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Article history Bioactive indolo[3,2]phenanthridine alkaloids, calothrixin B and itsoide derivativ:
Rece?ved_ _ calothrixin A have been synthesized via an oxidatikee radical reaction.abthrixin B is

Eece"{eg in revised form generated from the commercially available 2#ifethoxybenzaldehyde in only 7 steps.
ccepte

key step in this synthesis is the Mn(OAcjpediated oxidative free radical reaction of 9-
(benzylamino)phenanthridine -7,10-dione with cyebodnone to form 12-benzyl-B2
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Calothrixin

Total Synthesis 2009 Elsevier Ltd. All rights reserved
Oxidative
Free Radical

Aminophenanthridinedione

Available online

Introduction system consists of indole, quinone, and quinoliéeties and is

. o unigue amongst natural products (Fig. 1).
Natural products have traditionally played a majole rin

drug discovery by serving as the source for manthefearliest  rigyre 1. Calothrixin A and B and the three moieties present i
medicines. In spite of the scientific advancements and the them
promise of alternative drug discovery strategiesthia recent

decades , there is still a shortage of drug leadgrpssing into o

clinical trials especially in the areas of oncolpgy O 9.0
immunosuppression, and metabolic disedsistural products ‘ N
continue to play a major role in providing leadstisalarly in N

these areas as shown by a recent review publish&tetwnan o} O

and Cragg which summarizes natural product derivadslover Calothrixin A (1) Calothrixin B (2)

past 30 years (1981-2010Even though many natural products Qj
I

exhibit potent biological activities, their systetimabiological

evaluation is precluded because they are oftemtswlin very N

minute quantities. Further, natural products arevkm to have H

unigue chemical structures which provide challeggéynthetic indole qumone inone  quinoline
targets for organic chemists. For these reasonglafgment of

new synthetic methods for natural products remams aery
important research area.

phenathridine dione

Calothrixins possess a wide array of biologicaldtigis that
Calothrixin B and its N-oxide derivative, calothirixA (Fig.  are of interest to medicinal chemists. They dispiapomolar
1) are two bioactive metabolites isolated from tianobacteria  antiproliferative activity against certain humamcer cell lines
Calothrix in 1999 They are also known as such as human cervical cancer cell, HE&L.aCEM leukemia
indolophenanthridines because they contain the uaius cells’ and human Jurkat cancer c€llBurthermore, calothrixins
pentacyclic indolo[3,3}phenanthridine ring system. This ring A and B act as a new class of human DNA topoisomerase |
poisons. They stabilize the topoisomerase |I-DNA icamplex
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to prevent DNA religation and cause DNA damage whichnitrate (CAN) are the most commonly used and efficiatalysts

results in apoptosfsin addition, calothrixin A binds to DNA
quadruplex to inhibit DNA replication and DNA directed RN
synthesis resulting in impaired protein synthesid aell deatH.
They also exhibit in vitro antiparasitic activity against
chloroquine resistant strains Bfasmodium falciparupwhich is
the causative organism for malatiZhese biological activities
make calothrixins the potential lead compounds doticancer
and antiparasitic drug discovery. Due to their usigtructural
features and potent bioactivity, calothrixins aotable synthetic
targetst® The first total synthesis of calothrixins was repd by
Kelly, using ano-lithiation strategy’® Several other syntheses of
calothrixins have also been reported exploringedint synthetic
strategies such as metallatidhshetero Diels-Aldel? Friedel-
Crafts acylation reactioH® ** etc. A few other syntheses of
calothrixins have also been report&d.

As a part of our interest in deriving lead drug rcales

for the oxidative reaction between 1,3-diketones and
aminoquinones. The mechanism for this type of dkidafree
radical reactions has been reported”™ ¢, Mn(OAc); and CAN
promoted oxidative free radical cyclizations halso@een used
extensively in the synthesis of naphthaquinones,chvhis an
important skeleton of natural productsThe synthesis of several
interesting compounds in our laboratory takes athge of
oxidative free radical reactions. Bispyrroloquiepn and
bispyrroloiminoquinone ring systems were synthesizé CAN
mediated oxidative free radical reaction of 1,3adionyl
compounds with aminoquinorf@swhile Zyzzyanones were
synthesized using Mn(OAg¢)mediated oxidative free radical
reactions® Apart from being a powerful tool to construct
polycyclic ring systems, these reactions are gdyersigh
yielding and are relatively easy to perform. Weorefherein the
synthesis of calothrixins taking advantage of aiatkve radical

reaction between cyclohexenone and an

from natural productS, we have been particularly interested in aminophenanthridinedione derivative.

developing a shorter and a better yielding synthesf

calothrixins. Majority of the reported calothrixsyntheses are
focused on the formation of the middle benzoquinaime

between the indole and quinoline units as the léegp. sOur

synthetic approach relies on the construction efitidole ring on
to a phenanthridine dione via a novel oxidativee fradical

reaction mediated by Mn(OAg) The method of Mn(OAg)

mediated oxidative reaction of 2-cyclohexenone wgthinones
was originally developed by Chuaegal'® None of the existing
reports of calothrixin synthesis utilizes the latage indole
construction strategy and thus our synthetic apraa unique
and different.

Research literature published in the recent threeades
highlights the importance of oxidative free radigaactions
mediated by transition metals. These reactions Itregu
intermolecular / intramolecular formation of carboarbon
bonds through transient electrophilic carbon rddi¢aand are
most commonly promoted by transition metal compasund
Manganese triacetate (Mn(OAr)and ceric (IV) ammonium

Results and Discussion

Our retrosynthetic analysis for calothrixin B utdi an
oxidative free radical reaction strategy as outliire Scheme 1.
We envisaged that the intermediate compo@rfdr calothrixin
synthesis could be prepared by the amination of52,4
trimethoxybenzaldehyde3) with ortho-iodoaniline {) followed
by a palladium catalyzed coupling. Oxidation of connpd 6
with CAN can afford the corresponding methoxy quindne
which could be aminated to form the aminoquindn®xidative
free radical reaction of the aminoquinofevith cyclohexenone
(3) in the presence of Mn(OAgkould give calothrixin B, which
could be further oxidized witm-CPBA to form calothrixin A.
Construction of the indole ring to the phenantimididione using
cyclohexenone and Mn(OAg)is the novel aspect of our
calothrixin synthesis.

Scheme 1. Retrosynthetic analysis of calothrixin B
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protected as an acetyl amide. This was achievetéireéatment

intermediate compoun8 as outlined in Scheme 2. Reductive of compound with Ac,O in the presence of catalytic amount of

amination of commercially available 2,4,5-
trimethoxybenzaldehyde8) with ortho-iodoaniline {) in the

DMAP at room temperature for 15 hours to form compbil
in 85% yield. Then the acetyl protected compoliddvas treated

presence of NaCNBHn a mixture of MeOH and acetic acid with Pd(OAc), PPh, and IKCO; in DMF at reflux condition for

gave the compouné in 99% vyield. In order to avoid potential
complications, the NH group present in compouddwas

7 hours to generate the cyclized prodlicin 97% yield.



Scheme 2. Synthesis of intermediate quinobe

OMe NH2
CHO
©/ : _ NaCNBH; Ac,0
.
“AcOH, MeOH DMAP
MeO 99% 85%
8 OMe 7 9 OMe 10 OMe
Pd(OAC),, PhP, K,CO4 Me  CAN, CHCl,
DMF, reflux CH3CN, H,0
70%
97%

Complications occurred with the assignmehCH, proton
signal within the'H-NMR spectra of compountll as seen by the
broad multiplet ranging from 4.2 to 5.5 ppm. Thpsatons were
almost invisible in the spectra. This might be dm¢he fact that
the molecule exists as a pair of amide rotamers #na in
dynamic equilibrium. In order to confirm the st of
compound 11 unambiguously, we recorded #H-NMR in
DMSO-ds at 90 °C. The CHproton signal was clearly visible as
a sharp singlet in the high temperature NMR, whichficms the
structure of compoundl. This might be due to the faster
equilibration of the amide rotamers at higher terapge.
Compoundl1l was then oxidized using CAN in a mixture of
CH3CN, chloroform and water to afford the quinoién 70%
yield. Surprisingly, the deacetylation and aronston of the N
containing ring also occurred under the same eacnditions.

Conversion of quinonB to calothrixins A and B is outlined
in Scheme 3. In order to construct the indole rargto the

substitute the methoxy group Biwith an amino functionality.
We chose a benzyl amino group in this case asdheybgroup
could serve as a protecting group and could be vethat the
end of the synthesis. Reaction of the quin@n&ith benzyl
amine in anhydrous MeOH under reflux conditions resuin
the formation of benzylamino phenanthridine didiein 91%
yield. Then the oxidative free radical reaction wasformed by
refluxing the mixture of benzylamino phenanthrididene 12
and cyclohexenone in the presence of Mn(QAwg)anhydrous
CH:CN for three days to afford compourdi® in 92% vyield.
Finally, the debenzylation of compoud® was carried out by
following a previously reported literature procedursng AICk
and anhydrous benzene to furnish calothrixin 2 i 40 %
yield**® In order to improve the yield of this step, we aied
other debenzylation reaction conditions such as i the
presence of Pd/C or Pd black/HCOONHBut, these reactions
resulted in lower yields than what we obtained with AICI
Calothrixin B @) was oxidized to calothrixin Alj in 99 % vyield

quinone 5 by oxidative free radical reaction we needed tousingm-CPBA in DCM following the literature procedut®.

Scheme 3. Conversion of qui

PhCH,NH,

MeOH, reflux
91%

AICI,

benzene, reflux
40%

Calothrixin B (2)

Based on the previous literature reports on thehar@sm of
oxidative free radical reaction$,!”® *'a plausible mechanism for
the conversion of compount? to 13 is outlined in Scheme 4.
Initiation of the reaction occurs with the interactiof Mn(OAc)
with 2-cyclohexenone to generate the radidédl by a one-

electron oxidation. Intermolecular addition of ralil4 to the

m-CPBA
CH,Cl,, reflux

nonB to calothrixin A and B

cyclohexenone
Mn(OAc),
CH3CN, reflux
92%

99%

Calothrixin A (1)

quinone 12 generates another radicéb. Oxidation of 15 by
another molecule of Mn(OAg)produces the corresponding
cation 16, which is deprotonated to form the intermediae
Intramolecular condensation &7 forms the compound8 which
up on aromatization yields the produgt

Scheme 4. Mechanism of oxidative radical reaction of 2-cy@aenone with aminophenanthridinedione.
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Mn(ll)(OAC)s
- Mn(I)(OAC),

the reaction was complete. Reaction mixture was thesmched
with sat. NaHCQ@ (100 mL) and the solvent was removed to

In summary, we have described a new and efficienbbtain a brown residue. The residue was diluted wilker (30

synthesis of calothrixin A and B with good overallelgs.
Synthesis of calothrixin B was achieved
trimethoxybenzaldehyde in only 7 steps. This nosyhthetic
strategy involves the construction of an indolegrion to a
phenanthridine-7,10-dione to form the calothrixorec The key
step in this synthesis is Mn(OAahediated oxidative free radical
reaction of 9-(benzylamino)phenanthridine -7,10m@ico form
12-benzyl-1M-indolo[3,2{]phenanthridine-7,13-dione
excellent yield.

in

Experimental Section

General Methods for Synthesis. Solvent evaporations were
carried outin vacuo using a rotary evaporator. Thin layer
chromatography (TLC) was performed on silica getgdawith
fluorescent indicator (Dynamic Adsorbents, Inc., Ainom
backed TLC, 20 X 20 cm F-254, 2@@n). Spots were visualized
by UV light (254 and 365 nm). Purification by colurand flash
chromatography was carried out using silica gel@33+m) from
Dynamic Absorbent in the solvent systems indicatéte
amount (weight) of silica gel for column chromatqgrg was in
the range of 50-100 times the amount (weight) of ¢hede
compounds being separated. Melting points were méted on
a Mel-Temp Il melting point apparatus and are urexied. The

from 2,4,5-

mL) and filtrated to afford the pufs-(2,4,5-trimethoxybenzyl)-
2-iodobenzenamin® (6.95 g, 99%); Mp: 84-86C; 'H NMR

(CDCly) 6 3.80 (s, 3H), 3.87 (s, 3H), 3.90 (s, 3H), 4.32 (d,515

Hz, 2H), 4.63 (t, J = 5.5 Hz, 1H), 6.43 (t, J = 7.6 H4), 6.56 (s,
1H), 6.63 (d, J = 8.4 Hz, 1H), 6.86 (s, 1H), 7.17 (& 3.6 Hz,
1H), 7.66 (d, J = 8.1 Hz, 1H}’C NMR (CDC}) & 43.6, 56.5
(2C), 57.0, 85.8, 97.9, 111.5, 113.5, 118.3, 11929.6, 139.2,
143.3, 147.7, 149.2, 151.9; MS (ESm)z 400 (M + H) and
HRMS calcd for GgH15INO3 399.0331, found 399.0343.

N-(2,4,5-trimethoxybenzyl)-N-(2-iodophenyl)acetamide (10):
To a stirred solution of N-(2,4,5-trimethoxybenzyl)-2-
iodobenzenamin® (6.42 g, 16.1 mmol) in acetic anhydride (35
mL), a cat amount of DMAP (196 mg, 1.6 mmol) was adaied
the reaction mixture was stirred at rt underaltm for 15 h. TLC
examination (50% EtOAc in hexanes) revealed thatr¢hetion
was complete. The solvent was removed and the residise
dissolved in EtOAc (400 mL), which was washed with wasex (
100 mL) and brine (1 x 100 mL) and dried over,8&,. The
drying agent was filtered off and the filtrate wasi@entrated on
a rotary evaporator to afford the pureN-(2,4,5-
trimethoxybenzyl)N-(2-iodophenyl)acetamid&0 (6.04 g, 85%);
Mp: 126-127°C; 'H NMR (CDCk) & 1.79 (s, 3H), 3.41 (s, 3H),
3.79 (s, 3H), 3.83 (s, 3H), 4.36 (d, J = 13.8 Hz, B8 (d, J =

NMR spectra were recorded on Bruker DPX 300 spectrametel3.8 Hz, 1H), 6.33 (s, 1H), 6.73 (d, J = 7.8 Hz, 1H)14s, 1H),

Chemical shifts are reported in ppm relative to TMSCDCL as
internal standard. The values of chemical shijsafd coupling
constantsJ were given in parts per million and in Hz,
respectively. Mass spectra were recorded on a WMiass
Platform LCC instrument. HRMS were obtained on a éfat
AutoSpec-UltimaTM NT mass spectrometer with an El seur
Anhydrous solvents used for reactions were purchas&lire-

6.98 (t, J =7.2 Hz, 1H), 7.17 (t, J = 7.5 Hz, 1H)877/(d, J=7.8
Hz, 1H);*C NMR (CDC}) & 23.1, 44.9, 56.2 (2C), 56.7, 97.2,
100.6, 115.3, 116.6, 129.0, 129.5, 130.6, 139.8.114144.8,
149.3, 152.4, 170.1; MS (E9m/z442 (M + H) and HRMS calcd
for CigH»INO, 441.0437, found 441.0432.

1-(7,9,10-trimethoxyphenanthridin-5(6H)-yl)ethanone  (11):

Seal" bottles from Aldrich chemical company. Other reagent To a stirred solution of N-(2,4,5-trimethoxybenzyIN-(2-

were purchased from Aldrich, Lancaster or Fisher dbam
companies and used as received.

N-(2,4,5-trimethoxybenzyl)-2-iodobenzenamine (9): To a
stirred solution ob-iodoaniline7 (3.85 g, 17.5 mmol) in MeOH
(50 mL), 2,4,5-trimethoxybenzaldehyde(3.45 g, 17.5 mmol)
and a solution of acetic acid (1.58 g, 26.3 mmoeIMeOH (10
mL) were added and the reaction mixture was stirtetl ander
N, atm for 30 min. The reaction mixture was coole@ f€ using

iodophenyl)acetamid&0 (300 mg, 0.68 mmol) in anhyd DMF (5
mL), PPh (52 mg, 0.20 mmol), anhyd ,RO; (136 mg, 0.99
mmol) and Pd(OAg) (15 mg, 0.06 mmol) were added and the
reaction mixture was refluxed under, dtm for 7 h. TLC
examination (50% EtOAc in hexanes) revealed that¢hetion
was complete. The reaction mixture was cooled tmdit fidtered
through celite and washed with EtOAc (3 x 50 mL). The
combined filtrates were washed with water (3 x 50 niig rine

(1 x 50 mL) and dried over NaQO, The drying agent was

an ice bath and NaCNBH1.44 g, 22.8 mmol) was added in 4 filtered off and the filtrate was concentrated ttoaf the crude

portions over a period of 15 min and the solutiors wtrred for

product, which was purified by column chromatographgr Si

another 20 min at C. The reaction mixture was then stirred at rtgel (20 x 2 cm) using EtOAc / hexanes (1:3) as elteifford

for 1 h. TLC examination (30% EtOAc in hexanes) réseahat

the pure 1-(7,9,10-trimethoxyphenanthridin{3féyl)ethanone



11 (210 mg, 97%); Mp: 173-17%; 'H NMR (CDCk) & 2.15-
2.39 (m, 3H), 3.68 (s, 3H), 3.84 (s, 3H), 3.90 (s, 3H}¥-5.52
(brs, 2H), 6.50 (s, 1H), 7.12-7.34 (m, 3H), 8.38-g0 1H); 'H
NMR (90 °C, DMSOe) 6 2.15 (s, 3H), 3.71 (s, 3H), 3.91 (s,
3H), 3.94 (s, 3H), 4.72 (s, 2H), 6.83 (s, 1H), 7.3137w, 2H),
7.53 (d, J = 7.7 Hz, 1H), 8.35 (d, J = 7.7 Hz, 1HE NMR
(CDCly) 8 22.2, 39.1, 56.1, 56.3, 60.5, 97.0, 117.9, 12125,7,
126.0,127.7, 128.3, 128.7, 138.7, 140.8, 151.2,98.69.0; MS
(ES+) m/z 314 (M + H) and HRMS calcd for g¢H;gNO,
313.1314, found 313.1315.

9-M ethoxyphenanthridine-7,10-dione (5): To a stirred solution
of 1-(7,9,10-trimethoxyphenanthridin-5(6H)-yl)ethawedll (400
mg, 1.3 mmol) in a mixture of G&N (100 mL) and CHGI
(5mL), a solution of CAN (2.79 g, 5.1 mmol ) in wa(@00 mL)
was added. The reaction mixture was stirred at ri7fér. TLC
examination (50% EtOAc in hexanes) revealed thatr¢letion

5
eluent to afford the pure 12-benzylH-2ndolo[3,2-
ilphenanthridine-7,13-dion&3 (14 mg, 92 %); Mp: 255-257C;
'H NMR (CDCE) 6 6.02 (s, 2H), 7.17-7.37 (m, 5H), 7.38-7.51
(m, 3H), 7.74 (t, J = 8.4 Hz, 1H), 7.83(t, J = 6.9 HH), 8.18 (d,
J=7.5Hz, 1H), 8.43-8.50 (m, 1H), 9.53 (d, J = 8.4 H%), 9.80
(s, 1H);"®C NMR (CDC}) & 48.8, 111.8, 118.0, 123.4, 123.6,
124.2, 124.8, 125.4, 126.8, 127.9, 128.1, 128.3.11,2130.3,
130.6, 131.6, 133.6, 135.4, 136.5, 140.4, 148.2.515181.3,
182.3; MS (EY m/z 389 (M + H) and HRMS calcd for
Cy6H16N,0, 388.1212, found 388.1218.

Calothrixin B (1): To a solution of 12-benzyl-*2indolo[3,2-
jlphenanthridine-7,13-diond3 (10 mg, 0.03 mmol) in anhyd
benzene (10 mL), AIGI(17 mg, 0.13 mmol) was added and the
reaction mixture was refluxed for 5 h. TLC examioat{20 %
EtOAc in hexanes) revealed that the reaction was atmplhe
reaction mixture was then allowed to attain rt, giedcwith

was complete. CKCN was removed under reduced pressure anevater (10 mL), and extracted by DCM (2 x 30 mL). The

the residue obtained was extracted with CH@l x 100 mL).
The combined organic layers were washed with water {80«
mL), brine (2 x 100 mL) and dried over }$©,. The drying
agent was filtered off and the filtrate was conceaattdo obtain
the crude product, which was purified by
chromatography over Si gel (20 x 2 cm) using CHGI eluent to
afford the pure 9-methoxyphenanthridine-7,10-di6n@14 mg,
70%); Mp: 243-245C; *H NMR (CDCk) & 3.97 (s, 3H), 6.20 (s,
1H), 7.81 (t, J = 7.8 Hz, 1H), 7.89 (t, J = 7.2 Hz, 1841 (d, J =
8.7 Hz, 1H), 9.41 (d, J = 8.4 Hz, 1H), 9.66 (s, 1HE; NMR
(CDCly) 8 57.0, 107.9, 122.3, 122.9, 127.5, 130.7, 131.Q,113
132.1, 147.8, 152.1, 160.7, 183.0, 185.1; MS (B8R40 (M +
H) and HRMS calcd for GHgNO; 239.0582, found 239.0592.

9-(Benzylamino)phenanthridine-7,10-dione (12): To a stirred
solution of 9-methoxyphenanthridine-7,10-didné00 mg, 0.83
mmol) in MeOH (50 mL), a solution of benzyl ami(@8 mg,
3.3 mmol) in MeOH (25 mL) was added in 2 potions over
and the reaction mixture was refluxed underain for another
6 h. TLC analysis (50% EtOAc in hexanes) revealed tha
reaction was complete. The solvent was removed bgtaryr
evaporator to afford the crude product, which wasdfipdr by
column chromatography over Si gel (20 x 2 cm) udtt@Ac /
hexanes (1:1) as eluent to afford the pure
(benzylamino)phenanthridine-7,10-dioh2 (239 mg, 91%); Mp:
183-185°C; 'H NMR ( CDCE) 6 4.43(d, J = 6.0 Hz, 2H), 5.82 (s,
1H), 6.30 (brs, 1H), 7.28-7.48 (m, 5H), 7.73-7.90 2H), 8.20
(d, J = 8.1 Hz, 1H), 9.37 (d, J = 8.4 Hz, 1H), 9.711(3); *°C

combined organic layers were dried over,8@,. The drying
agent was filtered off and the filtrate was conceattan a rotary
evaporator to afford the crude product, which wasfipdr by
column chromatography over Si gel (20 x 2 cm) using

column EtOAc/hexanes (1:9) as eluent to afford the pureticalon B (3

mg, 40 %); Mp: 298-306C; 'H NMR (DMSO-dg) & 7.42 (t, J =
8.1 Hz, 1H), 7.50 (t, J = 8.4 Hz, 1H), 7.63 (d, J =182 1H),
7.89 (t, J = 6.9 Hz, 1H), 7.97 (t, J = 6.9 Hz,1H), 8(dH 2H),
9.59 (d, J = 8.7 Hz, 1H), 9.63(s, 1H), 13.18 (bs, 1HE NMR
(DMSO-dg) & 113.9, 115.5, 122.3, 122.6, 123.3, 124.3, 124.9,
127.2, 129.8, 130.2, 131.6 (2C), 132.6, 138.0, 4,3847.5,
151.2, 180.4, 180.8; MS (ES+)/z 299 (M + H) and HRMS
calcd for GgH1oN,O, 298.0742, found 298.0745.

Calothrixin A (2): To a suspension of calothrixin B (5 mg, 0.02
mmol) in DCM (10 mL), under nitrogem-CPBA (77 %, 13 mg,
0.08 mmol) in DCM (10 mL) was added and the reactixture
was refluxed overnight. TLC (50 % EtOAc in hexanes)
examination revealed that the reaction was complétee
reaction mixture was diluted with DCM (50 mL) to affoa red
orange solution, which was washed with saturatgeidx (3 x 15
mL), water (3 x 15 mL), brine (15 mL) and dried oW#SO,.
The drying agent was filtered off and the filtrate swa

9-concentrated on a rotary evaporator to afford tuele product,

which was purified by column chromatography over &i(@0 x
2 cm) using EtOAc / hexanes (3:17) as eluent to affbe pure
calothrixin A (5 mg, 99 %); Mp: 283-28%: '"H NMR (DMSO-
de) 8 7.38 (t, J = 7.2 Hz, 1H), 7.46 (t, J = 7.8 Hz, 1HB17(d, J

NMR (CDCL) 6 47.3, 100.2, 122.3, 124.1, 127.0, 127.9, 128.6= 7.8 Hz, 1H), 7.99-7.97 (m, 2H), 8.13 (d, J = 7.5 Hd), 8.61

129.4, 130.2, 130.8 (2C), 131.5, 135.9, 148.2, 5218151.6,
183.1, 185.0; MS (E$ m/z315 (M + H) and HRMS calcd for
CyoH14N,0, 314.1055, found 314.1067.

12-benzyl-12H-indolo[3,2-j]phenanthridine-7,13-dione  (13):
To a stirred solution of 9-(benzylamino)phenantimed7,10-
dione 12 (12 mg, 0.04 mmol) in CKN (16 mL),

Mn(OAc);-2H,0 (142 mg, 0.53 mmol) and a solution of 2-

cyclohexen-1-on& (15 mg, 0.15 mmol) in C¥N (4 mL) were
added. The reaction mixture was refluxed underaiin for 3
days. TLC examination (30% EtOAc in hexanes) reve#hed
the reaction was complete. The reaction mixture wan t
allowed to attain rt and the solvent was removed uneiguced
pressure. The residue obtained was then dissolvedOac (50
mL) and washed with saturated NaHS® x 30 mL), water (3 x
30 mL) and brine (2 x 25 mL) and dried over,8@, The
drying agent was filtered off and the filtrate wasicentrated to
afford the crude product, which was purified by cotu
chromatography over Si gel using EtOAc / hexanes9jlds

(d, J =9.9 Hz, 1H), 8.89 (s, 1H), 9.68 (d, J = 9.3 H&), 13.22
(s, 1H); °C NMR (DMSOds) & 114.0, 115.1, 119.1, 121.9,
122.0, 123.4, 124.5, 126.8, 127.0, 128.1, 129.49,813131.9,
132.0, 138.1, 138.7, 143.1, 177.8, 178.3; MS (BE8/&Z315 (M +
H) and HRMS calcd for gH,oN,O; 314.0691, found 314.0701.
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SX-I-248-Pure 13CNMR CDC13
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SX-I-250-pure 1HNMR CDC13
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SX-I-254B-WhiteSolid 13CNMR CDC13
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SX-I-246—-Column—-F1 13CNMR CDC13
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SX-I-252-Column 13CNMR CDC13
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SX-I-256-recrystallization 1HNMR CDC13
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SWH 6188.119 Hz
FIDRES 0.094423 Hz
AQ 5.2953587 sec
RG 1024
DW 80.800 usec
DE 6.00 usec
TE 300.0 K
D1 1.00000000 sec
TDO 1
12-benzyl-12H-indolo[3,2-f |phenanthridine- ======-= CHANNEL £l ======n==
H NUC1 1H
7,13-dione p1 15.00 usec
13 PL1 -2.50 dB
SFO1 299.8818519 MHz
F2 - Processing parameters
SI 32768
SF 299.8800035 MHz
WDW no
SSB 0
LB 0.00 Hz
GB 0
PC 1.00
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SX-I-256-recrystallization 13CNMR CDC13

Current Data Parameters

NAME SX-I-258-recrystallization

EXPNO 5

PROCNO 1

F2 - Acquisition Parameters

Date_ 20130119

Time 15.48

INSTRUM spect

PROBHD 5 mm DUL 13C-1

PULPROG zgpg30

D 65536

SOLVENT CDC13

NS 37109

DS 4

SWH 17985.611 Hz

FIDRES 0.274439 Hz

AQ 1.8219508 sec
¥ ] e RG 32768

12—benzyl—12H—|ndolo[?_;,2—;]phenanthrldme— o 277800 usec
7,13-dione DE 6.00 usec
13 TE 300.0 K

D1 2.00000000 sec

dil 0.03000000 sec

DELTA 1.89999998 sec

TDO 1

======== CHANNEL fl ========

NUC1 13C

Pl 8.00 usec

PL1 -1.80 dB

SFO1 75.4124265 MHz

======== CHANNEL f2 ========

CPDPRG2 waltzlé

NUC2 1H

PCPD2 75.00 usec

PL2 -2.50 dB

PL12 11.48 dB

PL13 12.00 dB

SFO2 299.8811995 MHz

F2 - Processing parameters

SI 32768

SF 75.4048735 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

" T " T " T " T " T " T " T " T " T " T

180 160 140 120 100 80 60 40 20 ppm
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SX-II-8-Solid 1HNMR DMSO

13.175
9.645
9.631
9.601
9.576
8.200
8.174
7.991
7.986
7.968
7.963
7.940
7.935
7.922
7.917
7.893
7.870
7.640
7.612
7.503
7.476
7.453
7.421
7.398

Curre
NAME

EXPNO
PROCN

TR

F2 -

Date_

Time
INSTR
PROBH
PULPR
TD
SOLVE
NS

DS
SWH
FIDRE
AQ

RG

DwW

DE

Calothrixin B
2

L e e B e e L S R S s B N S B S B B S B B S S B S B B S B B H S H L L R N B R S S S B Sy BN B B R B S p

x
13

x
12

x
11

x
10

I

S14

I I

T T T T

ppm

1.00

nt Data Parameters
SX-II-8-Solid

2

O 1

Acquisition Parameters
20131011

23.02

spect

5 mm DUL 13C-1
zg30

65536

DMSO

40

2

6188.119
0.094423
5.2953587
812.7

80.800

6.00

300.0
1.00000000

UM
D
oG

NT

S

-2.50
299.8818519

Processing parameters
32768
299.8799971 MHz
EM
0
0.30 Hz
0
1.00
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SX-II-Calothrixin B 13CNMR DMSO

Calothrixin B
2

180 170 160 150 140 130 120

Current Data Parameters

NAME SX-II-Calothrixin B
EXPNO 6
PROCNO 1

F2 - Acquisition Parameters
Date_ 20140214

Time 21.29
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30

TD 65536
SOLVENT DMSO

NS 45218

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 32768

DW 27.800 usec
DE 6.00 usec
TE 300.0 K

D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C

Pl 8.00 usec
PL1 -1.80 dB
SFO1 75.4124265 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6

NUC2 1H
PCPD2 75.00 usec
PL2 -2.50 dB
PL12 11.48 dB
PL13 12.00 dB
SFO2 299.8811995 MHz
F2 - Processing parameters
SI 32768

SF 75.4049241 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

ppm
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SX-II-41 1HNMR DMSO-dé6
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S16

Current Data Parameters

NAME SX-II-41
EXPNO 1
PROCNO 1
F2 - Acquisition Paramet
Date_ 20140228
Time 9.39
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT DMSO
NS 64
DS 2
SWH 6188.119
FIDRES 0.094423
AQ 5.2953587
RG 1024
DW 80.800
DE 6.00
TE 300.0
D1 1.00000000
TDO 1
======== CHANNEL fl ====
NUC1 1H
Pl 15.00
PL1 -2.50
SFO1 299.8818519
F2 - Processing paramete
SI 32768
SF 299.8799979
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00

ers

rs

MHz

Hz
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SX-II-41 13CNMR DMSO-dé6

Current Data Parameters

NAME SX-II1-41
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20140301
Time 8.31
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT DMSO
NS 44265
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 32768
DW 27.800 usec
DE 6.00 usec
. TE 300.0 K
Calothrixin A D1 2.00000000 sec
1 dll 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 8.00 usec
PL1 -1.80 dB
SFO1 75.4124265 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 75.00 usec
PL2 -2.50 dB
PL12 11.48 dB
PL13 12.00 dB
SFO2 299.8811995 MHz
F2 - Processing parameters
ST 32768
SF 75.4049227 MHz
WDW EM
SSB 0
LB 1.00 Hz
L L L A I I gg 1_48
180 175 170 165 160 155 150 145 140 135 130 125 120 ppm
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