
1979 1957 

Heterocycles in Organic Synthesis. Part 23. I -Amino-4,6-diphenyl- 
2-pyridone: a New Reagent for the Conversion of Aldehydes into Nitriles 
By Alan R. Katritzky and Pedro Molina-Buendia, School of Chemical Sciences, University of East Anglia, 

Norwich NR4 7TJ 

The title compound (9) with aldehydes yields imines which are smoothly pyrolysed in high yield to nitriles. Ortho- 
formates react with (9) to give the corresponding ethers which thermolyse mainly by alkyl-transfer or alpha-elimin- 
ation. Acylation of (9) gives the acylamino-derivatives which on heating form the corresponding isocyanates in 
85-95% yield. 

MANY methods are available for the conversion of alde- 
hydes into nitriles.3 In recent years the classical 
synthesis from aldoximes has been improved by the 
introduction of new dehydrating agents : 1,l’-dicar- 
bonylbi-imidazole,4 phenyl chl~roformate,~ phos- 
geneimmonium chloride,6 trichlor~acetonitrile,~ 2,4-dini- 
trofluorobenzene,8 dicyclohexylcarbodi-imide (with or 
without lo Cu2+), oxime anions,ll phenyl chlorosulphite,l2 
trifluoromethanesulphonic anhydride,13 S-methyl-NN- 
dimethylthioformimidinium salts,8 Ph3P--CC1,,I4 and di- 
alkyl hydrogen phosphonates.15 Other recent methods 
have allowed aldehydes to react with O-substituted 
hydroxylamine derivatives in one or two step sequences : 
0- (2,4-dinit rophen yl) hydroxylamine ,16 ON-bistrifluoro- 
acetylhydr~xylamine,~~ and hydroxylamine O-sulphonic 
acid.18 

of aldehyde synthesis; we now describe the analogous 
sequence (5)+(3) + (6) as a useful nitrile preparative 
method. 

The Preparation of Imines of l-Amino-4,6-diphenyl- 
2-pyridone.-l-Amino-4,6-diphenyl-2-pyridone (9) has 
been reported by two  group^,^^^^^ in each case from hydr- 
azine and the pyrone (7) in yields of ca. 35%; in our 
hands this method gave a 60% yield, alternatively it 
could be made from the thiapyrone (8) in 87% yield. 
El-Kholy et al. reported 25 the reaction of (9) with benz- 
aldehyde to yield the imine ( 5 ;  R = Ph), and we find 
that this transformation proceeds smoothly with a 
variety of aldehydes: yields were mostly >goyo (Table 
1). Analogous compounds from other l-amino-2- 
pyridones have been de~cribed.~? 

Thermolysis of the imines (5) gave the corresponding 

Ph 

I 
R 

Less attention has been paid to the use of hydrazine 
derivatives for this conversion, although H20, oxidation 
of RCH:NNR2,l9 photolytic oxidation of RCH:N* 
NPh2,20 base treatment of RCH:NONM~,+,~~ and thermo- 

comesponding nit riles. Ph fi x 0 - p h a 0  PhQph 

lysis of imines from l-amino-l,2,4-triazole 22 and the 
uracil derivatives (1) 23 are all reported to give the 

All the above methods employ acidic, basic, oxidising, 
hydrolysing, or acylating conditions. The conversion ( 7 x = 0 

if this could be achieved by an intramolecular transfer, 
milder conditions might be achievable. We recently nitriles. A conceptually similar method, reaction of 
reported 24 the thermolysis (2)+(3) + (4) as a method ditosylimides with dimethyl sulphoxide has failed; 28 

nitriles in yields of 71-9770 (Table 2), thus constituting 
a practical procedure for the conversion of amines to 

Ph 

I 
N cloi I 

NH2 
PhCH4 

RCH:N*X RCN needs the fission of the C-H bond; ( 8 1 X = S ( 9  1 (10 1 
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TABLE 1 

Physical and analytical data for imines (5) from l-amino-4,6-diphenyl-2-pyridone 
Found Required 

Yield Solvent for Molecular ,----h-, ,-.-----.--, 
R i n  (5) (%) cryst.* M.p. ("C) formula C H N  C H N  

Ph  
p-Me*C,H, 
p-MeO*C,H, 

CBH,-CH=CH- 
2-Fury1 
3-Pyrid yl 

3,4-DimethoxyphenyI 

P-O,N.C,H, 

99 
95 
97 
95 
60 
93 
81 

95 

EtOH 
EtOH 
EtOH 
AcOEt 
EtOH 
EtOH 
C6H6 

E tOH 

179-180 
183 
181 

257-258 
174 
187 
220 

(decomp .) 
185 

C24H18N20 82.1 5.2 7.8 82.2 5.2 8.0 
C25H20N20 82.4 5.4 7.9 82.4 5.5 7.8 
C25H20N202 78.8 5.3 7.3 78.9 5.2 7.3 
C2,H,,N30, 72.7 4.3 10.7 72.9 4.3 10.6 
C26H20N20 82.8 5.4 7.4 82.9 5.3 7.4 
C2,H16N202 77.6 4.7 8.2 77.6 4.7 8.2 
C23H17N30 78.5 4.9 12.0 78.6 4.9 12.0 

C26H22N203 76.0 5.4 6.7 76.1 5.4 6.8 
* All crystallised as yellow plates. 

Russian authors 29 have briefly reported that benzonitrile 
was obtained by the thermolysis of the imine (10) 
obtained in situ from benzaldehyde azine and triphenyl- 
pyrylium perchlorate. 

TABLE 2 
Thermolysis of the imines (5) to nitriles 

R in (5) t/min T("C) Yield a ( C) 
E.P. 

n-C3H, 60 200 71 b 
Ph 60 220 94 b 
p-Me*C,H, 60 220 90 b 
p-MeO*C,H, 60 220 72 60 

p-NO,*C,H, 60 260 85 147 

PhCH=CH 60 250 69 
3-Fury1 60 220 73 b 
3-Pyrid yl 45 230 97 51 

3,4-(Me0) 2C,H, 45 200 95 68 

(61-62) 

(17) * 
(50-52) 

(67-68) f 

a Of nitriles. Oil; compound identified by i.r. spectral 
comparison with authentic material. ' Handbook of 
Chemistry and Physics,' 51st edn., ed. R. C. Weast, Chemical 
Rubber Co., Cleveland, Ohio, 1970-1971, p. C-189; (d )  
p. C-192; (e) p. C-468; (f) p. C-183. 

Reactions of (5) with 0rthoformates.-We attempted to 
extend our synthesis by the preparation of compounds of 
type (11). The aminopyridone (9) reacted with triethyl 
and tri-n-propyl orthoformates to give the corresponding 

(15) (83%) ; presumably the other product is HNCO and 
the reaction may be concerted. 

Ph Ph Ph 

N*CH-OR 
( 1 1 )  R = Et 
(12)  R = Pr" 

P h a  OCHzBut 

Acylation of l-Amino-4,6-di~henyl-2-~yridone.-Com- 
pound (9) was readily acylated to give the corresponding 
l-acylaminopyridones (16) (Table 3) which on heating 
at 180 "C with some 4,6-diphenyl-2-pyridone as flux 
give the corresponding isocyanates (17) with liberation 
of more of the pyridone (Table 4). We have recently 
shown3O that the thermolysis of (18) gives isocyanate 
in good yield: the present reaction is clearly related. 

El-Kholy et ~ 1 . ~ ' ~  reported the diacylation of l-amino- 
4,6-diphenyl-5-phenoxy-2-pyridone : we have found that 

TABLE 3 
l-Acylamino-4,6-diphenyl-2-pyridones ( 16) a 

Molecular 
Found (yo) Required (yo) 

R in (16) (%) M.p. ("C) formula C H N T r A - - - - - -  C H N- 
Me 72 215-220 (decomp.) C19H16N202 74.8 5.5 9.0 75.0 5.3 9.2 
Ph  73 305-310 (decomp.) C24H18N202 78.6 5.1 7.5 78.7 5.0 7.7 
PhCHXH 71 275-280 (decomp.) C26H20N202 79.5 5.3 7.4 79.6 5.1 7.1 
P-C1*C6H, 74 290-295 (decomp.) C2,H,,C1N202 71.9 4.2 6.9 71.9 4.2 7.0 
p-Me.C,H, 85 260-263 (decomp.) C25H20N202 78.7 5.2 7.1 78.9 5.3 7.4 

Yield 

a All these compounds crystallised as needles from chloroform-light petroleum. 

imino-ethers (11) and (12) in 83 and 75% yield respect- 
ively. Pyrolysis of these imino-ethers was expected to 
yield the alkyl cyanates by a reaction of type (2)+(3) + 
(4); although some evidence was obtained for this as a 
minor pathway, the major products were the correspond- 
ing ethyl or n-propyl alcohol and l-cyano-4,6-diphenyl- ph&o + R-N=C=O 
2-pyridone (14). Evidently an alpha-elimination occurs 
and the isonitrile (13) rearranges to (14). 

our monoacyl derivatives (16) can also be prepared by 
mild hydrolysis of such bisacyl compounds. 

& Ph 
I (17) Ph I 

R C 6  
A H  N- 

Trineopentyl orthoformate reacts with the amino- RcO 
pyridone (9) to give 2-neopentoxy-4,6-diphenylpyridine (16 1 (18 1 
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TABLE 4 

Pyrolysis a of 1-acylamino-derivatives 

Yield r - - h  v 
Urea 

isocyanate E.p. Lit. m.p. 
R ( % I  ( C) ("C) Ref. 

Me 95 153 152-153 c 
Ph 90 238 237-23 7.5 d 
PhCHXH 85 21 1 217 e 
f-C1.C6H4 87 299 297-299 f g 
p-Me*C6H4 89 218 218 g 

Pyrolysis conditions : 30 min a t  180 "C. b Characterised as 
ureas with aniline. e ' Beilsteins Handbuch der Organischen 
Chemie,' Suppl. 2, ed. F. Richter, Springer-Verlag, Berlin, 1950, 
vol. 12, p. 205. ' Beilsteins Handbuch 
der Organischen Chemie,' eds. B. Prager, P. Jacobson, P. 
Schmidt, and D. Stern, Springer-Verlag, Berlin, 1929, vol. 12, 
p. 355. f Characterised as urea with p-toluidine. Footnote 
t, p. 512. 

Footnote c, p. 207. 

EXPERIMENTAL 

4,6-Diphenyl-2-pyrone.-Ethyl benzoylacetate ( 132 g, 
680 mmol) and concentrated H,SO, (132 g, 1.34 mol) were 
kept a t  20 "C for 3 weeks. The dark green viscous mass was 
poured on ice to give 4,6-diphenyl-2-pyrone (32.9 g, 39%) 
which crystallised from EtOH, m.p. 138 "C (lit.,,l 138- 
138.5 "C). 

4,6-Diphenyl- 1,2-dithiopyrone.--Molecular sieves (Linde 
5 A, 400 g) acetophenone (120 g, 100 mmol), pyrrolidine 
(84 g, 120 mmol), and dry benzene (400 ml) were shaken for 
48 h (no free ketone was detected by n.m.r.). Solvent was 
removed and carbon disulphide (200 ml) was added with 
stirring during 10 min to the residual l-phenyl-l-pyrrol- 
idinylethylene in dioxan (200 ml). After the mixture had 
been stirred for 1 h the excess of CS, was removed by distil- 
lation and a mixture of MeOH (40 ml) and H,O (160 ml) 
added. Chloroform extracted the 4,6-diphenyl- 1,2-dithio- 
pyrone (75 g, 54%), which crystallised as needles from 
dioxan-MeOH, m.p. 113 "C (lit.,32 113 "C). 

4,6-Diphenyl- 1,2-dithiopyrone (2 1 g, 75 mmol) in dry 
toluene (450 ml) was added with slow stirring to PCI, 
(31.27 g, 150 mmol) in dry toluene (1 500 ml). After 1.6 h 
under reflux 2-chloro-4,6-diphenyl-l-thiopyrylium chloride 
(22.6 g, 94%) separated, m.p. 113 "C (lit.,33 105-115 "C). 
2-Chloro-4,6-diphenyl-l-thiopyrylium chloride (20.6 g, 

64 mmol), AcOH (10 ml), and benzylamine (26 ml, 230 
mmol) were boiled for 30 min and then poured into ice- 
water t o  give crude 4,6-diphenyl- l-thio-2-pyrone, which 
crystallised as yellow needles (13 g, 76%), m.p. 98 "C (lit.,,, 
101 "C) from dilute MeOH. 
l-Amino-4,6-diphenyl-2-pyridone.-(i) 4,6-Diphenyl-2- 

pyrone (30 g, 150 mmol) in EtOH (500 ml) was refluxed 
with hydrazine hydrate (120 ml, 99%) for 4 h. Dilution 
with ice-water gave the 2-pyridone (18 g, 60y0), which 
yielded needles, m.p. 166 "C (lit.,26*26 164-166 "C), from 
benzene-light petroleum (1 : 1). (ii) l-Thio-4,6-diphenyl- 
2-pyrone reacted under the same conditions to give the same 
l-amino-2-pyridone, m.p. and mixed m.p. 165 "C (87%). 

General Procedure for l-(Alkylideneamino)-4,6-diphenyl-2- 
pyridones (5) (Table 1) .-l-Amino-4,6-diphenyl-2-pyridone 
(11 mmol, 2.88 g), the aldehyde (11 mmol), and EtOH 
(15 ml) were heated to  reflux for 4 h. After 24 h at 20 "C 
the precipitate was recrystallised. 

Ethyl N-( 2-0xo-4,6-diphenyl-l-pyridyt) formimidate (1 1) .- 
l-Amino-4,6-diphenyl-2-pyridone (250 mg, 0.95 mmol) 
and triethyl orthoformate (1 g ,  6.7 mmol) were heated 
for 12 h a t  140 "C. Excess of triethyl orthoformate was 

removed at 60 OC/30 mmHg. The residue gave the 
ethyl formimidate (0.25 g, 83%) as yellow microcrystals 
from benzene-light petroleum, m.p. 90 "C (Found: C, 
75.7; H, 5.8;  N, 8.6. C,,H,,N,O, requires C, 75.5; H, 
5.7; N, 8.8%); v,, (Nujol) 3 030, 1665, 1615, 1590, 
1 570, 1 535, 1 490, 1 270, 850, 770, 760, 710, and 695 cm-l; 
8(CDCl3, 60 MHz) 8.3 (1 H, s ) ,  7.4 (10 H, s), 6.9 (1 H,  d), 
6.45 (1 H, d),  4.15 (2 H I  q), and 1.3 (3 H, t). 

n-Fropyl N-( 2-0xo-4,6-diphenyl- 1-pyridyl) formimidate ( 12) 
(75%) [prepared by the same method as ( l l ) ]  formed 
yellow microcrystals, m.p. 83 "C, from benzene-light 
petroleum (Found: C, 76.0; H I  6.2; N, 8.4. C,,H,,N,O, 
requires C, 75.9; H,  6.1; N, 8.4%); vmx. (Nujol) 3 050, 
3 030, 1660, 1610, 1590, 1570, 1530, 1490, 1265, 850, 
760, and 700 cm-1; G(CDCl,, 60 MHz) 8.3 (1 H, s), 7.35 
(10 H, s), 6.9 (1 H ,  d),  6.4 (1 H, d),  4.0 (2 H, t), 1.5 (2 H,  m), 
and 0.8 (3 H,  t). 

2-Neopentoxy-4,6-diphenylpyridine ( 15) .-l-Amino-4,6-di- 
phenyl-2-pyridone (250 mg, 0.95 mmol) and trineopentyl 
orthoformate (1 g, 3.6 mmol) were heated at 140 "C over- 
night. Neopentyl alcohol was removed a t  110 "C/lO 
mmHg, and EtOH (5 ml) added. At 0 "C the 2-neopentoxy- 
4,6-diphenylpyridine separated. Recrystallisation from 
EtOH gave microcrystals (250 mg, 83y0), m.p. 54 "C (Found: 
C, 83.1; H,  7.1; N, 4.4. C,,H,,NOrequires C, 83.2; H, 7.3; 
N, 4.4%); vmax. (Nujol) 3 080, 3 060, 3 030, 1610, 1600, 
1590, 1550, 1500, 1405, 1200, 1000, 860, 770, 760, and 
690 cm-l; G(CDCl,, 60 MHz) 8.0 (1 HI s), 7.4 (10 H,  m), 
6.8 (1 H, s), 4.5 (2 H I  s), and 0.9 (9 H,  s). 

Pyrolysis of Ethyl N-( 2-0xo-4,6-diphenyl- 1-pyvidyl) form- 
imidate.-The formimidate (2 g, 6 mmol) was heated a t  
190 "C/2 mmHg, for 15 min. EtOH was distilled off, and 
the residue crystallised from EtOH to give l-cyano-4,6-di- 
phenyl-2-pyridone (1.45 g, 85%) as microcrystals, m.p. 
157 "C (Found: C, 79.2; H,  4.5; N, 10.3. C,,H,,N,O 
requires C, 79.4; H, 4.4; N, 10.3%); v , , ~ ~ .  (Nujol) 3 040, 
3 030, 2 240, 1685, 1610, 1575, 1535, 1490, 1 350, 1 255, 
840, 750, and 695 cm-1; G(CDCl,, 60 MHz) 7.55 (10 H,  s), 
6.75 (1 H, s), and 6.5 (1 H, s). 

n-Propyl N- (2-0~0-4~6-diphenyl- 1-pyridyl) formimidate 
pyrolysed under similar conditions to give n-propanol and 
l-cyano-4,6-diphenyl-2-pyridone (83%), m.p. 157 "C. 

General Procedure for Preparation of 1-A cylamino-4,6- 
diphenyl-2-pyridones ( 16) (Table 3) .-l-Amino-4,6-diphenyl- 
2-pyridone (2.88 g, 11 mmol), the acyl chloride (22 mmol) 
and anhydrous sodium carbonate (8 g) were refluxed in 
dry chloroform (60 ml) for 2 h. 2~-Hydrochloric acid (200 
ml) was added and the solid treated with 5% methanolic 
potassium hydroxide (100 ml) for 2 h. Reacidification 
gave the l-acylamino-4,6-diphenyl-2-pyridones. 

General Procedure for Pyrolysis of 1-Acylamino-4,6- 
diphenyl-2-pyridones (16) (Table 4) .-The l-acylamino- 
compound (5 g) and 4,6-diphenyl-2-pyridone (0.3 g) were 
heated at 180 "C/l mmHg. The residue was 4,6-diphenyl- 
2-pyridone while the isocyanates distilled and were 
characterised by spectral data and as the urea. 
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