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Abstract

Fused pyranocarbazolones were synthesized frometietions of hydroxycarbazoles with ethyl
propiolate in the presence of catalytic amount mEl. Carbalkoxypyranocarbazolones and
methylenefurocarbazolones were obtained from thetiens of hydroxycarbazoles with dialkyl
acetylene dicarboxylates in the presence @PRh refluxing toluene. Furanori®a (ICso = 10
uM) followed by pyranocarbazolone®a and 11b are interesting lipoxygenase inhibitors.
Pyranocarbazolone3b, 11a-b are potent anti-lipid peroxidation agents and ihisorrelated to
the presence of the coumarin ring.

Keywords: Pyranocarbazolones; hydroxycarbazoles; coumaripsxygenase inhibitors; anti-
lipid peroxidation agents

Introduction

Coumarin derivatives are an interesting class ¢érbeycles, since coumarins are present in a
variety of natural and synthetic biologically aetigcompounds? In particular, fused coumarins
and among them pyrollocoumarins possess cytdtaiid HIV-1 integrase inhibitidnactivity,

act as fluorescent substrates for MAO enzyfhesid show antiinflammatory/antioxidanht,
photobiological®* and antitumd’ properties. Carbazole derivatives, naturally ogngrand
synthetic, present interesting biological propettié® like antibiotic, antioxidant, antibacterial,
antifungal, cardiotonotic, antitumor, antilipid pgrdation.
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There are many methods for the synthesis of cawmsancluding Pechmann, Perkin,
Knoevenagel, Reformatsky, Wittig and Ring ClosingtMthesis reactioris* One of the most
attractive methods is the Pechmann condensétiahjch starts from phenols andketoesters
or malic acid or alkynoaté%'®in the presence mainly of concentrategS8y or Lewis acids.
The synthesis of carbazoles is achiéédmainly by multistep sequences involving coupling
and cyclization reactions of anilines or iminoguiee, Fischer reactions of the corresponding
phenylhydrazones, benzannulation reactions of eglolhe pyranone fragment is introduced
starting from 1-hydroxycarbazoles by Friedel-Craétactions and subsequent cyclizatioff by
Pechmann cyclizatioff, by reaction§’ with DMAD and PhP or from 2-formyl-1-hydroxy-
carbazole¥ by Wittig or Knoevenagel reactions.

Recently we have prepared coumarins by the reectiof phenof$™® and especially
hydroxyindole$ with DMAD and PBP and by Pechmann reactions of phenols with malit a
and BSO, under microwave (MW) irradiation or with propicéatin the presence of ZnGl In
the course of our interest on the synthesis of @umhybrid derivatives, to study further their
biological activity, we report herein the reactiook 2- and 4-hydroxycarbazoles with ethyl
propiolate or with DMAD and Pf and the biological study of new hybrid compouiads
antioxidant agents. Free radicals are highly ingéd in the induction of several significant
pathophysiological disordef8.Inflammation, cancer, arthritis, myocardial andtcal nervous
system (CNS) ischemia among them are under intersfivdy. Consequently, compounds with
antioxidative character can be expected to offetgation in several diseases and to lead to
potentially effective drugs.
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Scheme 1Reagents and conditions: (i) Ethyl propiolate (@%ls (11 mol%), 90°C, 24 h; (ii)
Pd(OAc), (2), TFA, 0°C, 5 min then r.t., 44 h.

Results and Discussion

The reactions studied and the products obtainedlgpeted in Schemes 1-2. The treatment of

the mixture of 4-hydroxycarbazolé)(and ethyl propiolate?] with catalytic amount (11 mol%)
of InCl; under stirring at 90 °C for 24 h gave pyrano[8@arbazol-2(H)-one @) (Scheme 1) in
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77% yield (Method A, Table 1, entry 1). This reantis a tandem Michael addition followed by
cyclization for the formation of pyranone rifigin the literature, it is referred also that this
process with InGlfailed to give amino substituted coumaliriThe above procedure gave much
better results than the attempts for the formatibderivative3 from compoundd and2 in the
presence of catalytic amount of Pd(OAahd TFA® (Method B, Table 1, entry 2) or ZnGh
dioxané’ (Method C, Table 1, entry 3). The reaction alsa wfith malic acid in the presence of
concentrated 5O, under microwave irradiatiéhled to 8% of producs (Method D, Table 1,
entry 4).

Table 1.Synthesis of pyranocarbazolones and furocarbaesltrom hydroxycarbazoles

Entry Starting Conditions Products or unreacted
hydroxycarbazole hydroxycarbazole
(yields %)
1 1 Method A: Ethyl propiolate 2), 3(77),1(21)
InCl3 (11 mol%), 90 °C, 24 h
2 1 Method B: 2, Pd(OAc) (1.1 mol%), 3(15),1(62)
TFA, 0 °C, 5 min thenr.t. 44 h
3 1 Method C: 2, ZnClh, dioxane, reflux, 3 (traces),l (mainly)
6d
4 1 Method D: Malic acid, HSQO,, MW, 3(8),1(73)
80 °C, 3 min
5 4 Method A 5(20),6 (25),4 (44)
6 4 Method B 5(5),6(9),4 (80)
7 4 Method C 6 (4),4 (75)
8 4 Method D 4 (mainly)
9 1 Method E: PhsP, toluene, 0 °C, 8a (30),9a(25),1 (30)

addition (45 min) DMAD 7a) in
toluene, then reflux 4 d
10 1 Method F: PhsP, toluene, 0 °C, 8a(29),9a(26),1 (40)
addition (45 min) DMAD 7a) in
toluene, then MW, 110 °C, 90 min

11 1 Method E [diethyl acetylene 8b (34),9b (28),1 (25)
dicarboxylate Tb)]

12 4 Method E 10a(28),11a(25),4 (29)

13 4 Method F (90 °C, 6 h) 10a(35),11a(28),4 (17)

14 4 Method G: PhsP, DCM, 0 °C, 10a(13),11a(8),4 (47)

addition (45 min) DMAD 7a) in
DCM, then reflux 3 d

15 4 Method E [diethyl acetylene 10b(35),11b(30),4
dicarboxylate Tb)] (15)

Page 113 °ARKAT-USA, Inc.



The similar reaction of 2-hydroxycarbazot® (ith 2 (Scheme 1) under Method A (Table 1,
entry 5) gave pyrano[3,dlcarbazole-3(1H)-one 6) in 20% yield and pyrano[2,Blcarbazole-
2(10H)-one @) in 25% vyield. The same reaction at r.t. or unii® irradiation at different
temperatures left unchanged the 2-hydroxycarbai@)leThis reaction under Method B led to
compounds5 (5%) and6 (9%) (Table 1, entry 6), while under Method C onhe linear
compound (4%) was obtained (Table 1, entry 7). The reaatibhwith malic acid according to
Method D at 100 °C for 1 min gave an intractable téhile at 80 °C for 10 min the starting
compound was left unchanged (Table 1, entry 8).

A solution of DMAD7ain toluene was added dropwise in 45 min to thatswi of PhP and
1 in toluene at 0 °C (Scheme 2). The mixture wastdweat reflux for 4 d to give after
chromatography methyl B)-(2-oxo-2H-furo[3,2-c|carbazol-3(61)-ylidene)acetate8@) (30%),
followed by methyl 2-oxo-2,7-dihydropyrano[3¢Rarbazole-4-carboxylat®q) (25%) (Method
E, Table 1, entry 9). The IR spectrum8af exhibits a peak at 1798 entharacteristic for the
formation of furanone ring’=°In the'H NMR spectrum there is a doublet at 8.71 ppm ravga
the E-stereochemistry of this derivati?e>® The formation of8a can be explained by-
lactonizatioR®*° of the intermediate fumaralé!?*2® which by J-lactonization leads to the
pyranone9a. When the above reaction was performed under M¥diation (Method F, Table 1,
entry 10) the product®a and9a were isolated again.

The similar reaction af with diethyl acetylene dicarboxylatéll) under Method E (Table 1,
entry 11) resulted to the furano@le (34%) followed by the pyranoréb (28%).

1 8a (R" = Me) 9a (R" = Me)

8b (R" = Et) 9b (R" = Et)
W ,.
JC
N OH

R'0,c—

H
4 10a (R' = Me) 11a (R" = Me)
10b (R = Et) 11b (R = Et)

Scheme 2Reagents and conditions: (i) Dimethyl- or diethgketylenedicarboxylatéa or 7b,
PhP, PhMe, 0C, 45 min, then 116C, 4 d.
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The reaction of 2-hydroxycarbazolé) (with DMAD 7a according to Method E (Table 1,
entry 12) (Scheme 2) led to the furandi@a (28%) and the pyranonkla (25%). The above
reaction following Method F (Table 1, entry 13) gahe derivatived0a (35%) andlla (28%).
When the reaction of the hydroxycarbazéleith DMAD 7a and PBP was performed in DCM
heated at reflux (Method G, Table 1, entry 14)yiedds for the productéOaandllawere only
13 and 8%, respectively. The last effort with DCMde to compare with the literatufewhere
the reaction of 1-hydroxycarbazole with DMAD ands;Phn DCM at r.t. for 24 h afforded
methyl 2-0x0-2,11-dihydropyrano[2&earbazole-4-carboxylate (95%).

From the analogous reaction of compodndith 7b under Method E (Table 1, entry 15) the
furanonelOb (35%) and the pyranorielb (30%) were obtained.

Taking into account the multifactorial charactéoridative stress and inflammation, and the
role of indoles and coumarins in them, we decide@ualuate in the present investigation the
new pyranocarbazolones (Table 2) as antioxidatgents. Nordihydroguaiaretic acid (NDGA)
and Trolox, well known antioxidant agents, are uasdreference compounds. Several assays
should be used to assess vitro antioxidant activity because the antioxidant &pilof a
compound must be evaluated in a variety of miliddgst of them require a spectrophotometric
measurement and a certain reaction time to obégroducible results.

Table 2.Biological evaluation of pyranocarbazolones anddarbazolones as antioxidants

CompdNo. R RA%'@  %LOXInh®  AAPH%
100 UM 20/60 @ 100 uM/ @ 100 uM

min ICs0 UM
3 58/60 14 34
5 50/50 nd 27
6 >3 5 nd
8a Me 16/n4 nd 24
8b Et 11/nd 2 19
9a Me 4/5 100uM 39
9b Et 3/12 33 81
10a Me 26/37 10 uM nfa
10b Et 26/40 32 n4
11a Me 10/n4 43 78
11b Et >1 100 uM 54
NDGA 87/93 5.5 UM
Trolox 71

2 |nteraction with DPPH® In vitro % inhibition of soybean lipoxygenase (LOX)% Inhibition
of lipid peroxidation (AAPH)# na = no activity under the experimental conditions
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The interaction/reducing activity (RA) of the exaed compounds with the stable free
radical DPPH is shown in Table 2. This interactiaich indicates their radical scavenging
ability in an iron-free system, was measured at @Ofor 20/60 min. In the DPPH assay, the
dominant chemical reaction involved is the reductd the DPPH radical by an electron transfer
from the antioxidant. Particularly effective suchtiaxidants are the phenoxide anions from
phenolic compounds like catechol and derivativesshsas NDGA. Under our experimental
condition® very low interaction values (11-43%) were observeith the exception of
compounds3 and5 which both contain an indolyl and a coumarin grolipe results are similar,
although compoun@® is a pyrano[3,Z]carbazol-2(H)-one and5 is a pyrano[3,Z]carbazole-
3(11H)-one. An increase in reducing abilities is obsdrafter 60 min of interaction fof, 5,
10a and10b.

In our studies, AAPH was used as a free radidéiaior to follow oxidative changes of
linoleic acid to conjugated diene hydroperoxidee Maater-soluble azo compound AAPH has
been extensively used as a clean and controllabikes of thermally produced alkylperoxyl free
radicals?’ In the AAPH assay the highly reactive alkylperosadiicals are intercepted mainly by
hydrogen atom transfer (HAT) from the antioxidaRarticularly effective HAT agentsare
compounds with high hydrogen atom donating abithgt is compounds with low heteroatom-H
bond dissociation energies and/or compounds fronichwinydrogen abstraction leads to
sterically hindered radicals as well as compoumdsfwhich abstraction of hydrogen leads to
C-centered radicals stabilized by resonance. Oyigrmcarbazolone3b, 11a-b,shown is Table
2 exhibit interesting anti-lipid peroxidation asgtwwcompared to the reference compound Trolox.
Furanone8b exhibits lower activity compared to the corresgogdpyranoe 9h The same
results are taken from furanond®a-b and pyranonesQa-b and 1la-b It seems that
pyranocarbazolones are more potent and this igleted to the presence of the coumarin ring in
1la-b The rest carbazolones present low or no activity.

We evaluated compounds from both series for thleility to inhibit soybean lipoxygenase
(LOX) by the UV absorbance based enzyme adsa@ie lipoxygenase (LOX) catalyzes the first
two steps in the metabolism of arachidonic acitetkotrienes. LTB4 generation is considered
to be important in the pathogenesis of neutroplathated inflammatory diseases with a marked
relation to the severity of cardiovascular diseaasthma and cancer. The most potent inhibitor
is furanonelOa with an 1Go value of 10 uM followed by pyranocarbazolo®ssand11b (100
MM). Judging the special structural characteristia¢hin the two groups of derivatives,
compounds of the furanone group seem to be moenpot

Conclusions
Pyranocarbazolones were synthesized from ethyl ipledp and hydroxycarbazoles in the

presence of catalytic amount of IRClCarbalkoxypyranocarbazolones and methylene-
furocarbazolones were obtained from the reactidrisydroxycarbazoles with dialkyl acetylene
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dicarboxylates in the presence ofPhn toluene heated at reflux. Furandia (ICso = 10 pM)
followed by pyranocarbazolone®a and 11b are interesting lipoxygenase inhibitors.
Pyranocarbazolone3b, 11a-b are potent anti-lipid peroxidation agents and thisorrelated to
the presence of the coumarin ring. Thus, the coatigin of carbazole and coumarin or furanone
leads to interesting hybrid compounds in termsioloigical activity.

Experimental Section

General. Melting points were determined on a Kofler hotgstaapparatus and are uncorrected.
IR spectra were obtained with a Perkin-Elmer 13i€csophotometer as KBr disk$d and**C
NMR spectra were recorded at 300 and 75 MHz, reésebe on a Bruker AM 300 with CDGI
as solvent and TMS as internal standard. Mass rspecire determined on a LCMS-2010 EV
Instrument (Shimadzu) under Electrospray loniza{le81) conditions. Elemental analyses for C,
H and N were obtained using a Perkin-Elmer 240BKiment analyzer. The MW experiments
were performed in a Biotage (Initiator 2.0) sciatMW oven. Silica gel R 60, Merck A.G.
was used for column chromatography. Ethyl prop&@I&MAD, diethyl acetylene dicarboxylate,
InCl;, PP were purchased from Fluka, (Buchs, Switzerlanddl ased without further
purification. 1,1-Diphenyl-2-picrylhydrazyl free diwal (DPPH), nordihydroguaiaretic acid
(NDGA), trolox, 2,2-azobis(2-amidinopropane) dihgdnloride (AAPH), soybean lipoxygenase,
linoleic acid sodium salt were purchased from AldrChemical Co. (Milwaukee, WI, USA).

General synthetic procedure, exemplified byyrano[3,2-c|carbazol-2(7H)-one (3) Method

A. A mixture of 4-hydroxycarbazolel) (0.1 g, 0.55 mmol), ethyl propiolatg)((0.07 mL, 73.5
mg, 0.75 mmol) and In€(13 mg, 0.059 mmol was heated under stirring &t®@or 24 h. After
cooling, HO (5 mL) was added and the mixture was extracted BiOAc (6 x 10 mL). The
organic extracts were dried (p&O,), evaporated and the residue chromatographed
(hexane/EtOAc 8:1) to give the compoud®9 mg, 77%) and theh(21 mg, 21%).

Method B. Pd(OAc}» (6 mg, 0.025 mmol) and ethyl propiolat®) (0.62 mL, 65.0 mg, 6.57
mmol) were added to the solution of 4-hydroxycadb@zl) (0.40 g, 2.18 mmol) in TFA (6 mL)
at 0 °C and stirred for 5 min at this temperature for 44 h at r.t. The mixture was then poured
into 10% NaHCQ (30 mL) and extracted with GBI, (5 x 40 mL). The organic layer was dried
(Na&SQOy), evaporated and chromatographed (hexane/EtOAct@8:fjive the compound3 (77
mg, 15%) and theh (0.248 g, 62%).

Method C. Ethyl propiolate Z) 0.16 mL, 0.147 g, 1.5 mmol) and Zn@0.153 g, 1.64 mmol)
were added to the solution of 4-hydroxycarbazd)e(0.30 g, 1.64 mmol) in dry dioxane (10
mL) and the mixture was heated at reflux for 6 fteAcooling to r.t., the mixture was poured
into 5% HCI (10 mL) and extracted with @El, (5 x 40 mL). The organic layer was dried
(N&SQy), evaporated and chromatographed (hexane/EtOAd®dive traces of the compound
3 and quantitatively.
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Method D. Concd. HSO, (0.8 mL) was added to the mixture of 4-hydroxyeadde () (0.31 g,
1.7 mmol) and malic acid (228 mg, 1.7 mmol) anddrated in the MW oven at 80 °C for 3 min.
After cooling the mixture was poured in ice (5 ggutralized by 10% N&O; and extracted
with CH,Cl, (3 x 20 mL) and EtOAc (5 x 20 mL). The combinedamic layers were dried
(N&SQy), evaporated and chromatographed (hexane/EtOAct®:dive the compound (32.0
mg, 8%) followed byl (226 mg, 73%).

3. Yellow prisms, mp 111-113 °C (hexane/EtOAc); Rk cnmi'): 3406 (N-H), 1725 (C=OJH
NMR (300 MHz, CDC}): 6.34 (1H, d3Ju 9.4 Hz, O=C-CH=CH), 7.29-7.39 (2H, m), 7.42-7.52
(3H, m), 7.81 (1H, d3Jw 9.4 Hz, O=C-CH=CH), 8.41 (1H, brs, NH), 8.60 (IH>J 8.6 Hz).
3C NMR (75 MHz, CDC})): 101.0, 107.8, 110.8, 111.4, 112.2, 115.1, 12128.8, 125.3,
126.4, 135.8, 142.3, 144.3, 153.8, 161.2 (C=0).(ESI) vz 236 [M+H]", 258 [M+Na[; Anal.
Calcd for GsHgNO, (235.27): C, 76.59; H, 3.86; N, 5.95%. Found: €417; H, 4.15; N, 5.92%.
Pyrano[3,2-a]carbazole-3(1H)-one (5) and pyrano[2,3-b]jcarbazole-2(1MH)-one (6). The
reaction by method A of 2-hydroxycarbazolf @jave after chromatography the compoubds
(26 mg, 20%)6 (32 mg, 25%) followed b¥ (44 mg, 44%). Method B led ®(5%) and6 (9%)
and4 (80%). Method C gavé (4%) and4 (75%).

5. Light yellow prisms, mp 101-103 °C (hexane/EtOABY, (vmax CMiY): 3405 (N-H), 1716
(C=0)."H NMR (300 MHz, CDC}): 6.74 (1H, d3J« 8.3 Hz, O=C-CH=CH), 6.87 (1H, brs,
NH), 7.16-7.39 (5H, m), 7.88 (1H, & 8.3 Hz, O=C-CH=CH), 7.95 (1H, d}« 7.6 Hz).°C
NMR (75 MHz, CDC}¥): 95.6, 107.7, 109.6, 115.5, 117.5, 117.8, 1194&..7, 122.3, 127.2,
139.1, 140.0, 144.8, 156.4. 159.6 (C=0). MS (E88 236 [M+H]"; Anal. Calcd for GsHgNO,
(235.27): C, 76.59; H, 3.86; N, 5.95%. Found: C746H, 4.03; N, 5.74%.

6. Colorless prisms, mp 107-109 °C (hexane/EtOAC)(MRy crit): 3407 (N-H), 1705 (C=0).
'H NMR (300 MHz, CDC}): 6.34 (1H, d3Jw 9.5 Hz, O=C-CH=CH), 7.31 (1H, {Js: 6.8 Hz),
7.35 (1H, s), 7.45-7.49 (2H, m), 7.89 (1H,%d; 9.5 Hz, O=C-CH=CH), 8.08 (1H, dJ: 7.4
Hz), 8.14 (1H, s), 8.31 (1H, brs, NHJC NMR (75 MHz, DMSOe): 97.6, 111.0, 111.7, 119.1,
119.8, 120.1, 121.0, 126.3, 130.6, 138.4, 140.8,514.44.8, 152.9, 161.6 (C=0). MS (ES8iy:
236 [M+H]", 258 [M+Na]; Anal. Calcd for GsHgNO, (235.27): C, 76.59; H, 3.86; N, 5.95%.
Found: C, 76.68; H, 3.72; N, 5.81%.

General synthetic procedure, exemplified by methyk2E)-(2-oxo-2H-furo[3,2-c]carbazol-
3(6H)-ylidene)acetate (8a) and methyl 2-oxo-2,7-dihydpyrano[3,2-c]carbazole-4-
carboxylate (9a).Method E. In a stirred solution of 4-hydroxycarbazolg (0.20 g, 1.09 mmol)
and PBP (285 mg, 1.09 mmol) in toluene (5 mL) at 0 °C vadsled dropwise over 45 min a
solution of DMAD (7a) (0.13 mL, 156 mg, 1.1 mmol) in toluene (5 mL).eTtesulted orange
mixture was refluxed for 4 d and after cooling tb was evaporated and chromatographed
(EtOAc/hexane 1:8) to give, after the elution ogfPhthe derivative8a (96 mg, 30%) followed
by compound®a (80 mg, 25%) and the starting compoun@®0 mg, 30%).

Method F. A mixture of DMAD (7a) (0.35 mL, 78 mg, 0.55 mmol) in toluene (1 mL) veakled
dropwise for 45 min at 0 °C in the stirred solutiarthe special vial for MW oven of B (73
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mg, 0.28 mmol) and 4-hydroxycarbazolg (50 mg, 0.28 mmol) in toluene (1 mL). After that
the mixture was irradiated in the MW oven at 110fG€C90 min. After cooling to r.t. the mixture
was chromatographed (EtOAc/hexane 1:8) to giver dfte elution of PiP, derivative8a (24
mg, 29%), compounéa (21 mg, 26%) and compoudd20 mg, 40%).

8a. Red prisms, mp 161-163 °C (hexane/EtOAc); IRaf cmi’): 3351 (N-H), 1798 (C=0,
furanone), 1719 (C=0OJH NMR (300 MHz, CDCJ): 3.90 (3H, s, OCH), 6.80 (1H, s), 7.21 (1H,
d, ®Jw 8.7 Hz), 7.32 (1H, £ 7.3 Hz), 7.43-7.52 (2H, m), 8.21 (1H,%dw 7.9 Hz), 8.41 (1H,
brs, NH), 8.71 (1H, d3J}« 8.7 Hz).*C NMR (75 MHz, CDC}): 53.3 (OCH), 102.4, 106.7,
109.5, 120.9, 121.3, 123.0, 125.3, 126.8, 127.8,512128.6, 132.0, 132.1, 152.1, 163.6 (C=0),
164.1 (C=0). MS (ESIiv'z 294 [M+H]", 316 [M+NaJ; Anal. Calcd for G;H11NO, (293.27):

C, 69.62; H, 3.78; N, 4.78%. Found: C, 69.71; 393N, 4.63%.

9a. Yellow prisms, mp 171-173 °C (hexane/EtOAc); Ra§ cmi’): 3367 (N-H), 1730 (C=0),
1714 (C=0)H NMR (300 MHz, CDC}): 4.03 (3H, s, OCH), 6.83 (1H, s O=C-CH=C), 7.35
(1H, d,%Jw 8.8 Hz), 7.37 (1H, £3w 7.9 Hz), 7.45-7.52 (2H, m), 8.22 (1H,%d 8.8 Hz), 8.43
(1H, brs, NH), 8.59 (1H, dJw 7.9 Hz).X*C NMR (75 MHz, CDCJ): 52.1 (OCH), 99.1, 107.9,
110.7, 114.5, 115.0, 119.0, 121.3, 123.7, 125.6,612132.1, 140.6, 144.1, 154.3, 161.2 (C=0),
165.8 (C=0). MS (ESI)/z. 294 [M+H]"; Anal. Calcd for G;H1:NOy4 (293.27): C, 69.62; H,
3.78; N, 4.78%. Found: C, 69.48; H, 4.06; N, 4.67%.

Ethyl (2E)-(2-oxo-2H-furo[3,2-c]carbazol-3(6H)-ylidene)acetate (8b) and ethyl 2-oxo-2,7-
dihydropyrano[3,2-c]carbazole-4-carboxylate (9b).The reaction of 4-hydroxycarbazolg) (
with diethyl acetylenedicarboxylatélf) gave after chromatography the compoul$114 mg,
34%),9b (94 mg, 28%) followed b§ (50 mg, 25%).

8b. Red prisms, mp 176-178 °C (hexane/EtOAc); IRa{ cm’): 3429 (N-H), 1806 (C=0,
furanone), 1712 (C=0IH NMR (300 MHz, CDC}): 0.78 (3H, dJw 7.1 Hz, OCHCH;), 3.88
(1H, d,%Jw 7.1 Hz, OCHCHz), 6.83 (1H, s), 7.16 (1H, dJw 8.7 Hz), 7.36 (1H, £ 7.3 Hz),
7.42-7.50 (2H, m), 8.22 (1H, dJw 7.2 Hz), 8.70 (1H, d®Jw 8.7 Hz).**C NMR (75 MHz,
CDCl): 14.2 (OCHCHg), 62.9 (OCHCHg),, 106.1, 108.4, 113.3, 120.9, 121.3, 122.2, 123.1
127.0, 131.9, 133.6, 135.1, 140.9, 144.8, 151.38,616C=0), 168.9 (C=0). MS (EStyz 308
[M+H]™; Anal. Calcd for GgH13NO;4 (307.30): C, 70.35; H, 4.26; N, 4.56%. Found: @.29; H,
4.17; N, 4.48%.

9b. Yellow prisms, mp 183-185 °C (hexane/EtOAc); iR, cm’): 3435 (N-H), 1727 (C=0).
'H NMR (300 MHz, CDCJ): 1.44 (3H, t,°Jw 7.1 Hz, OCHCHs), 4.44 (2H, 93w 7.1 Hz,
OCH,CHg), 6.84 (1H, s, O=C-CH=C), 6.92 (1H, Y~ 8.2 Hz), 7.38-7.50 (2H, m), 7.53 (1H, d,
33w 8.1 Hz), 7.99 (1H, d®Jw 7.7 Hz), 8.13 (1H, 3w 8.2 Hz), 11.7 (1H, brs, NH}’C NMR
(75 MHz, CDC}): 13.8 (OCHCHjs), 62.5 (OCHCHs), 107.6, 110.4, 115.6, 119.5, 120.4, 121.9,
122.8, 123.8, 124.6, 127.2, 137.6, 139.6, 143.6,8,5160.3 (C=0), 164.3 (C=0). MS (ESI)
m/z. 308 [M+HJ"; Anal. Calcd for GgH1aNO, (307.30): C, 70.35; H, 4.26; N, 4.56%. Found: C,
70.18; H, 4.41; N, 4.38%.

Methyl (2E)-(2-oxo-H-furo[3,2-a]carbazol-1(1(H)ylidene)acetate (10a) and methyl 3-oxo-
3,11-dihydropyrano[3,2-a]carbazole-1-carboxylate (11a)The reaction of 2-hydroxycarbazole
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(4) with DMAD (7a) by method E resulted t0a (89 mg, 28%) and1a (80 mg, 25%). Method

F (90 °C, 6 h) gav&0a(35%),11a(28%) and4 (17%).

Method G. To a stirred solution of 2-hydroxycarbazofg (0.20 g, 1.09 mmol) and g (285
mg, 1.09 mmol) in DCM (5 mL) at 0 °C was added avige over 45 min a solution of DMAD
(78) (0.13 mL, 0.156 g, 1.1 mmol) in DCM (5 mL). Thesulted orange mixture was heated at
reflux for 3 d and after cooling to r.t. was evagied and chromatographed (EtOAc/hexane 1:8)
to give, after the elution of B, the derivativelOa (41 mg, 13%) followed by the compound
11a(26 mg, 8%) and the starting compouh(®4 mg, 47%).

10a. Red needles, mp 158-160 °C (hexane/EtOAC); wRux( cmi’): 3248 (N-H), 1794 (C=0O,
furanone), 1703 (C=OJH NMR (300 MHz, CDGJ): 3.99 (1H, s, OC#), 6.85 (1H, s), 6.93 (1H,
d, 33w 8.3 Hz, O-G-CH=CH), 7.26 (1H, t>Juw 7.7 Hz), 7.43 (1H, 3w 7.7 Hz), 7.54 (1H, d,
33w 7.7 Hz), 7.99 (1H, I 7.7 Hz), 8.14 (1H, £Jw 8.3 Hz, O-G-CH=CH), 11.65 (1H, brs,
NH).*C NMR (75 MHz, CDC})): 53.0 (OCH), 102.2, 104.0, 111.1, 119.7, 119.8, 120.6, 121.9,
122.8, 126.1, 127.0, 132.5, 136.5, 139.6, 156.2,716C=0), 168.2 (C=0). MS (ESHyz 294
[M+H]™; Anal. Calcd for G;H13NO;4 (293.27): C, 69.62; H, 3.78; N, 4.78%. Found: €.48; H,
4.01; N, 4.71%.

11a. Yellow prisms, mp 150-152 °C (hexane/EtOAc); IR, cm?): 3991 (N-H), 1736 (C=0),
1716 (C=0)H NMR (300 MHz, CDCJ): 4.14 (3H, s), 7.07 (1H, s, O=C-CH=C), 7.23-7.33
(2H, m), 7.46 (1H, 23w 7.1 Hz), 7.54 (1H, 2w 8.0 Hz), 8.06 (1H, £ 7.1 Hz), 8.25 (1H,

d, ®Jw 8.7 Hz), 10.6 (1H, brs, NH}*C NMR (75 MHz, CDCJ): 54.1 (OCH), 101.3, 109.3,
111.4, 119.2, 119.7, 120.5, 120.9, 122.3, 124.8,0120.34.6, 139.2, 141.2, 154.3, 159.8 (C=0),
167.6 (C=0). MS (ESlji'z 294 [M+H]"; Anal. Calcd for G;H1iNO, (293.27): C, 69.62; H,
3.78; N, 4.78%. Found: C, 69.50; H, 4.12; N, 4.62%.

Ethyl (2E)-(2-oxo-H-furo[3,2-a]carbazol-1(1H)ylidene)acetate (10b) and ethyl 3-ox0-3,11-
dihydropyrano[3,2-a]carbazole-1-carboxylate (11b).The reaction of 2-hydroxycarbazolé) (
with diethyl acetylene dicarboxylat&l{) resulted tol0Ob (117 mg, 35%) and1b (101 mg,
30%).

10b. Red needles, mp 182-184 °C (hexane/EtOAC); wRx( cm®): 3276 (N-H), 1795 (C=0O,
furanone), 1697 (C=0IH NMR (300 MHz, CDGY): 1.44 (3H, t2Jw 7.1 Hz, OCHCHs), 4.44
(2H, q,%Jw 7.1 Hz, OCHCHg), 6.82 (1H, s), 6.91 (1H, dJw 8.2 Hz, O-G~-CH=CH), 7.25 (1H,

t, 3Juw 7.7 Hz), 7.43 (1H, £ 7.7 Hz), 7.53 (1H, I 7.7 Hz), 7.98 (1H, I 7.7 Hz), 8.12
(1H, d,3Jw 8.2 Hz, O-G-CH=CH), 11.67 (1H, brs, NH}*C NMR (75 MHz, CDC})): 14.2
(CHy), 62.3 (OCH), 102.3, 104.2, 111.7, 119.7, 120.5, 120.6, 12128,0, 126.1, 126.9, 132.5,
136.6, 139.7, 156.3, 167.3 (C=0), 168.4 (C=0). &SI} m/zz 308 [M+H]"; Anal. Calcd for
Ci1gH13NO,4 (307.30): C, 70.35; H, 4.26; N, 4.56%. Found: @41; H, 4.41; N, 4.47%.

11b. Yellow prisms, mp 175-177 °C (hexane/EtOAc); W cm’): 3350 (N-H), 1733 (C=0),
1712 (C=0)H NMR (300 MHz, CDCJ): 1.51 (3H, 33w 7.1 Hz, OCHCHs), 4.60 (2H, q>Ju

7.1 Hz, OCHCH), 7.07 (1H, s, O=C-CH=C), 7.23-7.35 (2H, m), 7(a6, t, *J 7.8 Hz), 7.54
(1H, d,%Ju 8.0 Hz), 8.06 (1H, dJw 7.8 Hz), 8.24 (1H, I 8.5 Hz), 10.70 (1H, brs, NHY’C
NMR (75 MHz, CDC}): 14.1 (CH), 63.7 (OCH), 101.5, 109.4, 111.5, 119.0, 119.7, 120.5,
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121.0, 122.4, 124.9, 126.1, 134.8, 139.3, 141.4,415160.0 (C=0), 167.3 (C=0). MS (ESI)
m/z. 308 [M+HJ"; Anal. Calcd for GgH1sNO4 (307.30): C, 70.35; H, 4.26; N, 4.56%. Found: C,
70.15; H, 4.58; N, 4.32%.

Biological evaluation

Determination of the reducing activity of the stabé radical 1,1-diphenyl-picrylhydrazyl
(DPPH).?® To a solution of DPPH (final concentration j5®1) in absolute ethanol was added an
equal volume of the compounds dissolved in DMSO.aAsontrol solution ethanol was used.
The final concentration of the test compounds w@8 @M. After 20 min/60 min at room
temperature, the absorbance was recorded at 51Tatte 1).

Inhibition of linoleic acid peroxidation.’ Production of conjugated diene hydroperoxide by
oxidation of linoleic acid in an aqueous dispersmas monitored at 234 nm. Azobis(2-
amidinopropane) dihydrochloride (AAPH) is used ase@ radical initiator. Ten microliters of
the 16 mM linoleic acid dispersion were added ® [tV cuvette containing 0.93 mL of 0.05 M
phosphate buffer, pH 7.4, thermostated af@7under air by the addition of 50_ of 40 Mm
AAPH solution. Oxidation was carried out in the ggpce of aliquots (1QL) of the tested
compounds. In the assay without antioxidant, lgpidiation was measured in the presence of the
same level of DMSO. The rate of oxidation at°@7was monitored by recording the increase in
absorption at 234 nm caused by conjugated dienepgdoxide formation (Table 1).

Soybean lipoxygenase inhibition studyin vitro.?>?’ The in vitro study was evaluated as
reported previously. The test compounds dissolvedethanol were incubated at room
temperature with sodium linoleate (100) and 0.2 mL of enzyme solution (1/9 x™1/v in
saline). The conversion of sodium linoleate to Y@rbperoxylinoleic acid at 234 nm was
recorded and compared with the appropriate stanidhiitor (NDGA) (Table 1).
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