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\ Novel N-lmlnopyrldlnlum ylldes 112 were prepared by .
the~reaction of N-(2 4-d1nitropheny1)pyrldinlum chlorldes
_109 with~alky1 (arxl) carbonyl‘ methan (henzene) sulfonyl
'and phenylethyl hydraZLnes 110. Sodi borohydride : ‘ (
,reductiongof’the N-iminopYridinium ylides 112 in 95% . o
ethanol at 0° for 4 hr affords the ﬁedﬁginally important
N—am1no-1 2,5, 6 tetrahydropledlne derlvatlves 113. t_‘
Mechanisms for the formatlon of the pyrldlnlum ylldes'

112 and 1,2, 5 6-tetrahydropyr1d1ne analogs 113 are
dlscussed. It is belleved that the formatlon of -the
1, 2 5,6- tetrahydropyrldlnes 113 proceeds via the correspond—

'1ng 1,2~ dlhydropyrldlne 1ntermed1ates. However,‘attempts

!
A

to stop the reductlon at the N—amlno -1,2—(1,4-)dihydro~

pyrldlne stage u51ng sodlum borohydrlde in basic medla

or tetrabutylammonlum borohydrlde in aprotlc solvents /

hwere néésuccessful suggestlng that the dlhydrOpyrldlnes
mlght be very. unstable species. | S
| Mass spectral fragmentatlon patterns of both the
N-lmlnopyrldlnlum ylldesvllz and thelr N—amlno -1,2, 5 6-
tetrahydropyridine 113 reduction products which are Verx

| ;diagnostic are'desCribed in detail )

Quaternlzatlon of N-(4—pyr1dylcarbonylam1no) -1,2,5,6-
‘vtetrahydropyrldlne (ll3e) using methylchloroformate
;followed by sodlum borohydrxde reductlon in. methanol at

- -65° afforded N-[4 (1—methoxycarbony1 1,2- dlhydropyrldyl)—

carbonylamlno] -1,2, 5,6~ tetrahydropyrldlne (123a) whereas



i '
- reduction in 95% ethanol at 25° gave N-[4-(l-methoxy-
carbonyl‘T 2,5,6- tﬁtrahydropyrldyl)carbonylamlno] -1,2, 5,6-

tetrahydropyrldlne (123b). Oeﬂﬁhe other hand, quaterniza-.

"tlon of N—(4~pyrldylcarbon~Jf7f§1%rlﬂ2 5,6- tetrahydro-

pyrldlne (113e) u51ng \'o; i 1

borohydrlde reductlon :& #;n :

N-[4- (1-methyl- -1, 2, 5 6- tetnnhydropyrldyl)carbonylamlno]—‘

. 1,2,5;6-tgtrahydropyr1dlpe (123c) and N—[l-(l,2,5,6-

tetrahydropyridyl)]—C—methbky—c—[4—(lﬁmethyl—l,2,5,6+

' tetrahydropyridyi)]azomethine (1234). o
-_n-Buﬁyllithium>catalYSed reactions of‘alkyl(pyriayl—

carbonyl)‘hydrazineé and alkyl nioofinates were employed

: io prepare sfructurally reléted analogs of toe alkyl—l

(pyrldylcarbonyl)-N-amlno—l 2,5, 6- tetrahydropyrldlnes.

For example, reaction of N—amlnoplperldlne w1th

n- butylllthlum in dry tetrahydrofuran at -65° followed

by addltlon of ethyl nlcotlnate/glves N-(3- pyrldylcarbonyl—

amlno)plperldlne (131a).

A one—step synthe51s of thé med1c1nally 1mportant
derlvatlves of benzenesulfonamides in whlch the Nl
.su;fonamiae’nitrogen'is part of a 1,2—(1,4—)aihydropyridyl4
'~ ring system was alsoidevelopoo.-:For exampie, reaction |

of pyridine‘with benzehesul!onyl chloride (benzene;
osulfonic Anhydride) in methanol fpyridine) in the presence

of sodium borohydride affordé an isome;ic mixture of

_N-(benzenesulfonyi)-l,2—dihydropyridine (142b) and

vi
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"N—(benzenesulfonyi)-l,4—dihydrop§ridine (141?). The
product (s) obtained from reduptioﬁ of N-sulfonylpyridinium
salts appears to be depehden§ upon solvent aﬁd temperature.‘
Attack by hydride anion occurs predominantly or exclusively '
at the-2-pbsi£ion to give N-;ulfo;;l—l,Zjdihydrogyridines |
142 using methan61 as solveht at -65° whereas attack at

‘the 4—pds§tion is usually favoured slightly when pyridine

is employed as solvent at 25°,

,6-tetra- *®

A'series of selected N—carbonylhminéd;
}hydropyridines'll3 ané the structurally related py;idyl—
carbonyl hydrazine derivatives 131 were subjected to
broad spectrum pharhaéologiéal screening. Significant

analgesic, antiinflammatory, hyperglycemic and hypo-

glycenjc effects were exhibited.

vii
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1.0.0.0.0. INTRODUCTION

A ylide is formally définad as an internal salt formed
by abstraction of a proton from a carbon or nitrogen atom
adjacent to a heteroatom bearing a.ppsitive chargg.1
Phosphonium and sulfonium ylides have been'studied\MOre
extensively thah nitrogen ylides.2

There is a marked difference in stability between
nitrogen ylides-and those of phosphorus and sulfur. which
have unoccupied-d orbitals available for overlap. Ni%rogen
is a first row element having occupied 2s and 2p orbitéls.
The next:available unoccupied orbital is the 3s orbital
which is at a much higher energy levél.: In contrast,
phosphorus and sulfur, which ate‘second fow elements with
occupied 3§ and 3p prbitals,fhave as their next avail-
able unoccuﬁied~orbitals the 34 orbitais whiéh are at
only a slightly higher{enérgy leQel and therefore mofe
available for overlap for an anion adjacent to them.2
Consequently, the ammonium, pyridinium, quinolinium and
the isbquinolini;m ylidesAare considerably less stable

and more difficult to prepare. - ' ‘

The N—iminopyridinium’ylides 1 are isoelectronic

’d 7 I = I

\%' }\% ’ \T | L
T 0= ™=
R R

(1) (2) o (3)

R = aryl, acyl, sulfbnyl



and isosteric with the N-oxides 2 and N-ylides 3. The

N-iminopyridinium ylides (1) have received less attention

than the N-oxides 22‘% ana N-ylides 35.6 which have been

studied extensively and are the subject of several reviews,
Several nomenclatures have been empioyed in the , “H

literature to desighate the structureﬁof‘N-iminopyridiniﬁm

ylides. For examplé, structure 4 hanAbeén named

‘ 3
N-acetylimino pyridinjum ylide, pyridine-1-(N-)acetyl-

imide, N-acetyliminopyridinium betaine, N-acetylimino-
pyridine, l-acetylaminopyridinium hydroxide inner salt
and acetylpyridinium imine.7 TherN-iminopyridinium‘ylide

nomenclature will be used in this dissertation.
. )

#”

-

2
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1.1.1.0.0. Preparation from quaternary pyridinium salts

This synthetic method involves base catalysed
”\\l .
deprotonation of aA N~aminopyridinium salt 5 to afford
the ylide 1. The nature and concentration of the base
7~ ~
| S l - At '
N . —on . . N
) X
H ——
¥ Y
R- R
(5) | (1)
R = aryl, acyl, sulfonyl
neéessary for deprotonation is dependent upon the sub-
stituent R. For example, 10% sodium hydroxide solution
transforms N-acyl and N-sulfonylamino pyridinium salts
to the corresponding ylides.’ !

N-aminopyridinium salts are accessible via two

different synthetic procedures. Reaction of pyridines

6, R . R
: HI ]
~ + HyNOSOgH — 21— [+ 1) -
N N~
R o
(6) o NH,

(7)

"R = Hydrogen, alkyl, halogen, acetyl

with hydroxylamine=O-sulfonic acid afford 'N-aminopg%idium

8,9

sqlté'7in good yields. The corresponding chleride

i



salts are obtalned from the iodide salts 7 by anion’
eikhange column chromatography 7'9
‘ Other N-amlnopyrldlnlum salts can be prepared from

vN—amlnopyrldlnlum chlorlde 8. ~For example, reactlon_of

= '~ RCOC1 . =
. + ) '
* | . (rCO) ,0 : \; .
. COR
N (8) T (9)
. N . -\ . .
y |
[} ,_/‘
.1'/"
= RSO, C1
~+ + ° ;
S ' R Cl.- Z
NH,
(8)

R = alkyl, phenyl

o

N-amlnopyrldlnlum chloride (8) with an acid chlorlde or
: . ‘

ac1d anhydride affords 9 and with sulfonyl chlorlde gives "’

rise to 10. 10,11 : ‘ ’

A

.Alﬁernatively, N—(2,4—dinitrophenyl)pyridinium:f_
chlorioes 11, commonly referred to as "Zincke saltsni?r13
afo excellent precursors for the synthesis‘of'N-amino—
~byriainiam salts. lReaction of Zincke salts 11 with

,vhydrazines'afford 5—(2f4¥dinitroanilino)—2,4—pen£adienal‘

SN ?
hydrazones 12.

-



R o .
@ / | | | | | ‘ ‘l.
+ _ _ .
XN~ Cl ~ | . |
NO
No,

11) - |

alkyl, halogen, Hydrogen

s
]

R!' acyl, sulphonyl, phenyl

¢

Subsequent'ring’cyclization of 12 together with elimina-

tioﬁ.of 2,4—dinitfoaniline-yield pyridinium salts 13;13’14

1.1.2.0.0. Preparation‘from azides and pyridines

;

The reaction of sulfonyl, acyl and cyahégén azides
with pyridines using thermolysis conditions gives rise

to N-iminopyridinium ylides 14 in 5-30% yield.7'15'
: S : Z N
A ' ‘ *
' R- ——» R-N: W ' N

R N3 ~N Ll R N. ______> - ) I £




,

0 ~

‘The initial reactions reported by Curtius and

16,17

" Y .c . . .
coworkers ~involved heating an aromatic sulfonyl

azide in pyridine. Although the structures of the various

.

N-iminopyridinium ylides'pteparéd in this way were not
clearly recognized at-that time, sulfonyl nitrenes-were

formulated as reqbtion intermediates.k‘The thermolysis

| \

4 A / ' t . qs
and photolysis o? azides in the presence oﬁfpyrldlnes has

‘nmow been developéd into a general method @f prepéring
15 i

N-iminopyridiniuh ylides.

i
t

1.1.3.0.0. Preﬁaration from isocyanates and pyridine-1-

. i

oxides

—=
i

|
: [

Pyridine—l#oxides react with isocyanates .to furnish
“ 18

N-iminopyridinium ylides 15 in moderate yields.

— + - . N
- <\ / N-NbR, + C02

(15)

1.1.4.0.0. Prepafatibn from other N-iminopyridinium ylides

The imino group of pyridinium ylides is a nucleo-

philic reaction center which undergoes reaction with
:\‘ N

electfsphi}es to yieid other pyridinium ylides such as

16. \'\.q ‘
N




G

‘ ? - Nitration - ? | o
N- > N —> . N-
| /N |
R R NO, NO,
(1) (16)

In this way, N-iminosulfonyl or.N-iminocarbonyl;
pyri@inium ylides undergo nitration at the imino group

in the presence of acetic acid - acetic anhydride solVenﬁ&ll

©1.1.5.0.0. Preparation from diazepines bybréarrangement

19 20

'Studies by Sasaki and coworkers and others have
shown thatrphotdlysis of N-acyliminopyridinium ylides is

a practical route to l,2—diazepines'l7-

//.I . _ 'IK)\
_\+ h\). 1 Q 250 N\ :
N7 - —— N l —— N—N
| —— SN} fe—— |
N- A N A COR
COR ' COR ‘

i - an

R = -Ph, -OEt

on the other hand, selected diazepines like .17
(R = =Ph, —OEf) undergo the reverse'réactiOn at higher
temperatures.7 At room temperature the’equilibriuﬁ”
between diazepine and diaziridine is exclusively on the :
‘side of the diazepine whereas at 170°C the equilibrium

lies in the direction of the»N-imihopyridinium ylide.



1.1.6.06.0. Preparation from Zincke salts and’ hydrazines

v ‘
ThlS reactlon 1s similar to that descrlbedffbr the

”“preparatlon of quaternary pyridinium salts under Sectlon

1.1.1.0.0. In this case cycllzatlon of the 1ntermed1ate
12 is effected at reflux u51ng a water—dloxane (1: 4 v/v)
mixture rather than;hydrochlorlq]ac1d. |

| Nf(2,4—dinitrophenyl)PYridinium chlorideebll react

with alkyl,»aryl\and'arylcarbonyl hydrazines to afford

R - S . R, |
/ ¢ . ° . ) . ] IIV !“l’>
W& Uarr : . _ N-NH— |
' + Rl ~NH-NH —————-> - ,‘
NO | ? Noz |
NO2 ‘ - )
(11) . L (12)' : ‘f+
- : ‘water-
‘ C - | dioxane
' (1:4 v/v)
R = alkyl,,halcgen, Hydrogen
"'Rl B

acyl

|

'the ting opened’intermediate 12. Treatment of 12 w1th

e

a water d10xane {l:4 v/v) mixture at 100° results in

|-

the.ellmlnatlon of 2,4—d1n1troan11lne and the formation

“of the rlng closure product N—lmlnopyrldlnlum ylide 18. 13,



1.2.0.0.0

' 1-2.1-0'0' . SOlUbilif‘LY : . . '

N—Iminopyridinium‘yLiﬂes are usualiybcrfstalline
.Q‘;ids which'are‘solublebin'water. .The*reshiting,solu- |
tions are neutral (pH 6.9-7.2) and have low lc:onducti‘vity_.]'5"’21
Mest N-iminopyridinium ylides are soluble‘in‘p61at organic*'
solvents.euch as‘mefhanol, ethanol, dhloroforﬁ"and .
methylene chloride but-are eparingly soluble in ‘ether, .

- benzene end:other‘non-polar organie solvents. |

i
T

1.2.2.0.0. 1Infrared spectra

The groﬁp of NQiminopyridinium ylides which Bave'

received the greatest attention are the aCYl and'sﬁlfbnyl

‘derivatives. The infrared spectra of the acylimino- - '1‘

_pYridinium ylides show a strong absorption at the 1555-
1600 cmtliregion which is assigned to the stretching

The carbonyl group in the corresponding pyridiniumjsélts

72 a
~+ I ; ’ ~+
N N
N- -~ - N
=0 g-o
R R |

R = alkyl, Aryl



T - - . 10.
,which absorbs at about 1700 cm -1 is shifted to a lower
wave number in the ylides indlcatlng that the resonance
form 20 makes a greater contribution in the ylide
structure. In general, if R is an electron don;tlng
groug\whlch would favour the\resonance structure 20 the
absorptlon is shlfted to lower wave number (lower |
frequency) in agreement w1th the effect on the absorptlon
- of ketones.}s' ' : \
The 1nfrared spectrum of 1- benzenesulfonyllmlno—

"

pyridinium yllde;(21) shows two strong bands for the SO,

group in the 1285 and 1130-1140 cm~! regions whereas

21) ©

:hw " " ) X N . \
the correspondlng methanesulfonyllmlno yllde exhlblts
-1

bands at 1270 and 1115 cm .7’ N—sulfonyllmlnopyrldlnlum

ylides absorb at lower frequencies than sulfonamldes,

whlch absorb characterlstlcally at 1300- 1350 and ll40-

lpr cn l, suggestlng delocallzatlon of the electron

pair of the imino nltrogeu on to ‘the sulfonyl group

(22-23),.° | ' o | :

o
i

s

i




0=8-0
R

. | (23) o P S

o3 , R = alkyl, phenyl .

4
I

,1.2;3.0.0; Ultraviolet spectra

The ultraviolet (uv) absorption of few N-imino-

pyridiniﬁm'ylides have béen‘studiéd. The absorption

TABLE 1

uv Spectra of.Some Nfiminopy:idinium ylidés15
. _ . 9
compound ' dmax, nm(€) (CH3OH)
0 ]
=+ _ ‘ ' o |
\ /N—N-COOCZHS | 228 (6600) 315 (5530)
=\ + _ : »
«( /N—N-COPh 233 (13,530) 317 (4850)
_'_+_ . » . .
<\ ;NfN-SOZ—C7H7 | 240 (14,000) - 317 (2180)

" observed most frequently is a strong band near 230 nm

‘whiCh is'strongly dependént on the solxr'ent\used.7'15

Although the origin of this band is not certain it is



. kS

- ! :
thought to be a n-+n* traﬁbition of the unbonded electron

paif On the imino,nitrogen, The acyl-end sulfonyl

N-imino pyrlglnlum ylides, in addltlon to the absorptlon
near 230 nm, also show a strong band in the 305- -320 nm15 24
as shown in Table 1. |

t

1.2.4.0.0.'_Nuclear‘magnetic resonance

/
The canonlcal strucﬁures 24-27 for N-lmlnopyrldlnlum_

vlides demonstrate the electron dens1ty dlstrlbutlon at

'-varlous p031t10ns of the pyridine ring. 7 ‘Consequently,

AN
- - [:Ti:]-<————>-[:ii:]~<—-——>-[:Ti:]-<——>-etc.
' N N

N N
[ | | |

N- N- N- N-

[ ,I [ . [

R R R R
(24) (25) (26) - (27)

R = aryl,'acyl; sulphonyl

the nmr absorptions due to protons at the 2,4- and 6 p051-
tlons of the- pyrldlnlum ring- w1ll be at a lower field
vthan protons at the 3- or 5 p051t10ns. However, all
chemical ShlftS may be 1nf1uenced by substituents on the

pyrldlnlum rlng or "on the imino nltrogen7 r24,25 as shown

'in Table 2.



13.

TABLE 2
Nmr Spéctra of Some N-iminopyridinium ylidesa'b
g3
/
.+ 2
N R
b'J.-
Al
1 2 3
R R R Hy Hy 4.5 Ref. -
~COOEt .H H 8.66(6)" 7.86-7.41 24
~COOCH (CH,) , H H 8.86(2 and 7) 7.66(2 and 7) 7
-COPh :  H H 8.93(7) 8.23-7.33 24
: [('
-50,C-H, H H 8.60(7) 8.08-7.55 24
-COOEt H Me  8.46(7) 7.40(6) 24
'~COOEt Me H - 8.62 7.98-7.39 24
-COOEt H Ph 8.72(7 and 5) 7.64(7 and 5) 7

~

a Measured7in CDC13; § scale.

b Coupling constants in hertz are given in parentheses.

. The isoelectronic character of N-iminopyridinium
~ N

ylides with N-oxides is further demonstrated by the

observation that the nmrxspectrum of the parent N-imine ¢

in deuterium oxide is identical with the nmr of the

»pyridine—N—oxide,ll



1.2.5.0.0. Mass Spectrometry

Thefmass spectral f:agﬁentation patterns of few-

acyl and snlfonyi N-iminopyridinium ylides have been
15,26,27 ) '

reported.
Exaﬁination of canonical strﬁﬁtures 28 ad& 29
indicates fhat an electron can be lost either from the
imino nitrogen to give a molecular ion 30 or from oxygen
to give a molecular ion 31. Acyl pyridinium ylides
usﬁally exhipit a [M—li+ ion as well as intense mole@ular

ion except when R is ethyl.26

In most cases, the -intensity
of the‘[M—ll+ ion exceeds that of the moleéﬁlar ion,
This.fragmentation was accompahied by a large metastable.
peak in all spectra that exhibited [M—l]f ion. . Deuterium
labeling stﬁdies‘prbvided eﬂiﬁen&g:gpat the hydrogen
expelled originated from the a-position of the pyridinium
_ring:most probably by a mechanism that involves cycli?a*
tion by an oxygen radical of thetmolecularvion 31; The.
resulting fragmentation is represented by the étable
aromatic étructure 32.

The most important prihary fragmentation process
of N-acyliminopyridinium ylides is a—cleavége‘of tge
moiecular ion bearing the charge on the pyridinium nitrogen.
»Losé of the R'radical affords a peak at m/e 121 attributed
to 33 which is sometimes suppOrted by a metastable peak.

The qécleavage ion 33 fragments further by elimination

of -N=C=0 to furnish a pyridine ion (34) at m/e 79:Which

tfyj



R

|

i

|

</ ‘ \>+

B .
</ \>;:_a-§-n

(28)

?..
‘N=N=C-R

(29)

—\+
-’ N

—>\ /
*

Lo
-
~
v

alkyl, aryl, arylalkyl

o] S\ 0
- : M
=N=C~R <> \ / N=N=C~R
(30) ' (31) .
* —R. . _n.
| y ‘ O\(R
—\+ X N—N
\ /AN=c=0 o
' . (32)
(33)° M-117

m/e 121 =~

* l-ﬁ=c=o )

15.



. A‘ 16.
is often supported by an'appropriate metastable peak.
Ion 34 could then expel hydrogen cyanide to give a peak
at m/e 51, [C H3]f, which is always observed in higher
relative abundance.?2®

The major fragmentations described\previously
were rationalized‘ﬁy assuming that chafge localization
occurred on the pyridinium nitrogen. On the other hand,
. charge retention on the acyl moiety must occur to some
%exteht since 1ess intense peaks appear at m/e 105 and
m/e 77 when R is a phenyl greup as established by an

26
accurate mass measurement.

®
- !
+
AR N | Ccz0 )
l >
N-
&=0 m/e 105

— 1.

m/e/ﬁ7

Mass spectral studies of some N-sulfonylimino-

pyridinium ylides have also beenvreported.?z

The frag-
mentation pathways are more complex than those of
N-acyliminopyridinium ylides. The major fragmentations

observed result in ions at (M+), (M-l)+, (M—SOZ)+



(n—-nsoz)"' and pyridi‘pa ions as shown in Jtructuru\(JSMO).

Z ’ Z
| ’\+I -
N
. .
s

+
N- }
| S0, . 0, HN
© ° | © 37y, (M-1)"
R R
+
(35) (36) , (M.)
R = alkyl = |
~+ Y
0
N. »
~ ]
Gt
g N R
. R: '
(39), (M-S0,)© .
l - (38), (M-HSO,)
T 4 '
N
N
+‘ )

'(40), m/e 79
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1.3.0.0.0. Chemical properties of

BT

1.3.1.00 Basicity
\ ) -

-

7

4 N-imindpyridinium ylides are bases and react with

" organic and inorganic acids at room temperature to form

N-aminoéYfidinium salts 41.7’15
, HX > .
- : -
(1) Co ) ; (41)

R = alkyl, aryl, acyl, éulfohyl, afylalkyl ,

The pKa values of few N-iminopyridinium yXides  have

. been .determined as shown in-Table 3.

. pKa values of some N¥iﬁinbpyridinium ylides?

Ird o : ' o

R ) pKa value .. Ref

ﬁ ’ .
~* CHj-C- - 3.6 o 12,11

0 B :

© Ph=C- 3.2 | 11

4N92- | -4.6 - 11

. CHy- o 12-13 12

a . ST ‘
Determlned in water.
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v , ’ =

. The pyridinium hydrogens. at the 2-, 4- and 6-positions

19.

with deuterium u;ing 0.2 N sodium deuteroxide withinvth@
time 1nterva1 the nmr spectra cqgld be measured.11 How-'
ever, the N—1m1nopyr1d1n1um ylides are 1nert to strong
alkall‘solutlons.' For example, 1-p—acetam1dobenzenee

sulfonyliminogyridiniﬁm'flidé (42) undergoes selective

/
Nt
. J N
| «
IN—
| “ G 502
¥K\ | 20% NaOH
-~ NH NH,
- ?=03 T ' :
© ' L (43)
"~ CH3 : o
- (42)

hydrOleis'to'l-p1amin6benzenésulfonfliminopyridinium
" ylide (43) when refluxed with 20% sodium hydroxide solu-

tion for 3 hours.zs‘

1.3.2.0.0. Reaction of the imino moiety

The imino group of,the_N-iminopyridinium ylides

undergoes protonation, alkylation and‘acylétion because
_ 4

o

" of its basicity and nucLeobhilicity.



~w

\.

) ‘ f
Two resonating forms, structure§'19—20 can be
‘drawn for‘N-acyliminopyridinium ylides .indicating that
4 ) 7
o / _ Nt
0 > Y
N- N
l - “ -
R CH3I R
(19) | _ (20)
R ~ ;
R = alkyl,‘aryl : NG A L L . S
y—CH3
C=
| o
R [¢]
(44)
either N-alkylation or O-alkylation is possible.15 However;
“ LA o )

unliké the’aliphatic N-imino derivatives‘the‘pyridinium
N—lmlno ylldes studled glve predomlnantly the N—alkyla-
“tion product 44. Alkylatlohs were conducted using methyl
1od1de, d1methy1 sulfate; allyl bromide and ethyl bromo- -
acetate.,l5 129,30 SR ¢

The structure a551gned to 44 was based on the observa—
tion that reactlon w1th po ssium cyanide gave 2-cyano
and 4—cyano pyrldlnes (45-46) along w1th the N-methyl
amide 47. Acylatlon reactions with ac1d chlorldes also

afford N-substituted products.31

)

20.
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- H
= l
NG, -kl ‘
Y * A
o
§—c33 C:#-cn3
=0 $=o '
R R ) |
L (a4) . ' - |
. S . \ CN . |
R = alkyl, aryl : ~ ' ' :
) - | o
' > A : ™ N
| | } N~ CN Ny + R-C-NH-CH,

“

;"(45) | (46)  (47)

’N-abylimino“éﬁd N-sulfonyliminopyridinium ylides

‘undergo nitration using mild conditions

.nitrogen.ll

at the imino

1.3.3.0.0. Reaction of a ring carbon a'*‘-a'n electrophile

or nucleophile i - -

Althgudh the_reaction‘of elemental sdlfﬁr with‘N-imino
pyridinium ylidesfhas not been feported, it is known
that sulfur reacts with N4—imino—l,é,4—triazolium,ylidés
48 to yield the sﬁbétituted prodﬁct 49. The success .of
the latter reaction has been attributed to the acidity

of the hydrogens adjacent to the‘quatérnary nij:rogen.7



1 1. Rl Rl
: / /
N—n N—N —
k) > <+)( -)a— (+)+s-—>< ).s
N N
N- NH
l I K [ |
R R o R R
(48) 49

- Hydroperox1des add to the 2- or 6—p081t10n of
N—lmlnopyrldlnlum ylides. The prlmary addltlon product

50 undergoes r1ng openlng followed by rearrangment -and |

ring closure to yield the 1,§-d1hydropyr1da21qe deriva-
32 | | |

tive 51.

Ph 0O

o i

s s R
(51)

——-‘J"

Nltratlon of N—1m1nopyr1d1n1um ylldes, excludlng
acyl and sulfonyllmlno ylldes, provides the only example

of a ring carbon Wthh due to 1ts nucleoph111c1ty

22.



is attacked by an electrophile. Benzeneiminopyridinium
ylide (52) undergogs nitration to the trinitrophenyl

derivétive 53.7f

Z~ "\ ’ ».
AN
T HNO,/H., SO

N T

N~

(52) - (53)

1.3.4.0.0. 1,3-Dipolar cyclogddition'reactions_;»

N-iminopyridinium ylides can be envisaged as deriva-
'\  tives of the structural mogity; ‘azomethine imine (54),

which is a 1,3-dipole. A typicalgréaction of this class

\cl - | 3 ‘ . ~N l -

N- o , . N= |
[ . L | . T
(54) ' ‘ :

of compounds is the f,3—dipdlar cycloaddition reaction.
| 1;3—ﬁipolarcycl§additipn reactions employing N-imino-
'pfridinium ylides are often difficult sihce the reaction
involves loss of théfaromaticiﬁy«of theprridinihm ring.

However, in many reactions oxidation to another aromatic

- 23.
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product subsequent to the addition step exerts .an &eSenr
tial influence on the stability of the adduct as seen

fof compbund 55.

H
"+ Rl—CEN__-> . N
\ > o
Vet
i R \
- R
(1)
R = EtCO ‘ | (55)
r! = alkyl - ' : . . '

i

In thisfwey, 1, 3—dipolar\cycLoadditioh reactions

of N-lmlnopyrldlnlum ylldes w1th dlpolarophlles such as

10,12,30 33,34

- nitriles, acetylene dlcarboxyllc esters,

35 36

propiolonitriles end carbon disulfide have‘been'
successfully effected. “ | o ‘f S
Table 4 deplcts the reactlon of dlmethylacetylene-v
dxcarboxylate (DAC) w;th substltuted N—alkylcarbonyl—
lmlnopyrldlnlum ylides. When the 2- and 6 p051tlons of
the pyrldlnlum rlng are unsubstltuted pyrazolopyrld;nes /
'56-57 -are obtained. On the other hand, when the 1n1t1a1
adduct has methyl substltuents at the 2- and/or 6-positions
’ 'ox1datlon to the pyrazole derivative does not occur;
rather the relatlvely unstable dlhydropyrazole compounds‘
58 and 60 rearrange to vinylpyridines 59 and 61,

respectlvely.20 »37,38



25.
TABLE 4

1,3—Dipolar'Cycloaddition reactions

of N-iminopyridinium ylides;

Q

/

Dipolarophile

Ylide (1,3-dipole) Ref
'ﬁ§ . .
A
at
' ' DAC 37,38
§— S
COOEt
(56)
CH,
Z DAC
a |
§ 37,38
1?—
COOEt
(57)
Liftﬂ_ o 2053738
+ CH ' H
? 3 DAC Me0OC -~ “N~ C,3'+ gOOMé
| N- HeOOC o= L coome
COOEt ‘ COOEt ‘
(58)
o lrear
‘ MeOOCj (NHCOOEt
R Me00C [:;:l
Hy
9y
MeOOC
= ' | rear e NHCOOE® -
H,C & Jecn H,C
} ? 3 DAC ' / coom Me 00!
- o et
. , CcOOMe HyC ‘\N CHy
COOEt COOEt

(60) | " (61) - 20,37,38
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N—Alkoxycarbonyiiminopyridinium'ylides and N-benzoyl-
iminopyridinium ylides 62 react with diphenylcyclo-
proﬁenone (DPP)39 or diphenylcyc1opropenethione4o in
behzene»at room temperature or under reflux to yield -

1l,3-oxazines 63 and 1,3-oxazinethiones, 64, respectively,

in good yiéldsr-\

/'
ot ~
N
I NS
v- + + N
COR :
(62) .
©
or
+ =
+
N

R = -OMe, -OEt, -Ph. I

40

The mechanisp of the reaction has been postulated

to pféceed‘vidﬁﬁﬁéieOPh;lic attack by the ylide oxygen
at the carbonyl carbon of DPP to yield the adduct 65

which undegoes subsequent cyclization to 63.



o’ I ‘
o Ph Ph =~ Ph Ph
N |
+ .
X Go ' o
R
(65)
R = OMe, OEt, -Ph . Ph
NN h
L -7
R o~ Mo
: =
N

1.3.5.0.0. Photochemical reactions

N—Imiﬁopyridiniuﬁ ylides ére photochemically active
compounds which upon irradiation may_give'products‘
resultigg from N-N bond cleavage, ring eﬁlargement and
rarely rearrangement'reactions; It'is difficult to
choose conditions for selective photochemical re&étions
due tg thg lack of data available. Howevér, the solVeﬁt
arid nature of the substituent on the pyriainium ring
play iﬁportant rolés.7
| Irradiétion of N-alkoxycarbonylimino and benzoyl-

imino pyridinium ylides in methylene chloride, benzene

or methanol give rise to l-substituted-1,2-diazepines

27.



A

66 in good‘yields.lg'24 This reaction constitutes a
- -
= | _ :
o - :
P } :
N- hv N\
—
éOR i &08

R = phenyl, alkoxy

convénient method of preparing 1,2-diazepines. - Although
no direct proof is available, the seven meﬁbered diazepine
‘ring is believed to arise from an intermediate diaziridine
which undergoes - subsequent isomerization. 'N—iminopyr—
ridinium ylides with a 2- or 3-substituent on'fhe

pyridinium ring undergo intramolecular 1,3-dipolar

‘cyclization on the less hindered a-carbon to give compounds

such as 67 agnd 68.19

o

/

N+
N CH | hv
|
COOEt

)

28.



‘ __CHy
r_._’-//[i CH3
\ N
N CH; ,ﬁ/
&+ | COOEt
z: —hv,, A
(IJOOEt ' > O ﬁﬂ__’
| ‘4
, | N
- | | CoOEL

The most prominent side reaction which occurs dur-
ing the‘photoghemical synthesis of 1,2—diazepines from
N—iminopyfidinium ylideé involvés N-N bond cleavage -
resulting in the formation of éyridinq and a nitrene
species. N—AceﬁyliminopYridiniqm flide (69) and iso-
prbpylcafbonylimino pyridinium ylide (70) in methylene
chloride givé substantial amounts of pyr@éine and iso-

cyanates as a result of N-N bon’dcl'eavage.7

29.

-CH

-
N
w
-
el
L}

3 .
~CH(CH;) ,

—~
~
o
- °
o)
i

- On the other hand, irradiation of N-ethoxycarbonyl-

‘imino-3,5-dimethylpyridinium ylide (71) in methylene



30.

-chloride gives an aminopyridine derivative 72 in addition
7

to the expected 1,2—diazepine, Compound 72 is.believed

| H3C‘// ’CH3

hv

(ny (72)

to arise photochémically via a diaziridine intermediate.

1.3.6.0.0. 'Thermolzsis reactions

ﬁ-Iminprridinium ylides are generally stable |
compounds but upon heating abové their melting poinﬁs
undergo N-N bond cleavage énd rearrangemenF reactions.
The course of the reaction; as dufing phétolysis, is
dependent upon ﬁhe substituenté present oﬁ the pyridinium’
ring, the imino nitrégen and the nature of the solvent.15
N-Benzoylimiﬁopyridinipm ylide (73) upOn‘heatihg

at 190-200° gaVe pyridine;and phenyl"isocyanate.15

| _190-200° = + Ph-N=C=0
| N

(73)



.

Rearrangement of N-imino-2-methylpyridinium ylides
74 to 2-benzylpyridine 76 has been reported.5 The dark

blue ylides 74 were transformed into the colodrless

¢

Ry Ry

@
) N
B e
, . NH .
| 2
i \ ¥
1 . g

1 p
(74) ; oo =} - (36)

2 N

Z—behzy;pyridinés 76 by warming to 40° in ethanol: It

h i

was observed that electron donatihg‘Rl—substitutents and .
electron withdféwing>R2-su§stitutgnts, espécially at the
4- and 6—po$itions of.tﬁe pyridinium ring accelerate';he
reaction. The.initial step is believed to involve a’
prototropié shift from carbon to nitrogen, subsequent
attack by methyl ylide 75 at the ortho position of the
aniline ring and N-N bend cleavage Qould give rise to 76.
It is of intérest to note that N-acetylimino4p;
nitrobenz&ldimethylammonium ylide (77) undergoes a thérmé14

rearrangement at 180° in a manner similar to the steven'é
22,41 .. . °

I

X rearrangement.

3l.



CH

2%

—_—

H4‘—NO

180°

27P

HyC
n3¢ | |

=

)

/c
AN

o
il

-CH3

: CHZ—C

w

6

H4NO

[
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1.4.0.0.0. - Tetrahydropyridines 0 ©

1?pgr1d1ne derlvatlves.

‘reactlon»for,pregaratlon of l,2,5,6-tetrahydropyr1d1nes.

'should be the most pOSLtlve due to thelr proxlmlty to

33.

| A -/ |
Tetrahydropyridines, sometimes referred to as
piperidienes,'have‘reéently been the subject of several

42,43,44.

chemical and pharmacological studies. Although |

many piperidines have been ekaminéd.phermagologically,

relatiéely few tet:ah&drbpytidines,havé'been‘studled._
‘Those which have received the greeteSt'ettention are

derivatives of 1,2,5, G-tetrahydropyridine.‘ Many'l'z 5, f—

tetrahydropyrldlnes exhibit potent hypoten51ve act1v1t1es

and some are analge51c agents.43 P44

=

1.4.1.0.0{‘ Methods of syntheses'

There was no eff1c1ent method of synthesis untll

early 1950 when 1t was dlscovered that reductlon of

‘_’N-methylpyrldlnlumn1od1de derlvatlves w1th pota551um

borohydrlde produced malnly N—methyl 1 2, 5, 6 tetrahydro-

44 Several methods are now avall—

‘“éable for ‘the syntheSlS of 1,2, 5 6 tetrahydropyrldlnes

7i14.1.1.o.%éf%eparatipn-by SOdiﬁm bofohydfiaé reduction

. v w
‘ Reducthn of quaternary pyrldlnlum salts w1th

sodium borohydrlde ;n methanol is an efficzent synthetlc
45
Pyridinium salts have electrbphilic centers at the 2-,

/
L7

4- and 6-pesitions. oF these the 2- and 6—p031t10ns

-

_/
7
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the quaternary nitrogen. Thus it was demonstrated that
attack by hydride ion,‘from sodium borohydride»or other
metal hydrides, occurs predominantly’aE these two |
positions.42

Exten51ve studles on the reductlon of the pyrldlnlum
salts~and amlnes lndlcate that llthlum aluminium hydrlde
is effective for amines and sodlum borohydrlde for amlne

rd

salts. The former reaction mpst often affords 1,2- or

’

1{4—dihy§ropyr1d1nes whereas the latter reaction gives
~ predominantly 1,2,5,6~ tetraﬁgdropyrldlnes.gz'

| Dihydropyridines 79 and’ 80\ prepared by sgdlum .
borohydrlde reduction of a l 3- dxsubstltuted pyri&;nlum
salt 78, appear to be stable towaras further reduc;;on
because a number of such compounds bive been 1solated
from reactions contalnlng .sufficient borohydrlde to
completé>the reductlon to ‘the tetrahydro state 46 181nce

- l,4—d1hydropyr1d1nes hav1ng 3-subst;tuents which are

i

|

= | C-Ph

3t NaBH,

N . — 4

[ S

CH, o . | _ |
(78) T (79 | “(so)

electronaﬁ;thdrawlngrhaVe also been shown to be stable
. ,Jﬁa‘.‘”’

0 rdrlde,reductlon, the intermediate dihydropyri-

"diﬁes in the,format{on of the 1,2,5,6-tetrabydropyridines

are evidently;dihydropyridines such as 79.andf80.46

E
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1,2-Dihydropyridines possessiné;3-substituents such as
o | ,

" " o ' ‘
-C-Ph and C=N are stable toward further reduction since
the enamine system is stabilized due to extended conju-

. . .

gation.. - | ' R ¢

(80)

-

The -attack of an electrophile on the dienamine
system of'the 1,2-dihydropyridines 79 or 80 leads to
the formatlon of an lmmonlum spec1es which on subsequent

reductlon furnlshes the. final 1,2,5,6- tetrahydropyrldlne f-””’

.product. The electrophile which attacks the dienamine’

¥

system could be a proton from the solvent or borane

formed from the sodium borohydr:.de.‘tz’47

48

Anderson and

Lyle reported that attack by the electrophlle (proton- '

ation) on the l,2—d1hydropyr1d1ne’1ntermed1ate occurred
at the S—position. It is interesting to notehthat’hany
1, 2—dihydrop§ridines have been reported to be stable

in non—protlc solvents such .as diglyme and dlmethylform—
46

amide until a proton source is ~added.

The following correlatlons can be generallzed for

"the sodium borohydrlde reductions of pyrldlnlum salts.

‘a) In1t1a1 attack by hydrlde ion w111 occur
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prlmarlly at the 24\0f 6—p051tion in the absence |
of sterlc effects.

b) The dienamine system thus fofmed will normally ‘

I : ‘
undergo attack by’ a proton from the solvent at

the 5-position.
©) Attack by bofohydride ion or a proton afe
: f/ sensitive'tolste:ic interactionss = If attack .
at~e eubstituted'posiéion does occur it is at
: a‘greatly reduced rate.
4d) Electron w1thdraw1ng substltuents at the 3-~ )
vp051tlon tend to stablllze the 1,2- dlhydropyr;i

dine 1ntermed1ate. Similarly, reductlons“

) effected uéing‘a non-protic solvent or a strong

'base as solVenf pfevent protonation, allowing

: one/to obtaanig%able 1, 2 dlhydropyrldlnes.
e

1.4.1.2.0 ,Preparation'frOm piperidinols

ﬁu

3

. Treatment of ci1g-2- benzyl 1- ethyl 3-p1per1d1nof‘(81)

w1th thlonyl chlorlde in chloxoform glves 2-benzyl- l-
ethyl l 2,5, 6 tetrahydropyrldlne (82) in good yleld 44

|

OH - —— X
 CH,-Ph socl, . CH,-Ph
; - Et

(81) | R (82)



An alternétive mefhoq‘for the preparation of 1,2,5,6-
tetrahydropyridines from'piperidinols-involves treating ‘
the latter with acetié-;cid as shbwn in the preparation
of 4—(m—chlqro§heny1)—l-methyl—l,2,5,6—tetréhydropyridine
(83).44

|
CH

(83)

49,50

Casy and his coworkers - have reported similar

studies of the acid catalysed dehydration of 4-aryl-3-
'methy1—4—piperidinols_84 to the correspondiﬁg 1,2,5,6-

tetrahydropyridines 85 and 86.

(84)

‘R = alkyl, phényl

37'
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f{aluminium hydride in tetrahydrofuran.

1.4.1.3.0. Preparation by aluminium hydride or lithium

“aluminium hydride reduction

In the early 1960's.FEr1es and his assOciateséf

reported that reaction of pyridine or methyl pyridines
with: two moles of aluminium hydride yielded 1,2,5,6-
tetrahydropyridines, a reaction which has little practical
.application. 'Reduction of quaternéryvsalts of pyridine |

1

u81nq aluminium hydride in b01ling ether afford similar
44

hed

prodJcts.
N~methyl—l,2,5,6—tetrahydropyridine (88) was

obtained from l-methyl-2-pyridone (87) using lithium
44

. AN
LiAlH,
> |
THF | |
CH,
- (88)

1°4.1.4,0. Preparation by amine-ketone condensation

Another synthetic approach employs the reaction of -
N-sUbstituted%4—piperdoﬁés;gith pyrolidine which gives
rise to 1,2,5,6—tétrahydropyridines 89 after loss of ‘a

molecule of water.43 44

- 38.
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. 4.\ . ) O : ) .
_ | { E - s
. -H.O - R
N ‘ + . N 2 '
| H — X
R w . ! .
R = alkyl, phenyl . ‘ (89) !

1.4.1.5.0. -Preparation by catalytic hYdrogenation

A suitable method for the preparatlon of l 4,5,6-
‘tetrahydropyrldlnes involves partlal catalytic hydrogen-

44,51 number of

atlon of quaternary pyrldlnlum salts.
l-alkyl 3-acyl (3 cyano) pyrldlnlum salts 90 were
hydroghnated to l -alkyl-3-acyl-1, 4 5,6- tetrahydropyrl—
dines 91 in good yialdsMpsing palladium on charcoal and

hydrogen in the preéénce of triethylamine.

7 ' Ac Ac.

~+ pd/C, H

' : Et_N B '
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1.4.2.0.0. 'ﬁharmacological activities of tetrahydro-

pyridines

A great number of 1,2,5,6-tetrahydropyridine deﬁiv-
atives exhibit pharmacological activity. Many of these
‘are tetrahydropyridine_counterparts of piperidines_known
‘to exhibit a phafmacological effect. Although 1,2,5,6-
tetrahydrOpyrldlnes have a broad spectrum of act1v1t1es
their hypoten51ve and analgesic effects are most prom-
;nent.' Other activities include muscle relaxant, sedative,

antiinflammatory, antipyretic, ahtitussive, choleretic,

diuretic, mydriatic and anthelmintic effects.43'44

1.4.2.1.0. Hypotensive agents i

Pempidine, (l 2,2,6,6- pentamethyl plperldlne) (92)
is an eff1c1ent gangllonlc blocking agent and is there-
fore used to reduce blood pressure.43 Many derivatives

\ .
of 1,2,5,6-tetrahydropyridine 93 were evaluated as

) ‘ o
| X
P ¢
N
Me Me Me Me : Me
Me ,.? Me | | Me' §: Me : Me‘ | Me
Me \ R ‘  Me
(92) (93 by

X = H, Me, Et, -C=CH, 5'(CH2) -N(Me)

R

I

H, Me, NHMe, NH2

ganglionic blocking agents. These compounds exhibited



a wide range of activity, some of which were greater

43

than pempidine itself. 1,2,2,6-Tetramethyl-1,2,3,4-

tetrahydropyrldlne (94) is reported to be a short actlng

»gangllonlc blocklng agent. 43

Compounds structurally related to 4-phenyl—l,2,5,6-

4

tetrahydropyridinoalkanoic acids 95 are useful in the
o ‘

Il ‘
2--C~—NHOCH2—Ph

(95)

" Ph \ N-CHz—C;H

'

(96)

treatment of hypertention and peripheral vascular

diseases.43'53

The chemlcally related acetylene deriva-
tive 96, however, shows only analge51c act1v1ty.43

The hydroxamlc acid derivative 97 has been studied
exten31vely ‘and was found to exhibit a potent hypoten51ve

effect which is due to its o~adrenergic rather than

: -R
Ph -CH,-CH-C~NH-OH
: CH :

3
(97)

/

ganglionic blocking action.%3:44

N-(Z-Guan;dinoethyl)—l;Z,S,G—tetrahydropyridines 98

are described as long acting hypotenSive agents and

_NH
~CH,-NH-C -
| 2
- (98)
R, RY, R? =

H, lower alkyl

L o) :
_ Ph—@N-CHZ—CHZ-C-NHOCH2C=CH

41‘



exhibit relatively lower toxicity as compared to their

piperidin‘o‘counterparts.54'55

Arecaidine (99) and arecoline (100) are two of the
pharmacoldgically important alkaloidal censtituents of

the dried ripe seeds of the palm tree Areca catecha that

have been characterlzed.43 44 Arecoline (100) is used
COOH COOMe
NG ‘
N ] .
| : |
Me Me
(99) ” (100)

N
L

extensively as an anthelmintic and cathartic in veterin—
'ary med1c1ne because of the perlsta151swh1ch it 1nduces;
It is also reported to exhlblt a weak hypoten51ve effect
in cats, and is known to exert parasympathetlc act1v1t1es
similar to those of acetylcholine such as tremor, saliva-
tion and inhiﬁition of spontaneous activity.43
The areca nut has been used for centuries as a
constltuent of betel which is chewed by the natives in
East Africa. Betel has an exciting and intoxicating
.action which is hebit‘forming. The component of betel

reSbonsible‘for its activity is arecaidine (99)*.44

1.4.2.2.0. Analgesics

1- Butyl 4-phenyl -1,2,5,6- tetrahydropyrldlne (101)

is reported to be a mild analge51c whereas the related

42.
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A | | BN
b v v
n-Bu : _ ?H2
(101) - ’ _ ‘ /;Qi ‘f
' ' . Ph Ph
! (102)

2,2-diphenyl ethyl derivative 102 exhibits a strong ‘ /

analgesic activity.43

Many derivatives
4-alkyl-1,2,5,6-tetrahydropyridines 103

R

|
(CHZ)n
CO . Rl _

(103)

R

of l-aroylalkyl- |

are useful

1-3
alkyl

analgesiés,‘mydriAtics, hypnotics and barbiturate

potentiators.43'567'~

A number of compounds which include amides, ketones

and alcohols of the general structure 104 have been shown

RZ-CH—S-R3
R
0



44.
to possess analgesic and cough aupprdsgant activity.57.

Derivatives of hydrogenated pyridonea'los have been

. ,‘:ﬁ‘“

: . H &

(105)
ﬁ.’Rl;'Rz = H, lower alkyl, phenyl
reported to possess analgesic and antipyretic act‘ivify.s8

| TN
'1.4.2.3.0. Miscellaneous activities ' f)

Derivatives of 5-benzoyl- l-methyl 4—ary1 -1, 2 , 54 6-

tetrahydropyrldlne 106 and their alcohol reductlon

14

products 107 have been evaluated pharmacologitcau ‘The

ketones were found to be useful antlpyretlc&

dluretlc propert1es.59 160

relaxants.44
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| 0 B o .
1} -
Ph@N- (CHy ) ,~C @-oph

-(108)

Several 1,2,5,6-tetrahydropyridine derivatives with
~diversified chémical structures have been found to

exhibit choleretic and sedative propertiés.“'44
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L It is well documented that sodium borohydride reduction

4

of’ quaternary pyridinium salts affords 1,2-(1,4- )dihydro-
‘;pyridine or 1, 2 5 6 tetrahydropyridine derivatives.42; |
‘It was of 1nterest therefore, to prepare N—1m1nopyridinium
.ylides and to examine their use as precursors for the - '
synthe31s of novel N-amino—l 2-(1 4 )dihydropyridyl,

l 2,5,6- tetrahydropyridyl and piperidyl derivatives.
.A1though many piperidines have been evaluated pharmaco-'
%1og1cally relatively few dihydropyridines and tetrahydro—;l'

pyridines have ‘been ex'amined.4_3,44 Those Wthh have

DR v - > Lo

. received the greatest attention were derivatives of
N-alkyl—l 2, 5 6~ tetrahydropyrldlnes and were found to e
exhiblt analge51c hypoten51ve, antiinflammatory and

43, 59,60

many.other act1v1ties.; 'HQvaer, the preparatlon

"and pharmacological evaiuation of N-amino-1, 2-(1 4-)-
dihydropyridines or their 1,2,5, , 6~ tetrahydropyrldine
i analogs- has not been reported.f‘It was therefore of
1nterest to examine the chemistry and pharmacology of
. this potentially new class of compounds 1n which the
terminal nitrogen,of the hydrazine moeitynis part of a
' dihydropyridine, tetrahydropYridine or piperidine ring.
| The de51gn, ynthe51s and pharmacological evaluation
Pof a series of structurally related compounds would then

allow development of an extensive structure—act1V1ty

relationship (SAR) study.

46
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- There has been a consideréblé.interesg in recent

yéars regarding the é}ntheses'and properties of 1,2-(1,4-)-

77

dlhydropyrldlnes. Thls 1nterest stems mainly from '

the synthetlc utlllty of these sy *for,the‘preparaﬁioﬁ‘

78,79

of 1nterest1ng heterocycllc com° T Although

 the preparatron and the ant1bacter1a1 act1v1ty of
| N-sulfonylplperldlne derivatlves'have been Stud;ed,sl.
the preparation of N—sulfonyl-l,2-d1hydr0pyr1d1nes has
‘not_ﬁeeﬁ reporred; The eynthegis-of’N—beﬁienef(methahe)
SulfOnyl-l,4;diﬁydropyridihe fromleyclepentadiene.was
recently described.gz_ Maﬁyfof fhe'benienesuifbnemides
;already prepared and tested as antlbacterlal agents
possess five and 51x—membered heteroaromatlc rings as,

l-substltuents.81

It would be of 1nterest therefore,
,to develop a one step synthe31s of benzenesulfonamldes |
"1n whlch the Nl-sulfonamlde nltrogen is part of a |
1, 2 (1,4~ )dlhydropyrldyl rlng system._ ,

L - / - - S .

/
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3 1.0. 0 0. PreEaratlon ‘and sodlum ggrohzdrlde reduction

jidinium ‘113 ’ _ I

of N-imino ‘r

4

Nove1 N—1m1nopyr1d1n1um ylides 112 were pfepared

by treatment of N—(2 4—d1n1tro§heny1)pyrldlnlum chlorldes

10912/13 61l ieh aryl (alkyl) sulfonyl, pyridyl carbonyl,

‘;alkyl (phenyl) carbonyl and arylalkyl hy&razxnes 110

using the method

+ R—NH—NHZ

(110)

NH

o

| / o

reported by Tamura. 13 The sodium'borohydride reduction

of ylides 11 now prov1des a convenlent route to
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' The synthesis of N-1m1nopyr1d1n1um ylldes 112 and their

reduction to N-amlno-l 2,5,6- tetrahydrOpyrldlnes 113.

R .Rl\b R2 % yleld % yleld
o 112 - 113
a, CgHgSO0,- “H H 85,6‘ 38.9
b, CHySO,- | BN H 3.5  '65.0
c, CgHgCO- [ H H 45.7 85.5 "
-d, CH,CO- - H H  34.4 38.4
e, 4-pyridylcarbonyl- H H 0.0  83.6
£, 3-pyridylcarbonyl-  H H 46.2  80.0
g, 2-pyridylcarbonyl- " H " H 54.7 78.2
Y csnsco— | - (CH,) 20370 H 70.0  52.6
j;“4—pyr1dy1carbony1 | (cnz)3 H '48.3 74.9
k, 4—pyr1dylcarbonyl . S H (CH2)3-OH 44.8 66.7 -
2. 2—pyr1dyl¢arbony1—' ._-Vi o . )
l-oxide . H . R 21.2 - '82.6

*ﬁ—amino-l,Z,5;6;tetrahydfopyridines.113 as shown in?Tablebh‘
5 62 | B | S

A typical procedure involvesithe reeetion of N-(2,4-
’ '
. dlnltrophenyl)pyrldlnlum cgadr;de (109e) w1th 1sonlcotin1c
'ac1d hydra21de (llOe) in éhe presence of trlethylamlne

at room temperature for 12 hr to afford the 2, 4—din1tro—,if'

,>an111no derlvatlve 111 whlch onaheftlng at reflux in'. fg
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, '/ | o | ol | 50.
water-dioxane (1:4 v/v) for 12 hr gives rise to L .
N-(4~pyr1dylcarbo;;11mino)pyridlnlum yllde (112e, 50.0%) .
Reduction of 112e using Sodium borohydrlde in 95% ethanol

at lce-bath temperature for 4 hr furnlshed N-(4—pyr1dy1—
carbonylamlno) -1,2,5,6- tetrahydropyrldlne (113e, 83.6%).

‘The pyrldlnlum ylldes 112a,c,e—2 and tetrahydropyrldlne
derivatlves 113a,c e-z were prepared using 51mi1ar n
procedures. N—methanesulfonylrmlnopyrldlnlum yllde

(112b) and N-acetyllmlnopyrldinlum yllde (L;2d) were

prepared by a- modlfled procedure employlng the Schotten-'
Baumann reactxou.13 3Q Thus reactlon of N-amino pyrldlnlum

1od1deﬁ§ﬁalth methanesulfonyl and acetyl chloride (or"

acetfc~anhydr1de) afforded 112bvand 1124, respectively.

%'/i l . | ‘ .// lv
' ; . ‘Base
N o B . > S+
m‘v? o+ K C¥ F
- NHy N- L
‘ R K4
‘w‘ R . B ' % » : ' S (112)‘ .

i

’llzb,’R ?1FH3SOZf
1124, R~=‘cn3co—r

The mechanlsm for the formatlon of N—(Pyrldylcarbonyl—

o

1m1no)pyr1d1n1um yllde (112e) is expected to be 51m11ar

to“that reported for the formatlon of the lsoelectronlc
4,63

N—oxldes. o Nucleoph111C’attack by the free electron '
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R

(109e)

Q;pf{z;ylcarbonyl

Xo.

(114

H,O-

) dlgxane

<-—-————~

- 2

NH-=NH-R
NO2
)

N\

//
\\ NH-NH-R

.51.
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pair 6n‘the terﬁinal nitrogen of the hydrazine 110e at
the 2-position of ﬁge Zincke salt 109e would afford ﬁhe
dienamine 114 wﬁich can'underéo immediaté‘riﬁgvopening
toytheg"‘l;blé 2,4-dinitro aniiino dérivative'lll.

Hférolé@%i 6f~the aldimiﬂé"moiety of ill using Qatei—
dioxéne»(1:4 v/v) affords the éidehyde dgrivative 115
and 2,4-dinitroaniline. Cyclization of 115 to the un-
étabie dienamipe derivative 116 and. elimination of a
molecule of water would give rise to the'stable N-imino- ‘
pyridinium"yiidev112e. | |

~ The mechanism:fbr the feduction‘of pyridinium fiidé

'112e has not beén investigated but it is expected to be

o

R = 4—pyridylcarbony1‘

an?logéué to thhf repq£ted fér pYridinium sél%s.42ﬁ Attaék

“ by_hydridé anion at thé 2-position of the pyridinium

ylide 112e would yield the dienamine 117 which on protona- \
tiohagdv§Ppsequent}reduction‘of'fhe immlniﬁm species

118 would afford tl%#ljz,5,»6"-'tetr;tahydropy'ridine 113e.
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Tpe structure assl"Fd to N-(4—pyr1dylcarbony11m1no)-
pyrldlnlum ylide (11l2e) ls consistent.with its ir, nmr

and mass spectra. The ir spectrum shows the presence of

a CO group (1570-1580 cm-]T).15 The nmr spectrum in

deuterium oxide exhibited a 4H multiplet at § 8.83-8.33

due to C,-H, Cg-H of the pyridinium ring and C ,-H, Cg-H

‘of the pyridine rlng, a 5H multiplet at § 8.33-7.71
assigned to C3 H, C4~H, C5 ‘H of the pyrldlnlum rlng and
C3-H, 05 H of the pyridine ring. The mass spectrum of
N—(4—pyr1dylcarbohy11m1no)pyrldlnlum ylide (llZe) gave a

molecular ion (17%) at m/e 199 (C 1H O)t. The (M-l)

973
ion is observed at -a slightly hlgger intensity than the

molecular ion and is confirmed by the appearance of a

26

corresponding metastable peak at m/e 197.0. The

re?ainder of‘the mass spectrum can be explained as - \
illustrated in Scheme I. o-Fragmentation of the molecular |
ion at m/e 199 affords a fragment ion at m/e 121 (CeHgN,0)

‘by loss of a pyridyl radical. The a-cleavage ion (m/e |

12)) fragments further bf elimination of N=C=0 to:furnish

'va pyridlne ion at m/e 79 (CSHSle which on expulsion of
hydrogen‘cyanide would afford a peak at m/e 51 (C4H3)f

The loss of hydrogen cyanide is supported hy the presence

"of a metastahle peak at m/e 32.9. The major fragmenta- |

tﬂnm described were rationalized by assuming that charge

1)

_locallzatlon occurredcnxthe pyridinium nitrogen. On
o~
the other hand charge retentlon on the acyl moeity gives
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SCHEME_I

Mass spectral fragmentatlon pattern of N—(4—pyr1dylcarbonyl-

imino)pyridinium ylide (112e)

= = ~d l - I
' \; I S & \+
o e’ | Y H IL
N- o N > N — —d
c=0 C=0 ' c-0° , _ _
= | “ |
(112e) . . ‘.\ . E
M. m/e 199 (17%), v (M=1)" m/e %93%)
/ \ & -G
= ' . , | ~ 1 ‘ | i
NN ' NS
N . N
: : ]
m/e 106 (15%) Y
I'4 c ¢
» . // 'O' ‘ ‘g?lg;
7y m/e 121 (72%) o
/ + e
/
¥ = | |
Xy
(cz0)? e

m/e 28 (100%) m/e 78 (15%) m/e 79 (58%) °
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" a less intense fragment ion at m/e 106 (CGH NO) -which /

fragments further to the base peak at m/e 28 (CO)- by

loss of the pyridyl radical and the pyrldyl ion at m/e

78 (CH,M)* by eltminating co.‘,26 | )
The structurecof N-(4-pyrid?lcarbony1amino)-1,2,5,6-

tetrahydropyridine (1l13e) was;cdnsistentvwith ite ir,

nmr and mass'epectra. The ir;spectrum revealed the

presence of-an -NH- at 3240 and a CO group at 1650ncm 1.

The nmr spectrum in deuterochloroform exhlblted a 1lH

singlet at 6§ 8.93 due to the -NH- (disappears after the |

addition of deuterlum oxide), a 2H multiplet at 6 8.66 A%%j

assigned to the CZ—H Ce-H of the pyrldlne rlng, a 2H - .\E\“

N

multlplet at 6§ 7.67 due to the C3—H, C5—H of the pyrldlnd
ring, a 2H multlplet at § 5.62 attrlbuted to the C3—H,
C4—H of the tetrahydropyrldlne ring, a 2H multlplet at
613.65¥3t22 due‘to'the C,-H of the tetrahydropyridine
ring, a 2H trfplet (J5,6 = 5,5 Hz) at ¢ 3.Q7'assigned to
the CG—H of the tetrahydropyridine ring and a 2H multi—~
plet at § 2.48»2 0 due to the CS—H of the tetrahydro-
pyridine ring. The mass spectrum exhibited a molecular
ion at m/e 205 (Cll 13 O)-; The major fragmentatlonv
1ons are shown 1n Scheme If | If the charge is localized
on the tetrahydropyr1dy1 ring of the molecular ion

m/e 203, a fragmentllon w1th hlgh relatlve abundance
appears at m/e 97‘(C5 9N2) by‘loss of 4-pyridylcarbonyl

'_radical. The ion at m/e 83 (C5H9N)T also arises probably



SCHEME II

Mass—sbectral fragmentatioh pattern of N—(4-pyridylcarbohyl—

amino)-1,2,5,6-tetrahydropyridine (113e).

e b B ' : i
@ l @ | "\ ‘
. R o : o+ )
. ‘ ] o
N B N /;///)V N
* NH ?H

m/e 78 (36%)

[

é=0 C=0 '
/l /l. ‘ f N
\\ Xy | oo

_ o = p
(113e) MY m/e 203 (3%) '
' —> (cz0)?}

»
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‘(//// : m/e 106 (31%) m/e 28 (81%)

O +.——-»© Q

and/or
H ‘H

m/e 97 (90%) m/e 83 (16%) m/e 82 (76%)

/

»

\ and/or
m/e %0 (60%%//’ m/e 8l (100%),_
4 +
| —— | 1
it

m/e‘79 (9%) . m/e 51 (31%)
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from N-N bond cleavgﬁi accompanleé by hydrogen transfer
from the N-amino gr:hp

The species that is expelled could be enviksaged as

¢

N
N=C=0
B N B L
(119) - &N (120) |

26,64 The m/e 83 ion can/easily

-

1ose a hydrogen atom from the 2- or 6-p051t10n to afford

structure 119 or 120.

a. fragment ion at m/e 82 (CSHBN) : ‘Alternatlvely, 1on
m/e 82 could also arise directly from.the molecular ion
by loss of a 4—pyridyicarbonylamino radical followed by -
simultaneous hydrogen tranSfer from the 2- or 6-position
to nitrogen in the tetrahydropyriaine ring. 64 The ion’

. at m/e 82 could then lose a molecule of hydrogen to. glve“
a fragment at m/e 80 (C5H6N) or-expel aAhydrogen atom

to give the most abundant ion m/e 81 (CSHfN)?' The
pyridine ion at m/e 79 (CsﬁSN)? which eliminates hydrogen
‘cyanide.te furnish ion m/eISl'(C4H3)T'can arise either
from the fragment>at m/e 80 by loss of a hydrogen atom
or from m/e 81 by loss of a hydregen molecule:‘ If the
initial charge is localized atbthe carbonyl or pyridyl

moeities of the molecular ion (m/e 203) affragmentation

furnishes fragment ions at m/e 106 ?%“H NO)+ and m/e 78
] _ ; 64 |

to the tetrahydropyrldlne nitrogen.

57.



' at § 5.68 attributed to Cy-H, C

(C )t The 4-pyr1dy1carbonyl ion at m/e 106 furéhet*
fragments to give an';on at m/e 28 (CO)- by loqﬁ of a

pyrxdyl radical or gives rise to a pyridyl ion at m/e 78
‘(C5H4N) by expelling CO. _ S .

Phenylethylamlno-l 2,5, 6 tetrahydropyrldine (113h)

was found to .undergo oxidation readily during purifica-

tion and on storage to a compound which exhiblts spectral

data consistent with structure 121. The high resolutlon

|

(113h); %. o , (121) .

' mass speCtrum“exhibitéd a molecular ion at m/e 200.1316

)T;/Mass Calcd. for € 200.1314. The

(Cy3Hy N 137162
nmr spectrum in deuterochlorofotm showed a 5H multiplet

at 6§ 7.15 due to the phenyl hydrogens, a ‘1H triplet
(3 = CH—CHz/— 6 Hz) at § 6.82 due to —N =CH-, a 2H multlplet

4—H a 2H doublet (J = -

CH-CH, = 6 Hz) at 6§ 3.53 due to —CH,-, a 2H multiplet

at 6 3.38 assigned to C,-H, a 2H triplet (Jg ¢ = 5.5 Hz)

5, 6
at & 3.2 due to CG"H and a 2H multlplet at 6_2.26

‘-
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attxlbuted.tocs-%g No change chvaddi;ich of deucerium )
ogide was observed.”: | .
N-(2-Pyridyléarbonylimino-l-oxide)pyridihium ylide
(1122) was ﬁ%epafeﬁ by tre#¥tment of picolinic acid
hYdr:;ide-l-oxide (122) w1th N- (2, 4—dinitrophenyl)pyridinium

chloride (1092). ‘The hydrazide 122 was obtained fnpm the

“, 12092) 3(1225 : o (112%)

reactlon of hydraz1ne hydraﬁe and methylplcollnate—l—
* - 1

‘ "_‘rdxlde.sf ghe structure was’ consxstent w1th its ir, nmr

g; an& &;ss spectra. The ir Spectrum showed the presence
kﬂ ofythe ;—O (1250 cm 1)66 and CO (1690 cm l) groups.' The .
g%r spectrum 1n deuterated d1methy1 squoxlde exhlblted

‘:¥iﬁfe1nglet at § 12. 12 due to the -NH- (dlsappears
o after the addLglon of deuterlum oxlde), a 2H multiplet
. at 6 8 7—8 13 ass;gned to C4-H, Ce~H, a 2H multlplet at
-6 7 86— 7 43 due to C3 H, C5-H and a 2H 51nglet at 6§ 5.0
attrlbuted to the»-NH2 (disappears after the addltlon of
1deuter1um oxide). The high reeolution'mass spectrum

aisplayed an intense moiecglar ion at m/e I53.0535

59,



xcsn7n3oz)-, uass Caled. for CgH,N30 153;6538

773%2° U . :

g Aromatlc N-oxldes can be readily recognlzed by mass .

&

spectrometry since they form abundant fragments arlsing ‘

67

from the loss of .an oxygen atom. _ The molecular ion

:at m/e 153 loses.an oxygen atom to give (M-16)% ion at

) .m/e 137 (cﬁu7 3

\3.1:1.0;0; Quaternization'end sodium borohydride reduction

O) P ‘. o . ‘ S "

of N-(4—pyr1dy1carbodylém1no) -1,2,5, 6 tetra- N

s

hydropyrldlne (113e)

To readily'reduce the,pyridyl ring ofHN—K4-pyr1dy}-“

ﬁ'hcarbonylénino)—l,2,5,64teﬁrahYdropyridine (113e)nit'wqg |

A

‘-

necessary to convert ll3e to a pyrldlnlum salt derlvatlve

$"Thls was achleved by flrst reactlng 1l3e w1th methyl-'
"Hoilodlde or methylchloroformate for 30 mlnutes at -65°
-ffollowed by the addltlon éf sodlum borohydrlde and allow—’
ynigg the reactlon to proceed for an addltxonal 3 hr 68
,‘Q. Reaction of methylchloroformate thh ll3e in methanol at e
L ot £y Lan e ,Q;e.~\ .
ERRUONE S 1 : - S LT T T ~
! —‘\" —

Y IS e T : e

60.
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TABLE 6

a ‘ ———————

Sodlum borohydrlde redﬂctzon of N-(4-pyridylcarbonylam1no)-

1, 2, 5 6~ tetrahydropyrldlne (113e) quaternary salts

R o Solvent'»’Reaction teép.°c s Yieid l23 N

methanol =~ -65 - 70.5
Vi Agora ¥

. ?8 .‘9“5:& . .

' evthanovlv9;5f% o e - 52.7

methanol - f_'v:_—%S"i ‘ " 23.7
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?85° under the specified conditions afforded N-[4-(1-

methoxy.arbonyl-l,2—dihydropyridyl)—carbonylamino]-l,2,5,6-

o

‘tetrahy ropyridine (lZSa,'70 5%) whefeas reaction in
ethanol 95% at lce-bath temperature gave ‘N-[4- (l-meﬂhoxy-
1 - . carbonyl -1,2,5, 6—tetrahydropyr1dyl)carbonylamlno] 1\2 5, 6—

_tetrahydropyrldlne (123b 52 7%).

1

@featment of 113e w1th methyl 1od1de followed by
sodlum borohydrlde reductlon 1n methanol at 65° furmlshed

v N*[4—(1—methyl 1, 2 5, 6- tetrahydropyrldyl)carbonylamlno]-
/1
1,2,5 6~tetrahydropyr1d1né (123c, 23.7%) and N—[1;f1 /2,5,6-

"tetrahydropyrldyl)]—C—methoxy-C*[4*(l-methyl ;,2 6-\ ’
tetrahydropyrldyl)]azomethlne (123d, 17 l%Y/ Thellsolal//( ‘

/

- tion of béth 123c and 1234 indicates that reaction of|

_ethyl 1od1de mﬁét/}nvolye methylatloh

llBe’w1th»excess

e at both the/p?rldlne nltrogen and the carbonfl oxygen%
S ‘ . ‘{z .

: The//tructures of 123 were assxgned on the basis’
' of thelr ir, nmr and mass spectra. For example, the ir
95? ///ébectrum of N-[4- (l—methoxycarbonyl -1, 2 dlhydropyrldyl)—* i;

)/". carbonylamlno] l 2, 5 6 tetrahydropyrldlne (123a) revealed
-1

Ve

), CO (1710 1670 cm ) and
\-CH (1390 cm l) 66 Th¥ nmr spectr \\\\\deuterochloro_

‘*,*form exhlblted a- k3-8 sxn&let at 6 7 18 ‘due to the -NH—'

fthe presence of —NH— (3200 cm

‘ v.(dlsappears fter the ‘addition of deuterium ox1de), a
- . - B ’

. 1H doublet (J5 c = 8 ‘Hz) at S 6. 84-as31gned to the‘CG—Hy
N v . , . ‘ .
' f the dlhydropyrldlne rlng, a 1H octet (J2 3 5 Hz, SRS
CenT v ‘*& = . = _ B e
(RJZ'}B: 5 Hz J3’5 2 Hz) at S 6 20 due t%pthe C H

3
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{

: of the dihydropﬂrldlne ring, a ZH1mult1p1et at & 6.0-5.61

atttibuted to the C3-H, C4-H of the tetrahydropyrldine

ring, a lH quart t (J5 c = 8 Hz; 3 5 = 2 Hz) at '§ 5.45

",dug to the CS—H af the dlhydropyrldlne rlng, a fﬁ doublet

(o 2,3 = 5 Hz) at 6 4.51 assrgned to the C2~H of the

S

‘t’vdlhydropyrldlne rTng, a 3H 51nglet at 6 3 80 attrlbuted

to. the —CH3, a 2H | multlplet at ¢ 3. 58~ 3 32 due to the
\

‘C2~H of the tetrahydropyrldlne rlng, a 2H trlplet (J =

5,6
6 Hz) at 6 3.08 due to the C6—H of the tetrahydropyrldlne

ring and a: ZHJmultlplet at § 2. 52 -2.08 ass1gned to the

-VCS-H of the tetrahydrogyrldrne rlng. The mass spectrum

’lnltlal charge is locallzed at the 1—methoxycarbonyl 1,2,-

LS

_exhlblted a molecularﬂlon at m/e 263 (c,

The

\

13 17ﬁ3 Pt
’ spec1es are summarlzed in Scheme III.

”agment Lons were conflrmed by high
measurements If the charge is local—

tetrahydropyrldlne ring of the molecular ion

at m/e 263, a fragment ion at m/e 97 (Cgh app&ars

s
after edlmlnatlon of a l—methoxycarbonyl 1,2- dlhydro-
X

',pyrldyl 4-carbonyl radical. Alternatlvely; if the

dlhydropyrldyl-4-carbony1 moelty of the molecular ion
at m/e 263, a—fragmentatlonfaffords two fragment lcns at

m/e 125 (C O) “and m/e 166 (C H, N03) by loss of

A 1-methoxy 1, 2—d1hydropyr1dyl radlcal and N-amrno—l 2,5; 6-

tetrahydropyrldyl radlcal, respectlvely. The ion at

ﬁ& v

m/e 166 can, expel CO to glve rise to the’ stablllzed 1on
o] : 7 R L S

v“-\'.' ’

ot

- 63,

d



AT SCHENS I1T - .
,Mass spectral fragmentatlon pattern of N-[4 (l-methoxy—

S
‘_carbonyl-l 2—dihydropyr1dyl)carbonylmmino]—1 2 5,6~ tetra—

| hydropyrldlne (123a)

166 = m/e 138
©(238)_ g@
WL ® 3 ] - e

S T e m/e 79

(1232 M m/e 263 (5%) 1&?, e s

NN
and/or N

m/e 83 m/e 82 (L008) . . &




naccompanied by hydrogen trahsfer from the. N-amino grcup

: o . . :
vtOAthe tetrahydropyz;dine ring nitrogen.’

m/e 81 (C.H,NJT, m/e 80 (gsnsu) . m/e 7

_m/e 51 (c, 3)- are described in Schil

65.

at m/e 138 (c7 gNO,)* which may itself lose a methoxy-

: N@. 7 . ' B
carbonyl radical to furnish a pyridine ion at m/e- 79 \~

(cg H'N)T. The ion.at m/e 83 -(CcH N)- probably arises ﬁ& \\\\\
‘ Y

from N—Mbbond cleavage of the molecular ion at m/e 263

26,64 The

fragmentaticn pattetns'of the ions at m/e 82 (CSHBN)+

-The sé&ucture of 123d was cons .ﬁﬂ ‘hvits 1r

»"

~ ~ C-OCH

| o _}'cn3@§
6 \ ‘4#1123d).

\

- nmr and mass‘spectra. The ir spectrum showed the presence ‘
ELI -1, 66

of - H3 (1390 cm 1) and -N=C (1655 cm The nmr

).
spectrum in deuterochloroform exhibited a 1H multlplet

at 6 6. 55 due to the C3—H of the N—methyltetrahydropyr1d1ne,

: RO
”;a 2H°multlplet at § 6.2- 5 5 a581gned to the C3 H, C4 H of

~the N-1m§‘btetrahy%ropyr1d1ne,\e 2H multlplet at 6 4.5-4. 1 _H

(¢4

. due to. the CZ—H of the N-1m1notetrahydropyr1d1ne, a 2H

. f,\multlplet at & 4. 10 -3, 65 attrlbuted to the CZ-H of the



fy

A

”N-imlnotetrahydropyrldln ., C

-hydropyrldlne (l23b) and N—[4 (i!

W
{ 66.
N;methyltetrahydr0pyrid ne, a 3H singlet at § 3.52 due

to the -OCH,, a 2K triplet (95,6 = 5 Hz) at . 3.11 due W

|
‘to the C6-H of the N—lm\notetrahydropyrxdlne, a 6H

multiplet at §.2.78-2.28 attributed to the CS*H 6f the .

5 -H, C6—H of the N—methyl-

tetrahydrOpyrldlne, a 3H\s1ng1et at § 2.39 due to the =

—N-CH3 : The hlgh resoluélon mass . spectrum exhlblted a. ””*%
K% _— M
BRSO

molecular 1on at m/e 25% 1685 (C 0)7;; Mass Caled. .. ="

13 21

for Cl3H21N3O.‘ 235 1684.
Catalytlc hydrogenatlon of’N—[4—(1—methoxycarbonyl-
1 2 5,6~ tetrahydropyrldyl)carbo k@mino] -1,2,5,6~- tetra-

ethyl- k‘2 5,6- tetra—

_ hydropyrldyl)carbonylamlno] -1, 245 6- ﬁbtrahydropyrldlne

X3
(123c) in methanol for 12 hr afforded N-(l-methoxycarbonyl—

p1per1dy1

‘acarbonylm1no)p1per1dlne (124,. @8%) and

— £
pd/C | &
B .
123b, 124 R = -COOCH;.
123c, 125 R = -CH, N



.« ' v 67.
N—(l-methylpiperidyl-4-carbony1amino)pfpehidine (125,
97.6%), respectively; The ir, nmr, and mass spectra of

1

124 and 125 were consistent with’ the assigned structures.

\\x‘
3.1.2.0.0. Attempted reduction of n:ci-pyrldylcarbonyl-

vlminolpyrldlnlum ylide (112e) to the 1,2-(1,4-)-

dih dropyridine derivatiyes R e I
’_‘jL—*g*‘ — S N

Several attempts to reduce N- (4- pyrldylcarbonyllmlno)—

ggr;drglum yllde (112e) to the desired 1,2-(1,4- )dlhydro-
pyrldlne analogs in varlous solvent sy%tems were not ’
successful. Slmllarly4 reductlon w1th tetrabptylammonlum

borohydr1de69'70

in*non-protic solvents was also unsuccess-
ful._'In those reactions where reduction did occur 1,2,5,6-

- tetrahydropyridine derivatives were isolated.

3.1.2.1.0. Reduction of N-(4-pyridylcarbonylimino)-

pyridinium ylide (112e) using sodium borohydride

The sodium.borohydride'reduction of N~ (4-pyridyl-
carbonyllmlno)pyrldlnlum_yllde (112e) employlng the two o
phase solvent Systems reported by Kutney and hlS coworkers69b
at ice-bath temperature for three hours feiled to give
;the expected 1,2-(1,4~§dihydropyridine derivatives 126
‘and/qr 127lsince the start{ng material 11l2e was reqovered.
The use of e twqiphase selvent system such as 10 ml of )

distilled water, 10 ml of methanol, 20 ml of 5% sodium

 hydroxide solution and 20 ml bf ether was conceived



4

68.

NaBH, '
4\
K
&
. " @
J.Ze) | ' "‘(125) ' (12%

’ %ﬂﬁ% '7‘, . "J - i

LS P ’
to prQV1de an’ organlc solvent for the soluble 1,2-(1,/4- )-

¥

3
dihy ridines ‘as soon as they are formed leaving

behlngiﬁhe unreacted water soluble ylide 112e in the i : R

‘ixe- : ‘
aqueQuS'phase. The sodium hydroxide solution was used :

to,prevent the proﬁonation of the dihydrbpyridine system.
» o : . - )

The different solvent systems examined and the results-
obtained ape summarized in Table 7. The starting mate#ial

wasnrecqvered‘in all reections eXxcept l,2,5}6-tetra—

‘_, hydrOpytidine deriVative 113e (20%) was obtained when

80 ml of 95% ethanol with 20 ml of 40% sodlum borohydrlde

)

| solutlon was used as the solvent.
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70.
3.1.2.2.0. Reduction of N¥(4;pyrtdylcarQQnylimino)-

pyridinium ylide (1 % o) u81ng tetrﬁ%utyl—

ammonium borohydrlde (128)

Tetrabutylammonium borohydride (128) has been
reported as a.versatile reducing agent in aprotic solvents_
. such as benzene, hexané and ether where the use of

sodium borohydride is llmlted because of its 1ow solu—‘.

69,70 Téﬁ?ﬁbutylammonlum borohydrlde (128) has

bility.
been used as a mild and selective reagent for the reduc-'
vl; o

~ tion of aldehydes, ketones,\alkylhalldés\and acyl-

halides. 0¢71:72 (It is prepared by the reaction of

“ sodium borohydride and tetrabutylammonj 1

hloride.
"Reductlon of N-(4- pyrldylcarbonyllplno 'nism ylide

(112e) using tetrabutylammoniﬁm borohydrlde (128) in @
.aprotlc solvents for 4 hr at room temperature was R

investigated with the expectation of preparinglNeaminOb

1,2-(1,4~)dihydropyridine derivatives 126 and 127. For

‘example, reaction under these conditions using dry




pyridine as solvent afforded N-(4—pyridyl@a:bonylamiﬁo)—
1,2,5,6-tetrahydropyridine (113e, 2%) and the unreacted
ylide 112e (80%). The formation of the tetrahydropyri-

dine 113e could be due to the presence of small amounts

‘of moistute whichvwoutd act as a proton source, When
dry pyridine?or dry tetrahydrofuran &ontaining one
equivalent‘of water was employed as,soiveﬁt, the same
results were obtained. Similarly, use of dry»tetrahydyo;
furan or dry dimethylfofmamideaas solvent resuited in |
high recovery (85%) of the starting metetial and traces

- of the tetrahydropyridine ll3eFWhexees reaction i; dry ' -
‘metbylene chlorideéle@»te the,reeovery of eﬁly the' - i
starting mateiial.' ‘xv \‘ ’ “A. ,\

| Oe the other hand, the use of etﬁanol 95% as a” -‘ \

reaction solvent resulted in complete reduction of 112e | \
bto\N-(4—pyridylcerboqylamino)-1,2,S;G—tetrahygropyridine\
(1i3~e', 68%). Since the formation of 1,2,5,6-tetrahydro-
pyridlnes proceed via the 1ntermed1ate forfhation of the

correspondlng 1, 2-d1hydropyr1d1nes,42

thege findings :‘jf
suggest that the 1,2~dihydropyridine antermedlate 126
cogld be a very unstable spe01es which either reverts
back to the yllde or undergoes qroton;?yon ane reductlon
‘w to the 1,2,5,6- tetrahydropyrl ine analog. "

9 ' ' \\ " “‘ “




3.2.0.0.0. F

tetrahydropyridines 133. No reaction occurred when
N-aminopiperidine (129a) and, ethyl nicotinate (130)

.refluxed:for‘l2 hr in metnylene ch;oride or absolute

ethanol. However, when the nucleophilicity'of 129a waé
73}14,75

1ncreased by base.catqused proton abstraction

. from g&e N-amino groug to generate the nitrogen anlon,

¢

Thus treatment of 129& w1th.n butyl/;thlum in tetrahydro- o 7
, f

furan at -65°C under an atmosphere of nltrOgen followed f s

, - ¢ i x)

- 1 T * ‘ ' ’4 ' ~ 4*? . Loas
P e X H ) oy - 8
L | . ; . k\:»/h \/,\ v T

R s DE (R T
“NH -65° NH<L1 -
-~ 2. o, o =) > ,
(129) . iy A
a, R = piperidy;—
b, R = morpholinyl- & - = ;}}//'
¢, R = homopiperidyl~ . 7 -
W ds R= dipethylaminow Che T
: \ . o \\ é ; \
'\ - ) \\' H A
I Y | . -
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" to the C4—H of the pyridine ring, a 1H quartet (

ol
IS

B
f

. fxagment xon at m/e 99 (qsﬂll‘z) ‘by loas of a 3-pyr1dyl—'

.carb0qyl radical.‘

. . » P} : ‘ AN
Coa ", s o ! L L

; , .
by additiqn of dry ethylu*ce::nate (136) attoxded
N—(3~pyridy1carbonylamino)pi"ridinq (13raf*4o 3%). The
structurally related cqmpoundt 131b—13ld were . synthesized
employing simi}&r procedures. ; |

‘The atructuresﬂof 131 were e;nsistent witﬁ their
ir, nmr and maas spectra. Por ekample, tha ir apectrum
of N-(3-pyridylcarbonylamino)piperidine (131a) revealed
the presence of -NH- (3200 cm™Y) and CO (1660-1640 cm -1,
The nmr spectrum in deuteratedqdimethylsulfoxide showed
a 1H- sxnglet at’ 6 9 53 due: to the —NH- (disappears )
after the addition of deuterium oxide), ‘a 1H doublet

(@ 2, 4= 2 Hz) at & 8. 93 assigned to thélcz-ﬂ of the . |

pyridine ring, a lH quartet ( 5‘3 = 5 H = 2 Hz)

4 6

at . s 8. 68 due to the. CG-H of the pyridine ring, a’ 1H

= 8 Hz,v“ = 2. Hz)\at 6 8. 13 attribu%ed A

quartet (J s 6

4,5 .

8,Hz, 5 6 = 5 Hz) at s 7. 48 due to the C5~H of th

at 6§ 1. 85 1 18 due to the C3/

piperidine ring.' The mass specthum exhibited/é molecuiar ’a«

The other maqer fragment
1ons are ‘Shown in Scheme IV. If the ia%tial charge 18 ~

'.;oc, i

at m/e 205 a-fragmentation would que abundant

u /leés intense\peak would.appear at.

.ed ‘an the plperidyl.nitroqen of | Zhe molecular ion B

R

13.

..’;



‘ v e vy ) "' R ‘ 74.
. ‘ : Lt ’ , 7
S - scnhnn»xv - S

5
Mass spectral frag?entation pattern of N—(3—pyr;dylcarbonyl—

> Vo

SN am;no)plperldlne (131a)

czo

=

i R , - ..-

w
| w

© m/e 99 (100%) " c=o”
‘ m/e 127 (< 1%)

s m-1)* m/e 204 (1%) o |
o R @A///ii _* ‘["f ‘ o o .
O — O (CSHe“)J’f SR -
2 G T N |
' Hooooo ' S |
m/e 84 (13%) © m/e 83 (52%) m/e 82 (5%)

..[éHZ-#caz'-CH=N] > | ”

) —N

m/e 55 (443%)
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. . o ) . . ‘ o .
g " . I / 75.
1 ; - N u‘

‘m/ee106 CCGH4NO) if the 1n1tia1 charge is Iocalgzed at
the 3—pyr1dy1carbony1 moelty of the molecular 'ion m/e -
:205 which could expel CO to afford .another fragment 10n |-

\ at m/e 78 (CSH NO) The ion at‘m/e 78 can also arise

dlrectly from the molecular 1on ‘at m/e 205 by expellzng

a N-carbonylamanoplperldyl radlcal. m@34(Mfl) ilon at

.~ m/e 204 (C11 14N )'\whlch appears at a very”iow;intensity

'can glve rlse to an 1on at m/e 84 . (C4 10N) as a.result‘ ;

of N-N bond cleavage accompanled by hydrogen transfer .
™ 26,64

“from the N-amlno group to the plperldlne nltrogen.l

id also conce;vable that thevfragment ion at m/e 84 °
\ : o : : . :

can algo arise from the’molecuiardiOn-at m/e‘ZOvay~‘
81mu1 aneous ‘expulsion of 3»pyr1dylcarbpnylam1no radlcaf

and hydrogen transfer from the 2—pgsztlon to the nltrogen

v -

of the piperidine r1ng.64, "The fragment 1on/at/m7e 834_ ¢f7'

(CgH N) could arlse elther from thé\(M—l) 1on by loss
of 3-pyr1dy1carbonylam1n6’radlcal or from ‘the ion atx(‘5
m/e 84 by expulghon of- hydrogen.‘ The 1on at -m/e @3

could lose hydrogen to glve an 1on at m/e 82 (C N)

or may ellmlnate ethylene to-afford an abunda‘f* at
m/e 55 (C4H 'hrt.' The expected fragment Loé at m/ 27

N
(CGH9 2C ) appears in ' low relative abundance (< l%) Kd

¢ n

M
Slmllarly, reactlon of 1,1- dlmethylhydra21ne (1294)
t Wlth n-butylllthlum in- tetrahydrofuran at 65 C followeé\
by the addltlon ozhmzthyllsonlcotlnate (132) affords |

N—N—dlmethyllsonlcotlnlc ac1d hydrazlde (133 6%).

A R . . A
- , K : - >
! ® H i 4
- ' B . - , PO




N S THF _ N s 3
T ‘ + nfBuLl ~65° ,T
NH, . NE-Li
. - (=)
(1294) o
/.
L
) N
< - . ‘/<' ‘ | . ) . | .." (133)

In a’ related one: step synthetlc reactloq employing

‘the. Schotten-Badmann reactlon,; r13 .reaction of 1son1cot1n1c
' /
| X i Y l ’
_ R R
Ph-C-C1 : " |
+ or Eth, 6 hr FH * v
P 0 25; —> Cc=0 N
CH,-C-Cl 5“
) T v = | '
e )
R (135)
a, R = phco-; R = §
b, R = R' = CH4CO-



Wl

) aczd hydrazide (134)’with benzoyl chlorlde or acetyl—

°

vlchlorlde in dry tetrahydrofuran glves rise to l-benzoyl—";

2~ (4-pyr1dy1carbonyl)hydra21ne (135a, 6. 5%) or 1 l—

*
diacetyl- 2—(4 pyrldylcarbonyl)hydra21ne (l35b, 9. 3%),
respectlvely. The nucleophllic dlsplacement-of the |
1chlor1de 1on from acetyl chlorlde by the- hydra21ne 134
‘does not: stop at the monoacetyl derlvatlve 136 but
[ CH i g cu' CH

+ CH,COCL ~—3 |

(13). . 3sb)

: reaéts further to give the diacetyl derivative‘lSSb. The
structures. a551gned to 135 were conSLStent w1th thelr

1r, nmxr and mass spectra.

, . _ L ‘ _
?.q,o.o.o. .The sodlum borohydride reductlon of N-sulfonyl-

Ezgidinium salt§:' Szpthe51s of N—sﬁdfonzl 1,2-

(1,4-)dihydro rldlnes.76 ‘ S ; /
o e et

o -
PO

FZhere has been a con51derable 1nterest in recent
R}

years regardlng the synthe51s and propertles of 1,2-(1;4- )-

dlhydropyrldlnes.77 Thls 1nterest was due to the synthetlc

&

utility of these systems in preparlng various heterocycllc

e . o

7



o
> |

78, 19 In, aadifion,’fhé’l 4¥dihyafopyridine

- compounds.
ring systemfls of blologlcal importaﬂbe since 1t is
presenlen.ﬁbe redbeed forms. of nlcgtinam;de adenlne.
‘dinucl tide (NADH) and nicotinaﬁide.aQeﬂihe dinucleqtide
f phosphate (NADPH) . 77.80 E -
| Although thi preparatlon and antlbacterlal act1v1ty
of some N-sulfonylplperldlne derlvatlves have been .
vsyuﬁled,s; the preparatlon of N-sulfonyl -1, 2-d1hydro-
pyriaines has not been reported.‘ The syntheSLs of °
. N-benzene (methane) sulfonyl-1, 4-d1hydropyr1d1ne from
Ucyqlopentedlenekwas ﬁgcently descrlbed.82 Thls procedure

~'ix'i".v'c:lv;es the:cycloéddition reaction of alkyl or phenyl

S ., N-COOR
il :
¢ o .~ N-COOR :
A ‘ l S R = Et,

- "R"SO_N
y o
, N-COOR - R150§N3 .
N-COOR —t+—>»
(137) - © . RY = Ph, Me

78.



to givd\N—benzene (methane) sulfonyl l 4- dlhydropyri—

six-membered heteroaromatlc rlngs as Nl-substltuents.

RIN
C A
',

I ) I

. B ‘79,:
sulfonyl azides to 2 3-diarabicycloheptenhs 137 which - ‘ |
affords the azirzdlno adduct 138 Acid or base hydrolysis . Q

of 138 followed by oxidation of ‘the hydrazino derivative

A\
139 produces the trlcyclic azo compound 140 whlch

spontaneously fragdents in a retro DieISvAlder reactlon

82, 83 , : -
dine. . : e

‘ Many of the benzenesulfonamldes aBready prepared
and tested ab/antlbacterlal agents possess flve and
81

It would be of 1nterest, therefore, to quelop a one

) step synthesls of benzenesulfonamldes in whlch the

e

;Nl—sulfonamlde nltrogen is part of a 1 2-(1,4- )dlhydroi

\pyrldyl ring system. . The‘sulfonyl group stabilizes the
'ihydropyridiné structure making them more resistant ‘f

to air oxidation‘thén simple N-alle derivatives. Because

‘ -of the\ifsonance 1nteract10n of the lone palr of electrons

on nitrogen with the sulfonyl group, the carbon—carbon

double bond of these dlhydropyrldlnes have little

enamlne character.ss' _ ' |
. K s

Treatment of a mlxture of pyrldlne and sodium boro-

hydrlde with alkyl (aryl) sulfonyl chlorldes or sulfonic
acid anhydrldes, u51ng a modlflcatlon of the procedure_
reported by Fowlerss for the preparatlon of N—methoxy-

carbonyl 1 2~ dlhydropyrld;ne, now prov1des a convenlent

»

route to N—sulfonyl -1,4- dlhydropyrldlnes 141 and



f

.6 2.68 and 4.16 for the respéctive»c&

N—sulﬁonyl—l,éldihydxopyridine 142, v

+

. N -

. o (141) - (142)
a, R = Me- ’
b, R = Ph- “
c, R= p—Me-C6§4f

: &
d, R = p-MeCONH-C_H,-

Reaction of pyridine with methanesulfonyl ch;bride

in methénol at -65°C in the presence of sodium borohydride

A}

-_afforded‘N—methanesulfonyl-l;Z—dihydropyridine (1424,

32.1%) as the sole product. A similar reaction employ-

ing methanesulfbhici;nhydridé84

gave 142a (37.2%). On
the other haﬁd; reaction with 9énzéne sulfonyl'chloride

using the same conditions, gave rise to an isomeric
. , , : , ,

7

mixture of'l41b énd 142b in a ratio of 1:8 as determined

from the integrals of the H-4 and H-2 absorptions at

>

mpounds. This

'4ratio-was determined for thé—unpurified reaction product

since’1,2—aihydropyridﬂies 142 undergo considetable

decomposition tpon purification. The reaction of benzene- -
_ : ( '

sulfényl chioride»With/pyridine (both solvent and

reactant) in the presence of sodium borohydride at 25°C
\ _ .

Y

80.



‘ . :
was inveatigated to determine 1f the isomeric product
ratio 141:142 was dependent upon solvent and tempdrature.
. Reaction under these conditiof® gave rise to an isomeric
mixture of l4lb~and 142b in a ratio of 5:4. The resulta \
of similar ;eactions employing benzene sulfonic anhydride |
are shown in Table 8. The reaction of p-toluenesulfonyl

. &
chloride Wlth pyridine'(both solvent and reactant) at

Structure-activity studies of benzenesulfonaml@es

have shown that a N4-am1no group or a group such as

«

N%-acetamido group which can undergo metabolic biotrans-.

formation to a N%-amino group in vivo is required for » /

antibacterial activity.85

It was, therefore, of interest
t0’investigate this reaction employing N—acetylsuifanilyl~
chloride. Reaction with pyridine using methanol as
sé;vent at -65°C did not occur probably_due to,the‘low
solubility of N—acetylsulfanilyl chloride. ' When the
feaction was carriediout'ueing pyridine as solvent at
‘25°C an isonerio_mixtnre of 1414 and 142d in a ratio of
2:1 was.oﬂtained. The‘ﬁresence of both 141d and 142d
was substantiated further eince catalytic’reduction with
palladiqm—charcoal and nydrogen gave N-(p—acetaﬁido-
benzenesulfonyl)pipetidine (143)1as a single product
which was identi;al with the product obtained from the )
reaction of piperidine and N—acetylsulfaniiyl chloride.?6

b
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/" NH
| / 'COCH3
| '-(143)

A successful sepan&&xon of r41d ‘and 1424 could not
be achieved using column or thin layer?chromatogtaphy.
However, pure l4ld could be obtained by treatlng a
‘mixture of 141d and 142d with 4-phenyl-1,2,4-triazoline-
'3,5-dione.(l44).87'_The l;z—dihydro‘isomer 142d reacts
readily via a('n2 + n4) cycloaddition reaction with 144
to give 5- endo- p acetylsulfanllyl -2, 3 5 trlazablcyclo-
[2.2. e Joct-7-¢€ e-2 3-endo- dlearboxyllc acid N~phenyl-

imide (145) whlch is consistent with the reported reac-
88

tlon of 142b w'th 144. Compounds 141d. and 145 are
readily separated by preparatlve thln layer chromato-
graphy. Both acidic and alkaline hydroly51s of the
N4-acetam1do group 6f 1414 to laberate the free amine

gave rise to 1ntractable tar even though -acidic hydroly51s

.4 .
+ of the N4-acetamido group’of 143 proceeds smoothly.eg_

83.
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- cocH, COCH, (144)
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. h
SO + N_. -
2 o;</, =0 .
N—N L
Vi
- NH « K ~
Coch, 50,~C ¢ H,~NHCOCH,
H
| (}41d) (145

- .The reduction ef N—sulfonylpyridihium salts appears
to be dependent upon solvent and temperature. ‘Attack
by a hydride anlon occurs predomlnantly or exc1u51ve1y
at the 2-position to give N—sulfonyl-l,2-dlhydropyr1d1nes
.142 using methanol as solvent at -65°C whereas attack
at the 4 posxtlon i,s usually favoured sllghtly when

pyrldlne is employed as solvent at 25 C as shown in



‘ .5,

" Table 8. - | |
The structures of 1,2—(1,&-)4Mropyridino diﬂva-_—

tives 141 and 142 were consistent with their ir; nmr o

and mass Spcctr?. The ir ;péctrum of N—(b?tolucnc-

wlfonyl)-l,i—dihydropyridine (141c) revealed the prlcuinco

of a -80,- group (1345, 1170 ca™l), ‘The nmr spectrum

in deutercchloroform’nﬁowed a 2H doublet (J = 8 Hz) at

) 7:68 due to the arthasphénylhydrogena, a 2H doublet

(J = 8 Hz) at § 7.38 due to the @;ta;phenylhydrogens,

a 2H quartet‘(J2'3 = J5,6 = 8.5 Hz;, J2'4 = 1.5 Hz)

= 4,6
at § 6.44 assigned to the Cy-H, €,-H, a 2H multiplet

(J2'3 = JS,& = 8/5 Hz) at § 4.86 Que to the C3-H, Cs—g,

a 2H multiplet at § 2.7attribgted to the C,-H and a 3H
singlet at 6 2.42 due to thev--CH37 Most &—alkyl or C
N-aryl 1,2-(1,4-)dihydropyridines exhibit well defined
fragmentation processes in ‘the mass spectrometer and

these transformations can be rationalized on the basis

90,91,92

of well established principles. . However, the

fragmentation of N-sulfonyl-1,2-(1,4-)dihydropyridines

has not been reported. The mass spectrum of N-(p—toluene-

sulfonyl)-1,4-dihydropyridine (l4lc) gave an abundant

molecular ion at m/e 235 (C12H13N023)f and an even more
¢ «

abundant (M-l)+ ion at m/e 234 (CIZHIZNOZS)+ which may

be due to the formation of both the benzylium ion

64

derivative and the N-(p-toluenesulfonyl)pyridinium

ion.90 The fragmentation pattern of 14lc is shown in

Scheme V. The base peak was the tropilium ion at m/e 91



R o g ’.
Mass spectrpl fragmentation paitd;:n of N-(p-toluenesulfonyl)-
1,4-dihydropyridine (l4lc)

CH3 ’ (:ﬂ3 ' .

b el

2

+ 0
=

MY m/e 235 (44n) (M-t m/e 234 (75%)

g } a
(51%) (Loos) ~ w/e 80 078 :

-m/e 155 m/e 91

gO l ¢ : ~d (75%)

M-1)* m/e 234
« I
N
+'

cﬁ m/e 79 (45%)
3
m/e 139 ““m/e 65 . ;¢
(3%) (25%) .

m/e 51 (21%) ¢
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(C 1f which can easlly arlse from the molecular ion

at m/e 235 by loss of. a' l-sulfonyldlhydropyrldyl radlcal.

The benzyllum ion at m/e 1 expels acetylene64 to-glve

a fragment 1on at m/e‘GS (CSHS) The molecular ion

at m/e 235 lose§ a‘l 4*d1hydropyr;dyl radlcal to glve

the fragment lon,at m/e 155 (C H, 2S) whlch in turn .

- ellmlnates an oxygen atom to furnlsh the fragment ion '
-at m/e 139 (C OS)~ On the other hand, the molecular
ion at m/e 235 glves rise to the fragment ion. at m/e

‘ 80k(C5 6N) by expelllng a p—tolueﬁesulfonyl radlcal

,vwang'and_mhorntongl reported the;posslble formatlon of

' ion 146 from fragmentation of N-alkyl-1l,4-dihydropyridine

H \+|
N H H-shift N
—— R H

—

R = alkyl > Me

o

\ .

the stable 3—cyano pyrldlnlum ion (148). The ion at s
m/e .80 could arise in a similar m;;ner. The pyrldlne

ion at m/e 79 (C5H5N)- whlch affords the ion at m/e 51
(C4H3)- can arise either from the ion at m/e 80 by loss
of a hydrogen or from.the ‘ion at m/e 234 by expelling a
p- toluenesulfqnyl radical. The mass of all fragment ions

‘was con51stent with their accurate mass measurements.

0

deriuatives 147 which may-rearrange by a H-shift‘tOQform;"

. 87-

90

T T (148) -

5



i . -

4.0.0.0.0." SOME in vivo PHARMACOLOGICAL -

TESTING RESULTS

A series of selected N—carbonylam;po 1 2,5, 6 tetra-
hydrqpyrldlnes ll3and the,structurally related 3-pyr1dy1
carbonylhydra21ne derivatives 131 were subjected to

broad spectrum pharmacologlcal screeglng_whlch was carried

(213)

out under a "Screenlng Program for New Drug Type

Dlscoverles" under an agreement between Canadlan Patents

- C——

and Development lelted (CPDL) and Bio-Research Labora—
'torles Limlted. *A scheduleﬂdescr}blng the complete/
‘details of the primafy screening program ié‘includéd as
-an appendix at the end ef thepchapters. The pharﬁaco4
logical test results obtained are shown in Tableg9.
Compounds 113e, 113f, -113g, 113c and 13la were
found to be acpive analgesics while 131d exhibits slight'
analgesic and antidepressant activity. >Compbuads li3e,

1l3f,bll3g§ 113¢c and 113k all exhibit antilnflammatory

88
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actiVity. It is interesting‘to note‘tnat those compounds
which are active_antiinflammatory agents'all possess an
arometic ring (pyridine or phenyl),'end a N-carbonylamino-
1,2,5, G—tetrahydropyridyl moeity. Intcontrast,l3la’and

131d both of which have a 3- pyr1dy1 r1ng but possess a

‘N—carbonylamlnoplperldyl ot N—N—dlmethyl hydra21ne\

moeity lack.antiinflammatory?activxty. This observation
is significant since one can selectively synthesize
‘compounds which exhibit only analgesic acti#it; (131a

and 131d) orvthose exhibiting both analgesic and ant}— g
1nflammatory activity (113e, 113f, 113g and 113c)
slmllarly, it suggests ‘that the tetrahydropxrldlne
stucture may be an essentlal requlrement for the anti—
inflammatory acb&v1ty of these compounds.‘

A very unlque pharmacologlcal property is the
potent hyperglycemlc effect exhibited by ll3e, 113f,
113g and 1l13c, all of which contain an‘aromatic ring
(pyridyl or pnenyl)vand-an unsubstituted”N—carbonylamino-
1, 2a576-tetrahydrOPYridyl moiety. The hyperglycemic‘
act1v1ty of these compounds is esnec1ally important -

131nce it may be exp101ted for the: development of anorectic

agents ‘useful in welght control and/or welght loss in. '/‘

/,

addition to 1ts p0551ble use in the treatment of 1nsu11n '

" 1nduced hypoglycemla The observation that 113c exhlblts

a potent hyperglycemlc effect while 1131 is a sllghtly

T’actlve hypoglycemlc effect is 1nterest1ng Thls observa—

tion could 1nd1cate that the N-carbonylam1no-l,2,5,6-

—

(Y

90.‘
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.tetrahydropyrldlne ring mpst be unsubstituted for hyper-
glycemlc activity (compare also with 1133 and 113k) or.

_fhydroxypropyl substltuent present in .113i. e parent

that the reversal ln activity is in fact due to the
N

. pyridinium ylides 112e, 112f and 112g were devoxd of
act1v1ty except for a mild hypoglycemlc effect exhlblted
by 112f.' ThlS»laCk of act1v1ty is likely due to thelr‘
rapld rate of excretlon because of their hlgh water
solublllty. : - ' | o : R

In addition to -the compounds descrlbed in Table 9,
other related compounds have been prepared and submltted
for broad spectrum screenlng.r Compounds 135aﬂnnd 135b

fwere synthesized to determlne\the pharmacologlcal effect

resultlng from acyl substitution on the termanal hydraz1ne

i

structurally related monoamine oxidase inhibitor,
85

91,

iproniazide (149), "which acts asla central nerVOus . %\\

system stlmulant. Compounds 131b and 13lc were prepa ed”
SO that their actav1ty could be compared to that of the
- piperidine analog‘l3la It is reported that the ratio
of analge51c act1v1ty of the drugs phenadoxone (151)
and dlapanone (150) is 7/4. 85 Slmllarly,the drug
ethoheptaz;ne (152) is reported to be as active an
analgesic as meperidine (iBS) but has the advantage of
- being free of addiction iiability’and hauing a low

Y
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incidence of side effects. Thus testlng Bf

(élb and 131c should 1nd1cat$ whether the morphollne

ring; or *the homopiperidyl ring is isosteric with the
pipe‘Idyliring of 131a. |
| The' test results for 1132 (the N—oxlde derlvatlve

of 113g) may lndlcate whether ‘an’ increase in water N

_solubllltyvaffegts the analge51c,‘antllnflammatory and

_hyperlecemic activity of 113g. Compcﬁnés 123a, 123b,

L23c, 124 ‘and 125 in which the pyridyl group of tetra-

hydropyridines 9113 has been reduced to a dihydropyridine,

tetrahydropyridine or piperidyl moeity, were designed

to determine if the aromatic group of 113 is essential

for the pharmacologidal activities observed. The




/

o . . "

)prellmlnary pharmacologlcal test results of “the novel
.‘compound 141d in which the Nl-sulfonamlde nltrogen is
_‘part of a l,4- dlhydropyrldlne rlng system w1ll allow
comparlson with the/known Nl-substltuted derlvatlves
» already reported in the literature. ‘
The design, synthe51s and pharmacological evaluatlon
'rof N-carbonylamlwo-l i2,5,6- tetrahydropyrldlnes and the

>

related compounds des&rlbed prov1de the groundwork
f

for an exten51ve structure act1v1ty study to determine

‘the structural requlrements for optlmum analge51c,

antllnflammatory, hyperglycemlc, and hypoglycemlc ectivities.

¢
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5.0.0.0.0. EXPERIMENTAL
' : AN

” Melting points were determined with a BﬁchiAcapillary
apparatus and are‘nncorrected Nuclear magnetic re;on~
ance (nmr) spectra were determined using tetramethyls1lane
(TMS) as an 1nternal standard with a Varian A-60, EM—360A
or HA-100 spectrometer. Infrared (15) spectra were
recorded on a Unicam SP-1000 spectrometer. Mass spectra
were measured ' with an AEI-MS-9 or MS-50 mass spectro-
meter anc these'exact mass measurements are often used
'in lieu of‘elemental analysis. The following abbrevia-
~ .tions willpbe used throughont this section: br, broad;
d,.dOublet; m, multiplet; s, singlet; t, tripiet; Lit,

literature. o

5.1.0.0.0. Preparation of N-iminopyridinium ylides and
’ their 1,2,5,6—tetrahydropyridine reduction
=tescosrted Lo LI AAYOIOPYEIdINE Teduction

products

'5.1.1.0.0, Preparation of N-(2,4-dinitrophenyl)pyridinium

chloride (109a)

Py

General psocedure A

‘A mlxture’%f frifhly dlStllled pyridine (7.5 g, 95
-mmol) and 1- chloro~2 4-dinitrobenzene’ (15 g, 74.2 mmol) in

100 ml dry acetone was allowed to reflux for 15 hr.
Y

Removal of the solvent in vacuo afforded a residue which
AY ! .

was washed with 100 ml ether. Recrystallization from

95



Y

absolute ethanol gave N-(2 4-dinitrophenyl)pyridinium
chlorlde (109a) 18 %i g, 90.8%) as a yellowish white

crystalllne solid mp 191.5-193° (Lit mp.190-191°).%%

5.1.2;0.0. Preparation 6f N—benzenesulfonyllmlnopyrldlnlum

yllde (112a) from N-(2,4- dlnltrophenyl)pyrldlnr

ium Chlorlde (109a) and benzenesulfonyl hydra—

zine
zi1lle

General procedure B

To an ice-cooled solution of §-(2,4-dinitrophenyl)-
“pyridinium chloride (109a) (3.26 g, 11.6 mmol) in methanol
(30 ml) was added dropwise~beﬁzenesulfonylhydrazinei
(3.92 g, 22.8 mmol) in methanol (40 ml) and then tri-
ethylamine (0.9 ml)."fﬁe'reaction mixture was allowed
to stand at room temperature overnighr. The solid which
precipitated'was filtered off and washed in suecession
‘with 60 ml each of methanol, water, methanol and ether.
A suspen51on of the SOlld obtalned above in dloxane—water
(4:1 v/v) ﬂ&oo ml) was heated under reflux for 12 hr to
_afford a clear solution. The solution was removed in
vacuo below 55°, water was added to the residue and the
insoluble.material removed by filtration.. The fi*trate
was concentrated under reduced pressure to yield ﬁ—
benzenesulfonyl1m1nopyr1d1n1um jllde (112a). Chromato-
graphy on a neutral alumlna column 2. 5 X 26 cm using |

[

ether—methanol (1:1 v/v) (400 ml) as eluant affordéd

96.
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pure N-benzenesulfonyliminopyridinium ylide (112a) . \

(2.32 g. 85.6%), mp 150-152° (th mp 150-152°). 95

5.1.2.1.01' Sodium borohydride reduction of N-benzene-

sulfonylimihopyridinium ylide (l1l2a) to

N-benzenesﬁifonylamino—l,2,5,6—tetrahydro-
AN

pyridine (113a)

Generel prdbedure C

Y
N &

Sodium borohydride (100 mg) was added to a solution

of 95% ethanol (40 ml) pre-cooled to 0°. A solution of
N- benzenesulfonyllmlnopyrldlnlum ylide (llZa) (0.31 g,
1.32 mmol) in 95% ethanol (40 ml) was*added dropwxse
during 20 min. After stirring for 4 hr at 0° the reac-\
tion mixture was poured onto ctushed ice (150 m)) and .
allowed to come to room temperature.u Extractiaggwith
chloroform (4 X 75 ml), drying (sodium sulfate) and
removal of the solv nt in vacuoggave a yellow semi-solid
which was subjected to preparatlve t&c on four 20 x 20
cm silica gel GFP 254 plates, 0.5 mm in thlckness, with
benzene-ether (1:4 v/v) as the development solvent.
Extraction with warm methanol (50 ml) of the fraction
with‘Rf of 0.78 gave N-benzenesulfonylamino—l 2,5,6-
tetrahydrepyridipe (113a) (0. 123 g, 38 9%); ir (neat)
1330 and 1165 cm::l';cs_‘(_) ); nmr (CDc1 )i 6-8.13-7.42 (m,

5, Ph), 6.23 (s, 1, NH, exchanges with deuterlum ox1de),-

5.82-5.22 (m, 2, C3 H, C H), 3 32-2.95 (m, 2, C -H),

&

97.



. 98.
2230 [t(JS,G(' 5.5 Hz), 2, CG—H], 2.23-1.82 (m, 2, CS-H);
Anal. Calcd. for C11H14N20282 C, 55.44; H, 5.92; N,

11.75. Found: C, 55.44; H, 6.16; N, 11.81.

5.1.3.0.0. Preparation of N-methanesulfonyliminopyridinium °

&lide (112b) from the reaction 6f methane-

sulfonyl chldride, hydroxylamine-O-sulfonic

acid and pyridine

A solution of hydroxylamine-b—sulfonic acid (11.4 a,

101 mmol) in water (100 ml) was neutralized &ith a solu-

tion of potassium hydroxide (5.6 g) in water (20 ml) at

5°. This solution was added dropwise to pyridine (40.0
g, 506 mmol) at 70-80°. The soclution was maintained at
this temperature for a;other 30 min and potassium carbon-
ate (14.0 q) was aaded with cooling. ’The-sol§ent Qaé
removed in vacuo.below 40°,, the residue dissolved in 95%.ﬁ
ethénbl (306 ﬁl) and thé insoluble inorganic salts
filtered off. .Potassium-garbonate (20.0 g) was added to
the fiitr&té. After. one hr methanesulfonyl chloride
(11.6 g, 101l mmol) was added and the. solution stirred at
25° fqr 12 hr. Filtration and then remgtzl of the
solvent from the filtrate in vacuo affe;ded a residue
which was cpromatographed,dn a 2.5 x 26 cm neutral
glumina columg;§ Elution with cplzroform (1750 ml) g;ve
N—methaneSulanyiiminopyridinium ylide’(112b) which on

: (
recrystallization from absolute ethanol-ethyl acetate



) .

(1:1 v/v) yielded (0.598 g, 3.5%), mp 171-173° (Lit mp

177-178°).

25
\

5.1.3.1.0. Sodium borohydride reduction of N-methane-

sulfonylim}nopyfidiﬁium ylide (112b) to

N-methanesulfonylamino~1,2,5,6-tetrahydro-

pyridine (113b) o
\

A solution of N-methanesulfonyllmrhopyridlnxum yllde

(112b) (0.21 g, 1.22 mmol) in- 95% ethanol (30 ml) was

added to a pre-cooled solution of sodium borohydride

(0.2'g) in 95% ethanol (40 mif and the reaction was

completed as described under érocedure C. The reaction

product wa's subjected to preparaﬁiﬁe tlc on four 20 x 20

. cm silica gel GF 254 plates, 0.5 mm in thickness, with

benzene-ether (l:4 v/v) as development solvent. Extrac-

tion with warm methanol (50 ml) of the fraction having

hydropyrldlne (113Db) (0.14L g, 65.0%), mp,68ﬁ70°; ir R

f

" (chloroform): 1330, 1165.cm

of 0.59 afforded N—methanesulfonylamlno-l 2,5,6- tetra-

-1 (S0,); nmr (éDClB): § 6.0

! . -
(s, 1, NH, exchanges with deuterium oxide), 5.61 (m, 2,

C

3

- P
"H, C4—H)' 3-52—3-“25 (m,/z, CZ-H)' 3-0 [t(JS’G = 6.0 HZ),

2, C AH],'3.0 (S, 3, -CHy), 2.47-2.02 (m, 2, Cq-H); Mass

Calcd. for C H,.N.O

N2

6H12N20, " ?. 176.0620. Foun? 176.0621.

99.
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5.1.4.0.0, Preparation of N-benzenecarbonyliminopyridinium
ylidc (1l2c) from N-(2,4~dinitrophenyl)pyridinium

i
Gt

chloride (109c) and benxoylhydrazinc

-

To an ice-coalad solution of N-(2,4—dinitropheny1)*

#

pyridinium chloride (109¢) (6.52 g, 23.16 mmol) in methanol
(60 ml) was added dropwise benzoylhydrazine (6.20 g,

45.6 mmol) in methanol (40 ml) and then triethylamine

(1.8 ml). The reaction was completed as described pnder
procedure B. The reaction product was purified on'a

2.5 x 26”cm neutral aluhina column. Elution with ether-

methanol (5:1 v/v) (400 ml) gave N—benzeneéarbonylimino—

pyridinium ylide (1l2c) (2.097 g, 45.7%) as a yellowish

crystalline solid, mp 176-178°. (Lit mp 177-180°) .13

5.1.4.1.0. Sodium borohydride reduction of N-benzene-

carbonyliminopyridinium ylide (112c) to

N-benzenecarbonylamino-1,2,5,6-tetrahydro-

pyridine (113c) o

A solution.of N-benzenecarbonyliminopyridinium
ylide (112c) (1.43 g, 7.23 mmol) in 95% ethanol (80 ml)
was added to a solution of sodiu@ borohydrlde (0.4 q)
in 95% ethanol (40 ml) pre-cooled to 0° and the reaction
was completed‘és described under procedure é. The
reaction prqduct was purified on a 2.5 x 26 cm neutral

alumina column. Elution wifh ether—meéhanoli(S:l v/v)



(250 ml) afforded'N-benzenecarbonylamihb-l,2,5;6— tga? ‘ .

hyd opyrldlne (ll3c) (1.25 g, 85.5%), mp 137-139°; ir

(chloroform) 3440, 3350'(NH).and 1675 cm™1 (CO); nmr

(CDC13): 8 9.93 (s, 1 NH, exchangés with deuterium

:

oxide), 7.9-7.0 (m, 5 Ph), 5.87-5.32 (m, 2, C3-H, C,~H),
3.62-3.25 (m, 2, C ,-H), 2.99 [t(JS g = 6 Hz), 2, Cc-HI,
.. 2 39-2.0 (m, 2, Cg H), Mass calcd. for C, H,,N,0: 202.1106.

12 14 2

&

Fpund. 202.1095

5.1.5.0.0.. Preparatlon\of N—methanecarbonyl1m1nopx;1d1n1um

+

X;;de (1124) krom N- amlnopyrldlnlum iodide and

acetic anhxdflde
/

A solution of 0.74 g of N—aminopyridinium iodide96 i

in aceti¢ anhydride (20 ml) was alloweé to:stand at room
tempe:atu;e/fqr 48 hr.éfter which it was poured ihto
‘distilledzwaﬁer“(ZO ml) in a éeparatory-funnel. The
.§olutionnwas made alkaline with sédium hydroxide (ZQ%),
éxtfaéted‘with chloroférm (200 ml) aﬁd dried (sbdium |
‘sulfate). Removal. of the solvent in vacuo: afforﬁ%d pure

' N—methanecarbonyl1m1nopyr1d1n1um yllde (112d) (0.156" g,

34.4%), mp 167-169°. (Lit mp 168°).39797

5.1.5.1.0. Sodium borohyd}ide reddCtion of N—methané—

° carbonyllmlnopjrldlnlum yllde (112d) to

' N-methanecarbonylamlno l 2 5, 6 -tetrahydro-

~

; pyridine (1138)
? S

.A solution of N4methanécarbonyliﬁinopyridinium ylide

(1124d) (0.144 g; 1.06.-mmol) in 95% éthanol (30 ml) was
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added toié solution of sodium borohydride (0.1 g) in

95% etha 1 (40 ml) pre—cooledvtoA0° and\the reaction
was;completed as described under procédure C. The reac- |,
tion prodgcﬁ wds subjected to preparative tlc on four
20 x 20 cm silica éeidGF 254 plateé, O;S.mm in thickness,

‘using ether as the.development 301vent. Extractiodg

with warm methanol (50 ml) of the fractlon hav1ng R, of

£
0.29 afforded é-methanecarbonylamlno 1,2,5,; 6- tetrahydro—
pyridine (113d) (0.057 g, 38.4%), mp 86-88% ir (chloro-
form): 3430-3300 (-NH-) and 1665 cm * (CO); nmr (cDC1 ) :
§ 7.28 (s, 1, NH, exchanges.with deuterium oXide),"
5.65 (m, 2, Cg
5,6 = 5-5Hz), 2, Cc-H], 2.5-1.83 (m, 2, Cc-H), 2.11 .

~H, C,~H), 3.5-3.1 (m, 2, C,-H), 2.98
[t(J

(s, 3, CH,); Mass ‘calcd. for C7H12N20. -140.0948.
Found:  140.0950.

5.1.6.0.0. Preparation of N-(4-pyridylcarbonylimino)-

pyridinium ylide (112e) from N-(2,4-dinitro-.

" phenyl)pyridinium chloride‘(109e) and

isonicotinic acid hydrazide

.To an,ice cooled solution of N-(2,4-dinitrophenyl)-
pyridinium chloride (109e) (6. 52 g, 23.16 mmol) in
methanol (20 ml) was added a suspension of 1sonlcot1n1c
ac1d~hydra21de (6.2 g, 45.26 mmql) in methanol (60 ml)
in five aliquotsvwith stirring. Triethylamine.(l.B ml)

was then added and the reaction was completed with

)
4



continuous stifring‘és described under procedure B. The
reéétion pioduct was peéified on a 2.5 x 26 cm‘neutral
alumina column.” Eiu£i°“ with ether-methanol (551 v/Vv)
(625 ml) gave'N—(4—pyridyiearbony%imino)pyridinium ylide
(112e) (2.3 g, 50.0%), @p 219—221°;_ir-(KBr): 1580-1570

nm 1 (CO); nmr (deuterium oxide): & 8.83-8.33 [m, 4,

~C2-H C6 H (pyrldlne), Cz -H, C6 H (pyrldlnlum)], 8. 33 -7.71

[m\l 5[ C3 H, C

Mass Calcd. for C11H9N3O' 199.0746. Found: 199.0747.

5.1.6.1.0. Sodium bofohydride reduction of N-(4-pyridyl-

carbonylimino)pyridinium ylide (112e) to

pyridine.(113e) : .' _ .

IS i

A_éolufion of N—(4—pyridylcarbcnylimino)pyridinium
ylide (112e) (2.14 g, 10.7 mmol) in 95% ethanol (30 ml)

was added'dropWise to a solution of sodium borohydride
< \

(0.7 g) _jpgds® ethanol (60 ml) pre-cooled to 0° and the
reaction completed as deécfibed under procedure C. The
reaction product was then purified on a 2.5 x 25 cm

'neutral alumina column. Elutlon with ether methanol

(5:1 v/v) (500 ml) gave N-(4 pyrldylcarbonylamlno) -1,2,5,6-

tetrahydropyrldlne (113e) (2.0 g, 83.6%), mp~l4l-l44°;

ir (KBr): 3240 (-NH-) ahd 1650 cm ' (CO); nmr (CDCl,):
§ 8.93 (S, 1, NH, exchanges with deuterium oxide), 8.66

[m, 2, C%—H, CG—H (pyrldlne)l, 7.67 [m, 2, C3-H, CS—H

N—(4—pyridy1carbonyiamino)—1,2}5;6-tetrahydro—

"103.

5 -H (pyrldlne), C3 -H, C4 H, C5—H (pyrldlnlum)],’
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(pyridine)], 5.62 [m, 2, c§-ﬂ- c,~H (tetrahydropyridine)],
3.65-3.22 [m, 2, C2 H (tetréhydropyrldlne)], 3.07
[t (J

=5,5Hz), 2, C.-H (tetrahydropyrldlne)], 2.48- 2 0

5,6 6
[m, 2, C5—H (tetrahydropyrldrne)], Mass Calc. for

C11H13N3O . 203.1059. .Found: 203.;056.

5.1.7.0.0. Preparation of N-(3-pyridylcarbonylimino)-
. \ ,

ipyridinium ylide (llZf)‘from.N—(2,4—dinitro—_

‘phenyl)pyridinium chloride (109f) and K

nicotinic acid hydrazide

To an ice-cooled solutioﬁ;of N-(2,4-dinitrophenyl) -
pyridinium chloride (loéf)‘(3.26 g, 11.58 mmol) in
methanol (20 m1) was added a suspension of nicotinic
acid hydrazide (3.1 g, 22.63 mmol) in methanol (60 ml)."

‘ in five aiiquots withestirring; Triethylamine (0.9 ml)(
was then edaed and the reaction completed with continuous
stirring as‘descrlbed under procedure B The reaction
product. was then purified by elution from a 2 5 x 25 cm
neutral alumina column using etherfmethanolq(G.l v/v)
(250 ml) to afford N-(3—pyridyl¢arbonylimin¢)pyridinium

ylide (112f) (1.06 g, 46.2%), mp 167-169°; ir (chloro-

form): 1600-1560 cm™ T (CO); nmr (CDCly): & 8.90
[d(J2 4= . { of‘d (J2,6 = lsz), 1, C,-H (pyridine)],

(pyridinium)], 8.18-7.0 [m, 4, Cg-H (pyridine),‘CB—H,
C4—H, C5—H (pyrrdlnlum)]; Mass Calcd. for C11H9N3O
199.0746. Found: 199.0750.



105.

' 5.1.7.1.0." Sodium borohydride reduction of N- (3-pyridyl- -

carbonylimino)pyridinium ylide (112f) to

N- (3-pyridylcarbonylamino)-1,2;5; 6-tetra-

hydropyridine (113f)

. ' . L :
A solution of N-(3-pyridylcarbonylimino)pyridinium
ylide (112f) (1.75 g, 8.8. mmolf in 95% ethanol (30'mlf

was added dropW1se to a solution of sodlum borohydride

q

(0.6 g) 1n 95% ethanol (40 ml) pre-cooled to 0° and the
reactlon was completed as descrlbed under procedure cC.

- The regction product was then purified by elution from>

| : , _ o

a 2.5 x 25 cm neutral alumina column using ether-methanol
(631 v/v) (300 ml) to give N—(3-pyridylcarbonylamino—
1,2,5,6~tetrahydropyridine (113f) (1.43 g, 80.0%), mp

119-121°; ir (chloroform):. 3480, 3440, 3345, 3290 (-NH-)

~and 1680, 1660 cm © (CO); nmr (CDCl,): 6 8.99 [d(J2 1=

2 Hz), 1, CZ—H (pyridine)], 8.87 (s, 1, NH, exchanges

5,6 = 5 Hz) - of 4 (J = AR

with deuterium oxide), 8.6 [d(J 4.6

. . - r
2 Hz), 1, C,-H (pyridine)], 8.14 [d(J4 5 =.8 Hz) of °
d(.:r.4 6 = 2 Hz), 1 C4—H (pyrldlne)],»7 28 [d(J4 5 = 8Hz)
of d(J5 6 = SHz), 1, Cg-H (pledlne)],'s 6 [m, 2, C;-H,

C;—H (tetrahydropyrldlne;% 3.63-3.28 [m, .2, C2—H (tetra-
hydropyrldlne)], 3.07 [t(J5 6 = 5 Hz) , C -H (tetrahydro—
: pyr;dlne)]r:z .41- 270 [m, 2,_CS~H (tetrahydrgpyrldlne)],

Mass Calcd. for C 203. 1o§?r Found: 203.1062.

11H13N30:
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5.1.8.0.0. preparation of N-(2-pyridylcarbonylimino)=

'pyrldlnlumgyllde (112g) from N- (2, 4 dinitro-

: phenyllpyrldlnlum chlorlde (lO9g) and

picolinic acid hydra21de

g{ To an ice cooled solutlon of N-(2, 4.d1n1trophenyl)-“ (
pyrldlnlum chlorlde (109g) (5.43 g, 19.29 mmol) in

methanol (30 ml) was added a suspension of picolinic

acid hydrazide (5.68 g, 4l,4lmmol) in methanol (60 ml)
in five aliquots with stirring. Trlethylamlne (1. 8 ml) R
- was then added and the reactlon completed with contlnu—
'ous stlrrlng as descrlbed under procedure B. Thev

Product was then purified by elution from a 2.5 x 25 cm
neutral alumlna column uS1ng ether—methanol (5:1 v/v)

(600 ml) to afford N-(2- pyrldylcarbonyllmlno)pyrldlnlum
yllde (1129) (2.1 g, 54. 7%), mp 178-181°; ir (chloro-

-1

form): 1583, 1562 cm (CO); nmr (CDCl3): § 9.03-8.37

[m,'3,.CG—H (pyridine),'Cé—H; C6<H (pyridinium)],
| 37H, Cy-H,
'C.-H (pyridinium)]; Mass Calcd. for C;1HgN;O:  199.0746.

Found: 199.0747. | . | : \\>

5.1.8.1.0. Sodlum borohydrlde reductlon of N-(2- pyrldyl-

8.33-7.13 [m, 6, Cy=H, C,~H, C.~H (pyridine), C

‘carbonyllmlno)pyrldlnlum vlide - (112g) to

N- (2- pyrldylcarbonylam}no) 1,2, 5 6 tetra—

deropyrldlne (ll3g)
- : \

A solution of N—(2 pyrldylcarbonyllmlno)pyrldlndum

ylide (llZg) (0.21 I, 1.04 mmol) in 95% ethanol (30 ml)



was added dropwise to a qolution of”sodium bofohydride
(0.3 g) in 95% ethanol (30 ml) pre;cooled to 0° and the
rea;tion was completed as deeoribed under procedure C.
The reactlon product was then subjected to pregaratlve
tlc u51ng four 20 x 20 cm silica gel GF 254 plates,.
0.5 mm in thlckness,.w1tﬁ%ﬂenzene—ether (1:4 v/v) as
development solvent. Extractlon w1th warm methanol

(50 ml) of the fraction hav1ng Rf 0. 65 afforded N—(2—
pyrldylcarbonylamlno)l 2, 5 6 tetrahydropyrldlne (113qg)
(0.166.9g, 78. 2%), mp 82- 83°, ir (chloroform): 3440,

. 3400, 3320 (-NH-) and 1680 1675 cm™ L
§ 8.9 (s, 1, NH, exchanges with-deuterium;oxide),

8.45 a -H

6
= 1°Hz),

5, 6'= 5 Hz) of d(J4 6 = 2.Hz), 1, C

(pyridine}], 8.15,[d(J, 4'- 755 Hz) of A(J:

7

3, 5
1, Cy-H (pyridine)]}, 7:78 [d(J3 4 = J4 5 = 7. 5 Hz) of

d(J4 6‘7 2Hz), 1, C4—H (pyridine)], 7.36 [d(J4 5=

of a(g = 5Hz) of d(J

5,6 3,5
5.7 [m, 2, Cs3- H, Cy-H (tetrahydropyrldlne)], 3 7-3.3

[m; 2, CZ—H (tetrahydropyrldlne)], 3.11 [t(J5 6. =

2, C6—H (tetrahydropyrldlne)], 2. 52 2. 02 [m, 2, C.~H

5

(tetrahydropyrldlne)], Mass Calcd For C11H13N30

203.1059. PFound: 203.1056

i
/ - /
!

(CO); nmr (CDC1,):

- 1 Hz), 1, Co-H (pyrldine)];

5.5 Hz),_

107.
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' 5.1.9.0.0. Preparation of N—(pheqz}ethxlimino)pxgidinium

ylide (112h) from N- (2, 4—dinitrophenyl)—

Qxxldlnlum chlorlde (109h) and phe_yl thyl-

hxdraz1ne |

| To an ice- cooled solution of N~(2 4- dlnltrophenyl)—
ﬁpyrldlnlum ¢chloride (109h) (3.26 g, 11.58 mmol) in ‘
methanol (20 ml) was added a solution of‘phenylethyi—
hydrazine t3.1 g, 22.79 mmeﬁ),in methanol (100 ml) with
stirring. friethyiamine (0.9 ml) was then added and the
reactlon completed with continuous stlrrlng as descrlbed_;
under procedure B. The reaction product was then purlf-
lled;by elution from a 2.5.x 25 cm neutral alumina column.
using ether-methanol (1:1 v/v) (325 ml) to gioe
N-(phenylethylimino)pyridinium ylide (112h) (0.8l g,

2,3

J5 ¢ = 6 Hz) of d(J2 4= J4,6 = 1.5 Hz), 2, C,-H, Ce=H

(pyrldldlum)], 8.3-7.7 [m, 3, C,=H, C,-H, Cy-H (pyridinium)],

/35.3%) as a reddish oil; nmr (CDCly): 6 922 [d(7, , =

7.11 (m/ 5, Ph), 3.55 (m, 2, -N- “CH,), 3.04 (m, 2, Ph=CH,)) ;

Mass: Calcd for C13H14N2 198.1167.° Found: 198.1156.

S.iygﬁl.o.\ Sodium borohydride reduction -of Né(phenylethYl—

/ . imino)pyridinium ylide . (ll2h) to.- N—(phenylethyl

y
.

amlno) -1,2,5,6- tetrahydropyrldlne (113h)

A solution of N—(phenylethyllmlno)pyrldlnlum yllde

(112h) (0.16 g, 0.81 mmol) in 95% ethanol (30 ml) was

added to a solutlon of sodlum borohydride (0.06 g) in 95%

<



ethanol (30 ml) pre-cooled to 0° and the reaction was

' completed as described under procedure C. The reaction

3

product was then ~subjected to‘preparative tlc on four
20 x 20 cm silica gel GF 254 Plates, 0.5 mm in thickness,

using benzene-ether (2:3 v/v) as dévelopment sol?ent.

. Extract on with wérm'methanol (50 ml) of the(fraction

gt

having Re\of 0.51 afforded N- (phenylethylinino)-1,2, 5, 6-

. tetrahydropyrldine (ll3h) (0.081" g, 48 7%) as a very

 3.28- 2.50 bomplex m, 8, -CcH

. (m, 2, Ce-H) .

“Low meltlng solid; ir (neat): 3350 cm -1 (-NHy) ; nmr

(CDCl;): 6 7.16 (m, 5, Ph), 5.6 (m, 2, C3-H, C,-H),

—-CH.. -

2. ‘2 ’ -%H' CG—H)’ 2.2

5.1.10.0.0. Preparatlon of N~ benzenecarbonyllmlﬁo—3(3 -

gydrq_ypropyl)pyrldlnlum yllde (112i) from

N-(2, 4-d1n1trophenyl) 3~ (3 -hydroxypropz})-

Pyridinium chloride (109i)6, and Benzoyl- -

hzdrazine
. To an ice cooled solution of N-(2,¢1dinitrbphényl)—
3—(—31-hydroxypropyl)pyridiniuﬁ chloride (1091) (4.5 g,

13.25 mmol) in methanol (30 ml) was added dropw1se
benzoylhydra21ne (3. 55 g, 26.1 mmol) in methanol (60 ml)
with stlrrlng. Trlethylamlne (1.8 ml) was then added
‘and the reactlon wasABanleted with continuous stirring
as descrlbed under procedure B'. The reaction product

"

was then purlfled on a 2. 5 X 22 cm neutral alumina



110.
column. Elution with ether-methanoi‘(s:l v/v) (§50 ml)
yielded N—ben?enecafbonylimino—3—(31~hydroxypropy1)—
pyridinium ylide (112i) (2.69 g, 70.0%); ir (neat):

3280-3320 (OH), 1595 cm © (CO); nmr (cbCly): & 8.57-8.30

-H, C_-H (pyridinium)],.8.27-7.87 [m, 2, ortho-

2 6
phenylhydrogens)], 7.74-7.18 [complex m, 5, C4~H, C5—H

{m, 2,‘C

(pyridinium), meta and para-phenyi hydrogens ], 4.32 (S,
1, OH, exchanges with deuterium oxide), 3.46 [t(J = 6Hz),

-CH,-OH], 2.72'[t(J = 7.5 Hz), 2, -CH

21 , -CHZ_CHz 2 2 2—
CHZ—OH], 2.0-1.43 (m, 2, —CHZ-ng—CHZ—OH);-Mass Calcd.
for C15H16N202 %56.1212. Found: 256.1217.

'5.1.10.1.0. Sodium borohydride reduction of N-benzene-

carbonylimino—B—(3l—hydroxypropyl)pyridinium

ylide (112i) to N-benzenecarbonylamino-3-

(31—hydroxypropyl)—l,2,5,6—tetrahydropyridine

(1131i)

A solution of N- benzénecarbénYlimino 3~(31—hyafoxy—
propyl)pyrldlnlum ylldgﬂdllZl) (0.275 g, 1. Q\ mmol) in
95% eE&anol (30 ml) was added dropw1se to a solutlon of sodium
bb:ohydride (0.8 g) in 95% ethanol (40 ml) pre—cooled to
0°. The ré;ction was allowed to prdceed foﬁ 10 hr and
completed as described under prdcédure C. The reactibn
product was then purlfled by elution from a 2.5 x 22 cm 4
neutral alumlna column using ether—methanol (6:1 v/v)

(125 ml) to give N-benzenecarbonylamino—3—(3 -hydroxy-

propyl)—l,2)5,6—tetrahydropyri§ine (113i) (0.147 g,

/



52.6%), mp 156-159°; ir (KBr): 3360-3280 (OH), 3200

1 Co L

(-NH-), 1655-1640 cm ~ (CO); nmr (DMSO-d): 6§ 9.6 (s,

1, NH, exchanges with deuterium oxide), 8.08—7.70 (m, .
2, ortho-phenyl hydrogeng), 7.70~7.39 (m, 3,'metq and
para-phenyl hydrogens), 5.73-5.30 [m, 1;<C4-H (tetréhydro—

pyridine)], 4.48 (s, 1, OH, ethanges with deuterium

°

oxide), 3.66~-3.21 [complex m, 4,_C2-H (tetrahydropyridine),

= 6 Hz), 2, C_-H (tetra-

~CH,=CH,-CH,~OH], 3.0 [t(J 6

5,6

hydfopyridine)], 2.45-1.67 [complex m, 4," C_-H (tetra—.]

5

hydropyridine), -CH,-CH —CH24OH], 1.67-1.20 (m, 2,

2

~-0OH); Mass Calcd. for C

~CH,=CH,~-CH 15320N292: 260.1525.

2 2 2
Found: 260.1530.

5.1.11.0.0. ‘Preparation of N- (4-pyridyfcarbonylimino)-

V 3—(31-hYdroxypropyl)PYridgﬂinm ylide (1123)

¥ from N-(2,4-dinitrophenyl) -3~ (31-hydroxy-

E;opyl)pyridihium chloride (109j)6l and

- isonicotinic acid hydrazide

-

To an ice cooled solution of N-(2;4Fdinitrophenyl)—.
3-(31—hydroxypr0pyl)pyridiniUm chloride (109j)6l'(5.22 g,
1 15.36 mmol) in'methanol (40 ml) was added a suspénsion
of isonicotinic acid hydrazide (4.21 g, 30{0'mmol)”ih‘
,‘methanoi (Soyml)'in;five aliquots with stirring. Tri-
.ethylamine (1.8 ml) was then added and theureaction
.completed as described hnder prbcedure B. The reaction

product was then purified by elution from a 2.5 x 21 cm
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neutral alumina column using ether-methanol (5:1 v/v)
(500 ml) to gi&e N—(4-pyr;dylcarbonylimino)—3*(31—hYdroxy—

propyl)pyridinium ylide (112j) (1.91 g, 48.3%), mp 111-

1

113°; ir (KBr): 3260-3240 (OH) and 1590 cm (CO)}

nmr (DMSO—dG): § 8.98-8.52 [complex m, 4, C.-H, C.-H

2 6
(pyridinium), C,-H, d%—H (pyridine)], 8.30-7.71 [complex

m, 4, C,~H, Cs-H (pfridinium),;CB-H, Cg-H (pyridine)l,

4.69 (S, 1, -OH, exchanges with deuterium oxide), 3.52

[t(3 = 7 Hz), 2, -CH,~CH,-CH,-OH], 2.88 [t(J = 7 Hz),

2, —CH,~CH,-CH,~OH], 2.18-1:50 (m, 2, =CH,~CH,-CH,-OH); :

Mass Calcd. for C14H15N302 257.1164. found: 257.1169.

5.1.11.1.0.'Sodium borohydride reductieh\of N- (4-pyridyl-

carbbqylimino)-B—(31?hyd£oxypro§§l)pyridinium

ylide (1123j) “to N- (4-pyridylcarbonylamnino)-3-

(31—hydrdxyp:opyl)—l,2,5,6—tetrahydropyridine
) ' .

¥

(1133)

A soiution of N—(4fpyridylcarbonylimino)-3—(31-
hydroxypropyl)pyridinium ylide (1123j) (1.72 g, 6;68 mmo1l)
1n 95% ‘ethanol (40 ml) was added drOpw1se top a solution
of sodium borohydrlde (0.5 g) in 95% ethano (66 ml)
pre-cooled to O° and  the reactlon was compl ted as
described under procedure C. The reaction product was
then purified by elution from a 2.5 x 20 cm neutral
alumina«column using ether-methanol (5:1 v/v) (450 m15

to afford N—(4—pyridylcarbonylamino)—3—(3l—hydroxypropyl)- i
. - ;://



1,2,5,6-tetrahydropyridine (1133) (1.31 g, 74.9%), mp

142~144°; ir (KBr): 3300-3260 (-~OH), 3220 (~-NH-),

-1

1660, 1640 cm — (CO); nmr (DMSO-d § 9.90 (S, 1, NH,

6

exchanges with deuterium Oxide), 8.80 [d(J2 3 5.6
’

5 Hz), 2, CzﬁH, Cs-g (pyridine)], 7.80 [d(Jz'3 = J5,6 =

"H' C

= J s

'5 Hz) of d(Jy g =8, o = 1.5 Hz), 2, C -H
[4 ’

3 5
(pyridine)l, 5.88-5.28 [m, 1, C4-H.(tetrahydropyridine)],
©4.48 (8, 1, OH, exchanges with deuterium oxide), 3.72-

2 CHy-

= 6 Hz){ 2, C6-H (tetrahydropyridine)],

“3.21 [complex m, 4, C2-H (tetrahydropyridine), ~-CH

CHy-OH], 3.0 [t(Ig ¢

2.46—1.70 [complex m, 4, CS—H (tetrahydropyridipe),

~CH,-CH,~CH,-OH], 1.70-1.22 [m, 2, -CH,-CH,-CH,-OH];

2

Mass Calcd. for C 02: 261.1477. Found: 261.1483.

14 19

5.1.12.0.0. Prgparation of'N—(4fpyridxlcérbpnylimino)—4—

(31-deroxypropyl)pyridinium ylide (112k).from

, N-(2,4-dinitrophenyl)—4—(3l-hydroxypropyl)+

pyridinium chloride (109k)6'l and isonicotinic

acid hydrazide

\
y

+To an ice- cooled solution of/N-(Z 4—d1n1trophenyl)—
4~ (3 —hydroxypropyl)pyrldlnlum chlorlde (109k) (5 0 g,
'14 73 mmol) in methanol (40 ml) was added a suspension
of 1son1cot1n1c acid hydrazide (4.04 g,'29.4l mmol) in
methanol (60 ml) in five aliquots.with‘stirfing. Tri- -
ethylamine (1.8 ml) was then added and the reaction

completed with continuous stirring as described under

113,



procedure B. The reaction product was then purified by
elution from a 2.5 x 20 cm neutral alumina column using
ather-methanol (5:1 v/v) (500 ml) to givt N-(4-pyridyl-
CQrbonylimino)-4-(31-hydroxypr0pyl)pyridinium ylide

(112k) (1.70 g, 44.8%), mp 160-162°; ir (KBr): 3240-3220

1

(=OH), 1630 cm = (CO); nmr (DMSO-d(): & 8.90-8.60

~ o
[complex m, 4, C,~H, C_.~H (PYridinium)flC ~-H, C_~H
2 76 2 6

(pyridine)], 8.10-7.73 [complex m, 4, C3-H, C.~H (pyridin-

5
ium), Cy-H, Cc-H (pyridine)], 4.73 (S, 1, -OH, exchanges

2~ CHy-

-OH]' 2-16—

with deuterium oxide), 3.50 [t(J = 7 Hz), 2, -CH
CH,-OH], 2.92 [t(J = 7 Hz), 2, -CH,-CH,-CH,

-0OH); Mass Calcd. for C14H15N302:

2

1.55 (m, 2, -CH,-CH,~CH,

257.1164. Found: 257.1161.

5.1.12.1.0. Sodium borohydride reduction of N-(4-pyridyl-

carbonylimino)—4-(3l—hydroxypropyl)pxridinium

ylide (112k) to N-(4-pyridylcarbonylamino)-4-

(31—hydroxxpropyl)—l,2,5,6—tetrahydropyridine

(113k)§
A solution of N—(4~py:idy1carbonylimino)—4—(31-
hydroxypropyl)pf%idinium ylide (112k) (0.65 g, 2.53 mmol)
in 95% ;thanol (30 ml) was added dropwise to a solution
of sodium borohydride (0.2 g) in 95% ethanol (40 ml)
pfé—cooled to 0° and the reacfion completed as described
under procedure C. The reaction-prodﬁct was purified

by elution from & 2.5 x 21 cm neutral alumina column

114.



uSiﬁg e£her—méthanol (5:1 Q/v)€§75 ml) to afford N-(4- -
§yridy1carbony1amino)—4—(314hydr;xypropy1)-i,2,5,6—
tetnahydropyridine (113k) (0. 44\‘ 66.7%), mp 167- 169°;

ir (KBr) '3290-3270 (-OH), 3200 (~NH-), 1660, 1640 emt
(CO), nmr (DMSO dg): 9.93 (S, 1, NH, exchange with

6 Hz), 2, c,~H,

= 6 Hz), of 4 (J2 6 =

deuterium oxlde), 8 78 [d(J = J
. 3 5,6

2,3 = 5,6
1.5 Hz), 2, C3-H, C,~H (pyridine)]l, 5.36 [m, 1,

| Cé—H (Pyrldlne)], 7.74 [d(J
3,5‘?

 C4~H (tetrahydropyridine)], 4.44 [t(J = S5Hz), 1, -OH,
exdhahges withfdeuterium oxide],‘3‘64—3 17 [complex m;
-CH,-CH

2 2 -7=2
[t(J5 6 = 6 Hz), 2, C6—H (tetrahydropyrldlne)], 2. 32—

4, Cz-H (tetrahydropyrldlne),v CH OH], 3.0

C1.76 [complex m, 4, CS-H (tetrahydropyrldlne),‘—C§2—CH2-
CHZ-OH], iﬁ7s~1.20'1m, 2, eCHz—ngFCHz—OH);AMaés-Calcd.

for C 261.1477. 'Found: 261.1468.

14H19N30;,¢
4

5.1.13.0.0. Preparation of picbiinic acid‘hydrazide—l-

lede (122) from 2-methoxycarbonylpyr1d1ne-

1= ox1d§65 and hydra21ne hydrate

To. 2;methOXycarb6nylpyridine—l-okide 5 2. lO g,
13 74 mmol) in methanol (40 ml) was added dropw1se a
solutlon of hydra21ne monohydrate (0 587 g, 13 74 mmo 1)
in methanol (30 ml). The reaction was malntalned at
607 for 1.5 hr with stlrrlng.VrRemoval of.the solven;”l
"in_vacuo:and :ecrystalliZatioh»oflthe fesidué from
‘ ;bsolute ethahdl éfforded picolinic acid hydrazide-l-oxide

~



(3
3
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e

Eﬂ“ E | ‘

"k122)las a white solid, (2.002 g,'95.2%); mp 146-148°;

ir (KBr): 3320 (-NH-), 3180, 3160 (-KHy), 1660 (CO),

1250 em™} ( N-3); nmr (DMSO-d¢): 6 12.12 (s, 1, NH, 9
exchanges with deuterium oxide), 8.7-8.13. (m, 2, CeH:
Cy~H), 7.86-7.43 (m, 2, C4-H, C.-H), 5.0 (s, 2, -NH,,
exchange with deuterium oxide); Mass Calcd for C6H7N3O2
153.0538. Found: 153.0535. o o Q\\//

-5.1.13.1,0. Preparation of N-(2-pyridylcarbonylimino~1-

A oxide)pyridinium ylide (1122) from N-(2,4-

B i .
dinitrophenyl)pyridinium chloride (109% and

. picolinic acidihydrazide—l-oxide (122)65

To ahaice—codled solution,of N-(2,4—dinitrophenyli—'

pyridinium chloride (1092) (1.82 g, 6.48 mmol) in methanol

™

(30 mi) was added a suspension of picolinic acid hydra-

zide-1-oxide (122)%° (1.98 g, 12.95 mmol) in methanol

(40 ml) ih five allqupts Wlth stirring. Triethylamine

(0.9 ml) wa;‘%hen.added and the reaction completed with .

-

continuous stirring as described under procedure B. The
reaction product was ‘purified by elution from a 2.5 x 21
cm neutral alumiha column‘using-ethér—methanol’(l~4 v/v) ¢
(250 ml) to yield a brownlsh SOlld which on recrystalllza—

tion from acetone afforded N- (2-pyridylcarbonylimino-1-~

’ c§1de)Pyridinium ylide (1122)'(0.295 g, 21.2%), mp 201-

o v o+
204°; iy (KBr): 1590,.1570 (CO) and 1250 Cmv»l (Nfo_)7

nmr (DMSO—dG): 8.90 - [d(J = J_ = 7 Hz) of

2,3 5,6
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: d(J2 4 = J4 6 = 2 Hz),_?, C,~H, C-H (pyridinium imine)],

8. 35 fm, 1, C6—H (pyridinium ox1de), 8.28-7.85 [complex

m, 3, C5~H, C4—H (pyridinium oxide), C,-H (pyridinium

4
~imine)l, 7. 70—7.30“[complex m, 3, CgH (pyrid¥nium oxide),

<

C3- H, C5 H (pyrldlnlum imine)]; Mass calcd. for C11H9N3O2

215.0695. Found: 215.0697.

5.1.13.1.1. Sodium borohydride reduction of N-(2-pyridyl-

carbonylimino-l-oxide)pyridinium ylide (112%)

& to N-(2—pyridylcarbonylamino—1—oxide)—1,2,5,6—

fetrahydropyridine (113%)

A solution of.N—k2;pyridy1carbonylimino-l—oxide)—
pyridinium ylide (1122) (0.101 g, 0.47 mmol) in 95% o
ethanol/(30 ml) was addedvto a'solufion of sodium boro-
hydride (0.050 g)'in 95% ethanol (10 ml)'pre—ééolea to
0° and\the reactlon was completed as descrlbed under
procedure C to glve N—(2 pyrldylcarbonylamlno—l ox1de)—
112,5,6—tetrahydropyridine (1132) (0.085 g, 82.6%),»mp
91-93°; ir (chloroform): 3440 (-NH-), 1680 (CO), 1260 cm
(;—6); nmr (CDClB): 0 12.39 (s, 1, NH;vég%hAhges with
deuterium oxide), 8.68-8.08 [complex m, 2, CB—H ,C4—H
(pyrldlnlum ox1de)], 7.70-7.20 [complex m, 2, C3 H,

C5 H (pyrldlnlum ox1de)], 5. @g,[m, 2, C3 H, C4 H (tetra-

-1

117.

hydropyrldlne)], 3. 75 3. 35 [m, 2, C,4-H (tetrah&&ropyridine)],

2

56 = 6 Hz), 2, C6 H (tetrahydropyridine)],
[ ; :

2.60-2.08 [m, 2, Cg-H (tetrahydropyridine)]; Mass Calcd.

3.19 [t(J

for CllH13N302 219.1008. Found: 219.1009.

. ‘ A
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5.2.0.0.0. Quaternization'and sodium borohydride reduction.

of N- (4- pyrldylcarbonylamlno) -1,2,5,6-tetra-

hydropyrldlne (113e)

5.2.1.1.0. Reduction to N-[4-(l-methoxycarbonyl-1,2-

dihydropyridyl)carbonylamino}-l,2,5,6—tetra—

hydropyridine (123a)

General pfocedure D
A solution of methylchloroformate (0.202 g, 2.15

. ‘ |
mmol) in methanol (20 ml) was added dﬁopwise with stirring

to a solution of Nj(4—pyridylcarbonylamino;—l,2,5,6- )
: tetrahydrOpyriaine (113e) 40:218 g} 1.07 mmol) in-methanol
(20 ml) pre—cooled tou—65° The.reaction was allowed,

to proceed for 30 min at -65° with stlrrlng Sodium
borohydride (0.8 g) was added and the reaction was

allewed'to proceed for'an‘additional 3hr - 65°. The

reaction mixture was then poured onto cru! ice (125 ml)
followed: by gradual warmlng to rdbm temperature

Extraction W1th;chloroform.(200 ml), drying (sodlum.

sulfate) and removal of solvent in vacuo gave a white

SOlld which was purified by elution from a 2.5 x 20 cm

silica gel column using ether (4001ml) to afford“ 3 | //’~\\
.N—[4-(l-methoxycarbonyltl,2—dihydrepy;idyl)—carbdnyl-
amino]—l,Z,5,6:tetrahydropyridine (123a)‘(0.199 g,.70.5%)(
mp 132-134°; ir (KBr):'-3200 (-NH-), 1710, 1670 (CO)

1390 cm ™t (—CH3)4;66 amr (CDCly): 6 7.18 (S, 1, NH,



119. -

exchanges with deuterium oxide), 6.84 [d(J = 8 Hz),

' 6

1 Cg-H (dlhydropyrldlne)], 6.20 [d(J = 5 Hz) of 4

2,3
(J2.'3 =5 Hz) of d(J3 5.= 2 Hz), 1, C3—H (dihydropyridine)],

6.00-5.61 [m, 2, C,~H, C,-H (tetrahydropyridine)], 5.45

_-[d(Js’-6 = 8 Hz) of d(J3 5 = 2 Hz), 1, Cg-H (dihydro-

5
pyrldlne)], 4.51 [d(J2 3 7 5 Hz), 2, C2-H (dlhydropyrldlne)],

't

&

\3 80 (s, 3 ~CH5), 3.58-3.32 (m, 2, C,-H (tetrahydropyrl—
o ‘ :

dine)], 3.08 [t(J5 6 = 6 Hz), 2, CG—H (tetrahydropyridine)],
' ’
2.52-2.08 [m, 2, C5—H (tetrahydropyridine)]l; Mass Calcd.

for C13H17N3O3 263.1270. Found 263.1267.

5.2.1.2.0. Reduction to N-[4~ (l-methoxycarbonyl-1,2/5, 6~

tetréhyg:opyrigyl)carbonylamino]-1,2,5,6-

tetrahydropyridine (123b)

Method A 0

. A solutlon of methylchloroformate (0.38 g, 4. 02 mmo1l)
was added dfopw1se to a solution of N- (4—pyr1dylcarbonyl—
1m1no)pyr1d1n1um yllde (l12e) (0 40 g, 2.01 mmol) in 95%
ethanol (40 ml) pre-cooled to -65° and the reactlon was
allowed to proceed for 30 min at -65° with stlrrlng.
ASodlum‘borohydrlde (0.25 g) was added at once and the
reaction allowed to-pfOCeed-for 4 hr at 0°'prior to

o completiOn as described under procedure D. The reaction
product was then purified by elution from a 2.5 x 17 cm |
nehtral alumlna column with ethyl acetate (400 ml) to i /
give N-[4- (l—methoxyearbqnyl l,2,5,6 tet;ahydropyrldyl)-

carbonylamino]-1,2,5;6-tetrahydr0pyridine (123b) (0.281‘g;



| ) - O ‘ L
“7%), mp 153-155°%; ir (KBr): 3180 (-NH-), 1715, 1675

(co), 1375 ¢m‘1

(-CHy):®® nmr (cDC1,): 6 7. 3- 6.88 [m, '
1, Cy-H (N tetrahydropyrldylcarbonyl)], 6. 72 (s, 1, NH,

l exchanges with deuterlum oxide), 6.0-5.48 [mm2, C3—H

—Hi}N—amlnotetrahydropyrldlne)], 3. 80 (s, 3, —CH Y
3.80—3.32 [complex m, A C2—H (N-tetrahydropyridylcarbonyl),

~\eC2—H (N—amlnotetrahydropyrldlne)], 3.07 [t(J =6 Hz),

5,6
4, C6 -H (N~ tetrahydropyrldylcarbonyl), C6—H (N-amlno—

tetrahydropyridine)], 2.50-1.70 [complex m,. 4, C’—H

5

(N—tetrahydropyridy1carbonyl), C_-H (N—aminotetrahydro?-

5
pyrldlne)], Mass Calcd. for C13H19N3O3 2§571426y
' Found 265.1429. ~Anal. Calcd. for C13 19N3O3 C, 58.85;
H, 7.22; N, 15.84. Found: C, 58.63; H, 7.27; N, 15.75.

N\ ‘ ’ o AN |
Method, B

\ To a solution of N—[4;(l—methoxycarbonyl¥l,24dihydrof

" pyridyl)carbonyiamino]#l,z,5,6-tetrahydropyridine (123a)
'(£%172 g, 4.46 mmol) in 95% ethanol (120 mLJ pre cooled

to 0° was added sodium borohydrlde (0. 35 g) The reac—
tion was allowed tolproceed for 5 hr -at 0° ﬁithtcontiou—
ous stirring and then completed és described under’ | .

'procedurevD The reaction product was purlfled by elution
from a 2.5 x 18 cm neutral alumina column using ethyl
acetate (700 ml)-to give N—(4—(l—methoxycarbonyl—l,z,5,6—
tetrahydropyridyl)carbonYla@dno]—1,2,5;6ftetrahydfopyri—

: dine (123b) (0.69 g, 58.4%), mp 153-156°; identical ir

to the product prepared under method A.

*
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5.2.2.0.0. Reduction to N-[4-(l-methyl-1,2,5,6-tetra-

deropYridyl)carboqylamino]—l,2,5,6~tetra— o

hydropyridine (123c) and N-[1-(1,2,5,6-

tetrahydropyridyl)]fc-methoxy-Cf[4-(l—me£hyl-

- l,2,5,Gétetrahydrogyridyl)]ezomethine (123d)

Al

| Methyl iodide (10 ml) was addea to a solutlon of
N-(4 pyrldylcarbonylamlno) 1,2,5,6- tetrahydropyrldlner
(113e) (5.0 9, 24.6 mmol) 1n-dry methylene chiloride
(120 ml). The reactlon was allowed to proceed for 4 hr
with stlrrlng at 25° prlor to reflux1ng for an addltlonab
4 hr. Removal of the solvent in vacuo afforded a
~hygroscopic ihﬁense”yellow,solld #hicﬁ we; dissol?ed in
methanol (120 ml) and the solution coeled to -65°.
~sodium.borohydride (1;8 g).ﬁes edaed in one aliqupt ana
the reaction was allowealto greéeed for-4 hr at f65§
prior to com?leéion as described uhder procedure D. The
reaetion mixture was c?rometogfgphed‘using é;2.5vx}18 cm
~neutral -alumina column. Elution Qith ethef:ﬁethanelh
(10:1 v/v) (400.ml) gave N-([4-(l-methyl-1,2,5,6-tetra-
hydropyridyl)Carbonylemino]—l,2;5,6—te£rahydropyridine '
(123c) (1.289 g, 23.7%), mp 119-122°; ir (KBr): 3200
’ 1

(-NH-), 1665, (CO), 1375 cm~ (—CH3);66 nmr (€DC1

4 6.94 (s, 1, NH, exchanges with deuterium oxide), 6.52
[m, l; Cy-H (N-metHyltetrahydropyridine)], 6.00-5.44 =
[m, 2, C3—H, C4—H (ﬁfamindtetrahydropyridine)], 3.72-

*3.33 [m, 2, C,-H (N—aminotetrahydropyridine)];‘3.07

- : ®
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?ﬁ [t(3g ¢ =6 HZ), 4, éG-Ha(N—éminptetrdhfdropyridine),
’CZ—HJ(N-methyltetrahydropyridine)},‘2.63-2.08 [complex
. m,\g, Cs-H (N—gpinotetrahydropyridiqe), CS-H,YC6FHT |
"(N—methyltetrahydropyridinef],-2.38 (s, 3, —CH3); Masé
Caled. for C,,H) gN;0: 221.1529. .Found: 221.1529.
Further eiution wi?h-ether—methanol (5:1 v/V)(500
lml) gave a solidJWhich was further purified by prepara-,

tive tlc using twenty four 20 x 20 cm silica gel GF 254

plates, 0.75 mm in thickness, with ethyl acetateémethanol

(1:1 v/v) as development solvent. Extraction with warm .

:méthanol‘(ZOO ml) of the fraction having R; 0.30

afforded N-[1-(1,2,5,6-tetrahydropyridyl)]-C-methoxy-C-

[4- (1-methyl-1,2,5,6-tetrahydropyridyl)]azomethine

(123d) (0.987 g, 17.1%), mp 133-136°; ir (KBr): 1655

(c=N), % 1390 em™t (-cH;) ;% nmr (cpCly): 6.55 [m, 1,

C3—H (N—methyltetrahydrobyridine)], 6.2-5.5 [m, 2, C3-H;'

-~ Cy~H (N-aminotetrahydropyridine)], 4.5-4.1 [m, 2, C,-H

(N-aminotetrahydropyridine)], %,10—3.65 [m, 2, C,-H
(N-methyltetrahydropyridine)],| 3.52 (S, 3, LoCH,), 3.11

' [t(J5 6 = 5 Hz), 2, CGfH (N-aminotetrahydropyriaine)],~

2.78-2.28 [complex m, 6, C.-H (N-aminotetrahydropyridine),

5
CS—H, C6—H (N—methyltetraﬁydfopyridine}], 2.39 (s, 3,

—NjCH3); MaSS’CélCd. for_Cl3H21N3O: 235.1684. Foegd:

235.1685. h

122,
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5.3.0.0.0. Catalytic hydrogenation of N-{4-(l-methoxy-

carboqyl-l,Z,S,G—tetrahydropyridyl)carbonzlf

amino]-1,2,5;6—tetrahydropz;idine (123b) and

N-[4-(l-methyl-1,2,5,6-tetrahydropyridyl)-

carbonyiaﬁino]-l,2,5,6—tetrahydropyridine.(l23c)’

<

5.3.1.0.0. Reduction to N—(1—methoxydarbonyl—4—piperid1}—'

carbonylamino)piperidine (124)

Catalytic hydrogenation of'N;[4—(l—metﬁoxycarbonyl—
1,2}5,6—tetrahydropyridyl)carbonyiamino]-1,2,5,6—tetraf
jhydropyridine (123b) (1;572 g, 5.93 mmol) in.metyanol
(120 ml) was effected ﬁsing palladium—on?Chafcoal (200 mg)
and hydrogen gas at 40 psi for 12 hr. The charcoal was
removed by fiitration and the recovered qharcoal washed
with methahol (3d-ml), Reﬁoval of the solvent in vacuo
gave aoproduct which was purified by elution frqm a 2.5 x
20 cm neutral alumina column uéing‘ethér—meﬁhanoi (%O:l
V/V)‘(600 ml) to afford N-(l-méthoxycérbonyl—4—pipefdyl—
darbonYlamino)piperdine (124?/£l.321 g, 82.8%), mp 160-

162°; ir (KBr): 3220 (-NH-), 1695, 1655 (CO), 1380 cm—.l

(4CH3);66 nmr (CDClg): § 6.6 (S, 1, NH, exchanges with
deuterium oxide), 4.48-4.0 [m, 1, C4—H (N-piperidyl-
carbonyl)], 3.75 (S, 3, -OCH;), 3.35-2.0 [complex m, 8,

C.-H, C_-H (N-pipefdylcarbonyl), CZ—H, C6—H (N~amino-

2 6
piperidine)], 2.0-1.22 [complex m, 10, C4-H, Cg-H (N-

piperidylcarbbnyl), C3—H, C4—H, C5-H (NFaminopiperidine)j;



H, N 03:' 269.1740. Found: 269.1744.

Mass Calcd. for C13 2385

5.3.2.0.0. Reduction to N—(l—methz;-4—piperidylcarbohy1—

. amino)piperdine (125)

. | ]
Catalytic hydrogenation of N-[4-(l-methyl-1,2,5,6-

/btetrahydrqpyridyl)carbonylamino]—l,Z,S,6—tet£ahydro‘
pyridine (123c) (0.163 g, 0.738 mmol) in methanol KGOJml)
was cafiied 6ut-in the ptéééﬁce 6f palladium-on-charcoal
(40 mg) and hydfogen gas at 40'psi for 12 @f. The
charcoal was removed by fiitratién'and'the recheréd"
charéoal washed with methanol (30 ml). Removal of the,J
solvent in vacuo afforded N1(l—methy1—4-piperidylcarbd%yl-
amino)piperidine (125) (0.162.g, 97.6%), mp l71—17i°;

ir (KBr): 3215 (—NH—),’lGSS (CO), 1380 cm™t (—CH3);66
nmr (CDC13): 6.48 (s, 1, NH, exchanges with deuterium
oxide), 3.70 [S, 1, C,-H (N—methylpipériding)];,3.30-
2.37 [complex m, 8, CZ—H, C6¥H'(N-methylpiperidine),-
C,~H, C-H (N-aminopiperidine)], 2.27 (s, 3,” -N-CHj),
2,10-1.15"(complex m, 10, C;—H, CS—H (N—methylpiperidine))
C3—H, C,-H, CS—H (N-aminopi;eridine)]; Mass Calcd. fdr |

C12H23N3?: 225.184Q. ?ound: 225f1840.

/9-“ |

124.
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5.4.0.0;0.' n-Butyllithium catalysed condensation reactions

to give some pyridylcarbonylhydrazine'derivatives

5.4.1.0.0. Preparation of N;(3—pyridx}carbony1amino)pigef—

dine (13la) from N-aminopiperidine and ethyl

nicotinate

General procedure E

A.solution of n-butyllithium (13.43 ml of 2.0 M
hexane solution, 26.86 mmol) in anhydrous tetrahydrofuran
(40 ml), under a nitrogen atmosphere, was pre—coo%ed to
_—65°. To this a solution of N—aminopiperidine (2.686 g,
26.86 mmol) in anhydrous'tetfahydrofuran (30 ml) was
?dded dropwise and the reacgion was allowed to proceed
for 30 min with continuous stirring. A solution of
ethyl nicotinate (4.06 g, 26.86 mmoli in anhydrouS»tétra—
hydrqfurang(30 ml) was added dropwise and_the reaction
was allowed to proceed for 3 hr during which the tempega—
ture was gradually raised to 25°. Distilled water (20
ml) was added slowly. Extraction with chloroform
(4 x 100 ml), drying (sodium sulfate) and removal of the

solvent in vacuo afforded a yellowish solid which was

e o

Y

recrystallized from acetone to give’N—(3—pyridylcarbonylff‘

amino)piperidine (131a) (2.22 g, 40.3%), mp 151-153°;

ir (KBr): 3200 (-NH-), 1660s1640 cm ' (CO); nmr (DMSO-dg): -

5 9.53 (s, 1, NH, exchanges with deuterium oxide), 8.93

,-H (pyridine)], 8.6§7[d(J5'6'= 5 Hz)

[d(J2;4 = 2 Hz), 1, C
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- of d(J = 2 Hz), 1, C6 -H (Pyrldlne)], 8.13 [d(J4 5 =

4,6

8 Hz) of 4@ (J = 2 Hz), 1, C,-H (pyrldine)], 7 48

4,6 4

[d7J4’5 = 8 Hz) of d (J5,6'=‘5 Hz), 1, CS—H (pyridine)],

3.06-2.68 [m, 4, C,~H, Cg-H (piperidine), 1.85-1.18

2
[m, 6, Cy-H, Cy-H, C5¥H'(piperidine);-Mass Calcd. for

CllHlsN3 205.1215. Found: 205.1220.

5.4.2.0.0. ration of N-(3-pyridylcarbonylamino)-

morpholine (131b) from N-aminomorpholine

and ethyl nicotinate

A solution of n-butyllithium (11.34 ml of 2.0 M
hexane solution, 22.7 mmol) in anhydrous tetrahydrofuran
(40 ml), under a nitrogen atmosphere, was pre-cooled to.
-65°. To this a solution of N—aminomorbholine (2.314 g,
22.7 mmol) in anhydrous tetrahydrofuran (30 ml) was -
added~dro§wise. The reaction Qas allowed to proceed for
30 min with.continuous.stirring.» A solution‘of ethyl
vniootinate (3:428 g, 22.7 mmol) in anhydrous tetrahydrofuran .
(30 ml) was'?dded dnopwise and.the_reaction completed
as, described onder procedute E.’ The reacfion produco
was then purlfled by elution from a 2.5 x 21 cm neutral
alumina column using ether-methanol (10 1l v/v) (375 ml)
to give a solid which on recrystalllzatlon from acetone
gave N-(3 pyrldylcarbonylamlno)morphollne (131b) (0 28
g, 6%), mp 179-181°; ir (chloroform) 3340 (-NH-),

1680 cm 1 (CO); nmr (cnc13): § 8.92 [m, 1, C,-H (pyridine)],

v
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8.63 [d(J5'6‘= 5.5 Hz) of d(J4,6 = 2 Hz), 1, C_~H

6
(pyridine)l, 8.07 [d(J, . = 8 Hz) of 4 (J = 2 Hz), 1,

C4~H (pyridine)], 7.54 (br, s, 1, NH, exchanges with

deuterlum OdeE), 7.28 [d(J4 5 = 8 Hz) of 4d(J 5.5 Hz),

5,6 .
l CS—H (pyridine)l, 3. 79 [t(J2 3= J5 6 = 4.5 Hz), 4,

C3 -H, CS—H_(morphollne)], 2.93 [t(Jz'3 =

4, C,-H, Cg—H (morpholine)]; Mass Calcd. for C

5,6 = 4.5 Hz) ,

10813830,

207.1008. Found: 207.1012.
. / :

5.4.3.0.0. Preparation of N-(3jpyridylcarbonylamino)—

homop;perldlne (131c) from N-amlnohomoplperdlne

and ethyl nlcotlnate

A solution of n-butyllithium'(G'OS ml of 2 0 M -
hexane solution, 12. 1 mmol) JJlanhydrous tetrahydrofuran
(40 ml), under a nltrogen atmosphere was pre-cooled to
-65°. To this a SOlUthH of N-amlnohomoplperldlne
(1.38 g, 12.1 mmol) JJlanhydrous'tetrahydrofuran (30 ﬁl)
was added dropwise., The reaction was malntalned at -65°
for 30 min with conflnuous stirring. A solution of
ethyl nicotinate (1.83 g, 12.1 mmol) .in anhydrous tetra-
hydrofuran (30 ml) was added dropwise and the reactlon
was completed as descr;bed under procedegre E. The

lreactlon product was purified by elution from a 2.5 x 20 cm
neutral alumlna column using ether—methanol (10:1 v/v)
(300 ml5 to ine N—(3-pYridyicarbohylamiho)homopiperidihe

(131e) *(1.13 g, 42.7%), mp 107-110°; ir (KBr): 3200

-
-
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1

(-NH-), 1665, 1640 cm = (CO); nmr (CDCly): & 9.06 [m, 1,

C,-H (pyridine)], 8.90-8.60 [m, 1, C6-H (pyridine)],

2

\ y *
8.15 [d(J4,5‘= 8 Hz) of d(J4,6 = 2 Hz), 1, C4—H (pyridine)],
. ¢ ! . .
7.40 [d(J4'5 = 8 Hz) of d(J5J6 = 5 Hz), 1, C,-H (pyridine)],

{

3.43-2.76 [m, 4, CZ-H (homeiperidine)], 2.07-1.33 [m,
8,,C3—H) C4—H, CsTH’ CG—Hy(homopiperidine)]; Mass Calcd.
for C12H17N30: 2;9.1372. ‘?ound: 2}9.1377.

5.4.4.0.0. Preparétion of N,N-dimethylnicotinic acid

¥

~ ' !
hydrazide (131d) from 1l,l-dimethylhydrazine

®

ﬂ? ethyl i‘ Manate . y

.

A solution of n-b GaAPhium (13.18 ml of 2.0 M
hexane ;olytion, 26.37 mmol) invanhydnpus tetrahydré-
i fufan (4ﬁw%i), undep'a‘nitrpgén atmosphere, was pie—
cooled to -§5°f To this a solﬁtion of 1,1-dimethyl-
hydrazine (1.582 g, 26.37 mmol) in anhydrous tetrahydro-

, ~
furan (30 ml)-was added dropwise and the reaction was

allowed to proceed 30 min at —65°{with continuous s?ir—
ring. A solution of ethyl nicotinate (3.98 g, 26.37J
mmol) in anhydrous teﬁrahzdrqfuran (30 ml) was added
drapwise and the reécti%n.completed as described under
proceduré E. The reactionrproducf was then purified

by elution f;om a 2.5 x 20 ém neu£ral‘alumina column
using ethér—methanol (lil v/v) (500 ml)oto give N,N-
dimethylnicotinic‘acid hydrazide (131d) }1.49,9, 34.2%),

mp 78-80°; ir (chloroform): 3240 %-NH-) and 1665 cm ' (CO); ~

-

4 o
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= 2 Hz) of d(J2 5 = ; Hz),

= 2 Hz), 1,

ey <
nmr "(CDC13): 6 9.0 [d(J, ,

1, c,-H), 8.61 [d(Jg ¢ = 5 Hz) of A(J

4'6

5,6

-H]; 8.18 [d(J "= 8 Hz) of d(J

4,6
= 5 Hz) of 'd(Jz'S = 1 Hz)‘q,‘

4,5

: 7.28 [d(3 = "8 Hz) of A(J

4,5 5,6

i 1,7C5;H], 2.70 (S, 6, N(CH ) Mass Calcd. for

)

CBHllN3O 165.0902. Found 165.0902:

' 5.4.5,0.0. Preparatlon of N N—dlmethyllsonlcotlnlc ac1d

hydra21de (133) from 1, l dlmethylhydraZLne

2o and methyl lsonlcotlnate

A solutlon of n- butylllthlum (13 18 ml of 2.0 M
hexane solutlon, 26 37 mmol) in anhydrous tetrahydrofuran
(40 ml}, under a nltrogen atmosphere, wé; pre-cooled o
: to” “65K°. To thls a. solutlon of 1,1~ dlmethylhydra21ne
’(l 582\?, 26 37 mmol) in anhydrous tetrahydrofuran (30 ml)
lwas addeﬁ;dropw1se and the reactlon WQS allowed to pro-
'ceed for 30 min at —65° w1th contlnuous stlrrlng. A
solution oi methyl lsonlcotlnate (3. 612 g, 26 37 mmol)
in anhydrous tetrahydrofuran (30 ml) was added dropw1se

Y

‘and the reaction completed as described under procedurxe

3 o

E.. The reactlon product was-then purlfled by elution

ffrom a 2 5 x 22 cm neut;al alumlna c¢olumn u51ng ether-
. N A‘\* »

methanol (l 3 v/v)(ZSO ml) to yleld N,N- dlmethyllso—

LY ‘V..\_
nicotinic ac1d~hydra21de (133) (0.26 g, 6f0%) as a N
yelloijil}‘ir (ohloroform): 3340 (-NH-), 1680 cm'_l (éoi}
Tooe S ' o :
nmr (CDCl ): 8.8.62 [d(J2 3-I 5, 6 =5 Hz) of d J. 5 =

6= 2 Hz), 2, CpoH, Cg-Hl, 7.62 [A(3, qﬁfg ¢ & 5 Hz)

. 129.
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b

~N- (CH )2, Mass Calcd. for C8 11N30. 165.0902. Found:

of d(J, 5 = 3 ¢ = 2 Hz), 2, C3=H, C-HF, 2.68 (s, 6, B

i

165.0903.

5.5.0.0.0. Earatlon of 4—pyridzlcarbon¥1hydraz1ne

derlvatlves employing the Schotten-Bauman
= ————— — =

-reaction v R

5.5.1.0.0. Preparation of l—behonl*Z—(4-pyridxlcarbonyl)-
o - I

hydrazine (135a) from isonicotini%/gcid hydra-

-

zide and benzoyl chloride

General Erocedufe Fk
To an LCe-cooled_solutioh of isonicotinic acid
- hydrazide (0.50 g, 3.65 mmel) and dry triethylamine»(i ml)
'in dry tetrahydrofuran (60 ml) was added drdpwise a solu- .
tion of benzoyl chlorlde (0 513 g, 3.65 mmol) in tetra-

‘ hydrofuran (15 ml) The reactlon was allowed to proceed e
V“vfor 6 hr at 25° w1th stlrrlng. Extracti®dn with chloro-.
vg.form (4 x 75 ml), drylng (sodium sulfate) and removal of

Nthe solvent in vacuo afforded a residue whlch was purif-

ied by ‘elution: £¢om a 2. 5 X 22 cm neutral alumlna column-

u51ng ether-methanol (1: 2: v/v) (300 ml) to glve l benzoyl—

'QAZ—(4 pyrldylcarbényl)hydra21ne (l35a) (0 057 g,:6.5%),
-1

“mp 215-217% ir (KBr): 3200 (-NH-), 1670, 1650 cm
- (CO); nmr (DMSO—dG)g § 10.68 (br, S, 2, -NH-NH-, exchange

with deuterlum ox1de), 8 75‘[d(J =6 Hz); 2,_

2,3 5 6

CZ—H, CG—H (pyrldlne)], 8.05- 7 7 [complex m, 4, C —H!'

3

¢ ; - : ‘ o ) v L '» . v"’lf
/, . ." . . o "{;.. ‘V‘-‘.NA . -
S N o . ) . . g Pt e
. .
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Cg—H (pyridine), ortho-phenyl hydrogens], 7.6-7.33 (m,
3, meta and para—phenylEhydrogens);wMass Calcd; for

C13H12N302: 241.0852. Found: 24lf0857.

5.5.2.0.0. Preparation of };l*diacetyl-Z—(4<pyridyl—'

carbonyl)hydrazine.(l35b)'from isonicotinic

acid hydrazide and acetylchloride

A solution of‘acetylchroride (1.146 g, 14.6 mmol)
in~dry tetrahydrofuran (30 ml) was added drquise to
an iée—codled sblution of isgpicotinic_acid hydrazide
’(1.0 g, 7.3 mﬁol)‘and dry triethylaﬁine (30_ml) in -
tetrahydrofufan (66 ml). The reactioh was completed as
.described-undef'procedure F. The reaction product'was
recrystéilized'from.absolute ethanolbto_yieldll,;;dif
,acetyl—2—(4—pyridylcarbony1)hydrazine (135b5 (0.15 g,
9.3%), mp 133—160°7 ir (KBr): 3250 (-NH-), 1735, 1705,

1 66

1675 (CO), 1380 cm 1 (-CH,);°° nmr (DMSO-dg): 11.13

(br, S, 1, NH, exchanges with deuterium oxide), 8.70

(4@, 3= J5 ¢ = 6 Hz) of d(q2;5 = I35 =-;.§inz), 2,
2-H, CG_H], 7'78.[d{52,3'= J5,6 =‘§‘Hzx,of d(J3’5;=_2 Hz),

- C

2, C4-H, C,~H], 2.37 (s, 6, -(COCH;),: Mass Calcd. for
S : ko ‘ ¢ ’ .
C oHy N;03¢ 221.0801% Found: 221.0802.
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5.6.0.0.0. Preparation of N—sulfonyl-l,Z—(1,4)-dihydro— h

pyridines,
‘ ”

5.6.1.0.0. Preparation of N-methanesulfonyl—l;2—dihydro—

_pyridine (l42a) from reaction of gyridine,

\methanesulfonyl chloride "(methanesulfonic

anhydride)84 and sodium borohydriae in methanol

o

was added to a solution

of pyrldlne (l 58 g, 20 0 mmol) in methanol (7.5’m1)
pre—pooled'to -65°. A solutlon’of methanesulfonyl

chloride (2:.29 g, 20.0 mmoi) in,dry ether (5 ml) was .

added dropwise during 15 min. After stirring for 1.5 hr

’

at -65° the reactlon mlxture was poured onto crushed

1ce (75 ml) "and allowed to come "to room temperature.
Extractlon with chloroform (3 x 30 ml), drylng (sodlum
sulfate), and removal of- the solvent zn vacuo gave a
yellow oil which was chromatographed on a 2 5 x 15 cm
neutral alumina column.‘ Elution with 300 ml chloroform
gave N—methanesﬁlfonyl-i;2—dihydropyridine (142a) (h.oz'g,
32.1%) as a yellow o0il; ir (neat): 1350, 1160 cm *
(Soé);.nmr (CDC13): § 6.62—§w24 (m, 1, C6-H);\6.18—5.8l
(m, 1, C4fH)1.5.73—5.3 (m, 2, C3fH, CS—H), 4.25 [d(J2,3 =

2,4 = 1:5H2), 2, C,-H], 2.92 (5, 3, -CH,);
32

Mass Calcd. for CH.NO,>?Ss: 159.0354. Found: 159.0355.

When the reaction was,carried out as described

4 Hz) of d(J

132.

.
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.above u51ng methanesulfonlc éghydr1de84 (3.48 g, 20. 0
mmol) 1.18 9 (37. l%) of N-methanesulfonyl 1,2- dlhydro—

Y

pyridine (142a) was abtained.

5.6.2.1.0. Preparatlon of N-benzenesulfonyl -1, 4-d1hydro-

: gyrldlne (14lb) and N—benzenesulfonyl 1l,2-

dlhydropyrldlne (142b) from reactlon of pyrldlne,

benzenesulfonyl chloride (benzenesulfonlc

anhydrlde) and sodium borohydrlde in methanol

Sodlum borohydrlde (0 8 g) was added to a solution
of pyrldlne (1. 58 g, 20.0 mmol) in methanol (20 ml)
‘pre—cooled to -65°. A solutlon of benzenesulfonyl chlorlde
(3.52 g, 20. 0 mmol) in dry ether (10 ml) was added
dropwise during 15 mlhwand the reaction was completed
as described,nnder,prabeigte G. The reaction.product . [
was then. chromatograpnza on a 2.5 x 15 cm neutral alumina
column Elution w1th benzene (400 ml) gave 0.591 g
- a3. 37%) of an isomeric mlxture of N- benzenesulfonyl 1, ﬁL

dlhydropyrldlne (141b) and N-benzenesulfonyl 1 2 ~dihydro-

pyrldlne (l42b) whlch was purlfled further by tlc u81ng

_»flve 20 X 20 cm 5111ca gel GF 254 plates, 0.5 mm in
-thlckness, with benzene as development solvent Extrac—t
tlon of the fractlon hav1ng an Rf of 0. 55~ 0 6 gave

| 7N-benzenesulfonyl l,4-dihydropyridine (l4lb) (0.078 g,
1.8%), mp 83-85° (Lit mp 86-89°);82 ir (kBr): 1352, .

1175 cm™! (50,); nmr (CDC1;): & 7.58 (m, 5, Ph), 6.47
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=g = 1.5 Hz), 2,

2,4 4,6
= 8.5 Hz), 2, C

[d(J = 8.5 Hz) of d(J

2,3 = 9I5,6

C,-H, csrﬁ], 4.88 [m(J -H,

3
32
1171170

2,3~ Is,6

CS—H], 2.68 (m, 2, C4—H); Mass Caled. for C S:

221.0511. Found: 221.0506.
| Extraction of thé fraction having an Rg of 0.3-0.5 >
gave N—bepzénesulfonyl—l,2-dihydropyridine (142b)

(0.257 g, 5.8%), mp 68-69°; ir (KBr):_ 1360, 1340,

1175 cm ' (50,); nmr (CDCl,): & 7.62 (m, 5, Ph), 6.63

[d(I. , = 7.75 Hz) of A(J, ., = 0.8'Hz), 1,VC6—H], 5.8

5,6 4,6

-H]; Mass Calcd. for

4 Hz) of d(J
32

2,4 1.5 Hz),~2, C2

C;1H; {NO,>“s: 221.0511. Found: 221.0506.
Réaction of“Benzénesul%onic anhy'dride84 (5.86‘g,

20.0 hmol) with pyridine (1.58 g, 20.0 mmol) in the
‘presence of sodium borohydride (0.8'g)'a5 described

under procedure G and purifiqftion ofvthe.reéction

- mixture as described abovelafforded 1.78 g of‘an iéomeric
mixtdre consisting of'N‘benzénesu%fonyl—l,4—dihydro—
»pyridine (14i b) (0.3 g, 6.7%) and N;benzenesulfohyl—
l,2-dihydropYridine (142b) (1.49 g,‘33.6%) as determined

'by the integrals of thé C,-H and/C'-H of 141b and 142b, ké

2

4
‘respectively. ’

\

E
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5.6.2.2.0. Preparation of N-berizenesul fonyl-+1,
pyrldlne (141b) and N- benzenesulfonyl -1,2-

~dihydropyridine (142b) from- reactlon of pyrldlnej
)

_benzenesulfonyl chloride (benzenesulfonic

~

anhydride) and sodium borohydride/ln pyridine

{

Procedure H

» godium borohydride (0.8 g) was added to a mixture
of pyridine (1o’m1) and benzenesulfonyl chloride (3.53 g,
20.0 mmol) pre-cooled to 0° w1th stlrr:ng. The reaction
was allowed to proceed for 15 hr at 25° after whlch lt
O'was poured onto crushed ice (100 ml) Extractlon with
chloroform (4 x 100 ml), drying (sodlum sulfate), and
evaporation of the solyent in vacuo afforded a brown oil
which was subjected to chromatography on a 2.5 x 25 cm
neutral alumlna column. Elution with benzene (700 ml)
gave 1.06 g of an isomeric mixture composed of
.Nrbenzenesulfonyl—l,4fdihydropyrldine (l4lb)‘(0.75 g,
17%) and N—benzenesulfonyl—l 2-dihydropyridine (l42b)
(0. 312 g, 7. l%) as determlned by the integrals of the
C4—H and C2

—H of l4lb and 142b, res%ectlvely
‘Reactlon of,benzenesulfonle anhydr1de84 (5.86 g,

. , o .
20.0 mmol) with pyridine (10 ml) in the presence of

sodium borohydrlde (0 8 g) as described under procedure

_ H and then elution from a neutrad alumina column as
descrlbed above gave 1. 36 g of an isomeric mlxture

composed of N- -benzenesulfonyl-1,4- dlhydropyrldlne (l4lb)
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(1.05 g, 23.7%) and N—benzenesulfonyl 1, 2 dlhydropyrldlne
(142b) (0.31 g, 6.95%) as determlned by the 1ntegrals |

of the C,~H and C,-H of 141b and 142b, respect;vely.

5.6.3.0.0. Preparation of N-p-toluenesulfonyl-1l,4-dihydro-

pyridiné (141c) and N:p—toluenesulfonyl—l,2¥

S . - v , 8,
dihydropyridine (142c) from reaction of pyri-

dine, p-toluénesulfonyl chloride and sodium

borqbydride in pyridine
Sodiﬁm bothydride (0.8 g) wasﬂadded to a mixture
of pyrldlne (10 ml) and p- toluenesulfonyl chloride (3 81 g,
20.0 mmol) . pre cooled to 0° with stirring. The reaction
was completed as described under procedure'H.toAgive a
brown semi—solid‘whicb was subjected to chrOmatography

on a 2.5 x 26 cm neutral alumina column. "Elution with

benzene (250 ml) gave4N—p~toluenesulfonyl -1,4- dlhydropyrldlne

"D

(l4lc) (0 36 g, 7.7%), mp 93-95°; ir (KBr): 1370, 1345,

1170 cm™* (S0,); nmr (CDC1,): § 7.68 [d(J = 8 Hz), 2,

ortho-phenyl hydrogens], 7.38 [d(J = 8 Hz), 2, meta-

. . ’,,

- phenyl hydrogens], 6.44 [d(J =J = 8.5 Hz) of
: 2,3 5,6

a(Jg J4,6 = 1.5 Hz), 2, C2—H, CG—H], 4.86 [m, (le3 =

2,4

I5,6 = 85 Hz), 2, Cy~H, C,~H], 2.7 (m, 2, C,-H), 2.42
' 32

(s, 3, —CH3), Mass Calcd. for C12H13NO2 S: 235.06673
’Found- 235.0659. |
Further elution w1th benzene -ether ‘.ﬂ v/v) (250 ml)

gave N-p-toluenesulfonyl-1,2- dlhydropyrldlne (142c)
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(0.297 g, 6.32%), mp 59-61°; ir (KBr): 1350, 1170 cm~1
(S0,) ; nmr (CDCI,): 5 7.67 [T = 8 Hz), 2, ortho-
phenyl hydrogens], 7.38 [d(J = 8 Hz), 2, meta-phenyl ',
4,6'= 0.8 Hz),
l, C —H], 5.8 [d(J3’4 = 8 Hg) of <‘i(J4.,5 = 4.5 Hz)‘of

hydrogens], 6.58 [d(JS‘G = 7.75 Hz) of 4d(J

2,4 = 1.5 Hz), 2, C

A R 32 .
2.42 (s, 3, CH3), Mass Calcd for C12H13NO2 :

4.12 [d(J2 , = 4 Hz) of 4(J -H],

2
235.0667.

Found: 235.0659.

5.6.4.0.0. Preparation of N-p-acetylsulfanilyl-1,4- .

dihydropyridine (141d), N-p-acetylsulfanilyl-

1,2-dihydropyridine (142d) and 5-endo-p-

aCetylsulfanilyl:2,3,5—triazabicyclo[2.2.2.]—

oct:?—ene~2;3—endo—dicarbo£ylic acid N-phenyl-

“imide (145)

"Sodium/borohydride (0.8 g) was added to a ﬁixture

of pyridine (10 ml) and p- acetylsulfanllyl chloride

P

“(4.67 g, 20.0 mmol) | pre cooled to 0° with stirring. 'The

reaction was completed as described under procedure H
to give a reddish semi—solid'which was chromatographed
on a 2.5 x 26 cm neutral alumina column. Elution with
etﬁer—methanol (6:1 v/v) (300 ml) gave 1.198 g of an
isomeric mixture consisting of N-p—aéetylsulfanilylrl,4—
dihydropyridine (L41d) (0.96 g, 16.7%) and N-p-acetyl-

sulfanilyl—l,2—dihydropy:idine (142d) (0.24 g, 4.2%) as

-~

137.

© e



138.
determined from the integrals of the C4-H and CZ—H of
141d‘and 142d; respectively. 44Phenyl—l,2,4-triazoline—
3,5-dione (144) (0.069 g, 0.392 mmol) in dry methylene
chlordide (10 ml) was added dropwise with stirring to a
sélution of 0.543 g of the above mixture of 141d and
142d (containing 0.109 g, 0.392 mmol of 142d) in methylehef
chloride (20 ml) pre-cooled tq O°.\ Thé reaction was .
allowed to prgcéed for 1 hr, aftef which the solvent was
remoted in vacuo to give a‘white'sdlid. Preparative
tlc on four 20 x 20 cm silica gel GF 254 plates, 0.5 mm
in thickness, with ethyl acetate as a deVelopmenE
solvent afforded N-p—acetyisulfanilyl-l,4-dihydropy:idine
(141d) (0.094 g) having an R of 0.86, mp 138°-140°;

-1

(ir (KBr): 1705, 1690 (CO), 1350, 1168 cm > (50,); nmr

(CDCl )¢ 8 9.78 (S, i, -NH-, exchanges with deuterium -
ox1de), 7.81 (m, 2, ortho- phenyl hydrogens), 7.58 (m,

2, meta- phenyl bydrogens), 6.38 [d(J2 3 = J5,6 = 8.5 Hz)

= 1.5 Hz), 2, C,-H, Cg=Hl, 4.86 [m(J2 3 =

-H, c'—H], 2.67 (m, 2, C4—H);'2.16 (s,

\

2,4 I4,6
= 8.5 Hz), 2, C

of d(J

Is. 6 3
3, -CH;); Mass Calcd. for C,.H.,N.0.32s: 278.0725.

137147273
Found: 278.0721,
| Exﬁractianﬁf the fraction having aﬁ Rf 0.27 -gave
5-endo-p- acetylsulfanllyl -2,3,5- trlazablcyclo[z 2.2. ]-
oct-7- ene—2 3 -endo-~ dlcarboxyllc acid N—phenyllmlde (145)
10.060 g), mp 200-204°; ir (KBr): 1700 (CO), 1372,' ) "

2
1160 em L (50,); nmr (DMSO-d): & 10.5 (S, 1, -NH-,
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exchanges with deuterium oxide), 8.0-7.25 (m, 9, phenyi
hydrogens), 6.68-5.3' (m, 3, C,~H, C,-H, cé—u), 4.96 (m, y
1' -H) ’ 4 5 (m’ 2, C -'H) ’ 3-15 (S' 3' -CH3) . Anal-

Calcd for C21 19 505 C, 55.63; H, 4.19; N, 15.45.//
Found: C, 55.66; H, 4.21; N, 15.62.

5.6.4.1.0. catalytic hydrogenation of N-p-acetylsulfanilyl-

1,4-dihydropyridine (141d) and N-p-acetyl-

sulfanilyl-1l,2-dihydropyridine (142d) to N-p-

acegxlsulfaniLy;piperidine (143)

‘ Catalytic hydrogenétion of a 4:i mixture-of N-p-
Aacetylsulfanilyl—l,4—dihydropyridine tl41d) and N-p-acetyl-
sulfénilyi-l 2—dihydropyridine (142d) (95 mg) in methanol

(30 ml) was carried out in the presence of palladlum—on—

charcoal (30 mg) and ‘hydgrogen gas at 50 p51 for 72 hr.
Removal of the charcoal by flltratlon and evaporation of
the solvent in v;cuo afforded N-p- acetylsulfanllylplperl—v
dine (143) as a white solid, mp 156° (Lit mp 156°),86

identicai ir and nmr with the authentic Sample.

&
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NEUROPHARMACOLOGICAL PROFILE

Obsetvaﬁion of behaviour.

The test comppund at an initjal dose of 128

> mg/kg body weight, is injected ihtraperitonea-

ly to four Swiss Albino Mice, equally divided
as to sex. The body'weight of the animals is
iﬁ the range of 18-22 g. Immediatelf after
injection the animals are placéd‘togethe; in
a‘clear plaétic cage (29'x 18 x lS‘cm)'and
’;ontinuously observed over a period of 60 -
minutes.  The observatioﬂ*is‘followed up in
hourly inferQals for another 5 hours.

Eéch animal is examined and a joint score
~entered in each of the categories deécribed’:
on thebevaluation sheet (see example). 1If
the compound éauses iethality-at this dose <
flevél, the que is lowered until a non-lethal
ievel is,reached..-' . | |
In each of the categorieé,déscribéd on the /
.evaluation sheét,'the effeci of the test
compdund-on.the'behaviour of the treated
animals ;s scored Qith respectlto.the beh;v—

‘iour of.a vehicle treatedAcontf01 group and

- Jvarious Known standard compounds. The results.

RS “

the form of a sUmmary’fofﬂeaéh'

-group. v 5
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METHOD:

PROCEDURE:

RESULTS :

. , . 152,
ANALGESIC
Phenylquinone writhing test.

Five male Swiss Albino Mice, 18-22 g of body

-weight, are injected subcutaneously with the” _

;est'compound at a dose of 128 mg/kg/10 ml
(or at a lower non-toxic éose, established
during the neuro?hérmacological profile
evalu;tion). 30 minufes’later, 0.93% phenyl-
p—benzoqﬁihone is injected in ‘a vo‘lume of
0.1 ml/10 g body Wgight.

After 10 ;inutes the animals are placed in
glass jars for observation. |

éhenquuinone produces a characteristic

muscular activity called a "writhe". The

total number of writhes exhibited by each

. i .
snimal-is recorded. 5 animals are observed

at ‘the same time. The total number of writhes

~of the treated group is compared to that of

a vehicle treated control group.

Percent change is calculated as follows:

->

_ no. of writhes in treated group

% change = x 100 -100

REFERENCE:

no. of writhes 'in control group
Collier, H.O., Dinneen, L.C., Johnson, C.A.
and Schneider, C. (1968) Br. J. Pharmac.

hemother. 32: 295-310.
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100 -

total score of treated group

‘ 153.
ANTI-DEPRESSANT

Antagonism of Tetrabenazine induced ptosis
in the mouse.

Six male Swiss Albino Mice are injected

~ subcutaneously with 128 mg/kg/10 ml of the

test compound (or with a lower, non-toxic
dose established during the N.P.P. evaluation)i
"15 minutes later the animals are t;eatéé
with 60 mg/kg/10 ml Tetrabenazine,"%dminisfered
intraperitoneaily.‘ n /ﬁ< | |
At 30 minutes and 60 minutes aftéf.adminf
istration of Tetrébenaziﬁe, the degree of
ptosis exhibited byyéach animal is evaluated
and recorded.l fhe ptosis score is as follows:
0 for tot&lly open eyes
1l for.1/4'clqsed eyes
2 for 1/2 clased eyes
3 for 3/4 closed eyes
4 for totally closed eyes
Each animal is scored. The‘totalxnumberybf
scores of the treated group is cOmp?red to
the total score éf a vehicle treated contrdl
group. |

The % protection is dalculqted‘as follows:

total score of control group

x 100) = % protection

e T
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CARDIOVASCULAR -

b

METHOD: ! Digect measurements of arterial blood‘pressure ,fa‘
in anesthetized rats. o k/ - ;j.
3
PROCEDURE:  Sprague-Dawley rats of either sex weighing . ‘“%\

ﬁ50—400<g'are.used. The anesthesia is induced
by thevintraperitoneél.injection of 1.9 g/kg
body weight Urethane.

T?e fémoral vein is .cannulated for dfug
administration. The blood pressure is
monitdfed yia a Statham pressure transducer
connected to a cannula in the left carotid.

A Grass polygraph is used to obtain a contin-
‘uous record of the afte}ial-blood.pressure'
;nd the heart rate.. After the preparation is
staﬁilized, the test compound is administe;ed
at various doses @£ a volume.of 0.01-0.05 ml/
rat. Additionally the response to a.and Sb
sjmpathémimetics befbre and after administra-
tioh of the'tesf compound is established.
RESULTS: " The drug induced changes in BP'and'HR are

expressed as % difference from the pre-drug

_ : )
values for each individual preparation. -
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¢ : . Oayrr-tarramvarory*?
METHOD: Antagonism of carrageenan induced rat paw

edem®. T i .'
o
PROCEDURE: Six female Sprague-Dawley rats, weighing .
| | 120-160 g, are.injected subcutaneously withg
a nontoxic dose of the test compound (maximal
dose 64 mg/kg). ¢

At the same time, 0.1 ml of a 1% solution

of carrageenen‘in physiological salineils

i
-

kinjeotg%;uhder the plantar skin of the left
hind sPav. Then the volume of the injected.
W o d paw 1s measured by a mercury dlsplacement

| ﬁa technlque. B A

'.;yt CE The injected paw is dlpped 1nto a glass

,3\:4 -
e cyllnder contalnlng hercury. The open end

B I

of»the cyllnder is connected to a Statham
R A«A 4
e lpressure transducer and a Grass polygraph

T ,,‘ls used to record the changes in pressure, .
caused by the dlsplacement of mercury.
ii The volume is measured immediately after

‘and at' three hours and five hours after

the injection. ' , s

'.The edena volume is calculated as follows:

Vo = volume of paw measured 1mmed1ate1y after

carrageenan injection

vV, = volume of paw‘measured at time,k after

injectlon

156.
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:/[The groug 'score 1s expressed as’ percentage

s‘test statistlc.

, _ 157.
@§E= V* Q”V = edema volume at txme e

A test st&tlstlc of the mean edema volume

| +2 S. DY:}s calculated from the control group

ey

The 1nd1v1dual edema volumes of the treated

an;mals are compared to thlS test StatlStlc.

*
N y 4

- A
- of anlmals show1ng edema volume < or > the’

o

jwlnter, C A. (1965) 1n Internatlonal Symp051um .

“on Non—Ster01da1 Anti- Inflammatory Drugs, ed.

: Garattlnl, S. and Dukes, M.N. G., ‘PP 190 202,

4

Excerpta Medlca Foundatlon, Amsterdam.
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HYPOGLYCEMIC = / D

I
v

'Measurement of blood glucose concentration -

.in«thelrat. P P

100 mé/kg of the test compound is admlnlstered

-orally to four Sprague-Dawley rats. Just

before, and two and four hours\after treatment
blood samples are taken from the anlmals

talls. The concentrataon'of glucose in the

'blood is determlned w1th Eskalab reagent§

4 e
The concentratlon of glucose in the post-

.treatment blood samples is compared with that

N
of the pretreatment sample and the act1v1ty

'of the compound is expressed as follows.

Concentratlon w1th respect,to control.— SCore

B 3 " o
' increase . L -
E . ’.“A ) o _.‘ : : . w o .
oo omsefrect T g,
o .'”,\;" J-b‘?;- R . /o h N
»,”’@uﬂ - 10% decrease +
lO:E'ZO%VdeCrease ' . ++
20 - 30% decrease . b,
: 30 - 40% decrease- , S ‘+4f,-

L

Holland g F.,-Jaeder,‘D;A.,.Wagnér;=R,L.¢'
) K

N

»

Laubach G\D., McLamore, W.M. and p' an} 5.Y.,

(1961) 'J. Med. Pharm. Chem., 3: 99-109.
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» " ANTI-HISTAMINIC

- METHOD: Antagonism of histamine‘in‘the‘isolated
| | Gu1nea pig ileum preparatlon.
PROCEbURE:p ‘2~4 cm of 1leun is- removed from a male albxno
i ‘Gulnea pig and mounted in a muscle bath fllled
with Tyrode' s 501utlon. One end 1s attached
amﬁuto a force dlSplacément transducer and the
. n‘force of<contract10n Of the 1ntest1nal muscle
is recorded on a Grass polygraph The tlssue
Cis- ‘then challenged w1th 0.05 ug/ml bath f
hlstamlne, repeatedly, at flve mlnute i tervals
- I untll a. constant level of response is ebtabllsh—

' ed. 0.1 mg/ml bath of the test compéind is

then addéd to the bath &llowed to- equlllbrate o

’

Q_‘ . with the- thsue for one mlnute,vand washed out
» . Four mlnutes later, thg muscle is agalﬁw

challenged w1th 0.05 ug/ml bath of hlstamlne.

_9§£u' o Responses to hlstamlne are obtained every, flve e

‘,mlnutes for a further one half hour.

t i

'RESULTS : ~ »Compounds whlch produce an essentlally complete

blockade of the response to\h}stanlne are

‘ con51dered actlve
- :

REFERENCE: Perky, W.L.M., (1968) Pharmacologlcal Experl—

ments on Isolated Preparatlons.f3L1v1ngstone/'~

S ' ’ ]
o : : -denburgh, pp. 58 68 =
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ANTI-ANAPHYLACTIC

" .
Inhibition of passive cutanedgus anaphylaxis
. K ‘\ @

in the rat.

Several Sprague-Daneyytats are treated avith

the follow1ng

Agent f - Volume Route, |
0.5% solutlon egg albumin 0.2 ml ~ I:M.
0.5% bovine serum albumin 0.2 ‘i.M.
Bordetellaﬂpe;tussis vaccine‘ 1.0 ; I,PQ

The animals are sacrificed after 11-13 days,
and the serum obtained from their blood is’

pooled and”ﬁgozen. The Serum contains ahti—

?ach of four Sprague Dawley rats are 1njected
1ntradermally with two 0.1 ml qplumei of agtl—d
serum on é&ther side of thelr backs. °24 hoursv
later 100 mg/kg of the test compound is. 1n3ected N
1ntravenously and the anlmals are 1mmed1ately
challenged with egg albumln. ‘This "antlgen“‘

is also admlnlstered 1ntravenously together -

.with Evan s blue dye Half an hour after‘thefv

challenge, the anlmals'are sacrificed and the

‘ skln of their backs 1s removed The anaphyl*~

actlc reactlon at the sate of the 1ntradermal'

‘1‘ : N .
: 3



RESULTS :

REFERENCE

N

. S . “16l.

injection of anti-serum results in the formation
Vh‘i,* ' M .

of a swelling or "wheal". The size of this

wheal is proportional to the intensity of the

©

reaction. The concentration of anti-serum

injected is adjusted to produce a wheal at least

©

20 mm diameter.

The test compound is considered active if it

5

inhibits "wheal" formation by > 50%. ' °

Goose, J.  and Blair, A.M.J.N., (1969)

; . \
Immunology, 16: 749-7{f.

EYSA
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'ANTI-MICROBIAL
METHOD: ' Agar-dilUtien,teghnique.qr
PROCEDURE : The compouhds;under study were examined for $

~ their effectlveness agalnst the follow1ng

oy
:pf

re
1

bacterla, fungl ‘and yeasts:

Test Orgapism‘” g Growth Medium

Escherichia coli .~ » ATCC 8739 )

Pseudomonas aeruglnosa " ATCC 10145 B ) B, '
Klebsiella pneumoniae ‘'« 'ATCC 4352 Yoo i
Staphylococcus aureus: . ATCC 6538 ; ncase Soy
Streptococcus faecalis =~ ATCC 8030 ! \gar B
Bacillus subtijis - ATCC 6633 N F
Salmonelga typhlmurlum' ATCC 13311

]

19418 )frypticase Soy
pital isolate)Agar plus.5%
6303 )defibrinated

' ‘rabbit blood
105§5 DA .

PR -

Haemophllgg 1nf1uenzae
~ Streptococcus pyogenes
*  Streptococcus penumoni

Aspergillus niger*
Trlchophyton menta-

‘grophytes
Mlcrosporum gypseum
" candida alblcans

- Sassaromyces carls-
- bergensis

‘o ch

”ATCC
ATce
ATCC 10231 )

9533' )Sabouraud Agar
14683 ) (modified)
ATCC 908 ) )

: 'Cdmpohhds,‘unie-s“s'-'s%él‘ale in water, were
dissolved in DMSO add?gdluted sefially to -
various concenggatiohs. The concentratiohs :

. of stock were prepared in such a way that when
" 0.5 ml was added to 15 ml of agar medla the -

. de31red flnal concentrations were obtalned

rThe test organlsms were prev1ously grown for -

"
9 2 days at 35°C for bacterla and yeasts and

’_1pweek for fung1 at 24%C on slants of ‘the same

.

media menthned above. The agar plates;were



L8

163

streaked w1th a loopful of cell suspen51on

.
L3+

o whlch had been washed off from the,slants

and dlluted to approx1mate1y 105 organlsms/ml..
d

The plates were incubated for 2 to 14 days

o vt a"" ‘
for fungi at 24°c and at 35°C for bacterla.ﬁ"

el
29

RESULT:; - . The result is expressed as’' minimal 1nh1b1tory' »
éoncentqatlon‘yhlch was defined as the 10West
concentration_of each compound that prevented _e

v
visible growth on the media.
\'.'

teg,

& éﬁ"/" "



- METHOD:

PROCEDURE::

v

- R

RESULT:

" medium of 10 ug/ml final concentratlﬂn for AR

‘concentration which was taken és the lowest «

164.
. ANTI-PROTOZOAL

Tube dilution technique as describeéd in

Ref. (1). - |

The tesﬁ.brganisms‘used.;§r§¢;5pi

;) Trichomonas foetus ATCC‘30603»
grow;ng in modlfled TYM basal medium.

2) Entamoebi‘ histolitica ATCC 30015 .

grow1ng in TP-s-1 monophaq;c medium

ifﬁ}T as devised by Diamond (2).

Each test compound'Was addéd*fp the liquid

the amoebae ang qt 50 pg/ml for Trlchomonas.

Each tube was then innoculated with a known‘

number of trophozoites .(l x 10°/ml) grown in

*

the same medium for 48 hrs. The inoculated
media wére incubated for 24 and 48 hours at
35°cC. o s

To enumerate the total population of para-

-

sites an aliqubt,of each test culture was o

¥ it
\

dlluted in sallne contalnlng formaldehyde (1%).

. Cell countlng was performed with the aid of a

Speirs—Levy.eosinophil counting chamber.‘
¥ .

The result is expressed as minimal inhibitory

vconcentratlon of each compound that 1nh1b1ted

: 4

90% of_growth.; A



REFERENCES:

2

. (1) Diamond,

" (2) piamond, L.S..

~ i
L.S. and Burtgis, I.L.. (1971).

Arch. InVest. Medica., Vol. 2. Supp-
1(1968)§ J. parisitol.,

1047.

éﬁ:
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Test started:

%) o
. ™ \» | Q
BIOLOGICAL SCREENTNG ]
Compound: Hame : )
Originator: ' Structure:
I8 -
| .
I € % .
¢
Amount rec'd.: * ¢
Date rec'd.: ;
M.W.:: M.P.OC:

~ inactive =

* glightly active

** active

Literag&re.refz *
< i —
SUMMARY :_ . AS
~o " «
. Fl
oY i ; .
& o / . i
~ “#? - v
| Dose Activity] ®
Test Route (mg/kg) _RESPONSE score
i‘P. i : i Bk ” @_‘m'«‘ e Ly
|Toxicity i.v.
(Min. tox. dose) pP.O.
s}c.
Neuropharmacol. profile i.p. 5
Analgesic . s.é.
Anti-depressant | s-e- o min - 60 min
e d o
Cardiovagcular i.v. '\Q? HR
” . ,
Anti-inflammatory s.Cy 3 hrs |5 bhrs
Hypoglycemic p.o. ; .
. T - Aﬂg = ) T . 2”
‘ A_nti-histaminv.i‘c: : in vitro mg/ml ‘)
: Anaphylactiéy i.v. K\ T .
A . N .
Anti-microbial bacteria ¥ in viero|MIC | ' \
| . fungi ~|mg/ml: |
rnt14érotoi0al‘ﬁﬁﬁﬁﬂxmﬂi in vitro| MIC ’
. entamocba o ag/ml
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