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Abstract - A short and efficient synthesis of the 4+xc~l,2,3,4-t~~trahydro- 
2-mphtk1lemmWxyhcacldder~vative (-1 u~descrlbed. Th.15 syntbm 
~ybe~tOthE~FhUltTl- deriMtrve (18) uraregie 
cantrplled -~dy~StepsUSlng azdensatlon wmi 2,5_duaethaxy- 
benzaldehyde follcwedbymtrmtAemlaracyla~cm. lhemlfor~~ofthe 

(20) cornqxmds to a derivatwe~ of ll-dfmypxx+ 

w-c aFprorahes totetr~llnes (3 m's) standas elgnlflcantachlevem?nts,~ ln 

nomlFillparttithemstabl~tyoftheI3esubh3tances tmhotha~ldamlhse~-~ Such mslxb~lity 

P-Se== l..u~~tsupmpossiblechenical amver6icmB of Iwzurally oICmrringlc'stoseNsyn- 

thet.lcaM-logs.6-7 

lIu3noKmalbrosynthetlcprecurso rs of the lzhmcycllnes (2) (lc) are pl-efzetrarmde (1, X=Y=z= 

H) (Pr) and 6-mzthylrn (Y=MfS) &lo OtkrsubstitutedPT'swhxhhavekeen~ mtilC's 

are7~~pT(x=c1)end4~~~(~2)11 meS~strarnsareW 

tolerant of changes in Wity at positrons X, Y, and Z of FT (1,. Ale kethylatmg” 
*a.uJ2 -11 not mtrcduce a 6-mthy113 mtoareKlsungm,baththe4~~andthe 

7-&loro substitutents aray be introduce8.14 lbe ml- ofthelc-produclngorgaruaas~~ 
stmcturalchangesin~autlrnedabave~ the feasibility of mvellc's fmmd.lfied~'s 

bybxcomersmn. Sinoea4-dhzthylam.mgroy,i~~ for Ic zkctivitv,15 L%zhiJdstered IT’5 
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skmldcmtaneittmHorWs2atEix-km4 ~~~-~~~SCandDofFT, haaver,~gOOd 
tarsets fortihcatmb -x=wW the late, where three patiE?nt-lal sites for tiflcabm 

eXisted (carbons 7, 8, Or 9). Wh.h syntheses of Fd7-1g and Cm?thyl pY*' have appeared, - of 

t.heseare~~~&aptedtothepmluctionofrmgDanalogs. 

@=naehthao (11 was~lderedap~sng synthetic mtenmxbate, 8s qle 

h]lteram wt exrstd for the rewval of the ring C oxygen at C6*l-**, th?+czmversrcalof 
&rrngAes&r f!unctxcnat C2totkader23 and 

m&lted sym9wes.24 

ranwalofthepmtecmggxmupsTt.CH3in 

Maximmvatratroninr~Daouldbe~evedeff~velypmvldedthering 

~syntkm~asuaplebenzenederivatwe (~),~McauldbeertherHorano~~llic 

dfElvative*=-26 Variatxm of gmqs X, Y, or 2 in the benzene synthon~4f~ldthf3lleadtitlY3 

mmspcdhgnaphthacenqmmw (1). whetherorru3torgancnre talllc kivatwes were opted for, 

theanhydrlde(~~woddberequrredas~tergyn~. 

OMe 

4 2 R=Mc 

Ihe uk.eded strategywas to synthesize the anhydruk (2) na the tetralonederlvatwe (z) 

&scrlbedh?low. The latte.rwaspreparablema short and hqh-y~eldmgsynthesrs. Wewere not 

SucQssful m ammrtmg the tetxaloraz (13b) xnto the desned anh@ide (21; howwet, It was - 

possIbleto mrnwrttherelatf9dtet.ralom 1~)totetracyclxcniater~alina cmnver~tandregzo- 

axkmlledmmnar reqruringonly*steps Rus efflclent approach to naphthmme derwatlves 

constitu~theBub]ectofthap~sentpaper 
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OR OR 

6a R = R’= H 
6b R=R=Mc 

6c R=Ac R’=Mc - 

7a R=R=Me 

7b R=Ac R’=Me 

OR 

8 R= Me R’=Et - A 
H02C 

H02C 

Me 

OMe 

H02c 

H02C 

OMe 

Me 

0 OMe 
10 
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Selectwe sapuficfition with amomatant deaoetylatmnof thebenzylswcinic trlester (2) 

gavethelmnzylsuccuuc~acid(~),urwhichthe ara~tzcester fmctmnwasretmned. The 

overall yxeld of the dzacid (I.21 fmm the benzylxc haluk (2) was 838,w~th no purxfmkumof 

themtexm3dxatelzenzy~~cester~~~)beurg. 

The benzyl~ucclruc aced (3.21 was qclzed to the desrred -alone carboxylic acid (13a) 
- 

using poly#tm@wrlc acrd at 60° for 3 hrs. lb key synm, tetr5lone acid I13a) was thus - 
obtzumbleby a ehort andeffxw91tqnthetic mute In the. tetralone acid qynthn (s), not 
mlywaSallmqumzdfumtaotb?htyforrangAof pretemm&present,fxltalsothepresence of 

thecartDxylandrmgketonafmctxm P===M amvem~pomtsforsynthetu2~tionsina 

reqmamtrolledJuanner* 

OMe o OMe 

13a R=H 

33b R=Me 

13b 

0 OR 

14 R=Me 

ltmtthetetralone _ ester (13b) could be c4mwkedintothearuonwas~nstratedbytreat- 

loentoftheesterwth~thxsmdrr~~~urTKFandthenquencNngwlthD2O~ Suxprxsmgly, 

uSeoftheIm-JniFsyst0nwlthlnathylchlorofo~tecartwn Sourcegaveonlyagoodreaxwryof 

mzarlypum&arthgmaterialplusafewvexymmor czqxmxltS,Klne ofwiuchgavea posltlve 

Fec13 test.36 
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Al~thetetraloDle ester (m) fuledto xwpmd toavarietyof strmgbase systans 

usually us& for synthetic pnposes, = tidckerve the fomatxmof abenzylldeneder~vatme 

andthe reLated tetialcme acid (13a) u1 zqmus - ~l.uz NaLIL3' tile the czarlmyllc acid 

~~ofthetetrdLoneacrd(~)wouldbe~toexlstentuelyasthecarbogrlate~ 

thesemnc\ltions,~lateforma~~fmmthe~~~~l~strllallawed. Wefeltthat 

ltwaS preferabletousethe caLixxylfumtlm asin (13a) ratberthantbzestmfmctxmasm - 
(13b),asthelattermuldbe~fledunderthe~~~~,~tomucturesof 

pJX&tXL3* 

InordertopmdweaDrxngm~ topmtetraud~,anortbo--*onor 

equvalmtwas requuedmthe benzdldehydemiety. Inordertofacllltatetbesubseqmt 

jntramlemlar aqlatmn, a seazmd appropriately placed actmatmggrcup (e.g. a seamdl@mxyl 

or related fmct2on)wafs alS0deSlrabb The 5ynthn of ctmxe for uutxlsttieswas, there- 

fore, 2,5-dmet.hoxybema~ using m mthanolic Naal at 40°, Tr.cstudlesuKl.lcated 

that the tetralone acid (E) mqu.med 5 days ~gwemx.unm reactlmwlth2, -we=- 

am- under these conditions, a yield of 43% of the benzylukne tetralone acrd (B) was 

cbtamed. Asecondma]ormqxment ofthereactlcmmmhlrewas obtalmd l.n 37% yield and 

xlentifuxl as the rmgAcarkoxylrc acid (16) derived fmn sapoxuflcatmnof the arunatuzester 

13a- 

15a R =Me R’= H 

15b R= R’=Me 

16 R=Me 

fumkmnofthestarturg HMerlal ItwasFosstiLetorecycletheringAacld(~)mtbe 

fOl1~ lmnner: Methy~~~Oftheacld(16)g2nrethedrester(~),the~ester~ 

dzkmned fxun nmxxcld (l&)?' Sel&v=z wflcatim of d.~ester (13b) regenerated the - 

slxrtmg acid (s).40 

Inthebemy~dene tetrakm acid (E) ~abwe,tke&e.r,unsaturatedketormz,and 

both free atxiWmxxkdcarboxy~cacld akiorptumswereclearlyvlsrble intk IRspectnm. The 

md (15a) was amerted to itsmethylester for 1H EMRstudres. Intbethe1H,ester(~) - 
tilted a vmylx proWn unsp3-ltby long-range cuupm (6 8.02, s, W and protons of the 2,5- 

~l&zr~~n~iety m as a smgle band (6 6 89, s, 3H). Other features of the 

spectnm=-e~~ struckrresofthebenzylldenederlvatl~(~) and (B)aredvwr 

m the E-amflguratxm, as expcted for thxs type of aldo1 c0ndmsat~on.~~-~~ 

w mtramkmlar acylatumof the~benzylldenetetral~ acid (K) was facllrtatedby the 

p-of ~Ilreta_methDxvfuncbon of the 2,SBlrdenemXety. when the tetralolv 

xld (15a)-~~zed~~Naclan3.~~rvlthpPAat4~45 o for 2 brs, an excellent yield 
- 

of tetracyCllc material (92%) was cbuined 
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mecycl.lzatlm~fmntheabovep~ 

%Im. 

exh.hitedasinglephenolicprPton~th~ 

In the IR, the O-H stretdung wan ~acterlS~~ of hydmgen ba&ng (3367 on"). Ihe 

uv-VIS spectnmof thEcycl_x&.lonpxuduct exh.lb1tdm less than five lmx.um, the longest of 

whichextended lntothevrslbleportmnof the spectnan (410 rm, t = 6200). BY caqruiscm, the 

hqestm3ximnof the ester W&I, used for characterization of the startingmaterial,~~ only 

304 nn (E - 19,600). Tk vu&c proton u1 the benzyhdene tetralom systxm (for ester (1%) - 
lH~6=8.02,s,~),ulthecyc~zednra~~,~replacedbyanewpeakfurther~ield 

(6=86O,s,lH) ascrkedtoanaramnatxrmgprotm(onrlngC). C4~ervatmnofahubly 

benzyllc mE!thyl.mE! (6 = 4.37, 8, 2H) lmts the structural poSslbilrties for the cyclized 

Imzerialtothe d.hydm@thacmme systens (17) or (18). The fomer stmcture - - iSpEfe.rred~ 

OR 0 OR 

17 R=Me - m R=Mc 

the follamq baSlS. Ina~~~tothek~~~~oncorre~~totheprotononrlngA 

(6 = 6.93, s, IH), the pmtms on arcmtic rmg D have very solar ckmcal &ftS, imhative 

of a tugh kgree of electrom c qmetry (6 = 6 98, 7 20) T%eelectronxsymnetry~smbetter 

~t~thstructure(17),wfierethearaMticr~Dprotonsareinaratherslrmlar 

envlmxmmlt. 

~~~l~acylatmnofthe~lichetetra.loneac~d (=I wzuldbeexpecbdtogwe 

~~lYtetrahydroMpMhacxnec (19). Sinpleenolizationof the latterwouldke expect&to 

M =Y ti the m (EL43 

~paP~ofamtenbalMphtha~chmc@rein~ticenone (17) was reaclllY 

ckmnstratedby its ~Yzed i5ull5rlzatlon wbenNa(3Hw55-to (17) in5OeaqugRls - 

ethmol,thelongegeahorptionmaxmm inthew-VIsspectnm ranged fxun 418 m (E 3400) to 

554 m (E 12300). Acldrfmkmnof the b55lc txolutzonpxduced a mall hypm&muc Shift (to 

527 nn) *nth XXI d-lmmlbon of epsilon value llllswasmterpn?tedaSan irrwersible emlization 

tothefullyarcmticchm@kmof (20). 

19 R=Me - 2Q R=Mc 

Naphthacene (20) x.5 aderivatmeof ll-deoqpretetr~de Sties W tavards 

mtmductxon tc the 11-hydxmy fumztron atvarmuS stages of the syntheSls have &been 

Particul~lYencarrag~. 
44 

Bypass mutes frcmtetralonee5ter (~)tothehbalanhydride 
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synthetic dqect.ive (_5, exist, but are lengthy.45 Aslde fmuthe&fflcultyntbtbai.w&uc- 

tron of the 11-bydroxy fulwtla neoas=w forpretetr~de,the~~cmethoddescrlbed~ 

appears to be an efficient and regrocontro llad 5ynthe515of naphthacenederlvati~S. 1t5eemB 

possibletopdoduceavarietyofnapMhaoene derrvatwe6withdrffarentrxngAandDsut&i~ 

pattexns,sinceammbsrofbenzdlQhydes ousnarclallyavailable, a& sewxal analog5ofthe 

tetralaple~Lcacld(~) arereadily aooesslblefranslnplebenzaldehyde der1vat.lvesvla 

SW -tion am3 classical cyclizat.lon methxIs.4'-50 

nl.i.nLaYerulrana~. lhepmgress0f~was r0kilElylIEXitoredbythl.lIlAyar 
chrcaw~togrqhy(TIC) us~~~~wOelmc;P25O~ssl~cagelp~~. lWelus&sware. 
EluentAtoluane/etbyl~~ (9:l) andEZ.luantB tiluana/diethylether/acet~c acid/methanol 
(120:60:18:1). 

Methyl-2,6~UaoaW~4-methyl Benzoate, (6~) 
(1lG 70"). 

Prm aaxxduq to n,52 np of 71-72' 

ram (cc14) 6 7 73 (6, 2W, 3 74 (s, 3H). 2.35 (8, Ml, 2.15 (6, W) 

Fktbyl-4-by tk'l-2r6-Jlaoetyl0W Benzoate, (7b). N-Bramsuccmde (4 88 g, 27.1 ml) 
was added to a solutxm of & (7.235 g, 27.1 mnol) in carbon tetracblorxle (750 ml). The vol~ne 
wasreaucedun&rnitroganti54olnl. Dl-L-iwtyl permade (.64 ml) was x&d and the mucture 
refluxad for 68 brs. Ihe~luuzwaS reduced furthzrto 27Oml and&-t-butyl-peroxlde (.51nl) 
wasxued. ~hemixturewasrefl~24brs.andccoled. ~fter~ofsuccuurmde,evapora- 
tim of the solvent gave a cryseallw product (9.742 g,in slight excess of thw ). 
Sm (0x1,) 6 7.06 (s, 2H). 4 40 (8, al), 3 85 (8, 3H), 2.28 (5, 6H) M/e 344 (2) 

2,6-Drhydroxr4+&hvl Benz.ox! Acid, (6a) Prepredaccordmgtotk Lterature. 
53 

w (ETCH) J. IMX 212 m (E 26000), 250 mu (E "OO), 308 nn (E 3000) 
IR mr) 6.14 IJ (1627 on-') broad 
t?m (cmC13/p190 d6) 6 10.92 (6, 3H), 6.39 (8, 2H), 2 37 (6, 3H) 

&th~l-2,6-dune~4~tWl Benzoate, (6b). A rmrture of 6a (1 682 g, 10 ml), aVnethy1 
sulfate (3 79 ml, 40 ml), anhyanxls p3L3ssiun c2zbmt.e (5.37 gT40 ml), and dry acetone 
(25 ml) was refluxed for 24 hrs. Afte.rreaovalofthecarboMteand~tlonofsolven~ the 
resxduexnether (75ml)~washed~th5NNaOH(3ml),sa~a~NaCl,anddrled Evaporatxm 
gave (S) as m cr@a.ls (1.99' g, 92%) np 84-85.5" (I.& np 86'). 
IR (x8r) 5.77 P (1732 an 1 
IWR (ml,) 6 6.37 (8, 2W, 3.87 (8, M), 3 77 (6, a), 2.31 (6, 3H). M/e 210 (M+) 

&I& Calcd for C11H1404. C, 62 85, H, 6.71, Fbmd. C, 62.67, H, 6.59 

Hethyl-4-b-l-2,W Benzoate, (7a)_ N-Brumsucc~ (18 g, 100 mrpl) was 
&zkd to a solution of (6&) (21.023 g, 100 ~l)~$l~~titatracblor~& (2OOO ml). Di-t- 
k$y;oy" (2.36 ml) was M, the- lSf?react.ionvolunewas~ 

. After~ofsuccuurmde,evapora~~ofaolventandrecrystallrzatronfmmether 
gave the benzyhc brrnude (2) 17.73 g (61.4%), np 99-lOlo. 
IR 5.80 p (1723), 8.25 (1212, CH2 deformatxm), 14.86 (673 CI-1, c-8r str&&). 
tWi3 (al,) 6 6.58 (s, ZR), 4.43 (8, 2H), 3.88 (s, 3H), 3.81 (8, 6H). H/e 288 (M+) 

C, 45 70; H, 4.53; Br, 27.64, Ebmd. c, 46.89; H, 4.65; 8r, 

D1ethyl-2-acetY1-2-(4-carfxmethoxr3.5-duaethaxyPhenylmet))~1Uu%Uoate, (8). Dxthyl 
acetyl&uc&late (55.44 g, -256 nrol) was edded drqwise during 20 min to s&& un hydnde (10.80 g of 
57% 011 d.lspfzs1cm, .256 mol), in dzy tolwne (50 ml) at 0' wxth sturq. h & so&un 
hydrklebaddisa~lvedtk ~lti~~~~~tarperature tibxu~de (7a) (67.4 g, 
.233 ml) m dry toluene (200 ml) was added aver 10 IUIL The nuxture was -for 48 hrs A 
'I!IC (elwntB) Showedn~bnrmdetObepreSent. 
v water (100 ml), lee (100 g), Md 

~~~pauxdxntoasepfiratiry~ 
cnwmntrated hydrochloric acld (25 ml). lk tolwne 

fractxmwasseparated,~Bqueous fraclx~~~actad=thether (5~2001nl),andthe 
dmed et&r and tiluene extractswre drled (-UII sulfate) andevaporated (65O, 2m, 2 hrS.) 
to gwe a pale yellow viscous ligud (fmitxxble for d.uect czaversion to (12)). A sarple of the 
l~~bastr0ara~~th etherandtheresul~~~*as reuy~L3llizZfxut1ether/petroleun 
ether, np 62-65O. 
JR (KBr) 5.81 u (1721 cm-') broad 
WI? (cC14) 6 6.30 (s, 2H), 4 19 (q, al, J = 7 HZ), 3.79 (8, Ml, 3 76 (5, 6331, 3.05-3.43 (A8 
y&et, al, J = 14 Hz), 2.82 (8, 2H), 2 26 (8, 3H), 1.27 (t, M, J = 7 Hz), 1 25 (t , M, J = 

e. Clad for C21H280g: C, 59.42, H, 6.65, Found. C, 59 17, H, 6.59. 



3248 J L BLOOMER and C S B~osz 

~(4~3.5-dunettiU~l~ Acid, (9). A muture of (i) (17.140 g, 
40.4 mapl) and 3N dun hydxwude (60 ml, 180 ml) was refluxed for 25 hrs memlxturewas 
moled to 5' and carefully acl&fu?d with cold 6N aorlc acid to FH 2. 
~extraceed~thethyla~ta~(4x5Oml~anltheextracts 

The aqugxls s~itil~n 
weredried, evaporatedand refriger- 

ated to give a pale yellcw glass, 14.419 g (12 610 g theory) np 152-155O 
gave np 166-1680. 

wcryst¶ll.i?.a~cmfrun 

( aban&nd as a synthetuz rcute) were not analy~ed.~' 

NlR-(A& d 6 i;.j, (5, 2H); 3.82 (s, Qi), 2.24-3.54 (m, 5H) 
memethyl6estergave. 

M/e 312 (M+) 

M (CZCl,) 6 6.36 (5, alI, 3.87 (6, 3H), 3 80 (5, 6H), 3.67 (6, 3H), 3 65 (6, 3H), 2.33-3.30 
(m, w. 

5,7-D~thcocr4~1,2.3,4-tetrahvdnr2-~~~~c Acid, (11) Md 
2-(3,~~l.sEthYl)BUtan&oiC Acid, (10) from HF Cycl.uat.ion of (9). HydrogM 

flwrlde at So (35 ml) was added with mswet~c sturuw to (9) (4 36 a. 14 maol) in a uolvethvl- 
enecentrifuget&eandrefluxed(dXyice condenser) for 3 IG l%e iibrdma was th& i&t -ul 
place for 20 hrsw~thout the furtheraM.~tinofdxyice. lIEremalnqhydrogenfllx7rldewas 
raaaved. water(rutrogens~)(35ml~wasaddedands~~~15mur. memixture 
WBS omled 30 mln (-SO) and centrlfusea ~aqueazslayer~decanted leavingadarkyelti 
011 which on tn~t~~~ t~lth ether gaqe (11) as tan crystals (.275 g) alp 197-199O. 
IR (mr) 5.78 lo (17301, 6.12 (1634 an 1 
EE~IR (al /LXSO d ) 6 6.36 (6, Zl), 3.89 (6, 6H), 3.12 (m, 3H), 2.80 (m, 2HI) 
memethy~e~ter?cSi~)gave 

M/e 250 &I+) 

rw~ (o(31 ) 66.34 (6, &I), 3 88 
M/e 264 &) 

(8, 3H), 3.85 (s, WI, 3.71 (6, 3H), 3.10 (m, MI, 2 82 (m, 2HI. 

SLCW evaporation of the ether solvent yrelded uncycl~zed tild (10) (.761 g), np 126-12W’. 
SW lnate?zlal t.201 gl WbSalsoreanwedfmntherrPtherlqwr- 
IR (IO&-) 5.90 P (1695 an 1 hrmd 

M/e 268 (f)t) 
WIR (ml /ISO d6) 6 9.72 (6, 2H), broad, 6.32 (m, M), 3 78 (8, 6H), 2 20-2.30 (m, 5H). 

'Ihenkzthylester (aq2) gave: 
rw~ (-3) 6 6.31 (6, 3H), 3 76 (6, 6R), 3 67 (6, MI, 3.64 (6, 3H), 2 25-3 22 h SIO. 

2-(4Cartxmethoxy-3,5lnethyl)bu~~c Acid, (12) A solut.~on of potassl~n 
hvdrwude (48 93 a of 86%, .75 mrpl) m v (20 ml) methanol (200 ml) was a&&d to a soltion 
02 (8) (as-&&a&d in the previous step &rectly) 111 methanol (200 ml) at 00 The solutlonwas 
au&d to reach roan tanperature. After 24 hrs, themof the solventwas -edby rotary 
evaporatum at 25O. Water (4OOml) wssaddedtothevlswus resldueandtheresul~~spsrs~on 
wasextractedknthbenzene (2~4OOml). Thewllectedbenzen~layerswerebsckextracted~th 
water (2 x 100 ml). T?uzcollectedagwzusfrtionswerepaured~a mixture of ice (400 g) 
and cowentrati hydrochloric acld (65 ml). After5m.u1of5tu-rmgal.qudseparatedwhich~ 
6~an~tl~15mlncrystalll2ed. The solld was collected (63 36 g, 83.3% theory fran 
(8)) by vacuun filtratum and au dried TIfZ (eluentB) &~&one Wabsorb~spot. fis 
n&rial was found mutable for ozwersum to (13a) Recrvstalliza~on ( acetone/benzne) gave - 
lip, 188.5-190°. 
IR (KBr) 5.75 P (17391, 5.88 (1701 an-') 

m (ml3/md 6 6.53 (s, 2H), 3 82 (s, 9H), 2 00-3.20 (m, 5~). M/e 326 (Me) 
m. Calcd Par C15H1808: C, 55.21; H, 5.56, Found: C, 55.41, H, 5.67 

thaxr5.7-dunethoxr4-1,2,3,4-tettahydro-2- 
d.~v~ded ticld (12) (5.00 g) as ObtaLned 

thoic A&a, (13a). vw finely 
andwithcutfurtherpnlflcatlonfrrmtheprevi~5tep 

was st.ured *nth polypho@=ic acid (350 g, practlcal grade, asp 
3hrsuslngarotarywaporatorasmucer.'Iheyeilcwrea~~ 

mxlmately ~~4%3) at 60° for 

terperature, treat& With ice and 
mJxturewasbrcqhttoroan 

~teradequatetigwe700mlr&ntaining~25='. Ihesolution 
- alla*ed to standwemightat O-50. -Filtration and ~.IX dryug gave 4.23 g (90% t.heoxy) ($&I 
Reuy&llllza~csI (water) gavemp 17OO. ltl&j was amver&d to ester (13b) for characterizes 
IR (mr) 5 77 l.~ (1733) broad, 6.03 (1658 an I 

- 

IMR ((1x31 ) 6 9 52 (5, I.H, broad), 6.57 (6, I.f.0, 3.88 6, 3131, 3.86 (s, 3H), 3.77 (6, MI, 3.19 
(m, 3~1, a.85 (m, 2H). 

s. Calcd for Clfi6D7: C, 58.44, H, 5.23, M: C, 59.01; H, 5.42 8ee(l3J. 

Dimeth~1-5,7~4-oxo-1,2~3,4-~trah~dx7~2,6-na&thalened1carboxylate, (13b) Ester- 
lflcatlon of (13a) with drazanethanegave (m),ussdf &aracterization. 
RecrystiIllizaG (benzene /pet. ether) gave np 150.5-15I)f;o. 
w (m13) ?. max 240 rm (E. 136001, 27Qm1 (e 16600) 
IR (K&-) 5.80 P (1724), 5.99 (1669 Czn ) 
m (ai ) 6 6 57 (6, lH), 3 88 (9, 3H), 3.86 (8, 3H), 3.83 (6, 3H), 3.70 (6, 3H), 3.17 (m, 3H), 
2 84 (m, L). M/e 322 (&+) 

& ~alaj for C16H1807: C, 59 62, HI 5 63, Found: C, 59 72, H, 5 67. 
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4-o='-1,2,3,4--2.3,6-r,apb 
g, 5 -1) in benzMe (2 ml) was pw- 

) to a nuture of SodT;;;; hydride (.059 g, 1.4 rmpl as a 57% oil drsperslon), 
-1 carbmate (0.84 ml, 1 ml), ard benzene (5 ml) at reflux. After 1.5 brs the reaction 
muturewascooledandacrdrfled (O")~thaoetxcacld (.5ml). Water (.5ml)was&dedandthe 
801utXJnextractadultbbenzene(3x5ml). Ihecollected~layerswerewashed,drledand 
ev~atitogiveqwmta~tive~ ofslztingmaterial 

~1,2-dihydro-5,7+m&l~w-3-((2,~1)met&lene]-4(2H)~xc~2- 
Aeoluticmof 6aliun (.46 g, 11.5 ml) 111 

(1.66 g, 10 mpol)+(l3a) (1 54 g 
5mrpl)m methanol (25 ml). lbereactumwasstureYfor5daysat20-25°. lbe~~t&olwas 
r6uXedunderreduced Fdessuretog~~a~~b~syrupwluchtrwstakenupcsl~~(15ml) 
Iheaqueousrmxturewas extra&& t~lth benzene (3 x 50 ml) and then poured OntO ice (25 g). 
coploentrated ~acrdwascarefullyaddedvlthst.arruqm&ilabxwngunseparated 
frcxnaclearyellcvaolulzcm.Ihebrwngunwas~ard ~WhlletheS0lutFanWaS 
furtheracMiedwtilitbecaaecla&y. After3hrsat20-25°r+prcdu& (16) (.56 g) 
~1~~~largfine~yellaJneedleSandwasrnllectedbyflltratton. Thebrownguu 
was trrturatedvlthmethanoltiprodwe a pale yellcupcwder, (15a) (.62 g, 43%), wfuch gave a 
singlespoton~(eluentB)anaamelturgpoint~~than2300. 
IB (KBr) 2.93 p (3413 an-l), 3 75 (2667), 5.79 (1727), 5.86 (1706), 5.92 (1689), 6.00 (1667). 
Tluswas mnverted lmth2ester (156) forcharactenzatzn. - 

Din&hyl-1,2-dxhW~5,7+u&box~3-[(2,5+mzthow&enyl)&zhyl.~~~]-4(2H)-oxo-2,6- 
uubo?wlate, (Sb). Amuture of (15a) ( 

(.17 g, 1.23 maol), dimethyl sulfate (.ll nil, 1.16 mn?T, z& 
-92 ml), potass1un enate 
acetcme (15ml) was refluxed 

for 7.brs. Imefuterea~~eol~~saveuponevaporatw*1Id~~~ofmethanolrhan- 
boidal plates (.137 g, 85%) q 170-l'2°. 
w @xxi) x nmx 206 nn (c 46600), sh 24p nn, 1112~~ 304 nn (E 19600), sh 372 nn. 
JR @&-) 5.80 u (1724), 6.00 (1667) cro' ) 
m (~1 ) d 8.02 (s, lH), 6.89 (s, 3H), 

(5, &), 3.77 (s, 3H), 3.74 (8, 3H), 
6.55 (8, IH), 4.17 (m, lH), 3.94 (8, 3H), 3.90 (8, 3H)r 

3.87 3.61 (s, 3H), 3 23 (m, X). M/e 470 (I@) 
&& calcd for C25H260g C, 63.82, H, 5.57, Faund: C, 63.46: H, 5.65 

&thy1-5,12-dlhY&Y612~1,3,7,1O-~tr~2-nap~xylate, (17) 
~mxture of (15a) (-222 4) and scd.uxu chloride ( 178 9) was finelv aiLverned and lzkaa@d~ 
m wrth ~j$n@r-& acid (25 g) at rum l&p&&re for lO~m&tes Therenil&- 
mucturewas stizred at4O-45O for 2 hrs usrngarotaryevap~atorti1~0led Ice (25 g) was 
&&.dandtlK?mlxturestlrredIwu.n~uluKj<22~ The @mrlc acid solution was shaken with 
cold ether So, 50 ml). The resultuqprecipitatewas collectedbyvacuun flltraticm,M 
*nth ice mldwater andether anddrledunder rutrqentogive @denyell~nucromzedles 
(.197 g, 92%); np 272-275O dec. @. 'I+us p"9"d is oxygen-yltwe. 
IR (KBr) 5 78 p (1730 an-'), 6.02 P (1661 an- 1, 6.16 p (1623 an' ) 
w (EtM) X IMX 226 nn (E 28500), 242 nn (19700), 263 1111 (23300), 297 rm (21800), 410 rm (6200) 
twFX (DMF-d7) 6 11.02 (s, lH), 8.60 (8, Ui), 7 20 (1H) unnzsolved, 6.98 (IH) unresolved,693 
@,)ui), 4 37 (8, 2H), 4 14 (6, 3H), 4.02 (s, 3H), 3 91 (8, 3H), 3 58 (s, 6H, M). M/e 438 

Anal.CalcdforC H 0. C, 65.75: H, 5.05, Fcund: C, 66 17:X, 4 72. For further mass 
6pe&Zicharacterlzat28n?2(?7) wafz fully n&hylated 
witch &u.biteilM/e 466 (M+)xwould be expf~I& for 

Thrs work was sqqoti 1~1 part by the Natlonal .~clence Fcadatim, &ant No CliB-76-05757 

frrmtheNatronal~~OfHealth,andthe~lan~Soclety. 

1. 

2. 

3. 

4. 

5. 
6. 

~raast~gyntheslsofatetracyclwlsthatofoxytetracycrw,~chbearsa 
~~~rQ&~(~the~l.lqayatwsee~l3belax) Thesynt&?s1s0foxw 

IlltheregularlCeeneS,ayntheses aurentl~prooeedvla~. Forrecent*rorksee 
Fb&erelXX 4. A~of'PCcheaistryisqWnylReferenoe5. 
H. Mncfeldt, G. Haas, G. m, G. F. Kathawala , J. B. Moberry, end E. Vede~s, J. Am= 
chaa. See., 101, 689-701 (1979). 
H.Wxfeldt,H.Dcpp,J E.m,J.Md=r,P.E.Hansen,A Sasak,T.Ge==,~ 
Qlen. Int. Rl., 2, 497-499 (1973). 
D.L.J.Cl.ive,#art Rev.~.Soc.r 22, 435-456 (1968). 
R3OUZ.)olaJled9e,ollyaverylinuted~Oftetracycl~aMlogshavebeensubJectedto 
Btructure-z&&y St&es -SeeRzference 7. 
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7. 

8. 

9. 

10 

11. 
12 

13. 

16. 

17 

18. 

19. 
20. 

21 
22. 

23. 

24. 

25. 

26. 
27 
28. 

29. 

31 
32. 
33. 
34. 

35. 
36. 

37. 

R K.BJ=J-J-% A.R.FnglxshmD.Perlman (m.) "structure-~v~ty~~~~ps~ 
meSmlsYntheticAntxblotlcs", Acadenrcr New York, pi 397-426 (1977). 
Slosyntheslsof7-cNororrhasbeenst~~ylsaaedeti~11. 
~ferences 9-10. lhe rvmlal 

~raaqxetmsivemewsee 
precursoeof7*~tet=wmels6llle&ylpretetr~de 

~lY,~parentpretetrmude1simrolvedmb~osynthesesof6_denethyltetracyc~. 
J. R. D. HSxnuck III D. Gottlxb; P. D. Shaw (a.), “Antiotics. vol. 11, Bm 
b”, %=q=, NEW York, up 113-122 (1967). 
C.RHUt&lnson , 111 D. Gottlieb, P. D. S&w (Eds.), "Antilotlcs Vol. Iv. 
~rmger~ NW York, pp l-11 (1981) 

Brosynthesls", 

J. R. D- Mocorrmck, s Johnson, N. O S~olander, J Amzr. C&m Sot., es, 1692-1694 (1963). 
Thatlstoaay,straFns~~donothaveametabo~cblockatthemethylatroPl~. ti 
~~~capab~OfsynthesrsOf~,~chmneaFnthe6arethylgroup,&~,~, 
~~arefed~chlack~feature,theme~graupcannotbem~,~~ 
amethyllcszu-e~ 
Inkothtetracyclinesandpretetrrmudes, 
asstrml. 

theringsaredeslgnatedAtoD fmnrighttileft 

tlxrefore, 
Pretetrmudes are derivatmes of 2-m- 
m at positums 1,3,10,11, and 12. 

*hydmocy1g=4=, 

J. R D. -cJb S. J-, N. 0. S~oLander, J. Pmer. Chem. See., es, 1692-1694 (1963). 
Par the ring ~lature,seemte13. 
R. K.Blaclarwd, A. R.Pngl~sh, mD.Perlmm (Ed.) "structure-mvity~elam- 
meSenlsyntheticAntilot_lcs", Acadermcr New York, up 397-426 (1977). 
Syntheses of pxztetrti ad 6mzthylpr&&mu de are given 1~1 tbe three follmmg refer- 
enms. Intheflrstoftkse,thermgDsynt$nn~s3 
analogsa=by~~ easily synthe5lzed. 

+YdmXy@mc ~xI.e, forMuch 
ThesecondsynthesisstartsmthrmgDand 

buldsontheother rugs sewzntmlly. Thethudsynthesxi,tile 
oonslderablenunber ofsteps. 

axweqent,lnvolvesa 
TherrngDsynthonwouldbe aderwatweofl,5-naphthalene- 

&ol, for wlm2h analogs sat.mfactoxy for thxs 5ynthesls are not 1733~1~ dd2md. 

J. R. D. --ck J. R---t S Jchnson,N. 0. S]olander,J. Amer.C!hen. Soc.,E, 
1694-1695 (1963). 
J. A. Muqhy, J. SW, J. them. Sot. Umn. Cbmm., 1166-1167 (1979). 
D H. R. Barton, P. D. Magnus, T. Ha=, J. Ckm. Sot., fi, 2215-2225 (1971). See note 17 
above. 
Fortherludzr~systan,seenote13above. 
J. R D F+kConnmk, 3. Pelchenthal, S. Johnson,N. 0. S~olaMe.r, J &mzr. Clmn Sot ,g, 
1694-1695 (1963). 
0. H. R Barton, P. D. Magnus, T. Ha=, J C&n. Sot , fi, 2215-2225 (1971). See note 17 
above. 
J.A.Murphy,J.Staunton,J.Ckm.Soc Ckxn Cumm, 1166-1167 (19791, D H R. Barton, 
P. D. Magnus, T Hase, J. (hem Sot., m, 2215-2225 (1971). gee rxz& 17 above 
IheCklgMId~rodch~ sucxxssful~Yusedmthesynthe5lsofl5~cmde~~~n 
follcwlIq reference. 
M Braun, Anqsw Chen Int Ed., 11, 945-947 (1978). 
A-, R: I#x.nsm, J. Ckn Sot , 2196-2206 (1927). 
medinwmxyester~was~~mtheabovereference. 
tobeuqxmedvlauseofKC03andMe2S34ulaoztme. 

Wefoundtheyreldandpur~ty 

D H. R. Barton, P. D. i'%In& T. Ha=', J (hen. Sot., &, 2215-2225 (1971) Seemte17 
above. 
Lxtzrature preoedentsuggests that the tetralone couldbe cxxmrl&tothea-Mphthol 
catalytically (Peference 31), or that the tetralone couldbe brunumted (Reference 32) and 
thebrarrotetraloneconvertedtoana-naphtholuslng~~acetate(~ference 33) or N,N- 
d.methyI.an~lme (Rzfereme 32) 
R p w, K. 0. A. M~dWlls, J. Chm Sot , 1134-1139 (1940). 
F. mllpfeiffer, A. Wller, Berlchte, 68, 1169-1177 (1935). 
P. S-U, O. eemxrlly, P. mutner, Annalen de-r Cknie, 444, 165-194 (1925). 
& a~l,vepreparedl,4~~-2,3-naphthal~car&q~c aclaethyl ester accom 
totbe follmmgreference, andconwxted it easily tithe co- anhydrIde 

A. H. m, U. S. Patent No. 2,415,884, Feb. 18, 1947. 
Wewouldexpect the beta-ketcester (14) togive a posit.xve testbeca~of~llzatic"" A 
typlcalexperlment~smg~in~i5gl~~n~~~~~ m 
~~~~D~~~n~~~teexchangeofthealpha-~ ofthetetraloJ=~ 

. qwnchiqstudies,agoodexchaweof~alpha-w 
(0.6 eg.) wan a&UWedtith Uhi~ndrisop~M& in'~~af1~~0olY 2mi.11 atEmkient 
terperaturr; hauwer,attenptstoreact~enolatewith~lchlorofornvltestillresulted 
inreaweryof *pure startingmaterial. Traoe muur~tsofpIoducts~~~ k& 
nmehadapositwePeC13 reactmn LaterexpermentsindScatedthat~~~teof~ 
t&ralom function incarkmcyl.icac~d (13a) must formurxkrrelativelypu~~~~ (- 
ln Mew. Sati5facmxyrextlonswere absented for the emlate and benzaldehyde or2#5- 
c,but~weattenptedtousethisbase/sol~~uratranonthe 
~~tetraloneest.er(~) togiveareacticmwxthdmzthylcarfxara~~ ag- 
fwentiallypures~~~~wasreowered,even after 72 brs of reflux 

nb?thamllc solutlon,bmzaldeh@ qpearedtobe~lY 
~s~parentbenzy~d~derrvatiwoftetralcneacid (@$- 

~~agmdcand&keforcycl.i.zationtoaPTtype, 2,5wasd 
asthesynthm. 
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38. 

39. 
40. 

41. 

42. 

43. 

44. 

Al~ortecould~outthe -tian~~nrethoxxdS CetalySlS lnmethSno1, the 
~~~stepitself~~~,wh;lch~dleadto~fo~tionandester 
L%qxmif~catim,ti&mxlldgiveamuchrre of products 
IdcYltifledbypC,IRard nIalt.mgpolnt. 
'Ihe rsng A ester xacts 80 skwly that a selective sapm&ficatxm of (13b) to (13a) x6 quote 
feas3bl.e. %tU8pRZ5SllklybSU55dto 
the olxc acid (lfia). 

comrert the benylidme tetraloiiF&estiT~~ to 

meusmlxeau.ltofthe~ cmdensaticmistigweanE-alkem. Altlmqh 
~mtheplanarrepresentationhere,theall~~cacld of I16a) e.g my 
mt2ltemaddi~cuItithagmaphlngoutofplaneduetothe T hybridiZ&moflhs 
atUchsdo&mn. oataa,am~leal&l uxIdmsati= 15s1venlntk foltiref-. 
~0fcyclJzatxmalsosl@@~theE-form 
H. 0. House. "mdemmlth?tlcReactuxrs", Secor&Bd~tmnrBen~zmun, -Park, CA, 635, 
(1972). 
-1cmofenedrone (2) tonrhVdroMphthaoenone @) 1s dxfflcultto oonmlve of wltbut 
paaswthmuSfadsecond= 

OR 0 

OR 0 OR 

R=Me 

wimhmuldbeexpectAtoyieldamcture 

?A 

of (17) and (91, wilemasonlyoneof thfxewas 

(2JO cxwams aphemAu2 functxm mrmgBaswellasrmgC,precludmg 
anyselectzw2oxuAatxmofrmgC Wlnledhydmqhtha~ 
rmgC,avoxdanceofenoh.zM.mnofruqB(and 

(lJauldbeQxuhedln 
subseqmtoxAatmn)mu.ldappeartobea 

slgrufi~t@hn. ~bestapproachappeamAtibevra uawxizatmnof thebenzqlic 
-alone system (15b) to the folhnq naphthl denvatwe, - 

R=Me 

poorly refiObkt bands at Rf h@xr than the SfiCukuq material in ehent B, exhibited -_. . 
pomtlvePpLJl3 tests. 
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45. As described 1~1 kbte 30, tew syntbns have been amnatized either duectly or via 
hd.ogCmt-lon/a loseMtlm sucfipmceduresapplledtothe~aloneester (m) 
shculd yield the follumq mph&d. 

R=Mc 

In~~ofaCl~tatthepositJon~catedbythearraJcouldbeachlevedbythe 
cl.asslcal techruque of a.llylat.lalof thenaphthol fllxtlon, followdbyclalsenxearr~ 

uamnzatmn of the resultant C-ally1 gnxp, am3 
46. ~ifxally, one shuld be able to pmduce 

slheqwntozonolysls. 
~thamrmsofthegeneraltypeskm 

0 A 

prwidedgrarpsAandCal~11ll~altetra~fo~~,andalsop~l~thatgroups V 
ardXallcwcyclualxonof the uke.m3%atekmzylidene tetralone 

47. A variety of different benzaldehydes areelther axmwxcmlly avalable or else easily 
Surpleranalogsof our tztralone carimxylrc rtcld (13a) havealsokeen 

syntheslzedvLathestobbe amdensatxmofabenzaldehyde derlvatlvewlthsuaxnate, 
followed by Jxluctlonofthe ~atebenzyhdene succmicacldderivative. Tfie 
fou.anng referewes =pertlnent lbeflrst,Feference 48, 18 a general one. Ikference 
49 describes a 5,Ew derivatweusedasananthracyclmonesynlhn. Ikfermce50 
~~al-methyl-5-chloro-E~~lethoxylogwfuchwasusedmanhydroaureanycin 
SyntheslS. 

48. E C. ?Iornuq, G N walker, J &?u?r. Ck!m B~c., 3, 5147-5151 (1952) 
49. C. M. Wang, R. ScWenk, D. FW=n, ad T -L. Ho, Can. J. Chew, 51, 466-467 (1973) 
50. H Wxfeldt,E Jecobs,K.UhlW, b. Ber P 

10~ L3ck3ngthe l-methylkmsalso~ 
95, 2901-2911 (1961j- Tcle smpler tetra- 

51. ~lmtal a~ly~es were performed by Gal.bradh Laboratories, Inc., Xmxmlle, lknn Wlturg 
polntswms obs.emdcmaXoflerMlcmHotste~andareuxrectd. 
N4Rspectrawx-e c&zuneduslngthe Varlan MrlOO-15 axxltheParkm-Elmer R32 spectmneters 
lm.ngmSasthe lntemalreference~. IRqectrawere &tainedontheSeckmnrR5A 
a1xIthel'erkinFilmer621spectraneters So~d~samphswe lxnurMllyl% solutlals in 
potass~~~~and~prrpared~lhaWllksrrmu-press;llquidswples~~ 
neat on 25mn scdmnchlorrdewmdows. * C=y 14 spectmmtzr was used to ~LIIZM visible 
and ultraviolet (UVI spectra. MassspeztrawretahmontheH.~tach.~-Perkm-ELIU8J6S 
lnstrunentbykssrs Mxhael~,~rdon~, tiRichardIhnphyoflbpleUmve.rslty. 
~.u~~~~~~-r~nmd~~hghpurity, dw-grademtwm unlessothexwm qeclfled. 

52 D. H R. Bartm, p. D. mgmx, T. Hase, J. Ckn Sot fi, 2215-2225 (1971) Seem&e17 

53. , R_ am, J Ckm SOC , 2196-2206 (1927). 
54 A. w, R. ~mson, J Chm SoC , 2196-2206 (1927) 
55. w acids bdverypoor solubllrty chdrdd.er~st.~c~ 1~1 s.llarrm~nM~solvents, andWere 

convert& to esters (cn2N2) for Mfzdmacterlza~. 


