
HETEROCYCLES, Vol. 27, No. 1, 1988

SPECTRAL PROPERTIES OF RING-C-OXYGENATED

4-AZAFLUORENES AND 4-AZAFLUORENONES.

THE STRUCTURES OF NATURAL ONYCHINE DERIVA TIVES

Dragana Tadié, Bruce K. Cassels, and André Cavé

Laboratoire de Pharmacognosie, DA 496 CNRS, Faculté de Pharmacie, 92296 Chatenay-Malabry, France

~ - 4-Azafluorenes bcaring a methoxy group at C-5, -6, -7 or -8 and a methyl at Col or -3 were

synthesized by thermolysis of O-crotyloximes of appropriately substitutcd indan-I-ones. The corrcsponding

azalluorenones were prepared, and the methoxy-I-methyl-4-azafluoren-9-one isomers were 0- demethylated.

The proton nmr, uv-visible and mass spcctra of these compounds support the structures assigned to the

more complex azafluorenone alkaloids kinabaline, darienine and macondine, and provide addiLional

guidelines for the structure elucidation of other natural products bclonging to this class.

Recent work in our laboratory has led to the isolaLionand structure elucidation of four phenolic azafluorenone alkaloids

from the Malaysian Meiogyne virgata1 and from an Oxandra species from the Darien region of Colombia originally

recognized as close to O. major2 and reclassified more recently as O. xylopioides (Annonuceae). The spectroscopic

studies carried out on these compounds leave no doubt that they are derivatives of onychine (l-melhyl-4-azafluoren­

9-one or 4-melhyl-5/1-indeno[l,2-b] pyridine-5-one),3,4 but although the positions of the hydroxy and melhoxy groups

on the benzene ring could be deduced from the nmr spectra of these substances, the lack of lilerature precedent in this

series begs for some synlhelic support for their structures. We therefore decided to prepare lhe four benzene ring

monomethoxylaled onychine analogues and the corresponding phenols so that more complele nmr analyses could be

carried out and for comparison of their electronic spcctra with those of the substances from Meiogyne and Oxandra.

Of lhe previously described onychine syntheses, the classically designcd scheme of Bowden et al.5 could be expected lo

give mixtures of isomers differing in the position of the benzene ring substituent, an undesirable situation in the present

context. The Prostakov synthesis6 suffers from the same drawback, compounded with very rigorous reaction condiLions

which might make the isolation of methoxylated derivatives impossible. On the other hand, the route described by

Koyama et al.,4 which involves the thermolysis of oxime O-allyl ethers as the key step,7,8 could be hoped lo arrord the

eight methoxy-l-(and 3-)methyl-4-azafluorenes in moderate yield starting rrom the easily accessible

methoxyindan-I-ones. No ambiguity exists regarding the substitution of the benzene ring in the products of this

reuclion, und we anLicipaLcdthat the oxidalion of the azalluorenes to azalluoren-9-ones would pose no problem.

5-lvlclhoxyindan-l-one was available commercially. We oblained ilS 4- amI 6-melhoxy isomers by classical

melhods.9•10 It should be stnled herc that a more recent, poorly described and roundaboul roule lo 4-melhoxy indan-l­

onell orrers no advantages. The 7-methoxy compound was obtained by a melhod adupled from lhe lilerature;12.13 we
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have incIuded lhe procedure in the experimental seclion as the details have not been published previously.

O-Crolylhydroxylamine was obtained as described.8

The first slep in our synlhetie program was the preparalion of lhe O-crotyloximes of lhe four indanones.

7-Melhoxyindan-l-one gave a single oxime, presumably the (E) isomer, which could be explained by the steric repulsion

bClwecn the mClhoxyl group and the bulky substituent on the nascent oxime function. In the cases of the 4-, 5- and

6-methoxylaled subslances a mixlure of geometric isomers was formed, resolved chromatographieal\y and lhe products

characlerised. 1t should be poinled out that lhe pairs of stereoisomers differ markedly in the chemical shiflS of the

benzene ring protons at C-7. A1though no direct proof is available at lhis lime, it secms reasonable to assume that lhe

H-7 resonance undergoes a large downfield shift due to the (E) oxime function, while in lhe case of the (2) isomers lhe

deshielding attribulable to the magnetie anisotropy of the oxime group is counterbalanced by diamagnelic shielding due

to lhe bUlenyl subslituent. Experiments in which lhe E and Z isomers of the O-crotyloxime of 5-melhoxyindan-l-one

were lhermolysed separalely showed by TLC that the oximes are interconverled at the lemperalure required for ring

closure and thallherefore lhe same products are obtained in practically identical yields regardless of the stereochemistry of

the starting material. Consequently, lhe unresolved mixlures of stereoisomers were used in laler work.

\Ve carried out the thermolyses under air at I70-180°C as describcd for onychine and ilS isomers.4 The pyridine ring was

not formed at lower temperatures, and at 200°C the reaction mixture bccame an intraclable lar, so we relained the original

condilions throughout. It should be nOled that the oximes are apprcciably volalile under lhese eonditions, and lhat lhe

lubes in which the tllermolyses are carried out must either be sealed as in the Iiteralure references4,7 or, more simply, bt'

covered with a wel\·fitting funnel to ensure adequate reflux. In each case, the expecled mixlure of 1- and

3-melhyl-4-azafluorenes bearing a methoxyl group at the appropriate position of the benzene ring was oblained, but lhc~e

.substances were aceompanied by the respeclive azafluoren-9-ones, obviously formed by air oxidalion of the initial

products. In tllOsecases in which larger amounls of lhe ketones were required, tllese were prepared by oxidation of the

azafluorenes wilh KMn04 in acelone at room temperalure.

RA

Re

RA

1l-CH35-0CH39

2

l-CH36-0CH310

3

l-CH37-0CH311

4

l-CH38-0CH312

5

3-CH35-0CH313

6

3-CH36-0CH314

7

3-CH37-0CH315

1-8

83-CH38-0CH316

9-16

O-Demelhylation of metllOxy-l-melhyl-4-azafluoren-9-ones 9-12 with 48% HBr afforded lhe corresponding phenols.l4
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SPECTRAL PROPERTIES OF BENZENE RING-METHOXYLAlED 4-AZAFLUORENES.

The proton chemical shifts of the azafluorenes 1-8 are summarized in Table 1. It can be seen that the pyridine ring AB

system (12,3 = 5.1,11,2 = 7.6 Hz) al10ws the 1- and 3-methy1 isomers to be differentiated quite easily, as an a prolon

(H-3) resonates 0.7-0.9 ppm further downfield than a 'Y proton (H-1). 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) appcar as

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

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

group appears somewhat further upfield than the others. The benzene ring proton resonances are a1rnostunaffected by lhe

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

position of the methoxyl group.

Table 1. 1H Nrnr chemical shifts (8, ppm from TMS) of methoxy-substituted 4-azafluorenes 1-8

1H 1234S678

H-1

7.67d7.69d7.62d7.76d

H-2

7.02d7.02d6.95d7.02d7.02d7.<Xíd6.97d7JJ}d

H-3

8.60d8.45 d8.40d8.47d

H-5

7.64d8.03d7.72d 7.69d8.03d7.82d

H-6

6.96d 7.01 dd7.44dd6.93d 6.99dd7.44dd

H-7

7.4Odd6.99dd 6.93d7.35dd6.98dd 6.94d

H-8

7.20d7.45d7JJ}d 7.16dd7.44d7.08d

H-9

3.81 s3.71 s3.73 s3.72 s3.82bs3.75 s3.76 s3.77 s

C-CH3

2.45 s2.43 s2.40 s2.44 s2.71 s2.68 s2.64 s2.70 s

O-CH3

4.10 s3.91 s3.88 s3.96 s4.07 s3.93 s3.87 s3.95 s

The uv spectra of the azafluorenes 1-8 (rabIes 2-3) are characterised by strong absorption near 210 and 300-310 nrn, wiLh

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

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

spectrum. Upon adding acid, the intermediate portions of the spectra are flattened by a series of baLho-and hypochrornic

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

changes of either signo

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 ring. Two extreme situations may be distinguished, however, depending
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Table 2. Uv -visible spectml data of l-methyl-4-azaOllOrenes 1-4 (in EIOH), ~max in mn,log t in parcnthescs.

1n

22a33a44"

t·,
206(4.26)

206(4.22) 208 (4.29)

212 (4.21)

211 (4.10)213 (4.35) 212(4042)

218sh (4.15)

218 (4.35)22OOl(4:01)216 (4.30)

228sh (3.91)

224s11(4.05)226sh (4.19) 222sh (4.26)

243 (4.08)250 (3.94)

250 (3.68)256 (3.85-) 250 (3.74)250s11(4.07)254sh (3.82)

262s11(3.82)

264(3.97)260sh (3.94)262 (3.84)

270 (3.62)

278sh (3.79) 268 (3.70)

285 (4.03)292s11(3.9)

290 (3.90)290sh (3.82) 290 (4.20)

295 (3.70)

296 (4.21)

300 (3.92) 312 (3.89)

308 (3.90)316 (3.96)306 (3.99)

314 (4.19)

314 (4.29)

337 (3.86)

344 (3.87)344 (4.28)

a HCladdcd.

Table 3. Uv -visible spectral data of 3-melhyl-4-azafiuorenes 5-8 (in EIOH), ~max in nm, log t in parenlhcses.
5

S"66"77"88"

208 (4.28)

206 (4.13)208 (4.21) 208 (4.26)206 (4.16)210s11 (4.22)210 (4.13)

214 (4.39)

216sh (4.02)214 (4.23)

224 sh (4.00) 220 (4.20)

228sh (4.39) 225sh (4.10)

244 (3.93) 251 (3.93)

248 (3.66)258 (3.70)252 (3.59) 256 (3.79)250 (3.96)

261sh (3.85)

• 260 (3.95)262sh (3.88)260 (3.84)

271 (3.66)

266 (3.97)272 (3.78)

290 (4.02)

286 (3.68)

294 (3.91)

298 (3.71)298 (3.98)

304 (4.12)

304sh (3.98)

314sl1 (4.10)

315 (4.03)312sh (4.11)312 (4.19) 308sl1 (3.91)

320 (4.12)

322 (4.23) 325 (4.06)

348 (4.08)

348 (4.39)354 (4.33)

• HCladdcd.
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on the location of the methoxyl. When this group is attached to C-6, -7 or -8, the molecular ion gives the base peak of

the spectrum (or, in the case of 6-methoxy-l-methyl-4-azafluorene, a signal with an intcnsity of 90%). The dominant

fragmentation process is the loss of a methyl group from the molecular ion, a reaction which seems to be facilitated 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 (MlKE) spectra, barely exceeds 3% relative abundance. The [M-l] peak appcars with

intensities between 4 and 21% when the methoxyl is at C-6, -7 or -8. On the other hand, when the melhoxyl is at C-5

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

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

ion and also, with a somewhat lower probability, from the [M-l] fragment, occurs rather easily. Doubly charged

molecular ions and major fragments are common features in these spectra.

SPECTRAL PROPERTIES OF BENZENE RING-METHOXYLATED 4-AZAFLUOREN-9-0NES

The 1H nmr chemical shifts and multiplicities of the methoxy azafluorenones 9-16 are shown in Table 4. The pyridine

ring proton resonances again make the 1- and 3-methylated isomers readily recognizable, allhough in lhese substances

H-l is slightly deshielded by the carbonyl group, and H-2 and -3 tend to resonale at highcr fields. The C-1 melhyl

resonance is displaced to such an extent lhat it becomes indistinguishable from its counterpart at C-3. As wilh lhe

azafiuorenes, the bcnzenc ring proton chemical shifts are practically unaffected by the posiLion of the C-methyl group.

On the other hand, the introduction of the ketone function causes predictable displacemenls of these resonances: H-6 and

-8 are deshielded by up lO 0.2 ppm in comparison to their counterparts in the azafiuorene series; H-5 is unexpectedly

shieldcd by as much as 0.3 ppm in all these substances, and a smaller effect is noticeable on H-7 when C-6 bears a

Table 4. 1H Nmr chemical shifts (5, ppm from TMS) of benzene ring-methoxylated 4-azafiuoren-9-ones 9-16

(500 MHz, CDCI3).

IH 910111213141516

H-l

7.75d7.75d7.71 d7.77d

H-2

6.91d6.96d6.88d7.057.00d7.05d6.96d7.06d

H-3

8,49d8.39 d8.34d8,4ld

H-5

7.35d7.73d7.59 d 7.37 d7.74d7.48d

H-6

7.15 bd7.07 dd7.58dd7.l4dd 7.05dd7.54dd

H-7

7.40dd6.87 dd 7.00dd7.38dd6.86dd 6.%d

H-8

7.34dd7.64d7.21d 7.34dd7.64d7.23d

C-CH3

2.62 s2.63 s2.60 s2.67 s2.67 s2.64 s2.61 s2.65 s

O-CH3

4.07 s3.94 s3.88 s4.01 s4.04 s3.94 s3.88 s4.01 s
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methoxyl group. The deshielding of the C-5 methoxyl by the neighbouring aromatic heterocycle, which is also clearly

observed in the azafluorenone series, is somewhat larger than the comparable effect of the carbonyl group on the C-8

methoxyI. The C-7 methoxyl group resonates upfield from all the others, as in the case of the corresponding

azafluorenes. The position of the methoxyl group affects the pyridine ring proton resonances to a small extent, as noted

for the azafluorenes.

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

exception of the 7-methoxy compounds, where it appears near 260 nm. A doublet in the vicinity of 290 nm is relatively

weak in the 5-, 7-, and 8-methoxylatcd isomers, while in the 6-methoxy compounds its intensity approaches that of the

major peak. The near-visible absorptions of the 3-methyl isomers appear at slightly longer wavelengths, as for the

azafluorenes. Acid-induced bathochromic shifts of the long-wavelength maxima of about 25 nm, with little change in the

generally low extinction coefficient, are c1early visible only in the spectra of the 5- and 7-methoxy isomers, where the

substituent is orlho or para wilh respect to lhe 2-pyridyl moiety.

The eims of these substances fall into the same two major groups as those of lhe azafluorenes. Here again, lhe [M-I)

ion gives the base peak when the melhoxyl group is located at C-5, but is much less prominent in all other situations.

The loss of a melhyl group from the molccular ion is only favored when lhe methoxyl group is located at C-7, in which

case neither the molecular ion nor the [M-l) fragment lose a presumed COH fragment easily. This moiety lcaves the

molecular ion and the [M-l) fragment of the other isomers rather readily, and in the case of the 8-methoxy compounds

accounts for the base peak at mlz 196. It must be remembered that the mikes of the molecular ions and the M-l

fragments of lhe 5-methoxy-4-azafluorenes explain the intense peaks at mlz 182 and 181as resulting from the loss of a

29 m.u. neutral fragment which cannot involve a carbonyl group. The extrusion of CO from the azafluorenones does

not appear to be an important primary process, judging from the mikes. As with the azafluorenes, doubly charged major

ions are usually detcctcd.

SPECTRAL PROPERTIES OF HYDROXYLATED I-METHYL-4-AZAFLUOREN-9-0NES

Witll lhe exception of the intramolceularly hydrogen-bonded 8-hydroxy isomer, these compounds were ralher insoluble in

CDCI3. We lherefore rccordcd their lH nmr spcctra in CD30D, and for this reason the chemical shifts are not strictly

comparable to those tabulated for the methyl ethers. Nevertheless these results, summarised in Table 7, show lhe same

general trends.

The uv-vis spectra of the benzene ring-hydroxylated l-melhyl-4-azafluoren-9-ones, rccordcd in neutral or acid solution,

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

exhibited very large bathochromic shifts of lhe longest wavelength absorption band which extended well into the visible

region. This effect could be observed with the naked eye, as the practically colorless solutions in lhe spectromeler cells

became distinctly colored when NaOH was added. The spectra of the alkaline solutions of the compounds bearing a

phenol function at C-6 or -8 showed a fairly intense absorption band neae 450 nm. When the hydroxyl group was

locatcd at C-5 or -7, lhis band was considerably weaker, but shifted to about 500 nm. These results are summarised in

Tables 8 and 9. A further diagnostic criterion for the presence of a hydroxyl group at C-8 is the AICl3-induced,
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Table 5. U v -visible spectrai data of l-methyl-4-azafluoren-9-ones 9·12 (in EtOH), A.max in nm,log E in parenthescs.9

9a10lOa1111a1212a

207 (4.16)

212 (4.19)214 (4.09)216 (4.05)207 (3.97)206 (3.97)208 (4.17)208 (4.22)

218 (3.94)228 (4.15)

230 (4.06)225sh (4.36)230sh (4.09) 223 (3.94)227 (4.24)227 (4.24)

235sh (4.36)

240sh (4.21)

248 (4.33)

248 (4.08)245 (4.36)248 (4.26) 248 (4.34)247 (4.23)

265 (4.51)

264 (4.37)

276sh (4.36)

276sh (4.09) 278sh (3.81)

280 (4.21)

283 (4.11)283sh (3.84)

290sh (3.76)

292 (4.36)294 (4.09)294 (3.84)295 (3.85)290 (3.91)290sh (3.94)

298 (3.85)

300(3.85)301 (3.94)302 (3.98)

310 (3.85)

308sh (3.74)314 (3.67)

322 (3.89)

326 (3.44)328 (3.36)327 (3.51)329 (3.65)

344 sh (3.35)

340 (3.44)343 (3.36) 348 (3.7)340 (3.45)

384 (3.35)

374sh (3.48)

a HCIadded. Table 6. Uv -visible spectral data of 3-methyl-4-azafluoren-9-ones 13-16 (in EtOH), A.max in nm,log E in parenlheses.13

13a1414a1515a1616a

208 (4.01)

207 (4.22)206 (4.08)206sh (4.08)210 (4.00)205 (3.96)208sh (3.81)

229 (4.22)

220sh (4.13)226 (3.99)221 (3.96)228 (3.96)228 (3.82)

234sh (4.16)

234sh (4.16)

241sh (4.33)

243 (4.22)242 (4.20)242 (4.18) 244 (4.01)244 (3.89)

247 (4.40) 260 (4.37)

257 (4.25)

286sh (4.42)

286sh (4.04)

302 (4.00)

300sh (3.88)298 (4.06)298 (4.06)295 (4.04)295 (3.95)293 (3.71)293sh (3.67)

308sh (3.99)

304 (3.73)305 (3.73)

313 (4.35)

314sh (3.76)317 (3.75) 320sh (3.53)

332 (3.39)

326 (3.67) 33lsh (3.67)330 (3.67)

340sh (3.39)

345 (3.56)342 (3.59)

362sh (3.05)

355 (3.72)360 (3.11)

401 (3.14)

375 (3.11)

a HCladded.
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acid-reversible balhochromic shift of lhe long-wavelengl11band lO450 nm.

Table 7. lH Nmr chcmical shiflS (o, ppm from TMS) ofbenzene ring-hydroxylaled 1-melhyl-4-azaOuorcn-9-ones

(17,19,20,500 MHz, 18,200 MHz, CD3OD).

lH

17181920

H-2

7.02d7.13 d7.00d7.13 d

H-3

8.30d8.35 d8.25d8.36d

H-5

7.24d7.63d7.30d

H-6

7.03d 6.98dd7.46dd

H-7

7.3016.821 6.87d

H-8

7.15 d7.56d7.04d

CH3

2.57 s2.62 s2.57 s2.62 s Re

17

5-0H

18

6-0H

19

7-0H

20

8-0H

The eims of lhe phenols are eharaclerised by stable molecular ions which give lhe base peak in every case. The frngmenl

peak s are all quile weak with lhe exceplion of lhose due lo lhe [M-CO] ion, documenled by mikes, in lhe 5-, 6-, and

8-hydroxy isomers (19-36%). 7-Hydroxy-1-melhyl-4-azaOuoren-9-one, on lhe conlrary, does nol give an appreciable

[M-CO] fragmenl, and lhe inilialloss of COH is preferred, followed by decarbonylalion. The COH group is 10Slfrom

lhe [M-CO] ions in all lhe olher cases, followed by lhe extrusion of HCN. Considering I1leralio of lhe inlensilies of I1le

peaks al mlz 183 and 154. lhe [M-CO] ion seems lO be much less stable in lhe cases of lhe 6- and especially the

7-hydroxy isomers.

NATURAL ONYCHINE DERIV ATIVES

Our spectroscopic dala for lhe simple benzene ring-melhoxylaled and hydroxylaled 1-melhyl-4-azaOuoren-9-ones should

be helpful in lhe struclure elucidalion and lhe inlerprelation of lhe spcctra of new alkaloids belonging lo lhis c1ass. The

more sublle effccls of polysubslitution on lhe lH nmr and mass spectra may nol be easily prediclable. but lhe uv-vis

spectra of onychine derivmives can be considered as a very useful indication of lhe positions of hydroxyl groups. The

appearance in lhe spectrum, ufler adding NaOH. of an absorption band aboul450 nm wilh a log e in lhe 3.4-3.6 range

points lo lhe presence of u phenol funclion al C-6 or C-8; l11ese lwo possibililics may be dislinguished by lhe

AICl3-induced shift in lhe spcctrum of 8-hydroxylaled aza11uoren-9-ones. If I1lebasc-shifled spcctrum inslcad shows a

much wcaker maximum near 500 nm, wilh u log E of ubout 2.6. il muy be concluded lhat lhe hydroxyl group is situaled
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Table 8. Uv-vis data of l-melhyl-4-azafiuoren-9-ones 17 and 19. bearing a pIlenol funclion me/a

wilh rcgard lo lhe carbonyl group (in ElOH), Amax in nm, log t in parenlheses.

17 17817b1919819b

206 (3.85)

206 (3.85)208 (3.77)205 (3.97)205 (3.94)

214sh (3.83)

214 (3.93)

221sh (3.89)

222sh (3.89)

230 (3.80)

235sh (3.85)231sh (3.77)232sh (3.83)238 (3.79)

249 (4.00)

248 (3.73)244 (3.88)

255sh (3.81)

256sh (4.18)

265 (4.30)

264 (4.23)

284 (3.77)

281 (4.16)

298 (3.48)

294 (3.48) 295 (3.80)296 (3.78)

310 (3.48)

324 (3.50) 316 (3.62)302sh (3.77)310 (3.94)

340sh (2.98)

335sh (3.39)335sh (3.39)330sh (3.53)354 (3.60)358 (3.83)

400sh (2.60)

400sh (2.91)

490 (2.61)

510 (2.62)

a HCI addcd; b NaOH added. Tahle 9. Uv-vis data of l-melhyl-4-azaOuoren-9-ones 18 and 20, bearing a phenol funclion para or
orillO Willl regard lo the carbonyl group (in EtOH), Amax in nm,log E in parenlheses.

18

18118b2020820b

204 (3.96)

204 (3.97)209 (3.98)206 (4.07)206 (4.07)

228 (4.04)

228 (4.00)218 (3.93)

240sh (4.08)

240sh (4.05) 242 (4.24)

246 (4.13)

246 (4.10)248 (4.10)248 (4.30)249 (4.11)249 (4.23)

260sh (3.96) 272sh (3.93)

2715h (3.87) 278sh (3.60)

284 (4.01)

284 (3.95)282 (3.53)

295 (3.96)

295 (3.95)295sh (3.67)290(3.76)290sh (3.82)294 (3.86)

308sh (3.53)

302 (3.79)301 (3.89)305 (3.85)

332 (3.23)

320 (3.87)

343 (3.19)

346 (3.23)

360sh (3.35)

366 (3.30)

372 (3.30)

378 (3.24)

390sh (2.93) 453 (3.38)

450 (3.60)

8HCI added; b NaOH added.
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,~ .•••••••••• '•••••• tIowever. that stronger absorption at this wavelength (Iog E approximately 3.8)

•• presence ol a 4"8Zl1fluoren-3-01-9-onechromophore. as in dielsine.16

(10) (6-methoxy-I-methyl-4-azafluoren-9-one) has been isolated from the Amazonian trec Guallerja

16 aodthe revised structure of this natural product was confirmed by the synthesis described above.15

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

kinabaline (5.8-dimethoxy-6-hydroxyonychine) from Meiogyne virgala,l darienine (5,6-dimethoxy-7-hydroxyonychine)

and macondine (7-hydroxy-8-methoxyonychine) from Oxandra xylopioidesZ are sufficiently well established. The

general features of the lH nmr spectra of these alkaloids agrec weIl with those described in this paper. The uv-vis

spectra recorded after adding NaOH are especially valuable, as they clearly support the proposed positions of the phenol

functions. Thus, a basified solution of kinabaline shows a fairly strong absorption maximum at 450 nm, in accord with

the placement of its hydroxyl group at C-6. Similar behavior could not be observed in the corresponding spectra of

darienine and macondine, as is reasonable considering the low intensity of the long-wave absorption band associated with

a phenoxy group at C-7. After adding base, the uv-vis spectrum of ursuline (6-hydroxy-5-methoxyonychine), found

initially in O. xylopioides Z and characterized more completely as a constituent of Unonopsis speclabilis,17 exhibits a

diagnostically useful absorption peak at 460 nm. Isoursuline (5-hydroxy-6-methoxyonychine), also isolated from U.

speclabilis,17 shows a weaker maximum at 484 nm in accordance with the presence of tlle phcnol function at C-5. In

conclusion. once a substituled azafiuorenone structure is suspected for a nalural product, ilS uv-vis spcclra are of crucial

importance for a rapid assignment of the position of any hydroxyl group which may be present.

EXPERIMENTAL

Phenyl 3-ChloroprQpanoate. A suspension of phenol (5.0 g) and recently dislilIed 3-chloropropanoyl chloride (10 mi) in

water (50 mi) containing melhyl red as indicator was treated dropwise with 5M NaOH, wiÜ1good stirring, unlil the

yeIlow color persislcd. The reaction mixture was extracled wilh EtzO, the extract dried and the solvent removed under

reduccd pressure to give 7.68g of the ester (78%). 60 MHz lH nmr (DMSO-d6) /j 3.08 (2H, 1,1= 5.4 Hz, CICHZ)'

3.90 (2H, 1,1 = 5.4 Hz, COCHz), 6.96-7.57 (5H, m, ArH).

7-Hydroxyindan-l-one. Phenyl 3-chloropropanoate (7.0 g) and AICI3 (21 g) were mixed at room temperature, and heatcd

in an oil balh, keeping at 90-100°C for 1 h and then at 180°C for 2 h. The mixture was taken up with 1M HCI and

CHzClz, and the organic layer was washed wiÜ1water, dried and concentrated to give 1.5 g of the tille compound (26%),

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

(CDCI3 wilh drops of C5D5N) ¡¡ 2.55 (2H, 1, J = 6 Hz, H-3), 3.1 (2H. br 1, J = 6 Hz, H-2), 7.0 (2H, m. H-4 and -6),

7.58 (lH, 1,1= 4.5 Hz, H-5), 9.93 (lH, br s, OR).

7-Methoxyindan-I-one. 7-Hydroxyindan-l-one (1.30 g) was dissolved in DMF (2 mi) cOnLainingpowdered. dry KzC03

(2.47 g), MCZS04 (2 mi) was added, and the mixture was stirred overnight at GOoC.After pouring inlo water, extracting

wiLh CHzClz, drying and removing the solvent, the product was purified by column chromatography on silica gel,
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eluting with CH2Cl2-hexane (3:1), and crystallised in MeOH to give 0.56 g (40%) colorless prisms, mp 86-87°C from

CH2Cl2' 60 MHz lH nmr (CDCI3) o 2.70 (2H, t,J = 6 Hz, H-3), 3.10 (2H, t,J = 6 Hz, H-2), 3.90 (3H, s, OMe),

6.73 (lH, br d, J0= 8 Hz, H-6), 6.98 (lH, br d, Jo = 8 Hz, H-4), 7.48 (lH, t, J 0= 8 Hz, H-5).

Preparalion of Monomethoxyindan-l-one Q-Crotyloximes. A mixture of monomethoxyindan-l-one (1.8 g, 11 mmol),

Q-crolylhydroxylamine-HCI (1.6 g, 13 mmol), NaOAc (0.60 g, 7.3 mmol) and Na2C03 (1.0 g, 9.4 mmol) in EtOH (15

mi) was refluxed for 2 h. After removing the EtOH under reduced pressure, the residue was extracted with CH2CI2, and

the extract dried and concentrated to give the corresponding crude oxime. In those cases in which mixtures of

stereoisomers were obtained, these were separated by flash chromatography on silica gel, eluting wilh CH2Cl2'

Thermolysis of Monomethoxyindan-l-one Q-Crotyloximes. The oxime, in a thick-walled test-tube with a well-fitting

funne! for reflux, was heated in an oi! bath at 170-180°C for 20-24 h. The reaction mixture was taken up with CH2Cl2,

the basic constituents extracted with 1.2 M HCI, the acid solution made alkaline wilh conc. aq. NH3 and extracted with

CH2CI2, and the organic phase dried and concentrated to give a mixture of monomethoxylated 1- and

3-melhyl-4-azafluorenes and -fluoren-9-ones. These were separated by flash chromatography and PTLC on silica gel,

eluting wilh CH2Cl2-MeOH (99:1)

Hydrolysis of Monomethoxy-l-Methyl-4-azafluoren-9-ones. The monomethoxy-l-methyl-4-azafluoren-9-one, dissolved

in 48% HBr, was refluxed for 24 10 48 h. After removing excess reagent under reduced pressure, the product was purified

by PTLC on silica gel, eluting with CH2CI2-MeOH (98:2).

7-Methoxyindan-l-one Q-Crotyloxime. 86% yield. 60 MHz lH nmr (CDCI3) o 1.73 (3H, d, J = 3 Hz, C-CH3), 2.90

(4H, s, CH2CHV, 3.83 (3H, s, Q-CH3), 4.66 (2H, m, Q-CH2)' 5.77 (2H, m, CH=CH), 6.66 (IH, d, J0= 8 Hz, H-6),

6.81 (lH, d, Jo = 8 Hz, H-4), 7.20 (IH, t,J = 8 Hz, H-5). Eims mlz (%) 231 (16), 177 (11), 160 (100), 146 (11), 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-Melhoxy-I-methyl-4-azafluorene (1). Pale yellow glassy solid, subliming as needles, mp 130°C, 19% yield. 1H Nmr

see Table 1. Uv-vis see Table 2. Eimsmlz (%) 211.0990 (77, [M]+ C14H13NO calco 211.0997), 210 (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 (12),76 (4).

5-Methoxy-3-methyl-4-azafluorene (5). Pale yellow glassy solid, subliming as prisms, mp 111°C, 5% yield. 1H Nmr

see Table 1. Uv-vis see Table 3. Eims mlz (%) 211.1000 (77, [M]+ C14H13NO calco 211.0997), 210 (100), 209 (3),

208 (6), 183 (12), 182 (85),181 (59), 180 (34),178 (5), 168 (5), 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 (15), 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-Methoxy-l-methyl-4-azafluoren-9-one (9). Pale yellow solid, subliming as prisms, mp 180°C, 5% yield. 1H Nmr see

Table 4. Uv-vis see Table 5. Eims mlz (%) 225.0773 (87, [M]+ C14HllNÜ2 calc. 225.0790),224 (100),211 (4), 197



(6),196 (66),195 (56), 194 (13),167 (17),166 (19),141 (4), 140 (11),139 (16), 126 (3),112.5 (4), 97.5 (6),86 (18),

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

5-Hydroxy-I-melhyl-4-azafluoren-9-onc (17). Pale yel10wamorphous solid, subliming as brownish needles, mp 193°C,

39% yield. lH Nmr see Table 7. Uv-vis see Table 8. Eims mlz (%) 212 (10), 211.0623 (100, [M]+ C13H9NOZ calc.

211.0633), 184 (5), 183 (36), 155 (4), 154 (10), 128 (4), 127 (7), 105.5 (2); mikes mlz 211 to 183.

5-Methoxy-3-methyl-4-azafluoren-9-one (13). Pale yellow solid, 4% yield. 1H Nmr see Table 4. Uv-vis see Table 6.

Eims mlz (%) 225.0784 (88, [M]+ C14Hl1NOZ calco 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 (11), 84 (17),83.5 (10), 77 (5),70.5 (6), 49 (18).

6-Methoxyindan-l-one (presumably E) Q-Crotyloxime. Yellowish oil, 21% yield. 60 MHz lH nmr (CDCI3) 51.75

(3H, d, J = 3 Hz, C-CH3), 2.93 (4H, br s, CHZCHv, 3.80 (3H, s, Q-CH3), 4.63 (2H, m, Q-CHZ)' 5.80 (2H, m,

CH=CH), 6.91 (lH, dd,Jo= 9 Hz,lm = 2 Hz, H-5), 7.20 (lH, dd,Jo = 9 Hz,lm = 2 Hz, H-4), 7.93 (lH, d,J = 2 Hz,

H-7). Eims mlz (%) 231 (30, [M]+), 216 (3),177 (75),160 (16), 146 (10),131 (6), 117 (7), 103 (18).

6-Melhoxyindan-I-one (presumably Z) Q-Crotyloxime. Colorless needles, 62% yield. 60 MHz 1H nmr (CDCI3) 5

1.78 (3H, d, J = 3 Hz, C-CH3), 2.91 (4H, br s, CHZCHZ)' 3.80 (3H, s, Q-CH3)' 4.66 (2H, m, Q-CHZ)' 5.78 (2H, m,'

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

mlz (%) 231 (30, [M]+), 216 (2), 177 (75),160 (16), 146 (10),131 (6), 117 (7),103 (18). Found: C, 72.67; H, 7.31;

N,6.01. C14H17NOZ requires C, 72.70; H,7.40; N, 6.05%.

6-Melhoxy-l-methyl-4-azafluorene (Z). Colorless amorphous solid, 4% yield. lH Nmr see Table 1. Uv-vis see Table

2. Eims mlz (%) 212 (16, [M+1]+), 211.0990 (90, [M]+ C14H13NO calco 211.0997), 210 (12), 197 (14), 196 (100),

195 (4), 181 (6), 180 (9), 168 (20), 167 (20), 166 (8), 153 (6), 140 (5), 139 (5), 105.5 (6).

6-Methoxy-3-melhyl-4-azafluorene (6). Colorless amorphous solid, 4% yield. 1H Nmr see Table 1. Uv-vis see Table

3. Eims mlz (%) 212 (11, [M+1]+), 211.0990 (100, [M]+ C14H13NO calc. 211.0997), 210 (9),197 (8), 196 (67),180

(9), 168 (14), 167 (10), 166 (4), 153 (3), 140 (3), 139 (3), 105.5 (3).

6-Melhoxy-I-melhyl-4-azafluoren-9-one (10). Pale yellow amorphous solid, 1.6% yield. lH Nmr see Table 4. Uv-vis

see Table 5. Ir (film) vmax (cm-1) 1700, 1610, 1570, 1470, 1355. Eims mlz (%) 226 (15), 225.0795 (100, [M]+

C14HllNOZ calco 225.0790), 224 (11),211 (4),210 (10), 196 (11),195 (14), 182 (8), 167 (6), 166 (4), 154 (8),140

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

6-Hydroxy-I-methyl-4-azafluoren-9-one (18). Pale yellow amorphous solid, subliming as needles, mp 312°C, 62%

yield. lH Nmr sce Table 7. Uv-vis see Table 9. Eims mlz (%) 212 (16), 211.0634 (100, [M]+ C13HgNOZ calc.

211.0633),210 (4), 183 (19), 182 (5), 155 (7), 154 (12), 128 (5), 127 (6), 126 (4), 105.5 (8), 82 (9),64 (23); mikes

mlz 211 to 183.

6-Melhoxy-3-methyl-4-azafluorcn-9-one (14). Pale yellow amorphous solid, 1.4% yield. lH Nmr see Table 4. Uv-vis

see Table 6. Ir (film) vmax (cm-1) 2900, 1700, 1605, 1575. Eims mlz (%) 225.0773 (100, [M]+ C14Hl1NOZ calco
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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 (5), 144 (3), 140 (6), 139 (5), 127 (18), 126 (5), 112.( (3).

5-Methoxyjndan-l-one (presumably E) O-Crotyloxime. Yellowish oil, 20% yield. 60 MHz lH nmr (CDCI3) ¡¡ 1.71

(3H, d, J = 4 Hz, C-CH3)' 2.93 (4H, m, CH2CH2), 3.80 (3H, s, O-CH3), 4.57 (2H, m, O-CH2)' 5.73 (2H, m,

CH=CH), 6.76 (2H, m, H-4 and -6), 8.21 (lH, d,J = 9 Hz, H-7). Eims mlz (%) 231 (30, [M]+), 216 (6), 177 (100),

160 (39),146 (52),131 (29), 117 (10),103 (41),77 (17).

5-Methoxyindan-l-one (presumably Z) O-Crotyloxime. Colorless needles, 71% yield. 60 MHz IH nmr (CDCI3) ¡¡

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

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

160 (20), 146 (43), 131 (14), 117 (6), 103 (22),77 (9). Found: C, 72.81; H, 7.33; N, 6.01; C13H17N02 requires C,

72.70; H, 7.40; N, 6.05%.

7-Methoxy-l-melhyl-4-azafluorene (3). Pale yellow ncedles from CH2CI2' sublimed, mp 1l2°C, 3.3% yield. 1H Nmr

see Table 1. Uv-vis see Table 2. Ir (film) vmax (cm-1) 2900, 1600, 1375, 1240. Eimsm/z (%) 212 (13), 211.1010

(100, [M]+CI4H13NO calco 211.0997), 210 (5),197 (6),196 (33),180 (3),169 (4),168 (28), 167 (17),166 (4),153

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

7-Methoxy-3-methyl-4-azafluorene (7). Colorless arnorphous solid, sublimes as microneedles, mp 180°C, 14% yield.

lH Nmr see Table 1. Uv-vis see Table 3. Ir (film) vmax (cm-1) 2900, 1580, 1400, 1240. Eims m/z (%) 212 (12),

211.0990 (100, [M]+ CI4H13NO calc. 211.0997), 210 (4), 197 (5), 196 (42), 169 (3), 168 (26), 167 (10), 140 (3), 127

(4), 105.5 (5).

7-Mcthoxy-l-methyl-4-azafluoren-9-one (11). Pale yellow amorphous solid, sublimes as needles, mp 179°C, 1.9%

yicld. IH Nmr sec Table 4. Uv-vis see Table S. Ir (film) vmax (cm-1) 1705, 1590, 1555, 1290. Eims m/z (%) 226

(18),225.0795 (100, [M]+ C14HllN02 calc. 225.0790), 210 (47), 183 (3), 182 (27), 154 (20), 153 (5), 128 (3), 127

(11), 126 (5), 112.5 (3), 101 (4).

7-Hydroxy-l-methyl-4-azafluoren-9-one (19). Pale yellow amorphous solid, sublimes as needles, mp above 340°C, 57%

yield. IH Nmr see Table 7. Uv-vis see Table 8. Eims m/z (%) 212 (16), 211.0644 (100, [M]+ Cl3H9N02 calc.

211.0633), 210 (3), 183 (3), 182 (7), 156 (1), 155 (4), 154 (12), 128 (2), 127 (6), 126 (1), 105 (3).

7-Mcthoxy-3-methyl-4-azafluoren-9-one (15). Pale yellow amorphous solid, sublimes as nccdles, mp 195°C, 2.4%

yield. IH Nmr see Table 4. Uv-vis see Table 6. Ir (film) vmax (cm-1) 1705, 1590, 1560, 1400, 1280, 1240. Eims

m/z (%) 226 (17), 225.0773 (100, [M]+ C14HllN02 cale. 225.0790), 210 (54), 182 (17), 154 (15), 153 (4),127 (9),

126 (4), 112.5 (4).

4-Methoxyindan-l-one (presumably E) O-Crotyloxime. Colorless needles, 18% yield. 60 MHz 1H nmr ¡¡ (CDCI3)

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

CH=CH), 6.85 (IH, d, J = 8 Hz, H-5), 7.25 (lH, t, J = 8 Hz, H-6), 7.93 (lH, d, J = 8 Hz, H-7). Eims m/z (%) 231
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(35, [M]+), 216 (6),177 (70),160 (16),146 (6),131 (7). 117 (3), 103 (15), 55 (100).

4-Melhoxyindan-l-one (presumably Z) Q-Crotyloxime. Lighl yellow oi!, 60% yield. 60 MHz lH nmr ¡¡ (CDCI3) 1.75

(3H, d, J = 4 Hz, C-CH3)' 2.85 (4H, br s, CHZCHV' 3.78 (3H, s, Q-CH3), 4.60 (2H, m, O-CHZ), 5.78 (2H, m,

CH=CH). 6.76 (IH, dd,Jo = 7 Hz, Jm = 2 Hz, H-5), 7.23 (2H, m, H-6 and -7). EIMS mlz (%) 231 (34, [M]+), 216 (5),

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

8-Metholl.y-l-methyl-4-azatluorene (4). Colorless needles from CHZCIZ' sublimed, mp 151°C, 4.3% yield. 1H Nmr see

Table 1. Uv-vis see Table 2. Eims m1z (%) 212 (14), 211.0990 (100, [M]+ C14H13NO cale. 211.0997),210 (17), 197

(9), 196 (66), 182 (3), 181 (9), 180 (14), 168 (20), 167 (13), 166 (9), 152 (3), 139 (4), 115 (3), 105.5 (4), 90.5 (7);

mikes mlz 211 10 196 + 182.

8-Melhoxy-3-melhyl-4-azatluorene (8). Colorless needles from CHZClz, mp 120-121°C, 2.7% yield. lH Nmr sce

Table 1. Uv-vis see Table 3. Eims m1z (%) 212 (14), 211.0990 (100, [M]+ C14H13NO calco 211.0997), 210 (21), 197

(10),196 (87),182 (3).181 (9), 180 (20).178 (4), 177 (5), 168 (21),167 (12), 166 (12),153 (3), 152 (4).140 (4),139

(4), 105.5 (2), 90.5 (7); mikes m1z 211 lo 196 +182. and 196 lo 181 + 168.

8-Mcthoxy-l-melhyl-4-azatluoren-9-one (12). Pale yellow amorphous solid, sublimes as needlcs, mp 193°C, 2% yicld.

lH Nmr see Table 4. Uv-vis sce Table 5. Eims mlz (%) 225.0773 (96, [M]+C14HuNOZ cale 225.0790), 224 (9),

207 (10), 198 (3), 197 (16), 196 (100), 195 (19), 194 (6), 182 (6), 179 (6), 178 (5), 169 (12), 168 (13), 167 (20). 166

(20), 154 (5). 153 (5), 152 (5). 141 (4), 140 (10), 139 (12), 128 (4). 127 (10), 113 (4). 112.5 (4); mikcs m1z 225 lo 207

+ 197 + 196.

8-Hydroxy-I-melhyl-4-azatluoren-9-one (20). Pale yellow microcrystals, sublimes as prisms, mp 196°C, 44% yield.

1H Nmr see Table 7. Uv-vis sce Table 9; A.max EtOH+A1CI3(log E) 206 (4.07). 230sh (3.97), 252 (4.21), 290 (3.72),

300 (3.72).311 (3.50).450 (3.42). Eims m1z (%) 212 (10),211.0623 (100, [M]+C13HgNOZ cale. 211.0633). 183

(21), 182 (3), 165 (3), 164 (3), 155 (2), 154 (6), 127 (7), 112 (5); mikes mlz 211 lo 193 + 183 and 183 lo 155.

g-Melhoxy-3.methyl-4-a7"ªtluoren-9-one (16). Pale yellow arnorphous solid, sublimes as needles. mp 201°C, 65% yield

by permanganale oxidalion of 8. lH Nmr see Table 4. Uv-vis see Table 6. Eims m1z (%) 226 (15), 225.0795 (99,

[M]+C14HllNOZ cale. 225.0790),224 (33),197 (22).196 (100),195 (40),194 (8),182 (9),180 (3), 179 (11),169

(26), 168 (21), 167 (12), 166 (21), 153 (12), 140 (14). 139 (12). 127 (10), 126 (11), 112.5 (3); mikes mlz 225 10 207 +

197 + 196.
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