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Abstract—Thirty-five types of novel pyridocarbazoles (§-élkyl)carbamoyl-11-methyl{8-
pyrido[4,3b]carbazoles and B\alkyl)carbamoyl-2,11-dimethylé-pyrido[4,3b]carbazol-2-ium
chloride derivatives), that were conjugated withreeyN-methylurea, ant-methyl-N-nitrosourea
moieties through alkyl-, oxyalkyl-, and iminoalkgidamoyl linkers, were synthesized by a series of
reactions of methyl 11-methykBpyrido[4,3b]carbazole-5-carboxylates with polymethylenediamine
(n = 2-5),p-nitrophenyIN-methylcarbamate, ad-methylN-nitrosocarbamate in high yields, and
their cytotoxicactivities were evaluated against Sarcoma-180, NB8leLa S-3, and L1210 cell
lines. These compounds exhibited potent cytotagtwity (ICso = 1.6 — 5QuM) and odd-even
alternation effect. 9-Methoxy-2,11-dimethyl-5-((2+hethyl-3-nitrosoureido)ethyl)carbamoyliH6
pyrido[4,3b]carbazol-2-ium chloride exhibited the most poteytbtoxicactivity (ICso = 0.15uM)

and cell selectivity against HeLa S-3. Some ofuhecharged 5N-alkyl)carbamoyl-61-pyrido[4,3-
b]carbazole derivatives, which were conjugated withamine antl-methylN-nitrosourea moieties
through a dimethylene spacer, also exhibited patgiotoxicactivity (ICso = 0.43 — 2.44M) and
remarkable cell selectivity as well as elliptici®ehydroxyellipticine, and the starting methyl esié
the pyridocarbazole-5-carboxylate (G 0.30 — 2.2uM).

1. Introduction



A great deal of interest has been generatédduje alkaloids (ellipticinésandp-carboline$)
because of their intercalatidhantitumor propertie¥:*anti-HIV activities, and inhibition of RNA
polymerase | transcriptiofi.In 1959, ellipticine 1) was first identified as a compound in the leavies
a small tropical evergreeB®chrosia ellipticalabill® (Fig. 1). Ellipticine and its derivatives cause th
selective inhibition of p53 protein phosphorylatiarseveral human cancer cell liféinduced
apoptosis of cancer cell lindsand this is correlated with their cytotoxic adijviThese compounds
also uncouple mitochondrial oxidative phosphorgiafithereby disrupting the energy balance of cells.
Further, these compounds are known to react witA Dis an intercalation proce$3which may
account for their cytotoxicityand also inhibits DNA topoisomerase-Il activitjWe used deflection
spectroscopy to determine the interaction modeliptieine and its derivatives with DNA.

Ellipticine has shown intercalation and a cytotoativity that resembles that pfcarbolines The
unique structural features, limited toxic side etife and complete lack of hematological toxicity of
these compounds have prompted chemists to studsyittbesis of a number of their analogues in
pharmacological evaluatioris.

The total synthesis of ellipticin&)(was first achieved in 1958 Since then, many groups have
synthesized ellipticine and its derivativV8s! Previously, we developed a novel and efficienttrogt
for the synthesis df via Suzuki-Miyaura couplin. Several simple structural modifications to
ellipticine derivatives have resulted in compoutidg have shown increases in cytotoxic actitit.
low level of water solubility at physiological plds well as systemic toxicity, has prevented theofise
1 as a therapeutic agent. The introduction of atpestharge il improved water solubility and made
a profound difference in its biological activityFor example, the quaternization of the endocyclic
nitrogen at the N5 of 5-aza-ellipticiieand the nitrogen at the N2 of ellipticivith a methyl group
was found to interact with DNA through intercalatievhich resulted in a high affinity for binding
with DNA.

Recently, we reported the syntheses of\HmeethylN-nitrosourea conjugates of ellipticin-2-ium
chloride, 9-hydroxyellipticin-2-ium chloride, andrbethoxycarbonyl-11-methylt-pyrido[4,3-
blcarbazol-2-ium chloride derivatives, linked by@ydiethylene unit and a pentamethylene unit at
the 2 position of the nucleds!’ These compounds have exhibited potent cytotasivity against the
human cervical cancer cell line HeLa S-3 and h&wesva solubility in water that was higher than that
of ellipticine itself, which is based on resultpoeted on celliptium and datlliptiur.

The potential for these compoutid¥ encouraged us to focus on the development of novel
ellipticine analogues2] that might exert stronger cytotoxic activity ¥ie C5 introduction of a

carbamoyl group possessing various types of linkis anN-methyl-N-nitrosourea moiety (Fig. 1).



2, R =H, OCHgz Y =N, N*Me;
R' = -(CHy),-, -CH,CH,;OCH,CH»-
and -CH,CH,NHCH,CH,- linker
with either an amino group or a
urea group

Fig. 1. Chemical structures of Ellipticind)(and 5-alkylcarbamyl-11-methyl6pyrido[4,3-

b]carbazole derivatived, which were synthesized in this work.

2. Results and discussion
2.1. Chemistry
2.1.1. Synthesis of 5-(N-alkyl)carbamoyl-2,11-dhyktyridocarbazol-2-ium chloride derivatives
linked to amine, urea, and nitrosourea moiebeg, 8, 10, 11, and12

We began with the preparation of 5-(2-amingigtiarbamyl-2,11-dimethyl48-pyrido[4,3-
blcarbazol-2-ium chlorid&aa The starting methyl est8g, which was synthesized using a previously
reported methodf,was allowed to react with ethylenediamid@)(at room temperature for 3 days to
produce théN-(2-aminoethyl)amid®&aain an 82% yield (Scheme 1). Under similar condsicthe
correspondingN-(w-aminoalkyl)amide®ab, 5acand5ad were obtained in 83, 91 and 86% yields,
respectively. The 9-methoxy derivatisba was also synthesized from the corresponding 9-omgth
derivative3b and4ain a 62% yield. When coupled (in DMF at -10 t&®for 7 h) with thep-
nitrophenyl (or 2,5-dioxopyrrolidin-1-yiN-methyl- andN-methyl-N-nitrosocarbamate®a andéb,**
theN-(w-aminoalkyl)amide$ afforded the desired urea compouiids-ba and8aaba in 60-88 and
45-82% yields, respectivéy(Scheme 1). TLC and NMR analysis of the reactiaxtumes for7aa-ba
and8aaba indicated no formation of by-products with the ribéxception of the unreacted starting
materials and the final product, which indicateak thelective coupling was possible between the

primary amines witlp-nitrophenyIN-methylcarbamate8a,b only under these developed conditions.



\ﬁ,Me 5aa, R =H, n = 2; 82%
© 5ab, R=H, n=3;83%
Bac, R=H,n=4;91%
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7aa, R =H, n = 2; 76%3 H H o
7ab, R =H, n=3;85% 8aa, R=H, n = 2; 76%3
7ac,R=H,n=4;70% 8ab,R=H, n=3;82%
7ad, R =H, n=5;88% 8ac, R=H, n = 4;70%
7ba, R = OCHg, n = 2; 60% 8ad, R=H,n=5;77%

8ba, R = OCHg, n = 2; 45%

2 The corresponding 2,5-dioxopyrrolidin-1-yl N-methylcarbamates were used in stead of 6a,b.
Scheme 1Synthesis of 5-carbamylpyridocarbazol-2-ium wtedvatives with the polymethylene-
linkers,7 and8

In previous work, an ethoxyethyl linker (ethieker) was more effective in cytotoxic expression
than the corresponding pentamethylene lifk@herefore, we planned to synthesize the
corresponding 5N-(2-ethoxy)ethyl)carbamoyl derivativédaaand12ag and 5-N-(2-
(ethylamino)ethyl))carbamoyl derivatiddab (Scheme 2). The reaction & with an ether-linkeBa
and an imino-linkeBb was performed at 5 for 3 days to give the corresponding amide comgsu
in 60 and 66% yields, respectively. The ether-lirB@was synthesized from bis(2-chloroethyl) ether
(13) and potassium phthalimid&4) in good to high yields using the previously reépdrsimilar
method’ (Scheme 3).
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2 The reaction of 9b was performed under irradiation of microwave for 2 h.
b The reaction of 10ab was performed at -60 °C for 11 h.

Scheme 2Synthesis of 5-carbamylpyridocarbazol-2-ium wegvatives with ether- and imino-
linkers,11 and12

0
Qe
O o 80 % N,H,
o 14 (3 eq) NN (10 eq) o
DMF CHClg
13 60°C, 20 h reflux, 4 h 9a; 93%

15; 69%

Scheme 3Synthesis of 2,2’-oxybis(ethylamine&d)

2.1.2. Synthesis of 5-carbamoylpyridocarbazole tkbsourea derivative$8 and19
Quarternized pyridocarbazol-2-ium salts areax@mluble in water than the un-quarternized
counterparts. However, the cellular uptake of thessgtively charged compounds was affected by the

membrane potentiaf®?!

and the positive charge was expected to influémeie membrane
permeability. In order to confirm the effect, unagiernized 5-carbamoylpyridocarbazoles were

synthesized via a method similar to the one showcheme 1. The actual method is shown in



Scheme 4. A reaction series of methyl pyridocarleaZecarboxylated 6a,bwith diaminesta-c gave
the corresponding amidd§aa 17ah 17ag and17ba(72, 70, 73, and 65%, respectively), urea
derivativesl8aag 18ab, 18ac and18ba(82, 80, 80, and 79%, respectively), afditrosourea
derivativesl9aaand19ba (70 and 60%, respectively). The compod®dbwas synthesized from
18abby an alternative method, nitrosation with nitrasd at C in an 80% yield.

HZN(/\)QNHZ

R R
Me 4a, n=2
4b,n=3 17aa, R = H, n = 2; 72%
O SN 4e,n=4 17ab, R = H, n = 3; 70%
- 17ac, R=H, n = 4;73%
N Z . 3 days 17ba, R = OCHg, n = 2; 65%
O~ OMe
16a, R =H
16b, R = OCH
@ o)
/©/ DIPEA
O,N DMF, -10-0°C, 7 h

6a

DMF, -10-0°C, 7h

For 18ab
NaNO, (1.5 eq) /HCl.

H,0, 0°C,1h

’ ’ ’ 19aa, R=H,n =2; 70%
18a%;:8.= 15N =i8; 0% 19ab, R = H, n = 3; 80% (from 18ab)
il 19ba, R = OCHg, n = 2; 60%
18ba, R = OCHs, n = 2; 79% ’ 3 ’

Scheme 4 Synthesis of 5-carbamoylpyridocarbazole-ureaveéries18 and19

2.1.3. Synthesis of amine- and urea-conjugateyrdgcarbazol-2-ium derivatives with peptide
linkers20a,b and21a,b

In order to increase the hydrogen-bondintjtgba peptide group was added on the terminal
amino group obaa The introduction of the peptide unit was accosi@d via the coupling &aa
with Fmoc-amino acid in high yields. For examphe tompoundaawas treated with Fmoc-glycine
in the presence @-(benzotriazol-1-yl)N,N,N’,N-tetramethyluronium tetrafluoroborate (TBTU), 1-
hydroxybenzotriazole (HOBt), and diisopropylethylael(DIPEA) in DMF leading to the formation
of the peptid&0ain an 88% yield after the deprotection of the Frgomup by the action of piperidine
(Scheme 5). With the analogues, the reaction witlhd¢3-alanine proceeded smoothly to give the
corresponding peptid20bin an 86% yield. Each terminal amino group of peetides20ab was
transformed to the ureido group by the actiop-aftrophenylN-methylcarbamatéato give the

corresponding urea derivative$ab in high to good yields (88 and 73%, respectively).



H 0 Me
_N M)k &.-Me
Fmoc m OH 25% piperidine Q N o
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Scheme 5Synthesis of amine and urea conjugates of pyaid@zol-2-ium chloride derivatives with
peptide-linker20ab and21ab

2.1.4. Characterization of the product structures

The structures of all the synthesized compstungchemes 1 - 5 were confirmed based on tHeir
and**C NMR and mass spectroscopic data. The aromatioq@s®f the products, 7, 8, 10,11, 12, 17,
18, 19, 20, and21 were showing th&H NMR signals in the range 6f11.25-6.06°'°¢*?and methyl
protons of NCH; in compounds, 7, 8, 10, 11, 12, 20, and21 appeared as singlets in the rangé of
4.50-3.90%° which confirmed the basic pyridocarbazol-2-iumlstan in these molecules. The
methylene protons of the methylene- and ethersmkecompound§ba, 10aa 10ah 17ag and
17baresonated &t 3.91-3.07 indicating a coupling with a linker sitein?* The appearance of methyl
protons for NHCH at6 2.63-1.66 in compounds 11, 18, and21, and of methyl protons for
N(NO)CH; atd 3.33-2.00 in compoundg 12ag and19 confirmed theN-methylurea moiety in these
compound$?® Further,**C NMR results supported the proposed structurethégse synthesized
compounds (see Experimental). In addition, thegares of [M - CI'] for compounds, 7, 8, 10, 11,
12aa 20, and21, and [M + H] for compound4&7, 18,and19at the respectivn/zvalues, further

confirmed their proposed structures.

2.2. Evaluation of cytotoxicactivity
2.2.1. Cytotoxic activity of pyridocarbazol-2-iuml@ride and pyridocarbazole derivatives against
Sarcoma-180, NIH3T3, and HelLa S-3 cell linedstituent effects

Most of the newly synthesized pyridocarbazidgvatives were screened via bioassay. The
cytotoxic activity was evaluated using an MTT asagginst Sarcoma-180 cancer cells and NIH3T3
normal cell® originating in mouse cell lines and a human cedvancer cell line HeLa S-3. The

results were summarized in Table 1 together wighctftotoxic activity ottis-diamminedichloro-



platinum(ll) (CDDP) as a positive control. Firstlye applied a series of G¥aminoalkyl)carbamoyl-
2,11-dimethyl-&1-pyrido[4,3b]carbazol-2-ium chloride derivativémaad, 10ag and10ab, in which
the length of the methylene tether and the cesteashent in the tether were changed (entries 14&. T
pyridocarbazolium derivativésab and5ad had an odd number of methylene units and showgdtehi
activity against all cell lines than the deriva@&aaand5ac which had an even number of methylene
units (entries 1-4 except fdad and5acagainst HeLa S-3). In order to make the relatignsh
understandable, kgvalues obaaad were plotted against the number of the methylenis o in Fig.

2 (left-side panel; compoun@$. As can be seen in Fig. 2, the compoundsghibited odd-even
alternation in the cytotoxiactivity with respect to the methylene chain lendttsimilar odd-even
effect was also observed in the cytotoaativity of the correspondinly-methylurea antN-methylN-
nitrosourea conjugategaaad (Fig. 2; right-side panel; compoundsand8aaad, against mouse cell
lines (entries 7-10 and 14-16). The lone excepiias the activity o8aa(entry 13). In the activity
against HelLa S-3, however, similar effect was risieoved. Such odd-even effect has been reported
in some biological activities; for example, a cyitok activity of N°-(c-phenylalkyl)adenines and the
related compoundg?an cytoprotective activity dfi-alkylisatins on the apoptosis of PC12 cells
induced by HO,,?"® and a sex attractant activity of the cuticulariogarbons for Horn fly’® Whereas
the odd-even alternation in the cytokinin activfyw-phenylalkyl derivatives di®-substituted
adenines was reportedly not related to their liflagity but is related to a specific role of the

phenyl group for cytokinin-receptor bindiA the alternate cytoprotective-activity Nfalkyl
substituted isatin derivatives on the apoptosB®12 cells was not clarifiéd” When CLogP values
of baaad, 7aa-ad, and8aaad were plotted against the number of methylene umitsthe linker, an
odd-even alternation effect was observed as showigi 3. Therefore, as one of the plausible
explanations, the odd-even effect in the cytotaxitvity may be related to an alternate changéen t
drug-lipophilicity, whichinfluences the membrane permeability and the cellular uptdkee drug?®
The odd-even effect in the cytotoxctivity is an interesting and noteworthy phenonmeimoa
structure-activity relationship, and is currenthder investigation.

Next, replacement of the central methylermigrof5ad (ICs = 21 and 37UM against Sarcoma-
180 and NIH3T3, respectively) to an ether or imgnoup (X = O or NH in Scheme 2) suppressed its
cytotoxic activity (L0aa ICsq = 48.0 and 6QuM; 10ab, IC5, >100 and = 8(IM against Sarcoma-180
and NIH3T3, respectively; entries 4-6). On the otiend, the introduction of the peptide unit in the
linker exhibited no effect on the cytotoxic actyvégainst both mouse cell lines exceptZ0b (entries
18-20). Unfortunately, the compou@@b slightly decreased the cytotoxic activity agaiBatcoma-
180 cancer cells (0.6-fokk.5a8) and slightly increased that against NIH3T3 norowls (2.1-foldvs.
5aa).

The ellipticin-2-ium derivatives reportedlyasted selectivity for cancer cells and for the caintr
nervous system, which had a mutated p53-type prbteind effectively intercalated to DNA with

large binding constant8” The positive charge of the ellipticin-2-ium satiswever, had a



disadvantage in the cellular uptake of the drumestioned above. Therefore, we compared the
cytotoxic activity of the quarternized 5-carbam@yl-1-dimethylpyridocarbazol-2-ium saliaa 7aa
and8aawith the corresponding un-quarternized 5-carbaridyimethylpyridocarbazole derivatives
17aa 18aa andl9aain order to confirm the decreasing cellular uptakéhe charged drugs. The
cytotoxic activities of the un-quarternized pyriddgazole amine-conjugatdaaagainst all the tested
cell lines were more potent than those of the spoading quarternized pyridocarbazol-2-iGaa by
the power of 25-, 50-, and >42-fold against Sarcd®@ NIH3T3, and HeLa S-3, respectively
(entries 1 and 21), and were comparable to tho§&D@&IP (entry 35). The 9-methoxypyridocarbazole
amine-conjugaté7baextremely enhanced the cytotoxic activity agakhsta S-3 compared with the
corresponding charged derivatisba (96-old; entries 24 and 27). Furthermore, although the power

of increment was moderate, the un-quarternitedethylurea- an®N-methylN-nitrosourea-
conjugated 8aa 19aa andl18baalso increased the cytotoxic activities by >7-,d >7-fold for
Sarcoma S-180, NIH3T3, and HeLa S-3 (entries 722)dL5-fold for NIH3T3 (entries 13 and 23}
fold for HeLa S-3 (entries 25 and 28), respectivétyfact, brilliance level of th&7aatreated
Sarcoma-180 cells (k= 2.2uM) was stronger than that of tbaatreated Sarcoma-180 cells {G
55puM) in fluorescence micrographs as shown in FigThese results may have been caused by the

decreased cellular uptake of the positively chadjeds:®

Table 1.Cytotoxicactivity of pyridocarbazol-2-ium and pyridocarbazdeerivatived, 3a, 5, 7, 8, 10-
12, and16-23 against Sarcoma-180, NIH3T3, and HelLa S-3 cedklin

Compound ICsc (UM)?®
Entry - Compound /X ""No. Sarcoma-180  NIH3T3 Hela 5-3
1 T o 2 5aa  55%7 70 £ 20 >100
2 (;,oe 3 5ab 26.0 £0.8 42 + 2 >26
3 N # 4 5ac > 100 > 100 >100
4 o™ K hnm, 5 5ad 21+7 32+9 >100
5 s e o) 10aa  48.0+0.8 60 + 10 >100
° 800 NH  10ab > 100 86.0 £ 8 Not tested
" o) H/\/X\/\NHZ
7 Q T om 2 7aa > 100 > 100 >100
8 e 3 7ab  34.0%0.6 312 >22
9 N o J. 4 7ac > 88 > 100 96 + 2
10 OTNTANT N 5 7ad 80 + 10 37+4 >100
11 ) L ome ) llaa 41+4 18+5 Not tested
12 c.o ] NH 1lab  78%2 45+ 6 >100
: o H/\/X\/\NJLN‘Me
13 s e 2 8aa  3.0+0.7 6.5+0.8 6+2
14 O SN 3 8ab 40 £ 2 Not tested 6+2
15 N Z il 4 8ac > 82 66 + 8 Not tested
16 o~y 5 gad 374 50 + 10 Not tested
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69+8
>100

22+0.1

15+3

16+04

58+8

Not tested

Not tested

Not tested

Not tested

2007

39+5

345

1.40 £0.05

11.0+0.6

0.43+0.09

Not tested

Not tested

Not tested

Not tested

Not tested

0.30 £ 0.08

Not tested

Not tested

>100
>100

24+04

15+1
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>100

0.15+0.03

1.04 +0.06

7.6+0.7
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31 HO, Me none 23 0.44 +0.07 0.9+0.2 Not tested

32 ‘Me none 3a 1.0+£0.3 1.2+04 1.2+04
N ]
N Ja
O~ ~OMe

33 e e (e none 22 0.7+0.2 2005 2.90 +0.62
34 N-methylN-nitrosourea  none MNU 130 + 20 480 + 20 >100
35 Cis-[PtClL(NHa3),] none CDDP 1.0+£0.3 2.0 £0.3 21+05

®MTT assay was used ands}@alues are reported as the means of three exp#snthe standard
deviations are given togeth8iQuoted from ref. 17

120 120

5 Compounds & =} Compounds 7
100 | 100 |
:'El 80 I 'E BO |
a2 2
g 40 i 40}
Q Q

0 i ; i . 0 ; : . ;

1 2 3 4 5 & 1 2 3 4 5 6
Number of methylene groups in the linker, n Number of methylene groups in the linker, n

Fig. 2 Odd-even alternation in gvalues obaaad (the left-side panel) anthaad (the right-side
panel) against Sarcoma-18@and NIH3T3 (m-). IC5, value of >10QuM was temporarily replaced
with 100uM in the Figures.

CLogP values of
the compounds 5,7, and 8

1 2 3 4 5 &
Number of methylene units in the linker, n

Fig. 3. CLogP values vs. number of methylene grouaps) the linker ofbaa-ad (-m-), 7aa-ad (-e-),

and8aaad (-A-);aan=2,ab:n=3,ac n=4,ad:n=5.
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Bright-field

Fluorescence

Hoechst 33342- S5aa-treated 17aa-treated
stained

Fig. 4. Fluorescent micrographs of Sarcoma-180 mousescaeds, which were treated with 2,11-
dimethylpyridocarbazol-2-ium amine-conjug&a (center) and 11-methylpyridocarbazole amine-

conjugatel 7aa(right side) for 48 h. The left side panel was thiad control cells stained with
Hoechst 33342.

Under physiological conditions, the 9-methdhggcines were reportedl®-demethylated leading
to the formation of 9-hydroxyellipticine§ which exhibited higher cytotoxic activity (entri)3" The
drastically-increased cytotoxactivity by the introduction of the methoxy groupswbserved in the
cytotoxicactivities of8ba against HeLa S-3 (4fdld; Table 1, entries13 and 26). However, in the case
of Sarcoma-180, there was no effect on the cytotadidivity of 8ba (entries 13 and 26) as well as that
of S5ba (entries 1 and 24).

Generally, introduction of dd-methyl-N-nitrosourea moiety to a drug induces its cytotibxic
The cytotoxic activities of thB-methyl-N-nitrosourea derivativBba (ICso = 0.15uM against HeLa
S-3, entry 26) an@9aa(ICso = 0.43uM against NIH3T3, entry 23) were remarkably higtiem
those of the other tested compounds. This accelenatay have been caused by the synergy effect
between the pyridocarbazole nucleus and\#meethyl-N-nitrosourea moiety. The cytotoxic activity
of N-methylN-nitrosourea (MNU) itself against mouse cancer @aowinal cell lines was very low as
shown in entry 34 as a negative control.

Replacement of the 5-methyl group of elliptee(l) or 2-methylellipticin-2-ium chloride2?) by a
methoxycarbonyl group did not affect the cytotaxativity against all the tested cell lines (Table 1
entry 29 forl6g 32 for3a). In most case, transformation of the methyl egteup to the amide group
decreased its cytotoxic activity.

2.2.2.Cytotoxic activity of pyridocarbazol-2-ium and pjocarbazole derivatives against L1210

mouse leukemia cells
Some of the synthesized compounds were apijgigtie MTT assay against L1210 mouse

leukemia cells. I values forl, 3a, 5ab, 10ag 10ab and22 were summarized in Table 2 together

12



with that of CDDP. The pyridocarbazolium chlorideiae-conjugateSab, 10aaand10ab exhibited
potent cytotoxic activities against L1210. Whertsescytotoxic activities against L1210 Haaand
10ab (ICs, >50 and = 441M, respectively; entries 2 and 3 in Table 2) waveaiways lower than
those against Sarcoma-180, NIH3T3, and HelLa Si3iwe$, that ofbab was equal to or lower than
those against Sarcoma-180, NIH3T3, and HelLa Si3ice$. Furthermore, the cell growth of L1210
was extremely suppressed by treatment with theyhesiter3a, ellipticine @), and 2-
methylellipticin-2-ium chlorideZ2) as well as those of Sarcoma-180, NIH3T3, and Hel3acell
lines. The IG, values of3g, 1, and22 were 0.6, 0.2, and 0.20M, respectively (entries 4-6), which
were comparable to that of CDDP (048V, entry 7).

Table 2.Cytotoxicactivity of pyridocalbazol-2-ium and pyridocalbagalerivative®ab, 10ag 10ab,
3a, 1, and22 against L1210 mouse leukemia cells

Entry Compound n/X No. ICsc (UM)*
1 We 3 5ab 46 + 3
H =
(@) H%NHz
Q Me o @) 10aa >50
T e NH  10ab 44+3
H
o) H/\/X\/\NHQ
4 Me none 3a 0.6+0.4
~&.Me
O /NC'e
H
O OMe
5 Me none 1 0.2+0.3
& Oy
N =
H Me
6 Yo e none 22 0.21 £0.05
N -Me
N O /NC|®
H
Me
7  Cis[PtCL(NH3),] none CDDP 0.37 £0.05

dMTT assay was used andst@alues are reported as the means of three expgsnthe standard

deviations are given together.

2.3. Comparative study on the cytotoxic activity opyridocarbazol-2-ium chlorides
2.3.1. Cell selectivity in the cytotoxic activitme(N-alkyl)carbamoyl-2,5-dimethyl-6H-pyrido[4,3-
b]carbazol-2-ium derivatives

Whereas the N2-methylated quarternary sgdtBaa 8ba, and22, were easily soluble in water
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and exhibited extremely potent cytotoxic activitye cellular uptake of these positively charged
compounds was affected by the membrane potéfitidland the positive charge was expected to
influence their membrane permeability. In fact, timeharged pyridocarbazdl@aawas dominant in
the cellular uptake over the corresponding chaogenpoundbaaas demonstrated by the
fluorescence microscopic observation (Fig. 4). élthh the compoun8ba had a positive charge, it
exhibited characteristic cell-selectivity againglld S-3 by the power of 40-fold compared with
Sarcoma-180 (Table 1, entry 26). On the other hidned,ncharged compound ellipticiry é€xhibited
the medium-intensity cell-selectivity against L1210-fold vs. Sarcomas80; see Table 2, entry 5 and
Table 1, entry 30) and NIH3T3 (7-fold vs. HeL&SFable 1, entry 30). Furthermore, both the
uncharged compound®aaandl6aalso exhibited the moderate cell-selectivity agaMiH3T3 (4-
fold vs. each of Sarcoma-180 and HelLa &ll lines; Table 1, entries 23 and 29).

When the Ig values of 54-alkyl)carbamoyl-2,11-dimethyl#8-pyrido[4,3-b]carbazol-2-ium
derivativesb, 7, 8, 10, 11, and12 against Sarcoma-180 cancer cells were plottechsigdiose of
NIH3T3 normal cells, a significant linear relatitiis was observed as shown in Fig. 5. The
regression line was expressed by an equation 24xH: 0.42 (relation coefficiemt= 0.967) with the
exceptions ofad, 11aa 11ab and12aa The slope of the regression line was nearly keiguane. It
means that most of the tested compounds did nabiexkll selectivity. The compounddlag 11ab,
andl2aapossessed both the ether (or imino) linker (X er®IH, see Scheme 2) and the ureido
group, and strongly deviated from the others as agdlad. These four compounds more strongly
expressed cytotoxic activity against NIH3T3 norells than against Sarcoma-180 cancer cells. The
cell selectivity, however, was only 2-fold. Furthrere, it is interesting to compare a pair of lkhe
methylureido- and the correspondiNgmethylN-nitrosoureido-compound&ad and8ad with another
pair of the compoundklaaand12aa Whereas the introduction of the nitroso groupéased the
activity of 7ad against Sarcoma-180, it decreased thatlafa It was highlighted that four derivatives
5ab, 8aa 22, and23 exhibited smaller cytotoxic activities against I$IFB normal cells than those
against Sarcoma-180 cancer cells. Among thesectoupounds, only 9-hydroxyellipticin@3) was
uncharged.

As mentioned above, the uncharged derivatives, 17ba 19aa 1, 23, and16aexhibited
extremely potent cytotoxic activity. For this reasthese compounds are the most promising

antitumor lead compounds.
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Fig. 5. Relationship of the cytotoxic activity of pyridm®azol-2-ium chloride derivatives against
Sarcoma-180 vs. that against NIH3T3 (y = 1.24x42Orelation coefficient = 0.967 with the
exceptions ofad, 11ag 11lab and12ag.

2.3.2. Effects of the substituting position ondytoxic activity

Previously, we reported that 2-alkyl-5-methoemonyl-11-methyl-Bl-pyrido[4,3b]carbazol-2-ium
chloride derivatives, which were linked to aminegaj and nitrosourea moieties via alkyl- and ether-
tethers at the N2 atom, exhibited potent cytotaxitvity against HeLa S-3 cells. In order to exaenin
the dependence of the substituting position orcyhetoxic activity, we attempted to compare the
cytotoxic activity of the C5-substituted derivatiweith that of the compound possessing the same
substituent on the N2 position, using HeLa S-3c&aa-180, NIH-3T3, and L1210 cell lines. The
previously reported cytotoxic activityof the N2-linked 2-alkyl-5-methoxycaronyl-11-mekH-
pyrido[4,3b]carbazol-2-ium chloride derivativelab, 25ab, 26ab, 27 and28 against HeLa S-3 are
summarized in Table 3. Most of thesf@alues of the C5-linked derivatives against alihaf tested
cell lines were larger than those of the N2-linkledivatives against HeLa S-3 cells (see Tables 1-3)
In other words, most of the N2-linked derivativesibited more potent cytotoxgctivity than the
C5-linked derivatives. The lone exception was a pb8aaand26a(Table 1, entry 13 and Table 3,
entry 5). In this case, the cytotoxic activity bétC5-linked compoun8aaagainst HeLa S-3 cells was

slightly more potent than that of the N2-linked gmund26a (2.5-fold).

Table 3. Cytotoxicactivity of 2-alkyl-11-methyl-5-methoxycarbonyHepyrido[4,3b]- calbazol-2-
ium chlorides24, 25, 26, 27 and28 against the human cervical cancer cell line Hel3t's

Entry Compound ICs¢ (UM)
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Me

Qo™
1 WA ° 24a 6+2
H

O OMe

\N/\/\NHZ
2 C' 24b 2.50 £0.08

O OMe

~ N
3 /C.VO o 25a 7+2

0 OMe
O

~ Me
4 ;\AN 25b 24.0+0.6

O OMe

< N
5 ? o 26a 15+ 4

0 OMe
O

~ /\/\ Me
6 c. . 26b 1.30 £0.03

O OMe

< o
7 N DL 41+2

O OMe
o]

\/\/O\/\JJ\ Me
8 Nl 28 52+3

O OMe

2 Quoted from Ref. 12.MTT assay was used andsj@alues are reported as the means of three

experiments; the standard deviations are givertitege

3. Conclusion

In conclusion, we successfully synthesizegpg$ ofN-methyl-N-nitrosourea conjugates oHé
pyrido[4,3b]carbazol-2-ium chloride derivatives and 3 typeshef correspondingté-pyrido[4,3-
b]carbazole derivatives, which were linked with wais types oN-alkylcarbamoyl chains on the C-5
atom, and 26 types of the related compounds in gobdyh yields. Some of these compounds
exhibited high cytotoxi@activity. The quarternized INfalkyl)carbamyl-2-methylpyridocarbazol-2-
ium derivatives with an odd number of methylendsias arN-alkylcarbamoyl linker showed higher
activity than those with an even number of methglanits. Thus, we found odd-even effect in
cytotoxic activity for the first time. On the othleands, the replacement of the central methylene
group in the pentamethylene linker unit to the e{F@-) or imino (-NH-) group suppressed the
cytotoxic activity. Furthermore, quarternizationtbé N-2 atom of the pyridocarbazole ring by the

methyl group suppressed the cytotoxic activity Byt 96-fold in comparison with the corresponding
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un-quarternized pyridocarbazoles. Furthermorecttetoxic activities of the amineN-methylurea-,
andN-methyl-N-nitrosourea-conjugates of 2,11-dimethyd-pyrido[4,3b]carbazol-2-ium chloride
linked at C5 atonb, 7, 8, 10, and12, against Sarcoma-180 exhibited a positive linektionship

with those of the same compounds against NIH3T&. citotoxic activities 05, 7, 8, 10, and12
against most of the tested cell lines were lessridhan those of the N2-linked conjuga2ds?28
against HeLa S-3 celldl-(2-Aminoethyl)-11-methyl-Bl-pyrido[4,3b]carbazole-5-carboxamide
(17a3, N-(2-aminoethyl)-9-methoxy-11-methyHspyrido[4,3b]carbazole-5-carboxamid& {ba),

and 11-methyN-(2-(3-methyl-3-nitrosoureido)ethyl)F6pyrido[4,3b]carbazole-5-carboxamide
(19a3), ellipticine (1), 9-hydroxyellipticine 23), methyl 11-methyl-B-pyrido[4,3b]carbazole-5-
carboxylate 163 exhibited very potent cytotoxic activity agaigircoma-180, NIH3T3, and HelLa S-
3 cell lines and were the most promising antitutead compounds. Furthermofi&asg 1, 23, and
16aexhibited remarkable cell selectivity. Howeveesh compounds, especially?3, and16a are
sparingly soluble in watét.In order to develop water-soluble un-quarternietigticine analogues,
synthesis and cytotoxic activity of the correspogdPEG ester derivatives bland16aare under
investigation together with development of the Bstiluted 1,2-dihydroellipticine derivatives as the
pro-drugs of ellipticineX). Some of these ellipticine analogues will be sgapto evaluation of am

vivo antitumor activity, using tumor-bearing mousethe near future.

4. Experimental
4.1. Materials and methods

All chemicals were purchased from TCI or Walkwl used without further purification, unless
otherwise noted. Ellipticinelf, 2-methylellipticin-2-ium chloride22), 9-hydroxyellipticine 23), 5-
methoxycarbonyl-11-methylHs-pyrido[4,3b]carbazole 16d), and 5-methoxycarbonyl-2,11-
dimethyl-6H-pyrido[4,3b]carbazol-2-ium chloride3g) were synthesized by the reported methdds.
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazotiubromide (MTT) was purchased from Nacalai
Tesuque or Sigma. Solvents were basically drieddistdled before use. Reaction progress and
compound purity were monitored using thin-layerothatography (TLC) with hexane-ethyl acetate as
the irrigating system and UV light at shorter wavegjths as the visualizer. Flash chromatography was
performed using silica gel (Merck). Melting pointere determined using a Yanaco micro-melting-
point apparatus and uncorrected values were repboreand'*C NMR spectra were recorded using a
JEOL JNM-ECP500 (500 and 125 MHz) and a JEOL JNMREM or AL300 (300 and 75 MHz)
spectrometers, respectively. THe °C chemical shifts were referenced to TM®(00) using the
solvent residual peak as a reference hwalues are reported in Hz. Mass spectra were dedaon a
JEOL JMS-MS700 mass spectrometer using NBA (34pénayl alcohol) as a matrix and Xenon (6
kV, 10 mA) as the fast atom bombardment (FAB) §d4R spectra were recorded using a JEOL JIR-
5300 or a Thermo Nicolet Continum Microscope IRctpmmeter. Fluorescence micrographs were

taken on an OLYMPAS CK30 fluorescence microscopepmed with a cooled CCD camera.
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Absorbance of MTT formazan was measured on a COR®NR-500 microplate reader. CLogP was

calculated using ChemBioDraw Ultra software (versi3.0).

4.2. Syntheses
4.2.1. Synthesis of 2,11-dimethyl&-dminoalkyl)carbamoyl-6H-pyrido[4,3b]carbazol-2-ium
chloride derivatives (pyridocarbazolium&a-ad, 5ba, 10aa, and10ab

A flask containing a magnetic stirring bar veasirged with methyl pyridocarbazole-5-carboxylate
3a(46 mg, 0.15mmol) and ethylenediamindd) (1.38 g, 23 mmol). The reaction mixture was strr
at room temperature (rt) for 3 days. After all todatile materials were removed under reduced
pressure, the crude residue (créae) was purified either by ODS column chromatography
(H,O/MeOH =50 : 1) to yieldaa (82%), or by recrystallization from acetonitrifdhe compounds
5ab (83%),5ac (91%) andbad (86%) were obtained from the diamirésd in a similar fashion. The
reaction of3b with 4a was performed in benzene (1 mL) as a solventtl@drude product was
purified by ODS column chromatography eluting wethosphate buffer (pH 3.3), and further desalted
via an Amberlite XAD-2 column to give pubbain a 62% yield. The reaction 8a with the amines
93, possessing an ether-group at the central posifiarmolecule, was performed at %Dfor 3 days
leading to the formation df0aain a 60% yield, and the reaction wlb was performed under
microwave irradiation for 2 h to givi0abin a 66% yield.

5aa yellow solid; decomp. 24%C; IR (KBr): viem* 3253 (m), 1635 (s), 1597 (s), 1425(s), 1240
(m); *H NMR (300 MHz, CROD): 410.0 (1H, s), 8.49 (2H, m), 8.35 (1H,X= 7 Hz), 7.68 (2H, m),
7.47 (1H, m), 4.50 (3H, s), 3.71 (2HJtz 12Hz), 3.44 (3H, s), 3.05 (2H,X= 12 Hz); MS (FAB):
m/z333 (M’ - CI'); HRMS (FAB): Calcd for GH»N4O": 333.1716, found: 333.1701.

5ah yellow solid; decomp. 326C; IR (KBr): v/iemi* 3367, 1722H NMR (500 MHz, RO): J
8.53 (1H, s), 7.66 (1H, d,= 6.9 Hz), 7.62 (1H, d] = 6.9 Hz), 7.14 (1H, d] = 7.3Hz), 6.94 (1H,
=7.3Hz),6.73 (1H, d = 7.3 Hz), 6.62 (1H, 1] = 7.3 Hz), 3.96 (3H, s), 3.44 (2HJt= 7.1 Hz), 2.97
(2H, t,J = 7.6 Hz), 2.10 (3H, s), 1.29 (2H, m); MS (FABm/z347 (M - CI); HRMS (FAB): Calcd
for C,yH,3N,O": 347.1872, found: 347.1869.

5ac yellow solid; decomp. 21%C; 'H NMR (500 MHz, BO): 48.39 (1H, s), 7.60 (1H, d,=7.5
Hz), 7.51 (1H, dJ = 7.5 Hz), 6.39 (1H, d] = 6.0 Hz), 6.83 (1H, m), 6.58 (1H, d~= 6.0 Hz) 6.49
(1H, t,J = 6.0 Hz), 3.92 (3H, s), 3.37 (2H,t= 7.0 Hz), 2.99 (2H, t) = 7.0 Hz), 1.88 (3H, m), 1.66
(4H, m):;*C NMR (125 MHz, CROD): §167.2, 148.0, 144.1, 143.9, 138.1, 134.0, 1330313.30.2,
125.6, 125.5, 122.7, 122.1, 121.2, 113.0, 111.8,40.7, 40.5, 27.3, 26.3,15.7; MS (FAR)/z361
(M* - CI); HRMS (FAB) Calcd for G:H,4N,O": 361.2028, found: 361.2031.

5ad yellow solid; decomp. 21%C; *H NMR (500 MHz, BO): §8.52 (1H, s), 7.55 (1H, d,= 6.5
Hz), 7.51 (1H, dJ = 6.5 Hz), 7.11 (1H, m), 6.95 (1H,X~ 7.5 Hz), 6.69 (1H, dl = 7.5 Hz), 6.29 (1H,
t,J=7.5Hz), 3.97 (3H, s), 3.36 (2H, m), 2.94 (2H , 7.5 Hz), 2.02 (3H, s), 1.66 (4H, m), 1.38 (2H,
t,J = 7.5 Hz);"*C NMR (125 MHz, CQOD): 6167.2, 148.0, 144.1, 143.9, 138.0, 134.0, 133R0,3
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128.6, 125.4, 123.0, 122.7, 122.0, 121.2, 112.9,0,147.8, 41.1, 40.7, 29.8, 28.2, 25.1, 15.7; MS
(FAB): m/z375 (M - CI); HRMS (FAB): Calcd for GH,,N,O": 375.2185, found 375.2193.

5ba orange solid; decomp. 28C; 'H NMR (500 MHz, BO): 88.92 (1H, s), 7.92 (2H, d,=7.2
Hz), 7.88 (1H, dJ = 7.2 Hz), 6.84 (1H, d] = 8.7 Hz), 6.54 (1H, s), 6.59 (1H, 3= 8.7 Hz), 4.17 (3H,
s), 3.74 (2H, t) = 6.6. Hz), 3.55 (3H, s), 3.25 (2H,Jt= 6.6. Hz), 2.29 (3H, s}°*C NMR (125 MHz,
CDs;OD): 0 167.6, 153.7, 145.7, 142.6, 137.6, 136.5, 133.0,413126.3, 121.4, 120.9, 119.6, 116.6,
112.1, 108.3, 107.4, 56.1, 47.1, 39.2, 38.2, IM3;(FAB): m/z363 (M - CI'); HRMS (FAB): Calcd
for C,1H23N,O,": 363.1821, found: 363.1822.

10aa yellow solid; decomp. 27%C; *H NMR (500 MHz, DO): 48.88 (1H, s), 7.81 (2H, s), 7.54
(1H, d,J= 7.5 Hz), 7.20 (1H, § = 7.0, 7.5 Hz), 6.99 (1H, d,= 8.0 Hz), 6.92 (1H, ) = 7.0, 8.0 Hz),
4.11 (3H, s), 3.67 (6H, m), 3.07 (2HJt= 5 Hz), 2.45 (3H, s)°C NMR (125 MHz, CROD): 6148.1,
144.1, 143.9, 138.1, 134.1, 133.0, 130.3, 130.2,214.25.5, 125.4, 122.7, 122.1, 121.2, 113.0,811.
47.8,40.7, 40.5, 27.3, 26.3, 15.7; MS (FABJz 377 (M - CI'); HRMS (FAB): Calcd for
C,oH2:N,O,": 377.1987, Found: 377.1980

10ab yellow solid; decomp. 22%C; *H NMR (500 MHz, QO): 8.65 (1H, s), 7.88 (1H, d,= 7.5
Hz), 7.75 (1H, dJ = 7.5 Hz), 7.25 (1H, m), 7.01 (1H,X= 6.5 Hz), 6.86 (1H, t] = 6.5 Hz), 6.69 (1H,
d,J = 6.5 Hz), 4.05 (3H, s), 3.82 (2H,Jt= 6.5 Hz), 3.37-3.48 (6H, m), 2.17 (3H, ¥ NMR (125
MHz, CD;OD): 168.3, 146.8, 143.3, 143.2, 138.0, 133.8, 132.9,8,227.7, 124.9, 122.3, 122.2,
122.1,120.7, 112.7, 109.7, 47.8, 46.1, 38.4, 33, 15.7; MS (FAB)M/z376 (M' - CI); HRMS
(FAB): Calcd for G,H,¢NsO': 376.2137, found: 376.2132.

4.2.2. Synthesis of 2,11-dimethyl-5-(2-(3-methydaethyl)carbamoyl-6H-pyrido[4,3-b]carbazol-2-
ium chloride {aa)

2,5-Dioxopyrrolidin-1-yIN-methylcarbamate (22.4 mg, 0.087 mmol) was planedrieaction flask
and dissolved in 3 mL of DMF. After being cooled-#0 °C, a solution o6aa (50 mg, 0.072 mmol)
and diisopropylethylamine (DIPEA, 53.4 mg, 0.276 aiynin DMF (2 mL) was added drop-by-drop
through a Teflon cannula under an argon atmosph&e reaction mixture was stirred at -10 tdG5
for 7 h. After the volatile materials were removedier reduced pressure, the residue was dissaived i
a small amount of MeOH. To this solution, ethyl tate was gradually added to re-precipitate the
product, which was collected by filtration usingne@mbrane filter (PTFE 0,5m) to give7aa (71 %)
as a yellow solid; indefinite meltingd NMR (300 MHz, CROD): J10.1 (1H, s), 8.56 (2H, m), 8.43
(1H, d,J = 1.5 Hz), 7.92 (1H, m), 7.78 (1H, m), 7.55 (1H, #59 (3H, s), 3.74 (2H, §,= 3.0 Hz),
3.66 (2H, t,J = 3.0 Hz), 3.51 (3H, s), 2.82(3H, s); MS (FAB)z390 (M - CI); HRMS (FAB):
Calcd for G,H,4NsO,": 390.4665, Found: 390.4672.

4.2.3. Synthesis of 2,11-dimethyl&{@-methylureido)alkyl)carbamoyl-6H-pyrido[4,3-b]dzazol-2-
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ium chloride derivatives (methylureidopyridocarbbzms) 7ab-ad, 7ba, 11aa, and 11ab

4-NitrophenyN-methylcarbamatesg) (22.4 mg, 0.087 mmol) was placed in a reactiaskfland
dissolved in 3 mL of DMF. After being cooled at X0 a solution obab (26 mg, 0.072 mmol) and
DIPEA (53.4 mg, 0.276 mmol) in DMF (2 mL) was adaidp-by-drop through a Teflon cannula
under an argon atmosphere. The reaction mixturestirasd at -10 to -8C for 7 h. After the volatile
materials were removed under reduced pressuregsitie was dissolved in a small amount of
MeOH. To this solution, ethyl acetate was graduatlged to re-precipitate the product, which was
collected by filtration using a membrane filter f5 0.5um) to give7ab (85%). The compound&c
(70%),7ad (88%), 7ba (60%), andL1aa(70%) were obtained in a similar manner from the
pyridocarbazoleSac, 5ad, 5ba, and10aa The reaction ofOabwas performed at -61C for 11 h to
give11abin a 56% yield.

7ah yellow solid; decomp. 28%C;'H NMR (500 MHz, CROD): ¢ 9.84 (1H, s), 8.31-8.33 (2H,
m), 8.25 (1H, m), 7.68 (1H, d,= 7.5 Hz), 7.62-7.64 (1H, m), 7.39-7.43 (1H, mA74(3H, s), 3.65
(2H, t,J = 6.5 Hz), 3.31 (2H, 1) = 5.0 Hz), 3.27 (3H, s), 2.74 (3H, s), 1.91 (2H; 'C NMR (125
MHz, CD;OD): 6 174.6, 167.3, 161.5, 147.9, 144.0, 143.8, 1380, 132.9, 130.2, 128.4, 122.6,
122.1,121.1, 113.0, 111.6, 48.5, 39.5, 38.5, 3W5, 27.9, 15.8; MS (FAB m/z404 (M - CI);
HRMS (FAB): Calcd for GsH,6NsO,": 404.2086, found: 404.2098.

7ac yellow solid; decomp. 20%C; *H NMR (500 MHz, DO): 6 8.23 (1H, s), 7.45 (1H, d,= 6.5
Hz), 7.32 (1H, dJ = 6.5 Hz), 6.83 (1H, dl = 7.0 Hz), 6.70 (1H, ) = 7.0 Hz), 6.39 (2H, m), 3.75 (3H,
s), 3.22 (2H, t) = 5.5 Hz), 2.96 (2H, t] = 5.5 Hz), 2.47 (3H, s), 1.47 (3H,s), 1.36-1.4/,(t); °C
NMR (125 MHz, CROD): ¢ 167.1, 161.6, 148.0, 144.1, 143.8. 138.0, 1339,9, 130.3, 128.6,
125.4,122.9,122.7, 122.0, 121.2, 112.9, 112.(8,4%..2, 41.0, 28.7, 27.6, 27.4, 15.7; MS (FAB):
m/z418 (M - CI); HRMS (FAB): Calcd for GH,aNs0,": 418.2243, found: 418.2246.

7ad yellow solid; decomp. 19%C; 'H NMR (500 MHz, DO): 6 8.52 (1H, s), 7.363 (m), 7.22 (1H,
m), 6.67 (1H, tJ = 6.5 Hz), 6.55 (1H, d] = 6.5 Hz), 6.22 (2H, m), 3.70 (3H, s), 3.10 (2H, 185
(2H, t,J = 6.5 Hz), 2.39 (8H, s), 1.60 (3H, s), 1.37 ar®Bi4H, m), 1.14 (2H, m)’C NMR (125
MHz, CD;OD): ¢ 167.2, 161.1, 148.0, 144.0, 143.8, 138.0, 1332,9, 130.2, 128.5, 125.4, 122.9,
122.6,122.0, 121.2, 112.9, 112.0, 47.8, 42.1,,4802, 29.9, 28.0, 25,3, 15.7; MS (FAB): 432'(M
CI); HRMS (FAB): Calcd for GsH3oNsO,": 432.2400, found: 432.2405.

7ba orange solid; decomp. 28C;'H NMR (300 MHz, BO): §8.47 (1H, s), 7.61 (1H, d,= 6.9
Hz), 7.48 (1H, dJ = 6.9 Hz), 6.31 (1H, d] = 8.4 Hz), 6.06 (1H, d] = 8.4 Hz), 5.88 (1H, s), 3.90 (3H,
s), 3.36 (2H, m), 3.20 (5H, m), 2.50 (3H, s), 1(BH, s);**C NMR (125 MHz, DO): 167.7, 162.6,
156.6, 148.2, 144.1, 138.7, 138.4, 134.0, 133.8,61223.6, 122.3, 121.0, 118.5, 113.9, 111.7,1109.
56.8, 55.1, 42.6, 41.3, 27.9, 15.9; MS (FAB)z420 (M- CI'); HRMS (FAB): Calcd for
CaaH2eNs0,": 420.2036, found: 420.2008.

11aa yellow solid; decomp. 22%;'H NMR (500 MHz, CROD): 4 9.75 (1H, s), 8.28 (2H, m),
8.22 (1H, dJ = 7.5 Hz), 7.56 (2H, m), 7.34 (1H, 8= 7.5 Hz), 4.40 (3H, s), 3.76 (3H, s), 3.57 (2H,
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d), 3.17 (2H, d), 2.92 (2H, d), 2.78 (2H, d), 2@M, s); °C NMR (125 MHz, CROD): J 167.2,
161.7,148.1, 144.1, 143.9, 138.0, 133.9, 132.0,31328.6, 125.5, 122.9, 122.7, 122.2, 121.2,a,13.
112.1, 47.9, 41.3, 41.0, 28.8, 27.6, 27.5, 15.7;(M&B): m/z435 (M'-CI); HRMS (FAB): Calcd for
CoHoeNsO5": 434.2192, found: 434.2191.

11al yellow solid; decomp. 218C; 'H NMR (500 MHz, BO): 68.90 (1H, s), 7.94 (1H, &, =
6.5 Hz), 7.83 (1H, dJ = 6.5 Hz), 7.52 (1H, m), 7.13 (1H, m), 6.97 (1B, B87 (1H, m), 4.13 (3H, s),
3.80 (2H, tJ = 6.0 Hz), 3.15-3.36 (6H, m), 2.44 (3H, s), 2.3BI(s);**C NMR (125 MHz, CROD):
0 168.5, 162.4, 147.2, 143.8, 143.6, 138.3, 134329 130.0, 127.9, 125.2, 122.5, 122.4, 121.2,
120.9, 112.9, 110.0, 50.6, 47.8, 45.9, 38.3, 3B/®R, 15.8; MS (FAB)m/z433 (M+ - Cl-); HRMS
(FAB): Calcd for G4H,oN®0O,": 433.2352, found: 433.2359.

4.2.4. Synthesis of 2,11-dimethyl-5-(2-(3-methgit@soureido)ethyl)carbamoyl-6H-pyrido[4,3-
b]carbazol-2-ium chloride&aa)

2,5-Dioxopyrrolidin-1-yIN-methylN-carbamate (17.5 mg, 0.087 mmol) was placed irmetian
flask and dissolved in 3 mL of DMF. After being ¢ed at -10°C, a solution obaa (50 mg, 0.072
mmol) and DIPEA (53.4 mg, 0.276 mmol) in DMF (2 mks added drop-by-drop through a Teflon
cannula under an argon atmosphere. The reacticimiwas stirred at -10 to °& for 7 h. After the
volatile materials were removed under reduced presshe residue was dissolved in a small amount
of MeOH. To this solution, ethyl acetate was grdiguedded to re-precipitate the product, which was
collected by filtration using a membrane filter @& 0.5um) to give8aa (76%)as yellow solid;
indefinite melting*™H NMR (300 MHz, CROD) § 9.93 (1H, s), 8.44 (2H, m), 8.24 (1H, d), 7.65(2H,
m), 7.41 (1H, t), 4.44 (3H, s), 3.78 (3H, s), 3.36 (4H, s), 3.18 (3H, s); MS (FAB"): m/z419 (M - CI);
HRMS (FAB): Calcd for GH»3NgO5": 419.4645, Found: 419.4652.

4.2.5. Synthesis of 2,11-dimethyl&{@-methyl-3nitrosoureido)alkylcarbamoyl)-6H-pyridg3-
b]carbazol-2-ium chloride derivatives (methylnitoaseidopyridocarbazolium3ab-ad, 8ba and12aa

4-NitrophenyN-methykN-nitrosocarbamatesp) (15.5 mg, 0.069 mmol) was placed in a reaction
flask and dissolved in 3 mL of DMF. After being ¢ed at -10°C, a solution obab (20.6 mg, 0.057
mmol) and DIPEA (29.0 mg, 0.15 mmol) in DMF (2 mkas added drop-by-drop through a Teflon
cannula under an argon atmosphere. The reacticimiwas stirred at -10 to °& for 7 h. After the
volatile materials were removed under reduced presshe residue was dissolved in a small amount
of MeOH. To this solution, ethyl acetate was grdiguedded to re-precipitate the product, which was
collected by filtration using a membrane filter @& 0.5um) to give8ab (82 %). The compoundac
(70%),8ad (77%),8ba (45%),12aa(63%) were obtained in a similar manner from the
pyridocarbazoleSag 5ad, 5ba, and10aa

8ab: yellow solid; decomp. 22%; *H NMR (500 MHz, CRQOD): § 9.76 (s, 1H), 8.19-8.29 (2H,
m), 8.17 (1H, dJ = 8.25 Hz), 7.52-7.56 (2H, m), 7.30-7.35 (1H, /B8 (3H, s), 3.62 (2H, §,=6.9
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Hz), 3.54 (2H, tJ = 6.5 Hz), 3.19 (3H, s), 3.10 (3H, s), 1.97 (2H; MS (FAB'): m/z433 (M - CI);
HRMS (FAB): Calcd for GsH,sNgOs": 433.1989, found: 433.1995.

8ac yellow solid; decomp. 14%; 'H NMR (500 MHz, DO): § 8.53 (1H, s), 7.61 (1H, d,= 7.0
Hz), 7.54 (1H, dJ = 7.0 Hz), 7.13 (1H, dl = 7.5 Hz), 6.92 (1H, m), 6.65 (2H, m), 3.96 (3H,%36
(4H, m), 2.97 (3H, s), 2.09 (3H, s), 1.61 (4H, ME NMR (125MHz, CDC)): J 169.5, 162.0, 155.2,
150.2, 144.4, 141.3, 134.6, 133.9, 133.1, 128.8,51225.0, 124.1, 123.1, 121.2, 118.6, 112.2,a,11.
40.9, 40.8, 29.1, 27.8, 27.0, 15.2; MS (FAB)z447 (M" - CI); HRMS (FAB): Calcd for
CaH27/NgOs": 447.2145, found: 447.2138.

8ad: yellow solid; decomp. 14%C; 'H NMR (500 MHz, DO): 6 8.60 (1H, s), 7.65 (1H, d,=6.5
Hz), 7.58 (1H, dJ = 6.5 Hz), 7.26 (1H, d] = 7.5 Hz), 6.97 (1H, d] = 7.5 Hz), 6.71 (2H, m), 3.99
(3H, s), 3.33 (2H, m), 3.28 (2H,X~ 6.5 Hz), 2.48 (4H, m), 2.16 (3H, s), 1.57 (5H; MS (FAB):
m/z461(M" - CI), HRMS (FAB): Calcd for GsHxgNgOs": 461.2301, found 461.2295.

8ba: orange solid; decomp. 278;'H NMR (300 MHz, BO): 68.84 (1H, s), 7.77 (2H, m), 6.73
(1H, d,J = 5.1 Hz), 6.31 (1H, d] = 8.4 Hz), 6.52 (2H, m), 4.12 (3H, s), 3.65 (4H, ;151 (3H, s),
3.00 (3H, s), 2.12 (3H, s); MS (FABN/z 449 (M - CI); HRMS (FAB): Calcd for GgH,sNeO,4'™:
449.1937, found: 449.1930.

12aa yellow solid; decomp. 279C;'"H NMR (500 MHz, CRQOD): §9.95 (1H, s), 8.43 (2H, m),
8.33 (1H, dJ = 8.0 Hz), 7.66 (2H, m), 7.44 (1H, ddi= 7.0, 7.5 Hz), 4.50 (3H, s), 3.84 (4H, m), 3.71
(2H, t,J = 5.5 Hz), 3.64 (2H, tJ = 5.5 Hz), 3.37 (3H, s), 2.00 (3H, s); MS (FAB)/z463 (M - CI);
HRMS (FAB): Calcd for GH,/NgO,": 463.2094, found: 463.2101.

4.2.6. Synthesis of 11-methyl&-#&minoalkyl)carbamoyl-6H-pyrido[4,3b]carbazole degiives
(aminoalkylpyridocarbazoled)7aa-ac and17ba

Methyl 11-methylpyrido[4,®]carbazole-5-carboxylatd.§a) (20 mg, 0.086 mmol) was added to
ethylenediamine (0.78 g, 12.9 mmol), and the reagtiixture was stirred at rt for 3 days. The
reaction mixture was evaporated to dryness undiercexl pressure. The residue was purified by silica
gel chromatography (CHE! MeOH = 60 :1) to givd7aa(33 mg, 72%). The compoundZab
(70%),17ac(73%), andL7ba (65%) were obtained in a similar manner from thigdmwcarbazoled 6a
and16b, respectively.

17aa yellow solid; decomp. 227 %; '"H NMR (500MHz, CDCJ): §11.04 (1H, s), 9.40 (1H, s),
8.34 (1H, dJ = 6.0 Hz), 8.10 (1H, d] = 7.5 Hz), 7.93 (1H, d] = 6.0 Hz), 7.41 (1H, ] = 7.5 Hz),
7.23 (1H, dJ = 7.5 Hz), 6.73 (1H, ) = 7.5 Hz), 3.59 (2H, ) = 5.7 Hz), 3.01 (2H, t} = 5.7 Hz),
2.91 (3H, s), 1.2 (2H, br¥’C NMR (125MHz, CDGJ): J 165.1, 148.3, 141.6, 140.2, 138.3, 131.1,
129.7, 126.2, 122.8, 122.5, 121.1, 120.1, 118.8,71109.9, 109.3, 40.5, 39.4, 13.5; MS (FABJz
319 (M + H); HRMS (FAB): Calcd for GH;gN,O": 319.1559, Found: 319.1562

17ab yellow solid; indefinite melting'H NMR (500MHz, CDCJ): §10.43 (1H, s), 9.74 (1H, s),
8.53 (1H, dJ = 6 Hz), 8.36 (1H, dJ = 8.0 Hz), 8.21 (1H, d] = 6 Hz), 7.55 (1H, m), 7.47 (1H, d,
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=8.0 Hz), 7.34 (1H, m), 3.81 (2H, §= 5.5 Hz), 3.34 (3H, s), 3.01 (2HJt= 5.5 Hz), 1.88 (2H, 1] =
6.0 Hz), 1.27 (2H, br)C NMR (125MHz, CDCJ): §167.6, 150.1, 142.5, 142.2, 134.6, 131.6, 127.7,
125.1, 124.0, 123.1, 120.3, 116.6, 110.9, 107.@2, 4.0, 39.6, 31.5, 15.3, 14.1; MS (FAB)/z333
(M + H); HRMS (FAB): Calcd for gH,;N,O": 333.1715, found 333.1693.

17ac yellow solid; indefinite melting'H NMR (500MHz, CROD): §9.55 (1H, s), 8.32 (2H, m),
7.96 (1H, dJ = 4.5 Hz), 7.53 (2H, m), 7.28 (1H,4,= 7 Hz), 3.61 (2H, tJ = 7 Hz), 3.22 (3H, s),
2.73-2.76 (2H, t) = 7 Hz), 1.78 (2H, quintet] = 7.5 Hz), 1.64 (2H, quintef, = 7.5 Hz);*C NMR
(125MHz, CDC}): 0169.4, 150.1, 144.3, 141.3, 134.6, 133.0, 128.8,41224.9, 124.0, 123.0, 121.2,
118.6, 112.1, 110.8, 42.2, 41.1, 31.2, 28.3, 2I5%R; MS (FAB):m/z347 (M + H); HRMS (FAB):
Calcd for GiH»3N4O: 347.1872, found: 347.1876.

17ba yellow solid; decomp. 24%C; 'H NMR (500MHz, CROD): 4 9.88 (1H, s), 8.53 (1H, d,=
6.5 Hz), 8.34 (1H, d] = 7.0 Hz), 7.90 (1H, s), 7.62 (1H, 8= 7.0 Hz), 7.29 (1H, d] = 6.5 Hz), 3.96
(3H, s), 3.91 (2H, tJ = 6.0 Hz), 3.01 (2H, tJ) = 6.0 Hz), 3.36 (3H, s);°C NMR (125MHz, DMSO-
ds): 0165.5, 154.3, 144.2, 142.2, 137.4, 137.2, 1329,21, 126.5, 122.1, 120.4, 119.1, 117.0, 112.8,
110.7, 107.9, 55.8, 38.3, 37.7, 15.4; MS (FAB)z 349 (M+H); HRMS (FAB): Calcd for
CuoH210:N,": 349.1665, found: 349.1678.

4.2.7. Synthesis of 11-methyl&®-3-methylureido)alkyl)carbamoyl-6H-pyrido[4,3b]dzaizole
derivatives (methylureidopyridocarbazold8pa-ac and 18ba

4-NitrophenyN-methylcarbamates@) (24 mg, 0.13 mmol) and DIPEA (50 mg, 0.39 mmogrev
placed in a reaction flask and dissolved in 4 mDMfF. After being cooled at -1, a solution of
17aa(33 mg, 0.10 mmol) in DMF (3 mL) was added dropegp through a Teflon cannula under an
argon atmosphere. The reaction mixture was statedO to -5°C for 7 h. After the volatile materials
were removed under reduced pressure, the residaipwvidied by amino-silica gel chromatography
(CHCI;: CHsOH =9 : 1) to givel8aa(82%). The compounds3ab (80%),18ac(80%), andl8ba
(79%) were obtained in a similar manner from thedmcarbazoled7ab, 17ac 5ba, and17ba,
respectively.

18aa yellow solid; decomp; 250.%C; *H NMR (500 MHz, CROD): 59.53 (1H, s), 8.29 (1H, d,
=13.0 Hz), 8.24 (d, 1H} = 10.0 Hz), 7.92 (1H, d = 10.0 Hz), 7.57 (1H, d = 13.5 Hz), 7.44 (1H, t,
J=125, 13.5 Hz), 7.21 (1H, 3,= 12.5, 13.0 Hz), 3.57 (t, 2H,= 8.5 Hz), 3.45 (t, 2H) = 8.5 Hz),
3.23 (3H, s), 2.63 (3H, SYC NMR (125 MHz, DMSQdy): §166.2, 159.5, 149.5, 142.8, 141.4, 138.7,
132.2, 130.9, 127.4, 124.0, 123.7, 122.3, 121.8,611117.0, 111.2, 110.5, 40.8, 40.1, 26.6, 14.3; M
(FAB): m/z376 (M+H); Calcd for G;H»NsO,": 376.1774, found: 376.1775.

18al yellow solid; indefinite meltingH NMR (500 MHz, CROD): §9.54 (1H, s), 8.29 (2H, m),
7.96 (1H, dJ = 4.5 Hz), 7.57 (1H, d] = 8 Hz), 7.49 (1H, t) = 8 Hz), 7.27 (1H, t) = 7.5 Hz), 3.64
(1H, q,Jd = 7 Hz), 3.33 (3H, s), 3.20 (2H, m), 2.72 (3H, BRO (2H, tJ = 6.5 Hz);"*C NMR (125
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MHz, CD;OD): 0169.6, 162.0, 150.0, 144.3, 141.2, 140.2, 13438,Q1, 128.8, 127.2, 126.4, 124.0,
123.0, 121.1, 118.6, 112.2, 110.7, 38.5, 38.4,, 3711, 15.2: MS (FAB)m/z391 (M + H); HRMS
(FAB): Calcd for G,H,Ns0,": 390.1930, found: 390.1929.

18ac yellow solid; indefinite melting'H NMR (500 MHz, CDCJ): §9.64 (1H, s), 8.40 (1H, d,=
8.5 Hz), 8.37 (1H, dJ = 6.0 Hz), 8.00 (1H, d] = 6.0 H), 7.59 (1H, d] = 8.0 Hz), 7.54 (1H, m), 7.32
(1H, m), 3.62 (2H, t) = 7 Hz), 3.31 (3H, s), 3.21 (2H,X= 7 Hz), 2.68 (3H, s), 1.78 (2H, quintdt:
7 Hz), 1.66 (2H, quintet] = 7 Hz);*C NMR (125 MHz, CDCJ): §169.5, 162.0, 155.2, 150.2, 144.4,
141.3, 134.6, 133.1, 128.9, 126.5, 125.0, 124.3,112121.2, 118.6, 112.2, 111.0, 40.9, 40.8, 29.1,
27.8, 27.0, 15.2; MS (FAB)N/z 404 (M + H); HRMS (FAB): Calcd for §H»sNsO,": 404.2087,
found: 404.2094.

18ba yellow solid; decomp; 267.%&; 'H NMR (500 MHz, CDCJ): 611.25 (1H, s), 9.71 (1H, s),
8.77 (1H, s), 8.38 (1H, d,= 6.0 Hz), 7.90 (2H, m), 7.61 (1H, 8= 6.5 Hz), 7.21 (1H, dl = 6.5 Hz),
6.26 (1H, s-like), 6.03(1H, s-like), 3.90 (3H, 345 (2H,t, J = 5.5 Hz), 3.37 (2H;, J = 5.5 Hz), 3.32
(3H, s), 2.60 (3H, s}°C NMR (125 MHz, DMSQde): J166.2, 159.5, 153.3, 149.6, 141.3, 139.3,
137.3,132.4,130.9, 124.1, 122.8, 121.0, 117.6,511111.6, 110.2, 107.7, 55.8, 40.7, 40.0, 26.5,
14.6; MS (FAB):m/z406 (M+H); HRMS (FAB): Calcd for §H,/NsO5": 406.1879, found: 406.1884.

4.2.8. Synthesis of 11-methyl-8{B-methyl-3-nitrosoureido)ethyl)carbamoyl-6H-pya[d,3b]-
carbazole {9aa) and its 9-methoxy derivativi®ba

4-NitrophenyN-methylcarbamates@) (37 mg, 0.16 mmol) and DIPEA (67 mg, 0.51 mmogrev
placed in a reaction flask and dissolved in 4 mDMfF. After being cooled at -1, a solution of
17aa(43 mg, 0.14 mmol) in DMF (3 mL) was added dropegp through a Teflon cannula under an
argon atmosphere. The reaction mixture was statedO to -5°C for 7 h. After the volatile materials
were removed under reduced pressure, the residaipwvidied by silica gel chromatography (CHCI
CHsOH =5: 1) to givel9aa(70 %). The compound®bawas obtained in a similar manner from the
pyridocarbazoled7bain a 60% vyield.

19aa yellow solid; decomp. 230°C; *H-NMR (500MHz, DMSO€s) 611.25 (1H, s), 9.73 (1H, s),
8.93 (1H, tJ=5.0 Hz), 8.82 (1H, {1 = 5.0 Hz), 8.41 (1H, d] = 7.5 Hz), 8.38 (1H) = 5.5 Hz), 7.95
(AH, d,J=6.5Hz), 7.63 (1Hd,J = 7.5 Hz), 7.54 (1H, t) = 7.5 Hz), 7.29 (1H, 1) = 7.5 Hz), 3.69
(3H, s), 3.33 (3H, s), 3.15 (4H, MfC NMR (125 MHz, DMSOds): 5165.8, 154.2, 149.5, 142.6,
141.3, 138.4, 131.9, 130.9, 127.4, 123.9, 123.2,41221.2, 119.6, 116.6, 110.8, 110.0, 48.57,,42.3
36.0, 14.7; MS (FAB)m/z 405 (M+H); HRMS (FAB): Calcd for §H,;N¢O5": 405.1675, Found:
405.1672.

19ba yellow solid; decomp. 28%C; 'H NMR (500 MHz, DMSOd): 611.05 (1H, s), 9.72 (1H, s),
8.92 (1H, tJ=5.5Hz), 8.79 (1H, {] = 5.5 Hz), 8.35 (1H, d] = 6.0 Hz), 7.93 (1H, dl = 6.0 Hz),
7.88 (1H, s), 7.55 (1H, d,= 8.5 Hz), 7.20 (1H, dl = 8.5 Hz), 3.90 (3H, s), 3.67 (4H, m), 3.33 (3H, s
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3.12 (3H, s)MS (FAB): m/z435 (M+H); HRMS (FAB): Calcd for §H,3N¢O,": 435.1781, found:
435.1772.

4.2.9. Synthesis of 11-methyl3{B-methyl-3-nitrosoureido)propyl)carbamoyl-6H-pyo[4,3b]-
carbazole {9ab) by nitrosation ofl8ab

TheN-methylureal8ab(38.9 mg, 0.10 mmol) was placed in a reactiorkfiasd dissolved in
hydrochloric acid, and then cooled &t@in an ice-bath. To the solution was added an@ugie
solution of sodium nitrite (104 mg, 1.5 mmol) dimpdrop, and the mixture was stirred &0for 1 h.
After the reaction, the mixture was neutralizedwvd0% aqueous sodium carbonate, and then a
precipitated product was filtrated, followed by Wweng with cold water, to obtain the nitrosated
derivative19abin an 80% yield as a yellow solid; indefinite nivedf; "H-NMR (500MHz, DMSO#l)
011.38 (1H, s), 9.76 (1H, s), 8.87 (1HJt 6 Hz), 8.74 (1H, tJ = 6 Hz), 8.43 (1H, dJ = 6 Hz), 8.41
(d,J=7.5Hz), 7.96 (1H, dl = 6 Hz), 7.65 (1H, d) = 7.5 Hz), 7.54 (1H, 11 = 7.5 Hz), 7.29 (1H, §
=7.5H), 3.53 (2H, 1) = 6.5 Hz), 3.45 (2H, ] = 6.5 Hz), 3.39 (3H, s), 3.10 (3H, s), 1.95 (2H,*
6.5 Hz);"*C NMR (125 MHz, DMSOd,): §166.0, 153.0, 149.2, 142.7, 140.6, 139.1, 1338,9,
127.5,124.2,123.7,122.3,119.7, 117.1, 115.8,311110.5, 39.0, 38.2, 29.0, 27.0, 14.8; MS (FAB):
m/z419 (M + H); HRMS (FAB): Calcd for GH,3NgO5": 419.1832, found: 419.1831.

4.2.10. Synthesis of amine conjugates of pyridaaole derivatives with a peptide link@0a,b
A mixture of 9-fluorenylmethoxycarbonylglycinErfoc-glycine) (18 mg, 0.061 mmo()-

(benzotriazol-1-yl)N,N,N’,N-tetramethyluronium tetrafluoroborate (TBTU) (15,10¢046 mmol), 1-
hydroxybenzotriazole (HOBt) (7 mg, 0.046 mmol), &M&EA (10 mg, 0.075 mmol) in DMF (2 mL)
was stirred at rt for 1 h. The solution was adaed solution of 5-((2-
aminoethyl)carbamoyl)pyridocarbazdeaa (15 mg, 0.041 mmol) in DMF (1 mL), and stirrecc@t’C
for 2 h. The reaction mixture was concentrated uneiduced pressure, and the residue was purified
by ODS chromatography ¢@-CH;OH) to give the corresponding Fmoc-protected prgdoovhich
piperidine (0.25 mL) was added in DMF (1 mL). Afstirring at rt for 1 h, the reaction mixture was
concentrated under reduced pressure, purified b$ €Pomatography (phosphate buffer: pH 3.3),
and successively desalted via an Amberlite XAD4{2iiwm to give the pure produgdain an 88%
yield. The compoun@0b was also obtained in a similar manner from 9-funytmethoxycarbonyf-
alanine (Fmog-alanine) in an 86% yield.

20a yellow solid; decomp. 23%C; *H NMR (500 MHz, BO): §8.43 (1H, s), 7.62 (1H, d,= 7.0
Hz), 7.57 (1H, dJ = 7.0 Hz), 7.04 (1H, dl = 7.0 Hz), 6.84 (1H, § = 7.0 Hz), 6.55 (2H, m), 3.92 (3H,
s), 3.68 (2H, s), 3.46 (2H, d= 5.0 Hz), 3.43 (2H, d] = 5.0 Hz), 1.95 (3H, s}°C NMR (125 MHz,
CD;0D): 0168.0, 165.0, 148.0, 147,7, 143.9, 143.7, 13&0,11, 130.3, 130.1, 125.4, 125.3, 122.7,
122.6,122.4, 122.3, 113.0, 47.8, 41.7, 41.1, 453; MS (FAB):m/z390 (M - CI); HRMS (FAB):
Calcd for G,H,4NsO,": 390.1930, found: 390.1935.
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20b: yellow solid; decomp. 33%; *H NMR (500 MHz, RO): 69.99 (1H, s), 8.46 (2H, m), 8.37
(1H, m), 7.76 (1H, t) = 7.0 Hz), 7.69 (1H, ] = 7.0 Hz), 7.47 (1H, m), 4.51 (3H, s), 3.74 (2H. %
6.5 Hz), 3.63 (2H, t) = 6.5 Hz), 3.41 (3H, s), 3.19 (2H,Jt= 6.5 Hz), 2.66 (2H, t] = 6.5 Hz):**C
NMR (125 MHz, CQOD): §172.8, 167.6, 148.0, 144.1, 143.8, 138.2, 1348,11, 130.3, 128.6,
125.4,122.9, 122.7,122.3, 121.3, 113.0, 111.8,41..2, 40.3, 37.2, 33.3, 15.7; MS (FAB)/z404
(M* - CI; HRMS (FABY): Calcd for GH,sNsO,": 404.2087, found: 404.2090.

4.2.11. Synthesis of urea conjugates of pyridoczoleaderivatives with a peptide link@da,b

To a cold solution a20a (20 mg, 0.047 mmol) and DIPEA (19 mg, 0.14 mmalDMF (1 mL)
was slowly added 4-nitropheni-methytN-nitrosocarbamatesg) (11 mg, 0.056 mmol) in DMF (2
mL) at 0°C under an argon atmosphere. The reaction mixtaestirred at the same temperature for
7 h. After the volatile materials were removed frtm reaction mixture under reduced pressure, the
residue was purified by ODS chromatography (a méxtf phosphate buffer (pH 3.3) and MeOH),
and successively desalted via an Amberlite XAD-Rimm to obtain the pur@lain an 88 % vyield.
The compoundg1bwas obtained in a similar manner fr@®b in a 73 % yield.

21a: yellow solid; decomp. 28tC; 'H NMR (500 MHz, BO): 08.02 (1H, s), 7.63 (1H, d,=7.0
Hz), 7.25 (1H, dJ = 7.0 Hz), 6.99 (1H, d] = 7.0 Hz), 6.95 (1H, d] = 7.0 Hz), 6.78 (1H, d, 7.0 Hz),
6.59 (1H, tJ = 7.0 Hz), 3.67 (5H, m), 3.42 (4H, m), 2.43 (3},k77 (3H, s)'°*C NMR (125 MHz,
CD;0D): 6174.5, 167.5, 161.6, 147.8, 144.0, 143.6, 1384a,d 133.1, 130.2, 128.5, 125.3, 122.8,
122.6, 122.4, 121.2, 113.1, 111.4, 47.8, 44.8,,44044, 27.0, 15.7; MS (FABIN/z447 (M - CI);
HRMS (FAB): Calcd for GsH,/NeOs": 447.2145, found 447.2138.

21b: yellow solid; decomp. 216C;*H NMR (500 MHz, DO): §8.68 (1H, s), 7.14 (2H, m), 7.32
(1H, d,J = 7.0 Hz), 7.04 (1H, t) = 7.0 Hz), 6.81 (1H, d] = 7.0 Hz), 6.78 (1H, d] = 7.0 Hz), 4.04
(3H, s), 3.52 (2H, t) = 5.0 Hz), 3.45 (2H, ) = 5.0 Hz), 3.17 (2H, 1 = 6.5 Hz), 2.31 (2H, 1) = 6.5
Hz), 2.22 (6H, m)!*C NMR (125 MHz, CROD): 5 174.9, 169.0, 161.6, 149.5, 145.6, 136.7, 133.6,
132.7,132.6, 130.4, 129.6, 125.1, 124.1, 121.4,31220.2, 120.1, 114.9, 46.9, 41.0, 40.3, 38(38,3
26.8, 15.2; MS (FAB)m/z 461 (M - CI); HRMS (FAB): Calcd for GH,gNgOs": 461.2301, found
461.2295.

4.2.12. Synthesis of 2,2’-oxybis(ethylamir®a) (

A mixture of bis(2-chloroethyl) ethet3) (300 mg, 2.1 mmol) and potassium phthalimide{Zgl
6.29 mmol) in DMF (5 mL) was stirred at 80 for 20 h. The reaction mixture was treated wititew
and extracted with CHgland dried over MgSg and then concentrated. The crude product was
purified by silica gel column chromatography (ChKClto vyield the corresponding
bis(phthalimidylethyl) ethed5 in a 69% yield; mp 162.1-163°C; '‘H NMR (500 MHz, CDC)):
07.65 (8H, m), 3.78 (4H, § = 5.5 Hz), 3.66 (4H, t] = 5.5 Hz);"*C NMR (500 MHz, CDGJ)): ¢ 168.1,
133.7,132.1, 123.1, 67.5, 37.2; MS (FAB)z 365 (M+H).
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A mixture of15 (575 mg, 0.83 mmol) and 80% hydrazine hydrate (8n3ol) was stirred under
reflux for 4 h in CHC{ (10 mL). The reaction mixture was treated with evadnd extracted with
CHCIs, and then dried (MgSQ After evaporation of the solvent, distillatioavg the produc®ain a
93% yield; bp 7579 °C / 5 mmHg (lit*? bp 55-60°C / 2 mmHg)H NMR (500 MHz, DMSOe): ¢
8.31 (4H, br-s), 3.32 (4H, §,= 5.5 Hz), 2.63 (4H, tJ = 5.5 Hz);**C NMR (500 MHz, DMSQd): ¢
72.7,41.3; MS (FABn/z 105 (M+H).

4.3. Cytotoxic activity
4.3.1. Cell lines and culture

Sarcoma-180 and HelLa S-3 cells were provigedrb Okada (Institute for Biological Resources
and Functions, National Institute of Advanced IndakScience and Technology, Japan), NIH3T3
cells were purchased from Sumitomo Dainippon Phamaltd., and L1210 cells were provided by
Dr. Ikekita (Department of Applied Biological Sce) Tokyo University of Science, Japan). The
cells were maintained in MEM (Nissui) supplemenigith 10% FBS (GIBCO), 2% HEPES, 3%
NEAA, and 2 mM L-glutamine in a water-saturated @phere of 5% Cgat 37°C.

4.3.2. Cell viability assay

Cell viability was determined using a 3-[4 jBadthylthiazol-2-y]-2,5-diphenyltetrazolium bromide
(MTT) assay, which is a method for determining e&bility by measuring the mitochondrial
dehydrogenase action. Cells were seeded in a 9&eletulture cluster (Becton Dickinson) at a
density of 2 x 18cells/mL and cultured 3 h prior to drug treatmeSells were exposed at 32 for
24 - 72 h to pyridocarbazole derivatives. An MTT reageas prepared at a concentration of 2 mg/mL
in Dulbeccos PBS without calcium and magnesium, and stordd@t After treatment for indicated
times, cells were incubated with MTT reagent fdr dt 37°C. The plate was centrifuged at 3,000 rpm
for 10 min, and the medium was removed. To solebithe resultant MTT formazan, 2Q0/well of
dimethyl sulfoxide (DMSO) was added to each welbfwed by thorough mixing with a mechanical
plate mixer. Absorbance at 540 nm was measurednuicraplate reader (MTP-500, CORONA), and
the percentage of cell viability was taken as the@ntage of absorbance at 540 nm of

pyridocarbazole-treated cells against control cells

4.4. Pharmacology
4.4.1. Hoechst 33342 staining and microscopic olzgen of cells treated with pyridocarbazolium
chloride5aa, and pyridocarbazolé7aa

Sarcoma-180 cells (2.0 x*Iklls/plate) were treated with the vehicle aldhd% DMSO) for 24
h at 37°C and stained with Hoechst 33342ud/ml) for 40 min at 37C as a control. The cells were
also treated with 0.1@M of either5aaor 17aafor 24 h at 37C. The treated-cells were observed for

evaluation of cellular uptake of these compoundieum fluorescence microscopic system.
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