-1 int
f or m of 3{’ yeI | ow po e‘?%ﬁ?%i %r+$ ﬁgg glquinoline-5,1-dione
3- net hoxy- 4- net hyl - 6(Ih1herm;d1aﬁé Em-lﬂjpyrl do[ 3, 2- g] qui nol i ne-5, 10- di one

3 o6 s Gy R Os M o POk 1 B8 B 072230 0n 1R, AT gingigg J41, s
3.06 (s, 6H )R 5 T (d,fiH,
J =59 H); dm%@l:(l;ammwlumlmmqmlzy mﬂ;z 62 563ma1)56a18@ Glfl 2. 39

20. 50; 132. 13 Omgl36.10 6; 0. 53; 0; 7.109;
120.20; 132 T R e T 8 T G
3, 7-di hoxB-HEWER hy ESyr |1H%Pu‘?[f§: 3-89 qEeddMXne-Bm0- &i bﬁér(l ntPéirbﬁefdl ate

| -12b) and oév&p&ralt treg hahe 436Eirbritpy<5n der £3tdrg]l &whpetsese D g_d. one
(I'nternedi at %Q%%r (i % 1% hesi s oé 213 ;_QOX ggl/golchnéalS/MSeOH one A
suspensi on o(fe i D Eﬂ# 13.53%en up 2~2
mixture (50 ml). The organlc phase is recovered and
then dried over mgSQ,. After concentrating on a rotary
15 evaporator, the crude product obtained is purified by
flash chromatography through silica (95/5 CH,Cl,/MeOH)
to give the expected compounds I-1lb or II-11b in the:
form of a yellow powder.
Intermediate II-11b: 3-methoxy-4-methyl-6-dimethyl-
20 aminopyrido[3,2-g]lquinoline-5,10-dione
o Yield: 87% (80 mg).
° Melting point: >260°C.
o 'H NMR (CDCl3): 2.64 (s, 3H); 3.06 (s, 6H); 4.08
(s, 3H); 6.95 (d, 1H, J = 5.9 Hz); 8.53 (d, 1H,
25 J = 5.9 Hz); 8.56 (s, 1H).
o ¢ NMR (CDCly): 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.
o IR (CHCl3): 1693; 1654 cm*
30
B-10: Synthesis of . 3,7-dimethoxy-4-methylpyrido-
[2,3-g]lquinoline-5,10-dione {Intermediate
I-12b) and of 3,8-dimethoxy-4-methylpyrido-
[3,2-g]lquinoline~5,10-dione (Intermediate
35 II-12b)
1l - Synthesis of 2-methoxyquinoline-5,8-dione
A 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 CHCl3 is



17.7 mmol ), of silver carbonate (10.2 g, 37 mmol) and of nethyl iodide (31

m, 498 mmol) in 1.2 1 of CHC13 is 21 stirred in the dark at anbient
tenperature for 90 hours. The precipitate is renmoved by filtration and
the filtrate is concentrated on a rotary evaporator. The crude product
obtained is purified by filtration 5 1hypough silica (CHC13) to give the
expected quinone in the formof a yellowsolid (2.2 g). Yield: 66%.
Mel ting pOi ndtidf6L. inH MR ( @XAR) at4 I Sent3H) temﬁegétﬁge ]flb'r25 (_d
10. 3 Hz)

10

Fo
1H J =8.8 % 14°°’i%c Kﬁﬁz éﬁﬁigﬁgt& iFo: ‘(%%V%% szElgi‘raH}S’nssand 137. 54

138. 21 146. ﬁ& f871ttratel83s 48pnt@ht¥hted -oldynt hestarpf evaporator

" 120) " and 2 Bt pediet BekRaed) i Gupaital b b e

(1 nt er medi at@muq@bylmgél UEHBAs b to- wamveoxshe- %&Paﬂ'aeddqnenbyllehydr azone
(0.75 g, 5. StH@Dfarmrbﬁ.Oa epjm;l'lﬁlﬁa@eg y opwi se to 20 a solution of

et hoxyqui n01| nedi pne g, 5.3 mml) in 60 M of THF. The reaction
m xture is kept s¥’rﬂ%d &) anbi ent tenperature, under nitrogen and with

the exclusi®on ofMé11gmg peint0 1eats, Af Ler evgporati ng thed sol \SISnEﬂ onf a
rotary evapq at ory, 5 obt ed is in 0
CHC13 and 8?% I\/hO IE@R ‘SE%%%S Lif')lqz (Sed Thé- rgg XtUr & i s kept

stirredlPor 2 hout®.JirkEz) s 7hed KstéHethh*ol@hB ne):té.osft(elr 1H,

concentrating on f L ofag Yy HVARPr# Of4 de ct obtained is
purified by flash,3 Ooéc'hronét Fp?!h (throu’gh S|I|cal? 13) to give the

conpounds |-*12b and I¥MB2K(G Ihe féf*rr?@f albf oby pRAIZ; | ASH.BSdi at e
I'1-12b: 3, 8-di metdmxyeA-188 Iyl pyrdelss i 3@ dla Auvi gl dge-Pgd 03 i one

2 - Synthesis of 3,7-dimethoxy-4-methylpyrido-
15 [2,3-g]lquinocline-5,10-dione (Intermediate I-12b)
and of 3,8-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 methoxyquinolinedione (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 CHCl; 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 (CHCls) to give the
compounds I-12b and II-12b in the form of a brown
powder.
Intermediate II-12b: 3,8-dimethoxy-4-methylpyrido-
[3,2-g]lquinoline-5,10-dione
35 e Yield: 8% (120 mg).
L Melting point: >260°C.
o I 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). |



35 Yield: 8% (120 ng). Melting point: >260C. 1H NMR (CDC13): 2.74 (s,

3H): 4.09 (s, 3H); 4.20 (s, 3H); 7.09 (d, 1H, J = 8.4 Hz); 8.41 (d,

= 8.4 Hz)

7-ethyl carbonyl - 6; (2" - N-BOC-am noet hyl ) pyri do[ 3, 2- g] qui nol i ne- 5, 10-di one
(I ntermedi ate” | | HGYMR $6PCtilon of N BOC- 5- ani no- 2- pent en-1 - al

hydrazone (3 1 gqgg éﬁmﬁnyl)1%@7151gb3ogmaceton|tr|Ie 10 i s added dropw se
u

to a solution of i no |'i hecar boxyl ate-5, 8-di ope (1,05 g, 4.54

1H,

8.63 (s, 1H . - 22 - 13C NWR (CDC13) : IR (CHC13) : 1667,
1693 cm 1. B-11: Synthesis of 8-ethoxycarbonyl-8-(2'-N BOC
am noet hyl ) pyri do[ 2, 3-g] qui noline-5-1Q@2dione 5 (Internediate |-13b) and of

di et hyl -

nunol ) and & llicet iSyrdhesdhs de e£ 6 nFTth°¥5°ﬂF BPyécﬁféﬁlfplpgc The

reaction m xture is dffifioetit

and with_t he excl usi of 1 I| ht 24 hou r ora
sol vent Bn a rotarJHSVﬁ&ﬂ%ﬂﬂﬁéL Ig{%?) éﬁ% {5 £ﬁ¥l agﬁPXio?grn1 are

ﬁldoa[fﬂ)lﬁ-@] qﬁleimerna-w €.0-didale ni trogen

t he

added to the crude p{aJciN{BOtamimexe thjtld pyrdde [3 ,12s-g]ipfinadting+ ng at

anbi ent tenperature || {3y ough celite and washi ng
the precipitate 20 Vé?}?é}ié% @ﬁﬁ?ﬁdﬁﬁﬁeﬂ%& tthe m xture is

concent r at ed ors@lutsien y ef apirBP6rs- HMGn@T&dEeptedubtalobdamﬁﬁbYﬂs

purified,

f | h | 9941 d
D LY NEO_I')Hyzim?b%r{é '(iai:ctﬁn UNseugtho19! 16216981 & aEQ@BnQZ(r%/lcla)
gi ve t he025 iomasidrg

hen q¥ ash ‘chr omat ography through silica (99

to

noPYER) 11Q 138 | ROLRELIPRr nPBf A-BEB¥AIUABRder .

J

" I'nternedi at qlldech%b;oxarl%tﬁ@é@/wdlmw 61 25 b, BOZ, 5@t hydndyr beo[ 3, 2- g]
qU|noI|n§ 5, 10 dlone %ilfp47§@6 Q%Hng%n %g mfmbE'nge€8£Q£rli7o

( CDC13)

15

20

25

30

35

1256

reactlon mixture is kept stirred at ambient
temperature, under nitrogen and with the exclusion of

1H NVR

light, for 24 hours. After evaporating the solvent 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
with CHCls; 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 CHyCl,/MeOH) and then by
flash chromatography through silica (99/1), to give the

-compounds I-13b and II-13b in the form of a brown

powder.

Intermediate II-13b: 7-ethoxycarbonyl-6- (2’ -N~BOC-

aminoethyl)pyrido{3,2-g]lquincline-5,10~-dione

° Yield: 3% (60 mg).

° Melting point: 170°C. :

o 'H NMR (CDCl3): 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, 1H, J = 5.2 Hz); 9.17 (d, 1H, J = 2.2 Hz);
9.64 (d, 1H, J = 2.2 Hz).

° 3¢ NMR (CDCl3): 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; 155.98;
163.52; 179.69; 183.38.



7.4 Hz) ; 3.52 (m 4H) ; 4.51 (q, 2H, J =7.4 Hz) ; 4.78 (broad s, 1H);
7.5Y_(d, 1H, J.=5.2 Hz); 8.99 (d, 1H J =5.2 Hz); 9.17 (d, 1H J = 2.2
Hz); 35 9.64 (d, 1H, J = 2.2 Hz) . 13C NWR (CDC13) : 14.33; 28.40; 35.74;
40. 22; 62.62; 79.63; 128.65; 130.33; 130.49; 131.83; 137.30; 149.60;
150r23; 152.72; 154.23; 155.72; 155.9823 #63.52; 179.69; 183.38. - 23 IR
(CHC13) : 3457; 1726; 1705; 1677 cm1l. B-12: Synthesis of

7- hydr oxy-49(2' - N—Bomﬁah@eBHW) 13967 dd[053- §p7ducmol-i ne- 5, 10- di one
(Internmediate 5 1-14b) and of 8-hydroxy-4-(2'-N Boc-am no-
ethyl)pyr|d0329] ui noline-5, 10- di ne(Intgrrredlatell-Mb utlon

of N-BOC-5 té"r?ﬂ"sal°%| febrgroxyydr 42 orl-Peczaminogthyl in
30 m of acetom tr| Ipyr:.’blb [25, dfiefhidiodiHes<S 110 -Alivaleut |(mntei:med1ate

5,80 oxgear bost 11 Iy (0nd O 5908l b R0 alyRielpb GBI LE (5 8 )
anbi ent terrperatureethxie)rpynudui@aﬂ-mdxumndilndﬁs,ebﬂﬂd;Qm of light, for
16 hours. After evapﬁ{ 12%(?]]%@?13_91 \Bﬁnt on a rotary evaporator, 7 g

(80.5 mMmol ) of 02 an oform are added to the crude
product obt & neaR1utHomi x@fir eNTBOCe$taminerZnpgeAtenakbabnt diwapbrature for

| h 30. Aftemyfdﬂéz%fdé"g(ihfi@ucﬁh 6Cehi hifo®Nd iWasIy Hel tHe REBEbREERLGeW th
CHC13 and with 2 he m xture IS concentr on a rofar

d
evaporawr 1%@49% @R)‘ﬂ’tﬁﬁ Uhtdi FREFLORUPF T eg 9§/°XPFPFP8§¥851?~hrough

silica (98/ ZmreB thers I mmdIH2 G MeOH céoi @i ashydeigeompbuddmly 14h and
rrredl ate, l1-14b;

B hydr oxy- 410 T EBE. ARTRSIIILE oy FPAo Lo A F PRS- 50X 8PBne
Yield: 12% (230 ney . at avidienmy tpmiprratdb unddeNMRLEODBIR)andiwbBh(s, 9H)
; 3.49 (m %Mk;ei%fﬁ§ion 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 1left stirring at
ambient temperature for 1h 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,C1l,/MeOH) to give the compound I-14b and II-14b in
the form of a brown powder.
25 Intermediate II-14b: 8-hydroxy-4-(2’-N-Boc-aminoethyl)-
pyrido[3,2~-g]quinoline-5,10-dione
L Yield: 12% (230 mg).
° Melting point: 252°C.
o 'H NMR (CDCl3): 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); 8.89
(d, 1H, J = 4.8 Hz); 9.66 (broad s, 1H).
. 3c NMR (CDCl3): 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.
o IR (CHCl3): 3457; 3340; 1693; 1663 cm™



30 (broad s, 1H); 6.94 (d, 1H, J = 9.6 Hz); 7.54 (d, 1H J = 4.8 Hz); 8.10
(d, 4H J =9.6 Hz); 8.89 (d, 1H J = 4.8 Hz); 9.66 (broad s, 1H). 13C
NVR (CDC13) : 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 (CHC13) :
3457;. 3340; 1693; 1663 cm 1. 24 B-13- 2ynthesis of

7- hydr oxy-4-nmet hyl pyrido[ Z-, 3-g] - quinoline-5,10-dione (Internediate |-15b)
and of 8- hy&raddy- 4- Synithiegiisi daf3, 27 ghydroxy+4emethylpuride [2| At-g] Aedi at e
[1-15b) 5 A sol utionggf erakl nd| I : 703 _ 6. nmol )
in 20 M of acetonit#ﬁgaﬁgﬂgdgééodP%&%eqxggaﬁggﬁ&%eongo??b) &fia

5, 8- di oxocar bostyri | 1 g, &-hydresyyi-methyirvride 3 dnglanieoléne-ni) in

220 nml of acetonitr 5l,20-dionecTntermedibtes IS 168yt stirred at 10 anbi ent
t enper at ur e, undegh ni_trogeE agd W th ihe .exclusion of light, for 16 hours
and i s then Reat8dUiion; ePEux2FBRtENALur dimarhyihydsaaPae ng0t K83s8rvent on

a rotary evép@gammol)t him c20drlprddusdtetdiptnelei 3s pidddd edrbygwikbtrati on
through sili e 5 98/ C12/ Me o_prpdyce a first
fraction corr%r%i galc:’_l% éhjg&go%gr %r’rét id(%%ﬁr Sglgg’PsiHEm‘%x%ec?ez pmaﬁik:t. 3 g
of M102 and 2Bdni @f chlcetdicor mubhydntded t(6.2hel)nm xinre,226himdh i efl ef t
stirring at apgRi8RY ti-.eARer afjy e Lol AL Lers £ i B gh,celite
and washj ng 20 the precipi ta}%ge wetgﬁg%:lqlfélgﬁgn_ JC’iehelnéWl!ktteﬁli—'lve ﬂﬁ}lg Qtr-h xture
i s concetlf r aPBB1SAta (TERSF A IEor at@RdeThenliEEQEENpr GASet Wtk nbhei s

purified by tkashsiehr @t hyedhrpeigRostsi 6ad( %Y bhdP Weyed gt
expect ed com%o%rids !f-015%/§? I _-1%5 i n t‘r}e f orm, of %h 25 hei ge powder.
| nt er medi at e “Fi-18p 8- TEE 4-HebRY | BYRPALRS1DIgEheq AN He-2R 18- di one
Yield: 12% rhEbhryngep@paratedG0C.the crude product obtained is
purified by filtration through silica (CH»Cl, and then
15 98/2 CH2Cl,/MeOH) to produce a first fraction comprising
the nonaromatic product and the expected product. 3 g
of MnO; 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 CHCl; and then with MeOH, the
mixture is concentrated on a rotary evaporator. The
crude product obtained is purified by flash
chromatography through silica (99/1) to give the
expected compounds I-15b and II-15b in the form of a
25 Dbeige powder.
Intermediate II-15b: 8-hydroxy-4-methylpyrido[3,2-g]-
quinoline-5,10-dione
° Yield: 12%.
L Melting point: >260°C.
30 e 'H 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 . (broad s, 1H).
o ®Cc 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).
o IR (CHCl3): 1684; 1664 cm™.



30 1H NWR (d6-DVMBO) : 2.79 (s, 3H) ; 6.82 (d, * 1H, J = 9.5 Hz); 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. (broad s, 1H) . 13C NMR (d6-DVMSO) : 21.92; 114.30; 122.66; 127.30;
35 131.52; 135.94; 148.60; 149.80; 152.48 (2C); 176.41; 182.13 (20. IR
(CHEL3) : 1684; 1664 cm1l. - 25 B-14 25ynthesis. of

7- met hoxy- 4- et hyl pyrido[ 2, 3-g] - quinoline-5,10-dione (Internediate |-16b)

and of 8- n®tidey- 4- W%&h d@fS Z‘QP&prrﬂnvewylvyﬁldﬁdz(,I3rr9ér'mad| ate
I'1-16b) 5 A mixture g{;dr Intdinled) 488 4h)mahy, of

met hyl iodide (1 m, 15 9 mmol ). and of 62 mml ) in 100
m of CHC13 is stirrdfd at aﬂﬁ%‘bﬁi‘yt' énﬁGFg’V&PXrgﬁ&%ﬁngﬁg?ﬁé“@?&Fﬁ?l on of
light for 14 hours E,rmb-;c&dﬁéan(mlﬁiédﬁtaﬁ&%iﬂtsﬁ) hours. b10 Af'éler
concentrating on,a,rotar or at or ude __pr obt i s
purit1eddby H1 BHREHEmmir apRPPORRPough LT | 87 0o T ES L BFecH) to
give the expera enincn:b)mpouﬁdmerth.’yab odide 16D md,t S f&)mmnodf) aandieloge br own
i nol | ne- 5 SHCronbT0 Wt 479, aPEh ") 180 RSN $% e
(CDC13) : 4.at4 gmbigmy temperatdremndd withpoelee gexplusyonqofdlight J = 4.8

Hz); 8.37 (GhordHig dhonrs Saﬂ)ls 2125 (Koatdll dt= 6% Hedr SIBGUHMR (CDCL3)
. 54.92; 117 58; 126, 24, 09; 131.30; 137.73; 147.31; 150.00; 151.34;

153. 38: 101 gAFr 1senzant£3§ll7@ o5 a| RotenEl §VaPorAsPT 1688 FEEFe 1603 cm
1. B-15: Syrﬁﬂ’tﬁﬁjcﬁt obbtadnedc i or pui-ifFtday | byr ifitash chromatography

[2 3-g] qui nq:lne F}hlo di one (I(Qgegyﬁdgat %Hzéi}&i’éorﬁ”d E)ch give the

, 8- dlchloro
expected. compounds I-16b or II-16b in the form of a

beige-brown powder.
15 1Intermediate II-16b: 8-methoxy-4-methylpyrido[3,2-g]-
quinoline-5,10-dione.
° Yield: 41% (30 mg).
. Melting point: 128°C.
. 'H NMR (CDCl3): 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).
. 3¢ NMR (CDCl3): 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 o IR (CHCl3): 1765; 1698; 1667; 1603 cm™

B-15: Synthesis of 7,9-dichloro-4-methylpyrido-

[2,3-g]lquinoline-5,10-dione (Intermediate
I-17b) and of 6,8-dichloro-4-methylpyrido-

30 [3, 2-g]quinoline-5,10—dione (Intermediate.
II-17b)

1. Synthesis of 2 4-d:|.chloroqu1nol:|.ne-5 8-dione
Cerlum ammonium nitrate (CAN 21.4 g, 39.03 mmol) is
added portionwise to a solution of 2,4-dichloro-
35 5,8-dimethoxyquinoline (2.85 g, 11.04 mmol) in a
CH3CN/H0 mixture (150 ml/75 ml). The reaction mixture
is stirred at ambient temperature for 40 min. The
acetonitrile is subsequently evaporated and 50 ml of
water and 200 ml of a saturated NaHCO3 solution are



30 [3,2-g]quinoline-5,10-dione (Internediate 11-17b) 1. Synthesis of

2, 4-di chl oroqui nol i ne-5, 8-di one Ceriumanmoniumnitrate (CAN 21.4 g, 39.03
mol ) is added portionwise to a solution of 2,4-dichioro- 35

5, 8-di met hoxyquinoline (2.85 g, 11.04 nmmol) in a CH3CN H20 m xture (150
m/75 m). The reaction mxture is stRered at anbient tenperature for 40
mn. The acetonitrile is subsequeitly evaporated and 50 nl. of water and
200 nl of aaddedrat fheNaEHGO@osEl U ear 6 526 extduertedThevidduedifClhase i s

extracted wikh GHRC1I2 ad Jnityi MeRe 200 Bk nff IFedTiddts, OEle ”9§94en%he

solvent s evaporated on a rotary evaporator to. ve the expecte
conpound i nisheevapriratesd bPBwnapoRAEALYS5 eYapogptor vie| d9iveo, theel ting

poi nt: 161CexpbdtdyR d A3 b Mdrw 40.6 MHrown7. gdwlér 1H J
= 10.6 H) | P74 (s, 1H. 10 13C NVR (CDCL3) . 124.43; 131.10: 136.91:
139.52; ~146389; 9148. 96; 156.16; 180.53; 182.01. IR (CHC13) : 1687; 1676
cml. 2. Symethesi¥diedB:7,79%di chl or o- 4- et hyl pyri do[ 2, 3-9] -

g?g?g!gﬂfofg}g-ge E?F%ép%§%?%?53§?55rﬁgF?ng?g,25 d%gne (I'nternediate
11-17b) A s® uti Oh BFR2{GDE&éxal 8i0dt i Milazdre 10.628zh; 72189(dwol) in
20 m of acetoni iy | ¢ Ls1adgeggr.opwisge (& 0q@ysol ution of .
2, 4-di chl or oqui ng ine-5, 8-dione 20 (0.6 g, 2.63 mml) and of acetic
anhydrid@ (% nl) &G N¥Bo f¥DPeis)acet i8R | el 3Tnk0+ ed6-Aini kBBr 827 s kept
stirred at anbi enu et gIRELABYDE,; qm@gnsgiu@@ggm;aq®zmouh t he excl usi on of
the of ude pRoductiodCBELal nlbPd { AR 6B 1n 240 M of OHCLS. 3.65 g of
Mh02 are s@bseqSymthesisgdedfind7; 8edichbonox4tmethylpptido[2,3-g]-
quinoline-5,10-dione (Intermediate I-17b) and of
15 6,8-dichloro-4-methylpyrido[3,2-g]lquinoline-~5,10-
dione (Intermedia_te IX-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 ml of acetonitrile. The reaction mixture is kept
stirred at ambient temperature, under nitrogen and with
the exclusion 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 CHCli. 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 CHCl; and then with MeOH, the solution is
30 concentrated on a rotary evaporator. The crude product
obtained is purified by flash chromatography through
silica (CHzCl;) to give the expected compounds I-17b and
II-17b in the form of a brown powder.
Intermediate II-17b: 6,8-dichloro-4-methylpyrido-
35 [3,2-g]quinoline-5,10~-dione
® Yield: 41% (314 mg)
° Melting point: 177°C.
. 'H NMR (CDCl3): 2.87 (s, 3); 7.56 (d, 1H, J =
4.8 Hz); 7.79 (s, 1H); 8.93 (d, 1H, J = 4.8 Hz).



stirring at anbient tenperature for 56 hours. After
celite and washing the precipitate wth CHC13 and t
solution is 30 concentrated on a rotary evaporator.

obtained is purified by flash chromatography through -

gi ve 1 he expected conmpounds |-17b and- 2%-47b in the
powder. Internediate I1-17b: 6, 8-dichl oro-4-net hyl py
[ 3, 2- g] qui noki ne- BCLONMRoneCDYL gl d: 221%1(31426yH4; Me

NVR (CDC13) : 2.873(Sg03) 4
(d, 1H J = 4.8 H;?ﬁ 303 1477342?'ng49<1:§&13 1505930
131.13. 131.30; 186. 5&, 119 82; 130 69; 151 90: 154.

180. 66.

filtering through
hen with MeOH, the
The crude product
silica (CH2C12) to
formof a brown
rido- 35
12Vn8d4poildl.Uy;/C 1

gy Led). (e g © 9

30; 156. 58; 179.12;

H

| R CHCL3R (chc95) : 16£F £Mde3 Serd2l6 - Synthesis of

7, 9- di met hoxy- 4- nethylpyrldo-

[2,3-g] quinoline-5,10-dione (Internediate

1- 18b) ami of 6, 8- di met hoxy- 4- net hyl pyri do-
(I ntermedi at B-160~I | s§fibhedisi xt us£ of T

[3,2-g] quinoline-5,10-dione
osty-bd -atie tHy Dpyraidil II-1

300 ny
gebroug

(20, 0-27 ol ) 93 9l il gL BoX S

net hanol , 13. 04 mmol
hour s.
of water are added.

extracted with CHZClgétgL?Tﬁgiﬁai%ﬁén§ Tg}?ggﬁ

evapor atithg t he soI@En a rotary evaporator,
|-18b or Il -ABbm{;taﬁémadfq
6, 8- di met hoxy
219C.

HC1,

ryi ng
t he

86 neth% %ywmmol) andgL%UI e e the

Na 40 ml of methanol,
methanol brought to

13.04 mmol

reflux

in

is for

15
50 ml of water are added. After neutra
HC1l, the solution is extracted with
50 ml).

solvent on a rotary evaporator,

After drying over mgSO,
20 I-18b or II-18b [lacuna] gquantitatively.
Intermediate II-18b:
[3,2-glquinoline-5,10-dione
. Melting point: 219°C.
'H NMR (CDCl3): 2.88 (s, 1H);
(s, 3H); 6.53 (s, 1H); 7.45
8.83 (d, 1H, J = 4.8 Hz).
B3c NMR (CDCl3): 22.64; 54.73;
117.61; 129.55; 131.46; 148.67;
152.96; 167.95; 168.00; 180.91;
IR (CHClz): 1701; 1668 cm™

25 (d,

30

EXAMPLE 1

ium. méthoxi

4.03

149.41;
183.

of
ht

(ﬁ%ﬂ%&ﬁ

The 15 reacti nlBbXt urand s ofncehi 8-aliue thoxlyyhrassthylpytixio- 50 m

ngﬁ.‘% an >

expected conpounds

idutd VQ'—)ZL?b' nper ngdi a&@mﬂ)&ﬂﬂ@b II-17b

di

(3%%It| ng POI nt :

in 40 ml of
The

)

17 hours.

~reaction mixture is concentrated to dryness and then

lizing with 25%

CH,Cl: (3 times

and evaporating the
the expected compounds

6,8-dimethoxy-4-methylpyrido-

3H); 4.07
4.8 Hz);

(s,
J

56.80; 97.79;
150.73;

41.

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

(CRL 8293)
7-one (CRL 8294)

63 mg (2.81 mmol)
(9.84 mmol)

35
of
of dimethylformamide

compound

I-b
diethyl

and 7H-pyrido[4,3,2-de][1l,7]phenanthroline-

1.7 ml
acetal

and

in

4.5 ml of DMF are brought to 120°C, under nitrogen, for

1l hour. After evaporating the solvent

with a wvacuum

7b

20



1H NVR (CDC13): 2.88 (s, 1H); 4.03 (s, 3H); 4.07 25 (s, 3H); 6.53 (s, 1H);
7.45 (d, 1H J = 4.8 Hz);. 8.83 (d, 1H, J = 4.8 Hz). 13C NWR (CDC13):
22.64, 54.73; 56.80; 97.79; 117.61; 129.55; 131.46; 148.67; 149.41;

150. 73; 152.96; 167.95; 168.00; 180.91; 183.41. 30 IR (CHC13) : 1701;
1668-cm 1. EXAMPLE 1 7H Pyrido[ 4, 3, 2-dxg [4, 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
ng (2.81 mupimpf SoPpaundéd-bmahl bf7 W#,Cl 9aBd rhfbinl obfdiakstdipitfeor mam de
di et hyl acet e ivieien der. ik 60 for
1 hour. Afte?kgéaporggfnadqmeso @%nfgéggggg bgbuun128£g %ﬁﬁ%g§t qu(65
mol ) of NH4tefiwy €orni3bmighsobfiter eveRAsRtaps ddirede h*ﬁ@oi'teéz@ua)n
mxture is breugh t@va cﬁifaﬂdv!E( fojo 30 nbe. witer %\ﬁaooaaaeag tbe ﬁwanol on
a rotary ev gorg of water are added to the 5 &§
extraction i 5°8&% P?e&‘lﬁ’uteiﬂ}:?ﬁcéﬂ-@mz‘%B”FFﬁﬁg loakel Y’l 2yi Iy the
organi c phase5me9ver5mgﬁ:‘()4 andfeapor diriyiggt hethel ve@ng1a rqﬂ&tsyes

evaporator, Q, CR 9 t.al ne form of reeni sh

ponder 10 7P RE PEO0H, BT ST RPOTAE ARy oP PLESAEOraR (SRt AR

Yi el d: 90% ewaporagopoi At 240F CRIHONR (DRCilGhtaided8ifddhelfom= 4. 4

(da, 1r, o 08 qEgehie Pouset -0 L 5 2% o)t 9T (g, aH 0 <

1.6 and 1%, 47#ﬁ?¥=9d9_§4(3 2111?151 1§lBhF&7nth{3b1 )’r@m@ 120. 95;

124. 40; 126. {6r1.18293 20 136.78; 139.09; 147.45; 148.58; 148.82; 148. 96;
{ g

150. 66; 152. 90 1?5 zg &8% 96.

Melting point: 240°C.
° 'H NMR (CDCl3): 7.68 (dd, 1H, J = 4.4 and 8 Hz);

15 7.87 (d, 1H, J = 5.6 Hz); 8.02 (d, 1H, J =
5.2 Hz); 8.77 (dd, 1H, J = 1.6 and 8 Hz); 9.11 (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).
o ¥c NMR (CDCls): 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%.
o 'H NMR (CDCl3): 7.76 (dd, 1H, J = 4.4 and 8 Hz);
7.0 (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).
o *c NMR (CDCL3): 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.



7H- Pyrido[ 4, 3, 2-de] (1, 7phenant hrol i ne-7-one (CRL 8294) By follow ng the
proeedure described above starting fromthe internediate Il-1b, 72 ng of
compound CRL 8294 25 are obtained in the formof a yell ow powder. Yi el d:
80% 1H NWR (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,
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). 1@&&&5_@613) :119.39; 120.01; 123.85; 128.15; 132.87;

133, 80; 138.difje el 449, 2%0e) (410 hekfbth @0 1ire I odd0. 73. 29
- EXAMPLE 2 8- hox - o['4,"3. % phenant hrol | ne- 67 one (CRL
8363) and nq?am;gﬁ/ 41 dof -sezheasyr B, By RS An BnPorel d Ly Tao. ( R
8364) 5 74 dﬁhﬁﬁhfamﬂﬁe4#-dﬂ§nxnnnj 6 and 2 nl (11.8 mmol) of

di met hyl e ceta . br t to.120C,
under ni ro e Ei éé: OL)afQ COIE?/%%‘?J %B fhd 2 &er{ﬁﬂwg acuum
punp, 4.5 gof 861ﬁelrhg[L)€omfnamlh:I4€1 diret 1671 mhcetadbsiot ube 2etmianmf MMF 10
added. The react t obro t X 3 n.

evapor ati ng afi'ﬁe B’%}liﬂ%( %éleﬁééo(? Mée]\:/ag%)?g{:glre%{' 5%8%1 1 go%t e%@tatre added
to the resi dwarghting r ddd orﬁqlsre@é;rrumfbuta WVIBIEUORR CPEMP3 t i4nds 950 ) .

After dryinggds Qi) CoPhRERSL - aﬁ’&e"67”91§o‘bfa%§<51@&/@péﬁﬁéh89 e sol vent
on a rotary evaporator the residue is purifjed %gB | ash chronatography on
f ¥

a silickl cadard- (8Beo r@ﬁ@l@%@i}xpﬁ}r@l Ve PR r 8363 in
the form of 3 noiraNgeA PN efovapdyRitiony - the ethanol on a rotar

IHEREE ReleR i E S e S e C
5.2 Ft) 7. QMKnﬁcﬂan is carried out with CH2Cl, (3 tlmes 50 ml)
After drying the organic phases over mgSO; and
15 evaporating the solvent on a rotary evaporator, the
residue is purified by flash chromatography on a silica
column - (98/2 CHC1l3/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%.
o 'H NMR (CDCl3): 4.20 (s, 3H); 7.13 (d, 1H, J =
5.6 Hz); 7.82 (d, 1H, J = 5.2 Hz); 7.94 (d, 1H,
J= 6 Hz); 8.92 (d, 1H, J = 5.6 Hz); 9.07 (d, 1H,
25 J 6 Hz); 9.13 (d, 1H, J = 5.2 Hz); 9.19 (d, 1H,
.Jd = 5.2 Hz). _
. 3¢ NMR (CDCl3): 56.77; 109.26; 119.70; 120.47;
123.09; 138.50; 147.85; 148.25; 148.69; 150.66;
154.08; 155.68; 167.54; 180.40.
30 l11-Methoxy-7H-pyrido[4,3,2-de] [1,10]phenanthroline~7~-
one (CRL 8364)
By following the procedure described above starting
from 1.14 g of the intermediate II-2b, 0.59 g of
compound CRL 8364 are obtained in the form of a yellow

35 powder.
o Yield: 50%.
° 'H NMR (CDCl3): 4.15 (s, 3H); 7.26 (d, 1H, J =
6 Hz); 7.70 (d, 1H, J = 6 Hz); 7.96 (d, 1H, J =



J =6 H);
1H, .J =

109. 26; 119.70; 120. 47,

8.92 (d, 1H, J = 5.6 Hz); 9.07 (d, 1H, 25 J = 6 Hz); 9.13 (d,
5.2 Hz); 9.19 (d, 1H, .J = 5.2 Hz). 13C NMR (CDC13): 56. 77;
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] phenant hr ol i ne~730ore (CRL 8364) By follow ng the

procedure described above starting from1.14 g of the internediate |1-2b,
conpound CRD B83B48%r édobiUéb néd= b thed ;f o&nﬁbf (&, yeH} oW =35

0.59 g of

powder. Yield: 5@%2).1@!\1!\@(7 4.]55451_1 7.26 (d 1H, J =

Hz): 7.70 (d, 1H Hz
6 Hz): 8.97.%°(d, %H NMR
(CDC13): 57.05; nlda 331; 111&47&9 11939156 121246271i241z279 101,38.151@,.61946- 71;

o ot horaoy A9t o B Izs%éa%%%a%%gfm % i ine-7- one (CRL

95‘150?d ¥H -3 418.

8800) and 11-(di nmet hyl am no) - 7H- pyri do-

[4,3,2-de] [ 1

| -3b or of

di et hyl aceﬁ'a(Dimﬁ@'lmlW!m)'EiWEN@-@ ghi2tdeh

for 1 hour.

mmol ) of NHACL and absol ut e eth add The reaction
S‘Flo[ni’ p@jﬂ'{ ) ng the ethanol

m xt ur e }0s

t

6

1H J = O 5.6 H . 8. 85 %9 1H J
1P3

l-3b and 0.21 1. 05 mol ?ZbOf di et hyl f or mam de

A 01phrRanthxengen,

t hrol i ne-7-one (CRL 8367) 80 ng (0.3 mmol) of tricycle

Hd 17 R4 ONekt, Ng80DF SRSV (ainwthmém\i WyHpRidS-5 O (9.3

W it eﬁlRBP#éﬂthﬁP%ﬁQF

on a rotary @W@ﬂpr@mos miol} 6f wah ca@eJaddedn:tOfthelbgaaduqrw3$

o gani ¢ phasthS 804 Agsod akd B 1, St TR s, Pl '

evapor at or,

15

20

25

30

35

achsetal/\ometla;z:yml [ ofcdmﬁ‘)uaars deowihti ned 120°C, under
nitrogen, . for 1 hour. After evaporating the solvent
with a vacuum pump, 0.5 g (9.3 mmol) of NH4 Cl and 80 ml
of absolute ethanol are added. The reaction mixture is
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 out with CH»Cl,
(3 times 5 ml). After drying the organic phases
over mgSOs and evaporating the solvent on a rotary
evaporator, the two tetracyclic compounds are obtained
quantitatively in the form of a red powder.
11- (Dimethylamino) - 7H-pyrido[4,3,2~de] [1,7]-
phenanthroline~7-one (CRL 8367)
o H NMR (CDCl3): 3.00 (s, 6H); 7.09 (d, 1H, J =
5.2 Hz); 7.57 (d, 1B, J = 5.6 Hz); 7.90 (d, 1H,
J= 5.2 Hz); 8.54 (d, 1H, J = 5.2 Hz); 8.89 (d,
l1H, J = 5.2 Hz); 9.11 (d, 1H, J = 5.6 Hz).

EXAMPLE 4

8-Hydroxy- 7H-pyrido[4,3,2-de] [1,10] phenanthroline-7-one
(CRIL, 8802) and ll-hydroxy-7Hprrido[4,3,2-de][1,7]—
phenanthroline-7-one (CRL 8388)

50 mg (0.126 mmol) of tricycle 'I-7b or of tricycle
IT-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 wuntil a pH of 9-10 is



guantitatively in the formof a red powder. 11- (D nmethylam no) - 7H pyrido
[4,-3, 2-de] [1, 7] - 25 phenanthroline-7-one (CRL 8367) 1H NMR (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) ;
9.114_(d, 1H, J = 5.6 Hz). 30 EXAVPLE-438&- Hydr oxy-

7H pyrido[ 4, 3,2-de][1, 10] phenant hrol i ne-7-one (CRL 8802) and

11- hydr oxy- bﬂdt;ay'medb[ A Mmikjurd , 73 - epheaahetr oiiithe CH26he (ERLiB6888) 35 50
ng (0.126 I fr cl I SO din0.5
m of TFA andlﬂ?lt%en t ft@f?egéj |l¥1r% m )Y%urg{gjlsg)yst?flged ?Qrﬁ%&ﬁh% tH he TFA

i s evapor atSéd Vémta Bt & yrevapvr svePohidFathenZd Bt Wit éﬁtrﬁlﬁmcsol ution

i's ﬁdgag l{g'fddén pduHd @rénmalsmefdt 3h ol Fgred ofTbse R 1 DA dvdeaxt { act eflh

wi t er, y o and .evapprating the
sol vent é"(:"r -5 "a%)'?g)tr [foarr%r 6*qu[e"t %‘fﬁ%o 278 obt ai ned
in the form((uIRIa Q&ﬂa)ow powder. 5 11-Hydroxy-

7H-pyrido[ 4,3, 2- 7] enant hroline-7-one (CRL 8388) Yield: 62%

Mel ting p0|nt > ‘NVR (CDC13) : 7.20 (d, 1H, J = 5.6 Hz) ; 7.83
(d, 10 1H % Ma—lzl)ln%.p@(ln(td >1I-36 -C— 6 Hz); 8.72 (d, 1H, J 6 Hz),;

8.76 (d, 1He J =1f Wk (P4 gd —1516,_-}41)_ 514.65) (S7. éy){d13CNI\/R
(d6-DVEQ): 116. 22 116. 35, 118, 61" 12 24; 124 06: "138 09: 143 61; "148. 04;

148.99: 1949 11: 15 182=6F HE3 A-0064dg0 170755 GHmIpL B5/2 (d,
8- Chl or o- 7TH-pyri cj_q{4 .3 2- GeHz) ;108 phengat hna,i ne- Z-@Qiz)(,%.@@%h,and

11-chl oro-7H pyr| ] ] phen hrol i ne-7-one (CRL 8301) 260
ng (0.67 rrm)l) of |cycI cheﬂf[a r710f26%t {]d giq'@ :
3C 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
II-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 CHyCl,/MeOH are added, followed by a saturated
NaHCO; solution wuntil 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-pyrido[4,3,2~-de] [1,7]phenanthroline-7-one
(CRL 8396)
® Yield: 28%.
35 e Melting point: > 260°C.
e H NMR (CDCl3): 7.68 (d, 1H, J = 5.2 Hz); 7.89 (d,
1H, & = 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).



I1-7b are dissolved in 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 M of 25 95/5 CH2Cl12/ 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. -Afjzer-drying over ngSO4 and
evaporating the solvent on a rotary evaporator, 40 ng of tetracyclic
conpounds are 30 Bt aiMred(dgpoMsD)f:orm ©f8B; bl 20n8Ppowdes . whi:clld6. 3dashed

with ether. 8-Chl - (4 pyrd 5 319 [.1, hgpant | i pe- A {CRL
8396) Yield: 28%££§58ﬁfvmﬁﬁ'gééoi &%:&517260@9'321’ Nl\jlg? 13)1@%9.46'8 (d,
1H, J = 5.2 Hz) ;1%9896£d153186;J153596; HEY9.8701 (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). -
32 13C NWR (d6-DMSO : 119.87; 120.88; 123.61; '126.31; 129.01; 138.56;
146. 87, D47 EXAMBLE 66. 148.94; 149.76; 153,85; 153.96; 179.87. 5 EXAWPLE
2 4- Mﬁt h0x¥-¢2hbeuskgogﬂvz-§§ziﬁsilg;leﬁél-ab@mamhliphéngnzhnomineemhoaaom and
- met hoxy- ri , 2-de , 7] - enant.hral i nes 7= ¢ _100 ngy
(0.39 mmol) é&r ggb Ve I-%‘b‘]‘lor 04"{“%)?%%%%@?’?’74%5&’2%? %7%0;% 1.37
mol ) of di nphéshhehrelide-7doaeh(CRRCB4AL)in 0.7 nl of DVF are brought to
120C, under_Rpiktrogen r ur . - At er oraking.t.he.¢s Lth a
vacuum punp, 1g.b6m8 (ﬂ?%gm‘??f)ofoﬁ\lﬁcygc\r?%%g tr§1b o.?Eabg(f)l 8‘%% € (Fl%énol are
added. THe r&ZeBbonab8 nidx2dr eli s Gr-dfgmmald r effi uxdingtizgl fermanide,

evaporating Kk anetd & & Obah ymeVRROIHMEOTard Obbught Wai e12@te, added
to the resi dggggﬁgme%@react lon is clgr ried out V\]A'Ct h CHZ%lZ (3. times, 10 m).

After dryingungRE oPd&mrgepnasdSTover NAFE04r AhESTor AYFRPIHE 2P| vERT
solvent with a vacuum pump, 0.6 g (11.7 mmol) of NH,C1

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 CHyCl, (3 times 10 ml). After drying
the organic phases over mgSOs, evaporating the solvent
20 on a rotary e#aporator and purifying by filtration
through silica (95/5 CH,Cl,/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).
L Melting point: > 260°C.
. 14 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, 1H, J =
6 Hz); 9.13 (dd, 1H, J = 1.9 and 4.8 Hz).
. 13c NMR (de-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 IR (CHCls): 1674 cm™. |
4-Methoxy- 7H-pyrido[4,3,2~-de] [1,7]phenanthroline-7-one
(CRL 8401)
® Yield: 59%.
L Melting point: > 260°C.



20 on a rotary evaporator and purifying by filtration through silica (95/5
CH2G12/ MeOH), the conpounds CRL 8400 and CR1 8401 are obtalned in the form
of a brown powder. 4-Methoxy-

7H-pyrido[ 4, 3, 2-de] [ 1, 10] phenant hrol i ne-7-one 25 (CRL 8400) Yield: 83%
(85 mg). Mel ting point > 260C. 1HNVR (CDC13) : 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 ari‘dilxll\ﬂil—(ZQDClS)lotl(d? I, 3H¥; 6.M#) (dd9. 18,(dd= BH4 J = 1.9

and 4.8 Hz). 13 Os 63 1 125, 5 29. 02:
129. 16 132) 22 Wﬁ(q gl\/s 8 10}? Z‘? ]1%’29 %1 i% 682312) g% (P34 g1
180. 34, 35 IR (CHOL8) B: 93674, crif. J 4% VBt Boky) THDPS d(ﬂdu 3B, 4d] F 1

7] phenant hrol i ne-y7:9ne;nd CRL, 8481y, Y9 elgl: ﬁﬁf/ 1l¥p| tigng =p0|1nt9 an%iﬁOC 33
1HNI\/R(CD013)'427(S 3H ; 7.747(dd, 1H 3 =4 4 and 8.1 Hz); .8.08

(d, 1H 3 =156 831 B2Fo (s, "1H): 8.93 (d, 1H J = 5.6 Hz): 9.05 (dd, 1H,
J = 1.9 ande 4.4 Pz) NMR 19d{<bMsc)H  87= 03 ;9 a8 16 8119Hzm, 1B3C g9yR

(95959 S0 a8 a1 e, 3D Al ey A 10 T4
cml. 10 EXAVPLELY7 49& ElmtﬁlbxylSZl-Bbyrlm{g&S P79le84 1, 10] phenant hr ol i ne-
7-one (CRL 8§303) ap él%é]]_ d.| ri%gily) XY H pyri do-

[4, 3, 2-de] [ 1, 7]phenan rol'ine-7-one (CRL 8440) 15 A solution of the
corrpounéOI-Qb or of the conpound 11-9b (100 ng, 0.35 mmol) and of

N, N- di et hy| gxxmpng de
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-one (CRL 8440)

15 A solution of the compound I-9b or of the compound
IT-9% (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 is
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 NH,Cl, 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 CHC1l3/MeOH) to give the compounds
in the form of a yellow powder.' '
4,11—Dimethoxy-7Hprrido[4,3,2-dé][1,7]phenanthroline—

30 7-one (CRL 8440)

o Yield: 26% (27 mg).

L Melting point: > 260°C.

o 'H 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,

Jd = 5.9 Hz).

) 3C NMR (de-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.



di ethyl acetal (0.24 m, 1.23 mmol) in 1 mM of DW is brought to 120C for
90 mn. The reaction mxture is concentrated under high vacuumto renove
the DMF and 20 the residue is diluted in 100 ml of absolute EtOH  After
adding 0.6 g of NHACLl, the m xture is brought to reflux for 30 mn. After
concentrating on a rotary evaporator, 330-n of water are added and the
mxture is extracted with CHCL3 (3 tinmes 75 mz. The organic 25 phases are
dried over MySO4 IdhdCsdcent 1688d. 16A8:cA8d@ cproduct obtained is purified

by flash chrgonat agy.anhys tzfgﬁoufgéhﬁi | boa ((9@25 Gk 3/ (YeGH) i§>z g|(gg)t.he

conpounds in the formof a yellow powder 11- Di et hoxy-
pyrido[ 4, 3, 2- de][1657]([?l?énanthrol I ne- 30 7-one (CRL 8440) Vi eI d: 26% (27
ng) Melting point: > 260C. 1H NWVR (d6-DMSO) : 4.08 (s, 3H) ; 4.26 (s, 3H)

754 (d =59 Hz); 7.98 (d, 1H 5.9 Hz): 8.77 35 (d, 1H J = 5.9
He) : §§§§¥¢¥L5594 (d, 1H J = 5.9 HZ). 13C NVR (d6-DNBO) : 57.41
58. 07 02 A3 Melth®xy5-8 ~diiye thr 1 argn or 7 H-13 18 [ 41,3, Z-delfl ;101 -146. 81;

1606, 1575 EopanEoLmE 1] (3166% Jo o 49) Lﬁ‘s‘z"*?%%“lé??m

5 EXANPLEaadﬁmﬁahx%ewxa dak oot lehe
phenant hr ol igifs 7¢cae 84@3y 8804) and 4- rret hoxy I'1- di rret hyI am | no-

ol U1 ohBof & hBOLEHEANG - FiS GOMBIOWHE. ComBUE  PE-|SHE (S6TRGURY, 27
nmol ) and ofIINIHgi (80 hyd f oOn@Mm dﬁoldl ety | ofCHY N-difetByliforfafddenol ) in
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brought to 120°C for 3 hours. The reactlon 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 NH4Cl, 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 mgSOs and concentrated.
The crude product obtained is purified by flash
chromatography through silica (95/5 CHyCl,/MeOH) to give
the tetracyclic compounds in the form of a red-brown
powder.
25 4-Methoxy-ll-dimethylamino-7H-pyrido[4,3,2~de][1,7]-
phenanthroline-7-one (CRL 8441)
e  Yield: 40% (33 mg).

° Melting point: decomposes.
. 'H NMR (CDCl3): 3.02 (s, 6H); 4.23 (s, 3H); 7.08
30 (d, 1H, J = 5.9 Hz); 7.87 (d, 1lH, J = 5.5 Hz);

8.54 (d, 1H, J = 5.9 Hz); 8.65 (s, 1H); 8.90 (d,
1H, J = 5.5 Hz).

° 3¢ NMR (CDCl3): 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.

o IR (CHCl3): 1682 cm™t '

o MS: m/z 306 (52); 305 (32); 291 (100); 290 (66);
276 (24); 248 (9); 220 (13); 193 (21).



15 the residue is diluted in 90 ml of absolute EtOH After adding 0.4 g of
NHAC1, the mi xture is brought to reflux for 30 min and then concentrated
on a rotary evaporator. 30 m of water are added and then the solution is
extracted with CH2C12 (3 tines 50 ml). The 20 organi c phases are dried over
ngS®4 and concentrated. The crude prodict- obtained is purified by flash
chromat ography through silica (95/5 CH2C12/ IVEO—D to give the tetracyclic
conmpounds | EXAMPEE) % of a red-brown powder.

. 4- Met hoxy - 14l - Skt 1edkty07 -??ﬁﬁd d.[34; }jgi .16 ﬂﬁenanthrol:.ne-
phenanthrol [ ne 7-one (,CRL gzel Yi e 40% & 3 3 t| n 0| nt:
decorrposes T-gRe\R (éSR_’:B .02 (@dgH) 4. E%é"h%ﬁ)‘ do3zp (d,
1H, J 5.9 Hr)3,2-de] [T, 7]]ﬂihenhrFtlfrc5'l.iﬂé =7-ch&4(CRL 84Y9) = 5 9 Hz); 8.65
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VS, 2 306 {diyP08eLEali @0%alA0) 1 209 ;1474 (AVos 24P 6D

(13) ; 193
4, 10- Di et h£b< SRty EPd[2P°E 2fere] L1, W phefbat Hefdtinn mishere CRis 8805)

and 4, 9- di mes byt ik Y qadeH rfig% d%&&ua] Hﬂﬁnﬁém{r@ 'ﬁh% 7m@ﬁea(n@RL 8479)

5 A sol uti on of the .conpound ound LI-1
ool ) hib OrERe NS E8r e it I POLg: AP E ( RAPIHES 3 B o))
1 m of DV AStebrad@higt0.320& &66r Nf,dDUrthdhaikeaeei 98 Broughe it

concentrated under hd h cuumto nove_t he nd 10 t he resi due S

oy e RAERRE D SBCHIRL | OpFEIRY Peonéambtaifia  Coh 0 LEREE Y e

mxture i s BEoapgtater, reflnk bdr Ber nardf eddedoramht thei sgplavtimnr ot ary
is extracted with CHCl3 (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 (CHC15) 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) '

e Yield: 36% (37 mg).
J Melting point: > 260°C.
° 'H 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). _
e 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 8482)
A solution of the compound I-13b or of the compound
II-13b (30 mg, 0.07 mmol) and of trifluorocacetic acid
(0.27 ml, 3.5 mmol) in 15 ml of CH,Cl, is stirred for




evaporator, 20 m of water are added and the solution is extracted with
CHC13 (3 times 30 nml). The organic 15 phases are dried over ngSO4 and
concentrated. The crude product obtained is purified by flash

chromat ography through silica (CHC13) to give the tetracyclic conpounds
in the formof a green powder. - 36 -

4, 9- Di met hoxy- 7H-pyrido[ 4, 3, 2-de] [ 1, 7] phenant hrol i ne-7- 20 one (CRL 8479)
Yield: 36% (637 hyxs. Mdfteng qm@icmn‘tmtzm onldH NMREXH- EBVBOPratox: (s,

; d :
‘;’ED(SA' if_’i)(s%leggbf%gc% on( mlélégr‘é Og‘é%éfZeafs (mfltth l@ ﬁlﬁz)of?’g gﬁ/R

(d6- DVBO) saztumteoseN@IéCOil&omtlw? qmd eﬁsasgedlzwltﬁu CHSd3432 129. 99;

136. 29; 141 thbes 136. ﬁﬁ 1‘*1@1e72oré4191§ phakesd. Eiﬁne 169i88Q; &7&3@; ¢0 IR
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(CHC13) : 1679.cm1. Ms iz 29%ﬁ£4?%

9- Et hoxyéarl%‘r?yl Ay SoRSERtE a3k PR 16 p Y 35VERPEH oNE ( CRL

CoR 8459) 1&%?3%“&%%@@&%2@] Cpe commatnd -1 Lelsb (30
J)%. %h‘ghg Y ngéli'g %%pgl}n{iﬁg § gﬂg '%%rm of1

ng, 0.07 Mol Iuoroace I ¢ aci In 15 m of
CH2C12 is sta ryreédl.dvorpdmiem hours. After concentratl ng on a rotary

evaporat or, d%ﬂ&%dfgbﬁyiam_epyﬁ&g? f3 sl b 'gllm edn-saturated

NaHCOB sol uti.on .and “extracted W ti rres The organic
phases &Pe dhxalings’1RPSH(CRL, /84 concentrat ed on a rotary evaporator.
The residue obtaiinaadid symrifieidny) filtration through silica to give the

tetracyclic conp s, in the for a yell ow powder. 10-Et hoxycar bonyl -
7H pyri do[ 4, °3 ggﬁrﬁ[q:l il%éﬁq'rr ol i ne-7-one (CRL 8482)

NMR (cnc13) 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, 1H, 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™
MS: m/z 305 (92); 260 (7); 232 (93); 204 (25).

25 EXAMPLE 11
10-Hydroxy-7H-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-one (CRL 8483)
A solution of the compound I-14b or of the compound
30 II-14b (tricycle 56) (50 mg, 0.135 mmol) and of
trifluorocacetic acid (0.54 ml, 7 mmol) in 30 ml of

CH2Cl, is stirred for 48 hours. After concentrating on a
rotary evaporator, the reaction mixture is basified
with 13 ml of saturated NaHCO3 solution and extracted
35 with CHzCl, (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,Cl,/MeOH) to give the
tetracyclic compounds in .the form of an orange powder.



Yield: 53% (11.3 np). Melting point: 246C. 1H NWVR (CDC13) : 1.49 (t, 3H,
J =7.3 H) ; 453 (g, 2H J =7.3 Hz); 7.85 (d, 1H J =5.9 Hz); 8.03 15
(d, IH, 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, 1H J = 1.9 Hz). 13C NWR (CDC13)
14.32; 62.29; 119.61; 120.39; 124.04+ 329-94; 132.60; 135.46; 138.77, :
147.78; 20" 149.17; 149.46; 153.23; 164.15; 180.20 (1C not observed). IR
(CHC13) : 1796HydsésyecTHipyriBo[4] 3,208e] 92)7]18b€néathréB2né9o3ron€04 ( 25).
25 EXAMPLE 1%%§8 Eugg Pxy- 7Fprr|do[4 3,2-de][1, 10] phenant hrol i ne-7- one
(CRL 8809) a I oxy- pyrido[ 4, 3,2-de][1, 7] - phenant hroline-7-one

( CRL 8483) A® sol uﬁ@hdef 59ﬁe(é6n§0mﬁﬁ | -14b or of the conpound 30 II-14b

(tricycle 56¢ (50maHtifd 1§51HHDI$ aggeef trifluoroacetic acid (0.54 m, 7
mmol) in 30 m of, CH2CI2 is stirred for 48 hours. After concentratlng on a

rotary evapofator B (¥R §GRE19F il «Q&ir 64 s1BasPt Fed - Swifen 113 i
sat ur at ed NaHCOB $HL utdi on and Bxjkagt.ed kawn th, CRGE25(2 HENgs 8307071) The
or gani ¢ phases ar

evaporator. The rzgfgaj'gb ;%%éggfgﬁ ﬁ??#fggnbggT igtr%%hro 't d{ Bﬁ;y(97/2

CH2C12/ MeOH) to gPvé9tiid, i1Bfrdcscbhbib EBvhpounds in-the formof an orange

wd 37 d 4, d 7 enant hrol i ne-7- one CRL
8283;ar Y| el d9 I;(y)o Zxécgéﬂ))oyri% &@7 gj%én(%z angGOC 5 1H NMR (CDClg) :

7.06 (d101H ®J) = MSg né; 49 ﬂzo(w, 2 H (37 651919@)<98 Bp-(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 =
5 He). EXAMPLE 12
10-Methoxy- 7H-pyrido[4,3,2-de] [1,10] phenanthroline-
7-one (CRL 8810) and 9-methoxy-7H-pyrido[4,3,2-de]-
15 [1,7]phenanthroline-7-one (CRL 8484)

A solution of the compound I-16b or of the compound

II-16b (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

20 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 NH4« 1l (26.2 mmol), the
solution 1is Dbrought to reflux for 30 min. After

. concentrating on a rotary evaporator, 50 ml of water

25 are added and then the solution is extracted with CH,Cl,
(5 times 40 ml). The organic phases are dried
over mgS0s and concentrated. The crude product obtained
is purified by flash chromatography through silica
(99/1 CH2Cl,/MeOH) to give the tetracyclic compounds in

30 the form of a brown powder.
9-Methoxy-7ﬂ=pyrido[4;3,2-de][1,7]phenanthroline-7-one
(CRL 8484)

° Yield: 10% (20 mg).
° Melting point: > 260°C.
35 e 'H NMR (CDCls): 4.14 (s, 3H); 7.11 (d, 1H, J =
8.8 Hz); 7.63 (d, 1H, J = 5.5 Hz); 7.87 (d, 1H,
J= 5.5 Hz); 8.77 (d, 1H, J = 5.5 Hz); 8.91
(d, 1H, J = 8.8 Hz); 9.09 (d, 1H, J = 5.5 Hz).



IR (CHC13) : 1690; 1667, 1602 cm 1. 10 O Ms: nmlz 249 (100); 221 (77.6); 193
(99:2). EXAMPLE 12 10- Met hoxy- 7H-pyrido[4, 3, 2-de][1, 10] phenant hrol i ne-
7-one (CRL 8810) and 9-net hoxy- 7H pyrido[4,3,2-de]- 15

[ 1, 7] phenant hrol i ne-7-one (CRL 8484) A solution of the compound |-16b or of
t hes conpound [I1-16b (200 ng, 0.786 mBB)-and of N, N-di methyl- formam de

di et hyl acet al (0 47 m, 2.73 mol) in 3.2 mM of DV is brought to ref |ux
for 2 hours® The ?@awﬁon(gochkturfeh%l;coridé’nt%at edl8n8dr N BH-93cuumto

remove the DIVF Faangokherseshdue 156 thon! qcizal 52200145 96 absey Lis, Et CH
After adding 1.4 NH4CT (267 2 ‘mnol sol'ution’i's brought " to refl ux

for 30 nin. After%80(9§eeﬂl4|8a i3ig 169 -4 rrot1§|5y8(§vaé§t0at5§r 50 M of water 25
are added awmd ther tleacso) ut1935| smEXtract ed W|th CH2C12 (5 times 40 nml).

pr oduct Dbt & ned e mgr PEoed Sy Iv1 A0 (ARoARogLapty S RNough il ca (99/1

CH2C12/ MeCH) to give the tetracyclic corrpounds in 30 the formof a brown

powder. 9- pyrido[ 4, 3,2-de][1, 7] phenant hrol i ne-7-one (CRL 8484)
Yield: 10% lting point: > 260C. 35 1H NWR (CDC13) : 4.14 (s,
3 | 711 it msethow-g%ﬁpynﬂodj @i 2-de] 11,103 phenaptirodingt 1H,  J

b5 ) . e ek sl it s (2
123. 70; 1%27 f33 f@ﬁké %9@anﬁﬁ§ erjrops (CRIg )148.83: 150. 19:

165. 86; 180A555011h&<61€|'|62f3)the1@%&1p5ﬁnli b-186 dfl20263:h(98 @ompdand( 25. 1) ;
%%p§§?dg%4$§%¥;§ﬁﬂ%¢ﬁg}n%fe and of N,N-dimethylformamide
diethyl acetal (0.22 ml, 1 29 mmol) in 1.5 ml of DMF is
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 NH4Cl (13.08 mmol) is added and the solution
is brought to reflux for 30 min. After concentrating on
a rotary evaporator, 50 ml of water are added. The
20 solution is extracted with CH,Cl, (5 times 40 ml). The
organic phases are dried over mgSO; 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 yellow powder.
9,11-Dimethoxy-7H-pyrido[4,3,2-de] [1,7]phenanthroline-
7-one (CRL 8485)
. Yield: 9% (10 mg).
° Melting point: > 260°C.
. 'H NMR (CDCl3): 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¢ NMR (CDCls): 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.
e IR (CHCl3): 1688 cm™
MS: m/z 293 (15); 292 (28); 233 (24); 204 (13):
165 (10).

30



7-one (CRL 8811) and 9, 11-di net hoxy-7H pyrido- 10
[4,3,2-de][1, 7] phenant hrol i ne-7-one (CRL 8485) A solution of the conmpound

| -18b or of the conpound 11-18b (105 ng, 0.37 nmol) and of

N, N-di et hyl formam de diethyl acetal (0.22 m, 1.29 mmol) in 1.5 n of DW
is -prought to reflux for I'h 30. The-r8&ction m xture is 15 concentrated
under high vacuumto renove the DM and then the residue is diluted in 95
m of absol EXAMBI®I14 0.7 g of NH4CL (13.08 nmmol) is added and the sol ution

i's brought tsaﬂﬂémpﬂaaﬁn%aw-@m/afrbew 'HJ I31.C2-Qﬂ; @ rqtary '
evapor at or, wat er are addeg ut| § ﬁ act mnth
CHz2C12 (5 t Phen olingrd -ogeyani ECRH re d?* ef iﬁ

concentr at ednme“ﬂlqmnﬁm-rm;@q&ud&{mma#dea mrﬁ]fplﬁhé’ivtﬁﬂdish;e-7-

chronatograp@*htﬁ#gu%P' 5Iica (99/1 CH2C12/ MeOH) to give the tetracyclic
conmpounds i t m of ‘an orange- 25 yellow powder. 9, 11-Di met hoxy-

7H- pyri do[ 4 A3, eotletidn 7jgfhetbat mooipiowad 7Iﬂihéb( CCRL 848%)he Ycetpouéh (10

ooes Ay (ARG, D378 BTS¢ o onl §radilbehyd-26 O
8 93’ (d, 1Hfoarmarra® Mijethyl] aqetal 1(9.23 an 51H§; mmqisb mletmis) :

54.39; 57.0%¢ 9§Mﬂ611s1113r§19%ht3Ftoll§e§fux1%1861hlgé 16]?he13§e5@t1éﬂ6 93
147.09;  148.29; 148.62; 15 ;

50; 166 f 67.73; 180.65. § . 1688
cm 1. M HXBES i)Conmsntrahed S04 IB v t°168“‘? 6) -
EﬁANPLEh14|&mm|ne&hyl?memo iﬁeght@é&dﬁé—?iélddh4uﬂeardﬁh{195]ml of
phenant hrol i ne- 7 812 11- di y 1 N0+
7H pyri do[4 1(5&]%[ Ignantﬁji'lg fne- gdoc{.} Gne (HESI!M%?@ NH,C1

13.08 mmol), the mixture is Dbrought to reflux for

30 min. and then concentrated on a rotary evaporator.
15 50 ml of .water are added and then the solution is
extracted with CHyCl, (5 times 40 ml). The organic
phases are dried over mgSO; and concentrated. The crude
product obtained is purified by flash chromatography
through silica (99/1 CH2C1,/MeOH) to give the
20 tetracyclic compounds in the form of a purple-red
powder
9-Chloro-ll-dimethylamino-7H-pyrido[4,3,2-de] [1,7]~
phenanthroline-7-one (CRL 8486)
® Yield: 3% (3.3 mg).
25 o Melting point: 246°C.
. 'H NMR (CDCls): 3.04 (s, 6H); 7.11 (s, 1H); 7.61
(d, 1H, J = 5.5 Hz); 7.92 (d, 1H, J = 5.5 Hz);
8.90 (d4, 1H, J = 5.5 Hz); 9.14 (d, 1H, J =
5.5 Hz). _
30 e ¢ NMR (CDCls): 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.
o IR (CHCl;3): 1698 cm™
e  MS: m/z 311 (19); 309 (11); 296 (89); 294 (100);
35 269 (4); 267 (1); 204 (66).



A solution of the conmpound I-17b or of the conpound 11-17b (110 ng, 0.375
nmol ) and of N, N-di nethyl - fornmam de diethyl acetal (0.23 m, 1.31 mml) in
1.1 mM of DV is brought to reflux for 1h 30. The reaction 10 mixture is
concentrated under high vacuumto renove the DM and then the residue is
diluted in 95 Ml of absolute EtOH Af#8r-adding 0.7 g of NH4CL (13.08
nnDI) the mxture is brought to ref lux for 30 mn. and then concentrated
on a rotaryEXBMRLEA1S 15 50 ni of water are added and then the sol ution

is extract qduydrbxPHYEL v doi[@8 S, 20 d8l)[1 IquhhﬁéhWhrdM$ﬁE¥94§ﬂéCﬂled

over ngSO4 oncentr.at ed | ned Lf.ied by

f1 ash chrorra‘ﬁgy :"fiﬁroug‘ﬁ% chéé;ﬂ(%/ﬁn%—( %ngfﬂf zigﬁéﬁlflﬂe 20
tetracyclic[donpaunﬁﬂ[ln7ﬂbhehanmhmblanpuﬂabeered podﬂhydr01od1de,

9- Chl or 111§hﬁegq§§ m no- 7H pyrido[4,3,2-de][1,7]- phenanthroline-7-one
(CRL 84 reld” 3% (3.3 ng). 25 Melting point: 246C. 1H NWR (CDC13) :
3.04 (s, 6HHydriodic(sacig) (57%61in(cwatﬁi J10 Bls HAR.67m@Rl)d, isH, J =
5.5 Hz); 8 d, +&H, gJ J 5 ) or305¢1' 3C NWR
(coc13) 44%%8(jl Ak 59. sugpénggbng 00 * EBmpdling: C§53838bE1§§ 505 146. 51
146. 77; 148cgmpoungy €BL 348139(54 5ngeg:0 4% mmol) gdrosacekiRe( cpeid) : 1698
gg}l(l)NB: M4zm33l (8 miR0Hré&ll)s  hd8EedBAk 1éﬁmb(£89)21 B6uz89 (4) ;
7++pyr|H%[4g%t%Hmﬁﬂﬂﬂ%ﬂﬂpﬁ&%aﬁ?ﬁ?o%ﬁ&éef18ﬁe ﬁ&ﬁ?ﬁ%ﬁ%ﬁ@%?ﬁ&?§8l3) and
4- hydr oxy- EHepyexpected, Sobpdapids, 7] phasaibited | - Thenefdrhydrfdi adi de, 5
(CRL 8487)

purple powder.
4-Hydroxy-7H-pyrido[4,3,2~-de] [1,7]phenanthroline-7-one
dihydroiodide (CRL 8487)
15 e Yield: 85% (82 mg).
o Melting point: > 260°C.
o H NMR (de-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 o IR (CHCl3): 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 POClz (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 NaHCO3 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, and then
concentrated on a rotary evaporator. The residue
obtained is purified by flash chromatography (99/1
35 CHzCl,/MeOH) to give the expected compounds in the form
of a brown powder.
4-Chloro-7H-pyrido[4,3,2-de] [1,7]phenanthroline~7-one -
(CRL 8480)
L Yield: 4% (2 mg).



Hydriodic acid (57%in water: 10 nml, 44.6 mml) is added to a suspension
of conpound CRL 8400 or of conpound CRL 8401 (50 ng, 0.19 mmol) in acetic
acid™ (4 nt'). The mixture. is heated at 100C for 21 hours. 10 After cooling
and then filtering, the dihydroiodide of the expected conpounds is

I sol-ated in the formof a purple powtedl - _ o

4- Hydr oxy- 7H-pyrido[ 4, 3, 2-de] [ 1, 7] phenanthrol | ne-7-one di hydroi odi de (CRL
8487) 15 VYi®l d: Mst4i82 mgjnt: Ml 2680Cpoint: > 260C. 1H NVR (d6- DVMSO) :

8 2 Z 63 4 5 8.4 and
E'ZSHgﬁj’;le.%o 3t ) (eodLh 1b18)apd‘%’ o o) g‘o (Ic%ld(gclléz 3037;

1647; 1635; 1617, (81084 (in 1115, ERaBbER) 16 9-03 (@) J z);

4- Chl or o- 7H- pyr i d8] 87 3,(adge]1fHl, lﬁ]lphgnantdﬂdalln@ ﬁzppes?a.a@RL((s?:gCL)ﬁ%EB;i R
4-chl oro/H pyri dg[ 44 3,2zde] ,[ 1,7 n I ne-7-one

SO|UtICNl%ﬁ conpognggcﬁ%d %% Y of anggﬁ g %RE 2487 (45 ng, 0.14 mol)
in POC13 (3.% nl)* *Cs WEug(NIDCIlQ) retflé&xé3or 12 %h@dr;s. 128t 26; evmmrm;Hng on a
rotary evaporato t M Xkl @2i.S fded t Hsg. Wi -2 g

solution (10 m) %1?1%1 ?ﬁen )eig?r ggtloﬁlaql%s gcégrl‘lgé? (5)§f vmtl{lh a7 5% %e% CHC13
mxture (2 x 20 nt48-4he 18P¢AA7 c1phadbs HBR-BBied over nySO4 and then
concentrat edeon aIRot@Hglgv-aplcggag-orlgng”uqu-em due obtained is purified by

flash ¢ oma;ogr %yO&ZQI%g\g I(%Clgéj}/eg—%o 93¥e(%3)e;e>2<820t(8d conmpounds

in thef rm of a _
4- Chl oro- 7H pyri do[ 4, 3, 2-de] [ 1, 7] phenant hrol i ne-7-one (CRL 8480) Yield:

4% (2 ny). el 44ng point: > 260C. 1H NWR (CDC13) : 7.78 (dd, in, J =
4.4 and 8.1 #ﬁﬁgg—-ﬂ—%S (d, 1H, 5.9 Hz); 9.03 (d, 1H, J = 5.9 Hz);
4- 1methy1am1no—7H;pyr1do[4 3,2-de] [1, 10]phenan—
throline-7-one (CRL 8807) 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/H20 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 CHClz; (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 CHCl3/MeOH) 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. :
o 'H NMR (CDCl3): 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 ¢ 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.
o IR (CHCl3): 1666 cm™
L MS: m/z 276 (100); 249 (11); 204 (1).



9.07 (dd, in, J =4.4 and 1.8 Hz); 9.18 (s, 1H); 5 9.19 (dd, in, J = 1.8
and-8.1 Hz). 13C NWR (CDC13) : 116.63; 119.80; 128.25; 132.64; 134.05;
137.03; 145.92; 147.56; 147.78 (2C); 148.47; 149.93; 153.31; 180.08. IR
(CHC13): 1692; 1608 cm10 Ms: mz 269 (34), 267 (100), 232 (60) ; 204
(29)-., EXAMPLE 17 4-Di et hyl am no- 7H-pyzido[4, 3, 2-de][1, 10] phenan-
throline-7-one (CRL 8807) and 4-dinethylam no- 7X- 15

pyrido[ 4, 3, ZEXAMPLE 718henant hrol i ne- 7-one (CRL 8481) A solution of conpound

f . i met hyl ani
hydr ochlor 1 oo ACGORYBE Rt - 7 Py=id8 180 2 d8F 1T TR01eRbndn Tl V! 213,
mmol ) in a THErekbnerirone (2(GRL18AEP)I s ndught3-aeeateoxymeathyX-ofH-1h 30.

After concengyaiinga0s o-5aj Piynfxéﬁﬂﬁaﬁ%naaevﬂaﬁéutéRLSaéﬁk)%n up in 15
m of water. After_exfractlng wth CHC13 (3 x 20 m), the organic phases
are dried ovRr SRE8G4CBN P HERE cEARBAVREL dar 1bn and r of aFPmRPHPEr dtlorlb The

resi due ?Et ai(uemlli?, pue i % i o by ?éimgl %ﬂofdﬂng%@{aﬂfﬁcgﬁm{nvj\écg%/ i3/ MeCH)
40 ot hyl arPROERTH S PBFLS, 2] 5] phirBhE hr oFi hBSFSbne 8T B451)
Yi el d: 6396(@ihg@geﬁOatMm20%m for ntl: h> 200@r d¢bl®ﬁ§(§£ﬁk3h¢xﬁhﬁkl(s,
1 83 (0 @Cfﬁgﬁg*ﬁﬂyﬁﬁ%rﬁﬁé% i piobpd! tfle” Slpegrtds 15
(dd, 1H10) =derivahive. 1imy)thes sakicl NVRIIGDCIY)e : Rre@SImRr) soliky. 89;
128,14, 140 35 185 Uze 207 (Y Aoy iokasel v anchlanl o)
. 249 ’(ii) fgorag(l()og gmol)> of p eompger’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 CHCl3;. The organic phases are dried
over mgSO; 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-pyrido[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-del([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 8818)
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 8820)

35 3—fluoro-7H;pyrido[4,3,2—de][l,10]phenanthroline—7—one
(CRL 8823) and 3-fluoro-7H-pyrido[4,3,2-de][1l,7]phenan-
throline-7-one (CRL 8822) ' _
3-acetoxymethyl-9-methoxy-7H-pyrido[4, 3,2-de] [1,10]-
phenanthroline-7-one (CRL 8825) and 3-acetoxymethyl-9-



3- Acet oxynet hyl - 7H pyri do[ 4, 3, 2-de] [ 1, 10] phenan- throline-7-one (CRL 8825)
and. 3- acet oxynet hyl - 7H pyrido[ 4, 3, 2-de] [ 1, 7] phenant hrol i ne- 7-one (CRL
8824) 5 A solution of the conmpound I-1b and of conpound Il-1b (0.11 g, 0.5
mol ) and of di net hyl formam de diethyl acetal (1.5 mmol) in DV (3 nml) is
heated under nitrogen at 120C for 1-hg43After cooling, the mxture is
concentrated under vacuumto produce the expected 10 derivative in the
solid form nﬁtﬂqd)f}eflﬂd-i-mgrﬁdﬂiﬂ3,®¥deﬂa[t]i,VE];(1ﬂ&ﬁmtg)rdﬂ.ﬂfe+ﬁmiﬁeiS t aken up
in DM and @}ﬂrgaéé) 7 mmol ) of Eschennoser's salt is added. The m xture
is heated un g’en at 115C for 30 mnutes. After cooling, NHACL (10
mol ) and aceté c poepared( 78cadyding atidedthe t Pyogedugee, dasicaibiest br ought
to 115C for nutes. After cooling, the reaction mxture is poured into
ice, basified wth 10% KOH and extracted with CHC13. The organi ¢ phases
are drie@ over ngSO4 and concentrated on a rotary evaporator. The 20
residue is ngiﬂpgglrg'flash chromat ography through silica.

3- Acet al - 7H— . 2- de] 15) and
3-acetal - (?a 4:§ ‘#‘f &}%’%eﬂﬁ P?gdité}? ?’h@“ﬁ% %F&n%814),
3- cyano- 7H— p&cmcﬂﬂz'& 2and] Rtmethylie7irpyrddoid-, 3-,@rele] ([CR7 ] phenanand
3-cyano- 7H- py é&) 3on é?dg phenan- throline-7-one (CRL 8816),
3- et hoxycar bony pyrldoﬁ%hé 3{[1 10] phenan 30 throline-7-one (CRL
8819) aR@ 3-FRtmbxyere bohytompPupgr Idblp4a3dzo§e}:pmp¢]1pﬁ1eﬁérrbhr(@lq mg+7- one
(CRL 8818) @@ @WW”’%Q’Y'&lSE'&l@é@ doh4, 3cdt £€] [4@:@@] (10 ml) with

phenant hr ol i ne-7-one 21) 3- net hoxyrret hyl -

pyri dof 4, 3, 2RI ﬁ?éﬁéﬁ@ﬁr ol(ﬁflle“‘%L o Rl 882(3}1 S'She solution,
3-f 1 uor o- 7TH-ppst detdred; dald Ihddtohenantto . nmcét@n&ehng (8%28),and

3-f|uoro-7FL gl 4.3, 2-d 1,7 n roli
3- acet oxymet% (gﬁ[ne?ﬂoﬂ?eﬂl%pﬁ‘%ﬁg ﬁf@,rﬂige]lfl a1 egpﬁ@é%ﬁ%ﬁ?bl ;?I?qg 7-one
(CRL 8825) amikBumzet dgyndtdatied at reflux under nitrogen for

45 minutes and then cooled. After adding water, the

solution is basified with NH;O0H and extracted with

dichloromethane. After drying [lacuna] mgSO4 and

evaporating, the residue obtained is purified by flash
20 chromatography through silica.

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

25 2-(2’-chloroethyl)-7H-pyrido{4,3,2-de][1,10]-
phenanthroline~7-one (CRL 8831) and 2-(2’-chloroethyl)
-7H-pyrido[4,3,2~-de] [1,7]phenanthroline-7-one
(CRL 8830),

2- (2’ -methoxymethyl) - 7H-pyrido (4, 3,2-de] [1,10] -

30 phenanthroline-7-one (CRL 8833) 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).



-.43 - methoxy-7H pyrido.[4, 3, 2-de][1, 7] phenant hrol i ne-7-one (CRL 8824),
are .prepared according to the procedure described above. 5 EXAMPLE 19
2- Met'hyl - 7H pyrido[ 4, 3, 2-de] [ 1, 10] phenant hrol i ne-7-one (CRL 8827) and 2
-met hyl - 7H-pyrido[ 4, 3, 2-de][1, 7] phenan- throline-7-one (CRL 8826) 10 A
m xt-ure of compound I-1b and of conmpoungyId-b (80 ng, 0.4 mml) is
di ssolved in acetic acid (10 M) wth ammoniumchloride (64 ng, 12 mol)
and the solution,1 keptysbtoxdd, dctifeiaiyedoho titiduriceedlldehimes (&h ny, 2
mml) in acetig, acid | s added dropwi se. The 15 mixture is heated at
ref [ux undé?u£#Y$%gg%ﬁ$d€lgﬁg ninutes and then cool ed. After adding water,
the sol uti dfhesibfidukneed vof hthiey Cempodinsia reft derwule  thichhodomd hane.
After drying cunal {{ﬁ%&l andhy fyappat il d esidugy ohltiadl negpp s
purified by f]lt%gh_%kgo C ron%tci}geraf%y t hr ough sl%apf‘eca.. g
2- Benzyl S7H @9tonbnatBi- degsl, 16£ph#%$ﬂl¢ﬁool ire- ZMRNOY CRMAFIS rand
2-benzyl - 7H pyga do[ds 3, Zxledd, 1, dl.pearanchaliol bke-4i0pe d&ieS88HDs. 25
2-(2'-chIoroetoi)-?f#ggrlg £4,3,2-de] [1,10] - phenant hroline-7-one (CRL
8831) and 2-%% 1ehtbio ﬁ? ; )=7Fprrido[4,3,2-de][1,7]phenanthro|ine-7-one
(CRL 8830), 2- (2' -nethoxynethyl) - 7Hpyrido [ 4, 3, 2-de] [ 1,10 ] 30
phenant hrol i ge- 7- gne CRF 8833) 29% ; . )
met hoxynet hy ?7FPﬁ§P%58 ﬁ,S%%—de 1, t%%en%%?%rpf?nepa7?8neOPbRﬁj§§32),
are prefddr ednatechondyiab tieslystdesduby dedatidlddaldyovactdseTeliresul ts of
the in V'trocﬁfﬁs'nof'VEtha§@§§BbQQb§@hrehesb&od&kﬁse@&@ﬁit¥51W4,5—
denonstrate the cytotoxic . ] _

dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium 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 or
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 is
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,



properties of the conpounds of formula (I) and (la) and the maxi num

tol erated doses (MID). 44 1 - Cytotoxic activity on tunour cell lines in
culture (MIT test) The influence of the conmpounds of fornula (1) and of
(la) on tumour cells was evaluated using the MIT 5 colorinetric test (T.
Mosman, J. |munol . Methods, 1983; 65: 4%-63, J. Carmichael et al., Cancer
Res. 1987; 47: 936-942). The principle of the MIT test is based on the 10
m t ochondri at HeTHLSi o(ATGC netoatzal i C@lLI—;ZZéOt i aadal Le¥o CcEATCC ofcades
vel |l ow col ousefl-psgrucu I L3s (3 ol BPLOVL Miggobs;vl) -2,

5-di phenylte razo rom de ue- col our roduct formazan The
amount of forEa%3R t RECGbterdRY |%T%T1%%klyancbrd\@ ofBliCG o qaste i1

amount of 1iyepceb)s ‘pﬁféﬁngrént‘;,gebgélggturgaﬂeékspr vvel I s Thi s am)unt of
formazan i s neasured b ctrg hot met r i n ar j ntai ned
in nonol ayer ~ctPtur@T é'bt/c ‘2‘8‘5}%7CH| pii?#ea'zgul {: éec dF? c‘ﬁ%ﬁr%)rﬁ ng 25
MM HEPES I\/EMqiManhﬁuntEGSBDaddérI\/édndéisbase medi um This rredi um is well

el l . Thi s rolim | eBocBiRny e H Bhentubt g 10 AT SR "r 5o

of FCS (Foeta&nGakt Serum deconpl enented at 56C for 1 hour, - with 0.6

mg/ M of L-gl utam ne, -vm'th 200 1U'n of.penicillin, - with 200 g/m of
streptomycin, 30 - with O ng/m of gentam cin. The 12 human cancer cell
i nes wHikh Eéperw@ataéiﬁ 3B0apAe P ranfelhe SAFPENSHPNTYFRIREA S 1N%E

Col l ection p4TE6D Raskwd lowo MpdeplSAlindhese kheelcklhi neﬁpar Qiseld -
ST (AT ST Rt D (AT ot KPR el iyl ore (o
bottomed 96-well multl—well plates and are incubated at
37°C under an atmosphere comprising 5% of CO; and 70%
15 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 varying from 107° to 107 M of the
solvent used to dissolve the test products (control
20 condition). After incubating for 72 hours under the
above conditions, the culture medium is replaced with
100 ul 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
25 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 pl of
DMSO. The microplates are subsequently agitated for
5 minutes. The intensity of the resulting blue
30 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
IMMUNOASSAY SYSTEM type at wavelengths of 570 nm and
35 630 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



- A549 (ATCC code: CCL-185) and A-427 (ATCC code: HIB-53), which are two
non: smal | -cell lung cancers, 45 HCT-15 (ATCC code: CCL-225) and LoVo (ATCC
code? CCL-229), which are two colorectal cancers, - T-47D (ATCC code:

HTB- 133) and MCF7 (ATCC code: HIB-22), which are two breast cancers, 5 -
J82-(ATCC code: HTB-1) and T24 (ATCC-—cade- HPB-4), which are two bl adder
cancérs, - PC-3 (ATCC code: CRL-1435), which is a prostate cancer. 10
Experi ment aMaluek00 andof thecebltandspensideviedipni si(gd.20De90)t oasd 000

(dependi ng Q1 t&%rqflérrt&p%fg_z@ rqﬁ%gjnhﬁ%ﬁ)mgﬁlqﬁst_ure medi um ar e

i nocul ated in at- bottone we ates and are incubated at
37C under an atnosphere conprising 5% of C02 and 70% 15 hum dity. After

i ncubating f9fe 24 lAQWitoriheasulititg BRI the i cdBP| aaeAiM t BF10@hk of
fresh medium conprjsin i ther t{]ﬁ) vari O'(If/?teSt conpounds_at
concent rat i &Gt S RS 1829 0 ({2 bs ORhERe SYRTERPES S8R

di ssol ve t hedigstljriexiucas feastired 26 cwighiardicon vAftrerthaicubst kthg for 72
hours under the bove conditigons, the.c medium.__j plLac W t h
100 pl of anﬁfeqr 's%r%%l"fﬁi o] yofdaI%T'lo%i %géﬁégﬁf ;%h%a Vé{plr%‘lq%o%ré?oﬁﬂgf 1

mg/ M, in RRMncdSAatilemsan cr oframésg are teéncubdiGid f or iBhAbditorat 37C

and then 25 GEUIIdHISLAOr (30,00 NUERS Hed!00og: Ty Y eldhtisly MTe

solution is renove d the blUe faormazan crystal orned at the cellular
| evel atB dirzssisnded indghdie df PeI@U The micropl ates are subsequently
agitated for 5 mnutes. The intensity of the resulting blue 30 coloration,
and thus of the conversion of the ye[I | ow T product into blue fornmazan by
the cells which are still alive at £H& of the experinment, is
guantified by spectrophotonetry using a device of DYNATECH | MVUNOCASSAY

SYSTEM type gty Wa%f' epHENS QbR (R A, BPe$30 PN EPL T €SRGAG FI%ant
respectively to the maxi num
15 ‘inhibitory activity on the cell proliferation of the 12

human tumour lines: U-87MG, U-373MG, SW 1088, T24, J82,
HCT-15, LoVo, MCF7, T-47D, A549, A-427 and PC -3, with
an ICsp which can be between 10™° and 10" M, depending
on the compounds and the tumour lines tested.
20
2 - Determination of the maximum tolerated dose
(MTID)
The evaluation of the maximum tolerated dose was
carried out on B6D2Fl/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:
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The products of this family exhibit either a degree of
direct toxicity or may be devoid of it and may then be
at high
therefore at high dosages.

used in vivo tissue concentrations and

3 - in vivo Antitumour activity
The tests were carried out on models of:
- hormone-insensitive carcinoma  MXT
(HI-MXT),
- hormone-sensitive mouse mammary adenocarcinoma MXT
(HS-MXT) ,

- lymphoma L 1210.

mouse mammary

The model of mouse. adenocarcinoma MXT of
Watson C. et al. 1977; 37: 3344-48),
grafted onto B6D2F1l/Jico mice aged from 4 to 6 weeks,
is derived from the mammary gland milk ducts. Initially
(HS-MXT model), the differentiated
tumour develops in the direction of an undifferentiated
(HI-MXT model).
which

survival of the

mammary
(Cancer Res.,

hormone-sensitive

hormone-insensitive tumour

with the
demonstrated clinically prolong the

The agents

antitumour activity has been



dose (MID)

are collated in the followng Table Il: 47 - TABLE 2 M

Tol.erated Doses CRL Conpounds DMI (ng/kg) CRL 8388 (Exanple 4) 10
8293  (Exanple 1) 10 CRL 8294 (Exanple 1)- 10 CRL 8363 (Exanple 2) 10 CRL
8364 (Example 2) 5 CRL 8367 (Exanple 3) 10 CRL 8396 (Exanple 5) 20 CRL

8400. (Exanple 6) > 160 CRL 8401 (ExanpBe-6) > 160 ECRL 8440 (Exanple 7) 20
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When the MTD value of a product was determined, its in
vivo 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
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
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.

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
grafted HS-MXT, HI-MXT or L 1210 tumours. This area is
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.

| - MXT



animals carrying H - MXT tunours and HS-MXT tunmours. This is the case, for
exanpl e, with cycl ophospham de, etoposide or adrianycin. 5 The nodel of

| ynophoma L 1210 is a nodel of L 1210 |leukenmi a cells of nouse origin
grafted subcutaneously in the nouse. They give rise, in 100% of cases, to
a rapid-growmh subcutaneous solid tumaer-(L 1210 s.c.). 10 Wen the MID
val ue of a product was determined, its in vivo antitunour activity was
characterized at itile TVED Surwiivhll aadeMKI¥ Sthesadaen ihecabdulatefl namary
adenocarcin f € o ixgiy a .Mouse nmanmary carci noma

H - WKT and an 1S roam o3 &% t?ﬁb%ang’%u?ﬁ ‘ynphoma L 1210. In all the
exanpl es pr er the mndel the control condition is
represent eq batch of 9 or | 15| mggqish Whi chl igunfd¥ Biesiesed. fqr 20 3
consecut i vé —and—attte Tafe pf 3 adm fi styations (Mnday, Wednesday
and Fri day) week, a vol une|of | 0. BOWse of | pAyEMbFOgiic &he s‘éﬁsne
conpri sing g{hﬁ@d@tr ggeday (i spotneartelg Yyari 1cl'C(plI']§OHﬂék$ wfatf qr nul a
(1) and (1eé EUrivé&th=se tests, eifher tpqﬂﬁ% %romﬂh qr the
survival ra °ftﬁ?r Het brni ned: i )- t BB S Fas

eval uat ed hyr mrepshe imegliahvwheeseveek| vy (Monday [ and| Exeated) the area off the

30 grafted (S McT, Hlo Moprod 121D GO S J0L3 A& oS chal syl o] by
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i) - The qurvival rate of the mce is calculated .in the formor g ratio
T/ C, wher e (eghanm—{Number—of—geap—mouse—=—mrcg T thedays——(Nuntjer of
days treateﬂl_mgich preceded that |of survival| of (¥mkere ofedezth noude
(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



T = the nedi an nouse Jday treated) of the batch of (Nber of dead mi ce on
the sanme mce treated) as the nedi an nouse treated) (Nunber of dead
(Median mice in the days nouse - which preceded that (Nunmber of days
treated) of the median nouse of survival of treated) C = the nmedi an nouse
+ of the batch of (Nunber of dead m ee5@n-the sane mce treated) day as
the nedi an nouse) 5 This ratio represents the nean survival time of the
mean nouse bhet heewanth oflayr epostignafbingt h(Pékpeat tvhet heaheanoEurvi val
time of thes ”EHP@BtR‘BHée 3% t%eﬁkat tMon@hy ¢ O Hd e dBLF aHHUSFrfdé'?i ecul e

I nduces a si I cant |ncrease in the surviv of the animals
when 10 thef¢FC3|ﬁ8§§e§%§é¥85W§3 % 2o fhe2oflREF RN, M XHas a toxic
effect when this T/C value is less than 70% 3.1.- Muse nanmary carci nona
(HI - MXT) Thﬁ |n5Iuenc2 of the two products CRL 8293 and CRL 8294 15 on the
gromﬁh s wll be presented below by way of exanple.. Each
bat ch of m ThegpabidedtWdRL 8A94W{S tadminssteted | gt taperjteweakkperi nent a
condition ¢ ri 5. Treat The, p : 2 S
adn1nlsteregﬂgnféggégl%gﬂ g?#én %g% {?@ ﬁﬁkgchonéggggﬁdcﬁ$g§u§§

carri ed out tbe 58evenshsedat hpdaygp@ﬁgantu(ﬁa)(oay at:heherah@e of 3

I nj ections gegn ?%%lﬁl()%ndﬁé(r %@wsmxnaag FrWéﬁ’rYésd L a3 a%dcorﬁﬁfagy) ve weeks

and at a dose o 5 Treat nent pr oduct %@
adn1n|s%%reéOFnﬁréﬁéﬁﬁFHﬁéXFIVee ?hénﬁiﬁ§ta|ﬁP§@tP§h OFQV product is
carried out on the seventh day postgrafting (D7) at the rate of 3
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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 21st day

postgrafting.
20
TABLE III
Treatments Tumour area (expressed as %)
1 (CRL 8293) -33
2 (CRL 8294) -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.



The decreases (-) or the increases (+) in the area of the H -MXT tunours
I nduced with treatnents 1 and 2 wwth respect to the control condition on

the 21st day after 15 the tumour grafting, i.e. after 6 adnministrations of
the product CRL 8293 or of the product CRL 8294, are shown, as percentage,
in the followng Table Il. 100% of +hglcentrol aninmals are still alive on
the 21st day postgrafting. 20 TABLE Il Treatnents Tunour area (expressed
as % 1 (CRreagegnt-39 2 (CRL 8294) -36 These results show that these two
product s CR&R&%%O@%% TR 2% TN 'IﬁE@é‘ﬁePﬁE&ﬁé‘éﬂ n the
growt h of tunmours. These res ts show t hat” t hese products of

formula | aRBel £isak bH"JeFHlQT‘v@fan"ep%nPrPﬁP§trm’eﬁel cagrigdy Attagedus
antitunour agbki Vsbyen88 3ddy- fs@ﬂﬁ@raﬂﬂﬂﬁ@y aoepocatci ppen t&&eMJE The

i nfl uenc the t roducts CRL 8 e h, of

HS KT o SRR L6BS REE vBR R e IRy wilP e s0apPed cRERIRR ch of

m ce graftedomﬁthbhsecH81N%TWEakBuasdrataaldgsbooi & wgkgxperi nental 35
condition conprises 9 aninmals. 51 - Treatnent 10 The product CRL 8293 is
adm ni stered intraperitoneally. The first injection of the product is

carri ed out Tegatmeats@Penth day postgrafting (D7) at the rate of 5 3

i njections pge “@%Bdﬁ@@nd@ﬁL @Qdaesggy Q&H15i5€é¥éd fQioﬁeCOB§GCHﬁéVe weeks
and at a dose of % Treatment 20 The product, CRL
g?r"f‘ 8l

adn1n|s¥%re&n§F6H§r 1G°Wﬁﬁrap§ﬁq(Mﬁ%ﬁsqcnRQQeq#%99|r%f i Hection of
the producprioguear rllseobamtlém e saveneh séerISI@iRf bosgraBingt the

rate of 3 [nbegtiops mer Yegk (Npnday,,;Nednsdapand, Ehdapiofgly3
Wednesday and Frlday) 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 31lst day

postgrafting.
25 TABLE IV
Treatments Tumour 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.



dose of 5 ng/kg. 15 The decreases (-) or the increases (+) in the area of
the :HS- MXT tunours induced with treatnments 10 and 20 with respect to the
control condition on the 31st day after the tunour grafting, i.e. after
the 20 9 adm nistrations provided in the experinmental protocol of the 2
products CRL 8293 and CRL 8294, are shoym,-as percentage, in the follow ng
Table IV. 100% of the control animals are still alive on the 31st day

postgrafting. 25 IABLE Lymgheoma nkni2lQunour area (expressed as 10(CRL
8293) -45 2%@Llﬁ%%§ncé4&hmr§§§1ﬂtansft% @ty igeec N0 Boqipt s ORL

8293 and CRL 8294 | nduce a ver S|gn|f|cant ecr ease
growt h of tHBLEES Wlﬂ-unﬁﬁrsprﬁﬁi@ééiqdes@@so%hdw awagn offe Hxam?llemdel

that the prodﬂ&EEeOW)fOEQBhabétcBanlﬁléésgrﬁfhba'%1%% %@%|f§dﬂﬁg del a
Lynphonmg L 1210 The .
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i nfl uenc 204 LA HRE shPvi fal FLVRE oﬁxpﬁélmﬁqﬁ§¥MIQOQQiﬁ#%%ented
bel ow by mayc@mp£i9@$lﬁ afimdple. V). Each batch of mice grafted with the

| ynphoma 5 L 1210 relating to a given experinental condition conprises 9
animals. Treatnent 100 The product CRL 8294 is adm nistered alone 10

i ntraperitonkagatmentel@@rst injection of the product is carried out on

the sevent h figy po§gga§g£|ngcggn z§294he fate Qﬁm§niE£89Egonsé¥§ week

(anday VEdnesday and consecutive weeks and at a4 dose of
25 ngp ntrapgrigponeally. The flrst 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) for 3 consecutive weeks and at a dose of

1.25 mg/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 L 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/ICsq
ratios, calculated by taking the ratio of the MTD
values to the 1ICsq values, are presented in the
following Table VI. The MTD/ICso ratio is expressed as a
dimensionless number. |



Treatnment T/ C (expressed as %9 100 (CRL 8294) 136 The conpound CRL 8294 of
formula (1) exhibits an 20 antitunmour activity on the nodel of

subcut aneous | ynphoma L 1210. This activity is characterized by a
significant extension of the nean survival tinme of the median nouse of the
batch of mice thus treated with respeéB to the nean survival tinme of the
medi an nouse 25 of the batch of control mce. 4- Tol erance/ cytotoxic
activity ratios The results of the B&BREI ¥30 val ues (in nM (cal cul ated
fromthe individual cytotoxic activities obtained on 30 each of the 12

tunmour i nemWT%Crl atTos—ratcutatey k1ot he
e of 1o It ommoumas o | Ee0 102t el or L VT Ene SMTE/ Fhe
foll ow ng Tawre g¥ss T(iig(al}ﬂﬂilel QE)O atiogxpexprepsgdogsea| di nepsionljess

nunber. 53 F—TABLE VI t ‘O TC50—CRL 8388
(Exanpl e 4) W%%dﬁeiampl@ll)g7taq4F e 1) 10598 0ga 5 TR 82094

7

EEXXamD: e %g CREPB 200 Exbnp1eCRY 8363 (Bgayml e 2) TPOI» 04 12. 5, 4CRL 8324
anpl e 270 Q. Q19 17 3836 € 65 008 3. 8 33

(Exagg|e 5)5@&&L§i§§l§§ﬁiﬂ§ i) an;(;gg |§)ﬁ q§m83 43 95&2;%g| ahor .
(Exanpl e 6)|c%3, 583;@170@;@3191&4@0 arrplzw) 10 0. 42 00| CRL 18441 (fExanpl e
8) 5000 3 A he MIDLT CQQ ratlo f_Ihe vafl congpounds \as
eval uated b 3 ; cha ce; iﬁiﬂhm.m 39‘—301060'2 for—CRE 83%8. The
conpounds dfcRIorgdfita (Exargid (S)a) exh| b600 si gn fica@3 antit @0l activity

both in vit rc%La%qldd" (E\Qa\r’n%luen%%r he expgep nent al Sgﬁngl tijons ggicrl bed

above.
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/ICsp ratio of the various compounds was
evaluated by taking, as reference, a ratio equal to 1
5 for CRL 8388. '

The compounds of formula (I) 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
administered in dosage units drawn up either per m? of



10 They inhibit, in vitro, the growmth 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 mean survival time of the nedi an nouse of 15
the- batch of mce thus treated and grabed with |ynphoma L 1210 with
respect to the nean survival tinme of the nedian nouse of the batch of
control m cbodBy sunfiage ofr Heai kyabtwedaghtpr dPee t $abd dbsagenpoihds 20 of

formul ae (1).and. ,QpeAHI4ESC IRSGPTatduthe {01 M phapfgeRhAbLEL

phar maceuti cal salts or sol vates, can be wused as act]jve principles of
nedi canent s CPBPOSAEdONSy 1RatErdus thenodFE1¥Rd RTEIGLIRAR adfasBas¥eds5 The

conpounds Ofyift®r MAleaq ol oy ?)h&)rnﬁrc%LﬁQ%%flaH:&i;ﬁ@ﬂtﬂisﬁ)t.ered in dosage
units drgwn up 'either per n2 of - 54 body surface or per kg of weight. The
said dosage units are preferably fornmulated in pharnmceuti cal '
conposi ti onThien pbmpbuhdie acf | Ferpuilaci pLe iandr XEd) vwedi dee (sedpore)
phar maceut i ¢cal i_pi ent ( c of f I ] (La) can be
used, acco%%lcr?g 8&%&c%}neceér_)a%gfﬂoﬁggggggayhgfsS%ﬁrgéc k%]loe}zcbtgng?riégt ed, at
doses of betweated,0RtartdFF0 affy/retwiemolly05 santadd0 pgémerabl hody doses

of 0.5 to 5QpgnR/, o diirabl f & 4 VEet egt EBNG 0 Rgl/id/ @&yt gophase, as

a function of the nunber of freatnent, cyc]es of each Cure. For a

mai nt enbfice theeatGHERt 1 Vithe tCEATGETIs o ~ forfrul 2@ %e ) RRRPS4 a)2%i | £

advant ageoushctg onsedfatthélosembefr 0085 toe2EmsBL N ii)as pogf eeabhy at

doses of 15 0.1 toF1.5 ng/ nR/ %a}{l accogdi ng t o, t he .nunber of trea%]ment

cycles of tK&T&ur eFOFhd MAYHEPRLEE | hESREMBThat i Wif wePRPRRPSunBhr

medi canent s foseahliae pIot and! s(iea) | daléd ddrantdesisiy pbeyalsdt aerapy. 20

I n the phar tical nC | 13 ONS, A2 pr L wventi al or

I nt ravenouslag) %%nicgl?r gt’ ?gﬁ,%%ltzheg a%t | v/gégzr'i n%?%?%ga%a ge g%n%énglr stggred I n

uni t 15 0.1 to 1.5 mg/m“/day, according to the number of
treatment cycles of the cure. They may be used in
combination with antitumour medicaments used in

protocols validated for intensive polychemotherapy.

200 In the pharmaéeutical- 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

25 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.

30 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

35 solubilizing agents, for example propylene glycol,
polyethylene glycol or a B—cyciodextrin.

Thus, to prepare an aqueous solution for intravenous
injection intended for an infusion carried out over 1



adm nistration fornms, as a mxture with conventional pharnaceuti cal
vehi cl es suitable for human 25 therapeutics. The appropriate unit

adm histration forns conprise forns to be taken orally, such as tablets,
whi ch may optionally be scored, or gelatin capsules, inplants and

I nt-ravenous adm ni stration forns. 30-F&% parenteral admi nistration
(intravenous infusion at a constant flowrate), use is nade of sterile
aqueous sutperddi dns,use emale besonade c ofald neogoluentns agr akeehdle and
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gl ycol , p093§Fﬁ§rl en®r gl \REAP®HYene (39833’(90811ext ARE. Thus, B i"%r‘bﬁ”ébg%% an
aqueous sol ghirgactanti nkhaneasuswekhj 80Li on i nt ended for an i nfusion

carried out over 1 55 to 24 h, use nay be nade of a cosolvent: an al cohol,

such as “ethanol, or a glycol, such as polyethylene glycol or propyl ene
gl ycol , andwhehyds oplolliidc cempbaitaoh, isuchhas foemn $D. tab\Wedis aisol i d

conposition F@PEQ?dforg'OMGE%E§5;33§% tpreggﬁﬁp &5\ é%ﬁ{@hagfgﬁ puch as

sodi um | aur hat e, can 5 t he m croni z unni el oni zed
active prlnéuépbatand t@enenthe e EOIdashbi k&t i okhes nikegomigada or

phar maceut i ﬁa}u&%h%ed skelige SirGdci ?ﬂleat' N.arkd ar cthe | aCtRELre
magnesi um stearate, talc, g$n1arab|c or the |like. The tablets. can be

coat ed W t hCOBBABEEIOR; thSvAMIERR pUityheRs BRAWFERSUbiRel apphbpitate

mat eri al s waukh aésermmmw,l y ddieytith camakehtr eahedose,t haaghdejuhave a
sust ai ned or,del aye and,so that theﬁ_cont*nuoug yerelease a
1

ﬁ tIVItﬁl £
predeterm n8GCaRBURT SP a&t B Sﬁar?&l pI°§ tﬁ?e €=para %el%??n
capsul es i sbebtciated witl20sncxpag,t e tdctvamiqus npoplyeewsst o dithent,

such as a Blt)‘lg?' &b foﬁki’&ﬁéo'mﬁéﬂ sa”%h'l'i%orHQEéSchQQﬁzEQy MxLyre
obtalned I n t or atin caps
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 is obtained by

20 mixing the active principle with a diluent, such as a

| glycol 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-f-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.



The. active principle can also be formulated in the form 25 of
m crocapsul es or m crospheres, optionally with one or nore supports or

addi tives._The active—primciple can al so be presented in the form of a
conmplex with for exanple a-, 0- or 30 y-cyclodextrin,

2- hyglroxypro*i‘ﬂ“%@ﬂ“w}wml n or RAesbyk- (3-cyc| odextrin. The corrpound of
formulae (1) be used in the treatnent of the majority of
solid tumours as a 35 result of theCLApM8erful cytotoxic activities, in
particular for treating cerebral tumours, lung cancers, ovarian and breast
tunmours, endonetrium cancers, colorectal cancers, prostate cancers and
testicul ar ltunpGe@posngdsCof Sormalre: 1. Corrpounds of fornulae: R R7 Rt
RR5RV ! 1 ~and 1l | RB50R 0 Formula | Formula la in which: 10 R1,
R2, R3, R4 and R5 are selected from hydrogen, hal ogens, Cl-C6 al kyl
groups, hydroxyl, -CHO -OR8, HRgOOH -CN, -CO2R8, -CONHR8, RZONROROr - NH2,
-NHR8, -N (R8) 2, -NH CH2-CH2- 2, -NH-CH2-CcH2-d, 1 -NHr

nor phol i no, nitro, SOSH,R CH _CH2- N- COORS  CHR € R8
and R9 being sel ected frpm gr oups 20 and phenyj (C1 C4) aI kyl
groups and Ar bei g - iRasel.d eon,
hal ogens, Cl1-C6 al ky 2 0 groand with Oq
Ry
Formula I Formula Ia

in which:

10
Ri, Rz, R3, Ry and Rs are selected from hydrogen,
halogens, C;-C¢ alkyl groups, hydroxyl, -CHO, -ORg,
-COOH, -CN, -COzRg, =-CONHRg, -CONRgRg, -NHz, -NHRg,
~N(Rg) 2, ~NH-CH2~-CH;-N (CH3) 2, -NH~-CH,-CH,-C1,
15 ~NHCORg, morpholino, nitro, SOsH,
"-CH-N-COORg , -CHp-N-COORg
| %
' CHz'COORg CHz‘AI’
Rg and Re being selected from C;-C¢ alkyl groups
20 and phenyl (Ci1—-C4)alkyl groups and Ar being a Cg~Cig

aryl group, _
- Rg¢ is selected from hydrogen, halogens, C;i-Cg
alkyl or -(CHz)aRi0 groups with Rjy being selected
from halogens or =-0OH, (Ci-Cg)alkoxy or -0-CO-
25 (C1-Cg¢)alkyl groups and n between 1 and 6, -CN,
-COzEt or -COR;; groups with R;; being selected from
C1-C¢ [lacunal] and phenyl(Ci-Cs)alkyl groups, and
~-NR;2R13 groups with Ry and Rj3 selected,
'independently of one another, from hydrogen or
30 C1-C¢ alkyl, phenyl(C;-C4)alkyl or - (CHz)pRis groups
with Rig being selected from halogens or



from hal oge koxy or -O CO 25 (Cl-C6)al kyl groups and n
between 1 and r -CORI,, groups with Rl1l being selected
from Cl-C6 [Im ”gim m:!ﬁ (C1-4) al kyl groups, and -NR12R13 groups
with R12 and ge ) § ependently of one another, from hydrogen or
30 C1-C6 al kyl, phenyl (C1- C4) al kyl -o57- -(CH2) nR14 groups wth R14 being
sele’cted-fromhalogens or Lrrr¢rriarreritrrerrerrer 1f 1111 57 (Cl-C6)

al koxy and -N (CH@)l 2elpbgpsy aaddn 3etGiaép Yrompsd 6and R-rbétwessl etted from
hydr ogen, groups _of tgype (C1-C6) al kyl, phenyl (Ci1-C4) alkyl, -NRL5R16
with RI5 5 and If’illléjl sél ected mdependently of one anot her, from hydr ogen,
groups of type CI-CB? all@yIS%jﬂ%ICt%erﬁHOI‘( Chydrpagnky| 9e@dPs (CH2FYRR1L7, with

R17 sel ected from,bydy ogery1halngans @ —Cg‘hpk icl_mgillgomtrgrp@lgps and n
bet ween and 6, 10, and the_addition, Its 8 ese orrpoun
domsatnat

phar macedt i cal | y 3 eptabFELlgergs, oin Téc di¥§ tsne\ﬁhﬁﬁvl whi ch
are conpounds offdonr mhlyaleolgenr, | gronpshi offi: £Hp&1, CRLs RALkRL anddRS are

| ected f h hal .0 Cl-Co6 I d
“ore oo - g e SR oo Wt A SEerrefT o
- NH- CH2- CHZ N (Gﬂ)OHthyﬂH@GRB, nb2 bbeenso,0r 2608 t o5, E031G6) alkRxN- COORS |

- CH2- N- COORS CH- RE gselectedfromClCGaIkyI
e?%:e@}{j 1RL eI
groups _25 and Ar%J be| n ary up ’3. Compounds accor di gg

d ai m 110whi ch ars@d ¢k ou?ﬁf%l‘blfoﬂ orsr%:]-l pforthese n Gamrapndsy wi

R4 and R5 are selpefatﬁ&d‘emmdamryogwbepﬂwmmdsd C6 al kyl groups,
hydr oxyl, - ORB,

2. Compounds according to Claim 1, which are

compounds of formulae I or Ia in which:

15
Ri, Rz, R3, R4y and Rs are selected from hydrogen,
halogens, Cl-Cs alkyl groups, hydroxyl, -CHO, -ORg,
-COOH, -CN, -COzRg, -CONHRg, -CONRgRg, =-NH,, =-NHRg,
-N(Rg)2, ~-NH-CH,~-CH,-N(CH3)2, -NHCORg, morpholino,

20 nitro, SOsH,

-CH-N-COORg , -CH,-N-COORg

| :
CH 2'COOR9 C Hz'AI'

Rg and Ry being selected from C1-Ce alkyl groups
25 and Ar being a C¢-Ci4 aryl group.

3. Compounds according to Claim 1, which are
compounds of formulae I or Ia in which:

30 Ri, Rz, R3, Ry and Rs are selected from hydrogen,
halogens, C;-C¢ alkyl groups, hydroxyl, =-ORg, NO,,
~-NH,, -NHRs, -NH(Rg):, —NH—CHé—CHz—N(CH3)2, -NH-CHj~
CH,-Cl, -NHCORg, Rg being selected from C;-Cg¢ alkyl
groups,

35 - Rg is selected from hydrogen, - (CHz)j,Ri0 groups,
with Rip being selected from halogens, the
-0-CO-CHs group, C;—-C¢ alkyl groups and NR;;R;3



-NH2, -NHRS8, - -CH2-N (CH3) 2r -NHCH2- CH2-CO, -NHCOR8, Re

being sel ected - groups, 35 - R6 is selected from hydrogen,
- (Cf2) nRio gr ﬁ "\ H; ei ng sel ected from hal ogens, the -0 CO CH3
group, Cl1-C6 al 12R13 * CL 11131 S 58 groups with RL2 and

R13- sel ected, independently of one angigher, from hydrogen or Cl1-C6 al kyl,
benzyl or - (CH2) nRl14 groups, with R14 being selected from hal ogens or
(C1l-C6) al koxy argoups Gri3)h 2Rgr aitpd Ry seldrted webnddpemdettly BE

sel ected from hydraoge [, grou f ot Cl- akky nzyl, -NR15R16
with R15 and RlG%H%gI%%(?%h i1 ofen]?ﬁgldrh éie}%),geénr o%ggbb'faé‘i y%)lekgﬁ'- c%’eéllzﬁ’% and
benzyl, and - (Ck2) mKRAH) Rt hgRITPSel edttdd Rwoelid®aohyske reted hdlrogens or
-OH or (Cl-06) al kpxoumyiRg:  a0dc)) BekURSN ahaPnit Ru,f)dgt58p8ddihti gn sal ts
of these_conpounds V\ngﬁ phar @cedt}gi callg gccepta Igggc?d%?pw 4. Conpounds
according to C aiRftespilngd &, conpounds of fornulae | or la in which at

| east one of the Rip ReldBred rditth RhydikogRs | 6ranykdibos 9lcFupPL S. ,

Compounds accor di ho C%ﬁiﬁ]S, ich are gﬁﬁ ounds ofkéfrnul e or lain

which: Rl is sel éétigdskr %o%‘,zﬂw ogerngs WyhPoxis, ABEhoR3E nitro,

-NH2, - NHCH3, 2SelddtEd-fGidin MaydiBgeR, ghbufkl ofHZy@e al;—-ChiHEDKKI

groups, R2 is hy R3 d F hepsel ro n=r. hydroxyl
(yn%e@en%glh dgﬂ& %I%l) f‘% qﬁfﬁj IR 7 né@i’éjégegcgm F%om

or rmethoxy groups and 't I'tion s 175¢ ese bonpounds
phar macd¥it i cal | y hitseageahl ehatogens39r -OH or (C1-C¢)alkoxy 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;, Rz, R3, 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:

Ri 1is selected from hydrogen, halogens or

hydroxyl, methoxy, nitro, -NHa, -NHCHj;,
25 ~NH~-CH,-CH2-N (CH3) 2, -NH-CH,-CH,>-C1 or -NHCOCH3;
groups,

Rz 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):
ll-methoxy-7H-pyrido[4,3,2-de] [1, 7]phenanthroline-
7-one,



6. Compounds—aceordi-nrg—to C aim 3, which are conpounds of fornula (1):

11-+et hoxy- 7Fg 1 7] phenant hrol i ne- 7-one,
ERERSRREREEN ’nm
11-chl oro- 7H—pyr| 1 7]phenanthrollne- 7-one,
el [
3

4- met hoxy- 7H—pyr|do[4 3, 2 d 1, 7] phen&st kr ol i ne- 7-one, 5
4,113dinethoxy-?kkpyrido[4, ,2-de][1,7]- phenant hrol i ne-7-one, 4,

9- di met hoxy- 7H pyiricdddrot; 7-pyxidis] [4, 3,2-d4] [1 pHahenantdirokifeone,
9- met hoxy- 7H- pyr i-deff 3, 2- de] [ 1, 7]phenanthrollne- 10 7-one,

9, 11- di met hoxy- YFprr|d0[4 3. 2-de] éohenanthrollne 7-.0ne,
3. acet oxymet hyl - AHRERQKY 2/ 5 Py L] qEﬂr ednat PRl nanthepeines

3- acet oxynet hyl - 9—mrid)oxy- 7H—pyr|do[4 3, 2- de] [ 1, 7] phenant hrol i ne- 7- one,
2- (2-chloroethyl ri.do 3, 2 [ nant hrol i ne-7- one,
and the éddl tion 4)5'&11[ sl_‘dr]ﬂ%e é@é%%%}ﬁggﬂ%#@ Z%?]pwa'hﬁaceut ically
accept abl e aci ds.phéna@diipmnide-dteorali ng to Caim 3, which are conpounds
of formula (la): %Qﬁﬁy I 2r de] 1. enanthrollne- 25
7-one, 8-chl oro- 47& pyri (Tgﬁﬂé ﬂlg&éﬁﬂﬂ[ 3dzelcjilel]][jgjhenant hrol i ne- 7-one,
4- met hoxy- 7H- pyr irksnarg:hxaldrier; Agnshenant hr ol i ne- 7-one, 30

4, 8- di met hoxy- 7H93-¥r[étdﬁ>f]y-37h°—‘;ﬂﬁﬂ3 idb X ,]3 zalma[mt MY PRI i ne-

4,10- d|nethoxy- 7kke¥r|do 4,
9,11-dimethoxy-7H-pyrido(4,3,2~-de] [1,7]~-
phenanthroline-7-one,
3-acetoxymethyl-7H-pyrido[4,3,2-de] [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]l [1,10}phenanthroline~-

25 7-one,
8-~chloro~7H-pyrido[4,3,2-de] [1,10]phenanthroline-
7-one,
4-methoxy-7H-pyrido(4,3,2-de]l [1,10]phenanthroline-
7-one,

30 4, 8-dimethoxy-7H-pyrido[4,3,2-de]l [1,10]-

phenanthroline-7-one,
4,10-dimethoxy-7H-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]-
phenanthroline-7-one,



phenant hr ol

phenanthroline-
phemant hr ol i ne-
phenant hrol i ne
3- acet oxynet hyl -

acids. 8. Pharnagqghbg?heﬁgggg§bhlgg @Q@Br|3|ng an effective anount of a
ro

10 accordlng to an one of Clainms 1

to 7 for treating- (Bychﬂpﬁeetbwlﬂwéﬁkpwgﬂépd%u@ préisarii-dd] - cancer ous

conpound sel ecte

y-7H pyrido(4, 3,2-de][1,10] 35

MR 27 5055 7 )

- /= 0one II+ 11131 e vt e 1 CL Ms 60 -

9- nethoxy 7H-pyrido[ 4, 802-de] - [1, 10] phenant hrol i ne-7-one,
2- (2-chloroethyl) -7Hpyrido [4, 3, 2-de] [1,10] - phenanthroline-7-one,
and the additi on3saketosiymetibyd -domethoayVit-pyriderlfadedtidedH y accept abl e

he conpoun

5

tumours and thelbh@ah@%hgggine97_g§@ of the conpounds as defined in any one

of 15 ains 1 to n the nuf act ur. nticancer di ca
Process olr the Blngpa‘l:lé?l ‘(uthpéléT]r gor'%ﬁﬁlge FSI‘@P%I ﬁﬁ

consists in:

formula X

10

15

20

25

30

8.

10‘

ZOphhrme@eMtﬂ@alagcam@epgabaeaahaﬁ&ro D el s- Alder
a quinolinedione of formula: R 0 RZ IV R3N O 25 and an azadi ene of

Pharmaceutical composition comprising an effective
amount of a compound selected from the compounds
according to any one of Claims 1 to 7 for
treating, by virtue of their cytotoxic properties,
cancerous tumours and their metastases.

Use of the compounds as defined in any one of
Claims 1 to 7 in the manufacture of an anticancer
medicament. '

Process for the preparation of compounds according
to Claim 1, which consists in:

a) reacting, according to a hetero Diels-Alder
reaction, a quinolinedione of formula:

reaction,

v
and an azadiene of formula
X
AV
. _
This Sheet Has Been Replaced

Cw llllllllllllﬂmlllﬂlll
l

N(CHa)

where X = CHs,
in order to obtain a mixture of compounds



R5 This Sﬁ§9t~Has~Beeﬂ~Bg§LEEed N)---R4 V 1111111 N(CHa) 2

11141111111 ere =—CH3, 30 in order to obtain dhisiSkectiiag Bedh Replaced
conpounds 1 HM&&MM&”WP s Sheet Has Been Repl aced iﬂwmlnrmtﬂml 61
RR OXOX R2 il (NRA R NRA OR- O Formul a
b) optionally separating the conpoundsggf -fornulae 5 Il an l'a, C
subsequently reacting a conpound of fornmulae 1l and or Ila with A
di met hyl formami de dimethyl acetal, in order to obtaigman epan ne of
formul a: N(CH3)2 N('®H3) R & :xxz:or R4 10 1 p Fagrmulg 111 Formul a
Illa then fwactionhlizi [ nes, Ra QI ge b5 LA OF

and/ or R7 sub%tiNgs S §T 1o} f t heJconpounds of
formul ae | and/ or A c2)|functignalizigng an | Zi at the sane
time, in order (e 5. CappQunds of f@ e 25 d)
optionally s& ¢ compbundRof for iful ae | Rfeet Has
Been Repl aced O Rq (9]

Formula II Formula IIa

b) optionally separating the compounds of formulae
5 II and IIa, '

ci) subsequently reacting a compound of formulae
IT and or IIa with dimethylformamide dimethyl

acetal, in order to obtain an enamine of formula:

I?I(CH;;)Z '\'.I(CHs)z

10
Formula III Formula IIIa

then functionalizing the enamines, in order to

15 introduce the Rg¢ and/or Ry substituents, and
cyclizing, in order to obtain the compounds of
formulae I and/or Ia,
or

20 .
c2) functionalizing and cyclizing at the same
time, in order to obtain the compounds of formulae
I and/or 1Ia,

25 d) optionally separating the compounds of formulae

I and Ia.



inimcis 62 CL MS 11. Process for the preparation of compounds ‘accorei ng
toClaim1 of formJIap L or la in which R6 and R7 are Thisswed s r?HeBh i
whi ch consi sts: in reactlng, according to a hetero P ace

reacti on, formula: RRb, 0 R2ti~ ~ ; ]Immd an
azadj.ene of lmuu:HIIulﬂ“““m RA V NeCo3)2 where X = cH! L ,

order to obtdin®a fixture of conpounds 15 RR OX OXR2R5 RBNR5 R3:N
RARR XNN R4 OR o Fornula || Formula Ha b) optionally separating the
conmpounds of 4f or s2QJ d | 141 I LT
Lns 63 c) cyc?gg?ﬁs angLﬁgﬁh&J Eﬁﬁﬁjd A# éé*ééﬁﬁé% ééé&#%l% der to
obtain a conpoun@ooﬁlﬁdmhdla@flf@ﬁmubae Faors I %ﬁnthGhlﬁssépdrﬁnlng t he

conpounds of for gpbadydirogen! dtokd, WBlikedcbokilha treatnent of a patient
exhi bi ti ng a cancerous tunour, which consists in adninisteri ng,

a) in reacting, according to a hetero Diels-Alder
reaction, a quinolinedione of formula:

v

10 and an azadiene of formula
X
]
\/R

lqéﬁﬂ\TQ4 Vv

N(CHs)z

where X = CH,-CH,—-NHBoc,
in order to obtain a mixture of compounds

15
+
R TR R NT R
0 R‘l O
Formula II Formula ITa

b) optionally separating the compounds of formulae
20 II and I1la,



10 to this—patt+ent—an—effective amount of a conpound as defined in Caim

1. Th| s She j"Im mﬁim"ﬁmﬁ,ced 111131113 reeeererr fUEELS

- 63 -~

c) cyclizing .a compound of formulae II and/or IIa,
in order to obtain a compound of formulae I and/or
Ia,

5 d) optionally separating the compounds of formulae
I or Ia.

12. Method for the treatment of a patient exhibiting a

cancerous tumour, which consists in administering,

10 to this patient, an effective amount of a compound
as defined in Claim 1.

—_—
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