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Abstract The electrophilic substitution of 3=methylindole
with mesityl oxide and acetone in the presence of

BF3.3t20 has been discussed,

In an earlier paper1 we reported the structure m of a new hetexrocycle
{(dimer 1) obtained by the elsctrophilic substitution of 3~methylindole
(aka.tole) with mesityl oxide in the presence of BF3.E1:20. Recent studies
on the effects of low power selective irradiation of the gem-dimethyl and
the methylene protons on the long~range (2JOCH) couplings of the gquaternery
carbons at 37.61 and 61.60 ppm led ue to revise the structure of thie
reaction product to (“2). We aleo discuss in this paper the structures of
two new heteroccycles, designated dimers 2 and 3, which were formed by the
electrophilic substitution of skatole with acetone in the presence of the

same Lewis acid.

Dimex 1, C,,H, N, (M* 342.2068), mp 206°C (petrol-benzene = 1:1), yisld 20%,

was obtained by the dimeric aassociation of skatole around one six carbon

1

unit derived from mesityl oxide, The H-NMR spectruma in CDC1l., revealed

3

S
the presence of eight aromatic protona and one indole NE (9H m; one
-

exchangeable with D_0 in the region §7.10-~7.65), & pair of non-eguivalent

2
methylene protons (1H, d each at & 2.80 and 3.05; J=14.0Hz), two skatole
methyls (3H, & each at (2.45 and 2.38) and three more methyls (7, & each

at 62.20, 1.63 and 1.31). The 'JC-NMR data’ have been given in Table 1.
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Table 1§ 20 MHz ' PC-NMR Signels 0f Dimer 1 in CDG1,, ppm
c CH or, o,
147.59 121.35 60,80 28,51
138.12 120.60 28.46
134.16 119,07 27.20
133.70 118.95 9.40
130.60 118.50 T.T79
130.26 117.96
105.00 110.64
100.22 110.20
61.60
37.61

Ir order to settle between the two structures w and S\?\l it was necessary
to carxy out low power selective irradiation of the gem-dimethyl and
methylene protons. It is apparent both from Table 1 as well as from a
conaideration of the two posesible structures Svl“} and (‘32 that the peaks

of interest in these experiments would be the gquaternary carbons at §1,.60

and 37.61 ppm and the methylene carbon at 60.80 ppm. The chemical ehift
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at 61.60 ppm is obvicusly assignable to the carbon bonded to nitrogen. So
two selective experiments were carried with irradiation at 79.542220 iHz,
mid-way between the gem-methyls, end at T79.542333 MHz, mid-way between the
~CH,- protons, ueing a common pover level (XHé = 240 Hz). If structure &El
be correct then as a result of irradiation at 79.542220 MHz the quaternary
carbon at 61.60 ppm would show coupling to both the lone methyl and the
-CH2— protoneg wherxeas the carbon at 37.61 ppm would be coupled to only the
-CH2- protons,., In case of structure il) the reverse situation would he
met with. It was obaserved that the methylene carbon signal at 60.80 split
into & complex patitern., The latter ocecurred asince the two protons were at
different distances from the irradieting frequency and consequently their
reduced coupling constante had different wvalues. Resolution enhancement
and plot expansion to 1.0Hz/mm revealed that the peak at 37.61 ppm was a
triplet with & residusl coupling constent of ~ 1.75 Hz, This was due %o
the methylene protons on the adjacent carben. In the abosence of thic

25

irrediation the CCH for the -CH2- protone and the quatermary carbon
bearing the gem-dimethyls would be ~ 3,5 Hz, This would net be normally
observed becmuse of its coupling to the esix methyl protons but irradiation
et T79.542220 Misz completely eliminated the latter coupling leaving the
partielly collapsed triplet. The quaternsry carbon at 61,60 ppm displayed
a multiplet due to couplings to the adjacent methyl and methylene protons.
These changes in the spectrsl charsecterietics, es explained earlier,
confirmed structure &32 for dimer 1. This was further corroborated from
the changes cobeserved due to irradiation et 79.542333 MHz, mid-way betwaen
the methylene protons. Resolution enhancement and plot expansion to

1.0 Hz/mm showed the peak at 61.60 ppm is coupled only toc the attached
methyl, BSince this methyl is at T79.5422275 MHz ite 2JCCH to the guaternsry
carbon collapsed to an unresolvably small wvalue, This would be expected
from structure g&). On the other hand the gem=dimethyls at T79.542232 and
79.542207 MHz are over 100 Hz away from the irradiating frequency and their
regidual coupling to the carbon at 37.61 ppm clearly split it into a

multiplet. In case of gtructure (1) the situation would have been reversed.
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The difference in the carbon chemicel shifts of the (-3 and C-3" methyls
could also be explained on the basis of structure QE). Construction of
the molecular model revealed that the C-3 methyl undergoes steric compre-
esion with one of the gem-methyle and this acecounts for its shift to 7.79
ppm while the C-3" methyl showed the normel velue of 9.40 ppm {skatole

methyl eppears et 9.55 ppam)7.

The electzrophilic substitution of gkatole gzl Wwith acetone in the presence
of BFB'EtZU led to the formation of two interesting structural isomers in
4:1 ratio. The compounds could not be separated by column or thin layer
chromatography. Attempts to separate them by gas liquid chromatography

Ty and 13C-NMR spectra

resulted in extemsive decomposition. Both the
clearly showed two gets of gignels with integretion rxatic of\4z1 for two
very similar compounds. In case of the 804 isomer (dimer 2) the two non-
equivelent methylene protons appeared at £3%.02 and 2.78 {(1H, d each;
J=14,0Hz) and the twe methyls at (1.84 and 1.69 (T, & each). In case of
the 20/ isomer (dimex 3) the non~eguivalent methylene protons appeared at
€3.05 and 2,67 (1H, 4 each; J=14.0Hz} and two methyls at & 1.55 and 1,28
{7, s each). The third methyl eppeared at & 2.30 {(3H, a). In cese of
both the isomere the aromatic protons merged in the region & 7.55=7.05.
The fact that the 1H—NMR data could explain half of the total number of

protons in the molecule in each case pointed to their aymmetrical nature.

Thig could be further corrohorated from their 1BC—NMR data (Tables 2 and 3).

Teble 2 20 Miz |C~NMR Spectrum of Dimer 2, ppm

c cH cH,, i,
137.21 120.00 60.05 28.80
131,49 118.75 27.86
130,12 118.21 7.35
99.90 109.53
60.50
36.00
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Table 3 20 Mis |°C-NMR Spectrum of Dimer 3, ppm

c CH cH CH

2 3
137.52 119.91 59.92 28.69
131.40 118.7T0 28.82
130.00 118.15 T.63
99.87 109.40
60.48
36.04

Two pets of fourteen resolved lines were obtained for both the dimers. Lhe
offeregonance decoupiled spectrum showed the presence of three methyls, one
methylene, four methines and six non=protonated carbons in each case, The
spiro carbon asppaasred at 36,00 and 36,04 in case of dimers 2 and 3 respec-
tively. The shifts in the C=3 methyls compared to skatole &E} in bhoth

these compounds was due to the steric compression imposed by one of the

gem-methyls which is in close proximity.

The smtructures of the BO® (dimer 2} and the 20 epecies (dimer 3} could be
digtinguished as Ei) and {El respectively from comparison of the 1H-NﬂR
data of the gem-dimethyl protons of thege compounds with those of dimer 1
{2) and compounds (6)° and (7)5 {Table 4). The latter two compounds had
Rl L astd VAN

been earlier obtaineds during the electrophilic substitution of indole

with acetone in the presence of BFB.Et20.

Rable 4 Comparison of the Chemicel Shift Velues foxr the Gem—dimethyl

Prot one

Compound 6 Compound 7 Dimex 2 (sgﬁl Digper 3 (ggé) Dimer 1
1.61 1.67 1.69 1.28 1.31
1.70 1.78 1.84 1.56 1.63

The great similarity of the gem-dimethyl shifts of the 804 species with

those of compounds {6) and (7) confirmed *he structure of the former as
Wen, i

(4) with similar environmente foxr the gemedimethyls, while the similarity

AN

of the 20% Bpecies With dimer 1 confirmed its structure as (5). The C-3
A,
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and C=3" methyl carbons in dimer 1 appeared at 7.79 end 9.40 ppm while in

the 80/ apecies &iz both the methyls moved upto 7.35 ppm. Comparing the
1i—I-I\IMR spectra we found that in dimer 1 the C=3 and C=3" methyls are at
62,38 and 2.45 vhile both appesred st ¢1.90 in the 80% apecies (\ﬂ. The
methyl carbon a in ££2 appeared at 7.79 ppm. This has sghifted upfield to
7.55 ppm in the 804 gpecies wWhile the protons have glso shifted upfield
by about the same amounts, 0.48 to 0.55 ppm. Both of those shifts are
coneistent with the methyl being held over the face of the indole arometic

aystem which is the case in (4) and not in (5).
e N

CH3
Cw

N
HsC
) )
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SXPERIMBNTAL

The melting points wore recorded in a Kofler block apparatus and are
uncerrected. The UV spectra (95% aldehyde free ethanol) were recorded in
a Varien~-634 spectrophotometer, the IK epectra {K3r) in a Beckman IR 20

1

spectrophotometer, the 80 MHz 'H~NHZ and the 20 Misz 130-NMR spectra (in

CDCls, tetramethyl gilane being used as internal standard) in a Varian

FI1-B80A spectrometer.

Isclation of dimer 1

To a solution of skatole {1 g) in dry methylene chloride (40 ml) atr 25°C
megityl oxide {5 ml) was added followed by dropwise addition of boron
trifivoride ethevate (1.2 ml) with stirring (10 k). The reaction mixture
was decomposed over ice chips followed by extraction with methyloene chloride,

waghed with 2 NaHCO water and dried. The concentrated extract was

31
chromatographed over Brockmann elumina {grade -~ basic) with solvents of

increasing polarity. The dimer was obtained in the petrol i bensene (1:1)
eluate on careful chromatographic resolution. Dimer 1, mp 206°C (petrol H

benzene = 131) was obtained in 209 yield,,kmax {BtCH) & 227, 285 and 29% mm

(log £ 4.32, 3.69 and 3.68 respectively), A

s b ¥
max (Bt0H + 504 30104) : 204,

224, 269 and 290 nm (logg 3.97, 3.96, 3.55 and 3.54 respectivaly);)’max(KBr):
3460, 2980, 1620, 1455, 1350 and T45 cm~ '3 m/z 342.2068 (M', calcwlated for

Cogfiogly ¢ 342,2095), 327, 212, 172 (100#) and 130.

Isclation of dimers 2 and 3

To & solution of eskatole (1 g) in dry methylene chloride (40 ml) at 25°C
acetone (10 ml) was added f£ollowed by dropwise addition of BF 5.8t ,0 (1.2 m1)
with stirring (11 h). 7The reasction mixture was decomposed over ice chips
followed by extraction with methylene chloride, washed with 2p NellGO solution,
water gnd dried. The concentrated extract was chromatographed over Brockmann
alumine {grade - basie). The two structural isomers gi) and EEJ were
obtained in the petrol eluate. Dimers 2 and 3 were obtained in 20% yield;

A naxB¥OH) & 234, 288 and 295 nm (logf 4.83, 4.23 end 4.21 respectively);

A g BtOH + 50% HCL10,); 207, 288 and 299.5 nm (log & 4.39, 4.36 and 3.93

AL
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respectively);)lmax(KBr); 2980, 1600, 1460, 1350 and T40 em '; m/z 382.2412

{157, calculated for Colg N, 3 382.2409), 367, 342, 327, 311, 211, 196, 172
{100,), 156 and 130,
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