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SYNTHESES FROM PYRIDINE ALDEHYDES-I 

6[H]- AND 7[H]-PYRINDINES 

G. Sum and A. W. SOMERVILLE 
Royal College of Advanced Tmhnology. Salford 

(Received 2 August 1965) 

Abetr&-High yield syntheses have been carried out of 6[H] and 7[H)-pyrindincs. The former ring 
system has not been reported. The xaction routca arc discussed in relation to the structural features 
present in the reagents employed. 

COMPOUNDS derived from the 6w]-pyrindine ring system do not appear to have been 
described and the only synthesis of a 7[H]-pyrindine derivative consists of a 5-stage 
synthesis of 7-carboxy-7[H]-pyrindine-5-sulphonic acid from & hydroxy quinoline in 

o an overall yield of less than 3 /,. L* In the work here described derivatives of both these 
ring systems have been obtained in appreciable yields by the reaction of Grignard 
reagents with unsaturated azlactones derived from pyridine-3-and4aldehydes 
followed by a cyclization stage. 

The unsaturated azlactones cannot be made by the usual procedures because con- 
densation of a pyridine aldehyde with hippuric acid under Erlenmeyer conditions* 
results only in low yields of tarry products. However the modification of Baltazzi and 
Davis4 was applicable to our problem and high yields of both azlactones and their 
sulfan adducts were obtained (Table 1). 

Awad and Hafe9 reacted the analogous compounds derived from bcnzaldehyde 
with a series of Grignard reagents and obtained either a carbinol or an oxazoline, the 
products, they considered being dependent on the nature of the substituent group 
present in the Grignard reagent. They further showed the indenes could be 
made either (a) by dehydration of the carbinol or (b) by rearrangement of the 
oxazoline. 

We considered that similar procedures with the azlactones derived from pyridine- 
3- and 4aldehydes should give 7[H] and 6[H]-pyrindines respectively subject to any 
influence on the reaction route resulting from the presence of the electron with- 
drawing nitrogen atom and have obtained derivatives of both these systems in good 
yields. 

1 K. Matsumara, J. Amer. Chem. Sk. 49,813 (1927). 
* 0. Sus and K. Moller, Uebfg~ Ann 593,91 (1955). 
* E. Erlcnmcyer, Ber Dtsch. Chem. Ges. 33,2036 (1900); 35,2483 (1902). 
’ E. Baltazzi and E. A. Davis, Chem & hd. 929 (1962). 
I W. I. Awad and M. S. Hafez, J. Org. Chem. 2S,ll80 (1960); Zs, 1183 (1960) 
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The suggested reaction route in the case of the synthesis of 7[H]-pyrindines from 
pyridine -3-aldehyde is as follows: 

CH,COOH 

CHo + AHCOPh 3 u 

CH=C -c=o 

1?,,1 ’ 

I 

RMgX 

Two products were isolated during the overall process. The first of these was a 
carbinol (II) or an oxazoline (III) either of which could be cyclized to a 7[H] pyrindine. 
The first stage proceeded as expected and the product (carbinol or oxazoline) isolated 
withza given Grignard reagent was analogous to that obtained by the previous workers 
(Table 2). 

In the synthesis of 6[H]-pyrindines from pyridine4aldehyde, carbinols or 
oxazolines were obtained only when Grignard reagents containing an o-substituted 
aryl group (Table 6) were used and while o-chlorophenyl magnesium bromide reacts 
with benzaldehyde and pyridine3aldehyde to give a carbinol it reacts with pyridine4 
aldehyde to give an oxazoline. This suggests that the interconversion of II + III is an 
equilibrium controlled process relying more on the relative thermodynamic stabilities 
of the carbinol and oxazoline than on the electronic effects associated with the sub- 
stituents present. Such a situation is consistent with an observation of Pourrat (later 
queried 5~7*s) that in the reaction of phenylmagnesium bromide with the unsaturated 
azlactone derived from benzaldehyde both oxazoline and carbinol are formed. 

The second stage of the process depends on the de-activated 2-position of the 
pyridine nucleus undergoing cyclization with the side chain in a manner similar to 
that shown. 

The prospect of electrophilic attack occurring at position 2 seems remote unless the 
unassessed effect of the azlactone side chain is sufficient to overcome the deactivating 
influence of the nitrogen atom and with this in mind an alternative route to the 7[H]- 
pyrindines was investigated viz: 

Carbinol Carbinol Pyrindine Pyrindine 
- + + 

N-oxide N-oxide 

which resulted in satisfactory yields (Table 3). 
a H. Pow-rat, Bull. Sot. Chim. I+. 828 (1955). 

’ A. Mustafa and A. H. E. Harhash, J. Org. Chem. 21,575 (1956). 
* R. Filler and J. D. Wismer, J. Org. Chem. 22,853 (1957). 
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TABLB 3. ~NV@RSION OF CARBlNOlS TO ~-[HJ-PwND~NB~ BY WAY OF Nd)XIDE FORMATION 

7-[I-I]-PYRINDINE-N-OXIDE 
AnaIyses % 

Gr@ard h4.p. YietU Found empirical Requires 
substituent “C % C; H; N; Cl formula C; H; N; Cl 

(i) C& 237 56.2 79.20; 5.20; 6.80; - C,,H,,,O,N, 8020; 500; 700; - 
(ii) CIH,Cl (o)- 192 35 67.90; 3.80; 590; 15.1 C&HIBO,NICl, 68.80; 360; 590; 15.10 

(iii) CIH,Cl @)- 207 50 67.80; 400; 590; 15.1 CP,HIIO,NICI, 68.80; 360; 590; 15.10 
(iv) C,H,OCH,- 235 52.1 74.70; 560; 6.20; - &H,,O,N, 7500; 5.20; 600; - 

(i) CJ%- 218 60 
(ii) C,H,CI (o)- 176 41 

(ii) C$H,Cl@> 179 42 
(iv) CaH,GCHh 214 60 

‘I-~l_PvBtNDINB 

83.10; 500; 7.20; - C,,HloON, 8350; 520 7.20; - 
69.80; 4.50; 6.20; 14% C,,Hl~ON,Cl, 7000; 400; 610; 15.40 
69.10; 440; 6.20; 15.10 C,,H1~ON,Cl, 7000; 400; 6.10; 1540 
7800; 5.10; 640; - C,,H,,O,N, 77.70; 540; 6.30; - 

Notes: (1) Yields of the ‘I-[HI-pyrindines are calculated on the basis of the removal of 0 from the 
N-oxide. 

(2) All compounds in this Table are obtained as white crystak. 
(3) IR spectral data was obtained for all compounds using the Perkin-Ehner Iufracord 

(Nujol mulls). 
The N-oxides show the characteristic N-G band at 1230 cm-r in addition to the N-H at 

3250 cm-l, amide I at 1690 cm-l and amide II at 1620 cm-‘. 
The ‘I-ml-Pytindines show the bands characteristic of N-H at 3250 cm-i, amide I at 

1690 cm-r and amide II at 1620 cm-l. 
(4) Only in the case of series (i) was the carbinol-N-oxide isolated. 
(5) ‘I-[Hl_Pyrindinea of series (i) and (iv) were oxidized by mercuric sulphate and cont. 

HISO, to the anhydride of quinolinic acid m.p. 156”. 

Subsequently it was found that cyclization of the carbinol or oxazoline does take 
place directly with the 2-position with resulting improved yields of the 7(H]-pyrindines 
(Table 4). 

In the case of analogous reactions with the azlactone derived from pyridine4 
aldehyde cyclization with the less deactived 3-position occurs so rapidly that in four 
of the examples studied the 6[H]-pyrindines were obtained directly in high yield 
(Table 5). 

The position at which cyclization occurred and the structure of the pyrindines 
obtained was investigated by oxidation, two of the 7[H]-pyrindines synthesized 
yielding quinolinic acid anhydride, m.p. 156”, one of the 6[H]-pyrindines synthesized 
yielding pyridine-3,4dicarboxylic acid. 

EXPERIMENTAL 
General procedure for the preparation of azlactones+I). A mixture of freshly distilled pyridme 

aldehyde (6.65 g), hippuric acid (11.2 g) and the sulfan-dimethylformamide complex (52 ml*) was 
heated 1 hr during which time crystallization of the sulfan adduct occurred. After standing overnight 
the crystalline product was filtered, washed with ice cold EtOH (20 ml x 4) and dried at 110”. The 
yield was supplemented by addition of ether to the filtrate. 

The sulfan adduct was converted to the free axlactone by shaking with NaOAc (20 ml of saturated 
solution) for 10 min. The product was filtered, washed on the iiher with water (20 ml x 4). ether 
(20 ml) and recryst.allixed from 95 % EtOH. 

General procedure for the reaction of 2-phmyl-3-picolyidene-5o_oxazolone with Grignard 
regents-(U). To an ethereal solution of Grignard reagent prepared from Mg (3.65 g) and alkyl or 
aryl halide (6.15 mole) in ether (50 ml) was added a fine suspension of the oxaxolone (12.5 g) in ether 
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(70 ml). The reaction mixture was refluxed for 2 hr, left overnight and hydrolysed with water. Most 
products, soluble in the ether layer were dried over anhydrous Na,SO, and most of the ether removed. 
The oily residues obtained were triturated with pet. ether (b.p. 4O”m) or EtOH and allowed to cool. 
The products were filtered and recrystallized from 95 % EtOH or, exceptionally benzene or pet. ether. 

Ether insoluble products were hltered directly, washed and recrystallimd as before. 
‘The purity of the products obtained was investigated by TLC. There was no evidence of mixed 

oxaxoline-carbinol products and in instances where the product was contaminated with unchanged 
starting material separation was effected using adsorption chromatography on an alumina column 

Cyclira~ion of carbinols or oxazolines derived from a 2-phenyl-picolyl&z%ne-5 (4H)-oxazofone (III). 
To a fine suspension of carbinol or oxazoline (1.0 g) in acetic acid (20 ml) HCI (10 ml, S.G. l-18) was 
added slowly. The solid dissolved (brown solution) and the mixture was kept at 40” for 30 min. A 
white precipitate (the pyrindine) separated after addition of a saturated solution of NaOAc. This 
was filtered, washed with water and recrystallized from 95 % EtOH. 

General procedure for the reaction of 2-phenyl4picolydene-5 (4H)-oxazolone with Gr&nard reagents 
(IV). To an ethereal solution of Grignard reagent (prepared as in II above) was added a tine sus- 
pension of the oxazolone (12.5 g) in ether (70 ml). The reaction mixture was refluxed for 2 hr. left 
overnight, then hydrolysed with water. Most products were insoluble and precipitated. These were 
filtered, washed with water and recrystallized from 95% EtOH. The products which were ether 
soluble (i.e. those formed using o-anisyl and ochlorophenyl magnesium bromide) were treated as in 
II above. 

Conversfon of carbbwfs to pyrindine-N-oxides (V). (procedure of Katritsky and MoNo~). To the 
carbinol(1 g) was added HIOI (2.0 ml, 100 vols) and acetic acid (IO ml). The mixture was heated for 
2 hr at 40” after which further acetic acid (10 ml) and HCI (10 ml, S.G. 1.18) was added. The reaction 
mixture. was kept at room temp for 30 mm. A white precipitate separated after addition of a saturated 
solution of NaOAc which was filtered off and washed with water. 

Formation ofpyrindinesfrom the corresponding N-oxides (VI) (procedure of Schweizer, CYNeill and 
Wempler3. The N-oxide (2.0 g) in anhydrous dimethylene glycol contained in a suitable equipped 
3-necked flask (250 ml) was heated until distillation of dimethylene glycol(5 ml) took place. A solution 
of 9diazofluorene (15.5 g) in dimethylene glycol(200 ml) was then added dropwise with concurrent 
distillation. A whitayellow distillate was obtained from which a white precipitate separated after 
dropwise addition of water. The precipitate was recrystallized using the solvents employed in II. 
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