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In our earlier paparl ve reported ths synthesis and transformations of
two navel heterocyclic systems, dimer-I &i) and dimer-11 QE), which were
obtained during the electrophilig substitution of indole with acetona in the
presence of bpron trifluoride-etherate., Further studies on this reaction led
to the isolation of tuwo more new dimeric systems, one of which proved to be
highly unstable in splution in dimethyl sulphoxide and chloroform. In this
communication we discuss the structure of one of the new dimers, designated
dimer-I111 (ag’and the unusual cyeclisation of the fourkth unstable dimer to a
new proguct (i) in chloroform, The formation of these four dimers from indole
and acetona in the presence of a Lewis aecid, rather than the indolo /2,3-b7
carbazols gé) and 3,3'-isopropylidene bis-indole &E)z as reported with a mineral
acid, dsfinitely sheds new light on the electrophilic substitution of indole.

2526
{yield 60%) exhibited an UV spectrum characteristic of a substituted indole

Dimer-111, CocHy o, (MW 354), m.p.248° (methanol), [5< 7?5 = o° (EtoH)
D

chromophore. The presence of indole ‘7Nﬂ was apparent from an ons-proten

1

singlet at § 7.55 (¢isappearing on deuteration), 3 (kBr) 3400 om™, The

max
PMR spectrum further revealed the presence of four aromatic protons {(m, in the
region § 7+80 - 7.30), two non-equivalent methylene protons {each 1lH, d each
at § 3.05 and 2.80; J = 13.0 Hz) and two methyls {three-proton singlet each

at & 1.70 and 1.80). The fact that this spectrum could explain half of the
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total pumber of protons in the molecule pointed to the symmeirical nature of

dimer-I111. This could be further c%%nbnrated from the CMR data.

Thirteen resolved lines wera obtained in the noise-decoupled spectrum and
all the signals were integrated (with a pulse delay of 10 seconds and suppress-—
ed NOE). Each signal integrated foTr two carbon atoms except that at 49,07 ppm
which accounted for a single carbon (Table 1), The off-~resanance decouplad
spectrum showved the presence of four methyls, an egulivalaent pair of quatarnary
carbons, an eguivalent pair of CH2 grougs, a pair of indole moieties and a
single quaternary carbon. The latter must therefore fall at the centre of
symmetry of a dimeric system. Two strustures cquld therefore be proposed for

dimer-111, {3) and (7).
e Faasd

Tabla 1 20 MHz MR spectrum of dimer-1ITY, ppm

.t CH CH, _tuy
144,16 (33.9) 120,97 (32.3) 61.95 {35.3) 30,21

140.86 (33.1) 119,46 (32.8) 30.11](59'4)
127,49 (28.7) 118.31 (29.6)

123,31 (33.2) 111.64 (35.3)

49.07 (17.3)
39,10 (32.3)

6 Tms = fcocl, + 76.9 pem

3
*Integral values in paranthesis

In order to distinguish betueen thess two possibilities the proton coupled
CMR spactrum was studied. The coupling eonstant 1., for the CH2 groups at
61,95 ppm are 132.0 Hz which ¢learly indicated that the chemical shift arose
from the largs number of nearby substituents and resultant steric crowding.
The long-rangs coupling of the methylene protons to the quarternary carbon at
49,07 ppm and to the CH2 groups at 61.95 ppm would be helpful in deciding
betwsan structurss ggl and gz). The guaternary carbon at 49,07 ppm showed a
resolved long rangs coupling of 3.0 Hz which is a typical two«bond coupling
constant, This observation is compatible with structurs Egl where such a

coupling occurs bebtween the guaternary carbon and the two CH2 groups. It was
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£x

W (2)

further observed that the guaternary carbon doss not undergo coupling with the
methyl protons. This is expected in case of structure Ez) for such a situation
would require a four bond coupling, However, if structure {Z} had been corrsct
then the twelve methyl protons would be expected to coupls with the guaternary
carbon resulting in a wide, ill-resolved pattern. In structure Sgl the CH2
carbon at §1.95 ppm would be coupled to the adjacent methyl protons giving a
broad nine line pattern which is indeed observed. 0On the other hand structure
gz) would show coupling by sach methylene carbon only to the other CH, protons
which should give a closely spaced (~ 2 - 3 Hz) resolved triplet. This is
contrary tao what is obtained, Hence the structure of dimer-I1I1 ia unambigu-~

ously settled as (3).

e
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The fourth unstable dimer, C,cH,gN,0, (M* 388.2122), m.p. 155-7° (benzens)

exhibited UV absorption characteristiec of an indole chromophore. Its IR spec-
tzum (KBr) showed diagnostic peaks at 3580 (Hydroxyl) and 3400 cm™* (indole NH}.
This product was highly unstable in chloroform and underwent an unusual cycli-
H

sation to product {4), 0, (m* 386.1999), m.p. 245° (benzene). The UV

E25M26M2

spectrum of the latter was characteristic of an oxindole system, This was

further substantiated by the appearance af a carbonyl band

(1735 cm'l) and 3NH group (3350, 3400 cm"l). The PMR spectrum corrobarated the

presence af a chelated $NH (1H, s, § 9.3), eight aromatic protons ang an

oxindole JHNH {9H, m in the regioan 6 6465-7455), four methyls (3H, s esach at

B 1,50, 1.45, 1,30 and 1.05) and tuo pairs of methylene protons [ b} 3.20, 2.15
(3 = 13.6 Hz) and § 2.87, 2,73 (3 = 13.0 Hz)], No fres hydroxyl groups were
prasent., 0Of the two oxygen functions in the compound ons is present as an
oxindole chromophore while the other could possibly exist as an ether linkag%g?

This view was confirmed from the CMR (noise~decoupled and SFORD) spactrum

of the compound. The assignments have been made on the basis of their multi-

plicities and comparison with substituted indolse cumpound52 and oxindoles.

o '

The oxindole carbonyl carbon appeared at 181.8 ppm while the signals in
the aromatic region at 143.3, l41.6, 141,0, 28,6, 126,7 and 122.4 ppm have
been assigned to the carbons C-3', C-9, C-2, C-4, C-4' and C-3. The protonated
aromatie carbons C-5, C-6, -7, C-8, C-5', C-6', C-7!' and C-B8', rescnatad at
118,9, 12l.6, 118,9, 112.8, 127.2, 122.1, 129,7 and 104.8 ppm. The presance of

the ether bridge was confirmed from the appearance of two quaternary aliphatic
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carbons in the downfield region at 90,4 and 87.4 ppm, viz., C=3%" and C-3!'. This
clearly pointed to their assoveiation with an elactronegative atom. The methylene
carbons, C~-2" and C-4%, appeared at 63.7 and 50,3 ppm and the guaternary carbon
€-1" at 38,6 ppm. The downfield shift of £-5" (46.0 ppm) is due to additional
/3-substituente. 0f the four methyl signals the chemical shifts at 30.2 and
30.1 ppm were attributed to the gem-dimethyl group at C-1" uwhsreas ths upfield
resonance at 22,3 and 26,2 ppm were assigned to the methyls at C-5"., O0One of the-
se suffered shislding due to its inclinaticn over ths oxindolyl nucleus. This
compound shouwed a singla molecular ion pseak at m/e 386.1999 corresponding to
the molecular formula C25H25N202 (calculated value : 386.1994),

The structure of this product has been unambiguously settled from its X-ray
analysis. 5ingle monoclinic crystals were prepared from methanol solution,.

X-ray discussinn

The crystals of compound (~3~) obtained from methanolic solution are
monoclinic, space group le/ﬁ with a = 13,538 {4) 2; b = 7.899 (3) &,
c = 18,975 {5) B; B = 94.16° (4) and Z = 4,

The crystal structure was solved by direct phase determination with the
aid of the multisalutinn technigues (NULTAN)a. 1200 Best triple relations were
used to generate 32 different phase sets (£ 1.7). The £ map computed with the
signs of the phase set with the best figure of merit showed 24 of the 29 non-
hydrogen atoms in the asymmetric unit. The remaining atoms were located on
successive Fourier syntheses.

The refinement of the atomic positinnal and isotropic thermal factors was
undertaken by block-diagonal least-squares procedure, All the hydrogen atoms
were located on subsequent fFourier difference syntheses., The final refinement,
including anisotropic thermal factors for the C, N and 0 atoms, led to a conven-
tional R value of 0,048, Hydrogen atoms were not refinad in thaese last staps.

The compound is an association of two 1ndole moieties with three propenic
units {one of them retaining the oxygan atom) derived fram acetone, in a double
spiro arrangement around the central tetrahydrofuranic ring {cycle D). The
numbering of the molecule is depicted on structure Sgl. The molecular structure
and atom labelling scheme are presented as a stereoscopic view in Fig.l, A
suTvey of the bond lengths (Table 2) and angles (Table 3) confirms the molscular

structure. The positional parameter and thermal anisotrmpic factors measured
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in the above strycture determimation are given in Tables 4 and 5 respsctively.
The unsaturated rings A, B, £ and F are in classical flat conformation.
Ring C, which is adjacent to the A/B indolic part of the molecule is also in a
quasl flat disposition, owing to the strengths of the junction. The correspond-
ing mean planes calculated for rings A, B, C, E and F are given in Table 6.
The amide linkage {cycle E) is planar and slightly tuwisted by an angle of 16°
from ring F,
The main distortion of the molecula, as deduced from analyses of dihedral
angles, is located on ring D {Fig.2)., This situstion leads tov a bent structure
with an intramolscular hydrogan bond between O (2) and N (1) ¢ d = 2.88 R,

stabilizing this pvsrall folded conformatian.

Fig.1

Experimental

ST

Melting points have been recorded in a Kofler block apparatus and ars
uncorrected. The UV spectra (95% aldehyde free ethanol) were recorded in a
Varian-634 spectrophotameter, the IR spectrum {(K8r) in a Beckman Iff 20 spectro-
photometer, the 80 MHz PMR spectra and the 20 MHz CMR spectra (in COCY,, tetra-
methyl silane being used as internal standard) in a Varian CFT-20 spectromater.
The X-ray data of compound Sﬂl was recorged in a four-circle automatic diffrac-
tometer with graphite monochromatised MoK, radiatinn { A= D0.717 ﬁ). The

approximate dimensions of the selected crystals wers 0.2 x 043 x 063 mm.
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Table 2 Intramolecular distances ({8)

Atom Atom Distance E.S.D Atom Atom Distance E. 5.0
0 1 c* 3 1,423 0.0051 c* 3 £ 2 1,480 0, 0059
0 1 c" 3 1,482 0.0049 c" 3 cY 4 1.528 0. 0065
0 ct 2 1,212 0.0054 c' 4 Ct o 1,398 G, 0060
N 1 C 9 1,383 0.0055 c' & C' s 1,379 0.0060
N 1 ct o9 1.407 g. 0056 C 9 g 8 1.391 0.,0061
N o1 c 2 1.383 0.0055 C 9 C 4 1,426 D.0062
NY 1 c' 2 1.366 0.0056 C 2 c 3 1,342 0.0060
c" 5 ct 3 1,575 0, 0060 C B c 7 1.374 G. D067
L" 5 c* 4 1,538 0.0059 c 3 c 4 1.434 0.0061
C" 5 c* g 1,526 40,0068 c' 9 cr g 1.377 D. 0062
c" s c" 8 1,539 0,0061 c' 5 c' 6 1l.403 0. 0066
c' 3 c' 4 1.436 0.0058 C* 5 C' a4 1,034 D.0042
c'r 3 cr* 2z 1.561 0. 0060 C 4 £ s 1.402 0.0064
cM 2 ct 1 1.559 0.0063 c' =8 cr 7 1,382 a.a07v2
ce 2 c* 3 1,575 D.0062 ct 7 C!' 6 1.383 0.,0070
ce 1 c 3 1.523 0.0062 c 6 c 7 1,405 0.0G71
c" 1 C" 6 l1.524 0.0068 c 6 c 5 1,386 0.0069
c" 1 ce 7 1,536 0.0063

3739 Independent teflections uitr|3<25° were measyred and corrected for Lorentz
and polarization effects, The absorption effects were neglected. 1532 Reflec~
tions uers considered as observed { 2 6 level).

Isolation of dimer-1II ;3! and the fourth unstable dimer

To a soluticn of indole (1 @) in dry methylens chloride (30 ml) at o?
axcess acetone (40 ml) was added followed by dropuise addition of boron tri-
fluoride-etherate (0.5 ml) with stirring (17 br.). The reaction mixture was
decomposed over ice chips followed by extraction with methylene chlaride, washed
with 2% NaHCD3 solution, water and dried. The concentrated extract was chroma-
tographed over Brockmann alumina (Grade - Basip) with scolvents of increasing

polarity. The compounds were ohtainad in consecutive fractions on careful
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Table 3  Bond angles /™ 2 7
C' (3) -0 (1) -c* (3) 110.6 (3) c' (9) - ¢' (4) - C' (5) 119.6 (4)
€ (@) =N (1) -t (2) 107.2(3) N (1) -cC (9)-cC (B) 129.5 {4)
€ (9) - N (1) - c' (2) 115 (4) N (1) -cC (9) -cC (&) 108.6 (4)
Ct (3) — c" (5) - c* (4) 9g9.4 {(3) ¢ (8)-¢ (9)-cC (4) 122.0 (4)
C' (3) - c" (5} - c" (9) 113.5 (4) N (1) -C {(2) - c" (3) 133.1 (4)
Ct (3) - c" (5) - c" (8) 110.3 (4) & (1) -c (2)-c (3) 1lll.0 (4)
cr (a4) - cv (5) - ¢c* (9) 113.1 {4} c" (3)~-C {2) -C (3) 1l15.9 (4)
C" (4) -c" (5) - c" (8) 111,2 (4) € (9)-C (B) -C (7) 1llE.1 (4)
t (9) - c" (5) - " (8) 109.1 (4) c" (1) -C (3) -cC (2) 112.7 (&)
0 (1) - €' (3) - c* (5) 104.4 (3) c" (1) -C (3)-cC (4) 139.1 (4)
D (1) —c' {3) -c* (4) 113.4 (3) € (2)-cC (3)-cC (4} ,107.9 (&)
0 (1) -c'(3)-c' (2) 112.1 {3) c" (5) -cC* (4) - c" (3) 105.9 (3)
C" (s) - C' {3) - C' (&) 116.5 (3) N' (1) -C' (9) - C' (4) 109.5 (4)
cn (5) - €' (3) - C* (2) 108.6 (3) N' (1) - ' (9) - C' (B) 128.2 {4)
C' (4) - €' {3) - c* (2) 102.0 (3) c' {(4) -c' (9) -cC' (8) 122.1 (4)
e" (1) - c" (2) - c" (3) 110.7 (8) O (2) - c' {2) - wN' (1) 127.2 (&)
e {2y -c" (1) -C (3) 99.8(3) 0 (2)-c' (2) ~-C' (3) 126.2 (4)
en (2) - cm (1) - ¢t (6} 111.1 (4) wN' {1} - €T (2) c* (3) 106.5 (4)
en (2) - c® (1) - ¢c" (7) 1119 (4) c* (&) - C* (5) c' () 119.0 (4)
c (3) -c* (1) -cn (6) 111.1(4) € (3)-cC (4) -C (3) 105.3 (¢)
€ (3)-cm (1) -c® (7) 1133 (4) C (3) -cC (&) -C (5) 118.4 (4)
t" (6) - " (1) - ¢ (7) 109.3 (4) € (3)-C (&) -cC (5) 136.2 (4)
0 (1) -c" (3) -c (2) 108.7 (3) €' (9) - C' (8) ~C' (7) 117.4 {4)
0 (1) -¢e"(3)-c (2) 11l.e(3) c' () -c' (7) -c' (8) 122,0 (5)
0 (1) -cC"(3) -c" (4) 1045 (3) € (7)-¢C (6) -cC (5) 120.8 (5)
G (2) —ch (3) =€ (2) 99.7(3) € (8)-cC (7) -cC (&) 121,4 (&)
ch (2) - €% (3) -.Cc* (4) 1l6.6 {4) C' (5) -C' (8) - cC' (7) 1ls,8 (4)
C (2)-cm(3)-c" (4) 1163 (4) € (&) -C (5) -C (6) 119.3 (4)
€t (3) - C' (4) - ¢' (3) 108,5 (4) €' (3) - ¢C' (4) =-c€' (5) 131,9 (4)
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Table 4 Positional parameters {(x ltla) for the non-Hydrogen atoms
ATOM X ¥ z

o (1) 10998 (2) -645 (4) 6743 (1)
o (2) 11670 (2) -3332  (4) 7760 (2)
N (1) gagss (2} -1678 (5) a146  (2)
N (1) 13104 (3) -3055 (5) 7181  (2)
c" {5) 10995 (3} =3274 {86) 6141 (2)
c' {3) 11662 (3) -1966 {6) 6584 (2)
cn {2) 9z435 (3) =137 (6) 6320 (2)
c* (1) seng  (3) 949 (6) 6804 (2)
cr (3) 9979 (3) -1312 (&) 6776 (2)
c' (4) 12566 (3) -1348 (5) 6255 (2)
C (3} 9278 (3) -938 (5) 8613  (2)
c {2) 9613 (3) -1029 (&) 7483 {2)
c (8) 9259 (3) ~1165 (&) 9339 (2)
c {(3) ase8  (3) 84 (6) 7511 {2)
cY (4) 10047 (3) -3154 (&) 6538 (2)'
c' (9) 13397 (3) -2106 {6) 6604 (2}
ct (2) 12117 (3) -2866 (8) 7264 (2)
ct (5) 12689 (3) -208 {6) 5717 (2)
c (4) 8617 (3) 192 (&) 8230 (2)
c® {6) 8945 (4) 2790 (6) 6821 (3)
c* {7) 7500 (3) 867 (7) 6568 (3)
c' (8) 14343 (3} -1803 (7} 6412 {2)
c' {7) 14452 (3) -656 (7) 5873 (3)
ctn {9) 11430 (4) -5086 (7) 6142 {3)
C (&) 7887 (3) aos (7)) 9321 {3)
t (7) 8557 (4) =302 (7) 64 (2) -
c' (6) 13649  (4) 149 (6) 5528 (2)
c (5) 7908 (3) 1051 {6} 8599 {2)
cn {8) 10811 (3) -2663 (6) 5373 (2)
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Table & Anisgtropic thermal parameters ( x 104), given in the form:

- 2 2 2
exp/T-( Pyh? 4By, kP ¢ Boa 1% w2B 0k +2 Brihk +2B 0kl )T

aton B, P2 P s 27 Pia B s nav
0 1 29 (2) 111 (&) 19 (1) -2(3) -2y 3{2) 2.5
0 2 47 (2) 232 (8) 22 (1) 20 (4) 5 (1) 31 (3) 4,1
N2 36 (2) 134 (8) 20 (1) 13 (4) -1 (1) 18(3) 3.0
NY L 33 (2) 142 (8) 26 (1) 22 {4) =3 (1) B (3) 3.0
c" 5 42 (3) 102 (9) 17 (1) -12 (5) - 4 {2) 2 (3) 2.7
c' 3 33 (3) 81 (9) 14 {1} 7 (a4 -2 {2) s (3) 2.2
cY 2 39 (3) 172 (11) 21 {2} 12 {5y -5 (2) 15 (3) Jed
cn o 34 {3) 103 (9) 24 (2) 0(s) =542y 9 (3) 2.9
c" 3 30 (3) 125 (10) 18 (1) -1 (5) o (2) 13 (3) 2.7
ct 4 32 (3) 119 (10) 16 (1) -5 (4) -1(2)~5 (3) 2.5
cC 9 31 {3) 126 (10) 19 (2) - 8 (8) 1 (2) & (3) 2.7
c 2 27 (3) 105 {10) 21 (2) 6 (4) 2 (2) 11 (3) 2.5
C 8 34 (3) 163 (11) 22 {(2) -3 (5} -2(2) 1 (a) 3.2
cC 3 29 (3} 39 {(10) 24 {2) -4 (58) =3 {2) 12z (3) 2.7
cn 4 34 (3) 117 {10) 24 (2) =15 (5) =1 {2) 11 (3) 3.0
c*t 9 39 (3) 119 {(10) 17 (1) - 2 (5} 3 (2) -9 (3) 2.7
cr 2 40 (3) 10 (9) 18 {2) -1{5}Y -1 (2)-4(3) 2.7
C' 5 41 (3) 134 {10} 16 (1) - 2 (58) 2 {2) =1 (3) 2.9
C 4 3n (3) 103 (9) 25 (2) -9 {5) 1 {2) 3 (3) 2.8
c" & 66 (4) 147 {11) 28 (2) -9 {6) 3 (2) 10 (4) 4e1
cr 7 46 (3) 215 {13) 32 (2) 2 {6} -5 (2} 13 (&) 4.5
c' 8 41 (3) 180 {12) 23 {2) 15 (5} 1 (2) -3 {4) 3.6
c' v 37 (3) 212 (13) 30 (2) - 6 (8) 13 (2) =15 (4) 4.1
c* 9 55 (3) 142 (1) 31 (2) -~ B {5) 0 (2) =5 (4) 4.0
C & 49 (3} 179 {12) 29 (23 -1 (8) g (2) -21 (a) 4a1
c 7 50 {3) 217 (13) 20 (2) -5 (6) 1 (2) -5 (4) 4.0
c' & 58 {a}) 176 (12) 21 (2) -18 (&) 12 (2) 7 (4) 3.9
C s 42 (3) 134 (11) 31 (2) -8 (5) 1(2) 0 (4) 3.6
cr g 51 (3) 178 (12) 22 (2) =19 {(5) =~ 4 (2) -9 {4) 3.8
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Table 6 Bgst mean planes

*

Equation a b c d X~2 Remarks

Ring A -0, 8345 ~0. 7544 -0,1682 ~9,140 10.0 Both rings
display a X of

Ring B -0.6501 -0.7425 -0,1612 -9,472 D.3 50 for 9 atoms

Ring C -0.6780 =-0.7182 =0.1565 ~-9,753 600.0 Dihedral anale
= 20 yith
rings A & B

Ring E -0,1425 -0.887 -0.,4398 -6,225 84,2

Ring F -0.0289 0,747 -0,68634 =-7.530 21.8 Dinedral angle
with ring E 3
0= 16,4°

# Givan in the form a.x + b.y + c.z - d = 0O,

chromatographic resolution. Compounds (1} and (2) were obtained in the petrol
oy AN
eluates,
Compound {3}, m.p. 248° {methanol), was obtained in the petrol:benzens
Lasad
(9 ¢ 1) eluates, 2 max {ELOH) ¢ 232 and 283 nm {log € 4.79 and 4,28 respactively)

A max CEEOH - 50% HC10,): 210, 260 and 356 nm {log € 4.33, 4.35 and 4.61 respec-

tively}: 4 max
1

710 em™; m/a 354 (C

(kBr): 3430, 2950, 1590, 1440, 1350, 1320, 1300, 1250, 750, 730,

+
25HagN,s M7, 100%), 330, 324, 312, 311, 182 and 167;

(yield 60%) (Found : C, B4,71; H, 7.37; N, 7.92; C raguires C, B4,75;

25126 "2
Hy, 7.343 N, 7.91).
The fourth unstable dimer, m.p. 155-7° (benzene), yield 10%, was obtained

in the later fractinns of petrol-benzane and benzens eluates.

Conversion of the fopurth unstabls dimer to compound S&l

The fourth unstable dimer (100 mg) was dissolved in hot chlarefaorm and

kept at room temperature for 5 hrs. On removal of the splvent compound (4),
. and

m.p. 245° (henzane),vas cbtained in BO% yisld; A {ELOn) 3 224, 270, 284

max
and 292 nm (log € 4.69, 4.09, 4.11, 4.04 respectively); A (Et0OH-50%, Hc104)=

max
207, 286, 292 and 429 nm (log € 4.85, 4.95, 3.68 and 4.16 respactively);
subtraction UV with 2,3-dimethyl indole shouad,Amax (etoH)s 21p, 222, 252,
285 and 293 nm (log € 4.20, 4.13, 3.82, 3.51 and 3.44 respactively) ang

(Et0H-50% HCLO,}s 208, 256, 367 and 428 nm {log 4,46, 4,70, 3.79 and
max 4
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3,95 respectluely)s; ‘»maX(KBr): 3400, 3350, 1735, 1610, 1450, 1310, 129G, 1030

+*-
25H26N,C5 (MY, caleulated value 386.1994),

371 (100%), 239, 238, 224, 182 and 167 (Found:s €, 77.65; H, 6.81; N, 7.26; C

and 750 :m-l; m/e 386.1992 far C

C N,O, requires C, 77.693 H, 6,Bl; N, 7.25%).

25126M,202
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