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GENERAL INTRODUCTION 

The objective ot this thesis was to determine the 

value ot Hantzsch pyridine synthesis in its application to 

the condensation of formaldehyde, acetaldehyde, n-butyralde

hyde, and benzaldehyde with ethyl acetoacetate and ammonia 

to obtain the corresponding pyridine derivatives. ~'urther, 

this method was extended to the reaction ot anisic aldehyde 

with ethyl acetoacetate and ammonia to produce the 4-anisyl-2, 

ô-dtmethyl-pyridine. 

The other problem in this investigation was to s.tudy 

the use of 2,ô-dimethyl-3,5-dicarbethoxy pyridine, an inter

mediate in the Hantzsch synthesis, as the starting ~terial 

for further reactions. The carbethoxy Iroups ot this com

pound were subjected to the reduction with lithium aluminum 

hydride to ,ive hydroxy-methyl croups which oould be trans

formed into chloromethyl groups by chlorination w1th th10nyl 

chloride. 
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I. - HISTORICAL INTRODUCTION 

(a) - A short description of the Hantzsch 
pyrldlne Synthesls. 

The original .tia.ntzsoh pyridine synthesis Cl} of 1882 

was the result of theoretical and experimental study of Dr. 

Arthur r~ntzsch (2) (1857-1935), a uerman ehemist whose 

additions to the field of organie ehemistry were most ex

tens ive. 'l'ne aetual mechani sm was suggested by C .Baeyer l3) 

and confirmed by Knoevenagel (4). 

This synthesis consisted of the condensation of two 

moleoular proportions of ethyl acetoacetate or similar com

pound with one of an aldehyde ammonia to form the dihydro 

pyridine ring which oould be dehydrogenated with dinitrogen 

trioxide yielding eventually oompounds of the general 

structure: 

R' 

H(\H 
R~ )R 

N 

l 

(Rt _ H or alkyls, aryls) 
(R - alkyls or aryls) 
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(b) - Studies of previous aldehyde-ammonia 
condensations. 

Among the earliest pyridine syntheses by condensation 

involving ammonia with aldehydes were those of Haeyer and 

Bottinger independently. ~ottinger (5), by heating aldehyde 

ammonia, obtained aldehyde collidine. 

also by heating acrolein ammonia obtained -picoline. 

2 
H-C.CH2 

1 

CHO 

II 

III 

Baeyer (6) concluded that comparatively large amounts 

ot picoline present in bone oil must have been caused by a 

reaction of acrolein, trom the pyrolysis of the glycerine in 

fats with ammonia trom hltrogeneous materlal. Renee, by 

passing acrolein vapors into ammonia and evaporating the 

solution to dryness, then by heating the residue in quanti

ties of 200-300 grams in a copper vessel, he obtained an 

aequous distillate from which an oil was recovered which 
o 

boiled around 132 and formed crystals of a platinate salt , 
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(CSHSNC13}2PT, whlch was ldentified as being similar to that 

obtained prevlously trom picoline isolated from bone 011. 

Wurtz {7} a180 prepared aldehyde collidine from aldol 

ammonia while Kramer (S) obtalned some trom ethylidine 

dlchloride and aloohollc ammonia. 

This work was further extended to propionaldehyde 

ammonia and iso-valeraldehyde ammonia by Ljubavin (9) who 

called the products parvoline and valeritine, respectively. 

DUrkopf (10) and Chichibabln (11), wlth co-workers, 

gave the pyridine derivatives obtained by the aldehyde-am

monia process much study and indicated that the condensations 

can take several oourses depending on the aldehyde and con-

ditions. 



-5-

(c) Mechanism ot the synthesis. 

The tollowing mechanism was advanced by Hantzsch: 

IV 

CH3-C 
/ 

That iS t the Keto torm ot the ethyl acetoacetate enolizes 

and the 1:5 - diketone (alkalidene bisacetoacetic ester) 

undergoes ring closure by the addition of ammonia with the 

elimination ot two moles of water. 

If R ls CH3' the product would be dihydrocollidine di

carboxylic-ester. 
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(d) - Knoevenagel's combinations 

Knoevenagel (4) showed that these three components may 

be combined in several different ways before condensation as 

long as the intermediate formation of~ -amino crotonic ester 

is not precluded, along with alkylidene (or arylidene) aceto 

ester. l,I'or example: 

H 
'r-., ô--' 

C2H500C-C~H; :~NH2 
1 c..".::", ..... ,.. ... _ ...... 

CH3-C • t~j 

C2H500C-C-H 
n 

HaN-C- CH3 

1 
IV 

l 
and 

R 
1 r----------, 

H-C ={O H2~C-COOC2H5 
----- -----" J 

o = C-C113 

R-C-H 
1 
C-COOC 2H5 
1 

o = O-C% 

Hence, he found the different Methode of oondensation were: 

1. Two moles of acetoacetic ester plus one mole of an 

aliphatic or an aromatic aldehyde with one mole of ammonia. 

2. Two moles of acetoacetic ester reacting with one mole 

of aldehyd1c ammonia. 
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3. - Two moles of 1 -ami no orotonl0 ester and one mole of an 

aldehyde. 

4. - One mole of ~-amlno orotonio ester wlth one mole of an 

alkylidine or arylidine aoetoaoetl0 ester. 

5. - One mole of aoetoaoetio ester with one mole of an alkyli

dine or arylidine reaoting with one mole of ammonia. 

The tendenoy tor an aldehyde to reaot with ammonia (or 

a primary alkyl or aryl amine) to form an imine is weIl known, 

taking plaoe in the following way: 

'. . '''0: : 0 ~ _ . . --- - .. H li 

~ 
"··Ô 

R :C .;. H · N~ H ~ R : C~_ and H : N: H ,. - - - - - - - --0 

H li li 
OH QG) ;O:~, , 

/ / 
, 

.... r-
R C NH2 R C 

f' 

R :C:N ; i!il - - * - - NH3 or 
~ , 

H H H H 

This reaetion usually ooours readily, henoe KnoeVenaiel's 

seoond method of oondensation was the one most often used. 

It was also established that various aldehydes, Keto 

esters, p -diketones and the 11ke may be used in the synthesis; 

nitules, amides, amines with approp1ately spaoed oarbongl 

Croups and hydrogen atoms oan also be used. 'rhe oondensation 

produot was a derivative of dihydropyridine at this point and 

was only oonverted into a true pyridine derivative by dehydro-

genation. 
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(a) - Flow Shaet 

The Hantzsoh Pyridine Synthesis oan be indioated in the 

fOllowing manner: 

CH3-C /C-CH3 
'N 

1 
H 

IV 

VII 

f H - C 
1 
R 

= 0 f NHZ f H2C - COOC2H5 

heat 
furnaca 

( . 

\ -~ 
o .. C - CHZ 

R 
1 

(} 

C2H500C-C /' ~ C-COOC2H5 
" , 

CRz-C C-CH3 
'N~ 

v 

R 

KOOC-O~ -COOK 

CHZ # CHZ 
N 

VI 
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(1') - The original collidine synthesis. 

The 1'Ol1owin& procedure was undertaken by Hantzsch in 

the preparation or collidine by this method. (R. CH3). 

1. - Paraldehyde was heated with a rew drops of sulphuric 

acid and distilled. The acetaldehyde formed was collected 

ln ether. 

2. - Ammonla gas, dried over calcium oxide, was passed 

throuCh this liquid whlch was kept cold by salt and ice. 

Acetaldehyde ammonia crystals were 1'ormed. 

3. - These were washed with ether and drled over sulphuric 

acid ln a dessicator. 

4. - Ethyl acetoacetate and aldehyde ammonla were mixed in 
o 

molar proportions 2:1, heated gently to 100-110 in an open 

beaker. 

5. - After coollng, this volume was measured and twlce this 

volume or 2N hydrochloric acid was added slowly with vigor

ous stirring. The solid dihydrocollldine ethyl dicarboxylate 

wes t'ormed. 

6. - The liquid was removed by decantina, the dihydro-

collidine ethyl dicarboxylate washed with distilled water, 
o 

drled in vacuo and twlce recrystallized rrom ethanol, m.p. 131. 

7. - The dihydrocollidine ethyl dicarboxylate was weighed. 

Twice this wei&ht of ethanol was added to it. Dinitrogen 

trloxide cas was passed through this solution for one hour. 
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8. - The ethyl collldlne dlcarboxylate was formed and poured 

into a separatory tunnel, lce added, neutrallzed wlth sodium 

carbonate, ether added, followed by three washings with dis

tilled water to oomplete the extraotion. Potassium oarbonate 

was added to the ether solution to take up the small amount 

of water remaining. 

9. - The ether was distilled of t, the ethyl oollidine di

oarboxylate remainlng belng obtained in pure torm after two 
o 

vaouum distillations; B.p 175-178 /12 mm. 

10. - Ethyl oollldlne dioarboxylate was refluxed trom four to 

six hours with a freshly prepared sodium ethoxide solution. 

Potassium oollidine dioarboxylate, whioh was sparingly soluble 

in the aloohol orystallized. 

Il. - After washing with ethanol and dryins, these orystals 

were weIl mixed, by mortar, with twioe their weight of soda 

lime, dry distilled in a eas furnaoe and the distillate, 

oOllidine, was oolleoted in ether. 

12. - The ether was removed by distillation atter whioh the 

remalnder was also distilled (twioe) to obtain an 8.1% yield 
o 

ot pure oollidine; B.p. 172-3 • 
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(g) - Syntheses us1ng the Hantzsoh Method 

Much work fo11owed, us1ng the Pyr1dine Synthes1s by 

Hantzsch and employing the various Knoevenage1 comb1nat1ons. 

Condensations such as the fo11owing were studied: 

ester or d1ketone wi th aldehyde with amine reference 

2 moles of 
ethy1 acetoaoetate R.CHO NH3 21,22,23,24 

n n H.CHO CH3.NR2 15,16 

n n CH3·CHO NH3 1,4,13,14, 
15,lô,25 

n " CH3·CHO CH3·NH2 lô,2ô 

ft ft C2H5·CHO NH3 19 

n " CH(CH3)2·CHO NH3 19 

ft ft CH(CH5)2CH2.CHO NH3 19 

" " C6H5· CHO NH3 4,18 

"' " CôH5·CHO CH3·NH2 26 

" " m.N02. CôH4.CHO NH3 20 

" ft P.(CH3)2NCôH4.CHO NHa 27 

" " CôH5·CH.CH.CHO NH3 18 

" " furfural NH3 25 

" ft aorolein NH3 19 Fai1s 
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ester or diketone with aldehyde with amine ret'erence 

2 moles of 
benzoylacetate ester OH3·CHO NH3 4 

" " " CH3·CHO CH3·NH2 4 

2 moles of 
benzoyl acetone CSH5·CHO NH3 

2 moles of 
acetyl acetone CH3·CHO NH3 24 

" " CH3·CHO CH3·NH2 24 

" " CSH5· CHO NH3 29 

1 mole · of 
acetoacetic ester 

with 
1 mole of 

acetaldehyde CH3·0HO NH3 17 

desoxybenzoin CsH5· CRO NH3 22 

acetylacetone CH3eCHO CH3.NH2 26 

" " CSH5.CHO NH2 4 

" " C6H5.CHO CH3·NH2 2S ]'ails 

benzoylacetone CôHo.CHO NH3 26 
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A comparatively recent work by Phillips (28) has shown 

much success using complex a1dehydes in conjunction with methy1, 

ethy1 and n-butyl esters, and Many quaternary salts were pre

pared. 

A typica1 reaction was the use of cinchoninaldehyde with 

acetoacetic ester and ammonia. The ieneral structure of the 

resu1ting dihydro pyridine compound being: 

C2H500C I 1 COOCaH5 

C~ C% 
N 

VIII 

(RX. CH3 , C2H5 , CôH5CH Cl, CôH5CHaOSOaCaH5.HaO, B CHaCOOC2H5). 

Yie1ds from 60 to 100% were reported. Usini m-substituted 

benza1dehyde with various esters equal1y satistactory results 

were obtained. m-nitrobenza1dehyde (29), p-dimethy1 amine (29), 

p-dlethyl aminobenzaldehyde (29) with a varlet y of alkyl aoeto

acetates were prevlously reported in good yield adding turther 

evidence to the practabi1ity ot The Hantzsch pyridine synthesls. 

{hl - Results of these investigations. 

In general, the yields obtained were satisfactory, 60% 

being average. The results obtained substantiated a past claim 

of the synthesis, - that many aldehydes, a1kyl acetoacetates with 

ammonia wou1d condense successtu11y regard1ess of the comp1e~ 

chemical nature of the reactants involved. 
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(i) - Modifications of the tlantzsch pyridine synthesis 

1. Michaels' Modification ll?): where one of the molecules of 

ethyl acetoacetate was replaced by an additional molecule of 

aldehyde. 

H 
1 

C2H50OC-y-H 
0H3-C • 0 

2 R-C = 0 
1 
H 

H-NH2 

R, ,..,H 
C 

H2C"" . 'c COOC2H5 
1 " 

H-C C-CH3 
" 1 
o NH2 

R, ,..,H 
C 

H-C"" ........ U-UOOuaH5 
ft " 

IX 
(yie1d 25-30%) 

Dehydrogenatlon of the mono-carboxylic ester by di

nltrogen trloxide very readily gave 2,4-dimethylniootlne 

ester. 
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2. Knoevenagel (4) similarly condensed benzal acetoacetic 

ester with desoxybenzoin and ammonia. 

CôH5-C- H 
" 

C2H500C-C .;. 
1 

CH3-C • 0 

C2H500C-CH 
" .J. 

CH3-C 

NH2 

IV 

H2C- CôH5 
1 

o = C-CôH5 

NH3 

CôH5-C 

CôH5-C . -0 
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3. This reaction was further extended by Knoevenage1 and 

Ruschhaupt (4) to ~-d1ketones and the1r ammonia derivat1ves. 

Thus, benzalacetoacetone condensed with acetylacetoamine to 

give 4-phenyl-3,5-diacetyl dihydrolutidine. 

>-

CH3OC-C-H 
" 

CH3-C , 
NH2 

CSH5-C-R 
" 
C-COC113 
1 
C-OCH3 

C6H5 H " / C 
/ "-

CH50C-C CHCOCH3 
ft 1 

CH3-C COCH3 

IV 

It was also found that~-amino crotonic ester and benzalbenzoyl

acetone gave the corresponding dihydro pyridine in 40-50% 

yield. 

C~-C 
1 
NHa 

f CH3CO-C ~ IV (R - CsH5) 
1 

C6H5C - 0 

Here, as in other condensations of benzalbenzoylacetone, the 

CSH5CO, rather than the CH3CO, i8 the reactive (the enolizable) 

group, and hence the CSH5, , not the GH3, appears in the oc -posi

tion in the product. 
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4. The Guareschi (and Thorpe) Modification (30) : 

This synthesis, involving no aldehyde, has been in

vestigated for the normal and branched chain alkyl deriva

tives with acetoacetamide or cyanoacetamide or ester. A 

typical example is the condensation of cyanoacetic ester 

and ethyloC-acetoacetate (R = 02H5) with ammonia to give 

an 85% yield of 2,ô-dihydroxy-3-cyano-5-ethyl-4-methyl 

pyridine. 

CH3 1 
o :: 0 RaU-UN 
1 .;. , 

R-C-H G • 0 
1 , 

o = O-OC2H5 002H5 

! 
CH3 

R 0 CN 

HO OH 

x 
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5. The Knoevenagel Modification (51) : 

Knoevenagel round that if the synthe sis is carried out 

wlthout ammonla in a stepwlse manner, the formation of a six 

membered ring takes place. This, which ls catalytlcally in

duced by bases such as dimet.hylamlne or piperidlne, consists 

of rIng closure of the Intermediate product. That is, it ls 

like the Hantzsch pyridine synthesis carrled out stepwlse. 

The carbon segments are tirst joined under the Influence ot 

the catalyst and the nltrogen atom Is then put in plaoe by 

heating the dioxime rather than by condenslng with ammonla. 

H OC2H5 
1 1 

C2H500C-C " .. .. ---- C-H 
" " 

CH3-C C-COOC2H5 
1 1 
N----- ---C-CH3 
H2 ft 

o 

v 
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6. The von Meyer Modification (32) : 

An unsaturated aminonitri1e, 1 phenyl-~ -am1no-acryls 

nitrile, was condensed with acetoacetic ester in the presence 

of hydrochlorie acid, the product being a derivative of r-hy

droxy pyridine. 

NC-C-H C2H50-C • 0 
ft 1 

CH2 
\ 

C113-0 • 0 

--
XI XII 
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7. Wnen the aldehyde was replaced by a ketone, such as 

acetone, the product was a dihydro compound that was easily 

oxidized by chromic acid in acetic acid solution to a pyri

dine derivative. (33) 

XIII 

06H50 = OHON 
1 

NHa. 
NH2 + 
1 

06H50 - OHON 

XIV 

Other modifications have been noted in the literature 

but the ab ove suffioe to show the adaptability of the 

original synthesis. 
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(j) - Lithium Aluminum ttydride, uiscovery and Use. 

LiAl14 was f'irst prepared by :Jfinholt, Bond and Schlesinger 

(34) by treating lithium hydride with an ether solution of' 

aluminum chloride. 

'l'his white microcrystalline compound was shown by preliminary 

experiments to be capable of reducing carbonyl, carbalkoxy, acyl 

chloride, highly conjugated esters, amino and hydroxy esters, 

etc., but without action on the double bond of simple oletines. 

0onsequently, the principal interest in it was its usefulness as 

a powerf'ul reducing agent of organic compoundS. 

lt was found to be unique in that - 1) it was easily pre

pared on a large (or small) scale f~om commercially available 

litnium hydride; 2) it was indefinitely stable at room tempera

ture, provided it was kept in air tight containers; 3} it was 
o 

ether soluble, 25-30 grams per 100 ml. of dietnyl ether at 25 

over a long period of' time; 4) as compared with other reducing 

agents, excepting hydrogen, lt had a favorable ratio of reducing 

capaclty to mass, the reduction products being obtained in 

yields that were almost quantitative in a purity seldom obtained 

by other methods; 5) it had a tendency to avold side reactions, 

polimerizations, condensations or cleavage; 6) "hindered" com

pounds not generally aroenable to other processes were usually 

reduced with lt; 7) the reductlons occurred at room temperature; 

8) no unusual equipment was needed, the experimental procedures 

belng substantially identical to those commonly employed in 

Grignard synthesls. 
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(k) - Reductions with LiAlH4 • 

Various aldehydes, ketones, esters, acid chlorides anhy

drides, etc., have been reduced to the corresponding alcoholic 

products with excellent results, (35). 

n-heptaldehyde, crotonaldehyde, benzaldehyde, butanone-2, 

cyclopentanone, methyl oleate, ethyl benzoate, benzoyl cnloride, 

palymityl chloride, sorbyl chloride, are examples where yields 

greater than 70% were found. Bome, such as palymityl chloride 

and methyl laurate gave 99~ and 94% yields. ~sters of imidazole 

(36), pyrazole (36), pyrsole (37), furan \37), indole \37), 

and other heterocyclic carboxylic acids were easily reduced. 

A variety of pyridine carboxylic acid esters have also 

been reduced with LiAIH4 with good to excellent yields of the 

corresponding hydroxy methyl compounds being obtained. 

~'or example: 3-hydroxy methyl pyridine (38) from ethyl 

nicotinate gave 80% yield, diethyl-2,6-dimethyl-3,4-pyridine 

dicarboxylate, when reduced to 2,6-dimethyl-3,4-dihydroxymethyl 

pyridine (39) yielded 50%. 

Later, work was done on compounds which might give 

vitamin B6 directly. Hence, ethers of 2-methyl-3-hydroxy-4, 

5-pyridine dicarboxylic acid (39), and 2-methyl-3-amino-4, 

5-pyridine dicarboxylic acid (59) were prepared which yielded 

excellent hydroxymethyl compounds, both in purity and quantity, 

when reduced by LiAl~. 
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(1) - Examples of lithium aluminum hydride reductions: 

The reduction with LiAlH4 can be shown by the following 

examples: ( 34), (35), (40). 

1. Acids: 

4 RCOOH .;. 3 LiAJ.I4 ~ 2 LiAl02 fa 4 HB 

f (RCH20 )4 LiA! ~ RCH20H 

2. Esters: 

2 RCOOR' f LiA1H4 

---+ 2 RCH20H f 

3. Aldehydes: 

4 RCHO f LiAlH4 

4. Ketones: 

---+~ i (RCH2 ° ) 4LiAl .;. t ( R' ° ) 4LiAl 

2 RtOH 

4 R2CO f LiAlR4 --....~ (R2CHO}LiAl 

5. Anhydrides: 

(RCO)20 f Li.AlJ4 --» t LiAl.0 2 of t (ROH20 }4LiAl 

-~) 2 RCH20H 

6. Ac1d chlorides: 

2 ReOCI f LiA1I4 --~ ! LiCl - i AlCl3 f i (RCH20)4LiAl 

---+-) 2 RCH20H 

7. Amides: 

2 RCONR2 f LiAIH4 --+ 2 RCH2NRz .;. LiAl02 

4 RCONR' 2 f 2 LiAlH4 - LiAl( OCH2R}4 .;. LiAl (NR' 2) 4 

----- 4 HeR20R .;. 4 R t 2NH 

4 RCONHR' .;. 3 LiAIH4 11 Li.Al(OCH2R}4 t 2 Li.Al(R'N)2 
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8. Nitriles: 

2 ReN f LiAlH4 2 RCH2NH 

9. Aldimines: 

4 RCH.NR f LiA1H4 -~~ 4 RCH~ 

10. Heterocyclic carboxylic esters: 

v f LiAlH4 

Il. Aromatic nitro compounds: 

Rf 

HOH2CO' CH20H 

R ~R 
N 

xv 

RN02 f- LiAlJ4 ._~ t R - N • N - R - 2 H2 f LiAl02 

12. Aliphatic nitro compounds: 

2 RN02 f 3 LiA1H4 

--+, 2 RNH2 

13. Quino1ines were reduced to hydroquinones in excellent yie1ds. 

The equation for the reaction has not yet been estab1ished. 

14. Alky1 ha1ides: 

4 RX .;. LiA1H4 -~) 4 RH .;. LiAlX4 
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II. - OUTLINE OF THE PROBLEM AND DISCUSSION 

(a) - Outline of the problem 

The objective of this work was: 

1. - To investigate the Hantzsch pyridine synthesis. 

2. - To synthesize new compounds. 

According to the Hantzsch pyridine synthesis, the con

densation of ethyl acetoaoetate and ammonia w1th an aldehyde 

y1elded a d1hydro pyr1dine compound. 

2 
ROHO 

NH3 -~> IV 

The 2,6-dimethyl-3,5-d1carbethoxy d1hydro pyr1dine could 

be dehydrogenated w1th d1n1trogen triox1de: 

IV v 

The 2,6-dimethyl-3,5-d1carbethoxy pyr1d1ne formed could 

be transterred into a potassium salt of pyr1dine dicarboxylic 

by the act10n ot potassium ethoxide: 

V --~ VI 

The 2,6-d1methyl-3,5-potassium dicarboxy pyridine con

verted to the final product, 4-alkyl-2,6-dimethyl pyridine, 

by heat1ng: 

VI VII 
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Aooordingly, aoetaldehyde was oondensed with ethyl aoeto

aoetate and ammonia, giving 2,4,6,-trimethyl pyridine. 

n-butyraldehyde was used with ethyl aoetoaoetate to yield 

4-propyl-2,6-dimethyl pyridine and benzaldehyde with ammonia 

and ethyl aoetoaoetate gave 4-phenyl-2,6-dimethyl pyridine. 

The results obtained were in agreement with literature. 

Anisio aldehyde was used as the aldehydio reaotant ln 

oonjunotlon wlth ethyl aoetoaoetate and ammonia. It was be-

11eved the reaotion took plaoe in the tOllowlng way: 

C 2H50OC-GH2 
1 

NH3 

CH3-C • 0 OHC-CôH50CH3(P) -~> IV 

The dehydrogenatlon ot the 4-anisyl-2,6-dimethyl-3-5-

dioarbethoxy dihydro pyridine with dinltrogen trioxide should 

have proceeded as shown: 

IV V 

The 4-anisyl-2,6-dimethyl-3,5-dicarbethoxy pyridine should 

oe converted to tne potassilli~ salt of pyridine dioarboxylio 

aoid by the action of potassium ethoxide: 
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Heating should yield the final produot 4-anisyl-2,6-

dtmethyl pyridine: 

VI ----"> VII 

This reaotion prooeeded readily, giving a good yield of the 

final produot and a piotrate salt from it. 

~·orm.aldehyde was oondensed wi th ethyl aoetoaoetate and 

ammonia to obtained the known oompound: 2,6-dimethyl-3,5-

dioarbethoxy dihydro pyridine. On dehydrogenation with di

nitrogen trioxide, 2,6-dimethyl-3-5-dioarbethoxy pyridine was 

obtained. Where the reduotion of an ester with LiA1H4 pro

oedes aooording to the equation: 

2RCOOR' f LiAlH4 ---+ !(RCH20)4LiAl f i(R t O)4LiAl 

----> 2 RCH20H .;. 2R t OH 

it was believed that the reduotion of the 2,6-dimethyl-3, 

5-dioarbethoxy pyridine prooeeded in the same manner. 

(R • H) 

v .f. 2LiAI.H4 

xv 
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On treating the 2,6-dimethyl-3,5-dihydroxymethyl pyridine 

with aceticanhydride 2,6-dimethyl-3,5-diacetomethyl pyridine 

should forme 

XVI 

On treating the 2,6-dimethyl-3,5-dihydroxymethyl with 

thlonylchloride, 2,6-dimethyl-3,5-dichloromethyl pyridine 

should be prepared. 

pyridine 

XVII 
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(b) - Disoussion of the Experimental Methods. 

The dihydropyridine oompound was the produot formed by 

oondensing the aldehyde with ammonia and ethyl aoetoaoetate. 

Using anisio aldehyde, even after repeated attempts, only 

an oil was obtained whioh subsequently proved to be satisfaotory 

for the following reaotions. With benzaldehyde, the dihydro 

pyridine oompound was obtained in solid form after standing for 

two daysj using n-butyraldehyde, three days were required, but 

with formaldehyde and aoetaldehyde, the solid formed with ease. 

In some of the attempts, the distillation of a small volume of 

the llquid, later shown to be ethyl aoetoaoetate, alded oon

siderably in the formation of the dlhydro pyridlne oompound. 

Literature has oalled for the neutralization of exoess 

ammonia of this reaotion by uSing twioe the solution volume of 

2 N hydroohlorio aoid. This was found to give smaller yields 

than by other methods. 

]'or e:xa.mple, the volume of aoid whioh just neutralized the 

reaotion when formaldehyde was used gave the largest yield; 

if more was added, a heavy red oil was obtained. Similar re

sults were noted with the other aldehydes. Greater yields 

were in evidenoe when this aoid was added to a oooled solution. 

That is, the volume, oonoentration and temperature of the 

neutralizing aoid are definite faotors in the yields obtained. 

Various Knoevenagel oombinations of the origi~al etarting 

materials were tried; the ones reoorded in the experimental 

part proving the most satisfaotory. 
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Purification of crude dihydro pyridine esters was accom-

plished by washing with cold distilled water, followed by 

crystallization froID hot ethanol (twice). The first ethanol 

wash was usually discarded but subsequent washes retained and 

later distilled to recover this comparatively large amount 

(600-800 ml.) 

'l'his purification or the dihydro pyridine compounds in 

crystal rorm occurred easily and gave good yields in aIl cases. 

uehydrogenation with dinitrogen trioxide gas proceeded readily. 

ln aIl cases, gentle heating or the ethanol solutions or the 

dihydro compound during the reaction nelped considerably. 

~oticeable color changes, usually troll a dark to a lighter 

color, together with a failure of the dihydro pyridine compound 

to crystallize out of solution indicated the completeness of 

the reaction. 

~n general, the reaction occurred in the following way: 

IV 2H 
(in ethanol) 

2H --........ HaO 2NO 

Extraction with ether was undertaken. Powdered sodium 

carbonate was used as a neutralizer. Here, caution must be 

used. It was Imperative that ice be added betore proceeding 

with neutralization, as the reaction was exothermic. 'l'hat 

is, ice, water, sodium carbonate and ether must be added in 

this order. 
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The ether solution of the dimethyl dicarbethoxy pyridlne 

was washed three times with dlstilled water and dried for two 

hours with anhydrous potassium carbonate. Removal of the 

ether by suction followed by distillation at reduced pressure 

for all (except the product of the tormaldehyde reaction 

which required two crystallizations to give a solid product) 

yielded the purified form of the dimethyl dicarbethoxy pyridine. 

Potassium salts of pyridine dicarboxylic acid were prepared by 

separately refluxing these substances with potassium ethoxide. 

It was important at this stage to use absolute aloohol, as aIl 

the salts so obtained were hlghly soluble in water. 

4-anisyl-2,6-dimethyl-3,5-dlcarbethoxy pyridine reacted 

extraordinarily readlly wlth potassium ethoxide, while 4-propyl 

-2,6-dimethyl-3,5-dicarbethoxy pyridine reaoting with potassium 

ethoxide, left muoh to be desired. 

4-methyl-2-6-dimethyl-3,5-dioarbethoxy pyridine, 2,6-di

methyl-3,5-dioarbethoxy pyridine, and 4-phenyl-2,6-dimethyl-3, 

5-dioarbethoxy pyridine reaoted separately with the potassium 

ethoxlde to glve sufficient yields to be considered satisfactory. 

In general, this reaction oould be indlcated in the following 

way: 

v 2HOCaH5 VI 
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The crystals of the potassium salt of pyridine dicarb

oxylic acid obtained were washed with absolute alcohol and 

dried in a desiccator over sulphuric acid. After weighing 

and mixing with slaked lime in the proportions of 1:2 (by 

weight) the mixture of 2,ô-dimethyl-3,5-potassium dicarboxy

late and slaked lime was placed in a long (85 cm) heavy glass 

tube, in such a way that it was evenly distributed. 

This tube was inserted in an inclined gas furnace. A 

long glass lead off tube was placed over the open mouth of 

the tube leading to the collecting flask. All vapors and 

distillate were collected in ether. 

The reaction took much time, varying from 1.5 hours, in 

the case of collidine, to 7 hours for 4-anisic-2,ô-dimethyl 

pyridine. In general, this reaction could be shown in the 

fOllowing way: 

VI > > TIl 

It was found, after many trials, that the yield was only 

fair but can be increased slightly by increasing the time of 

heating. Evaporation of ether and distillation at reduced 

pressure yielded the final product. 

In the reduetion of the 3,5-dicarbethoxy-2,ô-dimethyl 

pyridine with lithium aluminum hydride, great care must be taken, 

due to the sensitivity to moisture of the latter compound, which 

ls highly reactive with water occurring extremely rapidly and 

completely. 

2H20 ---.. LLUOZ 4~ 
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Oonsequently, to prepare an ethereal solution of lithium 

aluminum hydride, attention must be paid to the preparation 

of absolute ether. 

Anhydrous (commercial) ether, after preliminary drying 

for 8 hours over calcium chloride, was treated with a very small 

quantity of lithium aluminum hydride to remove peroxides and 

other impurities. After decanting, the ether was distilled. 

Using ground glass apparatus, nitrogen gas was passed through 

a three necked flask and an electrical mercury sealed stirrer 

set in motion to keep the ether in the flask moving. 

üalculations were made as to the amount of lithium alum

inum hydride necessary for the reaction. This quantity was 

accordingly weighed out under nitrogen atmosphere, using goggles 

and rubber gloves to ensure safe handling. After which it was 

inserted slowly through the third neck of the flask. A con

densor and thermometer were inserted to complete the apparatus. 

Gentle heating for 24 hours with continued stirring foll

owed, for the lithium aluminum hydride dissolved very slowly. 

;l.;he 3,5-etnyl dicarboxy-2,ô-dimethyl pyridine was easily 

sOluole in absolute ether. ·..L'his solution (100 ml.) was added 

dropwise to the solution of lithium a1uminum hydride. 

'l'his was extremely important for, a1though the reaction 

takes place i®nediately, surricient heat was involved to cause 

the ether vapors to be ejected through the condensor and drying 

tube or calcium chloride attached to it. Accordingly, the 

slower the addition, the more the ether wes retained. 
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After an hour of standing, 20 ml. of water was added in 

a similar manner for the sarne reason. Arter four trials, it 

was concluded that if the nitrogen flow be kept to a bubble 

every two seconds, sufficient gas would be present to ensure 

safety, yet not be sufficient to cause excess ether to be 

ejected despite the condensor. 

This flow can be noted by watching the gas flow through 

the sulphuric acid washing flask. Once completed, the contents 

of the flask were filtered, the residue returned to the flask 

and 100 ml. methanol added. The mixture was heated to boiling, 

then filtered. "l'his was repeated. .é'Ù.l filtrates were comoined 

and the residue discarded. 

Distillation, under reduced pressure of tne ether, metnanol 

and sorne water, was completed in tne usual manner..l.he residue 

liquid was carefully distilled under reduced pressure atter it 

had Deen dried ror one nour witn annydrous potassium carbonate. 

'l'he general reaction occurred in the following way: 

v ... xv 

After recrystallization of the 3,5-dihydroxymethyl pyridine 

with hot methanol, an acetate derivative was prepared by the 

straight addition of acetic anhydride to a small sample, uSing 

pyridine as an acid neutralizer. 

xv XVI 
pyridine 
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The vacuum distillation of the liquid portion must be 

done by 011 vacuum pump, wlth which a pressure of lmm (Hg) 

was obtained. Recrystallizatlon trom hot benzene was found 

to give the most satisfactory purity and yield, other solvents 

being tried and rejected. 

Ghlorination by thionyl chloride of the dihydroxymethyl 

compound yielded the final product according to: 

xv XVII 

(c) Yields 

Yields obtained were found to be satisfactory for aIl 

reactions with the exception of the 4-propyl-2,6-dimethyl 

pyridine which, despite repeated attempts, gave only 7.7% as 

a maximum. 

The collidine yield, although small, 6.7%, was in close 

agreement with the llterature. 

4-anisyl-2,6-dlmethyl pyrldine was obtained in 60% 

yieId; 4-phenyl-2,6-dlmethyl pyridlne ln 43% yleld, and 

2,6-dimethyl-3,5-dichloromethyl pyrldine in 59% yield. 



-36-

(d) - Cono1usions. 

1. The Hantzsoh pyridine synthesis was tound to be a suooess

tul method tor obtaining dioarboxy1io esters ot pyridine, 

whioh can be used as starting material tor turther reaotions. 

2. Yields obtained were suttioiently great in all oases to 

extend this procedure tor other similar substanoes. 

3. The lithium aluminum hydride reduotion ot dioarboxy110 

esters to dihydroxymethyl derivatives was very satisfaotory, 

providing attention be pa id to technique and amounts involved. 

4. The Hantzsoh pyridine synthesis was easily modified, 

provided the dihydro oompounds tormed were dehydrogenated to 

true pyridine oompounds. 
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III. - EXPERIMENTAL 

(a) - The preaaration of 2,4,6 trimethyl pyridine, by 
the con ensatlon of acetaldehyde ammonla wlth 
ethyl acetoacetate. 

50 ml. of acetaldehyde was prepared by distilling 60 ml. 

of paraldehyde with 3 ml. of 1 N sulphuric acid in a 250 ml. 

round bottomed flask. Acetaldehyde was collected in 100 ml. 

of cold ether, placed in a 250 ml. flask and kept cold by an 

ice and salt bath. Ammonia gas was passed through the solu

tion of acetaldehyde for 25 minutes. 

This gas was obtained by heating 200 ml. of ammonium 

hydroxide in a 250 ml. round bottomed flask and dried by 

passing through a calcium oxide tube. The resulting aldehyde 

ammonia crystals and liquid were allowed to stand 3 hours in 

the refrigerator in a stoppered flask. 

The crystals were washed 3 times with 50 ml. of ether and 

dried in a desiccator over sulphuric acid. 10 grams of this 

product were placed in a weighed 250 ml. beaker, containing 

33 grams of ethyl acetoacetate. This mixture was heated to 

100-1100 to obtain a solution. 

After cooling to room temperature, 60 ml. of 2 N hydro

chloric acid was added with vigorous stirring. A solid precip

itated, which was thoroughly washed with distilled water. The 

product was dried on a porous plate. 

Grystallization from 200 ml. of hot ethanol twice gave a 

70% yield of dihydrocollidine-3,5-diethylcarboxylate, melting 
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o point 131. 15 grams was dissolved in 40 ml. ot warm ethanol, 

placed in a 125 ml. flask and din1trogen trioxide gas was 

passed through for one hour. A safety trap, consisting of an 

empty flask, was used. The dinitrogen trioxide was prepared by 

heating 50 grams of arsenous oxide with 75 ml. of concentrated 

nitric acid and 30 ml. of water in a 500 ml. round bottomed 

flask, uSing no rubber connections. 

The collidine-3,5-diethyl carboxylate, was extracted in a 

one liter separatory funnel, using 200 ml. of ether, 4 grams 

of sodium carbonate to neutralize the acid, and 100 grams of 

ice. The ether solution was washed four times with distilled 

water, then dried with 1.3 grams of potassium carbonate for 2 

hours. 

After the ether was removed by vacuum, the remaining 

liquid, collidine-3,5-diethyl carboxylate, was distilled at 

reduced pressure in a 100 ml. ülaisen flask. The resulting 

11quid was redistilled. Il.8 grams were obtained at 76-780 

(27mm). 

120 ml. ot absolute ethyl alcohol was prepared by reflux

ing 10 grams of calcium oxide with 150 ml. of ethanol for ô 

hours and distilling. Refluxing with 30 grams of pure dry 

potassium hydroxide for 3 hours followed. 11.8 grams of the 

ethyl collidlne dicarboxylate was next refluxed with 100 ml. 

of 30% potassium ethoxide solution in a 250 ml. round bottom 

flask for 5 hours. 

Potassium collidine dicarboxylate (crystals) was obtained. 

This product was washed with ethanol and dried. The yield 
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was 5.2 grams. This quantity was mixed with 10.4 grams of soda 

lime in a mortar, plaoed in an 85 om. long heavy glass tube and 

heated in agas furnaoe for 1.5 hours. The distillate, whioh 

was collected in ether, was dried with 1 gram of anhydrous po

tassium hydroxide for 1 hour. 

The ether was removed at reduced pressure. The remaining 

liquid was distilled from a small flask. 2.2 grams of collidine 

was obtained, boiling point 1740
• This was in agreement with 

that observed by Hantzsch. 

In this condensation, the sarne procedure was rollowed and 

the same apparatus used. 10 grams or oen~aldehyde ammonia were 

prepared which were reacted with 25 grams of ethyl acetoacetate. 

The resulting solid was twice ~rystallized trom 200 ml. of hot 

ethanol to yield 16 grams of 4-phenyl-2,6-dimethyl-3,5-ethyl 

dicarboxy dihydro pyridine, melting point 1410
• 

This compound was dissolved in hot ethanol, dehydrogenated 

by dinitrogen trioxide and the resulting product 2,6-dimethyl-3, 

5-diethylcarboxy pyridine extracted in a one liter separatory 

tunnel, using 200 ml. of ether, 5 grams of sodium carbonate, 

100 ml. 'of distilled water and 100 grams of ice. 

The ether solution was washed four times with distilled 

water, then dried with 1.8 grams of potassium carbonate for 2 

hours. After the removal of ether by vacuum, the remaining 

liquid was distilled at reduced pressure to obtain a yield of 
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Il.7 grama of 2,ô-dimethyl-3,5-diethylcarboxy pyridine, boil

ing point l57-1ôOo at 30mm. 

10 grams of this substance was refluxed with 100 ml. of 

30% potassium ethoxide for 4 hours. After washing in 40 ml. 

of absolute ethyl alcohol and dried in a desiccator over sul

phuric acid, a yield of 5.9 grams of 4-phenyl-2,ô-dimethyl-3, 

5-potassium dicarboxy pyridine was obtained. 

The salt, on mixing with 15 grams of slaked lime, was 

heated in agas furnace and the distillate collectedin ether. 

After the removal of the latter, the remaining liquid wes dis

tilled at reduced pressure to yield 4.3 grams of 4-phenyl-2, 

ô-dimethyl-3 pyridine, boiling point 1420 at 3Omm. A picrate 

salt formed had a melting point 226°, in close agreement with 

the literature. 

(c) - The preparation of 4-prOpYl-2fô-dimethYl pyridine 
by the condensation of butyra dehyde-ammonia with 
ethyl acetoacetate. 

In this condensation, the same procedure was followed and 

the same apparatus used. ~5 grams or butyra~dehyde ammonia 

reacted with 45 grams of ethyl acetoacetate very slowly, taking 

two days to obtain the crystals of the crude dihydro ester. 

After two crystallizations from hot ethenol, a yield of 14.2 

grams was obtained. 

The dihydro ester melted at 1200
• Dehydrogenation, by 

dinitrogen trioxide, extraction with ether, washing with dis

tilled water, drying with potassium carbonate and distillation 

under reduced pressure, gave 9.3 grams of the 4-propyl-2, 
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6-dimethyl-3,5-dicarbethoxy pyridine, which had a very con

sistant boiling point of 2030 at 2ômm. 

After refluxing with 100 ml. of 25% solution of potass

ium ethoxide for 6 hours, 4-propyl-2,ô-dimethyl-3,5-potassium 

dicarboxy pyridine crystals appeared which, after washing 

in 40 ml. of absolute ethyl alcohol and in 40 ml. of ether 

and dried in a desiccator, gave on1y 2.3 grams as a yie1d. 

Dry distillation in agas furnace with 5 grams of slaked 

lime for ô hours yielded a 1iquid of heavy odor which, when 

disti11ed, had a very definite boi1ing point of 196°. The 

yield was 1.1 grarns. A pictrate formed easi1y which had a 

me1ting point of 1360
• This result was in agreement with that 

found by J-aeck1e (41). 

(d) - The re aration of 4-anis 1-2 
by t e condensation of anis 
with ethy1 acetoacetate. 

In this condensation, the same procedure was followed and 

the same apparatus used as in (a). 20 grams of anisic aldehyde

ammonia was prepared which reacted witb 50 graInS of ethy1 aceto

acetate to yie1d a 1ight ye110w liquid, 4-anisy1-2,6-dimetbyl-3, 

5-dicarbethoxy dihydro pyridine. 

On dehydrogenation with dinitrogen trioxide, extraction 

with ether, washing with water, drying with potassium carbonate 

and disti11ir~ twice under reduced pressure, 28 grams of 

4-anisic-2,6-dimethyl-3,5-dicarbethoxy, were obtained. The 

boiling point was 127-1280
• 
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On refluxing with 120 ml. of 30% potassium ethoxide 

for 3 hours, 17 grams of 4-anisyl-2,6-dtmethyl-3,5-potassium 

dicarboxy pyridine was readily prepared in crystal forme Atter 

washing in 40 ml. of absolute ethyl alcohol and 40 ml. of 

ether and dried in a desiccator, the potassium dicarboxy pyri

dine was dry distilled in agas furnace with 35 grams of soda 

lime for 7 hours. 

The yield was Il ml. of a distillate trom which, on dis

tilling under reduced pressure at 1840 and 25mm gave 6 grams 

of 4-anisyl-2,6-dimethyl pyridine. A pictrate salt formed 

readily, melting point 149'-151°. 

Anal. Calcd. for Cl4Hl&~0: N, 6.64%. Found: N, 6.69%. 

(e) - The preparaticn of 2
1
6-dimethYl-3, 

5-dichloromethyl prr dIne. 

Dry ammonia gas was passed through 50 grams of ethyl aceto

acetate for 1.5 hours. 'llhe ".a-amino crotonic ester whioh readily 

formed was allowed to stand for 12 hours under retrigeration. 

After which time it was washed with ether twice and dried in a 

desiccator to obtain 43 grams as a yield. 

25 ml. of formaldehyde solution (40%) was added to this 

amount in a 500 ml. beaker, kept cold by ice and salt. 8 ml. 

of 2 N hydrochloric acid was added with vigorous stirring. 

Atter recrystallization twice from 600 ml. of hot ethan01, 

30 grams of 2,6-dimethyl-3,5-ethy1 dicarboxy dihydro pyridine 
o was obtained, melting point 144-145 • 

15 grams were dissolved in 45 ml. of hot ethanol, through 

which was passed dinitrogen trioxide gas for 1.5 hours. Extrac-
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tion with ether, washing with distilled water, drying with 

potassium carbonate, and distillation under reduced pressure 

to rernove ether, gave a solide The substance obtained was 

twice recrystallized from 150 ml. of ether to yield 12.1 

grams of 2,6-dtmethyl-3,5-dicarbethoxy pyridine, rn.p. 720
• 

5 ml. of a 10% solution of sodium ethoxide was prepared 

in a 50 ml. flask. .25 gram of these crystals was added and 

allowed to boil for one-half hour. After washing with ether 

and drying, the melting point of 3290 was found by means of 

a melting block. This was in close agreement with the litera

ture (43). 

ô grams of lithium aluminum hydride were dissolved over a 

twelve hour period in 200 ml. of absolute ether in nitrogen 

atmosphere with constant heat. A one liter three neck flask, 

equipped with stirrer, nitrogen gas inlet and dropping funnel 

(conbined) and reflex condensor, 400 ml. of absolute ether had 

been carefully prepared previously by drying commercial anhydrous 

ether with calcium chloride, decanting, treating with a very 

small quantity of lithium aluminum hydride (.5 gram per liter) 

and distilling. 

10 grams of 2,6-dimethyl-3,5-dicarbethoxy pyridine, were 

readily dissolved in 100 ml. of absolute ether. This was 

added drop by drop over a one hour period to the reaction flask 

which wes kept cold by dry ice. üonstant stirring was employed 

using a mercury sealed stirrer. 

Atter an interval of one-haIt hour, 20 ml. of distilled 

water was added in a similar manner over a one hour periode 
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Ni trogen gas was bubbling through at all times. 'l'he mixture 

was filtered, the filtrate retained, the residue returned to 

the flask, 100 ml. of methanol added, heated to boiling and 

filteren. 'l'he prooess ws repeated. 

The oombined filtrates or extraots, after the removal of 

ether, methanol and muoh of the water by distillation at re

duoed pressure, were dried with anhydrous potassium oarbonate. 

'l'he remaining liquid was distilled at reduoed pressure at 

7So/25mm to yield 4 ml. of a liquid whioh, after treating 

with hot Methanol, yielded very fine orystals. These were 

twioe reorystallized from hot methanol and oharooal. 

A yield of 3.5 grams of 2,6-dimethyl-3,5-dihydroxymethyl 

pyridine was obtained, m.p. 135°. 4 ml. of thionyl ohloride 

was distilled and added slowly to the 35 grams of the 2,6-di

methyl-3,5-dihydroxymethyl pyridine. 2,6-dlmethyl-3,5-di

ohloromethyl pyrldine, m.p. 163°, was obtained after the re

moval of 1iquld by oil vaouum pump and reorystallization from 

10 ml. of ethanol. 

Anal. Calod. for CgHIINC12 : N, 6.68%. Found: N, 6.83%. 

A derivative was prepared from 2,6-dimethyl-3,5-didroxy

methyl pyridine, 0.25 gram of which reaoted with 0.75 graœ of 

aoetio anhydride and 0.25 gram of pyridine as an aoid neutral

izer to yield a solid suspended in a liquide 

The liquid part was removed by means of an oil vaouum pump. 

Two reorystallizations from hot benzene yield .25 gram of 2,6-di

methyl-3,5-diaoetomethyl pyridine, rn.p. 69°. 

Anal. Caloê. for V13H17N04: N, 5.58%. Found: N, 5.71%. 
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IV. S~Y 

(a) - Summary of experimental results. 

1. 2,4,6 trimetny1 pyridine; 4-propyl-2,6-dimetnyl 

pyridine; 4-p~enyl-2,6-dimetnyl pyridine were pre

pared in rair yield using the Hantzsch pyridine 

synthesis. 

2. These were confirmed by comparing results obtained 

with 1iterature data. 

3. The synthesis of the tOl1owing new compounds has been 

accomplished: 

(a) 4-anisyl-2,6-dimethyl pyridine, thus extending 

the Hantzsch pyridine synthesis. 

(b) 2,6-dimethyl-3,5-dichloromethyl pyridine by uSing 

a lithium hydride reduction followed by a chloride 

chlorinatlon of 2,6-dimethyl-3,5-dicarbethoxy pyri

dine. 

(c) 2,6-dimethyl-3,5-diacetomethyl pyridine, a compound 

formed by the acetylatlon of 2,6-dimethyl-3,5-di

hydroxymethyl pyridine, using acetic anhydride. 



-46-

(b) - General summary. 

1. - The Hantzsch pyridine synthesis was found to be one of 

the most successful condensation methods for the prepara

tion of pyridine compounds with the general structure: 

R' 

2. - Lithium aluminum hydride was found to be most effective 

in the reduction of carbethoxy groups, giving hydroxy

methyl compounds wlth ease from the carboxy esters used. 

3. - An account of the relative success of the procedures for 

synthesizing: 

(a) 2,4,6 trimethyl pyridine. 

(b) 4-phenyl-2,6-dimethyl pyridine. 

(c) 4-propyl-2,6-dimethyl pyridine. 

(d) 4-anisyl-2,6-dimethyl pyridine. 

(e) 2,6-dimethyl-3,5-dichloromethyl pyridlne. 

(f) 2,6-dimethyl-3,5-diacetomethyl pyridine. 

has been glven. 
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(c) - Contribution to knowledge. 

The synthesis of the following new organic compounds 

has been accomplished: 

1. 4-anisyl-2,6-dimethyl pyridine. 

2. 2,6-dimethyl-3,5-dihydroxymethyl pyridine. 

3. 2,6-dimethyl-3,5-dichlorometnyl pyrictine. 

4. 2,6-dimethyl-3,5-diacetomethyl pyridine. 
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