| SOQUI NCLI NE DERI VATI VES This invention relates to néw i soqui noline
derivatives, to processes for their preparation, to, pharnmaceuti cal
conpositions containing them and to their use in nedicine. |soquinoline
conpounds have been reported in, for exanple, 5 + EP-A-108620 and
EP- A- 161102 as having anti-cancer activity.l ¥e have now found 2 ng G
group of isoquingline conmpounds WRssHuIRGYREIDEL vARfyECancer act \1« ;)e ‘316
novel conpounds of the invention arso exmmbrt—partrcuat arly advant ageous .
physi co-chem cal properties. The invention thus provides conpounds of the
.general formula 10 Tnis invefifijonlbelaties] tovirieisbquendllinardbrieativedhich may
be be sane or different etgch re res%nts %?20 . hgdrogen, atom a
hydroxyl gr ou*8Fe%egr &% Eﬁ@f?@ﬁ 3PP WiRePRATAFCPYIrat SPROSIt0RS ogen
atom or an alckntairdpgi Ureml;| gnds Gbstheint esk iy medigdnoxyl , al koxy, cyclic
et her or cycl oal kyl 13 Y, , alckyl
854U iR EBRAYIundEY fdRAbLY] reaayéeuogrr,[ gl;g]exgﬁ%lem

aroyl al kyl gr.oup], rovi so that _l'east one

represents a &Po 1&8@(@@!@ A ) HHd ajhaving anti-cancer activifys aWehydregen
or hal ogen at agwofourd"Bldivk] HrouR: ofNdo§@rod iné TRASH ML YwHIBY ShaeOgbd! | Y
accept abl e sal t'ﬁ t hereof . . Co OUﬂgs of formul a glé may exi st as

st er eoi somer s 2BhiTGANCEE ACSIETY -anlhe ARVEh FORPOEIYS; &F (th8 pinvankiansebw t o

i nclude all seghibidoperticol ackympousttagedud physica-¢hemicahPrapertdesi xt ur es
t hereof. 30 : -far [ | .S wi.th
bases. It will be agB? elcnlvg?eg tgg‘?é,i%fr gﬁléﬁ‘nargw' cé’u%% c°<[;1PIa Yﬁgsge H%%ng"%mé?‘?s

shouwld be phy§ill)l ogi cally acceptable, but other salts may find use, for
exanple in the preparation of conpounds of fornmula (1) as well as c\
physi ol ogi cally accept abl e-sal t sEHfiered} . anpl es of salts of 35 -
conpounds of general formula (1),incl ui alkali nmetal salts such as
l'ithium sodium and potassi-yn\salXs, am\a# Ralts, for exanple amoni um
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wherein
R! and Rz, which may be be same or different, each represents a

20 hydrogen atom, a hydroxyl group or a group -OP{0)(OH)(OR*) [where R“
represents a hydrogen atom, or an alkyl (optionally substituted by a
hydroxyl, alkoxy, cyclic ether or cycloalkyl group), alkenyl,
cycloalkyl, aryl, aralkyl or aroylalkyl group], with the proviso that

W, at least one of R! and R2 represents a aqrouo -0P(0)(OH)(OR*); and R3 (
| 25 is a hydrogen or halogen atom or ‘a methyl group; and salts, especially
physiologically acceptable salts, thereof.
Compounds of formula (1) may exist as stereoisomers and/or
~ tautomers and the invention is to be understood to include all such
isomers of compounds of formula (1), including mixtures thereof.

30 Compounds of formula (1) may form salts with bases. It will be
appreciated that, for pharmaceutical use, these salts should be
physiologically acpeptable, but other salts may finc use, for example
in the preparation of compounds of formula (1) as well as
physiologically accéptable salts thereof. Examples of salts of

35



“and nono-, ai- or tri-substituted amonium e.g. triethylamoniumsalts and
amno acid salts, for exanple arginine salts. Sodiumsalts 5 -are
Jarticularly useful . "References hereinafter to conmpounds of fornula (1) and
their use and preparation shoul d, unless the context dictates otherw se, be
taken to be references to the corrpounds andztheir salts, eg the

physi ol ogi cal |y acceptable salts. 10 - e T I n the conpounds of
formula (1), weempduneisgofogpndali formalal{dy| irgnod@ dlkalibyebsl fsaltexsatplaa a
S&rai ght or br e e | y h

br anched [err]gﬁﬁﬁ%r%‘@l%sﬁ%d Etcgégrlr%fh FPé ﬁﬁ% %Pés ﬂ?ﬁ %&g'ﬁblg Lm"fml”"‘
n-butyl or n-pé@ndyrongroidi- osﬁékﬂbﬁwt@ﬁéuwow,be g-ubsnettnrm:npymnor

exanpl e, a hydrs@xdd .anti€4nfiho l&tid saltsd! {’iﬂ'x)éxanﬁﬂe NRgiRe Sh1EL, h%&luﬁ ddded
menbered cyclic .ether &ﬂlaﬁﬁ rah¥dr of uranyl , [err] cycloal kyl eg

cycl ohekyl, gr EpsPark corrpounds of formula (1) represents an
‘ai kenyl group it rrabeeeﬁeﬂéesamwirafaex[ e.br(]:omlolmdwagmmma €®) adnldy tneithen
R4 in the conmpounds .of for epr§ sent a).kyl, 20 ._group
it may be for exanp ep%ep[aégg cycc¥u gr i3 33?0%‘5 ré 6418ﬁ%g?37l °twghse[ge8

i n compounds oftaken ol ke (réfereppesdontize anmaounds garoiupheir sbtsheed aheexarrpl e

a phenyl group a group RS where [err] is a
“hydroxy, [err] pgfiioogﬂéléaﬁliéﬁﬁ[eéﬂbﬁgds%étsr0 roup. Wien R4 is 4an ar al kyl
group X0 may be for i&aﬁhﬁl eo"zposmds of foqwéﬁ[fgr)s]vmeraythegsm R ishieeliyd

phenyl portlongbsu;patlmabéyrosubs@énlp&yt@@tbamt%mea&%ea%1 shlial gfdy, and

may be in particular a benz 4 int e conpo s of fornula
(1) represents°5rf“°&'Fo??%°R9¥1Vggo§Har19“trT€§ BRancligd qu AR FPFEN [ ]
akkyl group inm8thyl, ethylfi mipropel ,bérpmplyl por-butyl ns r&pbnt»dal;tgupsub&tcht ut ed
= benzoyl et hy 0% Bodha Be st Eied 5y RceBnnfl e T AR (D) B
a hal ogén atonﬁ#'somyeq)e'eahqnvue?MéoxthoFtP ﬂemermecsnﬁ nq:ycé;c ieSBem@dat om 35
According to oeecﬂﬁgaﬁaﬁmaaylt Ngr Id)Y G éyc2BanRV ksl T EHBRIY N Goassor ding to
formuila (1) .|n whi ¢ When R* in the compounds of formula (1) represents an alkenyl
group it may be for example a Cj3.g alkenyl group, eg allyl.
When R* in the compounds of formula (1) represents a cycloalkyl
20 group it may be for example a C3_; cycloalkyl group, eg cyclohexyl.
When R“ in compounds of formula (1) represents an aryl group it
may be for example a phenyl group optionélly substituted by a group RS
where RS is a hydroxy, Cj-4 alkoxy, eg methoxy, or nitro group.
When R* is an aralkyl group it may be for example a
) 25 phenC)-.jalkyl group in which the phenyl portion is optionally
N " substituted by a group RS as just defined, and may'be in particular a
benzyl group. | | _
When R* in the compounds of formula (1) represents an
aroylalkyl group it may be for example a benzayl Ci~3 alkyl group in
30 which the benzoyl portion is optionally substituted in the phenyl ring
by a -group RS as defined above, and may be in particular a
benzdylmethyl group.
When the group R3 in the compounds of formula (1) is a halogen
atom it may be a fluorine, chlorine, bromine or iodine atom.
35 According to one embodiment the invention provides compounds
accoraing to formula (1) 1n which;
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and [err] which may be the sane or different, each represents

a hydrogen atom a hydroxyl group or a group -OP(Oy(OH)(err) [where R4

represents a hydrogen atomor an alkyl (optionally substituted by a

hydr oxyl, al koxy or cycloal kyl group) aryl or aralkyl “group], with the
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benzoyl net hyl )asaﬁqn&ﬁbi%t'hpﬁ)' caf t@ﬁr@h?ﬂﬂfﬂfér&imeﬂnyﬂr gfcupr €eg group of
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s hyd -
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group, a phenyl C).3 alkyl group (eg benzyl) or a benzoyl C;-3 alkyl
group (eg nenzoylmethyl)

Compounds of formula (1) in which R! is a hydrogen atom and R2
is a group_-OP(Q)(GH)(UR“) (where R* is as defined above, especially
benzyllbr benzoylmethyl) and salts thereof are preferred.

A preferred group of compounds of formula (1) are those in
which Rl is a hydrogen atom, R2 is a group -0P(0)(OH)(OR") ‘and R3 is a
ﬁydrogen atom and salts thereof. Such compbunds_in which R" is a
straigﬁt Ci-s5 alkyl Qroub (eg methyl or n propyl), a tetrahydrofuranyl-

.ﬁeﬁhyl group, a phenyl C,.3 alkyl group (eg benzyl) or a benzolel_af

alkyl group (eg benzoylmethyl) are particularly preferred.

A particularly important compound according to the 1nvent10n 1s
phenylmethyl, [5 8,13,14-tetrahydro-14-methyl-8, 13-dioxobenz(5,61-
isoindolo[2, l-njlsoqu1nolxn-9-y1]phosphorxc acid and the salts
thereof, part;cularly the sodium salt.

Another important compound according to the invention is
2-oxo-2-phenylethyl, [5,8,13,14-tetrahydro-14=methy1 -8,13-dioxobenz-
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Anot her inportant conpound according to the invention is 35 :

2- 0x0- 2- phenyl et hyl , [5, 8, 43, 14-t etrahydro- 14- et hyl - 8, 13- di oxobenz- 4
[5, 6] -1 soi ndol o[ 2, 1- b]i soqui nol i n-9-yl phosphoric acid and the salts
thereof, particularly the sodiumsalt. The conpounds of fornula (I) possess
antj cancer activity, particularly against tumours such 'as carcinonas,,
sarcomas and hepatemas. Thus, when a conmpgund of fornula (I) is

adm ni stered intraperitoneally or intravenously-to mce with a subcutaneous
tyiour ari si n§s f¢lodseindpigiZahtblisowrigol inePtyl Irheapberir 9eid et Hiet Baktshas
shown that tUupRe¥ecd! Purbidiaar DE@Re Sdddiin isa8Nt | y reduced and in sone cases
‘total regression of _the tunmour has occurred. Activi H’aces agai nst. HT29 Hunman
Col on Xenograft in NRISORAMBIY ?Eﬂ%‘ga nRAS5P%S ABHFNRBBFFLRRE P al so been
shown. Conpoupdstiratarly agaihet tthmourseath es carsindwasy saspewdsabnd/ f avour abl e
physi co- chem g\%g fRgpert I es; Thus, for exanple, conpounds of the invention
have i nproved Fer -gol ubil i ty at near to physiological pHe.g.] pH6.0 to
pH 8. 03 over the isdepi:nhamea ewnrpenhas fweaela bbld isnadein istey8820 and

EP- A- 161102 WhhethgdRk@heb NG bR L 84nBLsYY 8inliddWathOd s{i6& 1Rshad dsORuhd¥r
parenteral adm nistration. ~Accordin ta a_ further _aer)ect of the present
i nvention we 2R&PEGFRATAY\MBLANE 86%63 RELLF) PURSAINENY Prapinaglon has

physi ol ogi cal lsjowt tast abheurs akéwthheds 6bed 8ligriFecdntly heeducentan@nin ebmdé he
human or non- hunan  apiyal _ body to.cqnbat cancer articularly tumurs, .
therein. Accofifty tf’gag%fl%rtes g ﬁgra'aesg o ast?f:e&' Feeds‘enbg?lr‘{éé’rﬁsi SHetnst
provi de the usiEzdfHuman EoperuXdnedrafbrimiNede Miceoand Mohgs iAdenesiacaldopa

accept abl e salyacidiehesd aisy ckbe dMBuwf acture of a therapeutic agent for the |
t Aedt ment of ch(e: lﬂfjmam or non- human ani mal, body to _conbat cancer,

particul arly tunour §omoyadsiagcording to the igyntien Alee havgt esrseididipounds
according to tfagodraved ighgsictayhadéalipigpertses. benussefor Rxafsley NEdnipBlngd t h
one or nore of the invention have improved water solubility at near to
physiological pH Eé;g; pH 6.0 to pH 8.0] over the isoquinoline
compounds described in EP-A-108620 and EP-A-161102 which makes them
particularly suitable for formulation for pafenteral administration.
According to a further aspect of the present invention we
therefore provide a compound of formula (1) or a physiologically
acceptable salt thereof for use in the treatment of the human or
non-human animal body to combat cancer, particularly tumours,
therein,
‘According to a yet further aspect of the present invention we
\/ ' provide the use of a compound of formula (1) or a physiologically
' acceptable salt thereof for the manufacture of a therapeutic agent for
the treatment of the human or non-human animal body to combat cancer,
particularly tumours, therein. |

It will be appréciated that the compounds according to the
invention may advantageously be'hsgd in conjunction with one or more
other therapeutic agents, such as for example anti-emetic aqents,'



ot her therapeutic agents, such as for exanple anti-enetic agents, - 5-
| mmunosuppressi ve agents or different anti-cancer agents. It is to be
understood that the present invention covers the use of a conpound of
formula (1) or a physiologically acceptable salt .theré&of in combination
wi.t'h one or nore other therapeutic agents. 5 In-a further
aslpect of the present invention we provrde5 a~pharmaceuti cal conposition
conpri sing as 1ﬁﬁbrﬁa@hbm%sbw ‘egdedty od @1mpémda@€1-f:eﬁéat| 8gddth. Oltais to be
physi ol ogi cal | V&SR] %R E aI Lod heEeof t her Wléh one Qr nore

phar maceut i cal"CarT I er s t0% o PRSISEn m"fﬂ @oﬁ‘b‘ﬁﬁfﬁd hedeedi Aameetkeor
i nventi on may foemdler (AN areal mmsmll@glcally amhephatslier adltomhereofinin conveni ent -
vay, and the Lowenatoih LOeH ehe': Abfo de %@? Bopl k9¢ igehts SCoPe
pharmaceutical conpositions conprisin i) ormula (lI) or a
physi d ogi cal | y accHptafuethes| esnestr f“-hada'ﬁﬁe@t floventdeniwe hromideos

veterinary nmeghginaeutieah &daaa@ﬁlbhmpmu@eapr&ssémg Irrg;"rsﬁ%t'

cont ai n one otogather omtarorteheraneat pmarageasur,icsm:lara&r& dtfd‘xei;emmts

ant | -cancer agent ofydMoalli8 BbEaAEs Bl B TTMGSIAN S3ug 050

Thus, the conpounds accor ven |on na

conventi onal manner one yS|o?og|caIIy
accept abl e cafPfRH8d o‘?qr 29’5'?‘@ s oF apby s i9gicalilyneeaeRlar)st Fahtathsrenf t her
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for orml bucedpinigtratdan iny ee! Fonveniept efay, add, thpamunnbmal ttmhefmestadadj i on

(eg by bol us §AdRmbE O tALN | {RET S86pROM a4t 00 cohmﬁeabw%oaﬁﬁs%

products and nma be present ed unit dose form_ for instance as a ouI es,
o : 4

vials, snall RatRd 19t firmtt 9% a phys‘%PéqullllYe%F%?F?‘HQe%altth‘PWOf

mul ti-dose coadsptearfor {6 1ﬁXﬁdiiilﬂneor Wdtbrﬁi%r?dﬁ&ﬁicﬂﬂéﬁsesw bofbosIPfons
conpositions ma)y t ake su

aqueous or non- aaﬁe%’ifssevéﬁ'ﬂ(f B Use Jy ceventaghphman %"rl’rﬂl
as antts- oxi daet soredhysislogicakiyngeceptabecarridrs| at iengigigehss, The

~antim-crobi al @&%Qiﬁongomay AF%:LO?Q“{P fluil‘éillé}.g 8961 hSone’ ¥k i %%ag'ér}se and/ or

tonicity adjusting agents. er nat Re active I'ngredi en (W|th our
Wi t hout addedtherapeutlc agents such as a dlfferent anti-cancer agent or an

anti-emetic agent or an 1mmunosuppre831ve agent.
Thus, the compoands accordan to the invention may be

20 formulated for oral, buccal, topical, rectal or, preferably,
parenteral administration (eg by bolus injection ar intravenous
infusion). -

Injectioné are sterile products and may be presented in unit
dose form, for instance as ampoules, viais,_small volume infusions or

25 pre-filled syrinqe#,-or in multi-dose containers, for example, with an
added preServétiVe. The compositidns may take such forms as
solutlons, suspensxons or emulsions in ~aqueous OT NoN-aqueous
vehicles, and may contain formulatory agents such as anti-oxidants,
buffers, bulking agents, chelating agents, antimicrobial agents,

30 solubilising agents, surfactants and/or tonicity adjusting agents.
Alternatively, the active ingredient (with our ﬁithbut added
substances) may be in a dry form for constitution with a suitable
vehicle, eqg sterile pyrogen-free water or déxtrose, before use. The
dry solid presentation may be prepared by filling a sterile powder

35 aseptically into individual sterile containers or by filling a sterile

orms_as_sol uti.aqns sus ensi ﬁ&r&rgrrg#si%g% in
o} ch
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%ubstances) may be in a dry form for constitution with a suitable vehicle,
eg sterile pyrogen-free water or dextrose, before use. The dry solid

presentation may be prepared by filling a sterile powder 35
aseptically into individual sterile contar ners or by filling a steril e 6.
sol ution aseptically into each contai ner freeze-drying. The conpounds

according to the iavention may al so be for | ated as conposi tions for oral
adm ni strati on.sodgticabhsipt ioal lyapste esch tchetaimay andnt”raaerzeedlry\leajli i onal

exci pi ents such as b'THQ'Mp@&%t §ccofrhhrlqu  the mventlon maétée!l bl Ec-.a%ﬁmulatgd

di sintegrants, or wettling agents The | ets may accordin :
met hods wel | - kif§wROA9SE Hongr for eral appiniisar priepar zft’l Bﬁﬁleﬁﬁwl‘béaﬁsﬂlﬁﬁe they m

of ,. for exarrpl er,aya&umam cOhvENti¥n &1L BRE1ISIEADS suBR| 44 bOMing CA8ehEs O1F3 11604, UPS
or elrxrrs \ ¥ greds ented as a dry r%oduct for c ns%m}utlon W th
wat e5 or ot her Y8 icant 1SLORSOERATES v BhiYEE B e PBF Y Suse'he fLP i BF

pr epar ations rm:pat:emlaawrdan@vlmnmenmb werddi knosesis kbl @t .sUBpP@Ndiquddagent s,
surfactants, gﬁlco O‘E?&? \412 tnid! Ponl }Sﬁ‘t'r}é‘ﬁ-‘sexaﬁpﬂé‘r% SREL N7

agents, buffer urs IOXI nts and avou e conp oungs may
al so fornul at e@uaee@agrpﬁxsuspbwess @gutoiongi rﬁmgp%mVthxllmalorsmmpcsl tory 15

bases such as %e%teutésera @Ey? b&rctgrarp%h&q%ucf&r wPHE GateAdR dtingkr ation
t he corrp03|t|ons mat}/eta e i?) or m of guFets or | ozenges formulated. in
|

convd@t i onal nEMAERSL i0efPre, ¢S ni SUFRHigH1Y H’éeE"t‘fr?ﬁb‘BﬂT"dg'aéd?BFﬁl’r%g to
the invention m:a;wétﬁlbmlmahaitadewsmhrﬁsmsnsmnd&ngagantd,otsurfme;:am/;ders 20

Pessaries, SO AU oS5 Ul fesdl MBCLATLICNS, o lACoilABRln, QigNTEN S and

creams may, for exa d w't G Teols or th
t kesaddi ti on obuEfarsabdlourhi cﬁ(ﬁmxiglaahﬁ/aon/gelﬂla\r@rageﬁhs comp@um may ed somy

thus, for exanBberornilghtide sdUBpodtdt s 28y Uoht aliRg WorkbiiicaP U phbd oy 2

vegetable oil such as arachis oil . caStor oil. Lotions may
be fdasnul ated RPEES éﬁc%qi?eS‘E@aoP“'iﬁelry°bz9§Belér9&Y9\ﬂ1Ide?'n general al so contain

one or nore enul sifyreg vagest smmﬁtﬁbréu%hnen@eerﬁmmtmr%paéﬁltlageetg\enr&m of
suspendi ng agen t hi 0510”' nggesagcerr'lntui nd/.or col ourin ents. Powders may

be formed with P?&fgflﬂr zen in conventiona ma ner.
For topical administration the compounds according to the

invention may be formulated as ointments, creams, lotions, powders,
20 | pessariee, sprays, aerosols or drops (eg eye or nose drops).
Ointments and creams may, for example, be formulated with an aqueous
or oily base with the addition of suitable thickening and/or gelling
agents. Such bases may thus, for example, inciu&e water and/or an
0il such as liquid paraffin or a vegetable o0il such as arachis o0il or
25 castor oil. Lotions may be formulated with an aqueous or oily base
and will in general also contain one or more emulsifying agents,
stabilising agents, dispersing'agente, suspending agents, thickening
agents and/or colouring agents. Powders may be faormed with the aid of
_ any suitable powder base, for example talc, lactose or starch. Drops
30 may be formulated with an aqueous or non-aqueous base also comprising
‘ one or more dispersing agents, solubilising agents or suspending
agents. Aerosol sprays are conveniently delivered from pressurised
packs, with.the use of a suitable propellant, eg
~ dichlorodifluoromethane, trichlorofluoromethane,

35 dichlorotetrafluaroethane, carbon dioxide or other sultable gas.



any suitable powder base, for exanple talc, |actose or starch. Drops 30
may be formulated with an aqueous or non-aqueous base al.so conprising one
or -nore dispersing agents, solubilising agents or suspendi ng agents. .

Aerosol sprays are conveniently delivered From pressufised packs, with the
useé of a suitable propellant, eg dichlorod]fl uoronethane, :

tr¥ chl or of | uor onethane, 35 di chl ot of’et r af | uor oet hane, carbon

di oxi de or .ot her sulbeltospasitions may-cohiteirc GuPOROOH om;haveetaoatn&terﬁll 100%
of the active material,_ | p | to rrpoun
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adult human treatment will generally be within the range of from5 ng to

5000 mg, pref 89918y ny to 2000ny, which may be administered in 1.to 5
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general |y range from Q e condi tion

of thelPati enPd‘“IH%Et’tﬁﬂ‘ﬁBLﬁ'P&s”E%épﬁq'ng"éeeo?fdﬁ‘-hg Ra(§1€'l¢e- i theon may be
prepared [ errtompositdvas cﬁmpmﬁu:eﬁse@e dased, ach ivAit haliodﬂe(ﬂétélﬂ»y ¥ha€h N

the various g S o] re as def] or for

ot herwi se spe?:l?f"%e @Ba 8 “actife 6&C ze ECO%O&I f¥PPoc ofpeg"BrE?cgbéds"lgA) a
conpound of formnul arqu):omm;,albmnpnemdlodoyhmen@sageoaqa@umrby@& foar mul a
(2) R6 25 (2)
[in which one o t unan t t?‘g?)tr évsxé%tgsenerallg ""%P(’EB“I err]%%r@o%g’so
repr esdht s an"%&eﬁﬁ%‘& Ogrﬁvpc%@##é%étﬂ éhQ dakientdr oxyl group and X2

The compounds useful according to the invention may be prepared

Dy a number of processes described in the following, wherein the
various groups and symbols are as def1ned for formula (l) unless
otherwise specified. _
20 Thus, according to one process (A) a compound of.fbrmula (1)
'may be prepared'by reacting a compound of formula (2)
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[in which one of RS and R7 represents a group -0P(0)(X!)(X2) (where X!
30 represents an atom or group convertable to a hydroxyl group and X2

(2) | o

represents a hydroxyl group or an xt moiety) and the other represents
a hydrogen atom, a hydroxyl group or a group -OP(O)(XI)(Xz) as just
defined] to convert at least one x1 moiety to hydroxy to produce a
compound of ‘formula (1), for example by hydrolysis or ether cleavage.

35 : Examples of X! as atoms capable of being converted to hydroxy
include halogen atoms such as chlorine or bromine atoms.



‘represents a hydroxyl group or an Xl noiety) and the other represents a
hydrogen atom a hydr oxyl group or a group -OP(O)(err)(err) as just
Jdefined] to convert at least one [err] noiety to hydroxy to produce a
corrpound of'formula (l)4 for exanple by hydrolysis or ether cleavage. 35
Exanpl es of [err] as atons capabl e of being converted to hydr oxy i ncl ude
hal 6gen at ons such_as chlorine or bronine atoms. -8- Exanples of [err]
as groups capabl e of Exmipigs adfn¥&rasedraupshgahabky dfnbeingecorvertedup Hyaroky

twhere X3 nmay r 1 a ly 3 [ t by a
e kol;zg?l{agc 3B 0x 2 mh&rx gwmerg@& alkably, awyg%ﬁp
cycloal kyl , ar §Ppt1@f"a¥hylsu%$t150ted °Y a *HFWY&I: k%‘IkOQYoGpJfllcTﬁéhQFoﬂ%rm on of

[err] to hydrox. cIBAIKPE gedid) 8 &Uklkeiyly @masmyuoralylprm@dw gs. Thus,
for exanpl e, al o en atom.yrmay be displaced by a ﬁydr oxyl group by
“hydrol ¥si s, ean ¥y @8R s using a suitabi e base such as an al kal i

netal hydroxide in aTselicombdraid® of X* tosbjdremry ney Bewaoried 6ut ajsyeq of ur an.

The conver si oncghyeildl BNALGYRdT™ 1S, CRIY (St M3L0%ah DGl 58P © ©9

a halide ion such as an on (o i ned, Fom ar al kal i :
met al hal i de sdcwlasec!;@dl arhyidgoxyle proyp aquﬂrelmw Mmmmlvds st as

tri ethylamne Bygi@aArl d8sd Bugh o an aluall iRERL whyﬁmdes#;% gsitanket one (eg

acetone or butan-2-one) or a substituted am de | f ormam de), or
by readpion wi BRLVENt e eRYsAss bLetrshyudrafush as trinethylsilyl i odi de in a
sol vent such as a ha’rmeameadzbrydﬁoma? Rannydtgx ¢ afahoe catFiRahbey ivdedg a

Lol 0vect By chSitihn, B9, BaL A8 Sl B o 350 RS 131" 51,
sUifabl e tenpeesampie, firom @xaiikdld metalhbalalegsuchl @stwdidf(0Gidd)t onid | be
e suc A RARIGE A OB Wl ol .
only oad of th&NetkosebeenyrBEhsas & !Sbﬁl‘ﬂr@ fegy apet@ehyar%&w PBEHOT 2n t hese
circunstances s@fsRitdied amide (eg dimethylformamide), or by reaction with a
trialkylsilyl iodide such as trimethylsilyl iodide in a solvent such
as a halogenated hydrocarbon (eg carbon tetrachloride) followed by
hydrolysis, eg basic hydrolysis using a suitable base such as an
20 alkali metal hydroxide. |
The reaction may be carried out at any suitable temperature,
for example in the range -109 to +100°C.
' It will be appfeciated that in accordance with conventional
practice the reaction may be managed such that when -DP(O)(XI)(XZ)
_ 25 represents -0P(0)(0X3)(0X3) only one of the two 0X3 groups is
S converted to a hydraoxyl group. In these circumstances secondary
phosphateé of formula (1) {ie in which R is an alkyl group
(optionally substituted by a hydroxyl, alkoxy, cyclic ether or
cycloalkyl'group) or an alkenyl, cycloalkyl, aryl, aralkyl or
30 aroylalkyl group] are prepared. Alternatively, both ox3 groups may be
converted to hydroxyl groups using trimethylsilyl iodide. In these
circumstances primary phosphates of formula (1) [i.e. in which R* is a
hydrogen atom] are prepared.
_ It will be further appreciated that the reaction may be managed
35 such that when an alkali metal halide (such as lithium, sodium or



phosphates of formula (lI) [ie in which R4 is an alkyi group (optionally
substituted by a hydroxyl, al koxy, cyclic ether or-cycloal kyl group) or an

al kenyl , cycl oal kyl, aryl, aral kyl or 30 aroyl al kyl group] are o
prepared. Alternatively, both OX3 groups may be convérted to hydroxyl

groups using trimethylsilyl |od|de. In these circunstances primary
pﬁpsphates of formula (lI) [i.e. in which R is a hydrogen aton] are

epar 11 okl MORS PBREPURL A 0 a9, oy o, manageo

35 “such Whe i an fsddi um or -
-9- pot assi umqommtd'@) of sfoymekk {hk ispprenmredt e aI kali metal sal t of a

‘compound of formul aAeLardlﬁgpeera&&Qr 99'(%9 LOC&BQMLE rpfo%gu(ﬁ (@w .

conmpound of formul a may be prepared by reacting
(3)' 5 %o brepated oy feacting a coppaunl q%)fowl[aem (. n whi ch one of R8

and R9grepresents a hydroxyl group and the other represents a hydrogen atom
or a hydroxyl group) to convert fhydrojpl oup at the 9 and/or 12
position to a group -OP(O) (CHL(ergy) whe 215 is as defined in
fornula (1) above. The convewshoh \na#b'e\eﬂf\ect ed by conventional neans,

for exanple by reaction of q coppoq orgula (3) with a(g?Iophosphate
Hal P(O (OH) (err) or HaP(O)(eir) i s a hal ogen em eg
chlorine and [err] and [err]\a/é\ éw/dN91y defined) or a pyrophosphate
20 10 (R40) (HO (O P-o- P(0) CoH)¥ %j ﬁ dze r)Y(X2) (O P-o-P(OJferr] (where
[err] and X2 are as previously defi ned) 9 owed, where necessary, by
conversion of one or nore [err] npoieties tqQ hydroxy according to the ~
procedure des€in bdadcmmmrmca@SarﬁdA)R9aprteseyE§earlqmbkﬂng‘ﬂ,.gr_h ah8€he other U

oo basy 1 of itasnte hvarRER veht o o GufiPid Srok) Loceimvant g vpemyior
an al kali or arous ﬂhetl'@a?tandrfet a2 pesitdnatte aggmpad)ﬂ(OMm'ﬂKbR)HaMere RY
15 is as defined in formula (1) above.
The conversxon may be effected by conventlonal means, for
example by reaction of a ‘compound of formula (3) with a halophosphate
HalP(0)(OH)(OR*) or HalP(0)}{X1)(X2) (where Hal is a halogen atom eg
. chlorine and X! and X2 are as previously deflned) or a pyrophosphate
20 (R*0)(HD)(0)P-0-P(0) (BH}(OR™) or (X1)(X2)(0)P-0-P(0)(X1)(X2) (where X!
' and X2 are as previously defined), followed, where necessary, by
conversion of one or more X! moieties to hydroxy'according to £he'
~ procedure described in process (A) apove. The reaction with the
phosphorylating agent_may'convehiently be carried out in the presence
25 of a base, for example an alkali metal hydride éuch as.sodium hydride, o/ _
or an alkali or alkaline earth metal carbonate eg potassium carbonate
in an inert solvent such as an ether, e.g. tetrahydrofuran, an
aromatic hydrocarbon eg toluene or a ketone eg acetone or a mixture of
such solvents. The reaction may convenlently be carried out at a
30 temperature in the range 0%C to 100°C eq 209C. It will be appreciated
that reaction with a halbphosphate HalP(O)(Xi)(Xz) or a pyrophosphate
(x1)(x2)(0)P-0-P(0) (X1)(X2) leads initially to the formation of a
compound of formula (2) which may, if desired, be iéolated.
According to another process (C) a compound of formula (1) in
35 which R3 is a hydrogen atom or a methyl group may be prepared by .
condensing a quinone of formula (4)



in an inert solvent such as an ether, e.g. tetrahydrofuran, an aromatic
hydrocarbon eq toluene or a ketone eg acetone or a m xture of such
solvents. The reaction may conveniently be carried out at a 30

tenperature in the range [err]to 1000C eg[err]. It will be appreciated
that reaction with a hal ophosphate Hal P(Q)(%ir)_( X2) or a pyrophosphate
[err] leads initially to the formation of a Conpound of formula (2) which
may, if desired, be isolated,yAccording to another process (C) a conpound
o& formula (1) in which I IS @ hydrogen atom or a nethyl group nmay be
prepared by condensi ng aequienone of fornula (4) - 10 - R10 (4) 5 [in
whi ch one of R10 and [e(ﬂ]/Fﬁpresents a group -OP(0)(CH)(err) or .

-OP(O (err) (X2) (mhereﬁXlﬁﬂuu[err] are as defined ghpve) and the other 10
represents a hydrogen \%O 20 hydr oxyl group, a group -OP(O (OH)(err) or a
group .- OP(O) (X1) (X2) ( ﬁpe\. 1 and [err] are as defined above)] with a
conmpodnd of formula (5) |POOH, 15 (5) [err] (in which RL2 represents a

hydr ogen atom or a group - or -COCH3) 20 and subsequently, if
requi red, converting one.or nore X1 ieties to hydroxy to forma conpound
of formula (1).[imhehicbaens ofi Bkt aee R 'L heepseagntsna arope -OPAB) @H) (CRY asm] (5)
may be carried Bpto] R1H0EPLARACE! Tna K2 Bk AL ARh aHBY Uludene BHALY a8

acetic anhydride, at an elev enperature, eg [err]. The 4
conveddi on of JiFETeFenkBr& NYAFsgen Bttty 8 HydsoxyldBERMP, ndyameHP «10PERY (OH) (AR Hg
((:g)ndi tijo?:s),) desw\x/in _b&ﬂ:ohﬂ MOFﬁs‘l)(N) e me\gcnhmun@ geﬁirfeﬁr lawdv%e!] (whilken
an in whic i S A ogen atom may be prepared by hal ogenating a
cor respondi ng ¢ rﬁ’gg of farnula t5) |
N ' H
3
. ® L CUUH
15 /'\\./ \./ g : |
- 1 A (5)
\:# \./ \R12 : '

(in which R12 represents a hydrogen atom or a group -CHO or -COCH,)
20 and subsequently, if required, converting one or more X! moieties to
hydroxy to form a compound of formula (1).

The reaction between the compounds of formulae (4) and (5) may
be carried out in the presénce of an alkanoic acid anhydride, such as
acetic anhydride, at an elevated temperature, eg 1009C. The

.25 conversion of one or more X! moieties to hydroxy may be effected using
St conditions described in process (A) above.

The compounds of formulae (1), (2) and (3) in which R3 is a
halogen atom may be prepared by halogenating a corresponding compound
in which R3 is a hydrogen atom. Standard halogenation procedures may

30 ' be used, for example, by reaction with a N-chloro-, N-bromo- or
' N-iodoimide, eq N-chloro, N-bromo- or N-iodosuccinimide, or perchloryl
fluoride in an inert solvent such as dichloromethane at ambient
temperature. _

The' compounds of formula (2) may be prepared from compounds of

35 formula {3) as described above in Process (B). Alternatively, the
compounds of formula (2) in which R3 is hydrogen or methyl may be



~in which R3 is a hydrogen atom Standard hal ogenati on procedures may 30

be used, for exanple, by reaction with a N-chloro-; N brono- or

N-i odoi m de, eg N-chloro, N-brono- or N iodosuccinimde, or perchloryl e
fluoride in an inert solvent such as dichloronethane at anbi ent

térrperature The conpounds of formula (2) ywy_be prepared from conpounds of
35 formula (3) as described above in Process (B). Alternatlvely _
the conpoundsPB¥PATEARN §o0densing whFerpomadiefl garddgett brinnetiny| oneagf Rt® -
11 - preparedndRdofslangtdp aom(@)mw'(d%)faﬁaoawloanéﬂ)lsla Pk Eden0 B R aR10

ydroxy! - or oufy e gqrﬁwé(e b, RS A BT Ko a0

according to (Hk awebinisigoto ;theowaoé @Ff abaess €C) above. The
conpotinds of formul &, r.0g r t.h red
by céndensi ng a qui noéne o or rrul ‘ﬁls" gj’jj iR %Cﬂ RIS Nydr”&é’n 0% Re%?

(6) [err] (inm&hidehpraRared msomsmm guigone drfogtmydao(f) or a protected
15 hydr oxyl group such_as an acyl oxy group eg acetoxy or
hal omet hyl car bonyl oxy and @ heRbiher is a hydrogen atom a hydroxyl group or
a protected hydroxy group } ﬂust' defined) with a conpound of fornula (5)
according to the nethod oi\pVOQess (C above, followed, where necessary, by
.renoval of the protectin gﬁoup' eg under acidic 20 condi tions
usi nd® for exanple, hydrgchl orig acid in a solvent such 5@ t et rahydr of ur an.
The conpounds of fornula X4) \ny be prepared by phosphoryl ation of a
.conmpound of formula (7) OII 5 25 .
unm) [err] 30 (in which ome ofRl'R15 and R16 is a hydroxyl group and the i_)
other'is a hydrogen atom or a hydroxyl group) according to the nethod
described - (in which one of R!3 and R1* is a hydroxyl group or a protected

15 hydroxyl group such as an acyloxy group eg acetoxy or
' halomethylcarbonyloxy and the other is a3hydrogen atom, a hydroxyl
group or a protected hydroxy group as just défined) with a compound of
~ formula (5) according to the method of process (C) above, followed,
. where necessary, by removal of the protecting group, eg under acidic
| 20 conditions using, for example, hydrochloric acid in a solvent such as
tetrahydrofuran. |
The compounds_of-formula (4) may be prepared by
phosphorylation of a compound of formula (7)

. , 0 RIS
25 ) : : [ u
' / \ / \\ (7)'
II II l
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(in which one of R!S and R16 is a hydroxyl group and the other is a
hydrogen atom or a hydroxyl group) according to the method described
- in process (B) above.
The compounds of formulae (5), (6).and (7) are known compounds
35 descrived in EP-A- 161102 and GB-A-2175587



‘in process (B) above. The conpounds of fornulae (5), (6) and (7) are known
conpounds 35 descrjbed in EP-A-161102 and GB-A-2175587. - - 12 -
The internedi ates of fornmula (2) are novel conpounds and forma further
‘aspect of the inventiom Key intermediates of formula (2) are those in
which R3 is a hydrogen atom R6 is a hydroggn atomand R7 is a group
-Gb(-C))[err]Mere_Lerr] and[err] both represént™ OX3. Such 5

i.nt ermedi ates in whitHe XSterdeditzeydimEbinllao(2) abé eopal tdodpdunidsyandd EHZY la
are of special | r a for

formed, the corr%bg%n%?’ecy\y’]ﬁ “ 1§ nté;lgé)'t aK%\égRggp"geggé%eﬁt?gwgﬁm%e rgg?b ©
addition of a thfisealn ehieh R°eiga aycmogem dtongiRf smmha@rolqydratomm| 874 d.

10 a gfbgs &OP(@RRWW merfeoana X2 hot s rQ[aPé’ééﬁ@Cb%m tqRnaci d
form a.corres ond| sal t rra%/ pbtai ned by conventional neans, e.g. by :
additioh of a medIabeRi g ich ¥ eddi Penroykbetonl qror"“é"ﬁaﬁﬂ‘éc%ﬂlum

hydr oxi de or ambralykaéne oPtspeci4lr boteteat & such as a sodi umcar boxyl ate (eg

di 2-ethyl h |t of I 1
ay be prepar ed by (PERk GALE eSpomhoBie e AR TP i PR B or mowt
a suitabl e basesriresporeidhy exid ayhbaobhained, bucoeyérdiongl mesnsaby dedgfitiiam or
O aconol | o0 5P WLoftn 8140l 001 a Buftadilatid WRLE U nydieh RAGE! AllaTRY

conveniently be carrie enpera ure. r nat |ve y, a salt
of a cobpound of forWhgre g spmpaupd qf formulige(blodai Areduesd incthei Agica faoms @bl e

conpound of f adghtedpdndlingVidallt Mayob& dbtaiftidaby RBhl&HLi6R&L Wkbdd,UBld 08 de

sodi um i odi de or got assi um i odi de; in a suitaple solvent such as wa a

ket one (eg acelSHEI} of 2 Base A5ALidise thenreavired takians °Eo‘?ﬁ?@ﬂ}%ﬁf’f’§r“"ht
aQbj ent t enperridirbeideAdr o BDkaAAGI Mot &ambxﬁlaxerrwndsca‘ sboiumubartokyl sgey be

b an oo o8, Wadh RS el ¥ HIE ) bl 8F skl
tenperatsire. Alamay @fe a:mnpb@mdtmtim raubempoLnd mfy firmud enfdor e ctheoscid
di fferent sal tgrfOwitnPRYsliChOd 5a4d ¥nas RV Sudtlab: wﬁ}ér?xﬁh@{?g& o)
tetrashydrofuran or an alcohol eg isopropyl alcohol or a mixture
thereof. The reaction may conveniently be carried out at ambient
temperature. -Alternatively, a salt of a compound of formula (1) may
20 be obtained by treating a suitable compound of formula (2) with an |
alkali metal halide (eg lithium iodide, sodium iodide or potassium
iodide) in a suitable solvent such as water or a ketone {eg acetone or
pbutan-2-one) or a mixture thereof, conveniently at ambient
temperature. An amino acid salt of a compound of formula (1) may be
_ 25 obtained by treating a compound of formula (1) in the acid form with
K*; an amino acid, eg L#arginine monohydrate in water at ambient
temperature. _
‘A salt of a compound of formula (1) may be converted to a
different salt, eg a physiologically acceptable salt, by exchange of
30 ion using conventional means.
When a'specific enantiomer of formula (1) is required, this may
be.prepared by conventional methods of resolution known per se. Thus,
. for example, racemic compounds of the invention may be resolved as
salts with optically active bases, eg (+)-dehydroasbietylamine or
35 | (R)-(+)- or (5)-(-)-=fmethylbenzylamine. Alternatively,'dptically
active compounds of formula (1) may bé prepared from optically active



30 I on using conventional neans. Wien a specific enantioner of formula
(1) is required, this may be prepared by conventional nethods of resolution
known per se. Thus, for exanple, racem c conpounds of the invention nay be ™
resolved as salts with optically active bases, eg (+):dehydroabietylam ne

or "35 (R-(+)- or (S)-(-)-a-methylbenaylamne. Alternatively, '
optically active_conpounds of fornula g!) nn%ébe prepared fromoptically
active - 13inteRpedintas a®@sOPEGabbt fEhIYY 1atamediateser irdarales (DX fornul a
(5). | Ragen} c Mﬁwrﬂiﬁp@indfsofmfbmtﬁfa) (sh_ﬂm?fnnmﬂ iig Mb@ﬂeﬂaﬁgsé be

.resol ved, for_ex €,.3S S t ti. .aci{ive bases as above or
with optical lg/gsggg?c%,efggiedzéﬁp%eg \?%)*I:]a(@?-"‘os ?ﬁ“-: fi%y F%E’tvgr E%s-e cfy.2bgve
Conpounds of dmmith ®peigalily adtilyh Rids) segCkIO -dr)€ERHED hely- ) bearsianid @chy.
resoLved as s | ' | legyagt iW des; f0 i g nan=J 1A tiNg
Exanples il ulgatm%g%ec‘a&stt Hgoﬁﬂ\f?g% i%?\. ﬁNwﬁf%rg% erf'ft Eﬁgsofrajr:ée@gnm%ep?] Si"iﬁgk'gey; -
ot herwi se st afe8l¥ed ap\salfacyitly opfically|astéve §3aged.uti ons in ethanol of the
conpounds concer nfib f&D1dwihg! weREl dhit ihg ExameIes 21 Niste byt "BiveNt dddoshat e
A sol ution of, sul- hur%l chl'ori%e %489‘% in toluene (25m ) was added to a
stirred sol Ut‘f‘ﬂ'l‘?eg?t"ﬂ BATPy 17 plrosHieed tdeputne) statedoplie f¢ appctral data

(75m ) under réllategmn solutfiensiixt etteanodsofs tthe rapapbdarids’oriebnedinder ni trogen,
mashfd wi th 8% sodi um bi carbonate solution (75m) and the organic |ayer

sepa %ted and dried over anhydrous sodi um sul phate. After filtration the
filtrate was Itgpnedimte ind dried to.gi ve di benzyl chlorophosphate (7.75g)

as a colourl 16hé 5-524@heh Ryl)phosphatedr bonate (1.81g) was added to a
solution of 5 =t 4 ) ' . 2.18&i[1 acetonitrile(soomb
with stirring at rdospleionr &Pé?"#ﬁbs?h]?rbé%éér )dimdriyene (25m1) was

chlor OphOSPhaédﬂeﬂko?Egﬂtﬁged advejon afzd:i@:teaiw ghi;ﬁ:rﬁéarﬂs).nﬂm aﬁg&gu&ﬁ% the
mxture stirr r ._.Pot assi um cat bonat e s.then added and a
further 25 ComlS R EgoR8t i B BiRatet ahf DRSS B ar: or

anot her 24h. nitmegen, washed with 8% sodium bicarbonate solution. (75ml) and the

organic layef separated andﬁdried over anhydrous sodium sulphate.
After filtration the filtrate was evaporated and dried to give
dibeniyl_chlorophoéphate (7.75g) as a colourless oil. Potassium

20 cérbonate_(1.81g) was added to a solution of 5-hydroxy-1,
4-naphthalgnédione (2.18g) in acetonitrile (300ml) with stirring at
room temperature. Freshly prepared dibenzyl chlarophosphate (7.75q,
see sbove) in scetonitrile (50ml) was added and the mixture stirred
for 20h. Potassium carbonate (907mg) was then added and a further

25 ' quantity (907mg) of potassium carbonate added after another 24h. The W
mixture was evaporated to dryness and dried in vacuo to give an oil.
The oil wasusunjected to column chromatography (silica, 500q, 70-230
mesh) eluting with dichloromethane:acetone (96:4). Fractions (250ml)

_ were colleéted and fractions 4-12 combined and the solvent

30 ‘evaporated. After drying in vacuo the title compound (3.18g) was
obtained as an orange solid; - & (CDClj3) 5.28 (OCH,), 7.38(Ph).

Intermediate_z )
BiS(phenylmgthyl),[5,8,13,1a-tetrahydro-1aemethy1-8,13-dioxobenz[5,6]-
35 "isoindolo[2,1-blisequinolin-9-yl]phasphate




m xture was evaporated to dryness and dried in vacuo to give an oil. The
oil was subjected to columm chromatography (silica, 500g, 70-230 nesh)
eluting with dichloronethane: acetone (96:4). Fractions (250m) were

coll ected and fractions *4-12 conbi ned and the sol vent 30

evapor at ed. After drying in vacuo t he Ll tqlge gorrpound (3.189) was obtai ned
as an orange solie— 6 (CDC13) gw 7. 38& I nternediate 2

Bi-s( phenyl net hyl ), [§°?§1E38Wdquer was, adged P g mixtureo’bhenz[ 5, 6] -

|( g-cznm n;:lol o[ 2, (]j.Nb}'dﬁ@m-bﬂ 1208 -8t ydhlypheidelaair] ine-4-ddthy 1452l bosdi iy diciide

1 was a
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and int er medi atet0p® (Brld8g)in Fikh sbimxtingn tmemqméed/vasd teyapetktgd 4900 for 30
mn W th SUT Gefibes! ik CARlRED s SAARO0T ACPeddt e/ BEP Syl iRl [ ALHIER T

pressure. The resulthfg\ ol | i ssol ved 1 n dichloronethane (5 and
bther was addedchhamoneidane) (GmLbdcethen Yap Ardesk 80d 88 cRALNBIN sa? d Fhe

resul ting yel laAvacebhdl de@ro1@Obhiafit eﬂ'-eb)teétiﬂt&ﬁ@tyiembvaﬁdlﬁf lwed o@ulémm by

tenperature t thetl c un 6lerr]

5.23+5. 13 (5H)(} g“?g 1on 2y rf"%ﬁ?‘fﬂ?ﬂa%f&"“r”ﬁ?g% Qi H& é’e eRefe bomodth

5, 8, 13, 14- Tet Ky 9- BEOCE HxFs 2-5- aetieiil,be 522 54561 3 SGHN dBI96[ L4k h] 1.55

i soqui nol i n- 8( diyone Water (312nml) and concentrated hydrochloric acid
(169m ) were adde®’fo a suspension of

5, 8,13, 14-tetrahydro-9-[i odoacetoxy] - 14- met hyl benz[5, 6] i sai ndolo[2 , 1-b
] 1 soqui nol i n- §ntdrtrediaee3(80.0 g, Internediate 9 in GB-A 2175587) in

t et rahydrof ur @n_CT . Thlsmxture ' and heated_to reflux
ukder nitrogedefs Qri-NYEEQN S 3AES :
distillation atsoqunmnkmq-ar,ﬂ:-qinessure The resul t| ng suspen5| on was stirred

flltration, vashed T STt oot pBenk e hydolfitbede el CRORY) vers . ¢ e
title compounddders tagy stusmalgqafrrﬁ(w@,ﬂa-tpérwdr@-%émcpagetw]ftq-ls 1H),
methylbenz[5,6]isaindolo{2,1-blisoquinolin-8,13-dicne (80.0 g,
Intermediate 9 in GB-A-2175587) in tetrahydrofuran (1.335L). This
mixture was stirred and heated to reflux under nitrogen for 18 h and

part (550ml) of the solvent was removed by distillation at atmospheric
~ pressure. The resulting suspension was stirred and cooled to ca. 59

for 4.5 h, and the solid was collected by filtration, washed with cold

tetrahydrofuran and dried in vacuo to give the title compound

(48.8g) ;M\ pax 243nm {MeOH), 511022--5 (cocLz) 12.98 (OH,s,1H),

5.27 (5-H,d,16Hz,1H), 5.16 (S-H d, 16Hz ,1H), 4.98 (14-H,q,7Hz,1H),1.55
St (14-CHy,d,THz,3H) .

Intermediate 4 :
Dimethyl,[5,8,13,14-tetrahydro-14-methyl-8,13-dioxobenz-
[5,6]isoindolo[2,1-b]isoquinolin-9-yl]phosphate




5.27 (5-H,d, 16Hz, 1H), 5.16 (5-H d, 16Hz, 1H), 4.98 (14-H, q, 7Hz, 1H), 1. 55

(14 CH3, d7Hz,

3H). Internediate 4 Dinethyl[5,8, 13, 14-tetrahydro-1

4- et hyl - 8, 13- di oxobenz- [ 5, 6] i soi ndol of 2, 1- b] i soqui nol i n-9- yI]phosphate
_ 15 - a) A 60%dispersion of sodium hydride i.n oil®(200nmgy) was washed
fr‘ee of oil with 40-[err] petroleumspirit (2xl Ord) under a nitrogen
at nosphere. Dry tetrahydrofuran (25m) vvaskgdded to the sodi um hydri de,

followed by addition of Intermediate 3 (1

&

indry 5 - tetrahydrofura,ru

(150 ).  The a) eb 10+ dispeobian ofi suEsusthydr ik dah ¢idr (zooua@leﬁasnhwﬁaefbé‘em 15"

phosphate (72%??{]”6%% g’atg’% ghw;cfir% uOJ lgégﬁi’l?mﬁf)tsééé% ﬁdtﬂgrrgt C![::(I‘)HnOI’O

mMn and t hen

m Xture was d.aFm%em hDV\Htf@rtrE*BGUﬁf')l'a&n

(3x250m ). Thayesidei, nﬁuhan&%ycsd&tmn o?Xir‘i@&&:édi’&EeB qni, 8 9}46&
sodi um sul phat e and

chr omat #gr aph ebranyp

reas edded to thec bddivonet hane

oam was purl rgd

(29:1) to gi vendlélenlttdgrencﬁifpmilnﬁnaancﬁ toeR iteb 0w dn 2386)utibRrdfl FR@shly

(51,0, 17+ ﬁ?g%@%g @Retny.cRldd bSspphte H)ﬁ’%g%Sn(%@'igémaﬁéasokpupw14

(14- CH3sd, 7Hz {3M)).. Afkeri bh|thai rrpctdom mintisre wae didepet @ith wates i (500m@Y)

manner usi ng

bR @xﬁﬁﬁ@ﬁewﬁﬁaﬁﬁlﬁoﬁm%ﬂpr('ﬁﬁﬁlﬂh@' ﬁﬁ'{é grflﬁ"'\gd &%am_c

Diethyl,5,8,13, 14-tetrahydro- 14- met hyl - 8, 13- di oxobe

i SOi ndolQ)[Z I
(4.09) and di
[err] 155; 6
(14-H, q, 7Hz, |

ex§nacts ens| 95ieq. gyery Agistaue sodiuGulghateqsnd syanarelieditte 8

anhydr ous .

Fofiten oSt LEr i Gempling: eniomeen steraed i

gidun foam @hﬂtﬂh%ﬁrﬁlrﬁfie”d 89 560 Lumn Néhkom ra oflsilQR4, 372nm_ .

deﬁ %I}J?tS d*ﬁ@u ?6- @tﬁa%qo—mgglganolii ?zl ? o E{%.v;q_é:hs

(OCH2CH3, m GFMqN epgde,e{'iSfihmlB‘l BBIgRs N fdm . 8¢in,TE hw5-28 369.4nm,
3044

, 13- di oxobenz{&g, 6]55,;5(% 2) Qk0d§5| ¥ Hl-lzlsfﬁ%

fromlnternedl ate

242. anrdg err] tfttd,qsl(bi 2 1H: BGQU%rﬁﬁ}FHEﬂnslgﬂ ?‘ér(ﬁft-@laza '(Hi BHY, 16Hz, | H) ,

S AR A % ok ok

or ophos hdte X

5.15 (5-H, d, 16Hz, | H),

20

25

30

35

The following compounds were prepared in a similar manner using

Intermediate 3 and the appropriate halophosphate:

b) Diethyl,[5,8,13,14-tetrahydro-14-methyl-8,13-dioxobenz[5,6]-
isoindolof[2, l-b]iSoquinolin—9-y1-]phosphéte, (5. 6099)' from Intermediate '
3 (4.0g) and dJ.ethyl chlorophosphate (2. 3059), ey 243.50m, '
E1 1007, 372nm, E1 155; & (COCL4) 5.23 (S-H,d 16Hz,1H), 5.13
(5-H,d,16Hz,1H), 4.93 (14-H,q,7Hz,1H), 4.37 (OCH.CH,,m,4H),
(14-CH3,d,7Hz,3H), 1.38 (OCH,CH,,m,6H). :

c¢) Dipropyl,[5,8,13,14- tetrahydfo—M—methyJ.-B ,13-dioxobenz[5,6]-
isoindolo[2,1-blisoquinolin-9-yl ]‘phosphat_e; (2.068g) from Intermediate

3 (2.0g) and dipropyl chlorophosphate (1.339g); Apay 242.4nm, E: 940,
369.6nm, E: 132; & (COCl3) 5.25 (5-H,d,16Hz,1H), 5.15 (5-H,d,16Hz,1H), |
4,95 (14-H,q,Mz,1H), 4.27 (OCH,CH,CH3,m,4H), 1.76 (OCH .CH CHy,m,4H),

1.56 (14-CHy,d,7Hz,3H), 0.97 (OCH,CH,CH,,m,6H).

\J



“4.95 (14-H,q, 7Hz, I H), 4.27 (OCH2CH2CH3, m 4H), 1.76 [err] 1.56

(14-[err], 7Hz, 3H), 0.97 (OCH2CH CH3, m 6H). 35 . 16 - d) _
BIS(| met hyI ethyl),[5, 8, 13; 14-t et r ahydr o- 14- net hyI 8, 13- di oxobenz- (5 , 6]
% soi.ndol o[ 2 , | - b]i soqui nol i n-9-yl ] phosphate, (1.563g) fromInternmediate 3
(1, 59) and dllsopropyl chl orophosphate (1.003g); 241.8nm [err] 880,
36976nm E1 132; 6(err) 5.25 (5- H d, 16Hz, I K, 5.15 5 (5-H,d, 16Hz, | H),
485510(14H+OCH£&CHSZm3I—? . 56 14(1,I—|3d7H23H) 1.30-1.45
(\OCH( CH3) 2, m 12}“81s ~methydethy );[5 8, 13 14-tetrahydro—1a—methyl-e 13-dioxobenz-

[-5, 8,13, 14-tetg dé@:n%iaat Mycbh%o&@n@u@as-@b DIdhesBbate (1 563?) from _

I soi ndol of 2, 1-PJ,S ) er nedi ate 1 10

3 (1.5g) and d *L‘ﬁ‘v i D} - SRR hoganale 1408595 a5

26868?5”4 [er r241.86m, Cmim,B)ssﬁ.saﬁ (5- h3zk, %Hzcﬂ,b-l)ls .25. (LSS-H(.E Hnél,ilpﬁ)kﬁls_blfg
err], m

1.56 (14-AB tgltéy) z"?})gz 5 ié %F‘F‘% ‘[k'%ﬂ) ’gﬁ% rfgﬁb 15 f)

B s(tetrahydrolt‘k—ﬁﬂﬁaiﬁﬁneﬂ'lﬂyl) 39518‘5130@45ﬂg15,ah1/21+)@ 14- et hyl -

8, 13- di oxobenz[ 5, 6] i soi ndol o[ 2, 1- b] i soqui nol i n-9-yl ] phosphate (1 .00g) from

Internediate 3 (2. 0 apd Dbi tetrahydro 2 furan Irreth ) chl arophosphat e
(6. 78g, freshl?)( o gk §© ( ST ALY QEO 1 £ ‘ 7%10x9hgnz? H]

t et r ahydr of urfmcmha@iamhmahwaalirhatypwwbéﬁmb; qu .B26g)i Afdal dhi:é’rm%aiéﬂeed

out by col m £h10 r.a [ ca W t
d:JchI )c/)r one’l:%a hlat‘i gd Jﬁ:m?/ff%;ﬁﬁi ?é@lﬂg?% 5%?%' :ogfﬂ R ha H:-ar 356,
purified by cd’r&?rrﬁmc,hrﬁ t@gré‘rﬂ@m@h 5325 |(&5&H(<T,G§MZHIHI)T,|MS\MS4M d,16Hz,1H),

di chl h 6 X 25
1;\%* g{g?ﬂ a5 24( hﬁ!ﬂ? ’ﬁ& “@ # )(g-i%% gt‘ﬁncu ]’1“&&2& '3@9 %? 96(er1£1] H q,

T 1H); nE_zC!ﬂzﬁﬂ.{se'r:f“'} ﬂn N)‘“-Cﬁasef?éiir,?"mﬂ m-m 3 Cycl ohexyl
met hyl , [5 8 1@JC1I ?—*5 d.rm)l,4an9z tH %34 .
(5 6] i soi ndoI o(2, %ﬂ" rsoqui nol i n- 9-vyl] phgn.I g_’ﬁ (1. 4099) from
f) Bls(tetrahydro-z-furanx;methyl) [5,8 13 ,14-tetrshydro-14-methyl-
8,13-dioxobenz[5 6]1501ndolo[2 ,1-b}isoquinolin-9-yl]phosphate, (1_009)

‘from Intermediate 3 (2.0g) and bis(tetrahydro-2-furanylmethyl)
chlorophasphate (6.78g, freshly pfepared from phosphorus trichloride
720 and tettahydrofurfuryl alcohol) except that purification was initially
carried out'by column chromatography on silica (650g) eluting with
dichloromethane-acetone (4:1) and the resulting yellow foam further
purified by columnn chromatography on silica (70q). eluting with |
dichloromethane-methanol (96:4); A nax 242.2rm, E; 809, 369.80m, E}
L/ 25 117; &(CDCl,), 5.24(5-H, d, 17Hz, 1H); 5.16(5fﬂ, d, 17Hz, 1H);
- 4.96(14-H, q, THz, M); &4.30(POCH;, m, 4H), 4.21(OCHCHO, m, 2H);
1.56(14-CH,, d, THz, 3H) | o

_ g) Cyclohexyl methyl, [5,8,13,14-tetranydro-14-methyl-8,13-dioxobenz- -
30 [5,6lisoindolo(2,1-blisoquinalin-9-yllphasphate, (1.409g) from
. Intermediate 3 (3.0g) and cyclohexyl methyl chlorephosphate (2.9q,

freshly prepared from methyl dichlorophosphate and cyclohexanol);

Ny 2024 nm, E) 899, 369.6nm, £ 150; 6(CDC1y) 5.23 (5-H, d, 16Hz,

35



Intermediate 3 (3.0Qg) and cycl ohexyl nethyl chlorophosphate (2.9g, freshly
prepared from nethyl dichiorophosphate and cycl ohexanol.); Xma~ 242.4 nm E
899, 369.6nm E 150; 6err5.23 (5-H, d, 16Hz, 35 - 17 - 1H), 5.13(5-H, *
"d, 16H, 1H), 4.95(14-H, q, 7Hz, 1H), 4.64(CCH, m 1H), 4.01(errin, 3H),
g’54(14 CH3, d, [err], 3H). h)

s(2- propenyl)_L.S 8, 13 14-tetrahydro- 14- et hyI 8, 13-di oxobenz- 5
[ 5, 6] i soi ndol o] 2, 1- b] i soqui nol i n-9-yl ] pho8phate, (3. 554g) fromlInternedi ate/
3 (3.0g) and 5 or,0 Sp e X I cat was
_carried out bﬁi'l) 'Jf)ﬁmggqfrghapﬂg h-f")t 4%%(??%} %ﬂ?&o? tt;?&krocf-l "fl HR?

di chl or onet h%@JMQW gYx; A).! 5§ 4 H2421,2?H13, 3®1- 973 nax 371 8nm E1 148;
6[err], 590610(CH m - 2H), 5.20-5.45 (CH2," m 10 _ 4H) 5. 25(5-H,
d, 17Hz, - Y : - .
4. 75- 4. 90( *Q f B! ; ' pthyiBe

, 135 14- tetraﬂydshﬁnmgL1--&]136q1.|10zibheﬁz{/51p6];sphate, (3 5549) from

20,00l oL 2, e VL beoRLId 6 G OISV By Sofl el O 0 LR £ae'®
phosphor us tmmhfmtdenana RNt eth-obt oby ceku%‘pphtmmtoatamb' evapbict (BM0Phe

oil was diss " 5 tgediat and
the resul ti nclJl\(le]‘;leo\?\/‘1aﬂk)%lllmdfc’&J“g‘gﬂ’an(a 539&\;\/3%3695; &?‘ A mex éggy%r%t ﬁ% r§b?ﬁax

t _
242.4 nm E1 33""9661 My gf Egg)e B #6p 160l Ts ZH) P-2805.45 (CHyy mg 7y,
il_%l,S i ég(i(iplﬂﬂ)d , 5. 25+, 14) , 17“2961?()],45}15(%# ,/dz, 1m$)m1m EI)@ 9&14%-[!?3]5 4H)
[ferr] O 88(%%%%(: 13 5L, " g,y W,
Bi s(2- met hoxyethyl ), [5, 8, 13, 14- tetrahydro 14 met hyl -8 , 13- :
di oXobenz[ 5, @ng _, (3.4l 3 ) 1 p{g;\_td%{(eq;gg f]r_om

| nt er medi at e _
freshly prepdsSe héuzu% q)xymﬂ dnf-myedea&eept

thalts the col tzrmzy@s ehmhesewyuhcnﬁ&bbmspﬁewanem@et Prdshi ¢ pbkpaded from
phosphorus tnchlonde and pentan- -ol) except that after evaporation
the oil was dxss_olved in diethyl e_th_er (SGml),_stlrred at 209 for 30
min. and the resulting yellow SOIid filtered and washed with diethyl
ether; A .. 242.4 om, E: 913, 369. 4nm, E: 137; &(CDCl4) 5.24 (5-H, d,
20 - 17Hz, 1H), 5.14(5-H, d, 17Hz, 1H), 4.96 (14-H, q, 7Hz, 1H), 4.20-4.40
' ~ (POCH,CH,CH,CH CHg, m, 4H), 1. 65-1.85 (PUCH2CH2CH2CH2CH3, m, 4H),
1.56(14-CHg, d, THz, 3H), 1.20-1.45 (POCH,CH,CH,CH.CH,, m, BH),
0.88(POCH,CHoCHCH,CH3, m, 6H).

25 j) Bis(2-methoxyethyl),[5,8,13,14-tetrahydro-14-methyl-8,13- -
dioxobenz[S',6]isoindolo[2,1-b]isbquinblin-9-yl]phosp_hate (2.07q) from .
Intermediate 3 (2.0g) and bis (2-methoxyethyl) chlorophosphate (1.55q,
freshly prepared from 2-methoxyethanol and phoéphorus oxychloride)

except that the column was eluted with dichloromethane-acetone (4:1);

30. Apay 262.2nm, E] 920, 371.6nm, €] 142; 8(CDCL,), 5.23(5-H, d, 17Hz,

max
1), S5.13(5-H, d, 17Hz, 1H), 4.95 (1a-H, q, 7Hz, H), 4.48(POCH,, m,
4i), 3.68(POCH.CH,, m, &4H), 3. 39(ocu3, s, 3H), 3. 40(0CH3, s, 3H),

1.57(14-CHy; d, 7Hz, 3H).

35



30 . [err]max 242.2nm E1 920, 371.6nm E1 142; 6(CDC13) 5.23(5-H, d,

17Hz, mex 1H), 5.13(5-H, d,«17Hz, 1H), 4.95 (14-H q, 7Hz, 1H), 4.48(POCH2,

m- 4H), 3.68(POCH2CH2, m 4H), 3.39(err], 3.40(err), 1.57(14-CH3; d, 7Hz,
35 - 18 - k) Bis(cycl ohexyl net hyl)

[5,\8 13, 14-t et r ahydr o- 14- net hyl - 8, 13-

'd| oxobenz[ 5, 6] i sordol o[ 2, 1- b] i soqui nol i n- 91yl ].phosphat e (5.302g) from

| nt-ernmedi ate 3 (4.09),.and bi a(cycl ohexyl net hyl ) chl orophosphate (8.22g,
freshly prepardd ngiﬁ_ﬁEmm_iﬁLﬁL Zﬂlﬁ‘l“ﬁ)’dm'm‘methybe 13-

cycl ohexyl met hadiixpoéief 8 pd ] ilsbidoabl 21 - sywnﬁdlqn-ﬂy&]misbdaw%sImzt;wr%ﬁd

th eth 100} 1| a.r
mcet atel chi or of IERFRSa1aE T Sh.AR), S84 D1 SreIgierimetnad) 1dorenespyats. o5 (5. 1
d, 1BHz, 1H), 5(8122.5, Hireshlyl ténaréd)frod. @OEAMortds tricRHITidéHind 4. 09( OCH2, m
4 . 54( 14- t @roed ' L7Ethx! ). (5
2)13 14 'Eetr ef}%etrﬁh?ﬂ) %Qgé;g: 5‘%%’@;? e@a&)ra@iér( RAEMNWLTEL A ) (
(5., 6.i soi ndol o[?llutﬂtleéo‘qkhhnétﬂeﬁ- 91%“Pbkﬁ§'§ph%\xséaukﬁ¢ﬂofmwtmm m de

(1.017g) was. ad&%@aﬁé)’cﬁl&ﬂdf&fﬁd x30| Yl kb £ 15778, 369, rfli B2 “ﬁ»%l rregPatte

Tn
(00t he' Suct) A-5CE et by oy e 7 Pt Poe 408 F e e

concent r at ed ton-a,lm.wskug;em,( alpyIt1.54 L0CH 5, B)i SHAROBMYJ on was then used in
the follow ng preparation. A 60% di spersion of sodi um hydride in oil
(134my% was washed 20 ~ free of oil with 40-600 petrol eumspirit
(2x1 5m ) under Intprmedigbter S5at nosphere. Dry tetrahydrofuran (25m) was added
tq the sodi um wdéi&%hé : et Hﬁ@mﬂﬁée’h §-831§51d 1

t ée¥ahydrof ura
an ice-bath anc

chl or ophosphate in bﬂ%ﬁﬂﬁ‘oé&é&ﬁ&mﬁfel@mﬂﬂé)?&:a%bﬁﬂt&.\d to°~fat gtirtedaéoll®fn of
15 dibenzyl phosphite (3.3ml) in dry benzene (30ml) and the resulting

solution was stirred at 20°, the succinimide was removed by filtration
and the filtrate was concentrated to a low volume (about 5-10ml).
This solution wés then used in the following preparation.
A 60%-dispersion of sodium hydride in o0il (134mg) was washed

20 free of oil with 40-609 petroleum spirit (2x15ml) under a nitrogen
atmosphere. Dry tetrahydrofuran (25ml) was.added to the sodium
hydride followed by addition of Intermediate 3 (1.0q) in dry
tetrahydrofuran {100ml). The resulting red solution was cooled to 10°
in an ice-bath and treated with freshly prepared dibenzyl

o’ 25 chlorophosphate in benzene (about 5-10ml, see above). After 2h at 100,

the reaction mixture was allowed to warm to 200 and maintained at this
temperature for 3h.The reaction mixture was diluted with water (500ml)
and.extracted with aichloromethane (3x250ml). The combined organic
extracts were dried over anhydrous sodium sulphate and evaporated to a

30 green oil which was dissolved in dichloromethane ahd-apblied_to a
column of silica (300g) prepared using dichloromethané-acetone (96:4).
The column was eluted with dichloromethane-acetone (96:4) and 25ml
fractions were collected. The product—containing fractions were
combined and evaporated to yxeld the tltle compound as a green foam

35 (1. 211g), « 244rm, E: 743, 374nm, E1112, & (CDCL4) 5.20-5.40




the reaction mxture was. allowed to warmto 200 and maintained at this
tenperature for 3h. The reaction mxture was diluted with water (500m ) and
extracted with dichloromet hane (3x250m ). The conbi ned organic extracts =
‘were dried over anhydrous sodi um sul phate and evaporated to a 30
green oil which was dissolved in dichloronethane and applied to a colum of
sili'‘ca (300g) prepared using dichl oronethane-acetone (96:4). The col um was
eluted with dichloronet hane-acetone (96:4)1%9and 25m fractions were )
col l ected. Th [ C nt ai g 0 re.C and .evaporated to
yield the tit o €%‘édhhﬁ% % ﬁ '@9 d?%ﬁ gé)wes 3 &nﬁig’g%%;ﬁ)[’e Pmax
244nm [err] -Hscv’z?Hm{fBr,r] 5é Ké‘r-rqﬂasdewzww)o -19 - (err), 5.23
(5-Hd, I 6Hz, I H), 5.13 (5-Hd,|6Hz, IH) 4.95 (14-Hq, 7Hz, I H), 1.55
(14-CH3, d, 7Hz‘,[ The foll ow ng ound was prepared in a simlar nmanner:
" 5 b) Bis(4-ni W&‘Pﬂe‘ﬁ%?%ﬁ’ﬂ%‘j"d[ 8898 Spﬁdt&@aﬁwrlarlwnethw 8, 13- .
di gxobenz5 , 6] i soi ndol of 2, | - b] i soqui noI i n-9-yl] phosphate, (3.662g) from

y ' /|

| nt er medi at e D% 6 sg)_ ] gro&gos h%-me(thy?&% max

244nm [err]; ShES =
(5-H,d, | 8Hz, |qa‘mxot5er325; 'Ispgv_osafzzM]xsbqﬁ%qnd-%yqlﬁridisnhhﬁe, 1346k2q)

(14-CH, d, 7H2Fr%||ﬁ')lnt|e%§d’1rar€g'33t(?h@?)5’aﬁdéﬁ(g-nltrob enzyl) ¢ qlggrighqighate

14- Tetrahydro 12- hydr oxy- 14- e benz 1'soln

i sogui nol i n- &2138%4 (bnhna&céi“!'@:aﬁhﬁpid@ @tﬂ?}ﬁpy A8 di8Hzash ,x 52 Of
N-f@rnyl -1, 2 (3,.|4dt1mmmqrsmocuumel,1m HYEBhYY -3208/RMY 1HS, aclk@ (200)
and 5- hydroxy % A"h‘i apﬂ_‘ ﬁﬂﬁ' none (31. 789) The reaction m Xture was heated
at 1000 for 6 i % | eft to cool (40) overnight. A 20 u

preci pitate fornmed which was filtered, washed with ether, dried in vacuo

and purified ; hr omat ogr aphy on silica gel el uti ng with

IRYe Y
di chl or onet h: the title conmpound; max 243nm E 1103, 397nm
[err] 381. 1338,13;1 -Tetrahydro-12-hydroxy-14-methylbenz[5 ,6lisoindolo[2,1-b]-

15 1soqu1n011n-8 13-dione

 Acetic anhydrlde (160m1) was added to a mixture of
N-formyl-1,2,3, 4- tetrahydr01soqu1nol1ne—4-methyl—3-carboxyl1c acid
(20g) ana S5-hydroxy-1, 4—naphthoqu1none (31.78g) . The reaction mixture
~ was heated at 1000 for 30 min and then left to cool (49 overnight. A
20 precipitate farmed which was flltered, washed with ether, dried in
vacuo and purified by column chromatography on silica gel eluting with
dichloromethane to yield the title comp/hnd, 243nm, E: 1103,

397mm, €] 381.

ma

25 _ Intermediate 7 _
Bis(phehylmethyl),[7-bfomo-5,8,13,14—tefrahydro—14-methy1-8,13-
dioxobenz[S;6]ispindo}o[211-b]isoquinolih—9-yl]phosphate

To a solution of Intermediate 5a) (1.0g) in dichloromethane
(50m1) was added N?DromOSpccinimide (0.604g) in dichloromethane
30 (SOml).,Aftér l1h at 209, the feaction mixiufe was evaporated and the
residue was purified by column chromatography, firstly on silica
(150q) eluting with'chloroform-écetone (96/4) followed by silica (40q)
eluting with, dithloromethane—adetone (96/&) to give the title compound

as a brown foam (0. 81g); A 242 .0nm, E: 760 378.0nm, E: 108; &
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25 Internediate 7

Bi s(phenyl met hyl ), [ 7-brono-5, 8, 13, 14-t et r ahydr o- 14- net hyl - 8, 13- -

di oxobenz[ 5, 6]|50|ndolo[2 1- b] i soqui nol i n-9-yl ] phosphate To a sol uti on of
Internediate 5a) (1.0g) in dichloronethane (50M) was added :

N- ofonosucci ni m de (0.604g) in dichloronethane 30 (50mM ). After

| h af 200, the reastion m xture was evapo.ra&gd and the residue was purified
by- col umm chro tora % |rstly on SI| 150) eluting with

ch¥or of or m acet ) 2y4% If’r’@wvé’dmiﬁéh 1c5a {‘2?05? G-t MR, 4.89

dt chl or onet hane(ma;@mz(.&ﬁm) 490 (B4 0H L, dFHEL 3H)e conpound [err] as a brown
foam (0.81g); [err]m 242.0nm [err] '?60 378.Onm [err] 108; 6 35 - 20
- (d6-DVBO) 5.42 (5-H, d,|7HzIH), 5.34-5.17 (5-H+[err]5H), 4.89

(14-H, q, 7THz, | H)1nteraediate &H3, d, 7Hz, 3H). Internediate 8 5

Bi s( pheny! met hyd Jo (b InGERT 837-1:?1101304§tEHB?WQeQiJhéBE‘Ethné&égﬁi13_-
dIOXOBenZ(S 6] isormuof Eﬁ%j TSOUQUT O [ 11=9~ ) n of
| nt er nedi at e SM iepindaiok? h-pdrpnauinelis-Snyddehagohater osucci ni i de

(gl 226?) fol(i)O\gﬁd byAl?t 2aédliuBien $01rLttek'ﬁéthi:em€Jr oa%t)ﬁm Qﬁl&?fbﬂn (ZDEt]mI)

chl or of orm e reaction mxture
was evapor at ed ‘fac?) ddpy ﬁow:if’(%ﬁﬂc\ﬁﬁ?ﬂ'ﬁdﬁagn Al f@ﬁ“’d&‘?dc’i‘ﬁ BnPRtRRbRht ogr aphy
on silica (100agoletidr o hydrbgeh chlarideeirahbomfetrm(0.§dl)/ . 4Mftee B0 \menaat

el I ow foam (0. I f am fr e e

YTt e2onpound 205 ote. FpSTiBh dRILP RS svabblat el ¥ QUL RNCHORTWBRHC b
377.2nm E1125; maltspd by colunn(qmoms@)va@mgn(%lma wﬂa)l utiHg3ith 16

B
- di oxobenz(5, 6] |£‘(¥P\F|/ﬂ§1 %@2"1‘[ Bfl%ﬁu ??BI %‘F %ﬁo%ﬁyﬁa ﬁ.&iﬂ.ﬁﬂ'ﬂﬁ’.ﬂfas a
di cycl ohexyl caryedéw roled (8.681);1 n_di zm.qmmahaw, 6125mn) BipgsAdsied

dropwi se over 3h to a stirred sol ut®®Bh of phosphoric
15 (dg-DMSO) 5.43 (5-H,d,17Hz,1H), 5.32-5.16 (5-H+0CH,,m,5H), 4.87

(14-H,q,7Hz,1H), 1.49 (14-CH,,d,7Hz,3H).

Intermediate 9
_ Bis(Z-oxo—prhenyletDYI),[5,8,13,14—tetrahxgro—14-methyl-8,13-
20. dioxobenz[S,6]isoihdolo[Z,1-b]isoquinolin—9-yl]phoéphate
| A solution of dicyclohexylcarbodiimide (3.03g) in dichloromethane
(125ml) was added dropwise over 3h to a stirred solution of phosphoric
acid nis(Z-oxo—Zephenyleihyl) ester (8.93g) in dichloromethane (500ml)
at 209C. The reaction mixture was evaporated to low volume (ca.

/ 25 100ml) and the precipitated solid was removed by filtration. The
filtrate was stirred at 20 for 1 h and then evaporated to give the
crude bhosphorylating reagent as a colourless oil. '

A 60% d1spers1on of sodium hydride in oil (534mg) was washed free
of o0il with 40-600 petroleun ether (2 x 25ml) under a nitrogen

30 atmosphere. Dry tetrahydrofuran (100ml) was added to the sodium

~ hydride followed by a solution of Intermediate 3 (4g) in dry
tetrahydrofuran (400ml). The resulting solution was stirred at 200
for 30 min, and then treated with the crude phosphorylating reagent.
After 15 min. at 200 the reaction mixtuté was diluted with water
35 (2.5L) and extracted with dichloromethane (3 x 600ml). The organic



aci d bi s(2-o0xo0-2-phenylethyl) ester (8.93g) in dichloronmethane (500m ) at
[err]. The reaction m xture was evaporated to | ow.olune (ca. 25
100m ) and the precipitated solid was renoved by filtration. The filtrate ™.
was stirred at 200 for 1 h and then evaporated to giVve the crude
phosphoryl ating reagent as a colourless oil. A 60%dispersion of sodium
h?drlde in ol (534ng) was washed free ofag wi th 40-600 petrol eumether
(2 x 25nm) under a nitrogen 30 ' sﬁhere - Dry tetrahydrofuran o
(100m ) was oekigdcts wehe drded mmhydﬂydeodsolsbmdsnhlphatscdmutwylpoﬁéted to a
-Internediate ) ra ( T, e tion
was stirred ayt?t‘él(zlgﬁl sdl@adgé’%% W%‘ﬁé;&;@?g <l70 g%\%) Rt %%eﬁ & tg Qzﬁﬁ’mﬂ
phosphoryl at i ¥ desgjeRle impupities warg removparty] Fikieatiemt i Bne rﬁ‘lktlmte WREES
di |681(:)r671d)w t[r_héﬁbﬂfat%a and the re@Za:ﬁd—MaQ%DtﬁééEe%CE@QﬂMﬁ1 cﬂi‘&ﬂt@%&gﬁ yhane (3

X €.Q cts were dried rou
sodi Um sul phaﬁlélﬁgggzgﬁ)pcﬁlﬁf’é@ pothy d;*'éhf YRreYIne-tethaneh \(sq/dst ke §1§6I #d

(7.969) was aykdedw dfioenondhi Ofbe) wasndut itied Ly Gurtméu&tt&lllﬁﬁ dtﬁ.‘bﬁatfc@ﬂﬁtéﬂ? by
fil I [ esi ect o]
ol ot on it shLidel gt 81 RIAR UThe e At b GR ndie MO} 67480k

di chl or.onet hdife- hitleapenpound/as) at yeldpy efcany €l -I1égb;f dafy (CHBE 9 N3t0omnds
purt 11 ed by T1gsblpe,Coleorl ¢ 1y.eu2.eatamly R ) 'sfza(ﬁ.wog) Féa!“ﬂﬁl,wth

di chl or onet hane cetone (987 )H@ e"%>5ve t e ‘canpodn ow f oam
¢ €T

(1.149);: |.R3-1ef3H,18696Hz4; (4-q, gt'eodﬁé; ha55m4—05322(,57l4¢ d,
16Hz, 1H), 1CBH) 5.15(5-H, d, 16Hz, 1H), 4.95(14-H, q, 7Hz, 1H), L
1.55(14-CH3, d, 7Hz, 3H). Inter medi ate 10 a) Diethyl W

, [ 5,8, 13, 14-t et r ahydr o- 14- net hyl - 8, 13- di oxobenz[ 5, 6] - 15
i soi ndol o[ 2, Inesmadiatedi0i n- 12- yI ] phosphat e A 50% di sper5| on of sodium

hydride in o 1! ol eum
spirit (2xIOr#)6 t =TTt Br-y Ay Faem- (25m )
was ddded t o 2SRANAQIE e of IntermadlateG
(1.0g) indry 20 A so% atlgbézaéwdraf 86@{ Lm( AML mThel r@semd) Wds S@lsHby on vas
. stirred at 2%.)'ee of oil with 40-609 petroleunm spirit (2x10ml) under a nitrogen

atmosphere. Dry tetrahydrofuran (25mL) was added to the sodium

hydride followed by addition of Intermedxate 6 (1.0qg) in dry
20 tetrahydrofuran (100ml). The resultxng solution was stirred at 20°
under nitrogen for 15 min and then treated with a solution of freshly
distilled aiethyl chlorophosphate (569mg) in.dry tetrahydrofuran
(5ml). After 1.5h, the reaction mixture was diluted with water (500ml)
and extracted with dichloromethane (3x250ml). The combined organic _
25 extracts were dried over anhydrous sodium sulphate and evaporated to a
green solid (1.484g) which was purified by column.chromatography on
silica (150g) eluting with chloroform-ethanol (49/1) to give a green
solid (1. 254g). Crystalllsatlon of this solid from a mlxture of
chloroform and ethyl acetate gave the title compound as gfeeh'feathery
30 crystals (904mg); A nax 2450m, E:'1DUS,_372hm, E:_146; 6(CDCl3) 5.25
(5-H,d,16Hz,1H), 5.15 (5-H,d,16Hz,1H), 5.01 (14-H,q,7Hz,1H) 4.39
(OCH,CHg4,m,4H), 1.54 (la?CH3,d,7Hz,3H), 1.42 (OCHCH4,m,6H).
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‘under nitrogen for 15 nmin and then treated with a solution of freshly
distilled diethyl chlorophesphate (569ng) in dry tet rahydrofuran (5m).
After 1.5h, the reaction mxture was diluted with water (500n) and
extracted with dichl oromet hane (3x250m ). The conbi ned organic 25

extgyacts were dried over anhydrous sodi um sul phate and evaporat ed to a
green solid (1.484g) which was purified by golum chromatography on silica
(-¥50g) eluting with chl orof orm et hanol (19/2%) fo give a green solid .

(" 2540) . Crysfioe | fioddowing odmpphns weel prebpbrednia aisimitar oénrerl or of or m and
ethyl acetate gave the title compound as green feat hery 30 crystals

904 err nm E1 1005 372nm 5.25
ES Hdmg)leH[z | H) ]D 5Bﬁ§?mh¢rm Lme i) ) 40P 851h141994rﬂ\xﬂme&4ﬂhml-g@3 dioxopbenz-

(OCH2CH§ m 4H) [s ;leﬁéoirilahbﬁ ]-o]ﬂsa&auicﬁrihhz Blphosphate (1.53¢ Rkl owi ng
conpound was ;
oD O18 14t et IIRRTHPOLAER. Aot DB BP o0 THeG Kb ERb P IPBORALE  (IAB ek, Prepares

, 1- b] i soqui nol ifred 2iiyédzyhopmisabate (9 5ML)f sreNSchlorosucclinineigeR diriben fne3. 09)
and di benzyl r h r Iy 0 [ phosphate (9.9 )
and N-chl orosug%:é)n?ranggzgpéérﬁb%gte% L%/ idh S%%msg Ierd E'Lt{ %F%']'q el ution was
carried out usun@lmrgmmmnm é&@t‘dneﬂ (9@8490 pgl gihkeh @rystdllibed fon
crystarlised ogegld Iam a&gir\éesysrteﬂma#éansea«,&r géeteftb)rémomfom-  ax

acet ate/ chl orof or m "l

242.6 nt@err] 4% :154 F‘.}ﬁ- BT foom, qu??% ééCQ*;lzat[%ﬂPrS%OC*& 1551@5 ™ d,
16Hz, 1H) 4 9316)1,45H15 Aq5-Him, 1édz, HP361g7 8Ly ] qZHmz,3H)), hpsxngegli pte, 11
15 ? %é 4- dloxonaphthalene 5, 8-di yl ] phosphat e

558~ Di hydr oxy % ?o‘nt hal enedi one (1g) was suspended in acetone (100mM)
and potassi um carbonate (4g) and di propyl chlorophosphate (5m ) were added.
The reaction myxtdingqiips ffirred at 40-[err] for 90 mn., filtered to

renove excess Wbonate -and 20 evapor at ed to dryness. The
resi duelsvas di [1 34 rionpnanhithalenee5 ,8-diyl Jphosphate

5,8-Dihydroxy-1,4-naphthalenedione (1q) was suspended in

acetone (100ml) and potassium carbonate (4g) and aipropyl
chlorophosphate (5ml) were added. The reaction mixture was stirred at
40-50% for 90 min., filtered to remove excess potassium carbonate and

20 evaporated to dryness. The residue was dissolved in dichloromethane
and purified by column chromatography on silica using dichloromethane
and dichloromethane—ﬁethanol (99:1) as eluant to give the title
compound as a yellow oil (2.31g); &(CDCLj) 4.23(CH,),1.78(CH,),
1.01(CH,) .

Intermediate 12
Dipropyl,[5,8,13,14-tetrahydro-14-methyl-8,13-dioxobenz[5,6]isoindolo-~
[2,1-blisoquinolin-9,12-diyl]phosphate

Acetic anhydride (10m1’ was added to a mixture of footmyl-

30 1,2,3,4-tetrahydroisoquinoline-4-methyl-3-carboxylic acid (440mg) and
Intermediate 11 (2.169). The reaction mixture was kept at 100 for 30
min. and then evaporated to dryness to give a brown oil.
Chrnmatbgraphy on silica using petrol (60-807)-ethyl acetate (1:1, 1:2
and 1:3) as eluant gave the title compound (984mg); A

nay 237-6mm, E:
35 609, 371nm, E}sm, 5(CDC1;) 5.13 + 5.23 (SH), 4.93(14H), 4.20-4.35




and purified by colum chronatography on silica using dichl oronethane and
di chl or onet hane- net hanol (99:1) as eluant to give the tiitle conpound as a

yel | ow oi

12 Di propyl

I

2.31g); 6(err) 4.23(CH2),1.78(CH2), 1.01(CH3). 25 Internedi at

, [ 5,8, 13, 14-t et rahydro- 14- net hyl - 8, 13- di oxébenz[ 5, 6i soi ndol o-

'S

e

[ Z,1- b]i soqui nolin-9,12-diyl]phosphate Acet I ¢ anhydride (10m ) was added to
a mxture of N-fernyl- 30
1,2,3,4-tetr

| nt er nedi

ate

oi soqui no nmet h carboxylic acid (440ng) and
?Eﬁ/g(,z 1468y ”Id?@deéjcﬁrbrﬂ?/ﬁF’i!bre was kept at 100 for 30 min.

- and then evaporated to dryness to give a brown oil. Chromatography on
silica using
gave the. tit
E194 6( CDC18% ;85,13 314-T8t PehydSed14-ne gy 1nB 13 -dioxtbenz(356 JisadBda ocH?)

et Sghid?g(ﬁ?i 1-3185dadins (-

[2,1-0]isoquinoli nﬂgl%ﬂlp’aﬁ?}ﬂ?wbn

etrol,(60-[err])-ethyl acetate (1:1, 1:2 and 1:3) as el uant
und (984ng); Xmax 237.6nm [err] 35 609, 371nm

e 4dls dium salt

BHesh )at%f Infiesmeniake <)t (465med) i

?gln1u; ion (? ba{&g.) t@%rabﬁltﬁ‘rlﬁtﬁd(ﬁil@ wdd) tféé‘:téﬁgﬁndeﬂhﬁiaﬁlﬁ%btéﬁelbﬂﬁal%%ﬂé ged
was treated un a nitr er ri silyl Iadide
(0 3om ) Af WL ey EH Ly SSBERoft FRELy AF6eH SotioPat A= biot Phisse on
t he residual waslevapsrdtbealtcedryndsls afd the res:.duamhh]anels tienited wilte i xture

was stirred

obt8i ned.

wi th chloroform (25

Af

d

ft t
e BT e kel BefhiSied 209 W0 Rl ke Bt 8
suspended i nckmveprqmnp;utana \!Eﬁeﬂgtﬁpeﬂs|P(fﬁea(%0u'!!%"eéh§cﬁqilqt¥0f5Nﬂ#t h
- 1M sodi um hydwaweeégibuslmk(#oaﬂomﬂen prats s%@?éHdTehnﬁ Watd U 2ONB)S afd tthact e

tered through a prewashed b

and
of ki esel guhPuspREngienRddystedotr ph; b Méﬁ"' t%s?ﬁ’éﬂd&d’f’ﬁ%‘#‘ugﬁ utigB resulti
| ayers were sembedhanﬂbédlemyqueﬁuﬁ-ephaé;exmt%s&m &mtdiomrne(muoroform

(19n1).

20

25

30

35

The

rl"glsn? qtggeue ?'.H )l('\t ragl:[eswa\é\? bfetli lot 1eset1 u.rll'?ru%smg water

(50ml) to wash the product throuqh. The resulting layers were
separated and the aqueous phase was washed with more chloroform
(10ml). The combined_aqueous extracts were filtered through a
millipore filter, degassed and freeze-dried. The freeze-dried solid
was redissolved in water (100ml) filtered through a millipore filter .
and freeze-dried to glve the title compound as a bright yellow solid
(0.398g); A Zh6nm, E1 667, 388nm, E1 165.

Example 2
a) Phenylmethyl,[S,4113,14-tetrahydro—1a-methyl-B 13- aloxooenz[s ,61-
isoindolo{2, 1-n]1soq91nol1n-9-yl]phosphorlc acid, sodium salt

Sodium iodide (1. 551g) was added to a solution of Intermedxate
5a) (5. 546g) in acetone (100ml) and the resulting solution was heated
under reflux for 1.5n. The reaction mixture was evaporated to dryness
and the residue was triturated with ether (100ml) to give a yellow
solid. This solid was dissolved in water (200m1) and the pH of the _
solution was adjusted to pH 1 to 2 by the addition of ZM-hydrochloric
acid. The resulting mixture was diluted with water (200ml) and
extracted with dichloromethane (2x400m1)..5a1t solution was added

during the extraction proéedure to disperse the emulsion which was

A

ng .



‘mllipore filter, degassed and freeze-dried. The freeze-dried solid 20

was redissolved in water (100m ) filtered through a mllipore filter and
freeze-dried to give the title conpound as a bright yellow solid (0.398Q);
Xmax 246nm [err] 388nm* [err] 165. Exanple 2 25 a)

Pherl\yl methyl,[5 ,8,13 , 14-tetrahydro- 14- et hyl - 8, 13- di oxooenz[5 , 6 |-
I soi‘ndol of 2, 1 [er.r_]_l soqw nol i n-9-yl ] phosphoric acid, sodiumsalt Sodi um

i-odi de (1. 551g) was added to a sol ution of #htermediate 5a) (5.546Q) in
acetone (100M )foanght Re rcombldddnBrdalivt dap aves wta@@t&demdef éxﬁwx%sf&rdﬁm

-1..5n. The reacti xture was orated to n
resi due was tr ﬁ"’gPﬁﬂng@ W{ teﬁa'?-ﬂrﬁ'g ptfoﬁrﬁr)eef'os"a 69%199?"‘116% wag| PypPendgd in
solid was di ssolated (300mbt @nd (theOsdspeasibri Ras fadjodtetinto | W0 op bhas

adj usted 10 PHbobo: R Baitien 3390100 81 ol .ig 05641 R HasfiSng

resul ting m xture was extra
di chl or ogret hanesod gsdanones Fibkanedsandtne fi sat@ddé%l f35928°dl‘led to cursphif t he

extraction proGgrguy %aE%éHa%Q@rﬁﬁhtJE% &wl(abm)W§Qv%atw to28ry nets rtrsed
The conbi ned organic extr 9ﬂ\ﬁe over anhydrous sodi um suI 8%468)6 and
I.

evaporated to &ﬁ?e%ﬁ"éb? PFEF’\H&S°§G§|b%rﬁ9ééI“M’rtMt@Ff(§9 and
the suspension guee ) uﬂt]_@dc& onhh as0a bpelibe <81 oPViaseIRli K | onzzp)‘ gad} £9di um

hydr oxi de sol ut hE T e u and th
fiiltrate was frggigsgl’?% @o‘%ﬁ"éh;v@ Réqggmﬁéh\ﬂniﬁf 3 1one (400m)
and evapgy at ed (50"511,%%3@-"30 ‘g|9§ie(0§"l§o¢iﬁdl262ﬂ)499)32 14t @5 THz 1, 143 solid
w th ether (ZOQ%)_C%aéeg_[zhg% itle conpound as a yellow solid (4.2329);

[err] 243. 8nm nma 2nm E1 132; 6(d6-DVMSO) 5.41 (5-H,d, 16Hz, I H),
5.3) 10 (5-H,d, 16Hz, | H), 493(OCHZd6H22H) 482(14Hq7HzIH)
1.47 (14-CH3, d,Tﬁb"Zt‘o'iﬁmrﬁhEmf@hh&WvEBe%@BEM%VE%%QVSQW@@Mn a simlar
manner: 15 b) Propyl[5,8 ,-13

, 14-t et rahydr o- 14- net hyl - 8, 13- dloxobenz[5 6] -

i soi ndolgf 2, | - lb])iMmﬂ)ﬂﬂ-tgﬂmﬁpﬂmﬂt—mhgll,-ssmmdim:swértz[S(61]-2569)

from I ntermedi aiggx J‘Er).lolgzll gjz.s%gglr?oqq}\-%nyﬁgﬂo%%h&ll gZﬂ? U541 U8 salt,

(1.256q) from Intermediate 4c) (1.5g) and sodium iodide (1.367g) using

butan-2-one (35ml) in place of'acetone;.hmax 243.6nm, E: 963, 360.0nm,

'E} 265; 5(dg-OMS0) 5.42 (5-H,d,16Hz,1H), 5.32 (5-H,d,16Hz,1H), 4.81
20 (14-H,m,1H), 3.78 (OCH,CH,CH3,m,2H), 1.40-1.60 (14-CH3+

OCH ,CH,CH4 ,m,3H), 0.82 (OCHCH,CH4,m,3H).

c) (1-Methylethyl),[5,8,13,14~tetrahydro-14-methyl-8,13-dioxobenz- |
| 5,6 )isoindolo[2,1-blisoquinolin-9-yl]phosphoric acid, sodium salt,
s 25'_ (910mg) from Intermediate 4d) (1.29) and sodium iodide (1 .094g) using
putan-2-one (25ml) in place of acetone; A nax 243-4rm, E1 943, 366.8nm,
E.} 199; & (ds-DMSU) 5.40 (5-H,d,16Hz,1H), 5.30 (5-H,d,16Hz,1H), 4.81
(14-H,q, Mz, 1H), 4.43 (OCH(CH3)p,m,1H), 1.48 (14-CH3,0,THz,3H), 1.11
(OCH(CH,) 5,d,5Hz,6H) .

30 - | |
d) Phenylmethyl,[7-bromo-5,8,13,14-tetrahydro-14-methyl-8,13-

dioxobenz[5 ,6 Jisoindolo[2,1-blisoquinolin-9~yl]lphosphoric acid, sodium
salt, (338mg) from Intermediate 7 (705mg)- and sodium iodide (174mg);
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1 butan-2-one (35m ) in place of acetone; \ ax 243.6nm E1 963, 360.0nm E1°
265; 6(err) 5.42 (5-Hd, 16Hz,IH), 5.32 (5-Hd, 16Hz,I H),, 4.81 20

(14-HmlH, 3.78 (OCH2CH2CH3, m 2H), 1.40-1.60 (14-CH3+ [err], 0.82 (err). <
c) (1-Methylethyl),5 ,8,13 ,14-tetrahydro-14- et hyl - 8, 13- di oXobenz-

[ 5,6]isoindol o] 2,1 -blisoquinolin-9-yl]phosphoric acid, sodiumsalt, 25

( g Onmg) fromlInternediate 4d) (1.2g) and z?di um i odide (1.094g) using 1 _
but an-2-one (25m) in plage of acetone;'1[' rmax 243.4nm E1 943, 366.8nm
El 199; 6 (d6 DVE@B.6nmOE( 5601, d36hBAn ] 1), 120;3@ (&-bush)18tkm | H), 4.81
5%&?0%)7 gfaﬁs‘?g,dg;éﬁz( a§§.‘i~°f> o M,d A 1dP 61674082 rdHecdl)pn, 50 ]

Phenyl et hyl 148 bi1éreH H,dg7HR,3H3- t et r ahydr o- 14- net hyl - 8, 13- ,

di oxobenz(5, 6] i soi ndol o(2,1-bltsoquinolin-9-yl]phosphoric acid, sodium

salt, (338mg) fromlnternediate 7 705rrg)I and sodi um i odi de gl74ng); 35

- 255- [err] ﬁﬂxpmlmyl 7-'@‘1191? 78 g3 4fgt‘r?hﬁrgnl4~mehh)ﬂln 13- .

(5-H, d, 17Hz, |dthxoten2ls [63ikb thabl 682 1D 11 sbq@inol iRyl dprdspbificadtd),, sddi

bonyl met hyl SESEL 00t {om dntaemedisa, 8o 1,05} AP fociom gtodide (282ng);

di f)i(ob((ag%f& )e.lnia’%(ﬁaﬂdm;n;( 21 1688),1 389 0rmplE,n98; W .I@wmpi.éq aci d; sodi umX
salt, ; ey k. n QI d ;- Xmax
243. Onm Em‘gégéﬁ%Zﬁ%ﬁ%ﬁ%"%8?535‘(’g’éﬁiég%ﬁ&og(%ﬁ,'?lg&%%?%@%%)

(5- Hal, 17Hz, 150 @46€H 4,973H7,BH) H-OCH2, m 3H), 10 - . 1. 50
(14-CH3, d, 7Hz, 3H) . f) - - T

Pentyl ,[5, 8, ]f“? 1P4-te r I [
1- b] i sogui nal’i* n-S&3xk Aavalnteld bAoA b ALY s sl U 0—-S565 o1
| nt er medi at e i4bjndololD Agb ] isvtusnuliinr?+yddphesphéRilcmridisisodidib salt (0.836q)

20155 5. SO RdLTEE 4D SO gl BT R C

lbi

15 butan-2-one (30ml) in place of acetone; Amax 244 .0nm, E, 899, 366.8mm,
E:l|190; 6(dg-DMS0) 5.40(5-H, d, 17Hz, 1H), 5.32(5-H, d, 17Hz, 1H),
et

4.81(14-H, q, 7Hz, 1H), 3.80(POCH,CH,CH.CH.,CH,, 4°~, 7Hz, 2H),
1.35-1.55(POCH,CH,CH,CH,CHy + 14-CHz, m, SH), 1.10-1.30
(POCH,CH,CH,CH,CHy, m, 4H), 0.79(POCH,CH,CH,CH,CHg, £, 7Hz, 3H).
20 - . | | ' -

g) Cyclohexylmethyl,[5,8,13,14-tetrahydro-14-methyl-8,13-dioxobenz-
[5,61lisoindolo{2,1-blisoguinolin-9-yl]phosphoric - acid, sodium salt
(1.017g) from Intermediate 4k) (1.5g) and sodium iodide (411mg) using

. . - 1 .
butan-2-one (40ml) in place of acetone; Anax 244.0mm, E,849, 366.8mm, W

25 EJ198; 6(dg-DMS0) 5.41(5-H, d, 16Hz, M), 5.31(5H, d, 16Hz, M),
4.81(14'“, q, 7HZ, 1H)’ 3.62(OCH2, t, 6HZ, ZH)’ 1-48(14-CH3’ d, 7HZ,

).

h) Phenylmethylg[s18,13,14¥£etrahydro-14-methy158,13-dibxobenz[5,6]-
30 isoindolo[2,1-blisoquinolin-12-yl]lphosphoric acia, sodium salt '
- (781mg) from Intermediate 10b) (1.2g) and sodium iodide (336mg) except
that after the pH was adjusted'With hydrochloric acid the resulting

mixture was extracted with dichloromethane-methanol (3:2, 400ml and 2
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ﬁ.81(14-H, q, 7Hz, 1H), 3.80(err 7Hz, 2H), 1.35-1.55(err] 14-CH3, m 5H),
1.10-1.30 (err), 0.79(err)., 20 g) Cyclohexyl methyl, (5,8, 13
g14-tetrahydro-14-net hyl -8 , 13- di oxobenz-

[5 6] i soi ndol o 2, 1- b] i sooui noI i n-9-yl]phosphoric acid, sodiumsalt (1.0179)
froFS I nt er medi ate 4k) (1.5g) and sodi um i odi de (411ng) usi ng but an-2-one
(40 I n place of—acetone; [err] 244.0nm H&grr] 366. 8nm 25 [err];
6 d6- DI\/ISO) 5.41(5-H, d, 16Hz, 1H), 5131(5 d,” 16Hz, 1H), 4.81(14-H, q,
7Hz, 1H), 3.62(xOZBwl);, A& zaQJma,JE48(tZA-ZGEIEBnmd Eq , 5d).0nat))

Fggln%ljgrg?gl [Sb% éggﬁfb gqgcgr éjzhloép grl ce hi‘ﬁ?ﬂdlfﬁg&eﬁ?(g’l L’?%’B%%‘) from

| nt er medi at e 1@3?3(012*Qg)d,ar7ﬂzsdﬂl)urﬁ|86mld-ﬁ (@36MHY) Weeht7{HalHaf tagr Ma)e pH

was adj usted wgy hydrochloric acid the resulting m xture was extracted

wi t h di chl or omet hane- net hanol (3:2, 400m and 2 35 -26- x 200m); Amax

244. Onh E1842, 265.8nm E1295, 356.0nm [err]; 6(d6-DVBO 5.41(5-H, d,

16Hz, 1H), 5. Sr(iémbied 16Hz, 1H) 4.93(0CH2, d THz, 2H), 4.88(14-H, q,
1H), 1. 4717 ) 3 a) _

I\/Ethyl (5,8, 13,14~ s B+ SRR

I soi ndoI o(2, 1- msmmmhohbu-lbl %q@:}i@h&sﬁﬂrh]ohmhdnsadnmmssaimn Salt xture of

I nternediate 4a) (1. Qghu,r?{l?rﬁ(gfdfmggﬂgﬁgi%% ﬁ§)77(ﬁgalg)1gnd sodluﬁ rloﬁ%?et Q?ﬁ

(35m ) was heated under orti of
sodi umltodi de (108RREPNASSAANaS hanted HandegRafilyn xSt éfms this rttlm n@d

under reflux faiecbhd pbb€idncaftdoaiuriivbide (wmgqoaéeédasa 2@ ang iésetmn
pr.eci pitated prodgct was col%ect ed by fil rat WE}E Ih acet one and
vh

etlagr, and dri Sd*tEFeMER RLQFALSA (under e u§o‘”‘dlh WSLHINHER YaF
wat er (50m ) theoped ab 20k ane sanet pregipitated product was collected by

filtration, washed with acetone and ether, and dried to give a green

15 _ solid which was dissolved in water (50ml) the pH of the resulting
solution being adjusted to pH 1 to 2 by the addition of
2M-hydrochloric acid. The resulting mixture was diluted with water
(50m1) and extracted with dichloromethane (2x100ml). Salt solution was .
added during the extraction procedure to disperse the emulsion which

20 was formed. The combined organic extracts were dried over anhydrous
sodium sulphate and evaporated to a green solid which was suspended in
water (70ml) the resulting suspension being adjusted to pH 7.0 by the
dropwise addition of 1M-sodium hydroxide solution. The resulting

_ solution was filtered and the filtrate was freeze-dried to a solid
./ 25 which was suspended in acetone (100ml) and evaporated to dryness to
give a solid. Trituration of this solid with ether (100ml) gave the
title compound as a yellow solid (858mg); Apax243-4nm, El, 991,
365.4mm, E 199; & (dg-DMsO) 5. 41 (5-H,d,16Hz,lH), 5.31
(5-H,a, 16Hz s1H), 4.82 (14-H,q,7Hz,1H) 3.50 (OCH3,d,l1Hz 3H) 1.47
30 _ (14~CH,,d, 7Hz, 3H)




solution being adjusted to pH 1 to 2 by the addition of 2M hydrochloric

acid. The resulting m xture was diluted with water. (50 ) and extracted

_with dichloronmethane (2xI Cm ). Salt solution was added during the - %
extraction procedure to disperse the enulsion which 20 was fornmed.

The' conbi ned organic extracts were dried over anhydrous sodi um sul phate and
evaporated to a green solid which was suspended in water (70m) the

resul ting suspension being adjusted to™p 77.0 by the dropwise addition of

| M sodi um hy @ine Xfiod owiplgUédmpdundid Ge £ € Pebbartd 50! dIbi@1) afasarhil { ered and the
.filtrate was freeze-dried to a solid 25 - whi ch was suspended in

acetone (1 OOm) and evaporated to dryness tq give a solid. Trituration of
this solid wed W%t@eydm1ll-ntathyb-sqm}nmuﬂﬁbaﬁ[si &lel | ow solid
(858 (o 5hoihdo By, o LSbdA AT 8 AT

(GCH3, d, | | Hz {B§41g) Jr%olntemedla(cgzﬂm@ 6579& @) sodiun-igefide (Mh@8Zqg)l;| owi ng

conpounds wexé ppepanAd ansaasums ém,"BIN !P)( Biiimsbh > 81
, 13, 14-t et 3.di ¢ b g¢- | o[ 2; -
| -bl i soqﬁi LSFWB llﬁiizp Ro%i é%a'é:‘%r é@bﬁ%m‘b&?t“%ﬁ%,nﬂg i ), 3¢81 041q)
g gzm '32% egﬁeﬁbszHMzCHélqu%ﬂ)znanm -ﬂ@?{f{’ ('(5 %WH genr ) 243sznm E
n
(14-H, q, 7Ftn$@§kﬁgk§&-ﬂé?ffé§?%l .60 (err), 0. 83 (err) 10 c}

Cyol ohexyl ,[5 , 8,13 ; 14- tetrahydro 14- met hyl - 8. , 13- di oxobenz[5 , 6] -

i soi ndol o2, é}bh'snmek pltsnegnyhlﬁéme &&1 _ 0§ 31105 $84My) from
I nternediate, 4 : - 7 - T » ),
necessary; . »
6( d6- DVSO) 5&413.( m&émdmateHzg) Ilﬂ)n )Se,wp'i thatdznétﬁrl"laal Mﬂhtuﬁaﬂ&( lfkels' d.
Tz, 1), 4 G Qi nelbasad)s X 46{&'&40 iy £’ 9.850,2567-0) . ¥ an:PSZ-
15 : é(ds-DMSO) S. 42(5-H, d, 16Hz, 1H), 5.32(5-H, d, 16Hz, 1), 5. 48(14-H
a, Mz, ), 4.13(0CH, m, ), 1. 46(14—CH3, d, Mz, H).
Example 4
Ethyl,[S,8113,14-tetrahydro-14-methy1-8,13—dioxobenz[5;6]isoihdolo-
20 _ [2,l-b]isoquinolin;9-y1]phosphoric.acid,.éodium salt
Sodium iodide (3.0g) was added to a solution of Intermediate
4b) (3.0g) in acetone (150ml) and the mixture was heated under reflux
for 4h. After this time, a second portion of sodium iodide (3.0g) was
added, and the reaction mixture was maintained under reflux for 16h, \;)

25 The reaction mixture was cooled to 209 and the precipitated product
' was collected by filtration, washed with acetone (3x30ml) and dried to
give the title compound as a green solid (2.37qg); A max 244,.5rm, E}
1050, 368.5nm, E} 222; 6 (dg-DMSO) 5.41 (5-H,d,16Hz,1H), 5.30
(5-H,d,16Hz,1H), 4.82 (14-H,q,Mz,1H), 3.90 (0CH2CH3,m 2H), 1.49
30 (14-CHy,d, 7Hz,3H), 1.14 (OCH,CH,,t,8Hz, 3H)

Example 5 _
Phenyl,[5,8,13,14-tetranydro-14-methyl-8,13-dioxobenz[5,6 Jisoindolo-

- [2,1-blisoquinolin-9-yllphosphoric acid, sodium salt
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Ethyl,[5_,8 , 13, 14-tetrahydro- 14- et hyl -8 , 13- di oxobenz[5 , 6] i soi ndol o- 20
-~ [2,1-b]isoquinolin-9-yl]phosphoric acid, sodiumsalt Sodiumiodide (3.09)
was added to a solution of Internediate 4b) (3.0g) in acetone (150m ) and
the m xture was heated under reflux for 4h. After this tinme, a second
portion of sodiumiodide (3.0q) was added, and the reaction nmi xture was
mai nt'ai ned ‘under r-eflux for 16h. 25 The reaction m xture was
cooled to 200 and the precipitated product fs <ol | ect ed by filtration,
washed wi th acetone (A3¥6%+dispersiodrdfedodiumghydridbeind ol €(6cﬁ@a0®auedna%ﬁe@

gceen SoL1 (2 iy L 0 200 a0 85T, e A 5 Gl
( OCH2CH3, m 2H) ,atho4ghe3e. Dry tetr@hydroferah (Him3Hyas kdded (tertr)e sﬁxanipl e b
Phenyl . [5 . 8 - dfacids ! b, ospﬂo"?v. 14aim gnydrgnéémgafs&ngWZsbém@th&JX“dO' o-

[2I-d]|squ|n0|n acl I um sa
- 60% di sper si on t#trs 1‘8 Wdﬁ% bn BRI CYBEENG Rabutiaaas skisgedfatorPwit h

40-[err] pet rol&uersrmt&béen( m @PShin laa.deinea Biddtedauitat phepphere. Dry
tetrahydrofuraoégr_ ngaé‘ g@%o’ Rg |umh dride, followed by

addi tion of Int pas ?3 P9 on ALYSF h the reﬂ“éf‘?’hﬂ‘;’iﬂ?‘ﬁ?’u?’% d(‘!i'éfr?ld)
TEe resul ti gg Ssdiltht water WeS0al) rmede)a:&-a{:&fdr }:mndeét;mrbmagﬁnef(arxm&m)n sa1d

then treated wigh phen or sphat reatlon
m xture was di It 8§ & %@Q Fggg%l ?negne&texq:giggt%‘ N tfrﬁ’ ﬁ'ltl%'?err?st Sne
(3xI 00My9y. Sal tewbsmnu whicha was) foemed.d e mgmbmdemqeacc mmrpnf@cem dried

di sperse the 1Qyer anhy8fdlsSsodiutNsQipnes ha" ERflordtad €9 HEY, %Q@@*]G%mr?)

extracts were dried over anhydrous sodi um sul phate and evap ora&
oi%y foam ( 769niG)is Fﬂﬂ“s”‘l%&h‘?‘%”&h’é‘sﬁl@r’é‘&“’r‘%% HeteaQydroSpranedi 2 deed ur an
(15m) and wat Q{atéﬁrdﬁhlﬁrhﬂdbﬁﬁlfflédi with MMLbbSAT hyBriay tdedsbUst ival LAFiLeR . 2h:

anais Pt PR 8P AL o 12 e LR AT afbeieS! T el B on-8a g
mn, thesreact iddhuvadwitie wabesc &6mb)erm¢ate¢dahydmaunm (2w dut Atten 20 ming crhe
(150m ) reaction mixture was concentrated in vacuw, diluted with water (150ml)
and acidified to pH 1 to 2 with 2M-hydrochloric acid. The resulting
- mixture was extracted with dichloromethane (3x100ml). Salt solution
was added during the extréction procedure to disperse the emulsion
20 which was formed. The combined organic extracts were dried over
anhydrous sodium sulphate and evaporated to a dark green foam (705mg).
This foam was suspended in water (100ml) and the suspension was
adjusted to pH 7.1 by the dropwise addition of IM-sodium hydroxide
: solution. The resulting mixture was filtered and the filtrate was
N 25 freeze~-dried to a foam which was treated with acetone (100ml) and
evaporated to dryness to give a solid (440mg). Trituration of this
solid with ether (100ml) gave the title compound as a dark green solid
(341mg); A max 245-8nm, E: 918, 369.2mm, 517174; & (dg-DMSO) 5.42
(5-H,d,16Hz,1H), 5.32 (5-H,d,16Hz,l1H), 4.82 (14-H,q,7Hz,1H), 1.48
30 (14-CH4,d, THz,3H) . |

Example 6
(4-Nitrophenyl)methyl,[5,8,13,14-tetrahydro~14-methyl-8,13-dioxopenz-
[5;6]isoindolo[zl;-b]isoquinolin—?-yl]phbsphoric acid, sodium salt
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and acidified to pH1 to 2 with 2Mhydrochloric acid. The resulting m xture
was extracted with dichloronethane (3xI OOM). Salt. solution was added
during the extraction procedure to disperse the enulsion 20 ~ which was
forned. The conbi ned organic extracts were dried over anhydrous sodi um

:SI phate and evaporated to a dark green foam (705ng). This foam was

spended in.water (100m ) and the suspengd on was adjusted to pH'7.1 by the
dropW| se addition of | M sodium hydroxide Solution. The resulting mxture
was filtered and tBedium igcide mgk was addedety & gusredsian aff beberwdd iahe was
.treated wnthsa):e(t199999(>1@9rﬂ&aarzioﬁyambalﬁ%mrw Mmséet&sghﬁ ed é&lér
(440nmg). Triturati 9n of Js ether (100 ) gave the title
compound as &®tdfk éeﬁhs Fdr‘ia\?&i‘?@)’“xf%‘ier ]"ﬂ%n?"?&%"aéﬁ?nt%ﬂrms ZE9. 2nm
[err] 5.42 (Bhé-iﬁésicﬁidzmlai;-l)t;nﬁuﬁh?l:e(lSwitrﬂetrﬁd'dZ,(Hmnmﬂ)&,3 ¢ e B, ,eZhlzsdlld)

|
, 12?‘% 2'?r ahyd o%&gﬂgtﬂg% ?H)'%S Eé‘g%%ﬁ%d%)é%éﬁgag?ﬁ%eﬁoy %/rrettpé/ tlL?
- b] i sogui nok Mylﬁmhw@mrsd:&dﬂlﬂmdm 24 %. 841, Ei 2, Soeti.armj @di de

(330rrg) was e kpgnsi of 5 in
" but an- 2- one ?%%’0%1%%@ SEJ Haz ol lMSBt)egea efuﬁaér F ﬁdxg'?%gr 1. 5h. The

reaction mi xtort Zeé"é ra?%oéopﬂztﬁiyﬁés@)aﬁoent &4 1o gk thro s -#6 t ur at ed
with ether (38 ?13 #e,®i)ve a green soid 5 (1.055¢g). The solid

was recovered oy i1tration to give the title conpound as a green solid

(913Ay); X 243.8nm - [err] 837, 265.2nm 438, 368.8nm [err] 142; 6 [err]
5.39 (5-H, d, EgdpleH), 5.29 (5-H d, 16Hz, I H), 5.09 (OCHZ d, 7Hz, 2H) 4. 80 i
(14-H,q, 7Hz, t H)g 6 : 7 § g
(5,8, 13, 14- Tv..sa’ll.i ﬁﬁéﬁ"‘?@i‘fﬁﬁtﬂ% v/
[2,1-b]isoq : ) , ite
_5a) (1 6g) was di Sﬁ&'e\‘ﬁ&’dla@edféﬁ Qﬁr@nwas dissolved in dry carbon

15 tetrachlorlde (5ml) and the resulting solutlon was cooled in an

[

A\

ice-path at 0 to 5% The mixture was allowed to warm to 20° and dry
carbon tetrachloride (8ml) was added, followed by dichloromethane
(5m1). The resulting solutioh was cooled at 0 to 59 under nitrogen and
treated with trimethylsilyl iodide (0.54ml). After 5 min at O to 59,
20 - the reaction mixture was evaporated to dryness and the residual oil -
was treated with methanol (10ml). The mixture was stirred at 209 and
after about 5 'min, a ¢1ear Drown'sqldtion was obtained. After 10 min,
the solution was evaporated to an o0il which was then triturated with
diethyl ether (4x25ml)} to give a dark yeliow solid which was suspended R
25 in sterile water (YOml). The pH was adjusted to pH 8.0 by the o/
addition of 0.1M-sodiun hydroxide solution to give a solution which
.'was filtered through a glass-fibre filter to remove a small amount of
coarse solid and then twice through a large (5cm) millipore filter.
The filtrate was freeze-dried to yield the title compound as a dark

30 yellow solid (0.738g); A 246nm, E) 667, 388mm, £, 165.

1

max

Example 8 : o
2-0xo-2-phenylethyl,[5,8,13,1a-tetrahydro-1a—methyl-8,13-dioxobenz-

[5,6]isoindolo[2,1-b]isoquinolin-9-yl]phosphoric acid, sodium salt
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15 tetrachloride (5m) and the resulting solution was cooled in an
ice-bath at 0 to 5. The mxture was allowed to warmto 200 and dry carbon
t-etrachl oride (8nl) was added, followed by dichloronethane (5m). The
resulting solution was cooled at 0 to 5 under nitrogen and treated with
tripethylsilyl iodide (0.54m ). After 5 mn at 0 to 50, 20 -the
reaction mxture was evaporated to dryness.and the residual oil was treated
w,.th nethanol (10m ). The m xture was sti r?gd at 200 and after about 5 mn,
as€él ear brown sol usedinmwimtidbt @i43eq) uéétmdedOtmnsoMeorsmlfuIntenmmﬁste 9
evaporat ed to S t ( )

0 give a dar k@é?b%vﬁ“@g‘%&g}@ Zgﬂfa/asrﬂé'%s%r egh ed Zg‘nugh% ¥L l%trg?s’fed q?
.(7om) The pthasncadpqsteeep@vtpMNoebsfesgme a@autﬁwnrmdowm suwirufd x
hydr oxi de sol gy £ qfie/'% 805, Utw&%r"\bl'a@ﬁl)"%sf hdde8T &f thbé %gfh &nd

gl ass-fibre fllter to remove a small anmpunt of coarse solid and then tw ce
through a | ar giSP5EmYe AAYLLELTS CPNPYSY BY TiHd tFaqipRat dNfckesit blegesritien t o

yield the titl|wasCcesjuifiaed as gH dab kbﬁQhe addit ¥@l bpVers AYdribchlorie8adid ¥AmX
246nm E 667,

> oo 2- pheny| AT AEEA bi3Bndtnios, G x2Methy The proais. Sebrts ere

[ 5, 6] i soi ndol cﬂ‘ged cbflelrsatmynnmhs iso@iun Bplnfepécandcevapodatesiotio tamsshid. 3bhe -

30 _ Sodi um i g ﬁ :@ldg@lﬂzt t ?ao?nﬁ%}& boﬂd %Bd:l.lﬂlt g':.?é G\so%.sticm _

(1.12g9) in ace one sol uti on was ref
and tien evaporas addedThe HHeng}ueT%§3§P ting sdwtign waetﬂétet(ey g (figeyg zeo

give a solid. Jiegrtd b4fdEm. \"R@abfétdot AHiBi foamOkith afékone (100ml) gave a
i nsol ubl e i rrpurlt es repoved Efllﬁp | tration. e resulti ng sol.uti on was

h .
adidified to gLyt Eon, yhigh, wag B‘PP"OP“"ZI\WH??H‘GSTH or'P® T8N HBS ext r act ed
wi t h di chl or ortitarsted3with30tvdr) (SOR1 bto grime cthextitdet eompourd chsi @ CyedYew

anhydr ous sodi t nd rat a .50l 501

suspended in %{P‘e@ ﬁ?f i g)q eﬁnb%/ﬂr}%)gdicm’ %hutr é(%évﬁ%m was
addedig o pH 7.939¢( ¢e§JHt’-: i) so?-l}ﬂK%THs\AAs ¥iHe el 2473 (BGHp24, Bfied to
a foam Treat t Qfezf(’m-ﬁ ,Fqamy, tﬁ,)acqetm%,(c Ond) 7gaveyd, sol ution which

was filtered and’evaporat éd.”” The'resi'due wa

Example 9

Tetrahydro-2-furanylmethyl,[5,8,13,14-tetrahydro-14-methy1-8,13-
20 dioxobenz[5 ,6])isoindolof2,1-b)isoquinolin-9-yllphosphoric acid, sodium
salt '

Sodium iodide (272mg) was added to a solution of Intermediate 4f)
(952mg) in butan-2-one (50ml). The resulting solution was refluxed '
for 75min, further sodium iodide (272mg) was added and refluxing '
'\_/ 25 continued for 24nh. The reaction mixture was evaporated to low volume
(ca. 25ml) and refluxing continued for 24h. The precipitated solid
was filtered and washed with ether (2 x 40ml). This solid was
dissolved in water (75ml) and the solution acidified to pH 1.5 by the
addition of 2M hydrochloric acid and extracted with dichloromethane (5
30 x 750ml). The organic extracts were dried over anyhdrous sodium
' sulphate and evaporated to a foam. This foam was suspended in water
{(S0ml) and 0.1M sodium hydroxide solution was added to pH 7.0. The
resulting solution was filtered and freeze-dried to a foam. This foam
was treated with acetone (50ml) and the resulting suspension was
35 evaporated. The residue was triturated with ether (50ml) to give the



triturated with ether (50mM) to give the title conmpound as a yellow solid

(500ng); [err
5.39(5-H, d,

q, 7Hz, 1H),

Tet r ahydr o- 2-
di oXobenz[ 5, 6
Sodi um i odi de
i n butan-2-on

further sodi upsé Q@anlez (27mxag~amsahicteaom ref NIuE NgHEp 5.30(5-H contl nued

for 24h. The
refl uxi ng con
with ether (2
solution_acid
extract el wit
were dried ov

f oam was susperngadpbn ma[sa__ § 5O1d-xetrwhy@rd-ths askiny - N GL axdxdBedAllsys 1-on was

added to pH 770, led SQIUTI n,ywas 1 Iteréﬂ -ng freeze-drred to a

foam This fo

] 243.6 nm [err], 366.4nm E1147; 6¢(d6-DysO 15

17Hz, 1H), 5.30(5-H, d, 17Hz, 1H), 5.23(err] 2H), 4.82(14-H,

1.48(14-CH3, d, 7Hz, 3H). Exanple 9 .
furanyl methyl ,[5, 8, 13, 14-tetrahydro- 14-net hyl -8 , 13- 20

]i seindol o[ 2, 1- b] i soqui nol Ln-§-yL] phosphoric acid, sodium salt

(272ng) was added to a sglu
g % 8ot 1N G Lap TR o i BTy 05

I nt er medi at & 4fé (952n) '*

RS aTh (i % BUAPRA T H0sdd, bR Bkl S0 ) 20

Cht,CHRE{ goscuned) ,smmul wat "Gl(t%tﬂﬂ\aecﬂ:l AHZwBl}. (751 ) and the
ified to pH 1.5 by the addition of 2M hydrochloric acid and

h dlchloronethane (5 30 X 750m ). The organi ¢ extracts

ous sodi um sul phate and evaporated to a foam This

suspensi on was 3 Sodasmpmda.ued(éwﬂigb waesadiiee Wasa Smluttuoatoefdlwmdrhedaidter

244, Onm
5.30(5-H, d,
[err], m 5H)
(2- Propenyl)

I soindolo[2,1

(50m) tfqglv
err

o150 0.0 i 0L

fher, 3I1H)the4rwteqmwt~ere YRE cospi-g tg, iiib" and)dheener ipi tated
raduég(ﬂé§ Eﬁﬁﬁec@ed'ﬂwzflﬁﬂﬂhtléh Eﬁﬁéﬂﬂdewﬂéﬁ acetone (10{1) and

13-dj oxooenz[ 5

3 hyd U
eB]qrsngﬂlﬁotF%rdgliﬁ ]rt%hésﬁiw @%&% TaiRjisahid 2Pe Hseplvad dai de

(697ny) was adalest (300m13odnd the piif of riner seilitdoe wh8 adjuébed (tﬂ: pHoN .5 myacaéone

(30m) and th

20

gdﬂt)ig roei, %%y%%gérﬁ%rlf@ da%rz.d.eflkgxresultmg mixture was extracted
w1th_dlchloromethane-ethapol (4:1, 300m1)_and then dichloromethane

(300m1). Salt solution was added during the extraction procedure to
disperse the emulsion which was formed. The combined organic extracts
were dried ovér anhydrous sodium sulphate and evaporated to a green
foam. This foam was suspended in water (150ml) and the suspension was
adjusted to pH 7.0 by addition of IM-sodium hydroxide solution. The
resulting solution was filtered and the filtrate was freeze-dried to a
yellow foam. Trituration of this foam with ether (100m1) gave the
title compound as a yellow solid (1.214g); A ax 244.0nm, E 883,

25

367.4nm, £1 183; &(dg-DMSD), 5.85-6.00(CH, m, 1H), 4.95-5. 30(cn2, m,
2H), 5.39(5-H, o, 17Hz, ), 5.30(5-H, d, 1Hz, M), 4.82(14H, q,

30

Example 11 _ -
Ethxl,[5,8,13,la-tetrahydr0e1a-methyl—a,135dioxobenz[5,6]isoindolo-

[2,l-b]isoquinolin—12~y1]phosphoric acid, sodium salt
Soaiun iodide (2.0g) was added to a solution of Intermediate 10a)

(2.09) in scetone (100ml) and the mixture was heated under reflux for

35

Sh. After this time, a second portion of sodium iodide (2.0g) was

>



After 3h, the reaction mxture was cooled to 200 and the precipitated
product was collected by filtration, washed with acetone (10m ) and et her
£10m ) and dried to a yellow solid. This solid was dissolved in water
(300m ) and the pH of the solution was adjusted to pH 1.5 by the 15

addi tion of 2M hydrochloric acid. The resulting m xture was extracted with
_di chl or onet hane- et-hanol (4:1, 300m ) and t§en _di chl oronet hane (300m).

Sal't solution was added during the extraction procedure to disperse the

ertl si on whi ctPAfed F6r Higl reactien Hinbure o fifteinedt mdersrefdus tari beh.over
anhydrous sodima %&cmma«t thiRbGhecwaP ool & th 20 ghe@Re JrecipftatBa profihct f 0am

was suspended in and. t he sus | on was ted to pH 7. 0 by
addi tion of 1Ma§o‘5ﬁ héﬁé%”%*z}éfga%ﬂbﬁ%“ R'I"f‘éhr%%eﬁf’?‘? g%‘lsﬂlg
filtered and tdigefa Igreen sohis (Mt Bay)e- CrystdllizatiorebF cuisosohid (Pr.ﬂﬁgl) &Trbrﬁ)n

of thi foam I esr o8B &nk oid € gPI I W solid
(1&0 k. ”g{iﬁﬁtﬁ w%ggg%mgfna m{:? §27im,ﬁelz7f §(e§{5{rm, & 1170 1H)

4.82(14-H, (e izomsoh) 5. 4. 8- HZGAD), BL32Hb-H 4,4 7Hz, 3H).
Exanpl e 11 30 EthbD 3 @dﬁutetrahydrot& H &quiﬂgi% g?oxobenzS

, 6] i soi ndol o- 2‘*1*%% d(ﬁ'ar n%lspn ocH. 'l'pﬂ'og'ﬂ))mr‘r@ ééf‘tF”aa’édm"Gn?"é’al fla ¥bdi um

_|od| de (2.0g) (oes,cHidedsHzg3m).sol ution of Internmediate 10a) (2.0g) in
acetone (1 0OM) a"'d'the m xture was heated under reflux for 5h. After this

time, #second portion of sodiumiodide (2.0g) was 35 - 32 - added and
t he reacti on fxanp¥eel?as mai nt ai ned under reflux for 16h. The reaction
i xture was CQOWethokg 6y bl RE-RULAJYG 1981 dkBbddct ed by
fiNAration, w - —+-2 : v T solid

(1.75g). O ystapélies soheric grid, sedium ge
(20m ) and acet one s&mm )io&ﬁf\ée(ﬂ.hiw j tiad mowcs §§1u%19tﬁ Qﬁnmﬁérhédlate

(s ﬁzﬁ? e 1 &) G BaY oy penting @ﬁwlﬂ% FeRbiie; D“ﬁ%on seagefApryd

for 3h and more sodiun iodide (1.274q) was added. Refluxing was

continued for 20h. The reaction mixture was evaporated and the
residue was redissolved in 2-pbutanone (40ml). The resulting solution
was refluxed for 2h and then evaporated. The residue was triturated

20 with ether (3 x 25ml) to give a solid. Water (200ml) was added and
the resulting suspension was acidified to pH 1.5 with 2M hydrochloric
acid end extracted with dichloromethane (3 x 300ml). Salt solution
‘was added durihg the extraétion to digperse an emuléion. The organic
.extracts were dried over anhydrous sodium sulphate and evaporated to a

U 2s solid. This solid was suspended in water (200ml) and 0.1M sodium

hydroxide solution was added to pH.7.0. The mixture was filtered and
the filtrate was freeze-dried to a foam. Treatment of the foam with
acetone (120ml) gave a solution which was filtered and evaporated.
The residue was triturated with ether (40ml) to glve the title

30 compound as a yellow solid (1.34g); A oy 244.0nm, E 1034, 366.8nm,
E1I208, 6(dg-DMSO) 5. QD(S-H, d, 17Hz, 1H) 5.30(5-H, d 17Hz, H),
4.80(14H, q, Mz, MH), 3.96(POCH,, m, 2H), 3.44(POCHLCH,, q, Hz,
2H), 3.22(0CH3, s, 3H), 1.&7(14-CH3, d, 7Hz, 3H).

35



(err). 10 Exanple 12
2- Met hoxyet hyl , [ 5, 8, 13, 14-t et r ahydr o- 14- nethyl 8, 13- di oxpbenz- :
(5;6]isoindo|o(2 1- b] i soqui nol i n-9-yl ] phosphoric acid, sodiumsalt Sodium %
i odi de (0.637g) was added to a solution of Internediat®. 15 4j)

(2403g) in acetone (40m ). The resulting solution was refluxed for 3h and
nore sodi un iodide—(1.274g) was added. Refluxing was continued for 20h. The
reaction mxture was evaporated and the r3sidue was redissolved in N
2-outanone-(é0n1h ?Qe resulting solution was refluxed for 2h and then Nt
evapor at ed. due was trlturated 20 with ether (3 x 25n) to

give a sol i dP ropdt, &

aci dified torpty by3syd 4§ Q694 P orfzid a’é@&' Qpigiakiedew th

di chl oronet h he extraction
to disperse an emufSefiMn iqfide, @-af’ﬂ casx Bfdedt b0 vilr IR v AR tRYHSus
sodi um sul phatzeuar&dtee«émeﬁat(edmno add Ahe reactfdl nikturéhiss sekibfedNasder
suspended in éZOOn%% and O. M sodlun1h¥ gﬁlde S Iutlondmas added to
pH 7. 0. The rf d |§VEPeLP 3?10‘ 11340 u B WRRA0YT Q5 IHFPRPY 87 a

foam Treat mthaﬁolt had febaonatiogiephed tapn Seghb@eniL) ¥ha metdanol i tovicahtioch was

filtered andlgﬁvgp&&%e mpd assa%gﬁk%gw sawoat% Lt hger&?gm) to

give the tit ow sal ax 44. 0nm
El 1034, 366. %ﬁn@nﬂﬁlﬁpaﬁﬂs( 91\50)21514&?@(@ (pMsQY, 5127ﬁ4z+ 51

17Hz, 1H), 4.@§@giLa 3Hssqs 3§H21:H ;H)'l, 33-9@(H@GH2+ CHL,) 21d)..7030 Zb%ﬁ’gﬁ-@@bﬂadeﬁt,
5Hz, 2H), 3.22(0CH3, @a Jélju qﬁa] P 7HZ 3H). 35 33 - Exanpl e
13 Propyl [5%%, aisr%étteef‘f i) ¥t hyl - 8, 13- di oxobenz[ 5, 6] i soi ndol 0- [ 2"

, 1 -b]isoqui Exainpted1412- di yl'] phosphoric acid, sodium salt Sodium i odide \'J
(2.59) was addgd. 10 s, Sakhyd 99,8113, 1. SLORR) kL 1420d dhy U 3323 QARL(2OM )

andthe react O~ >- e - Te Faeot-at dt
“dryness. 'ThdSréi;aﬁ;@dg@gﬁzg]1p§ghqqujnp}nn-91y1]phosphorlc ac1d trlethylamlne

salt

Triethylanine hydroiodide (278mg) was added to a solution of
Intermediate 5b) (750mg) in acetone (75m1). The resulting solution
was refluxed for 4h. Further triethylamine hydroiodide (278mq) was
added and.refluxing cohtinued for a fdrther 17n. The reaction mixture
was evaporated and the residual oil was washed with ether. The oil
was dissolved in water (100ml) and extracted with dichloraomethane (2 x
100ml) then with dichloromethane-methanol (1:1, 100ml) then with
dichlorométhané (100m1)' The combined organic ektracts were dried
over anhydrous sodium sulphate and evaporated. Water (ZSOml) was '\uJ :
added to the residue and the resultlng solutlon was filtered and
freeze-dried to a foam. This foam was dlssqlved in water (50ml) and
the solution filtered. The filtrate was acidified to pH 1.5 with 2M
hydrocn;ofic acid and extracted with dichloromethane-methanol (2:1,
450m1) then with dichloromethane (100ml).  The combined organic
extracts were washedzwith'water ang dried over anhydrous sodium

" sulphate. Ttiethylémine (0.1ml, 0.7q) was added and the solution was
evaporated. The residual oil was dissolved in water (30ml), the
solution was filtered énd the filtrate was freeze-dried to give the
title compound as a yellow foam (256mg); A nax 244.2nm, E} 739, ‘
365.8nm, E1 129; a(ds-ouso) 5.39(5-H, d, 17Hz, 1H), 5.29(5-H, d, 17Hz,




et hanol and chr omat ogr aphed on Sephadex LH 20 in nethanol twice to give
title conpound as a dark yeJ]low solid (595ng), [err] (wat er) 244.8nm
Ferr] 356.4nm [err]140; 6 (DMSO 5.28 + 5.38 (5H), 4.82 (14H), 3.65-3.85
(CH2), 1.35-1.6(14CH3 + CH2), 0.70-0.90CH3. (Sephadex is a registered Trade
Mar k). Exanple 14 4-Nitrophenyl nethyl, (5 ,8,13 ,14-tetrahydro- 14-net hyl -8
, 13-di oxobenz (5 ~6]i soi ndol o(2, 1- bl i soqui (r}%l | n 9-yl | phosphori c acid,
tri .ethylam ne salt Triethylanine hydroi odi (278ngy) was added to a
se¥ution of | nid) SdiedrecBp) d(,mﬁng;m),naa&ﬂa(ﬂé%, @45Mz),. H)Lhe resulting
sol ution was ref e r Fur It t,.h ynextlydgpi odi de (278ma)
was added and ?e#qj)s %JNQ. CﬁltHﬁﬁ G %H? z; %?J(rqtaﬁg}rl m‘? Thiéﬂt’eactlon m xture
was evapor at ed? aHH.Nf' zcﬁmd-uaVHbl PHwas washed with ether. The oil was
di ssblved in water (100nm) and extracted w th di chl oromethane (2 x 100m)
then with di chtoroqet&ame- met hanol (1:1, 100m ) then w th dichl oronethane
(1000 ). The organi c extracts were dried over anhydrous sodi um
sul phate and eamaaequ[mt,m 1(425@tﬂa)1yd&s-1adahtdyl-€8 M BedioaebehzEs p8ld t he
resul ting sol ug SIhabBS Lyl 1. a;Loam This foam was
di ssolved in wa Sine se—+he filtrate was
acidified to pH 1.5 Sﬂﬂtlﬂnzmdhwr(@@hm@r |weSaa¢|dddaWd scsalubiore @ Fyinthrmediate
di chl or onet hansayrghhanel) aéec&}éotriémmh% \efha hislt GY %Q%EP@J'%&&OOM )

The conbi ned or%anl c extracts wer e washed wi.th water and dried over
anhyl® ous sodi Efi14kF pHEEET TrPl ettip) BEACHACT BLXRYTE Y39 Gy BRRAtER FOdIEXESPhe
sol ufi on was em&pmhetm;d@ecaée:ﬂudued with waer dj196mlMedeidified @b g Qg ,3

h I d d he .fi f d h
Rere compoundeitt 2uBEFEHREi Bascip S GiakiSo shES fichi bipp bt £°
[err] 129; 6(e1ﬂcyn15, 3G@lt Hgolutian/Was atidpd diir2Qq 3hpl extradtien, proce@dre to
1H), 5. 10( POCHZd gé;ghezé'rhulsmrﬁ%iélh bbasOfo chbl . %’co%b%@o%qyéxtracts

1.4714- :
15 'were dried over anhydrous sodium sulphate and evaporated to a green

0il which solidified. The solid was stirred in ether (50ml) for 10"
min. and then collected by filtration to give a green solid.
Crystallisation of the solid from a mixture of chloroform (containing
a trace of ethanol) and ether gave the title compound as green

20 crystals (427mg); Maax2d5.0nm, £, 979 369.0nm, E1193 &(dg-DMSO) 5.44
(5-H, d, 16Hz, 1H), 5.36(5-H, d, 16Hz, 1H), 5.23(OCH,, d, 8Hz, 2H),
4.86 (14-H, q, Mz, M), 1.51(14-CHg, d, Mz, 3H).

. Example 16
E‘\J{zs Phenylmethyl,[5,8,13,14-tetrahydro-14-methyl-8,13-dioxobenz[5,6 J-
isoindolo[2 1-0]isoquinolin—’?-yl]phosphoric acid, sodium salt
A solution of sodium 2-ethylhexanoate (1.55g) in
tetrahydrofuran (14ml) was added over 2 min to a stirred suspension of‘
the product of Example 15 (4q) under nitrogen. Water (0.4ml) was
30 added to the resulting clear solution which was then diluted with

propan-2-ol {(215ml) over 40 min. The résulting suspension was stirred
for 20 min and the solid wés collected by filtration, washed with
propan~-2-0l (3x30ml), sucked dry under nitrogen and dried in vacuo to
give the title compound as a yellow-green amorphous solid (3.19q);

35 Apax 244nm (MeOH), E1 843, having a similar H N.m.r. spectrum to the




1.18(err). 5 Exampl e 15 Phenyl nmethyl,[5 , 8, 13

, 14-t et'rahydro- 14- net hyl - 8, 13- di oxobenz[5 , 6] - isoindol.o(2 ,|-b]

i soqui nolin-9-yl] phosphoric acid Sodium i odide (285ng) was added to a
solution of Internediate 5a) (1.019g) in acetone (25M) and the m xture was

heat ed under 10 reflux. After 1.5h, the reaction mxture was
evigporated to dryness and the residue was diluted with water (100m), —_
acidified to pH2 to 3 with 24-hydrochlorize acid and extracted with vt

di chl or onet hane EB x -100m ). Salt s\%ﬁbltlon was added during the extraction
procedure to ATSHe WLainrd x8mB}e \fA? ch was formed. The conbined organic
‘extracts 15 - were dri ed over anhydrous sodi um sul phate and
evaporated t e oil which solidified. The solid was stirred in ether
(50mM) for 1 Bmgis 17 then collected by filtratiion to give a green solid.
Crystal | i sat iRfengimeth 1d:éI,Bm3\‘,11éﬁteetmhxdmb&ltﬂfetbm-(ﬁr,b}-mlmémfSuédl-ng a
t ;sgf a‘1°fs (ez gaiyallhd %ﬁzeﬂb‘i&s&ﬁ_}iﬁoi_ -
16Hz, 1H), 5. 36(5- Hotassiumjodide) (1. 39 ("8ergdded, tejg, sugnapsion 96 (14 H q.
IZEZ, IlH) , hll 5ﬂ'(5t§ﬂmsﬁfgte?a)7wa9ﬁ§y)m %ﬁmbﬁe:’sﬁ‘ a%_e%:@ge (118ml) [agde\u]ater
enyl net hy t et rahydro- net i 0X0 -
i soi ndol o( 2 @ 87" 9squ PRI Ya5h GEHHSE %"dag?ﬂtedsﬁ‘ai | %I”Pdﬁrsol ution
of sodium 2- mﬂtybmaunaz.é i1 .&5bpystiadl iret padnighibdter foribdndfterasd added over
2 mn to a st ® t le 1 r
Tt ogbn. e e BN 3E0 }oBled o BT 0T Ak B £rrifd HL P15 e
sol ution whi cplhectedhey fd-llFm"éQﬂvWﬁfihﬁi otish-espng 282AmM1) ognd dobedhjin. The
][elsglr; ! ngnsumuslaﬁgw thel £4696 ddipodly g%ngza)? &%edQMdﬁ(lrﬁgir)C0| ! regt gg g% ;
i i u
dried in vacia Pyg\g/g"i’ﬁﬂg 186 ¢ o?n?&“é 1"3'y \ﬁf’é’g eha%rﬂ)'i'irh 6solid
(3.19g); 35 (OCH,,d,6HE2H)] mnml(%eﬁ),-%z ) 84348 Hawi ,a AyBHAr [err]
spectrtjj.gnto t he - 35 - sarrpl e obtained in Exanpl e 2a

- Example 18 - . .
Phenylmethyl,[5,8,1 35,1a-tet'rahydr6-1 4-methyl-8,13-dioxobenz(5,6]-
- isoindolo[2,1-blisoquinolin-9-yl)phosphoric acid, lithium salt

Lithium iodide trihydrate (_'1.889) _'vias added to a suspension of
20 Intermediate 5a) (5.90g) in a mixture of acetone (118m1) and water
(2.3m1). This mixture was stirred and h_eatéd_ to reflux under nitrogen
for 2,7 h, a cr'ystalli‘ne precipitate forming after 20 min. The
suspension was cooled to ca. 200 and stirred for 2 h and the solid was
collected by filtration, washed with acetone (3x50ml) and dried in . \J
25 vacuo at 219 to give the title compound (4.72g); }ha 244nm (MeOH), E;
847; & (ds-DMSU) 5.43 (5-H,d,16Hz,1H), S. 31 (5-H,d,16Hz,1H), 5.04
(OCHz,d,6Hz,2H), 4.84 (14-H,q,Mz,1H), 1.49 (14-CH3,d,7HZ,3H)

Example 19 :
30 'Phenylmethyl (5,8 13 14-tetrahydro-1a-methyl-e 13 dmxobenz[S ,61-
1somdolo[2 1 b]1soqumolm—9-—yl]phosphonc acid, L~arginine salt

A suspensmn of the product of Example 15 (29) in water (80ml)
was stirred under nitrogen and a solution of L-arginine monohydrate
(0.70g) in water (10ml) was added dropwise over 15 min to adjust the

35 pH to 6.1. The pH'was'r'ai-.sed to 7.0 by the ‘addition of part (2ml) of



Exanpl e 17 Phenyl nethyl,[5,8 ,13 , 14-tetrahydro- 14- net hyl - 8, 13- di oxobenz[ 5
,6]- 5. I soi ndol o[ 2, 1 b] i soqui nol i n-9-yl ] phosphoric acid, potassium
salt Potassiumiodide (1.83g) was added to a suspension of Internedi ate 5a)
(5.90g) in a mxture of acetone (118m ) and water (2.93m). This m xture
was stirred and heated to reflux under writ3ggen for 2.5 h, a crystalline

ipitate f fter led to 210
P st rred 10t Skl o pesdindoe Hli10),in oo EBERT B0F IeDRe i Biiea i ch
a®et one (2x25mlpaam91dnoedwam fibtersds o ThevEilthatet was ért-:@zm@amﬂ (c4 Bg) ;
[err] max 244nnaneMefehl: cohpbéiid ladls: ye@l&ﬂ@r&\@@hé @ﬁs@é)“:@l 1634z, &) . 5. 24

(Eiaﬁpflel ?g'zpﬁ%pﬁ ﬁyfsulegj@(fs-ws% l_tﬁ ZS-H d|_1|)6hz,1|6 Lgrersd 7HZ 3H. 15

}4bi et rahydr|c(51u4 ;dEehy)1H3, 1Rodi (nmq«;mze[ni ﬁi), 4.30: mﬁho{ﬁ]ﬁuz m)d 3 .14
I soqui no p o salt Lithiumiodide
%’gH?’t 61&’}3@2 hPSb usﬁ)brf %’r?ngf

trlhydrate(l édto 20 - Internedi ate 5a) -
(5.90g9) in a mxture of acetone (118m ) and water (2.3m ). This mxture
was stirred andfepd ed to reflux under nitrogen for 2.7 h, a crystalline
precipitate fOT'T'rT'n'gﬂT'ter 20 m n, The suspen5| on was cool ed to ca, 200 and
stirred for 2 Pheanimetiyl 4858 3ah4-tes rerlé g 6 Joi

acetone (3x5%inmd[ﬂ{ﬂ-@ﬂhédauiﬁolm-9-y1\]a|€dsan&tm25&ci Osﬂjl\(ﬁ gm title
conpound (4.7ZQ); [err] Z4Znm (VEOH), [err] 847, © (err) 5.43

(5-H, d, 16Hz, 1H) 5.31 (5-H,d, I 6Hz,1H), 5.04 (OCH2,d, 6Hz, 2H), 4.84

(14-H, q, 7HZ , Sdd i4® ioﬁddﬂ-@ I4§')I—|z¢a3I-QddE<a;np¢ @sui@er®3@on of Intermediate
Phenyl et hyl , y |0 [ 5 .

|geu/ndol o[ 2, 1 55% gzoqéla%o %HOQP é{%gp omlryalgll’%ul'g ,,Q\ %ﬁﬁ%&a éld ﬁgated
suspensi on of ttﬂhée%dmeroﬂl@@aﬁ'plf@rlb%wsml tshwvae%rlt eDraolubden wasrred

under nitr ogerbo%msh qoSeh utssmrhndohireeé&.l NipRe fE‘P&%WW&t SoddntPbed i WAL er
(10m ) was added dropw stesﬂover mn to adjust the 3 Hto ®;1. The

P
pH was rai sed ¥35Y2 %9 £%- e‘“]ard(?f"?lm? Besigys t"afzﬁﬂlff?ff “hile di%soprapy]

ether (350ml) was:added. The resulting suspension was stirred for 45

min, and the green solid was collected by filtration, washed with
diiéopropyl ether (2x100ml) and dried in vacuo at 309. Part (2.0g) of
this solid was suspended in refluxing acetone (20g) and water (2.0ml)

- was added. The resulting solution was seeded and stirred under reflux
for 5 min while crystallisation occurred. The mixture was cooled to
ca 209 over 30 min and refrigerated overnight, and the solid was
collected by filtration, washed with chilled acetone (2x5ml) and dried
in vacuo to give the title compound as crystals (1.77@); Apax

\/ 244nm (MeOH), Ei 857; vpax (Nujol mull) 1662 (C=0), 1250 ang

1110cm-! (phosphate); & (d -OMSO) 5.41 (5-H,d,16Hz,1H), 5.29
(5-H,d,16Hz,1H), 4.96 (OCH,,d,6Hz,2H), 4.82 (14-H,q,7Hz,TH), 1.49
(14-CH,,d,7Hz,3H). (Nujol is a registered Trade Mark).

- b) Sodium iodide-(1.659) was added to a suspension of Intermediate
5a) (5.90g) in a mixture of acetone (118ml) and water (2.93ml). This
mixture was stirred and heated to reflux under nitrogen for 2 h, a
pale yellow crystalline precipitate forming after 0.8 h. The
suspension was cooled to 219 and stirred for 1 h, and f.he solid was
collected by filtration, washed with acetone (2x25ml) and dried in
vacuo to give the title compound as crystals (4.96g); A max
244nm (MeOH) Ei 842, having infrared and !H N.m.r. spectra similar to
the sample obtained in Example 20a).




- 36 - a solution of L-arginine (0.1g) in water (5m ), and the resulting
clear solution was filtered. The filtrate was freeze-dri ed to give the
title conmpound as a yellowgreen solid (2.61g); X ~ 244 nm (MeOH), E1 648; *
6 (d6-DVSO) 5.41 (5-H,d, 16Hz, 1H), 5.29 (5-H,d, 16Hz, 1H), 5.02
(OCH2,d, 6Hz, 2H), 4.83 (14-H,q, 7Hz, 1H), -3.3# (NCH2,t,6Hz, 2H), 1.50
(14-CH3, d, 7Hz 3H)_ Exanpl e 20
Phenyl met hyI[ 5, 8, 13, 14-t et r ahydr o- 14- net hyl - 8, 13- di oxobenz[5 6] -

soi ndo] o[ 2, Deqqléeqmmem rexsm»yle]Spnﬁgqsmmmuamd comndisd hicnsl accm)-duﬁpdbum
T odi de (5. 94@he Was Al tﬂ'reat@biﬁpﬂﬂéiv}%nlﬁﬁreh%rﬂf' Q'@ea @f)euﬂz&e%%ang

acetone (420m ). This m xture was stirred and heated to reflux und

ni trogen for 2ceppound pf; fhe r’é‘§ﬁ'?'i‘r°ﬂga%f“ﬁ¥|Q9nf%sexé‘PRJlleeHhQ G%&OU@EOO%nd
filtered. Th&xbmplesa2s) was8concentrated in vacuo to ca. 50 m, and the
~residue was stirred while diisopropyl ether (350mM) was added. The
resuItPng suspension was stirred for 45 min, and the green solid was

col l ected by Exahpleafdtlny, Powdsrefomilnfiectiiogopr opyl ether (2xIOOm ) and dri ed
in vacua at 300. Part (2.0g) of this solid was suspended in refluxing
acetone (20g) and water (2.0m) was added. The resulting solution was -
seeded and stirred under reflux for 5 mn \MLE?;’.crystal | i sation occurred.
The mi xture WasivOsh dtlem_ca [err] over 30 é@@va@qtr@‘ ﬁu@,ﬁq akggl overnight,
and the sollgwas .CO gd by filtration, wgshed with chilled acetone
(2x5m % and Ff‘%‘lfﬁ“ﬂ to give the titl®%conmpound as crystals (1.77g);

[ err] max 244@atKidkatid [err](Nuj ol mull) 1®2 (C=0), 1250 and 1110cm1 .
(phosphate); 6 (err) 5.41 (5-H,d, 16Hz, 1H), 5.29 (5-H,d, 16Hz, 1H), 4.96 W/
(OCH2, d, 6Hz, 2 482(14Hq7Hz 1H), 1.49 (14-CH3,d, 7Hz, 3H). (Nujol is

'§)

a registered Ivark). b) Sodiumi odi de (1.65g) was added to a
suspensi on of Int eerefra the st iled iRGdibAL S Uit %-ﬁ%&fn e8GEL Opgy | 118nt) and
wat er g 93rr1 l m xture was irred and heated to refl ux under
nitrogth for® erhtma Jr)'allﬁt?/&lFﬁﬁv"éP gt aPPF‘H-‘e tﬂ? diefprageewity mi¥RpIsptand 0. 8

h. The suspeBbbos th&viads| @ing arBblr a1dsctds’ BRd me€sl bvlrsadld.t he sol i d was

collected by filtration, washed with acetone (2x25m ) and dried in vacua to

give the title conpound as crystals (4.96g); [err] max 244nm(MeC]—I) [err]
havi ng i nfrapMethagnd 1H N.mr. spectra simlar to

Dissolve the ingredients in water for injections B.P. Sterlllse
20 the solution by membrane filtration. Aseptically fill into
freeze-drying vials and place suitable rubber freeze-drying closures
in positiqn. Freeze-dry, filling the vials ﬁith nitrogen at the end
of the cycle. Fully insert the closures and apply metal overseals.

25 Constitution

Constitute with a suitable sterile'vehicle, e.g. using water
for injections or using a 5% w/v dextrose solution, as an injection

(e.g. in a 10ml volume) or an infusion (e.g. in a 100ml volume).

30

35



“the sanpl e obtained in EXanple 20a). - 37 - The follow ng are exanpl es
of pharmaceutical conpositi.ons according to the invention. The term'Active
Jdngredient' as used hereinafter neans a conmpound of the invention and nay

e for exanpl e the conmpounds of Exanples 2a) or 8. 5 Exanple A-Dry Powder
for Injection ng/vial Active ingredient 38 equi valent to
100ng acid 10 —Trisodiumcitrate - 8.8 Gitric acid
0.2 Method 1 Blend the sterile ingredients until honogeneous. Fill 15

aseptically intg, B Vigah$ 1aoflE 9€ the headspace with nitrogen and close
t.he vials usin d nmetal overseals. Method 2 Dissolve the

ingredients in water for injections B.P. Sterilise 20 the solution by
menbrane filtration. Aseptically fill into fyggesfa=dryi ng vials and pl ace
sui t abl e rubber, freeze-drying closures in po§IEFT'6h'.—Freeze-dry,.fi l1'ing the

vial's with nit PG5 ap9%adderhy of the cycle. eadtYadiephddr 259m9e3¢idsures and
apply netsal ovétieeadrystaliine dadbeldseuti on Corg3fitute with a suitable

sterile vehicl e.g.,using,water for injections or using a 5% w v dextrose
sol ution, as a%b?nr‘l‘j“ggf?%cr? ?M&aaf% a 10m voléurre) or an infusion (e.g. in a
100m vol une) . M8gngggum steaggte Exanple B - OZl Tabl et

Sieve the ingredients and blend until homogeneous. Compress

10 with appropriate punches. The tablets may be covered with a thin
polymer coat applied by the usual film coating techniques. A pigment
(N may be included in the film coat.



ng/ tabl et Active I ngredient equiVaIent to 250ng acid 5

M crocrystalline cellul ose 231 Sodium starch glycol ate
6 Magnhesi um st earate 2 Sieve the ingredients and bl end .
-unti|l honmpbgeneous. Conpress 10 Wi th appropriate*punches. The tablets

megy be covered with a thin polyner coat applied: by_Lhe_usuaL_LLLnLcoatlng
techni ques. A pigrent may be included in the filmcoat.

CLAI M5: 1. Conpounds of the general formul3® (1) [GUMI'J]ME“&UIIMH”H and R2 -
whi ch may be the sane or different, each represent

hydr oxyl group 4 4 or a group -OP(O(OR)(OR )[where R represents a
hydrogen atom or an alkyl (optionally substituted by a hydroxyl, al koxy,
cyclic ether or cycloal kyl group), alkenyl, cycloal kyl, aryl, aral kyl or
aroyl al kyl grouplarmMgsh the proviso that at |east one of and R2 represents
a group - OP(O4SH--OR4E—-— and 3 R represents a hydrogen or hal ogen atom or
a methyl group), and salts thereof. 2. Conpounds of formula (1) as clained
in claim1l wherki Codpoepdssefit tha ggnepgdinfarmuiar (d)strai ght- chain or
branched [err] al kyl (optionally substituted by a hydroxyl, [err] al koxy,
3-7 nenbered cyclic ether, or [err] cycloal kyl group), [err] al kenyl; C37
cycl oal kyl, phenyl, phen [err] aIkyI or ben;oyl [err] al kyl group mherern
any phenyl noiety nay :

4#‘\/ \._ /_\j?\;
l ll ( ! P

N - . . . ] -
\\/ \ / \4¢ /\/ ' W/
ik o
{wherein R1 and Rz, which may be the same or different,

each represents a hydrogen atom, a hydroxyl group

or a group -0P(0)(OB)(OR4)[where R4 represents

a hydrogen atom or an alkyl (optionally substituted

by a hydroxyl, alkoxy, cyclic ether or cycloalkyl

group) , alkenyl, cycloalkyl, aryl, aralkyl or aroylalkyl
group], with the proviso that at least one of R1

and Rz represents a group -OP(O)(OH)(OR4); and

R3 represents a hydrogen or halogen atom or a methyl _
group), and salts thereof. . o/

2. COmpouhGS'of formula (1) as claimed in claim

1 wherein R4 represents a hydrogen atom or a straight-
‘chain or branched C;_g alkyl (optionally substituted’
by a hydroxyl, C1_4 alkoxy, 3-7 membered cyclic

ether, or C5_, cycloalkyl group), C;_g alkenyl,

Ca_7 cycloalkyl, phenyl, phen c1-3 alkyl or benzoyl
01_3 alkyl group, wherein any phenyl moiety may
optionally be substituted by a hydroxyl, Ci-s alkoxy
or nitro group, and salts thereof.

3. Compounds of formula (1) as claimed in either

of claims 1 and 2 wheréin'R4 represents a straight



6ptional|y be substituted by a hydroxyl, [err] al koxy or nitro group, and

salis thereof . 3. Sompounds;of formi 2 (U g gl a o [T Illllﬁlllﬂﬂll I chaimed
[err] al kyl group, a tettahydrofuranyl nethyl group, *a phén ['erf] A&l kyl

group or a benzoyl [err] alkyl group, and salts thereof. 4. Conpounds of
formula (1) as claed in any one of clains 1 to 3 wherein [err] represents

a; hydr ogen atonbhaadeaa S thekymfgr6upCbapaaaﬂahgaréeaﬁuhglﬁakhys cl ai med
i ®”any one of claimgs 1 ereip

e alalhe's SRS el BT AR s

and R2, “whi ch na&kynegsemsuoﬁné|$Fb enthepgefi.represents a hydrogen atom a
hydroxyl group or a group -OP(O (OH) (CR ) [mhere R represents a hydrogen
atom or an al kyl (optlonally Estlt droxyl, al kox '

21 el g

cycl oal kyl groufly, Compeugdsy 9Fmﬁ ﬁFtﬁxPﬂ@e r69|§BYt§BF at | east
one of [err]andoR2claimesdnte a2 gheneinCR%C}ethkebER 4) hydregdnR i s a

hydr ogen or halgg§§ %gglg %?Enghgyéogroup, and salts thereof. 7. A

conpound as cl ali ¢l & erng phenyl net hyl,
[ 5, 8,13, 14-t et rahydr o- 14- net hyl - 8, 13- di oxobenz[ 5, 6]

I soi ndol of 2, 1- bB'SEG EBQHHQ 8EkaPﬁQ§9h@1)Caécbﬂalﬁéd in any one

2- 0x0- 2- phenyl et hyl
met hyl - 8, 13- di 0®6b&k 936# §8uﬁd8£8f2 Bli§SHEFﬁ8FFﬁ-agbyﬁfﬁﬂsgphoric

acid, or a saltatbf,eahd 8alts £hepeppund as clained in claim1l being the

o 6. Compounds of formula (1) as claimed in claim
1 wherein Rl and R2, which may the same or different,
each represents a hydrogen atoh, a hydroxyl group
or a group_-0P(0)(OH)(0R4)[whe:e R4 represents
a hydrogen atom or an alkyl (optionally substituted
by a hydroxyl, alkoxy or cycloalkyl group), aryl
or aralkyl group], with the proviso that at least
one of R1 and R2 represents a group'-OP(O)(OH)(OR4),
and R3 is a hydrogen or halogen atom or a methyl group,
and salts thereof.

7. A compound as claimed in claim 1 being phenylmethyl,
ij [5,8,13,14~tetrahydro-14-methyl-8,13-dioxobenz[5,6]-

isoindolo[2,1-b]isoquinolin-9-yl]phosphoric acid,

or 2-oxo-2-phenylethyl,[5,8,13,14-tetrahydro-14-

‘methyl-8,13-dioxobenz(5,6]isoindolo[2,1-blisoquinolin-

9-yl]phosphoric acid, or a salt thereof.

8. A compound as claimed in claim 1 being the

sodium salt of phenylmethyl, [5,8,13,14-tetrahydro- _
l14-methyl-8,13~dioxobenz[5,6]-isoindolo[2,1-blisoquinolin-
9-yl]lphosphoric acid. :

9. A compound as claimed in claim 1 being the

sodium salt of 2-oxo-2-phenylethyl,[5,8,13,14-tetrahydro-
l14-methyl-8,13~dioxobenz[5,6]isoindolo(2,1-blisoquinolin-
9-yl]phosphoric acid.



sodi um salt of phenyl nethyl,

14- et hy]| -
acid. 9.
2- 0x0- 2- phenyl et hyl ,

[5, 8,13, 14-t et rahydro-

[5, 8,13, 14-t et rahydr o-

8, 13- di oxobenz[ 5, 6]-|50|ndolo[2 1- b]|squ|noI|n-
A conpound as clainmed in claim1l

9-yl | phosphori ¢

Tman R

14 et hyl - 8, 13- dloxobenz[5 6] i soi ndol o[ 2, 1- b] i sbqdfi ndl i A- Y- yT]phosphorlc

aci d. * C =M * - 41 -
any one of the ecedi.ng cl ai_,ns r a physiolo ic
ther eof , for usiOrnA REMPPERENEE: foFmule’ fiimASof

10. A compapynd- of fornmula (1) as clainmed in
IL cgeptabl e salt
ﬁeﬁ 3& axi mal body to

conbat cancer tbnecof. thé. pkecedingl cmaimer;rpounéspayBSbabt;Iiehu)Iyas herein

discl osed 10 ankogBpeab1EXaaRkeEntrebei0sol’yst HHILIRCEIBRE

conpr|5|ng as an ac Ive |1 ngre
or a Phythe Bgmém Py aeEEbPaBneaeam?lt kefyoto €o

claim1l),
or

ient a co

‘nor e phar macggheég! thareifaLs or excipients.
conpositions as clained in claim 12 adapted for

onp05|t|on
gg defined in

er wi t h. one

13. Pharnmaceuti cal

parentera

adm ni strati on.

14. A process for the preparation of conmpounds of fornula (1) (as defined
in claim1l) andlIaIIsoqhénemﬁnembbmbopndseeabsnapthaéiyaeslhEsEinne of the

fol | owi ng stepsdigéioggac&hng

[err] is as define

cIa|n1 éﬁgpggggégkfig

sy ¢

27 an

o' 2b.

[err] [wherein
represents a group-

-OP(O (X )(X) (where represents an atom or group convertable to a
12. A pharmaceutical composition comprising as

an active ingredient a compound of formula (1)

(as defined in claim 1), or a physiologically acceptable
salt thereof, together with one or more'pharmaceutical
carriers or excipients.

13. Pharmaceutical compositions as claimed in claim

12 adapted for parenteral administration.

14. A process for the preparation. of compounds

of formula (1) (as defined in claim 1) and salts
thereof, which process comprises at least one of
the following steps: '

(A) reacting a compound of formula (2)

[wherein R

6

R™ and R

xi

' hydroxyl group and x2

Moof

.//°\./'\. AV AN
o T T 1
\/\/\ﬂ\/\f

e
3

7

(2) i

is as defined in claim 1; and one of
represents a group -OP(0) (X1) (x2)
represents an atom or group convertable to a

represents a hydroryl group

lwhere

or an Xl moiety) and the other represents a hydrogen
atom, a hydroxyl group or a group -OP(O)(X )(X )1

;‘\.

Y



‘hydroxyl group and [err]-Tepresents a hydroxyl gngupﬂgL-aﬁ~%%ﬂﬁTET?~'and
{he other represents a hydrogen atom a hydroxyl grou

3OP(Oerr] - 42 - to convert at |east one X mﬁﬁmma gm“to
produce a conpound of fotnula (1); (B) reacting a orfrula (3)

(3) * [wherein [err]is as defined in claim1; and one of R and [err]
represents a hydroxyl group and the ot her fep2esents a hydrogen atomor a

hydroxyl group] h t. the .9 2.4
4position to a %{%?'}%—V %5 ouﬁ%g\%&eﬁy it §§’ (581"?3’!e&°| n claim
1); (O condensi pyosupe nomemnbwnﬁfmﬁlé oemul@l)(egrr] [wherein one of R
and R represents a group -OP(O (OH) (OR4) or -OP(O (err)(X ) (where X and
x2are as hereinb re deflned) and t he ot repr.esents 4 a hydrogen atom
a hydr oxyl groupe‘%S FeFdRg. GDFGP(PGLU’POQ) formuds d30x1) (x2)] with a
conpound of formula (5) -43- [wherein R12 represents a hydrogen atom or
a -CHO or -COCH3 group] and subsequently, if required, converting one or
nore X noieties to hydroxyl;?4§» h?rog@mating a conmpound of forrmula (1) in
whi ch _

l‘\/ \ / \A’\

| u Fﬂ |.n (3)
\/\/\#\/\
Bk

[wherein RX is as defined in claim 1; and one of
R8 and R9 represents a hydroxyl group and the other
represents a hydrogen atom or a hYdtoxyl group]

to convert a hydroxyl group at the 9 and/or 12
position to a'-OP(O)(OH)(OR4) group (wherein R4 is

as defined in claim 1l);

(C) condensing a quinone of formula (4)

bopoi ()
AYaAYa

Y

10 11

[wherein one of R and R represents a group

-or (0) (om) (0rY) or -0p(0) (x!) (x?) (where x' and

x2 are as hereinbefore defined) and the other represents

a hydrogen atom, a hydroxyl group or a group -OP(O)(OH)(OR4)

or -OP(0) (x1) (x%)] with a compound of formula (5)

H3 _

. . COOH

/NI N/
P | (s)
\.// \./ \R12



R3 represents a hydrogen atom and (E) converting griigg,gngﬂgL*#efnula 1
(1) into a salt thereof or a salt of a conmpound of fTornmula (1) inta.the

free acid. 15. A process as clainmed in claim 14 whe “)mg (A is l
effected by hydrolysis or ether cleavage. 16. A pro ‘“ﬂ“ n claim

14 ywherein process step (B) is effected by. @ﬁcilon of €he* conpound of
formula (3) w th-a hal ophosphate or pyrophosphate of fornula Hal P(O) (

(OH)
(78 aofi e | g 281n REE LSHLRGRER M n0e U BEGR) hi 2R sé%ﬂere err e

fol | oned where aequmoew bgroapveanaosubéequenblynnie Xéqubredies to _
hydroxyl . 17. Ac&w&féfnes ﬁé%g‘f\goké ghangy ﬁgew' RyBEgegey step (O) 1

effected in the presence o anoi c ac dride”an el evat ed
tenperature. 18. The use of a conpound of fornula (1) as defined inclaim1

or a physiologlp@jIuaBGQGE&ath sabbmpbeheobffebrhbganmmvfaﬁtwhecaf a
t herapeutic agg&g for g g human ,or non- human ani mal body
to combat canc tﬁ%?ﬁ?ﬂen -} acﬁﬁaﬁﬁﬂﬁg 8 °?0rﬁﬂﬁa (2) (as defined in claim .
.14) and salts thereof. o
(E) converting a free acid of formula (1) into
a salt thereof or a salt of a compound of formula
(1) into the free acid.

15. A process as claimed in claim 14 wherein process W
step (A) is effected by hydrolysis or ether cleavage.

16. A process as claimed in claim 14 wherein process
step (B) is effected by reaction of the compound

of formula (3) with a halophosphate or pyrophosphate

of formula HalP(O)(OH)(OR ), HalP(0) (X1) (x%), O(P(0) (OH)
(OR )), or O(P(0) (X )(X )), (where r? is as defined in
claim 1 and xl and x? are as defined in claim 14),
followed where required by conversion of one or

more X1 moieties to hydroxyl.

17. A process as claihed_in_CIaim 14 wherein process
step (C) is effected in the presence of an alkanoic AN
acid anhydride and at elevated temperature.

18. The use of a compound of formula (1) as defined
in claim 1 or a physiologically acceptable salt
thereof for the manufacture of a therapeutic agent
for the'treatment of the human or non-human animal
body to combat cancer therein.

19. Compounds of formula (2) (as defined in claim
14) and salts thereof.




