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Abstract - The resulls oblained by changing the nalure ol cazialyst, solveni,
NaOH concentration, nature or ratio of reagents and reuction procedure are
discussed for the alkvlation of indole by benzyl halide under PTC conditions.
Besides N-benzylindole other isomcrs arc formed with the intermediate 3-
benzylindole being detected at  early reaction stage. Formation of beneyl
alcohol{and ether) and of tertiary amine occurs in parallel. The relalive rate
constant with the lcaving group chloride compared 1o bromide is 1/57, but
the owverall yield and selectivity in l-alkylindole is increzsed. Rate constants
and activation parameters arc reported. Butyl and heptyl halides show similar
behavior, The resulis are discussed in light of the general problem ol change
in  nucleophilic ambident reactivity of heterocycles  induced under phase
transler coaditions.

Phasc transfer catalysis is one of the most important recent methodelogical developments in
oreanic  synthesis.!-? Besides practical advantages and high versatilty PTC gives important
improvements in selecivity of organic rteactions. This is specially truc for uazaaromatic
heterocycles which behave as ambident molecules reacting at Lwo or even more posil‘:ons.lo
In  this casc PTC conditions are very favorable because the regioselectivity of the ambident
anion is better coniralled. However, several studies show that the direction of C wvs
heteroatom alkylation depends on several factors and, as coacluded by Dehmlow in a recent
review,l that : " a full quantitative understanding of the interactions of these [actors has nol

vel been reached In the course of preparation of N-alkylindoles nceded as  synthetic
intermediates we were faced 1o this problem; therefore we have studied the influence of
chemical and physical parameters on alkylavon of indole to better understand and hopefully
predict the improvement in regioselectivity given by PTC in the alkylation of ambidem

hetereeyclic nuclcephiles.

RESULTS AND DISCUSSION

The gencral method for preparation of N-alkylindoles has bcen the reaction of sodium  sall
generated from indole and sodium amide or sodium hydride.!-15 This procedure was
improved by the use of polar aprotic solvents {c.g. DMSO, HMPA, DMF, sulfolunc).16-20 More
recently phase transfer with scveral types of catalysts2)-28 has been applicd; in most cases

the yields were higher and the prescnce of side products teduced. We have therefore uscd

the standard conditions of liquid-liquid PTC similar to those described by Barco et al.’? :ina
biphasic solution centaining NaOH 50%, TBAHSOy4, benzenc and benzy! bromide, indole is

added and the mixture is stirred magnetically during 3 hours a1 33°C.
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Under these conditions the yield in l-benzylindole (1-BI} reaches a stecady valuc of 79%

The major side product was [,3-dibenzylindole (1,3-DBI = 21%+2%); thc other

occurred only as traces.
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In order 1o improve vyield and selectivity in [-BI, rcaction parameters have been modificd as

reported in Table I. The yield in 1-Bl ranges from 60 te 92% and. depending on conditions

not only 1,3-DBI but other products are formed in noticeable amounts; they

benzylindole, 3,3-dibenzylindolening, benzyl alcohol, dibenzyl cther and tributylamine.

general  scheme  including  reactons and  equilibria involving the indole ring

Scheme 2.
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Table 1

Dependance of regioselectivity on reaction parameters

@ + PhcHx 23 NaOH t © » Products
N solvent, time, catalyst

H
Products Yields
Zﬁ?erim_ parr;en‘reter indole”| 1.8/% | 3-81% | 13-DBf 3,3-DBi%Selectivity| PACH,OH| (PhCH, J3 0
1 b 0o 79 0 ¢ 21 0 3.7 oc 2
2 toluene " 0 74 0 28 0 2.8 0 2
3 33% NaOH 2 580 7 30 1 15 0 3
4 T8ABY 0 73 0 27 o 57 0 2
5 aliguat © 0 76 0 24 0 3.2 0 1
6 TEE;Af 0 79 0 21 0 3.7 0 1
7 TaHoP 0 75 0 25 0 3.0 c 2
8 —m—rph?]}-%ir =1 | 10 69 1" 10 0 3.2 4 1.5
9 t = 75°C 0 81 0 19 0 4.2 0 4
10 lstiring = 80 rpm| O 79 0 21 Y 3.7 0 2
11 CgHg =20 ml 0 82 0 18 o 45 0 35
12 aq. NaOH =10ml| © 79 0 21 0 3.7 0 3.5
13 PhCH, Cl 12 80 3 5 0 10.0 0 1
14 %r= 2 o 75 0 25 0 3.0 0 4
15 Pg?g%uﬁrse 0 54 0 34 o 18 0 0.5
16 PRCHCl 54| 0 a1 0 9 0 10.1 0 0.5
17 PRCH,Cl 750 1 0 gz 0 8 0 1.5 1 2.8

a % molar yicld referred to indole
1-Bl=1-benzylindole, 3-BI=3-benzylindole, 1,3-DBI=1,3-dibenzylindele, 3.3-DBI=3,3-dibenzylindolenine

b experimental condilions given in  experimental section, general procedure

¢ The value 0 indicates trace amounts < 0,5% throughoul the Table

d tetrabuiylammonium  bromide

¢ a technical grade of methyliricctylphosphonium chleride

[ iricthylbenzylammonium  chloride

g tributylhexadecylammonium  bromide

h  Toluene was tested in vicw of later development in organic synthesis because health regulation limits

the use of benzene as solvent.

Scheme 2 is restricied to the formation of the ambident anion, depicted as its sedium  salt, and
to its chemical transformation. Tt does not include the exchange between the cations Na and

quatetnary onium and tfic associated traasfer between phases which would make 1he picrare
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to complex. The results of Table 1 show that some parameters are important on the change of

sclectivity (defincd as the molar raio § = 1-BIf (1,3-DBI+3-Bl+3,3-DBIl); and that other

parumeters are nol important, even if they are known to produce large variations on
reaction  rate  constants.2?-35 The paramecters inducing little or no change in  sclectivity

2.7<8 = 4.5 ) are :

the nature of the quaternary onium catalyst (exps. 4-7); TBAHSOg4 (exp.l) and TEBA (cxp. 6)

siving the best result,

the temperature {cxps. 1 and 9; 16 and 17); however in this case more dibenzyl cther is

detected,

the  stirring rate (exp. 10} indicates that the reaction is on chemical and not physical

control,

the relative concentration of reagents PhCH2B3r/indele from  an cxcess (exp. 14) to an

cquimolarity  (exp. 8),

the volume and natre of solvent (eaps. 2 and 11); the two aromatic solvents being very

similar.
the volume of aqucous NaOH {exp. 12).

These results are in agrcement with a previous study of 2- and 4-hydroxypyridine alkylation
where  alterations in reaction  conditions  (catalyst, solvent, temperature) did not profoundly
affect  the reaction sclcclivity.36 On the other hand, paramcters giving changes in

seleclivily  arc
the concentration (not the volume) of aqueous NaOH  {exp. 3),

the  experimental procedure(exp. 15}, intreducing dropwise the benzyl bromide atfords a
poor  sciectivity and  as  expected reduces the dibenzyl cther because  the  instant

concentralion of bromide in the rcaction medivm, and its hydrolysis, is smaller.

The nature of leaving group {exp. 13); when benzyl chloride was used under conditions of
cxperiment 1 the increase in selectivity is important (S= 10) but 18% of indele was nol
reacted. When working  at longer reaction tme {(exp. 16) or bhigher temperature {exp. 17)
indale reacts completely and the same selectivity is observed (S=10.1, 11.5) . Most of thc
obscrvations made are in agreement with the theory of PTC, and with thc multiparameter
dependance  of ambident  anion sclectivity37-3Y summarized by Le Noble : "the freer the
wnion the greater the tendency for alkylaiion  al the most elecironegative center 4 A hard
lcaving  group (chlorine) increases the N/C alkylation ratio in agreement with  previous
obscrvations made with the O/C alkylation raiic of enolates.#1-48 A lcss concentraled NaQH
solution implies the transfer of a limited number of water moleoules in the organic phase,
with & consequent  specific solvation ol the anion,47-50  4ince water molecules complex
preferably (o the harder nitrogen then more C-alkylation is observed. However the apparent

random occurrence of 3-Bl, of dibenzyl cther and of tributylamine needed a closer
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examinaiion, A kinetic swdy was underiaken to verify the mechauistic scheme proposcd and
to oblain quantitative informations on the relation between reaction rates and sclectivity.

The evolution of products concentration is depicted in Figure 1, with benzyl bromide as

alkylating agent, and on Figure 2 with benzyl chloride.
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Figure 1: 9% of products lime dependance in the reactien

betwcen indole and beneyl bromide
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Figure 2: % of products time dependence in the reactien beiween indole und henzy!

chloride
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There are striking features:

both graphs are typical of the competitive parallel and consccutive process postulated, With
benzyl bremide reaction is complete within 6 minutes ( compared to a 18 h reaction time
reported  before). 22 3-BI occurs at early reaction times due to lower leaving group ability or
to smalier base concentration which reduce reaction rate; 3-Bl occurs also with equimolar
amounts ol reagents since pant of PhCH2Br is hydrolysed to benzyl alcohol and converied to

dibenzyl ether;3! consequently 3-Bl is not further benzylated.

Several attempted estimations of cach rale constant involved in the compelititive process
[utled because the kinetic cquations are complicated by the dependance of reagenis
concentratien on cxchange coefficienls between phases. However, a calculation was made on
the disappearence of indole under pseudounimolccular conditions obscrved in  previous
studies.29-35 A kinctic plot is depicted in Figure 3: the results are summarized in Tables I
and 11

t(min)
Figure 3: kinetic plot for the reaction : indole + PhCH>Br (cxp.i§)
Table 11

Pseudounimolecular rate constants for the reaction
indole + PhCH2X

exp PhCH2X solvent r°C k104 secla
18 PhCH2Br CeHg 33.0 98,
19 PhCH;CI Celg 33.0 1.7
20 PhCH»Cl toluenc 331.5 1.0

a The rate consiants are mean values of repeated cxperiments calculated with a least square
regression analysis using the data up to 90% reaction complexion.
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Table 111

Dependance  of pscudounimolecular rate constants on  catalyst concentration  and

temperature for indole + PhCH3Cl

cxp solvent 1°C indole/catalyst? k.10 % see!
21 toluene 33.5 20 1.02
22 toluene 33.5 17 1.23
23 toluene 33.5 14 1.31
24 toluene 39.5 20 1.59
25 toluenc 57.5 20 8.10

a4 molar ratio

The lecaving group ability of bromide compared to chloride is 57; it is in the range observed
recently by Landini gt al. ( 40-179) for nucleophilic substitutiens promoted by quaternary
onium  salts.?3 The less reactive chloride is more selective as in many cases according 1o the
controversial reactivity-selectivity  principle (R.S.P.). The lincar dependance of  the
pscudounimolecular raic conslant with calalyst concentration in table 1I1 has been observed
in PTC when no important change of catalyst panitioning between the 1wo phases oceurs
during the course of the reaction.

The activation parameters derived rom (exp. 23-25) are @ E = 17.6 Keal/mol (73.8 Kjoule/mol);
LogA= 19.71; AH*= 17.0 Kcal/mol (71.1 Kjoule/mol); AS* = -21.4 cu. They are in agrecment
with bimolecular substitution reactions. The value of AH¥= 17.0, larger than aAH*= 139

obscrved by Dubois_et al. for the PT ether synthesis, seems inconsistent with the increase in

dibenzyl cther al high temperaure ( Table 1), In fact the cxperiments of Table T were
conducted  changing only one parameter, and 4 higher temperature, with the same reaction
time, corresponds 10 a  sieady  yicld ol alkylindele but 1e an increased  hydrolysis  and
ctherification of (he excess benzyl halide, There is a right balance 10 [ind between ratio ol
reagents and temperature to achieve a complele alkylation and prevent a decomposition of
the excess halide. The only not repreducible value (which never cxceeded %) was the
tributylamine  cencentration. It changed for the samec reaction when gpe  analyses were
conducted at  different reaction uimes after the organic layer was withdrawn  [rom the
reaction medium. This proved to be an artefact which disappcarcd during the kinelic study
with appropriatc quenching : Tributylamine has been alkylated by excess benzyl halide
cven out of the presence of a basic solution whereas all the other compounds were swable. On
the other hand the origin of tributylamine is clearly the result of (he decomposion of the
quaternary ammonjum calalyst as observed earlier : it was shown that a tertiary amine is
displaced as a leaving group in substiution or Hofmann (ype eliminations under PTC
conditions, The results of Table IV show that butyl and heptyl bromide, of lower rcaclivity
than benzyl bromide, give scleclivities comparable to those observed with benzyl chloride.

Here again change in lemperature and catalyst ratio have little effect on selectivity.
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Table 1V

9o of alkylation producis for reaction

ndole + RX -—-—--—3 producls

cxp RX ratio indele/ catalyst teC 1-RI{ 1,3-DR]
262 [nC4HoBr 20 33.0 95 5
27 nCaHoBr 14 33.0 95 5
28 [nC4HgBr 20 64 93 7
29 [nCyH5Br 20 33.0 88 12
30 |nC7HjsBr 20 64.0 88 12

In summary the imprevement of sclectivity in PTC alkylation of indole is a complex
multiparameter  problem. Chcemical and physical parameters modify the regiosclectivity of
atkylation by changing the naturc of the ion pair formed with the quaternary ammonium
salt. but also produce side reactions. PTC has advantages and limitations. The advantages are
that the procedure is simple and ecenomical, and the results in regioselectivity superior 1o
those observed under cenventienal procedures or with  polar apretic  solvents. The
limitations come from partial hydrolysis of the alkylating agent and decompositien of the

catalyst; @ correct balance nceds to be found.

EXPERIMENTAL

Materials and method

Nuclear magnetic resonance spectra were obtained on a EM 360 Varian 60 MHe speciromeier,
with TMS ag an imemal standard, for 'H; and on a AM 250 Brucker 250 MHz spectrometer for
I3C. Gpe analyses were performed on a INTERSMAT IGC 16 chromatograph equiped” with a
ST 0.125 inch column packed with 10% SE 30 on chromosorb PAW 80/100. Coupled gpc-ms
spectra were obtained on a Ribermag R-1010 C apparatus. Mecliing points were determined  on
a Buchi apparatus and are uncorrected. Elemental analysis are n satisfaclory agreement
with calculated values. Rate constants and  acuvation parameters were  calculated on an
Apple il microcomputer.Indole, benzyl bromide, benzyl chloride, butyl bromide and heptyl
bremide are commercial products (purum  grade); they were distilled prier 1o uvse. Benzene,
toluecpe and quatcrnary ammonium calalysts were obtained commercially and uwscd without
purification.

N-alkylation of indole.

rocedure for

General

The following conditions are used except when one or several parameters are changed as

indicated in Tables: a solution of 10 ml of NaOH ( 50% by weight), 10 ml ol benzene, 15 mmol
ol alkylating agent, 10 mmol of indele, .5 mmol of TBAHSO4 is stirred magnetically during

3hoat 33.0 °C, 16 mi of water is added, the organic layer is collected, the agucous layer is
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extracted with 10 ml of benzene, The combined organic solutions are washed with a 10% HCI

solution,  water dricd over MgSO04. concentruted at reduced pressure and analyzed by gpe.

Kinetic__measurements

An aqueous solution  of 40 ml of NaOH (50% by weight), 40 ml of indole and 2-2.8 mmol of
catalyst is stirred at constant temperature { see Table II) during 13 min. Al zero time 60 mmol
of PRCH2X arc added. Samples are withdrawn periodically, quenched and analysed by gpe.
The first order rate constants and the parameters from  Arrhenius and Eyring equations

were cvalualed using a least-square regression analysis program.

N-Benzylindole

The general procedure afforded a liguid. Distillation ( bp 140-142°C, 5 mm) gave whitc
crystals { mp 44-45°C) wurning pink on centact with air and light. THNmr { CDCly) 8 6.70-7.80
(LOH. mY, 6.50 (1H, d, J= 3.0 He), 520 ¢ 2H, 3. 13CNmr ( CDCiz) 137.58, 136,43, 128.72, 128.13,
127.74, 127.56, 126,81, 121.7, 121.0, 119.55, 109.66,101.75, 50.04, Ms; m/z (%) 207( 50), 91( 100},
65123,

T

N-Butylindole

Distillation of the product obtained by the general procedure affords a colorless liquid
{(bp 144-145°C 14 mm). 'HNmr( CDCl3) § 6.80-7.80( SH, m), 6.45( 1H, d. J=4 Hz), 3.98( 2H, 1,
J=7.4 Hz), 1.95- 0.65¢ TH, m). 13CNms( CDClz) 136.05, 128.72, 127.54, 121.20. 120.85. 119.09,
10081, 4567, 32.12, 19.65, 13.52. Ms, m/z(%) 173(82), 131(73}, 130(100), 117(27), 103(31), 77(34),
63(19), 51(24), 39{(45).

N-Heptylindole

Distiltation of the product obtained by the general procedure affords a pale yellow liquid
(bp 140-142°C 3 mm). 1HNmr ( CDCl3) 8§ 6.80-7.70(5H, m), 6.45( 1H, d. F=4 Hz), 3.97( 2H, 1,
J=7.2 Hz), 2.10-0.60{13H. m). !'3CNmr{ COCly) 136.02, 128.67, 127.62, 12126, 120.91, 119.14,
100.87, 46.29, 31.72, 30.23,28.91, 26.94, 2238, 14.02. Ms, m/z (%) 215(11), 1300100}, 137(12),
103(6), 63¢4), 55(7), 41(16).
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