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Efficient and Simple Methods for the Introduction of the Sulfonyl, Acyl and Alkyl
Protecting Groups on the Nitrogen of Indole and its Derivatives
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Abstract: The benzenesulfonylation, acetylation, methylation and bgnz_vlatmn at the 1 position of indole and its
derivatives with bases such as NaOH, KOH and NEt; are presented. By using weaker bases than the traditional
ones (BuLi, NaNHz, etc.), the process is simpler, more general and leads to the products in 80-100% yields. The
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INTRODUCTION

The importance and the necessity of protecting the nitrogen of the indole ring is well established.'* Two
different kinds of protecting groups have been used on the nitrogen of indole: electron releasing groups and

more commonly, electron wnhdramno groups. Traditionally, most of the methodologies used to introduce these
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laborious and time consuming, requiri g special care to avoid hydrolysis. ncrcin,

methods to introduce prolecuve groups on he ni [rogen of the indole nucieus.
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RESULTS AND DISCUSSION

Among the most common withdrawing groups used to protect the nitrogen of indole are the sulfonyl and
acyl moieties, probably because the reagents to generate them are commercially available and cheap, and they
are relatively easy to remove. The sulfonyl group presents an additional advantage since it almost always forms
solid products easy to isolate and purify. Even though electron releasing groups are less used as protecting
groups, the benzy! group is a good and important alternative.

The methodologies most commonly applied for the introduction of these protecting groups on indolic
substrates are those involving very strong bases or phase-transference processes. However, both of these
methods have limitations:

e The use of strong bases (BuLi,

oroung bearino other acidic hvdrooens or are themselves suscentible to nucleonhilic attack

groups bearing other acidic hydrogens or are themselves susceptible to nucleophtlic attack
a Tha nhoaaa trancafaranca nraroce Adamanding Aan tha aridity ~f tha gnhotrata Aasg snt vl 12all o
& 1n¢€ pnase-transierence process, acpendaing on ine aciailty o1 € suostiate, aoces nol work weil 1of

sulfonylation and acylation, due to the reversibility of the reaction.
Thus, searching for a simpler method of general application for introducing groups on the indole nitrogen,

we have discovered that weaker bases such as KOH, NaOH and NEt; can be substituted for those strong bases
and offer several advantages for alkylations, acylations and sulfonylations.

Withdrawing Groups

Electron withdrawing groups are attached to nitrogen of indoles to realize several goals: a) to avoid
undesirable reactions at the nitrogen itself: b) to avoid the oligomerization that normally occurs under acidic
conditions;’ ¢) to avoid addition reactions at the 2,3 double bond of the indole system;*'° d) to make possible
the generation of the anion at the 2 position.'"'? Both, acyl and sulfonyl moicties are widely used as protecting
groups and we studied acetylation and benzenesulfonylation as representatives of those classes.

.

Benzenesulfonylation. The substrates were chosen so that the N-H indole hydrogens have different pK

Y]

s
values and varied steric requirements. In some cases, a second nitrogen with different basicity was present. The

indole itself. The results are shown o
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to the base used: KOH method; NE{; method and NaOH method
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of the indolic substrate, followed by the removal of the ethanol on a rotary evaporator and the addition of

acetone and benzenesulfonyl chloride. One of the advantages of this method is that the experimental procedure
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indole (pKa ~ 17), and for pyrrole, even though it has a pKa of 17.5. For indole itself, the result was poor,
fi

nvlindole 2a being isolated in 40% vield alnng with
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the 1,3 disulfonylated product 2b in 15% yield. The amidoketone (entry 5) is particularly interesting because it

contains a vinylogous amide'>' function as well as an amide. Compounds with two nitrogens such as
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observed and, for the tetrahydro-B-carboline system, a mixture of 2:1 disulfonylated/monosulfonylated (N, and
MNp) products was obtained. Attention is called to results when 3-acylindoles were used as substrates. These have
nd their functional groups are also susceptible
to nucleophilic attacks, side reactions that have hampered the introduction of protecting groups under hasher

conditions.

Another base employed was the tricthylamine. Even though previously applied for preparation of
amides,'® we did not find any report about its use for introduction of substituents on the nitrogen of indole.

truntonhan derivatives were nged age quhctratee thece n g 1enlated in eveellent vielde (Tahla 1)
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Eallnwnng tha ranantinn ho TT O chawad that tha anlfanvlatinn nn tha nitengan (A ) Aftha nensantio smambine ~F ko
UllUWllls Wi 1cavtiivil v 1 L0 SIIVUVEU LAl UV DULIVILIY 1AtlULL Ul UIC HIUUELLL LiVy ) UL UIC dlulliallv }JUI L1UIl 1 UIC
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molecule occurred only after the N, sulfonylation had gone to completion. This was expected, since the N,
nitrogen is much more basic {(pKb ~ 3) than the indole nitrogen. Thus, it is also possible to obtain the N,
monosuifonylated products in excellent yields by controiiing the reaction time and the amount of sulfonyi
chloride.

The third method tested was using NaOH and CH,Cl; as a solvent. Although the reagents used are the
same employed in the phase-transfer process,30 the methodology was completely different. In the NaOH
method an excess of NaOH pellets is added to a solution or suspension of the substrate in CH,Cl,, and the
mixture is stirred during 10 minutes. After adding the sulfonyl chloride, the mixture is stirred for another 10 to
40 minutes, depending on the nature of the substrate. This method presents several advantages and works very
well for all substrates tested. Even for compounds that have a low pKa (entries 3,4 and 5), no reversion of the
reaction occurs as under phase-transfer conditions, in which excess water is present in the reaction medium.

With the tctrahvdro—B-carbolincs. tryptamine and tryptophan derivatives, the disulfonylated products were

Tio ~rdar $o2 movvirare thn affiaianning A€ thaoca smntbh ~de thna laaramacssnme ol 0 2 121 1. ——
111 VUIUCL U O llme UG CHIBCITIICICD U1 UICOU 1HCHIOUS, Ul DCILLTIICSULL. yl oIl V1 .)'dLyll"uUle W,
e S S 1 L% IR S T T A - =
performed by using published procedures with BuLi’ or by a phase-transfer procedure similar to that reported

by I11i'° for the sulfonylation of indole, but using CH,Cl, as solvent instead of benzene. Using BulLi as the base,
3a, 4a and 5a were obtained in 70%, 75% and 50% yield, respectively. In the phase-transfer procedurc
(CH,Cly/NaOH 50%/CISO,Ph/cat), for compounds such as 3-acylindoles with lower pKas, the sulfonylated
products were initially detected by TLC, although hydrolysis occurred subsequently and only starting materials
could be isolated. However, for the tetrahydro--carbolines, tryptophan and tryptamine derivatives (entries 6, 7,
8., 9), the disulfonylated products were obtained in high yields. The only exception was tryptamine, from which
several compounds were formed as indicated by TLC.
By comparison of the data shown in Table 1 for sulfonylation, we can conclude that:
e The NaOH process is more general than the other methods, leadmg to products in very good yields.

a The KN matha 7o)
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o The NEt; method gives disulfonylated -carbolines as well as Ny-sulfonylated 3-acylindoles in good yields,
but the reaction times are longer and the purification of the products more laborious, compared to that of
the KOH and NaOH methods.

Acetylation. Even though the acetyl group has been widely used to protect the 1 position of indole, it does not

prevent addition reactions at the 2,3 double bond of the indole;17 however, its presence avoids the other side

reactions mentioned earlier.

The three procedures used for sulfonylation were then tested for the acetylation of indoles. The initial
attempts using the KOH methodology failed. This was not a particular surprise since the hydrolysis of acetyl
chloride is much faster than benzenesulfonyl chloride, and water is generated in the reaction medium.
However, a very simple modification in the experimental procedure led to the acetylated products in high
yields. The addition of anhydrous Na;SOj4 to the acetone solution, prepared as before, permitted the removal of

= Ir
water from the reaction medium, thus avoiding the hvdrolvsis of the acid chloride and makino N-acetvlation
5 sa g the hydrolysis of the acid chlonde and making N-acetylation
nossihle (T ble 2), The method waorked verv well for different kinde of cuhetratec incliudine thace with low
r vvvvvvv A -~y AAA AL WAANS wd ~ N wi g WALl ANIA WBLAAVAWALY ARNALANAD WA JWUIRARALWLY  1ERWI uullls ARAVON VY LLLL IV YY

pKa’s as 3-acylindoles as well as tetrahydro-B-carbolines where diacylated products were obtained in 95%
yield. For indole itself the product was isolated in 85% yield, which represents an improvement when

compared to the method described by’ Gribble?® in which the 1- -acylated product was obtained in 65% yield.
Table 2 - Acetylations

Entry Substrate Product Methods
R=COCH; NaOH NEf; KOH/Na,50,
- 10a, 50%
10 W I”\/;L—J; 102, R°=H, 90% |+10bR’=COCH;, 18% | 10a, 85%
N N
i N +10¢, *TRIMER, 6%
R
(o] 70 T )
ﬂ__“)'\a ﬂ_(‘ku 11a, 75% 11a, 85% 11a, 68%
i1 S S
H R
(o] (6]
— ~N— 12a, 98% 12a, 85% 12a, 98%
19 1 i !
1 V4 \/\1:1/ \/\:‘/
H R
13 wm A 138, R'=Ac, 90% |13b, R'=H, 83% 13a, 95%
l'{ \ I‘{‘ \
14 O\_ﬂ:}m [:mm 14a, R’=Ac, 91% * 14a, 95%
a .
h
[
I (Y\(f‘@
L. T
~ J"\ N
o . H

*This experiment was not carried out.
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In the phase-transfer procedure, TLC indicated the initial formation of the desired products in very
limited amounts for indole and 3-acylindoles. However, only starting materials couid be isolated, showing that
the reversion of the reaction as well as hydrolysis of acetyl chloride contributed to the poor results in this case.
The results obtained by 11i*" using phase-transfer catalyst/CH,Cl, for the acylation of indole itself reinforces
our hypothesis. On another hand, the NaOH method, in which the water is omitted, worked very well for all
substrates shown on Table 2. The N-acetylated indole, 1,3-diacetylated indole and N, N,-diacylated tetrahydro-
B-carbolines were obtained in 90-98% yields. The process takes approximately 30 minutes and the work up is
very simple. The triethylamine method was efficient only for indole systems that have low pKa values (entries
11 and 12, the 3-acylindoles). For indole itself, a mixture of N-acetylated, 1,3 diacetylated indole and a trimer

(10c) were obtained. For the p-carboline system, unlike the sulfonylation, acetylation occurred only at the N,

nitrngen Thne onr recnlte chowed that for acetvlatinn the manet oeneral mathnde were thace that amnlaved
.llllus‘ll ALIUD, VWl 1WIUIL) SV YYLAL LIl v “\J\/l] AQAUIVIL WV 111V O SUllVl“l ARWUMAIVMD  VYwiw L1IVOAS LlaL hlll},’lu]bu
N aMNYLT /LI _M and NLINIA. QN Lnr truntanhaon matha]l agtor and teg;mfamainag mneas ~AF tha anatolatia
IvaUluClipui) alld DNJE iNA2oVU4, Lul ll_yylupllml llcl]lyl Lalll ailia uyplmlllllc’ olcC Ul uic abc‘yl tiVIl
A i T At ixrian e tamiertiimma ~d aacrmen] e e thhad cimma ek b bt o]
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Tlantwnn Dalancing flunringe Mathol and Dol
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Tl mencanmans F am alantenm malancime men e tmctand ~f o cxritlh doocerio e st ant T o s oe aen e R P
1nc Pl SCIHGC U dil ClOCLOIL TCICAadHIE, g[Uup HdICAU U1 a WIUIUIdWIE plUlellVC gIUu >

on indole nucleus
is sometimes necessary. The withdrawing groups can block reactions such as Pictet-Spengier, Bischier-
Napieralski, DDQ oxidations, etc. Moreover several indole alkaloids have a methyl group as a substituent on
the nitrogen of the indole nucleus. The electron releasing groups chosen for examination were benzyl and
methyl. Through the treatment of indole with KOH, by the process described previously, and followed by the
addition of dimethyl sulfate’ or benzyl bromide, both N-methyl and N-benzylindole were obtained in 90% of
yield. Using the same method, 3-acetyl N-methylindole and 3-acetyl N-benzylindole were prepared in 93 to

95% yiclds. Heaney” described similar results but using only indole as substrate.

Table 3 - Benzylations and Methylations

Entry| Substrate Product Method
KOH NaOH Phase-Transference
15 \VI"NJ' LK |15, R-CH, 93% 15b, R=CH,Ph, 92% | 15a, 90%
; ) 15b, R=CH,Ph, 95% 15b, 90%
[o] Q
16 | A~— EAU/LH 163, R= CH,Ph, 93% + 163, 95%
' l I 3 b t
i 4
[s) (4]
17 | e~ AN | e S—N  [17a,R=CH;, 95% 17b, 98% 17a, 95%
I i
WA, A N 17b,R= CH,Ph, 95% 17b, 96%
} R
H

*This experiment was not carried out.

' The use of methyl iodide gave poorer yields
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Similar resuits were aiso reached by the employment of NaOH/CH,Cl/R-X. Here too, the phase-transfer
method”***® was used in order to compare the efficiency of the methods and proved that all three gave
essentially the same yields of alkylated products. The similarity of the results were expected since the
hydrolysis of the benzyl bromide or dimethylsulfate is much more difficult than the hydrolysis of acetyl or
benzenesulfonyl chloride, the presence or absence of water in the reaction medium not influencing the results
significantly.

CONCLUSION

New and simple methods for the introduction of protecting groups in indolic systems were developed.
The advantage of these procedures relative to known ones are:
e The bases employed (KOH, NaOH, NEt;) are milder compared to those traditionally used (BuLi, NaNH,,
NaH).
e No special purification of solvents and reagents is required.
e The experimental procedures are fast and the work up is not laborious.

[}
-

different substrates.

The choice of one or another m the substrate and protective group nature.

1 1 o~

The reactions using aryisulfonyl chiorides, and alkyl halides or dimethylsuifate, which do not hydrolyze easily,

PO |

worked well under the majority of the conditions tested. However, the easily hydrolyzed acyl halides can not be

used in aqueous medium.
EXPERIMENTAL

Melting points were taken on a Thomas-Hoover melting point apparatus and are uncorrected. The 'H
NMR spectra were recorded on a Bruker 200-MHz or a Varian 90-MHz spectrometer. Infrared spectra were
recorded on a Nicolet Dx FTIR DX spectrometer. All chemicals were purchased from Aldrich Chemical Co.

Representative Procedure for the N-Sulfonylation of Indole and Derivatives using the KOH
Method.

1-{i-(Phenyisuifonyi-1/-3-indoiyi)-i-ethanonej (4a). To a solution of 3-acetylindoie 4 (2.4 mmol, 0.38
g) in ethanol (20 mL) at room temperature, KOH pellets were added (3 mmol, 0.17 g), and the mixture was
stirred until total solubilization. The ethanol was completely removed in vacuum and acetone (20 mL) added

Ly
vy

Ch

2 | PR
11O WL
filtered and the solution concentrated in vacuum. Crystals precipitated out and were filtered and washed with
ethanol, yielding 0.68 g (95%) of 4a: mp 154-157°C (mp lit"' 155-157°C) ; IR (KBr) 1665 (C=0) cm™;'H

ASO-dg) 8 2.5 (s, 3H) , 7.0-8.8 (m, 10H).

VLI\.I MGF RS Lad 3y TELJ 4 e GG 11y

f‘\

N-Phenylsulfonyl pyrrole (1a). The same procedure described above but using 2.4 mmol of pyrrole 1
gave 0.42 g (90%) of 1a as an yellow oil’'; IR (film) 1449, 1379, 1177 (0=S=0); 'H NMR (CDCl;) § 7.6-8.3

{m. 9OH

\iiiy Filij.
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20:1 hexane- CH,Cl, gave 0.25 g (40%) of 2a, 0.14 g (15%) of 2b and 0.19 g (45%) of starting material.
2a: mp 75-78°C (mp m‘z 5-79°C); 'H NMR (CDCls) 8 6.53 (d, 1H, J = 4 Hz); 7.0-8.1 (m, 10H).2b: 'H

NMR R /(CTYIYT A0 2 (m

NMR 3 (CDCl;) 7.6-8.

1-(Phenylsulfonyl)-1H-3-indolecarbaldehyde (3a). The same procedure described above but using 2.4
mmol of indole-3-carbaldehyde 3 gave 0.65 g (95%) of 3a; mp 156-158°C (mp 1it*® 158-158.5°C); IR (KBr)
1675 (C=0) cm™'. '"H NMR (CDCl3) 8 7.3-7.7 ( m, 5H); 7.9-8.15 ( m, 3H); 8.2 (s, 1H); 8.3 (m, 1H); 10.2 (s,
1H).

N-[2-(1-Phenylsulfonyl)-1H-3-indolyl]-2-oxoethyl-propanamide (5a). The same procedure described
above but using 2.4 mmol of the indole-amide 5 gave 0.75 g (85%) of Sa; mp 210-211°C; IR (KBr)
1679(C=0), 1634 (C=0) cm™. '"H NMR (CDCls) & 1.2 (t, 3H, J = 7,5 Hz); 2.4 (q, 2H, J = 7,5 Hz); 4.75 (d, 2H,
J=4,5 Hz); 6.7 (s broad, 1H); 7.3-8.5 (m, 10H). Anal. Calcd. for C;gH;gsN.04S: C, 61.62; H, 4.86; N, 7.56; S,
8.64. Found: C, 61.90; H, 4.87; N, 7.51; S, 8.15.

(3-{2-[Benzyl(phenyl)sulfonamido]ethyl}-1H-indole) (6a). The same procedure described above but
using 2.4 mmol of N-benzyitryptamine 6 gave a dark soiution that was dried with Na,SOy, fiitered and
evaporated. Dry flash chromatography of the residue and clution with CHCl; gave 0.75 g (83%) of 6a as an
brownish oil; IR (KBr) 1375, 1123, 968 cm™. ' H NMR (CDCls) & 2.8 (m, 2H); 3.45 (m, 2H); 4.55 (s, 2H);
7.13-8.2 (m, 11H)

1-Ethyl-2,9-di(phenylsulfonyl)-1,2,3,4-tetrahydro-1H-p-carboline (7a). The same procedure described

above but using 2.4 mmol of ethylcarboline 7 gave a solution that was dried with Na;SO4 and evaporated. Dry

multiplets. Anal. Caled. for CgHyoN20,S: C, 6 5.8
8.51; S, 9.15. For 7b: mp 280-284°C; '"H NMR (DMSO-d)
2H); 4.7 (m, 1H); 6.9-7.8 (m, 7H); 9

E2 8 1137, V. 43

-1H-B-carboline (8a). The same procedure described above

S =

line 8 gave 0.30 g (35%) of 8a; mp 195-198°C; "H NMR (CDCl; ) & 2.9 (t broad,

LR <V B /0 25 411 A0 AW NAAT ) 0 <.

ATT ~ AT /Y O s A

Hz); 4.7 (s, 2H); 7.2-8.4 (m 14H). Anai. Caicd. for Cy3HaoN204Sy: C, 60.53; H, 4.38;

5
N,6.14; S, 14.05. Found: C, 59.02; H, 4.28; N, 5.92; S, 13.43.
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Methyl-2-phenylsulfonamido-3-[1-(phenylsulfonyl)-1 H-3-indolyljpropanoate (9a). The same

nennadnre dacorihad ahava hint ncing 2 4 mmanl af tryuntanhan mathul acther @ gaus 1 N o QAN AFf Qa = Q)
protvuuiv GESCrioca avove out Udiily &7 1UIIVEI UL Uy PLUPLIALL 1HIWHILY 1 WOl 7 BAaVLY 1.V g {(JV/0) UL ra. 111 T&
94°C; IR (KBr) 1736 (C=0), 1335, 1165, 1093 (0=S=0) cm™; '"H NMR (CDCl3) § 3.2 (d, 2H, J = 1.5 Hz); 3.4

1-Ethyl-2,9-di(phenylsulfonyl)-1,2,3,4-tetrahydro-1H-B-carboline (7a). A magnetically stirred solution of
ethylcarboline 7 (2.3 mmol, 0.46 g), triethylamine (3.1 mmol, 0.43 mL), benzenesulfonyl chloride (3.1 mmol,
0.31mL) and 20 mL of ethanol was refluxed under N, for 2.5 h until no starting material was detected by TL.C.
The ethanol was evaporated in vacuum and the resultant residue poured onto 50 mL of 5% HCI solution. The
aqueous emulsion was extracted with CH,Cl,. The organic extract was washed with brine, dried (K;CO3)
filtered and concentrated in vacuum. Crystals precipitated out and were filtered, washed with CH,Cl, yielding
1.0 g (90%) of 7a as an yellow solid.

1-Phenylsulfonyl indole (2a). The same procedure described above but using 23 mmol of indole 2 gave a

solution that was dried (Na,SQO4) and evaporated. Dry flash chromatography of the residue and elution with

'—l

1-Phenyisuifonyl-1H-3-indolecarbaidehyde (3a). The same procedure described above but using 2.3
mmol of indole-3-carbaldehyde 3 gave 0.65 g (90%) of 3a.
1-[1-(Phenylsulfonyl)-1H-3-indolyl)-1-cthanone] (4a). The same procedure described above but using

prpnn L PR Y. |
LOLY LHIUUIC <4

(’i

gave

(3-{2-|Benzyl(phenyl)sulfonamido]ethyl}-1H-indole) (6b). The same procedure described above but
using 2.4 mmol of N-benzyltryptamine 6 gave a solution that was dried with Na;SO, filtered and evaporated.
Dry flash chromatography of the residue and elution with CHCI; gave 0.65 g (70%) of 6b as an yellow oil; ' H

B2 Y ™ nr ™

NMR(CDCI3)62.9( , 2H); 3.6 (m, 2H); 4.7 (s, 2H); 7.2-8.7 (m, 10H).
2,9-Di(phenylsulfonyl)-1,2,3,4-tetrahydro-1H-B-carboline (8a). The same procedure described above
g2,

but usin 3 mmol nftrvntolme 8 gave 0.94 g (90%) of 8a.

S 89700 61

al o__18 ) UV LY __ 1% P B A N o . AT _ M el el
Kepresemauve Procedure for the /v=dulonyiauon o1 indaoi€ ana Uerivatives using Nauvm/cHLn;

Method.

1-Phenylsulfonyl indole (2a). A mixture of 1.17 g (10 mmol) of indole 2, 10 mL of CH,Cl; and 0.60 g
(172 mmoh af NaOH wag atirred for 15 min 02 ml then (15 mmal) of henzeneanlfaonvl chlaride wag added and
k | 5 llll‘l\]ll W INAAUZE 1 VVAQD JUILINVAE IVUL AW/ 11MNRL, e 110 MLINRL \IJ llull\ll} Vi U\rllb\dllvaullull) 1 VIOVIINVWY YYAO Adduw Al

the mixture was stirred for 25 min until no indole was detected by TLC. The solution was washed exhaustively
with water, dried with Na;SO4 and concentrated. Crystals precipitated out and were filtered, yielding 2.0 g
(88%) of 2a as a white solid.
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1-(Phenylsulfonyl)-1H-3-indolecarbaldehyde (3a). The same procedure described above but using 2.4

1-[1-(Phenylsulfonyl)-1 H-3-indolyl)-1-ethanone] (4a). The same procedure described above but using
2.4 mmol of 3-acetylindole 4 gave 0.75 g (96%) of 4a.
(3-{2-[Benzyl(phenyl)sulfonamidolethyl}-1H-indole) (6b

RN

N

using 2.4 mmol of N-benzyltryptamine 6 gave a solution that was dried with Na;SOy, filtered and evaporated
giving 0.70 g (76%) of 6b as an yellow oil.
2,9-Di(phenylsulfonyl)-1,2,3,4-tetrahydro-1H-B-carboline (8a). The same procedure described above
but using 2.3 mmol of tryptoline 8 gave 0.95 g (91%) of 8a.
Methyl-2-phenylsulfonamido-3-{1-(phenylsulfonyl)-1H-3-indolyl]propanoate  (9a). The same
procedure described above but using 2,4 mmol of tryptophan methyl esther 9 gave 1.1 g (93%) of 9a.

Representative Procedure for the N-Sulfonylation of Indole and Derivatives using Phase-Transfer

1-Phenylsulfonyl indole (2a). A mixture of 1.17 g (10 mmol) of indole 2, 65 mg of Aliquat 336X, 0.2 mL
(15 mmol) of benzenesulfonyl chloride in 10 ml. of CH,Cl; and 5 mL of 50% NaOH solution was stirred
or 15 min until no indole was detected by TLC. The organic solution was separated, washed
exhaustively with water, dried with Na,SO4 and evaporated giving 2.4 g (95%) of 2a as a white solid.

Methyl-2-phenylsulfonamido-3-[1-(phenylsulfonyl)-1H-3-indolyljpropanoate (9a). The same
procedure described above but using 10 mmol of tryptophan methyl esther 9 gave 4.5 g (90%) of 9a.

above but using 10 mmol of ethylcarboline 7 gave 4.5 g (95%) of 7a.
2,9-Diphenylsulfonyl-1,2,3,4-tetrahydro-1H-p-carboline (8a). The same procedure described above but

o ntoline 8 gave 4 3 ¢ (959%) of 8a
using 1V mmoi Iyploine & gave 4.3 g (J2o7s) Of &a.

Representative Procedure for the N-Acetylation of Indole and Derivatives using NaOH/CH,Cl,

Method.
1-Acetylindole (10a). A solution of 1.17 g (10 mmol) of indole, 1.0 mL (15 mmol) of acetyl chloride,

440 mg (11mmol) NaOH in 10 mL of CH,Cl, was stirred vigorously for 30 min until no indole was detected by
TLC. The organic solution was washed exhaustively with water, dried with Na,SO4 and evaporated giving 1.4 g
(90%) of 10a as an yellow oil'®. IR (film) 1707 (C=0) cm™; ' H NMR (CDCl; ) 8 2.65 ( s, 3H, CH; ) ; 6.65 (d,
1H, J = 3.0 Hz) 7.2-8.4 ( m, 5SH).

1-(1-Acetyl-1H-3-indolecarbaldehyde] (11a). The same procedure described above but using 10 mmol
%) of 11a; mp 162-163°C (mp Lit*? 162-163°C); IR (KBr) 1734 (C=0);

1675 (C=0) em™; "H NMR (CDCly) & 2.2 (s, 3H); 7.5-7.7 (m, 2H); 8.4 (s, 1H); 8.5-8.6 (m, 2H); 10,2 (s, 1H).
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cm™; 'HNMR (CDCls) 8 2.5 (s, 3H); 2.73 (s, 3H); 7.4-7.65 (m 2H); 8.3-8.6 (m, 2H); 8.85 (s, 1H).

1-(2-Acetyl-1-ethyl-1,2,3,4-tetrahydro-1H-B-carbolin-9-yl)-1-ethanone (13a). The same procedure
1715 (C=0), 1661 (C=0) cm™; ' H NMR (CDCl3) & 1.0 (t, 3H, J = 6,0 Hz); 2.25 (s, 3H); 2.35 (s, 3H); 2.8
2H) ; 3.5 (m, 2H) ; 4.00 (m, 2H) ; 5.75 (m, 1H) ; 7.0-7.6 (m, 4H). Anal. Calcd. for C;7HoN,0,: C, 71.80;
7.03; N, 9.86. Found: C, 71.94; H, 7.13; N, 9.91.

LV P} Q.

9 %
oo

l-(2-Acetyl-1,2,3,4-tetrahydro-1H-B-carbolin-9-yl)-l-ethanone (14a). The same procedure described
bove but using 10 mmol of tryptoline gave 14 1.5 g (91%) of 14a as an yellow oil; IR (film) 1447, 1374, 1170

(0=8=0) cm"; 'H NMR (CDCi3) 6 2.15 (s, 3H); 2.25 (s, 3H); 3.4 (m, 2H); 3.9 (1, 2H, J =4,5 Hz); 4.95 (s, 2H);
7.0-7.8 (m, 4H). Anal. Calcd. for C3H4N20,: C, 72.87; H, 6.58; N, 13.07. Found: C, 73.01; H, 6.55; N, 13.48.

Representative Procedure for the N-Acetylation of Indole and Derivatives using Triethylamine

1-[1-Acetyl-1H-3-indolyl)-1-ethanone] (12a). A magnetically stirred solution of 3-acetylindole 12 (2.3
mmol, 0.37 g), triethylamine (3.1 mmol, 0.43 mL), acetyl chloride (3.1 mmol, 0.25 mL) and 20 mL of CH,CL

was refluxed under N; for 1 h until no starting material was detected by TLC. The mixture was poured onto 50

Trme canncadad A ansioni e 1avor ras Stes
4ycCl Sepdrcicua lC UCOUS 1ayCr was €Xire

o .
organic extract was washed with brine, dried (K,CO;) filtered and concentrated in vacuum to give 0.4

of 12a as white crystals.

solution that was dried with Na;SQ,, filtered and evaporated. Dry flash chromatography of the residue and
elution with 20:1 hexane- CH,Cl, gave 0.18 g (50%) of 10a, 0.06 g (18%) of 10b and 0.05g (6%) of 10c.

AND A [ Vol

10c mp 209-211

C(mpl it 0 5
(s,3H);3.6(d,2H, J=7,5Hz); 4.8 (t, I1H,J = 7,5 Hz) ; 6.8-7.8 (m, 16 H);

-
3
2l
o)

]
)
)
t
}
el
)
E
;
)
)
i
'
)
)
1
i
'.
3
:
;
]
j

(C=0) em™; "H NMR (DMSO-dg) & 1.3 (t, 3H, J = 6,0 Hz); 2.1 (s, 3H); 2.8 (m, 2H); 3.55 (m, 2IT); 4.00 (m,
2H); 5.8 (m, 1H); 7.0-8.8 (m, SH). Anal. Caled. for CysH;gN,0: C, 74.35; H, 7.48; N, 11.56. Found: C, 74.74;

o 742N 11120
S, 1N, L1

16, 71.73, 14, I
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1-[1-Acetyl-1H-3-indolyl)-1-ethanone] (12a). To a solution of 3-acetylindole (2.4 mmol, 0.38 g) in
ethanol (20 mL) at room temperature, KOH pellets were added (3 mmol, 0.17 g), and the mixture was stirred
until total solubilization. The ethanol was completely removed in vacuum and 1 g of Na;SO; added followed by
acetone (20 mL) and acetyl chloride (3.0 mmol, 0.24 mL). The mixture was stirred for 10 minutes, the solid
was filtered and the solution concentrated in vacuum to give 0.41 g (98%) of 12a.

1-Acetylindole (10a). The same procedure described above but using 2.4 mmol of indole gave 0.32 g

(85%) of 10a as an yellow oil.

1-(1-Acetyl-1H-3-indolecarhaldehyde] (11a). The same procedure described above but using 2,4 mmol
of indolecarbaldehyde gave 0,40 g (95%) of 1

1-(2-Acetyl-1-ethyl-1,2,3,4-tctrahydr0-1H—B-carbolin-9-yl)-l-ethanone (13a). The same procedure
described above but using 2.4 mmol of ethylcarboline gave 0.67 g (95%) of 13a as an oil.

-« ¥Fr N

i-(2-Acetyi-1,2,3,4-tetrahydro-1H-p-carbolin-9-yi)-i-ethanone (i4a). The same procedure described
above but using 2.4 mmol of tryptoline gave 0.58 g (95%) of 14a as an oil.
Represeniative Procedure for the N-Alkylation of indoie and Derivatives using KOH Method.
1-[1-Benzyl-1H-3-indolyl)-1-ethanone] (17b). To a solution of 3-acetylindole (2.4 mmol, 0.38 g) in

ethanol (20 mL) at room temperature, KOH pellets were added (3 mmol, 0.17 g), and the mixture was stirred

until total solubilization. The ethanol was completely removed in vacuum and acetone (20 mL) added followed
by the benzyl bromide (2.4 mmol, 0,32 mL). A precipitate was formed instantly. The solid was filtered and the

solution concentrated in vacuum to give 0.56 g (95%) of 17b. mp 114-115°C; IR (KBr) 1635 (C=0) cm™; 'H
NMR (CDCl3) 6 2.53 (s, 3H); 5.35 (s, 2H); 7.0-8.7 (m, 10H). Anal. Calcd. for C;7H;sNO: C, 81.90; H, 6.10; N,

~

01 CC. 1T £ At £ AN
C,01.05;11,6.41; N, 5.42.

ANT

.'j

5.62. Found:
1-(1-Methyl-1H-3-indolyl)-1-ethanone (17a). The same procedure described above (16) but using 2.4
mmol of dimethyl sulfate as alkylating agent, gave 0.39 g (95%) of 17a. mp 106-107°C (mp 1it? 107°C); IR

(KR
\IaiJ1 )

X

[onry

640 (C=0) cm™; 'HNM
1-Benzyl-1H-3-indolecarbaldehyde (16a). The same procedure described above but using 2.4 mmol of
indole-3-carbaldehyde gave 0.32 g (93%) of 16a. mp 102-104°C (mp lit*® 102-104°C); IR (KBr) 1654 (C=0)
m™; ' H NMR (DMSO-dg) 8 5.6 (s, 211); 7.2-8.18 ( m, 9H); 8.55 (s, 1H); 10.1 (s, 1H).

1-Benzyl-1H- indole (15b). The same procedure described above but using 2.4 mmol of indole gave 0.47
g (95%) of 15b; mp 41-43°C (mp 1it*® 44°C); 'TH NMR (CDCl3); 5.25 (s, 2H); 6.5-7.8 (m, 11H).
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i1fntn ac allbvlating gave N2
Sunatc, as ai<yiati g gil , gavi v..o

=3,0 Hz); 6.7 (d, 1H, J =3 Hz); 7-7.5 (m, 4H).

Representative Procedure for the N-Alkylation of Indele and Derivatives using Phase-Transfer
Method.

1-Benzyl-1H- indole (15b). A mixture of 1.17 g (10 mmol) of indole, 65 mg of Aliquat 336%, 0.2 mL (15
mmol, 1.2 mL) of benzyl bromide in 10 mL of CH,Cl; and 5§ mL of 50% NaOH solution was stirred vigorously
for 15 min until no indole was detected by TLC. The organic solution was separated, washed exhaustively with
water, dried with Na;SO4 and evaporated giving 1.9 g (90%) of 15b.

i-Methyi-iH-indoie (15a). The same procedure described above (14) but using 10 mmol of dimethyl
sulfate, as alkylating agent, gave 1.7 g (90%) of 15a.

1-Benzyl-1H-3- mdolecarbaldehyde (16a). The same procedure described above but using 10 mmol of

1-[1-Benzyl-1H-3-indolyl)-1-ethanone] (17b). The same procedure described above but using 10 mmol
of 3-acetylindole gave 2.3 g (96%) of 17b.
1-(1-Methyl-1H-3-indolyl)-1-ethanone (17a). The same

L4
N DL it
L

Method.

bromide, 440 mg (11mmol) NaOH in 10 mL of CH,Cl, was stirred vigorously for 30 min until no indole was
detected by TLC. The organic solution was washed exhaustively with water, dried with Na,SO, and evaporated
giving 1.8 g (92%) of 15b.

1-[1-Benzyl-1H-3-indolyl)-1-ethanone] (17b). The same procedure described above but using 10 mmol
of 3-acetylindole gave 2.4 g (98%) of 17b.
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