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3-Chloro, j-bromo and j-iodopyridinc react with potassium amide 

in liquid ammonia3B4 and the first two halogen0 compounds rlth 

lithium piperidide and piperidine in ether 5.6 via 3,'c-pyridyne - 

as an intermediate yielding mixtures of 3- and 4-substituted 

reaction products, i.e. aminopyridines and piperidinopyridines. 

3-Fluoropyridine was shown to react with lithium piperidide 

nearly exclusively according to the addition-elimination 

meChaAiSm, 3- and 4-piperidinopyridine being formed in yields 

of 88 and 4% respectively. Nor se have found that in the reaction 

of 3-fluoropyridine {I) with the equimolecular amount of potas- 

SiUm amide in liquid ammonia, for 7 hrs at -33', 
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neither 3- nor k-aminopyridine was formed, but a reaction 

mixture from which three fluoro derivatives of bipyridines 

could be isolated by (I.L.C. using a column with Polywachs 

and sodium carbonate on Chromosorb 'II as stationary phase 

and hydrogen as carrier gas at 180'. From microanalyses, 

molecular weight determinations and N.M.R. data these sub- 

stances aere proved to be: 3,3'-difluoro-4,4'-bipyridine 

(IIa, m.p. 
0 

172-173 ), 3-fluoro-4,4'-bipyridine(IIIa, m.p. 

139-141') whereas it seems probable that IVa (m.p. 103-105°) 

ia 3,3'- or 3,5*-difluoro-2',4-bipyridine. The yields were 

established to be 25%, 15-20% and 5-10% respectively. 

When I was reacted with 4 times the equimolecular 

amount of potassium amide, together with the substances 

IIa, IIIa and IVa (yields: 15, I5 and 5%), some 3-amino- 

pyridine (V, yield 5%) ras formed. 

I 

IIa 

IIIa 
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In connection with the proof of the structures, IIa and 

IVa were converted into the corresponding ethoxy compounds IIb 

(m.p. llO-lll") and IVb (m.p. of monopicrate 162'). IIIa was 

transformed into both the tthoxy derivative IIIb 

and via the hydrasino compound into a bip,jAidine - 

established by mixed melting point determination 

(m.p. 67-69') 

which was 

and by 

comparing the 1-R. and IJ.V.sptctra to be the 4,4'-isomer. 

As for the mechanism of the conversion of 3-fluoropyridi- 

no (I) by potassium amide, it appears that this reaction occurs 

only to a slight extent according to a simple addition-elimination 

process (formation of 3-aminopyridint in the presence of an excess 

of the reagent) and that just as little a hetaryne type mechanism 

plays a r6le. It is likely that first a hydrogen ion is abstracted 

from the It-carbon atom and that, thereupon, the carbanion formed 

adds to positively charged carbon atoms in the nucleus of a second 

molecule of I producing intermediates which yield the difluorobi- 

pyridines IIa or IVa by splitting off a hydride ion. The formation 

of IIIa seems to be a more complicated process. Ie do not exclude 

that in this process 3,4-pyridyne is involved as an intermediate. 

Conclusions from N.&R. data (by M.van Ammers). 

1. From the PI9 magnetic resonance spectra 7 of IIa, IIIa and IVa 

it was concluded that in all compounds the fluorine atoms occupy 

the p-position, as sharp peaks were observed in a region where 

3-fluoropyridine shows absorption, whereas 2-fluoropyridint gives 

7. F19 and proton i:.l...i.spectra were taken on a J.L.0.L. 
J.R.M.-C-60 :G.!+.~.s~tctrometer. r'or F'9 a frequency of 
56.4 MHZ wae used. Ail compounds were dissolved in CRC1 . 
Proton shifts are reported inZ-values, referred to the 3 

internal standard TMS. 
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a broad band situated 

j-fluoropyridine? 

Ho.43 

about 59 ppm lower than the absorption of 

Apart from some coupling with hydrogen the spectrum of both the 

difluoro compound IIa and the monofluoro compound IIIa consisted 

of a singulet, which proved that in IIa the fluorine atoms are 

equivalent. The P 19 spectrum of IVa shored two doublets, spaced 

a PP~, J yV: 9 CBS, thU8 indicating two nonequivalent fluorine 

atom8. 

1. In the proton N.M.l?.spectra of pyridine and derivative8 of 

this substance the lowest field signals, due to the @-prOtOnS 

are always clearly separated from those of the /3- andy%proton8. 

Depending on substituent effects, the signals from /3- and 

y-protons sometimes orarlapg. 

Structure of IIa. The proton B.W.B.spectrum of IIa consieted of 

a multiplet around 2.70 y due to protons in /3- 8nd/Orr-position 

and a multiplet around 1.40 cdue to al-protons. As the ratio of 

the integrated areas amounted to w 1 : 2. IIa might be either 

5,5'-difluoro-4,4'-bipyridine or :3,3 '-difluoro-5,5'-bipyridine. 

To avoid H-F coupling the fluorine atoms were substituted by 

ethoxy groups. The N.M.B.epectrum of the aromatic protons of the 

diethoxy compound IIb clearly showed the ABK-pattarn to be 

expected for a 5),4-disubatituted pyridine derivative (a doublet 

at 2.854d : 5 cps) due to the 5- end 5'-protons and a broadened 

a. c.f. K.Ito, K.Inulcai and T.Isobe. Bull.Chem.Soc. Japan, z, 
315-19 (1960); C.A. &, 180806 (19601. 

9. W.Bri;gel, Z.ElectrocKSm. 66, 159 (1962). 
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doublet at 1.81 due to 6- and 6'-protons, overlapped by a 

singulet at 1.75 cduc to 2- and 2'-protons). Thus, it appears 

that IIb is 3,3'-diethoxy-4,4'-bipyridine and consequently IIa 

3,3'-difluoro-4,'-+'-bipyridine. 

structure of IIIa. The proton N.M.R.spectrum of IIIa shored 

two multiplcts at 2.50 and 1.3Oc respectively (ratio of areas 

=.W3 : 4) which proved that all u-position6 are unsubstituted. 

The N.E.H.spectrum of the ethoxy compound IIIb obtained by 

replacing the fluorine atom of IIIa by ethoxyl, shored the 

ABX-pattern of a 3,4-disubstituted pyridine just as that of IIb 

(doublets at 2.80~ and 1.70 I-, singulet at 1.65 z’), and at 

the same time the A2X2-pattern of a &substituted pyridine 

(seen as a quartet at 2.55 r(JAx: 5.5 cps; JAx,: 1 cps) and a 

broadened doublet at 1.35 C). This substance gave separate 

proton signals of each ring, due to the shielding effect of the 

ethoxy group on the protons of one of the rings. Thus,IIIb is 

3-ethoxy-4,4'-bipyridine and IIIa 3-fluoro-4,4'-bipyridine. 

Ltructure of IVa. The proton N.M.B.spectrum of IVa shoved tro 

nultiplets at 2.45fand 1.4 r(relative areas =*I : 1) proving 

that IVa is either a a-/s - or a CY-,-bipyridine. The di- 

ethoxy compound IVb obtained by replacing the fluorine atoms 

in IVa by ethoxy groups showed a N.M.R.spectrum with multiplets 

at 2.?rand 1.6 ITrespectively. From these data it could not 

be concluded which structure must be attributed to IVa, since 

the pot-Sible difluorobipyridines can give the same type of 

ZbSorFtiOn pattern, the absorptions from both rings being not 

separated as is the case with compound IIIb. 
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From considerations on the course of the teacticn of gotassium 

amide with j-fluoropyridine Given befrze it ~.e~mnfi ir?bable, 

however,that IVa is the 3,3’- or 5,:'~diiiuoro lerivat1v.e of 

2',4-bipyridine. 

Je thank &rof.i)r. H.C.Euisman (Laboratcry of Lr.-anic Chemistry 
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