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Synthesis of 1,3,4-trifluoroisoquinoline by copyrolysis of
2,3,5,6-tetrafluoropyridine-4-sulfonyl chloride with butadiene

V. G. Kolechkina, A. M. Maksimov, V. E. Platonov,* and O. I. Osina

N. N. Vorozhtsov Novosibirsk Institute of Organic Chemistry, Siberian Branch of the Russian Academy of Sciences,
9 prosp. Akad. Lavrenteva, 630090 Novosibirsk, Russian Federation.
Fax: +7 (383 2) 34 4752. E-mail: platonov@nioch.nsc.ru

The reaction of 2,3,5,6-tetrafluoropyridine-4-sulfonyl chloride with butadiene in a flow
system at 510—520 °C afforded 1,3,4-trifluoroisoquinoline. A scheme of this process is

proposed.
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The known isoquinolines containing only F atoms as
substituents include all monofluoro derivatives,!—3 1,3-
difluoroisoquinoline,4 and 3,7-difluoroisoquinoline.>
Isoquinolines containing three, four, or five F atoms are
unknown. 3,4,5,6,7,8-Hexafluoroisoquinoline® and
heptafluoroisoquinoline? were also reported. In the
present work, we developed a procedure for the synthesis
of a previously unknown trifluoroisoquinoline.

Recently, we have described the synthesis of 1,2,3,4-
tetrafluoronaphthalene by copyrolysis of perfluoro-
benzenesulfonyl chloride with butadiene.® We thought it
reasonable to extend this approach, which has been used
previously for compounds of the benzene series, to
polyfluorinated pyridine derivatives with the aim of syn-
thesizing fluoroisoquinolines.

Copyrolysis of 2,3,5,6-tetrafluoropyridine-4-sulfonyl
chloride (1) with butadiene afforded 1,3,4-trifluoro-
isoquinoline (2) as the major fluorine-containing prod-
uct (Scheme 1).
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According to the data from GLC-mass spectrometry
and GLC, small amounts of 2,3,5,6-tetrafluoropyridine
and 2,3,5,6-tetrafluoro-4-chloropyridine (2—4% each)
were obtained along with trifluoroisoquinoline 2.

The formation of compound 2 can be rationalized as
follows (Scheme 2):

Apparently, the 2,3,5,6-tetrafluoropyridyl radical (A)
generated upon pyrolysis of compound 1 reacts with
butadiene to form the corresponding allylic radical B.
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Its intramolecular cyclization gives rise to radical
o-complex C from which 1,3,4-trifluoroisoquinoline
(2) is formed as a result of elimination of an H atom
and HF.

The starting sulfonyl chloride 1 was prepared by
oxidation of 2,3,5,6-tetrafluoropyridine-4-thiol with chlo-
rine in acetic acid (¢f. the preparation of perfluoro-
benzenesulfonyl chloride?).

The structures of compounds 1 and 2 were estab-
lished by elemental analysis, high-resolution mass spec-
trometry, and NMR spectroscopy.
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The assignment of the signals in the 'H and 19F NMR
spectra was made by comparing the chemical shifts and
the spin-spin coupling constants of compound 2 with
the corresponding values for isoquinolinel® and per-
fluoroisoquinoline, 1 respectively. In the 19F NMR spec-
trum of compound 2, the signals are to a first approxi-
mation doublets of doublets. The JF(]),F(4)J JF(3),F(4)’
and Jg( f(3) values for trifluoroisoquinoline are close to
the corresponding characteristics of perfluoroiso-
quinoline. The spin-spin coupling constants of the het-
erocyclic fragment of both fluoroisoquinolines change in
the order /g g > Jor g > J"g g, which differs from that
observed for fluorinated compounds of the benzene
series (JOF,F > JPF,F > JmF,F).IZ

Experimental

The F and 'H NMR spectra were recorded on Bruker
WP-200SY and Bruker DRX-500 instruments. The spectra of
the individual compounds were obtained for solutions in CCly
and (CDj3),CO (~10 mol.%). Hexafluorobenzene and hexa-
methyldisiloxane were used as the internal standards.

The high-resolution mass spectra were obtained on a
Finnigan MAT 8200 instrument. The temperature of the inlet
system was 50—270 °C. The energy of ionizing electrons was
70 eV. Mass spectrometry was used for determining the precise
molecular weights and molecular formula.

GLC-mass spectrometry was carried out on a chromato-
graph equipped with an HP G1801A mass-selective detector.
The energy of ionizing electrons was 70 eV. The compounds
were separated on a 30-m capillary column with the inner
diameter of 0.25 mm coated with a 0.25-pm thick film of HP-5
copolymer (helium as the carrier gas at a flow rate of
I mL min~!). The column temperature varied from 50 to
280 °C, the evaporator temperature was 280 °C, and the tem-
perature of the ion source was 173 °C.

The GLC analysis was performed on an LKhM-72 instru-
ment equipped with a katharometer using linear programming
of the temperature (10 deg min~—!; 40004 mm columns,
Chromosorb W as the solid carrier, SKTFT-803 and SKTFT-50
silicone as the liquid phases, helium as the carrier gas, the flow
rate of helium was 10 mL min™!).

The compounds were identified by GLC using authentic
samples prepared according to a procedure reported previ-
ously.13.14

Synthesis of 2,3,5,6-tetrafluoropyridine-4-sulfonyl chloride
(1). Gaseous chlorine was passed through a solution of 2,3,5,6-
tetrafluoropyridine-4-thiol'5 (29.6 g, 0.16 mol) in AcOH (75 mL)
at a rate of ~40 g h™! for 9 h 20 min at ~20 °C (the rheometer
was calibrated by the weight method based on adsorption of Cl,
with a ~10% NaOH solution). After completion of the reaction,
the acidic fraction was distilled off in vacuo using a water-
aspirator pump. The residue was distilled in vacuo and a fraction
with b.p. 68—72 °C (1—2 Torr) was collected. Compound 1 was
obtained in a yield of 33.86 g (82.4%) (according to GLC, the
purity was 98.1%). Found: m/z 248.9283 [M]*. C5CIF4NO,S.
Calculated: M = 248.9274. 19F NMR (CCly), &: 78.9 (2 F,
F(2), E(6)); 26.8 (2 F, F(3), F(5)).

Copyrolysis of 2,3,5,6-tetrafluoropyridine-4-sulfonyl chlo-
ride with butadiene. Compound 1 (5.95 g) was passed for
13 min together with butadiene (the flow rate was ~5 L h™1)
through a quartz tube (40020 mm) heated to 510—520 °C

placed into a tube furnace. The reaction mixture was collected
into a receiver cooled with a mixture of ice and salt and then
steam-distilled. The distillate was extracted with CH,Cl,, and
the extract was dried with CaCl, and analyzed by GLC-mass
spectrometry and GLC. It was found that the solution con-
tained 33% of compound 2, ~5% of 2,3,5,6-tetrafluoropyridine,
~3% of 4-chlorotetrafluoropyridine, and a mixture of unidenti-
fied compounds with the maximum component content of no
higher than 10%. After removal of CH,Cl,, the mixture was
obtained in a yield of 2.72 g. According to the GLC data,
compound 2 was obtained in 21% vyield. The product that
partially precipitated was filtered off, sublimed, and recrystal-
lized from aqueous methanol. The purified product had
m.p. 499—50 °C. Found (%): C, 59.09; H, 2.54; F, 31.12;
N, 7.40; m/z 183.0295 [M]*. CoH4F3N. Calculated (%):
C, 59.03; H, 2.20; F, 31.12; N, 7.64; M = 183.0296. 'H NMR
((CD3),CO), &: 8.15 and 8.18 (both d, 1 H each, H(5), H(8),
JH(S),H(6) = JH(7),H(8) = 8.5 HZ), 8.02 and 7.82 (bOth dd,
1 H each, H(6), H(7), JH(6),H(7) = 69 Hz, JH(S),H(6) =
Ju@y,He) = 8-5 Hz). I9F NMR (CCly), & 88.7 (dd, 1 F, F(1),
JF(]),F(3) =10 HZ, JF(I),F(4) = 32 HZ); 62.6 (dd, 1 F, F(3),
JF(]),F(3) = HZ, JF(3),F(4) =16 HZ); 2.5 (dd, 1 F, F(4),
JF(3),F(4) = HZ, JF(]),F(4) =32 HZ) The signal for the F(4)
atom is characterized by additional doublet splitting with the
constant Jr4)_pg = 1.8 Hz.
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