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Synopsis. Triazinylnitrene generated photochemi-
cally from 2-azido-4,6-dimethoxy-1,3,5-triazine adds to the
aromatic ring of alkylbenzenes and halobenzenes to give
N-triazinylazepines.

Nitrene Chemistry has been extensively studied and
is well established.)? We have reported that the pho-
tolyses of azidotriazines in ketones?:® and nitriles?:4
give 1:1 cycloaddition products of the triazinylnitrene
and solvent molecule. In this paper we wish to de-
scribe the reactions of triazinylnitrene with several
aromatic substrates to give N-triazinylazepines.

Results and Discussion

During the course of studies on photocycloadditions
of triazinylnitrene to nitriles, we have found that
irradiation of 2-azido-4,6-dimethoxy-1,3,5-triazine (la)
in phenylacetonitrile (2d) with a low-pressure mercury
lamp resulted in the formation of N-(4,6-dimethoxy-
1,3,5-triazin-2-yl)azepine (3d) in a 309, yield (Eq.
1). The structure of 3d was indicated by its elemental

CHX0. CH;0O
3 3
T - O — TG
CH3O CH30
la 2 3

a: Y=C,H;, b: Y=CH,, c: Y=H, d: Y=CH,CN,
e: Y=C], f: Y=F, g=CF,.

composition and spectral properties. Similar photoly-
ses of azidotriazine (la) in several aromatic substrates
also gave N-triazinylazepines (3); the details are listed
in Table 1. Although various azepines have been
isolated from the reactions of aromatic substrates

with carboxynitrenes,—® sulfonylnitrene,® and cyano-
nitrene,'® N-triazinylazepine is a novel type of the
isolable N-arylazepine.

Although attempts to determine the isomer distribu-
tion were unsuccessful, it is apparent that the N-
triazinylazepines which were obtained are isomeric
mixtures on the basis of the following. For example,
the TH-NMR spectrum of crude triazinylazepine (3b)
obtained from the reaction with toluene showed sin-
glets at 6 1.85 and 4.00, ascribable to methyl and
methoxyl protons respectively. The addition of H-
NMR shift reagent, however, caused splitting of each
peak into two peaks, indicating that at least two iso-
meric azepines are involved in the crude product.
In addition, thermal isomerization of 3b in acidic
solution gave o- and p-toluidino-1,3,5-triazines in a
molar ratio of ca. 1:1 (Eq. 2): the ratio was determined
by a direct comparison of its 1H-NMR spectrum with
those of authentic samples, which were prepared from
the reactions of 2-chloro-4,6-dimethoxy-1,3,5-triazine
with ¢- and p-toluidines.

D+ ChOme @

On the other hand, in the photoreactions of la
in anisole, N,N-dimethylaniline, and acetophenone, no
azepine could be isolated as are shown in Scheme
1: the structures of (4), (5) and (6) were determined
by spectral properties and mixed-melting-point tests
with an authentic sample.lt)

In order to get an insight into a nature of triazinyl-
nitrene, competitive reactions between benzene and
monosubstituted benzene were performed (Table 2).

l/HCl
50°C, 3h

TaBLe 1. N-TRIAZINYLAZEPINES (3)
Mp/°C(Solvent uv Found(Calcd), (%)
Azepine Yield for recrystal- m /I\EII\S/I +) 1H-NMR, &% ,___/;__ﬂo
Yo lization)  Apa/nm  ex10-2 ™€ C H N

3a 40(78)® 87—88 277 0.89 260 1.10(t, 3H), 2.15(q,2H), 60.30 6.49 21.83

(CeHe-P.E.®)) 235 0.94 3.98(s, 6H), (59.99 6.20 21.52)
5.50—6.50(m, 5H) .

3b 24 (72) 101—102 276 0.95 246 1.85(s, 3H), 4.00(s, 6H), 58.63 5.71 22.86
(P.E.) 236 0.90 5.55—6.40(m, 5H). (58.53 5.73 22.75)

3c 40 (55) 105—106 277 1.29 232 3.98(s, 6H), 56.59 5.15 24.02
(C¢Hs-P.E.) 234 1.07 5.50—6.32(m, 5H). (56.88 5.21 24.13)

3d 30(35) 107—108 277 1.47 271 3.20(s, 2H), 4.03(s,6H), 57.38 4.80 25.56
(CeHs) 209 1.92 5.40—6.50(m, 5H). (57.56 4.83 25.81)

3e 20 (25) 159—160 275 1.12 266 3.95(s, 6H), 49.69 4.19 21.46
(CeHg-P.E.) 240 1.49 5.70—6.50(m, 5H).9 (49.53 4.16 21.03)

3f 21(33) 117—118 271 0.84 250 4.02(s, 6H), 52.41 4.47 22.10
(P.E.) 232 0.93 5.50—6.67(m, 5H). (52.80 4.43 22.39)

3g 15(23) 109—110 277 1.27 300 4.01(s, 6H), 48.30 3.75 18.79
(P.E.) 231 1.36 5.40—7.00(m, 5H) . (48.01 3.69 18.66)

a) Yields in parentheses were determined spectrophotometrically (see Experimental).
c) Unless otherwise noted, measurements were performed in CDCI,.

b) P.E.: Petroleum ether.
d) In DMSO-d,.
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TABLE 2. RELATIVE RATES FOR THE REACTIONS OF
4,6-DIMETHOXY-1,3,5-TRIAZINYLNITRENE WITH BENZENES

Aromatic Relative rate
Ethylbenzene 1.31
Toluene 1.96
Benzene 1.00
Phenylacetonitrile 0.98
Chlorobenzene 0.78
Fluorobenzene 1.10
(Trifluoromethyl) benzene 0.55

The Hammett plots using o -values shows a satis-
factory correlation: a least-squares treatment!® gives
an equation, log k,=—0.67 ¢,4-0.07 with the cor-
relation coefficient () of 0.94. The p value found
is relatively low compared with that in the reaction
of ethoxylcarbonylnitrene (p=-—1.32),13 indicating
that the selectivity of triazinylnitrene toward substrate
is relatively low. It has been well established? that
azepines are obtained via singlet electrophilic nitrene.
Thus, the lower selectivity of triazinylnitrene may be
attributed to the electron-withdrawing nature of the
triazine nucleus, which enhances the electrophilic reac-
tivity of the nitrene.

On the other hand, the photolysis of 2-azido-4,6-
bis(dimethylamino)-1,3,5-triazine (1b) in toluene yield-
ed 2-amino-4,6-bis(dimethylamino)-1,3,5-triazine (409,
yield), resulting from the hydrogen abstraction by triplet
triazinylnitrene.?? 'This is easily explained by assum-
ing? that, in the photolysis of 1b bearing highly elec-
tron donating dimethylamino groups, the intersystem
crossing N—3N becomes predominant path instead
of the reaction of singlet nitrene.

Experimental

Materials. The azidotriazines (1) were prepared ac-
cording to the procedure given in a previous paper.®

Irradiation. Let us take as example the photolysis
of 1a in toluene: A solution containing la (2.00g, 11.0
mmol) in toluene (20 ml) was irradiated for 48 h. After
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removal of the solvent, the residue was chromatographed
on a silica-gel column using benzene-acetone mixture (10:1,
v/v) as an eluent to yield crude azepine (3b). Recrystal-
lization of crude 3b from petroleum ether gave 0.65g of
white needles 3b listed in Table 1.

Irradiations of la in anisole, N,N-dimethylaniline, and

acetophenone solutions were carried out in the same way
to yield 4, 5, and 6, respectively.
4a: mp 135—137 °C; MS m/e 262(M*); 'TH-NMR (DMSO-
dg) 6 3.97 (s, 3H), 4.03(s, 6H), 7.00—8.20(m, 4H), 8.85
(s, 1H). Found: C, 55.01; H, 5.36; N, 21.469%,.
4b: mp 138—139 °C; MS m/e 262(M+); *H-NMR (CDCl,),
¢ 3.80(s, 3H), 3.98(s, 6H), 6.80—7.68(m, 4H), 8.35(s, 1H).
Found: G, 55.48; H, 5.37; N, 21.569%. GQalcd for C,,-
H,,N,O;: G, 54.95; H, 5.38; N, 21.369%.
5: mp 118—119 °C; MS m/e 275(M*); *H-NMR (CDCl,),
0 3.04(s, 3H), 3.98(s, 6H), 5.15(d, 2H), 6.55(t, 1H), 6.70—
7.46(m, 5H). Found: C, 56.59; H, 5.92; N, 25.20%,. Calcd
for C;H;;N;O,: G, 56.71; H, 6.18; N, 25.449%,.

Competitive Reactions. After irradiation in a mixed
solvent of benzene and monosubstituted benzene (1:1 in
volume), known amounts of azobenzene were added into
the solution as an internal standard. The products were
separated by silica gel TLC using benzene-acetone mixture
(20:1, in a typical run) as the developing solvent. From
the chromatogram, each product was extracted and diluted
with methanol to a fixed volume; then the extinction was
measured spectrophotometrically.
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