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Abstract-Irradiation of pyridine N-oxide (1) in the presence of secondary amines in aqueous solution 
produces mixtures of isomeric 2Z.4E and N,Ndisubstituted all-E S-amino-2,bpentadienenitriles (3 and 4), 
in fair yields, and with an ease to render the reaction preparatively useful. Furthermore, such compounds can 
be prepared thermally by dehydration of 5-amino-2.4-pentadienal oximcs. 

In a recent paper we described the photochemical ring- 
opening of pyridine N-oxide, in aqueous or alcoholic 
base, to give the anion of 5-hydroxy-2,4- 
pentadienenitrile (2a).’ In the same paper it was shown 
that if the pyridine N-oxide irradiation was carried out 
in the presence of a number of secondary amines, the 
corresponding N,N-disubstituted 5-amino-2,4- 
pentadienenitriles, cf2 were generated, albeit not in 
synthetically useful amounts. The detailed structures 
were discussed in a second paper.3 The reaction 
appears at the present time to be specific for 2- (or 6) 
unsubstituted pyridine N-oxides.’ Thus. a series of 
other heteroaromatic N-oxides did not behave 
similarly. However, it may very well be found for other 
monocyclic N-oxides since, e.g. pyrimidine N-oxides 
are known to undergo related light-induced ring- 
openings,4 whereas the only light-induced reaction 
between bicyclic N-oxides and secondary amines is the 
formation ofthe corresponding N-aminocarbostyrils.’ 

The 5-amino-2,4_pentadienenitriles are of interest as 
potential synthons, and the apparently quite facile 
manner by which they could be generated photo- 
chemically prompted a preparative photochemical 
study, which is presented here. Although preparative 
yields are not very high, the ease of obtaining amounts 
of the order of 4- 6g, starting with pyridine N-oxide 
and a suitable amine, should render the method quite 
attractive. 

A serious obstacle for the progress of synthetic 
photochemistry are the dificulties in scaling up. We 
have not tried to overcome this photochemically, but 
instead developed a fairly simple thermochemical 
method’*3, which could be used for larger scale 
preparations. 

i This paper is also part XXIII in the scrles”Photochemica1 
Studies”. for part XXII see Ref. I. 

RESULTS AND DISCUSSION 

Photochemical preparations 
The irradiations can be carried out with a “Rayonet” 

photoreactor (method a). However, it was found that a 
photoreactor with pumped circulation (method b) was 
superior due to the short irradiation times necessary. 

The irradiations were preferentially followed by UV 
spectroscopy, and the irradiation stopped immediately 
upon consumption of all the N-oxide. In a typical run, 
log of pyridine N-oxide was consumed in 3 h. resulting 
in a turbid yellow mixture (the photoproduct often 
separates out). The products, which were isolated by 
extraction were > 95 9’, pure, and thus could k used 
directly without further purification; analytically pure 
material was obtained by vacuum distillation, but this 
led to rather drastic losses due to polymerization. 

‘H NMR spectra (Table 1) demonstrated that the 
nitriles are mixtures of 3 and 4, the 2Z,4E and 2E,4E 
isomers, respectively, which under the reaction 
conditions used (method b and c), gave the isomers 3j4 
in ratios of l.5--1.6/1.0. CC-MS determinations of 3e 
and 4e as well as 3g and 4g confirmed this ratio, since 3 
and 4, which are easily separated by GC, gave identical 
mass spectra. Especially the morpholino derivatives 
(3g and 4g; 3h and 4h) showed large differences in 
retention time. During batch distillation of the 
samples, higher ratios of the isomers 3 were found in 
the first fraction, i.e. the 2Z,4E isomers have the lower 
boiling points, as expected. 

As seen from the flash experiments described 
previously,’ the photoreaction consists of several 
steps, where formation of the anion and subsequent 
reaction with the amine leads to a mixture of 3 and 4. 
The reactions between glutaconaldehydes and amines 
are welI-known.6 The anion (2) as well as the final 
products, 3 and 4, are all stable under the reaction 
conditions used (water at 20” and pH = I&13); thus 
in each case a high OH ion concentration appears to be 
necessary for stabilizing the anion (2). Irradiation of 
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Derivatives and reactions of glutaconaldchyde_XII 

30-j 

2z, 4E 

R 

a H 

b CH3 

c H 

d CH3 

e H 

f CH3 

9 H 

h CH3 

i H 

j H 

40-j 
2E, 4E 

R’ R” 

CH3 CH3 

w CH3 

-KH2),- 

-KH*J- 

-(CH,),- 

-KH2&- 

-CH2CH20CH2CH2- 

-CH2CH$CH,CH,- 

CHJ CSHS 

H 2,4-dinitrophenyl 

pyridine N-oxide in 0.1 M NaOH to produce the anion 
(2), followed by addition of a secondary amine 
hydrochloride, also produced the nitriles (3 and 4), in 
yields similar to those obtained by direct photolysis. 
This variety of the reaction may be used as an 
alternative route for the preparation of the nitriles. The 
irradiations described here are all preparatively 
superior to the previously reported irradiations in 
dichloromethane,’ which gave rise to dark by- 
products. 

Thermal preparcltions 
Thermal preparations ofthe nitriles from the oximes 

(5) were performed by the method described 
previously.3 However, reagents such as acetic anhyd- 
ride as well as phosphorous pentoxide led to extensive 
decomposition of the oximes. 

The mild dehydrating reagents, N,N’-dicyclo- 
hexylcarbodiimide (DDC) and N,N’diisopro- 
pylcarbodiimide (DIC), were found to give the nitriles 
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in fair yields. The products in these reactions were a 
mixture of the isomers 3 and 4. However, the pure all-E 
isomer 4i could be obtained from SP with N,N’- 
carbonyldiimidazole, and it was the key component 

R’ 

R” 
,r: -,NOHwa+ 4 

5 (syn *anti) 

R R” 

a CH3 c6% 

b -CH2CH20CH2CH2- 

C H 2,4-dinitraphenyl 
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for the assignment ofstructures to the nitriles and 4.3 
obtained by the other methods as mixtures of isomers. 

w 
5a + N$N-CO-N~$ - ‘02 + ‘N w-c b-@-CN + *” 

4i 

The applicability of these compounds in synthesis is 
presently under scrutiny in the authors’ laboratories. 

EXPERI.MENTAL 

Generul phorochemrcul procedures for the prepururion 
OJ isomeric N.N-disuhsrirured 5-umino-2,dpenradic~tlenilriles 

(3 and 4) 
Method a. Irradiation in the “Ruyonet” reactor. A quartz 

flask containing a solution of pyridine N-oxide (0.022 mol). 
25 ml aqueous dialkylamine soln (40 2,) and 300 ml water was 
irradiated under N2 with 254nm light in a Rayonet reactor. 
type RPR 208. 

The disappearance of the pyridine N-oxide was followed by 
UV spectroscopy. When the pyridine N-oxide had been 
consumed the mixture was extracted with ether (3 x 150ml). 
The ether phase was subsequently washed with water, dried 
(Na,SO,) and concentrated in PUCUO lo give quite pure 3 and 
4 as evidenced by ‘H NMR. This should be suitable for a 
number of preparative experiments. If neozssary, f&her 
purification was undertaken as follows. The dark yellow 
residue was chromatographed through a short column of 
silica gel with ether as eluent. Concentration in tiacuo of the 
resulting solution gave the title compounds (3 and 4) as pale 
yellow 011s or in semicrystalline form, see table 2. 

Method h. Irradiation m a quartz NORMAG 9346 
photoreactor (Otto Fritz GmbH) equipped with a 700W 

high pressure mercury lamp. Pyridine N-oxide (0.09 mol) was 
dissolved in 9OOml of a 1.3 M soln of the appropriate 
secondary amine. This mixture was irradiated for 3 hr at 20 . 
after which all pyridine N-oxide was consumed. 

During the reaction the pH was kept between 1 I 12. The 
resulting yellow turbid mixture was extracted with ether (3 
x 3OOml), dried (Na,SO,) and concentrated m L’UCUO. The 
resulting dark red oil was distllled through a short path 
distillation apparatus or in a Biichi “Kugelrohr aparatus”, 
which gave the title compounds (3 and 4) as viscous yellow 
oils. 

Method c. In two steps: step I--preparation of the anion 2; 
step 2-reaction with the appropriate amine. Pyridine N- 
oxide (0.014mol) was irradiated in IOOOml 0.1 M NaOH as 
described previously.R To the resulting orange sofn was added 
the appropriate secondary amine hydrochloride (0.07 mol). 
After stirring for a few min. the mixture was processed as 
described above to give the title compounds (3 and 4). 

Thermal prepararrons 

4-Morpholinyl-2,4-pentadienenikles (3g and 4g). The 
oxime Sb (l&g) and N,N’-diisopropylcarbodiimide (DIG. 
1 .I 2 g) was refluxed in dry benzene ( 150 ml) for 48 hr in the 
presence ofa catalytic amount ofcuprous chloride dihydrate. 
The N.N’-diisopropylurea which separated upon cooling was 
filtered off, whereupon the filtrate was concentrated in ~‘ucuo. 

Table 2. Experimental data on the mixture of isomers (a) Pressure in mmHg. (b) The yields of distilled 
products could be drastically increased by decreasing the amounts of pyridine N-oxide lo cu. I g. (cl Lit.’ 

l23- 125’ (0.5). (d) L11.’ 168-170- (2) 

Compound 

_3b+4b 

3c+4c7 - -_ 

Jd+4d 

2184 

2180 

2182 

2181 

2183 

2185 

2184 

337.5 

337.5 

343.5 

334.5 

338.5 

329.0 

331.5 

Et 

f 
4.65 

4.49 1.61 

4.f4 1.55 

4.37 1.00 

4.62 1.50 

4.61 1.52 

4.51 1.60 

4.82 1.57 

Analysfe 

C,H,N 

b.p. 

(preeaure)” 
Yield 

go-2Oc Crude: 25% 

(0.01) Dist.: 16% 

95-6’C c Crude: 53% 

(0.01) nest.: 15% 

i3a-3Oc Crude: 43% 

(0.025) D&at.: 7% 

142-4’C Crude: 33% 

(0.3) Diet.: 3% 

Co-5Oc Crude: 24% 

(0.03) Diet.. : 3% 

133-5Oc * Crude: 33% 

(0.08) Diat.: 13% 

i4a”c Crude: 24% 

(0.04) Ciat. : 4% 

148’C Crude: 4C% 

(0.04) D&et. : 10% 




