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EVIDENCE FOR A SINGLE ELECTRON TRANSFER MECHANISM IN 'DIE REDUCTION OF AROMATIC NIIRO- 

GEN HEIERCCYCLES WI'IH MAIN GROUP METAL HYDRIDES AND DIHYDROPYRIDYL METAL COMPLEXES. 

E. C. Ashby* and A. B. Goel 
School of Chemistry, Georgia Institute of Technology, Atlanta, Georgia 30332 USA 

SrnrnY : Direct spectroscopic (EPR) evidence is presented to support a single electron transfer 
mechanism to describe the reactions of various simple and complex hydrides of the main group ele- 
ments and dihydropyridyl metal complexes with aromatic nitrogen heterocyclic compounds. 

As part of our studies on the probable involvement of single electron transfer (SET) in reac- 

tions of organometallic and metal hydride compounds of main group elements with various organic sub- 

strates,ls4 we have recently reported the involvement of a SET pathway in the reduction of polynu- 

clear aromatic hydrocarbons by simple and complex metal hydrides.4 In view of these recent findings, 

we decided to investigate the possibility of a similar pathway in the reduction of aromatic nitrogen 

heterocycles by the same reagents. 

In the present study we employed typical simple and complex metal hydrides ot the main group 

,elements e.g., LiAlH4, AlH3, MgH2 and LiAI(OBut)2H2 in addition to some dihydropyridyl metal COW 

plexes. The dihydropyridyl metal complexes: LiAl(PyiQ4, Al(Pyt~)~ and Mg(PyH)2 (where PyH = 1,2- 

or 1,4_dihydropyridyl-) where obtained by the reactions of pyridine with the corresponding metal hy- 

drides.5-7 In the formation of these reagents, hydride ion attack on the pyridine ring was consider- 

ed by previous workers to take place via a polar mechanism. In view of the possible involvement of 

a SET mechanism in these reactions, we re-examined the reactions of several hydrides with pyridine 

and found that either none or only a trace amount of radical intermediate could be detected by EPR. 

If an electron transfer mechanism is operative, the non-detectability of the radical intermediate 

was probably due to (a) the low persistence of the pyridyl radical; or (b) the rapid COUpllng Of the 

pyridyl radical with the hydrogen atom. Since (b) is bound to be dependent on the steric require- 

ment of the hydride reagent as well as the substrate and the reactivity of the metal hydride, 2p3 we 

decided to study the reactions of metal hydrides ot variable reactivity with sterically bulky aroma- 

tic nitrogen heterocycles, such as, l,lO-phenantholine, 2,2'-bipyridine and isoquinoline. Indeed we 

have obtained significant concentrations of radical intermediates in these reactions and a prelimi- 

nary account of these results is presented here. 

When Lr.A1H4 was dissolved in THF and allowed to react with equimolar amounts of l,lO-phenanthro- 

line, 2,Z'bipyridine and isoquinoline in 'IHF at room temperature, dark colored solutions formed with- 

in a few minutes. These solutions showed only weak EPR spectra, however, the reactions resulted in 

the formation of reduction products in quantitative yields within one hour. Both l,l-dihydro (ki- 

netic product) and 1,4-dihydro (thermodynamic product) were formed in the case of l,lO-phenanthroline 
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and 2,2'-bipyridine whereas in the case of isoquinoline only the 1,2-dihydro product was formed. 

However, when excess amounts of the heterocycllc compounds [L-4 fold excess] were treated with 

LiAlH4, much higher amounts of radical intermediates were observed (radical cont. l-10%). Thus it 

appears that intermediate hydride complexes [LiAl(ArH ) H 2 n 4_n] formed in these reactions (eq. 1) 

react with an excess of the heterocyclic compound at a much slower rate and thus the radical inter- 

mediates can be observed. 

LiAlH4 + n(ArH) -+ L~AL(Ax-H~~,&~ ill 

(where ArH = l,lO-phenanthroline, 2,2'-bipyridine or isoquinoline and n = 1,2 or 3) 

The above results encouraged us to study the reactions of less reactive hydrides such as LiAlH2 

(Obut)2 and LiAlH(OButj3 with the same heterocyclic compounds in the hope that significantly higher 

concentrations of the radical intermediates might be observed. Indeed, these hydrides reacted with 

all of the heterocyclic compounds above at a much slower rate than comparable reactions using LiAlH4, 

In every case higher concentrations of radical intermediates (3-L7%j were detected (Table 1). Ty- 

pically, when L~A~H~(OBU~)~ was allowed to react with 2,2'-bipyridine in IHF in 1:l ratio (cont. 

O.UlM in each reagent) at room temperature, a deep violet-red color developed within a few minutes, 

the intensity of which increased continuously for several days. The solution showed a complex EPR 

spectrum which consisted of several well resolved lines [Fig. lj. The intensity of the signal in- 

creased steadily with time and after about 2 days was estimated to be ~27% (based on starting ma- 

Figure 1: EPR spectrum of the radical intermediate formed 
in the reaction of LiAlH2(0But)2 with 2,2'-bipy- 
ridine in THF at room temperature. 

terial). Reduction product (1,2- and 1,4-dihydro-2,2'-bipyrldine) was formed slowly throughout the 

course of the reaction. Interestingly, the radical intermediate was observed even after a much 

longer period (one month) which suggested that the radical pair intermediate (A) formed in this reac- 

tion according to Scheme 1 in addition to forming reduction product (B), underwent dissociation to 

give the -free radical anion which stayed in solution for at least one month. Indeed the spectrum 

(Pig. 1) is identical to the spectrum of 2,%'-bipyridine radical anion formed by the reduction of 

2,2'-bipyridine with lithium metal in 'IHI. This result was not surprising considering the results 
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obtained earlier in the reaction of LiAlH4 with polynuclear hydrocarbons (ArHJ where a similar par- 

tial dissociation of the radical pair (A~J~(L~A~H~+J resulted in the formation of the radical anion 

(ArH', Li+)4. 

SCHEME 1 

ArH + LiAlH2(OBut)2 - [(ArH)'(LiAlH2(OButJ ,)+I 
. 

[ArH)'(LyAy2((lBut)2)'] (a) 
> ArH2-, Li',A1H(OButJ2 

(B) 

[ArHJ', Li+, AlH(0But)2 + H'] 

(ArHJ:, Li+, AlH(OBut)2 
DzO > ArHD2 + LiOD + Al(OD)3 

+ CH + 2 t-BuOD 

ArH = aromatic nitrogen heterocycle 

Formation of the radical anion was further supported by hydrolysis studies. Wnen the reaction 

mixture was hydrolysed by D20 both ArH2D and ArHD2 were formed. Similarly, when the same reaction 

was carried out employing LiAl(OBut)2D2 and hydrolysed with H20, again a mixture of ArH2D and ArHD2 

were formed. These results indicate that (A) results in the formation of both (B) and (C). Keac- 

tions of these same heterocyclic compounds with various other metal hydrides and dihydropyridyl me- 

tal complexes gave variable amounts of radical intermediates and their amounts are given in Table 1.' 

TABLE 1 

Estimation of Radical Intermediate in the :!caction of Aromatic Nitrogen Heterocycles with 
Metal Hydrides and Dihydropyridyl P.!eetnl Complexes in THE. 

Reagent App. Cont. 
of Substrate 
(Molarity) 

LiAlH4 0.01 

LlAlH4 0.01 

LiAlH4 0.02 

LiAlHL(0But)2 0.015 

LiAlH2(OBut)2 0.02 

n the Reaction w 
2,2'Bipyridine 

trace 

=l 

9.8 

la.5 

27.3 

.h Substrate 
Isoquinoline 

trace 

trace 

1.2 

3 
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Table 1 (Can't) 

Reagent 

LiAlH (OBut)3 

LiAUy)4 

LiAUpY), 

ALH3 

AlH3 

MgH2 

AUPy)3 

Mg(Py)2 

App. 

C 1 

0.015 1:2 4.2 

0.02 C <2 

- 

t the Reaction w h Substrate 
2,2'-Bipyridine Isoquinoline 

2.gb 

=l 

4.3 

1.2 

7.2 

1.4 

9.9 

3.7 

5.2 

trace 

=l 

trace 

2 

1 

2.9 

<l 

. . aConcentration of each radical was estimated from its EPR spectrum. Values are within +5%. - 

bRadical concentration was measured after 2 weeks while the lntenslty was still increasing 
slowly. 

'Ratio of the reagent to substrate could not be measured (in solution) due to the insoluble 
(or partially soluble) nature of the reagent. 
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