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IX. Perfluoroalkylation of pyridine and its derivatives with
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Abstract

The reaction of pyridine and its derivatives with sodium perfluoroalkanesulfinates (RzSO,Na) in the presence of Mn(OAc),
is reported. Pyridines react with this reagent system readily to give the corresponding perfluoroalkylated products as a mixture
of isomers with moderate yield. However, reaction of quinoline and isoquinoline under similar conditions gives the C(5)- and

C(8)-substituted products regioselectively.
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1. Introduction

Perfluoroalkylation of aromatic compounds by means
of perfluoroalkyl free radicals has been studied exten-
sively and various methods developed to generate Ry
radicals [1-5]. However, many reagent systems are
suitable only for the perfluoroalkylation of electron-
rich aromatic compounds due to the electrophilic nature
of Ry radicals; electron-deficient heteroaromatic com-
pounds such as pyridine and quinoline have been per-
fluoroalkylated only with difficulty. Pyridine is stable
to many perfluoroalkylating reagents and its perfluo-
roalkylation has only been achieved in a few cases, e.g.
through thermolysis with perfluoroalkyl iodides [2] or
by means of the RpI/HOCH,SO,Na system [6].

Recently, sodium perfluoroalkanesulfinates were
found in our laboratory to be efficient perfluoroalkylating
reagents. They produce perfluoroalkyl radicals through
oxidation under suitable conditions and have thus been
used for the perfluoroalkylation of olefins and some
aromatic compounds [7-10]. In this paper we report
the perfluoroalkylation of pyridine and related com-
pounds with the ReSO,Na/Mn(OAc), reagent system.
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2. Results and discussion

Sodium perfluoroalkanesulfinates (1) were readily
available from perfluoroalkyl iodides through sulfina-
todehalogenation [11]. In the presence of Mn{OAc),,
they reacted with  pyridine smoothly in
MeCN:AcOH:Ac,O (5:5:1) at 80-85 °C, giving the
corresponding perfluoroalkylated products as a mixture
of 2-, 3- and a small amount of 4-substituted isomers.
The results are listed in Table 1.

RESO,Na + O _Mn(OAc);

Uo\p

Rg: a, F(CFy)s; b, CHCF,),;
¢, CCFy)s; d, CHCF,)g

Under similar conditions, 4-picoline (4), 3-picoline
(5) and 3,5-lutidine (6) also reacted to form the cor-
responding perfluoroalkylated products (7-9).
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Table 1
The reaction of pyridine and its derivatives with RSO,Na/Mn(OAc);

RgSO,Na ArH Products Total Product distribution (%) ®
yield
(%)* 2-Isomer 3-Isomer 4-Isomer

1a 2 3a 58 46 47 7
1b 2 3b 62 47 44 9
1c 2 3¢ 50 47 45 8
1d 2 3d 60 46 45 8
1a 4 7a 58 44 56

1b 4 7b 55 48 52

1c 4 Te 50 45 55

1b 5 8b 52 60 © 27¢ 13
1b 6 9b 43 93 7
1c 6 9¢ 51 95 5

* Isolated yield based on RgSO;Na.

® Determined by 'F NMR spectroscopy.

¢ A mixture of 2- and 6-isomers (2-/6-=42:58).
¢ 5-Ry compound.

Table 2
The reaction of quinoline and isoquinoline with RpSO,Na/Mn(OAc);

RSO,Na ArH Products (% yield) *
1b 10 13b (32)+15b (23)
1c 10 13c¢ (35)+15¢ (26)
1b 11 14b (27)+16b (18)
1b 12 17b (33) +18b (26)
1c 12 17¢ (31)+18c (25)

* Isolated yield based on RgSO,Na.

N
N
RESOpNa + @ _Mn(OAc), R@Rp
R

46 79
4,7. R=4-CHg; 58: R=3-CH3; 6,9: R=3,5{CHg)o

As shown in Table 1, the reaction of RzSO,Na with
pyridine and its methyl derivatives gave a mixture of
isomers with the Rg group substituted in all positions
in the aromatic ring. However, when quinoline (10)
was used as the substrate, only two major products
with Ry at the C(5) and C(8) positions were obtained.
The same results were obtained in the case of 4-
methylquinoline (11) and isoquinoline (12); they all
reacted readily with ReSO,Na/Mn(OAc); to give the
C(5)- and C(8)-substituted products. The presence of
methyl at C(4) had little influence on the reaction
products, indicating a satisfactory regioselectivity of this
reaction. The results are summarized in Table 2.

R RF R R
RFSO.Na  + @f}j _MnOGAC), @i@ + i?f)j
N N N
F

10,11 13,14 15,16

10,13,15: R=H, 11,14,16: R=CHj

Re
wsome + (OO, o @@ . @@
Rr
17 18

12

The results obtained may be explained in terms of
the stability of the radical intermediates formed during
the course of the reaction. It has been confirmed by
ESR spectroscopy that the reaction of RgSO,Na with
oxidants resulted in the formation of perfluoroalkyl
radicals [8]. Being more electron-rich than the het-
erocyclic ring, the carbocyclic ring of quinoline is at-
tacked preferentially by the electrophilic Re radicals
to give the more stable radical intermediates. In this
case, positions 5 and 8 are favored kinetically as the
corresponding intermediates (19) can be represented
by two canonical structures which still preserve the
aromatic character of the heteroaromatic ring, whereas
intermediates 20 resulting from the attack of an Rg
group at positions 6 or 7 have only one canonical
structure.

Rf R
-
=N ~N
19
Je o
RF .
20

3. Experimental details

Temperatures are uncorrected. IR spectra were ob-
tained using a Shimadzu IR-440 spectrometer. 'H NMR
spectra were recorded on Varian EM-360A (60 MHz)
and X1-200 (200 MHz) spectrometers using TMS as
internal standard. 'F NMR spectra were recorded on
a Varian EM-360L spectrometer at 56.4 MHz, chemical
shifts in ppm being positive upfield using TFA as external
standard. The values reported were &p=38rpa+76.8
ppm. Mass spectra were recorded on a Finnigan GC-MS
4201 spectrometer. Mn(OAc), - 2H,O was prepared from
Mn(OAc), -4H,0 according to the literature method
[12].
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All known compounds were characterized by com-
parison with authentic specimens [2,6]. New compounds
were characterized via elemental analyses, IR, MS, 'H
NMR and F NMR spectra.

A typical procedure was as follows. To a solution
of 25 ml MeCN, 5 ml AcOH and 5 ml Ac,O was added
3.22 g (10 mmol) of 1b, 1.6 g (20 mmol) of 2 and 6.75
g (25 mmol) of Mn(OAc);-2H,0. The mixture was
stirred at 80-85 °C for 3-5 h until the reaction was
complete (monitored by **F NMR). The resulting mix-
ture was filtered and the solid washed with ether. The
combined solution was washed with aqueous NaHCO,
solution and water, and dried over anhydrous Na,SO,.
Chromatography of the crude product on a silica gel
column with benzene petroleum ether as eluent gave
the corresponding products 3b [6].

5-(4-Chloro-octafluorobutyl)quinoline (13b): Anal-
ysis: CsH CIFgN requires: C, 42.94; H, 1.66; N, 3.85;
F, 41.80%. Found: C, 42.81; H, 1.63; N, 3.68; F, 42.24%.
MS (m/z): 365; 364; 363 (M™); 328 (M* —Cl); 178
(M™* —CIC,Fg, 100). IR (em™'): 3050; 1600; 1575; 1500,
1190. 'H NMR (CDCl,) & 9.01 (1H, d, J=4 Hz, 2-
H); 8.56 (1H, d, J=9 Hz, 4-H); 8.36 (1H, d, J=8 Hz);
791 (1H, d, J=6 Hz); 7.80 (1H, d-d, J;,=6 Hz, J,=8
Hz, 7-H); 7.52 (1H, d-d, J, =4 Hz, J,=9 Hz, 3-H) ppm.
"F NMR (CDCL) &: 67.4 (2F); 104.0 (2F, t, CF,Ar);
119.0 (4F, m) ppm.

8-(4-Chloro-octafluorobutyl)quinoline (15b): Analy-
sis: C3HCIFgN requires: C, 42.94; H, 1.66; M, 3.85;
F, 41.80%. Found: C, 42.67; H, 1.67; N, 4.03; F, 41.96%.
MS (m/z): 365; 364; 363 (M*); 328; 178 (100). IR
(em™1): 3040; 1600; 1580; 1500; 1190. '"H NMR (CDCl,)
6: 9.15 (1H, d, /=4 Hz, 2-H); 8.30 (1H, d, J=8 Hz,
4-H); 8.08 (2H, d, J=8 Hz, 5,7-H); 7.68 (1H, t, J=8
Hz, 6-H); 7.53 (1H, d-d, J, =4 Hz, J,=8 Hz, 3-H) ppm.
"F NMR (CDCL,) & 67.4 (1F); 104.2 (2F, t, CF,Ar);
119.0 (4F, m) ppm.

5-(6-Chlorododecafluorohexyl)quinoline (13¢): Anal-
ysis: CisHCIF,N requires: C, 38.86; H, 1.30; N, 3..02;
F, 49.17%. Found: C, 38.63; H, 1.18; N, 2.85; F, 49.50%.
MS (m/z) 465, 464; 463 (M™); 428 (M~ —Cl); 178
(M™* —CIC,F,,, 100). IR (cm™1): 3050; 1600; 1575; 1500;
1200; 1140. 'H NMR (CDCl,) &: 9.02 (1H, d, /=4 Hz);
8.56 (1H, d, J=9 Hz); 8.37 (1H, d, J=8 Hz); 7.92 (1H,
d, /=6 Hz); 7.80 (1H, d—d, J,=6 Hz, J,=8 Hz); 7.52
(1H, d—d, J,=4.Hz, J,=9 Hz) ppm. ’F NMR (CDCl;)
8: 67.2 (2F); 104.5 (2F, t, CF,Ar); 119.0-120.8 (8F, m)
ppm.

8-(6-Chloro-dodecafluorohexyl)quinoline (15¢): m.p.
70-71 °C. Analysis: C;;HCIF,N requires: C, 38.86; H,
1.30; N, 3.02; F, 49.17%. Found: C, 39.16; H, 1.35; N,
2.97; F, 49.03%. MS (m/z): 465; 464; 463 (M™); 444;
428; 178 (M* —CICsF,,, 100); IR {cm™') 3040; 1605;
1582; 1500; 1200; 1140. 'H NMR (CDCL,) &: 9.15 (1H,
d, J=4 Hz, 2-H); 8.29 (1H, d, J =8 Hz, 4-H); 8.08 (2H,
d, J=8 Hz, 5,7-H); 7.68 (1H, t, J=8 Hz, 6-H); 7.53

(1H, d-d, J,=4 Hz, J,=8 Hz, 3-H) ppm. F NMR
(CDCL,) &: 67.6 (2F); 104.6 (2F, t, CF,Ar); 119.0-120.8
(8F, m) ppm.
4-Methyl-5-(4-chloro-octafiuorobutyl)quinoline
(14b): Analysis: C,,HgCIFgN requires: C, 44.52; H, 2.14;
N, 3.17; F, 40.24%. Found: C, 44.55; H, 2.18; N, 3.70;
F,39.59%. MS (m/z): 379;378; 377 (M *); 342 (M* - Cl);
192 (M —CIG;F,, 100); 178. IR (em™'): 1600; 1505;
1190; 1140. '"H NMR (CDCl;) &: 8.95 (1H, d, /=6 Hz,
2-H); 8.60 (1H, d, J=8 Hz, 8-H); 828 (1H, d, J=6
Hz, 6-H); 7.66-7.48 (2H, m, 3,7-H); 2.70 (3H, t, J=4
Hz, CH,) ppm. 'F NMR (CDCl,) 8: 67.6 (2F); 96.4
(2F, t, CF,Ar); 118.8 (2F, m); 119.4 (2F, m) ppm.
4-Methyl-8-(4-chloro-octafluorobutyl)quinoline
(16b): Analysis: C,HgCIFgN requires: C, 44.52; H, 2.14;
N, 3.17; F, 40.24%. Found: C, 44.58; H, 2.11; N, 3.58;
F, 40.17%. MS (m/z): 379; 378; 377 (M™); 358; 342;
192 (M* —CIC,Fg, 100); 178. IR (cm™'): 1605; 1580;
1500; 1190. 'H NMR (CDCl,) é: 9.15 (1H, d, /=6 Hz,
2-H); 8.26 (1H, d, J=8 Hz); 7.89 (2H, d, J=8 Hz);
7.55 (1H, m); 2.60 (3H, s, CH,) ppm. ’F NMR (CDCl,)
8 67.4 (2F); 104.8 (2F, t, CF,Ar); 118.5 (2F, m); 119.4
(2F, m) ppm.
5-(4-Chloro-octafluorobutyl)isoquinoline (17b): Anal-
ysis: C;;H(CIFgN requires: C, 42.94; H, 1.66; N, 3.85;
F, 41.08%. Found: C, 42.52; H, 1.58; N, 3.89; F, 41.30%.
MS (m/z): 365; 364; 363 (M*); 328 (M —Cl); 178
(M* —CIC;F,, 100); 128. IR (cm™1'): 3050; 1625; 1598;
1498; 1200. '"H NMR (CDCl;) 6: 9.36 (1H, s, 1-H);
8.65 (1H, d, J=6 Hz, 4-H); 8.21 (1H, d, /=8 Hz, 6-
H); 8.06-7.95 (2H, m, 3,8-H); 7.72 (1H, t, J=8 Hz, 7-
H) ppm. F NMR (CDCl;) &: 67.0 (2F); 104.8 (2F,
t, CF,Ar); 118.6 (4F, m) ppm.
8-(4-Chloro-octafluorobutyl)isoquinoline (18b): Anal-
ysis: C,3H(CIFsN requires: C, 42.94; H, 1.66; N, 3.85;
F, 41.80%. Found: C, 42.50; H, 1.60; N, 3.91; F, 41.84%.
MS (m/z): 365; 364; 363 (M™);, 344; 328; 178
(M* —CIC,F,, 100). IR (cm™1): 3050; 1630; 1598; 1500;
1450; 1200. 'H NMR (CDCL) &: 9.67 (1H, s, 1-H);
8.66 (1H, d, /=6 Hz, 3-H); 8.06 (1H, d, /=8 Hz); 7.94
(1H, d, J=8 Hz); 7.79 (1H, d-d, J,=4 Hz, J,=6 Hz,
6-H); 7.76 (1H, d,J = 6 Hz, 4-H) ppm. ’F NMR (CDCl,)
& 67.0 (2F); 103.0 (2F, t, CF,Ar); 118.6 (4F, m) ppm.
5-(6-Chloro-dodecafluorohexyl)isoquinoline  (17¢):
Analysis: C,sHCIF,N requires: C, 38.86; H, 1.30; N,
3.02; F, 49.17%. Found: C, 39.04; H, 1.41; N, 2.89; F,
48.85%. MS (m/z): 465; 464; 463 (M™); 444; 428
(M* —Cl); 178 (M* —CICsF,,, 100); 128. IR (ecm™'):
3050; 1630; 1600; 1500; 1200; 1140. 'H NMR (CDCl,)
8: 9.35 (1H, s); 8.64 (1H, d, J=6 Hz); 8.20 (1H, d,
J=8 Hz); 8.05-7.95 (2H, m); 7.72 (1H, t, J=8 Hz)
ppm. YF NMR (CDCL) &: 67.2 (2F); 104.8 (2F, t,
CF,Ar); 119.0-121.0 (8F, m) ppm.
8-(6-Chloro-dodecafluorohexyl)isoquinoline  (18c):
Analysis: C,sH,CIF,,N requires: C, 38.86; H, 1.30; N,
3.02; F, 49.17%. Found: C, 38.68; H, 1.26; N, 2.84; F,
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49.46%. MS (m/z): 465; 464; 463 (M™); 428; 178
(M* —CIC,F,,, 100). IR (cm™1): 3050; 1625; 1595; 1500;
1450; 1200. '"H NMR (CDCl,;) & 9.67 (1H, s); 8.66
(1H, d, /=6 Hz); 8.06 (1H, d, J=6 Hz); 7.95 (1H, d,
J=8 Hz); 7.79 (1H, d-d, J;=4 Hz, J,=6 Hz); 7.75
(1H, d, J=6 Hz) ppm. ’F NMR (CDCl,) é: 67.2 (2F);
103.2 (2F, t, CF,Ar); 119.0-120.8 (8F, m) ppm.
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