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Computations. Calculations were carried out at the levels specified using Gaussian 98.

Transition states and ground state structures were characterized by the number of

imaginary frequencies as 1 and 0, respectively. Zero-point vibrational energies (ZPVE)

were corrected by a factor of 0.9.

Materials. Reagents were the best available commercial grade. Diazo ketones 5 were

prepared as reported.1a n-Butylamine was distilled from CaH2 and stored over molecular

sieves. Deionized water was used in the hydration reactions.

Time-Resolved UV Measurements.  Laser flash photolysis with UV detection was

carried out with a Lambda Physik Complex 120 excimer laser (KrF, 248 nm) in the

University of Toronto Department of Chemistry fast reactions laboratory. Kinetics were

measured at ambient temperatures (22 oC) with an apparatus described previously.1b-d

Reactions of 2-4 with n-BuNH2 in CH3CN were carried out as described previously.1e

Solutions for kinetic measurements of the hydration of the pyridylketenes 4 were

prepared by diluting stock solutions of the diazo ketones 5 with deionized water to give

10-6 to 2 x10-5 M solutions for flash photolysis experiments.

Products. The products from photolysis of the diazo ketones 2-4-5 in methanol were

studied by Pitters and Workentin, and ca 90% yields of the methyl pyridylacetates (J.

Pitters, Ph. D. Thesis, University of Western Ontario, 2001, cf ref 4e). S-2

Photolysis of 2-diazoacetylpyridine (2-5). Flash photolysis of a solution of 2-5 in water

gave a transient UV spectrum with maxima at 310 and 380 nm, rel intensity 1.0/0.8 (Fig

4a) which compared very closely with the spectrum reported for 2-12 (λmax 304, 313, 384

nm, ε 1.6, 1.8, 0.65 all x 104),1f and is assigned as due to 2-13. Photolysis of a solution of

2-5 (7.7 x 10-5 M) in hexane for 15 s in a Rayonet reactor with 254 nm light resulted in a



solution with a similar UV spectrum with maxima at 306, 318, and 400 nm (ε 1.0, 1.0,

0.21 all x 104). This transient showed an IR absorption at 1653 cm-1 and is identified as

the dihydropyridine formed by addition of adventitious water.  The UV absorption

decayed with a first order rate constant in hexane of 9 x 10-4 s-1.

Laser flash photolysis of 2-diazoacetylpyridine (2-5) with n-BuNH2. A solution of 2-5

(4.1 x 10-5 M) and n-BuNH2 (5.1 x 10-4 M) in CH3CN was prepared by diluting 0.24 mL

of a 0.017 M solution of 2-5 in CH3CN to 100 mL with CH3CN and adding 5 µL (0.051

mmol) of n-BuNH2. Aliquots of this solution were flashed with 308 nm laser light and the

absorption change for 1 x 10-4 s was measured at a specific wavelength for each sample.

The transient spectrum from 280 to 600 nm obtained in this way is shown in Fig 5a. Rate

constants of (9.87 +0.43) x104 for changes in the transient absorption were obtained for

the decrease in absorption at 280 nm, and an increase at 310, 320, and 400 nm.
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Methyl 2-pyridylacetate.2 Irradiation for 10 min of 2-5 (23 mg, 0.16 mmol) in methanol

(20 mL) with 300 and 350 nm light showed disappearance of the diazo ketone band at

2110 cm-1, and after purification by chromatography (1/4 EtOAc/hexane) gave methyl 2-

pyridylacetate2 (8 mg, 35%): 1H NMR (CDCl3) δ 1H NMR (CDCl3) δ 3.73 (s, 3, OCH3),

3.86 (s, 2, CH2CO), 7.21 (m, 1), 7.30 (d, 1, J = 10.4 Hz), 7.67 (m, 1), 8.57 (d, 1, J = 5.2

Hz). 13C NMR (CDCl3) δ 44.0, 52.4, 122.4, 124.1, 136.9, 149.8, 154.6, 171.3.

Methyl 3-pyridylacetate.3 This was prepared by photolysis as for the 2-isomer, and the

crude product gave 1H NMR (CDCl3) δ 3.65 (s, 2, CH2CO), 3.72 (s, 3, OCH3), 7.27 (m,

1), 7.65 (m, 1), 8.53 (bs, 2), in agreement with that reported.3

Methyl 4-pyridylacetate.2b,4 This was prepared by photolysis as for the 2-isomer, and the

purified product gave 1H NMR (CDCl3) δ 3.64 (s, 2, CH2CO), 3.72 (s, 3, OCH3), 7.22 (d,

2, J = 6 Hz), 8.55 (d, 2, J = 5.7 Hz), in agreement with that reported.5
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 Methyl 4-pyridylacetate from 4-pyridylacetic acid hydrochloride. A solution of

pyridylacetic acid hydrochloride (0.25 g, 1.4 mmol) in MeOH (8 mL) was added to a

solution of CH2N2 (6 mmol) in ether cooled in an ice bath as described for the preparation

of methyl 2-pyridyl acetate.2 Additional MeOH (8 mL) was added and the solution stirred

with warming to room temperature over 1 h. The solvent was evaporated giving crude

methyl 4-pyridylacetate (0.223 g). δ 1H NMR (CDCl3) δ 3.63 (s, 2, CH2CO), 3.72 (s, 3,

OCH3), 7.22 (d, 2, J = 5.7 Hz), 8.56 (d, 2 J = 5.9 Hz), in agreement with that reported.2b,5

N-Methyl-4-(carbomethoxymethyl)pyridinium iodide. Reaction of the crude methyl 4-

pyridylacetate (0.22 g, 1.5 mmol), prepared as above, with CH3I (0.18 mL, 2.9 mmol) in

acetone (15 mL) and stirring for 2 h gave the product as a white preciptiate.2,6 The solvent

was decanted and the precipitate was rinsed 4 times with acetone and the residual solvent

evaporated.
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N-Methyl-4-carbomethoxymethylene-1,4-dihydropyridine (4-12).2 Addition of N-

methyl-4-(carbomethoxymethyl)pyridinium iodide (62 mg, 0.21 mmol) to ice cold 1N

NaOH gave immediate formation of a yellow color. Extraction with CHCl3, drying, and

evaporation gave a pale yellow solid: 1H NMR (CDCl3) δ 3.41 (s, 3, CH3), 3.64 (s, 3,

OCH3), 4.77 (s,1), 6.07 (dd, 1, J =, 7.4, 2.4 Hz, H5), 6.61 (1, dd, J = 7.3, 1.8 Hz, H6), 6.73

(dd, 1, J = 6.6, 0.8 Hz, H2), 7.72 (dd, 1, J = 7.5, 2.4 Hz, H3). UV λmax (MeOH) 221 nm

(log ε = 3.77), 258 nm (log ε = 3.28), 366 nm (log ε = 4.21), 378 (sh) nm (log ε = 4.11).

In H2O there was λmax 369 nm which decreased with a half-life of 20 min while λmax 257

increased.

2-(n-Butylcarboxamido)pyridine.7 Methyl 2-pyridylacetate (0.233 g, 1.54 mmol,

prepared by the reaction of diazomethane with 2-pyridylacetic acid hydrochloride) was

refluxed with n-BuNH2 (1.5 mL, 15.4 mmol) in EtOH (6 mL). After 16.5 h 1H NMR

analysis showed 68% reaction, and additional n-BuNH2 (0.3 mL) and EtOH (1 mL) was

added, and reflux continued for a total of 44 h. The product was purified by

chromatography on silica gel (5/95 MeOH/CHCl3 with 0.5% Et3N) giving 2-(n-

butylcarboxamido)pyridine7 (0.14 g, 0.41 mmol, 27%). 1H NMR (400 mHz, CDCl3) δ

0.89 (t, 3, J = 7.5 Hz, CH3),1.26-1.34 (m, 2, CH2), 1.42-1.49 (m, 2, CH2), 3.25-3.30 (m, 2,

NCH2), 3.71 (s, 2, CH2), 7.18-7.28 (m, 2), 7.63-7.66 (m, 1), 8.54-8.56 (m, 1).
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1-N-Methyl-2-(n-butylcarboxamido)pyridinium iodide. A solution of 2-(n-

butylcarboxamido)pyridine (71 mg, 0.37 mmol) and CH3I (63 µL, 1.0 mmol) was left 4

days at room temperature in the dark . Evaporation of the solvent gave 149 mg of yellow

oil, which was crystallized from 1/1 CHCl3/pentane as shiny crystals, mp 72-74 oC. 1H



NMR (400 mHz, CDCl3) δ 0.92 (t, 3, J = 7.4 Hz, CH3), 1.33-1.43 (m, 2, CH2), 1.55-1.63

(m, 2, CH2), 3.24-3.30 (m, 2, NCH2), 4.64 (s, 2, CH2CO), 4.66 (s, 3, NCH3), 7.83-7.87

(m, 1), 8.06 (bs, 2, NH), 8.25-8.27 (m, 1), 8.33-8.38 (m, 1), 8.89-8.91 (m, 1).

E-1-N-Methyl-2-n-butylcarboxamidomethylene-1,2-dihydropyridine (2-6b). Addition

of 1-N-methyl-2-(n-butylcarboxamido)pyridinium iodide (36 mg, 0.11 mmol) to ice cold

1N NaOH gave immediate formation of a bright yellow color. Threefold extraction with

CHCl3, drying, and evaporation gave a yellow solid: 1H NMR (400 mHz, CDCl3) δ 0.93

(t, 3, J = 7.2 Hz CH3),1.32-1.42 (m, 2, CH2), 1.46-1.53 (m, 2, CH2), 3.12 (s, 3, CH3),

3.25-3.30 (m, 2, NCH2), 4.18 (s,1, =CH), 4.89 (bs, 1, NH), 5.77 (t, 1, J = 6.1 Hz), 6.78 (t,

1, J = 9.0, 6.8 Hz), 6.84 (d, 1, J = 6.6 Hz), 8.59 (d, 1, J = 9.5 Hz). 13C NMR (100

mHz,CDCl3) 14.1, 20.4, 32.7, 39.3, 42.0, 78.7, 105.4, 121.4, 131.4, 137.8, 152.0, 169.1.

IR (CDCl3) 3452, 1646, 1545, 1531 cm-1. UV λmax (CH3CN) 306 (logε 3.88), 316 (logε

3.89), 398 (logε 3.22). UV λmax (isooctane) 302 (logε 3.79), 313 (logε 3.78), 402 (logε

3.01), 426 (logε 2.94), 456 (logε 2.49).
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 Table 2. Calculated energies (Hartrees) for amination of pyridylketenes with NH3

(Hartrees) and comparative energies (kcal/mol)
                                                   

ΔE(kcal/

Structure        E ZPVE   E +ZPVE  mol)

syn-2-4 B3LYP/6-31G*     -399.69769 0.10300 -399.59469

(2-PyCH=C=O)
NH3    -56.54795 0.03454 -56.51341

syn-2-4+NH3 B3LYP/6-31G*   -456.24564 0.13754 -456.10810 0.0

 syn-2-8a  B3LYP/6-31G*    -456.288147 0.144237 -456.143910 -22.47
(3.05)

syn-2-8a  B3LYP/6-311+G**   -456.428137 0.143190 -456.284947 (2.88)
syn-2-8a  B3LYP/6-31++G**   -456.330838 0.143459 -456.187379 (2.61)

syn-2-8b  B3LYP/6-31G*    -456.258464 0.143997 -456.114467 -4.00

(21.53)
syn-2-8b  B3LYP/6-311+G**   -456.399374 0.143121 -456.256253 (20.89)

 syn-2-8b  B3LYP/6-31++G** -456.301910 0.143550 -456.158360 (20.82)
E-2-8f B3LYP/6-31G*    -456.277465 0.144719 -456.132746 -15.47

(10.06)

E-2-8f B3LYP/6-311+G**    -456.417773 0.143565 -456.274208 (9.62)
E-2-8f B3LYP/6-31++G**        -456.319586 0.143977 -456.175609 (10.00)

Z-2-8f B3LYP/6-31G*              -456.293576 0.144801 -456.148775 -25.52
(0.0)

Z-2-8f B3LYP/6-311++G**      -456.433191 0.143652 -456.289539 (0.0)

Z-2-8f B3LYP/6-31++G**        -456.335565 0.144024 -456.191541 (0.0)
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