WO 01/12631 PCT/ FROO 02312 Ascididem n derivatives and therapeutic uses
thereof The present invention relates to pharmaceutical conpositions based
on pol yaromati c conmpounds that are 5 useful especially as antitunor drugs.
In 1999, thewoytoat/rd63%reatments (chenotherapy) used RATARRAQAOZINRZ size
of cancer tunmors, to curtail the devel opnent of the tunor process or even,
inall to few 10 cases still, to elimnate the |unps of cancerous cells

and the risk ohsteidgcages derdvbitiergsecand |thérdpeadiioedisederhendof
substances with others that have been used for several decades. For
exanple, 5-fluorouracil (5-FU), which has been known for nearly 40 years
as one of th&hks npsesant veinhventhent s ralabesr ectal cheoaaceati

repl aced one oy qp%éaeélai ti\%ﬁséﬁe%ﬂ goigaebﬁamea%ﬂpoﬂm bihaks are
(irinotecan or ot ecan en no | onger sensitive to 5-FU
Mor e gene5a|Nﬁeﬁukeeﬁnﬁﬁkﬂkkﬁlﬁﬁeﬁ@ﬁ#ﬁﬂm%ﬁa¢¥%%$e to treat colorectal 20
tunors will also be enriched by the availability of oxaliplatin, novel I n
situ "donors" of 5-FU or selective inhibitors of tgégldﬁlate ynt ha

This co-exi ¥ent89Ps di® | FHFPRE*EE (HEaAtmERYon{ CHPMOLRFERRYY al U cers
Isi nce the clhee_mnt béaaayé o&hsaaﬁeéf o f 25ah]lc¢©xbrembgspf ﬁdﬂecuraa?&s the of Ithe
ungs now a use e family of taxane derivat,ive aclitaxe
and docet axel‘f e\?ﬂr?é)r?%b% ?fts)rtl?? cHPPRRtB*OFREP SFeSNore & |vt2 a]%lawbetter
tol eratetip thasesrmkr&lngtbhelsmnmama th&i1mmpquaﬁlppnméﬁ0daaQﬁllme 30
patients, W | [ nc rectal
tunors, it hég een é%%?%n&fgme%égtggsg %Oﬂﬂﬁh% %%%e#%& Borgg%&gﬁﬂg CA
Cancer J. Cchemicejorgubstanges twikthnptbars: shas hByee bams a1sqdhafon31 000
new cases V"erslne\@ﬂm%‘éddés199for54eﬂgﬁp§5 of 5. Wi ¢br S La & £EPOSLEG E, f Or
the death of the _patients. IS the knomﬂed e of this situatio .%@%ch has
incited the% A% PBeBe ﬂ’énl hO&r é’setaéﬂ'lﬁ % YSATPyast onﬁolﬂg tic

conpoundsst hadost eagtiibe reraatMehyspaint | yolorectal cancer, can be

replaced one or other of the specific topoisomerase I

inhibitors (irinotecan or topotecan) when the tumor is
no longer sensitive to 5-FU. More generally, the
therapeutic arsenal available to treat colorectal
20 tumors will also be enriched by the availability of
oxaliplatin, novel in situ “donors” of 5-FU or
selective inhibitors of thymidylate synthase. This
co-existence 1is not limited to the treatment of
colorectal cancers, since the chemotherapy of cancer of
25 the breast, of the ovaries or of the lungs now also
widely uses the family of taxane derivatives
(paclitaxel and docetaxel). The need for treatments
that are more effective and better tolerated, thus
improving the survival and the quality of life of the
30 patients, is imperative since, taking once again the
example of colorectal tumors, it has been estimated
(S.I.. Parker, T. Tong, S. Bolden et al., CA Cancer
J. Clin., 1997) that in the United States alone, more
than 131 000 new cases were diagnosed in 1997, 54 000
35 of which wre responsible for the death of the patients.
It is the knowledge of this situation which has incited
the inventors to become interested in a family of
polyaromatic compounds that are still relatively poorly



2 studied, identified in Ascidians of warm seawaters, to develop a novel
medi ci nal chem stry intended to select synthetic conpounds derived from a
desi gn/ chem cal nodul ati on study and having significant therapeutic 5
cytotoxic activity. The seas and oceans ®hich cover nore than 70% of the
surface of the gl obe harbor marine plants and sponges whose gradual
systematic memn%gﬁym&densiﬁﬂgdshmmﬂsnidiﬁnsthésyarmwﬁﬁ?Wﬂﬁﬁﬁ%n an
contai n conpl ex kal Qi h e _adv s Ree ¢ C
properties. ﬁ%?“aé¥énplgévfge%%%g%éggﬁk}?%%@?ﬁggg g?&%ta angﬂikg%%%%tndria
oEadai have bmerthéieicubfenpovndext dasived sifiF@es & riéesive/ gherbsdty of
the presence,d 1dn1 LS, GY; | ngi i ofcaat | chpsdapeetBc Thi s
is |ikew se n%%deh%g%é? o%?lﬁt_heyf aarlnﬁ)clﬁy oéfﬁt:lﬁ(%i catée)ﬂé, since the i]gol ation of
aplidin f PomeHeo ki € 2@t 1Pt ¥ um  al bi cans which lives in the Balearic

I sl ands (Spain). Alkaloids of tetrahydroisoquinolone structure have been

20 isolated fromthe ascidi an Ecteinascidi a turbinata. t hes
ect ei nasci di nt¥&3SRES PREAL T COURTE e AT ?%@F?@%cép?sﬁﬁaies

(E. 1gbicka eduptace NEl -HHRTGEl shephsirbior I8D8indAbpilantd0 gnd 3apenead al so

clinical trials intende def | ' t ' : pot Kal
anti cancer drYEPf%L %ﬁ%ﬁ%%fetg%%E?méﬁff-Eﬁé§%@§§?€%§?ﬁ§f ?8339 A§§?§g452 p.
118; M 19i | | ehevatitaser diwingl spedeSECRIC egipt (@eMRbeR: alkpipidgss p.

118, MJ. X. H b 3 h 3 4 .
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Novel —pent acs¥amRlacri dithe der PPAPPSEs havBYRFE BEen t KEFYRGsh) ecBPBf
ghar @0002831733%1 éiéggg@%g ?f&dggagfﬁbéﬁtb@én, thél. sQeBctSost , eReekihve
ransf., S -, ) Anot her natur al kal oi.d of ri -origin,
asci di demin, shudipe 106 dtedUtFERVERE fﬂ#i?ﬁ?epﬁf %ﬁﬁﬁﬁ\§%§ k???g
Kobayashiiset ebllsfetofihegtamablieet . o#98% Balichondr80p aBd fTum t he
S CyStf9¥é$§sge“h§§hEg§8' for the family of tunicates, since
the isolation of aplidin from the tunicate Aplidium
albicans which lives in the Balearic islands (Spain).
Alkaloids of tetrahydroisoquinolone structure have been

20 isolated from the ascidian Ecteinascidia turbinata.
Among these, ecteinascidin-743 has been the subject of
extensive preclinical studies (E. Igbicka et al.,
NCI-EORTC symposium, 1998; Abst. 130 p. 34), and also
clinical trials intended to define its therapeutic

25 potential as an anticancer drug (A. Bowman et al.,
NCI-EORTC symposium, 1998; Abst. 452 p. 118;
M. Villanova-Calero et al., NCI-EORTC symposium, 1998;
Abst. 453 p. 118; M.J.X. Hillebrand et al., NCI-EORTC
symposium, 1998; Abst. 455 p. 119; E. Citkovic et al.,

30 NCI-EORTC symposium, 1998; Abst. 456 p. 119). Novel
pentacyclic acridine derivatives have also been the
subject of pharmacochemical studies (D.J. Hagan et al.,
J. Chem. Soc., Perkin Transf., 1997; 1: 2739-2740).

35 Another natural alkaloid of marine origin, ascididemin,
has been extracted from the tunicate Didemnum sp.
(J. Kobayashi et al., Tetrahedron, lett. 1988; 29:
1177-80) and from the ascidian Cystodytes dellechiajei
(I. Bonnard et al., Anti-cancer Drug design 1995; 10:



(I. Bonnard et al., Anti-cancer Drug design 1995; 10: 3 333-46).

Asc¢i di dem n possesses antiproliferative properties denonstrated on the
nodel of nouse |eukema (lines P388 or L1210) and described by F. Schmtz
et al. (J. Og. Chem 1991; 56: 804-8y,3B- Lindsay et al. 5 (Bioorg. Med.
Chem Lett. 1995; 5: 739-42) and J. Kobayashi et al. (Tetrahedron lett.
1988; 29: 11333-9®) .and bacmédﬁmélel of PORPERS LB Uk e AT idek frepbive|

B d et ; 3 t
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for synthesi ave been reported hy varioqus authors: F.
Bracher et Illn(eﬁet@%%y(ﬂresm.@ég) ZRd 2@93995?63 cBY Rfbod§ et

(Tetrahedronghett¢y 1992¢. 48heR289-9602) ad §04C8} | eBrralLllneItsa@I .et{ ynt hesi s
1994; 239-41). 15 Mentiagn nay | so be de of. %brongl ept7 i nj,dong
751 coracedd

(accor di ng t dBHROLEmi ey sChRemp) ook Y’ al 19P9g f sol r on?tfe
asci di an Leptucliovaiesssip. ebyals JTeRirateddorml letd. AABS;Ctm BbE7-1987;

%89 208%3355) (Pﬁnd sgnt hesk/ﬁ u%egl ?’[faal{i%?ﬁietlgéruokcycl es %gg%ﬂ%gesk#gsg

767-778). 2-1Br (Bmirancbcbitmaﬂone (@hois cayicstroxPrigy dgsidre 1985;ul B9 : model

of teukema Wi af) FDoQ . 4-868ks ggg C%%x%ﬁ’é(éfz?ﬁ Pesdd £35 ¥&hEn
racher 1 g

confirmed by arnmazi e oth in_vitro - on
sixty tlfor hoste Dberes repeifiedr Y- ‘aﬁﬁl@\%swa\%ﬁl’tﬂfﬁmdgl sBgpchegnogk aphs

of human tungy cef ﬂeééf@%{&f@é ongéyrmag Sph 9820 531d d‘r[fllfbodﬁr@ﬂ: supor
A498 and mel anoma _LOX

h r ¢oppounds
derived from S&hARRATN Lelkh: 22532 dré%ﬁrgzié@lzai né,’s' 1‘%- FHORY
asci di dem n, etllaphe(syntinssisd -1994 ppheoydlpsci didenmin, 1-nitro and
3-nitro asci di demi n and neocal liactin have been 35 chem cally descri bed

(according to the nunbering by S.J. Bloor et al. 1987) by various teans
such as thos@®ention may also be made of 2- -bromoleptoclinidone

(according to the naming by S.J. Bloor et al. 1987)
isolated from the ascidian Leptoclinides sp. by
S.J. Bloor et al. (J. Ann. Chem. Soc. 1987; 109:
6134-6) and synthesized by F. Bracher et al.
20 (Hétérocycles 1989; 29: 2093-95) and then by M.E. Jung
et al. (Hétérocycles 1994; 39; 2: 767-778) .
2-Bromoleptoclinidone shows cytotoxicity on the
cellular model of leukemia with an EDsg of 0.4 ug/ml.
The cytotoxic properties were confirmed by F. Bracher
25 (Pharmazie 1997; 52: 57-60) both in vitro - on sixty
tumor cell lines in culture - and in vivo on models of
xenographs of human tumor cell lines (colon tumors SW-
620 and HTCl1e, renal tumor A498 and melanoma
ILOX IM VI) implanted into mice.
30
Other compounds derived from ascididemin, such as
11l-hydroxy ascididemin, ll-methoxy ascididemin,
ll-phenyl and ll-nitrophenyl ascididemin, 1l-nitro and
3-nitro ascididemin and neocalliactin have Dbeen
35 chemically described (according to the numbering by
S.J. Bloor et al. 1987) by various teams 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. 1997; 53, 17029-38), G. Gellerman et



of F.J. Schmtz (J. Og. Chem 1991; 56: 804-8) and Y. Kitahara et al.
(Heterocycl es 1993; 36: 943-46; Tetrahedron Lett. 1997; 53, 17029-38), G
Gellerman et - 4 al. (Tetrahedron lett. 1993; 34: 1827-30), S. Nakahara
et al (Heterocycles 1993; 36: 1139-44). h.-Spector et al. (US Patent
Nunmber: 5,432,172, Jul. 11, 1995). 5 One subject of the present invention
is a phar ma&uticﬁtmﬁmﬁbﬁimattomgﬁ NoEan eBhreBiye SumNHKaloira

conmpound chos om.the ¢ unds g Iae | and La _below R5
R X M R eéRzai Thegergcsles Jf\i%él RSer a”éof 2 | TFoPREFESFa o in
which: X is alosdUs rRarheody dambean: =NHE 32 0LiP2 andiuln 1EN-TBBHF oup, 15 - R1
is chosen from hydrogen, hal ogens, a nitro group and groups -NR8R9 in
which R8 and RO are chosen, independently of each other, from hydrogen and
(Cl-C4) &l kPnegr opRigek i s ehosewher onPhg8EBEEN amrelﬂé}ll@@ens i0 -aR3 is
chosen from Brdrq@RRudIRR0CNSonbod1 E4bn aldooouns. 661 Eheldary
groups, a guani di no group, groups -NR1IOR11 i'n R10 and Rl1 are
chosen, indépenddnt P of e‘a‘@ﬁpe’éHGr c??%ﬁ?hy%ﬂ?%‘@enth? creapouRdiky1°%r oups,
(C1- C4) phenylealeidl Horisl andl Hrlpsa Fetdwd2) n-Y with Y being chosen from
hal ogens and CN, -CH (O-Et) 2, (Cl1-C6) al koxy, -O (CH2) 2-N (CH3) 2 and
-N (CH3) 2 groups and n =1 to 3, - R4 is chosen from hydrogen, hal ogens,
nitro groups and %oup% -NR12RJ§31 in which R12 and RL3 are

Ry

Farmula 1 Formuia la

10
in which:

- X is chosen from oxygen, an =NH group and an
=N-OH group,

15 - R; is chosen from hydrogen, halogens, a nitro
group and groups -NRgRg in which Rg and Ry are chosen,
independently of each other, from hydrogen and (C;—-C,)
alkyl groups,

- Rz is chosen from hydrogen and halogens,
20 - - Rz is chosen from hydrogen, halogens, (Ci1—C4)

alkyl groups, (C;-C¢) alkoxy groups, a guanidino group,
groups -NRjgR;1 in which Ri;y and R;; are Chosen,
independently of each other, from hydrogen, (C1-C4)
alkyl groups, (C1-Cs) phenylalkyl groups and groups
25 ~=(CH2)n-Y with Y being chosen from halogens and CN,
-CH(0-Et)2, (C;-C¢) alkoxy, -0O-(CH,).-N(CH3), and -N(CHj),
groups and n = 1 to 3,
- Rs is chosen from hydrogen, halogens, nitro
groups and groups -NRj;pRi13 in which Rjz and Rj;; are
30 chosen, independently of each other, from hydrogen and
(C1—-C4) alkyl groups,



30 chosen, independently of each other, from hydrogen and (Cl-C4) alkyl
groups, 5 R5, R6 and R7 are chosen from hydrogen or a hal ogen atom
Cl-C6 al kyl, hydroxyl, Cl-C6 al koxy, (Cl-C6) - al koxy (Cl-C6) alkyl,
(CL-A4) al kyl carbonyl oxy (Cl-C4) al kyl - 55--CHO, -000H, -CN, -CO2R14i

- CONHR14 and - CONR14R15 groups, -NHCOR19 and - NR14R15 in which R14 and R15
are chosen, independgpt Ry ahdeR¢hmint heliosém afrdigdr ogen and (Cl- C6) al kyl,

- phenyl - CO-CH3 and - CHZ- - ) , ~£ Rhenyl - CO- CH3 or

- phenyl - CO- CH=CH N (Oéy%%%%rfbr%ﬁ% |ér)1%?§n?¥€1j§’ or SO3H groups, groups:
-C}-iz - N - COOR 16 - G1-Cs- M1kyIGORRFAroxgk2- QoG 2B 161RE6 and R17
bei ng chosen Jlrmﬁl%sﬁgtx%grouwl-@z afky1B8iBEng168yIE -8 VA1 Ry DHP,

wi th the exclusion of" the conpounds of fornmiula | containing the

combi nati bn: =GHY, “@OQHd, ~@Nt heFO2Re,; ROPNRB14 pepd ReCONB1aRs HLoWPpsS oy -
RL, RS, dR]fl, R%lﬂdﬁfhumafd H_—ﬁ_ﬁgql'@ghinBr\rvT%iéﬁd_Hyiﬂ;ar{dlgR@%gbg?i Oceh@éemheR4
conpound fornula la _containing the c i nati on =, 0 an _ :
R5, R6, R-7indgpenylepfdly h@fa%d‘i o?lﬁé%ﬁ s%5f’mt Hb‘éder%%?ﬁ)oaﬂgslﬁﬁlt ﬁg’

phar maceut i callyyaccaiady b-coics,; athe URsCHL-NICHs i gragisates nore
particularly to a pharmaceutical conposition iS4 A Lf hve 30
anount of a conpound ch&ﬂé??¥jro€¢t@g3 co%ﬁ:ound?ﬁgwlf o%ronrr_%}g%lfpﬁd;%i gh: - X
i s choseb0f r avo xptygeimo amiEND grouPpOdFh@rvpssN- OH group, - R1 is chosen

from hydrogen, hal ogens, . a,0itro 35 group and groups -NR8R9 in which R8
and R9 are chosen, ind%pe ently of each other, from hydrogen and (Cl-C4)

_CH, — [I\l —COORyg . -CHp- Il\l-'COORﬂ-, .
" CH,-COORyy CH—Ar

15 R;¢ and Ri; being chosen from C;-C¢ alkyl groups and Ar
being a C¢Cis aryl group,
with the exclusion of the compounds of formula I
containing the combination:

X =0, .
20 and, either: R;, Rz, R3, Rs, Rs, Rg, R7 = H,
or : R;y, R3, Ry, Rs, Re, Ry = H and R; = Br,

and with the exclusion of the compound formula Ia
containing the combination X = O and R:i, Rz, R3, Rs, Rs,
R¢, R; = H,

25 and the addition salts of these compounds with
pharmaceutically acceptable acids.

The present invention relates more particularly to a
pharmaceutical composition comprising an effective
30 amount of a compound chosen from the compounds of
formula I in which:
- X is chosen from oxygen, an =NH group and an
=N-OH group,
- R; is chosen from hydrogen, halogens, a nitro
35 group and groups -NRgRgs in which Rs and Ry are chosen,
independently of each other, from hydrogen and (C;~Cy)
alkyl groups,



al kyl groups, - 6 independently of each other, from hydrogen and (Cl-C4)
al kyl groups, - R2 is chosen from hydrogen and hal ogens, R3 is chosen from
hydr ogen, hal ogens, (Cl-C4) 5 al kyl groups, (Cl-C6) al koxy groups, a
guani dino group, groups -NR1OR11l in whi&h-R10 and R11 are chosen,
i.ndependently of each other, from hydrogen, (Cl-C4) alkyl groups,. (Cl-C4)
phenyl al kyI , indegdre2tNy &) edchamdther,( CERYm2 hydroge) 2nd (Cris§a)2

gr oups, V\Eﬁj&é} %’ en from hydrogen, hal ogens, nitro groups and groups
-NR12R13 |n % g nd R13 are chosen, independently of each other,

f rom hydrogen and- (Clm)-Sabh?Begr Sups, hwslromeraedRhadagedosen from 15
hydrogen or a hal Qgenogtﬁorgs &Eal k¥bm I?,égi n, %%gox C

COOH, -CN, -CO2R14 HR14 and CC]\IR14R1 roups, - 14 an(]i NR14R15
gr oups i 18 whPd YR PR 5 (GrCe) ¢ RISEARY |9‘P€fé‘b%$ldeﬁt PYasLddRon iR, from
hydrogen and r%Q\p(sC]- G, Rl Kyl imndwhCHB- CHgs N aek3) K, gr aups, chosen,

- phenyl - ClgB -p en I-COCH:CH-N égg:i) 2, m)rptplol i.no, n|tr SO3H

gr oups, grouﬁé1 ep ydgagen 17 o2 - Ar
25 R16 and Rhikyai ngrehpsen ¢cle¢u£1ﬂffer@fllalkxg1pups(ca@nzm(chelzng andC6- C14
aryl group, Wi he e Si f ounds in which X =0, 30 and,

ei ther : FQEI rR-e% E&% ﬁ&gﬁ ofr : Rl, R3, R4, R5, R6, R7 = H
and R2 —1aBr . and t he Raddis i choseint sfmmthefsie:mmouh@léogﬁnh, nitro

phar maceut i CQJJIJO\IE1 gplhabheog gds_NgiSR(PQe SibiestcrPf rihe MHESK, idwention

is nore part Ceutl cal onposi tion conprising an
chosen, 1ndependently of each other, from hydrogen and

(C1-C4) alkyl groups,

- R;, Rg and Ry are chosen from:

15 hydrogen or a halogen atom,
C1-C¢ alkyl, hydroxyl, C;-C¢ alkoxy, -CHO, -
COOH, -CN, -COzR;s, =-CONHR;; and -CONRjsRis groups, -
NHCOR;s and -NRjsRis groups in which Rj4 and Ris are
chosen, independently of each other, from hydrogen and

20 (C1—-Cs) alkyl and -CH,-CH;-N(CH3)2 groups,
-phenyl-CO-CH3 or -phenyl-CO-CH=CH-N(CHj3)2,

morpholino, nitro or SO3H groups,

groups:
-CH, ~|I\| —-COORyg . -CHy— :‘w— COORy¢ ,
CH,- COOR ;7 CHz—Ar

25

Ry and R;7; being chosen from C;-Cs alkyl groups and Ar
being a C¢-Ci4 aryl group,
with the exclusion of the compounds in which X = O,
30 and, either : Ri, Rz, Rz, Ry, Rs;, Rg;, Ry = H, or : R;, Rz,
R4, Rs, Rg, Ry = H and R; = Br,
and the addition salts of these compounds with
pharmaceutically acceptable acids.

35 One subject of the present invention is more
particularly a pharmaceutical composition comprising an



7 effective amobunt of a conpound chosen fromthe conpounds of fornula I
in"which: X represents oxygen, - Rl is chosen from hydrogen and an amno 5
group, R2 is chosen from hydrogen and hal ogens, R3 is chosen from hydrogen,
hal ogens, (Cl1-C4) al kyl groups, (Cl-Ce)7akkoxy groups, a guanidino group,
groups -NR1OR11 in which R10 and R11 are chosen, 10 independently of each
ot her, from fieageine rreaﬂmytntgr@lfps a(Ci:o@p))umkrbnwm:ke}'m frooH2)tize N

(CH3) 2, (CH2 R4 is chosen from hydrogen,
hal ogens and C)quoruncgcggéam no gr oups, 9'%1%8%5 R6 and R7 represent a
hydr ogen, with the exclXisiepredente exngpeunds in which Rl, R2, R3, R4, R5,

R6, R7 = H or Rl,_R3, 4’155’c8@se%7 *dm A, dFoge ﬁ”1aﬁﬂmiéﬁﬁféﬁﬁhé'0n

salts of these conmpounds with 20 pharnaceutically accept able acids. Inits
pref er r ed>f orgxoUhe subj ect of the present invention is nore particularly

a pharmaceutical conmpoagj tisORHFERN | FidM Wﬁx&fcjé&ctar\@ mmﬁén@)‘ a 25
conpound chosen fromthe conpounds of forglf.l and, |

represents oxygen,” - RI3 st£hBR8ASRr FHoHy ?'S%fh’d gﬁﬁgﬁ]eﬁgr @duﬁ‘ 30 -
R2 is chosen d1gm hydoagep agd-tyl Qangthy gR3ups, chosprardfidimdygir ogen,

aroups. - NRLOREPYRS whi SRE0 aih RITISTE dhsert™d | ridipeddont 15 oroRach
other, f ELOm hiydteprmdemet hy | oB5 eﬁaiupsqtl(@.r CAfrperlyy & kgen gr cu@shwhd
oy ups E & Cg% %S,W(éué quge@h%%fommgﬁqemgggz,gr%ﬁ)%- HO
CHﬂz—N(CHﬂz groups,
Ry is <chosen from hydrogen, halogens and
nitro and amino groups,
15 - Rs, Rg¢ and R; represent a hydrogen,
with the exclusion of the compounds in which Ry,
Rz, R3, R4, Rs, Rg, R; = H, or Ri, Rs, Ry, Rs, Re, Ry = H
and R, = Br,
and the addition salts of these compounds with

20 pharmaceutically acceptable acids.

In its preferred form, one subject of the present
invention is more partiéularly a pharmaceutical
composition comprising an effective amount of a
25 compound chosen from the compounds of formulae I and Ia

in which:
- X represents oxygen,
- Ri is <chosen from hydrogen and an amino
group,
30 - R, is chosen from hydrogen and halogens,

- R3 is chosen from hydrogen, halogens, (C1-Cy)
alkyl groups, (Ci1-Cg) alkoxy groups, a guanidino group,
groups -NRjpR;; in which R;p and R;; are chosen,
independently of each other, from hydrogen, methyl

35 groups, (Ci1—-C4) phenylalkyl groups and groups - (CHz),~Y
with Y being chosen from halogens and groups CN, -CH(O-
Et)2, (Ci1—-Cg) alkoxy, -0O-(CHz),~-N(CH3)2 and -N(CH3)2 and
n=1 to 3,



n=1to3 - 8 R4 is chosen fromhydrogen, hal ogens, and nitro and.
amno groups, R5 is chosen froma hydrogen, a hal ogen and a nethoxy group,
5 - R6 and R7 are chosen from hydrogen and Cl-C6 al koxy, - (Cl-C6) al koxy
(C1-C6) al kyl and -CH20OCOCH3 groups, w 8h-the excl usion of the conpounds
of formula | in V\/nich R, R2, R3, R4, R5, R6, R7 = Hor Rl, R3, R4, R5,

R6, R7 = Hand R2 = Br Rsandsof chbsesonpoomd ydfogeni a habogensn wiméh R1,

R2, R3, R4, ngc addition salts of these conpounds wth
phar maceut i ca|$1y accept 5%}[11 a dss‘ggeA subj ect of the present invention is
also the 15 corrpounds Ré ifsorghfsen £xomedi h¥drapste, awihadadfd & &sion

of the conpoypds, :QEK\Q_&} 0, and either Rl, R2, R3, R4, R5, R6 R7 = H,
or Rl, R3, R4, R5, &'%bHan

d R = Br, or 4. R5, = H and
R3 = OCH35 20 or Rl1, RRs RdRRs Rse rghosen aﬁa%RZfB"%sP%‘?nﬁgg 1oF6R1 =
NOZhanthZ 3L kd¥y J Rﬁcl—@%) alklolxgrrqdli-%@ a@_dcyj/ta\lacﬁ%s-ad:flz@%m‘miﬁhgseupsvpounds
Wi t phar maceut| ca cept ahl e .aci ds subject.o ent
s S Wb et a Rl it EL Rl e e ih che

i nvention is also%¥h above
excl usi on of irmewltDeipoRNd R4 B, CR X BRs 0 Reyd Per“ B2, oRR:, R, B, R6, R7 =

H, and the adgditi t f th_e u h r e y
accept abl e ag?sds 1£)"'I'he%ﬂexgpr}ée)s%;f on a’ddlgglao%qia éé &oéﬁﬁoﬂﬁgr %eﬁ%#@aif%
accept able@ acialsin denbtlesRsalRes Rhi cRargiRse Rae Rbl'olfé)gl cal properties of

the free bases, %M%H@Vhaalﬁoanyséﬂﬂgrsﬁfeftfh%%fes chpsansal twieRy be
especially those ornmed with mneral acids, such as hydrochloric acid,

hydr obrom ¢ RHEMGRYEFFRLEE ACCHPEIPLea8F48r phosphoric acid; acidic
netal salts, such as disodium

A subject of the present invention is also the
15 compounds of formula I as defined above, with the
exclusion of the compounds in which X = 0, and
either Ri, Rs, Ri3, Ry, Rs, Rg, Ry = H,
or Ri, R3s, R4y Rs, R¢, R7 = H and R; = Br,
or Ri, Rz, R4, Rs, R, R7 = H and Rz = OCHs,
20 or Ri, Rz, R3, Ry, Rg;, R7 = H and Rs = OH or OCHs3,
or Ry = NO, and R, Ris, Rs, Rg, R7 = H,
and the addition salts of these compounds with
pharmaceutically acceptable acids.

25 A subject of the present invention is also the
compounds of formula Ia as defined above, with the
exclusion of the compound in which X = O and Ri, Rz, Rs,
Rg; Rs, Re, R7 = H,

and the addition salts of these compounds with
30 pharmaceutically acceptable acids.

The expression “addition salts with pharmaceutically
acceptable acids” denotes salts which give the
biological properties of the free bases, without having
35 any adverse effects. These salts may be especially
those formed with mineral acids, such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid or
phosphoric acid; acidic metal salts, such as disodium



9 orthophosphate and nonopotassium sul fate, and organic acids. In
general, the conpounds of fornmula | are obtained 5 according to the
general reaction schene described by F. Bracher et al. (Heterocycles 1989;
29: 2093-95) for ascididem n. AccordirgSte this schene, the conpounds are
prepared by oxidative am nation of a 5,8-quinone substituted with a

substit ut ed ayrtrooptosiskaaes opimenonmenopotéskiomedfatyel i 2adi oradnide

di aryl am ne obtained (conpounds of the formula Il) into an internediate
tetracyclic qtfTohe (conmpounds of formula 111). The enanine formed by

reaction of the conpound of fornula |1l wth dinethylfornman de diethyl
acetal gives ”a' “é’d’H Hendy o¥Cl FgAhhPa: 1SCheae dbise&® RS O
HR6 F 2N R2 gé%f 8 I5002 150H\ R7 ~R3 O CH3 R7 0~ R3 R4

CH3 R4 F&r =lacadr&sn®d Ro WRQGPEF@ZP@W@IB) sChepeOfEHTEIRE i PY ef | ux
DVF, 120C R7 N RBr Q&8 elebnnul aiHdder &y &2 45 RS8O; R29R6 ROINSE]) R6r R2

ACOVI ascididemin. According to this scheme, the compounds
are prepared by oxidative amination of a 5,8-quinone
substituted with a substituted ortho-aminoacetophenone,

10 followed by cyclization of the diarylamine obtained
(compounds of the formula II) into an intermediate
tetracyclic quinone (compounds of formula III). The
enamine formed by reaction of the compound of formula
III with dimethylformamide diethyl acetal gives the

15 final derivative by cyclization:

Scheme I

Rs
Re Ry
X
R; R3
HCOOG,Hg),NICHy),
———————ae
DMF, 120°C
Rz, O R, Rs O Ry
Re. R,  NH4Q Re R
z ] N AcOH " ' RS
———————
X Z A X Z
Ry Rs R7 Ry
o ]/ P R,

20



7 RBR7T RBOR NOCH3)2 Formula 1 20 10 Ascididemn (or

9- H qui no[ 4, 3, 2-de] [1, 10] phenant hrol i n-

the process described by F. Bracher et al. (Heterocycles 1989; 29:

2093-95) and is referenced, in the preseht-docunent, under the 5 nunber
CRL 8274. Certain conpounds nmay be prepared directly from ascididenmn or
froma COWpOlKBi’:ﬁld@ﬁim| dok lﬁaeeﬁ-cpﬂrm[ls)a)m%eie]c[h,rﬁaﬂmrmmtéqunﬂ'hus

o S 4P cBe8re e ik dpsihg, obb CRESproch Al o AL

HprEUIBrBChﬁmMﬂmhaEB Mﬁeﬁerqqx?k%%ub98&6 8% 12937 9%%he
é%f-a obf i ped LU Ngotmbhe, g%ere&l EI?élCtl on

parti cul ar,
where R10 an
conmpound of

conpounds ofgﬁﬁnygaﬂéi

scherme 1. According i's schene, thé conpounds are prepare by
coupl i ng 5a ﬂm&ﬁ¢¥L@%% %%ﬂ%robenzorc aci d and di met hoxyaniline 20 to form

the conpounds of formula Ila. After conversion

met hyl ketone, cyclization d then oxidation, nternediate tricyclic
qui none  ( corfRKFRADS FBWPEPQ%§ %] S& 3 fro

|| d¥2Ys ai PP 9@ LRCE

9-one) was prepared according to

of the acid function to a

in

cycl oaddi ti onayéidyderli®zedi @ren endsompothé bdr nidinan 251 olisadt ets aayclic
qui none (conp%%%glof fo Ia I%’éFeThe addi tion of dinethylformam de

di et hyl acetaf
t he presence of amoni um chloride, to the final conpound of

cyclizedlOin

This * ?HH%

&s an enam ne internediate which is

formula la. 3Phusllnj185g§%§chha OVecRe compounds of formula I in

which Rz is a group -NRjoR;1, where Ryp and/or R;; are

" other than hydrogen, may be obtained from a compound of

15

20

25

30

formula I in which R; is an -NH; group.

Similarly, the compounds of formula Ia may be obtained
according to the general reaction scheme II. According
to this scheme, the compounds are prepared by coupling
a substituted chlorobenzoic acid and dimethoxyaniline
to form the compounds of formula IIa. After conversion
of the acid function to a methyl ketone, cyclization
and then oxidation, an intermediate tricyclic quinone
(compound of formula IIIa) is obtained. A Diels-Alder
cycloaddition with a l-azediene leads to the formation
of a tetracyclic quinone (compound of formula IVa). The
addition of dimethylformamide diethyl acetal to this
quinone gives an enamine intermediate which is
cyclized, in the presence of ammonium chloride, to the
final compound of formula Ia.



O Rl NH2 C0 RR HRZ HR2ZCR3 HO2 R3 M R4 Ra Formrula lie Ow RlL O R1
HRR LICHB XRR H / \'\ CRZIR3 OWw 'O Ra\N ORLRL it NNR2 R7 N
R2 \ RBRO RBR4 R OR4A Formula llia Formula IVa 0 R R7 N R2 DMDEA,
NHgCl R6 R3 *p N A Fornula la This Shekl Has Been Repl aced
Lrerererrerererer 1 1l I~~1 This Sheet Has Been Replaced 11111111 1111 111
LEEE 1fIITE 12 Certain conmpounds mighemepddpared directly. fromthe
asci didem n i somer known as 9-H quino[4, 3,2-de]- [1, 7] phenant hrolin-9-one,
or froma corrpounqmof formula la used as a synthetic internmediate. 5

¢ X

Formula lla
o ) R, ' OMe Ry
b R:
* = OO
—-
c Rs OMe "
‘OMe Re |
\;i/ 0 Ry
Ry
BN, ‘ s O -
A Z Rs
. te) Ry
Formula llla

DMFDEA, NHCI
—

Formula la

This Sheet Has Been Replac

[T




Certain conpounds nmay be prepared directly fromthe asCFhldSlttetrﬂaﬁB‘Fes
knewn as 9- H qui no[ 4, 3, 2-de]- [1, 7] phenant hrol i n-9-one,

of formula I|a used as a synthetic internmediate. 10 Thus

the conpounds of fornula la in which-R34s a group - NRO , I C

and/or R11 are other than hydrogen, may be obtained froma corrpound of
fornula |a i cesdiadn Raon@oandJSiHngYOLka rﬁreparaa epalr@mtdnr ofreme the

i nt er nedi ate pro I {ﬁﬁp t il £
6- (2-acetyl - %ﬁj&% f)thenyl am no‘% gui nol'1 ne- ?)one (I nt e?n%gzlsa?%pAl)
(CRL 8322) Aﬁolﬂmmmtlsf@mnmmﬁhedﬁmnérem 2150@13011@5 Qfrofgrmata 12 m

of ethanol '%ﬁa%%é)v!ys%&ﬁeéféuiﬁﬁ’@rﬁédléﬁé' umchioride (1 g, 2.7

nmol ) and 5 -am no acet ophenone (0.402 g, 2.7 mol) in 5 m of
et hanol . 2The reaction nedi um (red) is stirred overnight at room

~ tenperature. cHwdi@sulcomp@uiRld Uiakys Hsydrpadapzaerédm dired® Iy dfromquelbas 10%

acetic acid solutjon and extract ed t1mes h [
phases are dA¥d-SFIVER M "Ehd t]ﬂéch 1'évapabrat ed%fﬁ’?{r%ﬂ% 3 §_§éggnl :

&lzltzgllgleﬁ/eas:b plUr i T ) i oyn £ 1 s hi w9 oome pgoapliyomn aa campiannd o9f s @Ilélal§95/5
0 V. 4 |cycI|c conmpound in the
formof a po]it/\%el‘(‘r%eiésg YQ %1%31_8%/8 ;ﬁ%mé?gﬁ%% 2.42 (s, 3H), 2.77 (s,
3H), 6.880 (s, 1H), 7.38 (dd, 1H, J 8and16Hz)752(d 1H J =8

322161 (5d61 (dﬂquslH 1“}1 ‘pérgléﬂﬂaz Gtﬂg) comfm%d(sd of3 fdﬁ"!hul]a 1k 6ihiz),

(s, 1H). A—2 whls%t?ﬂes%% %f %OPE a@&lgﬁfuzl Sn whller’ Ro?alidfo? RuiTdre’ ! 10
chl or opheny| ast i athae! hperdbgéndi fag bel piarairdictfrod®)a compound of

formula Ia in which R3 is a -NH> group.

15
A - Preparation of the intermediate products of formula
II (Scheme I)

20 A-1 - Synthesis of 6-(2-acetyl-4-methylphenylamino)-
quinoline-5,8-dione (Intermediate A;) (CRL 8322)
A solution of 5,8-quinolinedione (0.215 g, 1.35 mmol)
in 12 ml of ethanol is added slowly to a solution of
cerium chloride (1 g, 2.7 mmol) and 5-methyl-Z-amino-
25 acetophenone (0.402 g, 2.7 mmol) in 5 ml of ethanol.
The reaction medium (red) is stirred overnight at room
temperature. The resulting medium is hydrolyzed with
30 ml of aqueous 10% acetic acid solution and extracted
4 times with chloroform. The organic phases are dried
30 - over MgSO; and then evaporated. The crude product
obtained is purified by flash chromatography on a
column of silica (95/5 CH2Cl/MeOH) to give 0.405 g of
the expected tricyclic compound in the form of a
powder:
35 e Yield = 98%
e 'H NMR (CDCls): 2.42 (s, 3H), 2.77 (s, 3H), 6.86
(s, 1H), 7.38 (dd, 1H, J = 8 and 1.6 Hz), 7.52 (4, 1H,
J = 8 Hz), 7.61 (dad, 1H, J = 5.2 and 7.6 Hz), 7.74 (d,



Preparation according to the process described in chapter A-1:

qui'nol i ne-5, 8-dione (0.188 g, 1.18 mmwl),
mol ), 5-chloro-2 10 am noacet ophenone (0.4 g, 3.14 mol ), ethanol (10 + 4

m), acetic acid (25 m). 0.3 g of a red3owder is obtained: Yield

1H NVR (CDC13) : 2.65 (s, 3H), 6.84 (s, 1H), 7.52 15 (dd, 1H J = 8.8 Hz),

7.57 (d, 1H, 131,_ 8. & )6 Hzba 8(d6, tde, J1H,8 &ng 4 rend B Ha),, 1H,

= 2.4 H),

48 (@, B, b= %%ﬁ%&"ﬁ@)’ % P21 4dgs, 1ty J = 2 and 5.2

Hz), 11.18 (s TH). '13C'NVR (CDCL3) : 28.5; 107.36; 121. 357 126. 69:

126. 85; 127.49; 128. 39 132 10; 134.06; 134.75; 138. 36;

155.22; 181. 282 18Bvaithe¥is BE 6 @-adweybesis of 6-(2-acetyl -
b | henyl | 5 di ate A3
P opar ati on aces ?ﬁ%'% By AR &0 (9 AR 2 1 ]

n accor
qui nol i ne-5, 8- di onEnterdedinted &) nmol ), ceriumchloride (0. 77 g, 3.14

I b
mol) 5 bengY gy

tic aC|dagggﬂﬁﬁﬁﬁﬁghgggge8§856gggges§wég¥¥¥§h%b ai ned:

Vield = 91% chapue (EPC13juingline-S, &idionet. $8.188 ar) 1.¥8 7gnokXk,

6. 83 (dd
(m 5H),

(dd, 1HLOJ amr@%qph%onea 03 (8d4 EH J —3’21%1er“‘9{18er)

1H’ce‘]:1‘un9 6&!1%131& Hzg(,o 7880% (d, 2 3356 l-clfholv‘) = 3 §—c!1¥])o 3*239 7.37

1H, J =
Qﬁ i(s

1H) . 14 - A-410 Syt hesi,s odethid Za@L@t Y255ml). 0.3 g of a red powder
bronnphenylanlngﬁgflnoh%ne 5, 8-di one (Internedlate A4) (CRL 8268)

Preparation acc

Ann. Chem 1990, 2081%&@. 78%
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e 'H NMR (CDCls3): 2.65 (s, 3H), 6.84 (s, 1H), 7.52
(dd, 1H, J = 8.8 Hz), 7.57 (d, 1H, J = 8.8 Hz), 7.63
(dd, 1H, J = 8 and 4.4 Hz), 7.89 (d, 1H, J = 2.4 Hz),
8.46 (dd, 1H, J = 0.8 and 8 Hz), 9.02 (dd, 1H, J = 2
and 5.2 Hz), 11.18 (s, 1lH).

e 13c NMR (CDCl3): 28.5; 107.36; 121.86; 126.69;
126.85; 127.49; 128.39; 132.10; 134.06; 134.75; 138.36;
143.29; 148.32; 155.22; 181.28; 182.63; 200.39.

A-3 - Synthesis of 6-(2-acetyl-4-
benzylaminophenylamino)quinoline-5,8-dione
(Intermediate Aj)

Preparation according to the process described in

chapter A-1: quinoline-5,8-dione (0.250 g, 1.57 mmol),

cerium chloride (0.77 g, 3.14 mmol), 5-benzylamino-2-
aminoacetophenone (0.603 g, 3.14 mmol), ethanol

(15 + 7 ml), acetic acid (35 ml). 0.56 g of a red

powder is obtained:

e Yield = 91%
e 'H NMR (CDCl3): 2.54 (s, 3H), 4.38 (s, 2H), 6.70

(s, 1H), 6.83 (dd, 1H, J = 9.6 and 3.2 Hz), 7.08 (4,

14, § = 3.2 Hz), 7.30-7.37 (m, 5H), 7.43 (d, 1H, J =

9.6 Hz), 7.58 (dd, 1H, J = 7.6 and 4.8 Hz), 8.43 (dd,

1H, J = 7.6 and 2 Hz), 9.03 (dd, 1H, J = 2 and 4.8 Hz),

10.67 (s, 1H).

ceriumchloride (0.88 g, 2.36

143. 29 148. 32;

thﬂgol 30

the process described by 5 F. Bracher, Liebigs



A-5 - Synthesis of 6-(2-acetyl-4-

di met hyl am nophenyl am no) qui nol i'-ne-5, 8-dione (Internediate A5) 10
Preparation according to the process described in chapter A-1:

qui nol i ne-5, 8-dione (0.36 g, 2.26 nml9,14 ceriumchloride (1.67 g, 4.49
mol ), 5-di net hyl am no-2- am noacet ophenone éo. 8 g, 4.49 mol), ethanol

(20 + 10 nl) A-dcet iSyndies 5P H1 6~ (2-a@eybfSa red 15 powder are obt ai ned:
Yield = 84% 1H N P ; i ne-528L8; ZmelsatéH .
6.90 (dd, 1H, J:JQ;%%%gﬁ¥%¥%éﬁ£§%%ikﬁé§%ﬁ?§ %Ff %13ﬁ€?§1€§§, $§43t%d, 1H
J =9.2 H), 7.58%dd(CR& 8468)= 8 Hz and 4.4 Hz), 8.43 (dd, 1H J = 1.6
and 8 Hz), D QAkhiddl decodabn@gnded. 4the) , pkdRRs( s desddibet 6 by

Synt hesi s_of 6-(2-acet '4-25-”Eth°XyQ5$Qﬁlaﬂé8 )qgggo&th-S,S-dlone

(1 nt er med? at & -ABF AT ER PR ngheB- t gro s“d8scribed in

chapter A-1: quinoline-5,8-dione (3.51 g, 22.08 muvl ), ceriumchloride
(16.4 g, 44.Q3 I - el hoxy-2 30 am cet ophenone (7.29 g, 44.18
mmol ), et han _ﬁgo%yﬁ%lﬁ)%ya%e??cgé%%f( 00 M). 4.25 g of a red

powder are obt ai netimethylamningolengtlaniso) @pne}ines568-diongH), 3. 87 (s,
3H), 6.76 35 (s, : ,adH J = 2.8 and 8.8 Hz), 7.42 (d, 1H, J =
2.8 Hz), 7.55 (d, ﬁ?tﬁ%é@%ﬁé 7.61 (dd, 1H, J =7.6 and 4.4 Hz), 8.45
(dd, 1H,10 =Prepanation 6 #pFording (He, rHe Jproregsandepriped 19180 (s,
1H. 15 A7 heglsy .of od; Aobiae2s5agekybari | (po3guynola nes mmdi fj one

(I'nternmediate A7) Preparati on according tqo the process, descrjbed in, 5
chapter A-1: RGHSrlehbiendlsod. Si'o%e4(93?‘§‘°d3' 5-dimethylamino-2-
aminoacetophenone (0.8 g, 4.49 mmol), ethanol

(20 + 10 ml), acetic acid (50 ml). 1.26 g of a red
15 powder are obtained:
e Yield = 84%
e 'H NMR (CDCl3): 2.85 (s, 3H), 3.12 (s, 6H), 6.72
(s, 1H), 6.90 (dd, 1H, J = 2.8 and 9.2 Hz), 7.15 (d,
1H4, J = 2.8 Hz), 7.49 (d4, 1H, J = 9.2 Hz), 7.58 (d4dd,
20 1H, J = 8 Hz and 4.4 Hz), 8.43 (dd, 1H, J = 1.6 and
8 Hz), 9.00 (dd, 1H, J = 1.6 and 4.4 Hz), 10.69 (s,
1H) .

A-6 - Synthesis of 6-(2-acetyl-4-
25 methoxyphenylamino) quinoline-5,8-dione
(Intermediate Ag)
Preparation according to the process described in
chapter A-1: quinoline-5,8-dione (3.51 9, 22.08 mmol),
cerium chloride (16.4 g, 44,03 mmol), 5-methoxy-2-
30 aminoacetophenone (7.29 g, 44.18 mmol), ethanol
(200 + 90 ml), acetic acid (500 ml). 4.25 g of a red
powder are obtained:
e Yield = 60%
e 'H NMR (CDCl3): 2.65 (s, 3H), 3.87 (s, 3H), 6.76
35 (s, 1H), 7.12 (dd, 1H, J = 2.8 and 8.8 Hz), 7.42 (d,
1H, J = 2.8 Hz), 7.55 (d, 1H, J = 8.8 Hz), 7.61 (d4dd,
1, J = 7.6 and 4.4 Hz), 8.45 (dd, 1H, J = 1.6 and
7.6 Hz), 9.01 (dd, 1H, J = 1.6 and 4.4 Hz), 10.80 (s,
1H) .



18 mmol ), ceriumchloride (13.5 g, 36.24 mmvol ), 2- am noacet ophenone (4.4
m,” 36 mol), ethanol (160 + 70 m), acetic acid (400 mM). 2.32 g of a red
powder are obtained: 10 Yield = 30% 1H NVR (CDC13) : 2.69 (s, 3H), 2.72
(s,. 3H), 6.85 (s, 1H), 7.18 (ddd, 1H-J1%= .6 and 7.6 and 0.8 Hz),. 7.28
(m 1H), 7.30 (d, 1H, J = 6.4 Hz), 7.54-7.59 (m 3H), 7.63 (d, 1H J = 7.6
Hz),791(dd 1HJ: .6 15 and 8.4 Hz), 7.94 (dd, 1H, J = 1.2 and 8.4

8. 47 1 -
Synt hesi's ofq% (2- asv:],’y tju?eu{‘z%frméhseﬁg%é?hzn%%&yigngﬁ(%&%ga%f)}ﬁg% 8- di one
(Intermediate AS) 52(3 aﬂ%ﬁem% iakaghb the process described in

chapter A-l Iﬂféf?éf&)e(ﬂ&&“ NottHLAPNE- dkene tht Shrbceshs 1 d’é@éhb@&r 5% 0
chl ori den$3 , nmol ), 5-brond- 2-am noacet ophenone Leona Boyd, J.
1

O g. Che QFJBaPtqri 498g1423) $1°B5050q9iR0kAREY S Br AR (2ob£n$)9r 25
acetic acid- (d8fmel), Aldedtiualri theatiiar by (iBashg, chragmeogfaphy, A a
colum of silica 95/5 2C12/ MeOH) z} Zg g of 2p orafpe povvd ar e,
obtai ned:  YiBMPAAEEPHIRR (cpcld)?:Mar 15 (30 FOLhr 58 (S %%‘ 7.61
30 (d, 1H, J €160 FE)?O 7m]7)4,(ace]:hi)c, c98 ((BOAHh1N. =2.828gHz9f & ldeddd,

1H, J = 8 %&%’3%1 % 1H, J = 2.8 Hz) , 9.32 (d, 1H J = 6 Hz)
, 11. 68(s 1% eS|s of 2-net hoxy-6-(2 35
acet yl phéRyl am no)'qdﬁlrﬂﬂldrfe@% dione (Internediate A9) A solution of

0- am noacet ophenong 140 ydik gécé’tl]g)m@%w n(g et @gpgl z(e,zm ()s | 33@)ddegl kg a

suspensi on of 2-nethoxy- and_cerium

%l;l nol 1’ne- di one %6
- 16 chloridéesq11l8s.g 7 487 [9R) LHethatiol’ 10@‘?11? 6Tt‘?é’1d r%a%tﬂ%h' nedi um
is stirred at7 rmm(ﬁ@rm_@r)aturesd o(d, 4QHhow s= ALUueHzGQNCEIB4-aL DN Qf, a

rotary evapor?ﬁ)or - %ge (%{ ude pr 8du=ct7ogtl'_ailiz{1ed7i §1pu&ié [ elebyJI i=It_rL_a&i on on
15 and 8.4 Hz), 7.94 (dd, 1H, J = 1.2 and 8.4 Hz), 8.47
(d, 1H, J = 6.4 Hz), 11.35 (s, 1H), 12.35 (s, 1H).

A-8 - Synthesis of 6-(2-acetyl-4-bromophenylamino)-4-
methoxyquinoline-5,8-dione (Intermediate Ag)
20 Preparation according to the process described in
chapter A-1: 4-methoxyquinoline-5, 8-dione (1.57 g,
9.1 mmol), cerium chloride (3.1 g, 8.3 mmol), 5-bromo-
2-aminoacetophenone (Leonard, Boyd, J. Org. Chem. 1946;
11, 419~423) (1.95 g, 9.1 mmol), ethanol (200 ml),
25 acetic acid (180 ml). After purification by flash
chromatography on a column of silica (95/5 CHZClz/MeOH),
1.22 g of an orange powder are obtained:
e Yield = 37%
e 'H NMR (CDCl3): 3.15 (s, 3H), 4.58 (s, 3H), 7.61
30 (d, 1H, J = 6 Hz), 7.74 (s, 1lH), 7.99 (d, 1H, J =
8.8 Hz), 8.14 (dd, 1H, J = 8.8 and 2.4 Hz), 8.51 (d,
1H, g = 2.8 Hz), 9.32 (d, 1H, J = 6 Hz), 11.68 (s, 1lH).

A-9 - Synthesis of 2-methoxy-6-(2-
35 acetylphenylamino)quinoline-5,8-dione
{Intermediate Ay)
A solution of o-aminoacetophenone (0.41 g, 3.1 mmol) in
ethanol (6 ml) is added to a suspension of 2-methoxy-
quinoline-5,8-dione (0.54 g, 2.8 mmol) and cerium



5 silica (98/2 CHC13/ heptane) to give the expected codensation product in
thé f ormof a red powder (0.35 g). Yield = 38% Mlting point = 258C 10
1H NVR (CDC13) : 2.67 (s, 3H , 4.15 (s, 3H) , 6.79 (s, 1H), 6.98 (d, 1H,
J = 8.8 H), 7.18 (ddd, 1H J = 8.1, 8.¥and 1.5 Hz), 7.56 (dd, 1H, J =
8.4 and 1.5 Hz), 7.61 (ddd, 1H, J 8.1 and 8.4 and 1.1 Hz), 7.94 (dd,
1H, J = 8.1 andckiwdiz)(1.863%,(d4. TLHmndl): b ethadol (18C VR - (CB&L3)

28.51, 54.73, 10 32

134. 24, 137. f§%'qfﬁ§10§&§T§§1 d‘js'2 §§5f£ 3975}8§301%%&3§§%9%§é So2t s,

| R (CHCL3) : 40668uns44AEkers. cczrmemqmtlcsynpnesasrétagm;ﬁavmmtwi -6-(2-
acetyl phenyl (gt 0gi PSraion on

3- Hydroxyrret @%%}%€%fﬂ&uétu?ﬁgg?ﬁgdAhgoﬁ?ﬁ?ﬁ@ﬁ MLi Al H4/ Et 20 (5 m

5 mol) i8 acﬁal'éd-c%ir opdpéd aﬁgiq}ﬁdéﬁpﬁ?f‘?égerf‘?o 91¥8| utihn oFXRERLEI s, 8-
di met hoxyqui Rdddiesad £ bogybahet (18R mehel. 889wy 4 n £ npokddtF. The
mxture is stlrreda% room 30 tenperature for 15 hours and then poured into
15 m of 1N t& d* 40 m of water. After extraction with CH2Cl2 (3 X
100 M) and then dr wWikg df=t38% organi ¢ phase over MSO4, the extract is
concentrated on a r or.at_or crude product obtained is
purified by 35 flasﬁ&e%ht?llnritpgég)rrgg %%%J‘kg CH2C12/ MeOH) to give the

expect ed1fir oduct i ‘HhaMRor (B3 1A erb.vﬁ“V pbﬁi\deBHUZ‘lngﬁ (s,YidE) =6489%

Si

Melting point, = 1 1 92 45983 4. Qg ( 3H),
hes s oty S gg? 6t %H ] '\%ﬁ?ﬁ H?Z) 7 “§118 Widd Q%Hz)sf 3
(d, 1H J = 2821HZ)8 @pctdl PHHZ) = 7 56 (dd 1H, J 8.4 "and

1.5 Hz), 7.61 (ddd, 1H, J = 8.1 and 8.4 and 1.1 Hz),
7.94 (dd, 1H, J = 8.1 and 1.5 Hz), 8.31 (d, 1lH, J =
15 8.8 Hz).
e 3c NMR (CDCl3): 28.51, 54.73, 106.02, 115.22,
120.78, 122.50, 123.11, 125.70, 132.34, 134.24, 137.18,
140.05, 143.30, 148.21, 167.75, 180.88, 183.05, 201.41.
e IR (CHCl3): 1668, 1644 cm™’
20
A-10 - Synthesis of 3-hydroxymethyl-6-(2-
acetylphenylamino)quinoline-5,8-dione
(Intermediate A;p)

25 a) = 3-Hydroxymethyl-5,8-dimethoxyquinoline
A solution of 1M LiAlH4/Et>0 (5 ml, 5 mmol) is added
dropwise and under nitrogen to a solution of ethyl 5,8-
dimethoxyquinoline-3-carboxylate (180 mg, 0.689 mmol)
in 60 ml of THF. The mixture is stirred at room
30 temperature for 15 hours and then poured into 15 ml of
1IN NaOH and 40 ml of water. After extraction with CH.Cl,
(3 x 100 ml) and then drying of the organic phase over
'MgSO4, the extract 1is concentrated on a rotary
evaporator. The crude product obtained is purified by
35 flash chromatography (95/5 CH,Cl,/MeOH) to give the
expected product in the form of a brown powder (72 mg):
e Yield = 48%
e Melting point = 150°C



2.2 Hz) 5 13C NWR (CDC13) : 55.76, 56.00, 63.09, 103.95, 106.70, 121.25,
128.62, 133.35, 139.80, 148.61, 149.21, 149.41. IR (CDC13) : 3607, 3417,
1622, 1605 cm 1. 10 b) - 3-Hydroxynethyl -5, 8-di net hoxyqui noli ne A solution
of 3-hydroxynet hyl -5, 8-di net hoxyqui nol-ing (55 ng, 0.25 mmol) and cerium
anmonium nitrate (550 ng, 1 mml) in a CH3CN H20 mixture (3 m/1 n) is
sthlorreg % mroo][n Lem@eﬁﬂﬁur(gljf;qg)403|m9gut(@§ Fit,er4 aolli {spn 36 ,5 44885 of

an of satur solutio exfracted with
CH2C12 (6 X 46 n1 Hlamd tﬂg h@{(ﬁﬁﬁ ﬁﬁase@ érEFdﬂl % %@L#%wbégé fter '
evapor ating gouf Hzhe s@lﬂ?nudpn By oUary evapdezatorg.8he (dxpediedd dti none
I s obtained i,n t%% formof a brown powder 20 (11 ng)  Yield = 22%
Mel ting poi nf-2 f%3dc 1H NVR (CDC13) : 4.95 (s, 0@ 06 (d, 1H J = 10.2
l(_izc?I)C g) 155(d 1H, »J BCIOMR HALPC83#8 (85.169, 6030, 2563(5,09r1H)10j 1%G NWR

1 ; 8. 2. 8.9 39: 41. 46. 3. 10,
183. 12, 184. P A (1?@1%? 12%311%29’ g?’ 3529332 8%] ?%%(:6]'1 S%ﬁgt 2 o
3- hydroxynetﬂ%ﬁ-@l(Z acet yl phenyl - an1no)qU|noI|ne 5, 8- dlone (I'nternediate

A10) A sol ution of, gRaqb@@ggFtogbgﬂong4qa ,18602, 11%©5naﬁr) Is added to a
suspensi on of 3- hydroxynethy qU|noI|ne- 8- di one (0.22 g, 1.16 nmmol) and

ceriumchloride 35 (0.6 g, 2.43 nmmml) in ethanol (40 mM). The reaction
medi um i o st w)redaamgfmmwmw&-dmelehmm@lme hours. After

gﬁpffPééaLLH It?éﬁé@%ﬁan aFgE§§%§§F§Q%¥§§é2Qﬁé%ﬁﬁﬂé¥hé¥§ ﬂ@ expected -
18 condensat {5&n may,0duc25 immahe andncerlamvammemlpmmmytrdﬁﬁ]fﬁ%ﬁ mg,
1 mmol) in a CH3CN/H,0 mixture (3 ml/l1 ml) is stirred at
room temperature for 40 minutes. After addition of 5 ml
15 of H,0 and 10 ml of saturated NaHCO3; solution, the
medium is extracted with CHyCl, (6 x 30 ml) and the
organic phases are dried over MgSOs;. After evaporating

off the solvent on a rotary evaporator, the expected
quinone is obtained in the form of a brown powder
20 (11 mg):
e Yield = 22%
e Melting point = 150°C
e H NMR (CDCl3): 4.95 (s, 2H), 7.06 (d, 1lH, J =
10.2 Hz), 7.15 (d, 1H, J = 10.2 Hz), 8.43 (s, 1H), 9.03
25 (s, 1H).
e 3¢ NMR (CDCls): 62.03, 128.86, 132.26, 138.00,
139.11, 141.33, 146.58, 153.10, 183.12, 184.54.
e IR (CHCls): 3413, 1680, 1596 cm™’.

30 c¢) - Synthesis of 3-hydroxymethyl-6-(2-acetylphenyl-
amino)quinoline-5,8-dione (Intermediate A;()
A solution of 2-aminoacetophenone (0.18 g, 1.33 mmol)
is added to a suspension of 3-hydroxymethylquinoline-
5, 8-dione (0.22 g, 1.16 mmol) and cerium chloride

35 (0.6 g, 2.43 mmol) in ethanol (40 ml). The reaction
medium is stirred at room temperature in darkness for 3
hours. After concentrating on a rotary evaporator, the
crude product obtained is purified by filtration on
silica (98/2 CH,C1,/MeOH) to give the expected



Yield = 42% Melting point = 258C 5 1H NWR (DVBO-d6) : 2.67 (s, 3H), 4.73
(d,”2H, j = 5.5 Hz), 5.67 (t, 1H, J =5.5 Hz), 6.64 (s, 1H), 7.30 (m
1H, 7.71 (m 2H), 8.12 (d, 1H, J = 8.0 Hz), 8.35 (d, 1H J = 2.0 Hz),
8.93 (d, 1H, J = 2.0 Hz), 11.02 (s, 1H)1810 13C NWR (CDC13) : 28.81,
60. 08, 106.52, 120.96, 123.44, 126.14, 127.23, 131.52, 132.69, 134.43,

138.91 141. 7éondd@s £6iod 4 rp8iuckb2i 81, tHS81 £62m 18%. &4, vid2e®2. powd &
(CHC13) : 344 UﬁgQO 1661, 1640 cm 1. 15 B - Preparation of the
intermsdiategq c‘?g of formula I11 (Schene I1) B-1 - Synthesis of

9, 11-di net hyl - 1, 6-divizsihpht4@kene- 20 5, 12-dione (Internediate B,) (CRL
8324) 1.9 nl of sulf soI n 9.6 m of acetic acid are added
slowy to a sol ut|or%\bgollf&tr%c‘éyj dﬁé er(lf‘redl ate Al (0.4 g, 1.3 mol) in 12
m of acebic acide J‘HﬂéIMl%abQMSﬁrdaédl BnG%s fefl gled for/330dr MHesI 25 and,

after cooling & sﬁipen5p@qre(q: i i agbeakers Eontagngag (G usigd |¢e30The
mxture is neutralized with HAOH and then extracted 4 times Wt

di chl or onet hatier  1Hhe drddni @“rph%gés 8ré2dr(%d HRer IMTSSr Oar%F)t'he% 35

evaporated. The, chude produch ebyai ned3d s gyritf,edsby 30 d lmah 11 02
chr omat ographi/ on,a colum of silica (95/5 c2C12/ MeOH) to give 0.325 g of
t he expected r]a% cI ic conmpound. Yield = 86% 1H NVR (CDC13) : 2. 64

(s, 3H) 103.29 (s, 3Mc ,NMR 74CD8% 5 €d, 2&}31,1 %07.08 ,and 04.. 82Hz)12(7 36, (dd,

1H, J = 8.4 1 3 ( ),

8. 71 (dd, Haf%13 497 155,18, %)2(7d3’313 %l g%_H h320637 Wae i, ) 338" s
- Synthesis of4D-thi 0t 63135nel figl 62, 6155L&2ané§ﬂlt ﬁaeeﬁtélSSﬂZ (Zloéné)Z
(Intermediate B2) o 1r (CHC1s;): 3440, 1690, 1661, 1640 cm™

15
B - Preparation of the intermediate products of formula
III (Scheme II)

B~1 - Synthesis of 9,11-dimethyl-1,6-diazanaphthacene-
20 5,12-dione (Intermediate B;) (CRL 8324) _
1.9 ml of sulfuric acid dissolved in 9.6 ml of acetic
acid are added slowly to a solution of tricyclic
intermediate A; (0.4 g, 1.3 mmol) in 12 ml of acetic
acid. The reaction medium is refluxed for 30 minutes
25 and, after «cooling, is then poured intc a beaker
containing crushed ice. The mixture is neutralized with
NH,OH and then extracted 4 times with dichloromethane.
The organic phases are dried over MgSOs and then
evaporated. The crude product obtained is purified by
30 flash chromatography on a column of silica (95/5
CH2C1l,/MeOH) to give 0.325 g of the expected tetracyclic
compound.
e Yield = 86%
e 'H NMR (CDCl3): 2.64 (s, 3H), 3.29 (s, 3H), 7.74
35 (dd, 1H, J = 7.6 and 4.8 Hz), 7.75 (dd, 1H, J = 8.4 and
1.6 Hz), 8.12 (dd, J = 1.6 Hz), 8.33 (d, 1H, J = 8.4),
8.71 (dd, 1H, J = 2 and 7.6 Hz), 9.13 (dd, 1H, J = 2
and 4.8 Hz).



Preparation according to the process described in chapter B-1: tricyclic

I nternmedi ate A2 (0.289 g, 5 0.88 mml), sulfuric acid (1.3 m), acetic acid

(8 + 6.5 mM). After purification by flash chronmatography (95/5

CH2C12/ MeOH), 0.26 g of tetracycle is-oppained: Yield = 95% 10 1H NWR

(cbc13) - 3.25 (s, 3H , 7.76 (dd, 1H, J =8 and 4.8 Hz), 7.85 (dd, 1H, J

;HS-S? and126ft4:é g- ﬂﬁ’gsislbgdﬂ-?hioﬂé)-li.gg’é&hgdzlélﬂrf =18-8),3 8.71 (dd,
, = 1.6 an : , =.1. nd.4. . -3 -

Synthesis of 9- benéﬁ%%ﬁmégﬁéﬁ%{‘ﬁy?: #Gglﬁf’&zzﬂ'm%’?&%;fgdi one

(I nternedi at ePB3parrepar ahcoordingr ditg tihd hepypsosess described i fn

chapter B-i: tricyclic jnterned.ate A3 (4. A , ul f ypi cid (15.1

m), acetic a%ril%lp%(%ﬁ +é79’m ;n.%riﬁyi ter V\xl)gﬁe%%eggg% g Z(§)2f tgpr'gggcbé are

obtained. 5 Y0eB8 mmoBY)s 1HWMRIXTDCIIHCid3. 0Q . ml3H) , ageSdq d, agky |

4.86 (t, 1H) (7.0 H J 3 Hz) , O-(dd s IH J %, 9.2 .8
), 7.3-7. 4390t gkéfjm#?l (dg,\gﬁ% J :p;%&%le&cahnl 8 Hz) 2. 20 ?i,gs%H, J =
9.8 Hz), 8.69chuematppraphy 1986/nFHBTHizyMedHpg (ud6é BH oL Eetrgciypdes. 8
Hz). B-4 - Sygtbeeisndf.8-brono-11-nethyl -1, 6 di azanapht hacene-5, 12-di one
(I'nternmedi ate B4) 30 P%ffgaration according to the process described by F.
Bracher, Liebigs AL n %@@0, 205-206. B-5 - Synthesis of

9- di net hyloam no- 11e net hyir 1,dbcidi)az anasht (pcew-,5, 1276l oig, (11; egmedBat e
B5) 35 Preparati.o cgording,to ,t.he process. rib [ chgpter B-1:

i nt er medi at e ???cgcgeﬁﬁg'(g.‘ 9% ddg’zafg %sm"[ ;jsesés:'ﬁu%cg?zl CIQE)CT dg( %SS@F},
acetic acid I1Rp & %#82nHy),ABt88 ol k-1, D678 Plof 8ctlalgd) ellis J =
obtained. - 20 g ,Yhehdnz) 2390 13H YR (EDCHEL 1. % Lad 9. 83z 3- 21 (s, 6H),

7.04

15 B-3 - Synthesis of 9-benzylamino-ll-methyl-1,6-
diazanaphthacene-5,12-dione (Intermediate Bj)
Preparation according to the process described in
chapter B-1: tricyclic intermediate A; (4 g, 10 mmol),
sulfuric acid (15.1 ml), acetic acid (92 + 75 ml).
20 After work-up, 3.58 g of tetracycle are obtained.
e Yield = 98%
e 'H NMR (CDCl3): 3.09 (s, 3H), 4.52 (d, 2H), 4.86
(t, 1H), 7.06 (d, 1H, J = 2.8 Hz), 7.29 (dd, 1H, J =
and 2.8 Hz), 7.3-7.43 (m, 5H), 7.71 (dd, 1H, J =
and 8 Hz), 8.20 (d, 1H, J = 9.8 Hz), 8.69 (dd, 1H,
1.6 and 8 Hz), 9.09 (dd, 1H, J = 1.6 and 4.8 Hz).

N

25

[0}

B-4 - Synthesis of 8-bromo-l1ll-methyl-1, 6-
diazanaphthacene-5,12~dione (Intermediate B,)
30 Preparation according to the process described by
F. Bracher, Liebigs Ann. Chem. 1990, 205-206.

B-5 - Synthesis of 9-dimethylamino-ll-methyl-1, 6-
diazanaphthacene-5,12-dione (Intermediate RBs)

35 Preparation according to the process described in
chapter B-1: intermediate tricycle As (0.76 g,
2.27 mmol), sulfuric acid (3.5 ml), acetic acid
(20 + 18 ml). After work-up, 0.67 g of tetracycle is
obtained.



(d, 1H, J = 3.2 Hz), 7.51 (dd, 1H, J = 3.2 and 9.2 Hz), 7.71 (dd, 1H, J =
8 and 4.4 Hz), 8.26 (d, 1H J =5 9.2 Hz), 8.7 (dd, 1H, J = 1.6 and 8 Hz)
9.09 (dd, 1H, J = 1.6 and 4.4 Hz). B-6 - Synthesis of

9- met hoxy- 11- net hyl - 1, 6- di azanapht hacer® 5; 12-di one (I nternedi ate B6) 10
Preparation according to the process described in chapter B-1:
internediate tricyclvéed® 493 g, 13.18 mmol), sulfuric acid (20 m),

acetic acid (110 +140 ) pr [ t ayiped | agh rowat raphy
(100/ 3 CH2C12/ MeOY) RORME J(cpE) BT 8 %dw (oL oempy Br2t a(\%’e GHy,ompL 08
tetracycle. drelld= 729%31¥ Mgk (@@13)“1‘5'3 185 5= 342, ?SHZ)\BH) ,

7,09, (4, 1Hy g gda ey, 7 3565(%&1;,? 9.5 88, arml2%83(biz) m? w <=dd
i and _
and 8.3 H), 99212i7(>dd 71H(d<3r —15 5Jand1463aH£1)38 522)7’ é&%t éfg‘gﬂ SE%{T

4- (2-acetyl ari 11 /@)arld -4e4 hwy 1, 6- di azanapht hacene-5, 12-di one
(I'ntermedi ate BO 25 (CRL 8332) Preparation according to the process
described in chapter B-1: internediate tricycle A7 (1 g, 2.35 mmol),

sul furic aci B«6.5 Syr)thas::bsicfasi-lde'(:li@::w}l-ﬁhbhyérédﬁct obt ai ned by flash

chromat ography (1 S e ngagl_glt eghpr to give
0.6 g of tetracyg¥% I'n t e ornﬁ%%kzﬁzo?gﬁﬁg QIﬁﬁé e Q? 63% 1H NMR

(CDC13) 102. Brgparat)on 3. 26cesding) , to. 29;he(dmarocms J desrCQl%m%l 712 and

&Ef F%)597(§7 %?téf* qB‘l 35 §nfg}me%h§ée(ddgrlé lé = ﬁ58230¢)§58%ﬁnd 1.6
(dd, 1H, J _163-81%@“%1)6: m)sul7f18frlcz 98§idn iﬁ)o mla‘sr?,4 pgetin  jacig 4
Hz), 8.43 (d,(i4p ¥ F0B.HLHz), TBe54 peodibt 6 Wbtaited (%HylH)£1234h B-8 -

Synthesi s Of‘:i'lroma Xgraphroq?06}3n%ﬁﬁ¥i AMeOH) is washed with ethyl
15 ether to give 2.9 g of tetracycle.
e Yield = 72%
e 'H NMR (CDCls): 3.25 (s, 3H), 4.02 (s, 3H), 7.49
(d, 1H, J = 3.3 Hz), 7.56 (dd, 1H, J = 3.3 and 9.3 Hz),
7.74 (dd, 1H, J = 8.3 and 4.3 Hz), 8.34 (d, 1H, J =
20 9.3 Hz), 8.71 (dd, 1H, J = 2.5 and 8.3 Hz), 9.12 (dd,
1H, J = 2.5 and 4.3 Hz).

B-7 - Synthesis of 4-(2-acetylanilino)-1ll-methyl-1,6-
diazanaphthacene-5,12-dione (Intermediate B;)
25 (CRL 8332)
Preparation according to the process described in
chapter B-1: intermediate tricycle A; (1 g, 2.35 mmol),
sulfuric acid (3.5 ml), acetic acid (18 ml). The
product obtained by flash chromatography (100/3
30 CHyCl,/MeOH) is washed with ethyl ether to give 0.6 g of
tetracycle in the form of an orange powder.
e Yield = 63%
e 'H NMR (CDCl3): 2.59 (s, 3H), 3.25 (s, 3H), 7.29
(ddd, 1H, J = 7.2 and 7.2 and 1.2 Hz), 7.37 (d, 1H, J =
35 6 Hz), 7.54 (ddd, 1H, J = 6.8 and 6.8 and 1.6 Hz), 7.59
(d, 1H, J = 6.8 Hz), 7.74 (dd, 1H, J = 7.2 and 1.2 Hz),
7.76 (dd, 1H, J = 6.8 and 1.6 Hz), 7.87-7.918 (m, 2H),
8.34 (4, 1H, J = 8.4 Hz), 8.43 (d, 1H, J = 8.4 Hz),
8.54 (d, 1H, 6 Hz), 12.5 (s, 1lH).



di azanapht hacene-5, 12-dione (Internediate Be) Preparation according to the
process described in chapter B-1. internediate tricycle A8 (1.22 g, 5 3.04
mol ), sulfuric acid (4.5 m), acetic acid (27 + 23 ml). The product

obt ai ned by flash chronatography (1004 2HC12/ MeOH) is washed with ethyl
ether to give 0.76 g of tetracycle in the formof a yellow powder. 10
Yield = 65% BH8 NVByiiiNelsS)s &f 24-riethGify-94btOmes1lmethylsd, 6¢d, 1H, J =

02 7,509, b baig Eola-oho,(Ensdtbpbuncd Bufe). 47 (0

2- met hoxy- 11- Bmpayrramcm oam@ndphghaib@neigeﬂmws(l rﬁ%sf%m%sﬂe ) A

sol ution of no béne- 3, 8-dipneg2(§, 34 9,
20 1.1 nnol)%?%ﬁ%n acetlc amgﬁtl +?ﬁ§?¥£g€} %?¥$g§eé(25 ol / 5 7 n1z
heat ed at 5903 {4 mmPhj nut S110A%G  @6did ng,( At ReMldact i 6ﬁeFré€h un?fsd pour ed

Inéo a Wateré(@ﬁ EméﬁﬁthOQh@)ma Qo&E@ﬂ ban]cfﬂﬂ;SédD pHbY Wi tf\laKQECBd

and extracted wit organic e re over
MySO4 and t heth R TRIY E?‘nag%r ngé\@%@g’r atdr ¥ ?ﬁ‘&@‘ﬂu@l g@%i
obtained is gthéfi ed tgmfélt)r asi gn off tietiraz ycTdCLR) ttdneglﬁermh@f eapect ed
tetracycle m%iﬁﬁfor 8 abelge colored powder (0.23 g) : 30 Yield =

71% Mel ting ¥ “1H NVR (CDCL3) : 3.32 (s, 3H) , 4.23 (s, 3H) ,
7'.14 (dp 1H, Jz-acz&w)— 675%79(ddd 1H J =86 84and 1.2 Hz), 7.91

ddd, 1H, J = 8.4,, & 1 d Hz
%(3.46 (dd, 1H, J = 5’6@%@ (chr?c ?é (§ﬁ,, 2 1@’ _(58 ?3@’3%:%%)

(CDC13) : 16. 63, SH,W 1P, 2193):12% %9 (d£125 35@' §25 6% 81?@%2 H2Y: 75,
132.37, 132.%,243831218, J = 8.8 Hz), 8.47 (d, 1H, J = 2 Hz), 8.89

(d, 1H, J = 6 Hz).
15 _
B-9 - Synthesis of 2-methoxy-ll-methyl-1,6-
diazanaphthacene-5,12-dione (Intermediate Byg)
A solution of 2-methoxy-6- (2-
acetylphenylamino)quinoline-5, 8-dione (0.34 g,
20 1.1 mmol) in an acetic acid/sulfuric acid mixture
(25 mol/2.7 ml) is heated at 90°C for 45 minutes. After
cooling, the reaction medium is poured into a water/ice
mixture (200 ml) and then basified to pH 8 with KCO;
and extracted with CHCl; (3 x 200 ml). The organic
25 phases are dried over MgSO; and then concentrated on a
rotary evaporator. The crude product obtained is
purified by filtration on silica (CHCls) to give the
expected tetracycle in the form of a beige-colored
powder (0.23 g):
30 e Yield = 71%
e Melting point = 260°C
e 'H NMR (CDCls): 3.32 (s, 3H), 4.23 (s, 3H), 7.14
(d, 1H, J = 8.8 Hz), 7.79 (ddd, 1H, J = 8.6, 8.4 and
1.2 Hz), 7.91 (ddd, 1H, J = 8.4, 8.6 and 1.2 Hz), 8.38
35 (dd, 1H, J = 8.6 and 1.2 Hz), 8.46 (dd, 1H, J = 8.4 and
1.2 Hz), 8.58 (d, 1H, J = 8.8 Hz).
e 3c NMR (CDC1l3): 16.63, 54.76, 117.29, 125.29,
125.50, 125.64, 129.62, 129.75, 132.37, 132.57, 138.12,
147.73, 148.63, 149.69, 152.28, 167.77, 181.10, 183.55.



147. 73, 148.63, 149.69, 152.28, 167.77, 181.10, 183.55. - 22 | R , CHC13)
1683, 1599 cm 1 B-10 - Synthesis of 3-acetoxynethyl-11-nethyl-1, 6-

di azanapht hacene-5, 12-dione (Internediate B,0) 5 A solution of

3- hydr oxynet hyl - 6- (2- acet yl phenyl ami noj -22jut nol i ne- 5, 8-di one (Internediate
Al10), (0.248 g, 0.77 mol) in an acetic acid/sulfuric acid mxture (16
m/1.3 mM) is heatedRat; CQIDII31)or 1%8BouiS993@mt nutes. After cooli ng, the
reaction mediumis 10 poured into a water/ice mixture (15 nm) and then
basified to pH 9 with Na2CO3. The nediumis then extracted with CH2C12 (3
x 150 m). TiR-10 garfynthests ofir3-aeetexypethydsbi-maghyihah Eoncentrat ed

on a rotary evapcﬁfé% Jl‘i‘@h&ééﬂé—@@ﬂ“&ioﬁét Qlﬂﬁdrfnédﬂatéf Beg) by 15

filtration through silica (98/2 CH2C12/ O“-Ji') ive ect ed conpound
in the foPm &% &‘OBIUG\mnp e-hyglzexygeth eQd( Wﬁym??ﬁbarbb?ﬂ {~—= 210C
20 1H NWR ( 11né’-§884élo§é|) 3(I3Qér$necﬁ129te 5 ﬁﬂo) ,(S 20)248. 48 (ddd,

1H J = 1.1, &8 and 1 H), 7.92 (ddd, 1H
8.37 (dd, 1H0J7 m%OJi anth 1. ain HACeB 93 ?‘a’o‘i/ﬁﬁf‘ﬂrms icjaﬁd ‘Rl’i%‘#ﬁ?
8.66 (d, 1H (16 M2l HE)mlp. 09iéd, Héhtdd= 2a@ HzY0°Q@5 ABE NMVR KODE43)

16.06, 20. 11, 62.06,.. 124.81. 124 129. 06, 129.18.. .129. 131, 7 '
132.18, 134. 0%63 MUDAL S %Et§ % 1@1‘7‘,%'148.”“81, %féftfé’,%“gléi?%%%‘]‘168§7z,

180. 96, 182. Abure® (LhE3)a: 942er/i746, missmuem 1(1BOIQ - FmeEpathehon of
the inter madlﬁgse é)&luctt_é ﬁ}EHfgr ”Hhﬁh IHE éSchelrfpellrge&rg,) gntggéhs of

N (2, 5-di net hoxyp enyI )anthranilic aci mpound _4) A m xture of
2- chl or obenzxtra¢eedovity GhClaol (3 x di t“deyafﬁh‘Pl RE9erd G, PBESEfDl ),

copper (0.96 fhle &UZEH over MgSO, and then concentrated on a rotary
evaporator. The crude product obtained is purified by

15 filtration through silica (98/2 CH,Cl,/MeOH) to give the
expected compound in the form of a brown powder
(0.21 g).

e Yield = 85%
e Melting point = 210°C

20 e 'H NMR (CDCl3): 2.18 (s, 3H), 3.30 (s, 3H), 5.31
(s, 2H), 7.78 (ddd, 1H, J = 1.1, 6.8 and 8.1 Hz), 7.92
(ddd, 1H, J = 1.1, 6.8 and 8.1 Hz), 8.37 (dd, 1lH, J =
8.1 and 1.1 Hz), 8.43 (dd, 1H, J = 8.1 and 1.1 Hz),
8.66 (d, 1H, J = 2.2 Hz), 9.09 (d, 1H, J 2.2 Hz).

25 e c NMR (CDCl3): 16.06, 20.11, 62.06, 124.81,
124.91, 129.06, 129.18, 129.29, 131.70, 132.18, 134.06,
136.09, 146.86, 147.97, 149.01, 152.19, 154.30, 169.72,
180.96, 182.34.

e IR (CHCls3): 3420, 1746, 1692 cm™

30

C - Preparation of the intermediate products of formula
IIIa (Scheme II)

35 1) Synthesis of N-(2,5-dimethoxyphenyl)anthranilic
acid (Compound 4)
A mnixture of 2-chlorobenzoic acid (9.2 g, 60 mmol),
dimethoxyaniline (10 g, 65 mmol), copper (0.96 g), Cux0
(0.96 g) and K,CO3 (10.4 g) in 120 ml of diglyme is



(0.96 g) and K2CXB (10.4 g) in 120 m of diglyme is 23 refluxed overnight.
After evaporating off the solvent, the reaction nediumis basified with 1IN
, sodi um hydroxide. Ether is added and the mediumis then filtered through .
silica and the ether phase is renpved- 83The aqueous phase is acidified
with concentrated HCl and then extracted with ethyl acetate. After drying
over MySO4 amdféuxpedr arverpigtt + L terveverarating £§f Ehgp&Hodisnt he
crude product,abt 3 edisn Purkbies Dyis {1 bhbakien  hiiauoh sil i eddiGiCl2)
to give the expected 10 condensation product jn the formof a yellow powder
(14.5 g). Yhydgoxigiey, MiheIng isoi ddded zgad 1% ‘“Fégﬁ‘k) :l%. P, 3H),

3.357(2, H:Z),)H) ,féqét%}fglile A mlégil;icﬁz 8a18daﬂ]3e2§9hb|2) ph@s&7 i(ddsmattéd] = 1.9
an . , . , ) = . . { - ME . ) = , to
7.4 (m 24, THe3sadReuy Phogg lf3é%¥%%&éﬂ’)&ﬂ 5 99%?1@3%?]5}%%1 f%c‘zls 30,
107. 71, 11220@ then26exfddcTdd Mdiklb3eth3. 78cetd8Re60, Afer 0giryixgy
145.98, 147.71, 183.75, 172.95 13)e ¢ 7 cah- hesi s
of 2-(2,5-di %ﬁo%@%ﬁ%‘fﬁ%@%&ég&?ﬁgne @%%ou%_ﬁts@z% %)e?t%m?)f MeLi
(1.4 M Et 20) estapcatitent at tBE€ amidenderodi2ct t obdagingduris opurified by

N (2,5 di et hoxuxfigidy) antisamh | be12ehd (ciicd,) T8kl idhel sleied H.

e t he nedi fl d

After raising enperature, _ umis refluxed for_2 hours, 100 mi
of wat erl@r e qonsteRERIdPTMNBIORECH xiir £HS ERERMac?Ed 230YSLLAYeBRIHI]B x 100
nm). After dryigng Qer MySO4, the solvent is evaporated off on a rotary
evaporator to give _the expected derivative in the formof a yellow solid
(1.49 g). Yield 2 ?5%1§%=%Q%ting point = 79C 1H NMR (CDC13) : 2.64 (s,
3H) , 3.76 (s, 3He Meltl4g point = 138°C

e 'H NMR (CDCls): 3.77 (s, 3H), 3.85 (s, 3H), 6.57
15 (dd, 1H, J = 8.8 and 2.9 Hz), 6.77 (ddd, 1H, J = 1.9
and 7.5 Hz), 6.87 (d, 1H, J = 9.2 Hz), 7.04 (d, 1H, J =
2.9 Hz), 7.3 to 7.4 (m, 2H), 9.35 (broad s, 1H)
e 3¢ NMR (CDCls3): 55.76, 56.45, 107.30, 107.71,
112.00, 112.26, 114.70, 117.53, 130.78, 132.60, 134.09,
20 145.98, 147.71, 153.75, 172.95
e IR (CHCls): 3327, 1685 cm™

2) Synthesis of 2-(2,5~-dimethoxyphenylamino)aceto-
phenone (Compound 5)
25 16 ml of MeLi (1.4 M/Et,0) are added at 0°C and under N;
to a mixture of N-(2,5-dimethoxyphenyl)anthranilic acid
(2 g, 73 mmol) in 14 ml of THF. After raising the
temperature, the medium is refluxed for 2 hours, 100 ml
of water are then added and the mixture is extracted
30 with ether (3 x 100 ml). After drying over MgSO4, the
solvent is evaporated off on a rotary evaporator to
give the expected derivative in the form of a yellow
solid (1.49 g).
e Yield = 75%
35 e Melting point = 79°C
e 'H NMR (CDCls): 2.64 (s, 3H), 3.76 (s, 3H), 3.84
(s, 3H), 6.55 (dd, 1H, J = 8.8 and 2.9 Hz), 6.73 (dd,
1H, J = 1.4 and 7.5 Hz), 6.85 (d, 1H, J = 8.8 Hz), 7.04



(s, 3H, 6.55 (dd, 1H, J = 8.8 and 2.9 Hz), 6.73 (dd, 1H J = 1.4 and 7.5
Hz); 6.85 (d, 1H, J = 8.8 Hz), 7.04 - 24 (d, 1H, J =2.9 Hz) , 7.3 to 7.4
(m 2H) , 7.81 (dd, 1H, J = 1.5 and 8.0 Hz), 10.5 (broad s, 1H). 13C NMWR
(CDC13) : 48.15, 55.73, 56.36, 107.10,- 2@7-72, 112.05, 114.80, 116. 84,
120.09, 130.68, 132.42, 5 134.35, 145.98, 146.67, 153.62, 201.00 IR
(CHC13) 3350, (4p42H¢md. < B)9 Syn) he3i8 ob 7.4 dimyetdidky- 9- &kt hgtlacAHdi ne
(Conpound 6) 10 x €40 d| enyl.gni no) acet ophenone (1.3
g, 48 mmuol) a%d Q%)Rj/p }éépﬁopl% é\é 30 f E)f}%ég% )il-ﬁ is heated at 100C for
1 hour. After addi¢iofiC BMR50(@GPCd$) x/vat4€9r 15%he 5 x7t3ure5|5s 3feut AA7-28d Wit h

4M sodi um h@ngge 219 e 194 gt o i 84, 33035 {30%6800130) 4o ter

drying over o4 an evagoratl ng sol vent, “the crudé pro duct

obtai ned % phdfsBad 1BP-PBIt A46-&F 1t HBGuGR siA01dq croc12) to give the

expected tri cycl | CedER | YOlIEYS) AUSBB0 f at 642 ym1in the form of a brown-orange
solid. 20 Melting point = 136C 1H NMR (CDC13) : 3.36 (s, 3H), 3.96 (s,

3H, 4.09 (s, 3H), 6.68 (d, 1H J = 8.0 Hz), 6.89 (d, 1H, J = 8.4 Hz),
7.54 (m 1H),3y. 73synthéklis 8. 320fd, 1H],4-dim8tUdpxyS893fiettiyladridine8. 8
Hz) 25 13C Ng/g l&é:é)&éé)s 17.78, 55.66, 56.13, 102.43, 105.18, 120. 25,
124. 28, 125.6 129 44, 130.81, 142.45, 144.23, 147.21, 149. 46,
151.45 IR (CHClIﬁ:)xtuﬂ:685Qf16E-1(2n5 dlmethyx@hehgéamiob)acetOphenone

9- net hyl acri d| 3144-dip ouhels 7) d 13
1, 4- di met hoxy- rrelqh? acr?‘g&&)vp Pd&d@%ﬁ} and (?é:rll um ém um
nitrate (196 iha?: mpo 571ﬁw@|e)aheni @%&Mﬂr@@rnlxhwé (Bf5er pdditipn) s
stirred at 0CoEOmB02@1mi dit G5 tedt ehadfi Roude 418 ffutdnHAIRNiBhd M  Of
saturated NaH ,sol utjon, thg rredlugn s |eft stlrrlng and,lsthcen
extracted witf° 9@12 hydroxide an then extracte with HC14

15 (3 x 100 ml). After drying over MgSO, and evaporating

off the solvent, the crude product obtained is purified
by filtration through silica (CH;Cl;) to give the
expected tricyclic derivative quantitatively in the
form of a brown-orange solid.

20 e Melting point = 136°C

e 'H NMR (CDCl3): 3.36 (s, 3H), 3.96 (s, 3H), 4.09
(s, 3H), 6.68 (d, 1H, J = 8.0 Hz), 6.89 (d, 1H, J =
8.4 Hz), 7.54 (m, 1H), 7.73 (m, 1H), 8.32 (d, 1H, J =
8.4), 8.36 (d, 1H, J = 8.8 Hz)

25 e 3C NMR (CDCl3): 17.78, 55.66, 56.13, 102.43,
105.18, 120.25, 124.28, 125.62, 126.59, 129.44, 130.81,
142.45, 144.23, 147.21, 149.46, 151.45

e IR (CHCl3): 1685, 1661 cm

30 4) Synthesis of 9-methylacridine-~1,4-dione (Compound 7)
A solution of 1,4-dimethoxy-9-methylacridine (20 mg,
0.079 mmol) and cerium ammonium nitrate (196 mg,
0.357 mmol) in a CHyClp/H20 mixture (0.5 ml/0.25 ml) is
stirred at 0°C for 20 minutes. After adding 1.4 ml of

35 Hz0 and 0.4 ml of saturated NaHCO3 solution, the medium
is left stirring and is then extracted with CHyCl,
(3 x 3 ml). The organic phases are dried over MgSO,.
After evaporating off the solvent on a rotary



(3 x 3 nm). The organic phases are dried over MgSO4. After evaporating off
the solvent on a rotary 25 evaporator, the expected quinone is obtained in
the formof a brown powder (15 ng). Yield = 90% Melting point = > 260C 5
1H NVR (CDC13) : 3.22 (s, 3H) , 7.09 (d25l4 J = 10.3 Hz), 7.18 (d, 1H, J
= 10.3 Hz), 7.78 (dd, 1H, J = 8.5 and 8.5 Hz), 7.91 (dd, 1H, 8.5 and 8.5
Hz), 8.32 (ewvapbrator,8.bhe Se4SedtedlHuihone. 5.sHzpbtalsedNMVRD ( AbEL3)
15.87, 124.4 125..41, .126. 30, 132. 32, 132.52, 137.88, 141.61,
147.05, 148. %@ M Py 3 PropEs F é’d]"%%es‘%%g%)ﬁ(mas) : 1701, 1661 cm-1 15 D
- Preparation of ®h¥iedtlerm@@Bate products of formula [|Va (Schene 11) D1
- Synthesis of 6-ge 1 azanap ?yxcene- 5,12-di one (I nterrredi ate D)
MQ%iltlgng% gh | one

20 A solution of 9- ine-1,4 (200 ny g896r1m
acrol ei n-N, N- di rret‘hth?‘MBazWJ(SQG 220 (584 300t ) TaRd Gt i tHanNydFide (1

m) in 20Af 19, 3 983G12 It SEaerﬁ :Jnde-r N, :atni)o,onvteapeaar,uaelffw =30

m nut es. ter concentrating the solv iu S, 2 urifi
filtration t®r-cughrgi Bi-eall 6%4261‘231 égg cld“r/e g aﬁ‘(ﬁ;d ?Ig ﬁﬁ dductd3$hat is
not conpl et eloa, ame i=€.8 A)SUperssi o, ofHf his=c@npobap. and of 10% Pd/ C

(20 ng) in 4 of tQ fluxe es At er

concentrati ng the clrhdgﬂg‘r o@]ﬂctel%bt ?Régs qgg& %}n flléa M 12?’: 30,

chr omat oo apty arelsi 1132 IB8/ 232 RC128Ne88) tldlgitle tUf %ecl%ﬁj 23,

tetracycle i h or colored powder (23 ng). Yield = 13% 1H
NVR ( CDC13) %31‘?23f 1@33%3 i 3.(m 2H. 357.95 (ddd, 1H J = 8.4
7.7 and 1.5 Hz), @ :;@ (GHClzH: 13051:8 gegldem s Hz), 8.51 (dd, 1H J = 7.7
and 1.5 Hz), 8.68 (dd, 1H, J = 8.1 and 1.9 Hz), 9.16 (dd, 1H J =

15 D - Preparation of the intermediate products of formula
IVa (Scheme II)

D-1 - Synthesis of 6-methyl-1,11-diazanaphthacene-
5,12-dione (Intermediate D)

20 A solution of 9-methylacridine-1,4-dione (200 mg,
0.896 mmol), acrolein-N,N-dimethylhydrazone (96 mg,
0.984 mmol) and acetic anhydride (1 ml) in 20 ml of
CH,Cl, is stirred under N, at room temperature for 30
minutes. After concentrating the solvent, the medium is

25 purified by filtration through silica (CHxClz) to
recover the addition product that is not completely
aromatic. A suspension of this compound and of 10% Pd/C
(20 mg) in 4 ml of toluene is refluxed for 30 minutes.
After concentrating, the crude product obtained is

30 purified by flash chromatography on silica (98/2
CH,Cl,/MeOH) to give the expected tetracycle in the form
of a beige-colored powder (23 mg).

e Yield = 13%
e 'H NMR (CDCl3): 3.32 (s, 3H), 7.78-7.83 (m, 2H),

35 7.95 (ddd, 1H, J = 8.4, 7.7 and 1.5 Hz), 8.39 (dd, 1H,
J =8.8 and 1.5 Hz), 8.51 (dd, 1H, J = 7.7 and 1.5 Hz),
8.68 (dd, 1H, J = 8.1 and 1.9 Hz), 9.16 (dd, 1lH, J =
4.8 and 1.9 Hz)



4.8 and 1.9 Hz) - 26 13C NWMR (CDC13): 16.67, 124.59, 125.44, 128. 39,
129. 76, 129.89, 132.25, 132.54, 132.88, 135.93, 148.00, 148.59, 148.73,
152. 48, 155.31, 180.81, 184.37 IR (CHC13) : 1703, 1663 cml1l 5 D2 -
Synt heasi s of 3-nethoxy-6-nethyl-1, 11-- di@zanapht hacene-5, 12-di one
(I'nternediate D2) 3- Met hoxy-6-nethyl -1, 11-di azanapht hacene-5, 12-dione is
prepared accordi ng tdct ReRpr ccpciy)e descevpedan 99,1, 126 .48arti2g). 39t h a

ol ) | 2- et hAE 2 b openel s ci et POT nSdRaTane LE2E g L S ) %hd
acetic anhydraglsq,1 M9.73, 20621 48f THRC3R, 180EXDWPLB4137

5- Met hyl - 9H qui no[ 4,3, 2~ [1.1 en ral i-n-9-one (CRL 8323) A solution
of the internediate It%etg%g:]ylél}é g?ﬂal(q’i 3@6@3 17 nmol ) and of
di met hyl f 6rmam de di ethyl acetal 20 (2 m, 10.41 mmol) in 7 mM of DW is

refluxed for glfour._ Aft efyRMAE A | N0 d© dr yNasschepoeimetioplor | te- (2. 77
g, 52 mmol) anc?SO m_ of exthanol are_added. The reacticll)?n) rremmils
é

refluxed agaidigzanaphthacen’ S fLcdionsafirtermgdipte: He) sol vent, the
crude product3ipetigkep- @méeh y -1l erdaadagphabhednd-bi IRsdlohe  is
di chi oronet hane. The organi ¢ phases are dried, over SO4. and .t he
evaporat ed. ARYi¥2% r?ggSFﬁﬁfgtﬁﬁh F$8mpﬁﬂ§§ﬂu%ﬁ d%%?ﬁéﬁ%$,36%7ﬂﬁlbf t he
expect edloonmamt_ﬁﬂ_l;.o 8323| E= s@bzh'_aioﬂgoifn leﬁlwlamicaimml gtﬁtldyeheow
30, 7,66 (dalCmroRid’ 3" Rt N cof o b MLASRR s
8.44 (d, 1HdimetHylhytyazend9 (di26hgJd =08 984 mmlgo (@ndiH ageBic= 5 6
'(*é?’lg; 733 idga_rgl{%i]de: ¢ anfh 8ikhizde R118s(df,cH J = 4.8 and 2 Hz), 9.24
15 EXAMPLE 1
5-Methyl-9H-quino[4,3,2-de] [1,10]phenanthrolin-9-one
(CRL 8323)
A solution of the intermediate tetracycle B: (1 g,
3.47 mmol) and of dimethylformamide diethyl acetal
20 (2 ml, 10.41 mmol) in 7 ml of DMF is refluxed for 1
hour. After evaporating to dryness, ammonium chloride
(2.77 g, 52 mmol) and 50 ml of ethanol are added. The
reaction medium is refluxed again for 30 minutes. After
evaporating off the solvent, the crude product is taken
25 up in water and extracted 4 times with dichloromethane.
The organic phases are dried over MgSOs and then
evaporated. After recrystallization from 125 ml of
methanol, 0.7 g of the expected compound CRL 8323 is
obtained in the form of a mustard-yellow solid.
30 e Yield = 67%
e Melting point = 200°C
e 'H NMR (CDCl3): 2.69 (s, 3H), 7.65 (dd, 1H, J = 8
and 4.8 Hz), 7.81 (dd, 1H, J = 8 and 1.2 Hz), 8.44 (d,
1H, J = 1.2 Hz), 8.49 (d, 1H, J = 8 Hz), 8.50 (d, 1H, J
35 = 5.6 Hz), 8.78 (dd, 1H, J = 2 and 8 Hz), 9.15 (dd, 1H,
J = 4.8 and 2 Hz), 9.24 (d, 1H, J = 5.6 Hz)
e 13c NMR (CDCl3): 22.06, 116.54, 117.87, 122.15,
123.12, 125.24, 128.74, 132.58, 133.47, 136.25, 137.19,

w



13C NWR (CDC13) : 22.06, 116.54, 117.87, 122.15, 123.12, 125.24, 128.74,
132.58, 133.47, 136.25, 137.19, - 27 141.63, 143.88, 144.79, 149. 16,

149. 31, 152.09, 155.15, 181.53 M (nfz) 3 297 (17.6), 296 (34.3), 268
(25.4), 149 (50.3) 5 EXAMPLE 2

5- Chl oro- 9H qui no[ 4, 3, 2-de] [ 1, 10]phenanthrolln 9-one (CRL 830 g

Prepar at i on dddor&:ﬂ,nglftib e phdceéSs Y49cihbhed 4% 3110 1Ddaffle B35S starti ng
with the intgrgyedipte tetracycle B2 (0 25 g, 0 81 nnDI) and

di met hyl f or mam’'de diethyl acetal (1. in 4.5

Ammoni um  chl ori de& (MS93myz)55 %%I )(17et‘i*?ano?9@50(3fﬁ )3) Af ?é? %1“ Cat i on
by flash chraomeg ogg@pdhy (98/2 CH2C12/ MeCOH), 15 60 ng of the expected
conmpound CRL 8301 are obtained in the formof a yeIIOW/soIid. Yield = 23%
Mel ting pBint = 200C 1H NMR (CDC13): 7.68 (dd, 1H, J 8 4. and 20 4.8
Hz), 7. 94 (@®GXAMBLE R= 8.8 and 2 Hz), 8.46 (d, 1H, = 5.6 Hz), 8.55 (d,

1H J = 8.8 )y Bl 44 8.4 H).
9.18 (dd, 1H, g S qith 3ﬂ4§?é% %%i[iFFagpﬁggaﬁéﬁg?ilﬁsg fRR (CDCng.
117,07, 118, ASRL BACE), 124 82, 25 126 12, 129.34, 133.02, 134.81, 137.00,
137.42, 137.7 14 0.2 45, 152 55,456 32 181,9 M5
(mz): 319 ( ep%?%k4é%o giggd %ﬁ 2%@% §) 2§g 100 q%% EX%&PLE 3
5- (Benzynamrﬂﬁampiquﬁnofuastyn@eyﬁthl eﬂﬂ%ﬁ#ﬂ 4%tqa%ﬁ%¢a%z$&es§41)
Preparation ageorsliqg t@ tshenafdlqessadascrdb@éthplfgfﬁaﬁhael SiSfhyng With
the intermedi at%éate r ?L B38 :?g r(ero?? in DM% ngl)o' a%i. Ammonium

di met hyl f or métfi
chloride (2.95 g, 55 mmol), ethanol (50 ml). After

purification by flash chromatography (98/2 CH,Cl,/MeOH),
15 60 mg of the expected compound CRL 8301 are obtained in

the form of a yellow solid.
e Yield = 23%
e Melting point = 200°C
e 'H NMR (CDCl3): 7.68 (dd, 1H, J = 8.4 and
4.8 Hz), 7.94 (dd, 1H, J = 8.8 and 2 Hz), 8.46 (d, 1H,
J=5.6 Hz), 8.55 (d, 1H, J = 8.8 Hz), 8.63 (d, 1H, J =
2 Hz), 8.79 (dd, 1H, J = 2 and 8.4 Hz), 9.18 (dd, 1H, J
4.8 and 2 Hz), 9.30 (d, 1H, J = 5.6 Hz)
e 3c NMR (CDClz): 117.07, 118.46, 122.98, 124.82,
25 126.12, 129.34, 133.02, 134.81, 137.00, 137.42, 137.79,
144.45, 146.35, 150.24, 150.45, 152.55, 156.02, 181.9
e MS (m/z): 319 (43), 317 (100), 291 (14.5), 290
(18), 289 (100).

20

30 EXAMPLE 3
5~ (Benzylamino) -9H-quino[4,3,2~de] [1,10]phenanthrolin-9-one
(CRL 8241)
Preparation according to the process described in
Example 1, starting with the intermediate tétracycle B3
35 (3.58 g, 9.45 mmol) and dimethylformamide diethyl
acetal (5.7 ml, 33.26 mmol) in DMF (19 ml). Ammonium
chloride (2.95 g, 55 mmol), ethanol (50 ml). After
purification by flash chromatography (96/4 CH,Cl,/MeOH),



acetal (5.7 m, 33.26 mol) in DVF (19 ml). Ammonium chloride (2.95 g, 55
mol ), ethanol (50 m). After purification by flash chromatography (96/4
CH2C12/ MeOH), - 28 2 g of the expected conpound CRL 8241 are obtained in
the formof a wine-colored powder. Yiel2B=55% Melting point = 219C5 1H
NVR (CDC13) 4.61 (d, 2H) , 5.10 (t, 1H) , 7.31 (dd, 1H, J = 8.8 Hz, J =
2.4 Hz), 7. 45?2g7 SR7thm Hifgcted 550(ﬂ90und1l¢RIJ &4 42 ¥R) Ob‘FaG?slePddln 1H, J

= 4.4 Hz, 8.36 (d, 1H, J = 8.8

Hz), 8.79 (d}he ﬁﬁbﬂj’% flaaz%ﬁz‘(éj‘c‘}fbrédkﬁ@ae 1310 (dd, 1H, J = 4.4 and

1.2 Hz), 9.14 (d, -1P41eid==5523944z) M5 (mz): 388 (7), 387 (100), 386 (85),

- (D1 et hyl am n0) ~OEacit 53y, del T 10] phepant hol (GRL. 5325)
ui no e e oli.n-9-0

Preparati®n accordi n§ N¥R h@%’lééess4 1 'begﬁ{]n gEibnp(?ce ;ﬁ{)s'ta tthg with

Ej_het |hn|t erz(r)redl @l tet)yagyel @268 HZA,0. 2&92 Q. #9) mﬂ JA52rd .@2avet tmy, fﬁ)mmam' de

i et hy acet %m"ron u gride (1

g, 18.7 muol)’" éﬁru olll'?leJnT)§ gﬁﬁé} BUrlfﬁggflg%Lb fléiﬁyl ronatography

(100/5 CH2Cl/avet)),, 8799rrg(cb,f LHe eRpectEe.dZ drinouBd36RU(BI2EH, arke =

obtained in t - Yiel d 66 t =
260C| h NNRQM%);“ of é}g (?ch 1{35? dHEiHJ- 6%. 4N%ﬂzt)' ”99993” HZ),>

7.57 (d,10H, (dd 3HiZ)T 7.463 gud, L. aHizlll 414 4dd éHHz)T —854?. @&) 1H J =

9.2 Hz), 8.43 30 (, MéH (;&/z)5 Rd¥) (,7)8 8@8(7dd(1dd'$ J3:862 388)7. 6388),
9.13 (dd, 1H, - 9. d, 1H, Hz)  13C NMR
(CDC13) : 40. h%ﬁ)rlo%ﬁ%d%)lﬁ %ﬁ i‘ié’ 69 118. 99 125 19 126. 10, 129. 46,
134. 62, 136.03, 136. 30,

EXAMPLE 4
15 5- (Dimethylamino) -9H-quino[4,3,2-de] [1,10]phenanthrolin-9-one
(CRL 8325)
Preparation according to the process described in
Example 1, starting with the intermediate tetracycle Bs
(0.25 g, 0.79 mmol) and dimethylformamide diethyl
20 acetal (0.5 ml, 2.98 mmol) in DMF (5 ml). Ammonium
chloride (1 g, 18.7 mmol), ethanol (16 ml). After
purification by flash chromatography (100/5
CH,C1l,/MeOH), 170 mg of the expected compound CRL 8325
are obtained in the form of a violet powder.
25 e Yield = 66%
e Melting point = > 260°C
e 'H NMR (CDCl3): 3.25 (s, 6H), 7.45 (dd, 1H, J =
9.2 Hz, J = 3 Hz), 7.57 (4, 1lH, J = 3 Hz), 7.63 (dd,
1H, J = 4.4 and 8 Hz), 8.41 (d, 1H, J = 9.2 Hz), 8.43
30 (d, 1H, J = 5.6 Hz), 8.81 (dd, 1H, J = 2 and 7.6 Hz),
9.13 (dd, 1H, J = 4.4 and 2 Hz), 9.17 (d, 1lH, J =
5.6 Hz) '
e 3C NMR (CDCl3): 40.45, 100.84, 116.81, 118.69,
118.99, 125.19, 126.10, 129.46, 134.62, 136.03, 136.30,
35 139.00, 140.69, 148.16, 149.15, 151.53, 152.47, 154.83,
181.65
e MS (m/z): 326 (34.5), 325 (100), 324 (100), 254
(15.5), 253 (13.4).



35 139.00, 140.69, 148.16, 149.15, 151.53, 152.47, 154.83, 181.65 M5
(mz) : 326 (34.5), 325 (100), 324 (100), 254 (15.5), 253 (13.4) . 29 -
EXAMPLE 5 5- Met hoxy-9H qui no[ 4, 3, 2-de] [ 1, 10] phenant hrol i n-9-one (CRL 8297)
Preparation according to the process deggyi-bed in 5 Exanple 1, starting
with the internediate tetracycle B6 (2 g, 6.57 nmmol) and di net hyl f or mam de
di et hyl acet gkampters, 23. 34 nmmol) in DMVF (14 m). Annnniunlchloride (8 g,

(10075 CroC1 57 MeaRpws b arsoi G $ras da b B0 ebmier SR doond, oo

obt ai ned i n t(oRLf tsm7)of a greenish solid. Yield = 66% Mlting p0| nt
260C 1H NMR CDC13 4. 10 /.62 =

, H
Hz), 7.66 (d&; ei’ﬁr Fiomy ‘%?d‘-‘%l ), 578 (olP]i ﬁejsf d%%f%ﬁ%eléz B (d
1H J = 54 Bxpmple 54 (sj:,ar:ttl—:l,ng wi®h2the) inge8mediditel Hegracyche aBed 8
Hz), 9.16 (d A =94 d - = 13C
va?? (CDC13§ ﬂ’zséH 93é ﬂam@%i‘p éﬁl&%ﬁ%ﬁﬁ%&%ﬁé& 6, dﬁ%??%? 1%%?%%
136.55, 137. 1% mi41. B83.344mme¥) 1moDME 134 wi) .15Ammoniums ciglozigie 71,

(151%) 932430(733 5)g'VS 1(@@ I\r/u-énno'ill)?’ (@8 andl?2 (630001) 28Arkdr PB4 filcdiord69
7-Nitro-9H q@iYnof]Aa%hanéP[“ftPG]rﬁﬁéeraan%(?nCéla?ﬁﬁé/M?th_ 83d8) MAs G%i deni n

(29, 7.06 rrmmle) dxpeasicatl crmmdum\n CRLt 8287 3@enoktubited i45 tHe aforsul furic
acid and 45 of nltrl .Cc, aci.d at OC. The reaction nmediumis heated at 130C

for 2 hours gn& SS9 is then poured into a
] Yleld 66% :

e Melting point = > 260°C
e 'H NMR (CDCls): 4.10 (s, 3H), 7.62 (dd, 1H, J =

15 9.2 Hz, J = 2.4 Hz), 7.66 (dd, 1H, J = 4.4 and 8 Hz),
7.96 (d, 1H, J 2.4 Hz), 8.48 (d, 1H, J = 2.4 Hz),
8.54 (d, 1H, J = 9.2 Hz), 8.80 (dd, 1H, J = 2.4 and
8 Hz), 9.16 (dd, 1H, J = 4.4 and 2.4 Hz), 9.25 (d, 1H,
J = 5.2 Hz)

20 e 3C NMR (CDCls3): 30.93, 116.86, 118.41, 122.44,
125.56, 129.25, 134.96, 136.55, 137.13, 141.52, 143.67,
149.11, 149.77, 152.37, 155.38, 161.71, 181.93, 207.00

e MS (m/z): 313 (26), 312 (100), 285 (2), 284
(15), 269 (15), 242 (32.5).

= >
2.4

25 _
EXAMPLE 6
7-Nitro-9H-quino[4,3,2-de] [1,10]phenanthrolin-9-one
(CRL 8289)
Ascididemin (2 g, 7.06 mmol) is added portionwise to a
30 mixture of 45 ml of sulfuric acid and 45 ml of nitric
acid at 0°C. The reaction medium is heated at 130°C for
2 hours and, after cooling, is then poured into a
conical flask containing 400 g of ice. After
filtration, a yellow precipitate is obtained, which is
35 rinsed several times with ether. It is then taken up in
a 600/1/300 CH,Cl,/NH40H/H,O mixture. The organic phase
is recovered and the aqueous phase is extracted 3 times
with CH;Cl,. After drying over MgSQOs, the organic phases



conical flask containing 400 g of ice. After filtration, a yellow
precipitate is obtained, which is 35 rinsed several tinmes with ether. It is
then taken up in a 600/1/300 CH2C12/ NHAOH H20O m xture. The organi c phase
is recovered and the aqueous phase is-ed@0acted 3 tinmes wth CH2Cl2. After
dryi ng over MgSO4, the organic phases - 30 ?re evaporated to give 1.62 g
of the expected comgmuakedRLo838%ei 11 18 o cofn bheaexplelchwds atampoundel d =

70% Melting i = 224 ( : (dd, 1H, J = 4. 4 and 8
f2) 6,04 g bpg2 FRE LA (S Ron Lot 0% ) T Blse (a
1H, J = 5.2 Hz), & Y3eldd= V@3 J =2 and 8 Hz), 8.89 (dd, 1H, J = 1.2 and

8 Hz), 9.18 (dd, LHyediTndtphiand2diec9.37 (d, 1H J =56 Hz) 10 13C
NVR (CDCL3) : 79.20, 117.61: 118,39 12421,  124.89, 125 98, 127,54,
129. 04, 130.14, 135 B2NMR3dCOE1s) 14809, (Oeb. 781 149=94 - 41501% B HE), 66,

45150, B B g sam il D100y @ 1 330 4, o
7- Am no- 9H qlﬁ)-’rﬁﬁzﬂ%', 2-%}3‘&] [ﬁ,ﬁo%pk'erfgﬁ?thrgw:ﬁ- odshe 1RCRY g34%) 23R4 8
suspensi on ofHA)he g o(dbey i Mt | Fe=CRL28288 @0H4)g, 2.28 UdRY, rrihl )Jand iron
(0.37 g, 6.59 1)1 10/ Aﬁg-v O mxturg j,syrefluxed for 1 hour.
EDTA (1.94 g,4 r%Dagéi MZ)) i séL'gsd'{:Ie ’angg't h“gl Tegé i%%) medi umis then

basi fi ed10i th coneerCaiiMg stePCim)hydV Bx2le. Ik 61w xLlBe3Ps edd4atted 3
times with Cif(aldo ALISE 64 YL 1087 254 0Veholat1 30Na 497 oY ephasse. es

407 &
evaporated to give O. e expected conpound CRL 8344 in the form of

a bl ue solid.148vlld H%eg)ér M4 Qi Hy pb? it 12, >12E50E680154 HBRVRLEEDEP3) 5. 68
(s, 2H), 7.16 (d, olhHysJ @m/z): 328 (18), 327 (100). 299 (22), 297

(9), 269 (10), 253 (24), 242 (11), 241 (33).
15
EXAMPLE 7
7-Amino-9H-quino[4,3,2-de] [1,10]phenanthrolin-9-one
(CRL 8344)
A suspension of the nitro derivative CRL 8289 (0.4 g,
20 1.22 mmol) and iron (0.37 g, 6.59 mmol) in a 10/10
AcOH/H,0 mixture is refluxed for 1 hour. EDTA (1.94 g,
6.59 mmol) is added and the reaction medium is then
basified with concentrated sodium hydroxide. The
mixture is extracted 3 times with CH;Cl,. After drying
25 over MgSO,, the organic phases are evaporated to give
0.32 g of the expected compound CRL 8344 in the form of
a blue solid.
e Yield = 88%
e Melting point = > 260°C
30 e 'H NMR (CDCl3): 5.68 (s, 2H), 7.16 (d, 1H, J =
7.8 Hz), 7.66 (dd, 1H, J = 7.6 and 4.8 Hz), 7.69 (dd4d,
1H, J = 7.8 and 7.8 Hz), 7.91 (d, 1H, J = 7.8 Hz), 8.46
(d, 1H, J = 5.2 Hz), 8.77 (dd, 1H, J = 1.6 and 7.6 Hz)},
9.17 (dd, 1H, J = 1.6 and 4.8 Hz), 9.21 (d, 1H, J =
35 5.2 Hz).
e ¥3C NMR (CDCl3): 109.42, 112.71, 117.70, 118.43,
124.29, 125.64, 129.12, 132.63, 132.81, 135.53, 137.27,
141.68, 148.68, 148.89, 149.03, 151.96, 154.68, 180.71



7.8 Hz), 7.66 (dd, 1H, J = 7.6 and 4.8 Hz), 7.69 (dd, 1H, J = 7.8 and 7.8
Hz); 7.91 (d, 1H, J = 7.8 Hz), 8.46 (d, 1H, J = 5.2 Hz), 8.77 (dd, 1H J =
1.6 and 7.6 Hz), 9.17 (dd, 1H, J = 1.6 and 4.8 Hz), 9.21 (d, 1H J = 35

5.2.Hz). 13C NMR (CDCL3): 109.42, 112.741 417.70, 118.43, 124.29, 125.64,

129.12, 132.63, 132.81, 135.53, 137.27, 141.68, 148.68, 148.89, 149.03,
151. 96, 154.68, 180.M38 3k/z)NVS 98 zX34298, (24877) (1@0), ( 260) , (12609 (243, 268
(8) EXAWVPLE 8 5- Brono- 9H qui no[ 4, 3, 2-de] [ 1, 10] phenant hrol i n-9-one (CRL
8248) A sol ut {%h of broni ne (0.2 M, 3.88 mol) in5mM of acetic acid is
added dropwi se to a solution of ascididemn (0.5 g, 1.77 mmol) in 20 m of

acetic acid. ghoa action mediumis refluxed (stoppered condensor) for
24 hours. Aft-ev—-%r-élE , the mixture is neutralized wth saturated NaHCO3

sol ution and B¥emec¥Hzquinedd, § 2ndehbt:120]1phenspghrrdipndseseare dried
over MySH angert, hg@pagyaporated. The crude product obtained is purified 15
by flash chronato raphy on_a_colum of silica t%ﬁ6l4 CH2C12/ MeCH). to_give
0.548 g of t e ERpEEHeR RFpLEeainerL(8249min thé gMAldr ARyl Fow 261 d.

Yield = 86% Addti®g peiat s20&fao°éa 1k OPARL 6 £DCEZ) a7sfi81.1(1dibn 1Hp£d =
4.4 and 8 Hz) 8.8

Hz), 8.49 (daﬁﬁgﬁgem%‘q 5’1 8979 (‘33 mTﬁl’Jlng’omé‘hd%f e(—t%c é%‘é 1H, J
= 2 Hz), 19. 18T{eld rebdtidn= m&dHim JIs= dedlized Qsﬂ’bp@:@breﬁ-l cdndebsoiz) 25
156 IR (0 1 oty NS00 SR8, 18 Mol 0 nd 0,085, O
155. 67, 181. 6@11'-11\/53(3@12:)311935631\165993 mm)n 3691 (@Omactm 4 Z’C?:)m6255
(9)r 254 (S1)yith CHCly. The organic phases are dried over MgSQO; and
then evaporated. The crude product obtained is purified
15 Dby flash chromatography on a column of silica (96/4
CH,Cl,/MeOH) to give 0.548 g of the expected compound
CRL 8248 in the form of a yellow solid.
e Yield = 86%
e Melting point = 208°C
20 e 'H NMR (CDCl3): 7.68 (dd, 1H, J = 4.4 and 8 Hz),
8.09 (ad, 1H, J = 8.8 Hz, J = 2 Hz), 8.48 (d, 1H, J =
8.8 Hz), 8.49 (d, 1H, J = 6 Hz), 8.79 (dd, 1H, J = 2
and 8 Hz), 8.82 (d, 1H, J = 2 Hz), 9.18 (dd, 1H, J
2 Hz, J = 4.4 Hz), 9.30 (d, 1H, J = 6 Hz)
25 e 13C NMR (CDCls): 116.76, 117.04, 118.26, 124.76,
125.81, 125.93, 129.05, 134.52, 135.43, 136.72, 137.01,
144.41, 146.24, 149.93, 150.12, 152.27, 155.67, 181.69
e MS (m/z): 363 (99), 362 (83), 361 (100), 360
(27), 255 (9), 254 (51).

30
EXAMPLE 9
5-Amino-9H-quino[4,3,2-de] [1,10]phenanthrolin-9-one
(CRL 8347)
Sodium azide (2.34 g, 36.1 mmol) is added to a solution
35 of bromo ascididemin: CRL 8248 (2.3 g, 6.33 mmol) in
460 ml of DMF. The reaction medium is refluxed for 4
hours. After cooling, the mixture 1is evaporated to
dryness and the solid obtained is taken up in water.
This mixture is extracted 4 times with CHyCl,. After



30 EXAMPLE 9 5- Am no- 9H qui no[ 4, 3, 2-de] [ 1, 10] phenant hrol i n- 9- one
8347) Sodiumazide (2.34 g, 36.1 mmpl) is added to a solution 35 of brono
CRL 8248 (2.3 g, 6.33 mmol) in 460 m of DMF. The reaction
mediumis refluxed for 4 hours. After-c®dl+ng, the m xture is evaporated
to dryness and the solid obtained is taken up in water.
extracted 4 tdmEisngvi oeCHEIGER, AhdereBpoxhtinmy ofEr thgSGPlarehtevaplee at i ng

off the solv e.pr AP | £ b hy on
o ol of e araBhyh o iR i Escu P £ 6, MhnrciBRoGRa, W B8 T
conpound CRL @34 nofheiflgian of 28/ bPadlcCls/Yeler to yoeve 2 160mavedfi ng
point = > 260G 1ELPMVE £6DEbRbound3ckydg34yl 14 Tk BrdAH o2 4 HBlacK. 74
(dd, 1H, J = ), 7.81 (d 0J =2.4H),6 848
6 Hz) , 8250 R¥de4 J = 8.8 Hz), 8.90 (dd, 1H, J = 2 and 8 Hz), 9.25 (dd,
1H, J = 2 and 4.8 HAe1P.2%%d, 1H J = 6 Hz) 13C NVR (DVBO): 102. 26,
117.13, 118.54, 121.62, . 123.20.. 125, 34,.426.11, 129.18, 133.80, 134.83,
ﬁ%iﬁ%ﬁ% PG g, 15%5%3& 152.39, 154.32, 180.35 MS

asci di dem n:

135.47, 15 138.472

4.8 and 8 Hz), , 1H, 1

(mz): 298 (32), 207'HINMR, 269CQ4); 72683(0(8), EXMUPLEI10=208.8 and

10- Met h -9 [ 4,3, 2,d 1, h LA- 8- 8368
Prepaﬁag?gn E%%gpg?%b ?b%%hgh%foég%gggnﬁgéééﬁggg %yggif &F%ghacg'éiﬂél.,

t
Het er ocyéPes,J 1993,.4382) 948.94%. (@5 EXAVPLE 164 Hz), 8.50 (d, 1H,

10- Hycr oxy- O cyiol 4 8, 8ok, 10 phgnanirald ndnene oG8 &RE7) 1,

Preparation according to the Proce ure descri bed
J = 2 and , 9.2

15

20

25

30

35

4.8 Hz 9 (d, 1H, J = 6 Hz)
e 3C NMR (DMSO): 102.26, 117.13, 118.54, 121.62,
123.20, 125.34, 126.11, 129.18, 133.80, 134.83, 135.47,
138.42, 147.65, 148.29, 151.63, 152.39, 154.32, 180.35
e MS (m/z): 298 (32), 297 (100), 269 (4),
268 (0.5)

EXAMPLE 10

10-Methoxy-9H~-quino[4,3,2-de] [1,10]phenanthrolin-9-one
(CRL 8368)

Preparation according to the procedure described by
Y. Kitahara et al., Heterocycles, 1993, 36, 943-946.

EXAMPLE 11

10-Hydroxy-9H-quino[4,3,2-de] [1,10]phenanthrolin-9-one
(CRL 8387)

Preparation according to the procedure described by
Y. Kitahara et al., Tetrahedron, 1997, 53, 17029-17038.

EXAMPLE 12
9H-Quino[4,3,2-de] [1,10]phenanthrolin-9-imine
(CRL 8290)

100 mg (0.353 mmol) of ascididemin are dissolved in a -

solution containing 5 ml of aqueous ammonia and 2 ml of
EtOH. The reaction medium 1is refluxed (stoppered
condensor) for 72 hours. After evaporating off the
solvent on a rotary evaporator, the residue is purified

( CRL

This mxture is

(d, 1H, J



Y. Kitahara et al., Tetrahedron, 1997, 53, 17029-17038. 30 EXAMPLE 12
9H-Qui no[ 4, 3, 2-de] [ 1, 10] phenanthrolin-9-imne (CRL 8290) 100 ng (0. 353
mol ) of ascididenmin are dissolved in a 35 solution containing 5 m of
aqueous ammonia and 2 mM of EtOH The r3action nediumis refluxed
(stoppered condensor) for 72 hours. After evaporating off the solvent on
a rotary evapgr allersh tdreranesiciimsaplsy pon i 4ledina33997 5y CHpGH Meibnett@gr aphy

on alum na (99/ / of conpound CRL 8290. Yield
= 87% Melti ﬁ&véeogrfgyfh%%g@%%% ?B%%éégs) : 7?21 (dd, 1H° J = 5 and 8
Hz), 7.86 (dd, 1M Yiexdg=a®d®8 Hz) , 7.97 (dd, 1H, J = 8 and 8 Hz), 8.40
(d, 1H, J = 8 Hz) ,, ﬁe&%iﬁ’l%p%r:ﬂntJ;ﬁqu 8.64 (d, 1H, J = 8 Hz), 9.04
(dd, 1H J =8 and 25 H7), 9.08 (dd, 1H J =5 and 2.5.Hz) . 922 (d, 1H
10 J = 6 Biz), 12. 48 'Hs NMR) (@B@NSLE 1361 (dd, I1H, J =5 and 8 Hz),

oH IQ)Ji n]?[ 4, 3_,73._-%133] {da/10imhenasnt Br ]tcalnidﬂ-é-mz()i JE7 . $TRILA8292H,15 508 napd 1. 77
mmol ) of ascidi demn a 0 of_ NH 1/ S™4 are dissol in1lnmn
of pyridine &ndizg)o nq%(? %‘%téi.ﬁ’Tﬁre—r gaaqc_“'l@o’n ﬁég‘su%fsl‘rﬁéf IJlSJx_edB/ﬁgzr*’AB
hours. Afters.empauati by, of§ the8s@z)ent 9o084a (ddar ylHevaporat 8r,a2d ml of
water are ad th di I $420 extrac i &h 1 X( 20 . The
organi c phas%g'qjaﬁgzCg 'drigé o&é& NE§04 JSnd ?héﬁge?égoﬁggd%d%%a (r%'t airTii)I/)
evapor at ®0. Thes redizlue 13- 4ir (¢4 etHby fl ash chromat ography on al um na

(99/1 CH2C12/ MeOH) to give 240 ng of the oxime CRL 8292 in the formof a

yellow 25 powder. Yield = 46% Melting point = > 260C
EXAMPLE 13

9H-Quino[4,3,2-de] [1,10]phenanthrolin-9-oxime
(CRL 8292)

15 500 mg (1.77 mmol) of ascididemin and 500 mg of NH,0H,
1/2 H,SO4 are dissolved in 1 ml of pyridine and 10 ml of

EtOH. The reaction medium is refluxed for 48 hours.
After evaporating off the solvent on a rotary
evaporator, 20 ml of water are added and the medium is

20 extracted with HCCls (3 x 20 ml). The organic phases are
dried over MgSO, and then evaporated on a rotary
evaporator. The residue is purified by flash
chromatography on alumina (99/1 CHCl2/MeOH) to give
240 mg of the oxime CRL 8292 in the form of a yellow

25 powder.

e Yield = 46%

e Melting point = > 260°C

e M NMR (CDCl3): 7.68 (dd, 1H, J = 4.4 and
8.4 Hz), 7.98 (ddd, 1H, J = 7.6 and 7.6 and 1.6 Hz),

30 8.07 (ddd, 1H, J = 7.6 and 7.6 and 1.6 Hz), 8.30 (dd,
1H, J = 7.6 and 1.6 Hz), 8.56 (d, 1H, J = 6 Hz), 8.75
(dd, 1H, J = 7.6 and 1.6 Hz), 9.00 (dd, 1H, J = 8.4 and
1.2 Hz), 9.12 (dd, 1H, J = 4.4 and 1.2 Hz), 9.41 (4,
1H, J = 6 Hz)

35 e 3 NMR (CDCl3): 115.06, 116.14, 123.16, 123.29,
125.46, 128.33, 128.77, 129.54, 131.86, 132.16, 138.48,
140.94, 141.37, 145.82, 146.75, 151.27, 151.65, 151.80

e MS (m/z): 298 (64.5), 268 (100), 266 (21.9)



"H NMR (CDC13): 7.68 (dd, 1H, J = 4.4 and 8.4 Hz), 7.98 (ddd, 1H, J =

and 7.6 and 1.6 Hz), 30 8.07 (ddd, 1H, J = 7.6 and 7.6 and 1.6 Hz), 8

(dd, 1H J = 7.6 and 1.6 Hz), 8.56 (d, 1H, J = 6 Hz), 8.75 (dd, 1H J

7.6 and 1.6 Hz), 9.00 (dd, 1H J = 8.4 &dd- 1.2 Hz), 9.12 (dd, 1H, J =

and 1.2 Hz), 9.41 (d, 1H J = 6 Hz) 35 13C NVR (CDC13) : 115.06, 116.
123.16, 123 ZSAMPLES146, 128.33, 128. 77 129.54, 131.86, 132.1B, 138.48,
140. 94 141. 4 154, $540161 M #2011 298

(64.5). 268 ?%oé% £%§§?lf%%§§§§§4 Gholdpdis et tr1¥en

10-(2 Acetyl@npheno) 9H- qui no[ 4, 3, 2 de][l 10]phenanthro|in- 9-one (CRL

8333) 5 Prepq@g&jgg3ggcording to the process described in
starting with the intermediate tetrac
di net hyl for nEFePe r@itdasy| arEdingo.
Ammoni um chl eydaae
10 by flash

conmpound CRL%gﬁgg%ésg{g§¥éW&%hP

C12/

NGREENETEbrndfilald llernyle SRREH

Exanple 1,

S the 46%ntels | der e h

1 1,2 shainy nm)th tathdmale 2 irdte t%ttmcym:llefBﬂatl on
ted
|eId

7.6

.30

4.4
14,

35% Melting (pmlmtml-, >32660nm51)1l—tml\/mb(R:D(m3)ml)2 8Bmfign i @w) cIBIQJQLC(% 3H),

5.54 (d,
1.2 Hz),
Hz) ,

1H),
7.4

(d, 1H J =6 8. 51
Hz), 8.64 (d®f BHPrQyn= r;eC% ) Hz),
(CDC13): 37.22, 45 Q3e1H0% B 113 94,
125.43, 125.90, 129,47,

ting point

Hz), 8.57 (dd, 1H, J
9.23 (d, 1H, J

> 260°C
2.88 (s,

J 6 Hz), 7.30

3.12 (s,
(ddd, 1H,

e 'H NMR (CDCls):
(d, 1H), 7.13 (d, 1H,
and 7.6 and 1.2 Hz), 7.45 (ddd, 1H, J
1.2 Hz), 7.51 (4, 1H, J = 7.6 Hz), 7.65
7.69 (d, 1H, J 7.6 Hz), 7.88 (ddd, 1H,
7.6 and 1.2 Hz), 7.96 (ddd, 1H, J
1.2 Hz), 8.48 (d, 1H, J 6 Hz), 8.51
6 Hz), 8.57 (dd, 1H, J = 7.6 and 1.2 Hz),
J=7.6 and 1.2 Hz), 9.23 (d, 1H, J = 6 Hz)

e 3¢ NMR (CDCls): 37.22, 45.05, 109.94,
116.56, 117.38, 122.92, 123.34, 125.43, 125.90,
130.27, 131.61, 132.94, 135.87, 137.17, 137.57,
146.93, 149.81, 150.28, 153.30, 154.27, 154.54,
183.73

15 3H),

J

20

(d,
8.64

25

30 EXAMPLE 15

6 Hz)

3H),
J
7.6 and 7.6 and
(broad s,
7.6 and
7.6 and 7.6 and
1H,
(dad,

13 6 d
1d0 ) B2 4 hmd1 Sethdnol” 3900449 Hivel Bfriridiihdn® an
7. 650(brhyadfkasllH)=hroma¢@g(r@;phm4 (308/9. CHe )2/ Me@B) ( ddd2 md, of = 7. 6
and 20 7.6 a@%éLéQﬂégte&'éghéfﬁﬁﬁ ékt §3337a§ea6@t31§e@DQn Jhe HZgrm 8. 48

7.6 and 1.2

5.54
7.6

1H),

J
1H,

113.94,
129.47,
145.87,
154.61,

10-Hydroxy-9H-quino[4,3,2-de] [1,10]phenanthrolin~9-one

diiodide

(CRL 8369)

500 mg (1.597 mmol)
(CRL 8368) and 40 ml
hydriodic (57%)
After cooling,

of the
of
are

compound
acid in

at

acetic
heated

35
acid
minutes.
into 500 ml of water and ice is added,

neutralization with NaHCO; (solid). After

of Example 10
100 ml1 of
100°C for
the reaction medium is poured
followed by

30

several

13C NWR
25 116. 56, 117.38, 122.92, 123. 34,



130.27, 131.61, 132.94, 135.87, 137.17, 137.57, 145.87, 146.93, 149.81,
150. 28, 153. 30, 154.27, 154.54, 154.61, 183.73 30 EXAMPLE 15

10- Hydr oxy- 9H qui no[ 4, 3, 2-de] [ 1, 10] phenant hrol i n-9-one diiodi de (CRL 8369)
500 ng (1.597 nmmml) of the conpound of- Bfample 10 35 (CRL 8368) and 40 m
of acetic acid in 100 m of hydriodic acid (57% are heated at 100C for 30
m nutes: Aft extoedticgs thich eachivbunedp@nbis Medlr dd HGEls 560 times wat er

and 1 ce' 15 adgerihol | SHEO dhadlel pRLLER! Ak ich bR ORB: (i) o Lo
'ons Wt

sever al extrac amxt re o % MeCH i n HCC tines 500
m), the org&ﬂne@ sreaentyratedt i vl dvEPTAGBORVARGTALREN t@orﬁ?é’rﬂr %t Bn a

rotary evaporg OEoléniaoﬁh\ﬂe GrB689690f i gOrEHUING PR 8869 i wide-dadrad a

Wi ne- col or ed Sdo wder. Yield = 41% Melting point :>2600 1H NMR
(DVBO) © 6224PQ¥CeMH, J = 7.6 Hz), 6.86 (td, 1H J =8 and 4 Hz) , 7.27 (d,
2H, J = 4 Hz) , 705?1e1@l%d,413%H J =5.2H) , 7.89 (d, 1H, J = 8 Hz) ,

7.93 (dd, 1H, J—76 %@%[ﬁlﬁ?lH J =5.2 H), 9.54 (s, 1H),
12.62 (broad m 119 Me lE? P?l 1 (DVSO): 107.81, 109.87, 114.24,
115.36, 116.31, »17HMIMRL2(DMIO) 126 .94 184 IVH, 137.637.63Hz18, 686

132.81, 134.8 24y 13 1 2§ BXA
10- Chl or o- 9H UI ngj[gl}l 3 2- dg %?dlﬁ}{hzérfanthrol I n- 9§%he% MSD%?'/S 20 50 ny
(0.09 nmbP) ofdt HHsalt=0b- EmebIre 71@‘«’((1% 8B60) J i §sé‘|z\)ed7 r934 tAldof

PCC13 are refjlgixefl fof @ heurg.e ALY er geyapquat nmg of = the REGL3 osa
rotary evaporator, ,the reaction medi um j s neutéal | zeg w th saturated

NaHOO3 sol uti G WhtrerlZeRder 01784 Mct 1 dhs Wt h2als:
e 3¢ NMR (DMSO): 107.81, 109.87, 114.24, 115.36,

116.31, 117.33, 120.11, 120.97, 124.14, 127.63, 132.18,
15 132.81, 134.89, 139.24, 139.35, 141.15, 148.72, 181.29

EXAMPLE 16
10-Chloro-9H-quino[4,3,2~de] [1,10] phenanthrolin-9-one
(CRL 8373)

20 50 mg (0.09 mmol) of the salt of Example 15 (CRL 8369)
dissolved in 4 ml of POCls; are refluxed for 2 hours.

After evaporating off the POCl3z on a rotary evaporator,
the reaction medium 1is neutralized with saturated
NaHCO; solution. After several extractions with a
25 mixture of 5% MeOH in HCClz; (5 times 20 ml), the
organic phases are dried over MgSO, and then
concentrated on a rotary evaporator. The residue
obtained is purified by flash chromatography on a
column of silica (95/5 CH,Cl,/MeOH) to give 20 mg of the
30 expected compound CRL 8373 in the form of a yellow
powder.
e Yield = 77%
e Melting point = > 260°C
e 'H NMR (CDCl3): 7.67 (d, 1H, J = 5.6 Hz), 7.95
35 (ddd, 1H, J = 8 and 8 and 0.8 Hz), 8.03 (ddd, 1H, J = 8
and 8 and 1.2 Hz), 8.57 (d, 1H, J = 5.6 Hz), 8.61 (ddd,
1H, J = 8 and 1.2 Hz), 8.68 (ddd, 1H, J = 8 and
0.8 Hz), 8.97 (d, 1H, J = 5.6 Hz), 9.30 (d, 1H, J =
5.6 Hz)



25 m xture of 5% MeCH in HCC13 (5 tines 20 m ), the organic phases are
drired over MgSO4 and then concentrated on a rotary evaporator. The residue
obtained is purified by flash chromatography on a colum of silica (95/5
CH2C12/ MeCH) to give 20 ng of the 30 expécted corrpound CRL 8373 in the form
of a yellow powder Yield = 77% Melting point = > 260C 1H NVR (CDC13)
7.67 (d, 1H, = . & HMR, (ZDCY5) : 3317d6O, 17 B%L 812a3d38radd .99 Hz) ,

8.03 (ddd, 1 57 H, 6 142 .28, 61
o, ( o J'i'gs869ﬁd1f@%q]3§ 91“%1618'? 5%%2 §8 1@@ 431 1%8 2%.,6 148, 2487 L.

1H, J = 5.6 MAB.53, 304(7d261.H14;9 A0,5 Jeﬁ0r+z§2 13%4 3%3@%/1‘«9 coh%@)‘” 117. 60,

117. 84 123. 31, 133M80,(m/ 26 6P, 1 é.)O, 484. 170.292. 380 ](:259 45, 1488 21,
146. 24, 146.51, 147. 26, 9. 40, 1 154.30, 154.94, 180.47 M (mz)

318 (9.6)5 3180070. 255 2@@ Bg. 53 -8 (100) , 255 (23.4) , 253 (26.8)
EXAMPLE 17 5-Bronp- 10- et hoxy- 9H C]UI no[ 4, 3, 2-de] [ 1, 10] phenant hrol i n- 9-one

10 (CRL 83893 SE@EEQE on according to the process described in Exanple 1,
starting wt nedi ate tetracycle B9 (0.74 g, 1.93 mmol) and

di net hyl f or ms+Bteomdi-Ait e thanat-t9 H{quinal 4, 3, 24dehbl ) 10 Iphenanthrobisa-
Anmoni um 15 _I%ﬁlde (1.96 g, 36.4 mmol ), ethanol (200 m ). After
purification ash chromat ography (95/5 CH2C12/ MeOH), 210 ng of the
expect edlﬁomi@Md 83R9)8389 are obtained in the formof an orange powder.

yeld = 42% Do dlofaing00F0 TENBMRALERELY) dektribedHinT. 14
(d, 1H, %?%#Q%‘ (dd oA 32 2 and ), 8.43 (d
Example 1, startlng with the 1ntermed1 te tetr cycle Bg

(0.74 g, 1.93 mmol) and dimethylformamide diethyl
acetal (1.3 ml, 7.24 mmol) in 15 ml of DMF. Ammonium
15 chloride (1.96 g, 36.4 mmol), ethanol (200 ml). After
purification by flash chromatography (95/5 CH,Cl:/MeOH),
210 mg of the expected compound CRL 8389 are obtained
in the form of an orange powder.
e Yield = 42%
20 e Melting point = > 260°C
e H NMR (CDClz): 4.14 (s, 3H), 7.14 (d, 1H,
J = 5.6 Hz), 8.05 (dd, 1H, J = 2 and 8.8 Hz), 8.43 (d,
1H, J = 6 Hz), 8.44 (d, 1H, J = 8.8 Hz), 8.76 (d, 1H,
J = 2 Hz), 8.95 (4, 1H, J = 6 Hz), 9.27 (d, 1H,
25 J = 5.6 Hz)
e 3¢ NMR (CDCl3): 57.12, 109.52, 117.00, 117.76,
119.46, 121.58, 124.81, 125.52, 134.72, 135.49, 137.00,
144.85, 146.51, 147.24, 147.92, 150.43, 156.21, 167.98,
180.57
30 e MS (m/z): 393 (100), 392 (61.7), 391 (99.2), 390
(17.4), 362 (9.2), 333 (9.8), 254 (34.5).

EXAMPLE 18

5-Amino-l1l-methoxy-9H-quino[4,3,2-de] [1,10]phenanthrolin-
35 9-one

(CRL 8389)

A solution of compound CRL 8389 (0.5 g, 1.3 mmol) and

NaN3; (0.5 g, 7.7 mmol) in 20 ml of DMF is heated at

90°C for 10 hours. After concentrating, the residue is




1H, J =6 Hz), 8.44 (d, 1H, J = 8.8 Hz), 8.76 (d, 1H, J =2 Hz), 8.95 (d,
1H- J 6 Hz), 9.27 (d, 1H, 25 J = 5.6 Hz) 13C NWR (CDC13) : 57.12, 109.52,
117.00, 117.76, 119.46, 121.58, 124.81, 125.52, 134.72, 135.49, 137.00,
144. 85, 146.51, 147.24, 147.92, 150.43% 3b6: 21, 167.98, 180.57 30 M5
(mz): 393 (100), 392 (61.7), 391 (99.2), 390 (17.4), 362 (9.2), 333
(9.8), 254 (34Kken UPKAWPLEN IEOH (35 ml) and then extracted with 95/5

5- Ami no-11- ui Hol.4, 1[1 e ol 3 L
5389) A sol Ut BP O h o G BHEY (BESeR HERLRED avr R S
7.7 mol) |nCE@QﬂntG?fatD|W ian rmar@‘aaaay egegoratom ﬁ@@r§rwet groduct
concentrat i n%bﬁa*l%écﬁsiéjguk§f§gd LK 48 | BhiBKOGEBBhY! brand 1han
extracted with 95/5 2 x 200 M) . After drylng over MgSO4 and
concentra®i ng 8% 20 r dtHay26V8R8Y at&ro tHever ubiBepr SFREC TGt HFMPYRI
purified by idrasi83gy ArntQgs avm WY SA | v L6l &t (B6wadr CkrE1RGMeOH) to give

t he expected conpgu d gﬁL ﬁ% 9 in the formof a violet powder (65 ny).
Yield = 15% I\/Eltlng (} = 260C 1H NMR (DVSO-d6)) 407(5, 3H)
6.62 (s, 2H) , 16 Meaﬁil(n@ pbint) =>8.20%&), 7.41 (d, 1H, J 5.9 Hz),

ZH,MJ(S 50 Hz8 8 (%8\%& ﬁng@- Sl ﬁg)oé}B %(Kéﬁ? 63,_52% %5%2321{)?632 (d

1616 cm10L 71!§GEXM/PLEH19J = 8.8 Hz), 7.41 (d, 1H, .9 Hz),
5- Ami no- 9H- quy n;Q][4 53 ZIﬁi)e] [é,ég] Raenqlht hrpld ng 9g 038 hgdqgct‘(hor |1qie (FRL
8406) 20 A sol Ut of ~ani no-- qU| nol 4,3, 2 de] £1 10] phenan-""
52Hz),886(d,1 .08 (3, 1H, J =
5.2 Hz)
e IR (KBr): 3420, 3196, 1636, 1616 cm™
15

EXAMPLE 19

5-Amino-9H-quino[4,3,2-de] [1,10]phenanthrolin-9-one

hydrochloride

(CRL 8406)

20 A solution of 5-amino-9H-quino[4,3,2-de]l[l,10]phenan-
throlin-9-one (1 g, 3.35 mmol) and concentrated HC1
(0.56 ml) in 200 ml of methanol is heated at room
temperature for 1 hour. 200 ml of ether are added and,
after leaving the salt to precipitate out, the medium

25 is filtered to recover the expected compound CRL 8406
in the form of a black powder (1 g).

e Yield = 90%
e 'H NMR (DMSO-dg): 7.44 (dd, 1H, J = 8.8 and
2.2 Hz), 7.81 (4, 1H, J = 2.2 Hz), 7.93 (dd, 1H,

30 J=5.6 and 5.9 Hz), 8.12 (d, 1H, J = 8.8 Hz), 8.66 (d,
l1H, J = 5.6 Hz), 8.75 (d, 1H, J = 5.9 Hz), 9.07 (d, 1H,
J=5.9 Hz), 9.14 (d, 1H, J = 5.9 Hz)

e IR (KBr): 3404, 3287, 3170, 1691, 1676, 1649 cm™’

35 EXAMPLE 20
5~ (Dimethylamino) -9H-quino[4,3,2-de] [1,10]phenanthrolin-
9-one hydrochloride (CRL 8407)
A solution of 5~ (dimethylamino)-9H-quino[4, 3,2-de] -
[1,10]phenanthrolin-9-one (1 g, 3.06 mmol) and




throlin-9-one (1 g, 3.35 mol) and concentrated HCL (0.56 ml) in 200 m of
nmethanol is heated at room tenperature for 1 hour. 200 m of ether are
added and, after leaving the salt to precipitate out, the nmedium25 is
filtered to recover the expected conpodn88CRL 8406 in the formof a black
powder (1 g). VYield = 90% 1H NVR (DVBO-d6): 7.44 (dd, 1H, J = 8.8 and
2.2 Hz), 7.8lcdmcedtiratied RC2 HP).3 193 i(ddl2AHpl 8O GHELS. BsamtiifredHz),

o). 6 07 (a3t ook Felmfhgblic gkl 45 TpinGesk) gfcl hasiiod 55,0,
3287, 3170, 1%%Q,m1636, embeg,cﬁpliowssl EMMPL@H@@U(@ n@fhphansﬁé)t,
- 9H-qui no [4, .net% hl i 0] 'E%E?E@r€f4Q c%v%&ethﬁgr Qféde ¢6BLc8407) A

sol ution of am no) - 9H qui no , 1 phenan hr ol i n-9- one
(1 g, 3.08 mmm)tlaﬁdforrssofceneéﬁyraﬁ-ee Herd@ef :40m 9 -120 i of CHCL3 is
stirred at roomtenppspduLegfpr 45 mnutes. After addition of 350 nl of

et her, foll owed by pr ec atipon of th glt, the nmediumis filtered to
recover the expect ecPd%}B:E‘&%tPOJS ot = t?’legﬁa ?L'hof a navy bl ue powder (0.97 g).
Yield = 87% Mlting point = > 260C EXAMPLE 21 10

5- (Benzyl am WOM 3,2-de] [ 1, 10] phenant hrolin- 9-one hydrochl oride
(CRL 8416) A f 5- (benzylam no) -9Hquino [4,3,2-de] [1, 10] -

phenant hi®l i n"59{Benzytardned-84-guinoid, Mhﬁ%dd,lmmmm (0.2

m) in 40 M gL LEGL dJrg ib.’&%ﬁg 3§R§.t gaq@y tenperature for 30 minutes. The
solvent is evaporat of ether are added and, after

| eavi ng the SAl §°t1§t|éP§C|°pf-| t3n enaAyLamineka Hnapanof 4y Berzdel blr d8dver the
expect ed conpgHefakBhr84if-bhonkthe Agcppof e ack powder @hdl8 9) and

concentrated HC1l (0.2 ml) in 40 ml of CHCl; is stirred
15 at room temperature for 30 minutes. The solvent is
evaporated off and 150 ml of ether are added and, after
leaving the salt to precipitate out, the medium is
filtered to recover the expected compound CRL 8416 in
the form of a black powder (0.98 g).
20 e Yield = 95%
e Melting point = > 260°C

EXAMPLE 22
5- (Dimethylamino-2-ethyl) amino-9H-quino[4,3,2~de] -
25 [1,10]phenanthrolin-9-one (CRL 8419)
25 ml (166 mmol) of trifluorocacetic acid are added to a
mixture of compound CRL 8347 (2.56 g, 8.59 mmol) and
dimethylformamide diethyl acetal (7.9 ml, 43.3 mmol) at
0°C. The reaction medium is stirred for 5 minutes and
30 sodium cyanoborohydride (8.2 g, 130 mmol) is then added
portionwise. The reaction medium is then heated and

maintained at 95°C. After 18 hours, the mixture is
basified to pH 8 with saturated NaHCO; solution
(about 600 ml) and then extracted with 95/5 CHCl3;/MeOH
35 (3 x 800 ml). The organic phases are washed with water
and then dried over MgSO,. After evaporating off the
solvent on a rotary evaporator, the c¢rude product
obtained is purified by filtration through alumina
(CHCl3; and then 95 CHCl3/MeOH) to give 1.15 g of the



20 Yield = 95% Melting point = > 260C EXAMPLE 22
5- (*Di net hyl am no- 2- et hyl ) am no- 9H qui no[ 4, 3, 2-de] - 25

[ 1, 10] phenant hrol i n-9-one (CRL 8419) 25 m (166 mmol) of trifluoroacetic

acid are added to a m xture of conpouRAd3€RE 8347 (2.56 g,

8.59 mmol ) and

di met hyl f ormam de di ethyl acetal (7.9 m, 43.3 mmol) at O0C. The reaction
medi umis stiexpdcted Scomponed LHRL3D4EDdiimn dfenollemshydrfi de (Blacy, 130
nol) is thenpg‘g% gd portionw se. The reaction nediumis then heated and

t

mai nt ai ned a

After 18 hours, the nmixture is basified to pH 8 with

saturated NaHCO8 s®lYiebh =(3®dut 600 M) and then extracted with 95/5
CHCL3/ MeCH 35 (3 xe 881 #1dg JgHEnOF 9&8&:6m§8§é§5béfgrlé’a§1€§€1Wgth water and

then dried over MySO4, After eva orating_of

r ot

vent
evaporat o, the crtde M Ruct(COHedi ned - P4 pd?vfl H?by E PgraRFon ﬁrough
alumnad (CHC13—amd32haa)953CH®ﬁ3ﬁ?bC}ﬁ,to g Ve 32 Hz)g of. 3me(dd§91H,
expecte conp e LM a ack p r._.Yie =, 36%
Mel ting p0|nt Clr% é Zéfélngl% %@R—(%ﬁ 5{‘ )’6H)
2.62 (t, 2H, 7J66 1432 1Hz) J%?S)Iﬂt), 28I, 35 +d7. AH HzJ) =7939 I@zm, $H38 J =
9.2 and 3 Hz),.7.62 ( H 8. d 6n(d, o1 5)3 He)
8 35 (d, 1H, 39t 3, gg S §§7’ §07ﬁ;(4ﬁ 1#), § 078 g 25- g0
and 1.8 HH) ., 91029. 1<2d(dle,1HJJ-— 4.5 apddL. 4. I&z)HZ)Q 19. (1(5 ]SPI,: 3H+ 5.7
Hz) 13C NNR|§CDC§3 HQ§ 97, 50.31, 56.40, 101.05, 116.81, 118.48, 118. 89,
125. 22, 126.30, 129.3 134. 87 135.97, 136.32, 138.91, 140.55 148 25,

148.98. 149.69. 1% 15'§ BMR 1 EGD@bs) 18 #5327, R50cHEL3) 55 - #1863 ¢ 05KB
(mz) : 369 (106)8135416149B, 238.8%7) 125.22, 126.30, 129.35, 134.87,

135.97, 136.32, 138.91, 140.55, 148.25, 148.98, 149.69,

15 152.23, 154.82, 181.37
e TR (CHCls3): 1663 cm?

e MS (m/z): 369 (100), 354 (15), 236 (37)

EXAMPLE 23

20 5-(Dimethylamino-2-ethyl)amino-9H-quino[4,3,2-
de] [1,10]phenanthrolin-9-one hydrochloride (CRL 8418)
265 pl  (3.25 mmol) of concentrated hydrochloric acid
are added to 1.2 g (3.25 mmol) of compound CRL 8419
" dissolved in 60 ml of chloroform. The reaction medium

25 is stirred for 2 hours at room temperature. The

precipitate formed is filtered off and then washed with
ether. Compound CRL 8418 (0.93 g) is obtained in the

form of a black powder.
e Yield = 70%

30 e H NMR (DMSO-dg): 2.67 (s, 6H), 3.09

(m, 2H),

4.01 (m, 2H), 7.67 (dm, 1H, J = 9.2 Hz), 7.80 (dd, 1H,
J = 8,0 and 4.5 Hz), 7.94 (m, 1H), 8.26 (d, 1H, J =

9.2 Hz), 8.64 (d, 1H, J = 5.7 Hz), 9.09 (m,

(dd, 1H, J = 4.5 and 1.8 Hz), 9.14 (d, 1H, J
35
EXAMPLE 24

1H), 9.12

= 5.7 Hz).

5-Bis (2-chloroethyl)amino-9H-quino[4,3,2-de] [1,10]-

phenanthrolin-9-one
(CRL 8422)



EXAMPLE 23 20 5- (D net hyl am no- 2- et hyl ) am no- 9H qui no|[ 4, 3, 2-

de]{ 1, 10] phenant hrol i n- 9- one hydrochl oride (CRL 8418) 265 | (3.25 nmmol) of
concentrated hydrochloric acid are added to 1.2 g (3.25 mml) of conpound
CRL 8419 dissolved in 60 m of chlorofo#én -The reaction nmedium 25 is
stitred for 2 hours at roomtenperature. The preci pitate forned is
filtered of f Hhdutdknofaskedum tdyarmkmamh nﬂaBRlCI\BML(B ¢®.98 greis

IO N 0l M R G g B K
7.80 (dd, 1H, [4d3r-2‘8d©] éhdl maynthrgllpw—pﬁ)e 8( 69¢d, 3HPSJmmoly 2

Hz), 8.64 (d1ar=1(!1'| cﬁlcréa@ek’éldeﬁ a8 (®0°1|‘£ ucbd®, 206.miH 14.8 ﬂmél?nd 1.8
H). 9 .14 (d. 35 E 54

5- Bi s( 2- chl orh‘ét ﬁ?PFéFﬂ ﬁ‘GJ-Q’i—I-Q:ﬁ.ﬂ r’Ril[Mr 3‘3? BeF[ 1.The) -r$atdnan HFeLE o i §ne

(CRL 8422) 40stilPradol aef 90di um@ﬂarwbom@hudésde dxaBHIENe 0. £8 grodie
added portionw se to_a so f 5- aon oOH- ﬁ“' no-

a3 2 del [ 1, ERTRRERSRE R, OLPE. 9-Bhe TAGESS: o5 MARGy) they medium is
chl or oacet al dedyilei ¢30%wdqheousatPrdted, $6d8umvlhydrogeracetarbanade( 30

m), at OC act diumis ed 5 ut a hen at
room tenper a@%rlée&'f g§8um AUt es n%ex{:hébhe %Iedp%ngél)% B’g‘s:ﬂf | :a(sj lelu%
sat ur at edosoﬁﬂmi@@%emlsaubanatﬁe NaEgesisolphasgs aatet ebriaskt pueted

with a 95/5 Waﬁg%r%gﬂl@d@érﬁg%he HP2Bbh AR @ Cofll 160 BY 8%

magnesi um sul t SO4 "and concentrated on a rot ary _evaporator. hg crude

product obt al?l‘é%P?EaBQlFrflT@G Hrude | PrROVSH t?P%%l’gq*le‘él LscPycHaed aRy t hen
99/1 CHCL3/ Me{dré0ighVe N EHPOWIdS:caCRL (8422 ;anthnd S €Ren84289/1

(described in E&(f'meeo}?)) to give two compounds: CRL 8422 and
15 CRL 8423 (described in Example 25).

5-Bis (chloroethyl)amino-9H-quino[4,3,2-de] [1,10]phenan-
throlin-9-one (CRL 8422) was obtained in the form of a
pink powder (0.14 g):
20 e Yield = 10%
e Melting point = 220°C
e IR (KBr): 1666, 1650 cm™
e 'H NMR (CDCl3): 3.83 (t, 4H, J = 7.0 Hz), 4.04
(t, 44, § = 7.0 Hz), 7.47 (dd, 1H, J = 9.5 and 2.9 Hz),
25 7.66 (dd, 1H, J = 8.0 and 4.4 Hz), 7.70 (d, 1H, J =
2.9 Hz), 8.42 (d, 1H, J = 5.6 Hz), 8.50 (d, 1H, J =
9.5 Hz), 8.81 (dd, 1H, J = 8.0 and 1.8 Hz), 9.16
(ad, 1H, J 4.4 and 1.8 Hz), 9.23 (d, 1H, J = 5.6 Hz)
e Bc NMR (CDCl3): 40.16, 53.60, 101.70, 116.60,
30 118.37, 118.68, 125.39, 125.91, 129.25, 135.13, 136.12,
136.38, 139.42, 141.93, 148.24, 148.73, 149.34, 152.22,
155.08, 181.43.

I

EXAMPLE 25
35 5-(2-chloroethyl)amino-9H-quino[4,3,2-
de] [1,10]phenanthrolin-9-one (CRL 8423)
According to the process described in Example 24,
0.22 g of compound CRL 8423 are obtained in the form of




5-Bi s(chl oroet hyl ) am no- 9H qui no[ 4, 3, 2-de] [ 1, 10] phenan- throlin-9-one (CRL
8422) was obtained in the formof a pink powder (0.14 g) : 20 Yield = 10%
Melting point = 220C IR (KBr) : 1666, 1650 cm1 1H NWR (CDC13) : 3.83 (t,
4H, J = 7.0 Hz), 4.04 (t, 4H, J =7.6- M1 ,-7.47 (dd, 1H J = 9.5 and 2.9
Hz), 25 7.66 (dd, 1H, J = 8.0 and 4.4 Hz), 7.70 (d, 1H J = 2.9 Hz), 8.42
(d, 1H, J = 5. 6 +idlet 8. pOwldr. IHThe = clabatzerisStBds(ddf ligombourgi 0 and

1.8 Hz), 1.8 Hz), 9.23 (d, 1H, J = 5.6 Hz) 13C
NVR (CDClB) %R}o%%é3l§§e6€s %&ﬁ%ds "116.60, 30 118.37, 118.68, 125. 39,
125.91, 129.25, 135Yi21d186183, 136 38 139. 42, 141.93, 148.24, 148.73,

149. 34, 152. 22, 15§e9%3ﬁ§8§o& 25 35

5- (2-chl or oet hyI ) am no- e] [1 0] phenant hrolin-9-one (CRL
8423) Accdrding t@ dRe (ﬁB@déséﬁ crﬁ%?e’i} i1 FHanft e’ 2 0.22 g of compound

CEL 84'[23 arte obt a:c.nelqll hirt 2@:15@1;)1 01‘2%491 a(tvl ojgg{ powees., 5[I'h@), 30/ 88I\/EI
Characteri stics o corrpoun ar S (0] | = ti ng
point = 196C &/ 138« kBT °-84¥3) 35791 1@%‘29 637 iﬁ?i ¥ §|4 Mgd(lcgﬁ :
";"2411 Efﬂd ZTHJ] 3.3 Haad, 2§5§&Z)§'t , 7260 Xd& 518, Hg) ,=520% @h)ead’ s65 1H)
) = an dd,
1H, J = 7.5 afifra. ]zf*8+|23 08 rg‘é iFg 52 ’5’88;@2 (Jd'l&%% Aﬁz e 81&?2)'(: 8.8
Hz), ?.dgzo(dca 4H, (34, =18,5 Jané 8..% Hu), 9.82 (ttui, 1HH, J E a 4 .8ncend 5 Hz),
9.21 1 C 1  14B. 1Q0.5%6, 6. 81,
118. 78, 120. 35‘5]%’389%%6@@ Ii% 3‘?5 g?; 4213’5%3%?54?%’15%(1)‘9%. 4%‘“140 22
141. 56, 148. 441 2= 540 Hz) 152. 30,

e 3¢ NMR (CDCl3): 42.83, 45.01, 100.76, 116.81,

118.78, 120.85, 125.38, 126.35, 129.35, 135.04, 136.04,
15 136.43, 140.22, 141.56, 148.49 (2Cc), 149.41, 152.30,
155.07, 181.57. '

EXAMPLE 26

12-Methoxy-9-H-quino[4,3,2~de] [1,10]phenanthrolin-9-cne
20 (CRL 8472)

0.54 ml (3 mmol) of dimethylformamide diethyl acetal is

added to a suspension of 2-methoxy-ll-methyl-1,6-

diazanaphthacene-5,12~-dione (Intermediate By) (0.23 g,
0.75 mmol) in DMF (7 ml) under N;. The reaction medium
25 is heated at 120°C for 1 hour. After concentrating
under vacuum, ethanol (45 ml) and NH,C1 (0.46 g) are
added and the mixture is then refluxed for 30 minutes.
After concentrating on a rotary evaporator, 30 ml of
water are added and the medium is then extracted with
30 CHC1l3(2 x 30 ml). The organic phases are dried over
MgSO; and concentrated. The crude product obtained is
purified by flash chromatography on silica (CHCls) to
give the expected compound CRL 8472 in the form of a
brown powder (50 mg).
35 e Yield = 21%
e Melting point = > 260°C
e H NMR (CDCl3): 4.31 (s, 3H), 7.04 (d, 1H, J =
8.5 Hz), 7.92 (ddd, 1H, J = 8.1, 7.0 and 1.5 Hz), 8.00
(ddd, 1H, J = 8.4, 7.0 and 1.5 Hz), 8.52 (d, 1H, J =



155. 07, 181.57. EXAWPLE 26

12-Met hoxy- 9- H qui no[ 4, 3, 2-de] [ 1, 10] phenant hrol i n-9-one 20 (CRL 8472) 0.54
m (3 mmol) of dinmethylformam de diethyl acetal is added to a suspension
of 2-nmet hoxy-11-nethyl -1, 6- di azanapht-harene-5, 12-di one (I nternedi ate B9)
(0.23 g, 0.75 mmol) in DVF (7 m) under N2. The reaction nmedium25 is
heated at 12GCH Q1)1 hgue3 A(fdcp,r TRNCEnt+ aBi. mg andeESVquumS .dehand) (45

m ) and NH4CL (O. 46 g) d e |s then reflu or

m nutes. Aftét cﬁncen rétﬁﬁg %a@aﬁo{éﬁgy po at or gogl%d Jf 5;3% Ie‘P are
added and t hey spedi iy Xt hen=eXxt5agzed with 30 CHC13(2 x 30 n1) The :
organi ¢ phases are dﬁbeﬁM%Y E%Dégﬁona gd gonqﬁﬂgrgged Ehgﬁ fspigduct

obtained is purlfledb ography on S|'I|ca gi ve

the expecbed mm;ﬂﬂmdlmmBA?QZﬂnSﬂ-helB@r #lof 131 lﬁrbwﬂ%ﬁ)v%ﬁar %b %). 35
Yield = 21% Jﬁ;wﬁg P@S”%o d§4869§ lhﬂ9N|¥B (@Q@l%, 145231248 181)757. 0

(d, 1H, J = d, "IH 7{, 770 and 1.5 HZ), 8.00 (ddd
1H, J:84178]0-%d15Hz)852(d 1H J:-4255Hz)863(dd
1H, J = 8.1 and 1.$% ) (cH:169 : (1@,71 | e8] cm™8.5 Hz) , 8.67 (dd, lH J =8.4

6,75, 11615 eiég(‘égm}a&s a9 00, 135 MR 13,01l

139. 17, 145.80.00¥46.284 {129) 5919349599, 152. 24, 167.75, 181.04 IR (CHC13)
:1671, 1588 cm-1 Ms (mz): 313 (50), 312 (91), 284 (17), 283 10 (100),
254 (23), 193 (51). EXAMPLE 27 .

4- Br onp- 5- amiEXAMPLE (217 no[ 4, 3, 2-de] [ 1, 10] phenant hrol i n- 9-one (CRL 8478)

4-Bromo-5-amino-9-H-quino[4,3,2-de] [1,10]phenanthrolin-
9-one (CRL 8478)
15 Bromine (35 pl, 0.67 mmol) is added to a suspension of
compound CRL 8347 (0.2 g, 0.67 mmol) in acetic acid
(8 ml). The reaction medium is heated at 50°C for 6
hours. After concentrating, the medium is basified with
5N sodium hydroxide (20 ml) and then extracted with a
20 5% MeOH/CHCl; mixture (400 ml). After drying over MgSO,
and evaporating off the solvent, compound CRL 8478 is
obtained in the form of a violet powder which is
recrystallized from a 20 ml/15 ml CHCls/pentane mixture
(152 mg) .
25 e Yield = 61%
e Melting point = > 260°C
e 'H NMR (DMSO-dg): 7.07 (broad s, 2H), 7.61
(d, 1H, J = 8.8 Hz), 7.77 (dd, 1H, J = 7.7 and 4.0 Hz),
8.18 (d, 1H, J = 8.8 Hz), 8.61 (d, 1H, J = 7.7 Hz),
30 9.10 (d4, 1H, J = 4.0 Hz), 9.14 (d, 1H, J = 5.9 Hz),
9.91 (d, 1H, J = 5.9 Hz)
e IR (CHCls): 3501, 3400, 1673 cm™
e MS (m/z): 378 (42), 377 (100), 376 (48), 375
(27)
35
EXAMPLE 28
1l-Acetoxymethyl-9-H-quino[4,3,2-
del [1,10]phenanthrolin-9-one (CRL 8528)




15 Bromne (351, 0.67 mvl) is added to a suspension of conmpound CRL 8347
(0.2 g, 0.67 mol) in acetic acid (8 nm). The reaction nmediumis heated at
50C for 6 hours. After concentrating, the nediumis basified with 5N

sodi um hydroxide (20 m) and then extrac#&d-with a 20 5% MeOH CHC13 m xture
(400 m). After drying over MgJSO4 and evaporating off the sol vent,
conpound CRL Bim8thglfobtamhdd idietthylf craetodl a(Qi 27 eml pohdér muhile h diss

Weld = 619 TAPANEOoS: A rh gt 3 PREREE %%g%‘.eswl%‘i‘ﬂ%%p %alﬁs ,
7. 61 (d, 1H, ddazagaphthpcene??, ldadipme J(EngeymgddazeQ Bap) | 1H,

J =8.8 Hz), § CE ftﬂol%Han] PME - 74%).) %Q\c%rquz(d Tﬂéﬂ réactﬂoﬁ 'ﬁl.é)dlugn 14
(d, 1H J =59 CHC13) : 3501 .3400,

1673 cm - B  MBS( r#%a}ted3ﬁ81(42}3 %7#06106) h%% ( ter7 £onCept rad idanp| E
3228)114§cetuoxmiiaérh¥lva&:¢trmw gft[hfhﬁlz (de] I£nl)10a1r|s>da.lerm\nt:mrotfbnz@ @r\ea(r@?de i
ne or mani,.de Je ace adde 0
a suspensi on Bfigéda@é‘ldo T tyas r’ré?h&’?‘ef 6re%1l%%a£ﬂfn§§ %{‘én‘%ltff “di one
(I nter medi at eABteY) (cfbriderg;ratﬂlﬁﬁ | & irotlMY ( évabprander, N20 mhe of
t d [ 0C.f d
[eact) on Ted! WISy Sea Sl a0 Gl Tnd g DT 1 NS0, COREFRLERN B e der
t hen refIlD<edCH6|133(X2m><m3t0e§ll) Afi‘be corgamic¢ arihdgeas areotdriedygysmat or,
30 m of s8¢ added aé‘G'aIBQPaE‘EHgWBfﬁ H&en Stiast edo 4 h 1R GHCL3 (2

x 30 m). The g anlc phases are_ dried, over . After evaporating off
t he sol vent oﬁvapp&aapy aFh gt Bt B CARHOPUPY | Effbnclayomﬁaeﬂraphy on

chromat ogr aphgigohca  (CHCls), 65 mg of compound CRL 8528 are
obtained.
15 o vield = 60%
¢ Melting point = 206-210°C
e !H NMR (CDCls3): 2.19 (s, 3H), 5.32 (s, 2H), 7.96
(ddd, 1H, J =1, 1.8 and 8 Hz), 8.03 (ddd, 1H, J = 1,
1.8 and 8.4 Hz), 8.56 (4, 1H, J = 5.5 Hz), 8.64
20 (dd, 1H, J = 1.1 and . 8.4 Hz), 8.71 (dd, 1H, J = 1.1 and
8.0 Hz), 8.77 (4, 1H, J = 2.4 Hz), 9.14 (d, 1H, J =
2.4 Hz), 9.28 (d, 1H, J = 5.5 Hz)
e MS (m/z): 355 (88), 313 (100), 296 (25), 267

(7).
25
EXAMPLE 29
9-H-Quino[4,3,2-de] [1,7]phenanthrolin-9-one (CRL 8529)
Dimethylformamide diethyl acetal (0.15 ml, 0.875 mmol)
is added to a suspension of 6-methyl-1,11~-
30 diazanaphthacene-5,12-dione (Intermediate Dj;) (52 mg,

0.875 ml) under N;. The reaction medium is heated at
120°C for 30 minutes. After concentrating under vacuum,
ethanol (60 ml) and NH4« Cl (0.34 g) are added and the
mixture is refluxed for 30 minutes. After concentrating
35 on a rotary evaporator, 10 ml of water are added and
the medium is then extracted with CH,Cl, (2 x 10 ml).
The organic phases are dried over MgSO, and
concentrated. The crude product obtained is purified by
flash chromatography on silica (99/1 CH,Cl,/MeOH) to



silica (CHC13), 65 ng of conpound CRL 8528 are obtained. 15 Yield = 60%
Melting point = 206-210C 'H NMR (CDC13) : 2.19 (s, 3H) , 5.32 (s, 2H |,
7.96 (ddd, 1H, J =1, 1.8 and 8 Hz), 8.03 (ddd, 1H, J =1, 1.8 and 8.4
Hz), 8.56 (d, 1H, J = 5.5 Hz), 8.64 26 (4dd,-1H, J = 1.1 and 8.4 Hz), 8.71
(dd, 1H, J = 1.1 and 8.0 Hz), 8.77 (d, 1H, J = 2.4 Hz), 9.14 (d, 1H J =
2.4 Hz), 9.2@iwe, Uit @&xpeStedHyomp@uifey £RL: 8329 (B8) thel13fqguoopf 206
(25), 267 ( 9- H Qui no[ 4, 3, 2-de] [ 1, 7] phenant hrol i n- 9- one
(CRL 8529) )e%ét%’ﬁ’ylfo%%ﬁ“g&. ‘ethyl acetal (0.15 m, 0.875 mmol) is
added to a suspendi 8a€df & Adfhyl -1, 11 30 di azanapht hacene-5, 12- di one

(I ntermedi ate D1) (52HnﬁmR 0(8reL ) undes Neag,Thelneacti on nedi unarics
heated at_ 120C for nutes. After concentrating under v hano
(60 m) and MrdcHZo. 374"% ([ padild Ind thed rnI7;<f‘uF‘8‘rJ'l - Zefleed 13 3

m nutes. Aftqddepncemj r gt i=ngs 36, om a raidary. Evnpp;a180r51 10d,M 1Bf Jat=er are
added and um d Wit 1 2 10 n1 T e
organic phasgsdﬁg}kﬂléﬁ6% Zad gd céﬁrf ?éé H?hé croé bfgduct
obt ai ned is (A, fJ ed 9y8 dndsh. Qhﬁimmalt Bgiaphyl,oﬂHsl I3 ea Y.90/Hz )GHECIZT MeCH)
to 44 give t@f %?geq}ed C 29 in the forn1of a yellowsolid

(6 my). VYiel %" 1H " 78 (dd, 1H, J = 8.1 and 5 4.8 Hz),
7.97 (dd¥0 1H, J = g0 NMR4 (§R€13) 2 |112L)S 18,0412 46l 1@2 .28z 829 .18x4 and

1d§ HZ)1 8. 5112(70' 161Hd12]9 690, B3bizg2, 83.@9 .2dd, 130, 68,= 130 oyd 13&.4%), 9. 08
98 and 5.1 ,12‘59' 01" 044 53,148 olo3 (fas 164, J151243, ¥hs 842717§d941H )=

e MS (m/z): 283 (54), 255 (100) 228 (10).

15 EXAMPLE 30
5-Bromo—9—H=quino[4,3,2—de][1,7]phenanthrolin-9—one
(CRL 8839)

Compound CRL 8839 is ©prepared according to the

procedure described in Example 8, starting with 9-H-

20 quino[4,3,2-del[l,7]phenanthrolin-~9-one (CRL 8529)
(0.5 g, 1.77 mmol); 20 ml of acetic acid; bromine
solution (0.2 ml, 3.88 mmol/5 ml of acetic acid);
reflux for 24 hours.

25 EXAMPLE 31
5-Amino-9-H-quino[4,3,2-de] [1,7]phenanthrolin-9-one
(CRL 8836) |
Compound CRL 8836 is prepared according to the

procedure described in Example 9, starting with 5-
30 bromo-9-H-quino(4,3,2-de] [1, 7]phenanthrolin-9-one

(CRL 8839) (1.15 g, 18 mmol); 250 ml of DMF; sodium

azide (1.2 g, 1.85 mmol); reflux for 4 hours.

EXAMPLE 32

35 5-(Dimethylamino-2-ethyl)amino-9-H-quino[4,3,2-de]~-
[1,7]1phenanthrolin-9-one (CRL 8840)
Compound CRL 8840 is ©prepared according to the

procedure described in Example 22, starting with
5-amino-9-H-quino[4, 3,2-de]l [1, 7]phenanthrolin~9%-one



10 13C NMR (CDC13): 115.15, 121.76, 122.28, 127.13, 127.16, 129.65,
130.82, 132.21, 132.60, 132.99, 136.88, 139.91, 144.85, 148.00, 148.03,
151.75, 151.84, 179.94 M (miz) : 283 (54), 255 (100) 228 (10). 15

EXAMPLE 30 5-

Conpound CRL

Br ono- 9- H-qui no[ 4, 3, 2- de[{ B¥]phenant hrol i n-9-one (CRL 8839)
8839 is prepared according to the procedure described in

Exanpl e 8, st@mgui rmgye')t h 9-(ltl- 230gqui nof 43 3m@e i} [ 1, ummmmmamni@e one

(CRL 8529) (O
m, 3.88 mol

q’sac%t c@vnbl’;am r‘%‘? et:‘gr Afhhours SO:\%{iE@gl(oz

5- Anmi no- 9- H quindgg 4913, 2- de] 83, rﬁ‘r]Iq»h)anant hr sloddu one C(Xﬂ_o BesEydpigPund

CRL 8836 is

starting with

ar ng p. e described in Exanple 9,
{4?0[ bro%&gﬂl# qéw n%hﬁoﬁ %OQS?F% 7] phenant hrol i n-9-one (CRL

8839) (1.35 g, 18 nmol) ; 250 m of DWF;, sodium azide (1.2 g, 1.85 mmol

)', reflux fag

pgir$3 EXAMPLE 32 35

5- ( Di net hyl am‘n‘D"‘Z“é‘t"'ryI)am no 9- H
[ 1, 7] phenant h'fr'(ﬁ#ﬁh(@l L] Y- q&%ﬁga@hﬁ°8§46“fl§lﬂf’é6ai’e8 accordi ng

to the procesdy
5-am no- 9- H
g, 4.3 mol);

ng?ﬁéﬁﬁﬁkhfbfiﬁfaﬁcnﬁZ(?BLaBBAmg Wi th
t
e T R e B

ggl fmml u?); oacelp fof é@%‘d’:he(la'e&cmlbe& mim| ) ;Exzoulen 24anosteshiog dewith, 1 g,
or u |\§>|_ 3
5-Bi s(chl orogri W n% g %‘f%{/ﬁ ah n% é Méuf’]Bf’in%nEhmlln 9-one

de] [ 1, 7] phenat@Ri 08836 0- onel

according to

15

20

25

30

35

GRL 884%1)9%Tompebhd CRIClBhoMoscekp kjahyde
{9 m1, 16.8 mmol); acetic acid (30 ml); sodium
cyanoborohydride (0.63 g, 10 mmol); 30 minutes at room

temperature.

EXAMPLE 34

5- (Chloroethylamino-2-ethyl)amino-9- H%qulno[4 3 ,2-de] -
[1,7]1phenanthrolin-9-one (CRL 8842)

Compound CRL 8842 is also obtained during the procedure
described in the above example from 5-amino-9-H-quino-
[4,3,2~de] [1,7]phenanthrolin-9-one (CRL 8836).

EXAMPLE 35

4-Bromo-5-amino-9-H-quino[4,3,2-de] [1,7]phenanthrolin-
9-one (CRL 8843)

Compound CRL 8843 is prepared according to the

procedure described in Example 27, starting with
5-amino-9-H-quino[4,3,2-de] [1, 7]phenanthrolin-9-one

(CRL 8836) (0.6 g, 2.01 mmol); 24 ml of acetic acid;
bromine (35 ul, 0.67 mmol); 50°C for 6 hours.

EXAMPLE 36

7-Nitro-9-H-quino[4,3,2-de] [1,7]phenanthrolin-9-one

(CRL 8838)

Compound CRL 8838 is prepared according to the

procedure described in Example 6, starting with O9-H-
quino[4,3,2-de] [1,7]phenanthrolin-9-one (CRL 8529)



10 procedure described in Exanple 24, starting with

5-am no- 9- H qui no[ 4, 3, 2-de] [ 1, 7] phenant hrol i n-9-one (CRL 8836) (1 g, 3.95
mmol ); chl oroacet al dehyde (2.6 m, 16.8 mmol); acetic acid (30 m); sodium
cyanoborohydride (0.63 g, 10 nmol); 30 diénates at room 15 terrperature
EXAMPLE 34 5-(Chl oroet hyl am no- 2- et hyl ) am no- 9- H qui_no[ 4, l

[ 1, 7] phenant KRoBir n-D-Themay / 8@32?‘12@%%%61%08814?4% 2B sBL otai ned
during the phegeder acidesarigred ddy theyahave exanple from

5-am no- 9- H qui no- [4,3,2-de][1, 7] phenant hrolin-9-one (CRL 8836). EXAVPLE
35 25 4-Brono-5-am no-9-H qui no[ 4, 3, 2-de] [ 1, 7] phenant hrolin- 9-one (CRL
8843) ConpouEXAMBLESS43 i s prepar ed according to the procedure described

in Ex le 2 tart
5 am nov ok H. daPRIER -9 2SR T AR TIRRE SRR TR0 R) (0.6 o,
2.01 mvol ); ACRE 88B373cetic acid; bronmne (351, 0.67 mml) ; 50C for 6

nour s, EXAVPLE 36, 1 N 50 ahati 101 43, 2:.98ld 1. Zhghenanshr olg n- fygne 35

(CRL 8838) Comp I's prepar cording to t procedure
descri bed i nPErgegiuares, desamibeg wiith @xgmple 7, starting with 7-

quinol 4, 3, 2- dekleL-BLBeAANIY 3 b e (FRndiRaMneoffy-dlofe 3.53 mol ).
m  of sulfu]rtlc aci d and éanltrlc aci d; 1%(())C for 2 hours. EXAMPLE

37 5 7- AR no-(6RL §83%d[ 4, 3, 2 de(]o[f Brphenant hilol6inodne  (CRL 8dFPR
Conpound CRL (%83?3 5 P.ammedlaccading ép dbetipr aeedyiatdesadiiedd n

Exampl e 7, ??rtlragvmth 7-
nitro-9- H-qw( 8[/1? *2-de)[ 1, 7] phenanthrolin-9-one 10 (CRL 8838) (0.2 g,

0.61 mmol) ; iron (0.19 g, 3.38 mmol ), 10 mM of acetic acid/water m xture
EXAMPLE 38
15 12-Methoxy-9-H-quino[4,3,2-de][1l,7]phenanthrolin-9-one
(CRL 8844)

Compound CRL 8844 is prepared according to the
procedure described in Example 29, starting with
3-methoxy-6-methyl-1,1ll-diazanaphthacene-5,12-dione

20 (Intermediate D;) (0.76 g, 25 mmol); dimethylformamide
diacetal (2 ml, 11.67 mmol); 120°C for 30 minutes;
NH4,C1 (4.5 g); 500 ml of ethanol; refluxed for 30

minutes.

25 The results of the pharmacological tests, presented
below, demonstrate the cytotoxic qualities of the
compounds of formulae I and Ia, and also the maximum
tolerated doses. These data enable the therapeutic
value of the claimed compounds to be assessed.

30

1 - Determination of the maximum tolerated dose (MTD)

The evaluation of the maximum tolerated dose was
35 performed on 4- to 6-week-old B6D2F1l/Jico mice. 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 rate of the



(50/50). EXAMPLE 38 15

12-"Met hoxy- 9- H qui no[ 4, 3, 2-de] [ 1, 7] phenant hrol i n-9-one (CRL 8844) Conpound
CRL 8844 is prepared according to the procedure described in Exanple 29,
starting with 3-nethoxy-6-nethyl-1, 11-déazanapht hacene-5, 12-di one 20
(Internediate D2) (0.76 g, 25 mol); dinmethylformam de diacetal (2 m,
11.67 mmol ) ; ded@isr 3Wvem nutees; 14NdERL ( peiigd Sadteir of aet hahongle

refl uxed for So#h e fs t te

pr esent ed be%om}ﬂ%%ﬁ%%g%?éhegt he %ﬁo%@%ﬁé 4ﬁ§é¥“es 0 é%%AEE%%npéhﬁds of
formul ae | an@hange aﬁé ihsp W%%xpﬁurﬁhq oa@m@ba desexslsohegeitbaradenabl e

the therapeutggriNg! U&pé e il mﬂaé}pm@d%atl%ebeo%sseﬁéedmﬁo %
Det erm nation of t maxi mum t ol er?t ed dose (MID) The_ evaluation of the

maxi mum t ol er%%%lt%l’éset%§ 380 et kPmed the 4V"=tldle6 wek-ehel BSERF11Si co

m ce. The conpensddeedcaadnEnisgLkgdbynte&agnict.oneal ly at increasing
doses ranging from2.5 to 160 ng/kg. The value of the MID (expressed in
ng/ kg) is determined fromthe observation of the survival rate of the - 47
ani mal s over Bhd4rdaylper odd tafe e¥staimatibr oddrohd siaainnon bbléhetpgoduct s
under consi de o] e h t t 0 animals is al so

noni t or ed dué?%}% WTB-P %ﬁgodgﬂgﬁ%%dt Eg @%’gg of i)te%é?%MTD is 5 greater than
160 ny/ kg0 the value of the MIDis considered as 160 ng/ kg by default. The
results of the estimation of the maxi numtolerated dose (MID) are coll ated
in Table |I below ™ 10 48 - TABLE I Conpounds CRL MID (ng/ kg)



CRL 8274 (Ascididemn) 20 CRL 8269 (2-bronoleptoclinidone) 40 CRL 8323
(Exanple 1) 20 CRL 8301 (Exanple 2) > 160 CRL 8241 (Exanple 3) > 160 CRL
8325 (Exanple 4) > 160 CRL 8297 (Exanple 5) > 160 CRL 8289 (Exanple 6) 20
e 8 > 160 CRL 8347 (Exanple

CRL 8344
9) > 160

(Exanple 7) > 160 CRL 8248 (
CRL 8292 (Exanple 13) > 160 CRL 8290 (Example 12) 80 CRL 8333

(Exanple 14) > 160 CRL 8368 (Exanpl eTABLE>I160 CRL 8369 (Exanple 15) >
160 CRL 8373 (Exanple 16) > 160 CRL 8387 (Exarrpl e 11) > 160 CRL 8389
(Exampl e 17) ampire—19)—>"160—C¢R—"8407 \l:xanpl e—20) >
160 CRL 8416 (Exanple 2¢pmpownds ERL 8419 (Exanplle 2MDigmaAig)g418
(Exanpl e 23 40 CRl€1@;,4@2—(4Exggggfdl?defn)l60 CRL {8423 (Expgpl e 25) > 160
The majority OT T he _products described rmthe famjty of n or
of its isomir_dRIn&Zehole=huonpleptockinideng) (MID > 160 #8/kg) and nay
t hus be used in vivo cral g8 tR.sMeIconcentrations, and tjglys at hi gh
doses. - 49 2 - OytoloxXiCc activity on tum)r certTrimes T cutture —[The
i nfl uence ofi_tthe co B3k QWH’]ﬁﬁ- 4) and 1a on npopl>a§'-rqor‘ cell sl was
eval uated using the MR‘IL Bxpl ofR:migi& 3est. The pgrinci pbe 1gfp the MIT test
I's based of The m togh :uré§| reducum Dy et ab nicall)é acrrve fTyve
cells of thI_y.el | ow a2 MrEyanle 1) 160

CRL 8297 (Example 5) > 160

CRL 8289 (Example 6) 20

CRL 8344 (Example 7) > 160

CRL 8248 (Example 8) > 160

CRL 8347 (Example 9) > 160

CRL 8292 (Example 13) > 160

CRL 8290 (Example 12) 80

CRL 8333 (Example 14) > 160

CRL 8368 (Example 10) > 160

CRL 8369 (Example 15) > 160

CRL 8373 (Example 16) > 160

CRL 8387 (Example 11) > 160

CRL 8389 (Example 17) > 160

CRL 8406 (Example 19) > 160

CRL 8407 (Example 20) > 160

CRL 8416 (Example 21) > 160

CRL 8419 (Example 22) 40

CRL 8418 (Example 23) 40

CRL 8422 (Example 24) > 160

CRL 8423 (Example 25) > 160

The majority of the products described in the family of

ascididemin or of its isomer do not show any direct

toxicity (MTD > 160 mg/kg) and may thus be used in vivo

at high tissue concentrations, and thus at high doses.



di met hyl t hi azol -2-yl)-2, 5-di phenyltetrazoliumbromde) into a blue
proeduct, formazan. The amount of formazan 10 thus obtained is directly
proportional to the amount of Ilive cells present in the culture well(s).
Thi s amount of formazan is neasured by &pectrophotonetry. The cell |ines
are mai ntai ned as a nonol ayer culture at 15 37C in closed culture dishes
cont ai ni ng M2V2 Xy tasERE dkis e dnuntimoni cedd etinesi dn qulitume. This
medi um adapted to the growh of a varied range of mamualian diploid or
primary cells, is then supplenented: 20 - with an amount of 5% FCS (Fet al
Cal f Serun) Tdeokpfbirredofit tBecepaponnsisurof - formnlaceIngnsy Ief on

L- gl utam ne, neopfmésttl?@o Iddmis of e médamaté’é Wé £ Ay 200 H|/ mvpf
streptonycin, /M of gentamnycin. 12 human cancer cel

- e
| i nes used m&%l%ltr%ﬁq’i%’cf: PgSFnt th@%ﬁ&quﬁ;ﬁpeoéﬂ’f%?e% | BBBFont§ ATCC,
Rockville, 3xdd4y blSA)theThaﬁeO&ﬁoﬁ@i:Lanl nesdwd ion BMH@M@HLT@C

HTB-17) and U 7NG ode h are t | asj o
S\/\1088)(code (Hié":‘fz) i%h°fs §%i§8¥’r &m%ﬁ%@ wﬁm@ (B atcc
CCL-185) and Ardeth ¥ lcddiea Z00CC. - y]l—)'FB%,%ﬁdypmzﬂnyhtetramohmumsrrédﬁom:edé) I ung
cancers, 50 1

whi ch are t\/\ol}llcc:zcl)- o%e% ag %}%&eﬁts’ q_@%,?%) ?cod(lai%%r(éfﬁ(ggﬁg ?g??)%c’a%
(code ATEC: tHhusTRRBingd cis adEreopl pr pacpocaiones, tPg X hiec G uAtCR £ HTB- 1)

and T24 (code AlCCGe HIB- pd s¥ht CRnang d Wou PLafdele8anes. s TG dsgle ATCC
CRL-1435) which Is a prostate
of formazan is measured by spectrophotometry.

The cell lines are maintained as a monolayer culture at
15 37°C in closed culture dishes containing MEM 25 MM
HEPES base medium (minimum essential medium). This
medium, adapted to the growth of a varied range of
mammalian diploid or primary cells, is then
supplemented:
20
— with an amount of 5% FCS (Fetal Calf Serum)
decomplemented at 56°C for 1 hour,
— with 0.6 mg/ml of L-glutamine,
— with 200 IU/ml of penicillin,
25 — with 200 mg/ml of streptomycin,
~ with 0.1 mg/ml of gentamycin.

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

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



cancer. 10 Experinentally: 100 pl of a cell suspension containing 20 000
to-50 000 (depending on the cell type used) cells/nm of culture nediumare
i noculated in flat- bottomed 96-well nulti-well plates and are incubated at
15 37C under an at nosphere conprisi ng-5%0C&2 and 70% humdity. After

i nCubating for 24 hours, the culture nediumis replaced with 100 gl of
fresh medi um contai rhIiO‘Ig—lé t herodehe ATHId ou§CIIe3225jorrmmhdsLQ§1to (code

concentrations rangi %g,udt'om 012 2rzcg,)lo ‘},gl%or ép%f 2Q. 501 v

di ssolve the test pr s (control”” condition) ter 1ncu at| ng or 72
hours under the abov@ngs®#tions, the culture nediumis replaced with 100

gl of a yellow sh_solutj-gn MTAﬁ'ctésoﬂﬁﬁdlﬁé)aanaamqu (eou¥ M. RPM
1640. The mcroplates are 25 rel ncubated f hours at 37C and then

centrifuged for 10 RTINS athidp @?GWMGFWSW%%?H% on of MIT is

renoved and the blue jfgor npZade CAYSE Al ﬁT}BGIrTEQndt Thhe (corld WTRC: avEd- are
di ssolved in 100 gl of O, The mcra es are then agitated for 5

m nutes. The 30 i nt efdi NPIFD (378 rté’é%ll?f?'fgé%? &P %FoPati on, and thus of

t he conversion of 4 hegrd | pwodd TAPCOdUCRLHIME )| uehidlor imzan dnodteteel | S

that are still ali vecaatnctehre end of the experinment is quantified by
spectrophotonetry using a Dynatech | nmunoassay System nmachine at 35

wavel engths of 570 nm and 630 nm correspondi ng, respectively, to the

maxi num abSOF&&J %m‘%‘(‘%lﬁ@ﬂé hsoef 1f B%W%Pfdshggéﬂﬁlgﬁc@r%ﬂ‘ﬂu%

Sof t war e bui Into t ctro otorreter cal cul a he average 51
optical densi2Oy 0P8 uEe ap@ 99@0 ferendh@r PHe kst | 6811 SkwPe patsgdland

standard err @e10afs /MBAN oFSEM11 alreeSmed IR |£'Péb|i1%%uﬁﬁ_t$$il tyn Oretdre- cel |
on t.he | er ent

i nes was coRGHECRR P THEEL gPl b Ratbr BFSERR OR0E! SRS MRS GY.

8274). Al$ of37t°lce cadpeunda atmosphere comprising 5% CO, and 70%
humidity. After incubating for 24 hours, the culture
medium is replaced with 100 pl of fresh medium
containing either the wvarious test <compounds at
concentrations ranging from 10° to 10 M or the

20 solvent used to dissolve the test products (control
condition). After incubating for 72 hours under the
above conditions, the culture medium is replaced with

100 pl of a yellowish solution of MTT dissolved at a
rate of 1 mg/mL in RPMI 1640. The microplates are

25 reincubated for 3 hours at 37°C and then centrifuged
for 10 minutes at 400 g. The yellowish solution of MTT

is removed and the blue formazan crystals formed at the
cellular level are dissolved in 100 pl of DMSO. The
microplates are then agitated for 5 minutes. The

30 intensity of the resulting blue coloration, and thus of
the conversion of the vyellow MTT product into blue
formazan by the cells that are still alive at the end

of the experiment is quantified by spectrophotometry
using a Dynatech Immunocassay System machine at

35 wavelengths of 570 nm and 630 nm corresponding,
respectively, to the maximum absorption wavelengths of
formazan and to the background noise. Software built
into the spectrophotometer <calculates the average



show significant inhibitory activity on the cell proliferation of the 12
human tunor lines: U-87M5 U 10 373M5 SW 1088, T24, J82, HCT-15, LoVo,
MCF7, T-47D, A549, A-427 and PC-3 with a 50% i nhibitory concentration
(1C50) which is between 10-6M and 10- tOM1 -dependi ng on t he conpounds and
the tunmor lines tested. By way of exanple, the values of the

concentrat i onptiTall aidnsigty heal @86 waldiesl swhi thearsd aai9Egich <L 6ra §Hen
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.able I'll gives the results of the average |1C50' values (in nM
(calculated fromthe cytotoxic activity on the 12 tunor |ines studied) and
the MID/)IC50 ratios (these ratios are calculated by formng the ratio of
the MID 5 val ues and the |1 C50 val ues exfgressed as nunbers w thout units)
TABLE 111 Compounds CRL 1C50 (nM MID/ I C50 MID/ | C50* CRL 8274 100 0.20 1
(Ascididem n) CRL 8269 120 0.33 2 (ZFABIgmlEkptoclini done) CRL 8289
(Exanple 6) 10 2.00 10 CRL 8248 (Exanple 8) 80 2.00 10 CRL 8241 (Exanple
3) 140 1.14 6 _CRL 8297 (Exanple 5) 90 1.78 9__CRI 8325 (Exanple—4)—37~4 32
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Inhibitory concentrations (M) flanking the value of the
50% dinhibitory concentration of the compounds of
formula I, II(*) or III(**) on the cell lines



of CRL 8289 (whose maxi mum tol erated dose is equival ent
but whose 1C50 value is ten

asci di dem n,

to that of
times | ower than that of

asci didem n), the maxi mum tol erated doses of the conpounds descri bed,
considered 5 by default as equival ent t®3160 ng/ kg, are markedly higher
than those of asci.didemin (20 ng/kg). These results suggest that this
novel familyT@eleorbbundivepatdengeiuke: obxitdia yaveapageqlitnt I¥aludw

tol erance/ cyt@toximg a@ééYb&Yafé&' Q?foﬂlf ttlﬂ;ﬁ HBQHQ@& Jagtllkzllw r&{ &chd n the
present invention are narkedly her hat o he nat ural

asci di deni n. ?he"s‘é“‘”&o%ﬁﬁﬁd§tﬁ‘§9%usa’b‘é G?@d MED a?ﬁlet didd o uffhesor

their cytot o>ﬁact1ws3p@fél @alcanateasmﬁj Cﬂ@ﬁﬁﬂhgatﬂwsraﬁi'@t o@if @H alne t han
t hose i nd ce th the urgé sci di dem n. hus char acteri zed
%g 1Y%

a/n are
by better SUt3 nH ' TREXREE8SC é? LAIEERVE 10 nm

al so shows beirne:rs)t her apeuti ¢ nmanageability than asci d| demn. 20 By virtue

of their cytotoxic properties, the conpounds of fornulae |I and la as
described, or in the formof acceptable pharnaceutical salts or sol vates,
may be wused as active principles of T#BLEsIIZ5 The conpounds of fornul ae |
and la are generally admnistered in dosage units established either per
nm2  of body Surface or per kg of werght—Sard—dpsage—untts—are erably
fornul ated i€ Rlcal _ conposiltT@ss (MwhiNFPA Heésoal MI'\PG!I@Bo’h Ciple is
m xed 30 wilORLok27%r rore) pharmaceuti cajg excl| pi gnts) . | The gonpolinds of
fornul ae | addScidiglemid)used  accor|ding to thk cancer pathology of the
i ndi vi dual tGRlb@ZtGr%at ed, at doses df betwgen P. 0% and 350 ngstn2 of 35
body Surfac( T EEOLUE R 31 igHda; ram0 5 ta H( I’TIJ/ n*D/rhy faor a curative
t r eat ment |nctR1e&mlEe(E>ﬁmee a@ a functiep of [ he2ongmber | of tlroeat ment
cycles of ¢ [ nance tre ment] (Ne conppunds or mul ae
| "and la wil %u%‘g‘ uuuuuu nalteses used gb 209 1o °

CRL 8241 (Example 3) 140 1.14 6

CRL 8297 (Example 5) 90 1.78 9

CRL 8325 (Example 4) 37 4.32 22

CRL 8344 (Example 7) 53 3.02 15

CRL 8347 (Example 9) 21 7.62 38

CRL 8323 (Example 1) 60 0.33 2

CRL 8301 (Example 2) 270 0.59 3

CRL 8389 (Example 17) 420 0.38 2

CRL 8368 (Example 10) 480 0.33 2

CRL 8406 (Example 19) 60 2.67 13

CRL 8407 (Example 20) 22 7.27 36

CRL 8416 (Example 21) 80 2.00 10

CRL 8418 (Example 23) 110 0.37 2

CRL 8419 (Example 22) 60 0.67 3.3

CRL 8422 (Example 24) 100 1.60 8.3

CRL 8423 (Example 25) 7 22.86 114

10 *: the ratio MTD/ICsy for the various compounds was

estimated by taking as reference a ratio equal to 1 for

ascididemin.

The compounds described show, on the tumor cell line

15 models, ICsp values (nM) which are greater than or

equivalent to that of ascididemin. With the exception



doses fromO0.05 to 25 ng/ nk/day and preferably at doses fromO0.1 to 1.5
ng/sm2/ day depending on the nunber of treatment cycles of the cure. They
may be conbined with antitunor drugs used in validated intensive nultidrug
5 therapy protocols. In the pharnaceut4+ c& -conpositions of the present

i nvention for oral or intravenous adm nistration, the active principles
may be adm nicst €1RId 8§28 Un{whdse neanimif adiemastdatiose, iE xeghiwdlent

convent i onal haggageuid calso SRS LRAL Apfosuil abl e Jar, duggn dderapy.

The suitabl e uni orns O rat I 'on conp route fofms such
as tablets, Wimss mapwss sphant abhét oF g@cwp@em@s) s i nphantreasimin

intravenous b3 AdHdY Sdésbsopsf Q. c&@ﬂio@m@ér QEEé&ébe@dméBﬁéici’éfé)&‘

(intravengus infusion at a constant flow rate), sterile’aqueolis
suspensi ons, P¥t Qﬁﬁﬁéltso%%nlecqus’a‘faﬂr%n"soltl&’c i éﬁé Be/kPer i RESarftpDiedly

i nj ectabl e sqiltgtnezns tMarch tQﬁfEe’il > 0 h & SEieHl g G2l Iozo aRyRay) bl erhese

di spersants and/ SO|ubI|I s, for xa ro | ene
pol yet hyl ene @5?‘363 ggﬁgr %l%r é‘olYfgd gg g}:lt oc?ﬂlg?ié?% an
aqueous sol uthaor f or nbnt radéneus i ntexitbbyint ermmlséqmexaﬂlynf usi gthe

P he ot padarbrehadtylotded® RISIIA | 20385 8 SO S KomAR L0

such as et hanol such as poly | éne™g chol
and a hyh@opmllhu(,s‘fsilﬂtmbtazm stied PBoeasnTwednvebrivwhen aa:esolm&rkﬂdﬁmsmlon

in the form ofi fralll etpalns tREEPALET, tﬁeweﬁéﬁﬁgaﬁgea{gc%'f&brﬁ‘fnsogfg&@é auryl

sulfate may bé added to the mcronized or unm cronized active
principle, af®PTRRNGHl Bays FhReEd Bft MsephacnaRRbi FEBPT \AFREFe sirh as

silica, gelatdheirst ayebtokaet opeopeogRES Ust St Ale, d@i&nwﬁwl c or
the |ike. Thet tabl ets .m be - atedtvmth suc ose w%p’t a.{}l ous nmer s
or with ot herrf& tﬁﬁ?elﬁa‘iié‘ﬁ al Bgse 1% ‘h%ﬁq vELFD nEhe E’l eat ed
such t hat5t heysdialiclensiust aiThed, oraml ayracs acthamatqteandzaﬂctby hade i ey
therapeutic manageability. CRL 8289, whose ICsq value is
10 nM, also shows better therapeutic manageability than
ascididemin.

20 By virtue of their cytotoxic properties, the compounds
of formulae I and Ia as described, or in the form of
acceptable pharmaceutical salts or solvates, may be
used as active principles of drugs.

25 The compounds of formulae I and Ia are generally
administered in dosage units established either per m?
of body surface or per kg of weight. Said dosage units
are preferably formulated in pharmaceutical
compositions in which the active principle is mixed

30 with one (or more) pharmaceutical excipient (s).

The compounds of formulae I and Ia may be used,
according to the cancer pathology of the individual to
be treated, at doses of between 0.05 and 350 mg/m2 of
35 Dbody surface, preferably at doses from 0.5 to
50 mg/mz/day for a curative treatment in the acute
phase as a function of the number of treatment cycles
of each cure. For maintenance treatment, the compounds
of formulae I and Ia will advantageously be used at



continuously release a predetern ned anount of active principle. 5 A
preparation as gel capsules is obtained by m xing the active principle

with a diluent such as a glycol or a glycerol ester and by incorporating
the m xture

obtained into soft or hard Iel-capsules. 10 The active

principle may also be fornulated in the form of mcrocapsules or
ni cr ospher es dassts offedrh yO v B htona5 mg/mbY dayuppdr toxredie raddiyt i atesdodés The

active princigdg, mgy;al
cycl odextrin,

for exa
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administration, mixed with conventional pharmaceutical
supports that are suitable for human therapy. The
suitable unit forms of administration comprise oral-
route forms such as tablets, which may be splittable,
or gel capsules, implants and intravenous
administration forms.

For a parenteral administration (intravenous infusion
at a constant flow rate), sterile aqueous suspensions,
sterile isotonic saline solutions or sterile and
injectable solutions which contain pharmacologically
compatible dispersants and/or solubilizing agents, for
example propylene glycol, polyethylene glycol or a fB-
cyclodextrin, are used.

Thus, to prepare an aqueous solution for intravenous
injection intended for an infusion performed over 1 to
24 h, it is possible to use a co-solvent: an alcohol
such as ethanol, a glycol such as polyethylene glycol
or propylene glycol, and a hydrophilic surfactant such
as Tween 80.

When a solid composition in the form of tablets is
prepared, a wetting agent such as sodium lauryl sulfate
may be added to the micronized or unmicronized active
principle, and the whole is mixed with a pharmaceutical
vehicle such as silica, gelatin, starch, lactose,
magnesium stearate, talc, gum arabic or the like. The
tablets may be coated with sucrose, with various
polymers or with other suitable materials, or



10 in which: - X is chosen fromoxygen, an =NH group and an =N CH group,
R1:is chosen from hydrogen, hal ogens, a 15 nitro group and groups - NR8R9
in which RB and RO are chosen, independently of each other, from hydrogen
and (Cl1-C4) al kyl groups, R2 is chosen f3®m hydrogen and hal ogens, R3 is
chosen from hydrogen, hal ogens, 20 (Cl1-C4) al kyl groups, (C-C6) al koxy
groups, a gualitdmatgirveily tgheypsnayNRIORtiebnedhisairiRlfhand Hkly asiee

chosen, inde%q_{%qi( r{eydofo]gacgegggg& LEQ%{L%M n, %\%%C@h‘_ﬁl'ky groups,

(C1-4) phen groups an roups 2) n- being c os%n 25
from hal ogenszcmtcimusJGH( Cekepse (d:lpce)iealemxyled -@oYITER o £2- b€ TFHS). 2
and -N (CH3) p%:lgf&'i:ﬁse and n = 1to 3, - R4 is chosen from hydrogen,

hal ogens, _ nitro groups and groups -NR12R13 in which R12 and R13 30 are
chosen, |ﬁdependently of each other, from hydrogen and (Cl C4) al kyI

groups. R5, B6 wﬂa@i&l cﬁlgsgalf eaﬁbulégl §sSherk ifey Bae | e I?C TR
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hal ogen atomgl@hdi&alal kglstelﬁydramyl b¢l- Gﬁu@dﬂﬁbﬁ;ﬁtn{@l €be alkdxyut&l- C6)
al kyl, (C1-C4 nyl o 1- 3 -000H, -CN, -C02R14,
CO\IHR14 5 an q?ggf%u% Oﬁqﬂﬁ—%ﬂ% 4R15 in which R14 and
R15 are tﬂosen |ndependently of each ot her from hydr ogen and ( Cl- C6)
al kyl 'phenﬁ%éjgcé§#%Eﬁ?&né&ﬁlg}ﬁay Q?E@)b% Fo¥RIated in the form

of microcapsules or microspheres, optionally with one

or more supports or additives.

15 The active principle may also be presented in the form
of a complex with a cyclodextrin, for example a-, B- or
Y-cyclodextrin, 2-hydroxypropyl-B-cyclodextrin or
methyl-B-cyclodextrin.

20 The compounds of formulae I and Ia will be used in the
treatment of most solid tumors on account of their
powerful cytotoxic activities, in particular for
treating cerebral tumors, lung cancers, ovarian and
breast tumors, colorectal cancers, prostate cancers and

25 testicular tumors.



- phenyl - CO-CH3 or -phenyl - CO nor pholino, nitro or SO3H
groups, groups: -CF - N - Im ,6 , CFF - COOR1L 7 C -Ar 15
R16 and R17 being chosen fromCk-C6 at kyd growps and Ar being a C6-Cl4
aryl group, W®@holh®2€Xtl| usi on of the conpounds of fornPCR/FROGHORILRI ng
the conbination: X = 0, 20 and, either-R7 R2, R3, R4, R5, R6, R7 = H, or
Rl, R3, R4, R5, R6, R7 = Hand R2 = Br, and with the exclusion of the
compound forrmula la 25 containing theCramgnation X = 0 and Rl, R2, R3,
R4, R5, R6, R7 = H, and the addition salts of these conpounds wth
pharnaceutlcally acceptabl e acids. 30 2. A pharnaceutical conposition
conprising ant. effkctlpbaamBQﬁutDCaé CoRPOPeS idtiguen f¢QIm1thelng:orrp®m|nds of
formula | 'in whichegsedtigeC d ' 87 0y Qlinp Sln NAHULUP £20f A

group, 35 - Rl is chosen ydr ogen, ens a nitro _group an%i
groups - NR8BR9 in mﬁ?‘&lﬁo‘F&dﬁntRQenea@]C OM“E aearIe Mdsda, helespeberent |y

of each ot her, fromeauﬂﬁggenyaeﬂregé ef) @iéﬁ)ﬂ @&wxlﬁ éP@ﬁ@Q from

hydr ogen and hal ogens, |s chosen éro ¥ hal ogens 5 (Cl1C4)
al kyl groups, (Cl- ‘E%?ceoﬂf‘k‘b? YRRk an Bﬂ]ﬁﬁ dfR aﬁ?"@ﬁﬁs ‘groups - NRIORIL1 in
whi ch R10 and R11 are chosen, independently of each other, from hydrogen,
(C1-c4) al kyl groups, (Cl1-C4) phenylalkyl, - (CH2) 2-N (CH3) 2i and -
(CH2) 2-0- (CH2) 2-Rsl (CH3) 2Rr,groups, X

Formula | Formula {a

10
in which:
- X is chosen from oxygen, an =NH group
and an =N-OH group,
- R; is chosen from hydrogen, halogens, a
15 nitro group and groups -NRgRg in which Rg and Rg
are chosen, independently of each other, from
hydrogen and (C;-C;) alkyl groups,
- R; is chosen from hydrogen and halogens,
- Rz is chosen from hydrogen, halogens,
20 (C1-C4) alkyl groups, (C1-C¢) alkoxy groups, a
guanidino group, groups -NRigR;: in which Ry and Rjq
are chosen, independently of each other, from
hydrogen, (C1-C4) alkyl groups, (C;-C;) phenylalkyl
groups and groups - (CH2)p~Y with Y being chosen
25 from halogens and CN, -CH(O-Et);, (C;-C¢) alkoxy,
-0-(CH2)2-N(CH3)2 and -N(CH3), groups and n =1 to
3,
- Ry is chosen from hydrogen, halogens,
nitro groups and groups -NR;;Ri3 in which Rj; and Ry;
30 are chosen, independently of each other, from

hydrogen and (C1-C4) alkyl. groups,
- Rs, R¢ and R; are chosen from: This Sheet Has Been Replaced

(A




R4 is chesea—from hydrogen, halogens, nitro groups and groups -NRL2R13 in
whi-ch and R13 are chosen, independently of each Emﬁ luu"mm’ummLogen
and (Ci- e & 15 - R5, R6 and R7 are cho n or .
a hal oge m @!ﬁ | kyl , hydroxyl,-C88C6 al koxy, -

- CO2R14, CONR14R15 groups, -NHCOR14 and - NR14R15 groups I n
whi ch R14 and 2 e chosen, hypdepeedicnt! v bhlegehn atthm,, from

hydrogen and (Cl-C6) al kyl and - ) rou CH3 or
_phenyl - CO- CH=CH N(CH3) 2, nor pho Fn‘gH ﬂ%c@gor%ygggﬁygroE zéhk‘ﬁog

-CH2 - N - COOR16 {CHLe)alllkodadRi1sCs)alral CO(Bl'KhO:NikyAlcaRf:@mﬁd»@l-?
bei ng chosen from )1 Or Qe and~qdf Ar @ﬁl ng_éa0 ,Cl4 &6 roup,
with the excl usi on%}ﬂ‘@)zgt é) 'oung:s 'n whe ﬁ 0, 1élth Nﬂg}ﬁ
R3, R4, RS Res, R7aBdH‘COUiR.14 $, GRIUPRS, —NBICOﬁ& Wd—-NRaqﬂis Ren= WBﬁChand

Lhe 2d tron sal tongd seoh. SIS abat | e anentgal b agRBHl AU
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Been Repl aced |11PH$F: I hlf%EoﬁFQ @ndTHéjlpﬁa)r natEvt i caPReB¥posPri on as

clainmed in claim@g; caam)mcx{ﬁg:}anmti{gm |g¢&>@§)unt of a conpound chosen

fromthe compounds of formula I in repr ent n..R1 is
chosen from hydrogen and an am no g CO Eﬁ‘h $*choBRH i ﬁ\éﬁgg 88en and
hal ogens 10 N (CHs) 2, morphollno, nitro or SO:H groups,

groups:

-cr-b-rlq_coo&s , -CHz—II\l-'COORw, :
CHp- COOR7 CH—Ar

15 Rie and Ry being chosen from C;-Cs alkyl groups and
Ar being a Cs-Ci4 aryl group,
with the exclusion of the compounds of formula I
containing the combination:

X =0,
20 and, either : Ri, Rz, Rs, Ri, Rs, Rg,
R; = H,
or : Ri, Rz, Rs, Rs, Rg, R7 = H and
R, = Br,
and with the exclusion of the compound formula Ia
25 containing the combination X = O and Ri, Rz, R,

R4r RSI RGI R7 = Hl
and the addition salts of these compounds
with pharmaceutically acceptable acids.

30 2. A pharmaceutical composition comprising an
effective amount of a compound chosen from the
compounds of formula I in which:

- X is chosen from oxygen, an =NH group
and an =N-OH group,

35 - R: is chosen from hydrogen, halogens, a
nitro group and groups -NRgRy in which Rg and Rg



R3 is chosen from hydrogen, hal ogens, 10 (Cl-C4) alkyl C1- C6)

al koxy groups, a guanidino group, groups -NRIORL1l in \r/ﬂ’ﬂmmﬁ l jlll&ﬂﬂﬂ are
chosen, independently of each other, from hydrogen,

phenyl al kyl, - (CH2) 2-N (CH3) 2, - (€H9 2-0- (CH2) 2- N gt oups,

15°- R4 is chosen from hydrogen, hal ogens and nitro and am no groups, R5,
R6 and R7 represernra hatols eren, i/ndépem@entxftjrus¢5n edch heotthepountisomn

which Ri1, K 1 4 R5, R6, 20 R7 = H
and R2 = Br, and t}ﬁgél d%g?l on sngYJt C‘llgf se c ounds Wi th
phar maceut i cal |y acceptabl e Beilds Ch@SGFhefmr TR er ANnd orpbeIendn as

clainmed in 25 claim 1,_corrpjgaf Si; &g @Hogghecgfgﬁ alqyapéggﬁ a h&Pohemed
chosen fromthe conmpounds of Tornulae I and | a |n X represents

oxygen, R2 is chosEmTGdm RyH¥dgeHraHBSan dfnbs) B@de%’@b, FEOYRS chaRen
from hydr ogen and @ﬁ&ﬁ)ﬂ@ﬁﬁo gteups §hesps FNRMHlYdiRgeRichakagensi R,( Cl- C4)

ahi o RL0"And RIL S arehoRdRen THHREMATY) OF Catrlo AkReEr, from
hydrogen, methyl dupdipsgen Cl- CAXCprey)yl al kylkgt oupsgrangsgr oups(C.ECHR) 11-Y
2l koxy, -0 (Croy PRy TRHPL DU el D o and T (Bl el
Has BeenlPRepl aced ¥(CH4)2 g&0ups111111 hil 111121 (I (!11 111111 111111
1111 11l - R4 is chosen frlQJn Rydr gﬂggenhakggﬁnshydfggeﬂi, t rlgap(gge@ér) no
groups, nitro groups and groups -NRisRi1a in which Rjz and R;s
are chosen, independently of each other, from
hydrogen and (C;-C4) alkyl groups,
15 - Rs, R¢ and R; are chosen from:
hydrogen or a halogen atom,
C1-Cs alkyl, hydroxyl, C1-Cg¢ alkoxy,
-CHO, -COOH, -CN, -CO2Ri4, -CONHR;4; and -CONRjsR;s
groups, -NHCOR;4 and -NRjsR;s5 groups in which R;s and

20 Ri;s are chosen, independently of each other, from
hydrogen and (C;-C¢) alkyl and -CH;-CH>-N(CHs3);
groups,

~-phenyl-CO-CH; or -phenyl-CO-CH=CH-
N(CH3)2, morpholino, nitro or SO3H groups,

25 groups:
-CH, ~N-COORis . -Ch,- N~ COORs
CH,- COORy7 CHz—Ar

Ris and R;7 being chosen from C;-C¢ alkyl groups and
30 Ar being a C¢-Ci4 aryl group,
with the exclusion of the compounds in which
X = 0, and, either: R;, Rz, Rs;, Ra, Rs, Rg, R7; = H,
or: Ri, R3, R4y, Rs, R, Ry = H and R; = Br,
and the addition salts of these compounds
35 with pharmaceutically acceptable acids.
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- R5 i s chosemhif she¢rias Bey niRW a hal ogen and a nethoxy group, 5 - R6 and

R7 -are chosen nd Cl1-C6 al koxy, (C1- 06 | kyl
and - CH m&gﬁ‘“@m he excl usion of the co mﬂgﬁiﬁﬁ n
|nWh|ChR1 R6, R7 = H60 -10 Rl, R3, *R4¢
and R2 = Br, and of the corrpound of formula la in which Rl,. R2, R3, R4, R5
R6, R7 = H, add theheddiphicgmeseuts cefl t hegpeshpbomds aswi tdlaimed in
pharmaceutical ly agg_:ﬁ%agl e asl g§'1s:}t 35 amhe mgé 0N ASLEL @l ged Ln
claim4, in which e co ounsare hosen fr
5- (di met hyl ani no) - gﬂnaevné[ ghgsend&rpm r@qepmmpunc}ﬁ M nformpka Poin
5- (benzyl am no) - ORyHYERO[ 4, 3, 2-de] [ 1, 10] phenan- t hrol i n-9-one,
5- br ono-9 qui no[ 4, 3, 2-de] [ 1, 10] phenant hrol i n- 9- one,
7-ami no- 98- qui no[ 4, 3, 2- ae][lxlﬁ]agﬁﬁﬁSﬁFﬁr BFYASY-one,
5-am no- 9H- qui no[ 4, 3, 2-de] [ 1R10] pheha@ich of rdin Fhpleogéh and an amino
5-met hyl - 9H qui no[ 4, 3, 2-de] [ 1, 10] phenant hrol i n-9- one,
10- et hoxy- 9H qui no[ 4, 3, 2- de?f‘l’ 0] phenant hrol i n-9- one,
5- met hoxy- 9H qui no[ 4, 3, 2- de] Bi 19] ¢thesemt frahi hy@xo8én omed halogens,
7-nitro-9H quino[ 4, 3, 2- del p hr i -9
5-chl or 0o- 9H qui no[ 4, 3, 2- de] é](g hg:g%n ? H‘Q h%HEOgen, halogens,
5- br omo- 20 net hoxy{ GGl neflkyd, 2 SHeMIPE, 10](;§heﬁah abkeRy ol grOUPSNE, &
5- (di met hyl ami no- %@éﬂyaiﬁéﬁ goouBtt g¥blpkd -Ar:He! in which Ry and Ry
[1 10] phenant hrol i n- '1'?:16

- bi s(2-chl or oet hyfl“f%m CBRP qui Heferendentiy 1, 26] - epFRnaPEReB! | nfHoBNe,

hydrogen, methyl groups, (C1-C4) phenylalkyl,
- (CH) 2-N(CH3) 2, -(CHz).2-0-(CHz)2-N(CH3), groups,
15 - Ry is chosen from hydrogen, halogens and

nitro and amino groups,
- Rs, Rs and R; represent a hydrogen,
with the exclusion of the compounds in which
Ri, R2, R3s, R4, Rs, Rg, Ry = H, or R;, Rs, Ry, Rs, Rg,
20 R7 = H and R, = Br,
and the addition salts of these compounds
with pharmaceutically acceptable acids.

4, The pharmaceutical composition as c¢laimed in
25 claim 1, comprising an effective amount of a
. compound chosen from the compounds of formulae I
and Ia in which:
- X represents oxygen,
- R; is chosen from hydrogen and an amino
30 group,
- R; is chosen from hydrogen and halogens,
- Rs3 is chosen from hydrogen, halogens,
(C:i-C4) alkyl groups, (C1-Cs) alkoxy groups, a
guanidino group, groups -NRjoRi; in which Rip and Rj;
35 are chosen, independently of each other, from
hydrogen, methyl groups, (Ci1-C4) phenylalkyl groups
and groups -(CHz)p,-Y with Y being chosen from
halogens and GROUPS CN, -CH(O-Et):, (C:i-Cs) alkoxy,
-0-(CH2)2-N(CH3)2 and -N(CH3); and n = 1 to 3,
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5. 'zi h%ﬁé v qut ol 4,3, 2-ge1 3,101 o HY RN

12- el [4 3, 2- de][l 10] p henht hr ol i

4- brorm 5- am no qui no[ 4, 3, de][l 10] phenan- throlin-9-one,

11- acet oxynet hyl - 9 FLquTno[4R8 ZiﬁeFPPSEO]pﬁﬁﬁ@n hyfrouen. 9- batogens,
5- br ono- 9- H- qui no[ 4nd, ﬁﬂ@&[&ﬂ]@ﬁﬁﬁan?%e kN-9- 10 one,

5-am no- 9- H qui no[ 4, 3, 2-de] [ 1, 7] phepan hrol i n-9- %n% hal

5- (di met hyl ani no- 2- et hyT) am Ro- 3% HCHGFRB[ £79™.a hydrogen, a halogen
de] [ 1, 7] phenant hr chnd- &- mé'ehox3)15group,

5-bi s(chl groet hyl am no- 2- et hyl ) am,n

[4, 3, 2- de?[l 7]phenanthroI|hX (k7 are cﬁosen from hydrogen and
5- (chl or oet hyl am ner-Zset hyla)lémxyo 9- H- (L1 41BpRy (C1~C) alkyl and
de] [ 1, 7] phenant hr ol 4p cﬁxﬂﬂ? grgﬁggonD-S-anlno-9-FLqU|no[4,3,2 20
de][1, 7]phenanthrolln 9-0

7-nitro-9-H quino[ 4, 3, Zﬂ@l’é'ql[lth]aphmﬂdﬁﬂ@lnn of otbe compounds of

7- 9-H no e 7 agt hr 9 ®©heR.25g -
12a2%?gox¥ 9qELunﬁ%%ﬁ@1Q igi? %Hmeghe%ang rg$|nlg g%é gndehe adﬁrtlon
h

salts of 1Phese confio vit4rh Bsphdtemadbout é’Ialﬁ%ﬁiaBz;efpt%} eandi ®f Yve6. The
use of a compound mpl@jmcmedfl foomelaf ral anmwhilH ORpP, RQr KheryanRf acture
of an anti cancer 7 The use as claimed in claim®6, in which the

conpounds are choséﬂ FVon1 35
5- (di met hyl am no) - 9H quamd[ 4183 2adeliftioh0] phdétan-of these compounds

with pharmaceutically acceptable acids.

15 _

5. The composition as claimed in claim 4, in which
- the compounds are chosen from:
5-(dimethylamino) -9H-quino[4,3,2-de] [1, 10]phenan-
throlin-9-one,

20 5-(benzylamino)-9H-quino[4,3,2~-de] [1, 10]phenan-
throlin-9-one,
5-bromo-9H-quino(4, 3,2-de] [1, 10]phenanthrolin-9-one,
7-amino-9H-quino([4,3,2-de] [1, 10]phenanthrolin-9-one,
5-amino-9H-quino[4, 3,2-de]l [1, 10]phenanthrolin-9-one,

25 5-methyl-9H-quino[4,3,2-de] [1,10]phenanthrolin-9-
one,
10-methoxy-9H~quino[4, 3,2-de] [1, 10]lphenanthrolin-9-
one,
5-methoxy-9H-quino[4,3,2-de] [1, 10]lphenanthrolin-9-

30 one,
7—nitro—9H;quino[4,3,2—de][1,10]phenanthrolin-9—one,
5-chloro-9H-quino[4,3,2-de] [1,10]phenanthrolin-9-
one,
5—bromo—lo—methoxy-QH;quino[4,3,2—de][1,10]phenan—

35 throlin-9-one,
5-(dimethylamino-2-ethyl)amino-9H-quino[4, 3, 2-de] -
[1,10]phenanthrolin-9-one,
5-bis(2-chlorocethyl)amino-9H-quino[4,3,2-de] [1,10]~
phenanthrolin-9-one,



throl i T B4 ami no) - 9H qU|no[4 3, 2-de ][1~1____~h~—i‘_—_—____
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7-am no- 9H-qui no[ 4, 3, 2-de] [ 1, 10] phenart 6l n- 9- one
5-am no- 9H qui no[ 4, 3, 2-de] [ 1, 10] phenant hr ol i n- 9- one,
5-nethy|-9H—quinoB¢(Q4hhkﬂﬁdeﬂmylﬁmmumm¥ﬂﬂﬁqmlﬁe[@né 25del [1,10]-

10- et hoxy- 9H—quin enant hrol i n- 9-one,
hignshdplflad e

5- met hoxy- 9H—qU|n ehanthrolln 9- one,

7-nitro- 9H-qu.nop@Z}mBth$mr9fﬁ¢mmmamfﬁrb}anelbhelolmbenanthrolln-
5- chl or o- 9H qui no[dl, g-de][l 10] phenant hrol i n-9- one,

5- br ono- 10- et hoxy- 9 qui no[ 4, 3, 2-de [1 10] henan- throli

5- (di met h§l ani no- 2--ewFEMY i #BL P+ TGP Lna| s ded= fs‘;lhlolphenan'

10]phenanthrollnSkﬁggalnfgibﬁéz chloroethyl)an1no 9H qui nol[ 4, 3, 2-de] -
[ 1, 10] phenant hrol i n- 9-

5-(2- chl or oet hyl )aHrﬂlF%waW%l?ﬂ1392Ha€H’i°£6]3 ARERALENFOI PREESERe, 20
12- et hoxy- 9- H qui t1of &l 29 cené 1, 10]phenanthrolln- 9- one,

4-b 5- 9- [ 4 d

11- acet oxymet hyl - & TR, a7 3Tst et 13 1 pf BRT AT, 71 B 8RB RER I n 0.
5- br ono- 20H qui no[&n&, 2-de] [ 1, 7]phenanthrolln 9- one,

5-ami no- 9- H'qU'n0[§= £?€G§Iﬁ; Pﬁgﬂ@nﬁhQQHbTEQ 79PRendfthrolin-9-

5- (di met hyl am no- 2- et am no-9- H qui no
de] [ 1, 7] phenant hr oP®€+ 9- one,

5- (dimethylamino-2-ethyl)amino-9-H-quino[4,3,2-
del [1, 7]phenanthrolin-9-one,

15 5-bis(chloroethylamino-2-ethyl)amino-9-H-quino-
[4,3,2-de] [1, 7]phenanthrolin-9-one,

5- (chloroethylamino-2-ethyl)amino-9-H-quino[4, 3, 2-
de] [1, 71phenanthrolin-9-one,
4-bromo-5-amino-9-H-quino[4, 3, 2-

20 de] {1, 71phenanthrolin-9-one,
7-nitro-9-H-quino[4,3,2-de] [1, 7]phenanthrolin-9-
one,
7-amino-9-H-quino[4,3,2-de] [1, 7]phenanthrolin-9-
one,

25 12-methoxy-9-H-quino[4,3,2-de] [1, 7]phenanthrolin-
9-one,
and the addition salts of these compounds with
pharmaceutically acceptable acids.

30 6. The use of a compound as defined in one of claims
1 to 5, for the manufacture of an anticancer drug.

7. The use as claimed in claim 6, in which the
compounds are chosen from:
35 5- (dimethylamino)-9H-quino[4,3,2-de] [1,10] phenan-
throlin-9-one,
5-(benzylamino)-9H-quino[4,3,2-de] [1,10]phenan-
throlin-9-one,
5-bromo-9H-quino[4,3,2-del [1,10]phenanthrolin-9-one,



5- bi s(chl or oet hyl am no- 2- et hyl ) am no- 9- H qui no-

C{Chioomt i o2yt am oot 43,2 35 | IIIHARRAIN

de] [ 1, 7] phenant hr ol i n- 9- one,
4- br ono- 5- am no- 9- H- qui no[ 4, 3, 2-de] [ 1, 7] phenan- throlin-9-one,
7-ni tro-9-H qui no[ 3> 8m2nde?ﬁ39ﬁ}phé4aatﬁrdbﬂmlglodp@eﬁﬂmuhr§ﬂ¥ﬂ %+m$e8een

Repl aced 11111111 éléﬁ%ﬁo fEfg ]Hlﬁ'[h'h E4d%] [1,10] phenanthrolin-9-one,
T

7-am no- 9- H qui noJ 4,
12- et hoxy- 9- H- qui hopatBy2= FﬁlﬂPﬁﬁeﬁaﬁrﬂﬁéﬂﬂml0595ﬁ§an§hﬁﬂihﬂﬂ§ —addi ti on

salts of these conggands, with pharnmaceutically acceptable acids. 8.
rPearees | 5o ibs &ggﬂs%ﬁ-aﬁseh 3,5 Beadbn Db e "
group and an :hLCBLgneup, 15 - Rl i s chosen from hydrogen, hal ogens, a

of cach other from RRVBPEYCHIaRAL PRl Aoy 2aPRII oA BapL NS T eeRe T om ¥
hydr ogen and hal ogens, 20 - RB S chosen from hydrogen, hal ogens, (Cl-C4)
it Bhaes, (G %%g%ézzéaaﬁ?ﬁ324eﬁdggtf@'ﬁ' 19) P Bottn, SR 11

10 5-chloro 9H;qu1no[4 2-de] [1, 10]phenanthrolln 9-
one,
5-bromo-10-methoxy-9H-quino[4,3,2-de] [1, 10]phenan-
throlin-9-one,

5- (dimethylamino-2-ethyl)amino-9H-quino[4, 3, 2-de] -

15 [1,10]phenanthrolin-9-one,
5-bis(2-chloroethyl)amino-9H-quino[4,3,2- de]—
[1,10]phenanthrolin-9-one,
5-(2-chloroethyl)amino-9H-quino[4,3,2-de] [1,10]-
phenanthrolin-9-one,

20 12-methoxy-9-H-quino([4,3,2-de] [1,10]phenanthrolin-
9-one,
4-bromo-5-amino-9-H-quino[4,3,2-de] [1, 10]phenan-
throlin-9-one,
ll-acetoxymethyl-9-H-quino[4,3,2-de] [1, 10]phenan-

25 throlin-9-one,
5-bromo-9-H-quino[4,3,2-del [1,7]phenanthrolin-9-
one,
5-amino~9-H-quino[4,3,2-de] [1, 7]phenanthrolin-9-
one,

30 5-(dimethylamino-2-ethyl)amino-9-H~-quino[4, 3,2~
del [1, 7]lphenanthrolin-9-one,
5-bis(chloroethylamino-2-ethyl)amino-9-H-quino-
[4,3,2-de] [1,7]phenanthrolin-9-one,
5-(chloroethylamino-2-ethyl)amino-9-H-quino[4,3, 2-

35 de] [1, 7]phenanthrolin-9-one,
4-bromo-5-amino-9-H-quino[4,3,2-de] [1, 7]1phenan-
throlin-9-one,
7-nitro-9-H-quino[4,3,2-de] [1, 7]lphenanthrolin-9-

one,
This Sheet Has Been Rep
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hydr ogen, (Cl-C4) al kyl groups, (Cl-C4) phenyl al kyl 25—groups—and groups
-(CH2)n-Y with Y being chosen from hal ogens and group

(C1-C6) alkoxy, -O (CH2) 2-N (CH3) 2 and -N (CH3) 2 m“;‘ﬂ“!w@‘f 1“?24
I s chosen from hydrogen, hal ogens, 30-né4re groups an «groups -MNRILRF3 in
which R12 and R13 are chosen, independently of each other, from hydrogen
and (Cl1-c4) al kyl ‘gmmjmso—Q—HSquii%[dma,R?daﬂélcﬁ@?hanfantbhrplihi—§—8heet Has
Been Replaced 111111 1111111 1111111 titElr - LEREEREEEETEEETLREETETTTI
1111 LS 65 hydro 2h or a hal ogen atom This Sheet Has Been Repl aced
11111 ~11 11 ~~ |~|1g4nq§119;&.\1191¥1m;90141& Prdei flc71phesangbrelios al kyl ,
hydroxyl, Cl-C6 al §ogye, (Cl-C6) al koxy (Cl C6) alkyl, (ClL-C4)

al kyl car bonyI oxy (Ci- C4) al kyl - CN, ~ C02R14 , - HR14. and -
CONR14R15 5gr oups, @RACAHRe éﬁéltNRPARﬁélFﬁ mcﬁrﬁff aRgmReH™ sar‘élEhosen
i ndependent|ly of egkhirm@sbentitadlyhyeeepeablandcis-C6) al kyl,

- phenyl - CO- CH3 and - CH2- CH2- N(CH3) 2 groups, phenyl -CO CH3 or

- phenyl - CO- CH=CH N(CH3) 2, norpholino, nitro or SO3H groups, 10 groups:
-Cl-~ - N - CGBOK. Gompbiznds OIf- g€fERAb fbrmulae I and Ia

Formuia | Formula la

10

in which:
- X 1is chosen from oxygen, an =NH group
and an =N-0H group,

15 - Ry is chosen from hydrogen, halogens, a
nitro group and groups -NRgRy in which Rg and Ry
are chosen, independently of each other, from
hydrogen and (Ci-C,) alkyl groups, _

- R, is chosen from hydrogen and halogens,

20 - R; is chosen from hydrogen, halogens,
(C1—-C4) alkyl groups, (C1-Cs) alkoxy groups, a
guanidino group, groups -NRjpRi1 in which R and Ry
are chosen, independently of each other, from
hydrogen, (Ci1-C4) alkyl groups, (C1-Cs;) phenylalkyl

25 groups and groups -(CHy),~-Y with Y being chosen
from halogens and groups CN, -CH(O-Et);, (C1-Cg)
alkoxy, -0-(CHz)2-N(CH3), and -N(CH:)2 and n = 1 to
3,

- Ry is chosen from hydrogen, halogens,

30 nitro groups and groups -NR;3R;3 in which Ri; and Ri;
are chosen, independently of each other, from

hydrogen and (C;-C4) alkyl groups, /

ot Has Been Replaced

"

- R5, Rg and R; are chosen from:



CF- - COCR17 CH2 -Ar R16 and R17 being chosen fron1Cl-CB’“TE'ﬂgﬂdf’——_#—ﬂig—
15.Ar being a C6-Cl4 aryl group, with the exclusion of the mﬁi{m ““\
formula |l in which X =0, and, either Rl, R2, R3, R4, R5 .
Rl, R3, R4, R5, R6, R7 = Hand R2 = Br;y 6% -Rl, R2, R4, R5, R6 R7 = H and '
R3'= OCH3, or Rl, R, 20 R3, R4, R6, R7 = H and R5 = OH or OCH3, or Rl =
NO2 and R2, R3, R4, R5, R6, R7 =h¥dragenwprhat halogexl a@dioon of the
conpound fornmula la in which X =0 and Rl, R2, R3, R4, R5 , R6, R7 = H,
and the addition salts of these conpounds 25 with pharmaceutically
acceptabl e acids. 9. Conpounds as clained in clairn8-—{)i__f_o_r_ml_'_a_J__'__Rr_|
whi ch: X is chosen from oxygen, an =NH group 30 and an =N-OH group,

chosen from hydrogen, hal ogens, a nitro group and gr §mwNRBE&nm@1mQ ch
R8 and R9 are chosen, independently of each other, jp

(C1-A4) alkyl groups, 35 - R2 is chosen from hydrogen Wﬂm HHMm S
Sheet Has Been Replaced 11121121 L0 LR E B0 et 1ol

R3 is chosen from hydrogen, hal ogens, (Cl-C4) al kyl groups, (Cl-C6) alkoxy
groups, a guanidino group, groups -NRIOR11l in which R10 and R11 are
chosen, independently of each other, from5 hydrogen, (Cl-C4) al kyl groups,
(C1-4) phenylal kyl, - (CH2) 2-N(CH3) 2, and - (CH2) 2-0- (CH2) 2- N (CH3)
2 groups, R4 is chosen from hydrogen, hal ogens, nitro groups and groups
-NR12R13 in which R12 and R13 10 are chosen, independently of each other,
from hydrogen and (Cl-C4) al kyl groups,



R5, R6 a hydrogen or a hal ogen atom C1-C6 al kyl,
hydr oxyl , -000H, -CN, -CO02R14, -CONHR14 and
CC]\IR14R15(ﬁuW?“m 'EFNM and -NRL4R15 in which Rl4 and R15 are chosen,
i ndependent Iy of eac from hydroggen-and (C -C6) al kyl and

-CH2- CH2- N(CH3) 2 groups, 20 -phenyl-CO CH3 or -phenyl-CO CH=CH N(CH3) 2,
nmor phol i no, nitro or SO3H groups, Cg—r&gurﬂ.kylﬂ%ﬂqydrcbkylmﬁ& -&dké@xy, N -

COORj ~ 16 Cl - 5 R16 1

al kyl groups (acrilccll:%2 AR 3 b%%f dryl grodp B&?ﬁ&?ﬁgﬁ%&é us%gga]bf t he
conmpounds i n Gdiedkylx =-GHOand-C&0kher RN, ch%wm -OQHRRG, ®|yd= 1+, 30
or R, R3, R H y - = H
o R © 4301\&514%&6 glzzé%?lps -i\ﬁ{tdﬁéé a§& ﬁ%&s wﬁffchRﬁM R 'ﬁ715 o
NO2 and Ré e Fﬂ&osﬁﬂl RﬁdeR?ndthlé'nd)ﬁ h%a%]adpf-hﬁﬁ'sért%“ d?‘y‘ﬂ]ﬁ%%%n

conpounds Wltéfhd35( h@gyrac,-ﬂ;&y;p | lyprassaptiapl@ackds. Tobs-Ginead (diag, Been
Replaced X11111 liiilllIN VIl i 111212111 111111 11111 11111 i 1111 CL
68 10. ConmpSift¥%is cl ai ned in claim8, which are:

5- (di net hyl am no) - 9H qui no[#ﬂ;éiaxdb-}c[:a—ctﬂi pheran- t hrghemyD-COeCH=CH-

5- (benzyl am no) - 92(7%@0[4F§ éb‘??%{j% 1 ?n%rll S% ﬁh{q?l)hﬂs? one,

5- br ono- 9H—qU|no[ de] enan
groups:
-CH, - fi\' —COORyg . -CHp— II\J-'COORW -
CH,- COOR;7 CHo—Ar

Ris and Rj;7 being chosen from C;-C¢ alkyl groups and
15 Ar being a Ce-Ciy4 aryl group,
with the exclusion of the compounds of formula I
in which X = 0, and, either Ri, Rz, Rs, Ri, Rs, Rg,
Ry = H, or Ri, Rz, R4, Rs, Rs, Ry = H and R, = Br, or
Ri, Rz, R4, Rs, Rs, Ry = H and R; = OCHs, or Ri, Ry,
20 Ri, Ra, R, R = H and Rs = OH or OCH;, or R; = NO;
and Rz, Rs, Rsa, Rs, Rs, Ry = H, and with the
exclusion of the compound formula Ia in which
X =0 and R;, Rz, Ri, R4, Rs, Rs, Ry = H,
and the addition salts of these compounds

25 with pharmaceutically acceptable acids.
9. Compounds as claimed in claim 8, of formula I in
which:

- X is chosen from oxygen, an =NH group
30 and an =N-OH group, |
- - Ry is chosen from hydrogen, halogens, a
nitro group and groups -NRgRy in which Rg and Re
are chosen, independently of each other, from
hydrogen and (C;-C4) alkyl groups,
35 - Rz is chosen from hydrogen and halogens,

is Sheet Has Been Replaced
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no- 9H- qui no[ 4, 3, 2-de] [ 1, 10] phenant hr ol i n- 9- one,

5- aﬁ\—qmmz-'de ][ 1, 10] phenant hrol i n- 9- one,

5- et am :’ﬂ "mﬂlﬂ"ﬂl de] [ 1, 10] phenant hrol i n-9- 10 one,

5-chl -de] [1, 10] phenant &7 oki n-9- one,

5- br ono- 10- rret hoxy 9H qui no[ 4, 3, 2-de] [1, 10] phenan- throlin-9-one, 15

5- (di met hyl am no- 2- et hyl—) am Rg- ¢ quhosleh 3f2ode] hydrogen, halogens,

[ 1, 10] phenant hr ol | e, S l.oro y m quj 3, 2-de] -
{1’ 10] phenant hr ol i & &[} a1% S N O8Iy ) AM 0Pk Skt AU PO |

5- (2-chl or oet hyl )amlﬂnlanquﬁ@[m, 3gzodpB| tNROJR1: 26nphAght Ruoldnd Rione,
12- met hoxy- 9- H- qui gpL4, §h8s€ﬁl[11ﬁ§é€3ﬁ&éﬁi:ﬂ{z0| be" 8affe gther, from
4- br ono- 5- am no- 9- H qui no[ 4, 3 henan- throlin-9-one, 25

11- acet oxynet hyl - 9P¥FEAPRBE 4, 3, Z(Cde%:{)l 10] %i‘abﬂbn- t BEGMPR9- one{C1~Ca)

S5- br ono- 9- H qui no[ dhéngideki/1l, 7] Phemant-Rr ekl n;,9- a@@ . — (CH) 2-0- (CHy) 2-
5-am no- 9- H qui no[Zﬁl,e Za-de! ! 1, 7] phenant hrol I n- '9- 30 one,
5- (di met hyl am no- -éﬁ%/z) -1g-9- H qui nol 4, 3, 2-

de][ 1, 7] phenant hrol i n-9-one,R; is chosen from hydrogen, halogens,

5-b hl t hyl 2-
LS D) BB s i i o 5

5- (chl or @ét hyl ani nare- echgsean nondependénbly, 302- each other, from
de] [ 1, 7] phenant hr Ohl_ézargggﬁeand (Cl— 4{ alkyl groups

4- br ono- 5- am no- 9 qui no[ 4, 3 7] phénan- thr'olin-9-one, This Sheet
Has Been Repl aced ~I |~ ~~1111_’t!i!_'1L§T=ﬂ |a|n|d\/ | are| chepep| EFCR:E LTI
Ms ,. - 69 - 7-nitro-9-H qui no[Bydrdgét] b#. 4] RA2BaRhhE@lN)- 9-
C1-C¢ alkyl, hydroxyl, C;-C¢ alkoxy,
15 -CHO, -COOH, -CN, -COzRi4, -CONHRi;4 and -CONRj4R1s

groups, -NHCOR;4 and -NRijsRis in which Rj;s and Ris
are chosen, independently of each other, from
hydrogen and (C1-C¢) alkyl and -CH,-CH;-N(CHs):

_ groups,
20 -phenyl-CO-CH; or -phenyl-CO-CH=CH-
N(CH3)2, morpholino, nitro or SOsH groups,

groups:
-CH, ~ N —~COORyg . -CH,— rlxj_. COORyg ,
C*‘b COORy; CHz—Ar

25
Ris and Rj;7 being chosen from C;-C¢ alkyl groups and
Ar being a C¢-Ci4 aryl group,
with the exclusion of the compounds in which
X =0, and, either R;, Rz, Rz, Ry, Rs, Rg, Ry = H,
30 or Ri, Ri, Rs; Rs, Rg, Ry = H and R, = Br, or R;, Ry,
Ry, Rs, R, R = H and R; = OCH;, or R;, Ry, Ris, Ry,
Re, R = H and Rs = OH or OCH3, or R; = NO; and R,,
R3, R4, Rs, Rg, R7 = H,
and the addition salts of these compounds with

35 pharmaceutically acceptable acids.
This Sheet Has Been Replaced
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one, 7-am nQ- de][l 7] phenant hrol i n-9- one, 5

12- et hoxy- ﬁﬂiﬂmjm 'I%1 1[1, 7] phenanthrolin- 9-one, and the addition
salts of th pharmaceutically acceptable acids. 10 11. A
process for preparing a conpound of fornmBBa-la, in which: X is chosen from
oxygen, an =NH group and an =N-OH group, Rl is chosen from hydrogen,

hal ogens, a 16.ni Compgundg asdcdrimesl iNRERG 1M SnhivdlicRB st RO are
chosen, i ndependen I K r n (

groups, R2 is chosgn ?;S%Eﬁg?i?g%g%)ar? 1n®’[q %q%RBC?él]gtlchch%]ﬁQ g?Aori?ny
hydrogen, hal ogensthropinci-ene. al kyl groups (Cl C6) al koxy groups, a
guani di no group, QBOlGBénz§JME§¥13;)LB GhoRYQ 3amd d2 1 1 ,arcg gHase.

i ndependent |y of eaﬁ 3ther from hydrogen, (Cl-C4) aIkyI groups, (Cl-C4)
phenyl al k@~ gr oup5BEAEIEF8TRRS (CH2)n Y with Y being chosen 25 from

gal ogeniI ?%?rgupsaﬁﬁomow%@u[fhb (2, 3(,QL<@h N1, ?quwnenh Oz;nrﬁ:hr(cﬂH’a‘ih lQ—-d‘:heé,Cl—B)
an apd_n i,S ,C r rogen,, .hal pgens,
nitro groups and groa%sn9N&féﬂf§h°ﬁi |gh &éﬂg&§¥E§8§5F§f€ﬁ3£e <,

i ndepgndent |y 01;] eaebmonbeP H-tmamo [Ky dr, @geteldidd mplﬁtgaral'tiaydllgf-cigm';eRS,
R6 and R7 are chosen S
hydr oxyl, Cl1-C6 al omg{:ﬁ 59%% %rtal Eo% I?i?éo[ﬂcg)oqg?{?qa Eh%%éf&(

al kyl car Héhyl oxy- PEQJCA) al kyl , - OOOH, -CN, -CO2R14, -CONHR14 and

- CONR14R15 groups, 5= EhEEE%49§ﬂau1H814R352L@éMvrﬂ10]%k%ﬁﬂﬂiﬂ%&iﬁﬁi9£hosen
| ndependent |y of each Thi s Sheet Has Been Repl aced

5—bromo-lO—methoxy-QHLqulno[4,3,2—de][1,10]phenan—
throlin-9-one,

15 5~ (dimethylamino-2-ethyl)amino-9H-quino[4, 3, 2-de] -
[1,10]phenanthrolin-9-one,
5-bis(2-chloroethyl)amino-9H-quino[4,3,2-de] -
[1,10]phenanthrolin-9-one,
5-(2-chloroethyl)amino-9H-quino[4,3,2-de]l [1,10] -

20 phenanthrolin-9-one,
12-methoxy-9-H-quino[4,3,2-de] [1, 10]phenanthrolin-
9-one,

4-bromo-5-amino-9-H-quinoi4, 3,2-de] [1,10]phenan-
throlin-9-one,

25 ll-acetoxymethyl-9-H-quino{4,3,2-de] [1,10]phenan-
throlin-9-one,
5-bromo-9-H-quino[4,3,2-de] [1, 7]1phenanthrolin-9-
one,
5-amino-9-H-quino([4,3,2-de] [1, 7]phenanthrolin-9-

30 one,

- (dimethylamino-2-ethyl)amino-9-H-quino[4, 3, 2-
del [1, 7]phenanthrolin-9-one,
5-bis(chloroethylamino-2-ethyl)amino-9-H-quino-
[4,3,2-de] [1,7]phenanthrolin-9-one,

35 5-(chloroethylamino-2-ethyl)amino-9-H-quino[4, 3, 2-
del [1, 71phenanthrolin-9-one,
4-bromo-5-amino-9-H-quino[4,3,2-de] [1, 7] phenan-

throlin-9-one,
This Sheet Has Been Replaced
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TRt 111 11121111 111 112 12112 121211 0l a2 200000
s .70 ot her,{ ”ﬂ,’mnﬁﬂm” d (Cl-06) al kyl, -phenyl-CO CH3 and

- CH2- CH2- N ( Mhenyl CO CH3 or -phenyl-CO CH=CH N (CH3) 2,
nor phol i no, nitro or éOBF—I g’roups 5 gr'ou@% “-CH2 -- N - COOR16 -CH2 - N_
COOR16 , CH2 - COORLY and_R17_bei ng chosen frcLT Cé 6 al kyl
groups and 10 Ar Y)eﬁhﬁr‘a‘%Ht@Al’aP% ér%nge]\%vg PREREPSE

condensing a chl orghenzoic acid of fornula: RL O R2 HORZC R3 15 with a
di met hoxyani l i ne o

NH2 hi.s Sheet Been Repl aced
CLLLLIIETT LT T?mili‘iI%HJquP?l[flrFrzrg\/ﬁl[-i['bﬁP eie}%ﬂtl?ﬂ%l%ll TP M ch

71 to give a conpoenad of fornula Ila: Ow Rl HR2 \ HO2C R3
5 12—methoxy—9—H;quino[4,3,2—de][1,7]phenanthrolln—
9-one,

and the addition salts of these compounds with

pharmaceutically acceptable acids.

10 11. A process for preparing a compound of formula Ia,
in which:
- X is chosen from oxygen, an =NH group
and an =N-OH group,
- R; is chosen from hydrogen, halogens, a
15 nitro group and groups -NRgRs in which Rg and Ry
are chosen, independently of each other, from
hydrogen and (C;-C4) alkyl groups,
- R; is chosen from hydrogen and halogens,
- Ry is chosen from hydrogen, halogens,
20 (C1-C4) alkyl groups, (Ci-Cs) alkoxy groups, a
guanidino group, groups -NRigRi1 in which Ri;p and Ris
are chosen, independently of each other, from
hydrogen, (Ci1-C4) alkyl groups, (C1—-Cas) phenylalkyl
groups and groups - (CH;)n,-Y with Y being chosen

25 from halogens and groups CN, -CH(O-Et);, (C1-Cg)
alkoxy, -0-(CH,},-N(CH3); and -N(CH3), and n =1
to 3,

- Ry is chosen from hydrogen, halogens,
nitro groups and groups -NRi2Ri13 in which R;; and Ris
30 are chosen, independently of each other, from
hydrogen and (C1-C4) alkyl groups,
- Rs, Rs and R; are chosen from:
hydrogen or a halogen atom,
C1-Cs alkyl, hydroxyl, Ci1-C¢ alkoxy,
35 (C1-Cg) alkoxy (C1-Cg)alkyl, (C1-Cy)alkylcarbonyloxy-
(C1-C4)alkyl, -CHO, -COOH, -CN, -CO2R14, -CONHRji4
and -CONRy4Ris groups, -NHCORi4 and -NRjsR:s in which
Rjs and Rj;s are chosen, independently of each

Sheet Has Been Replaced
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4 5 b - the conpound of forrmula Ila to give a conpound of
forrrul a: W I ,I Hﬂm converting the conpound into a quinone of
formula Illa: k R3 ORa 15 d - reacting the qui none of

formul a IIIa with an azad| ene of formul 2@ dhis Sheet Has Been Repl aced
Lirreer e Lreerert  veerer el 2=~ 211t s - 72\N O R7 to give a
conpound of forrrulatlhé/a. foR hy&rofeR2andf (€:R3%) @IByDL, e-phemat+COg t he
compound of the faqx VM thy t\h gﬁ_gq] de diethyl acetal to give
t he conpound of for éilgﬂmlgﬁ? ﬂwﬁﬂ)zy tlgnally, converting the

conpound t hus —phenyl -CO-CH;3; or -phenyl-CO-CH=CH-
N(CH3)2, morpholino, nitro or SOsH groups,
5 groups:

-CH —-Il\l -COORyg . -CHy— ll\i— COORs ,
CH,-COOR;» CH;—Ar

Rig and Ri7 being chosen'from C1-Cs alkyl groups and
10 Ar being a C¢-Ci14 aryl group,
which consists in:

a - condensing a chlorobenzoic acid of formula:

Ry
ci Ry

HO.C Rs
15

with a dimethoxyaniline of formula:

OMe

NH;

OMe

[
eet Has Been Replaced
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obt ai ned into of fornula la. 12. A process for treating
patients havi ngmwm"mmﬂlgumr whi ch consists in adm nistering an
effective amount of & canpeund as defined in claiml. This Sheet Has Been
Repl aced 111 lu 21112121 11 111 11 | - 71 -

to give a compound of formula IIa:

OMe Ry
H
Ro
HO.C Ra
Me R,
5 b - cyclizing the compound of formula IIa to give
a compound of formula:
OMe R1
10 ¢ - converting the compound into a quinone of
formula IIIa:
15

d - reacting the quinone of formula IIIa with an
azadiene of formula:

I
Has Been Replaced
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oy
(A U L W

to give a compound of formula IVa:

5
e - reacting the compound of the formula IVa with
dimethylformamide diethyl acetal to give the
compound of formula Ia,

10
f - and, optionally, converting the compound thus
obtained into another compound of formula Ia.

12. A process for treating patients having a cancer
15 tumor, which consists in administering an

effective amount of a compound as defined in
claim 1.

This Sheet Has Been Replaced




