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Abstract: Chemo- and stereoselecttvtty m oxtdations of trrcarbonyl[5-aryl-q4-cyclohexa-1,3_dtene]tron 
complexes IS achieved by the chorce of the oxidizing reagent. Thts procedure provtdes non-complexed 
4a,9adthydro-9&carbazolea, 4b,8a-dihydrocarbazol-3-ones, and 4deoxycarbazomycm B. 

The carbazomycins A and B, isolated by Nakamura and co-workers m 1980 from mtcroorganisms of the 
strain Strep&werttcrlbwn ehmense H IO%-MY 10, represent the first anttbtottcs wtth a carbazole 
skeleton2-4 Moreover, they Inhibit the growth of phytopathogemc fungi and have anttbacterral and 
anttyeast activtttes The carbazomycins which biogenetrcally denve from tryptophans exhtbtt an unusual 
congested substitutton pattern It is tedtous to achteve such an arrangement wtth four donor substttuents at 
four adjacent carbon atoms of a carbazole ring system by classtcal synthettc routes 6 Thus fact and the useful 
btologtcal activtttes induced several groups to develop synthettc strategtes directed toward the total 
synthesis of the carbazomycins.7-1 1 
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We envtsaged a direct route to the carbaxomycm antrbtottcs by a methodology of consecuttve iron-Induced 
C-C and C-N bond formation. 4-Deoxycarbaxomycm B (l), a degradation product of carbazomycm B,3p4 

served as a model compound m order to develop a highly convergent synthesis of the carbaxomycms usmg 
a sequence of electrophtlm substitution of an arylamme by the trtcarbonyl(q~-cyclohexadrenylmm)uon 
catron and subsequent oxrdattve cycltxatron 9 Trmarbonyl(~4-cyclohexa-1,3dtene)rron complexes have 

been shown to represent very useful intermediates for synthetic orgamc chemistry 12 Retrosynthettc 
analysts of Cdeoxycarbaxomycm B based on the iron-mediated construction of the carbazole nucleus leads 
to 1,3cyclohexadtene and 4-methoxy-2,3-dimethylamlme (2) as starting matenals (Scheme 1) 

4-deoxycathomycin B 2 

Scheme I 

1-Axa-1,3-butadrene-catalyzed Fe(CO)s-complexatton of 1,3cyclohexadrenet3 and subsequent hydride 
abstractton with triphenylcarbenmm tetrafluoroboratel4 provide easy access to large amounts of 
trmarbonyl(~~-cyclohexadtenylmm)rron tetrafluoroborate (3) in quantrtattve overall yield (Scheme 2) 
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The required arylamme 2 IS obtained on a large scale by hydrogenation of the commerctal mtroaryl derrva- 
trve 4 (Scheme 3). Moreover, the mtro compound is easily prepared by 0-methylatron and subsequent 
mtratron of 2,3-dtmethylphenol. A described procedure, l5 however, where the arylamme 2 was obtamed by 
hydrogenation of 2,3-dtmethylmtrobenxene m sulfurtc actd/methanol gave only a very low yield Electro- 
phtltc aromatic substttutton of the arylamme 2 by the non-complexed canon 3 m acetomtrtle at reflux 
temperature provides regro- and stereoselectrvely the iron complex 5 III 96% yteld The regmchemrstry of 
the product IS confirmed by the singlet for the aromatic proton at 6 59 ppm The antI orrentatton of the 



Transmon metal-drene complexes in orgamc synthesis-XIII 843 

arylamme moiety IS documented by the signal of the tertiary proton (3.43 ppm, dt, J = 11, 4), whrch 1s 
shifted downfield because of the effect of magnetic anisotropy exhtbtted by the Iron as observed m analo- 
gous cases 1 Moreover, the stereochemtstry IS supported by NOE expenments (see Expertmental) 
Oxtdattve cychzattons of trrcarbonylironcyclohexadtene complexes with enols and alcohols by manganese 
dioxide at 80°C afforded already a broad range of annulated furan rmg systems.l6 We recently reported on 

a direct access to oxygenated carbazoles by an iron-mediated arylamme cychzatton wtth especially actrva- 
ted manganese dioxides at room temperature. 1 However, active y-manganese dtoxlde,r7 successfully 

applied m the total syntheses of 3_methoxycarbazole,r provided 4-deoxycarbazomycm B m only 11% yield 
along with two by-products (see below) Oxldattve cychzatton of complex 5 using very active manganese 
dtoxtder7 affords Cdeoxycarbazomycm B (1) m 28% yield after 4 h at room temperature (Scheme 3) The 

spectral data of the synthetic product obtained by thts procedure are m full agreement wtth those reported 
by Nakamura and co-workers 394 The Iron-mediated arylamme cychzatton provides 4-deoxycarbazomycm 
B (1) m two steps and 27% overall yield based on cation 3 
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Scheme 3 

The direct one-pot transformatton of the iron complex 5 to the carbazole 1 IS believed to proceed vta the 
sequence presented m Scheme 4. A selecttve cychzmg dehydrogenatron of 5 leads to the 4a,9a-dlydro-9H- 
carbazole 6, a potentially stable l&electron complex. Thts process could be mtttated by a smgle-electron 
transfer (SET) oxidatton of the l&electron complex 5 to an intermedrate 17-electron radical cation 12c A 
further aromatrzmg dehydrogenatron of 6 affords the trrcarbonyl(~e-arene)tron complex 7, which represents 
a 20-electron complex and demetalates mstantaneously to 1 by loss of the tncarbonyhron fragment 
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The yield of the iron-mediated arylamme cyclizatton with concomitant aromattzatton to 4-deoxycarbazo- 
mycm B (1) using very active manganese dtoxtde IS m the same range as prevtously descrrbed for the 
synthests of 3-methoxycarbazolel with y-manganese dioxide. The cychzations of these tron complexes wtth 

different arylamme moieties seem to have different oxtdatton potenttals We wanted to Improve the overall 
yield of the sequence cycltzatton/aromattzation/demetalatton by the apphcatton of molder and therefore 
more selecttve oxidtzmg reagents The non complex 5, which 1s regto- and stereoselecttvely available 

almost quantitatively, appeared as an appropriate substrate for an opttmtzatton study. We mvesttgated the 
selecttvrty of the oxtdatton of this complex dependmg on the oxtdtzmg reagent and the reactton condtttons 
This problem was of essenttal importance for further proJected syntheses based on the non-mediated 
construction of the carbazole nucleus. Moreover, tt should be feasible to Isolate the mtermedrate 4a,9a- 
dlydro-9ti-carbazole by application of molder oxtdtzmg reagents provtded that the oxtdatlon potenttal for 

the second (aromattzmg) dehydrogenatton IS higher than for the first (cychzing) dehydrogenatton 
Transformatton of thts intermediate to 4-deoxycarbazomycm B would support the mechamsm we proposed 
for the oxtdattve cychzatton (Scheme 4) 
The two by-products, which are obtamed on cychzatton of the non complex 5 with the less acttve y-manga- 

nese dtoxtde, represented the first mdtcatton for the posstblhty of selecttvtty control m these oxtdattons 
These by-products were shown to be the non-cychzed tmmoqumone 6 and the 4b,8a-drhydrocarbazol-3-one 
9 (Scheme 5) Structural assignments are based on 1H-NMR, 13C!-NMR, and mass spectra (see Expertmen- 

tal), all of whtch indicate cleavage of the methyl ether and oxidation of the aromatic nucleus to an ammo- 
qumone Complete asstgnments of the proton signals of the 4b,8a-dthydrocarbazoL3sne 9 was achieved by 

a rH-1H correlated COSY spectrum However, comctdence of the signals for the protons at C-8 and C-4b 
gives a multtplet at 3.49 ppm. The proton at C-8a is significantly shtfted downfield (6 = 4 91 ppm) due to 
the deshreldmg caused by the C=N double bond The charactensttc allylic couplmg of J = 1 9 Hz between 
the proton at C-4 and C-4b IS not observed for the correspondmg protons of the 4a,9adthydro-9If-carbazole 
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6 The structure of the iron-complexed 4b,8a-dthydrocarbazol-3-one has been uneqmvocally confirmed by 

an X-ray analysrs of single crystals of 9 (Figure 1) 18 The crystal packmg of 9 (Ftgure 2) doffers stgtufi- 

cantly from that of the 4a,9a_drhydro-9H-carbazoles 6 (Figure 4), m a way that the rmmoqumone rings 

whtch are arranged in parallel layers are shtfted against each other m contrast to the aromatic rmgs of 6 

Figure 1 Crystal structure of 9 Frgure 2 Crystal packmg of 9 

- 

In the course of the reactron to the 4b,8a-drhydrocarbazol-3-one 9 occurs an oxtdatton of the aromatrc rmg 

to the lmmoqumone and no aromatmatton to a carbazole as observed m the generatron of 1 The fact that 

the non-cychzed tmmoqumone 8 IS isolated as a by-product of thts reaction suggests, that the oxtdatton of 

the aromahc rmg IS precedmg the cycbzmg dehydrogenatton to 9 Therefore, tt IS postulated that the 

oxldatton of iron complexes like 5 proceeds vta two Independent reaction pathways (Scheme 5) First, 

selective oxrdatlon of the arylamme morety to the non-cychzed tmmoqumone 8 and subsequent 

stereoselecttve cychzatton to the 4b,8a-dthydrocarbazol-3-one 9 Second, stereoselecttve cycltzatton to the 

4a,9a-dthydro-9H-carbazole 6 followed by aromattzatron/demetalatlon to the carbazole 1 The posslblbty of 

a further pathway leading to the 4b,&-dthydrocarbazol-3-one 9 by tmmoqumone oxtdatron of the 4a,9a- 

drhydro-9i-carbazole 6 has to be constdered as well 
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Scheme 5 

In order to mvesttgate the selectrvlty of the oxrdatron of complex 5 as a functron of the oxrdrzmg reagent 

we tested several manganese dioxrdes of dtfferent actrvrty. Heterogeneous reactron condmons were deemed 

especially smtable for these oxrdatrons because they enable an easy separatron of reagent and product 

An analysrs of the results summanzed m Table 1 shows that the activtty of manganese droxrde prepared by 

a modtfred Attenburrow procedure19 IS too low for the proJected transformatrons and because of long 

reaction times predommantly gives decomposrtron With acttve y-manganese droxrdet7 the reaction follows 

both oxldatron pathways almost to the same extent Whereas the oxrdatron with very actrve manganese 

droxrdet7 via cychzmg dehydrogenatron, aromatrzatron and demetalatron duectly leads to the carbazole 1 

along with a trace of the cychzed tmmoqumone 9 Chemoselectlve oxldatron of complex 5 with commercial 

manganese droxrde2u provides exclusively the non-cychzed lmmoqumone 8 m 63% yteld A further 

actrvatron of the commercral manganese droxtde by azeotroprc removal of water,16b sonochemmal 

actrvatron of Mn02,2t or apphcatlon of Mn02 supported on slhca gelZ gave no stgmfkant Improvement m 
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yield or selectivity The rmmoqumone 8 1s cycltzed stereoselectively to the trrcarbonyluon-complexed 

4b,8a-dthydrocarbazol-3-one 9 with very acttve manganese dioxide (Scheme 6) This novel iron-mediated 

tmmoqumone cychzatton proceeds m 90% yteld and therefore, 1s superror to the arylamme cychzatron. 

Apphcatron of thallmm trifluoroacetate as the oxrdtzmg reagent= m thus cycltzatron enables the dtrect 

transformatton of complex 5 to the 4b&dthydrocarbazol-3-one 9 m 57% yield.24 

Table 1 Oxrdations of iron complex 5 wtth manganese dtoxrdes of dtfferent actmrtya) and with 

thallmm trtfluoroacetateb) 

Att -MnOzt9 y-Mn0217 v a Mn0217 Mn02z0 Tl(OCOCF& 

ret time 4 days Sh 4h 3h 30 mm 

1 trace 11% 28 % 

8 4% 10% 63 % 

9 5% trace 57% 

a) The oxtdatrons wrth Mn02 were performed m toluene at room temperature 

b, Tl (OCOCF& was applied m ethanol at 0°C wtth NaHC03 as buffer 
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Although there are previous examples of selective oxidations of functional groups in presence of a 
tricarbonyltron-dtene moiety (e.g. osmylatton,z Collin’s oxtdahon,t~ Sharpless epoxtdattonm), the 
oxidation of the iron complex 5 to the non-cychxed iminoqumone 8 represents the first example of 

chemoselectrve oxidation of an aromahc rmg. The iron-mediated arylamine cyclixatlon IS beheved to be 
mttrated by a prtmary oxidative attack at the iron (SET oxidation) generating a 17-electron radical 
catron.lk We propose that the oxidation to the lmmoqumone is achieved by a chemoselective attack at the 
arylamine moiety leading to the oxomum cation 10 (Scheme 7). Nucleophilic attack by water from the 

commercial manganese droxtdem then cleaves the methyl ether 
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The trtcarbonyliron-complexed 4b,&dthydrocarbazol-3-one 9 represents the first compound with a 

dthydrobenxene ring adjacent to an oxtdmed benzene ring The iron complex 9 which 1s obtained as yellow 

crystals IS surprisingly stable m the au (decomposition above 198°C). This fact IS very mterestmg from a 
theoretical pomt of view, since one would expect immediate tsomenxatlon of the free hgand with 

concomrtant aromatlxatton to the correspondmg 3-hydroxycarbaxole (a process which might alternatively 
considered an mtramolecular redox reaction) In the context of melanm btogenests Harley-Mason 
postulated, that the oxulatton of 2,3-dlhydromdoles leads to 2,3-dthydromdol-5ones as mtermedtates 27 
The 2,3-drhydromdol+ones are not stable and aromatme mstantaneously by tsomenxatton to the 5 
hydroxymdoles (Scheme 8) An analogous tsomenxatlon of 9 to a 3-hydroxycarbaxole would generate two 
complete aromatic 6~c systems Therefore, the driving force for such an aromatrxatton process should be 

even much greater Complexatton by the trlcarbonyhron fragment appears to be responsible for the 
stabrhzatron of the 4b,&dthydrocarbaxol-3-one rmg system Demetalatron of the non complex 9 provides 

indeed an easy access to the 3-hydroxycarbaxole (see below) 
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The trrcarbonyhron-complexed 4a,9adthydm-9iY-carbazole 6 has been proposed as the crucial mtermedlate 

of the non-mediated arylamme cychzatron to Cdeoxycarbazomycm B (Scheme 4) We found that usmg 
approprrate reactron condmons the iron complex 6 can be isolated as a by-product along wrth the 
aromattzed carbazole 1 (Table 2) Oxtdation of complex 5 wtth ferric chlonde supported on s~hca gel% 
mainly afforded the carbazole 1 (20% yield), but gave for the first time the 4a,9adPydm-9H-carbazole 6 
as a by-product (15%) along with the 4b,8a-drhydrocarbazol-3-one 9 (6%) Dehydrogenation of 5 wrth 

palladmm on charcoal at 80°C also provides 6 (ll%), however aromattzatron to 1 (8%) cannot be avoided 
The mam product of thus reactton 1s the phenyl-subsmuted arylamme 11 (41%), which demonstrates that 
under these condrtrons direct aromattzatton of 5 IS much faster than cychzrng dehydrogenatton to 6 

Table 2 Results of cychzmg dehydrogenattons of non complex 5 to the 4a,9a-drhydro-9iY-carbazole 6 

product FeCl$SrOz 10 % Pd/C CRFe+PFe- 

1 20% 8% 
6 15 % 11% 47 %* 
9 6% 

11 41% _ 

* In addmon 42 % of starting matenal5 were recovered under these condttions 
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We proposed that the cychzmg dehydrogenatton to 6 IS mmated by a SET oxuiatron 12e Therefore, a 
chemoselecttve transformatron of complex 5 to the 4a,9adthydro-9H-carbazele 6 should be possrble by 

usmg SET oxtdlzmg agents which are able to generate the postulated 17-electron intermediate under mrld 
condmons Femcenmm hexafluorophosphate, a 17-electron complex wrth a known oxidation potentral,29 IS 

easily prepared30 and has already successfully been apphed to the oxrdatron of transrtton metal 
complexes 31 These oxtdatrons are very effktent smce the stable l&electron complex ferrocene IS formed 
m thts process Reactron of non complex 5 wtth femcenmm hexafluorophosphate affords the tron- 
complexed 4a,9adthydro-9H-carbazole 6 by chemoselective oxtdatron (47% yteld) along with 42% of 

recovered startmg maternal More than 50% turnover m thts reactron could not be achreved because 1 eq 
hexafluorophosphonc acrd IS formed whtch protonates the startmg maternal The actd IS removed after the 
oxrdatton by an external base (NJV-dusopropylethylamine) If the cychzatron of complex 5 wrth the SET 
reagent IS camed out m presence of thus base a drmenc non complex IS formed (molecular ton at 704 m/e) 
m 82% yreld The same drmenc non complex IS formed on oxrdatton of complex 5 wrth rodme m 

pyrrdme32 at room temperature (54% yteld) and wrth lead dtoxtde m tohtenelea at 8O*C (36% yteld) 
Structural asstgnment of thts product was not possrble with certamty 
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Rgure 3 Crystal structure of 6 Ftgure 4 Crystal packing of 6 

The structure assignment of the 4a,9a-dthydro-9H-carbazole 6 IS based on the rH-NMR and 13C-NMR 

spectra (see Experrmental) The proton signals have been assigned by a COSY spectrum The charactertsttc 

protons at C-4a and at C-9a both appear as a doublet of doublet at 3 84 ppm and at 4 32 ppm respecttvely 

wtth a vtcmal couplmg of J = 11 Hz The aromattc proton at C-5 gtves a smglet at 6 47 ppm The structure 

and stereochemtstry (syn arrangement of both angular hydrogen atoms and the trtcarbonyhron fragment) of 

complex 6 have addtttonally been confirmed by an X-ray crystal structure determmatton (Ftgure 3) 18 We 

found that smgle crystals of the trtcarbonyhron-complexed 4a,9a-dthydro-9H-carbazole 6 exhtbrt opttcal 

amsotroptsm gb It represents columns whtch by rotation about the longttudmal axts appear red and yellow at 

orthogonal planes We beheve that the crystal packmg (Ftgure 4) IS the reason for thts mterestmg feature 

The crystal appears red when lookmg at the plane of the aromattc rmgs, whtch are arranged m parallel 

layers (YZ plane) Orthogonal to thts duectton (XZ plane) the crystals appear yellow The correspondmg 

qumotd compound, the trtcarbonyhron-complexed 4b&-dthydrocarbazol-3-one 9 has a dtfferent crystal 

packmg mode (Rgure 2) and does not exhtbtt an analogous feature. To our knowledge a stmtlar opttcal 

amsotropy has not been observed yet wtth transttton metal-dtene complexes 

Thts chemoselecttve cychzmg dehydrogenatton provtdes dtrect access to the 4a,9a-dthydro-9If-carbazole 

rmg system for the fnst ttme wtthout addtttonal annulated rmgs Generally, benzo-annulated brtdgehead- 

dthydroheteroaromattc rmg systems, such as the 3a,7a-dthydrobenzofurans,te~ the 3a,7a-dthydromdoles,33 

the 3a,7a-dthydrobenztmtdazoles, 34 and the 4a,9a-dthydro-9Kcarbazoles, ctQ4~35 have been avatlable so far 

exclustvely by transttton metal-medtated syntheses 
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(co)3Fe Q-f+ Me oxdmg agent ) 

Scheme 9 

Table 3 Oxldatlon of the 4a,9a-dlhydro-9H-carbazole 6 

I product v a Mn0717 Cp?Fe+PFA- MnOqm I 

1 74 % 68 % 8% 
9 9% 73 % 

Treatment of the 4a,9a-dlhydro-9Wcarbazole 6 with very actrve manganese dloxlde gives 4-deoxycarbazo- 
mycm B (1) m 74% yield along with the 4b,Sa-dihydrocarbazol-3-one 9 (9% yield). This transformation 1s 

believed to proceed via the steps first, aromatlzatlon and second, demetalatlon The converSIon of the 4a,9a- 
dlhydrocarbazole 6 to the aromatized carbazole 1 supports the mechanism which was proposed for the non- 
mediated arylamme cycllzatlon (Scheme 4) Thus both oxidation pathways of the Iron complex 5 which are 

presented m Scheme 5 can be reahzed in theu two single steps The selectlvlty of these oxulatlons 1s 
controlled by the choice of the oxidant Complete chemaselectlvlty m the oxuiatlon of 6 to 1 1s achieved 

with ferrlcemum hexafluorophosphate It IS suggested by this result that the aromatlzmg dehydrogenatlon, 

like the cychzmg dehydrogenatlon, IS mltlated by an SET process and takes place via the iron followed by a 
syn-stereospeclfic hydrogen shift and subsequent proton loss The attempt of a palladmm-catalyzed 
dehydrogenatlon of 6 m an argon atmosphere (10% Pd/C, toluene, 72 h, 1lO’C) leads exclusively to 

recovery of the startmg material Obviously, the sterlcal hmdrance exhlblted by the trlcarbonyhron group 
prevents an approach of the two syn protons (4a-H and 9a-H) to the surface of the catalyst Thus outcome IS 
consldered a further mdlcatlon that aromatlzatlon of 6 using very active manganese dloxlde IS mltlated by 
oxldatlve attack at the iron Oxldatlon of the 4a,9a-dlhydm-9H-carbazole 6 with commercial manganese 
dloxlde20 affords the 4b,8a-dlhydrocarbazoL3-one 9 III 73% yield along with 8% of the aromatized 
carbazole 1. Agam with this type of manganese dloxlde, contammg water, a chemoselectlve oxldatlon of 

the aromatlc rmg to the lmmoqumone moiety IS achieved m the presence of the trlcarbonyhron-dlene umt 

This result fumlshs evidence for the lmk between the iron-medlated arylamme cychzation and the 

lmmoqumone cychzatlon as mdlcated m Scheme 5 
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The efftctency of the process cycltxatton/aromattxatton/demetalatton m the course of the non-mediated 

arylamine cychxation to 4-deoxycarbaxomycm B (1) has been improved (three steps, 33% overall yield of 1 

based on the non complex salt 3) by using in sequence the more selective ferrtcentum cation and then very 

active manganese dioxide as the oxidinng agents. 

The much better yield of the uon-mediated tmmoqumone cychxation prompted us to mvestrgate rts 

apphcatron to the syntheses of Cdeoxycarbaxomycm B. In fact we can now take advantage of an 

aromatrxatton process which IS analogous to that predicted by Harley-Mason for the 2,3-dihydromdol-5 

ones27 Treatment of the 4b,8a-dlydrocarbaxol-3-one 9 with trlmethylamme N-oxide36 at room 

temperature affords as expected dtrectly the 3-hydroxycarbaxole 13 m 93% yield (Scheme 10) 
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In contrast to the trtcarbonyhron-complexed 4b,8a-dthydrocarbaxol-3-one 9, which IS highly stable m the 

au, rmmedtate tsomenxatton to the aromattxed ring system 13 occurs at the stage of the free hgand 12 All 

attempts to trap the mtcrmedrate free hgand 12 m an mtermolecular Duels-Alder cycloaddttron by deme- 

talatlon m presence of a highly reactive drenophlle (dimethyl acetylenedlcarboxylate and 4-phenyl-1,2,4- 

trtaxoline-3,5-dione37) have been unsuccessful Obvtously the lsomenxatton of 12 to 13 IS much faster than 

the proJected Duels-Alder reaction which mdtcates the high drtvmg force for the aromatrxatlon process 

Treatment of the 3-hydroxycarbazole 13 wtth dtaxomethane gave only recovered starting material although, 

successful methylattons of I-hydroxy-,3s 2-hydroxy-,38 and 4-hydroxycarbaxoles (cf the conversron of 

carbaxomycm B to carbaxomycm A)2p4 using draxomethane have been described However, methylation of 

13 to Cdeoxycarbazomycin B (1) IS achieved m 96% yield wrth sodmm hydrrde/drmethyl sulfate 

The Iron-mediated tmmoqumone cychxatton provtdes 4-deoxycarbaxomycm B m four steps and 49% 

overall yield based on the non complex salt 3 Thrs result emphasize the superlorlty of the rmmoqumone 

cychxatron over the arylamme cychxatton descrrbed above We are convinced that this cychxation mode 

represents a general and from a synthettc point of vrew very useful method for the synthesis of 3- 

oxygenated and 3,4-dtoxygenated carbaxole alkalouls Further applications are in progress 
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EXPERIMENTAL SECTION 

Flash chromatography. Baker sdtca gel (0.03-o 06 mm). Meltmg pomts Retchert hot-stage W: Beckman 
3600 IR: Bruker IFS 25 and Perkm-Elmer 580 and 1710 (FHR) rH- and r3C-NMR Bruker WP-200, 
AM-300, and WM-400; Internal standard tetramethylstlane or chloroform, couphng constants m Hz. Mass 
spectra: Fmmgan MAT-312, tonmatron potenttaP 70 eV. Elemental analyses Heraeus CHN-Raptd All 
reacttons were carried out by using dry and degassed solvents m an mert gas atmosphere 

4-Methoxy-2,Sdimetbyhmiline (2) 
To a solutton of 2,3-drmethyl-4-mtroamsole (4) (5 0 g, 27 6 mmol) m methanol (130 ml) was added 10% 
palladmm on activated carbon (0.5 g) The mtroatyl denvatrve 4 was hydrogenated by vtgorous sttmng of 
thts mixture m an hydrogen atmosphere (1.1 atm) unttl no further hydrogen uptake was detected Ftltratton 
over a short path of Cehte and subsequently over a short path of sthca gel and evaporatton of the solvent 
afforded the product whtch was drted m high vacuum A purtficatton of the arylamme 2 was achteved by 
subhmatton (95”C/O 05 mm) Yteld 4 07 g (984) o , colorless crystals, mp 67-68°C IR (KBr) v 3437,3359, 
2996,2959,2834,1632,1483,1462,1256,1222,1105,807 cm-l; rH-NMR (300 MHz, CDCl,) 6 2 10 (s, 
3 H), 2 17 (s, 3 H), 3 33 @r s, 2 H), 3.75 (s, 3 H), 6.53 (d, J = 8.6, 1 H), 6.61 (d, J = 8 6, 1 H); r3C-NMR 
(75 MHz, CDCI,). 6 12 2 (q), 13 4 (q), 56.5 (q), 109 7 (d), 113 0 (d), 123 3 (s), 126 1 (s), 138 5 (s), 151 3 
(s), MS (25°C) m/z 151 (M+, 75), 136 (loo), 120 (3). Anal Caicd for (&Hr,NO C, 71 49, H, 8 67, N, 
9 26 Found. C, 71 41, H, 8.54, N, 9 35 

Tricsrbonyl[(l-4q)-5-(2-amino-5-methoxy-3,4-dimethylphenyl)-1,3~yclohexadiene]iron (5) 
A solution of the complex salt 3 (2 57 g, 8.42 mmol) m dry acetomtrtle (35 ml) was added over a penod of 
30 mm under nitrogen to a refluxmg solutton of the arylamme 2 (2 80 g, 18 5 mmol) m dry acetomtrtle (20 
ml) After the addttton was completed the reactton mtxture was heated at reflux for further 45 mm The 
solvent was removed m vacua and the residue was taken up m dtethyl ether and filtered through a short path 
of Cehte. Evaporatton of the solvent and flash chromatography (dtethyl ether/hght petroleum, 1:2) on s~hca 
gel provided 2 99 g (96%) of the non complex 5 as light yellow crystals, mp 122°C. IR (KBr) v 3445, 

3403, 2930, 2039, 1957, 1622, 1483, 1461, 1424, 1336, 1276.1233, 1119,839, 625, 614, 568 cm-r, rH- 
NMR (300 MHz, CDCi3) 6 1 61 (br d,J = 15, 1 H), 2 08 (s, 3 H), 2 14 (s, 3 H), 2 40 (ddd,J = 15, 11, 4, 1 

H), 3 18 (m, 2 H), 3 33 (br s, 2 H), 3.43 (dt, J = 11, 4, 1 H), 3 77 (s, 3 H), 5 52 (m, 2 H), 6 59 (s, 1 H), lH- 
NMR NOE expenments (300 MHz, CDCl3) 1. Irradtatton at 2.40, observed NOE’s 1 61, 3 18, 3 43, 2 
madratton at 3 43, observed NOE’s 2 40, 3 18, 6.59, 3 nradtatton at 5 52, observed NOE’s 3.18,6 59, r3C- 
NMR and DEPT (75 MHz, CDCIJ): 6 12 1 (CH3), 13.6 (CH3), 31 4 (CH2), 39 4 (CH), 56.7 (CH3), 60 3 
(CH), 65.0 (CH), 84 9 (CH), 85 6 (CH), 108 2 (CH), 123 2 (C), 124 1 (C), 128 0 (C), 135 6 (C), 150 8 (C), 
2119 (CO), MS (80°C) m/z 369 (M+, 27), 341 (3), 313 (24), 285 (61), 283 (75) 227 (12), 207 (loo), 151 
(33) Anal Calcd for CraHr9FeN04 C, 58 56, H, 5 19, N, 3 79 Found C, 58 75, H, 5 20, N, 4 00 

4-Deoxycarbazomycin B (1) 
By arylamme cychzatton of complex 5 
Very acttve manganese dtoxtder7 (1 85 g) was added to a solutton of the non complex 5 (369 mg, 1 0 
mmol) m dry toluene (25 ml) and the resultmg mtxtute was stnred for 4 h at room temperature under 
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mtrogen. F&ration through a short path of Cehte, removal of the solvent m vacua and flash 
chromatography (dtethyi ether/bght petroleum, 1.4) of the restdue on slima gel afforded 64 mg (28%) of 
4-deoxycatbazomycm B (1) as colorless crystals, mp 130-132°C (ilt.3 mp 129-130°C lk7a mp 129-131”C, 
lit 10 mp 120-121°C). W (EtOH): h 216, 233, 251, 262, 293 (sh), 302, 334, 348 nm; IR (KBr) v 3413, 
2928,1587,1495,1456,1427,1309,1275, 1256,1209, 1162, 1146,1112,1102, 765, 752, 733 cm-l; 1H- 
NMR (200 MHz, CDC13) 6 2.34 (s, 3 H), 2.44 (s, 3 H), 3 94 (s, 3 H), 7 14-7 45 (m, 4 H), 7.76 (br s, 1 H), 
7 99 (br d, J = 8, 1 H); t3C-NMR (75 MHg CDCl3) S 12.2 (q), 13 7 (q), 56 3 (q), 99 1 (d), 110 8 (d), 
118.9 (d), 119 0 (s), 119 9 (d), 120 2 (s), 124 2 (s), 124.3 (s), 124 9 (d), 134 2 (s), 139 7 (s), 152 6 (s), MS 
(50°C) m/z 225 (M+, loo), 210 (90), 194 (4), 182 (S), 180 (12), HRMS caicd for C!,SH,SNO (M+) 
225 1154, found: 225.1153 

Triearboayl[(l-4q)-5-(6-imino-4,5-dimethylcyciohexs-l,4-dien-3-onyl)-1,3-cyclohexadiene]iron (8) 
Commercial manganese dtoxide20 (7 g) was added to a soiutron of the non complex 5 (1 40 g, 3 79 mmoi) 
m dry toiuene (60 ml). The reactron mixture was stured for 3 h at room temperature under nitrogen The 
mucture was filtered through a short path of Cebte which was carefully washed wtth toiuene several trmes 
Removal of the solvent from the combmed filtrates m vacua and subsequent recrystaihzatron from ethyl 
acetate/drethyi ether/light petroleum (1 1 2) provrded 848 mg (63%) of the non-cycitzed rmmoqumone 8 as 
yellow crystals, mp 172’C (dec.). UV (MeOH) h 263 nm, IR (KBr) v 3448, 2051, 1990, 1968, 1953, 
1646,1624, 1603, 1411, 1337, 1193, 1144,864,623,615, 568 cm-l, IH-NMR (200 MHz, CDC13) 6 1 43 
(d br,J = 15,l H), 1.99 (br s, 3 H), 2 07 (br s, 3 H), 2 37 (ddd, J = 15,114,3 7,1 H), 3 03 (m, 1 H), 3 14 
(m, 1 H), 3 88 (m, 1 H), 5 49 (m, 2 H), 6 49 (s, 1 H), 10 65 (br s) and 10 83 (br s, I: 1 H), 13C-NMR and 

DEPT (75 MHz, CDCi3) 8 12 0 (CH3), 13 3 (CH3), 32 6 (CHi), 37.2 (CH), 60 4 (CH), 62 9 (CH), 84 8 
(CH), 86 1 (CH), 126 9 (CH), 136 1 (C), 136 9 (C), 157 1 (C), 166 3 (C=N), 187 2 (C=O), 2115 (CO), MS 
(9O’C). m/z 353 (M+, 4), 325 (14), 297 (37), 269 (52), 267 (loo), 213 (ll), 190 (44) Anal Caicd for 
Ct7H15FeN04 C, 57 82, H, 4 28, N, 3 97 Found C, 57 65, H, 4 27, N, 3 96 

Tricarbonyl[(5-8q)~b,8a-dihydro-1,2dimethylcarbazol-3-one]iron (9) 

a) By cyciizatron of the rmmoqumone 8 
Freshly prepared very active manganese droxrde l7 (1 24 g) was added to a solution of the non-cycirzed 
rmmoqumone 8 (248 mg, 0 70 mmoi) m dry dlchioromethane (33 ml) The heterogeneous reaction mrxture 
was stured for 105 min at room temperature under nitrogen Fritratton through a short path of Cehte (whrch 

was washed several times wtth drchioromethane), evaporatron of the solvent from the combmed filtrates m 
vacua and flash chromatography (ethyl acetate/ltght petroleum, 1.3) of the resrdue on srhca gel gave 220 
mg (90%) of the tmmoqumone 9 as yellow crystals, mp 198°C (dec.) UV (MeOH) h 279 nm, IR (KBr) v 
2046,1978,1962,1625,621,564 cm- l, lH-NMR (200 MHz, CDCI,) 6 1 99 (s, 3 H), 2.19 (d, J = 1, 3 H), 
3 11 (m, 1 H), 3 49 (m, 2 H), 4 91 (dd,J = 6 2,4 4,1 H), 5 41 (m, 2 H), 6 19 (d,J = 1 9,1 H), 13C-NMR 
and DEPT (75 MHz, CDCi3) 6 12 2 (CH3), 13 7 (CH3), 45 2 (CH), 57 3 (CH), 59 2 (CH), 78 1 (CH), 85 3 
(CH), 86 3 (CH), 122 4 (CH), 138 2 (C), 138 9 (C), 155 3 (C), 164 1 (C=N), 187 2 (C=O), 210 4 (CO), MS 
(1OO’C) m/z 351 (M+, 13), 323 (98), 295 (38), 267 (loo), 265 (28), 211 (6), 189 (50), 161 (14) Anal 
Caicd for C17H13FeN04 C, 58 15, H, 3 73, N, 3 99 Found C, 57 99, H, 3.83, N, 4 16 
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b) By cyclrzatton of iron complex 5 wtth Tl(OCOCF& 

The non complex 5 (100 mg, 0.27 mmol) was dtssolved under nitrogen m a mtxture of dry ethanol (8 ml) 

and dry dtchloromethane (1 ml) as the solvent. Sodium bicarbonate (7.5 mg, 0 89 mmol) and then thallmm 

trtfluoroacetate (310 mg, 0 57 mmol) were added and the reactton mtxture was stirred for 30 mm at 0°C 

under mtrogen. An excess of an aqueous solutton of sodmm carbonate and ethyl acetate were added, and the 

reaction mixture was sttrred for 5 mm, durmg whtch time the temperature rose to 25°C The reaction 

mtxture was filtered through a short path of Cehte which was subsequently washed with ethyl acetate The 

combmed filtrates were washed with a saturated solutton of sodmm btcarbonate, then with water and dried 

over magnesium sulfate. Removal of the solvent m vacua and flash chromatography (dtethyl ether/light 

petroleum, 1 3) on sthca gel afforded 54 mg (57%) of the tmmoqumone 9 as yellow crystals, spectral data, 

see above 

X-ray crystal structure determination for 9 
Formula Ct7Ht3FeN04; crystal size 0 22 0 19 0 05 mm; trtclmtc, space group Pi, a = 7 697(4) A, b = 

9 305(5) A, c = 11 467(6) A, a = 107 92(4)“, B = 100 53(4)‘, y = 100 32(4)“, V = 743.5(7) A3, Z = 2, 

Pcslcd = 1 58 g/cm3, T = 120 K, p = 103 mm-l, MO-K, radiation (graphite monochromator), scan range 3” 

< 20 < 52”, independent reflecttons 2390, observed 2073 [F > 4u(F)], R = 0 053; R, = 0 051 [w-t = 

02(F) + 0 000038 F2]; maxtmal restdual electron denstty 0 76 e/& 

Data collectton and calculattons were camed out usmg a Ntcolet R3mTV four-ctrcle dtffractometer with a 

Micro VAX II computer and SHELXTLPLUS software t8 

Table 4 Atomtc coordinates ( x 104) and eqtuvalent tsotroprc 

displacement factors (A2 x ld) 

Fe 

N 

O(1) 
o(2) 
O(3) 
o(4) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
'X6) 
C(7) 
C(6) 
C(9) 
C(l0) 
(x11) 
C(l2) 
(x13) 
C(l4) 
UlS) 
C(16) 
C(l7) 

4235(l) 
1096(S) 
7281(5) 
4520(S) 
943(S) 

3017(S) 
6063(7) 
4442(7) 
2266(7) 
2657(6) 
4542(7) 

53W6) 
4223(6) 
2293(6) 
2265(6) 
2741(6) 
2597(6) 
1936(6) 
1436(6) 
1556(S) 
1409(6) 

6W7) 
1667(7) 

6471(l) 
3166(4) 
7239(4) 
9765(4) 
5627(4) 

-2067(4) 
6937(5) 

8482(S) 
6112(5) 
5699(5) 

5=4(5) 
4976(S) 
4093(5) 
3167(S) 
1697(S) 

395(5) 
-851(S) 
-610(S) 
699(5) 
1696(S) 

Q%(5) 
lOOl(6) 

-1925(5) 

3167(l) 
-425(3) 
YOl(3) 

3509(j) 
4054(j) 
-S35(3) 
4633(5) 
3375(4) 
3736(4) 
1279(4) 
1351(4) 
1977(4) 
2477(4) 
16%(O) 
655(4) 

6%(5) 
-533(S) 
-1750(4) 
-1762(4) 
-643(4) 
950(4) 

-2950(4) 
-2934(5) 

21(l)' 
23(l)* 
43(2)* 

38(2)* 
45(2)* 

36(l)* 
27(2)* 

2N2)* 
29(2). 
23(2)* 
26(2)* 
25(2)* 
25(2)9 
22(2)* 
22(2)+ 
26(2)* 
27(2)* 
26(2)* 
22(2)* 
21(2)* 
2X2)* 
33w 
34(2)8 

* Eqmvalent tsotroptc U defined as one thud of the trace 
of the orthogonahzed U,, tensor 
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Table 5 Bond leng& (A> 

F-W) 1.763 (5) -‘X2) 1 786 (5) 
F&(3) 1 773 (6) F+'X4) 2 109 (4) 
Fe-C(S) 2 053 (5) FtC(6) 2 074 (5) 
FCC(~) 2 105 (4) N-C(l4) 1 267 (6) 
N-C(lS) 1 492 (5) 0(1)-c(l) 1 156 (6) 
0(2)-c(2) 1 144 (6) 0(3)-c(3) 1.159 (7) 
0(4)-wl) 1 230 (6) C(4)-c(5) 1 416 (7) 
C(4)-c:(l5) 1 517 (6) 'X5)-c(6) 1.410 (7) 
'.X6)-C(7) 1 422 (7) m-w 1 527 (6) 

w-w) 1.W (6) W)-w5) 1.546 (7) 
C(9)JxlO) 1 330 (7) cwJxl4) 1 463 (7) 
C(lO)-C(ll) 1 473 (6) C(ll)-c(12) 1.493 (6) 
C(12)-C(13) 1 345 (7) C(12)-C(17) 1.511 (6) 
C(l))-C(14) 1 471 (6) C(lJ)-C(16) 1 Soa (7) 

Table 6 Bond angles (9 

C(l)-FwC(2) 
C(2)-Fe-C(J) 
C(2)-Fe-C(S) 
C(l)-F.-C(5) 
C(3)-Fe-C(S) 
C(l)-Fe-C(B) 
C(3)-FwC(6) 
C(5)-FeC(6) 
C(2)-Fe-G(7) 
C(4)-Fe-C(7) 
C(6)-Fe-G(7) 
Fs-C(l)-O(l) 

F&(3)-0(3) 
Fe-G(4)-C(15) 
F&(5)-C(4) 

C(4)-'X5)-C(6) 
Fe-C(6)-C(7) 
F&(7)-C(6) 

c(6)-c(7)-ua) 
C(7)-c(6)-w5) 
c(a)-c(9)-c(lo) 
c(lo)-c(9)-c(l4) 
o(4)-c(11)-c(Io) 
c(1o)-c(l1)-c(l2) 
C(ll)-C(12)-C(17) 
C(12)-C(13)-C(l4) 
C(14)-C(13)-C(16) 
N-C(14)-C(l3) 
N-C(15)-C(4) 
c(4)-c(15)-c(a) 

92.1(2) 
99 l(2) 
93.2(2) 

123.7(2) 
13C 6(2) 
94.0(2) 
131 5(2) 
39.9(2) 
164 4(2) 
76 9(2) 
39.6(2) 
178 3(s) 
176 9(3) 
109 5(3) 
72.2(3) 

115 a(5) 
71 3(3) 

66 9(3) 
120 60) 
110 S(4) 
132 7(5) 
120 S(4) 
120 7(5) 
116 a(4) 
115 3(4) 
iia 4(4) 
117.3(4) 
124 5(4) 
109 60) 
110 9(J) 

C(l)-F&Z(3) 103.0(2) 
C(l)-Fe-C(I) 163 O(2) 
C(3)-F&(4) 92 l(2) 
C(2)-F&Z(5) 94 6(2) 
C(4)-Fe-C(S) 39 a(2) 
C(2)-F&(6) 125 6(2) 
C(4)-FE-C(~) 69 E(2) 
C(l)-F&(7) 94 2(2) 
C(3)-FE-C(~) 93 4(2) 
C(5)-Fe-G(7) 69 9(2) 
C(l4)-N-c(15) loft 9(4) 
Fe-C(2)-0(2) 177 9(5) 

F&(4)-C(5) 68 O(2) 

C(5)-fx4)-c(l5) 119 5(4) 

F.-c(5)-c(6) 70 6(3) 
h-C(6)-C(S) 69 2(3) 
c(5)-C(6)-C(7) 114 7(4) 
h-C(7)-C(6) 106 l(3) 

C(7)-w)-c(9) 112 7(4) 

W)-w)-c(15) 102 5(4) 

C@)-c(9)-c(14) 106 6(4) 
c(9)-qlo)-c(ll) 120 O(5) 
0(4)-c(11)-c(12) 120 6(S) 
C(ll)-C(l2)-C(13) 121 2(4) 
C(13)-C(12)-C(17) 123 6(5) 
C(l2)-C(l3)-c(l6) 124 3(4) 
N-C(14)-C(9) 114 6(4) 
C(9)-c(l4)-C(l3) 120 9(4) 
N-C(15)2(8) 107 2(4) 
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4-Methoxy-2,3dimethyl-6-phenylaniline (11) 
To a solution of the iron complex 5 (369 mg, 1.0 mmol) m dry tohrene (5 ml) was added 10% palladmm on 
acttvated carbon (401 mg) The reactton mixture was stirred at 80°C under nitrogen for 48 h. Ftltration OVCI 
a short path of Cehte, evaporatton of the solvent m vacua and flash chromatography (diethyl ether/I@ pe- 
troleum, l-3) of the residue on silica gel ,provuled 3 fractrons; fraction 1: 17 mg (8%) ddeoxycarbazomycm 
B (1) (spetrsl data, see above); fraction 2. 92 mg (41%) phenylamlme 11; fractton 3. 40 mg (11%) 4a,9a- 
dthydro-9iY-carbazole 6 (spectral data, see below) The phenylamlme 11 and the starting matenal5 have the 
same Rtvalue. 11: IR(CHC1~). v 3008,2940,2839,1613,1476,1462, 1417, 1338,1280,1131,1105 cm- 
l, lH-NMR (200 MHz, CDCI,) 6 2.17 (s, 3 H), 2 23 (s, 3 H), 3 45 (br S, 2 H), 3 77 (s, 3 H), 6 60 (s, 1 H), 
7 30-7 50 (m, 5 H); MS (50°C) m/z 227 (M+, 77), 212 (lOO), 197 (7), 183 (a), 181 (4), 179 (4), 169 (6), 
168 (6), 167 (5), HRMS calcd for CtsHt7NO @I+)* 227.1310, found. 227 1310. 

Triearbonyl[(1-4q)-4a,9adihydro6-methoxy-7,8dimethyl-9~~arba~le]iron (6) 
Femcenmm hexafluorophosphate (149 mg, 0.45 mmol) was added at room temperature to a stured solutton 
of the non complex 5 (300 mg, 0.813 mmoi) m dry dtchloromethane (20 ml) After 30 mm further 
femcenmm hexafluorophosphate (149 mg, 0.45 mmol) was added and the heterogeneous mixture was 
stured for 1 h at room temperature under argon A solution of iV,K-dusopropylethylamme (0 31 ml, 1 79 
mmol) in dry drchloromethane (5 ml) was added over a penod of 20 min and after further 15 mm of sturmg 
the solvent was removed m vacua Flash chromatography (dtethyl etherflight petroleum, l-3) of the residue 
on degassed sthca gel afforded the starting matenal 5 (126 mg, 42%) as the less polar fractton, the more 
polar fractton represents the 4a,9a_dthydro-9H-carbazole 6 (139 mg, 47%), yellow/red crystals, mp 164°C 
(dec) IR (KBr) v 3376,3002,2924,2037,1967,1465,1241,1118,619,567 cm-t; tH-NMR (200 MHz, 
CDCI,). 8 1 97 (s, 3 H), 2 08 (s, 3 H), 3 23 (m, 1 H), 3 49 (m, 1 H), 3.74 (s, 3 H), 3.84 (dd, J = 11, 4 4, 1 
H), 4 32 (dd, J = 11, 3.4, 1 H), 5 38 (m, 2 H), 6 47 (s, 1 H); t3C-NMR and DEPT (75 MHz, CDCI,). 8 119 
(CH3), 13 7 (CH3), 46 9 (CH), 56.6 (CH3), 616 (CH), 62.9 (CH), 63 8 (CH), 85 7 (CH), 86 4 (CH), 105 0 
(CH), 120.3 (C), 124.7 (C), 130 1 (C), 1416 (C), 152 2 (C), 211.4 (CO); MS (60°C). m/z 367 (M+, 7) 342 

(2), 325 (3), 323 (2), 311 (2), 283 (8) 281 (14), 269 (27) 254 (24), 229 (95), 228 (loo), 214 (22), 212 
(22) Anal Calcd for CtsHt7FeN04: C, 58 88, H, 4 67, N, 3 81 Found C, 58 54, H, 4 70; N, 3 96 

X-ray crystal structure determination for 6 
Formula* C18Ht8FeN04; crystal sure: 0.33 - 0 21 0.18 mm, monochc; space group P2+, a = 10 105(l) 
A, b = 13 336(2) A, c = 12.297(2) A; a = y = 90°, i3 = 96.27(l)“, V = 1647.3(4) A3; Z = 4, pcald = 1 485 
gkm3; T = 293 K, p = 0.93 mm-l; MO-K, radiation (graphtte monochromator); scan range- 3” c 26 < 45”, 
Independent reflecttons 2915, observed 2572 [F > 40(F)], R = 0 037, R, = 0 045 [w-t = &(F) + 0 003 
Fz]; maxtmal restdual electron density 0 50 e/A3 

Data collectton and calculattons were camed out usmg a Nicolet R3m/V four-ctrcle dtffractometer wtth a 
Micro VAX II computer and SHELXTLPLUS software.ts 
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Table 7. Atomic ccmdmates ( x l@ and cquwaknt m&xpc 
dis~cement factors (A2 x I@) 

21, 
oca 
o(J) 
o(4) 
C(l) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(6) 
MS) 
c(lO) 
C(l1) 
W2) 
W3) 
C(W) 
cm1 
c(16) 
W7) 
C(W) 
cm 

x Y 

4141/l) S3420) 
5359(3) 1-2) 
n=(3) 774@(21 
1729<2) ssey2) 
1277(2) 12332(l) 

35a2) 8477t2) 
4725(3> oQBt(2) 
4555t2) lolll(2) 

W(2) 1039X2) 
x49(2) 11201(Z) 
1475(Z) llr14y2) 

14w2) loal(2) 

lW2) 9663e) 
2=x3) MW2) 
2223(2) S75w2) 
2S44tz) 994w2) 
lS32(2) 16316(Z) 

1840(2) 95w2) 
1276t4) 132l4(2) 
1291(3) lmw3) 
1652<3) S7w2) 
4995(J) l_(2) 
5141(3) sss6(2) 
2566(3) 9125(2) 

* 

2157(l) 

932(2) 
1337<2) 
690(2) 

65#(1) 
3467m 
37w2) 
3511(2) 

n35a) 
-2) 
6139(2) 

6888(2) 
6514(e) 

4soy21 
3736e) 
3568m 
4690(2) 
5412(2) 

56790) 
eossl2) 
7239(3) 
I4liJ(2) 

1-2) 
1269(2) 

c 
4wr 
SW)* 
WlF 
w1r 
6x1 r 
w1 r 
5ltlP 
Ml)* 
WI)* 
Wl r 
44(l)* 
4x1)* 
45(l)* 
520). 
4201* 
3x1)* 
o?(l)* 

4wP 
67(l)* 

6w)' 
6silP 
55(133 
560). 
50(l)* 

* Epvatent isotropic U defined as one thxd of the trace 
of the orhgonahzed UIJ tensor 

Table 8. Ikmd lengths (A> 

Fm-W) 2 105 (3) 
Fd(3) 2 063 (2) 
FcC(17) 1.760 (3) 
Fe-C(W) 1 773 (3) 
0(2)-c(16) 1.131 (4) 
0(4)-C(6) 1 387 (3) 
Yl)-c(2) 1.420 (4) 
c(2)-c(3) 1.396 (4) 
c(4)-c(llI 1 512 (3) 
fx5)-w2) 1 391 (3) 

W)-W) t 401 (4) 

W)-c(l3) 1 399 (3) 
a(9wxlw 1480 (3) 
c(ro)-c(ll) 1 555 (3) 
c(ww3) l.JBo (9 

Fe-W) 2 060 (3) 
h-c(4) 2 111 (2) 
FCC(M) 1 791 (3) 
WPw7) 1.143 (4) 
O(3bw9~ 1.135 (3) 

o(4bw4) 1 404 (3) 
W)-c(lO) 1.515 (3) 

c(3)-c(4) 1423 (3) 
c(5)Y6) 1 390 (3) 

C(6)-c(7) 1 4lS (3) 
C(7)-w3) 1.499 (4) 
C(S)-c(16) 1.935 (4) 
MP)-c(l3) 1 405 (3) 
c(ll)-c(12) 1 503 (3) 
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Table 9. Bond angles (“) 

CU )_F+Wl 
c(2)-Ftc(3) 
c(z)-~cc(4) 
qI)-FcC(17) 

q3bFdXl7) 
C(l)-FeC(16) 
c(J)-FeC(l6) 
C(17)-FCC(W) 
q2)-F&(19) 
q4)-F.-C(lO) 
C(lB)-F.-C(lO) 

Ftc(lHX2) 
C(2)-C(l)-C(lO) 
Fe-G(2)-C(3) 
Fe-C(3)-C(2) 

C(2)-c(J)-c(4) 
FtC(4)-C(ll) 
C(6)-C(S)-C(12) 

0(4)-q6)-q7) 
C(6)-q7bCW 
C(E)-C(7)-C(l5) 

C(7)-c(6)-c(16) 
C(lO)-N(9)-C(13) 
C(l)-c(lo)-C(ll) 
c(4)-C(ll)-C(lo) 
c(1o)-c(ll)-c(12) 
C(S)-C(12)-C(13) 
C(S)-C(13)-N(9) 
M9)-C(13)-C(12) 
Fa-C(16)-O(2) 

=w) 
33.6(l) 
69.4(l) 
161.4(l) 
92.1(l) 
93.7(l) 
125.7(l) 
93.1(l) 
134.6(l) 
94.7(l) 
9&l(l) 
6&3(l) 
120 3(2) 
70.3(l) 
70.1(l) 

114.7(2) 
110 3(2) 
116 3(2) 
114.9(2) 
119-O(2) 
121.9(2) 
123.1(2) 
108 9(2) 
110 2(2) 
110 4(2) 
103 2(2) 
120.y2) 
126.4(2) 
111.7(2) 
177 7(3) 

qlbF+C(J) 69.9(l) 

c(l)-F.-C(4) =.3(l) 
q3)-Ftc(4) 39.60) 
C(2)-Fo-C(l7) 122.0(l) 

c(4)-F~(l7) 93 l(1) 

c(2)-F~(lW 95 9(l) 
q4)-Ftc(l6) 164 Yl) 
Yl)-F~(l9) 96 l(l) 
c(3)-F~(l9) 133e(l) 
q17)-FcC(19) 100.1(l) 

q6)-0(4)~(14) 117 7(2) 
Fe-C(l)-C(lO) 109 C(2) 

F~(2)-ql) 71.7(l) 

Yl)-q2)-c(3) 115 S(2) 

FA(3)-c(4) 71.9(l) 

F~(4)-c(3) 66.3(l) 

qJ)-q4)-C(ll) 119 9(2) 

q4)-C(6)-C(S) 123 l(2) 

qWC(6)-C(7) 122 O(2) 

q6bC(7bC(l5) 119 l(2) 

q7w(6)-ql3) 116 4(2) 
C(l3)-C(6)-C(l6) 118 5(2) 

c(lW(lO)-N(9) 110.1(2) 

Y9W(lO)-qll) 105.9(2) 

q4)-qll)-ql2) 113.2(2) 
qs)-c(12)-qll) 129 2(2) 
qll)-C(12)-q13) 110.3(2) 
C(B)-C(13)2(12) 121 9(2) 

F.-C(l'lt-o(l) 170 e(3) 

F.-C(l9)-0(3) 179 2(3) 

Trlearbonyl[(S-8q)-448a_dihyd~-l,~ime~ykar~~l-3~ne]i~n (9) 
By oxrdattoo of 6 wtth commercial Mn% 

Commercial manganese dioxtdea (425 mg) was added to a solutton of the 4a,9a-dthydro-9H-carbazole 6 

(85 mg, 0 231 mmol) m dry toluene (7 ml) and the heterogeneous reaction mtxture was stnred at room 
temperature under argon for 1 h Ftltratton through a short path of Cehte (which was subsequently washed 
wtth ethyl acetate), removal of the solvent from the combmed filtrates m vacua and flash chromatography 
(ethyl acetate/hght petroleum, 1 3) gave 4 mg (8%) of Cdeoxycarbaxomycm B (1) as the less polar fractton 
(colorless crystals) and 59 mg (73%) of the rmmoqumone 9 as the more polar fractton (yellow crystals). 

4-Deoxycnrbstzomycin B (1) 
By oxtdatton of 6 wrth very actrve MnO2 

Very active manganese dtoxtdel7 (450 mg) was added to a solution of the 4a,9adthydro-9H-carbaxoie 6 

(90 mg, 0 245 mmol) m dry toluene (7.5 ml) and the reactron mtxture was stttmd at room temperature 
under argon for 4 5 h The heterogeneous mtxture was filtered through a short path of Cehte whtch was 
carefully washed wtth ethyl acetate. The combmed filtrates were taken to dryness by removal of the solvent 
m vacua. Flash chromatography (dtethyl ether/@ petroleum, 1 3) of the residue on srhca gel provtded 
41 mg (74%) of 4-deoxycarbaxomycrn B (1) as colorless crystals and 8 mg (9%) of the tmmoqumone 9 as 

yellow crystals 
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4Geoxycarbaxomycin B (1) 
By ox&&on of 6 with aFe+PFe- 

Ferncemum hexafluorophosphate (71 mg, 0.216 mmol) was added to a solution of the 4a,9a-dlhydro-9H- 

carbazole 6 (72 mg, 0.196 mol) in dry dichloromethane (4 ml) and the heterogeneous reaction mixture was 

stirred at room temperature under argon for 20 mm A solution of N,.WdiisopropylethyIamme (37 pl, 0 216 

mmol) m dry dlchloromethane (0.5 ml) was added over a penod of 10 mm, further femcemum hexafluoro- 

phosphate (71 mg, 0.216 mmol) was added and after 20 mm of stirring N,KdhsopropyIethylamme (37 ~1, 

0 216 mmol) m dry dlchloromethane (0.5 ml) was again added over a penod of 10 mm The reaction mix- 

ture was diluted with diethyl ether, filtered through a short path of Cehte and the solvent was evaporated in 

vacua Flash chromatography (dlethyl ether/light petroleum, 1:3) of the residue on silica gel gave 30 mg 

(68%) of 4-deoxycarbazomycm B (1) as colorless crystals. 

3-Hydroxy-l,ZdimethyI-9EZ-carbaxole (13) 
A solution of the immoqumone 9 (50 mg, 0.14 mmol) m dust acetone (8 ml) was added to tnmethylamme 

N-oxide dehydrate (125 mg, 1.12 mmol) and the heterogeneous mixture was stirred at room temperature 

under nitrogen for 5 h. Filtration through a short path of C&e, removal of the solvent m vacua and flash 

chromatography (diethyl ether/light petroleum, 1 2) of the residue on sdica gel afforded 28 mg (93%) of the 

3-hydroxycarbazole 13 as colorless crystals, mp 202°C UV (MeOH) h 215,232,252, 263, 292 (sh), 300, 

338, 350 nm, IR (KBr). v 3433,331O (br), 2926,1594, 1504,1467, 1436,1315,1299, 1266, 1247, 1180, 

1160,1060, 848, 767, 751, 733 cm -1; tH-NMR (300 MHz, CD,OD) 6 2 35 (s, 3 H), 2 50 (s, 3 H), 7 08 

(ddd, J = 7 9, 7.2, 1 0, 1 H), 7 30 (ddd, J = 8 2, 7 2, 1 0, 1 H), 7 33 (s, 1 H), 7 43 (dd, J = 8 2, 1 0, 1 H), 

7 90 (dd, J = 7 9,10,1 H), tH-NMR (200 MHz, CD$OCD$: 6 2 23 (s, 3 H), 2 43 (s, 3 H), 7 03 (dt, J = 

10,76,1H),727(dt,J=10,7.6,1H),728(s,1H),7.41(d,5=76,1H),788(d,5=76,1H),882 

(s, 1 H), 10 70 (s, 1 H), 13C-NMR and DEPT (75 MHz, CDjOD): 6 12.4 &I$), 13 8 (CH$, 103 0 (CH), 

111.6 (CH), 118 8 (CH), 120 0 (C), 120 3 (CH), 1215 (C), 123 2 (C), 124 6 (C), 125 5 (CH), 135 7 (C), 

141.8 (C), 149.7 (C), MS (1lO’C) m/z 211 (M+, loo), 210 (31), 195 (ll), 179 (4), 166 (6), 111 (lo), 

HRMS calcd for Ct4HtsNO (M+). 211.0997, found 2110998. Anal Calcd for C14H13N0 C, 79 59, H, 

6 20; N, 6 63 Found C, 79 25, H, 6 18; N, 7 12 

4-Deoxycarbaxomycin B (1) 
By alkylatlon of the 3-hydroxycarbazole 13 

A solution of the 3-hydroxycarbazole 13 (60 mg, 0.28 mmol) m dry diethyl ether (5 ml) was added to a 

suspension of sodium hydnde (10 mg, 0 42 mmol) m dry diethyl ether (10 ml) under nitrogen The 

heterogeneous mixture was stlrred at room temperature until the hydrogen evolution dlmmished (about 15 

mm) Dimethyl sulfate (78 mg, 59 ~1, 0 62 mmol) was added and the reaction mixture was stirred at room 

temperature under mtrogen for further 6 h The reactlon mixture was poured mto a solution of ammomum 

chloride (30 ml) and extracted 3 times with dlethyl ether (30 ml) The combmed extracts were dned over 

magnesmm sulfate Removal of the solvent m vacua and flash chromatography (dlethyl ether/hght 

petroleum, 1.2) of the residue on slhca gel provided 61 mg (96%) of Cdeoxycarbazomycm B (1) as 

colorless crystals; spectral data, see above 
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