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Heterocycles in Organic Synthesis. Part 26.l Conversion of Primary 
Amines into Aldehydes 

By Alan R. Katritzky,' Michael J. Cook,' (Mrs.) Aysun Ikizler, and George H. Millet, School of Chemical 

Triphenylpyridinium tetrafluoroborate derivatives, derived from alkyl, allyl, benzyl, and picolyl primary amines and 
triphenylpyrylium salts, react with sodium 1 -oxido-4,6-diphenyl-2-pyridone to yield aldehydes, formed by thermo- 
I ysis of intermediate l-alkoxypyridones 
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VARIOUS synthetically useful procedures are available 
for the conversion of primary amines into aldehydes and 
ketones. The commonly used Ruschig route involves 
generation of the N-halogeno-amine followed by elimin- 
ation to give the imine (cf. also ref. 3), and imines have 
also been identified, or are likely intermediates, in direct 
oxidation and photochemical methods5 A con- 
ceptually elegant and very different approach mimics 
the biologically important transamination pathway : 
here, Schiff-base formation is followed by prototropic 
isomerisation and hydrolysk6 Oxidation of amines to 
oximes,' and application of the Sommelet reaction 
provide feasible pathways, and attractively simple 
routes include oxidation of imine derivatives followed by 
hydrolysis of the oxaziridine product ,9 elimination of 
sulphinate from a sulphonamide,lO and, for benzylamines, 
diazotisation in dimethyl sulphoxide.ll Reaction 
sequences have also been reported using a triazolium salt 
and diethyl azodicarboxylate,12 cuprous chloride and 
oxygen,13 and t-butyl nitrite and cupric halides.14 

In the present paper we report a novel conversion 
under neutral and non-oxidative conditions which 
utilises features of two synthetic methods recently 
developed in these laboratories. The first, (1)+(2)+(3), 
provides a method of nucleophilic displacement of an 
a m i n o - g r o ~ p , ~ ~ ? ~ ~  and the second, (4) + (5)+(6)+(7), 
gives access to aldehydes and ketones from halides by 
thermolysis of the intermediate l-alkoxypyridone (6) .17 
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The key to the present method lies in the one-step com- 
bined generation and cleavage of (6) on heating (2) with 

Preparation of Compounds.-With one exception the 
pyridinium tetrafluoroborates (2 ; X = BF,) (Table) 
were readily prepared by the procedure described 
earlier.l69l8 For (2; R' = R" = Me, X = BF,) the 
preparation was modified by using absolute ether as 
solvent and a reaction time of 30 h. Admixture of these 
salts with sodium 1-oxido-4,6-diphenyl-2-pyridone (5) l7 

afforded aldehydes when the reaction mixtures were 
heated, either under vacuum or in a nitrogen atmosphere, 
depending upon the volatility of the product (Table). 
The reaction proceeds most favourably for benzyl and 
picolyl derivatives and appears to provide a method of 
particular value for compounds sensitive to  acids, bases, 
or oxidising reagents. The yields of benzaldehyde and 
substituted benzaldehydes (expts. IV-VII) fall in the 
range 47-74 yo and for the pyridinecarbaldehydes 
(VIII-X) satisfactory yields (41-57y0) were also 
obtained. The reported yield of benzaldehyde, obtained 
from benzylamine by the Ruschig method is 80y0,2d by 
various direct oxidations, ca. 27-96y0,4a-g and by 
transamination methods, 55-78y0.6 The Sommelet 
method has been used to convert S-aminomethyl- 
pyridine into pyridine-3-carbaldehyde in 57 yo yield,8c 
but the Sommelet reaction failed for the 2- and 4- 
isomers. The present method is less satisfactory for the 
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Triphenylpyridiniu ni 
tetrafluoroborates (2) Pyrolyses to  carbonyl coinpounds (7 )  a 
-h 7 r  A 7 

no. K' R7' Yield ( C) ( "C) ("C) Press. (h) (%I  ( C )  ("C) Ref. 

Amine (1)  7 Expt. c- h- y . p .  Lit. m.p. Temp. Time Yield y . p .  Lit. m.p. 

I n-C,H, H 90 201-202 201-202b 240 (N,atm.) 3.5 22 119-131 122 C 
I1 n-C,H,, H 65 155 d 210 230 0.1 mmHg 3 5 *  104-106 106 C 

215 (N,atm.) 3 20 163-164 165 C 
235 237 IV C,H, H 65 195 196-197 200 15 minHg 2.5 73 C 

200--220 0.1 mmHg 3.5 74 247-248.5 239 C 
55 205-206 207 VI 2-C1C,H, H 77 200-202 200 h 225 15 mmHg 3 C 

VII 2,4-C1,C,H3 H 77 239-241 239 185 15 mmIIg 4 47 221-223 224-225 i 

IX 3-C5H,N I €  74 167 166---168 230 (N, atin.) 3.5 57 258 260 k 
X 4-C5H4N H 77 198--200 I 225 15 inmHg :I 41 2 80 283 k 

I11 CH,=CH H 46 169-170 f 
V 4-MeC,H, H 80 130-132 6 

VIII 2-C5H4N H 58 219 218-219b 245 (N, atm.) 2.5 47 210 213 j 

XI PhCH, H 77 272 271 n1 200-230 6.0 mmHg 4 0 '& 

XI1 Me Me 52 171--173 0 200--220 (N, atm.) 2.6 o p  

" Yields and m.p. data  refer to  the 2,4-dinitrophenylhydrazone derivative. Ref. 16. I: Ref. 19. 'l Not reported hitherto; 
Found: C,  73.2; €1, 6.8; N, 2.8. C,lH,,RF,N requires C ,  73.4; H ,  6.8; N, 2.8%). 3874 of n-octyl alcohol was obtained. 
.f Not reported hitherto; Found: C, 72.1; H ,  5.2; N, 3.0. g Not reported hitherto; 
Found: C, 74.6; H, 5.5; N, 2 .8 .  C31H2,RF4N requires C, 74.6; H, 5 . 3 ;  'N, 2.8%. A.  K. Katritzky, U. Gruntz, A .  A. Ikizler, 
I). H .  Kenny, and R. P. Lcddy, J . C . S .  Perkin I ,  1979, 136. 1 W. Davies, N. H. Olver, and €3. W. Wilson, Austral. J .  Sci .  Resenrch. 
1953, A5, 198 (Chem. Abs. ,  1952, 46, 101541). P. Grammaticakis, Bull. 
Sac. chirn. Frnncc, 1956, 109. C?IgH,,BF,'N2 requires C, 71.6; H ,  4.8;  N, 
5.8%. Not reported 
hitherto; 1;ound: C ,  7 1 . 1 ;  H ,  5.6;  N, 2.9. C,,H,,BF,N requires C, 71.4; H, 5.5;  N. 3.2%. 1) Propene, isolated as l,?-dibromo- 
propane, was obtained in 51:/;, yield. 

C,,H,,BIT,'N requiresc, 71.8; 14, 5.1; N, 3.2yo. 

f I-'. Dyson and D. L1. Hammick, J .  CJipin. Sac., 1939, 781. 
1 Not reported hitherto; Found: C, 71.6; H, 4.7; N, 5.6. 

€3. P. Leddy, RI.Sc. Thesis, University of East Anglia, 1975. )L Styrene was isolated in 75% yield. 

preparation of aliphatic aldehydes, yields being ca. 20y0 
for butyraldehyde and acrylaldehyde (expts. I and 111) 
and only 57{, for octanal, from which the main product 
isolated was octan-1-01 ( c j .  ref. 1) .  The method does not 
appear to work for ketones, as pyrolysis of the isopropyl 
derivative gave ca. 50"/, of propene [an identical yield 
was obtained without any pyridone salt ( 5 ) ] .  More- 
over the at tempted preparation of plienylacetaldehyde 
afforded st3rrene as the only protluct isolated. 

EX PE RI hl E N  T AL 

N1.p.s were determinet1 with n Reicliert Iiot-stage micro- 
scope. 

Preparation of Aldehydes and I<etones.-Tn ;I typical experi- 
nient l-benzyl-2,4,6-triphenylpyridiniun~ tetrafluoroborate 
(1.32 g, 2.7 x mol) and sodium l-osiclo-4,Ci-diphenyl-2- 
pyridone (5) (0.80 g, 2.8 x 1 0  mol) were powdered 
together to give an intiinate mixture and placed in a distil- 
lation unit equipped with a receiver cooled to -78 "C. 
The inisture was dried for 2 11 a t  110 "C and 0.2 iiiniHg antl 
then heated a t  200 "C and 15 nimHg, under which conditions 
the mixture was molten. After 3 h the benzaldehyde in 
the cooled receiver was chsracterised ancl quantitatively 
estimated as tlie 2,4-dinitroplienylliydrazone derivative 
(0.57 g,  73%), in.p. 235 "C (lit.,l9 237 "C). 

We thank Mr. M. C. Rezende and hlr. S. Thind for 
providing samples of some of the pyridiniuni salts for 
microanalysis. 
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