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A STUDY OF THE CONDENSATION OF THE
*w AND reAMINOPYRIDINES WITH
PYRUVIC ACID AND CERTAIN ALDEHYDES

!ﬁ ’%}f{g oM

The Mannich resction is, in substance, a condensa~
tion invelving formuldehyde condensing between a compound
containing st least one mctive hydrogen and ammonia or &
primary or secondary amine. This resction provides a
convenient method of lengthening the carbon chain by the
introduction of an amino methyl or substituted sminemethyl
group into the u&liﬁalnﬁ dlso, by choosing the appropri-
ate compounds, a eyclization can be initisted,

This reaction was first observed by Tollens (10)
who 1selated a tertiary amine from smmonium chloride,
formaldehyde snd acetophenone, Further work was carried
on by Petrenko-Kritschenko and co-workers (9), but they
failed to recognize the reaction as being one of a general

nature.

In 1917 Kannich (8) studied the reaction between
antipyrine salieylate, formuldehyde and ammonium chloride
which formed a tertiary amine on condensation, Nore
detalled studies, involving the use of other reasctants,
indlcated that the condensation was one of & general
nature and in most caeses the figal product could be
predicted,
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The ma Jority of the early work done on the Mannich
reaction centered around the syntheses of Mannich bases.
in 1940 Mezge and Higlisrdi (7) epplied this reaction to
the syntheses of derivatives of the bleyelie struetuve,
1,8-naphthyridine, The amine used in the simplest cases
was Z-aminopyridine and the compound containing the active
hydrogen was pyruvie acid. By using benzaldehyde, the
following derivative was obtained:
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An exploratory reaction of this type was performed
by Bush (1, pp.27-28) in 1988 using paraformaldehyde,
2-aminopyridine and pyruvic scid. The parsformsldehyde
depolymerized in the course of the reaction, liverating
free formaldehyde which rescted to form 1,8-naphthyridinee
dwcarboxylic seid,
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heeoording to Bush, one other possibility was also
present and that was the eyolization of the Mannieh base
to the tertiary pyridine niltrogen giving s B-pyrido
(1.2-a) pyrimidine~4-carboxylie aeid, The only difference
between these two compounds was that the latter had one
f hydrogen which would not be conclusively
evident in a combustion snalysis.

In order to establish the direction of eyelization,
it t&a necessary to determine the reactive tendencies in
this reaction of the number 3 carbon in the aminepyridine
molecule, Two eanalogous reactions were performed which
in each case, if eyelization occurred, a bieyelie
structure would be produced. The previously-mentioned
reaction (1, pp.R7-28) was run with some variation in
the method. A similar reasction, using d-aminopyridine
in lieu of the 2-amino derivative, was also run which
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ghould have formed 1,8enaphthyridine-4-carboxylie acid,
In this latter came, if oyelization oceourred as indicated,
the activity of the number 3 carbon would be sufficient
to permit the seme type of &yﬁli‘.nﬂm using f-aminoe
pyridine., The following equation demenstrates this

reactions

T -
HGT ° MCH | o0 i .
Kg‘ aé{ HeGwH + 2 HyleCuCoOH — s é Ld’

. 20H ? Cml

m\n B

As can be seen, the product would be the same
regardless of whether the ecyeclization went to the number
3 or 6 carbon.



EXPURIMENTAL PROCEDURE

An intimate mixture of 300 g of finely powdered
potassium bisulfate and 200 g of powdered tartariec acid
were placed in a 3-liter roundebottem flask which was
fitted with a distilling condenser, The flask wes placed
in a sand bath which was heated by a Fisher burner, In
about 15 minutes, an orange distillate came over which
was collected in an Erlenmeyer flask partially immersed
in an iee bath,

The intense heatling was continued until no more
distillate was produced, about 2 hours, The distillate
was then distilled under reduced pressure in & frectione

ating column. The pyruvic acid came over at 799 - 80°C
at 28 mm., The yleld was 51 g or 44% end gave a freezing
" peint of 13.60¢,

The reaction vessel consisted of a ﬁhm&anaaﬁiaé
flask which was fitted with a mechaniecal stirrer, éwriww
condenser with & CaClpy drying tube and, through the third
neck, a € mm glases tube which was drawn out to s capillery

at one end. The eaplllary extended to the bottom of the
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flask. To the flask was added 756 ¢c of magnesium«dried
aleohol, 4.7 g (0.05 mole) of Peaminopyridine and 8,8 g
(Oul mole) of freshly-distilled pyruvie seid. The con~
tents  of the {lesk, while being atirred, were heated to
reflux in sn oll bath at 950C, Six grsms of dried
peraformaldehyde were thenm placed in a 125 ce Erlenmeyer
flask and the flask comnected to the 6 mm glass tube.
The flask was heated gently with a small {lame to
depolymerize the paraformeldehyde and generate a constant ‘
flow of formaldehyde, ‘
After all of the formaldehyde had been released
the glass tube was removed from the reaction vessel and
replaced with a glass stopper. The mixture wes allowed
to reflux for 28 hours, By the end @t’th&ﬁ-#ﬁﬁiaﬁ a dark
red solution had been produced. Enough aleohol was then
distilled off in veouo 80 that the residue was slightly
viscous., The residue was poured into 500 ce of ecold

\

water which was stirred vigorously. 4 brown flocculent
precipitate was produced immediately. The precipitate
was filtered and dried in vecuo over Pplg. The dried ten
powder was dissolved im chloroform, filtered and preciple
tated with petroleum ether. This was filtersd and dried
in the same mamner. 4 35f yleld was obtsined and gave a
produet melting at 140°0¢C with decomposition starting at
130°C, The compound was soluble in most organic solvents



and HCl but was insoluble in ether, petroleum ether,
water and NeOH., Anelytiecal for CgHgOplp: moleculsr
welght = 174,15, Caleulated: €, 62.,1; B, 3.47; N, 16,09.
Pound: C, 6l.84; H, 5,243 N, 10.686,

In the original resction (1, pp.27+28), paraforme
aldehyde was Introduced directly into the resction flask
and the mixture refluxed for £ hours. This was repeated
in the current work; however, it was found that the yleld
smounted to 5% while the yleld reported by Bush was 30%.
It was not until the éaiaribma reaction was run that an
eppreciable yield was obtained. The compounds prepared
- by both methods gave epproximately the same elemental
analyses and melting points,

& carbon end hydrogen analysis was run on a sample
prepared by Bush, and the results obtained were C, 61,98
end H, 5,03 while those reported by Bush were C, 62,0
and H, 3.8, It was not possible to ascertain that the

sample on which the sbove analysis wes run wss the same
sample which Bush had reported.

8ince the 4-aminopyridine to be used in the prepa~
ration of 1,6-nephthyridine~d-carboxyliec scid wes not
commercially evailable, it had to be prepared by synthetic
means from '-picoline,.



In & B-liter three-necked flask, fitted with a
reflux condenser snd stirrer, were placed 2500 ce of
water, 60 g of repleoline (0.54 mole) and 90 g of KMnOg
(0.54 mole). The solution was refluxed until the purple
color had disappesred, spproximately 1 hour. Another 90 g
portion of EinO4 was added and the refluxing continued for
2~1/2 hours, The solution was cooled slightly end
filtered, The mangsnese dloxlide was washed with a liter
of hot water snd the combined filtrate and washings were
evaporated to 200 ce. The concentrste was then made
acidic to Congo Red paper with approximately 65 ecc of
concentrated HCl, and the precipitate was riltered and
washed with water, The yleld of the acid was 82,57,

The isonicotine amide was prepared by esterifying
the seid by refluxing together 20 g of lsoniecotinie seld,
40 g of absolute ethanol and 40 g of concentrated HpS04
for 4 hours, This was poured into three times its volume
of ice and NagCOy edded to neutralize the Hp80,. The
ester was then extracted with ether and the extract dried
with NepCOz overnight, This was filtered and the ethep
distilled, To the oily residue was sdded 5 co of 28%
Nf40Hs The two-phase system was shaken for 15 minutes
and allowed to stand overnight. By this time white
needles had formed which were filtered and reerystale
lized from aleohol end benzene, The yields of the ester



 and the smide were 86.5¢ and 63,3f respectively,

fﬁa amine was prepared from the amide by cooling
to 0°C in a sslt-ice bath a mixture of © g of bromine,
60 g of KOH in 400 cc of water, Then, with stirring,
7 g of finely-pulverized isonicotine amide was added to
the cold solution all at once, After the amide had
completely dissolved, the solution wae heated to 70°C
for 45 mimates and stirred, The solution was cooled to
room temperature, saturated with NaCl and continuocusly
extrected with ether for 4 days. The ether extract was
ad justed to & volume of 1 liter and dried with 6 g of
NaOH pellets. The ether was then distilled and the crude
‘amine recrystallized from benzene. A yleld of 40.4% and
& melting point of 188°C were obtained,

To 50 o¢ of megnesium-dried aleohol was added
4.5 g (0,06 mole) of freshly~distilled pyruvie aeld,
0,76 g (0,026 mole) of paraformaldehyde and 2.4 g
~ (0,026 mole) of 4-aminopyridine, The mixture was re-
fluxed for § hours in which time an orange solution was
formed, The excess aleochol waé distilled in vacue and
200 co of water added to the soluble viscous rluid, To
this 30 ec of 6N NaOH was added and the solution allowed
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h@'stamd for 2 days., Long colorless needles formed which,
when filtered and dried, gave a yleld of B.,4%. The crys-
tals melted at S26°C and were presumed to be sodium salt.
4 was soluble in most ovganie solvents and
HC1l but wes inscoluble in ether, petroleum ether, water
and NaOH, Analytical for Cglglplipliat molecular weight =
196,14, Caleulated: ©, 55,10; H, 2,57, Found: C, 55,593
H, 4.99,

Work on this compound was discontinued due to the
small yield obtained in relation to the extremely long
preparational period of the 4~aminopyridine.

To 76 ce of magnesium-dried ethanol was sdded
4.7 g (0.06 mole) of S-aminopyridine, 8.5 g (0,05 mole)
of benzaldehyde and 8.8 g (0,1 mole) of freshly-distilled

pyruviec acid, Thie mixture was refluxed for £2 hours,

At the end of this time & dark red solution resulted,
Kost of the ethanol was distilled in vacuo end the
viscous residue poured inte 500 e¢e of cold water which
was stirred vigorously. 4 tan flocculent precipitate was
formeds The precipltate was filtered, dried and re-
dissolved in dry ehloroform, filtered and reprecipitated
with petroleum ether and dried, The resulting compound
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gave & melting point of 1459C with decomposition starting
at 135°C. The compound was soluble in most organie
solvents but wes insoluble in ether, petroleum ether,
water, HeCll and only slightly soluble in HCl, Analyticsl
for Cighyglplip: molecular weight = 280,25, Calculated:
¢, 71,09; H, 4.08; ¥, 11,19, Pound: C, 71.69; H, 5,013
H, 3.95.

~RTE- X
B e Sem

CH O |
+ 2 HyO-CeH gomCe [ l
mgz /«%m” " HC. He J,

: ) CeCH
Ny” g ” 3

To & flagk iamersed in an iw bath was added 2.4 g
(0sd mole) of £-aminopyridine snd then, with constant
stirring, 50 ¢o of concentrated HCL wes added slowly.
The resulting solution was sllowed to stand for 10 mine
utea. After this period 8.8 g (0.2 mole) of acetaldshyde
was added and the solution allowed to stand again for
1/2 hour. The solution by this time had turned yellow,
The mixture was refluxed for § hours. After 15 minutes
of refluxing black particles began to settle, When the
period of refluxing was finished the mixture was cooled
and then poured inte 400 ¢cc of ecold water., This solution
was neutralized with 6N NaeOH and a black tarry mass
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precipitated ocut. The tar was filtered and dissolved in
ethanol, {iltered and precipitated in 400 ec of ecold
water, A floceulent rust precipitate was produced which
was filtered, The precipitate was again dissolved in
othanol, filtered and precipitated. A finely-divided
suspension oceurred which would not settle while Mnmimg
for as long es 7 days., Various methods were tried to
break the suspension, such as centrifuging, heating,
eooling and stirring, but none wes successful., Sodium
chloride was finally added and the suspension precipitated
immediately while stirring. The precipitate was filtered
and dried over PpOg in vacuo end then dissolved in dry
acetone and filtered to remove any residusl sslt, The
acetone was eveporated and a dark red glassy residue
remained which melted at 1209 with decomposition., The

d was soluble in most organiec solvents and HCL

but was insoluble in ether, petroleum ether, water and
HaOH., Analytiecal for Coligig: molecular weight s 144.17.
Caleulated: C, 74.97; H, 5.,89; N, 19,80, Found:

Gy 71,08 K, 7.46; N, 16,76,

In & leliter round-bottomed flask, fitted with a
thermometer and mechanlcal stirrer, were placed 130 ml of
& saturated aqueocus magnesium sulfate solution, 600 ml of
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petrolaum ether, 50 g (0.42 mole) ﬁf‘&ﬁb@lrzae&aﬁw and

- 20 g (0.13 mole) of sodium dihydrogen phosphate dihydrate,
The stirrer was started, the temperature brought to 150¢
by means of an lee-water bath, and 55 g (0,35 mole) of
powdered potassium permanganate wes added during the next
25« to B0-mimate perdiod. Stirring wes continued until

the oxidation was complete, The temperature was kept
near 1B5%9C throughout the process. The petrolsum ether
solution was decanted and the sludge stirred with three
S0~ce portions of petroleum ether, The combined petroleum
ether extracts were evaporated on & stesm bath under a
short fractionating colusmn, The residual oil was shaken
thoroughly with two lO-ml portions of s saturated aguee
ous calelum chloride solution, the ester layer was
separated and then distilled under reduced pressure,
Almogt the whole product dlstilled over et 620 - 630C at
20 mm. The yleld was 26 g or 517,

To 76 ce of magnesium-dried alcohol was added
5.8 g (0,05 mole) of benzaldehyde, 11.6 g (0.1 mole) of
cthylpyruvuta and 4.7 g (0,08 mole) of Peaminopyridine,

The mixture wes reflured for £ hours and then most of
the aleohol distilled in vacuo. A viscous dark red
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liquid remained which, when poured into 500 ce of cold
water end vigorously stirred, settled to the wwm as a
liquid. Attempts were made to extrect a solid from this
liquid but none was successful,

Steam distillation was attempted but the liquid
would not distill, When the mixture had cooled, the
liquid solidified to form a tarry mass. This was dis-
solved in aloohol, precipitated with water and then
filtered, A brown residue was obtalned, This was dried,
redissolved in chloreform, filtered and precipitated
with petroleum ether, When dried, the compound melted
at 1509C with decomposition, The compound was soluble
in most organic solvents but was insoluble in ether,
petroleum ether, water, NaOH and only slightly scluble
in HCl. Analytical for CyqH;4O0pN,: molecular weight =
278, Caloulated: C, 73,30; H, 5,08, PFound: ©, 69,813
H, B.84,

These results coinclde more closely with that of
the free acld than with the ester. Sinece the product
obtained the first attempted precipitation was an oil,
it might be concluded that this was an ester and, on the
sttempted steam distillation at 1009C, hydrolysis could
occur although the solution wes neutrel, This would
aceount for obtaining the sclid in the second precipi-
tation, giving the approzimate melting point and
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carbon-hiydrogen snalysis of the free acid,

At this point, portions of the ultraviclet abe
sorption spectrs were plotted to determine some similarity

between the compounds

made thus far, Plgure 1 gives the
absorption spectra of the proposed 1,3-naphthyridine-
4~carboxylic seld. Curves 1 and 4 were from samples
prepared by Bush, and curves 2 snd 3 were prepared by

the suthor. The curves, sspeclally 1, 2 end 3, show
mich similerity insofer as locations of the maxime are
concerned but differ greatly with respect to the amounts
of transmittence, These differences could be due to a
varistion in concentration; but since the same amount of
sample was used in each ocurve, the only soclution would be
that the compounds were impure thersby lowering the
concentration of the compound in question. This reasoning
becomes more evident when it is considered that all of
these compounds were isolated by "salting out",

Figure 2 shows the ocurve of the proposed S-phenyl-
1,8+-naphthyridine-d-carboxyliec acid, The curve in this
instance has a much less proncunced maximum but still has
somevhat the same general shape, especially when 1t 1s

compared with curve 4 of Figure 1, Various concentrations
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were used with this compound but the difference in transe
mittance did n#t inerease appreciably.

Pigure % iz the plet of the proposed Z-methyle
1,8«nsphthyridine, In this case 1t compares favorably
with Flgure 1.

Pigure 4 ls the curve obtained from the f-amino-
pyridine. Although this curve is much more irregular
than those previously plotted, there are maxima at 246 mp
and 282 wmp which coincide quite closely to the other
curves. It is therefore proposed that the f-aminopyridine
is present in tha compounds that have been prepared.

The pewéiaau of the infrared spectra shown are in
those regions where the most likely fumctional groups and
linksges of the compounds would appear, The peeks ob-
tained are listed in the following table as wave numbers:

g=Phenyle1,Ge
| Naphthyridine-
1,8-Naphthyridine~ ~Carboxylie
d-Carboxylic Aeld ~ Acid
1726 17886 2940
1770 1770 3200

It was belleved at the time these curves were obe

tained that a iaﬁandnv; anine was present in the eompounds

2-kot




1,8-NAPHTHYRIDINE-4-CARBOXYLIC ACID

1001 100 1
90F 90 r
Curve A Curve B

8or 80|
g o5 ° w7
S (] w70}
: Z

-
§ 60} E eof
) =
Z B
E . <
~ 250} x 250
l% 40f = a0}
') w
O

= @
o w
o a

301 30

20F 20

([0} ¢ 10

o N \ X R \ N , 0 . , N 2 -

3100 3200 3300 3400 3?00 3600 3700 3800 1650 1700 I750_' 1800 1850 o

cm- cm

Figure 5 WAVE NUMBER WAVE NUMBER



2-PHENYL-1,8-NAPHTHYRIDINE-4- CARBOXYLIC ACID

1001 oor
90 90 |
Curve A Curve B
80r 80 I
w 70F w 70
T O
2 Z
L L
| - %
£ 6o} o E e0f
= o o S
n oo n
f 2
« 250} =%
= = °
= b
2 5 o
& &
W w
o a
30 30
20r 20
10F 10
o s ] ' e 4 2 ' o iy Nl 1 —
3100 3200 3300 3400 3?00 3600 3700 3800 1650 (700 I750' 1800 1850
em” cm”

Figure 6 WAVE NUMBER WAVE NUMBER



PERCENT TRANSMITTANCE

Figure 7

2-METHYL-1,8-NAPHTHYRIDINE

100

L]

80

70

A

280

20

or

1 i

1 J

o 1 1 I 1
2700 2800 2900 3000 3100

A L -
3200 3300 3400 3
-1
cm
WAVE NUMBER

500 36

00 3700 3800 3

900 4000

a3



listed and that the only other functional gro
carboxyl end methyl groups. These would appear in the
following range of wave numbersi

Secondary

gated Acid | JHethyl
B049-5470 16809-17564 1661-1687 2710-3117

It is possible that & secondary amine is present
in the P-methyl derivative as well as a methyl group which
is indiceted by & fairly strong peak, In the other two

The feoregoing ultraviolet spectra of these come
pounds seem to indicste that they are of the same nucleus
and probably the same in structure. Another possible
means of substantlating this is through the use of
chromatographs,

Chromatographs were run using phenol saturated
with water and butancl-water-glacial acetie secid. Five
different preparations of the currently prepared samples
were used along with four semples prepared by Bush, In
the phenolic media sll nine samples gave Ry values of
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m&m of Cs8ly In all cases the ehroms togrophs wer
eveloped with ultraviolet light.

 that the separately prepered compounds

slight solubility or the physical charecteristicu of the
conpounds, such as thelr ability vo be

thet this wes an exception, the neutralisation
medduwn {12, pel29)«

The proposed 1,8-naphthyridine-l-corboxylic scdd
equivelent wos between 1007 and 1767. The proposed
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948, Phenolphthalein was first used but no definite end
point could be determined due to the orange color of the
solution. Hecresol purple was then usged and, though the
exact end poelnt could not bve ds%awmiatd, the purple color
produced geve an approximste end point. These results
furnished 1ittle help in determining the molecular weight;
however, they did indicete that these two compounds could

be titrated and therefore might possibly contain a
carboxyl group.

The utiligation of the t«rginmy nitrogen was
sttempted by preparing the hydrochlorides and pierstes
(3, p.264 and 12, p,181). In each cese a satisfasctory
produet could not be isolated.

Since the hydrogens in ell of the compounds pre~
pared are exceedingly high, a possibility exists that |
the primery smine of the sminopyridine may still contain
one of Lts hydrogens, .&ﬁttm@ta were made to prepare the
scetyl, benzoyl, benzene sulfonyl and p-toluene sulfonyl
derivatives (3, pp.2B7-2690 end 12, pp.l77-178) of this
possible secondary amine but in all cases no derivative
was [oramed,

Sinee carbonyl groups could be present in the
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resulting product, the preperstion of derivatives of these
functional groups were attempted with phenyl hydrazine

(3, p.246€ and 12, p,171) and £2,4-dinitrophenylhydrazine
(35 p«247 and 12, p.171), but again the desired product
was not obtalned,

Degradative Resgtions At

In the course of these reactions, & possible
1,8«di~ or 1,2,3,4~tetrahydro derivative could form, and
if this did occur the ring could be broken by exhaustive
methylation to give either pyridine or 2-aminopyridine
with & slde chain attached to the number 3 position on
the pyridine nueleus, Exhaustive methylations were
attempted, but in esch case a product was obtalned whieh
had degraded itself to an extent far beyond that expected
by this type resction and could not be identified,

: Dehydrogenation of the compounds was attempted,
first with nitrobenzene, then with zine end finally with
sulfuric acld, In all cases decomposition oceurred,
Other methods of dehydrogenation were not attempted as
these compounds decomposed very rapldly at the elevated
temperatures at which these methods would be performed.

The compounds were then oxidized in en agueous
potassium permengansate solution., The purpose of this
was to obtain the P-aminopyridine-3-carboxylic acid as
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described by Cchial (8). No compound of this type was
obtained from any of the prepared compounds, Only in the
case of the 2-phenyl derivative was an identifiable




DISCUSSION OF RESULTS

The original problem on which this thesis was
based, as indlcated on Page 2, became subordinate when
the proposed 1,8-naphthyridine derivatives consistently
falled to give the required snalyses.

It wes belleved at first thet a dihydro or tetra-
hydro derivative had formed, This assumption was based
on the proposed course of the reaction and on the analyses
obtalned., It wes thought that the condensation proceeded
aceording to the following steps:

H H EO«Cz0
B ex v W g g
-l |y l,
P

Hp

Reaction I is a conventional Mannieh type reaction,
Reactions II and IXII correspond quite closely to a
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Doebner«iililler type condensstion, but in the case of this
named reaction a dehydrogenating agent is always present
to reduce the newly~formed dihydro ring to sn aromstiec
structure. In the reactions using benszaldehyde and
paraformaldehyde, there were no known dehydrogenating
agents and no known hydrogenating agents to glve Reaction
IV, The only uncertainty, in relation to the purpose of
the resctants, is that two moles of pyruvic scid are used
in all cases where it is specified, When one mole is
used, the yleld is reduced to about one-seventh of that
reported. Whether this extra mole functions in some way
ag one of the previously-mentioned agents is not known,

dnalytical values for the three possible compounds,
based on theilr degree of saturation, are shown in the
fellowing table:

1,8«Nephthyridine-
&lﬁnw%axyliu heid

3.47  4.57  b.66
16,09 185,90 156.72

EwPhenylel Gm
!ﬁ@hﬁﬁyﬁi@iﬁﬁw
4=Cerboxylie Acid

2wliethylel,B«
ﬁaphﬁﬁxviéina

71.90 Ti.41 70.886
4,03 4.79 0.886
11,19 1l.11 i1.02
74,97 75.98 T2.93
6,59 6,89 8,16
19,50 18.17 18,90

The only large diserepaney is that exhibited by
the percentage of nitrogen. In the compounds snalyszed,

except for the f-methyl derivative, the nitrogen content

EHEo HEpOo HBO
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was far below any of those listed, Huch tlme was spent
on the ah¢v§ theory since the nitrogen percentages were
not determined until recently.

The £-methyl-l,S8~naphthyridine seems to be the
most rellable compound insofar as the desired results are
concerned, This is based on the experimental data and
on the actusl mechanism of the reaction. The original
Doebner-iiiller guinsldine synthesis (4) was based on the
condengation of aniline with acetaldehyde in the presence
of eanmenﬁmutaﬂ HCls In this resction the acetaldehyde

| formed crotonaldehyde which in turn condensed with
aniline, dehydrogenated and gave quinaldine.
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The only variation in this resction is that
Peaminopyridine was ﬁsaa in lieu of aniline., The ultra-
violet speetra indicates that the 2-aminopyridine is
pregent and the infrared spectrs tends to show that a
methyl group and a secondary amine are also present.
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This would indicate possibly a dihydro derivative since
the secondary auina‘aaald not be present unless the
number £ carbon was saturated. The analytical data
indicates # tetrahydro derivative; however, this ayulﬁ
be an error due te the purity of the compound, The one
conflicting result is thet a derivative could not be
obtained with the proposed secondary smine,

The other compounds prepared do not appear to be
of the l,8~naphthyridine structure. This 1is enigmatle
since both the 4-carboxyl and Pephenyl-4-carboxyl derivae
tives have been reportedly prepared and their analyses
checked with the theoretical veluss of the desired come
pound while the eurrently prepared samples give carbon
and hydrogen percentages close to the theoreticsl but
with low nitrogen results, The 3~yhmny1*$waar%amyx
derivative was prepared from abstracted directions (7)
since the jourmal eould not be obtained, There is, theres
fore, no actual proof on hand as to how the structure was
determined. The melting points of the latter prepared
compounds also coinecide with those reported in literature.

In order to have such & low nitrogen eontent, one
of two things could have happened., The nitrogen deter-
mination could be in ervor or & larpe molecule developed
sround the 2e-aminopyridine., The former is doubtful
since two different commercisl lsboratories duplicated
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the results using the same Bephenyl-d~carboxyl derivetive
and two different preparetions of th& d-carboxyl deriva~
tive. The latter reason is therefore the probable solu~
tion.

In both of these reactions, the most likely first
step is the formation of a Mannich base. It was thought
that the product of Reaction I was formed but there i1s no
reason why & double-iannich ﬁﬁﬁ@ could not result., This
could be substantisted by the absence of the secondary
amine in the infrared spectra and the derivative forma-
tion. Another support for this is the tremendous xémwsnuﬁ
in yield when excess formaldehyde and two moles of pyruvie
acld are used. This would give the following compound:

H
e Sex B p
| | R-G-C-deom
e R
H

The "R" can be derived from either formaldehyde
or benzaldehyde, This structure would be insdequate as
& finel product due to the prepared compounds' apparent
insolublility in alkall, extremely low nitrogen content
and fallure to give a ketone test,

In order to compensate for these inadequacies in
the reaction where benzaldehyde was used, a third mole



of benzeldehyde could condense between the two side
chains. ‘
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This compound gives a caloulauted snalysis of
Cp Tiu®; H, 4493 N, 5.3 which is comparable to that
found. The negative carbonyl test could be caused by
steric hindrance, but the alkali solubility still remeins
doubtful, The infrared spectra shows the possibility of
a nonconjugated sold end also a peak at 17700 which is
in the range of a carbonyl, 1600 ~ 18287, Another
posaible support for the acid group, as mentioned before,
is the neutralization equivelent, In the preparation of
the 2-phenyled-ethyl carboxylate, the supposedly free
acid was obtained as determined by the analysis and
melting point. It appesared as if the ester of the above
gompound was the product before the steam distillation
since 1t was a liguid and then after the attempted
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distillation the acid was cbtained from the hydrolysis
‘that could oscur at 1009C., This would indlcate that the
carboxyl group did not enter into the reaction and that
1t could still be present in the resulting compound.

The resction with formaldehyde presents a different
problem slnce many more possibilitles exlst, Again the

uneyelized compound shown above appears to be the most
logieal first step but from that point numerocus compounds
could form. For lnstance, formaldehyde could attach
itsell to the pyrldine nucleus to give a 3~ and/or 5-
(hydroxymethyl) pyridine derivative. This would permit
further condensation at these points. 4 lsctone ring
iz also possible but 4id not appear o be present in the
infrared spectra, Polymerization could occur sinece all
of the traditional groups are present but the same
degrees of polymerisation would have to result in each
different reaction since the melting peoints are reprow
dgaihln and also, in this particular case, the nitrogen
content would be much higher. An enhydride structurs is
alsc possible though not probsble as 1t would be alkalil
&a&u&lag The reaction with benzaldehyde could alse
result in one of the aforsmentioned possibilities but
the example described appears to be a more likely
structure, ‘

Ae a finsl means of determining the structures
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empherical formula of Cgljglpe

In conclusion it might be said that the two proe
posed acld derivatives appear to be definite and repro-
dueible compounds of a falrly complex nature and that
the 2~methyl e@w&wgiw is quite possibly f-methyl
(1,2,3,4~tetrahydro) «1,8-naphthyridine,

It 1s regretted that, due to lack of time, further
work on these compounds could not be undertaken.



BUMMARY

1, T7The resctlon of £-asminepyridine, paraformalde-
hyde and pyruvic acld was investigated whieh sbould have
regulted in a formation of l,8-naphthyridine~dé-carboxylic
scld, but the product was not identifled.

2., The resction of 4-amincpyridine, paraformalde~
hyde and pyruvie acld was investigeted which should have
resulted in a formation of 1,6-naphthyridine-é~scarboxylie
acld, but the product wes not identified, Work on this
compound was discontinued due to the small yleld obtained
in relation to the extremely long preparational pericd
of the 4-aminopyridine,

B« The preparation of the supposedly known
2wphenylel,8-naphthyridine~4-carboxylic aecld was attempted
in order to use the compound as a standard in ultre-
violet and infrared work, but the product was not identie
fied,

4+ The reactlon of f-aminopyridine and scetaldes
hyde in concentrated HCl wee investigated and a compound
obtained that might possibly be Pemethyl~(1,2,3,4«tetras
hydre)-l,8«-nephthyridine. This 1s & new methed of
preparation of & compound which had been listed in
literature as an uncertain compound,

6. Fortions of ultraviolet and infrared sbsorption
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spectra were determined on all but the 1,E-naphthyridine-
4~carboxylic acid,

| 6, Various resctions were performed on these com-

pounds such as oxidation, dehydrogenation, exhaustive

methylation and derivative formation with the intent of

characterizing the compounds, | ‘

7. Chromatographs were run on samples of 1,8«
naphthyridine-4-carboxylic acid which had been prepared
by Bush and the suthor.

8, HNeutralization equivalents wm determined on
the compounds containing carboxyl groups.
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