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Reactions of 3-([(Trifluoromethyl)sulfonyljoxy)-1H-indole Derivatives With
Diamines and Carbhon Nucleophiles. Synthesis of 6 H-Indolo{2, 'Lh]nnlnnxmhnp

Abstract Indolic triflate reacted with 1,2-diamines to afford pyrazino[2,3-blindole or indolo[2,3-b]

quinoxaline. Carbon nucleophiles such as malonate derivatives also reacted with indolic triflate in absence
of nalladium catalyst to afford 2 (3-ax0-2 7 3. rhhvdrr\ 1H-2-indolvliden) malonate derivat

\uac © 10089 Elra\"ar
O panaGium Cataiyst 10 aliOrG 42 Yagen; maiecnad Genvauves.,

Science Ltd. All nghts reserved.
Keywords: Indoles ; patladium and compounds ; spiro compounds ; Quinoxalines

Quinoxaline derivatives possess antiviral' and antibacterial properties.” In particular 6H-indolo[2,3-
b]quinoxaline derivatives with a basic side-chain at position 6 have been found to show significant anti- HSVI
activity, by way of the inhibition of the viral decapsidation process.'** In addition 5H-Pyrazino[2,3-b]indole
derivatives have been synthesized as antiviral agents and have shown to interact with the minor groove of
DNA.’ Bergman ef al. had described derivatives of type 1b-c and 2b-c obtained by the condensation of indole-
2,3-diones*®” (isatin) with 1,2-diamines.

Since the original report of Schunk, ® the reactivity of isatins with amines or alcohols has been extensively

studied.” However, it was interesting for us to develop a new access to this class of compounds, because of

N N
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la R=CH, 2a R=CH,
th R =CH,CHN(CH,), 2b R=CHCHN(CH,),
Ic R=H 2¢ R=H

We have recently '*"

reported the unusual reactivity of indolic triflate 3 towards allylic alcohols giving
inter alia the allyloxy compound 4. In order to enhance the reactivity of triflate 3 towards other nucleophilic
reagents, we treated it with allylamine in the presence of palladium acetate (6%), triphenylphosphine (3%),

triethylamine (2 eq), in DMF and obtained the unexpected compound § in 57% yield accompanied with ethyl
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3-hydroxy-1-methyl-2-ox0-3-indolinecarboxylate 6 in 24% yield; compound 6 was also obtained during the

reaction of allyl alcohol with triflate 3.'*"
OH
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A mechanism that could explain the formation of § is shown in figure 1. It involves the formation of an
a(‘vllmmmm Qhﬂ(‘lPG stabilized by the pgla__r ‘__II)AQUC solvent DMF, as rcpo_rt_f_:(_l hv Edstrom et al'? for

pyrido[3,4-b]pyrrolizidine triflate; this intermediate is attacked at the C-2 carbon atom by the nucleophilic

nitrogen atom of the allylamine (NuH).
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Figure 1
Apparently the formation of the acyliminium species did not require the presence of palladium but we
observed that yields and rate were improved in the presence of palladium acetate. During the course of the
reaction, a keto group is generated in position 3 and we anticipated that a nucieophile with two nucleophilic
centers would be able to interact with both electrophilic sites to generate a ring. Thus compound 3 was treated
with ethylenediamine in presence of palladium acetate (6%), triphenylphosphine, triethylamine (2 eq) in DMF

an . s

(100°C) or in acetoniirile at refiux, to afford the pyrazino[2,3-bjindole 2a in 40% yield (Scheme 1).
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The reaction of N,N’-disubstituted ethylenediamine with triflate 3, under the same experimen

conditions, gave however the spiroderivatives 7 and 8 in 83% and 86% yields respectively (Scheme 1).
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The formation of spiro compounds 7 or 8 is explained by the reaction of the second amino group directly

with the ester function in the intermediate A. The 3-keto group is not subject to the attack by secondary 1,2-

diamines since water elimination yielding an imino intermediate is not possibie. The formation of 2a couid
result from a decarboxylative process at the stage of the imino intermediate B, which is generated by the

addition of the amine onto the ketone in position 3 of intermediate A, as indicated in Scheme 2. All attempts to

reduce the lactam of 8 were unsuccessfui.
We have treated the triflate 3 with 1,2-diaminobenzene (o-phenylenediamine) in the presence of palladium

acetate (6%)/triphenyl phosphine/triethylamine in DMF at 100°C to obtain the 6-methyl-6H-indolo[2,3-b]

____________ 1. 13 in 60%
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could be that of the N-oxide of 1a.
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An authentic sample of 1a was obtained in 95% yield by the reaction of 6H-indolo[2 3-blquinoxaline™ 1¢

with iodomethane in the presence of sodium hydride in DMF. We have observed a regioselective alkylation at

the 6-nitrogen atom of the indole moiety and not at position 3, a behaviour that had been noted by Bergman"’

structure identification of 9 was established by NMR and mass spectroscopy; the *C NMR and IR

The
spectra did not reveal the presence of any carbonyl or carboxyl group. To support the structural assignment of

9, the following chemical transformations were performed. On one hand,

treatment of 9 with triphenyl

phosphine, which is known to reduce N-oxides to amines, in refluxing xyiene, for 2 days, afforded compound
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1a in 70% yield. On the other hand, the reaction of 1a with an oxidant like meta-chloroperbenzoic acid (1.1

BA gave the dioxide 16" which could be reduced back to ia
by triphenylphosphine (32% yield) or more efficiently by sodium dithionite (76% yield); however we could
not totally exclude the isomeric structure 9a since HMBC, HMQC NMR (400 MHz) experiments in pyridine-

s or indirect "N NMR data were not conclusive
0 o
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2,3-Diaminopyridine was also reacted with triflate 3 to afford a 1:6 mixture of regioisomeric 10-methyl-
10H-pyrido][3°,2’: 5,6]pyrazino[2,3-bJindole 11 and 6-methyl-6H-pyrido [2°,3": 5,6] pyrazino[2,3-b]indole 12
in a total yield of 84%
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We did not observe the formation of by-products such as N-oxides of compounds 11 or 12. To establish

the structure of regioisomer 11, we performed the synthesis of |0H-pyrido[3’,2’: 5,6]pyrazino[2,3-b]indole 13

. N“:
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The versatility of these reactions was limited by the use of an indolic triflate in which the nitrogen atom

is substituted by a methyl group which is difficult to remove.

The reaction of triflate 14 having an unsubstituted nitrogen atom gave AN /0Tt
only decomposition products; we also synthesized triflate 15 having a N-benzyl MN/"\COOCH‘
substituent (see preceding paper) which can be used in palladium-catalysed R
coupling reactions, followed by mild debenzylation of the indolic nitrogen 14 R-H

15 R= Bn

atom,; this last procedure was tedious. So we were pleased to observe that
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indolic triflate 17, obtained from 1-acetyl-1H-indol-3(2H)-one 16 (LDA/-78°C/N,N-pk iflimide, 95%),
unsubstituted at position 2, was sensitive to nucleophilic attack during attempts of carbopalladation in the

presence of methoxyallene and dimethylmalonate anion."" So we decided to examine the reactivity of triflate

17 towards 1,2-diamines. Gribble et al. had described the synthesis of an analogous triflate with a N-

H,N(CH,),NH,

o OTE N
1 LDA/-T8°C  F PA[P(C¢Hs).]
2 Triflimide | DMF, 65°C ' | j
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Reaction of triflate 17 with ethylenediamine in the presence of palladium tetrakis (triphenylphosphine)
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(5%) in DMF afforded directly in

1% yield, the pyrazino[2,3-bjindoie 2¢™*° with an unsubstituted indolic
nitrogen atom. In the absence of palladium catalyst the yield was much lower (31%) and the reaction time was

longer (15h). Alkylation of compound 2¢ using iodomethane (potassium carbonate/acetonitrile/reflux)
3 kg ) P Sy AL el L Y Yt Srall 1
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1 13,14 ¢

quinoxaline compound 1¢™" " in 71% yield without any detectable presence of N-oxide derivative 9; finally the

use of 2,3-diaminopyridine gave in 41% yield, a 1:1 mixture of regioisomers 13 and 18.*
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The behaviour of nucleophiles towards triflate 17 was initiated by the study of the reactivity of sodium
dimethyl malonate in an attempted carbopalladation reaction; the ethylenic ketone 19 was obtained in 94%
yield and not the compound resulting from a nucleophilic attack on the intermediate m-allyl complex. It is
interesting to note that by performing the same reaction in the absence of methoxyallene and even in the

absence of palladium catalyst, compound 19'° was still obtained in the same yield.
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When triflate 17 was treated with sodium diethylmalonate or sodium cyanomethylmalonate (2.5 eq) in

THF, in the a f palladium salt, we isolated products 20 (55%, yield) or 21 (46% yield) respectively.

The reaction of ethyl nitroacetate anion with triflate 17 gave 22 in 56% yield with loss of the nitro group. We



19 R=CH, 21 22
20 R=C,H,

The reaction of the sodium anion of monosubstituted diethyl malonate derivatives (R = CHj, allyl,
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yield). The use of diethyl 2-nitrophenyl malonate or diethyl acetamidomalonate was unsuccessful; similarly

the reaction of nitromethane with 17 was unproductive.
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17 23 R=CH,
24 R =allyl
25 R = phenyl
We have synthesized an authentic sample of com
26 with iodomethanc, under an atmosphere of hydrogen. The yield of the reaction was low since compound 20
was also formed. The starting material 26 was obtained by hydrogenation (Pd/C) of product 20 in acetic

anhydride.”

AN , OCOCH, ICH, /H,/Pd 2NN 10%
r/ n—'l[ C,H,OH/C,H,ONa [’ H CH,
s 2 s 3

We explain these results as follows: cleavage of the labile acetyl group, under basic condition, of triflate
17 is followed by the generation of the acyliminium intermediate C which is attacked by the nucleophilic
carbon atom of the malonate derivative; then, depending on the presence or absence of a hydrogen atom on
the nucleophilic carbon, the outcome of the reaction is slightly different. For R =H, the resulting saturated
ketone D is unstable*® and immediately loses H, to give 20. For R # H, the ethylenic ketone cannot be
generated and thus, the enol form undergoes acetyiation to give 23-25. (Scheme 3)

The use of other nucleophilic species like sodium methoxide or the sodium allyloxide resulted in the

opening of the pyrrole ring of compound 17, at room temperature, to give anthranilate derivatives.
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Scheme 3
Carbon nucleophiles also reacted with triflate 3 under the same conditions as triflate 17. Sodium diethyl

malonate in THF gave the C-2 alkylated indoie 27 in 50% yield. Methylation (ICH3/NaH/DMF/62%) of
compound 27 afforded compound 28. The reaction of sodium dimethyl methylmalonate with triflate 3, which
should have led to 28 was unsuccessful.

m—"( ,COOC,H, m_( ,COOC,H,
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In summary, we were able to introduce nucleophilic reagents at position 2 of indolic structure; 2 this is
unusual since electrophilic reagents are usually used to perform substitution at position 2 or 3 of indole

derivatives.

EXPERIMENTAL

Melting points were determined on a Kofler hot stage and are uncorrected. IR spectra were recorded on Perkin
Elmer FT Paragon 1000 PC spectrometer. NMR spectra were obtained on a Bruker advance DPX 250 using
TMS as internal standard. Mass spectra were obtained on a Nermag R 10C instrument (chemical ionisation
with ammonia) or a Perkin Elmer API 300 instrument.
6-Methyl-6H-indolo[2,3-b]quinoxaline (1a)."

Compound 1a was obtained according the following procedures:

Condensation of ortho-phenylenediamine with 1-methylisatin"’
A mixture of 1-methylisatin (200 mg, 1.24 mmol), ortho-phenylenediamine (200 mg, 1.86 mmol), acetic acid

(0.5 mL) and ethanol (5 mL) were stirred at 60°C for 3h. The volatile materials were removed in vacuo, water
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(5 mL) was added; the aqueous layer was neutralised with 5% NaOH and extracted with ethyl acetate (3x15

column (eluent: ethyl acetate/petroleum ether: 2/8), 1a was first eluted (m = 143 mg; yield 50%) followed
9; m = 85 mg; yield 27%.

Reaction of triflate 3 (200 mg, 0.57 mmol), Pd(OAc)

o
<

phenylenediamine (185 mg, 1.70 mmol 3 eq) according to the general procedure described for compound 5
afforded 1a; time reaction 48h; elution ethyl acetate/petroleumn ether: 2/8; two products were obtained: 1a
(yield: 60%), which was eluted first, followed by N-oxide 9 (vield 27%).

Methyiation of 6H-indolo[2,3-b]quinoxaline (i¢)”
6H-Indolo[2,3-b]quinoxaline 1"V (45 mg, 0.20 mmol) was added under argon to a suspension of sodium

hvdride (6 mg, 0.25 mmol) in THF (3 mL). After 30 min, iodomethane (0.01 mL, 0.24 mmol) was added and

L2 111111 L1110 D 1 131:38.9) ]

the mixture was stirred at room temperature for 18h. The solvent was evaporated, water (10 mL) was added
and the aqueous layer neutralised with 10% HCI; extraction with ethyl acetate (5 mL), drying over MgSO, and
evaporation afforded a residue which was chromatographed on a silica gel column (eluent: ethy! acetate/
petroleum ether 2/8); m = 47 mg; yield 95%.

Reduction of N-oxide 9.
A solution of N-oxide 9 (200 mg, 0.8 mmol) and triphenylphosphine (216 mg, 0.82 mmol) in xylene (10 mL)
was refluxed for 48 h. After evaporation of the solvent the residuec was chromatographed on a silica gel
column (eluent: ethyl acetate/petroleum ether 2/8) to give 6-methyl-6H-indolo[2,3-b]quinoxaline 1a; m = 130
mg; yield 70%.

Reduction of 6-methyl-6H-indolo[2,3-b]quinoxaline-5,11-diium-5,11-diolate (10) :
To a solution of dioxide 10 (80 mg, 0.30 mmol) in acetic acid (10 mlL.) was added a warm solution of sodium
dithionite (157 mg, 0.90 mmol) in water (3 mL). The mixture was refluxed for 30 min; water was added, then
few drops of 5% NaOH were added till a precipitate was formed. The solid was chromatographed on a silica
gel column (eluent: ethyl acetate/petroleum ether 3/7) to give 1a; m = 53 mg; yield 76%; mp 146-148°C;
(Lit."* 148-149°C). '"H NMR (CDCl3) 8 = 3.99 (s, 3H, NCH3); 7.41-7.49 (m, 2H, Harom); 7.69-7.78 (m, 3H,
Harom); 8.14 (d, 1H, Harom, J = 8.2 Hz); 8.31 (d, 1H, Harom, J = 8.2 Hz); 8.49 (d, 1H, Harom, J = 7.8
Hz).*C NMR (CDCl3) & = 26.4 (NCH3); 108.0 (CH); 118.2 (C)119.8 (CH); 121.4 (CH); 124.8 (CH); 126.6
(CH); 127.7 (CH); 128.3 (CH); 129.9 (CH); 138.1 (C); 139.0 (C); 139.5 (C); 143.8 (C); 144.7 (C). MS (CV

nal. Caled for C;sHy N3: C, 77.23; H, 4.75: N, 18.01. Found: C, 77.11; H, 4.93; N

CVZ \ 1), Alar Lal CismipiiNg. O 1 10.UL. na. « 1, 4. N,

6H-Indolo[2,3-b]quinoxaline (1¢).">"



(0.05 eq) and ortho-phenvlenediamine (1 m
X M/ PRt YaOUOUIaluue (1
mmoli, 3 eq) according to the general procedure; reaction time 36h; m = 50 mg; yieid 71%; solid; mp > 250°C;
mp (Lit."* 295-296 °C). IR (KBr): v = 3142 (NH) cm’'. '"H NMR (DMSO-dé) 8 = 7.35 (t, 1H, Harom, J =
Hz); 7.57 (d, 1H, Harom, J = 8.2 Hz); 7.64-7.82 (m, 3H, Harom); 8.06 (d, 1H, Harom; ] = 7.7 Hz

______ 21 222y X - i.i AL

); 8.27 (d

z); 8.33 (d, 1H, Harom, J = 7.7 Hz); 12.01 (m, iH, NH, exchangeable with D,0).’ B

(CH); 117.8 (C); 120.9 (CH); 123.1 (CH); 126.2 (CH); 127.4 (CH); 127.7 (CH);
S

8
7.3 (C); 138.5 (C); 138.8 (C); 142.7 (C); 144.7 (C). Anal. Caled for Ci4HoNs: C

rad 119 ‘ -y

5-Methyl-5H-pyrazino[2,3-b]indole (2a).

Same procedure as for § starting from ethylenediamine (99 mg, 1.65 mmol) and triflate 3 (200 mg, 0.57
JUIPERN ) TR Py iyl iy ) MU NI S BPRI Sy . S T la W{e) AN 11 AN . O QNor ley
nmot); time reaction /n; eiution: etnyr acetate/petroieum ether Z/s; m = 4.2 mg; yield 4U%; mp /3-80°C.

; J=8.2 Hz); 7.68
Hz); 8.49 (d, 1H,
(CH); 136.6 (C); 17 9 (CH); 142.0 (C); 146.1 (C). MS (CU/NH3): m/z = 184 (M"+1). Anal.
.95; N, 22.93. Found: C, 72.38; H, 4.83; N, 22.87.
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Starting from triflate 17 (100 mg, 0.33 mmol), Pd(PPhs)4 (0.05 eq) and ethylenediamine (58 mg, 0.97 mmol)

according to the general procedure; time reaction 40 min; elution: ethyl acetate/petroleum ether 3/7; m = 40

m, 2H, Harom); 8.20 (d, 1H, Harom, J = 7.7 Hz); 8.40 (d, 1H, Harom, J
.8 Hz); 12.12 (br s, 1H, NH). 3C NMR (DMSO-d6) 8 = 113.7 (CH);

m

(C-N). MS (CI/ NH3): mvz = 170 (M*+1). Anal. Caled for C;oH;N;: C, 70.99; H, 4.71; N, 24.84. Found: C,
71.15; H, 4.62; N, 24.77

Tthol Y./ Allviaminal. T.omathyl 2 ava d indalinacarhavvlata (8)

l_Jl—llyl et \[‘\ll!lallullu] b 3 lllclllll JTUAUTLSTIIUBULMLITLAL UUA Y IALT (\J ).

Typical procedure reaction between indolic triflate 3 and allylamine: To Pd(OAc); (7 mg, 0.031 mmol) and
PPh; (4.5 mg, 0.017 mmol) were added under argon a solution of triflate 3 (200 mg, 0.57 mmol), allylamine (3
eq) and triethylamine (2 eq) in DMF (10 mL). The solution was stirred at 100°C and monitored by TLC. When
all the starting material has disappeared (12h), water (20 mL) was added and the aqueous layer was neutralised
with a 10% HC] solution and twice extracted with ethyl acetate (2x10 mL). The organic layers were washed

with water, brine and dried (MgSQO,). After filtration and evaporation the residue was purified on a silica gel
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column using dichloromethane/petroleum ether 75/25 as eluent; m = 89 mg; yield 57%; oil. IR (film): v = 3356
(NH), 1746 (CO), 1713 (CO) cm™."H NMR (CDCl3) 8 = 1.17 (t, 3H, CHs, J = 7.3 Hz); 2.84-3.10 (m, 2H,
CH); 291 (s, 3H, NCH3); 4.07-4.62 (m, 2H, OCHy); 5.00-5.06 (m, 2H, CH=CH,); 5.75-5.89 (m, 1H,
CH=CH,); 6.71-6.77 (m; 2H, Harom); 7.46-7.53 (m; 2H, Harom)."’C NMR (CDCl;) & =14.5 (CHs); 28.0
(NCHs;); 45.2 (NCH,); 62.9 (OCH,); 85.7 (C-2); 108.9 (CH=); 116.1 (=CH,); 119.2 (C); 119.4 (CH); 125.2
(CH); 136.3 (CH); 138.8 (CH); 161.9 (C); 167.0 (CO); 198.0 (CO). Anal. Calcd for C;sHgN,Os: C, 65.68; H,
6.61; N, 10.21. Found: C, 65.42; H, 6.73; N, 10.36.

Spiro [2-(2-0x0-3,6-dimethylpiperazine)]-1-methyl-3-oxo0-1H-2-indoline (7).

Same procedure as for compound S starting from N-N-dimethylethylenediamine (75 mg, 0.85 mmol) and
triflate 3 (100 mg, 0.285 mmol); time reaction 6h; elution: ethyl acetate/petroleum ether 2/8; m = 61mg; yield
83%; oil. IR (film): v = 1704 (CO), 1666 (CO) cm™. '"H NMR (CDCl3) 8 = 2.29 (s, 3H, NCH3); 2.79-2.84 (m,
1H, CH»); 2.85 (s, 3H. NCHa); 3.01 (s, 3H, NCHs); 3.23-3.29 (m, 1H, CH»); 3.62-3.64 (m, 1H, CH,); 4.05-
4.19 (m, 1H, CHy); 6.66-6.76 (m, 2H, Harom); 7.42-7.49 (m, 2H, Harom)."’C NMR (CDCl,) § = 26.9
(NCHs); 33.9 (NCH3); 36.7 (NCH3); 41.9 (CHy); 56.8 (CHy); 86.4 (C-2); 108.7 (CH); 117.9 (CH); 118.0 (C);
119.6 (C); 126.3 (CH); 138.6 (CH); 171.6 (CO); 201.2 (CO); MS (CI/NH3) 260 (M*+1). Anal. Calcd for
Ci4Hy5N300: C, 64 85 H, 6.61; N, 16.20. Found: C, 65.02; H, 6.53; N, 16.39,
Spiro[2-(2-Ox0-3,6-dibenzylpiperazine)]-1-methyl-3-oxo-1H-2-indoline (8).

Same procedure as for § starting from N-N’-dibenzylethylenediamine (205 mg, 0.85 mmol) and triflate 3 (100

mg, 0.285 mmol); time reacti

____________ ) n 24h; elution: e_.rhy] aceta

(film) v = 1700 (CO), 1656 (CO) cm™.'"H NMR (CDCl3) § = 2.75-2.80 (m, 1H, CHy); 2.94 (s, 3H, NCH.,);
3.10-3.16 (m, 1H, CH,); 3.38-3.46 (m, 2H, CH,N); 3.75-3.80 (d, 1H, CH,C¢Hs, J = 13.5 Hz); 3.97-4.17(mm,
IH, CHy); 4.60 (d, 1H, CH2CeHs, J = 14.6 Hz); 4.70 (d, 1H, CH,C¢Hs, J = 14.6 Hz); 6.74-6.82 (m, 2H,
Harom); 7.26-7.35 (m, 10H, Harom); 7.49 (t, 1H, Harom; ] = 8.2 Hz); 7.82 (d, 1H, Harom, J = 8.2 Hz)."’C
NMR (CDCl3) & = 27.1 (NCHy); 40.2 (CH,); 44.6 (CH,); 49.7 (CHy); 52.6 (CHy); 85.3 (C-2); 107.4 (CH),
116.8 (CH); 123.5 (CH); 127.1 (CH); 128.2 (CH); 135.2 (C); 137.2 (CH); 161.7 (C); 161.9 (CO); 199.4 (CO).
Anal. Calcd for CygH15N1O,: C, 75.89; H, 6.12: N, 10.21. Found: C, 75.62; H, 6.23; N, 10.39.
6-Methyl-6H-indolo[2,3-b]quinoxaline-5-ium-5-olate (9) or 6-Methyl-6H-indolo[2,3-b]quinoxaline-11-
ium-11-olate (9a).

Compound 9 was obtained either during the formation of 6-methyl-6H-indolo[2,3-b]quinoxaline 1a or by
direct oxidation of 1a.

To a 0°C solution of 1a (100 mg, 0.43 mmol) in chloroform (2 mL) was added meta-chloroperbenzoic acid

(82 mg, 0.48 mmol). The mixture was stirred at room temperature for 5 h. The volatile materials were
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removed in vacuo and the residue was chromatographed on a silica gel column (eluent: ethyl
acetate/petroleum ether 2/8) to give 9; m = 61 mg; yield 57%; mp 150-152°C. IR(KBr): v = 1252 (NO) cm’
' 'H NMR (CDCl3) & = 3.85 (s, 3H, NCHs); 7,40-7.55 (m, 4H, Harom); 7.13 (t, 1H, Harom, J = 8.2 Hz); 7.92
(d, 1H, Harom, J = 8.2 Hz); 8.53 (d, 1H, Harom, J = 7.7 Hz); 8.61 (d, 1H, Harom, J = 7.7 Hz)."C NMR

——————

r\ Il & 4 1 el i il ) el a3y PPt &

3 (CH); 119.2 (CH); 123.6 (CH); 124.0 (CH); 125.3
(2xCH); 131.1 (C); 132.0 (CH); 137.6 (C); 143.6 (C); 146.5 (C); 146.7 (C). MS (CI / NH3): m/z = 250
M +1).

Action of hydrogen peroxide:
To a stirred solution of 1a (250 mg, 1.07 mmol) in acetic acid (5 mL) was added H,O, (37% solution, 2.5

gel column (eluent: ethyl acetate/petroleum ether 3/7) t

(KBr) v = 1254 (NO) cm™.'"H NMR (CDCl3) & = 3.97

give 10; m = 125 mg; yield: 45%; mp > 250°C. IR
s, 3H, NCHj3); 7.38-7.45 (m, 2H, Harom); 7.62-7.70

A~ e}

Hz). °C NMR (CDCly) & = 28.3 (NCH3); 109.1 (CH); 115.4 (C); 118.8 (CH); 121.9 (CH); 125.1 (CH);
6 (C); 133.9 (CH); 134.9 (CH); 142.4 (C); 142.9 (C); 149.4 (C); 149.8 (C). MS

Methylation of 6H-indolof2,3-b]quinoxaline-5,11-diium-5,1 1-diolate;

A mixture of 6H-indolo[2,3-b]quinoxaline-5,11-diium-5,1 -diolate'® (500 mg, 2 mmol), acetonitrile (25 mL)
TAME /N D) T N\ smntaogcitnimm savrhanmata /220N smag D) 20 e ~IN I | sAnrmathaona (Y 27 wnT & DT smvenal) rriacs
LJIVIL® (V.4 11/}, pPulddSiudi caivuliawe {JJv llg, L.O07 111HV1L) dllid Juduiiciiaic (V.o /7 1L, 2.7/ 111 lUl} Wwill1C

3
stirred at refluxed for Sh. The volatile materials were removed in vacuo, water (15 mL) and ethyl acetate (20

mL) were added; the aqueous layer was ncutralised with 10% HCI and extracted with ethyl acetate (3x15 mL).

Thﬂ Grr_vanu‘ "A‘IQFC wwars I‘I";Q{" oy I Rﬁﬂqn '1"!{] p\runnr,}l’pﬂ Thp I‘PC;AIIP wrac r‘hrnmatnnrar\ QA nn a L‘;];(‘) (TD]

1§31 %3 bulllh 1A YLA T VWULUL ULIvUa Uy A'Léu\-’4 LAV v Ydp/vidiwa A LIW ANASIVRUL VY OO UlllUllluLU&Lqul\I\‘ Wit 44 Jlliwia 5\:!

column (eluent: ethyl acetate/petroleum ether 3/7); m = 367 mg; yield: 70%

10-Methyl-10H-pyrido[3°,2’:5,6]pyrazino[2,3-b]indole (11).

Compound 137100 mo 0 45 mmo) diceolved in THE (5 mT ) MF (3 ml Y wacg added at 0°C to 2 eugnengion
ompound 13° (100 mg, 0.45 mmol) dissolved in THF (5 mL) /DMF (3 mL) was added at 0°C to a suspension

of sodium hydride (60% weight, 18 mg, 0.45 mmol) in THF (5 mL). The mixture was stirred for 15 min and
iodomethane (0.07 mL, 1.12 mmol) was added followed by stirring at room temperature for 2h; water (5 mL)
was added, the aqueous layer was neutralised with 10% HCI and extracted with ethyl acetate (2x10 mL). After
drying over MgSQO, and evaporation, the residue was chromatographed on a silica gel column (eluent
dichloromethane); m = 75 mg; yield 71%; mp 222-224°C; '"H NMR (CDCl3) & = 4.03 (s, 3H, NCH3); 7.42 (1,
1H, Harom, J = 8.2 Hz); 7.51 (d, 1H, Harom, J = 8.2 Hz); 7.61-7.65 (m, 1H, Harom); 7.69-7.79 (m, 1H,
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10-Methyl-10H-pyrido[3°,2°:5,6]pyrazino[2,3-b]indole (11) and 6-methyl-6H-
pyrido{2’,3’:5,6]pyrazino[2,3-b]indole (12).

(98]

mg, 1.71 mmol, 3 eq); time reaction 4h; elution: dichloromethane; m = 112 mg; yield: 84%. The two

regioisomers 11 and 12 were obtained respectively in the ratio 1:6. '"H NMR (CDCls) & = 3.98 (s, 3H, NCH;

an ¢ 4 TTacmeYe @ AA 71 1 . T _
.80 (m, 4H, Harom); 8.44 (d, 1H, Harom 1, J =

8.2 Hz); 8.46 (dd, 1H, Haromy,, J=7.6Hz, J = 1.8Hz ); 8.55(d, 1H, Harom y,, J= 7.1Hz); 8.63( dd, 1H, Harom
1,4 =8.2Hz,J=1.8Hz); 9.08 (dd, 1H, Harom ;, J =4Hz, J = 1.8Hz ); 9.10 (dd, 1H, Harom 3, J = 4Hz, J=

1.

)

Hz)
114

General procedure for the reaction of triflate 17 with 1,2-diamines :
To Pd(PPhj), (0.05 eq) were successively added DMF (1 mL), 1,2-diamine (3 cq) and triflate 17'' (100 mg,

0.326 mmol, 1 eq) dissolved in DMF (2 mL). The solution was heated af
i7 (TLC monitoring). Water (5 mL) was added and the solution was neutralised and extracted with ethyl
acetate (3x10 mL). The organic laycrs were washed (3x5 mL) and dried over MgSQOs. After evaporation the

residue was chromatographed on a silica gel column

IS -]

10H-pyrido{3°,2’:5,6]pyrazino{2,3-bjindole (13) and 6H-pyridoj2’,3’

*:5,6jpyrazinoj2,3-bjindole (18).
Starting from triflate 17 (100 mg, 0.33 mmol), Pd(PPhs), (0.05 eq) and 2,3-diaminopyridine (110 mg, 0.98
2

3

mmol, 3 eq); reaction time 20h; m = 30 mg; yield 41%; mixture 1:1 of the mers,

regioisom
Ul IEE10150

_ - 1-1

Generai procedure for the reaction of trifiate 17 (or trifiate 3) with carbon nucieophiies:
The malonate derivative (1.95 mmol) was added dropwise to a suspension of sodium hydride (1.62 mmol) in

DMF (2 ml); the solution was stirred at room temperature for 30 min. 1-Acetyl-1H-3-indolyl

triftuoromethanesuifonate 17 (200 mg, 0.65 mmol) (or trifiate 3) in DMF (3 mi.) was added dropwise to the

solution followed by heating at 65°C till disappearance of 17 (TLC monitoring). After cooling, water (10 mL)

Q—O

was added and the mixture extracted with ethyl acetate (3x10 mL). The organic layers were washed with water

mL ) an

CD

el nd Aria
\J x! a UIc

column.

Dimethyl 2-(3-Oxo0-2,3-dihydro-1H-2-indolyliden)malonate (19).
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To a NaH suspension (39 mg, 1.62 mmol) in DMF (2 mL), dimethylmalonate (258 mg, 1.95 mmol, 3 eq) was

added dropwise at room temperature followed by stirring at room temperature for 15 min. Triflate 17 (200 mg,
0.65 mmol) dissolved in DMF (3 mL) was dropwise added and the stirring continued at 65°C for 1h. After

cooling, water (10 mL) was added and the mixture extracted with ethyl acetate (3x10 mL); the organic

PSP cara siackhad soitle csiodtol £ o 10mi .1 _x P A
€Xiracts were wasneda witn water (OX1umL

s ~sras RA DOV A Lo R K . | e |
anda daried over igotUy. Aler €vaporation, ine resigueé was

\_/

chromatographed on a silica gel column (eluent: ethyl acetate/petroleum ether 2/8); m = 160 mg; yield 94%;
mp = 190-192 C; (Lit."” 215°C). IR (KBr) v = 3383 (NH), 1745 (CO), 1687 (CO) cm'.'H NMR (CDCl;) & =
3.83 (s, 3H, OCHs); 3.92 (s, 3H, OCHs); 6.93 (1, 1H, Harom, J=8.2 Hz); 6.99 (d, 1H
(t, 1H, Harom, J=8.2 Hz); 7.62 (d, 1H, Harom, J=8.2 Hz); 9.15 (br s, 1H, NH) c
(CH3); 51.7 (CH3); 100.2 (C); 110.9 (CH); 118.8 (C); 121.3 (CH); 124.6 (CH); 136.

Z

MR (CDCl,) & = 48.0
(CH); 141.8 (C); 151.1

(N 1TEA 2 (N TAE 2 /MY 1QA A (N NMC (OT NI N smn e — VLD ( 1Y Annl Tad Fre O LT NN .
(v 100 (LU, 103,05 (VU 1040 (VU . VLD (17 INILy) L TIVZ = 204 \Uvl 1 ). Alidl 1CQ TOT UpanigiNuws: O,
59.77; H, 4.24; N, 5.36. Found: C, 59.83; H, 4.19; N, 5.45

CQtarting from diethvyl malanate (0 A1a 1 Q5 mmpl ar) triflate 17 (200 mo ) A5 mmal) and cadinnm hvudride
Saiung 17O Gidinys MaidliaiC \(v.21 g, 7. inoi, 5 ), ilaiC 17 (U IIg, v.0J Moy aild SOGIUN nyariac
h; elution: ethyl acetate/petroleum ether 2/8; m = 102 m

(60% weight, 65 mg, 1.62 mmol); time reaction: | mg;
mp = 3382 (NH), 1722 (CO), 1696 (CO) ¢cm™'.'H

yield 55%; mp 116-118°C; (Lit.2**' 117-118°C). IR (KBr) v
NAMD /ACTWIANR - 1741 W0 e AL CITN- A2 7~ YT OO, T 71 e e AAN 1~ D Y T —"7 1 LI\
INIVERN (LUCI3) U = 1.45%-1.07 U, UK, LIl13), .20 (\{, &11, UL, J = /.1 INL, ), 4.4V \{, <11, ULI1), J = /.1 I1Z),
6.93 (1, 1H, Harom, J = 7.1 Hz); 6.99 (d, 1H, Harom; J = 7.1 Hz); 7.48 (t, 1H, Harom, J = 8.2 Hz); 7.62 (d,
1H, Harom, J = 8.2 Hz); 9.15 (br s, 1H, NH). >C NMR (CDCl3) & = 13.4 (CHs); 13.7 (CH3); 61.2 (CH,); 61.6
(O 1IN Q (TN TITANNY 111 A (I 1108 /Y 19217 /O 108D (LY. 127 1 e 1A D 70 N\
\Cily), 11Ul =T E5)2 ), TS (dh), 117,00 (), 14007 \Md1), 1404 (X1, 1071 (LIl), 1524.U (\_2—=),
151.7 (C); 164.3 (CO); 167.7 (CO); 185.2 (CO). Anal. Caled for C;sH;sNOs: C, 62.28; H, 5.23: N, 4.84.

Starting from methyl cyanoacetate (193 mg, 1.95 mmol, 3 eq), triflate 17 (200 mg, 0.65 mmol) and sodium
hydride (60% weight, 65 mg, 1.62 mmol); time reaction 40 min; elution: ethyl acetate/petroleum ether 2/8; m
= 68mg; yield 46%; mp>260°C. IR (KBr) v = 3335 (NH), 2207 (CN), 1680 (CO) cm 1" '"H NMR (DMSO-d6)
0 =3.85 (s, 3H, OCHs3); 7.13 (t, 1H, Harom, J = 7.5 Hz); 7.34 (d, 1H, Harom, J = 7.5 Hz); 7.60-7.68 (m
Harom); 11.4 (br s, |H, NH). °C NMR (DMSO0-d6) § = 54.8 (OCH;); 77.5 (=C-CN); 116.1 (CH); 11
(C);121.2 (C); 125.6 (CH); 127.5 (CH); 140.1 (CH); 151.6 (C); 153.6 (C); 167.1 (CO); 186.8 (CO).
(CUNHa,): m/z = 229 (M*+1). Anal. Calcd for C;,HgN,Os: C, 63.16; H, 3.53; N, 12.28. Found: C, 62.85; H,
3.67; N, 12.33.

Ethyl 2-(3-Oxo0-2,3-dihydro-1H-2-indolyliden) acetate (22).°

,2H
6.8
MS
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Starting from ethyl nitroacetate (131 mg, 0.99 mmol, 3 eq), triflate 17 (100 mg, 0.33 mmol) and sodium
hydride (60% weight, 33 mg, 0.82 mmol); time reaction 3h30; elution: ethyl acetate/ petroleum ether 2/8; m =
40 mg; yield 56%; mp 128-130°C; (Lit.*’ 131°C). IR (KBr) v = 3362 (NH), 1719 (CO), 1670 (CO) cm™. 'H
NMR (CDCls) & = 1.33 (1, 3H, CH3, J = 7.6 Hz); 4,27 (q, 2H, OCH,, J = 7.6 Hz); 5.86 (s, 1H, CH=); 6.92 (t,
1H, Harom, J = 8.2 Hz); 6.98 (d, |H, Harom, J = 8.2 Hz); 7.48 (t, 1H, Harom, J = 8.2 Hz); 7.67 (d, 1H,
Harom); 8.84 (br s, |H, NH). °C NMR (DMS0-d6) & = 15.4 (CH3); 61.1 (OCH,); 92.5 (=CH); 114.1 (CH);
120.2 (C); 122.3 (CH); 125.8 (CH);138.9 (CH); 145.1 (C=); 155.4 (C); 167.9 (CO); 188.3 (CO). MS(IS): m/z
=218 (M*+1). Anal. Calcd for C,H;;NOs: C, 66.35; H, 5.10; N, 6.45. Found: C. 65,98; H, 5.41; N, 6.01.
Diethyl 2-[3-(Acetyloxy)-1H-2-indolyl]-2-methylmalonate (23).

Starting from diethyl methylmalonate (238 mg, 1.36 mmol, 3 eq), triflate 17 (140 mg, 0.45 mmol) and sodium
hydride (60% weight, 45mg, 1.13 mmol); reaction time 1h; elution: ethyl acetate/petroleum ether 2/8; m = 100
mg; yield 63%. TR (film) v = 3408 (NH), 1738 (CO) large cm™. '"H NMR (CDCl3) & = 1.23-1.30 (m, 6H,
CH;); 1.86 (s, 3H, CHj3); 2.34 (s, 3H, COCHaj); 4.19-4.31 (m, 4H, OCH,); 7.05-7.22 (m, 2H, Harom); 7.32-
7.37 (m, 2H, Harom); 9.54 (br s, 1H, NH). *C NMR (CDCls) § = 13.5 (CH3); 20.0 (CHs); 21.1 (CHa); 22.4
(CHs); 52.2 (C); 61.8 (OCHy); 62.0 (OCH,); 111.3 (CH); 116.9 (CH); 119.6 (CH); 120,5 (C); 122.3 (CH);
123.1 (C); 126.3 (C); 132.1 (C); 168,6 (CO); 169.6 (CO); 170.5 (CO). MS (CI/NH3): m/z = 348 (M*+1). Anal.
Calcd for C1sH,1NOg: C, 62.24; H, 6.09; N, 4.03. Found: C, 62.45; 5.84; N, 4.19,

Diethyl 2-[3-(Acetyloxy)-1H-2-indolyl]-2-allylmalonate (24).

Starting from dicthyl allylmalonate (196 mg, 0.98 mmol, 3 eq), triflate 17 (100 mg, 0.33 mmol) and sodium
hydride (60% weight, 33 mg, 0.82 mmol); time reaction 2h30; elution: ethyl acetate/petroleum ether 2/8; m =
51 mg; yield 42%. IR (film) v = 3416 (NH), 1740 (CO) large cm™. '"H NMR (CDCl3) & = 1.21-1.31 (m, 6H,
CH3); 2.33 (s, 3H, COCH3); 3.07 (d, 2H, CHj, I = 7.3 Hz); 4.14-4.32 (m, 4H, OCHy); 5.01 (m, 2H, CH,=CH);
5.47-5.57 (m, 1H, CH,=CH); 7.05-7.12 (m, iH, Harom); 7.15-7.24 (m, iH, Harom); 7.31-7.36 (m, ZH,
Harom); 9.83 (br s, 1H, NH). '*C NMR (CDCl5) § = 14.5 (2CH3); 21.1 (CHs); 41.0 (CHy); 57.3 (C); 62.7
(OCH,); 63.1 (OCH,); 112.3 (CH); 117.9 (CH); 119.9 (CH,); 120.6 (CH); 121.3 (C); 122.5 (C); 123.2 (CH);
MS (Ci/ NHz): mvz = 374 (M"'+1). Anai. Caicd
3

3; N, 3.88.

el &t a¥alas e e 7ara’ »

127.3 (C); 130.1 (CH); 132.4 (C); 169.4 (2CO); 169.7 (CO). M
for C,0H23NOg: C, 64.33; H, 6.21; N, 3.75. Found: C, 64.47; H, 6
Diethyl 2-[3-(Acetyloxy)-1H-2-indolyl]-2-phenylmalonate (25).

Starting from diethyl phenyimaionate (231 mg, 0.98 mmol, 3 eq), trifiate 17 (100 mg, 0.33 mmoi), and sodium
hydride (60% weight, 33 mg, 0.82 mmol); time reaction 1h30; elution: ethyl acetate /petroleum ether 2/8; m =
42mg; yield 31%. IR (film) v = 3418 (NH), 1733 (CO) large cm™. 'H NMR (CDCl3) & = 1.23-1.35 (m, 6H

Vol & Y n l\n ﬁ 7 TT N, .

. Vs ralavYal A ™M™ A AN 1 A aYal -
CHaj); 8 (s, 3H, COCH3); 4.22-4.40 (m, 4, OCHy);
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Hz); 9.79 (br s, 1H, NH). *C NMR (CDCl3) 8 = 14.5 (CHj);

(OCHy); 63.1 (OCH,); 112.7 (C); 117.9 (CH); 119.9 (CH);

\NVWRra i)y Woed
122.5 (C); 123.2 (CH); 124.1 (CH); 125.2 (CH); 127.3 (C); 130.1 (CH); 132.4 (C); 169.4 (CO); 169.7 (CO);
169.9 (CO). MS (C1 / NH3): m/z = 410 (M™+1). Anal. Calcd for C23H23NOs: C, 67.47; H, 5.66; N, 3.42.

Found: C, 67.19; H, 5.83; N, 3.59,

Dimethyi 2-{2-(Ethoxycarbonyi)-i-methyi-3-0x0-2,3-dihydro-1f-2-indolyij malonate (27).
Starting from triflate 3 (200 mg, 0.57 mmol), dimethyl malonate (225 mg, 1.71 mmol) and sodium hydride

(60% weight, 57mg, 1.42 mmol); time reaction: 4h; elution: dichloromethane /petroleum ether 80/20; m= 99

£ LRIV ), 1l LA QLI LU

mg; yield 50%. IR (film): v = 1760 (CO) large cm”. '"H NMR (CDCl3) & = 1.20 (t, 3H, CHs, J = 7.2 Hz); 3.25
(s, 3H, OCHj3); 3.37 (s, 3H, OCHa); 3.82 (s, 3H, NCHa); 4.16 (q, 2H, OCH», I = 7.2 Hz); 4.72 (s, 1H, CH);
6.79-6.86 (m, 2H, Harom); 7.50 (t, 1H, Harom, J = 7.8 Hz); 7.61 (d, 1H, Harom, J = 7.8 Hz). ' 3C NM

{CDCl) 6 = 13.5 (CH3); 31.2 (NCHas); 51.0 (OCH;); 52.4 (OCHy); 57.5 (CH); 62.7 (OCH,); 105.1 (CH);

118.5 (CH); 125.3 (CH); 138.1 (CH); 162.2 (C); 164.8 (C); 166.2 (C); 168.5 (CO); 192.1 (CO). MS (Cl1/
NH»): m/z = 350 (M*+1). Anal. Calcd for Cj7HoNO7: C, 58.45; H, 5.48; N, 4.01. Found: C, 58.62; H, 5.59;

N A
N, 4.

&
Q.

Dimethyl 2-[2-(Ethoxycarbonyl)-1-methyl-3-0x0-2,3-dihydro-1H-2-indolyl]-2-methylmalonate (28).

Compound 27 (100 mg, 0.29 mmol) was added at 0°C to a suspension of sodium hydride (60% weight, 15 mg

AT e A1) Zn TRAATL /C T Y AL TE anion i~ msan mtla naaa N ND s T 1T A2 emvemanl) g adA~d FAll o A Ly, cbisrina
U.O /7 HUIIOL) 11 L2IVEIE (O 1), ALCL 10 11111, JOUUHHCUIALIC (V.U 11, 1.90 HIHNUL) wadd auucld JTOHOWCOU DY SLILTIHE
at 40°C for 3 h; water (10 mL) was added. Extraction with ethyl acetate (3x10 mL), washing with water

~rhea P ad An a cilira aal (alnant athyl acetata/natralenm athar 1/0Yy m — 685 ma viaeld: 820 nil
Ulllvl‘lal\)sla IV Ul A Jlliva b\dl NAFLURRLLE \\/lu\/‘l\v WL Y 1 AV i/ P\/LAVIVUI[] A AN R Ea S s lllb, Jl\alu. NTiw /U4 WL
. -1

IR (film) v = 1750 large (CO) cm . 'H NMR (CDCl3) 6 = 1.21 (t, 3H, CHs, J = 7.3 Hz); 1.86 (s, 3H, CH;);
3.15 (s, 3H, OCH,); 3.34 (s, 3H, OCHjy); 3.81 (s, 3H, NCHj3); 4.10-4.25 (m, 2H, OCHy); 6.74-6.80 (m, 2H,
Waram) TAL 4 1 Haram T =22 M) 785 (d 1H Haram T=22 HA B NMR (DY & =12 9 (CH.)-
1aioilly, /.40 (\, 111, 1daiGill, 0 = 6.4 1), /.09 \U, 111, £1aiVlil, 7 &.4 1l orwavaas (oasayy O =3 007 (Laiy ),
17.8 (CHj); 3

.1 (NCH3y); 52.2 (CHs); 52.9 (CHj3); 61.8 (C); 62.2 (CH»); 76.7 (C); 109.2 (CH); 118.4 (CH);
8 (CH); 137.7 (CH); 161.9 (C); 165.7 (CO); 169.6 (CO); 171.0 (CO); 192.6 (CO). MS (IS):
NO-: C, 59.50; H, 5.83; N, 3.85. Found: C, 59.84; H, 5.63; N, 3.73.
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