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ASSTRACT

The Synthe sis of d-Dernethoxy-9-Deoxydaunomyciaone

C ondensi:r g 2, 5 -dimethoxyb enzaldehyde wjrtin Z, /¡-pentane_

dione in the presence of piperidine and aceti-c acid gave l-
acetyl-/¡- (2' , 5 ' -dimethoxyphenyl) -3 -but en-2-one ( 1 /-) . Reduction

of ( t4) gave j-acetyl-d-( Zr r5,-dimethoxyphenyl) -2-butanone

wtrich r¿as reacted. r,rith ethylbromoacetate to give the keto-

ester (t0¡. Hydrolysis of (16) gave J-aeetyl-d-( Zt ,5,-
rlimethoxJ¡phenyl)-butanoic acia (rB). The keto-acid. (1g) r^¡as

cycli-zed rcith hydrofluoric aci_d to give J-acetyl-5rg_diroetho:ry_1_

tetralone (19). Reducti-on of the benziylic keto group or (19)

gave the tetralin (zl) . phthal-:ic anhydride r¿as condensed. r,rith

(zl¡ to give /¡-dernethoxyq,9-dideo>qydaunorrycinone (zz) . Treating

tLls conpound i.rith dirnethylsulphate gave /¡-demethorry-Zr9-dideory_

6r11-di-0-nethyld.awromycinone (æ) . The ketal ot (n) r¡as fomned

and brornination of the c-, benz-yrlc positi_on \{as accomplished.

usìng N-bromosuccinamid.e in the presence of benzoyl peroxide.

Reflu:ring the u¡stable bromo coropound with ar:hydrous methanol

ond. removing the ketal- function r,rith dilute acid. gave /+-d.emetho:<y-

7-epi-9-deoxy-6r7 111-tri-o-nethyldaunonycinone (z) 
"s the final

product. Hydrolysis of the aronatic o-methyl groups of (z?)

t¿ith aluni::r.un chlorid.e gave /¡-demethoxy-Z -epi_-gdeoxy Jl -O -
rnethyldar:aomycinone (¿o). This compound. vas treated i¿ith tri-
flhroroacetic aci-d. to exchange the c-J raethoxyl group for a

trifluoroacetate group" I{ydrolysi.ng th:is group r"rith aqueous

sodium carbonate/sodir:m bicarbonate solution gave /çdenetho>ry-

9deoxyd'ar:norqrcinone (t*27 , the required product, and. i-ts c-,
epÍmer (z*t).
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TEE SYI{TI{ESIS OF

/+-DEME'I H0Xr-9 -DEO XÏDAU'NO},[C TNONE



t-

INTRODUCT];

Daunorry-cinone (1) is one of the hydrolysis products of

daunon'ycin (2). Dauno¡rycin (z), a member of the rhodomycin group,

is a ner¡ and. i¡rteresting tetracycli.c metabolite isol-ated from the

sultures of streptorryces peucetius. Also la:or,m as ru.bidorÐrcin and.

cenrbid,j¡r, daunorrycin lacks potent antibacterial properties, 1 which

makss it u:rlike nany of the other tetracyclic antÍbi-otics i-solated

in recent years. However it does show a renarkably strong fulÉb-

ition of the growbh of tumours, and. thus has proven to be a valu-

able addition to the chemotherapeutic drug li.st. presently it
fÍnds extensive use in the treatment of certain leukaenlc cond.-

iti-ons ín children as well- as adults2r3.

Adriarycin (3) i-s another tetracyclic metabolite rn¡hose

stnrcture i-s very similar to dau-norqrcin. rt al_so shor^¡s strong

ínhibition of the growbh of tr¡mours.

TITE S1'RUCTT]RX OF DAUNO},trCTNONE

OH0

OHR

(¿)

(z) R

(¡) R

DaunorycÍn

napthacenequinone

d,aurosa.ni-n. (¿r)4.

@ B @ D "0H oî-,4
ud Me

=ffi3

= GHrOH

( Z) nas been lrydrolysed to a red coloured

aglycone, dar:nolryci_none (1), and. ¿11 ¡mìr1o

The prelininary strrrctr:re elucidation r+as

hydro-

_sugar,

done



-2-
by Arcamone et al in 196/r (Schene I)4. The strr:cture of daunouycinone

r¿as elucid.ated on the basis of the following chenical and spectral

data:

Zj:rc dust distill-ati-on of daunorryci-none (1) gave tetracene (5)

thus confirning the tetracyclic ring system. Evidence of the

guinoid chromophore carne from the simr'l¿¡ffy of the ultraviolet

spectrr:m of daunorycin hydrochloride u.ith 1 t/+r5-trWdroxy-
arrthraquinones. Reduction of (l) with sodir:m borohydride foll_owed

by period.ate oxidati-on gave acetaldehyde. This proved the existence

of a.a acetyl side chain attached to an hydroxylated carbon atom.

The i¡frared. (i.".) spectrrn and the nuclear rnagnetic resoïr.ance

(n.ro.r.) spectrrrm substantiated this chemical ev-id.ence. The i-.r.
spectrum or (1) showed an aliphatj-c ketone carbonyl absorption

4
at' 1718 cn-', and. the n.m.r. spectrr:m (crrcoon) shoi^¡ed a singlet

at 7.13 +. The fonoation of the tetraacetate (6) ¡y treati-ne (1)

rr1th aceti-c anliydrj.d.e and pyridine at 60oc. proved. the existence

of four hydro:ryls. The acetate carbonyl absorpti.ons in the i.r.
spectrum of (6) suggested alcohol acetates (llluo 

"r-1) and

phenolic acetates (lllø 
"f1). Treatment of (t) r,ritrr either acids

or bases gave bisarhyd.rodaunorryci_none (Z) r,¡irich showed. a conjugated

ketone absorption at '1685 cn-1 in its i-.r. spectrr:m. (rr.i, compound.

bas recently been synthesized by Horii et .r ). Bisanlrydro-

daunorycinone forned. a diacetate which showed a carbonyl absorption
4at 1765 cm-', thus substantiati-ng the evidence of there being two

phenolic groups and tr¿o alcoholic groups in ( 1) . The tr,¡o alcoholic

grorups were i¡rvolved. i¡r the d.ehydration reaction ror:mins (z). The

presence of tr,¡o phenolic g?o11ps was also indi-cated. in the n.m.r.

spectrr:m (cncr3) of the monofluoroacetate or (1). Two sharp singlets

at 4.00 and -3.60r indicated two strongly chelated. prrenoric

Snlrogens.
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The n.m.r. spectr.um of daunolry"itton" tri-O-methyl ether (B),

prepared. by refhrxing (1) in acetone r"¡ith dinethylsulphate and.

potassirm carbonate, showed. the fol-lowing absorptions: four singlets,

at 6.00 ( (6 Hrs, two aromatic OCTI3);6.11 < (3 Hts, aromatic OGI!);

6.Uþ< (3 R's, aliphatic ocH3) , 7.60r (l Hrs, cocHr). A free

bydroxyl r,¡as indi-cated by a singlet (t H) aL /+.98 rr which moved

upfield with dilution and downfield r,¡ith acid. A for¡r line signal

(t U¡ at 5.OB I was attributed to an Ar-CT{-O proton, and was the

ï parb of an ABX spectrum. The AB part was two pairs of symetri_c

dotrblets aL 8.13 < (l g) and ?.58 < (1 H). The rnagn:itud.e of the

ccrupling constant, JA¡ (15 cps), suggested geminal hydrogens,

and. the chernical- slrifts of H¡ and. Hg suggested. a methylene group

F to an aromatic ring. A set of doublets (z uts) centered ar 6.78

"nd. 6.98 r (J - 18.J cps) indi-cated. a benzylic methylene group

t¡hich lacked. vicinal þdrogens. Three protons on an arornatic ri:ig

were indi-cated by a corylex mrltiplet at 2-3 r. The recovery of

salicyli-c acid from the alkali- fusion of (1) o" (Z) substantj.ated

this last conclusion drai,m from the n.m.r.

The i¡rvestigations of A.rca.mone et a1 did not give the

stereoehemistry of the D ring nor the positi-on of the OcH, group

on the A ring. I'rom these initial investi-gations ei-ther of the

follor.ring strrrctures could be r,.rritten for daunora-ycÍ:rone ( 1) .

o o
OH

H3

OH

OH

The position of the 0CH3 8roup on the A ring and. the relative
stereochenistry of the D ri-ng was ascertained on the basis of the

0 OH 0

o o
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fo1-lowing data:

Treatment of the tri-o-methyl compound (B) wjilh zr2-.dinethoxy-

propane in the presence of p-toluenesulphonic acj-d gave the ?r9-

acetonide (9) (schene r) 6. The fornation of the acetorride (9)

showed the relative cj-s-stereochemistry of the tr,¡o hydroxyl groups

on the D ring.

The positi-on of the 0cH3 group on the A ring was d.eterni:red

þ a series of cherni-cal reactions shor,n: jn Scheme TT 7 . Daunorrycj-none

treated wj-th chronic anhydrid.e in acetic acid. gave (to¡. Treatment

of (10) with base gave (11) which was Ïqrd.rolysecl r^¡ith alu:ninu¡r

chloride in 1rz-dichloroethane to give (12). t{hen (12) was treated

with phosgene and pyrid.ine in chloroforn fol-I-or,ied by hydrolysi_s, the

pericarbonate ('ll) was fozned. The i.r. spectnrm or (13) showed.

only chelated. quinone absorptions between 1590 and,1620 cm-1. This

proved the hydroxylation pattern or (13) and hence or (1). (ita¿

the OCH, group been in the C-., position, the i.r. of its
corresponding pericarbonate would. have shovnr a free quinone absorption.)

Therefore on the basis of aLL the d,ata, the following

stmcture (1) can be r^rritten for d.aunolryci-none.

o 't-\\
() 'oH

ö os "oH

(1)

0

3
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RESI]LTS AND DISCUSSTON

{-Dernethory-9-deoxydaunolrycinone has be en synthesi z ed

siarting from phthalic anhyd.rid.e and. a bicyclic compound, Z-acebyL-

5 , 8-di¡nethorq¡t etrali-n .

The bicyclic corrpound mentioned above r¡ras prepared from a

bicyclic compound. first synthesized by J. te Raa and presented in

his doctoral thesis 8. His procedure for preparing the bicycli-c

qystem was slightly modified. The pr:rification of the final product

of his reaction scheme was altered and the strrrcti:re of the by-

product isolated with the final produet was elucidated for the

first time. The entire procedure for the preparation of Z-acetyl-

5r8-dinethorq¡tetraLin i-s reported Ín a paper by Wong et al and is

illustrated in Scheme TII and IV.

C ond.ens j.:r g 2 t 5 4imethorqyb enz aldehyd e r.,rith 2, /¡-p entanedione

in the presence of piperÍ-d.ine and. acetic acid gave the u¡saturated

diketone (1/*). The d.iketone (1/*) was reduced to the djl<etone (15)

wh:ich was pr.rrified by vacunm distillation (80 % yield'). Thi-s com-

pound existed j-n an equílibrium between the keto and, the enol forn.

The n.m.r. spectnrm (n:-g. nV) showed this tautomerization clearly.

A snal-l peak at 4.50 < correspond.ed. to the enol proton. A singlet

al 6.58 < and a d.oubl-et centered. at 7.06 < was attri-buted to the

benzylic hydrogens of the enol fonn and the keto fonn respectively.

The i.r. spectrr:m (fig. f) showed a broad carbonyl absorption

at 1?OO cf1 and. a broad, aronatic ËC absorption at 1580 cmll .

The nert reaction involved. the allqylation of the diketone (15)

rcith ethylbromoacetate. The product , the keto-ester (t6), r¡ras treated

r+ith sodiun hydroxíde (8/") and irnderwent a reversed Claisen. The

ester was Ïrydrolysed to give the keto-aci¿ (18) as the ti41t

product (75ft yle]-.d). The i.r. spectrr:n of (1g) (¡':-e. rr) showed two
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carbonyl absorptíons at 17/+O and,1?OO cn-1 for the COOH and the COCH3

groups respectively. A peak at 35OO croll 
"u.s 

attributed to the

carboxyl 0H. The n.m.r. spectruln (fig. XV) showed a singlet at -2.10 <

for the carboxyl hydrogen and a singlet at 7.68 < due to the methyl

ketone group.

The keto-acid (18) was cyclized to the tetralone (19) in the

presence of hydrofluoric acid. some lactone (20) was also isolated,.

The amount of lactone forued depended on the temperature of the

reaction as well as the concentration of the reactants. At ooc. the

lactone was the najor product. At 20oc. rv'ith a high concentration

of the keto-acid. in the HF, about 25/" of the product was j-solated

as the lactone. Optirnu¡n conditions lrere the follor,ring: 10 m.l_. of

IIF to 1 gr. of keto-acid., reaction temperature of 2OoC. Und.er

these condi-tions the yield of tetralone (19) was 60/o, and of the

lactone (20) 6.9%. Both compoirnds were characterized from thei.r

respective spectral data. The i.r. spectr-un (Fig. III) of the tet-
ratone (19) showed two carbonyl absorptions a+, 1710 and 1685 c{1

for the rnethyl ketone group and the conjugated benzylic keto group

respectively. The n.m.r. spectrr-rm (¡'ig. XIII) of (t9) shor+ed. an AB

pattern quartet centered aL 3.16 r for the tr,¡o arornatic protons,

a sjx proton singlet al, 6.23t for the two methoxy groups, and a

three proton singlet absorption at, 7.78 r for the nethyl ketone

group.

The i.r. spectrum (fig. fV) of the lactone (20) shor¡ed a

single carbonyl absorption at 1765 cm-'. The n.m.r. spectnr:n

(¡ig. XV-II) shor+ed, singlet absorpti-ons at 3.28, 6.22 and, 6.25<

for the aromatic and the two methory group protons. A three

proton singlet at 8.18t was assigned to the tertiary netþy1
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group. The rnass spectrum (¡'is. uwr) showed the correct mol-ecr:lar

ion of 2^/+8 nass units. The peak at 233 nass units l¡as due to

the loss of a methyl group. A peak al 19ot due to foss of the faetone

side chain, i.¡as assigned. to the 2-methyl-/+r7-dimethoq¡indene cation.

Once the bicyclic system had been synthesi-zed., an attempt

was nade to condense it rcith phthalÍ-c anhyd.ride to forn the

tetracyclic rilg system. The tetrafone (19) and phthalic anhydrid.e

r¿ere heated. in the presence of ah:nir¡.im chloride and sod.ii:m chloride.

No tetraryclic compound r'¡as identi-fied i:: the reactj.on products.

Therefore, it was concluded that the tetralone (t9) was unstable

u¡der the above reaction conditions beeause of the benz-ylic keto

group. rt r¿as d.eci-ded to reduce the keto group in order to nake

the aliphatic ring more stable, and. then rnake another attempt at

the cond.ensation.

The tetrafone (19) was selectively hydrogenated. to give the

tetrarin (21) (schene rv). The hydrogenation r¿as d.one in aci-dic

ethanol wit']n 5% Pð/c as catalyst and hyd.rogen at atmospheric pressure.

The coqpor:nd r¡as isolated as a white crystalline solid. The i-.r.
spectrum (¡:-s. v) of the reduced. compoirnd, shoi,¡ed. in the carbonyl

region of the spectrum onry the ¿'liphatic carbonyl absorpti-on at

flO5 ú1. The n"m.r. spectrtm (¡'ig. X\ruïï) showed, m:Itiplets

betr,¡een 7.00 and,7"5o < due to the seven ¿liFhatic ring hydrogens.

There r+ere also sj-nglet absorptions for the arornatic hydrogens, the

methoxyl group \ydrogens and the rnethyl ketone grollp hydrogens at

3.361 6"29 a¡ñ.7.75< respectively. The mass spectrr:m (¡ig. trWII)
showed the ex¡lected. molecular j-on of 23/,r. The peak at 219 nass

u¡its was due to loss of a rnethyl group. Loss of a rnethoxyl group

gave the peak at 2O3t and,loss of the rnethyi ketone side c_hai:r gave

tb.e peak at 191 mass u.lrlts.
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The tetracycli-c ring system was synthesi-zed. by condensing the

tetralin (21) r^rith phtharlc anhydride in the presence of sodir:m

cbloride and freshly subl-jmed. alu:nim¡m cbJ-oride at a temperature of

1?ooc. ( scherne rv) . a-fter work-up and pr:rifi-cation by thjrr layer

cbrornatography (t.l.c.), the tetracycli-c corpornd. (zz) was isol-ated

as a fluffy red. powder (6/*.5% ¡nield) . Th-is compound. gave a sat-

isfactory elemental- analysis, and the mass spectrr::n (nig. ÐtrX)

showed. the molecu]-ar ion of 336 wh-ich was consistent r^¡ith the stmcti:re
(zz). The strong peak at 293 mass units lÍas due to loss of the

rnethyl ketone sid.e chain. Loss of the side chaj-n and. water gave the

peak at I/5 mass u¡rits. The i.r. spectrurn (Fig. IIJ) shor.¡ed. a broad

absorption at approximately j/roo cm-1 due. to the strongly chelated.

phenoli.c grotlps. The speetrum also shor^red, carbonyl absorptions at

1710, 1590 and 1635 cs-1 i¡hich r,¡ere assigned. to the methyl ketone

carbonyl and the two qr:-i-none carborqrls respecti-vely. The absorptions

for the qui-none carbonyls being lor.¡er than is usual, again showed.

that there uas strong intramoleq-r-l-ar hydrogen bondi:r.g (chelation)

betl¡een the qrrinone carborgrls and the phenolic group tqrdrogens.

The n.m.r. spectrr:m (rig. xfx) shor¡ed. tr.ro singlet absorptions for
the phenolic group Trydrogens at -3.18 and. -3.12<. The 1or¿ field.

absorptions were attrj-butedto the intra¡aolecrrlar hydrogen bondÌng.

The rmrltiplet absorptions at 1 .80-2.26 < and ? .35 r were assi-gned.

to the aronati_c and. the ¿-tìFhatic ring hydrogens respectively. A

tbree proton singlet absorption at, 7 "?0 r was assigned to the

netþI ketone group hydrogens.

The tetracyclic phenol (ZZ) 
'"ras metþ1ated lJ.ith d.imethyl-

srlphate in the presence of potassiru carbonate to give the di-
O"netby1 ether (23) after t.r.c. pr:rificat ion (66.5fi yield).
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The ye1low crystarli-ne compound gave a satisfactory elemental

analysis and the mass spectn"un (Fig. ÐtX) showed the e>çected.

molecul-ar jron of 36/r. The spectrrrm showed. a peak aL 3/*9 m¿.ss rrnits

due to loss of a nethyl group. Loss of the roethyl ketone side chai-n

gave the proruiaent peak aL 321. The i.r. spectrr:m (¡iS. \ruf) showed

carbonyl absorptions at 1705 and 1665 c{1 for the nethyl ketone

carbonyl and the now unchelated quinone carbonyls respectively.

The n.m.r. spectn:m (¡is. u) lacked the tr+o 1or,¡ field singlet

absorptions due to the phenol group hydrogens and. now shoi"¡ed. two

singlet absorptions due to the tr^¡o methox' grollps at 6.20 and 6.1g a.
Other absorptÍ-ons in the n.m.r. spectrr:m were as expected.

ïn order to nake the positions a to the ketone carbonyl

less reactive, and also to rnake the c-16 benzyLie position more

hindered. to attack, the ketal (e¿r) was prepared rron (23). Recrys-

tal-lization of the product of the reaction of ( z;) l"¡:ittr ethylene

g1yco1 Í¡ the presence of p-toluenesulphonj.c acid from methanol

gave a bright ye11ow crystalline solid. (95/, yierd) . The nass spectn:m

showed the erçected molecular ion at /+08 mass u¡r:its. The i.r. spect-

rrm (n:-g. wrr) lacked the absorption due to the nethyl ketone

carbonyl and showed in the carbonyl region of the spectrr:rn only

the qrrinone carbonyls at '16?0 cn-1. The n.m.r. spectrr:m (¡'ig. þtr)
shor¿ed a four proton singlet absorption at 6.15-r r¿hich was attributed.

to the two nethylene g?oups of the ketal group. There rnrere also the

usual absorptions for the aromatic, aliphatic and. methoxyl protons.

The sÍnglet absorption for the rnethyL group of the netþl ketone

side chain was shifted upfield, to I .62 r because of less deshield,ing

þ the ketal group.

The tri-o-rnethyl ether (ez) r,¡as nade in a series ofl reactions
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begirming with the C-, benzylic bronination of the ketal (2/*) (Scheme v)

N-bromosuccinanide in the presence of benzoyl peroxid.e t^¡as used as

the brominating agent. The crude bromo compoirnd ( z5) -¿as not puri-fied

due to its i.nstability, and, was irrmediately refluxed in anhydrous

methanol to give the tri-o-nethyl ketal (ze¡. The ketal group was

removed. by stirring the crude conpound (26) in acidic tetrahydro-

furan (tH¡'). After t.l.c. purification, the tri-o-nethyl ettrer (2?)

r¿as isolated as a yellow crystalline compound (SZ.S% field) . The

i-r" spectrr.ün (Fig. rx) showed the nethyl ketone carbonyl absorption

at 1710 cm-1 and the absorption due to the quinone carbonyls at
1670 ci-1. The n.m.r. spect'um (¡'is. Ðilr) showed the presence of
an additional methorryl group absorption at 6./+9-r as well as the

other two methoxyl absorptions aL 6.06 and 6.13 f . A one proton

triplet absorption at 5.35 < was assigned to the C7 benzyli_c

hydrogen. rn addition the spectnrm showed the nethyl ketone absorp-

tion at 7.72 t and the usual absorptions for the aromatic and

aliphatic ring protons. The nass spectn_m ot (n) (¡,ig. ÐCü)

shor¡ed the expected molecur-ar ion of 39/r. Loss of a nethyl group

gave the peak at 379 nass un1ts. Loss of methanol gave the peak

at' 362t and loss of the nethyl ketone side chain gave t;ne 351 peak.

sìn'ultaneous l-oss of the side chain and methanol gave the prominent

peak at 319 nass units.

rnitiarly the stereochemistry of (27) was assigned on the

basis of the n.m.r. spectrr.im (¡ig. urr) of the conpo*nd. The

single absorption peak for the benzylic rnethoxyl group as well as

the sharp rnelting point (r.p.) (1n.5-1/,/r.5oc.) r"¡ere indicative of
one isomeri. The chenical shift for the nethoxyl peak ( 6./+9 t) was

indicative of the cis-diequatorial compor:nd.
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A ]-ook at the mechani-sms involved in the fornation of the

product (z?) strbstantj-ated the conclusi-on incurred from the n.m.r.

spectrum. The forrnation of the tri-o-rnethyl tetal (26) proceeds

through a carbonium ion interned.iate. one possible conformation

for the carbon-ium ion is r.¡i-th the ketal side chai-n quasi-equatorial

(Schene Vl). Tr¿o structures, (ZA¡ and its mirror ìmage (Zg), can

be drar,¡n. Attack by methanol on the /-side of ( z8) gives the cie-

ôiequatori-al compouna (¡O), which is the enantiomorph of (tl¡, obtained.

þ c-attack on the roirror ùnage (zg). The trans-axia1-equatorial

ccryor:nds (32) an¿ (¡¡), which also are enantiomor?hsr are obtained

þ attack of the methanol on the d-si_de of (28) or thep-side of

(æ) respectively.

the other confornational possibi-1ity for the carborrii.m ion

is with the ketal side chaj¡r axial as il-lustrated i¡r structur" (l+)

(scheme v-lr). rn thi-s confornation the oqrgens of the ketal sj-d,e

cbain rnay stabilize the positively charged. carbonium ion rnaking

the attack by nethanol possible only on the o(-side ot (ll*) and.

gin:ing the trans-axial-equatorial coupound. (ls). Note that with-

otrt the stabilizi¡g interaction between the ketal oxygens and, the

positive charge of the carbonium, the ring r^rill flip to the more

i llnpublished results from our laboratory by J. te Raa
indicate that the above comFound exists i-n two isomeric forns.
The n.m.r. spectn:m of the compound shows that the cis-d.iequatorial
isomer has a chemi-cal shift for the benz-yli-c methoxyl or 6.50 c
whïLe the trans-axial-equatorial isomer has a chenical shift of
6.70 < fo"TÏFmethoxyt group
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SCHEME \TT

ring

flipping

bs)
H

f.27 o, (zl)

stable conforrmati-on i.e. the larger ketal side chain equatorial, the

srnal-ler nethorryl group axial. This confor:nation i-s id.entical to that

ot (tz) "" 3z).
Thus from studying the mechi¡-ism of the methonylati-on, one

would expect both cis-diequatorial and trans-axíal-equatorial tri--
0-netþ1 ketal to forn. Since hydrolysis of the ketal to the ketone

does not change the configuration, both cis and trans tri-o-roethyl

ketone should be i-solated. However, onf.y one isomer was isolated.

This ex¡leri-mental- fact can be ex¡plai-ned by looking at another

reacti-on which can occi.lr in the acidic reaction medir:m of the

þdrolysis step. Once the ketone has been regenerated, keto-enol

tautomerizatj-on of the carbonyl group can occl¿r ( schene \trII) .

þinerization of the cj carbon atc¡n takes place because of this

tautomerizati-on, and. thus any axial-equatorial ketone (X137¡

H
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( epirnerization)

vhich coul-d be forned from the hydrolysis of (32) or e^, can be

converted to the thertnodynamìcarly more stable cis-diequatorial

ketone (n). Note that the epirnerization is a reversible process

a¡d. some axial-equatorial ketone shourd also be isolated. in the

products. Eoçerimentally, only one isomer was present in high

enough yield to be isolated. one r+ould expect this isomer to be

the more stable cis-isomer; therefore ( ü) was assigned the

stnrctr:re of 4-dernethoxy-? -epi-9-d eo:ry -6 r7 11 1 -tri-0-nethyl-
d,aunorycinone.

The other rnajor product of this serj-es of reactions leading

to the foruati-on of the tri-o-nethyl ether ( zz) w"s the futly
aronatized, compound (zg) . The nass spectrun (¡ig. ffir) of the

bright ye1low crystarline coupoirnd. showed the molesuJar ion of

36o which was consistent rrith the stnrcture (lÐ. Loss of the

rnetþ1 ketone si-de chain gave the peak at 317 nass units. The
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peak at 3/*5 nass u¡rits r¿as due to loss of a rnethyl group. The

i.r. spectrr¡o (ri-g. x) shor+ed an aryr ketone absorption at 1690 crn-1.

The n.m.r. spectnm (¡'ig. Ktrrr) showed exbra multiplet absorptions

in the aromatic region of the spectrr:m, and. the aromatic protons

i:otegrated to seven. The singlet absorption for the nethyl ketone

group was shifted dor,mfield to 7 .29 < due to the extra desh:ielding

þ the adjacent aronatic ring. The tr"¡o sÍnglet absorptions for
the methoxyl groups r{ere also shifted dor¿nfiel-d to J.!o and. 5.957
for the same reason.

The mono-O-nethyl ether (¿rO) was for:ned.

phenolic O-nethyl groups (Schene IX). Removal

remorring the

the two groups

was accorplished by stirring the tri,O-rnethyl cornpound (2?)

d,issolved fu lr2dichloroethane wj-th freshly sublimed. a¡¡rnj¡r;m

chloride. Follor.rjng work-up and t.l.c. purifi_cati_on, three bands

were i-dentified on the t.1.c. pIate. The major band (largest R1,

value) uas isolated, as a fluffy red por^ider (Tg% field), and, was

fqu¡d. to be the mono-o-methyl ether (¿o). Th-is conpound gave a

molecu1ar ion of 366 ín i.ts mass spectn_im (¡'iS. rcCilTI) whi_ch

r.¡as consistent with the strrrcture (¿o) . ,A¡omatization of the

¿'lÍFhatic ring by loss of methanor- and. two hydrogens gave the

peak at 332 nass r:nits. sirntr'ltaneous loss of methanol and. the

netþ1 ketone side chain gave the large peak at 291. The i.r.
spectn:m (pis. n) showed an absorption at 1?10 cf1 due to the

netbyl ketone. The quinone carbonyl absorptions at 1620 and

1590 en-1 indicated that they were again chelated to the newly

for:ued phenol group hydrogens. The r.û.r. spectzr:n (¡'is. Ðüv)

shor+ed tr¿o 1or+ field sínglets at, -3.19 and _3.00 <due to the

chelated phenol þdrogens. The n.m.r. also shor¡ed two singlet
absorptions at 6.49 anA 7.72 ¡r¿hich were assigned to the

bv

of
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benrylic rnethoryl group and the rnethyl ketone respectively. A

triplet at 5.36 rwas assigned to the single benryli-c hydrogen

on the C7 carbon atom.

A smal-l amount of the fully hydrolysed compound, (/rZ) (+.+%

yield) , and. i-ts epimer (/r1) 3r" yierd) were arso isolated in the

other two bands identifi-ed from the t.l.c. plate. since they were

the maj or products isor-ated in the next reaction, they wi_1l be

dj-ssussed beloi¿.

The next step in the synthesis i¡as to hydrolyse the benzylic
rnethoxy group (schene rx). For ease of hydrolysi-s the methoxy

group r¿as exchanged, for a triffuoroacetate gloup by refh_r:ring

(ao¡ in trifluoroacetic acid. Hydrolysis of the crrrd.e trifluoro-
acetate lras acconprished. wi-th an aqueous THF sofution of
sodirua carbonate and sodir:m bicarbonate. The products of the

þdrolysis i^¡ere purified by t.I.e. The rnajor band (r-ower R,, value),
4-denethoxy-7-epi-gdeoxyda'nomyci'one (/*1) was isor_ated as a red.

powder after recrystarlization from chloroform/methanol. The oass

spectrr:m (¡ig. nXV) of this product shor.ied a mol_ecular ion of
352 whido was consi-stent r¿ith the st'rcture (/+1) The peak at 334

nass units }¡as due to loss of r"¡ater. Sinn-rltaneous loss of r¿ater and

nethyl ketone side chain gave the large peak at 291 mass units.
The i.r. spectrr:m (plg.Xfff) showed an absorpti_on at 3575 e¿.1

which was assigned to the benzylic alcoholÍ.c group. The absorption
at 1710 

"r-1 *u." due to the nethyl ketone carbonyl, and the absorp-
tions at 1620 and 1 59O em-1 were due to the chelated. qu-inone

carbor¡yls. The n.m.r. spectrr:m (¡'is.xnr) lacked. the singlet
absorption due to the benzyli-c rnethoxyl group. A three proton
singlet absorption at ? -72 a was assigned to the rnethyl ketone grollp.
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A one proton multiplet at 4.93 T r.ras assigned to the single Ca

benzyli-c hydrogen. singlet absorptions at -3.00 and -2../5 < were

assigned to the chel-ated phenol grollp hydrogens.

The nj¡ror band (hi-gher R¡ value), d-dernethoxy-gdeoxydauno-

rycinone, (z*z) was isolai;ed as a red powder (13.3% rield) . The rnass

spectn:m (ris. Ðcfiv) showed the ex¡lected molecu-l-ar ion of 352. Loss

of the benzylic hydro:iryl group and an adjacent hydrogen as water

gave the peak at j)/, nass units. The peak at 291 was due to the

siÍnrlt¿nsous loss of the nethyl ketone si-de chain and r¿ater. The

i.r. spectrr:rn (¡ig trIr) showed najor absorpti-ons identical to
those in the i.r. speetzlm of its epÍmer (+t¡. The only difference

i¡ the i.r. spectra of the two isomers vfas an ertra absorption at

1010 c¡n-1 in the spectr-um or (/rz). The n.m.r. spectrr:m (rlg. xxv)

shor¡ed an absorption at 7.72f due to the rnethyl ketone group. The

s'ingle c-7 benzylic hydrogen absorption appeared to come at 4.93 r .

The 1or¡ field absorptions at -3.5o and -3.00 T were d,ue to the

chelated phenol group hydrogens. Note that the only rnajor diff-
erence between the spectrr.¡m of the two isomers (d1) an¿ (4,2) is
the chenical- shifts of the phenol group hydrogens.

The stereochenistry of the two isomers (zrr) and (z*z) was

proposed on the basis of the ex¡:erimental yields. The cis-
d,iequatorial conforuation was assigned to the isomer isolated in
najor yield. i.e. (+t¡ " This confornation is thennodynarni_cally

more stable than the a:cial-equatorial conforuation, and. one would

expect a higher yield of the more stable i_somer.

0n the basis of the mechinisns of the reactions leading to

the forsation of (/*1) ana (/r2), this proposal can be justified.
fhe substitution of the benzyu.c methorry group or (¿,0) by a tri-
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fluoroacetate group proceeds through attack of the trj.fluoroacetic
acid, on any of the carbonir:m ions shornm belor¿. Note that whi_le

attack on the carbonir:m ion i-s taking place, confonmational ri_ng

flipping and epimeri-zation of the c-9 carbon atom due to keto_enol

tautomerizat'ion is also oeeuring. The stereochemistry of the tri_
ffuoroacei,abe (/û) cannot be predictedror established due to the

instability of the tri-fluoroacetate gï'oup r.¡hich hydrolyses s1ow1y

on purificati_on.

épimerization

Eydrolysis of the trifluoroacetate group does not change

rins \
Ê-_flipping

the stereochenistry at the ,-l (the benzylic carbon atom) posi_tion,

but i¡ the basic soluti.on used for the hydrolysis, epimerization
l^ .(.u;pirerj_zation can takeof the Cj carbon atom can again ocsur.

pl-ace in both acidic or basic medir¡:¡s because keto-enol tautomerj-zati-on,

through vhich epi-rnerization ocsurs, is catalysed by either aci_d or

The epinerj-zation of the c-n carbon atom r¿il-l result j¡r the

of greater stability, the cisdiequatori_a1 isomer,

reacti-on products. once the base i-s removed in the

base.)

isomer

in the

predornÍ-nating

work-up,
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the stereocherristry cannot change, and the cis-isomer should be the

isomer isolated. in rnajor yie1d.

Experi-mentally, one i-somer l¡as isolated in rnajor yie1d. 0n

the basis of the above argument, this i-somer r¡ras assigned. the cis-

d.iequatorj-al conformation. Therefore, the isomer isolated. Ín najor

yield (Zrt) was assigned the strrrcture of 4-denethoxy-?-epi-9-

d.eo>rydaunolqrcinone. The i-somer i-solated i-n mìnor yield (/*2) was

as signed the strrrcture of /+-dernethorry-9-deoxydaunouycinone .



_26_

EXPERJ},MilIAI

All i¡frared (i.".) spectra r¡rere recorded on a perkin-

El-mer model 710 i.r. spectrometer using liquid cells and methylene

cbl-oride sofutions s¡ semples. The nuclear m4gnetic resonance

(n.rn.r.) spectra were recorded on a Varian A-56/60 A MHz spect_

rometer using cDcl3 as solvent and tetramethylsilane as internal
standard. The foll-or..ring abbreviati-ons have been used when

referring to the n.m.r. spectra: s = si-ngret, d. = doubletr

t = triplet, m = îrrrltiplet. chenical shi-fts are given in tau (r)
u¡rits. Mass spectra were recorded. on a Hi-tach:i perkin-Elmer

RMII-6D rnass spectrometer or a Fir¡:igan 1015 nass spectrometer.

Melti'g points (r.p.) were obtained. on a Fisher-Johas nelting
point apparatus and are uncorrected.. Thin layer chromatography

(t.l.c.) was done on "camagtt brand silica gel. Grass plates

wi-th a 1 m. coating of adsorbent were used for t.l.c. sep-

arations. Dr. Daessele of Montreal performed any nlcroanalyses.

2-Butanone (15):

2e5-Dlmetho>q¡benzaldehyde (tOO g. , .60 roole) , Zr4-

pentanedione (80 g., .80 nole), piperi_dine (5 n1.), and. acetic

acid (8 nl-.) were dissolved i¡r benzene (¡oo mr.) in a 1 1. flask
equipped. with a condenser and a water separator. After refhr:ring

for 1.J hours, the benzene was removed u¡rd.er reduced pressure.

The cnrde resj-due r^¡as dissolved in freshly distilled ethanol

(.5 1.¡, and. filtered into a 2 1. flasþ s6nf¿inine,5%pd/C (f¿ S.)
a¡d ùistill-ed ethanol ( .5 L.). The solution was hydrogenated

at one atmospheric pressure unti-r- the uptake of þdrogen ceased

(about 3.5 hor:rs). The catalyst r¡as filtered off and ihe ethanol

on of 3-Acetvl
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r¡ras removed under reduced pressure leaving a viscous broi,rn

residue. The residue was pr.rrified by vacuum distillation (b.p.

= 15O-155oC. at 0.5 rmr. ttg) to give (1J) as a light ye11ow

oil ( 12O g., .48 mote, SO/") .

rnfrared spectr'm no. 1 (¡':-g. r): absorptiorrs ("n-1) u.t

1700 (broad, 1r3-diketone); 1580 (arornatic C=C).

N.m.r. spectrum no. 1 (¡'iS. EV): absorptions at -6.50
(s, enol H); 3./+6-3.62 (m, aromaljs ttrs); 6.30, 6.i3 (singlets,

OcH, Broups of keto forn) t 6./+2 (s, ocH, groups of enol forn);
6.58 (s, benzylic Hrs of enol form) ; 7.06 (d., benzyric Hrs of
keto foru); 8.00, 8.05 (singlets, ffi3 groups of enol and. keto

forns respectively).

( 2\ Preparation of 3-Acetvl-4-( 2 r . 5 r -dj¡rethoo h"rrrrlt -
Butanoic Acid (18):

The diketone (15) (z*o s., .16 mole) was dissolved in dry

tetrahydrofi:ran (fm) (AOO nf.¡ contaj_ned in a 1 1. 3_neck

flask equipped with an overhead sti-rrer, a dropping fu'*r.er,

and a refh::r condenser. sodium hydride (so% ninral oil sus-

pension, I 9., .17 nole) was added in snall_ portions to the

fIask. Ethyl bromoacetate (?] g., .16 nole) in dry TIff' (50 n1.)

was added from the dropping fururel over a period of 30 nirmtes.

The uixtr,:re lias refluxed for t hour and then the THtr' was distilr_ed
off. sodium hydroxide (Bl, 5oo n1.) was added to the resi_due,

and the temperature of the contents was held at 65oc. for 3

hours. The contents of the flask i^¡ere erbracted. exi:austi_vely

wi-th benzene, ice was added to the basic layer, and it was

acidified with cold concentrated hydrochloric acid.. The keto-
acíd (18) precipitated as yellowish-wh:ite crystals which were
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fi-l-tered off and. dried. The keto-acid -r¿as f'rther purified by

recrystallization from methanol giving a wh_ite crystalline
- so1i.d, m.p. = 106-1OZoC. (31.9 g., .12 mo1er75/").

ïafrared spect.um no- z (rig. rr) : absorptions ("n-1) u.t

1700 (¿liFhatic ketone C=O) ; 17/*O (carboxyl ÊO) .

N.m.r. spectr.um no. Z (fig. Iil¡): absorptions at -2.1O
(", 1 U, COoH) ; 2.75 (m, 3 Hrs, aronatic); 5.g3,6.00 (singlets,
3 Hts each, OCH3); 6.58-7.36 (mr 5 Hrsr atþ1 sid.e chain);7.65
(s, 3 Hts, -COCTIT) .

The keto-aci¿ (19) (ZO S., .W nole) r¿as st'rred into
þdrofluoric acid. (zoo nr.) contained i.n a polyethylene reaction
flask kept at 2OoC. in a urater bath. After 3 hours the hydrofluoric
aci-d r+as evaporated by rai-sing the temperature of the r¿ater bath
to /*Ooc. ÏJater (zo nr.) was ad.ded to the reaction f1ask, and

the residue '',ras exhaustively extracted, into ch_l_oroforn. The

ch'l orofort erbracts were r"¡ashed with satu¡ated sodir:m bi-carbonate

solution (z x 150 nr-.), water (tro nr.¡, and, dried over nagnesitm
sulphate. The chloroforn was removed u¡rd,er reduced, pressure
giving a brourn oi-1y residue. Ad.diti-on of methanol to the residue
caused the tetrafone (19) to crysta1;lize. After filtration to
renove the tetral0ne, the mother liquor was evaporated to dry_
ness and the residue was di-ssolved in a solution of fiIF (50 mf.)
and sodir¡m þdroxide (g%, Z5 m_1") . The solution was stj_rred
at room teryerature for 2 hours and. the TIIF was rem.oved rrnder

reduced pressure. The basic solution r¿as ertracted r,¡ith ch-r oro_
form (2 x 10 nf.), and the basic layer was set.asid,e for the
isolation of the lactone (eo¡ " The chloroforn exbracts-rirere
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washed r.¡ith r¿ater (t¡ ¡nr.) and dried. over nag?lesi_r¡m sulphate.

Evaporation of the chloroforu under reduced. pressure gave a

white crystalline soli-d which upon recrystallization from

methanol gave a fi:rther .6 g. of tetralone. The total yield.

of tetralone was 1l.Z g. (.O45 mo1e, 60%), m.p. = 123_1Z5oC.

rnfrared spectr'm no. 3 (¡'ig. rrr): absorptiorr" ("r-1)
at' 1710 (abphatic ketone FO); 16s5 (conjugated ketone c=o) ;

1590 (aronatic C=C).

N.m.r. spectnrm no. 3 (¡,ig. X\II): absorptions aL 3.16
(q, 2 H I s, aronatic) ; 6.23 (s, 6 Hr s, two OGTI3 groups) ; 6. 5S_

7.32 (mr 5 Hts, aliphatic ring) t 7.78 ("r 3 Hrs, -COGI3).

The basic layer from the chloroform ertracts was

acidjJied. with hydroch-r-oric acid and erbracted jnto chloroforu.

(z x to D1.) . The chloroforu. erbracts were washed with sod.iu¡

bicarbonate solution (to nr.) and dried over m4gïresium sulphate.

The chloroforn i^ras removed irnder reduced pressuïe to give the

lactone ( zo) wtrich was pr:rified by recrystallization from

methanol (l.Z S., .005 no1e, 6.9%) m.p. = 137-13gol.

rnfrared. spectrrm no. 4.(¡'is. rv): absorptiorrs ("*r1) .t
1765 (lactone CO); 1605 (aromatic C=C) .

N.m.r. spectzr.m rLo. A- (¡'i.g X\Æf): absorptions at 3,2g
(s, 2 Hrs, aromatic); 6;22, 6.25 (singlets, 3 Hrs each, OCII3);

6.75-7.75 (ry 4 H's, aliphatic hydrogens); g.1g (s, 3 H'sr

tertiary ffi¡).
Mass spect¡r:m no t (rig ÐilTI) z M+/e = Zlrg, 233, Zo5,

1go, 173, 159.

The tetrarone (19) (10 g., .o/¡ nole) was dissorved in a
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solution of distilled ethanor (zroo rnf.), concentrated hydro-

chloric acid. (10 n_1.), and. water (¿o ,r.). pd,/C (5%, 2 s.) lras

added. and. the solution r^ras hydrogenated. at atmospheric pïessure

for 6 hours. Filteri-ng off the catalyst and. evaporating the

ethanol rrnd'er reduced pressure gave a cr-ear greenish-r¿h-ite oi_l

whi-ch, upon the addition of petroleum ether and ethanol, gave

the r,¡hite crystaltine tetrat_ln (Zl): n.p. = g1_geoC. (g.4 e.,
.036 raole t 9O/,) .

rnfrared spectrr:m no. 5 (pis. v): absorpti-orr" (c¡n-1) at
1705 (aHphatic ketone C=O) ; 1605 (aronatic C=C) .

N.m.r. spectrum no. 5 (Ffg. XVIII): absorptions at
3.36 (s, 2 Hrs, aronatic); 6.29 (s, 6 Hrs, two oCH, erouns);
7.0Oq.50 (n, 7 Hts aliphatie 

"ine) ;2.75 (rr 3 Hrs, _COCH3).

Mass spectrum no. e (nie. UIIIII) . l'if/e = 23/+t 219t

191, 175, 115, 91, 77, L3.

Sodir:m ch]-orid.e (.8 S., 13.6,nmole), freshly subl-imed.

alr:roinim chloride (4 S.¡ 30 rnmole), phthalic anhydride ( J5 g.,

mixed. together in a stoppered 50 n-1. flask. The flask was

flushed with dry nitrogen, sealed r¡ith a rubber stopper, and.

b'eated at 1?ooc. in a sublirnafion. oven. The flask was rotated
frequently to nix the reddish-black melt. After 2 hor:rs the

contents of the flask were pouïed into a cord. saturated sol-
uti-on of oxali-c acid (50 û1.). The frask was rinsed with cold

satr¡rated oxalic acid solution (/+ x 10 rnl.), and. the combined,

dark red sofutions were extracted exhaustively r"rith chloroform.

The chloroforu ertracts were r,¡ashed. with water (z * 5o -n1. )
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and dried over magnesi*m sulphate. Evaporating the ch-r-orofozr'

under reduced. pressure gave a dark red residue which was purified.

þr t.l.c. on silica ge1 (cttrou/cucr3 -- 3/1oo). Elution of the

rnajor band and recrystalli-za',,ion from methanol gave a bright
red por,rderr m.p. - 1BB-t9OoC. (.tr6Z g., 1.37 moJ_e, 6/r.5%).

ANALYSTS C H O

Calculated 71 ./ê 4.BO 23.79

Reported 71 .t 9 /r.53 23.69

rnfrared spectrr:m no. 6 (rig. vr): absorptiorrs ("r-1) .t
1710 (ahphatic ketone c=o) ; 1590t 1635 Ghelated quinone carbonyl

Ë0).

N.m.r. spectrrm no. 6 (¡'iS. EX): absorptions at _3.1g,

-3-12 (singlets , 1 H each, cherated phenolic oH); 1 .g0-2.26
(m, /* Hrs, aromatic); 7.35 (ry z Hrs, aliphatic rine) , 7.7o
(s, 3 H's, -cocTI3) .

Mass spectn:m no. 3 (Fig. ÐtrX), Vf/e = 336, æ3, ZO5,

189, 1/+9.

daunouvcinone (23):

The d'iphenol qr:-inone (zz) (gfi ng. , 2.6 ronole) r¿as di-ssorved

in dry acetone (e¡ rr.). Dimethylsulphate (l.l e., 26.2 mole)
and' potassi,m carbonate (+.zs g. t 31.6 rmole) were added., and

the *ixture was refhrxed under dry n:itrogen for 6 hours. The

colour of the contents of the flask changed. from red to yellow
&*ing the eor:rse of the reaction. The acetone was evaporated,

under reduced pressltre, water (if n-f.¡ was add,ed, and the
yerlowish-brovn: residue was extracted into chloroforn ( I *
10 n1.) . The chloroforn exbracts were d,ried. over nagnesir:m sulphate
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and then evaporated. under reduced. pressure. Any renai:ring d.jmethyl-

sulphate was removed usi-ng a h'igh vasuum punp.

The yellowj-sh-bror.m residue was purified, by t.l.c. on

silica gel (cH3oH/cHcL3 = 3.s/loo). The najor band. was eluted.

and. recrystallized from methanol giving a bright yelIow product,

rn.p. = 1W-1lr6oc. GIA ng., 1.?4 rmoole, 66.5%).

ANA]JSTS C H O

Calculated 72.5t 5.53 21 .96

Reported 72./+2 5./r5 22.13

Infrared. spectzr.m no. "/ (¡'iS. IIII): absorptiorr. ("r-1;

at 1705 (abphatic ketone C=O); 1665 Gttj-none C=O); 1600, 1605

(arornatic C=C) .

N.m.r. spectrr:m no. '/ (Fig. n): absorptions at Z.OO,

2-lrl (nrrr'ltiplets, 2 Hts each, aronatic) ; 6.20, 6.1g (singlets,

3 Hts each, two OCH, groups); 7.ot-7.33 (mr Z Hrs, aliphatic

ring) ; 7.72 (", 3 Ht", -COCH3).

Mass spectnrm no. /* (Fig. ÐG): V{¡. = 364, 3zl, zg9,

n5, 2O5"

of /--Deme I t-ur--u-

Methylethvlenediorqrdairnoroycinone ( 2/r) :

A benzene solution (ZO rof .) of p-toluenesulphoni_c

acid (50 ng.), ethylene g1yeo1 (l.A g., Jg mole), and. the

d,i-O-nethyl ettrer (23) rcla tg., 1.74 rnnole) r^¡as distilled. at

a slor+ rate until about 15 nL. of the benzene rernained. in the

reaction flask. The distill-ation was protected from atmospheric

mois+,ure i,¡ith a dryins tube. The renai-ning benzene r^ras removed.

under reduced. pressure, saturated sodium bj-carbonate solution
(to nr.) was added, and, the residue Ïras erbracted into chl-oro-



_33_

torrn (3 x 10 n1.). The chloroforn erbracts i^¡ere dried over mag-

nesium sulphate and evaporated und.er reduced pressure learring a

yellowish-broi,n: resi-due. Recrystallization of the residue from

methanol gave the ketal (2/*) as bright yel1ow crysta1s, ü.p. =

151-15zo}. (6W ng., 1.65 mnoles, 95%).

rafrared spectrr-m no. I (¡'ig. \[II): absorptions (", 1)

at 1670 (quinone ÈO); 159Ot 1550 (aromatic C=C).

N.n.r. spectnrm no. I (f,ig. Ð{I): absorptions at

1"92, 2./*0 (uultiplets, 2 H's each, aromatic) , 6.05 6.1S (singlets,

3 Ht.s each, two OCH, groups) t 6.15 (s, 4 Hrs, -O-CH2CHZA-);

8.62 (sr 3 Hts, -COCH3).

Methyldaunonyci:rone ( 2?) :

The ketal (2d) ?"2 g., 2.9/+ mole) was dj_ssolved in
carbon tetrachloride (60 nr.). N-bromosucci-na^nio.e (565 ng,,

3.18 ronole), and a trace of benzoyl peroxid,e were added and the

solution was refluxed under dry nitrogen for t hoi:r. The carbon

tetrachloride i¿as removed, 'under reduced. pressure until 5 nr.
renai:red. No erbernal heating was used. dr:ring the evaporatj-on.

The renaìning solution was suction filtered to remove the pre-

cipitated succinarnide, and the filtrate was evaporated to dry-

aess usìng no erbernal heatÍng. Anhyd.rous methanol (60 nr.¡
uas ad.ded. to the residue and the sofution was refhlred. over-

aight und,er dry nitrogen. Evaporating the methanol under

reduced pressure gave a yellor"rish-brom resi-due. htithout

purifS-cation, the resi-due was dissol-ved in a solution of

äístil1ed rHF (30 rnf.), concentrated. hydrochlori-c acid (z m_1.),

and r¿ater (to nr.¡, and. i,¡as stj-rred over.rright r:.¡rd.er nitrogen.

1 1 -Tri-O-
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The TIIF was removed und.er reduced pressure and. the residue i^¡as

exbracted into chl-orofonn (Z x lO n-1.). The chloroforu. r,¡as

removed under reduced pressure to give a yellowish-bror.m residue

wbich was subjected to t.l.c. on silica ge1 (AyOU/CUC1.3 = /r/1OO).

Two large band.s r^rere obser.ved. near the top of the p1ate, the

band of lor+er R' being the najor one.

(") Characterization of 4.-demethoxy-?-epi-gdeoxy-6r7,

'1 1 -tri4-nethyldaunorrycinone (n),

Elution of the rnajor t.l.c. band gave a sol.id. (6tO ng.,

give yellow crystals, m.p . - 1/+3.5-141*.5oC.

Tnfrared spectn:m no. 9 (¡'ig. fX): absorptiorr, ("n 1) .t
1?10 (arrphatic ketone C=O); 16?0 (quinone C=O) ; 1600, 1560

(aronatic ÞC) .

N.m.r. spectrum no. 9 (¡'is. ÐfrI): absorptj-ons at

1.88, 2J2 (tn-:tiplets, 2Hts each, aromatic) i 5.35 (L, 1H, C-7

benzylic hydrogen) 3 6.06, 6.ß (singlets, 3 Hts each, arornatic

0CE3), 6./+9 (", 3 Hts, benzylic OCH3); 6.59a./+2 (Í,L'JLiplets,

6 Ets, aliphatic); 7.72 (s, 3 Hts, -COCH3).

Mass spectrr:m no. 5 (Fig. ÐOff) : tt+/e = 394t 371, 351,

31g, 3O5, 28g, n5, 1æ, 1/+g.

(b) Characterization of 2-acetyl-11 r12-di-nethory-9, 10-

n¡phthacenequ.inone (Sg) z

Elution of the ninor t.l.c. band. gave a solid (3OOng.,

1.2 ¡mole, 4O%) which was recrystallized from methanol to give

bright ye1-Low crystals, m.p. = 1g1.5-1g3ol.

Infrared spectn:m no. 10 (fig. X): absorptior,s (cr-1) rt
1690 (conjugated ketone eO); 16?0 (quinone ËO) i 1610, 159Ot
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1570 (aroma-uic FC) .

N.m.r. spectnrm no. 10 (¡'iS. )CilTI) : absorptions aL 1.2J,

1.601 1.9Ot 2.40 ("'u1ti-p1ets , 7 Hts, aroratic); 5.9O, 5.95 G,
3 Hf s each, 0cH3) ; 7.29 (s, 3 Hts, -COCHT).

Mass spectrum no. 6 (FiS. rcOtrI) , Vt'/. = 36Ot 331, 317,

259, 231, 203, 197, 175.

Methyldaunomvcinone ( 2?) :

The tri_-0-roethyl ether (2?) (ttlr nS., .Zgg moJ-e) was

d,j-ssolved. ix ùy 1r2-di-chloroethane (zo nr.). sìrblined alurnjrnim

chlorid'e (zo *.e 20 nrm6le), and. sea sand. (¿oo ros.) r¿ere ad.ded

to the yerlow solution. The solution, which turned. red upon the

add,ition of the alumim:m chloride, was stirred under dry n-itrogen

for 20 nirmtes and then poured into a cold satr.rrated oxalic acid

solution. The resulting soluti-on was exhausti-ve1y erbracted

r+ith chlorofonn. The chloroform ertracts were washed. i¿ith

water (z x zo rnr.) and d.ried over naglr.esii.m sulphate. The

chloroforu was removed under reduced. pressr.rre, and, the red.

residue was purified by t.l.c. on silica ge1 (ølrOU/CnCL, =

+/lOO). One rnajor band. and. two mipe¡ band.s were observed. on

the plate, the rnajor band having the tr:igher R1, vaIue.

(") Characterization of 4-denethoxy-?-epi-gdeoxy-7-O-

methyldawrolrycinone (¿O) t

The major band was eluted to give a solid. (95.2 ng.,

.231 mole, 78/") which i¡ras recïystallized. from methanol to

give a bright red powd.err m.p. = 218.5-ZZO.5oC.

Infrared. spectn:m no. 11 (n:_g,. n): absorptions ("n-1)

at 1710 (aliphatic ketone c=o); .162e, 15go (chelated, qulnone c=o).
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N.m.r. spectrr.:m no. 1t (Fig. ÐilV): absorptions at

-3.19, -3.00 (singlets, phenolic OH) ; 1"ú-2.41 (nqj'ltiplets,

aronatic) t 5.36 (f, C-Z benrylic hydrogen) ; 6.50 (s, benzylic

0ClI3) , 7.72 (s, -COCH3) .

Mass spect'um no. ? (Fig. Ðcilrr) , vt+/e = 366t 33zt 291,

n/+, 233, 1æt 176.

(¡) Characterization of 4-demethoxy-9-deoxy-

d,ai:aomycinone (Z*Z) :

The first mi¡ror band. below the rnajor band was eluted to

give a solid (¿ rog., "o1l nrns!¿, 4./r%) which \^ras recrystal-l-ized

from chlorofor:ry'methanor (s/Ð to give a red. fluffy powd.er,

m.p. = 21Ç22ooc.

Infrared. spectrr:m no. 12 (¡'ig. KJI) : absorptÍ_ons (ct'1)

aL 3575 (benrylic alcohol OH); 1?10 (aliphatic ketone C=O);

1620, 1590 (chelated. quinone C=O).

N.m.r. spectrr:m no" 1Z (fig Efl/): absorptions at -3.5O,

-3.00 (singlets, chelated. phenol Hts); 1.84t ZJZ (rrulti-plets,

arornatic), 4.93 (n, C? benzyli_c þdrogen) , 7.72 (s¡ -COCH3).

Mass spectnrm no. I (¡'ie. ÐoilV) z rt/e - 352, 33/+, zg1,

n4, 25/',, 1æ, 178.

( 
") Character irzation of /¡-d.enethoxy-?-epi-9-deoxy-

d,ar:norycinone (41):

The second. minor band. below the rnajor ba¿d was eluted to
give a solid (3 ng.r .OO9 ro.ole, 3%) whj-:dn r¡ras recrystallized,

from chloroforur/nethanol (r/Ð to give a red. f1'ffy powd.er,

II.P. = 182.5-18/r.5oC.

rnfrared. spect'rm no. 13 (¡'is. nïr): absorptions ("* 1)

at, 3575 (benzylic alcohol OH); 1?10 (aliphatic ketone -CO) ;
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1620, 1590 (chelated quinone C=O).

N.m.r. spectn:m no. 13 (fig. XKIII): absorptj.ons at _J.OO,

-2.75 (singlets, 1 H each, chelated phenol Hrs); 1.g3, 2.16

("'Lrltipfets, 2 Hts each, aronatic) t /+.93 (uuftipfeï, 1 H, C-7

benrylic hydrogen) i 7.O2, 2.28, Z.5O (uútiplets, total of

5 Hrs, aliphatic ring hydrogens) t 7.72 (s, 3 Hts, -COCþ).

Mass spectnm no. 9 (Fig. XnV) : M+/e = 352t 334t 291¡

n4, 25/*, 1æ, 179.

The mono-O-nethyl ether (z*O) (tOO *., .n3 a.mo1e) rras

d.issolved in tri-fluoroacetic acid. ( 15 ni-.) and was refl.uxed

u¡der dry nitrogen for 10 nir¡rtes. lJithout erbernal heating,

the trj-fluoroacetic acid was evaporated. und.er reduced. pressure.

The dark red resi-due i¡ras dissol-ved in a solution of rHF (15 m_1.)

and. saturated. sodir:m bicarbonate solution (5 n-]-.). Sodir:m

carbonate solution (lo7¡ was ad.ded until the solution tur.ned.

a purple colour. The solution was stirred. at room temperati:re

for two hours and then acidified. r¿ith d.ílute hydrochloric acid..

Chloroforn (l x tO rof.¡ i+as used. to exbract the products.

Evaporating the chloroforn und.er reduced. pressure gave a d.ark

red solid which was puiified by t.l.c. (AyOU/CHCI_3 = 4.5/1OO) .

A najor and a ninor band were observed near the rni_d.dle of the

plate. The najor band, had. the lower R1' value and was eluted

to give a red soli-d. r,¡hich r^ras recrystallized. from chlorofotl,/

methanol (¡/Ð to give (d1) as a fluffy red powd.er, m.p. =

182.5-184.5oc., (36.2 ng., "103 mo1e, 37.g%).

ïnfrared spectrr-rm no. 13 (¡'is. nrr). N.m.r. spect'rr:n no.

13 (Fig. nnru) " Mass spectrr:m no. 9 (Fis. uXV).'
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The rninor band r.¡as eluted to give a d,ark red. solid.

t¿Lich was recrystallized from chl_oroforu,/methanol_ (S/Ð to

Sive (/+Z) as a fluffy red powder, m.p. = 216-Z2O]C., (tZ.g mg.,

.036 mole, 13.3Ð.

Infrared spectrum no. 1Z (¡'ig. XII) . N.m.r. spectrum

no. 1z (¡ie. Ðff). Mass spectnm no. I (Fis. nffiV).
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