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A practical one-pot synthesis of 4’-fluorospiro[cyclopropane-1,3°’-indol]-2°(1 'H)-one, including the treatment of
1-(2,6-difluorophenyl)cyclopropane-1-carbonitrile with potassium hydroxide in boiling glycol, as a key step, is
described. The title product is recognized as a promising terminal building block for the novel biologically active
podands.
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Introduction

Podand ionophores (or podands) are considered to be
a class of seco-analogues of macrocycles, yet preorganized
hosts for cations.!'! Their chemical and physical properties
greatly depend on the structure of their main chain, as well
as the structure of the terminal groups. It is necessary to
mention that a lot of ionophores of a kind possess valuable
physiological activity. For example, a number of podands are
recognized as highly active antibiotics.” On the other hand,
a  4’-fluorospiro[cyclopropane-1,3’-indol]-2’(1° H)-onel*!
scaffold and its bioisosteres!® are important descriptors
in different pharmacologically active agents, described as
potential drugs for a variety of socially significant diseases.
In such a case, we have made up our minds to prepare a series
of podands, consisting of oligoether fragment, “locked” on
both ends with the residues of 4’-fluorospiro[cyclopropane-
1,3’-indol] (Figure 1) and investigate their properties.

A scalable and practical synthesis of 4’-fluoro-
spiro[cyclopropane-1,3’-indol]-2’(1’H)-one appeared crucial
for the success of this work, so the present paper is dedicated
to this step of the total synthesis.

Experimental

All the solvents were purified by standard methods.!”! Melting
points of the compounds were determined on Buchi M-565
apparatus (corrected values obtained at 1 °C/min heating rate are
presented). IR-spectra were recorded in Nujol mulls on a Spekord
M-82 apparatus. Elemental analyses were performed on Vario EL
Cube apparatus. GC/MS analyses were carried out using Varian
Saturn 2100 GC/MS-spectrometer. 'H, *C and '"F NMR spectra
were recorded on Bruker Avance III 400 NMR-spectrometer,
equipped with a broad-band sensor with Z-gradient in DMSO-d,
at 30 °C (internal standard — TMS). Chemical shifts of 'H and *C
were calibrated in regard to the signals of DMSO-d, carbon atoms
(39.50 ppm) and the residual signals of 'H-atoms of DMSO-d,
(2.50 ppm). Chemical shifts of F were calibrated in regard to
the external standard — CFCI, (0.0 ppm). "F NMR spectra were
recorded with broad-band decoupling from protons, while 'H NMR
spectra were recorded either with broad-band decoupling from '°F
nuclei, or without it. Two dimensional experiments were carried out
according to the standard Bruker company methods with the help of
Z-gradient impulses. The period of mixing in the case of NOESY-
spectra was 0.7 s. 'H-'3C HMBC-spectra were optimized for 10 Hz
coupling constants. YF-'H HOESY-spectra were recorded in the
proton supervision mode and mixing period was 0.5 s.

4’-Fluorospiro[cyclopropane-1,3-indol]-2(1'H)-one. Amix-
ture of 2-(2,6-difluorophenyl)acetonitrile (15.3 g, 12.4 ml, 0.1 mol),
1,2-dibromoethane (152.5 g, 70 ml, 812 mmol), and benzyl(triethyl)
ammonium chloride (32.7 g, 144 mmol) was vigorously stirred
at 60 °C under protection from atmospheric carbon dioxide.
Aqueous potassium hydroxide (prepared from 95 g (1.43 mol;
assay ~84.5 %) solid potassium hydroxide and 95 ml of water)
was added drop by drop to the reaction mixture. After the complete
addition of the alkali, the reaction mixture was vigorously stirred
at 60—65 °C for 6 hrs more and left overnight at room temperature.
The whole mixture was thoroughly extracted with methyl tret-butyl
ether (3x100 ml), aqueous phase was discarded, while the organic
extracts were mixed together and evaporated. Traces of water were
azeotropically removed with toluene, and the residue was mixed
with glycol (150 ml) and solid potassium hydroxide pellets (22.2
g, 0.33 mol; assay ~84.5 %). The reaction mixture was stirred at
reflux under protection of atmospheric carbon dioxide, until the

Maxkpozemepoyurnvt / Macroheterocycles 2016 9(1) 50-53

M. B. Nawrozkij et al.

evolution of ammonia ceased, quenched with 300 ml of water,
treated with activated carbon, filtered and chilled in an ice box. The
stirred and cooled solution was made acid to litmus by addition
of concentrated HCI (until pH~1-2) and filtered. The filtrate was
thoroughly extracted with methyl ters-butyl ether (3x150 ml),
while the filter cake (crude 1-(2,6-difluorophenyl)cyclopropane-1-
carboxylic acid) was washed with water and air-dried. Combined
organic extracts were successively washed with water, brine and
dried over anhydrous sodium sulphate. After filter through a silica
gel pad, the organic solution was evaporated to dryness, and the
viscous residue was treated several times with boiling isooctane.
Upon chilling to room temperature, the combined isooctane
extracts were separated several times from a small amount of tarry
material, and then deposited the first crop of fine crystals of the
target compound. The resulting precipitate was filtered off and air-
dried. The mother liquor was re-concentrated several times in vacuo
to render several more crops of crystals. The overall yield of pure
4’-fluorospiro[cyclopropane-1,3°-indol]-2’(1’H)-one was 11.1 g
(63 %). M.p.: 74.5-75.5 °C (from isooctane). Purity: 99.99 % (GC/
MS). Found, %: C, 69.71; H, 4.48; N, 8.00. C, H,FNO. Calculated,
%: C, 67.79; H, 4.55; N, 7.91. Mass spectrum (EI) m/z (%): 177.9
(66) [(M+H)], 163.1 (22) [(M+H,-CH,)], 149.1 (100) [(M+H,-

CO)]. IR vem: 778 m, 1036 m, 1108 s, 1162 m, 1264 m, 1294 m,
1492 s, 1528 m, 1636 m, 1672 s, 1816 m, 2914 s, 2956 s. '"H NMR
(DMSO-d,, 303 K) &, ppm: 12.2 (1H, br. s, NH), 7.32 (1H, dt,
J,=5.2 Hz, J,=8.3 Hz, C°H), 7.12 (1H, d, J=8.2 Hz, C'H), 6.97
(1H, t,J=9.2 Hz, C°H), 1.95 (2H, m, C*H (endo), C*H (endo)), 1.73
(2H, m, C*H (exo), C*H (ex0)).

The tarry material deposited from isooctane solutions was
mixed together with an air-dried crude 1-(2,6-difluorophenyl)
cyclopropane-1-carboxylic acid and re-crystallized from boiling
toluene. A batch of pure 1-(2,6-difluorophenyl)cyclopropane-
1-carboxylic acid was obtained in this manner. Yield: 4.0 g
(20 %). M.p.: 156-157 °C (from toluene). Purity: 99.99 % (GC/
MS). Found, %: C, 60.50; H, 4.08. C, H,F,0,. Calculated, %: C,
60.61; H, 4.07. Mass spectrum (EI) m/z (%): 197.9 (100) [M'],
153.0 (37) [(M-C(O)OH)"], 133.0 (35) [(M-C(O)OH, -HF)7,
127.2 [(2,6-F,CH,CH,)"] (32). IR v cm: 4125, 772 m, 946 m,
994 m, 1048 s, 1246 m, 1270 m, 1306 m, 1324 m, 1414 m, 1468 m,
1474 m, 1504 s, 1624 m, 1666 m, 1726 s. '"H NMR (DMSO-d,,
303 K) 8, ppm: 12.54 (1H, br. s, OH), 7.36 (1H, m, C*H), 7.03 (2H,
m, C>*H), 1.58 (2H, m, C*H (endo), C*H (endo)), 1.18 (2H, m, C’H
(exo), C*H (ex0)).

Results and Discussion

4’-Fluorospiro[cyclopropane-1,3’-indol]-2°(1’H)-one
is a known compound, but the methods for its preparation
described in literature are tedious and/or unreliable.

For example, Wilk B.K.P! has reported the synthesis
of this compound upon treatment of 1-(2,6-difluorophe-
nyl)cyclopropane-1-carboxamide with lithium hydride in
absolute DMF at 120 for 4 hrs. Noteworthy that the melt-
ing point of the target compound was 171.1-172.2 °C (from
ethyl acetate). Alternatively, sodium tert-pentoxide in NMP
was used as a base for intramolecular N-arylation of tech-
nical  1-(2,6-difluorophenyl)cyclopropane-1-carboxamide,
conducted at 143-147 °C for 4-9 hrs."! Finally, Gontch-
arov A.V. and Potoski J.R. have reported the synthesis of
4’-fluorospiro[cyclopropane-1,3°-indol]-2’(1°H)-one via
3,3-dialkylation of 4-fluoroindoline-2-one with 1,2-dibro-
moetane in absolute THF in the presence of LDA, generated
in situ from DIPA and n-butyllithium, at —40+-20 °C.F*} The
main drawback of the above mentioned procedures is a com-
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Figure 1. General structure of 4’-fluorospiro[cyclopropane-1,3°-
indol]-based podand ionophores (where X is O, S or substituted N
atom and n > 1).

bination of highly flammable base with very high or, oppo-
sitely, extremely low temperatures of the reaction. On the
other hand, preparation of the intermediate 1-(2,6-difluoro-
phenyl)cyclopropane-1-carbonitrile via the a,a-dialkylation
of 2-(2,6-difluorophenyl)acetonitrile with 1,2-dibromoe-
thane in the presence of sodium hydroxide and a catalytic
amount of tetrabutylammonium bromidel®# has given incon-
sistent yields of the title nitrile.

To overcome these difficulties, we have totally
revisited the whole procedure for the synthesis of
4’-fluorospiro[cyclopropane-1,3’-indol]-2’(1’H)-one  (Fig-
ure 2) starting from the very beginning. 2-(2,6-Difluoro-

phenyl)acetonitrile was synthesized from 2-(chloromethyl)-
1,3-difluorobenzene® by the known procedure.!'™ The latter
compound was treated with an excess of 1,2-dibromocthane
in the presence of concentrated aqueous potassium hydrox-
idel' and an equimolecular amount of Makosza catalyst.['”
These conditions have allowed the complete conversion of
the starting nitrile. The reaction mixture was ethered out to
yield the desired 1-(2,6-difluorophenyl)cyclopropane-1-car-
bonitrile, slightly contaminated with 1-(2,6-difluorophenyl)
cyclopropane-1-carboxamide. The whole reaction product
was treated with an excess of potassium hydroxide in boil-
ing glycol (while partial hydrolysis of the starting nitrile
and cyclization of the intermediate amide took place). After
quenching the reaction mixture with water and subsequent
acidification, the aqueous solution was filtered from a small
amount of 1-(2,6-difluorophenyl)cyclopropane-1-carboxylic
acid (appears due to the complete saponification), and the
target 4’-fluorospiro[cyclopropane-1,3’-indol]-2’(1’H)-one
was isolated via extractive work-up of the filtrate.

It is necessary to point out that 4’-fluorospiro[cyclo-
propane-1,3’-indol]-2°(1’H)-one prepared in this manner
was crystallized from isooctane (not ethyl acetate) and had
a melting point 74.5-76.5 °C, that is not in agreement with
the literature values.’) The same was observed in the case

CN
F
F F
CN
o
F F BrCH,CH,Br, KOH - H,O 1. KOH - HOCH,CH,OH N
= + = + H
[Et,NBn]'CI o] 2. HCI- H,0 o
NH, OH
F F F F
Figure 2. Synthesis of 4’-fluorospiro[cyclopropane-1,3’-indol]-2’(1’H)-one from 2-(2,6-difluorophenyl)acetonitrile.
Table 1. NMR spectral data for 4’-fluorospiro[cyclopropane-1,3’-indol]-2°(1’H)-one.
Position H (¥F) BC NOE HMBC
N-1 (indole) 1H, 12.2 br. s, NH - - -
C-2 (indole) - 1C, 175.71 s - -

C-3 (indole) -

C-3a (indole)

C-4 (indole)

(1F, -125.76 s)

C-5 (indole) 1H, 6.97 t, 3JH75,F74: 3JH—5H—6 =9.2Hz
4 — .
C-6 (indole) II;L 7.32512, JH—é,F—i 5.9 Hz;
JH—S,F—é - JH—(),H—7 = 83 Hz
C-7 (indole) 1H, 7.12d, 3JH-¢H-7 =8.2Hz

C-7a (indole)

C-2,3
(cyclopropane)

2H (endo), 1.95 m
2H (exo), 1.73 m

1C, 23.66,d, *J.= 1.8 Hz - -

1C, 114.96 d, %/,.= 19.0 Hz
1C, 155.77, d, 'J,, = 245.9 Hz
1C, 111.02, d, 2. = 19.2 Hz

1C, 128.70, d, 3/, = 8.4 Hz

1C, 106.98, d, *J_,= 3.8 Hz
1C, 153.87, d, /.= 9.0 Hz

2C, 18.57,d, %/, = 1.2 Hz

H-5 (indole), H-2,3
(endo, cyclopropane)

- C-3a,4,6,7 (indole)
- C-4,5,7a (indole)

- C-3a,5,7a (indole)

C-2,3,3a (indole)

F-4 (indole) C-2,3,3a (indole)

52

Maxpozemepoyurnet / Macroheterocycles 2016 9(1) 50-53



M. B. Nawrozkij et al.

Table 2. NMR spectral data for 1-(2,6-difluorophenyl)cyclopropane-1-carboxylic acid.

Position 'H (*F) BC NOE HMBC
C (carboxyl) 1H, 12.54, br. s, OH 1C, 173.78 H-2,3 (exo, -
cyclopropane)
C-1 (cyclopropane) - 1C, 17.63,t,J,,=2.2 Hz - -
C (carboxyl), C-2,3
} 2H (endo), 1.58, m _ F-5 (cyclopropane), C-1 (benzene)
C-2,3 (cyclopropane) 2H (exo), 1.18, m 2C, 17.63,t,J,, =23 Hz 1-0H C (carboxyl), C-2,3
(cyclopropane), C-1 (benzene)
C-1 (benzene) - 1C, 115.99,1,J..=17.3 Hz - -
H-2,3 (endo,
C-2,6 (benzene) (1F, -112.28, s) 2, 16201, dd, cyclopropane), -

Jop=247.7Hz; 7.6 Hz

H-3,5 (benzene)

2C, 111.36, dd,
C-3,5 (benzene) 2H, 7.03, m Jo =63 Hz; 123 Hz - C-1,2,3,5,6 (benzene)
C-4 (benzene) 1H, 7.36, m 1C, 129.64,t,J..=10.5 Hz - C-1,2,3,5,6 (benzene)
of 1-(2,6-difluorophenyl)cyclopropane-1-carboxylic acid References

(melting point — 156—157 °C (from toluene) vs. the literature
datal'l 150-153 °C). That is why, we had to use a correlation
NMR-spectroscopy methods (Table 1 and Table 2), together
with GC-MS and elemental analyses of these products to
establish and approve their chemical structure.

Conclusions

A scalable and simple one-pot procedure for the syn-
thesis of 4’-fluorospiro[cyclopropane-1,3°-indol]-2’(1’H)-
one, starting from 2-(2,6-difluorophenyl)acetonitrile, was
developed. The main achievement of this method is that the
title compound is prepared and separated in an easy way, and
the whole synthesis requires only one cheap base — potassium
hydroxide instead of the expensive and flammable bases re-
ported previously.?! Meanwhile, the method also allows the
production of 1-(2,6-difluorophenyl)cyclopropane-1-carbox-
ylic acid useful in the synthesis of different pesticides.!"
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