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1. 

PART I 

Pyrido [1,2-c] pyrimidines 

ABSTRACT 

Four 1,3-disubstitutedoctahydropyrido [1,2'-c] pyrimidines were 

synthesized. 2-Phenacylpyridine, prepared from 2-picolyllithium 

and methyl benzoate, was converted to 2-phenacylpyridine oxime which 

in turn was reduced to 2-(2-amino-·2-phenylethyl)piperidine with plat-· 

inum dioxide and hydrogen. Condensation of this diamine with diethyl 

carbonate was effected in a sealed.tube at 200° to give 3-phenylocta­

hydropyrido [1,2-c] -1-pyrimidone. Carbon disulfide also condensed 

with 2-(2-amino-2-phenylethyl)piperidine to produce hydrogen sulfide 

and a thiourea, 3-phenyloctahydropyrido [1,2-c] -1-thiopyrimidone. 

This easily formed an S-methyl homologue, l-thiomethoxy-3-phenyl- A f -

hexahydropyrido [1,2-c] pyrimidine, when warmed with methyl iodide. 

Condensation of benzaldehyde with the diamine was also effected pro­

ducing 1 13-di'phenyloc tahydropyrido [ 1, 2-c] pyrimidine. 

Attempts to prepare 3H-l,3-disubstitutedpyrido [1,2-~ pyrimidines 

were unsuccessful. 2-Phenacylpyridine oxime was reduced with zinc 

dust in ethanolic acetic acid to 2-(2-amino-2-phenylethyl)pyridine 

which was converted both to its acetamide and the corresponding 

benzamide. Attempted cyclodehydration of the acetamide with P0Cl~ 

or P20s produced 2-stilbazole rather than the expected 3H-l-methyl-

3-phenylpyrido [1,2-cJ pyrimidine. 
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2. 

Under the same conditions the benzamide was quantitatively re­

covered. Carbon disulfide and 2-(2-amino-2-phenylethyl)pyridine 

yielded 1,3-bis- Q..-phenyl-2-(2rpyridyl)ethyiJ -2-thiourea rather 

than the hoped for 3H-1-mercapto-3-phenylpyrido[1,2-cJ pyrimidine. 

Infrared spectra were run and the band wavelengths tabulated. 
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3. 

INTRODUCTION 

The saturated and unsatU:rated pyrido [1, 2-s] pyrimidine nuclei 

(I and II) have been synthesized and studied only recently. Work 

in this area has been prompted by the possibility of finding com­

pounds having therapeutic properties. 

Octahydropyrido [1,2~~ pyrimidine. lH-Pyrido [i,2-c] pyrimidine. 

It seemed interesting, therefore, to synthesize various saturated 

and unsaturated representatives of this class of compounds via un­

tried reaction sequences. 

The name pyrido [1,2-c] pyrimidine derives from the fact that 

structure II may be viewed as resulting from the fusion of a pyridine 

nucleus (III) at the atoms numbered 1 and 2 to the bond lettered.£ 

on a pyrimidine nucleus (IV). 

III IV 
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4. 

There are five isomeric pyrido [i,2-s}_ pyrimidines (II,IIa,b,c,d) 

possible depending upon the positions of the double bonds. 

(() co 
II a . II b 

3H-Pyrido [1,2~c] pyrimidine 9H=Pyrido LI, 2•mc] pyrimidine 

0) 
II C II d 

7H-Pyrido [1,2~cJ pyrimidine 8H-Pyrido [1,2-c] pyrimidine 

Although the unsubstituted octahydropyrido [i,2-c] pyrimidine 

nucleus (I) has been synthesized none of the unsubstituted, unsat­

urated isomers have been made. 

In 1957 Hunger and Hoffman (2) reported the synthesis of lH-

1, 3,4-trisubstitutedpyrido [1, 2-·c] pyrimidines uti.lizing oJ... -phenyl-

2-pyridineacetamide as a starting material. Treatmentofo<.-phenyl-

2-pyridineacetamide with sodium in absolute ethanol followed by the 

·addition of.diethyl carbQN:1te gave, upon acid hydrolysis, lH-4- phenyl­

pyrido [1,2-c] pyrimidine~l,3(2H)dione (V). Phosphorous oxychloride 

and V produce.d the 3-chloro analogue (VI) . 
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s. 

The imino chloride, VI, may be viewed as arising by reaction of the 

3-imidol tautomer (VII) of the dione, V. 1.H-3-Chloro-4-phenylpyrido­

[i.,2-c] -1-pyrimido~e (VI) was reacted with nucleophiles such as piperi­

dine, dimethylamine, thiourea, sodium methoxide, and sodium ethoxide 

to give displacement of a chloride ion and introduction of a new group 

in the 3-position. Treatment of the sodium salt of lH-4-phenylpyrido­

[1,2-c] pyrimidine~l,3(2H)-dione with dimethyl sulfate or N,N-di­

alkylaminoethylchlorides gives substitution on the nitrogen in the 

2-position. In addition, 1H-4"'phenylpyrido [1, 2-~ pyrimidine:--1·· 

thion-3(2H)-one was obtained by treating an ethanolic solution .of 

sodio d..-phenyl-2-pyridineacetamide with thiophosgene. These reac­

tions are sunnnarized in Scheme I. 
;zf 

N 

lf'\I~ 
E:tOH 

/6 ,Rf' 

0 

< ) < ) 
e "' H:z.. H1 NH 

e 
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R. 'R. =. - (c.. H~) 5-

R. =- c ri3 

SCHEME I (2) 

ltf 

I 

! f'V a ~"' ,/ '- "'· n . 
0 

R=-C.H3 

6. 

: 1""\ e,._C.. H,._c. H 2 

= E"t2 c.. 1-1,..C. H.l.. 
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In 1956 Winterfeld and Gobel (3) published a synthesis 

of octahydropyrido [1,2-c] pyrimidine-1,3-dione (V) and its 

N-methyl homologue (VI) ... The addition of methyl 2-piperidyl­

acetate to an ether solution of sodio urethane produced the 

expected product. See Scheme II. 

RN H CO2-Et-

~C.02.C.H3 

~~·H 
N N-R y 

0 

V R=H 
• ' 
VI R = c. H3 , 

SCHEME II (3) 

Three years later Winterfeld and Gobel (1) prepared 

octahydropyrido [1, 2-c] pyrimidine (I) itself as well as various 

1- and 3-substituted derivatives. I Was synthesized by treat·~ 

ing ethyl 2-piperidylacetate with potassium cya·nate in aqueous 

acid .foliowed by reduction of the resulting octahydropyrido 

IJ,2-c] pyrimidine-1,3-dione with lithium aluminum hydride. An 

alternate route· to I employed reduction of 2-piperidyl.acetamide 

with lithium aluminum hydride and condensation of the resulting 

2-( (:3 -aminoethyl)piperidine with formaldehyde. 
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8 .• 

The condensation was also carried out with substituted benzaldehydes 

to· give 1-phenyloct_ahydropyrido [1, 2-c] pyrimidines. Potassium 

thiocyanate was found to react with ethyl 2-piperidylacetate in acid 

to produce octahydropyrido [1,2-c.J. pyrimidine -l-thion-3-one. See 

Scheme III. 

l 

0'3.E.t CGO'l.E.t c~~0 

c..t - E:t-OH I. _I 
-t<. H ..... o ..... c.. ...... N-> N H :z. • > . /\/ H 

I I 

K,SCN 

0 

1 

R= H 
:: OH 

> C0
-:::,0 

H 

' \ s 
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DISCUSSION 

Synthesis Of 1,3-Disubstitutedoctahydropyrido [1,2-c;] pyrimidines. 

The sequence of reactions used in the synthesis of the 1,3-

disubstitutedoctahydropyrido [1,2-c] pyrimidines is as foltows: 

0 + <;;fLi 
c.H .3 

3 

1 

VIII 

;tfc.HO 
Ceo Hs 

?5 

E. t,..o 

> 

) 

H 

X 

(!;.--t:0)
2
c.o 

:)..00° 
6 se..~\,c:l -t. ube_ 

S-0 h '("". 

f 
N NH 

f 
-HI 

Ny;'H N'f:N 'r( 
. c.H3 

j;5 0 

XIV X \ \ I XI I 

SCHEME -IV 
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10. 

Reaction 1 is the same as that used by Goldberg, Barkley and 

Levine (4,5) for the preparation of 2-phenacylpyridine (VIII). 

Addition of methyl benzoate to an excess of picolyllithium in ether 

under dry nitrogen gave a 72% yield of VIII after fractionation. 

The yields reported by Goldberg, Barkley and Levine range from 81.8% 

to 85.5%. They were not able to isolate any carbinol in this acyla­

tion using methyl benzoate, but using methyl acetate, methyl pro­

pioniate, methyl isobutyrate, and methyl isovalerate amounts of 

carbinol were found in yields of 28.1%, 21.9%,.15.8%, and 8.5% 

respectively. They concluded that the steric requirements of the 

ketones are probably such that the extent of carbonyl attack by 

2-·picolylli thium ( to give the carbinol) decreases due to an in­

crease in size of the acyl portion of the ester. 

2-Phenacylpyridine oxime (IX) was formed easily (Reaction 2) 

by heating the ketone (VIII) in refluxing 95% ethanol with hydroxyl­

amine hydrochloride and a slight excess of sodium hydroxide. The 

oxime (IX) crystallizes from the reaction mixture in a good state 

of purity. The oximino group and the pyridine ring were reduced 

simultaneously (Step 3) with platinum dioxide under 3 to·4 atm. of 

hydrogen using glacial acetic acid as a solvent. The reduction 

was usually complete in a few hours to give a 75% yield of 2-(2-

amino-2-phenylethyl)piperidine.(X). Diamine X and an excess of 

carbon disulfide were then heated in refluxing 95% ethanol accompanied 

by the evolution of hydrogen sulfide to give, upon cooling, 3-phenyl-
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ll, 

As is the case with most thioureas, compound XI easily underwent 

8-methylation when stirred with methyl iodide. The resulting 1-

• thiomethoxy-3-phenyl- A 1 -hexahydropyrido [ 1, 2-c] pyrimidine hydro­

iodide (XII) (85%) undoubtedly arises from the reaction of the ene­

thiol form of compound XI with the methyl iodide. This may be 

showri as follows: 

$21 rf cH 3 ::C fl5 
s > • HJ: 

N .NH ~y"' Ny1'4 y 
s .SH sc.H3 .. 

XI XI II 

Step 6 took place only under fairly strenuous conditions. Ex­

p.loratory research in this laboratory by H. V. Hansen revealed that 

no reaction took place when 2-(2-amino-2-phenylethyl)piperidine (X) 

and an excess of diethyl carbonate were heated overnight in reflux­

ing 95% ethanol, The conversion of X to 3-phenyloctahydropyrido-

[ 1, 2-c] -1-pyrimidone (XIII) in 39% yield (66% before recrystalli­

zation) was ·~fected by heating X _with an excess of diethyl carbonate 

in a sealed tube at 200° for 50 hours. XIII Generally precipitated 

from the excess diethyl carbonate after cooling the unopen6d tube 

in a refigerator overnight. 
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Although it was not attempted, the use of phosgene in an ether­

pyridine solution would provide an easier route to 3-phenylocta­

hydropyrido[l,2-c] -1-pyrimidone (XIII). 

12. 

Attempted Synthesis of 3H-l,3-Disubstitutedpyrido [1,2-c] pyrimidines. 

Jibe folJowing sequence of reactions was attempted with the 

hope of obtaining a useful route to 3H-1,3•disubstitutedpyrido­

. {!.,2-cJ pyrimidines. 

I )( 

xv 

. p!c.oa 

xv c, ,..,, 
4-

Zn, C H1CO-a. H ) 
95¾ e-t:OH 

1 

"'M er 
~o P'&.Oo 
l rt., 

XV\ 

__ 3_'-.....,. oc:H-c:H-~ 

XV l 11 

pi Pa.O~ or- 'P0c.Q, , 
k NH 

,, 
) n 

f 15 
~0 

j,J 

)( I )( xx 
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ll. 

¢ 
-Cl 2-Ha.S ) > 

NH H 
+- c< , ... s 
-S 

X XI XXII 

U }Pf 
' c.. H2 C. H NH C.5 

'2.. XX 111 
SCHEME V 

Steps 3a, 5, and 6a proved to be unsuccessful for the preparation 

of pyrido [1,2-c] pyrimidines. 

The conditions for step 1 were identical to those used for 

the reduction of 2-pyridineaarboxaldehyde oxime to 2-aminomethyl­

pyridine (6). 2-Phenacylpyridine oxime (IX) was treated with zinc 

dust in a solution of 95% ethanol and glacial acetic acid and a 64% 

yield of 2-(2-amino-2-phenylethyl)pyridine (XV) was obtained. 

Acetylation of XV was carried out by heating it with an excess of 

acetic anhydride (step 2) while benzoylation was effected with be_nzoyl 

chlorid~ .in .. a benzene.;.pyridine solution. The yields of the resulting . 

acetamide (XVI) and benzamide (XIX) were 65% and 67% respectively .. 

The reaction between amides and amines in the presence of 

phosphorous pent~xide or phosphorous oxychloride to form amidines 

is well known (7). Richardson and Amstutz (8) have used these 

reagents to form 2-substituted-5,6-dihydroimidazo [ij] quinolines 

from various 8-amido-i,2,3,4-tetrahydroquinolines. 
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Two examples are as follows: 

w 
I H 

HN-C.= 0 

)6 

N 
H 

HN-C. :o 

> 

N 

N-

14. 

A recently pµblished synthesis of 1-substitutedimidazo [1, 5-a_J -

pyridines (9) involves the cyclodehydration of 2-amidomethylpyridines 

using POCl3. An example of this reaction is as follows: 
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15. 

It was hoped that.· the 2-( 2-amido-2-t)\lenylethyl) pyridines (XVI 

and XIX) would similarly cyclize (steps 3a and 5) in the presence 

of POCl3 or P 2 05 to give 3H-l-substituted-3-phenylpyrido [1,2-c] -

pyrimidines (XVII and XX). On the basis of previous publications 

(7,8) the course of the reaction would be expected to proceed as 

follows: 

NH 
{o 
R 

XVI·, R-=C.H.a 
x,x·, R-=-C~Hs-

oa
f 

I . 
'f 

"' tJ: -~N . ~f rt~ J; ¢ €, ¢ 
11 . 
1'.l /,,N u..-+I 

·R R 

N ~"' y 
R 

X V I I ·, R =- c. H .3 

X'X • R-=- C.r.Hs 
'SCHEME VI 
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Amides are believed to react with POCl3 via the imidol tautomer 

to give an imino chloride. Imino chlorides derived from amides 

XVI and XIX should then form intermediate iminopyridinium chlorides 

which, with the loss of a proton, w\).uld produce the desired pyrido-

[1,2-c] pyrimidines (XVII and XX). Using P 2 0s the imidol tautorner 

was expected to first lose hydroxide ion followed by neutralization 

of the resulting iminoniurn ion by the pyridine's free pair of elec­

trons and then loss of a proton. 

The products obtained howev.er were not those predicted. 

Reaction of the acetamide XVI ·,r.1i:1i,h POC13 or P 205 gave 2-stilbazole 

(XVIII) (73%,21%) while the benzamide XIX did not react with either 

reagent in refluxing benzene. The formation of 2-stilbazole is 

not too surprising when the following mechanistic explanation is 

considered: 

0 /5 . 
C..Ha.lH NH C. C... H3 

II 
XVI 0 

0 c.H:c.H-¢ 
X'-1111 

-[c. H:1 c. N] < 0 1 . 
c~c...H ~C.C.H3 

+ 

SCHEME VII 
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17. 

The essential difference between Scheme VI and Scheme VII is 

the fate of the pair of electrons released by the departure of a 

proton. The deciding factor seems to be the formation of the very 

stable 2-stilbazole. It has been observed that, unlike 2-vinyl­

pyridine, 2-stilbazole does not undergo a Michael-type addition 

with aniline and acetic acid; neither does lithium anilide nor 

sodium anilide add to 2-stilbazole (Part II, this thesis). These 

and other reactions discussed in Part II of this thesis attest to 

the ease of formation and stability of 2-stilbazole. 

No attempt was made to isolate acetonitrile from the reactions 

between the acetamide XVI· and POC13 or P2 05 • The 2-stilbazole 

was identified by elemental analysis, its mixed melting point, 

and the melting point of its picrate. An authentic sample of 

2-stilbazole (XVIII) was prepared by the method of Shaw .and 

Wagstaff (10). 

There seems to be no apparent reason for the inertness of 

2-(2-benzamido-2-phenylethyl)pyridine (XIX) toward POCl3 or P20s 

in refluxing benzene. The benzamide was recovered in yields ·of 

75% and 100% respectively. 
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18. 

2-(2-Amino-2-phenylethyl)pyridine (XV) was heated in a large 

excess of CS 2 in an attempt to prepare 3H-l-mercapto-3-phenylpyrido­

[1,2-<J pyrimidine (Scheme V, compound XXII). It was hoped that 

an intermediate pyridinium dithiocarbamate (XXI) would form to give, 

upon heating, compound XXII. 

f 
~1-1~s 4 

rf 
I ) 

~HG!"H 
f),, f ~t: -~~s 

XXI XXII 

The product obtained (Scheme V, step 6 b), however, was l,3-bis­

[i-phenyl-2-(2-pyridyl)ethyf] -2-thiourea (XXIII). Apparently 

the pyridine nitrogen is not basic enough to prevent the inte~nal 

salt (XX.I) from reverting to the parent amine (XV) and CS 2 • This 

may be shown as follows: 

xv 

C.. S-a. 
) 

< -c:..S._ 

C.S.a..,-H'l..S 

XX I Ir 

I 
~NH/NH 

+ 1~s 
-s 

XXI 

c..s 
i 
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19. 

EXPERIMENTAL DETAILS 

All melting points and boiling points are uncorrected. The 

elemental analyses were performed by Dr. V. B. Fish, Department 

of Chemistry, Lehigh University and by Schwarzkopf Microanalytical 

Laboratories unless otherwise stated. 

2-Phenacylpyridine (VIII). The method of Goldberg and Levine 

• (4,5) was used to prepare 2-phenacylpyridine. 2,.;Picolyllithium 

was prepared from 6.60 g. (0.952 mole) of lithium wire, 75 g. (0.476 

mole) of bromobenzene, and 44.4 g. (0.476 mole) of 2~picoline 

(dried over KOH) in 475 ml. of dry ether. The reaction was carried 

out in a one liter, three-necked flask equipped with a dropping 

funnel, nitrogen inlet, stirrer·, and condenser. To the picolyl­

lithium was added 32.4 g . .(0.238 mole) of methyl benzoate during 

20 min. The color of the reaction mixture became a brownish-red. 

After stirring and refluxing the resulting mixture for 1 hr., it 

was cooled and poured into 200 ml. of ice water. After separation, 

the, aqueous layer was extracted with three SO ml. portions of 

ether. The combined ethereal s0lutions were dried over Na 2 S04 

and the ether removed in vacuo. The dark red residue was fraction­

ated to give 36.35 g. (72%) of 2-phenacylpyridine contaminated 

with a small amount of 2-picoline detected by its odor. The boiling 

point of 2-phenacylpyridine, 148-158°/0.6rran., requires a bath 

temperature of 210°. 
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The distillate could be converted directly to the oxime (IX) in 

good yield. Recrystallization from 30-60° pet. ether furnished 

pure VIII, m.p. 56-57.5°, in 92~96% recovery. Pure 2-phenacyl­

pyridine can be stored at 5° under nitrogen for periods exceeding 

one month without noticeable decomposition. 

2-·Phenacylpyridine oxime (l.X.) . In a 100 ml. flask was placed 

5.94 g. (0.03 mole) of crude 2-phenacylpyridine (VIII), b.p. 148-

158°/0.6 mm. After dissolving VIII in 30 ml. of warm 95% ethanol 

a solution of 2.30 g. (0.033 mole) of hydroxylamine hydrochloride 

in 8 ml. of water was added followed by 1.6 g; (0.04 mole) of Na0H 

in 10 ml. of water. The resulting solution was refluxed for 1 hr. 

and then poured into 150 ml. of an ice water mixture containing 

0.6 ml. of acetic acid. The resulti"ng crude, oily oxime solidified 

on scratchir1g to give 6.24. g. (98%) of·off-white crystals, m.p. 

113-116°. Recrystall5.zation from 95% ethanol furnished 5.75 g. 

(90%) of slightly pink oxime, m.p. 116.5-118°. It was also pos­

sible to precipitate pure oxime directly from the reaction mixture 

by allowing the flask to stann dt room temperature overnight. 

2-(2-Amino-2-phenylethyl)piperidine (X). A solution of 8 g. 

(0.0377 mole) of 2-phenacylpyridine oxime (IX) in 100 ml. of glacial 

acetic acid and containing 0.50 g. of platinum dioxide was hydro­

genated at 23° and an initial pressure of 55.5 p.s.i. A final 

pressure of 41.7 p.s~i. of hydrogen was calculated as the end point 

in the Sliter system. 
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The hydrogenation was stopped at 41. 6 p·. s. i. After filtration to 

remove the catalyst, the acetic acid was evaporated in vacuo and the 

greenish, very viscous residue treated with 25 ml. of 25% NaOH sol­

ution. The alkaline mixture was extracted three times with a 

total of 75 ml. of ether and the combined extracts dried over Na2S04. 

The ether was evaporated leaving a pale yellow oil which gave, on 

distillation, 5.77 g. (75%) of a colorless·oil, b.p. 125-135°/0.3 

mm. The product forms a monopicrate, m.p. 166-167°, which was used 

for analysis. A second unidentified, very yellow fraction was ob­

tained at 155-163°/0.3 mm. 

·Anal. Calcd. for C19H23N507: C, 52.65; H, 5.35; N, 16.16. 

Found: C, 52.75; H, 5.48; N, 15.90. 

3-Phen loctah -1-thio rimidone XI . 

In a six-inch test tube was ·placed O. 70 g. (0.0034 mole) of 

2-(2-amino-2-phenylethyl)piperidine (X) and 6 ml. of 95% ethanol. 

Carbon disulfide was added until the solution was no longer basic. 

A white solid precipitated with the evolution of heat. This pre­

cipitate was collected and refluxed overnight in 6 ml. of fresh 

95% ethanol with the evolution of H2S. On cooling the re·sulting 

clear solution, white crystals separated. Filtration gave 0.65 g. 

(77%) of white crystals, m.p. 148.5-149.5°. 

Anal. Calcd. for Cll~H18N 2s: 

Found: 

C, 68.25; H, 7.36; N,· 11.37. 

C, 68.15; H, 7.52; N, 11.23. 
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• 1-Thiomethox 1- A 1hexah rimidine 

hydroiodide (XII). Eleven hundreths of a gram (0.00044 mole) of 

3-phenyloctahyciropyrido [1, 2-c] -1-thiopyrimidone (IV) was warmed 

with enough excess methyl iodide to effect solution. The resulting 

solution was evaporated to dryness by gentle warming giving a yellow­

ish solid which yielded a white powder, 0.15 go (85%), m.p. 167-168°, 

upon recrystallization from absolute ethanol. 

Anal. Calcd. for c15H22N2SI: I, 32.60. 

Found: I, 32.50. 
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3-Phenyloctahydropyrido [1,2-cJ -1-pyrimidone (XIII). One gram 

(0.005 mole) of 2-(2-amino-2-phenylethyl)piperidine (X) and 0.58 g. 

(0.010 mole) of diethyl carbonate were sealed in a dry, thick­

walled glass tube, volume approx. 13 cc., and the lower half of 

the tube heated in·an oil bath at 200° for 50 hours. On cooling 

overnight at -20° a light brown solid precipitated. The tube was 

opened and found to contain some pressure, possibly due to the for­

mation of some CO2 • The solid product was washed with a minimum of 

ether to give o. 75 g. ·(66%)- of white solid, m.p. 152-155°. Re­

crystallization from a minimum of benzene gave 0.45 g. (39%) of 

white powder, m.p. 157-158°. 

Anal. Calcd. for C14H18N20: C, 73.01; H, 7.87; N, 12.17. 

Found: c, 73.27; H, 8.00; N, 11.86. 

1, 3-Diphenyloctahydropyrido Cl, 2-c'J pyrimidine (XIV) . One gram 

(0.0049 mole) of 2-(2-amino-2-phenylethyl)piperidine (X) and 0.55 g. 

(0.0052 mole) of benzaldehyde in 75 ml. of benzene were placed in 

a 200 ml. flask fitted with a water trap. The solution was re­

fluxed for 1/2 hr. and then the benzene evaporated in vacuo. Upon 

vacuum distillation a light yellow, extremely viscous oil~ b,p. 

186°/1.5 mm., was obtained. The yield was 0.95 g. (65%). This 

oil was triturated with a small amount of 60-70° pet. ether and 

• the resulting sticky, white solid filtered. 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

24. 

The crude solid was dissolved in hot 60-70° pet. ether, the solu­

tion decanted from an insoluble oil, and the solution cooled to 

yield 0.40 g. (27%) of pure product, m.p. 116-117°. 

Anal. Calcd, for C20H24N2: C, 82.14; H, 8.27. 

Found: C, 82.14; H, 8.60. 

The elemental analysis on this compound was performed by R. Miron 

and W. E. Tyler . 

2-(2-Amino-2-phenylethyl)pyridine (XV). The method of Graig 

and Hixon (f;>) for reducing the oxime of pyridine!"2-aldehyde to the 

corresponding amine was used. Three grams (0.014 mole) of phenacyl­

pyridine oxime (IX) were dissolved in 45 ml. of 95% ethanol and 

treated with small portions of zinc dust and glacial acetic acid 

over a period _of several hours until 24 g. (0.367 mole) of zinc 

and 24 g. (22.~ ml., o./4o·mole) of·aceti~ acid had been added. The 

reaction mixture was filtered and the residue of zinc and zinc acetate 

washed with a small portion of acetic acid. The combined filtrates 

were evaporated in vacuo on a hot water bath. The greenish re-

sidue (the reaction mixture itself exhibited a green fluorescence) 

was made alkaline· with a 20% NaOH solution followed by ether ex­

traction. After drying over Na 2 S04 the ether was evaporated, and 

the greenish oil was dist:i.lled to give 1. 78 g. (64%) of colorless 

product, b.p. 131-132°/0.4 nun. 
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The product forms a. dipicrate, m.p. 210-211°, which was used for 

analysis. 

·Anal. Calcd. for Cz5H20Ns014: C, 45.74; H, 3.07; N, 17.07. 

Found: C, 45.95; H, 3.06; N, 16.42. 

2-(2-Acetamido-2-phenylethyl)pyridine (XVI). Three and one­

half ml. (0.0374 mole) of acetic anhydride, 7.5 ml. of glacial 
. I 

acetic. acid, and 1.78 g. (0.009 mole) of 2'.'"'(2-amino-2-phenyl~thyl)--

pyridine (XV) were heated on a steam bath for 30 minutes. The 

acetic acid and the acetic anhydride were removed by evaporation 

in vacuo. Upon cooling, a yellow solid formed, ~.p. 85-88°. 

Recrystallization from 1:1 benzene-pet. ether gave 1.41 g. (65%) 

of a white solid, m.p. 114-117°. Two more recrystallizations raised 

the m:.p .. to 123.5-124.5°. 

Anal. Calcd. for C15H16N20: C, 74.97; H, 6.71; N, 11.66. 

Found: C, 75.02; H, 6.77; N, 11.42. 

Attempted Syntheses of l-Methyl-3-phenylpyrido[l,2-c] -

pyrimidine (XVII). Method A. One gram (0.004 mole) of 2-(2-

acetamido-2-phenylethyl)pyridine (XVI), 2 ml. (3.35 g., 0.02 

mole) of POCl~, and 6 ml. of anhydrous·benzene were refluxed for 

4 hr. 
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The reaction mixture was extracted with chloroform, the extract 

dried over Na2S04, and then the chloroform was evaporated on the 

steam bath to give a sticky, yellow solid. This solid was chro­

matographed on alumina with benzene to give a white product con­

taminated with a yellow oil~ This oil was removed by filtration 

at the water pump giving 0.67 gm. (73%) of a white solid, m.p. 

74-84°C. Recrystallization of this solid from dioxane gave an 

amount of white material, m.p. 140-143°, too small.for analysis. 

The dioxane filtrate was evaporated to dryness and the residue 

(0.63 g.) recrystallized from a minimum of 1:1 benzene-pet. ether 

to give a· good recovery of white solid, m.p. 91-92°, which did 

not arialyz_e correctly for the desired pyridopyrimidine. • 

. A-!1:al. Galcd. for c15H14N2: C, 81.05; H, 6.35; N, 12.51. 

Found: C, 86.29; H, 6.37; N, 7.53. 

This material, however, does not show a mixed m.p. depression 

with an authentic sample of 2-stilbazole (XVIII), m.p. 91-92°C. 

The elemental analysis is in good agreement with that expected for 

2-stilbazole. 

Ana\. Calcd. for C13H11N: C, 86.14; H, 6.12; N, 7.73. 

Found: C, 86.29; H, 6.37; N, 7.53. 

Method B. One gram (0.004 mole) of 2-(2-acetamido-2-phenyl­

ethyl)pyridine (XVI) and 5.7 g. {0.04 mole) of P205 were heated 

overnight in 10 ml. of refluxing benzene, the benzene evaporated 

_o·ff ·at reduced pressure and the residue poured over ice. 
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The re·sulting aqueous mixture was basicified with 15% NH40H and 

the light tan product dried in a vacuum desiccator over P20s. The 

yi-eld was 0.15 g. (21%) of impure 2-stilbazole, m.p.85-90°, deter­

mined by its mixed m.p. 89-91°, with ~n authentic sample, m.p. 

91-92°. 

2-S-tilbazole (XVIII).· This compound was prepared by the method 

of Shaw and Wagstaff (10). In a SOO ml. three-necked flask, equip­

ped with_a nitrogen inlet and a reflux condenser were placed 69.8 g. 

(0. 7 5 mole) of 2-picoline, 91. 5 g. ( 0. 863 mole) of benzaldehyde, 

and 44.0 g. (0.431 mole) of acetic anhydride. The solution was 

refluxed for 30 hr., steam distilled to remove unreacted benzalde­

hyde, and then poured over 300 g. of ice. The dark brown solid 

which separated was treated with 200 ml. of ether and 200 ml. of 

2N HCl. The ether layer was ·extracted twice more with HCl, the com­

bined acidic layers depositing 2-stilbazole hydrochloride on stand­

ing. This material was filtered and neutralized with 20% NaOH. 

Filtration of the basic solution gave 55.0 g. of crude product. 

An additional 17.2 g. of crude product was obtained by reworking 

the fi1trate from the hydrochloride. Recrystallization of both 

crops of crude materi'al from 95% ethanol gave 61.8 g. (45.5%) of 

2-stilbazole_, m.p. 89,5•91°. Recrystallization from a minimum of 

1:·1 benzene-pet. ether raises the m.p. to 91-92°. 
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2-(2-Benzamido-2-phenylethyl) pyridine (XIX). Two grams (0.01 

mole) of 2-(2-amino-2-phenylethyl)pyridine (XV) were placed in 25 

mlo of benzene with 1.41 g. (1.16 ml., 0.01 mole) of benzoyl chloride 

and 1.5 ml. of pyridine. This solution was refluxed overnight and 

the precipitate filtered and stirred with an excess of 25% Na0H. 

The crude, light brown product was filtered and dried to give 2.05 

g. (67%),m.p. 147-148°. After one recrystallization from 80% methanol 

the white product melted at 148-149°. 

Anal. Calcd. for C20H1sN20~ C, 79.44; H, 6.00; N, 9.27. 

Found: C, 79.39; H, 6.01; N, 9.55. 

-Attempted Syntheses of 1, 3-Diphenyl [1, 2-c] pyrimidine (XX) . 

Method A. Eight tenths of a gram (0.00265 mole) of 2-(2-

benzamido, .. 2-phenylethyl)pyridine (XIX) and 3. 76 g. (0.0265 mole) 

of P205 were heated in 7 ml. of refluxing benzene for 2 hr. The 

benzene was removed an~ the residue decomposed in i.ce water. The 

resulting aqueous mixture was basicified with 20% Na0H and the 

white precipitate filtered and dried. The m.p. and mixed m.p. were 

the same as f0r the starting benzamide. The -.recovery of starting 

• material was quantitative. 

Method B. Eight tenths of a gram (0.00265 mole) of 2-(2-

benzamido-2-phenylethyl)pyridine (XIX) was heated in 6 ml. of 

refluxing benzene with 2 ml. (3.35 g.,0.0219 mole) of P0Cl3 

for 4 hr. 
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The benzene and POCl3 were removed at reduced pressure and the 

residue basicified with an excess of 20% NaOH. The reddish-brown 

precipitate was filtered, washed with water, and dried over P2 0s 

in a vacuum desiccator. The m.p. was 110-112°C. and the yield 

0.60 g. After recrystallization from benzene-pet. ether the 

m.p. rose to 145-149°. One recrystallization from 80% methanol 

raised the rn.p. and mixed rn.p. to 148-149°, that of the starting 

benzarnide. 
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l,3-Bis-U-phenyl-2-(2-pyridyl)ethyU -2-thiourea (XXIII). 

Ten grams (0.05 mole) of 2-(2-amino~-2'."'phenylethyl)pyridine 

(XV) and 36.1 g. (30.2 ml.,0.5 mole) of CS2 was added to 150 ml. 

of benzene. After refluxing for 5 min. the excess CS 2 and benzene 

were removed at reduced pressure and 150 ml. of 95% ethanol added 

to the residue. The ethanolic solution was refluxed until evolu­

tion of H2S had ceased (6-7 hours). Twentyfive ml. of water were 

very slowly added through the top of the condenser to the.refluxing 

solution. Upon cooling overnight pure product, m.p. 194-195°, 

·crystallized out. After filtering, the filtrate was evaporated 

to dryness and the residue recrystallized twice from 80% ethanol. 

The yield of pure product was 55%. 

Anal. Calcd. for c27H26N4: C, 73.94; H, 5.98; N, 12.78. 

Found: C, 73.90; H, 6.12; N, 12.52. 

, 
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APPENDIX 

Tabulation of Infrared Spectra~-

The infrared spectra were run on a Perkin-Elmer Model 21 

infrared spectrophotometer at Lehigh University or kindly sup­

plied by the Wm. S. Merrell Company, Cincinnati, Ohio. In each 

case, the source of the spectrum is noted following the name of 

the compound. 

~ate: vs~ very strong; s - strong; m - medium; w - weak. 

3-Phenyloc tahydropyrido [ 1, 2-c;J -· 1-thiopyrimidone (XI) ; Merrel 1 
(KBr plate). 

Wavelength 
(microns)_ 

3.18 (vs) 
3. 46 ( s) 
3. 53 ( s) 
6. 25 ( w) 
6.31 ( w) 
6. 71 (vs) 
6.97 (vs) 
7. 39 ( s) 
7.62 (vs) 
7.72 (vs) 

Wavelength 
(microns) 

7.82 (vs) 
8.10 (vs) 
8 40 (vs) 
8.63 (vs) 
9. 04 ( s) 
9. 19 ( s) 
9.38 ( s) 
9. 59 ( m) 
9. 7 5 ( m) 

10 .10 ( m) 

•, 

Wavelength 
(microns) 

10. 55 (m) 
10.95 (w) 
11.27 (w) 
11. 51 (w) 
11.67 (w) 
11.82 (w) 
12.08 (m) 
13.25 (s) 
14.36 (s) 
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l~Thiomethoxy-3-phenyl- A 1 -hexahydropyrido [1,2-cJ pyrimidine 
Hydroiodide (XII); Merrell (KBr plate). 

Wavelength Wavelength Wavelength 
(microns) (microns) (microns) 

3.22 (vs) 7.80 (s) 9.93 (w) 
3.45 (vs) 7.92 (m) 10.10 (m) 
6.25 (vs) 8.02 (s) 10.48 (m) 
6.31 (vs) 8.27 (s) 10.65 (w) 
6.62 (vs) 8.60 (s) 11.00 (w) 
6.71 ( s) 8.75 (m) 11.38 (w) 
6.97 ( s). 9.02 (m) 11 .. 77 (w) 
7.33 ( m) 9.38 (w) 12.07 (w) 
7.52 ( s) 9.55 (m) 13.12 (s) 
7.70 ( s) 9.73 (m) 14.23 (s) 

3, .. Phenyloc tahydropyrido [1 2-c] -1-pyrimidone (XIII) i Lehigh 
. (KBr plate). 

Wavelength . Wavelength Wavelength 
(microns) (microns) (microns} 

3.12 ( s) 7.36 (vs) 9.73 ( m) 
3.27 ( s) 7.50 (vs) 10.00 ( m) 
3.43 ( s) 7.69 (vs) 10. 24 ( m) 
3. 50 ( s) 7.78 (vs) 10.42 ( m) 
5. 10 ( w) 7.93 (vs) 10.56 ( w) 
5.28 ( w) 8.02 ( m) 10.77 ( m) 
5.48 ( w) 8.12 ( m) 11.32 ( m) 
6.01 (vs) 8.22 ( s) 11.57 ( m) 
6.07 (vs) 8.38 ( m) 11.92 ( m) 
6.12 (vs) 8.70 ( s) 12.60 ( s) 
6. 28 ( s) 8.87 ( s) 13.22 (vs) 
6. 45 ( m) 9.07 ( s) 13.85 ( m) 
6. 75 (vs) 9.22 ( m) 14.27 (vs) 
6.93 (vs) 9.32 ( m) 
7.25 ( s) 9.49 ( m) 
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l,3~Diphenyloctahydropyrido [1,2~c] pyrimidine (XIV); Merrell 
(KBr plate) . 

Wav-elength -Wavelength Wavelength 
• (micr0ns) (microns) (microns) 

2.93 (m) 7.50 (m) 10.17 ( m) 
3.02 (m) 7. 59. (m) 10.38 ( m) 
3.32 (m) 7.65 (m) 10.79 ( m) 
3.44 ( s) . 7. 77 (m) 11.24 ( w) 
3.60 (s) 7.87 (m) 11.55 ( w) 
6.23 (m) 7.94 (m) 11.75 ( w) 
6.46 (w) 8 .16 ( s) 12.08 ( w) 
6.70 (m) 8.36 (w) 12.44 ( w) 
6.83 (s) 8.52 (w) 12.60 ( m) 
6.91 (s) 8.91 (vs) 13.00 ( s) 
6.96 (s) 9.13 (s) 13.47 (vs) 
7.24 {m) 9.24 (s) 14.03 (vs) 
7.35 (m) 9.34 (s) 14.45 ( s) 
7.44 (m) .9. 78 (s) 14.90 ( w) 
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1, 3-B·is"" [ 1-phenyl-2- ( 2-pyridyl) ethyl] -2-thiourea (XX.I II) ; Merrell 
(K.Br plate) .. 

Wavelength Wavelength Wavelength 
(microns) (microns) (microns) 

3.13 (vs) 7.92 (vs) 10.35 ( w) 
3.34 ( s) 8.08 (vs) 10.59 ( m) 
5.12 ( w) 8.25 ( s) 11.00 ( w) 
So32 ( w) 8.39 ( s) 11.17 ( w) 
6.28 (vs) • • 8. 53 ( m) 11.30 ( w) 
6.39 < s) 8073 ( s) 11.70 ( m) 
6.57 (vs) 8.92 ( m) 12.72 ( w) 
6.81 (vs) 9.23 ( m) 12.82 ( s) 
6.91 ( s) 9. 38 ( m) 13.00 (vs) 
7oQO (vs) 9. 54, ( m) 13.12 (vs) 
7.18 ( s) 9. 76 ( m) 13.43 ( s) 
7.40 ( m) 9. 98 ( m) 14.30 (vs) 
7.68 ( s) 10. 08 ( s) 15.20 ( m) 
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PART II 

N,1,2-Trisubstitutedethylamines 

ABSTRACT 

Several N,1,2-trisubstitutedethylamines were synthesized 

by the addition of picolyllithium or benzylmagnesium chloride 

to Schiff bases. 

36. 

Used in preparing the Schiff bases were p-substituted­

benzaldehydes, furfural, N-methylpyrrole-2-•carboxaldehyde, aceto­

phenone, benzophenone, fluorenone and xanthone. The amines used 

were p-substitutedanilines, 2•uaminopyridine and N,N-diethylethyl­

enediamine. Reaction conditions for the condensations ranged 

from mixing the reactants at room temperature to heating them 

in refluxing benzene or xylene to heating them without solvent 

at 170-180°. p-(2~Diethylaminoethoxy)benzaldehyde was converted 

to its hydrochloride before condensation. This eliminated 

·tertiary amine-carbonyl interaction and thereby facilitated con­

densation with the less basic aromatic amines. The inertness 

of the xanthone carbonyl made it necessary to convert it to 

9, 9--dichloroxanthene which was then reacted with _an1.line. • 

Reactfon of the Schiff bases with quinaldyllithium, 2-picolyl­

lithium or benzylmagnesium chloride produced N,1,2-trisubstituted­

ethylamines in fair to good yields with a few exceptions. 
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2-Picolyllithium and N ... p-(2-diethylaminoethoxy)benzylidene-p­

trifluoromethylaniline gave tars. It seems likely that, after 

the addition step, the negative charge on the ani.lino nitrogen 

effects an internal displacement of fluoride ion to give an 

intermediate N ... substituted °"-.,<A. -~ difluoroquinone imine which 

37. 

is subject to furthur attack and to polymerization. • The Schiff 

bases derived from N-methylpyrr?le .. 2-~carboxaldehyde produced, 

after reaction with 2-picolylli thium, 2.:.. (2~• [ z ... (N-methylpyrrylLJ 

vinyl} pyridine by elimination of the aniline. A similar de·­

amination was observed to produce 2- [p~(2-diethylaminoethoxy) 

styryl] quinaldine and p-chloroaniline. The driving force for 

such reactions seems to be the stability of the resulting con·· 

jugated systemso 

N .. p,uAnisyl·-1, 2-diphenylethylamine was prepared by separate 

methods to ascertain whe.ther benzylmagnesium chloride reacts 

with Schiff bases as a benzyl anion or as an o-tolyl anion. 

Thus, deoxybenzoin p-methoxyanil was reduced with lithium alu­

minum hydride and the product was found to be identical with that 

fr0m the reaction of benzylmagnesium chloride with N-benzylidene-

p~anisidine. 
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38. 

INTRODUCTION 

The possibility. of synthesizing 1,2,3-triaryloctahydropyrido­

[1,2-c] pyrimidines (see part I of this thesis for a discussion 

of pyrido [1,2-c] pyrimidines) led to consideration of N,l-diaryl-

2·-(2-pyridyl) ethylamines as possible intermediates. Ethylamines 

of this type were recognized as an extensive series of compounds 

of possible therapeutic value. For these reasons their synthesis 

was undertaken. 

• The most general and satisfactory method known for the prep­

aration· of N,1,2-trisubstitutedethylamines is the addition of 

Grignard reagents and organolithiums to the imine linkage of 

Schiff bases. 2-Picolyllithium has not been reported to react 

with Schiff bases, although there are several examples of this 

type of addition reaction in the literature. 

These examples are: 

1. Addition of benzylmagnesium chloride to N­

benzylidenealkylamines has been effected.in yields of from 

30 to 9 5% ( 1, 2) . 

Q-c.tt:z..l"lcic.Q.; -t- A,-C H= R --> Q-_' GH-2.~ H Av-
NH 
I 

R 

A-r-= -phe.V"\'jl ~ubstitui-e.d wit"h 

Ho)c..J-1 3 0:> Me2.N-

R - C..H3 ,C-;;..H&,c.l-l~=CI-ICI-I~~ 

Hocl-l,.c..J-/2., 9'c..H2.? c" H11 • 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

2. Alkylmagnesium bromides and phenylmagnesium 

bromide, as well as benzylmagnesium chloride, have been 

shown to add to the irnine linkage of N-benzylidenealkyl­

amines in yields of from 25 to 75% (3). 

R = Et Rl = Me 

R = n-Pr R i = Et 

R = i-Pr Rl = n-Pr 

R = n-Bu Rl = n-Bu 

R = Benzyl Ri = Benzyl 

R = Phenyl 

3. Schiff bases derived from 2'"".aminopyridine have 

39. 

been utilized in this type of reaction with phenylmagnesium 

bromide or ~ethylmagnesium iodide in yields of from 70-75% 

(4). 

R = Phenyl, methyl. 

R1 = 2-Pyridyl, phenyl. 
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4. N-(2-Pyridyl and 2-Thiazolyl)-1,2-diphenylethyl­

amine have been prepared by reaction of the appropriate N­

benzylideneaminoheterocycle with benzylmagnesium chloride· 

(5) . 

5. N-Furfurylidene-2-aminopyridine and N-Furfuryli­

dene-2-aminothiazole have been prepared and reacted with 

methylmagnesium iodide (6). 

R = 2-Pyridyl 

R = 2-Thiazolyl 

6. Phenyllithium has been found to react with aceto­

phenone anil to give a 55% yield of N, 1,.1-triphenylethyl-

amine (7). 

40. 

0 
QLi -+oc~3c=NO---> ONH·';-0 

// CH3 

7. Gilman reports that phenyllithium (8), phenyl-

calcium iodide (9), phenylsodium (10), and phenylpotas•M 

sium (10) all add to benzophenone anil to give triphenyl­

methylaniline, whereas the less reactive phenylmagnesium 

bromide (11) adds 1,4 to give o-phenylbenzohydrylamine. 
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¢Mc,Sr f c...H-NH 1/ ' 
- -~ ·-

. I 
.0 

8. Gilman has also successfully used N-benzylidene-

aniline in the Reformatsky reaction with o(-bromoesters to 

provide an interesting method for obtaining 

(12). 

+ 5..-C. H C01 Et 
I 

R 

\3 -lactams 

0 
N 

0 
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42. 

DISCUSSION 

Synthesis of Schiff Bases 
0 

Several methods were employed to prepare the desired Schiff 

bases· from equimolar amounts of amine and carbonyl compound. These 

were as follows: 

• • • A. The reactants were heated in refluxing 95% 

ethanol. 

B. The same as method A except that methanol was 

used. 

C. The reactants were heated together at 170-180°. 

D. The reactants were heated together in refluxing 

benzene and the water evolved collected in a water trap. 

E. The same as method D except that m-xylene was 

used. 

F. p-(2-Diethylaminoethoxy)benzyaldehyde hydrochloride 

and the appropriate amine were heated in refluxing absolute 

ethanol. After removal of the ethanol, the hydrochloride 

was stirred into aqueous base and the free Schiff base 

collected~ 

G. The amine and aldehyde were stirred together at 

room temperature without solvent. 

H. A catalytic amount of zinc chloride was heated 

with the reactants at 170-180° (12,13). 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

43. 

I. Xanthone was converted to 9,9-diohloroxanthene (13) 

with thionyl chloride and then reacted with aniline in the 

presence of pyridine. 

The N-benzylideneanilines formed very easily in good yields 

from substituted anilines and benzaldehydes and were usually 

easily purified by recrystallization from methanol or aqueous 

ethanol. One exception to the ease of condensation of anilines 

with benzaldehydes must be noted, however. It was observed that 

p-trifluoromethyl aniline would not condense with p-( 2 -diethyl­

aminoethoxy) benzaldehyde at 170-180°. It seems likely that the 

more basic tertiary nitrogen on the benzaldehyde side chain in-
,,. 

teracts with the aldehydic carbon of a neighboring molecule to 

such an extent that attack of p-trifluoromethylaniline is pre­

cluded. Such inhibition of condensation may be represented as 

follows: 
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44. 

It was felt that neutralization of the aliphatic nitrogen as 

the hydrochloride salt would allow formation of the desired 

Schiff base to occur. The yield of Schiff base by this method 

was excellent. After condensation in refluxing -absolute ethanol 

the resulting N- [p_-(2-diethylaminoethoxy)benzyliden~ -p-tri­

fluoromethylaniline hydrochloride (XII) was stirred into aqueous 

base to liberate the free Schiff base (XIII) in 96% yield. 

oHco~ _1_7_0_-_1B_o_o __ :::;, 1\1 o ..,- etA..c,:tlon .. 

h o c. H,_C. H ,_N E.-t-2. • 

(YNH2. OHC.n • 

~cv + ~ocH;._C..H._NE+._ •HCJL 

Similarly, p-chloroaniline was condensed with the HCl salt of 

p-(-2-diethylaminoethoxy)benzaldehyde (X) in good yield. The 

N-benzylideneanilines prepared are listed in Table I. Schiff 

bases IV, X, XI, XII, and XIII are new compounds, hence no 

references are given. 
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.. 1 TABLE I 
R ~R,_ 
Q-c1-1=NV 

N-Benzylideneanilines 

Cmpd. Rl R2 Method Yield%a M.p.,oc.b B.p. °C/mm.b Ref. 

I H 4-CH30 A 63 70 14 

II 4-Cl 4-CH30 A 88 124-125 15 

III 4-Me2N 4-CH30 A 88 138-139 16 

IVg 4-Cl 4-H0 A 71 183-184 

V 3,4-0CH 20 • 4-Me2N A 68 113-114 17 

VI 4-H0 H B 74 109-110 14 

VII 4-CH30 4-CH30 C 79 148-149 14 

VIII 4-CH:,0 3-CF3 D 86 42-43 145-147/0.2 18 

IX H H G 84 52 19 

xc 4-Et 2NCH2 CH20.HC1 4-Cl F 94 163-164 

xid 4-Et2NCH2CH20 4-Cl F 94 40-41 
E • 69 40~41 180-185/0.1 

0 

xrre • 4-Et2NCH2CH20.HCl 4-CF3 F 96 167-168 
.p,. 
\Jl 
• 
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Compd. Ri R2 

xrrrf 4-Et 2NCH 2 CH20 4-CF3 

TABLE I 
( continued) 

Method 

F 
C 

Yield %a M.p.,°C.b 

96 
0 

52-53 

B.p., °C./nnn.b 

a The yield after recrystallization or distillation. b All melting and boiling points are un­
correctted. c Galcd ... for C1gH24N2Cl20: C, 62.12; H, 6.59; N, 7.63; Cl, 19.31. Found: C,62.12; 
Hr 6.64; N, 7.60; Cl, 19.40. d Calcd. for C19H23N2Cl0: C, 68.97; H, 7.01; N, 8.47; Cl,10.72. 
Found: C, 69.14; H:, 6.95; N, 8.54, 8.41; Cl, 10.62. Compound for analysis was prepared by 
Method E. e Calcd. for C20H24N2F3Cl: N, 7.28; Cl, 9.21. Found: N, 7.23; Cl, 9.12. f Calcd .. 
for C2QH23N2F30: N, 7.69. Found: 7.65. g Calcd. for C13H10N Cl0: C, 67.39; H, 4.35; N,6.05; 
Cl, 15.31. Found: C, 67.53; H, 4.62; N, 6.14; Cl, 15.07. 

Ref. 

0\ 
• 
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47. 

Azomethines were formed from the condensation of furfural 

(20,21)· and N-methylpyrrole-2-carboxaldehyde with various anilines 

and, in one case, N,N-diethylethylenediamine. 2-Aminopyridine 

was condensed with benzaldehyde and with p-( 2 -diethylaminoethoxy)­

benzaldehyde in refluxing m-xylene (method E). Two moles of 2-

·aminopyridine react with one mole of benzaldehyde in refluxing 

benzene to form N,N'-benzylidenebis-2-aminopyridine (23) . 

. 
Hewever, whea N, N' -benzyli,denebis-2-aminopyridine is heated 

ab(!)ve its melting point· (23) or the starting materials are 

heated in refluxing m-xylene N-benzylidene-2-aminopyridine is 

the product. 

'7 I 12...
0 

+ 0 
lN~ N H2. ot-tc /4' 

~oN~C-H-0 

xx 
Also, it has- been reported (4,23) that a molar excess of 2-

aminopyridine is necessary to attain a yield of Schiff base as 

high as 81%. 
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48. 

This author has found that by heating equimolar amounts of the 

reactants in a small volume of refluxing m-xylene it was possible 

to obtain a comparable yield of the azomethine. 

Higher reaction temperatures and, in some cases, zinc chloride 

catalyst were employed in preparing Schiff bases from aryl ketones. 

Thus, deoxybenzoin and p-anisidine were condensed in refluxing 

m-xylene (method E), while acetophenone (24), benzophenone (25), 

fluorenone (25), and 2-phenacylpyridine we~e heat~d to 170-180° 

with aniline and a catalytic amount of zinc chloride (method H). 

The reaetion of 1-indanone with N,N-diethylethylenediamine pro­

duced the calculated amount of water, but 64% of the diamine 

was recovered and the organic residue was a black tar. One 

explanation of these results may be that N,N-diethylethylene­

·diamine promotes an aldol condensation of indanone faster than 

Schiff base formation occurs. 

Xanthone, being completely inert toward amines, presents a 

special case-. Only a str0ng nucleophile such as phenylmagnesium 

bromide (27) or 2-picolyllithium (28) will react with the car­

bonyl. The method of Schonberg and Urban (26) was used to 

prepare xanthone anil by quantitatively converting xanthone 

to·9,9-dichloroxanthene (29) using thionyl chloride. The di­

chloride was then treated with 3 moles of aniline to giv,?. 

xaathone· anil (XXIV) and· aniline hydrochloride. Table Il lists 

Schiff bases, other than N-benzylideneanilines, which were prepared. 
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49. 

The success of the thionyl chloride method of preparing 

xanthone anil suggests that it might lend itself to the prep­

aration of anils of other unreactive carbonyl compounds such 

as thioxanthone and 10-methylacridone. 
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Compd. R Rl 

XIV Phenyl H 

xv 2-Furyl H 

XVI 2-Furyl H 

XVII Phenyl H 

JWIIIC p-( 2-Diethylamino-
ethoxy)phenyl H 

xrxd Benzyl Phenyl 

xxe Phenyl H 

__ XXI Phenyl Methyl 

XXII Phenyl Phenyl 

XXIII 9-Fluorenylidene 

XXIV 9-Xanthenylidene -

TABLE II 

R-C=N-R2 

Rl. 

Other Schiff Bases 

R2. 

Benzyl 

4-Methoxyphenyl 

2 -Diethylamino-
ethyl 

2 -Diethylamino-
ethyl • 

2-Pyridyl 

p-Methoxyphenyl 

2-Pyridyl 

Phenyl 

~henyl 

Phenyl 

Phenyl 

Method Yield,% aM.p., 0 c.b B.p., °C./rmnl:J Ref. 

D 87.5 120..;.132/1 20 

D 81.5 67-70 150-162/0.5 21 

D 77 95-100/1 

D 85 90-100/1 22 

E 55 160-165/0.1 

E 41 114-115 

E 81 123-125/1 4,5 
23 

H 55 41 198-200/37 24 

H 80 115-116 25 

H 83.7 82-84 25 

I 70 106-107f 26 

U1 
0 
• 
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TABLE II 
( continued) . 

Compd. R Ri . R2-· Method Yield,% 8 M.p.,°C~ B.p.,~e;/mm~ Ref 

XXV 1-Indanylidene - 2-Diethylamine- D 0 
ethyl 

XXVI 2-(N-Methylpyrryl) H p-Chlorophenyl D 95 (not purified) 
(crude) 

XXVII 2-(N-Methylpyrryl) H Phenyl D 63 100-110/0.1 

a The yield after reerystallizatian er dist:illat:ien. b All melting aµd boiling points are uncorrecte 

c.. eat.ed.-.·.·.f.er G15H23N30: G,..... 72.69·; ·H, 7.79; N, 14.13. Fmmd:· • C; 72.75; H, 7.80; N, 14.18. 

d ll-ecrystai:11:zei from 95% ethanel. Calcd. fer .c21H19N 0: C, 83.69; H, 6.35; N, 4.65. 
Found·: G-, 8-3-~57; H;. 6.20; N, 4.53. · e When distilled, a small forerun of white N,N!. 

- •ltenzylidenebis-2-aminopyridine,· m. p. • 111-112°, • is_. obtained. See reference 23. 
f- i.efereaee··25 ·reports m.p. = 134-135°. 

U1 . 
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52. 

Synthesis of N,l-Disubstituted-2-(2-pyridyl)ethylamines and Related. 
Compounds 

Although there are no references in the literature to the re­

action of 2-picolyllithium with Schiff bases this author has found 

it to be an excellent method for preparing 2-(2-pyridyl)ethylamines 

in yields of 30 to 80%. Table III lists several N,l-diphenyl-2-

(2-pyridyl)ethylamines that have been prepared. The reaction for 

their synthesis may be illustrated by the following example using 

2-picolyllithium and N•benzylideneaniline (IX): 

o.C.l-l2.C1 H-d < N H1:c.Q. r Ha.O 
NH 

)()(IX }If 
Addition of 2-picolyl'lithium to the imine linkage is probably fol-

lowed immedia·tel-y by an intramolecular proton exchange returning 

the anionic· charge ··to the carbon adjacent to the pyridine ring . 

. Evidence supporting such an exchange is cited in the n·ext section 

'Of this thesis. 
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53. 

The addition reaction proceeds rapidly as evidenced by vigorous 

'I'.efluxing of the ether, and the yields did not seem to be improved 

by prolonged stirring or application of heat. The lithium salts 

were neutralized with aqueous NH 4Cl. 

As a rule these diphenyl-2-(2-pyridyl)ethylamines were solids 

which precipitated from the ether layer and could then be recrystal­

lized from ethanol or 60-70° pet. ether. Similar results were ob­

tained in preparing the 2-(2-pyridyl)ethylamines listed in Table IV. 

Compounds XXXVII and XLLI required special attention, since they 

were low-melting solids soluble in all organic solvents. Because 

pyridine compounds generally. form hygroscopic acid ·salts, their 

·picrates were made, recrystallized from ethanol or washed with 

acetone, and then neutra-lized in base to obtain a pure product. 

Compounds XLIV and XLV containing a-diethylaminoethylamino group 

were the- only liquid products. 

One exception to the utility of this reaction was encountered 

. when N- [ p- ( 2 ,;_diethylatIU;noetho~y) benzylidene] -p-trifluoro­

·methylaniline, was, us-ed. In this case only a black, brittle, 

·polymeric s~lid was ~solated. Since Schiff base VIII derived 

• from m•trifluoromethylan~line was reacted successfully with 2-

picolyllithium the possibility of_direct displacement of fluoride 

• ion by 2-picolyl anion is precluded. Also, if such an external 

nucleophillic attack wer.e to occur defineable products would be 

expected. 
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54. 

The pelymerie product may be ration.aliz.ed by the fellowing sequence: 

• n Pye.., .. /; Lie~+ n c.H-R > PyC.f-1:..C..H R 
I 

PyC.H.Li 

v--eo..c:::..t'i on 

~'r 

2 I C] 
F ~c.-F II, 

l',FI C 
~I F' 'F 

a., 
= 

< 

Py c..H:z.. C.. HR 

-----~-0-cF,_ 

b =-

Fu.,- t" h e.v-

r eo.., c::.. ;-; on 

Py=O 

R = -Q-oc.H.i:..H,...N E:t-,._ 

n 
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55. 

The reaction may be considered a SN2' displacement of fluoride 

initiated by attack of 2-picolyl anion at the imino carbon. The 

resulting N-substituted- d.,fA. -difluproquinone imine (intermediate 
' 

§)· would then be capabla of giving several product resulting from 

farther attack by ·2-picolyl aqion or from polymerization of the 

·quinone imine _!·giving intermediateh, A similar polymerization 

-has been reported to occur when p-trifluoromethylphenol is treated 

with a· cold lN NaOH solution (29). The same author reports that 

when p-aminobe112.otri-fluoride was heated to about 200°, in an attempt 

to distill it at atmospheric pressure, a vigorous polymerization took 

place with the evolution of large quantities of HF and formation of 

a hard glassy res-in. Distiliation could be accomplished in vacuo 

only. 

" Ho-Q-c: F"a 1 N No..0 !:f:, 

Re.sin + HF 

th:1expec.tedly·, l.,,l~diphenyl-.2-pyr.:Ldinee.thanol (XLVIII) resulted 

from the reaction of- benzophenone anil (XXII) and 2-picolyllithium . 
• 
It·appears tha-t, upon hydrolysis of the reaction mixture with 

aqo:eous NH~Cl, the first-formed N,l,l-triphenyl-2-(2-pyridyl)-

·~thylamine los-es aniline through displacement by water or hydroxide 

. ion. 
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~H 2 L·, 

:r I 

0- 0 
56. 

.+ c-Q~~ H2.0 
N C.H,._r-0 II. -

6 
NH 

0 
XX 11 

';>H ?' 
~c.H 

- XI-Vl\l 

I 
Such a- hydrolysis of a 0 highly hi d anilino compound is not un-

known. Gilman e.nd Beel (30) found that triphenylcarbinol was among 

the products resulting from the reaction of phenyllithium with 2-

phenylbenzc,thiazole. ThE!y suggested the following sequence to ex­

~lain· the·products. 

> 
~) o.-i .,-
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TABLE
1
III 

c.Hi_t~ 

R
3-o·~ 

N,l-Diphenyl-2-(2-pyridyl)ethylamines 

Cmpd;.. R1. a R2 a R..3 a Yield,% a M.P., 0 c.b 

XXIX .H H H 33 103.5-10~.5 

XXX CH:, H H 47 96-91 

XE[-IC . CH:, H H 25 117-118 

lP{KI-I H CH:,0 CH:,0 55 103-104 

XXXI:II H Me~ CH:,0 82.5 135-136 

XlB(,lV H HO H 42 159-160 

XXXV H Cl CH:,O 44 114-115 

XXXVI H· Cl HO' 48 186-187 

XXXVII H CH:,O 3-CF:, 45 ~"53-.54 

XXXVII-I H ·Et~CH2CH20 Cl 58.5 76-77 

XXXIX H 3,4-0CH20 Me2N ··- 71 100-101 

·u H Et2NCH2CH20 CF3 0 
VI 

a All substituents are in.the para position unless- otherwise indicated. 6 The ~lting points 
...... 
• 

are unco~rected. c Piperidine analogue of compound XXX. ·d All yields are those after one re-
- . -. - . 



R
eproduced w

ith perm
ission of the copyright ow

ner.  F
urther reproduction prohibited w

ithout perm
ission.

TABLE IV 

Other 2-(2-Pyridyl)ethylamines and Related Compounds 

Cmpd.· Structure Yield,%e M.p.,oc.a B • p . , ° C . / mma 

XLl 

0 
77.5 84-85 182-187/0.l 

c.H,.CHNH I 

XLllb 0 
36. 52-53 

O
·.·. 

C.l-!z.C..H NHc..HQ 

XLlll 0 52 132-133 

0 
. 

. 

• N c.~c.1-1 "114-o~ 

oo. -
• 

XI.IV 

0
. 55 140-143/1 

c..H:2.:cH~-~-;~.t~ - _. 
- I o . - V1 

00 
,NHC.M 1 CH2,N E.ii • 

XLVC 0 . 61 150-160/1 
~-. -~ 

c. H 2-<;-Ho 
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( continued) 

Compd. Structure Yie_ld,%e .M.p., oc. a B.p.,°C/nma 

XLV1. 

XLVll 

XLVllld 

~Ha 

0-NH 

-~ - II 
~,.)-.cH,._ . l C 

0-NH 

oH · 
,· • ' 

54.7 170-172 

53· 194-195 

57.6 151-152 

a All boiling and melting poi~ts are uncorrected. b M.p.· of dipicrate is 189.-190°. ·· 
c Converted to its citrate monohydrate, m.p.68-80°, for analysis. d1cnown compound. 

Reference 28. e The yields-are those after distillation or the first recrystallization. 

VI 
\0 
• 
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60. 

Elimination Products from 2•Picolyllithium,2-Quinaldyllithi~ 
and Schiff Bases, 

The reaction of 2-picolyllithium with 1-methyl-2-(N-phenyl­

formimidoyl)pyrrole (XXVII) or with.1-methyl-2- [N-(p-chloro~ 

phenyl) formimidoyij pyrrole (XXVI) produced 2- (2- [ 2-(1-methyl­

·pyrryl) J vinyl} pyridine (LI) and the appro_priate aniline. These 

unexpected results suggest that after initial addition to the 

imine ,liakage proton exchange occurs placing the anionic charge 

on the carbon adjacent to ·the pyridine r-ing. The next step may 

be considered a-- base-c-ata-lyzed deamination reaction producing 

eempound LI and lithium anilide· or lithium p-chloroanilidep The 

suggested sequence is .as follows: 

> 

+ N=-c.JC:J--> I 

. I 

I CH.3 

h 

• X- X><VI; • X=-H 
X~ \III; ')(:.CA_ 

X 

• 

~~.A . -~ 
N c:. H2.7 H N/ i 

NL
. ,. . 
I CH i 

31 

X 

LI 
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61. 

Base-catalyzed eliminations have been studied extensively (31a,32) 

using· quaternary annnonium compounds, but in such cases the deamin­

a-tien_is a-ided·by the· pesitive charge on the quaternary nitrogen. 

In the absence of a strong electr~n-withdrawing substituent on 

the anilino group another explanation must be considered for 

the elimination of aniline observed by this author. Examination 

of resonance forms Ll and Lla suggest that the driving force for 

·the-·formation of Ll may be its stability. 

Ll 

That the dipolar form Lla is a majar contributor is supported 

by the fact that the ultraviolet spectrum of L1 shows a maximum 

at 362 mu as opposed to a maximum of 309 mu for 2-stilbazole 

(XLlX). 

Why p-dimethylaminobenzylidene-p-anisidine (III) does not 

react with 2-picolyllithium to give elimination products may be 

explained by considering the relative contributions of resonance 

·forms band d to the ground states of anion.ic intermediates a and 

c. 
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Cl~H~.cH}() 
I I 

NH CH3 

62. 

~I 
X X 

a b 

O~H-T H-Q-N Mc 2-~<:____,..~ O~ H-'i HQ= ~Me~ 

NH NH 

I I~ 
cc:. H-,3 

C d 

Knowing that the pKb of N ,N-dimethylaniline (33a) is 9·. 62 and 

that of- 1-methylpyrrole is approximately 13.6 (33b) one would 

expec·t ·form· d to be rt\latively more important than form b. In 

other- words-, the electren density of the p-dtmethylaminophenyl 

gro\lp is·higher at its· paint of-attachment to the ethylamine than 

is· the· electron density at the 1-methylpy.rryl group's point of 

attachmeat. This being se, intemnediate c should be·less likely 

to underge deamination than intermediate a. The more basic di­

me-thylaminephenyl group would, to a greater degree, discourage 

introduction of a-· double bond adjacent to it. 
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The methiodide LIII of compound LI was prepared and found 

to be a purple-red compound. For the purpose of comparing ultra­

violet spectra 2-p-dimethylaminostyrylpyridine (Lll) and its 

methiodide (LlV) were also synthesized. Compound Lll has previously 

been prepared in 18% yield by condensing 2-picoline with p-dimethyl­

aminobenzaldehyde:in the presence of piperidine acetate (34). This 

author has found it more convenient to react 2-picolyllithium 

with the aldehyde and to dehydrate the resulting l-(p-dimethyl­

aminophenyl)-2-pyridineethanol (LV) with warm 4N HCl. The over-

all yield .of Lll by this method is 37. 8%. The methiodide LIV 

(35) was prepared by condensing· 2-picoline methoidide wi~h p­

dimethylaminobenzaldehyde using a small amount of piperidine. 

The·· ultravi0let K-bands of a1'1 these compounds a1ce listed in Table 

Vanda reproduction of their complete spectra may be found in the 

Appendix. 
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TABLE V 

2-\3-Substitutedvinylpyridines,Related Compounds and Ultraviolet 
Spectra 

Cempd

0

. Structure 

XLlX . 
c.H=c.H-0 

r, . K-pands 
Amax 7mµ. £ 

3098 5,450 

L 354b 

C.H=c.1-1-Q-oc1-1.._cH.,,.NE:t,a. 

49,200 

Cl Ll • 

N. C.H=cH-0 

' C 1-1.3 

LllQ . • 

N cH-=c.H-0-NMc,._ 

·Llll 

. t~fc.H=CH-0 
C)-13 :C- I 

CH3 

LIV ac.H=c.H~-NMe,;_ 
a :c-

Solvent, aq. 50% ethanol. 
b Solvent, 95% ethanol. 
C Solvent, distilled water. 

22,400 

;32,800 

27,100 

440c ·30,100 
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2-Stilbazole methiodide is reported to be a yellow solid 

having Amax at 334 mµ; (35). The purple-red color and longer 

wave lengths of absorption of p-dimethylamino-2-stilbazole methi­

odide (LlV) and of the 1-methylpyrrylvinylpyridine methiodide Llll 

may be l~id to the relatively greater importance of resonance forms 

Llll a and LlV a. 

Llll a 

LlV a 

The same argument may be used to explain the longer wavelengths of 

absorption of the free bases Ll and Lll as compared to A max. of 

2-stilbazole (XLlX). 

2-Picolyllithium gave the normal addition product when 

reacted with N- [ p-( 2 -diethylaminoethoxy)benzylidene] -p-
. . 

chloroaniline (Xl), but 2-quinaldyllithium was observed to give 

elimination products. Thus, 2- [ p-( 2 -diethylaminoethoxy~ -

styryl] quinoline. (L) was produced in 93% yield and some p-chloro­

aniline recovered. 
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The appearance of compound L rather than the addition product may 

be attributed to the greater number of contributing resonance 

structures possible for the quinoline nucleus as. opposed to the 

pyridine nucleus. Compound L has also been synthesized by con­

densation of 2-quinaldine wi0th p-( 2 -diethylaminoethoxy)benzaldehyde 

using acetic anhydride. 

Except for 2-stilbazole (XLlX),the free bases in Table V 

exhibit a whit~ fluorescence under an ultraviolet lamp. The 

methi~ide Llll gives a bright red fluorescence while methiodide 

LlV ts a very deep, barely visible purple. 

Attempted Synthesis of N,l-Diphenyl-2-(2-pyridyl)ethylamine. 

Michael-type reactions of 2-vinylpyridine with various nucleo­

philes have been known for several years·. Doering and Weil (36) 

have successfully added sodio diethyl·malonate, hydrogen cyanide, 

diethylamine, piperidine,' sodium ethoxide, and sodium bisulfite to 

give, 2-(2-subs·titutedethyl)pyridines· in fair to excellent yields. 

More· pertinent to this thesis, Reich and Levine have added a wide 

·variety· of primary ~nd secondary amines to 2-vinylpyridine using 

either acetic acid, hydrochloric acid, . or sodium as catalys.ts 

(37,38). 

It was hoped that similar reactions using 2-stilbazole in 

place of 2-vinylpyridine would provide a useful synthetic route 

to N,l-diaryl-2-(2-pyridyl)ethylamines. 
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Sodium bisulfite was _successfully reacted with 2-stilbazole in re-

fluxing water to give, after acidification, an 86% yield of l­

phenyl-2-(2-pyridyl)ethanesulfonic acid (LVl). 

No...H S03 ') H CQ...> 

H-a..O, .,.. e. £ I V X 

,~ 
N~ 

0) H 

'S ·d 
0-z. )':-I 

XLIX LV 
Compound LV is interesting in that, unlike many sulfonic acids 

and pyridinium· salts, it is not hygroscopic and may be purified by 

recrystallization from water. 

Four different procedures were used in unsuccessful attempts 

to add aniline to stilbazole. 

A. The sulfonic acid LV was heated in refluxing aniline~ 

B. 2-Stilbazole a1 d sodium anilide were heated in refluxing 

aniline to give unidentified products. 

C. 2-Stilbazole was added to lithium anilide in ether. 

D. 2-Stilbazole, aniline and a catalytic amount of acetic 

acid were heated in a sealed tube at 200° for 60 hours. 

The Michael reaction apparently fails with 2-stilbazole because the 

structure ha-s, been s·tabil:Lzed by incorporation of the reactive 

double bond into· an extended conjugated system. The existence of 

resonance forms such as XLlX a discourages reaction with nucleo­

philes. 
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0 . 

- ~c.H-C.HO+ 

XLl)(OJ 

A similar explanation has been offered for the failure of 

°"-phenylcinnamic ester to undergo the Michael reaction (31b). 

Synthes-is- of N,l-Disubstituted-2-phenethylamines. 

Benzylmagnesium chloride has been used in exactly the same 

manner as 2-picolyllithium to synthesize trisubstitutedethylamines. 

Previ0us reactions of·benzyl Grignard reagents with Schiff bases 

are discussed in the Intr0duction. The phenethylamines obtained 

are listed in Table VI. 
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LVI 

LVII 

LVIII 

LIX 

TABLE VI 

Q-c H.._ 'f H N H R
2 

R' 
N,l-Disubstituted-2-phenethylamines 

Ri R2 Yield,.%a 

Phenyl p-Anisyl 59 
90 C 

p-Anisyl p-Anisyl 67.5 

p- ( 2 -Diethylamino- p-Chlorophenyl 50 
ethoxy)phenyl 

p-( .2-Diethylamino- 2-Pyridyl 60 
ethoxy)phenyl 

The yields are those after one distillation or recrystallization. 
b All boiling and melting points are uncorrected. 
c From the LiAlH 4 reduction of deoxybenzoin p-methoxyanil. 

·M.p., oc b . 

102-103 

. 75-76 

B. p. , oC/mmb 

177-181/0.1 

195-205/0.1 

°' '° • 
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Benzyl Anion vs. o-Tolyl Anion Attack on Schiff· Bases. 

Benzylmagnesium chloride is known to give o-substituted­

toluenes when reacted with certain aldehydes and a~id chlorides. 

For instance, benzylmagnesium chloride and formaldehyde are reported 

to give o-tolylcarbinol (39,40,41)0 Higher aliphatic aldehydes 

give mixtures of products resulting from benzyl and o-tolyl anion 

attack (41). With acetyl chloride and acetic anhydride, o-methyl­

acetophenone is obtained (42). These ortho products raise the 

possibility of o-tolyl anion attack on Schiff bases to give o­

tolylmethylamines rather than phenethylafl)ines. This author knows 

of no previous investigation into this possibility. 

To determine the aetual product from such reactions, N­

(p-methoxyphenyl)-1-phenyl-2-phenethylamine (LVI) was prepared by 

the·LiAlH4 reduGtion of deoxybenzoin p-methoxyanil (XIX) and found 

to have an infrared spectrum and a boiling point identical to the 

product obtained by the reaction of benzylmagnesitnn chloride with 

N-benzylidene-p-anisidine (I). 

+ C. H: N-Q-oc. H3 

OI 
O-cH2-~-o 

N 

XIX 
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EXPERIMENTAL DETAILS 

All melting points and boiling points are uncorrected. The 

elemental analyses were performed by ~r. V. B. Fish, Department of 

Chemistry, Lehigh University. 

Schiff Bases (I-XXVII). Method A. One-tenth of a mole of 

aldehyde was dissolved in 50-150 ml. of refluxing 95% ethanol. 

Through the top of a condenser was added 0.1 mole of amine dis­

solved in a minimum amount of 95% ethanol. The solution was re­

fluxed for 10 minutes and then cooled to precipitate the Schiff 

base which wa_s then filtered off and dried. 

Method B. The procedure is the same as. Method A except that 

absolute methanol was used as the solvent. 

Method C. Equimolar amounts of amine and aldehyde were heated 

to 170-180° in an open flask for 20 minutes. The hot mixture was 

poured into an evaporating dish and allowed to crystallize. The 

crude-product was broken rip and recrystallized from 95% ethanol. 

Method D. One-tenth of a mole of aldehyde or ketone and 

0.1 mole of amine were heated in 75 ml. of refluxing benzene until 

95-100% of the theoretical amount of water was collected in a water 

trap. The benzene was removed in vacuo and the residue vacuum dis­

tilled. 
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When 1-indanone and N,N-diethylethylenediamine were reacted 

the r~action turned black. Approximately 60% of the diamine was 

recovered during the work-up. The diamine was identified by the 

m.p. and mix. m.p. of its dipicrate, m.p. 213° (43). 

Method E. One-tenth of a mole of amine and 0.1 mole of aldehyde 

or ketone were heated in 75. ml. of refluxing m~xylene for 4 to 10 

hr. until 90-95% of the theoretical amount of water was collected in 

a Dean-Stark trap. The xylene was distilled off at atmospheric 

pressure and the residue vacuum distilled. 

In the case of N-benzylidene-2-aminopyridine (XX) a small 

forerun of white, solid N,N'-benzylidenebis-2-aminopyridine (23) 

m.p. 111-112°, was collected. 

Deoxybenzoin p-methoxyanil (XIX) was not distilled but puri­

fied by recrystallization from 95% ethanol. 

Method ·F. Three grams (0.0128 mole) of p-( 2 -diethylamino­

ethoxy)benzaldehyde hydrochloride and an equimmlar amount of amine 

were heated in 20 ml. of refluxing absolute ethanol for 24 hr. 

The yellow solution was evaporated to dryness in vacuo on a hot 

water bath.· The resulting solid was washed with dry ether and the 

pure hydrochloride dried in a vacuum desiccator over P205 • The 

dry hydrochloride was slowly_ stirred into an excess of 5% NaOH to 

give the free base which was filtered and dried. 

• Method G. Equimolar amounts of aldehyde and amine were swirled 

together in a flask with cooling. 
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The resulting mixture (dark when furfural is the aldehyde) was 

vacuum distilled to give a light yellow, liquid product. 

Method H. This is the method of G. Reddelein (24,25). One­

tenth of a mole of ketone, 0.20 mole of aniline and 2 g. of zinc 

chloride were heated in an open flask to 170-180° for 1/2 hr. with 

the evolution of steam. 

To isolate acetophenone anil (XXI) the cooled reaction mixture 

was stirred with 100 ml. of hot chloroform. After removal of the 

insoluble zinc chloride-aniline· complex the chloroform and excess 

aniline were removed at reduced pressure and the product vacuum 

distilled to give white crystals of pure product . 

. To isolate benzophenone anil (XXII) the cooled reaction mixture 

was extracted with three 40 ml. portions of hot benzene. After 

removal of the benzene and the excess aniline at reduced pressure 

· the product was vacuum distilled to give a yellow oil which soli­

dified to give white crystals. 

To isolate fluorenone ani.1 (XXIII) the cooled reaction mixture 

was dissolved in 75 ml. of hot i-propanol. Insoluble zinc chloride­

aniline·complex was filtered off upon cooling of the propanolic 

solution. Fifteen ml. of absolute ethanol were added and the solu­

tion cooled in a refrigerator overnight.to precipitate yellow pro­

duct, m.p. 82-84°. Concentration of the filtrate to 1/2 its volume 

and cooling at -20° for several days precipitated an additional sub­

stantial quantity ~f product. 
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Recrystallization of the product from 60-70° pet. ether raised the 

m.p. to 86-87°. The crude material was quite satisfactory for 

further use. 

Method I. 9,9-Dichloroxanthene was pr~pared according to 

the method of Schonberg and Asker (13). Thirty grams (0.153 mole) 

of xanthone were dissolved in 45 ml. (74.Sg., 0.625 mole) of SOC12 

and the solution re-fluxed for 8 hr. The excess, unreacted SOC12 

was distilled in vacuo from the resulting dark reaction mixture to 

give a quantitative yield of brown crystalline product contaminated 

with a small amount of SOCl2. 9,9-Dichloroxanthene reacts vigorously 

with water, so it was sto·red for short periods of time in a tightly 

stoppered flask. 

Thirty-six grams (0.143 mole) of 9,9-dichloroxanthene were 

dissolved in 200 ml. of dry ether and 100 ml. of dry benzene. To 

this solution, with rapid stirring, was added 40 ml. (0.430 mole) 

of aniline accompanied by a vigorous reaction. The anilin~ hy­

drochloride was filtered off ·and the filtrate·washed with water. 

The organic layer was evaporated in vacuo and the yellow-orange 

residue recrystallized from 100 ml. of 60-70° pet. ether to give 

27.1 g. (70%) of yellow xanthone anil (XXIV), m.p. 106-107°. 
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General· Procedure for Formation of 2-(2-Pyridyl)ethylamines 

XXIX, XXX, XXXII - XLVII and l,l-Diphenyl-2-pyridineethanol(XLVIII)._ 

In a 500 ml. 2-necked flask equipped with a reflux condenser, 

stirrer,·dropping funnel and nitrogen inlet, 0.2 mole of phenyllithium 

were prepared by slowly adding 0.2 mole of bromobenzene to 0.4 mole 

of lithium wire in 200 ml. of rapidly stirred anhydrous ether. 

The rate of addition was such as to insure constant refluxing of 

the· ether. After nearly complete reaction of the lithium wire, 

0.2 mole of 2-picoline was added to the dark solution of phenyl­

lithium. The solution of 2-picolyllithium was a characteristic 

reddish color. One-tenth of a mole of the Schiff base to be reacted 

was_ slowly added,with stirring, to the ethereal solution of 2-

picolyllithium, the rate of addition being fast enough to insure 

an even refluxing of the ether. Stirring was continued for 15 to 

30 minutes after addition of the Schiff base. Hydrolysis was ~ffected 

by very cautiously adding 200 .ml. of an aq. 20% NH 4 Cl solution with 

rapid stirring. See Isolation and Purification .Procedures. 

Iselation and Purification of 2-(2-Pyridyl)ethylamines XXIX, 

XXX, XXXII - XLVII and 1, l-Diphenyl-2--pyridine·ethanol (XLVIII) . Tables 

III and IV. 

XXIX. After standing for 1/2 to 1 hour a solid precipitated 

from the ether layer. The tan product was collected, washed with 

water, and.dried~ 
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Recrystallization was effected with a minimum of 95% ethanol. 

Analysis: for C19H18N 2 o 

Calcd.: C, 83017; H, 6061; N, 10.21. 

Found: c, 83.20; H, 6.62; N, 10028. 
N, 10.26. 

XXX. The layers were separated and the ether_ layer evaporated. 

Excess 2=picoline was distilled off in vacuo and the residue tri~ 

turated with an equal volume of 60,~70° pet. ether to give a tan 

solid . 

. .Analysis: for CzoHzoNz• Calcd.: C, 83.29; H, 6.99; N, 9.72. 

Found: C, 83.12; H, 7.02; N, 9.95. 

XXXII. The layers were separated and· the ether layer evaporr,..: 

ted. Ex~ess z ... picoline was distilled off in vacuo and the residue 

dissolved in twice its volume of hot 95% ethanol. Upon cooling the 

product precipitated and the recrystallization was repeated. 

· .Analysis: for Cz18 22NzOz. Calcd.: C, 75.42; H, 6.63; H, 8.38. 

Found: C, 75.80; H, 7 .,01; N, 8.38. 
C, 75.70; H, 6.69; N, a.so. 

XXXIII. The product precipitated upon hydrolysis of the 

reaction mixture. The solid was filtered and recrystallized from 

methanolo 

--=·Analysis : for CzzHz5N30. Calcd.: C, 76.05; H, 7.25; N, 12.10. 

Found: C, 16.05; H, 7.31; N, 12.03. 
c, 76 0 20; H, 7.31; N, 11.92. 
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XX.XIV. The product precipitated after hydrolysis of the 

reaction mixture. The S-Olid was filtered, then stirred with and 

filtered from three 100 ml. portions of hot water. The washed 

soiid was dissolved in a minimum of boiling 95%ethanol, water added 

until the cloud point was reached, and the resulting solution cooled 

to give pure product. 

Analysis: for C19H18N20. Calcd.: C, 78.61; H, 6.25; N, 9.65. 

Found: C , 7 8 . 80·; H, 6 . 41 ; N , 9 . 50 . 
N, 9. 54. 

XX.XV. The layers were separated and half of the ether allowed. 

to evaporate at room temperature. The remaining ether solution was 

cooled for a few hours and the solid which precipitated was filtered. 

Two. recrystallizations from 95% ethanol gave pure product. 

Found: C, 71.10; H, 5.85; N, 7.95; Cl, 9.87 

.XX.XVI. After hydrolysis of the reaction mixture the pH of the 

aqueeus ·layer was adjusted· t<:> neutrality with 4N HCl. The layers 

were ·filtered together·· and the- product washed with water and ether. 

Two recrystallizations from 95% ethanol gave pure, white prodrict. 

Analysis: fer C19H17N2c10. Calcd.: C,70.24; H,5.28; N,8.63; Cl,10.92. 

Found: C,70.60; H,5.18; N,8.75; Cl,10.6Q. 
N,8.74; Cl,10.58. 

XX.XVII. The layers were separated and the ether layer 

evaporated in vacuo. The residue was dissolved in 500 ml. of hot 

60-70° pet. ether. 
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Upon cooling, a dark viscous residue settled out and when the solution 

became clear it was decanted and evaporated to dryness to give a 

light orange, viscous oil. This crude oil was dissolved in 300 ml. 

of 95% ethanol and the resulting solution added, with stirring at 

room temperature, to 64 g. (Oo28 mole) of picric acid dissolved in 

approx. 1 lo of 95% ethanol. The resulting picrate was recrystal­

lized from 95% ethanol and then stirred with 500 ml. of water and 

decomposed with NH40H. The ins0luble ammonium picrate was filtered 

and wa-shed with ether. The filtrate was extracted with ether, 

and the extract washed twice with saturated aq. NaHCO:, and twice 

with·water. The ether was rem0ved in vacuo. The residue was 

heated in 200 ml. of b0iling methanol with a small amount of de­

colorizing carbon. Removal of the carbon and methanol gave a clear, 

viscous oil which solidified after 2 months, m.p. 53-54°. 

Analysis: for C21H19N20F3. Calcd.: N, 7.52. 

Found: N, 7.51. 

The dimethiodide monoethanolate was prepared in and recrystallized 

from absolute ethanol . 

. Aaa-lysis: for C2aH31N202F3I2. Calcd.: N, 3.99; I, 36.14. 

Found: N, 3.97; I, 36.10 . 

. XXXVIII. The layers were separated and the ether layer evapor­

ated in vacu0. Unreacted·2-picoline was distilled off at reduced 

pressure. 
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The residue was stirred vigorously with 250 ml. of refluxing 60-70° 

pet. ether to give a cloudy solution which was allowed to cool and 

stand until clearo The clear solution was decanted, allowed to evap­

orate to two~thirds its original volume and cooled overnight in a 

re-figerator_ to precipitate pure product. 

Aft-a-1:ys-is: for c25H30N3 Cl0. Calcd.: C,70.82; H,7.13; N,9.91; Cl,8.36. 

Found: C,70.90; H,7.34; N,9.64; Cl,8.13. 
N,9.66 

XXXIX. The ethereal layer wa~ evaporated in vacuo to give a 

brown solid. This solid was washed with ether and recrystallized 

£rem a minimum of 95% ethanolo 

Found: C,73.15; H,6.63; N,11.48. 

XL. The ether layer was evaporated in vacuo and unreacted 2-

piee>line· was distilled from the residue at reduced pressure. The 

remaining organic materials s0lidified to a black, brittle resin, 

which was ·semewhat· soluble in most organic solvents but could not be 

recrystallized. It ·formed a dirty, gunnny picrate which became an 

insoluble, sticky, brown mass upon attempted recrystallization from 

95% ethanol or acetone. 

XLI. The ether layer was evaporated in vacuo and unreacted 

2-picoline distilled off at reduced pressure. The residue was 

vacuum distilled, b.p. 182-187°/0.l nun., to give a yellow, viscous 

liquid which crystallized over several days. 
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The:liquid product was disselved in hot 60-70° pet. ether to give, 

·on· coe>ling, a white solid. 

~~alysis: for· ci8H17N3. Calcd.: C, 78.51; H, 6.23; N, 15.26. 

Found: C, 78.56; H, 6.18; N, 15.14. 

· XLII. The ether layer wa,s evaporated in vacuo and the 

·unreacted 2-pi-c·o'line reme>ved by distillation at 1 mm. The dark, 

viscous res~due was swirled with siz 60 ml. portions of boiling 60-

·70° • pe·t. ·ether. After each· such extraction the flask was allowed to 

stand· a· few• minutes be-fare the pet. ether solution was decanted. The 

combined· extr-ac·ts were evape>rated to give an orange oil. 

Sixty·grams·of picric acid were dissolved in 1 1. of 95% ethanol. 

The-.-erange· o:1:1. dissolved in 500 ml. of 95% ethanol was added with 

rapiid• ··stirring ~t·:·room temperature to the picric acid solution . 

. Thei• re-suiting p:l:crate·· was- collected and stirred with enought acetone 

to make a slush, the pier.ate filte~ed, and the acetane washing re­

peat-ad·. • The·· picrate, m,p,. ·'189•90°, was stirred with 500 ml, of water 

... and .bas-icified wi·-th NH40H. One hundred and fifty ml, of ether were 

.added, -ammenium picra-te•- ft'"ltered off and the ether layer removed 

fre,m ·th•· .. ftltrata, The ethereal aolutian wa1 washed twice with 

&at. •••· ·NaHC0:, and thrice with water. Attar drying over NaaS0.., 

a ama~l amwnt of-decolorizing oarbon wan added, the mixture 

stirred and then filtered throush Celite, 
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Evaporation of the ether gave an orange oil which solidified after 

two weeks .. 

Analysis: for C20H20N2. Calcd.: C, 83.29; H, 6a99; N, 9.72. 

Found: C, 83.02; H, 7.12; N, 9.86. 
N, 9. 88. 

XLIII. The aqueous and ethereal layers were filtered together 

to isolate crude product. The ether layer was evaporated and un-

reacted 2-picoline was evaporated in vacuo. The re-

sidue was recrystallized frem 95% ethanol to give additional crude 

mat:erial. Recrystallization of the total product from 95% ethanol 

after treatment with decolerizing carbon gave short, silky, white 

needles. 

Ff)und: C , 7 3. 60; H, 6 . 30; N, 9 . 58 . 

XLIV. The ether layer was evaporated and the dark residue 

veeuum distilled through a Cla-isen distilling head to give a clear, 

·light erange oil. This product was redistilled discarding the first 

3 ml·. ef ·distillate. 

AmalM:ysis: .. ~«>r c17H25N3o. Gale~.: C, 71.04; H, 8.77; N, 14.62. 

Found: .c, 71.20; H, 8.70; N, 14.60. 
N, 14. 58. 

XLV•,. The ethe·r layer was evaporated and the dark residue dis-· 

·tilled to give a yellow-oil. 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

82. 

The oil was converted to its citrate monohydrate by adding it to an 
' 

equimolar amount of citric acid menohydrate dissolved in a minimum 

amount of dry acetone .. The white salt was washed with acetone and 

ether and then dried.over.P20s at 20 mm. for 2 days-before analysis. 

The citrate is somewhat hygroscopic . 

. AQB.,lysis. fer c25H37N308 • Calcd.: C, 59 .16; H, 7. 38; N, 8. 28. 

Found: C, 59.30; H, 7.25; N, 8.21. 

XLVI. The aqueous and ether layers were poured into a beaker 

and allewed to stand for 2 hours. The white, crystalline solid which 

slowly precipitated was filtered off and washed with a small amount 

of ether and dried. This product was heated in 250 ml. of refluxing 

95% ethanel for 5 minutes, and then 35 ml. of benzene were added to 

effect solution~ Cooling the solution overnight gave an 81% re­

covery· of colorless crystals. 

Analysis: fer c25H20N2. Calcd.: C, 86.17; H, 5.79; N, 8.04. 

Found: C, 86.10; H, 5.86; N, 8.00. 
N, 7. 90. 

• ,XLVII. The product precipitated from the ether layer and was 

recrystallized in 79% recovery from 1:1 i-propanol-benzene with no 

change- in m .. p. Additional product was obtained by evaporating the 

ether .. ,layer and recrystallizing the residue. 

Analy~~~·: fer c2•5H
20

N
2
o. Calcd.: C, 82.39; H, 5.53; N, 7.69. 

Found: C, 82.30; H, 5.80; N, 7.60. 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

83. 

XLVIII. White product precipitated from the ether layer. It 

was c0llected, washed with cold water and cold ether. M.p.150-151°. 

Recrystallization from methanol raised the m.p. to 151-152°. 

The product gave no depression when a mixed m.p. with authentic 

1,1-diphenyl-2-pyridineethanol (28) was taken. 

N, 2 ... Diphenyl-1 ... ( 2-piperidyl) i-sopropylamine (XXXI) . Eight 

grams (0.028 mole) of N,2-diphenyl-1-(2-pyridyl)isopropylamine (XXX) 

were dissolved i.n 80 ml. of glacial acetic acid and hydrogenated 

in a Parr low~pressure bomb using 0.3 g. (0.0013 mole)of platinum 

·dioxide. The initial pressure was 50 p.s.i. in the 5-liter system. 

After the calculated decrease in hydrogen pressure the catalyst and 

acetic·acid were removed followed by basicification of the residue 

with 25% NaOH solution and ether extraction. The ether was dried 

over ·sodium sulfate. and then evaporated in vacuo. The residue was 

distilled to give- 4 .12· g;. (50%) of light yellow, extremely viscous, 

crude product, b.p. ·150-162°/0.5 mm. Three recrystallizations from 

80% ethanol gave 2g. (25%) of white solid, m. p . 117-118°. 

.Analysis: for c2oH26N2. Calcd.: C, 81.58; H, 8.90; N, 9.52. 

Found: c, 81.70; H, 8.85; N, 9.58. 
N, 9.48. 

.. 2~S~tilbaz.ele (XLIXl. The method of Shaw and Wagstaff was 

used. • S·ee- reference· 44 er page 27 in Part I of this thesis. 
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2~ 2 ... 4 ... (2=Dieth laminoethox uinolin·e L . 

Method Ao Twenty grams (0~0605 mole) of N~ G,-(2-diethylamino­

ethoxy)benzyliden~ -p .. •chloroaniline (XI) in 100 ml. of ether were 

added to 00121 mole of quinaldyllithium (prepared in the same manner 

as 2=picolyllithi.um) in 150 ml. of ethero A mild refluxing of the 

ether ensuedo After the flask had cooled to room temperature the 

reaction mixture was hydrolyzed with aqueous NH4Cl and the ether 

layer separated, dried and evaporated. p-Choroaniline and unreacted 

quinaldine were distilled off at reduced pressure and the residue 

recrystallized from 300 mlo of 60-70° pet. ether to give 14.7 go 

(70%) of white product, rn.p~ 52~53°. 

Analysis: fsr C23H26N20. Calcd.: C, 79073; H, 7o56; N, 8.090 

Found: C , 80 • 20 ; H , 7 • 7 6 ; N , 8 . 0 5 . 

The dipicrate, mopo 199·-200° dee., was formed in and recrystallized 

from acetoneo 

Aa.alysis: 

Found: C, 52.36; H, 4.20; N, 14.02. 

Method Bo Seven and fifteen hundreths grams (605 ml., 0.05 

mole) of quinaldine, lloOS g. (OoOS mole) of 4~(2-diethylamino­

ethoxy)benzaldehyde, and 1008 g .. (10 ml., Oo 106 mole) of acetic an­

hydd.de were refluxed for 6 hours. Unreacted materials were removed 

at reduced pressure, the black residue stirred with 50 ml. of a­

queeus 5% NaOH and the organic layer taken up by ether extraction. 
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The ether solution was dried over Na-2 S04, evaporated in vacuo, and 

the residue dissolved in.acetone. The acetone solution was added to 

0.15 mole of picric acid dissolved in 200 ml. of acetone. After 

standing for a few minutes the dipicrate, m.p. 196-199°, precipi­

tated. The dipicrate was filtered and then stirred with 300 ml. 

of boiling acetone and refiltered to give 24.35 g. (60.5%),m.p. 

199-... 200°, -.:>f pure yellow salt. The dipicrate was stirred into 

500 ml. of hot water and basicified with NH40H. The hot mixture 

was extracted with iSO ml. of hot benzene. The benzene solution 

was washed with aqueous 5% NaOH and then with water. The benzene 

extract was dried over Na2 S04 and evaporated. The residue was re-. 

crystallized from 40 ml. of 60- 70° pet. ether t·J give 5 g. of pure 

product. An additional 1.5 g. of product in the form of colorless 

p-1.a-tes were c.o'11.ected by allowing the filtrate to evaporate at room. 

temperature to 1/2 its volume. The total yield was 6.5 g. (36%), 

Found: C, 79.77; H, 7.08; N, 8.17. 
N, 8.19. 

This compound gave a white fluorescence under an ultraviolet lamp~ 

z ... {3-[f.-( 1-MethylpyrrylD vinyl} pyridine (LI) . Ten grams 

(0.0543 mole) of l-methyl-2"•(N,Mphenylformimidoyl)pyrrole (XXVII) in 

50 ml. of e.ther were slowly added to approx. o. 109 mole of 2~•picolyl·'"' 

lithi.um i.n 100 ml. of ether. 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

86. 

Addition was accompanied by refluxing of the ether. When the re­

action began to cool it was carefully hydrolyzed with an excess of 

saturated aqueous NH4Clo The ether layer was separated and dried 

over Na2 S0 4 and the ether evaporated in vacuoo After vacuum dis...., 

tillation of ani.li.ne and unreacted 2-picoline the residue was dis­

tilled to give a light yellow oil, bop. 130"·135° /0.1 mm., which 

gradually solidified to a yellow solid, m.po 88-89°0 The solid was 

recrys·tallized once from a minimum of 60 .. , 70° pet. ether to give 

4ol5 go (41.5%), m.p. 95..,.96°, of pale yellowish-tan crystals. 

:~alysis~ f0r c12H12N2 . Calcd.: C, 78.22; H, 6.57; N, 15.21. 

Found~ C, 78.43; H, 6.68; N, 14096. 

When l .. •methy1~2··· [ N•-~ (p=chlorophenyl) formimidoy!J pyrrole (XXVI) 

was reacted with 2·-•picolyllithium similar results were obtained. 

The ether residue was distilled to give a 47% yield of crude pro~ 

duet Ll and a 66% recovery of P'"•chloroaniline. 

Compound Ll gave a faint b luer--whi te • fluorescence under an ul t,ra­

viol.et lampo 

ridine Methiodide LIII. 

Method A. Compound Ll was dissolved in an excess of methyl 

iodide and allowed to stand overnighto After.removal of excess methyl 

iodide the crude. purple•ured product; m.p. 230.,.·231°, was recrystal­

lized from 95% ethanol to give an 84% yield of pure methiodide LIII, 

m. p. 245 ... 246 ° . 
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~nalysis: for c13H15N2Io Calcdo: C, 47.87; H, 4.64; N, 8.59; I,38.91. 

Found: C, 47a95; H, 4.81; N, 8048; I., 38.80. 
N, a.so 

Method Bo Using the method of Phillips (35) 5 g. (0 .0226 mole) 

of 2-picoline rnethiodide, 5 go (0.0458 mole) of 1-methylpyrrole-2-

carboxaldehyde and 1 mla of piperidine were heated in 30 ml. of re ... 

fluxing absolute _methanol. When bumping due to precipitated product 

LIII made further refluxing impossible the flask was cooled and 6 g. 

(81. 5%) of pure brick ... red product was collected, m. p. 245··246° o A 

mixed m.p. of the products obtained via methods A and B showed no 

depression. 1he methiodi.de exhibited a blood~red fluorescence under 

an ultr"QVioltt lamp. 

2~· ( 4L .. Dimethylami.ncstyryl) pyridine (LII). Ten grams 

(0.067 mole) of pLJdimethylaminobenzaldehyde. were slowly added with 

stirring to approx. 0.134 mole of z ... picolyllithium in 150 ml. of ether. 

Stirring was canti.nued for an additional 30 minutes and the reaction 

mixture then hydrolyzed with saturated NH 4 Cl solution. A solid 

precipitated from the ether layer to give 9 go of product, m.po 

114 ... 115°. An additional 1.8 g. ,m.po 122·,,123°, were collected by 

evaporating the ether layer to 1/2 its volume. Total yield of crude 

product was 10.8 g. (66.6%)0 Recrystallization from a minimum of· 

i•Mpropanol gave 8.25 g. (46.6%), mop. 121.5~·122.5°, of white, pure 

produc.to 
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Analysis: 

88. 

for c
15

H
18

N
2
0. Calcd.: C, 74.35; H, 7.49; N, 11.56~ 

Found: C, 74~65; H, 7.53; N, 11.78. 

One gram (0.00413 mole) C'f the impure 1 ... (p·~dimethylaminophenyl)-2 ... 

pyridineethanol was dissolved in 10 ml. of 4N HCl and the solution 

warmed to 60° overnight. The reaction solution was poured into an 

excess ,:;f 10% KOH and the 0.85 g. (91.7%) of yellow ... orange compound 

LII c0llected m. p. 141·-·142°.. Recrystallization from 75% ethanol gave 

pale yelL)W""' tan product, m. p.. 14lu.o 14~0
, in 94% recovery. 

~nalys..!_~~ f0r c
15

H
16

N2. Calcd.: C, 80.32; H, 7.19; N, 12.49. 

Found: 

Two recrystallizations from acetone gave yellow crystals, m.p. 141 .... 142°, • 

which gave a slightly better analysis. 

An~l:Y§.i§.~ for c15H16N2. Calcd.: C, 80.32; H, ·7 .19; N, 12.49. 

Found: C, 81.23; H, 7.35; N, 12.12. 

Parker and Furst (34) report a melting point of 239.4~240° which, in 

view of similar ultraviolet maxima, appears to be a typographical 

error. 

2.-(4 ... Dime.thylaminostyryl)pyridine ~j;hiodide (L!Y.l_. The method 

of Phillips (35) was used to prepare methiodide LIV. Five g. (0.021 

mole) of 2~picoline, 5 g. (0.,0336 mole) of 2-(4~dimethylaminostyryl)~ 

pyridine (LII), and 1 ml. of piperidine were heated in 50 ml. of 

refluxing absolute methanol until bumping caused by the product 

prevented furthur heating. 
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Recrystallization of the product from methanol gave 4.28 g. (56%) of 

purple ... red crystals, m.p. 273•=-274° dee. 

1, .. Pheny1 .... 2~ ( 2-pyridyl) ethanesulfonic acid (LV) . • One gram 

(0~0055 mole) of 2=stilbazole was refluxed for 3 hr. with 15 ml. of 

a saturated aqueous solution of NaHS03. During the reaction peri6d 

the liquid layer of melted 2~stilbazole gradually disappeared. At 

the end of 3 hr. the reaction mixture was c.lear. The solution was 

evaporated to dryness i.n vacuo on a boiling water bath and the 

• white residue treated with an excess of hydrochloric acid with the 

• evolution of sulfur dioxide and precipitation of sodium chloride. 

The NaCl was filtered off, washed wi.th cone. HCl, and the combined 

filtrates evaporated to dryness at reduced pressure on a hot water 

bath. The resulting dark resi.due was dissolved in 20 ... 25 ml. of hot 

70% ethanol, a little decolorizi.ng carbon added to the resulting 

soluti.on, and the hot mixture fi.1tered. The clear filtrate was 

eyaporated to dryness and the resulting yellowish solid recrystallized 

from a small amount of water with the pure product very gradually 

precipitating as off, ... white, round crystals, m.p. 251 ... 252° dee., upon 

cooling and standing for 1 to 3 days. The yield was 1.35 g. • (86%). 

Analysis: for c13H13No3s. Calcd.: C,59.30; H,4.98; N,5.32; S,12.18. 

Found: C,59.20; H,5.19; N,5.19; S,12.07. 
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The sulfonic acid exhibits none of the hygroscopic tendencies of 

either pyridinium acid salts or many sulfonic acids. 

Attempted Syntheses of N,l-Diphenyl-2-(2-pyridyl)ethylamine (XXIX). 

Method A. Two g. of l-phertyl-2-(2-pyridyl)ethanesulfonic acid 

(LV) were heated in 10 ml. of refluxing aniline for 3 hr. One 

hundred ml. of water.were added and the aniline steam distilled. 

Concentration of the aqueous solution to 8"9 ml. followed by cooling 

overnight gave a 97.5% reco.ery of sulfonic acid LV. 

Method B. Five g. (0.0276 mole) of 2-stilbazole (XLIX), 10 ml. 

(0.11 mole) of aniline and 0.52 g. (0.014 mole) of sodium were heated 

slowly. With the first appearance of molten sodium a dark brown 

·color appeared. The reaction mixture was heated at reflux for 4 hr. 

to give a nearly black solution. Unreacted aniline was removed by 

·steam distillation and the aqueous, alkaline residue extracted with 

ether. The ethereal extract was dried over Na2S04 and the ether 

evaporated to give a dark brown, viscous oil, The oil distilled at 

130-140°/0,5 mm. to give 2 g, of a light yellow oil which formed 

a picrate, m,p. 183-190°, whose m,p. did not change upon recrystal­

lization from 95% ethanol. Elemental analysis of the picrate agreed 

more closly with that expected for 2-stilbazole picrate, m.p. 210-

211°, than for the picrate or dipicrate of compound XXIX. 

Analysis: for 2-stilbazole picrate, Calcd,t C,55,61; H,3,44; N,13,66, 

Found: C,54,16; H,3,87; N,13.24, 
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A mixed m.p. with authentic 2-stilbazole picrate gave no depression . 

. Method.C. Five g. (0~0276 mole) of 2-stilbazole was dissolved 

in 15 ml. of ether and added to an equimolar amount of lithium anilide 

(from adding an equimolar amount of aniline to phenyllithium) in 50 

ml. of ether. There was no noticeable evolution of heat. Hydrolysis 

with ice water followed by ether extraction gave a quantitative re­

covery of 2mstilbazole. 

Method D . ./, .. - Two g. (0.011 mole) of 2-stilbazole, 2g, (0.0225 mole) 

of aniline, and 0.12 g. (0.002 mole) of glacial acetic acid were 

heated at 200° for 6 hr~ in a sealed tube. Upon cooling 48 hr. at 

N20° 1,Sg. (75%) of 2-stilbazole crystallized from the reaction mix­

ture as a white solid, An additional 0,44 g. (22%) of. 2-stilbaz,,le 

was obt•ined.by basicification of the filtrate with 25% NaOH followed 

by steam distillation to remove the aniline and finally filtration. 

The recovery of·2-stilbazole was 97%, 

. General P;:ocedur·e for Format~;on of N, l•Diaubatituted-2• 

1th~nethYlaminee LVI-LI~. Benzylmagneaium•chloride was prepared from 

o. 2 mole of magnesium sand and o. 2 mole of benzylchloride in 200 ml. 

of ether. One-tenth of a mole of·the Schiff base to be reacted was 

al~'ly added, with stirring, to the ethereal solution of benzylmag• 

nesium chloride and refluxing of the ether usually occurred. Being 

only slightly soluble ·in ether p•methoxybenzylidene•p-anisidine (VII) 

reacted only very slowly over 1./2 hr. 
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~n all cases the reaction mixture was stirred for.1/2 to·l hr. after 

addition of the Schiff base. Hydrolysis was effected by very cautiouely 

adding 200 ml. of an aq. 20% NH4Cl solution with rapid stirring. See . ,. 

. . 

Isolation and Purification Procedures . 

. Isolation and Purification of_N,1-Disubstituted-2-phenethyl­

•• amines LVI •·LIX •. T~ble VI, 

LVI. The ether layer· was dried over NaaSO4, the ether removed 
' in vacu~ and the residue vacuum distilled to give toluene and a yellow 

oil (59%), b,p. 177-181°/O.1 mm, 

Antlva&a: for C21H21NO. Calcd.: C, 83.13; H, 6.98; N, 4.62. 

Found: C, 82,751 H, 7,O2J N, 5,07. 

LVII, The product precipitated from the ether layer 

and wa1 collected in 79.5% yield, One recrystallization from i• 

prspanol save pure white product (67.5%). 

Analyaia: for c22H23Na
2 
•. Calcd, c C, 79,25; ·H, 6,95; N, 4,20, 

. Found: C, 79,30J H, 6,97J N, 4,10, 
N, 4.12. 

-LVIII, The ether·layer waa dried over Na8S04 and theather 

evaporated to give a n~arly clear, very viacoua yellow oil. Dis• 

tillation on a.Wood'• metal bath save a light orange .oil, b,p.195• 

205°/O,l mm. 

Analxa;LJ: for c26H31N2Cl 0, Calcd,: C,73,821 H,7,39; N,6.63;Cl,8.38, 

Found: C, 73,4(:h H, 7 ,51; N,6 .• 54;O1,8.48, 
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LIX. The ether layer was dried over Na2 S0 4 and the ether 

evaporated in vacuo. The viscous, orange residue solidified to a 

tan, crystalline solid (94%), m.p. 70-72°. Recrystallization from 

a minimum of 60-70° pet. ether gave a 63.8% recovery of light tan 

plates {60%). 

Analysis: for c25H31N3o. Calcd.: C, 77 .08; H, 8.02;· N, 10. 79. 

Found: C, 77.20; H, 8.04; N1 10.71. 

Alternate Synthesis of Compound LVI. 

This is the method of Billman and Tai (45). To 2.6 g. {0.0067 

mole) of lithium aluminum hydride in 100 ml. of ether was added 4.03 g. 

{0.0133 mole) of de.oxybenzoin•·p~methoxyanil (XIX). The reaction mix­

ture was refluxed for 30 minutes and then the lithium salts were 

cautiously hydrolyzed with ice water. The inorganic salts were 

filtered off, the ether layer separated and dried over NaS04 and the 

ether evaporated in vacuo. The residue was vacuum distilled to give 

3.6 g. {90%) of yellow oil, b.p. 177-181°/0.1 nnn. 

Analysis: for c21H21NO. Calcd.: C, 83.13; Hy 6.98; N, 4.62. 

Found~ C, 82.98; H, 6.82; N, 5.08. 
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APPENDIX 

Ultraviolet and Visible Spectra 

The absorption spectra which appear on the following pages 

were obtained using a Bausch and Lomb Spectronic 505 spectropho­

tometer for both the ultraviolet and visible regions. The original 

spectra were in terms of absorbance vs. A(mµ). For purposes of 

_comparison the absorbance values were converted to molar extinction 

coefficients as follows: 

Absorbance = EC 1, where 

E = molar extinction coefficient 

C = molar concentration 

1 = cell length in centimeters 

• • E. = absorbance 

C x 1 

The spectra were then plotted in terms of loge. vs. A (mµ). 
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Tabulation of Represen.tative 

Infrared Spectra~ 

98. 

The infrared spectra were run on a Perkin-Elmer 21 infrared 

spectrophotometer at Lehigh University or kindly supplied by the 

Wm. s. Merrell Co., Cincinnati, Ohio. In each case, the source of 

the spectrum is noted following the name of the compound. The author 

has arbitarily chosen the spectra of those compounds which he feels 

are likely to be most important pharmacologically and which are 

representative of the series. 

*Note: vs - very strong; a .. strong; m - medium; w - weak. 

N,2~Diphenyl•l-(2-piperidyl)isopropylamine (XXXl). Merrell (KBr plate). 

Wavelength 
(microns) 

2.95 
3.12 
3,33 
3445 
6.25 
6,53 
6.68 
6.87 
6,95 
7.05 
7.30 
7.37 
7.48 

( m) -
( s) .. 
( m) .. 
( ~) 
(vs) 
( s) 
(vs) 
( m) 
( s) 
( m) 
( m) 
( w) 
( m) 

Wavelength 
(microns) 

7 .64 (s) 
7.76 (s) 
7. 94 (m) 
8,21 (s) 
8. so (m) 
8,69 (m) 
8,87 (m) 
8. 98 (m) 
9, 16 '(m) 
9. 27 (w) 
9,38 (m) 
9. 51 (m) 
9. 78 (m) 

Wavelength 
(microns) 

10.08 ( w) 
10, 35 ( m)· 
10. 58 ( w) 
11.o·s ( s) 
11,46 ( m) 
11,67·(w) 
11.87 ( m) 
12.16 ( w) 
12.32 ( w) 
12,85 ( s) 
13,20 (vs) 
13.67 ( w) 
14.35 (vs) 
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N- 4-Chloro 

Wavelength 
(microns). 

3.02 
3.38 
3.43 
3.57 
6.25 
6.37 
6.63 
6.79 
6,97 
7.02 

l _, 

- 2-dieth laminoethox 
errell (KBr plate). 

I -~-

- f,_., . ..e;? • Wavelength 
fmicrons) 

7 .16 (m) 
7. 25 (m) 
7. 60 -(s) 
7.69 (s) 
7. 73 (m) 
7. 93 (s) 
8 .oa (s) 
8.35 (m) 
8. 54 (s) 
a. 73 (m) 
8.92 (w) 

99. 

Wavelength 
(microns) 

· 9.04 (m) 
9. 22 (m) 
9.41 (m) 
9.78 (s) 

10.05 (m) 
11.47 (w) 
12.10 (s) 
12.43 (s) 
13. 24 (s) 
13. 77 (m) 
14. 27 (w) 
14.86 (m) 

9•Anilino•9-(2-pyridylmethyl)fluorene (XLVI). Merrell (KBr plate). 

Wavelength 
Cmicrona) 

( •' 

/ ' __ ... J .' .;,. _.• 

2 • 97 ( 8) • . _, C !-' '.t ,A-u 
· 3 • 35 ( 8) ",.,.~ 'I 

6,26 (vs) -------?! ,.,,.J J 
6, 38 ( m) 
6,63 (vs) 
6 .82 ( ·a) 
6.93 ( s) 
6. 98 ( s) 
7 .04 ( a) 
7. 48 ( m) 

• 7. 61 ( s) 
7. 79 ( s) 
8 .12 ( w) 
8.27 ( w) 

Wavelength 
(microns)· 

8. so (m) 
8, 66 (m) 
8. 11 (m) 
8,97 (w) 
9, 10 (w) 
9. 3,'.3 (m) 
9,55 (w) 
9,74 (w) 

10,09 (m) 
10,40 (w) 
10,60 (w) 
11.05 (w) 
11. 22 (w) 
11. 55 (w) 
12.35 (w) 

Wavelength 
(microns) 

12. 78 ( s) . 
13, 38 (vs) 
13 .65 (vs) 
14.49 ( s) 
15 .17 ( m). 
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9-Anilino-9-(2-pyridylmethyl)xanthene (XLVII). Merrell (KBr plate). 

Wavelength 
(microns) 

3.01 
3.33 
6.26 
6.37 
6.58 
6.70 
6.80 
6.92 
7.05 
7.58 
7.63 
7.72 
7.85 
8.02 

' ! .: -·· . ., J I, •. • ( s) . .~ J/ .•• 
( m) c: ! • "' . "' , . .A?., 
( vs) 1·,, • 1 ').. J 
( s) 
( s) 
( s) 
(vs) 
(vs) 
( s) 
( s) 
( s) 
( s) 
(vs) 
( s) 

Wavelength 
( micron§}~-

8.10 
8.35 
8.50 
8.73 
8.88 
9.15 
9.23 
9.37 
9.53 
9.65 

10.08 
10.52 
10.61 
11.02 

(s) 
(m) 
(m). 
(m) 
(w) 
(s) 
(m) 
(m) 
(w) 
(m) 
(m) 
(w) 
(w) 
(w) 

N-(4-Anisyl)-1,2-diphenethylamine (LVI)o 

Wavelength 
~microns} 

2. 94 ( w) 
3. 31 ( m) 
3. 43 ( m) 
3. 53 ( m) 
4.31 ( w) 
5 .15 ( w) 
5 o 35 ( w) 
5. 53 ( w) 
6. 22 ( m) 
6.62 (vs) - - • 
6.83 ( s) 
6.88 ( s) 
6.93 ( s) 

Wavelength 
(microns) 

7 .11 ( m) 
7 .40 ( m) 
7.73 ( s) 
8 .08 (vs) 
8. 48 ( s) 
8.97 ( m) 
9 .15 ( m) 
9. 23 ( m) 
9. 38 ( s) 
9. 60 (vs) 
9.72 ( s) 

11.00 ( w) 
14.32 (vs) 

Wavelength 
(microns) 

11.25 ( w) 
11.43 ( m) 
11.66 ( w) 
12.16 ( w) 
12. 90 ( m) 
13. 21 (vs) 
14. 38 ( s) 
15.05. ( m) 

Lehigh (CCl4). 
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eneth lamine 

•' 

J'. 
·,.;. 

Waveleng1:h - v-...J-- Wavelength Wavelength 
(microns) r. r' ~.::> (microns) ·(mici:ons) ,._ '1'. 

I.,_ 
\_ J 

2. 93 ( w) - 7.17 ( m) 9.72 (s) 
3.32 ( w) 7.25 ( m) 9.92 (m) 
3. 38 ( s) 7.31 ( m) 10. 25 (w) 
3.50 ( m) 7.43 ( m) 11.30 (w) 
3. 57 ( m) 7.65 ( s) 12.30 (s) 
6.24 (vs) 7.71 ( s) 13.25 (m) 
6. 35 ( m) 8.05 (vs) 13.55 (m) 
6.63 (vs) 8.33 ( m) --·-,, 14. 33 (s) 
6.69 (vs) 8.42 ( m) 14.75 (m) 
6. 88 ( m) 8.63 ( s) 15.03 (m) 
7. 05 ( m) 9.23 ( s) 

N-( 2-•P 4- 2-dieth laminoethox heneth lamine 
(LIX). KBr plate). 

~--·\ 
Wavelength \ ;', Wavelength Wavelength 

\
. ~jl: 

(microns) :,J' (microns) (microns) 
• - "\ 

~'I,; 

2.93 ( w) ') 6.98 (vs)· 9.51 ( m) 
3.12 ( s) -· ' 7.06 ( m) 9.73 ( s) 
3.32 ( m) 7.25 ( m) • 9. 91 ( m) 
3.39 ( s) 7.32 ( m) 10.15 ( m) 
3.51 ( m) 7.48 ( s) 10. 56 ( w) 
3.58 ( m) 7.58 ( s) 11.07 ( w) 
5.16 ( w) 7.73 ( s) 11.48 ( w) 
5.33 ( w) 7.81 ( s) 12.12 ( s) 

- 5. 55 ( w) 8.06 (vs) 12.40 ( ·m) 
6.25 (vs) 8.31 ( m) 12.92 ( s) 
6.33 (vs) 8.55 ( s) 13.18 ( s) 
6.54 (vs) 8.72 ( m) 13.64 ( m) 
6.63 (vs) 8.90 ( m) 13.82 ( m) 
6. 70 ( m) 9.06 ( m) 14.40 (vs) 
6.90 (vs) 9.26 ( s) 
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