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INTRODUCTION. 

As part of an ongolng program to employ heteronuclear n.m.r. to probe the Interaction of DNA wlth intercalattng 

agents, we have prepared 2- fluoro and 3ffuoro4demethoxydaunomycfn (34 and 37), thereby completing the series of D 

ring monofluortnatedgtycosldest~ 2. In keeping with other endeavours In the synthesis of the rhodomycin group of 

anthracycllnes3.4.5 we have u&ad the annelatlon of qulnone monoacetafs wfth ths anlons of Scyanophthalldes in ths 

key step of assembling the anthracycllnone. In this paper we report the pmparatlon of dienones (10 ) and (11) and thek 

subsequent converslon to the tltfe compounds. 

RESULTS AND DISCUSSION. 

Synthetic approaches to anthracycllnes of the rhodomydn group have developed to the polnt of multi-gram 

preparations of both racemk and optkztfly pure product$. Further development ln thls area must therefore compete In 

terms of scale , mfnlmtsed use of protecttng groups, cheap reagents and optkal purtty. From the outset of this study we 

sought to develop strategies that would meet these challenges and provide the scope to incorporate optical activity 

wfthout recourse to a dasslcat resolutkn of a racernate. 01 afl the possible startfng matertats for the AS component of me 

agtycone, me Rodrlgo ketone (f)Q7 appeared to offer me most promise, as me presence of an a# unsaturated ketone 

provided the capadty to Induce optical actlvlty by means of a chiral reduction along the lines used prevlousfy by 

TerashlmaQQ and oureelvesg ln me 7deoxy series. The prospect of usfng the ketone (1) was somewhat daunting in mat 

me pmducts required eg (2) and (3) had previously been considered too IJ~ for use on a large scafeQ. However we 

can now refute these earl& dafms and draw attention to the full potential of ketone (1) as a versatile starting polnt for 

anthracycilne synmesls. 

Wehamptwbsfy dsmonstratsd~gmatthedotMebondlnketone(l)isaoblvatedbythehomoe#ylical~oland 

maybeepoxld~~ian-~h~oxibeIn~e~~ofavanedkrmcatalysttoa(lordanepoxldeInwMchWe 

ether rtng Is ds to the alcohol. Direct mductlon of the epoxkie wtth IlthlUm alUmlniUm hydride yietds a mtxture of trfols (2 ) 
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SCHEME 1 

(11) 

and (3 ) with the C 7 and C 9 hydroxyls (anthracycline numbering) In the c& configuration. A number of alternatives for 

elaborating these triots were considered but the dlfflcufty of cheaply oxtdising the 12 df~t system fn the analogous 7- 

deoxy series 5,8 dictated that the best strategy would be to slmultaneousty protect the tateM A ring hydroxyls and to 

oxldise the free ‘side chain alcohol. This was achteved by the formation of the phenyf bordnates (4) and (5) and 

subsequent oxidation with pyridinium chlorochromate to afford the ketone (6) In 88% yield . f&rotectton of (6) was 

effected cleanly with 2-methytpentane-2,4diol 11 and acetic add to ykM the dihydroxy ketone (7). Since free unhindered 

hydroxyl groups can not be tolerated In the formatlon of the aglycone by phthalide anion annelation some further 

protection of the dihydroxy ketone (7) was required. Furthermore, as the annelatton sequence ultfmatety required the 

removal of a methyl ether derived from the dienone component (Scheme 3) tt was appropriate to constrain possible 

protecting goups to those which could be deaved wtth boron trtchlortde and thereby restrict the depro@ctlon sequence to 

one step. We accordingty selected the metftoxymethyl (MOM) group and employed this for the present study. Etectrotysts 

of the ketone (8) followed by controlled hydrolysis of the intermediate ketat (9) afforded the denones (10 ) and (11 ) in a 

87:13 rau0. 

This sequence provided a rapid entry to a racemic A8 dienone which could be utilised on a scale of SOg, and 

required mlnimal chromatography. 

The introductton of the correct chiratity Into the two optical centres of dfenones (10) and (11) could In prtndpal be 

accomplished by chirat reduction of the ketone in (1) followed by dlastereosetecttve epoxidatkm of the doubte bond as 

outlined for the analogous 7deoxyanthracydinones 5,819. tn the latter case the epoxtdatton was controls by the chtral 

atlylic alcohol . However we have shown In the case of ketone (1) that the homoatfytlc alcohol was domlnant In dire&g 

the stereochemical outcome of the epoxidatton 10. Accordingly tt was essenttat to flratty protect the benzytic alcohol 

function and this was conveniently achieved by use of the methoxymethyl ether (see above). Thls choice of proteckng 

group was consistent with the philosophy discussed previously but in the present context It h atso stgntficant that a wide 

variety of alternattve groups inter a/ia trlmethylsilyl, t-butyldimethylsllyl, methyl, benzyl, 4-methoxybentyl and 2- 

(trimethylsilyt)ethoxymethyl all failed for one reason or another to permit the chemistry outtined in Scheme 2 to be 

accomplished efficiently. Cperatlng initially at the racemic level , it was possible to reduce the ketone (12) with sodium 

borohydride to afford two isomeric alcohols (13) and (14) and convert these without separation to the diets (15) and (16). 

The former of these two products was converted dJrectJy by oxidation with Fetfzon’s reegentt3 to ketone (20). which 

upon protection of the tertiary alcohol afforded the ether (8). ln contrast the alcohol (16) requked lnversbn of the benzflic 

ether which was accomplished in 61% overall yield by tie uneventful sequence shown in Scheme 2. 
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Havfng established the basic Strategy required for the Syt’tthSSiS of diengne (10) at the achiral level we next 

examined the reductfon of the ketone (12) with chlral redudng agents. The reagents chosen were those based on LiAlH4 

modlfled with (-)-N-methylephedrine and an aromatfc amineg. The resultant reductbn produds , the alfylic alcohofs (13) 

and (14), were egoxutsed and reduced to yield a mtxture of the dials (15) and (16). These were separated and the 

regulred dbl (15) oxkflsed to the ketone (20) with Fetfzon’s reagent. The optkal purity of the chlral ketone was then 

evafua~ by 1~ n.mr. analysis ln the presence of the chlral shift reagent frfs- [3~heptaRuoropropyChyaoxymethylene)-~ 

camphorate] europfum (Ill). The results of a series of experfments (see table) lndlcate that the optkal purity of the ketone 

(20) was poor especiafly when compared wkh results obtained in the 7- deoxy series using this reaction protocol. The 

current series of compounds could not be separated by chlral phase chromatographyt4 which was a serfous drawback in 

regard to the repM evaluation of the optical lntegrety of this series of reactions. Furthermore the ketone ( 20) could not be 

obtafned In an optically pure form by repeated reuystallizatfon of optlcally enriched samples. From a practfcal point of 

view. chiral reduction of the ketone (20) was not a satfsfactoty solution to the pmparatlon of chiral anthracycline 

precursors. The I& solublllty of the the ketone In ether at -780. coupled to Its sluggfsh reactfvity towards chlraffy modified 

hydrides preduded its use on a large scale and compounded the proMem of poor chiral Induction. Accordingly we have 

not persued this approach and at this tfme sfmgly note that alternative strategies based on the ketone (1) appear more 

promising. 

I Achiral amine. 

I 
Optical purity of ketone (20) 

xee I 

N,N-diphenylamine 

35 

60 

7 

35 

Table 1: All reductfons oar&d out In dbthyf ether at -78” using a ratto of 
ketone (12):LlAlHq:(-)N-methytephedrlnez&rkal am&te of 19.3:3.4:8.8. 
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The preparation of .ke_aglyaMes (28) and (30) was. accomplished by annelatlng the dienones (10) with the 

fluorinated 3cyanophthalide derlvatfves (25) and (26) respeotlvely. Although the minor dienone (11) could be separaM 

and independently annelated with Its apgroprlate modal partner, there was no practical advantage in this approach 

unless decagram quantities were Invoked. The reactbn ylekfs of 94% for the tetracycles (27) and (2s) rwpectkely are 

typidal of those previously recorded In our laboratories for similar reactfons and further hfghlfght the effidency of this 

reactbn sequence. Deprotectlon of the condensation products was achieved using boron trtchloride in dkhloromethane, 

although good yields were obtafned’only with freshly prepared solutions of the reagent and rtgorous attention to the work 

up condltlons. For large scale pfepStatbnS them was no fequhment to Mate an,‘Jntennsdl9tss and the final products 

’ could be obtained in pure four slmgly by recrystalllsaUon. 

Glycosidation of anthracyctlne aglycones has commonly been accomplished by Koenigs - Know methodology 

uslng either the glycosyl chlorldet 1 or bromldet2. An alternaive procedure lnvolvlng the coupling of equlmolar quantlties 

of the glycosyl p-nltrobenzoate (31) and 4demethoxydaunomyclnone In the presence of molecular sieve and 
. 

trlmethytsflyl triflate (TMS trfflate) has been reported by Terashima l5 to afford an exceptionally hlgh yield of the required 
a-anorner. Accordingly thls coupling reaction was our first choke In the current study. 

Using the previously described conditions. which lnduded particuku attention being paid to the physical state of 

the molecular sieve employed, we found that the racemlc aglycone (30) afforded a mixture contafnlng the optically pure 

glycosides (35) 17%, (41) 31X, (45) 15%. unreacted (30) 33% and a mixture of the ~logues of (35) and (41) 4%, all 

of which were assfgned structures by comperfson of the spectral and chlroptlcai prqzertles with those of the 4-dsmethox-y 

analoguesfl These results were discouraging in view of the 9936 yield of aglycoslde obtained by Terashlma from 

optically pure edemethoxydaunomydnone. LowedrIg the reactlon temperature to 300, and Inaeaslng the ratlo of sugar 

to aglycone resufted,ln the case of the Pffuom derivative (28). In an Increase In the yfeld of the correct ant&Me (32) 28%., 

which was obtained together with glycosfde (38) 28%. unreacted (28) 7%, the analogous MS-Odaunosaminyt derlvatlve 

(44) and a mixture of the &glycosldes (1%). The dlsparlty between our results for the TMS Mate promoted 

glycosldatlons and those reported by Terashlma t5 has yet to be expfalned although we belleve we have ruled out the 

possible adverse effects due to protlc &vents used as solvent stabllisers. ft has been noted 16 that the physkai state of 

the molecular deve employed ln the reactfon, together with the ratkr of ckthyi ether to dlchloromethane used as solvent 

(2S) R, = It. R; CF.-R, =-l&h, = R, = MOM. 
(ro)~~,=n,x&=~,~c.l=F. 
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A solution of the phe~ylboranate {6) (ZOO mg) in dichloromethane (50 ml) wps stirred for 24 h with 2- 
mathYlpentane-2,4dloI (4.7 ml) and aCStfc acid (120 pt) af room temperature. The solutkm was washed suocessivefy wfth 
5% equeous sodium biavbonate sotutfon (SO ml). waler (4x20 ml), and bfine (20 fd), drkd. and th8 sobsnt -40 
Yrrtkl the title Coaxed (146 mg, 96.4%). C~s~~za~on km a mixture of &bar and lbht petrokum gave._a&riaSs 
needles, m.p. 94-50 (Found: C. 63.1; H, 7.1. Ci4Hl805 requires C, 6332; X,6.8%). 1.r. vmax 3580 m, 3489 m. 2960 m, 
2840 m, 1708 s, 1600 m. 1440 m, 1376 s, 1354 s, 1328 s, 1113 s, 1091 s, 1080 s, 1036 m. 1015 m, 969 m, 915 m &n-i. 
iHn.m.r.62.1O,ABdd,J43,14.4Hz,lH,H2;2.26,~Bddd,J2.1,2.1,i4.4Hz,l~,tf 2;2.39,s,3H,C~3CO;2.79;‘A86,J 
17.7 Hz, iH. H4: 3.94, A&#, J2.h 17.7 Hz, IH, t+4; 3.43, d, J4.3 Hz, tH, C(l)Otf; 3.78, s, 3H, OCt& 3.87,s 3H. OC&; 

4.59, s, lH, C(3)OH; 5.22, ddd. J2.1,4.3,4.3 Hz, 1H. H 176.77. s, 2H. H 6. H 7. 13~ n.m.r. 624.6, GOCfi3; 33.1, C 2,4; 
35.6, C 4.2; 55.0‘0CH3; 659,OCH3; 62.7, Cl; 77.4, C 3; 107.9, C 7,6; 109.6, C 6,7; 122.4, C 8a, 4a; 126.8. C q&Ba; 
151.5, C 8,5; 151.8, C 58; 212.9, coCH3 Mass spectrum m/x 266 (M, 47%), 206 (13). 205 (68), i78 (14). 177 (MO], 
138 tit), 43 (31), all other peaks less than 10%. 

f-tf_(tffS,3RS}3-A~-5.8~m~hoxy-f,3-bisfnte~~ethyloxy)-7&3,4-te~~m~~~~ (8). 
A dAiOn of the dlol (7) (993 mg) in dry dlchloromethane (100 ml) was stfrred under reffux under an argon 

atmosphere with dilsopropylethylamine (16.2 ml) and chloromethyf methyl ether (6.9 ml) for 28 h. The sofutkm was 
poured onto SOdlUm bicarbonate solution (100 ml, 5%) and the product extractad with dlchbromathane (3x100 ml). The 
combined extzacts wera washed succassfvaly with water (100 ml), brfne (100 ml), dried and &vent removed to give a 
brown oil. The oil was dfssofved in ethyf acetate and the sofutkxt flftered through a pad of s&a. v&&h was washed v&t 
ethyl acetate to remove the product. Evaporakon of the solvent from the ffftrate gave fhe Fisk? ccxrpound(i29 g, 97.8%) as 
off white crystats, a sample of which was racrystakf~ed from a mixture of ~~loro~th~e and l@ht petroleum to ~lve 
&oUrless crystals, m.p. 8990” (Found: C, 60.7; H, 7.5. Ci8H2607 requires C, 61.0; H, 7.4%). 1.r. (nujOl) vmatr 1720 s, 
1610m,1490s,1470s,1450s,1350m,1270s,1250m,1180s,1110m,1085s,1060s,1010s,905mcnri. lHn.m.r. 
62.18.ABdd. J5.7, 14.9 Hz, 1H. H2;226,~,3H,CH3CQ;2.5O,ABdm.Jf4.9Hz, lH, H2;2.90, ARd. J17.0 Hz, lH,H4; 
320, ABd, J 17.0 Hz, 1 H, H 4; 3.34,8,3H, MOM CH3; 3.46, s, 3H, MOM CH3; 3.77, s, 6H, (OCH3)2; 4.65, ABd, J7.2 Hz, 
lH, CCH20;4.71, ABd,J6.8 Hz, lH, OCH20;4.77, ABd, J7.2 Hz, lH, OCf+O; 4.94, ABd, J6.8 Hz, lH,OCH20;5.03, dd, 
J3.2,5.7Hz.lH,Hl;6.67,A6d,J8.9Hz,iH,H6.7;6.75,ABd,J6.9Hz,1H,H6,7. i3Cn.m.r.622.i,CH$Q;29.6,C2, 
4; 33.5, C 2,4; 58.5,OCH3; 55.9, X, (OCH3)2; 56.1.OCf-@; 68.9, C 1; 80.7, C 3; 92.8.OCH20: 97.4,OCHfl; 1082, C 6, 
7;110.1,C6.7;123.8,CSa,4e;125.0,C4a,8a;150.8,C6,5;151.§.C5,8;209.5,COCH3. Massspactrumrri!z354(M, 
33%), 205 (lOO), 177 (72), all other peaks less than 10%. 

A solution of the bfs ether (8) (2.55g} In % me~anolic potaselum hydroxide (390 ml) was anodfcaUy oxidfsed in 8 
slngfe cell using platinum electrodes at a constant reference voltage (relative to a saturated cafornel efecfmde) of 1.i v 
until no starting mate&J was detected by t.1.c. The reaction mixture was pourad onto bhe (200 mf), war was added to 
dissolve the saft and the product was extracted with ethyl acetate (3x200 mf). me comb&d ax&acts wars washed wfth 
brfne (3x200 ml), dried and the sofvant evaporated to give the biskafaf (9) which wan usacf dlractfy In the next step- 

The Msketaf (9) was dissolved In acetone (400 ml) and water (75 ml) was added. The solution was cooted to O” 
before glacfal acetfc acid (3 ml) was added and the SOlUtkNI stirred at 0-V for 60 h. Sodium bicarbonate solution (6%) 
was added to the reaction at 0” to neutralise the actd and the reaQon atlowed to warm to room temperature. me pmduct 
was extracted w&h di~lororne~~e (3x400 ml) and the ~rn~n~ extracts washed with water and &tne, dried and 
solvent evaporated to give a brown ok which was shown by n.m.r. spectroscopy to amtafn the dlenones (10) and (11 f in 
the ratio of 87:13. The major dlenone (10) crystallized on standing at 4°C and was punffed by regrstalltion from a 
mixture of ether and fight petroleum to give colourtess crystals (1.62 g. 60.6%). m.p. 75-77” (Found: C. 58.3; H, 7.1. 
Cl8ti2608 requires c. 58.4; H. 7.1%). IX. vmax2810 m. 1705 s, 1670 s. 1645 s, 1625 m. 1350 m. 1280 m, 1085 vs, 1905 
vs, 960 9.905 m cm-l. 1 H n.m.r. 6 2.28, s, 3H, CH3CO; 2.06, ABddd, JO.9,5.9, 15.1 Hz, 1 H, H 7; 2.38, ABddd. J i-5,4.0, 
15.1 Hz, 1 H, H 7; 2.49, bABd, J 19.0 Ht. 1 H, H 5; 2.76, bABd, J 19.0 Hz, 1 H. H 5; 3.20, s. 3H. OCH3; 3.29, s. 3H. OCHy 
3.36, s, 3X, OCH3; 3.42,s. 3H, OCH3; 4.69, m, 1 H, H 8; 4.63, ABd, J7.0 Hz, 1 H, OC&o; 4.65. ABd, J 6.7 HZ, 1 H, OCH20; 
4.72. ABd. J7.0 HZ, lH, OCH20; 5.00, AEN J6.7 Hz. lH, OCH20; 6.59. A&q, J10.3 Hz, 2H. H 2, H 3. 1% n.m.r. 624.2, 
@3c0; 30.6, c 6,7; 32.7. c 5.7; 51.1, x. (0cff3)2; 56.1. OCH3; 56.3.OCtf3; 67.7, C 6.8; 79.7, C 6.0: 92.9.OCH20; 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MassspectrummLz 
251 (58%). 221 (38). 189 (13), 163 (12), 162 (16), 161 (100). all otfter peaks fess than 10%. 

To a sttrred SOlUtfOn of ketone (1) (1.69 g) and ~isopro~let~~fne (22 ml) fn dry dfchloromethane (220 ml) at 
room ~~~~~ under an argon atmosphsra was added ~IOr~e~rn~l efher (9.2 ml). Stfnfng was contfm&d for 2 
h, whereupon the mixture was shaken wfth dilute 4ueous sodlum Woarbonate (100 mf). 
wltft water (2x100 ml). b&e (100 ml), drfed and cancentrated. 

The organic pftase was washed 
The residue was ffash chromatographeb on a short tl.a 

silica column wftf~ 30% ethyl acetate In ether as eluant to give the Me compound as a pale yellow so&l (1 A.4 g. 93%). 
Crystallkation from a mixture of ether and IfgM pet&urn afforded pafe yeflow prfsms: m.p. 97-97.5” (Found: C. 66.0; H 
7.2. Cl6H20@ regukes C, 65.7; H, 6.9%). 1.r. vmax 2940 s, 2680 8.2840 m, 1650 s, 1624 m, 1438 bm, 1355 s, 1320 8, 
1258bs,11468,1106bs,1014.9.991m,905mcm -f. lH n.m.r. 62.22, ddd, J2.9.4.9, 18.4 Hz, lH, H 3; 2.49, s, 3H, 
CH3CO; 3.34, s, 3H, MOM CH3; 3.41, dd, J 1.8,18.4 Hz, lH, H 3; 3.84, s, 3H, OCH3; 3.87,s. 3H, OCH3; 4.64, ABq, J6.Q . 
Hz, 2H, OCH20; 5.27, dd, J 1.8,4.9 Hz, iH, H 4; 6.89, ABq, J9.0 Hz, 2H. H 6, H 7; 7.96, d. J29 Hz, V-f, H 1. i3C n.m.r. 6 
25.4, COCH3; 28.9, C 3; 85.4.OCH3; 65.9.OCH3; 56.1, OCH3; 63.9, C 4; 94.7,OCH20; 111.3, C 7.6; 113.4. C 7.6; 
122.3,-C Sa, 4a; 124.3, C 4a, 8a; 130.3, C 1; 134.9, C 2; 150.8, C 8.5; 151.0, C 5,s; 198.8. C OCH3. Mass speotrum m/z 
292 (M, 32%). 249 (13), 231 (31). 230 (100). 215 (50). 189 (ll), 188 (59), 187 (11). 173 (12). 172 (12), 115 (lo), 45 (32), 
43 (72), all other peaks less than 10%. 
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215 (34) 206 (to), 205 (36). 204 (11). 190 (16) 189 (95) 177 (34). 174 (12), 159 (33) 120 (13). 119 (lOO), 115 (16). 103 
(10). 75 (67), 73 (62). all other peaks less than 10%. 

The restdue was taken tq R dry totuene (45 ml) and stirred under an argon atmosphere at 28O wtth phsnyt borordc 
actd (340 mg) and ptoruenesuphonb add (15 mg) for 30 h. The solution was poured fnto dibte sodtum bbaM&e 
sotution (100 mt) &nd the aqueous phase extracted with ether (2x30 mt). The r+rlned organic phase was washed’wfth 

CrystaMxaUon of ttw restdtxr from methanol pave the twe oonpcrlnd (581 
C. 66.7; H, 7.9. C&H&C5Si requires C, 66.7; H, 80%). flPsh 

column chromatography of the mother ttquors afforded a second crop (1tM rng; 11.5%). Cxferalf ykM ba!M on dbt (16) 
was73.6%. I.r.v~,~06,2895m,2855~,1eOOm,1430m.1391 m,1354s,1321vs,1393s, 1110~,1087s,979m 

an-l. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
13.7 Ht. lH, H2;2Pf,ddd, J1.3,3.5,43.7 Hz. lH, H 2; 2.91. ASdd. J1.3.18.4H2, lH, H4;3.02,ASd, J18.4 Hz. lH,H4; 
3.75, s, 3H, CCH3; 3.87,s 3H, CCH3; 4.02, q. J6.3 Hz, 1H. H 1’; 5.65, dd, J2.4,3.5 Hz, lH, H 1; 6.71, s, 2H. H6, H 7; 728, 

m. 3H, aromatbs; 7.78, m, 2H, aromatbs. 13~ n.m.r. 6 L4.7, SICH3,4.0, SCH3; 17.4, C 2’; 18.0. SlC(CH3)$25.9,3C, 
SIC(CH3)3; 30.8, C 4; 34.4, C 2; 55.6, CCH3; 56.7, CCH3: 61.8, C 1; 73.7, C 1’; 73.8, C 3; 109.0, C 6. 7; 109.7, C 7.6; 
124.4, C 8a, 4a; 127.3,3C, aromattcs; 127.4, C 4% 8a; 130.4. aromqtb; 133.9,2C. aromatics; 151.3. C 8.5; 152.1, C 5,8. 
MBSS spectrum m/z 217 (l%), 216 (59). 191 (14). 190 (loo), 180 (24), 138 (lt), 120 (15), 105 (12) 75 (14) 73 (22), all 
otherpeaksbssthen 10%. 

(~~(iRS,3Rs)3-Ao~~~- 1,2,3.4-felrah)&onapMalene-1,3- eborv& (6) from (19). 
A mtxture of ths sltyi ether (19) (550 rpg) h dry tetrahydrofwan (5.5 ml) under an argon atmosphere was cooled to 

O”. T&a-Mutybmmonbm fborkb trihydrate (I.37 g) was added and the mixture stlrred at 0” unttl homogenous, and 
then at room temper&re for 4 h. me sofutbn was poured tnb dibte sodbm bbarbonate sdutton (75 ml), extra&d wtth 
ethyl acetate (3x50 mt), and the ootined extracts weshed wtth king, drbd. and the sotvent evaporated. The residue 
was taken up In dry dbhbrometftane 20 ml) and sttrred at 30° un’der an argon atmosphere whh pyrtdinium 
chtorocfrromate (1.28 g) and fx~wbmd 3 I molecular sieve (1.46 g) for 1.25 h. whereupon the suspenttbn was cooled 
and stirred with dry l tfter (100 ml) for 0.5 h. The mtxture was ftttered through sitba (Merck Art 7749),.the solvent 
evaporated, and the residue ftash column chromatogrephed (50% ether h Wght petroleum) to gke ihe #ffe oompwnd(386 
mg, 93.3%). Crystatllzatton from a mixture of ether and ltght petroleum gave colourless needles, m.p. lOl-3”, 
lndistbgulshaMe from matertat descrbsd above. 

5-Fluoro&Mt?ruof- 1(3H)-one(22). 
5-Amtnots&enzofuranone-1(3H)-one (21)17 (8.0 g) was dbsotved in water (20 ml) and hexaftuorophosphorb acb 

(4tI%. 40 ml). cooled to O”, and treated wkh a solutton of sodium nttrtte (8.0 g. ) In wabr (50 ml). The resutttng pmdpibb 
was coke&d by fittMon, washed wtth cob methanol (20 ret) and ether (20 ml), and added to mesftybne (400 ml). This 
suspension was heated to reflux, cooled, decanted, and freed of sotvent to yield a sotb residue, nrhlch,was purlfbd by 
column chromatography (slllca, dichbromethane) to afford the producf as cobuness needles (4.6 g, 56%) mp. 117-l 19” 
(Found: C, 62.9; H.3.3; F, 12.7. C8H5C2F requiresC. 63.2; H, 3.3; F, 12.5%). I.r. vma 3048w, 1752bs. 1628w. 16OM. 
1462m, 133Ow. 1265s,1258s, 1201w, 1144w. 1097m, 1064,s 1006s 946~ 892m, 854w, 797s. 784w, 762m, 748 m cm-l. 
1H n.m.r.65.34,s.2H. H3; 720-7.30, m, 2H, H4, H 6;7.91,dd .J4.8.9.0 Hz, iH, H 7. 19Fn.m.r.5-103.5to-1Q3.4. m. 

6-AminoLwbenzofwan-l(~)ivw (23). 
A solution of 6-nttrotsobenz0furan-1(3H)-one l7 (20.0 g) In ethyl acetate (700 ml) was sttrred under a hydrogen 

atmosphere wtth 10% pattadkrm on chamoal(500 mg) for 40 h. The mtxture was filtered, and the Rttrate freed of solvent to 
yield a pate yetbw sotb (16.5 g). Aecrystatksatbn from ethyl acetate afforded f& produdas pale yefkwu prtsms (12.9 Q, 
77%) m.p. 163.51855” (lilt7 m.p. 1820). 

6-FkroroisoLmnzofuran- 1 (t+i)ime (24). 
me preceedlng amlne (23) (5.0 g) was dissolved In water (25 ml) and concentrated hydrochbrtc acb (10 ml), 

cooled to o”, and dkuottsed with a sol&on of sodlum nttrtte (2.5 g) In water (15 ml). Fluorohorb add @RI%, 8 ml) was 
&ted, the resulttn~ predpttate colbcted by ftttratlon. washed wkh ccb memanof (20 ml) and ether (20 ml) and added to 
xylene (1 OfI ml).’ Thts sdutbn was heated to refbx. cooled, and freed of sofvent to yield a s&b pro&X Thts was purffbd 
by column chromatography (slkca, dlchloromelhane) to yield tfte crude product, (2.5 g. 49%) a sample of which was 
recrystatlized from a mbture of ether and ltght petroleum to afford ffre pduct 89 colourtess needles. m.p. 100-1020 
(Found: C, 63.2; H, 3.3: F. 12.6. C8H5C2F re@res C, 63.2; H, 3.3; F, 12.5%). I.r. vmax 176obs, 1492m, 131’1~. 1267s. 

ln9rn 119Ow, 1113w, 1045s 998s,918m. 875m. 822m, 8lOw. 767s 728w, 688~ cm-l. 1~ n.m.r. S5.33.8. W, H 3; 
7.43, ddd, ~2.3.8.5, 8.6 Hz. IH, H 5; 7.51, ddd. JO.7,4.4,8.5 Hz, lH, H 4; 7.57, dd, J2.3. 7.3 Hz, lH, H 7. 19Fn.m.r. 6 - 
112.1, ddddd, J 1.5. 1.5,4.4,7.3.8.6 Hz. 

Fiimr&lafaf dtMvafM= (25) and (26).Of 3-cyandsabenrolwcM-l(3wone~ 
These compounds WB~ ay pared from the parent fborotsobenzofuran-1(3@-ones (22) and (24) mspedMy by 

our prevbusty described method.’ r 

(~)-(7RS,9HS)-+Aa?fyf-2-6uoro-6-f@oxy-11~~-7,9~~o~~~~)-7,8,9, lo-fefrah@ron@rUrecorR+ 
5,12,&ne (n). 

~o~bwbg the general procedure previously descrtb&c. dlenone (10)(300 mg) in tetrahydrofuran (5 ml) wws 
added to a solution of the phthalkb anbn prepared from dltsopropylamhe~(148.2 uf) In tetr&ydrOfuM! (3 ml), R 
butylltthium (1.6 M. 630 pt), ano phthaltde (25) (156 mg) In tetrahydrofuran (7 ml). and the reactbn mlxtum worked up as 
e. Crystattfxatbn of Ihe product from methanol gaw orange needes (351 mg, 85%). m.p. 153.5-l 55” (Found: C, 
61.8; H, 5.1; F, 3.8. C25H25FOg requires C, 61.5; H, 5.2; F, 3.9%). Certhtfugal t.1.c. of the mother Ilquors (25% ethyl 
acetate in light petroleum) gave a further crop (42 rhg. total 393 mg, 95%). 1.r. V& 35si’O w.2815 W, 1705 S, 1663 S. 1625 

s,1588s,1300vs,1317s,1275bm,1085s,995scm~ 1. 1H n.m.r. 6 2.23, dd, J5.9.15.0 Hz, lH, H 8; 2.32, s, 3H, CH3CC; 





4m R. W. ~RVlNE el cd. 

Glycoskhfion of (*j4-Demeitroxy-2--fluorodaunomyclnone 

a. By Method of Terashima16: 
A solution of the ester (31) (150 mg) in dry ether (3 ml) and dkhbromethane (11 ml) was sttrred witft:fmshly 

act@ted 4A motecular sieve (1.1 g) at -42O under an argon atmospherq, whereupon TM8 trtftate (104 pt) was Uroduc+f 
dropwise. The mixture was stirred at 00 for 1 .h, cooled to -3tJ*, and a solutton of the agtycone (28) (52 mg). in 
dkhkromethane (25 ml) addeddropwfse. After stIrring at -30. overnight, the mfxture was decanted and -oned 
betiWSn ethyl aWe and diiute sodlum bicarbonate solution. The aqueous phase was extracted with ethyl acetate unffl 
free of colour, and the combined organic phase washed with Mne, dried, and the sotvent evaporated. Column 
chromatography (Sephadex LH-20, methanol) of the resldue, fotkwed by centtfugal thln layer chromatography of the 
giycoside fractions (0.5% methanol in dkhloromethane) gave compounds (32) (29.0 mg, 28.3%) and (38) (29.1 mg, 
28.4%), together with a 8 - isomer (12 mg, 1.2%) and the 7,9-b&D(daunosamtnyt) derivatfve (44) (2.3 mg..l.5%). 
Centrifugal t.1.c. (2% methanol In dichloromethane) of the nongiycoskk fractton gave unreacted (31) (3.8 rng, 7.3%), 
pmceeded by an unidentiffed compound (4.5 mg). Compound (32) crystafflzed from a mixture of dlcMoromethane and 

dllsopropyi ether as red needles, m.p. 163-P; [a]~ -90” (c, 0.15. dioxane) (Found: C. 552; H. 3.8; N, 3.J; F, 9.8. 

C35H28FqN2013 requires C. 55.3; H, 3.7; N. 3.7; F. 10.0%). i.r. vmax 3520 w, 3420 W. 2960 w, 1752 bm. 1695 bm, 1818 

s,l5Wo,l48lm.l435m,l318bs,1268s,1246s.ll47s,ll~a1095s,999s.682s.954scm-1.lH.n.m.r.5l.29,d, 
J8.4 Hz, 3H, H 6; 298 - 227, m, 3H, H 8, C(P)H2; 2.39, m, lH, H 8; 2.47, s, 3H, CM&C; 3.00, d, J 19.1 Hz, lH, H to; 
3.31,dd,J1.3,.19.1 Hz, 1H. H 10;4.27,s. lH,C(B)CH;4.51, m.2H.H3. H5’;5,34,m, lH,ti7;5.52.m, iH, H4Y5.7l.b~ 
lH, H 1’; 8.44, bd, J72 Hz, lH, NH; 7.53.ddd. J2.7.8.7, & 7.7 Hz, 1H. H 3; 8.00, drf. J2.8, .& 8.8 Hz, 1H. H 1; 8.33, m, 4H. 

Arti;839,dd, J8.7,&52 Hz, lH, H4; 13.17,q lH.C(li)CH; 13.63.s,lH,C(8)OH. 13C n.m.r.5 17.l.C6’;24.9, 0&C; 
30.1,C2;33.8,C10;35.2.C8;45.7,C3’;~2,C5’;70.0.C7;71~,C4’;78.5,C9;100.0.C1’; 110.4,Clla.Sa; 111.8. 
C 5a lla; 113.7, J22.8 Hz, C3; 115.3. q, J288.3 Hz, CF3; 1220, J22.8 Hz, C 1; 123.8. X, Ar; 129.9.53.2 Hz, C4a; 
130.3. J92 Ht. C 4; 131.0,2C, Ar; 133.6. C loa; 134.2. Ar; 135.9, C 6a; 136.1, J82 Hz, C 12a; 150.5, Ar, 156.6, q, J37.5 
Hz, CCCF3; 156.5.C6, 11; 158.7.C 11, 6;164.5.ArCO; 166.0, J259.2 Hz, C2; 185.4, C5;185.5, Jl.5 Hz, C 12211.5. 

CCW3. 19F n.m.r 6 - 100.3. ddd, J52,7.7,8.6 Hz, C(2)F; -762, s, CF3. 
Compound (38) crysWized as red prisms from a mixture of ditsopropyl ether and dkhloromethane: m.p. 1658”; 

[a]0 -286” (c, 0.14. dioxane). (Found: C, 55.0; H. 3.8; N, 3.7; F. 9.7. C35H28FqN2013 requires C. 55.3; H, 3.7; N. 3.7; F, 

10.0%). I.r.v~3W0w.2950w,2830w,l720~l6l8m.1586s.l329s,l263s,1083s.998m,95~scm-1. lHn.m.r. 

81.26,d. J6.4Hr,3H,H6’;2.0l,m,2H.H8.H2’;2.17,m, lH.H2’;2.42,s,3H,CH3CC;2.5O,m,lH.H8;3.03,d. J19.5 
Hz, 1H;H 10;3.33.d, J 19.5Hz. lH,H 10;4.48,s, lH.C(B)CH;4.5l,m, lH, H3’;4.72,q, J6.4Ht, lH, fi5’;5.42, m. lH, H 
7;5.5818, lH, H 1’; 6.47, bd, J7.3 Ht. lH, NH;7.53, ddd, J2.6.8.7, $8.0 Hz, 1H. H3; 7.9B.dd. J2.6, $8.6 Hz, lH, H 1; 

829,m,4H,ArH;84O,dd, J8.7,,&55.2Hz.lH,H4;13.18,s. lH.C(ll)Ctf;13.77,~, lH,C@)OH. t3Cn.m.r.517.0,C6’; 
24.8, CH3CO; 30.2, C 2, 10; 30.3, C 10. 2’; 34.3, C 8; 45.6, C 3’; 64.4, C 5’; 66.5, C 7; 72.0. C 4’; 76.5, C 9; 93.4, C 1’; 
110.5, C lla, 5a; 111.8, C 5a, 118; 113.7. J23.7 Hz, C3; 115.4, q, J287.5 Hz, CF3; 122.1. J22.8 Hz, C 1; 123.8, 2C. Ar; 
129.9, J3.0 Hz, C 4a; 130.4, J9.1 Hz, C 4; 131.0, 2C, Ar; 132.8, C 10a; 134.3, Ar; 136.0, J8.4 Hz, C 12% 136.9, C 6a; 
150.8, Ar; 156.3, C 6, 11; 156.5, q, J38.1 Hz, COCF3; 158.6, C 11.6; 164.6. ArCO: 166.5. J259.2 Ht. C 2; 185.4, C 5; 

185.5, J1.4Hz.C 12;211.4. coCH3. 19~ n.m.r. 6 -100.2, ddd, J5.2,8.0,8.6 Hz, C(2)F; -762. s. CF3. 

The bls-Odaunosaminyt derivative (44) was cbtained as an orange glass. 1 H n.m.r. 6 0.62, d, J 6.5 Hz. 3H, H 6’; 
1.38, d. J6.5 Hz. 3H, H 6’; 1.73 - 2.36, m, 5H. H 8, C(23H2, C(2’)H2; 2.38, s, 3H. CH3CC; 2.64, m, H 8; 3.06, d, J20.0 Hz. 
lH,H 10;364,d, J20.0Hz, lH,H 10;3.80-4.8O,m,4H,H3’.H3’, H5’.H5’;5.09.m, lH,H7;5.15,bs, 1H.H 1”;530. 
bS. 1H. H 4”; 5.48, bs, 1H. H 4’; 5.69, bs, 1H. H 1’; 696, bd. J7.5 Hz, IH, NH; 7.41, bd, J5.9 Hz, 1H. NH; 7.52, ddd. J2.6, 
8.6,&7.8Hz. lH, H3;8.00,dd, J2.6, J~8.6 Hz, lH, H 1;8.2B.m, 8H, ArH;8.#,dd. J8.8, JF 5.2Hz, lH,H4; 13.34s. 

lH.C(ll)CH;l3.68,.s,lH,C(6)OH. me Bgtycostde wasoWnedasanorangegks.s. lHn.m.r.8132,d,J6.3Hz,3H. 
HC; 1.60-24O,m,3H, H8,C(2‘)H2;2.46,~.3H,C~CC;2.72.W, Jl52Hz, lH,H8;2.95,d, J18.9Hz, lH, Hl0;3.30. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2H, H 7, H 4’; 6.39, bd, J6.8 Hz, 1H. NH; 7.51, ddd. J2.6,8.5, Jf= 8.1 Hz, 1H. H 3; 7.99, dd, J2.6, & 8.5 Hz, 1H. H 1; 8.30, 
m,4H,ArH;84O,dd. J8.5. $5.2 HZ, 1H. H4; 13.17,s. lH, C(ll)OH; 13.60,s. lH, C(6)OH. 

b. Koenfgs-Knon method: 
A SoiutfOn of compound (28) (165 mg) in anhydrous tetrahydrofuran (50 ml) was stfrred at 800 under an argon 

atmosphere with freshly activated powdered 3A rnolecutar sieve (2.0 g), mercurk bromids (400 mg). and merourtc 
cyanide (880 ItIQ). At intervals of 1,5. 23, and 48 h. ailquots of the glyaxyi chloride, prepared from the ester (31) (230 
mg) and dry hydrogen chloride in drchioromethane, t t were introduced. Further afiquots of sieve and mercurk safk were 
introduced after 4 and 22 h, and stirrtng was conttnued for a total of B6 h. The mtxture was coded, fittered through c&e, 
and the &te washed with hot tetrahydrofuran until coiourfess. The residue upon evaporatton of the SoM’tt was taken 
up in hot chloroform, cooled, filtered, and washed successively with 10% aqueous potassium Iodide (100 ml), 5% 
aqueous sodium bicarbonate (100 ml), brine (100 ml), drkd. and the solvent evaporated. Column chromatography of the 
residue (Sephadex LH-20, methanol) gave two fractions which upon further separation by centrffugai thin layer 
chromatography as descrtbed above yiskfed gtycoside (32) (124 mg, 38%) gtycoskk (38) (126 mg. 39%) unreacted (28) 
(31.3 mg, lB%), and other minor prcducts (Wmg). 

(+)4-Demethoxy-2-flwro~‘- N-trilwroecetykiaunomydn (33). 
A sotutfon of compound (32) (52 mg) In dkhioromethane (0.5 ml) and methanol (25 mi) was stirred at 0“ under an 

argon stmosphere for 20 mln with 0.1 M aqueous sodium hydroxide (0.7 ml). me solutton was acktiied wfth aoetk edd. 
dliuted wfth ethyl acetate (50 ml), washed wfth brtne (3x30 ml), drted, and the Sotvent evaporated. Cenbtfugat t.l.cr of the 
residue (3% methanol in dichloromethane) gave compound (33) (41 mg, 89%) 88 an orange sotId which crystafffzed wRh 
one mole of cUchioromethane of crystaifizatfon from a mixture of dichkrometh8na and dtbep&M @her as oran9e prisms, 
m.p. 147-V; [a]C +15B” (c, 0.15, dioxane) (Found: C. 50.3; H. 4.0; N, 2.0; F. 10.6; Cf 10.3. C~~H~~F~NC~O.CH~QZ 

requires C. 50.0; H, 4.0; N, 2.0; F, 10.9; Cl. 10.2%). i.r. vmax 3530 w, 3390 w. 2930 w, 1718 8, 1623 m, 1587 5, 1335 S, 

1320~,1260s,1155m,1109s,996m,978scm-~. 1Hn.m.r.61.30,d,J6.7tiz,3H.H6’;185,dd,J4.0.12.7Hz,1H.H 
2’; 1.98, m. 2H, H 2’. C(430H; 2.15, dd. J3.3, 15.0 Hz, lH, H 8; 2.36, dt, Jl.8, 15.0 Hz, 1H. H 8; 2.41, s, 3H, CH3CO; 2.99, 
d,Jl92Hz,lH,H10;3.30,dd,Jl.6,l9.2Hz.lH.Hl0;3.69,m,lH,H4’;429,s.lH,C(9)OH;4.l6-4.36,m.2H.H3’,H 
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5’; 527. be, lH, Hl’; 5.31, (I, 2f-f. CH2U2: 5.51, dd. J 1.8,3.3 Hz, lH, H 7; 6.69, bd, J8.4 Hx, ltf. NH; 7.51, ddd. J2.6,8.7& 
7.9Hz, 1H. H3;8.OO,cW J2.6,&8.6flz, lH,.H_1;8.40,&,,!6.7.~5.3~, 1H,H4;13.17,s.1H,C(11~;13.57,s. lH, 

C(6)CH. 13C nm.r. (2096 DMSO - (16 in CC& 6 15.8, C 6’; 23.5, a+jCD; 279.,C 2’; 31.4, C 10; 34.5, C 6; 45.9, C 3’; 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
288.4 Hz, CF3; 120.9, J22.8 Hz. C 1; 129.7, J2.7 Hz, C 4a; 129.2. J9.2 fjz, C 4; 133.9, C lOa; 134.7, J8.2 Hz. C 12a; 
135.2, C 6a; 134.7. J8.2 Hz. C 12a; 155.1, q. J38.8 Hz, cOCF3; 155.2, C 6, li; 156.0, C 11,6; 164.1, J257.8 Hz, C2: 

183.8,C5;184.0. Jl.5M,C12;211.0, CDCH3. ‘f9F n.m.r. 6 - 100.9, ddd, J537.9.8.6 Hz. C(2)F; -76.5, s, CDCF3. 

(+)-rl-Cemetfwxy -2- ~mdaunmnycilt h@roMcMe (34). 
A sotufbn of compound (33) (225 mg) in 0.1 M ecpmous aodium hydroxide (40 ml) wm stirred at room temperature 

Under an argon abWiphere for 2 h. The mfxture was addffled to pH 4 wlfh 5 M HU, then added to saturated aqueous 
sodium bicarbonate , and wtraded wfth chlorofon (6x50 ml). The combined exfracts were washed successivefy with 

water (50 ml) end brfne (100 mf), drfed (fW?SQt), and the sohrent evaporated to give a red solid (175mg, 92%). Lr. vmax 

36OoW, 3480m, 17178, 1820s. 1583s 1318s. 126Obm, llOOm, 992m. 975e cm-l. The re&ue was taken up in a 9/l 
mixture of chloroform and methanol, cooled, acidlffed to pH 3 wfth methanonc hydrogen chloride. and me sotvent 
eW?PXated. The residue was freed Of excas8 hydrogen drlodde at O.lmm,stfstlrrsd v&h dry methand (KM), filtered, and 
me flftrate freed of inWtks by column chrunatography (Sephadex u-l-20, methand). Preclpftatfon of the h-or& 
was effected by addiin of anhydrous ether to a concentrated solution in dry methanol to give red prisms: m.p. 16668”; 

[a]D +131o (c, 0.05. methanol) . lH n.m.r. (DMSO-d6) 6 1.15, d. J 8.!W, 3H, H 6’; 1.68, #, J.3.6, 12.3 Hz, 

lH, I-I 2’; 1.89, m, lfi, H 2’; 2.14, m, 2H. C(8)H2; 2.27, s, 3H, CH3CO; 2.96, bs, 2H; C(lO)H2; 3.23, bs, 8H, 

C(6)Df-k Wl)OH, NH3+, ,! 3, H2Ck 3.58, m, lH, H 4’; 4.20, q, J65 Hz, lH,.H.5!; 4.94, ba lH, H 7; 529, bs, 
1H, H 1’; 5.47, d, J6.0 Hz, lH, C(4’)OH: 5.58, s, lH, C(9)DH; 7.82, ddd. J2.4, 8.7, Jf=82 Hz, lH, H 3; 7.98, dd, 

J2.4 & 8.9 Hz, IN H 1; 8.35, dd, J8.7, JF 5.4 Hz, lH,‘H 4. 13C n.m.r. (DMsD-d6) 6 16.7. C 6; 24.7:CH~C; 
28.2, C2Y31.7, C 10;36.9.C8;465, CZ86.0, C4’;66.1,C 7;70.0, Cr74.9, C 9;99.2, C 1’; 109.7, C lla 5a; 110.9, C 
5a, ffa; 112.9,J2).6HzC3; 122.2, J23.1 Hz,C 1:129.8. J2.6Hz,C4a; 130.3, JlO.OHx.C4; 135.3.Cloa;135.8. J8.2 
Hz, C 12% 136.2, C 6a; 155.2, C 11; 156.5, C 6; 165.8, J255.5 HZ c 2; 185.1. c 5; 1852. J 1.3 HZ, c 12; 211.6. CCCH~. 

l9F n.m.r. (DMSO-d6) 6 -101.2, ddd, J5.4, 8.2, 8.9 Hr. 

GtyTwm of (i)4 - Lwneuloxy~lluom&7un 
a. Koenig-Knorr method: 

unycinone (30) 

in dry tetrahydrofuran (150 ml) was stkred at 60” under an argon 
mOlecUlar sieve (4.6 g), mercurfc cyan&~ (2.0 g). and mercunc bromide 

(912 me). At intehJafs of 1.5, and 23 h, a dlchloromethana solution of me glycosyl cfdorlde derived from ester (31) (520 
mg) and dry hydrogen chforfdel 1 was tntroduced. and further addftfons of sfmilar aftquots of sieve and mercuric salts were 
made after 4 and 22 h. Stlrrfr~~ was maintafned for a total of 50 h, after which the solution was coofed and worked up in 
the manner described for the glycoskfation of the P-fluoro analogue (28). Chromatography as described afforded 
Wcoside (35) (212 mg, 28%). gfycosfde (41) (233 mg. 31%). unhacted (30) (73.3 mg, 19%). and unldentfned minor 
products (68 nrg). 

Cilycoslde (35) CryStaked from a fntxture Of deuterochloroform and ltght @etroleum as red prisms, m.p. 163-5O; [a@ 
-72’ (c, 0.10; dtoxa@ (Fbund: C. 54.9; H. 3.8; N. 3.5; F. 10.2. C35H28!=4kiOf3 requires C, 55.3; H, 3.7; N, 3.7; F, 

10.0%). 1.r. vrnax 3670 w, 3520 w, 2625 w, 1726 S, 1620 m, 1586 s, 1334 s, 1266 m, lfO7m, 1095 m, 982 m, 958 s cm-l. 

lH n.m.r. PESO-dg)Gl.lO,d J6.4Hz.3H. H6’;1.70.m, lH,H P;2.04-236,m,3H. H2’.C(8)H2;2,31,s,3~,C~3CC; 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
7; 5.30. s. lH, C(9)DH; 5.45. bs, 1 H, H 4’; 5.65, S, lH, H 1’; 7.70 -7.88, m, 2H. H 2, H 4; 6.19 - 8.30, m, 3H, Ar H, H 1; 8.40, 

m. 2H, Ar H; 9.50. d, J7.3 Hz, 1H. NH; 13.17, S, 1H. C(ll)CH; 13.22, s, lH, C(6)CH. 13~ n.m.r. (DMSD - tjg) 6 16.6, c 6’; 
24.2. %tco; 29.2. c 2’; 31.6, C 10; 35.6, C 8; 45.0, C 3’; 64.7, C 5’; 70.3, C 7; 71.1, C 4; 74.8, C 9; 99.8, C 1’; 110.1, C 
lla. 5% 110.3, C 5a. lla; 112.7. J23.3 Hz, C 2; 115.4. q. J289.3 Hz, CF3; 122.2, J22.6 Hz, C 4; 123.8, x, or; 129.5, J 

2.4 k C 12a; 130.4. J9.8 I-k C 1; 130.9, 2C. Ar; 134.8, C 10a; 134.9, Ar; 135.7, ~8.3 HZ, c 4a; 136.8, c 6.5; 150.4. Ar; 
155.3, c 11; 156.1.9, J36.7 Hz CDCF3; 156.7, C 6; 164.2, ArCO; 165.8, J255.7 ffx, C 3; 184.8, C 5; 185.1, C 12; 
211.9,CCCH3. lgF n.m.r. (DMSO - d6) 6 -101.0, ddcf, J5.3,7.9,8.7 Hz, C(3)F; -78.7, s, CF3. 

Compound (41) crystattxed from a mixture of dflscpropyl ether and fight petroleum as red prisms: m.p. 16030; (a]D 
-284” (c. 0.10; dbxane) (Found: C, 54.7; H. 3.7; N, 4.0; F, 10.3. C35H28F4N2Q3 requfres c, 55.2; H, 3.7; N, 3.7; F, 

10.0%). 1.r. vmax 3470 w, 3410 w, 1712 S, 1618 m, 1582 S, 1339 s. 1266 h, 1089 m, 995 m, ~51 s m-1. 1~ n.m.r. 6 

1% d. J6.5 Hz, 3H. H 6’; 1.89 - 2.01. m, 2H, H 8, H 2’; 2.19, dt, J3.3, 13.0 Hz, lH, H 2; 2.39, s, 3H, CH3CD; 2.48, m, lH, 
H6;2.98.d~Jl9.5~~fH,HlO~3.29,d,Jl9.5Hz.1H,H10;4.46,s,lH,~9)OH;4.~,mlH,H~;4.7O,q, ~6.5Hz,lH, 
H 5’; 5.41, b lH, H 4; 5.48 - 5.60, m 2H. H l’, H 7; 6.60, d, J7.4 Hz. lH, NH; 7.50, d&, J2.6.g.7, & 7.9 Hz. lH, H 2; 7.92, 
a, J2.6 4 8.6 fi, 1I-h H 4; 8.25. m, 4H. Ar H; 6.36. dd, J8.7. & 5.3 Hz, lH, H 1; 13.23, s, tH, C(ll)CH; 13.57, s, lH, 

C(6)OH. 13C n.m.r. 6 16.8, C 8’; 24.7. CW$X; 29.8, C 2; 30.1. C 10; 342, c 8; 45.5, C 3; 64.3, C 5; 66.5, C 7; 72.0, C 4; 
76.5,C9;93.4,Cl’; ffO.9,C lla,5a;111.3,C5a, lla; 113.6. J23.3Hz.C2;115.4,q, ~287.7~x,c~~;in.l, J~~.BH~, 

C 4; 123.8, x. k 129.8, J2.8 Hz, C 12a; 130.5. J9.1 Hz, C 1; 131.0, 2C. Ar; 132.3, C f~a; 134.4, h; 136.2. ~3.4 ~2, c 
4% 137.1.c6a; 150.7,k; 1562.c 11,6; 156.7,C6, 11; 156.8.q J37.6Ht. CCCF3; 164.6,Arco; 166.6, J2fj&THt,C3; 

185.4, J1.5k C 6; 185.5, C 12;211.6. CDCH3. l9Fn.m.r. 5-lW.5,ddd. J5.3.7.9.8.6 HZ, c(3)~; -76.5,s. C~. 

b. TerashimaM&xf: 
A mixture of the ester (31) (358 mg) ahd freshly activated 4A mdpadar sieve (1.81 g) In dry ether (23 ml) and 

dkhbmmethane (27 mf) was cooled to 42” under an argon atmosphere, whereupon TMS trfffate (270 pl) was introduced 
dropwfse. The mixture was sfhred at 0” for 1 h, cooled to -156. and a solution of the anthracydlnone (30) (200 mg) In dry 
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dichbromethane (100 ml).added dmpwkie. The solution was maintaIned at -15” for 8 h, quenched w&h methmol(2 ml). 
decanted, and pertltbned between ethyl acetate (600 ml]. and sodium bkarbonate sofutkm (5% 200 ml). me aqueous 
phase was extracted with ethyl acetate until free-of cokur. and the combined extracts w$shed successively with water 
(200 ml) and brfne (35) (66.g mg, 17% , QlycOS& (41) (124 mu, 31%) the bfs-Odaunosaminyf derlvattve (45) (88.7 mg, 15%). unreacted f 00 ml), dried, and tie sotvent eveporated. Chromatpgrapny as d+rfbed @bove.ybRledoIypiirlde 
(30) (65.8 mu, 33%) and a mhdure of the B_derivathieS (15.3 mg, 4%). 

Compound (45) was obtained as orange prisms upon crystallization from aqueous ‘methanol, 

m.p.l85-7”; [a]D -84” (c, 0.18; dioxane). Lr. vmax 359Ow, 289Ow, 1719vs, 1621m, 1585s, 13489, 

1265bm, 1095m, 978m, 960s cm- ‘. ‘H n.m.r. 60.60. d. J6.4 Hz, 3H, H 8’; 1.36, d, J6.5 Hz, 3H, H 6’;.1.97. 
dd, J5.3, 15.1 Hz, lH, H 6;‘2.04-2.35, m, 4H, C(29H2, C(2’)H2; 2.38, 8. 3H, CH3CO; 2.63, dm, 3.15.1 Hz, lH, 

H 6; 3.03,-d, J 19.3 Hz, l.H, H 10; 3.80, dd, J 1.9, 19.3 Hz, lH, H 10; 3.97, q, J 6.4 Hz, lH, H 5’; 4.50-4_02, m, 
2H, H 3, H 3’; 4.74, q, J 6.5 Hz, lH, H 5’; 5.06, bd, J 5.3 Hz, lH, H 7; 5.Y2, bs, lH, H 1’; 5.29, s, lH, H 4’; 
5.45, s, lH, H 4: 5.66, bs, lH, H 1’; 6.95, d, J7.5 Hz, lH, NH; 7.39, d, J5.9 Hz, lH, NH; 7.49, ddd, J2.7, 6.5, 
I/F 7.6 Hr. lH, H 2; 7.99, dd, J2.5, JF 8.6 Hz, lH, H 4; 8.24, m, 4H, ‘ArH; 8.31, s, 4H, ArH; 8.39,,,dd. J 8.5, .& 

5.2 Hz, lH, H 1;13.46, 8. lH, C(ll)CH; 13.55, s, lH, C(6)OH. l9F n.m.r. 6 -100.6, ddd, J 5.2.7.8,8.8 Hz, 
C(3)F; -77.1, s, CF3; -78.9, s, CF3. 

A sofutfon of the pnltrobemoafa (35) (153 mQ).in a mlxtureof dkhloromethane (4 ml) and methanol (a0 ml) was 
stirred at 0” under an argon atmosphere with 0.1 M aqueous sodium hydroxide (2.0 ml) for 20 min. The aotu$lqrt was 
ne&albed with a&k a&f, dftuted wtth ethyl aMate (4OO ml), and washed wlthklne (3x2OO ml). EvapoM&n affo&d 
an orange sofld which waspudffed on a short silka column duted first wtth dichlommethane, fotbwed by .$0x tiarol 
In dlchloromethane to Qfve the f/Us compound as an orange solid (115 mg. 93%). CrystafWzahon from a mixture of 

dichloromethane and lfght petroleum Qave orange prisms: sublimes to red needles -240”; m.p. 246-8’. [a)D +195” (c, 
0.11; dioxane) (Found: C, 54.7; Y 3.9; N, 2.1; F, 11.9. C28H25FqNOjO mqulmeC, 55.0; H, 4.1; N, 23; F, 12.4%). Ir. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

dg)51.14,d, J6.3H2,3H. H6’; 1.49,dd, J4.1,12.6Hz. lH, HZ;1.96-2~,m,3H.H~.C(8)H2;2.28,s,3H,C~CO;289. 
s.2H,C(lO)H2;3.52, bd,J52Hz. 1H. H4’;4.O4,m. lH, H3’;4.24.q,J6.3Hz, lH, H5’;4.85.m, lH.H7;5.01,d,J5.8Hz, 
lH, C(4’)OH; 5.23,bs. lH, H 1’;5.54. s, lH, C(9)0tf;7.71.A6dd, J2.0, +6.5 Hz, lH, H 4;7.73. AM&t, J2.0, 8.4, & 7.9 

Hz. lH, H2;8.19,dd.J8.4, * 5.5H2, lH, H 1;9.10,d,J7.4H1 lH,NH;13.15,bs.2H,C(6),C(ll)OH. l~n.mr.(DMSO 

- d6) 6 16.9, C 6’; 24.1, Cli3C0; 28.8, C.2’; 31.7, C 10; 36.0, C 8; 47.0, C 3’; 66.5, C 5’. 4’; 67.0, C 4’. 6’; 7O.i. C 7; 75.0, C 9; 
lOO.l,Cl’; 110.1, C 5a. 118; 1102. C lla, 5a; 112.6, J23.1 Hz, C 2; 1168, q, J288.1 Hz, CF3; 122.2, J22.7 Hz, C 4; 
129.5, J2.5 Hz, C 12a; 130.4. J9.5 Hz, C!; 135.1, C 10a; 135.6, J8.3 Hz, C4a; 136.8.C6a; 155.3, C 11; 155.6,q. J36.5 

Hz, CXXF3; 156.8, C 6; 165.9, J256.2 Hz. C 3; 184.7, C 5; 185.0. C 12;211.9, coCH3. 19F n.m.r. (DM0 - N) S-100.9, 

ddd, J5.5,7.9,8.5 Hz. C(3)F; -73.5, s, CF3. 

(+)4-DenMwxy3-fbomdaunomycfn hydvchllorklo (37). 
Compound (36) (33.5 m@ was stirred under an argon atmosphere In 0.1 M aqueous sodium hydroxide (9 ml) for 2 

h at room temperature, and the sotutlon a&Med with 5 M HCI (to pH 4 . The mixture was poured into saturated sodtum 
bicarbonate solution (10 ml) and extracted with chlorofom, (5x20 ml). f!l e combined extracts were washed’suocessivefy 

with water (20 ml). brine (20 ml), dried (Na2S04) and the solvent evaporated to give an orange sotld. I.r. vmax 3750 w, 
3570 w, 2860 w. 1706 m, 1620 m. 1583 s. 1320 s, 1280 bm, 1100 bm, 973 s an-l. The free amine was d&o&d In a 9/l 
mixture of chloroform and methanol (2 ml), cooled to 0;. acidified to pH 3 with methanolii HCI, and ditutedv&h anhydmus 

ether. FlItration yielded the hydrochloride (37) as an orange powder (20.3 rn~, 67%): m.p. 214-P (dec); [a]D +186O (c, 

0.10; methanol) 1~ n.m.r. (DMSO-d6) 6 1.15, d, J6.5 Hz, 3H, H 6’; 1.68, dd, J’4.1, 12.5 Hz, lH, H 2’; 1.68, dt, J 
2.9, 12.5 Hz, lH, H 2’; 2.14, m, 2H, C(8)H2; 2.26, s, 3H, CH3CO; 2.95, s, 2H, C(lO)H2; 3.32, m, 8H, C(6)OH; 

C(ll)oH, H 3, NH3+, H20; 3.57, m, lH, H 4’; 4.20, q, J6.5 Hz, lH, H 5’; 4.93, m, lH, H 7; 5.26, bs, lH, H 1’; 

5.46, d, J6.0 Hz. lH, C(4’)0H; 6.57, s, lH, C(Q)OH; 7.82, ddd, J2.1, 8.9, Jf= 8.0 Hz, lH, H 2; 7.96, dd, J2.1, .& 

6.7 Hz, lH, H 4; 8.34, dd, J6.9, .& 5.6 Hz, lH, H 1. ‘3C n.m.r. (DMSOd6) 6 16.7, C 6’; 24.1. CH3CO; 282. C 2; 
31.7, C 10;35.9.C8;48.5. CX66.0, C4’;86.1, C7;70.1, C5’; 74.9.C9’;99.4, C 1’; 110.3.C lla, 5a; 110.6,C5a, lla; 
113.0, J23.4 Hz, C2; 122.3, J23.8 Hz, C4; 129.9. J2.6 H2.C 12a; 130.5. J9.6Hz. C 1; 134.9, C 1Oa; f38,0, J8.5 Hz. C 

4a; 136.8. C8a; 155.3, C 11; 156.7,C 6; 165.9, J255.6 Hz, C 3; 185.2, J1.5 Hz, C 5; 185.5, C 12; 211.8. C0CH3. 19~ 

n.m.r. (DMS0d6) 6 -101.1, ddd, J 5.6, 8.0, 8.7 Hr. 

A solutbn of the ester (38) (146 mg) In dlchloromethane (1.5 ml) and methanol (80 ml) et O” under an arQon 
atmosphere was stirred with 0.1 M aqueous sodium hydroxfde (1.92 ml) for 20 mtn. The mlxtum was neutratlaed wtlh 
acetlc add, diluted whh ethyl acetate (200 ml). washed with brine (3x750 ml). &fed, fmd,the eofvent waporabd. Flash 
column chromatoQraphy on a short slllca column (dkhloromethane, then 5% methanol in dkhbromethane afforded the 
Utfe compound as an orange solid (109 mg, 93%) which was precfphated from a dichloromethane solutfon wfth IiQht 
petrokum to give an orange powder: m.p. 137.5 - 140°; [a]D -355’ (c. 0.11; dbxane) (Found: C, 54.6; H, 4.2; N, 22; F. 

12.1. ~8H~F4N1OrequlmsC.55.0; H,4.1; N,23; F, 12.4%). I.r.vmax3490~,3400~,295Ow, 1715vs,1819m, 1568 

s,1573s,1336s,1321s,1266m,1106m,978scm- 1. 1~ n.m.r. 6 1.28, d. J6.6 Hz, 3H, H 6’; 1.84, bdd, J5.5.13.3 Hz. 1H. 
H 2’; 1.91, m, 2H, H 2’. C(4’)OH; 1.93, dd. J3.3, 15.1 Hz. 1H. H 8; 2.40, S, 3H. CH3CO; 2.45, dt, J2.1, 15.1 Hz. lH, H 8; 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
4.49, q, J6.6 Hz, lH, H 5’;5.34, d, J 3.4 Hz, lH, H 1’; 5.52, dd, J2.1.3.3 Hz, 1H. H 7; 6.71. bd, J8.4 Hz, 1H. NH;7.50, ddd. 
J2.7,8.7,~7.9Hz,lH,H3;7.96,dd,J2.6.& 8.6Hz,1H,H1;8.38,dd,J8.7.3F52H2,~H,H4;13.16.s,1H,C(11)OH; 

13.71, s, lH, C(6)OH. 13C n.m.r. 6 16.5. C 6’; 24.8, Cf-kjC0; 29.4. C 2’; 30.1, C 10; 342 C 8; 460, C 3; 642. C 5’; 67.1, C 
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4’; 66.9, C 7; 76.5, C 9; 93.5, C 1’; 110.2. C 5a. lla; 111.6, C lla.5~; 1186, J.23.5 Hz. C 3; 115.5, q. J287.3 Hz, CF3; 
122.0. J23.3 Hz, C 1; 129.9. J2.6 Hz, C4a; 1302, JQg Hz, C4; 133.1. C 10a; 136.0, C 6a; 136.0, J8.3 Hz, C 12a; 156.5, 
q. J37.4 Hz, cOCF3; 156.4, C 6, 11; 156.8, C 11. 8; 166.5, J258.3 kk C2; 18% C 5; 185.4, J 1.3 Hz, C 12: 211.9. 

c;oC@. ~QF n.m.r_ S -100.7. ddd. J52,7.9,8.6 Hz, C(2)F; -78.4,~~ cF3. 

(- )-4-Demetha7,~~~~y~ h@ochbrUe (40)s 
A solutbn of compound (39) (2so mg) in 0.1 M aqueous so&n hyamdde (50 ml) was stlfred at mom temperature 

underenvstmasphero forah. Tha~tlonwss~iedtopH4wim5MHGt,dlktted~~equeous 
sodium bicarbonate (5 ml) and extra wtth chlomfonn (5x100 ml). The comMed extmcts were washed successivety 
with water (lOOmI), brtne (150 ml), dried (Na2SOq), and the solvent evaporated to ybld a md solid (195 mg,89%). I.r. 

Vm~3650m.2940w,l711m,1~m,l586~.1380s,12~~.’~l05~,965m,975S~~1. Thereslduewasdissolved 
InaQ/l mixtureof~orolarmand~ethanol,coqlgdandaddfledtopH3nritfi~bhybogen~rlde.Thesohrem 
was evaporated in vacua at room terrperahrre and the residue freed of excess.hydrogen chloride at @lmm. The residue 
was dissolved In dry methanol fltbred,and fhe fflt& sub@ied to Mann chranatogr@y (Se@Mlex LH-20, methanol). 
The materlal thus obtained was pm@ltaM from a concentnted soolutbn In dry rrrethenol by additbn of anhydrous ether 

to give red prisms: m.p. 169-1710 ; [ab -2300 (c. 0.04; methanol). 1l-f nm.r. (DMSO-&) 6 1.12,4 JalHr, 3H, 

H6’; 1.66, dd, J4.0, 13.5 Hz, lH, H 2’; 1.89, m, 2H, H 8,. H 2’;,22Q, s, 3H, CH3CO; 2.40, dm, J 14.9 Hz, H 8; 

2.92, ABd, J18.6 Hz, lH, H 10; 3.05, ABd, J18.8 Hz, lH, H 10; 3.42, m, lH, H 3’; 3.58, m, lH, H 4’; 4.19, q, J 
6.1 Hz, lH, H 5’; 5.16, bs, lH, H 7; 5.29, bs, ?H, H 1’; 5.43, d, J 6.@Hz, IH, C(490H; 5.50, s, lH, C(9)Ol-f; 

7.82, ddd, J2.6, 8.6, .& 8.1 Hz, 1H;H 3; 7.93, m, 4l-i. H 1, NH3+: 8.32, dd, J8.6, JF 5.4 Hz, lH, H 4; 13.06, s, 

lH, C(1l)OH; 13.48, s, lH, c(s)OH. 13~ hm.r. (OM!X-&) 6 16.7, C 6’; a.4. CH3cO; 27.8, C 2’; 31.0, C lOZ42.1, C 
8;46.7,C3’;63.2.C4’;~5.9,C5’;66.5,C7;752.CQ;~.1,Cl’;l09.8,Clta,5a;1l12,C,5a.Ila;l13.0,J23.5Hz,C 
3; 122.4. J23.0 Hz, C 1; 129.7, J2.2 Hz, C 4a; 130.4. JQ.3 Hz, C 4; 135.1. C 1Oa; 135.8, J8.5 Hz. C 12a; 137.3. C 6a; 

155.2, C 11; 156.3. C6; 165.8, JW.1 Hz, C2; 185.2.C5; 185.3, J1.0 Hz, C 12;2ll.Q, COCH3. $QF n.m.r. (DMSO-d6) 

6 -101.1, ddd, J5.4, 8.1, 8.8 Hz. 

(-)4-Demefhoxy-3~fluor@- N-trifiuoruaceiyl-7,9-his~uf)wnycb (42). 
A solutbn of the gnltrobenzoafe’(4lj (1% mg) In mefhanol (SO ml) and dbhbromethane (3 ml) was stirred at 0” 

under argon with 0.1 M aqueous sodium hydroxide (2.0ml) for 0.5 h. The mixture was neutralized with acetic acid. pcured 
into ethyl acetate (100 ml), washed with brine (3x50 ml 

& 
dried, and @e so+nt evaporated. Cenbifugal t.l.c.of the residue 

(3% methanol in dichbmmethane) afforded ftm f&k? as anme soM(120 mg, 96%) whkh crystailiied from 
a mixture of ether and dchlomms#~s to gfve md pdsms: m.p. 136-14QY [a]0 36P (c, 0.14; dbxane) (Pound: C, 54.9; 

H, 4.3; N. 2.3; F, 12.3. C26H25FqNOlO requires C, 55.0; H. 4.1; N. 2.3; F. 12.4%). I.r. vmax 3480 w, 3400 w. 1716 ~9, 

1620 m, 1585 s, 1331 s, 1266 m. 978 s cm- ‘. 1H n.m.r. 6 127, d, J6.5 Hz, 3H, H 6’; 1.76-2.04, m, 3H. H 8. C(Z)H2; 223, 

bs, lH, C(4’)OH; 2.39, s, 3H, CH3CO; 2.45, m. 1H. H 8; 2.99, d. J 19.5 Hz. lH, H 10; 3.28, d. J 19.5 Hz, lH, H 10; 3.61, m, 
1t-k H4Y4.29, m, lH, H3’;4.47,q, J6.5Hz, lH, H5’;4.4Q,s, lH,C(Q)OH;5.32,bs, IH, H lY5.46, m. lH, H7i6.78.d. J8.4 
Hz,~H,NH;7.48,ddd,J2.6.8.6,~~8.0Hz,lH.H2;7.~,dd,J2.6,~8.6Hz,lH.H4;8.~,dd.J8.6.~5.2Hz,lH,~~; 

13.23, s. 1 H, C(ll)OH; 13.52, s, 1 H, C(6)OH. f3C n.m.r. 6 16.5, C 6’; 24.8, Cli3CO; 29.5, C 2’; 30.2, C 10; 34.3, C 8; 46.0. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
q, J288.Q Hz. CF3; 122.0. J 22.3 Hz, C 4; 129.8. J3.0 Hz, C 12a; 130.5, JQ.1 Hz, C 1; 132.5, C 10a; 136.2. J8.3Hz. C4a; 
137.8,C6a; 156.4,C 11,6; 156.5,q, J37.4Hz, cOCF3; 156.9,C6, 11; 166.6, J25Q.OHz, C3; 185.2, Jl.6Hz,C5; 185.5, 

C 12; 211.3, COCH3. ~QF n.m.r. S-100.7,ddd. J 5.2.8.0.8.6 Hz, C(3)F; -76.5, s. CF3. 

(-)4-Demethoxy-3-fluoro-7,9-bis@daunomjcin hydrochlorUe (43). 
A XMiOn of compound (42) (137 mg) in 0.1 M aqueous sodium hydroxlde (28 ml) was stlrred under an argon 

atmosphere at room temperature for 1.5 h. The solution was addiffed to pH 4 with 5 M HCI, diluted wtth saturated 
aqueous Sodium bicarbonate (10 ml), and extracted with chloroform (6x20 ml). The combined extracts were washed 
successively with water (30 ml). brine (30 ml), dried (Na2SO4) and the solvent evaporated to give a reddlsh powder. 1.r. 

Vmax 3~0w,3600~.2955~,1705m,1618m,1584s,1~1s,1270kn.1107m,1075bm,973san-1. Thefreeamine 
was taken up in a Q/l mixture of chloroform and methanol (3 ml), coded. acidified to pH 3 with methanolic hydrogen 
hlofide, and dibted with anhydrous ether (30 ml). FlItration give the MI compwnd as an orange powder (96 mg, 78%), 

m.p. 170-2’; [alo -2700 (c, 0.10; methanol) , ‘H n.m.r. (DMSO - d6) 6 1.13, d, J6.4Hz. 3H, H 6’; 1.66, dd. J3.8. 12.3 HZ, 
fH, H2’; 1.78-1.98,m.2H, H8,H2’;2.30,~,3H,CH3CO;2.4l,dm, Jl5.3Hz. lH, H8;2.94,~,2H,C(lO)H2;3.34,m, lH, 
H 3Y3.59, m, lH, H 4’; 4.19, ct. J6.4 Hz, lH, H 5’; 5.10. m, lH, H 7; 5.30, bs, lH, H 1’; 5.44, d, J6.0 Hz, lH, C(4’)OH; 5.49, 
s, 1H, C(Q)OH; 7.78, ddd, J2.5,8.7, .& 8.0 Hz, lH, H 2; 7.86, dd. J2.5, .& 8.9 Hz, lH, H 4; 7.99. bs, 3H. NH3+; 8.24, dd, J 

8.7, & 5.4 Hz, lH, H 1; 13.12,s. 1H. C(ll)OH; 13.26, s, lH, C(6)OH. l3C n.m.r. (OMSOd6) 6 16.7. C 6’; 24.5, Ci+$O; 
27.8, C 2’; 30.7, C 10; 32.1, C 8; 46.7, C 3’; 62.9. C 4’; 65.9, C 7; 66.6, C 5’; 75.2, C 9; 92.0, C 1’; 110.1, C lla, 5a; 113.3, C 
5a. lfa; 112.9. J23.0 Hz. C 2; 122.3, J22.2 Hz, C 4; 129.8. J2.6 Hz, C 12a; 130.4, J9.0 Hz. C 1; 134.5, C loa; 135.8, J8.7 
Hz, C 4a; 137.8, C 6a; 155.2, C 11; 156.4. C 6; 165.9, J256.4 HZ, C 3; 184.8, J 1.2 Hz, c 5; 185.1, c 12; 212.3, ax~3. 

lQF n.m.r. (DMSO -d6) 6 -100.9, ddd, J5.4,8.0,8.Q Hz. 
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