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group, or a chl orlrﬁé9éTX§ﬁ5c7ﬁ0KEI§iKR1 err], [err] is an al koxy group

15 havi ng(72)r19mnt°mﬁﬁnﬁﬁW qj'%ﬂq and [err] are each a
met hyl or met hoxy rine or -bromne atom wth the hal o sugar
2,3,4,6- tetradeoxy-3-tri [g y E§a#¢L§@6%E§xopyranosyl chl ori de;

[err] 20 After renoval t e protecting group .under al kaline

conditions, a f(vn)alw?soduztm IFARNB(DEIHII‘IEI[ TEALIAIS.AC o 8y IColpavate t he nmeani ngs
gi ven above orgam existing under the laws of Italy, of 1/2 Largo Guidg Dohé¢gaB5D
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generak for aeudneednﬁcaﬁ@5§ @oaitm ¢heLhe alri anmyci ng
anal ogues, whi diepmvendss relateprio Sesv (aomumpmrl glycaride iwplooging o6 thche general

formula IV i3% "lyl é‘?ﬁp £ Paprepeing h_and hydrol ysis of
the resul ti r;g::]{rﬂ fet §9; eﬁ‘fﬁﬁ% X{é’fdhdléox%ﬂﬁ ?SQZIMﬁ%%tafeo‘ﬁe an be carried
out inoan or gamhe rswl glmhd&uofhthasimehtlmnr adniprise comletsati@n produahbdri dgg diet hyl
ether, tet ragmwﬂwmeb[ﬁonea@evmv ﬂ'ﬂrp’é'-an&rfaqmmne ChfomOPhOrlc system of

.in which, when R; = R; = H, each R, is a hydrogen atom a methyl or methoxy
15 group, or a chlorine or bromine atom; when R,=R,=H, R, is an alkoxy group 15
’ having from 1 to 4 carbon atoms; or when R,=H, R, and R, are each a methyl or
methoxy group or a chlorine or bromine atom, w1th the halo sugar 2,3,4,6-
tetradeoxy-3-trlfluoroacetamxdo-L-thteohexopyranosyl chloride:

C=0

20 Ag‘ter reamoval of the protectmg group under alkalme condmons a final product s 20
obtaine :
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where R;, R,, R, have the méa'nings given above.



di ret hyl formam de in the presence of a soluble silver salt, suc.h.as silver
trifluoro- methanesul phonate, as catalyst. A dehydrating agent such as a
nmol ecul ar si eve 10 — shoul r‘| pr ef er abl Vi bhe pr esent in the reaction

m xt ure. . 10 The hal o sugar used |n t he condensatl on is
a derivative of the prevr ousl ¥y unknown ani no .sugar

3-am no- 2, 3, 4, 6-tetradeoxy-L-threohexose: [err] [err] The hal o sugar may Qg
obt ai ned from net hyl N-trifluoroacetyl-daunosami nide: [err] [err] This
conpglnd - |§1react ed. in dry pyridine with net hane- sul phonyl chloride and so
converted in2 quantitative yield to |t§5145§b rresyl derr vative: [err] B;ﬁ

ln.nA'
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hydrol ysis Qf theggr;.-_ﬁlﬂ% PFiyativet lh’yl?mginy%%anddl,ydMymloﬂmetrbmltmg 14-bromo- . e
2,3, 4, 6-t et Padeoxy- o F&Jnh&ggt%cg; eno ahexo ose err] |
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desired 2 4 6 tet
chloride Il. The lpanqmtarmm sugarsnlammo-z 3E@ra ;ﬁis@e
hydrol ysis of the internediate I X . _ 30 -Vhen i:n the aglycone of

structure I, [err] and [err] is’ rrethoxy, éoxy ~daunonycin is flnaIIy
obt ai ned and i sol ated .at i.ts hydrochl ot de: ' Subsequent: ‘t'reat nent i
accordance with our British Patent SpecifMeation No. 1,1217,133 yi-el.ds
g’ deoxy adri arryCI‘he lygi]o sugarrrrgyy be c?t)oalrlloe:efltj SOlnggwgldN?tlrsnﬂdotrosacyt}'/lgidragr?ozlln?lqtldge 4

3. Deoxy- daunorrym n and 4'- deoxy ‘adri amyci nogach di-splay antinitotic
activity and' are useful -therapeutic agents. for the treat rrent of t unour
di seases. Rgeparation of the internediater
2,3,4,6-tetradeoxy- 3-trifluoroacetani doi"J.t,hr eo- hexopyr anosyl ChYIOI’I de
(II) 5 5.2 g of methyl N-trifluoroacétyl- daunosam ni de. VI, dissolved
in 40 m of = 5 tgdrous pyrlq%dg‘ge{aredtreated at- err)]éll\l/lvlth 8 m of

met hianesul phonyl alajgﬂ gﬁé’ Y RYFCae poyhehipriderahd gy er ni ght -
and then evapor at ﬁﬂf ﬂ‘ﬂe;}ggtaund ?ldvagﬁﬁﬁmeﬁfl °r'§§‘i fue is dissolved in -
300 nf “6f chl oroformand Washed with- wat er-
solution is dried over anhydrous sodi um
afforded 4.2 g of crystalline 4-0- rresagl ‘fvative 10 VI1: mpHln [err]
(c =0.1in [err]); me 304 (M[err]); ,([ err] - DVMSO- [err]4 1): 1.268 (d,
J=6.5 Hz [err] C-5) 3.188 (s, [err]),.3..388 (s;,[err]), 4.808 (broad s, .
[err] Z atmegt Wltg sediu ripdide momy byl rethylkétom thischives Geve@dé-n 150 i
of methyl & hyl gtw& & treated with 5 g of sodium:iodide and hé%lt ed
at reflux terrperature for 24 h The 15 ' S _ _

xy

l9._tl | neutrali ty. The organi-¢,
sul phate and evaporat ed, . and

'U°

Catalytic hydro 1genatlon of compound VIII followed by acid hydroly51s of the

resulting methyl glycoside, affords the 2,3 46-t tradeoxy-3- -L-
threo-hexopyranosg etradeoxy-3 tnfluoroacetam1do L

. _ o . : OH
_ : , _ o o e IX 25

1’3

Treatment of this mtermedlate w1th p-mtrobenzoyl chloride in dry pyridine gives

the corresponding 1-p-nitrobenzoate. Thiscan be treated at 0°C with dry hydrogen

chloride in anhydrous methylene dichloride to obtain the desired 2,3,4,6-tetra-

deoxy-3-tr1fluoroacetamldo-L-threo-hexopyranosyl chloride II. The parent amino .

30 sugar may be obtained by alkaline hydrolysis of the intermediate IX.- 30

When in the aglycone of structure I, R; = R,=H and R, is methoxy, 4’-deoxy-

daunomycin is finally obtained and isolated at its hydrochloride. Subsequent

treatment: in accordance with our British Patent Specification No. 1,1217,133

ylelds 4'-deoxy-adriamycin whlch may also be 1solated as 1ts hydrochlonde 4-



reaction mxture is evaporated to dryness, and the residue is suspended in
200 M of chloroform The insoluble material is filtered off, and the
organic solution is washed with 304 agueols sodium thiosul nh:.\f e_and t hen
Wwith water, and evaporated to dryness under vacuum The crude product is
purified by chromat ography on.a 20 colum of silicic acid using
bengzene: acetone (20:1) as eluent. There is obtained 20 2.3 g of 5
crystalline conpound VIIl: mp, 194-[err]; [err]-100 (c = 0.1 in [err]); :
me 367 (M+); PMR ([err]): 1.468 (d, . J=6. 0 Hz, CH31-C-5), 3.388 (s, [err])
and. 4. 3§§ (dd J= 2 5 Ft C1 FD Zlﬁlgﬂpf conpound VI is dissolved in 80
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4 g of 10% p;:? - ]%nt Coal he ca{la yst |slsfefl tered off and the
‘organi ¢ sol uhepaamnapfahame:dmed)atdﬂa}ﬁéststradibrer %telﬂu@g@e(amg)o Li-threpgspended i n
100 f chi r]%ﬁx n l‘l uoroac %ax%%%a% \}I dss \;egr d400tnfl ’ofand the
sol uti on is emLtg

trEaQ 55@wft§§ MQﬁ'lohﬂb 20 m°> of
‘water and 5 1lri1e fct naﬁixa e 3kept at 4°eammrghramd herse\a d ta @@I ution is

heat ed for 3uidepyacpem hetreﬁl ey uo re%‘@gv d%ﬁﬂ‘e %}KE crystalline

?gﬁpogﬂg :X {g,lh )IE Edéﬂjz g"[og' talll s HvaHm: [er{ol— - 80
= 69 D c=0

[ err] anomner ) (CDCIHAD lg% oad ; (@, -Hﬁ zeCH]. brérlﬁs (S:LCEsQ§Q)B ( m [ er r]),

4.608 (dd, J= és?’?,l-%f dried ¢ comp und VII a?-%is ml ﬁ@r& l‘ﬂé’tgnéS [err] 6Hz,

C1 He? 5 ) - treated with 5 g of sodium iodide and h Orefl eﬁl@ rdfufedfor 2f h.IThg of @O Wpound
“IXin 10 M o ct&m mJSe dsratddmadryﬁes amd erwdtucut;mz uncwpom de are

added. Aft er of] 1 tef |s pour-ed
onto ice and‘:ﬁﬁg;f I%} % %wa{er 3 va Sm% lity. The
resul tipylg cr ofsilivid 4 n :mcét nH’(QO(D)fasahﬁﬁth @t ts obameder) 203 40
dried on pho2pie cxsstqilaretco &i ?bglg \}_ﬁ%ﬁgﬁk)’and t hen
40 di ssol ved gé%%lﬁn Cé%géﬁ? OB & ekl - with dry
hydrogen chl &7 rszdwea na@od I Réthddbol @id@@diogenbiclt er ed of f-
under 2hhydr enter mndnet(lms) ataoninteh%‘;iautc&ﬁooﬁhmism thapremm of depfobt a2hed in
to

‘quantitativeb *I?Xaté\? Q’ !%Tf ‘lgﬁﬁedﬁi%ed for t he

ensui ng cond bﬁi :ﬁ’g& %fvgﬁ;?uble ma ﬁefﬂteﬁu o'fff h thb ution is -
45 The. i nveaperatet STHelrésuBing adsidde 5yl 1s§dlled ir(ﬂ()lmi \oif wateEaod leJSglacEal anple 1.

- deo§ - daumny@md in\addsdyT wlléfolllls e t?lG Ob nPOof
anhydrous mefghE g&—i‘ﬁ) ﬁh [crf;ﬁtal lt o dz af%ri%
2,3,4, 6- tetrgﬂq ,;f’cpg;oa l;amade rme.ﬁer), ex&pprﬂnosyl chI ori de

1, s3 i\//ml gorg ¢—55tﬁr anmad‘),r 12—+ 1% (o @s—éHceCe‘H?L)m (#d ACdul'sP si e\:/;se (4A
-I\/brck) th 0% ther >°"E
Merk” is a TB%% ﬁf‘%ﬁj &t o comggl rﬁ? ?ﬁ%&%‘ rg&%’g‘&ﬁ%&gﬁe reaction

m xture i s neiktiral i pedredi doito ia: statthea recipitetg o washed Iwithi waterofinti odi um

bi car bgpat e Beptrality. hﬂjfeﬁ‘ﬂ E"a‘ ng ang g2 at ed gnder
vacuum%The ngﬂﬁ‘?gr h°mr;sh gig i&ﬁéa‘h&% éer ein I%W%Q};F&ggus sodi um

~hydr oxi de, (hithdbidhidoRS fpitdtee 1ssﬁl wetdr omundaereurl ydséwed to pH 3.5
and repeat edlctynde»ons,amtl abe \‘t\nctllhrq:mrmt@fedrlm pljained i %‘a 1‘h’e!“ g%cone Then
the solyti oneYﬁmg et qs"(l‘(‘}“b‘}qdé’a%b%d‘r“ﬂd far thegupuing Gon Ws%’ﬁf’d”r‘ POrmuggil the

extract'? are NOTh n%rmmhrmrredd by iR foleahd Efhmplegani c 60  ° extracts,
dried over anhydrous sodi um sul phate are cohcentrated to a smal | 60

vol une and acidified to pH 4.5 W p t hanol i ¢ hydrogen. chl oride. The
4 déo o dE!

addi tion of an gxgRsy 6f 1.8l iino ﬁdinea 180b0ke0ofdanhgtiz ousymelyleney ci n as t he
hydr octsoor i ddichidtige cdnfdinidg) 0.7§ det Qiiploset)dediyc3- tmﬂumbacz;tamﬂoewr?e F250 pl ate
hexopyranosyl chloride II, is vigorously stirred in the presence of 10 g of molecular '
' sieve (44 Merck) with 0. 77 g of AgSO;CF, in 20 ml of anhydrous diethyl ether. “E
Merk” is a Trade Mark, After two hours at room temperature, the reaction
mixture is neutralized with a saturated aqueous solution of sodium bicarbonate
55 and the organic phase, separated, is evaporated under vacuum. The residue is 55
dissolved in 50 ml of 0.1 N-aqueous sodium hydroxide, and after 30 minutes at 0°C
the solution is adjusted to pH 3.5 and repeatedly extracted with chloroform to
eliminate the aglycone. Then the solution is adjusted to pH 8.3 and extracted with
chioroform until the extracts are no longer coloured. The combined organic
60 extracts, dried over anhydrous -sodium sulphate, are concentrated to a small 60
volume and acidified to pH 4.5 with 0.1 N methanolic hydrogen chloride. The:
addition .of an. excess of diethyl -ether afforded 4'-deoxy-daunomycin as the
hydrochloride: m.p. 160—4°C ( ecomposed) TLC on Merck Kieselgel F, plate



4 - . 1,511, 559
4 using a chloroformnethanol -water (150 42:6 vv)' solvent system Rf
0.47—a} 0 +2960 (=0 50 MQH) Fxanple :2d 4'-deoxy-adrianycin 5

A sol ution of 4'- deoxy daunorryc n, prepared as in Exarrpl e 1, in a mxture

of 5 methanol and dioxan is .treated with bromine to give a

14- bronoiyderivative. Treatment with an aqueous sol ution of sodiuym fornmat eu

at roomtenperature for 100 h.gives. 4' -deoxy*adria ycin which is isolated

as the hydrochloride; mp. '1630C with deconposition; [a]d23= =320 (c¢=0. 05
MeOH); TLC an Merck Ki eseLgeI HF 10 15111359‘fered at pH 7 wrth phosphae _ .

. DU1 VCIIL

M 15 using TeT nyl ene [T | O e Ao - Wt T
system Rf 0.13. ¥ ‘:%g@g‘ﬁ @’a@br{bﬁgﬁgﬁt r/@ns%ren&émnaf Idf‘"w th the
foll owi ng ant hr ac;?cl | none I,4-"di'nethyl - 4 - denet hoxydaunorrycr none, 1,4

dichloro - 4 - denet: hoxy - daurro 15 Examplargfcr none 1,4 - di-bronmo - 4 - .

denet hoxydzgunorr_ym gmog 4,_de° o‘iﬁé’é‘g%ﬂémyg ?)m xamrggbahox%dz%hjrggpym none

2,3 - dichlForo mé{ha:no -a fvative

denet hoxydaunorryrreatmm with anamne S0 mmeue agioeeStein atﬁfobleSpondl ng
4' - deoxy- - g y % es.4'-gy n tCh\!SI sthehydrochlorfﬂhen e rmur ,
activity g e T r@r T e

- deoxy- daunomyeo;702 ) ol%ntd: Barry I n, ~.was eva d'%n Sever al

transpl anted tunours.in mce in co rson vvrth the knovvn antitunour agents

daunonycin and adr | Lnbr "U? ntraperitoneal ly. -
" ooul 3t 0w th daR R BeapReb e °°“?5§§mm s ioet Ml b oo

(i nteraperllstoneahj ne;rlet om tarde ahéxymnbmy imeth@n- 4W|deh varyy ng

doses of the co ndichlore, - 4rhdemsy mprcmonal2,3tdlrre
percent age and t, %,mgig gg gﬂﬂg’?ﬁ‘%@“gulr VIPRHBORY - QF‘ nogleBene: #ivepill ¢ TABLE 1
Action on L210 Leukem a. Average Tem Dose - Survi val .

Sur vi vors- gorrpound Toxi ¢ Deat hs

Rrglactm(yafter 60 days

The a%umgur aglvity of the novel antibiotic compounds of ¥|e t
Daunorrycr . : 4'-geoxy-daunomycin g?d 4'-deoxy-adriamycin wa%1 evaluated - %‘Hg:vgall 56_ 20
410- /| 4 - DeOX Vtransplanted tufhours in mice in'cd riﬁ%ﬂxﬁiﬂ;% Kdown antitu our 8 ents - 187
- © 1/db@ncheycin and adriamyth? - Adri anmycin
2 5 145 - Inbred BDF, mice were 1ntraper1toneall5 1nocu1ated with. 1F5eukem1a cells- 2/ 20
1'0 23 63 er mouse aﬁ? ‘zbyn ‘treated” (mtegzplz O%eall day -after %f tumour 1585 '
o 1noculat10n ing doses of the ds: mmmatron e average '
Adri amyci-n .'iuﬁlval time percent d4he rihmbe Tong term sﬁr’vﬂv@rs are given in Table ' '
" TABLE 1
' Actlon on Lmo Leukemla
L Average ] Long Tem - R
L : Dose " Survival . Survivors 0
Compound 3l mg/kg | . Tlme (%) (afte; 60 days) | - Toxic Deaths - |
| Daunomiycin - 2 162 S
S 4 . R (- e P U
B IS R R e A
#Deoxy-- | 4 | w2 | o o L
| daunomycin 8 R -7 A P SRR V5 [
o 16 " 12 ] -7 8710
Adtamycin | 25 | . -us | - | -
oo s o s 27200 ) -
10 163 220 | 3.
4'-Deoxy- ' o1 155 B R
Adramycin- | 2" ] 12 ] - - . | . <
S T Y I < A R
5 : 133, N 1/10 o 6/10- L
10 e | - | 1010
. 30 _ : Transplanted Gross Leukemla o - : 30

Inbred C,H female mice were intravenously inoculated with a suspension of
'Leukemia lymphonodes. and spleen cells (2 x 10° Leukemia cells/n?ouse) nar:)d
treated intravenously on days.1, 2 and 3 after inoculation wnth the compounds
under examination. The average survival time percentage is given in Table 2.’



5
10/ 10 30

133

1/ 10

Transpl anted G oss Leukem a

30 Inbred C3H fenale mce were intra

of Leukem a | ynphonodes and spl een cells (2 x 10' Leukem a cellsnduse) and
treated intravenously on days 1,.2 and 3 after
cogpounds under exanlnatlon

in. Table 2:-

5 TABLE. 2 Action on Tr anspl ant ed Gross Leukem a Aver age

5.

6/1 10

The average survi val

. 66

I nocul ation with the
time percentage is given

| 1,511,559

Long Term . ose

inoculation with different doses of the compound under examination. The growth
of the tumour was evaluated by caliper measurement on the 11th day after the
tumour 1mplants The results are given in Table 4, ) :

TABLE 4 o
, Acnvxty on Sohd Sarcoma 180
} Dose . Tumour Weight| T/ C .
Compound mg/Kg “(g)-. %.
Adriamycin 1.6 0.890 - 52
4'-Deoxy-adriamycin | ~ 0.8 0,810 47

Sur.vi- va Sur vi vors Conpound 15”559/ kg T| rre (O/c) (after 45
-days) —Fexi-e—beat-hs—batRemre— e 2 ~— —_
45 143 5.5 1 PABRLE. beoxy- - 2 128
- Daunonyci n 4 Alt?(ron Transplanted Gross Leukemxa P/ 10 8

200 5.5 - 216 _ 7@1@64’ De‘%? Term 1775 - 200
o AR anyei 1 compondd: 2B Doh - “’°§,@41<>1g15, = 233 -

: my " . Compound" mg/k (%) (at‘ter 45 days) xicDeaths .

- WA V9N P fey' T,,m,v E-e—Ha— G ke o] Mae—cb—A ce ‘Wer e

i ntraperitorj®amopysimochl dtled pthl I eukem_ar:cel | $ per Touse} and treated

intraperitorleal |y on thesliay pne g ijnocul ation|with diffefent 5
~doses of thdg corrpound inder ekam natlon The averaﬂe survivaljtinme

per cent ages 45-Da¢!e- ven 2i n Table 138 TAHLE 3 -Actiof on P88 Lejukenia

Corpound am%m?rg/ ‘AvragdBurvilval Tne ( A_o|ri§ée ci nr o 2.5

218 5. 89 10 _ : ' 126414 -Deoxy-| - : 2

204 Adri anyqlAlanamycm 3 © o 183 . 248 6 - 236 8

245 Sol i d sgrconma 180 S\M‘? 7@% werle su.%ﬂt an¢ous| ygraffed with

fragments of] neopl asti (S ol i §i 10 ar co 180)] .tissue anfl treated

i nt ravenousl iy Deoxgays |, 4,73, 4] and 280 af t gr =10 i hocul ation ith different

doses of thegAdompsiand yinde¥ ekxanm 233 on. Thel/gﬂovvtlv‘ of the tupour was

eval uated byl cal i per ,éagré nt_of*the dith day affer. tﬂé9 1

| Asc1tes lymphoc tic P,,, Leukemla ' _
Male CDF, mice were mtrapentonea.l y inoculated with 10° leukemla cells per
mouse and treated intraperitoneally on the day one after inoculation with different
5 doses of the compound under- exammatlon T eaverage survwal tlme percentages 5
are given in Table 3. -
' ' TABLE3
Actlon on P,.. Leuketma
Compound Dose mg/Kg Average Survival Time (‘7)
Adriamycin 2.5 - 218 '
' 3 209 -
o R 264
4" -Deoxy- R 204
Adriamycin T4 218
' -6 236
"8 _ 245
Solid sarcoma 180 '
Swiss CDl mice were subcutaneously grafted with fragments of neoplastlc (Solid .
10 Sarcoma 180) tissiie and treated intravenously on days 1,2,34 and 5 after 10



tumour inplants. The results are given in Table 4. TABLE 4 Activity on

Solid Sarcoma 180 Dose Tunour Wei ght T/ C Conpound ng/ Kg

(g) Adrianycin _1.6 0890 . 52 2.0 0. 875

51 4" -Deoxy-adrianmycin 0.8 0. 810 47 1.0 0.790

46 6 1,511,559 6 - T/C %= nean

t unour wei ght ofstareat ed m ce/ nean tunour weight of control mice x 100. )
WHAT WVE CLAIM | S¥~ 1. A process of preparing'a glycoside of forrrul a lV-as
herein defined which 5 - conprlses condensi ng an aglycone of fornmula I as
herei n defi ned; wi th a halo sugar -5 of flgm[rggga Il "as herei'n defined, angl -

renovi ng the= proreu T OT Oup  UTTOeT g kal T e conai tons—2 CESS \,&
according to clai ?/q‘n';(‘ tpmoyriveizhtof freated MHcS/MeRR MEOREKSighY °f‘ﬁ’“§?} fgani ¢
solvent in.the preserice Of Usilver tr|fluoronethanesulphonate and a 10 -
dehydrati ng agent £

10'3. A process aceolRABIR M s ol udmien 650 ltacrilind 0
Exanple 1. 4.5 A preamefises esdexsihg Baglytondidf ferimubl1ak Mecih défined with ARalPEUREESS 5
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