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Ahatract-Two synthetic approaches have been explored to prepare 6deoxyanthracyclinonts in general and 
a-citromycinone in particular. The first approach employed as starting materials 1,4,Qrimethoxy- 
naphthaleoe and the Diels-Alder product from butadiene and maleic anhydride. The key step was the 
regioselective carbon acylation of Chydroxy-1,Mimethoxynaphthalene with the half&r acid chloride of 
ci.r4,5dicarboxycyclohexene. The resulting product was converted to 7,lOdiieoxyscitromycinonc; 
however, even the C-7-OH group required for glycosylation could not be introduced satisfactorily into this 
product. The second strategy employed as the key step the coupling of a highly hmctionalixed metallated 
quinol equivalent with the monoketal of a benxocyclobutenedione. This route gave ( f )-a-crtromycinone and 
( f )4demethoxy-6deoxydaunomycinone in quantities suitable for biological testing. 

Introduction and Overview 
While the syntheses of anthracyclinone aglycons 

having the 6,11dihydroxyl* and the 6-hydroxy13 
functionality have been extensively investigated, much 
less research has focused on aglycons having only the 
ll-hydroxyl functionality in the B-ring, the 6- 
deoxyanthracyclinones.~ Several challenging syn- 
thetic targets have this B-ring substitution pattern;’ 
and it has heen hypothesized that anthracyclines 
from aglycons with this substitution pattern may 
show reduced cardiotoxicity.” Synthetically, a- 
citromycinone, 1, is one of the most challenging of the 
6deoxyanthracyclinones. This aglycon, which was 
isolated in low yield ( < 1%) from a fermentation broth 
by Brockmann,’ became our prime synthetic objective. 

0 OH OH o OH 

Our initial synthetic strategy to 6deoxyanthracych 
nones was to prepare tetracyclic precursors such as 2 
regiospecifically and then to convert these systems to 
the desired A-ring substitution pattern using chemistry 
developed in the rhodomycinones. It was not 
appreciated at the time how unreliable these 
procedures were, especially for introduction of the 7- 
OH group.r” While a usable regiospecific synthesis of2 
was developed, the 7-OH group required for 
glycosylation could never be satisfactorily introduced. 
However, this chemistry could be very useful for 6- 
deoxyanthracyclinone synthesis if an efficient method 
for introduction of the A-ring substituents could be 
developed. Our second approach used the l&dipole- 
metahated p-quinol strategy” outlined in Scheme 1 
and resulted in a synthesis of the title compounds in 
acceptable amounts for biological testing. 

A classical approach to 6-deoxyanthmcyclinones 
The general strategy for preparation of 2 was 

regiospecific Friedel-Crafts coupling of the naphthol3 
with an appropriate acid chloride. The requisite 

naphthol was prepared from 1,4,%trimethoxy- 
naphthalene, 6,l* by a sequence of Jones oxidation to 
juglone methyl ether, sodium dithionite reduction to 
the corresponding hydroquinone, and selective 
methylation ofthe 1-hydroxyl group. When 6(55 g) was 
reacted as above without purification of intermediates, 
3 (33 g) was obtained in 64% overall yield. 

3 4 5 

H3C0 0CH3 

6 

The key coupling step was regiospecitic C-acylation 
of 3. This chemistry was examined first with 4 which 
could be easily prepared from commercially available 
7.r3 While most Friedel-Crafts catalysts examined 
gave predominantly 0-acylation, titanium tetra- 
chloride and stannic chloride catalyzed reactions gave 
the desired C-acylated product 5 in 55% and 65% 
yields,r4 respectively. Some 0-acylated product was 
noted in both reactions but was not quantified. Under 
the reaction conditions, the 0-acylated product 
produced no 5, but rather the cleavage product 3. Thus, 
theC-acylatedproductobtainedinthesereactionsdoes 
not appear to derive from Fries Rearrangement of an 
initial 0-acylation product. 

The coupling product S was then methylated, the. 
ketone reduced with triethylsilane, and the ester 
hydrolyzed to atford 8 (94% overall). The required 
oxygen functionality, at what is eventually to be C-9, 
was introduced via a sequence of iodolactoniz.ation, 
reduction, and hydrolysis. While the conversion of 5 to 
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1)Swarn ox. 

Z)ECIH+ 

3)OH- H3Cb 6CH3 

10 

9a required six steps, no intermediates needed to be 
rigorously purified and 9a could be obtained in 86% 
overall yield from 5 on a 20-gram scale. It is fortunate 
that the intermediates did not require purification since 
some epimerixation occurred during the methylation 
step with dimethyl sulfate and purification of the 
individual compounds in the sequence was attendant 
with considerable loss of materiaLI Finally, 9a was 
esterSed with diazomethane, and the resulting eater % 
was converted to 10. 

The final steps in the synthesis of the tetracyclic 
framework were trifluoroacetic anhydride cyclixation 
and aromatization of the B-ring. The intramolecular 
Friedel-Crafts reaction occurred smoothly with no 
complications from the Hayashi rearrangement. 
However, the aromatization (11 + 12) could only be 
effected in good yield by silver oxide oxidation to the 
quinone followed by dehydrogenation with Pd-C in 
xylene or preferably with dichlorodicyanobenxo- 
quinone and lutidine. This gave the tetracyclic 12 as 
golden crystals. Demethylation of 12 with accompany- 
ing ketal hydrolysis furnished 13 in 85% yield which was 
identical with an authentic sample.” Reaction of 13 
with an excess of ethynyl magnesium bromide gave the 
ethynyl carbinol in 4 1% overall yield. Enolixation of the 
ketone apparently contributed to the low yield since 
some 13 was always recovered from the reaction. The 
reduction of the acetylene to the desired Et group could 
be effected either by hydrogenation using rhodium on 
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Scheme 1. 1,4-Dipole-metshated pquinol approach to 6- 
dtoxyanthracydinoncs. 

alumina as catalyst (w/o) or diimide under carefully 
controlled conditions. Unfortunately, all efforts to 
introduce the 7- and lO-OH groups via the 
brominationfsolvolysis sequence gave reaction mix- 
tures containing at a minimum three compounds 
possessing the 6deoxyanthracyclinone chromophore 
in low overall yield.6Thus, this synthetic approach was 
abandoned in favor of one in which the requisite 
functionality was already present in the A-ring prior to 
assembling the tetracyclic system. 

The 1,4dipole-metallated quincl strategy to 6- 
deoxyanthracyclinones 

We noted several years ago the advantages of 
synthetic approaches to anthracyclinones which did 
not require A-ring functionalixation of the tetracyclic 
ring system. *s The convergent approach outlined in 
Scheme 1 incorporates this philosophy and requires 
fragments which would serve as the CD- and AB-ring 
precursors. While the benxocyclobutenedione mono- 
ketal 24 rl*‘sb used in our rhodomycinone synthesis 
would s&e as the l&dipole equivalent, no known 
system was available for the metallated pquinol 
equivalent. However, a metallated derivative of 18 
might serve this purpose; thus, its synthesis was 
explored. 

Reaction of 14r9 with 2-methoxypropene using acid 
catalysis atforded 15 in quantitative yield, protecting 
both hydroxyl groups. Reduction of 15 with sodium 
borohydride followed by methylation of the resulting 
alcohol gave 16 in 900/, overall yield from 14. While 16 
possessed the incorrect stereochemistry at the eventual 
C-10 of a-citromycinone, its ease of preparation 
prompted further study ofthis chemistry. Furthermore, 
it appeared that epimerixation at this position could be 
effected via methods already developed for the 
rhodomycinones. Anodic oxidation and hydrolysis of 
16 furnished the crystalline monoketal17 in 75% yield. 
Sodium borohydride reduction of 17 afforded a 
crystalline alcohol in 93% yield which was protected as 
its t-butyldimethylsilyl ether.20 The metallation 
chemistry of 18 was not ideal. Metallation followed by 
addition ofdeuterium oxide atforded 19a with only 50- 
60% deuterium incorporation. Addition of ben- 
zaldehyde to metallated 18 afforded no detectable 
addition product and a 30% yield of benxyl alcohol in 
addition to 19b. These preliminary results indicated 
that 18 would not serve as a viable metallated p-quinol 
precursor. 

While the above work was being performed, routes 
which employed 28 were also being explored. This triol, 
also available from 14,19 had the advantage of having 
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the correct A-ring functionality and thus would not 
require an epimerixation step a&r the tetracyclic ring 
system was formed. Protection of the hydroxyl groups 
as methoxymethyl (MOM) ethers and standard 
electrolysis/hydrolysis furnished the crystalline mono- 
ketal 21. Sodium borohydride reduction of 21 
produced a di5cultly separable mixture of epimeric 
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l)CICH20CH3 

L 

H3C0 bH 

2)@ 

3) H30+ 

20 

21 

(OCH312 
m&, l)t-BuLi 

TBDUS 
22 

TBDUS 
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alcohols in excellent yield which were directly silylated 
with t-butyldimethylsilyl chloride. The resulting 
mixture of epimeric t-butyldimethylsilyl ethers was 
used for the metallation studies. The metal halogen 
exchange reactions of 22 were studied with methyl, sec- 
butyl, and t-butyllithium in several solvent systems. In 
contrast to the results with 18’l two equivalents oft- 

19a. R = D 

b,R=H 

butyllithium in tetrahydrofuran at -90” gave an 
acceptable metal halogen exchange reaction, judging 
from quenching reactions with deuterium oxide (the 
aromatixated product from 23b was obtained with 
more than 90”/, incorporation of deuterium). 

The stage was then set for the coupling of 23a with 24. 
Reaction of the lithium compound 23a with 24 initially 
produced a low yield of a mixture of coupling products. 
The coupling reaction was improved by addition of 
tetramethylcthylenediamine, and acid hydrolysis of the 
reaction mixture gave a difficultly separable mixture of 
25 and 26 in 40”/, yield. Only 25 was obtained pure, 
and no additional attempts to isolate 26 pure were 
made after it was established that both 25 and 26 
afforded 1 on reaction with boron trichloride. We favor 
26a as the structure of this second product; however, 
26b cannot be rigorously excluded. 

While no authentic sample of a-citromycinone was 
available, a comparison of the high-field region of the 
‘H-NMR spectrum of our synthesized material with 
that of a,-rhodomycinone leaves no doubt that the A- 
ring stereochemistry is correct4 Furthermore, the 
ultraviolet and mass spectra reportad for a- 
citromycinone are in good agreement with those 
recorded for l.* Thus, the structure assigned to a- 
citromycinone has been prepared in eight steps from 28 
in 8% overall yield. 

The synthesis of ( f )%-demethoxy-Ci- 
deoxy&unomycinone 

With a workable route to 6deoxyanthracyclinones, 
a system with the A-ring functionality of daunomy- 
cinone was desired for biological testing Usin 

f chemistry developed in the rhodomycinone series,’ 
the corresponding bromo system, 32, was prepared as 
outlined in Scheme 2. The anodic oxidation/hydrolysis 
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Scheme 2. Synthesis of Al&ring segment of 4demethoxy-Gdeoxydaunomycinone. 
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cleanly furnished the monoketa133. Reduction of 33 
with lithium borohydride again alforded a mixture of 
epimeric alcohols. protection of the hydroxyl group of 
the alcohols with t-butyldimethylsilyl chloride was 
much more difhcult than in the previously discussed 
system. The rate of this silylation was markedly 
improved when &limethylaminopyridine was added 
as catalyst_ Metal halogen exchange of 34a was 
complete in three minutes at -78” using two 
equivalents of t-butyllithium, and the resulting lithium 
reagent was reacted with benxocyclobutenedione 
monoketal. After hydrolysis of the crude coupling 
reaction, a 30% yield of a 15: 1 mixture of two 
tetracyclic coupling products was isolated. As observed 
in the a-citromycinone synthesis, this mixture of 
products was converted to racemic 4-demethoxy-6 
deoxydaunomycinone, 35b, when reacted with boron 
trichloride. The low yield in the coupling reaction was 
disappointing and it was thought that perhaps only one 
of the epimeric t-butyldimethylsilyl ethers was 
undergoing the reaction successfully. It was possible to 
obtain in about 95% purity both epimeric alcohols from 
the lithium borohydride reduction of 33 since they 
crystalliz.ed in different forms and could therefore be 
separated by hand. However, when each of these 
enriched alcohols was silylated and coupled with the 
benzocyclobutenedione monoketal, nearly identical 
yields (31% and 35%) of coupling products resulted. 
Thus, the low yield in the coupling step is not due to the 
low reactivity of one of the epimeric silyl ethers. 

A usable route to 6deoxyanthracyclinones has been 
developed employing as a key step the coupling of a 
fully functional&d, protected AB-ring segment with a 
CD-ring portion. The yield in the coupling step is 
modest, but the method has been used to produce up to 
one-halfgram of the racemic material for coupling with 
glycons and biological testing. Only recently has the C- 
7-oxygen substituent been introduced directly into 
tetracyclic ring systems of 6deoxyanthracyclinones. 

34~1, R = Br 3Sa. R = CH3 

b, R = Li b, R=H - 

The bromination/solvolysis sequence was used to 
prepare 35 in 23% yield” and 6deoxycarmino- 
my&one in unreported yield.‘c Since the difficulty of 
introducing the hydroxyl group at C-7 is now 
appreciated,‘O two other strategies 5b*d which introduce 
the 7-OH group earlier in the synthetic sequence have 
been used to prepare 6deoxyanthracyclinones. 

EXPEBIMBNTAL25 

5-Methoxy-1,4-naphthoquincne 
To a vigorously stirred 5” soln of 1,4,5_trimethoxy- 

naphthalene (64 g, 0.29 mol) in acetone (2 1) was added 
dropwise Jones reagent (115 ml, 2.67 M chromic acid in 8 N 
H,SO,) over 25 min (temp was maintained below 10” during 
the addition). The cooling bath was then removed, the mixture 
was stirred for 20 min. and then isopropyl alcohol (35 ml) was 
added. After 15 min the mixture was filtered, and the ppt was 
saved. The filtrate was concentrated in uactw, diluted with 
water(3.5l),andtheniXtered togive 18.6goforangesolid,m.p. 
177-180”. The previously filtered material was added to the 
filtrate, and the resulting solid was tiltered to afford 27.5 g of 
orangayellow solid, m.p. 175-181”. The combined solid was 
recrystahixed born abs EtOH to afford 39.9 g (72%) of S- 
methoxy-1,4_naphthoquinone, m.p. 181-183” (ht.” 189”). 

1,5-Dimethoxy4uuphthol, 3 
A mixture of 5-methoxy-1,4dimethoxynaphthoquinone 

(10 g, 0.05 mol), sodium dithionite (37 g, 0.21 mol), Et,0 (2.5 I), 
and water (600 ml) was vigorously shaken. This mixture was 
combined with three other identical runs, and the colorless 
organic phase was separated and worked up in the usual 
manner to afford 35.7 g(89%) of the crude hydroquinonc. This 
material, K,CO, (130 g), and CHaI (29.3 ml, 0.47 mol) were 
slurried with dry acetone (2.5 I), and the soln was heated to 
relIux for 48 hr. The progress of the reaction could be 
conveniently monitored by WC (1 ft x l/8 in. column of 3% 
SE-30 on 140-160 Chrm G at 155”). The mixture was cooled, 
filtered, and concentrated in wcw, and the residue was 
worked up in the usual manner to afford, after trituration with 
cold E&O, 33.3 g (78% overall) of the title compound, m.p. 
148-150” (lit.” 1551560). 

Compcun&.Toastirredmixtureof3(56.8g,0.28mol)indry 
CH,CJ,(1.4l)wasadded SnCl,(34.6ml,0.30mol)viasyringe. 
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This was followed by addition of 4 (57.1 g, 02E mol), and the 
orangbbrown mixture was stirred for 2 hr at room temp. The 
reaction was slowly quenched with ice water (MO ml), and the 
organic phase was sepamted. After extraction with sat 
NaHCO, aq (300 ml) and back extraction with CH,Cl, (100 
ml), the combined organic phase was worked up as usual to 
give a deep orange amorphous residue. Crystallization of this 
material from CH,OH/CH,Cl, gave 67.3 g (65”/,) of 5: m.p. 
165-167”;IR328O(br,m),2915(m), 1735(a), 1650(s), 1620(s), 
1605(s). 1510(m). 1460(s), 1405(s),139o(s), 12OO(s~l155(s~ 
1080(s);‘H-NMR(6OMHz) 11.33(s, lH),7.73(dd,J = 8.1 Hz, 
lH),7.45(dd,J = 8,8Hq1H),7.02(q1H),6.9O(dd,J=8,1Hz, 
lH),5.70(s,2H),4.03(s,3H),3.93(s,3H),3.6O(s,3H),3.0-3.3(m, 
2H), 2.4-27 (m, 4H); 13C-NMR 203.8, 174.2, 158.0. 152.8, 
14;.6,131.3,1~8.5,1~5.4,125.1,116.4,116.1,115.~, 106.8,104.4, 
56.4.55.9.51.5.45.240.0.26.8.26.0.~Found:C.67.85:H.5.99. 
Cald for b i 0 ‘: C, bs.10’; H, 5:99A). ’ ’ ’ 21 22 6 

Conversion of5 to 8 without purification of intemwdiates 
A stirred soln of 5 (23.5 g, 0.06 mol), K,CO, (44 g, 5 equiv), 

(CH,),SO,(30ml,5equiv),indryacetone(6OOml)was heated 
to rellux for 11.5 hr. The mixture was then filtered, and the 
filtrate was worked up as usual. The crude product contained 
apprtiable (CH,),SO, which was removed at 0.1 torr. A 
sample of the resulting product was purified by silica gel 
chromatography (20-w E/H as eluant). The resulting 
colorless iti wia mixturebf diastereomers &judged by 13CI 
and ‘H-NMR: IR (film) 2940 (mml2840 Im). 1730 (s). 1670 (~1. 
1612(m), 1597& l&(m), 14i5&, 137(&j, 1270&i 1205isjr 
1080 (s), 820 (s), 760 (s). (Found: C, 68.60; H, 6.42. Calc for 
C,,H,,O, : C, 68.74; H, 6.290/,). 

This crude material was dissolved in trifluoroacetic acid 
(150 ml), the soln was cooled in ia, and triethylsilane (25.6 ml, 
2.5 equiv) was added slowly. After addition was complete, the 
maroon mixture was stirred at room temp for 1.5 hr, and the 
trilluoroacetic acid and excess triethylsilane were distilled at 
room temp (0.2 torr). The residue was dissolved in CHICll 
(200 ml) and washed with water (50 ml) and then with sat 
NaHCO, aq. After back extraction with CH,Cl, (50 ml), the 
organic phase was worked up as usual. Purification of a 
portion of the material by preparative TLC (40”/. E/H as 
&ant) gave a colorless gum: I~(film) 2920 (s), 1730 (s), 1601 
(s),158OIs). 1511(s), 145O(sl.l416Is). 1365(s). 12671s).1075(s1 .- . ,. . ,. . ,. . ,. . ,. . ,. . ,. 
1019 (m), 758 (m); exact mass talc for C H 0 m/e 22 26 5 
370.178010, obsd 370.178815. 

The crude ester was dissolved in cold CH,OH (Moml), 20% 
aqueous KOH (280ml) was added, and the mixture was stirred 
for 24 hr at room temp. After concentration in I)(ICUO, the 
aqueous mixture was diluted with water (1 I) and extracted 
withether(2x lOOml).Acidiiicationoftheaqueousphasewith 
cone HCl and extraction with CH,C& (3 x 100 ml) gave 21.2 g 
of brown solid (94% over three steps). A sample of pure g was 
obtained by silica gel chromatography (lwk Et,O/H as 
eluant) followed by recrystallization from Et20/CbH12 : m.p. 
156-158”;1R3~2400fbr.s).1730(s).1603(s).1585(mb1517 
(s), 1420 (i), 1378 (s), 1276(s), iti (s); iO20 (&820 (sj, ii0 (s) ; 
‘H-NMR (60 MHz) 9.9 (br s, lH), 7.80 (dd, J = 8,1.5 Hx, lH), 
7.26(dd, J = 8.8 Hz, lH),6.83(dd, J = 8.1.5 Hs lH),6.63(s, 
lH),5.66(s,2H), 3.93(s, 3H), 39O(s,3H), 3.72(s, 3H),2.8(brs, 
4Hj.2.4fbrs.2HI.2.1 (brs.2Hl: 13C-NMR 180.9.155.6.151.2 
14~.8,1i9.6,i27.~,128.0,li5.d,i24.6,120.8,114.~, 107.7; 107.0; 
62.1,%.2,55.7,42.2,35.6,31.3,28.7,25.3.(Found:C,70.67;H, 
6.81. Calc for C,,H,,O,: C, 70.77; H, 6.79%). 

Iodokactonizarkm of 8 
Thecrudeacidfromabove(21.2g,0.O6mol)wasdissolvedin 

5O/.NaHCO,(1.41).ThesolnformedfromKI(54.4g,O.3Omol), 
I, (15.12 g, 0.06 mol), and water (35 ml) was added to the 
rapidly stirred soln of 8. After stirring for 2.5 hrin the dark, the 
heterogeneous mixture. was extracted with Cl&Cl, (3 x 150 
ml), and the organic phase was washed with 10% Na,S,O, aq 
until the violet color was removed. Concentration gave 28.0 g 
(9%) of the iodolactonc as a brown solid foam. A pure sampk 
was obtained by silica gel chromatography (15% Et,O/H as 

duant) as a white solid : m.p. 110-l 16” ; IR 2930 (m), 1778 (s), 
1602(s), 1581 (m), 1510(s), 1463(s), 1450(s), 1418(s), 1372(s), 
1270(s), 1080(s), 1018(m);1H-NMR(60MHz)7.86(dd,J = 8, 
lHz,lH),7.36(dd,J=8,8Hz,lH),6.9O(dd.J=8,1Hz,lH), 
6.80(9,1H),4.7-4.9(m,1H),4.64.5(m,1H),4.02(8,3H),3.98(s, 
3H),3.8O(s,3H),2.1-2.8(m.8H);‘“C-NMR176.6,155.5,151~ 
147.8,128.1.127.6,125.2,120.7, 114.9.108.2,106.8,80.2,62.2, 
56.1,55.8,41.8,37.0.35.8.34.9,34.6,23.1.(Found:C,52.41;H, 
4.84. Calc for C,,H,,O,I: C, 52.30; H. 4.81%). 

Compound 9a. To the crude iodolactone (28 g, 0.06 mol) in 
benxenc(300ml)wereaddedtri-n-butylstannane(16.4ml,0.06 
mol) and azobisisobutyronitrile (20 mg). The mixture was 
heated to reflux for 16 hr, concentrated in VM(O, diluted with 
Et,0 (300 ml), and then stirred with 1 M KF (200 ml). The 
white ppt was filtered, and the organic phase was worked up as 
usual to yield 24.9 g ofcrudc lactone as a brown gum. A sample 
was purified by silica gel chromatography (soo/, EtzO/H as 
cluant) to yield the mixture of pure dia&reomers : m.p. 9s 
104”; IR 2930 (m), 1770 (s), 1602 (s), 1580 (m), 1512 (m), 1465 
(m), 1455 (m), 1420 (s), 1375 (s), 1275 (s), 1135 (s), lOgO (s), 965 
(m); exact mass talc for C2,Hz40s m/e 356.1623, obsd 
356.1629. 

The crude lactone (24.9 g) containing inorganic impurities 
was dissolved in CH,OH (250 ml), and 10% KOH aq (180 ml) 
was slowly added. After stirring for 4 hr at room temp, the 
CH,OH was removed in uacuo, and the aqueous soln was 
extracted with Et,0 (2 x 70 ml) and then acidified with cone 
HCl to afford 20.4 g(940/, over two steps) of hydroxy acid 9a. A 
pure sample of A was obtained by crystallization from 
EtOAc/Cfi,OH: m.p. 202-203”; IR je2400 (br m), 1712 
(s), 1601 (s), 1582(m), 1511 (m), 1462(m), 1451(m), 1414(s), 1367 
(s), 1268 (s), 1075 (s), 758 (m); ‘H-NMR (60 MHz, DMSO%) 
7.72(dd,J = 8,1 Hz, lH),7.33(dd,J = 8,8 Hz, lH),6.97(dd.J 
= 8.1 Hz lH16.73fs. lH13.90(.~.6H13.65(~.3H12.~3.0(m. 
3H); 1.3-2.0 cm, 7H); e&t u&s &lc fo; .C ‘fi 0 P& 2, 26 6 
374.172924, obsd 374.173468. 

Compoun&b. Finelypowderedhydroxyacid9a(20.4g.0:55 
mol) was slurried with EtOAc (400 ml) and treated with 
diazomethane in Et,0 until a yellow color persisted. After 
quenching the reaction with HOAc (1 ml), workup as usual 
afforded 21.8 g of tan foam. Slow recrystallization from Et,0 
gave 13.6 g, m.p. 11%122”, of ester. Chromatography of the 
mother liquors on silica gel (50-800/, Et,O/H as eluant) and 
recrystallization gave an additional 27 g of crystalline 
product, total 16.3 g (77”/,). Analytically pure material was 
obtained by recrystallization from Et,O/CeH,, : m.p. 122- 
125”; IR 341O(m),292O(s), 1725(s). 1598(s), 1577(m), 1508(s), 
1448 (s), 1418 (s), 1365 (s): 1260(s), 1160 (in), 1070 (s), 993 (mj; 
‘H-NMR (60 MHz) 7.76 (dd. J = 8.1 Hz 1H). 7.27 Idd. J = 8. 
8Hz,lH),&83(dd,j= 8,iti~1H),~6.6O(s,lI$,4.OO&s,lH~ 
3.95(~,3H),3.92(~,3H~3.72(~,3H),3.65(~,3H),2.~2.8(m,3H). 
1.9 (br s, 3H), 1.5 (br s, 4H); 13C-NMR 175.7, 155.5, 151.1, 
147.7, 129.4,127.8,125.5, 124.9, 114.7, 107.4, 106.9,68.5,620, 
56.1, 55.6, 55.1, 44.3, 37.1, 32.6, 30.8, 30.6, 24.7. (Found: C, 
67.87; H, 7.29. Calc for C,,H,,O,: C, 68.02; H, 7.27%). 

Compound 10. To a mixture of dry CHICll (350 ml) and 
oxalyl chloride (8.0 ml, 0.09 mol) at - 60”, DMSO (14.2 ml, 0.2 
mol) was added dropwise. The soln was stirred for 5 min, and 
then 9b (16.2 g, 0.04 mol) in CHICIz (30 ml) was added over 10 
min.Thesoln wasstirredat -2O”foranadditional lSmin,and 
then Et,N (29 ml, 0.21 mol) was added slowly. After stirring at 
room temp for 1 hr. water (50 ml) was added, and the soln was 
acidiied with 10% HCl. Workup afforded a crude product 
which was used directly in the next step. A pure sample of the 
diastereomeric esters was obtained by silica gel chromato- 
graphy (3(r700/, Et,O/H as eluant) as an amorphous gum : IR 
3005(m), 2940(m), 1730(s), 1601 (s), 1581 (m), 1510(m), 1463 
(m),1451(m),1415(s),1370(s),1268(s),1194(m),1168(m),1078 
(s); exact mass talc for C,,H,,O, m/e 386.172924, obsd 
386.173529. 

The crude ketone (16 g, 0.04 mol), ethylene glywl(30 ml), 
and ptoluenesulfonic acid (50 mg) in benxene (150 ml) were 
heatedatrefluxfor3hrwithaxeotropicremovalofwata.After 
quenching the reaction with 5% NaHCOs, workup as usual 
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afforded the crude kctal which was used directly in the next 
step. A pure sample of the ketal was obtained by 
reuvstalhxationfromCH.0H:m.~. 111.5-113.S”:IR3000(s). 
174O(sk 1605(s), 158O(ski5O5(mj, 146O(s~ 145O(s~ 1410&i; 
136O(s), L?%(s), 1270(s), 11!7O(s), 1075(s), lO4O(s),883(m),76O 
(a); ‘H-NMR (a0 Mb Ccl3 7.80 (dd, J = 8.1 Hx, HI), 7.13 
(dd,J = 8,8Hz,lH),6.7O(dd,J = 8,1Hz,lH),6.47(qlH),3.87 
(s,6H),3.80(s,4H),3.64(q3H),3.60@,3H),2.2-2.9(m,5H),1.5- 
2.O(m, 5H).(Found:C,66.87;H,7.O6.CakforC,,H,,O,: C, 
67.01; H, 7.03%). 

TothecrudeketalinCH,OH(5OOml)wasadded200/,KOH 
aq, and the slurry was stirred overnight at room temp. 
Concentration and dilution with water (200 ml) was followed 
bywashingtheaqucousphastwithEt,O(SOml).Acidification 
of the aqueous material and workup as usual afforded 18.0 g of 
a tan solid from which 15 g of 10 was obtained by slow 
crystallization from Et,O/H. A pure sample of 10 was 
obtained by mtion from CH,CiJEt,O: m.p. 173- 
174”;IR36C&24OO(brm),295O(s),173&);16&(s),l583(m), 
1518 (s), 1422 (s), 1376 (s), 1276 (s), 1195 (s), 1080 (s), 1022 (m), 
863 (m) ; ‘H-NMR (60 MHz) 1026 (br s, Hi), 7.8O(dd, J = 8,1 
IIx lH), 7.28 (dd, J = 8,8 Hz, lH), 6.85 (dd, J = 8,1 Hx, IH), 
6.61(s, lH),3.%(s,7H),3.%(s,3H),3.73(s,3H),24-3.2(m,5H), 
1.6-2.2 (m, 5H); ‘IC-NMR 180.0, 155.6, 151.3. 147.8, 129.5, 
127.9, 125.0, 120.8, 114.8, 108.8. 107.2, 107.1, 64.3 (2C), 621, 
56.2 55.7.44.3.36.5.33.0.31.0.28.8.25.3: exact mass talc for 
C&sd, m/c 416.i83488. obsd 4i6.184424. 

Compound 11. A mixture of 10 (26.5 g, 0.06 mol), 
tritluoroacetic anhydride (45 ml), and trifluoroacetic acid (45 
ml) was stirred at room temp for 1 hr. The resulting red-brown 
soht was poured into ice (%O ml), and the mixture was 
extracted with CH&l, (3 x 180 ml). The organic phase was 
washed with NaHCO, (180 ml) and worked up to yield a 
yellow-orange foam. This crude material was dissolved in a 
mixture of benzene (530 ml), ethylene glycol(l8 ml), and p- 
toluenesulfonic acid and heated at retlux for 2 hr with 
amotropic removal of water. Workup as for 10 gave 16.9 g of 
11 after recrystallization horn CH,Cl,. The analytical sample 
showed:mp. -211”; IR 293O(m), 1685(s), 1606(m), 1575 
(s), 1566(s), 1395(m), 1361 (s), 1345(s), 1264(s), 1088(s), 1074(s), 
1058(~),95O(s),772(rn);~H-NMR(2OOMHx)7.93(dd,J = 8,1 
Hz, lH), 7.41 (dd, J = 8,8 Hx, lH), 6.98 (dd, J = 8. 1 Hz, LH), 
4.01 (s, 3H), 3.96 (s, 3H), 4.2-3.9(m, 4H). 3.8O(s, 3H). 3.52 (dd, J 
= 17.1.4.0 Ht lH1265-2.35 (structured m. 3HI 2.2-1.6 (m. 
6H); i+-NMR 198.6, 155.7, 154.3,148.8, 13l.l;i30.6, 126.1; 
123.5,122.2,117.1,109.2,108.9,64.4(2C),62.8,61.3,56.4,50.9, 
37.5,34.7,34.2,31.3,30.7. (Found: C. 68.90; H, 6.58. Calc for 
CIsH,,06: C, 69.33 ; H, 6.58%). 

Compound 12. To a vigorously stirred shu-ry of iinely 
powdered ll(14.8 g, 0.037 mol) in acetone (500 ml) was added 
silver (II) oxide (22.2 g, 0.18 mol) and 40”/, aqueous HNO, (27 
ml). After 10 min the mixture was lihered and partitioned 
between water (6ooml) and EtOAc (6OOml). Workup afforded 
a crude orange foam which was immediately dissolved in 
bcnxene (1.6 I). To the benzene soln was added dichloro- 
dicyanobenxoquinone (10.2 g, 0.05 mmol) and 26 
lutidine (5.2 ml). The soln was heated to reflux for 2 hr, cooled 
toroomtemp,andfiltered.Afterconcentrationtheresiduewas 
dissolved in CH,CI, (600 ml), and the organic layer was 
washed with cold loo/, HCI (120 ml). Workup and 
recrvstalliition from CH,CI,/CH,OH nave 8.7 g (64%) of 12 
as yellow-orange crystals :-m.;. 205-206.5” ; IR 2942 (m); 2884 
(m), 2845 (m), 1670(s), 1629 (s), 1583 (s), 1431 (s), 1371 (s), 1280 
(s),114O(s),1O66(s),922(m),83O(m);1H-NMR(6OMHx)12.7 
(s,lH),7.91(dd,J = 8,2HZlH),764(dd,J = 8,8Hx,lH),7.49 
(a 1H). 7.26 (dd J = 8.2 Hz lH), 4.03 (s, 4H), 4OO(s, 3H), 3.09 
(obscured t, i = 6 Hz, 2H), 2.97(s, 2Hj, 1.97(t, J =-6 Hi 2H); 
*sC-NMR 188.0.181.7.160.4,145.8,135.6,134.8,132.0.129.7. 
119.4(2C), 118.3, 112.7, 107.5,64.7(2C), 56.6, 33.4, 31.1,29.3 
(2C) ; UV (CHC&) 1, mu (loge) 260 (4.6), 266 (4.6), 287 (4.2), 
399(4.1~412(4.1~435(4.0).(Found:C,69.16;H,5.10.Calcfor 
CI,H,,0,:C,68.85;H,4.95%). 

Compound 13. The ketal12(2.6 g, 7.1 mmol) in CH,Cl, (200 
ml) at -25” was treated dropwise with BCI, (50 ml of a 1 M 

soln in CHsCl1). After 1 hr. water (10 ml) was added, and the 
mixture was shaken vigorously with water (2OO ml) to ensure 
compkte hydrolysis of the borate esters. The aqueous layer 
wasextractedwithCH~Cl~(2 x 3OOmlkandthecrudetuoduct 
wits re~rye froiCikl, to give.i.75 g (8O,?,?) 0f i3 : mp. 
249-25O“;IR 1724(s),1635(s),1603(s),1574(m),1453(m),1374 
(s), 1306(s), 1268 (s), 1233 (s), 1180(s), 803 (m); ‘H-NMR (300 
MHz) 13.02(s, HI), 1265(s, lH),7.85(dd,J = 7.6,1.2& HI), 
7.73(s.lHk7.7O(dd.J = 8.5.7.6HzlH17.33ldd.J = 8.5.1.2 
Hz,lH),3.68(s$I),~3.24(t,J= 6.7&2H),2.67(iJ = 6.7Hx 
2H); exact mass talc for C,sH,sO, m/e 308O68466, obsd 
X8.067666. 

Compound 2. A soln of ethynyl Gtignardz6 was prepared 
from EtMgBr (9.3 ml of a 1.9 M Et& soln, 18 mmoi) and 
acatvleneinTHFllSOml~.Asolnof1310.54nlinTHF(400ml) 
was added to the &ig&d soln over 0:5 hr.tie deep maroon 
mixturewasstirredfor 7hratroomtempandpouredintocold 
NH&l (200 ml), and the organic layer was extracted with 
EtOAc (2OO ml). Workup afforded 0.59 g of brown solid which 
was chromatographed -on silica gel (CH,Cls as duant) to 
afford 0.14 g (25%) of recovered 13 and 0.24 g (410/ of the 
ethynyl alcohol 2. Recrystalhxation from CH,Cl&HsOH 
gave an analytical sample,: m.p. 219.5-221.5” ; IR 342O(br m), 
3285(m),2100(w), 1625(s), 1602(s), 1572(m), 1476(m), 1451 (s), 
1420(s), 1389(s), 1330(s), 1314(s), 1265(s), 1054(s),9Ol (m),778 
(s);‘H-NMR(3OOMHx) 13.10(s, III), 12.71(s,lH),7.83(dd.J 
= 7.5.1.8 Hz, HI), 7.67 (dd, J = 7.5.7.5 Hx, lH), 7.63 (s, HI), 
7.31(d,J=7.5Hz,lH),3.2O(ABq,J-18.3Hz.Av-70.9H5 
2H), 3.12-3.15 (m, 2H). 2.51 (s, lH), 2.15 (t, J = 6.7 Hx, 2H). 
(Found: C, 71.52; H, 4.36. Cak for C,,,H,,O,: C, 71.85; H, 
4.22%). 

Toa vigorously stir& soln of the ethynyl alcohol (0.097 g, 
0.29 mmol), hydra&e hydrate (1.2 ml, 25 mmol), HOAc (2 
drops), sat CuSO, aq (2 drops), and THF (10 ml) was added 
sodium periodate (0.62 g, 29 mmol) in water (3 ml) over a 
period of 1 hr. The reaction was exothermic, and a cold bath 
wasemployedtokeepthetempnear25”.Themixtumwasthen 
diluted with water (20 ml) and extmcted with EtOAc (3 x 2.O 
ml). Workup and purification by preparative TIC on silica gel 
(1% CH,OH/CH,Cl, as eluant) gave 0.078 g (80”/ of 2. Two 
mcrysUmtions from CH,ClJCH,OH affotded an analy- 
tical sample : m_p. 162.O163.5” : IR 3400 fbr. ~I.2970 (s), 2920 
(s), 1621($, 16OC(s), 1478(m), 1420(s), 13%(s), i338(s), i319(s), 
1272(s), ‘H-NMR(3OOMHx) 13.07(s, HI), 127O(s, lH),7.81 
(d, J = 7.3 Hx lH), 7.65 (dd, J = 8.5,7.5 Hx, lH), 7.61 (s, lH), 
7.28 (d, J = 8.5 Hz, lH), 3.49 (s, lH), 3.21-3.10 (m, HI), 295- 
284(m,lH).292(d,J = 18.5HqlH),2.73(d.J = 18.5Ii&lH), 
1.96-1.89 (m, lH), 1.79-1.73 (m, III), 1.70 (q, J = 7.3 Hz, 2H), 
1.07 (t, J = 7.3 Hx, 3H); UV (CHCl,)& mn (logs) 432 (4.0), 
2% (4.0), 284 (4.0), 266 (4.4), 259 (4.4); exact mass talc for 
C,,H,sO, m/e 338.115413, obsd 338.115998. 

Compound 16. A soln of 15 (1.5 g, 3.9 mmol) in CHsOH (70 
mBwastreatedwithNaBH.10.73a. 19.2mmol)atO”.Standard 
workup alforded 1.5 g &an&nive) of a white solid 
Recrystallization from Et,O/PE gave colorless crystals, lap. 
121-122.5” : IR 2%O(m), 2940(m), 1465 (s), 1435 (m), MOO(m), 
1380(m), 1365(m), 1295(m), 1240(s), 1195(m), 1115(s), 1070 
(m), 1035(m),970(m);‘H-NMR(CCl36.83(s, HI), 5.03(dd,J 
= 3.4 Hz, lH), 4.43 (d, J = 9 Hz, 1H. forms singlet with DsO), 
3.90 (s, 3H), 3.80 (s, 3H), 2.9 (d, J = 9 Hz, lH, disappears with 
D,O),2.33(dd,J = 14,4Hz,lH),1.8(q.J = 7Hz,2H),1.47(dd, 
J = 14,3 Hz, lH, with higher field component overlapped by 
singlet), 1.40 (s, 3H), 1.10 (s, 3H), 0.97 (t, J = 7 Hz, 3H, 
overlapped by singlet). (Found: C, 52.35; H, 6.01. Calc for 
C,,H,,O,Br: C, 52.72; H, 5.990/.). 

A soln of uowdered KOH (2.25 g 34 mmol) in DMSO (22 
ml) at room temp was treated with the aboveproduct(3.3 g, 8.5 
mmol), followed immediately by CH,I (1.1 ml, 17.6 mmol). 
After 3O min. workup as usual atforded 3.2 g of pale yellow 
solid which was recrvsmlhxed from Et,O/PE to give 2.71 g 
(go”/,) of white cry&&. m.p. 91-92” : IR@l.) 296?l (m), 2940 
(m), 1570 (m), 1460 (s), 1430 (m), 1395 (m), 1380 (m), 1365 (m), 
1295 (m), 1230(s), 1190(s), 1135 (s), 1095 and 1085 (s, br), 1035 
(m),970(m);‘H-NMR(CCl,)6.93(s,1H),5.03(unresolveddd, 



The synthesis of 6deoxyanthracyclinones : ( f )ol-citromycinone and ( f )4demcthoxy-6deoxydaunomycinone 4639 

appear@fJ = 4&1H),4.1S(s,lH),3.83(~,6H),3.6O(q3H), 
223(dd,J,=14,-4Hz,1H),1.9O(q,J=7Hz,2H),1.45(dd,J 
= 14, -4 Hq lH, partially obscured by singlet), 1.37 (s, 3H), 
1.00 (s, 3H overlapped by tripkt), 0.97 (t, J = 7 Hz, 3H). 
(Found:C,53.9O;H,6.46. CalcforCisH,sOsBr:C, 53.87; H, 
6.280/,2 

Compotme I7 A sohi of 16 (1.25 g, 3.1 mmol) in 2% 
methaitolio KOH (60 ml) was anodieally oxidixed in a 
stand~dHeellatapotentialofl.4-l.6Vu.raPtelectrodeatO- 
10”. Stand&l workup gave 1.34 g (93y, of an off-white solid 
suitable for &&n‘tie next step. Recrystallixation of the sample 
from-Et,O/PE gave the pure bisketal, mp. 129-131”: IR 
(CC&) 2990 (m), 2970 (m), 2940 (m), 2840 (m), 1460 (m), 1380 
(m), 137?(m), 1310(mX 1245(m)_ 1190(m), 1150(s), 1135(sX 
109O(vs), 1075 (vs),91O(m); ‘H-NMR 6.77(s, lH),48O(dd, J 
=4,3Hz,1H),3.70(s,3H),3.63(s,1H),3.4O(q3H),3.33(s,3H), 
3.27 (s, 3H), 3.13 (s, 3H), 253 (dd, J = 14,4 Hx, lH), 2.30-1.65 
(m, 2H), 1.55 (dd, with higher field component obscured by 
singlet, J = 14.3 Hx, IH), 1.55 (s, 3H), 1.35 (s, 3H), 0.97 (t, J = 8 
Hx,3H).(Found:C,51.71;H,6.73.CalcforC,,H,,BrO,:C, 
51.84; H, 6.75%). 

The crude bisketal(l.49 g, 3.2 mmol) in 1: 1 acetone/IHF 
(40 ml) was treated with mk aqueous HOAc (20 ml) and 
stirred for 49 hr at room temp. Workup followed by 
recrystallization from Et,O/PE gave 1.09 I (81X) of 17 as 
col&esscrystals,m.p. 16&-167.5”~1R2980(t&2960(m),2940 
fbr,m). 2830(m). 1655(s). 1610(m). 137561.13401ml. 1290(m). 
i275(m), 12&(m), 1245(s), 1185(s), 114&$, 108d(& lti(sj; 
990(m), 880(m); ‘H-NMR 7.00(s, lH),4.95(t, J = 4 Hz, lH), 
3.76 (s, lH), 3.73 (s, 3H). 3.30 (s, 3H). 3.20 (s, 3H), 250 (dd, J 
= 15,4Hx,1H),2.3~1.6O(m,2H),1.55(dd,J= 15,4HzlH. 
higher field component overlapped by singlet), 1.53 (s, 3H), 
1.27 (s,3H), 0.97 It. J = 7 Hz 3H). (Found: C. 
Calcfor C,sH,,&Br: C, 51.81 ;‘H, 6.04%). 

51.73: 
’ 
H. 6.02. 

Compound lg. A -20” soln of 17 (0.34 g, 0.8 mmol) in 
CH,OH (15 ml) was treated with NaBH, (60 mg, 1.6 mmol). 
After stirring for 1 hr. acetone (1 ml) was added, and the 
reaction was worked up as usual to give 0.32 g (96%) of the 
alcohol. Rccrystallixation from Et,O/PE gave the analytical. 
sample, mu. 111-I 13” : IR (CC13 3500 (m), 2990.2960, and 
2940 (overlapping, m), 2830 (m), 1460 (mj, 1380 (m), 1370 (m), 
1350(m). 1240(m). 1225fm). 121Ofmml. 1195(m). 114Olsl. 1090 . ,. . ,. , ,. , I, . ,, , ,, 
(~~),1025(m),1015(m),995(m);‘H-NMR(CCl~)6.67(d,J = 4 
Hz, lH), 4504.33 (unresolved m, lH), 4.33-4.20 (t. collapses 
to doublet with D20, J = 4 l& H-I), 3.53 and 3.50 
(overlapping singlets, 4H), 3.25 (d, disappears with D,O, J z 3 
Hx, 1H). ~.~O(S,~H),~.CO(S,~H), 227(dd, J = 4.13.5Hz, lH), 
2.15-1.55(multiplet,overlapped bydd,2H), 1.55(dd, J = 13.5, 
-4 Hz, lH), 1.40 (s, 3H), 1.25 (s, 3H), 0.87 (1, J = 8 Hz, 3H). 
(Found:C,51.29;H,6.49.CakforC,sH,,O,Br:C,51.56;H, 
6.49%). 

A soln of the crude alcohol from above (220 mg, 0.53 mmol) 
in dry DMF (3 ml) was treated with imidaxole (0.36 g, 5.3 
mmol) and t-butyldimethylsilyl chloride (0.4 g, 26 mmol), and 
the mixture was stirred at room tcmp for 24 hr. After 
quenching the reaction with NaHCOs (15 ml), workup as 
usual gave 0.27 g (97%) of 18 as a white solid. Recrystallization 
from Et,O/PE gave 0.21 g (75%) of analytically pure material, 
m.p. 133-135”:IR(CCl~293O(s),286O(m),283O(m), 1465(m), 
1380(m), 1365(m), 1255(m), 1240(m), 1210(m), 1195(m), 1145 
(s), 1090 (vs), 1040 (s), 1000 (m), 875 (m), 830 (m); ‘H-NMR 
(CCl,)6.47(d,J = 4Hz,lH),4.4O(dd,J = 3.5,2.5Hx,lH),4.10 
(unresolved m, lH), 3.57 (s, 3H), 3.50 (m, lH), 3.13 (s, 3H), 3.00 
(s, 3H), 2.17 (dd, J = 12.5, 3.5 Hz, lH), 1.97-1.60 (highly 
structuredm,ZH), 140(dd,obscured bysinglet,J = 125, -2.5 
Hz, lH), 1.37 (s, 3H), 1.27 (s. 3H),0.9O(s overlapped by t, 12H), 

’ 
0.17 and 0.15 (overlapping singlets, 6H). (Found : C, 54.03 ; H, 
7.75. Calc for C,,H,,O,BrSi: C, 53.72; H, 7.70%). 

Compound 21. A magnetically stirred soln of 20 (2.40 g 6.92 
mmol) in CH,Cl, (30 ml) was treated with diiso- 
propykthylamine (6.9 ml, 39.6 mmol) and chloromethyl 
methyl ether (5.5 ml, 72 mmol), and the resulting soln was 
refluxed for 24 hr under N,. (A calculation error in 
stoichiometry led to insufiicient base being employed in this 

reaction. Undoubtedly, the yield would be much improved 
had the amime been wed in amounts equivakart to the chloro 
ether.) The mixture was cooled and poured into sat NaHCO, 
aq(6Oml)andwasworkedupasusualtoyield3.0gofadark 
orange oil. The product was purilkd by flash chromatography 
onsilicagel(5 x 15cm,1~!EtOAc/PEasduant)toatford2.10 
g(63%)ofacolorlusoil:IR(CCl~294O(tt&2896(m),1465(m), 
1440(m). 1400(m). 1230(m), 11501sk 1.13Ofml. 1115fmllO90 . .- . ,. . . , ,. . ,. , ,. 
(m), 1035 (vs), 960 (m), 920 (m); ‘H-NMR 7.00 (s, HI), 5.0-4.3 
(m, 8H), 3.77 (s, 6H), 3.43 (s, 3H), 3.27 (s, 3H), 3.20(s, 3H), 2.20 
(m, 2H). l.EOq, J = 7.5 Hz, 2H), 1.05 (t, J = 7.5 Hx, 3H); i3C- 
NMR 155.1, 149.6. 132.2, 125.9. 116.6, 115.0,98.8,95.5,91.0, 
76.7,69.8,68.9,61.7,56.3,56.2,55.7,55.4,326,27.1,6.4;exact 
mass talc for C,,H,,0s79Br m/e 478.1203, obsd 478.1218. 

To the cathode compartment of a standard Hall 
apparatus was added 2% KOH/CH,OH (60 ml), and to the 
anode compartment were added the blocked trio1 from above 
(2.0 g, 4.18 mmol) and 2”/, KOH/CH,OH (60 ml) Oxidation 
was performed at a potential range of 1.5-1.6 V (initial current 
0.45 A) DS a Pt reference electrode at - 5 to -0” for 4.25 hr. 
Chips of dry ice were added to the contents of the anode 
compartment until the soln was slightly basic, the solvent was 
then removal in uacuo at room temp, and the residue was 
worked up to afford 1.92 g (850/.) of the crude bisketal as a tan 
oil. This material was utilized without further purilication. 

A magnetically stirred soln of crude bisketal (1.6 g, 2.96 
mmol) in a mixture of (CH,),CO/THF (30 : 30 ml) was treated 
with 20% aqueous AcOH (30ml) and was stirred at room temp. 
After 12 hr, the mixture was poured into sat NaHCO, aq (50 
ml), and the organic solvents were removed in vacua. Workup 
yielded 1.43 g of an orange oil. Chromatography on neutral 
activity III alumina (2 x 25 cm column, mz/, Et,O/PE as 
duant) procecdal as follows : 180 ml, nil ; 20 ml, 42 mg of two 
unidentified impurities; 120 ml, 1.02 g(71”/,) of the monoketal 
21 as a white solid, m.p. 100-101.5”; IR (Ccl3 2940(m), 2890 
(m),1670(s),1655(shoulder),1270(m),1185(m),115O(s),1135 
(s), 1090 (vs), 1030 (vs), 1005 (shoulder), 925 (m); ‘H-NMR 
(CCl.)69O(s, lH),5.00-4.30(m, 7H),4.15(s, lH),34O(s,3H), 
3.35 (s, 3H), 3.27 (s, 3H), 3.20(s, 3H), 3.07 (s, 3H), 2.07 (d, J = 4 
Hz 2H1. 1.73 (a. J = 7.5 Hz 2H). 1.03 It. J = 7.5 Hz 38). 
(Found:. C, 48.48; H, 6.34. Calc for’C,,H,;b,Br : C, 48.49 ; fi, 
6.31%). 

Compamd22.Amagneticallystirredsolnof21(79Omg.1.61 
mmol) in CH,OH (30 ml) was cooled to -20” (ethylene 
glycol/dry ice) and treated with NaBH, (246 mg, 6.48 mmol). 
After stirring for 3 hr at - 20”, the reaction was quenched with 
acetone(1 ml)andallowedto warmtooOover 3Omin.Thecold 
mixture was treated with ice water (50 ml), followed by several 
small chips of dry ice to lower the pH of the mixture. Workup 
gave 780 mg (98%) of a tan oil which was a 2.5 : 1 mixture of 
diastereomeric alcohols which was used without further 
purification. 

A magnetically stirred soln of the crude mixture of alcohols 
(509 mg, 1.01 mmol) in DMF (6.0 ml) was treated with 
imidaxole (690 mg, 10.1 mmol) and t-butyldimethylsilyl 
chloride (770 mg, 5.09 mmol) at room temp. After stirring for 
78 hr the reaction was quenched and worked up to agord 584 
mg (95%) of a mixture of silyl ethers in a ratio of - 25 : 1. This 
material can be chromatographed on neutral activity III 
alumina with very little decomposition. However, since the 
epimers cannot be separated in this way, the crude epimeric 
mixture was generally used without further purification. 

Compound 25. A magnetically stirred soln of crude product 
from above (497 mg, 0.813 mm01 of epimeric mixture) in dry 
THF (7.5 ml) under a dry argon atm was treated with a soln of 
t-BuLiin pcntane(0.89ml ofa 1.9 M soln. 169mmoBat -78”. 
then aft-& 25 -min was treated with tetramethyl: 
ethylenediamine (0.79 ml, 5.25 mmol), and stirred for an 
additional 5 min. A soln of 24 (0.34 g, 1.62 mmol) in dry THF 
(0.8 ml) was added, and the mixture was stirred for 5 min at 
- 78”. The mixture was allowed to warm to - 61” (CHCl,/dry 
ice) and stirred for an additional 25 min. Warming to room 
temp over 15 min was followed by heating to reflux for 3 hr. 
The cooled soln was quenched with CH,OH (1 ml) and 
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concentrated In weua. The residue was worked up as usual to 
yield 500 mg of an orange foam. This crude coupling product 
was immediately hydrolyzed by a mixture of THF (10 ml), 
water(4ml),andconcHCl(l.Sml)at room tempfor 55 hr.The 
hydrolysis mixture was quenched by sat NaHCO, aq (5 ml) 
and worked up as usual to afford 433 mg of a dark orange oil. 
Thisoilwaspurified byflashchromatographyusingasilicagel 
column (6 in. x0.75 in., 4”/, CH,OH/CH,Cl, as eluant). 
Elution proceeded as follows: 12Oml of4% CH,OH/CH,Cl,, 
180 mg of unidentilied impurities; 150 ml of 4% 
CH,OH/CH,Cl,,1223mgofamixtureof25andZ6; 1OOmlof 
200/,CHsOH/CH&l,. lOOmgofunidcntifiedimpurities.The 
total yield of 25 and 26 was 40”/,. Compounds 25 and 26 were 
very dif6cult to separate and, therefore, were utilizd as a 
mixture in the next step. A pure sample of 25 showed : m.p. 
14&151”(dee)1R3420(br,s),2920(m), 1670(s), 1585(s), 1445 
(m), 1340(m), 1270(s), 1220(m), 1150(s), 1055(m), 102O(m),990 
(m), 695 (m); ‘H-NMR 8.15 (s, lH), 7.81 (dd, J = 7.8,1.5 Hz, 
lH), 7.63(1, J = 7.8 Hz, lH), 7.22(dd, J = 7.8,1.5 Hz, lH), 4.85 
(m, lH), 4.75 (s, lH), 3.95 (s, 6H), 3.05 (br s, 1H). 2.54 (br s, 
disappears with D,O, lH), 212 (d, J = 3.2 Hz, 2H), 1.78 (q, J 
= 7.6Hx,2H),l.O5(t,J = 7.6Hz,3H).Themassspectnunof25 
showed the M+-18, M’.-36, and M+-72 peaks which are 
distinctive of these systems. An acceptable combustion 
analysis could not be obtained for this compound. 

( f )-a-Citromycinone 1 
A magnetically stirred soln of 25 (16 mg, 0.04 mmol) in dry 

CHzCll (2 ml) under N2 was treated with a soln of BCl, in 
CH,Cl, (0.40 ml of a 1 M soln, 0.40 mmol) at -78”. After 
stirring for 2 hr at -78”, the reaction was quenched with 
CH,OH (3 ml) and allowed to warm to room temp. Workup 
gave 15 mg of a yellow solid which was recrystallized from 
CH,OH/CHCl, to give 12 mg (80”/.) of (&j-l as yellow 
crystals: m.p. 220-222” (w/decomp); IR 3400 (broad s), 1630 
(s),laoS(s), 1575(m), 1475(m), 1455(s),1385(s),1330and1310 
(s, doublet), 1255 (vs), 1130(m), 1085 (m), 1035 (m); ‘H-NMR 
(pyridine-d,) 8.35 (s, IH), 7.87 (dd, J = 7.3, 1.5 Hz, lH), 7.62 
(obscured by solvent), 5.59 (s, lH), 5.28 (unresolved dd, lH), 
2.80 (dd, J = 5. _ 14 IQ IH), 2.48 (d, J = = 14 Hz, 1H). 2.25 
(structured m, 2H), 1.36(t, J = 17.3 Hz, 3H); UV(C,H,,) 435 
b (log E 3.92), 417 nm (logs 3.92). The mass spaztrum showed 
theM+-18.M+-36.andM+-72ueaksreportedbyBrockmann 
for the originally isolated s&ple of &itromicinone. For 
details of other spectroscopic and analytical data set reference 
4. 

Ethyl 1,2,3,4-tetrabydro-7-bromo-5,8-dime~hoxy4oxo-2- 
naphtboate, 27.1’s27 

Yield99’Xm.p. 135%136.3”;IR 1740(s), 1730(m), 1680(s), ._. _ 
1560(m), 1465(m), 1280(m), 1255(m), 1223(m), 1200(m), 1090 
~mml.1025lm).10201m):‘H-NMR1.25~t.J = 7.5Hz3H).2.73- . ,, . ,, . I, 

3.5O(m, 5H), 3.80(s, 3H), 3.88 (s, 3H); b:18 (q, J = 7.5 & 2H), 
7.08 (s, 1H); exact mass calcfor C,,H,70,79Br m/e 356.0260, 
obsd 356.0273. 

Ethyl 1,2,3,4-tetrahydro-7-bromcF5,8-dimethoxy4 
oxo-Znaphthoate cyclic qethylene mercaptole), 28.” 

Yield 927’ m.p. 139-140”; IR 1725 (vs), 1465 (s), 1440 (s), 
1380(s), 1285(s), 1235(s), 1210(s), 1090(s), 1030(s); ‘H-NMR 
1.3O(t, J = 7.0 Hz, 3H), 2.15-3.73 (m, 9H), 3.73 (s, 3H), 3.88 (s, 
3H), 4.20 (q. J = 7.0 IQ ZH), 6.98 (s, 1H); “C-NMR 174.0, 
155.3, 148.1, 131.9, 127.6, 116.3, 115.5, 64.5, 60.6, 60.1, 56.5, 
47.9, 420, 41.3, 39.8, 27.2, 14.2; exact mass talc for 
C,,H2,01S2 ‘9Br m/e 432.0065, obsd 432.0045. 

oxo-2-acetylnaphth cyclic 4-(ethylene wcaptole), 29.17 
Yield 84%, m.p. 134.5-136.0”; IR 1710 (vs), 1570 (m), 1470 

(s), 1445 (m), 1430 (m), 1425 (m), 1390 (m), 1370 (m), 1230 (s), 
1085 (a), 1045 (m), 1025 (m); ‘H-NMR 2.28 (s, 3H), 2.43-3.73 
(m,9H), 3.73(s,3H), 3.85(s,3H),6.98 (s, 1H); ‘“C-NMR 209.1, 
155.4, 148.2, 132.1, 127.7, 116.4, 115.5, 65.0, 60.0, 56.5, 

47.8, 47.6, 42.0, 41.3, 28.3, 26.5; exact mass talc for 
C,,H,,0,S,79Br m/e 401.9959, obsd 401.9997. 

1,2,3,4-Tetrabydro-7-brom+5,8-dbnethoxy-4+xo-2-a&?tyl-2- 
hydroxynaphtbalene4(ethylene mercaptole) 
. Yield710/m.p. 146.~1~7.O”;IR3480(m),293O(m), 1710(s), 

1695(m), 1570(m). 1465(s), 1450(m), 1430(m), 1415(m), 1390 
(m), 1355 (m), 1220 (a), 1065 (8); ‘H-NMR 233 (s, 3H), 26o(s, 
lH), 2.70 (s, lH), 3.00 (s, 2H), 3.20-3.70 (highly structured m, 
4H),3.70(9,3H),3.80@, lH,disappearswithD,O),3.83(~,3H), 
7.00(s,1H);‘5C-NMR211.7, 155.3,148.7,130.2,126.7,116.9, 
115.8, 77.4, 61.8, 60.2, 56.6, 50.3, 42.0, 40.9, 33.3, 24.7; exact 
mass talc for C,,H,90,S,79Br m/e 417.9908, obsd 417.9912. 

1,~3,4-Tetrahy&o-7-6romcl-5,8-dimethoxy4oxo-2-1-2- 
hydroxy-naphtha&m cyclic Yethylene wcaprole), cyclic 2- 
(ethylene&co1 k&al), 30.” 

k;ield940/m.p. 143.5-144.3”;IR349O(m), 1465(s), 1370(m), 
1230(m), 1100(m), 1065(s), 1035(m), 1020(m); ‘H-NMR 1.!3 
(s,3H),2.6O(s,2H),2.10(s,lH),2.83(s,1H),3.05(s.lH),3.18- 
3.63 (highly structured m, 4H), 3.73 (s, 3H), 3.85 (s, 3H), 4.03 (s, 
4H16.98 Is. 1H): “C-NMR 155.2. 148.9. 131.3. 127.8. 116.5, 
11~.~,111:6,74.6;65.6(2c),62.7,60.i,56.6;48.5,~1.9,40:8,31.5, 
l9.0;exactmasscalcforC,,H,,OsS~79Brm/e4620170,obsd 
462.0191. 

1,2,3,4-Tetrahedry-7-bro~5.8-dimethoxy4oxo-2-ac?~yl-2- 
hydroxynaphthalene cyclic Q(ethyleneglyco1 ketal).” 

Yield85%,m.p. 153.0-153.8”;IR 3410(m), 1690(s), 1560(s), 
1475(s), 1230(s), 1090(s), 1065(vs);‘H-NMR(80MHz) 1.40(s, 
3H), 2.81 (m,2H), 3.18(m,2H), 3.79(s, 3H), 3.89(s,3H),4.04@, 
4H), 7.06 (s, 1H). The compound was not analyzed due to 
possible instability problems. 

cis-1,2,3,4-Tetrahydr~7-bromo-5,8-dime&ox~2-au?tyl- 
2.4-dfhydroxynuphthalene cyclic 4-(ethyleneglycol ketal), 31.” 

Yieldwk,m.p. 194-195°;IR3440(s),3310(s), 1465(s), 1430 
(s), 1405(s), 1330(s), 1225(s), 1110(s), 1085(s), 1055(s), 1040(s), 
102O(s),89O(s); ‘H-NMR 1.43(s, 3H), 1.88(dd, J = 2.3,7.5 HI 
IH), 235 (d oft, J = 2.0,14.3 Hg lH), 2.95 (AB, J = 18 HI Av 
= 36 Hr the downlield wing shows an additional splitting, J 
= 2Hq 2H), 3.38 (s, disapp&s with D,O, IH), 3.75 (s, 3H), 
3.83 Is. 3H). 4.03 Is. 4H.L 5.08 (m. collapses to dd with D,O, J 
= 2,‘ i.5 ‘i&z, l& 6.95 (9 ‘1H); -exact mass c& for 
C,6H,,0,79Br m/e 388.0522, obsd 388.0512. 

Compound 32. A soln of the diol. 31 (2.35 g, 6.0 mmol), 
chloromethylmethyl ether (9.2 ml, 0.12 mol), diisopropylethyl 
amine (22.2 ml, 0.13 mol) in CH&l, (95 ml) was heated to 
retluxfor 36 hr. Workupgave3.13gofanorangeoilwhichwas 
flash chromatographed on silica gel using 15% EtOAc/PE as 
eluant.Therewasobtained2.79g(97%)oftheprotecteddiolas 
anoil:IR(neat)2940(~),289O(s), 1580(s), 1470(s), 1440(s), 1410 
(~),1375(sj,l2U)(s),li~O(s),1i~(s),103O(s);~H-NMR 1.38(s, 
3HL 1.88 Idd. J = 4.5. 15.4 Hz 1H). 253 (unresolved dd, J 
= i5.4 Hi lh), 3.10 is, lH), i.20 (s, overlapping with 3.23 
signal, lH), 3.2j (s, 3H), 3.40(s, 3H), 3.78 (s, 6H), 3.78-4.08 (m, 
4H). 4.60-5.15 (hiahlv structured m. 5H), 6.90 (s, 1H); 13C- 
NtiR 147.8,14i.3;li7.4,120.2, Ill.?, 108.4, lOi.O,92.4,88.9, 
76.3,64.9, 62.6, 62.3, 58.0. 53.6, 53.4, 53.3, 31.9. 26.7, 18.3. In 
spite of the apparent purity of this material an a-table 
combustion analysis could not bc obtained and a parent peak 
was not observed in the mass sv. 

Compound33.Anodicoxidationof3.15g(6.6mmol)of32in 
2% KOH/CH,OH (60 ml) and workup essentially as 
described for 20 gave 3.44 g (97%) of a light yellow oil which 
wasdissolvedinamixtureofTHF(5Oml),(CH,),CO(5Oml), 
and 20% aqueous HOAc (50 ml) and stirred for 1.5 hr at 35”. 
Workup i for reaction bf 16.and recrystallization of the 
product from Et,O/H gave 2.49 g(780/,) of monoketsJ33 : m.p. 
147.0-147.5”;IR 1665(s), 1650(s), 1190(m), llsO(m), 1100(s), 
1080(s), 1070(s), 1040(s), 1025(s); ‘H-NMR 1.43 (s, 3H), 1.75 
(dd, J = 5.6, 15 Hz, lH), 2.45 (dd, obscured by 2.50 signal, J 
= 15 HZ lH), 2.5O(s,lH),2.73 (s, lH), 3.10(s, 3H),3.22(s, 3H), 
3.35 (s, 3H), 3.45 (s, 3H), 3.75-4.15 (m, 4H), 4.6w.70 (m. 3H). 
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5.00 (AB, J = 4.6 Hq Av = 7.6 Hx, 2H), 6.95 (s, 1H); ‘“C-NMR 
181.4. 151.3. 145.3. 137.2 136.3. 1122 97.7. 97.2 928. 78.1. 
66.7,65.7.64.5,56.3,55.9.51.1,3i.4,29.i, 18.8, one’aubon not 

tiFor reviews of work in this area see: Anthracycline 
Antibiotics (JZditcd by H. S. El Khadear) Academic Press, 
New York (1982); F. Arcamone, Doxerubicir~ Anticancer 

observed. (Found : C, 48.71; H, 5.97. CaIc for CsOHss,OsBr : C, 
48.69 ; H, 5.920/J. 

Carpot& 3c To the monoketaI, 33, (23 g 4.7 mmol) in 
tduene(60ml)at00wasaddadlithiumborohydride(0.15g7.0 
mmol). After reaction for 12 hr at room tcmpithe ruictioiwas 

Antibiotics. Academic Press, New York (1981); *For mfi to 
earlier work see T. R. KeRy. J. Vaya and L. 
Ananthasubramaman, J. Am. Ch&. Sot. l82,- 5983 (1980). 

kB. A. Pearlman. J. M. McNamara I. Hasan. S. 
Hatakeyama, H. S&z&i and Y. Kishi, ;. Am C/rem sot. 

auenched bv addition of (CH.),CO (5 mll and 5X NaOH 
(2 ml). Standard workup afford&i 206g (&A) of a &xture of 
diastereomeric alcohols as a white solid which was used 
directIy in the next step. A portion of the above material (0.5 g, 
1 mmol), imidaxok (0.68 g, 10.1 mmol), t-butyldimethylsilyl 
chloride (0.76 g, 5.1 mmol), and 4dimethylaminopyridine 
(0.O25g,0.2mmol)inDMF(15ml)washeatedat45”for6days. 
Workup as for reaction of21 and chromatography on Activity 
III neutral alumina (7”/. EtOAc/H as eluant) gave 0.49 g(80”/.) 

183.4248 (1981); ‘P. N. Co&lone and G. Pimolato, Ibid. 
183,4251(1981);‘A.S.KendeandJ.P.Ri7zi,Ibid.103.4247 
(1981);‘J.~Yadav,P.Corey,C. Hsy K.Pe&anandC.Sih, 
Tetrahedron Letters Z&811(1981); ‘S. D. KimbaIl, D. R. 
Walt and F. Johnson, J. Am. Chem. Sot. 103,1561(1981); 
‘R. K. Boeckman, Jr. and F.-W. Sum, Ibid. 104,4604(1982) 
and refs cited ; #J. G. Bauman, R. B. Barber. R D. Glcss and 
H. Rapoport, Tetrahedron Letters 21. 4777 (1980); *J. P. 
Gesson, i. C. Jacquesy and M. Mondon, Ibid. 21, 3351 

of a mixture of silyl ethers, 34a. which was used directly in the 
next step. (Found: C, 51.12; Hi 7.37. C&for C,,H,,d,BrSi: 

(1980);‘A.S.KendeandJ.P.Rizxi,Jbid.Z2,1779(1981);JZ. 
AhmedandM.P.Cava,Ibid.2Z5239(1981);”T.-t.LiandY. 

C. 51.23 ; H. 7.44%). 
Compound 3Sa. To a -78” mixture of the epimeric silyl 

ethers, 34a (1.0 g. 1.64 mmol) in THF (13 ml) was added 
dropwise 1.81 ml (3.45 mmol) of 1.9 M t-BuLi. ARer 3 min, 
tetramethylethylenediamine (1.64 ml, 10.8 mmol) was added, 
and aHer an additional 5 min, benxocydobutenedione 
monoethylene glycol ketal(0.578 g, 3.28 mmol) in THF (5 ml) 
was added. The dark red mixture was warmed to room temp 
over 1 hr and then heated to retIux for4 hr. Workup gave 1.43 g 
of a crude red-orange oil which was dissolved in a mixture of 
(CHs),CO(20ml),water(8ml),andconcHCl(2.8ml).Thesoln 
was stirred for 36 hr at room temp and worked up essentially as 
for reaction of 23a to yield 0.96 g of red-orange oil. Flash 
chromatography of this material on silica gel using 7-l@? 
EtOAc/H- as eluant gave first 1-hydroxy4me&oxy-8 

L.Wu,J.Am.C/tem.Soc.103,7007(1981);’A.V.RamaRao, 
V. H. Deshnande and N. L. Reddv. Tetrahedron Letters 23. 
775 (1982):“K. Krohn and B. S&stedt, Anger. C/tent. 2i 
875 (1983). 

4A preliminary report on the total synthesis of 01- 
citromycinone has appeared: D. K. Anderson, C. E. 
Cobum, A. P. Haag and J. S. Swenton, Tetrahedron Letters 
24.1329 (1983). 

‘Two papers report syntheses of 6deoxyanthracyclinone.s 
which have the 7&I group. ‘S. Pen& F. Angelucci, F. 
Arcamone. M. BaIlabio. G. Barchklli. G. Franax&i. G. 
Fran&i., A. Suarato and E. Vanotti, J..Ora. Chem. 48,‘4QS 
(1983);*RK.BoeckmanandS.H.Cheon,~.Am.Chem.Soc. 
105.4113 (1983) : ‘F. Anaelucci. F. Arcamone. G. Barchielli. 
A. kuu-to~ E. Vanotti id S. Pence, J. C/&I. Sot. C&m: 

acetylnaphthalene : m.p. 189.0-190.5”; IR 3200(br, s), 1650 (s), Commun. 530 (1984); ‘F. M. Hauser and D. Mal, J. Am. 
1625(s), 1595(m), 1460(m), 1435(m), 1365(s), 1345(m). 1280(s), Chem. Sot. 106,1862 (1984). 
1235(m),1100(s),1040(m),800(m);‘H-NMR(300MHz)2.75 6 Synthetic routes to the 6deoxyanthracyclinone ring system 
(s, 3H), 3.99 (s, 3H), 5.12 (s, IH), 6.79 (AB. J = 8.22 Hz, Av have also been reported :“A. S:Kende,J P. Gesson &I T. P. 
= 52.5 H& 2H), 8.13 CAB J = 8.8 Hz, Av = 33.0 Hz (the right 
wing is meta coupled to 8.86 signal, J = 1.7 Hz), 2H], 8.86 (d, J 

Demuth, TetrahedronL.etters22,1667(1981);*J. P.Gesson, 
J. C. Jacquesy and M. Mondon, Ibid. 22,1337 (1981); ‘K. 

= 1.7 Hx, 1H); exact mass talc for C,,H,,O, m/e 216.0786, KrohnandB:Behnke,Jbid.23,395(1982);’P.N. Preston,T. 
obsd 216.0763. Winwick and J. D. Morley, J. Chem. Sot. Chem. Commun. 

Continued elution gave a mixture of 3691 and 35b (0.174 g, 307 (1984). 
30”/,) from which a pure sample of 3Sa was isolated: m.p. ‘H. Brockmann, Forts&. Chem. Org. Naturst. 21, 121 
190.5-191.3”; IR 1700 (m), 1675 (s), 1586 (m), 1335 (m), 1270 (1963); R. H. Thomnson. Noturallv Ocnurinc Ouinones 
(m), 1255(m), 1070(m);1H-NMR(200MHz)2.28(dseparated Chap. 6. Academic P&s :.New York (1971). - - 
by 2.3 Hz, 2H), 2.40 (s, 3H), 3.07 (AB, J= 17.9 Hz, Av = 31.5 sD. M. S. Wheeler, Caacer Ckemother. Rpts. Pt. 1 59, 258 
IQ2H),3.88(s,3H),3.96(d,disappearswithD,O,J = lO.lHz, (1975). 
1 H), 4.45 (s, disappears with D,O, 1 H), 4.91-4.96 (m, collapses 9H. Brockmann and J. Niemeyer, Chem. Ser. 101, 1341 
to t with D,O, J = 3.4 HI, 1 H), 7.73-7.78 (highly structured m, (1968). 
2H), 8208.26 (m, 3H); exact mass talc for C2iH,s01 m/e 1oForadiscussion,seeref.2u,pp. 188190,andaccompanying 
366.1006, obsd 366.1055. paper: J. S. Swenton, J. Freskos, G. W. Morrow and T. A. 

Compound 3Sb. To a - 78” soln of a mixture of 3Sa and 35h Seral, Tetrahedron 40,4625 (1984). 
(0.12g0.32mmol)inCH,Clz(20ml)wasaddedBCl,(2.6mlof “For the use of this type. of strategy in rhodomycinone 
a 1 M sohi), the mixture stirred for 2 hr at -78”, and then the synthesis, see : J. S. Swenton, D. K. Anderson, D. K. Jackson 
reaction was quenched with CH,OH. Workup essentially as 
described for- 1 and chromatography on -silica gel -6% 

and L. Narasimhan, J. Org. Chem. 46,4825 (1981). 
i2D. K. Jackson and J. S. Swenton, Synth. Commun. 7, 333 

EtOAc/CH.Cl.aseluant)aaveamixtureof34aand34b(0.024 
g) and ‘35h (0.080 g, 890/, &rrected for recovered 34a): m.p. 

(1977). 

208.5-209.5” (iit.2’ m.p. 206.0-208.0”). This material showed 
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