
396 J.C.S. Perkin I 

Photochemistry of Halogenocarbon Compounds. Part 1 . l  Rearrange- 
ment of Pyridazines to Pyrazines 
By Richard D. Chambers,* J. A. Hugh MacBride, Jetzy R. Maslakiewicz, and (in part) Krishna C. Sriva- 

Vapour phase irradiation of tetrafluoropyridazine and various perfluoroalkylpyridazines using either medium or low 
pressure mercury lamps gives pyrazine derivatives. Substituents located 4.5- and 3.5- in the pyridazine occur a t  
2,5- and 2.6-positions respectively in the resulting pyrazine, and a mechanism to accommodate these specific 
substituent labelling results is advanced which involves intermediate valence isomers. Perfluoro-2.5- and -2.6- 
di-isopropylpyrazines are very slowly interconverted by irradiation in the liquid phase. 
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IT has now become clear that, because of the greater 
strengths of C-F than C-H bonds, fluorine or fluoro- 
carbon groups are useful as ‘passive’ substituents 

Preliminary communication, C. G. Allison, R. D. Chambers, 
Yu. A. Cheburkov, J. A. H. RlacBride, and W. K. R. Musgrave, 
Chem. Comm., 1969, 1200. 

a R. D. Chambers, J. A. €I. MacBride, and W. K. R. Rlusgrave, 
-1. Clwm. SOC. (C), 1968, 2116. 

in systems where reactions or rearrangements of the 
skeleton of the molecule are being investigated. Earlier 
work from these laboratories led to the synthesis of 
tetrafluoropyridazine and perfluoroalkylpyridazines 3*4 

3 S. L. Bell, R. D. Chambers, M. Y. Gribble, and J.  R. Mas- 
lakiewicz, J.C.S. Perkin I, 1973, 1716, and references therein. 

4 R. D. Chambers, J .  A. Jackson, and A. C. Young, J. Fhmine  
Chem., in the press. 
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and, as described elsewhere, we have been concerned 
with the possibility of eliminating nitrogen from these 
systems by thermal or photochemical r n e a n ~ . ~ - ~  
Thermal elimination of nitrogen from pyridazines 
occurs in special cases,6*7 but pyrolysis of fluorinated 
pyridazines has generally led to novel 1,2-shifts in the 
relative position of the nitrogen atoms and, likewise, 
nitrogen elimination did not occur on photolysis. 
Here we describe 1,3-shifts which take place on photo- 
lysis of tetrafluoropyridazine and some perfluoro- 
alkylpyridazines. 
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(I1 R ' =  R ' - F  ( I a )  
(I11 R'= CFICF,)?, R 7 = F  (na) 
(XU) R '  = R 2  = CFICF,), (ma) 
(IPI R ' =  CF2CF3 , R ' = F  (ma) 
(PI R ' :  R 2  = CF2 CF, (Pa) 
(PI) R 1 =  CFICF,)CF, CF,, R 2  = F  ( p l a l  
(KU,  R '  = R 2 =  CF(CF,)CF, CF, IpIIa) 

A series of perfluorinated pyridazines (1)-(VII) 
have been photolysed in sealed tubes (silica and Pyrex) 
using low and medium pressure mercury lamps. In 
each case the product contained the corresponding 
pyrazines (1a)-(VIIa) in very high yield, except in the 
rearrangement of tetrafluoropyridazine, which was 
accompanied by some decomposition. There are a 
number of examples in the literature of photochemically 
induced 1,2-shifts in the relative position of substituents 
in benzene~,~-l* and rearrangement of pyrazines to 
pyrimidines has also been reported,15 but to our 
knowledge, when the rearrangement of fluorinated 
pyridazines was discovered there was no reported 
case of a corresponding 1,3-shift in an aromatic system. 
The most obvious mechanism for rearrangement of a 

yyridazine to a pyrazine involves a diazaprisinane inter- 
mediate (VIII) and we tentatively suggested such a 
process in a preliminary communication.l Nevertheless, 
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it is clear that in such a process, the relative positions 
of substituents R1 and R2 should remain unchanged 
and, clearly, the direct formation of (IIIa), (Va), and 
(VIIa) from (111), (V), and (VII) respectively appears 
to rule out this mechanism. Initially, we suggested 
that (IIIa) might be produced via a fluoride-ion induced 
migration of perfluoroisopropyl groups but we have 
since shown that such a rearrangement would be highly 
unlikely for pentafluoroethyl groups lG and, therefore, 
this explanation could not account for the structure 
(Va). Furthermore, the conversion of the perfluoro- 
3,5-dialkylpyridazines (IX) and (X) into the corre- 
sponding pyrazines (IXa) and (Xa) rules out the possi- 
bility of equilibration involving anionic migration of 
perfluoro-isopropyl or -s-butyl groups and, therefore, 
the diazaprismane mechanism is completely eliminated. 
Also, Lemal and his co-workers1' have rearranged 
4,5-dichlorodifluoropyridazine to 2,5-dic hlorodifluoro - 
pyrazine and reached a similar conclusion. 

The results of these substituent labelling experiments 
now pose a fascinating mechanistic problem, i.e. we are 
effectively required to rotate the top half of the molecule 
(XI) through 180" with respect to the lower half. 
Substituents starting in the 4- and 5-positions in (XI) 
become para to each other in the pyrazine (XII), while 
3- and 5-substituents in (XI) become meta to each other 

R 

in (XII). All these requirements can, in fact, be met 
by a process which involves formation of a para-bonded 
species (XIII) , followed by rearrangement , separation 
of the nitrogen atoms to give (XIV), and subsequent 
rearomatisation to (XII). We cannot envisage any 
other mechanism which embodies this high substituent 
specificity, which is itself a strong argument for the 
process, and, furthermore, we have now isolated inter- 
mediates 18*19 corresponding to both (XIII) and (XIV), 
which establishes the mechanistic path completely. 
Valence isomers of fluorinated pyridines have also been 
isolat ed.20 

The rearrangement is not general for pyridazines and, 
comparing samples under identical conditions, it was 

13 I<. E. Wilzbach and L. Kaplan, J .  Amer. Claeun. SOC., 1965, 

l4 E. M. Arnett and J .  M. Bollinger, TetualiedroPz Letters, 1964, 
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significantly easier to rearrange perfluoro-4,5-di-iso- 
propylpyridazine (111) than the corresponding 3,5-isomer 

3 

2N%4 4c;; 5 4 5 k N 1  
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rxm, 
(IX). Furthermore, we have been unable to rearrange 
pe~uoro-3,4,6-tri-isopropylpyridazine, perfluorotetra- 
phenylpyridazine, and various peduoroalkylphen.yl 
derivatives with substituents in either the 4,5- or 
ortko-positions; also we and others l7 have observed 
that perfluorotetraethylpyridazine is similarly inert. 

The U.V. spectra of various fluorinated pyridazines 
are contained in the Table and there is no obvious 

U.V. spectra of pyri 

3; 4, 6-CF(CFsj ,, ’F’ 
4-CF2CF3, F3 (IV) 
4,6-CF2CF3, F, (V) 
3,4,6-CF2CF3, F 
(CF2CFs) I 
I-CF(CFS)C,F,, F, (VI) 

3,6-CF(CFJCZFSv F, (X) 
4,6-CF(CF3)C,F,, F, (VI :I) 

dazines (cyclohexane) 
Llax./nm (4 

XLX* n+x* 
246 (1400) 334 (360) 
248 (4160) 283 (900) 
262 (1920) 313 (260) 
278 (4100) 340 (370) 
266 (1940) 326 (270) 
266 (1940) 326 (240) 
262 (2680) 312 (330) 
278 (4990) 349 (410) 
266 (2720) 346 (410) 
260 (980) 366 (240) 
261 (2880) 306 (360) 
277 (8060) 338 (770) 
267 (2820) 326 (360) 

relationship between the U.V. spectra and ease of re- 
arrangement. The differing effects of perfluoroalkyl 
groups in the 4,5- and 3,6-positions are particularly 
puzzling. Replacing a fluorine atom at the 4- or 
&positions by fluoroalkyl leads to a bathochromic shift 
whereas the same substituents at the 3- or 6-positions 
lead to a small hyposochromic shift. There is no 
indication of steric effects causing differences between 
the various perfluoroalkyl compounds, even though the 
steric requirements of these groups vary substantially, 
and we suggest that the shifts arise from a stabilising 
influence of perfluoroalkyl groups on the highest oc- 
cupied molecular orbital and the lowest unoccupied 
orbital. For this explanation to be valid, the latter 
must be more important but, for substituents at the 
3- and 6-positions, the effect would not operate because 
there are nodes for the lowest unoccupied orbital at 
these positions. The effect of replacing fluorine by a 
perfluoroalkyl group in any position, on the n + x *  
transition is a bathochromic shift, with the effect being 
greater for the 4,5-positions. In summary, therefore, 

although there is a difference in effect on the x + x *  
transitions for perfluoroalky1 groups at the 4,6- us. 
3,5-positions, it is by no means clear that this is con- 
cerned with the ease of rearrangement. 

In common with a number of other photochemically 
induced aromatic rearrangemen ts,ll* the reactions 
described above do not appear to involve triplet states 
since added oxygen had no obvious effect on the reactions. 
Also, experiments in which mercury was rigorously 
excluded, gave results analogous to those with added 
mercury, ruling out the possibility that these are 
mercury sensitised. In the pure state tetrafluoro- 
pyrimidine and -pyrazine, as well as various perfluoro- 
alkyl derivatives, were photochemically stable, in the 
vapour phase, for extensive periods of U.V. radiation. 

However, on irradiation of the liquid phase, rearrange- 
ment of perfluoro-2,5-di-isopropylpyrazine (IIIa) oc- 
curred very slowly giving a small amount of the isomer 
(IXa); pyrimidine (XVI) was also detected but this 

N 

J J. 

result was not consistently reproducible. Furthermore, 
a small amount of (IIIa) was produced from (IXa) on 
prolonged irradiation. These 1,2-shifts could be ex- 
plained by formation and rearrangement of diazabenz- 
valenes, similar to the mechanism which we suggested 
to account for specific substituent labelling in pyrolysis 
of pyridazine~,~, although no diazabenzvalenes have, 
so far, been isolated. It should be emphasised, how- 
ever, that  rearrangements of pyrazines (IIIa) and 
(IXa) occur very much more slowly than the rearrange- 
ments of pyridazines to pyrazines described earlier and 
only in the liquid phase. 

In earlier work 5 9 7  we showed that pyrolysis of fluorin- 
ated pyridazines gives mainly pyrimidines (as well as 
some pyrazines), i .e. 1,2-shifts, whereas we have now 
established that photolysis gives pyrazines, i.e. lJ3-shifts, 
and it is obvious to turn to orbital symmetry rules for an 
explanation of this difference. However,. it is clear 
from the literature22 that the rules do not account 
adequately for many observations concerning even 
benzene derivatives ; the thermal 1,Zshifts in pyrid- 
azines which we have reported presumably occur via 
vibrationally excited ground states and the photo- 

21 I. Haller, J .  Chem. Phys., 1967, 47, 1117. 
22 See, e.g., H. G. Barlow, R. N. Haszeldine, and R. Hubbard, 

J .  Chem. SOC. ( C ) ,  1970, 1231, and references therein. 
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chemical 1,3shifts almost certainly occur via the first 
excited states, but the basis for the different behaviour 
of fluorinated pyridazines on photolysis and pyrolysis 
has yet to be established. 

As indicated earlier, photochemically initiated 1,3- 
shifts in aromatic systems are rare; o-xylene gives 
$-xylem but at wavelengths greater than 230 nm this 
almost certainly involves two 1 ,2-shifts although at 
shorter wavelengths a direct lJ3-shift may be involved.@ 
Recently, shifts of methyl between the 4- and 2-positions 
and between 3- and 5-positions in methylpyridines 
have been reported 23 although in very low yield, and 
an azaprismane mechanism has been advanced. A 
mechanism analogous to that which we have now 
firmly established for the pyridazine system, accounts 
for the shifts more satisfactorily because this process 
allows interconversion between 2-, 6-, and 4-positions 
whereas an azaprismane mechanism 23 would also allow 
a methyl to shift from the 3- to the %position. Further- 
more, other workers 24 have trapped a para-bonded 
species by in situ ' reduction. In contrast, however, 
azaprismanes have been suggested% to account for 
other lJ3-shifts in pyridines which our new mechanism 
would not explain. 

3 6 6 

7 

Structure Assig?tments of Fluorinated Pyrazines.- 
Perfluoro-2,5-di-isopropylpyrazine (IIIa) is a known 
compound and 19F substituent chemical shifts for 
introduction of the perfluoroisopropyl group into the 
pyrazine system may be deduced from this compound 
as well as from perfluoroisopropylpyrazine (IIa). Com- 
pound (IXa) is then easily distinguished from the 
alternative , perfluoro-2 ,3-di-isopropylpyrazine , on the 
basis of chemical shift of the ring fluorine atoms and their 
coupling with CF(CF,),. The calculated value (68 
p.p.m,) agrees with the observed value (66 p.p.m.) 
for (IXa) and these differ from the calculated values 
for the 2,3-isomer (83 p.p.m.). Analogous arguments, 
based on substituent chemical shifts derived from the 
corresponding peduoroalkylpyrazines, may be used to 
demonstrate the structures of the perfluorodialkyl- 
pyrazines (Va), (VIIa), and (Xa). Compound (VIIa) 
was aIso obtained by direct polyfluoroalkylation 4916 

of tetrafluoropyrazine, using octafluorobut-2-ene. 

I.: X PERIME NTAL 

Unless otherwise stated reactions involved irradiation 
of the vapour phase, and were carried out using a Hanovia 

2a S. Caplain and A. Lablache-Combier, Chem. Comm., 1970, 
1247. 

U.V.S. 1000 medium pressure mercury arc a t  a distance 
of cu. 10 cm, The temperature in the irradiation zone was 
cn. 60 "C. Irradiations at  253.7 nm were carried out 
employing silica tubes and using low pressure mercury 
lamps within a Rayonet R.P.R.-208 reactor (Southern 
New England Ultraviolet Company) and the temperature 
within the irradiation zone was ca. 40 "C. 

1DF N.m.r. spectra were recorded on a Varian A56/60D 
spectrometer (CFCl, as external reference) ; all shifts 
are quoted relative to CFCl, (upfield shifts are quoted 
as pos i tive) . 

Irradiations an SiZica.-The first two experiments are 
described in detail and subsequent experiments were carried 
out in an identical manner except where stated. 

(a) Tetrafluoropyridazine (I). Tetrafluoropyridazine (I) 
(2.0 g) sealed under vacuum in a dry silica tube (ca. 46 ml) 
was irradiated for 6 days. Volatile material (1.7 g)  was 
transferred under vacuum, leaving a tar, and was Shawn 
by g.1.c. (di-isodecyl phthalate) and 1DF n.m.r. to be a 
mixture of tetrafhoropyridazine (I) (20%) and tetra- 
fluoropyrazine Z6 (Ia) (800/,). 

(b) Perfluoro-4-isopropyZpyridazine (11). Perfluoro-44~0- 
propylpyridazine (11) (0.60 g) was sealed in a tube (29 x 
320 mm) and irradiated for 66.5 h. The volatile product 
was shown by g.1.c. to be one component, identified as 
perfluoro-2-iso~ro~yZ~yruzine (IIa) (0.55 g, 92%) (Found : 
C, 27.6; N, 9.4; F, 63.3%; M+, 302. C,F,,,N, requires 
C, 27.8; N, 9.3; F, 62.9%; M ,  302), lDF 6 76.7 [(CF,),CF], 
78.0 (F-3), 83.7 (F-5), 93.4 (F-6), and 186-7 p.p.m. 

(c) Perfl.raoro-4,5-di-isopropylpyradazine (111). Per- 
fluoro-4,5-di-isopropylpyridazine (111) (1.50 g) was ir- 
radiated for 96 h. The volatile product was shown by g.1.c. 
to be one component which was identified as perfluoro- 
2,5-di-isopropylpyrazine (IIIa) (1.15 g, 77%), by com- 
parison of its lSF n.m.r. and i.r. spectra with those of an 
authentic sample. 

(d) Perfluoro-4-etlzyZpyr~~uzine (IV) . Perfluoro-Cethyl- 
pyridazine (IV) (0.50 g) was irradiated for 144 h. The 
volatile product was shown by g.1.c. to be one component, 
identified as perfluoro-2-ethylpyrazine (IVa) (0.40 g, 80%) 
(Found: C, 28.2; F, 60.8%; M+, 252. C,F,N, requires 

86.0 [CF,CF,], 93.5 (F-6), and 118.4 p.p.m. [CF,CF,]. 
(e) Perfluoro-4,5-di-ethyZ~yridazine (V) . Perfluoro-4,5- 

diethylpyridazine (V) (0.45 g) was irradiated for 125 h. 
The volatile product (0.33 g)  was shown by g.1.c. to contain 
two major components and preparative scale g.1.c. gave 
perfluoro-4,5-diethylpyridazine (V) (15 mg) and perfluom- 
2,5-diethyZpyrazine (Va) (0.20 g, 44.4%) (Found : C, 27.3 ; 
F, 64.5% ; M+, 352. C,F,,N, requires C, 27.25; F, 64.75% ; 
M ,  352), lDF 6 78.3 (F-3, 6), 85.4 [CF,CF,], and 119.0 p.p.m. 

(f) Perfluoro-4,5-di-s-butyl~yridazine (VIII) . Perfluoro- 
4,5-di-s-butyIpyridazine (VII) (1.28 g) was irradiated 
for 144 h. The volatile product (0.75 g) was shown by 
g.1.c. (silicone elastomer) to contain only one major com- 
ponent, and preparative scale g.1.c. furnished perfluoro- 
2,5-di-s-butylpyrazine (VIIa) (0-60 g, 46.9y0) (see later). 

f (CF3) Z c F ]  * 

C, 28.55; F, 60.3; M ,  252), 19F 6 79.3 (F-3), 82.5 (F-5), 

ICF,CF*I * 

** K. E. Wilzbach and D. J. Rausch, J .  Amer. Chem. Soc., 1970, 

26 T. J. van Bergen and R. hl. Kellog, J .  Amer. Chem. SOC., 

C .  G. Allison, R. D. Chambers, J. A. H. MacBride, and 

92, 2178. 

1972, 94, 8461. 

W. K. R. Musgrave, J .  Chem. SOC. ( C ) ,  1970, 1023. 



(g) Pev~uoro-3,5-di-isop~opyZpyridazine (IX) . Per- 
fluoro-3,5-di-isopropylpyridazine (IX) (2.10 g) was irradi- 
ated for 115 h. The volatile product (1.80 g) was shown by  
g.1.c. (silicone elastomer) to contain one major component, 
and preparative scale g.1.c. gave ~erfEuoro-2,6-di-isopropyZ- 
pyrazo'ne (IXa) (1-55 g, 74%) (Found: C, 26.3%; M+, 
452. C,,F,,N, requires C, 26.55%; M ,  452), l9F 6 66.2 
(F-3, 5), 77.0 [(CF,),CF], and 187.0 p.p.ni. [(CF,),CF]. 

(h) Perfluovo-3,4,6-tri-isopropyZpyridazine. Perfluoro- 
3,4,6-tri-isopropylpyridazine (1.00 g) was irradiated for 
67 h. Starting material (0.95 g) was recovered. 

(i) PerfEuorotetraethyZpyridazine. Perfluorotetraethyl 
pyridazine (0.36 g) was irradiated for 205.5 h. The pro- 
duct (0.36 g), although discoloured, was unchanged starting 
material. 

Irvadiatiwas in Pyrex.-(a) PerfEz~oro-4,5-di-isopvapyl- 
Pyridazine (111). Perfluoro-4,5-di-isopropylpyridazine (111) 
(0.6 g) was sealed under high vacuum (0.001 mmHg) in a 
dry Pyrex tube (34 x 320 mm) and irradiated for 90 h. 
The volatile product (0.55 g)  was transferred under vacuum 
and a small amount of intractable tar remained. The 
former was shown by g.1.c. to be one component which was 
identified as perfluoro-2,5-di-isopropylpyrazine by com- 
parison of its i.r. and l9F n.m.r. spectra with those of an 
authentic sample. 

(b) Perfluoro-3,5-di-iso~ropyZ~yridazine (IX) . Perfluoro- 
3,6-di-isopropylpyridazine (IX) (1.0 g) was irradiated for 
143 h in a tube (34 x 320 mm). The volatile product 
(0.86 g) was shown by g.1.c. (silicone elastomer) to consist 
of starting material (IX) (5%) and perfluoro-2,6-di-iso- 
propylpyrazine (IXa) (95%) which were identified by 
g.1.c. and by comparison of the l8F n.m.r. spectrum of 
(IXa) with that of an authentic sample. 

(c) Tetrufluovopyvidazine (I). Tetrafluoropyridazine (I) 
(1.1 g) was irradiated for 112 h in a tube (34 x 320 mm). 
The volatile product (0.52 g) was shown by g.1.c. and by 
l9F n.m.r. spectroscopy to be mainly starting material (I) 
(89%), with tetrafluoropyrazine (Ia) (11%). 

Irradiation at 253.7 nm.-(a) Pevfluoro-4-s-butyZpyrid- 
azkne (VI). Perfluoro-4-s-butylpyridazine (1.0 g) and 
CF,ClCF,Cl (33 mi) were sealed in a silica tube under high 
vacuum and irradiated at 253.7 nm for 330 h. Evaporation 
of solvent gave a pure (g.1.c.) oil (1.0 g) identified as pev- 
flecop.o-2-s-bulylpy~uz~~e (VIa) (1.0 g ,  100%) (Found: C, 
27.0; N, 7.8; F, 64.3%; M + ,  352. C,F,,N, requires 
C, 27.25; N, 7.96; F, 64.750/,; M ,  352), l9F 6 75.0 [CF3- 
(CF,CF,)CF], 77.9 (F-3), 82.7 [CF,(CF,CF,)CF], 84.2 (F-5), 

[CF3(CF3CF2) cF) * 
96.3 (F-6), 122-2 [CF,(CF,CF,)CF], and 187.6 p.p.m. 

(b) PerfEuoro-3.5-di-s-butylpyv~dazine (X). Perfluoro-3,5- 
di-s-butylpyridazine (X) (1.0 g, 1-81 mmol) dissolved in 
CF,ClCF,Cl (30 ml) was irradiated for 400 h under similar 
conditions to above. Solvent evaporation gave an  oil 
(1.0 g )  which was shown by g.1.c. to contain two com- 
ponents. Preparative scale g.1.c. gave starting matrial 
(X) and perflmro-2,6-di-s-butyZpyvazine (Xa) (67 yo yield , 
estimated by g.1.c.) (Found: C, 26.4; N, 5.4; F, 68.3y0; 
M+,  652. Cl2FeoN2 requires: C, 26.1; N, 5.05; F, 68.85%; 

[CF,( CF,CF,) CFJ, 1 22.2 [CF, (CF,CF,)CF] , and 1 8 8.5 
p.p.m. [CF,(CF,CF,)CF] . 

Irradiation of Pevflzroro-4,5-d~-isoprop~~l~yridazil te an the 

M ,  552), lgF 6 66.4 (F-3, 5), 74.9 [CF,(CF,CF,)CF], 81.0 

J.C.S. Perkin I 
Absence of iWercury.-A new silica tube (41 x 300 mm) 
containing perfluoro-4,5-di-isopropylpyridazine (111) (0.95 
g)  and gold foil (10 x 100 inm) was evacuated (0.075 
mmHg) using a mercury-free vacuum system. An identical 
silica tube (41 x 300 mm) containing perfluoro-4,5-di-iso- 
propylpyridazine (111) (1.00 g) and mercury (0-5 g) was 
evacuated (0.075 mmHg) using a vacuum system containing 
mercury. Both tubes were irradiated at 253.7 nm for 
800 h under the same conditions and their products were 
identical by g.l.c., indicating that the rearrangement of 
pyridazines to pyrazines is not sensitised by mercury. 

Synthesis of PevfEuoro-2,5-di-s-bzrtyZ~yrazine (VIIa) (With 
S. PARTIKGTON).-A nickel tube containing a mixture of 
tetrafluoropyrazine (5.0 g, 33 nimol), caesium fluoride (6-0 
g, 39.5 mniol), octafluorobut-2-ene (8.0 Q, 40-0 mmol), and 
sulpholan (15 ml) was rotated in an oil-bath at 160" for 
48 h. Volatile material was transferred from the tube 
under vacuum and then separated by distillation into 
tetrafluoropyrazine (1.2 g) and a liquid, identified as 
~evfluovo-2,5-di-s-butyEpyrazine (VIIa) (10 g, 55y0), b.p. 
165' at 760 mmHg (Found: C, 25.9; F, 68.3; N, 6.0%; 
M', 552. C,,F,,,N, requires C, 26.1; F, 68.85; N, 5.05%; 

[CF,(CF,CF,)CF], 122.0 [CF,(CF,CF,)CI;], and 188.0 p.p.m. 
[CF, (CF,CF,) CF) . 

Prolonged Irradiation of Perfluovo-4,6-di-isopvopylpyrida- 
zine (111) .-Perfluoro-4,5-di-isopropylpyridazine (111) (1.00 
g)  was sealed under high vacuum in a silica tube and ir- 
radiated for 800 h. The volatile product (0.80 g) was 
shown by g.1.c. to contain, in addition to pyrazine (IIIa) 
(ca. 75%), and starting material (111) (ca. 5%), another 
component (ca. 20%). Separation by preparative scale 
g.1.c. gave pure samples of each component. The un- 
known material was found by g.1.c. (silicone elastomer) 
to be a 1 : 1 mixture of two compounds, and preparative 
scale g.1.c. (silicone elastomer) furnished pure samples of 
perfluoro-2,6-di-isopropylpyrazine (IXa) (see above) and 
perfluoro-4,5-di-isopropylpyrimidine (XVI) 7 which were 
identified by comparison of their i.r. with those of authentic 
samples. This sequence of separation was necessary 
because pyrazines (IIIa) and (IXa) were not resolved by 
g.1.c. using silicone elastomer as stationary phase. 

Irradiation of Perflumo-2,5-di-isopvopyZ~yvazine (IIla) .- 
Perfluoro-2,5-di-isopropylpylpyrazine (IIIa) (0.66 g )  in the 
liquid phase was irradiated a t  253.7 nm for 240 h. The 
product was found by g.1.c. to contain a minor product 
(ca. 3%) and starting material (IIIa). Examination by 
mass spectrometry-g.1.c. showed the minor product t o  be 
perfluoro-2,6-di-isopropylpyrazine (IXa). We were un- 
able to determine whether any  perfluoro-4, B-di-isopropyl- 
pyrimidine (XVI) 7 was present in the minor product. 

Irradiation of PerfEirovo-2,6-di-isopro~yZpyvaz~ne (IXa) .- 
Perfluoro-2,6-di-isopropylpyrazine (IXa) (0.55 g) in tIic 
liquid phase was irradiated at 253.7 nm for 240 h. The 
product was found by g.1.c. to contain a minor product 
(ca. 1 yo) which was identified as perfluoro-2,5-di-isopropyl- 
pyrazine (IIIa) by mass spectrometry-g.1.c. We were 
unable to determine whether any perfluoro-4,5-di-iso- 
propylpyrimidine (XVI) was present in the product. 

M ,  552), lgF 6 74.6 [CF3(CF3CF2)CF], 76.7 (3,6-F), 82.5 
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