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PART 1

Pyrido [1,2-c pyrimidines

ABSTRACT

Four 1,3-disubstitutedoctahydropyrido[:1,24é] pyrimidines were
synthesized. 2-Phenacylpyridine, prepared from 2-picolyllithium
and methyl benzoate, was converted.to 2-phenacylp§ridine oxime which
in turn was reduced to 2-(2-amino-2~phenylethyl) piperidine with plat~"
inum dioxide and hydrogen. Condensation of this diamiﬁe with diethyl
carbonate was effected in a sealed tube at}200° to give 3-phenylocta-
hydropyrido[:l,Zmé] ~l-pyrimidone., Carbon disulfide also condensed
with 2-(2-amino-2-phenylethyl)piperidine to produce hydrogen sulfide
and a thiourea, 3-phenyloctahydropyrido [ﬁ,Z-d] ~-1-thiopyrimidone.
This easily formed an S-methyl homologue, 1-thiomethoxy-3-phenyl- a ¥-
hexahydrbpyrido [},2~é] pyrimidine, when warmed with methyl iodide.
Condensation of benzaidehyde with the diamine was also effected pro-
ducing 1,3-diphenyloctahydtoPyrido [ﬁ,Z-é] pyrimidine.

Attempts to prepare 3H~1,3~disubstitutedpyrido [:1,2-%].pyrimidines
were unéuccessful. 2-Phenacylpyridine oxime was reduced with zinc
dust in ethanolic acetic acid to 2-(2~amino-2~§heny1ethy1)pyridiﬁe
which was converted both to its acetamide and the corresponding
benzamide. Attempted cyclodehydration of the.aéetamide with POC13

or P.0s produced 2-stilbazole rather than the expected 3H-1-methyl-

.3~pheny1pyridol:},2-€] pyrimidine.
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Under ﬁhe same conditions the benzamide was quantitatively re-
covered. Carbon disulfide and 2-(2-amino-2-phenylethyl)pyridine
yielded 1,3-bis- E_l-pheny1-2-(2,-pyridy1)ethylj -2-thiourea rather
than the hoped for 3H-l-mercapto-3-phenylpyrido [ 1,2-c] pyrimidine.

Infrared spectra were run and the band wavelengths tabulated.
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INTRODUCTION

The saturated and unsaturated pyrido(:1,2~§] pyrimidine nuclei
(I and II) have been synthesized and studied only reéentlya Work
in this area has been prompted byAthe possibility of finding com-
pounds having therapeutic properties.
T : 5 4
s[::j?/\wz o N |3
7 8,# ’ * | 7 \} q\%}V?-
Octahydropyrido [},2~§3 pyrimidine. IH~Pyrido [i,Zué] pyrimidine.

It seemed interesting, therefére, to synthesize various saturated
and unsaturafed representatives of thié clasé of compounds via un-
tried reaction sequences.

The name pyrido[:l,z-éj pyrimidine derives from the fact that
structure II may be viewed as resﬁlting from the fusion of a pyridine
nucleus (III) at the atoms numbered 1 and 2 to the bond 1etterédig

on a pyrimidine nucleus (1V).

s (U N! z :{
&

III IV
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4,

‘There are five isomeric pyrido(Zi,Z»é]_pyrimidines (I1,11a,b,c,d)

possible depending upon the positions of the double bonds.

7 7 N

NN | NN

I a | II b
3H-Pyrido { 1,2-c] pyrimidine 9H-Pyrido { 1,2-c] pyrimidine

\/ﬁ |<\ N

N
\\// N~
11 c 1T d
7H~Pyrido[:i,2~€1 pyrimidine 8H~Pyrido [},2~é] pyrimidine

Although the unsubstituted octahydropyrido [1,2-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 1H-
1,3,4~trisubstitutedpyrido [ 1,2-c | pyrimidines utilizing ok -phenyl-
2-pyridineacetamide as a starting material., Treatﬁentcﬁkirphenyl—

" 2-pyridineacetamide with sodium in absolute ethanol followed by the
‘addition of diethyl carbogpate gave, upon aéid hydrplysis; 1H-4- phenyl-
pyrido‘:1,2~d].pyrimidiner1,3(2H)dione V). Phosphérous oxychloride

and V produced the 3-chloro analogue (VI),
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5.

The imino chloride, VI, may be viewed as arising by reaction of the
3-imidol tautomer (VII) of the dione, V. 1H-3-Chloro-4-phenylpyrido-
[i,z-é] -1~pyrimidoﬁe (VI) was reacted with nucleophiles such as pipéri-
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 sédium salt of 1H-4-phenylpyrido-
[?,2-@],pyrimidinewl,B(ZH)-dione with‘dimethyl sulfate or N,N~di-
’alkylaminoethylchlorides gives substitution on the nitrogen in the
2-position. In addition, 1H~4mpheny1pyrido[:1,2-;] pyriﬁidinerln
thidn-B(ZH)-one was obtained by treating an ethanolic solution of
sodio ck-phenylw2—pyridineacetamide with thiophosgene. These reac-

tions are summarized in Scheme 1.

No-
— =+tOH -
y g & -1
@) & o
7 N7 N\= /4 | =0 /4 I =
. < N pd >~
N_ NHy ’ N Ha 7 N NH
N S 2 \ NN S
Cc(oE.-t.)z CsCh,
A4
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R'—"-C.H3 |

= ™M e,_QH;_C- HZ

. A
, 3
R= C«f’}_g :':C'J.HS

SCHEME I (2)
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In 1956 Winterfeld.and Cabel (3) published a synthesis
of octahydropyrido [:1,2-€] 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,

= N oo -
RNHCoO, ET o Na N Co, Et

vV

COo,CH3

NH |
SCHEME II (3)

Three years later Winterfeld and Gobel (1) prepared
octahydropyrido[:l,zéé] pyrimidine (I) ifself as well as various
1- and 3~-substituted derivatives. I Was synthesized by treat.
ing ethyl 2-piperidylacetate with potassium cyanate in aqueous
acid followed by reduction of the resulting octahydropyrido
[1,2-¢] pyrimidine-l,3-dione with lithium aluminum hydride. An
alternate route to I employed reduction of 2-piperidylacetamide
with lithium aluminum hydride and condensation of the resulting

2-( (3 -aminoethyl) piperidine with formaldehyde.
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8 L] l
The condensation was also carried out with substituted benzaldehydes
to give l-phenyloctahydropyrido(:;,2-&] pyrimidines., Potassium

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

to produce octahydropyrido [1,2-51 pyrimidine -1-thion-3-one. See

Scheme III.
~ 0O
" to.Et to.g8| Y\’
NH KoeN NN Ha LN
Y :
| ONHa [A\/\ll HSHQ [:j/«W
’ : > H ONH
N H LiAl Hg \/NH 2 N\/
- CHO
1
\'4
N H
R Ft==+4_
—OoH
H KSCN 4 N H
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9,

DISCUSSION

Svnthésis of 1,3-Disubstitutedoctahydropyrido;ﬂi,2-d] pyrimidines.

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

disubstitutedoctahydropyrido [l,Z-c:]pyrimidines is as folZows:

XN
. E .0
+ FL Na Q
: E N cH L

T Hay

@) o ,
. VAR | H 11X
PtO,, Ha, CHaCOx H -~ /TT¢C '51.7"H'a..s %
3 -7 k/H | Ha 4. H
' Y]
S
X X |
(E_to)zcc
oa®
6 szm\zdtubt 5 |cHs T
50 Ky,
"].
\\"4 N
A2 | ?5 ;5-
/\r% _ | -HI
H N
N e Y. |
X1V . X1l X 1|
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 me;hyl acetate, methyl pro-
pidniate, 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-picolyllithium (to give the carbinol) decreases due to an in-

- crease in size of the acyl portion of the ester.

ZmPhenacylpyridine oxime (IX) was formed easily (Reaction 2)
by heating the ketone (VIII) in refluxing 95% ethanol Qith hydroxyl-
émine hydrochloride apd a élight excess of sodium hydroxide. The
oxime (IX) crystallizes frdﬁ the reaction mixture in a good state
of purity. 'Thé oximino group and the pyridine ring were réduced
simultaneously (Step 3) with platiﬁum'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 heaﬁed in refluxing 95% ethanol accompanied

by the evolution of hydrogen sulfide to give, upon cooling, 3-phenyl-~
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11,
As is the case with most thioureas, compound XI easily underwent.
S-methylation when stirred with methyl iodide. The resulting 1- -
- thiomethoxy-3-phenyl- A Y -hexahydropyrido [fl;z-éj 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

shown as follows:

CHT

N \(N
scHz

X | , X

Step 6 took place only under fairly strenuous conditions. Ex-
ploratory research in this laboratory by H. V, Hangen revealed that
- no reaction took place when 2-(2-amino-2-pheny1ethy1)piperidiﬁe (k)
and an excess of diethyl.carbonate were heated overnight in.reflux-
ingv95% ethanol, The conversion of X to 3-phenyloctahydropyrido-
[:1,2-{] -l—pyrimidone (XIII) in 39% yield (66% before récrystalli-
zation) was effected by heating X with an excess of diethyl carbonate
in a sealed tubé at 200° for 50 hdhré. XIII Generally precipitated

from the excess diethyl carbonate after cooling the unopendd tube

in a refigerator overnight.
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12,

Although it was not attempted, the use of phosgene in an ether-
pyridine solution would provide an easier route to 3-phenylocta?,

hydropyrido El, 2-cj =l=-pyrimidone (XIII).

| Attempted Synthesis of 3H-1,3-Disubsti téd rido | 1,2-¢c rimidines.
Jhe folllowing sequence of reactions was attempted with the
hope of obtaining a useful route to 3H-1,3- disubstitutedpyrido-
.El 2= c] pyrimidines.

4 CHaCO
NZN € Ha G e N7 CH;C-H_.

i Q5% EtoH
N v 4 NHZ
X3 |
‘ 7 ¢ N ﬁ
XV ACI.O N l H Pom. £4 )
rd N N Xad 4 N N
Hs Hg
XV 2 XV i |
U
3 T\ NAcH=mcH-F
XVill
Co(‘l | ,d P;,O‘ or 'PGC‘.Q, %
Ce HG N N X
; } Y
7 X X
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13.

/4 N //l 7‘ Q,-HS 7 7
e T \UNH AH g N
excess v ol N
XV —&Sa Vs ¢
X X X X1\

6b )
CH2CHNH €S

A XX}

e
®

SCHEME V

Steps 3a, 5, and 6a proved to be unsuccessful for the preparation
of pyridol:l,Z-éj 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%

yileld 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 (stép 2) while benzoylation was effected with bgnzoyl
chlorideuinHA benzene;pyridine solufion. The yields of the reéultiﬁg ‘v
acetamide (XVI) and benzamide (XIX) were 65% and 67% respectively.

The.réaction between amideé.and aminés in the presence of
phosphorous pentbxide 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 Eij], quinolines

from various 8-amido-4,2,3,4-tetrahydroquinolines.
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14,

Two examples are as follows:

CeHe X

Y

X ﬁ - Oy _Polls

/ .
5 :} ;;
HN—C =0 - . N:—b

A recently published synthesis of 1- substitutedimidazo (1,5- a]

\

_pyridines (9) involves the cyclodehydration of 2- amidomethylpyridines

"using POCls. An example of this reaction is as follows:

AN - ANAN
o rea (T
=0 N N R

R=H,CH1,Colts
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15.

It was hoped that the 2-(2-amido-2-phenylethyl)pyridines (XVI
and XIX) would similarly cyclize (steps 3a and 5) in the presence
of POCls or PéOs to give 3H—1~Substituted-3-pheny1pyrido‘:},2~é] -
pyrimidines (XVII and XX). ‘On the basis of previous publications

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

follows:
Y’ . Y
NN ONH D \NKJ
o on
R R

XV, R=CHza

POCQ.3
XIXy5 R=CeHs '

7 N ;5
NS N

Y
R
XVIl, R=<Hs

XX; R=CeHs
SCHEME VI

N

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



6.

Amides are believed to react with POCls via the imidol tautomer

to give an imino chloride. Imino chlorides derived from amides

XVI gnd XIX should then form intermediate iminopyridinium chlorides
which, with the loss of a proton, wpuld produce the desired pyrido-
'[ﬁ,Z-é] pyrimidines (XVII and XX), Using P205vthe imidol tautomer
was expected to first lose hydroxide ion followed by neutralization
of the resulting iminonium ion by the pyridine's free pair of elec-
trons and then loss of a proton.

The products obtained however were not those predicted.
Reaction of the acetamide XVI whth POCls or P205 gave 2-stilbazole
(XVIII) (73%,21%) while the benzamide XIX did not react with either
reagent in refluxipg benzene, The formation of 2-stilbazole is

not too surprising when the following mechanistic explanation is

considered:
AN N
s =%
.QH._CHNH%C.Hs N? c.Ha_C-HN"‘CC-Hs
XV o) | | SH
Pocls
oy
PLOS
~[cHzeN] \7
< P |
cH=cH-& CHLCH<NZCCHs
XV 11 : M
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-
pytidine, 2-stilbazole does not underge 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 aeetamide~XVI~atd POC1l= ot P20s . The 2-stilbazole
was ldentified 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-pheny1ethy1)pyridine (XIX) toward POCls or P0s
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> in an attempt to prepare 3H-l-mercapto-3-phenylpyrido-
[},2—%] pyrimidine (Scheme V, compound XXII ), It was hoped that
an intermediate pyridinium dithiocarbamaté (XXI) would form to give,

upon heating, compound XXII,

A F e
> .
WL T N
| H

XXI XXI1I

The product obtained (Scheﬁe V, step 6 b), however, was 1,3-bis-
[i-phenyl-Z-(Z-pyrile)ethyij -2-thiourea (XXIII). Apparently
the pyridine nitrogen is not basic:enough to prevent the internal
salt (XXI) from reverting to the parent amine (XV) and CS.. This

may be shown as follows:: . |
N TSa 7 7
| | < | NH
N/ CH:.'Q‘-H"¢ . TS N ":'JHQ'<\S

XV - X X

| 4

) ‘
N/ QH?_C-H NH lc,S

XX
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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-Phenacy1pyridine (VIII). The method of Goldberg and}Leviné

' (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 1iter, 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 reaétion‘mixture Became a browﬁish-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 50 ml, portions of

ether. The combined ethereal solutions were dried over NasSO.

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 deteéted by its odor. The boiling
point of 2-phenacylpyridine, 148-158°/0.6mm., requires a bath

temperature of 210°,
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20,

The distillate could be converted directly to the oxime (IX) in
good yield. Recrystallization from 30-60° pet. éther furnished
pure VIII, m.p. 56-57.5°, in 92-96% fecovery. Pure 2-phenacyl-
pyridine can be stored at 5° undef nitrogen for periods exceeding
one month without noticeable.decomposition.

‘2-Phenacylpyridine oxime (IX). 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 NaOH
in 10 ml. of water. The resulting solution was refluxed for 1 hr.

_and then poured into.lSO}ml. of an ice water mixture containing
0.6 ml. of acetic acid. The resulting crude, oily oxime solidified
on sératchiqg to gi&e 6.24 g. (éS%j of off-white crystals, m.p.
113-116°. Recrystallization from 95% ethanol furnished 5.75 g.
(90%) of slightly pink oxime, m.p. 11635-118°. It was also pos-
sible to precipitate pufe oxime directly from the reaction mixture
by allowing the flask to stans at room temperature overnight.

2-(2~Amino-2-phenv1ethy1)piperidine (X). A solution of 8 g.

(0.0377 molei of 2-phena¢y1pyridine 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 5 liter 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 bf 75 ml. of ether and the combined extracts dried over Na2804.
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 C1gHpqN507: C, 52.65; H, 5.35;‘N,v16.16.

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

B-Phenyloctahydropyrido \:L 2-c;\ ~-1-thiopvrimidone (XI). -

In a six~inch test tube was placed 0.70 g. (0.0034 mole) of
2-(2-amino-2-phenylethyl) piperidine (X) and 6 ml. of 95% ethanol.
Carbon disulfide was added until the soiution was no longer basic.
A white solid precipitated with the evolution of heat. This pre-
cipitate was collected and refluxed oVernigﬁt in 6.m1. of fresh
95% ethanol with the evolution of HzS. On cooling the resulting
clear solution, white crystals separated. Filtration gave 0.65 g.
(77%) of white crystals, m.p. 148.5-149.5°,

‘Anal. Caled. for Gy HigN,S: C, 68.25; H, 7.36; N, 11.37.

Found: C, 68.15; H, 7.52; N, 11.23.
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' 1-Thiomethoxy=-3-phenyl- & thexahydropyrido [ 142-c] pyrimidine

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

3-phenyloctahydropyrido [:1,2-€] ~1l-thiopyrimidone (IV) was warmed
with enough excess methyl iodide to effect solution. The resulting
solutibn was evaporated to dryness by gentle warming giving a yellow-
ish solid which yielded a white powaer, 0.15 g. (85%), m.p. 167-168°,

upon recrystallization from absolute ethanol.

" Anal. Calcd. for CpsHpoN,SI: I, 32,60,

Found: i, 32.50,
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3-Phenyloctahydropyrido Ejgz-c !-1-gzgimidone (XIII). One gram

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

(0.010 mole) of diethyl carbonate werelsealed in a dry, thick- .
walled glass tube, volume approx. 13 cc., and the lower half of

the tube heated in an oil batﬁ at 200° for 50 hours. On cobling
overnight at -20° a 1ight brown soiid precipitated. The tube was
opened and found to contain some pressure, possibly due to the for-
mation of some CO.. The solid product was washed with a minimum of
ether to give 0.75 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, Galcd. for Cq4HigN,0: C, 73.01; H, 7.87; N, 12,17.

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

1.3-D henyloctahydropyrido [1,2-c | rimidine (XIV). One gram
(0.0049 mole) of 2-(2-amino-2fpheny1ethyl)piperidine (X) and 0.55 g,
(b.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. ﬁpon
vacuum distillation a light yellow, extremely viscous oil, b.p.
186°/1.5 mm., was obtained. The yield was 0,95 g. (65%). This
oll was triturated with a small amount of 60-70° pet. ether and

' the resulting sticky, white solid filtered,
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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. Caled, for C20H_24N2: 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-Amiho-2~phénv1ethvl)Dvridine (XV) . The method of Graig‘
and Hixon (6) for reducing the oxime of pyridinerz—aldehyde to the
corresponding amine was used. Three grams (0.014 mole) of phenaéyi-
pyridine oxime (IX) were dissolved in 45 ml. of 95% ethanoi and |
treated with small portions.of zinc dust and glacial acetic acid
-over a period of several hours untii 24 g, (0.367 mole) of zinc
| and 24 g. (22.8 ml;, 0.40 ‘mole) of‘acetip,aéid'had been added. The JA
lreaction mixture was filtered.and}the resiﬁug of zinc an& zinc acetate
wasﬁed with a small portion of acetic acid. The combined filtrates
were evaporated in vacuo on a hot water bath. The gfeenish re-
éidue (the reaction mixture itself exhibited a green fluorescence)
was made alkaline with é 20% NaOH solution followed.by ether ex-
tréction. After drying over Na,S0, the ether was evaporated, and

the greenish oil was distilled to give 1.78 g. (64%) of colorless
- product, b.p. 131-132°/0.4 mm.
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- The product forms a dipicrate, m.p. 210-211°, which was used for

analysis.

Anal. Caled. for CosHooNgO14: 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
acetic acid, and 1.78 g. (0.009 mole) of 2-(2-amino-2-phenylethyl)-~
pyridine (XV) were heated on a steam bath for 30 minutes. The
acetic acid and the acetic anhydride were removed by evaporatioﬂ

in vacuo. Upon cooling, a yelloﬁ solid formed, m.p. 85~889.
Recrystallization from 1:1 benzene-pef. etﬁer gavé 1.41 g. (65%)

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

the m.p. .to 123.5-124,5°,

Anal. Calcd. for CysH1gN20: C, 74.97; H, 6,71; N, 11.66.

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

Attempted Syntheses of 1-Methyl-3-phenylpyrido [ 1,2-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 POCls, 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 NayS50,4, and then the chloroform was evaporated on ﬁhe
steam bath to give a sticky, yellow solid. This solid was chro-
matographed on alumina with benzene to give a thte product con-
t;;inated 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 évaporated‘to'dryneSS and the fesidue
(0.63 g.) recrystallized ffom a minimﬁm.of 1:1 benzene-pet. ether
to give a good recovery of white solid; m.p. 91-92°, which did

not analyze correctly for the desired pyridopyrimidine. -

- Anal. Galcd. for 015H14N2: 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-s;ilbazole.
Anal. Calcd, for Cy3H11N: C, 86.14; H, 6.12; N, 7.73.
Found: C, 86.29; H, 6.37; N, 7.53,
Method ﬁ. Onevgram (0.004 mole) of 2-(2éacetamido-2-phényl-
ethyl) pyridine (XVI) and 5.7 g. (0.04 mole) of P.0s were heated
overnight in 10 ml. of refluxing benzene, the benzene evaporated

off at reduced pressure and the residue poured over ice,
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The resulting aqueous mixture was basicified with 15% NH,OH and
 the light tan product dried in a vacuum desiccator over P.0s. The
yield w#s 0.15 g. (21%) of impure 2-stilbézole, m,.p.85-90°, deter-
mined by 1ﬁs mixed m.p. 89-91°, with an authentic sample, m.p. |

91-92°,

2-Stilbazole (XViII).' This compound was prepared by the method
of Shéw_and Wégstaff (10). In a 500”51. thréewnecked flask, equip-
ped with a nitrogen inlet and a reflux'condénser were pléced 69,8 é.
(10.'75_m01e) of 2-picoline, 91.5 g. (0.863 mole) of benzaldehyde,
and 44.0 g. (0.431 mole) of acetic anhydride. The solution was
refiuxed for 30 hr,, steam distilled to reméve 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 HC1l. The ether layer was'extragted twice more with HC1, the com=
bined acidic layers depositing 2-stilbazole hydrochloride on stand-
ing. This material was filtered and neutralized ﬁith 20% NaOH, |
Filtration of the basic éolution gave 55,0 g, of crude product,
An additional 17.2 g. of crude product was obtained by reworking
the filtrate from the hydrochloride. Recrystallization ofvboﬁh
crops of crude material 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

ml. 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% NaOH.

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

g. (67%) ,m.p. 147-148°, After one recrystallization from 807% methanol

the white product melted at 148-149°,

Anal. Caled. for CooH1gN20: 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.Ei,2~é1,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 mcle)
of P.0Os were heated in 7 ml. of refluxing benzene for 2 hr. The
benzene was removed and‘the residue decomposed in ice water. The
resulting aqueous mixture was basicified with 20% NaOH and the
white precipitate filtered and dried.  The m.p. and mixed m.p. were
the same as for 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 POCls
for 4 hr, | |
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The beﬁzene and POCl; were removed at reduced pressure and the
residue basicified with an excess of 20% NaOH, The reddish-brown
precipitate was flltered, washed with water, and dried Ever‘Pgos
in a vacuum desiccator. The m.p. was 110-112°C, aﬁd the yield
0.60 g. After recrystallization from benzene-pet. ether the

m.p. rose to 145-149°; One recrystallization from 80% methanol
ralsed the m.p. and mixed m.p. to'148-149°, tﬁat of the starting

benzamide. -
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1.3-Bis-] l-phenyl-2-(2-pyridyl) ethyl]| -2~thiourea (XXIII),

Tenvgrams (0.05 mole) of 2~(2mamin0w2e§henylethy1)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; 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 Hz5 had ceased (6-7 hours). ‘Twenfyfive ml. of wéter were
very slowly added through the top of the cdndenser to the,refluxiﬁg
solution. Upon cooling overnight pure product, m;p; 194-195°,
crystallized out.‘ After filtering, the filtrate was evapofated
to dryness and the residue rec£ystallized. ﬁ&iée from 80% ethanol.

The yield of pure product was 55% .

Anal. Calcd. for 027H26N4: C, 73.94; H, 5,98; N, 12.78.

Found: €, 73.90; H, 6.12; N, 12.52.
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APPENDIX

Tabulation of Infrared Spectra*~

31.

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.

KNote: vs - very strong; s = strong; m - medium; w - weak.

B

3~PhenvloctahydropvridoE;l,2~é]m1-thiopyrimidone (XI); Merrell

(KBr plate).

Wavelength

(microns)

3.18
3.46
3.53
6.25
6.31
6.71
6.97
7.39
7.62
7.72

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

(vs)
( s)
( s)
(w)
(w)
(vs)
(vs)
( s)
(vs)

(vs)

Wavelength
(microns)

7.82

- 8.10

.40
.63
.04
.19
.38
.59
.75
.10

O W WO W\W\WO oo

(vs)
(vs)
(vs)
(vs)

N NN NN N

s)
s)
s)
m)
m)

m)

Wavélength
(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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1-Thiomethoxy-3-phenyl- A 1-hexahydropyrido Ei, 2-c] pyrimidine

Hydroiodide (XII);

Wavelength

(microns)

.22
.45
.25
31
.62
71
.97
.33
.52
.70

NN OO W

(vs)

(vs)

(vs)
(vs)
(vs)
( s)

m)
s)
s)

NN\

s).

Merrell (KBr plate).

Wavelength

(microns)

O O O WO OO 000000~ ~J

.80
.92
.02
.27
.60
.75
.02
.38
.55
.73

(s)
(m)
(s)
(s)
(s)
(m)
(m)
(w)
(m)
(m)

Wavelength
(microns)

9.
10.
10.
10.
11.
.38
11,
12,
13,
14,

11

93
10
48
65
00

17
07
12
23

3 Phenvloctahvdropyrido Ei Z-e] o pyrlmidone (XI1I); Lehigh

(KBr plate)

Wavelength

(microns)

3.12
3.27
3.43
3.50
5.10
5.28
5.48
6.01
- 6,07
6.12
6.28
6.45
6.75
6.93
7.25
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s)
s)
s)
s)
W)
o)
w)
(vs)
(vs)
(vs)
( s)
( m)
(vs)
(vs)
( s)

PNNSNSNSNN AN

Wavelength

(microns)

W OWWWOWOO00O0000O00 0NN NNN

.36
.50
.69
.78
.93
.02
.12
.22
.38
.70
.87
.07
.22
.32
.49

(vs)
(vs)
(vs)
(vs)
(vs)
( m
m)
s)
m)
s)
s)
s)
m)
m)

m)

PN NN SNSN NN NN

(w)
(m)
(m)
(w)
(w)
(w)
(w)
(W)
(s)
(s)

Wavelength
{micronsg)

9.
10.
10.

10

11

11

73
00
24

42
10,
10,

56
77

.32
11.

57

.92
12,
13.
13.
14,

60
22
85
27

( m)
( m)
m)
m)
w)

m)

/\?/\/\/\/\f‘\/‘\/\/\
n
822888

(vs)
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'1,3~Dighenyloctahvdropvridoj;1,2»&] pyrimidine (XIV); Merrell

(KBr plate).

Wavelength

" (microns)

2.93
3.02
3.32
3.44
3.60
6

6
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(m)
(m)

(m)

(s)
(s)
(m)
(w)
(m)
(8)
(s)
(s)
(m)
(m)
(m)

‘Wavelength

(microns)

. 50

.65
.77
.87
.94
.16
.36

00 00 00 QNN NN

.59

(m)
(m)
(m)
(m)
(m)
(m)
(s)
(w)
(w)
(vs)
(8)
(s)
(s)
(8)

Wavelength
(microns)

10.17
10.38
10.79
11.24
11.55
11.75
12.08
12.44
12.60
13.00
13.47
14,03
14,45
14,90

( m
( m)
( m)
( w)
(w)
(w
(w)
( w)
( m
( s)
(vs)
(vs)
( 8
(w)
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1,3-Bissj:l-phenyl-2-(2-pvridv1)ethvi:l-2—thiourea (XXI11); Merrell
(KBr plate).

Wavelength ‘ Wavelength Wavelength

{microns) : (microns) (microns)
3.13 (vs) 7.92 (vs) o 10.35 ( w)
3.34 ( s) 8.08 (vs) ‘ 10.59 ( m)
5.12 ( w) 8.25 ( s) ) 11.00 ( w)
5.32 ( w) 8.39 ( s) 11.17 ( w)
6.28 (vs) - 8,53 (m) 11.30 ( w)
6.39 ( s) 8.73 ( 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)
7.00 (vs) 9.5.( 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
SeVerél N,1,2-trisuBstitutedethylamiﬂes were Synthesized

by the éddition of piéolyliithiﬁm or béhzylmagﬁesium chloride
to Schiff bases.

| 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 pnsubstitutedanilines, 2wamiﬁopyridine'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 soclvent
at 170~180°. p-(2~Diethy1aminoéthoxy)bénzaldehyde was converted
to its ﬁydrochloride before condénsation; This éliminated
'teftiary aminefcarbdnyl interaction and thereby facilitatedvconf

densation with the less basic aromatic amiﬁes. The inertness

— -

of the xanthone carbonyl made it necessary to convert it to
9,9~dichloroxgntﬁene which was then reacted with aniline..

Reacton of the Schiff basés with quinaldyllithium, 2-picolyl-
1lithium or benzylmagnesium chloride pfoduced N,l,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 ﬁars; It seems likely that, after
the addition step, the negative charge on the aﬁilino nitrogen
effects an internal displacement of flubride.ion to give an
intermediate Nwéubstituted c(gx\-a'difluoroquinOﬁe imine which
is subjéct‘to.furthur attack and to polymerization. The Schiff
-baSeé derived from N-methylpyrrole-2-carboxaldehyde produced,
after reaction with .2~picoly11ithi1.‘1m, 2~ {Z'N [2- (Nwmethylpy’rryl?-]
vinyl]- pyridine by elimination of the aniline. A similar de-~
amination was observed to produce 2~l:pm(2~diethylaminoethoxy)
'styryl:l quinaldine and p~chloroaniline. The driving force for
‘such reactions seemé to be the stability of the resulting cénu
jugated systems, |

N-p~Anisyl~1,2~diphenylethylamine was prepared by separate
methods to ascertain whether benzyimagnesium chloride reacts
wich Schiff bases as a benzyl anion or as an o-tolyl anion,
Thus, deoxybenzoin p-methoxyanillwas-reduced with lithium alu-
minum hydride and the product was found‘to be identical with that
from the reaction of beﬁzylmagnesium chloride with N-benzylidene-

p~anisidine.
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INTRODUCTION

The possibility of synthesizing 1,2,3-triaryloctahydropyrido-
‘ [},2-@] pyrimidines (see part I of this thesis for a discussion
of pyrido‘:l,Z-{] pyrimidines) led to consideration of N,l-diaryl-
2~(2wpyridy1)ethylaminesAas possible intermediates. Ethylamines
of this.type were recognized as an extensive series of compounds
of possible therapedtic value. For these reaéons their syﬁthesis
was upaertgken.

"The'most general and satisfactory'method known for the prep-
aration of N,1,2-trisubstitutedethylamines is the addition of
Grignérd 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 literaturé.

These examples are: |
1. Addition of benzylmagnesium chloriée to N-
benzylidenealkylamines has been effected in yields of from

30 to 95% (1,2).

<::>£¢uﬂhﬂ¢ +ArCH=Rf—e<::>£H1§HAE
» | | - N H
v R
A= P\ne.h‘jl substituted with
HO, CH3z30,;, M=_N.
R = CHz 7CZH5)C;H2_=C-HCH2_, :
H‘OC.H,_C.H,_,VCHZ,CGH,, .
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2, Alkylmagnesium bromides and phenylmagnesium

- bromide, as well as benzylmagnesium chloride, have been

shown to add to the imine linkage of N~benzylidenealkyl-

(3).

amines in yields of from 25 to 75%

RMgqX + C____}C‘,H:NR1
R = Et | R*
R = n-Pr | Rt
R = i-Pr R?
R = n-Bu R
R = Benzyl R*
R = Phenyl

3. Schiff bases derived from

>{  BcHR
— NH
=

= Me

= Et

= n~Pr

= n-Bu

Benzyl

Zeaminopyridihe have

been utilized in this type of reaction with phenyimagnesium

bromide or methylmagnesium iodide in yields of from 70-75%

(4).

oamra—— l

RM‘c,X + .QQH:.NR“ -—-—-9 / NeHR
. | H

R = Phenyl, methyl.

|
R1

R!'= 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 apprdpriate N-

benzylideneaminoheterocycle with benzylmagnésium chloride

(5)0
5. N-Furfurylidene-2-aminopyridine and N~Furfuryli-
dene-2-aminothiazole have been prepared and reacted with

methylmagnesium iodide (6).

CHyMqI + 4 Weps NR T 4 \S-CHNHR

o
CH3

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)

L L+ @”‘“_> @NH’ '@

7. Gilman reports that phenyllithium (8), phenyl-
calcium iodide (9), phenylsodium (10), and phenylpotas~-
sium (10) all add to benzophenone anil to give triphenyl-
methylaniline, whereas the less reactive phénylmagnésium

bromide (11) adds 1,4 to give o-phenylbenzohydrylamine.
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(@}CzNQ ¢Mq8r_> | c..H—NH
S :

8. Gilman has also successfully used N-benzylidene-

aniline in the Reformatsky reaction with e{-bromoesters to

provide an interesting method for obtaining. (3 -lactams

(12).
+ BrCHCOEt 5 | N
R =7 o
R= H-;CHB.
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DISCUSSION

Synthesis of Schiff Bases

o

‘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 mefhanol was
used.

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

D. The reactants wereuheatéd together in refluxing
behzene 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 réfluxing absolute
ethanol. After removal of the ethanol, the hydrochloride
was stirred into aqueous base and the free Séhiff base
collected. |

G. The amine and aldehyde were stirred together at
room temperature without solveﬁt.

H. A catalytic'amount of zinc chloridé was heated

with the reactants at 170-180° (12,13).
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I. Xanthone was converted to 9,9-~dichloroxanthene (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 wusually
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
pwtrifluoromethyl aniline would not condense with p-( 2 ~diethyl-
aminoethoxy)benzaldehyde at 170-180°, It seems likeiy that the
more basic‘tertiary nitrogen on the benzaldehyde side chain in-
teracts with the aldehydic carbon d% a neighﬁoring molecule to
such an extent that attack of p-trifluoromethyianiline is pre-

cluded. Such inhibition of condensation may be represented as

follows:

% o O T
\

| et H o Et

T
o~ B © et
| l S
T @OQI—!ZC_HA\I (;-'—@'OC—H;C—HL"V S E—
| .

H £+ H E_1x

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



-

- ’ 44,
It was felt that neutralization of the aliphatic nitfogen’ 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- [ph-(2-diethy1aminoethoxy)benzylidena -p-tri-
fluoromethylaniline hydrochloride (XII) was stirred into aqueous

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

NHo OHC ~o
-180 .
N 1719 ‘ _ > No veactTion.
23 OCHaCHLNET, '

NH,_ OHC
S-\ N=ch
e
))(ll-—-—-é»
EtOH @/ OCH S H N IET

X

Similarly, p-chloroaniline was condensed with the HCl salt of
p~ (‘2-vdiethy1aminoethoxy)benzaldehyde. (X) in good yield. 'I‘he.
N-benzylideneanilines prepare_d 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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A

TABLE 1

R rR*
el S

N-Benzylideneanilines

Cmpd. R R2 Method Yield%® M.p.,°Cc.P  B.p. °C/mm.P  Ref.
I H  4-CHs0 A 63 70 14
I 4-C1 4-CH30 A 88 124-125 15
I11 4t-MeN 4-CH0 A 88 138-139 16

V8 4-C1 . 4-HO A 71 183-184
v 3,4-0CH,0  4-MeoN A 68 113-114 17
VI 4~-HO H B 74 109-110 14
VII 4-CH50 4~CH0 c 79 148-149 14
VIII 4-CH50 3-CF3 D 86 42-43 145-147/0.2 18
IX H H G 84 52 19

xc a-Ethcuzcuzo.Hci 4-C1 F 94 163-164

x1d 4=Et 2NCH 2CH 0 4-C1 F 94 40-41 .
A E 69 40-41 180-185/0.1
0
XII® = 4-EtsNCH.CH20.HC1 4-CF5 F 96 167-168

gy
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TABLE I
(continued)
Compd. Bt | R2 Method Yield 92 M.p.,°C.b  B.p.,°C./mn.P  Ref.
XIIIf 4-Et.NCHLCHL0 4-CF > F 96 ~ 52-53
! C 0

4 The yield after recrystallization or distillatien. b All melting and boiling points are un-

corrected. € Caled. for GigHo4N9C120: C, 62.12; H, 6.59; N, 7.63; Cl, 19.31. Found: C,62.12;

H, 6.64; N, 7.60; C1, 19.40. d Calcd. for C1gHp3NoC10: C, 68.97; H, 7.01; N, 8.47; C1,10.72,
Found: €, 69.14; H, 6.95; N, 8.54, 8.41; Cl, 10.62. Compound for analysis was prepared by
Method E. e Caled. for CooH24NaF3Cl: N, 7.28; C1, 9.21. Found: N, 7.23; C1, 9.12. f Ccalcd..
for CooH23N2F30: N, 7.69. Found: 7.65. 8 Caled. for C13H1ON C1O0: C, 67.39; H, 4.35; N,6.05;
C1l, 15.31. Found: C, 67.53; H, 4.62; N, 6.14; C1, 15.07. '

9%
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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 condénsed with benzaldehyde and with p-( 2 -diethylaminoethoxy)-
benzaldehyde in refluxing m-xylene (method E). Two moles of 2-A
-aminopyridine react with one mole of benzaldehyde in refluxing

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

[iﬁj\ re&Jux. | N _
2 |
NG NH,_ C"He’ LN/ NH-CH
2
However, when N,N'-benzylidenebis-2-aminopyridine is heated
above its melting point (23) or the starting materials are

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

the product,

Oofog ooy
(1 @)—j—:@% v=end

X X
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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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 coﬁparable yleld of the azomethine.

Higher reaction temperatures and, in some cases, zinc chloride
catélyst were employed in preparing Schiff bases from aryl ketones.
Thus, déoxybenzoin and p-anisidine were condensed in refluxing
m-xylene (method E), while acetophenone (24), benzophenone (25),
'fluérenone (25), and 2-phenacylpyridine were heated to 170-180°
ﬁith aniline and a catalytic amount of zinc chloride (method H).
The reaction of l-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, beiﬁg completely inert toward amines, presents a
special case., Only é streng nucleophile such as phenylmagneéium
bromide (27) or 2-picolyllithium (28) Qill react with the car-
bonyl. " The method of Schdnberg and Urban (26) Qas used to
prepare xanthone anil by quantitatiQely converting xanthone
to-9,9-di¢hloroxanthene (29) using thionyl chloride. The di-
chloride was then treated with 3imoles of aniline to giva
xanthone- anil (XXIV) and aniline hydrochloride. Table Ii 1ists

Schiff bases, other than N-benzylideneanilines, which were prepared.
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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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TABLE II
R-C=N-R2

Ry

Other Schiff Bases

R R1

Compd. R2 Method Yield,%#M.p.,°C.b B.p.,°C./mmP Ref.
XIV  Phenyl H Benzyl D 87.5 120-132/1 20
XV 2-Furyl H 4-Methoxyphenyl D 81.5 67-70 150-162/0.5 21
XVI 2-Furyl | H 2 -Diethylamino-
| . ethyl D 77 95-100/1
XVII Phenyl H 2 -Diethylamino- D 85 90-100/1 22
: : ethyl -
XVIIIC  p-( 2-Diethylamino-
ethoxy) phenyl H 2-Pyridyl E 55 160-165/0.1
xIxd Benzyl - Phenyl  p-Methexyphenyl E 41 114-115
XX®  Phenyl H 2-Pyridyl E 81 123-125/1 4,5
o 23
_XXI Phenyl Methyl Phenyl H 55 41 198-200/37 24
XXII Phenyl ‘ Phenyl Phenyl H 80 115-116 25
. XXIII  9-Fluorenylidene - Phenyl H 83.7 82-84 25
XXIV 9-Xanthenylidene Phenyl I 70 106-107f 26

0§
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TABLE II1

(continuéd)
Compd. R R Rz Method Yield,%2 M.p.,°CP  B.p.,%€:fmm® Ref
- XXV  l-Indanylidene - 2-Diethylamine- D -0
' | ethyl :
XXVI  2-(N-Methylpyrryl) H p-Chlorophenyl D 95 (not purified)
: . ' (crude)
XVII  2- (N-Methylpyrryl) H  Phenyl D 63  100-110/0.1

a2 The yield after reerystallizatien or distillatien. b A1l melting and boiling points are uncorrecte
C Caled, fer G1gHo3N30: C, 72.69; H, 7.79; N, 14.13., Found: C, 72.75; H, 7.80; N, 14.18.
d Recrystallized from 95% ethanel. Calcd. fer G21H19N O: C, 83.69; H, 6.35; N, 4.65.
Found: €, 83.57; H; 6.20; N, 4.53. € When distilled, a small forerun of Whlte N,N.
- -benzylLdenebis-2—am1nopyr1d1ne, m.p.- 111-112°, is obtained. See reference 23.
f Referenee 25 reports m.p. ]34-135°

18
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Synthesis of N,1-Disubstituted-2-(2-pyridyl)ethylamines and Related
Compounds '

Although there are no réferences in thé literature uﬁ the re-
action of 2-picolyllithium with Schiff bases this author haé found
it to be an excellent method for preparing 2-(2-pyridyl)ethy1aminés
in yiélds of‘30'to 80%. Table III lists several N,l-diphenyl-2-
(2-pyridy1)e£hylamines that have been prepared. The reaction for
their synthesis méy be illustrated by the followingvexample using

2-picolyllithium and N-benzylideneaniline (IX):

Pr——ea—— L —

Memali + cH-g —225 |\ cpc H- g

) Na N E
) -4
5. L7 _
PRSI \V —_—
A ‘ | N
\ CHCH- NH*‘Q'Q' I Z ‘T;HQH &
- < c -
“NH HaO NH.
X X | X ’éf | 5‘3/ L

Addition of 2-picolyllithium to the imine linkage is probably fol-
lowed immediately 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 next section

of this thesis.
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The addition reaction proceeds rapidly as evidenced by vigorous
refluxing of the ether, and the yields did not seem to be improved
by prolonged stirring or application of heat. The lithium salts
ﬁere neutralized with aqueous NH401.

'As a rule these dipheny1-2-(2-pyridy1)ethylamines were solids
which precipitated from the ethefAlayer and could then be recrystel-
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 XLITI required special attention, since they
were low-melting solids soluble in all organic solvents. Because
pyridine compounds generally. form hygroscopic acid 'salts, tbeir
plcrates were made, recrystallized from ethanol or washed with
acetone, and then neutralized in bese to obtain a pure product.

- Compounds XLIV and XLV containing a- diethylaminoethylamino greup
were the only liquid products,

One exception to the utility of this reaction was encountered
~when N- [:p-( 2 Qdiethy'laminoethoxy)benzylidene] -p-trifluoro-
‘methylaniline was used. In this case only a black, brittle,
‘polymeric solid was isolated. SinceASchiff base VIII derived
~from‘metrifluoromethylaniline was reacted successfully with 2-
picoiyllithium the possibility ef'direct displacement of fluoride
- Lon by'2~picoly1 anion.is precludedd Also, if such.an external
nueleophillic attack were to occur defineable products would be.

expected.
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The'pelymeric product may be rationalized By the following sequence:

‘n Py CHz@m%H—R —> _P;'CH;%"‘ R

GN | . Ny

g

> 17
F (l:_ F <.
.CF‘ L F F
>
> PYCHZ'CHR /PYC.H,_C_H
| ' —s |
N@—ca N
S ® \ |
T b
Py C H,_Li ‘ : . P)/ C—H:J—I
Y J
Furth ey Furthey
veoction . - yeo.ction
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The reaction may be considered a Syj' displacement of fluoride
inifiated by attack of'Z-picolyl anion at the imino carbon. The
resulﬁing-N-subétituted-<x,vk -difluproquinone imine (intermediate
8) would then be capable of giving several product resulting from
further atﬁack by 2-picelyl énion or from polymerization of the
‘quinone imine a giving intermediate;g. A similar polymerization
-has been reported to occur when p-trifluoromethylphenol is treated
with a cold 1N NaOH solution (29)., The same author reports :hét
when p-aminebenzotrifluoride was heated td 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 resin., Distillation could be accomplished in vacuo

only,

. » ° ‘ | v . -
H',N@-CF},. ~200 o Resin + HF

~ Unexpectedly, 1,1-diphenyl-2-pyridineGthanol (XLVIII) resulted
from the reaction of benzophenone anil (XXII) and 2-picolyllithium.
it-appears that, upon hydrolysis of the reaction mixture with
aqueous NH3;Cl, the first-formed N,1;1-tripheﬂyl-z-(z-pyridyl)-
-ethylamine loses aniline through displacement by water or hydroxide

- {on.
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N : | A
TR (o S 0
|

NH

Z =

XX 1| o : -

OH
crsd Y
| > XLV

Such a hydreolysis of a-highly hindered anilino compound is not un-
known. Gilmar gn&'Eeelk(SG) found that triphenylcarbinol was among
the products resulting from the reaction of phenyllithium with 2-
phenylbenzothiazole. They suggested the following sequence to ex-

plain»the‘products.

5 T i
(== (Lo — (s

_sLi | | s | N
oL M H,0
| | N-Cfz &) >ir NHa | )
| | , 2. |

\4

Li
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N,1-Dipheny1-2-(2-pyridy1)ethylamines
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Cmpd.,. R & R2 2 R32 Yield, %Y . M.P.,°c.b
XXIX H o H H | 33 103.5-104.5
XXX CHs H | H 47 96-97
XXXIC CH3 H H 25 117-118
XTI H - CH»0 ‘CHz0 ._ 55 103-104
XXXEIT H MeoN ~ CHs0 82.5 | 135-136
OV H HO H 42 » 159-160
XKV H c1  CHs0 44 114-115
XXV B c1 HO ' 48 | 186-187
XXXVII H CH50  3<cF» 45 “53- 54
XXXVIII H Et2NCHCH 20 c1 58.5 76-77
FRKIX H 3, 4-0CH 50 MeoN - 71 | 100-101
XL - H EtoNCH-CH-0 CFs 0 | | "
4 A11 substituents are in.the para position unless- otherwise indicated. D The melting points >

are uncorrected. € Piperidine analogue of compound XXX, d a11 yields are those after one re-



IABLE 1V

Other 2-(2-Pyridyl)ethylamines and Related Compounds
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Cmpd. Structure Yield,%® M.p.,°C.2 B.p.,°C./mm?
XL1 | XN g , 77.5 84-85 182-187/0.1
C H,CHNH \
b o 'i o }
XL11 Q o 36 52-53
N cH,cH NHCH@
XL111 N )\: - 52 132-133
~
Qo |-
= |
XLIV @\ - 55 140-143/1
TH_CH-= rMyT
NHCH,CH,NET, .
61 150-160/1



(continuedq)

Compd. Structure ' Yield, % M.p.,°C.2 B.p.,°C/mm?
omp .
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54.7 170-172
83 194-195
57.6 151-152

4 A1l boiling and melting points are uncorrected. b M.p,.of dipicrate is 189-190°. -
C Converted to its citrate monohydrate, m.p.68-80°, for amalysis. d ‘Known compound.
Reference 28. © The yields are those after distillation or the first recrystallization.

W
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Elimination Products from ZvPicolxllithium,2-Qginaldxllithiumg

_and Schiff Bases,

The reaction of 2-picolyllithium with l-methyl-2-(N-phenyl-
formimidoyl) pyrrole (XXVII) or wiﬁh‘l-methyl-z-,[:N-(p-chlorof
phenyl)formimidoyi] pyrrole (XXVI) produced 2-{:?- [:2-(1-methy1-
'pyrryl)j vi._nyl} pyridine (LI) and the appropriate aniline. These
unexpected results suggest that after initial #ddition to the
imine \limkage proton exchange occurs placing the anionic chafge
on thevcarbon‘gdjacent to the pyridine ring. The next step may
 be considered a- base-catalyzed deamination readtion-producing
eompound LI and lithium anilide or lithium p-chloroanilide. The

suggested sequence is as follows:

DS v WL B R 3y
CH3 . S

. f‘d ;
NLi by
. CHsi
X"‘xxvr,.'x--H | X
X}V, x=C
NHLI
— (00— Q- ¢
‘ | ¢H
L 3
X
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Base-catalyzed eliminations have been studied extensively (31a,32)
using quaternary ammonium compounds, but in such cases the deamin-
ation is aided by the pesitive charge on the quaternary nitrogen,
In the absence of a strong electron-withdrawing substituent on

the anilino group another explanation must be considered for
the-élimination‘of aniline observed by this author. Examination
of resonance forms Ll and Lla suggest that the driving force_fqr

-thegformation of L1 may be its stability.

~ ,
QQH:: CH” </N \> QCH CH

L1 | Lla

/
NG
CHy

That the dipolar form Lla is a major contributdm 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
(XL1X). | |

Why p-dimethylaminobehzylidénéép-anisidine-(III) does not
react with 2-picolyllithium to'give elimination products may be
ekplained by considering the rélative contributions of fesonance
‘forms b and d to the groumd states of anionic intermediates a and

C.
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C—H‘?CH‘ C--) C.H—CHEC )
‘ A
X X
a b

-—> <) - @
@@H—?H@—NMCZ cH—cl.Hzlx{Me._._
NH NH

O CH3 " QT H3
c ' | d
Knowing that the pKb of N,N-dimethylaniline (33a) is 9.62 and
that of l-methylpyrrole is approximately 13.6 (33b) one would
expegt‘form'd to be rélatively more important than fdrm b. In
other'wbrds, the electron density of the p-d&methylaminophenyl
' grdﬁp is~highef at its point éf-attaéhment to the ethylamine than
 is'the‘e1ectrdn density at the l-methylpyrryl group's point of
attachment. This being se, intermediate c¢ should be- less 1ike1y .
to undergo deamination than intermediate a. The more basic di-
methylaminephenyl group would, to a greater degreé, discourage

. Introduction of a-dbuble 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 (L11) and its
methiodide (L1V) were also synthesized. Compound L1l has previously
been prepared in 18% yield by condeﬁsing 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 aidéhyde and to dehydrate the resulting 1-(p-dimethyl-
aminophenyl) -2-pyridineethanol (LV) with warm 4N HCl, The over-
all yield of L1l by this method.is 37.8%. The methiodide LIV
(35) was prepared by condensing 2-picoline methoidide wiﬁh p-
dimethylaminobénzaldehyde using a small amount of piperidine.

- The ultraviolet K-Bénds of éll these compounds are listed in Table
V and a reproduction of tﬁeir complete spectra may be found in the

Appendix,
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2-(3-S'ubstitutedvinylpyridines,Related Compounds and Ultraviolet

Spectra

'ggggg. : : | Structure (ﬁmax!gg
@ »
 XLIX | 3092
| N? CJ4==CJ4-<::::>> |
N o
‘_L | | . 354P
| NZ CH—CH-@-OC H S Ho N E'\',;
N -
L1 |  362P
y / \
NP> CH= CH ~
N | '
111 | : 370P
N? CH=CH©-NM=,_
A ' | -
L111 || 414¢
hﬁ_CH=CH4?'\§
| . |
CHa X7 | ' -
T CH3
LIV 440¢

NMe,

@

CH=CH
a Hp T
Solvent, aq. 50% ethanol.

b Solvent, 95% ethanol
Solvent, distilled water,
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2-Stilbazole methiodide :is 'feported to Ee a.yellow solid
having Amax at 334 my (35). The pﬁrple-red color and 1onger
wave lengths of absorption of ,p-dimethylamirio-2-stilbazole methi-
‘odide (L1V) and of the 1-methylpyrrylvinylpyridine methiodide Llli
may be laid to the relatively greater importance of resonance forms

L11l a and L1V a,.

\
C.H3

() ‘
Y cH—cH=©=@MQ1 =
L1V a |

The same argument may be used to explain the longer wavelengths of
absorption of thé free bases L1 and L11 as compared to >\max.. of
| 2-stilbazole (XL1X).

2-Picolyllithium gave the normal addition product when
reacted with N- E p-( 2 -diethylaminoethoxy) benz;’zlidene] -p-
chloroaniline (X1), but 2-quina1dyilithium. was observed to give
elimination products, 'I‘hus,v 2- E p-( 2 -diethylaminoethoxy)-

styrylj 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‘Lrhas also been synthesized by con-
densation of 2-quinaldine with p-( 2'-diethylaminoethoxy)benzaldehyde
using acetic anhydride.

Except for 2-stilbazole (XL1X),the free bases in Table V
exhibit a White~f1uorescence.under an ultraviolet lamp. The
methiodide L111 gives a bright red fluorescence while methiodide

L1V &s a very deep, barely visible purple.

.Attempted”SYnthesis of N,1-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 cyénide,
diethylamine, piperidine, sodium ethoxide, and sodium bisulfite to
giver2-(2-subs£itutedethy1)pyridines-in fair to excellent yields.
More pertinent to thié fhesis, Reich and Levine have added a Qide
‘variety‘of primary and secondary aminés to 2-viny1pyridine using
‘either‘acetic acid, hydrochioric acid;lof sodium as cétalysts
fv(37,38). | | |
It was hoped that similar reactions using 2-stilbazole in
‘place of 2-viny1pyridine would provide a useful synthetic route

to N,1-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 1-

phenyl-2-(2-pyridyl) ethanesulfonic acid (LV1).

7N AN
I P No.H SO o« HW ' y
N

. &
XL % . LV

Compound LV is interesting in that; unlike many sulfonic acids
and pyridinium salts, it is not hygroscoplic and may be purified by
recrystallization from water.

Four different procedures were used in unsuccessful attemptél'
to add_aniline to stilbazole.

A, The sulfonic acid LV ﬁas heated in-reﬁluxing aniline.

B, 2-Stilbaéole and sodium anilide were'heated in refluxing

aniline toigive 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 apparent1y fails with 2-stilbazole becéuse the
structure has: been Stabilized Sy incorporation of the reactive
double bond iﬁto'an extended conjugated systém. The existence of

resonance forms such as XL1X a discourages reaction with nucleo-

philes,
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N
XLiXou

A similar explanation has been offered for the failure of

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

Syvathesis of N,1~Disubstitﬁted-2-phenethvlamines.

Benzylmagnesium chloride has been used in exactly the same
manner as 2-picolyllithium to synthesize trisubstitutedethylamines,
Previous reactions of benzyl Grignard reagents with Schiff bases

are discussed in the Introduction. The phenethylamines obtained

are listed in Table VI.

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



‘uoissiwad 1noyum pangiyoad uononpoidal Jayun4 1aumo 1ybuAdos ays Jo uoissiwiad yim paanpoiday

TABLE VI
@{H;CHNH R
ﬁ21

N,1-Disubstituted~-2-phenethylamines

a

Cmpd. R ' : ' - R2 ' Yield,%a "M,p.,°C.b B.p.,°C/mmb
LVI Phenyl "~ p-Anisyl 59 177-181/0.1

: _ . 90 Cc :

LVII p-Anisyl p-Anisyl ‘ - 61.5 102-103

LVIII p-( 2-Diethylamino- p-Chlorophenyl - 50 195-205/0.1

‘ ethoxy) phenyl |

LIX p-( 2-Diethylamino-  2-Pyridyl 60 75-76
ethoxy) phenyl

2 The yields are those after one distillation or recrystallization.

b a1 boiling and melting points are uncorrected.
€ From the LiAlH, reduction of deoxybenzoin p-methoxyanil.
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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 acid chlorides.
vFor instance, benzylmagnesium chloride and formaldehyde are reported
vto give o-tolylcarbinol (39,40,41). Higher aliphatic aldehydes
'give mixtures of products resulting from benzyl and o-tolyl anion
attack (41). With acetyl chloride and acetic anhydride, 6-methyl—
acetophenone is.obtained (42). These ortho products raise the
possibility of o-tolyl anion attack on Séhiff bases to givé o-
tolylmethylamines rather than phenethylamines. This author_knows
of no previous in&estigation into tﬁis possibility.

To'deﬁermine the actual product from such reéctions, N-
(pwmethoxyphenyi)-l-fhenyl-2-phenethy1amine (LVI) was prepared by
the LiAlH, reduction of deoxybenzoin p-methoxyanil (XIX) and found4
to have an infrared spectrum and a boiling point identical to the
product obtained by the reaction of benzylmagnesium chloride with

N-benzylidené-p-anisidine (D).

<::>%— MqC A-iii N OQH3

= s e
R o
| i LiAlIH,

I X |
x S oy LV
% OCH3
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EXPERIMENTAL DETAILS

All melting points and bolling points are uncorrected. The
elemental analyses were performed by Dr. 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_édded 0.1 mole of amine dis-
solved in é minimum amount of 95% ethanol. The solﬁtion was re-
fluxed for 10 minutes and then éooled to precipitate thé Schiff
base which was then filtered off and dried,.

Method B, The procedure is the same as Method A except that
absolute methanol was usédvas the solvent. |

Method C. Equimolar amounts of amine and aldehyde were heated
to 176-180° in an open f1ask for 20 minutes. ‘The hot mixture was
poured into an evaporating dish and allowed to crystallize. The
crudé-pfoduct was broken up and recrystallized from 95% ethanol.

Method D, One-tenth of a mole of aldehyde or ketone and
0.1 molé of amine were.heated in 75 ml. of réfluxing benzene until
95-1007% 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 l-indanone and N,N-diethylethylenediamine were reacted
the reaction turned black. Approximately 60% of the diamine was
recovered during the wdrk-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 thé residue vacuum distilled.

In the case of N-benzylidene-2-aminopyridine (XX) a small
forerun of white, solid N,N'-benzylidenebis-Z-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 (0.6128 mole) of p-( 2 -diethylamino-
ethoxy)benzaldehyde hydrochloride and an equimelar amount of amine
were heated in 20 ml. of refluxing absolute ethanol for 24 hr,

- The yello& solution was evaporated to dryness in vacuo on a hot
water bath. - The resulting solid was washed with dry‘ethef and the
pure hydrochloride dried in a vacuum desiccator over Po0s. The

- dry hydrochloride was slowiy}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 ih 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 methéd of G. Reddeiein (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 isqlate acetophenone anil (XXI) the cooled reaction mixture
was stirred with 100 ml. of hot éhloroform. After removal of the
insoluble zinc chloride-aniline complex the chloroform and éxéé§;§j
aniline were removed at reduced pressure and the product vacuum
'distilled to give white crystals of pure product.

- ' To isolate benzophénone anil (XXII) the cooled reaction mixture
was extracted with three 40 ml, portions of hot benzene. After |
removal of the behéene and the excess aniline at reduced pressure
the product was Qacuum distilled to give a yellow o0il which soli-
dified to give white crystals.

To isolate fluorenoﬁe énil (XXIII) the cooled reaction mixture
was dissolved in 75 ml. of hot i-propanol. Insoluble zinc chlbfide-
aniline complex was filtered off upon cooling of the propanolic
solutiqn.v Fifteen ml. of absolute ethanol were added and the solu-
tion cooled.in a refrigerator dvernight.to precipitate yellow pro-
duﬁt, m.p.482484°. Concentration of the‘filtrate to 1/2 its volume

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

stantial quantity of 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 prepared according to
the method of Schonberg and Asker (13). Thirty grams (0.153 mole)
of xanthone were dissolved in 45 ml. (74.5g., 0.625 mole) of SOCl,
and the solution refluxed for 8 hf. The‘excess, unreacted SOC1,
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 SOCl;. 9,9-Dichloroxaﬁthene reacts vigorously
,Owith water, so it was stored 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
tﬁis solution, witﬁ rapid stirring, was added 40 ml. (0.430 mole)
of aniline accompanied by a vigorous reaction, ‘The aniline hy-’
drochloride was filtered off and fhe filtrate washed with water.
The érganic-léyer was eﬁaporated'in vacuo and the yellow-orange
residue recrysfalliéed 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 1,1-Dipheny1-Z-pyridineéthanol(XLVIII)..

In a 500 ml. 2-necked flask équipped with a reflux condenser,
stirrer, dropping funnel and nitrogen inlet, 0.2 mole of phenyllithium
were prepared by élowly adding 0.2 mole of bromobenzene to 0.4 mole
of 1ithium wire in 200 ml. of rapidly stirred anhydroQ; ether,

The rate of addition was such as to insure constant refluxing 6f

the ethgr. After nearly complete réaction 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 ﬁo insure

an evén refluxing of the ether. Stirring was coﬁtinued for 15 to

30 minutes after addition of the Schiff base. Hydrolyéis was éffected
by very cautiously adding 200 ml. of an aq. 20% NH,C1l solution with

rapid stirring. See Isolation and Purification Procedures.

Isolation and Purification of 2-(2-Pyridy1)ethy1amines XXIX,

XXX, XXXIT - XLVII and 1,1-Diphenyl-2-pyridineéthanol (XLVIII), Tables

I11I 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 CigH1gNs.
Caled.: C, 83.17; H, 6.61; N, 10.21.

Found: C, 83,20; H, 6.62; N, 10,28,
‘ N, 10,26,

XXX, The layers ﬁefe‘separated and the ether layer evaporated,
Excess 2~picoline was distilled off in vacuo and the residue tri-
turated with an equal volume of 60w70° pet. ether to give a tan
solid, |

‘Amalysis: for CygHpoNp. Caled.: 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 evapora«
ted., Excess 2-picoline was distilled off in vacuo and the residue
dissolved in twice its volumé of hot 95% ethanol. Upon cooling thé
product precipitated and the.recrystallization was repeated,

. Analysis: for Cog1H9oNyOs. Caled.: 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, 8.50.

XXXIII, The product precipitated upoﬁ hydrolysis of the
reaction mixture. The solid was filtered and recrystallized from
methanol° | |

. Analysis: for CpoHy5N40, célcd,:-c{ 76.05; H, 7.25; N, 12.10,

Found: C, 76.05; H, 7.31; N, 12,03,
C, 76.20; H, 7.31; N, 11.92.
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XXXIV, The product preéipitated after hydrolysis of the
‘reaction mixture. The solid was filtered, then stirred with and
filtered from three 100 ml. portions of hot water. The washed
solid 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 préduqt, j

Analysis: for CqgHigN9O. Calcd.: C, 78.61; H, 6.25; N, 9.65.

Found: c, 78.803 H, 6.41; N, 9,50,
' N, 9.54,

XXXV, 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.

Analysis: for CpgHjgCIN90, Calcd.: C, 70.89; H, 5,65; N, 8.27; C1,10.47

Found: C, 71.10; H, 5.85; N, 7.95; CL, 9.87
- XXXVI. After hydrolysis of the reaction mixture the pH of the
adueeus~léyer was -adjusted te neutrality with 4N HC1l. The layers
were filtered together and the- product washed with water and éd;er.
Two reerystallizations from 95% ethanol gave pure, white product,
Analysis: for €jgH;,N,C10, Calcd.: C,70.24; H,5.28; N,8.63; c1,10.92.

Found: - C,70.60; H,5.18; N,8.75; C1,10, 60.
: N, 8. 74, C1, 10 58.

XXXVII. 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. (0.28 mole)-of picric acid dissolved in
approx. 1 1, of 95% ethanol. The resﬁlting picraté was recrystal-
lized from 95% ethanol and then stirred with 500 ml., of water and
decomposed with NH4OH. The insoluble ammonium picrate was filtered
and washed with efhe?; The filtrate was extracted with ether,
and the extract washed twice with saturated agq. NéHCd; and twice
‘with water, The ether was removed in vacuo. The residue was
_heated in 200 ml. of boiling methanol with a small amount of de-
célorizing carbon. Removal of the carbon and methanol gave a ciear,
viscous oil which solidified after 2 months, m.p. 53-54°. |
Analysis: for CpHygNoOF 3. Caled.: N, 7.52. |
| | Found: N, 7.51.
The dimethiodide.monoethanolate was prepared in and recrystallized
from absolute ethanol.
Apalysis: for CygH31NyOoF3I,, Calcd.:’ N, 3.99; I, 36.14.
| " Found: N, 3.97; I, 36.10.
fXXXVIII. The layers were éeparated.and the eﬁher layer evapor-

ated in vacuo. 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 cleaf° The clear solution was decanted, allowed to evap-
orate to two~thirds its original volume and cooled overpight in a
refigérator_tb precipitate pure pfoduct.

Amalysis: for CogHaoN4 C10. Caled.: €,70.82; H,i-13; N,9.91; C1,8.36.

Found: C,70.90; H,7.34; N,9,.64; C1,8.13.
: ' N,9.66

XXXIX, The ethereal layer was evaporated in vacuo to give a
brown soiid. This solid was washed with ether and recrysﬁallized
frem a minimum of 95% ethanol.

Aralysis: for CoologN30,5. Calcd.: C,73.10; H,6.41; N,11,63.
Féund: C,73.15; H,6.63; N,11.48,

XL, The ether layer was evaporated in vacuo and unreacted 2-
picoliﬁe'was distilled from the fesidue at reduced pressure,. The
remaining‘orgénic materials solidified to a black, brittle resin,
which was ‘semewhat soluble in most organic seolvents but could not be
recrystallized, It formed a difty, gummy picraté.which beéame an
,insoluble; sticky, brown maBS'uPOn'aﬁtempted recrystallization from
95% ethanol or acetone. |

XLI. .The ether layer was evaporated in vacuo and unreacted
zfpicoline distilled off at reduced pressure. The residue was
vacuum distilled, b.p. 182-187°/0.1 mm., to give a yellow, viscous

liquid which crystallized over severai‘days.
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The 1liquid product was disselved in hot 60-70° pet, ethér to give,

on-cooling, a white solid, |

Amalysig: for C18H17N3 Caled.: C, 78.51; H, 6.23;’N; 15,26,
Found: C, 78,56; H, 6.18; N, 15,14,

- XLII, The ether layer was evaporated in vacuo and ﬁhe
'unreacfe& 2-plcoline removed by distillation at 1 mm. The dark,
viscous residue was swirled with six 60 ml, portions of boiling 60-
70° pet, ether., After each such extraction the flask was allowed to
stand a few minutes before the pet. ether solutlon was decanted. The
combined extracts were evaporatedvto<give an orange oil,

Sixty grams of pieric acid were dissolved in 1 1. of 95% ethanol.
Thewerangg-oil_dissdlved in 500 ml, of 95% ethanol was added with
~ rapid - stirring gﬁfroom temperature to the picric acid solution.
.The?resulting-picréte~wasicoliected and stirred with enought acetone
to make a slush, the picréte filtered, and the acetone washing re-
peated, ' The picrate, m,p. 189-90°, was stirfed.with 500 ml, of water
-and bnsieified with NH4OH One hundred and £ifty ml, of ether were
added, ammonium picrate f&iteted off and the ether layer removed
from the filtrate, Thevatheroal solution was washed twice with
‘sat, aq. NaHGO; and thrice with water, After drying over NagSO,
a small ¢meunt of decelorizing oarbon was added, the mixture

‘stirred and then filtered through Celits,
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Evapofation of the ether gave an orange oil which solidified after
two weeks, .
Analysis: for CogHpoNp. Calcd.: C, 83.29; H, 6.99; N, 9.72.

Found: C, 83.,02; H,'7.12; N, 9.86.
‘ - N, 9.88.

XLIII The aqﬁeous and ethereal layers were filtered together
to isolate crude product., The ether layer was evaporated and un-
reacted 2-plcoline was evatorated in yaeuo.' The re-
sidue was recrystallized froem 95% ethanol to give additional crude
material, Recrystallization of the total product from 95% ethanol
after treatment with decolerizing carbon gave short, silky; white
needles, |
Analysis: for CjgH,gN,0,. Galed.: C, 73.45; H, 6.16; N, 9.52,

| ' Feund: C, 73.60; H, 6.30; N, 9.58,

XLIV.  The ether layer was evaporated and the dark residue
veeuum-distilled through a Claisen distilling head to give a clear,
1light oramge oll, This product was redistilled discarding the first
3 ml, of" distillate.

Amalyels: fer C, H,.N,0. Galed.: C, 71.04; H, 8.77; N, 14.62,

Found: .C, 71.20; H, 8.70; N, 14.60.
~ N, 14.58.

XLVw The ether layer was evaporated and the dark residue dis-

tilled to give a yellow oil,
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The oil was converted to its citrate monchydrate 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 P 0s at 20 mm, fqr 2 dayswbefore analysis.
The citrate is somewhat hygroscopic.

CAnalysis; for 025H37N308. Caled.: 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 alia&ed to stand for 2 hours. The wﬁite, crystalline solid which
slowly precipitated was filtered off and washed with a small ambﬁﬁ;
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, Cobling the solution overnight gave an 81% re-
covery of colorless crystals.
Analysis: for CycH,N,. Caled.: 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
reerystallized in 79% recovery from 1:1 i-propanol-benzene with no
change  in m.p. Additional product was obtained by evaporating the
etherwlayér and recrystallizing the residue.

Analysis: for C,H, N.0. Caled.: C, 82.39; H, 5.53; N, 7.69.

Found: C, 82.30; H, 5,803 N, 7.60.
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XLVIII, White product precipitéted from the ether layer. It
was collected, washed ﬁith cold water and cold ether, M.p.150—151°.
Recrystallization from methanol raised the m.p. to 151-152°.

The product gave no dépression when a mixed m.p. with autheﬁtic

' 1,1-diphenyl-2-pyridine€thanol (28) was taken.

N, 2-Diphenyl-1-(2-piperidyl) isopropylamine (XXXI). Eight

grams (0.028 mole) of N,2-diphenyl-1~(2-pyridyl)isopropylamine (XXX)
were dissolved in 80 ﬁl._of glacial acetic acid and hydrogenated

in a Parr low-pressure bomb using 0.3 g. (0.0013 mole)of platinum.
‘dioxide, The initial pressuré &as 50 p.s.i. in the 5-~liter system;
After the calculated decrease in hydrogén pressure the catalyst and
acetic acid were rémoved followed by bgsicification of the residue
with 25% NaOH solution and ether extraction. The ether was dried
over sodium sulfate and then ev#porated in vacuo. The residue was
distilled‘ﬁo give'4.12'gu (50%) of 1light yeilow, 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 020H26N2. Caled.: C, 81.58; H, 8,90; N, 9.52,

Found: c, 81.70; H, 8.,85; N, 9,58.
- ‘ N, 9.48.

2=5Stilbazele (XLIX). The method of Shaw and Wagstaff was

used, See reference 44 or page 27 in Part I of this thesis.
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2=~(2== (Zc {2-Diethylaminoethoxy) phényl‘:_\rvinvg quinoline (L).

Method A. Twenty grams (0,0605 mole) of N- [Z»(Z-diethylamino~
| ethoxy)benzylidené:]wpuchloroaniline (XI) in 100 ml. of ether were
added to 00121 mole of quinaldyllithium‘(prepared in the same manner
as 2-picolyllithium) in 150 ml. of ether. ‘A mild refluxing of thé
ether ensued, After the flask had cooled to room temperature the
reaction mixture was hydfolyéed with aqueous NH,Cl and the ether
layer separated, dried and evaporated. p-Choroaniline and unreacted
qﬁinaldine were distilled‘off at reduced'pressure and the residue
recrystallized from 300 ml. of 60-70° pet. ether to give 14.7 g.'.
(?0%) of white product, m.p. 52-53°,
Analysis: for CoqHogN90. Caled.: C, 79.73; H, 7.56; N, 8.09.
| ' Found: C, 80.20; H, 7.76; N, 8.05.
The dipicrate, m.p. 199-200° dec., was formed'in and recrystallized
from acetone,
Analysis: .for'C35H32N8015. Caled.: C, 52,173 H, 4,13; N, 13.91,
| Found: C, 52.36; H, 4.20; N, 14.02.
Method B. Seven and fifteen hundreths grams (6.5 ml., 0.05
mole) of quinaldine, 11.05 g. (0.05 mole) of 4-(2-diethylamino-
ethoxy)benzaldéhYde, and 10.8 g. (10 ml., 0.106 mole) of acetic an~
hydride were refluxed for 6 hours, Uﬁreac;ed materials were removed
at reduced pressure, the black residue stirred with}50 ml. of a¥

qﬁeeus 5% NaOH and the organic. layer taken up by ether ektraction.
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The ether solution was dried over NayS0,, evaporated in vacuo, and
the residue dissolved in acetone. The acetone sblution 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.pf
199-200°, of pure yeliow salt. The dipicrate was stirred into
506 ml, of hot water énd basicified with NH,0Hd, The hot mixture
was extracted with 150 ml. of hot benzene, The behiene solution
was washed with aqueous 5% NaOH‘and then Qith water.‘}The benzene
extract was dried over NazS0, and evaporated. The residue was re-
crystallized from 40 ml, Qf 60-70° pet.'ether to give 5 g. of ﬁure
product., An additional 1.5 g. of product in the form of colorless
plates were collected by allowing the filtrate to evaporate at room.
temperature to i/2 its volume. The total yield was 6.5 g. (36%),
m.p. 52-53°, |
Analysis: for C23H26N20. Calcd.: C,.79.73; H, 7.56; N, 8.09,

Found: = C, 79.77; H, 7.08; N, 8.17,

This coempound gave a white fluorescence under an ultraviolet lamp.

2%{24[?—(1wMethylpvrrvlzlvinvi§pYridine (LI), Ten grams

(0.0543 mole) of 1~methy1~2w(Nmphenylformimidoyl)pyrrole (XXVII) in
50 ml, of ether were slowly added to approx. 0;109 mole of 2-picolyl-
© 1ithium in 100 ml. of ether.
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Addition was accompanied by refluxing of the ether. When the re-
‘action began to cool it was carefully hydrolyzed with an excess of
~ saturated aquecus NH4.C1l. The ethér layer was separated and dried
 over NazSO, and the ether evaporated in vacuo. After vacuum dis-
tillation of aniline and unreacted 2-picoline the residue was dis-
tilled to give a iight yellow oil, b.p. 130m135°/0.i mm. , which
gradually scolidified to a yellowlsolid, m.p. 88-89°., The solid was
recrystallized once from a minimum of 60-70° pet. ether to give
4,15 g. {41.5%), m.p. 95f96°: of pale yellowish-tan crystals.
Analysis: fer 012H12N2° Caled.: C, 78.22; H, 6.,57; N, 15.21.
Found: C, 78.43; H, 6.68; N, 14.96.
When 1wmethy1~2§[:Nm(pwchlorophenyl)formimidoyi]pyrrole (XXVTI)
 was reacted with 2-picolyllithium similar results were obtained.
Thé ether residue was distilled to give a 47% yield of crude pro-

duct L1 and a 66% recovery of pmchioroéniline.

Compound Li gave a faint blue~white fluorescence under an ultra-

violet lamp.,

MZﬁ{?aE?w(1mMethylpyrrv1i1 vinvg}pyridine Methipdide (L1II).
Method A, Compound L1 was dissolved in an excess of methyl
iodide and allowedvto stand overnight, After removal of excess methyl

lodide rhe crude purple-red product, m.p. 230-231°, was recrystal-
lized from 95% ethénol to give an 847 yield of pufe ﬁethiodide-LIII,

m,p. 245-246°,
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Analysis: for C gH, N,I. Caled.: C, 47.87; H, 4.64; N, 8.59; I,38.91.

Found: C, 47.95; H, 4.81; N, 8.48; I, 38.80.
N, 8.50 '

Method B. Using the method of Phillips (35) 5 g. (0.0226 mole)
of 2=picoline methiodide, 5 g. (0.0458 mole) of l-methylpyrrole«2-
carboxaldehyde and 1 ml, of piperidine were heated.in 30 ml. of re-
fluxiﬁg absclute methanol. When bumping dce to precipitated product
LITII made further refluxing impossible the flask was cooled and 6 g.
(81 5%) of pure brickured prcduct was collected, m.p. 245-246°.
mixed m.p. of the products obtalned via methods A and B showed no
depression, 7The methiodide exhibited a blood~red fluorescence under

an uitrwviciet lamp.

2-{4-Dimethyiamincstyryi) pyridine (LII). Ten grams

(0.067 mole) of p-dimethylaminobenzaldehyde were slowly_added with
stirring to approx. 0,134 mole of 2upic01yliithium in 1so'm1. of ether.
Stirring was continued fo: an additional 30 minutes and the reaction
mixture then hydrolyzed with saturated NH,Ci soiution. A solid
precipitated from che ether layer to give 9 g. of product, m.p.
114-115°. An additional 1.8 g.,m.p. 122-123°, were collected by
evaporating the ether layef to 1/2 its volume, Total yield of crude
product was 10.8 g. (66.6%). Recrystallization froﬁ a minimum of
i-propanol gave 8.25 g. (46.6%), m.p. 121.5-122.5%, of white, pure

product.
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Analysis: for CISHLSNZO Calcd.:lC, 74.35; H, 7.49; N, 11.56.
Found: C, 74.65; H, 7.53; N, 11,78,

One gram (0.00413 mole) of the impure 1-{p-dimethylaminophenyl)-2-

pyridineé€thanol was dissol&ed in 10 ml. of 4N HCl and the solution

warmed to 60° overnight. The reaction solution was puured into an

excess of 10% KOH and the 0.85 g. (91.7%) of yellow-orange compound

LII colleéted M.P. 141”142°°. Recrystaliization from 75% ethanol gave

pale yellow-tan prbduct m..p° 1414142°, in 947 recovery.

Analysis: for ciSHmN2 Calcd.: C, 80.32; ﬁ,‘ 7.19; N, 12.49,
Found: C, 81.32; H, 7.23; N, 11,49.

Two recrystallizatiohs from acetone gave yellow‘crystals, m.p. 141-142°,

which gave a silightly better anaiysis°

Analysis: for C,sH,(N,. Caled.: C, 80, 32"-H‘ 7 19; N, 12.49,

- | Found: 08123H735N1212

Parker and Furst (34) report a melting point of 239, 4-240° which, in

.View nf similar ultravidlet maxima, appears to be a typographical

error,

2 (4-Dimethylaminostyrvi) pyridine Mz chiodide {L.iV). 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 methancl 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

pufplewred crystals, m.p., 273-274° dec,

lehen?1~éu(2~pvridv1)ethanesulfonic acid (LV). =~ One gram
(0.0055 mole) of 2wstiibaéolebwas refluxed for 3 hr., with 15 ml. of
a saturated aqueous solution of NaHSOs. During the reactidn periad
the liquid layer of melted 2wstilbaque gradually disappeared° At
the end of 3 hr. the reaction mixture was clear. The solution was
evaporated to dryness in vacuo on a Boiling water bath and the
“white residue treated with an excess of hydrochloric acid with the
~evolution of sulfur dioxidé and preéipitation of sodium chloride,
The NaCl was filtered off, washed with conc. HC1l, and the combined
fiitrates evaporated to dryness at reduced pressure on a hot water
bath. The resulting dark residue was dissolved in 20-25 ml. of hot
70% ethanol, a little decolorizing carbon added to the resulting
sclution, and fhe hof miXture fi}tered, The clear filtrate was
evaporated to dryness and the resulting yelléwish solid recrystallized
from a small amount of water with the pure product very gradually
precipitating as off-white, rcun& crystals, m.p. 251-252° dec., upon

cooling and standing for 1 to 3 days. The yield was 1.35 g. (86%).

Analysis:  for C,,H,,N0;S. Calecd.: 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,1~-Diphenyl~-2-(2-pyridyl)ethylamine (XXIX).
Method A, Two g. of lfphenyl-Z-(Z-pyridyl)ethanesulfohic acid

(LV) were heated in 10 ml. of refluxing’éniline_for 3 hr. One
hundred ml. of watéf'were added and the aniline steam distilled.
Concentration of the aqueous solution to 8-9 ml. followed by cooling
overnight gave a 97.5% recoery 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 sodiﬁm a dark brown
‘color appeared, The reaction mixture was heated at reflux for & hr,
to give a nearly black solution, Unreacted aniline wasAremoved'by
‘steam distillation and the aqueous, alkaline residue extracted with
ether, The ethereal extract was dried over Néaso4 and thé_ether

- evaporated to give a dark brown, viscous oil., The oilldistilled at
130-140°/0.5 mm. to glve 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 analyéis of the picrate agreed
more c1bs1y 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, Cgicd.: 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 Zwstilbazole plcrate gave no depression.

.Method‘C. Five g. (0.0276 mole) of 2-stilbaéole was dissolved
in 15 ml, of ether and added to an equimolar amount of 1ithium‘an111de
(from adding an equimolar amount of aniline to phenyllithium) in 50
ml, of ether. There was no noticeable evolﬁtion of heat. Hydrolysis

 with ice water followed by ether extraétion gave a quantitative re-
covery of 2-stilbazole.

Method D. Two g. (0,011 mole) of 2-stilbazole, 2g. (0.0225 mole)
of.g;iline, and 0,12 g, (0.002 mole) of glaclal acetic acid were
heated at 200° for 6 hr, in a seaied tube. Upon cooling 48 hr, at
~20° 1,58, (75%) of 2-stilbazole crystallized from the reaction mix-
ture as a white solid, An additiona1‘0.444g..(22%)’of-2-stilbazole‘
was obtained. by basicifieation of the filtrate with 25% NaOH followed
by‘eteam distillation to remove.the aniline and finally filtration;'

The recovery of 2-stilbazole was 97%.

General Procedure _F on of N ~bis | -3
'gheneghxlggingg LVI-LIX, Benzylmagnéeium'chloride'was pfepared from
0.2 mole of magnesium sand and 0.2 mole of_béntylchloride Ln 200 ml.,

- of ether, One-tenth of a mole of‘the‘Sch;ff base to be reacted was
slowiy added, with stirring, to the ethefeal solution'of benzylmag=
nébium chlbride-and refluxing of the ether uéually occﬁrred. Being
only slightly aoluile‘in}emher p-methoxybenzylidene-p-anisidine‘(Vli)

reacted only very slowly over 1/2 hr,
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In all cases the reaction mixture was stirred for 1/2 to 'l hr. after
‘addition of the Schiff base. Hydrolysis was effected by very rautiouely

adding 200 ml, of an aq. 20% NH.C1 solution with rapid stirring. See

'Iaolation and Purification Procedures.

LVI, The ether 1&yer~was dried over Nag80,, the ether removed
in vacun and the raai&ue vacuum diétiiléd to give toluene and a yellow
oil (59%), b.p. 177-181°/0,1 mm,

Anglvsis: for CgiHpyNO. Caled.: C, 83,13; H, 6.98; N, 4.62,
- Found: C, 82,75; H, 7,02; N, 5,07,

LVII, The prbduct ilowly precipitated from the ether layer

and was collected in 79,5% yleld, One recrystallization froh i-

‘propanol gave pure white product (67.5%).

‘Apalvsis: for CZZHZSNOZ Caled,t C, 79.25; H, 6.95; N, 4,20,
| ‘Found: C, 79,30; H, 6,97; N, 4,10,
N, 4 12.

-LVIII, The ether layer was dried ovér Nn,so‘ and the ether
~evaporated to give a nearly clear, Qery‘viscoua yellow 011. Dig~
tillation on a;Wood'e metal bath gavé 8 light orange oil, b,p.195-
205°/0.1 mm, | o | ;
Analveig: for CpgH, N,Cl 0. Calcd.: C,73.82; H,7.39; N,6.63;C1,8.38,

Found: c,73.46: H,7.51;}N,6.54;C1,8.48.
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LIX, The ether layer was dried over NaySO, and the ether
evaporated in vacuo."The viscous, orangé 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 C,cHq,NJ0. Calcd.: C, 77.08; H, 8.02; N, 10.79.

Found: C, 77.20; H, 8.04; N, 10.71.

Alternate Synthesis of Compound LVI,

This is the method of Billman and Tai (45). To 2.6 g. (0.0067
mole) of lithidm_aluminum hydride in 100 ml, ofvether was'added 4.03‘g.
(0.0133 mole) of deoxybenzoin-p-methoxyanil (XIX), The reaction mix-
Eure was refluxed for 30 minutes and then the iithium salts were
cautiously hydrolyzed with ice water. The inofganic salts were
filtered off, the ethér layer separated and dried over NaSO, and the
ether evaporated in vacuo. The residue was vacﬁum distilled to give

3.6 g. (90%) of yellow oil, b.p. 177-181°/0.1 mm.

Analysis: for 021H21N0. Caled.: C, 83.13; H, 6.98; N, 4.62,

Found: C, 82.98; H, 6.82; N, 5.,08.
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APPENDIX

Ultraviolet and Visiblie 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. X(nm). For purposes of
comparison the absorbance values were converted to molar extinction

coefficients as follows:

Absorbance = € C 1, where
€ = molar extinction coefficient
C = molar concentration

1 = cell length in centimeters

. € = absorbance
Cx1

The spectra were theﬁ plotted in terms of log€& wvs. )\ (mp) .
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vinyl} quinoline (L).
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1 — 2-(4-Dimethylaminostyryl) pyridine Methiodide (LIV).
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Tabulation of Representative

Infrared Spectrd*

The.infrared spectra were run on a Perkin—Elmer 21 inffared
specﬁfophotometer at Lehigh University or kindly supplied by the
Wm, S, Merrell Co., Cincinnati, Ohio. In each case, the source of
the spectrum is nofed 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 pharmacdlogicaily and which are
representative of the series, |

*Note: vs - very strong; 8 - strong; m - medium; w - weak.

N,2-Diphenyl~1-(2~-piperidyl) isopropylamine (XXX1). Merrell (KBr plate).

Wavelength | Wavelength . Wavelength
(microns) - . (microns) | (microns)
. / "'-.)_,\v}"“)
2.95 ( m) - "o 1,64 (8) R 10,08 ( w)
3,33 (m)- 0 " k™t 7,94 (m) 10,58 ( w)
3.45 ( &) —> < o 8.21 (s) ' 11,05 ( 8)
6.25 (vs) - " 8.50 (m) | . 11,46 ( m)
6.53 ( 8) 8.69 (m) . 11.67 ( w)
6.68 (vs) 8.87 (m) o | 11,87 ( m)
6.87 ( m) 8.98 (m) 12.16 ( w)
6.95 ( 8) 9,16 (m) ‘ 12.32 ( w)
7.05 ( m) 9.27 (w) . ‘ 12,85 ( 8)
7.30 ( m) 9.38 (m) 13,20 (vs)
7.37 ( w) 9.51 (m) - 13.67 ( w)
7.48 ( m) 9.78 (m) 14,35 (vs)
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N- (4-Chlorophenyl) -1-

ethylamine (XXXVIII).

Wavelength

gmicrons[

3.02
3.38
3.43
3.57
6.25
6.37
6.63
6.79
6.97
7.02

(m)
(m —~
( m
( m

i

[

(-
- f

( 8\

(- m)
(vs)
( 8)
( m)
(. m)

/e

o 94Qﬁqﬁdv

-

e

= 2=diethylaminoethox
errell (KBr plate).

I o
e

.

CO 00000000 NNNNN

Wavelength

ﬁgicronsz

.16 (m)
.25 (m)
(8)
(8)
(m)
3 (s)
8 (s)
5 (m)
4 (8)
3

2

*N
o

(m)
(w)

99,

hen i] =2-(2-pyridyl) -

Wavelehgth

- (microns)

- 9,04 (m)
9.22 (m)
9,41 (m).
9,78 (s)

10,05 (m)

11.47 (w)

12,10 (8)
12.43 (8)

13.24 (8)
13,77 (m)
14,27 (w)

14,86 (m)

9-Anilino-9-(2-pyridylmethyl) fluorene (XLVI). Merrell (KBr plate).

Wavelength

- (microns)

2,97
3,35

6.26

6.38
6.63
6.82
6.93
6.98
7.04
7.48
~7.61
7.79
8.12
8.27

3
2

Wavelength

(]

10,09 (m)
10,40 (w)
10,60 (w)
11.05 (w)
11,22 (w)
11,55 (w)
12.35 (w)

Wavelength

(micgogg)

12,78 ( s8) -
13,38 (vs)
13,65 (vs)
14.49 ( s8)
15,17 ( m).
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9—Anilin9-9-(2-pvridv1methv1)xanthene (XLVII)., Merrell (KBr plate);

Wavelength Wavelength Wavelength
(microns) b ad (microns) | - _(microns)
. SR : . )
3.0L (s)- 7y 8.10 (s) 11.25 ( w)
3.33 (m) ¢ el 8.35 (m) 11.43 ( m)
6.26 (vs) o /" 8.50 (m) 11.66 ( w)
6.37 ( s) 8.73 (m) , 12.16 ( w)
6.58 ( s) 8.88 (w) 12.90 ( m)
6.70 ( s) 9.15 (s) | ©13.21 (vs)
6.80 (vs) : 9.23 (m) 14.38 ( s)
6.92 (vs) 9.37 (m) 15.05. ( m)
7.05 ( s) 9.53 (w)
7.58 ( s) | 9.65 (m)
7.63 ( s) . 10.08 (m)
7.72 ( s) 10.52 (w)
7.85 (vs) 10.61 (w)
8.02 ( s) ' 11.02 (w)
N-(4- AniAyl) 1,2~ diphenethylamlne (LVI) , Lehigh (CCl,).
Wavelength - Wavelength
(microns) ) ( (microns)
TyenAA
2.94 (w) pe= T 7.11 ( m)
3.3 (m) -+~ 7 7.40 ( m)
3.43 (m)  ~ . 7 7.73 ( s)
3.53 ( m) 8,08 (vs)
4.31 ( w) 8.48 ( s)
5.15 ( w) 8.97 ( m)
5.35 ( w) 9.15 ( m)
5.53 (w) 9.23 ( m)
6.22 ( m) 9.38 ( s)
6.62 (vs) - . 9.60 (vs)
6.83 ( s) 9.72 ( s)
6.88 ( s) | 11.00 ( w)
6.93 ( s) 14,32 (vs)
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Y

N=(4-Chlorophenyl) -1~ F_-(z diethylaminoethoxv)pheny—1 2-phenethy1amine
(LVIII), Merrell (Kg?fplate)

Wavelength ‘)ﬂ} Wavelength Wavelength

(microns) kiﬁcﬁ’ (microns) ' (microns)
i N
A |

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) 214,33 (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-Pyridyl)-1- ;9 (2- diethylamnoechoxy)pheny"\ -2-phenethylamine

- (LIX).  Merrell (KBr plate)

Wavelength véﬁf Wavelength | Wavelength
(microns) By (microns) (microns)
2.93 (w) 1 6.98 (vs) - 9.51 ( m)
3.12 ( 8) - o - 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) o 14.40 (vs)
6.90 (vs) 9.26 ( s) -
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