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A facile method for the synthesis of 3-substituted 3H-indol-3-ols has been developed. Thus, 2-iso-
cyanophenyl ketones are allowed to react with various Grignard reagents to give the corresponding
desired indolol derivatives in generally fair to good yields. The formation of 3-aryl-2,3-dimethylindolin-
3-ols by the reaction of 2-isocyanobenzophenones with 2 M amounts of methylmagnesium bromide is
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1. Introduction

In the course of our studies on utilizations of 2-isocyanophenyl
ketones for the synthesis of benzene-fused heterocycles,! we pre-
viously reported syntheses of 2,4-disubstituted quinolines,'? 2-func-
tionalized 4-alkylidene-4H-1,3-benzoxazines,' and 4-substituted
quinoline-2(1H)-thiones.'® In this paper, we wish to report that the
reaction of 2-isocyanophenyl ketones with Grignard reagents pro-
vides an efficient route to 3-substituted 3H-indol-3-ols. 1H-Indoles
are undoubtedly very important heterocycles in organic synthesis.
3H-Indoles are also an important class of heterocycles, because
a number of molecules having this skeleton have been found in
nature? and some 3H-indole derivatives have been utilized for the
construction of indoline alkaloids.?® Although a large number of
methods to prepare 1H-indoles have been reported, the methodolo-
gies for the synthesis of 3H-indole are very limited.> Therefore,
development of new and convenient method for the synthesis of
3H-indoles is of considerable merit. 3H-Indol-3-ols are also of
potential importance in organic synthesis. Liu and McWhorter, have
reported a synthesis of 3-substituted 2-aryl-3H-indol-3-ols by the
reaction of 2-aryl-3H-indol-3-ones with Grignard reagents.3® They
have also reported an elaboration of the 3H-indol-3-ol derivatives to
more complex and important molecules.# However, to the best of our

* Corresponding author. Tel./fax: +81 857 31 5263; e-mail address: kkoba@
chem.tottori-u.ac.jp (K. Kobayashi).

0040-4020/$ — see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tet.2010.08.023

knowledge, few other reports on the methods for the general prep-
aration of 3H-indol-3-ol derivatives have appeared so far.

2. Results and discussion

The reactions for preparing 3-substituted 3H-indol-3-ols 2 from
2-isocyanophenyl ketones 1, which can be easily prepared from the
respective 2-aminophenyl ketones in two steps, were carried out as
shown in Scheme 1. Thus, isocyano ketones 1 were allowed to react
with an equimolar amount of Grignard reagents in THF at O °C. The
reactions proceeded relative cleanly and completed within 10 min
to give 3H-indol-3-ols 2 after usual aqueous workup followed by
purification using column chromatography on silica gel using
Et,0—CgHg (1:2, v/v) as an eluent.® The results obtained from the
reactions of various isocyano ketones 1 with aliphatic and aromatic
Grignard reagents are summarized in Table 1, which indicates that
yields of the desired products 2 were generally good to excellent.
While the use of aryl Grignard reagents gave generally excellent
yields of the desired products (entries 2—7 and 11), alkyl Grignard
reagents, such as methyl- or ethyl-magnesium bromide, gave the
corresponding desired products in rather diminished yields com-
pared to those using aryl Grignard reagents (entries 1, 8—10, and
12). This is probably due to the formation of products arising from
the initial addition of Grignard reagents to the carbonyl moiety. The
reaction of 1a with methylmagnesium bromide was attempted in
a less polar solvent, such as toluene, resulted in the formation of
a rather complex mixture of products containing the starting 1a,
and a considerable decrease in the yield of the desired product 2a
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(29%) was observed. It should be noted that the use of organo-
lithiums in place of Grignard reagents resulted in the formation of
complex mixtures of products.
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Scheme 1.
Table 1
Preparation of 3-substituted 3H-indol-3-ols 2
Entry 1 R? in R*MgBr 2 (Yield/%)?
1 1a (R'=H, R>=Ph) Me 2a (59)
2 1a Ph 2b (88)
3 1a 4-MeCgH,4 2¢ (93)
4 1a 3-ClCsHy4 2d (96)
5 1a 4-CICH, 2e (98)
6 1a 3-MeOCgH, 2f (98)
7 1a 3,4-(Me0),CH3 2g (82)
8 1b (R'=H, R?=4-CICgH4) Me 2h (57)
9 1c (R'=H, R?=4-MeOCgH,) Me 2i (58)
10 1d (R'=Cl, R>=Ph) Me 2j (60)
11 1d Ph 2Kk (68)
12 1e (R'=Cl, R>=Et) Et 21 (50)

2 Isolated yields.

When 2 M amounts of methylmagnesium bromide were used,
3-substituted 2,2-dimethylindolin-3-ols 3 were obtained, as shown
in Scheme 2. Yields of the products are moderate as indicated in
Scheme 2 as well. 2-Ethyl- and 2-aryl-3H-indol-3-oxides in-
termediates (5; R>=Et and Ar, respectively) were found to be ex-
tremely stable toward excess ethyl- or aryl-magnesium bromide,
and no formation of the corresponding 2,2-diethyl- or 2,2-diary-
lindolin-3-ols was observed even at elevating reaction tempera-
tures. Addition of methylmagnesium bromide to the solution from
the reaction of 1a with phenylmagnesium bromide did not allow us
to introduce a methyl group.

R HO R2
Ty
N
N Me

3aR'=H, R? = 4-CIC4H, 43%
3bR'=H,R2= 4-MeOCgH,4 41%
3c R1 =Cl, R2 =Ph 48%

2 equiv. MeMgBr

1b, c
THF, 0°C

Scheme 2.

The pathway leading to 3-substituted 3H-indol-3-ols 2 from
2-isocyanophenyl ketones 1 and Grignard reagents is illustrated in
Scheme 3. The first step of the present transformation is the
addition of a Grignard reagent to the isocyano carbon of 1, gener-
ating an imidoyl anion intermediate 4. This intermediate cyclizes
rapidly by the intramolecular attack of the imidoyl anion on the
carbonyl carbon to give the 3H-indol-3-oxide intermediate 5,
which is protonated by aqueous workup to provide 2.

As mentioned above, the reaction of 2-isocyanophenyl ketones
with Grignard reagents under milder conditions has allowed pre-
paring a range of 3-substituted 3H-indol-3-ols. The use of an excess
amount of methylmagnesium bromide has also allowed preparing
3-substituted 2,2-dimethylindolin-3-ols. The present synthetic
method may be of value in organic synthesis because it has
advantages over the previous method;>? the readily availability of
the starting materials and the simplicity of the operations.
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Scheme 3.

3. Experimental
3.1. General

All melting points were obtained on a Laboratory Devices MEL-
TEMP Il melting apparatus and are uncorrected. IR spectra were
determined with a Shimadzu FTIR-8300 spectrophotometer. The 'H
NMR spectra were determined in CDCl3 using TMS as an internal
reference with a JEOL ECP500 FT NMR spectrometer operating at
500 MHz. The '3C NMR spectra were determined using TMS as an
internal reference with a JEOL ECP500 FT NMR spectrometer
operating at 125 MHz. Low-resolution MS spectra (EI, 70 eV) were
measured by a JEOL JMS AX505 HA spectrometer. TLC was carried
out on a Merck Kieselgel 60 PF,54. Column chromatography was
performed using Merck Kieselgel 60 (0.063—0.200 mm). All of the
organic solvents used in this study were dried over appropriate
drying agents and distilled prior to use.

3.2. Starting materials

2-Isocyanophenyl ketones 1a, 1c, 1d, and 1e were prepared by
the previously reported our method.'P All other chemicals used in
this study were commercially available.

3.2.1. N-[2-(4-Chlorobenzoyl)phenyl]formamide. This compound was
prepared by treating 2-aminophenyl(4-chlorophenyl)methanone
with excess HCOH in refluxing toluene under azeotropic con-
ditions'? in 93% yield; a yellow viscous oil; Rf 0.25 (1:2 AcOEt—
hexane); IR (neat) 3312, 1697, 1643, 1603 cm™!; "TH NMR ¢ 7.15 (dd,
J=7.8, 7.3 Hz, 1H), 7.48 (d, J=8.2 Hz, 2H), 7.54 (d, J=8.2 Hz, 1H), 7.60
(dd, J=8.2, 7.3 Hz, 1H), 7.67 (d, J=8.2 Hz, 2H), 8.49 (s, 1H), 8.67 (d,
J=7.8 Hz,1H),10.61 (s, 1H); '*C NMR 6 122.33,122.83,123.22,128.73,
131.31, 133.19, 134.49, 136.67, 139.17, 139.25, 159.56, 198.06. Anal.
Calcd C14H10CINOy: C, 64.75; H, 3.88; N, 5.39. Found: C, 64.63; H,
4.00; N, 5.32.

3.2.2. 4-Chlorophenyl(2-isocyanophenyl)methanone (1b). This com-
pound was prepared by dehydration of the above formamide with
POCl;—Et3N in THF at 0 °C’ in 77% yield; yellow crystals; mp
85—88 °C (hexane—Et;0); IR (KBr) 2130,1661 cm~'; 'TH NMR 6 7.48
(d,J=8.7 Hz, 2H), 7.51—7.55 (m, 3H), 7.59 (ddd, J=7.8, 7.3,1.8 Hz, 1H),
7.76 (d, J=8.7 Hz, 2H); 13C NMR 6 127.93, 129.17 (two overlapped
C's), 129.29, 129.35, 131.37, 131.67, 134.50, 135.73, 140.67, 169.34,
192.44. Anal. Calcd C14HsCINO: C, 69.58; H, 3.34; N, 5.80. Found: C,
69.42; H, 3.32; N, 5.50.

3.3. General procedure for the reaction of 2-isocyanophenyl
ketones 1 with Grignard reagents

To a stirred solution of one of 2-isocyanophenyl ketones
(2.0 mmol) in THF (5 mL) at 0 °C was added one of Grignard
reagents (Et,O solution, 1.0 mmol for the preparation of 2 or
2.0 mmol for 3) dropwise; the mixture was stirred for 10 min at the
same temperature. Saturated aqueous NH4Cl (10 mL) was added
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