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SYNTHESES FROM PYRIDINE ALDEHYDES—I
6[H}- AND 7[H]-PYRINDINES

G. SLATER and A. W. SOMERVILLE
Royal College of Advanced Technology, Salford

(Received 2 August 1965)

Abstract—High yield syntheses have been carried out of 6[H] and 7[H}-pyrindines. The former ring
system has not been reported. The reaction routes are discussed in relation to the structural features
present in the reagents employed.

CoMPoUNDs derived from the 6[H]-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-S-sulphonic acid from 8- hydroxy quinoline in
an overall yield of less than 3 9.2 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-and-4-aldehydes
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
Davis® was applicable to our problem and high yields of both azlactones and their
sulfan adducts were obtained (Table 1).

Awad and Hafez® reacted the analogous compounds derived from benzaldehyde
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 -4-aldehydes 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.

! K. Matsumara, J. Amer. Chem. Soc. 49, 813 (1927).

* 0. Sus and K. Moller, Liebigs Ann 593, 91 (1955).

* E. Erlenmeyer, Ber Disch. Chem. Ges. 33, 2036 (1900); 35, 2483 (1902).

¢ E. Baltazzi and E. A. Davis, Chem & Ind. 929 (1962).

¢ W. I. Awad and M. S. Hafez, J. Org. Chem. 25, 1180 (1960); 25, 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:
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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
with'a given Grignard reagent was analogous to that obtained by the previous workers
(Table 2).

In the synthesis of 6[H]-pyrindines from pyridine-4-aldehyde, 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 pyridine-3-aldehyde to give a carbinol it reacts with pyridine-4-
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 578) 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).
¢ H. Pourrat, Bull. Soc. Chim. Fr. 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).



37

Syntheses from pyridine aldehydes—I

“jeworoydonseds gpsds westun) v Suisn proe onsoe persels m pouTIsep s1om enoads AN b
"PaAISSO BIom (1. WD $H9T) afeNun N = D < ® pue (- 06L1) dnoad [Kuoqies suoise] & ‘(- wo O£8) UYS[O PaIMISQNSLN ©
Jo sopusnbay oususideizys pue (spnw jofnN) proserfuy Jwjg-upped oy Jusn (A) o3 (1) spunodwiod Joy paureiqo sem wep jenseds Y €
‘speiskio ofueso se (a) punodwos pue sjeisiio mofjak se (1) punodwos fspeiskio gng se paureiqo axe (A1) pue (1) spunodwo) ¢
*spAyapre Surpuodssaios ay) woly [JRISAO 318 (A1) pur (i) U1 pajonb ssuolwjze Jo SPIBIX | (SAON

00967 @ ‘Y $9¢ ¥y (q)

0L:6 ‘058 0CE ‘$PS SENCOUHTD 006 (098 (0TE OFS  006'PI @ ‘7w 957 =Ty (¥) s8 €57 (1) Jo yonppo wufing (a)
ObL‘8T @ “rw 99¢ ™%y (q) auopovZD

— L0T-11 60v 0ZL  CNPOTTHMO  — (ELTI YPIb f0L-1L 09€°SI @ ‘w9z X%y (B) 9L 891 aphyapo-pouppridg (1)
00Z'pE 7 “rwi Z9€ =%y (@)

‘0L-6 ‘068 ‘0£-€ ‘0S-¥S S'NYOTH™D  OL6 ‘098 ‘0L 0TYS  006°ST? ‘vwi9gy Ty (e) 8 81 ) Jo somppo upfing (m)
0S1'9€ 3 “Mwl 66€ X2y (q) auosavjzo

— 0T1T ‘€0-F f OZL  NFOUHYD  — 8011 (9Ib GLIL  00V918 ‘Mw LST ™y (B) sS €91 apdyapp-g-aunpridg ()
OIL'YE 3 AW $9¢ **y (Q) (79 Joy)
029'S1 3 ‘ut 6§ **0y (®) 6L  £91 auoyavyzp aplyspzuag (1)

S N ‘H D omusiof S N 'H D v1op [p4193d5 A} %PIL D, punodwo)
sannbay joornda punog dw

%, sasdpouy

SHAAHEQTY-p-ONV-£-ENIONEAd WO¥4 QEARAC SIONAQY NVATINS ANV SENCIDVIZY #Hdd 40 NOLLVWNO '] d78v]



G. SLATER and A. W. SOMERVILLE

38

(-9 0591) N = D < jo Aouanbauy ansusoeseyo ag) pamogs (1a) pue (a) spunodwon

(-0 0791)

I 9pIUrE puE (;-wd 0697) 1 pIure (;-wd 0s7€ HN— “-Wd 0SpE) HO— Jo saruanbauy ons1sioereys pamoys (A1) o3 (1) spunodwo)

‘(sosTD JoTem 1g ) 00ZdS uresun) oy Fuisn spunodwions e J01 paMmao sem mep mnsads W1 (7)

A1 sa A/ wias s 12 Sy ST P TUURREES BT Sy poeoTens U R RSy ERR Qi e

“sesk1o mofjek aed se (1A) pue (a) spunoduwos m_Smbu SIYM 8 POUTRIqO a1om (AD) 03 (1) spunodwo) () :sazoN

— 08S ‘0L9 ‘Of-I8 *NO**H*'D — ‘095 ‘069 0808 T-L9 9l  auyozwxQ “HO (W)

0£-9 ‘0£-S ‘0S-SL 'NFO"*H**O — '0£9 ‘ObS ‘Ob-SL T8  SLI  awpozoxp  <(d)*HDO'H'D (W)

— 009 ‘09-S ‘0L *N°OH*D — 19 ‘08 ‘06€EL 1S  SSI j0uiqivD  «0) *HOO'H®D ()

06-¥T (06S ‘0Eb ‘07-89  “ID'NFO™HD  06¥1 ‘08§ ‘0S¥ ‘0089 TS S9T 1018q.m5 D 'HD M)

O6-FT (06:€ TOEP 10789 CIO'NCC™HM3  OL¥Y 6L '0%% 16189 iS¢ 191 jourqm> @'H's @

— 689 Tv-S '08-6L NFOY™H*D — 089 ‘0TS ‘0T6L oL 148 rouqm) SHDO O
2O ‘N ‘H ‘D opnuiof D N ‘H D % o 8 paumiqo suamusqns
sannbay 1oo141dwa punoq pix dw sonpoid paousin

%, sasdjpup

SINTFOVHY EYNONIO HLIM SAAHEQTY-C-SNIATHAd WOdd AHAREA ANQIOVTIZY 10 NOLLOVAN ‘7

1y OdAd HAI Figv 1
a ¢ -



Syntheses from pyridine aldehydes—I 39

TABLE 3. CONVERSION OF CARBINOLS TO 7-[H}-PYRINDINES BY WAY OF N-OXIDE FORMATION

7-[H]-PYRINDINE-N-OXIDE

Analyses %,
Grignard M.p. Yield Found empirical Regquires
substituent  °C % C;: H; N; Cl  formula C; H; N
(i) CoH;- 237 562 79-20;5-20; 6:80; — CyHyOsN, 80-20; 5-00; 7-:00; —

Ve AN alh & G ol IV SN Y any N LT.ON. ANN. &.0N.
(i) Ceni i Pl 2u/ by 0/:0vU;, 4W; 5°5V,

(v) CH,OCH,- 235 52:1 74-70; 5-60; 6:20;

(ii) CHCl (0)- 192 35 67-90; 3-80; 5-90; 15:
1€,
107

—

C3:H 50:N,Cl,  68:80; 3-60; 5-90; 15-1
C,,H“O,N,Cl. VooV, J=$; IV, 151

CyH3;ON,  7500; 5:20; 6-00; —

7-[H}-pYRINDINB
(i) CH;- 218 60 83-10; 5-00; 7-20;, — C,;H;,ON, 83-50; 5-:20 7-20; —
@ii) C¢HCl(0)- 176 41 69-80; 4-50; 6-:20; 14-90 C,;,H,;,ON,Cl;  70-00; 4-00; 6-10; 15-40
(iii) CH.Cl (p)- 179 42 69-10; 4-40; 6-20; 15-10 C,;;H,,ON,Cl,  70-00; 4-00; 6-10; 15-40
(iv) C.H,OCH,- 214 60 78-:00; 5-10; 6-40; —  C,H, O;N, 77-70; 5-40; 6-30; —

Notes: (1) Yields of the 7-[H]-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 crystals.
(3) IR spectral data was obtained for all compounds using the Perkin-Elmer Infracord
(Nujol mulls).
The N-oxides show the characteristic N-O band at 1230 cm—! in addition to the N-H at
3250 cm-1, amide I at 1690 cm—! and amide II at 1620 cm™*,
The 7-[H]-Pyrindines show the bands characteristic of N-H at 3250 cm~!, amide I at
1690 cm~! and amide II at 1620 cm—2.
(4) Only in the case of series (i) was the carbinol-N-oxide isolated.
(5) 7-[H}-Pyrindines of series (i) and (iv) were oxidized by mercuric sulphate and conc.
H,SO, 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 pyridine-4-
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-3,4-dicarboxylic acid.

EXPERIMENTAL

General procedure for the preparation of azlactones—(I). A mixture of freshly distilled pyridine
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 azlactone by shaking with NaOAc (20 ml of saturated
solution) for 10 min. The product was filtered, washed on the filter with water (20 ml x 4), ether
(20 ml) and recrystallized from 959, EtOH.

General procedure for the reaction of 2-phenyl-3-picolyidene-5(4H)-oxazolone with Grignard
reagents—(II). 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 oxazolone (125 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.

Tha ~ily sacidiias nhtainad ¢ Yoo
The oily residues obtained were triturated with pet. ether (b.p. 40°—60°) 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 filtered directly, washed and recrystallized as before.

‘The purity of the products obtained was investigated by TLC. There was no evidence of mixed
oxazoline—carbinol products and in instances where the product was contaminated with unchanged
starting material separation was effected using adsorption chromatography on an alumina column,

Cyclization of carbinols or oxazolines derived from a 2-phenyl-picolylidene-5 (4H)-oxazolone (II).
To a fine suspension of carbinol or oxazoline (1-0 g) in acetic acid (20 ml) HCI (10 ml, S.G. 1:18) 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 959 EtOH.

General procedure for the reaction of 2-phenyl-4-picolydene-5 (4H)-oxazolone with Grignard reagents
(V). To an ethereal solution of Grignard reagent (prepared as in II above) was added a fine 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 959, EtOH. The products which were ether
soluble (i.e. those formed using o-anisyl and o-chlorophenyl magnesium bromide) were treated as in
IT above.

Conversion of carbinols to pyrindine-N-oxides (V). (procedure of Katritsky and Monro®). To the
carbinol (1 g) was added HyO, (20 ml, 100 vols) and acetic acid (10 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 min. A white precipitate separated after addition of a saturated
solution of NaOAc which was filtered off and washed with water.

Formation of pyrindines from the corresponding N-oxides (VI) (Procedure of Schweizer, O’Neill and
Wemple*®). 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 9-diazofluorene (15-5 g) in dimethylene glycol (200 mi) was then added dropwise with concurrent
distillation. A white-yellow distillate was obtained from which a white precipitate separated after
dropwise addition of water. The precipitate was recrystallized using the solvents employed in 1I.

Acknowledgement—One of the authors (G. S.) is grateful to the S.R.C. for a Research Studentship.

* A. R. Katritsky and A. M. Monro, J. Chem. Soc. 150 (1958).
10 E, E. Schweizer, G. J. O'Neill and J. M. Wemple, J. Org. Chem. 29, 1744 (1964).



