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Abstract
Background and Objectives: Tris(indolyl)methanes (TIMs) are important heterocyclic scaffolds widely found in
biologically active molecules and functional organic materials. Indole-containing compounds are prevalent in
natural products, pharmaceuticals, and agrochemicals, and exhibit diverse biological activities, including
anticancer, antimicrobial, antiviral, and anti-inflammatory effects. In particular, TIM derivatives have attracted
considerable attention due to their pharmacological potential and their utility as key intermediates in organic

synthesis, as well as their applications in materials science such as organic electronics and molecular sensors.
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TIMs are typically synthesized via acid-catalyzed Friedel-Crafts reactions between indoles and electrophilic carbon
sources such as orthoesters. However, many reported methods rely on strong mineral acids, expensive metal
catalysts, elevated temperatures, or large amounts of organic solvents, which pose environmental concerns and
operational limitations. Although recent advances in green chemistry have promoted solvent-free and metal-free
approaches, the development of simple, efficient, and environmentally benign methods for TIM synthesis remains
a significant challenge. Therefore, this study aims to develop a straightforward and efficient method for the synthesis
of tris(indolyl)methanes via the reaction of indoles with trimethyl orthoacetate under solvent-free and metal-free
conditions, providing a practical and sustainable alternative with operational simplicity and improved environmental
compatibility.

Methodology: The synthesis of tris(indolyl)methane derivatives was achieved through a Friedel-Crafts-type
electrophilic substitution reaction between indoles and trimethyl orthoacetate. In this study, p-toluenesulfonic acid
(p-TSA) was employed as an inexpensive and readily available organic acid catalyst to promote the reaction. The
reactions were carried out under solvent-free conditions at room temperature in order to enhance the environmental
compatibility of the process and to simplify the experimental procedure. Typically, indole (1 mmol) and trimethyl
orthoacetate (1 mmol) were mixed in the presence of 30 mol% p-toluenesulfonic acid, and the reaction progress
was monitored over time. To evaluate the generality and applicability of the developed protocol, a variety of indole
substrates bearing different substituents on the aromatic ring were examined. The corresponding tris(indolyl)
methane products were isolated and characterized using spectroscopic techniques.

Main Results: The developed protocol successfully afforded the desired tris(indolyl)methane derivatives within
relatively short reaction times ranging from 30 minutes to 2 hours. The products were obtained in moderate to good
yields, typically ranging from 40% to 80%, depending on the electronic nature of the substituents on the indole ring.
Electron-donating and electron-withdrawing substituents were generally tolerated under the optimized conditions,
demonstrating the versatility of the reaction. Importantly, the transformation proceeded efficiently under mild
conditions without the need for metal catalysts, external solvents, or elevated temperatures. The solvent-free
reaction environment also contributed to a simpler reaction setup and reduced waste generation. These results
indicate that trimethyl orthoacetate serves as an effective electrophilic partner for the formation of tris(indolyl)
methane derivatives through a Friedel-Crafts-type process.

Conclusions : This study describes a convenient and environmentally friendly method for the synthesis of
tris(indolyl)methane derivatives through the reaction of indoles with trimethyl orthoacetate. The protocol employs

p-toluenesulfonic acid as an inexpensive catalyst and operates efficiently under metal-free and solvent-free
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conditions at room temperature. The method provides moderate to good yields and exhibits a reasonable substrate
scope with various substituted indoles. Compared with previously reported procedures, the present approach offers
several advantages, including operational simplicity, mild reaction conditions, reduced use of hazardous reagents,
and improved environmental compatibility. Therefore, this method represents a practical and sustainable alternative
for the preparation of tris(indolyl)methane derivatives and may be useful for future applications in medicinal
chemistry and organic synthesis.

Keywords: tris(indolyl)methane; trimethyl orthoacetate; p-toluenesulfonic acid;

Friedel-Crafts-type electrophilic substitution; solvent-free synthesis
*Corresponding author. E-mail : jaray@buu.ac.th
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3,3',3"-(ethane-1,1,1-triyl)tris(1H-indole) tri(1H-indol-3-yl)methylium

Figure 1 Chemical structures of naturally occurring tris(indolyl)methanes
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Figure 2 Chemical structures of biologically active tris(indol-3-yl)methane derivatives
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Lfaﬁm@z%mm/mmsnu); 'H NMR (400 MHz, DMSO-dG): 610.70 (d, = 1.9 Hz, 3H), 7.31 (d, J = 8.1 Hz, 3H), 7.25 (d,
J = 8.0Hz, 3H), 6.98-6.94 (m, 3H), 6.82 (d, J = 2.4 Hz, 3H), 6.76-6.72 (m, 3H), 2.33 (s, 3H); SC NMR (100 MHz,
DMSO-d,): 6 137.0, 126.2,123.1,122.6, 121.1, 120.2, 117.6, 111.4, 79.2, 28.2; IR-ATR: 3404, 3054, 2973, 1455,
1337 cm' (Khaksar et al., 2012)

3,3',3"-(ethane-1,1,1-triyl)tris(5-methoxy-1H-indole) (3b) ‘ﬂmmmwﬁmaﬁ’]m@d@u (60%); R, = 0.42 (g
Lﬂ’?ﬁiﬂuﬁ =20% L@ﬁ@faﬁmm/mmeﬁu); 'H NMR (400 MHz, DMSO-dB): 610.55 (d, J = 2.2 Hz, 3H), 7.22-7.19 (m, 3H),
6.84 (d, J = 2.4 Hz, 3H), 6.63-6.60 (m, 3H), 3.47 (s, 9H), 2.37 (s, 3H); ®C NMR (100 MHz, DMSO-dG): 6 152.4,
132.8,127.1,124.4,122.5,112.3, 110.2, 104.1, 55.5, 38.8, 28.3; IR-ATR: 3410, 3058, 2969, 1459, 1340, 1227 cm’”
: HRMS (ESI-TOF) m/z: [M]" calcd for C,oH,,N,0,, 465.2052; found, 465.2058.
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0.33 (LWammuw =10% L@ﬁ@@tsﬁmm/mﬂmu); H NMR (400 MHz, DMSO-dy): 6 7.24 (d, J = 8.8 Hz, 3H), 6.85 (s,
3H), 6.70-6.67 (m, 3H), 6.61 (d, J = 2.4 Hz, 3H), 3.67 (s, 9H), 3.47 (s, 9H), 2.26 (s, 9H); BC NMR (100 MHz, DMSO-
de): 56 152.6,133.3, 128.6, 127.3, 121.5, 110.6, 110.4, 55.5, 38.8, 32.9, 24.8; IR-ATR: 2925, 1619, 1488, 1251, 1033
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1559, 1258, 1354, 1240, 845 cm™"; HRMS (ESI-TOF) m/z: [M+H]" calcd for C, H..F.N., 430.1526; found, 430.1532.
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(0]
CH,
B)
MeO.__OMe p-TsOH (30 mol%) A
N H3C OMe

solvent-free rt,

3f: R'=5Br; R2=H
3g:R'=6-F;R?=H
3h: R'=6-Cl; R?=H
3i:R'=6-Br; R”2=H
3j: R' = 6-Br; R2 = Me

Me
1k 2a 4k
o
C)
@ MeO. _OMe  Pp-TsOH (30 mol%) A
"
N JOMG solvent-free rt, H
1a 2b 41

Figure 4 Synthesis of 3,3',3"-(ethane-1,1,1-triyl)tris(1H-indole) derivatives (3a—j) and 3-acylindoles (4k and 4l)

3,3'.3"-(ethane-1,1,1-triyl)tris(5-chloro-1H-indole) (3e) PRUNAVTINRTN AN aERL (71%); R = 0.43 (wWa
\AARUT = 20% Lefiae=diAn/Aantmw): 'H NMR (400 MHz, DMSO-d,): 8 11.01 (d, J = 2.1 Hz, 3H), 7.37 (d, J = 8.6
Hz, 3H), 7.13 (d, J = 2.0 Hz, 3H), 6.98 (dd, J = 8.6, 2.1 Hz, 3H), 6.94 (d, J = 2.5 Hz, 3H), 2.26 (s, 3H); °C NMR
(100 MHz, DMSO-d,): & 136.0, 127.5, 125.4, 122.9, 122.2, 120.9, 120.2, 113.7, 38.7, 28.6; IR-ATR: 3368, 3081,
2912, 1590, 1330, 746, 694 cm™'; HRMS (ESI-TOF) m/z: [M+H]" calcd for C,.H,,CI,N,, 478.0639; found, 478.0645.

3,3',3"-(ethane-1,1,1-triyl)tris(5-bromo-1H-indole) (3f) aasinanilnlalsiid (64%); R = 0.43 (WaLAAeud
= 20% afiaazdinm/anigu); 'H NMR (400 MHz, DMSO-d,): & 11.04 (brs, 3H), 7.34 (d, J = 8.6 Hz, 3H), 7.29 (s,
3H), 7.10 (dd, J = 8.6, 1.6 Hz, 3H), 6.93 (s, 3H), 2.26 (s, 3H); '°C NMR (100 MHz, DMSO-d,): § 170.8, 136.2, 128.2,
125.2,123.5,123.2, 122.1,114.2, 111.0, 38.6, 28.2; IR-ATR: 3407, 3004, 1707, 1419, 1359, 672 cm™"; HRMS (ESI-

TOF) m/z: [M+H]" caled for C,.H..Br.N., 609.9124; found, 609.9152.

26° 1873 "3’
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3,3',3"(ethane-1,1,1-triyl)tris(6-fluoro-1H-indole) (3g) 1eaadnilnlaliila (51%); R, = 0.50 (WaLnaewud =
20% wiiaarmma/ianiau); 'H NMR (400 MHz, DMSO-d,): § 10.80 (d, J = 2.0 Hz, 3H), 7.18-7.15 (m, 3H), 7.10-7.07
(m, 3H), 6.82 (d, J = 2.4 Hz, 3H), 6.64-6.60 (m, 3H), 2.28 (s, 3H); °C NMR (100 MHz, DMSO-d,): § 158.8(d, 'J., =
232.0 Hz), 137.3 (d, °J. .= 13.0 Hz), 124.1,122.9,122.2 (d, °J. .= 10 Hz), 106.7 (d, °J, .= 24.0 Hz), 97.7 (d, °J. . =
24.0 Hz), 38.8, 28.8 °F NMR (400 MHz, DMSO-d,): 8 -122.98 114 -123.06 (m, 3F); IR-ATR: 3346, 3046, 2900, 1565,
1251, 1347, 1212, 856 cm™' ; HRMS (ESI-TOF) m/z: [M+H]" calcd for C,sH,gF3N,, 430.1526; found, 430.1526.

3,3',3"-(ethane-1,1,1-triyl)tris(6-chioro-1H-indole) (3h) 184MaINTARINEDY (56%); R, = 0.66 (gpdawd
= 20% \a7iaazdian/anau); 'H NMR (400 MHz, DMSO-d,): 8 10.90 (d, J = 2.0 Hz, 3H), 7.37 (d, J = 2.0 Hz, 3H),
7.15(d, J = 8.8 Hz, 3H), 6.86 (t, J = 2.4 Hz, 3H), 6.77 (dd, J = 8.4, 2.0 Hz, 3H), 2.27 (s, 3H); "°C NMR (100 MHz,
DMSO-d,): § 137.9, 125.7, 124.9, 123.5, 122.8, 122.5, 118.6, 111.5, 38.7, 28.8; IR-ATR: 3396, 3002, 2880, 1554,
1250, 746, 798 cm™ ; HRMS (ESI-TOF) m/z: [M+H]" calcd for C, H,,CI,N., 478.0639; found, 478.0632.

3,3',3"-(ethane-1,1,1-triyl)tris(6-bromo-1H-indole) (3i) 1aaaninlaluiad (64%); R, = 0.50 (WALARRUT =
20% Lofiaardmea/animy); 'H NMR (400 MHz, DMSO-d,): § 10.90 (d, J = 2.0 Hz, 3H), 7.51 (d, J = 1.6 Hz, 3H), 7.10
(d, J = 8.8 Hz, 3H), 6.89-6.84 (m, 6H), 2.27 (s, 3H); "°C NMR (100 MHz, DMSO-d,): § 138.4, 126.3, 125.5, 124.6,
122.9,122.8, 121.2, 114.5, 113.8, 38.7, 28.8; IR-ATR: 3394, 3073, 2956, 1598, 1343, 558, 867 cm™' ; HRMS (ESI-
TOF) m/z: [M — 6-bromoindole + 2]" calcd for C18H1SBr2N2+, 416.9420; found, 416.9450.

3,3',3"-(ethane-1,1,1-triyl)tris(5-bromo-1-methyl-1H-indole) (3j) 1a91aIntinlaliiad (66%); R, = 0.33 (g
\aeudi = 10% wiiaesEaaianiow); 'H NMR (400 MHz, DMSO-d,): § 7.38 (d, J = 8.8 Hz, 3H), 7.27 (d, J = 1.6 Hz,
3H), 7.18 (dd, J = 8.4, 1.6 Hz, 3H), 6.92 (s, 3H), 3.72 (s, 9H), 2.26 (s, 3H); "°C NMR (100 MHz, DMSO-d,): § 170.8,
136.7, 131.2, 129.6, 128.7, 128.3, 123.7, 123.3, 121.3, 112.5, 111.4, 38.7, 33.0, 28.7; IR-ATR: 3045, 2867, 1576,
1330, 590, 876 cm’' ; HRMS (ESI-TOF) m/z: [M - 6-bromoindole + 2] calcd for C,H,,Br,N,", 444.9733; found,
444.9745.

1-(1-methyl-2-phenyl-1H-indol-3-yl)ethan-1-one (4k) 223ud9&212 (80%); R, =0.33 (LW@Lﬂa‘ﬂu‘ﬁ =20%
\afiaa@iae/anim); 'H NMR (400 MHz, DMSO-d,): §8.32-8.30 (m, 1H), 7.63-7.55 (m, 6H), 7.34-7.25 (m, 2H); "°C
NMR (100 MHz, DMSO-d,): § 193.5,147.1, 136.8, 132.1, 130.8, 130.1, 129.3, 126.6, 123.5, 122.8, 122.2, 115.2,
111.0, 31.3, 30.3; IR-ATR: 3008, 2850, 1669, 1598, 1348, 845 cm™' (Charoensawas et al., 2025)

1-(1H-indol-3-yl)butan-1-one (41) a9 dada9 (76%); R = 0.66 (LW@Lﬂ?ﬂIﬂu'ﬁ =20% L@ﬁ@m%mm/mmﬁﬁu);
"H NMR (400 MHz, DMSO-d,): § 11.8 (s,1H), 8.37 (s, 1H), 8.20-8.17 (m, 1H), 7.46-7.44 (m, 1H), 7.21-7.14 (m, 2H),
2.81(t,J = 7.2 Hz, 2H), 1.71-1.61 (m, 2H), 0.94 (t, J = 14.8 Hz, 3H); °C NMR (100 MHz, DMSO-d,): 8 195.9,
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136.4,131.4,125.5,123.7,122.7, 122.6, 118.2, 111.5, 41.9, 18.7, 14.1; IR-ATR: 3356, 3008, 2855, 1690, 1597,
1347,896 cm’'

Results

nsdaiAziayTuses 3,3 3"(ethane-1,1,1-triyl)tris(1H-indole) (3uannsnEMan iz au s
Ugnsen ‘Emﬂ%@u‘im@Lﬂumirﬁ?\iﬁuu@w‘hﬂﬁﬁ?‘mﬁuimmﬁmrﬂﬂw@x%me@ximmﬁ@mﬁmﬁmm niauma
dsziiunaresiauariunnmogeljisen sudnaressiarinazats Atuanslu Table 1 nan1amaaasnudn n1eld
neannen-tngaudalniin (p-TsOH) TuuFun 30 mol% mﬂ'lﬁmmfazﬂﬂmwnﬁfaﬁﬁmmﬂﬁ'qmuqﬁﬁm 0]
UsrAnsningeqn Inaainnsnliudninueilunanangs (80%) neluaaniies 30 wv (entry 7) Fauanalifiugn

anzAINaImNNzaNsansiinljisen Friedel-Crafts nneliianiaziluguuss

—

Table 1 Optimization of reaction conditions for the synthesis of 3,3",3"-

ethane-1,1,1-triyl)tris(1H-indole)

@\/\> . ROSOR Condition
N H,¢ OR
1a 2aR =CH,
(1 mmol) 2¢ R = CH,CH;
(1 mmol)
entry 1a CH,C(OR),2 Catalyst Solvent Temp Time 3a 4a
(mmol) (mmol) (mmol) (mL) (°C) (min) (%) (%)
1 1 TMOACc 2a (1) Bi(OTf),(0.01) Solvent-free rt 1440 56 -
2 1 TMOACc 2a (1) Bi(OTf), (0.05) Solvent-free rt 120 54 -
3 1 TEOAC 2¢ (1) Bi(OTf), (0.05) Solvent-free rt 120 20 -
4 1 TMOAC 2a (1) p-TsOH (0.05) Solvent-free rt 180 52 -
5 1 TMOAC 2a (1) p-TsOH (0.1) Solvent-free rt 110 57 -
6° 1 TMOACc 2a (1) p-TsOH (0.2) Solvent-free rt 60 77 -
7° 1 TMOACc 2a (1) p-TsOH (0.3) Solvent-free rt 30 80 -
8° 1 TMOACc 2a (1) p-TsOH (0.3) CH,CN (1) rt 150 62 -
9° 1 TMOACc 2a (1) p-TsOH (0.3) Solvent-free 60 10 75 -
10° 3 TMOAC 2a (1) p-TsOH (0.3) Solvent-free rt 240 75 -

®|solated yield (%) after recrystallization
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P v a ¥ =K o Yo S v oa Ao ' a =< =
LN@iﬁ@ﬂ"]']zWLﬁN’];‘i@ﬁJLL@'] muﬂﬂﬂa‘:qnm%num?m u@uim@wummuwmnumm TANDNANTIHNATR

nsasuriinresesfinieamesluguzBidningia Awanslu Figure 5 wudnanssasuniviovy lBLanaseuuazmy

peBLdnasauaNnsaialisen 1in Wnandnefluszaulunanstiege uansliviufenannanunsnlunisdszene 14
and s X
2RITENNRUITY

' v

(0}
R
MeO___OMe p-TsOH (30 mol%)

R! A\ + XOM + R1 A\
N R ¢ solvent-free rt N

H ’ H

_ 2aR=CH,
1a-j (1 mmol) 2b R = CH,CH,CH; 4k
(1 mmol)

39, 51%, 30 nim 3h, 56% 30 min
[0) (o)
N—ph N
N N
\ H
3i, 54%, 30 min 3j, 66%, 45 min 4k, 80%, 30 min 41, 76%, 30 min

Figure 5 Synthesis of 3,3',3"-(ethane-1,1,1-triyl)tris(1H-indole) derivatives (3a—j) and 3-acylindoles (4k and 4l)

ARTNUANENTBINARARAIN1IDaB LN IF A nHaTassiTadun1eB LA nnse induaz alnainuasna)unui
Tne@ulnad lddngunuiuiinaiuwms C2 anisafindisentidne wevannldinainznyideanesn dauald

a1l Asewuusetiesauldnanel tris(indolyl)methane (3a—j) aeinadtlsz@nsnaw luntenseindiu 1ile

14 N-methyl-2-phenylindole (1k) Feilug phenyl Adumis C2 wudnlinaasineiidu 3-acylindole (4k) U vi9ianA
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o

\HeaINIAINNAINENZ AN aTNa8Iy phenyl Ndaza9nIsdvindfisanvesdulaatianadaly inlildannsofia

nsununsaLiiasawtlu tris-substituted product 3k 16

5o aaa = o o

PN a @ = ! a ! o  a < ¥ = a
UANAIINU mumm@L@nTmVLW@m:Nm@mmimﬂgmﬂ’mm\muﬂm 31! satiuldannnisilasulasiuiia

= 1 a 1

paflnezdinm (2a) Lulnsuiaeasindanniem (2b) Telugueananfauialunjau deualdlduandnefidu

al

v v '
o A

3-(1-butanoyl)indole (41) WNUN15LAA tris(indolyl)methane (31) YNUA1ALUBIANNHANTNZLVINALABINLRINL LDAAA
4 X4 - oo mem S n
MinAU TeanANaNnsredulnalunisdind ) iseiuRn

Wesiuayudedunnisngis ldinnmeassniuaningld 3-acetylindole 4a uaz indole 3a yiLliseniu
aulnanialdaniaziunnzan (Table 1, entry 7) wudndfiseinaulddinnuazdesldioaiuiuie 24 dalug

. L A o oA A Al o o ! & a aaa
(Figure 6) TqEiutudnatinvesdianinsiaiunumdrAysensndeslouazlsz@nininaesdljisen
v @ 1 aa dl o é’ A v a t:lld v tﬂl 1 ' :’/ o a
nan1snaekansliiuddsnsiimwnauliiedinananianeldan1aeilaisuuseviniu wsdadaou

Haveusaatinuesansfiasiu uazuansiiiunsunumdrAyaesisdadanisdidnnsetinduarameinlunisaauny

Wuneresdizen
o) o)
p-TsOH (30 mol%)
N N solvent-free rt, 24 h N N
H H H
4a (0.5 mmol) 1a (0.5 mmol) 4a, 52% 1a, 8%
Figure 6 Control experiments
Discussion

o

ANNANIIANHIAN1IETMNNZAN (Table 1) WudBauavTHIuaRedasURATaNHUN LA Aty siadnam

'
a

wazdsz@nininaesdfizen Tunsiiaasdasinin) lnsgealsiinuialviug [Bi(OTH,] (entries 1-2) widanisiiin
YFnuiaiseasdqeiadnsninfinlisen uinandantvegluszaudiunane uandlvidindinisnszfusaansnaoga
= 1 = A 1% a s a dld ' ¥ o aaa a

Wenat1uRzaana lieanalunisadegidninsilaniaonulagesenisdvindfisenvesdulng

Waarsuinalnresdjizen aadinisidasuaineefineamesllidudonaisaiineaniaafiudles

12
o S

(oxocarbenium ion) Nelian1aznsauduneuddny Tesiananatiazgnidvindisenlneg@ulnansiumis C-3 tu

v [
o

U738 Friedel-Crafts-type electrophilic substitution Aswil Ysz@nsn naessaiieljisenasauegiuasnaInng

U

Tun1sadranazinisananesananalAuLae s
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nsldnsanisn-Tngaudalniin (p-TsOH) daiiunsausauaina (Table 1, entries 4-7) danalitlsz@nsnin

aaa = S S 4 o = ;oA = e =
mﬂmgmmmmu@mwmw IneaniziainlFunnili 30 mol% dvaunsndadiunisiinaanlaanfiuiilay

1
o o =

lesauldasinedilsz@ninmanniu dealinmnisAal e uaznanamitui uatneiidodnAoydleiouiunse
anganelian1zineaii

Tugaugesdidning g nudniswasuannlasuineesnesdinmiulnsefianesinesdinm (Table 1,
entry 3) ¥ lsuanAnanasatnetaay Gsauenesuneldainuatesaeufiarnnsdsaineinaessianeniiisiaung
Tugindn dewaliniaifaeenteafinifonlessuuazninidyind §isavesdulaadisiumis c-3 Anldeantu

& \ Aaa | o = o A a o = 4 o
UNAINU M?;IJLLV]%VW]N%H']ﬁiﬁﬂéﬂ\?ﬂq@@mﬂqqml@ﬂﬂ?m@qm’]ﬂﬂrmﬁﬁ"ﬂLWNW@Q\?quﬂﬂﬁl']rmaﬂ’ﬂ\ﬂluﬁ]ﬂuﬂmiﬂ

a v

HATB9ARYINAzANY (Table 1, entry 8) uandliviudinsmnedls lulnsdvinliUgsaindasuasnangdn

v
= o o O

anas feenaliasmnanmadeanssessuniaznisanaud lunssuiugestuana Snvesarinazangenaiiunum
lunsvinbifananslessiindiatiasnimanniu denalinnulalunisifinlfisenanas nadena nnativayuinanioy
UmAandhazanasnzauisludulssdvsnmuazeaaudiiu

LLﬁfiwmiLﬁmqmmﬁ (Table 1, entry 9) azdaeLsagmINNITIN AL TN LLm'miﬁﬁLﬁuﬂﬁﬁ?mﬁfqmmﬁﬁm
fansianuliauludnsdssudandsnuuazanuazaanlunisdiisinig pusfinmafiuifunndulag (Table 1,
entry 10) uifliinanangs uidsnaliszuufiauiinifintuuazanaanlszangnimnluntsdnemung denalifisen
IR N

\HaNasuEaTegununuusdulng nudiiadadenisgidnnsetinduazamesniunuimdrAtysiananis

a dld I va @ o 'QI 1 a @ dl o 1 v a aas Y@ dg/ dl
IZR0AN ‘ﬂuTﬂZW]NMHSLWE]Lﬂﬂ[ﬂﬁ"ﬁ]uiﬂﬂLWNF’]QWN‘M‘HWLLuu'ﬂL@ﬂﬁl?‘ﬂuV]M’]Lmu\‘i C-3 mm”mmmﬂ{]mmimmw WUSNUY

a

pedianasauanaanAdN e lunadvind§Asen etnglsinn ssuudisentidsanunsanusensunuildnainnans

=2 A 1 Qdd‘ o
LAPNDNAITNE AV UUBITENWENUN

a

TunNAUNY Hag93A NN ATNNTIaIeTNHENENast e uEn Tnalanizidedugunuiauialug)

Aeuude C-2 Wulunsilaas N-methyl-2-phenylindole @4l @nunsa I nanA T tris(indolyl)methane 3k 1a weilef

a o o

HARSA AT 3-acylindole 4k unw wanliiiudANARIeAINAdenasaduaeunT R INU AR 1esBulna Ly
asudaly
HANIMAAEIAILIAN (Figure 6) atiauunalniaue Tnauansliiiiindi 3-acetylindole 4a a1unsnyinyfjisen

o

Audulnasiellive lilAuans e tris(indolyl)methane 3a @vLis@dniisenanainnufananeaiia 3-acylindole 193a

oxocarbenium ion ABUNALLAANITUNUNFADLTIDS

X = a a < = a Ao \ O A o e
UBANITNU Iuﬂ?mﬂﬂﬂvlm?LNV]@@ﬂﬁﬂquqLﬁ‘m (2b) sﬁQNWHLLﬂ@ﬂﬂV}Nmu'}ﬂiﬂmﬂq'} WU'J’]IVLWH\?N@F’]JWN“W

3-acylindole (4)) InelianunsnifintfAsenseitiacliidu trisindoly)methane 31 1% Gvaenndaaiunazainax

= a a da X o a  |asa > o
ﬂﬂ"II’J'NLT\‘I@Lmﬂi‘ﬂ‘l/]LWN”II“L&LL@?II@"II']'Nﬂ']?Lﬂﬁﬂ{]ﬂﬁ‘ﬁlqluﬁlum@uﬂﬂiﬂ
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v
o

ANEANIIANETIIMNA a1nsaanednlisentianiinlliouniaineenleafivfianleeswdudanana

o

adry agnlandlas@ulaandiumis C-3 wuuaAudi awln lugnisaian@nsinet tris(indolyl)methane 3 Wisaue a7

o &«

NARATWI 3-acylindole 4 mu@q’ﬁummmﬂﬁﬁm@Lﬁﬂm@ﬁﬂ@’ummm@n (Figure 7)
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Figure 7 Proposed mechanistic pathway for the formation of tris(indolyl)methane (3a) and 3-acylindole (4a)

Conclusions
=2 & ° & o aa « . . . 4
nsAneisrauanudnialunswWmundanisdansizy 3,3',3"(ethane-1,1,1-triyltris(1H-indole) A1/l
anmaziaAanniavziazlsAaindarinazans InenudiaiauaslunuaessageljisandnaetneliedAtysie
dszAnBninaesdfizen WeaFeunausendnadain(i) lnsgealslmudalviunuaznsanis-ngaudaindin
wudnaania-ngdudalnfinlinannda Inaanisnaandudu 30 moi% nialdaniazdamanndarinazanad

grunniives 29 l¥uanangania 80% naelu 30 w1 wddnisiinguugiazdauaniaailizenld wianias
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%

gounivesiipnmmszannd ludandsuuarnisdjumnig nsdszynsildanizAnaiaiueniug 3a-3j uans

idiudndfiseainisonusengunuivainuaiauuasgulag atelsfinin vgununaualugfumis C-2 189
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