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Various spirofluorenyl oxindoles and spiroindeno[1,2-b]indolyl oxindoles were synthesized in
good yields in one-pot reaction by TiCl,-catalyzed sequential inter- and intramolecular Friedel-
Crafts reactions of isatins with meta-arylphenols and 2-arylindoles in 1,2-dichloroethane.
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The oxindole framework bearing a spirocyclic quaternary carbocycle-containing spirooxindoles has also been reported such
stereocenter at the C3 position is a significant privileged as spirocyclopentadienyl-, spiroindenyl-, and spirofluorenyl
heterocyclic scaffold, appears in a plethora of natural and oxindoles.”
synthetic compounds.”® The synthesis of five-membered

o o

Ref. 4
—_—

1a / acid cat.
|ntermolecular intramolecular O OH
Friedel-Crafts Friedel-Crafts
Ph
70 Ph)K/Ph Ph o) O’O
3 Pn T|CI3 _,
T Ref.8a T|CI4 (2 0 equiv) P =0 '

CICHZCHZCI
MBH acetate reflux, 2 h

I’Z

3a (63%)

Scheme 1. (1) known process, (2) synthetic rationale of spirofluorenyl oxindole, (3) synthesis of spirofluorenyl oxindole 3a.



Table 1. Synthesis of spirofluorenyl oxindoles from meta-arylphenols.*”

OH
} (9] R3 R'=H, Cl, Me, NO,, OMe; R? = H, Me
R TiCl, R3 = benzyl, Me, acetyl; R* = H, OMe
o . . > 3a-3k RS = phenyl, 4-methoxyphenyl, H, Me
N R R R® = phenyl, 4-methoxyphenyl
R? RS
1a-1f 2a-2f
Ch% % 'O ’O
O Ph ¢l O Ph Me Ph O,N
Sz Ol g
H H
3a (63%, 1a+2a) 3b (70%, 1b+2a) 67% 1c+2a) 78% 1d+2a)

Ph Ph

MeO .O Ph .O Ph
Co O
N N
H \

Me
3e (60%, 1e+2a) 3f (79%, 1f+2a) 3g (55%, 1a+2b) 3h (74%, 1a+2c)

Me

O\
MeO ;I'iC|3

O OMe O OMe O OMe
) P I °
Ph
CLyse” O (Lol o
OH OH OH
N N N o) Ph
H 0
N

H H
3i (76%, 1a+2d) 3j (68%, 1a+2e) 3K (0%, 1a+2f)

— H .
Conditions: isatin (0.5 mmol), phenol (0.5 mmol), CICH,CH,CI (2.0 mL), TiCl, (1.0 mmol), reflux, 2 h.

P1a: isatin; 1b: 5-chloroisatin; 1c: 5-methylisatin; 1d: 5-nitroisatin; le: 5-methoxyisatin; 1f: N-methylisatin.

2a: 2-benzyl-4,5-diphenylphenol; 2b: 2-benzyl-4,5-di(p-methoxyphenyl)phenol; 2c: 2-benzyl-4-methyl-5-phenylphenol;

2d: 2-benzyl-3-methoxy-5-phenylphenol;.2e: 2-methyl-3-methoxy-5-phenylphenol; 2f: 2-acetyl-3-methoxy-5-phenylphenol.

The reaction of isatin (1a) and electron-rich arenes such as presence of H,SO, (2.0 equiv), a trace amount of 3a was formed
phenol and naphthol provides 3-aryl-3-hydroxy-2-oxindoles.** A along with many intractable side products. The use of AICI; (2.0
selective C-C bond formation occurred at the ortho-position of equiv) in AcOH showed a similar result with that of
phenol or naphthol due to stabilizing hydrogen bonding effect H,SO4/ACOH. To our delight, 3a was formed in a reasonable
between the phenolic OH and the carbonyl group of oxindole yield (63%) b using TiCl, (2.0 equiv) in 1,2-dichloroethane
(Eq. 1, Scheme 1).*" We reasoned out a phenol derivative (reflux, 2 h).“*** The yield of 3a decreased slightly by using
bearing an aryl group at the meta-position could be used for the lesser amount of TiCl, (1.2-1.5 equiv.), and the use of Ti(O'Pr),
synthesis of spirofluorenyl oxindole via sequential inter- and a showed completely no reaction.
following intramolecular Friedel-Crafts reactions,® as shown in Encouraged by the successful result, various meta-arylphenols
Eq. 2. Since the three positions (positions 2, 4 and 6) of meta- 2b-f were prepared according to the reported methods,® and the
arylphenol can react with isatin, the two positions (positions 4 syntheses of spirooxindoles were examined. The results are
and 6) of meta-arylphenol should be blocked with a substituent in summarized in Table 1. The reactions of isatins 1b-1f and 2a
order to synthesize spirofluorenyl oxindole.” As shown in Eq. 3, afforded the corresponding spirooxindoles 3b-3f in good yields
meta-arylphenols such as 2-benzyl-4,5-diphenylphenol (2a) (60-79%).° The reactions of la and meta-arylphenols 2b-2e
could be used for this purpose. The reaction of 1a and 2a in the afforded 3g-3j in moderate to good yields (55-76%). However,
presence of suitable acid catalyst would provide an intermediate the reaction of la and the phenol 2f, bearing an ortho-acetyl
I, and a'subsequent intramolecular Friedel-Crafts reaction under moiety, failed completely. A preferential intramolecular chelation

the same reaction condition could form 3a. of titanium phenolate with acetyl group would be the reason for
Phenol 2a was synthesized via [4+2] annulation protocol from the failure, as shown in Table 1.
Morita-Baylis-Hillman (MBH) adducts according to the reported The mechanism for the formation of 3a could be proposed, as

method.® At the outset of our experiment, the reaction of 1a and shown in Scheme 1. Thermalization of phenol 2a and TiCl,
2a was examined in refluxing AcOH; however, no reaction was afforded titanium phenolate [TiCl;(OAr].”® The coordination
observed. When we carried out the reaction in AcOH in the between the oxygen atom of isatin and [TiCl;(OAr)] makes close

H
N
TiCl4 (2.0 equiv) O p Ph
1a + N\ Ph CICH,CH,CI OH
N reflux, 2 h
H (6]
4a N
nH

¢ =0.25M: 5a (34%) + 6 (18%)
¢ =0.05M: 5a (51%) + 6 (5%)
¢ =0.02 M: 5a (54%) + 6 (not formed)

Scheme 2. Synthesis of spirooxindole 5a bearing indeno[1,2-b]indole moiety.
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the two reaction centers, ortho-position of phenol and the 3-
position of isatin. Thus, the first intermolecular Friedel-Crafts
type bond-formation occurs readily to form 1. A subsequent

Table 2. Synthesis of spirooxindoles from 2-arylindoles.*®

; O H
R )
TiCl
N N

the corresponding spirooxindoles 5f-5i in reasonable yields (52-
60%). It is interesting to note that the intramolecular Friedel-
Crafts cyclization occurred selectively at the 1-position of

R'=H, CI, Me, NO,
R?=H, Me
R3 = phenyl, 4-chlorophenyl, 2-naphthyl, 2-thienyl

5f (52%, 1a+4b) 5g (60%, 1a+4c)

5h (55%, 1a+4d)

5i (53%, 1a+de)

5] (56%, 1f+4e)

®Conditions: isatins (0.6 mmol), indoles (0.5 mmol), TiCl, (1.0 mmol), CICH,CH,CI (25 mL), reflux, 2 h.
®4a: 2-phenylindole; 4b: 2-(4-chlorophenyl)indole; 4c: 2-(2-naphthyl)indole; 4d: 2-(2-thienyl)indole; 4e: N-methyl-2-phenylindole.

intramolecular Friedel-Crafts cyclization of | proceeds readily
under the same reaction condition to afford 3a, thus | cannot be
isolated.

Spirooxindoles bearing an indole moiety has been received
special attention due to their abundance in natural and synthetic
drug candidates.” The reaction of indole and isatin has been
studied extensively.”™ 3 3-Diindolyl-2-oxindole _derivatives
were obtained as major products in the presence of an acid
catalyst."” The synthesis of 3-hydroxy-3-indolyl-2-oxindole has
also been reported in a few reports;"® however, mono-
indolylization of isatin with 2-arylindoles has not been reported,
to the best of our knowledge.* In these respects, we were not
confident with the successful. synthesis of spiroindeno[1,2-
blindolyl oxindole 5a; however, we decided to examine the
synthesis of 5a due to-importance of spirooxindoles bearing an
indole moiety."*

As shown in Scheme 2, desired spiroindeno[1,2-b]indolyl
oxindole 5a was obtained in moderate yield (34%) by the
reaction of la and 2-phenylindole (4a), under the same reaction
condition for the synthesis of 3, to our delight. However, the
formation of 3,3-diindolyl derivative 6,"*'* albeit in low yield
(18%), lowers the yield of 5a. Spirooxindole 5a must be formed
by an intramolecular Friedel-Crafts reaction of intermediate 11,
while 6 could be produced by intermolecular Friedel-Crafts
reaction between Il and 4a. Thus, we presumed that the
formation of 6 could be reduced by carrying out the reaction in
dilution conditions. As expected, the yield of 5a increased to
51% in 0.05 M concentration and further improved to 54% in
0.02 M concentration.'>*°

Encouraged by the successful synthesis of spiroindeno[1,2-
blindolyl oxindole, the reactions of some representative isatins
la-1f and 2-arylindoles 4a-4e were examined. The results are
summarized in Table 2. The reactions of 1b-1d and 1f with 4a
afforded the corresponding spirooxindoles 5b-5e in moderate
yields (47-58%). The reactions of 1la with 2-(4-
chlorophenyl)indole (4b), 2-(2-naphthyl)indole (4c), 2-(2-
thienyl)indole (4d), and N-methyl-2-phenylindole (4e) afforded

naphthalene ring during the synthesis of 5g. The formation of a
regioisomeric product was not observed. The selective Friedel-
Crafts reaction is due to a small loss of resonance energy of the
naphthalene ring during the Friedel-Crafts reaction.'” The
reaction of 1f and 4e also gave 5j in a similar yield (56%).

In summary, the reactions of various meta-arylphenols and 2-
arylindoles ~ with isatins provided spirofluorenyl- and
spiroindeno[1,2-b]indolyl oxindoles in the presence of TiCl, in
moderate to good yields in one-pot reaction. The reaction
proceeds via a consecutive inter- and intramolecular Friedel-
Crafts reactions.
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