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Synthesis of 2,3-Disubstituted Pyridines. 
Ortho-Formylation and Ortho-Acylation 
of 2-Alkylpyridines 

Summary: A general synthesis of Z-alky1-3-acylpyridines and 
2-alkyl-3-formylpyridines via [2,3]-sigmatropic rearrange- 
ments of a-pyrrolidinyl-2-alkylpyridines is described; the 
initially obtained a-cyanoamine can be hydrolyzed to an al- 
dehyde, reductively cleaved to an amine, or alkylated and 
hydrolyzed to a ketone. 

Sir: As part of our studies involving the structure1 and reac- 
tivity2 of nicotine and various nicotine analogues, we required 
a series of 2-alkyl-3-acylpyridines (1). Because of the sub- 
stituent pattern involved and the well-known resistance of 
pyridine toward Friedel-Crafts alkylation and acylation, 
compounds generalized by structure 1 are difficult to prepare. 
We now report a sequence of reactions involving a-cyano- 

0 

1 

amines in which the a-cyanoamines (1) are the migrating 
moiety in a Sommelet-Hauser rearrangement; and (2) are 
utilized as acyl carbanion equivalents to effect alkylations. 

,CN 

2 4 3 
a, X = C H , R = H  
b. X = N  

CN CN 0 
I I II 
I I 

Arc- .% ArCR --P ArCR 

While the synthetic utility of [2,3]-sigmatropic rearrange- 
ments is well known in aliphatic and homocyclic chemi~t ry ,~  
only one application of this type of reaction in alkylpyridine 
chemistry has been reported? Recently, Mander and Turner6 
reported the transformation of 2a with KO-t -Bu to o-meth- 
ylbenzaldehyde (3a) via the a-cyanoamine 4a. This rear- 
rangement seemed particularly attractive to us because the 
a-cyanoamine generated in the reaction was considered ca- 
pable of undergoing alkylation.7 In addition, as shown in 
Schemes I and 11, the combination of the alkylation-rear- 
rangement reactions adds remarkable versatility toward the 
general synthesis of 1. 

Treatment of the crystalline quaternary salt 2b (R = H),s 
prepared via alkylation with cyanomethyl benzenes~lfonate~ 
(Scheme I), with KO-t-Bu in THF-Me2SO a t  -10 "C, fol- 
lowed by acid hydrolysis of the crude product, gave (50%) 
2-methyl-3-pyridinecarboxaldehyde (5s). Treatment of the 
crude product with semicarbazide hydrochloride gave a 34% 
yield of semicarbazone 5b.1° This procedure represents a 
considerable improvement over the published synthesis of 5a 
which was obtained in 15% yield via a five-step synthesis from 
ethyl 3-aminocrotonate and 3-ethoxyacrolein diethyl ace- 
tal.10 
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- Scheme I 

-CN 
CBH,SOj- 86% 

3t. 6a, R = CH, 
1" 

b, R = C6H,CHz 
c, R = NCCH2CHz 

-10°C / NaH, RX FN 2. H,O+ 

4b 

Scheme I1 n 

'CN 'CN 
7 8 

NaBH,, CHO 

2 KO-t-Bu 
3. H,Of 

10 9 

Having successfully ortho-formylated 2-picolines we turned 
our attention to alkylation of intermediate 4b to achieve 
ortho-acylation of 2-picoline. Rearrangement of 2b (R -- H) 
was carried out as above. After the reaction was complete, as 
judged by TLC and NMR, 1 equiv of sodium hydride was 
added followed by 1 equiv of methyl iodide. Acid hydrolysis 
of the crude product gave 3-acetyl-2-picolinel1(6a, 78%). The 
corresponding benzyl ketone 6b11 was obtained in a similar 
fashion by alkylation with benzyl bromide (87%). Further 
investigation showed that this procedure could be simplified 
by using sodium hydride to effect both rearrangement and 
alkylation. Thus, the salt 2b (R = H) was treated with 2 equiv 
of sodium hydride; after the rearrangement and second anion 
formation were complete, 3-bromopropionitrile was added 
followed by acid hydrolysis to give 6c (48%). 

The demonstration that these a-cyanoamines are alkylated 
with relative ease allows further generalization of this proce- 
dure for the preparation of 2-alkyl-3-acylpyridines. Since 
a-halo-2-alkylpyridines are not readily obtained by direct 
halogenation of the respective 2-alkylpyridines, the alkylation 
reaction described above was utilized. The a-cyanoamine 7, 
prepared from 2-pyridinecarboxaldehyde, pyrrolidine, and 
KCN (58%), was treated with sodium hydride and methyl 
iodide giving 8 which, upon treatment with sodium borohy- 
dride in 95% ethanol, underwent reductive cleavage12J3 to 9 
(70% from 7). Alkylation (Scheme 11), rearrangement, and 
hydrolysis to 10, isolated as its semicarbazone (lo%), were 
achieved as described above.14 

The preparation of 2-alkyl-3-acylpyridines using these 

procedures appears limited only by the nature of those alkyl 
halides capable of being alkylated by the a-cyanoamine an- 
i o n ~ . ~ ~  We are currently investigating the scope of these al- 
kylations as well as exploring other transformations of a- 
cyanoamines which could extend the use of these procedures 
for the synthesis of more complex heterocyclic systems. 
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Protonated Cyclobutadieneiron Tricarbonyl, 
a u-T Bonded Cyclobutadiene Hydridoiron 
Tricarbonyl Cation' 

Summary: lH and l3C NMR spectroscopic study of cyclobu- 
tadieneiron tricarbonyl in fluorosulfuric acid solution at low 
temperature shows iron protonation with formation of a static 
u-K complex resulting from an unusual T to a change in the 
metal-ligand bonding; the observation of the geminal IH4- 
Fe-lH, (29 Hz) and 13C-Fe-H, (81.2 Hz) coupling substan- 
tiates the proposed structure; evidence of a-r complex for- 
mation was further provided by studies in deuterated fluo- 
rosulfuric acid solution. 

Sir: The enhanced stability of organometallic carbonyl cations 
has been well recognized and the nature of metal-ligand 
bonding in these ions has also been extensively investigated 
using both spectroscopic methods and quantum mechanical 
calculations.2 Brookhart and Harris3 first reported the K to 
a change in metal-ligand bonding yielding stable u-r complex 
when bicyclo[6.1.0]nonatrienemolybdenum tricarbonyl was 
protonated by excess fluorosulfuric acid in SO2F2 solution. 
Evidence for it was also found by Whitesides and Arhart4 in 
the case of butadieneiron tricarbonyl complexes. Using 13C 


