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s-Triazolo[4,3-b |pyridazine @ photochemically reacted with dihydropyran; 2,3-dihydro-p-
dioxin; 2,5-dihydrofuran; 2,5-dimethoxy-2,5-dihydrofuran; and 1,3-dioxep-5-ene to give a new
series of substituted pyrrolo[1,2-b ]-s-triazoles (II-IX). In most reactions, two or more products
were formed. The following compounds have been prepared from I: 9-methylene-4a,5,6,7,8a,9-
hexahydropyrano[2',3':4,5]pyrrolo[1,2-b ]-s-triazole (lla), the corresponding 9-cyanomethyl
product (III), and 9-methylene-4a,7,8,8a-tetrahydro-6H,9H-pyrano[3',2':4,5]pyrrolo[1,2-b]-s-
triazole (IIb) from dihydropyran; 9-methylene-4a,6,7,83-tetrahydr0-9H-p-dioxino[2',3':4,5]-
pyrrolo[1,2-b ]-s-triazole (IV) from 2,3-dihydro-p-dioxin; 8-methylene-4a,5,7a,8-tetrahydro-7H-
furo[3',4':4,5 |pyrrolo[1,2-b ]-s-triazole (V) and the corresponding 8-cyanomethyl product (VI)
from 2,5-dihydrofuran; 8-cyanomethyl-5,7-dimeth0xy-4a,5,7a,8-tetrahydr0-7H-furo[3',4':4,5]-
pyrrolo[1,2-6 ]-s-triazole (VII) from 2,5-dimethoxy-2,5-dihydrofuran;  and 10-methylene-
4a,5,9a,lO-tetrahydro-QH—[1,3]dioxepin0[5',6':4,5]pyrrolo[l,z-b ]-s-triazole (VIII) and the cor-
responding 10-cyanomethyl product (IX) from 1,3-dioxep-5-ene. The addition of several other
compounds (1,2,3,6-tetrahydropyridine, 1l-acetylimidazole, 3-sulfolene, 2,3-dihydro-p-dithiin,

and vinylene carbonate) was attempted, but no reactions were observed.

I. Heterocyclic Chem., 14, 81 (1977).

We have previously reported the unusual [3+2] photo-
cycloaddition of a number of cyclic and open chain
alkenes to s-triazolo[4,3-b |pyridazine (I) (3-6). The
products of those reactions resulted from the addition of
the alkene to the 1 and 8 positions of I with a concurrent
opening of the pyridazine ring.
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This reaction has been extended to include a number
of ethylenic heterocycles. The following compounds have
been prepared from 1: 9-methylene-4a,5,6,7,8a,9-hexa-
hydropyrano[2',3':4,5] pyrrolo[1,2-b ]-s-triazole (lla), the
corresponding  9-cyanomethyl product (III), and 9-
methylene-4a,7,8,8a-tetrahydro-6H,9H—pyrano[3',2':4,5]-
pyrrolo[1,2-b |-s-triazole (IIb) from dihydropyran; 9-

methylene-4a,6,7,83-tetrahydro-9H-p-(li()xin0[2',3’:4,5]-
pyrrolo[1,2-b ]-s-triazole (IV) from 2,3-dihydro-p-dioxin;
8-methylcne-4a,5,7a,8-tetrahy(lro-7H-furo[3',4":4,5]-
pyrrolo[1,2-b ]-s-triazole (V) and the corresponding 8-
cyanomethyl product (VI) from 2,5-dihydrofuran; 8-
cyanomethyl-5,7-dimethoxy-4a,5,7a,8-tetrahydro-?H—furo-
[3,4:4,5 | pyrrolo[ 1,2-b]-s-triazole (VID) from 2,5-dimeth-
oxy-2,5-dihydrofuran; and 10-methylene-4a,5,9a,10-tetra-
hydro-9H-[1,3]dioxepino[5',6':4,5]pyrrolo[l,2-b] -s-tri-
azole (VIII) and the corresponding 10-cyanomethyl pro-
duct (IX) from 1,3-dioxep-5-ene.

Results and Discussion.

Compound I was irradiated with ultraviolet light in a
solution of the appropriate ethylenic heterocycle in
dichloromethane. After the starting material had reacted,
the solvent was removed and the products were isolated
on the vapor phase chromatograph (vpc). The products
were subjected to analysis by ir, nmr, and high resolution
mass spectrometry (ms).

The products (see Scheme I) had very distinctive nmr
spectra.  Compounds Ila, IIb, IV, V, and VIII (the
methylene compounds) all exhibited nmr peaks at 8.03 £
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0.1 & (Hy), 620 + 0.2 and 5.50 £ 0.2 6 (mttlhylcnc
hydrogens), 5.9 £ 0.05 8 (Hay o to ring oxygen), 5.0 *
0.1 & (Hay B to ring oxygen), and 4.45 8 (Hay removed
from ring oxygen). The other hydrogen on the pyrrole
ring |[Hqa (V), Hgy (a, b, [V), ete. | exhibited peaks at
5.12 % 0.03 8 (if a to ring oxygen), 4.15£0.268 (if Blo
ring oxygen), and 3.15 8 (if removed from ring oxygen).

Compounds 111, VI, VI and IX (the (-yum)rm:lhyl pro-
duets) exhibited an ir band at 2950 + 10 em™ ! indicative
of the cyano group. The nmr spectra exhibited peaks at
8.03+0.1 6 (11,),5.9* 0.058 (Hay o toring oxygen), 5.0
+0.18 (Hay Btoring oxygen), 445 8§ (1144 removed from
ring oxygen) and 2.92 % 0.03 & (CH,CN). The other
hydrogen on the pyrrole ring [H74 (VI, VI, Hgy {rmy,
ete. | exhibited peaks at 4.68 8 (il a Lo ring oxygen) and
3.59 £ 0.2 6 (if B to ring oxygen).

Product 11 proved to be a mixture of isomers in a ralio
of 4:1.

exhibited an unsymmetrical doublet for the triazole

The nmnre of the material isolated on the vpe

hydrogen as well as two sels of methylene hydrogens. In
assigning structures, it was noted that the a-shift of a CH
group adjacent to an oxygen is 28 and the B-shift negligible
(7). Using the previously published values of 4.20 £0.26
(Hay) and 3.0 £0.38 (Hgy) for the two hydrogens on the
pyrrole ring as a reference (3-6), it can be shown that the
major isomer is compound la. In compound Tla, we
observe Hay to have a small chemical shift and find a
quartet at 4.45 &, and for Mgy we find a doublet with a
large shift to 5.15 6.
hand, we find a peak with a large shift: 5.958 (Hay) and
a multiplet with a negligible shift: 3.15 8 (Hgy). These
assignments were borne oul with the synthesis of com-

For compound 1lb on the other

pound [V which exhibited a large chemical shift for both
Haa (now a doublet at 5.86 6) and Hgy (a complex
doublet at 5.10 §).

Anet and Muchowski (8) have shown that in five-
membered rings which cannot deviate appreciably from
planarity, the "(*is of the ring prolons is appreciably
larger than the corresponding J, .o . We have previously
reported this phenomenon in the photocycloadduct of
3-hexene Lo compound 1 (5,6). By using various lypes of
models, it was observed Lhat a trans addition, il geo-
metrically allowed, would be highly strained in all but
1,3-dioxep-5-ene adducts. However, since the | values for
the two hydrogens on the pyrrole ring are 5.5 % 1.0 Hz
for all compounds (II-1X), we have concluded all additions
were cis.

A mechanism for this addition has been proposed (6),
in which the initial reaction is addition to the nitrogen in
position 1 giving the most stable diradical intermediate.
This diradical would then close at position 8 with the
concurrent homolytic cleavage of the N4-Ns bond to form
a vinyl nitrene.  Vinyl nitrenes are known to form cyano
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compounds (9), hence our cyanomethyl products. A
hydride transfer by the ring hydrogen followed by a loss
of hydrogen cyanide would form the methylene products.

EXPERIMENTAL

All ir spectra were obtained on a fHilger and Watts 11200
Infragraph. The nmr spectra were obtained on a Varian EM-390
spectrometer in deuteriochloroform.  Varian model 202B and
1700 vapor phase chromatographs were used in the isolation of all
products. A 6’ x 1/4"" copper tube packed with 5% SE-30 on
60/100 mesh Chromasorb G/AW was used except where noted.
The mass spectra (ms) were obtained on a CEC-20-110C high
resolution mass spectrometer.

All reactions were carried out with a Hanovia 450-W lamp in a
water-cooled immersion reactor. In most cases, 200 mg. of com-
pound I and about 2 mi. of the appropriate ethylenic heterocycle
were dissolved in approximately 100 ml. of reagent dichloro-
methane. The irradiation was continued until no starting com-
pound | was observed when the mixture was subjected to tle.
The solvent was then removed under vacuum and the products
separated by vpe. Each reaction with its produets is given below.
Yields are relative percentages and were calculated from the vpe
data as a function of individual peak area divided by the total
peak area and expressed as a percent.
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Dihydropyran Photoproducts.

The reaction with dihydropyran (Aldrich) gave two major
Peak 1 (24% of the total)
proved to be a mixture of two possible isomers in a ration of 4:1.
The major isomer, compound Ila, exhibited the following peaks
in the nmr (8): 1.40-2.30 (m, 411, ) = 5.60 Hz, Hs ¢), 3.74 (1, 21,
J - 6.0 Hz, Hy), 4.45 (quartet, HI J=5.8 Hz, ||4,) A5(d, TH,
J 7 6.0 Hz, Hgy), 5.58(d, 1H, J=1.5 Il/ methylene H), 6.00 (d,
111, J = 1.5 Hz, methylenc H), 799 (s, 111, Hy); Compound b
exhibited the, following peaks, nmr (8): 1.40-2.30 (m, 4H, H7 g),
3.5 (m, L, Hgy), 3.74 (1, 2H, He), 5.42 (s, LH, methylene H),
5.95 (m, 111, Hay), 6.37 (s, 1H, methylene H), 7.93 (s, TH, Hy);
molecular weight for compound Tab: caled. for Colly N 30:
177.09021. Found: 177.09058.

Peak 2 (76%, compound I11) exhibited the following spectra;
ir: 2245 em-! (C2N); nmr (6): 1.40-2.50 (m, 4H, ] = 5.5 Hz,
Hs ¢), 2.88 (m, 2H, CI,CN), 3.30-3.85 (m, 3H, H79), 4.45
(quartet, 1H, J =5.0 Hz, Hay), 4.68 (dd, 1H, Hgy), 795(5 LH,
Hy); molecular weight: caled. for CigHiaNaO: 204.101105.
Found: 204.100729.

peaks which were isolated on the vpe.

2.3-Dihydro-p-dioxin Photoproducts.

2,3-Dihydro-p-dioxin was prepared by the dehydrogenation-
dehydration of diethylene glycol and distilled before use in this
reaction (10).

Two peaks from the reaction of 2,3-dihydro-p-dioxin were
isolated on the vpe. Peak 1 (>90%, compound | V) exhibited the
following spectra: nmr (8): 3.80 (m, 41, Hg 7), 5 10 (m, lll
Hgy,), 5.73 (d, tH, J = 2.0 Hz, methylene H), 5 86(d 1H,j=5
Mz, Hay), 6.24 (d, 1H, ] = 2.0 Hz, methylene 11), 8.13 (s, 1H, llz)
molecular weight caled. for CgHgN30,: 179.06904. Found:

Sufficient quanity of peak 2 (>>10%) was not isolated for nmr
analysis, but the ir spectrum indicated the frequently observed
eyanomethyl eycloaddition compound may also be present in the
reaction; ir: 2240 em~! [C=N].

2.5-Dihydrofuran Photoproducts.

The reaction with 2.5-dihydrofuran (PCR, Inc.) gave two large
peaks which were isolated on the vpe through an 8’ column of 10%
SE-30 on Chromasorb G/AW. Peak 1 (33%, compound V)
exhibited the following spectra: nmr (8); 3.62-4.32 (m, 51, ] =
5.5 £1 Hz, Hg K 74) 5.00 (m, 1H, Hay), 5.40 (d, 11, methylene
I, 5.96 (d, ]ll methylene H), 8.05 (s, 1H, H,): molecular
weight caled. for CgHoN30: 163.07556. Found: 163.07431.

Peak 2 (67%, compound V1) exhibited the following spectra;
ir: 2250 em~1 (C=N); nmr (5): 2.78-2.95 (m, 2H, CI,CN),
3.05-4.33 (m, 6H, Hs 7 74.8), 5.09 (m, 1H, Hay), 8.03 (s, 1H,
Hy).  molecular weight caled. for ColijoNaO: 190.08546.
Found: 190.085]2.

2 5-Dimethoxy-2.5-dihydrofuran Photoproduct.

The reaction with 2,5-dimethoxy-2,5-dihydrofuran (Pfaltz and
Bauer) gave only one major peak and several minor peaks. The
major peak (> 90%, compound VII) proved to be a variety of cis-
trans isomers which could not be separated (5-6). This composite
peak exhibited the following spectra: ir:
nmr (8):  2.92 (t, 2H, CI,CN), 3.35-4.10 (m, 8H, (OCII3),
Hqy 8). 4.85-5.45 (m, 3H, J=6.2Hz, Hgys 7). 7 95807(m LH,
H,): molecular weight caled. for Cy  Hy 3N4()3(M 1. 249.09876.
Found: 249.09921.

Sufficient quantities of the minor peaks were not isolated for
nmr analysis; however, the ir spectrum of one of these minor
peaks is similar Lo those of other methylene products; ir:

2250 em~! (C=N)
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1660 cm~1 (C=CHy).
1,3-Dioxep-5-ene Photoproduets.

The reaction with 1,3-dioxep-3-ene (Alfred Bader Library,
Aldrich) gave two large peaks. Peak | (12%, compound VIiI)
exhlblltd the following spectra: nmr (8): 3.97-4.90 (m, 8H, J =

52 1.0 Hz, Hay 5 7.9 9a) 5 36 (d, 11, methylene H), 6.07 (d,
lll methylene H), 8.07 (s, 1H, Hy); molecular weight caled. for
Colly {N304: 193.0851. Found: 193.0857.

Peak 2 (88%, compound 1X) exhibited the following spectra:
ir: 2250 em-! (C=N); nmr (8): 2.90-3.01 (m, 2, ClH,CN),
3.20-3.48 (m, 2H, Hgy 10), 3.82-4.10 (m, 211, Hg), 4.25-4.81
(m, 44, Hg 7), 5.10 (d, TH, J = 6.2 Hz, 1aa), 8.08 (s, 1H, 1)
molecular wughl caled. for C1oHi2Na02: 220.0960. Found:
220.0963.

Attlempts lo Add 1,2,3,6-Tetrahydropyridine, 1- Acetylimidazole,
3.Sulfolene, 2.3-Dihydro-p-dithiin, and Vinylene Carbonate.

The starting materials were either purchased: 1,2, 3,0-tetra-
hydropyridine (Aldrich), | -acetylimidazole (Aldrich), 3-sulfolene
(Parish), vinylene carbonate (Aldrich), or synthesized: 2,3
dihydro-p-dithiin (11).

These reactions were carried out under similar conditions to
those which gave photoproducts. In each case the starting mate rial
(1) was detected on tle after long periods of irradiation. Also when
reaction mixtures were injected on the vpe, no peaks indicative of
photoproducts were observed.
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