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Introduction

Tl micchanisa o as-coupling reictions of indole and
S 1-y 2-0 und 3-methy! derivatives lood has been studied
by seversl investigators (Scherme 1) (1-5), However, little
is known sbout the substituent effects on the reaction rate.
So far only Challis and Rzepa (3) have reported the rates of
420 coupling of I¢ with a Serics of five para-substituted
benzenediszoniom ions in #jucous dioxane. Here, we wish
to sepont the resulis of our kinetic investigation of the azo-
coupling reactions of la-d cach with a series of eight
p-substituted benzenediszonium teirafiuorodorates 2u-r i
dry scetonirile at 25°C (Chan ). The goul of this study is
the determination of the Hammett reaction constants (p) for
the four reaction series in question under similar conditions
and the correlation of the values of these constants with the
acidity constants, p&a, of Fu—dd (6-9). The koowledge of
such data is necessary to suppon or ¢ invalidate the re.
cently reporied mechanism for the cesction of 1d with poni-
trobenzenediazonium ion 24 in acetonitnfe (Scheme 1) (4),
and to cast light on the fate-limiting step in the resctions
studied,

Results and discussion

Coupling of indole and iy 1- st 2-methyl derivatives 1g-
¢ each with the diszonivm sales 2 in dey acetonnrite ut 25
yielded the coresponding Sarylazoindole denvatives 3-5,
respectively (Scheme 1), 3:Methyl indole 1d couples with 2
under similar conditions 1o give 2-arylazo-3-methylindales
6 (Scheme 1), The structures of the new prostucts 3-6 (cich
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'Authar 10 whon Corcipondence may be addressed

Chacun de ces compass; ce
i

ba relation & (obs) o ks [sel de duazonivm) peut yappliguer
s des constanies de vitesse &y de chague séne
P. en fonction des: constanses dacuhié, pA,, dey
Ces résaltars indiguent que es réactions de couplage asi:
mpliguant une sitague ¢lectrophile initiade limitant 1a vitcss
Precamsme et en déssccond avec les conclusions Progesces
Eprolonation fnale seeait Péra himite.
[Traduit pur lu réldaction)

A=2) were cotrobarated by their clemental analyses bt
spectral (1 NMR and UV) dary (Padles 1-4), Funlws
mure, the mass speciss of the Products 3-6 were consisent
with their assigned stroctuses. Thus, each of the produits 4~
6 showed, in sddition 10 the molecular ion (MY ) peuk, twy
characienstic peaks at m/e 158 and 130, Such peuks corre-
Spond to the fragments (M: — A and IM: - Ar - Ny,
respectively. The muss spectrs of the products 3 showed the
peaks of e later fragments a1 m/fe 144 and 116, respec:
tively. It is worth noting that the base peak in the specins of
the products 3-§ comesponds to the fragment (M! — Ar -
N2, wh p 6 it comesponds t the molec-
ular ion specses (M=} This observation auggesty that the
radical cation of 2-arylazo-3-methylindole 6 is more stabi-
lized than that of the ¢ poading 3-aryluzoindoles 35,

The kinetics of the reactions of la~d esch with tenfold
excess or more of 2a-k in dry acetonitrile st 25°C were fol-
lowed by the rute of #ppearance of the corresponding azoin-
dole denvatives at their characteristic wavelengtiis (Table $)
in all cases good first-order plots of Jog(lh, ~ 1,) against
time, 1, were obtained The pseudo-first-order tate con-
stants, &) (obs), were cakulated from the slopes of such ity
by using the lesst-squares mettixd. The plots of &, {ubs)
agaipst |diazanivm salf] were, in cach case, lincar, indscat-
iy that the azo-coupling reactions of the indoles la—d fol
How the equation

K \(obs) = k, [dinzoniuem salt]

calculated by the least-squares
of such pluts. The correlation
e 0,986-0,990.

Table 6 fists the &, vuloes,
method, from the stopes
coefficients were in the ran,
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The resulis in Tuble 6 show thit the azocoupling rei-
Bons oF Lucd are affected by the sabstitoent present in (he
diszoniium salt, the reavtion being returded by election:do-
nuting and enhunced by clectron-withdrawing substituents.
Frgure | shows the plots of log &; values aguiost the Hamment
Substituent constant o (1OF Ay shown. the relitions are lin-
i, Folfowing the cquation: log (708 = pur. The reandts wf
such correlations s spimmarized in Tuble 7, “Mhe lower

pribility 10 effects (p = 3.0) found in this
work for the disza coupling 10 2-methylindole 1e in acetn-
nitrtle s compuarasd o thut (p = 3.3) feportest for the same
feaction in 2005 (v /v) aqueous dioxane at pH 4.0 (3) seems
0 be due tosolvent effects, It has been reported thit i pelar
APt sodvesis the Bhase comapling s tions proveed Easier
than an protic solvents (13) and thus p decreases in the tog-
mee solvents,

Anoxaminution of these dats shows that the: sensitivity of
she resans of Joed ol with - decresses i the ofder
Vo = B = 00 2 Ba, This iy opposite W the veder of the p&,
vidues reported for be~d (6-9), that 1y, the azo coupling with
the fess basic 1d is mich more susceptible @ polar require-
mieries than the reuction of the stronger bise 1¢, This can ilso
e seen by the excellen Tmear plol of the p values verss the
PR, values of the mdoles studied, Ta-d (Fig. 2). The equa-
tion of the regression fine is p w297 = (1S p&,, with ¢ =
0,998 = 20,016 and §, = =0.008,

This correlution seeins W indicste thi the nucleophilicity
of the indodes studicd. la—d, towards the dinzonium catton
i chusely reled 160 thelr pA, values, la fact the plots of the
fog by values o the reactions of Lo e with a gaven diuso-
s salt spuinst the pA, values were linear in all cases ex-
amined. A suwlar selationship between the resctivily of
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phenols was found m the couplh

ng reaction of p-substiteted
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concept of preferred

phenois with diazohenzene-d-sulfonic acid (1), protoration at the 3-position (6-2), it is Aot unreasonable (0
Eyvidently. v the basis of () the simiarity between pro-  conclude thi the azo-coupling reactions of the indoles Jur-
tonagion 0f $u-d and the initial step in their wzocouphing o proced in all cuses by inirial electrophitic attack of the
reactions and (i) the fact that the basicity patiern of fa-d has diazonivm cation at the 3-position is outhined m Scheme 1.
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T | Comelatinas of the second oeder rate constatis of the w2l
contpling reactions of isfoles b o -with posutatitared bensencds
arvninm wons 2ok i poeteninle 28°¢ with the Tlammen!
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Furthermore, the close simifanity of the p value for
3-methylindole to those for indole and I+ and 2-methyhin-
doles implics that the imitial siep masst be the rate-limating step
for the reaction of all four compounds: This conflicts with
{he claim of Jackson and Lynch (4) that H' expulsion from
the 2-position s rate limitng for diazo coupling of
3.methylindote 1d. The fact that p vulues correlate wilh the
indole pk, values also implics & common rate-limiting step
for all four substrates la—d, This finding was.also evident
in Juckson aod Lynch's study (4) bat they chos ighote i
consequence in favour of 3 small positive iotope effect (¢
2} for reactions with 2:'H,1-2-meshylindole.

Experimental

Melting points ore bneverecied. UY spectsi were determined with
a Cary-17 spestophatometer. 'H NMR spectra were dezermined
with & Varian 90 MHz instrumens with tetramcthiylsilane as ineer:
ol reference . Miss specin were measured with 4 Varian CHS:D
Instruricar by an electron impact. ditectimvertion pmbe ot eV
ard S0 A TR spevtra were secorded v g Lisicam S 2000 geating

U " Acctonitrife was distitiod over anhydonis
phospharus pentoxide undes nirogen, 1he fractwon of bp 82°C beng
cofiected Edemental analyses were carsied ous using 4 Technicon
CHA zuto-anabyser t the Uaiversity of Wakes, College of Candifl

Tndole. 2-methylindole, ond d-methylmdole were Avdrich re-
apents amd were ¢rystallized from hight petrolcin ether ((1-80°C)
before use in the kinehe experimeats mdole, wip §4-52°C1
Z-methylindie, mp 61°C; and Lmethylindnle, nsp 94-95°C,
| Mettylindole was prepared by methylation of ke wang o Tt
erpture pricedure (4),

The diaronium salts 2 were prepared according 1o 3 previonsly
described method (12) using, amy) mitsite instead of teri-butyt ni-
trite. The purnity of the sults was checked by 'H NMR analyses (121,
Ninetics

The resctions were vamied out i Lem provmdbglas sopperned,
fusedd-silica. absorplion ceits, The ceactions were followed by rale

Wl the azoindole absorption maxi {Tabic 5)
Stock sohutions of the dias tetrafioroborate 2a-fr. usually
7M. were peepared i seclomitrite. Shock judole wlutiony.
ety 10! M. were atso prepared i the sume wlvent. Appo
prise cons fans, of the <alts 2 aeed ndode | were
peepared by Jilution of the stock slutions with acctonitrsie. Al
it concentrations were S % 101 * M. AT xilusions were ther-
entaied w28 2 0 1°C

Reactias were Tobowed i to 95% completion wemles jracanby
first-onder conditions in which i leat a teafold cxeess of the dia-
o sall nver indole Wik e, Duplcate oc 1aphiee uns wer
performed foe cach cimee ion s sealings Lakee in any ki
el fun cover a range of 96% tansaitiance. The procoudo-farstonler

ORI ]
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Ming of indoles Ta-d with dsa

Snesgy comelations of \he seconshonder rate constands of aza o
ZONium s3lts 2 in dcctoniteile ar 25'c*

Rx series

log &; = por + bog &,

’ +S. +S, P,

la« 20-h
16+ 24 h
bo* 2-h
1o+ 2k

log k; = 3,520 — 2.65)
logd; = 3 X - 1 634
log & = 3.(Xhr + 0,288
fog ks = 3.65¢ ~ 3.25)

0.9% 0.001 0.002 =361
0997 hoin 0oy -2.32
0997 0047 0 x4 - 28
0599 Q.08 0034 ~4.85

“Abbeevi

seant Of oduole

0

35|

3.0

Fi6. 2. Correlation of the resction Constunts (p) of e w76-00a-
Phng reacions of indoles o with their acdity conmstants (pk’,),

e constants. &yfobs), were calcula

Qrne, 1, data using the least-squares method. 2y and D, are the ab.

Sorbance Vlluesolﬂ!minnmlnmnlﬁm;l. and nfiniic time,

respectively, The aversge devestion from the mear value of the rate
¥ or triph

=3 -2 -t Q

ted from log (D, ~ b) Hgamns

o dupls

selation of producyy

L

To a solution of the Bppropriate mdote 1.(0.001 1) I sceto-
nitrile (20 mL) was added o solution of the 2ppropoaie diszonium

¥

Was =5% of less,

- d el S = deviatmw, 5. < e éstimate i P PR, madity o

tetraflaoroborate (001 moll the same sodvent (10 mb), wieh

HTINg, al tovmm temp - After. 36 b, the solvent was eV
faled yeder reduced pressure, the crude val felt way Ititurated with
21 ethanol-water mixture, und the sofid formed was collected and
crystaliizad from aqueous ethanol The physical cunstants of azo.
coupling products 3-6 are listed in Tables 1-4 tagether with thejs
spectral Jata,
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