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GENERAL TNTRODUCTION

The objective of this thesis was to determine the
value of Haentzsch pyridine synthesis in its application to
the condensation of formaldehyde, acetaldehyde, n-butyralde-
hyde, and benzaldehyde with ethyl acetoacetate and ammonis
to obtain the corresponding pyridine derivatives, isurther,
this method was extended to the reaction of anlisic aldehyde
with ethyl acetocacetate and ammonia to produce the 4-anisyl-2,
6-dimethyl-pyridine.

The other problem in this investigation was to study
the use of 2,6-dimethyl-3,5~-dicarbethoxy pyridine, an inter-
medlate in the Hantzsch synthesis, as the starting mgterial
for further reactions. The carbethoxy groups of this com-
pound were subjected to the reduction with lithium aluminum
hydride to give hydroxy-methyl groups which could be trans-
formed into chloromethyl groups by chlorination with thionyl
chloride.



I, - HISTORICAL INTRODUCTION

(a) - A short description of the Hantzsch
pyridine synthesis.

The original Hantzsech pyridine synthesis (1) of 1882
was the result of theoretical and experimental study of Dr.
Arthur nantzsch (2) (1857-1935), a uerman chemist whose
additions to the field of organic chemistry were most ex-
tensive, ‘The actual mechanism was suggested by C.baeyer (3)
and confirmed by Knoevenagel (4).

This synthesis consisted of the éondensation of two
molecular proportions of ethyl acetoacetate or similar com-
pound with one of an aldehyde ammonia to form the dihydro
pyridine ring which could be dehydrogenated with dinitrogen
trioxide yielding eventually compounds of the general

structure:

Rl‘

(R* = H or alkyls, aryls)
(R = slkyls or aryls)
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(v) - Studies of previous aldehyde-ammonia
condensations.

Among the earliest pyridine syntheses by condensation
involving ammonia with aldehydes were those of Baeyer and
Bottinger independently. Bottinger (5), by heating aldehyde

ammonia, obtained aldehyde collidine.,

‘ \ CHgoCHg
3 (HgC-CHC) # NHy —>
N 1T

also by heating acrolein ammonia obtained =picoline.

H-CuaCHy
2 | % NHgy — N
CHO

I
L\N//CH5 I1T

Baeyer (6) concluded that comparatively large amounts
of picoline present in bone oil must have been caused by a
reaction of acrolein, from the pyrolysis of the glycerine in_
fats with ammonia from nitrogeneous material. Hence, by |
passing acrolein vapors into ammonia and evaporating the
solution.to dryness, then by heating the residue in quénti-
ties of 200~300 grams in a copper vessel, he obtained an
aequous distillate from which an 0il was recovered which

boiled around 152° and forped crystals of a platinate salt
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(06H8N013)2PT, which was identified as being similar to that
obtained previously from picoline isolated from bone oil.

Wurtz (7) also prepared aldehyde collidine from aldol
ammonia while Kramer (8) obtained some from ethylidine
dichloride and alecoholic ammonia.

This work was further extended to propionaldehyde
ammonia and iso-valeraldehyde ammonia by Ljubavin (9) who
called the products parvoline and valeritine, respectively.

Diirkopf (10) and Chichibabin (11), with co-workers,
gave the pyridine derivatives obtained by the aldehyde-am-
monia process much study and indicated that the condensations

can take several courses depending on the aldehyde and con-

ditions,
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(e¢) Mechanism of the synthesis.

The following mechanism was advanced by Hantzsch:

R A
1]
'H 0  H R H
A D >c(
CzHSOOC(I)-H\‘ ,H-(l:-cooc?,ﬁs ———> C3HF00CC C=CO0C gHg
1 . ' " ”
CHC=0" *0=C=CHz CHg,-lc ?-CH,?,
OH]  [OH!
RN &
LH\‘N';H-..
with |
H
R, H
. ot
> CH5000~C” 'C-CO0C2HS
CHz~C, C~CHgz
N
|
v

That is, the Keto form of the ethyl acetoacetate enolizes
and the 1:5 ~ diketone (alkalidene bisacetoacetic ester)
undergoes ring closure by the addition of ammonia with the
elimination of two moles of water,

If R is CHgz, 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,8 -amino crotonic ester
is not precluded, along with alkylidene (or arylidene) aceto

ester. Ior example:

H R
} = (] ' S sy
CoH500C-C<H!  [H-NHp H~C = {0 Hph-C-C00C2HS
| RS L
CHz~C = 'O_ l 0 = C~CH3p
CoH500C-C-H R~C~H
" I
HpN-C-CHz and C=C00C oHg
[
0 = C-CHg
Iv

Hence, he found the different methods of condensation 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 aldehydic ammonisa,



-

3. =~ Two moles of/e -amino crotonic ester and one mole of an
aldehyde.
4, = One mole of @ -amino crotonic ester with one mole of an
alkylidine or arylidine acetoacetic ester.
5. -~ One mole of acetoacetic ester with one mole of an alkyli-
dine or arylidine reacting with one mole of ammonia.

The tendency for an aldehyde to react with ammonia (or
a primary alkyl or aryl amine) to form an imine is well known,

taking place in the following way:

Lol TS

OH Os O:e
/ /. N
R-C-~Niy 2= R-=-C-T or  R:C:N:{H]
H H H H

This reaction usually occurs readily, hence Knoevenagel's
gsecond method of condensation was the one most often used.

It was also established that various aldehydes, Keto
esters, p -diketones and the like may be used in the synthesis;
nitules, amides, amines with appropiately spaced carbongl
groups and hydrogen atoms can also be used. The condensation
prodﬁct was a derivative of dihydropyridine at this point and

was only converted into a true pyridine derivative by dehydro-

genation,



(e) - Flow Sheet

The Hantzsch Pyridine Synthesis can be indicated in the

following manner:

CoHs00C = CHy /£ H - C = 0 # NHz # HpC - COOCpHg
[ \ —

CHBC =0 R 0 = C - CHg
R
R < /H |
~Cl NoOz _C N
C2Hs500C=C C-C00CgH5 ———> (gH500C-C C-C00CoHs
7" 7" ” ,
CHS'C\N _C=CHgz GH;3-C\N - C=CHg
[
H
v v
KO0CoH5
R R
heat
H \ H furnace KOOC~ \ =GO0K
————y
CHz\  CH3 CHz\  CHz
N N
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(£) - The originasl collidine synthesis.

The fellowing procedure was undertaken by Hantzsch in

the preparation of collidine by this method. (R = CHg).

l, - Paraldehyde was heated with a few drops of sulphuric
acid and distilled. The acetaldehyde formed was collected
in ether.

2, - Ammonia gas, dried over calcium oxide, was passed
through this liquid which was kept cold by salt and ice.
Acetaldehyde ammonia crystals were formed.

3. = These were washed with ether and dried over sulphuric
acid in a dessicator.

4, - Ethyl acetoacetate and aldehyde ammonia were mixed in
molar proportions 2:1, heated gently to lOO-llOoin an open
beaker,

5. = After cooling, thlis volume was measured and twice this
volume of 2N hydrochloric acid waes added slowly with vigor-
ous stirring. The solid dihydrocollidine ethyl dicarboxylate
was formed.

6. - The liquid was removed by decanting, the dihydro-
collidine ethyl dicarboxylate washed with distilled water,
dried in vacuo and twice recrystallized from ethanol, m.p. 151ﬁ
7. = The dihydrocollidine ethyl dicarboxylate was weighed.
Twice this weight of ethanol was added to it. Dinitrogen

trioxide gas was passed through this solution for one hour.
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8, - The ethyl collidine dicarboxylate was formed and poured
into a separatory funnel, ice added, neutralized with sodium
carbonate, ether added, followed by three washings with dis-
tilled water to complete the extraction, DPotassium carbonate
was added to the ether solution to take up the small amount
of water remaining.

9, =~ The ether was distilled off, the ethyl collidine di-
carboxylate remaining being obtained in pure form after two
vacuum distillations; B.p 175-178°/12 mm.

10, - BEthyl collidine dicarboxylate was refluxed from four to
six hours with a freshly prepared sodium ethoxide solution.
Potassium collidine dicarboxylate, which was sparingly soluble
in the alecohol crystallized.

11, - After washing with ethanol and drying, these crystals
were well mixed, by mortar, with twice their weight of soda
lime, dry distilled in a gas furnace and the distillate,
collidine, was collected in ether.

12, - The ether was removed by distillation after which the
remainder was also distilled (twice) to obtain an 8,1% yield
of pure collidine; B.p. 172-5°.
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(g) = Syntheses using the Hantzsch Method

Much work followed, using the Pyridine Synthesis by

Hantzsch and employing the various Knoevenagel combinations.

Condensations such as the following were studied:

ester or diketone with aldehyde with amine reference
2 moles of
ethyl acetoacetate H.CHO NHgz 21,22,23,24
n " H.CHO CHgz oNH2 15,16
™ " CHz.CHO NH3 1,4,13,14,
15,16,25
n " CHz.CHO  CHz.NHp 16,26
n " CgHs.CHO NH3 19
" " CH(CHz) 5+CHO NHz 19
" " CH(CHz) 5CHg +CHO NHz 19
" " CgHs.CHO NHz 4,18
" " CeHg.CHO CHz ,NH2 26
" " m,NO2.CgH4 «CHO NH3 20
" " P+ (CH3) oNCgHs » CHO NHgz 27
" n CeHs+CH.CHsCHO NH73 18
" " furfurel NHz 25
" " acrolein NHgz 19 TFails



ester or diketone with aldehyde with amine reference
2 moles of
benzoylacetate ester CHgz «CHO NHz 4
" " " CHz .CHO CH3.NHp
2 moles of
benzoyl acetone CeHs+CHO NHz 26
2 moles of
acetyl acetone CHz .CHO NHg 24
n " CHz.CHO CHz .NH2 24
" " CgHgeCHO NHz 29
1 mole of
ecetoacetic ester
with
1 mole of
acetaldehyde CHz.CHO NH3 17
desoxybenzoin CgHg+CHO NH3 22
acetylacetone CHz +CHO CHz .NHgo 26
" " CeHs.CHO NHg 4
" " CeHs.CHO CHz.NHg 26 Irails
benzoylacetone CeHg+.CHO NHz3 26




A comparatively recent work by Phillips (28) has shown
much success using complex aldehydes in conjunction with methyl,
ethyl and n-butyl esters, and many quaternary salts were pre-
pared.

A typical reaction was the use of cinchoninaldehyde with
acetoacetic ester and ammonia. The general structure of the

resulting dihydro pyridine compound being:

02H5000, |00002H5

- CHg CHg,

N ' R’/N\\X

VIII
(RX = CHz , CgH5 , CgHSCH Cl, CgHsCHg0SOoCgH5.Hp0, B CHpCOOCgHs) .
Yields from 60 to 100% were reported. Using m-substituted
benzaldehyde with various esters equally satisfactory results
were obtained. m-nitrobenzaldehyde (29), p-dimethyl amino (29),
p-diethyl aminobenzaldehyde (29) with a variety of alkyl aceto-
agetates were previously reported in good yield adding further

evidence to the practability of The Hantzsch pyridine synthesis.

(h) - 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, alkyl acetoacetates with

ammonia would condense successfully regardless of the complex

chemical nature of the reactants involved.
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(1) - Modifications of the Hantzsch pyridine synthesis

1. Michaels'! Modification (17): where one of the molecules of

ethyl acetoacetate was replaced by an additional molecule of

aldehyde.
? 2 R-? =0
CgH500C-C-H H
l H-NH»
CH3-C = O
R, _H
~ON 0C3H
HoC C CO
; 2| - 215
H-C C-CHz
" !
0 NHg
R_ _H
O 00UgH
H=C C-000C
_— 114 ” 2 5

H-C /,C-CHg

H

IX
(yield 25-30%)
Dehydrogenation of the mono-carboxylic ester by 4di-
nitrogen trioxide very readily gave 2,4-dimethylnicotine

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

ester with desoxybenzoin and ammonia.

06H5-C-H Hzc‘}-CsHs
"
CoHg00C=C 7‘ 0 = C-Cgls
J
CHz~C w O NHz

C5Hg00C-CH CeH5-C~H

n ,‘ "
_— CH3=C CeH5=C

NHg C6H5=C =-0

- -

> Iv (R = CgHs)
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3. This reaction was further extended by Knoevenagel and
Ruschhaupt (4) to # -diketones and their ammonia derivatives.
Thus, benzelacetoacetone condensed with acetylacetoamine to

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

C -C=H CgHs-C=
HzOC S y eHs C H

CHg~G C'I—COCHs
NHs C-0CH3

— -

CegHs H
\c/
— 7\
CHs0C~C CHCOCH3
”
CH3=C COCHgy

_— Iv
It was also found that & -amino crotonic ester and benzalbenzoyl-
acetone gave the corresponding dihydro pyridine in 40-50%

Yieldo

CoH500C~-C-H CgHs-C-H
" "
CH5-('3 # CH3CO-C ——> IV (R = CeHs)
/
NHz 06H50 = 0

Here, as in other condensations of henzalbenzoylacetonse, the
CgHpCO, rather than the CH3CO, is the reactive (the enolizable)
group, and hence the CgHs,.not the CH3, appears in the «-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 cyanocacetic ester
and ethyl o«-acetoacetate (R = CgHs) with ammonia to give'
an 85% yield of 2,6-dihydroxy-3-cyano=5-ethyl=-4-methyl

pyridine.
s

C=0 - HpC=CN

} # ]
R-?-H C=0

/
0 = C-0CgHs OCpHs

CHz
R ¢ O\ ON



5. The Knoevenagel iodification (31) :

Knoevenagel found that if the synthesis 1s carried out
without ammonia in a stepwise manner, the formation of a six
membered ring takes place. This, which is catalytically in-
duced by bases such as dimethylamine or piperidine, consists
of ring closure of the intermediate product. That is, it is
like the Hantzsch pyridine synthesis carried out stepwise.
The carbon segments are first joined under the influence of
the catalyst and the nitrogen atom is then put in place by

heating the dioxime rather than by condensing with ammonia.

H 0CgHs
I l
CoHg00C=C -~ C=H
n "
CH5-(‘} cl:-c 00C2H5
N ~~-ene-- C-CHz
Hg "
0



6. The von lieyer Modification (32) :

An unsaturated aminonitrile, /?pheny11;3-amino-acryls
nitrile, wes condensed with acetoacetic ester in the presence
of hydrochlorie acid, the product being a derivative of ¥ ~hy-

droxy pyridine.,

NC~C=H ) cznso-f =0
”
_C CHg
CgHs I \>
NHs CHz=C = O
0 OH
hid
NC| H NC, \ H
CeHs CH3 Co CH
N N
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7« When 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)

CgHsC = CHCN
}

NH2
NHz t  0C(CHz)p
CeHsC =~ CHCN

H\fgﬂs)z CHz
e———y NC l CN NC N\ CN
CgHs 'Cellg CegHs\ / CgHs
F N
H
XIIT XTIV

Other modifications have been noted in the literature
but the above suffice to show the adaptability of the

original synthesis.
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(3) - Lithium aluminum Hydride, Discovery and Use.

LiAlH4 was first prepared by rFinholt, Bond and Schlesinger
(34) by treating lithium hydride with an ether solution of
aluminum chloride.

+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 olefines,
vonsequently, the principal interest in it was its usefulness as
a powerful reducing agent of organic compounds.

1t was found to be unique in that - 1) it was easily pre-
pared on a large (or small) scale from commercially available
litnium hydride; 2) it was indefinitely stable at room tempera-
ture, provided it was kept in alir tight containers; 3} it was
ether soluble, 25-30 grams per 100 ml. of dietnyl ether at 250
over a long period of time; 4) as compared with other reducing
agents, excepting hydrogen, it had a favorable ratioc of reducing
capacity 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 avoid side reactions,
polimerizations, condensations or cleavage; 6) "hindered" com-
pounds not generally amenable to other processes were usually
reduced with it; 7) the reductions occurred at room temperature;
8) no unusual equipment was needed, the eXxperimental procedures
being substantially identical to those commonly employed in

Grignard synthesis.



-22-

(k) = Reductions with LiAlH, .

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,
cycloventanone, methyl oleate, ethyl benzoate, benzoyl chloride,
palymityl chloride, sorbyl chloride, are examples where yields
greater than 70% were found. sSome, such as palymityl chloride
and methyl laurate gave 99% and 94% yields. usters of imidazole
(36), pyrazole (36), pyrsole (37), furan (37), indole {37),
and other heterocyclic carboxylic acids were easily reduced.

A varlety of pyridine carboxylic acid esters have also
been reduced with LiAlH, with good to excellent ylelds of the
corresponding hydroxy methyl compounds being obtained.

For 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 Bg directly. Hence, ethers of 2-methyl-3-hydroxy-4,
5-pyridine dicarboxylic acid (39), and 2-methyl-3-amino-4,
5-pyridine dicarboxylic acid (39) were prepared which yielded
excellent hydroxymethyl compounds, both in purity and quantity,
when reduced by LiAlHg.
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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.

2e

3.

Se

6.

7.

Acids:

4 RCOOH # 3 LiAlHy — 2 LiAlOp # 4 Hp

# (RCH20)4 LiAl ——— RCH20H

Esters:

2 RCOOR' f LiAlHy ——> 3% (RCHO)4LiAl 4 £ (R'0),LiAl
— 2 RCHoOH # 2 R'OH

Aldehydes:

4 RCHO # LialHg —— (RCHp0)4LiaAl —— 4 RCH90H

Ketones:

4 RpCO 4 LialH4g —— (RgCHO)LiAl ——— 4 RpCHOH

Anhydrides:

(RCO)20 4 LiAlHg —— % LiAlOg # # (RCH0)4LiAl
—— 2 RCHgOH

Acid chlorides:

2 RCOC1 ¢ LiAlHy — % LiCl - 4 AlClz # % (RCHg0),Lial
———> 2 RCH20H

Amides:

2 RCONRp 4 LiAlH4 —> 2 RCHgNRz # LiAlOp

4 RCONR's 4 2 LiAlHg — L3iAI(OCHgR)4 # L1iAL(NR'p)4
~—— 4 RCHoOH ¢ 4 R'9NH

4 RCONHR' # 3 LiAlHg ——— LiA1(OCHgR)g4 # 2 LiAl(R'N)s

¥ 4 Hpo —_— 4 RCHoOH ¥ 4 R'NHp



8. Nitriles:
2 RCN # 1LiAlHg ~——> (RCHgN)gLiAl —— 2 RCHoNH
9. Aldimines:
4 RCHaNR # LiAlH4 —— (RCHpNR4)LiAl ——> 4 RCHoNHR
10, Heterocyclic carboxylic esters:
R?

HOHgC' \\ CHpOH

V 4 LiAlHY ——s # 2 CgHgOH

R\ ZR
N
v
1ll. Aromatic nitro compounds:
RNOg 4 LislH4 —> %2R -N=N-R=2Hy # LiAlOg
12, Aliphatic nitro compounds: |
2 RNOs ¢ 3 LiAlHy — 6 Hz o 2 LiAlOp £ (RN)gLiAl
— 2 RNH2
13. Quinolines were reduced to hydroquinones in excellent yields.
The equation for the reaction has not yet been established.
14, Alkyl halides:
4 RX 4 ©LiAlH4 ———> 4 RH 4 Lislx,
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ITI, - 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 acetoacetate and ammonia with an aldehyde

ylelded a dihydro pyridine compound.

02H5OOC-(I)-H2 . RCHO
CH3~C = O

The 2,6=-dimethyl-3,5-dicarbethoxy dihydro pyridine could
be dehydrogenated with dinitrogen trioxide:

v ¥ N203 — Vv

The 2,6-dimethyl-3,5-dicarbethoxy pyridine formed could
be transferred into a potassium salt of pyridine dicarboxylic

by the action of potassium ethoxide:
v # 2K0CgHy — VI

The 2,6~dimethyl-3,5~potassium dicerboxy pyridine con-
verted to the final product, 4-alkyl-2,6-dimethyl pyridine,

by heating:

Vi —_— VII
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Accordingly, acetaldehyde was condensed with ethyl aceto-
acetate and ammonia, giving 2,4,6,-trimethyl pyridine.
n-butyraldehyde was used with ethyl acetoacetate to yield
4~propyl-2,8-dimethyl pyridine and benzaldehyde with ammonia
and ethyl acetoacetate gave 4-phenyl-2,6-~dimethyl pyridine.
The results obtained were in agreement with literature.

Anisic aldehyde was used as the aldehydic reactant in
conjunction with ethyl acetoacetate and ammonia. It was be-

lieved the reaction took place in the following way:
(R = CgH50CHz(D))

C2H500C~CHz ¢  NHz |
CH3=C = O OHC=CgHg0CHz (p) —> IV

The dehydrogenation of the 4-anisyle2,6~dimethyl=3=5-
dicarbethoxy dihydro pyridine with dinitrogen trioxide should

have proceeded as shown:
Iv A v

The 4-anisyl-2,6-dimethyl-3,5~dicarbethoxy pyridine should
pe converted to the potassium salt of pyridine dicarboxylic

acid by the action of potassium ethoxide:

V 4 2KOCgHs —> VI
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Heating should yield the final product 4-anisyl-2,6-
dimethyl pyridine:

VI > VII
This reaction proceeded readily, giving a good yield of the
final product and a pictrate salt from it.

Formaldehyde was condensed with ethyl acetoacetate and
ammonia to obtained the known compound: 2,6-dimethyl-3,5-

dicarbethoxy dihydro pyridine. On dehydrogenation with d4i-

nitrogen trioxide, 2,6-dimethyl-3-5~-dicerbethoxy pyridine was

obtained. Where the reduection of an ester with LiAlH4 pro-

cedes according to the equation:

2RCOOR' # LiAlHy, — $(RCH20)4LiAl # 3(R'0)4LiAl
—> 2 RCH20H # 2R'0OH

it was believed that the reduction of the 2,6-dimethyl-3,
5-dicarbethoxy pyridine proceeded in the same manner,
(R = H) ‘ H
HOCHZ /N GHa0H
V 4 2LiAlH4 - CH3 N/ CH3

Xv



On treating the 2,6-dimethyl-3,5-dihydroxymethyl pyridine
with acetic enhydride 2,6-dimethyl-3,5-diacetomethyl pyridine
should form.

H
XV # (CHgC0)30 ———s  CH;COOCH, "\ CH5C00CHz

CHz\, /CHgp
N
Xvi

On treating the 2,6-dimethyl=3,5-dihydroxymethyl with
thionylchloride, 2,6-dimethyl-3,5-dichloromethyl pyridine

should be prepared.

H

ClCHs \ CH2C1

H,S0
pyridine 035' 4 CHz # BgS0g

XV £ S0Clp

XVII



(v) - Discussion of the Experimental Kiethods.

The dihydropyridine compound was the product formed by
condensing the aldehyde with ammonia and ethyl acetoacetate,

Using anisic aldehyde, even after repeated attempts, only
an oil was obtained which subsequently proved to be satisfactory
for the following reactions., With benzaldehyde, the dihydro
pyridine compound was obtained in solid form after standing for
two days; using n-butyraldehyde, three days were required, bdbut
with formaldehyde and acetaldehyde, the solid formed with ease.
In some of the attempts, the distillation of a small volume of
the liquid, later shown to be ethyl acetoacetate, aided con-
siderably in the formation of the dihydro pyridine compound.

Literature has called for the neutralization of excess
ammonia of this reaction by using twice the solution volume of
2 N hydrochloric acid., This was found to give smaller yields
than by other methods.,

HFor example, the volume of acid which just neutralized the
reaction 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 evidence when this acid was added to a cooled solution.
That is, the volume, concentration and temperature of the
neutralizing acid are definite factors in the ylelds obtained.

various Knoevenagel combinations of the original starting
materials were tried; the ones recorded in the experimental

part proving the most satisfactory.



-30=

Purification of crude dihydro pyridine esters was accom-
plished by washing with cold distilled water, followed by
crystallization from 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 m1,)

This purification or the dihydro pyridine compounds in
crystal rorm occurred easily and gave good yields in all cases.
behydrogenation with dinitrogen trioxide gas proceeded readily.
in all cases, gentle heating or the ethanol solutions or the
dihydro compound during the reaction nelped considerably.
woticeable color changes, usually from a dark to a lighter
color, together with a failure of the dihydro pyridine compound
to crystallige out of solution indicated the completeness of
the reaction.,

in general, the reaction occurred in the following way:

N203
Iv —_ V £ ©8H
(in ethanol)
NeO3 £ 2H —~ Hg0 # 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 before proceeding
with neutralization, as the reaction was exothermic. ‘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 pyridine
was washed three times with distilled 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 formaldehyde reaction
which required two erystallizations to give a solid product)
yielded the purified form of the dimethyl dlcarbethoxy 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 alcohol, as all
the salts so obtained were highly soluble in water.

4-~anisyl-2,6=-dimethyl~-3,5~dicarbethoxy pyridine reacted
extraordinarily readily with potassium ethoxide, while 4-propyl
-2 ,6=dimethyl-3,5~dicarbethoxy pyridine reacting with potassium
ethoxide, left much to be desired.

4-methyl=2-6-dimethyl=3,5-dicarbethoxy pyridine, 2,6-di-
methyl-3,5-dicarbethoxy pyridine, and 4-phenyl-2,6-dimethyl-3,
S5-dicarbethoxy pyridine reacted separately with the potassium
ethoxide to give sufficient yields to be considered satisfactory.
In general, this reaction could be indicated in the following

way:

v # 2HOCgHS VI # 2(C2Hs) 20
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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 2,6-dimethyl-3,5-potassium dicarboxy-
late and slaked lime was placed in a long (85 cm) heavy glsass
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-2,6-dimethyl
pyridine. In general, this reaction could be shown in the

following way:
VI — VII ¢ KoCO3 #  CaCOlg

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 reduction of the 3,5-dicarbethoxy-2,6-dimethyl
pyridine with lithium aluminum hydride, great care must be taken,
due to the sensitivity to moisture of the latter compound, which
is highly reactive with water occurring extremely rapidly and
completely.

LiAlHy 4  2H0 —— LiAlO0g #  4Hp
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Consequently, 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.

Calculations 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 sluminum hydride dissolved very slowly.
1+he 3,5-ethyl dicarboxy-2,6-dimethyl pyridine was easily
soluple in absolute ether. <+his solution (100 ml.) was added
dropwise to the solution of lithium aluminum hydride.

1his was extremely important for, although the reaction
takes place immediately, sutriicient heat was involved to cause
the ether vapors to be ejected through the condensor and drying
tube of caleium chlioride attached to it. Accordingly, the

slower the addition, the more the ether was retained.
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After an hour of standing, 20 ml, of water was added in
a similar manner for the same reason. After 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 desplte 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. ihis was repeated. xll filtrates were combined
and the residue discarded.

Distillation, under reduced pressure of the ether, methanol
and some water, was completed in the usual manner. +rhe residue
liquid was carefully distilled under reduced pressure arfter it
had peen dried ror one hour witn anhydrous potassium carbonate.

‘'he general reaction occurred in the following way:

v 4 LiAlHy ——— XV # 2CoHgOH
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 # (CHzCO0)20 ——> XVI
pyridine



The vacuum distillation of the liquid portion must be
done by o0il vacuum pump, with which a pressure of lmm (Hg)
was obtained. Recrystallization from hot benzene was found
to give the most satisfactory purity and yield, other solvents
being tried and rejected,

Chlorination by thionyl chloride of the dihydroxymethyl

compound yielded the final product according to:

XV ¢ S0Cly —> XVII ¢ 2HpS 0z

(e) Yields

Yields obtained were found to be satisfactory for all
reactions wifh 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 literature. |

4-anisyl-2,6-dimethyl pyridine was obtained in 60%
yield; 4-phenyl-2,6-dimethyl pyridine in 43% yield, and

2,8=-dimethyl-3,5~dichloromethyl pyridine in 59% yield.
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(d) = Conclusions.

1. The Hantzsch pyridine synthesis was found to be a success-
ful method for obtaining dicarboxylic esters of pyridine,

which can be used as starting material for further reactions.

2. Yields obtained were sufficiently great in all cases to

extend this procedure for other similar substances.

Se The lithium aluminum hydride reduction of dicarboxylic
esters to dihydroxymethyl derivetives was very satisfactory,

providing attention be paid to technique and amounts involved.

4. The Hantzsch pyridine synthesis was easily modified,
provided the dihydro compounds formed were dehydrogenated to

true pyridine compounds.
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ITI. - EXPERIMENTAL

(a) - The preparation of 2,4,6 trimethyl pyridine, by
the condensation of acetaldehyde ammonia with
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 erystals 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
100-110° 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.

Crystallization from 200 ml. of hot ethanol twice gave a
70% yield of dihydrocollidine-3,5-diethylcarboxylate, melting
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point 1315 15 grams was dissolved in 40 ml. of warm ethanol,
placed in a 125 ml, flask and dinitrogen 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 arsenocus 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 vacuﬁm, the remaining
liquid, collidine-3,5-diethyl carboxylate, was distilled at
reduced pressure in a 100 ml, Claisen flask. The resulting
liquid was redistilled. 11.8 grams were obtained at 76-78°
(27mm) ,

120 ml., of absolute ethyl alcohol was prepared by reflux-
ing 10 grams of calcium oxide with 150 ml. of ethanol for 6
hours and distilling. Refluxing with 30 grams of pure dary
potassium hydroxide for 3 hours followed. 11l.8 grams of the
ethyl collidine 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 waé mixed with 10.4 grams o: soda
lime in a mortar, placed in an 85 cm. long heavy glass_tube and
heated in a gas furnace for 1,5 hours. The distillate, which
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 174°, This was in agreement with
that observed by Hantzsch.

(b) - The preparaticn of 4-phenyl-2,6-dimethyl pyridine,

by the condensation of benzaldehyde-ammonia with
ethyl acetoacetate.

In this condensation, the same procedure was rollowed and
the same apparatus used. 10 grams or ovenzaldehyde ammonia were
prepared which were reacted with 25 grams of ethyl acetoacetate.
The resulting solid was twice prystallized from 200 ml., of hot
ethanol to yield 16 grams of 4-phenyl-2,6-dimethyl-3,5Qethyl
dicarboxy dihydro pyridine, melting point 141°,

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
funnel, 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



11.7 grams of 2,6-dimethyl-3,5-diethylcarboxy pyridine, boil-
ing point 157-160° 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 alcochol and dried in a desiccator over sul-
phuric acid, a yield of 5.9 grams of 4-phenyl-2,86-dimethyl-3,
S-potassium dicarboxy pyridine was obtained.

The salt, on mixing with 15 grams of slaked lime, was
heated in a gas furnace and the distillate collected-in ether,
After the removal of the latter, the remasining liquid was dis-
tilled at reduced pressure to yield 4.3 grams of 4-phenyl-2,
6-dimethyl-3 pyridine, bolling point 142° at 30mm. A picrate
salt formed had a melting point 226°, in close agreement with
the literature, \

(¢) = The preparation of 4-propyl-2,6-dimethyl pyridine

by the condensation of butyraldehyde-ammonia with
ethyl acetoacetate.

In this condensation, the same procedure was followed and
the same apparatus used. 15 grams of butyraldehyde ammonia
reacted with 45 grams of ethyl acetoacetate very slowly, taking
two days to obtain the ecrystals of the crude dihydro ester.
After two crystallizations from hot ethanol, a yield of 14.2
grams was obtained.

The dihydro ester melted at 120°. Dehydrogenation, by
dinitrogen trioxide, extraction with ether, washing with dis-
tilled water, drying with potassium carbonate and distillation

under reduced pressure, gave 9,35 grams of the 4-propyl=-2,
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6~dimethyl-3,5~dicarbethoxy pyridine, which had & very con-
sistant boiling point of 203° at 26mm.

After refluxing with 100 ml. of 25% solution of potass-
ium ethoxide for 6 hours, 4-propyl-2,6-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 only 2.3 grams as a yield.

Dry distillation in a gas furnace with 5 grams of slsked
lime for 6 hours yielded a liquid of heavy odor which, when
distilled, had a very definite boiling point of 196°, The
yield was 1.1 grams., A pictrate formed easily which had a
melting point of 1560. This result was in agreement with that
found by Jaeckle (41).

(d) - The preparation of 4-anisyl-2,6-dimethyl pyridine

by the condensation of anisic aldehyde-ammonia
with ethyl acetoacetate.

In this condensation, the same procedure was followed and
the same apparatus used as in (a). 20 grams of anisic aldehydew-
ammonia was prepared which reacted with 50 grams of ethyl aceto-
acetate to yield a light yellow liquid, 4-anisyl-2,6-dimethyl-3,
5-dicarbethoxy dihydro pyridine.

On dehydrogenation with dinitrogen trioxide, extraction
with ether, washing with water, drying with potassium carbonate
and distilling twice under reduced pressure, 28 grams of
4~anisic-2,6-dimethyl-3,5-dicarbethoxy, were obtained. The

boiling point was 127-128°,
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On refluxing with 120 ml, of 30% potassium ethoxlde
for 3 hours, 17 grams of 4-anisyl-2,6-dimethyl-3,5-potassium
dicarboxy pyridine was readily prepared in crystal form. after
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 a gas furnace with 35 grams of soda
lime for 7 hours.
The yield was 11 ml, of a distillate from which, on dis~
tilling under reduced pressure at 184° and 25mm gave 6 grams
of 4-anisyl-2,6-dimethyl pyridine. A pictrate salt formed
readily, melting point 149-151°,
Anal. Calcd. for Cq4H3gNO: N, 6.64%., Found: N, 6.69%.

(e) - The preparaticn of 2,6-dimethyl-3,
B-dIchloromethyl pyridine.

Dry ammonia gas was passed through 50 grams of ethyl aceto-
acetate for 1.5 hours. ''he A-amino crotonic ester which readily
formed was allowed to stand for 12 hours under refrigeration.
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 nml,
of 2 N hydrochloric acid was added with vigorous stirring.
After recrystallization twice from 600 ml, of hot ethanol,
30 grams of 2,6-dimethyl-3,5-ethyl dlcarboxy dihydro pyridine
was obtained, melting point 144-1450.

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

which was passed dinitrogen trioxide gas for 1.5 hours. LXtrac-
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tion with ether, washing with distilled water, drying with
potassium carbonate, and distillaticn under reduced pressure
to remove ether, gave a solid. The substance obtained was
twice recrystallized from 150 ml. of ether to yield 12.1
grams of 2,6-dimethyl-3,5-dicarbethoxy pyridine, m.p. 72°.

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 529° was found by means of |
a melting block. This was in close agreement with the litera-
ture (43).

6 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
(corbined) 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 was kept cold by dry ice. Constant stirring was employed
using a mercury sealed stirrer.

After an interval of one-half hour, 20 ml. of distilled

water was added in a similar manner over a one hour period.
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Nitrogen gas was bubbling through at all times. ‘the mixture -
was filtered, the filtrate retained, the residue returned to
the flask, 100 ml, of methanol added, heated to boiling and
filtered., <1he process was repeated.

The combined filtrates or extracts, after the removal of
ether, methanol and much of the water by distillation at re-
duced pressure, were dried with anhydrous potassium carbonate,
t'he remaining liquid was distilled at reduced pressure at
78°/25mm to yield 4 ml, of a liquid which, after treating
with hot methanol, yielded very fine crystals, These were
twice recrystallized from hot methanol and charcoal.,

A yield of 3,5 grams of 2,6-dimethyl-3,5-dihydroxymethyl
pyridine was obtained, m.p. 135°. 4 ml., of thionyl chloride
was distilled and added slowly to the 35 grams of the 2,6-di-
methyl-3,5-dihydroxymethyl pyridine. 2,6-dimethyl-3,5-di-
chloromethyl pyridine, m.p. 1650, was obtained after the re-
moval of liquid by o0il vacuum pump and recrystallization from
10 ml, of ethanol.

Anal. Caled. for CgHp1NCls: 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 reacted with 0.75 gram of
acetic anhydride and 0,25 gram of pyridine as an acid neutral-
izer to yield a so0lid suspended in a liquid.

The liquid part was removed by means of an oil vacuum pump.
Two recrystallizations from hot benzene yield .25 gram of 2,6-4i-

methyl-3,5-diacetomethyl pyridine, m.p. 69°,

Anal, Calcé@. for CygHypNOy: N, 5.58%. Found: N, 5.71%.
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SUMMARY

(a) - Summary of experimental results.

2,4,6 trimethyl pyridine; 4-propyl=2,6-dimethyl

pyridine; 4~phenyl-2,6-dimethyl pyridine were pre-

pered in rair yield using the Hantzsch pyridine

synthesis,

These were confirmed by comparing results obtained

with literature data.

The synthesis of the following new compounds has been

accomplished:

(a)

(b)

(e)

4-anisyl-2,6~dimethyl pyridine, thus extending

the Hantzsch pyridine synthesis.
2,6-dimethyl-3,5-dichloromethyl pyridine by using

a lithium hydride reduction followed by a chloride
chlorination of 2,6-dimethyl~3,5-dicarbethoxy pyri-
dine.

2,6=-dimethyl-3,5-diacetomethyl pyridine, a compound
formed by the acetylation of 2,6-dimethyl=3,5=-di=~

hydroxymethyl pyridine, using acetic anhydride.



(b) - General summary.

l, - 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'
5/ \\ H
RI R

N/

2 = Lithium aluminum hydride was found to be most effective
in the reduction of carbethoxy groups, giving hydroxy-
methyl compounds with 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.

(¢) 4-propyl-2,6-dimethyl pyridine.

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

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

has been given.
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(¢) - Contribution to knowledge.

The synthesis of the following new organic compounds

has been accomplished:

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

2, 2,6-dimethyl-3,5-dihydroxymethyl pyridine.
3. 2,6-dimethyl-3,5-dichloromethyl pyridine.
4, 2,6-dimethyl-3,5~diacetomethyl pyridine.
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