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CHAPTER 1 

INTRODUCTION 

the first successful clinical use of sulfanilamide in 

1935 led to the synthesis ©f structurally similar compounds., 

Among these was one of the first biologically active pyridine 

compounds, sulfapyridine, which showed high activity in some 

bacterial dxseases«^ 

Preliminary experiments with sulfapyridine by Feldman2>3 

showed some indications of modification and retardation of 

tuberculosis if given before and subsequent to inoculation 

with the disease. In later and more extensive tests, Heise^ 

and Flippin^separately demonstrated the relative weakness of 

sulfapyridine as an antitubercular medicinal. 

Is spite of the shortcomings of sulfapyridine interest 

in the possible medicinal properties of pyridine compounds 

i * *HJ^^ a r a i5* H a r r o w» textbook $£ Biochemistry. (Philadel-
phlaf X950)f p# 267# 

H. Feldman. Proc, Staff Keetliuc Mavo Clinic. 1L. 
1 7 4 - 1 7 6 (193.9)1 C. A., ^ y o T ^ < m T ~ * = ' 

,, S i ) f* Feldman and H. Corwin Hinshaw, 'Am« Eev. Tuberc.. 
7 3 2 - 7 5 0 (19*0); £* A . , J 4 , 5 9 3 % ( 1 9 4 0 ) . 

(4) Fred Heise and William Steenkent Jr«, Am« R@y, 
S a t e - t Mi aw-** (1940)5 £. M* i7i3? ( m i T T 

(5) Harrison f* Flippin, James S. Forrester and Thomas 
^ 2 X # M * 6 2 1-^ 2 3 ^940); c. 
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increased when, in 1940, Elvehjera found nicotinamide to be 

the curative factor in human pellagra# Chorine,? and later 

MeKenzie,^ found nicotinamide and various derivatives of it 

to show strong tuberculostatic activity, 

Friedman and Braitberg,^ in sun attempt to prepare physio-

logically active compounds, synthesized a series of 2~alkoxy~ 

5-(benzylideneamino)pyridlnes. Of this series they found the 

butoxy- and hexyloxy- derivatives to be the most effective 

against Mycobacterium tuberculosis. 

Sarly in 1951, Grunberg and Leiwant found the thioserai-

carbazones of nicotinaldehyde and its various isomers to show 

some antitubercular activity in vivo.^ In work paralleling 

that of Grunberg and Leiwant, Fox*^*^ found that methyl-4-

pryidylketone thiosemicarbazone, 2-aiainonicotinic acid and 

its methyl ester also exhibit tuberculostatic properties. 

The isolation of phthiocol (2-hydroxy-3-methyl-1,4-

naphthoquinone) from cultures of tubercle bacilli in 1945 

(6) C. A. Elveh.iem. Fhvsiol. Rev.. 20 . 249-271 (19401: 
£* l^l5 (1941I. — 

(7) Vital Chorine, Compt« rend., 220. 150-151 {1945) 
C. A., 6l69? {1945K — 

(&) S. Kushner and others, £. Org. Chem., 1^, $36 (194#)* 

(9) H. L. Friedman and Leo D» Braitberg, U.S., 2,472,292 
June 7, 1949; £. A-1 kl> ?972g (1949). 

(10) B. Grunberg and B. Leiwant. Proe. Soc. Exotl. Biol. 
E2&<> 2Z» 47-50 (1951); c. A., M r 724MT193TT. ' 

(11) H. Herbert Fox, J. Ore. Chem.. ££, 55* (1952). 

(12) H. Herbert Fox, £. g£g. Chem. 1Z, 543 (1952). 
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suggested the use of a vitarain-K factor by the bacillus. J 

Sjogren-^ tried to increase the affinity of sulfanilain ide to 

the tubercle bacillus by synthesizing a aeries of compounds 

which were substituted at the amide nitrogen with naphthalene 

derivatives similar to 1,4-naphthoquinone. He found these to 

be active in vitro* Buu-Hoi,^ at the same time, found that 

certain arylamino derivatives of 2,3-dichloro-l,4-naphtho-

quinone were capable of inhibiting the growth of the tubercle 

bacillus. 

In 1952, Hall1^ prepared a aeries of nitrogen derivatives 

of 1,4-naphthoquinone similar to tho&e of Sjogren and Suu*Hoi* 

This was followed by Platas*^ work on pyridine derivatives of 

naphthoquinone based on a reaction of pyridine with 2,3-di-

chloro-l ,4-naphthoquinone first elucidated by Ullman and • 

Ettisch1^ in 1921. These compounds were submitted to Parke-

Davis and Company for testing against the growth of the tuber-

cle bacillus, 

(13) Alfred Burger, £. Cheat, £d., |2, 536 (1945). 

(14) Bert:* 1 Sjogren, The Svedburg Mem. Vol, 547-557 
C1944)J C. 12, 14605 (1^5)• 

(15) Buu-Hoi. Bull, soc. chin., 11, 572-534 (1944); 
£• A,, 244S? ( l 5 W . ' — 

(16) Robert L. Hall, "Nitrogen Derivatives of Naphtho-
quinone ,n unpublished master*s thesis, Department of Chemis-
try, ftorth Texas State College, Deriton, Texas, 1952. 

(17) Oscar R. Platas, "Pyridine Derivatives of Naphtho-
quinone ," unpublished master's thesis, Department of Chemis-
try, Iiorth Texas State College, Denton, Texas, 1954. 

(IS) F. Oilman and M, Ettisch, Ber., 54« 259 (1921)• 



An attempt is made in the work described in this paper 

to extend the series started by Hall and Platas by means of 

a Knoevenagel condensation between 3-hydroxy-l^-naphtho-

quinone-^- {4-methylpyridiniua) anhydride and various aromatic 

aldehydes giving rise to a series of unsaturated substituents 

on the four position of the pyridine ring. 

These compounds are to be tested for tuberculostatic 

activity by Parke-Davis and Company• 



CHAPTER II 

SXHERXKESTAL 

3^yd«^f«l ,4-»aphtli0quiaoae*2- { j ^ r iditilm} tmhf&rM®* 

A 20Q«»ral, one~neckad flask» fitted with & reflux condenser, 

wm charged with 12.0 g* (0.139 raola) of Ĵ plccOitte and 10,0 g. 

(0,044 sola) of 2,3*̂ €hloro~lt4̂ &2&thequizio&e in 60 nil. of 

glacial acetic acid* The »»ltl»g solution m refluxad for 

45 aiautas and 300 ml. of water mm added, 

After the addition of the water, the solution mm coo led 

and filtered. A farwaissti^rimg# precipitate was obtained in 

3̂»3 per cent yield* Orange crystals vera obtained upon « • 

cryat alii cation fro® methyl celloaolve, melting at 301°~302° 

with decomposition. 

AbaI* Calculated for s» 5.25, Found: S, 5.35, 



3-Hydroxy-l,4-naphthoquinone~2-(4-phenylethylene pyridinium) 

Anhydride 

a)p-o 
A 200~ml. one-iieeked flask, fitted with a reflux con-

densers was charged with 2*65 g« (0,01 mole) of 3-hydroxy-

114-naphthoquinone-2-(4~®ethylpridiniura) anhydride and 1.20 g. 

(0,011 mole) of bensaldehyde in 150 ml. of methyl cello-

solve with a trace of piperidine catalyst* The resulting 

solution was refluxed for eight hours* The excess solvent 

was distilled, and the orange precipitate, which formed upon 

cooling, was filtered. 

Becrystallisation from dimethyl formaraide yielded bright 

red-orange needlesj m.p.> 320°; yield, per cent. 

Anal. Calculated for C23H15^°3; 3.96. Found: U, 4.00, 



3-Hydroxy-l, 4-naphthoquinone-2-[4- (p-iuethoxy} -phenylethylene-

pyridiniumj Anhydride. 

A 200-ml. one-necked flask, fitted with a reflux condenser, 

was charged with 2.65 g. (0.01 mole) of 3-hydroxy-l^-naphtho-

quinone-^-* (4-tnethylpyridinium) anhydride and 1*30 g. (0,011 

mole) of anisaldehyde in 150 ml, of methyl cellosolve with a 

trace of piperidine catalyst. The resulting solution was re~ 

fluxed for eight hours. The excess solvent was distilled, 

and the brownish-orange precipitate, which formed upon cool-

ing, was filtered, 

Recrystalliaation from dimethyl formaraide yielded a 

bright orange powder; ra.p, >320°; yield, 47.3 per cent* 

Anal, Calculated for Q21^17^°^'' N» 3.65. Founds I, 3,56. 
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3-Hydroxy-l,4-naphthoquinone~2~(4~furfurylidenepyridinium) 

Anhydride 

ch~ch-{3 

A 200-ral. one-necked flask, fitted with a reflux condenser, 

was charged with 2*65 g» (OiOl mole) of 2-hydroxy-l^-naphtho-

quinone^- (4-methylpyridiniuas) anhydride and 1.03 g* (0.011 

mole) of furfural in 150 ml. of methyl cellosolve with a trace 

of piperidino catalyst. The resulting solution was refluxed 

for eight hours. The excess solvent was distilled off, and a 

brownish-orange precipitate, which formed upon cooling, was 

filtered. 

Recrystalligation from dimethyl formaniide yielded a 

bright orange powder; m.p. >320°j yield, 54. & per cent. 

Anal. Calculated for C21H1^NC^: N„ 4.OS. Found: li. 4.07. 



3-Hydroxy-l,4-naphthoquinone-2-{4~thienylethylenepyridinium} 

Anhydride 

A 200-ml. one-necked flask, fitted with a reflux condenser, 

was charged with 2.65 g. Co*01 mole) of 3-hydroxy-l^-naphtho-

quinone-^- {4-methylpyridinitasi} anhydride and 1,23 g« (0,011 

mole) of thiophene aldehyde in 150 ml. of methyl cellosolve 

with a trace of piperidine catalyst. The resulting solution 

was refluxed for eight hours. The excess solvent was dis-

tilled, and a dark orange precipitate, which formed upon cool-

ing, was filtered. 

Recrystallisat ion from dimthyl formaraide yielded a bright 

orange powder; xa.p. > 320; yield, 75.4 per cent* 

Anal. Calculated for C H..H0 S: N, 3.99. Found: N, 3.93. 
<1 3 
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Attempted, preparation of 3-Hydroxy-l, 4-naphthoquinone«2-

[4- (p-diethylaraino} phenylethylenepyridinium J Anhydride 

A 200-ml. one-nocked flask, fitted with a reflux con-

denser, was charged with 2.65 6* (0,01 mole) of 3-hydroxy-

1,4-naphthoquinone-2~(4-raethypyridinium) anhydride and 

5#40 g* (0,03 mole) of p-diethylaninlbenzaldehyde in 125 ml. 

of methyl cellosolve with a trace of piperidine catalyst. 

The resulting solution was refluxed for eight hours. The ex-

cess solvent was distilled, and the dark purple precipitate, 

which formed upon cooling, was filtered, 

Hecry3talliaation from dimethyl fonaarnide yielded beau-

tiful roddish-purple plates; m.p. 259-260°; yield, 2.11 ,g. 

Asftl* Calculated for G27H24N2°3: N* 6.57- Founds M, 7*15* 

Attempted preparation of 3-Hydroxy-l,4-naphthoquinone-2-

j4-(p-dimethylaraino) phenylethylenepyridinium] Anhydride 

A 200-ml„ one-necked flask, fitted with a reflux condenser> 

was charged with 2.65 g. (0.01 mole) of 3-hydroxy-l,4-naphtho-

quinone-2-{4-methylpyridinium) anhydride and 4.60 g, (0.03 

mole) of p-dimethylaminobenzaldehyde in 125 ml, of methanol 

with a trace of piperddine catalyst. The resulting solution 

was refluxed for eight hours. The excess solvent was dis-

tilled, and the deep red precipitate, which formed upon cool-

ing was filtered. 
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Recrystallization from dimethyl foraarr-ide yielded fine 

reddish-purple needles; ra.p. 304° vrith decomposition; yield, 

3*?3 g* 

Anal. Calculated for C £ 5H^HgO : M, 7.07* Found: H, 7.69, 

Attempted preparation of 3-Hydroxy-l ,4-naphtho quinone-2-|4~ 

(2,3-dimethoxy)phenylethylenepyridiniua] Anhydride 

A 2Q0hsj1. one~necked flask, fitted with a influx condenser, 

was charged with 2*65 g* (0.01 mole) of 3-hydroxy-l,4-naphtho-

quinone-2-{4~mothylpyridinium) anhydride and 1.33 g* (0.011 

mole) of 2,3-diraethoxybenzaldahyde in 150 ml. of methyl cello-

solve with a trace of piperidine catalyst. The resulting solu-

tion was refluxed for eight hours. The excess solvent was 

distilled, and the reddish-orange precipitate, which formed 

upon cooling, was filtered. 

Recrystallization from dimethyl foraamide yielded bright 

red crystals; nup„ 296 vrith decomposition; yield, l.$5 g# 

Anal* Calculated for C H19®K) : N, 3.33. Found: S, 4,04. 

Attempted preparation of 3-Hydroxy-l,4-naphthoquinone- 2-[4-

(p-hydroxylphenylethylenespyridiniuraj Anhydride 

A 200-ial. one-necked flask, fitted with a reflux condenser, 

was charged with 5.30 g. (0.02 mole) of 3-hydroxy-l^-naphtho-

quinone^- (4-methylpyridinium) anhydride and 2.60 g« (0.022 

mole) of p-hydroxybenssaldehy de in 150 ml. of pyridine with a 
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trace of piperidine catalyst. The resulting solution was 

refluxed for eight hours.• The excess solvent was distilled, 

and the dark ©rang© precipitate, which formed upon cooling, 

was filtered. 

Recryatalli zation from methyl cellosolve yielded a 

bright orange powder; ®*p* 310° with decomposition; yield, 

1.75 g. 

„# Calculated for C23Hx5N°4: 3*79. Found: N, 4*63, 



CHAPTER III 

DISCUSSION 

The purpose of this work was to prepare a series of 

pyridine compounds substituted at the four position with an 

unsaturated group by means of a Knoevenagel condensation be-

tween various aldehydes and y^-picoline. .This pyridine deriva-

tive was then to be condensed with 2,3-dichloro-l^-naphtho-

quinone to give the 3-hydroxy~l,4-naphthoquinone-2-(4-sub-

3tituted pyridiiiiura) anhydrides. 

One of the earliest attempts to prepare pyridines of 

this type was recorded by Merck* in IflSti, He prepared fur-

furylidene-K-pyridine by heating equal quantities of furfural 

and o^-picoline with some ZnCl2 at 160°-170° for about six hours, 

Approximately a 10 per cent yield of the furfuryiideneW-

pryidine was obtained by this method. In 1930 Bailey and 

McSlvain^ prepared f^atilbasole in a similar manner. Rela-

tively low yields characterized this reaction as shown by Shaw 

and Wag3taff.3 Their yields, obtained by refluxing various 

substituted bensaldehydes with<~picoline in acetic anhydride 

(1) E, Merck, Ber., 21, 2?09 (163S). 

(2| C. F. Bailey and S. K. McElvain, J. Am. Chem. Soc.. 
|§, 1636 (1930). - ' 

(3) R. 0. Shaw and S. A. Wagstaff, J. Chera. Soc., 7?. 
(1933)• 

13 
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for tea hours at 135°, ranged from 1 per cent for the p-raethyl-

oC-stilbaaole to 65 per cent for the 2,4-dinitro-e6*stilbaaole,. 

Jf^Stilbazole was prepared in this laboratory by reflux-

ing i^picoline and an excess of benssaldehyde in acetic anhy-

dride for eighteen hours. The excess benzaldehyde, f^picoline, 

and acetic anhydride were distilled off and the residue was 

dissolved in hot concentrated HG1, from which the hydro-

chloride salt was crystallised. Neutralization of a water so-

lution of the salt precipitated the material as the free base 

and further purification was achieved by recrystallization 

from n-hexane. The V^stilba»ol8 thus obtained was condensed 

with 2,3-dichloro-l,4-naphthoquinone by the method of PlatasA 

to give bright orange crystals melting above 320°. Analysis 

showed the compound to be the desired 3-hydroxy-l^-naphtho-

quinones- {4-phenylethylenepyridinium) anhydride. Very poor 

yields were obtained for l̂ -stilbagsole and attempts to prepare 

other substituted stilbazoles by this method led to polymeric 

tars, minute yields, or possible aldol-type condensations of 

the aldehydes concerned. 

A search of the literature revealed that the methiodides 

of picoline and methylquinolines reacted more readily and under 

(4) Oscar R. Platas, "Pyridine Derivatives of Naphtho-
quinone ,* unpublished master's thesis, Department of Chemistry, 
forth Texas State College, Denton, Texas, 1954* 
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ailder reaction c o n d i t i o n s . 5 > 6 Koelsch,^ in 1944, and 

Phillips,' in 1947, described the preparation of a series of 

oC-stilbaaole methiodides by refluxing equimolar quantities 

of aldehyde and <*-plcoline methiodide in alcohol with a trace 

of piperidine catalyst. The yields in this series ranged 

from 70 to 100 per cent. This increase in activity suggested 

the use of a prridinium salt of l^picoline. 

Following this approach, then, ^picoline was condensed 

with 2,3-dichloro-l,4-naphthoquinone to give 3-hydroxy-l, 

4-naphthoquinone-2-{4-»ae thylpyridinium} anhydride, a light 

orange powder melting with decomposition at 301°-302°# 

Refluxing this in aetnanol, methyl cellosolve, or some 

other similar solvent with a slight molar excess of benzal-

dehyde and a trace of piperidine catalyst yielded, on analysis, 

the same bright orange crystals as obtained from r^stilbaaole 

and 2,3-dichloro-l,4~*iaphthoquinone• 

Parallel reactions were run between the 3-hydroxy-l,4-

naphthoquinone-^-{4-iaethylpyridiniura) anhydride and anisalde-

hyde, thiophene aldehyde, and furfural• The reaction proceded 

easily, the only difficulty being the recrystallization of the 

(l9l2j5) Adolf Kaufmann and Louis G. Vallette, Ber>. 1737 

1 2 7 ^ 7
W{i925) #

H* M i l l s a n d R i c h a r d RaP®r» i* Chem. Soc.. 

(7) C. F. Koelsch, J. Am. Chem, Soc», 66, 2126 (1944), 

(S) Arthur P. Phillips, J. Org. Chem., ja, 339 (1947)« 
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reaction products. Bright orange powders were obtained from 

dimethyl fonaataide in all eases except that of furfural, which 

exhibited a tendency to "mud out"* The yields ranged from 

47*H per cent for the p-methoxybenzaldehyde derivative to 

7 5 . 4 per cent for the thiophene aldehyde derivative, the 

average yield being around 62 per cent* This indicated a 

substantial increase in activity of the 4-methylpyridiniu» 

compound over the free 4~»ethylpyridlne. 

A surprising reactivity was noticed for the two dialkyl-

asdnobenzaldehydes used. The reaction seemed to proceed with 

great speed, yielding beautiful reddish-purple crystals for 

both of the aldehydes. This unusual increase in activity of 

the dialkylaainoben aaldehydes was also noted by Phillips^ in 

condensations with -picoline raethiodide. 

The deep reddish-purple platelets obtained from the re-

action with p-diethylaminoben saldehyde melted at 260°, but 

when analyzed for nitrogen by the micro Dumas method, the 

analysis proved to be high. The average per cent nitrogen, 

7.15 per cent, seemed to indicate the replacement of all three 

hydrogens on the methyl group by the aldehyde to give the 

structure shown on the following page. The theoretical per 

cent nitrogen for such an occurrence would be 7.03 per cent. 

An attempt to prepare the picrate of this material resulted in 

(9) Ibid.. p. 339. 
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aa ©rang# powder which was quite unstable toward heat and 

ordinary recrystabilization techniques. Analysis of the pic-

rat© gave 10.74 per cent nitrogen observed as against 12.27 

ON 

0 
per cent theoretical for a tri-picrate. All attempts to pre-

pare the hydrochloride salt of the compound failed due to the 

fact that it was even istore unstable than the picrate. 

The fine reddish-purple needles obtained with p-dimethyl-

arainobenasaldehyde aelted at 304° with decomposition, and anal-

ysis for nitrogen gave 7.69 per cent observed as against 7.36 

per cent theoretical for the tri-addition product. Mo attempt 

was made to prepare a picrate or hydrochloride of this com-

pound. 

Bright red crystals were obtained upon refluxing equl-

aolar quantities of 3-hydroxy-1,4-napthoquinone-2-(4-raethyl-

pyridiniuai) anhydride and 2,3~dimethoxybenzaldehyde in methyl 

cellosolve with a trace of piperidine catalyst. These crystals 

melted with decomposition at 296°, and when analyzed, the per 

cent nitrogen was found to be inexplicably high* The average 

percentage observed was 4.04 per cent against 3.39 per cent 

theoretical for the compound postulated. 
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Anomalous results were also obtained when p-hydroxybenz~ 

aldehyde was used, the p-hydroxy- derivative was a light 

orange powder malting at 310° with decomposition. Analysis 

showed 4.63 per cent nitrogen observed as against 3.79 per 

cent expected. 

Attempts to condense 3-ethoxy-4~hydroxyben*aldehyde, 

cinnamaldehyde, and n~heptaldehyde proved to be of no avail* 

In the case of the 3-ethoxy-4-hydroxybenssaldehyde, the start-

ing material was recovered. In the latter two cases polymeric 

tars were all that could be isolated. 
b 

The reactiont then, seems to be limited to the various 

aromatic aldehydes, at least as far as high yields are con-

cerned. A mechanism for the condensation, postulated by 

Mills and Raper,^0 is shown below. 

W» N . + CgHN-HI 

^ 1 \fikH0 

I + C.HN 

^ JO£« C^CHR' 

{10} Mills and Haper, cit., p. 2467. 



19 

This mechanism way be applied to the normal condensation 

of 3 -hydroxy-1 , 4—naphtho quinone-2- (4-®e thylpyridinium} ail-

hydride with the aldehydes but It does not seem to allow for 

the possible substitution of three groups on the methyl group. 

The conventional mechanism, such as that proposed by 

Shaw and Wagstaffwould allow for the substitution of 

three groups on the methyl group if the substitution of the 

second and third groups took place before the splitting out 

of water* This mechanism is illustrated below. 

% 

II + HfO 

All melting points are uncorrected and all analyses were 

by the micro Dumas method of nitrogen analysis. 

(11) Shaw and Wagstaff, op. cit., p. 77. 
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