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The title compound, N-Boc-4-formylpiperidine (3), has been reported several times in recent 
years as a useful synthetic intermediate, particularly in the pharmaceutical industry. In the various 
methods that have been used for its preparation, at least one significant shortcoming exists which 
makes the reported syntheses unattractive for larger scale preparations. The drawbacks include the 
need for extremely expensive reagents,'-* toxic/environmentally unfriendly reagents,' extremely low 
temperatures," chromatographic purifications,s and/or malodorous by-products?-* In addition, some of 
these reported syntheses proceeded in only moderate overall yields. We report here a convenient, high 
yielding, cost-effective procedure which does not have the drawbacks of the previously reported 
procedures. 

1 2 3 
The starting material, N-Boc-piperidine-4-carboxylic acid (1), which is commercially avail- 

able," can be readily prepared from the inexpensive piperidine-4-carboxylic acid.' This carboxylic 
acid was converted into Weinreb amide1° 2 on a 50 gram scale by using standard, cost-efficient 
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peptide coupling conditions" (isobutyl chloroformate, N-methylmorpholine, THF). The reaction was 
rather slow, requiring 3 days at room temperature to go to completion. Nonetheless after simple 
workup, 2 was isolated in 93% yield and required no purification. Weinreb amide 2 was then selec- 
tively reduced by lithium aluminum hydride (LAH) in diethyl ether at -40" to +5" over 3.5 h, followed 
by a careful aqueous quench at -35". After workup and concentration, the crude product was distilled 
(Kugelrohr) at high vacuum to give a 78% yield of target aldehyde 3 of excellent purity. 

A noteworthy point in the reduction step was the use of easily handled LAH solid peilets.I2 
We frnd the pellets to be an extremely convenient form of LAH to manipulate. Due to a much lower 
surface area, the hard pellets are vastly less sensitive to atmospheric moisture than the powder and 
present a lesser fire hazard than commercial LMethe r  solutions. The pellets can be conveniently 
weighed out on a bench-top (quickly) and simply dropped with tweezers into the reaction vessel. The 
size of the pellets makes them particularly advantageous for larger scale reactions. Upon mechanical 
stirring in ether for 2-3 hours, the pellets dispersed into the highly reactive powdered LAH form. The 
substrate was then added and the reaction run in typical fashion. 

In summary, we have developed a two-step synthesis of high purity N-Boc-Cformylpiperi- 
dine 3. This route is of reasonable cost, requires no chromatographic purification, and proceeds in 
73% overall (unoptimized) yield. 

EXPERIMENTAL SECTION 

Commercial reagents were used without further purification. Melting points were determined on a 
ThomadHoover apparatus in open capillary tubes and are uncorrected. TLC analyses were performed 
on E. Merck silica gel 60 F,S4 plates in EtOAchexane solvent systems with UV detection. Flash chro- 
matography was conductei-with E. Merck Kieselgel 60 F2s4 silica gel. Infrared spectra were deter- 
mined on a Perkin Elmer 1600 Series FZI-IR instrument. NMR spectra were recorded using a Varian 
Unity 300 spectrometer. Mass spectral data were obtained on a Finnigan MAT 8230 or VG 70-VSE 
with NH, chemical ionization. Elemental analyses were performed by Quantitative Technologies, 
Inc., Bound Brook, NJ. 

N-Boc-Piperidine-4-(N-methoxy-N-methylcarboxan1ide) (2).- Isobutyl chloroformate (28 mL, 29 
g, 210 mmol) was added via a syringe over 10 min to a solution of N-Boc-isonipecotic acid 1 (49 g, 
210 mmol) and N-methylmorpholine (51 mL, 47 g, 460  mmol) in dry THF (500 mL) at 
-20" with stimng under N,. After 30 min, solid N,O-dimethylhydroxylamine hydrochloride (2 I g, 2 10 
mmol) was added in one portion. The reaction mixture was allowed to warm slowly to RT and stirred 
until completion as indicated by 'H NMR (3 days). After concentration in vacuo, the mixture was 
partitioned between EtOAc (1.5 L) and 1 M HCI (250 mL). The organic phase was separated, 
extracted with water (100 mL), half-saturated NaHCO, (100 mL), and brine (100 mL), dried 
(N%SO,), filtered, and concentrated in vucuo. Further drying under high vacuum ( 1  mm Hg, RT) 
yielded 2 (53.4 g, 93%), as a colorless oil. IR (neat): 1693, 1663 cm-I. 'H NMR (CDCI,): 6 4.15-4.07 
(br m, 2H), 3.67 (s, 3H), 3.14 (s, 3H), 2.82-2.72 (m, 3H), 1.71-1.60 (m, 4H), 1.42 (s, 9H). I3C NMR 
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(CDCI,): 6 175.65, 154.67,79.43,61.52,43.23, 38.12, 32.29, 28.42, 18.98. MS ( d e )  295 (base, M + 
Na+). HRMS ( d e )  calc'd for M + H+: 273.1814, found: 273.1805. 
Anal. Calcd forC,,H,,N,O,: C, 57.33; H, 8.88; N, 10.29. Found: C, 57.35; H, 9.02; N, 9.96 

N-Bod-Formylpiperidine (3).- Lithium aluminum hydride pellets (9.3 g, 240 mmol) were mechani- 
cally stirred in dry diethyl ether (930 mL) at RT under N, until dispersed as a fine powder. This 
mixture was cooled to -50", then a solution of Weinreb amide 2 (53 g, 200 mmol) in diethyl ether (270 
mL) was added over 20 min maintaining the temperature below -40". The cooling bath was then 
removed and the mixture allowed to warm in ambient air to +5". The reaction mixture was immedi- 
ately cooled to -35", then Celite (ca. 250 g) was added. The reaction was quenched by cautiously 
adding a solution of KHSO, (54 g, 400 mmol) in water (150 mL) under vigorous stirring. The temper- 
ature was allowed to warm to O", then the mixture was filtered through additional Celite, rinsing the 
tlask and solids well with EtOAc and water. The resulting clear solutions were transferred to a separa- 
tory funnel and extracted with 1 M HCl(210 mL). The organic layer was extracted further with satu- 
nted aqueous NaHCO, (210 mL) and brine (210 mL). The aqueous phases were extracted with fresh 
EtOAc (1  L), then the organic solutions were combined, dried (N%SO,), filtered, and concentrated in 
VCICUO. Kugelrohr distillation yielded 3 (32.7 g, 78%) as a colorless oil, bp 110-1250 (oven T) at I .9- 
2.3 mm Hg. IR (neat): 2712, 1726, 1691 cm-I. 'H NMR (CDCI,): 6 9.67 (d, IH, J = 1 Hz), 4.05-3.92 
(m, 2H), 2.98-2.88 (m, 2H), 2.47-2.37 (m, lH), 1.95-1.85 (m, 2H), 1.62-1.50 (m, 2H), 1.46 (s, 9H). 
"C NMR (CDCI,): 6 202.76, 154.56, 79.55, 47.88, 42.78, 28.34, 25.1 1 .  HRMS ( d e )  calc'd for M + 
H': 214.1443, found: 214.1438. 
Anal. Calcd for C,,H,,NO,: C, 61.95; H, 8.99; N, 6.58. Found: C, 61.77; H, 8.75; N, 6.57. 
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Methylxanthines are a major class of bronchodilators employed in the treatment of asthma 
despite a narrow therapeutic index. New heterocyclic compounds designed on the basis of the 
xanthine skeleton are being investigated as possible bronchodilators with a wider margin of safety.’ In 
continuation of our work on the synthesis and bronchodilator activity of some new fused 
quinazolines,’ we carried out the preparation of some fused pyridopyrimidines as isosteres of the 
quinazoline moiety. A literature survey revealed that the title compounds (4) have been synthesized 
with overall yields of about 34%.3.4 We now report the preparation of the above compounds by a route 
analogous to the synthesis of benzimidazoquinazolines,? involving mild reaction conditions and easy 
work-up procedures with improved overall yields (46-70%). 
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