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Iateraetiou of Alkyl Pyridine& with Aldehydes 
aad Phthalic Anhydride 
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4-Eih.,·lro·ridine readily reacts vith formakk-hyde to form 2-(4'-pyridyl)pr<>panai(I) andy-picoliae wiLh 
eianllmio aldeh}·da affords 1-(4'-pyridyl)-2-hydro:s:y-4-phenyl-t!,B -buLylane (II) and 1-(4.'-pyridyl)-4-pbi!Dyl­
batadi~ne(Ill). (1) &nd (lll) are ea.'!i.ly DJ<idioed to iooniaotlnia aoid, "OfhBI"\lBII ol-ethylpyridiae fails to ream; 
']1-piooline and 2, 0-lutidine eondon!IB vith plltluolia anhydride, UBtalyaed by fuaed rina obloride 01' &C!8Lio 
&nhydride to aJrord 4-pyrophlbalone (\"I), 8-methylpyrophlbalone (I\"), and 2, 0-bi'l-pyrophtbalone (V). 

The physico-chemicnl charaderistics of pyridine nucleus imluce alkylp}TidineB t-o 
react with aldeh~·dps to afford aldol like eondcnsatiun products•-s. In an extended investi­
gati(tR in this direet.ion it lw.11 now been poi!Bible t-o eondensc 4-ethylpyridine with fonnal­
deh}·de to alford 2- (4'-pyridyl) propanol (I) in a. 1111.tisfact-ory yield and y-picoline with 
einnamic aldehrde to furnish l-(4'-pyridyl)-2-hydroxy-4·phenyl-t!,3·butylene (11). The 
carbinol (I) iu prl."'!flnce uf hydrochloric acid polymeriees t-o a resinous mlliiB, pOBSibly 
tluouglt tbe intei'Dledioto formation of the corresponding stilbazole, but with moderately 
dilute nitric acid (I) is oxidi~~ed to isonicotinic acid. Under similal' oondition(II) t-he 
compound also provide~~ isonicotinic acid and cinnamic acid. Dehydration of compound (II) 
with acetic anhydride lo:~.d~ to formation of 1·(4'-pyridyl) -4-phenylbutadiene(III) whieh 
can also be J?repa.rod by condensing ')'·piooline witl1 einnalbic aldehyde in presence of 
acetic anhydride. 

In another approaclt it was considered possible that l-(4,'-pyridyl)·4-phenyl buta.diaue 
(Ill) OJl oyclisation would give rise to 4-(4'-pyridyl)-1,2-dihydronaphthn.lene (~lin.). Aooor­
dingly the butadiene (JII}, m. p. 160", was tr~~~~otOO. with polyphoi!Jihorio acid at 80" under 
stirring for one hour to fumishproduet which was purified by sublimationat280"/5 m.m.p. 
It had m.p. 121", A~ 260m!' (log •. 2.97), where~~~~ oo.mpound (III) showed abaorp· 
tion maxima at 234 o.nd 331 m I' (log4', 4-.04 aod 4.64 respectively). The dihydrouo.phthalsne 
derivative formed was proved to be a mixture by TLC. Tho l'IIBO of cyoliB&tion WBB hindued 
po1111ibly by"the lra11.11 oonJi.guration of the butadiene chain whllll oompared. with the favoured 
r,is configuration. Cyclisation of t-he open chain reduced the basicity to such an extent 
th&t eompound(IIIa) afforded a very lDlBtnble picrate. To obtain a pure naphthalene deriva­
tive, (lila) was BUbjected to dehydrogena.tion over Pd-C and alao by sulpluu but without 
any succea!l. During dehydrogenation stroog 11111ell of y-piooline proved the existenee of 
an ope~ chain in the oycliBOd product. 

1. lluiMRh8imer, JllUidlrn, oiZO, 202. 
2 • .Ladom.bnrg, Bor., 18118, 22, 25811. 
3. DuUa, et Gl., unpubllabed 'II'Drk. 
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Much infonnation a:re available in literature regarding 2-pyroph~ha.!one'; oon­
densation product of oC-picoline and phthalic anhydride. In view of the relatively BCBnty 
data about other pyrophthaloneA, condensation of y-picoline, 2,6-lutidine and 4.-et.byl­
pyridine with phthalic anhyllride have now been fltudied. Where&!! 4-ethylpyridine faila 
to react po1111ibly due to ~teric hindrance, 2,8-lutidine furnishes two produuts,6-methyl-2-
pyroph~halone (IV) and 2.6-bia-pyrophthalono (V), depending on the mol8[,ular propor­
tiona of the reo.ctant11, in prcRence of anhydrou11 :r.inu ohloritle or o.cetio anhydrid~ ai tata­
lyat. In a simii!U' way y-picoline affords 4 -pyrophthlllone(Vl). Tlto yield& ofthOB£ cundenaa­
tiun products at'e comparatively fair in presonco of zinc chloride as a catalys~. A liquid 
by-product (A) is obtained along with compound (VI) when y-picoline is wndenROd with 
commercial phthalic anhydride (contamillAted wi~h phthalic acid) or with phth&lio Kid 
in prBHelloo of zinc chlorid11 and (A) i11 tho main reaction j)J'oduct in llB.IIB of 
phthalic acid. 

These pyrophthalonBB are insoluble in minero.l a~:ida and o.re TOIIiHto.nt to &.lkaline 
hydrolysi11. Caustic !IOdo. Nolution provid811 ornngo or rod colourod crystalline B&lta whillh 
on troatment with aoetic acid afford the oTiginal condensation products. Acetio&Jlhydride 
in a.oetic a.cid medium a.ftords the oorresponding acetyl dariva.tivi!B, Nitric Wlid ~diBell 
(VI) to iBaniOQtinio a.cid a.nd phthalic acid .. The forma.tion of (VI) can be utilised in l!llp&l'&­

tion of betq. pico\ine from a. mixture of beta. ga.mma. -picolin011. 

•· Ruber, Br., 1008, 38, \8~ . 
5. lluhn Mid ;&r, A"""'-n, 10811, &II. 1611. 
8 • .J&oob- and Reimer, B .... , 1883, II. 2802. 
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The propertios of these p)'rophtha.lones differ in a. few respect11 from t,lmso of 
:!-p)Tophthalone(VIII) as found in literaturo. Huber' has olo.imod to have isolated mono­
Jlltonylhydrnzouo from 2-pymphtha.lono. But now it has boon observed that .1:-,pyropntba­
lonr• and its analogn1111 from :!,6-lutirl.ine do not a.lfordphenylnydrazono11 or oxim'llll. Kuhn 
BRll Bar's> interpretation rngRn:ling tho atrullturo of:?-pyrophtbo.lone is at.ill now aclepted. 
Aocording to Knhn. (IX) & (X) are tautomeric. forms of (VIII). (VIII) would prt~~~umably 
bs uxidi!'e!\ l·o :2-p}Tidone. Sinoe -1-p)Tidone is not. one of the produ~:ta of oxidation :r.nd 
Jx.l'DUSO or the facile form&l·ion of ac-etOXJ" doriVatiVt, 4-pyJ'(JphthaJonc IIOCJDII to exist 
in tho tnutom&ic formA (\'J) and (YII), thou11h, how~'\"er, no test fot ketonic group could 
lw ad\il'\'ed. From thi11 atruotura\ analng)' with 4-p)'TOphtbalono it appoars that other 

11_1TOphthalune:~ from :!.6-lutidinO'J also JlOSdibly exist in two to.utomeri' furms. 
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The ell&lt nature of the by-product (A) could not b11 aaoerbl.inlld. but phthalic acid 
eeems to be the coW1tit11ont part of its molecule. Furthe:r work is in progress regarding the 
identification of tile matorial. 

EXPEBlllEYTA L 

2-(4')-Pyridylproparwl (I) :-4-Ethylpyridine (5g.) and formalin (38% wfw, 16ml) 
were thorou11hly mixed and heatec:l to brisk rofluxing for 18 1IOUJ'8. Tho roaotion mixtura 
was thon diluted with water (60 ml) and tho unc..hangEd 4- et11ylpyt"idine was disl;illed. 
The l'f!llidual liquid wu concontrated 1mder redueed proaaure on a wate-r bath, distilled 
undt'r ruduoed prBIIRure and the fraction boiling at 140"'- 50"Cfl0mm waa eollected, yield 
2.6 g. Tho material was eharacterised ai' picrate, crystn.llised from ethanol in yellow nsedlea 
m.p. 166". (Found: N, 15.4, CaH,.OH, C',H30 7N3 requires N, 16.3%) 

1-(4')-PyritlyZ-2-hydrozy-4-phmyl-[!.5 ·bulyle11e (II).-,-Piooline (D.:Jg) and oinnamic 
aldehyde (freshly distilled, 16 g.) wart mixed and themixtlll'e waa heat.ed i.n an oil bath at 
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130"·40" for 10 hrs. Tho reaction mixture was then poured in ioe and &eidified with H('l 
to 11H 2·3. The oil, I!0JIIU"atl.'d, was e:J:tractod with bEillZEIJle and tho extrdt was wasbfd 
with water and driod wit-h 11odium aulphato. Tho oil (abt>ut 2 g.), loft aft-er removal oft"he 
bonzono, could not be distilled under Yn<'tlllnt. It was converted to its picrat-e from ethan· 
olic solution in beautiful Jollow needles. yield 2 g., m.p. 15::!~ (Found: N. 11.9. C,,H,50N, 
C.H1N10 7 roquires N, 12.3%). 

l-(4')·PIJTirlyl·4·p~nylbuladil'nt' (HI).- Tho preceding wmpound (II) (3.2g.) was 
mixed witlt acetic anhydride (6 ml) nnd waR h:~ated t.o brisk reHuxing on 11. BBnd bath for 
6 hrs. Th!ll reaction mixture wns thon r.rea.tod with ieecooled wa.tar und<'r stirring and 
finally bnsified with a.mmr.nia. The HOmisolid rr.ass separating booa.me solid on !ICl'&tc:.hins. 
It wo.s filtered and crystallised from etha.Jtol as light. (;J'eam-colourod aolid. The solid 
was dried in va.cuum O\'t'r caloimn c.hloride, m.p. 160-61", yield 1.6g., (Found: N, 6.3. 
c,,HISN requires N. 8.8%). 

CydMatiOli of (III) uoit/1 Polyp11C~1Jiwric Acid.-PhoSJlhorutt peutoxidc (32 g.) Willi 

mixed thoroughly wit-h Jlho!!phoric acid (22 mi.) and hcntod under l'tirring on an oil bath 
at 100° for I hr. Tltto reattiou mixture was ClHlled to the room tern1JCrntur!!l and compound 
(III) (2.5g.) \nts added to i£. The mixture wa~ then heat-ed under stirring &t 80" for 
I hr., oooled, and docompoBE'd wit.h ici!Cold water. The !lolution wu ndju~ted to pH 7 with 
dilute alkali whl'n a light brown solid separated. It was filtered, wa11hed with ille!.old 
water and air dried. m.p. 121"·22", yi~ 0.7 g. The solid could not be uystalli>~ed from 
usual solvents and was proved to ba a mixture by TLC. The (Ompound furnished a pit'· 
rate which waa vuy unstabl6. 

Ozitlation of (I) to !BOJiicotin-ic Acid.-Compound (I) (2.5g.) was mixed with 60% 
nitrio (50 ml) in a flask fitted with an upright condenser and heated on a wira gauze to 
brisk boiling. Oxidation took place with evolution of oitrou~ fumes. When the evoluti011 
of nitrous fumes had subHided the m&SII was rafluxod for further 2 hr. a.nd the e.J[C8111 of 
nitric a.cid removed by distillation. The residual liquid (about 10 ml) wa.s dilulied willi 
w11oter (10 ml) and ~.;oolod in ice u.nd then the pH wae adjustod tu :l.2-3A witb diluteN&OH 
solution. Isoniootinic acid 110parating WILli it1olated by filtration ond purified by oryst&l· 
Ii!lllotion, m.p. 310° (decamp.), yield 2g. mixed m.p. with a.n autheutic l!&IIlple wasnotde­
presfl8d. 

Compound (II) was oxidi110d exactly a~ above. From the rea1:tion mixture &l'tar 
removal of O:I.Cillll! n itria ao id s.nd dilution with water, ainno.mio aoid was ii!Olated by oooling 
in ice. From the filtrate i11onicotinio o.oid waH io10lo.ted by adjuiil,ment of pH all above. 

6·Methyl·2·.P1Jrophthalone (IV).-2,6-Lutidino (freshly distilled, lig.) phthalio allhy· 
dride (purified by aublima.tion 3.8 g.) and zinc chloride (fused, 1.2 g.) were mi:J:ed a.nd he&'· 
odin an oil bath at 200" for 18 hr. The rea.otion mixtw-e was then ueated with water a.nd 
ll&l'&tohed, when it aolidifl.ed. The solid waa filtered and orysta.Iliaed from dilute aoetio 
a.oid in f\ne orange (.l'y11tals, m.p. 210° (deoomp.), yimd 3g. (Found: N, 6.60. C,~H,,01N 
roqulree N, 6.90%) 

2,6-bii·JJIJ"':Phlhalone (V) w1s obtaifled in fine orange yellow crystals, m.p.l80"·18l• 
(deoomp.), axs.atly aa (IV), ueing double the quantity of pht.b.a.lio anhydride for the se.mo 
&m.IIUII.t of2,8lutidine as in (IV). (Found: N, 3.81. C',.H,30.N requires N, S.95o/c,) 
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• .fulylalitftl. of 0-.Jirthyl-2 P!/ftllllltlllmlf.-::M:ixture of 0-mtl-hyl-2-pyropht.halone (I g. 
dilltilk--<lau-et.il:: anhydride (I g.l, and gl&c.ial &cetio R~id (li ml) Willi ba.1.ted t-o reOux with 
a l!lllallftame 0\"01' a wire gaugefor3 hr., o.H'ord.ing a ciBBr ao\ution. The solid 10paratiog 
on t'Ooling wu ~,rystallised from acetioocid in fine yellow crystala. Tho original roothor 
liquor on t'nn(entmtion provided a litt-le more solid which was alao ('r)"'ltallillllli from a:oH~ 
acid. Total yield ofsolid-0.6 g .. m.p. 220" (Found: N. -1.8. C17H,JOaN, n!qUimsN,Ii.O%) • 

.-lulgl dtrir:ali!'fl of 2,6-bia pympltthalOfle was prl'plri'CI eu~tly as o.hova in orange 
yellow flak~- cryiltals, m.p. 211-1:!.0 (Found: N, 2. C,.7H,70a;N requires N. 3.1 %) 

Fonnalion C>j -l-pgroplttltalrme ('\1:) ·was at'hievcd in fino nrange red crystals (From 
gleC"inl aeot.ic addl, m.p. 318 -198 (decamp.) from the roaction mi:rture of y-picoline 
(~5 g.'. llhtho.lie 111Lhydridc (30 g.) and fueod zino lblorido(5 g.). following tho procedure as 
in (1\·). yiold 32 g. (Found: N, 6.15. C,4H1P.N requires N, 6.28%). 

Tho m. p. of t-ho acet~·l dorivntiV"e of (VI), prnpared as in the oa10 of othor two pyro· 
phthalonos. was 30EI-l0° (Found: N, 5.3. C,&H,.01N requires N, 5.26~{,1 

Formr&!ion of 4-Pyroplttltalone (VI) arula Lipid Producl DeBignoled (A).-y-pit"oline 
(distilled. 25g.), commercial phthalic ar!.hydride (oontamina•ed with phthalic acid. 30g.), 
and anh~-drous zinc Lhloride were mixed and heated in an oil bath at 200" for 18 hr. The 
reaction mixture was cooled and trcated wit-h water o.nd scratched; the solid lle'p8l'Bting was 
filtered and finally crystalliBOd from gls.cial acetic 111id to yield (YI), yiald 12 g., m.p. 
318 -19" (decamp.); mixod. rn.p. wit-h an authentic &aiJll)le of lVI) eho'l'l'~ no depi'BI!Sion. 
Tho filtrate from tho roaction mixture was adjusted to pH-7 with alkali when an oiliiDparat­
ed (A, about. 8 g.) which waa converted to ita hydrochloride with HCI (cont.) aud finally 
crystalliSed from watel' in beautiful )'tlllow crysto.ls, m.p. 205-206", yield lOg. If y-pioolino 
(disWlcd 9.3 g.) nnd plltha.lic acid (16.6 g) were mixedo.nd ti'OIIotod at thesametemperu.turo 
and fol' tho aamo period of time aa above and worked up exactly in the identical m&nnor, 
tho main condon811tion product wna tho oily liquid (A), yield 6 g. which was c.onvorted. to 
its hydroelllorido m.p. 206-206" (Found: Cl content, I.B%l-

O:J:idal.ion oJ 4-P!JTD1lh-lllalcme to l11Dnicolinie Acid.-4.-pyrophtlmlone (16 g.) was 
added gradually to a boiling mixture of nitrio o.oid (3fi ml, 70% wfw) o.nd wo.ter (28 ml) 
and heated to reflux for 6 hr. From the r6&otion mixture phth&lio &aid soparated on cool­
ing &nd the aqueous liquor Rftor BOpar&tion of phtha.l.io aoid (0 g.) waa ooncontrated. 
Adjuatment of pH to 3.2 to 3.4 afforded iaonicotinic o.oid (fig. after orystalliaation), m.p. 
315"-16" (decamp.). 

The authors &oknowledge thoir thanka to Dr. D.N, Roy for helping in some expEri­
mentAl work during this investigation. 
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