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Abstract—Two synthetic approaches have been explored to prepare 6-deoxyanthracyclinones in general and
a-citromycinone in particular. The first approach employed as starting materials 1,4,5-trimethoxy-
naphthalene and the Diels-Alder product from butadiene and maleic anhydride. The key step was the
regioselective carbon acylation of 4-hydroxy-1,5-dimethoxynaphthalene with the half-ester acid chloride of
cis-4,5-dicarboxycyclohexene. The resulting product was converted to 7,10-dideoxy-a-citromycinone;
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 functionalized metallated
quinol equivalent with the monoketal of a benzocyclobutenedione. This route gave ( + )-a-citromycinone and
(£ )}4-demethoxy-6-deoxydaunomycinone in quantities suitable for biological testing.

Introduction and Overview

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

Our initial synthetic strategy to 6-deoxyanthracycli-
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.!® While a usable regiospecific synthesis of 2
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 1,4-dipole-
metallated 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-deoxyanthracyclinones

The general strategy for preparation of 2 was
regiospecific Friedel-Crafts coupling of the naphthol 3
with an appropriate acid chloride. The requisite

naphthol was prepared from 1,4,5-trimethoxy-
naphthalene, 6,2 by a sequence of Jones oxidation to
juglone methyl ether, sodium dithionite reduction to
the corresponding hydroquinone, and selective
methylation of the 1-hydroxyl group. When 6 (55 g) was
reacted as above without purification of intermediates,
3 (33 g) was obtained in 64%; overall yield.

1)Cr03

2) Nazszou

3)CH,I, K,COy

OCH3 §
H3C0 OCH3
6 7

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

The coupling product 5§ was then methylated, the.
ketone reduced with triethylsilane, and the ester
hydrolyzed to afford 8 (94% overall). The required
oxygen functionality, at what is eventually to be C-9,
was introduced via a sequence of iodolactonization,
reduction, and hydrolysis. While the conversion of § to
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9a required six steps, no intermediates needed to be
rigorously purified and 9a could be obtained in 86%,
overall yield from § on a 20-gram scale. It is fortunate
that the intermediates did not require purification since
some epimerization occurred during the methylation
step with dimethyl sulfate and purification of the
individual compounds in the sequence was attendant
with considerable loss of material.!® Finally, 9a was
esterified with diazomethane, and the r&sultmg ester 9b
was converted to 10.

The final steps in the synthesis of the tetracyclic
framework were trifluoroacetic anhydride cyclization
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 dichlorodicyanobenzo-
quinone and lutidine. This gave the tetracyclic 12 as
golden crystals. Demethylation of 12 with accompany-
ingketal hydrolysis furnished 13in 859 yield which was
identical with an authentic sample.!” Reaction of 13
with an excess of ethynyl magnesium bromide gave the
ethynyl carbinolin 419 overall yield. Enolization 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-metallated p-quinol approach to 6-
deoxyanthracyclinones.

alumina as catalyst (90%) or diimide under carefully
controlled conditions. Unfortunately, all efforts to
introduce the 7- and 10-OH groups via the
bromination/solvolysis sequence gave reaction mix-
tures containing at a8 minimum three compounds
possessing the 6-deoxyanthracyclinone chromophore
inlow overall yield.5° Thus, this syntheticapproach 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 14-dipole-metallated quinol strategy to 6-
deoxyanthracyclinones

We noted several years ago the advantages of
synthetic approaches to anthracyclinones which did
not require A-ring functionalization of the tetracyclic
ring system.!® 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 benzocyclobutenedione mono-
ketal, 24,'!-18> used in our rhodomycinone synthesis
would serve as the 1,4-dipole equivalent, no known
system was available for the metallated p-quinol
equivalent. However, a metallated derivative of 18
might serve this purpose; thus, its synthesis was
explored.

Reaction of 14!° with 2-methoxypropene using acid
catalysis afforded 15 in quantitative yield, protecting
both hydroxyl groups. Reduction of 15 with sodium
borohydride followed by methylation of the resulting
alcohol gave 16 in 909 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 of this chemistry. Furthermore,
it appeared that epimerization at this position could be
effected via methods already developed for the
rhodomycinones. Anodic oxidation and hydrolysis of
16 furnished the crystalline monoketal 17 in 759 yield.
Sodium borohydride reduction of 17 afforded a
crystalline alcohol in 93%; yield which was protected as
its t-butyldimethylsilyl ecther.?® The metallation
chemistry of 18 was not ideal. Metallation followed by
addition of deuterium oxide afforded 19a with only 50—
60% deuterium incorporation. Addition of ben-
zaldehyde to metallated 18 afforded no detectable
addition product and a 30% yield of benzyl 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 20 were also béing explored. This triol,
also available from 14,'° had the advantage of having



The synthesis of 6-deoxyanthracyclinones: ( + )a-citromycinone and ( + }4-demethoxy-6-deoxydaunomycinone

4635

H,CO
H,CO Q 3¢6
are " 1)NaBH, : 1G]
it o [ oo yoe 20
TsOH 03&" 2)CH,1,KOH o CHy MO
H,CO  OH CH,
14 16
(O€H; ock, (OCH,), HiCO  QCH,
BWC"‘; I)NOBH“ Br } 1)¢-BulLi (2 equiv) R
—_ .
\}c"a 2)t-Bu(CHySiCl 2)PACH JC
o] CH3 H l? o) CH
TBOMS Yeoms 3
17
18 1%a, R=D
b, R=H

the correct A-ring functionality and thus would not
require an epimerization step after 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 difficultly separable mixture of epimeric
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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 ¢-butyllithium in several solvent systems. In
contrast to the results with 182! two equivalents of ¢-

butyllithium in tetrahydrofuran at —90° gave an
acceptable metal halogen exchange reaction, judging
from quenching reactions with deuterium oxide (the
aromatizated product from 23b was obtained with
more than 909, 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
tetramethylethylenediamine, and acid hydrolysis of the
reaction mixture gave a difficultly separable mixture of
25 and 26 in 407 yield. Only 2§ 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 correct.* Furthermore, the
ultraviolet and mass spectra reported for a-
citromycinone are in good agreement with those
recorded for 1.* Thus, the structure assigned to a-
citromycinone has been prepared in eight steps from 20
in 8% overall yield.

The synthesis of (1 J4-demethoxy-6-
deoxydaunomycinone

With a workable route to 6-deoxyanthracyclinones,
a system with the A-ring functionality of daunomy-
cinone was desired for biological testing. Usm§
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 AB-ring segment of 4-demethoxy-6-deoxydaunomycinone.
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cleanly furnished the monoketal 33. Reduction of 33
with lithium borohydride again afforded a mixture of
epimeric alcohols. Protection of the hydroxyl group of
the alcohols with t-butyldimethylsilyl chloride was
much more difficult than in the previously discussed
system. The rate of this silylation was markedly
improved when 4-dimethylaminopyridine 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 benzocyclobutenedione
monoketal. After hydrolysis of the crude coupling
reaction, a 30% yield of a 15:1 mixture of two
tetracyclic coupling products wasisolated. 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 epimericalcohols from
the lithium borohydride reduction of 33 since they
crystallized 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 (319 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.

Summary

A usable route to 6-deoxyanthracyclinones has been
developed employing as a key step the coupling of a
fully functionalized, 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-half gram 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 6-deoxyanthracyclinones.

The bromination/solvolysis sequence was used to
prepare 35 in 23% yield** and 6-deoxycarmino-
mycinone in unreported yield.3 Since the difficulty of
introducing the hydroxyl group at C-7 is now
appreciated,'® two other strategies >*¢ which introduce
the 7-OH group carlier in the synthetic sequence have
been used to prepare 6-deoxyanthracyclinones.

EXPERIMENTAL?

5-Methoxy-1,4-naphthoquinone

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,S0,) 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 vacuo, diluted with
water (3.51), and then filtered to give 18.6 g of orange solid, m.p.
177-180°. The previously filtered material was added to the
filtrate, and the resulting solid was filtered to afford 27.5 g of
orange-yellow solid, m.p. 175-181°. The combined solid was
recrystallized from abs EtOH to afford 39.9 g (72%) of 5-
methoxy-1,4-naphthoquinone, m.p. 181-183° (lit.24 189°).

1,5-Dimethoxy-4-naphthol, 3

A mixture of 5-methoxy-1,4-dimethoxynaphthoquinone
(10 g, 0.05 mol), sodium dithionite (37 g, 0.21 mol), Et,O (2.51),
and water (600 ml) was vigorously shaken. This mixture was
combined with three other identical runs, and the colorless
organic phase was scparated and worked up in the usual
manner to afford 35.7 g (89%) of the crude hydroquinone. This
material, K,CO, (130 g), and CH,I (29.3 mi, 0.47 mol) were
slurried with dry acetone (2.5 1), and the soln was heated to
reflux for 48 hr. The progress of the reaction could be
conveniently monitored by VPC (1 ft x 1/8 in. column of 3%,
SE-30 on 140-160 Chrm G at 155°). The mixture was cooled,
filtered, and concentrated in vacuo, and the residue was
worked up in the usual manner to afford, after trituration with
cold Et,0, 33.3 g (789 overall) of the title compound, m.p.
148-150° (lit.?* 155-156°).

Compound 8. To astirred mixture of 3(56.8 g,0.28 mol)indry
CH,Cl, (1.41) was added SnCl, (34.6 ml, 0.30 mol) via syringe.
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This was followed by addition of 4 (57.1 g, 0.28 mol), and the
orange-brown mixture was stirred for 2 hr at room temp. The
reaction was slowly quenched with ice water (300 ml), and the
organic phase was scparated. 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 $: m.p.
165-167° ; IR 3280 (br, m), 2915 (m), 1735 (s), 1650 (s), 1620 (s),
1605 (s), 1510 (m), 1460 (s), 1405 (s), 1390 (s), 1200 (s), 1155 (8),
1080(s); 'H-NMR (60 MHz) 11.33(s, 1H), 7.73(dd,J = 8,1 Hz,
1H),7.45(dd,J = 8,8 Hz, 1H),7.02(s, 1H),6.90(dd,J = 8,1Hz,
1H),5.70(s, 2H), 4.03 (s, 3H), 3.93 (s, 3H), 3.60(s, 3H), 3.0-3.3(m,
2H), 2.4-2.7 (m, 4H); '*C-NMR 2038, 174.2, 158.0, 152.8,
147.6,131.3,128.5,125.4,125.1,116.4,116.1,115.6,106.8,104.4,
56.4,55.9,51.5,45.2,40.0,26.8,26.0.(Found : C,67.85; H, 5.99.
Calc for C,,H,,04: C, 68.10; H, 5.99%).

Conversion of 5 to 8 without purification of intermediates

A stirred soln of §(23.5 g, 0.06 mol), K,CO; (44 g, 5 equiv),
(CH,),S0,(30ml, S equiv), in dry acetone (600 ml) was heated
to reflux for 11.5 hr. The mixture was then filtered, and the
filtrate was worked up as usual. The crude product contained
appreciable (CH,),SO, which was removed at 0.1 torr. A
sample of the resulting product was purified by silica gel
chromatography (20-30% E/H as eluant). The resulting
colorless oil was a mixture of diastereomers as judged by !3C-
and 'H-NMR; IR (film) 2940 (m), 2840 (m), 1730 (s), 1670 (s),
1612 (m), 1597 (s), 1509 (m), 1415 (s), 1370 (s), 1270(s), 1205 (s),
1080 (s), 820 (s), 760 (s). (Found: C, 68.60; H, 6.42. Calc for
C,,H,,04: C, 68.74; H, 6.29%).

This crude material was dissolved in trifluoroacetic acid
(150 ml), the soln was cooled in ice, 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
trifluoroacetic acid and excess triethylsilane were distilled at
room temp (0.2 torr). The residue was dissolved in CH,Cl,
(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
eluant) gave a colorless gum : IR (film) 2920 (s), 1730 (s), 1601
(s), 1580(s), 1511(s), 1450(s), 1416 (s), 1365(s), 1267 (s), 1075(s),
1019 (m), 758 (m); exact mass calc for C,,H,,O, m/e
370.178010, obsd 370.178815.

The crude ester was dissolved in cold CH,OH (500 ml), 20%,
aqueous KOH (280 ml) was added, and the mixture was stirred
for 24 hr at room temp. After concentration in vacuo, the
aqueous mixture was diluted with water (1 1) and extracted
withether (2 x 100ml). Acidification of the aqueous phase with
conc HCl and extraction with CH,Cl, (3 x 100 ml) gave 21.2 g
of brown solid (94%; over three steps). A sample of pure 8 was
obtained by silica gel chromatography (10-40%;, Et,O/H as
cluant) followed by recrystallization from Et,O/CH,,: m.p.
156-158° ;1R 3500-2400(br, s), 1730(s), 1603(s), 1585(m), 1517
(s), 1420(s), 1378 (s), 1270 (s), 1080 (s), 1020 (m), 820 (s), 770(s);
!H-NMR (60 MHz) 9.9 (br s, 1H), 7.80(dd, J = 8, 1.5 Hz, tH),
7.26(dd,J = 8,8 Hz, 1H), 6.83 (dd, J = 8, 1.5 Hz, 1H), 6.63 (s,
1H), 5.66 (s, 2H), 3.93 (s, 3H), 3.90 (s, 3H), 3.72 (s, 3H), 2.8 (br s,
4H),2.4(brs, 2H), 2.1 (brs, 2H); *C-NMR 180.9, 155.6,151.2,
147.8,129.6,127.9,126.0,125.0,124.6,120.8,114.8,107.7,107.0,
62.1,56.2,55.7,42.2,35.6,31.3,28.7,25.3.(Found : C, 70.67; H,
6.81. Calc for C,,H,,04: C, 70.77; H, 6.79%).

Iodolactonization of 8

Thecrudeacid from above(21.2 g,0.06 mol) was dissolved in
5% NaHCO; (1.41). The soln formed from K1(54.4 g, 0.30 mol),
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 CH,Cl, (3 x 150
ml), and the organic phase was washed with 10%; Na,S,0, aq
until the violet color was removed. Concentration gave 280 g
(97%;) of the iodolactone as a brown solid foam. A pure sample
was obtained by silica gel chromatography (15% Et,O/H as
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eluant) as a white solid : m.p. 110-116°; IR 2930 (m), 1778 (s),
1602 (s), 1581 (m), 1510 (s), 1463 (s), 1450 (s), 1418 (), 1372 (3),
1270(s), 1080(s), 1018 (m); '"H-NMR (60 MHz) 7.86(dd, J = 8,
1 Hz, 1H), 7.36(dd,J = 8,8 Hz, 1H), 6.90(dd,J = 8,1 Hz, 1H),
6.80(s, 1H),4.7-4.9 (m, 1H), 4.4-4.5(m, 1H),4.02(s, 3H), 3.98 (s,
3H),3.80(s, 3H), 2.1-2.8(m, 8H) ; 1 3C-NMR 176.6,155.5,151.2,
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,,041: C, 52.30; H, 4.81%).

Compound 9a. To the crude iodolactone (28 g, 0.06 mo}) in
benzene (300 ml) were added tri-n-butylstannane(16.4 ml, 0.06
mol) and azobisisobutyronitrile (20 mg). The mixture was
heated to reflux for 16 hr, concentrated in vacuo, 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 yicld 24.9 g of crude lactone as a brown gum. A sample
was purified by silica gel chromatography (509, Et,O/H as
cluant) to yield the mixture of pure diastereomers: m.p. 93—
104°; IR 2930 (m), 1770 (s), 1602 (s), 1580 (m), 1512 (m), 1465
(m), 1455 (m), 1420 (s), 1375 (s), 1275 (s), 1135 (s), 1080 (s), 965
(m); exact mass calc for C,,H,,05 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 vacuo, and the aqueous soln was
extracted with Et,O (2 x 70 ml) and then acidified with conc
HCl to afford 20.4 g (94%; over two steps) of hydroxy acid 9a. A
pure sample of 9a was obtained by crystallization from
EtOAc/CH,OH : m.p. 202-203°; IR 3600-2400 (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-d,)
7.72(dd,J = 8,1 Hz, 1H),7.33(dd,J = 8,8 Hz, 1H),6.97 (dd,J
= 8,1Hz, 1H),6.73 (s, 1H), 3.90(s, 6H), 3.65(s, 3H), 2.3-3.0(m,
3H), 1.3-2.0 (m, 7H); exact mass calc for C,,H,,04 m/e
374.172924, obsd 374.173468. .

Compound 9b. Finely powdered hydroxy acid 9a(20.4 g,0.55
mol) was slurried with EtOAc (400 ml) and treated with
diazomethane in Et,O 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,O
gave 13.6 g, m.p. 119-122°, of ester. Chromatography of the
mother liquors on silica gel (50-80% Et,O/H as eluant) and
recrystallization gave an additional 2.7 g of crystalline
product, total 16.3 g (77%). Analytically pure material was
obtained by recrystallization from Et,O/C¢H,,: m.p. 122—
125°; IR 3410 (m), 2920(s), 1725(s), 1598 (s), 1577 (m), 1508 (s),
1448 (s), 1418 (s), 1365 (s), 1260 (s), 1160 (m), 1070 (s), 993 (m);
'H-NMR (60 MHz) 7.76 (dd, J = 8,1 Hz 1H),7.27(dd,J = 8,
8Hz, 1H), 6.83(dd,J = 8,1 Hz, 1H),6.60(s, 1H), 4.00 (br s, 1H),
3.95(s,3H),3.92(s, 3H), 3.72(8, 3H), 3.65 (s, 3H), 2.5-2.8 (m, 3H),
1.9 (br s, 3H), 1.5 (br 5, 4H); '3C-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, 62.0,
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,304: C, 68.02; H, 7.27%).

Compound 10. To a mixture of dry CH,Cl, (350 ml) and
oxalyl chloride (8.0 ml, 0.09 mol) at —60°, DMSO (14.2ml,0.2
mol) was added dropwise. The soln was stirred for 5 min, and
then 9b(16.2 g, 0.04 mol) in CH,Cl, (30 ml) was added over 10
min. The soln was stirred at — 20° for an additional 15 min, 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
acidified with 109, 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 (30-70% 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
(8); exact mass calc for C,,H,404 m/e 386.172924, obsd
386.173529.

The crude ketone (16 g, 0.04 mol), ethylene glycol (30 ml),
and p-toluenesulfonic acid (50 mg) in benzene (150 ml) were
heated at reflux for 3 hr with azeotropicremoval of water. After
quenching the reaction with 5% NaHCO,, workup as usual
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afforded the crude ketal which was used directly in the next
step. A pure sample of the ketal was obtained by
recrystallization from CH,OH :m.p. 111.5-113.5°; IR 3000(s),
1740 (s), 1605 (s), 1580 (s), 1505 (m), 1460 (s), 1450 (s), 1410 (s),
1360(s), 1290(s), 1270(s), 1190(s), 1075(s), 1040(s), 883 (m), 760
(s); "H-NMR (60 MHz, CCl,) 7.80 (dd, J = 8, 1 Hz, 1H), 7.13
(dd,J = 8,8 Hz, 1H),6.70(dd,J = 8,1Hz, 1H),6.47(s, 1 H), 3.87
(s, 6H), 3.80(s,4H), 3.64 (s, 3H), 3.60(s, 3H), 2.2-2.9(m, SH), 1.5
2.0(m, 5H). (Found : C, 66.87; H, 7.06. Calc for C, (H;,0,:C,
67.01; H, 7.03%).

Tothe crudeketal in CH;OH (500 ml) was added 209, KOH
aq, and the slurry was stirred overnight at room temp.
Concentration and dilution with water (200 ml) was followed
by washing the aqueous phase with Et,O(50ml). 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 recrystallization from CH,Cl,/Et,O: m.p. 173-
174°; IR 3600-2400 (br m), 2950 (s), 1730(s), 1602 (s), 1583 (m),
1518 (s), 1422(s), 1376 (s), 1276 (s), 1195 (s), 1080 (s), 1022 (m),
863 (m); 'H-NMR (60 MHz) 10.26 (br s, 1H), 7.80(dd,J = 8,1
Hz, 1H), 7.28 (dd, J = 8, 8 Hz, 1H), 6.85(dd, J = 8, 1 Hz, 1H),
6.61(s, 1H), 3.96(s, 7H), 3.90(s, 3H), 3.73(s, 3H), 2.4-3.2 (m, SH),
1.6-2.2 (m, SH); *3C-NMR 180.0, 155.6, 151.3, 147.8, 129.5,
1279, 125.0, 120.8, 114.8, 108.8, 107.2, 107.1, 64.3 (2C), 62.1,
56.2, 55.7, 44.3, 36.5, 33.0, 31.0, 28.8, 25.3; exact mass calc for
C,3H ;304 m/e 416.183488, obsd 416.184424,

Compound 11. A mixture of 10 (265 g, 0.06 mol),
trifluoroacetic anhydride (45 ml), and trifluoroacetic acid (45
ml) was stirred at room temp for 1 hr. The resulting red-brown
soln was poured into ice (900 ml), and the mixture was
extracted with CH,Cl, (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 mi), ethylene glycol (18 ml), and p-
toluenesulfonic acid and heated at reflux for 2 hr with
azeotropic removal of water. Workup as for 10 gave 16.9 g of
11 after recrystallization from CH,Cl,. The analytical sample
showed : m.p. 209-211°; IR 2930 (m), 1685 (s), 1606 (m), 1575
(8), 1566(s), 1395 (m), 1361 (s), 1345(s), 1264 (s), 1088 (s), 1074 (s),
1058(s), 950(s), 772(m); 'H-NMR (200 MHz) 7.93(dd,J = 8,1
Hz, 1H), 7.41 (dd, J = 8,8 Hz, 1H), 6.98 (dd, J = 8,1 Hz, 1H),
4.01 (s, 3H), 3.96 (s, 3H), 4.2-3.9 (m, 4H), 3.80(s, 3H), 3.52(dd,J
= 17.1, 4.0 Hz, 1H), 2.65-2.35 (structured m, 3H), 2.2-1.6 (m,
6H); 13C-NMR 198.6, 155.7, 154.3, 148.8, 131.1, 130.6, 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
C,3H,404: C, 69.33; H, 6.58%,).

Compound 12. To a vigorously stirred slurry of finely
powdered 11(14.8 g, 0.037 mol) in acetone (500 ml) was added
silver (IT) oxide (22.2 g, 0.18 mol) and 409, aqueous HNO, (27
ml). After 10 min the mixture was filtered and partitioned
between water (600 ml) and EtOAc (600 ml). Workup afforded
a crude orange foam which was immediately dissolved in
benzene (1.6 1). To the benzene soln was added dichloro-
dicyanobenzoquinone (10.2 g 005 mmol) and 26-
lutidine (5.2 ml). The soln was heated to reflux for 2 hr, cooled
toroom temp, and filtered. After concentration the residue was
dissolved in CH,Cl, (600 ml), and the organic layer was
washed with cold 10% HCl (120 ml). Workup and
recrystallization from CH,Cl,/CH,OH gave 8.7 g (64%,) of 12
as yellow-orange crystals: m.p. 205-206.5°; IR 2942 (m), 2884
(m), 2845 (m), 1670(s), 1629 (s), 1583 (s), 1431 (s), 1371 (s), 1280
(s), 1140 (s), 1066 (s), 922 (m), 830 (m); 'H-NMR (60 MHz) 12.7
(s,1H),7.91(dd,J = 8,2Hz 1H),7.64(dd,J = 8,8 Hz, 1H),7.49
(s, 1H), 7.26 (dd, J = 8,2 Hz, 1H),4.03(s, 4H), 4.00(s, 3H), 3.09
(obscured t, J = 6 Hz, 2H), 2.97 (s, 2H), 1.97 (t,J = 6 Hz, 2H);
13C.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
(20); UV (CHCl,) A, nm (log ) 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
C,,H,404: C, 68.85; H, 4.95%).

Compound 13. The ketal 12(2.6 g, 7.1 mmol) in CH,Cl, (200
ml) at —25° was treated dropwise with BCl, (SO ml ofa 1 M
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soin in CH,Cl,). After 1 hr, water (10 ml) was added, and the
mixture was shaken vigorously with water (200 ml) to ensure
complete hydrolysis of the borate esters. The aqueous layer
wasextracted with CH,Cl, (2 x 300ml), and the crude product
was recrystallized from CHCI, to give 1.75 g (80%;) of 13: m.p.
249-250° ;IR 1724(s), 1635(8), 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, 1H), 12.65(s, 1H), 7.85(dd, J = 7.6, 1.2 Hz, 1H),
7.73(s,1H),7.70(dd,J = 8.5,7.6 Hz, 1H), 7.33(dd, ) = 8.5,1.2
Hz, 1H),3.68(s,2H), 3.24(t,J = 6.7Hz 2H),2.67(t,J = 6.7Hz,
2H); exact mass calc for C,gH;,0; m/e 308.068466, obsd
308.067666.

Compound 2. A soln of ethynyl Grignard?® was prepared
from EtMgBr (9.3 ml of a 1.9 M Et,O soln, 18 mmol) and
acetylene in THF (150 ml). A soln of 13(0.54 g)in THF (400 ml)
was added to the Grignard soln over 0.5 hr. The deep maroon
mixture was stirred for 7 hr at room temp and poured into cold
NH,Cl (200 ml), and the organic layer was extracted with
EtOAc (200 mi). Workup afforded 0.59 g of brown solid which
was chromatographed on silica gel (CH,Cl; as cluant) to
afford 0.14 g (25%) of recovered 13 and 0.24 g (419,) of the
ethynyl alcohol 2. Recrystallization from CH,Cl,/CH,OH
gave an analytical sample: m.p. 219.5-221.5°; IR 3420 (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), 901 (m), 778
(s); "H-NMR (300 MHz) 13.10(s, 1H), 12.71 (s, 1H), 7.83(dd, J
=15, 1.8 Hz, 1H), 7.67 (dd, J = 7.5, 7.5 Hz, 1H), 7.63 (s, 1H),
7.31(d,J=17.5Hz 1H),3.20(ABq,J = 18.3Hz, Av= 709 Hz,
2H), 3.12-3.15 (m, 2H), 2.51 (s, 1H), 2.15 (t, J = 6.7 Hz, 2H).
(Found: C, 71.52; H, 4.36. Calc for C,,H,,O,:C, 71.85; B,
4.22%).

To a vigorously stirred soln of the ethyny! alcohol (0.097 g,
0.29 mmol), hydrazine hydrate (1.2 ml, 2.5 mmol), HOAc (2
drops), sat CuSO, aq (2 drops), and THF (10 ml) was added
sodium periodate (0.62 g, 2.9 mmol) in water (3 ml) over a
period of 1 hr. The reaction was exothermic, and a cold bath
wasemployed to keep the temp near 25°. The mixture was then
diluted with water (20 ml) and extracted with EtOAc (3 x 20
ml). Workup and purification by preparative TLC on silica gel
(1% CH,OH/CH,Cl, as eluant) gave 0.078 g (80%) of 2. Two
recrystallizations from CH,Cl,/CH,OH afforded an analy-
tical sample: m.p. 162.0-163.5°; IR 3400 (b, s), 2970 (s), 2920
(s), 1621(s), 1600(s), 1478 (m), 1420(s), 1390(s), 1338(s), 1319(s),
1272 (s), *H-NMR (300 MHz) 13.07 (s, 1H), 12.70 (s, 1H), 7.81
(d,J = 7.3 Hz, 1H), 7.65(dd, J = 8.5, 7.5 Hz, 1H), 7.61 (s, 1H),
7.28(d, J = 8.5 Hz, 1H), 3.49 (s, 1H), 3.21-3.10 (m, 1H), 2.95-
2.84(m, 1H),2.92(d,J = 18.5Hz 1H),2.73(d,J = 18.5Hz,1H),
1.96-1.89 (m, 1H), 1.79-1.73 (m, 1H), 1.70(q, J = 7.3 Hz, 2H),
1.07 (t, ] = 7.3 Hz, 3H); UV (CHCl,)4,,,, nm (log &) 432 (4.0),
294 (4.0), 284 (4.0), 266 (4.4), 259 (4.4); exact mass calc for
C;0H,404 m/e 338.115413, obsd 338.115998.

Compound 16. A soln of 15 (1.5 g, 3.9 mmol) in CH,OH (70
ml) was treated with NaBH , (0.73 g, 19.2mmol) at 0°. Standard
workup afforded 1.5 g (quantitative) of a white solid.
Recrystallization from Et,O/PE gave colorless crystals, m.p.
121-122.5° : 1R 2960 (m), 2940 (m), 1465 (s), 1435 (m), 1400 (m),
1380 (m), 1365 (m), 1295 (m), 1240 (s), 1195 (m), 1115 (s), 1070
(m), 1035 (m), 970 (m); 'H-NMR (CCl,) 6.83 (s, 1H), 5.03(dd, J
=3,4Hz, 1H),4.43(d,] = 9 Hz, 1H, forms singlet with D,0),
3.90(s, 3H), 3.80(s, 3H), 2.9 (d, ] = 9 Hz, 1H, disappears with
D,0),2.33(dd,J = 14,4Hz, 1H), 1.8(q,] = 7Hz,2H),1.47(dd,
J = 14,3 Hz, 1H, with higher field component overlapped by
singlet), 1.40 (s, 3H), 1.10 (s, 3H), 097 (t, J =7 Hz, 3H,
overlapped by singlet). (Found: C, 52.35; H, 6.01. Calc for
C,+H,304Br: C, 52.72; H, 5.99%,).

A soln of powdered KOH (2.25 g, 34 mmol) in DMSO (22
ml) at room temp was treated with the above product(3.3 g, 8.5
mmol), followed immediately by CH,I (1.1 ml, 17.6 mmol).
After 30 min, workup as usual afforded 3.2 g of pale yellow
solid which was recrystallized from Et,O/PE to give 2.71 g
(80%) of white crystals, m.p. 91-92°: IR (CCl,) 2960 (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 (unresolved dd,
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appearsast,J = 4Hz, 1H),4.15(s, |H), 3.83 (s, 6H), 3.60(s, 3H),
2.23(dd,J = 14, ~4 Hz, 1H), 1.90(q,J = 7Hz,2H), 1.45(dd,J
= 14, ~4 Hz, 1H, partially obscured by singlet), 1.37 (s, 3H),
1.00 (s, 3H overlapped by triplet), 0.97 (t, J = 7 Hz, 3H).
(Found:C, 53.90; H, 6.46. Calc for C,4H,s04Br:C, 53.87; H,
6.28%).

Compouna 17 A soln of 16 (1.25 g, 3.1 mmol) in 2%
methanolic KOH (60 ml) was anodically oxidized in a
standaid H cell at a potential of 1.4—1.6 V vsa Ptelectrode at 0—
10°. Standaid workup gave 1.34 g (93%) of an off-white solid
suitable for lis¢'in‘the next step. Recrystallization of the sample
from -Et,O/PE gave the pure bisketal, m.p. 129-131°: IR
(CCl1,) 2990 (m), 2970 (m), 2940 (m), 2840 (m), 1460 (m), 1380
(m), 1376(m), 1310 (m)}, 1245 (m), 1190 (m), 1150 (s), 1135 (s),
1090 (vs), 1075 (vs), 910 (m); *"H-NMR 6.77 (s, 1H), 4.80 (dd, J
= 4,3Hz, 1H),3.70(s, 3H), 3.63 (s, 1H), 3.40(s, 3H), 3.33(s, 3H),
3.27(s, 3H), 3.13 (s, 3H), 2.53(dd, J = 14, 4 Hz, 1H), 2.30-1.65
(m, 2H), 1.55 (dd, with higher field component obscured by
singlet,J = 14,3 Hz, 1H), 1.55(s, 3H), 1.35(s, 3H),097(t,J = 8
Hz, 3H).(Found: C, 51.71; H, 6.73. Calc for C,,H;,BrO, : C,
51.84; H, 6.75%,).

The crude bisketal (1.49 g, 3.2 mmol) in 1:1 acetone/THF
(40 ml) was treated with 20% aqueous HOAc (20 ml) and

stirred for 49 hr at room temp. Workup followed by

recrystallization from Et,O/PE gave 1.09 g (81%) of 17 as
colorless crystals, m.p. 166-167.5° : IR 2980 (m}), 2960 (m), 2940
(br, m), 2830 (m), 1655(s), 1610 (m), 1375(s), 1340 (m), 1290 (m),
1275(m), 1260(m), 1245(s), 1185 (s), 1140(s), 1080 (vs), 1040 s),
990 (m), 880 (m); 'H-NMR 7.00(s, 1H), 4.95(t,J = 4 Hz, 1H),
3.76 (s, 1H), 3.73 (s, 3H), 3.30 (s, 3H), 3.20 (s, 3H), 2.50 (dd, J
= 15,4 Hz, 1H), 2.35-1.60(m, 2H), 1.55(dd,J = 15,4 Hz, 1H,
higher field component overlapped by singlet), 1.53 (s, 3H),
1.27 (s, 3H), 0.97 (t, ] = 7 Hz, 3H). (Found : C, 51.73; H, 6.02.
Calc for C,gH,s0¢Br: C, 51.81; H, 6.04%).

Compound 18. 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. Recrystallization from Et,O/PE gave the analytical

sample, m.p. 111-113°: IR (CCl,) 3500 (m), 2990, 2960, and
2940 (overlapping, m), 2830 (m), 1460 (m), 1380 (m), 1370 (m),
1350 (m), 1240(m), 1225 (m), 1210 (m), 1195 (m), 1140(s), 1090
(vs), 1025(m), 1015(m), 995 (m); 'H-NMR(CC1,)6.67(d,J = 4
Hz, 1H), 4.50-4.33 (unresolved m, 1H), 4.33-4.20 (t, collapses
to doublet with D,O, J=4 Hz, 1H), 3.53 and 3.50
(overlapping singlets, 4H), 3.25 (d, disappears with D,0,J ~ 3
Hz, 1H), 3.10(s, 3H), 3.00 (s, 3H), 2.27(dd, J = 4, 13.5 Hz, 1H),
2.15-1.55 (multiplet, overlapped by dd, 2H), 1.55(dd, J = 13.5,
~4 Hz, 1H), 140 (s, 3H), 1.25 (s, 3H), 0.87 (t, ] = 8 Hz, 3H).
(Found: C, 51.29; H, 6.49. Calcfor C,gH,,0Br: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 imidazole (0.36 g, 5.3
mmol) and t-butyldimethylsilyl chloride (0.4 g, 2.6 mmol), and
the mixture was stirred at room temp for 24 hr. After
quenching the reaction with NaHCO, (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 purec material,
m.p. 133-135°: IR (CCl,) 2930(s), 2860 (m), 2830 (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, 1H),4.40(dd,J = 3.5,2.5Hz,1H),4.10
(unresolved m, 1H), 3.57 (s, 3H), 3.50 (m, 1H), 3.13 (s, 3H), 3.00
(s, 3H), 2.17 (dd, J = 125, 3.5 Hz, 1H), 1.97-1.60 (highly
structured m, 2H), 1.40(dd, obscured by singlet,J = 12.5, ~2.5
Hz, 1H), 1.37 (s, 3H), 1.27(s, 3H), 0.90 (s overlapped by t, 12H),
0.17 and 0.15 (overlapping singlets, 6H). (Found : C, 54.03; H,
7.75. Calc for C,,H,;O4BrSi: 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-
propylethylamine (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 insufficient base being employed in this
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reaction. Undoubtedly, the yield would be much improved
had the amime been used in amounts equivalent to the chloro
ether.) The mixture was cooled and poured into sat NaHCO,
aq (60 ml) and was worked up as usual to yield 3.0 g of a dark
orange oil. The product was purified by flash chromatography
onsilica gel(5 x 15cm, 15% EtOAc/PE ascluant)toafford 2.10
8(63%) of a colorless oil : IR (CCl,) 2940(m), 2890(m), 1465(m),
1440 (m), 1400 (m), 1230 (m), 1150 (s), 1130 (m), 1115 (m), 1090
(m), 1035 (vs), 960 (m), 920 (m); 'H-NMR 7.00 (s, 1H), 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), 1.80q,J = 7.5 Hz, 2H), 1.05(t, ] = 7.5 Hz, 3H); '3C-
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, 32.6, 27.1, 6.4 ; exact
mass calc for C,oH;,047°Br m/e 478.1203, obsd 478.1218.

To the cathode compartment of a standard H-cell
apparatus was added 2% KOH/CH,O0H (60 mi), and to the
anode compartment were added the blocked triol from above
(2.0 g, 4.18 mmol) and 29, KOH/CH,OH (60 ml). Oxidation
was performed at a potential range of 1.5-1.6 V (initial current
0.45 A) vs 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 reimoved in vacuo at room temp, and the residue was
worked up to afford 1.92 g(85%) of the crude bisketal as a tan
oil. This material was utilized without further purification.

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 209, aqueous AcOH (30 ml) 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 vacuo. Workup
yiclded 1.43 g of an orange oil. Chromatography on neutral
activity III alumina (2x25 cm column, 209, Et,O/PE as
eluant) proceeded as follows : 180 mi, 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 (CCl,) 2940 (m), 2890
(m), 1670(s), 1655 (shoulder), 1270 (m), 1185 (m), 1150(s), 1135
(8), 1090 (vs), 1030 (vs), 1005 (shoulder), 925 (m); 'H-NMR
(CCl,) 6.90 (s, 1H), 5.00-4.30 (m, 7H),4.15 (s, 1H), 3.40 (s, 3H),
3.35(s,3H), 3.27 (s, 3H), 3.20 (s, 3H), 3.07 (s, 3H), 2.07(d,] = 4
Hz, 2H), 1.73 {q, J = 7.5 Hz, 2H), 1.03 (t, J = 7.5 Hz, 3H).
(Found:C,48.48; H, 6.34. Calcfor C,oH;,0,Br: C,48.49; H,
6.31%).

Compound 22. A magnetically stirred soln 0of 21(790mg, 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)and allowed to warm to 0° over 30 min. The cold
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
(500 mg, 1.01 mmol) in DMF (6.0 ml) was treated with
imidazole (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 afford 584
mg (95%,) of a mixture of silyl ethers in a ratio of ~2.5: 1. This
material can be chromatographed on neutral activity III
alumina with very little decomposition. However, since the
epimers cannot be scparated 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 mmol of epimeric mixture) in dry
THF (7.5 ml) under a dry argon atm was treated with a soln of
t-BuLiin pentane (0.89 ml of a 1.9 M soln, 1.69 mmol)at — 78°,
then after 25 min was treated with tetramethyl-
ethylenediamine (0.79 mi, 5.25 mmol), and stirred for an
additional S 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 mi) and
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concentrated in vacuo. 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 mi),
water (4 ml), and conc HCI (1.5 ml) at room temp for 55 hr. The
hydrolysis mixture was quenched by sat NaHCO, aq (5 ml)
and worked up as usuat to afford 433 mg of a dark orange oil.
This oil was purified by flash chromatography using a silica gel
column (6 in.x0.75 in., 4% CH,OH/CH,Cl, as cluant).
Elution proceeded as follows : 120 ml of 4%, CH,OH/CH,Cl,,
180 mg of unidentified impurities; 150 ml of 49
CH,0H/CH,Cl,,122.3mgofa mixture of 25and 26 ; 100 ml of
20% CH,OH/CH,Cl,, 100 mg of unidentificd impurities. The
total yield of 25 and 26 was 40%;. Compounds 25 and 26 were
very difficult to separate and, therefore, were utilized as a
mixture in the next step. A pure sample of 25 showed: m.p.
148-151° (dec) IR 3420 (br, 8), 2920 (m), 1670 (s), 1585 (s), 1445
(m), 1340(m), 1270(s), 1220(m), 1150(s), 1055 (m), 1020(m), 990
(m), 695 (m); 'H-NMR 8.15 (s, 1H), 7.81 (dd, J = 7.8, 1.5 Hz,
1H),7.63(t,J = 7.8 Hz, 1H),7.22(dd,J = 7.8,1.5Hz, 1H), 4.85
(m, 1H), 4.75 (s, 1H), 3.95 (s, 6H), 3.05 (br s, 1H), 2.54 (br s,
disappears with D,0, 1H), 2.12(d, J = 3.2 Hz, 2H), 1.78(q,J
= 7.6Hz,2H), 1.05(t,J = 7.6 Hz, 3H). The mass spectrum of 25
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.

(£ )-a-Citromycinone 1

A magnetically stirred soln of 25 (16 mg, 0.04 mmol) in dry
CH,Cl, (2 ml) under N, was treated with a soln of BCl; in
CH,Cl, (0.40 m! of a 1 M soln, 0.40 mmol) at —78°. After
stirring for 2 hr at —78°, the reaction was quenched with
CH,0H (3 ml) and allowed to warm to room temp. Workup
gave 15 mg of a yellow solid which was recrystallized from
CH,OH/CHCI, to give 12 mg (80%) of (1)1 as yellow
crystals: m.p. 220-222° (w/decomp); IR 3400 (broad s), 1630
(s), 1605 (s), 1575 (m), 1475 (m), 1455(s), 1385(s), 1330and 1310
(s, doublet), 1255 (vs), 1130 (m), 1085 (m), 1035 (m); *H-NMR
(pyridine-d) 8.35 (s, 1H), 7.87 (dd, J = 7.3, 1.5 Hz, 1H), 7.62
(obscured by solvent), 5.59 (s, 1H), 5.28 (unresolved dd, 1H),
2.80(dd,J) = 5, ~14 Hz, 1H), 248 (d, ] = ~14 Hz, 1H), 2.25
(structured m, 2H), 1.36 (t,J = 17.3 Hz, 3H); UV(C¢H, ;) 435
nm (log ¢ 3.92), 417 nm (log ¢ 3.92). The mass spectrum showed
the M *-18,M *-36,and M *-72 peaks reported by Brockmann
for the originally isolated sample of a-citromycinone. For
details of other spectroscopic and analytical data see reference
4.

Ethyl 1,2,3,4-tetrahydro-7-bromo-5,8-dimethoxy-4-0xo-2-
naphthoate, 27.2%7

Yield 99%, m.p. 135.5-136.3°; IR 1740(s), 1730(m), 1680 (s),
1560 (m), 1465 (m), 1280 (m), 1255 (m), 1225 (m), 1200(m), 1090
(m), 1025 (m), 1020(m); 'H-NMR 1.25(t,§ = 7.5Hz,3H),2.73-
3.50 (m, SH), 3.80(s, 3H), 3.88 (s, 3H); 4.18 (q,J = 7.5 Hz, 2H),
7.08 (s, 1H); exact mass calc for C, sH, ,05"°Br m/e 356.0260,
obsd 356.0273.

Ethyl 1,2,3,4-tetrahydro-7-bromo-58-dimethoxy-4-
oxo-2-naphthoate cyclic 4-(ethylene mercaptole), 28.%"

Yield 92%, 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
1.30(t,J = 7.0 Hz, 3H), 2.15-3.73 (m, 9H), 3.73 (s, 3H), 3.88 (s,
3H), 4.20 (g, J = 7.0 Hz, 2H), 6.98 (s, 1H); '>C-NMR 1740,
155.3, 148.1, 131.9, 127.6, 116.3, 115.5, 64.5, 60.6, 60.1, 56.5,
479, 420, 41.3, 398, 27.2, 14.2; exact mass calc for
C,-H,,0.,S; "°Br m/e 432.0065, obsd 432.0045.

1,2,3,4-Tetrahydro-7-bromo-5,8-dimethox y-4-
oxo-2-acetylnaphthalene cyclic 4-(ethylene mercaptole), 29.2”
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 (s), 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); ! 3C-NMR 209.1,
1554, 1482, 132.1, 127.7, 1164, 1155, 650, 60.0, 56.5,
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4738, 47.6, 420, 41.3, 283, 26.5; cxact mass calc for
C16H1901S,77Br m/e 401.9959, obsd 401.9997.

1,2,3,4-Tetrahydro-7-bromo-5,8-dimethoxy-4-oxo-2-acetyl-2-
hydroxynaphthalene-4-(ethylene mercaptole)

Yield 71%, m.p. 146.5-147.0°; IR 3480(m), 2930 (m), 1710(s),
1695 (m), 1570 (m), 1465 (s), 1450 (m), 1430 (m), 1415 (m), 1390
(m), 1355 (m), 1220 (s), 1065 (s); "H-NMR 2.33 (s, 3H), 2.60 (s,
1H), 2.70 (s, 1H), 3.00 (s, 2H), 3.20-3.70 (highly structured m,
4H), 3.70(s, 3H), 3.80(s, 1H, disappears with D,0), 3.83 (s, 3H),
7.00(s, 1H); '3C-NMR 211.7, 155.3,148.7, 130.2, 126.7, 116.9,
115.8, 774, 61.8, 60.2, 56.6, 50.3, 42.0, 40.9, 33.3, 24.7; exact
mass calc for C,¢H,40,S,7°Br m/e 417.9908, obsd 417.9912.

1,2,3,4-Tetrahydro-7-bromo-5,8-dimethox y-4-oxo-2-acetyl-2-
hydroxy-naphthalene cyclic 4-(ethylene mercaptole), cyclic 2-
(ethyleneglycol ketal), 30.27

Yield 94%, m.p. 143.5-144.3°; IR 3490(m), 1465(s), 1370(m),
1230(m), 1100 (m), 1065 (s), 1035 (m), 1020 (m); *H-NMR 143
(s, 3H), 2.60 (s, 2H), 2.10 (s, 1H), 2.83 (s, 1H), 3.05 (s, 1H), 3.18-
3.63 (highly structured m, 4H), 3.73 (s, 3H), 3.85 (s, 3H), 4.03 (s,
4H), 6.98 (s, 1H); 13C-NMR 155.2, 1489, 131.3, 127.8, 116.5,
115.4,111.6,74.6,65.6(2C), 62.7,60.1,56.6,48.5,41.9,40.8,31.5,
19.0; exact mass calcfor C, H,304S,7°Br m/e 462.0170, 0bsd
462.0191. i

1,2,3,4-Tetrahedry-7-bromo-5,8-dimethoxy-4-oxo-2-acet yl-2-
hydroxynaphthalene cyclic 4-(ethyleneglycol ketal).*”

Yield 85%, m.p. 153.0-153.8°; IR 3410(m), 1690(s), 1560(s),
1475(s), 1230(s), 1090(s), 1065(vs) ; 'H-NMR (80 MHz) 1.40(s,
3H), 2.81 (m, 2H), 3.18 (m, 2H), 3.79 (s, 3H), 3.89(s, 3H), 4.04 (s,
4H), 7.06 (s, 1H). The compound was not analyzed due to
possible instability problems.

cis-1,2,3,4-Tetrahydro-7-bromo-5 8-dimethoxy-2-acetyl-
2,4-dihydroxynaphthalene cyclic 4-(ethyleneglycol ketal), 31.2

Yield 90%, m.p. 194-195°; IR 3440(s), 3310(s), 1465(s), 1430
(s), 1405(s), 1330(s), 1225(s), 1110(s), 1085(s), 1055(s), 1040(s),
1020(s),890(s); 'H-NMR 1.43(s, 3H), 1.88(dd,J = 2.3,7.5Hz,
1H), 2.35(d of t, = 2.0, 14.3 Hz, 1H), 2.95(AB, J = 18 Hz, Av
= 36 Hz, the downficld wing shows an additional splitting, J
= 2Hz, 2H), 3.38 (s, disappears with D,0, 1H), 3.75 (s, 3H),
3.83(s, 3H), 4.03 (s, 4H), 5.08 (m, collapses to dd with D,0, J
=2, 45 Hz, 1H), 695 (s, 1H); exact mass calc for
C,6H2,067?Br 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,Cl, (95 ml) was heated to
reflux for 36 hr. Workup gave 3.13 g of an orange oil which was
flash chromatographed on silica gel using 15% EtOAc/PE as
cluant. There was obtained 2.79 g(97%) of the protected diol as
anoil : IR (neat) 2940(s), 2890(s), 1580(s), 1470(s), 1440(s), 1410
(s),1375(s), 1230(s), 1150 s), 1100(s), 1030(s); 'H-NMR 1.38(s,
3H), 1.88 (dd, J = 4.5, 15.4 Hz, 1H), 2.53 (unresolved dd, J
= 15.4 Hz, 1H), 3.10 (s, 1H), 3.20 (s, overlapping with 3.23
signal, 1H), 3.23 (s, 3H), 3.40 (s, 3H), 3.78 (s, 6H), 3.78—4.08 (m,
4H), 4.60-5.15 (highly structured m, SH), 6.90 (s, 1H); '*C-
NMR 147.8,142.3,127.4,120.2,111.7, 108 4, 108.0, 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 acceptable
combustion analysis could not be obtained and a parent peak
was not observed in the mass spectrum.

Compound 33. Anodic oxidation of 3.15 g(6.6 mmol) of 32in
2% KOH/CH,OH (60 ml) and workup ecssentially as
described for 20 gave 3.44 g (97%) of a light yellow oil which
was dissolved in a mixture of THF (50 ml), (CH,),CO (50 ml),
and 20% aqueous HOAc (50 ml) and stirred for 1.5 hr at 35°.
Workup as for reaction of 16 and recrystallization of the
product from Et,O/H gave 2.49 g(787;) of monoketal 33: m.p.
147.0-147.5°; IR 1665 (s), 1650 (s), 1190 (m), 1150 (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, 1H), 2.45 (dd, obscured by 2.50 signal, J
=15Hz, 1H), 2.50 (s, 1H), 2.73 (s, 1H), 3.10(s, 3H), 3.22 (s, 3H),
3.35(s, 3H), 3.45(s, 3H), 3.75-4.15 (m, 4H), 4.63-4.70 (m, 3H),
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5.00(AB,J =4.6 Hz, Av = 7.6 Hz, 2H), 6.95 (s, 1H); 1 3C-NMR
1814, 151.3, 145.3, 137.2, 136.3, 112.2, 97.7, 97.2, 92.8, 78.1,
66.7,65.7,64.5, 56.3, 55.9, 51.1, 31.4,29.1, 18.8, one carbon not
observed. (Found : C,48.71 ; H, 5.97. Calcfor C,,H,90,Br: C,
48.69; H, 5.92%).

Compound 34a. To the monoketal, 33, (2.3 g, 4.7 mmol) in
toluene (60ml)at 0° was added lithium borohydride (0.15g,7.0
mmol). After reaction for 12 hr at room temp, the reaction was
quenched by addition of (CH,),CO (5 ml) and 5%, NaOH
(2 ml). Standard workup afforded 2.06 g (90°%) of a mixture of
diastereomeric alcohols as a white solid which was used
directly in the next step. A portion of the above material (0.5 g,
1 mmol), imidazole (0.68 g, 10.1 mmol), t-butyldimethylsilyl
chloride (0.76 g, 5.1 mmol), and 4-dimethylaminopyridine
(0.025g,0.2 mmol)in DMF (15 ml) was heated at 45° for 6days.
Workup asfor reaction of 21 and chromatography on Activity
I1I neutral alumina (7% EtOAc/H as eluant) gave 0.49 g (80%)
of 2 mixture of silyl ethers, 34a, which was used directly in the
next step. (Found: C, 51.12; H, 7.37. Calc for C;cH sOoBrSi:
C, 51.23; H, 7.44%,).

Compound 35a. 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. After 3 min,
tetramethylethylenediamine (1.64 ml, 10.8 mmol) was added,
and after an additional 5 min, benzocyclobutenedione
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 | hrand then heated to reflux for4 hr. Workup gave 1.43 g
of a crude red-orange oil which was dissolved in a mixture of
(CH,),CO(20ml), water (8 ml), and conc HC1(2.8 ml). The soln
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 7-10%,
EtOAc/H as cluant gave first 1-hydroxy-4-methoxy-6-
acetylnaphthalene : m.p. 189.0-190.5°; IR 3200 (br, s), 1650(s),
1625(s), 1595 (m), 1460(m), 1435(m), 1365(s), 1345 (m), 1280(s),
1235(m), 1100 (s), 1040 (m), 800 (m) ; :H-NMR (300 MHz) 2.75
(s, 3H), 3.99 (s, 3H), 5.12 (s, 1H), 6.79 (AB, J = 8.22 Hz, Av
= 52.5Hz, 2H),8.13 [AB 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
= 1.7 Hz, 1H); exact mass calc for C,,H,,0, m/e 216.0786,
obsd 216.0763.

Continued elution gave a mixture of 35a and 35b (0.174 g,
309%) from which a pure sample of 35a was isolated : m.p.
190.5-191.3°; IR 1700 (m), 1675 (s), 1586 (m), 1335 (m), 1270
{m), 1255 (m), 1070(m); 'H-NMR (200 MHz) 2.28 (d separated
by 2.3 Hz, 2H), 240 (s, 3H), 3.07 (AB, J=17.9 Hz, Av=31.5
Hz,2H), 3.88(s, 3H), 3.96(d, disappears with D,0,J = 10.1 Hz,
1H), 4.45(s, disappears with D, 0, 1H), 4.91-4.96 (m, collapses
totwithD,0,J = 3.4Hz, 1H),7.73-7.78 (highly structured m,
2H), 8.20-8.26 (m, 3H); exact mass calc for C,,H, 04 m/e
366.1006, obsd 366.1055.

Compound 38b. To a —78° soln of a mixture of 35a and 35b
(0.12g,0.32 mmol)in CH,Cl, (20 ml) was added BCl, (2.6 ml of
a 1 M soln), the mixture stirred for 2 hr at — 78°, and then the
reaction was quenched with CH;OH. Workup essentially as
described for 1 and chromatography on silica gel 6%
EtOAc/CH,Cl, as eluant) gave a mixture of 34a and 34b(0.024
g) and 35b (0.080 g, 89% corrected for recovered 34a), m.p.
208.5-209.5° (lit.2* m.p. 206.0-208.0°). This material showed
spectroscopic properties and TLC behavior identical with a
sample supplied by Dr. Penco of Farmitalia Drug Co.
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spectrometer. 'H-NMR spectra were recorded at 90 MHz
in CDCl, unless otherwise noted. Apparent multiplicities
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Ultraviolet spectra were recorded on a Carey Model 15
instrument. The maxima are reported in nanometers with
the extinction coefficients in parentheses. Tetrahydrofuran
was freshly distilled from benzophenone/sodium prior to
use. All other solvents used for reactions were freshly dried
and distilled. All reactions were run under nitrogen or argon
atmosphere. Analytical samples were analyzed by
Scandinavian Microanalytical Laboratory. Aluminum
oxide and silica gel were from E. Merck Co. “Workup as
usual” consisted of extraction of the product (CH,Cl, or
Et,0), drying over calcium sulfate or sodium sulfate, and
concentration in vacuo followed by drying under vacuum.
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27The experimental procedure is essentially identical to that
for the unbrominated compound except compound 29 was
prepared using dimsy! lithium. Since this is described in
detail in the accompanying paper, only the yield and
spectroscopic data of the compound are reported herein.



