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- Epaxidation of 9,l0-Khydro-l3-dihydro-H-triflucroaeetyldaunolabioln 
provide8 atsrsoselactivaly the corresponding a oxirene dsrivat~va. Opening of 

the intermediate by methanol affords 10(R)- and lO[S)~ethorydaunolabicins. 
1 

From H n.m.r. studies it appears that the conformation of ring A of 10(S)- 

derivative has changed to half-boat. The preliminary blologlcal data of these 

analogs. as well a. of lO(R)-rethoxydoxombiolq are reported. 

Although chemical mod~ficationa of the antitumor anthracyclines daunombicin and 

doxombicin ~ n d  related compounds have bean exteaalvaly carried out in this aa well as in other 

labar~toriaa, ths only reported compound poeaessing oxirsne ring on the alioyclic portion of the 

tetracyclic aglyaons moiety is totally synthetic 9,10-e~o*j.-10-deo*j.-g-rhodmycinone described 
1 

by A. S. Kends et al. . Ye have therefore investigated the 9,10-epoxides of daunombicin in ardsr 

to evaluate their usefulness for the ssni#jnthseis of C10 substituted analoge. In fact, other 
2 

biosynthetic anthracyclins glyoosides (rhodomycin A and B, cytmnycin) bear substituents at tho 

C-10 benzylic centre whereas analogs of daunombicin and dorombiein, modifled at the above men- 

tioned centre, have not yet bean described. 

9,l0-hnhydro-R-trifluor0a~8ty1dauno~biin (I), which is easily obtained by treatment of dauno- 
mbioin hydrochloride with trifluoroacstic anhydride in the presence of en organic base3, *" 
an useful starting material for tho preparation of a C-9, C-10 apoxide. In order to parform the 

epoxidation reaction it was necessary to reduae the oarbonyl group of the sidbchain t o  the corrs- 

4 sponding alcohol 2. In fad the epoxidetion in alkaline medium, a well-horn procedure required 

for a, B-unsaturated katonea, Promptly caused the dastluction of the substrate. The reduction was 

~ebctively performed using sodium cyanoborohflride in aqueous methanolic solution at pH below 4 

and the formation of the oxirana ring was achieved by treatment with m-chloroperbsnzoic acid giv- 

ing 1 in quantitative yield. Regeneration of the eidbchain ketone function vith contamporary 

oxidation of the hydro-1 group in the -gar moiety, as confirmed br the molecular peak (m/s 619 
+ 

M ) in the flsld desarption mass spsctm of 4, was obtained upon oxidation with dmsthyl sulfoxide 

5 1 -dicYoloherylcarbodiimide, using pyridiniu. triflnoroacstate an oetalyat . I h s  II n.m.r. spectrum 

of 4 Showed the presence of equal mounts of two isomers r the ahiral centre responsible f o r  the 

formation of this opimsric mixtore was present in the mgsr moiety; in fact by trsatmant with 



gaseous hydrogen chloride i n  acat io acid 4 vnda-nt the loss  of the sugar residue giving the 

chloridrina 2 (m/s 432 H'), whioh by mild treatment gave eaei ly the aglyoons 5, a. single 

isomer. $ n.m.r. spoctrun of 6 shored a long range ooupling conatant ( J  - 0.6 Ha) between the 

aquatorial proton a t  08 end tha t  st 0 1 0 ,  h i o h  must be consequently equatorial,  a b o r n  property 

of daunnyoinon. derivatives6. Moreover the J va1u.a among the protons a t  C-7 and C1) (J  
vic  a-7. 

H-Em- 4.3 Hz1 J a-I * H a e q  
- 1.5 11s) were similar  t o  those of daunonycinone, indicating tha t  tho 

oon2.mation of the a l i cyo l ic  r ing  was unchanged. me.. data are i n  agreement with the a configur- 

ation of tho oriran* r ing i n  compound 5. 
Opening of the eporid. allowed the introduction of suhetitnentm a t  C-10. Tne t ~ o a t m m t  of 5 with 

methanol i n  the praaenoo of a oa ta ly t ic  mount of p-tolusnemlfonicsoid gave a mixture of two 

wlyoonos 1 and 8 approrinstaly in  the r e t i o  4:l,both of which have a ms thoql  group a t  C-10 and 

different  # t a ~ s o o h m i s t r y  a t  t h i s  contra. The major owpound 1 (m/e 428 H+) gave 7,9-iso- 

propylidens derivative 2 by treatment with dimetho~ypropans and ca ta ly t ic  amount of ptolusnesul-  

ionic acid, thus shoving tha t  the hydro~yl  groups a t  C-7 and C-9 had relationship. On the other 
1 

hand, the signal of' C-10 R in  A n.m.r. spsctru.  appeared an doublet a t  4.67 5 with s long range 

aoupling canatant with C-8 Heq of about 1 Hz., indioating the equatorial or ientat ion of the former. 
1 

On t h s  contrary the A n.m.r. spectrum of 8 showed tba C 1 0  H signal  aa a sharp ainglet  indicating 

tha t  t h i s  compound i s  the isomer i n  whioh R 1 0  has an axial  orientatton. Both 1 and 8 afforded 
6 

7deoqdaunomycinon (2) by aa ta ly t ic  hydrogenolyais of the beneylia groups, thu. confirming 

unsquivooally the etruoture attribmted t o  e p o r i d e ,  and t o  1 and 8 derived from and 
7 

of t h s  orirane ring, rsapeatively . It i s  t o  be painted out t h a t  i n  8 the  J of C-7-H 
vic  

are both 6 He. 'Pheae values, which u s  different  from those of daunomyoinone and of compound 1 ( i n  

the range 1-2 and 4-5 H B  f o r  the usual  half-chair conPormation), oorrespond t o ,  boat o o n f o n h  

t ion  (Fig. 1 show8 H-7 signals  of 1 and 8 a f t e r  D 0 exchange). 2 
me new anthrffiyclinonem 1 and 8 were coupled with 141oro-l l ,0-trif luoroaaatyldaunosaoi~,  using 

e i l v e r  t r i f l a t e  aa catalyst9, t o  give the  corrsaponding g l p o s i d s s  and 12, which a f t e r  hydro- 

lysis of the U-protecting group afforded 10(~)-msthoxydaunorubicin and 1 0 ( ~ ) ~ s t h o q d m n o m b i c i n  

9. 4.8 corre~ponding doxombicin a n a l o g s  wan obtained from 13 by treatment with bromine t o  give 

the 14-bromo derivat ive followed by reffition with an aqueous solution of sodium fomats. 

ma new glycosidas underwant biologioal t es t ing  under the auspices of the National Cancer Ins t i -  

tute. l%e preliminary data  are reported i n  the Tabla. 

Table - 
a)  Activity on P 388 lymphaoytic leukemia i n  mice (NCI data, acreensr A.D. Li t t le) .  

ODb) *sTc) 

13 - 12.5 133 

14 - 50.0 no a c t i v i t y  

9 6.25 141 

a )  i.p. treatment, ~ c h s d u l e  q 4 d 5, 9, 13. 
b) optimal doss(mg/kg). 
c) average survival time as $ of controle. 
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ma two apimers show different ph-acological properties : in fact 2, ahowing the aams absolute 

configuration at C-10 as the horn biosynthetic anthracycline, exhibits distinct increase of sur- 

vival tlms of treated animals in respect to oontrole r on the contrarr the lO(S)-!aathaq analogue 

14 ia inactive at tho m a r i m  dose taated (50 mg/kg). These results indicate that the antitumor 

activity is deeply affected by modifications which lead to changes of the conformation of r m g  A 

ae well ae of atsrsochmistr~. of the mbstituant at C-10. 

H Hax 



3 :  RI = CHOHMe ; R2 - 

1 .  R = COMe 4 .  R1 = COMe ; Rz - - 
2 :  R = CHOHMe - 

6 RI = COMe ; R2= H - 



EXPWIYENTAL 

< Melting points were determined i n  cap i l l a ry  tubas and are uncorrected. U.V. spectra 
1 

wars measured on a Eitachi ESP-31 spsctrophotweter. H n.m.r. speotra were measured i n  CDCl 
3 

solution on Bmkcr EX 90 o r  Varian 16-6016 o r  W 360 spectrometers. Mass spectra  were recorded on 

a V a r i ~ d l a t  311 A spectrmeter.  

9.10-dnhydro-13-di~o-A-trifl~0r0a~ety1d~0~bioin (2) - A aolution of 9,1&anhydro-U-trl- 

fluoroacstyldaunorvbioin (1) ( 6  g, 10.10-~ mol) i n  methanol ( 2  1 )  and 0.1 N aqueous hydrogen 

ohloride (50 ml) was t rea ted  with WaCIIm (4.0 g, 63.10-' mol) i n  water (200 ml) f o r  48 h a t  row 
3 

temperature, keeping the pll below 4. I h s  reaidue, obtained a f te r  nantral izat ion of rsaotion mix- 

ture  and evaporation of eolvtmt, w s s  purif ied by chromatography on colnmn of s i l i c i o  acid using 

as eluent the systrrm CECl r (CH )' CO (95 r 5 v/v) giving 5 g of p r a  2, m.p. 165. (deo.), A m a r  
3 3 2 

(CEC13) 520, 556 m, m/e 607 (e). 

9 ~ s o ~ . l c L 4 ~ o ~ - 1 ~ i h ~ ~ - t r i f 1 u e r 0 a ~ e t y l d a u n 0 ~ b i o i n  (2) - A ~ 0 l u t i o n  of 2 ( 2  g, 3.2.10-' 

mol) i n  chloroform (400 m1) was t rea ted  with m-ehloropsrhanzoio acid ( 1  g, 6.10-3 mol) and warned 

a t  800 f o r  3 h. The i n i t i a l  cherry colour of aolution gradually changed t o  red. The residue 2 (2 

g) ,  obtained s f t a r  neutral izat ion of reaction mixture and evaporation of solvent, ehowad A m a r  

( 0 ~ ~ 1  ) r 490, 504, and 540 n. i n  agreement with the disappearance of double bond a t  C-9, C-10 of 
3 

2, m/e 623 (Y*). - 
~-Deory-9.lO-epory4~1~n~y~1n0n(1 (6) - To a s t i r r e d  s o h t i o n  of 3 (3.85 6, 6.10-~ nol) i n  

-3 
anhydrous dimethyl a u l f o ~ i d e  (100 m1) under nitrogen dicyelohe~lcarbodiimida (3.8 g, 18.10 mol), 

anhydrous pyridins (0.5 m 1 ,  6.l0-) mo1) a d  t r i f luoroace t ic  anid (0.23 m 1 ,  3.10-' m01) were suc- 

cllsaivaly added. The reaction mirturs rsa s t i r r e d  a t  r o w  temperature f o r  15 h, then di luted with 

chloroform (500 ml). The residua obtained by evapo~at ion of solvent nr. tekan up i n  ethyl acetate ,  

the insoluble dioyoloherylnrsa f i l t e r e d  off and the aolution evaporated t o  d r y n e ~ s  to  give oom- 

pound 4 i n  quant i ta t ive yield,  m/. 619 (x+), k n.m.r. r 1.33 and 1.42 6 (two d, CB 4-5 ' ) .  2.24d 
3 

( 0 ,  C H ~ C O ) ,  4.03 d ( a ,  m30), 4.7 d (m, C-IU), 5.2-5.6 6 (m, W-E and c-ll-ii), and 13.38, 

13.82, and 13.83 6 (., phenolic protons). 

Then a solution of 4 ( 2  g, 3.10-~ mol) i n  benzene (270 m1) wm treated with acet ic  acid containing 

gaeeous hydrogen chlerid.. The reaction mir turs ,af tsr  1 h a t  roam temperature, was di luted with 

water and extractad with chlomform, giving, a f t e r  evrporstion of solvent, the  chloridrinc 2 i n  
+ 

qllantitative Jield, m/. 432 (Y ) i n  f i e l d  dseorption nlus apsctnu.  I h a  unstable 2 wae promptly 

converted t o  d e s i r d  spoxide 6 by traatment of its chlomformie aolution with s i l i c a  gel buffered 

t o  pll 7 with phomphat. h f f e r ,  a/s 396 (x+), $3 n.m.r. 2 2.28 6 ( 8 ,  CE3c0), 2.48 5 (dd, 5' - 4.3) 

J" - 16.5 Ez, C-8am) ,  2.70 d ( d ,  J - 11.2 Ez, C - I d ) ,  2.68 d ( d d d ,  J' - 1.5, J" - 16.5, J"' - 
0.6 BE, C-8aeq), 4.10 d (s, CH3O), 4.90 6 (dl J - 0.6 Hs, C-lU), 5.35 d(ddd. J1 - 1.5, J" - 
4.3, J"' - 11.2 BE, C-74. and 13.45 and 13.70 d(s, phenolic protons). 

lO(R)-*sthorydmnwyoinone (1) and lO(S)~sthoryd~nom~einone (8 )  - To a solution of 6 ( 1  g, 

2.5.10-3 mol) i n  pnhydrons methanol (100 m1) a natalyt ic  amount o fp to lu tnasu l fon ic  soid wan added 



and a f t e r  1 h a t  50° the reaction mixture was dlluted with ohlorofom, neutralized and evaporated 

to  dryness. The residue, a mixture of I and 8 in  the ra t io  4 : 1 approximately, was chromatograph- 

ed on column of s l l l c i c  acid using the mixture o'f ethyl acetate-toluene-petroleum Lther ():2:2 

v/v) as elut ing agent. Pure 1 (0.45 g) a d  8 (0.12 g) were obtained. 

1 - m.p. 220' (dec.), [aJr- c206' ( c  0.1, CHC13), m/a 428 (It'), 396 (LcH~OH), 353 (DbCH30H- 

-CHJCO), n.m.r. 8 2.45 6 ( 8 ,  CHjCO), 3.51 6 (s, G1MCH3), 3.64 6 (d, J - 6.5 Hz, C-7- 

a), 4.08 6 (s, C4-OCHj), 4.67 d (d, J - 1.0 Hz. C - 1 0 4 ,  5.30 6 (add, J' - 6.5. J" = 

5.0, J'" - 2.0 He, C-l-H), and 13.68 and 14.07 6 ( 6 ,  phenolic protons). 

8 - m.p. 1560 (dsc.), m/e 428 (It'), [a~: - +106* ( c  0.05, CHC13), 'H n.m.r. r 2.28 5 (s, - 
C H ~ C O ) ,  3.64 6 (8, GE-OCH,) ,  4.07 E (s ,  c - ~ - o c H ~ ) ,  4.23 6 (dl J = 6.0 H Z ,  C-7-OH), 4.90 6 

(a ,  C-10-H), 5.12 5 (ddd, J' - J" - J"' = 6.0 He, W - H ) ,  and 13.80 and 14.21 5 (s, phenolic 

protons). 

7,9-Isopropylidene-lO(R)~eth0x~ds~n0m~~inone (2) - A solution of 1 (0.1 g, 2 . 5 ~ 1 0 ~  mol) i n  

anhydrous dioxane (10 m1) was t reated with an exoeas of 2,2-dimethoxypropane (30 ml) i n  presence of 

a ca ta ly t ic  amount ofp-toluenesulfonioaoid.  After 48 h a t  50° the reaction mixture was di luted 

with chloroform (200 ml), neutralized and evaporated t o  dryness. The residue, chromatographed on 

column of s i l i o l c  acid using the mixture C H C l ,  : (CH3)2C0 (95 : 5 v/v) as elut ing agent, afforded 
1 

pure 2 : m/e 468 (It'), 410 (Db(CH3)2CO), 378 (M-(cH~)~co-cH~oH), H n.m.7. : 1.20 and 1.47 6 (two 

s, gemma1 CH groups), 2.48 6 ( s ,  CH3CO), 3.58 d (s, C-10-0CH3), 4.09 d ( a ,  C-4dCH3), 4.75 s 
3 

broad s, WH = 2 Hz, GlC-X), 5.47 6 (broad s, WH - 6 Hz, W-H), and 13.42 and 13.68 6 ( s ,  

phenolic protons). 

J-Dsoxydaunomycinons (lo) - A solution of 1 o r  of 8 (0.2 g) in  dioxane (30 ml) waa hydmgenated i n  

presence of 5 $ P ~ / B ~ S O  (0.2 g) a s  catalyst, giving 7-deoq~d~nomycinona ident ical  with a synthetic 
4 6 

specimen prepared from daunomycinone . 
lO(R)dethoxybnorubicin hydrochloride (2) - To a solution of 7 (0.43 g, l.10-' mol) i n  an- 

hydrous methylens chloride (200 ml) 1-ohloro-ll,&triflu~r~~~oetyldauno~amine (0.43 g, 1.2.10-~ mol) 
8 

m a  added . Then AgS0 CF (0.32 g, 1.2.10-~ mol) d i ~ a o l v s d  i n  anhydrous diethyl ether (26 ml) waa 
3 3 

added t o  the solution a t  room temperature over 10 mini f ina l ly ,  anhydrous col l idine (0.2 m l ,  

1.4.10-~ mol) uaa added t o  the reaction mixture. After 40 min, the mixture waa t reated with sa- 

turated aqueoua solution of NaACO and the organic phase evaporated t o  dryness. The residue was 3 
dissolved in  methanol (100 ml) and kept a t  room temperature f o r  5 h. The residue, resulted by re- 

moval of solvent, was chromatographed on column of s i l i c i c  acid using the mixture C H C l  r ( C H  ) CO 
3 3 2 

( 4  : 1 V/V) as elut ing agent. I n  addition t o  unraactad 1,purs lO(R)-olethaly-~-trifl~oroa~et~l- 
1 

daunoNbicin ( l l )  (0.26 g) was obtained : m.p. 190° (dec.) E n.m.r. : 1.30 (d, CH-CH ); 3.52 6 
3 

(8 ,  C-10-OCH ); 5.30 (m,  C-7-H) and 5.53 6 (m, WH - 7 He, Gl1-H= ). 
3 

Compound 2 (0.26 g) was dlsaolvsd in  0.1 N aqueous aodivm hydroxide (50 ml) and a f t e r  30 min a t  00 

the solution was adjusted a t  pH 8.6 and repeatedly extracted with ahlorofarm. The combined ex- 

t r a c t s ,  concentrated t o  a small vol-e and aaidif iad a t  pH 4.5 with 0.1 N msthanolia hydrogen 

chloride, afforded by c rys ta l l i za t ion  lO(R)-olsthoxydaunorubicin (3) a s  hydrochloride z m. p. 159' 
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lo($)-Meth~~daunombicin hydrochloride (2) - The coupling reaction between the anthracyclinone 8 
(1.1 g, 2.5.10-' mol) and 1-chlord,(l-triflnoroacetyldaunosmine (1.1 g, 3-10-~ mol) according t o  

procedure described f o r  afforded lO(S)-methoxydaunorubioin (14) : m. p. 140° (dec.); ~-a]f - - - +252' (c  0.05, Hem). ( ~ o u n d  : C, 56.41; H,  5.59; C H 0 N - H C l  r e w i r e s  C,  56.61; H, 5.44). 
28 31 11 

lO(R)-lrethoxydozombioin hrdroohlorids (9)- A solution of lO(R)+nsthoqdaunombioin hydrochloride 

(2) (0.78 g, 1.3.10-~ mol) I" anhydrous methanol (13.5 ml) and anhydrous dioxane (38 ml), wan 

t reated with ethyl ortbrformate ( 1  ml) and with 28.8 m l  of a solution of bromine i n  chloroform 

(9.5 g of Br2 t o  104 m 1  with chloroform) a t  20° f o r  60 min. The crude material,  obtsmed by pre- 

c ip i ta t ion  of the reaction mirtore with dis thyl  ether, was dissolved in  acetone (32 ml) and t raat-  

ed with 0.25 N aqueous hydrobromic acid (32 ml). The aolution, kept a t  30' ovsrni&t, was than 

t rea ted  with HCOWa (15 g) diasolved in water (25 ml). M t e r  24 hours a t  30° the reaction mixture 

wae extracted with ohloroform i n  order t o  eliminate the aglycone. I h e  aqueous solution, di luted 

with methanol (500 ml), was adjusted t o  pH 7 with N d C O  and extracted repeatedly with chlorofom. 
3 

I h e  combined organic extract. ware evaporated t o  a small volume (50 ml) and acidif ied a t  00 t o  pH 

4.5 with 0.1 N msthanolic hydrogen chloride. The addition of diethyl  ether (1000 m1) afforded cmde 

lO(R)-methoxydorombicin hydrochloride (Q), which was purif ied by chromatogrsphy on column of 

cellulose using the mixture chloroformoethanol-water (300 : 55 : 6 v/v) as elut ing agent : m.p. 

195' (deo.). ( ~ o u n d  C, 54.99; A,  5.30; C28H31012N.HC1 r e w i r e s  C,  55.12; H, 5.30). 
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