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A synthetic strategy was developed for the preparatof B-carbolines by ongol
decarboxylation and aromatization of tetrahyfircarboline-3earboxylic acids by employit
10 mol% of iodine in presence of oxidant aqueou®;HThe method was also successt
extended for the aromatization of tetrahy@roarboline-3methyl esters. The utility of t
method was demonstrated in the synthesig-cérboline alakaloidsiorharmane, harmane ¢
eudistomin N.
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1. Introduction

pB-Carbolines, are of great importance in the field of
pharmaceuticals and are also versatile buildingckso for
bioactive compounds, natural products and dfugsmpounds

bearing aromati@-carboline skeleton have been found to exhibit

a wide variety of biological properties, such asfitamor
antimalarial® anti-HIV® and antibacteriflactivities. Moreover,

certain B-carboline derivatives have also exhibited excellen

binding affinites towards benzodiazepine recepftors-
hydroxyserotonin receptofsand monoamine oxidasen the
central nervous system. Compounds bearifigarboline moiety
are playing an important role as versatile synthigtiermediates
in the synthesis of pharmaceutically important rooles™®

Their importance has attracted organic chentisidevelop
new synthetic strategies to construct thearboline moiety.
Dehydrogenation of a suitable tetrahydrgarboline unit is a
general method for its synthesis. This transforomatinvolves
heating the substrate with palladium on carbaulfur* SeQ,™

and K.Cr,0;* with excess usage of the reagents and extended

reaction times. DD& and chloranif were also found useful
reagents for aromatization, but the yields are abtways

satisfactory. IBX-mediated aromatization of tetrdio/3-

carbolines is known to produce3-carbolines at room
temperaturé! We have also developed a CuGCtatalyzed
protodecarboxylation and aromatization of tetrabygir

carbolines? Recently, NC§ and iodobenzene diacetitevere

also found to perform the decarboxylative aroméitra of

tetrahydrop-carbolines. However, these methods
equivalents of the reagents which are expensive. ¢jetie
development of easy, economical and conventionghooks for
the aromatization of tetrahydfearbolines is desirable.

Molecular iodine has been utilized in pharmaical and
organic syntheses due to its inexpensive,
environmental friendly nature and operational sinigl?

Usually, b has been extensively used in combination with TBHP?

in many oxidative transformations to overcome treandbacks of
the metal catalysed reactiofis.For any iodine catalyzed
reactions, the reduced iodide species have to tedised to
iodine to maintain the catalytic cycle. This oxidat can be
attained with an external oxidant like TBHP. If tipiocess can
be accomplished with the help of an environmeniahttly and
cheap oxidant such as agueous hydrogen peroxidem#thod
would be very impressive. Hence, we aspired to reparovel
and an efficient protocol for the aromatizationtefrahydrop-
carbolines employing a catalytic amount of iodingoresence of
hydrogen peroxide.

2. Results and Discussion

Our initial investigations focused on identifyingnchitions that
would best attain the one-pot decarboxylation amanatization
of 1-phenyl-tetrahydr@-carboline-3-carboxylic acidla to
aromaticp-carboline2a (Table 1). When 10 mol% of iodine was
used in DMF at room temperature, the yield of thedpct was
only 12% after 24 h (Table 1, entry 1). Increasing amount of
catalyst to 20 mol% and 50 mol% did not affect yiedd of the
product (entry 2-3, Table 1). Encouragingly, theduct2a was
formed in 64% yield using 10 mol% of in DMF at 100°C
(Table 1, entry 4). By increasing or decreasing rti@% of b,
there was not much variation of yield (entry 5-6).did) 1
mmol of external oxidant, hydrogen peroxide, detek the
product2ain 86% yield in 1 h (entry 7, Table 1). Changihg t
amount of iodine catalyst in the presence of oxidieas no effect
on the yield (entry 8-9, Table 1).
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Table 1 Screening of the reaction conditions

o)
OH
[Conditions]
\ NH
H @ DMF
Entry I,(mol%) TempC) Time (h) Yield (%)
1 10 RT 24 12
2 20 RT 24 10
3 50 RT 24 10
4 10 100 3 64
5 20 100 3 60
6 5 100 3 61
i 10 100 1 86
8’ 5 100 1 77
9° 20 100 1 81

%Isolated yields.
®1 mmol of aq HO, was added.

Under the optimal conditions, our attention shiftedexplore
the scope of the aromatic process with a varietyewhydrop-
carboline-3-carboxylic acids (Scheme 1). A variefyabiphatic
nd aromatic substituents at position-1 of tetrabdcarboline
acid$® are well tolerated under the optimized reactiondétions.
The substrates containing aromatic substituentivestet better
yields compared to those with aliphatic substituenthe
electronic nature of the substituents plays an itapo role on
outcome of the reactions. The substrates carryiagtren-rich
groups Bb, 2¢) furnished products in higher yields than those
bearing electron deficient groupad(2f). Naturally occurring3-
carbolines, norharmane2d) and harmane 2f), were also
synthesized in good yields.

Scheme 1Synthesis op-carbolines
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Eudistomin N
\ N \ N The following mechanism has been proposed basedhen t
N N literature repoft for synthesis ofi-carboline esters. Initially ‘N’
H H Me of (A) attacks on .l to give the N-iodo-tetrahydrp-carboline
2g,5h 2h,5h (B). Subsequent elimination of HI frorB) produce the partially
55% 61% aromatized product (C) which attacks grtd provide iminium

intermediate (D). Elemination of proton to give theermediate

The same method was also successfully extended t&) and subsequent release of HI giving the degireduct (F)
tetrahydrop-carboline methyl esters. These esters were subjecteds shown in the Scheme 4.
to aromatization to provide the corresponding potslida—d in
good yield without losing the ester group as showB¢heme 2. Scheme 4Proposed Mechanism for the aromatization of
A variety of substituents were found to be well toleda p- Tetrahydrop-carboline esters.
Carboline esters with electron donating groups pledibetter
yields than the ones with electron withdrawing groups.

Scheme 2 Aromatization of tetrahydr@-carboline-3- M Q_ﬁ w

carboxylic esters

3 3 @b@» @m:(“
OMe 1, (10 mol%) OMe =N -
N
(D)

_ H0,

\ NH Aq. H,0, (1.0 equiv) \ p N 2A—2 ®
N DMF, 100 °C N
H R 6-10h H R .
3a-d 4a-d 3. Conclusions

In summary, we have developed a facile metal-freéhoge
for one-pot decarboxylative aromatization of teydroB-
carbolin-3-carboxylic acids and the aromatizatidrtetrahydro-
B-carbolin-3-methyl esters employing a catalytic amtoof L in
presence of aq. #,. The current protocol has been successfully
utilized in the synthesis of3-carboline alkaloids such as,
norharmane, harmane and eudistomin N. Overall, anoscical
and environmental friendly catalyst and compatipilwith a
wide range of substrates make this protocol usedul the
synthesis of attractive pharmaceutical intermediatef p-
carboline analogues.

4. Experimental Section

General Information:

TetrahydroB-carbolines 1la-h and 3ad were prepared
according to literature protocols by Pictet-Spengdaction ofl_-
tryptophan and L-tryptophan methyl ester hydrodbier
respectively with the appropriate aldehy&fé’ The procedure
does not require an inert atmosphere. All the prtsdobtained
using the current protocol as shown in Scheme 3. &orane were purified by column chromatography using S';'%‘E‘ (100-
(2g) was synthesized by one-pot decarboxylative araaiddin 200 mesh). Hexgne was used as a co-eldenand “C NMR
with 1, and HO, in DMF. The bromination o2g with NBS in were recorded in Brucker 500 and 125 MHz spectrometer

. . : . . 0 i respectively. The chemical shifts are reportedpmmownfield
acetic acid furnished eudistomin B) {n 83% yield. to TMS ¢ = 0) for 'H NMR and relative to the central CDCI

Scheme 3 Synthesis of Eudistomin N resonance = 77.0) for'*C NMR. GC-MS was used for the
mass spectral analysis. IR spectra were recorded &-IR
spectrometer. Elemental analysis was carried outCHN
analyzer EA 1112, Thermo Finnigan.

Finally, the synthesis of eudistomin K)(was accomplished

General procedure for the synthesis of 1-PhenylHd-
pyrido[3,4-blindole (2a): To a mixture of 1-phenyl-tetrahydro-
B-carboline-3-carboxylic acida (1 mmol, 292 mg), and, (10
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mol%, 25.4 mg) in DMF (5 mL) was added 30% aqueousC,;Hi;FN,: C, 77.85; H, 4.23; N, 10.68%. Found: C, 77.81; H,
solution of HO, (0.113 mL, 1 mmol). The reaction was stirred 4.28; N, 10.74%.

o ) .
& alcct’igncngwlrehWﬁzetrre‘;‘;;“dp'fvti't%” ao‘;(f/z‘ehgzicgg?ughgff 1-(_2-.(trifluorometkgl)phenyl)-m-pyrido[3,4b]indo|e @f): White
The reaction mixture was then extracted with ethgtate (2 x igl(')% Tgﬁml'i%o Cljl_'f 4(nf§é)23?%%'33%%%1 23:3N§%53é(}527’
20 mL) and the combined ethyl acetate layer was vehsglith MHz,DMS(Sd ) 5: ’11 26 ’(s 1H), 8.40 &dJ _ 535 Hy lH)(8 o8
water (2 x 5 mL). The organic layer was dried ovenyamous 3 " 8.0 Hz GlHj 3 '16 (dj - 5’5 Hz 1H), 7 §8 (d]'— 7 5 H'Z
NaSO, and concentrated under reduced pressure. The cruq%_’| o A e o L

), 7.86 (tJ = 7.5 Hz, 1H), 7.79 (4 = 8.0 Hz, 1H), 7.66 (d] =

product was purified over column chromatography fford 1- 7.5 Hz, 1H), 7.54-7.53 (m, 2H),7.29-7.25 (m, 14C NMR

phenyl$-carboline2a (210 mg, 86% vyield)? mp 242-244C; IR _
(neat) 3213, 3064, 2956, 2879, 1624, 1496, 146341236 oy (125 MHz, DMSOd) & 141.7, 1409, 137.4, 137.0, 1340,
132.4, 131.6, 129.0, 128.2, 127.8, 126.6, 126.3,.712120.6,

1. 1 . —_
; H NMR (500 MHz, DMSOdy) 0: 11.52 (s, 1H), 848 (dl = 175")" 773" 1751 GeMs (Eljwz 312: Anal. Caled. for

2.85H(Zd' }'1)'782'%32(0%;)7'756';%'7%;T)’(rﬁ'lg’H()d'ﬁgj? ;22'(:1H2H) molecular formula GH;;FN,: C, 69.23; H, 3.55; N, 8.97%.
) ! ; ! 13 \ ’ . ) ’ "Found: C, 69.19; H, 3.56; N, 8.93%.

7.28 (t,J = 7.9 Hz, 1H);"*C NMR (125 MHz, DMSOdy) 6
142.2, 141.1, 138.4, 138.3, 133.0, 129.1, 128.B.5,2128.4,  9H-pyrido[3,4-b]indole (2g)** White solid: mp 196-197C; IR
128.1, 121.5, 120.8, 119.5, 113.8, 112.4; GC-MS: (gRl)z = (neat) 3122, 3051, 2841, 1642, 1461, 1228, 1126]1,1818, 745
244; Anal. Calcd. for molecular formula;l1,N,: C, 83.58; H, cm®; *H NMR (500 MHz, DMSOd,) &: 11.63 (s, 1H), 8.89 (d}
4.95; N, 11.47%. Found: C, 83.61; H, 4.89; N, 11.50%. = 0.5 Hz, 1H), 8.31 (d] = 5.5 Hz, 1H), 8.2 (d] = 7.0 Hz, 1H),

1-(4-methoxyphenyl)-OH-pyrido[ 3.4-b]indole (2b)"". White solic: ~ 5:99 (dd = 0.5 HizJ, = 1.0 Hz, 1H)'1L'5§g O s
mp 158-159C; IR (neat) 3123, 3055, 2928, 2851, 1625, 15137:°%7-53 (M, 1H), 7.24-7.21 (m, 1H); ( Z,

1251, 1236, 1173, 751 cin'H NMR (500 MHz, DMSOd) 5: 113%540*261)98&_11410457' 113172% gug.'s\aﬂ,slss.?, 11588_'5A' 1T7g’|1§1'7'
11.46 (s, 1H), 8.43 (dJ = 5.0 Hz, 1H), 8.26 (d] = 7.5 Hz, 1H), 4, 119.4; 114.7, 112.1, GC-MS (Biyiz 168, Anal. Calcd.

8.07 (d, J = 5.5 Hz, 1H), 8.01 (dJ = 9.0 Hz, 2H), 7.66 (dJ = for molecular formula GHgN,: C, 78.55; H, 4.79; N, 16.66%.

8.5 Hz, 1H), 7.55 (tJ = 8.0 Hz, 1H), 7.27 (i) = 8.0 Hz, 1H), ound:C,78.63;H, 473/ N, 16.64%.

7.18 (d,J = 8.5 Hz, 2H), 3.89 (s, 3H)C NMR (125 MHz,  1-Methyl-9H-pyrido[3,4-b]indole (2h)**: White solid: mp 235-
DMSO-dg) &: 159.6, 142.1, 141.0, 138.2, 132.7, 130.9, 129.6236 °C; IR (neat) 3126, 3046, 2912, 2841, 1645, 142%2]12
129.0, 128.0, 121.5, 120.9, 119.4, 114.1, 113.2,455.3; GC- 1112, 1017, 827, 737 ¢m*H NMR (500 MHz, DMSO#d) &:
MS (El): m/iz 274; Anal. Calcd. for molecular formula 11.68 (s, 1H), 8.17-8.15 (m, 2H), 7.90 (o= 5.5 Hz, 1H), 7.60
CigH1N:O: C, 78.81; H, 5.14; N, 10.21%. Found: C, 78.79; H,(d,J = 8.5 Hz, 1H), 7.54-7.51 (m, 1H), 7.21Jt 10.0 Hz, 1H),
5.21; N, 10.26%. 2.75 (s, 3H);°C NMR (125 MHz, DMSOd,) 5: 141.9, 140.4,
1-(p-tolyl)-9H-pyrido[ 3.4-b] indole (20> White solid: mp 100- 137:0; 1344, 1280, 127.1, 120.8, 1195, 112.8,81GC-MS

0. (El): m/z 182; Anal. Calcd. for molecular formula,£,gN,: C,
ir?qi;?g Iﬁl\;r;ee?gogﬁ\jaz?|132|\§|;é?di?é;sziel?sz,?lal)%%;@g 79.10; H, 5.53; N, 15.37%. Found: C, 79.19; H, 5.561:25%.
=5.0 Hz, 1H), 8.26 (d] = 7.5 Hz, 1H), 8.10 (dJ = 5.0 Hz, 1H), Methyl 1-phenyl-9H-pyrido[3,4-b]indole-3-carboxylate (4a)""
7.95 (d,J = 8.0 Hz, 2H), 7.66 (d] = 8.5 Hz, 1H), 7.56 (1 = 8.0  White solid: mp 257-258C; IR (neat) 3317, 3002, 2951, 1720,
Hz, 1H), 7.43 (dJ) = 7.5 Hz, 2H),7.27 () = 8.0 Hz, 1H), 2.45 (s, 1351, 1290, 1253, 756, 740 ¢ntH NMR (500 MHz, DMSO#)
3H); C NMR (125 MHz, DMSOd) &: 142.3, 141.0, 138.3, §:11.96 (s, 1H), 8.94 (s, 1H), 8.44 (= 7.5 Hz, 1H), 8.04 (d]
137.9, 135.6, 132.9, 129.3, 129.0, 128.2, 128.0,5,2120.8, = 7.0 Hz, 2H), 7.72 (d,] = 8.5 Hz, 1H), 7.66-7.58 (m, 4H), 7.34
119.4, 113.6, 112.4, 20.9; GC-MS (E#)iz 258; Anal. Calcd. for  (t, J = 7.5 Hz, 1H), 3.95 (s, 3H)°C NMR (125 MHz, DMSOds)
molecular formula GHiN,: C, 83.69; H, 5.46; N, 10.84%. §: 166.1, 142.1, 141.5, 137.5, 136.7, 134.6, 12828,0, 128.8,
Found: C, 83.63; H, 5.43; N, 10.94%. 128.7, 128.6, 122.0, 121.1, 120.4, 116.6, 112.80G2GC-MS
1-(4-chlorophenyl)-OH-pyrido[ 3,4-b] indole (2d)** Light yellow  (EV: M2302; Anal. Calcd. for molecular formuladiN;0;: C,
solid: mp 197-198C; IR (neat) 3136, 3064, 2022, 2851, 1623, ' >-48: H: 4.67: N, 9.27%. Found: C, 75.50; H, 4.629181%.
1423, 1234, 1090, 1013, 819, 746 tmH NMR (500 MHz,  Methyl1-(4-methoxyphenyl)-9H-pyrido[ 3,4-b] indole-3-

DMSO-ds) 5: 11.56 (s, 1H), 8.48 (d) = 5.0 Hz, 1H), 8.28 (d]=  carboxylate (4b)'": White solid: mp 228-236C; IR (neat) 3267,
8.0 Hz, 1H), 8.15 (dJ = 5.5 Hz, 1H), 8.07 (d] = 9.0 Hz, 2H), 3012, 2952, 2838, 1716, 1624, 1610, 1514, 1302212852,
7.68-7.65 (m, 3H), 7.58 (6 = 8.0 Hz, 1H), 7.29 () = 8.0 Hz, 1175, 839, 749 cth 'H NMR (500 MHz, DMSOd,) &: 11.94 (s,
1H); ®C NMR (125 MHz, DMSOd;) &: 141.1, 140.8, 138.4, 1H), 8.94 (s, 1H), 8.47 (dJ = 7.5 Hz, 1H), 8.05 (d] = 9.0 Hz,
137.2, 133.2, 133.0, 130.1, 129.4, 128.7, 128.3,6,2120.8, 2H), 7.76 (d,J = 8.5 Hz, 1H), 7.66 (t] = 8.0 Hz, 1H), 7.39 (1
119.6, 114.2, 112.4; GC-MS (Elw'z 278; Anal. Calcd. for = 7.0 Hz, 1H), 7.26 (dJ = 8.5 Hz, 2H), 3.99 (s, 3H), 3.95 (s,
molecular formula GHy,CIN,: C, 73.25; H, 3.98; N, 10.05%. 3H); *C NMR (125 MHz, DMSOds) &: 166.1, 159.9, 142.0,
Found: C, 73.31; H, 4.08; N, 9.94%. 141.4, 136.6, 134.3, 130.0, 129.9, 129.0, 128.8,92121.2,
1-(3-fluorophenyl)-8i-pyrido[3,44]indole 9% White solid:  +20-3: 116.2, 114.2, 112.8, 55.4, 51.2; GC-MS (Bl 332,

. Anal. Calcd. for molecular formula ,gH,N,O5: C, 72.28; H,
mp 181-182°C; IR (neat) 3135, 3069, 1625, 1589, 1472, 1234: " <" %. Found: C. 72.23: H. 475 Wl 8.39%
1201, 796, 738 cih *H NMR (500 MHz, DMSOe) 5: 1159 (s, +82: N. 8.43%. Found: C, 72.23; H, 4.79; N, 8.39%.
1H), 8.49 (d,J = 5.5 Hz, 1H), 8.29 (d] = 8.0 Hz, 1H), 8.18 (d, Methyl 1-(4-dimethylamino)-9H-pyrido[ 3,4-b] indole-3-
J=6.0 Hz, 1H), 7.91 (d) = 7.5 Hz, 1H), 7.82 (d) = 10.0 Hz,  carboxylate (4c): White solid: mp 208-216C; IR (neat) 3647,
1H), 7.69-7.65 (m, 2H), 7.58 @,= 8.0 Hz, 1H), 7.37 () = 9.0 3275, 2944, 1709, 1612, 1561, 1354, 1257, 1103,crd8 *H
Hz, 1H), 7.29 (tJ = 8.0 Hz, 1H);"C NMR (125 MHz, DMSO-  NMR (500 MHz, DMSOdg) &: 11.82 (s, 1H), 8.82 (s, 1H), 8.40
dg) o: 141.2, 138.4, 133.0, 130.7, 130.6, 129.5, 128215, (d, J= 8.0 Hz, 1H), 7.94 (d) = 9.0 Hz, 2H), 7.72 (dJ = 8.0
121.6, 120.8, 119.6, 115.4, 115.2, 115.1, 114.9.411112.4; Hz, 1H), 7.60 (tJ = 8.0 Hz, 1H), 7.32 (1) = 7.5 Hz, 1H), 6.97
GC-MS (El): m/z 262; Anal. Calcd. for molecular formula (d, J = 9.0 Hz, 2H), 3.94 (s, 3H), 3.05 (s, 6HJc NMR (125

MHz, DMSO4d,) &: 166.2, 150.8, 142.7, 141.3, 136.6, 134.1,



129.4, 128.6, 128.3, 125.1, 121.8, 121.2, 120.5.411112.8,
112.1, 51.9, 40.0; GC-MS (El)m/z 345; Anal. Calcd. for
molecular formula gH;gN3O,: C, 73.03; H, 5.54; N, 12.17%.
Found: C, 72.95; H, 5.62; N, 12.21%.

Methyl

1-(4-nitrophenyl)-9H-pyrido[ 3,4-b] indole-3-carboxylate

(4d)*": Yellow solid: mp 264-266C; IR (neat) 3513, 3399, 3204,
2965, 1703, 1524, 1245, 1122, 744 cnH NMR (500 MHz,

DMSO-ds) §: 12.18 (s, 1H), 9.07 (s, 1H), 8.55-8.52 (m, 3H), 8.37

(d, 3=9.0 Hz, 2H), 7.76 (d] = 8.5 Hz, 1H), 7.70 (tJ = 8.0 Hz,
1H), 7.42 (tJ = 7.5 Hz, 1H), 4.01 (s, 3HJ’C NMR (125 MHz,

DMSO-g) &: 165.8, 147.5, 143.7, 141.6, 139.5, 136.9, 134.8,

129.9, 129.1, 123.9, 122.2, 121.0, 120.7, 117.8,7152.1; GC-
MS (El): m/z 347; ; Anal. Calcd. for molecular formula

CyiH13N5O4: C, 65.70; H, 3.77; N, 12.10%. Found: C, 65.75; H,

3.71; N, 12.06%.

6-Bromo-9H-pyrido[ 3,4-b]indole  or

Eudistomin N (5)'*

Creamish solid: mp 266-26%C; IR (neat) 3211, 3117, 3047,
2935, 2830, 2740, 2660, 1628, 1562, 1495, 1475214832,
1272, 1244, 798 cth 'H NMR (500 MHz, DMSOdg) &: 11.79
(s, 1H), 8.95 (s, 1H), 8.52 (d,= 1.5 Hz, 1H), 8.37 (dJ = 5.5
Hz, 1H), 8.17 (dJ = 5.5 Hz, 1H), 7.67 (ddl = 8.5, 2.0 Hz, 1H),
7.59 (d,J = 8.5 Hz, 1H);"*C NMR (125 MHz, DMSOds) :
139.2, 138.4, 136.3, 134.4, 130.5, 126.5, 124.4.512115.0,
114.0, 111.2; GC-MS (Elyvz 246; Anal. Calcd. for molecular

formula G;H;N,: C, 53.47; H, 2.86; N, 11.34%. Found: C, 53.53;

H, 2.83; N, 11.29%.

Acknowledgements

This work was supported by the Research Univel(styT)

Grant

Scheme (1001/CDADAH/855005) and Research
University (RUI) Grant Scheme (1001/CDADAH/811257),
Universiti Sains Malaysia, Malaysia. Ramu Meesafa i

gratefully acknowledged International Medical Unsity
(IMU), Malaysia for providing the lab space.

Supplementary Material

'H and **C spectra of all compounds have been provided in a

separate electronic file as a supplementary data.

References and Notes

1.

(&) Inman, W. D.; Brat, W. M.; Gassner, N. C.; Lgpk®. S;
Tenney, K.; Suh, T.; Crews, B. Nat. Prod. 201Q 73, 255-257;
(b) Till, M.; Prinsep, M. RJ. Nat. Prod. 2009 72, 796-798; (c)
Takahashi, Y.; Kubota, T.; Fromont, J.; KobayashiOrg. Lett.
2009 11, 21-24; (d) Wang, W.; Nam, S.-J.; Lee, B.-C.; KaHg
J. Nat. Prod. 2008 71, 163-166; (e) Kearns, P. S.; Rideout, J. A.
J. Nat. Prod. 2008 71, 1280-1282; (f) Teichert, A.; Schmidt, J.;
Porzel, A.; Arnold, N.; Wessjohann, U. Nat. Prod. 2007, 70,
1529-1531; (g) Costa, E. V.; Pinheiro, M. L. B.Nat. Prod.
2006 69, 292-294; (h) Becher, P. G.; Beuchat, J.; Gademénn
Juttner, F.J. Nat.Prod. 2005 68, 1793-1795; (i) linuma, Y.;
Kozawa, S.; Ishiyama, H.; Tsuda, M.; Fkushi, E.widhata, J.;
Fromont, J.; Kobayashi, J. Nat. Prod. 2005 68, 1109-1110; (j)
Youssef, D. T. AJ. Nat. Prod. 2005 68, 1416-1419.

(@) Liu, J.; Wu, G.; Cui, G.; Wang, W.-X.; Zhao, ;MVang, C.;
Zhang, Z.; Peng, Bioorg. Med. Chem. 2007, 15, 5672-5693; (b)
Wu, J.-P.; Wang, J.; Abeywardane, A.; Andersen,Hbnmanuel,
M.; Gautschi, E.; Goldberg, D. R.; Kashem, M. Aykhs, S.;
Wang, M.; Martin, L.; Morwick, T.; Moss, N.; Pardjs| C.; Patel,
U. R.; Patnaude, L.; Peet, G. W.; Skow, D.; SnowJ.RWard, Y.;
Werneburg, B.; White, ABioorg. Med. Chem. Lett. 2007, 17,
4664-4669; (c) Li, Y.; Liang, F.; Jiang, W.; Yu, Eao, R.; Ma,
Q.; Dai, X.; Jiang, J.; Wang, Y.; Si, Gancer Biol. Ther. 2007, 6,
1193-1199; (d) Deveau, A. M.; Costa, N. E.; Jodhi, M.;
Macdonald, T. LBioorg. Med. Chem. Lett. 2008 18, 3522—-3525;

10.

11.

12.

13.

14.

15.

5
(e) Cao, R,; Yi, W.; Wu, Q.; Guan, X.; Feng, M.; M&; Chen,
Z.; Song, H.; Peng, \Bioorg. Med. Chem. Lett. 2008 18, 6558—
6561.
(a) Prinsep, M. R,; Blunt, J. W.; Munro, M. H. &.Nat. Prod.
1991 54, 1068-1076; (b) Kamal, A.; Srinivasulu, V.; Nayak,
L.; Sathish, M.; Shankaraiah, N.; Bagul, C.; Redd, V.;
Rangaraj, N.; Nagesh, hemMedChem 2014 9, 2084-2098; (c)
Shankaraiah, N.; Siraj, K. P.; Nekkanti, S.; Srasulu, V.;
Sharma, P.; Senwar, K. R.; Sathish, M.; VishnuvandhM. V.;
Ramakrishna, S.; Jadala, C.; Nagesh, N.; Kamal,Bi&org.
Chem. 2015 59, 130-139; (d) Shankaraiah, N.; Nekkanti, S.;
Chudasama, K. J.; Senwar, K. R.; Sharma, P.; JeejaK.;
Naidu, V. G.; Srinivasulu, V.; Srinivasulu, G.; KamA. Bioorg.
Med. Chem. Lett. 2014 24, 5413-5417.
(a) Shilabin, A. G.; Kasanah, N.; Tekwani, B. Lardann, M. T.
J. Nat. Prod. 2008 71, 1218-1221; (b) Winkler, J. D.; Londregan,
A. T.; Hamann, M. T.Org. Lett. 2006 8, 2591-2594; (c)
Boursereau, Y.; Coldham, Bioorg. Med. Chem. Lett. 2004 14,
5841-5844.
(a) Tang, J. G.; Wang, Y. H.; Wang, R. R.; DongJZ.Yang, L.
M.; Zheng, Y. T.; Liu, J. KChem. Biodiversity 2008 5, 447-460;
(b) Yu, X.; Lin, W.; Li, J.; Yang, MBioorg. Med. Chem. Lett,
2004 14, 3127-3130.
(a) Shin, H. J.; Lee, H. S.; Lee, D. B.Microbiol. Biotechnal.
201Q 20, 501-505; (b) Volk, R. B.; Furkert, F. icrobiol. Res.
2006 161, 180-186.
(a) Hagen, T. J.; Skolnick, P.; Cook, J. M.;Med. Chem. 1987,
30, 750-753; (b) Hagen, T. J.; Guzman, F.; Schultz,Gdok, J.
M.; Skolnick, P.; Shannon, H. EHeterocycles 1986 10, 2845-
2855; (c) Muller, W. E.; Fehske, K. J.; Borbe, H; @/ollert, U.;
Nanz, C.; Rommelspacher, Rharmacol. Biochem. Behav. 1981,
14, 693-699; (d) Hollinshead, S. P.; Trudell, M. Bkolnick, P.;
Cook, J. MJ. Med. Chem. 199Q 33, 1062-1069.
(a) Grella, B.; Teitler, M.; Smith, C.; Herrick-Day K.; Glennon,
R. A. Bioorg. Med. Chem. Lett. 2003 13, 4421-4425; (b) Audia, J.
E.; Evrard, D. A.; Murdoch, G. R.; Droste, J. Jis$¢n, J. S,;
Schenck, K. W.; Fludzinski, P.; Lucaites, V. L.;Is&n, D. L,;
Cohen, M. L.J. Med. Chem. 1996 39, 2773-2780; (c) Grella, B.;
Dukat, M.; Young, R.; Teitler, M.; Herrick-Davis,.KGauthierr,
C. B.; Glennon, R. ADrug Alcohol Depend. 1998 50, 99-107;
(d) Glennon, R. A.; Dukat, M.; Grella, B.; Hong,S; Costantino,
L.; Teitler, M.; Smith, C.; Egan, C.; Davis, K.; Mson, M. V.
Drug Alcohol Depend. 2000 60, 121-132.
(a) Herraiz, T.; Gonzédlez, D.; Ancin-Azpilicueta, @ran, V. J.;
Guillén, H.Food Chem. Toxicol. 2010 48, 839-845;(b) Herraiz,
T.; Chaparro, CLife Sci. 2006 78, 795-802;(c) Herraiz, T.;
Chaparro, CBiochem. Biophysc. Res. Commun. 2005 326, 378-
386; (d) Kim, H.; Sablin, H. O.; Ramsay, R. R.ch Biochem
Biophys. 1997, 337, 137-142.
(a) Erniest, V. G.; Wang, X.; Kimpe, N. D.; Padwa, J. Org.
Chem., 201Q 75, 424-433; (b) Raheem, I. T.; Thiara, P. S,
Aeterson, P. E.; Jacobsen, E. N.Am. Chem. Soc. 2007, 129,
13404-13405; (c) Taylor, M. S.; Tokunaga, N.; Jazoh E. N.
Angew.Chem. Int. Ed. 2005 44, 6700-6704.
(a) Soerens, D.; Sandrin, J.; Ungemach, F.; MdRryWu, G. S.;
Yamanaka, E.; Hutchins, L.; DiPierro, M.; Cook,M. J. Org.
Chem. 1979 44, 535-545; (b) Hibino, S.; Miko, O.; Masataka, |.;
Kohichi, S.; Takashi, l.Heterocycles 1985 23, 261-264; (c)
Coutts, R. T.; Micetich, R. G.; Baker, G. B.; Berye A;;
Dewhurst, T.; Hall, T. W.; Locock, A. R.; Pyrozka].
Heterocycles 1984 22, 131-142.
(a) Cain, M.; Weber, R. W.; Guzman, F.; Cook, J; Barker, S.
A.; Rice, K. C.; Crawley, J. N.; Paul, S. M.; Skicky P.J. Med.
Chem. 1982 25, 1081-1091; (b) Still, I. J. W.; McNulty, J.
Heterocycles 1989 29, 2057-2059; (c) Wu, Q.; Cao, R.; Feng, M.;
Guan, X.; Ma, C.; Liu, J.; Song, H.; Peng, Br. J. Med. Chem,
2009 44, 533-540.
(a) Gatta, F.; Misiti, DJ. Heterocycl. Chem. 1987, 24, 1183-1187;
(b) Cain, M.; Campos, O.; Guzman, F.; Cook, J.JMAM.Chem.
Soc. 1983 105, 907-913; (c) Campos, O.; DiPierro, M.; Cain, M.;
Mantei, R.; Gawish, A.; Cook, J. NHeterocycles 198Q 14, 975-
984.
(a) Zzhang, G.; Cao, R.; Guo, L.; Ma, Q.; Fan, Whe@, X.; Li, J.;
Shao, G.; Qiu, L.; Ren, Zur. J. Med. Chem. 2013 65, 21-31;
(b) Song, Y.; Wang, J.; Teng, S. F.; Kesuma, DndeY.; Duan,
J.; Wang, J. H.; Qi, R. Z.; Sim, M. MBioorg. Med. Chem. Lett.
2002 12, 1129-1132.
(a)Yeun-Mun, C.; HamanN. C. Heterocycles 2007, 71, 245-252;
(b)Kobayashi, J.; Cheng, J.; Ohta, T.; Nozoe, Siz@ni, Y.;



16.

17.

18.

19.

20.

21.

22.

23.

24,

Tetrahedron
Sasaki, TJ. Org. Chem. 1990 55, 3666-3670; (c) Foye, W. O;
Wang, X.; Hongfu, WMed. Chem. Res. 1997, 7, 180-191.
(a) Lippke, K. P.; Schunack, W. G.; Wenning, W.; Iy W. E.
J. Med. Chem. 1983 26, 499-503; (b) Snyder, H. R.; Hansch, C.
H.; Katz, L.; Parmerter, S. M.; Spaeth, E.JCAm. Chem. Soc.
1948 70, 219-221.
Panarese, J. D.; Waters, SOpg. Lett. 2010 12, 4086-4089.
Meesala, R.; Mordi, M. N.; Mansor, S. ynlett 2014 25, 120-
122.
Kamal, A.; Sathish, M.; Prasanthi, A. V. G.; Chetda Tangella,
Y.; Srinivasulu, V.; Shankaraiah, N.; Alarifi, ARSC Adv. 2015
5, 90121-90126.
Kamal, A.; Tangella, Y.; Manasa, K. L.; Sathish,; @rinivasulu,
V.; Chetna, J.; Alarifi, A. Org. Biomol. Chem. 2015 13, 8652-
8662.
(a) Jereb, M.; Vrazic, D.; Zupan, Metrahedron 2011, 67, 1355-
1387; (b) Toga, H.; lida, SSynlett 2006 14, 2159-2175; (c)
French, A. N.; Wirth, TChem. Soc. Rev. 2004 33, 354-362.
(a) Zhang, X.; Wang, LGreen Chem. 2012 14, 2141-2145; (b)
Lamani, M.; Prabhu, K. RJ. Org. Chem. 2011 76, 7938-7944;
(c) Jiang, H.; Huang, H.; Cao, H.; Qi, Org. Lett. 201Q 12,
5561-5563; (d) Wan, C.; Gao, L.; Wang, Q.; ZhangWang, Z.
Org. Lett. 201Q 12, 3902-3905.
Cao, R.; Peng, W.; Chen, H.; Hou, X.; Guan, H.; €h@.; Ma,
Y.; Xu, A. Eur. J. Med. Chem. 2005 40, 249-257.
Saha, B.; Sharma, S.; Sawant, D.; KunduTé@ahedron Lett.
2007, 48, 1379-1383.



