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Four of the previously reported compounds obtained from the acid-catalyzed condensation of indole
with acetone are now assigned the following structures: cis-4,4a,9,9a-tetrahydro-2-(1H-indol-3-
yl)-4,4-dimethyl-3H-carbazole (2a), 1,1′,4,4′-tetrahydro-1,1,1′,1′-tetramethyl-3,3′(2H,2′H)-spirobi-
[cyclopent[b]indole] (4), 4,4a-dihydro-2-(3-1H-indolyl)-4,4-dimethyl-3H-carbazol-4a-ol (7), and 5-(2-
aminophenyl)-1,3,4,5-tetrahydro-1,1,4,4-tetramethylcyclopent[kl]acridine (8). The structure of the
novel rearrangement product 8 was solved by an X-ray crystal structure determination. The two
previously reported autoxidation products of 4 are now assigned the following structures: 1,3′,4,4′-
tetrahydro-1,1,4′,4′-tetramethyl-cis-dispiro[cyclopent[b]indole-3(2H),2′(5′H)-furan-5′,3′′-[3H]-indol]-
2′′(1′′H)-one (5) and 1,4-dihydro-1,1,5′,5′-tetramethylspiro[cyclopent[b]indole-3(2H),3′(4′H)-1-
benzazocine]-2′(1′H),6′(5′H)-dione (6).

In 1913 Scholtz1 reported that the hydrochloric acid-
catalyzed condensation of indole with acetone gave a
monobase to which he assigned structure 1. We found
that this reaction gives a complex mixture of products,2
including one that matches Scholtz’s compound in em-
pirical formula, melting point, and color. We assigned
structure 2a to this compound, although the location of
the double bond (1,2- or 2,3-position) in the tetrahydro-
carbazole was uncertain at that time. At the same time,3
an analogous compound (2b) was isolated from this
reaction when 2-methylindole, instead of indole, was
used. More recently, we have determined the position
of the double bond (by NMR spectroscopy) to be that
shown in the tetrahydrocarbazole 2a.4,5 Tetrahydrocar-
bazole 2a was previously dehydrogenated and methy-
lated, giving dihydrocarbazole 3.2 An independent syn-
thesis of dihydrocarbazole 3 has been carried out.5 We
have also determined from NMR studies that the stere-
ochemistry of tetrahydrocarbazole 2a is cis. Several of
the compounds isolated from the same reaction as 2a
were only partially characterized and not assigned
structures in the original paper,2 but are now assigned
structures in this paper.

Compound 1 of our earlier paper2 was described as
having an empirical formula C25H26N2, which corresponds
to a 2:3 condensation product of indole to acetone with
the loss of three molecules of water. We now assign
structure 4 to this compound.4,5 We also reported that
compound 1 is easily autoxidized to two compounds with
melting points of 230-231 and 175-178 °C, to which we
now assign structures 5 and 6, respectively. Banerji et
al.6 also isolated compounds 4 and 5 (along with several
other compounds6,7 which we did not isolate in our
studies) from the condensation of indole with acetone
catalyzed by boron trifluoride etherate in methylene
chloride. The spectral and physical data that we ob-
tained for our compounds matched that which was
reported for 4 and 5, except that the melting point which
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we found for purified 5 (262-263 °C) is considerably
higher than that which was previously reported6 (245 °C).
Mixture melting points of our compounds with Banerji
et al.’s compounds of structures 4 and 5 were intermedi-
ate between our samples and theirs, but not depressed.
The structure of 4 was supported by NMR studies, and
the structure of 5 was confirmed by an X-ray crystal-
lographic structure determination.6 The oxidation prod-
uct with assigned structure 6 has a molecular formula,
determined by elemental analysis and mass spectrom-
etry, of C25H26N2O2 (which is isomeric with 5). The 1H
NMR spectrum shows four methyl singlets at δ 1.20, 1.31,
1.41, and 1.49 ppm. It also shows signals for two sets of
geminally coupled protons at 1.88 and 2.94 ppm (J ) 13
Hz), and at 2.06 and 2.26 ppm (J ) 16.5 Hz). The 13C
NMR spectrum shows, along with others, signals at δ
175.8 and 213.5 ppm. The former chemical shift is
consistent with an amide carbonyl and the latter with a
ketone carbonyl. All spectroscopic data are consistent
with the assigned structure 6.

Compound 2 of our earlier paper was postulated to be
an autoxidation product of 2a, with an empirical formula
of C22H20N2O, to which we now assign structure 7. Mass
spectral analysis gave a molecular weight of 328. A 1H
NMR spectrum in DMSO-d6 shows two methyl singlets
at δ 0.53 and 1.44 ppm, a geminally coupled (J ) 17.3
Hz) pair of doublets at δ 2.54 and 3.08 ppm, a singlet at
δ 5.69 ppm, 10 aromatic or olefinic protons from δ 6.93
to 7.93 ppm, and an indole NH at δ 11.68 ppm. At first
we thought that the singlet at δ 5.69 ppm was due to a
vinyl proton, but a 1H NMR spectrum obtained at 102
°C showed upfield shifts of 0.35 and 0.38 ppm for the
peaks observed at room temperature at δ 5.69 and 11.68,
respectively. On this basis, the singlet at δ 5.69 is
assigned to a hydroxyl proton. A COSY experiment,
which shows allylic coupling of the doublet at δ 3.08 with
a finely split singlet at δ 6.93 ppm, does not show any
long range coupling with the singlet at δ 5.69. The
spectrum does not show any other long range coupling
for the singlet at δ 6.93. Therefore, the singlet at δ 6.93
is assigned to the vinyl proton, and the methylene
hydrogens at δ 2.54 and 3.08 are allylic. The doublet at
δ 3.08 also shows long range coupling to the methyl
singlet at δ 0.53 ppm, which, in turn, shows long range
coupling to the methyl singlet at δ 1.44 ppm. This

supports a structure with a geminal dimethyl group
adjacent to the methylene. The structure of 7 is consis-
tent with it being an autoxidation product of 2a.

Compound 3 of our earlier paper2 was described as
having the same empirical formula as compound 1,
C26H26N2. Mass spectral analysis confirms this, giving
a molecular weight of 354. A 1H NMR spectrum shows
methyl singlets at δ 0.96, 0.99, 1.52, and 1.60 ppm, two
geminally coupled protons as doublets at δ 2.30 and 2.60
ppm, a proton as a singlet at δ 4.33 ppm, two protons as
a singlet at δ 5.31 ppm, and nine aromatic and olefinic
protons from δ 6.17 to 8.12 ppm. Several possible
structures seemed to fit the spectroscopic data. There-
fore, an X-ray crystallographic structure determination
was carried out, and we were surprised to discover that
the structure contained a quinoline and an aniline
(structure 8) instead of indole moieties. Figure 1 is an
ORTEP8 drawing of the structure.

A proposed mechanism for the formation of structure
8 is shown in Scheme 1. Indole condenses with acetone,
by one of several possible routes (only one is shown), to
form indolyl ketone 9. Ketone 9 cyclizes,9 with subse-
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Figure 1. ORTEP drawing of compound 8.
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quent dehydration, to intermediate 10, which rearranges
by an intramolecular nucleophilic attack by the indolyl
moiety on the protonated cyclopentindole, giving tetrahy-
drocarbazole 11. Intermediate 11 then undergoes a C-N
bond cleavage, followed by an intramolecular attack by
the intermediate aniline on the protonated indole, giving,
after another C-N bond cleavage, tetrahydroacridine 8.

Experimental Section

General Information. Melting points are uncorrected.
The NMR spectra are referenced to the solvent; chemical shifts
are given in δ ppm; coupling constants are given in Hz. IR
spectra were obtained on potassium bromide pellets. Mi-
croanalyses were performed by MHW Laboratories, Phoenix,
AZ. Compounds 2a and 4-8 were obtained as previously
described.2

cis-4,4a,9,9a-Tetrahydro-2-(1H-indol-3-yl)-4,4-dimethyl-
3H-carbazole (2a): yellow needles, mp 167-168 °C (lit. mp
170 °C,2 170-171 °C1); 1H NMR (CDCl3, 79.4 MHz) 0.94 (s),
1.19 (s, area for 0.94-1.19 is 6 H), 2.36 (s, 2 H), 3.10 (broad d,
1 H, J ) 8), 4.52 (dd, 1 H, J ) 8, 4), 6.25 (broad d, 1 H, J ) 4),
6.72 (dt, 2 H, J ) 9.2, 2.4), 6.94-7.44 (m, 7 H), 7.84-8.24 (m,
2 H); decoupling experiments: irradiation at 3.10 caused the
dd at 4.52 to become a d and the broad d at 6.25 to become a
clean d, irradiation at 4.52 caused the broad d’s at 3.10 and
6.25 to become s’s, irradiation at 6.25 caused the broad d at
3.10 and the dd at 4.52 to become clean d’s; MS m/z (relative
intensity) 314 (M•+, 37), 312 (12), 300 (22), 299 (100), 284 (23),
149.5 (23), 142 (14), 128 (11).
1,1′,4,4′-Tetrahydro-1,1,1′,1′-tetramethyl-3,3′(2H,2′H)-

spirobi[cyclopent[b]indole] (4):mp of our colorless crystals
used for mixture 249-251 °C; mp of sample supplied by
Banerji et al.6 243-245 °C; mp of mixture 243-247 °C.
1,3′,4,4′-Tetrahydro-1,1,4′,4′-tetramethyl-cis-dispiro[cy-

clopent[b]indole-3(2H),2′(5′H)-furan-5′,3"-[3H]-indol]-2′′-
(1′′H)-one (5):mp 262-263 °C; mp of our white crystals used
for mixture 259-260 °C; mp of sample supplied by Banerji et
al.6 247-250 °C; mp of mixture 251-252 °C.

1,4-Dihydro-1,1,5′,5′-tetramethylspiro[cyclopent[b]in-
dole-3(2H), 3′(4′H)-1-benzazocine]-2′(1′H),6′(5′H)-dione (6):
white crystals, mp 157-162 °C; 1H NMR (CDCl3, 79.4 MHz)
1.20 (s), 1.31 (s), 1.41 (s), 1.49 (s, area for 1.20-1.49 is 12 H),
1.88 (d, 1 H, J ) 13), 2.06 (d, J ) 16.5), 2.26 (d, J ) 16.5, area
for 2.06-2.26 is 2 H), 2.94 (d, 1 H, J ) 13), 6.92-7.66 (m, 9
H), 7.89 (broad s, 1 H); 13C NMR (pyridine-d5, 25.2 MHz) 23.0,
28.9, 29.9, 30.3, 38.7, 49.5, 53.1, 55.5, 62.9, 112.9, 118.6, 119.3,
121.1, 123.6, 125.7 (2), 127.9, 128.1, 130.5, 134.1, 141.0, 142.9,
146.0, 175.8, 213.5; UV (95% EtOH) λmax (log ε) 226 nm (4.68),
275 (3.95), 280 (sh, 3.95), 290 (sh, 3.85); IR 3380, 3160, 1700,
1655 cm-1; HR MS m/z (relative intensity, calcd) 387.2009
(13, 12C24

13CH26N2O2, 387.2028), 386.2017 (59, C25H26N2O2,
386.1995).
4,4a-Dihydro-2-(3-1H-indolyl)-4,4-dimethyl-3H-carba-

zol-4a-ol (7): bright yellow flakes (EtOH), mp 229-231 °C (lit.2
mp 230-231 °C); 1H NMR (DMSO-d6, 300 MHz) 0.53 (s, 3 H),
1.44 (s, 3 H), 2.54 (d, 1 H, J ) 17.3), 3.08 (d, 1 H, J ) 17.3),
5.69 (s, 1 H), 6.93 (d, 1 H, J ) 1.8), 7.10-7.49 (m, 7 H), 7.70
(s, 1 H), 7.93 (d, 1 H, J ) 8.6), 11.68 (s, 1 H); MS m/z (relative
intensity) 329 (M•+ + 1, 21), 328 (M•+, 100), 313 (32), 312 (21),
310 (49), 299 (24), 297 (35), 285 (29), 282 (30).
5-(2-Aminophenyl)-1,3,4,5-tetrahydro-1,1,4,4-tetrame-

thylcyclopent[kl]acridine (8): clear and tan crystals, mp
248-251 °C (lit.2 mp 260 °C); 1H NMR (DMSO-d6, 300 MHz)
0.96 (s), 0.99 (s, area for 0.96-0.99 is 6 H), 1.52 (s, 3 H), 1.60
(s, 3 H), 2.30 (d, 1 H, J ) 16.4), 2.60 (d, 1 H, J ) 16.6), 4.33 (s,
1 H), 5.31 (s, 2 H), 6.17 (d, 1 H, J ) 7.5) 6.25 (t, 1 H, J ) 7.4),
6.33 (s, 1 H), 6.68 (d, 1 H, J ) 7.8), 6.82 (t, 1 H, J ) 7.1), 7.60
(m, 2 H), 7.95 (d, 1 H, J ) 7.9), 8.12 (d, 1 H, J ) 6.7); 13C
NMR (DMSO-d6, 50 MHz) 23.4, 23.7, 26.2, 28.3, 33.9, 37.6,
48.4, 52.5, 115.3, 115.7, 123.6, 123.7, 125.6, 125.8, 126.5, 127.5,
129.1, 130.0, 133.3, 134.3, 141.9, 147.3, 147.7, 153.5, 158.1;
MS m/z (relative intensity) 354 (M•+ + 1, 11), 353 (M•+, 38),
340 (26), 339 (100), 309 (22).
X-ray Structure of 8. 5-(2-Aminophenyl)-1,3,4,5-tetrahy-

dro-1,1,4,4-tetramethylcyclopent[kl]acridine, C25H26N2: Mr )
354.49, monoclinic, space group P21/n, a ) 10.883(2) Å, b )
16.728(2) Å, c ) 11.781(0) Å, â ) 113.503(4)°, V ) 1966.8(5)
Å3, Z ) 4, Dx ) 1.197 g cm-3, λ(Cu KR) ) 1.5418 Å, linear
absorption coefficient µ ) 6.3 cm-1, and F(000) ) 760. The

Scheme 1
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data were collected at a temperature of 298 K on an Enraf-
Nonius CAD4 diffractometer: colorless needles, 0.16 × 0.15
× 0.35 mm; density not measured; 25 reflections with 20 e θ
e 25°, Cu KR1 used to refine cell dimensions; systematic
absences. k ) 0, h + l * 2n; 0k0, k * 2n determined space
group; no absorption correction was applied; 2θmax ) 120°; -12
e h e 11, 0 e k e 18, 0 e l e 13; three standard reflections
measured after every 3600 s of X-ray exposure indicated less
than 1% decay; 3081 total reflections, 2911 unique, Ri ) 0.02,
2402 observed [I g 2.0σ(I)]; structure was solved by direct
methods; refinement on F, function minimized during refine-
ment was Σw(Fo - Fc)2, with w ) 1/[σ2(F) + 0.0005(F2)]; H
atoms were located in a difference map and refined with
isotropic thermal parameters; non-H atoms were refined with
anisotropic thermal parameters: R ) 0.037, Rw ) 0.051, S )
1.64; (∆/σ)max ) 0.2%, final difference map maximum ) 0.10 e
Å3, minimum ) -0.18 e Å3. Atomic scattering factors and
anomalous dispersion corrections are from ref 10; structure

solution and all calculations were performed with the
NRCVAX11 program suite.
Tables of atomic coordinates, anisotropic thermal param-

eters, bond distances and angles, and structure factors are
available upon request.12
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