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m- 4-Azafluorcncs bearing a mclhoxy group at C-5, -6, -7 or -8 and a mclhyl a1 C-l or -3 wcrc 

synlhcsizcd by thcnnolysis o l  0-crotyloximcs of approprialcly substitulcd inr1;ln-I-ones. Thc corrcsponding 

;~afluorcnoncs wcrc prcparcd, and lhc methruy-l-mcthyl-4-ilz.~fluoren-9-one lsomcrs wcrc 0 -  dcmclhylalcd. 

Thc proton nmr, uv-visrble and mars spcclra of these compounds support the structures assigncd lo thc 

marc complcn azafluorcnonc alkaloids kinabalinc, dwrcninc and macondinc, and provide arldilional 

gudclincs lor thc s~ruclwc clucidalion of other natural producls belong~ng lo this class. 

Recent work in our laborawry has lcd to the isoUation and structure elucidation of lour phenolic ;vafluorcnonc alkaloids 

from the Malaysian Meiogyne vtrsalal and from an Oxandra spccics from the Darlcn rcglon ol Colombia originally 

recognmd as close lo 0, rnalorZ and reclassified more recently as 0. xylopioides (Annonaceac). Thc spcctroscop~c 

sludics carricd out on thcsc co!npounds lcavc no doubt lhat they are dcrivalives of onychinc (I-mclhyl-4-azafluoren- 

9~onc  or 4-methyl-511-indcno[1,2-b] pyrid1ne-5-one),~.~ but allhough the posilions of thc hydroxy nnd mcthoxy groups 

on thc benzene ring could be dcduccd lrom the nmr spectra of these subswnccs, the lack of litcrnlurc preccdcnl in this 

serlcs begs lor same synlhctic support for thcir suuclurcs We Lhcrelorc decidcd lo prcparc lhc lour bcnzcnc ring 

monomcthoxylalcd onychmc analogues and the corresponding phcnols so lhat morc complclc nlnr analyscs could bc 

carrlcd out and for compnrrson of lhc~r elccuonir: s p u n  wllh thosc or h e  subnanccn from Memgyne and Oxondra 

0 1  the previously dcscribcd anychinc synthcscs, the classically dcsigncd schcmc 01 Bowdcn ct a ~ . ~  could bc cxpcclcd to 

givc mlxlurcs of isomcrs diltcring in the position of lhe benzcne ring substilucnt, an undcsmblc silunlion in lhc prcscnt 

conlcil. Thc Prosukov synthcsis6 sulfcrs from h e  samc drawback, compounded with "cry rigorous reacllon condiliuns 

which tn~ght make ihc isolation of mclhoxylaud dcrrvalives impossible. On ihc othcr hand, Lhc ruulc dcscrtbcd by 

Koyam cl d.? which involvcs lhc lhcrmolysk of oximc 0-ally1 cthcrs as lhc kcy ~ t c p , ~ ~ ~  could bc hapcd lo allord lhc 

clght mclhoxy-I-(and 3-)methyl-4-azafluorcnes in moderale y A d  starting lrom (he caslly acccss~ble 

mclhoxyind;~n-I-oncs. No ambiguity cxisls regarding lhc subslilulion of the bcnzcnc ring in lhc products of this 

rc;lcuon, and wc iinltcipalcd that thc oxldalion cmf thc azafluorcncs lo uafluorcn-9-oncs wuuld pose no problcm. 

5~hlcllioxy>nd;1n-l-onc was ava~lablc commcrc~ally. Wc oblaincd 11s 4- and 6-mclhoxy isomcrs by classical 

~ n ~ c l l ~ o r l s . ~ ~ ~ ~  11 should bc swtcd hcrc hat  a morc rcccnl. poorly dcscribcd and roundabout roulc lo 4-mclhoxy indan-l- 

oncll ollcrs no advanlagcs. Thc 7-mc0,oxy cm~pound was obtained by a mcthod adaplcd Irom lhc ~ i l c r a l u r c ; ~ ~ ~ ~ ~  we 



have includcd lllc proccdure in the expcr~menlal section as Lhc delails have not bccn published previously. 

0-Crolyll~ydroxyla~n~~c was obtaincd as dc~cribcd.~ 

Tbc firs1 stop in our synihelic program was the preparalion of the 0-crolyloximcs of Lhc four indanones. 

7-Mctboxyindnn-I-onc gave a single oxime, presumably !he (a isomcr, wllich could bc cnplaincd by h e  slcric repulsion 

bclwccn lhc mclhoxyl group and the bulky subslilucnt on Lhc nascent onime Iunclion. In the cascs of lhc 4.. 5- and 

6-mclhoxylatcd subslanccs a mixlurc of gcomclric isomers was formcd, resolvcd cl~ro~natographicelly and lhc producs 

charnclcriscd. It should bc poinlcd out lhat the pairs of stcreoisomcrs differ lnarkcdly in Lhc chcmical shills of the 

bcnzcnc ring protons at C-7. Alll~ough no dircct prooi is available at lhis limc, il sccnis rcasonablc to assume lhat thc 

H-7 resonance undcrgocs a largc downlicld shift due lo the ( E )  oximc funclion, whilc in lhc casc of lhc (Z) isomcrs lhc 

dcshiclding allribulable to the lnagnclic anisolropy of lhc oximc group 1s counlcrbalanccd by diamagnedc shielding due 

lo lhe bulcnyl subslilucnt. Enpcrimcnts in which lhe i? and Z isomers of ihc 0-crolylox~mc of 5-mclhoxyiodan-I-one 

wcrc lhcrmolyscd scpar;llcly showcd by TLC llm ihc oxilncs arc inlcrconvcrlctl a1 lhc lclnpcralurc rcquircd for ring 

closure nnd lhnl llicrclwc lhc salnc products arc ob~ incd  in praclically idcnlical yields rcganllcss of h e  slcrcochemislry of 

ll~c slwling malcri;ll. Conscqucnlly, lhc unresolved lnixlurcs of slcrcoisomcrs were uscd in l am work. 

We carricd out Lhc Lhcrmolyses uodcr air at 170~180°C as dcscr~bcd lor onychinc and 11s i s o l n ~ r s . ~  The pyridine ring wm 

nor rorrncd a1 Iowcr icmpcrames, and at 2WDC lhe rcaction mlxlurc bcca~ne an inlraclrrbic Wr, so we relainwl heoriginal 

coridilions ll~rougl~oul. It should bc noled lhal the oximcs are appreciably volalile undcr Illcsc conditions. and that tho 

lubcs in which the ll!cnnolyscs arc carricd out must either be sealed as in the lilcralwc rcfcrcnces4~' or, more simply, b? 

covered wilh a wcll-filling funncl lo ensurc adcqualc d u x .  In each casc, lhc cxpcctcd mixture of 1- and 

3-lnclltyl-4-azafluorcncs bcadng a ~nclhoxyl group nl Lhc approprialc posilion of lhc bcnzcnc ring was oblaincd, but lhc?e 

subslanccs were accompanicd by 1hc rcspcc~ive azalluorcn-9-oncs. obviously forlncd by air oxidation of ihc initial 

producls. In lllose cases in which larger atnounis of Lhc kctoncs wcre rcquircd, thcsc wcrc prepared by oxidalion of the 

wafluorcncs will) KMn04 in acelone at room tcrnpcrature. 

0-Demclhylalion oCmel11oxy-I-mell~yl-4-azafluoren-9-oncs 9-12 will1 48% HBr afru~dcd h c  corresponding phcnols.14 



HETEROCYCLES, Yo1 27, No 2, 1988 

SPECTRAL PROPERTIES OF BENZENE RINO-METHOXYLATED 4-AZAFLUORENES. 

The proton chemical shifts of the azduorenes 1.8 are summarized in Table 1. It can be seen that the pyridine ring AB 

sysrem (J2,3 = 5.1. J13 = 7.6 Hz) allows the 1- and 3-methyl isomers to be differentiated quite easily. as an a proton 

(H-3) resonates 0.7-0.9 ppm funher downfield than a ypmton (H-I). The C-methyl group, similarly, resonates at lower 

fields when it is located at C-3, although the difference is only about 0.25 ppm. The methylene protons (H-9) appear as 

a singlet which is at somewhat lower fields in the isomers bearing the alkyl ether function at C-5. It is noteworthy that 

the methoxyl at C-5 is the most deshielded of :all due to the proximity of the pyridine ring, whilc the C-7 methoxyl 

group appears somewhat funher upfield than the others. 'The benzene ring proton resonances are almost unaffected by rhc 

position of the C-methyl, but the signals of the protons on the pyndine ring seem to shift slightly depending on the 

position of the methoxyl group. 

Table 1. IH Nmr chemical shifts (6. ppm from TMS) of methory-substituted 4-azduorenes 1-8 

(500 MHz, CDCI3). 

The uv spectra of the azafluorenes 1-8 (Tables 2-9) are characterised by suong absorption near 210 and 300-310 nm, wilh 

several intervening maxima or shoulders whicll are almost always less intense. It is probably significant that thc 

long-wavelength absorption bands of the isomer!; methylated at C-3 occur several nm closer to the visible region of the 

speclrum. Upon adding acid, the intermediate portions of the spxtra are flattened by a series of batho- and hypochromic 

effecu, while the long-wavelength maxima are shifted towards the visible region by about 30 nm with slight intensity 

changes of either sign. 

The general appearance of the electron impact-induced mass spectra (EIMS) of these compounds is independent of the 

position of the methyl group on the pyridine rin;g. Two exl~eme situations may be distinguished, however, depending 



l'nble 2. Uv -visible speclral dam o f  I-meU~yl-4-amnu0~~nes 1-4 (in ELOR), in nm. log E i n  parcnlhcscs 

HCI addcd. 

Tablc 3. Uv -wsiblc specual dam of 3-melltyl-4~azanuorcncs 5-8 (in ELOH), k,,,_ in llln, log r in parcnthescs. 
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on the location of the methoxyl. When this group is attached to C-6, -7 or -8, the molccular ion gives h e  base pcak of 

the spectrum (or, in the wsc of 6-melhoxy-1-mclhyl-4-azalluorene. a signal with an inmnsity of 90%). The dominant 

fragmentation process is the loss of a methyl group from the molecular ion, a reaction which sccms to be lacilitatcd in 

the 6- and 8-methoxy compounds. A fragment formed by loss of 29 m.u. from the molccular ion, as sccn in the mass- 

analysed ion kinetic energy (MIKE) speclra, barely exceeds 3% rclative abundance. The [M-11 peak appears with 

intensities between 4 and 218 when the methoxyl is at C-6, -7 or -8. On the othcr hand. when the mcthoxyl is at C-5 

the molecular ion is less abundant (77%) and the [M-ll ion gives the base peak. Here the loss of a methyl group from 

the molecular ion is a very minor process (2 to 4% rclative abundance), whde thc loss of 29 m.u. from the molecular 

ion and also, with a somewhat lower probability, lrom thc [M-11 fragment, occurs rathcr easily. Doubly charged 

molecular sons and major Gagmenu arc commort leaturcs in these spectra. 

SPECTRAL PROPERTIES OF BENZENE RING-METHOXYLATED 4-AZAFLUOREN-9-ONES 

Thc 'H nmr chcmlcal shills and multiplicities of the methoxy azalluorcnoncs 9-16 are shown in Tablc 4. The pyridinc 

ring proton resonances again make the 1- and ?;-mchylatcd isamcrs rcadily rccognmblc, although in thcsc subslances 

H-l  is slightly dcshiclded by the carbonyl group, and H-2 and -3 tcnd to resonate at higher fields. The C- l  methyl 

resonance is displaced to such an extent that it becomes indislmguishablc from its counterpart at C-3. As with thc 

azafluorcncs, the bcnznc  ring proton chcmical shills arc practically unatlccted by thc position o l  thc C-methyl group 

On h e  othcr hand, the inuduclion orthc kctont: function causes predictable displacemcnls of these resonances: H-6 and 

-8 are dcshieldcd by up to 0.2 pprn in compari:jon to their counterparts in the azafluorene scrrcs; H-5 is unexpcctedly 

shieldcd by as much as 0.3 ppm in all thcsc subslances, and a smallcr effect is noticeable on H-7 when C-6 bears a 

Table 4. IH  Nmr chcm~cal shifls (6, ppm from TMS) of benzene nng-mcthoxylated 4-azalluorcn-%ones 9-16 

(500 MHz, CDCI3). 



mcthoxyl group. The deshiclding of the C-5 methoxyl by the neighbouring aromatic hctcrocyclc, which is also clcarly 

observed in the azanuorcnone serics, is somewhat larger than thc comparable effcct of the carbonyl group on the C-8 

methoxyl. The  C-7 methoxyl group resonillcs uplield from all the others, a s  in the casc of the corresponding 

aunuorenes. The position of the methoxyl group alfects the pyidine ring proton resonances to a small extent, as noted 

lor the azafluorcncs. 

In the uv spccva of the azafluorenones (Tables 5-6),  the dominant peak occurs between 242 and 248 nm wilh the 

exccplion 01 the 7-mclhoxy compounds, w h e n  it appears near 260 nm. A doublet in the vicinity of 290 nm is relatively 

weak in thc 5-, 7.. and 8-mcthoxylalcd isomers, while in the 6-methoxy compounds iU intcnsny approaches that of the 

major peak. Thc ncar-visible absorptions of the 3-methyl Isomers appcar at slightly longer wavelengths, as for the 

azailuorcncs. Acid-induced balhochromic shifts of the long-wavclcngth maxima of about 25 nm, with lilllc change in the 

gcncrally low extinction coellicicnt, are clearly visible only in the spectra of the 5- and 7-methoxy isomcrs, where thc 

substitucnt is orrho orparo wilh respect to the 2-pyridyl moiety. 

Thc cims of thcsc subs l~ iccs  fall into thc same two major groups as those of thc uzafluorcnes. Hcrc agaln, the [M-ll 

ion gives the basc pcak whcn the mcthoxyl group is locatcd a1 C-5, but is much lcss prominent in all othcr situations. 

Thc loss of a mc;hyl group from ihc rnolccular m n  is only ravorcd whcn ihc rncthuxyl group is locaul at C-7. in whtch 

casc ncithcr the molccular ion nor the [M-I] fragmcnl lose a presumcd COH fragment easily. This moiety leaves the 

molccular ion and the [M-I] lragmcnt of the othcr isomcrs ralhcr rcadily, and in the casc of the 8-mcthoxy compounds 

accounts lor lhc basc pcak at mlz 196. It must bc rcmcmbcrcd lhat the nukes o l  lhc molccuklr ions and the M-l 

lraglncnls of thc 5-rncthoxy-4-azafluorcncs explain thc intense pcaks a1 mlr 182 and 181 as resulting from the loss o f a  

29 m.u. ncuual lragmcnt which cnnnot involvc a carbonyl group. The extrusmn of CO from the arafluorcnones does 

not appear lo be an lmporlant primary proccss, judging from the mikcs. As with thc azanuorcnes, doubly charged major 

ions arc usually dclcclcd. 

SPECTRAL PROPERTIES OF HYDROXYLATED 1-METHYL-4-AZAFLUOREN-9-ONES 

Will! the cxccplion of thc ~nuamolccularly hydrogci~-bondcd 8-hydroxy isomer. thcsc compounds wcrc rather insoluble in 

CDCI3. We thcrclorc rccorded their IH nmr spcctra in CD30D, and for this reason Lhc chemical shills arc not suictly 

compnrable to those rabulalcd for the methyl elhcrs. Neverlheless lhcse results, summariscd in Tablc 7, show the same 

gencml vends. 

The uv-vis speclra of thc benzene ring-hydroxylatcd I-melhyl-4-azafluoren-9-ones, rccordcd in ncutral or acid solution, 

showed similar fcatures to those of the correspondmg methoxy compounds. Upon adding base, however, all isomers 

exhibited vely large bathochron~ic shifts of the longcsl wavelength absorption band which cxtcnded well into the visible 

region. This eflccl could bc observed wilh thc naked eye, ;IS the practically colorlcss solubons in tho spcctromctcr cells 

became distinctly colored when NaOH was added. The specva of the alkalinc solutions of the compounds bearing a 

phenol lunclion at C-6 or -8 showcd a fairly intcnsc absorption band ncar 450 nm. Whcn thc hydroxyl group was 

locatcd at C-5 or -7, (his band was considerably weaker, but shifted lo about 500 nm. These rcsulu are summarised in 

Tables 8 and 9. A furlhcr diagnosllc criterion for thc presence of a hydronyl group at C-8 is thc AICI3-induced. 
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Table 5. Uv-vtsible speclral data of I-mehyl-4-:1zanuoren-9-oncs 9-12 (m EtOH). A,= in nm. log s in parcnthescs. 

HCI added 

Table 6. Uv -visible specual data of 3-methyl-4-zafluarcn-9-ones 13-16 (in ELOH), Lax in nm. log E in parenheses. 

a HCI added. 



acid-rcvcrsiblc b;ill~ochromic shin of Lhc long-wavclcnglll band lo 450 nm. 

Tablc 7. Nmi chcm~cal shills (6, ppm lrom TMS) o l  bcnmnc rlng-l~ydroxylalcd 1-1nell1yl-4-uafluorcn-9-oncs 

(17. 19.20, 500 MHz, 18,200 MHz, CD30D). 

H-2 

FI-3 

H-5 

11-6 

tl-7 

H-8 

CH) RC 

17 5-011 

18 6-OH 

19 I-OH 

20 8-OH 

The eitns of il~ephcnols arc characlcrised by slablc molecular ions whicll give ihc base pcak in evcry case. The fragn~cnl 

pcaks arc all quiic wcak wilh thc cxccplion or Lhosc due to the LM-CO] ion, documcnlcd by mikcs, in lhc 5.. 6-, and 

8-hydroxy isomcrs (19.36%). 7-Hydroxy-l-1nclhyl-4~azafluorcn-9-onc, on ihc conlluy, docs no1 give an appreciable 

[M-COI lmgmcnl, and 1hc inilial loss of COH 1s prcfcrretl, followed by dccnrbonylalion. The COH group is lost from 

the [M-CO] ions in all the oil~cr cascs, followcd by lhc enlrusion of RCN. Considering Ll~c ratio of ihc intcnsilics or h c  

pcaks at miz 183 and 154, lllc [M-CO] ion sccms lo bc much lcss slablc in lhc cascs of  LIE 6- and cspccially the 

7-hydroxy isomcrs. 

NATURALONYCHINE DERIVATLVES 

Our spccuoscopic dala lor the simple bcnzcncring-mchoxylalcd and hydroxylalcd I-mclllyl-4-mafluoren-9-oncs should 

bc hclpful in h e  suucturc clucidalion and lhc inlcrprclalion of thc spccua of new alkaloids belonging lo [his class. Thc 

mom sublle cllmls of polysubslilution on lhe 'H nmr and Inass spccua may not be casrly prcdiclablc, but Lhc uv-vis 

spccua olonychinc ilcrivnlivcs can bc consiilcrcd as a vcry usclul indicelion of lhc posilions o l  hydroxyl groups. The 

appcamncc in lhc spcclrum, allcr adding NaOH, of an absorption band about 450 nm wilh a log E in [he 3.4-3.6 range 

poinls lo thc prcscncc of a phcnol lunclion at C-6 or C-8; Lhcse two possibililics may bc dislinguisl~cd by llic 

A1CI)-inrluccd shift 111 lllc spcclrum of 8-hydroxylalcrl azanuorcn-9-oncs. I1 thc basc-sllilad spccuuln instcad shows a 

lnucl, weaker maximum near 500 nm, will1 a log E o l  abou~ 2.6, il may be concluded ilia1 lhc hydroxyl group is situalcd 
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Table 8. Uv-vis data of I-mctl~yl-4~zanuoren-9-ones 17 and 19, bearing a phcnol lunclion nzera 

with rcgnrrl to thc carbonyl group lin ELOH), A,,,_ in nm. lag E in parcntheses. 

a llCl added; b NaOH added 

Tahle 9. Uv-vis dnta of I~melltyl-4-anafluoren-9-ones I8 and 20, bcarisg a phcnol lunclion pnro or 

orlim will) regard to the carbonyl graup (in ElOH). A,,, in nm. log r in parenlhescs. 

18 ISa 1Sb 20 20' tob 

HCI added: NaOH added. 

- - 4 1 5  



at C-5 or -7. It must bc kept in mind, howcvcr, that stronger absorption at this wavelength (log E approximately 3.8) 

may indicate the presence of a 4-azafluoren-3-01-9-one chromophore, as in dielslne.16 

6-Mcthoxyonychinc (10) (6-melhoxy-1-mehyl4-mafluoren-9-one) has been ~solatcd from the Amazonian t e e  Guarrerjo 

dielsiana.16 and tho revised suuclure of this natural product was confirmed by thc synthesis described above.15 

Onychine and several of its natural phenolic derivatives have been isolated in our laboratory, and the structures of 

kinabalinc (5.8-dimctl~oxy-6-hydroxyonychinc) from Meiogyne virp1a.l darienine (5.6-dimethoxy-7-hydroxyonychinc) 

and macondine (7-l1ydroxy-8-melhoxyonychine) from Oxandra xylopioides2 are surficicnlly wcll established. The 

gcncral features of the IH  nmr spectra of these alkaloids agree well wilh those descnbcd in this paper. The uv-vis 

spccua recorded after addmg NaON .uc especially valuable, as they clcarly support the proposed positions of the phenol 

r~mclions. Thus, a basificd solution of kinabalinc shows a fairly strong absorption maximum a t450 nm, in accord with 

thc placement of its hydroxyl group at C-6. Similar behavior could not bc observed in the corresponding spccua of 

daricnine and macondinc, as is reasonable considering thc low intensity of thc long-wave absorptm band associated with 

a phcnoxy group at C-7. Alter adding base, thc uv-vis spccuum of ursuhnc (6-hydroxy-5-mcthoxyonychine), found 

inillally in 0, xylopioides and characmrimd more completely as a constituent of Unonopsis spec~abiiis.17 exhibits a 

diugnoslically useful absorption pcak at 460 nm. lsoursulme (5-hydrony-6-mclI~oxyonych~nc). also isolnlcd lrom U. 

sprciabii i~.~ '  shows a weaker maximum at 484 nm in accordance with lhc presence of l l ~ c  phcnol function a1 C-5. In 

conclusion, oncc a substituted azafluorcnone swucture is suspected for a natural product. iU uv-vis spectra are of crucial 

importance lor a rapid assignment of thc position of any hydroxyl group which may bc present. 

EXPERIMENTAL 

Phenvl3-Chloronronnnoatc A suspension of phenol (5.0 g) and reccntly disulled 3-chlompropanoyl chloride (10 ml) in 

waa r  (50 ml) containing methyl red as indicator was uealcd dropwisc with 5M NaOH, wilh good stirring, until the 

yellow color persisted. The reaction mixturc was exuactcd with Et20. the exuact dricd and h e  solvent removcd under 

reduced prcssure to give 7.68g of the ester (78%). 60 MHz IH nmr  (DMSO-d6) 63.08 (2H. I, J =  5.4 Hz. CICH2). 

3.90 (2H, 1, J = 5.4 Hz. COCH2). 6.96-7.57 (5H. m. AIH) 

7-Hvdroxvindan-1-one. Phenyl3-cliloropropanoatc (7.0 g) and AICI3 (21 g) were mixcd at room tempcratwe, nnd hcatcd 

in an oil bath, keeping at 90-100FC lor I h and U~en at 1 8 0 T  for 2 h. The mixture was taken up with 1M HCI and 

CH2CI2, and the organic layer was washed with wntcr, dricd and concentrated la give 1.5 g of t lx  title compound (2690). 

which was pure enough for use in the next step. Reddish needles from MeOH, mp 104-106'C. 60 MHz IH nmr 

(CDCI3 with drops of C5D5N) 6 2.55 (2H, I, J =  6 Hz, H-3). 3.1 (ZH, br I, J =  6 Hz, H-2), 7.0 (ZH, m, H-4 and -6), 

7.58 (IH, l , J = 4 . 5  Hz,H-5). 9.93 ( lH, brs,OH).  

7-Methoxvindan-I-one 7-Hydroxyindan-I-one (1.30 g) was dissolved in DMF (2 ml) containing powdcrcd, dry  K2C03 

(2.47 g). Mq?S04 (2 ml) was added, and the mixture was stirred overnight at 60°C. Aftcr pouring into warcr, extracting 

with CH2C12, drying and removing the solvent, thc product was purified by column chromatography on silica gel, 



HETEROCYCLES. Vol 27, No 2. 1988 

eluting wilh CH2CI2-hexane (3:1), and cryslallised in MeOH to give 0.56 g (40%) colorless prisms. mp 86-87°C from 

CH2CIZ. 60 MHz 'H nmr (CDCI?) S 2.70 (2H, t , J =  6 Hz, H-3), 3.10 (ZH, r,J = 6 Hz, H-?),3.90 (3H, s, OMc), 

6.73 (lH, brd,  J ,  = 8 Hz, H-6). 6.98 (IH, brd,J ,  = 8 Hz, H-4). 7.48 (lH, I, J ,  = 8 H z ,  H-5). 

Prcnaration of Mnnnmethonvindan-l-one O-Crol.rlorimes A mixture of monomelhoxyindan-l-one (1.8 g. 11 mmol), 

O-cro~ylhydroxylamine-HCI (1.6 g, 13 mmol), NaOAc (0.60 g, 7.3 mmol) and Na2C03 (1.0 g, 9.4 mrnol) in ElOH (15 

ml) was renuxed for 2 h. After removing the ElOH under reduced pressure. h e  residue was exuactcd with CH2Cl2, and 

the extract dricd and concenlrated to give the icorresponding crude oxime. In those cases in which mixturcs of 

stcrcoisomers were obwined, these were separated by flash chromatography on silica gel, eluting with CH2CIZ. 

Thermolvsis of Monomethoxvindan-l-one Q-Cro- The oxime, in a thick-walled test-tubc wllh a well-filling 

funnel for reflux, was heated in an oil balh at 170-180°C for 20-24 h. Thc reaction mlxturc was wkcn up with CH2CI2, 

the basic consutuents extracted with 1.2 M HCI, tlhe acid solution made alkaline wllh conc, aq. NH3 and exuacted wilh 

CH2C12. and the organic phase dricd and conccnlrated to glve a mixmre of monomcthonylated 1- and 

3-methyl-4-azafluorcncs and -fluoren-9-ones. These were separated by flash chromatography and PIZC on silica gel, 

eluting with CHZCl2-MeOII (99:l) 

Hvdrolvsis of Monomethoxv-l-Methvl-4-a~fluurt:n-9-ones, The monomethoxy-l-methyl-4-azafl~~1ren-9-one, dissolved 

~n 48% HBr. was refluxed for 24 to 48 h. Alter removing excess reagent under reduced pressure, the product was purificd 

by FTLC on sillca gel, elutmg with CH2CI2-MeOH (98:Z). 

7-Melhoxvin&n-I-one O-Crotvloxime. 86% yiel:d. 60 MHz IH nmr (CDC13) S 1.73 (3H, d. J =  3 Hz, C-CH3), 2.90 

(4H, s, CH2CH2), 3.83 (3H, s.0-CH3), 4.66 (ZH, m,O-CHZ), 5.77 (ZH, m, CH=CH), 6.66 (IH, d, J,= 8 Hz, H-6). 

6.81 (lH, d , J o =  8 Hz, H-41, 7.20 (IH, 1,J = 8 H r ,  H-5). Eims miz (%) 231 (16). 177 (11). 160 (100). 146 ( l l ) ,  145 

(21). 131 (23). 130 (19), 103 (13). Found: C, 72.58: H, 7.44; N, 6.13: C14H17N02 requires C, 72.70: H, 7.40; N, 

6.05%. 

5-Methoxv-l-mcthvl-4-azalluorene (1). Pale yellow glassy solid, subliming as needles. rnp 130°C. 19% yield. 'H Nmr 

see Table 1. Uv-vis sce Table 2. Eimsdz (%) 2 11.0990 (77, [MJfCl4HI3NO calc. 211.0997), 2.10 (100). 208 (8), 

196 (4). 195 (3). 183 (12). 182 (74). 181 (51). 180 (39), 168 (5). 167 (16). 166 (16), 153 (6), 152 (9). 151 (5). 140 (7), 

139 ( 3 ,  127 (4), 91 (5). 90.5 (14). 90 (14), 89. (9) ,  89 (5). 77 (I?), 76 (4). 

5 - M a h o x v y l - r n e t h v l - 4 - a z & ~  (5). Pale ycllow glassy solid, sublming as prisms, mp 1 1 1 T  5% yield. 'H Nmr 

see Table 1. Uv-vis see Table 3. Eims miz (%) 211.1000 (77, [MJtC14H13N0 calc. 211,0997). 210 (100). 209 (3). 

208 (6). 183 (121, 182 (85). 181 (59), 180 (34). 1.78 (5). 168 ( 3 ,  167 (15). 166 (17), 153 (9). 152 (16), 151 (4). 140 

(9), 139 (12). 127 (7). 126 (4), 105.5 (5), 91.5 (3), 91 (4). 90.5 (20). 90 (IS), 89.5 (7). 89 (6), 84 (4), 83.5 (4). 78.5 

(3.5),77 (16). 76 (9),75 (3). 63 (5), 51 (6). 39 (5). 

5-Mcthoxv-I-mcthvl-4-arafluoren-9-ow (9). Pale yellow solid, subliming as prisms. mp 180°C, 5% yield. IH Nrnr see 

Table 4. Uv-vis see Table 5. Eims mi2 (5%) 225.C8773 (87, [MI+ ClqHllNOZ calc. 225.0790), 224 (loo), 21 1 (4). 197 



(6), 196 (66). 195 (56), 194 (13), 167 (17). 166 (19). 141 (4). 140 ( l l ) ,  139 (16). 126 (3),  112.5 (4). 97.5 (G), 86 (la), 

84 (30), 83.5 (10),70.5 (8), 63 (6). 51 (12), 49 (36), 39 (5). 

~-Hvdmxv-l-mcth~l-4-~?1i1n~1orcn-9-onc (17). Pale ycllow amorphous solid, subliming as brownish nccdles, mp 193'C. 

39% yield. lHNmr see Table 7. Uv-vis see Table 8. Eimsmir (%) 212 (10). 211.0623 (100, [A4ItCl3H9NOZ calc. 

211.0633). 184 (S), 183 (36), 155 (4). 154 (10). 128 (4). 127 (7). 105.5 (2); mikes mlz 211 lo 183. 

5-Mcthoxv-3-methvl-4-a7,afluorenn9-on$ (13). Pale yellow solid, 4% yield. 'H Nmr see Table 4. Uv-vis sce Tablc 6. 

Eims mli (%) 225.0784 (88, [MIf CI4Hl1NO2 calc. 225.0790). 224 (100). 222 (7), 211 (6). 197 (13). 196 (70), 195 

(57). 194 (12). 168 (4). 167 (17), 166 (20), 162 (3). 152 (5). 141 (6), 140 (15). 139 (9), 127 (6). 126 (5), 97.5 (4). 88 

(3), 86 ( l l ) ,  84 (17). 83.5 (lo), 77 (5), 70.5 (6), 49 (18). 

6-Mcthoxvindan-1-~ne (presumably E) 0-Crolvloxime. Yellowish oil. 21% yield. 60 MHz 'H nmr (CDC13) 6 1.75 

(3H, d, J = 3 Hz, C-CH3), 2.93 (4H, br s, CH2CH2), 3.80 (3H, s.0-CH3), 4.63 (ZH, m ,  0-CH:), 5.80 (2H, m ,  

CHXH), 6.91 (lH, dd, Jo= 9 Hz, J,= 2 Hz, 1%-5), 7.20 (lH, dd, J , =  9 Hz, J ,  = 2 Hz, H-4), 7.93 (lH, d, J  = 2 Hz, 

H-7). Eims mlr (9%) 231 (30. [MIt). 216 (3). 177 (75). 160 (16), 146 (lo), 131 (6). 117 (7). 103 (18). 

6-Mclhoxvindan-I -ong (presumably Z) 0-Cravloxime. Colorless nccdles. 62% yicld. 60 MHz 'El ntnr (CDC13) 6 

1.78 (3H, d, J =  3 Hz, C-CH3), 2.91 (4H, brs, CH2CHZ), 3.80 (3H, s,O-CH3), 4.66 (2H, m.0-CH2), 5.78 (2H, m,  

CH=CH), 6.88 (1H. dd, J ,  = 8 Hz, J ,  = 2 Hz, H-5). 7.16 (lH, d, J ,  = 8 Hz, H-4), 7.16 (IH, d. J,= 2 Hz, H-7). Eims 

mir (%) 231 (30, [MI+), 216 (2), 177 (73 ,  160 (16). 146 (10). 131 (6), 117 (7). 103 (18). Found: C, 72.67: H, 7.31: 

N, 6.01. C14H17N02 requires C, 72.70; H.7.40; N, 6.05%. 

6-Melhnxv-I-mclhvl-4-azafluorew (2). Colorless amorphous solid, 4% yield. IH Nmr scc Table 1. Uv-vis see Tablc 

2. Elms mlr (90) 212 (16, LM+llt), 211.0990 (90, [MI+ CI4Hl3NO calc. 211.0997), 210 (12). 197 (14). 196 (LOO), 

195 (4). 181 (6), 180 (9). 168 (ZO), 167 (ZO), 166 (8), 153 (6). 140 (5). 139 (5). 105.5 (6). 

6-Mcthoxv-3-melhvl-4-arefluorcne (6). Colorless amorphous solid. 4% yield. 1~ Nmr see Table 1. Uv-vis see Table 

3. Eims mi2 (%) 212 (11. [M+lIi). 211.0990 (100. IMItCl4Hl3NO calc. 211.0997). 210 (9). 197 (8). 196 (67). 180 

(9). 168 (14), 167 (lo), 166 (4), 153 (3), 140 (3), 139 (3). 105.5 (3). 

6-Mclhoxv-l-rnclhvl-4.~a~uorcn-9-onc (10). Pale yellow amorphous solid, 1.6% yield. 'H Nmr sce Tablc 4. Uv-vis 

sce Tablc 5. Ir   film)^,,, (cln-l) 1700, 1610. 1570. 1470, 1355. Eims mlz (%) 226 (15). 225.0795 (100. [MI+ 

CI4HllNO2 calc. 225.0790). 224 ( l l ) ,  211 (4). 210 (10). 196 (Il) ,  195 (14). 182 (8). 167 (6). 166 (4). 154 (8). 140 

(3), 139 (3). 128 (4), 127 (Y), 126 (4). 112.5 (2), 86 (12), 84 (22). 77 (3). 75 (3). 51 (9). 49 (33). 

6-Hvdroxv-1-mclhvl-4-azafluorcn-9-one (18). Pale ycllow amorphous solid, subliming as needles, mp 312T. 62% 

yicld. 'H Nmr scc Tablc 7. Uv-vls scc Table 9. Eims mlr (%) 212 (16), 211.0634 (100. [MI+ C13H9N02 calc. 

211.0633). 210 (4), 183 (19), 182 (5). 155 (7), 154 (12). 128 (5), 127 (6), 126 (4), 105.5 (S), 82 (Y), 64 (23): mikes 

mi2 211 to 183. 

6-Mcthoxv-3-mctt1vl-4-alnfluorcn-9-onc (14). Pale yellow amorphous solid, 1.4% yicld. lH Nmr sce Tablc 4. Uv-vis 

see Table 6. Ir (film) v,,, (cm-I) 2900, 1700, 1605, 1575. Eims mir (%) 225.0773 (100, [M]+Cl4Hl1NO2 calc. 



HETEROCYCLES, Vol 27, No 2, 1988 

225.0790). 226 (5). 224 (21). 210 (8). 197 (4), 196 (12), 195 (29), 182 (15). 173 (4). 168 (2). 167 (11). 166 (5). 154 

(10). 149 ( 3 ,  144 (3). 140 (6). 139 (5). 127 (18). 126 (5). 112.((3). 

5-Methoxvindan-I-one (presumably E) 0 - C r o I v I o x i ~ .  Yellowish oil, 20% yield. 60 MHz lH nmr (CDC13) S 1.71 

(3H, d, J = 4 Hz, C-CH3), 2.93 (4H, m, CH:,CH2), 3.80 (3H, s, 0-CH3), 4.57 (ZH, m, 0-CH2), 5.73 (2H, m, 

CH=CH), 6.76 (ZH, m, H-4 and -6). 8.21 (IH, d, J =  9 Hz, H-7). E m s  mir (%) 231 (30, [MIt), 216 (6), 177 (100). 

160 (39). 146 (52). 131 (29), 117 (lo), 103 (41), 77 (17). 

5-Mclhoxvindan-1-on% (presumably Z) 0 - C r o I y h h .  Colorless nccdlcs. 71% yicld. 60 MHz I H  nmr (CDCI3) 6 

1.75 (3H, d, J = 4 Hz, C-CH3), 2.96 (4H, s, CH2CH2), 3.83 (3H, s, 0-CH3), 4.60 (2H, m, 0-CH2), 5.80 (2H, m, 

CH=CH), 6.80 (2H, m, H-4 and -6). 7.62 (IH. d, J =  9 Hz, H-7). Eimsmir (%) 231 (30, [MI+), 216 (4). 177 (100). 

160 (201, 146 (431, 131 (14). 117 (61, 103 (22). 77 (9). Found: C, 72.81: H, 7.33: N, 6.01: CI3Hl7NO2 rcquires C, 

72.70: H, 7.40: N. 6.05%. 

7-Methoxv-I-methvl-4-manuorene (3). Pale yellow ncedles from CH2CI2, subltmed, mp 112°C. 3.3% yield. IH Nmr 

see Table 1. Uv-vis see Table 2. Ir (film) v,,, (cm-I) 2900, 1600, 1375, 1240. Eimsmlz (%) 212 (13), 211.1010 

(100, [MItCl4Hl3NO calc. 211.0997). 210 (:i), 197 (6). 196 (33). 180 (3). 169 (4). 168 (28). 167 (17). 166 (4), 153 

(4). 139 (3). 105.5 (3). 

?-Mcthoxv-3-methvl-4.azafluorene (7). Colorless amorphous solid, sublimes as microneedles, rnp 180°C. 14% yield 

'H Nmr see Table 1. Uv-vis see Table 3. Ir :film) vmaX (cm-l) 2900. 1580, 1400, 1240. Eims mi* (%) 212 (12), 

211.0990 (100. [M]+Cl4HI3NO calc. 211.0997), 210 (4). 197 (5). 196 (42). 169 (3). 168 (26). 167 (lo), 140 (3), 127 

(4). 105.5 (5). 

7-Mclhoxv-I-methvl-4-azafluoren9one (11). Pale yellow amorphous solid, sublimes as needles, mp 179°C. 1.9% 

yicld. 'H Nmr scc Table 4. Uv-vis see Table: 5. Ir (film) v,,, (cm-l) 1705, 1590. 1555. 1290. Eims mil ('3%) 226 

(18). 225.0795 (100, [MIf C 1 4 H I l N 0 2 ~ ~ k .  225.0790). 210 (47). 183 (3). 182 (27). 154 (20). 153 (5). 128 (3). 127 

(11). 126 ( 3 ,  112.5 (3). 101 (4). 

7-Hvdroxv-I-methvl4-azafluoren-9-one (19). Pale yellow amorphous solid, sublimes as nccdles, mp above 340°C. 57% 

yield. IH Nmr see Table 7. Uv-vis see Table 8 .  Elms mir (%) 212 (16), 211.OM4 (100. [MIf CI3H9NO2 calc. 

211.0633), 210 (3), 183 (3), 182 (7). 156 (11, 155 (4). 154 (12), 128 (21, 127 (6), 126 (I), 105 (3). 

7-Mcthoxv-3-methvl-4-mafluoren-9-ant (15). Pale yellow amorphous solld, sublimes as necdles, mp 195°C. 2.4% 

yicld. I H  Nmr scc Table 4. Uv-vis see Table 6 .  Ir (film) v,,, (cm-l) 1705, 1590. 1560, 1400. 1280. 1240. Eims 

mi2 (%) 226 (17). 225.0773 (100, [MIf ClqH11N02 calc. 225.0790), 210 (54). 182 (17), 154 (151, 153 (4), 127 (9), 

126 (4). 112.5 (4). 

4-Melhoxvindnn-I-one (presumably E)Q-Crolvloximc. Colorless needles. 18% yield. 60 MHz IH nmr S(CDCI3) 

1.72 (3H, d , J = 4  Hz, C-CH3), 2.88 (4H, br s CH2CH2), 3.82 (3H, s, 0-CH3),4.60 (ZH, m, 0-CH2), 5.80 (2H, m, 

CH=CH), 6.85 (1H. d ,  J =  8 Hz, H-5), 7.25 (IH, r , J= 8 Hz. H-6), 7.93 (IH, d, J =  8 Hz, H-7). E I ~ S  mir (5) 231 



(35, [MIt), 216 (6), 177 (70), 160 (16). 146 (b), 131 (7), 117 (3). 103 (15), 55 (100). 

4-Mcthoxvindan-1-one (presumably Z) 0-Crotvloximp. Light yellow oil. 60% yicld. 60 MHz 'H nmr 6 (CDC13) 1.75 

(3H, d,J = 4 Hz, C-CH3), 2.85 (4H, br s, CH2CHZ), 3.78 (3H, s, 0-CH3), 4.60 (2H, m ,  0-CH2), 5.78 (ZH, m,  

CH=CH), 6.76 (IH, dd, J, = 7 Hz, Jm = 2 Hz, H-5). 7.23 (2H, m, H-6 and -7). ElMS mii (%) 231 (34, [MI+), 216 (5). 

177 (53), 160 (14). 146 (7). 131 (5). 117 (3). 103 (13), 55 (100). 

8-Methoxv-I-methvl-4-ivanuorcn~: (4). Colorless needles from CH2CI2, sublimed, mp 15IPC, 4.3% yleld. I H  Nmr scc 

Table 1. Uv-vis see Table 2. Eims mlr (%) 212 (14). 211 0990 (100, [MI+ ClqHI3NO calc. 21 1.0997). 210 (17), 197 

(91, 196 (66). 182 (31, 181 (91, 180 (141, 168 (20). 167 (13), 166 (9), 152 (3),  139 (4). 115 (3). 105.5 (4), 90.5 (7): 

mikes mir 211 to 196 + 182. 

~-Mcthoxv-3-methvl-4-a1afl~0rene (8). Colorless needles from CH2CI2, mp 120-121°C. 2.7% yield. IH Nmr see 

Table 1. Uv-vis see Table 3. Eims mir (%) 212 (14). 211.0990 (100. [M1+Cl4Hl3NO calc. 211.0997). 210 (21), 197 

(10). 196 (871, 182 (3). 181 (9). 180 (20). 178 (4). 177 (51, 168 (21). 167 (12). 166 (12). 153 (3). 152 (4). 140 (4). 139 

(4). 105.5 (21, 90.5 (7): mikes mir 211 to 196 +182, and 196 to 181 + 168. 

8-Mcthoxv-I-methvl-4-azanuoren.9-one (12). Pale yellow amorphous solid, sublimes as needles, mp 193T. 2% yicld. 

'H Nmr see Tablc 4. Uv-vis see Table 5. Eims mlz (%) 225.0773 (96, [MItCl4HllNO2 cdc  225.0790). 224 (9). 

207 (10). 198 (3). 197 (16). 196 (100). 195 (191, 194 (6). 182 (6). 179 (6), 178 (5). 169 (12). 168 (13). 167 (ZO), 166 

(20), 154 (5 ) .  153 (5). 152 (51, 141 (4), 140 (lo), 139 (12). 128 (4). 127 (lo), 113 (4), 112.5 (4); mikcs mil 225 to207 

+ 197 + 196. 

R-Hvdroxv-l-mahvl-4-a7aflunrcn-9-one (20). Pale yellow microcrystals, sublimes as prisms, mp 19b°C. 44% yield. 

I H  Nmr see Tablc 7. Uv-vis scc Tablc 9: kmarE'0H+A1C13 (log E) 206 (4.07). 230sh (3.97). 252 (4.21), 290 (3.72), 

300 (3.72), 311 (3.50). 450 (3.42). Eims mlr (%) 212 (lo), 211.0623 (100, [MItCl3H9NO2 calc. 211.0633). 183 

(21). 182 (3). 165 (3). 164 (3). 155 (2). 154 (6). 127 (7). 112 (5): mikes mi2 211 to 193 + 183 and 183 to 155. 

S-Methoxv-3-methvl-4-a1:~nuoren-9-one (16). Pale yellow amorphous solid, sublimes as ncedlcs. mp 2OIPC. 65% yield 

by pcrmanganate oxidation 01 8. IH Nmr see Table 4. Uv-vis see Table 6. Eims mii (90) 226 (15). 225.0795 (99. 

[MlCC14HllN02 calc. 225.0790), 224 (33). 197 (22). 196 (100). 195 (401, 194 (81, 182 (9). 180 (3). 179 (11). 169 

(261, 168 (21), 167 (12), 166 (21). 153 (12). 140 (14), 139 (12). 127 (10). 126 (Il) ,  112.5 (3): mikcs mlz 225 to 207 + 
197 + 196. 
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