-

; e3evsPF6| T~ S1 2 7 NOV Z002 5-1M NO 13- DEOXY ANTHRACYCLI NE DERTVATI VES,
THEI R USES, . AND. PROCESSES FOR PREPARI NG THEM FI ELD OF THE Ihwggﬂhéﬁgﬁﬁ
invention rel'ates to 5-inino-13-deoxy anthracycline derivativ
medi cal uses of 5-im no-13- deoxy anthracycline and nethods for preparing

5-1m no- 13- deGppr ity a5y m IEIEMNTIO\IThe

nost mell-knomn anthracyc |ne antlcancerﬁ%rugs are doxbru%|C|n an

daunor ubi ci n, whi ch conkgbh pRobEde®is0 FORO BREBIR TP 1i8he Jr oup.
Doxorubicin, disclosed in U S. Pat. No. 3 590, 028, has a wi de spectrum of

anticancer utility and is used in the treatnent of |eukem as, |ynphomas,

and solid tunors. Daunorubicin, disclosed in U S. Patent No. 3,616,242, is
useful in the treatnent of aguEe.d erkaMmINVENEM®RY, the utility of these
drugs is limted by a serious side effect of cardiotoxicity so that the
total anmount of drug that can be given to a patient cannot exceed 550 ng/ M2
(E. A Lefrak et al., Cancer, 32:302, 1973). Even at or near the
recommended rfElxé nimvént abncualibaesveoddsagenp4 2B-aeoxyy AR hrsicymilfiirant and
persistent heart dysfunction occurs in 60% of patients and 140 devel op
congest iderivativési | the pediorésdake of A+imiGenddrde®xy51, 1983). Thus,
whil e these drugs_are useful to _inhibit the growh of cancerous tunors, the
pati ent %ﬁﬁhfﬁ@yQﬁl%%n@éétm%éhﬁéérforaprgpérbééaﬁséméﬂotﬁé -S@paive
cardiotoxic ' 7 NOV 2002 side effect of the drugs. Some researchers
beI|eveQREHrQ¢%F%%?%l%?BkVéF%VeFS a result of free radical generation by

t he qui none noiety of the anthracycline nolecule (J. Dorowshow et al., J.

Cin. Invest., 68:10S3, 1981; D V. Unverferth et al., Cancer Treat. Rev.,
9: 149, 1982; J. Gbodnan et o] Commun., 77:797,
1977; J.L. Zweier, J. Bi olBﬁéﬂ%ﬂ&’ﬁé@%ﬁ% ?Q@W)&%& the other hand,
there i s good evidence that free radical generation nay not be the only
mechani sm of cardi otoxicity because the drugs still produce cardi ac danage

th d
bathor . oo: 17e ot e YR Ufilum? ARLAREBY 81 Lile) an¥3RYABEY, Brflis aall
1985; ‘:d3%6¥ébfﬁlﬁjandsgghﬁéfﬁbh81ﬁhcﬁh99ﬁ cdBtadn 4983 k@tﬁquohﬂ'Cher
et al., J. Pharm Pharnacol., 38: 6; E.A Porta et al

Chem Paéﬁ'@'a Phageies o rou 1 ﬂ@ﬁorﬂlﬂgain | iriBa3 oaksio ibeen of.opad .t had.
inhibition of free radical generation does not elininate the cardiotoxicity

of theses @Bdd)eeyclhaesa(wWids. spsbrun 6fF ahtichfeerPu86lit45 =a3d0,1s1986).
This research shows, instead, that the cardiotoxicity of doxorubicin and

daunor ubised, imstimant testeednbyod iledkemiasn,i dynphoamdi, abndortalactility, is

al so dependent upon the netabolic reduction of the 13-keto noiety to a

13- di hydrwnoms abdPawreorihicest dystémsedhéneUdéxoPalvienitnNos @ot616,242,
is useful in the treatment of acute leukemias. However, the
utility of these drugs is limited by a serious side effect of
cardiotoxicity so that the total amount of drug that can be
given to a patient cannot exceed 550 mg/M? (E.A. Lefrak et al.,
Cancer, 32:302, 1973). Even at or near the recommended
maximum total cumulative dosage (430-650 mg/M?) significant and
persistent heart dysfunction occurs in 60% of patients and 14%
develop congestive heart failure (A. Dresdale et al., Cancer,
52:51, 1983). Thus, while these drugs are useful to inhibit

the growth of cancerous tumors, the patient may die of

congestive heart failure because of the severe cardiotoxic
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met abol i zed appreciably to the 13-di hydro conpound cardiotoxic effects are
observed only at very high concentrations (200-400 2 éﬁz
»ntcrograhs/nt) (P. S. Mushlin et al., Fed. Proc., 44: 1274 19 NﬂNEﬂnt]son
et al., Fe ﬁ E SP9, .1986). In contrast, the 13- di hydro netabolites,
doxor ubi &f %Iea 8°HaBhoF i 8FHEF: produce cardiotoxicity in these same test
systens at relatively | ow concentrations (1-2 mcrograns/m, R D. O son et
al ., Proceed. Am Assoc. Cancer Res., 26:227, 1985; R D dson et al.
Proceed. Am C 4 9 orubicin is all owed
QN L T O N Astit

toremain in ems even ortperi

ConverSIQQSSEﬁ §§carg|o?3dléa? Béﬂ%%a%§5 b%@bRﬁué {§H ﬁghéy%fbﬁlgﬂgrch

quantl ty so axl Cl egins to OSSI ni

Toxi col . aﬁHHQécyc?1ﬂZ4moigéﬁie JDebdygwgﬁdw A aJ.Ph F@ﬁvegpnnun

17:1073, 1985).  Substanti al evidence has, thus, accuhu ate that t he

car di ot Oéacltb¥30f 1§@mgstvchuasreé%ert%ble® n12nd EanoF Upkch rRsylts from
t he potent cardiotoxi c effects produced by their 13- di hydro net abol i t es (P.

Mushlin staiab,, 1R8bi;onal cBedgiahhetapy. ,2BibchdB8 B opipypekest al ., FASEP
Journal, 2:A1133, 1988 R. Boucek et al., J. Biol. Chent 262:15851, 1987;

and R Q:smmuﬁt alzz,:7BrnQc 19Mat;| J. mact.we'icer.,, BS:BHSD. dﬁ&ﬁ), dbe: possent

i nventi on makes use of the fact that the 13 deoxy forns of doxorubicin,
daunor ubiLesn) .or oat hae sithiclahaadt hrtdeyd iegovd levidedhee nehaboFreal | y
converted to cardiotoxic 13-di hydro forns, and that the 5-keto group is
nmodi f i edradiaaflogenelrat inwnl malye nlogs $e ithel yortly geeshiateshred 3 ? NOV 2~2
radi cals, thus providing a neans for_ adm nistering conpounds of the present
i nvent i onakAinbABArdkot beceusen ties drugsowt il ninzedere ofardiat damabat i ve
dosage. SUMMARY OF THE | NVENTI ON The present invention ains to provide new
5-i m no- i3 aéexyraﬁenﬁac;?& ifFeed ERAEE 1y ESARRINET e (F hver Vaptieeeff ebt s.

Accordlnga an obj ect the present  invention _is to_provide g ocesses for

prepari ngi5+i Afnos 13P&€r -antAr &éyclagﬁé)'de)rlwmtqlt/‘é%rf FeBcebradneeRit h

t hese an her,.obj ec ta t he pre red,aspects of the

present Fnv ﬁfgéﬁgprog%dggg'pﬂ%@gésqfo PYSEE Sitegit at | D DFES | Mtno- 13- deoxy

ant hracygline deriyaties, Jggnerall ¥, aphihvagyeldnes, of theyforpula |
Pharmacol., 38:277, 1986; E.A. Porta et al., Res. Comm. Chem.

Pathol Pharmacol., 41: 125, 1983).

It has also been found that inhibition of free radical
generation does not eliminate the cardiotoxicity of these
anthracyclines (P.S. Mushlin et al., Fed. Proc., 45:809,
1986). This research shows, instead, that the cardiotoxicity
of doxorubicin and daunorubicin, as wmanifested by a reduction
in myocardial contractility, is also dependent upon the
metabolic reduction of the 13-keto moiety to a 13-dihydro
metabolite. In test systems where doxorubicin is not
metabolized appreciably to the 13-dihydro compound cardiotoxic

effects are observed only at very high concentrations (200-400



ORZ oRBROH ~ i RR OCH O Ra wherein Rl, R2, and R3 are H or OH and R9
is a sugar noiety, are readily converted to 13-tosy|hydrazonesiﬁ%&@Ndﬂﬁb to
+known net hods’. 4 ~~ ? NOV 2(102 Anthracycline 13-tasyi hydrazones are
reduced to 13-deaxy anthracycline derivatives with sodi um cyanoborohydri de
under achgéeo§eaEEYhONS(pThe RpOBHUELS e@ @1t herdaUr ifdRd, byaprepasative
chromat ography wi thout extraction steps. The purified 13-deoxy

ant hracycdsne HebDi.valbwasear alconvert. e®rioe N Bac: sber,i viedsa/es amd t hen
treated with NH3 to produce N Boc5-im no-13-deoxy anthracyclines. Renoval
of N-Boccomdeastci dhe tdndihydme petdbods thes,mdwmwedBidisayobnahdacycl i ne
derivatives. The processes have been found to have a yield of from about
50% t o aBaunoB0biciddlt i pnabupeefteardddtasyetitty dafn thhe gy esame tagention
provide a process for the preparation of 5-im no-13-deox

deoxyant fyatgobi aé delbtavelys lovheopeesdsatiimiaudes ¥ oridreguamadndi

sol ution of anthracycline 13--tosyl hydrazone wth cyanoborohydride. The

sol uti onRiB- geéhePy pbf RlixedPrPRECEeadfli-oASHOG utaneexded. 26 54aF1 anount
of water is added to_the solution, foll owed by a hal ocarbon sol vent. The
mxture 148%i | RePedOL9RR £FI Rlar e PFOCEES) e died AT e fedRITVRES -
chronatograghg to isQIate the 13-deaxy anthracycline derivatives. The
purified dertbat tV8L are protected by a tart-butoxycarbonyl group to form
3'-N-Bac derivatives, which are then treated with ammonia to farm

3' - N- Boc- 5i m na- 13- deoxyant hracycl i nes. Renovi ng the am no-protecting group

y - 3-deoxyant hr | nes. Re . . .
then pur i 11 ed: By ePENRi SRRy 2 1ok S S0 Nl IR R e P ey HELAE D0,
of the péfgéxgnfokngﬁB%EOEeQFB&bdgfa_tHHép%%ﬁné o1 I ERasaLd 285 85 _

5-1m no- - aeoxy ant nr a ycl1ne erivatil ves. € process i1 nc udes form ng a

sol uti oncby,#5Ssalving §§OHRh§rd]§}oofne@‘AW1‘itHeCii% 19 hdlr §2PP€cient

hydrochl ori de and about 2.4 g of p-toluene sulfonic acid In about 50 nL of

anhydr ougug®t hepoke AhgH! cAr88cebxseditymuaanehardierd ey | gL adledsinit he

solution. The solution is heated to a tenperature of from about 68C to
about 72& dbe, salkbhi oTokscoent kyppaf.l, uead 740r 1Bt MNDEDUTodndeeta
nitrogen atnosphere. The reaction mxture is concentrated to about 20 ni.
The reacédiop Rhatrmeeoils Resl.edommua.f,r agzar01n a I8Hper Subbstantiadbm about
O0C to about 4C. About 0.5 nl of water is added to the reaction mxture.
About 20€vidlentechher ofbum, i scatdtedated hateadtd cramixtoricity of
drugs such as doxorubicin and daunorubicin results from the
potent cardiotoxic effects produced by their 13-dihydro
metabolites (P. Mushlin et al., Ratiomal Drug Therapy, 22:1,
1988; S. Kuyper et al., FASEP Journal, 2:A1133, 1988; R.
Boucek et al., J. Biol. Chem., 262:15851, 1987; and R. Olson

et al., Proc. Natl. Acad. Sci., 85:3585, 1988).

The present invention makes use of the fact that the 13-
deoxy forms of doxorubicin, daunorubicin, or other similar
anthracyclines will not be metabolically converted to
cardiotoxic 13-dihydro forms, and that the 5-keto group is

modified to a form that will be less likely to generate free



Anhydrous sodium sulfate is added to the reaction m xture. Salts are
filtered out. The filtrate is run through a silica gel colum. The col um
fs further washed with chloroform methanol until the eluate is colorless. A
fraction containing the product is eluted with nethanol. The nethamv 2002
eluate is evaporated. Residue resulting fromthe evaporation is dissolved
in 30% 6 ~ ~ Nav 2~ acetonitrile in amonium formate buffer. The product
is isolated by preparative HPLC using a phenyl colum. The product is
separated fromother inpurities using an acetonitril e/ amonium fornmate
gradient. The HPLC purified fraction is then diluted with about the sane
vol unme of water as the fraction collected and this solution is run through
a preparative pheaylcdR,Ctbobumrvidheg colmeansi §orelagnéni stisringat@r- t o renove
the salt. The pr [ | ut . Lh. 1), T, . € is
concentrated and?%q’ﬁghga(?rfeetﬁlréogg%%gn}tsl%?éerg?%?t %értled Cg‘é%l%g{%dgi %rihl%}nr&c?f et hyl
et her. The sol i dvtbawetlimgtpeiayefetotal furptativendpeaddel d about 600 ng o
13- deaxy doxorubicin. :About &0 ng of purified 13-deaxy daxorubicin is

di ssolved in about 6Q m of nethyl ene chloride and about 10 nml of water and
treated with about i.80 ng of pot &SYMBRY IRFdr8eN'ERBBNat e and about 180 ng
of di-tert-butyldicarbonate at roamtenperature for about 2 hours. The
organic solution is separated, washed with water  and dgi,ed vvlg? anhydr ous
sodi um sul fate. THE BEFUTod V& &PAparat e PEOGThEsY. > THE ¥esPdue i s

di ssol ved i n abouteokyOfnttiracgtl arthdr dust ivelshanat .haVhefeadwitsiida ¢ Kfekept
saturated with ammonia at about 0 C to about 4 C for about 48 hours. The
sol vent and amoni a are renoved under vacuumto give

3' - N- Boc- 5-i i no-AZoddanytox anugh idar. oThehe3 prRsBot -IBwvienthen Ls3tdeoxy

doxor ubi ci n obt aified; ADOYR deS sk £ e d ¥4 r@beuUin QA8 _Qdo.anhy ek o4is

met hanol contai ning _about 0.1 M hydrogen chloride at room tenperature for
about 2 7 2 7 NO¢1200X%1300P§1Y®° renpve the 3'-N-Boc group. The resulting
solution is concentrated to about 5 ml. The concentrated solution is

i sol ated by preparative HPLC with a pheny| columm., K The product is separated
from ot her i npurity €§Cﬂ§$ﬂbceaﬁl%etth8ﬁfet?‘%/‘? é’/tgﬁﬁo thog?fgtaéivapaﬁqeesnt . The
HPLC- purified fragid prefsrxhd ubpectd bl epprpaesent elynvent eguaglrovoderse of

wat er, injected ont o _a_pEepak gti]\:/ee al;llg%g:oghefn)él_.%ggl umm _and rinsed with water
to remove the salt'$®The pro&uc? IS Phen el uted Wit h met hanol . The met hanol
el uate is acidifisdthsmathchbwudedivativeef hydrogen chloride in ethyl ether.
The solution is t e o] About; 10 ml of ethyl ether
is added to pr eci%iq{%art%gmghggr%?%gg%%lgn%geggr%gwgiofate iIs filtered to yield
about 360 ng of 5-im no-13-deoxy doxorubicin hydrochl oride. The present

i nvention al so provi des conpounds havi ng thZle foll (())wi ng formula: ORp Rs

wherein R;, R,, and R; are H or OH and R; is a sugar
moiety, are readily converted to 13-tosylhydrazones accord-

ing to known methods.



R~ NH OH OR4 wherein R, R2, and R3 are H, OH, or Ow and is a sugar

noi ety. 8 2 7 NDV 2002 noi eti es. Conpounds t hat mq_l'lu\!%\' nor phol i nyl

substituted sugar noiety exhibit significantly increased toxicity.

Furthernore, the present invention provides a pharnmaceutical conposition

i ncluding at | east one 5-imno-13 deoxy anthracycline derivative. Stil

further, the present invention provides a nethod of treating cancer,

i ncl udi ng | eukem as, |ynphonmas, and solid tunors, the process including the

step of adm nistering an effective anobunt of at |east one 5-im no-13-deoxy

ant hracycline derivative. Still other objects and advantages of the present

invention wll becone readily apparent to those skilled in the art fromthe

foll owi ng description. The detail ed descrlptlon shows and. @describes only

preferred enbodi nents of the invention so as balwst?a e thg.best node

contenpl ated for carrying out the inventisof. rﬁ% t ho gwﬁknﬁ?éﬁ‘ln the art

wll realize, the |nvent|oqugcmﬂﬁé§ othq;uﬁndde$?ere pEnbodi nent s.

Details of the |n¥gghmen v didfehedCTn VQ£g9u6ﬂ$€ pect < wi t hout

departing friwhe |nvr§g1t;\|eon"at,3(ccor [t wret HE dr awj. ngsepand’ descri pt i on

shoul d be regarsiedyas” |Ilustraﬁeﬁé n naRH{@xan@ﬁﬁ as &gﬁknﬁéﬁive

DETAI LED DESCRI PT%@M@F ‘I‘I’—‘l‘Ec' gg’ﬂlml‘m% resecqt,es rrEnt1 on ep [ovdates

5-i m no-13-d Zjﬁxmﬁﬁf 2 ant hyracyer e dQ{IMﬁKﬂV@g their uses,

and met hods f feﬁaﬂa g §$ eﬁdﬂ? “deox hn@@ |ne derindatives. Fig. 3

provi des exang%% $¢pda 8- n0513 dewssy t&hT hr %%ygb&nef Pky%tlyﬁﬁmthat may be
X

synt hesi zed a e géﬂ Qgriéhﬂbhé presen%clf“ﬂﬂ“;o’l3,é§%xy nt s yield of

. 'lmlﬂo 13—deoxY
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di scussed above, conpounds such as those shown in Fig. 3 are known to have
anti-tunor properties. The conpounds al so have fewer side effecg$pNoihen:
processes of the present |nvent|on may be carried out at a tenperature of
from about Oc:é bout 7%? ferabl¥ % ocesses are carried out at a
t enper at ure of” ¥roiiadtt - B5ECE 02 2BB0E 7 PEeSFEFeﬂémgPt%QRaRﬁ%ﬁ%%%
are carried out at erature 0 .frong Pout ,68C &éo about 72C.

Tenper at (i &8 BVEr® d@dﬁt STFRTEAH 9 r R E n86§?%10n of t he
reactants éf qﬁé gpvaE gggs o&h%hgrgﬁggg gp gn udes a

number of® gener cond 'ons. or éxa

pr ef ef ablyo 4 £ kP Pl B Qbsuemfdgtb@ngoxtﬁ}u%%% %fds the pH

shoul d be a out ess rocesses tor preparing the above

conmpounds, o AW il f‘é‘%z?é’ facﬁ%ﬂgwﬁﬁd%whe bhg ﬁeecft P didgge. have

been found t’o cause deconposition o e reactants a uct's

Addi ti onadl Yoot ha @y 98R aBGuvatgr mhae! Qnia?d%ﬁISU%@hf RID theydgauct i on
reaction. Preferably, the reaction is conduc in anitrogen or inert gas

at mospher®, sdisbNGsdd AMMYEyQHELEBbNPALSde19s adddd—¥ 0t hdMRAdM Hdpnal 1y,
the am nation reaction should be carried out at about 0-4C. Hi gher
tenperatures may cause deconposition of the reactants and products.

The solution is heated to a temperature of from about

68°C to about 72°C. The solution is gently refluxed for about

one hour under a nitrogen atmosphere.

The reaction mixture is concentrated to about 20 ml. The
reaction mixture is cooled in a freezer to a temperature of

from about 0°C to about 4°C.

About 0.5 ml of water is added to the reaction mixture.
About 200 ml of chloroform is added to the reaction mixture.
Anhydrous sodium sulfate is added to the reaction mixture.

Salts are filtered out.

The filtrate is run through a silica gel column. The
colump is further washed with chloroform/methanol until the

eluate is colorless.

A fraction containing the product is eluted with
methanol. The methanol eluate is evaporated. Residue

resulting from the evaporation is dissolved in 30%



Addi tional ly, waterashpuld be excluded fromthe am nation reaction.

Preferably, the reacti onnil§rd;@@duct ed in anhydrous solvents. Additionally,

wat er shoul d be excl uded fromth'é“h‘?fdﬁ@lllysi s reaction. Preferably, the

reaction is conducted in anhydrous sol venlf’%.fdmnaacccor dance with the abomNoV
the present invention pf.lg)vi des processes for prepfr ihﬂ-gfﬂégnpounds of the 2
general fornula | above. %mardcgjé ow ng provi des an exanpl € of the
transformation ofpbbﬁygml ecul e as¥ iis progresses through the process. | 00

M HNH2 y 11 O OH O~ Z%%umg o %{bZOi 02 "Rted Mg H,NH2 ob Me H NH2 X Cb Me

H NHBoc 12 O OHUSiHEas, ® Progye, 5 *Parat;,, u
S



O OH ~ 7 Nov 2uo~ x o~ M H~oc y XCa Nle HNH2 R X a. O OH b. Ow H
c. HH The followng flowhart illustrates an exanple of an enbodi ment of a
‘met hod according to the present invention for producing 5-im %wWy
doxorubi cin, which is a 13-deoxy anthracycline derivative. 13

hours to remove the 3’-N-Boc group. The resulting solution is

concentrated to about 5 ml.

The concentrated solution is isolated by preparative HPLC
with a phenyl column. The product is separated from other
impurities using an acetonitrile/ammonium formate gradient.
The HPLC-purified fraction is diluted with approximately an
equal volume of water, injected onto a preparative HPLC
phenyl column and rinsed with water to remove the salts. The

product is then eluted with methanol.

The methanol eluate is acidified with about 0.5 ml of
hydrogen chloride in ethyl ether. The soclution is then con-
centrated to about 5 ml. About 10 ml of ethyl ether is added
to precipitate the product. The precipitate is filtered to
yield about 360 mg of 5-imino-13-deoxy doxorubicin hydrochlo-

ride.

The present invention also provides compounds having

the following formula:

wherein R;, R,, and R; are H, OH, or OMe and R, is a sugar

moiety.



2 7 NOV 2~2 Reduction Reaction m xture -gently refluxing -cool to 0OC -add

H20 'add CH3Cl -add Na2S04 -filtration filtrate ~ salts colurm27

- chromat ography -discard on silica gel -elute with Z0/1: CHCL3 Cﬂ%ﬁﬁnﬂ
Fraction | -discard elute with CH30H Fraction 2 fraction of pure

13- deoxy antilutaicaec] | reommancdntrladte 1mpebpds ad i verbRbCingdd sudiser tutwal t he
solution through a phenyl HPLC colum 'elute with water (discard) '"elute

wi th MeOHugeonaenitetat esxttndo Me G gol £ii cant Spl i dct8adedxyantiriagy.cl i nes
-dissolve in CHzCl z and H20 add KHCO3 and Boc20 'stir at roomtenperature

for about 2 hours -separate C}ZCJZ | ayer -wash CHzZCO z solution with HzZO
"dry CHzZCl12 sol ution over Na2S04 'renove sol vent

3'-N-Boc- 13- d@&@ﬁhﬂﬂm@ﬁ@cl¢m%spr@$%%©I¥@V¢ntk@E}prQU®ﬂe§oBut|on to from

about 0 Cto about 4 C 'saturate the solution with NH3 for about 24 hours
pharmaceutical composition including at least one 5-imino-13-

deoxy anthracycline derivative.

Still further, the present invention provides a method o?
treating cancer, including leukemias, lymphomas, and solid
tumors, the process including the step of administering an
effective amount of at least one 5-imino-13-deoxy

anthracycline derivative.

Still other objects and advantages of the present
invention will become readily apparent to those skilled in the
art from the following description. The detailed description
shows and describes only preferred embodiments of the
invention so as to illustrate the best mode contemplated for
carrying out the invention. As those skilled in the art will
realize, the invention includes other and different
embodiments. Details of the invention may be modified in
various respects, without departing from the invention.
Accordingly, the drawings and description should be regarded

as illustrative in nature and not as restrictive.
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides 5-imino-13-deoxy



14. 2 ? NDV 2~2 renove the sol vent
3' - N-Boc- 5-i mi no- 13- deoxyant hracycl i nes~ di ssol ve in MeOH add ®ZINgR Fp#20
*-stir at’ roomtenperature for about 2 hours concentrate the solution

5 ' mi na- EACHBBRY At RE A TG VSt VARG T URCEhe 081 DFIBRPNERFgf O iRy
concentr St ENELHIC L TeT o S AR50 T (- LR b BEI pi FAPE. doFP aes
xanpl 65 o Bae Sty e eV T e “TAr e PRAP. B IARIRRC IS, oo
herein. RLyR2R3vREANAIQH AcddMa iy Gbdexer gPeekRt0 Mo HNgA 15 g
discussed above, compounds such as those shown in Fig. 3 are

known to have anti-tumor properties. The compounds also have

fewer side effects.

The processes of the present invention may be carried out
at a temperature of from about 0°C to about 75°C. Preferably,
the processes are carried out at a temperature of from about
65°C to about 75°C. More preferably, the process are carried
out at a temperature of from about 68°C to about 72°C.
Temperatures over about 72°C typically result in decomposition

of the reactants and products.

The process of the present invention includes a number of
general conditions. For example, the reduction reaction
preferably is carried out in acidic conditions. In other
words, the pH should be about 7.0 or less. Known processes
for preparing the above compounds, which employ basic
conditions within the reaction mixture, have been found to

cause decomposition of the reactants and products.

Additionally, both oxygen and water should be excluded
from the reduction reaction. Preferably, the reaction is
conducted in a nitrogen or inert gas atmosphere, using

anhydrous solvents.

10



2r Nov 2002 R~ Rz R3 R, Analog of Owve OFI H O daunoni bic~n M2 HO NHz OH OH
H O carminonycin Me HO NHz Ove OH OH HO O epirubicin Me NHz H2@-NBV 002
~idan~bicin M HONHZ ORzZ R OOH Il 1 1 R~ NH OH OR, H OH OH HO O annanycin
Cl13 HOIl 16 2 7 NOV 2002 In the conmpounds, RQ may be a nodified version
of different adthtraoyealilye ahel eguies t iAbs areddieidn rsimgubdybbdechtrudednat ed.
Ceneral ly, processes according to the present invention include form ng an
aci di ¢ sohtit abnabpus 5-i4fiCoo- Ha-aheux yt emper aicyrd s meay Thausel ution is gently
refluxed. Then, the 16a

decomposition of the reactants and products.

Additionally, water should be excluded from the amination
reaction. Preferably, the reaction is conducted in anhydrous

solvents.

Additionally, water should be excluded from the
hydrolysis reaction. Preferably, the reaction is conducted in

anhydrous solvents.

In accordance with the above, the present invention
provides processes for preparing compounds of the general

formula I above.

The following provides an example of the transformation

of the molecule as it progresses through the process.

NH,
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2 7N OV 2~2 reaction m xture may be cool ed. According to one exanple, the
reaction mxture is cooled to a tenperature of from about 0C tg bout 4C A
'smal | anmpunt of water may then be added to hydrol yze the produét’.

hal ocar bon sol vent may be added to the reaction m xture. The halocarbon

sol vent may be cold. For exanple, the halocarbon solvent may be at a
tenperature of fromabout 0Cto ab?ut 421 An exalffHEc®df a hal ocar bon
solvent that may be utilized is chliorof eacgton m xture may then
be filtered after addition @ I L7 e. The filtration may
al so take place at a reduced D -x@ﬁple the filtration may
take place at a tenperature © 0 about 15C. Addition of the
wat er descri bed above preferally i |t|a es d hydrolysis. Any excess water
may be renoved by the additi o® of @nhyd®®us isodi um sul fate. The inorganic
salts preferably are then filtered out of %@p reaction m xture. The
filtrate may be subjected to colum chr graphy on silica gel.

Hydr ophobic inpurities may be isol atedflye eluting with | ess pol ar sol vents.
13- deoxy anthracycline products may tf eluted and the elute further
purified. The purified 13-deoxy anthracycline derivatives may be dissol ved
in a mxed solution of nethylene chlori &&2and water containing a base and
di-tert-butyl dicarbonate. The solution nmay be stirred at about room
tenperature for about 2 hours. The organikc solution nmay be isol ated and
washed with water. Then, the solvent nmay be renoved and the residue may be
17 2 ? NOV 200A dissolved in an al cohgh sol vent. The al cohol solution may
be saturated with ammonia at about|l0 C to about 4 C for about 24 hours. The
sol vent may be renoved and the due ey betrelted with an acidic

al cohol i c sol vent at about f-gout 2 hours. The

resul ting solution nay be cogcep apd bl ected to further
purification, then, acidifiedJYand Ipitatéd in ether to yield the
hydrochl ori de salts of 5-im ng- 13- geoxys@nt Hracycline. Preferably, the
pr-ocesses according to the present inventidn include formng a solution of
ant hracycl i ne 13t osyl hydrazones in anhy a® net hanol with

p-t ol uenesul foni ¢ acid and sodi um cyan roRydri de. The solution is
refluxed gently under nitrogen and thef\'Coofed. Water is added, followed by
chloroform Salts precipitated are fiH d and the filtrate is isolated on
a silica gel colum. The hydrophobic i Lities resulted from deconposition
are eluted with chlorof ormand nmethanol m xed sol ution. The products,

13- deoxy anthracyclines, are eluted with methanol. The nethanol elute is
further purified by preparative HPLC. The purified 13-deoxy anthracyclines
are dissolved in a mxture of neth Iene chlorlde and water and treated with
pot assi um hydrogen carbonate and df Bi carbonate. The solution is
stirred at about roomtenpera ' hours. xThe organic |ayer is

i sol ated, washed with water '
solvent is then renoved undg d du@Hls di ssolved in anhydrous
18 2 7 NOV 2002 =
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met hanol and kept saturated with amonia at about 0 C to about 4 C for
about 48 hours.. The net hanol and ammoni a are renoved fromthe reaction

. product, which is treated with a dilute acid in al cohol at DONOW @Wk
tenperature for about 2 hours to give the conmpound 5-im no-13-deoxy

ant hracycline. That conpound, in solution, is concentrated and then
purified by preparative HPLC to renmove hnpurities and then salts. The
product is eluted with nethanol, ¢ Pfled and precipitated to yield the
hydrochl ori de salt of the 5- n1no|13-droxy ~nthr«cycl,xne The foll ow ng
provides an exanple of a p 6C ' ,)e present invention.
Exanpl e Preparation of 5-im blgﬁn hydr ochl ori de About 1 g
of doxorubicin 13-tosyl hydr ‘ e and about 2.4 g of p-tol uene
sul fonic acid are dissol ved ijn abJut 5Q nL of anhydrous methanol. To this
sol ution about 0.8 g of sodit cyﬁﬁbboiﬁhydnlde is added. The resulting
solution is heated to about 68-72 C and ke at gentle reflux for one hour
under nitrogen atnosphere. Then, the r n mxture i s concentrated to
about 20 M and cooled in a freezer t 0-4 C About 0.5 m of water
is added foll owed by about 200 ml of ch orgform 19 4 Z 7 1VOV 2D
Anhydrous sodium sulfate is added and@ fe salts are filtered after shaking.
The solution is then run through a silixasgel columm (2.5 x 5 cn). The
colum is further washed with chloroform methanol (10/1) until the eluate
is colorless. The bound fraction containjng the product is eluted with

nmet hanol . The nethanol elute is evaporated and residue’is dissolved in 300
acetonitrile in ammoni um formate buffer (pH = 4.0, 0.50) and isolated by
preparative HPLC. A phenyl col um$ and separation of the product
fromthe other inpurities is ach|= u5|ng a acekonltrlle/annnnlum
formate gradient (from 27s gbout 30 mn). The HPLC
purlfled fraction is dilute aVOHqune of water. The

arat enyl colum. The colum is
eluted wth water to renove salts uct is then eluted with

nmet hanol . The nethanol is corkent g and nhe product is precipitated by
the addition of ethyl ether-containing hydrggen chloride and collected by
filtration to give 600 ng of 13-deoxy d bi cin hydrochl oride. The yield
is 80% TLC: Rf=0.38 CH3Cl . MeOH . HZGQI30 30 1 U V.: ~.", a,~=233, 252,
293, 485 rim Ms: 530(M+H), 20

e

H
NH,

The following flowchart illustrates an example of an
embodiment of a method according to the present invention for
producing 5-imino-13-deoxy doxorubicin, which is a 13-deoxy

anthracycline derivative.

13



2 ?2*NOv 2002 U383 (M HM y +H H= 1HNWMR (nethanol
b. 1. 30 (d, 3H 6 °
(d, 1H,12-H),3.05 (d, 1H,12-H), 3.55 (m 1H) 5 -H), 3.

05 (s, 3H, O CH3)

~CH3) , 1.85 (m 2H, 13-Hz2) 2.

d4 ) : ( see bel ow
05 (m 2H, 10-Hz) , 2.60

90 ('m Zp714pV 2002, 4.

,4.25 (m1H 4'-H), 4.95 (m1H 3 -H),5.40 (m1H 1" -H) ,7.55

(d,1H,3-H ,7.85 (d, 1H 2-H), and 7R8§u%@io‘r_‘1’ 1-|H). About 600 ng of purified

13- deoxy doxorubicin is dissolyed LA
about 10 m of water e Cttﬁ
carbonate and about 180 ng of di-tert-§

and treal

—

g m of nethyl ene chloride and
&QBF%%§t ng of

pot assi um hydr ogen

put v digearhonatesr @k, ghput room

tenperature for about 2 hours. The organi c s@lddl igeseparated, washed

with water ana

dried over anhydrous sq

evaporated to dryness and the residue is di ss@aved cn

anhydr ous net hanol .

The solution is kej

pdi um.gd aie. The solution is

about 100 m of

t satwcat edwolh 21 2 7 N OV 2002

amoni a at about 0 Cto about 4 C for about -48 thastSionThe sol vent and

ammoni a are renoved und

doxor ubi ci n,

vactumt o afflaord 2 N _Raoc . B
VA% A\YA YA 7 LI L =4~ a2

mTrrooTarirorao

i m no- 13- deoxy

whi ch+s—t++eatedhwi t h about
filtrate salts
-column chromatography -discard

on silica gel

-elute with 10/1:CHCL,:CH,0H

Fraction 1

~-discard

-elute with CH,0H

Fraction 2

[

fraction of pure
13-deoxyanthracycline

‘add water

‘concentrate
solution

‘concentrate
‘preparative HPLC

‘run the solution through a
phenyl HPLC column

‘elute with water (discard)
‘elute with MeOH

the MeOH

solid 1l3-deoxyanthracyclines

Na,SO,

-dissolve in CH,Cl, and H,0
‘add KHCO, and Boc,0

‘stir at room temperature for
about 2 hours

‘separate CH,Cl, layer

‘wash CH,Cl, solution with H,0
‘dry CH,Cl, solution over

‘remove solvent

3’ -N°-Boc-13-deoxyanthracyclines

14

‘dissolve in MeOH

‘cool solution to from about
0¢ C to about 4° C
‘saturate the solution with
NH, for about 24 hours



60.m of anhydrous net hanol -

containing 0.1 M hydrogen chloride at about

roomtemmrMUreforabmn 2 hours U)ramvethe3'r¢Bm:gprNﬂW%m

~resulting solution is concentrated and the product

is isolated

preparative HPLC. The HPLC-purified fraction is diluted with an equal

vol une of water.
and eluted, with w

met hanol . The neth

et her and the solu
resulting precipitate is filtered to g
doxor ubi ci n hydrochloride. TLC Rf
585 rim 1HNVR (MeOHda) & 1 .
(m 2H, 10-H2) 2. 60 (d, 1H, 12-H 2.75 (d,

H 5-H 3.90 (m 2H, 14-Hz) 4.15 (s,

(m 1H 4" -H 5.10 (m 1H, 3'H) 5. 60
7.80 (d, 1H, 2-H) 8.05 (d, 1H,

0.
30 (d, 3H b

1-H M

/e’

i
B5

I~

1
3H

_l

The solution is added {o-aepoepathei ¥elphanyl HPLC col um
pt-eF—t-o—+-efpve—the—sal-t-s—Fhe—produst—s—¢l uded with
H - -
pmm NHanf5+smBmmdl3+édomyahthydcpgémnehlorlde in ethyl
+eR—t+Ss—eercentrated—TEt h’y'I* et-her—-s—eadde and the

dbeao1860ingMePH5- i mi no- 13- deoxy
aNd Hahxizm BRO 251, 310, 544,
-STHB) 2t 850PM RRMPSTREMTE] ¢ or
abopg 2 bgurg 1H, _12-H) 3. 5Q (m
-gougsytyate the gojusden 4 .

m 1$plage the producs mths H)

szgr%mmteﬁemé’LFM H~e +H z 0

382 (M H Ma +H)

fraction of 5-imino-13-deoxyanthracyclines

‘add water
‘run the solution through a

phenyl HPLC column

‘elute with water (discard)
‘elute with MeOH

-add HCl/Et,0

‘concentrate MeOH solution
-add Et,0

-filter the precipitate

solid 5-imino-13-deoxyanthracyclines hydrochloride

The following represents examples of anthracycline

derivatives, the synthesis of which is disclosed herein.

R, R, R, R, Analog of
OMe OH OH doxorubicin
O
Me
H
NH2
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NH: ‘The present invention also provides conpounds having the foll ow ng
formula: O R2 Furthernore, the present invention provides a p@ﬁén%%eﬂ%5cal
conposition including at |east one 5-im no-13deoxy anthracycli N
derivative. Still further, the present invention provides a nethod of
treating cancer, including | eukem as, |ynphomas, and solid tunors. The

nmet hod i ncludes the step of adm nistering an effective anount of at | east
one 5-im no-13-deoxy anthracycline derivative. The dosages would be simlar
to 23 2 7 NOV 20D2 known conpounds, those skilled in the art woul d be
able to determne treatnent reginens resulting in simlar efficacy w thout
undue experinentation. However K Ras ®li scussked abwwef the present invention
provi des for significantly reduced side effects including reduced
cardiotoxicity. The present invention also provides a nethod of treating

Al DS. The net hod includes t®e $tepof adnfropt@Friy an effective amount of
at | east one 5-im no-13-deoxy anthra cycfanel derivative. The foregoing
description of the invention illustrateso descri bes the present

invention. Additionally, the disclosure shpows and descri bes only the
preferred enbodi nents of the invention, but as aforenentioned, it is to be
understood that the inventi@n i capabl e pf, psemionrivari ous ot her

conbi nations, nodifications, and environgenty and i s capabl e of changes or
modi fications within the scope of the ip ive concept as expressed
herein, comensurate with the above teach{ngs, and/or the skill or

know edge of the relevant art. The enbodi nents descri bed herei nabove are
further intended to expl ai nobesd: meges knpown ofipracticing the invention
and to enable others skilled in the art ilize the invention in such,
or other, enbodinments and wth the variogg:gzdifications required by the
particul ar applications or uses of the inyvention. Accordingly, the
description is not 24 ~z 7 Hov 2tb~ int®hded to linmt the invention to
the formdisclosed herein. Also, it is intended that the appended clainms be
construed to include alternative enbodi

Me
HO

NH,
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2 7-NOV 2~ W claim 1. Compounds having the followng fornula: O RZ R3
~~~01 i R .NH OH ORS wherein R, RZ and R3 are each selected fromthe
group consisting of H OH and OCH3, and R9 is a sugar noiet ?D?Wm from
the group consisting of ITOOOHOOt I ,aod | Me ' M CHy HO |
2. A pharmaceutical conposition, conprising: at |east one 5-im no-13-deoxy
ant hracycline derivative of the fornmula of claiml1l. 3. A process for the
preparation of 5-im no-13-deoxy anthracycline derivatives, said process
conprising the steps of: formng a reduction solution of anthracycline

13-t osyl hydrazone i n anhydrous nethanol with 26 2 7 N OV 2002

p-tol uenesul fonic acid and sodi um cyanohorohydride; gently refluxing the
sol ution under nitrogen; cooling the solution; adding water and chl orof orm
to the solution; _addi ng anhydrous sodiumsulfate; filtering the

preci pitate; isolgtHy OPF“PP?\{%CE% &n B2¥i s Gargett it JrRS1YEt O ng the

hydr ophobi ¢ | npuriEEeserteauthi &gy dl6ae sleneapes] talen, wrhd ma rimg athysbkut i on
of chloroform an(%lmethar%old; el uting the 13-deoxy anthracycline products

wi th met hanol : uorinated.

Generally, processes according to the present invention
include forming an acidic solution of a 5-imioo-13-deoxy

anthracycline. The solution is gently rcfluxed. Then, the

16a



further purifying the nethanol eluate by preparative HPLC, formng a
solution of the purified 13-deoxyanthracyclines in nethyl ene Qi ROVd2802nd
wat er; addi ng potassi um hydrogen carbonate and di-tert-butyl carbonate;

i sol ati ng N-Boc-protected products; dissolving 3'-N Boc-13-deoxy

ant hr acydadateison miatthyscl ausy nisé hasdol edcoohrgriiiags alouicnen exsaiplieat idtge: t he
solution with amonia to carry out an am nation of the

3' - N- Bocrek3: tiswnx yaist thiee yicd | oesled ehovangempersshvreno fafd-camabow; 0°C

di ssolving the residue in anhydrous nethanol; addi ng hydrogen chl oride and
react i ngca abanp e’ € he B'stha Bbcampunp; o27water2mzyNove2002 coldsshttrat i ng
the solution; isolating the product with preparative HPLC, converting the
product hysitaeras diler vepdeet of Ahbaborarpenisodeeni mavhiecaddete 9 oduct .
4. The process according to claim3, wherein said reduction solution has a
pH of alfdift Rartoron deixture TheThe chadecazberdend vegtc Maymbe Gkt ei n sai d
refluxing is carrjed out at_a tengeratgre of fromabout 68 C. to about_ 72

C. 6. THEDrofR e dor®i My PREPAR PRI VRRE B2y 58 &Y & NBMRRF 3 ed
Secor di g T i 6 € e BPRIE ok 6Cr of fix RGPS Podade it °°°
wher el p ot AT R Be 0 e Lo PSRBT oREe o et B e
P boence Dot s O 5o Pes tEEFENNaT e ERULEICI0 o IR, 4 " "

refluxi ng,d fyfrakl £0: OUt +Re 8P; 8L PRERBAT fadf alist’ QIR ABice at a

reduced temperature. For example, the filtration may take

place at a temperature of from about 4°C to about 15°C.

Addition of the water described above preferably
initiates a hydrolysis. Any excess water may be removed by
the addition of anhydrous sodium sulfate. The inorganic salts
preferably are then filtered out of the reaction mixture. The
filtrate may be subjected to column chromatography on silica
gel. Hydrophobic impurities may be isolated by eluting with
less polar solvents. 13-deoxy anthracycline products may then

be eluted and the elute further purified.

The purified 13-deoxy anthracycline derivatives may be
dissolved in a mixed solution of methylene chloride and water
containing a base and di-tert-butyl dicarbonate. The solution
may be stirred at about room temperature for about 2 hours.
The organic solution may be isolated and washed with water.

Then, the solvent may be removed and the residue may be

17



2 7 .NOvV 2002 11. The process according to claim3, wherein said refl uxing
is carried out in an atnosphere of an inert gas. 12. The pro®ssNO¥c20y di ng
to claim'3, wherein the amnation is carried out at about 0-4 C. 13. The

di | d in th

Bheence Do i Sl GosebeSoklbkal niEo SLFAPAL SCufa fel e
3.d |

der i vat (98 % 3%%“4% i ou%*%z%%f%oéﬁﬁgﬁ?hé”oﬁg EorREYY ”W%EL%S?%'C%%%% to_

claim 1, mhereld eFP qS'e 98{}1 Béd' 3 th%”%”’ I:SES:L%J%I‘H\ r g R3

16. The conpounds accor Ing to c erein

is H ang RAdsdl %&i@%'gcz&c 5150%0&80&0%%%%1;17% %%L&O ds

according to claim1l, wherein RL is and RO i s

0 Me HO b e dhe E&H%@Q@ ackengkng traec&abml%an\gh%q'urtl%h 'nﬁa% R2 i
s OH, and I s OH and RO i s HO O Me . The conpounds according to

cl ai m 1,comenfiratild | Sndl, s B &6t X, tanﬂuBahes ﬁuxarﬂda%llosl,o tWen,

acidified and precipitated in ether to yield the hydrochloride

gsalts of 5-imino-13-deoxy anthracycline.

Preferably, the processes according to the present
invention include forming a solution of anthracycline 13-
tosylhydrazones in anhydrous methanocl with p-toluenesulfonic
acid and sodium cyanoborohydride. The solution is refluxed
gently under nitrogen and then cooled. Water is added,
followed by chloroform. Salts precipitated are filtered and
the filtrate is isolated on a silica gel column. The
hydrophobic impurities resulted from decomposition are eluted
with chloroform and methanol mixed solution. The products,
13-deoxy anthracyclines, are eluted with methanol. The

methanol elute is further purified by preparative HPLC.

The purified 13-deoxy anthracyclines are dissolved in a
mixture of methylene chloride and water and treated with
potassium hydrogen carbonate and di-tert-butyl dicarbonate.
The solution is stirred at about room temperature for about 2
hours. The organic layer is isolated, washed with water and
dried over anhydrous sodium sulfate. The solvent is then

removed under vacuum. The residue is dissolved in anhydrous

18



HO NHz 20. The conmpounds according to claiml1, wherein RLis H RZi s OH,
and R3i s OH, and R4 i s HOO CH3 HO | 30 .A3l.Al +L. AFn. A 22 WOVA2BR2 A . A
*S9. A As!,r. A HA .A A5 AS. AF . A

{.AA.A?.AnS _.A9.As& .Al@A A .@Asr.An. A Ay. Al . Ft|: >=<45 =C
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8109 & ()- 0°10%& ()-9 10%& ()- "I' 10%! e! & ()- SMLO%& ()- ML08Z
i K- 7s7SH10%&., () - 5810%& () -, F 10%&'() M 3910%& () - L("lO%&'
~9&10%&'() L@ 10%& () - . 012359Ei Ks7S#10‘V&'()-@:"10fV&'()  $@ 0% Nl% ()-s
&10%& ()-ML01010: le%&'() #i UKS7S#10%&' ()-101010f ;
109 ()-L2Z" 109%6& () - &010%&; () - &9" 109%&’ () - leO%&'() =f H*10% U&' ()-t 10%
U& ()- 10% U& () - 10%U&( T y)o 195& ()- 10% U& ()- | %@L0%JU& () -
S{\ =*10% f/ 10% U& 9> {1
& ()-14S&10%& () - l30$&100 @& ()- ! S&I0%& () - 10%
1& ()-t SUWWKgbCl0%10% & ()-y10% & ()-1 10% & ()- #10% & ()- 10 U
HNMR (methanol d4,): (see below)
& . 1.30 (d, 3H, 6'-CH,),
1.85 (m, 2H, 13-H,),
2.05 (m, 2H, 10-H,),
2.60 (4, 1H, 12-H),
3.05 (d, 1H, 12-H),
3.55 (m, 1H, 5’-H),
3.90 (m, 2H, 14-H,),
4.05 (s, 3H, O-CH,),
4.25 (m, 1H, 4'-H),
4.95 (m, 1H, 3’-H),
5.40 (m, 1H, 1’-H),
7.55 (d, 1H, 3-H),
7.85 (4, 1H, 2-H), and

7.95 (d, H, 1-H).

About 600 mg of purified 13-deoxy doxorubicin is
digsolved in about 60 ml of methylene chloride and about 10 ml
of water and treated with about 180 mg of potassium hydrogen
carbonate and about 180 mg of di-tert-butyldicarbonate at
about room temperature for about 2 hours. The organic
solution is separated, washed with water and dried over
anhydrous sodium sulfate. The solution is evaporated to
dryness and the residue is dissolved in about 100 ml of

anhydrous methanol. The solution is kept saturated with
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10 U 10 UBS10% U& ()- <~ @LO%H109%& ()- &L0%& ()-m 109%& ()-! LS#lO‘;aJ?o&' () -
10t 10t 10t Y7s10% & ()-#\ * | 27 Nov, 2w
dE~_@.0%3" 10%&' () -, #MLO%&' () - YL0%&' ()-f!10%& ()- 10%&' ()-10%& ()-* e }

i ~ @AOETLQYE: o' (-1 .1 109%& ()-. MLO%& ()- (10%&' ()- & 109%& ()-!!
H”?%g%@‘é{%%gl/ /(S é?:?gé(l)%-éf! )tplcfﬂ%‘?ﬁ%gﬁf%)‘3%%’5/@%}%91(“}-#&01;@9&8(-)-Thgo 10

105: s10%:6198ht " ans’ SRELHILZ A6 d)sa SHOILE, ()5, 85, 10 LEL 05, 10-0
10-u 10-u y: 10% u& () -G 10% IR () 7109008 () -, | $10%
fkfzif_gi%égiﬁg%?¥3§6%g-é@é&y(beoruﬁg%éﬁ, WHich id et ed “with about
W& () - L+ Cs @it SO +arnyaC208 FRVEKHOT- AHEE ()i @ 0GR ()5 20V chioride
at about room temperature for about 2 hours to remove the 3’/-
N-Boc group. The resulting solution is concentrated and the
product is isolated by preparative HPLC. The HPLC-purified
fraction is diluted with an equal volume of water. The
solution is added to a preparative phenyl HPLC column and
eluted with water to remove the salts. The product is eluded
with methanol. The methanol eluate is acidified with hydrogen
chloride in ethyl ether and the solution 1s concentrated.

Ethyl ether is added and the resulting precipitate is filtered

to give about 360 mg of 5-imino-13-deoxy doxorubicin

hydrochloride.
TLC: Ry = 0.35
Uv: Amax = 222, 251, 310, 544, 585 nm

'HNMR (MeOH-da)

& 1.30 (d, 3H, 6’'-CH,)
1.85 (m, 2H, 13-H,)
2.10 (m, 2H, 10-H,)
2.60 (d, 1H, 12-H)
2.75 (4, 1H, 12-H)
2.95 (d, 1H, 12-H)
3.50 (m, H, 5'-H)
3.90 (m, 2H, 14-H,)

4.15 (s, 3H, 0-CH,)
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10.U 10 U7 10% U& () - @Y10% U& ()--+, 2, ,,[--dEbCL0% s10%& ()-f!10%& ()-"
10%& ()-210%& ()-"10%& ()-" 10%& ()--//#0%&0' 0(050xnbC10% Fo@ Ak () -

. 10z 10z '10zLS; 10%& ()- @10%n& () -

4910% &' () - g#10% & () - 50t 000&1c11dENDCL0% , " 109& ()-LZ" 10%& ()-sY

M 109%& ()-y! 109& ()-Z"208%&in() 1B#18%&H(}) - 111, 2i 222dEnbC10% s10%& () - " 109%& ()
-G 109&' () - @10% ()-" 109& ()- 10%& ()-23;

3u33! 4WdEMDCL109% *: 189%&0 (Xm( ! 1BYR3(HI$ 10968&' () - #

109%&' () - 310%& () - Sz#10%&' () - Wi44455n55dEMbCL0% 7 10%&' () - 5&10%& () - 3

109%&' () - 2109%& ()-F. 2160&(1) - £H: 1 109@) () - 555555, 66/ 7~\ : 10! * Sy#109%&' ()- ! y#1
0% ()-! 1 109& () - &S@LOY& é)- 10 10 10:

109&' ()-/7788%$8*8, 8zX950: 16L51HE0@-FH)- 1 K Y. 10%x& ()-!A'Y.

L0%! () -) - S109& ()-! sy#F" 100@&: ()| 10% () -, 8/ 8188898: §;

8LBNBxY: 101 109%&' () - $7180& (@) - 1H10R[Hio[[ 10[[!' 10%[ & ()- Y(10% ()- @

109%&' () - N8T8Z8" 8f 8h8n8WX685é! P&-
1096$& () -1 (109 ()-P298100R2&Hr) 1r8¥310097& ()-! Y 310%-& ()-! c310947& () -
n8v8y8{ 8888gEXY: | P& 1! SF10%p&' ()- S10%&' () - 10%& ()- @O%& ()-: 109%& ()-!P &
10%6$& () - 888888888yWs! h* 3

MS: 529 (M+H)

00

400 (M- H§°> +H)

(o)

382 (M- H§°> +H)

NH2

The present invention also provides compounds having the

following formula:

Furthermore, the present invention provides a
pharmaceutical composition including at least one 5-imino-13-

deoxy anthracycline derivative.

Still further, the present invention provides a method of
treating cancer, including leukemias, lymphomas, and solid
tumors. The method includes the step of administering an
effective amount of at least one 5-imino-13-deoxy

anthracycline derivative. The dosages would be similar to
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FIOMRRE ()-& c3 F10%& ()- &Y, 1099&' ()-S#-10%& ()- 10pp 10pp

10pp, & 10%pp&' () - 8888888} *?yWs! h™ s*nll0%I& ()-L) 109%0& ()-!c YGLONWN ()-:!YY
GLO%&' ()-: 1090& ()-Lf10%& ()-888P99999dE) 1090& ()-S; 1099&' ()28 NOV 2002
1090& ()-&6!10%& ()-f2"10%& ()-.10%& ()-s, 1090& ()-99999999: cAL10%& (!h
f- 10%4|& ()-S'h f- 10%| & ()-Sy: 10% & ()-$S10% & ()- 10T 10T

10T1090& ()-:4:a:::::}"?cALO%T& f10% & ()-3110% & ()-10% & ()-S 10% & ()-F!
S10%\ & ()-k!'h f- 10%\& ()-S::::;1;};aBcAl0%& Y :10% & ()-"Y

10 & ()-"Y 1109 & ()- 109& ()-!,109%R22& ()-10% & ()-};

. <O<_<aBcAl09@ &' Yf)Z10%& () - SYf)Z10% & () - SYf) Z10%&' () - SYf) Z10% & () - SYf
) Z10% & () -S!a' 10%&' () - _<<<<<<<<<aVK@O0%r& 10\ 10\ 10\:

10% & () - - 6910% &npopnltehi@ngs ( )tHo4208%81i  ed in the art would be able to

\2 &}?;@U@&' () - <==ENrarRRVK@ QTR n QY& L) s PRI £y s HIOPHE0) o AHAR,
without undue experimentation. However, as discussed above,
the present invention provides for significantly reduced side

effects including reduced cardiotoxicity.

The present invention also provides a method of treating
AIDS. The method includes the step of administering an
effective amount of at least one 5-imino-13-deoxy anthra-

cycline derivative.

The foregoing description of the invention illustrates and
describes the present invention. Additionally, the disclosure
shows and describes only the preferred embodiments of the
invention, but as aforementioned, it is to be understood that
the invention is capable of use in various other
combinations, modifications, and environments and is

capable of changes or modifications within the scope of the
inventive concept as expressed herein, commensurate with

the above teachings, and/or the skill or knowledge of the
relevant art. The embodiments described hereinabove are
further intended to explain best modes known of practicing
the invention and to enable others skilled in the art to
utilize the invention in such, or other, embodiments and with
the various modifications required by the particular
applications or uses of the invention. Accordingly, the

description is not
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10% & () -#SS10% & () - =>>7>| >z>>zX6VK@O0! ;

sg10%00& ()-y! 6sgl0%JI& () -y! 65g10%]\J\& () y! ~sgl0n\ & () - y'ﬁww& ()

*-y10% & () - >>>?WP?2?} [ 9VK@LO! | " -#10% & ()-! YO -#10%m®& ()-"10% & (

10% & () -!ki 1090U& () -!; sglO%O0& () -y???2?2?2?2?2?2?b@0! ! FL10%J& () - L$10%& ()-

10\ 10\ 1@\8he¥s&tl) '1f1@1t1Q:%e_& {dvd k1 #1086 the form disclosed here

& ()-?2??2?7@@BAGW3b@ 109%/V&' ()-!10%& ()-!/ @O0%' ()-s! FL10YBB& ()-!" FLlO%(X&

"() - FL1AY®2E ()- 8@ @NE4@@H@MO @ , 3P&RAéd-claims be construed to

10%&' ()-s! PF$10%} & ()--! NF$10%& ()-- ' F$10% ; & ()--! 10% ()-X@ @

A~_@' 10981 (el Qe riat@re KM inentd. 10 10F310%& ()-!, 910%kk& () -

AAAAAAABDLC! !, f #1098 () -, F #109%44& () - &$- 10%4&' () - 10m 10m 10m Y7310%r&' () -

s10%&' () - DDRFFGGGGGAYNC! ! 10H 10H 10H, ;

109148 () - &0z#109%H&' () -z. 109%H& () - #10%4& () - ' 109H& () - GEBHHHI | dEYNC! !
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109448 () - Ly#10%4& ()-Y 109%4& ()-f"1094& () - "1094& ()-#, 109%4& () -1
LELMUWMMWK b CL! #109%&' ()- 10H 10H 10H: 109%4& () -F. "10%4& () -F

f,10%48 ()-"10%4& () - MOP6P>PXxPPAENHC! ! ' 10%& ()-# 109B& ()-27 NOV m
109%& ()-910%& ()-, 10%& ()-S#10%& () - POR RgRt RVRWMRXRIE: / 105
105&8?&109%6& () - S; 1096& ()-LS810%b& ()-Ls6 10%& ()-&4

109%& ()-9@ z#10%&' () - f XRYRRRRATUMUUV7/ 10LF 10%& ()-!10%& ()- ! sl

#10%&' ()-m s10%k ()- "109& ()-$S-10%& ()- 105MUUVV/ VeVBWIVWBWAVK@ 10 10 10
10:

109%& () - 3910%&' ()-!& 90 10%&' ()-s&H#10%&' () - s& #10%&' () - SWOWFWYW WA A <VK@
10!'3 z10%r& ()-3 z109%&' ()-!f109& ()-0Of 109 ()-!f10%Q797& ()-#- 10%&' () -
VWYY =VK@Y®!claigsr& ()- 10%r& ()-'

1. Compounds having the following formula:

wherein R;, R; and R3 are each selected from the group
consisting of H, OH, and OCH;, and Ry is a sugar moiety

selected from the group consisting of

o —q o HO o

Me * NMe ' CH;

NH;, NH; HO I

2. A pharmaceutical composition, comprising:
at least one 5-imino-13-deoxy anthracycline derivative

of the formula of claim 1.
3. A process for the preparation of 5-imino-13-deoxy
anthracycline derivatives, said process comprising the

steps of:

forming a reduction solution of anthracycline

13-tosylhydrazone in anhydrous methanol with
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| 10%ré& ()-! 10%ré& ()-! 10%ré& ()- VWWWWWW AVK@ 10!!' | 10%r & ()-!

10% r& ()- 10%r& ()-' ! 10%r& ()- VWV XXX" X#XbDVK@ 10! ' 10%R#&' () -
109R4& ()~ 109R#& ()- 9 100R#& ()- 10%r& ()-#X- XI1X: X; XOXHXOYj Ik (L 088! () -
109R#& ()- 109R#& ()-' 109R#& ()- 109R#& ()-

p-toluenesulfonic acid and sodium cyanohorohydride;
gently refluxing the solution under nitrogen;

cooling the solution;

adding water and chloroform to the solution;

adding anhydrous sodium sulfate;

filtering the precipitate;

isolating filtrate on a silica gel column;

eluting the hydrophobic impurities resulting from decom-
position with a mixed solution of chloroform and
methanol;

eluting the 13-deoxy anthracycline products with metha-
nol;

further purifying the methanol eluate by preparative
HPLC;

forming a solution of the purified 13-deoxyanthracyclines
in methylene chloride and water;

adding potassium hydrogen carbonate and di-tert-butyl
carbonate;

isolating N-Boc-protected products;

dissolving 3’ -N-Boc-13~-deoxy anthracyclines in anhy-
drous methanol;

cooling the solution;

saturating the solution with ammonia to carry out an
amination of the 3’-N-Boc-13-deoxyanthracyclines;
removing the solvent and ammonia;

dissolving the residue in anhydrous methanol;

adding hydrogen chloride and reacting to remove the

3" -N-Boc group;

27



1092#8 () - OXPXQXZX"XeXf XoXgl - @O%R#E ()-s') @OWRHE () -SELOWRHE () - S@OWRHE!
()-s 109R#& (-

'0XsX| X} XXXXeE- @LOYR#& ( @LOYRH#& () - s@OYRH#& () -s@O%RH#& () -5 SOl - SC
00R#&' () - $XXXXXXXXhM

O$t 109R#& () - GLOYRH#E ()-s' @LOYRH#E () - s@OYRH#E () - s@OWRHE ()-s' XX- YYZZZZ|[:
- 102# 9: 109R#& ()- 9L3 100R#& ()- 9LOMLOYR#& ()- 9LS, G' 100R#& () -

99" *Z#100R#& ()- 9(s109R#& ()-ZZZZ[H [[bA 102# 9 9l f#10% & ()-

9s"109% & ()- 93"10% & ()- 9sY'10% & ()- 9940% & ()- 102#102#[\ 2A\]]1~[[: A
102# 9sf10% & ()- 9sy#10% & ()- 9sy#10% & ()- 9s !10% & ()- 9s@"10% & () -
9L&L0Y& () - A$A3A' AWM AN =A 102# S ( 109 & ()-s ( 10% & ()-s"( 10% & ()-s

99$1098&f()- %% )ir ANANANANRL " (10 & () -s (
10% & ()-8 §a¥%¥%ﬁéétn§fﬁ% B os g ()5 araanranda
10% & ()-s' lﬁ)%&ating thd ¥F &I 9t svi(thl @efafptdve” HPLC;

10% & () -s - congeLLlng é%e ‘product to the hydrochloride of the

5-imino-13-deoxy anthracycline product.

4. The process according to claim 3, wherein said reduc-

tion solution has a pH of about 7.0 or less.

5. The process according to claim 4, wherein said

refluxing is carried out at a temperature of from about

68° C. to about 72° C.

6. The process according to claim 4, wherein said
refluxing is carried out at a temperature of from about

65° C. to about 75° C.

7. The process according to claim 3, wherein said
refluxing is carried out at a temperature of up to about
75° C.

8. The process according to claim 3, wherein said

refluxing is carried out in an absence of oxygen.

9. The process according to claim 3, wherein said

refluxing is carried out in an absence of water.

10. The process according to claim 3, wherein said

refluxing is carried out in an atmosphere of nitrogen.
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12. The process according to claim 3, wherein the ami-

nation is carried out at about 0-4° C.

13. The process according to claim 3, wherein the ami-

nation is carried out in the absence of water.

14. The process according to claim 3, wherein said
processes result in a yield of the 5-imino-13-deoxy

antbracycline derivative of from about 40% to about 50%.

15. The compounds according to claim 1, wherein R; is

OMe, R; is OH, and R3 is OH, and R, is

Me
HO
NH,

16. The compounds according to claim 1, wherein R; is
OMe, R, is OH, and R3 is H, and Ry is

(o]

Me
HO
NII
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Me
NH,

19. The compounds according to claim 1, wherein R; is

H, R, is OH, and R; is H, and Ry is

Me
HO

20. The compounds according to claim 1, wherein R; is

H, R, is OH, and Rz is OH, and Ry is

HO o

CH;

HO I
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