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CHAPTER 1
INTRCDUCTION

Kr&hnkel has observed that certain Nesubstituted pyrie

dine compounds possess both pressor and ergot like activity,

F4 3

Goeode™ and Bryant" investigated certalin N~phenacyl«4~alkylw

pyridines and their reduction products, One of the reduction
products, 1-pheny1-2~{i-f%n(ﬁwnonyl)piperidinel}ethanol was
found to be active in(vitre against the tubercle baclillus,

4 reported the synthesis of several N«{(4=-nitrophenacyl)=

Herd
4=alkylpyridinium halides and their complete reductlion preén
ucts, the l=(4-aminophenacyl)=2«[l=(4=alkylpiperidyl)]ethanols,
Because of the structural analogles between these com~
pounds and several ether physiclogically active cempounds,

6

such as chlereamphenicoz,s 4,4%=diaminodiphenyl sulféne; and
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Chemistry, Nerth Texas State College, 1950,

{4) Re Herd, Unpublished M, S, thesis, Dept, of Chemistry,
North Texas State College, 19250,

{(5) M. Rebstock, He Crooks, Jr., J, Controulis, and
Qs Bﬂx‘tZ, JQAOCCS.’ 1}‘, 2458 (1949),.

: (6) P. Truitt, R, Stead, L, Long, and W, Middleten,
JeAsCeSes I1, 3512 (1949).



z,z~hi5-(p-aminephenyl)-i,l,l-trichzarsethane,7 a more Come
plete study of the reduction products and the sequen¢e 6f
catalytic reduction of Ne~{4enitrophenacyl)=~t«{l=hexyl)pyri=
dinlum bromide was made in this investigation. This compound
was chosen for investigation as typical of the type since
time did not permil a thorough study of all the reported
N={4=nitrophenacyl)«~4~alkylpyridinium bromidsa.& »

Samples of Nw{4-nitrophenacyl)=t={l~hexyl)pyridinium
bromide were subjected to hydrogenation using platinum oxide
and Raney Nlckel catalysts and varying amounts of hydrogen,

Proof of structure of the compounds isclated In these
hydrogenations was attempted in three ways: the preparation
of derivatives, IR and UV analysis, and duplication by other
means of synthesis, -

Four useful reactions which fall under the latter cate=
gory are best shown by the equations below,
(1) Condensation of 4-acetylaminophenacyl bromide with

4«{l-hexyl)pyridine and acid hydrolysis of the adduct
0

.? ;‘. ¢ - CH- By + N)—-/>'CI-H|3 —_—
Hht-¢-nN \
0 B
: H+ ” s CoH
C,—C,H,.—- c’b 3 -—H:-O——) CI-CHL“N\ / o' 13
HyC ~ ¢ —~ M- Hy

(7) S. Kirkwood, B. Phillips, and E. McCoy, J.A.c.s.,
68, 2405 (1946),



{(2) Iren and acetic acld reduction of Ne{4enitrophenacyl)wd=

{lwhexyl)pyridinium bromide

) B+ 0 By
" /N \ " '/=:
0,N . HaN

(3) Condensation of 4-nitrophenacyl bromide with 4=(l=hexyl)=

piperidine

I} 0
-—&—Q»H;— Br + an Cothz —_ ¢ - CH,_-M\ > CIAH'B
Oy N o,N Lo

+ HBY.Q >.QbHB

(4) Reductlion of N=(4-aminophenacyl)=d=(l=hexyl)pyridinium

bromide with hydrogen in the presence of platinum oxide

catalyst,

@-C’ Q-“,_—N >"QJQH|3 P'koi\ >
N

By
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4-Nitrostyrene bromohydrin was made in the process of
investigating the problem, and since it has not been peported
in the literature, it is recorded in this paper.

Ne(4~Nitrophenacyl)-4~methylpyridinium bremile is re=
ported only as supplementary material to the investigation

by HEI"di%



CHAPTER 11
EXPERIMENTAL

Raney Nickel Hydrogenation of Ne-{(4~Nitrophenacyl)~i=~
{l-hexyl)pyridinium Bromide

i O

H,N

Five grams (0,0123 mele) of N-{4e-nitrophenacyl)=4~
(1=hexyl)pyridinium bromide were dissclved in 100 ml, of
95°/, ethanol and about 0,2 g. of Raney Nickel catalyst was
added, The reaction mixture was hydrogenated at room temperw
ature at low pressure (50 p,S.l,) until 0,047 moles of hydro~
gen had been absorbed, Twenty=six hours were required for
this absorption, Since a certain amount of product was in
the form of a precipitate, the reaction mixture was diluted
with more ethanol and heated until all the products were in
solution, The catalyst was removed by filtration and the
filtrate was placed in the ice-box, The cooled Tiltrate gave
1.5 g. (23°/0) of white crystals which were almosi Inscluble

in ethanol, This product was removed by filtration, washed



with celd ethanol and dried. This material decomposes above
240%, The properties of this product coincide with those of
N=(4=-aminophenacyl)=f=(l~hexyl)piperidinium hydrobromide which
was prepared by at least two other methods in this investiga=-
tion,

Anal, Calcda for CigHpsBrNaO: N, 7.42. Found: N, 7.57,

Ether was added to the filtrate left after removal of the
above mentioned product and 2 ge (43°/o)} of light yellow cryse-
tals, me pe 179-181°, were precipitated. The properties of
this product were found to coincide with the properties of
Ne={4w~aminophenacyl)=4i=(l=hexyl)pyridinium bromide which was
prepared by two other methods in this investigation.

Anal, Calcds for CygHzsBrNzO: N, 7.42. Found: N, 7457,



Be{4~pmmon fumphenacyl) =4e{ I=hexyl)piperidine Brom ide
0
B'.‘ ‘C' ‘CH%—G c‘H'3
H3 ~

Ten grams {C.0246 mecle) of Ke{4enitraphenacyl)-i-
{i=hexyl)pyridinium bromide were dissolved In 100 ul. of
95°/o ethanol and 0.2 g. of platinum oxide catalyst was
added to this solution, The reaction mixture was hydro-
genated at room temperature until the theoret fcal amount
{01476 mole) of hydrogen had been shserbed, It was noted
that half of the hydrogen was taken up quickly while the
other half was absorbed only after hydrogenating for twelve
hours, The precipitate was dissolved in 250 ml, of 95%/ ¢
ethanol and the catalyst removed by flitration. The clear
f1itrate was cooled and 344 ge (33°/5) of the desired prod=
uct were obtained, me Do 240° (decs).

Anals Calcd, for CyghsaBriiaO: N, Te3l, Found: N, 7.61.



Ne(4-pammon fumphenacyl)~4-{l=hexyl)piperidinium Bromide
S
B, C —CH,-N ¥ CuHiy
HyN _

A mixture 6f 0,6 g. (040016 mole) of N~{(4-aminophen-
acyl)«d«(lehexyl)pyridinium bromide, 20 ml, of 95°/c ethanol
and a small amount of platinum oxide catalyst was placed in
the low pressure hydrogenator at reoem temperature and allowed
to remain until about 00,0048 mole of hydrogen had been absorbed,
The time required for this absorption was only five minutes,
The proeducty which had precipitated, was disseolved in a tetal
of 60 ml, of aslcohol and the catalyst was removed by filtra=-
tion, When this filtrate was cooled it gave 0.3 g« (50%/0)
ef the product., These white crystals decomposed above 240°,

Anale Calcds for CigHsiBrNzO: N, 7.31. Found: N, Ted8e



4=-iitrostyrene Bromohydrin 8

OH H

t L}
X C,\.C—Bv-
t 1
ONC A # H

Ten and one~half grams of 4snitrestyrene and 500 mle of
water were placed In a l~1,, three-necked flask equipped with
a dropping funnel, a mercury=sealed stirrer, and a thermometer.
A solution which was 10°/o with respect to KBr and 7%/c with
respect to bromine was added dropwise with stirring at 95°
until the brown color of broumine persisted, When the réac~
tion mixture was cooled, the product separated as a yellow
soliids Recrystallization of this yellow material from CClg
gave 12 ge (69°/0) of the 4~nitrostyrene bromohydrin as
yellow needles, me. Pa 83=85%, .

ﬁagiQ Caled, for Caﬁaarﬂos: Ny, 5469, Found: N, 5,97,

(8) Re W, Strassburg, Re A, Gregg, and C, Walling,
JeAsCaSs, 69, 2142 (1947)s
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Ne(4«Nitrophenacyl)=4«(l=hexyl)pyridinium Bromide

4]

By
" vV / —
l\ c “cuz—m& )~Q.Hu

O,NN_~

A solution of 24,4 g. (0,10 mole) of 4~nitrophenacyl
bromide and 150 ml. of toluene was treated with 17 g,
{Oe104 mole) of 4w(l-hexyl)pyridine and an almost immediate
reaction was noted by the formation of a dark oil, The ree
action mixture was allowed to stand at room temperature for
two hours,and at the end of this interval of time the oll
had changéd to a yellow crystalline solid, The yellow solid
was removed from the reaction mixture by flltration and
washed with anhydrous ether, Recrystallization from an
alcocholwether mixture gave 25 ge (62%/o) of the preduct as
yellew crystals, m, p. 143=144°,

Anal, Calcd, fer CjgHp3BrNzO3: N, 6,91, Foeund: N, 707
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H=(4~Nitrophenacyl)~4-methylpyridinium Bromide
c - CH, —N >-CH
ON

To a solution of 24,4 g. (0,10 mole) of 4-nitrephenacyl
bromide and 150 ml. of toluene was added 10,5 ge (slightly in
excess of 0,10 mole) of 4-methylpyridine, The reaction began
almost immediately with the formation eof a dark oil, The re=
action mixture was allewed to stand at room temperature for
twenty=four hours, and at the end of this Iaterval of time the
0il had changed to a brown, crystalline solid, The brown
solid was removed from the reaction mixture by filltration and
much of the brown celer was removed by washing with anhydrous
ether. Recrystallization frem an alcohol~ether mixture gave
29 ge (86%/s) of the desired product as orange needles, ms pe
214-215°,

Anal, Calcde for CpeH13BrN;O3: N, 8,31, Found: N, 847,



12
Ne(Zepminophenacyl)«tw({i«hexyl)pyridinium Bromide

0 &
C — CH, — Q C His
PN

Three grams (0.00716 mole) of N=~(4-acetylaminophenacyl)=
4e(1lehexyl)pyridinium bromide were placed in 75 ml, of 20°/,
hydrogen bromide solution and heated over a steam bath until
all of the solid had dissolved, The acid solution was then
carefully neutralized with ammonium hydroxide and a tan precip=
itate formeds Recrystallization from absclute alcohol gave
1e4 g (52°/0) of yellow crystals, m. pe. 179«181°,

Anal, Calcd, for CigHpsBrN,0O: N, 7,42, Found: N, 7.67.
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N=({4=sminophenacyl)=4«(1l=hexyl)pyridinium Bromide

H,N

OC, C,H —N PCB 13

Fifteen grams of powdered iron, O.1 ml, of glacial
acetic acid, 100 ml, of water and 5 ge. (0,0123 mole) of
Ne(4=-nitrophenacyl)«4=(1=hexyl)pyridinium bromide were mixed
in a 560~m1;, three-necked flask equipped with a mechanical
stirrer, a reflux condenser and a thermometer, The reaction
mixture was stirred at 80-85%° for nine hours, diluted with
200 ml. of water and heated to boiling. The hot solution was
filtered, and when cooled, the filtrate yielded yellow crys=
tals, Recrystallization from hot alcohol gave 1.9 g« (41°/¢)
of the yellow needles, m. p. 180-181°, )

Anal, Calcd, for CygHasBrN0: N, 7442« Found: N, 749

The acetyl derivative of the Ne(4-aminophenacyl)mie
(1-hexyl)pyridinium bromide described above was made by mixing
a small amount of the compound with a few drops of X=picoline
and adding excess acetyl chloride. The mixture was ailéWQd to
sit for a few minutes and then 20 ml, of water was added. Yel=
iow needles precipitated and were dried in a vacuum des iccator.
The product was fdﬁnd to melt with decomposition at 230=240°,
The H~(4~acetyiam$nophenacyl)-%~(Iuhexyi)pyridinium bromide
obtained by the cbndensaticn of 4w-acetylaminophenacyl bromide
and 4-(1-hexy1)pﬁridine melted with decomposition at 230—235“.



i4

N.(4uﬂgetylaminaphenacyl)n@w(1~hexy1)pyridinium Rromide

0 B~
0 @'SJ -"C,H',_—-"\i\ />'C»5H|3

Ten grams (0,0390 mole) of 4-acetylaminophenacyl
br@miae4 were dissolved in a mixture of 100 ml, of toluene
and 100 mle of n-amyl alcohol and 645 g. (0.04 mole) of
4e{l~hexyl)pyridine were added. The mixture was ref luxed
for a peried of one hour and then allewed to cools The
product separated as a yellow powder and recrystallization
from abselute alcohol gave 9.8 g. (60%/0) of the yellow crys=~
tals, ms De 230=234° (dec.).
Anal. Calcd, for CaiHa.BrNzOp: N, 6.66, Found: N, 6479
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Partial Hydregenation of Ne(4«Nitrophenacyl)=4e{l-hexyl)=
pyridinium Bromide Using PtQ, Catalyst
Ten grams (0.,0246 mole) ef 4=nitrephenacyl bremide were

dissolved in 100 ml, of 95°/e ethanol and 200 mg. of platinum
exide catalyst were added, Hydregenation was then carried
out until only half the theeoretical amount (0,0738 mole) of
hydregen required for the reduction of beth the nitro group
and the pyridinium group had been absorbed, The time re-
quired for this absorption was only elighteen minutes, A
light yellow precipitate which was formed was disselved in
boiling ethanol and filtered in eorder to remove the catalyst,
The hot filtrate was cooled and 5,5 ge (55%/e) of the pr@dnct
precipitated, m., p. 196=180°, The exact structure of the
compound has not yet been determined,

Anal, Foundi N, 7.25,
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N=~{4=Nitrophenacyl)=4={l~hexyl)piperidine

0
@ ‘C,~CH1— - CeHiz
ON

Ten grams (0.0246 mole) of 4=nitrephenacyl bromide were
dissolved in 100 ml, of acetone and a large crystal of KI was
added, The solution was cooled to =5° in an acetone ice=-bath
and 10 gs (0,0585 mole) of 4«(l~hexyl)piperidine were added
drepwise with stirring at such a rate as to keep the temperw=
ature belew 0°, The solution was immediately placed in the
fce box and allewed to sit evernight, Filtration of the black
reaction mixture followed by three washings with ether gave
15 go {18°/0) of the desired product as a yellow powder,

e Pe 134=136°, S |

Anales Calcds for CigHagN20s: N, 8.28, Feund: N, 8.07,



CHAPTER 111
DISCUSSION

The sequence of reduction (exclusive of the carbonyl
group) in both catalytic reduction with Raney Nickel and
platinum oxide was determined with a falr degree of accuracy
in this investigation, although the mechanism and;&om# of the
partially reduced products in the case of platinum oxide ree
duction were not determined, k

in the case of Raney Nickel reduction the nitro group is
apparently reduced first and this 1is f@llaﬁed by reduction of
the pyridine group. Evidence for this statement lies In the
fact that two products were isolated from the Raney Nickel re-
duction, and that one of these was proven to be Na(%namihow
phenacyl)=4~(l=hexyl)pyridinium bromide, This fact was proven
by synthesizing N-(4-aminophanacy1)~4~(lmhexyl)Pyridinium
bruﬁide by two other methods and comparing these products to
the corresponding product from the Raney Nickel hydrogenation,
The other product isolated from the Raney Nickel hydrogena-
tion has properties similar to those of the compound made by
the platinum oxide reduction of N={4=~aminophenacyl)=d=(1l-hexyl)=
pyridinium bromide, This indicates that the pyridine group
may be reduced by extensive hydrogenation using Raney Nickel

as a catalyst,

17
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Reduction using platinum oxide as a catalyst presents a
more complicated problem. In this case it is ebvious that
thé reduction is a stepwise one as evidenced by the fact that
about half of the theoretical amount of hydregen for reductien
of beth the nitro group and the pyridine group is absorbed
much slower, Evidence for the fact that the pyridine ring is
the first reduced is galned from the fact that platinum oxide
reduction of N«(4~aminophenacyl)«4«(l«hexyl)pyridinium bromide
gives the completely hydrogenated material, N«{4waminophenm= '
acyl)«d«(l-hexyl)piperidinium hydrobromide in about five mine
utes while Ne{4-nitrophenacyl)ed={lehexyl)piperidine gives
the fully hydrogenated product in the form of the free base
only after several hours, o

The partially reduced material from platinum oxide
hydrogenation has%pfcven to be interesting from a physiologie-
cal point of viaw; but as yet has not been duplicated by
another means of synthesis, nor has its structure been provern.,
There is a possibility that it may be Ne(4-nitrophenacyl)=ée
(1-hexyl)epiperidinium hydrobromide which has not been iso=
lated, a nitroso compound, an azo compound or a hydrazo come
pound. Absorption curves from ultraviolet light tend to sup~
port the possibility of a hydrazo compound. At this time the
problem is still under investigation,

All compounds are reported in this paper as having the

carbonyl group intact, Since no reliable derivatives have
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been made from the fully hydrogenated preduéts, the only true
evidence that the carbonyl remains intact lies in the fact
that the fully hydrogenated product may be made by hydrogene
ating N=(4-aminophenacyl)«é-(l~hexyl)pyridinium bromide in
the presence of platinum oxide for only five minutes, It
seem unlikely that rgductian of the carbonyl group would proe
ceed this rapidly, | |

The insolubility of all compounds proven to have the‘
pyridine group reduced is somewhat surprising. These compounds
are almogt insoluble in most common organic solvents as well
as water and dilute acids and bases, |

Compounds prepared in this investigation are beih§‘

tested for physiological activity by Parke, Davis and Company,
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