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A Stereoconvergent Synthesis of (+)-4-Demethoxydaunomycint

A. V Rama Rao,* J. S. Yadav, K. Bal Reddy, and A. R. Mehendale .
National Chemical Laboratory, Poona 411 008, India = .

Y

Shérpless kinetic asymmetric.epoxidation on (i)-2-(1-'hyd;dxyéthyl)-s',a-dimethoxy—3,4-dihydronaphthalené [(8)]

followed by LiAlH, reduction gave R-{~)-2-(S-1-hydroxyethyl)-2-hydroxy-5,8-dimethoxy-1,2,3,4-tetrahydronaph-

thalene [{—)-(10)] and the undesired antipode: the former was converted into R-(—)}-2-acetyl-2-hydroxy-5,8-
dimethoxy-1,2,3,4-tetrahydronaphthalene [R-(-)-(3)] while the latter was epimerized and recycled, ,

We have recently reported! a number of methods for the . 4-demethoxydaunomycinone (1b), 11-deoxydaunomycinone
synthesis of racemic anthracyclinones (1), the aglycones of = (1¢), and 4-demethoxy-11-deoxydaunomycinone (1d). How-
antitumour anthracyclines (2), such as daunomycinone (1a),  ever, studies on the structure-activity relationships have

! : ' S - indicated that 4-demethoxydaunomycin (2b), not available by
+This work forms part of the Ph.D. Disscrtation of K. Bal Reddy, ~ fermentation methods, is ca. 10 times more effective than
University of Poona, July 1983, - hatural daunomycin (2a) or'adriamycin (2e) and clinical trials
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J e, OH OMe OH
R
OMe O‘
9@
{6) R=H
OMe (7) R=CHO
(5) « (8) R=CH(OHMe
.
OMe R/ /Rz
OMe ‘ OMe
(8a) R'= OH, Ri=H {9

(8b) R'= H, 4Rz= OH

0 OH- .
-

are reported to be promising.2 Although numerous syntheses

of anthracyclinones have been reported, the original assem- z, -;

blage of Wong et al.3 for the tetracyclic system of AB + CD

coupling, making use of the key intermediate, 2-acetyl-2- ¢ -

hydr_oxy-S,8-dimethoxy-1,2,3,4—tetrahydronaphthalene‘.' 3,

h \l ical approach for the synthesis N i
as proved to b the ot practical appr y " . We are thankful to our colieagues, Jaweed and Sathaye for making

© available large amounts of this product. After completion of this.
‘work, a similar approach has becn made use of by R. A. Russell,
G. W. Collin; P. S. Gee, and R. N. Warrencr, J.; Chem. Soc., -
. i . '

of natural and synthetic anthracyclinones including (1b).

Consequently, numerous approaches have been developed for

the synthesis of (3) and this compound has been resolved to

obtain optically pure R-(=)-(3).4 We now wish to report a
practical and convenient method .of preparing R-(-)-(3) via

Sharpless asymmetric “epoxidation® (kinetic ‘esolution
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method) of the racemic allylic alcohol (8) prepared- from
benzoquinone. The undesired antipode (8b)! is then
epimerized and recycled. Our present method is exceptionally
simple and easy to operate for the synthesis of a variety of
aglycones in optically active form. ‘ oo
Diels-Alder reaction of benzoquinone with butadiene in
acetic acid at room temperature (r.t.) afforded the adduct (4)
in 90% yield.6 O-Methylation (Me;SQ,, K>COs, boiling
acetone, 4 h) gave S5,8-dimethoxy-1,4-dihydronaphthalene?
(5). Base catalysed isomerization of (5) (ButOK, Me;SO, r.t.,
N;) resulted in the formation of 5,8-dimethoxy-3,4-
dihydronaplithalene (6) in 100% yield.} [Colourless crystals,
hexane, m.p. 70°C, 'H n.m.r. (CCl,) 6 6.83 (m, 1H, H-1),
6.63 (s, 2H, ArH), 5.85 (m, 1H, H-2), 3.80 (s, 6H, OMe),

2.1—2.7 (m, 4H, H-3,4)]. Vilsmeier formylation of (6) .

(POCl;, N,N-dimethylformamide, 80°C, 4 h) i gave the *

aldehyde (7) (m.p. 91—92°C). Grignard reaction on (7)
(MeMgl, Et,0, r.t.,, 1 h, N;) afforded the (i_);Z\;

(1-hydroxyethyl)-5,8-dimethoxy-3,4-dihydronaphthalen ) - ~
(m.p. 78—179°C; lit.8 m.p. 78—79°C). ; S

Kinetic resolution of (£)-(8) was carried out ‘at —55 to

—50°C by treating (8) (1 mol. equiv.) in CH,Cl; sequentially
with titanium tetraisopropoxide (TIP), (+)-di-isopropyl-
tartrate [L-(+)-DIPT], and t-butylhydroperoxide (TBHP) in

1:1:0.6 molar ratio. The progress of the reaftion wa.
monitored by titrating the concentration of TBHP. After
completion of the reaction (10 h), the reaction was quenched

“with aqueous acetone maintained at —50°C. Usual work up?

gave a mixture of two products (9) and (8b) which was directly
subjected to reduction {LiAlH,, tetrahydrofuran (THF), r.t.,
4 h} followed by chromatographic separation (silica gel, ben-
zene~acetone) to give R-(+)-(8b) {38% yield, m.p. 88—89°C,
[e)p?® + 20.3° (¢ 0.5, EtOH)}. and R-(-)-2-(S-1-
hydroxyethyl)-2-hydroxy-5,8-dimethoxy-1,2,3,4tetrahydro-

naphthalene (—)-(10) {40% yield, m.p. 154—155°C, [a]p20
—49.4°(c0.5, EtOH); lit.4 m.p. 154—155°C, [a]p? —49.7° (¢

0.50, EtOH)}. The undesired antipode (+)-(8b) was inverted? °

by reacting with triphenylphosphine, diethyl azodicarboxyl-
ate, and benzoic acid in THF to give the benzoate of (—)-(8a).
Hydrolysis (NaOMe, MeOH, r.t., 5 h) foliowed by purifica-

tion (silica gel, hexane-acetone) afforded (—)-(8a) {10%

yield, m.p. 86—88°C, [a]p —18.6°(c0.5, EtOH)}. Ep. &

TBHP, N,] followed by reduction with LiAlH, gave (-)-(10)

(83% yield, m.p. 152—154°C, [a]p? ~47.6° (¢ 0.5, ECOH)}.
Fetizon’s reagentl (AgCQ- !

Oxidation of (—)-(10) with
celite) gave R-(=)-(3) {m.p. 128—129°C, [a]p?? ~48.8° (¢
CHCl,); lit.** m.p. 130—132°C, [«]p?® —50° (c 1, CHCly)}.

‘Fusion of R-(—)-(3) with phthalic anhydride in ian intimate
“mixture of AlCl;-NaCl (5 : 1) at 180 °C (2 min) and usual work

up gave (—)-4-demethoxy-7-deoxydaunomycinone (11) {m.p.
227—228°C, [aJp® —-84°C (c 0.1, CHCly); lit.11 m.p.
228—230°C, [«]p?® —87° (¢ 0.1, CHCl,)}. K '

.~ As the conversion of (11) into (1b)!2:and subsequently into
(2b) by convenient methods!! has already been described, we
consider that our approach. constitutes a practical total
synthesis of optically. active (2b). : g

i

Chem. Commun., 1983, 994. -

|

All the new compounds gave satisfactory -clementgﬁl and spectral

- analyses. .

=

Jion of (2)(8a) [CH,Clp, ~55 to ~50°C TIP, ir(+)-DirTy- &
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6 in five steps.

Introduction

{ The clinical utiliry of the anthracycline antitumor antibio-
tics'?? such as doxorubicin {(adriamycin) 1, daunorubicin
(éaunomycin) 2, and camminomycin 3 is well established
(Figure 1). However, their uses for cancer chemotherapy are
senously hampered by their side effecrs, especially by dose-
relsted cardiotoxicity. Therefore, numerous synthetic efforts
have been devoted to overcome these disadvantages culmi-
nating in the development of artificial 4-demethoxyadriamy-
cin 4 and 4-demethoxydaunorubicin (idarubicin) 5, which
could show improved pharmacological profile.' Since the
biological activity of the anthracyclines is critically depen-
dent on the functional groups at C-4, C-8, C-9, C-10, or C-
14 positions in an aglycon, extensive efforts have been
d;e\'oted 10 functionalization of these positions. Some anthra-
cycline derivatives possessing fluorine alom or amine func-
ti{ons, the most interesting and promising congeners it light
of the structure-activity relationship® have been synthesized
récently.* ¢ In more recent papers, we have also reported
the successful synthesis of various anthracycline deriva-
ll:VP.S.mhs:

; Herein, we describe the total synthesis of 2 new 7-deoxy-
idarubicinone derivative 21, a potential prodrug® of anthra-
cyclinone including an ester linkage of 14-OH in idarubici-
none with a butyric acid residue. Additionally, we wish to
des- cribe the synthetic studies on an AB-synthon 14 neces-
sz;uy for the synthesis of the aglycon.

3
!

H o oH o

1, Adramycin R, = OMe. R, » ON

2, Dausorubicin R, = OMe, R; e H

3. 'Carminomyasn Ry = R = Of4

4. 4.Demethovyadrinmycio Ry » M Ry » OH
4, ldarsbacin R;*Ry»H

Figure 1. Some Daunomycin Derivatives.
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Total Synthesis of a New 7-Deoxyidarubicinone Derivative through the
' Functionalization of an A-Ring Side Chain

Young S. Rho,” Hyun Kyoung Ko, Wan-Joong Kim, Dong Jin Yoo, and Heun Soo Kang?

Deparment of Chemistry, Chonbuk National University, Chonju 561-756, Korea
'Départment of Chemistry, Seonam University, Namwon 590-711, Korea
!Metabolic Engineering Laboratories Co., Ltd., 28 Yongon-Dong, Chongno-Gu, Seoul 110-799, Korea
Received April 20, 2000 ‘

A convenien total synthesis of a new 7-deoxyidarubicinone derivative 21, the aglycon of the anticancer anti-
biotic idarubicin analogue, is described. Key features of the synthesis are the Friedel-Crafts acylation and the
functionalization of an A-ring side chain. A synthon 14 for the A and B rings was prepared from intermediate

Results and Discussion

In the previous reponts, we frequently used the Michael
type reaction or the Friedel-Crafis acylation for the effective
construction of tetracyclic skeleton in anthracyclinone.? In
this paper, we synthesized a new 7-deoxyidarubicinone de-
rivative 21 through the Friede)-Crafis acylation®#¢16 of the
preformed bicyclic AB-ring synthon 14 with D-ring phtha-
loy! dichloride (17) and the funcrionalization of C-14 sitc in

e

the aglycon, For this target, our AB-synthon 14 was pre-
pared from tetralene (6) by the sequence depicted in scheme
1. Tetralene (6) was obtained from tetralone by the known
procedure,'® Dasgupta and Ghatak reported the synthesis of
a,B-unsarurated aldehyde 7 from @ tetralone through three
steps involving B-ketoacetals.! But, we synthesized the al-
dehyde 7 from tetralene 6 using Vilsmeier-Haack reagent!?
in one step. The Grignard reaction of aldehyde 7 with
methylmagnesium bromide gave the addition product 8. The
double bond of 8 was subjected to epoxidation with various
methods to produce epoxide 9. Because the epoxide 9 were
apt to be converted to undesired product when the material

OCH, My Wy [-2]
ocu,‘ oCH, ocH, 4
J cpr e
o Qoms o otk , On
R " R ot
o
CHy OCH; ocH,
(3120, R w 0N {*)}-12b R wem Ok o ®
s, ReemOM |1 430, R & a0 y
Va
OCM,y © OCNM;s oM
R  ®seeosians OH
OCM, QCwy
11, R e~y 0
1R C.engp

Scheme 1. (a) POCly. DMF, 0 *C, (b) CHaMgBr, THF. 10 °C. {©)
m-CPBA, CH:Cl;, -10*C. (d) Method A) -BuOOR, VO(acac)y, PhH4,
r.; Method B) (+)-DIPT, Ti{OiPr)s, +-BuOOH, CH:Cla, -78°C = -
0°C. (e) LAH, THF. &, (f) Ag:CO; on celite, PhH, reflux.



Total Synthesis of a New 7 -Deoxyidarubicinone Derivative

was handle with in an air atmosphere, the mixed product was
directly used in the next reduction without scparation, The
first anempted method was applied by m-chloroperbenzoic
acid (m-CPBA) mediated epoxidation which was previously
reported.** The epoxidation of (+)-8 using m-CPBA for
the formation of racemate 11 was not successful and the un-
identified materals and reactants were mainly recovered,
probably due to the instability of the structure affected by the
swong oxidant to prevent the desired intermediate. The sec-
ond method involved the epoxidation with rert-buty! hydro-
peroxide and a catalytic amount of vanadium oxyacetyl-
acetonate (VO(acac),) in benzene reported by Terashima et
al.”’ The epoxidation of the racemic allylic alcohol (z)-8
using Terashima method followed by reductive cleavage of
- the unstable epoxide ()-9 was found to give the intermedi-
ate (£)-12/13 remaining some side products, The TLC spots
were Ry=10.75 (8), 0.5 (12/13), 0.3, and 0.27 (eluant; 50%
ethylacetate in hexane). Therefore, we have also investigated
to analyze the structure of the side products. Through a care-
ful flash column chromatography using silica gel in hexane/
_ cthylacetate as eluant, we could isolate diasteromeric mix-
wure of (&)-12/13 in 45% yield based on (+)-8 and an isomer
of the side compounds (15/16), which were much lcss than
the desired products, in the ratio of about 1:5 determined by
*H NMR analysis of the crude product. Direct recrystalliza-
tion of the diasteromeric mixture of ((+)-12/13) in ether
afforded the major diastercomer ((£)-12, 39%) in a pure
state. The crude diasteromeric mixture ((x)-12/13) showed
the two benzylic carbons as two strong signals at 29.) and
30.7 ppm and two peak sxgnals at 27.3 and 33.1 ppm in the
*C NMR spectrum. The intergration ratio for the two sets of
signals was found to be very similar 10 Terashima’s results as-—
. 96: 4. The last two compounds (R,= 0.3 and 0.27) were also
* supposed to be diastereomers (2R")-(15/16) having three
hydroxyl groups based on the following spectroscopic and
mass data: (a) two methine proton of 15 were observed at
8 5.45 (s, 1H) and 4.78-4.83 (g, 1H, J=6.3 Hz, C-1"),
wheress those of 16 were found at § 5,08 (s, 1H) and 3.77-
3.80 (q, IH, J= 6.6, C-1"); (b) three hydroxy! protons of 15
or 16 were 3ll disappeared when wreating a few drop of D;0;
(c) the GC/MS spectrum showed at m/z 268 (M*), 206, 191,
164, and 149. The formation of the isomer suggest that
hydrolysis of unstable epoxide 12 occur in a moisture atmo-
sphere. The last method was attempted under Sharpless con-
dition using (+)-diisopropyl D-tartrate ((+)-DIPT), titanium
(IV) isopropoxide (Ti(OiPr)s), aud rers-buty! hydroperoxide
at-78 °C." Optically pure (2R)-(~)-12a was obtained from 8
in 42% yield through the asymmetric epoxidation followed
by reduction with lithium aluminum hydnde. This method
was always detected ca. 33% of unreacted material (8) due
to the kinetic resolution, accompanied with small amounts of

OMa OM OM

CMe

BNSDOCID: <XP___1058968A__|_>

(o]

o i
19.R=Br =

20, R=0M

Scheme 2. (8) AICL, PhNOz, 80-100 °C. (b) PHT, THF, it, 24 hrs.
{c) 1% NaOH. Me2CO, reflux. (d) BuCO-H, DCC, DMF, .
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side'products as described above, Oxidation of (:t:)—lZ or (-)-
123 with Fetizon reagent'® in benzene afforded (:t)-ll and
(-)-14 in 90% and 78% yields, respectively. The physical
and spectral properties of (+)-11 or (-)-14 were identical in
all respects with the literarure ¥ 130-%.1% i
DA-125 conwining a B-alanine residue developed by
Dong-A Phammaceutical Co., Ltd. (KR) was pGCér:ed by
nucleophilic displacement coupling using a8 N-Boc- -Bralenine ™™
sodium salt and a C-14 bromodaunomycin in acetone/water. ™
The DA-125 prodrug was found to have higher anucanccr
activity and less cardiotoxicity than the previously reponcd
daunorubicin family.'® Therefore, we wish 10 also prepare a ‘
new anthracycline derivative through the functionalization
of the C-14 position in 8 7-deoxyidarubicinone, It héq been
previously established- that phthaloyl chloride (17) could be
condensed regiospecifically with some AB-ring moxenes n
respectable yields.?*816 After condensation of 17 and, (—) 14
based on our published papers®* to afford 18 in: good
yields, bromination of C-14 site with pyrrolidone hydromi-
bromide (PHT) in THF" gave 19 in 90% yield. Hydrolysxs
of 19 with % NaOH in refluxing acetone gave mamly 20 in
53% yield. The esterification'? of the product 20 with butync
acid under dicyclohexylcarbodiimide (DCC) and 4-d)methyl-
aminopyridine (DMAP) in dry NN’ -dunemylformam:dc gave
21 (91%) as a major product and trace amount of unjdenti-
fied materjals. Since introduction of the 7-OH group in a 7-
deoxyanthracyclinone has been reported previously in two.—_ ;
steps,®™ ' the developed route could provides aglycon ofa L.~
new idarubicinone derivative,

P

4
'

el
2
[

Experimental Section
All reactions were run under dry nitrogen or argon;atmo-
sphere with oven-dried glassware, unless specified iother-
wise. All solvems were carefully dried and distilled by lite-
rature procedure prior to use, Bulk grade hexane was dis-
tilled prior to use. Merck pre-coated silica gel plat«.s (Ar.
5554) with fluorescent indicator were used as analyncal
TLC. Gravity column chromatography and flash column chro-
matography were camied out on silica gel (230—400 mesh
from Merck).
'H NMR and “C NMR spectra were recorded on a JEOL
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JNM EX-400 spectrometer. Proton chemical shifis (6) were
reponed in ppm downficld from terramethylsilane (TMS),
and "C resonance were recorded using the 77.0 ppm CDCla
resonance of the solvent as an intemal reference and re-
poned in ppm downfield from TMS. Infrared spectra were
redorded on a Nicolet S-DXB series FT-IR spectrophotome-
tef, Mass spectra were obtained on a JEOL JMX-DX 300
spectrometer by the electron impact or a Hewlen Packard
5972 series mass selective detector. Optical rotations were
measumd with JASCO DIP-360 spectrophotometer. Melting
po;nts were determined in capillary wbes on a Biichi 510
melting point apparatus and were uncorrected.

5 ,8-Dimethoxy-3.4-dihydro-2-naphthslencarbaldehyde
(7) Phosphorus oxychloride (6.30.mL, 67.6 mmol) was
added slowly to stirred dimethylformamide (20 mL) a1 0 °C.
The mixture was warmed to room temperature, stirred for
20'min, cooled to 0°C, and added dropwise via a double-
tipped needle into a solution of naphthalene 6'° (8.57 g, 45.0
mmol) in dimethylformamide (50 mL) at 0 °C. The ice bath
was removed, and the orange reaction mixture was hearted to
rcﬂux for 2-3 hrs. Afier cooling to 0 °C, a solution of sodium
acemxe (24.52 g, 0.18 mol) in water (80 mL) was added
slowly The mixwre was refluxed for 30 min, cooled to room
temperamre and cxtracted with diethy] ether (2 x 100 mL).
The combined organic layers were washed with water, satu-
rated aqueous sodium bicarbonate, and brine. After drying
over anhydrous magnesium sulfate, the solution was concen-
wrated to give 7 (7.17 g, 73%) as light yellow necdles: mp
92 94°C: 'H-NMR (CDCh) 6 9.76 (s, 1H, CHO), 7.70 (s,
lH) 6.88 (d, J=8.79 Wz, 1K, ArH), 6.76 (4, 1H, J=8.79
Hz, AtH), 3.85 (s, 3H, OCH,), 3.81 (s, 3H, OCHy), 2.84 (1,
2}-1 J=8.54 Hz, CHy), 2.50 (t, 2H. J = 8.54 Hz, CHz); '*C-
NMR (CDCly) 6 193.01, 150.92, 150.26, 140.36, 138.02,
177 43,122.09, 113.86, 108.50. 5605 5S. 84 20.0],18.19; IR
(ﬁlm) 3052, 3005, 2952, 2824, 1655, 1481, 1252 1085 em™';
MS (miz) 218 (M), 189 (M-29), 174, 159, 144, 131, 115.

()-1-(5,8-Dimethoxy-3,d-dihydro-2-naphthalenyl)-1-eth-
anol (8). To a stirred solution of aldechyde 7 (8.97 g, 41.1
mmol) in tetrabydrofuran (100 mL) at J0 “C was added drop-
wise 2 sojution of methylmagnesium bromide (20.5 mL,
61 6 mmol, 3.0 M in ether) under nitrogen atmosphere, The
rehction mixture was stirred at room temperature for ] hr.
After completion of the reaction by monitored on TLC, satu-
rated agueous ammonium chloride was added and the mix-
mre was extracted with ether (2 x 100 mL). The extracts
were combined, dried over anhydrous magnesium sulfate,
and evaporated. The residue was recrystallized from cyclo—
he;ane to give 8 as colorless needles (8.67 g, 90%): m
78 °C; 'B-NMR (CDCly) 6 1.34 (d, 3H, J=6.35 Hz, CH;),
2.25 (m, 2H, CHy), 2.44 (s, IH, OH), 2.76 (m, 2H, CHy),
3. 77 (s, 6H, 20CH3), 4.42 (q, 1H, J= 3.4 Hz, CH), 6.68 (d,
]H ATH), 6.64 (d, 1H, ArH), 6.77 (s, 1H, CH); '*C-NMR
(CDC];) 01503, ]494 143 .8, 124.5, 123 9,115.3, 109.7,

1

» 1085 77.4, 56.0, 22.17, 21.5, 20.9; IR (film) 3402, 2938,
.2838 1474, 1252, 1098 em™'; MS (m/z) 234, 216 (M-18),

"Ol 175, 14}, 128 115.
-(4 7-Dxmethoxy-la 12,3,7b-tetrahydronaphtho}1,2-5]

R TE-LT-1- 7 S N
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oxiren-1-yl)-1-cthanol (9).

Attempted condition with (£)-8 and m-CPBA: A mix-
ture of 8 (300 mg. 1.28 mmol) and m-CPBA (70%, 0.344 g,
1.54 mmol) was dissolved in 50 mL of methylene chloride and
stired at -10 °C for 2 hrs. The reaction mixture was diluted
with 50 mL of methylene chloride and washed successively
with 10% aqueous sodium carbonate solution and brine,
dried over anhydrous sodium sulfate, This method was at-
tempted under several different conditions. But, neither of
these procedures was successful for the epoxidation, and
only unidentified materials were mainly obtained.

(1§8")-1-](1aR",7bR")-4,7-Dimethoxy-1a,2,3,7b-fetrahy-
dronaphtho[),2-bjoxiren-1-yl)-1-ethanol ((£)-9). ‘crt-Buty)
hydroperoxide (0.46 mL, 6,0 M solution in decane, 2.77
mmol) was added to 2 mixture of ()-8 (0.72 g. 3.07 mmol)
and vanadium oxyacetylacetonate (0.11 g, 0.43 mmo)) in
benzene (100 mL), and the whole was stirred at room tem-
perature for 45 min. Concentration in vacuo gave a crude
mixture as a yellow oil. Because the resulting mixwre was
quite unstable, the mixed product was immediately used for
the next reduction without further purification. .

(1'S)1-|(1aR,7bR)4,7-Dimethoxy-12,2,3,7b-tetrahydro- -

naphtho|l 2-b]ox|ren-l-y!]ethan 10l ((-)9). (+)-Diisopro-
pyl D-tartrate (89.8 pL, 0.43 mmol) was added at-75°Cwo 8
solution of titanium (IV) isopropoxide (127.0 ul., 0.43 mmol)
in methylene chloride (20 mL) under argon atmosphere. A
solution of the olcfin 8 (0.5 g, 2.13 mmol) in 10 mL of meth-
ylene chloride was then added, and the resulting mixture was
stirred at -75 °C for 30 min. tert-Burtyl hydroperoxide (356.0
HL of 6.0 M solution in decane, 2.13 mmol) was then added
over a period of 15 min, and the reaction mixture was stirred
at <75 °C for 1 hr, and allowed to reach 0 °C over 2 further
period for 2 hrs, The organic solvent was concentrated by a
rotavapor to give (-)-9 as oil that could be used directly in
the preparation of (~)-12a without further separation.
2-(1-Hydroxyethyl)-5,8-dimethoxy-1,2.3,4-tetrahydro-2-
naphthalenol ((x)-12) and Its Isomer ((£)-13) from (x)-9.
A solution of above crude (£)-9 (0.75 g, 3.01 mmol) in (et~
rahydrofuran (5 mL) was added dropwise to a suspension of
lithiuvm aluminum hydride (0.23 g, 6.06 mmo)) in tetrahy-
drofuran (10 mL) at 0 °C and the whole was stirred at room
temperarure for 8 hrs. The reaction mixwre was allowed 10
warm to room temperature before being cooled to 0°C,
quenched with 2N-sodium hydroxide (50mL), and the
upper organic phase was separated. The aqueous phase was
further extracted with ethylacctate. The organic extracts were
combined and washed successively with water and brine,
and dried over magnesium sulfate. Filtration and concentra-
tion in vacuo gave a crude.mixture of two pair of diastereo-

‘mers (12/13, 15/16), which was purified by flash chroma-

tography (hexane/ethylacetate = 2/1 — 1/1) to give 15 (ca.
3.6%), 16 (ca. 18.1%), and 12/13 (0.35 g, 45.2% from 8) as
a white powder. Since separation of the a diastercomeric
mixture of (£)-12/13 (mp 142-148 "C) was not carried out
throughout purification, this sample should consist of the
two diasteromers in the ratio of 96 : 4 determined by C
NMR anaslysis of two benzyhc carbons. The '*C NMR spec-
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wum of this sample supported this assumption. >C NMR (in

CDCly): 29.1 (Cy or C4), 30.7 (Cy or Cs) for (£)-12 and 27.3
(Cyor Ca), 33.1 (Caor Cy) for (£)-13 (this ratio of two sets of
signals was 96 :4). The remaining portion of the crystals
(350 mg)- was direcily recrystallized from- dicthyl ether to
give pure (+)-12a as white crystals (302 mg, 39%): mp 150-
153 °C, (lit."”® 154-155 °C); "H-NMR (CDCly) §1.28 (d, 3H,
J=6.3 Hz, CHy), 1.57-1.98 (m, 2H, CH;), 2.59-2.54 (two s,
2H, OH), 2.70-3.00 (m, 4H), 3.72 (q, IH. /= 6.3 Hz, methine
H), 3.77 (s. 3H, OCHj3), 3.79 (s, 3H, OCH;), 6.64 (s, 2H,
ArH); C-NMR (CDCL) §151.9, 151.3, 126.1, 12422, 107.1,
72.8,72.2,55.6,30.7,29.1,19.8, 17.1; IR (film) 3338, 2945,
1481, 1252, 1084 em™'; GC/MS (m/z) 252 (M), 234 (M-
H,0), 207 (100), 189 (38), 175.

(18" 2R)-2-[(18")-1-Hydroxyethyl]-5 8-dimethoxy-1,2,3 4
tetrahydro-1,2-naphthalenediol ((z)-15). Spectral dawa
of (%)-15: ‘H-NMR (CDCly) & 1.31 (d, 3H, J=6.35Hz,
CH,), 1.68-1.74 (m, 1H, CH), 1.80 (bs, 1H, OH), 2.08-2.15
(m, 1H, CH), 2.20 (bs, 1H, OH), 2.61-2.69 (tm, 1H, CH),
2.96-3.01 (m, 1H, CH), 3.78 (s, 3H, OCHj), 3.79 (s, 3H,
OCH;), 4.78-4.83 (q, 1H, J= 6.35 Hz, methine H), 545 (s,
1H, methine H), 6.67 (d, 1H,/=8.79, ArH), 6.78 (d, IH, /=
8.79 Hz, arH); GC/MS (mvz) 268 (M™), 206 (100), 191, 180,
164, 149,

(1R",287)-2-|(1S8")-1-Hydroxycthyl}-5,8-dimethoxy-1,2,3 4-
tetrahydro-1,2-naphthalenediol ((x)-16). Spectral data
of (#)-16: 'H-NMR (CDCl3) § 1.30 (d, 3H, /=6.35He,
CH)), 1.64-1.71 (m, tH, CH), 1.93-2.05 (m, LH, CH), 2.55
(bs, |H, OH), 2.71-2.89 (m. 2H, CHz), 3.29 (bs, 1H, OH),
3.77-3.80 (q, 1H, /=6.83 Hz methine H), 3.78 (5, 3H,
OCH,), 3.82 (s, 3H, OCH;), 4.25 (bs, IH, OR), 5.08 (s, IH,
methine H), 6.71 (s, 2H, ArH); GC/MS (m/z) 268 (M), 206
(100), 191, 180, 164, 149, '

(2R)-2«(1’S)»-1-Hydroxyethy!)-5,8-dimethoxy-1,2,3,4-tetra-
hydro-2-naphthalenol ((~)-12a). Recaction of above un-
stable (=)-9 and lithium aluminum hydride (20.0 mg, 0.53
mmol) in tewrahydrofuran (20 mL) as described for the pre-
paration of (£)-9 yielded unreacted 8 (0.17 g, ca. 33% rcco-
vered), (=)-13 (0.23 g, 42% yield from 8) as a pale yellow oil
that crystallized on standing, mp 128-130 °C (white powder
from ether/hexane), and small amounts of 15 and 16. The
compound (-)-12a had 'H and ’C NMR, IR, and mass data
as reported above, [a]p? -36.7° (¢ = 0.9, CRyOH). (lit."”® [a]o
-49.7° (¢ = 0.5, ethanol), lit."“* (a]p -34.3° (c = 1.2)).

- 1-{2-Hydroxy-5,8-dimethoxy-1,2,3,4,-tetrahydro-2-naph-
thalenyl)-1-ethanone ((%)-11). Fetizon reagent (silver car-
bonate on celite 50 wt (%), 1.0 mmol of AgaCOs on 1.0 g of
the reagent)'® (8.52 g, 8.52 mmol) was added to a benzene
solution (SO mL) of (%)-12 (0.43 g, 1.70 mmol), and the
mixture was heated at reflux for 30 min, then cooled. An
insoluble material was filtered off and washed with benzene
(50 mL). The combined filrate and washings were concen-
trated in vacuo, giving brown oil. The residue was purified
by flash chromatography (hexane/ethylacetate = 3/1) to give
11 (0.38 g, 90%) as colorless crystals: mp 100-102 °C; 'H-
NMR (CDCly) §1.83-2.05 (m, 2H, CH), 2.32 (s, 3H, CH3),
2.75-2.99 (m, 4H), 3.62 (s, 1H, OH), 3.76 (s, 3H, OCHs),
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- 3.79 (s, 3H, OCHy), 6.64 (d, 1H, J=8.79 Hz2, ArH), 6. 67(d

1H, /= 8.79 Hz, ArH); IR (film) 3480, 1700, 1492 Cm'l GC/
MS (m/2) 250 (M), 232 (M"-H;0), 207 (100). Those spec-
tral properties were identical with those reported.™** |

1-{(2R)-2-Hydroxy-5,8-dimethoxy-1,2,3.4 -tetrahydr_o-z- _

naphthalenyl]-1-ethanone ({—)-14). Oxidation of . \(—)-123
(230 mg, 0.91 mmol) with Fetizon reagent’ (3.64° g,‘3 64
mmol) &8s described for the preparation of (x)-11 yncldcd 177
mg (78%) of optically pure (-)-14 after purification by; crys-
wallization in hexane: mp 128-130 °C; [a]o™® 48.2° (¢ =0.98,
CHCly), (lit."*® mp 127-128.5 °C, [az]p20 «49.7° (¢ = 0.5, elha-
nol), lit'** 128-129 °C (a)p®® -48.8° (¢ = 1.0, Cchg)) This
sample exhibited the same spectral (IR, 'H NMR, and‘mass
dats) properties'*“\* g5 described above, .
(8R)-8-(2-Bromoacetyl)-6,8,11-trihydroxy-5,7 8,9,10 12-

hexahydro-5,12-naphthacenedione (19). 7- Deoxyxdaru-

bicinone (~)-18 ([a]p®® -84.4° (¢ = 0.1, CHCly), 97%ee; lin."™®

(oJo™ -87.0° (c =0.12, CHC) (0.35 g, 0.99 mmol) which was
successfully obtained from previously reported paperss“ B
and pyrrolldone hydrotribromide (0.54 g, 1.09 mmol) were

placed in tetrahydrofuran (50 mL) and stirred at 23 9C for’

24 hrs. The reaction mixture was diluted with mc}hylene
chloride (50 mL), washed with water and brine, dried over
anhydrous magnesium sulfate. The mixwmre was concen-
wrated in vacuo to give red residue 19 (0.37 g, 86%). mp 170-
171 °C; 'H-NMR (CDCl;) 6 13.44 (s, 2H, OH), 8.34 (m, 2H,
ArH), 7.84 (m, 2H, ArH), 4.38 (s, 2H, CH1), 2.86-3.25 (m,

. 4H, CHa), 2.05-2.19 (m, 2H, CHa); GC/MS (nvz) 431 (M),

413, 352.

(8R)-8-Glycoloyl6;8,11- tnhydroxy-s 7,8,9,10, 12- heu-
hydro-5,12-naphthacenedione (20). A red resxdue 19
(0.30 g, 0.70 mmol) was dissolved in acetone (30 mL) After
the acetone solution hod been made alkaline (pH = 8)\by the
addition of 1% NaOH (1 mL), it was refluxed for l0 min
and concentrated in vacuo. Water was added to the resndue
ond the aqueous mixture was extracted with methylenc chlo-

ride, washed with water and brine, dried over anhydrous”

magnesium sulfate, filtered, and concentrated in vai(:ua to
afford crude product as a solid. Flash column chromatogra-
phy (hexane/ethylacetate = 1/1) afforded a pure 20 (0 2lg,
80%) as red powder: mp 192 °C; [a)o™ +49.9° (c ={0.004,
CH;0H); 'H-NMR (DMSOQ-ds) 5 13.44 (s, 2H, OH), 8.34
(m, 2H, ArH), 7.72 (m, 2H, AcH), 4.75 (s, 2H, CHz), 2.86-
3.25 (m, 4H, 2 x CHy), 2.05-2.19 (m, 2H, CHz); IR (film) 3449
2918, 2851, 1736, 1676, 1588, 1461, 1259, 1165, 1071 cm
GC/MS (rvz) 368 (M), 350 (M*-H:0), 310,292,
2-0x0-2-[(2R)-2,5,12-trihydroxy-6,11-dioxo-1,2,3.4,6,11-

hexahydro-2-naphthacenyljethyl butyrate (21) Di-
cyclohexylcarbodiimide (0.42 g, 2.04 mmol) was added to a
solution of 7-deoxyidarubicinone 20 (0.25 g, 0.68 mmol),
butyric acid (124.0 4L, 1.36 mmol), and catalytic amount of
4-dimethylaminopyridine (DMAP) (0.10 g, 0.81 mmol) in
dry dimethylformamide (15 mL). The reaction rmxture was
allowed to stir at room temperature for 6 hrs, at whlch time
the mixture was evaporated in vacuo. The residue was dis-
solved in methylene chloride (50 mL) and washed mth water
(80 mL) and brinc (2 x 50 mL). Afier drying over magne-
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mum sulfalc flash column chromatography (hexane/cthyl-
acetate = 3/1) gave 21 (0.27 g, 90.6%) as a red solid: mp
169-170 °C: "H-NMR (CDCly) 6 13.48 (s, 2B. ArOH), 8.33-
834 (m, 2H, ArH), 7.81-7.84 (m, 2H, ArH), 5.1 (s, 2H,
CH;) 2.9-3.6 (m, 4H, 2 x CH,), 2.45 (1, 2H, J=17.32 Hz,
CH), 1.93-234 (m, 2H, CH), 1.63-1.83 (m, 2H, J=
732 Hz, 7.81 Hz, CH:), 1.01 (t, 3K, J=7.32 Hz, 7.8]1 Hz,
CH); IR (film) 3429, 2925, 2858, 1723, 1635, 1582, 1467,
1273, 1085, 1017 cm™'; GC/MS (m/z) 438 (M), 420 (M™-
H:O) 368.
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Short-Step Asymmetric Syntheses of Anthracycline
Antibiotics via Enantioselective Dihydroxylation by
Osmium Tetroxide with a Chiral Diamine

Makoto Nakajima, Kiyoshi Tomioka,*! and Kenji Koga
Faculty of Pharmaceutical Sciences, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan

(Received in Japan 9 August 1993; accepred 13 September 1993)

Abstract: Shon-step asymmetric syntheses of (4)-7—dehydroxy-4—demethoxydaunomycinonc 4 and (-)-9-deacetyl-7-
dehydroxy-4-demethoxy-9-hydroxymethyldaunomycinone 5 were accomplished via enantioselective
dihydroxylation by osmium tetroxide with chiral diamine 13,

The clinical utility of the anthracycline antitumor antibiotics such as adriamycin (doxorubicin) 1 and
daunomycin (daunorubicin) 2 is well established.] The 4-demethoxy series of compounds’4 and 5 have been
developed as artificial anthracyclines of irhproved pharmacological profile. Since the biological activity of the
anthracyclines is critically dependent on the chiraiily at C-9, extensive efforts have been devoted 1o asymmetric
«construction of this chiral center in the desired absolute conﬁguran'on.z’ 3

We have reported the highly enantioselective dihydroxylation of olefins by osmium tetroxide with a chiral’

diami_neil?."1 Er:i}ployi'ng our system, diols of exceptionally high ee can be obtained from mono-, trans-di-, and
trisubstituted olefins. Thz enantioface selection is shown by the general presentation in Fig. 2. Since both (+)-
and (-)-13 are rcad'ily accessible in optically pure form, this method provide a powerful tool for the synthesis of
optically active alcohols in high. ee with desired absolute configuration from achiral olefins. In order to
demonstrate the synthetic utility of our method, asynixmetn'c syntheses of the anthracyclinones were examined.
We describe herein the details of successful shon-step asymmetric syntheses of (+)-7-dehydroxy-4-
demethoxydaunomycincne 4 and its hydroxymethy! analog (-)-9-deacelyl-7-dehydroxy-4-demethoxy-.9-
hydroxymelhylgaunoniycinone 5. .

OH OMe . OMe
R . R
CO% = 0
OMe ) .OMe
R X Y | R R
" 1: COCH,OH OMe O-Daunosaminyl 7: COOMe 10: COOMe
2: COMe OMe O-Daunosaminyl 8: COMe %@COMe
3: CH,OH OMe O-Daunosaminy! 9: C(ethylenedioxy)Me *C(ethylenedioxy)Me
4: COMe H H , .
5: CH,OH H H
H

6: COOMe H

Fig. 1. Asymmetric Syntheses of Anthracyclines .
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Synthetic Plan,

Optically active 7 and 8 are the most common key intermediates for the synthesis of anthracyclir
it can be easily transformed into tetracycline skeleton by Friedel-Crafls condensation to afford
ginal plan for the asymmetric synthesis of 7 and 8 is to construct the el

respectively. - Our orn
1 followed by reductive removal of benzylic hyd

enantioselective dihydroxylation of 10 and 1

Applying:l_!ié'géﬁéral presentation of the asymmetric dihydroxylation in Fig. 2, (-)-13 should be.

chiral dia?‘ii;‘ie ,i“' order to obtain 7 and 8 with desired absolute configuration.
Ph... Ph o
ow T
2’
\H R ET R
R! - R2 0s0,
2
AL LR
. 0 H 2 i .
\4 :NES' N ,,  or NaHSO; HO| OIH RIE
o . Ph 0s0,- (-

Fig. 2. Enantioselective Dihydroxylation of Olefins with OsO, with Chiral Diamine 13
alenes was studied with regard o 1h§: effect

Enamib*.seulve‘cil.iv:e_ dihydroxylation of dihydronaphth el
1 of dihydronaphthaléne with osniium

substituents on efficiency in asymmetric induction. Treatmen
Dresenc (1.2 eq) in THF (0.01 M) at -110°C for 6 h and the following reductiv
n refluxing aqueous THF, provided the correspondi
ed by their conversion to 7 and 8. As}i how

eq) in lh_e _p;éseﬁce of (-)-113
osmate with sodium bisulfite i

of the result
optical pumy gr}(;i__.abspl,ut_e configuration were determin
both 10 and ll_&ére o.x_idized in satisfactory ee with predicted absolute configuration (Run 1.&2),
dihydroxynébhm.al.eng with an ethylene acetal group provided the diol in only 36 % ee (Run 3). The
bstituents pppa(ently affected the enantioselectivity. Since 7 and 8 are the important key inte
a yclines, this enantioselective dihydroxylation was proved 10 be effecl;ve ip
the requisite chiral centers of anthracyclines. The successful results in the enantioselective dihydro
and 11 prompléd us 1o accomplish the asymmetric syntheses of (—)-9-deacetyl-7-dehydr0)i::y—4-a

hydroxymethyldaunomycinone 5 from 10 and (+)-7-dehydroxy-4-demelh0xydaunomycinong 4 from

H

the su
the syn{hesis of anthrac

Table 1. Enantioselective Dihydroxylation of Dihydronaphthalenes by 0s04 wuh (-)-13

Run- ' Olefin [a]3*(CHCI) () ee (%) :
1 10 4353 85 o
2 11 -17.6 )

12 C 245 36
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_ Syntheses of anthracycline antibiofics

Synthesis of 9-Deacetyl-7-dehydroxy-4 -demethoxy-9-hydroxymethyldaunomycinone 5
Total synthesis of (-)-9-deacétyl-7-dehydroxy~4-demethoxy-9-hydroxymelhy]daunomycinone 5 was
performed as shown in Scheme 1. The diol 14 obtained by enantioselective dihydroxylmion was freated with
triethylsilane in trifluoroacetic acid to provide 7 {85 % ee, [a] 0.29.5° (CHCI3); lit. 5 [a] 0.34.5° (CHCI3)} in
94 % yield. Friedel-Crafts condensation was carried out with phthaloyl dichloride-aluminum chloridé in
mlrobenzene:6 to provide letracychc core skeleton 6. Recrystallization from toluene gave practically optically pure
_ [a]D-57.2’ (CHCI3); 1it.7 [a] 3_60.0° (CHC13)] in 68 %. This three-step procedure is the shortest route via
' asymmetric synthesis 10 obtain 6, which is a versatile key intermediate for the synthesis of anthracyclines with
correct absolute configuration. We transformed 6 into 9-deacetyl-7-dehydroxy-4-demethoxy-9-
hydroxymethyldaunomycinone 5. To overcome the solubility problem, 6 was benzylated with benzyl bromide to
obtain 15. Reduction of ester was performed by successive hydrolysis and diborane reducnon Debenzylanon

by catalytic hydrogenation afforded optically pure 5 {[a]D -31° (dioxane), lit.3K ([a] -32° (dioxane)) in overall

22 % yield from 6. :

OMe QH OMe
COOMe 1) (--13-0s0, A rCOOMe gt giH
2) aq.NaHSO, CF,COOH
OMe 7
O OBzl l
Ph(COCI), ‘ O ' CoOMe BzIBr ‘O . ZSOMe
| “OH 2
]
1; AlCl,, PhNo2 NaH ‘
Hr‘ . i OBzl
'i ‘J‘i’YI' "'nlg’l HH‘ / ) )
CH,0H
oeo

Scheme 1. Asymmetric Synthesis of 5

Synthesis of 7-Dehydroxy-4-demethoxydaunomycinone 4 B
Total synthesis of (+)-7-dehydroxy-4-demethoxydaunomycinone 4 was performed as shown in Scheme 2.
: The dio} 18 obtained by enantioselective dihydroxylation was treated with triethylsilane in trifluoroacetic acid to

R

provide 19 as a 3:4 diastereomeric mixture which was then oxidized with sulfur trioxide-pyridine complex and
triethylamine in dimethylsulfoxide to afford 8 {82 % ee, [005-39.3* (CHCI3); it [o)f-48.2° (CHCI3)) in 68
% overall yield. Friedel-Crafts condensation with phthaloyl dichloride-aluminum chloride in nitrobenzened to
: provide the tetracyclic core skeleton 4. Recrystallxzauon from benzene afforded 4 [[a] 04150° (dioxane); lit.?
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was §
extrac
Na2S
10/1

[a]g’+157' (dioxane)} in optically pure form. The present four-step asymmetric synthesis in oplic

(c=0.
OMe OMe cH2
. . for C
_COMe 1) (_)_13.0504 R EtasiH I
— Rala¥Ix |
2) aq.NaHSO, CF,COOH ; { /
OMe 11 OMe :
. _ OMe ' O OH
: Py-SO,, Et;N : ACOMe  phcocy, o~
: “OH _ ;
. DMSO AICl,, PANO, R
OMe 8 : O OH 4
Scheme 2. Asymmetric Synthesis of 4
Summary

larget moleciiles,

follows: s, singlet; d, doublet; t, triplet; q, quartet; m, mulnplel br, broad MS spetra were taken
DX-300 mass spectrometer.

(15,2R)-Methyl l',2,3,4-Tetrahydro-1,2-dihydroxy-5,8-dimelhoxynaphthalene-Z-c
(14)
" Toacooled (-78° C) solution of the chira} dlamme (- ) 13 (80 mg, O 17 mmol) in THF (6 ml)

(5 ml) was added to the bright wine- red solution above at -110°C and the wholc was stirred for 6 h
temperature. Sodium bisulfite (1.0 g) and water (2 ml) was added to the reaction mixture and lh
stirred for 10 h under reflux. The reaction mixture was basified with NaHCO3 and concentrated. |

BNSDOCID: <XP___ 2168355A 1 >
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mds suspended in ethyl acetate (50 ml) and filtered through Celite pad. The water layer of the filtrate was

o .extracted with ethy) acetate (20 mi x2) and combined organic layer was washed with brine and dried over

. % NazSO4 Concentrauon and fo!lowmg purification by silica gel column chromatography (benzene- elhyl acetate,
gk

'Ay)) .

! : i,,(c_o 80, CHC3). IR (CHCI3): 3550, 1740, JH-NMR (CDCl3) &: 2.0-2.3 (2H, m, CH2), 2.8-3.0 (2H m,

fe . g ol CH2), 3.7-3.9 (11H, m, OCH3, OH), 529 (IH, 5, CH), 673 (2H, 5, An). MS m/z: 282 (M*). HRMS Caled

in opticallyf
ed technoli

Pt
- X for C|4H1306 282.1100. Found: 282.1068.
Y H4) Lg L.
N i Tkéhﬁaﬁ .
K % (%R) -Methyl 1,2,3,4-Tetrahydro-2-hydroxy-5,8-dimethoxy-naphthalene-2-carboxylate (7
e qn e A mixuwre of diol 14 (23 mg, 0.078 mmol), triethyisilane (0.016 ml, 0,093 mmol), and trifluoroacitic acid

) " :;»:iu 'W(O 4 ml) was stirred at 0°C for 20 min. Satd.NaHCO3 (10 ml) and ethyl acetate (30 ml) was added to the mixture
v 5 and the organic layer was washed with satd. NaHCO3 and brine. After drying over Na2SO4 and concentration,
¢ ” .‘y p “3»92 residue was purified by silica gel column chromatography (hexane-ethyl acelale 20/1) 10 afford 7 (20.3 mg.
? 04" %) as a caramel of [a]D-29 5" (c=2.03, CHCI3), {85 %ee, lit. 5 [a] -34.5° (c=1.24, CHCI3)}.

Wl (CHC13) 3550, 1730. 1H-NMR (CDC13) 8: 1.9-2.1 (2H, m, CH2), 2.7-3.0 (SH m, CH2 OH), 3.76 (3H 5,

(2R)-Methyl 1,2,3,4,6,11-Hexahydro-2,5,12-trihydroxy-6,11-dioxonaphthacene-2-
T carboxylale 6) .

' ) To a solution of 7 ([a]D -29. 5 (c=2.03, CHCl3) 85 %ee,10 mg, 0.038 mmol) in nitrobenzene (1 ml) was
added a sqluuon of aluminum chloride (10 mg, 0.07§ mmol) in nitrobenzene (1 ml) and the pmxture was stirred
{ for 30 min at room temperature. Phihalpy] dichioride (7.6 mg, 0.037 mmol) was added to the resulting green
solution and the whole was stirred at 100°C for 30 min. 0.2N oxalic acid (10 m]) and ethyl acetate (20 m) were
added to the resulting purple solution and the whole was filtered through Celite pad. The water layer was
R exxracled with ethyl acetate (20 ml x3) and the combined organic layer was washed with satd.NaHCO3 (20 ml
Rk x2) brine (20 ml). After drying over MgSO4, concentration followed by silica gel column chromatography
1*,(benzene -dichloromethane, 1/4) afforded 6 (11.0 mg, 80 %) as red prisms of mp 198-205°C. [a]f)o—Sl .0°
¢=0.10, CHCI3), (85 %ee). Recrystallization from toluene (0.1 mi) at -78°C gave red prisms (9.4 mg, 68 %) of
TR 1:":")\p 209 210°C. [a]D-57 2* (c=0.10, CHCI3). {lit. 7 mp 210.5-211.5°C, [a] 5.60.0° (c=0.10, CHCI3)).
BN ‘J é 1730, 1620, 1590. IH NMR (CDCI3) 8: 2.0-2.2 (2H, m, CH2), 2.9-3.1 (5H m, CH2,0H), 3.88 (3H

oy R . . . . .
“‘&ﬁl‘suspensxon of NaH (60 % dispersion in 0il, 25 mg, 0.62 mmol) in THF (1 ml) was added to a solution
190 mg,,0.27 mmol) in THF (100 ml) at -78°C under Ar atmosphere and allowed to stand at room

Syntheses of anthracycline antibiotics 10811
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chromatography (benzene-dichloromethane, 1/0 to 1/4) followed by recrystallization from ben'ze;
(137 mg, 92 %) as yellow prisms of mp 191°C. [0)s3g+25" (c=0.12, CHCI3). IR (CHCI3): 173
NMR (CDCI3) §:.1.8-2.0 (2H, m, CH2), 2.9-3.0 (5H, m, CH2,0H), 3.80 (3H, 5, CH30), 5.03
7.3-7.8 (12H,.m, Ar), 8.2-8.3 (2H, m, Ar). MS m/z: 548 (M%), 530 (M*-H20). Anal. calcd-
C, 74.44; H, 5.14.: Found: C, 74.28; H, 5.10. R

carboxyhc acld 1e)
3 %.XOH (0.45 ml, 0.24 mmol) was added to a solution of 15 (33 mg, 0.17 mmol) in T}-
B ml) and the whole.was stirred for 1 h. After adding 10 % HCl (5 ml), and the whole was’ extra
| % acetate (20 ml x3) and washed with water (10 m] x3), brine (10 mi) and dried over MgSQ4. Pur§ﬁca
. gel column chromatography (dichloromethane-methanol, 8/1) afforded 16 (70 mg, 77 %) . as a carg
27° (c=0.55, CHCI3). IR (CHCI3): 1670, 1720. 1H-NMR (CDCl3) §: 1.8-2.1 (2H, m, CH2),- ‘
CH2), 5.00.(4H, s, CH2), 6.1 (2H, brs, COOH, OH), 7.0-7.8 (12H, m, Ar), 8.0-8.2 (2H. m, ,Ar
534 (M*+). HRMS Caled for C33H2607: 534.1679. Found: 534.1631. b

. y
(8R) 6, ll Bls(phenylmelhoxy) 7 8,9,10-tetrahydro-8-hydroxy-8- hydroxymelhyl 5
naph(hacenedlone an ;_

Diborane. (1M in THF, 0.37 m], 0.37 mmol) was added to a solution of 16 (20 mg, 0. 037 m

(2 ml) at 0°C and the reaction mlxture was stirred for 4 h at room temperature 10 % HCI (20 ml)

the organic layer_ was washed with 10 % HCI (20 ml), satd. NaHCO3 (20 ml), brine (20 m!) an
Na2SO04. Purification by silica gel column chromalography (benzene-ethyl acetate, 3/1) afford!'ed 1

- Deacetyl-7-dehydroxy-4-demethoxy-9-hydroxymethyldaunomycinone 5)
A mixture of 17 (5 mg) and palladium on carbon (10 %, 2 mg) in dioxane-ethanol (1:1, 2
for 12 h at room temperature under hydrogen atmosphere. Flluauon followed by punﬁcauon wul
column chroma(ography (dichloromethane-acetone, 4:1) afforded 5(2 mg, 61 %) as red pnsms :
236°C. [o)5-31" (c=0.20, dioxane).{lit. 3k mp 235-238°C, (o] -32" (¢=0.06, dioxane).} IR, (dioxs
1590. 1H-NMR (pyridine-ds) &: 2.0-2.5 (2H, m, CH2), 3.0-4.0 (8H m, CH?2, OH, smglel at 4.0
(2H, m, A1), 8.3-8.4 (2H, m, Ar). MS m/z: 340 (M™), 309 (M*- CH’)OH) 291 (M+- CHzOH 2€
Calcd for Cj9H1606: 340.0947. Found: 340.0959. : :

(1R,2R)-2-Acetyl-1,2,3,4-tetrahydro-5,8- dimethoxynaphthalene-l 2-diol (18) !
To a cooled (-78° C) solution of the chiral diamine (-)-13 (98 mg, 0.21 mmol) in THF (10 ml) Wi
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: g (1 ml) was added to the bright wine-red solution above at -110°C and the whole was stirred for 6 h at the same
' temperature. Sodium bisuifite (0.20 g) and water (4 ml) was added to the reaction mixture and the whole was ;
stirred for 14 h under reflux. The reaction mixture was basified with NaHCO3 and concentrated. The residue ;
? was suspended in ethyl acetate (50 ml) and filtered through Celite pad. The water layer of the filtrate was
':"{. extracted with ethyl acetate (20 ml x2) and combined organic layer was washed with brine and dried over
; Na2804. Concentration and the following purification by silica gel column chromatography (benzene-ethy! :
. A acetate, 10/! to 1/1) gave chiral diamine 13 (94 mg, 96 %) and diol 18 (44 mg, 96 %) as a caramel of [a]"f)s-
' benzene sy Q 17.6' (c=1.10, CHCI3). TR (CHCI3): 1710, 1600. 1H-NMR (CDCI3) &: 1.7-2.1 (2H, m, CH2), 239 (3H, 5, j‘
3 g i4 CH3CO), 3.7-3.9 (2H, m, CH2), 3.8-4.0 (84, m, CH30, and OH), 5.31 (1H, s, CH), 6.72 (2H. s, Ar). MS '
), 5.03 T, m/z: 267 (MH), 266 (M¥). HRMS Calcd for C14H1805: 266.1154. Found: 266.1174. '
aled for,Cid ‘ : : .

(2R,1'R) and (2R,l'S)-1,2,3,4-Tetrahydro-2-(1-hydroxyelhyl)-s,s-'dimethoxynaphlhalen-z-ol

(19)
A mixture of diol 18 (17 mg, 0.064 mmol), triethylsilane (0.14 ml, 0.08& mmol), and trifluoroacetic acid

‘(0.7 ml) was stirred at 220°C for 12 h. Satd.NaHCO3 (10 ml} and ethyl acetate was added to the mixture and the
HCO3 and brine. After drying over Na2504 and concentration, the

residue was purified by silica gel column chromatography (hexane-ethyl acetate, 3/1) to afford 19 (12.5 mg, 78
%) as a caramel. IR (CHC!3): 3400-3450, 1600, 1480. 1H-NMR (CDCl3) &: 1.25 (isomer: 1.27) 3H, d,

J=7Hz, CH3), 1.5-2.0 (SH., m, CH, CH3, OH), 2.5-2.9 (4H, m, CH2), 3.77 (3H, s, (;H30), 378 (3H, s,

CH30), 6.63 (2H,s, Ar). MS m/z: 253 (MH1), 252 (M) 1H-NMR showed the ratio of isomers was 3:4.

organic layer was washed with satd. Na

extracted
Purificatio

pr:

12), 2.7:3.1§
«m, Ar). ¥

as a caram

P i(2R)-2-Acely|-1,2,3,4-te‘lrahydro-5,8-dime!hdxynaphlhalen-2-o| 3)
‘ R l ‘ Triethylamine (0.32 ml, 2.3 mmol) and sulfur trioxide-pyridine complex (130 mg, 0.82 mmol) were added
thyl-5,12: "4} toa solution of diol 19 (20 mg, 0.080 mmol) in DMSO (0.2 ml). After adding 10 % HCl (10 ml).and ethyl
; . acetate (50 ml), the organic Jayer was washed with 10 % HCI (10 mb), satd. NaHCO3 (10 mi x2), brine and dried

|

{

- ¥ o .
037 ‘n\qfol)k . . over Na2504. Concentration followed by purification by silica gel column chromatography (benzene-ethy!
:0 ml) wasy PN "acetate, 7/1) afforded 8 as colorless prisms (8.8 mg, 87 %) of mp 122-125°C.. [a]§-39.3° (c=0.88, CHC13){82
_aceta-f %ee, lit.> mp 128-129°C, [o]%-48.2° (c=0.982, CHCI})}. IR (CHCI3): 1710, 1490. TH-NMR (CDCl3) &:

f . :
4 1821 (2H, m, CH?), 2.30 (3H, s, CH3CO), 3.61 (1H, s OH), 3.79 (3H, s, OCH3), 3.82 3H, s, OCH3),

ml) & i

rded _1'7,(1 ; ‘;; L 6.7 (2H, s, Ar). MS m/z: 251 (MHH), 250 (M*), 232 (M+-H20). .

\H-NMR | '

’ 7'3‘7-6( . 3,4-Dihyéro-5,8-dimethoxy-z-(l-methyl-2,5-dioxan-l-yl)naphthalene (12)

‘ A mixture of ketone 8 (36 mg, 0.16 mmo}), eth‘ylene glycol (96 mg, 1.5 mmol) and p-toluenesulfonic acid

(3 mg, 0.016 mmol) in benzene (15 ml) was stirred under reflux azeotropically for 12 h. The reaction mixture
was diluted with ethy! acetate (40 ml) and washed with satd.NaHCO3 (10 mi), water (20 ml x2), brine (20 ml)
followed by purification by silica gel column chromatography (benzene)

| ahd dried over MgS04. Concelntration .
afforded 12 as a caramel (47 mg, 99 %). 1R (CHCI3): ‘166‘0'. 1600. 1H-NMR (CDC!3) §: 1.54 (3H, s CH3),
6.68 (2H, s, Ar), 6.98 (1H, s, CH). MS

%

sho e,

e 12.1.2.3 (2H, m, CH2), 3.78 (6H, s, OCH3), 3.8-4.0 (4H, m, CH2),
bl m/z: 276 (M*). Caled for C16H2004: 276.1361. Found: 276.1384.

(]S,2R)-3,4-Dihydro-5,8-dimethoxy-2-(1-me_thy‘l-2,5-dioxz;n—1--yl)naphthalene-l,2-diol (20)

at 4.02);
H-H20),

s e f s

SN
R Ry i v

oy iakeir -
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To a cooled (-78°C) solution.of the chiral diamine (-)-13 (60 mg, 0.13 mmol) in THF (8 ml) was added a
solution of osmium tetroxide (29 mg, 0. 12 mmol) in THF (1 ml). A solution of 12 (29 mg, 0.11 mniol)) in THF i
(2 ml) was added 1o the bright wine-red Solution above at -110°C and the whole was stirred for 2 h at the same
temperature and then 4 h at -78°C. Sodlum blsulﬁle (1.0 g) and water (5 ml) was added to the reaction mixture :
and the whole was surred for 12 h under reflux. The reaction mixture was basified with NaHCO3 and
concentrated. The resxdue was suspended in ethyl acetate (30 ml) and filtered through Celite pad. The water layer
of the filtrate was extracted with ethyl acetate (>lO ml x2) and combined organic layer was washed with brine and
dried over Na2504. Concentrated and purification by silica gel column chromatography (dichloromethane-ethyl
acetate, 6/1) afforded diol 20 (25 mg, 77 %) as a caramel of [a]€-24.5" (c=1.24, CHC!3). IR (CHCl3): 3500, .
1600. 1H-NMR (CDCI3) 8: 1.46 (3H,'s, CH3), 2.1-2.3 (2H, m, CH2), 2.7-2.9 (2H, m, CH, OH), 3.56 (1H, '
s, OH), 3.77 (3H, s, OCH3), 3.84 (3H, s, OCH3), 4.02 (4H, s, CH2CH?2), 5.14 (1H, s, CH), 6.70 (2H, s,
Ar). MS m/z: 311 (_MH'*'), 310 (M), HRMS Calcd for C16H22061 310.1415. Found: 310.1410.

(2ZR)-2-Acetyl-1,2,3,4-tetrahydro-5,8-dimethoxynaphthalen-2-01 (18) from ketal 20

-~ A solution of ketal 20 (19 mg) and 10 % HCI (0.4 ml) in THBF (4 ml) was stirred for 2 d at room
temperature. The mixture was diluted with ethyl acetate (90 mi) and washed with satd.NaHCO3 (10 ml), brine
(20 ml) and dried over Na2SO4. Concentration followed by silica gel column chromatography (benzene-ethyl
acetate, 10/1) gave 18 (14.3 mg, 88 %) as a caramel of [a]D-7 7° (c—l .43, CHCI13), (36 %ee based on the .
optical rotation of Table 1 Run 2).

(8R)-8-Acetyl-7,8,9,10-tetrahydro-6,11,8-trihydroxy-5,12-naphthacenedione (4-Demethoxy-7-
debydroxydaunomycinone 4)

To a solution of 8 ([a]2D5—39.3’ (¢=0.880, CHCI3), 82 % ee, 15 mg, 0.060 mmol) in nitrobenzene (2 mi)
was added a solution of aluminum chloride (16 mg, 0.12 mmo}) in nitrobenzene (0.5 ml) and the mixture was
stirred for 30 min at room temperature. Phthaloyl dichloride (12 mg, 0.060 mmol) was added to.the resulting
orange solution and the whole was stirred at 100°C for 1 h. 0.2N oxalic acid (10 ml) and chloroform (30 ml)
were added to the resulting purple solution and the whole was filtered through celite pad. The water layer was
extracted with chioroform (10 ml x3) and the combined organic layer was washed with satd. NaHCO3 '(20 ml x2), -
brine (20 mi). After drying over MgSO4, concentration followed by silica gel column chromatography (benzene-
dichloromethane, 1/3) afforded 4 (16 mg, 76 %} as red prisms of mp 209-215°C. [a]g)_-73;0' (c=0.14, CHCI3),
(81 %ee). Recrystallization from benzene (0.5 ml) gave 1ed prisms (9.0 mg, 53 %) of mp 217-218°C. [0.]%)0
-86.2° (¢=0.10, CHCl3), {(96 %ee, 1it.9 mp 218-219.5°C, [a]%)s-90.6' (c=0.106, CHCI3)}. IR (KBr): 3400,
1700, 1620. 1H-NMR (CDCl3) &: 1.7-2.2 (2H, m, CH?), 2.39 (3H, s, OCH3), 2.8-3.5 (4H, m, CH2), 3.80
(1H, s, OH), 7.7-7.9 (2H m, Ar), 8.2-8.5 (2H, m, Ar), 13.49 (2H, s, ArOH) MS m/z: 352 (M+) 309 (M+-
COCH3)..

The authors are grateful 10 Dr. Shiro Terashima, Sagami Chemical Research Center, Tokyo, Japan, for
providing samples.

BNSDOCID: <XP__ 2188355A__I_




T
. o i
il Procl] S M 30

- S . . T T —

Syntheses of anthracycline antibiotics 10815

_ { Present Address: The Institute of Scientific and Industrial Research, Osaka University, Ibaraki, Osaka
567, Japan

REFERENCES AND NOTES

(a) Arcamone, F. Anticancer Agents Based on Natural Product Models; Cassady, J. M Douros L.

D. Eds. Academic Press: ‘New York, 1980; pp 1-41; (b) Arcamone, F. Doxorubicin Anticancer
Antibiotics; Academic Press: New York, 1981; (c) El Khadem, H. S. Anthracycline Antibiotics,
Academic Press: New York, 1982. : L, :
Recent reviews for anthracycline chemistry: ‘(a) Terashima, S. J. Synth. Org. Chem. Jpn. 1982, 40,
20-41; (b) Broadhurst, M. J.; Hassall, C. H.; Thomas, G. J.'Chem. Ind. 1986, 106-112; (c)
Krohn, K. Angew. Chem., Int. Ed. Eng. 1986, 25, 790- 807; (d) Tamura, Y.; Kita, Y. J. Synth.

Org. Chem. Jpn. 1988, 46, 205-217; (e) Krohn, K. Fortsch. Chem. Org. Naturst. 1989, 55,37
88. :

Asymmetric synthesis of the AB ring: (a) Suzuki, M.; Kimura, Y.: Terashima, S. Chem. Lett. 1985,
26, 367-370 and references cited therein; (b) Sodeoka, M.; limori, T.: Shibasaki, M. Tetrahedron
Lett. 1985, 26, 6497-6500; (c). Izawa, T.; Wang, Z.; Nishimura,. Y.; Umezawa, H. Chem. Len.
1987 1655-1656; (d) Tamura, Y.; Annoura, H.: Yamamoto, H.; Kondo, H.; Kita, Y.; Fujioka, H.
Tetrahedron Leit. 1987, 28, 5709-5712; (€) Davis, F. A.; Kumar, A,; Chen, B.-C. Tetrahedron
Lett. 1991, 32, 867-870. Other asymmetric syntheses of anthracychnes ) Kende. A. S.; Rizzi, J.
P. J. Am..Chem. Soc. 1981, 103, 4247-4248: (g) McNamara, J. M Kishi, Y. J. Am. Chem. Soc.
1982, 104, 7371-7372; (h) Gupta, R. C.; Harland, P. A.; Stoodley, R. J. J. Chem.. Soc., Chem,
Commun. 1983, 754-756; (i) Domingues, D.; Cava, M. P. J. Org. Chem. 1983, 48, 2820-2825;
(j) Broser, E.; Krohn, K; Hintzer, K.; Schurig, V. Tetrahedron Lett. 1984, 25, 2463-2466; (k)
Bennani, F.; Florent, J.-C.; Koch, M.; Monneret, C. Tetrahedron 1984, 40, 4669-4676; (1) Meyers,
A. L.; Higashiyama, K. J. Org. Chem. 1987, 52, 4592-4557.

(a) Tomioka, K.; Nakajima, M.; Koga, K. J. Am. Chem. Soc. 1987, 109, 6213 6215; (b)
Tomioka, K.; Nakajima, M.; litaka, Y.; Koga, K. Tetrahedron Lett. 1988 29, 573-576; (c)
Tomioka, K.; Nakajima, M., Koga, K. J. Chem. Soc., Chem..Commun. 1989, 1921-1922; (d)
Tomioka, K.; Nakajima, M.; Koga, K. Tetrahedron Leu. 1990, 31, 1741-1742; (e) Nakajima, M.;
Tomioka, K.; litaka, Y.; Koga, K. Tetrahedron in press.

(a) Terashima, S.; Jew, S-s.; Koga, K. Tetrahedron Leti. 1978, 4937 (b) Jew. .-s.; Terashima,
S.; Koga, K. Chem. Pharm. Bull. 1979, 27,2351- 2362.

Sartori, G.; Casnati, G.; Bigi, F.; Robles, P. Tetrahedron Leu. 1987, 28, 1533 1536.

(a) Suzuki, M.; Matsumoto, T.; Abe, R.; Kimura, Y.; Terashima, S. Chem. Lett. 1985 57-60; (b)
Kimura, Y.; Suzuki, M.; Matsumoto, T.; Abe, R.; Terashtma. S.'Bull. Chem. Soc. Jpn. 1986, 59,
415-421.

(a) Suzuki, M.; Matsumoto, T.; Ohsaki, M.; Klmura, Y.; Terashima, S. Chem Len. 1986, 1739-
1742; (b) Suzuki, M.; Matsumoto, T.; Ohsaki, M.; Kimura, Y. Terashlma.S Chem. Pharm Bull.

3




BNSDOCID: <XP _ .

2188356A __

10816 M. NAKAJNMA er al.

1987, 35, 3658-3665. They have reporled direct reduction of 6 into 5 with lithium tri- ter 7

K
[
E
i

buloxyalumlnum hydride in dimethylsulfoxide. i
9. (a) Terashlma 'S.: Tamoto, K.; Sugimori M. Telrahedron Leut: 1982 23, 4107-4110; (b) Tamoloi,

K.; Sugimori, M.; Terashima, S. Tetrahedron 1984, 40, 4617- 4623

V>




N_A

v
-

-

- occurning  daunom

-assemblage of the tetracyclic system by AB + CD
2 .

ktp_ 8000090A _j >

{Indian Journal of Chemistry
Vol. 24B, July 1985, pp. 697-702

XP.CO80000e0

Total Synthesis of (i)-4-DemethoxydaunomycinoneT
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2*Acetyl-5,8-dimethoxy-].2.3A-testrahydro-Z-naphthol (4), the key synthon for"vthe total synthesis of.van'ous antitumor

anthracyclinones. has been prepared either from l.4-dimethoxynaphthalene and making use of metal-ammonia reduction or
from benzoquinone and .oing through Diels-Alder reaction with 1,3-butadiene. 4 is .then converted into ()4
demethoxydaunomycinone (3b) ‘

Inthe field of anthracyclines as anticancer agents® , the
synthetic analogue, 4-demethoxydzunomycin (3a) has
assumed considerable clinical importance as it is found
to be 8 to 10 times more effective than naturally
yein (1a) or adriamycin (2a)?,
Further, 3a is orally active®. As there is no possibility
of obtaining 3a by fermentation, and many suitable
‘methods for the synthesis of L-daunosamine including
two of our approaches* either starting from glucose or
glucosamine and its coupling to -the aglycone 4-
demethoxydaunomycfnone, 3b), have ‘already been
accomplished®, our main efforts have been directed
towards evolving a convenient synthesis of the
aglycone (3b). Amongst several approaches® towards
the synthesis of both daunomycinone (1b) and 3b, the
method first employed by Wong er al.” for the

coupling seems to be most promising. It involves the
preparation of 2-acetyl-5,8-dimethoxy-1’,2,3,4—tetra-
hydro-2-naphthol (4) representing the final AB rings
and its condensation by acylation with phthalic
anhydride corresponds to CD rings in the tetracyclic
system. Various methods have since been reported for
the synthesis of 4 which can be smoothly converted
into 4-demethoxy-7-deoxydaumomycinone (5)*. We
now report an efficient and a much simpler approach
towards 4. employing easily accessible organic
intermediates. Precise experimental procedures for the
successful elaboration of such products have been
outlined in view of their interesting application for the
synthesis of other anthracyclinones. ‘

Our first approach for the synthesis of 4 was from
1,4-dimethoxynaphthalene (6) and used of metal-
ammonia reduction as the key step' as' depicted in
5
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Scheme 1 =

Scheme 1. Thus'metal;ammonia' reduction of 6 either
with lithium in liquid -ammonia or lithium in
ethylenediamine Orf potassium in ethylenediamine
resulted in the recovery of starting material (in
different gram atom equivalents). However, 6 on
reduction with potassium in liquid ammonia, followed
by quenching the reaction mixture with ethanol
afforded 5,8-dimethoxy-1,4—dihydronaphthalene .

The various attempts to acylate the ethylenic double

bond in 7 to achieve 8 (e.g. acetic anhydride-BF;-
etherate, acetic anhydride-AICl; ,. acetyl chloride- -

SnCl,, acetyl chloride-ZnCl, , acetic acid-PPA etc)
which could then be easily epoxidised and redutively
opened to give the desired 4, resulted in a complex
mixture. In view of this it was decided to isomerise the
olefinic bond in 7 to the conjugated position asin 91n
the hope that 9 will be more prone 10 such acylation
reactions. 7 on treatment with.potassium 1-butoxide in
dimethyl sulphoxide under nitrogen atmosphere at

room temperature resulted in the formation of 5,8- .
dimethoxy-3,4-dihydronaphthalene (9) in almost

quantitative yield. After several unsuccessful attempts
to acylate 9;. it was found that using N,N-
diph;ny]ace}amide-phosphoro(us oxychloride in
chloroform resulted in the formation of 2-acetyl-5,8-

‘dimgthoxy-S,A-dihydronaphlhalenc (10) in 10%, yield.
Attempts 1o improve the yicld of 10 by varying the

conditions of Vilsmeier-Haack _reaction were

- unsuccessf] ul. Catalytic hydrogenation of 10 using 5% .
LPd/C resulted in the formation -of 2-acetyl-5. 8-
. dimclhoxy~l,2,3,4-1etrahydroxiaphthalehe (11) in 90%
. yield. Tertiary hydroxylation at C-2 position in 11 was

achieved by treating 11 with potassium t-butoxide in 1-

. butano! and bubbling oxygen followed by reduction

698

INDIAN J. CHEM., VOL. 24B, JULY 1985 |

oMe - OMe @
N
“q‘NHs “

| | OMe l OMe

s Ome O “OMe O
, o
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with zinc/acetic acid” to give the desired (i)-?.ia’ -

’ S
i {

DMF,POCI, |

5,8-dimethoxy-1 ,2,3,4-tetrahydro-2-naphthol - § e

60% yield. It was evident that this approach;
suitable to obtain 4 in reasonable quantity."-{'

Earlier it was demonstrated® that 9 unded-
formylation under Vilsmeier-Haack conditionst-

dimethylformamide and POCI; to give 2-formy
dimethoxy-3,4-dihydronaphthalene (12) which
be smoothly transformed to 4 by apprI)'
reactions. However, 12 itself was o.blainable;l_b;_a

multistep op<:r_aliohs9 . This approach, therefor} <
;

not attempted.

In yet another approach (Scheme 2) Die
reaction of p-benzoquinone with 1,3-butadii
glacial acetic acid at room temperature aﬂ'oid :

Is

adduct (13) in 90% yield. Methylation of 13 (M
K, CO;-acetone method) afforded S,8-dimethonp
dihydronaphthalene (7) in 909, yield. This pr__odj

identical in all respects with that obtained by
ammonia reduction on 1.4-dimethoxynaphthak :
‘Base-catalysed isomerisation of 7 with potas
butoxide in DMSOQ afforded 9 in quantitaticy.
Vilsmeier-Haack formylation (POCI 3-DMF',:‘§ ¥

gave 12 in more than 90% yield. Grignard reaci:

12 with methylmagnesium iodide in ether. 4§
(i)-Z-(1-hydroxyethyl)-S.S-dime‘tho’xy-3.45_d§.v

naphthalene (14) in 66% overall yield. 4

Epoxidation of 14 using f-butyl hydr’o‘w‘ e,
vanadyl acetylaceionate in ‘benzene atff - g

‘temperature followed by reduction with

aluminium hydride in (etrahydr'ofui’an_i_z{@);_

temperature afforded the vicinal diol (16).;F
oxidation!? of ( +)-16 resulted in the formationg -

e M

& - ERL S

. déhelhoxyd.
.idepicted in !
 'Compoun
© deoxydauno
+ Hydroxylati
=-;vfacfiié:\}ed by
» #iihescorrespt
FS,S-/Q imethy

-icompound
- idtrifluoroace

; ‘f/‘,'yield.

~3odium by
datunomyci

. spectral da

. Al T
‘ -‘,‘fearlx\er Tep!

4in very good yield. Further conversion of (1{ * ;.
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icted: in Scheme 3. :
ompound (4) was converted mlo 4 demethoxy 7-

"_niethylhydanloin". Treatment of the bromo
compound (18) with silver trifluoroacetate:”
xﬂuoroaceuc acid .at room temperature gave 19 in
yncld Various modxrcauons made at this stage

sodlum hydroxide in THF y:elded (£)-4- demcthoxy-
» da_unomycmonc (3b) in 40“0 yield. The PMR and other

RAMA RAO et al.: SYNTHESIS OF (i)-DEMETHOXYDAUNOMYCXNONE

PR SN ol

~ OMe OMe
DMS/K,CO4 ~ 1'suok,omso CHO
Acetone 2) DMF-POCI3 g
OMe = ' OMe
7 12
OMe . OH OMe  OH OMe  OH
Q@  TBHP LAH
VOlacac), THF OH
OMe OMe : . OMe.
14 \ 15 16
Scheme 2 '

nAlcg.Nnm
20Ac,0/H"

1) CF5 COOH
CF, COOAg

2) NuOH/THF

Thus the total synthesis of ( £)-3b was accomplished
by a practical and preparatively useful method.

Experimental Procédure
Melting points are uncorrected. IR spectra were
- recorded on a Perkin-Elmer model 683 spectrophoto-
meter and PMR spectra on either Varian T-60 or
Varian FT-80 spectrometer (chemical shifts are given
in & scale) using TMS as an internal standard. Mass
spectra were rccorded on a CEC 21-110B mass
spectrometer.

Analytical thin layer chromatography (TLC) was

performed on (15x4 cm) glass plates with Acme's
silica gel and visualisation of the spots was achieved by
exposure to iodine vapour. For column chromatog-
raphy Acme’'s silica gel (60—120 mesh) was used. All
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“solvents and reagents were purified and dried by
standard.techniques. -~ )
(a) 5,8-Dimethoxy-1,4-dihydronaphthalene (7)

To a stirred and cooled (—33° solution of 1,4- !
~ dimethoxynaphthalene (6, 0.53 g; 2.8 mmol) in liquid "
* ammonia (20 ml) was added potassium metal (0.672 g, |

.6 gram atom eq.) in portions during 10 min. After
~ stirring for 30 min at 33°, the colour of the reaction |
mixture changed from blue to brown. Stirring was |
continued for further 3 hr at room temperature when |

most of the ammonia was evaporated. The reaction i

was quenched by adding absolute ethanol (25 ml) :

dropwise and $tirred for 30 min. Ethanol was removed .

“in vacuo, water (25 ml) added and extracted with"
. chloroform, -Evaporation of chloroform gave a
_~ gummy residue, which on chromatography over silica
- gel (benzene - hexane, 1:9) afforded pure 7 (0.213 g,
. 40%) as colourless needles, m.p. 53¢ (lit.!2 m.p. 50°);
" PMR (CCl,) : 3.20 (d, 4H, benzylic —CH,), 3.73 (s,
6H, 2 x OCH3), 5.80 (1, 2H, vinylic CH), 6.47 (s, 2H,

_aromatic), M* 190 (Found: C, 76.1; H, 7.5. Calc. for

C,,H,.02 C, 75.8; H, 7.4%). Alternatively 7 was .

. prepared in 90% from p-benzoquihone-butadiene
_adduct (13) as follows: . .

" . : (b)Toasolutionof p-benzoquinone (54 g, 0.5 mol) in

.. gl acetic acid (500 ml) was introduced liquid butadiene

(81 g, 1.5 mol) at 0°, the reaction mixture.allowed to

stand at room temperature for 36 hr, and poured over
. crushed ice with stirring. The colourless compound
. that precipitated was filtered and dried to obtain 13(73

g, 90%). - . coe T

A mixture of 13 (64.8 g, 0.4 mol), dimethyl sulphate

(126 g, } mol)and potassium carbonate (200 g, 1.4 mol)

in dry acetone (1 litre) was refluxed for 48 hr.- Usual

work-up afforded a solid which was crystallised from

‘methanol to'give 7(68.3 g, 90%) as colourless needles,

m.p.’51¢ (li.!? m.p. 50°). h .

i
i

i

5,8-Dimethoxy-3,4-dih ya’rohaphthalene (9} .
‘Toa solution of 7(0.57 g, 0.003 mol) in dry dimethyl

sulphoxide (2.5 ml) was added potassium -butoxide. . chioroform layer was dried (Na,SO,), evap0raléi1"

(40 mg, 0.00036 mol) and stirred under nitrogen' at’

room temperature for-6 hr. The reaction mixture was -

poured over cms}ied ice and the solid separated was’
filtered, and crystallised from hexane to give 9(0.56 g,

98Y/) as colourless plates, m.p. 70*, PMR (CCl ) 2.2~

2.7 (m, 4H, Hs on C-3 and C-4), 3.73 (s, 6H, 2 x

- —OCH,),5.93,6.83(m, 1H each, Hs on C-2 and C-1),
- 6.53(s, 2H, aromatic); M* 190 (Found: C, 75.7; H, 7.4.
C,zH,40; requires C, 75.8;, H, 74%). = '

2-Aceiyl-58-dimethoxy-3,4-dihydro-
“naphthalene (10) - ‘

To a solution of 9 (0.95 g, S mmol) in chioroform (5
ml) was added a reagent (5 ml), prepared by mixing
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N,N-diphenylacetamidet;(2.l g, 10 mmol) and
i(] 61 g, 16.6 mmol) in chloroform (5 ml). The-react

| 6.43, 6.66 (dd, J = 8 Hz, 2H aromatic), 7.60 (s,

““on'a rotary evaporator to give a residue whichj

. "61.2,H, 1.2%).

heated at 80
crushed ice.
washed witl
ethanol tc
‘m.p. 91-92°
(m,4H,Hs ¢

!

N . . ]
mixture was refluxed for 4 hr, saturated aq. so

acetate added and extracted with chloroform. D

(Na,SO,) and evaporaitio"n of chloroform gaw H. OCH
gummy product, which on chrgmatography on o, L 32
gel (hexane - benzene 9:1), gave 10 (0.094 g, 10 vmy}m H),*
yellow needles, m.p. 102° (it.'® m.p./ 104°); 71.6, H, 6.6
(CDCl,): 2.37 (s,. 3H, COCH,), 2.23-2.83 (m, 4 - .
"xCH,), 3.76 (s, 3H, OCH,), 3.83 (s, 3H, —OCH 2<1-Hydro:

-hydronaphti’

olefinic) M* 232 (Found: C, 72.1; H, 6.9. Calc! . gel mébl;u;
,C,.4H,603. C, 724 H, 6.8%). “ether (600
2-Acely1-5,8-dime1hoxy¥l,2,3,4-te1ra- . nitr¢  at
hydronaphthalene (11) o for 1 hr. S
A solution of 10 (1 g, 0.004 mol) in ethanol (253 MY was ad¢
and 5% Pd/C (0.1 g) was hydrogenated at 20 psigfs - Organiclay

room temperature with mechanical shaking for 3 (Na;SOﬂ

‘The catalyst was filtered, washed with ethanol (10 semisolid, -
and the combined ethanol solution evaporatel colou:lessx
dryness. The colourless residue was crystallised _'7-8°79 ) PI:
~ethanol-pet. ether (2:1) to give 11 (0.9 g, 90%), m:p <-C_HOH.) L.y

§2° (lit.” .m.p. 81-82°) PMR (CDClL,): 2.2 (s, ¥ 236 (m, 21
COCH,), 2.2-3.2(m, TH, 3 x CH, & CH), 3.73(s, 6, CHa). 3.7
< OCH..). 6.46(s, 2H, Ar-H); M * 234 (Found: C, g 1H, ~CH
H, 7.7. Calc. for C;4H,405: C, 71.8; H, 7.7%): - 1H, vinylic
. _ ‘ o ) ' - . E f_or Ci4Hy:
(+)-2-Acetyl-5,8-dimethoxy-1,2,3,4-1etra- e

hydro-2-naphthol (4) -Ho oxyo
A solution of 11 (0.57 g, 2.45 mmol) in dry r-bfss: ,3,4‘-"7'11ra1
" alcohol (5 ml) was added to an oxygen saturd} Toasoh
solution of potassium (-butoxide in r-butanol (45§ ml)  ;ac

Dry oxygen was bubbled into the solution for- 5
while keeping the reaction at 35°. The solutio
cooled to 0° and glacial acetic acid added uni}
' became acidic. Zinc dust (2 g) was immediately ad
and the solution stirred at room temperature for§
Zinc dust was filtered off and the filtrate co}nccm‘

diluted with water and extracted with chloroform

the residue crystallised from methanol-ether to oY
(0.6 g, 60%) as colourless needles, m.p. 99° (lit.%n
’ 97%); PMR (CDCl;): 1.85 (1, 2H, C-3H), 2.3 (
-~ COCH;), 2.76 (1, 2H, Ar—CH,), 2.8 (bs,2
~CH,), 3.4(bs, 1H, —OH, D,0 exchangeable),}
(s, 3H, —OCH}) 3.73(s, 3H, ~ OCH3), 6.6 (s, 2H]
'H); IR (CHCl;) 3200 (OH), 1685 cm 1 (C=0)k}
250 (Found: C, 67.0; H, 7.2. Calc. for C,,H

B 5_',;87"Diméthoxy-3,4-dih ydro-2-naphthal- ’
dehyde (12) , BRI
To a precooled (0%) solution of 9 (38 g, 0.2 mo]

TR R




H J‘i
)
i

¥

Ay

t

Qiaick reagent prepared from POCl, (46 g, 0.3 mol)
16 DMF (36.5 g, 0.5 mol). The reaction mixture was
tgg_?téd at 80° for 3
mished ice. The solid that separated was filtered,’
hed with water, and dried and crystallised from
hanol to give 12(39 g, 9070 -as light yellow plates,

‘DEn:91-92° (it.® m.p. 91-92°); PMR (CCl, ): 2.03-2.90
hjoroform. ~‘ H,Hs on.C-3and C-4), 3.7(s, 3H, OCH, ). 376 (s
tography on{y I OCH. ), 6.5 (dd, J = 8 Hz, 25, Ar-H), 7.33 1, 1N,
(0.094 g, 1‘0‘? lic H), 9.36 (s, 1H, aldehydic): M * 218 (Found: C,

. :g 4 »l
mmol) and PQY
S ml). The reac

)
urated aq. sogj

m.p. 104°); H, 6.6. Calc. for Ci3H,40,: C, 71.6; 4H, 6‘.4°/°).
(253-?.?—3 fmo - , ,Hydroxyethyl)-5,8—dimethoxy-3,4’-di—
na’lic§» .«’766 % dronaphthalene (14) : '

+To a solution of methylmagnesium iodide (60 ml, 35
.I'mol) in ether, a solution of12(21.8 g, 0.1 mo}) in
her (600 ml) was added through a syringe under
trogen at 10° and then stirred at room temperature
ifor | hr. Saturated aluminium chloride solution (100
ml) was added and the mixture stirred for 20 min, The-
ganic layer was separated, washed with water, dried

X

in ethanol (25§
ated at 20 psg ,
shaking for id, which crystallised from, pet ether in
lourless needles. (21.1 g, 90%), m.p. 78-79° (lit.° m.p.
79 PMR (CDC,): 1.3 (4,J = 6Hz, 3H, CH,.
HOH) 1.73(bs, 1H, — OH, D,0 exchangeable), 2.06-

Cly): 2.2 (J:‘; 6 (m, 2H, Hs on C-3), 2.56-2.86 (m, 2H, benzylic '
CH), 3.73 (518 2),3.7(s, 6H, 2 x —OCH;),4.1-4.5(g, J = 6Hg,
A(Found: G ,~CH, ~CH-OH), 6.43 (5, 2H, Ar-H), 6.53 (bs,

, vinylic H); M™* 234 (Found: C,71.9; H, 7.8. Calc.
for.C,,H,40,: C, 71.8 H, 7.7%). '
. ! .

4

-

8, H, 7.7%
" .),, .

i

retra, e , -
- -Hydroxyethyl-2-hydroxy-5, 8-dimethoxy-1,- °
','Qilei'rah ydronaphthalene (16)

Toa §olution'of14(4.68 8, 0.02 mol) in benzene (100
).was!added vanadyl acetylacetonate (0.1 g, 0.003
'followed by r-butyl hydroperoxide (70%) (6 ml,
:mbl) al room temperature, and stirred for 4 hr,
:i’z‘énci solution was washed with water and dried
380, ). Removal of solvent on rotavapour gave 15
aiithick light brown gummy material which was
ted to LAH reduction as such, . -
-q‘._é'_';s%)!u(ion of 15 in dry tetrahydrofuran (100 mi),
1|l4 8, 0.03 mol) was added in portions during
n.(and stirred for 3 hr. Saturated sodium
K ate solution was added at 0°
ereistirred for 30 min. The: solid separated was
u%frd}:‘a:nd washed with chloroform. The filtrate on

e - . . .
aporation of solvent gave a semisolid which was .

10l) in dry{,?:-_ ;
OXyg  jatur
butanel

ate concen ol
sidue which}i
chloroform{yj
,evaporalegih
l-ether tofpig
. 99° (lit S H
3H), 2.3 (4]
2.8 (bs," 25\

hangeablgl it élél}isi;d from benzene to.give colourless needles of (
)66 (s, 2HCRNIE 3153 g, 70%), m.p. 145° (it 0 m.p. 145-46°);
- (C=_Q SR (CDCly ): 1.25(d, J = 6Hz, 3H, CH3—CHOH),
r C,.Hi0 _ 12:(m, 4H, 2H on C-3 and 2 x OH, after D,0

lintegration reduced to half), 2.44 . 2,93 (n,
on-C-1 and C-4), 3.75 (9, 1H merged with .

hr and the hot solution poured over -

- 100-1°), : ‘

. (0.245 g, 70%) as reddish

. Ar-H), 8.26 (m, 2H, Ar-H),
-(Found: C, 68.3; H, 4.7. Calc. for C10H 60, : C, 68.2,
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methoxy groups, CH,-CH-=O0H), 3.75 (s, 3H,
"OCHJ), 376 (S, 3H, OCH3), 656 (S, 2H, Ar-H), .

(£)-2-4 cetyl-5,8-dimethoxy-1 ,2,3,4-tetra-
hydro-2-naphthol ) . -

To the Fetizone reagent (20 g) (silver carbonate on
celite powder) was added dry.benzene (250 ml) and 16
(3 g 0.012 mol). The contents were refluxed for 2 hr,

. filtered hot, benzene solution concentrated and passed

over a column of silica
afford (+)-4,

gel with benzene as eluent to
(1.8 g, 60%), m.p. 99° (lit.8 97°; Jjt. 10

(i)-4-Deme1hoxy—7-deoxydaunomycinone &) -

Anintimate mixture of 4(0.25 £,0.001 mol), phthalic
anhydride (0.25 g, 0.0016 mol), aluminium chloride
(2.5 g) and sodium chloride. (0.5 g).was heated at 180°
for 5 min. The resultant reddish mass was treated with
a saturated solution of oxalic acid to give a red
coloured solid, which was filtered, washed with water,
dried and chromatographed on a silica- gel column
using 2% acetone in benzene as eluent to give (+)<5)
plates, m.p. 212-15° (ljp. 13
m.p. 210-12°); PMR (CDCl,); 1.96 (1, 2H, Hs on C-8),

- 2.36(s, 3H, COCH,), 3.03 (m, 4H, Hs on'C.7 and C-

10), 3.62 (s, 1H, OH, D,0 exchangeable), 7.78 (m, 2H,
13.27 (s, 2H, phenolic OH)

H, 4.6%).

‘This work was assisted paruly by a grant-from the
Science and Technology Cell, Education and Youth
-Services Department, Government of Maharashtra,
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