
TITE SYNTHESES OF RÀCE'MIC DATJNO}fiCINONE TRI},ßIIJTA ETHER.,

RACEMIC 4-O-DSMETTIYLDAUNOI{YCINONE A}ID RACE}II C ÐÁ.I]NOMYCINONE

ROBERT JOSEPII SCHI^IENK

â Thesis Subnitted to the

Faculty of Graduate StudLes and Research

of the Unlversity of ManJ_toba

In Partial FuLfillment of the Requlrements

For the Degree

DocÈor of philosophy

by

.-'-.-.''

- rI'tl'

June 1972



-t-

-ACKNOI,ILEDGEMENTS

I would llke to Èhank Dr. C. M. I{ong for hÍs attention, lnterest,

and unendf.ng patience 1n guidlng me throughout this research proJeet.

My appreciatfon is also due to my nu¡nerous coworkers, especially

Jan teRaa, Don Poplen and Raymond J. H111, ¡¡hose friendshLp helped nre

through many moments of defeat.

I am lndebted to the Manitoba Cancer Institute for the samples

of daunorrycin.

I am grateful for the financial supporÈ from the Natlonal Research

Councll of Canada ( 1968-1971 ) and the Manitoba Government ( L97I-1972. ).



-1t -

ÀBSTRACl

20S-dtmethoxybenzaldehyde was condensed wlth ethyt malonaËe to

glve ethyl 2-carboethoxy-3-(2,5 -dlnechoxyphenyl) propeno¿¡s (XII),

whtch was then hydrogenated catalytically to ethyl 2-carboethoxy-3-(2,5-

dfnethoxyphenyl) propanoate (XIII). Alkylatfon of cornpound XIII wíth

eÈhyl bromoacetaÈe followed by basfc hydrolysis with sodfi¡n hydroxlde

afforded 3,3-dicarbohydroxy-4-(2,5 -dfrnethoxyphenyl) butanoic aeid

(XW) whlch was subsequenÈly dehydrated wfth aceÈ1c anhydride to glve

2 ,5 -dimethoxybenzylsuccinlc anhydrfde (XVII). CyclizaÈlon of this

anhydrlde wtth hydrogen fluoride yielded 3-carbohydroxy-S,8-dlmethoxy-

1-Èetralone (XvUI). Catalytic reduction ÌrlÈh hydrogen converted this

teÈralone carboxylic acld to the correspondfng teÈralfn carboxyllc

acid (:üV) whlch, on ÈreatmenÈ Ìrith methyl llthium, gave 2-acetyl-5,

8-dfmethoxytetralin (rc<fV). Oxidation fn basic soluÈion of compound XXIV

gave Ëhe peroxide )OO( which was Èhen reduced wlth zinc and'acetic acid to

gfve 2-acetyl-2-hydroxy-Jr6-dlnethoxyteËralin (Xnff). Condenslng

cæpound XXXI with a mixÈure of 2-carbomethoxy-3-aceÈoxlbenzoic

acld and 2-carbomethoxy-6-aceÈorybenzolc acld produced a mixture of

1,9 -dthydrory-6, 11-dtnethoxy -9 -aceÈyl -7,8, 9, 10-tetrahydro-5, 12-

napbthacenedione and 4, 9 -dihydroxy-6, 1 1 -dlmethoxy-9 -ace EyL -7 r8, 9, 10-

tetrahydro-5rl2-naphthacenedione (XXXV) as Èhe final condensatlon

producÈs. The free phenollc hydroxyl groups of these two isomers

(pOn¡) was then methylated with dlstethyl sulfate and tbe ketone sfde

chain was converÈed to. the corresponding ketal using eÈhylene glycol.

Btoorlnatlon of the benzyllc (C7) position of thls isomeric ketal mixÈure

)ü)flII follorred by rnethanolysls and then ketal hydrolysls gave, after

careful separaÈion by thln layer chrmatography, daunomycfnone

trfmeÈhyl. ether (XlVf) and lsodaunomycfnone trimeÈhyl ether (XLv¡.
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{he st¡n1lar lsomerlc mixture (Xf,lt) r¡here the methoxyl and hydroxyL

subsÈituents of the saÈrrraÈed D ring are t-r-an-s to one another was

also lsolated, buÈ noÈ separaÈed. Daunomyclnone trirnethyt ether was

then h,ydrolysed wf Ëh aluminr¡m chloride to gfve 4-0-demeËhyl-7-O-

neÈhyldaunomyclnone(XLVII), The benzylic meÈhoxyl gîoup of thls

conpound was then converÈed Èo an o-trlfluoroacetaÈe subsÈlÈuent

using trlfluoroacetic acid, and the resulÈlng Èrifluoroacetlc ester

was hydrolysed with arrnonium hydroxide to produce 4-0-demeÈhyldaunmy-

clnone (tl). Compound XLVII was also oxidfzed with lead Èetraacetate

Èo 4, 9 -dihydroxy -7 -methoxy -9 -ace EyL -7 r8 19, 10 -te trahydro -5, 6, LL, L2-

naphthacenedlquinone (ltV)" MethylaÈion of this compound (LIv) wlÈh

dinetbyl sulfate yielded 7-0-methyldaunomyclnone (lVf). Convert,ing

the benzylic methoxyl group of compound LVI Èo an 0-trlfluoroacetate

subsÈlÈuent followed by a¡rnonium hydroxlde hydrolysls of the ester

bond gave daunomycinone (U(I). An identlcal serfes of reacÈions

nas also carried ouÈ sÈartlng wiÈh isodaunomyclnone Èriurethyl ether

(xw) to produce fsodaunomycLnone (ilx). All Èhe cornpounds prepared

gere, of course, racernlc mixtures.
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TNIRODUCIlqq

Daunomycln 1s a new antlblocic lsolated fron tbe cultures of
t

Str-eptomvc-es pe-ucetiu-q.¡ It has a weak tnhiblting actfvlÈy on Gra¡-

posltive and acfd-resistanÈ micro-organlsms such as Scaphylocgccus
,

êEå. More lrnportant, however, bfologlcal testlng has sboern that

uf.-]r"rn has a remarkable cytotoxfc acÈivtty; aË concentrarions

rangl.ng from 0.01 to 0.Lþelr,l 1È conplerely inhiblts the niroric
IactlvlÈy of normal and neoplasÈlc cells Ln vftro." sinflarily, it

ras found to exhibit a narked lnhibltlng actlon on solld and ascites
4Èunours. Thls property of daunomycin lras shor¡n to resulÈ fron the

facÈ thaÈ ft lnhlbits m{A and DNA synrhesfs, as demonsÈraÈed tg v-ivo

-5 6-8ln bacÈerlal and anlmal cells- - and ln v_itJ:g on Dt{A-dependenr RNA

o
pol¡merase and on DNA polymerase.' IÈ has atso caused severe chromoso¡nal

' â -10 - rdamage ln some c."es.' calendf g! gl.'" reDorted thaË daunomycins

tnhlbltlon to Dl{A and RNA sJrnthesfs results froa the fact Èhat iÈ binds

dfrectly to Èhe DNA acÈfng as primeror Èemplate ln the synthesis (rhe

DNA of the chromosome ln the case of cells).

Daunmycin has sfnce come lnto its orm as an fnportant cllnfcal
dnrg. Ac a dafly dose of I mg/Kgn for six to elght days it produces

cmplete or good partlal remlsslon in the case of chlldhood leukeola,

rblle lts toxiciÈy to Èhe bone marrow does not appear to be as aceumut-

atlye as wlÈh other antfleukeml" .g"r,t".11
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Daunomycin l'" ehlorlde salt ln thino

red needles melttng at 184o-186oC. AnalyÈlcal results are consiseent

vlÈh Èhe forraula CZZHZSO.ON.HCI. On n1ld acid hydrolysis (0.2î¡ hydro-

cblorfc acld for one hour at 90oC) daunomycln affords a red aglycone,

daunmycinone, and an amino sugar, daunosuine,

the structure of tbe aglyeone, daunonyclnone, was ffrsÈ elucldaÈed

1n 1964 by Mondelll et U!t'or the basis of the fol.lowing chemical and

spectral evidence.

Daunoaycfnone, C21H1'O6, n.p. 2L3-2L4oc, dlsplayed an ultraviolet

spectrrmr sfnilar to that of lr41S-trlhydroxyanthraqulnone. Ihe qulnoid

chromophore was also suggested by the ready reversible reducËLon by

reduclng agents and by polarographtc behavlor. In addltfon, zlnc

dust dfstillatlon yielded ÈeÈracene, suggesting for daunomyelnone the

tetracycllc structure found ln the anÈhraeycllnesr13 ." shornr 1n Flg. I.

Ffgure I

renalned necessarT, Èherefore, to establlsh the number and nature

substl,tueï¡ts on the A and D rl.ngs.

fnfrared (1.r.) spectrun showed an absorpËlon aÈ 1718co]l

lndlcatfng the presence of an allphatlc keÈone. Ttrls was further

eonflrned by the ready format,fon oE, a Zr4-dlnttrophenylhydrazone

derlvative. Tt¡e aucl,ear nagneÈÍc resonarice (n.n.r. ) specÈnrn (CF3COOH)

further corroborated this fact by dtsplaylng a singlet (3H,52.69)
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whlch could be asslgned Èo a C0CE3 Eethyl group.

also shosed a slngler (3H,54.04) whfch could be

0CH3r broad absorprlons ar 83.27(2Å), 2.67(n), 7.L-7.9(3 arooatfc E)

aad a slgnal atf5.5O(1H, broad) rhtch could be attrlbuted to pt'otot¡

on a benzylfc carbon bearlng a hydroxyl group, because on acetylaÈion

the slgnal shffced donn fteld to f6.40, Thus Ít could be concluded

thaÈ the A rfng had a nethoryl substlËuent probably ln one of tbe

poslÈlons d, to the quinone carbonyls and that Èhe saturated D rlng

had a nethyl ketone substlËuent at some posltlon as well as a hydroxyl

subsËftuent ln one of the benzyllc posftl,ons.

MeÈhylatlon wfth dinethylsulfaÈe Ln acetone ln the presence of

potassium caråonaÈe converted daunoøyclnone Èo a trfmethyl eÈber

C24H2f¡Ogr n.p. 193oC. lte 1.r, spectrun had a¡r absorptlon at 3350 @-1,

indicatfng tbe presence of an unmethylated hydrorylgroup. Thls was

further suggested by the rì¡trr.ro specÈrum whlch had a one proÈon slnglet

at f 5.02 rrhich shtfted upfleld ïiÈh dilutlon and do¡¡nfield wltb acld.

The nethyl ether groups sho¡¡ed up ln the n.m.r. spectrt¡a as three

sharp slnglets at f 4.00 (6¡¡, ÈÌro aromatic OCH3)'.3.89 (3H, aronattc

ocH3) and 3.56 (3H, alfpharic ocH3). In additton rhe singlet at

12.40 (3tt, COCtt3) was st1ll evl.dent. A slgnal was also found at

S 4.92 (1H, four ltnes) and thls was presr¡med to arlse fron the ArçEO-

proton. Ttrls sfgnal constituted the X parÈ of an AÐ( spectrum, the

AB parÈ of whlch could be formd upffeld as Èwo symetrical doublets

centred at S.t.gZ(tn) and 12.43(1H). A ftrsr order ana!.ysts gave

JAB=15 | O.ntr,suggesting gemlnal coupling and therefore, a neÊhylene

group. Tt¡e cheoical shf.fts of, H6 and B3 suggested thar the nethylene

grouP ras locat"d F to ân aronatfc rl.ng. An addittonal tno doublets

(28. J=18.5 t 0.2ttz) could also be found cenÈred ar t3.02 and S 3.22

lhe n.n.r. gpectaca

asslgned to an aroo^atlc
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(Atr pattern) fndtcating Ëwo gernlnat proÈons { to the aromatlc sysreme

wlthout vicfnal hydrogens. A conplex ¡¡ultiplet 5- 7-8 (3I1, ABC pattern)

agafn sho¡¡ed the three aromatic proÈons on the one rlngn

the fo:matl.on of the above menÈloned trfnethyl ether ¡rlth one

reaalnlng hydroxyl grûup suggested the presence of four, free hydroxyl

grouPs fn daunøycfnone, Thfs was proven by convertl.ng daunøryclnone

on treatmenÈ trlth aceÈlc anhydride tn pyrtdine at 60oC to a teÈraacetate,

cZenZ6oy2¡ rr,p. 225oc. Tt¡e 1.r. spectrum sho¡red phenolfc (o776 
"r-1)

and alcoholtc (1740 cn-l) acetate bands, bur no hydroryl absorptlon

vas evfdenÈ. rn addltlon, daunmycinone, fn the presence of el.ther

acld or alkalf, gave a bisanhydro dellvatlv", c21El4o6r m.p. 3250-

33OoC, nhose l.r. spectn¡m showed a conJugaËed keÈone absorption

(1685 ..-1). Tbls derlvaËrve gave a dracetaËe, c2sHlgogr ,o.p. z4oo-

zrßol, one oCHa, phenolfc acetaËe absorptl.on (1765 
"r-1), Èhus showlng

the presence of trro phenollc and ælo alcohollc hydroxyls in daunony-

clno,ne, the laÈLer Èwo being fnvolved fn the dehydratlon reactl.on.

Eydrogenolysts of datmomycinone ç1th Pd on BaSOO ln dioxane afforded

deoxydaunoøyclnone c21H1go7, a.p. 229o-æ1oc, whose nrrr¡ti. spectn¡m

norv shotted slgnals corresfxtndlng to trm benzytlc CH, groups, indicating

the loss of the benzyllc hydroxyl group.

Sodlun borohydride reductlon of daunooyclnone, folloned by

Perf,odate oxldaÈlon, afforded aceÈaldehyde, Lsoalated as Èhe 214-

dtaltrophenylbydrazone ln good yleld, thus proving the acetyl side

chalrr and lts aÈtachment to a hydro:rylated carbon atom.

on the basfs of the preceedlng data Hondelri e-t- al. r¡ere able

to assfgn elther structure Ia or Ib to daunooycinone.
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HO

EO

R,' OCH", R"'H

R, - H, R.- OCHa

Flgure II

It sas noÈ until 1968 ehat Hondelll .a- eL14 publtshed the

follortng data that enabled theo to disÈlngulsh bet¡¡een structures

Ia and Ib, and laterls to escabllsh the absolute stereochemistry of

daunouyclnone. O:¡ldatlon (see Scheme I) of daunmyeinone ¡rlÈh

chroolc anhydride in aceric acid gave the corre.sponding kerone rr

rhlch was conyerted to III w1Ëh 2lf sodlt¡¡¡ hydroxlde. Refluxlng III

rltb alt¡mfnum chlorlde Ín 1r 2-dichloroeÈhane produced IV r¿hicb was

Èhen cowerted to the pericarbonaÈe V by treatrnenË with phosgene

and pyrfdlne 1n chlorofora followed by hydrolysfs of the chlorofonuyl

gæups rriÈh .5N sodftn bfcarbonate, The l.r. specÈn¡m of V dtd not

shoe a 1670 co-l free qul.none absorpÈfon and therefore the pattern

of hydro:<ylatlon must be as sho¡ra. Consequently, Èhe st¡r¡cture of

darmooryclnone pas establlshed as befng Ia rather tha¡¡ Ib.

ooRe

OEoR¡

5

I,
I

b,

o o OH
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Schene I
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ql- -Wò,rt v
fte total absolute conflguratlon of daunomycinone was Èhen

detemined by means of the checnlcal degradatlon sho¡r¡ ln Scheme II.
Datmomyclnone trlmethylether VII was reacted wlth alr.¡minr:m chlorlde

ln benzene to glve 7-O-neËhyldesnethoxydaunomycinone VIII whfch nas

ther¡ orldlzed wltb lead tetraacetate in acetl.c acld to glve tbe yellow

dlqulnoae derivatlve IX. ltrls product, wlthout lsolatlon, ¡ras then

further ozldlzed rrlth a perl.odaÈe - permanganate mfxÈure to give,

after purlflcaÈfon ¡rlÈh paper chronatography, S ( -).aetho:rysuccl.nl.c

acld X, ldentlfled by dtrecÈ coûparlsoa ¡rtth a syntbetl.c sam¡rle.

lterefore, C-7 could be established as havlng conflguratlon (S).

C-9 ras then configuratlonally rclated to C-7 by preparlng the

lsopropylldene derl.vatlve VI by treatlng daunmycfnone wlÈh 212-
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dfuaetho:ryprop¿¡ne and p-Èoluenesulfonlc acld ln droxane. The cls

configuratlon of the C-7 and C-9 bydroxyts allo¡¡ed the definaã 
",

the absoluÈe steriocheofstry at c-9 as (s). lterefore, the aglyconen

daunouycinone was finally established as being 7s, 9s - 9-acetyl.-l rg,

9110 - tetrahydro - 617 r9r11 - tetrahydrory - 4 - metho¡cy - S.LZ -
uaphtbacenedlone.

' Schene II

t 
lMe2sooI

c0cH3

'oH

-ocHa

vIII

c00H
Hooc\ .L*,

c
H/ ".ocH3

usfng specÈral and cheoical technl.ques s.lnllar to those that

they used ln elucidaÈlng the stn¡cture of daunmyclnoae, Mondellt and

cæortersl6 r.r" also able Èo establisb Èhac the sugar resldue of

datmmycln, daunosæl.ne, ls an amlno sugar slth stnrcÈure and

steæocheolsrtT 3(s), 4(S), 5(S) as shown in Flg. III.

vt

tiltu0H 0 oH"
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XI

Flgure III

there renained, therefore, only to establlsh the posltlon and F-Ëereo-

chealstry of the glycoslde ll.nkage.

lte posltlon of the glyeoslde lfnk ¡ras deduced f¡on n.m.r. and

cbenfcal dat"14, the 100 !ff12. n.m.r. specËrum of daunmycln pencaacetaÈe,

m.P. 268-27OoC, shosed Èhat the signal for H7 again riras a double doubleÈ

consËituËlng Èhe x parÈ of an ArÐ( spectnm, wfth 5 : 5.07. Gornparfng

thls chemical shift wlÈh ÈhaË found for It7 fn daunomycinone trlmeËhyl

ether, 14.92, and ln daunæyclnone trlaceÈatei Ç 6.42, sho¡red that

Èhe substlËutLon at c7 produeed a glycoslde o:<ygeae Lnsread of an

O-aceÈate, and, Èherefore, the glyeoside lfnkage was established

as being at C7. Thls ¡ras further conflmed by the fact ÈhaË catalytlc

hydrogenaÈf.on of daunmycin r¡iËh Pd/BaSO4 ln meÈhanol gave 7-deoxy-

daunoaycinone and daunosanlne, thus sbowfng ËbaÈ the aÈÈachr¡ent of

the anlno sugar is aË C7.

fre stereochernistry of the glycostde llnkage was also established

froo D.m.r, datals. on the basfs of a series of decoupllng experlments

lavolvlng the 100 MHz û.m.r. spectrum of N-acetyldaunonycin it was

I
shosri tbat H1 fs equ¿torlal and Èhat Èhe sugar ls in alC conforratLon.

ttèreforpa¡r d -gl¡aoslde structure was concluded.

lterefore, the compleËe sÈructure of daunmycin could be

rrlÈten as showr¡ ln Flg. IV,
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Ffgure IV
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In 1968 Good¡nan ea ef7 reported Èhe synthesis and characterisaÈ1on

of a glucose analogue of daunomycln usfng 7r819r10-teÈrahydro-6r7rIL-

trthydroxy-Sr12-naphthacenedione as the agtycone. Recently, they also

pubt ishedlS tb" synthesls of the sugar mtety of daunæycin,

daunosanine. AÈ present, horever, Èhe ËoÈal synthesis of daunomycin',

rù1ch aor real.ly only lnr¡olves the synthesis of lts aglycone, daunmy-

cl,noae, has noÈ been reporËed. Only the synthesls of bisanhydro-

daunouycinone has been pub11shed19. lterefore, we decl.ded to try and

synÈhesize daunæyclnone as the major sÈep towards the total synthesis

of daunomycln.

lte synthetic approach lnitlally devised was to flrst syntheslze

the C a¡¡d D rlngs of daunomycinone stth all of the funcÈfonal groups

and then to add on the A and B rl.ngs. Tt¡e synÈbesls vas begun,

therefore, rlth these obJectives ln ml.nd.
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21S-dlnethorybenzaldehyde was condensed with dterhyl malonaÈe

(see Scbeoe III) to glve the tmsaturated ester XII as a brlghc ]ello,rr

llquld ln essentially quantlÊative yleld. ?he i.r. spectn¡n (¡'tg. X)

sbowed a sÈrong ester absotptlon at 1720 crll and a carbon-carbon

double bond absorpÈfon at 1620 "ril. 
The n.m.r. spectrun (Ftg. twrr)

vas also 1n agreement wlth strucÈure xrr, showing tno overlappfng

trlpleÈs a¡rd tno overlapping quarËets for theethyl, esters, two singlets

(3H) for the arooatlc nethoxlls, a nultlpleÈ (3H) for the aromatlc

rlng protons and a 1ow fleld sfnglet (1H) for rhe olefin proÈon.

Tbe unsaËurated ester xrr ¡ras then reduced with hydrogen over

palladlun on charcoal to the corresponding saturaËed ester XIII. lte
product was isolated by vacuu¡r dlstillatlon as a very pale, yellow

llgufd rn 73% yleld. tlre i.r. specrnm (rig, xr) stlll shor¡ed an

ester absorpÈ1on at 1720 @11, bur no longer {tsplayed rbe double

bond absor?tfon aË 1620 c.11, rn the nrnoro spectrum (Ftg. LD() the

benzyllc cH2 appeared as a Èlro proËon doublet and rhe adjacent G'E

appeared as a one paoton trlplet (partlally hidden beneach the merhoryl

slnglets).

Alkylatlon of the diesrer xrrr w1Èh sodfi¡m hydride and erhyl

bromoacetate Ln refluxing reÈrahydrofurar¡ (rhf) gave the ÈrlesÈer

XW as a pale yellow ltqufd tn 98% yteld (based on undlsrilled producr).

the l.r. sPecËrr¡n (Flg. XII) still showed an ester absorprion (lZgO cr:l)
and the tt.m.r. spectrum (Flg. IJ() no¡r rerrcaled absorptions corresponding

to three ethyl esters as ¡rcll as a È¡ro proton slnglet for each of tbe

trc neÈhytene groups.
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- Hydrolysfs of the triesËer XrÌr wiÈh 1% sodir¡m hydroxíde ln

ethanol afforded the triacid XV as a white, crTstalline soltd (78%

yield). Ttrls cornpound was characterlzed by lts 1.r. spectrun

(Flg. XIII) uhlch exblblted a broad acid OH absorptfon as rrell as an

acfd carbonyl absorption (ZAOO and 1700 "r]1. resp. ), and by lts mass

spectrua (Flg. IJOO(I) whfch had the requlred ¡nolecular ion peak of

28O. Several aËterûpts ¡uere then made to thernally decarboxyLaÈe Èbe

rhalonlc acl.dfr part of thfs nolecule; allrhowever, lrere unsuccessful.

Although the reason for thLs was noÈ lrn'nedlately obvious lt rras félt
thaË the presence of the third carbo:<yl group may have been responslble

1n some way. Ttrerefore, ¿rn aÈterrpË was made Èo prepare the acid

anhydrtde XVI wlth the hope tbat thls compound could be decarbo:<y1aÈed.

Dlssolving and warmlng the trfactd XV ln acetfc anbydrfde for rhls

put?ose did not, howener, lead to the o<pected anhydride )ftrl, for

although thls comrpound probably formed it {mmediately decarborylaËed,

as uas evldenced by Èhe vfgorous bubbllng of the acetlc anbydrfde

eoluclon nell belowlts boiltng point. lterefore, evaporation of Èhe

âceËf.c anbydrlde gave Ëhe anhydrfde XI4II; obtained as a wbite,

ctTstalltne solld fn quantiÈatfve yield. The 1.r. specÈrumFtg. XtV)

sbæed absor¡rtlons aÈ 1785 and 1865 crll fo" the anhydrlde carbonyls,

but no carbo:<yllc acld absorptlons ïere evldent. Xte n.m.r. specËfl¡n

(Flg. tXI) was also conslsterrt wiËh sÈn¡cÈure XVII, showlng a cm¡llex

flve proÈon multiplet for the allphatlc protons, In addftlon, the

Eass spectnrm (Flg. IJO(XII) had the requlred molecular lon peak of

250,

lte anhydrfde XVII was then dlssolved fn anbydrous hydrogen

fluorlde Êo glrrc a dark red soluÈfon. Sttrrlng thls solutlon for

three hours at room teûperature and tben evaporaÈlng the hydnogen

fluorlde gave the ketoacld XVIII. the producË ìras obtalned as a
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rhlte, crystalllne so1ld (777" yreLd) which gave a sarisfactory

elcneatal analysis and the expected molecu!.ar lon of 250 in the mass

spectrr'm (Flg. IJCP(III), lte 1"r. spectnrn (Fig. XV) sbowed absorptlons

for acld OH, acld carbonyl arid/'r¡3 -unsaturated carbonyl (3150 (broad),

1720 and 1665 cn-1, resp. ). lae aromatfc rlng protons ncw appeared

ag a È$o proton AB quartet in the non.tfo spectrum (Ftg. IXII).
lte synthesls of rhe ketoacid xvrrr Ëhus provlded the basfc

skeleton of the c and D rf.ngs. ltere only reoained, therefore, the

problem of convertlng the ketone and carboxyl functlonal groups of

coryound XVIII to the requlred hydroxyl and aceryl groups.

Consequently, the ketoacfd Xl/ltII was ¡educed (see Scheme IV)

¡rlth lÍthfi¡m ah¡mlnurn hydride to the dfalcohol XD( ¡¡hich was isolaÈed

as a clear, glass-llke naterlal ln 9% yelLd. CrystallizaÈlon of rhls

substance produeed a rvhlÈe, erystalline soll.d whfch gave Èhe reqrlred

nolecular ion of 238 fn the mass spectrum (ftg. UeQnr). the 1.r.

specÈrum (rlg. xvII) dlsplayed ar¡ alcohol oH absorptlon ar 3460 en]l

and no carboryllc actd absorptlons Hers evldent, The n,m.r. specÈrr¡nr

(Fig. urn/) was also consl.stent wlth stn¡cÈure xD(. Ttre benzyllc

pnoton adJacent to the benzyllc hydroryt appeared as a broad, lowfield
( fs.os) Èriplet a¡rd the slde chain methylene protons ap¡reared as a

broad doubleÈ. Ttre armatic rlng p:rotons were agafn obsenred as a

sbet? slnglet (2n).

ra order to prevent lts reoxidatfon ln subsequenÈ reactlons,

Èhe benzyllc bydroxyl group was converted Ëo a roethoxyl group by

atfrrlng compound xrx wfth actdlc nethonol. The required producÈ

xx ras obtained as a rrhite, crrsralllne solld (862 yreld) wbtch had

tbe requlred molecular Lon of, 252 ln Èhe mass spectnrn (Ftg. IJOCKVI).

^rhe f.r. spectrun (rig. xvilrl sÈill exhlblred a hydroxyl group
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åbsorptlon at 3350 cm:l, showlng thaË the sldechafn hydroxyl. was sÈtll

present. In the n.rr.!. spect,run (Fig. D(V) a sharp slnglet (3H) about

.4 p.p.m. to high fteld of the aromatfc methoxyl absorptlons verffied

the presence of the benzylic methoxyl group.

It is worth mentionlng aÈ Èhls polnt that the cis- lso¡ner of

conpound XX (where c_ls and t_rans refers to Èhe relative stereochemlstry

of the benzyllc OCH3 and CH2OH groups) was produced almost excluslvely.

The evidence for this ¡r111 be presented later. thls stereoselectlvity

ls probably the result of Èhe preferenÈlal formaÈ1on of the thernody-

nanically more stable dfequetorlal (and therefore, gÞ) lsomer, as

shown Ln Fig. V.

CH2OH

Flgure Y

Contlnuous relonfzatfon and remethylatfon of the benzylic posltlon

could have shffted the equllibrlum beÈween the axial-equatorfal lsomer

and the equatorlal-equatorlal lsomer almost, entlrely tor¡ards the

latËer.

After sultably protecríng the benzylic hydroxyl group, as

mentioned, the -cH2oH sfdechaín was subsequently oxidlzed to en

aldehyde with chromfum trioxide in pyrfdíne. The producÈ, after
purfffcaÈlon by thin layer chromatography (t.¡..c.), could be isolated

as a whlte, crystalllne solid tn 15% yleld. The aldehyde stdechain

dtsplayed the expecred carbon-hydrogen and carbonyl absorptlons

\
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(2725 and 1720 on:l, resp.) ln the i.r. specrrum (rrg. xlx), ïhe

aldehyde proÈon was also obserr¡ed in the n.m.r. spectrr¡m (fig. IXVI)

as a one proton slnglet (59.74).

Slnce the yíeld of the chrornlum Èrioxide oxldatfon was so loq

an altet:rÌatlve oxidatlon method was tried. Treating compound )O(

rfth dicyclohexylcarbodlÍmlde in dlrnethyl sulfoxlde accordlng to Èhe

nethod developed by HoffaÈÈ e-t- g!20'21 "lso gave rhe aldehyde )O(I,

but thlg Èl¡ne in a 66% yfeld. Therefore, this proceedure ¡ras used

fn all subsequent preperations of compound )O(I.

the aldehyde was Èhen reacted wlth methyl magnesium fodlde ln

dr7 ether The Grignard reacÈ1on proceeded smoothly and the required

product XXII was lsotated (7n" yteld) as a whlte, crystalline solid

rrhich gave the regufred motecutar ion of 266 ín the mass specÈrum

(frg. IJoon¡III). The i.r. specrrun (Fig. XX) exhtbired Èhe

requfred hydroxyl absorptlon at 3620 crnll and the n.m.r. spectn¡u

(ffg. IJffII) showed the presence of the stdechafn merhyl group.

The alcohol XXII ¡ras then oxtdized wfÈh chro¡nlum trioxide in

pyrtdtne to give the ketone IüIII. The product tras isolated as a

rhfte, crystallfne soll-d (65% yield) ¡rhlch gave a saÈlsfactory

elemental anatysis and the expected r¡olecular lon of 264 ln the mass

sp€ctrum (Ffg IJOO(D(). the f.r. specrrun (ffg. XXI) showed rhe

cxpected ketone earbonyl absorption at 1710 cmll and the n.m.r. specr¡r.m

(ffg. UflIII) also reveated a rhree proron sfngler for the kerone

nethyl group.

Cmpound þ(III was found to be ldcntlcal fn every way with a

ketone prepared by my colleague Jan teRaa22, ,rho used a completely

different syntheËlc rouÈ€ (startlng frør 2, S-dlmethoxybenzaldehyde

qnd acetylacetone). Ho*e.rer, ln l{r. teRaats approach, both the cls
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and Èrans EeÈhoxy ketones rrere produced fn a ratlo of about twenty to

one' resPeetlvely. (Ttre nlnor isomer could be rernoved by recrystalll-

¡atfon.) ltis vas evldent from the n.m.r. spectrum rñich gave tt¡o

slnglets for the benzylic merhoxyl group (fg.¿s cí_s, f3.3 rr_ans-) in

the ratfo of about twenty to one, and Èrp sínglets for Èhe rnethyl

keÈone 62.26 cís, f2.18 trans-) also in the rarfo of about Èwenry Èo

one. ltre resonanee for the c-is benzylic methoxyl comes at tower

ffcld Èhan that for rhe rraqå because rhe cis- nethoxyl lles more ln

the plane and therefore deshtelding reglon of the adJacent aromatic

rlng. Non, ketone Ð{rrr corresponded exactly to the c-is_ ketone

prcpared by Hr. teRaa. No trans lsomer was found. rÈ fs therefore

rcasonable to assume that corapound )fr, and therefore cornpounds )O(I

and firr, rrere produced atmost exclusively as the cis isomer, as

nentloned previously, since the reactions used Èo convert compound

I to the keÈone ]cKrrr dfd noc lnvolve a change in the relative

stcriochemlstry of rhe subsrltuenr,s. Although it is probable thaÈ a

saall amount of the trans- lsomer of cærpound )ü dfd form, f t was

probably lost since corr{xtund Ð( was purlfted by crystalllzation. Itis
faet erçlalns ntry conpounds )o( to xxrrr all gave a sharp meltfng

point af ter or¡e recrl!¡Èal ¡. 1¿atlon.

compound xxrrr now had the benzylic orygen funcÈlonal group and

acGtyl sldechafn that rhe D ring of daunomycinone required. only the

tertlary hydroryl was mlssing. At thfs tlrae ray colleague Don popien23

nadc sevcrel aËtemPts to condense phthalic anhydrfde with cornpound

urrr. unfortunately, alrhough the phthalic anhydride condensed,

tbc only tetracycllc producÈs Ìlr. poplen could lsolate ìre¡e ones

rräorc the D ring was aronaÈfued. It was fett that the aronatlzatfon

¡nbably resulted from an lniÊial löss of the benzylic merhoxyl group
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end, Èherefore, that 1t might be prevented 1f the benzyllc rnethoxyl

group vere absenÈ. Therefore, this sr¡bsËftuent was rernoved (wiÈh the

hope tbat lt cot¡ld be relnËroduced later) by catalytfc reducÈ1on with

hydrogen. Íhe resultlng product, keÈone )O(IV, was lsolaÈed as a white,

cr7stalline solid (85% yleld) whtch gave a satlsfactory elemental

analysls and the requfred molecular fon of 234 in the mass specÈrum

(Flg. xC). An absorptl.on at 1705 cnll ln the 1.r. spect¡rm (Ftg. )o(II)

lndlcated that the acetyl sldechain ras still presenË whfte in rhe

DrE.!. spectrrÐ (Fig. IJ(D() the absence of the three proton slnglet

aÈ f 3.45 p.p.m. verffÍed that the benzyllc nethoryl group had been

Buccessfully renoved. Mr. Poplen Èhen condensed phthallc anhydrlde

rlth this reduced compound and nas able to fsolate the required

tetracycllc producË ¡riÈh Ëhe D rfng reoalnlng saturaÈed.

since the benzyllc nethoxyl group could not be retained durlng

tbe phthallc acid condensaÈ1on the synthetlc paÈhtray to coûpound )O(III

ras no longer of much use. lterefore, a much shorÈer route to compound

E(rv was devised. Ttre benzylic ketone of the keto acld xt/'rrr was

eoryletely reduced ìtith hydrogen over Pd on charcoal and the produet

ras lsolated as a whiËe, erystalllne solld ln 802 yield. The 1.r.

spectrum (flg. XVI) no longer shorred rhe absorprfon aÈ 166S cn]l and

Èhe nass spectnm (Ffg. IJmnr) had rhe required molecular Lon of 236.

lte acid )O(V was Èhen reacted rrlth tlro moles of rneÈhyl llthlnn
ln anhydrous È h f Èo glve a whtre solld (7ZI yleLd) idenrtcal tn

eüerT way rltb the ketone produeed by reductlon of compound )o(rrr.

It sbould be pointed out that unless all the ¡rrecauÈl.ons suggesÈed

by Jorgen"o.r24 uere followed, â tertiarr arcohol instead of a ketone

sldechain was produced.

- sface the D rlng of daunmycinone has a terÈiarr hydioxyl in
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the 9 positlon, there sÈ111 remained the problen of inËroduclng Ëhis

group into our sysÈen. ltls was acco,qlished (see Schenoe V) by

orldlzfng the ketone F(fV lrith potasslum Ë-buÈoxlde and molecular

oxygen to the peroxlde )OO( (noÈ tsolated) r¡trfch was {rn¡nediately reduced

rlth zfnc ln acetlc acfd to rhe required hydrory ketone x)qr. rbe

¡lroduct, after purlflcatlon by coh¡mr chromatographyo was isolated as

a rrhite, crTstalllne solfd (477" yteld) and gave a saÈlsfacrory elenental

analysis and the required molecular ion of 250 in the mass spectrun

(Flg' xcrr)' (rf sodtun r-buroxide lras used instead of potassium

t-butoxlde then less than a 5% yleld was obcalned, posslbly due to

the 1oç solublllty of the sodfi-tn salt at Èhe reacËlon ÈêûFreraÈure. )

Aa absorptlon aË 3490 cn]l in the Í.r. spectn¡n (Flg. )o(vII) verfffed

the ÍnÈroduction of the hydrory group.

ra order to ascertain that the hydroxy group was Ln tbe terÈlary

¡losltfon, com¡round Ð{XI was also synÈheslzed by an unamblguous route.

Ketone ]0(fV was reduced ¡rÍÈb sodinm borohydride in methanol to the

corresponding alcobol )offr fn quantltatlve yleld, rn tbe f,r.
spectrrn (Flg. :a(rrr) rhe ketone absotptl.on was replaced by a hydroxyl

absorptlon at 3630 "r]1. ltts coryound was rhen dehydrated wfth

phosphorous oryehlorfde in dry pyrf.dlne. However, when the lsolaced

product ras subjected to t.l.c. 1È separated fnto trp bands. Elutlon

of the üPper band gave the expected olefln mfxrure )OWII ln 33% yfeld.

lte absence of the hydroxyl absorptlon in the i.r. specÈrum (Fig. xxw)

and tbe Presence of a one protoû rnultfplet ln the oleflnfc regl.on of

the n.n.r. sPectrum (Ftg. IJ(X) helped rærlfy the presence of tbe double

bond. Elutlon of the lorrer band on Ëhe È.1.c. plate gave a com¡round

(372 yfeld) rùose f.r. specrnrn (Flg. )O(V) was vetT slnilar Èo thaÈ

of the olef{n þnfrr, but t¡&rose n.Dorr spectnr@ (Flg. IJo(r) had no
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absot?tlons 1n the oleffn regíon. ltere was, however, a one proton

Dultlplet centred around t4.02. Ttris fact, along wlth nolecular ion

peaks of 254 and 256 1n Ëhe mass specÈn¡¡o and a poslÈ1ve sodft¡m fuslon

test for cblorlne belped ldenttfy Èhe coarpotmd as the ch!,oro substLrutlon

product þ(VIII, Chloro substituÈion rather than dehydratton uslng

these reactlon condltfons ls noÈ rmheard of and probably proeeeds

aceordlng Ëo the mechanisms described by Gerrard.25

1te olef,tn mlxture )OryIII was then reoxldlzed wtth osmirrrn

Èetroxlde to give the dlol )0(D( (8u yteld), whose Í.r. spectnro

(Flg. F(VI) showed the expecred hydroxyl absorpÈion aÈ 3600 cnll.

thfs dfol, withouÈ puriffcatl.on, was further oridized rrlth dt-

cycloherylcarbodllmlde 1n dtnethyl sulfoxlde Èo glve a hydroxy ketone

ldentlcal to coryormd )OO(I, thus verifyfng the poslÈlon of the

terÈlary hydroryl group.

the synthesis of the hydroxy ketone )OñI provlded a suftable

lntemedlaÈe for the c and D rfngs of daunmycinone and, therefore,

1È ¡ras dectded that this was a converrient point in Èhe synÈhesis to

add on Èhe A and B rings. A prelfntnarry invesËl.gatlon lnto thls

lnvolvtng a Friedel-crafts type of condensatlon (usfng trifluoro-

acetlc anhydrlde to generaÈe Èhe acyllun fon, as descrlbed later)

of 2-carbometho:rybenzol.c acid and con¡lound )ffi(I showed thac lt ¡ras

posstble to obtafn the tetracyclic hydronapbthacene _quinone condensatfon

produet in a reasonable yield ¡rlÈhout loss of the tertlary bydro:ryl

8t'oup. Since the A rlng of daunonyclnone bas a methoryl substituent,

tbe above condensaÈion was again atÈesnpted uslng both 3..methory-2-

carbomethorybenzo 1c acLd and 3 -hydro:ry-2-carbometho:<yben zo lc ac ld
(tottr prepared by roy corrorker, J. geRaa). rn both cases, the te.Èra-

Gycllc condensatlon product could only be lsotated ln ylelds of less
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-tha¡r 11å. Tfrls decrease in yteld probably resulted from the *ll(electron

donatlng) ProperËies of the roethoxy and hydrory groups, whlch ttkely

helped stabflfze the reactlve fntermedlate, Èhe acylium ion (see Fig.

üI), and therefore decreased lrs electrophylfcity ro the pofnt where

Êhe reactfon no longer occurred. IÊ was felt, Ëherefore, that an

o

oGs

offis

Flgure VI

elecÈron wlthdranlng substftuent such as O-aceÈaËe nould probably

elfnfnaËe Èhts problen (found to be the case) and, Èherefore, 3-

aceÈoxy-2-carbomethoxybenzolc acid was prepared, as shonr¡ ln Scheae VI.

3-Nitrophthallc acid ¡ras reduced according ro the meÈhod of

Okazaki 
"a 426 to gfve 3-amfnophrhalic acid in 95% yteld. Ttrls

aolno-acld vras diazotlzed and tbe resultlng dlazonlum salt was thq¡

therually decomposed to the corresponding phenol. the product, 3-

hydroryphthalÍc acfd, nas lsolated as a Èhick bro¡m syn¡p accordl.ng

to the nethod descrlbed by Haefel. .g e!27. The hydro:ry acld ¡ras

tben debydrated by several sublf¡natlons tmder high vacuum to 3-

hydror¡"phÈhallc anhydride which was fsolated as a fine, whlte powder

(562 yield), The acÈual yleld was some¡ûrat hlgher buË a conslderable

anount of materlal was lost ln manlpulatlon a¡rd repeated cleaning of

the subltnaÈion apparaÈus. I{arming wlth aceË1c anhydrlde converted

the 3-hydro:ryphthaltc anhydride to 3-acetoryphthalic anhydrfde which

rltbout puriflcation, was refluxed ìrlth neÈhanol Ëo glve the half
ester mfxture )OO(II, fsolated as a yellow paste. The Í.r. specÈn¡r¡

!ttu. xx,lnlr) of thfs rnfxture showed a broad acld hydro:ryl absorprlon
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centred aË 30OO cnll and several carbonyl absorptfons centred at

1710, 1740 and fzzS cm]l. The n.rn.tr. spectn¡m (rig, IJo(w), whlch

shqwed the product to be relatively free of irnpurltfes, dfsplayed a

sfnglet (lttr 5 2.28) for the aceryl nerhyl, a stngler (3H, f3.86) for

the nethyl esÈer, a slnglet (fnr510.18) for the acid proron and, a

nultfplet (3R) for the arornaËfc ring proÈons.

thlE ester mlxËure )OO(II rras Ëhen condensed (see Scheme VII)

vltb the hydroxykeÈone )OO(I 1n a Frledel-Crafts type of condensaÈ1on

uslng trifluoroaceÈlc anhydrlde as the condensfng agenË. No atteopt

vas made to purffy or fully characterize the condensaÈLon products.

Eotrever, the spectral data for the cn¡de mixture was not inconsistent

rrith the proposed strucÈures )OO(III. lhis mlxed producÊ rsas Èhen

hydrolysed wlth sodlum hydroxide solutlon to rhe proposed mixture

)oqw, ¡¡t¡tch was then cyclfzed nlth an'hydrous hydrogen fluorlde ro

glve the lsomerl.c mfxture ÐO(V. thls product lras lsolated as a pale

yellow solid (20% overall yield) r,shfcn gave a saÈlsfactorT elemental

analysls and the requLred molecular lon of 396 tn Ëhe mass spectrum

(ftg. XCIII). lAe L.r. specÈrutr (rtg. )P(IX) ¡ras also consistent wlth

stn¡ctute lffi(V shor¡ing absorptLons for free and chelared quinone (1620

and 16¿+0 @11, resp.), sidechafn kerone (tztO c.:1) and tertlary

hydroryl group (¡æo cr:l). A one proÈon slnglet ( f f e.O) and a three

P¡oton nultlplet 1n Èhe aromaÈl.c reglon of the norn.ro spectrum (Ftg.

uDnt) further verlfied rhe presence of the phenollc aronarfc rtng (A

rlng).

tte phenol 4H of the A rlng was then neÈhylaËed rith dfmechyl-

sulfate and potassir¡m carbonate. Ttre product, stfll a ml.xture of tno

lsoners, ras lsolated as a pale yellow solld whlch gave Èhe requlred

aolecular lon of 410 ln the mass spectrr¡n (Ftg. XCIV). The i.r.
f i,
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sPectrum (Flg. nX ), as $<pected, no longer shor¡ed any absorpÈton for
cbelated quinone.

lAe relntroductlon of the benzyllc (C7) netboxyl group into the

D rlng of mlxture )ü)ffI would, aÈ thls point, give daunomyclnone (and

lsodaunomyclnone) trimethyl ether. Therefore thls was Èhe next course

of actlon undettaken in the synthesis. It lras decided to flrst make

Èhe D rlng ketone sl.de chaln as bulky as possible in order to prevent

sterlcally any reaction frorn taklng place at Èhe adJacent benzylic

(Crp nosftlon. For this purftose, the ketone mfxture )OfiVI was converted

to the ketal mixture ]OO(VII, fsolated as a pale yellow solld (87.57"

yteld from mixture )QO(V). A molecular lon of 454 in the mass specÈrum

(Flg. XGV) and the dfsappearance of the keÈone absorptfon at 1710 crn-.l

ln the l.r. spectrurn (ftg. ÐO(I) conffmed that the keËal formation

Tas successful.

ltls ismerlc ketal mixture nas then brmfnated (see Scheoe VIII)
rftb N-bronosuccinlmfde and Èhe brorninaÈl.on product (not lsolaËed)

ras subsequently refluxed wlth anhydrous methar¡ol. I{hen the produet

frsa the nethanolysÍs was subJected to purificatLon by Ë.1.c. r.t

separated lnÈo four, disttnctr'yellow ba¡rds on the Ë.1.c. plate

(Rf values = .37, .51, .64 a¡¡d .72). r It turned ouc that Èhfs was

stlll noÈ a result of separatlon of the A rlng ismers; chese Lsmers

st1ll behaved as a single cæpound on the t.l.c. plate.

Elutfon of the lowest ba¡rd on the t.l,c. plate (Rf : .37) gave

e Prìoduct whose f .r. specÈn¡n showed a nety weak ketone absor¡ltlon

at 1710 *î1, suggestlng tbar 1r was posstbly a mkËure of keral plus

sme hydrolysed ketal, or ketone.
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Hydrolysis of thls product with aqueous acld afforded a yet low solid

vhose 1..r. sPectrum (Fig. ruoryI) now showed a strong ketone absorption

(17ro.r:r) as well as rhe qulnone absorptlon (1675 cr:l) and hydroxyl

group absorptlon (¡soo c,n.-1). rterefore, Èhe hypothesis that the

produet fron the t.l"c. plate nas a mixture of ketal. plus ketone nas

probably correcÈ. In the n.m.r. spectrum (Flg. IJOfi) a sharp slnglet
(ltt, f3,3) whfch could be asslgned to an aliphaÈlc merhoxyl and a

quartet (lH, centred S 4.98) which could be assfgned ro an ArCgO-proron

suggested that the benzylfc nethoxyl group had been suecessfully

1¡Èroduced. thls nas further conflrned by Èhe mass spectrun (Flg. XCVI)

vbtch had a molecular fon peak of 4tñ. Further lnspectlon of the n.rr.r.

specÈrrrm, however, revealed thaÈ the chenlcal shlft for the terÈlary

hydroryl proton ( 5 g.g) t¡a¿ nor changed stgnlflcanÈly from its value

ln the noo.le spectra of conpounds )oo(v and xxxvr, where as the

cheolcal shift for the Èertlary hydroryl proton of daunomycinone

trfitethyl ether ls somenrhat larger ( f 5.02). Consequently, this

product was tenËatively assigned structure xl.rr, that fs, the A ring

lsomerlc mf.xture of the trans-trlrnethyl ether (where .cJs and Èrans

refer to the relatlve sterfochemlstry of the benzylic nethoxyl and

Èertfary hydroryl groups of the D ring).

Elutlon of the next spoÈ on Èhe È.1.c. plate (Rf:.51) gave a

product ¡rhose Í.r. spectrun (Fig. XXXII) lacked the ketone absorption
-tat 1710 cn. - suggestlng Èhat the producÈ lras still a ketal.

Bydrolysts of thls product wlth aqueous acld gave a netr product isolable

as a yellow solld whlch gave a molecular fon of 44o in Ëhe mass

spectrr¡n (rlg. xcvr). Tbe l.r. spectrum rnw dlsplayed a ketone

absotptlon (1710 
"r.-1) as r¡ell as the qufnone absorAtlon (1675 

"r.-l)
gnd hydro:cyt group absorptfon (3460 

"r.-1). rbe n¡Eû.rro spect,rum was
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found to be ldentlcal to that for daunornyclnone trlrnethyl ether excepÈ

for the fact that the rhree proron sfnglet ( f3.89, aromaric ocH3)

reported for daunomycfnone trirnethyl ether was replaced by two singlets

( S3.89, t3.93) whose total area corresponded to Èhree proËons. Therefore

this producÈ was assigned strucÈure XLIII and the tno singlets ( f3.89,
53.93) could be attrfbuÈed to the facc Èhat Èhe product was stfll

the A ring lsomeric mfxture. Ttrls asslgnmenË was later verifled

rigorously, as ¡1111 be explained further on in thts Èhesfs.

ltre sintlarlty beÈween Èhe n.m.r. and mass spectra of mixture

XLIII and mlxture XLII furtber confirured the correctness of sËrucËure

xlrr. The fact that the cheruical shift of rhe rerÈiary hydroxyl

proton 1n mixture xlrrr 1s 1.12 pprn lower than 1n mfxture xl.rr nay be

attrlbuted to the lntramolecular hydrogen bondfng between the cis

hydroxyl and meËhoxyl groups 1n ralxture xlrrr. Ttrls type of hydrogen

bonding ls not posslble in mlxture xl,rr due to the trans nature of

tbese same substlÈuenÈs, fn this case.

EluÈlon of the nexÈ spoÈ on the t.l.c. plate (ff=.64) gave a

product ldentlcal Èo that obcained on hydrolysls of the keral mixËure

XLIr that ls, the ketone mfxture XLIII. Ttre fact that both cls- and

tran-s-keÈones were obtained after the methanol.ysls reaction showed

tbat some ketal hydrolysfs was taklng place durfng the nethanolysis.

Thls probably resulted from the snall Èraces of naÈer and acid renalnlng

fn tle rranhydrousrr methanol used. T'he snall number of noles of the

ketal Ðo(Vrrr (M.w.:533) used fn Èhe ruetharnlysfs would require only

a fen mg. of water Èo effect Èhe a¡rount of hydrolysis obsenred.

rt ls rorth nentlonlng rhat a AtL yfeld (based on corupound

rrKlj|rr) of the gþ-trtnethyl ethera was obtafned as compared to only

en l8'!t yleld of the Èrans-trlnethyl ethers. Ttrere are Èno possible
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reasons for this predomlnant producÈ1on of e,is-isomer. Flrst of all,

ff the ketone or ketal slde chaln lras lnvolved in stablllzlng Èhe

benzyllc carbonium fon generated durlng the neÈhanolysls reactlon

(see Flg. VII) then Èhe attack of the methanol on the sfde of the rfng

Flgure VII
trans Ëo the tertfary hydroxyl group would be sÈerlcally less favourable

than attack from the slde leadfng to the g!å product. therefore, one

would expecÈ a predonoinance of cis_ product to be fo:med. One would

also expect more cts_-fsomer lf Èhfs lsomer were thermodynanically

more stable than the t_r_aJr_s-lsomer. The n.m.r. spectrum of the cls-

lsomer shows ÈhaÈ the terÈlary hydroxyl group fs hydrogen bonded to

the benrylic nethoxyl group. therefore, the D ring must exlst ln

predominantly ln conformaÈlon b (see Fig. VIII) rather Èhan ln

Figure VIII

confomatÍon a. Sfnce there ls thls predonlnance of confonnatlon b

tt is reasonable to assune that the hydrogen bonding taklng place

here leads to a net stabfllzaÈ1on effecÈ. Since thfs type of neÈ

stabllizatfon ls not posslble for the t,rans-lsomer iÈ ls reasonable

(a)
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-to assuDe thaË the c-ls--lsomer is thermodynæfcally more stable than

the Èrans-lsomer. Thls, as mentfoned, could be another ¡eason for a

bfgher yleld of rhe glÊ.-tsomer.

lte lsolatlon of products xL, xLr, xl.rr and xlrrr from rhe

broofnatfon and subsequent metharplysis leactl.on represenÈs really
only the lsotation of oçected products. rhere was, however, another

band on the forementioned t.l.c. plate (Rt.72) and eluÈion of thls
band gave a sma1l amounÈ of product a lftËle more difflcult to identify.
lbe nass specÈrun (Flg. XCVII) gave molecular ion peaks of 5lg and

520 suggesting Èhat the compound contained a bromine atom. Ite f.r.
spect¡rum (Ftg. Ðoryrr) gave a peak aÈ 1740 cm. 

-l 
"urr""rlng an l' - hako

and therefore, ,C - bromokeÈone. Ttrfs was conflmed by treaÈfng thls
bromo mlxture with zlnc and acetlc aqfd, sLnce only the ketone mfxture

XLII was obtafned as product. Therefore the brono mlxture was assfgned

sttt¡cture xLIv. lAis 1s noÈ unreasonable slnce the brornlnaÈlon of the

I - positlon of ketals has been reported ln Èhe llteraÈure. 11re facÈ

that only the cis-lsomer nas obtalned could again be explained as belng

due to the stabllizatlon of the benzyllc carbonlum ion by the ketone

side chaln (see Flg. D(). rte presence of che{- bromlne ¡rould make

Ffgure IX

thfs typè of stabilizatlon much more predomlnant than ln the case of

Just the nethyl ketone. Ttre bronlne would also rnake the atËack of the

qethanol fro,r¡ the keÈone slde much more sterfcally dlfflcult.
- rÈ should be mentioned thaÈ the n.m.r. spectrum (Ffg. I&o(r) of



.,.i4 :.. l.::r.". . :

-33-

?roduct XLIV 1s anornalous and difficult to explafn. ltre nethyl ketone

(-cocnt) resonance absotption Ís, as expected, absenE. The other

absorptfons are also as expected, excepÈ thac the tertiary hydroxyl

prìoton glves rwo slnglets ( 55.19, U5.22) and the -cH2Bt protons glve

wbat appears to be three sfnglets ( f4.58, 4.6L, 4.gz>. Tlris nay be

the result of a hydrogen bonding interacÈion bet¡reen the Èertiary

bydroryl group and the ketone oxygen, a phenomenon whích woirld

restrl.cÈ the rotatlon of the -CHrBr group nakfng iÈs Èwo protons non-

equfvalenÈ 1n the oonorr spectrum. However, thls is only supposltion

a¡rd further rrork should be done before any real concluslons can be

reached.

AÊ thls point ln the synthesls, the È¡ro isomers whlch made up

mirture XTIII ¡rere separated (see Scheme D() using t.l.c. . Isomer

xLVr was lsolated as a yellow, crJstalllne soltd and was found to be

spectroscopically identical (i.r. spectrum (rig. )üXIII); n.m.r.

specrrum (rrg. IJHvrrr); mass specrrum (Ftg. xcvr) ) wlrh naÈural

daunomyclnone trimethyl ether (i.r. spectrum (Ftg. )ot\w) ). rsmer

XLV, 1''netboxy-4-demethory-daunomycfnone trlmethyl etber (lsodaunonycinone

Èrfnethyl ether), Ìras also isolaÈed as a yellor, crystalline solld

rhose i.r. spectrun (ftg. þo(V) dtffered only sllghtly in the flngerprint

reglon fron the i,r. spectrr¡m of compound XLVI. the flrst order fter¡¡lo

spectrun (fig. IJO(D() of compound XLV was idenclcal to Èhe r¡.m.r.

sPectru¡ of compound )GVI except for a srnall dlfference ln the chemlcal

sbtft of the A rlng methoxy group. The mass spectra of the two conpounds

rcre fdentlcal. Tt¡e enplrlcal formula of each compound was also ln

agreemenÈ ¡rith thaÈ established fron tts high resolutlon Eass specËru6.

lte preparatl.on of :orpo,und xLVr represented the total synthesis

of (d1)-daunomyclnone trfnethyl ether. At thls polnt,, a setectl.ve
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hydrolysis of the rnethoxyl groups ln the 6rl and ll positlons of the

c and D rings would lead direcrly ro daunonycfnone. slnce Horif qg gf 9,

ln thelr synthesls of blsanhydrodaunomycinone, had apparenÈly effected

e very sf.milar, selective hydrolysis using boron trlbrornlde, Ìre declded

to try thf.s reagent on conrpound xlvr. Hydrolysis of compound xLVr

¡rfÈh boron tribromfde gave a red, crystalline solrd (27% yleld) ¡rhose

mass spectruno (Fig. CI) was fdentical to the mass specÈrum of natural

daunomycinone. Thls fact establtshed that three methoxyl groups were

hydrolysed and that one of these was the rnethoxyl group of the saÈuraÈed,

D rlng. The 1.r. spectrum (rrg. xL) of this compound, however, was

dlfferent from the i.r. spectrum (rrg. LVr) of natural daunomycinone.

Therefore, the remalnlng methoxyl group was noÈ in the 4 posiÈion of

Èhe A rlng. slnce there úras no absorptfon in the i.r. spectrum

correspondlng to non-chelaÈed quinone, the producÈ from the boron

Èrfbroaide hydrolysis was Èentatively assfgned srructure XLIX. Ttrls

structure ls probably correct because alumlnum chl.orlde hydrolysis

of cotnpound XLIX gave anoÈher red, crystalllne solfd (90% yfeld) whfch

was ldenttfied as 4-0-demeÈhyldaunomycfnone LI from 1Ès 1.r. spectrum

(Flg. XLIII) and mass spectrum (Fig. XCIX) ¡¡hlch were ldentical to rhe

1.r. spectrurn (ftg. XLII) and mass specËrum of 4-O-demethyldaunomycinone

obtalned from alumlnr¡m chloride hydrolysls of, natural daunomyclnone.

rt ls erorÈh menÈlonlng Èhat a red, solld hyproduct was also

lsolaÈed (24% yLeld) from Èhe boron trfbromlde hydrolysls reactf.on. The

1.r. spectn¡m of thls product showed absorptions at 3550 cm.-l and 3450

"-.-1 for free and hydrogen bonded hydroxyrs, 1620 crn.-l and l5g0 cm.-t

for chelated quinone carbonyl and 1720 en.-l (rrot"bly weak) for the

ketone carbonyl. The n.m.r. spectrum showed a targe slnglet ac t 1.25

¡nd a srnall slnglet at 6 2.44, for the nethyl keÈone. ltre total area
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two singlets corresponded Èo three

(3H) at {I+.00 for aromatie methoxyl.

data, the byproducÈ was tentatfvely

(b), as shown.

There was also a

basis of thls

strrctures XLIX (a)

protons.

On the

ass igned

(a)

The equlllbrlun between Èhese two compounds would explain the weak ketone

carbonyl absorptlon 1n the i.r. spectrum. Also, the singleÈ aÈ S L.zs

ln the ll.m.r. specÈnm could correspond to the methyl group of the side-

chafn of xl,rx (a), while the slnglet at S 2.44 could correspond to che

ketone sldechain of XLIX (b).

A plauslble mechanlsrn for the formation of this byproducÈ

equlllbrium mlxture would lnvolve displacernent of the boron-ether complex

by the ketone sldechain (neighbourfng group parÈiclpation), as shor¡n ln

Scheme IX-A.

Tbts type of hemtketal product eras not obtalned from any other

reactlon involvlng the subsÈlÈuenÈ ln the benzyllc (C-7) posltfon. Tbe

reason for thls ls not known.

Slnce the boron trlbromlde hydrolysis did not give daunomycinone,

the trfmethyl ether XLVI was then hydrolysed wirh alumint¡m chlorlde

to glve 4-0-demethyl-7-0-methyldaunomycfnone XLVII. Thl.s product was

lsolated as a red, crystal,ltne sol fd (o4% yield) whfch gave the requlred

nolecutar lon of 398 ln the mass specÈn¡m (Flg. XCVIII). The fragrnentatlon

Pattern of the mass specÈrun lndlcated that the rernafning methoxyl group

eas the benzylfc methoxyl -of the D rlng. the 1.r. spectrum (rig. )oo(vIII)

ras also consfsÈent with structure XLVII, showlng a strong ãbsorptlon

EÏX'
o ocHs
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for chel.ated qufnone ar 1600 cn.-1. Alumfnum chloride hydrolysfs of
the fsoether xLV also gave a red, crysÈallfne solid (91% yleld) whose

i.r. spectrum (Ftg. xþ(D() and mass spectrum (rig. XCVIII) were

consistent with st,ructure xlvrrr. Ttre empirlcal fornula of each

compound (xlvil and XLVIII) was also ln agreement with rhar esÈabllshed

from its high resoluÈion mass spectrum.

rt ¡¿as declded at this polnË to convert the benzyllc nethoxyl

group of compound xlVrr Èo a hydroryl group since thfs rsould provide

a synthesis of 4-0-demethyldaunomyclnone and also further verffy the

Çßs
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correcÈness of strucÈure LI. To accomplfsh thfs, compound XLVII was

treated wlth trifluoroacetic acid Èo gfve the epirnerlc trlfluoroacetate

mfxture L, lsolated as a red solld (100% yleld, based on crude naterial).
lte appearance of a carbonyt absorptlon aÈ 1785 cn.-l in the f.r. spectrum

(Flg. XLI) vertfied the inÈroductlon of the trlfluoroaceÈate group. Thfs

epineric trifluoroacetic ester mlxÈure was then hydrolysed wfÈh dflute

base. lae hydrolysfs producÈ, when subJected to purification by t.l.c,
gave tno red bands on Èhe È.1.c. plate. Elution of the upper red band

gave, as hoped, 4-O-demethyldaunourycinone Lr, as a red, crystallfne
soltd (247. yreld) which lras spectroscopically identtcal (f.r. specrrum

(Ffg. XtIv); mass specÈrum (nlg. XCIX) ) to the 4-O-denethyldaunornycinone

obtafned from aluminr¡m chloride hydrolysls of naÈural daunomycinone.

Elutlon of the lower red band gave another red, crystalllne solld
(24.n yield) whose f.r. specrrun (ftg. XLV) was only stlghtly dlfferent
froa the f.r, specÈrr:m of compound Lr and whose mass spectrun (Fig.

xcrc) was ldentical to the mass spect,rum of compound Lr. Therefore,

Èhis compound was assigned sÈrucÈure Lrr, Èhat rs, the c7 eplmer of
4-0-denethyldaunomycfnone. Ttris producÈ ls expected, slnce, as menÈioned,

the Èrtfluoroacetate L lras probably produced as an epimerfc mfxÈure.

lte formatlon of equal amounts of products Lr and Lrr is not

consistent wiÈh the results obtalned frorn oÈher reactions which fnvolved

aÈÈack at the c7 carbonlurn ion. rn atl other cases, Èhe producÊ

obtained fro,m the attack of the nucleophile on the side of the D ring
glg to Èhe terrfary (ca) hyaroxyl group was always Èhe rnajor producr.

Perhaps the stabllizatlon of the carbonlum lon intermedlate Leading to

Lr and Lrr by the ketone sidechain is not posslble tn this case, so

that attack fron above and belon the D rl.ng is equally feaslble.
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- slnce attempEs aÈ selecÈive hydrol.ysfs of daunomyclnone Èrl-
nethyl eËher XIVI (and of the isoether XLV) lrere unsuccessful, the

only other approach to dauno,rnycinone was to aÈtempt a setective

neÈhylaÈion of the A rfng phenolie hydroxyl group of rhe hydrolysis

product xLvII" Tttls was accomplished (see Scheme X) by firsr oxidizlng

compound XLVII to the corresponding dlqul.none LIV. Ttrls producÈ nas

ldentffied fron fts f.r. spectrr¡m (Fig. xtw) whfch non showed a

strong carbonyl absorptfon at 1690 *r.-1. lhe change 1n the 1.r.
spect¡r¡m in going from cmpound xlVrr to the dlqufnone Lrv also

compared favourabl.y to the change ln the Í.r. spectrum in going from

qufnlzarfn Èo 1,4,9rlO-anthradiquinone. The dlquinone Lrv was then

neÈhylated at room teroperature using dimethylsulfate. During the

course of this reacÈion, the diquinone was reduced back to the mono-

quf.none, and Èherefore, several nethylaËion products were produced.

the requlred product, 7-O-methyldaunornycinone LVr, was isolated fron

the other meÈhylarion products as a red solid (Lo.T/. yleld, based on

consumed starting materÍal) by careful t.l.c. , rhe i.r. spectrum

(Ftg. xtwrr) for this compound now showed tr¡o chelated quinone

absorptlons at 1620 cm.-1 and l5B0 crn.-1, slnllar to the i.r. specÈnrr

for natural daunonycl.none. lte 1o¡r yfeld for the methylaÈlon reactÍon

ls attrfbutable ro overoxldatlon of cmpound xlVrr by rhe lead

cetraacetaÈe, slnce at least 50% of the recovered material from

the t.1.c. plate is very polar, tlbase-lfnen material. However, direct
nethylation of 4-O-dernethyl -7-0-'meÈhyldaunomyclnone XLVII rviËhour the

lead tetraacetece oxldatfon glves alnost no 7-0-meÈhyldaunomycfnone

LVI at all.

rn a slnllar mannerr- Èhe hydrorysed fsoether xlVrrr was oxidlzed
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to Ëbe diqulnone LLtrI, 1..r. spectrum (Ffg. XLVII), and then nethylaced

rfth dtneÈhylsulfate to glve conpound LV. this product, was isol.ated

as a red solld (9.57. yleld, based on consrtrned startfng material) and

gave the required molecular lon of 4LZ tn Èhe ¡nass spectrum (Fig. c).
The i.r. spectnm (Flg. xtD() also showed ttp peaks for chelaÈed qulnone

at 1620 "r.-l and l5B0 
"r.-1.

Once 7-O-neËhyldaunmrycinone LVr nas prepared, all that was

requlred to geÊ daunmyclnone was to converÈ the benzyllc methoxyl

group to a hydroxyl group, rt was decfded Êo flrst aÈtempt thls
converslon on the lsomeric conpound LV, using Èhis as a sorÈ of
nodel system. Therefore, cornpound LV was treated nith trlfluoroacelic
acld to glve the epimerlc ÈrlfluoroacetaÈe mfxÈure LVII, isolaÈed

ag a red solld (rooz yield, based on cn¡de maÈerlal). The appearance

of a carbonyl absorption at 1785 -.-1 fn-the i.r. spectrnrn (Flg. Lrr)
verfffed Èhe lntroductlon of the trifluoroacetate group. Ihfs trt-
f,luoroacetfc ester mixture rras then hydrolysed uslng a saÈuraÈed

poÈasslum carbonaÈe solutfon as the base. Ttre hydrolysis producÈ,

rhen subJecÈed to puriflcaÈlon by t.l.c., separated inËo trro red bands

on the È.1.c. plaËe. Elutlon of the upper, red band gave a red,

ctTstallfne solld (27.n" yleld) wtrich gave a mass spectnrn (rtg. cr),
rùlcb ¡ras fdentical to the mass spectrum (ntg. Gr) of natural

daunonyclnone. Ttre i.r. spectruû (ffg. IIII) showed absotAtlons aÈ

3480 em.-t {hydtogen bonded oH), 1715 "r.-1 
(kerone c{) and ló20 cr¡.-l

end 1580 -.-1 (chelated quinone g=4), ar¡d a fingerprint region.quire

sfnllar Ëo the ftngerp,rlnt regfon of the Í.r. specÈnm of naÈural

daunoøyclnone. Elutlon of the loner, red band gave anoÈher red solld
(L2.87. yteld) ¡¡htch was obtained fn too snall an anount to crysÈallize

¡roperly for a mass specÈ¡r¡m. (lt least A or 5 mg. quantltles were
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necessary for crystalllzation since several ng. of these conpounds

semed to blnd tlghtly to rhe glass walls of their flasks). This

co'aryound had an Í,r. spectrun (Ftg, LIV) nhlch showed absorptions at
3530 cn.-1 (ou),1715 cn.-1 (kerone c=o) and 1620 cn.-l and l5g0 cn-l
(chelated qulnone g4), and a ffngerprfnt regfon very sfmilar to the

flngerprint reglon of the i.r. spectn¡m of the conpound isolated fron
the upper red band on the t.l.c. plate.

In the separaÈfon of 4-O-denetbyldaunomycinone LI (identified
rigorously by comparlson to the natural produet) froo iÈs epirner LII,
coopotmd LI had the higher Rf value. IÈ was assumed that co,mpound LD(,

lsodaunmycinone, rould behave in a sinilar way and have a higher Rf

value Èha¡r lts epineric com¡round IX. Tterefore, the red solÍd isolated
frm the upper band on Ëhe t"l.c. plate rras assigned structure LH,
on the basfs of its i.r. and mass specÈra and relative Rf value. The

red solld fsolaÈed fron the lower band nas thus, asslgned strucËure

LX. A further veriffcatlon for Ëhe correcÈness of this structural
asslgrrnent carce frm the posltlon of the hydroryl. absorption fn the

l,r. spectra of the nro com¡rounds. cm¡round LD( should show a hydroxyl

absorptlon at lower pave number than the bydroryl absorption for
eoqlound IJ(, due Èo Èhe inËramolecular hydrogen bondlng ÈhaÈ exlsÊs

ln coqrormd Lrx. This vas obsenred ln the i.r. specËra of the trro
lsolated com¡rounds,

Sfnce 1 -ne thory-4-dene thorydaunomye inone ( lsodaunomyc inone ) LIX

ras PrePared via the trlfluoroacetaÈe Lvrr, iÈ was norr felt that thls
¡ould be a safe nethod to convert 7-0-methyldauno,rnycinone LVr to
daunæiycfnone. lae¡efore cmpound Ll,l[ r¡as treated wfth trlfluoroaceÈic
acld to gfve the epineric -trifluoroaceÈate mfxture Lliltrr, lsolaÈed as

a red soltd (1002 yleld, based on crr¡de ¡oaÈerial). The 1.r. spectñ,'
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(ftg. L) of this compound was ldentfcal to the i.r. specÈn¡n (Ftg. LI)
of the ÈrifluoroaceÈic esÈer obtained on ÈreaÈing natural daunomycfnone

rlth the trifluoroacetlc acld, thls trifluoroaceÈic ester ml.xrure was

tben hydrolysed usfng a saÈurated potassfi¡m carbonate soluÈion as the

base. lte hydrolysis product, rben subJecÈ to puriflcatlon by t.1.c.,
separated 1nÈo t¡¡o red bands on Ëhe t.l.c. plaÈe. The upper red band

had a¡r trtf value identlcal to thaÈ of natural daunomycinone. Elution

of these trro È.1.c bands, howerrer, gave only snal1 anounÈs of material

¡ålch rrere Èoo fnsoluble to get a good f..r. spectn¡m for comparfson

to natural daunomycinone. Apparently, the saturaÈed poÈasslum carbonate

solutlon was too sÈrongly basl.c for the hydrolysls and gave mosÈly

fully aronaÈ1c product.

The basfe hydrolysis was then repeaËed on a srnall âñount of the

ËrlfluoroaceÈ1c ester mixture LVIII uslng dilute a¡monlt¡m hydroxide

as the base. Evaporation of the reaction soluÈion gave a product IÃI

nhose i.r. spectrr¡n (Ftg. Lv) was ldenÈical to the i.r. spectrum

(Ftg. L\ll[) of naÈural daunomyclnone. Ttrere was Ëoo small an æount

of product to allow prrrper crystalllzaÈion for a mass specËruro.

Bonever, since this product, IJ(I and lts precursor, the trlfluoroacetic
esÈer LVIII' e¡ere correlaÈed dlrectly to the naÈural cm¡rounds by thelr
1.r' spectra, ft can be assumed w1Ëh cerÈainÈy that the final product

ras fndeed datmomycfnone.

rt ls concluded, Èherefore, ÈhaÈ (dlÞdaunomycfnone trfnethyl
ether (:(t.vr¡, (dl)-fsodaunornyclnone rrimerhyl ether (xtv), (d1)-44

deoethyldaunomycinone (ll) (and its epfner (lrr) ), (¿t)-rsodaunomycinone

(LD() (and lts eplner (IJ() ) a¡¡d (dlÞdaunomyctnoae (IJ(r) bave all been

e¡mtheslzed.
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EXPE&r4E¡lrA_L

All infrared (i.r.) spectra were recorded on elther a perkin-

Elmer nodel 700 or a perkfn-Elmer model 710 I,r. spectrophoËometer

usfng methylene chloride solutions, chlorofom solutlons or nujol rnulls

of the samples. Ttre nucl,ear magnetlc resona¡rce (n.m.r. ) spectra were

recorded on a varlan A-56/60 A specrromeÈer using cc14, cDCl3 or

dinethylsulfoxide-d6 (ouso-d6) as solvenr and rerramerhylsilane (ws)

as fntemal, standard. chemical shif ts are gfven in 5- units and the

followfng abbrevlations are used: s : sfnglet, d : doublet, t : triplet,
q : quartet, m : multiplet, J : coupling constant, The mass specÈra

rere obtalned on either a Hltachi Perktn-Elmer RMU-6D mass spectromeÈer

or a Flnnfgan Model 1015 rnass spectromeÈer. Hlgh resolutl.on mass

spectra were recorded in the MS9 mass specÈrometer of the chemistry

Department, unlversiÈy of Alberta, Edmonton, Al.berÈa. MLcroanalyses

uere performed by Dr. Daessle of Montreal and Dr. Yates of Arl.zona.

lleltlng points were measured on a Fisher-.Iohns raelting point apparatus

a¡¡d are uncorrecÈed. Tbe alurnlna and silica gel used ln coh.¡ur¡

chrmatography and thln layer chromatography (t.l.c.) ¡rere rrcamagrr brand,

obtalned from Hondray LÈd., Montreal. Iîre Ë.1.c. separaÈfons ¡rere

carried out using glass plates coated rrlth a t rnm. layer of adsorbenÈ.

All phystcal data reported is for unresolved (d1)-nixËures.

orooenojrte (XJl) i
A solutfon of. Zr5-dl¡nethoxybenzaldehyde (49.9 gDSr¡ 0.3 moles),

ethyl malonate (49.0 grsr¡ 0.3 moles), pyrrolidine (5 ml.) and benzene

(600 n1.) was prepared in a 1 l. round bottor¡ flask equlpped wlth a

IÞan-Stark waÈer separaÈor and a condenser. Ite solutfon rras refluxed

gvernfght and then cooled. Removfng the benzene and pyrrolldlne by
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dtstlllation under reduced pressure gave the required dlester (xrr)
as a brlght yellow liqufd Oz.4 gms., 99?l yteld). Thls dlesrer l'as

used fn the next step without further purfflcatfon.

Infrared specÈrum (rtg. X): absorptions (cm.-1) at tZeo

(ester C+); 1620 (otefln C{).
N.m.!. spectrum (Ffg. tvrr): absorptlons aË L,zL, 1.30 (ÈrfpleÈs,

J:782., 3H each, -OCH2SE3); 3.64,3.74 (sfnglets, 3H each, -OCH3);

4.15, 4.18 (quarÈers, J:7H2., 2ll each, -O!EZCH3); 6.65 - 6.g7 (n,

38, arooaric H)., 7.77 (s, lH, -CH : C-).

( 2 ) Prep-a-rEt 1-o n 
-o 
f E th.v_lJ- c erb o-e r_hoxv - 3 - ( 2 .å- d iqe rhoxvp ll.en v I )

proD¿¡noate (xttl):

The dlescer (xtt) (g2.4 grsoe 0.3 nole) was dlssolved in 200

ml. of dtsttlled ethanol and poured into a 2 L. flask conrafnlngpdlc
(s7., 9.3 gms.) and disÈilled ethanol (5oo nl.). rae solutfon ¡ras

then hydrogenated aË atmospherlc pressure until the uptake of hydrogen

ceased. the catalyst was removed by sucÈion ftltratlon and the ethanol

evaporaËed under reduced pressure. Ttre resldue was dtstilled (b.p. :
153-156oc aÈ 0.2 ¡rm, Hg) ro give the dlester xrrr (67.g gms., 137. yield)
as a veryr pale yellow liquid.

Infrared spectnm (ftg. Xt): absotatlons (cra.-t) .a 1725 (ester

C=O)¡ 1590 (aromatfc C{).
N.trr.!. specÈrun (Flg. Lrx): absorptlons at 1.17 (t, J : THz.,

6tr, -ocHzgql)¡ 3.1 (d, I = 7.5H2., n, {!z-clt-); 3.58 (t, J :7.5H:-.,

-OCttZCH¡)i 6.54 (s, 3H, aromarlc ll).
tion of E I 3.3-dtcarboet

butanoaÈe (xrv):

_ sodlun hydriae (t1.6 gns., so?. mfneral oll suspenslon) rras added

1r,

48,
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'fn small porÈfons to a solutlon of the diesterxrrr (67.9 gas., o.22

uoles) 1n freshly dlstilled tetrahydrofuran (1 1.) in a rhree neck 3 1.

flask equlpped wlth a mechanfcar.sÈr,rrer, a condenser anc a dropplng

funnel. The soluÈion was brought to a gentle reflux and then ethyl

bronoaceÈate (36.7 g¡ns., 0.22 noles) was added Èhrough the dropping

funnel over a period of à hour. The solution was allosed to reflux

an addittsnal 2)¿ hours, during whtcb tlme a preclpltaÈe of NaBr formed.

The NaBr was removed by suctlon ffltratlon and then the teËrahydrofuran

¡tas removed by distlllatlon under reduced pressure to give the triester

xw (84.7 gns. , 987" yteld) as a pàle yellow lfquid. rtls Èrfester was

used fn the next step without further purlflcatl.on.

rnfrared specrn¡m (Flg. xrr): absorptlons (cm.-1) 
"a 1730(ester

C{); 1690 (aronatic C={).

N.rD.E. spectnm (ftg. LX): absorAtlons at L.22 (Ë, J : THz.,

38, -OCn"qIt3)i 2.67 (s, ZI, -ûI¿CO);3.3 (s, æ,, 
^x{jt12);3.5g, 

3.62

(sfnglecs, 3H each, -OCH3); 4.02 (q, J :7H:-., 3H, -OCII¿CE3); 4.0g

(q, J : Tllz,., 68, -O!EZCH3); 6.38-6.53 (m, 3H, aronarlc H).

3-3-dic 2- 5-dfrnet I ) butano

aSfd(xV)_

The triester (xw)(94.7 FSo¡ 0.22 noles) ¡ras hydrolysed by

refluxing 1n a soditrm hydroxide solutton (10%, 700 nl.) for four

hours a¡rd then stlrrlng overnfght. Ttre basic soluÈlon yas then uashed

rlth chlorofonn (¡xtoo ml.) and acidtfied ulth cold concentrared

hydrochloric acld. The rriacid prectpare frv)sas flltered and

rectystallfzed from water to gl.ve a whf.te, crystalline ¡rroducÈ (52.0

Sr¡ 787" yleld), n.p. : L67-L69oc orith apparenÈ decarboxylatfon.

I¡frared spectrun (Ftg. XIII); absorprlons (cr.-1) at 2g00

(broad, acid -OH); 1700 (trroad, acld C={).
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(s)

Uass spectnrm (Fig.

(e-co2); 250 (r-(co,
at 3L27 296(P-cHZo)i 2BZ;

208; 151 i L2l-.
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IJOO(II):

+ H2o) )¡

J-
M'/e

222i

lte acldfrv) (46.8 gBSo¡ 0.15 moles) was dlssolved in acetic

anhydrlde (400 nt") ln a I 1. flask equlppsd wfth a condenser a¡rd a

drying tube. the solution was refluxed for 20 minuÈes. Tbe aceËlc

anhydrfde was then removed by an evaporator connecÈed to a water

aspf.raÈor to glve the anhydride (XVII) as a ¡rhlte solid (37.4 gns.¡

100% yteld). A small sample was recrystalllzed fron chlorofom/

petroletrm ether to glve Ëhe product(XVll) as white, needle cÌTstals,

E.p. = 75-76oC.

Infrared specrrum (Flg. XIV): absorprions (cm.-1) ,t Llgs,

1865 (ar¡hydride C=O); 1595 (aromatic C=fÌ).

N.n.r. specÈrum (Ftg. IJ(I): absorptfons aË 2.64-3.62 (m, 5H,

-CB2-CR-CU2-)i 3.72, 3.76 (singleÈs, 3H each, OCH3) i 6.66-6.11 (m,

38, arcnaÈlc H).

Hass specrnm (Ftg. IJoo(rII):

(r-cnrco¡ i tt} (n-(co, + co) ); 163;

I
l4'le

151 ¡

aÈ, 250i æ5 (P-cH¡); 2oB

L353 l2L.

8-d

Tbe anhydrtde ()<vtr) (37.4 gns., 0.15 rnoles) was added wirh

stlrring tnto pòlyeÈhylene reactlon ftask conÈaining hydrofluorlc aêf.d

(200 n1.). After stfrring for 3 hours fn a water bath at 20oc., Èhe

teûperature pas rafsed Èo 40oc. to evaporate the reoalning hydro-

fluorlc acid. water (150 nl. ) was added a¡rd rbe preclplËared tetralone

acid (ñ¡III) was collected by sucÈ1on flltraÈion. Ibfs cn¡de acld

ras reclTstalllzed f¡on nethanol to glve the product (xvrrr) as whlËe,

needle ctTstals (28.7 g¡ps., 777" yteld), m.p. : frl-Z}goe.
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. AIIA,LYSIS C N

Calcul,ated 62.39 5.64

Reported 62.Iß 5.4g

Infrared spectrum (fig. xv): absorpttons (cm.-1) .a 3.ls
(broad, acid OH) ¡ L72O (actd g={); 1660 (aryl kerone g=O); l5g0

(aromatlc C{).

N.m.r. spectrum (Ftg. LXII): absorptlons at 2.64-2.7g (m, J!¡,

-cn-cHz-co)i 2.98-3.10 (nr2It, Ars¿)i 3.73, 3.go (singlets, 3H each,

OCn3)i 6.83-7.30 (AB, 2II, arornattc); 12.3 (s, lll, acld OH).

Mass spectrun (Fig. Itoo(W) , f ¡" aË 250, 205 (p-cOoH)iLBTi

l75i L62i L2Li 99.

Tbe Èetralone acld(XV[I) (t1.0 gms., 0.07 moles) was dissolved

ln freshly dfstllled tetrahydrofuran (300 n1.) tn a I 1. flask equtpped

rith a condenser and a drying tube. Lithit¡n alumlnrù hydride (5 gns.)

ras added ln snal1 porÈions and the soluÈfon v¡as then refluxed over

nfght. lte soluÈion was then cooled and sufficfenË meÈhanol was added

to destroy any excess lithinn aluminum hydrlde. The lithium and

ah¡mlnr¡m salts ltere removed by suction f1lÈratlon and the flltrare
üas evaporated under reduced pressure to a small vol.une (40 n1.).
l{ater (100 m1.) was added and the solutÍon was rhen exÈracÈed niËh

cblorofo:m (3 x 100 ml.). lbe chloroform exÈracts erere cmblned, drled

over magnesl.um sulfate and evaporated to give the alcohol (xx() as a

rhfte soltd (L5.2 gms., 9fl. yteI.d). A small sanple nas recr-yrstalllzed

f¡oo vater to gfve the product as rblte ct7sta1s, E.pr : llg-ll9oc.
Infrared specrrtn (Flg. XVII): absotprlons (cr.-1) ar 3460

(alcohol OH); 1600 (aronatlc C=C).

* ll.m.r. spectn¡n (Flg. IJ(W): absor¡rÈfons at 1.ó-3.2 (m, 58,
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ICH24H-CIIZ-)i 3.57-3.65 (d, I :5Hz ., X,, {gzOH)3 3.74, 3.gZ

(slngl.ets, 3H each, OCH3)3 3.g6 (broad s, -Ott); 5.05 (r, J: 6H2.,

18, Ar-CH(OH)-) 7 6.67 (s, ãI, aromatic E).

I{ass s¡recrrum (rtg. IJoO(vI) t f ¡e aÈ 23g l 220 (p-n2o): lg9

(r-(u2o + cHzoH) )¡ L74i LIS.

(8) PreparaÈton of 1.5.8-rrlBqlbsxy-3-hydroxymerhyl Èerralin 0o() :

lte Èetralln alcohol (xü) (4.75 gms., 0,02 noles) was dlssolved

ln a solution of neÈhanol (ao nl.), concentrated hydrochlorlc acid

(8 drops) and water (4 drops). The solution was shaken for one hour

aÈ room temPerature, neutralized rfth saturated sodiun bfcarbonaÈe

soluÈlon and evaporated Èo a snall volume (15 ml.). llaÈer (50 nl.)
rras added and the soluÈion Ìras extracÈed exhaustively w{th chloroform.

the chloroform was dried over magnesft¡m sulfate and evaporated to give

the tetralln (n) as a ¡rhlre solid (4.35 gms. , 967. yfetd). A smalt

sæple was recrystalllzed from water/methanol to give the producÈ

as ¡rhlte ctystals, m.p. : 108-1O9oC.

Infrared specrrun (Ftg. XVIII): absorptions (cm,-l) ac a3SO

(On); ló00 (aronarfc C{).

N.n.r. spectn¡n (Fig. HV): absorptlons at .92-3.08 (m, 5H,

-cu2cH-cH2-); 3.42 (s, 3H, alfphaÈic ocH3), 3.55-3.63 (d, .l = 5H2.,

2fl, -ctt2oH)3 3.74,3.80 (stngleÈs, 3H each, aronartc ocH3); 4.63 (t,

J = 2.5H2., lH, ArCE(OCH3)-); 6.68 (s, ãI, aromaÈlc H).

Hass spectnrm (rtg. IJe(xvrr): M+¡e at 25zi z3r (r-cn, ) zzr
(r.cnron); 22o (P-CH3OH) i 203; 190.

ration of çtrime tralln (XXI):

(a) A soluÈion of the alcohol (xx) (0.72 gøs., 3.0 n noles) ln
freshly dlstllled pyrldlne_ (15 nt. ) nas added slowly ro an ice coöled

solutfon of chromlum Èrloxide (1 gm., 9 n noles) ln freshly dfstilled
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pyrtdlne (20 ml..). Hhen the addítion was complete Èhe solutlon nas

wa¡med up to 40oc, and sÈirred aÈ this tenperaÈure overnlght. The

soluËlon nas then poured lnÈo waÈer (tOO ¡nl.) and Èhe aqueous sotutfon

rras extracted exhaustively wlth ether. Ttre ether rras dried over

magnesium sulfate and evaporated under reduced pressure to give a

resldue whlch was purified by r.l.c. on silica gel (ctt¡oH/cHCt, :

4lL0O). Elutfon of the main band gave the aldehyde (xxr) as a whire

solld (.11 gns., 157. yleld) which was sublimed under hlgh vacuum ro

gfve tbe product as whlte crystals, m.p. = 65-66oC.

(b) Dlcyclohexylcarbodfnfde (1.42 gms.,0.036 moles) was added ro a

soluÈfon of the alcohol (XX) (3.0[ gms.,O.OL} moles), phosphoric acld

(0.59 gms., 0.0ó6noles), benzene (r5 nr.) and dtnerhyl sulfoxide
(15 nl., freshly dfsrflled fron caHr). The resulÈfng solurlon was

stlrred f.ot 2 bours at rooû temperature, durfng which tlme a

preclpitaËe of dicyclohexylurea formed. ltre solutf.on was ffltered
and addltional benzene (100 nl.) r¡as added. Ttre solutlon was then

washed wlth rrater (3 x 100 n1.), drfed over magnesfum sulfaÈe and

evaPorat,ed under reduced pressure to gfve a resfdue whfch was purlfied
by È.1.c. on sltlca eel (CttrOH/CHCl3 : 4lle0). Elurfon of rhe main

band gave the aldehyde as a ¡rblte solid (1.92 ggrsr¡ 667. yLeLð) whtch

vas used wlthout further purlffcatfon the nexÈ scep.

Infrared spectn¡m (ftg. XD(): absorptions (cm.-t) ar 2Z3O

(aldebyde C-tt); L720 (aLdehyde C+); 1600 (aronaÈfc C{).
[f.rû.t. specÈnm (ffg, IJryI): absorptlons aÈ 1.13-3.23 (n, 5H,

-CE2CHCH2-); 3,45 (s, 38, altphaÈic OCH'); 3.75, 3.gO (stnglers, 3H

each, arooaric 0cH3)i 4.66 (t, J :2.5H2., lH, AI€E(OCH3)_); 6.66 (s,

2H, aronaÈlc H); 9.74 (s, lH, aldehyde H).
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{10) Preparatton of 1.5.8-_trfqgtho-xv-3-(1r-hv-droxvethvl) terralin (xxII):-

The aldehyde (XXI) (2.28 gms,, 9.0 m moles) dlssolved Ín anhydrous

ether (SOnf.) was added vÍa a syringe to a solutlon of rnethyl magnesium

lodtde (large excess) 1n anhydrous ether (tOo nt.) ln a 250 nl. flask equipped

wlth a syringe cap, condenser and drying Èube. the resulting solution

ras allowed to sÈir for 2 hours at room Èeoperature. The solution

¡ras Ëhen poured slowly lnto Ìrater (zoo nl.) to destroy the excess

Grlgnard reagent and thls aqueous solutlon rsas then extracÈed exhaustively

wlÈh ether. lte ether was drled over magnesl.r¡n sulfate and evaporated

under reduced pressure to gfve a residue wtrtch was purlfied by t.1.c.

on slllca gel (Ctt3ott/CHCl3 : 4/100). EluÈion of rhe maln band gave

tbe tetralln alcohol (XXII) as a nhire solid (1.74 gns. 747" yLeld)

rùfch was recrystalllzed from carbon tetrachlorfde Èo glve the producÈ

as whlte crystalsr fr.p. : 128-l30oC.

Infrared spectrum (ffg, )o(): absorptlons (cm.-1) at 3Z6O

(alcohol OH); 1600 (aromaÈic C4).

ll.E.r. spectrt¡m (ffg. IXVII): absorptlons at 1.18, 1.28 (d,

J = 682., 3H, -CH(OH)CH3); 1.08-3.19 (n, 5H, -CHZCHCHZ-); 3.40 (sr

38, alfpbatlc OCH'); 3.72, 3.76 (singlets, 3R each, aromatlc OClt3);

4.56 (t, J : 2,5 Hz., lH, ArcH(ocH3)-)¡ 6.60 (s, 2H, aromatic E).

Uass specrnrn (Fig. IJoo(VIII): H+¡e ar 2663 25t (ræHr)¡ gs

(P-ocE3) ¡ 2Lt; 189 i t74.

( I I )JrSp ara t lon o f 1 ._5*.8 -t rime rhoxv -3 -aÈe tvl re rral tJr ( XX III )i
the alcohol ()o(II) (0.50 gms., 2n moles) dfssolved in freshly

dlstllled pyrtdlne (10 nl.) was added ro ¿rn lce cooled solution of

chrooft¡n trloxfde (0.60 gms., 6n noles) dlssolved ln freshly dfsrilled
pyrldfne (15 nl.) and the resultlng solutfon was stlrred in the fce
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bath for I hour. Tt¡e solutfon was Èhen stfrred for 24 hours aÈ 40oc.

Hethanol (5 ml.) ¡ras then added a¡rd the sÈlrrfng was contfnued for an

addltlonal ä hour. The solution was Èhen evaporated to a small volume

and poured lnto waÈer (100 nl.). lhe aqueous solution was flltered
and ertracted with ether (3 x 80 m1.). Tt¡e ether was d,rled over

magneslum sulfate and evaporated Èo glve a residue whtch was purf.fled

by t.l.c. on silica eel (CHTOH/CHCI3 : l/100). Elurlon of rhe naln

baad gave rhe kerone ()GIIr) as a whfre solld (0.31 gms., 65% yield)

rùfch was recrystalllzed fron lfght petroleum ether to give the

product as shite crystals, rn.p. : 8O-BloC.

AT{ALYSIS C H

CalculaÈed 68.19 7.63

Reported 68.08 7.39

rnfrared specÈru' (Frg. xxr): absotprlons (cn.-1) ra lzlo
(ketone C{); 1600 (aro'maric C={).

N.E.r. spectnm (Flg. IJ(VIII): absorptlons aÈ L.ZZ-3.3

(u, 58, -CU2CUCH2)7 2.26 (s, 3H, -COCII3); 3.41 (s, 3H, altphaÊic

OCn3)3 3.77, 3.82 (singlers, 3H each, aromartc OCH,) i 3.97 (È, J =
2.582., lH, ArcH(oCb)-); 6.12 (s, 2t, armaÈic H).

Uass specrnrrn (Ftg. uoo(D(): Ìt+¡e at 26\ Z4g (p-cLr)i 232

(r-cn3on) 3 2ot; 189.

(121 Prepararlor, 
-of--2--carb-oh.r-d-r-oxo-5.g-dfneth-ox"rerralin Qo(v_):-

The teÈralone acld (Xvfff) (2.0 gns., g.Om noles) was added to

a 250 nt. flask conral.ning pdl? (5%, 0,5 gns.)r dfstilted erhanol

(70 nl.), water (12 nt.) and concenÈrated hydrochlorlc acld (1.6 ml.).
lte eolutÍon was then hydrogenated at atmospheric pressure until the

uptake of hydrogen ceased. Ttre catatyst nas then renoved by suction

flltratlon and Èhe ftltrete rras evaporated under reduced pressure ro
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3.72

oE).
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81ve a whfte' solld resl.due. Ttre resldue was dissolved in l0% sodi¡r¡n

hydrorlde solution (tOO nl.) and extracredrrlrh chloroform (2 x 50 nl.)
to remove the srnall amounÈ of ester fo¡med. Ttre basic solutLon was

then cooled and acidifled wlÈh concentraÈed hydrochlorfc acld to give

the acld ÓO<V) as a whlte precipftaÈe ¡rhich was filte¡ed and drled.

ltls solid was recrystalllzed from methanol to give the product as whlte

crTstals (t.SO grsoe 80% yteld), m.p. : lgQ-lg2og.

Infrared specrrum (Ffg. XVt)r absorptl.ons (cm.-1) 
"a Z}OO

(broad, acid OH); 1710 (acfd C{); 1600 (aromaÈic C=t).

Il.m.r. spectrum (fig. IJ(III): absorptions aÈ 1.4-3.2 (aliphaËic H);

(s, 6H, OCH3)i 6.69 (s, Ztt, armaËic E); 12.05 (broad s, lH, acid

Mass specrrun (Ftg. L)OcKv)r td¡e aÈ 236;190 (p-Hcoon); 175;

159¡ 115.

(a). The ÈeÈralin ketone (nffr) (0.26 gnS.¡ 1.0m moles) was added

to a flask conÊafning pd/c (5%, 0.1 gns.) dfsrilled erhanol (14n1.),

eater (2.5 ml.) and concenÈrated hydrochloric acld (0.32 ml.). Tbe

resultlng solution was hydrogenated aË aÈnospheric pressure until the

u¡ltake of hydrogen ceased. lte catalyst was reooved by suctÍon flltratfon
and the flltrate was evaporated under reduced pressure to glve a whiËe,

solld resldue which was purified by t.t.c. on slllca eel (cHclr).

Elutlon of the maJor band gave Èhe producÈ ()O(W) as a rhlre sol.td

(0.30 FSo¡ 85% yteld) whtch rras recrrstallized fron ethanol to give

rhlte ctTsÈals, m.[r. = BZ-BZoC.

Lb) Herhyl Lfrblun (44 ngs., Z.Om moles) fn erher rras added drop wise

frou a syrlnge to a rapldl_y stlrred solutfon of the ÈeÈralin acld ()frv)

{0.47 gns., 2.0mmoles) fn dlsttlled teÈrahydrofuran (50 nl.) tn a 100 nl.

ratfon of 2-acetvl-5_8
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"flask equipped ¡riÈh a condenser, dryrng tube and syrfnge cap. The

soluËlon was stlrred for 5 minuËes at room tenperature after the

addltlon of the neÈhyl llrhfi¡m was complete, durLng rbfch time the

lttbfr¡rn salt of the acid preclplÈated. Ttre solution was then brought

to a reflux and addltfonal noethyl lfthù¡n (44 ngs., 2.aÃ noles) in

ether was added drop wise by syrlnge. lte solutl.on nas then refluxed

orrernight. upon coollng tbe solutlon rras added drop wlse to a

rapldly stlrred, saÈurated asmonfrn chloride solutlon and the resultlng

rater - tetrahydrofuran soluÈion lras exÈracted lrltb eÈher (2 x 75 ml. ).
lte ether lras washed wiËh waËer (t x too m1.), dried over magnesium

sulfate and evaporated under reduced pressure Èo give a whiÈe, solfd

resldue which was purlfied by È.1.c. on sillca gel (cnclr). Elutlon

of the nain band gave the ketone ()O(il) as a whlte solid (0.34 gûsoe

7ZI Tleld) which was rectTstallized from ethanol to give wbtte crTsÊals,

E.p. : 82-83oC.

absotptlons (cm.-1) at 1ZOS

absorptfons aÈ L.22-3.17 (n, Ã,

Infrared specrrum (Fig. )0(II):

(ketone c={); 1600 (aronraÈic 6=4).

ll.m.r. spectrum (Fig. HDr) t

allphaÈfc E); 2.18 (s, 3H, -COCH3); 3.72 (s,6H, OC%); 6.5ó (s, Æ,

aromatfc H).

Hass spectrum

175; 160.

(rtg. xc): u+¡e ar 234i 2L9 (p-cn3)¡ 191 (p-cocn3);

Sodlun borohydrlde (0.38 gms., 10n noles) was added Èo a soluÈlon

of the keÈone (nW) (0.50 gns., 2.1m moles) tn merha¡rol (40 nl.)
and this soluÈlon was then stlrred in a water baÈh aÈ room ÈÊ,ñperah¡re

for å hour. ttre solutl.on rras Èhen evaporaÈed under reduced pressute

Èo a snall voh¡ne and waËer (50 n1.) was added. lte aqueous solutLon
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rras erÈracted wlth eeher (3 x 30 m1.) and the ether was drled over

magnesium sulfaÈe and evaporaÈed under reduced pressure Èo give the

produet (nvf) as a white solld (0.51 gms., 100% yield) whfch was used

ulthout further purífication ln the next step.

rnfrared specÈn¡m (Ffg. )o(rrr): absorpÈfons (cr.-1) a¿ 3630

(alcohol OH); 1600 (aronatic C{).
(15) Preparatfon of Olef fn mixÈure (:xr¡tl):

The alochol (lcryI) (0.51 gps.e 2.L2 m moles) was dissolved il.n

freshly dtstilled pyrtdine (S nl.) ln a 10 ml.flask and then phosphorous

orychloride (0.62 m1.) was added. The reactfon flask was sealed and

allowed to sÈand overnight. waÈer (40 m1,) was then added and the

resultlng aqueous solutlon was extracÈed with ether (3 x 30 ml.). The

eËher ¡ras dried over magnesir¡¡u sulfate and evaporated tmder reduced

pressure to glve a residue whtch was purlfted by È.1.e. on silica gel

(benzene / petroleun eËher : 10/100). Iþo maJor bands ¡rere obtained

on the t.l.c. plate. Elutton of the band wlth the hlghest Rf value

gave Èhe olefln mlxÈure (XXttII) as a colorless otl (0.15 grns., 33%

yleld).

Inf¡ared specÈrutr (Flg. )o(fv): absotpËions ("r. -1) at 1600

(aromatlc C{).

N.E.!. specÈnm (Ftg. IJfr): absorptlons at L.51, 1.70 (d

(further spllt by long range coupllng), 3H, -HH(ç83) )¡ Z.L3-Z.9O

(m, 48, .{fl.Z-CH.2-); 3.36 (s(broad), ZH, benzylic CHr); 3.10, 3.74

(singlet, 3H each, OC%); 5.13-5.60 (n, lH, olëffn tt); 6.56 (s, Ztt,

armatfc H).

Elutlon of the band wlth the lower Rf value gave the chloro-

substlturlon producr ()Ofi/rrr) as a whire solid (0.20 ssre 37% yield),

- Iufrared specrrrn (nig. :off): absorptlons (c¡n.-l) ae t6oo
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(aromatic C{).

N.n.r. specÈrun (Fig. LÐ(I): absorptlons at 1..48, 1.60 (d, g

: THz., 3H, -CHClC%); 1.60-3.22 (m, 6H, allphaÈlc tt); 3.72 (s" 6Ho

OCE3); 3.85-4"34 (m, lH, -CgClC%); 6.57 (s, 2Il aromaÈ1c H).

191 ¡

Hass spectrum: M+7. at 256, 25\ 24Li 239 (P-15) ¡ ZLB, 203i

177; L64.

6 -5-8-dùnet

(x4S)-i

Tbe oleftn mixture ()offII) (0.10 gnSr¡ 0.46 ¡n noles) and osmir.¡m

Èetroxlde (O.tr3 gms., 0.50 m noles) were dissolved in freshly

dtstllled pyrldine (2 nl.) and the solution was rhen stlrred for 24

hours. A solution of sodir¡rn bisulfite (0.22 gns., 2.L n moles) in

eaËer (3 n1.) and pyridine (2 n1.) was then added and srfrring Ìras

continued for another 2 hours. lbe soluÈion ¡ras then exÈracted srlÈh

methylene chloride (¡ x ZO m1.). lbe meÈhylene chloride extracr ¡ras

drted over magnesium sulfaÈe and evaporated under reduced pressure

to glve the dtol (xxrx) as a colorless, vfscous oil (0.10 gns., gs?.

yfeld), whlch eould be crystallized fron chloroform - petroleum eEher

Èo glve a wbiËe, crystalline solld, nopo : 148-149oC.

Infrared spectrum (Flg. )offI): absorpÈl.ons ("*.-1) at 3600

(alcohol 0H)¡ 1600 (aromatlc C{).

N.D.lî. spectrum (Flg. IJüII): absorptlons at 1.18, 1.28 (d,

J = 6.582.¡ 3H, -CH(oH)cg3), 3.75, 3.76 (slnglers, 3H eaeh, oca3),

6.62-6.69 (n, 2lll, aromatic H). :

Uass spectnm (Fig. xcl), tf ¡" aft 2527 234 (p-B2o)., 2ot (p-

cu2(oH)cH3 ) ; 189.

(17) Preparat$¡n of 2--EcetJl--2:lhvdro-xv-5.8-dinetho.xvte-traltn ()Gr):

lte terralln ketone ()o(W) (5.0 gps., 9.02 noles) dissolved tn
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dtìÍ t-butanol (50 ml.) was added to an o:{ygen saturaÈed soluÈion of

potasslurn (6.95 FS.r 0.18 rnoles) in dry È-butanol (350 ml.) in a l t.
flask. Dry oxygen was bubbled through a gas dlsperslon tube into thls

solutlon for exactly 5 nlnutes, the reactlon Èemperature being kept at

35oC. lbe solutlon was then cooted ln an lce bath a¡rd glacial aceËic

acld was added until the solution became acidic (the soluËion colour

changed fron purple to yellow). Zlnc dust (20 gns.) ryas added

rmmediately and Èhe solutÍon ¡ras Èhen stlrred at roorû ÈemperaÈure for
6 hours. The zlnc was then reooved by ftltraÈ1on and the filtrate
Tas evaporated Èo a syrupy resldue at 40oc. under reduced pressure.

IAe residue was dlluted wiÈh waÈer (300 rnl.) and extracEed wirh

chlorofo¡m (4 x 100 ml.). The chlorofom solution was washed with

rater (1 x 100 ml.), saturated sodfu¡m bicarbonate solutl.on (3 x 100 nl.)
andrraÈer (1 x 100 n1.) a¡rd then drled over anhydrous magnesiurn

sulfate and evaporaËed under reduced pressure to give the crude

hydroxykeËone ()OO(I) (S.tS gns.) as a r¡hlte solld. Ibe entlre above

procedure ras re¡reated a second tine a¡rd anoÈher batch of cn¡de

hydroxyketone (5.10 gns.) was collected and comblned ¡riÈh the flrsr.
Attespts to recrysÈalllze the cnrde hydroxyketone from chlorofom

- ¡retroleun ether provided only 1.02 gms. of white, crystalllne
meterlal, lae remalnder of Èhe material was dlssolved in a small

a$ount of berrzene and passed onto a columr of grade I alnnina (400 gns.)

¡lrqlared lrlËh beîzene as solvent. fte coh¡nn was eluted rrtth benzene

untfl all the starÈing maÈerlal and dehydrated marerlal (1.25 gns. in

all) sas removed and pure hydroxy keÈone was befng collecced. rte
coltur vas Èhen eluted Tfth cbloroforra Èo give a Èotal of 3.gg gns.

of pure hydrory keÈone. ltl.s naterfal ¡ras then cæblned rrlth Èhe

1.02 gns. of hydroryketone obtalned froo the inlËlal ctyscallizaÈfon
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and the comblned material Ìtas recÈJ¡stallized fræ chlorofo¡m - petroleum

ether to give the producÈ ()oo(I) (5.0 gms., 47'L yi.eld) as r¡trice crysrals,

E.p. = tO0-1O2oC.

AI{ALYSIS c E

Calculated 67.12 7.ZO

Reported 67.1g l.ZO

Infrared specÈrun (Fig. )OWII): absorprions (cm.-1) aÈ 3500

(alcohol OH); 170S (ketone C{); 1600 (aromaric C{).
N.rtr.f. spectn¡m (Flg. IJO(III): absorptions at 1.12-I.45 (m,

n, 
^t{ÍlZCË¿-); 

2.22 (s, 3H, -COCIL3)i 2.66-3.95 (m, 4H, benzylic H);

3.45 (s, lH, OH); 3.68, 3.72 (sfnglers, 3H each, OCH3); 6.59 (s, Zfl,

aronatlc H).

Hass specrrun (Fig. XCII): U+/e aË 250; 234i Z3Z (p-nz}),

219 (P-ocH3)i 2L7i 207 (P-cocH3); 189.

LÞ.I Dfcyclohexylcarbodiinide (0.25 gms., 1.h moles) was added ro

a solution of the dfol ()o(fr) (0.10 gns., 0.4m noles), phosphorlc

acld (0.02 gms., 0.h moles), benzene (1 nl.) and dry dinethylsulfoxtde
(1 o1.). Ttre resultlng solution was stirred for 3 hours at room

teoperature, durlng which time a preclpltate of dicyclohexylurea 
l

f,or:ned. rtre solutl.on was then filÈered and addltlonal benzene (15 n1.)

was added. lbe benaene soluÈfon nas Ëhen washed with water (3 r 30 ro1.),

drled over anhydrous magnesir:m sulfaËe and then evaporated under

reduced pressure to give Èhe hydroryketone @(I) as rhe resfdue (O.Og5 
,

FS.r 85% yfeld). Purlflcation of thrs residue by È.1.c. on silica
sel (Ctt3ou/cHcl3 : 3/100) gave a cmpound ldenrtcal ro rhe hydroxyketone

(mtf) prepared by rnerhod 17(a).
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A solutlon of 3-hydroxyphthalic anhydrlde (30 grns., o.lg noles),

pyrldine (t rnl..) and aceric anhydrfde (250 rnl.) nas stirred ar 50oc,

overnight. The aceÈic anhydride and pyrldl.ne were then rernoved by

eva¡roratlon under reduced pressure to give 3-aceto:ryphthallc anhydride

as a solld residue. The 3-acetoryphthalic anhydride was Èhen dlssolved

ln neËhanol (250 ml.) and this solutlon lras refluxed for exactly 2

hours. Renoval of the meÈhanol by evaporat,Lon under reduced pressure

gave the mixÈure ()OO(II) of 2-carbonethoxy-3-aceÈo¡ïbenzolc acld and

6-carbomethory-2-acetoxybenzoic acfd as a yellow paste (43,S gms.).

Infrared specrrurn (Ffg. )ffvIII): absorptfons (cr.-1) 
"t

2300-3500 (broad, acld OH) i L7L0 (actd C+); 1740 (ester C={);

1780 (aceÈate c{)¡ 1590, 1600 (aronaric C{).

ñl.m.r. spectrum (Fig. UO(IV): absorpÈions aE 2.28 (sr3H, -OCOCHT);

3.86 (s, 3H, -C00CH3);6.9-8.0 (n, 3H, aromaÈic H); 10.18 (s, lH, acld).

9

()noff):

A solurl.on of tbe hydmxyketone ()O(XI) (4.0 gmSo¡ 0.016 noles)

a¡rd the acid mfxture (:OO(II) (tS.Z gms., 0.065 noles) ln rrifluoroacetic

anhydride (20 nt,) was refluxed for 20 hours under a dry nftrogen

atmosphere. Most of the ÈrlfluoroaceÈic anhydride was then recnoved

by erraporaÈlon under reduced pressure and the residue sas Èaken up ln

ether (200 n1.). lbe ether soluÊ1on ¡ras washed wfth waÈer (3 r 100 ml.),
saÈurated sodium bica¡bonate solutfon (1 x 100 ml.) and waËer (l x 100

ml.), and then dried over magnesium sulfate and evaporated under

reduced Pressure to give 15.6 grns. of cn¡de condensatlon product ()O(III)

as resldue. Ttris resldue was Èhen dissolved in eËhanol (100 n1,)

and 2[f sodlt¡n hydroxtde (eOO rf,) ¡¡as added a¡rd the resulti.ng solutlon
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Eas stirred aÈ 55oC for 20 bours under a nitrogen aÈmosphere. ilater
(tOO nt.) was then added and the stlll baslc soluÈion was extracted

rtÈh chlorofom (1 x 150 m1.). Tbe solution was rhen acidified wlrh

concent,rated hydrochlorfc acid and extracted lrlth chloroforr (4 x 100

m1.)' lte chlorofom solutlon was drled over magnesfum sulfate and

evaporated under reduced pressure to glve 4.90 gms. of crude,

hydrolysed condensation product (n<W) as residue. Ttrfs resldue was

added wlth stlrrlng into a polyethylene reacÈion fl.ask contalning

hydrofluorlc acid (70 m1.). After stlrring for 3 hours in a water

bath at 20oc, the terrperaÈure was raised to 40oc to evaporate the

reoafning hydrofluorlc acld. fJater (tso nt.) ¡¡as added and rhe

aqueous solutfon was exÈracÈed Ìrith chlorofo¡a (4 x 100 ml,), lae

chloroform solution was washed wlth water (1 x 100 ml.), drled over

anhydrous magneslum sulfate and evaporaÈed under reduced pressure to

give a resldue whlch was purified by t,l.c. in silicla gel (cttrott¡

cHCl3 :3/100). Elutfon of the naln band gave the isomerlc hydro

naphthacene qulnone míxËure ()OOil) as a yellow solid (l.Og gms.,

19.n, yield, based on compound ()oo(I) ).
A¡IALYSIS

Calculated

Reported

c

66.66

66.96

E

5.09

4.90

Infrared spectIr,In (Fig. Ðm(): absorptions (cm.-1) ar

3500 (alcohol oH)¡ 1710 (kerone c+); 1670 (quinone c{); 1640

(chelated qulnone C=O)t 1580, 1600 (arcmaÈic C{).
Il.E.t. spectnm (ftg. IJüff): absorpÈions at 1.95 (t, J =

78".1 ãt' ArcE2cE2-)i z.3r (s, 38, coc%)i 2.90-3.24 (a,4H, benryric

CU2); 3.82, 3.89 (slngleÈs_, 3H each, oCH3) 3 l.L0-7.73 (n, 3H, aromarie

I)¡ 12.60 (s, 18, phenol OH).
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Hass specrn:m (Ffg. xCIII): M+/e ar 396 i 37g (p-Hzo); 353

(ræocnr) ¡ 338.

A soluËlon of rhe Lsomeric hydronaphthacene quinone ml.xture

(þoil/) (3.47 gns., 8.8m moles), potassium carbonate (5.11 sso¡
0.04 noles), and di¡oethylsulfate (Z.ZZ gps., l7m moles) in spectro-

grade aceÈone (100 ml.) was refluxed for 3ä hours rmder a nitrogen

atnosphere. Ttre soluËlon ¡ras then evaporated under reduced pressure

Ëo a suall volume and water (100 n1.) was added. lbe aqueous soluÈion

nas e:tracted with chlo¡¡oforn (3 r 75 ml.). lbe chlorofom solution

ras ¡rashed wlth Ìrater (3 x 100 m1.), drled over anþdrous magneslum

sulfate and evaporaÈed under reduced pressure Èo give the lsomerlc hydro-

naphthacene qul.none mixture ()oowr) (3.60 grs.e 100% yfeld based on

cn¡de maÈerial) as a yellow solid nhfch was used r¡ithout further
purlflcaÈion 1n rhe nexË sËep (21).

rnfrared spectrum (Ffg. )oo(): absorpÈions (c.n.-1) aÈ 3500

(alcohol OIt); 1710 (ketone C=O); 1680 (qutnone Ca); 1590, 1560

(aronatic e={).

N.E.r. spectrun (flg. IJß\IT): absorpÈions aÈ 1.93 (t, J :
7Ãz.r 2H, ATCE2CE¿-); 2.35 (s, 38, COCU3);2.gO-3.17 (mr 4tt, benzylic

Cnr); 3.85, 3.87, 3.8813.92, 3.97 (slnglets, total of 9H, OCIþ);

7.L3-7.79 (n, 3H, aromatic H).

Hass specrrun (Ftg. XCIV):

(P-CoCH3).

It+¡e at 4L03 392 (p-HZo) i 361

A benzene solutfon (250 ro1. ) of the hydronaphÈhacene quinone

ml¡h¡re ()m$/I) (4.48 BBSo; lh noles), ethylene glycol (4 nl.) aod

ørhydrous p-toluenesulfonic acid (5 rog.) was dlsttlled aE a verï

Èion of
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slow tate. After about 100 n1. of benzene was collected, Èhe residual
benzene was washed with saturated sodir:m bicarbonate solution (3 x 100

¡01.) and lrater (1 x 100 m1.), then dried over anhydrous nagnesil.rm

sulfate and evaporated under reduced pressure to give Èhe ketal mixture

(:oorvrr) as a solfd, yellow residue. The residue was recrysralllzed

frorn benzênê - ether to give 3.40 gms. of yellow sorld plus 1.77

grns. of mother llquor residue. lbis residue was purifled by t.l.c.

ln slllca gel (CHTOH/CHCI3 = 4/lO0). Elurlon of rhe nain band gave

an addftlonal 0.93 gns. of purified keÈal mfxture, whlch when cmblned

Tlth the 1.77 gøs. obtained fron crTsÈalllzatfon gave 4.33 gms. (gr¿

yield) of tbe ketal mixrure (tqXVII).

Infrared specÈrum (rig. :con): absorprions (co.-1) ar 35g0

(alcohol OH); 1675 (quinone C={); 1590, 1560 (arornaËic C{).
ñl,E.r. specÈrt¡m (Fig. UCíI¡II): absotptions at 1.40 (s, 3H,

slde cbaln Ctþ)3 L.62-2.14 (rn, ZR, erCU2C{2); 2.33 (s, lH, alcohol

oE); 2.95 (broad s, 4II, benzylic cEr); 3.88, 3.92, 3.96, 4.02 (singlers,

total of 13H, 0cE3 + keral cE2)i 7.L2-7.g0 (rn, 3H, aronaÈlc H).

Mass speetrr¡n (ftg. xg\¡): U+/e aÈ 454i 439 (p-CH3)¡ 36g

tp-lån¡1.

a solurfon of rhe ketal mixÈure ()ooffrr) (1.5 gms., 3.3 m noles),

H-bromosuccinlmide (0.69 grnSoe 3.Bm moles) and dibenzoylperoxide (2 rog.)

ln carbonÈeÈracbloride (100 m1.) was refluxed for * hour ln a 250 ml.

flask equlpped u1Ëh a dryfng Èube. The solutloa was Èhen evaporated

u¡rder reduced ¡tressure Èo a small r¡oh¡me (10 n1.) a¡rd the precipltated

succlnfnlde was re¡roved by sucÈlon flltratlon. rbe fllËrate rras

tra¡rsfered to-a¡other fl ask equlpped wlth a drying tube a¡rd anhydrous

meÈhanol (100 nl.) was added. lbe meËhanol solutlon was refluxed

uction of the
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overrlight and Èhen evaporat,ed under reduced pressure to give a foam-like

residue. ltre reacÈ1on was repeated a second tiroe (same quanÈiËies)

ar¡d the conbined residues were purified by È.1.c. on sfl,ica ge1

(o5ott¡cttcl3 : 4/1oo). Afrer developing rhe r.1.c. plar,es, four

dlsÈlnct yello'* bands ¡rere observed on each plate (Rf values : ,37,

.51, .64 and .72).

Elutlon of the lot¡est band in the t.l.c. plate (R:f =.31)
gave a mixture (0.65 gs. ) of the lsomeric trans-ketal mixËure (l(L)

ar¡d the fsomeric trans-ketone mixture (xr.tr). This ketallsetone

nixture was dissolved in a solutlon of tetrahydrofuran (SO ml") water

(10 nl.) and concentrated hydmchloric acid (4 ml.) and rhe resulÈing

solutlon was stírred for four days at rooo temlrerature. 1l¡is solution

ras evaporated under reduced pressure to a small volume (10 ml.)

and waÈer (SO ml..) ¡ras then added. llre aqueous solution ¡ras exÈracted

rttb ehloriofomn (3 x 30 m1.). The chlorofo:m solutlon was then

drled over anhydrous magnesium sul.faËe and evaporated under reduced

pressure to give a resl.due (0"63 gns") of cn¡de hydrolysls producÈ

rù1ch Iras repurlfled by r,l.cê" on sÍlÍca get (CH3OH/CHCI3:4/100)"

Elutlon of the main band gave Ëhe isomeric È-tans--keÈone míxËure (xltt)
(0'52 grsoe 18% yield based on mixÈure (:oorvil) ) as a ye1low solid.

Infrared specÈrum (ftg. )fÐfW): absorpÈions (cr.-1) at

3500 (alcohol oH) i LTLO (lcerone c={)¡ 1675 (quinone c={) 7 L670,

1690 (aro'naÈ1c C={).

- lfon.E. spectrun (ntg, ucKx): absor¡rtions aÈ 1,95 (z doubl.ets,

B ¡lart of AÐ( specÊrum, I pf .95, JOU:LSHz., JÐ(:4"7H2,)i 2.36 (s,

38, COCH3)¡ 2.64 (2 doublers, À parr of AÐ( specro-, ùA=2"64, JOr:

15;[z., J*:3.3H2"); 3.L2, J"27 (AB quartet, ã1, benzyllc CH2r JAB:

t6Ea)¡ 3.30 (s, 3lI, aliphaÈie ocH3); 3.90-3.96 (nn, 10H, armarie ocH,
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* alcohol 0H)¡ 4.99 (q, X parr of A!0( specrrumr)x:¿r.99, J^.--3.3H2.,'Æ(
Jffi4,7H2.)i 7.L2-7.83 (nn, 3H, aromatic),

EluËlon of rhe nexÈ band on the Ë.1.c. plate (Rf : .51) from

Ëhe lnitial È.1.c. separation gave the isomeric c-i-s_-ketal mlxture

(:g,f) as a yellow foam (0.87 gms.). Ibis cis_-keÈal mixÈure was

bydrolysed, under the same conditions ÈhaÈ the trans-keÈal was

hydrolysed, to give (0"86 grns.) of cnrde hydrolysis product. This

c¡rrde product was rhen purlfied by r.l.c. on silfca gel (cttroH/cHcl3

= 3/100). EluÈion of the main band gave the isomerlc cis-ketone

mlxture (Xlfff) (0.59 gns,) as a ye11ow solid.

Infrared specÈrum: absorptions (cm.-1) ra 3460 (alcohol OH);

1710 (ketone C={) i L675 (quinone g={); 1590, 1565 (aromaÈic C{).

ñl.rr.Ì. spectrum: see Section 24.

Blutfon of the nexË spoÈ'on Ëhe tol.c" plaÈe (Rf : "64) from

the lnttial t.1.c. separation gave the lsomerfc cts--ketone mixÈure

(XIIII) (0.61 gms.) idenÈical ro rhe çjþ-ketone mixrure (xHrr)

obtalned fron the hydrolysis of the cls-ketal mlxÈure (xlt)" Tberefore,

a totalaounÈ of 1.2 gms. (47/" yteld) of the fso¡neric cis-keËone

mlxture (X¿fff) was collected.

Elutlon of the nexÈ s¡rot on the tnl.c. plaËe (Rf : .72)

g¿¡vg the fsorneric giå-d-bromoketone mixÈure (XLW) (0,20 grnSre 5.g%

yleld) as a yellow solid.

Iafrared speeÈ¡n¡rn (Ftg. )OoçvII): absorprlons ("r.-1) at 3450

(alcobol Olt); 1740 (/-brornoketone C={); 1680 (quinone C=O): 1590,

1565 (aronatie H).

N.E.!" speeÈñ¡rtr (ffg. IJCO(I): absorptlons at 3.59 (sn 3H,

allphattc 0c%)3 3,92-3.00 (m, 9Ho aromattc ocHr) i r.L7-7.g3 (n,

38" armatlc).



_65_

- Mass speeÈrun (Fig. XC'VII): U+/e ar 520, 5L8i 474i 4699 439

(p-sr)¡ ¿ût¡ 397 (p-cocnrnr); 365 (p-(cocH2Br + CH3oH) ).

A solutlon of the lsomerlc { -bro¡noketone mixture (XLW)

(0.04 grsr¡ 0.08m moles) in glacial acetic acld (6 m1.) nas stLrred

rrfÈh zinc powder (1 p.) for 20 rninutes at 15oc. Ttre zinc was then

renoved by suction filÈration and the flltraÈe evaporated under

reduced pressure Èo dryness to give a residue whlch was purlfied by

Ë.1.c. on sllica eel (CHTOH/CHCI3 : 4/100). Elurion of rhe nain

band gave the lsomerlc cis-ketone mixture (XL[I) (0.02 gns., 60%

yfeld) as a yellow solíd. ltere ïere several other trace bands on

the t.l.c. plaËe, all of whtcb contafned less than 2 mg. eacb of

tmldentiflable ma terial.

( 2-4) SeJl-ar_at_l_oJl- o_f Ëhe tsome_rf c hv-{Tf¡naph-th{cene qu-iJr_o-qe mf_x ture_

(xr.llr):

-

the fsmeric hydronaphthacene qulnone mixture (Xlttt) was

separated by È.1.c. oD silica gel (CH30U/CH3COOC2HS : l/100) tnto

tro yellow bands.

Elutlon of the lower band gave daunomycinone trlmethyl ether

(Xf.tff) as a yellow solid which was recrJstallfzed from metha¡rol to

glve yellow crTsÈals, m.p. : 185-186oC.

AI{AIYSIS

ldolecular lon calculared for C24HrOOg: 440.1471

Fowrd (frm hfgb resolution mass specrrr.rn) z 4t+0.L464

Infrared spectrum (Ffg. )üO(III): absotatlons (cr.-1) at

3460 (alcohol 0H)i L7L5 (kerone ç=o); t6B0 (qui¡e¡g e{); 1590,

1560 (aronattc ÈC).

inc reduction of the d mixture ()(LW):
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- l{.m.r. spectnun (Ffg. IJOffTII): absorptlons aÈ 1.91 (2 doublets,

B ¡larË of AÐ( specÈrua, ù æf "91, JOU:I5H2., J*:3.82Ê,2.); 2.40 (s,

38, C0C%)i 2"¿+6 (2 doubleÈs, A parÈ of AÐ( spectru¡!, I Ã:2.t6, JAB:

1582., J*72.4?ßz.)i 3.02, 3.26 (AB quartet, zH, benzyllc cHr, Jou:

1982.); 3.56 (s,3H, alipharic ocH3) i 3.89 (s, 3H, arooaËic oclt3); 4.00

(s, 68, aromratlc OCH3) ; 4.92 (q, X parÈ of AB specÈrum, ù X4.92,

J¡¡=2.4fr12., J*=3.82112.), 5.02 (s, 18, oH) g 7.L6-7.82 (m, 3H, aromatic).

Mass specrn¡rn (Ftg. xcvl): u+¡e aÈ 440; 422 (r-uro); 40g

(r-cn3ou)i 397 (p-coc%); 365 (r-(cofir, + cn3oH) ); 337'

EluË1on of the upper band gave isodaunomycinone Èrimethyl.

eÈher (xlv) as a yellot¡ solld r¡hich was recr:rstallfzed from merhanol

to give yellow crystals, rr.pn : 226-227oC.

ANALYSIS

tolecular Lon ealculaÈed for CrOHrOOr: qt+O.LLZl

Found (from high resolution mass spectn¡m): 440 .LI+64

I¡frared specÈrun (Fig, )ocry): absorptlons (cr.-1) at 3460

(alconol OH); 1715 (ketone C={); 1.680 (qulnone C4); 1590, 1560

(a¡ooacic C=e).

N.rtr.!, specÈrum (Fig. IJOilX): absorpÈlons at 1.gL Q doublets,

B ¡lart of nIX specÈrum, ief .91, JO':15I12., Jp¡:3,30H2") i Z.t+O (s, 3H,

COC%) i 2.16 (2 doubl.ers, A parr of AÐ( speetr*m, ùA:2,46, JOU:LSH2..,

JAX:2.30 Ez.)i 3.O2, 3"26 (AB quarÈeca 2H, benrylfc CE2r JOU:l.9Ilz")r

3.56 (s, 3H, aliphaÈic ocII3); 3.93 (s, 3fl, aromaÈic ocH3); 4.00 (s,

68, armatic OCH'); 4"9L (q, X parr of AÐ( spect"*, ùX4,91, J*:2.30
Ez., JO:3.30 Hz")ç 5.O2 (s, tH, OH); 7.16-7"88 (m, 38, aronatie).

üass spectn¡¡n (Fig" XCVI); M+/e aÈ 4/+0i 4ZZ (f-UrO),40g

(p-cHtou) 7 397 (P-cocH3); 365 (r-(coc'u, + c%oE) )¡ 331.
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( 25)- lLllULtJrr¡¡L chl-or-ide -hvdr_o_b¿Ai-s of da-uno$v-cin_oge_Jrime-thvl -et_tE:J

( XLV_I )- aq-d- 1_s o d 4gn qnvc_t¡o n e _t r iq-e_thv I elþe r ( X LI ) :_

(gI A solutlon of daunomycinone trÍneÈhyl eÈher (XlVf) (O.22 gms.,

0.51m moles) 1n 1r2-dtchloroeÈhane (30 nt,) nas stirred wlth freshly

subll¡ned alu¡ninr.m chloride (0.77 gn., 5.6m ynoles) overnlght aÈ room

teûfterature. Ttrls rnixcure was then poured into a saÈutaÈed oxalic

acfd soluÈlon (100 ml.) and the resulti.ng soluÈÍon was then exÈracted

rrtth chlorofo:m (¡ x tOO ml.), ltre chlorofo¡m exÈracts rrere combined,

rashed wlÈh water (tOO ml.), dried over magnesfu¡ sulfate and then

evaporated to a,small votume (20 n1.) during which Èirne a red

preclplÈate of 4-O-demethyl-7-0-rnethyldaunønycLnone (XlVff ) (l7erng. )

fomed. lhe preclplÈate was collected by filtratlon and the resulting

mother llquir nas then evaporaÈed to dryness. Pr¡rificatfon of the

resldue by r.t.G. on silica gel (CE3OH/CHCl3 : 3/100) gave an

additfonal 13.2 rng of producÈ, so that Èhe total anount of 4-0-

denethyl-7-0-rnethyldaunornycinone (XlVff ) recovered was 191.2 mg.

(93.57" yield). RectysÈallizaÈlon fron chlorofo¡m gave the product

as red crystals, n.p, : 2Iß-25OoC.

ANALYSIS

Holecular lon calculated for GrrHrror: 398.1002

Found (fron high resolutÍon mass spectn¡¡¡): 398.1002

Infrared spectn¡n (Flg. )OOfl¡III): absorptions (cr.-1) 
"t

344O (alcohol 0H)i L7L5 (ketone C+); 1600 (chelaËed qul.none C{).
Mass spectrun (Ftg. xcvIII), U+/" aÈ 398; 380 (P-Hzo); 348;

3æ (P-(cocH3 + cbolf) ); 3067 295.

fÞI Isodaunomycinone trfuneÈhyl ether (XLV) (0.17 gFSo¡ 0.39tr rnoles)

ras hydrolysed and worked up 1n an fdeatlcal manner to that descrlbed

ln 25 (a) to give 1-hydrory-4-deûethory-7-0-nethyldaunomycinone
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(xlvfff) (0.14 g[Dsoe 91% yield). Recrystallization fro¡n chlorofor:a

gave the product as red erystals, m.p. : 236-24OoC.

AI.¡ALYSIS

Holecular ion calculated for GrrltrrOg:

Found (fron high resolution mass spectn-rn): 398.1002

Infrared specÈlr.lm (fig. )OüD(): absorprions (er.-1) ar 3460

(al.cohol OH); 1715 (ketone H); 1ó00 (chelated quinone C={).

t{ass spectrurn (nig. XCVIII): M+7e at 398, 380 (p-H2O); 34g;

(r-(coctt, + c%on) ); 306 i, 295.

ide hvdrolvsis of d rfmethvl et

A solutlon of boron trlbromide (0.25 gms., ln nole) ln meÈhylene

chloride (s nl.) was cooled to -70oc ln a dry-ice-acerone barh and

then added via a syringe to a solution of daunomycinone Ërlmethyl

etber (x¿vr) (0"04 gEScl 0"1m moles) in nerhylene chloride (5 nl.)

nhlch ¡¡as also cooled to -70oc fn a dry-íce-acetone bath, I{hen the

addltlon was complete the dry-1ce-aceÈone baÈh was recooved and the

solutl.on r¡as allowed to come to room tefifrerature. As soon as the

solutlon reached room temperature iÈ was poured fnto ice ¡¡ater

(50 n1.) and stirred for 15 mlnures. the merhylene cbloride layer

ras then renoved, drled over rnagnesium sulfaËe and evaporated to

give a red solid resldue. Chromatography of thls residue using t.l.c.

on sl.lÍca eel (cHroH/cHcl3:3/100) gave Èrro, red bands on the È.1.c.

¡llate. EluÈfon of the smaller, lorrer red bar¡d gave a red solid,

tentatively assígned sÈn¡crure (Xf.pf) (10.5 mg., 277" yield).

Infrared specÈrum (ftg" XL): absorptions (co.-1) ra SSOO

(aleohol OB); 1700 (ketone C4)3 !62O, 1575 (chelaced qutnone C{).

uass spectrun (Fig" :t): M+7e ar 398, 3g0 (p-n2o)i 362 (e-zH2o);

-355 (P-CoCH3); 337 (p-(cocri3 + nzo) ); 3o9¡ 2L7.

398.1002

323

06
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(2J) 4uninum_ chlgrl_d-e hvdrolvsts of _conmound ELIX):
Coropound (XlfX) (10 ng., 0.25m moles) r¡as hydrolysed with

alumint¡m chloride and worked up in an fdentical manner to thaÊ

described in sectlon 25 to gfve 4-O-deoethyldaunomycfnone (r,r)

(8.7 mg. , 907. yield). CrystallizaÈion from chloroform gave the

producÈ as red crystals which appeared to decompose ry 24OoC.

Infrared spectnm (ffg. )I.III): absorpÈions (cot.-1) at

3480 (aleohol OH)¡, L7I5 (ketone C=Ð); 1.605 (chelared quinone C{).

Uass spectnrur (Etg. xcIC), M+¡e ar 384¡ 366 (p-HZo)¡ 34S

(r-Zuro) t 323 (r-(cocu, + H2o) )i 295,

(28)_frepararÍon of the rrifluoroaceric esËer (L):

4-0-demethyl-7-0-nethyldaunomycinone (XIVII) (16 ng,, 0.04rn

noles) was dissolved in trffluoroacetic acid (10 ml.) and tbe

solutlon ¡sas stirred overnight at room temperaÈure" Ttre triflüoro-

acetfc acid was then evaporated under reduced pressure to give the

trifluoroaeetic ester mixture (L) as a red, solid resldue whlch was

used vithouË furÈher purification in the nexÈ step (ZO¡.

Iafrared spectrum (Ftg" XLI): absorglriorrs (cr.-1) ar 3460

(alcohol oH); 1785 (trifluoroaceric esÈer c{); 1720 (ketone c={)¡

1600 (chelaÈed qufnone C{).
(29) n""i" n"Urely-sis of trlfluoroaceric ester (L):

Dllute asrmonir¡m hydroxide (6 drops) nas added Èo a soluÈion

of the trlfluoroacetic ester mixÈure (L) (fg mg., 0"04n noles)

ln acetone (L5 rnl.) and the resultlng baslc sotutlon lras then heated

l,n a steaÐ bath for six hours. Tbe soluÈlon ¡ras Èhen evaporated to

dryness under redueed pressure Èo give a solid residue e?hlch was

purlfted by È,1.c. on silf.ca eel (CttrOU/CHCl3 : l/100). lte t,l.c.

as the9late was developed three Èlmes to separaÊe ÈÈro red bands
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major products.

EluÈion of the upper band gave 4-O-denethyldaunomycfnone (1,1)

(3.7 mg. , 247" yfeld) as a red solid, RecrysÈallization from chloroforr

gave the product as red crystals which appeared to decompose â/ ztûo1.

Infrared specrrun (Fig. Xtw): absorpt,lons (co,.-t) at 34g0

(alcohol OH); 1715 (ketone C=O); 1605 (chelared keÈone C={).

Uass specrnrn (nig. xCIC): lt+¡e aÈ 3g4; 366 (p-H2O); 3€
lP-?rr.}o), 323 (r-(cocn3 + Hzo) ); 295.

Elutlon of rhe lolrer band gave the epfmeric compound (lft)
(3.7 mg. , 247. yield) as a red solid which vas recrystalllzed from

cbloroform to glve red ct7stals.

Iufrared spectrrm (rig. XLV)¡ absorations (cn.-1) ar 3S4O

(alcohol OH); 1715 (ketone g={); 1605 (chelared kerone C{).

Uass specrn¡n (Fle. XcD(): M+/e ar 384¡ 366 (p-HZo); 34S

(P-2ß2O) t 323 (p-(cocH3 + H2o) )i 295.

-4-dernethoxv-7-0

f-ef Freshly recrysÈallfzed lead tetraaceÈate (25 mg. , 0.LÌmmoles)

ras edded to a slurry of 4-0-demethyl-7-0..methyldaunonycinome (X¡.Vff)

(55 ng., O.th noles) in acetlc actd (2 ml.) and the ¡esulting nnixÈure

ras sÈlrred for 15 minuËes. chlorofo:ro (30 rnl,) ¡ras then added and

the resulÈlng chlorofono solution was washed wtth water (30 rnl.).

The chlorofo¡m soluÈion was Èben drled over magnesfi.u sulfaÈe and

evaporaÈed under reduced pressure to glve a quanËfÈatfve recovetT of

tbe dlqufnone (LW) whfch nas used yitbouÈ purlflcaÈion ln the nexr

step (31),

Iafrared specÈrun (Ftg. )GVII): absorpÈions (cr.-1) ar 3460

(alcohol OE); 1715 (ketone C4)¡ 1685 (qufnone C{); 1630 (C=+).
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{Ð Freshly recrystallfzed lead tetraaceraÈe (0.25 gm,, 0.56m

moles) was added to a slurry of 1-hydrory-4-deneÈhoxy-7-0.*aerhyl-

daunomycinome (xLvIII) (0.18 æ., O.47m moles) in acetic acid (2 rnl.).

Tbe mixÈure ìtas stfrred for 15 minuÈes and chen r¡orked up as descrfbed

tn 30 (a) to give a quanrltaÈive recovery of Ëhe dlqufnone (LIII)

whtch was used wlthout purifÍcarion ln Èhe nexÈ step (32)i

Infrared spectrum (Flg. xLvII): absorprions ("..-1) ,t

3460 (aleohol oH)3 L7L5 (kerone c=o); 1685 (quinone ça); 1630 (c{).
(31) Methvljrtton ojF diqulnoJle (_L{y-):

Anhydrous potassinm carbonate (0.10 gm., 0.7h moles) and then

dfnethyl sulfaËe (55 mg., O.44nmoles) were added Èo a soluÈion of
Èbe dlqufnone (LIv) (Sg mg., 0.15m noles) in specrrograde aceÈone

(2S mt.) and the resultlng nlxture l'as stirred overnight at room

tqreraÈure. lte acetone solution Ìras then evaporaÈed under reduced

pressure Ëo a smatl r¡olr¡ne (to ¡u1.) and poured Lnto warer (so mt.).

lte aqueous solution lras neutralized wlÈh dllute hydroehloric acid and

tbea extracted wiÈh chlorofo:m (3 x 50 ml.). Tbe chlorofor:-m exÈracÈs

were combined, dried over magnesiun sulfate and evaporaÈed under

reduced pressure to gl.ve a resldue whtcb was purlfied by t.l.c. on

sÍllca gel. the t.l.c. plare was developed slx times (cHcl3) to glve

t¡o red bands near the top of the plate and trp yellow bands wtËh

lærer Rf values. EluËfon of tbe upper red band gave redueed starËing

maÈerial, 4-0-demeÈhyl-7-O*ethyldaunomyclnone (2.6 ng. ). Elutlon

of the yellow bands gave meËhylatlon products other tban the requíred

groducÈ (wIII). Tbese roethylatlon ¡rroducÈs trere rehydrolysed niÈh

alumlnr,m chlorlde accordlng to method (2S) to glve an addltlonal 14.5 rog,

of reduced starting materlal. Elutfon of the loyrer red band gave

/-O-aetbyldaunomycfnone (LVI) (/r.0 mg. , LO.nn yfeld, based on
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'corisrmted stert,lng materlal) as a red solid.

Infrared spectrum (Fig, XLVIII): absorptlons (cm.-1) .a

3460 (alcohol 0H) i t720 (ketone c+); L6zo, r5B5 (qulnone c4).

Anhydrous potassir¡m carbonate (0.32 grs.l 2.3m moles) and

tbeo dimethylsulfate (0.12 gns.r 0.93m moles) were added to a

soluÈlon of rhe dlqulnone (Lrrr) (0.1g gtrso¡ 0.47m noles) in spectro-

grade aceÈone (30 rnl.) and the resulting nixture was stirred for 4g

hours aÈ room Èenperature. I.lork up and purlficaÈion Ln a manner

ldentlcal to rhat descrlbed in nethod (31) eave a toÈal of. 19 mg. of

recovered reduced starting materlal, l-hydroxy-4-deroethory-7-0-

neÈhyldaunomycfnone (xl,vttt), and 10.3 ng. (g.5% yleld, based on

consuned starÈ1ng material ) of 1-me thoxy-4-deoethoxy -7 -0_meÈhyl. -
datmmyclnone (Lv) as a red solld.

Infrared specrrr¡rt (Fig. XIIX): absotptions (cr.-1) ar

3460 (alcohol oH) i L72o (ketone c{)r L6zo, 1585 (quinone c{).
Uass specrn¡n (Ftg. C): ul¡e at 412; 3g0 (r-cn on) ¡ 337

(P-(cocB3 + cu3oH) ); 309.

A soiu tf on o f 1 -me thory -4-deûeÈhoxy -7 -0 -nethyl daunomyc inone

(tv¡ 113 mg., 0.03n noles) in trlfluoroacetic acid (20 ml.) was

stirred at room È€mperaÈure for 2 hours. the trifluroraceÈic acid

ras then evaporaËed under reduced pFessure to give the trtfluoro-
acetlc ester mlxture (lVff) as a red, solld residue which was used

rlthouÈ further purlficatfon fn rhe nexr step (34).

rnfrared spectrum (rtg. trr): absorptions (cm.-1) at ¡¿go

(alcobol OE); 1785 (rrifluoroacertc esÈer C+); 1720 (kerqne C={)¡

L620, 1585 (qutnone Ê{),

tion of rifluoro
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A saturated poÈasslt¡m carbonate solution (2 ml.) was added to

a soluÈfon of the ÈrifluoroaceÈic ester mixture (IVII) (15.5 mg.,

0.03m moles) ln acetone (4 m1.) and the resulÈing solution was stirred

for I hour aÈ room tenperature. The solution was then poured into

water (30 ml.) and Èhe aqueous solutlon was neutrallzed with d1luÈe

hydrochlorfc acid and exÈracted with chloroform (50 rnl.). Tbe

chloroforrn extracË was dried over magnesirm sulfate and evaporated

under reduced pressure to give a red resl.due. PurlficaÈion of this

resldue by t.l.c. on sflica gel (CHTOH/CHCI3 : 3/100) gave Ewo red

bands on the È.1.c. plaÈe.

Elutlon of the upper red band gave fsodaunotnycl.none (LtX)

(3.4 ng, , 27.27. yield) as a red solld r¡hich Iras recrJ¡stallized fron

chlorofom to give red crystals, m.p. : 2L6-2L8oC.

Iafrared specÈrum (rrg. LIII): absorprions (cr.-1) ar 34g0

(alcohol 0H); 1715 (ketone 6=O); 1620, 1580 (qulnone C{).
Dlass spectn:n (r'tg, cI): u+/e ar 398, 362 (.P-ZtI2o)i 337

(r-(cocH, + Hzo) ); zLt.

Elutlon of che loper red band gave Èhe eplnerfc compound(IJ()

(1.6 ng. , L2.87. yteld) as a red solid.

Infrared specÈrtm (Flg, LIV): absor¡rrfons (cm.-1) .a ¡S3O

(alcohol OH); 1715 (ketone C={); 1620, 1580 (quinone C{).
(35) Pr-epa-l1tåoJl_oj rhe_ Ê_r_Lfluor-o-ac_eËic -esrSI _nlt<_r-ure JLLVUI)_:

A solutlon of 7-O-nethyldaunønycinone (lVf) (10.4 mg., 0.03

¡n moles) ln Èrifluotoacetic acid (20 m1.) r¡as sÈl.rred aË rooú0

teslteraÈure for 2 hours. lbe trlfluoroacetl.c acid was then evaporat,ed

tmder reduced pressure to give the trlfluoroacerfc esÈer mlxture

ClVfff) as a red, soltd .."fau" which was used wiÈhour further

lvsls of the trif r mlxture (LVI
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purlficaÈlon tn rhe next srep (36).

Infrared spectrum (ftg. l,): absorptions

(alcohol 0H); 1785 (trÍfluoroaceÈic ester 6={);

1620, 1580 (qulnone C={).

(c*.-l) at 3480

1715 (ketone C{);

36) Baslc h rifluoroaceÈic es re (LVIII):

Dllute arrnonium hydroxfde (2 drops) was added Èo a soluËion of

the trlfluoroaceÈtc esrer (lVfff) (2mg.) ln acerone (3 ml.) and rhe

resulting solution was heated for t hour ln the sÈeam bath. The

solvent was then evaporated under reduced pressure to give a red, solid

residue whfch, after washing witb a little ether, gave an infrared

sPectrum fdenÈ1cal Ëo Èhe infrared specÈrum of natural daunomycfnone.

Infrared specrrt¡tr (ftg. l,V): absorptions (cm.-1) rt 34gO

(alcohol OH); 1715 (ketone C={); L620, 1585 (quinone C{).
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APPEìIDIX

Prlor Ëo condensing (see Scheme tfII) the aceÈoxycarbomeÈhoxybenzoic

acld mixture )O(XII wfth Èhe tetralln hydroxyketone )CO(I ro glve (see

Scheme VIII); evenÈually, daunomycinone Èrlmethyl ether XLVI and iso-

daunomyclnone trimethyl ether xLV, a model system study2S was made ln

nhlch 2-carbomethorylbenzofc aefd was condensed (see scherne A-t) rslth

Èhe ÈeÈralln hydroxyketone )oo(r Ëo gfve, eventually, 4-denethoxy-7-0-

nethyldaunomycinone, A-\ÆII. lbis rnodel study series of reactfons

rrtll be briefly discussed in thls appendix. All reactlon condlÈions,

work ups, chromaÈographlc separations and structural assignments

based upon spectroscopic daÈa whlch were used ln thls model sÈudy are

exacÈly the same as those used in the synthesis of Èhe analogous

cotn¡rounds whfch are shown in Schene \i'II and Scheoe VIII. Slnce these

condltlons have been discussed previously, they will not be rediscussed

here. Analytical and spectral data will be glven in a section after
the dlscussLon.

2-carbooethoxybenzoic acld was condensed with the tetralin
bydrorykeÈone X)O(I (see Scheme A-1) in a three srep process ldenrlcal

to tbat descrfbed for the synthesis of tbe lsomerfc hydronaphÈhacene

qulnone mlxÈure )oo(v. The product, 9-aceÈyl-9-hydrory-6rll-dimethoxy

-7 r8r9 rl0-tetrahydro-Srl2-naphthacenedione, A-r, was lsolaÈed as a

pale yellon, cr?sÈalllne solid (23.57, yfeld, n.p. : lg4-lg6oC) ¡¡hich

gave a saÈlsfactory eleoenÈal analysis and tbe required molecular lon

of 380 fn the rnass spectrum. This conpound A-r was then reacËed with
eËhylene glycol ln Èhe presence of p-toluenesulfonfc acfd to glve Èhe

corresPondtng ethylene ketal A-II, isolaËed as a pale yellow, crystalllne
solfd (100% yield, m.p. : lgs-l87oC) whtch gave rhe required molecular

fon of 424 tn Ëhe mass specÈrum, Tbe c, benzylrc position of the D rfng
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of cornpound A-II was then selecÈively brominaÈed by reacting cmpound

A-rI rrith N-bromosuccinirnide in Èhe presence of dlbenzoylperoxide.

lhe resulting brominatlon product A-III (not lsolated) nas then

{mmedfaÈely refluxed w1Èh anhydrous methanol to give, after separation

by Ë.1.G. êfld ketal hydrolysfs, 4-demethoxy-7-epidaunomycinone trinethyl

ether A-14[ and 4-demetborydaunomycfnone trirnethyl ether A-vrr .

ProducË A-\rrr ¡¡as LsolaÈed as a yellow, crysÈalline solfd (4n yreld,

Eopo = 193.5-194.5oc.) ¡ùich gave a saÈisfactory elenental analysfs

and the required molecular fon of 410 in Èhe mass specÈrun. ProducÈ

A-vr r¡as also lsolated as a yeltow, crysÈalline solfd (14% yield,

tne p. = L9à-L%oC. ) and gave an ldentical mass specÈrum Èo that obtained

from compound A-vrr. (A snall amounÈ of an €-bromoketone product

analogous to mfxLure xr,w was also lsotaÈed, even though thls is noË

shorn 1n Schene A-1). Ttre 4-de¡oethoxydaunomyclnone trlmethyl ether

A-lJltI rras then hydrolysed wlÈh atuminum chloride to glve 4-demethoxy

-7-0-rnethyldaunoroycinone A-vrrr, f solaÈed as a red crystalline solid
(80% yield, m.p. = 25}-254oc. ) whose eopirical fo:mula was in agreemenr

rltb thaÈ deËerrined from its high resolutlon mass spectrum.

ANALYTICAL $rp SPECTRAJ:-!_{TA

-7 -8 -9 - [0-terr

n aphÈhas ened Í-oJre A -Li
AITALYSIS

Calculated

Regorted

Infrared specÈrums

1705 (ketone C={); 1665

_ N.m.t. spectrunS

c

69.49

69.55

absorptlons (cm.-1) at ¡SZO

(quinone C=O); 1600 (aronacic

absorptlons at 1.97 (broad t,

E

5.29

5.13

(alcohol 0H)¡

C=4).

J : THz., n,



_78-

lrCHrCE2-);2,39 (s, 3H, COCH3); 3.09 (broad s, 4H, benrylic It); 3.80

(s, lHr OIt); 3,85 (s, 3H, OCH3); 3.90 (s, 3H, OCH'); 7.66-8.2'l (mt 4H,

armatic H).

Mass specÈnm: Ul-¡e ar 380; 362 (e-HrO), 337 (r-COCH3).

(2) a-¿eqethoxydaunomycinone ÈrlmeÈhyl ether A-VII :

ANALYSIS

Catculated

Reported

c

67.31

67.30

E

5.40

5.33

Molecular lon calculated fot CZ3EZZO7, 4!.0.1365

Found (from high resolution mass spectn¡rn)¡ 410.1360

Infrared specÈrum: absorptions (cm.-1) ra 3490 (alcohol OH);

1715 (ketone C{) i L67O (quinone ç+); 1600 (aromaric C={).

N.m.¿ spectrum: absorptions at L.76-3.07 (¿ of d, B parÈ of

AX0( spectrum, lH, JAB = L5 HZ., JE( : 4 Hz.)¡ 2.33-2.65 (m, lH,

cg-B)¡ 2.42 (s, 3H, cocH3); 3.15-3.30 (n, zt, cto-Hli 3.58 (s, 3H,

altphaÈfc 0cH3)i 3.90 (s, 3H, aronaÈic 0cE3)¡ 3.99 (s, 3H, aromarlc

OCU3) i, 4.96 (d of d, X part of AE( spectnm, lH, JÆ( : fr12., JBX : 4ïz.)i
5.04 (s, lH, OH)7 7.77-8.30 (m, 4H, arûmaÈfc H).

Mass specrrum: ll+/e ar 4LOi 392 (p-E2o); 360 (e-(nrO + cH3oH) );
335 (p-(cH3oH + cocrL) )a 3o7 (r-(cnron + cocH3 + co) ).
(3) l!-derq-eLhoxv:7-I¡jd_aqLo¡qvc_iJr_oge r.¡Lþr-e_r-hv-l -eJùer_ {-IIi

Infrared spectrrrm: absotptions (c..-1) aÈ 3525 (alcohot OH);

1715 (kecone C4); L670 (qulnone C={); 1600 (arornaÈic C={).

N.m.r. spectn¡Íì! absorptlons aË 1.96 (d of d, B part of ABX

specËrum, lH, JAB: 15 Hz., JE( :4.5 Ez.)i 2.38 (s, 3H, COCII,)¡ 2.lL
(d of d, A part of AIÞ( specÈ¡:rim, lH, JAB = 15 Hz., JAX : *lz.); 2.88-

3.50 (AB quarÈet, ã, tOr:15 Ez., CIO-R2); 3.35 (s, 3H, allphaËic

gCA3); 3.86 (s, lH, OH); 3.92 (s, 3It, aromaËic OCH,) ¡ 3.97 (s, 3H



Þromatic OCH3); 5"05 (q, X

4.5 Hz.); 7.77-8.39 (rnr 4H,

Uass spectrum: ¡d/"

-79-

part of AE( spectrr:m lH,

aromatic H),

at 410; 392 (r-urO); 360

JAX : 2f,i2., JO

(r-(uro + cH3oH) );

382.1053

-7-0+reth A.VIII:

335 (p-(cH3oH + CoCH3) ); 307 (r-(cHroH + cocH3 + co) ).

A!ÍALYSIS

Molecular ion calculaËed for CrrErrOr:

Fotmd (fro'm high resoluÈion mass spectrr¡m): 3g2.1050

Infrared spectrum: absorptions (c¡o.-1) 
"a 3400 (alcohol OH);

3¿100-2700 (phenolic OH) i L7L5 (kerone C+); 1625 (chelared quinone

C"{); 1595 (aro¡raÈic ç:4).

N.B.li. sfrectrum (recorded with the help of a VarÍan Model

c-L024 time averaging computer): absorpËions at 2,63 (s, 3H, c0cHr);

3.36 (q, 2[I, ClO-Hr);3.80 (s, 3H, Ocn3); 5.0g (d of d, lH, C7-H);

5.20 (s, lH, alcohol oll)g 7.97-8.50 (m, 4H, arûmâríc H); 13.20 (s,

18, phenolfc OIt); 13;50 (s, lH, phenolic OH).

üass speeÈrr:m: trFTe at 3g2i 332 (e-(uro + CH30H) ); 307 (p_

(cn ou + coc%) ); 289.
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