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Abstract Bioactnlty-directed tsolatlon of the extract of the cyanophyte ~olypofhrrx orpanasensls has 

led to the isolation of fifteen new N-glycosides of mdolo[2,3-alcarbazoles designated tjipanazoles Al, 

A2, B, Cl, C2, C3, C4, D, E, Fl, F2, Gl, G2, I and J The structures of the alkaloids were determmed 

by physlcal methods, chemical degradation and synthesis Tlipanazole J IS the only compound having 

the pyrrolo[3,4-cl ring of previously described mdolo[2,3-alcarbazoles 

In screening extracts of blue-green algae for antifungal achvlty, we have found that tndolo[2,3- 

alcarbazoles, which we have named tjipanazoles, are responsible for the moderate fungicldal activity of the 

llpophllic extract of Tolypothnx fjrpanasensrs (strain DB-l-l) against Can&da albtcans, Trtchophyron 

mentagrophytes, and Aspergrllus flaws 1 Unlike mdolo[2,3-alcarbazoles from actmomycetes and slrme 

molds,2-7 fourteen of the fifteen tjipanazoles described In this paper lack the pyrrolo[3,4-c] ring of analogs 

such as rebeccamycir? and K252-d 7 

lsolatron and Structure Determination 

Tolypothm tl,panasensts De Wild, isolated from a so11 sample collected In Vero Beach, Florida, was mass 

cultured in a llquld medium (modified A3M7) 8 After 2-3 weeks the alga was harvested by filtratlon, 

lyophillzed and extracted with 70% ethanol Successive gel and reverse-phase chromatography of the extract 

followed by normal or reverse phase HPLC resulted in the isolation of fifteen pure tjlpanazoles NMR and 

HPLC analyses were used to monitor the punftcation of each alkaloid 

A 4 1 mixture of tjipanazoles Al and A2, obtained in 1 25% yield from the dried alga after successive gel 

and reverse-phase chromatography, could be separated into pure Al and A2 by repeated normal phase HPLC on 

silica The FD mass spectra of both Al and A2 exhibited intense 10 7 1 his-chlorine-contammg molecular ion 

clusters at m/z 470, 472 and 474 and their UV spectra were characteristic of mdolo[2,3-alcarbazoles The 

proton NMR spectral data for tjipanazole Al (Table 1), the major alkaloid, indicated the presence of one 

1,2,3,4-tetrasubstltuted and two 1,2,4-trisubstituted benzenold rings, an mdole-type NH group, and a 

hexopyranose ring where the anomenc carbon was attached to a nitrogen In the aromattc portion of the 

molecule The 13C NMR (Table 2) and mass spectral data were consistent with the molecular formula 
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~4H20N8C&C12 Proton-proton decouple&t and NOE expenments suggested that the sugar morety was a p- 6 - 
deoxygulosyl umt whrch was attached to one of the nitrogens of a 3,8-dichloroindolo[2,&ajcarbazole (Fig 1) 

In tJrpanazole A2 the sugar moiety appeared to be a Brhamnosyl unit from comparison of the proton and 

carbon chemrcal shifts (Tables 1 and 2) with values reported for K-252d7 

The structures of tJrpanazoles Al and A2 were confirmed by acid hydrolysis to the aglycone 3,8- 

drchloromdolo[2,3-alcarbazole and the free sugars 6-deoxy-Dgulose and L-rhamnose, respectively The 

aglycone was rdentical in all respects with tJrpanazole D and a synthetrc sample produced by coupling, m the 

presence of air, two equivalents of p-chlorophenylhydrazme with 1,2cyclohexanedione in a Fischer mdole 

type synthesis (Scheme 1) To determine the absolute stereochemistries of the sugars, the methyl glycoside 

trrbenzoate esters of the sugars were prepared and the J3-methylglucosrdes were differentiated from the a- 

anomers by proton NMR analysis The CD spectrum of the 8 derivative of 6-deoxygulose showed a negatrve 

Cotton effect, strongly suggesting that this sugar was D Q The CD was attributed mainly to the mteractron of the 

equatorial benzoate on C-2 and the axial benzoate on C-3 (strong negative Cotton effect) and not to the 

interaction of the equatorial benzoate on C-2 with the axial benzoate on C-4 (weak posrtive Cotton effect) or to 

the mteractron of the axial benzoates on C-3 and C-4 (no Cotton effect) The CD spectrum of the a derivative 

of rhamnose showed a positrve Cotton effect, rdentrcal with that observed in the CD spectrum of an authentic 

sample derived from L-rhamnose 

TJrpanazole 6 was obtained in 0 25% yield from the dried alga Its proton NMR spectrum at 25 “c was 

complex due to the presence of a 2 1 mrxture of two conformational isomers At 100 “C, however, the 

spectrum resolved into a single set of signals which indicated the presence of a 3,8-dnhloromdolo[2,3- 

alcarbazole bearing a pentopyranose The 1 H and 1 3C NMR (at 100 C, see Table 2) and mass spectral data 

were consistent with the molecular formula C,,H, 8N2QCl2 Proton-proton decoupling experiments 

suggested that the sugar moiety was a 8xylosyl unit The structure of tJrpanazole B was confirmed by actd 

hydrolysis to tJipanazole D and Dxylose The absolute stereochemistry of the xylose was deduced by 

converting the sugar to a mixture of a and Bmethyl-Dxylosrde triacetates, separating the isomers by 

chromatography, and comparing the optical rotation of the a-anomer with the value reported in the 

literature l”.ll 

TJipanazole E was Isolated as a minor component The 1 H NMR data (Table 1 and Experimental Section) 

suggested that a 8glucosyl unit was attached to the 3,8-drchloromdolol[2 3-alcarbazole and the t 3C NMR 

(Table 2) and mass spectral data supported the rmplred molecular formula C24H20N205C12 The structure 

was confirmed by acid hydrolysis to tJrpanazole D and Dglucose and the absolute stereochemrstry of the sugar 

was rigorously established by synthesis of tJipanazole E, VIZ N-glycosidation of tJipanazole D using a 

procedure described by Robins and coworkers I 2 
Minor amounts of two N-glycosides of mdolo[2,3-alcarbazole were also found, although mdolo[2,3- 

alcarbazole Itself was not present in sufficient amount to be detected TJlpanazole Gl was determined to be N- 

&6-deoxygulosylindolo[2,ba]carbazole by spectral analysis and tJipanazole G2 was shown to be N-P 

rhamnosylmdolo[2,3-alcarbazole by synthesis 

TJipanazOk! I, another minor component, was shown to be 3-chloromdolol[2,3-alcarbazole by 

straightforward UV, NMR and mass spectral analyses Several other minor tJipanazoles in the alga were found 
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to be N-p-glycosrdes of typanazole I, e g a b6-deoxygulosyl unrt was attached to N-l 1 and N-12 of 3- 

chloromdolo[2,3-alcarbazole m tjrpanazoles Cl and C-2, whereas a brhamnosyl unit was attached to these 

mtrogens in tfrpanazoles C3 and C4 and a t%xylosyl unit to these rutrogens in tjtpanazoles Fl and F2, 

respectively Proton-proton decoupkng and NOE expenments, srmilar to those shown in hg 1, established 

the nature of each sugar unit and its regrochemistry with respect to the chloro substituent. 

Ttrpanazole J was Isolated from the fraction containing D and I Its UV spectrum suggested srmrlanty to 

UCN-01’ and the FAB mass spectrum was consistent with the molecular formula CzoH,,&O,CI, The IR 

spectrum revealed the presence of a lactam nng Examination of the proton NMR spectrum showed that J was a 

his-chlonnated mdolocarbazole which contained the y-hydroxy-y-lactam found in UCN-01 Ttrpanazole J 

was the only compound possessing the pyrrolol[3.4-c] ring of previously described mdolo[2,3-alcarbazoles 

Brological Results 

The tfrpanazoles failed to offer any significant in VIVO protection in mice systemically infected with 

Canchda albrcans In tests agamst several phytopathogenrc fungi, however, tjrpanazoles Al and A2 exhibited 

appreciable selectrve fungrcrdal actrvrty against rice blast and leaf rust wheat infections l3 

The tjrpanazoles showed only weak, non-selecke cytotoxrcrty against leukemia and solid tumor cell lines 

In the Corbett assay” and were inactive against tumor cells Implanted in mice This IS in contrast to 

mdolo[2,3-alcarbazoles possessmg a pyrrolo[3,4-c] ring Rebeccamycm, for example, which exhibits 

significant activity against P-366 and Ll210 leukemia and B-16 melanoma in mice and inhibits the growth of 

human lung adenocarcmoma cells in vitro, 2 has been reported to produce single-strand breaks in DNA and IS 

currently being considered for clmrcal evaluation in the treatment of human cancer Another compound, 

staurosporme, which IS a potent protein krnase mhrbrtor, 6 shows activity against several experimental 

tumors in vitro 

Finally, the ttrpanazoles were found to be inactive as mhrbrtors of rat brain protein kmase C at 

concentrahons up to lO-6 M, which IS quite high compared to concentrations in the range of 10-100 X lO-g M 

normally seen for indolocarbazoles such as UCN-01 and K-252d 4 7 

Experimental Section 

General Procedures NMR spectra were determrned at 500 and/or 300 MHz for 1H and 125 and/or 75 MHz 

for lsC Proton chemtcal shifts are referenced In DMSO-d, to the restdual DMSO-d, srgnal (2 52 ppm) and rn acetone- 

d, to the restdual acetoneds srgnal (2 04 ppm) Carbon-13 chemical shafts are referenced I” DMSO-ds and acetone-d, 

to the solvent (39 5 and 29 8 ppm. respectrvely) Quaktatrve homonuclear ‘H NOES were obtained in DMSO-d, by 

selectrve rrradratlon for 2 s usmg 30-32 dB of gated decoupler power (hetero mode), followed by data acqursnton 

(decoupler off) wrth no recycle delay, subtractton of thus on-resonance FID from an off-resonance FID resulted In a 

difference FID which after processrng gave an NOE difference spectrum Homonuclear ’ H and heteronuclear 1 H-t sC 
connectrvltres were determined by using phase-cycled 16 step COSY and CSCM (or HMQC) expenments. respecttvely 

Preparative TLC was run on 20 x 20 cm (0 5 mm thickness) EM silica gel F-254 plates I” the solvents mdrcated 
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Culture Conditions A clonal Isolate, destgnated UH stram DB-l-l and rdentttied as Tolyporhnx t/ipanasensrs 

De Weld (Scytonemataceae. Nostocales, Cyanophyceae, Cyanophyta) accordmg to the system of Fntsch, was obtamed 

from a so11 sample collected at Vero Beach, Flonda in the fall of 1985 Repeated subculture on a sokdtfied medium was 

used to punfy the alga Mass cultivation of DB-l-l was carried out in liqtud medium usmg the procedure previously 

described for Hapalowphon fontmalts s 

Isolstion of the Tjlpanszoles Freeze-dried alga (590 g) was extracted with 45 L of 70 30 EtOHlwater 

with stirring overmght in a refrigerator The filtered extract was concentrated under reduced pressure to a volume of 

8 L The concentrate was extracted with ethyl acetate (2 X 2 5 L) using salt to drssoctate the emulston into two 

phases The combined EtOAc layers were evaporated to give a solid (35 g) whtch was dissolved in 100 mL of methanol 

The resulting solutton was applied to a column (7 cm x 33 cm) of Sephadex LH-20 (Pharmacta) equtkbrated in MeOH and 

fractions were collected by elutmg the column with methanol The fraction that contained tJipanazoles A-C and E-G by 

TLC and HPLC were combined and evaporated to gave 12 2 g of Restdue I The slower-movtng fractions that contatned 

tJpanazoles D, I, and J resulted in 0 29 g of Residue II 

Akquots (2 5-5 mL) of a solution of Residue I in 45 mL of MeOH were InJedted onto a 5 cm x 35 cm steel column 

packed with Matrex C-8 (Amicon) Using 73 27 MeDH/pH 4 8 acetate buffer (0 2% acetic acid adJusted to pH 4 8 with 

NaOH) at a flow rate of 25 mUmin, 150-175 mL fractions were collected Under these tsocrahc condmons a parttally 

resolved mixture of tJipanazoles GllG2, Fl/F2, E, CllC2/C3/C4, and B was eluted from the column As soon as 

tjipanazole Al/A2 began to co-elute with tJtpanazole B. the solvent system was changed to 75 25 MeOHlpH 4 8 

acetate buffer and a linear gradient to 9 1 MeOH/pH 4 8 acetate buffer was applied to the column over 25 mm to 

remove the remaining tJrpanaroles A and B Fractions were combined into pools on the basis of analyttcal HPLC Each 

pool was then concentrated and the aqueous concentrate was extracted with EtOAc The EtDAc extracts were finally 

evaporated to give Residue Ill (0 77 g) containing tJipanazoles CllC2/C3/C4. E, FllF2 and Gl/G2, Residue IV (2 92 g) 

containing tJtpanazoles Al/A2 and B, and Residue V (7 36 g) containing only tJtpanazole Al/A2 

Separation of tJtpanazole Al/A2 into two components Al and A2 was achieved by preparative HPLC A solution 

of 76 mg of Residue V in 0 25 mL of THF was InJected onto a 2 54 cm x 30 cm column of Chromegabond C-18 (ES 

Industries) equtltbrated in 1 1 THFlpH 4 8 acetate buffer Usmg a flow rate of 5 mUmin, 2 5-5 mL fractions were 

collected and analyzed by HPLC (Table 3) The fractrons that contained tJipanazole Al in >95% were combtned and 

concentrated to about 10 mL, the concentrate extracted with EtOAc (2 x 10 mL), and the combined EtOAc extract 

washed with water and evaporated to afford 55 mg of tJlpansrole Al The 23 mixture of tJipanazoles Al and A2 In 

the remaimng fracttons was recovered and rechromatographed as described above to give 10 mg of tJlpanazole A2 

in >98% purity. along with addtttonal tJipanazole Al 

To obtain tJtpanazole B a 30 mg sample of Residue IV m 0 5 mL of dichloromethane was applied to a preparative 20 

x 20 cm TLC plate of stlrca F-254 (Merck) and developed with 9 1 CH,CI,/MeOH The UV-active band wtth an RI of 

036 was removed from the plate and extracted wtth CH,CL#eOH to give 10 mg of tJlpsnazolo B 

Residue Ill (0 77 g) was dissolved in 1 5 mL of MeOH and a 0 5 mL aliquot was subJected to preparative HPLC on a 

2 54 x 25 cm column of Zorbax C-18 (DuPont) equilibrated In 78 22 MeOHlpH 4 8 acetate buffer Using the same 

solvent system at a flow rate of 5 mUmin. 5 mL fractions were collected The following pools were generated on the 

basis of an analytical HPLC profile and concentrated The concentrates were extracted with EtCAc and the extracts 

evaporated to give Residue VI (0 31 g) containing tJtpanazole Cl/C2/C3/C4, Residue VII (0 08 g) contatnmg 

tJipanazoles E and FllF2, and Residue VIII (0 03 g) contalnmg tJtpanazole GllG2 

Residue VI (0 125 g) in 0 5 mL of drchloromethane was subJected to medium pressure chromatography on a 3 5 x 
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Proton 

Table 1. ‘H NMR chemical shifts for tjipanazolrs 

Al A2 0 at 250 BatlOW E 

mqor conformclr mmor conformer 

10 

12NH 
1' 
2’ 

2oH 
3’ 

3cm 
4’ 

4ol-l 
5’ 

7 60 WI 7 56 
746 (dd) 748 
6 33 (d) 6 33 
6 05 (d) 6 07 
6 11 (d) 6 07 
6 33 (d) 6 33 
746 (dd) 7 46 
7 74 (d) 7 66 

11 72 (br s) 11 55 
616 (d) 6 31 
436 (ddd) 436 
507 (br d) 515 
4 16 (d) 416 
5 46 (br d) 5 46 
3 69 (1) 4 06 
6 91 (br d) 6 77 
4 56 (4) 446 

6’ 1 34 (d) 1 70 

765 (br) 
7 36.747 (v br) 
6 29 (d) 
7 97-6 13 (v br) 
7 97 613 (v br) 
6s (d) 
743 (dd) 
7 66 (br d) 7 60 

11 43 (br s) 1002 
6 11 (br d) 5 94 
366 or 4 00 Ibrf 
517(br) " 4 69 
3 66 Ibr) 
5 29 (br's) 
3 66 or 400 (br) 
5 13 (br) 
3 74 (br) 
4 00 (br) 4 44 

7 74 
7 42 
6 23 
604 
7 99 
6 23 
7 39 
7 61 

10 58 
602 (d) 
367 (m) 
460 (br) 
3 64 (1) 
460 (br) 
3 67 (m) 
460 (br) 
3 77 (1) 
4 23 (br) 

741 
7 26 
6 00 
7 69 
7 60 
601 
7 34 
7 46 

5 70 (d) 
3 69 (dd) 

3 60 (1) 

4 06 (1) 

3 67 (dd) 

407 (d) 
3 64 (dd) 

Table 2 1 3C NMR chemical shifts for tjipanatoles 

Carbon Al A2 B at 25* 0 at IOQ 

major mmor 
conformer conformer 

E 

1 11222 (d) 11222 1129 1129 1126 111 39 
2 124 76 (d) 124 76 124 9 \ 1241 124 94 
3 123 30 (s) 123 30 123 5 123 3 124 53 
4 11950 (d) 119 50 119 2 119 3 1164 11917 
4a 124 27 (s) 124 27 124 4 124 3 12519 
4b 12060 (a) 120 60 121 6 121 6 121 0 121 79 
5 11337 (d) 113 37 112 9 112 9 1126 113 66 
6 11206 (d) 11206 112 3 113 6 111 7 111 56 

6a 121 04 (S) 121 04 1199 1204 12219 
6b 124 36 (5) 12436 126 4 1252 12511 
7 11914 (d) 11914 119 2 1193 1164 11921 
6 12390 (s) 123 90 123 6 1239 125 33 
9 12462 (d) 12462 124 3 124 6 1236 12500 

10 111 99 (d) 111 99 115 4 114 4 1136 11243 
10a 136 40 (9) 13640 137 7 136 0 1371 136 77 
lla 125 10 (S) 12510 127 6 125 3 1262 125 27 
llb 126 20 (s) 126 20 125 3 1256 12714 
12a 137 26 (9) 13726 137 7 139 2 1373 136 21 
1' 6236 (d) 77 52 674 65 7 66 4 64 96 
2' 67 29 (d) 67 22 70 9 73 1 71 7 76 79 
3' 71 03 (d) 71 66 770 77 6 77 1 76 66 
4' 7163 (d) 71 55 69 5 69 3 69 1 67 40 
5 71 06 (d) 7645 (d) 66 3 (1) 69 2 (t) 66 3 (1) 7341 (d) 
6' 1657 (4) 1546 (4) 59 10 (t) 

Asslgnment~basedonacom~naaonofINADEQUATE.HMQC.andHMBCexpen~ts 
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35 cm Lobar type C sthca column (Merck) usmg 30 35 35 THF (stablllzed)/chloroform/lsooctane at a flow rate of 8 

mUmIn (40-50 PSI) Analysis of the various fractions that were collected usmg analytical HPLC (Zorbax silica 

column, 4 6 mm x 25 cm, 40 30 30 THF/chloroform/isooctane, 1 5 mUmin, detection at 261 nm) permitted the 

followmg pools to be generated Pool I (44 mg, tR = 4 31 mm) which contained t]ipanazoles C3/C4 and Pool II (167 mg. 

tR = 4 9 mm) which contained tjipanazoles Cl/C2 The residue In each pool was triturated with 7 mL of hexane The 

insoluble portion was dissolved in THF and chromatographed on a preparative Zorbax Phenyl HPLC column (2 54 x 25 

cm) usmg 45 55 THF (stabilized)/pH 4 8 acetate buffer at a flow rate of 5 ml-/mm Fractions were collected and 

combined on the basis of HPLC analysis (same column and eluant. flow rate of 1 5 mUmin) to give tlipanazole Cl 

(25 mg, tn= 12 1 mm) and tjlpanazole C2 (12 mg, tR= 130 mm) from Pool 2 and tjlpanatole C3 (23 mg, tR= 

13 6 mm) and tjipanazole C4 (2 2 mg, tR= 14 0 mm) from Pool 1 

Residue VII was dissolved in 2 mL of 9 1 dichloromethane/methanol and subjected to preparative TLC on 20 x 20 

cm plates of Merck Sihca F254 (0 5 mm thick) in 1 mL portions The plates were developed with 88 12 CHzChlMeOH 

Two major UV-active zones were observed The one with R, 0 42 consisted of a mixture which nmr analysis showed to 

be a 5 1 mixture of tjipanazoles Fl and F2 (35 mg) Tjlpanazole Fl ( tR = 6 2 mm) and tjlpanazols F2 ( tR = 6 35 

mm) could be separated on an analytical HPLC column (Zorbax silica column, 4 8 mm x 25 cm, 45 27 5 27 5 

THF/chloroform/isooctane, 1 5 mUmin. detection at 281 nm) The zone with R, 0 29 contamed tjipanazole E along 

with a red pigment Pure tjlpanazole E (10 mg) was obtained by two further silica TLC separatbons, first with 

70 30 8 CH,C&THF/MeOH and then with 88 12 CHzCldMeOH 

Residue VIII (30 mg) in 0 5 mL of 9 1 CH,CI,/MeOH was further punfred by preparative silica TLC, as described 

above, using 88 12 CHzCI, The UV-active zone with R, 0 5 gave 6 mg of a 5 1 mixture of tjlpanazole Gl ( tR = 3 8 

min) and tllpanazole 02 ( tR = 4 1 mm) which which could be separated on an analytical HPLC column (Zorbax silica 

column, 4 6 mm x 25 cm, 45 27 5 27 5 THF/chloroformlisooctane. 1 5 mUmin, detection at 261 nm) 

Residue II (0 29 g) was treated with 15 mL of methanol The insoluble portion was dissolved In 100 mL of hot 

chloroform which, upon cooling. led to tjipanazole D having 80-85% purity This hot chloroform precipitation 

procedure was repeated to afford pure tjlpanazole D (150 mg) The methanol-soluble portion of Restdue II from 

above was applied in 1 mL portions to a 2 2 x 32 cm column of Zorbax C-18 (12-17m) equilibrated in 4 1 MeOHlwater 

Using a 5 mL/mm flow rate, 20 mL fractions were collected Fractions were pooled on the basis of HPLC analysis to 

give an additional 20 mg of tfipanazole D. 8 mg of impure t]ipanazole I, and 19 mg of impure t]ipanazole J Pure 

tjlpanazole I (1 5 mg) was obtained by preparative TLC on silica with 4 1 tolueneiethanol (R, 0 69) 

Rechromatography on Zorbax C-18 with 9 1 MeOHIwater gave 12 mg of tjlpanazolo J 

TJlpanazole Al [a]o +9 1” (CHCls, c lo), UV (MeOH) )imax nm (e) 261 (60,950). 294 (23,200). 333 

(31.260), 354 (7.340). 371 (4.800), FDMS m/z (rel intensity) 470 (100). 472 (70), 473 (20). 475 (20), high 

resolution FABMS m/z 470 0807 (C,,l+,,Nz04CI,, 470 0801) ‘H NMR (DMSO-d,) see Table 1 for chemical shift 

data, couplmg constants J, z = 8 5 Hz, J, 4 = 2 1, J,, = 8 4, J, B = 2 1, J, ,c = 9 0. J, z = 9 4, J, oH =6 9, J, 3 = 

30, J,,,=37, J,,=39, J,,=38, J,,=0,J,Me=65 13CNMR(DMSO-ds) seeTable 

Tflpanazole A2 [a] o +25 12” (CHCI,, c 1 0), UV (MeOH) same as Al, high resolution FABMS m/z 470 0807 

(calcd for C,,Hz,NzO,Cl,, 470 0801) IH NMR(DMSO-d,) see Table 1 for chemical shift data, coupling constants J, z 

=86Hz,J,, ~21. J,,=84, J7,=21, J,,, 190, J,,=94, J,,=71. J,,=30. J,,=38, J,,= 32. 

J 4 W = 2 4. J, s = 0. J, Me = 7 3 13C NMR (DMSOd,) see Table 2 

TJipanaZOle B [a]o -4 9O (CHCI,. c 1 03), [a]o +lO 5” (1 1 CHC13/MeOH. c 0 95), UV (MeOH) Amax nm (E) 

259 (59,4oO), 292 (24.800), 330 (30,400), 349 (8,120). 368 (4,850). FDMS m/z (rel intensity) 456 (loo), 458 

(50). 460 (25), 462 (lo), high resolution FABMS m/z 456 0644 (calcd for Cz3H,,NzO~Clz. 456 0844) ‘H NMR 
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(DMSO-ds) see Table 1 for chemical shaft data at 25 and 100 OC, couplmg constants at 100 % J, s = 8 4 Hz, J,, = 

21, J,,, =83, J,,,21. Jo,10 188, J,.,z=8Q, Jas=87, Js,,=87, J,,,.=5andlOO,Js,s= -100. JsMe= 

7 3 13C NMR (DMSOd8) see Table 2 

Ttpanarole C compounds [a], +18 I’ (CHCI,, c 1 l), UV (MeOH) a,, nm (E) 258 (46,200) 271 (43,300) 291 

(21,200). 328 (25.700), 349 (6,810). 366 (4,890) FDMS m/z (rel mtensrty) 438 (100) 438 (20), hrgh resotutron 

FABMS m/z 438 1209 (calcd for C,&,t$O,Cl, 436 1190) Tjlpanazole Cl tH NMR (DMSOds) 6 7 53 (d, Hl), 

7 34 (dd, H2). 8 18 (d, H4). 7 98 (d, H5). 8 05 (d, H6), 8 16 (dd. H7), 7 24 (dd, HE), 7 42 (dd. HQ), 7 69 (d, HlO), 

11 41 (s, 12NH). 830 (d, Hl’), 4 80 (dd, H2’), 4 38 (dd, H3’). 4 09 (d. H4’), 4 65 (q, HS’), 1 41 (d, H3-6’) 

Tjtpanazole C2 ‘H NMR (DMSad,) S 7 56 (d, Hl), 7 36 (dd, H2), 7 19 (dd, H3). 8 18 (dd, H4), 7 98 (d, HS), 8 05 

(d. H6), 8 18 (d, H7), 7 40 (dd, HQ), 7 70 (d, Hl 0), 11 31 (s, 12NH), 6 28 (d, Hl’), 4 82 (dd, HZ’), 4 36 (dd, H3’), 

4 09 (d, H4’), 4 85 (q, HS), 1 42 (d. H3-6’) Tjlpsnazole C3 ‘H NMR (DMSOd,) 8 7 49 (d, HI), 7 33 (d, H2), 

8 17 (dd, H4), 7 QQ (d, H5], 8 05 (d, H6), 6 17 (d, H7), 7 24 (dd, HE), 7 43 (dd, HQ), 7 69 (d, Hlo). 1 I 25 (s, 

12NHL 6 48 (4 HI’). 4 89 (dd, H2’), 4 42 (dd, H3’). 4 28 (d, H4’). 4 58 (q, H5’). 1 76 (d, H3-6’) Tjipanazole C4 

‘H NMR (DMSO-ds) 6 7 51 (d, Hl), 7 36 (dd, H2), 7 19 (dd, H3), 8 20 (dd, H4), 7 99 (d, HS), 8 04 (d, HE), 8 20 (d, 

H7). 7 40 (dd, HQ), 7 70 (d, HlO), 11 16 (s, 12NH), 8 44 (d, Hl’), 4 70 (dd, H2’). 4 42 (dd, H3’), 4 27 (d, H4’). 4 59 

(q, HS’), 1 76 (d, H3-6’) 

Tjtpanazole D UV (MeOH) )max nm (E) 259 (63,100) 291 (25.500) 331 (31,000), 366 (4.030), FDMS m/z 

(ret rntenslty) 324 (100) 326 (SO), htgh resolutton FABMS m/z 325 0267 (MH+, calcd for C,sH, &ctz, 325 0300) 

‘H NM (acetone-d,) 8 7 60 (d, HI and HlO), 7 35 (d. H2 and HQ), 8 20 (s, H4 and H7), 8 oo (s, H5 and H6) 

Tjfpanazole B [a], +83 8” (1 1 CHCIs/MeOH, c 1 O), UV (MeOH) I,,,,, nm (E) 259 (54,400) 293 (21,700) 

332 (26,QOO], 350 (7,360). 388 (4.480), FDMS m/z (ml mtensrty) 486 (100) 488 (60). 490 (20). high resotutton 

FABMS m/z 486 1087 (calcd for C,,&,N.&Cl,, 486 0750) ‘H and 13C NMR (9 1 CDCI,/MeOH-d, contamIng a small 

amount of benzene-d,) see Tables 1 and 2, respectwely 

T]iPanazole F compounds [a], +14QD (1 1 CHCldMeOH, c 1 0). UV (1 1 CHClslMeOH) Lax nm (E) 258 

(45,400), 268 (41,100). 290 (24,000). 327 (26,400), 361 (4,610), FDMS m/z (rel mtensrty) 422 (too), 423 

(100). hrgh resotutron FABMS m/z 423 1067 (MH+, calcd for Cz,Hz,NsO,Cl, 423 1112) Tjtpanazote Ft ‘HNMR 

(DMSO-ds, 100 “C) 8 10 6 (br. 2H), 8 18 (d, 2 1 Hz). 8 13 (d, 7 Hz), 7 98 (d, 8 4 HZ), 7 94 (d, 8 4 HZ), 7 78 (d, 

8 4 Hz), 7 70 (d, 8 4 Hz), 7 38 (t, 7 Hz), 7 38 (dd, 8 4 and 2 Hz), 7 22 (1, 7 7 Hz), 6 02 (d, 8 Hz), 4 87 (br), 4 70 

(br, 2H). 4 23 (br), 3 89 (br, 2HL 3 78 (1. 10 5 Hz), 3 64 (1) Tjlpanazole F2 ‘H NMR (DMSO-d,, loo “c) 6 

10 8 (br, 4HL 8 18 (d, 2 1 H-3, 8 14 (d, 7 Hz), 7 98 (d, 8 4 Hz), 7 95 (d, 8 4 Hz), 7 78 (d, 8 4 Hz), 7 71 (d, 8 4 Hz), 

7 40 (t), 7 36 (dd, 8 4 and 2 Hz), 7 21 (1. 7 7 Hz), 6 00 (d. 8 Hz), 4 87 (br), 4 70 (br, 2H). 4 23 (br), 3 89 (br, 2H), 

3 77 (t. 10 8 Hz), 3 64 (1) 

TJlPanazole G compounds [aJo +70 5” (1 1 CHCldMeOH, c 0 6) UV (1 1 CHCI,/MeOH) a,,,max nm (s) 256 

(35,380). 270 (32,7QO), 287 (18.790). 324 (tQ.960), 343 (5.800), 359 (4,080), FDMS m/z (ret Intensrty) 402 

(too), 403 (100) hrgh resolution EIMS m/z 402 1587 (calcd for C2,1&Ns04, 402 1580) Tjlpanazote 01 1HNMR 

(acetone-d,) 6 7 55 (d, 8 1 Hz, Hl), 7 35 (dd, 8 1 and 8 4 Hz, H2), 7 22 (t, 8 4 Hz, H3), 8 15 (d, 8 4 Hz, H4), 7 95 

(d, 8 1 Hz, H5), 8 02 (d, 8 1 Hz, H6), 8 15 (d, 8 1 Hz, H7), 7 18 (t, 8 4 Hz, HE), 7 41 (1, 8 4 Hz, HQ), 7 67 (d, 8 4 

Hz. HtO), 11 29 (s, 12NH), 6 29 (d, 8 3 HZ, Hl’), 4 66 (m, H2’), 4 37 (m, H3’), 4 09 (m, H4’), 4 68 (q, 6 6 Hz, H5’), 

1 41 (d, 6 6 Hz, H3-8’) Tjlpanazole G2 ‘H NMR (acetone-d,) 6 7 50 (d, 8 1 Hz, Hl), 7 35 (dd, 8 1 and 8 4 Hz, 

H2), 7 22 (1, 8 4 Hz, H3), 8 15 (d. 8 4 Hz, H4), 7 95 (d, 8 1 Hz, HS), 8 02 (d, 8 1 Hz, H6), 8 15 (d, 8 t Hz, H7), 7 18 

(t, 84 Hz. HE), 741 (1. 8 4 Hz. HQ), 7 67 (d, 84 HZ, HlO), 11 13 (s, 12NH), 848 (d, 6 6 Hz, Hi’), 4 73 (m, H2’), 

4 43 (m, H3’), 4 28 (m, H4’). 4 58 (q, 7 2 Hz, H5’), 1 78 (d, 7 2 Hz, H3-8’) 
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Tjb-zole 1 uv (1 1 CHCIdMeOH) &,nm (E) 259 (49,800), 288 (48.500), 289 (28,400), 329 (27,200), 
381 (4,430), FDMS m/z (rei IntensltY) 290 (loo), 291 (loo), htgh resolutron FABMS m/z 291 0883 (MH+, cafcd for 

Ctsf$zf+$X 291 0690) ‘H NMR (acetone-d,) 6 7 595 (d, 8 8 Hz, Hl), 7 330 (dd, 8 8 and 2 1 Hz, H2), 8 180 (d, 2 1 

Hz, H4), 7 952 (s, f-f5 and HB), 8 150 (dd, 8 0 and 1 0 Hz, H7), 7 202 (m. 8 0, 8 9 and 0 8 HZ, HE), 7 382 (m, 8 2, 

8 Q and 1 0 Hz, HQ), 7 587 (dd, 8 2 and 0 8 Hz, HlO), NH srgnals not observed 

Tlfpanazote J UV (1 1 CHClsIMeOH) &, nm (E) 238 (ll,ooo), 259 (8,570) 303 (20,200) 339 (4,810) 

389 (2,410) FDMS m/z (rel Intensity) 395, 397, high resolutton FABMS m/z 398 0308 (MH+, calcd for 

CzoHt &~a, 398 0300) ’ H NMR (acetone-ds) 8 9 17 (d, 2 4Hz), 8 84 (br s, NH), 8 34 (d, 2 4 Hz), 7 79 (d, 8 3 Hz), 

7 78 (d, 8 3 Hz), 7 47 (dd, 8 3 and 2 4 Hz), 7 44 (dd, 8 3 and 2 4 Hz), 8 42 (s, 1 H) tsc NMH (DMSC-d,) 8 170 82 

(s, C-5). 138 03 (s), 137 69 (s), 135 71 (s, C-7a), 128 84 (s), 128 90 (s), 125 18 (d). 125 13 (d), 123 98 (s), 

12389 (d), 12358 (S), 12329 (S, 2C), 12210 (d), 11847 (8. C-4~). 11480 (S), 11452 (S), 11344 (d), 11320 

(d), 78 48 (d, C-7) 

Unlform C-13 and N-15 Enrichment of Tjlpanazoles Al, A2 and B. Tolyporfrrrx ~rpanasensrsDB-l-1 

was grown m a 10 L glass vessel containing 8 L of an morgamc medium from which buffer had been omitted and 4 0 g 

Natsf~s (99 atom %) added as the sole mtrogen source The culture was stirred, Incubated at 24K?C, illuminated at 

an incrdent intensity of 150 uEtnstern rns2 s-1 with cool-whrte fluorescent lighting for a continuous penod of 18 h per 

day, and aerated at approximately 1 L/mm with ordinary air (no extra COz added) The culture vessel was equrpped 

with acid (0 5 N HCI) and base (NaH1303, solution) addition ports and an autoclavable pH electrode The pH was kept at 

7 85fO 05 by continuous monitonng with a pH controller and automatic addrtron of acid A 1 L aqueous solutton of 8 5 Q 

NaH1303, (99 atom %) was added continuously over 28 days After 28 days, the 8 L culture (medium and cells) was 

lyophrkzed and the solid residue extracted twice with 1 L ethanol/water (7 3) for 12 h Workup as described above 

resulted in the isolation of t3C,15N labeled tjlpanazoles Al/A2 (50 mg) and B (10 mg) Inspection of the tsC NMR 

spectra of the labeled tfrpanazoles indicated uniform 13C enrichment to about 35% and 15N enrichment to over 90% 

Analysis of the INADEQUATE spectra of these samples allowed the unambiguous assignments of the carbon signals for 

t]ipanazoles Al, A2 and B (Table 1) 

Acid Solvolysls of Tjipanazoles Al, A2, B and E A mixture of tfrpanazoles Al and A2 (35 mg) In 15 

mL of 2N methanolic HCI was refluxed for 2 h under nitrogen Upon cookng tfipanazole D (23 mg) precipitated and was 

collected by filtration The filtrate was lyophikzed and the resulting mixture of 8-deoxygulose and rhamnose (8 3 mQ) 

was treated with 9% methanokc HCI to give the methyl glycosrdes Benzoylatron with benzoyl chloride (1 mL) in 

pyndme (5 mL) gave the tnbenzoylated methyl glycosides which could be separated into two components by repetrtive 

TLC on silica gel. using successrvely 20% EtOAc and 30% EtOAc in petroleum ether Methyl+ D- 8 - 
deoxygulopyranosrde 2,3,4-tnbenzoate [a], +40” (CHCI,, c 1 0), CD (MeOH) Ar+z, (+l I), Afz3, (-3) UV (MeOH) I.,,,kx 

nm (E) 229 5 (45,200). ‘H NMR (CDCI,) 6 5 88 (1, J = 3 5 Hz, H-3), 5 53 (dd, J = 8 4 and 3 5 Hz, H-2), 5 39 (dd, J = 

3 5 and 1 5 Hz, H-4), 5 05 (d, J = 8 4 Hz, H-l), 4 48 (qd. J = 7 and 1 5 Hz, H-5), 3 83 (s. OMe), 1 38 (d, J = 7 Hz, 

H3-8) benzoate chemical shifts not determined, FDMS m/z 491 (MH+), high resolutron FABMS m/z 491 1882 (calcd 

for CasH&, 491 1708) Methyl-a-L-rhamnopyranoside 2.3.4~trlbenzoate [a], +171° (CHCI,, c 1 5), CD (MeOH) 

At&, (-17). Are3, (+84), Identical wrth [a] D and CD spectrum of an authentic sample prepared from L-rhamnose 

A solution of tlipanazole B (50 mg) in 2N methanolic HCI was refluxed for 2 h to Qive 12 mQ of methyl xyloside 

and 27 g of tfrpanazole D after chromatography Acetylatlon of thrs material (acetic anhydride and pyndine) gave a 

gum that was a mixture of cx and&methyl-D-xylosrde tnacetate Purification by repeated preparative TLC on silica 
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gel gave 2 1 mg of the a anomer which had the same proton NMR spectrum In acetone-d, and the same optrcal rotatron. 

[a]o = +I 13 2O (CHCI,, c 0 07). as reported l”pll for a-methyl-Dxyloslde trtacetate 

A solutlon of Qlpanazole E (0 5 mg) tn 2N methanolic HCI was reluexed for 4 h and evaporated to dryness The 

restdue was extracted with water and the presence of Dglucose was detected semiquantitatively in the extract with 

Lilly Tes-Tape (color change from yellow to green) 

Methyl-a-L-rhsmnopyranosldo 2,3,4-Trlbenzoate. a-L-Rhamnose monohydrate (0 49 g) was dissolved 

in 1 5 N methanolic HCI and heated to reflux for 3 h The mixture was cooled and concentrated to give a restdual gum 

which was dissolved in pyndme The solution was chilled to 0” and excess benzoyl chloride was added After stlrnng 

for 18 h at 25”, MeOH was added and after 10 mtn the reactlon mrxture was concentrated to an oil which was 

extracted with ether The ether-soluble material was punfred by preparatrve HPLC on silica using a hexane to 1 3 

hexane/EtOAc gradient The product was obtained as a whrte solld (287 mg), [ a o +I 73’ (c 1 5, CHCI,), UV &,,,, 230 ] 

nm (E 37,100) 274 (3,810). 281 (2,280) 1 H NMR (CDCI,) S 5 88 (dd, J = 9 g and 3 8 Hz, H-3), 5 70 (t, J = 9 9 Hz, 

H-4), 5 89 (dd, J = 3 8 and 1 6 Hz, H-2), 4 94 (d, J = 1 8 Hz, H-l), 4 21 (dq, J = 8 0 and 9 g Hz, H-5) 3 52 (s, 

Of&), 1 40 (d, J = 8 0 Hz, Me on C-5), benzoate signals not measured, FDMS m/z 491 (MH+) Anal Found C, 88 48, 

H, 5 43 Calcd for C,,l-lz& C, 68 58, H. 5 34 

Synthesis of Tjlpanazole D To a solution of 32 3 g of p-chlorophenylhydrazme hydrochloride and 0 5 mL 

cone HsSD, in 500 mL EtCH was added 9 9 g of 1,2cyclohexanedione over 10 mm The resulting mixture was slowly 

heated to 65’ and after 45 min a precrprtate began to appear The mixture was then cooled and stirred for 4 h The 

precipitate was separated by filtration. washed with cold EtOH and dried to give 24 3 g (72%) of the p 

chlorophenylhydrazone of I-oxo-1,2,3,4-tetrahydro-8chlorocarbazole (Scheme I), mp 190-l 93” (dec), UV (MeOH) 

k,,,,,, nm (E) 359 (40,300) 278 (7700) 228 (24,900) ‘H NMR (DMSO-ds) 8 11 1 (s, indole NH), 7 50 (d, J = 1 Hz, 

H-5), 7 36 (d, J = 8 Hz, H-8) 7 35 (d, H-2’ and H-6’) 7 25 (d, H-3’ and H-S), 7 10 (dd, H-7), 2 80 and 2 65 (m, 

Hz-2 and H2-4). 2 00 (m, Hz-3) FDMS m/z 343, 345 

The hydrazone hydrochloride (6 8 g) was dissolved in 70 mL of glacial HOAc and refluxed for 12 h The resultmg 

precipitate was dried to give 4 5 g (75%) of tjipanazole D. mp 320’ (dec) Anal Found C, 66 30, H, 3 01, N, 8 35 

Calcd for C,eH,oNzCla C, 88 48, H, 3 10, N, 8 61 

Synthesis of Tllpanazoles E end 02 To 1 0 g of Qtpanazole D in 20 mL MeCN was added 0 25 g of 60% 

NaH After 1 h at room temperature, 1-bromo-a-oglucopyranosyl 2,3,4,8_tetraacetate (1 91 g) was added in small 

porttons, the mixture was heated to 50” for 5 h, cooled and filtered, and the filtrate was evaporated The residual solid 

was deestenfied by treatment with 20 mL of 1 1 sat’d NH, in MeOHlMeOH at room temperature for 18 h The 

saponified material was subJected to preparative HPLC purification as described above to give 23 mg of Qlpanazole E 

whrch was identical in all respects mcluding optical rotation, [a]o= +59 6” (1 1 CHCIs/MeGH, c 1 0), with the natural 

product 

To 128 mg of mdolol[2.3-alcarbazole’ 5 in 2 mL MeCN was added 30 mg of 80% NaH After 1 h at room 

temperature, 1-bromo-a-L-rhamnopyranosyl 2,3,4-triacetate l6 (0 40 g) was added and the reaction allowed to 

proceed as described above The crude adduct was saponified using NH@eOH and punfled by preparative HPLC to 

afford 3 2 mg of t)ipanazole G2 whrch was identical In all respects including optical rotation, [a], +86 7” (1 1 

CHUaIMeOH, c 2 4) with the natural product 

Using essentially the same procedure tjipanazole A2, [a], = +28 14’ (CHCI,, c 1 0), and tlipanazole B, [alo = 
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+lO 9” (1 1 CHCI,IMeOH, c 1 0), were synthesized, albeit In low yield, from I-bromoa-L-rhamnopyranosyl 2,3.4- 

tribenzoate17 and 1-bromo-a- o-xylopyranosyl 2,3,4-trlacetate.1* respectively 

Acknowledgment. Research at the Uruversity of Hawair was supported by PHS Grant CA12623, 

awarded to REM by the Natronal Cancer Instrtute, Department of Health and Human Services The authors thank 

Drs Thomas Corbett and Frederick Valenote (Wayne State University School of Medicme) for evaluatrng 

t)rpanazoles Al/A2, B and C for selectrve cytotoxicity We also thank Dr Ann Hunt, Stephame Stevenson, Lyle 

Huckstep, Larry Sachs and Jerry Hallett for technical assrstance and Professor Per Garegg for helpful advice 

The uniformly f%,fSN-enriched alga was grown by Bradley Moore 

References and Notes 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Cytotoxrc, antiviral mdolo[2,3-alcarbazoles have also been isolated from the blue-green alga Nostoc 

sphaer~cum EX-5-1 (Knflbel, G , Larsen, L K , Moore, R E , Levine, I A, Patterson, G M L J 

Anhbrotrcs 1 9 9 0, 4 3, 1236) 

Bush, J A, Long, B H , Catno, J J , Bradner, W T , Tomrta, K J Ant/brot/csl 9 87, 4 0, 668 

Takahashi, I , Asano, K , Kawamoto, I , Tamaokr, T , Nakano, H J Anbb/otlcs 1 9 8 9, 42, 564 

Takahashr, I , Saitoh, Y , Yoshrda, M , Sano. H , Nakano, H , Monmoto, M , Tamaokr, T J Antrbrotrcs 

1989, 42, 571 

Steglch, W Pure Appl Chem 1 9 8 9, 6 1, 281 

Tamaoki, T , Nomoto, H , Takahashr, I , Kato, Y , Monmoto, M , Tomrta, F B/o&em Srophys Res 

Commun 1996, 735, 397 

Nakanrshr, S , Matsuda, Y , Iwahashr, K , Kase, H J Antib,otrcs 1 9 8 6, 3 9, 1066 

Moore, R E , Cheuk, C , Yang, X-Q G , Patterson, G M. L, Borqoukkan, R , Smitka, T A, Mynderse, J 

S , Foster, R S , Jones, N D , Swartzendruber, J K , Deeter, J B J Org Chem 1 98 7, 52, 1036 

LIU, H-W , Nakamshr, K J Am Chem Sot 1 98 2, 104, 1178 

Durette, P L , Horton, D Carbohyd Res 1 9 7 1, 7 6, 403 

Hudson, C S , Dale, J K J Am Chem Sot 1 9 18, 4 0, 997 

Ramasamy, K , Imamura, N , Robins, R K , Revankar, G R J Hetemcycllc Chem 1 9 8 8, 25, 1893 

Data obtained by Dr Wendell Arnold and MS Anita Alexander, Lilly Agricultural Research Laboratories, 

Eli Lrlly 8 Company, Greenfield, IN 46140 (now part of Dow Elanco) 

Corbett, T H , Pokn, L , Wozniak, A J , Brssery, M , LoRusso, P M , Valenote, F A , Baker, L H 

Proc Am Assoc Cancer Res 1 9 8 8, 2 9. 533 

Mann,F G,Wdcox,T J JChemScc1958, 1525 

Capon, B , Collins, P M , Levy, A A, Overend, W G J Chem Sot 1 9 6 4, 3242 

Zorbach, W W , Valraveedan, G D , Kashekkar, D V J Org Chem 1 9 6 2. 2 7, 1766 

Weygand, F In Methods m Carbohydrate Chemrstry; Whistler, R L, Wolfrom, M L , Eds , Academic 

Press New York, 1962, Vol I, p 182 


