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Abetract: The l ldohydes 4 ,&/8b and the acetale 58/5b are pre- 
pared from the (S)-lactic acid derivative 3. Harechalk reaction 
with leucoqulnixarine (10) afford8 rhodonycinonos with one, tvo or 
three hydroxy group8 in ring A. The 7,9-tie-dial 21(6-demothoxy- 
feudomyclnone C) im rho major cyclisationptoduct of the aceto- 
nides 2Da/20b. 

Anthracyclinones exhibit their biological activity, a8 do met other chiral drugs, 

only 2) in form of on. enantiomer of doflnite abaoluto configuration . Enantiomeri- 

tally pure glycosides (anthrecyclinos) can be propsrod from the glycoaldation of 

racomic aglyconea (anthracyclinonoe). In thie reaction diaetoreomeric products are 

formod which can be separated chromatographically. In attempts to avoid the eepara- 

tion step, considerable efforts have been made to l ynthonizo enantlomocically pure 

anthracyclinonoa,oepecially in the daunoaycinone eerlos 4,s) . Sevoral onantiomeri- 

tally pure l-deoxyrhodomycinonae have boon eynthosited with incorporation of chiral 

building blocke derived from sugars, yioldlng products with additional hydroxy 

groups either at C-9 6) or in the side chain 7, (for IUPAC nurabering 8.0 1.9). 

We now report the resultrof a program directed towards the incorporation of (S)- 

lactic acid to afford 4-deoxyrhodomyciononoe containing a methyl side chain. In a 

previoua paper 
8) we have outlined our strategy using the Harechalk reaction ‘) In 

the cyclitation of r(-hydcoxy aldohydes of type I to yield racemlc rhodomycinones. 

Retroeynthetic analyeis revoale that in addition to type I, tvo other modee of 

cyclitation II and III (scheme 1) are poaeible. Since the addition is a atopvise 

process mode III will enter into l ithor I or II but it eoemod interesting to in- 

clude this convorgont approach, in ardor to see which is the bent way to control 

etoroochomietry. 
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Synthesie of the l nantiomorically E hydroxy -- aldehydes 

The common feature of all three modes ia the construction of aldahydoa vith a 

qua ternary chiral center. Theae structural requiromonta are rarely found in anal1 

natural products that arm uaoful aa chiral building blocka with oxception perhapa 

of the quite expensive citramalic acid 10) . Conaoquently, the chiral quatarnary 

center has to be newly conatructod. Hovover , all direct methods of maintaining the 

chirality of lactic acid vi11 fail due to enolixation durinq the alkylation. In 

ardor to overcome thin problem Saebach et al. 11) have vorked out a procedure to 

preserve the chiralinforaation of I-hydroxy acide by acotalixation vith pivalal- 

dehyde. For inatanco, (S)-lactic acid 1 afforda the cia-adduct 2 aa the major - 

product. The principle of this methodoloqy ia shown in echene 2. 

1 2 3 4 

Scheme 2 

It is important that the adduct 2 can easily be purified by cryatallixation to 

yield the pure diaaterooaar (458 after tvo cryatallixatione). The attack of the 

l lectrophile (in our case ally1 bromide) occure predominantly from the ita aide to 

afford tha alkylation product 3 vith 98% da in about 70 t chemical yield 
11) . 

The future aldohyde functions are already proaont in molecule 3. Thus, the aldohy& 

4 vaa easily obtained by oxonolyaia of 3 uainq dimethyl sulfide aa reducing agent. 

The 0-hydroxy aldehyde 4 ia not very stable and vaa immediately used for the 

follovinq Marechalk reactions (see belov). Hovever, 1 H-NM and IR apactra aa ~011 

ae the aubaoquent chemical transformations fully confirm the etructure of 4. 

The next atep v.xa to find tha boat conditiona for aoloctive reduction of the eator 

group, which is ala0 pert of an acetal function. Alanat reduction vaa ahovn to 

afford the correapondinq diola 11) . Aftor experimentation vith a number of diborane 

derived reaqents12), diiaobutyl aluminum hydride (DIBAH) vaa tried, vhich is knovn 

to convert lactonea to lactola 13) . The crucial question vaa the stability of the 

roaultinq lactol. The homiacetal 5 could poaaibly open to give pivaldehyda and the 
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unstable &-hydroxy aldehyde 7 on workup. Portunatoly, the hemiacetal proved to be 

sufficiently 8tRble at lov temperature under the conditions of mild acid hydrolysis 

of the aluminum complex, allowing for an l xcollent yield (90 a) of the anomeric 

mixture k/5b. The existonco of an approxiosto 1 : 1 mixture of anomers was clearly 

seen from the doubling of many signal. in the 
1 Ii-NflR spectrum. In order to obtain a 

1,4-dialdehyde precursor (see III), the ozonolysis of the double bond in Sa/Sb was 

next investigated. However, thie way van abandoned since the 
1 Ii NflR spectrum of the 

product indicated the existence of a bicyclic acetal structure 9. The sequential 

liberation of the aldohydo functions during the anticipated Rarechalk react ion 

presented too many uncertainties. Therefore, it was docidod to protect the homiace- 

tal fit-et by acotylation to 6a/6b. Again, ’ H-NMR shoved the presence of two isomers 

(ratio approximately 1 : 1) of the mixture. The following ozonolysis of 6a/6b was 

monitored by NUR, confirming the almost quantitative conversion to the aldehydes 

8a/8b which could be used for the Harschalk reactions without further purification. 

S&b R - H 

WbR-Ac 
7 @a/b 0 

Schow 3 

Marschalk Reaction vith Dihydroquinitarine 

A number of highly Cunctionalited chiral aldehydes (or equivalents) of 988 cell) 

were now available for study of the different modes of the Hatschalk react ion 

outlined in Scheme 1. In order to optimiso the incorporation of the more precious 

chiral buildng blocks, a two- to threefold excess of leucoquinixarine (10) was used 

to trap the aldohydes. Under the conditions originally used by Marschalk (boiling 

aqueous alkali) the benzylic hydroxy groups primarily formed during the addition 

undergo elimination 91 . Hovovor , the hydroxy groups can be preserved if the reacton 

is conducted at much lower temperatures (usually 5 - 10°)14r15). In agreement with 

this C inding, a mixture of the l pimoric lactones 11/12 and tho carboxylc acid 13a 

wore formed in 46 8 and9t yield rospoctively. The ratio of the diastereoaoric 

mixture 11/12 of about 1 :1.13 (lH NJ4R) showed the low asymmetric l,%indction of 

this open chained kind of aldol reaction. This mixture could then be reduced with 

dithionrte to Corm the pure acid 13a. Alternatively, the reaction can be run at 

higher toaperatures to Corm the acid 13s directly, which was characterized as the 

aster 13b. Reduction of the acid 13a or the ester 13b should lead to the A-hydroxy 

aldohyde shown in I and then l ntor the pathway doscribed in detail on raceaic 

materia18’161. This reaction has at this time not yet beon invoetigatod. 
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Scheme 4 

The hemiacetale Sa/Sb which are protected forms of the d-hydroxy aldehyde 7, were 

uaod to inveetigate pathvay II. The aldehyde 7 warn obtsinod by treatment of Sa/Sb 

with dilute hydrochloric acid. It has a tertiary neighbouring canter and is stari- 

tally more hindered than the D-branched aldehyde 4. However, &.-branched aldohydes 

were l ucceenfully reacted with 10 under the conditiona of Lewis “l’) (boiling iso- 

propanol). The&-hydroxy group coneiderably enhances the carbonyl activity of 7. In 

fact, the reaction proceeded emoothly even at room temperature within 6 h. The 

mixture of the diaetereomoric diole 14a/l4b van the main product (58 8) and the 

loss polar monoalcohol 16 vae ieolated in only 6 8, yield. The mixturi of ieomers 

14a/l4b could not be separateb chromatographically but gave the pure carbinol 16 

almoat quantitatively upon reduction vith dithionite. The isomeric ratio of about 

2:l l stabliehed by ’ H-NMR wae slightly euperior to that observed in the 1,3- 

induction in the reaction of the D-hydroxy aldehyde 4 to afford 11/12. Reaction of 

the dials 14a/l4b vith acetone afforded the isopropylidene ethers l¶a/lYb in good 

yield, without affecting the original ratio of ieom8ra. 

X X R 

14db w 10 w Iti n 

1%/b 0 17 0 18b A0 

2Odb 0 22mnn n 27M 

2a n a4 n 
24 o( n w 

2sn MOC 

Scheme 5 
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All olofinic coPapounds were eubjected to otonolysie, affording the corraeponding 

aldehydea lk/lS4, 17, and 20a/SOb. Th. reductive clearago of the hydtoperoxy 

ethots, formod by oronolymie in wthanolic solution 18 ) vith diathyl eulfide pro- 

caaded rather elovly (up to 12 h). It was found later that the corresponding 

aldohydes could ba formod more rapidly upon troatnent with a neutral solution of 

dithlonite in aethanolic THP. We firet etudied the cyclizatlon of the moat simple 

aldehyde 17 in aqueous methanolic solution. A rapid and almoet quantitative con- 

vereion to cyclic producte was obeervod within 15 minutes at O”. The main product 

wae the trane-diol 26, which had a typical eignal for 100-H (Jloe 7a- 5 Hz) in the 
, 

1 Ii-NHR spectrum. Depending on the reaction conditions (temperature, time, exceaa of 

dithlonitc), varioua amounta of the tie-diola 21 and the tertiary alcohol l& were - 

alao formed (26 : 21 - 4 : 1). In some ca8.B emall amounts of dark red dimerisstion 

products of 16a coupled at C-10 were isolated ae mlxturea of diaatereoiaomera. Both 

the cis- - and the trana-diola wore easily dohydrated upon heating above SO0 to yield 

the naphthacenequinon 28. The benzylic hydroxy group of 21 and 26 could be removed 

reductively to give the mono-alcohol l&. The ateroochemical outcome of the cycli- 

tation was inverted employing phase tranafer conditiona8), thereby affording 

predominantly the +-dial 21 (21 : 26 - 1.5 : 1). 

A more complex nixturovaa obtained from the diaetereomorlc alcohols lSa/lSb vhoae 

cyclization yielded aix products. The 1 H-NM? data of all poaalblo isomers were 

known from the similar feudomycinone series 8) . In addition many cyclisation com- 

pounds in racomic form were available for comparison from previous work 16,lQ) . The 

most polar fraction (20 8) contained a mixture of the trio18 22 and 27. The 

structure of 22 corresponds to that of the mat current natural configuration and 

can be named l-deoxy-01-rhodomycinone. The configuration of 27 ae well ae that of a 

third trlol 23 isolated In pure form was elucidated by comparison with the f eudo- 

myclnonos having an additional methoxy group at C-l8’2o. The 7,8-cia-diol 21 iao- - 

lated in 5 % had been previously prepared via cycliration of 17. The two leant 

polar cyclization producta 24 (9 9) and 25 (11 8) were identified aa the correa- 

pond ing C-7-aethyl ethera of the trlola 22 and 23. The formation of those aide 

products is of mechanistic interest. On the basis of previous observationa of 

quinone nethidea21’22) ve propoae the addition of methanol to the ortho-quinone 

methido IV. Thia would also explain why no 8,10-trans-aethyl ethera were isolated: 

since the addition of nucleophilea is cia-diroctod by the noighbouring axial hydro- - 

xy group aa shovn in Iv 5) . 

In conclusion, atereochomical control in the cyclization of both the n-hydroxy 

aldehydoa 15a/lSb, and 17 is difficult to obtain, and a variety of aterooiaomora 

aro produced. 
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IV 
Scheme 6 

24/25 

Portunatoly, the cyclization of the acotonides 2h/2Ob obtained from 19a/19b gave 

a leee complicated picture. The main product (51 a) wa8 the ci8-dial 21 (ont-l- - - 

damethoryfeudonycinono C). Evldontly, the protection of g-OH load8 to a rovereal 

of the normal stereochemistry of the Marschalk reaction. This ie in agreement with 

7) ob~orvations of Monnerot l t al. . The preferential elimination of the c-7 8ubsti- 

tuont can be understood, since the alkoxy group ia a hotter leaving group in basic 

solution thanthenewly formed hydroxy group at C-10. 

Finlly, wm have looked at the convergent approach to anthracyclinonos in the 

reaction of leucoquiniserine uith the aldehydes 8a/Sb, which are protected forms of 

the l,&dialdehyde of type III. The reaction wan monitored by TLC and a number of 

polar intermodiatee ware detected, which might correepond to open chained, aa well 

aa cyclic forma 21 - 27. All polar product8 wore however smoothly convortod to the 

monoalcohol 18a (45 8) on prolonged reaction times. Thue, in spite of the conver- 

gency, it is difficult to obtaln rhodomycinones vith benzylic hydroxy groups and 

definite configuration via reaction8 of dialdehydos with hydroanthraquinones. 

11) In agreement with the literature , our NMR q eaeuremonts indicated the etarting 

material 3 to be at least 98 8 diastereomerically pure. All aubeequont tranaforma- 

tions (otonolyeia, DIBAH reduction, and Narechalk reaction) proceed under very mild 

condition8 which ehould not affect the not l nolizable chiral canter. Accordingly, 

the optical rotation of the e-dial 21 (&$” - + 125.4 ‘) and the trane-dial 26 ( 

cV;* - - 131.5 Ol wore in the name order of magnitude aa eynthetlc 7, aa well aa 

natural analoguos 20) . 

In addition we have checked the enantiomeric l xco8a by 
1 H-NMR measurements using 

chiral shift reagents. For thin purpose the phenollc group8 of the an thraquinoic 

noioty of 18a had tobe converted to the acotate 18b to avoid precipitation of 

chelated comploxea vith the ehift roagent. The racemic material rac-18b16) did - 

indeed show a eplitting of the acothyl group. No such offect wa8 seen in thb 400 

tlHx ‘H-NHR epectra of 18b confirming the enantioneric exceea to be at loaet 978. 

The various maeked 1,4-dialdehydee (e.g. 4, Sa/Sb, &/Bb) can gonorally be employed 

a8 chiral building block8 in the total synthoeie of natural products containing 

quartornary contora. Invoetlgatione of this kind are on the way In our laborato- 

rios. 

Acknovlmdgennnt: Wo thank the hut8che Forachungegomelnschaft for l UppOrt Of thin 

vork. 
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Exp*rinntal 

8) ror goneral rmuke me ref. . Optical rotations vere detorained vith a Porkin- 
elmer Mod.1 241 polariretor. The diaetoteonric composition (8de) van determined by 

H-NM and l nantiomeric exceme (ree) by addition of a chiral shift roagont (Eufod). 

(2s,SR)-2-( t-Buty1)-5-lrthyl-4-oxo-l,3;~~oxolan-5-y1 a 
tion of 2.00 q (30 rrol) of t% olefln 3 -’ in 106 l 1 o?%%%%a~‘ka:ede~~~~ 
2 mg of sudan 3 cooled to -78 . A rapid currant of ozone vae bubbled through the 
eolution until the colour of the indicator dimappeared (about 20 min). Excess 0 
vae raaoved by a atreaa of nitrogen and 5 ml of diaethyl eulfido van added. Aft. 4 
12 h the aolvent vaa roroved at reduced preeeure to afford 2.00 9 of a colourleae 
oil of 4 contaminated v ‘i 
obtained by Kugblrohr d i 
$HCl . Ii? (film): 1801 

H-NAR (400 MHz) : d-O.97 
( 

(8: 1 HI 2-H), 9.73 ( 
C H 1, 128 (9)r 115 ( 
(906). (Found: C, 59.79 

1 

th 5 U of DMSO (93 8 yheld) . 
etillation, b.p. 
lactono) , 1732 cm 

_lllo , 
(aldehyde). 

(0: 9 H, CH. , 1.51 (8: 3 H, CH ), 3.00 (a: 2 H, CH ) S&33 
e: 1 H, ctiol. ns m/e: 200 (2 J,, 185 (16), 143 (63, M - 
1), 97 (721, 87 (4), 78 (63), 70 (551, 63 (70), 57 (781, 43 

H, 8.23. Calc.for C10H1604: C, 59.98: H 8.05 a). 

(Sa/$$%%l%on of 4!~~‘~“;:~)~~::‘:k :OO ml of dry THF vaa treated at -78 
- -(t-butyl)-5-methyl-1,3-dioxolan-4-oh 

under N 2 vith 200ml of a 1.2 molar solution of DIBAnintolueno. The eolution vae 
stirred at -78 fog 3 h and then hydrolyzed by dropvise additon of 6 ml of 1 N 
eulfuric acid at -30 . Aft8r stirring for 1 h at this temperature, 20 g of sodium 
sulfate vaa added and the solution vae filtered (tvico if nocossary). The solution 
van evaporated at reduced proseuro, the roeidue redissolved in dichloromethano, 
filtetod and evaporated to drynoas to afford 3.68 diaetereomeric 
mixture Sa/Sb) vhich eolidified on storage at -20 
(film): 3430 (OH, broad), 3070 (CH), 2970, 2860 
(CDC13): b 0.91 and 0.93 (aach a: oath 9 H, CMe ) 1.29 and 1.31 (each 8, each 3 H, 
CH ), 
5.d7 

2.17 - 2.55 (PI: 6 H, 
- 5.16 (i’n; 4 H, 

2 CH2 and 2 OH), 4.73 and 4.93 (each e: each 1 HI 4-H), 
2 -CH2), 5.14 and 5.16 (each 8: each 1 H, 2-H), 5.72 - 5.97 

(111; 2 H, 2 -CH-). 

-5-allyl-2-(t-butyl)-5-methyl-1,3-dloxolan 
(6am (5 ~~i:S~:R:;:~~=:~x~isaolved in a gixtuco of 3 al of acetanhy- 
drido and 2 ml of pyridine and atirred for 1 day at 20 “. The volatile eubstancea 
vere removed by repeated distillation at reduced prassure vith addition of toluone 
to afford 1.16 g (96 t) of a mixture of the acetatsa 6a/6b aa an oil. An analytical 
sample va8 obtainea% by Kugolrohr distillation (139 , 0.1 mm Hg). IR (film): 1750 
cm (acotate).& - +10.5 (c - 0.35, CHCl ). H-NMR (400 NNx): / 0.88 and 0.89 
(oath e; oath 9 M, D 
(each a: each 3 HI 

cne3 1, 1.23 and 1.24 (iach a: oath 3 H, 2 CH 1, 2.05 and 2.09 
COCH ), 2.26 (m: 2 H, CH 1, 2.40 and 2.50 (oat it dd, J - 13.5, J 

- 6.5 Hz: oath 1 H, , 
N, -CH ), 5.70 
m/e: 241 (0.4 8, agd M ) 

CH 3, 4.81 and 4.87 (ea E h 8: an$e~f~O1(::c~-:~ 5.04 - 5.15 (m: 4 
5.41 (m: 2 2-H), 5.97 each 1 H, 4-H). NS 

(18), 143 (60), 129 
;582:: &‘;5:), y, -l), 224 (9, M (63;,‘&%7:;f ::%5,, 185 (loo), 169 

97 (74), 87 43 (82). 

~‘“;~“;:“~,‘,“c~‘,“‘~-2~t~bu~~~);u’,m~~~~’-~~’-,“f,~~1~~-~-yb; ;c.J,;;;;;;tS);dgb) : 

eacr Ibe 
by 

or 4 to afford 0.95 g,(95 
Kugelrohr 

(film) I 
distillation (140.) 

8) of &/8b. An analy&ical sample vas obtained 
0.1 mm Hg).wi,- -2.1 (c - 6.1, CHCl,). IR 

1750 (acetato), 1730 cm-’ (aldohyde); ‘H‘-i4nR (60 MHr):d0.95 (a: 9 H,‘CHe ), 
1.41 and 1.45 (each a: each 3 H, CH ), 2.03 and 2.10 (each a; 

), 4.88 a2d 4.93 (each e: each 1 H, 
each1 H, 4-H?, 

COCH 
Ceacit 

1, 2.75 (m: 4 H, CH2 4-H), 6.06 and 6.15 
a, each 1 H, 2-H), 9.80 (a; CHO). (Found: C, 58.11: H, 8.31. Calc.for 

C12H2005: c,58.90: H, 8.258) 

Meth 1 (2R)-4-(9,lO-Dihydro-l,4-dihydroxy-9rlO-dioxoanthracen-2-yl)-2-hydroxy-2- 
m;Y_butanoate (13b) A solution of 1.80 g (7.5 mol) of 10 in 50 ml of THF/me- 
t no (‘I : 1) vae trefted vith 0.50 g (2*5 nmol) of 4 and 10 ml 8f 1 N NaOH. The 
six ture vaa etirted under N, for 1 h at 5 , folloved by 2h at 20 , and vaa then 
reoxidixed by rapidly bubblifig air through the so!ution.- The mixture vae acidified 
vith diluted HCl, ropoatedly extractad vith CH cl 
a 0.5 Fl etheral eolution of diazoaethane, and ava$olzy”,d”:! ‘d:FE”.:r! ‘t’h: ‘fet!,d$ 
vae separated by chromatography on l ilica gel. Elution vith CH Cl reaoved l xceea 
quinixarine. The l 8t.r 13b (86 wj, 9 8) va6 then l lutod vith Cit Ct 
inproved yield (53 8) of the eator 13b van obtainsd by refluxang2 

/5 8 ethoc . An 
the reaction 

mixture for 1 h follovod by similar vorkup. m. p. 90 . - -55.4 (c - 0.3 CHCl /4 
8 MeOH). W: 210 (4.12), 233 (4.32), 250 (4.59), 25SD(4.13), 285 (4.OD)r 310 

458 (3.94), 475 (3.97), 483 (3.99), 497 na (3.88). H-NNR 400 MHz) : 1.48 

HI CH2), 
CH3), 2.02 and 2.15 (each ddd, J = 13.5, J - 11 , J - 5 Hz: each 1 

2.64 and 2.90 (each ddd, J - 13.5, J = 11, J - 5 Hz; oath 1 H, CH2), 3.80 
______________- 
l ) l-((phenylaxol-phenyl]axo-2-naphthol 
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(8: 3 H, CO CH 
lg.93 a4d 

1, 7.16 (a: 1 
23.38 coach e: 

H, 3-H), 7.82 (a: 2 H, 6-r 7-H), 8.34 
ns (150°) m/o: 370 

(a: 2 Ii, 5-, 8- 
H)r oath 1 H: 2 OH). (35 U. PI+), 352 
(11, n - H 01, 320 (81, 311 (81, 293 (921, 277 (6)r 267 (1001, 253 

Pdund: C, 64.68: H,4.88.Calc. for C20H1807: 
(24); 239 (71, 

225 (28). C,64.86: H,4.90 U). 

h ,_~~~~~S)-S,~9~1",;~f,"~~r~1,4-d1~yd~~~-9~1~-~o~~an~~.~~c~~-',"';3; 
Y 
U~:S"~-;;~ 

Y Y rd 2f 
chronatoqtaphy (a.* 13b) 07 (46 %I of a 1 1.2 mixture of the ieooeta 11/12 
wan ieolated; m. p. 2;S"%:(b9Lll (4.151, 299 
(3.991, 310 (3.43); 

f4.34), 250 (4.551, 255 (4.491, 284 
468 (3.941, 

3440 (OH, broad), 1792, 1785, 
480 (3.95), 509 (3,]4), 566 na (9.07). IR (RBr): 

1768 (C-O), 1628 cm (quinono). 8-NPlR (400 MHz: 
major iaowr): 61.54 (a; 3 HI CH 1, 2.29 (0; 1 H, OH), 2.32 (dd, J - 13.2, J - 6.5 
Hz: 1 H, 4-H), 2.99 (dd, J - 33.2, J - 6.5, J - 1 Hz: 1 H, 4-H), 5.71 (ddd, J - 
9.5, J - 6.5, J - 1 Ht; 1 H, CH), 7.20 (8: 1 H, 3-~),7.86(m; 2 H, 
(a: 2 H, 5-, 8-H), 12.84 and 13.31 (oath 8, oath 1 H, 2 OH). 

6-1 7-H), 8.37 
H-NnR Iminor 

isoaor): (1.65 (a: 3 H, CH ), 2.12 (dd, J - 14, J - 8 Hz: 1 H, 4-H), 2.53 (a: 1 H, 
I&%% (dd, J - 14, J - 3 Hz: 1 H, 3-H), 5.93 (ddd, J - 8, J - 7, J - 1 Hz: 1 HI 

7.45 (a; 1 H, 
and i3.27 (oath a: 

3-H), 
each 1 H, 

7.86 (m; 2 H, 6-6 7-H), 8.37 (m; 2 H,+S-, 8-R), 12.83 
2 OH). PIS (200 ) m/o: 354 (41 8, n ), 310 (4), 292 

(15), 
H, 

267 (46), 240 (12). (Pound: C, 64.04: H, 3.83. Calc. for ClgH1407: CV 64.41, 
3.98 %). 

(2'R)-l,4-Oihydroxy-2-(2-hydroxy-2-~thyl-4-~ntonyl)-9,lO-anthr~qu~nono (16 ): A 
solution of 0.50 g (2.5 mmol) of Sa/!Lb in 10 mI of methanol and 5 ml of 1 N tlCl vaa 
atirrod for30 mini The volume ofthe solution vam roducod by one half the volume 
toremove the pivalaldehydo. 10 al of THP, 10 ml of 1 N NaOH and 1.81 g (7.5 amol) 
of 10 wore then added nder N and the solution was l tlrrod for 6 h at 20' 
f ollowod by boating to 50 

8 for 12h. Workup procoedmd aa described for 13b. Tho 
crud. product was filtered through a ehort column of eilica gel (CH2C12) to romovo 
the excoaa of quinitar ne. 
16 : ID. p. i 124O.w 

tlurion vith CR Cl /5 t ether afforded 0.47 g (56 8) of 
- -21.5 (c - 0.3, ZHCt ). UV: 210 (4.14), 228 (4.27)r 235 

(4.32), 250 (4.59)r 555 (4.55), 288 (3.97), '312 (3.51), 457 (3.92), 475 (3.%), 
4.85 (4.00), 498(2190), IR (KBr): 3500(OH), 1620 
(quinone), 1590 cm 

519 (3181), 563 nm (2.91). 
(acornate). H-NRR (400 flHt):/l.22 to, 3 H, CH ), 2.35 (d, J - 

7.4 Hz; 
H, CH2), 

2 H, CH2), 2,46 (a: 1 H, 2-OH), 2.89 and 3.03 (oath d, J -313.5 Hz: oath 1 
5.14 - 5.30 (m: 2 H, -CH ), 5.91 - 6.02 (m; 1 H, -CH-), 7.26 (et 1 Ii, 3- 

R)t 7.83 (m; 
each 1 H, 

2 H, 6- and Z-H), 8.33 (a: 2 HI 5- and 8-H), 
2 OH). Us (110 ) m/a: 338 (2 8, M+), 

12+89 and 13.65 (oath 8: 

(13), 287 (3)t 279 (ll), 
320 (7, II - H20), 302 (3), 297 

254 (lOO), 239 (2), 225 (3). (Pound: C, 70.90: H, 5.32. 
Calc. for C20H1805: C, 71.00: H, 5.36 8) 

(l'R,Z'R)- and (l'S,2~R)-l,4-Oihydroxy-2-(l,2-dihydr~2-wthyl-4-~ntonyl)-9rlO- 
l nthraquinono(l4a/l4b): 1.81 g of leugoquinitarine (10) and 0.50 g of Sa/5b were 
reacted aa deecribod for 16a (6 h at 20 , no boating) to-afford 0.51 (5@ a) of a 1 

2 aixturo of the dlaeterooieomora 14a/l4b: m. 
:HCl ) 

p. 158". - + 82.2" (c - 0.4, 

312 ?3:5:: 
: 210 (4.16), 230 (4.29), 236 (4.32), 250 (4.60), 25s (4.55), 288 (3.97), 

460 (3.%), 476 (3.98), 485 (4.01), 512 (3.82), 564 nm 
(2.01). Ii (KBr): 3413 (OH), 1624 (quinono), 

498 ij.921, 
1588 cm H-NHR (400 MRt, major 

leomor): Jl.28 (a: 3 H, CH ), 2.24 and 2.40 (each dd, J : 14, J 
CH ), 2.44 (a: 1 H, OH), 2.83 (dr J 

- 7 Hz, each 1 H, 

CHZ), 
- 5.2 Hz: 1 Hr OR), 5.14 (d, J - 5.2 HZ: 1 HI - 

5.15 - 5.30 (m: 2 H, <HZ), 5.88 - 6.05 (m: 1 H -CH-1, 7.55 (a: iii, 3-A), 
7.85 (n: 2H, 6-,7-H), 8.36(m;2 H,5-,8-H), 12.84 snd13.70 (oath e:eachlH, 
2 OH). 
dd, 

Minor isomer: d 1.10 (a; 3 H, CH3), 2.33 (8: 1 H, OH), 2.38 and 2.54 (oath 
J - 14, J - 7 Hz: each 1 H, CH ), 3.01 (d, J - 5.5 Hz: 1 H, OR), 5.12 (de J _ 

5.5 Hz: 1 H, -CH-), 5.15 - 5.30 (4: 2 H, -CH 1, 5.88 - 6.05 (a; 1 H, -Cl-), 7.25 
(a: 1 H, 3-H), 7.8; II;; 2 H, g-, 7-H), 8.36 (m: 2 Hh 5-, 8-H), 12.84 and 13.64 
(each a: each 1 H, - . ns (20 1 m/s: 354 (0.1 Ur n ), 313 (4) 29s (15, 313 - 

H20), 270 (loo), 252 (17), 241 (27), 224 (19). (Pound: C, 67.70: H, 5.10. Calc. for 
CZOH1606: C, 67,79: H, 5.12 t) 

and (4S,5R)-5-Allyl-4-(9,10-dihydro-2,4-dihydroxy-9,l0-d~oxo-2-anthra- 
cen#2,%t~thyl-l,3-dioxolane (19a/lgb): 3 g of dry CuSO vaa added LO a 
solution of 0.706 a (2 ranol) of 14a/l4b and 100 mg of p_tolueneauffonlc acid in 50 
ml of dry aceton;. The mixture vaa stirred und& roilux for 2 hr filtorod and 
evaporated to drynese at roducsd praaauro. The roalduo woe dlaaolvod in 100 ~1 of 
ethor, shaken vith a dilute eolution of NaHCO , dried (Na SO ) and evaporated at 
reduced pressure. 
(85 %) of 

Piltration over a ahort column of a:::~# gll &ffo=f:z O&670 mg 
the mixture of epimora 19a/l9b ; m. p. . 

0.5,CHC13). Y uv a.. 14a/l4b. IR (KBr): 3450 (OH), 1630 (quinono , '1594 cm- . *2 ,(c - 
H-NMR 

(400 MHz, minor isorrur):dO.91 (a: 3 H, CH3), 1.4~3 and 1.60 (oath 6: each 3 Ha CH3), 
2.60and 2.-a- J - 14, J -7 Hz; oath 1 H, CH2)' 5.16 -5.24 (m:ZH, 

-CH2), 5.42 (d, J - 1 Hx: 1 H, 4-~),6.01 - 6.11 (m; 1 H, -CR-), 7.68 (a: 1 HI 3- 

H). 7.85 (m: 2 H, 6-, 7-u), 8.37 (a: 2 H, 5-, 8-H), 12.88 and 13.47 (each 6: oath 1 
HI 2 ;H;, .~a'sf,:e~~s:,d~.::,'J":I ; ",;: ;Ha;,c;.;S :~;,';~~!@:c; ;;,e;C; ,',"; 2, 
CH )I 
1 I-L: i H, -CH ), 5.00 (dt, J - 10, J - 1 Hz: 1 4, -CH ), 5.41 (d, J - 1 Hz: 1 HI 

4-H), 5.69 - 5.39 (m: 1 H, -CH-), 7.68 (a: 1 HI 3-H), 7?85 (m: 2 H, 6-p 7-H), 8.37 
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(a: 
a, 

3 H, 5-r 
n )I 

E-H), )2.88 and 13.45 (each a, each 1 HI 2 OH). MS(l2D O) m/et 394 (1 
379 (4, n - CH3), 353 (6)r 337 81), 319 (13), 310 (1001, 295 (93), 267 

(52), 240 (71). (Found: C, 70.17: ii, 5.98. Calc. for C23H2206: C, 70.04: H, 5.62 8) 

cly;cl~iz:;ono;f :~X~:'r~x',::o"=~:dd"a~7d!~~~~~~r;0:):4 T::Hos~ol~~::,~~n~OOT~ 

control). 
and cooled 

Tko rreul&iag l ldehyde 17 vae dieeolvod in 50 ml of &P?"thanol (1 : 1) 
to -10 * A solution of eodium dlthionite (about 1.2 mol) vaa added 

under nitrogen (colour chengo from rod to brovn) folloved by 2 ml of 1 N NaOH. The 
reaction vae monitored by TLC and the cycllzation van terminated after about 15 - 
20 min. The producte vere reoxidlrod uith air and separated by TLC (polar fraction 
26, 1 m eilica gel, CH2C12/2 - 4 U Ct130H). 

Procedure 8: The aldohyde 17 vae diaeolved in CH Cl and treated at 0' under N 
vith 2 equivalents of aqueous sodium dithionite and'0.5 ml of Triton B (40 t iA 
methanol) vith vigoroue etlrring. The solution vae ehaken vith air for rooxidation 
and than twice vith cold diluted HCl to reaove excoes Triton 8. The producte vere 
separated by TLC on silica gel. 

~7S~9S~-7.8.9,10-Tetrahvdro-6,7,9,11-tetrahydroxy-9-methy1-5,12-~ephthacenedione 
(24~ Procedure A: 
+125.4 (c = 

33 mg (26 a); procedure 8: 69 q g (17 8). n. p. laa; 
0.15 CHC13/5 8 CH30H). Por apoctroscopic data eee ref. . 

~7Rr9S~-7,8,9,10-Tetrahydro-6,7,9,11-tetrahydroxy-9-methy1-5,12-naphtha~onediono 
(26): Procedure A: 
rsrr5O (c - 0.04, 

106 mg (26 8): procedure 8: 69 ag (17 8). m. p. 194- WC' 
UV a00 21. IR (KBr): 3510, 3440 (oH),Dl:2; 

(quinone), 1590 cm H-NHR (400 HHs):61.50 (8, 3 H, CH 1, 1.87 (dd, J 
- 13.5, J - 9 Hz: 1 H, 8a-H), 2.40 (ddr J - 13.5, J - 7. J - 2.2 dx: 1 HI 8.-H), 
2.79 (dr J - 19 Hz: 1 H, 10.%-H), 3.01 (dd, J - 19, J - 2.2 Hz: 1 H, lOe-H), 5.34 
(t, J - 9, J - 7 Hz, 1 H, 7a-HI, 7.83 (m: 2 Ii, 2-* 3-H), 8.33 (m: 2 f, 1-, 4-H), 
11.33 and 13.91 (oach+s: each 1 H, 2 OH). MS (160 1 m/e: 340 (3 0, H ), 322 (12, 
n - H20), 304 (26, n - 2 H20) 280 (241, 267 (131, 254 (19)r 239 (201, 57 (100). 

~8R~-7.8r9,l0-Tetrahydro-6r8,ll-trihydroxy-8-methyl-5,l2-naphthacenedione (18a): 
A l olution of 1.00 g (4.13 -1) of 6e/6b vae l ubjectod to otonolysie as described 
for 4 to afford &/8b. The solution vae evaporated at reduced pieeeuce to remove 
the formaldehyde formed, rodieeol ed in 10 ml of 
(8 -01) of 10 (coo ldr, 2 h at 20 

x and 1 h at 50 
gethanol and treated vith 1.94 g 
1. After ueual oxidative vorkup 

and chromatogrsphy on silica gel (firet CH Cl , 
t) of 18a cryetallized from ether: m. p.'23? -239 . 

thog CH Cl /lO 8 ether) 335 mq (32 
T&I firoduct vap6jdentical in 

chromatographic behaviour and spectral date vith the racomlc material . 

~8R~-6,ll-Diacetoxy-7~8~9,lO-t~~~ahydro-8-hydroxy-8-methyl-5,l2-naphthacene- 
dione (18b) 
~etanhy~r~~e~2~', 

raceaic I&'" vaa scetylated vith 1 al of pyridine end 1 al 
12 hl. The product vee purified by TLC to afford 51 mg (81 

a) of racomic lab: m. p. 225”. 'H-NUR (400 MHs):61.40 (ai3 H, CH ), 1.76 and-l.95 
(oath m; 2.52 (8: 6 2 H, CH2), H, 2 COCH ), 2.6 - 3.0 (m: 4 H, 23CH 1, 7.74 (m; 2 
HI 1-,4-H), 8.16 (a: 2 H, 2-r 3-H). (Spljtting of the signal. for t&e tvo acete&e 
groupe on addition pf 1 equlvale~t of l ufod(2.55, 2.53 end 2.52).n.S (200 ) 
m/e: 408 (0.3 a: H ), 366 (9, n - COCH2), 

2.54& 
324 (100, &I - 2 (261, 281 (19), 266 (29). COCH2), 306 (63), 291 

Cyclization of 14a/Mb: 100 mg (0.28 mmol) of the mixture 14r/l4b veo l ubjected 
to osonolysia Gd eubeoquent Marechalk reaction ae deecribed for 17. The following 
product8 of polarity 
of 22 and 27 dofreasing ( H-NP(R for 22 see 

1. 20 mg (20 
verel&ylated: ref. 1: 2. 21 (21 $ of 

U) of a 1 : 1 mixture 
mg 23: 3. 11 (11 of l?q t 

25: 4. 5 mq (5 %) of 28; and 5. 9 (9 8) of 24. mg 

(7R~8R,lDR~-7r~~9~l0-Tetrehydro-6,7,8,lO,ll-pentahydroxy-8-methyl-5,l2-naphtha- 
conedrone (27) 

1 Hf 
'H-NMR (400 HHZ): 61.47 ( 3 

J - 2 Hz: 98-H) , 2.53 (dd, J - 14, ::- 6"; ii? 
) 

’ 
1 
H: 

62 (ddd, J - 14, J - 7 5 
1 9e-H), 2.74 (d, J - 1:8: 

:d:' J 10-O"), - 1.5 Hz, 3.95 1 (d: H, J 7a-HI, - 2 Hx: 5.33 1 H, (dt, 8-OH), J - 4.23 7.5, J (dr - J 6.3, - 1.5 J - Hz: 1.8 1 Hz: "I-~-OH), 1 H, 10-H), 4.8i 

7,86 (m: 2 HI 2-, 3-H), 8.36 (m: 2 H, 1-, 4-H), 13.73 and 13.84 (each e: l ech 1 H, 
2 OH). 

~7S~8R~1DS)-7,~~9,1O-Totrahydro-6,7,8,10,11-pentahydroxy-8-~thy1-5,12-naphths- 
conodiono (23): 'If-NMR (400 MHt):61.46 (e: 3 H, CH 

9.-H)! 
) , 1.94 (dd, J - 15, J - 5 HZ: 

1 H, 9a-H), 2.47 (dd, J - 15, J - 3 Hz: 1 H, 4.79 (8; 1 HI 7a-HI, 5.09 (t, 
J - 5, J - 3 Hz: 1 H, lOe-H), 7.86 (m: 2 H, 2-, 3-H), 8.37 (ICI: 2 H; l-8 4-i); 
13.49 and 13.99 (each e: each 1 H, 2 OH). 

~7Sr8R,lOS)-7,8,9rlO-Tetrahydro-6,~,8,ll-tetrahydroxy-l0-~thoxy-8-wthyl-5,l2- 
naphthacenedione (25): m. p. 194 " 209 ( 7) 23 (4 21) 51 (4 1 5 
74.401, 284 (3.90)r 462 (3.76), 473 (;.z;, 485 ;;",,; 
IR (KBr): 3440 (OH), 1630 (quinono), 1590 cm- 

, 5:9 +61;,2565 n;":,:,,',: 
(aromato). H-NMR (400l4Hz):~l.50 

(e: 3 ", C"3), 1.65 (dd, J m 15 "r; J - 4 Hz: 1 H, 9a-HI, 2.54 (ddr J - 15, J - 3 
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Hz; 1 H, 9.-H), 3.62 (0: 3 - 8-0~1, H, OCH 1, 4.09 (d, J 4.76 (d, 1 HI 7alH), . 7 Hz: 1 H, 7-OH), (e: 4.58 J - 7 1 H, 
HZ: 

- 
(m: 2 4.83 (t, J 4, J 3 Hz: H, lOe-HI, 1 H, 2- 7.86 

MS (1806) 
3-H), 8.38 

(1~; HI l-r 13.50 
2 

OH). and 13.75 m/o: 338 M+ - 4-R), (oath l r oath 1 H, 2 
(28 U, 320 (20), 254 CH30H), (44, 338 

- 
280 (30), 267 

(12), (28). 
H20), (1001, 304 295 

~713,8R,10S)-7,8,9,1~T.trehydro-6,~,8,11-tetrahydroxy-10-~thoxy-8-~thy1-5,12- 
naphthacenodione 

cm ' 
(24): r~. p. 195 - uv: sea 

'ti-Ni'!R i400 HHr): 
25 ( 1 480 ( 1 1625 ( 

none), 15 90 
qui- 

(aromato). di.:: (::r3:"3 CH jo12'06 (dd J - 
15, J - 4 Hz: 1 R, 9a-RI, 2.26 (dd, J - 15, J - 2 Hz: 1 H, ;.-"j/Z.& (d, ; - 4 
Hz: 1 H, 7-OH), 3.65 (a: 3 HI 4.55 8s; 1 HI &OH), 4.80 (dd, J - 4, J - 2 
Hz: 1 H, loo-H), 4.87 (d, J - 4 OCH31r Hz, 1 H, 7e-H), 7.85 (m: 2 tir 2-t 3-H), 8.37 
H, l-, 4-H), 13.48 and 13.49 coach 8: each 1 H, 2 OH). tlS (170°) m/e: 338 (56 

(m: 3 
8, ll 

-CH30H), 320 (941, 312 (761, 304 (1001, 295 (461, 280 (46), 267 (23). 

~:",j%& 
394 eq (1 mmol) of 19e/l9b vae subjactod to oronolyeia aa 
eolutlon, 15 min) and aubeequently cyclized ae described 

for 17. through a short column of eillca go1 201 mq (51 \) of the 
tie-dial 21 van isolated. - 
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