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Abstract—2,5-Dideuteriopyrazine (1-2,5-d2) and 2,6-dideuteriopyrazine (1-2,6-d2) phototranspose in the vapor phase to mixtures of
4,6-dideuteriopyrimidine (2-4,6-d2) and 2,5-dideuteriopyrimidine (2-2,5-d2) or 4,5-dideuteropyrimidine (2-4,5-d2) and 2,4-dideuterio-
pyrimidine (2-2,4-d2), respectively. In each case, a trace quantity of a dideuteriopyridazine (7-d2) photoproduct was also observed.
These products are consistent with a diazaprefulvene mechanism involving, 2,6-bonding, one or two nitrogen migrations, and
rearomatization.
� 2007 Elsevier Ltd. All rights reserved.
Although the phototransposition of pyrazine 1 to
pyrimidine 2 in the vapor phase was reported almost
four decades ago,1–3 little is known regarding the mech-
anism of this isomerization.4 Two mechanistic pathways
can be envisioned for this phototransposition. One path-
way, shown in Scheme 1, involves the intermediacy of
diazaprismane 4.5,6
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This species can cleave by pathway A or B to form
Dewar-pyrimidines 5 and 6 which would rearomatize
to form pyrimidine with the scrambling patterns shown
in 2a or 2b.

A second plausible pathway, shown in Scheme 2,
involves initial photochemical 2,6-bonding to form
diazaprefulvene 1b.7 One nitrogen migration in either a
clockwise or counter clockwise direction converts 1b to
diazaprefulvenes 1c or 1d which would rearomatize to
pyrimidine with the scrambling patterns shown in 2c
and 2d. In this pathway, a second nitrogen migration
in either direction followed by rearomatization of 1e
or 1f would lead to the formation of pyridazine with
the scrambling patterns shown in 7e and 7f.8 Thus,
0040-4039/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2007.07.144

* Corresponding author. Tel.: +1 508 831 5283; fax: +1 508 831
5933; e-mail: jwpavlik@wpi.edu
unlike the diazaprismane mechanism, which predicts only
the formation of pyrimidine, the diazaprefulvene path-
way allows for the formation of both pyrimidine and
pyridazine as photoproducts.

In order to distinguish between these two mechanistic
pathways, the vapor phase photochemistry of 2,5-dideu-
teriopyrazine (1-2,5-d2)9 and 2,6-dideuteriopyrazine (1-
2,6-d2)11 has been studied. These reactants were selected
because they would transpose to the isomeric dideuterio-
pyrimidines shown in Scheme 3 by the two mechanistic
pathways.

In these studies, the dideuterated pyrazine, 1-2,5-d2 or 1-
2,6-d2, was allowed to vaporize into an evacuated 3 L
quartz vessel to a total pressure of 3.0 Torr. The vessel
was irradiated at 254 nm in a Rayonet Photochemical
Reactor equipped with 16 low pressure Hg lamps. After
15 min of irradiation, the resulting vapor was pumped
out of the reaction vessel and condensed in an ace-
tone-dry ice trap. The condensate was examined by
gas chromatography, mass spectroscopy, and 1H NMR.

Gas chromatographic analysis of the product mixture
obtained by irradiation of 2,5-dideuteriopyrazine (1-
2,5-d2) revealed a small amount of unconsumed reactant
and a very large peak with the same retention time as an
authentic sample of pyrimidine. The mass spectrum of
this major product exhibited a molecular ion at m/z =
82, corresponding to the molecular weight of dideu-
teriopyrimidine. In addition, GC analysis also showed
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Scheme 1.
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a trace quantity of another product identified as a dideu-
teriopyridazine isomer.

The product mixture was also analyzed by 1H NMR
spectroscopy. Figure 1 shows a portion of the 1H
NMR spectrum from d 6.5–9.5 (a) before irradiation
and (b) after irradiation for 15 min. Before irradiation
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Scheme 3.
the spectrum shows a singlet at d 8.59 due to the equiv-
alent H3 and H6 protons of 1-2,5-d2. After irradiation,
the spectrum shows a small singlet at d 8.59 due to
unconsumed reactant and three new singlets at d 9.23,
8.70, and 7.32 in an integrated ratio of 1:2:1 due to
the formation of products. Since each photoproduct will
bear two deuterium atoms and two protons, the appear-
ance of these signals means that two different dideuterio-
pyrimidine isomers have been formed. Furthermore,
since all of the signals are singlets, neither of the photo-
products can have hydrogen atoms on adjacent ring
positions. By comparison with the known chemical
shifts of pyrimidine ring protons, the 1H singlets at d
9.23 and 7.32 were assigned to H2 and H5 of 4,6-dideu-
teriopyrimidine (2-4,6-d2), while the 2H singlet at d 8.70
was assigned to the equivalent ring protons at ring posi-
tions 4 and 6 of 2,5-dideuteriopyrimidine (2-2,5-d2). The
yield of the dideuteriopyridazine (7-d2) was insufficient
for detection by 1H NMR spectroscopy. Accordingly,
the positions of the deuterium atoms could not be deter-
mined. These results are summarized below.
2,6-Dideuteriopyrazine (1-2,6-d2) vapor (3.0 Torr) was
also irradiated for 15 min. Gas chromatographic and
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Figure 1. (a) 2,5-Dideuteriopyrazine before irradiation and (b) after
irradiation for 15 min. Figure 2. (a) 2,6-Dideuteriopyrazine before irradiation and (b) after

irradiation for 15 min.
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mass spectral analysis of the product mixture again
revealed the presence of a small quantity of unconsumed
reactant, a large yield of dideuteriopyrimidines, and a
trace quantity of a dideuteriopyridazine isomer. The
1H NMR spectrum before irradiation, shown in Figure
2a, shows a singlet at d 8.54 for the equivalent H3 and
H5 protons of the reactant 1-2,6-d2. After irradiation
the spectrum shows a singlet at d 9.23, a singlet at d
8.74 overlapping with a doublet (J = 4.5 Hz) at d 8.74,
and a doublet (J = 4.5 Hz) at d 7.32. The singlets at d
9.23 and 8.74 were assigned to the H2 and H6 protons
of 4,5-dideuteriopyrimidine (2-4,5-d2) while the doublets
at d 8.74 and 7.32 were assigned to the H5 and H6 pro-
tons of 2,4-dideuteriopyrimidine (2-2,4-d2).

As in the previous reaction, the yield of the dideuterio-
pyridazine (7-d2) was insufficient for detection or identi-
fication by 1H NMR. The results for this photoreaction
are summarized below.
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Comparison of the isomeric dideuteriopyrimidines
obtained from 1-2,5-d2 and 1-2,6-d2 with those in Scheme
3, shows that in both cases the observed products are
identical to those predicted by the diazaprefulvene
mechanism but are different from those predicted by
the diazaprismane pathway. The observation of dideu-
terated pyridazines from these reactions is also consis-
tent with the diazaprefulvene mechanism. As shown in
Scheme 2, these pyridazines would be formed via a sec-
ond nitrogen migration from 1d to 1f or from 1c to 1e.
This second nitrogen migration requires breaking a C–N
bond and forming a weaker N–N bond. This second
migration would thus be expected to be slower than
the rearomatization of 1d and 1c to pyrimidines 2d
and 2c. Accordingly, as observed, the yield of pyrida-
zines is expected to be much smaller than the yield of
pyrimidines.
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