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pap Reaction of trichloro-1,2,3-tri~ine (1) with potassium 
laorr e at elevated temperatures gives trifluoro-1,2,3-triasine (4) and 

~o~espondiag chlorofluoro derivatives. Introduction of perfluoroiso- 
propyl groups occncs, usin 
product (7) is described t at g; 

fluoride ion and hexaflnoropropene. A novel 
arises from nucleophilic attack of 

perflaoroisopropyl anion on ring nitrogen in an intermediate trianine 
derivative. 

Throughout this series of papers’ we have been describing the synthesis and subsequent 
chemistry of members of a whole new class of per-fluorinated heterocyclic systems and here we 
target the 1,2,3-triasine system Pe~luoro-~,3,5-tri~inez has been known for some time, and 

perfluorinated derivatives of the -1,2,4-triazine system were synthesised more recently.a,4 
Dowever, fluorinated derivatives of the fascinating 1,2,3-systea have not previously been 
described and, indeed, this system is somewhat underexplored~ viz. 1,2,3-triazine itself has 
been characterised comparatively recently. e Nevertheless, Gospper and co-workers7 have 
reported a synthesis of trichloro-1,2,3-triaine and we now describe the synthesis of 
fluorinated derivatives, based on this starting material. 

Trichloro-l,2,3-trianine is reactive towards nucleophilic aromatic substitutiou and 
therefore displacement of chloride by fluoride-ion is, in principle, a favourable approach to 
the synthesis of trifluoro-1,2,3-tri~ine. In this laboratory, we have previously synthesised 
a number of activated fluorinated heterocyclic systems using this approach; a very simple 

methodology that we developed involves heating the perchloro compound with anhydrous potassium 
fluoride in an autoclave or sealed tube and the corresponding perfluoro compound is 

subsequently distilled from the hot autoclave. Rowever, this approach was not successful for 
the 1,2,3-triazine system because only limited fluorination occurred at 180°C (Table 1) and 
above this temperature extensive decomposition occurs. 

Use of metal fluoride in an aprotic solvent is also a well established procedure but use 
of potassium fluoride and snlpholan gave limited conversions of trichloro-1,2,3-triaine nuder 
a variety of conditions. The most successful approach, so far, has been the use of potassiua 
fluoride at higher temperatures but using short contact tiaes; the procedure involved passing 
(l), by vacuum transfer, through a hot tube containing potassium fluoride. Higher yields of 
trifluoro-1,2,3-triasine (4) were obtained by a two-step process where products of initial 
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Products Yield (7.) 

ZemDerature (‘4 m L;rz (41 

(i) KF, carius tube, 150 49 11 - 

IO-2mm, 18 h. 180 9 58 - 

200 0 37 - 

(ii) KF, vacuum transfer 

10-2mm a) 500 (1 cycle) 47 40 3 

a) 500 (4 cycles) - 65 18 

a) 500 b) 600 - 15 69 

a) 450 b) 700 - 4 55 

a) 450 b) 600 - 18 65 
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(1) UetRl f Ittnridn, MT consueud Solveut(s) Couditions Prodocts yield % 

8, mmml IT, fmtri) g, (c*tpivnlctrts) ml 6% (0) (7) 

0.55, 3 KF. 1.2, (21) 

O.S.5, 3 CSF, 2.7, (18) 

0.55, 3 CsF. 2.7. (18) 

0.55. 3 KF, 1.2 (21) 

2.x. 15 KF. G. (1%) 

2.4. 13 CsF? 12, (79) 

4.0. 22 CaF, 22, (145) 

1.0.5. 9 Gsf, 8.t, (33) 

(i) 1.8g. 8 IiF, 3.G (G3) 

(ii) CsF, 3.3, (23) 2.4 (2.0) 

3.0, (0.9) 

3.0. (G.9) 

3.0, (G.9) 

2.1 (4.7) 

4.2 (1.9) 

4.G (2.3) 

19.4 (3.0) 

8.3 (G.5) 

sulpholan 10 

SlrlpllnlNl 50 

28 11 
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fluorination were recycled at a higher temperature. 
Part of our interest in the 1,2,3-triazine system arises from their potential use as 

sources of azetes aud perfluoroalkyl derivatives are especially interesting because of the 

unusual stabilising influence of perfluoroalkyl groups on small ring systems.9 For example, ii 
range of remarkably stable valence isomers of aromatic systems has now been dascribed.s,lQ Rr 
have previously developed a polyfluoroalkylation procedure” which involves generation of 
perfluoroalkyl anions from a per-fluorinated alkene in the presence of caesium- or 
potassium-fluoride, in aprotic media and the resultant anions then displace fluoride ions from 
appropriately reactive fluorinated aromatic systems. Trichloro-1,2,3-triazine is sufficiently 

reactive, however, to allow the fluorination and perfluoroalkylation procedure to be carried 
out siaultaneously and compounds isolated from this procedure are shown in the Reaction 

Scheme. 
At least partial fluorination of trichloro-1,2,3-triaine (I) must occur before 

subsequent displacement of fluoride ion by perfluoroalkyl groups and then any remaining 
chlorine will be more rapidly displaced, since perfluoroalkyl groups are strongly activating 
towards nucleophilic aromatic substitution. Products (5)-(7) were obtained using tetraglyme 

or sulpholau with potassium- or caesiua-fluoride at room temperature but at higher 
temperatures (7) was the only product. Indeed, in a separate experiment, it was shown that a 

mixture of (5) and f6j is quantitatively converted to (7) at SO'C. Solubility of trichloro- 
1,2,3-triazine 11) in tetraglyme or sulpholan is quite low whereas it is extremely soluble in 

dietbylether and we have found, therefore, that a co-solvent is extremely effective. Indeed, 
use of diethylether led to &vantages of reproducibility, reduction of reaction times, and we 
also found that reactions were much more reliably scaled up using this co-solvent. Results 
which illustrate these points are contained in the experimental section. 

Formation of a perfluorodialkyl derivative (5) by attack para to nitrogen is 
understandable because this orientation arises from the considerable activating influence of 
ring nitrogen but the further ready substitution to give (6) was rather surprising considering 
the significant steric effects anticipated for these perfluoroalkyl groups. However, the F-19 
n.m.r. spectrum shows that the preferred conformation of tbe perfluoroisopropyl groups in (5) 
ainimises the effect at the !&position by having the trifluorometbyl groups flanking the 
adjacent ring nitrogen (10). Crowding is still siiplificant in (6) because the F-19 n.o.r. 
spectrum deaonstrates restricted rotation, Baking perfluoroisopropyl groups at the 4, and 
g-positions non-equivalent (11). The aost remarkable and uuique feature of this reaction, 

however, is the isolation of a product (7) which arises from attack by a fourth equivalent of 

perfluoroalkyl anion. The process obviously involves a form of nucleophilic attack on ring 

nitrogen, which is a very rare process in an aromatic ring, although examples involving 
1,2,3-triasines have been reported previously. *Q,*Q Further investigations and extensions of 
this process will be described in separate publications.14 

The structure of (7) follows partly from the F-19 n.m.r. spectrum and, conspicuously, the 
number of “tertiary” fluorines in relation to trifluoroaethyl groups. Furthermore, the 
fluorine chemical shift of trifluoromethyl is quite diagnostic in distinguishing between 
trifluoromethyl, as part of (CFs)aCP, ubich normally occurs at -70 to -80 ppm, and a CPa-C=C 
location with a characteristic fluorine chemical shift of ca. -60 ppa. Experimenta 
confirmation also follows from reaction with diazoaetbane; rapid reaction occurred and the AQ 
pyrazoline (8) was formed. In previous work16 we have shown that fluorinated alkenes with 
perfluoroalkyl groups attached to the double bond are extremely reactive towards diazomethaue, 
giving the A* pyrazolines and the formation of (8) is clearly consis’tent with these 
observations. 
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The perfluorodialkyl derivative (5) is extremely reactive towards nucleophiles and, in 
the presence of caeainm fluoride in sulpholan, forms au observable a-complex (9), analogous to 
complexes formed previously for triflnoro-1,3,5-triazine .re Remarkably well resolved coupling 
vas observed, for the caesino salt, between difluoroaethylene and adjacent pexfluoroisopropyl 
groups. No analogous observable complex could be generated using potassium fluoride but, 
using (~~N)~S*~e3SiF2]- 17 in acetonitrile, an analogous complex could be generated but not 
with the well-defined coupling shown by (9). This implies a less-stable complex, witb some 
fluoride-ion exchange occurring. The complex (9) could also be generated in acetonitrile 
solvent and this retained at least some of the fine-structure, also implying that the complex 

(9) is more stable than the analogous complex associated with the TAS cation (YeeN)3S*.r7 
This is consistent with our observations involving perfluoroalkyl anions which we have 
discussed earlier.18 

The formation of a relatively stable anion (9) has preparative significance because we 
can now account for the fact that reaction products contain a greater proportion of the 
perfluorodialkyl derivative (5), using caesium fluoride, than in analogous experiments using 
potassium fluoride which led to further substitution. We have also exploited this finding in 
developing a two-step procedure for the synthesis of perfluo~alkyl derivatives: the first 

stage involves reaction of trichloro-1,2,3-triazine (1) with potassium fluoride, to give 
chlorofluoro-1,2,3-triazene derivatives, which are then used for the second stage. The use of 
potassium fluoride for the first stage avoids formation of complexes with the fluorinated 

triszines. However, use of caesiua fluoride for the subsequent reaction of the 
chlorofluorotriazenes in the polyfluoroalkylation step deliberately encourages the formation 
of (9) and, consequently, increases the proportion of (5) in the ultimate product. The 
complex (9) is labile on heating, which allows the isolation of (5). 

Fascinating chemistry arising from photolysis and pyrolysis of these triazine derivatives 
will be described in future publications.19 

S.P. 8!O; Bass, A.E.I. MS9 V.C. Bicromass 128 linked to a P 
S ectroscopic data were obtained using the following spectrometers: U.V., Pye Unicam 

VG-7070E instrument fitted iith a llewlett Packard 57QOA capil 
Varian A56/~D, Bruker BKQOE, Bruker WB360 and Bruker AC-250. 
positive in p.p.m. downfield from tetrameth 

molecular sieves. 

m-1.2.3 t ‘azine fll Crude trichloro-l,2 3-triazine (1) was prepared according to 
Compper and SchonLiinger7 tid further purified by Soxhlet extraction with diethyl ether (x 2) 
to remove insoluble material (azide), recrystallisation from diethyl ether, then sublimation 
under high vacuum (10-e-10-2 mm). 

bination of Trichloro-1.2.3-tri~ine (1,). . 

i;(,Tolid Dhase fluorinatipg The general procedure is illustrated b 
A Carius tube (30 q i) containing trichloro-1,2,3-triaine (1 5 

a representative 
(1.5 g, 8.1 mmol) and 

mmol) , sealed under vacuum (10-e mm) was heated a$ i80°C 
transf;zyg wg shown by g.1.c. ($oluan A ) to 
e f21 
Cl, 7/23$& bF(d &13)-79.5 (lF,s,F-6). and b 

* & 171/169/16r (II’, 3/7/9X), 
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ne 13 (0.72 g, 58%), as white crystals n.p. 43-46*C; 
Ns retuires: C, 23.8; N, 27.7%); RI.& 1531151 (Y’,5,15%), 

1251123 (hi+-Nn, 4/‘13%), 80178 (17/5g%), 69 (12); 6P ~CD~13) -80.0 f2F, s, F-4,6); bC (CDC13) 

108.0 (t, J 26 gz, C-5), 164.9 (d! J 265 Hz, C-4,6), along with a small amount of 
trichloroacrylonitrile (by comparrson vitb an authentic sample).3 The results of experiments 

conducted at 150’ and 2OO*C are also shown in Table l(i). 

~~~~es~~v~h~~~~~~~~ (with Peter Hoare). The general procedure is illustrated by a 

won of a uotasslum fluor’de bed 4 Potassium fluoride, dried at 2OO*C, was laced in n 
silica pyrolysis tube (18 mm i.d: x 300.~) which had a glass rod (4 mm d.) lying a ong P its 

central axis. The tube was heated in a furnace (25O’C) for 2 h., and after the rod had been 

carefully reaoved to leave a small channel along the axis, dried at 600’~ for 3 h. under high 
vacutuu (10-I -10-3 mm). 

8) ilin& steD Dr*~edufe . Trichloro-1,2,3-tri~ine (I) (5 g, 27 maol) was sublimed at 

60-80°C under hi 
Fp 

vacuum (10e2 mm) into the p 
fr 

rolysis tube (maintained at SOO’C), over a 
period of 2 h. roducts were collerted in a co d trap attached to the other end of the tube. 
and were isolated by preparative g.1.c. (Column “A”) to give 4,5-dichloro-6-fluoro- 
1,2,3-triaziue (2) (2.1 g, 47X), 5chloro-4,6-difluoro-1,2,3-trianine (3) (1.6 
4.5.6-trifluoro-1.2.3-triazine (4 

,?S 42.6; N, 31.1% C3FsNn requires: 
y.k6g4 3% (found 8: ;!%il yd 

* ; E! 
as a colourless 1rqu;d; 

, 42.2; N, 31.1%); m18x 231 ns (e, 2iOi)); ‘6P 

(CDCl,) -96.0 (2F, d J 23 Hz, F-4,6), -166 flF, t 3 23 Hz, F-5); dC (CDC13) 132.8 fd of t, J 

298, 19 Hz, C-5), 157.8 (d, J 265 Ez, C-4,6); & 135 (!I*, 12X), 107 (N’-N2, 39), 62 (83). 

b) &&jr&e steu orocedure 
products from an initial fluorination over the 
temperature. Thus the product obtained in a) luorination tubr 

(maintained at 6OO’C) over 1 h. The final product contained 4-Chloro-5,6-difluoro-1 2,3- 
triazjne 3) 
;tepwrse 1 

(!.63.g, I5%)*and trifluoro-1,2,3-triazine (4) (2.52 . p @Q.._ The results of 
luorlnatlon air+fferent tentperatures a? su~mar~sed In able l(11). 

erfluoroalkv&ron of rchloro-1.2.3-trlazxne ( 1. The general procedure IS illustrated by 
a representative example. 

A) Sinsle step reaction. Dry, powdered caesium fluoride (22 g, 145 mmol) was placed in a 

flante dried 250 ial 3-necked flask, aud heated at 15O’C for I. h. under high vacuum (lo‘“-1V3 
mm 

h 
. On cooling an atntos here of dly nitro en was introduced and, against a flow of nitrogen. 

an ydrous sulpholan (50 a ), P diethyl ether ‘i 160 rsl , 
l 

and trichloro-1,2,3-triaine (1) (4.0 g, 
22 mnol), was added along with a stirrer bar. A b adder coatainin hexaftuoropropene (10.4 g. 
69 mmol, 3 equiv. 

h 
was attached, the flask and contents cooled in squid air, and evacuated !- 

(10-2-10-3 ~5). he flask and contents were allowed to warm up to room temperature, 
hexaflnoropropene was admitted in one portion from the bladder, and the mixture was stirred at 

25*C for 2 days (or until the as bladder bad deflated). 
introduced, ether was removed y distillation. and volatile products isolated by VWUUIU e; . 

An ataosphere of dry nitrogen was 

transference at up to 150°C (10-n rant). 
“K” or “F”) gave: 

Analysis aud separation of pr0duct.s by g.1.c. ~~01umii~ 

(i) P rf Qluora-4.6-di-isoDroovl-1.2,3-triazine [,5)_ (3.69 g, 39%) as colourfess crystals m.p. 

:2-53*C; (found: C, 24.5; F, 65.5; N, 10.0% CnFisNs requires: C, 24.8; F, 65.5; N, 9.7%): 
nax 206 nm (c, 1700) ; hF (CDC13) -75.5 (12F. t, J 12 Hz, F-4b,6b), -124-a (1F. t of sept, J 

45.4; 5.6 Hz, F-5), -186.3 (2F. d of sept, J 45.4; 5.6 Hz, F-4a,6a); SC (CDC13) 91.1 (d of 

sept, J 214; 35 Hz, C-4a’,6a’ , 27 Hz, C-4b’,4b’), 141.6 d, J 24 Dz. 
C-4,6 , 154.6 (d, J 315 Hz, C- 

i 
4 ); 

119.3 (q of d, J 289; 

(at+-C (CF3)?, 37). 
& 435 (I!*, I%), 407 (N*-N2,26), 338 f; (N*-Nz-C s, IO), 266 

(ii) p?: rflooro-4.5.6”tri-isooro&.-1.2.3-triz&ne (61 (1.53 g, 13%) as a yellow liquid b.p. 

163-165’C; 
7.2%); Anax 

(found: C, 24.7; F, 67.9; N, 7.5% CrnFnrNs requires: C, 24.6; F. 68.2; N, 
231 nm (cl 2300); SF (CDC13) -72.4 (6F, d, J 39 Hz, F-5b). -74.5 (6F. d of d. J 

11.5; 3.9 AZ, F-4b), -75.3 
(IF, d of sept, J 117; 3.9 I! 

6F, S, F-fib), -154.7 (IF, d of se t, J 117; 4 Hz, F-$a), -180.3 
z, F-4a), -184.6 (lF, Sept. J 39 R z, F-6a); aC ((CD3)~~O~ 148.1 

L 
d, J 27.9 Hz, C-S), 145.5 
-4b’,6b’), 

d of d, J 29.3: 
118.9 (q of d, s 

2.8 Hz, C-4), 119.0 (q of d, J 288.3: 27.8 Hz. 
259.2: 26.5 Iiz, C-5b’). 118.0 (d. J 30.3 iIZ, C-5). 93.8 (d of 
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dissolved immediately, and a deep yellow colour rapidly developed. 6F -36.9 (*lF, bs, F-5 

(exch~ging~), -75.4 (12F, d, J 5.6 Hz, f-4b,6b), -188.7 (2F, bs, F-4%,46). 

We thank the Science and Engineering Research Council for a grant and the Asahi Glass Co. 
Japan, for leave of absence granted to Dr. Tamura. 
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