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Heterocyclic Polyf iuoro-compounds. Part 3 2 P  Photochemical Reac- 
tions of 3-Chlorotetrafluoro- and 3,5-Dichlorotrifluoro-pyridines with 
Olefins, and their Photoreduction 

By Michael G. Barlow," Robert N. Haszeldine," and John R .  Langridge, Department of Chemistry, The 
University of Manchester Institute of Science and Technology, Manchester M60 I QD 

Ethylene reacts photochemically wi th 3-chlorotetrafluoropyridine to  yield 3-(2-~hloroethyl)tetrafluoropyridine, 
and cyclo-pentme and - hexene yield the corresponding 3-cycloalkyltetrafluoropyridines. Photochemical 
reaction of cyclo hexene with 3,5 -dic h I orotrif luoro pyridine yie Ids 3 -c h loro-5-cyclo h exyltr if luoro pyridine. The 
chlorine in 3-~hlorotetrafluoropyridine, and one of the chlorines in 3,5-dichlorotrifluoropyridine, is readily reduced 
photochemically in solvents such as ethanol, diethyl ether, or acetone. 

WHEREAS 4-substituted tetrafluoropyridines are readily 
available by nucleopliilic attack upon pcntafluoro- 
pyricline,2 2-substituted tetrafluoropyridines are avail- 
aldc only by co-pyrolysis of perfluorocyclohexa-1 ,3- 
diene with cyanicles,3 from 2,3,4,5-tetrafluoropyricliiie-6- 
 arbo on it rile,^ or indirectly from phenyl 2,3,5,6-tetrn- 
fluorop yrid yl 
provides potential access to  a variety of 3-substituted 
tctrafluoropyridines,6 but this has been little exemplified. 
Some photochemical reactions of 3-chlorotetrafluoro- 
pyridine, and of the related 3,5-dichlorotrifluoropyridine, 
are now described which offer promise as a route to a 
variety of 3-substituted fluoropyridines. 

Irradiation with U.V. light of a solution of ethylene in 
3-chlorotctrafluoropyridine slowly yields S-(2-chloro- 
etliy1)tetrafluoropyridinc (1) in good yield (77 yo) in a 
reaction which formally involves insertion of ethylene 
into the C-Cl bond. In contrast, similar reactions with 
cyclo-prntene and -hexene give good yields of the cyclo- 
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alkylpyridines (2), contaminated with small amounts of 
what appear to be cycloalkenyltetrafluoropyridines. 
Analogously, cyclohexene and 3,5-clichlorotrifluoro- 
pyridine yield 3-chloro-5-cyclohexyltrifluoropyridinc 
(87%). A chlorine atom of the parent chlorofluoro- 
pyridines may readily be replaced photochemically by 
hydrogen. Irradiation of solutions of 3-clilorotetra- 
fluoropyricline in ethanol, diethyl ether, or acetone gives 
2,3,4,&tetrafluoropyridine, previously available by cata- 
lytic reciuction,7 and irradiation of a solution of 3,6- 
dichlorotrifluoropyridine in diethyl ether results in 
replacement of one chlorine by hydrogen, a reaction 
which may be of synthetic value since catalytic re- 
duction is difficult to control a t  this stage. 

It is tempting to ascribe the formation of the ethylene 
insertion product ( 1 )  to intramolecular clilorine atom 
transfer in an intermediate diradical (3). If a siniilar 

intcrmcdiate diradical is involved in the cyclodkenc 
reactions, clilorine atom elimination to give a raclical (4) 
wliich abstracts an allylic hydrogen atom froin the 
rycloalkene, tlic resulting cycloalkcnyl radical tlicn 
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dimerising, appears to be tlie preferred reaction. Tetra- 
fluoropyridyl radicals are presumed to be involved in tlie 
photoreduction of 3-~hlorotetrafluoropyridine, but they 
cannot account for the products o€ reactions with olefins 
for the following reasons. Addition to ethylene woultl 
give a 2-(tetrafluoropyridy1)ethyl radical, which would 
disproportionate or dimerise, or react further wit11 
ethylene, rather than abstract a chlorine atom. \Vith 
the cycloalkenes, hydrogen abstraction rather than 
addition to the double bond might well occur, yct 
tctrafluoropyridine was not detected. Here, however, 
tlie ejection of a chlorine atom from the intermediate 
diradical is preferred, rather than rearrangement. The 
2-tetrafluoropyridylcycloalkyl radical so produced can 
then give rise to the observed products largely by 
hydrogen abstraction from the cycloalkene, and by 
disproportionation. 

An intermediate analogous to (3) may well be involved 
in tlic photochemical addition of olefins to pentafluoro- 
pyridine, but fluorine atom transfer does not occur, and 
c yclisation results ins t eatl. The pho toreduc t ions are 
analogous to those observed for peIitachloropyridiiic, 
where the 3-chlorine is replacetl by liydrogeii,8 an(\ for 
chloroben~ene.~ 

EXPERIMENTAL 

Experitnental techniques were siniilar to those used 
enr1ier.l 

Pkotochewzical Reactions of n - C h l o r o t e f v n f l u o v o ~ y Y ~ t ~ ~ ~ e ~ -  
( a )  With ethylene. 3-Chlorotetrafluoropyritiine (4. fil g, 24.8 
nimol) and ethylene (2.46 g, 87.9 mmol), sealed in. vucuo iii a 
silica ampoule (cn. 800 cm3) and the liquid phase irradiated 
for 176 11 with U . V .  light from xn Hanovia IJVS 500 mecliuin- 
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1)rt'shur-c mercury lamp a t  a distance of  30 cin, gave a 
vvlatile fraction comprising unchanged ethylene (2.27 g, 
8 1 . 1  mmol, !layo recovery) and chlorotetrafluoropyridine 
(3.!l6 g, 21.3 nimol, 867/,), and a residue (0.8 g). This was 
distilled a t  140 "C/l inmHg and purified by g.1.c. (4 ni 
hpiezon L on Celite a t  150 "C) to give 3-(2-chlovoet/zyZ)- 
ietv@uovopyridine (0.58 g ,  2.7 mniol, 777" yield based upon 
tlie yyricline converted) (Found: C, 3Y.6; H, 1.8; C1, 17.0; 
F, 35.9; N,  6.6.  C,H4C1F4N requires C, 39.3; EI, 1.9; C1, 
J ti.6; 1;, 33.6; N, 6.6%) as a colourless liquid; 8%- * (neat 
liquid) 3.7 (F-2),  -10.5 (F-6), -40.6 (F-4), and -90.!) 
1).p.ni. (1;-5) ; T-values 6.36 and 6.95 (typical XCH,CH,Y 
pattern); 172/e 213 (M", 31.20/;), 177 (A4 - HC1, 4.3) ,  and 
164 ( M  - CH,Cl, 100). 

(h)  W i t h  cyclopcntene. 8-Chlorotetrafluoropyridine (2.60 
g,  14.0 mmol) and cyclopentene (3.29 g, 48.4 mmol), sealed 
ilz vncuo in a silica ampoule (ca. 30 mi3) and the liquid phase 
irradiated for 128 h, gave unchanged cyclopentene (2.43 g, 
35.7 nimol, 740/, recovery), the pyridine (1.73 g, 9.3 mmol, 
Micy' recovery), and a fraction, b.r. 53-60 "C/lO nimHg (1.2 
g ) ,  which was separated by g.1.c. (4  in Apiezon L at 125 "C) 
to give 3-c3.'clopentyZtetra~uoro~yri~~?ze (0.83 g, 3.8 mniol, 
8 1 yo yield based upon chlorotetrafluoropyridine consumed) 
(Found: C, 55.1; H, 3 .8 ;  F, 34.4; N, 6.1.  CI,H,F,N re- 
quires C, 54.8; H, 4.1; N, 6.4;  F, 34.7%) as a colourless 
liquid [m.p. 1G-18 "C (sealecl tube)J; )SF 6.3 (F-2), -12.6 
[F-B), -41 .3  (F-4), and -92.6 p.p.ni. (17-5); T-values 
7.0 (CH) and 8.1-8.7 (CH,); m / e  219 ( M I * ,  17.5%) and 177 
(C,H,N1T4, loo) ,  and a component tentatively identified as 
3,3'-bicycloyciitenyl (0.31 g, 2.3 nimol, 10% yield based 
upon cycloyentene taken) by i.r. spectroscopy. The IH 
n.ni .r. spectrum of the cyclopentylpyridine under high gain 
(weal.; absorptions a t  ca. T 4.5) and the 1nass spectrum ( m / e  
217) indicated that i t  contained small amounts of a cyclo- 
pentenyltetrafluoropyridine . 

3-Chlorotetrafluoropyridine (6.42 g, 
34.6 nimol) and cyclohexene (7.24 g, 88.3 mmol), sealed in a 
silica ampoule (ca. 30 cm3) and the liquid phase irradiated 
for 112 h, gave unchanged cyclohexene (4.82 g, 58.8 mmol, 
67% recovery) and the cliloropyridine (4.55 g, 24.5 mmol, 
71%) recovery), and a residue which was distilled a t  65- 
72 OC/lO niniHg to give a fraction (3.8 g) ,  which was separ- 
ated by g.1.c. (4 in Apiezon L a t  140 "C) to give 3-cyclo- 
hexyZtetrafEuoroPyridine (2.10 g, 9.0 mmol, 90% yield based 
upon the pyridine consumed) (Found: C, 56.6; H,  4.7; 
F, 32.6; N, 5.8.  C1,H,,F4N requires C, 56 .5 ;  H, 4.7; F, 
32.6; K', 6.00/,), as white crystals, m.p. 24--26 "C (sealed 
tube); )S1> 6.4 (F-Z), -12.3 (F-6), -41.2 (F-4), and -91.4 
p.p.ni. (17-5); .r-\-alues 7.3 (CH) and 8.1-9.2 ( 5  CH,); 
and wile 233 (MI-*, 27.7%) and 177 (C,H,NF,, l O O ~ , ) ~ ) , ) ,  and 
3,3'-bicycIohexenyI (1.62 g, 10.0 niniol, 23% based upon 
cyclohexene taken), identical (i.r., n.m.r., and mass spectra) 
with a sample prepared by the reaction of 3-bromocyclo- 
hesene with rnagnesium.1° The IH n.m.r. spectrum and the 
mas5 spectrum (9% / e  231) indicated that the cyclohexyl- 
pyridine contained small amounts of a cyclohexenyl- 
tetrafluoropyridine. 

3-Clilorotetrafluoropyricline (3.3 1 
g, 17.8 nimol) and diethyl ether (11.7 g, 158.1 mmol), sealed 
in a silica ampoule (ca. 30 ~1113) ancl irradiated for 122 11, gave, 
after removal of unclianged ether by distillation, a mixture, 
uliicli ~ v a s  separated by g.1.c. (4 111 Apiezon L a t  100 "C) to 
give 2,3,4,6-tetrafluoropyridine (0.56 g, 3.7 mniol, 81(% 

* Positive values arc to low-ficld of external trifluoroacetic 
acid. 

( c )  With cyclohexeae. 

(d )  W i t h  dietlzyl ethev. 

based upon the chloropyridine used), b.p. 115 "C (lit.,6 1 1 5 -  
116 " C ) ,  spectroscopically (i.r. aiid n.ni.r.) identical with a 
known sample, unchanged chlorotetrafluoropyridine (2.5 1 g, 
13.5 niniol, 76% recovery), and 2,3-diethoxybutane (0.60 
g, 4.1 mmol, 5% yield based upon diethyl ether taken, which 
was identified by i.r. aiid n.m.r. spectroscopy: z-values 
6.65 (CHO), 6.73  (CH,O), 9.01 (CH,CH,), and 9.04 and 
9.11 (CH,-CH), as a mixture of &- ancl meso-isomers. 

Solutions (0 .4  M) of 3-chlorotetrafluoro- 
pyridine in ethanol, cljethyl ether, acetone, or cyclohexane 
were irradiated for 142 h in Pyrex or silica ampoules. 
Little or no recliiction occurred in Pyrex (by g.l.c.), and in 
silica the percentage reduction to tetrafluoropyridine was 
66, 43, 25, and <5y0 for solutions in ethanol, diethyl ether 
(for comparison), acetone, and c yclohexane, respectively. 
The reaction in cyclohexane gave small ainounts of 3- 
cyclohexyltetrafluoropyricliiie [identified by g.l.c., see (c) 
above], together with traces of several other components. 

R e a c t i o m  of 3,5-l)ichlovotri~uorop3,ridine.-(a) W i t h  cyclo- 
hexene. 3,5-Dichlorotrifluoropyridine (7.32 g, 36.2 nimol) 
and cyclohexene (9.56 g, 116.6 niniol), sealed in a silica 
ampoule (ca. 50 an3)  and irradiated for 85 h, gave unchanged 
cyclohesene (7.86 g, 97.1 mmol, 83% recovery) and tlie 
dichlorotrifluoropyridine (5.91 g, 29.3 mtnol, 81% recovery), 
and a residue. This was distilled a t  100 "C/l  inniHg aiid 
separated by g.1.c. (4  ni Ayiezon L a t  160 "C) to give 3,3'- 
bicyclohexenyl (0.97 g, 6 .0  mmol, 10% yield based upon 
cycloliexene taken) and 3 - c h l o r o - 5 - c y c Z o h e ~ ~ y l t r z ~ ~ o r ~ ~ y ~ z d z ~ ~ e  
( I  .50 g, 6.0 nimol, 87% based upon the dichloropyridine con- 
sumed) (Found:  C, 53.0;  H, 4.5; C1, 14.2; 17, 22.7; N, 6.4.  
C,,H,,ClF,N requires C, 52.9;  H, 4 .4 ;  C1, 14.2; F, 22.8; 
N, 5.6y0), as colourless crystals, 111.p. 51-53 "C (sealed tube) ; 

9.1 (F-B), 4.9 (F-2),  and -20.2 p.p.ni. (€2-4); r-values 
7.0 (CH) and 7.6-8.3 (5 CH,); and m / e  249 ( M I * ,  42.5%) 
ancl 193 (C,H,NF,"Cl, 100). The IH n.1n.r. and niass 
spectrum ( m / e  247) indicated the presence of small ariiounts 
of chlorocycloliexenyltrifluoropyr~dine. 

(b)  With diethyl  ether. 3,5-Dichlorotrifluoropyridine 
(6.30 g, 25.7 mmol) and diethyl ether (17.16 g, 231.9 ininol), 
sealed in a silica ampoule (100 cm3) and the liquid phase 
irradiated for 91 h, gave, after removal of the ether by dis- 
tillation, a mixture which was separated by g.1.c. (4  ni 
Apiezon I, at 105 "C) to give 3-chloro-2,4,6-tritluoropyricline 
(1.17 g, 7.0 mniol, 85% yield based upon clichlorotrifluoro- 
pyridine consumed) (Found: C, 36.1;  H, 0.5; C1, 21.0; F, 
34.0; N, 8.30/,; MI* ,  167. Calc. for C5HC1F,X: C, 35.8; 
H, 0.6;  CI, 21.2; F, 34.0; N, 8.4:(,; AT, 167), b.p. 130 "C 
(1it.,l1 128-129 "C), identified by n.1n.r. spectroscopy, 2,3- 
diethoxybutane (1.21 g, 8 .3  mniol, 774 yield based upon 
dietliyl ether taken), and unclianged 3,5-diclilor-otrifluorv- 
pyridine (3.53 g, 17.5 31131101, Ci8yo recovery). 

( e )  Reduct ions .  

[9/14% Rcccivcd, 7th Scptesnbcv, 19791 
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