2237283 ANTHRAQUINCNE ANTI - CANCER COVPOUNDS Thi s |nvent|on relateﬁ to novel
ant hr aqui,nones which are of particular value in the treat ment of*‘canhcer.

wi de yariety of am noal kyl am no anthraqU|nones (am noal kyl -

ani noant hr acene- 9, 10- di ones) has been described for use as 05 2“2257@22555
chenot herapeutic agents for the treatnent of cancer, perhaps the nost
active being the conpound m t oxantrone tnirnzantrone) of fornmula [err]
which is the subject of U S Patent 4,197,249 and U K Patent 2,004, 293B.
However, in common with oth apeuti c agents the
an1noa|ky|an1no ant hraqui n S i : Rat their activity
is not confined to Tta(spﬁmmnrworce‘lellsteando tdwy] tdmehedq)ﬁaomashwbidh Weé iofus

unde si:rabl e sid e | esser extent anong the
dlfféTént conpoﬁﬁggiqh%eloqﬁgpregg 1%83ﬁﬁg%593% %éFC|ty 15 It is
an (oBETt of the prisdde vaniety iofnamimoptkylauince agthnaguirionest tamigod tkyie
pro-drugs which aaﬁ'iﬁoé?:fthké‘c%%ﬁf-s %T-&’f&ﬁk? Ha¥% BS@PdEf@m‘BE&'gfdrt g6d s preferably

bei ng substanti y non-cyt ot oxi ¢ drugs bei ng converted in vivo
ondey the: BRacr SHPROMNGRAREHLShARNER FArEy LERTHENT of s ganges , t RRrhays dhexi c
drug thereby m rog@tdctIve being tthe conpoums meeéxantromd initaraftiona)témt drug
directly. -2- AccPrdlneg the present invention conprises a conpound of
formula (1) [err] (I) in which [err] and [err] are
each separately sel ected fron1hydrogen X, NHHA-NHR and NHA-N(OR R’
wherein X is hydroxy, halogenow) m no, [err] al koxy. or !errL al kanoyl oxy, A
is aferr] 05 al kyl ene groupywith a chaln I 8?@%ﬁ@? WH and NHR or
N(C»E;R' of at |east 2 carbon dd R' are each separately

NH(CH > ) 2NHCH 2CH20H

which is the subject of U.S. Patent 4,197,249 and
U.K. Patent 2,004,293B. However, in common with other cytotoxic

10 chemotherapeutic agents the aminoalkylamino anthraguinones have the
disadvantgage that their activity is not confined to neoplastic
cells and they therefore exhibit various undesirable side effects

~ including, to a greater or lesser extent among the different
k_; compounds, myelosuppression and cardiotoxicity.

15 It is an object of the present invention to provide a group of
anthraquinone pro~drugs which are of lesser cytotoxicity than the
drug itself, preferably being substantially non-cytotoxic, the
pro-drugs being converted in vivo under the anaerobic conditions
within neoplastic tissue to the cytotoxic drug thereby mitigating

20 the side effects of administering that drug directly.



sel ected from([err] alkyl groups and [err] hydroxyal kyl and [.err]

di hydr oxyal kyl groups in which the carbon atom attached to the ,nitrogen
atom does not carry a hydroxy group and no carbon atomis 10 substltuted
by two hydroxy groups, or R and R' together are a [err] alkylene group *
which with the nitrogen atomto which R and R' are attached forns a

het erocyclic group having 3-to 7 atons in the. ring, but with the proviso
that at |east one of [err] to [errd 4s a group NH-A-N(O)R R', the conpound
optional l'y beA&%ryhg}ﬁetﬂé)rp%eémam&@ntmf) b sgglf%hyomcspt abl e salt.
The conpounds of (I') contain at |east one substituent group

NH A- N(O) Rormuladdhg the ternminal, t@rtiary nigrogen atomin N-oxide form
Al t hough groups of this t4 unknoyr, /fr exanpl e being descrlbed
in European Pat ent Appl i cap RN as one of the various, "

peind contai ning the
correspondi ng group NH A- 8rmnal, tertiary nitrogen
atomis not in-25 N-&g'de form ghus, SLKﬁﬁ£+OXIdES are bioreductively
activated within neoplastic tissue to fornlthe cyt ot oxi ¢ conpound

cont ai ni ng -3- an N\HA-NR R" gro, t her eby providing the desired
anti-cancer activity of this conmpound but with mtigation of its undesired
side effects. It will be seen that in addition to the one or nore

contai ' onll WiecpL dandti ehd Ml kP AR SIS T, SRS I g a0
conpar ed \hdtogengsk, dnA-sNHRI amd mu—wommwhmﬁm Xdp hydriosyf sone degregs
by oo B hiohe? o, CiL4%al355 B 4k andytysi 45 gLIC oS e ot 3
ani n8Al kyﬁ&l‘ﬂlmegﬂmﬂﬂs"fg‘ ﬁnch@iax wthobqﬁwaﬁm Nuand MIRARON(BIR\R"Wi 1| only
be expresggda®Neadb\ecaitvh atomsNandRQUR( ahd Nt+ Ardl(ck Separately
selected from Cy.4 alkyl groups and Cao.4 hydroxyalkyl and Co_4
dihydroxyalkyl groups in which the carbon atom attached to the
nitrogen atom does not carry a hydroxy group and no carbon atom is
10 substituted by two hydroxy groups, or R' and R" together are a 02_5
alkylene group which with the nitrogen atom to which R' and R" are
attached forms a heterocyclic group having 3 to 7 atoms in the.
ring, but with the proviso that at least one of Ry to Rg is a group
NH-A-N(O)R'R", the compound optionally being in the form of a
15 physiologically acceptable salt.
The compounds of formula (I) contain at least one subst1tuent
group NH-A-N(O)R'R" having the terminal, tertiary nitrogen atom in
N-oxide form. Although groups of this type are not unknown, for

::;

example being described in European Patent Application A-0 145 226
20 as one of the various alternative forms of substituent in a group

of substituted nitroacridones, it had not previously been

appreciated that such a substituent confers valuable properties as

compared with the compound containing the corresponding group

NH-A-NR'R" in which the terminal, tertiary nitrogen atom is not in :
25 N-oxide form. Thus, such N-oxides are bioreductively activated

within neoplastic tissue to form the cytotoxic compound containing



to group(s) NHA-NR R'. As regards the groups NHA-NHR and NHA-N(O)R R', A
may be branched but is conveniently a straight chain al kyl ene group, 15

i .e. tetramethyl ene, especially trinethylene, or particularly ethylene. R
R and R' may al so have a branched carbon chain but are conveniently

strai ght chain whether they are al kyl groups or hydroxy-substituted al kyl
groups. Wien R R or R' is a 20 nonohydr oxyal kyl group this is
conveniently substituted termnally andgwhen R, R or R' is a

di hydr oxyal kyl group this is conveniently substituted termnally by one of

t he hydroxy gr AThS8H-AWRIRK areup fhereby pravidipg thendesired andiceanceri or a
groyp of threeactiveBypoFi thisy compound Butewtl ROt At 96rm ofnfits\pRdeireR sided R’
are 25 hydro&y-sgbstituted al kyl the preference is for the al kyl group
to ba.of three €dehbr atons or, in the case of a nonohydroxyal kyl group,
Thatively of t¥b widibom seennthat Bemapd Hsioof toithé conecdr imoste vs ubsdi tupndsips
R R and R ar e g% sl m- [ Wﬁl. yoler 0 i|st
R and R % | @D_%eﬁtds)gaﬁl y.']nbg iﬁggﬁtﬁ:@} t?{:g?e caﬁgzéell)c'gsrfg:bhtaa vg'r‘ﬁ 893\25 as
descri bed her ei®oxet sybstitents \WH-AoNUR (Wb lsdl theseupemprunds,daRr compared;
Alternatively, ithi fifiseatéftailfingfd dFoup MMEADRIR, Vivdy exheb 1t SbiRd Wagrédd BFt O

whi ch they are attached. may represent. a het lic. wh
o e o AVPROHEILY and. SR thin 1635 brederian. e wilT noRetleapss he; 1 °

and 05 per hyatr aatseirnidvell thamehe Gairrespopd dngd compotindatn whéth dione Jofyl and
of "parti clfr (Weepatictserindfo HrolBs s B 55814, TREF apd i hbedkicry
par t L(Ll,ul arly [evid]l, ondlyi betexppessed on cpopueres inp-of Ithe)gromp(s) NH-A-N(O)R'R®

to group(s) NH-A-NR‘R". _

As regards the groups NH-A-NHR and NH-A-N{O)R'R", A may be
branched but is conveniently a straight chain alkylene group,

15 i.e. tetramethylene, especiale trimethylene, or particularly
ethylene.

R, R' and R" may also have a branched carbon chain but are
conveniently straight chain whether they are alkyl groups or
hydroxy-substituted alkyl groups. UWhen R, R"or R" is a

20 monohydroxyalkyl group this is conveniently substituted terminally
and when R, R* or R" is a dihydroxyalkyl group this is conveniently
substituted terminally by one of the hydroxy'groups. When R, R'
and R" are alkyl the preference is for a group of three or

;&; especially two or one carbon atoms and when R, R' and R" are

25 hydroxy-substituted alky) the preference is for the alkyl group to
be of three carbon atoms or, in the case of a monohydroxyalkyl
group, alternatively of two carbon atoms. Examples of preferred
individual groups R, R' and R" are CH3, CH2CH2CH3, CH2CHZ0H,
CHoCHpCHoO0H, CH(CH3)CHpOH, and CHpCHOHCHpOH and especially CHpCHg.

30 Whilst R' and R" will more usually be identical there can be
certain advantages as described hereinafter in having non-identical
groups R* and R".




of particular interest are [err], [err] [err] especially [err] and
particularly 15 [err]. As regards the groups X, the hal ogeno, groups are
preferably brono and especially chloro. Al koxy and al kanoyl oxy groups X may
be branched or especially straight chain and are conveniently of 1'or 2 *
carbon atons for the al kyl groups and of 2 or 3 carbon atons 20 for the
al kanoyl groups. Exanples-of such groups X are therefore chloro, am no and
especi al | y met hoxy, ethoxy, acetyl and propionyl. However hydroxy groups
are prefer r e ifa matdyanyUas Oind9Eatids. & ol iLisBoditlel iddiighgat os Lhe system
used for nunberln% ar-ous pos ons of th hracen 10-.di one ring
system [B}trogen a °“'5t° I“!"W IﬁheMér%éhthF'B%Wl EERresERY & t hat, due to the
symmtlrlc?éteieéwﬁcoarédpe-m W'meréetfpt'u@:c 2 wubsti. TeUtétlﬂi“lﬂﬁ-{le-Ws a][e a C
equi val en refer s to positions o e '
subst i t ut F#FH ﬁ s gpééy{é'ﬁl}@f'e? ry]bypmfé'ﬂﬂ'?ﬁ g"’d't%oups [err] to [err] \QS’;
whi c05 ar epmﬁydroammn-hymogﬂm smalllee . g!rmigs quehris azetidiarli-yls | ﬁ g
conventi o sitions in the order 1,
2, 3, 4, g?ﬁ%ﬁ%&?ﬁﬁﬁ\"iﬁﬁg gf We[iﬁ%so? ﬁ%gtt %%Lf%g havi ng one substituent
onl y at a ri ﬁgetptfgpt9mupﬁrem&-l\t-uﬂ&mfomrtgmlqr ﬂatémmdl’fa ed as havi ng that

subst i t UeRi-(@R, Fo-HHOHY, NRL{dHb- ,fm éulﬂu-(c g-m{dﬁm o3 and R4
B T iy, VB (Clzdp iR EH IR *%“ Cha) Tt
Sonpound ¥ %& i’zwscé‘zé@ﬁfm"ﬁuedéég%@ a Bl ez s 9t pou t1ans 1.

4, 510and PardieuTdr1yORA-(ICH) p3-MHCHAT whilstt spedtif oo dnsuﬁsmdﬂ-n-rqmnm'and
0SS LRy Rt e Ch ST, oo B 5
NH-(CH2) 2—-N(0) (CHaCH20H) 2, NH-(CH2) 2-N(0) (CH2CHaCH30H) 5, -
NH—(CHZ)Z-N(O)(CH(CHQ)CHZOH)g. NH-(CHZ)Z—N(O)(CHZCHOHCHZOH)Z, '
especially NH-(CH2)2-N(0)(CH3)2 and particularly
15 NH-(CH2)2-N(0) (Coti5) 2.
As regards the groups X, the ha]ogeno groups are preferably
bromo and especially chloro. Alkoxy and alkanoyloxy groups X may
be branched or especially straight chafn and_are éonvenient]y of 1
or 2 carbon atoms for the alkyl grouhé_and of 2 or 3 carbon atoms
20 for the alkanoyl groups. Examples of such grdups X are thérefore
chloro, amino and especial]y methoxy, ethoxy,.acety1 and propionyl.
However hydroxy groups are preferred as the group'or groups X.
Formula (II) illustrates the system_used for numbefing the
various positions of the anthracene-9,10—dione ring system. —




meta to an oxo group (so-that [err] is a group NHA-NOR R' at the
1-position). However, the conmpound (lI) may contain nore than one group
NHA-N(OR R;, which may be different as regards A and/or [err] and R' but
whi ch are conveniently identical. Al though four or -20 nor e,
particularly three, of such groups may be present, preferred conpounds
contain two such groups, conveniently with a 1,8, especially a 1,4 and
particularly a 1,5 substitution pattern_ for these groups (so that [err] is
a group NHA-N(O)R R" at the 1- positi6n5t‘bget her with .either R2 being a
group NH-A-N(0) R Ritadilohee Feen frémpeifist formuds tRAtDaivegte theosymmetrical

NHA-N(OR R t Th d t ai

e (e or oup AP o 2R SRR ] TR IBE R S M o crer
no nmofeit han oreuivatenth fproepampile pyéesadts,8Vhdireferances asolte rg:sotrpms

NH- A- 3 f

bet ween e:(r:ﬁ ot su9§ %gg{oc'%gﬁgfe%% &fm W%e'gﬁ&&% l(lalégrﬁ up(kf
NH- A- N( 0) R5R" vbﬂneh erreeomttrsgﬁen hydeagen,in }he hser . Rac rngr%uﬁnmqe- NHR
i s identical \/\hﬁfeoﬁw&ibmnp%ﬁ&& tHWWedtSfWr@S§ﬁ%st1¥%&fdep9ﬂﬁioﬁ§leingf OuIo

O R R elheisy %, o0, 50 975 ik, fapeinil B ARG, e
Egebza{rﬁeazaﬁrgmgﬁwp(m)smﬂtwﬁ) gh'l? gasa rrﬁggirnribsnhrd(!;ndetmltuean ggb!groﬁpr R
oresent there i G AeTarand sohav cHas St st o WBur i 54 $B5ign
group. Cdfpourtd geoups RpntRgi aﬂm§4srdulqha'il’gr b!qroaee- conveni ently

substituted at onep i t40oRs a i
groupss Preferred 'g{)r?gg'tsm gfm,Pps‘ 2 % 4 con 7 M% L é%@ggm(z?NHR

and one group [RAYADSSY F@ﬂ“teécmpéugfd%mo'ﬁ“'ﬁamq)@ulté'r bﬂﬁtl&ségimﬁa%rfg a
group NH A- N( OdrdR$ aﬁﬁe apiidotsltofhtﬂerélfld for HubdPititién m#RS@éh ﬁo§ﬂ'ddp0ﬂ'l(ﬁ 10

o e et o ooiBE 158, 5 R dARar G ek lqrpiss. | RE thasERne PRy v 11
15 NH-A-N(O)R'R"™ in the compound (I) is conveniently at a position
meta to an oxo group (so that Ry is a group NH-A-N(O)R'R" at the
1-position). However, the compound (I) may contain more than one
group NH-A-N(O)R'R", which may be different as regards A and/or R'
and R* but which are conveniently identical.. Although four or
20 more, part1cu1ar1y three of such groups may be present preferred
compounds contain two such groups, conveniently with a 1,8,
especially a 1,4 and particularly a 1,5 substitution pattern for
- these groups (so that Ry is a group NH-A-N(O)R'R" at'the'l-position
A together with either Ry being a group NH-A-N(O)R'R" at the '
25 4-position or Ry being a group NH-A-N(O)R'R" at the 5- or
8-position).

The compounds (1) may contain one to three groups NH-A-NHR but
conveniently no more than two and preferably no more than one of
such groups is present. Where one or more groups NH-A-NHR are

30 present these may differ or not as regards A and/or R between each
other and as compared with A and R' and R" in the group(s)
NH-A-N(O)R'R" which are present. Preferably, however, each group
NH-A-NHR is identical where more than one of these is present.
Where only one group NH-A-N(O)R'R" is present or more than one of

35 such groups which are the same are present, a possibility is for



hydroxy, at one or both of the other of t hese p05|t|'c')rfs,' Co-ryvem ently the
conpounds (1) contain also at |east one and preferably "t wo’groups X,
particularly hydroxy groups. Once again, 15 ~ a group X may be at any of
positions 1, 2, 3, 4, 5, 6, 7 and 8 but such a group may conveni ently be “at
one or two of the p05|t|ons 1, 4,_5%and 8, providing these are not occupied
by a group NH A-NHR or NH- A-N OR R'. Conveniently three grloups X may be
present wWABY BRHY Ni-A-MiR & W—It N@@Y FasRthe rarop( Yr BUTA-NEOYR 'RMRas s present
and 20  regardgrAWEnd é%n%ﬁié?ﬂ:wfﬁﬁeﬂttqd/\ﬁll\hﬁgtﬂé’\@aﬂé Qgplrs]; ngﬁ%.lr\]l@ chuprs ;)(r bginﬁg
roup NHHA-NLO R R' -and on y - ar rese

'?he same @pé\%’ %’?%roé‘n?'or%ﬂﬁ?‘éugaﬂﬁf Egl"csi BHe?" '?ﬁ'f'@ub’f ogeferap giQroup |
NH- A- N( O) PR'suahcgrionp gtoai posiiont meSa atvdafd Woegommplaﬂmbundtashgrout)hx - T
partggul a s ese reef' -,- :
poSi ?lgonsul)ﬁs‘taggw sﬁéﬁ/ 5%‘& hg? e‘g’ﬁgﬁ’gﬁ VA%Nngﬁ‘%ﬁ" c?ri 8"9gr°(5'u'B°rlﬁ-|-A NMRZ
and the r@frdl%i'h‘!?nﬁvxba ﬂosﬁti"@ng by dhbs @rpup ®rbgreupgt olRreRernedrti cul arly a
hydroxy gEaiuidl S10MTRASGe SHFRANNGHIYBHE Wrolp HRR Sha SN Of, PoSi tions

5 d 8, t dr ox I.n. edch case, are erred, for
exgprpl e tEar I@'g‘ N(%’ﬁﬁggt‘?& FB"’W‘E-)“*EnH"@V?S%éNWQ @orrpounds of
parti cul agrdupt M@&N(mma"mwpo@fﬁoﬁﬁ and) a [grolp NH-NHdlﬁt B Pd3iBjon( BOSI Lion

1) ST Lo ol 1) b EASGh 2305y M arni e bethign AL L0

p05| ti on entiopelly] witisubstits}igreby]a grokp ArNgEJupsrX, (pposidulamyl) [err] =

OH (posit ) A e [4@0T R (positions.1 and
8, E:(IL;nvenl:“FeHr?lﬂtsl§1 ggl ﬂg(;:gemtﬁ‘cgf fhe{ dther r ° tﬁe%\bﬁé%@aosmmns 4 and 5 .-

respecti vel yf""‘(ﬂie“ fhe éPF'l’OU“%r (lil—BACMtaﬁR' & sq pbsleasbronelaahd 4, [
conveni er!inefebﬂmtw&%%uﬁsab( %&Qﬁ@ﬂlarﬁ?rﬁﬂdroxpg'rﬁ 1t ORES a g afi1d 8.); (6)

= NH A- N t , convenl ent |y _bei ngd I dentical
broutls) - 4 arpi ey B af el Boshuftas. T 22°8) 4 56,7 and 8 but

such a group may conven1ent1y be at one or two of the pos1t1ons 1,
4, 5 and 8, prov1d1ng these are not occup1ed by a group NH-A-NHR or
NH—A-N(O)R R" Conveniently three groups X may be present when
only one group NH-A-N(O)R'R" and no group NH-A-NHR 1s present and

20 two groups X may be present when two groups NH-A-N(O)R'R“ or one
group NH-A—N(O)R'R“ and one group NH-A-NHR are present. such groups
X being the same or d1fferent Preferab]y pos1tion 1is occup1ed
by a group NH—A-N(O)R'R“ and the positions 4, 5 and 8 are occupied
by a group X, partlcularly a hydroxy group in each case, or one of

25 these three positions is occup1ed by another group NH—A—N(O)R'R“ or S
a group NH-A-NHR and the remaining two pos1t10ns are occupied by a
group X, partioularly a hydroxy group in each case. Compounds
having a group X at each of positions 5 and 8, particularly a
hydroxy group in each case, are preferred, for example those

30  indicated under (1), (5) and (7) below. | |

Compounds of particular interest thus have one of:

(1) Ry = NH-A-N(O)R'R" (position 1), Ry = H, R3 = Rq = OH
(positions 5 and 8); o ' "
(2) R1 NH-A-N(O)R*R" (position 1), Rz = OH (posit1on 4),

35 R3 = OH (pos1t1on 5 or pos1tion 8) Rg = H; '



(7)k[err] = NHA-NO)RR' at position 1, [err] NH-AwNHR.at'pOShEIOh 4, 10
[err] . OH at .positions 5 and 8; (8) [err] = NH-A- N(0) R'R" at'p09|t|on 1,
R2 = OH at position 4, [err] = NHHA-NHR at position 5 and R4 = OH at
position 8, or (9) [err] = NHANORR' at position-1l, [err] = CH at
positions 4 and 5, and [err] = NHHA-NHR at position 8. 15 O these, the
compounds of types (1) to (6), particulally of type (5) and especially of

type (6) are pr@h ekLe__dNHijR.Qucwggqgf%ﬁ?l)R a;qugm ‘g_tguthe present

i nvention include those conpounds of types (1) to (9) just listed in which
the or each gr dP9SKFHORSNE QpPRAME 8 Sﬂd any group NH A-NHR has 20 A=Terr]
and R, R and F(4)ea.1:h= agpamat—eimom%(p@-ﬂiwacm&nd 8t rdonvenient1y eveihg or

R At L e arEREDy hare B B (PREIREASR o ReriRERAE
t hesess reﬂSdent(iSOah {RgrmlNHsAﬂKOERfdl‘l émm&mmislaami fhecanyenientdypwings of
types (7) and ( ?gﬁ R-Foy |(§°#ﬁr15],scya;‘@ )] and [err] is

[err] or [err]. ferred speC| | C _conpoun are those of

formula (I11) % B)'Iar“t Raut &Mt N&ﬂ)R'&" qsitians Anap ﬁeuqonaﬁm%uwsbesog in
which the two nifehydcadr grdups) | n e&rﬂ4 argH (pos RIefs b;yaﬁm)n propyl,

parti cul arly et Kool -~2@iﬁ4 8%1‘3@&%2. n Mib R et EREEER 8. o
form 18 ARguetReE glaltppan‘itsqimsclsfantd @gnpounds, which are al so of sone
the anal ogues. (R Bor FESTRREATRE & BHEI o Vs REre e EraRos o N o) R R
group at positiRgn=MNH-A-8HR atrmgslidibend 5b§’mhRgr=E)lQﬂ @5 positionr 8, @r a vari ant of
frgtcﬂ‘;ld ar OSP . ftg‘i"“kf?*l NIRRT AR XAEDBY1 18R OHP RLNETRGOL dif at st fshsDY 2
and 5, and R4 = NH-A-NHR at position 8.
15 Of these, the compounds of types (1) to (6), particularly of
type (5) and especially of type (6) are preferred.
Specific compounds (I) according to the present invention
include those compounds of types (1) to (9) just listed in which
the or each group NH-A-N(O)R'R® and any group NH-A-NHR has
20 A= (CH2)2 and R, R' and R" each separately = CHz, CHaClpCH3,
CHaoCHoOH, CHaCHaCHpOH, CH(CHg)CHa0H or CHoCHOHCHo0H or particularly
CHoCH3. Preferably R' and R" are idenf%taj'for each group
NH~A-N(O)R'R" and conveniently where two gkodps NH-A-N(O)R'R" are
present these are identical. Examples of such compounds are the
O 25 compounds of types (7) and (8) in which NH-A-N(O)R'R" is
NH-(CH2)oN(0) (CH3)2 or NH-(CH2)2N(0)(CH2CH20H)> and NH-A-NHR is
NH-(CH2)3NHCH3 or NH(CH2)2NHCH2CH20H.
Particularly preferred specific compounds are those of
formula (III) and_particu1ar1y of formula (IV) and their analogues
30 in which the two methyl groups in N(0)(CH3)s are replaced by two
n-propyl, 2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl,
2,3-dihydroxypropyl or particu]ar]y ethyl groups, such compounds
being in the free base or a salt form.




2- hydr oxypropyl, 3-hydroxypropyl, 2, 3- dlhydrOxypropyI or! parthCUIarIy an

et hyl group. [err] (rery (rv CErtaln substituents in the conpgdunds (1) may
contain one or 10 nore asynmmetric carbon atons and the conpounds wl |
then exist in stereoisoneric fornms. Moreover, in the case where R® and R
are different this wll introduce a centre of asymmetry at the nitrogen
atomin Noxide form It will be” a%preC|ated that one stereoisoneric form
01;1 a colrrpounch Fayther gfo@abflmbaﬁd hbmmﬂsb)whiEh areVaTsiouef Qa‘omad?/ant ageous
physi cal pr I es 0, a e | ogi ca

activity. ng %rc%ﬁnéi ’{sng%‘ '{J%Bgﬂ% g%ﬁogﬁ%/ ﬁ'&%dd' ﬁ?\ @I*g;for m of a

physi ol oglaodtldly)amubphatﬂnﬂmets bive nelf vj usit mmnnqd:lbdtaﬁdwhldn thalt with an

t o
T A ST RTINS
Cact 08 mAHFECH2 BOBICHREHIOHLPE VRr1agEcet SUChdhnS5PeD igmbi&h. thexnd ascorb“r):.’/ )

Al t hough lzhﬁymkyémw groupUttidreohajse rapmclearbyolayﬁeﬂiwgl sdropypperties to
the free 2 t eg ¥ Ke t he adv $ nhanced.solubility, etc.

6 The cOBBRREITIRY Y e ROARKIAT STy 2 i SOBTRREHSRNI g t he. o dat | on of
the terti paytiwuilarlyganugthy] g}fouphe correspondl ng conpound i n which each

group NHHA-N(OR R' in the coggg‘ﬂ &3) isinthe form NHA-NR R'. Thus,
for exanpl e, G diH cont ai ning vari ous

[ 2- (di al kyl z#n [ 2-[di - (hydroxy- al kyl)am no] et hyl }am no and

[2-(cyclig eneami fho) et hfl ] ami no groups may be oxidi zed to the

[err]- N oifi des. hppropliate the precos sor crrpourw(%h_(’;'h‘”l(?'ség(l di zed

may cont aiRy0ne” v 2 lc/’fled groups X, aQd &S compared w t h...

t he parent 10 pound! 3 bsponding to g,

those in the®H 0 N c“z)z"?m cr@?z _
(111)

(Iv)

Certain substituents. in the compounds (I) may contain one or
10 more asymmetric carbon atoms and the compounds w11] then exist in
stereoisomeric forms. Moreover, in the casé.where R' and R" are _
different this will introduce a centre of asymmetry at the nitrogen
atom in N-oxide form. It will be appreciated that .one
stereoisomeric form of a compound may be of particular: 1nterest by
15 ‘virtue of advantageous physical properties, for example greater
solubility, or biological activity. : _ o
- As indicated the compounds (1) may be used.in the form of a
physiologically acceptable salt which will be an acid addit1on.sa1t
with an organic or inorganic acid, for example with one of the
20 acids sulphuric, phosphoric, hydrochloric, hydrobromic, sulphamic,
citric, lactic, malic, succinic, tartaric, acetic, benzoic,
gluconic and ascorbic. Although the salts will usually have
similar physiological properties to the free base they may have the
advantage of enhanced solubility, etc.

»



conpound (1) being: generated after the oxidation has been effected. I.n
particular, it nay be appropriate to protect the hydroxy ¢group(s)::in: .groups
R R and R' which are hydroxyal kyl or di hydroxyal kyl groups or groups X
whi ch are hydroxy during the :15 oxi dation, for exanple as an ether group
such as benzyl oxy, and subsequently regenerate the.hydroxy group(s), for
exanpl e by catalytic reduction of a benzyBoxy group. Any suitable oxidizing

agent for” conver 1 nnd aEARCY( Y B IEhGeATHER, 18 DEGALEF SHACIEN Ene

suitable, for exanple hy oxone (pota
monoper sul phat e)O)@ﬁdtm of cﬁhleaterguarsp@mam argunih:)agf @shtmepm@émm c

aci d. Reaction atonpe@ia tﬁTWﬁ'i:ﬁtéHcﬁ ?fbubhmaﬂgnbmvw- nimhevaoh .ma ?rfeés of

such an acid is usuaJLy |C|qn conver si on N- ox] d

Wher e’Me conmpoutt t¢) °€Erm'b‘%| R'n dhipe fOrre¥amelas %FT3%§92951°‘d’t%85dl

;orm ]e}n optohscal | dond8ining vaerdoBs [rzay/dhﬂkgyamilne);eﬂ@d]mimber{zsmbﬁ(agam&j—y -
ree fromthese ortlo wei ght as

compar ed i th ¢y TianiRe P fath aad@t Faagtu 1 I B Tingninie) 8Ehyi oo |

synthesi s of thegmunpmudbe)roximeﬂl ItaeIerNi-nxides caﬂerefauphepmptecﬁlel y
active Co”pound #Hrcporﬁﬁund wRichd F§< 264 Haly| E6rtdlin. dhé BF%H-X' ng the

dl form espeC| UST g an "opti cal Py act) veYi nor gani ¢ or ani ¢ aci d
to provide two é!oé‘ﬁélﬁdssmﬂscxsa@stg' vﬁ"ﬁh ‘viasf eompared ish ckhe B#"E?ﬁ rties. In

such an Insntoancecoa.gdmai Sﬁhé'\’@%@bst Re Rsor{pcanadaéIaorkésmaqinqbrtotﬂﬁasteomntﬁé a
salt the salt %/ rﬁ{@fg d ;leact | onf of ﬁ.' aql C asgee(nl
with the appropri°gpg é’ﬁl Eg (ﬂe grafed; Fter; eaB(‘,b AR has
conventional prosfédoteds, Lsparticudyrsiitphay b_dnapp&'upe:alta tolprdteart. tﬂ'dﬂe acid
Ao, 37 e RBE A T 3l B b tBh i, BEE HhEHNRTELY or
Accor di ngl y t he dihgdeaxyaikmlegroups corgrouped whinhoses hyflvexyt Herimgephe at i on
of a compoyrd ofofi@afidh2 fdr elsmplefdad Lalf! MBOQ?Ch as benzyloxy, and
subsequently regenerate the hydroxy groﬁp(s). for example by
catalytic reduction of a benzyloxy group. Any suitable oxidizing
agent for converting a tertiary aliphatic amine to N-oxide form is
suitable, for example hydrogen peroxide, oxone (potassium
20 monopersulphate) and particularly a peracid such as
3-chloroperbenzoic acid. Reaction at room temperature in the dark
overnight with an excess of such an acid is usually sufficient to
effect conversion to the N-oxide. -
Where the compound (I) can exist in d and 1 forms as well as
g;; 25 the d1 form an optically active isomer may be synthesised either
substantially free from these other forms, or at least in a major
proportion by weight as compared with them, either by using
optically active reagents in the synthesis of the compound or,
particularly in the case of the optically active compounds in which
30 R' and R" are different, by resolving the d1 form, especially by
using an optically active inorganic or organic acid to provide two
stereoisomeric salts with different physical properties. In such
an instance and also where the compound (I) is used in the form of
a salt the salt may be prepared by reaction of the organic base (I)
35 with the appropriate inorganic or ofganic acid according to



whi ch conprrses oxi di zing a conpound of fornbla i(1a) [err] (ﬂa) I n which
[err] and [err] correspond to [err] and [err], respect]vely, in the
conmpound (I) but with each of the groups of 10 the type NHHA-N(O)R R' in
t he conpound (1) being instead a group NHHA-NR R' in the conpound (la) ahd
one or nore groups X, RR R and R'_in the conpound (la) optionally instead
being in a formconvertible to said“group or groups present in the conpound
(1), and sdneest kpal giocadresonustal iy dyt bimplecadnixtore inosh utéeh.gr oupgI z( ) 15
R, R an Lh,t t e oun I
and/ or fgmﬁ ﬁfﬂ ﬁngﬁﬁqu#{tq é'l‘ea)ggf'?mﬁ?hégsg%ﬁﬁ %]ﬂgg "ft{/}%gc%ept abl e
or gani ¢ orelatdvejynselubdedin vatemumpethanods %;rhemal/and aﬁblmeldror the synthesis
of the indALVEREL ates which are oxidized to the corrpounds (1) of the 20 = .
pr esent |nvent|on One very ‘conveni ent procedure for the preparation of -
n’pﬂimds hadferydinglyo pe Nyre NfeaendR inRventiiop fomprises a POSPEY cﬁ& E’&%s t he ‘2"/ .
approprr ?t@pir@ubﬁtﬂ @t ednp%uﬁd CBmYdfnﬂ(lhemOhs defined hereinbefore
1,4-d|hyr nthrace 19113 8 #% nldﬁegdwrththe appropri ate
amine R ¢ wpryses ﬂé diz "ﬂ&rcf’?“?ﬂﬂ’é‘ b® A§TREWE ¥&t%ed in 25 the |euco
conmpound for reactron mnth t he amneO Such a cgndensatron may conveniently
be effected at a tenperata ein a ramge of abo®r 25 or 35 to 50 or [err]
for one or nore hours usi ngys AV _such as net hanol, ethanhol,
wat er, di nethyl f ormam de, [ pl , acefonitrile, nitrobenzene,
N,N,N N -tetra- nethyl enedi *res thgreof. In sonme instances a
hi gher tenperature and shaégl ey be appropriate, for 05
o\oups NR R'. The leuco -

exanple with the corrpounds' N )
derivative is then oxidizgt to the f | Iy aromatgc anthracene-9, 10-di onej/
conveniently using air ofi dation or &idation fith hydrogen per oxi de,

chloranil, sodium perborat e or (1Ia)

in which R1, R2, R3 and R4 correspond to Ry, Rz, R and Ry,
respectively, in the compound (I) but with each. of the groups of

10 the type NH-A-N(O)R'R" in the compound (I) being instead a'group
NH-A-NR'R" in the compound (Ia) and one or more groups X, R, R' and
R" in the compound (Ia) optionally instead being in a form
convertible to said group or groups present in the compound (I),
and where appropriate.tonverting the one or more modified groups X,

15 R, R' and R" in the compound (Ia) to the form present in the
‘compound (I) and/or forming an acid addition salt with a
physiologically acceptable organic or inorganic acid.

Various routes are available for the synthesis of the

intermediates which are oxidized to the compounds (I) of the

20 present invention. .One very convenient procedure for the
preparation of compounds having a group NH-A-NR'R" at the 1 and 4
positions uses the appropriately substituted 2,3-dihydro(leuco)-
1.4-dihydroxyanthracéner9.10-dione which is condensed with the

o

appropriate amine R"R'N-A-NH2, the 1,4 positions' being activated in .
25 the leuco compound for reaction with the amine. Such a

condensation may conveniently be effected at a temperature in a

range of about 25 or 35 to.50 or 60°C for one or more hours using a



manganese di oxi de: 10 - Al though leuco conpounds are primari'ly of
interest for the preparation of internediates substituted by two:' s .
NH-A-NHR R' groups, it is possible to use themto prepare conpounds
contal ning nore than two such groups. Thus by using .

2; 3-di hydro(l euco)-1, 4,5, 8- tetrahydroxyant hracene-9, 10-di one and a | arge
excess of an am ne 15 NH A- NHR R' am 8} hydr oxyant hr acene- 9, 10-di one

having three groyRs RE% ot ) ROl e
prepared. The | gucongle%rl@\f}%\'}'gghﬁéﬁsr%h\%g%ﬁa?gg%rg’t gﬁﬁéﬁ}lgﬂﬁmgﬂﬁdgg t r eat ment

of the correspofrfiethoxysithnal, opgatiopitirided HtapbsnzengnthNalt'dhatetrag. di one,

conveni ently bymd@glendiahintLor ailk€irds 2Rereofl OrIinl sGMIAn9fandes & higRerst ream
of nitrogen and, It necess in the presence of sui t abl.e . reduci ng agent

L ary B

suchyas sodi um ERTPRTFHrecanst Shorkerqrrac 1%rﬁwasmagn?ﬁra@esvmtigrao%rones,

pakt if@l armslhh_y@bran?yarmhhaﬂmeonﬁbolsﬁddic@nmniagecytdrmﬁgmpﬁd.lmt'mzl.gi Thdl e and
various synthesgs fo s .CO s Al

literature. Ongeuscﬁi @%@:‘;g@bvreogg%% ?@F?f@eﬁzg %’f"gggﬁyﬁgﬁ"&}tﬁgm ves the
reaction of an aphragenead elQ-dionsst connepdeptivhusing ahhyaidatdonioth -

hydr oqui none | noJ{ag i RFAF yBFodtn Bl C th P11 2 Kha3af iiePbdpeteced de at
[err] for one hour or nore., Xnﬁh acene-9, 10- di ones contal ni ng one form of
substituent X cBangBBesfrdieXid8-to provide 30 ot her forns of substituent X

sod_t hat,h Lm _eéa/”g_ll\@%ha%gﬁi'Qa'%@oCédi’tblailﬁdsﬂﬁr@'braﬁéﬁngépﬁﬁtSﬁ"stbﬁoﬁ rpated with
RN K MU SRR IENAL o A T
for oxidation tit tigepdysdbieidoi usd ghiem ttoeprepace i compolindsheontaininiyy more
ShPneck A e B SRR I Ltgd i e,
its reflux tenptatashydrokpanthnacene-fotl=-diens and Gerlang estesshefecan amine

chl or oant hfs”‘cerl@f—%ﬂiﬁk"ﬂ'“ﬂ?%—ﬁﬁ@ro‘ﬁ?%r%e@,10—diong having three groups

: NH-A-NHR'R" at the 1, 4 and 5 positions may be prepared.

‘The leuco derivatives themselves are obtainable by heat
treatment of the corresponding fully aromatic 1,4-dihydroxy-
anthracene-9,10-dione, conveniently by heating at above 90°C

20 for 1 hour or more in a stream of nitrogen and, if necessary, in
the presence of a Suitab1e'reducing agént such as sodium dithionite
or zinc dust. Vvarious anthracene-9,10-diones, particularly -
hydroxyanthracene-9,10-diones, are commercially available and
‘various syntheses for such compounds are also reported in the

ng 25 1iterature. One suitable procedure for their preparation involves
the reaction of an appropriately substituted phthalic anhydride
with hydroquinone in the presence of aluminium chloride and sodium
hydroxide at 180°C for one hour or more. Anthracene-9,10-diones
containing one form of substituent X can be modified to provide

30 other forms of substituent X so that, for example, a dione
containing an amino group can be treated with sodium
hydroxide/dithiohite'to yield the corresponding hydroxy substituted
compound. B : : '

Other suitable procedures for the preparation of intermediates

35 for oxidation to the N-oxide include the reaction of the



05 various syntheses for such conpounds ark al,so reported |n'the

b

literature. Thus, for exanple, 1,5-dichloro-4, 8- dlhydroxy- o
ant hracene- 9, 10- di one may be prepared by selective chlorination of
1,4,5, 8-tetrahydroxyant hracene-9, 10-di one using a stoichionmetric anount of

sulphuryl

then be used to prepare an i nt er ndl

chloride and controlled tgnperature. This 10 precur sor
f'e having groups NHA-NR R' at the 1

may

and 5 posidppeopriand dlMdm)syxbgtmmed ainthhecehea®d 03d porel Wwiththet he hydroxy

groups conveni ent| NG, REPH SC [ e h_t he amine
R'R N A- Nﬁfpm&{q?t%qﬂpe% !2 g%hﬁ %?t y']?o F?iéeﬂ gﬁe%\ft&‘ ?{' on of other
chl or ohydrexegsstofr hmanmnellat it redlux semperatererfdr angsor Woesee the conpound

(1) contai

groups NH

e conpound may conveni en roduce

r@%N “ecQF'hﬂ'ﬂf &f &rh@yescn"ﬂk%&nwhﬂdéﬂetafq'otu%hekoawgngw afi more -

reacting a=

sui t 2§ e plasioHs synthesgs Sarssuch spRAungs tar eaa]ﬁ‘kﬂ” EP@”‘GF‘ ththes RN- A- NH2weifid |
R'R N A NHateB&ure tMugsesmh-tmpmxuusednhlefo)duet@iwhe&ybel ng separat ed,

AtRYaRE0RCS QIO oMY OF PRI PO VP EIFR A RipPERgEIan oF ) 1 &

for exanple
dlhydroxy

2-(2- hydrax,ytesJ@f—ltam-ahy)iemty,ahahmacena-mw-t(mnetdngnlngna rstpétimomatrive wil |

a mxture

ant hr acene“% %%fbgﬁyhaiw'@ﬁiﬁiﬂ%’%@f’%ﬁ{,ﬂ%ﬁh@& ?ﬁ%g &t hyf‘f ani noj -

ant hiifcendrecursod @k therl be- g

apenneyﬂmnano)r&meﬁaﬁen@umg groups

yield

{[2- (2- hy qjiax et hylmne)ﬁtahuld %ka‘@i}aﬂgtiﬁ’daﬁﬂ%xg é&u‘ﬂk_oé‘l?tﬁéqfn whi ch the
oned co parated, ‘for: ex? chromat ogr aphy.
29 B ASJE108 ¢ 18 MUCPRH STO0g8 ORI GH 19 peing protectod

| ast nenti
On oxi dati

[ 2- (di et hwuaﬁriaguthetﬂ‘ealc}:m WAtk rihie Parviinle! R R NCAFNHDY.

.t el stimi Tdrodppioathr m WIF‘.VE‘

tne route B SUPRBAEEE Eoe)shepaiali 4ulh) e rPRuRRle ke HE 1 na "

formlér t@® gefdaroaeeutﬂeeme;tﬁaltesd 35.

synt hesi s.

20

Eilee fﬂujcﬁﬁﬂ&ﬂhdg(f5u9§nf$1ns oﬁ¥3or more groups NH-A-NHR in
addition to the one or more groups NH-A-NR'R" the_compound:may
conveniently be produced.by_reacting a suitéble precursor as
discussed above with a mixture of amines RN-A-NH and R"R'N-A-Nip,
the resultant mixture of products then being separated, for ekamp]e

by chromatography. Thus, for example, 2,3-dihydro(leuco)-1,4-

25

30

35

dihydroxyanthracene-9,10-dione on reaction with a mixture of _
2-(2—hydroxyethy1amino)ethy1amine and 2—(diethylamino)ethylamine

‘Will yield a mixture of 1,4—bis{[2-(diethy1amino)ethy1]amino}#

anthracene-9,10-dione, 1,4~bis{[2-(2—hydroxyethy1am1no)ethyl]amino}—
anthracene-9,10-dione and 1-{2-(diethylamino)ethyllamino}-4-

{[2- (2-hydroxyethylamino)ethyl]amino}anthracene—g 10-dione from
which the last mentioned compound may be separated, for example by
chromatography. On oxidation, only the tertiary nitrogen atom of
the [2-(diethylamino)ethyl]amino group will be converted to N?okide
form. : B .

Where one or more substituents X is present it may_be
appropriate, depending on the route of synthesis, to have these
present throughout in their final form or to generate the desired
groups at a later stage in the synthesis. Ether and ester groups X

groups at a |later stage in the

e

N/

*



may of course readily-be prepared by rmdrfrcatron oT hydr oxy groups i
according ,to known procedures, precursors containi ng a hyr oxy group X.nore
often being described in the literature than those containing a

correspondi ng ether or ester-substituent. 05 oot wll be
appreci ated, however, that various alternative nethods for the preparation
of the conpounds (1) and internedi ates thB¥efor nmay be used as will be

apparent in par tlllla%ul)ﬁ coEFQé“rIeE'&Hf bé'gHeph Fed Sb%dd‘i'ﬁi%a%én’r“b@ hg?Hr%&Wo@ ?S

Further details o e preparati on of internediates
the 10 corrpomgf‘ﬂ'bg &9 'Q"HU" W@ﬁéﬂﬂmﬁn\lﬁ'ﬁﬂ‘ﬁ?”ar@"ttéﬂbwgf GJJWGV‘PWU S.

Patent 4,197, 24%uf Mmbre RFtentbeFhy ?deQ@fhh%%ifn rt(ﬁ‘éeﬁt‘édatz&ehermi thedeor €.
Certaj.n of the |nt% d| at es corrﬁa |€%to C Our.&g% é-'gj? descri bed

her ei ut wi t hd" 8 HE "ged tGORFGSPY, Heeh 8 ey itepk.  formare
novel Id Iaose \r/]vrthr ntwelsmalopppucu‘cmtnds, howevetr| cthat \rdbus riicermadiiates are
articul ar t a

gach separ a%/el yq'zegzp&iﬁ ggl? ”I}ﬁen{)%p%)rg Lg( ﬂ'ﬁl\ﬁ@kﬁ%ﬂéﬁr rqg) mdﬁrﬁ%rhﬁ&ﬁ%?el n
X i's hydroxy, hdaihegefar, maynlmusr{dens]wﬁllkbeqapoare[n@r in parkiovdgr drpm the s a
C2-4 20 al ky'ﬁ'%@rﬂﬁﬁ'ﬁpré’vatt'i'n%tﬁhﬁldﬁ Hﬁf%@uﬁ%@eehmwdew&o £ gk H'

of at |least 2 carbon atons and " are each separat sel ected
from[err] al kylPrgP&tadonf iBtermediatesxtan the Pé‘ﬁﬂa'["’é:ripff i ﬁ%roxyal kyl
groups | R \gfnl ch domBowisb o) %Fofﬁeabi'élfdmdim@nthﬁn aré f&gtﬁél ﬁ:{uﬁmﬂpes not
carry a hydroxy gro an on [

hydr oxy groups, lgls Ilijépatgﬂg &%f%@ Pe %tfﬁrﬁP g:@ #?‘é %"J)rg‘ ahwﬁoch wth
t he nitrogen at dreretnbelfocd. R and R' are attached forns a heterocycl iC

group~Having 3 to 7 9% dfptf:@qntermed]ig‘tes'\lﬁé%&pwmw {:cplctom lHI'&QV( 0 thaf[

at | east one of err &H- one tr_ler S
a different gro mdr\berre'mobutaw@tmﬁ AenHRryrAmine g@aa(s)ammltherle one

other is hygr OXW’orﬁlf‘@re novel and are within the scope of this invention. Such
intermediates are particularly those of formula (Ib)

) ,'.Y2
Y o . .
. (Ib) :
\J in which Y1, Y2, Y3 and Y4 are each separately selected from -

hydrogen, X, NH-A-NHR and NH-A-NR'R" wherein X is hydroxy,
halogeno, amino, Cy-4 alkoxy or C2_g alkanoyloxy, A is a Ca—4

20 alkylene group with a chain length between NH and NHR or NR'R" of
at least 2 carbon atoms and R, R' and R" are each separately
selected from Cy_4 alkyl groups and Cy_4 hydroxyalkyl and Cp_4
dihydroxyalkyl groups in which the carbon atom attached to the -

nitrogen atom does not carry a hydroxy group and no carbon atom is
25 substituted by two hydroxy groups, or R' and R" together are a Ca-g

alkylene group which with the nitrogen atom to which R' and R" are

attached forms a heterocyclic group having 3 to 7 atoms in the



conpound optionally being in the formof a physnol og| cal |y 05 *  acceptable
salt. Conpounds (Ib) of particular interest are those in which!Terr], [err]
and [err] are each separately sel ected from hydrogen, hydroxy, NH A-NHR and
NH-A-NR R', especially those in which at |east one of [err] to [err] is &
group NHHA-NR R' and at |east ong her is a group 10 NH- A- NHR. Exanpl es
of corrpounds (Ib) are those in which (1) [err] N‘—i— R' at position 1,
[err] = @ing: bwdswithokhe prpeiso thatyataleash epe p@s)’ itenY "énél qrerp] = OH at

posi tion pi-ANR'RE) atl $6dst ondVdtheNRsRa dfrrEPSit gPoupl NHLARINRI R or. fcﬁa?f y

ositions 4 15 an er posi.tion 8;
\FI)\A th the %‘PB&&HAAEM!R@"%%P%% grfd‘rﬁp-'f:\’""an?it%\?r b%é‘ﬂdﬁ@garﬁﬁ%l y being
sel ect ed dompearidebpiionally beimndn( the Fornllof & phystioTbyitd)yray be formul ated -
tb a p%gé@#aﬁch%l%y 20 acceptable diluent or carrier for use as %
ce

phar O0th veterinary, for exanple in mamal s, and _,;&-- .
parti cul ar | yCampoundsug Ebbypfaparhiceiar dnteneshoare thése in mltmhc\é,, t hey may be

appl i ed 32, ayTqRROP wrblahn%gpa%eévynseﬁec&b&lwr%mdwn%a% Ohyéfgdl er . for

exanpl e an aqueous or oi ut1 on,. _suspensi on: or fch may 25

of t en be NinpTNiReand Hﬂr’ﬁr{"@cB blespectahly okhosgr thwbieh a&d}ﬁaﬁts?ﬁ%ﬁon and

t her ef or g1ngy Y8oqy @NigPGip NHLE-NRERY idn@ &0 eBYE @aNofiePeis @ ghoudddmi ni stration
I sonﬁ t}@'ﬁg and al though conpositions for this purpose nay incorporate
a I | ﬁ R

uid or carrier, it is nore usual te use a solid, for exanple a
conventi onal Exampl ek toard:dmpbuﬁtﬁs (Ib)rairer thdsesiiclwhdsh st arch, |actose, dextrin

or magne ?ﬁteﬁﬂaﬂﬁR'lﬁJSP psogl %ﬁ |tbﬁ>r& mﬂ.l'i@ 4the form of powders

but are conveni ent ormag exanpl'e'as tabl ets, s
cachet s, Y8r=dWAchHRsat| mnnmmé anphiX U‘Fé’.ﬂ)at Dﬂsﬂbrmﬂbw nmore speci al i ol

types of (29T nal At jpA-NERUgE do'sl?f’-fd?um?s ynd fmﬂoﬁﬁréﬂ Sb?ﬁtwns g 15 -

15  and 5 and Y4 = NH-A-NHR at position 8;
particularly with the. group A be1ng ethy]ehe and R, R' and R" each
separately being se1ected from CH3, CHCHg, CH20H20H3, CHaCHo0H,
CHaCHoCHoOH, CH(CH3)CH2OH and CHoCHOHCHoOH.

The compounds (I) may be formulated with a phys1olog1ca11y

20 acceptable diluent or carrier for use as pharmaceuticals for both
veterinary, for example in mammals, and particularly human use by a
variety of methods. be instance, they may:bé applied as a

composition incorporating a 11quid diluent or éarrier. for example
an aqueous or oily solution, suspension or emulsion, which may

25 often be employed in injectable form for parenteral administration:
and therefore may convénient]y be sterile and pyrogen free. Oral
administration may a]so be used and a]though compos1t10ns for this
purpose may 1ncorporate a 11quid di]uent or carrier, it is more
usual to use a solid, for example a convent1ona1 so]id carr1er

30 material such as starch lactose, dextrin or magnes1um_stearate.
Such solid compos1tions may take the'form of powders but are more
conveniently of a formed type, for example as tab]ets, cachets, or
capsules (including spansules) A]ternat1ve, more spec1a11zed
types of formulation 1n;1ude 1iposomes and nanoparticles.



O her types of admi ni stration than by |nJ ection or through the oral route
which are_of use in both human and veterinary contéxts'include the use of
Supposi tori es or pessaries. Another form of pharnmaceutical conposition is
one for buccal or nasal adm ni: stration 05 or alternatively drops for
adninistration into the eye which may conveniently contain a sterile liquid
diluent or carrier. CI her formul ati ons 36 topi cal administration include

| otions, ointnents,q s &ehﬁ‘ﬁnﬁﬁﬁ'tﬁa‘%ﬁﬁﬂ%hgm%hédtqgﬁdJPﬁhPtﬁ:

f or mul ated in unit o creteghportlons
containing a unPf‘ahd‘%te (b’lhi%h ﬁﬁ‘?tqu%e om Bekh hHman gpd vetarinagyseontexts st

t he dosage of thﬁcmwdsmﬁdswdolswwmsaacgéﬂsaweg0 ARetieet Forat ¥eof the
particul ar conpo nd a condi {,i.on

vay oL g danceP R B 5aT SeRBGt {rih % and forTBidRaT o aasq] ST R LrE 135
my/-kg r 05dy woeigiterpatriveby drops tfocmdmhystratidre intoghef eyenrwbich may 5 '

o/ kg of body vehahigRtlyBinath!d SREHAR Bl 8 eRjeRslr bOHARD ey toses

than this, for exanple | rom body wer ght per
day (or possi bl ﬁo'@ﬂﬂéﬂtwshf@htae‘@és%‘imlﬂé'éltl”ﬂwﬂ S"CM% ptzpn§97om¢g;nigo
nmay be consi der ggedmd, Vdey £id sPRaysover Ievel of toxic side effects obtained
with the conpounds (I). This dosage_re be, contl nued for hovvever

many days is approﬁPW&?%’tt’?ﬁst H’éyrﬁﬁ fe 1??4}0@5?4‘& osage termyi fosdfdd
bei ng divived i fémm sevﬁsai"eﬁeepaf'ﬁ‘oasadmtamidga& Wit ddsejeor racnlulthipoe, orf or’

exanple, in the f ndltlons such as advanced breast cancer,
non- Hodgki n' s If/ﬁb?'i'ﬁhg ng ‘Hgﬁa treatnent for one day followed by a
repeat ed dose afteMhihst therdoshge sauicﬂleasomoundyusednﬂiﬂ'baaeappr:owrdmgetw\/hl | st

for Sbe treat oo GERrHCof ol sFRAEIIAY! CogBlihe Sltend ESRIFERON MRy O

consecuti ve days m
particul ar val uéfﬁadﬁdt Hid Nké’@n&?ﬁteéfbwuﬁtéf Buidaacen 15!360%1&95@9# ﬁ&l‘%ﬂed

i ncl udi ng Pgimangn theerfREPOrNAE. lartS 24 nigV'ﬁ@rp‘éFtbdd? WelNi 6t gy | he

treatnment of solid. tu S rious forms of sarco an ar ci nonm,
and al so for di E%"Jrﬁhgrgé( I'IJH‘BEN'?"%C s 1eu§Ra§rﬂgé£9 oA, B %‘z}r PECul ar
i nterest are thdayg5Swill tofeat wensuidhb o thelghi mﬁgﬂeynaﬂnsatharnf tlbrseastw

cancer, and of g&%ﬂbge in the range from 0.1 to 50 mg/kg of body weight per day
(or possibly even as high as described in U.S. Patent 4,197,249)

20 may be considered in view of the lower level of toxic side effects
obtained with the compounds (I). This dosage regime may be
contihued for hoWevér many days is appropriate to the patient in
question, the daily dosages being divided into several separate

|

administrations if desired. Thus, for example, in the case of
\J 25 conditions such as advanced breast cancer, non-Hodgkin's lymphoma

and hepatoma, treatment for one day followed by a repeated dose

after an interval, such as 21 days, may be appropriate whilst for

the treatment of acute non-lymphocytic leukaemia, treatment

over 5 consecutive days may be more suitable.

30 The compounds (I) are of particular value for the treatment of
cancer in warm blooded animals inc1uding humans. The compounds are
of interest in relation to the treatment of solid tumours, such as
various forms of sarcoma and carcinoma, and also for disseminated
tumours such as leukaemias. Areas of particular interest are the

35 treatment of non-Hodgkins lymphoma, of breast cancer, and of acute



- 16 - non-|ynphocytic Ieukaem a. In the tfeatrrenb of canéer parenteral
and sonetinmes topical admnistration is:often of* parti-culiar i nt erest.
Moreover, it nmay be advantageous to use the conpounds (1) in a conbined

treatment, given separately or together in the same 05 conposition, w'th

ot her anti-cancer agents, -such as rﬂ'it_ot Ic inhibitors, for exanple
vinbl astine; alkylating agents, for exanple cis-platin, carboplatin and
cycl ophosmaﬁwmocut’rmﬂeummm atjol thegreaiment xefinshrces pacentenahici | ,

cytosine gtARLAOSIES %%W%awmeaudnnﬁ@r&%bﬁtdmgamfcubapt'CS for

exanpl e adriamycin cin;, enzynes exanpl e aspar agi nase;

t opoi sorre?'&'?é‘eﬁhhl UPTQS’P@"' % “'%‘kzh?p?‘é"aéit%?ﬁ%‘lsdp 438 W%F@U?"é‘&f’s rddponse

nodi fi ersin faO&omﬁaaolﬁ-eaﬁﬁartf egiven téparatély obri tuyether AR tieusdhmer ocedur e-_
whi c& relies u

effe

CL b b Dot R, B B SR b, SERRASEI S “She ©

sel ecti vi inphibd térest, V\mneneuuplleasinhiaahme}ormwathmagm beorenhanced. Thus °

ant | Dot eaile 13" AN, ARSIt NI SvDlophBIMRRRAED bl ocedur es.

parti cul art y usin 4ol 0g cova ently to a
reduct asea-utgmnga étQﬁ- feruqxeeptanﬁvfelﬂqronencuh netegingyanekinosTde conj ugate

Is 20 Ale) t I p@ﬁgy at the
tumour site and t)ﬁh% otﬁcaﬁfliga;ﬁgi}%{%snoﬁeFgﬁﬁ]brr:aedﬂgg!tnl on of the

r edut asea'lé’nl"?&?l‘?,“?yﬁ@"l hé& §!ﬂ'§él- et prpaaginasesr HORRIIYREBYMA at the

tunmour si{khibitordqdfér @Ramplet Btoposidé iand bixAbgice! responsenmidieitersl,) are of
ys ot her pharmaceutical applications in view of

25 int rest |
their act V Fi’a'&’ c%’é g??ﬁgl ‘agents. The inventionis illustrated by the ~
foll owi ng Exdnpd eariation df7 the usual procedure which relies upon the O

anaerobic conditions within neoplastic tissue to effect selective
15 reduction of the N-ox1de in such tissue, the select1v1ty as between-
neoplastic and normal tissue can be enhanced. Thus ant1bodies can
be raised against tumours by conventional procedures partlcularly
using hybr1doma technology, and linked covalently. to a reductase
using one of various conventional linking agents. The conjugate is
20  administered to the patient when it localises in the body at the
tumour site and the compound (I) is then'administered the action
of the reductase enhanc1ng the specificity of the action of the
compound at the tumour site. _
In addition to their anti-cancer use the compounds (I) are of
25 interest for various other pharmaceutical applications in view of o
their activity as chelating agents. 4
The invention is illustrated by the fo]1oWing anmples.



EXAMPLES Exanple 1 Preparatlon of A
1.5-bis-{[2-(diethyl am no- N-OX|de)ethyI]an1n@} anthrdcehé 9,.10-.di one 05

(1) 1.5-bis-{[2-(diethylam no)ethyl]am no}anthracene-9, 10-di one. A sol ution
of 5. 529 (0.02 nol) of 1,5-dichloroanthracene-9,10- dione in 23.2g (0.2
mol ) of 2- (dlethylan1no)ethylan1ne is heated at reflux tenperature for 4
hours. The nmixture is cooled in an ice-bdfh~and 100 M concentrat ed
hydrochloric acid is added with 10 - stiggammgs - This acidic m xture:is
extracted with hreg allquots of 200 m of diet thylether followed by three
aliquots of 200 hl or of orm The aqueous layer i's coll'ected and nmade

al kaline wth s@de bhyeh ofi -hi}i ie¢hy Yami hetN-oride ehhwileminah and
evaporated in v 0|Iy residue irs washed with water,
disseLng 15 dfitfac é%{ﬁb d1 |trated W th h¥drogen chlorlde i n dry
di et hyF™ et BBr t &1}ilaS—hign{p2i(d| pthy] lami eojanshgacene-9 10-djiose. t he

158.5-[err]; [err](deioni sed wa 2 g %
(10690). 20 @Q ne in 23.2g (0.2 mo ) of 2-(di thy]am1no) thylamine is heated at

1. I5 ?i s-{l f2 gdizebhw:@m%%pfr&m ﬂ?) Tt gwr]sam The} Atk turece@odledindrone. A
solution O . (0]

thyl ] ani no} ant AFSAERE- e, 308 coneentrared SAEbITH SR, s peed Withoi 1y
resi due of 101) witifringt erThasndicddya mjxtume 29 extradtedswith ¢three el bquotss :
cool ed in an i cgebao Y ﬁié'ﬁthp'iéﬁ%Q foﬂi'ahéd f‘bg' ’t'ﬁr"e%”a’l uB‘E?aotfeﬂod"'ng ?f'L 2.4

of 3- chloroperben20|c aci d oom tenperature an
for 18 hours pr6hienofarm: ofhe |agH¥°"5TMVQﬁ xm@le%teéva%mdemmmubt&o a

smal hwol une angoaﬁmﬁm&&hdé Qoﬁﬁmh Cé)(t?H@iéKJﬁﬁW)éh‘l‘&r‘d’fﬁrﬁ afaal eVEpoPited
70-230 nesh (60,A) silica an_ el gtln | vent

chl or of or m met hdRg¥aces. at 9&\5 t]')g'i/l"é?ﬂ nesidype dp e "{1|t8 Wﬁo%‘&“?ﬁeﬂ
(fol l ow ng]ﬁecryﬁtmdthamﬂlt and titpaedhwDttohgdrogen ¢hiloeidiarik dweddéeymtial s)

125-[err) (decopppal thofibe 4 BrebigfiteUsER 1kRlde (5 TIN5 3 BFTehd0%0).
title compound as the hydrochloride in the: form of a dark red
solid, m.p. 158.5-159.5°C; Apax(deionised water) (E/cm/M)
231 nm (34280), 516 nm (10690).
20 (2) 1,5-bis—-{[2-(diethylamino-N-oxide)ethyl]amino}anthracene-9,10-
dione.
A solution of 1.25 g (0.004 mol) of 1,5-{[2-(diethylamino)--
ethyl]amino}anthracene-9,10-dione free base (prepared by washing
‘the oily residue of (1) with water and drying) in 20 m1 of
KdJ 25 chloroform is cooled in an ice bath while stirring. This solution
is treated with 1.2 g of 3-chloroperbenzoic acid, allowed to come
to room temperature and left for 18 hours protected from light.
The mixture is evaporated in vacuo to a small volume and is subject
to flash chromatography using a column of 70-230 mesh (60 A) silica
30 gel and an eluting solvent of chloroform:methanol (5:1 v/v) to
yield 0.45g9 of the title compound, m.p. (following
recrystallisation from chloroform to give dark red crystals)
125-129°C (decomposjtion); Amax (deionised water) (E/cm/M)
231 nm (44030), 516 nm (11330).

title compound as W%o*i‘u)‘ﬂ'bﬁcﬁ gl ﬂf(bnoé ﬁl XFm Cﬁ—d@cﬁ‘ﬂfr‘éaﬁﬂﬁg@@ﬁé-@ 100 P.
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- 18 - Exanple 2 Preparation of : . ;

1.4-bis-{[2-(diethylam no- N oxi de) et hyl]am no}wanthracene 9 10-dione. (1)
1. 4-bis-{[2-(diethyl am no) et hyl ] am no} ant hracene-9, 10-di one. 05 A

m xture of 5 g (0.021 nol) of 1, 4-dihydroxyant hracene-9, 10- di one and 2 ¢
(0.014 nol) of sodiumdithi onite_i?rFZ_O'm water is stirred whilst heating
under nitrogen at [err] until the xture turns fromorange to brown

i ndi cat i ng;a_m]!e__@esence of 2, 3- d| hydro-

(leuco)-1

.10 m xt ure

i s added dropw 5 ‘ ‘ ytami ne over a 30
m nut e peﬂkﬂégﬂﬂﬁ_ﬂﬂcﬂﬂﬁl s heat ed at 50 [err] for 2 hours and 20 m of
ethanol agp dslﬁdias- A9eLth BfinioY et Naf sﬁﬁhméné’-ﬁowidmeﬂv' o

hydr ochl or| c-aci 3 x 200 ,nf
of 185  di etAh‘lﬂ’Ett“ﬁ%r“f 5I$d\9e921)§"°§) ><°f2694 rﬁ‘hM‘F"‘E‘NPBVHPS?'I‘ﬁ’g e aqueou®s”:
phase is ¢hme &kl §n@.0y4 t:dm)acmlsbdmm di tisiodii teniny 20 @Ri weterolisit i on and

d h,3 2 hi d
Co a5 mSUsTRtani1e? dea i ek R Progeh o ShEE SBRALRYRUAPA Col tm of
70- 230 neturns6Orofy osarigecto gn‘bwﬂoindicqmng]tlmndrmmbmﬁ i2g3-sbilhydra— of
chl orof or Ju@ktqv‘ﬁddm&dﬁgiﬂn%ﬂc@hw H@n&’{%nﬁel 1T0V/tﬁ S reIP@wl?ll ue bl ack

mat eri al Fenov "'umm T n chl IS evaporated in

vaculf t o Bixduge ois7addes dropwise 3 gctiddumel) af p2-(ﬂ@¢tlwlmmos)e [err]
(deI oni segciya hﬁfr)e GEérCIaf 5 nﬁﬁﬁté\%éf&ﬂ%ihe pdLira Gé-&ﬁ-'é%d 25 (2)

1, 4-bis-{ th 0- N oxi m nQ}ant hracene-9, 10- di one. To an
i ce- cool é‘blsb gr? g?r E‘"Qfs( 6"@)&%'“%) Lgtfa"f?@'{e[ Edélede The
(di et hyl asoTug)on Hyl thmclar&ndtiﬂdaeemenwoﬂmnmmchmmﬁ atm)fardLy chl or on
I's added 1.5 09 (9.0 The m xture.is
stirred f%q'dsego rﬁ'ﬁ %dq‘a 'ﬁ’%&@% ﬁt% n’h zgture and then |eft
for U8B hodfr@hpldthemﬁﬂw«mbwgm ZOGmi nmeDEOﬁQTmevdib@realMusn vacuo to a
5 - vol upkss@Nsks 7idBé 8AkETideOby the addition of sodium hydroxide solution

and extracted with 3 :x 200 m1 chlioroform. The mixture is
evaporated in vacuo to a 5 m1 volume and subjected to flash
chromatography'using_a column of 70-230 mesh (60 A) silica gel

20 ($i02) and an eluting solvent of chloroform followed by
chloroform:methanol (1:1 v/v). The blue black material removed
from the column in chloroform/methanol is evaporated in vacuo to
yield 0.7 g of the title compound, m.p. 107.5-108.5°C; . .=
Mmax (deionised water) (E/cm/M) 256 nm (50950), 584 nm (18650).

25 (2) 1,4-bis-{[2-(d 1ethy1am1no-N—ox1de1ethy]]am1no}anthracene-9 10~
dione.

To an fice-cool so]ution of 0.8 g (0.0018 mol) of 1, 4 -{[2~-
(d1ethy1am1no)ethy1]—amgpo}anthracene—Q.10-d1one in 15 ml1 of dry
chloroform is added 1.5 g (0.008 mol1) of 3-chloroperbenzoic acid.

30 The mixture is stirred for 30 minutes, allowed to come to room _
temperature and then left for 18 hours protected from light. The
mixture is evaporated in vacuo to a 5 ml volume and subjected to
reverse phase chromatography using a column of octadecylsilane
bonded to silica gel, 10 uM particle size, aﬁd methanol:ammonium

35 formate, 0.5M, pH 4.25 (30:70 v/v), as an eluting so]vent,




reverse phase chromat ography: u5|ng a colunn oh ocfadeCyISJIane bonded to
silica gel, 10 [«err] particle size, and nethanol :amwhi um 35 formate,
0.5M ,pH 4.25 (30:70 v/v), as an eluting sol vent. -19- The eluate
fractions identified by thin- | ayer chromatography (chloroforn nethanol 1:1
v/'v) to contain a single dark ‘bl ue-col oured. conponent- are pool ed, extracted
wi th chl orof orm and evaporated in vacuo. '*Dryi ng over phosphorous pentoxi de

05 yi el ds 0. fhegefaté herattidne mrmeﬂm 59 thidatdyel! clerometagraphy p:

o b L abor oo MRRTAsoRapkftiah § 7V YEcaRteih)a SFngi >0 N (20900).
1-{[ 2- (di et hyl armne-qmoume;eumbqamraq}mw; axénactedOwith ehtcGofoome. (1)
1-{[ 2=(di et hyl afS‘n gBVAtL miri‘%é% hrﬁﬁf@‘g 3ve(1r0p§6§r}r{|)&§ ou% Bhatdrige Of 12.1 g

(0.03 ) of 1-cC I or oant
2- (dlﬁﬂ HRi noyvdea Qi ha P§ W@a?'@'deuwu?‘bfalsui dagk t2"4‘?0&‘?‘5“’ The reaction

product is wor depUm§51m&c(dé%ﬁlpcﬂs?itwn)l'n h@iohi?é@%i:ert h%t/énb’ﬁ)m ly
residue is only Sgshe? &%@ %gﬂ 6? rred to yield 3.24 g of the
title conpound 4 ¢ % 80%orm of an orange-red solid, mp.
[err]; [err] (deionised water) (EfcmM 248 nm (27180), 493 nn1(5770) (2)

1-{[2-(diethyla xi de) et hyl ] am no} ant hracene- 9, 10-di one. 20
1.25 g (0.0039 g%&ﬁﬂg;31 {[ 2- (dlethylan1no)ethyl]an1no}

ant hr acene- 9, 10Pdepanath 2 ; ; X @ ;
reacted fogrgl8 @opuqhaﬁedescrlbed in Exanple 1. S|I|ca gel flash
chromat ography 85_1.n -Ie 1 but mnth chloroforninethanol (1:5 v/v) as
el uting sol vent (¢} vsd ethitlam th pingtanihracene-9,10 :

Recr kst al | i sation of mﬁhturfeesf dtze1 fg" qmwhﬁnpfar mlomei»dmﬂrél@mﬂé the title
comPound 82 a0 BHE s St e ALl AR R T hedtha e
reflux for 2 hours. The reaction product is worked up as described
15 in Example 1 except that the oily residue is only washed with water
. and then dried to yield 3.24 g of the title compound as the free
{ base in the form of an orange-red solid, m.p. 98°C;
‘max(deionised water) (E/cm/M) 248 nm (27180), 493 nm (5770).
(2) 1-{[2-(diethylamino-N-oxide)ethy]]amino}anthracene-9,10-dione.
20 1.25 g (0.0039 mol) of 1-{[2-(diethylamino)ethyl]amino}
anthracene-9,10~dione and 1.2 g (0.0068M) 3-chloroperbenzoic acid
are reacted for 18 hours as described in Example 1. Silica gel
‘flash chromatography as in Example 1 but with chloroform/methanol
qu (1:5 v/v) as eluting solvent gives an eluate which is evaporated
! 25 in vacuo. Recrystallisation of the residue from chloroform yields
: 0.45 g of the title compound as an orange-red solid, m.p. 120-125°C
(decomposition); wApax (deionised water) (E/cm/M) 248 nm (32330),
493 nm (6180).




- 20 - Exanple 4 Preparation of R

L
v .3 . , N

1.8-bis-{[2-(diethylam no-N-oxide) et hyl]am do} anthracene 9 10- di one. (i)

1, 8-bis-{

m xture of 5.52 g (0.02 nmol) of 1, 8-dichloroanthraqui none and 23.2°g (0.2M
2- (di et hyl am no) et hyl am ne is heat

reaction
oily resi

(13200) .

[ 2- (di et hyl ani no) et hyl ] ami no} ant hr acene- 9, 10- di one. 05

under reflux for 3 hours. The

product is washed up as described in Exanple 1 except that the
L nly- washed-with water and then dried to yield 3.63 g of

the titl e peeparatich aF 1IBibfi§-3F[2l@d1ethQ?&ﬁnbﬂNIJHdé&’zﬁgg@janﬁnB]ir ple solid,
m p. 103. 5@_}4"«13 l '[get'é Fel oni sed wat er 940), 542 nm

9&—@8? et hyl am no- N- oxi de) et 'hyl ] am no} ant hr acene-9, 10-

di one. 1.2%) @b mg[a_aqgieonmmnﬂez;hyu]mmm@l shbhzh!oamm% 15OI SN
ant hgacene- 9, e 5 bl or oper en20| c acid are=,:
react ed for zfl&'oglf'fspaagﬁ escr?sls 6? m%éi Ofrrﬁéa 1d% I'%r% gﬁ Y aphy as ?“ﬁf

.

Exanpl e 13p#t23y8; mdocﬁlﬂbr?o{dﬂer’mmnianmtwnmnﬂ ¥} headied ngdaolnemux gives an -
el uate whirgh 3 hofMAPOTHE ‘P@aéﬂoﬁ ?Hﬁucgefsr Yl§§l?éd| hﬁaés' ﬁgsajibw esidue from

nI e solid mp.
ﬂ@ésn})ﬁ%%#at [fé%r P M ERSIUSeds mﬂ&rvyasmd dmtm wm nm (39530 ,
542 nm ( 83hd)thehxdrripl etd yPe P31 63 igOBf Ofhe t1t'|e compound as the free

chl or of or
118-[err]

14%5{

di hydr oxyél%’ef% g%@fggﬁg?dy&%'b?e)set' th R n'%}:‘ ?-105 %

1. 4- bi s- { Max ddeidnjisedriwadpe) KW}:MM)nBﬁ}G 5m8(ih§4mir CM)Z nmr(tlbzmtjene 9. 10-di one
A mxture( 1180 & - P2 Q03¢ )

ant hr aqui
met hanol

15 .

20

25

30

35

none arid

n

30 .~

dioneast ed for 10 ninutes to refl ux terrperature The et hanol angdy
unreact ed N, N.d5 af hpl 603 meBt Iarlamqua(rﬁet%m%)@thw]amm_o}- |

anthracene-9,10-dione and 2.5 g (0.0135 mol) 3echloroperbeozoio
acid are reacted for 4 hours as described in Example 1. .F1ash
chromatography as in Example 1 but using ch]oroform/methéno]
(1:1 v/v) eluting solvent gives an eluate which 1s ‘evaporated
in vacuo. Recrystallisation of the residue from chloroform
yields 0.18 g of the title compound as a purple solid '
m.p. 118-119°C (decomposition); Mpax (deionised waterf (E/cm/M)
236 nm (39530), 542 nm (8360).

Example 5
Preparation of 1,4-bis-{[2- (d1ethylam1no-N-ox1de)ethy1]am1no} 5,8-

dihydroxyanthracene-9,10-dione
(1) 1.4-bis—-{[2-(diethylamino)ethy]l]amino}-5, 8-d1hydroxy-
anthracene-9,10-dione . _

A mixture of 1.0 g (0.0037 mol) of 1euco—1,4,5,8—tetrahydfoxy-
anthraquinone and 5 g (0.043 mol) of N,N-diethylaminoethylamine in
methanol is heated for 10 minutes to reflux temperature. The
ethanol and unreacted N,N-diethylaminoethylamine are removed by
distillation in vacuo and the remaining solid recrystallised ffom
ethyl acetate to yield 0.64 g of the title compound as a dark blue
solid, m.p. 203°C (dihydrochloride salt); Mpax (distilled water)
(E/cm/M) 239 nm (44910), 605 nm (10890), 659 nm (10710).




distillation in vacuorand the remaining solid recrystal li sed f.rorh et hyl
acetate tq yield 0.64 g of the title conpoundas a dark bl ue, 3ofid, mp.
[|err] (dihydrochloride salt); [err] (distilled water) 35 (E/crﬂl\/p 239 nm
(144910), 605 nm (10890), 659.nm (10710). - 21 - (2).

.14- bi s-{[ 2- (di et hyl am no- N- oxi de) et hyl ] ami no}-5. 8-di hydroxy ant hr acene- 9
..10-di one 0.108 g (0.00023 nol) of 1, 4- bidd- {-[2 (diet hyI am no)et hyl ]

am no} -5, 8-di hyq ?X'VQQBN 806G s
di chl or onet hane "an ITTing.
The sol ution is atheacenewf.4@-diopey (0. 000115 nol) of 3-chl oroperbenzoic

acid, allowed to COGﬂiOBOgrOommniﬁtﬂf)abﬁ”ﬁ4aﬁka{Eﬁ1(J1@th§1%mWre$h9T tected
from lLight. The m,xt ure n su col um “ﬁr aphy

hr'q
usi ng as col urm GMAY-5 S@vaw‘ﬂ%meﬁnﬁ‘) g JSoptamared h
sol v.e‘»t-; of 08i chlddcblaromettanesdndatiod sbﬂuﬁtohyisamonlaedsharan rigevhaith whﬂst

di chf’or onet nane:d§ by ame”?%ﬂ%?onl ¥/ %!.)9638@ BHF% beyj; (9;990115 mo1) of

di chl or onet hane: rre
di chl or onet hane 3nehlmrng¢rbtenz@’tmyc'bdn nék(uey o £9mE:to voon \t)emmtnse and

finally nethanolgkf |,%§,hyé ?}mlpse p(,gge ¥/ #Pom ﬁ'ﬂ?ﬂ n'amr Tﬁ[fg}gﬂg ®h fraction

i-s collected, filtered evap orate in vacuo to the title
conpound as a davRiented %%F]%Fh ﬁ?b"““lsEfq_"@F?qraPB%d{?ﬁﬁasﬂ tCPb‘ﬂ‘)" °ferr]

(E;il st: | gdl'lawat ers)ig{rﬂ ﬁé‘l Nls0RY Gnana (step¢had i MO eMit 1nG8OPven® ¥ Nm (5750) . 20
anpl e reparat
1. 4mél s-{[ 2- (gl %E%&’&W%"&WP%‘&H%WMW}E gtartipg W&Poxyant hr acene- 9,

10-di;one (1) 1 dabhbrbiueth(adenmhyliyiumme €90yl |vaw) rfofl1owedt Hy hydr oxy-

ant hnagene- 9 Ipﬁ?araéthane metHémSIQltHét?lglé’rﬁmla ﬂQ(ﬂQ(PI\Pﬂ?’? 'mle?: of -

| euco-1, 4,5, 8 tetr Ui hone |'uxed under
mtrogen To thﬂschbrgmemapeamtm :griarhgdaningl §4%15:49.5:1 v/v/v) and

N, N-di met hykam geginy! mdinaRo Pttty 1amine (99:1 v/v). The major eluting blue
fraction is collected, filtered and evaporated in vacuo to yield
0.08 g of the 'title compound as a dark blue solid, m.p. 155—1585(:
(decomposition); Apgx (distilled water) (E/cm/M) 240 nm "(15690),
609 nm (8809), 662 nm (5750).

20 Example 6
Preparation of 1,4-bis-{[2-(d 1methylam1no—N—ox1de)ethyl]ammo} -5,8-

1hydroxyanthrg;ene—9,1Ofgione
(1) 1,4-bis-{[2-(dimethylamino)ethyl]amino}-5,8-dihydroxy—
N anthracene-9,10-djione

25 A solution of 1.0 g (0.0037 mol) of leuco-1,4,5,8-tetrahydroxy-
anthraquinone in methanol is refluxed under nitrogen. To this is
slowly added 2 g (0.023 mol) of N,N-dimethylaminoethylamine and the
mixture is stirred at 50°C for 1 hour. The mixture is then stirred
for 16 hours in air. The ethanol and unreacted N,N-dimethylamino-

30 ethylamine are removed by distillation in vacuo and the remaining
solid is recrystallised from ethyl acetate/methanol (2:1 v/v) to
yield 0.68 g of the title compound as a dark blue solid,
m.p. 199-200.5°C as the dihydrochloride salt, apgx (distilled
water) (E/cm/M) 242 nm (43270), 606 nm (18050), 658 nm (16220).




mxture is stirred at [err] for 1 hour.:The miXture is then stirred for 16
hours in air. The ethanol and unreacted N, N di'nét hyl am no6-' 30 , ethylam ne
are renoved by distillation in vacuo and the renmaining solid is ’

recrystallised fromethyl acetate/ nethanol (2:1 v/v) to yield 0.68 g of the
title corrpound as a dark bl ue soligha -mp 199-[err] as the dihydrochloride

ﬁﬁ]l 216220&) d,i %t é' 2' Jlé @sme%mnémmonﬁ W)u tR{PI ](aétln%ﬂp)s B-A_E&Lroéylsow) 058
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ant e acene: 94 Lngeole of 6904 (WloBbadk 461 of % HFTZ [0t dradbnyn-
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am no) et BATpa eyl Jgn1sohwd¢ﬂ»5daﬂwﬁn$be¢r@ng-&dﬂdﬂm imSmli 05 v

di chgsor Orﬂitch@&%rde%h&féohﬂtdoﬁe@rln' &fF- i*%%tﬁhﬁmhbﬂst%tfrfrhﬁ@ TIOtIhQ' s sol yti- 0”_
I s added benzoi c acid- g he produt?.;_.g_“s_

al | oned t%?@BﬁQ!'( 8 4@8%9%13&0&1083%‘%”&{) é’lft 3T‘E§}]°8°WGF%Z‘HF0?%H ed from
light. Tand theiprtbdudts i hilnometbjtecéan@ to ridomstenpelaturecindmefpgr aphy using

a col um pof ' | L 6A nd,a. st.ep-gr adient eluting sol vent of
G ol o o EdeurachasEReet e Mg neTls MEFRT T, fien

di chl or orstbjeckednto Hdash c(oEIOmtS(thvbme)toboanMshrtwadca:lminnrqfrret hzﬁneI me: hanol
20: / I h | . The | as

(el ut1|€6(rjlgvb ueé‘?%ggtwmygmﬁa ?‘M SH E‘%Aﬁ?iﬁfesr%gg r!:];Itné‘:evapor ated in vacuo
to yield Cljco’r@rqgleblparteh@ethampb fd’dﬁﬁ'@dﬁai% sjapting withe solid, mp. 124-[err]
(deCOWpOde‘i:h%ﬁometﬁ@ferheﬂﬁ'nS'l'(isloego\WWréo]ﬁE\(vé‘d%M 222 nm(15500) 612 nm

(6110), 664 repar at.i_on -of o~
37D, 5. s iordnerbar:petsabhy D60 vy 14 WA LIV v
5 8- di hy?re&hamlt :rtethyda®indO¢ab:ane/¥)1) The last eluting blue fraction
IS 2 [ OX

ant h?acen 58%%?%?13“&%% fpffdy e&wgé%%@o—%g %]8f0 075 g of
| euco- 1, 4he, Bitlet couppdnd)as- a dark blue solid, m.p. 124- 128°c

(decomposition); Apax (distﬂ]ed water) (E/cm/M) 222 nm (15500),

612 nm (6110), 664 nm (3685)

Example 7
20 Preparation of 1,4-bis-{[2- (diethylam1no—N—ox1de)Qr'op_yl |am1no[—

5, 8—d1hydroxyanthracene-9 10-dione
(1) 1.4-bis-{[2-(diethylamino)propyllamino}-5 8-dihydroxy-
-anthracene-9,10-dione I . o
A mixture of 1.0'g (0.0037 mol) of 1eu¢o—1;4,5;B-tetrahydroxy- _
25 anthraguinone in 20 m1 of aqueous potas;ium carbonate (5% w/v) \or
and 0.2 g of sodium dithionite is stirréd'and'f]ushéd with
nitrogen. The mixture is thén treated with 4 g (0.003 mol) of
N,N—diethy]aminopropylaminé'and stirred at 80°C fof'la hours in'
air. The ethanol and unreacted N N-d1ethy1am1nopropylam1ne are
30 removed by dist111ation in vacuo and the remaining solid is
recrystallised from ethy] acetate to yield 0.8 g of the title
compound as a dark blue solid, m.p. 126—128°c lmax (d1st111ed
water) (E/cm/M) 241 nm (15370), 611 nm (12460), 668 nm (11280).




25 anthraqU|none in 20 m " of aqueous potasslmnncahbonate (596m/v) and
0.2 g of sodiumdithionite is stirréd and flushed\Ml$ln|trogen The
m xture is then treated with 4 g (0.003 nol) of N, N—dlethylan1nopropylanine
and stirred at [err] for 18 hours in air. The ethanol and unreacted
N; N-di et hyl am nopr opyl am ne-are 30 renoved by distillation in vacuo and
the remaining solid is recrystalllsed fr ®3n-et hyl acetate to yleld 0.8 g of
the title conpo d ag_ iR sdoF K¢ ¥ fmind
water) (EFcmM ol "C ' T 5C
(2) 1,4-bis- {[ZiiﬂléisgﬁﬁhﬂﬂniJNEbX|de)propyl]an1no} 5, 8- dlhydroxy-
finzh[lace??;( éo di angotatsen Wi oMoy (0.bBoMmA Ro P42, 4Bk 3-gh- (d1ethy]—

LS [
ani np) pr opy! | an‘?'Wd'PSEf"{?yaJW&Ph@gngmy55%“§!‘ﬁ?f-eﬁFo?re"0 g‘%ﬁes%%ld\?éﬁpb’gd
i n 5k di @l or trmest it chlsFomethand amd @bolekihadm fvbibath wtiilgtistjrrﬂﬁ“ge .
solution is tr e 0 0 1 rbenzoi c aci
al l owed to cone qown'lilaf' 1‘25?%{&%‘9%(16%?4)‘? 003 ﬁ%ﬁg @eot ected from
light. The m xtancétlosonembenmbj addecatlowed dohcome danraomr tempevatunengndisi ng a
col um -of 10 | &7 80RbursO ety 3rgh PG A0S nfikiské NG Etvent of

dlchloronethane net anol :trie m ne startl

di chl or onet hanes‘!PdFﬁ%ﬁf’ofm(@@sBcﬁq})“W‘) %Pmﬁa HFi:'Fﬂ 8r 6MWMA Rfe: met hanol

(20:80 v/iwvp andsﬁhaalden (G0A)a8md at st&i-aradienice1@9nd 901vent dhe | ast el uting
bl ue fraction

' Ilect  filte and e rated:in vacuo to yield
0.8 of the tidic ebmsEline ebiangl it ke Bie FARFIR WEHL ne as a sol |
in a, dessicat ordMﬂotmmemhm methang 1 0f60a60 enrfy) | fuj lawedlbyi ng poi nt

det ekud nat i on; ‘{@ﬂéﬁm%ﬂé k@'a% (@ égj‘;;/r‘rér\%n@f@n r:py( 14220), 614 nAm

(8600), 666 nm reparation o
1-{[ 2- (di et hy| anfithanol: 6xﬁeﬁwéamme] £99:oy/v)--{ [ Phe (ast eluting blue fraction

hydroxyet hyg ) amj iebefdbted 2N Pdred §ndj'e|0¥5'6r%>£¥é‘_r_'it_rlh§lé‘&ﬁﬁ%9y1JeQd§b.%n§ of
the title compound as a dark blue solid which remains as a solid in
a dessicatbr but becomes sticky on attempting a melting point
determination; Apax (distilled water) (E/cm/M) 248 nm (14220),
614 nm (8600), 666 nm (5144).

20 Example 8
Preparation of 1-{[2-(diethylamino-N-oxide)ethyllamino}-4~{[2-[(2-
hydroxyvethyl)aminolethylJamino}-5,8-dihydroxyanthracene-9,10-dione
(1) 1-{[2-(diethylamino)ethyl]amino}-4-{[2-[(2- hydroxyethx‘l)-

\\/ aminolethyl]ami no[—5,8-dihydroxyanthracene—9 10-dione
25 A solution of 1.0 g (0.0037 mol) of leuco-1,4,5,8-tetrahydroxy-

anthraquinone in 10 m1 ethanol is heated at 50°C under nitrogen
with 2.1 g (0.00184 mol) of N,N—diethy]aminoethy]aﬁine and 1.9 g
(0.00184 mol) of 2-hydroxyethylaminoethylamine for 6 hours and then
stirred in air for 16 hours. The ethanol and unreacted

30 N,N-diethylaminoethylamine and 2-hydroxyethylaminoethylamine are
removed by distillation in vacuo. The remaining solid is dissolved
in dichloromethane:methano1:0.3% w/v aqueous ammonia (96:3:1 v/v/v)
and éubjected to flash chromatography using silica gel (60A) and
dichloromethane:methanol:aqueous ammonia (96:3:1 v/v/v) as eluting




(1) 1-{[2-(diethylanino)ethyl]am no}-4- {[2 r(2 ‘hyi}lroxye',t hyl)

am nol et hyl ] ami nol -5, 8-di hydr oxyant hr atene-"9, 10-di’one*25"; . A solution
of 1.0 g (0.0037 nol) of |euco-1,4,5,8-tetrahydroxy- anthraqui none in 10 n
ethanol is heated at [err] under nitrogen with 2.1 g (0.00184 nol) of ‘
N, N- di et hyl am noet hyl am ne and 1.9 zg (0. 00184 nmol ) of

2- hydr oxyet hyl am noet hy] am pe for and then stirred i n air for 16

hours. Thé&otYettmol ThenmMales, elittiag @@Ct? ‘Rl-%i‘faé’f’ﬁ??eé’m-ﬁo‘ﬂlﬁﬂgl i He# and
2- hydr oxyebiid. agaﬂoebmﬁnaahmnammrpaeo\mdsbywil gé1i I(leoA) cusmgl avaeew. The

d t | ;0 3% w
Cmon & gbsent, g, AsSFEiriRek e e aB RO S47E e IGHetony el o ol T oa
gel (60A) dichd ottbeéthanemethamd::agednusosmunda ol . AnfniTa:qOe/&/v).v/ v/ v) as:. *
et B8 Sna T Bl ATRIEY e FHRCERUS, SO, oA goucbol S L g
a step gr gvanorated i mmfmm&ﬁél 2ed fn&he (15@1scﬁoom99ndf 8s [ddatk by '
di chl or ongigarg1{@! Mepohesaigreds n(cﬁstmeESué&rﬁ(@kmm /v). 05  The

maj or el'uting blue fractjon i Ie f||t ed and eva oratedln vacuo
toJ yield g3 %q{!}‘ S"I’3q5ﬂé-tqoﬁl %’“c‘%ﬂ%&)nd%é‘g“ﬂ' ﬁl'%ﬁqg tue solid, Iom p. 165-[err];
[err] (digg) Il X (20782) 660 nm
(1898Q [ Y ¢ - 4- i
hydr OXyet F¥ - vime oia

sol ution of G\ sougzioo Q]DOZHJ rml(Q 051023 r@{]ﬁ Qﬂﬂet{bg&(ainehmlamm)— _

et hyl ] am 2 '

di hgd]r oxygﬁé#ﬁg@eng[—é @Lg %ﬂl;wgkﬂ@o)l \%@Pﬁhgﬂﬁ“ﬁgh RI’or omet hane and -
cool ed i ndihwdresvanthracasers10sdiong iy dissaivedsdn A mIndichlosomethaneat ed wigh
0.1 g (0. QAPQRB16@lih & i3eHYtAr MPEISRESERIren@Ci GhiflsbPiErdnt §s CONe to room

t hen S ubj £eeaade 6 Qo o 66 ANUEE, a0, &5 PSSP raBe TS 201 pE Ry of sl | ca gel
(60A) andadlodedptacanie ot reonuu:engertadlunerahdabefcteﬁmr iBebburer pkotaobéd 6. The
| ast from 1ight. The mixture is then subJected to ﬂash column
chromatography us1ng a co]umn of s111ca gel (60A) and a _
step-gradient e1ut1ng solvent as descr1bed for Example 6. The last
20 eluting blue fraction is collected, filtered and evaporated'j_ﬂ w_)gglg
to yield 0.06 g of the title compound as a dark blue solid, | |
m.p. 92-93.5°C (decomposition), 7‘-max (phosphate buffer pH 7 4)
(E/cm/M) 238 nm (8203), 607 nm (6396), 658 nm (4733)

25 Preparation of 1- {[Z-Ldgethy'lamino-—N-ox1de)ethy] |am1no[-4—i|2—- v

ethylamino eth 1 am1no -5 8—d1h drox anthracene—9 10—d1one
(1) 1 {|2-§d1ethy1amino)ethyl|a 1no}—4-{[2e(§thy1am1no)ethyl]- |
amino}-5, 8-dihydroxyanthracene-9 10-d1one
A suspension of 1.0 g (0.0037 mol) of leuc051,4;5;8ftetraf
30 hydroxyanthraquinone inllo ml of ppopan-zfol is_stirred at 50°C
under nitrogen. To the mixture is added 2.1 g (0.00184 mol) of
N,N-diethylaminoethylamine and 1.6 g (0.00184 mol) of
N-ethy]am1noethy]am1ne the product 1s st1rred in for 12 hours under .
nitrogen and then for a further 6 hours in air. The ethanol_and




20 eluting blue fraction is collected, filtered and pyaporated in vacuo
to yield Q.06 g of the title corrpound as a datk bilue.isol.i'd, .o p.. 92-[err]
(deconposition); [err] (phosphate buffer pH 7.4) (E/cmM 238 nm (8203),
607 nm (6396), 658 nm (4733). Exanple 9 25 Preparation of

1-{[2- (di et hyl am no- N- oxi de) et hyl ] ani no} - {[2-

(et hyl am no) et hyl ] am no} - 5. 8- di hydr oxyant9r acene- 9, 10-di one (1)
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of N ethyl am noet anm ne e | S st hours un

ni tragas alfd t haateoy (ﬁfqnm"t) BMHJ§F20%.n 689 mm (1G6)¢ 1658 om 463640) 25 .
unreacted N, N-dicgh mdiqpl Iaa,ﬁr},m_amer)legiﬁ;]h miio}ost {Tel Eg_[m'tlgﬂam@_)nennved
by dIStI||atI0nit V. i ng oIl b Sshesrystallised Trom
et hyl acetate te=ypFel ‘ as—a dark bl ue solid, '
m p.( 1%(13$égerg]59 [eﬂ.n]) ﬁo(IOSOMZaeuloDSof lwte(rd)wtlﬁﬂanﬁho)eﬂmhnm(ndﬁaze) 609
nm :

1-{[ 2- (di et hyl SR (ethyfs q‘ﬁg?iﬁv Jaminat; S 2- 4 hydrpyapthracegs -9, 10-dione is

et hyl | ani nd@- 5, dissalyed oy Srmhdicktarogethandi ande the 501yt oD tlmcc@slﬂblip f

1-{[2- (di et hyl aRi.pO&hhwshag sr\ﬁ}-f'f‘ﬁ To the solution is added 0.1
{[2- (et hyl am no) et@/o@]ﬁam no}-5 ydr oxyan} hr acene-9

dissolved in 5 ﬁM%?%énE“MBW'FP@“EN%FF% and b%dFeU'qnnahW"FEet%at h

whi | S$t/sti rringcofd® toheodholtetperatine andaefe. forg16 hodPdQhItedted Hfom -
3- chloroperbenz Lc .acig and

and left for HS ’s %l’"éét‘é’&l ??E};&%Féﬁt’%ﬁ% It?nrjfgﬁ qqg';"?gtrannt glrJrBJe(rait g(rje
to flash c@SunnchEomatogi‘ammmgamhplum d sildohugal ¢60A) endca gel (60A) and
a step-gradient S@Lb’jgjrggi&cﬁl Xﬁjﬁnﬁ’fsoq.\lgm %%%*i%a%ﬁéﬁ@ﬂ@%hanm :
- (90:10 v/v) followed by dichloromethane:methanol:0.3% w/v aqueous
ammonia (90:9:1 v/v/v). The last eluting blue fraction is
- collected, filtered and evaporated in vacuo to yield 0.08 g of the
20 title compound as a dark blue solid, which remains as a solid in a
dessicator but becomes sticky on attempting a melting point
determination; Apax (distilled water) (E/cm/M) 244 nm (14776),
612 nm (10080), 662 nm (6532).

_ U Example 10
25 Preparation of 1,4-bis-{f2-(di(2~-hydroxyethyl)amino-N-oxide

ethyl]amino}-5,8-dihydroxyanthracene-9,10-dione

(1) 1.4-bis-{[2-(di(2-hyd roxyethyl)am1no)ethy]]am1no}-5,8-d1hydroxy~

anthracene-9,10-dione

A mixture of 1.0 g (0.0037 mol1) of leuco-1,4,5,8-tetrahydroxy-

30 anthraquinone and 4 ¢ (0.003 mol) of N,N-di(2-hydroxyethyl)amino-

ethylamine treated as described in Example 7 produces a dark

solid. This is dissolved in 10 m1 of methanol:dichloromethane

(50:50 v/v) subjected to silica gel (60A) flash chromatography

using a step gradient of dichloromethane:methanol (90:10 v/v)




(90: 10 v/v) followed by dlchloronethane nethandl 0.3% W V., aqueous anmoni a
(90:9:1 v/v/v). The last eluting blue fraction’is coIIected filtered and
evaporated in vacuo to yield 0.08 g of the 20 title conpound as a dark
blue solid, which renmains as a solid in a dessicator but beconmes sticky on
attenpting a nelting point determ @tlon [err] (distilled water) (E/ cm M
244 nm (14776), 612 nm (10080), 662 nm (6532). Exanple 10 25 Prepar ati on
of 1.4- b|ﬁﬂ{lpﬂec( @U(@d@drwmwm}emﬁmd ($WwE0delv). The major

h || e
1194y DA SRl
ant hracen\@-eé 1'@19d '@ A°'Fﬁ%f‘ﬁr§ af dquobbuq G°@)U!’;7Whiﬁ|) remains as a .

| euco- 1, 4soﬁ,18 irehra&%dew b&@ becoﬁe"st RERERY Bﬁrhectamﬁlti‘hgga (2199 Mol ) of .. =

no % Scri In 7
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net hanol :285chh (@r2s)ha6es (rm(mm VQSSSme (6839&)1 to silica gel (60A) flas

chromat o phy, 4 . ) | | (90:10
v/ V) %23651-4 oftowet s >0 % The maj or

el uting fQJuﬂuﬂnlJﬂﬂﬂﬂMHmﬂﬂﬁﬂt;lﬂnttered and evaporated in vacuo to yield

the title Comad(momﬂ%h tufmr &ibhkd Mafﬁihgm;gés@) t%ﬂ]l dina
dessi cat or .but bécones stick iI“nt
det i nAMiBHE-5 péwqydmygpﬁ-/rr &"m‘% épyd‘(oe)ecm i ssakyed i 52mP6) ;. 605 nm

(7236), GfchTonometitdne. akd)the solution is cooled in an ice-bath whﬂst

d hyar oy AT Hcerte Sha iR 35 Riiga B:togokd o4 ghT o * *
1, 4-bis- {Z{-Bh(mopemgluoin(yaeﬁduwmdeﬁtlyils] thérDallowed to come to room

N
am 1o} - 5.4l PO KA S 5P eondifisTpARckag BsROlhg Ing M .

di chl or omet hane an he sol uti on n an
To tlfe sdeaction mixtagects dilteredoarsbdhe sediig waished dtivertimesbenzoi c acid and

it is theAatrldsomeh1iguetyTef tdich?6PBmethane followed five times by 10 ml
aliquots of methanol. The residue is filtered to yield 0.03 g of
the title compound as a dark blue solid, m.p. 134.5-135.5°C;

Mnax (distilled water) (E/cm/M) 238 nm (24527), 610 nm (9331),
20 666 nm (5435).

Example 11 . _ _ E
Preparation of 1-{[2-(dimethy1amino-N-oxide)ethy]|amino}-4-{[2-[(2— :
ngroxyethy1)§mino]ethy1]amino -5,8-dihydroxyanthracene-9,10-dione.
(1) 1-{[2-(dimethylamino)ethy1lamino}-4-{[2-[ (2~ o
25 hydroxyethyl)aminolethyllamino}-5,8- : _ \*’
dihydroxyanthracene=9, 10-dione
A mixture of 1.0 g (0.0037 mol) of 1euco—1 4,5 B—tetrahydroxy-
anthraquinone, 1.6 g (0.00184 mol) of N,N—d1methy1am1noethylamine
and 1.9 g (0.00184 mol) of 2-hydroxyethylaminoethylamine in ethano}
30 is stirred under nitrogen at room temperature for 3 hours. The
mixture is then_stirred for 16 hours in air. The ethanol and
unreacted N,N-dimethy]aminoethy1amine and 2-hydroxyethylamino-
ethylamine are removed by distillation in vacuo. The resulting
solid is dissolved in dichloromethane:methano1:0.3% w/v




tenperature and left for 16 hours protected fron1I|ght The 15 - reaction
mxture is filtered and the solid washed five:tines math 25 m aliquots of
di chl oronet hane followed five tines by 10 ml aliquots of methanol. The
residue is filtered to yield 0.03 g of the title conpound as a dark bl ue
solid, mp. 134.5-[err]; [err] (distilled water) (E/cm M 238 nm (24527),
610 nn1(9331) 20 666 nm‘ (5435). Exan@le~11 Preparation of

1-{[2- (di ret hy| gguBsysNamidds) @49*‘%]@“7906 54vi\[/2c)r£n°d subjected to column
hydroxyethyl)an1nolethyh¥?n1no - ydrox anthe cc ne-9, 10-di one. (1)

1-fr2-(di nmethyl Mﬂreg’r@g afR rfdl}‘hc«p gf romatography procedure
hydr oxyet hyl ) amigotegdaged aﬁnn@}dﬂ%&woﬁ\ethmhéemmahm:awamﬁa&ﬂmdl one A

f f 1.0 03 I 1.4 t t hyd th
16 o (0,00184 3P0t WeiBatnEiene ien e ikt 1A Y 1edt00184 ol )
of 2- r 00pet hyflidheredeamd, lesaporated iat haowol t@Yield itk 260ig nédthenddtleni t r ogen
at room t enper atJy ﬁzFanW ad a hgy,;,ssmuitgﬁﬂ%xrmuge 138 -141%¢ 5% ighped for.- 16 hours
eac

iin air. The et hano and_unr | am_ noet hyl am ne and

2- hydr oxyet hyl adiihydroshignides namax diskblied Wedﬁ stE/cmAM) @A4inm (3R439). The

resulting solidego$ s $9¢93? 693 ﬁmth;;gswet hane: met hanol : 0. 3% w' v - 27 -
agueous anmmoni a %49 7. 49 0.5‘ ano.squeclen to gol um

chr omat ogr aphy & =L t Ak “° RX10e) B LN . eis
repeat ed ugong di chlﬂrog@g Yaminéd ]ﬂhgi]dnﬁne}@ an ne (90 9: 1 v/v/v) and
the major eluting f |l et filtered and evaporated in
vacuo to yield 0.2 i &rQP radengy “as a dark blue solid, mp.

136-[err]- as the dithylrodil.0002%emol) efr]—{(glr(;t'amlethxlamn@rethYH’amnhM-‘rEmﬂm
(1 3??2 (al ?rgZh;I gné ﬁ»éx(el Eg fyﬁhﬁ%fﬁgi %a}nﬁﬁl :z?ydr%xyanthracene-g .10~ '
hydr oxyet hyl )amdﬂgr}q;ﬂﬁyﬂsgﬁ{lmg} in_ gml of dich oromethane and the solution is
15 cooled in an ice-bath whilst stirring. To this solution is added
0.1 g (0.000058 mol) of 3-chloroperbenzoic acid and it is then
allowed to come to room temperafure and left for 18 hours protected
from 1ight. The mixture is then treated as described in Example 8
to yield 0.03 g of the title compound as a dark blue solid,
20 m.p. 128-132°C (decomposition); Apax (phosphate buffer pH 7.4)
(E/cm/M) 240 nm (13243), 610 nm (6475), 664 nm (5915).

Example 12 : Biological Activity
The cytotoxicity was compared of the four compounds
U (a) 1, 8-bis- -{[2~ (d1ethy]am1no—N—ox1de)ethy1]am1no}anthracene—9 10-
25 dione : ' -
(b) 1.4-bis-{[2—(diethy]amino-N-oxide)ethy1]amino}anthracene—g,lo—
dione,
(c) 1-{{2-(diethylamino-N-oxide)ethyl]amino}anthracene-9,10-dione,
and ' '
30 (d) 1,5-bis-{[2- (d1ethy]am1no—N-ox1de)ethyl]am1no}anthracene—9 10-
dione, :
under aerobic and anaerobic conditions and a comparison was also
made with the cytotoxicity of the corresponding compound in which
the terminal, tertiary nitrogen atom is not in N-oxide form.




»
3 ?

di hydr oxyant hracene-9, 10-di one. 0.10 g (0 00023 nbl) dt'
1-{[2- (di net hyl am no) et hyl ] am no} - 4{[2-- : . vioosa
[ (2- hydr oxyet hyl ) am no] et hyl ] am no} -5, 8- di hydroxyant hracene-9, 10- dione is
dissolved in 5 n of dichloromethane and the sol ution is 15 cooled in-an

i ce-bath whilst stirring. To thlSz'§O| ution is added 0.1 g (0.000058 rml)
of 3-chl oroperbenzoic acid and it is then allowed to cone to room
t enper at ur e died 15 edft the MCEST Humee bneast caader e | Tight (5 Yhmifmnure is then

treat ed aaeﬂ@%@reaéheqnw 12Xgem euﬁu{ﬂ. k{]ﬁ'g &rﬁmu@f Rmeﬁfé %P?.g”pound as

a dark blue sol i err hosphate

buf fer pH(FloW L (*EvaW"9409%1(1'1@2499919@&@%(&119% viysfioetal( 5915) .
Exanpl e 1Bov1d3I oe@ 8Ad ghown \at! 3750 @0 Cobn®h Gericel. t YIn'\@Re @eFBR{ed of the four

T Br BE 07 pARrImeDtRy) 108 5116 SEracirentit MIH MOPaRk B ERMR95, 10 25 . dhand

(b) 1, 4- bcenqe[nzmtiloesmﬁ &he rompbund dad aihleylirmubmtvédaﬁhi'a“ﬂcigedQ 10- di gngo
ene i an

(@) 1,5 o2k GoMrRE, [ Ine SR X ARRI AT PSRN Jretimet . & one,

under aer kg €edh hﬁﬁbmo@d:@hehqultnee alates wenpalasah inas al so made with

th t ot term nal ,
tertjary 9?‘1?%3%%“2?‘3%‘?‘. EPIGP LR ARGCA QEp WHned B ekl O L0

huma bre &% 30 Miwtes e the  ¢elds thep being figcuhated fosqet honre undenel | culture
pl at es contiaiogemg RE’MowiﬁéQ)dtﬁdtymé\s(H @Wpéﬁhﬁnt ﬂHthé"Ql,s 5@#3 'wﬁﬂﬂ:)d

SoF) ceakfét B et O WA sV B S 08 Bnd e BN S ot e i 1
one of a fumferd¥ dewsicianaimt i Shes smi*vihmgcmmdum 2ells ere Id‘wubﬁ ed in gy
for 24 ho&gﬁm Uboh'?@era%ﬁﬁfé@ c exper| rents, follow ng treat ment of
15 . The resuits obtamed are presented in the F1gure, the d1fferent
parts (a) to (d) of which correspond to the four compounds
identified above by these letters. In each part of the Figure |
plot 1 corresponds to the N-oxide under aerobic conditions, p_'lot 2
corresponds to.the N-oxide under anaerobic conditions and plot 3
20 corresponds to the corresponding tert1ary amine under anaerobic
conditions. o _ _
.The Figure shows that each of the N—oxides is substantial]y
non-cytotoxic in air but these compounds are cytotox1c when ce]ls
‘are exposed to them in nitrogen, a'lthough the level of cell ki1l
25 observed is not necessarily fully equivalent to the level resultmg
fr-om the use of an equimolar amount of the parent tert1ary amines
under the same conditions.

-+



the cells with conpound t he culture plates WEF e ‘pt aced rn a rgas-tight
chanber (Flow Labs) which was flushed with nltrogen 10— fnr'Qﬂ w1nufp<
the ce]ls then being incubated for 24 hours under omnn

types of experiment the cells were washed free of the c ?ﬂm, ,\"%mwl 'm

i sotonic saline and were then grown for a further 3 day

surviving nonol ayer cells were counted Uéﬂng a Coul ter counter

The results obtained are presented in thecfhfug e, the different parts (a)
to (d) of which _correspond to the four coffpounds i dentified above by these
letters. In eacH- paﬂt‘°8?°”c’!4e°f:| formy apI(Bl 1 corresponds to the N-oxide under
aerobic conditions, plot 2 corresponds to the N-oxide under -anaerobic

condi tions and pIot 3 20 corresponds tg the corresponding tertiary amne
under, angerobi c conditions. TRg Figure sh;ms that e&h of the N-oxides is
substartially non-cytotoxic in ¥ - pynds are cytotoxi c when -
cells are exposed to themin ng evel of cell kill 25
observed is not necessarily fully equfjval ent evel resulting from
the use of an equi nol'ar anmount{of the parent ti ~am nes under the same

condi ti ons. - 29 .- CLAIMS I° Amula (1) O [err] (1) iIn
which [err] and [err] areR..ch separ-’ely sel ected from hydrogen, X

NH A-NHR and NH-A-N(O)R R' whé¥ein X is h§droxy, hal'®geno, amino, [err]

al koxy or [err] al kanoyloxy, Ais a [err] 05 al kyl ene group with a chain

| ength between NH and NHR or N(O)R R' of (B |east 2 carbon atons and R, R
and R' are each separately selected fromJ[err] .al kyl groups and [err]
hydr oxyal kyl andn[wrich Ry, R2, R3 and R4 are each separately selected from

/ '

hydrogen, X, NH-A-NHR and NH-A-N(O)R'R" wherein X is hydroxy,
halogeno, amino, Cy-4 alkoxy or Cy_g alkanoyloxy, A is a Co-g
05 alkylene group with a chain length between NH and NHR or N(O)R'R"®
of at least 2 carbon atoms and R, R' and R" are each separately
selected from Cy-4 alkyl groups and c2;4 hydroxyalkyl and Co_g
dihydroxyalkyl groups in which the carbon atom attached to the
nitrogen atom does not carry a hydroxy group and no carbon atom is
10 substituted by two hydroxy groups, or R' and R" together are a Cy_g
alkylene group which with the nitrogen atom to which R' and R" are
attached forms a heterocyclic group having 3 to 7 atoms in the
ring, but with the proviso that at least one of Ry to Rg is a group
NH-A-N(O)R'R*, the compound optionally being in the form of a
N 15 physiologically acceptable salt. ' '
2. A compound according to Claim 1, in which R1, Rz, R3 and R4 are
| each separately selected from hydrogen, hydroxy, NH-A-NHR and
‘ NH-A-N(O)R'R".
3. A compound according to Claim 1 or 2, in which A is ethylene.
20 4. A compound according to Claim 1, 2 or 3, in which R, R' and R"
are each separately selected from CHs, CH2ClH3, CH2CH2CH3, CHoCH20H,
CH2CH2CH0H, CH(CH3)CHoOH and CHpCHOHCHoOH.



di hydr oxyal kyl groups in which the carbdn afon1attached to ‘t he nitrogen
atom does not carry a hydroxy group and no ¢é substituted

by two hydroxy groups, or R and R' together aIkerne group
which with the nitrogen atomto which R. and MH@\ rmsa

het erocyclic group having 3 to 7 a gne in the e provi so
that at | east one of [err] to [ef?% IS a group NH-A-N(O)R R the conpound

optional | §. bei ngmpound hexcbod ingoto anySof thﬁhiymcehhm cahims, aamt abl e Salht 2.
A | Int er re eac
Cepar ot of J7RA0E it é%%@"ﬁ&% MR e paRERERIR 6 S
A conpoungeteeded cﬁmg Rit-(CHizdaTN O)drCHz 24 NHV\(ﬁ"(zhsz(iOé(@iﬁ'Wbﬁﬂe 20 4. A
conmpound m.q(wg) glé ((gng a,n M{-f;?l) q‘(u)(lm H?bliﬁ R and R' are each

d
SoPobgl ol tyalz 3 ié{ehv haicies: Oéﬁ b aasRizand: e b

NH- A- N( O) Ri1-RCHp ) xai¢ 0) (otioogoHoHpenat.el y sel ected from[err] [err], 05

apd Ih edlng cl ai ns,
i ch conpai Acconpould AcSRIPRRY i o hichrstetiie, Slatuds R 0PI 2 Tor
group bei C@tsén%medgﬂwonﬂﬂﬂ—NID)mR“ ardeong group |NHaAeNHRsr this 7. A conpound

socor YRR b ok Sru ol LU

p05|t|on sition [err] =

NH Al 0) Wﬁkﬂa}rﬂﬂ%"zqﬂaﬂ“ 1 NHr-€6H2) ZEN"@ZE'EZ%'QQM ion 4, [err] = OH at
posi tion RH-QCHPPSINHCHITHS) eHYOH( &id NH-(dﬂ,z)z-Nchzcnoucuzou
7. A compound according to any of Claims 1 to 5, in which
(1) Ry = NH-A-N(O)R'R® at position-1, Rp = H, R3 = Rg = OH at N\
positions 5 and 8; _ _
15 (2) Ry = NH-A-N(O)R'R" at pos1t1on 1, R2 = OH at position 4,
R3 = OH at position 5 or position 8 and Rgq = H;
(3) Ry = NH-A-N(O)R'R" at position 1 and Ry = R3 = R4 = OH at
positions 4, 5 and 8; _
(4) R1 = R3 = NH-A-N(O)R'R" at positions 1 and 8 and Ry = Rg

= OH
20 at positions 4 and 5;
(5) Ry = R2 = NH-A-N(O)R'R" at positions 1 and 4 and R3 = Rg = OH
at positions 5 and 8; or . . - _
(6) Ry = R3 = NH-A-N(O)R'R" at positions 1 and 5 and Ry = Rgq = OH

‘at positions 4 and 8.
25 8. A compound according to Claim 6, in which

(1) Ry = NH-A-N(O)R'R" at position 1, Ry = NH-A-NHR at posftion 4, A
and R3 = R4 = OH at positions 5 and 8; . _
(2) Ry = NH-A-N(O)R'R" at position 1, Ry = OH at position 4,

R3 = NH-A-NHR at position 5 and R4 = OH at position 8, or
30 (3) Ry = NH-A-N(O)R'R" at position 1, Ry = R3 = OH at positioné 4
and 5 and R4 = NH-A-NHR at position 8.
9. A compound according to Claim 1, in which -
Ry = R2 = NH-A-N(O)R'R" at positions 1 and 4 and Rz = R4 = OH at
positions 5 and 8, or Ry = R3 = NH-A-N(O)R'R* ‘at positions 1 and 5 '
35 and Ry = R4 = OH at positions 4 and 8 with both NH-A-N(O)R'R" being
NH-(CH2)2N(0) (CH3)2 or NH-(CH2) 2N(0) (CH2CH20H) 2.



(3)-[err] = NHA-NO)R R" at posrtron 1 and [err] trons 4, 5
and 8; (4). [err]. = NH-A-N(O)F\’F\’ at positions 1 and 8 and [err] = OH 20

at posjtions 4 and 5; (5) [err] = NHA-N(O)R R' at po m,m
[err] = OH at positions 5 and 8; or (6) [err] = NH-A- H" "ﬂr ons
l'and 5 and [err] = OH at positions 4 an cbnpburtd &ccer di ng

to daim6, in which (1) [err] :NH-A-I\T(gR"F\’ at posrtron 1, R2 = NH A-NHR
at position 4, agd [Aeconpourd @dcatdipgstd iCdatm 3, afvd wlick Ry {=eNHr—]\—N(0)R'R"
NHA-N(O)R R' a n 1, er t n errg = NHR at
position 5 and % LiH 1 2{) ﬁ' A N at poﬂgg‘iéd 3 §4d % 1] I\@l!,-_‘_/ﬂ@N(O) R R
at position 1, pes;itpons G—Bm Bpgs R]r BrN*-A-&(rmRL’SR%ﬁdDP%ﬂﬁPn .NREAF QHRatit

positi-on 8. 9. @osPﬁﬁBRWngC&‘NHdAMRt& §‘1ﬁ‘oi‘n s'dﬁdVVé][DGhmﬂ ' postion 8
NH-A-N(O)R'R' a osi tions 5and 8, or

t
[ere] ™= NP A r\r'tfositrl'g'tr(lgb%' 't PRy HH~ Hz&"ég)(c'*:ﬁaopfm = R4 = OH at
positions 4 andns-mwgr?mm(cuyﬁufemoarﬂ mr-ﬁrmungbe{i@grﬂu-qcugeygntu or -31- 10.

A corrpound accop i n which [err] = NHA-NORR'" at position
1, [err] = NHA ﬂ!ﬁ%é@%ﬁgﬁh%n 4 and [err] = OH at positions 5 and 8 or
[err] = NH- A-N(O R R prcepndiori the preparmatjon- o6 xompamidt bbrfonmum(i) as
NH A- NHR at pos r :
NH- A- N(O)R'R' bg%#rﬁgfgirtff%{nﬁ?e‘lrmr]‘:h ﬁhl—f%sklhtﬁ}e %cysferr(]% [err]. 11. A
process f ol0 t hef W ard@on of a compound of formula (I) as defr ned in
Claim1 which conprises oxidizi ng, a conmpoung of 10 R][ ormula (la) [err]

-~ R .

R 0 R
(Ia)

in which R1, R2, R3 and R? correspond to Ry, R, R3 and Ry,
respectively, in the compound (I) .but with each of the groups of
the type NH-A-N(O)R'R" in the compound (I) being instead a group
NH-A-NR'R" in the compound (Ia) and one or more groups X, R, R' and
15 R* in the compound (Ia) optionally instead being in a form
- ‘convertible to said group or groups present in the compound (I),
s and where appropriate converting the one or more modified groups X,
R, R' and R" in the compound (Ia) to the form present in the .
compound (I) and/or forming an acid addition salt with a
20 physiologically acceptable organic or inorganic acid.
12. A compound of formula




(la) in which [err] and [err] correspond_Lg_Lg;L%hE_gfgggs£§rr],
respectively, in the conpound (1) but-wth each o f the type
NH-A-N(OR R'" in the conmpound (I) being msteﬂ"m NR R' in the
compound (la) and one or nore groups X, R R I Mthe ‘conmpound
(la) optionally instead belng in_a orn1convertlb1ett0us oup or groups
present in the conpo m%ere appropriate converting the one or

nd (1)
mor e modi i1 edigh Fdpsyéx, Yé& ang Y meReaquema@almcefheweuafrqno the form
present 'ﬁ&cfr@ﬁer?owwm fll’lﬁ aﬁﬂ‘%{;’fA—ﬁPrRm Wer@in 3¢ @;ﬁ@fgyon salt with a 20

physi ol oqgl cal accept abl e organic or |nor gani ¢ aci A conpound of
formula [ ,oper,o, a"'1"032(:'1-4 ATkpxYc AT [Gz-g) 2l '@r‘i&yl‘éﬁyrs]‘\al‘seae%h separately

ﬁe: ected 51@%#&’@[!?6&1?@11:?(& bl Nleﬁhﬂndeﬂbéeﬁ MRdﬂ’d MAIEWNR'X"W; hyfHKOTy, ;
a err] al koxy [e i S err] al ky ene

G ol w14 oRT 2 SRR KO, AR+ N1 208 REATHrogh $0asreay * by | cxsendl
car bon atseiected fiRom Rh_zpn‘:dlkm grroatpeaanid Egpphgtdedxyadkyleaneédiyom [err] al kyI

Gr 0UPS LA G, AKEY KU, APEAL B baPholy SR ATLEeqOES UG5 | 1 T i e

carbon ato en atom does not -carr ydr oxy group
and no caridsagen afem dogsnat; c@:traldab@udmsy mue@ndgn@ms*bomratm Bnd R

toget her ﬁfb@tﬁtdt%ﬂrﬂy o hyd@b%ylg@aepg.r eum'\ﬂﬁah&mm&&bﬂm Jvet bR atomto

' Ve r iy I6tn Fopum ubieh s 8 pikroset atolicto SHECRI 9 R iarq orr] (s a
group NHa&tWEhéd' foats laensteroaycmhgfoupsnamgf3ewoemtawgﬁum I‘ﬂHteﬁéN?SR or a
g(r)(r)rggurl:lgl-'ﬁpy '&nﬂyabg ﬁaﬁi"ﬁf%lﬁ%{o}e{% 3? st Bﬂfe/ ‘] og ocglgi%§ gc%réoﬂpabl e salt.
13. A cOVpaukR! Ri¢catr deast tooe Gthem 12 a d'rfﬁahrentl greup |NH-A-NRARY drear | U
group NH-A-NHR and at least a further one other is hydroxy, the
15 compound optionally be1ng in the form of a physio]og1ca11y
acceptable salt. _
13. A compound according to Claim 12, in which Y1, Y2, Y3 and Y4
are each separately selected from hydrogen, hydroxy, NH-A-NHR and
NH-A-NR'R".
20 14. A compound according to Claim 12 or 13, in which at least one
of Yl to Y4 is a group NH-A—NR'R“ and at least one other is a group
NH-A-NHR. .
15. A compound according to Claim 14, in which
(1) Y1 = NH-A-NR'R" at position 1, Y2 = OH at position 4,
25 Y3 = NH-A-NHR at position 5 and Y4 = OH at position 8, or _
(2) Y = NH-A-NR'R" at position 1, Y2 = Y3 = OH at positions 4 N
and 5 and Y4 = NH-A-NHR at position 8.
16. A compound according to any of Claims 12 to 15, in which A is
ethylene.
30 17. A compound according to any of Claims 12 to 15, in which R, R'
and R" are each separately selected from CH3, CHpCH3, CH2CHaCH3,
CH2CH0H, CHaCHaCHoOH, CH(CH3)CHpOH and CHoCHOHCHoOH.



are each separately sel ected from hydr ogen hydr oxy,':NH- A- NHR and
NHA-NR R'. 20 ., 14. A conpound accordi ng to Cai m42-or—13, T h which a at

| east one of [err] to [err] is a group NHHA-NR R* and

a grolip NH A°NHR ~15. A conpound accor ding to-daim 14 n“m‘lqmm“m
‘NH-A-NR R' at position 1, [err] = OH at__position 4,

NH-A-NHR at position 5 and [err] = O—| at 3[§OSItI0n 8, or (2) [err] =

NH A-NR R' at pasitifoeodpoundref] fermJa ¢1) pocotdiagstet Caaih 3 adeferibed=

NH- A- NHR at f d 12 t

s N cn a merEfh et derafert@ ROURY SCERIINER 13050 D SNy of °
Caims 12 to 15]19in Avedigourd ¢ farmi1R’ (Ex)eaecaridise far Giaimy 12 elsedesaribedm
[ert] [err] @F’e{rﬁwﬂz eferen%é '%o %ﬁ}(edﬁ’eggégib?gg';bn;%%%wl a (1) according

to C.aim1 as descri anples 1 to 11.
19. A~-e-6rrp@§nd @8- f dy ﬁﬁﬁ@‘aﬁb‘}m&&c@mﬁpﬁ’&i@ﬁ e s tig ascampeund 9Ed herein

with reference tgrmms @i) E&amzasa Sin Qnﬁfb@ é1aindS1 to 2@ andAl@%E;@ﬂﬁ#Ut' cal

conposi tion co 3|n fined in any of
oo 00 S0 AR 2 Br g et REreANY PcseRtaplp ot Digkubior Eatigh: nbi o di L uent or
carrier. 21. A QMrpmmanunﬁoafmﬁbmxﬂh)(h)s adedefﬁaeldlim anwoﬁfcﬁimsms t 1@ 10
and 18 for use 'Hdt'nsefgpyuse in therapy




