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Absbmct--The irradiation of 2- and 4-(hydroxymcthyl)pyridincs in aqueous acid-2-propanol solutions 
provides the corresponding methylpyridines and 1,2dipyridylethanes. Only retarded formation of 3- 
methylpyridinc with low yields resulted from the irradiation of 3-(hydroxymethyl)pyridine. Neither the 
mcthylpyridina nor the 1,2-(dipyridyl)-1,2-cthanediols serve as precursors for the dipyridylethane 
products. It has also ban demonstrated that the 1.2dipyridylcthancs do not generate the methylpyridincs 
in the reaction solution. Evidence is presental for an excited singlet state mechanism for the reactions. 

INTRODUC‘TION 

As A consequence of our interest in the photochemistry of hydroxymethylquinolines,’ 
we have become involved in the study of the corresponding pyridine photochemistry. 
The pyridine photochemical studies are interesting because of myriad of reactions 
which are now known. 

One feature of pyridine and 2-methylpyridine photochemistry is their ability to 
dimerize to 2.2’dipyridyl and 6.6’-dimethyl-2.2’dipyridyl. respectively, in low yields. 
ca 1 ‘4, on UV irradiation.’ The irradiations were done on the pure compounds under 
a nitrogen atmosphere and in quartz glass. On the other hand, variously substituted 
2-aminopyridines and 2-pyridones provide l&dimers on irradiation in acid solu- 
tion.3 A third type of dimerization occurs during the irradiation of rlnitropyridine in 
alcoholic acid solution to produce 4,4’-azopyridine.4 However, this last reaction may 
be attributed to the nitro group because nitrobenzene undergoes analogous photo- 
chemical reactions. 

On irradiation of pyridine in aqueous solutions, glutaconaldehyde and its deriva- 
tives are produced.s-8 Joussot-Dubien and Houdard’ postulated reversible formation 
of the aminoaldehydes as the first-formed intermediates in this reaction on the basis of 
UV analysis of the reaction solutions. Recently, Dewar pyridine has been proven to be 
an intermediate in this reaction.” 

Linnell and Noyes’ ’ reported that pyridine in the vapor phase at 240°C is stable 
when it is irradiated with wavelengths longer than 200 nm. Similar results have been 
found by Lemaire.12 

Nelson era/.13 reported the photoreduction of the three isomeric benzoylpyridines 
in 2-propanol. The two major types of photoproducts are pyridylphenylcarbinols and 
the 12dipyridyl-1.tdiphenylglycols. The formation of the gycol is hindered by 
increased acidity. 

Kellogg er al. have recently reported three novel products resulting from the 
irradiation of variously substituted 3,5-dialkoxycarbonylpyridines in alcohol 
solutions.‘4 Reduction occurred to produce the 1.4dihydropyridine structure, 
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Pathway C is more difficult to eliminate or prove as a possibility. The intermediate 
glycol. V. is easily characterizable and insoluble in many organic solvents. None ofthe 
work-up components showed the presence of V. However, this result is meaningful 
only if this potential intermediate has a finite lifetime in the reaction solution. To test 
this. the glycol was irradiated under the reaction conditions and not only was the 
disappearance slower than that of the corresponding hydroxymethylpyridines. but it 
produced a new reaction product. presumably l.2-di(4-pyridyl)ethanol, besides the 
expected IV. There was no indication at any time that this new product was formed in 
the hydroxymethylpyridine irradiation solution. By process of elimination pathway 
D is operating through a presumably transient. as yet unisolatable intermediate. 

It is an interesting observation that the irradiation ofa mixture of4- and 3-(hydroxy- 
methyl)pyridines yields only IV. This is additional evidence that the photochemistry 
of substituents attached to position three on the pyridine ring is quite different from 
that of substituents on positions two and four. An excited-transition state which 
places active centers on Cz and C, is required. Thus. an intermediate of the type VI 
is reasonable. The ethane derivatives could arise oia the following paths a, b and c of 
Scheme II. 

H H H H 

Path a is supported by known hydrogen transfer reactions in the presence of 
radicals.” Path b is unlikely since Kellogg et al. l4 found that deuterium incorporation 
occurred at the 4-position of pyridine when carbonyl pyridines are irradiated in 
0-deuteroethanol. These results show that the initial hydrogen atom abstraction is 
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done by the nitrogen. If path c were operating, crossover products should have 
resulted when 3- and 4(hydroxymethyl)pyridine were irradiated together. Since this 
did not occur, the latter scheme is unacceptable. 

The structure of the dimers may provide a possible clue to the mechanism of 
formation of the reported dimer of Margerum and Petrusis.26 

Products resulting from the hydrolysis of the pyridine ring were expected.s-9 
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FIG I. Spectral changes with time during the Irradiation of 24hydroxymethyl)pyridine. 

alkylation proceeded at the two and four positions and ring contraction gave a pyrrole 
derivative. 

Both cis- and truns-1.2-di(4-pyridyl)ethylene undergo photosensitized isomeriza- 
tion.” The double bond is photochemically reduced to l.4-di(4-pyridyl)ethane in the 
presence of methylcyclohexane on 2-propanol. ” With prolonged irradiation in 
benzene, the ethylene compound disproportionates to l&di(4-pyridyl)ethane and 
diazaphenanthrene. I6 The rrms isomer of the ethylene dimethiodide is hydrated 
photochemically to 1.2-di(4-pyridyl)ethanol dimethiodide.“. I* 

Linschitz and Connolly” reported changes in the UV spectrum during the irradia- 
tion of alcoholic solutions of pyridine. Although early attempts to photoalkylate 
pyridine with carboxylic acids were unsuccessfuL2’ this has now been accomplished 
by irradiation of pyridine in aqueous and nonaqueous HCI-methanol solutions.21 
Reduced dimeric products are also formed in the latter reaction. 

Stermitz and Huang 22 observed that 2-. 3-. and 4-pyridylacetic acids decarboxylate 
to give the corresponding methylpyridines. This type of photocleavage was extended 
to 2-(2-pyridyl)-l-ethanol. 3-(2-pyridyl)-I-propanol, and I-(2-pyridyl)propane. 

The rearrangements of pyridyl ylids and N-oxides. styrylpyridine cyclizations to 
azaphenanthrenes, and bromopyridine debrominations though important are 
probably not mechanistically related to this work and, for this reason. are not cited here. 
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DISCUSSION 
All three isomeric hydroxymethylpyridines provide the corresponding methyl- 

pyridines upon irradiation in 2-propanol-aqueous acid solutions, albeit 3-(hydroxy- 
methyl)pyridine provides 3-methylpyridine in only trace quantities (Table 1). In 
addition, the 2- and 4-(hydroxymethyl)pyridines produced the reduced dimeric 
products I .2-di(2-pyridyl)ethane and I .2di(4-pyridylkzthane, respectively. None of 
the ethane derivative could be detected in the 3-(hydroxymethyl)pyridine reaction 
solution. Besides the lack of ethane compound and low yields, a further anomaly of 
the latter reaction was the considerably slower disappearance rate of starting material 
compared to the other two carbinols. The latter fact can be readily rationalized on the 
basis of an extension of the postulated mechanism for the quinine reduction.’ The 
three postulated intermediates are I-III. The elimination of water least readily occurs 
from II because of the required participation of a positively charged atom in the 
conjugated system. 

Homolytic cleavage of the C-O bond to generate a hydroxy radical and a pyridyl- 
methyl radical, which upon hydrogen abstraction and coupling could rationalize the 
products formed. seems unlikely. Since the dissociation energy of the C-O bond 
exceeds that of the C-C bond by about 8 Kcal/mole.23* 24 it is expected that the 
C-C bond would undergo an analogous photochemical cleavage. However irradia- 
tion of either 1,2-di(4-pyridyl)ethane or 4-ethylpyridine under the reaction conditions 
provides no appreciable amount of Cmethylpyridine. 

Alcohols are also known to undergo photochemical C-O bond cleavage with 
l30- I50 nm radiationz3 These wavelengths are unavailable under our conditions. 

The formation of the ethane derivatives provides a challenging mechanistic feature 
of the reaction. Four plausible pathways by which the ethane derivative IV could be 
formed from C(hydroxymethyl)pyridine are illustrated in Scheme I. 

Pathway A is not feasible because 4-methylpyridine does not serve as a precursor of 
IV despite the fact that it is photochemically active. Direct irradiation of 4-methyl- 
pyridine gave I5 % recovered starting material and no IV. 

The validity of pathway B was tested in two ways. A mixture of Cmethylpyridine 
and 2-(hydroxymethyl)pyridine. when exposed to the reaction conditions, provided 
only l,2-di(pyridyl)ethane. If pathway B were operating, crossover products should 
be present. However. this latter prediction assumes that crossover products are 
mechanistically allowed. Fortunately. the latter assumption could be tested and 
found to be correct. When a mixture of 4- and 2-(hydroxymethyl)pyridines was 
irradiated in aqueous acid-alcoholic solutions, the expected mixture of three ethane 
compounds resulted : IV. I ,2_di(pyridyl)ethane. and I -(4-pyridyl)-2-(2-pyridyl)ethane. 
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Ideally, pathway B should be tested with only reactants substituted at the four 
position. The second experiment closely approximated these requirements. A mixture 
of 4-ethylpyridine and C(hydroxymethyl)pyridine was irradiated. If pathway B were 
functioning. a 1.2-dipyridylpropane would result. However, only IV actually was 
obtained. As a consequence of these arguments, pathway B is not functioning in the 
reaction solution. 

However, products like these were not obtained although there is a polymeric 
fraction of the reaction solutions which proved intractable. The irreversible near 
disappearance of the pyridine chromphore during the irradiation of the hydroxy- 
methylpyridines (cf. Fig. 1) was not accompanied by the formation of a longer wave- 
length band in contrast to the work of Joussot-Dubien and Houdard.’ 

Since the isolated products of the hydroxymethylpyridine irradiations retain the 
pyridine chromophore. it is obvious that photochemical processes are occurring 
which remain to be characterized. If Dewar pyridine were forming, it should be 
reversible and 5-amino-2.4pentadienal should appear.” 

Nature of the excited state. The hydroxymethylpyridine reactions readily proceed 
with a Vycor filter (1 > 220 nm) and fail in Pyrex (2 > 285 nm). Yields are somewhat . 
enhanced with the Vycor filter as compared to those with quartz (see Table 1). As a 
consequence, the ‘4 t ‘A transition” is the band which is causing the observed 
reaction. 

Similar to the photoreduction of quinine and quinidine,’ the methylpyridine and 
ethane products are favored in strong acid solution and are absent when the irradia- 
tion is done in neutral, aqueous, 2-propanol solution despite a rapid disappearance of 
starting material. Consequently, the nonbonding electrons on nitrogen do not play an 
important part in the reduction and dimerization-reduction reactions, and the 
responsible excitation must be a II + n* transition. 
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Because of the high energies of the pyridine triplet state (Fig 2)“. 28* 29 it is not an 
easy task to determine the multiplicity of the reaction. Good sensitizers with the 
proper absorption and intersystem crossing rate requirements which are soluble in 
the reaction medium are virtually unobtainable at the present time. However, a 
singlet state is indicated since the yields of products are unaffected by the presence of 

FIG 2. Energy level diagram for pytidine. 

oxygen (see Table 1). Furthermore, interchanging HBr for HCI causes a marked 
decrease in product yield, presumably due to a depopulation of the singlet state oio 
the heavy atom effect. Singlet states are also proposed for the conversion of I .2-di(4- 
pyridyl)ethylene to l.2-di(4-pyridyl)ethane (n -+ IC*)‘~ and for the photocarboxylation 
of pyridinedicarboxylic acids.” 

To determine if a ground state ketyl radical induced the reduction3r benzophenone 
was placed in the reaction solution and the irradiation done in Pyrex. From considera- 
tion of the energy level diagram for pyridine (Fig 2). the 4-(hydroxymethyl)pyridine 
reaction cannot be sensitized by benzophenone (ET = 69 Kcal/mole). The lack of 
reaction with these conditions eliminates the possibility of ketyl radical participation 
in the reaction. 

One referee has suggested the possibility that the radical VII is formed in solution 
by an electron transfer from some identified source. We believe this to be the next 
logical mechanistic step from VI perhaps not through electron transfer in the 2- 
propanol solution but rather via hydrogen atom transfer to give the protonated form of 
VII. This intermediate could dimerize to form the products observed by Pfordte and 
Leuschner*, explain the deuterium labeling experiment of Kellogg et a1.r4, and 
rationalize the photoalkylation of pyridine . 32 but does not readily provide much 
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TABLE ~.QUANTITAT~ERESULTSOF~ADIATIONOFHYDRO~YMETHYLPYRIDIN 

Compound 
Irradiation 

time (hr) 

% Yield’ 

methyl- 

pyridinc 

7’. Yield’ 7; Recover& 

ethane starting 

derivative material 

e(Hydroxymethyl)- 

pyridine 

3-(Hydroxymethyl)_ 

pyridine 

2-(Hydroxymcthyl)- 

pyridine 

2M HCl:22% 

2-propanol 

2M HCI:22% 

2-propanol 

2U HCI: 22 :/. 

2-propanol 

2U HCI:OI: 227; 

2-propanol 

2M HBr:22”/, 

2-propanol 

2M HCI:83:/, 

2-propanol 

2M HCI:83”,: 

2-propanol. 

bcnzophcnone 

2M HCI 

2M HCI : 22 7: 

2-propanol 

2U HCI : 22 “6 

2-propanol 

2U HCI : 22 :; 

2-propanol 

2M HCI:22::, 

2-propanol 

2U HCl:220/, 

2-propanol 

2U HCI:22% 

2-propanol 

2U HCl:22% 

2-propanol 

I 8 

2.5 I3 

4 I6 

2.5 II 

2.5 2 

2.5 27 

2.5 32 

3.5 5 

I 0 

2.5 0.3 

4 0.3 

24 0.4 

I IO 

2 I5 

3.5b I8 

present 

I8 

IO 

I5 

8 

8 

present 

I9 

26 

6 

0 

20 

5 

28 

50 

trace 

28 

II 

42 

8 

6 

‘Analyses were done on a 90-P Varian Acrograph GLPC equipped with a thermal conductivity detector. 

b Vycor filter and 450 W medium pressure Hanovia mercury arc lamp. 

enlightenment to these studies except that it probably is a bridge between VI and the 
other intermediates, I-III. 

EXPERIMENTAL 

The irradiations were done using a 550 W medium pressure Hanovia lamp. 673A36 and an immersion 

well. N2 was flushed for 20-30 min prior to radiation. and a slow bubbling rate maintained during the 
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irradiation. The reaction soln was stirred by a magnetic bar. Eastman Spectra grade 2-propanol was purified 
by distillation in a 2 ft Vigreux column. The IR and UV spectra were determined on Beckman IR-12 and a 
Caty 14 spectrophotomcter, respectively. An A-60 Varian Associate spectrometer was employed for the 
NMR spectra using tet~methyls~lane as an internal standard. 

Maferiak. Both 2- and 3-(hydroxymethyl)pyridina were obtained from Aldrich and were distilled under 
vacuum : b.p. 72.5-73.0” (I.5 mm), 2-(hydroxymethyl)pyridine and 107-108” (I.6 mm). 3-(hydroxymethyl) 
pyridine. The 4-(hydroxymethylfpyridine was obtained from Columbia Chemicals and was not further 
putilied. The materials gave one peak on GLPC. The chromatograph used was a Varian Aetograph Model 
90-P quipped with a 10 ft x i in Carbowax column on Chromosorb Q. Atmospheric hydrogenation of 
1,2di(2-pyridyl)ethylene (Aldrich) over loo/, Pd-C in EtOAc” gave 1.2-di(2-pyridylkthane: crystals from 
ethyl acetate-herane. m.p. S&51” (lit.“’ 49550.5’). 

General procedure lor irrodiarions. The hydroxymethylpyridine (002 mole) was dissolved in 2M HCI- 
22 % 2-propanol soln (2 10 ml) and irradiated for the given length of time (Table 1). The HCI concentration 
was based on the total volume of solution. At the termination of the irradiation. the pH was raised to 
approximately I by bubbling in NH, and the soivents were removed under reduced pressure at 40”. Excess 
NH, was bubbled into the oily residue. and the residue was extracted with CHzCI, or ether. A brown 
resin-like insoluble material remained which was soluble in chloroform. The ether extract was dried with 
MgSG,. filtered. and the solvent removed over a period of 34 hr using a 1 ft glass-packul distillation 
column. With an isomeric methylpyridine as an internal standard and diluting the residue to IO ml, the soln 
was analyzed by GLPC using a 7.5 ft x f in Par 1 (Hewlett- Packard) column with mesh size of 40180 and 
the column temperature of 190”. In order to analyze for starting material, the column temp was raised to 
245”. The quantitative results were obtained using the height x width at half height method. 

Further GLPC analysis of the reaction mixture on a 7.5 ft x 4 in 20% OV-1 (Applied Science Labs) on 
Chromosorb Q mesh 40:80 column at 215’ showed the second main component of the reaction solns. the 
dipyridylethana. with 4-methylquinoline as an internal standard. The compounds were collected by 
GLPC. and the structures proven by comparison of their 1R. NMR. and UV spectra with authentic samples 
(Aldrich). No dipyridylethane compound was detected in the photolysis of 3~hydroxymethyl)pyridine. 

Benzophenone and 2_(hydroxymethyl)pyridine irradiation 
Renzophenone (0.1 g-S.5 x IO-’ motes) and 2-(hydroxymethyl)pyridine (0.02 mote) were placed in 2M 

HCL-22% 2-propanol(200 ml) and irradiated for 2 hr with Pyrex-filtered light. The precipitated benzydrol 
(70%) was filtered off and the filtrate worked up as previously. GLPC analysis on 20% OV-I at IO!? 
showed 2-S!!/, 2-methylpyridine and greater than 9S0/ of starting material to be present. No. 1.2di(2- 
pyridyl)ethane was detected. A control run under the same conditions omitting benzophenone afforded 
0.4% 2-methylpy~dine and greater than 95 % starting material. 

Irradiation of 1.2-di(4-p.vridg~l,2-erhanediol. The trihydrate (Aldrich. OJlOS moles) was irradiated in 
aqueous 2M HCI. 2-propanol through quartz for 3 hr. TLC analysis on silica gel HF,,, with n-hexane: 
acetone: diethylamine. S:3:2. showed the presence of 1.2di(4-pyridyllethane. RP6. a new component. 
; Z l.: presumed to be 1,2-di(~pyridyl~thano1 in an area ratio of I : 1. and traces of starting material. 

I 

frr~djatio~ of 4-er~.vlp~~ridine and Q-hpdro~~merh~lppridino 
lradiation of 0.01 mole of each component under the usual conditions for 3 hr alTorded Y %, of l.2-di(4- 

pyridyllethane besides 4-mcthylpyridtne. No other component could be detected by GLPC. 
frrtrdiation of4-methglppridine. The irradiation of 0.02 mole 4-methylpyridine (Aldrich Chemicals) in 

2OOmltM HCI: 22%kpropanol wasdonefor 2 hr IS min. GLPC analysisshowed 14x01 sta~ingmaterial 
present and no 1.2di(dpyridyl)ethane. 

frradiarion o/ 4-(hydroxymethyl)pyridine in neutral aqueous 2-propanol solution. The irradiation of 4- 
(hydroxymcthyt)pyridine (002 mole) through quartz in 200 ml aqueous 227; 2.propanol was done for 
2.5 hr. The solvents were removed under reduced pressure after adjusting the pH to 2 by HCI, and the 
reaction mixture worked up in the usual way. No Cmethylpyridine or 1.2di(4-pyridybethanc was detected 
by GLPC 

frrodiation of 1,2-di(4-pyridy/)ethane. The irradiation of 0.01 mole 1.2-di(4-pyridyl)ethane in 200 ml 2M 
HCl: 22 % 2-propanol through quartz for 2 hr was done. Only trace amounts of ~methylpy~dine were 
detected by GLPC. 
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lrridarion of Cmerhylpyridine and 2-(hydroxymerhyl)ppridine 

Irradiation of O&t5 mole Cmethylpyridine and 0.015 mole 2-(hydroxymethyl)pyridine in 200 ml 2M 

HCI: 22 S/, 2-propanol through quartz for 2 hr afforded 20 % of 2-methylpyridine. 18 “/. of 2-(hydroxy- 

methyl)pyridinc. 19% of 1.2-di(2-pyridyl)ethanc, and 73 “/< of recovered Cmethylpyridine. 

Irradiation of a mixrure of 2- and 3dhydroxymerhyl)pyridines 

The hydroxymcthylpyridines (041 mole of each) were irradiated for 2.5 hr under the usual conditions. 

GLPC analysis on a I5 ft x 4 in 18% OV-I column at 245 showed 7.0% 1,2di(2-pyridylkthane. 9.0:/, of 

l-(2-pyridyl)-2-(4-pyridyl)ethane. and I 1% of 1.2di(4-pyridyl)ethane. The crossed product. l-(2-pyridyl) 

2-(4-pyridyl)ethane. was collected by preparative GLPC. Its structure was inferred by IR and NMR spectra 

comparison with the other two isomeric pyridylcthanes. 

Irradiation of a mixrure o/4-(hydroxymerhvf)pyridine and 3-(hvdrox.vmerh,vf)pyridine. The irradiation was 

accomplished in 3 hr by dissolving 0.02 mole 4- and 0.02 of 3-(hydroxymethyl)pyridinc in 200 ml 2M HCI: 

229/, 2-propanol and placed in a quartz vessel. GLPC analysis on 207; OV-1 at ZIP showed the only 

dipyridylcthanc present was 1.2di(4-pyridyl)ethanc. 
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