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. ABSTRACT

of reduced 1 2 3 6 tetrahydropyridyl heterocyc1es possessing ana1gesic and
hyperg]ycemfc acti&ties. . The facﬂe sod'lum borohydride reduction of

.....

pym d1nium yh’des afforded the target 1, 2 3 6 tetrahydropyridmes as th&

” "faso'le product -~ The potent'ia] pharmacolog‘ica1 use of hyperg]ycemic agents o

| &anoremants and the mechamsm of the sod1um borohydride reduct‘ion are

\

R - : ‘ . ":.‘..',"'

d1scussed jj.\ SRR [

The N- carbonyHmmopyridimum dees (126- 145 185 196 229- 243)

70 N
Y
L

A p]ausib1e mecha??ism for' the formation of the yhdes via.,\the Zincke it ¢

&

metzod 1s d1scussed R B S

s la

S Four mod1f1cat1ons of the 1ead compound N (pheny‘f’@arbony]amino)-

‘&a

l 2 3 6 tetrah_ydropyridme (125) were 1nvest1gated to determne (1) the
_ effect of aromatic subst'itution on . the phenyl r‘lng, (2) the effect of
rep]acmg the phenyl ring by other ring systerns a?iﬂ substituents (3) the
signfficance of the carbony]amino moiety and 12 3 6 tetrahydmpytidine

rmg, and (4) the 1nf1uence which substituents on the .1 2 3 6-tetrahydro— .

pyr’idtne r1ng have on ana]gesic and hyperg1ycem1c activities. Thus, four

' ser'ies of -compoun,dsv, " viz N-[(substftu "-pheny])carbonyhm'lno}-l 2,3 6-

. tetrahydropyridines , (158 177) N-(carbonylamino) 1 2 3,6 tetrahydro- .'

. ¥ ‘5 )

»pyridmes (197 208), structurany related N-(phen&lcarboﬁyhmino) 1 2 3 6- o kg

'1':7-."

N- Immopyridmium y'lides are usefu] precqurs for the synthesis - S

S

I
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ih 3 tetrahydnopyr1d1§es '? 210 219 221 226) n}’ N-(phencharbony}amino)-.

5ubstituted-i 2,3,6- tetrahydropyméines (252 215) " ére synthesized, rand

tested as anaﬂgesrc,and{hyperg]ycem1%.agents, N ‘-;jf\', | |
’ A
aThe anaTgesic activitfes were neasured using the pheny]quinone

wr1thnng test.;; Some of these compounds were a150 tested using/jbe hot

A . J.

p]ate test Pretreatment with na]oxone hydrochlor1de aip- -narcotic" T

ES B NI

antagon1st d1d not aTter the anaTge51c act1v1t1es of compounds 172 205

222 and 253 1nd1cat1ng'that these compounds do not act at the u-op1ate

: receptor. The hyperg]ycem1c ad%1v1t1es of the 1 2 3 6 tetrahydropyr1d1ne

lanaTOgues were determJned by the procedure developed by Barthe]ma1 and
e ?_ ‘

f[x‘ Czok. 215 'ﬂ[ Th part1t1qp coeff1c1ents P were measured using - the:

’?e?method of Fu:nta225 to determ1ne whether there ‘was  a correlation

g

W

’ _between P and pharmacoToglcaT act1v1ty ST e

e \‘

The pharmacd]ogxca] test resuTts 1nd1cated that the N (carbonyT-

o . ‘% IR e

' am1np) 1,2, 3 6 tetrahyropyr1d1ne nn1ety 1s the most important- structuraT

oo o

:frequirement for potent anaTges1c and hyperg]ycem1c act1v1ty, No.

. & , o B
jcorrelat1on betWeen the -partition coeff1c1ent - P and analgesic or.’

;'thypergTycem1c act1V1ty was ev1deﬁt The strycture- act1v1ty reTat1onsh1ps

Effor analges1c and hyperglycem1c act1v1ty have been discussed in detail.

- " .
& ;‘P .;' ‘ . B \ ‘ . R ¢ " ~
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1.0.0.0.0  INTRODUCTION > | :
It has become 1ncreasimg'ly apparent that N 1m1nopyr1dinium
‘_dees (1) and the protonated N-aminopyridinium sa'lts (2) are useful

precursors in he'eerocyc'lic chemistry,.particularly for the synthesis of\

.pyr1d1ne heterocyc]es o -
!
~ l P ~
. \l;ﬂ \ﬁ I x'
A , l
'l" NH
\ 1) (2)

1

‘. Efficient. synthetic methods for the preparation of (1) have

been deve]opc:d The nuc]eoph1hc1ty of the imino nitrogen, thea. electro-

A

ph111c1ty.of the pxmdlm_um ring and the d1po1ar charac_ter vpermit a

variety of mreactions -'dependi.ng uponf' the nature of the substituenéts, tge
: reagent and the reaction conditions.

- 'The‘ ‘chemistry.  of th heteroaromatic N-imines 'h'as\ been
reviewed.1’4 Severa]lnomenclatu >s  have been used in the literature
to describe N-iminopy.rivdinium ylides.  For example C5H5§-E-C0Ph (3)
has been named p_y'r'id.ine N-(or 1-)Ybenzoylimine, pyridine N-(or 1-)b‘enzoy1v—

imide, N-(or 1-)benzo_y1jminopyri/éinium ylide (or betaine), 1-benzoylamino-

Y "



"gji:=(): '
(3)
| BN "% | ) |
pyridinium hydroxide ~ inner salt & (Chem1ca1 Abstracts), or

“N- pyr1d1n1obenzam1date (IUPAC). The N- 1m1nbpyr1din1um ylide nomenclature
w111 be used in th1s thESIS. The advantﬁﬁe of this name is that the

1m1nopyr1d1n1um y]ide nomenc]ature is in genera] use and it also- expresses

{/’..; ',*

the isoe1ectronic re1at1onsh1p to pyr1d1ne 1 oxide

1.1.0.0.0 Synthesis of N-iminopyridinium ylides L —
The most usefu] synthet1c methods can be classified in three

cateéorieS' (i) direct N-aminatlon (it} cyc!\zgrion ‘of hydrazone

\‘\ A
derivat1ves and (iii) miscellaneous methods. “J<
N

Y

1.1.1.0.0 Direct N-amination by hydroxylamine derivatives |

® - . :
The hydroxylamine derivatives used most extensively include

:hydroxy1amine-0-su1fonic ~acid (HOSA) (4)6-8 * and ,@%hesify1ene-
> . ) N g
su1fony1hydrl§y1am1ne (MSH)  (5)9-11_ Recently, the new - «hybrld

8!

.0 dipheny1phoSph1ny1hydroxy1amine (DPH) (6) has been reported 12



| N o
e o
HN-0-S-OH - un-0—{-
0 o - g L
| CeH;
“(6) o

CON- Amiﬁopyridinium 1od1des " (7) can be synthesiied in

sat1sfactory yield by reaction of an aqueous solution of the pyr1d1ne w1th

'HOSA (4) at elevated temperature.

&

(4)

The N-am1nation of pyridines bearing electron-withdrawing

- substituents (e.g. COEt, CN k\N02)13 114 wlth HOSA does not occur but

is widely used for the synthesis of - many - other heteroaromat1c

1t



.ﬂ-aﬁ{hbaiéhihm sa1ts.8-14f22'

L 'N-Aﬁfnétjonv with‘ MSH;1. fs one of the most effiéient

__methods for the preparation of N-aminoazonium salts’ (8). .Pyripihes}l'

23-26 'qbiﬂoiinesf27-29v ) naphthyridinés,30 ~ fused  pyridines3?

- phen”anthf‘idine‘s,31_:;,32l: acridines 33 diazines 29 ~ pyrazoles 34,35

1# ¢ indazoles 34" fusé&hzindaio1e;§5.37 and - fused, triaones37;.have been
:‘ t ﬁ;aﬁ§naféH withiMSHj o

. <R
. 7 :
‘ ~N ¢
. . T
. 53 NH:

The less reactive 0-2,4,6-triisopropylbenzenesulfonylhydroxyl-

_amine - (9)10  and. the less stable S-to1uenesu]fony]hydroxy]amine
o ' . : . - ¢

'(10)37'40 have also- been wused to N-aminate pyridines. ‘Chloramine .

(NHoC1) is not-sufficiently reactive for this purpbse.41




1.1.1.1.0 N-1 Unsubstituted 1m1no§yr1d1nium ylides

The N-1 unsubstituted 1m1n0pyrid1n1um y11des are genera11y
-generated in situ by treatment of the N—aminOpyridinium salt with hase andt.
~_are used  without isolation for subsequent. reactions due eto.~their
instability. The N-1 unsubstituted iminopyridinium ylide (11) has not been

isolated,to date.

base

1.1.1.2.0 K-l Substituted iminopyridinium ylides
| The N-1 substituted iminopyridinium ylides can be prepared'by
the neaction. of N-aminopy}idinium salts, in the presence or absence of
'bese, with anhydrides  or  acyl 7ha1ides,14’16'l7520’21'42-43
diketene, 44 diethy] ma]onete,45 squony1 ch10riuee 14,46,47
a~ha1oviny1 keto’gs and- esters,48 -51 diethyl ethoxymethy1enemalonate
and related compounds,50,52-54 isocyanates 17,55 th1oisocyanates.
17,55 fmtdoyll chlorides ~ .and imidates, 96,57 ° pitro ' acetates,
59-61

14,58 ~ and active halobenzenes. \ Some representative ‘

N-imino pyridinium yiides prepared in this way are summarized by Scheme 1.
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N

Scheme
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/
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' 0o ;

Some representative N-iminopyridinium ylides
prepared using Nzaminopyridinium gsalts as

precursors

H
Q



1.1.2.0.0 Cyclization of hydrazone der1vat1ves " ‘ A\,

\

\

The synthesis of N-iminoazonium y11des. formed by the \fing
open1ng of N-(2 4—d1nitropheny1)pyridinimn ch1or1des or pyrylium salts

upon_react1on with- hydrazine derivatives followed by recyclization, has\ﬂ
. ! ‘ \‘
been known for. many years In particular, the latter procedure was the

62

\\

first method reported for the synthesis of N—1m1nopyrid1nium6y1ides

©1.1.2.1.0 Preparation from N-(2,4-dinitrophenyl)pyridinium chlorides and

hydrazine derivatives

N-(2,4- DinitrOphenyi)pyridiﬁfum chTorides '(“ancke 'sa]ts")
(12), prepared from . the react1on of- pyridines with 2 4- d1n1troch1oro-
.benzene react w1th hydrazine or monosubstituted hydraz1ne der1vat1ves to
\:give)VS (2, 4 dinitroanilino)-2 4-pentad1ena1 monohydrazones (13).  The
‘hydrazones recyc11ze upon heat1ng at ref1ux in dioxane-water (4 1) or
treatﬁent &1th acid to g1ve the correspond1ng N-iminopyridinium y11des
This method can be applied to pyr1d1ne 63-67 3-substituted (except
;those hav1ng an e]ectron-w1thdraw1ng ;ubst1tuent) pyr1d1nes 14,68, 69

and  4- a]ky]pyr1d1nes 68, 69 ~ 'The reaction fails for a-substituted

pyridines. 69{:}



e

-

1.1.2.2.0 Preparation from pyrylium sal ts.é.nd hydrazine ‘dé"rivatives

A

. Pyrylium salts (14) also react with hydrazine -and hydrazine
der:'iyatives,‘\ to give N‘-iminOpyr’idiMUm ylides.47,62,70-76  The reaction



invoives the formation of intermediate hydrazones due to nuc1e0phil'ic |
attack at the u-position of the pyrylium ring The hydrazones undergo
r1ng c'losure foi'lowed by dehydration. This method is only app'licab'le to -

'.polysubsti tuted N—iminOpyridinium ylides. o

H,NNHR

1.1.3.0,0 Misceﬂaneous methods - . . ’ o~

Nitrenes (15), generated photochemicany or . thermany fromv

sul fony}azides or carbonylazides, add to the p_yridine nitrogen 1o afford.“

‘the N-iminOpyridinium ylides as the major products 20,21,47 77 31-‘-.

However the y([el/ds are, usua]ly low and the, scope is severe'ly limited

a [,



“ : Ll A R
. ArSO,—N, ———— Arso,N: ———

w?‘ (:i5‘),

rearrangement -of" some d1azep1nones (16)82’ and therma1 'revers1on

1 2(1H) d1azep1nes (17)83 have also been extens1ve1y invest1gated

n H
2) i OH™ g
. |
PAN ~ f' “
T | ~ 4 '
SN
B
N—R
(17 ) n

*1.2;6}0.0 —:Physical_properties of N-iminopyridiniﬁm ylides

. A systematic 1nvestigation of the phy51ca1 properties

10

Bl The formation of N-im{nopyridihiunr yiides by acid .cataTysed

-of

s

of

N- im1nopyr1d1n1um ylides' has' not been réported. The data .which fs

~avai1ab1e fs reported pr1mar11y in the experimenta1  seétiqns

pub13cations.

of
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1.2.1.0.0  Solubility o L
o N- Iminopyridinium y]ides are usua11y crysta111ne so11ds which -

are ‘water so]ub]e. “The resulting so1utions are neutral (pH~6 9 -'7.2)and

exhibit Tow conductivity 3, 84 Most N-1m1nopyr1d1n1um y]ides 'aref o

so]ub1e Cin po]ar so]vents such "asﬁ methanoT, ethano1 ch]oroform and :ﬁ‘

'dlchloromethane but are on]y very spaezﬁg1y so1ub1e in ether benzene and

other non- po]ar solvents.

1.2.2.0.0 Photoelectron spectra

The X ray . photoelectron spectra of NJacy11m1nopyr1d1n1um and
N-arenesulfony11m1n0pyr1d1n1um y11de§_g have _been' ,mea;ured.gs The
binding energies of ‘the s electronsAofbtheirtnitrogen atontﬂindicate that
the negative charge remains to a large extent on the imino nitrogen
atom .whereas the pos1t1ve charge on the ring n1trogen is de]oca11zed on: -
the pyridine ring- with a high positive charge dens1ty at the 2- and 6-
'pos1t1ons This observatlon is in accord with they fact that
N- 1m1nopyr1d1n1um y11des can serve as 1,3-dipoles (azometh1ne imine). The

'fo]10w1ng canonical structures (18 = 23) dep1ct “the pos51b1e charge

delocalization.




S . _ . | , 12

O.
( 22 ) o -,(‘2.'3 )

1.2.3.0.0 Infrared spectra

e

| The infrared'-l(ir) spectral characterjistics- of_'acy1iin_ino-
pyridinium ylides  have been revie’wed 1-3  The stretching'frequenc-‘ies -
of the resonating carbony‘l group (22 - 23) for acyliminoazonium ylides are
always present in the 1550 - 1650 em™! r.eg1on.3 20,21,26,42,65-
67,86 These freQUencies .are generally about 100 cn-l Yower than
those vof'v the corresponding carbony'l pdrtinn of 'the amides, thus providing
‘evidence 'f'or "‘de10ca1ization of the‘,neg'ative_ch’ar‘ge.“ Fhe canonic’a] form
(23) 1nd1cates that the doub]e bond character of the carbonyl portion of
'the imide is decreased. Consequent'ly, the force constants of such bonds?

are also decreased, caus1ng ‘a frequency shift to a lower wavenumber 87

1.2.4.0.0 Ultraviolet spectra

3

The ultravio1et (uv) absorption spectra of N- 1m1n0p_yr1d1n'ium
ylides are dependent upoh man_y factors .such as substituents attached to>
the irnino nitrogen or to - the pyr1d1ne ring and the solvent used.
N- Ac_y1 1m1nopyr\d1nium dees usually show two intense absorption maxima at

230 - 235 and: 330 - 360 nm in aprot1c solvents such as ch'loroform or.
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20,21,68,69

dioxane. In protic solvents such as methandl or water a

hypsochrom1c effect for the long-wave1ength absorpt1on is observed For ...

'example, N-1m1nopyr1d1n1um y]ide displays a nmximum ‘at 352 m in' dioxane
but’ at 313 nm 1n ethanol. 21 1pys IQng-wavelength absorption has been
ascribed to a N - T * transition of the lone-pair ‘electrons of “the ~

“imino nitrogen.88 N
. : (/W, |
»

1.2.5.0.0 Nuclear magnetic resonance spectra

A complete analysis of the lH nmr spect;a ef a series of
suestituted N-iminopyridinium ylides has been reeorted.89 The
chemical shife positions (&) for the pyridinium ring prbtons decrease in
the fo]]ow{ng.order where H-2(H-6) > Hf4'> H-3 (H-5), as demonstrated by
‘the :canthCal structﬁres (18 - 21). The H-2 and H-6 absorptions are-
generally present at about 8-9 while H-3, H-4 and H-5 appeaf between 7.5
- 8.5. The chemical shifts may be influenced by substituent effects.:
42,47,65-76,86 ,89 T~ Although the exact poeition of H-4 caenot be
obtained direct]y from the‘ Iy nmr seectrum, the Cmr spectrum of
N-benzoyliminop;ridinium yiidé clearly indicetes the significant downfield
shifts of C-27(143.1 ppm) and C-4 kl37.8 ppm)‘relative to C-3 (129;4 ppm)

which reflects the electron density of these positions.goA

1.2.6.0.0 Mass spectra

- The mass spectra of N-1 unsubstituted pyridine N-imines

generated within the ion source by pyfoiysis' of the correspbnding
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hydroch]onfdes have been determined 91 The mass spécfrum exhibits
peaks attributed to the loss of 15 (NH) and 16 (NHg) mass units from the-
molecular ion. | ' '

The major frggmenﬁation of N-acy1fminopyridinium ylides can be
rationalized in terms of a charge ioca]ization' on the pyridine
nitrogen:ggs Examination of the canonical structures (24) and “(25)
indicates that an electron can be‘expe11Ed either from the inino n%trogen
td give thé_mo]ecu]arvion_(ZS), or from the oxygen to give the molecular
inn (27). N-ACy]imjnopyridinium‘ylides ndrma11y exhibit a [M-1]* ion as
"well as an intense mojecular ion except when R is ethoxy (29).92
This fragmentation was. accdmpanied by a large metastable peak in all
spectra that exhibit a [M-1]* ion. The o- hydrogen that is 1ost has been
established by  deuterium 1labelling exper1ments 92 The resulting
fragment ion is best represented by 5 fully aromatized structure (28).

- The most important primary fragﬁentation process for
N-acyliminopyridinium y]ides is a-cleavage of the molecular idon as-
‘indicated by Scheme 2. Loss of tne R- radical affdrds a peak at mz 121
] attriﬁuted» to (29) which is so%etimes supported by a metastable peak.
Th1s ion fragments further by el imination of N=C=0 to furnish a pyr1d1ne
~ion (30) at m/z 79 wh1ch is often supported by an appropr1ate metastab]e
peak. Ion (30) can then expel .hydrogen cyan1de to give a peak at m/z 51,

[CqH3]1?* “which s always present in higher relative abundance than



(29 ) ( 30 ) . (28))
m/z 121 m/z 79 [ M-1 17
—HCN
| ’ + |
.
R = alkyl , aryl _
| ‘ - m/z 51

Scheme-2 Major fragme%tation pathways for N-acylimino-
‘ pyridinium ylides ‘

15



c=o*

mn/z 77 - -

the fragment at m/z 79. On the other. hand, charge retention on the acyl

moiety also occurs to some eXtent since less intense peaks:appear at m'z
v ' _ o \ '

105 and m/z 77 when R is a phenyl group (24).92

4

| 1.2.7.0.0. Acfd—base properties

_The basicity 6f N-imihopyridiniﬁm ylides is depeﬁdent upon the
nature of the substituents attached tq the imino nitrogen. Thus,
N-1 ‘ﬁnsubstituted iminopyridinium ,ylidew.(pka A13.614) and N-methyl-
iminopyridinjum ylide (pka 12-1393)‘ are very strong bases. ’ Whereas
Nlacxliminopyridinium ylides (pka 3.2 for N-benzoylimine14 and "3.6
for \ N—acety]imine93) and N;nitrdiminopyridinium ylide (pka

_ 4.614) afe‘weak bases.

2
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S,

'NaACyliminOpyridin{um y1ides undergo hydrogen-deuterium ,

' . exchange at the 2- and 6- posit1ons upon treatment w1th deuterﬁumﬁﬁ;j"

“oxfde;94 oA the other hand N-acyliminopyridinium y11des undergo =

Lue "‘* la ;.5

. base 14 ;‘l‘. ) Y . By N | | ) R N R AR I R . {r

LI

"T;}.O;0.0 Chem1ca1 propert1es of Nr1m1nopyr1d1n1um ylides

T
TR o,

Dy

T N- Im1n0pyr1dhn1um y1ides possess . varlety of react1v1t\es
"ﬁ,depending on-_the nature of the substituents attached to - the pyr1d1n1um
r1ng and  to the imino- n1trogen.< The most 1mportant types of reactwons:“

: N-1m1nopyr1d1n1um ylides undergo are (1) react1on w1th e1ectr0ph11es at

*-hﬂ“fi-exchange At . the 2-,, -:w999, 67pos1t1ons on1y in bthe’ presence of:ff,rv

'the 1m1no n1trogen (i1) ‘nuc1eophi]i¢‘ attack upon the- pyr1d1n1um rlng,l N

Aiii) -1, 3 d1polar cyc1oadd1t1on reactions, (iv) photochem1ca1 ‘reactions,

(v) thermal reactions, and (vi) reduct1on reactions.

3

- ;vy53.140.o React1ons w1th e1ectr0ph11es
' React1on of N am1no,?r1d1n1um sa1ts with aCy1at1ng agents,'
-imidoy] ch]or1des and ‘active ‘halobenzenes. prov1des a genera] method for

the preparat1on of N-1 subst)tuted iminopyridinium der1vat1ves (see

R L R
N . Bt e ae we won -
P A

: ,sect1on 1 1 1.2. 0).

RN

16 45, 95 96

the ~imino group (22 and 23) are posswb1e ln‘ contrast 4

a1ky1at1on of the N- pheny1carbony11m1n0pyr1d1n1um ylide (3) afforded only

the 0-alkylated product.97 !

In genera1 a1ky1at1on of N-acy]am1noazon1um yﬁ\des take - p1ace v



18

. Treatment of 2-alkyl or 2- hydroxymethy1 -1- ammopyridmium
salts (31) with acy‘l or aroyl c'ﬁ-}rides in the presence of base afforded‘
the bicycl 'lc pyraz010[1 S-a]pyridine derivatives- (32). lf the 3-position’

1s substituted cyc'lization al'so occurs at this position 18 98

2
x . | R'COCI
|
NH,
(31) . ‘
R=H, OH

Reactio'nb of .N-aminopyridinium ch]ori'd‘e' and pyridine N-imine

99 However

-"w'ith aryl. d1azomum sa‘lts gave aryl azides in high y1e1ds.
reactlon of N- am1nopyrid1mum tetraﬂuoroborate (35) with ary1 diazonium
tetraﬂuoroborates(beamng the electron withdrawing ‘groups in- the aryl

-group) (33) in acetonltri’le gave N- (ar_ylacetmido_y'l)ammopyrid}mum sa]ts

'. "(36) It has been suggested that the mtrihum ion (34) resu]tmg from

"N af'y'lation of the so'lvent acetonitrﬂe 1s attacked by the N ammo-‘

.-avpxridipium salt to give (36).99 o _7‘;" L
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T . . ) e . ol
: AI'N;BF:- . MeC‘EN¢ 1 MECEﬁAf (’»‘ .
' | | BF,
( 33) v
(34

( 36 )

:fﬁé reactibnfof N~aminoazonium~sa1ts (Bl#vwﬁihféiﬁpﬁafféJaﬁdﬁ? Y

~high y1e1ds 99 102 Some esters such as, d1ethy1 malonate .and ethyl

cyanoacetate react witﬁ (37) in the presence of base to give the

Eorfégboha{ng N-acyTimindpyfidiqjum ylides (33).35. 3
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| RCH,COEt

Reactien. of. pyr1d1ne N-imines w1th the 2H a21r1ne (40) gaMe~1vv~—-~

yr1do[1 2- b]tr1az1ne' der1vat1ves (43),103-104 A]though two ‘modes  of

cycloaddition are poss1b1e for 3-subst1tuted pyr1d1ne N-imines reaction of
7

'the 3- methy] der1vat1ve 1nvo]ved cyc]oadd1t1on to the npre h1ndered side.

on . the other hand pyr1d1ne N-1m1nes possess1ng e]ectron w1thdraw1ng
‘. . N\

substituents at the 3-position gave exclusively the cyc1oadduct resu1t1ng

“ . from addition to the Tless’ hindered- s1de This réact1on probably involves

nucleophilic addition of the N-imine to the 2H-azirine (40) to form (41)
 which - may then . undergo ring opening followed by cyclization of the¥

1,6-dipole (42) to give (43).



3
-NI-'I“
' . . - . i /\
. )‘ -
Ph

(82)
O o S T B
'D1phen_y‘|cyc1opropenone (44) is a highly reactwe e1 ectrophilic
_carbony] compound wh1ch reacts with N- acy11m1nopyr1d1n1um ylides to give
'the 1, 3 oxazin-6-one (45) 43, 105 The reaction of pyr1d1ne N-imine
with the cyclopropenone (44) ingmethano][afforded methy1 ¥-aminoacrylate
}46).105‘ It was proposed that ;hese reactions ~involved kétgne
intermediates wﬁich are inﬁercébted~ejther by.interha1-nucTeobhi1és or By3 

the solvent.



22

o

( 46 ) .o (45)

Another ‘interesting difference in reactivity . has also - been
observed. When pyridine N-imine was allowed to react with

methyjphény]cyc‘IOpropehqne {47) in methanol, 3»H-‘pyr‘id‘o[1,2_b]pyr1'daziri-
107,108

—_—

-3-one (49) was obtained in addition to a methyl 3-aminoacrylate.



PR

0
Me  Ph
( 47.)
(48) (49 ).
- 1.3.2.0.0. React1on w1th-nuc1eoph11es )

Nuc]eophi]1c attack by hydroxide ion at the C-2 pos1t1on of ‘
pyr1d1n1um salts 1ead1ng to the format1on of pseudobases (50) 1s weT]
109-111

known In many cases 'th1s is fol]owed by a r1ng Opening

reaction and the formation_of,g]utacona1dehyde derivatives (51). However,

AN-acyIiminoazonium ylides are relatively stable to alkali.l1?

~ | | A OH ANy
N ~— T H <~ R/ \/W
I o ; '
R R _‘~.’: : H
, ( 50 ) (.51 )

R = alkyl‘, aryl , suﬁstituted heteroatom

It has. recently .been .. reported that~ 'react1on of N am1no 2-_

T

ch1oropyr1d1n1um salts with hydroxylamipe gave 1- amino 2- hydroxyimino—l 2~
dlhydrOpyr1d1ne (52) 113 | o
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NH’,
( 52 )

The N phenyhmmopymdmwm y’lide (53) has been reported to

react mth hydrOperomdes (R = t-Bu H) . to give 16 d1h_ydr0pyr1daz1nes.;.w::?

- (54). 114 _ Th1s reactlon may invo'lve nuc’leoph1hc sattack. b)c@the'
8\"( "

- h_ydroperox1de ion at the 2-position. of the p_yr1d1niurﬁ “‘rlng foHowed by;

ring opemng and recyc‘l1zat1on to yield (54).

Ph “ - Ph

Z N ROOH N o
- | e I | |.‘ Ph
Nph - . Ph-N OOR

: . L !
N . NHPh . )
v B 1
* Ph ) . . - P
(s - f\rcoph
R N L L

(ss)
o - The 1ntramolecu1ar cyc'hzatwn of N- acetoacetyahmmopymmmum

yhde (55) upon treatment w1th sodium ethoxide y1e1ded p_yrazo]o[l 5-a)-

.k

_pyr1d1ne (56).8%

( 56 )



1.3,3._0.0 1 3 Dipoiar cyc\oadditions - ‘_ ’ : - ';‘_.

The 1,3- dipo'lar cyc‘ioaddition reaction of N?-'iminoazoniuu
y]ides have been studied extensiveiy fo‘liowing the observation by Huisgen
et a‘l that they possess 1,3- dipo'lar character.usr The 1,3- dipo]ar

0” A

"n" character »of azomethine imine (57)" 15" iliustrated be'low.llllsi —ﬁ‘-The,'

= e

B b B dipo'lar cyc1oaddition reaction of a variety o'f activated gikynes and

@, g

EAE T

o a]kenes with N-iminopyridinium y'lides “afforded. bicyc1ic “dihydropyra,zo'les ; 'p

and tetrahydrOpyrazoles respectiveiy.us. The aromaticity of the

heteroaromatic ring is destroyed after the initia] reaction. Conséquently &

4 T

the primary cycioadducts usua'l'ly undergo further reaction to achieve ;-

stabi'lization by aromatization, hydrogen transfer, rearomatization by

'rearrangement or N N bond cieavage. These secondary reactions are high]y

E dependent upon the nature of the heteroaromatic ring and the substitueats
present particu'lar‘ly those attached to the imlno mtrogen.

, The 1,3-dipolar cyc'loaddition reaction of pyridine N-imine

| with activated dipo‘larophi’les ‘such as acety'lenic esters,55 115 117,118

ketoneS.‘n‘9 | nitriies.93 120 ethyl acetoacetate,ml' ,"-‘cetﬂ'

51

acetone,m} and s-—haloacryiates provided a  facile synt-hesis of

many pyrazo'lo[l 5- a]pyridines (58) and triazolo[l 5 a]pyrichnes (59)
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Subétitdted N-1m1nopyr1d1n1um yiidesﬁ« also ndergo the
| ol

QAN Wy B e

s%de of . attack 1n the react1on between y11des and ethy] prop1o1ate hasnd

been 1nvestlgated 121 The resu]ts 1nd1cated that qn1ess La} largé

> — .
1 - N v

.. substituent is present at the 3- pos1t1on the -cycloaddition reactibn

occurred preferent1a11y at C-2 of the pyr1d1n1um r1ng, regardless of the‘

e1ectron donating or e1ectr0n w1thdraw1ng character of the §ubst1tuent;.

(1

Nhen the C-3 substltuent is hydroxy, amino’ or ‘acetamido exclusive add1tion

S

at (-2 was observed. - e

1 3- d1pe1ar cycloaddlt1on react1on The effect of substituents upon the N



' It has peenﬁﬁepotteq*thnt“pxrjdine N;iminehreg;tgq;with,ihe~wv
'chc1qpentadfen0ne (60) to give the prevfously'nnreportéd ylides (61) ‘and -
‘the. 1:2 .adduct (62).122  pyridine N-imine also réacted with triaryl-
kéténéin;nes (63)“'£¢ Qi?e >(64) 123 A ‘numbéf'wdf “s{ni1ar reactions
'fihave been reported recently 124~ 126 | '

TR CN- Acy11m1nopyr1d1n1um y11des also undérgbl the 1,3—dipo1ar
c&c]oadditlon reactlon with ‘various djpoTarophi1es. The order of
‘reéttivity as. i;3—dipoies is N-alkoxycarbonyl>N-acetyl>. N-benzoy1.80’
127' jhe differenbeé in reaCtivity are due to variations in the
f_e]ectron dens1ty at the 1mtno n1trogen wh1ch 1s greater for the N alkoxy-

) féarbony] than for N benzoy1 anangues

¢
¥

1.3.4.0.0 Thermal-Reactions | .

3

Ihé most important therma] feéct{on' ‘that occur for4
vsubst1tuted K- 1m1n0pyr1d1n1um y11des are 1ntram01e ular 1,5- cyclizatfnn
and N-N bond f1ss1on The reactrons are : h1gh1y dependent upon the nature
of the substituent attached to the imino nitrogen Thus when .the cyc11c
.a—ketov1ny11m1n0pyr1d1n1um y11de (65) is heated at ref]ux in- to]uene the

fully aromatxzed pyrazolq[l,Saa]pyrﬁd1ne_ (66) is’ pbtaingd.48’49"
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PhZC::C:'Nfi.

| (63)
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Additional examples 1involving thermal reactions “have been reported

subsequently.so'sz-54'128v ' -

v I

N A
N 0 —
\ .
°N
( 65 )

- .
N B

o .
2y . i . B -
y o N S e ey BTN S e - :
YL o s

SRR A]though N acy11m1nopyrid1n1um y11des exhib1t 1,5- d1po]arf S

character, no intramolecular cyclization - reaction has been reported to
9

date. The predominant reaction is nitrogen-nitrogen bond c1eavage.- Nhen
N= benzoy11m1nopyr1d1n1um y]ide is heated above its me1t1ng po1nt (about

190 - 200 C) N N bond f1ss1on occurred fo]]owed by a Curt1s rearrangement

»9: A ow L0

------ » é&e'-,n o ﬂ.—‘a"‘ -”-"‘

BT giVe pyr1d1ne and pheny1 1socyanate wh1ch was 1so1ated as dlphenylurea
' 129 It has been reported that the decomposition occurred at

temperatures wh1ch were about 100 C 1ess 1n the presence of copper (11)

@ e e s e

chloride. 130" The thermolys1s of' N- beany11m1no-2 4 6- tr1pheny1-v

pyr1d1n1um ylides (67) at 220°C afforded pheny11socyanate (68) in high = °

yield. The reaction represents a new general method for the preparation ,

of arj] 1socyanate 73,74
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1.3.5.0.0

'To"date,. severa] types of photochem1ca1 react1ons 1nyo1ving"

N 1m1nopyr1d1n1um y11des have been reported v The most- commonp'photo-

chem1ca1 .react1ons 1nvo1ve vr1ng- en1argement‘. :oi_“l ZQdiazepines, ‘

'GI‘Z”mﬁgration”’ofwathe“~imin0* n1trogen and N N, bond, sc1§s1on _ The

v b

photochem1ca1 reaction which occurs is h1gh1y dependent upon the nature of =

the substituent attached to the pyrid1n1um ring or the im1no n1trogen An

~extensive review has -been pub11shed 131

' 1

The photochemica] synthesis of 1,2- d1azepines from N acy1_‘_.,pu

1m1nopyr1d1n1um y]ides are now accepted procedures Thus N- benzoy11m1no-‘~

| .21!25’25’132'133 .r N acety11m1no 25 81, 132 134 ;" and - N-alkoxy-

L g -
et

“carbonyTiminOpyridiniusza21531f135*13z‘ y]ides can ..beAi'traHSformedfw '
into the .corresponding 1 2-dtazep1nes in’ high “yields. | This.’photo- o

: rearrangement has been . postulated to proceed viaza 1 7~d1azanorcarad1ene\“

lntermediate (69). The intermediate (69) could be formed by a photo-
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1nduced e1ectrocyc1ic Jeaction of the 1,3-dipd1e fo]]owed by a thenmal1y

. ‘;,.-_

a31owed disrotatony ""9 Opening reaction which wou1d gfve rdse to the,;f R

1 2 dﬁaZEpine (70) 138 139 | f_fi3~»»n S

rearrangement of N-acy11m1nopyridin1dm y1fdes has “been: -investigated.-

131 133 . The resu]ts can -be br1ef1y summar1zed as fo]1ows

j;(l)b R Electron donat1ng subst1tuents at the 4-pbsit1on fac111tate r1ng

expansxon to 1 2\d1azep1nes whereas strong e1ectron-w1thdraw1ng

. substituents proh1b1t thTS react1on.

e e o

o eniargement to " the” correspbndtng 3~subst1tuted 1 2—djazepines

o

presumab]y because of a steric effect wh1ch would prevent ring

closure by the 1mino nitrogen at the C-2 p051t1on

-

'(3f E]ectron w1thdraw1ng substituents attached to the 3-position exert

a strong directing effect to give 4- substituted 1,2- diazepines,
_' wh11e e1ectron donating groups exert little or no orientation
effects since. a m1xture of 4- and 6- substituted-l 2-diazepines are

- obtained.’

" (4)  Electron-donating substituents bearing an acidic hydrogen (OH,

(2) Substituents at -the 2- position fac111tate a. reg1ospecif1c r1ng

The effect wh1ch ring suhstTtuents have upon.xhe photochem1ca]

T
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NHZ andﬂNHCOPh) db“hot yield 1, 32 diazepines,ﬂbut afford a mixture

of two isomeric 2- aminopyridines (71 and 72)

'_?1%3.6,0¢Q Reduct1on reactions

A var1ety of methods have been .reported for the reductive N-N
bond cleavage of N-1minopyr1d1n1um y]ides viz., zinc-acet1c ac1d,140

fstannous chloride in hydrochloric acid,141 tri-n-butyltin hydrjde,

143

142 and e1ectrochem1ca1 reduction. However, sodium

borohydride reduction. of N-acy]iminopyridinium ylides afforded the .

corresponding 1,2,3,6-tetrahydropyridines (73).42'65‘57’144?;45f







1.4.0.0,9 1, 2 »3,0- Tetrahydropyridines

The three possible tetrahydropyridines, namely 2,3,4,5- tetra-' E

“hydropyridine \(1-p1pertde1ne) (78), 1,2,3,4-tetrahydropyridine .

'(2 piperideine) (75) and 1,2,3,6- tetrahydropyridine (3-piperideine) (76)

" are al] known. " Most studies have been carried -out with substituted""

tetrahydropyrid1nes. 1,2,3,6- TetrahydrOpyridine (76) is ‘the only -one ‘that

exists as a stable free base

.Therchemistry and pharmacology df 1,2,3,6—tétrahydropyridine§

have been the 'subject of several reviews.146'149

Although many -
piperidines have been examinéd pharmacologically, relatively few tetfa-«

'hydropyridines'have been sfudiéd. Those which have received the greatest
attention areﬁdenjvatives'of~1}2,§,6-tét%éh;dfbﬁyrﬁdihéﬂ" Many 1,2,3,6-
tefrahydropjridines exhibit potent hypotensive and analgesic activities.
148,149 o~ ’

1.4.1.0.0 Synthesis of l.2;3,6-tetrahydr0pyrid1nes

1,2,3,6-Tetrahydropyridines can be synthesized readily by
partial reduction of pyridines, elimination reactions involving
ssdbstituted . piperidines or Diels-Alder cycloadditions . using

' iminodienophiles.
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1.4‘.14.'1.6 Reducﬁon react1.ons "

| The synthesis of 1,2,3, 6 tetrahydmpyridines by. : reduction of
pyridmes and the'lr salts with meta‘l hydrides or other reducing agents |
have been extensive]y reviewed 146 152 Thus, reduction' of various'

pyridines with sodwm and ethanol gave a mixture of 1,2,3, 6 tetrahydro-‘

".’;pymdme (76) and p1per1d1ne (77) 150 Similarly, the reaction of a

“pyridinium salt w1th formic acid 1n the presence " of  base;, f'f'o'rde"d"'

1- subst1tuted 1,2,3,6- tetrahydmpymdines (78) and p1per1d1nes (79) 151
a]t?fough ' tn h y1e1ds were generaﬂy 1@ 4The reductwn Cof
1-methyl-2- pyr1done vnth 'ch1um alunnnum hydmde (LAH) also afforded the

1,2,3,6- tetrahydropymdine (78) in low y1e1d 151 ' ‘
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The reduct1on of pyr1d1nium salts with sod1um borohydride

| 'generally afforded 1,2,3,6- tetrahydrOpyridines (80) as "the sole -product.

152 However when pyr1d1n1um sa]ts bear1ng an e1ectron—withdrawing

subst1tuent such as. benzoyl .or- cyano- at the 3-position are reduced, 1,2-
s . \)

and 1,6- d1hydr0pyr1d1ne (81 and 82) were obtained.153

"NaBH‘AA
‘ - N
o
R [+]
NaBH

(82 )

Sodium cyanoborohydride has also been wutilized recent]y to
effect _-simJlar redpct1ons of pyridinium salts. 154 . .The . “sodium
Borohydride reduction of pyridinium salts fis stil] the mOstr efficient
synthetic reactibn for the erepafatipn‘ of N-substjtﬂted 1,2,3,6-£etra-

hydropyridines. The mechehism for -the reduction of p&ridinigm salts using
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sodium borohydride has been investi'gated extensive]y.‘ It has been i

demonstrat€di > T9__thaf attack by ny'd'ride"anion occurred at. carbon

adafcent to the quarternary nitrogen to give the 1,2- dihydropyridine

,'1nt rmediate (83), which on protonation “and subsequent reduction of the
dm@ Species $84) yielded l-methyl 1,2, 3 6 tetrahydropyridme. Th'ls
. mechanism is further supported by deuter'lum labe'lling expenments 156,
157 qhe reduction . of l-methy'l 4- pheny'lpymdmwm 1odide (85) with
- sodium - borohydride in d1methy1formam1de and deuterwm oxide afforded
V' '1 methy'l -3+ deutero 4-phenyl-1,2,3,6- tetrahydropyridine (86). - Nuc’lear ’
magnetic resonance and mass spectra] analysis indicated approx'lmate'ly one

~ deuterium atom was 1ncorporated at the 3-posit1on.157

CH,
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The fol]owing correlations can. be -generalized for: the sodium

_bprohydride reduction of~pyridinium salts:

(1).» The 1n1t1a1 attack by hydr1de ion w111 occur pr1mar11y at. the 2- or

6-positions in the absence of steric effects. .

(2) The d1enam1ne system ‘'thus formed will norma11y undergo proton;t1on
- by a proton from the so]vent at the 5-pos1t1on o

(3) Attack by borohydr1de ion 1s sens1t1ve to ster1c 1nteract1ons When

attack at a subst1tuted pos1t1on does occur it is at a greatiy

Y

“reduced rate

(45, E1ectron-w1thdraw1ng supetituents af the 3-position  tend to

| re;onanee stabilize the 1,2;dihyqropyridine ring system. Simi]ar1y,J
qgreductdpnsb effeeted‘ in -non-protic solvent or a strong base as

soiuenf yield 1,2-dihydrdpyridines since protonation of the

dienamine does not occur.

.(5) -Tné 1 2 3 S-tetrahydropyridines obtained from the reduction of

disubstjtuted or po]ysubstituted pyr1d1nium salts always carry the

:; * maximum number of substituents on. the double bond presumably due to

hyperconaugation.

\
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react1ons ut11121ng imines’ where substituents X or Y are usual]y hydrogen
o ary] tr1chloromethy1 and/or carboxy1 groups have been - reported 168 169
L)

'-/These high]y e1ectr0ph111c imines are often unstabIe and 1n nost is?es

have been generated 1n situ from a more stab1e precursor.

,-Scheme 3 Diels-Alder cycIoaddition reections.withh/

,ipinqdienophiles

et

A few examples,of cycloaddition reaction;/ﬁhe§x N-aryl imines
170

‘have been used are known. It -appears that a sefond e1ectron-

+

Withdrawihg group must be present (to providé-sﬂffieient péactivity. Thus,

reaction of the imine (95) with the activated diene (96) in thevpresence
of boron trifloride etherate ‘3 fordet the Diels-Alder adduct (97) in good -
Y . //’\.

yield.170 o - |
’ ://’“T\

N
N
N ~

s o
) .’ \\\\\_//7/
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ﬁH
N . " _BFELO
~— ‘ X
Cl (96). u
o] |
( 95.) S ..('97)'

1.5.0.0.0 Chemital properties of 1,2,3,6-tetrahydropyridines

The reactions which 1,2,3 6—tetrahydrbpyridines undergo dare as
expected for an isolated double bond and a secondary or tertiary amine. A

few specific reactions are discussed to illustrate this reactivity.-

1.5.1.0.0 Addition to the olefinic bond - -

Cata1ytic' hydrogenatioh' of‘ the olefinic bond . of the
1,2,3,6-£etrahydropyridines afforded the corresponding piperidines.97
Reaction qf 1-&ethy1-1,2,3,6-tetrahydr0pyridine with  bromine - {h
hy?robromic -acid -afforded ‘1-methx1-3,4—dibrombpiperidine hydrobromide

(98);'from which the parent compound could be recovered by.reaction with

zfnc.171'
v Br
Br
AN 4
- ~ Brz/HBr
- ﬁ Br’

" Zn N
M Me H
Me
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The ’trans-dihydroxy'lati'oh of 1’-benzoy1-1,2,3,6’-tetrahyd'ro-'

pyridine (99) wj'th" peracetic acid, yielded ‘trans-lv-benz‘oy"lpiperidfng-

3,4-dfol  (100).172 - Reaction of (99) with perphthalic acid gave

1-benzoyl-3,4-epoxypiperidine ‘(101), which on hydrox_ylatiori yielded the

trans-diol (100).172 . The cis-dihydroxylation of. (99) which yielded

cis-1-berizoylpiperidine-3,4-diol (102) was readily, accomplished with

aqueous sodium chlorate-osmium tetroxide.172

s
bt d

OH.
- A_LOH
AcOH
H,0, T DN
| éoph«
( 100 )
H,0
o
perphthalic acid
- N
;' éOPh
( 101 )
OH ’
OH
NaClo,
OsO, T ""
COPh

(102 )
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»l ~ Thé viscinal oxyaminétion .of (99) wifh t:BuOCONCiANa' and
AgNO3 in the .bresénce of a ;a}&]ytic. amount of 0sO4 afforded a 1:1
mijture of fﬁe regibisomers Ejffi-benzoyT;3-hydroxy—4-EgzgfbutoxyCarbonyl-,
amjnOpiperidihe ' (103) . and .gigfl-benzoy1-3¥§g£§-butoxycarbony1amino-4—

hydroxypiperidine (104).173

NHCOOBu-¢ =~ OH

OH NHCOOBu-t
AN - | | y
¢-BuOCONCI-Na
- , +
rli AgNO,, OsO, " -. T r'«
COPh | COPh- COPh
(99 ) .  (103) ( 104 )

1.5.2.0.0 Reactions invb1ving the ring nitrogen Y

Acylation of the 1.2,3,6-tgtréhyd?o§yridiﬁe ring ﬁitrogen is
usually performed by the reéction of an a]ky]b halide ;ﬁth the sodio
derivative of the tetrahydrOpyrid?:e: uThus, 1-(2-hydroxyethy1)-1,2,3,6-»

. f@ﬁietrahydropyridihe (105) was obtained from the reaction of ethy]ene'
ch]orohydrin . énd 1,2,3,6-;etrahydropyridine pretreated with ~ sodium
,ethoxide 1in ethano],174 or with sodium carbonate in eth}]' acetate.
175 6ompound (105) was also obtained upon reaction with ethylene -

ox‘ide.”2
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1

EtONa / EtOH

+ CICH.CH,OH — . .
"1 or Na,CO, / EtOAc ' |
o CH,CH,OH
oo | (105 )
CHz"CHz . . /
N/ o /
o

The related acylation of'1;2,3,6-tetrahydfopyr1’djnes has been
reported as illustrated for the prebaration of 1-ethoxycarbonyl-4-phenyl-
1,2,3,6-tetrahydropyridine (106) and l-g-tol uen€su1fony1-4—pheny1él,2,3,6-

tetrahydropyridine (107).172,175,176

Ph

Ph ~
N N N
‘\% CICO,Et O P-MeC,H,SO,CI |
N T N TN
l “NaHco, N |

o
-S0,C H,Me-p

CQEt

¢

(106 ) o - ( 107 )
Methylatioﬁ of 1'_,2,3,6-tetrahydropyr‘idines with formaldehyde

and an excess of formic acid (ESchweﬂer—Chrk reaction) jiel%gd_ the

)



N-methylated product (168).177

“~

. . R ‘ \

'+ HCHO+HCOH N
‘ |
Me

( 168 )

N-Demethylation of 1-methy1—l,2;sié-tethahydropyridinev has
been. accomplished using the véﬁ"Braun‘,cyanogen. bromide 'procedure.”8
Oﬁ% drawback of this method is that half of thé‘tertiary amine is lost
with the formation of the quaternéry salt 0109) in“qaddition to the

required 1-cyano derivative 1110). Compound (110) was then converted to

the required secondary amine.l78

N,
Me
' . flux
(110 ) L_°4 HCI, reflux

2. NaOH N
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1.6.0.0.0 Pharmaco'logical activities 9@_1 2,3,6- tetrahydrop_yr'ldlnes

A large number of pharmaco1og'lca11y active 1,2,3,6-tetrahydro-
pyridine derivatives have been reported in the 11terature. Many of these
are tetrahydropyr'idme ana]ogues of p'lper‘ldines known to exhibit a
pharm.a_co]ogma'l effect.  Although 1,2,3,6-tetra‘hydropyr'id'i'nes ~exhibit a
broad spectrum of activiti{'es, their h_ypotensive and ana]g‘es;lc effects are
more p\rominent. Other&activit’ies include muscle relaxant, sedative, ‘anti- -
inflammatory, ant"ip.yretic, >ant1’tuss.1ve, cho-]eretic, diuretic, mydriatic

and anthelmintic eff’ect:s.”a'm9 : &

1.6.1.0.0 Hypotensive agents < ,

The pempidine (1,2,2,6 6 per@ameth_y'l p1per1d1ne) | (111) -

exh1b1ted potent ganglionic b'lock1ng >T1'v‘ft< and was used to reduce blood
179,180 ;

. pressure. T*Many der1vat1ves /of) 1 2,3,6- tetrah_ydropyr1d'ine
_WIZ) were s&equr—mt]y evaluated a glionic “blocking agents. These

compounds exhibited a mde range ofi h nsive potencies. Some of them .

were more potent than ’pemp1d1ne 1tse'|f 181

x H'MeEtC-.,_

Me (CH,),NMe, " =

Me R= H. Me, NH,,
¥ NHMe

(111 ) (112 )

| Compounds structuraﬂy related to 4-phenyl-1 2 3,6- tetrahydro—

pyridmoa]kanoic acid (113) were useful in the treatment of h.ypertenswn~
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- and. .pfé'r';‘iﬁhera] ‘vascular diseases.148,182  qp structurally related

:acety1ene derivative (114) exhibited only analgesic acfi'vity.148'183

i - o |
., 0
ph~@nc H,CH,CNHOCH, Ph

(113 )
Ph@NCHzCHZCNHOCHZCECH
(114 )
”‘ : ' | M

The hydroxamic acid derivative (115) has been studied
extensively and was found to exhibit a hypotensive effect which was due to

its a-adrehergic rather than ganglionic b1dck1‘ng action.148

Il
PhCNCHz(llHCNHOH
- CH,

- ( 115 ) ‘,""\

v,

P
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It has been reported that N;(Z-guanidinoethy1)—1,2,3,6-tetra—
'.hydfopyridines (116) are longer acting and*lesé toxic hypotensive .agents

than their piperidino counterparts.184v135

9 ' ’/,h‘*i 1‘ 2
‘R ‘ \ NCHZCHZNH_C\ : R R.,R"=H, lower alkyl
R ) _ 2
(116 )

, .Arecoline (117) is one of .the pharmaco]ogica]]y‘ active

Y

alfé]oids isolated~from the dried ripe seeds of the palm tree Areca

catecha that haye Abeen..Cﬁaracterized.148'149 - Arecoline (117) 1is used

extensively as an anthelmintic and cathartic in.vetErinary medi;ine due to

its peristalic action. It was also reported that (117) exhibited a weak

~ hypotensive effect in cats and was known to exert parasympéthetic
.

activities similar to those of acetylcholine such as tremor, salivation

- } . » *
and inhibition of spontaneous actiyity.148
-
] COzMe
‘N
I
Me N
®( 117 ) .



. 1.6.2.0.0 nalgesic Agents

fltButy1;4-pheny1-1.2,3,6-tetrahydropyridine (118) Qas“reported

- to exhibit mild analgesic attivity;JBG whereaSA_the 2,2-diphenylethyl

derivative (119) exhibited a potent - analgesic activity.187 ~ Many
derivatives of 1-aroy1a1ky]-4-a1ky1a1,2,3,6-te§rahydropyridines (120);weré

useful ana]gesics,J mydriatics, hypnotics and barbiturate potentiators.

£
148,188 A~ number of compounds which include amide, ketone and

alcohol derivatives of the geherallstructure (121) have been reported to-
. [ & ' B
possess analgesic and antitussive activj jes.148

Ph .y
N ( DN
N N
| |
n-Bu CH,
» |
( 118 ) /CQ
‘ | Ph .- Ph
R
N
N
. I N
(fHJn |
C=0
n= 1—3
- R' R R'= alkyl ’
: V4
e ( 120 ) : (121 )

&,
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1.6.3.0.0 Miscellaneous ACtivitfes

Some derivatives of 5-benzoy1 1-methyl- 4-ary1 1, 2 »3,6- tetra-
hydrOpyridine (122) and their alcohol reduction products (123) have been
eva1uated pharmacolpgica11y; The ketones (122) were found to be usefu1
antipyretics and.anti-iﬁflammatory agents:whereas.the qléohofs (123)
possesse& diuretic prpperties.léé'lgo Compounds Chemjcally related
to 1-(2-(£fphenoxybenzoy1)ethy]]-4-phény1-1,2,3,6-tetrahydropyridine.(124)
were claimed to be good musc]e"reiéxants.w1 Several 1,2,3;6-tetfa- '
hydropyridine derivatives with QiVerse chemica1 structures have been fouﬁd

to exhibit choleretic and sedative prpperties.l‘m'149

Ph
A
Ar O ' ' Ar OH N"
AN Ph AR Ph (CH)
' c—o
N~ N
| : |
Me Me
(122) (123 ) orh
, .

(124 )

4
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2.0.0.0.0. Objectives of research
- | The facile sodium borohyeride ~reduction . of . N-(carﬁbnyl-"
iminolpyridinium:  ylides - to Nf(cafbbnylemino)el,2,5,6+tetrahydro--
"pyridihes has  been »c]ear]yj estab155hed;42’65;67 To date,  the
majprity' Qf :'.pharmace109ica11y -active cqmpounds . having a
”-1'2'3 6-tetrah}drbﬁyridine ring possess.Naa1ky1‘substituents and.were
found to exh1b1t ana]ge51c and anti- 1nf1ammatory act1v1ty in addition -

148 149 A-

to a var1ety. of other activities. 'broad spectrum

e o : ' A
‘pharmacological screen indicated that the-“ﬂead" compound, N-(phenyl-

carbony]amﬁno) 1 2,3,6- tetrahydropyr1d1ne <y exhibited analgesic,
192,193 o

ant1 1nf1amnatory and hyperglycem1c activities.
In v1ew " of these s1gn1f1cant pharmaco1og1ca1 test'fesﬁﬂtg'

it was therefore of 1nterest to opt1m1ze the' potency of ‘this non-acidic:

v 1ead compound It was deemed important since “aspirin and arylacetic'
ac1ds (non stero1da1 anti- 1nf1amnatory drugs) wh1ch are current]ygused
-as a first- 11ne treatment for . pa1n of 1nf1ammatory or1g1n all cause

194-196

‘ fu]cerogen1c side effects. It was expected that non-acidic

ant1—1nf1ammatory ana]ges1c agents wou]d be Jess irritating to the
gastro1ntest1na] tract. 197,198 ¢y the - cher ~ hand, N—jéheny]-
carbonylaminoY—l,2;3,6—tetrahydropyﬁ3dine mey represent;e new c]ass;ef
aﬁorexiants'sinee_the eLevatE&ig1dcose level may.}riée-from endoge60u§ :
energy Substrates. o - | N

“ Therefore, it was of iptefest% to determine 'the';pﬁystOT
chemical broperties and structural reqﬁirements required for optihum

It‘zs

analgesic ahd'ﬁyper§1yCEmic aCtiVities was  also of.jnterest to

investigate (1) the- effect of aromatic subst1tut1on on the phenyl r1ng;1

~

< 52
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(2) the effect of reblacihg-.'the pﬁeny] ri"ngl‘by other ring systom'_s.and
i si:bstituents, (3) thé sfgnifi"cance of the‘.g:arbonylarlﬂir'\o 'grou‘pr spacer
and the 1;2,'3,6-tet“r‘§hydropy_r1'd1‘ne .m'ng, and (4) :.he Vefvf_e_ct _which,
.'.SUbstituents on ‘the 1,2,3,6-.tetrahyqropyr1’d1'-ne ring have on anélgeSic |
Ia’nd " hyperglycemic  activities. The design, qlsynth‘esis Cand
pharmaco1og1’ca1 evaluatioﬁr; of v'th@;se'.four classes of éffuctura‘l_'iy
-related_cémpouhds would 'prdviqe man', exten_si'ye, investigation. of the

-'structure-‘actjvity r;eTht'ionships (SAR). o |

-\
&



3,0.0)0;0 Discussion

3.1.0.6.0 : étrategies for drug design
' Thé pharmacological activities of some N-(ﬁarbony1amino)-
.1,2,3,6-tetrahydropxridines "were  recently repo}ted.192;193 . Ihese
twor pqtents described their analgesic, anfi-infTammatOry‘ and
' hyperg1ycémic activities. In.viéw of their {ntefest{ng pharmacological
activities;_ N-(pheny]carbdny1amino)-l,2,3,6-tetraﬁydropyridine (125)
was selected as a "lead" compound to determine the structural
réquirehents for optimum analgesic and hypérg1ycemfc activities.

' N—NH—C o
\ <‘I!Ii} i ' _

s

Research directed toward the déve]opment of new and .

improved analgesics has advanced sﬁgnificant]y for several classes of

compounds. The non-steroidal anti-infl§mmatory drugs (NSAEDéY;afe now -

accepfed as effective analgesics and -are used extensively.194,199,200

~ The consistent demand for new NSAIDs is obvious. Thé”etio1ogy of most

inflammatory disorders remains unclear and thus non-specific‘ NSAIDs

194, 199-203

continue to be the treatment of choice. ‘There. is _‘

.

also evidence that “ﬁb—groups' of respopders to different NSAIDs

exist.204 ~ This individual variation .in response ensures any new

— .
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NSAID wi}] always be effective for a small: | Qroup of
patients.zos The acidic néture of NSAIDs is intihate]y related to

194-196 It s ‘generally - believed

their ulcerogenic side effects.
that non-acidic anti-infiamnatory analgesics are Iéss irritating to the
gastrointestind1 tract.197'198 ~ |
Hyperg1ycémf¢ agents, as a class of dfugs, have.not been
reviewed to any significant extent in pharmacology textbooks. .It_is
temptin§,1t6i postulate that one pofentia1~ méditél appliéq}ion of -
hyperglycemic ‘drugs would be és anorexjants since blood glucose must.
arise from precursors in diet or from endogenous componeﬁts:
Anti~obesityl therapy can be achieved either by .decreasing the
évai]abi]iiy of eiogenous energy §ubstrates, thereby acce]erating.the
utiiiiation of the ehdbgenous substrates or by metabo1ic regU]ation,'
defined - here . as intervention' in the -biosynthesis? storage or

‘'utilization of energy sub§trateé.206

On this basis, it -would
~ appear ;hat‘hyperg1ycemic druQQ may be vé1u§b1e in weight control or
vweight.réduétion. Obesity continugs to be a major healgh hazard and .
the 1ong-term  V§ffectivenéss of current . anorexi;nfs “remains
upsétisfactory; | | R
'.fhe goal of this research pro;FBm waéltO‘u1timate1y design
compounds  which exhibiied optimum . analgesic and  anorectic

(hyperglycemic) actiQitips via structure-activity relationship (SAR)

- studies.
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To ‘persue this goa] foer 'Sasic projects (see' section
2 0.0.0.0) were planned for opt1m1zat1on of potency A literature °
survey has 1nd1cated that some 40% of all compounds reported contain an
"unfused pheny1 r1ng.207‘ More than 50% of .drug—or1ented patents
describe compounds havihg 5ubstftuted pheny]l rings:208 Efficient |
v §trategies to- optimize substituent selection are therefore. of great

“value. The Topliss manual technique?0?

was most applicable to “our
study. |
| ‘ The manual technique is a stepwise procedure,‘not involving
Astdtiétfc51 methodology, by - which a shp]]A group of ‘ compounds
representing. different types ofsuestitution on a phenyl ring can be
Ase]ected and.synthesized at one time. It is viewed as'a.manua1 method -
for applying the Hansch approach to drugfdesign.zm'211 ’
The pharmacological results of a study of this type'§6e1d
then indicate if further elaboration of other functionalities fuch as -
the carbonylamino or 1,2,3,6- tetrahydropyr1d1ne ring were deemed
necessary.
The use.of N-iminopyrtdinium ylides as precursors provides
an attractive eynthetic route to these reduced pyridine heterocyc1e§}
The‘éodium borohydride feduction of N-iminepyridinium ylides afforded

the target compounds v1z, N-(carbonylamino)-1,2,3,6- tetrahydrOpyr1d1nes

65,67 The

‘as the sole ¥ reduction products. precursors. can be

_prepared either by the. Zincke -salt 'methochi'63‘69 or direct
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N-amination of the..py?idfne by hydrbxylamine-0-sulfonic acid (HOSA)

6-8 or 0O-mesitylenesulfonylhydroxylamine ‘,(MSH)9‘11 followed.

by benzby]atfon.

Finally, the\\aesign of a drug requires an appropriate
testing program. A1 analogues were tested for analgesic activity
uéfhg the simpié and 'economica1 phenyl-p-benzoquinone writhing test
212 yhich is used »eXtensiveTy for ‘testing -compounds- e*hibiting
analgesic-anti-inflammatory activify; §ome‘se1ected compounds in each
of thé four series were alﬁd subjectea to the hot-plate te$t213?214
to ensure thét the analgesic effect observed in the phenyl-p-

benzoquinone writhing'test was not a false positivglresu1t. The blood

glucose determinations were measured using the procedure developed by
ok.215 '

‘Barthelmai and Cz

&

3.2.0.0.0 Preparation of N-[(substituted-phény])carbonyTimino]-'

pyridinium ylides (126-144)

The required | N;[(substituted-phehy])carbony]imino]-
byridinidnl ylides were prebared by the Schotten-Baumann reaction.
65,216 Thus, reaction of N-aminopyridinium iodide®>7  with
subétftuted benzoyl chlorides in the;presence of 10% aqueous sodium
Hydroxide: afforded -the ecorresponding ylides ‘(126-144) in good to

«

excellent .yie1ds» as shown in Table 1.42

16,
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: |
n —
e | T ¢=0 104 NaOH " _
*N

NH, .

N-Aminopyridiniﬁm jodide was prepared according to the
procedure- of Gﬁsl and MeuwsenG'7 by amination of pyridine using
~fresh1y prepared"HOSA.217 When commercial HOéA was employed, the
yields were low and variable. | - '

A typiéa] procedure forvpreparafion of. the ylide involved
the reaction of N-aminopyridinium iodide (8 mmo1) in’ 25 mL of 10%
sodium hydroxide with 2-methy1benzoy1 chloride (12 mmol) which was
added dropwise. After stirring for 24 h at 25°C: water was addéd.
Extfactfon with chloroform followed by neutral alumina coiumn
chromatography using ether—methénb] (9:1 v/v) as eluant yielded
N-[(Z—methylpheny1)carbonyliminq]pyridinium ylide (126) in quéntitative
yield.#2  The  ir-and W nmr data for compounds (126-144) are
summarized in Table 2. |

. The structure assigned -to (126) is consistent with its ir,

14 nmr and ms. The ir spectrum showed -the presence of a CO

absorption at . 1570 cm~1,3,65 The frequency  for  the

resonating carbonyﬁﬁﬁimidé is generaT1y about 100 cm~! lower than
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¢
H H
6)

,
2

Table, 2 Infrared (ir) and proton magnetic resonance (lH nmr) data of
. N- Rsubstituted—phenyl)carbonylimino] pyridinium vlides (126-145)
t I o 7 3
7 N\ 3
. +N—N—C ¢
N s .f 0 ’
Lo | ir‘°~m—l 1 ca
em © . s
Compd R (KBr) for €O H nor, R (CDC13)
126 2-Me 1570 2.58 (s, 3H, Me), 7.11-7.38 (m, 3H, HBI, -
RS R _ , 1
. HA y HS ), 7.38-8.01 (m, :H, H6 , HB' H&.
i
. /HS). 8.85 (d, 2H, gz, H6)
127 3-Me 1570 2.43 (s, 3H, Me), 7.24-8.13 (m, 7H, HB' H,,
1 1 11 3 "
HS.CH2 y HQ , HSA, H6 ), 8.87 (d, 2H, HZ'
Hé)
, . , 1 1. b
128 4=Me 1570 2.4 (s, 3H, Me), 7.25 (d, 2H, H3 y H; ),
7.46-8.0 (w,) 3, H._, H_, ), 8.18 (4. W,
4) I .1 30T s c
R} k)
’ H2 y HG.) , 8.92 (d, 2H, H:, Hé)
129 4-Me ,C 1580 1.35 (s, 9H, Me) 7.46 (d, HBI, Hsl>b, 7.53-8.01
1.5
< N .
. (m, 3H, H3, HA’ HS),CS.IJ (d, 2H, H: , H o),
' 8.88 (d, 2H, HZ' H6)
130 3.4—Me2 1560 2.29 (s, 6H, Me), 7.16 (d, Jsl,eI =8 Hz, IH,
1 ) 1 1
H5 )y 7.4-8.06 (m, 52, H3, Hé' H_, H2 N H6 ),
8.81 (d, 2H, Hz. H6)
131 2-Me0 1570 3.9 (s, 3H, OMe), 6.78-8.07 (m, 7H, HB,HSI,
1 1 1 ) c
HA' Hs, H3 s H4 . H6 ), 8.89 (d, ’H, HZ, HG)
132 3-MeO 1575 3.93 (s, 3H, OMe), 6.89-7.99 (m, JH, H3f HA’
1 1 1 1 : c
HS’ Hz ' HA y HS , H6 ), 8.86 (d, 2H, HZ' H6)
) 1 I.b
133 4=-MeO 1570 3.92 (s, 3H, OMe), 7.0 (d, 24, H,', H) L
©7.52-8.05 (m, 3H, H., H ,» H.), 8.22 (d, 21,
1 . 1b 3T L
H2~,‘H6 )", 8.92 (d, 2H, H2, H6)
134 2-c1 1570 72819 (@, TH, Wy, R, W wot ot n !
4 PERRLE
" [
H6 ), 8.87 (d, 2H, HZ' He) i}
135 4=C) 1575 7.42 (d, 2H, H31. Hsl)b,'7.58-8.1 (m, 3K, H
. » Hyu
1 1 :
HA‘ HS)' 8.2 (?. 2H, Hz N H6 )7, 8.9 4, 2H,
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! ~e- | I ~H-

N N " N —_—

i i i

c=0 C=0 c—o0

|
CH, CH, CH,

(126 ) - ( 146 ) (147 )

MY m/z 212 ( 89.7 % )

63 . :/} v\\\\\\\;\\\k.,;/

N:C:O+ N o+ I ‘ - N+ I

» N N
‘N=C=0 ‘NH
(149 ) ( 152 ) ( 155 )

n/z 133 ( 29%.) m/z 121 ( 20.4% ) m/z 9% ( 3.7% )

1 |

=

=~ I

o | %
\. N7 H .
( 151 ) (150 ) (153)) ( 156 )

m/z 91 ( 19.3% ) : m/z 79 ( 27.2% ) m/z 80 ( 100% )

|

_ | [IJT

(158 ) ¢
m/z 51 ( 7.2% )

ScHeme 4t kajor fragmentation pathways of N-[(2-methylphenyl)-

- carbony]imino]pyfidinium ylide ( 126™)
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Th%?origin of the base peak at m/z 80 deserves. some comment. Loss\ofEK

JXhe ketene CgHgO (157) gave a fragment fon (155) at m/z 94 (3.7%)

‘é‘which on expulsion of a nitrogen radical could give rise to the base

peak (156) at m/z 80 (100%). This'pathway is absent in thew3-methy1,

: - Z -
N (H - l _n “ |
) /*CH’ | H
' ((157) ‘NH
- (155 ) C(156) |
Mt 212 C  m/z 9% (3.7 %) m/z 80 100 % )

4-methyl-.and 3,4-dimethyl analogues (127, 128, 129). 1t is therefore
suggested that this pathway is due to an%ortho-effect. A1l the.

fragment ions were characterized by the exact mass measurements.

-

,

3.3.0.0.0 Preparation of N-[(substituted-phenyl)carbonylamino]-

e

1,2,3,6-tetrahydropyridines (158-177)

The sodium borohydride reduction of N-(carbonylimino)-

pyridiniuﬁu ylides provides an attractive route for the synthesis  of

65

1,2,3,6-tetrahydropyridines. Thus redﬁction of N-[(substituted-

phenyl)carbonylimino]pyridinium  ylides (126-145) using sodium



L | . 65
borohydride'-in épso1ute ethanol  at ice-bath temperature gave- the
correspond1ng N [(subst1tuted-pheny1)carbony]am1no] 1,2,3,6- tetrahydro—

..pyr1d1nes (158-177) in excellent yields as'shown in Table'3.42

R

/ I v
~N.
\ T
-
- . _NaBH, NH
| . abs. EtOH . l
=0 | C=

A typical reduction invo]ved the dropwise addition of 5 .
solution of N-[(2- methy]pheny])carbony11m1no]pyr1d1n1um ylide (126) (5
mmol) in absolute ethanol to a so1€F10n of sodium borohydride (50 mmol)
in -absolute ethanol precooled to 0°C. The reduction was complete after.
5 h at 0°C and water was added. Extraction with chloroform efforded
the pure N-[(2- methy]pheny])carbony1am1no] 1,2,3,6- tetrahydropyr1d1ne
(158) in quantitative yield. In most cases, the products were 1so]ated :“
pure. However, some Tequiréd purification by'either‘deco10riza£ion'“or
foiumn chromatoghaphy" The ir and 1H nmr spectra] data for compounds
(158-177)\are summarized in | Table 4. ~
- The structure assigned to (158) was consistent w1th the ir,
.lH nmr and mass Spectra1 data obta1ned The ir spectrum revea]ed the-
presence of NH at 3200 cm™! and & CO groun at 1620 cm™1.  The

4 nmr (6) spectrum in deuterochloroform exhibited a 5H multiplet at

[N
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‘Table

A

67

4 Infrared (ir) and proton magnetic resonanée (1H nmr) spectral data of

N—[(substitdted‘phenyl)carboﬁylaminol-l.2,3,6-tetrahydro§yridines (158-177)

R

. -1
ir cm

NH

i (Kﬁr)
o

Y nor, s 2, (coct )

159 |

160

162 -

163

2-Me

3-Me

4-Me

Y
Je3C

3,A4ﬁe
2

2-Me0

3200

3220

3265

3200

3220

3200

1620

1650

1630 °

1645

1650 _

7H H,, H $h 7 23-7.81 Ym, 4H, H,', H, , H.',
. . - -+

2.25-2.48 (s, 8H, we;'H Y. 3.11 (s, 2H, H))

(

341.61-- 2.5 Bz, 18, B, 9.02 (s, 1, )

2.08-2.53 (m, SH, Me, H P 31 (c. 20, H)°
3.52 (m, 24, B}, 5.73 (m, 2H, H,, HS).‘6.37-
6 1 1 1 4 :
,
7 42 (m, S5H, H3 » H,os Hy JHe L NH)
2.11-2.37 (m, M, H ), 2.38 (s, 34, Me), 3.06
(t, 24, H ) 3.33- 3.55 (m, 2H, H'), 5.73 (nm,

SR T
d,e 2 . :
). 9. 54 (s, lH, ¥H)

2.42 (s, 3H, Me), 2.18-2.56 (m, 2H, H,), 3.18
(v, 2#, 5)%, 3.55 (m, 2H, H6) 5.77 (
Hyo B, 7.3 (d, M, H, hye

1y
wy?, 7,78 (a, 28] n,!
B \4 -

, H
» H '

=N
6 )

1.34 (s,”9H, Me), 2.21-2.57 (m, 2H, Hy), 3.29

“(t, 24, H )b, 3.57 (m, -H H ), 5.75 (m, 2H,

1

4, H ) 7.18 (s,_lH VH) 7 48 (d 2H, HJ‘,

H 1)°£ 7.77 (d, 28, B!, H

5 He he

b

3.49 (m, 2, HY, 5.5 (m, 2H, Hé H), 7.15
? 61 -8 Hz, 2H, Hs LWL 746 (@

L= 8 Hz, 1K, H, Y, 752 (s, 1, wH
2.15-2.58 (m, 24, HJ), 3.25 (¢, 28, W%,
3.67 (m, 2, Ho), 4. Y (s, M, M), 5. 8 @,
2, H‘i H.), 69573 (@, 21, 't b, 7.55
5 g '= 8 Hz of d, J3 5 - 2 Hz, 1H,

Lol 1.
). 8.32 (4, JS 6 3, 5 8 Hz of d,

(t'

£
i



Table 4

cont inued.

“68

le4

165

166

167

168

169

170

3-MeO

4-Me0O

2,4-Cl,

3,5-C1,

3,4-C1,

3220

3200

3180

3160

1655

1655

1645

1640

1640

1645

‘7H, H ), 5,445, 96 (m, 2H, H

7.65 (t, J

2.03-2.5 (m, 2H, H,), 3.05 (¢, Z, H, P

3.47 (m, 2, M &) 3 8 (s, 3H, He). 5. 63 (m,
1 1

ZHi' o B 6 75-7.5 (m, 4H, “z CH, H5 .

He Do 7.58 (s, 18, ¥0)°

2.18-2.5 (m, ZH H ). 3.16 (c, 2H, ﬁq)b,

3.54 (m, 2H, H ), 3 9 (s, 3H, OMe), 5.76 (m,

M, H,, B,), 7 0 (d, 2H, HBI, Hsl)°, 7.85
(d, 2H, Hz?. Hbl)c, 8.06 (s, 1H, n)Y '

2.26 (m, 2H, Hj).'3.24 (t, 2H, Hz)b, 3.61

(m, 2K, H.), 5.52-6.07 (m, 2H, H , H_), /
6 R TR SO SR
‘,- I
6.92-7.79 (m, SH, H,', B, By, Hg . NA)

2.2-2.56 (u, 2H, H,), 3 2-(t, 2H, H')b
3.54 (m, 2H, He ) s 76 (m, 2H, H ,\Hs).

7.1 (bro#y s, lH, NH) 7.48 (d, 2H, H3 L H )T,
¥ 1 1. ¢ 1
7. 2 .
48 (d, 2H, HZ y HG )

1.9-2.55 (m, 2H, H ) 3.14 (t, 2H, Hz) , 3.5 (m,

X % (o 4' HS) 7.04~
Hy', H H NH)

7.74 By B

2.09-2.46 {(m, .2H,"H ), 3.11 (t, 24, H )

2
3,48 (m, 2H, H,), 5 72 (m, 24, H,, H)

[
3.0, v, Volo amz, 1w, 8,0,
21 41 '. 41 ? i 4
7.85 (¢, J.°, =3 =2 Hz, 2H, H_~,
3508 oy T4, T 2
B, 9.75 (s, 18, M)’

1
1

2.2-2.6 (a, 2H, Hy), 3.2 (¢, 24, ué)b, 3.6
(m, 2H, Hy), 5. 62 (m, 2H, H,, H,), 7,46
)

(4, 1R, nsl)c, 7.7 (@, J5‘,61 = 8 Hz of d,
1 1

J, 6 2.5 Hz, ia,ln Y, 7.82 (s, 1,

. 1
sy, 8.02 (g, J, v = 2:5 Hz, 18, Hy)



Table 4  continued

171 . 2-F 3225 1655 2.02-2.52 (m, 2H, H ) 3.16 (t, 2H, Hj)b. 3.54

(m, 2H, H ), 5.7 (m, 2H, H&' H ) 6.88~-8.26

1 1 1 1 d
(comp;ex m, SH, H3‘, H& , H5 R H6 R NH?

172 3-F 3220 1650 2.13-2.5 (m, 2H, H3)’ 3.15 (c, 2H, Hﬂ)b, 3.% .

(m, 2H, Hé), 5.75 (m, 2H, H,, H,), 7.02-7.9

4 75 ;
(complex m, S5H, H,l, HAI, Hsl, Hbl, NH)d

173 4-F 3220 1650 2.12-2.55 (m, 2H, H,f, 3.16 (r, 2H, H,)°

. ' 3.55 (m, 2H, H,), 5.7 (m, 2H, H,, H_.), 7.09
(d, J 11, 16I L. 8 Hz of dA J 1 =
27723 s 16 PO ST
8 Hz of d, JB g = 2 Hz, 2H, H3 s HS )
7.69-7.88 (m, 2H, H H 1), 7.58 (broad s,

. 276
1H, NH)d

174 2-CF 3205. 1660

—

.78-2.42 (m, 2H, H ’ H
<41 (m, 2H, Ho), 5.44-5.96 (m, 2H, H,, K|,
.28-7.98 (m, 4H, H,' )

59 (s, iH, xw)9d

W~ W

175 3-cF. 3190 1640 2.08-2.47 (m, 24, H,), 3.09 (¢, 2H, H)°
3.49 (m, 2H, H ), 5.69 (m, 2H, H,, H,),
. 6 1 1 4 577
L ‘ 7.42-7.98 (n, 2M, H,", Ho), 7.99-8.27 (m,
‘ . ‘ 2H, nzl, H61), 9.73 (s, 1#, nndre
176  4-CF 3220 1640 . 2.15-2.6 (m, 2H, Hy), 3.2 (t, 2H, H, )

3.59 (m, 2H, H ) 5 78 (m, 2H, H,; H ) 7 72

. ' o @, 3,0 ey 1, 'oogone, 24, H ),
7.98 %d‘BJ T SRS 8 Hz 3H H 1 b
2 ‘3. 5 ,6 » 2 ’
7.5-8.1 (broad s, 1H, VH)
177 4-N0; 3220 1656 2.11-2.45 (m, 2H, K)), 3.08 (x, 2H, H)®,
) 3.48 (m, ZH He ). 5 69.(m, 2H, H )

) L (d, 2H, 93 )€,

9,77 (s, IH, NH) €

H
475
829 (d, 2, 1,1, H DS,

1 o :
a.Primes (H N ) signify phenyl hydrogens. Ab These peaks were t (J =

2.3
7?Hz). ¢ These peaks were d (J2 ,31 - J51,61 = 8 Hz). Exchanges with

deuterium oxide.” °© Mezso—d6 as solvent.



2.08 - 2.53 aesigned to the methyl group and' the C3-H atoms of the
tetnahydrOpyridine ring. A 2H triplet (J2’3 = 7 Hz) at 2.31 was -
due to the Cp-H of the tetrahydropyridine ring. A 2H multiplet at
' 3152 was assigned to the Cg-H of the tetrahydropyridine ring and a
multiplet at 5.73 was attributed to the Cg-H and Cs- H of the
tetrahydropyridine ring The 5H mu1t1p1et at 6 87 to 7 42 was ass1gned
to khe phenyl hydrogens and the NH (exchanges with deuterium oxide).
the_ chroana1yt1ee1 data - found . for C13H16N20 (158) for C, H
and N was; calc'd C, 72.19; H, 7.46; N, 12.95; found, C, 72.34; H,
7.51; N, 12.9. - |
The mass spectrum exhibited a _molecular ion at m/z 216
- (0.3%). The major fregment jons ere-shownfjn Scheme 5. If‘the charge
—_ wes localized on the'c{onnyl oxygen; a-cleavage with the loss of an
N-aminotetranydropyridine. nadica1.afforded an ion at m'z 119 (88.6%)»
which fragmented further to‘the benzylium jon whicn‘cou1d rearrange to
the tropylium ion at m/z 91 (48.1%).. ‘H0wever, if  the Acharge was
1ocalized'en.the tetrahydronyridine nitrogen, q-c1ea9age wou]dlyie1d an
jon at m/z 97 (47%). The expulsion df a benzamide mofecu]e'fron the
molecular ion wou]d furn1sh a fragment 1on at m/z 81 (20.4%). The. ion 
at m/z 81 cou]d then expe] a hydrogen rad1ca1 to give a m/z 80 (18. 6%)v
ion. The base‘peak,at m/z 82 (100%) could be easily obta1ned from the
direct N-N bond'c1eavage., Alternatively, it might be derived:- from N-N
bond_ cleavage ;accompanied_»by hydrogen trénsfer from C2~H of‘ CeH.

'A11 fragmentation ions were characterized by exact mass measurements.

’ -

‘The: nechaniém of ‘sodium bbkohydride _reduction of the’

o

. Nfiminopyridinium’ yltide (1I8)..has vnot been ‘investigated, but’ it 'is

o &
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CH,

IR, | . : ‘\;_-—]? |
S | | - c=0"
- A o - N |

- |

=0 . - | c=0
CH, ' | CH, m/z 119 ( 88.6% )

M+ 216 ( 0.3% ) -C=0

m/z 81 ( 20 4% ) m/z 91 ( 48.1% )

m/z 97 ( 47%°)

_H.
\\ .
/ \""
| m/z 82 ( 1oo - I8
|'\\\
N
H

N ' m/z”éO-( 18.6% )

" Scheme 5 magor fragmentation pathways Tor
N-[(2- methylphenyl)carbonylamlno] 1 2 3,6-
tetrahydropyridine ( 158 ) :
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( 180 )

expected to be analogous to that of pyridinium salts. 152 155-157

-Attack by hydrlde at thecarbon adJacent to “the . quarternary pyr1d1n1um ‘
n1trogen (178) would y1e1d the d1enam1ne (179) which on protonat1on and
subsequent reduction of_“the iminium species (180) would afford the.

1,2,3,6-tetrahydropyridine (181).

I e .
R
e .
931:5 . . + ]
a

%

- 3.3.136l0 . Substituent se1ect1ons for the N- [(subst1tuted pheny])-:

' carbony]am1no] 1,2,3,6- tetrahydropyr1d1nes ;

The pheny] subst1tuents selected ‘to opt1m1ze the act1v1tles
“of the "lead" compound (195 R.= H) were based on the gu1de11nes which

const}tute the ¢T0p11ss manual techmque209 ;presently used - in drug

RS
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‘design. The substituents initially selected would provjde max imum
‘differences in physicochemical . parameters such as I\'ydrOphobic (n),

electronic (o) and steric (Eg) effects.218,219

125, R= H

v

‘[he mitial analogues synthesized and te%ted were comprised'
of five compounds, viz.,, R = H, 4—C’I, 3,8- C]z, 4- CH3 and 4- OCH3
This set of fwe compounds contains the’ original group of compounds to
‘be . evaluated using .the manua’l technique.2°9 A comparison of the
experimentaﬂy' 'determined pharmaco1ogica1 | potency,rank order with the
'_pro,]ected potency "rank orders '_for the .various physicochemi‘ca]:
parameters of the manua1 techmque shou'ld allow one to identify the
probab]e operatwe physwochemca] parameters. Ident1f1cat1on of the
operative physicochemica'l parameters provides the basis for further
sub_s-t1tuent selection. ‘

- 8 .An’aI;yse‘s ot' the. experime;ntal rank order‘ potency' for
'ana'lg;sic' act1v1ties " (see Table §) indicates/ that' . there
may 't.ge a steric effect at .the 4-position since the most act1ve :

compound was&the unsubstituted derivative. . X



) , . R

Table 5 | Hydrophobic ( m ), electronic (o) and rank orders of initial

substituent selecti ons%209 . : '

| + Rank order” v
' . ~ Observed Calc'd
R LU o » analgesic  hypergly. Eg
3,4-C15 ~1.25 0.52 5 5 2-5

. ) 9
4-C 0.71 0.23 2 1 2-5
4-Me 0.5 - -0.17 .8 3 25
4-0Me -0.02 ; ©-0.27 3 4 2-5
H 0 0 1 2 1

. The éxperimehta]’ly observed rank order potency forh the
hypergTycemi'c activjﬂ'ty. did not correspond to. any projected potencj
order for m , o or Eg parameter dependenci_es; It was theref’ofe
- concl uded that special féctors’ were operative which were not part of
the'assumptionsl used in the manual technique. Subsequeﬁﬂy,_ four
c\omp1ete series of .2-, 3- and 4-m,onbsubs_tituted methy'l., methoxy, fluoro
" and trifluorometh&i substituents were synthesized tq investigate the
effect of substitu‘en,t position and physicochemica] ef-fects such as
electronic (o), 1'i‘;‘)‘ophi1ic (n), and steric (Esi leffécts on
-analgesic and hyperg]ycemic activities. It wa‘s‘»'ex.pected that these
‘monosubstituted Apheny'l ’a‘na1ogues would cover the entire spectrum

- B ' .
of probable operable parameters.
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3.3.2.0.0 Pharmacological evaluation of hyperglycemic activity

The hype?g]ycemic activity of .N-{(carbonylamino)-1,2,3,6-
tetrahydropyridines and structurally related analogues was determined

by the procedure developed by Barthelmai and Ciok.215 The

detailed procedure is given in the experimental section. Briéf]y{\fhé
test compound is administered to a set of four overnight fasted rats,
gﬁ ‘Qia a stomach tube, in dosages of 100 mg/kg 1n1t1a11y. Blood
samples ar? ﬁaken from the tail at 0, 2 and 4 hours post-treatment[
The sera derived from the blood samp1e$lwere ana1yzed fbr g]uéose by
& ﬁeésurément of enzymatically produced. NADPHZ20  ysing ah Abott ABA

automated analyser. The principle of this determination is summarized

below. 220
. S | Ty _
(1) D-Glucose + ATP =—=———=G-6-P + ADP . '
l Tk
. G6P-DH |
(2) 'G-6-P + NADP* = — 6-phosphogluconate + NADPH + H* P
* Hexokinase
*k G]ucose-B;phosphate dehy ase

4 Iﬁé‘forhation of the NADPH, as measured Qx/ghe change in. extinction at
340‘&&, is'proportiona1Afo the amount of glucose present. Thevtest
resu]fs obtained are _summarized in Table 6. Ch;orpropamide, a
hypoglycemic ;éentf waé‘int1uded in the test for compaf?soﬁ.zz{\

g |



In the preliminary SAR studies the influence which
substituents attiched to. the phenyl ring ha;é' upon blood glucose
. concentration was investigated. Fhese results were compared to that of
the unsubstitﬁ;ed "1ead"‘sompound,(125) which elevated blood glucose 78
and 50% at 2 and 4 h respectively, after a 100 mg/kg po dose (see Table
. 6). Examination of the hyperglycemic activities of 2-, 3- and 4-methy]

(158-160), methoxy (163-165), fluoro (171-173) 'and . trif]uoromethyl
‘(174—176) derivatives indiéate that the 3-;u;stituted compounds are
more potent than the corresponding 4;sdbstituted'éna1ogues. A1l of the
2-substituted compounds were inéctfve, except the 2-fluoro (171)

compound, which Was more potent than the 3-fluoro {172) and 4-fluoro

77

(173) compounds. The low activity of 2-methyl (158), 2-methoxy (163),

2-chloro (166) and 2-trif1uoromethy1 (174) compounds may be ‘due to an
ortﬁo effect. If this is true, one would expéct'the 2=fluoro (171)
compound to exhibit an activity similar to (125) which has a 2-hydrdgen
‘aibm'since f]uorine,_comparéd to‘methyl,‘chloro and trif]uoromethy], is
most similar in size to hydro&%n. The Van def Waals radii of fluorine

and hydrogen are 1.35 & and 1.2 A respectively.?22

The partition coefficients P for compounds (158-177) were -

medsured to determine whether there was a correlation between P and

223,224 The partition coefffeient s

hyperglycemic  activity.
defined as P = Conc.ocfano1/€onc.H20 and was determined using the
methbd of .Fujita.zzs ' correlation between P and, hyperg]ycemié
éctivities is not evident from the results obtained, since a-large

‘ .
variation in P values was observed for compounds exhibiting weak ‘or
)

stron§ hyperglycemic 'ictivity. The mechanism by which this class of

a



)

compounds elevate b1bod glucose concentration is not understood.

3.3.2.1.0. Phannaco]égy of anoretic agents

Pharmacd]ogicé] the}apy for the obese patient is currently

- focused on reducing food intake. Anoretic égents continue to‘be useful
as Short-term}édjuncts to the weight‘feduction program,226-229 |

The  assumption (see section 3.1.0.0.0) that the

hyperglycemic effect .constitutes the'basiS"forvthe anoretic properties

exhibited. by - N—(carbony]amino)-l,2,3,6;tetrahydfopyridine§ was

investigated elsewhere. Four of the compounds (125, ‘182-184); were

125, R= phenyl

182, R= 2-pyridyl
183, R= 3-pyridyl .
184, R= 4-pyridyl -

selected as model compounds for developmental work Wwhich was carried

out at the Univefsity of Toronto by Dr. G}H, Anderson. Preliminary

’

studies indicated that compounds 125, 182-184 selectively reduce

hca]oric energy iﬁtakg while proportionately protecting the level of
‘protein intake in rats. A significght reduction in weight gain
relative to the controls was ‘observed. Plasma insulin, blood glucose,

B _
liver " weight and .plasma amino acid levels were all normal after

9 7

su57chronic;(14 days) animal feeding experiments.‘ However,‘tyrosing,
tryptophan, ‘serotonin and S5-hydroxyindoleacetic -acid levels 1in the

brain were significantly elevated.230

RSP VT P RS £ U S VT S
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A largde and'fafnly censistent'body ofkevidence hashbeen
collected, showing that food intake is controlled 'in memma1s .by a_
delicate balance between several brain neuronal circuits 1nvo1ving
different: monoamines, amipo. acids. and peptide eeurotransmitters.
Nor-adrenaline (NA), dopamine (DA), 5-hydroxytryptamine (5-Hf),
gamma-aminobutyric acid (GABA), . glucose, endogenous | opiates,
cholecystokinin and several peptides have‘been shown to play_a role in
determining whether or not the individual needs to'eat.231‘233

Despite>‘the large euhber of 'neurenal systems which
1nf1uence food intake only dopam1nerg1c and seroton1nerg1c mechanisms
serve as basis for med1at1ng the activity .of c11n1ca11y usefu1 anoret1c
drugs. Thus, amphetam1ne,vphentermine, d1ethy1propion and mazindol
represent part of a ctass of druds which depehd on a-catecho1aminergic
meehanism for achieving a reduction in food intake. On the othe; hand,
_fenfTuramine is representative of the other class that fﬁve1ves an
fntact serotonjnergic mechanism.2347236 In eiperimental _énima]s,
these anoretic drugs 1nf1uence food ‘1ntake/ by4.quifying either the -
re1ease, eoncentratiee or reuptake of the Biogenic amines involved in

234-236

. appetite regulation. For example, énoreiic doses of

amphetamine. and mazindol increase the ‘brain DA turnover rete237‘240
while fenfluramine activates 5-HT function.24! |

" . The anoretic effects of mnpheFamine end mazindq1~“can be
_antagenized by4/bA receptor blecking' agents,‘ and idhibftion ef a
catecholemine synthesis us1ng a-methyl-Bftyrosine ,or by Selective
destruction of DA neurons using 6- hydroxydopamine plus desmethyl-
1mipramine 232,242, 243 0 - the pther_ hand, manipﬁletion of - S:HT

L . . : i , .

"
[



‘fUnction» with" ’jSerh i‘héceptoruj b1ockers, ﬂnhfbitors of 5-HT

| synthes1s or 1esions of the mesencepha11c raphe nuc1e1 al effectively

counteract fenf]uramine-induced anorexia.234 | "Much of . the recent
research 1nterest in th1s ‘area. has focused .on the anoretic properties
of other 5- HT agon1st drugs such asphuipaz1ne m—chloropheny1p1peraz1ne
and MK—212 These agents have been ‘reported to induce prote1n-spar1ng
anorexia through d1rect act1vat1on of 5 HT receptor sites in the bra1n

244 246 It is not known whether ‘this nove1 c1ass of N-(carbony]- ‘

amino)- 1 2,3, 6 tetrahydropyr1d1nes ~act | on’ dopam1nerg1c or

seroton1nerg1c receptors or other yet unknown mechan1sms

v R BN

MK 212 R

9

3.3;3,0;0 . .Pharmacology of nonnarcotic analgesic agents

The ‘ciinical‘ effectiVeness‘ “of nonqsteroidaT .anti-

1nf1ammatory drugs (NSAIDs) for the treatment of - pa1h is well accepted.

‘C11njca1 ‘studies 'Supporting the1r effectiveness have :‘been published.

202’203 : ‘There have: also been ‘reogﬁts of other NSAIDs under

‘c11n1ca1 eva]uat1on as ora1 ana]gesics 247
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Extensive investiéations have been carried out to examine .
the analge51c effect of NSAIDs .in convent10na1 an1ma1 models and to
deiineate their, mechanism - of action.248 -252 The tail f]ick and
.4hot plate'tests are two simple animal tests commonly'used to determine

analgesic activity These.two tests arevviewed as simple threshold -
“tests since the animal responds as soon as it receives the appropriate
 stimulus information Therma1 ‘pain is thought to be communicated by
small C-fibre systems.253 Upon aetivationx\of these .systems, the
animal performs either a reflex (tail flick) or operant (vocalization,

11ck1ng of the hind paws) escape response Thus the duration of the
.‘exposure to the noxious stimulus is 1im1ted by the the requ1red for
'transmisSion over the appropriate spinal and brain-stem reflex arcs.
As a.ruie, tests involving brfeﬁxnoxiOUS stimuli. ré?%ﬂting in neurai
actiVation are genera]iy'not very sensitive to NSAIDs. This has been
verified c11n1ca11y in human exper1menta1 pain mode?s 254

In contrast to the thermal and e]ectricai thresho1d teﬁ%f
the inflamed paw pressure and writhing ana]gesic tests that ‘are most
sensitive to the effects of NSAIDs provide clues to the mechanism of

248,250,254

action of these agents. Two characteristics of these

tests are that the stimulus is associatéd with tissue damage or
'1nf1ammation and that the stimulus is chemical o .

Internal pressure app11ed to the rat's paw will produce a
stimulus dependent effort "to escape. Randall- and Sallito?5° have‘
demonstrated that injection of a sma11 amount of normal saline into the

foot pad has very 11tt1e effect on the pressure threshold. In this

pressure test, morphine increases the amount of pressure the animal is



>

wﬂlilhg to accept whf:reaé- -NS'AIDs_have no effect. The intraplantir
injﬂect_ion' of an  irritant such  as _g:arrageenanzss -~ induces

inﬂanmat‘fon_ of fhe paw. The 1nf1afned paw be‘é:‘qmes hypersensi'tivé- to
stimuli and an esc;pe'response-(pa'i.n) is observed for- compoundswbich
previously did .not‘exhlibit a response. ~ The NSAIDs sbé)u a'._ distinct
ability to é:'l'evate the pain threshold in the infTammed pé)w but exhibit
no'effect in lnorma] animals. A higher dose of the NSAID . doed- ndt‘
completely block the r‘eSpohse. These agents génera]]y reyev"se only the .
hyperalgesic component %ich is anaflogdus to the él_ihical :situat.ion‘ in
chronic somatic pain suchas arthritis or inf]ian'i_nation. NSAIDs exh:ic_bit
a. similar analgesic éffect fér the wm':t_hing re~spon“sev evoked by the

: \ . . .
intraperitoneal (ip) - injection of an irritant .such _as -phenyl-
257

- benzoquinone to miée. - '
| Therefore, it was cons..idered appropri.ate to choose the,"most'
sensitive and "'.economi'ca‘] ané]gesi'cfte"sfs éofnmbhly used to evaluate
NSAIDs for scr_eéning’ purpos‘els‘. The pherry]‘quinone writhinE; test?12
was used to determine the Iana]cjesic- activities of: the N—(carbonylaminé)-
1,2,3,‘6-tetréhydr0pyridines prepared. ~ Briehy,’ the test ‘compound was
injected subcutaneously to five mice -at a dose of 0.004 mg/kg..' After
30 min the’ pain inducing '.agent, 9‘.03%‘ pheny1benzoquiAnone at a dose of
0.1 m1/10 g body weight, .is ;dministéréd fp. Ten min later, the mice
are observed for a ten mvin per1;od during.' which time the number of
writhing responses is counted for fe‘ach mou;se'. The avérage ilumber of

&

_ \
thes observed far a control

wri@:h?s is compared to the number o:f wri
that received only thebihicﬂe and pheny]bénzoquinone. The -ana1gesic"
tést results and tlwe/gfa\i-tition'coefficieﬁts for combounds (158-177) are
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listed in Table 7. " Aspirin, an’ anti- 1nf'|anmatory analgesic, dextro-
~-

propoxyphene, a weak narcotic analgesic and. morphme su]fate, a strong -

narcot1c ana]ges1c were 1nc'luded in- the study as reference c0mpounds.
The ana]gesw tes‘t results '('Table 7) 1nd1cated that
-compounds (158 177) all exh1b1ted potent ana]gesu: act1v1ty The
'EDSO valles for‘(gompounds (159) and (173) were determmed The
: dose résponse curves were qu'ite flat. The”3 methy1 (159) and 4- ﬂuoro
(173) ana]ogues exhibited EDSO values of 0.0004 mg/kg and 0. 00036
mg/kg respectwe]y i'nu the pheny]qumone writhing tests It was
1ntu‘est1ng ‘to note that m1ce adm1n1stexed a dose equa1 to or greater.

than 3 mg/kg sC sho-wed Tocomotor retardatmn or sedation. It is

were aware of the fact that the pheny] qu1none wri thmg test does g1'§§e" a
~ false =pos1t1ve resu]t for some compounds not normaﬂy cons1dered to be
ana]ges1cs, such as amphetamme, cocaine, imipramine, ch]orpromazme?
and atropme 258-260 Th1s prompted lus' to determine analgesic
.act1v1ty using an a1 ternative test which has a d1fferent site and -mode
of noxjous stimulation. The analges1c actwity exhibited by compounds

(159} ahdv (173) was ‘a1vso measured us1ng the hot-plate test. 213- 21.4

The ‘mice were individually p]aced on a hot-p]ate at. 55 + 0.5° "C.  The

‘react1on t1\;(thump1nng the rear 1eg or Jump1ng) was obser\oed before

~'y;"-‘and 30 min after the sC adm1n1stration of the test compound. - The

compounds (158) and (173) were found to exhibit EDSO values of 17

and 30 mg/kg sc respec_t]vel_y\,‘ relative to an EDgq of 3.08 mg/kg.



) fable\7

Partltion coefficient and analgesic data of N—[(substituted—
carbonvlamxno] 1,2,3,6- tetrahydropyridines (158- 177)

v

analgesic act., inhib aét.

pﬁenylduinone writhingb

dose,, mg'kg sc

@

1aD

174
175
176
177
125

aspirin
dextropropoxyvphene
morphine sulfate

L]

LR o nd DT @

=~

w

e

e

"0.004
-0.004
0.0004
17
\0.004
~.0.004

0.004

. 0.00s4
0. 08k
0. 064
- -0.004
0.004
0.-004
.0.004

0.004

0.004

0.004
0.004
0.004
0.004

0.000136
30 :
. 0.004

- 720

% 69.

aPartition coefficient.

‘P - concentration in octanol/concentration i water

result is the mean value, or the mean value + SEM, of five animals.

the hot-plate test 30 min after a subcutaneous dose.
was administered 15 min prior to injection of 173.
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for morphine suifate However the dose«response curves obtaingd from

B os
the hot-plaﬁe test were relatjveiy steep reiative to those obtained in
the phe"ﬁq”’m"e '{"“hfngwtest R '4 o 1

i

iﬂ?f' It not p0551b1e to “make a. *meaningful quantitative

{ ..

¥ 'com arison of the anaige51c th1V1tles for compounds~(158 177) since
c'»‘ J

ve are oniy sma]] differences in activities. on the other hand the
; o

”_;were c1ear potency differences It ds expected that this c]ass of

EY ¥

analgesic “dose,’ smce 0(159) 'has "o effect. on"' bioGd glucose

?.

i‘concentration at. ‘dose’s equa1 to or 1ower than 17 mg/kg po

k : The preiimihary structure-act1v1ty data shown in Tabie 7

L sUggests that the N- (phenyicarbony]amino) 1,2,3, 6 tetrahydropyridine

4

v m01ety is {he 1mportant structura] feature, since - ana19951c potency is

‘quite 1ndependent of the pOSition and phy51cochem1ca1 properties of the

{
aromatic ‘substituent. For examp]e there was not a 51gnif1cant
R P

'

o

4 carbonyiamino]fl,2,3,6—tetrahydropyridines .. exert their avanalges1c

values, such” as methoxy and nitro.b“"'

differenge in activ1ty between compounds hav1ng, electron- donating

"substituents ’such' as methoxy1 and methyl compared to those. hav1ng

3 &

:neiectron withdrawing substituents, such as fluoro, tr1f1uoromethy1 and

nitro. | The partition coeff1c1ent P does not appear to have a
Significant infiuence 'on ,ana]ge51c~ act1v1ty Compounds having
11poph111c substituents such as ch]oro, methy] and trifiuoromethyl

exhibit similar act1v1ty to those hav1ng substituents with low

»
hd

" The precise mechanism by which N [(substituted-pheny])-

> . . ' . Wb g IV

‘ . : B - o
’ kN ; N : )
y :

dose response Curves for hyperg]ycemic activ1ty were steep. and there )

".-'_(’/v

r,

“TE";compounds shou]d exert a 51ngu1ar ana]ge51c effect at an effective .

.‘



, naioxone was used to determine whether this nove'l o ss of compounds

.‘-act at a p= 0p1ate receptor. Pretreatment of a mouse with naioxone

" ' —spec1f1ca11y at ti‘& uﬂpiate receptor A1ternat1ve1y, the activ1ty of

\anaigesws whose action is 1ndependent of the M- opiate receptor wouid
,,‘,/\

‘L

not be a]tered by naioxone pretreatment ~This smp]e and rapid test

wouid block the antinociceptive properties of anaigesics which act

T activ'ity “has not-been--"f'eiuc"'i":dated The pure narcotic u- antagonist

’ wa&werefore used in -an attempt to eiuc1date the mechanism of action; "

e N
e of this ciass of compounds. Pretreatment of the mice using a 1 mg/kg

sc “dose . of na]oxone hydrochioride foﬂdwed by 1n3ect10n of the test
compound (173) at 5 mg/kg sc d'ld not a{ter the writhing response

observed in the pheny]quanone writhing test. ‘This, biocking experiment

. suggests it s unhkeiy that N- (phenyicarbony'lamino) 1, 2 3 6 tetra- o,

o-\
hydropyridine*s produce anaigesw v‘ia 1nteract10n w1th an -opiate
W » !, '{')

< ;
receptor., Moreover none of the narcotic ana]gesics knbwn show®

. ['3
anti 1nf1ammatory act1v1ty It 1s n&t known Waether these compounds

e ‘——'«--act as, prostagiandin synthetase inhibitors. : ¢
» _' Vane was the f‘lY‘St to report that NSAIDs ﬁespecwi]y ASA and

indomethacm 1nh1b1t the transformation of arachidomc ac1d to stabie

prostag]andins.ZG_l. .This observation provided “the first evidence_

‘that NSAIDs exert their maJor 1ocus of‘ action on th'lS mediator system.

These: resuits suggested that some mediator derived from the arachidomc

acid- cascade may p1ay a roie_in' the transmjssi-_on of: noc1ceptive :

information. : \ | S q
d . - 5y F

B AN of the known clinically usefu1 NSAIDs are. capab]e of

‘ 1nh1b1t1ng prostag]andin (PG)" Biosynthesis. ﬁe mechanism by which a

.
a N
o . ) K

[ed

b

T %

X
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numbér of 1nhib#tors interact with products of- the arachidonic acid

cascade 1s 111ustrated by Scheme 6. Corﬁicosteroids block formation of

',ajiw the' proﬁucts arising from membrane ﬂipids. ﬂ Inhibitors of

phosphq]ipase (igdomethacin or p-bromopheny] bromide) will a]so b1ock'

generat1on of arach1donate ‘and 1ts metabolites 259The c1ass1ca]NSAIDSv_ .

(ASA 1ndomethac1n 1buprofen etc) wi]] se]ective1y block formation of _

: products from the cyc1ooxygenase pathway - 5 8, 11 14- E1cosatetraynoic
.'\acid (ETYA)‘~1nh1b}xs both the"11poxygenase and cyc]ooxygenase
‘_gpathways.262 ' Finally, S1ege1 <et a] reported that many NSAIDS

$ 263 but Unot acetamlnophen?;54 | 1nhib1ted the . peroxidase that

[

transformed (125) 12 hydroperoxy 5 8,10,14- e1cosatetraeno1c . acid

(12- HPETE) a t6' (1 28)-12: hydroxy -5,8, 10 ,14- e1cosatetraeno1c
Cacid (12 HETE) - Th1s f1nd1ng 5upports' the proposa]'

h that 1nh1b1t1on of the product1on of. '124HETE contr1butes to the

antiiﬁnfTamnatory act1onf of NSAIDS.250 If “the N-(pheny?carbony]-

Jam1no) 1,2,3,6- tetrahydrOpyr1d1nes act  as prostaglandin‘ synthetase

inh1b1tors they shou]d act on one .or more of the prev1ousty descr1bed

*:arach1don1C'cascade pathways Furthep pharmaco1og1ca1 evaluations are

‘é

. vwarranted to substantiate th1s 1ead

£ ‘ : v
A

{

3.4.0{0.0' o Preparation of N (carbony1am1no) 1,2,3,6-tetrahydro-.

pyrﬂh1nes (197 2 208) s ;' . .

jﬁempre11m1na4y -SAR studies previous1y described (Section

. 3.3.2.0.0 aw;ﬁv3 3. 3 0 0) 1nd1cated that ana1gesic and hyperglycemic

activity wér quite’ 1ndependent of the physicochem1ca1 properties of

" the aromatic substituents. It was therefore desirab1e to determine
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e phospholipase
~ . - . o
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HETE d

Scheme 6 Inhibition of the arachidonic écid cascade



what effect attachment of other ring systems and functionalities to the
) - ! . \ , )
‘carbonylamino moiety would . have on analgesic -and hyperglycemic

activity. D o -

‘ Reaction of N-aminopyridinium ijodide wiéh various vacid
'fchJorides -afforded the N-(carbony1imino)pyridinium y{}des (185-196).
Some physicaf' and spectral data are -summarized in fTab1es 8 and 9
respect1ve1y N The . synthesis of the. '14adamanty1 (190) and
;,naphthoxymethy1 (192) derlvat1ves requ1red the presence of a phase
| transfer catalyst (ptc) such as cetyltr1methy1ammon1um brom1de " These

‘react1ons d1d-not»proceed in the absenge of the- ptc. ,Thi's was likely
. . - \ .

due to the 1low ’so1ubi1ityv of adamanty1 and - naphthoxymethyl acid
ch]orides in 10% aqueous sod1um hydrox1de

The use of phase transfer catalyst§ is a we]] estab11shed

syntheifc techn1que 266-269 The character of these reactions 1s

270,271

reasonably = well understood and a number of reviews and

2721274

monographs describe their application. The ptc cycle,

f1rst suggested' by Starks, 266,267 jnpyolves the use of a two phase

,

‘system viz., a lipophilic organ1c phase conta1n1ng the substrate and an
aqueous phase containing the nuc1eoph111c sa1t The two phases are
- J

genera11y immiscible so the nucleophile -and substrate do not come into

[
contact with each other precluding reaction. The ptc ‘facilitates the

transfer of the .nucleophile into the organic'“phase. Once in .the

organic phase, the anionic nuc1eophi1e,‘which is not well-solvated or
hydrogen bonded, reacts readily with the organic substrate. The ptc
may initiate the enfire‘sequehce once again after displacement occurs

as }11ustrated by Scheme 7.
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Table 8 Some physical data of N-(carbonylimino)pyridiniu; ylides (185-196)

+

.

i

.

[ .

g

pvridinyl)amino}-carbonyl]-
6-pyridinyl© .

: 0
Y - L\ W | .
s +N—N—C—R N :
. -
. , - o exact mass
Compd R yield, % mps C ‘formula calcd found
185 methyl 88.8  167-168%  C_HN,0 NP
+ . . .
186 tert-butvl 99.9 65-67 CIOHIANZO 178.1106 178.1107
187 cvclopropyvl 30 151-153 CoH, oN,0 162.0793 162.0792
. ' o < . s
© 188, cyclopentyl 85.6 - 64-66 € 5,0 Y 190.1106 (190.1107

189 cvc¢loheptyl 99.5 92-93 C13H18N,,.0 218.1419 218.1421

- . 24— 257 0!
19Q l-adamantyl 94 124-126 CLSHZ_JNZQ f57.1613 257.1608

, 2 No.: . :

}91 ethoxy é 82.4 106 CBHIONZOZ 166.0743 166.0741
192 1-naphthoxymethyl 65.1 118-119 C oM, ,N0; 278.1056 278.1056

_s . 22722 ’ : ' o3
193 3-furanvl 86.2 _-/._..8 C10H8N202 188.0585 188.0586
194 Z-thienj{l 99.5 224-226 CIOHB.‘L,OS 204.0357 204.0359
195 l-methvl-2-pvrrolvl 86 152-154 C“H“N30 201.0904 201.0902
196 t2-1{1-(1,2,3,6-tetrahvdro-

<

50
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Table 9 The ir aqd JB nmr spectral data of N-(carbonylimino)pyridinium

" ylides (185-196) , ’
.'ql
- o .
. N -
. +N—N—C—R
, e
i . ir em . - : . :
Compd R (kBr) for CO . Hoaomr, 6§, (CDC13)
N - - - 4
185 methyl 1580 . 1.82 (s, 3H, Me), 7.73-8.36 (m, 3, Hy, B, H)®,
. . . . ., a,b
8.69 (d, 2H, HZ' HG)
¢
186 lg—butyl 1570 . 1.31 (s, 9H,.5—buty1 hvdrogens), 7.57-8.19 (m, 3H, %
) . ' : a : a,h .
HB, HA' HS? ’ 8.72. (d, 2H, Hzt E6)
v . . . S X N
187 ° cyclo- 1580 0.54-1.29 (complex m, 4H, cyclopropyvl H,, Hg)'
propyl . 1;&8-1.97 (complex m, 1H, cyclopropyl Hl)' 7.52-
. a a,b -
8.12 (m, 3H, H3' HL' HS) , 8.79 (d, ZH, HZ' Hﬁ)
188 evelo- 1590 * 1.41-2.29 (cpmplex m, B8H, cyclopentyl H_, H3'. Hy, H)Lw
pentyl ’ 2.53-3.11 (m, lH, cvcldpentyl Hl)' 7.48-8.12 (w, 3H, '
a - ayy a,b
Hyo H,o B, 8.72 (d, 2, Hy, HY) .
PR
189 cvclo- 1580 1.22-2,22 (m, 12H, cvcloheptyl H7_7): 2.22-2.81 v
. heptyl (m, lH, cycloheptyl'Hl),‘7.&5—8.14 (m, 3R, H3‘ Héq _
a a,b
HS) , 8.74 (4, 24, HZ' H6)
Lo
190 l-ada- 1550 ©1.56-2.21 (m, 16H, adamantyl hydrogens), 7.43-8.1
- . ) a ) a,b
mantyl . (m, 3H, H3, HA'~HS) , 8.6 (d, 2H, HZ' H6)
191 e thoxy 1640 1.32 (t, J = 7 Hz, 3H, cH,), 422 (g, J =7 Hz, 2H,
CH.), 7.43-8.07 (m, 3H, H., H,, H)Z, B.91 (d, 2H,
2 a.b C. 3 4 5
. H, HG)
192 l-naph- 1590 4.94 (s, 2H, Can. 6.95-8.66 (m, 9H, pvridinium
thoxy- Hy, H,. Hg, six naphthyl hydrogens), 8.42-8.88 (d,
-
- methyl - 3H, pyridinium H., H6, one naphthvl hvdrogen)”



Table 9 'continued e

193 2-furanyl. 1572

P

2-thienyl 1570°

“. 1.5 Hz,-lH, thienyl HB)’ 7.73-8.24 (m, 3H, H, H.

195 - i-methvl- - 1380

2-ovrrolvl

6.56 (dy J. , = 3.4 Hz of d, J

3 Hz, 1H, pyrroly 1 H, ), 6.72 (d J

3,4 - 4,5 “'1.§ Hz, IH,
furanyl HA)' 7.18 (d, J3 P 3.4 Hz, 1lH, furanyl HB)’
7.56-7.68 (m, 1H, furanvl H ), 7 75-8.12 (m, 34, H
H,, K, ) o 8. 97 (d, 2H, H,, H )

4 ’ 2

3’

-

- ) N . °

7.09 (d, JL 5" 5 Hr of d, 33,4 = 4 Hz, IH,

thienvl HA)"7'51 (d, J 5_= 5 Hz of d, 13 5 = 1.5 Hz,

1H, th;enyl‘Hs). 7,63 (d J3 4= 4 Hz, of d, J3 5 -

W )a,b,c ‘ ER
6 .

av ‘R 1T - el
K%, 8:97 (4, 24, By,

4.02 (s, 3H, M), 6,18 (d, J, , = 4 Hz of d, J, ¢ =

3,4 s 3 e
. = 3 Hz of d, .*
J -

="1.5 Hz, IH, pyrrolyl H.)s 6. 93 «, I3 = 4THz

I35
f d, 2 .. = 1.5 Hz, IH, prrrolyl Hy Y, 7.41-8.05
3,5 ,

' (m, 38 H_, H» HO®, 8.84 (d, M, H ;H )a ®
3T A S . 2

196 21111, 3, 6- ni?

tetrahvdopyvrid- i '

invl)amino]- B o _

carboﬁyl]—&— _

pvridyl f
3 Signify pyridinium hydrogens. b These peaks were d (J 3 = JS 6 " 6 Hz) of d
J, L J = 2 Hz). € e SO_d6 was used as solvent. %?ni, noé isolated.

2, &, 6 T2
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QHNuT o+ R-X-e;—f—-R-Nubzi‘ﬁde: organic phase

interfacial region

‘ _Q*Nu*-+ Natx- :Eﬁit'jNa+NU'I+ otx-  ‘aqueous phase

-

Scheme 7 Rhgse transfer catalytic cyc]e‘:"

- —

Thus a soTut1on of 1= adamanty] carboxy11c acid ch]or1de
(6.2 mmo]) 1n petroleum ether (bp 90 - 110°C) was added. to a so]ut1on ‘
Asof N=- am1nopyr1d1n1um 1od1de (4 2. mmoT) in 10% aqueous sodium hydrox1deu'

in the presence of cetyTtr1methy1ammon1un| brom1de. The react1on was

-~

st1rred v1gorousTy at 50° C for 48 h.” Add1t1on of water and completion
"y .

of the 1soTat1on procedure in the usual way afforded N (l adamantyl—
carbony11m1no)pyr1d1n1um y11de (190) in 94% y1e1d The spectra] data

o dbtalned was consistent with the structure ass1gned (see TabTe 9)

i The sod1um borohydr1de reduct1on of y11des (185-196)

-

affdrdedf the’ correspond1ng N- (carbonyTam1no) 1,2, 3 6~ tetrahydro-
"byridines'(197—208) in excetlent y1e1d. The physical, spectraT and
pharmacologgca] data “have;;bgen;'summarized;;ﬁn"TabTes 10 - 12

respect1ve1y

The aanges1c test results suggested that the N- (carbony]-

amwno) 1 2 3 6 tetrahydropyr1d1ne mo1ety is the most 1mportant‘
,structuraT feature s1nce analgesic potency is- 1ndependent of the ‘steric

?

and - phys1cochen1ca1 properties of ‘the R subst1tuents For- exaine
compounds hav1ng aromat1c heterocyc11c rings (205 207) alkoxy (203)

: aTkyT'(197 198# and cycTodiyT (199 202) R subst1tuents a11 exh1b1ted

s1gn1f1cant _analgesic act1v1t1es re]at1ve to asp1r1n and mgrph1ne;

LY "o':.n '
: T aen -
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Table 11 The ir and.lH nmr.spegtral data of N-(cdrbqhy]amino)-l.2,3;6-
tetrahydropyridines %497-208) - o .
\

. Comp'd R NH

‘%
I 'o

o L < > o .
\ ¢ \ * N—NH—C—R
: - AN . . . .
- i _1 . Y [ Lol . .
ir, cm

(kBr) =g o .
o H omr,=8 | (€DC15)

197 . methy] . 3200 1700 2.13 (s, 3H, CH), 2.11-2.55 (m, 2H{'H3)?
' Co 2.93 (t, 2, H,)**®, 3.19-3.56 (m, 2H, W),

. a : : a N C
PR _ 5.68 (m, 2H, H,, Ho)™s 7.24 (s, 1H, NH)

196 . t-buty! 2280 1660 1.51 {s, 9H, t-buty) hydrogens), 2.28-2.53
o (m 24, K%, 3.1 (1, 24, 1,)0, 3372362

(m, 2H, W), 5.76 (m, 24, H He)®, 6.83

(s, 1H, ¥H)C '

4°

199 cyc?énrbpyl 3210 L§65 : 0.52-1.2 (m, 4H, cyclopropy] HZ’ Hé)“ 2.12-
' 2.66 {m, 3H, My, cyclopropyl Hl,)?,13.03 (t,
2u, Hz)a'b, 3.24-3.62 (m, 24, K.)®. 5.73 (m.

2H, Hgu Hg)®, 7.0 (s, 1H, )¢

m

L]
]

200 cyclopentyl 3218 1660 1.45-2.23 (m, 8H, cyclopenty! H _ 2
E 2.64 (m,.24, H3)%, 3,15 (1, 2, H,)%'0 2 z1-
3.71 (m, 5H, HZ' HG‘ cyclopentyl
(m, 240 My H3%, 6.7 (s, M 1M, NHY
201 cycloheptyl - 3260 1670 ' 1.33-2.12 {m, 12H, cycloheptyl Ho g
: 2.58 (m, 2H, H3)a, 2.72-3.37 (m, 2H, H
cycloheptyl H)?, 3.36-3.63 (m, 2H, He ),
5.76 (m, 2H, Hy, H)?, 6.99 (s, 1H, w)C

2.12-

a

202 }-adamqnty1 - 3260 1650 1.62-2.21 (m, 16H, adamanty] hydrogens),

2.21-2.48 (m, 2H, H3)%, 3.01 (t, 2H, HzlayR,

3.3-3.54 (m, 2H, H¢)®, 5.72 (m, 2H, H,, H.)2,

4 g
6.72 (s, 1H, NH)C -

203 ethoxy 132201710 132 (t, 3 = 7Hz, 3H, CHy), 2.19°2.54 (m,
- S 2H, Hy)®, 3.05 (3, 24, H,)P, 3.32.3.57
(m, 2H; Hg)?, 4.22 (q, J = 7Hz, CH,), 5.71

(m, 2H, My, He)?, 6.18 (s, M, NH)C

95
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Tabié 1N (cont'd)

Y

204

205

206

207

208

1 naphthoxy-
methy]

)

. 2-furanyl

2-thienyl

1-methyl-
2-pyrrolyl

2-111-(1,2,3,6-

tetrahydro-
pyridinyl)-

3205.

3220

3175

3215

3165

aminojcarbonyl)-"

6-pyridinyl

1670

" *1670

1655 .

1645

1650

-lH NH ., 8.16 (d, J3.4 =

'5.72 (m, 2H.’H4. H

'7.92-8.56 (m, 34, pyridine H3, B, H
" (s, 2H, NH)C : .

"2.14-2.48 (m, 2H, H ) , 3.08 (t, 2H, H )

3.39-3.61 {m, 2H, H6) , 3.74 (s, 24, CHZ)
5.43-6.04 (m, 2H, H4. H ) , 6.71-B.44 (m, 8H,
naphthy1 hydrogens.,NH) ‘

v
s

" 2.17-2.63 (m, 2H, H ) g 3.16 (t, 2H, HZ)

3.43:-3.74 (m. 2H, H6) 5.81 (m, 2H, HA‘ HS) .
6.56 (d J3 = 3.4 Hz of d, J4 g~ 1.6 Hz,

1H, furany] HA) 7.26 (d, J3 4" 3.4 Hz, 1H,

furanyl H ), 7.8 (s, 1H, NH) 7 29~ 7 43

(m, 1H, furany] H )

2.13-3.71 (m, 6H, HZ. Hys Hg)®s 5.52-6.0€

(m, 2H, HA' He ¥, 7.16 (d, J4 5 = = 5 Hz of

d, J3 2 = 4 Hz. 1H, thienyl H4), 7 56
(d, J, a5 = § Hz,” 1H, thieny] Hg), 7.88 (s,
4 Hz, thieny1 H3)

2 a, b

2.12-2.53 (m, 2H, H
3.36-3.75 (i, 2H, H

. 3.1 {t, 2H, HZ\
%, 3.97 (s. 3K, CHy),

, 6.1 (pv-J3'4. = 4 Hz'
of d, J‘."5 = 3 Hz, 1K, pyrroﬁy] Hc), €.61-

6.81 (m, 2H, pyrrolyl Hg, Hg)ﬁ 7.11 (s, 1H,
NH)© * :

3)
)
%

2.19-2.62 (m, &H, Hy)%, 3.25 (t, 4H, Hz)a‘b

a L a
3.66-3.85 (m, 4H, Hs)-, 5.78 {(m, 4&F, Hd‘ Hs) ,

5),'9.09

2 Signify 1,2,3,6-tetrahydropyridine hydrogens unless bthérwise specifiec. b5The§e

peaks were t (JZ,S

7 Hz).

¢ Exchanges with deuterium oxide.

.
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E

fThe‘ part1t1on coeff1c1ent d1d not appear: to havé.»a.-significant
1nf1uence on ana]ges1c act1v1ty s&gce compcunds of both h1gh and low
polarity are equ1aét1ve. Pretreatment w1th na1oxone hydroch1oride did
_.not alter the ana]gesic act1v1ty of compoUnds (203) and (205).

~The influence that 1Me R subst1tuent has upon blood g1ucose
concentrathon was also 1nvest1gated:;ENf(Carbqny]ammno)-1,2,3,6-tetra-
| hydropyridines (197‘208) do not reduiré'én“aromatic R substituent since
a1ky1~(197, }98) G§t1oa1ky1 (199- 202) and alkoxy (203) analogues all
exhibited hyperglycemic effects. : Thea‘ f1ve membered aromatic
" heterocycles (205-207) were.also prepared to exam1ne the effect of r1ng-
As1ze and various heteroatoms on hyperg1ycé%3c activity. The 2-furanyl
derivative (205) was more potent than the 2=thaeny1 compound (206
which in turn was more potent than the 2- pyrrniy1 (207) analogue.
These resu1ts suggest that the N (carbony1am1no) l 2,3, 6- tetrahydro-
pyridine moiety is 1ikely the most important structu¢a1 component since
hyperglycemic act1v1ty is relatively 1ndependent of the nature of the R

o,

substituent. A correlat1on between the partition coeff1c1ent p and
\.»\k‘

hyperg1ycem1c activity was not evident. from the results obta1ned

3.5.0.0.0 Elaboration of the carbonylamino and l,2,3;6-tétrahydro-
B

pyridyl! ring moieties of the structura11y- Ye1ated

N- (pheny1carbony1am1no) -1,2,3,6- tetrahydropyr1d1ne el

analogies (210 - 219, 221 - 226) 4 S

o .

The SAR studies previously descr1bed suggested that the;
N-(carbony1amino)-1,2,3,6—tetrahydropyridine moiety 1is an important

‘

structural requirement for analgesic and hyperglycemic activity. It
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| wjas therefore ofb interest ‘to determ.ine what effect rep'lacerﬁe_‘nt of :the;
.1,2,3,6-tetrahydropyridyl ring by other ring systems':‘}( subi's’tli'tuents)‘ and
modification of the carbony]am'ino‘moiety would have upon e}_:ﬂn‘al_ge';ic “and
hyperglycemic activity. | o

“The 'N~—(am1'h'ocart30ny1)-;,2,3,6-tetrahydf0pyridinesl (210 -

212F were synthesized by’ reacti?)n of 1-ch10ro‘carbony’|-1,2,3,6_—tetra—3

d

hydropyridine (209), .obtained from reaction of 1,2,3,6-tetrahydro-»_

pyridine with phosgene, with aromatic amines. Thus, treatment of (209)

AN XN ~
\ coc|2‘ N T . Ar—NH, i T
: c=0 ('3——-‘0
(!I. TH
(209 ) A

210, Ar= phenyl .
211, Ar= 3-trifluoromethylphenyl
212, Ar= 4-pyridyl

with' aniline and 3—tr1‘f‘|uovr-'omethy1a_ndﬂ1;ne yi,el.ded (210) and ,(211)
respectively in exéeﬂent yield. On the other hand, synthesis of the~
4-pyridylaminocarbonyl analogue (212) required an équimo]ar quantity of
4-dimethylaminopyridine. Low yields of (212) were obtainéd_when a
catalytic quantity of 4-dimethylaminopyridine was us‘ed.“ The reactiqn

did not proceed in the absen,gf of a catalyst. This was likely due to

- ~



the low reactivity of 4-aminopyridiﬁe.

101

The 1N-a1ky1(cyc1o§1ky1)amides ‘(213-219) “were prepared via

two similar synthetic procedures. . Reaction of 4-pyridinecarboxylic

: acid ch1oridefhydroch1oride with the amine in dry aprotic solvent in

the presence;nof;.trieihy1émine&}afforded N-alkyl(cycloalkyl)isonicotin-

amides (213 = 215) “in high yield.

The related N-alkyl(cycloalkyl)-

4 penzamides (216 - 219) were obtained from the reaction of benzoyl

chloride with the amine in 10% éodium hydroxide.

o
|

R'—C—

213,

214,

215,
216,
217,
218,
219,

0]

Cl + R"—NH, —— N—g—NH#
Rl= L-pyridyl, R%2 cyclopentyl
rl- ujpyridyl.' R =aéyclohexyl
Rl= b—pyridylt R2= 2—furanyiméthyl
R1= phenyl, R2= cyclopropyl
R1= phenyl}' RZ; cyclopentyl .
R1= phenyl, R2= cyglohexyl

1=) R2= 2—furaﬁylmethyl

phenyl,

Reaction of phenylhydrazine with 2,&—dfqitropheny1pykidinium :

ch16ride afforded the unstable N-{phenylimin®)pyridinium y]idé (220)

which was immediately reduced with sodium borohydridé to give N-(phenyl-

amino)fl,2,3,6—tetréhydropyridine (221) in 6.5% yield. uThé pentafluoro-

phenyl analogue of the ylide (220) has been synthesized in high yield by

. the reaction of N-aminopyridinium iodide with hexafluorobenzene under

a1kaiine condition.60 " An alternative synthesis of the 'ylide’ {220)-
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ehp]oying iodobenzene in the p1ace of hexafluorobenzene was unsuccgssfu1’
eveﬁ at elevated temperature. Actjvation of the phenyl ring appears to-
be necessary for ylide formation, |
Ne(Pheny1carbony1)-1,2,3,6-tetkahydrbpyrfdine , | (222)275
was prépared by réaction of 1,2,3,6-t¢trahydropyridine with be#zoy]
ch]oride‘in 102 aqueous sodium hydroxide. Condensation .éf 1,2,3,6-
"tetrahydropyridfne with 1-chloro-4-nitrobenzene yielded N—(4-nitroQ

phenyl)- 1,2,3,6-tetrahydropyridine (223) in 70% yield.

AN - 222, R= benzoyl’
223, R= 4-nitrophenyl

‘jg{. .

—2Z
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N-(Phenylcarbony]amino)af,2,3,4—£etrahydroquino]ine (224)

was prepared in 48% yield from the reaction of N—ahino-l,2,3,4-tetra-
hydroquinoline mesitylenesulfonate, obtained by amination' of 1,2,3,4-
tetrahydroquinoline with mesity]enesu1f0ny1hydroXy1amine, (MSH), with

benzoyl chloride in 10% aqueou§ sodium hydroxide. Reduction of the lead

B CH,
HO,S
N H;C CH,
H
. 0
1l
c—cl
. 2
N
|
NH
|
> C=0
< (224 )




104
compound” N-(“phenylcarbohy1 amino)-1,2,3 ,G-tetrtaéyd’_ro.pylridi n'e: ‘(12‘5) using
pa'l]adium-on-charcoa] and hydr'oéen gas ;\/ie1ded.N-(pheny'lcarbony'lamino)-
p1per1d1ne (225) in 84% yield whﬂe‘ réaction of benzoy'lhydrazine with
a'l]y]bromde afforded N,N- d1a11_y1benzoy1hydrazine (226) in 62% yield.
. The physical, Spec_tra-'l and pharmacological data of these structurally
related N-(carbony]amfno)-l,2"&\3;,6-tet'raﬁydropyridine ana]ogues (210-219,

221-226) are summarized in Tables 13 - 15 resbective]y.

9 0 .
Ph—C—NH—N ) . Ph— C—NH—N(CH,—CH=CH,),
(225 ) - ( 226 )

¢

N-(Phenyl carbony'l amino)-1,2,3,6-tetrahydropyridine (125) was

also .structurally modified to investigate the .effect which elaboration

- - of the carbonylamino mo1ety and rep]acement of the 1,2,3,6- tetrahydro- )

pyridyl ring systems b_y other ring systems or substituents has upon
analgesic "and hyperg'ly,c,emc activity. Reversal of the carbonylamino
mowety of (}25) to an amﬁocarbony] moiety as in (210) resulted 1n a
moderate rehtmn in analgesic activity (74% to 38%‘1"[1hibition for a
0.004 mg/kg sc dose, Table 15). The 4-pyridyl compound (212) was less
active than the corresponding. pheny'l (210) and..3-trifluoromethy'lpheny‘l
(211) analogues. Rep]acement 6'1; the carbonylamino group of (125) by an
amino group as for'(2_21)- or a carbonyl &oup as for (222) reduced
analgesic activity slightly ne]atfve to (125). C.omp’lete "rémova] of the
carbonylamino rﬁo’iety ‘as for (?23) reduced ane1gesic' activity to a 30i

N B . ooy
. . ‘N ‘—
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Table 14

106

The ir and H nmr spectral data of structurally related N-(carbony]amiho)-:
1,2,3,6-tetrahydropyridine analogues (210-219, 221-226)

™

Comp'd

ir, cm (KBr) 1 : .
NH .. Co - H nmr, . (CDC13)

210

211

213

~o
—
I~

216

217

218

3320 1638 1.98-2.36 (m 2H, H ) 3 6 (t, 2H, H ) , 3.88-4.13
PR “(m, 2H, H6) , 5.47- 6 13 (m. 2H, H Hs) 6.92-7.6
S {m, SH, phenyl hydrogens), 8.1 (s. 1H, NH)E

3320 ©° 1650 1.92-2.38 (m, 2H, H3)?, 3.58 (X, ZH,'HZ)E'b,'3.837
' 4.14 (m, 2H, H.)?, 5.38-6.1 (m, 2H, H,, H)®,
7.1-7.86 (m, AH,‘phenyl Hydrogens),S 58 (§. iH, NHY©

3250 1690 1.9-2.5 (m, 2H, Ha)a, 3.62 (t,2HHy M 2) '3.9-
4.1 (m, 24, H.)2, 5.45-6.05 (m, 2H, H ) , 7.43 (¢,
24, H,! 1) ¢ 8.33 (d, 2H, H,} Hsl d.e 8.5
3 ¥ v - * 1] 2 A ] 6 1] /5
(s, 1H, NH) ‘ :
3320 1645 1.22-2.33 (m, BH, cyclopentyl H, ¢}, 4.14- 4 66 n.
14, cyclopentyl H]) 6.94-7.37.(broad s, lH NH)
7.65 (d, 2H, H,l, W 1yd»e . 8.65 (d. 2H, B3,
lde - 3775 2
g 1o :
6 )
3200 1650 0.95-2.33 (m, 10H, cyclohexyl H, ), 3.72:4.4 Ir.
K 1H, cycliohexyl Hl)' £.66-7.04 (broad s, lH, NH)

1 1,d,e 1 1,0,€
7.7% (d, 2H, H3 , H5 yoor, 8.77 (d, 2H, H2 ) 6 )

336C 1650 . 4.€3 (d, J - 5.5 Mz, 2H, CH), 6.18-6.42 (" 2%,
. CH,-NH 2 A

furanyl H3. 4), 7.29-7.43 (m, 1H, furany ] HS) —

7.64-7.84 (d, 2H, .1, H )€, 8, 5 45, 10, R

3 *
8.64 (d, 24, W}, v )9 2

°

2+ f )

3208 1610 0.57-1.05 (m, &H, cyclopropy) HZ. Hy), 2.73-3.16
' . (m, 1H, cyclopropy? Hl), 6:81-7.96 (m, 6H, pheny)
hydrogens, NH)C . S
, ‘ L

3320 1680 1.24-2.35 (m, 8H, cyclopentyl HZ—S)‘ 4.15-4 . 6€
(m, 1H, cyclopentyl Hy); 6.3 (broad s, 1H, TR
4 7.26-7.95 (m, SH, pneny) hydrogehs) ‘

3260 1635 . 0.87-2.53 (m, 10H, cyc1ohexy1 H2 6) 3 68 .35 {r. -,
) P ' ucyclohexyI'Hl), 6.28 (braod s, lH, NH; . 0.3-7.67
. (m, 5H, phenyl hydrogens)- :



Tab]e.l4 (cont'd)":

-6

f \,

“225 - 3200 - 1645

219 - 3320 . 1650 4.6 (d, J

CH.,

= 5.5 Hz, 2K,.CH )
2, furany]z Hy. Ha), 6.8 (broad- s 1H, W)

7.96 (m 6H, furanyl. HS’ phenyl hydrogens,

(£iTm) . 3.38 (m, 2H, He)a

: 2.13-2.47 (m, 2H, K 3%, 2.82 (1, 2w, 1,020,

6.17-€.37 (m,
. 7.3

3. 18-
, 4 5 (s; M, N)© , 5.47-5.97

2H, Hy, Hs),, 6 62-7. 4 (n. 5K, pheny] hydvogens‘

222 . - - 1630 - 1.98-2.5 (m,2H,

H

3 5)

224 3240 1652 . 2.15. (quin.

hydfoquinolinyl H,), 6.58-7.28 (m, 4k, tetrahydro-
7.35-8.22(m, 5H,

qujno1iny1 H5-8y‘
-10.38 (s, 1H, NH)

! o3 7Y
-quinolinyl H3). 2.81 (t J7

hydroquinalinyl Hy)y 3.63 (t, Jy 57 6 Hz, tetra-

H3) 3.18-4.43 (m, 4H, H
o ] o o 5.5-6. 14 (m, 2H H4, HS) , 7'357l'§4 (m,.5k
: phenyl hydrogens):

3,4

¢, f-

1.22-1.97 (m, 6H, piperidy] Hy
piperidyl Hos 56), 7.36-8.02 {m, SH, phenyl.-hydrogens;

9.43 (s, 10, NS T

22¢- 3290 - 1650 3.57 (d, J ) = 6 Hz, dH, allyt k
s 4R, aliyl H .)y 5.55- 6.46 (m, 2H, %]]}u'H7), 7.12-
7.94 (m, 6H phenyl hydreogens, NF)? S

-

| 2.18:2.6 (m, 24, Hy)?, 3.65 (t, 2k, Hy0208, 382
. 4.14 (m, 2H, He)?, 5.67-6.27 (;, 28, H,, He )
' ’ 7.06 (m, 2H, pheny) HZ’ H6)' 8.05:8.42 (m, 2h,
3 . phenyl H

2’

6 Hg? 2H, tetrahydro-

3,4 = 6 Hz, 2H, tetra-

3

{)r 4,95-5.4

phenyl hydrogens),

o5l 2.7-3.16 (m, 4~

£ (r,

a

Signify 1,2,3,6- tetrahydropvr1d1ne hydrogens.

Exchanged with deuterium oxide. d H S

€ These peaks were d (le 31 = J

b These peaks were(t,(’

2,2

= € HIL.
, Pel s1gn1fy1no pyricy) hvdrooerf
MeZSO d6

was used as so]vent.

Ly

g
)2

Z
, €.27-
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15 Some pharﬁacological data of N-{car
analogues (210-219, 2214226)_

1

Jﬁnﬂamino)'l.2,3;6-tetrahydropytidine

-,

108

o

analgesic act.,

____phenvlquinone wrichinga

inhib act.

on

-«

hipoglvcemic-hyperglvcemic act.b

% change in blood glucose concns.

' . posttreatment’ .

compd Jdoge, my/kg sc T inﬁi§n dose, mg/kg po . 2h -, " . &h
210 0.004 . 38+ 109 100 +6.8 £ 0.3 ' +12.3 + 0..
11l 0.004 36 + 0.9 100 -0.5 + 0.2 +16.3 + 0.1
212 0.004 16 + 0.8 *100 +36.5 + 1.1 5.7 + 2.2
213 0.00- 42+ 0.8 100 -9.3 + 3.9 S -203 % 5,3
4 ° 0.004 53+ 1.0 (100 -15 + 5.9 S11.2 + 4.7
213 n.004 56 + 1.2, 100 +34.5 + 23.3 +.2.8 & 35,
219 3.004 38+ 1.3 100 S35 4+ 30 +4.8 + 3.3
ASD) 0.00- L3 + 0.6 100 +3.0° % 4.8 +0.3 + i
218 0.004 23 # 0.6 100 -11.5 + 3.8 2+ 6.3
21a 0.004 30 + 0.8 100 424 % 2008, +14.8 = in
AR 50w 39+ 1.1 100 +79.8 + 229 +10L:5 + n3 ]
A 2.004 nno+ 0.7 100 +76 + 377 #5345 = 2]

3 98+ 0.4 80 +13 + 0.4 +i o+ 0.1

5 95 + 0.6° 50 -5.3 + 0.0 “o3ee 0.2

nL00lL 30+ 1.2 ’

35 50 + 0,59
223 n.00% 30 + 0.8 100 +3.8+0.3 -4.8 + 0.3
24 0.004 36 + 2.2 100 -2.8 + 0.7 +11.5 + 0.3
223 0.004 3o+ 1.2 100 +6.8 + 0.4 +11.5 + 0.2
226 0.004 32+ 1.0 100 +43.5 + 1.0 +33 % 0.3
125 0.004 73.6 + 0.6 100 +78 50
aspirin 30 50 5
dextro- ’
Teka™T s 50 '
20IPa¢ 0.038 - 50 + 1.61

3.1 s0+2.8% |
chlorpropamide " ' ioo -42 4 12,1 -38 + 9.3

#The result is the mean value, or the mean value + SEM, of five animals. bThe resuit
is the mean value, or the mean value + SEM, of four animals. Hvperglycemic activity is
indicated by a plus number and hypoglvcemic is indicated by a negative number.
“xaloxgne hydrochloride (1 mg/Kg sc).was administered 15 min prior to injection of
Determined using the hot-plate test 30 min aftér a subcutaneous dose.

19
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inhibition for a 0.004 mg/kg sc dose. Replacement of the 1,2,3,6-tetra-
hydropyr1d1ne r1ng of (125) by a cyc]opropy1 (216), cyclopentyl (217),
cyc]ohexy] (218) or' 2- furany]methy] (219) ring resulted in a nnderate
reduction of analgesic act1v1ty The 4-pyr1dyl ana]ogﬂes (213 - 215)
were more potent than the correspond1ng pheny] analogues (217 - 219)
hav1pg the same RZ-substituents. Similarly, rep]acement of the:
1,2,3,6-tetrahydropyridyl ring of (1255 by a 1;(1;2,3,4—tetrahydro-
quinolyl) (224), 1-piperidyl (225) or a 'diai]j]amino (226) mo1ety
provided compounds exh1b1t1ng 32 - 36% 1nh1b1t1on in the phenylquinone
wr1th1ng test for a 0.004 mg/kg sC dose. The most active analgesic in
this QEOup of compounds was - N-(phenylcarbonyl)-1,2,3,6-tetrahydro-
pyridine (222). The analgesic actiVity of (222) was also determined
using the hot-plate test. In this test it ‘exhibitedg an EDgy of 35
mg/kg sc relative to an:EDSO of 3.09 mg/kg sc. for morphine sulfate.
N-(Pheny]tarbonyt)-i 2,3 6-tetrahydropyridine (222) does not act at an.
op1ate M- receptor since pretreatment with naloxone hydroch10r1de did not“
alter the act1v1ty of (222). ‘ -

The influence whith‘ variouE- structural bcomponents of the
carbonylamino-1,2,3,6-tetrahydropyridyl noiety of (125) have upon'blood
'giueose concentration was also inyestigated. The~reverse aminocarbon}]
(NHCO) derivatives (210 - 212) were Tless _potent .hygerglycemic agents
“'fthan (1255 which eievated blood g]ﬁcese'78 and 50% respectiye1y at 2 and
) .4 h- post treatment for a 100 mg/kg po-dose. The -44pyridy1 analogue
(212) increased blood g]ucose 37 and 46% respect1ve1y at 2 and 4 h ,while
the phenyl (210) and 3- tr1f1uoromethy1pheny1 ana]ogues (211) were mild

hyperglycemic‘agents. Replacement of the carbonylamino group of (125)
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by an amino group (221} enhanced the . hypergTycemic effect e1evat1nge"_
| b]ood g]ucose 102% at 4 h whereas: rep1acement by a carbonyl group (222)'
gave a compound with a. potency | s1mi1ar,to compound (125).
Rep]acement of the pheny]carbony]amfno moiety of (125) bf | a
4-nitropheny]l sdbstituent (223) abo]ished hypenglycemic activixy. On
the other hand, replacement of 4the 1,2,3,6-tetrahydropyridyl. ring 'of :
(125) by a cyclopropyl (216), cyclopentyl (217) or cyclohexyi (218) -
abolished hyperglycemic activity; A similar replacement of the 1,2,3,6:
tetrahydropyridy1‘ ring of (i25) by 1,2,3,4-tetrahydroquinolyl (224),
1-piperidyl (225) or dia11y1 (226) nniety reduced but did not abolish
dhyperg1ycem1c act1v1ty (see’ Table 15). These resu1ts'indicated that the

- N- (carbony1am1no) 1,2,3,6- tetrahydropyr1d1ne of (125) is an important
structura1 moiety for potent hyperq1ycem1c act1v1ty al though’ pheny1am1no

(221) and phenylcarbonyl (222) still exhibited a potent hyperglycemic

© effect.

3.6.0.0.0 © Preparation of N-(phenylcarbonylamino)-substituted-1,2,3,6-

tetrahydropyridines (252 - 275)

| The SAR obtained thus far indicated that ana1ge§ic activity
was quite independent of the nature of the substituents attached to the
carbonylamino group. ' However, replacement of the‘l,2,3,6-tetrahydro—
pyridine by other ring systems or modification 'of_ the carbonytamino
moiety reduced analgesic 'activity. . These correlations suggested that
the ane1gesic activity mayv be_.more-}dependent_vupon the position and
physicochemica1 propert1es of substituents attached to the 1,2,3,6-

tetrahydropyrtdy] ring.
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On the other hand, ‘changes in b1ood g1ucose concentrat1on
‘were sens1t1ve to modification of the. carbonylam1no nb1ety. Rep]acement
of the 1,2,3,6-tetrahydfopyr1dine by other ring systems or functionality
either; reduced‘ or abo1i$héd hyperglycemic activity. Blank et a1276
recent]y reported a series of 3-(3-methyl-2- pyridyl)propan-1-ols (227)

and structurally related c0mpounds which exhibited hypog]ycem1c and

L 4

/ . : CH3 H3C—N Ph
SN“"NCHCHCH,OH
N 2= 7,6 COOCH,
227 ) . ‘ ( 228 )
hyperg]ycem1c activities within the same series of compounds . The

pos1t10n and phys1cochem1ca1 properties of substituents can exert a
significant effect on blood glucose Tlevels for a given class of
51277

compounds since Clark et also observed both hypo- and

hyperglycemic activities for a series of Z;ary1trbpane-3-carboxylic acid
esters (228).

Some analogues of N-(pheny]éarbony]ami&o)-l,2,3,6-tgtra—
o hydropyridfne (125), having substituentS‘attachéd to the 1,2,3,6-tetra-
hydropyridine ring, were therefore prépared-tO‘investigaté the effect of
substitﬁent chain - length, subsfipuent position ‘and " physicochemical
propert1es of substituenﬁs upon ané]gesic, hypo; and hyperglycemic

LY

'act1v1t1es. The substituents selected fnc1uded fluoro, methyl, methoxy,
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4; ‘ & . ‘ ,
"acetyl, hydroxymethyl, hydroxyethy1, hydro;ypropy], metho;ypropy],
acetoxypropyl, carboxLethy] éhd methoxycarbonylethyl located at various
positions of the 1,Z,S,G-tetrahydrOpyridy1 ring which were synthetically
accessible. (

. - Thus amination of a1kj$\subsf{¥uted pyridines with HOSA in

. the presence of base generated the nonisolable pyridine N-imines ‘which
were subsequent1y benzoy]ated to afford the corresponding y11des (229 -
232) The latter: were employed as precursors for the synthesis of the

required alkyl subst1tuted 1,2,3,6- tetrahydropyr1d1ne der1vat1ves (255 -

258).
0
il
c—cl
= ~ ]
< UR Hosa - R N
N N -
|
| NH ]

229, R= 2-methyl
230, R= 3-methyl
231, R= L4-methyl
232, R= 3,4-dimethyl
- . 0n the othec hand, compounds (233 - 238) were prepared more
efficiently by amination of the substituted pyridines with MSH followed

by benzoylation to yield the ylide.
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Cf’Cl

“OMS= mesity®enesulfonate

233, R= 3-fluoro

234, R= 3-(3-hydroxypr3pyl)

235, .R= L-acetoxymethyl

236, R= 3-acetoxymethyl
237, R= 3-(2-methoxycarbonylethyl)
238, R= u—(2—methoxycarbonylethyl)

( .

$

' Although MSH is a more effjcient aminating reagent  than
HOSA,11’23'26 it is  unstable?’8 and potentially explosive.
219 Caution‘in preparing and storing MSH s advisable.

3-(2-Methoxycarbonylethyl)pyridine was ~ prepared by
hydrogenation , in. the presence of pa11adium-onécharcoa1, of methyl
3-pyridy1acry1ate,'obtained by estérificé&ion of 3-pyridylacrylic acid
with .thiop}T'zch10ridé “in refluxing benzene followed by addition of

. L:; ) ‘
methanol. On the other hand, 4-(2-methoxycarbonylethyl)pyridine was.

2



o obtained via the W1it1g react1on of . methoxycarbonylmethy%enﬁ;“;‘ )

N
¥ 3

C e

gave 5-(2,4- d1n1troan111no) 2, 4 pentad1ena1 hydrazones (244) Upon
,heat1ng at ref]ux in d1oxane water - (4z ] v/u),,ihe hydrazonesarecycllzedw'w
_'to y1e1d the correspond1ng y11des (239 243) 28¢ '

prepared by catalytic ‘hydrogenation of - methy1 4-pyr1dy1acry1ate"?"w"

Dh0§§hoﬁane2§9vwithw4-pynidinecarboxaldehxgg.2§1f??z

°

r

Reactfdn‘ of the réqdiréd" N;(z“lkdiﬁftrbphény1)bY?TdfniUm"
ch]drides (Z1ncke 'sa1ts) 284 prepared from -the -reaction - of -the.

se]ected pyr1d1ne w1th 2 4- d1n1troch1orobenzene, w1th benzoy1 hydrazinerw

114

e

)
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B T
cl
0
NO, D
C—NHNH,
' R
NNHCOPh
N .

o,

Z NO, ~ | - o
R . . R ‘
N . . N+ . v
. | -~ N cl” - NH
. : Il‘lll/h")z . [::i:]/hujz
| * N . NO, -
(244 )

239, R= L-methoxy

240, R= 3-methoxy . :
241, R= L4-acetyl(ethylene ketal)“' ‘ =
242, R= 3-acetyl(ethylene ketal)
243, R= bf(B—hydroxypropyi)

3-Methoxypyridine was prepared'by methylation of~/3-hydroxy-

pyridine283 and '4amethoxypyridine was prepared by catalytic
. N - b . .

NQdeoxygenatipn of 4qmethoxyqyridihe-l-oxide. ~ Although it has been
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rePthedb that. the 4-methoxy ylide (239) cannot be préparéd via the
Zincke salt - method®® or  the HOSA procedure'l4 a low yield
(7.6%) of (239) *was obta1ned, via” the Zincke sa]t procedure Severalu'
' attempts . to am1nate 4-methoxypyr1d1ne with MSH were unsuccessful.

The keto groupsof 3- and 4 acety]pyridine were protected as
the ethylene ketals. The ketals were prepared by reaction of’ the ketone
with ethylene glycol  and pyridinium tosylate (pyridinium p-toluene-
sulfonate) in refluxing benzene285 before generation of the _Zincke'A
salts. The yield of ylide (242) prepared in this way uas only 20%.
However amination of the'ethylene ketaI of 3-acetylpyridine MﬁtthSH-and

benzoylation .with benzoyl chTortde gave (242) in 77% - yie1d ~ The: -
'.physica1 andV.spectra1* data for N- (pheny]carbony]am1no) subst1tuted-.
‘pyridinium ylides (229 - 243) are summar1zed in Tables 16 and 17. |

A plausible mechanism for the formation of N- (phenyl-
carbony11m1no)pyr1d1n1um y11des prepared via the Z1ncke sa]t procedure
1s illustrated by Scheme 8. Nuc1eoph111c attack by - the. hydraZTne at ‘the

- o2- pos1t10n of . the Z1ncke salt (245) followed by ‘electrocyclic¢ ring

open1ng of the d1hydropyr1d1ne ring 1246) could hgive‘nrisé;'td 'thé'fthi :

1ntermed1ate (247) 109,286,287 _ The subsequent .1someriiation - of

| ;u(247) could y1e1d the 1so1ab1e 2 4- pentad1ena1 der1vat1ve (248) 109 .

Upon heat1ng, compound (248) cou1d afford the electrocyc11c r1ng c1osure
| 1ntermed1ate (249) which could then undergo aromatization to give the
N 1minopyr1d1n1um ylide (251) and 2, 4 d1n1troan111ne (250).288

The sodlum borohydride reduction of the y]ides (229 - 243)
afforded the corresponding N- (pheny]carbony]amino) substituted-1,2,3,6-
'tetrahydropyr1dines ( 252 - 255-262, 266, 267, 274,  275),

=
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Table 17 The ir and W e spectra1 data of N- (phenylcarbonﬂkimino)-sbbst1'tuted- -
pyridinium ylides (229-243) v '

. ‘. } B '> v L [ ,‘/ L
. _ S . o +N—N-C o
. . RX — _
C - : : s 8 [T
. ir cm .
Comp'd R = for CO, (KBr)  IHnmr, &, (CDCIy)
229 2-methyl 1560 2.6 (s, 3H, Me), 7.35-8.32 (m, BH, -
1 l.a,c
Hyo M 4. B Hy' g )0, 8.7 (d,
“IH, K d
» Hg)
. 230 _ 3-methyl P ) 1560 . 2.53 (s. 3H Me), 7.28-8.3€ (m, 7H,
. L L. P H , é 1 a C‘ 8.64-8.9 (m, 2K,
' b
. Hae ” ,
231 4-methy) T 71530 . 2.6 (s, 3H Me), 7,38-8.32 (m, 7K,
o L 1 a,c .
o Hyo H g g)C, 879 (g, 2+
- » Hz' H ) N .
232 3,4-dimethyl . . 1540 ) 2.37 (s, 3H,73:Me ), 2.45 (s, 3h,. 7
A P - ©T B-Me), 7.33-8.29 (m BH.e M me e
o COE DR 13b e 51877 (n SH H
2 ;6 ' : : 2
o / He ) ’
N : - . T
235 3-fluoro. .. . . - 1560 7.19-8.28 (m, TH, B\ Moo My ()% < ..
N : : 73R o7 (n. I, Hei%. 8. 21-8.52
| . : , {m, 1k, 2)§:d .
234 3—(3-hydr0xypropy}1) 1560 (filim) 1.6-2.18 (m, 2;-., -CH-2-CH2-O.~‘,’. 2 8¢
3400 (OR) (t, J = 7 Hz, 2H, ?EEZ-CHZCH or),
3.53 {t, 0 = 7 Hz, -CHyCH -4 SoRY,
a.56 (s, 14, 0)°, 7.21-8.8T i
. ey X LydcC -
. gH"”h?‘ ‘Hd 6‘ H2 6 ) ae
235 4-acetoxymethy) 1560 2.2 (s, 3K, Me), 5.3 ‘(s. 2F, Chol,
- 1750 (COOMe)  7.39-7.79 (m, 5H, Hy, He, Hél_s )2
- B.16-5.47 (m, 2H, W} K", B.96
. - . a2
. {d., 2H, HZ' h6)
236 -acetoxymethyl -~ 1560 (film) 2.11 (s, 3H, Me), 5.16 (s, 2ZH,
1750 (COOMe) CH,),.7.35-8.47 (m, 7TH, H,. He,
b e 99.9.02 (m, 2, K,
) 'L Sf 4
- Ke.)
257 3-(2-metnoxycarbonyl- 1560, (film) . 2.53-3.27 (m, 8K, 1Tk C-pC00ME . 3.€.
etny}) - 1740 (COOMe) (s. 34, Cry). 7:28-7.9 (m. 5, K,
T He: Kl 51)2’79, 8.D4-€.31 (m, 2H.
1y¢ . (m, 2H, E.. -
. Hyt : RIS, BLES-BE (M. 2H, by
H.)



......

Table 17 (cont'd)
: : —
238 4.(2- methoxycarbony]- 11555 2.54-3.28 (m, 4H, -CH, CH, COOMe ),
ethyl) 1740 .(COOMe) 3.73 (s, 3H, CH3), 7.31-7.68 (m,
S SHy Hys Hg, Byl 1)0C, 8.05.8.44.
(m, 2H, Hgl K1) je . 8.78 (d, 2H,
a
Hy He .
239 4-methoyy : 1560 3.98 (s, 3H, CH, ), 7.00 (d, 2w,
s Hs)a b 731755 (m, 3,
Ho! o1)C, 8.06-8.3 (m, 2n, B}, k.1,
3-5 3k 2 ' 76
| A B.57 (d, 2H, Ky, H)
240 3-methoxy 155¢ 3.9 (s, 3H, Ch3) 7.3-7.7 (m, SH,
) a,C -
H4, 5‘ H3 5 ) ,18502'8.// (m,
| ' GH. Hyu Ho H'L RPN A
241 4-acetyllethylene 1570 1.7 (s, 3H, CF3‘. 3.69-2.23 (m, 4w,
Ketal) N . -0CH,CH,0-), 7.32-7.66 {m, 3H,
. D e - M - SRS LI
8.1-8.45 (m, 25, 4. k. 0¢ g0
- - . a.tf
. {d, 2u, Hopo M
2527 3-acetyl{eshylene 1560 RER CO: SR TN N ()
ketat) an, ~5CF2Ch-C-Z. T.I3-E.8T i, TE,
HoLoR_ H.,J ¢ 8. ¢ 4 az.¢ e r’\
g < P
dRL oML, ke
283 Lef3ehyzronvieomy ) 1352 €7-0.00 Tl 2 -ttt 0w
2.95 Mt 0= 7 pz, 2r. ThoCalceOn
. R A A
. : N i EREEE I B B BN Sl E R Gt BTN
T 8 S B B B - (m
2 ¢ _ & .
SE. by Ko, FU 0 gigrie as
(r, 2n. “gl' afl,c S77 (d. 2
L. a.,b.d
T T
¢ HZ"'Hé signify pyridinium Fydrogerns. b anse peaks were ¢ (:2 3 = . 6; TRz
¢ HZJ...H63 signify phenyl hydrogens. ¢ MeZSO.d6 was used as scivert. € Excranges
witk deuterium oxide.
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)
D] [Glen
a6y g zu7 )
-
- \\

. {t zO— Nt (I
.OINQHQ '?l 1 Dioxane Q)N ‘) C —_— NNHR
. : |

, NO, TH -
- R o
(289 ) |
. o D NO,
l ‘ ( 248 )
NH, = '
NOz + \»;q
|
N~ '
L
NO, - R
(250 ) (251 )

Scheme 8 Plausible mechéﬁism forlthe formation of B
.JN—lmlnopyrldlnlum ‘'ylides prepared via the

Lo @

* Zincke salt procedure




- although formation ‘of the 3-methylene (253) and' 4‘—hydrox_ymeth_y“1 (265)

analogues were not expected. =~ = . T

—

The formation of the 3-methylehe derfvative (253) from the

. ‘ l . . . 7 Mo i . ) '
- 3-acetoxymethyl compound (236) is not uni‘qﬁe.?gg’, It appears that

OAc‘n‘

" NaBH, -

\ B

CH,

\

OAc

/ .

O—=z—2+
L

Y

S (253

the reductive elimination was a preferred mode of reaction ~since the

pyri-diniﬁm-ﬂide (é36)_cbntéin-s an effective leaving group.

121
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The structure ~assigned to (253) v;as_consﬁstent with the
spectra‘l data observed (see Tab'le 19). - The ir spectrum revealed the
presence of NH peak. at' 3200 and CO at 1650 ¢:ml The 200° MHz 1H
| inmr (6) spectrum {n (methylsulfoxide) d5 exhibited a 2H mu1tip'let at

: ,3 63 assigned tn C5-»H.- A~ ZH sing’let at 3 64 was due 4o CZ-H. -'.T,wo

r‘a'

lH s‘ing‘lets at 4 89’ and 4793 were attr'lbuted to the exoc_ych methy‘lene.-
(20, aw doub]et (g5 = 10 Hz) of doublet gg = -3.5 -
“HZ)" of “doublet (J5 6 = 3.5 Hz) at 5,91 ‘was assigned ‘to - c5 Hoand a
1H doublét (J4 5 10 Hz) at 6. 22 was attributed to the C4 H.‘_ A
3H mu]tlplet at 7 4 - 7.6 was due to the meta- and para pheny'l hydrogens
wht‘le a 2H doublet (J = 8 Hz) at 7. 8 was assigned to - the ortho-pheny‘l
hyd'rogens. A 1H singletsat 9. 6 which exchanges with deuterium oxide," .
was attributed to the NH hydr‘og_en. These assignments were confirmed by
double nesonance studies. ,I_rradiation at 4.8'9"and '4‘.936' did not a’lte'r
the rfmainder ,-ef- the spectrum However,irnadi_ation at 3.63 collapsed
the doub'let' of doublet of  doublet at 5.91 to a doublet due to
b_ 19ss .of 'Js 6' coupHng |

A - .
The high reso'(ut n ms of (253) exhibited a molecular ion

((:13HMNZO“I ) at  miz 214 (exact mass ca]c d: '214 1106;
found: 214.1084). The microan 'I_yt1ca'l data was in agreement with the
formula C13H14N20 (Tab]e 18). | |

‘The ass1gned structure (253) was. further ’confirmed by
eunambiguous  chemical methods. t Catalytic‘ 'h_ydrog'enation' of . the

3- meth_y‘lene (253) and 5-methyl \(256) .derivatives afforded N- (pheny’l- ’

carbon_y'lammo) 3- methy1 p1per1d1ne (276)



L
ia

R T S N T - :
- 4 - Y
LY
- - v" .t
il .
1 . -
. 123
.. L. . .7
. o .
. - .
- [§ -~
ey £ d
“
£
<
" -
- . 2
kg A
>
[}
\
4 3
i
¥
AR e e it e W g R L e
. ¥ ; Tow .
Y %
7, ( 2 56 ‘e) e \ “
- v 3
' E )
v

The product (276) obtained in these two reductions exhibited

1dent1ca‘| mp (163 ~ 164°C), ir and 1H nmr spectra. The ir sbectrum of

(276) reve,g'led the presence of a_ NH peak - atq 3200 and CO at 1650
Cm'l..-‘ The IH nmr (&) i deuterochloroform exh:tnted a 3H'
doublet (J = 6 Hz) yat"0:89 assigned to the methyl group.A ‘94 complex:
multiplet at 1.4 - 3.45. was due ‘to the p1per1dy1 hydrogens. whﬂe a 6H

comp'lex mu1t'ip'let at 7. 1 - 7. 98 was attmbuted ‘to the pheny1 hydrogens

an_d NH., exchanges w1th deuterium oxide. The m1c;o_ana1yt1ca1 data

Ay
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'thvertéd?to‘thé'hydroxymethyl,grouplzgl

v 124
I
L ‘ ) . ) .
obtained ‘for  (276) was in. agreement ' with - “the  formula -
i - - o e N Pt e Rs -~ ‘.\ Sen e ey h.'.
g0 T T

cem e .

‘The -sodium borohydride feducfidd of _the 4-acetoxymethyl

-‘ytj¢éff(235t afforded - ‘N-{phenylcarbonylamino)-4-hydroxymethyl-1,2,3,6~ -

~ tetrahydropyridine (268).( The ”4;9cét6;ymethy1 substituent was also

<

"cgfbonyT%ﬁiﬁo)—Z-methylpyk{dinium ylide (229) was assigned structure

(258)- rather than' (277) based on lH nmr spectral data (see Tab1§ 19)#).

1

(2s8) .« ( 277 )

[}

¢
?

The chémica] shift,pbéitions for the,1,2,3,6-tetréhydropyridy1‘hydrogens
are well -known. 2’65f§7.' The chemical shift ‘positions for the

Cé-H. and Cé~H of /(258) and:(277) are expected to be quite similar

'inéfff?but-thein,mu]tipY{city,and intégratipn should differ significantly. The

“deg?ee of shielding for ‘a oroton. on carbon .depends -on the inductive

effects of the hgroups attached to that carbon atom. - Tﬁerefdre, the

4’

. The prgdhct"obfaihedf.ffdm_‘fhg, reduction - of - N-{phenyl=- - - ..



. (266) and. (267) us1ng acet1cianhydr1de A ST e,

125

‘LC6 H always - -appears: at#%]pyero fje]d; than _the Cy-H since Cg-H s
flanked- by” the” ‘electronegative ring nitrogen and- C4-C5 olefinic

group. The Go-H which .is only adjacent to the ring nitrogen therefore

appéars at higher field. The 2H multiplet at 3.58 - 3.83 & was assfgned

to ‘the C6-H; A 1H multiplet, or a complex quartet, at 3.15 - 3. 5§is

attr1buted to C2 H Th1s ass1gnment is cons1stent only w1th structure

h(258) _ If the product had . structure {277} - the Cg-H mu1t1p1et at 3.58

- 3.83 should have 1ntegrated for one hydrogen, while the Co-H comp]ex’
quartet at 3.15 - 3.58 should have integrated for two hydrogens and
appeared as a triplet (J2 3 " 6 - 7 Hz). The Cy-H of unsubstituted
1,2,3,6- tetrahydropyr1dqnes always appear as. a tr1p1et :: ”i‘:“
////The 3-methoxypropyl: compounds (268, 269) were synthesized by
converting the 3-hydroxypropy] ana]ogues (266, 267) to the mesylates and
then d1sp1acement of the mesylate us1ng sodium methoxide. The~
3-acetoxypropy]l derivatives (270, 271) were prepared by acety]at1on of

Hydrolysis of 2- methoxycarbony]ethy] der1vat1ves (274 275),
with sodium hydrox1de yielded the 2-carboxyethyl compounds (272, 273).

The sodium’ borohydr1de reduction of the acetyT(ethy1ene
ketal) yiides'(241,f242) affordZd the corresponding ethylene ketals of
the acetyl-l,2,3,6—tetrahydropyridines which were subsequently converted
to the ‘acetyl-1,2,3,6-tetrahydropyridines (261, 262)‘ using aqueous

acetgne and pyridinium tosy]ate.285 The 1-hydroxyethyl compounds

(263 264) were prepared by sodium borohydr1de reduction of the acety]

der1vat1ves (?61 262).

The meta-cthroperbenEOic “acid  (m-CPBA) oxidation of
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compound (125) afforded the 6-oxo derivative (254Y as the sole product.

292,293 - Epoxidation of the elefinic bond was not obserVed.275_

m-CPBA /  NH

// I
c=0 :
T N ey
Cc=0 RN
g, _ ';' ° *
TR O O T CPBA O
- ,"..“14_ P ,‘J.o‘“-{f N B oo NS T o8 o &, a; e o zpc_,_o R A T .
( 125 ) '
( 254 )

The influence wh1ch substituents R attached to the 1 2 3,6-
‘?tetrahydrogyr1dy1 ring had” “on act1v1ty was 1nvest1oated (see” Tab1e 20).
-'kThe ana1ges1c “test resu1ts indicated - that the analgesic potency is quite
1ndependent of the’ phys1cochem1ca1 properties, position of attachment

and chain length of the R substituents. Compounds 252 - 263, 265 - 275°
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all exhibited reduced analgesic activities re]ati?e to the iead.compound'
‘(125). The 5-(1- hydroxyethy]) compound (264) was devoid of anaIQGSic
act1v1ty, whiie the 3 methy]ene (253), 5 (3-methoxypropyl) (269) and
4- (2 methoxycarbony]ethyi) (274) compounds still retained comparab]ei
analgesic activities relative to (125).  The ho;t_ active analgesic
'derivativé"in-’this- class was the ﬁ-méthyiene compound (253) which

: Xh1b1ted an EDg of *0. 0004 mg/kg sc in the phenylquinone writhing

ftest and 4 2 mg/kg sc in the hot-piate test. Pretreatment with naloxone

‘hydrochioride did not aiter the -ana]ge51c ‘activity of (253). A
corre]ation between the partition coefficjent P and anaigeSic actiVLty'
was not ev1dent ‘ |

The hyperglycemic tést’ results (Table éo) showed that_ the.

Jethyl  derivatives (255 - 258) exhibited significant

. hyperglycemic activities, However, when  the chain length of

-~

the R substituent was ‘more than one carbon, irrespective of their
physicochemical properties aQq position of aitachment, the hypefgiyéemic'"
activity was abolished (260 - '275). This indicated that the methyl
group may play a role in retqining,”hyperg]ycemic"activities. The
partition,coefficient P doesxnot appear to have a significant influence
oﬁ hyperglycemic activity since a large variation in P values was

observed for compounds with or w1thout hyperg]ycemic activity. -

3:7.0.0.0 Overall structure- activ1ty re]ationships for N-{(carbonyl-

a

' amino) 1 ,2,3,6- tetrahydrOpyridines

Some structura—activity ' corréiatiohs describing. the

"

analgesic activity of N—(carbonyiamino)-l,Z,B,6—tetrahydropyfidines and

- S
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structurally related compounds are summarized. below:

1. The analgesic test results 'ind-icate ‘that the N-(pheny‘lcarbonﬁ—
amino)-l 2,3 6-tetrahydropyridine~moiety is an impqr'tant,strﬁucturﬂ
feature since the analgesic potency is 1ndependent of the position -
and phys1cochem1ca1 propert1es of the aromatic substituents (279).

| ne R

\ | N-—NH—*CA

(279 )

2. The ana1ges1c test resu1ts further suggest that the N- (carbonyl-

‘ ammo) 1,2,3,6- tetrahydropymdme moiety. is an 1mportant structura]l

requ1rement since ana]ges1c potency is qu1te 1ndependent of the

steric and physm_ochem;a'l: prjoperhes fqlr‘-,the ‘R substituents of

& compoun'ds‘(-280). Fer ..exatnﬂé',‘7'_:c"’om';‘>our:1wds having aryl, arylalkyl,

| a’Ikoxy, _a]k_y1 cyciee'?k:}ﬂ"anti 5-membered aromatic'heteroc&clic ring

R 5ubst1tuents ‘all’ exhibited. signi'ficant' activities relative to
merpmne»sm\fete, o

3

3. fReplacement of the 12 3, 6 tetrahydropyr1dy1 r1ng by other rmg

systems .or.\ funct1onaht1es such as cydoa]ky] 1kp1per1dy1

1-qu°1'no1y1 or diallyl ‘substmuents reduced analgesic activity.

-

“Si‘mﬂarly, replacement of the carboﬁy]ami'no moiety by an amino,



4.

5.

6."
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- o ' ' ¥

4

carbony1 am1nocarbony1 or remoral of the éarbonylam1no mq??ty alsoA
reduced ana19es1c act1v1ty with carbonylam1no > carbony] " am1no >
remova1 of carbanylam1no > am1nocarbony1 - _ : ‘
Introduct1on oﬁ d”R 9ubsﬁllﬁgﬁ’lonto the 1 2,3,6- tetrahydrOpyr1d1ne;
(281) reduced analge§1c actixity s1gn1f1cant1y, exigpt for theif'

3 methy]ene derivatWe~ %,jbr example, compounds hav1ng f1uoro

‘ methy1, ‘hydroxyethy1, hydroxxpropy1 or’ carboxxetHYT substituents

VN
"Q/ nf

and .their derivatives exhibited reduceﬁ{ ana1ges1c act1v1t1es

relative to the lead compound. s .~
EE R . X |
R -l .

(281 )

The partition coefficient P does not .appear to- correlate with

i

Y
At . s
. 5

ana]ges1c act1v1ty.

ce

The N- (carbony]am1no) 1,2, 3 6 tetrahydropyr1d1nes descr1hed above

"~ do not act at an u opiate, receptor since pretreatment with na1oxone-

hydrochloride d1d not a1ter ana}ges1c a£t1v1ty.

Lot
.
» A
" \
.

-t

Some :Structure—ictivity correlations for hyperg]ytemit

B3

" activity are summarized,beWow:lq

1.

Substitution on the phenyl  ring df. (279) -ndicated that ‘the

3-substituted analogues . are more potent than the coﬁresponding

~4-substituted ena]oédeé. H_A11T the 2-substituted 5na1ogdes are.

relatively inactive except for the 2-fluoro compound (171).

&



. An aromatic ,R substituent attached to the. carbony1amin0ei,2,3,6-

[N P

_ tetrahxdropyrfdine moiety’ is not requ1red since compounds (280)

'hav1ng a1ky1, cyc10a1ky1 and afkoxy substituents exhibited a potent

hyperg1ycem1c effect

Rep1acement of the carbonylamino mo1ety of (125) by a carbonyl
group reduced and by an amino enhanced hyperg]ycem1c activity.

Rep1acement of the phenylchrbonylam1no moiety by a 4- nwtrophenyl

“substituent abo11shed hyperglycemic activity. N

Replacement of the 1'2=3 ,6-tetrahydropyridyl ring by cycloalkyl
rings destroyed hyperglycemic act1v1ty whereas replacement of the

1,2,3, 6- tetrahydropyr1dy1 r1ng by a 1-(1, 2 3,4- tetrahydroqu1no1y1)

'l-p1per1dy1‘or diallyl moiety reduced hyperglycemic act1v1ty.

Incorpoﬁation of methyl substituents onto the 1, 2 3,6- tetrahydro—

4

pyr1d1ne (281) reduced hyperg]ycem1c act1v1ty , except for the

5-methyl derivative 1256)7. On the other . hand,

introduction of substituents of more than one carhon atom in chain

length such as hydroxyethyl, hydroxypropy1,_carbpxyethy1 and their

~derivatives abolished hyperg]ycem1c act1v1ty

A correlat1on between the part1t1on coeff1c1ent P and hyperg1ycem1c

activity was not evident from the results obtained to date.



. 4.0.09.0. Experimental

z' Me]ting points were determined -wtth a Buchi capillary
/ﬂ'apparatus and are uncorrected. Infrared spectra (potass1um- bro‘ife
discs un]ess otherw1se spec1f1ed) were takén on a Unicam SP 1000 or
Perkin Elmer 267,spectrophotometer. Nuclear magnetic resonance spectra
.rere recorded tqr so1utions‘of'deutero¢h1orof6rm with TMS as 1nterna1
standard unless otherwise noted. The lH nmr spectra were recorded on
a .Varian EM-360A or Bruker NH-ZOQ speetrometer. ‘Mass spectra were
measnred with an AEI-MS-9 or Hewlett Packard . 5995A mass, spectrometer
\JU1 of the prodd;ts described gave rise to g s1ngle spoéx n t]c us1ng
three d1fferent solvent systems of low, med1um ang_ Ef'h po]athy
!MjcroanalyseS'were within 0.4% of théoretical values when .indicated by

symbols of the-elements. A1l preparative tlc plates were 20 x 20 ¢m and

‘the Kieselgel silica gel DF-5 (Camag) was 0.75 mn in thickness. L =

] ' . 7N

M - : )

4.1.5.0.0 .Reagents and Solvents

A3

N-Aminopyridinium’viodide was . prepared accord1ng “to the
procedure of Gos1 and Meuwsen’ by am1nat1on of pyridine us1ng freshly
prepared hydroxy]am1ne 0- su1f0n1c acid (HOSA)217 0- Mes1ty1ene-

su]fony]hydroxy]am1ne (MSH) .. was prepared accord1ng to the- procedure of

' Tamura.10

A1l acid chlorides were prepared by heating the cérboxy]ig
-acid (1 mmol) with thiony1 chloride (2 mmol) in dry benzene for 4 h at

reflux. Excess th1ony1 ch]or1de and benzene were removed in vacuo and

the products were collecteg” by fractnona] d1st111at1on at reduced..

v

pressure at water aspirator|pressure.
' 138
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Benzehe, toluene, acetone .and acetonitrile were dried by
heating for 4 h in the presence of-ca1cjum hydride .at reflux prior to
distillation. The sb]vents were stored under an atmOSphere“of n1trogen
prior to use. | | | |
Dry'ether.and fétrahydrofuran were distilled from godium and -
benzophenone under a nitrogenlafmosphere immediately . prior.to use.
| Pyridine was driéd b} heating at ref]ug in the7presence.of‘

potassium hydroxide pellets prior to distillation and étorage' ovef

N

potassium hydroxide pellets. 4 -

4.2.0.0.0 Preparation of N-(pheny]carbony1iminb)pyridinium ylides
(126-144) | |

General procedure A

.The acid chloride (12 mmol) was added dropwjse a so1ﬁtion

of N-aminopyridinium iodide (8 mmol) in 25 mL of 10% aqueous sodium
'hydroxide with§stirring. The reaction was allowed to proceed for 24 h |
“at 25°C with stirring and then water (75 mL) was added. Extraction with
chlofdfdrm (4 x 75 mL); decolorization using activated sharcoal, drying
(Na2504) and removal of so]Vgnt in vacuo gave the crude product
which was ?burified' by eyution from a ‘neutr;1‘ alumina column. The
initfa] 100 mL ether eluate Qas‘discarded. Further elution with 300 mL
of ether-methanol (9:1 V/v))afforded ylides (126-144). |
The " following nndifications;for the:purification of ylides
(126-144), which did nbturequir;.c01umn chromatography were employed in
“the specific instances listed below. The 2-methyl (126), 3-methoxy

.(132), 2-chloro (134) and 2-trifluoromethyl (142) derivatives were



140

obtained as puréAproducts. The 4-tert-butyl analogue (129) was washed
with- 10 mL cold ether to7obfifh a pure sample. The 2-fluoro (139)
‘compound_ was pur1f1ed by recrysta]llzation from methy]ene ch1or1de -and

the 3- f]uoro compound (140) was recrysta111zed from ether.

4.2.1.0.0 3 Preparation of N- (pheny]darbony]am1no) -1,2,3, 6 tetrahydro-

.;

pyridines (158- 177) ' ' >;A' ‘ o ~

- General procedure B

A solution of the ylide (126 145) (5 mmol) in 20 mL of
.abso1ute ethano1 was added dropwise to a so]ut1on of sod1um borohydride
(25 mmol) in 20 mL of absolute ethanol preqoo]ed to 0°C. The reduction
was allowed to proceed for 5 h at 0°C with stirring. Water (80 mL) was
added, and the mixture was allowed to return to 25;C Extraction with
chloroform f4 x 75 mL), dry1ng (NapS04) and remova1 of the so1vent\
>1n vacuo gave compounds (158-177). In most react1ons the products
(158-177) were isolated pure.
’ | Those 'products> (158-177) requiring purification = were
purified as out1ined in the specific instances listed below. The

3-methyl analogue (159) was_purified by e]ut1on from .a neutral alum1na

. column using ether-methan01 (9:1 v/v) as- eluant. The 4-methoxy (165)

and 4-trifluoromethyl (176) compounds were purified by recrysta]lization_‘
from ether and the 4-chloro compound (167) was recrysta]]ized from
ch]oroform-ether. _The 2-fluoro der1vat1ve (171) was deco1or1zed using
activated Aéharcoal. The 4-nitro compound (177) was purified by f
pggparative silica' gel tlc using ch]oroform—methanoi (9:1 v/V)“ as

development ‘solvent. . Extraction of the Bahd‘ having R¢ 0.5 with hot
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\ |

absolute ethanol afforded'(177).'

)

4.3.0.0.00 Preparation of N-(carbonylimino)pyridinium ylides (185;189,
1191, 193-196) | |

Thé;y]ides (185—189,~191, 193-196) were prepared acﬁording
to genéra1 pfoceaure A. The fo1lohing modification§ for purificatioﬁ'of
y1id¢s (185-189, 191, 193-196), which did not 'requife ‘co1umn
chromatography, were fo]]owea in the specific instances listed below.
The ylides (185, 186, 188-193)\ were isolated purs, whereas compound

(1965 was washed wi}h 10 mL cold chloroform to afford the pure product.

4.3.1.0.0 Preparation of N-(carbbny]imino)pyridinium.y]ides (190, 192)

using phase transfer reaction catalysis

A golution of thé carboxylic ;cid chloride (6 mmoi) in
petroTeuﬁ ether (bp 90 - 110°C) (30 mL),‘ was éddgﬂ ‘dropwise to a
solution of N-aminopyridinfum 'iodide (4 'mmol) in 10%_ aqueous sodium

" hydroxide (10 mL). A catalytic quantity of cetyltrimethylammonium

50

. bromide (0.04 mmol) was added witﬁuvigorous stirring and the reaction

- as allowed. to proceed for 48 h. Water (75 mL) was added and the

/

reaction was completed according to general procedure A to give (190 and

192).

4.3.2.0.0. Preparatipn of N-{carbonylamino)-1,2,3,6-tetrahydropyridines
(197-207) .
The sodium borohydride réductions of ylides (185-195)

5 .

afforded the . corresponding 1,2,3,6-tetrahydropyridines (197-207) as
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descr1bed by genera1 procedure B.

The compounds which required pur1f1cat1on are listed below.
Compounds (199, 200, 202, 206 and 207) were pur1f1ed by elution from a
'neutra1 a]um1na co]umn using ether methanol (9:1 v/v) as eluant whi]e
(204) was purified by’ preparative silica gel tic using chloroform-
methanol (9:i v/v) as déve]opment soleent. Extraction of the band

having Rf 0.65 using absolute ethanol afforded (204).

’

///

4.3.3.0.0 Preparation of N-[[[Z-[l-(1,2;3 ,6-tetrahydropyridinyl)-

aminoJ]-carbony1]-6- pyridinyl]carbonyllamino]-1, 2,3,6- tetra—

hydro pyridine (208)

A solution of 2,6-pyridinedfcarboxy1ic‘acid chloride (5 g,
30 mmol) in_lO mL dfy dimethy]formamfde (DMF) was added dropwise to a
soﬁUtion of N-aminopyridinium iodide (14.4 9, 60 mmol)} in 50 mL,of dry
DMF - at 0°C with stilr;ring during 30 min. Triefhy1arﬁine..(18.2 g, 180
mmol) was added in -three aliquots, ‘and the reaction was allowed to
proceed for 48 h at 25°C prior to the addition of water (100 mL).
Extraction with chloroform (4 x 150 mL), drying (NaySOs) and removal
of thé so]Vent in vacuo afforded a dark' residue. Thi$ residue was
dissolved in 15 mL methanol and the purple solid that precipitated from
the solution upon-addition of 200 mL efher was fi]tered Lfk‘selutibn of
the purp1e so11d in 10 .mL of absolute ethanol was added drOpw1se to ;
rso]ut1on of sodium. borohvdr1de (2 6 g, 68 mmol) in 30 mL of absolute
'ethano1 precooled to 0°C. The “reaction was completed according to
general procedure B to give .a brown 'solid which was purified dn‘ﬁgoi

preparative silica gel tic plates using ch]proformomethanol (9:1 v/v) as
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the.devé1opment,soivent, Extraction of the band having Rf 0.45 using
. hot abso]ute‘ gthéno} gave a reddish oil from which (208) was

précipitated as a tan solid upon trituration wifh'éther.

)

.0.0 Preparatiofi of 1-chlorocarbonyl-1,2,3,6-tetrahydropyridine
(209) - -

| A mixtuée of 1,2,3,6—tetrahydrobyridine (18.5 mL, 20.2 mmol)
andldry pyridine (16.3 mL, 20.2 mmol) was added dropwise during 30 min
to a solution of phosgene (20 g, 20.5 mmol) in, dry foluene*(SOOlmL)
precoo]gd to 0°C under a nitrogen atmosphere. yith stirring. The
‘reactién was allowed to proceed fogjllh at ice-bath temperature and the
precipitate was filtered off. vRemova] of the so]venf in vécuo gave a
yellow oil which was fractionally distilled to yield 1—chtoF§ggrb8nj]~
1,2,3,6-tetrahydropyridine (50%, bp 140°/40 mm Hg) és a pale yellow 611;
ir (KBr) 1750 (CO) cm'l;‘ 4 nmr (6) 2.06 - 2.54 (m, 2H, H3),
3.62 - 4.02 (ﬁ, 2H, ‘HZ)’, 4.02 - 4.37 (m, 2H, Hg), 5.53 - 6.13 (m,
2H, Mg, Hg). Exact ‘mass caled. for CgHgNOC1:  145.0294; found

(high resolution ms), 145.0293.

4.4.1.0.0 Preparation of N-(aminocarbonyl)-1,2,3,6-tetrahydropyridines

(210, 211)

v

The aromatic amine (7 mmol) was added dropwise during 10 min

to a solution of l-chlorocarbonyl-1,2,3,6-tetrahydropyridine (7 mmol) in

dry THF (50 mL) .containing dry potassium carbonate (1 g}ﬁﬁt 0°C with

s

stirring ,undé} a nitrogen atmosphere. The reaction was allowed to

proceed at 25°C for 24 h, ether (100 mL) was added and the precipitate

)

/
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was fiitered off.. The fﬂtraté wa; washed‘ with wéter (10‘mL)_, bdried
('Na2504’), .~decd1o’rized (activated. charco'a]); filtered and the solvent
removed in vacuo to yield an oranée solid. Pu'rif'icati’onvby elution from
a s111ca gel column us1ng 200 mL ether-methanol (9 1.,v/v) as eluant gave
a white sohd which was washed with co'ld etherto give the N- (pheny‘lam'lno-
carbon_yH demvatwe (210) . The N-[3-(trifluoromethylphenylaminocarbonyl))
(211). compo(md was purified by elution from a silica gel column using

300 mL benzene prior to recrystaﬂjzation' from ether.

R . ‘ N . o ’ i
4:.4.2.0.0 . Preparation of N-(#&-pyridylaminocarbonyl)-1,2,3,6-tetra-

hydropymdme (212)
. A s 1ut13n of 1-chlorocarbonylamino-1,2,3,6-tetrahydro-
‘@é i . ‘\\' ’ < - ' T
spyridine (2 -g, 13 8 “mmbl) and 4-dimethylaminopyridine (1.68 g, 13.8

mmol) in methyiene'ch]oride-(lbo mL) was. heated under reflux for 24 h.

o]

3.8 mmo]) was added to the reactmn m1xture

4- Am1nopyr1d1ne (1.3 g,~

‘"%ﬁ»mm . L IR
which was heated at reﬂungor“gs«further 24 h. The pH of the- eagt
S X b ;.
mixture was adjusted to 10 us*#‘ﬁg Jsaturated potassmm earB%nat’e,
:&‘ S . o :

organic phase was separated. Removal of the solvent in vacua ga,véw

"L’
white solid which was washed with ether to remoye 4~d1'methy1am1'no-,‘

pyridine. The product was purified by elution from?2’ 2.5 x 20 cm silica.

BT
gel column using 300 mL ether-methanol "(9:1kv/v‘7) as eluant prior to

preparative silica gel- tic using ethyl acetate-methanol (7:3 v/v) as
development solvent. Extraction of the fraction having Rf 0.5,

followed by recrystallization from ether, gave (212) !

)
.

\



'Genera1 procedure C

145
: o, )
4.4.3.0.0 Preparat1on of N- cyc]oa]ky](a]ky])1son1cot1nam1des (213-215)

Ea

A m1xture of the' cycioa]ky](a]ky])amine (io mmo1) and
triethylamine was added dropw1se during 30 min to a suspension of
4-pyridyl acid chloride hydrochloride (10 mmol) in dry methylene
chioride {30 mL) precooled to -78°C with stirring. The reaction was
allowed to proceed for 3 h at 25°C prior to the addition‘of water.(SO
mL). ‘Exxraction with chloroform (4 x 50 mL), washing with brine (10 hL),
drying (Na2504), decolorization (activated charcoal), filtration and
removal of the solvent in vacuo afforded compounds (213-215).

| Cyc]ohexy1amine was added to 4-pyridyl acid chloride
hydroch]ofide at.0°C and the reactioW was allowed to proceed for 18 h to
yield _gphpouhd (214) - according to . general procedure~ C.
2-Furany1ﬁethy1amine was added to 4-pyridyl acid eh1oride hydrochloride
at 0°C and the reaction was allowed to proceed for 1 h at 25°C. The

product was washed with 10 mL cold ether to afford compound (215).

4.4.4.0.0 Preparation of N-cycloalkyl(alkyl)benzamides (216-219) and

K N-(pheny1carbony1)-1,2,3,6-tetrahydropyridine (222)

General procedure D

Benzoyl chloride (12 mmol) was added dropwise to a precooled

solution of the cycloalkyl(alkyl)amine (8 mmol) in 20 mL 10% aqueous

sodium hydroxide with stirring. The reaction was allowed to proceed at -’

25°C for 1 h and then water (50 mL) was ”added’/“\\gxtraction with

chloroform (4 x 50 ml), drying (Na2304) and removal of the solvent

~in vacuo afforded compounds (216-219 and 222} .
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Cyc1o§ropy1benzamidé (216) .was recrystaﬂi‘zed from éfhano].
Cyclopentyl- and cy&]éhexy]benz:am‘ides“ (217, 218) were washed with water
and then cold ether. 2-Furanylmethylbenzamide (219) was obAtained by
evaporating- the reaction ni;ii(turé to dryness. The -solid obtained was
wa‘shed with watver‘ and then ether.  N-(Phenylcarbonyl)-1,2,3,6-tetra-
hydropyridine (222) was puri"fied by elutio: from a neutral alumina

column usi.nglgéthe-r-methanm (9:1 v/v) as eluant..

&

4.4.5.0.0 Preparation of N-(phenylamino)-1,2,3,6-tetrahydropyridine
(221) |

Phenylhydrazine (4.8 mL, 85 mmol) was added dropwise to an
~“ice-cooled solution of 2,4-dinitrophenylpyridinium chloride?84 (20
.9, 7ll.mmo1)’.aw:1)'he :re'éé{cjon was allowed to proceed for 24 h at 25°C with
stirr.ing’.: The soHd which préCipitateq was filtered and washed in
succession ';with 50 mL eacH of methano1, Qater, methanol and ether. A
suspension of the solid 6bta1‘ned above in dioxane-water (4:1 v/v) was
heated at ref]ljx\for 12 h to afford a clear solution. TAh'e solvent was
removed 1in vacuo af 30°C and the unstable ylide was extrac{ed with
cthanol (200.mL)  which was immediately coo]ed.in an ice-bath and a
solution of sodium borohydride (1§.4 g, 355 mmol) in 40 mL @bsolute
ethanol pre-cooled to 0°C was added in three a11‘quo'ts. The f*eduction
was allowed to proceed at ice-bath temp&rature for 4 h and then water
(200 mL) was added. Extraction with ether (4 x 50 mL), washing the
elther extract with water (10 mL), drying the ether extract (NapS04)
v

and removal of the ‘solvent in “%acuo at 30°C gave (221) which was

immediately chromatographed on a 2.5 x 10 -cm silica gel column using
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ether as eluant. ~ The product was further pur1f1ed by preparat1ve HPLC
(Prep Pak-500 silica cartridge) using petro1eum ether-ether (8:2 v/v)

as eluant at a flow rate of 250, mt{m1n Co11ection of the 1500 mL -

4500 mL fraction gave (221) as an 'tstab1e red oil.

B : <+
4.4.6.0.0 Preparation of N-(4-nitropheny1)-l,2,3,6-tetrahydropyr1dine

(223)

B

o

A mixture of 1-ch1oro-4initrobenzene (2 g, 12.7 mmo]L‘and
1,2,3,6- tetrahydropyr1d1ne (20 mL) was heated at reflux‘«for 5 d;;s »
Ether (100 myL) was then added to the cooled react1on m1xture and " the
| precipipate was fi1fered of f. ngmova1 of the solvent from the filtrate

in vacuo afforded an orange solid which elution from a silica gel

column using 200 mL hexane yielded (223) as a yellow solid.

4.4.7.0:Q Preparation of N-(phen&Wéa%bony]amino)—l,2,3,4-tetrahydro-

quinoline (224)

A solution of O-mesity1enesu1fony}hydroxy]aﬁinelo (1.71
g, 7.°7 mmol) in 2 mL methylene chloride was added dropwise during 10 .
min to a solution of 1,2,3,4-tetrahydroquinoline (1 my. 7.97 mmol) in 2
mL. methylene chloride pre-cooled to 0°C with stirring. The reaction was
allowed to‘proceed at 25°C for 1 h. Triethylamine (4.4 mL, 31.8 mmol)
was added in three a1iqubts and then benzoyl chloride (1.39 mL, 11.95
mmol) was added drbpwise. The reaction was-allowed to proceed at 25°C
for 24 h and the precipitate was filtered‘off and washed with mefH;;gne
chloride (2 x 10 mL). .The filtrate was then Qéshed with water (2 x 10

mL) and brine (10 mL). The organic fraction was treated with norite.



-filtered and dried {(NapSO4). Removal o?the solvent in vacuo gave

1mpur‘é (_224_)‘v'wh1ch was purified by elution from a 2.5 x 20 cm silica gel
column using 300 mL ether to yleld (224). The product (224) sub] imes
- {163°/0.04 mm Hg) to give a white crystalline solid.

-

.4.4.8.0.0 Preparation of N-(phenylcarbonylamino)piperidine (225)

General procedure E

Hydrogenation of N-(ﬁhenﬁcarbony]am’ino‘)'-'l,2,3,6-tefrahydro-
pyridine (1.25)65 (0.5 g, 2.48 mmol) in 20 mL 'metha,no_]. and hydrogen
gas at 40 psi in the presence of 10% pa'ﬂadium-o‘n-charcoﬂ (50 mg)‘_
for 4rvh, filtration and removal of the solvent in vacuo_affbraed
- (225) as an off-white ;dﬂid.a Re;:rystaﬂization “from ethyl acetate
gave (225) as_, a white cr)féta111ne solid.

4.4.9.0.0  Preparation of N,N-diallylbenzoylhydrazine (226):

Allyl bromide (1\;3'31 mL, 14.7 mmol) was added to a solution
of benzoylhydrazine (2 g, 14.7 mmol) in 20 mL 10% spdmm hydroxide with
stirring. The' reaction was a116wed to proceed for 24 h at 25°C .and
water (50 mlL) was added. "Extra'ction with ch]oroform‘(d x 75 mL), drying‘u
(NapS0yq) and removdl of the solvent in vacuo gave impure (226). The
product was partially purifiéd by elution from a.2.5 x 20 cm neutral
a(}umina column. ""The irﬁ'tia] 100 mL ether eluate was discarded. The
subsequent 300 mL.ether-—met.hano1 (9:1 v/v) eluate was collected and

further purified by preparative silica gel tlc with .chloroform-methano

e .
{30:1 v/v) ac developm'etnt%o]vent. Extraction of the band having

-
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RfHO.S.with hot absolute -ethanol afforded (226) as a white solid.

4,5.0.0.0  Preparation.of’ N (phenylcarbony11m1no) methylpyr1d1n1um
 ylides (229-232) )

Genera] procedure F .

) To a freshly prepared so]ut1on of hydroxy]am1ne -0-sulfonic
acid (0.2 mmol) in co]d water (100 mL) was added the methy1pyr1d1ne (0.4
mmol). The m1xture was heated to 90°C for ‘20 min. It was then codled
to 25°C” with st1rr1ng and potassldh carbonate (0.2 mmol) was added%
‘s1ow1y The water and excess of methy1pyridjne.were remdved in vacuo.
The residue was . treated with 95% ethano1 (200 mL)hand the;precipdtate of
~potass1um sulfate was 'removed by filtration. . The filtrate was
concentrated at 40 C fol]owed by d1sso1ut1on in 10% Iaqueoué' sodium
“hydroxide '(20 mL) . Benzoy] ch10r1de (40.5 mmo1) was then -added
dropw1se to the reaction m1xture The react1on was a11owed to proceed
L for 12 h, at 25°C. The prec1p1tated crysta]s were collected and
.recrysta111zed from methanol to y1e1d the methylpyr1d1n1um ylides (229 -
232).

4.5.1.0.0 Preparation of N-aminopyridinium mesity]enesd]fonateé

General procedure G- NG S S g

A so]utioh.pf OJmesitylenesu1rohylhydroxylamine(B mmol) in 2
mL methy1ene ch10r1de was added dropwise dur1ng 10 min to a solut1on of
the pyr1dine (8 mmol) in 2 mL;methylene ch10r1de pre coo1ed to 0° C w1th .
stirrdng. The reaction was a11owed to procqu at 25 C for 1 h with

stirring. The precipitate was co]lected after add1t1on of ether
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(100 mL) and recrysta1Tized from 'ethy1 acetate-methano] to 'yie1d. the
respective N-aminopyridinium mesity]enesulfonate}

The 2-fluoro (91.4%, wmp 147-148°¢), 3-(3-acetoxypropyl)

- ) . wJg : .

(37%, mp 46-48960, 3-acetoxymethy1 (73%, mp  116-117°C),
L ’ .

3-(2- methoxycarbony]ethy1) * (72%, - mp - 89-90°C) ahd

4-(2- methoxycarbony]ethy1) (76%, mp 79~ 80 C) pyridinium 'mesity]ene--

a

. sul fonates| were prepared by a similar procedure:

4.5.1.1.0 Acé£y1ation of pyridinecarbinols

| A ﬁixture of'the pfhidinecarbino1 (5-g, 92 mmo]) in acetic
anhydride (10 mL) and pyrid%ne (10° mL) was'stirred:at 25€C foh 12 h
- followed by addition of saturated sodium bicarbonate. (40 mL).

Extraction with ch]oroform (4 x 50 mL), 'dﬁyihg {NapSO4) and removal
- ., \

of the soTvent in vacdo afforded the 4- acetoxy- (96%, oi ) and the

- 3- acetoxymethy]pyr1d1nes (99% oi1).

4.5.1.2.0. Preparatioh of’3—(2-methoxycarbony1ethy1)PYridine

| ‘ ‘Thionyl ch1ohidev(4.8 mL, 67.1 mmof) was added dropwise, to a
sotution of 3-pyhidineacry1ic acid (5 Q, 33.6 mmol) in dry benzene (150 ‘
mk.}, The reaction was heated at reflux foh 4 h and then fresMy
distilled methanoT (10 mL) was added dropwise during 20 min tovthe ho
solution. The reaction hixture Qas heated at reflux for an\additiona1 4
h and basified to pH 8 using.aqueous sddium bicarbonafe (50 mL). The
l'organ1c phase was separated and the aqueous phase was extracted with
chloroform (4 x 50 mL). The comb1ned organ1c phases were washed with

brine (10 mL) and the solvent was removed-to y1e1d methyl 3-pyridine-
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acrylate (10.94 g, 100% , oil). The product was hydrogenated according

to general procedure E to afford pure 3-(2-methoxycarbonylethyl)pyridine
(11.05 g, 100%, oil). |

4.5.1.3.0 Preparation of 4-(2-methoxycarbonylethyl)pyridine
- To a solution of. methoxycarbdny]methy]ene triphenyl-

280 (7 g, 21 mmol) in methy1ene chloride (50 mL)

phosphorane
4- pyr1dy1carboxa1dehyde (2 mL, 21 mmol) in methy1ene ch1or1de (10 mL)
was added dropwwse during a per1od of 10 min. The reaction was a]]owed
to proceed. at ZSfC for 24 h and subsequently quenched with water (50
mLS. ‘Eitracffon with-methy1éne chloride (4 x 50 mL), waéhing ith brine
(10 mL), dkyidg '(Na2504) and removal of;@¢ﬁe soTvent in. vacuo gave
the crude=;methy1‘ 4-pyridylacrylate, which was purified by neutral
alumina cofumn chromatography with 300 mL hexane-ether ({1:1 v/v).(3.Q4
9, 89%) as e1dadt. Hydrogenat%on of mefhy] 4-pyridylacrylate (3 g, 18;4
mmol) for 24 h.according to general procedure E afforded 4-(2:%e£hoxyf' T

carbonylethyl)pyridine (2.982 g, 99%, 0il).

-4

4.5.2.0.0 Preparation of N—(pheny\carbony]1min0)-f1uoro(aTkyi)-

pyr1d1n1um ylides (233, 234)

Reaction ofjf N-amino-3-fluoro(3- acetoxypropy])pyr1d1n1um
mesitylenesulfonate’ (10 mmol) and benzoyl ch1oride (15 "mmol) . in 10%
aqueousdsodium hydroxide according to'genera1 proceduregﬂ_yie1ded the -

3-fluoro (233) and 3-(3;hyﬂroXypropy1) (234) yiides." ,
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4.5.2.1.0 Preparation of vN-(pheny?carbony]imino)¥4-acetoxymethy1-

pyridinium ylide (235)

To an ice-cooled solutionlof 4-acetoxyme;hy1pyridine'(0.7 g,

4.7 mmol) in methylene ch]dride‘js mL) was added dropwise a solution of
MSH (1 g, 4.7 mmol) in methylene chloride (5 mL). The reaction was
allowed to proceed for 1 h at 25°C fo give a viscous o0il which was

&

dissolved in acetonitrile (50 mL). Benzoyl chloride (0.8 mL, 7 mmol)
and tfiethy]amine (1}6 mL, 11.6 mihol) was added dropwise in succession
to the reaction mixture. The reaction was compTeted according to.

~ general procedure A to afford the 4-acetoxymethyl ylide (235).

4.5.2.2.0 Preparation of N-(pheny]carbony]imino)—a1ky1pyridinium

ld

ylides (236-238) . *

General procedure H

.The‘_N-amino—a]ky1pyridinium mésity1enesu1f0nate (14 - mmo1)
was disso]ved'in'benzg}1 ch]oridg (5 mL) aﬁd was heated at 70°C'f6r'24
h.\\ The prééipitafe'ﬂWas co]}ecfed and 7wé$hgd ﬁith~ acetone prior to
dfsso1utibn in saturated aqueous sodium bicarbbn%te (50 mL). Extraction
with chloroform (4 x 50 mL), washing with brine (10 mL) and removal . of
the 'sojvent in vacuo gave the product which lwas- purified by neutrai
aluminé column chromatography with ether as eluant to afford ylides (236 -

and 237). The ylide (238) was obtafned in bﬁre form and did not require

purification.
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4.5.2.3.0 Preparation of N-{phenylcarbonylimino)pyridiniam ylides

(239-243)

General procedure I

A mixture of the pyridine (35 mmol) and 1-chloro-2,4-
dinitrobenzene (52.6 mmol) in dry écetone (100 mL) was heated at reflux
" for 15 H.' Thé precipitgte was collected after addition of ethér (200
ml), and washed with dn additional 100 mL ether to afford the N-(2,4-
dinitropheny})byridinium ch]bride. To an i:é\goo1ed so1ution of the
N-(2 ,4-dinitrophenyl)pyridinium chloride (24 mmol)’ in methanol (50 mL)
was added benzoyl hydrazine (24 mmol) in methanol (50 mL) in five
aliquots with stirfing.‘UTriethylamine'(48'mmo1)'was theﬁ added. The
reaction mixture was allowed to stand at room temperature. overnig_ht~
The solid that precipitated was .filtered and washed in successipn with
60 mL each of methanol, water, methanol and ether. The solid obtained
was suspended iﬁ dioxane-water (4:1 v/v) (200 mL) énd was heated at
.__reflux for 12 h to afford a clear solution. The solvent was removed in
vacuo below 45°C. Water (200 mL) was added to the residue and the
insoluble material was removed by filtration. The filtrate was
concentrated in vacuo to give a residue which was purified by e]ﬁtio?
from a neutral alumina column using chlorofdfmhmetﬁanqg (9:1 Q/y).as
eluant to afford y1idesv(239-é43). - |
The following modiffcétion for the prepanation' of' ylides
(239-243)'were followed in the specifig'instances ]isted-below. The
- 3-methoxy ylide (240) _was: puriffed by neutral a1umiha column
“chromatography using 300 mL Ch1oroform;methano1 k8:2 v/v) as eluant and

the 4-(3-hydroxypkopy1) ylide (243) was ,pufified‘ by neutral akgmina
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A
column chrbmatography using 300 mL ether-methanol (7:3 v/v)‘as‘e]uant.
The 4-acet§1(ethx1ene keté]) ylide (241) was purified 'by prepafative_
’si1ica gel f]c using ch}ordform—ether (7:3 v/v) as devéiopment so]veﬁt;
Extrac£ion~of the band having R¢ 0.2 with hot ab?o]ute ethanol yielded
(241) . The 3-acety1(ethy1eﬁe ketal) ylide (242) Qag purified by
preparative siiica gé1 tic using ch]oroform—methano] (9:1 v/v) as
devejopment solvent. Extraction of the band having R¢ 0.6 with hot
absolute ethéno1 afforded (242).

T e

4.5.2.3.1. Preparation of 3- and 4-methoxypyridine

S Hydrogenation of 4-methoxypyridine-l1-oxide wusing general

procedure E yielded pure 4—methoxypyrjdine (89%, 0il). 3-Methox§—'

pyridine was prepared by methylation of 3#hydfoxybyridine283 Thus,

a so]ution of 3-hydroxypyridine (4.5 g, 47.4 mmol) in 60 mL tert-
butanol-tetrahydrofuran (2:1 v/v) was. added dropyise during 30 min to a
' sp]ution of diazomethane (2 g, 47.4 mmol) in ether (generated from 14.4
g of'vUiaza1d) at -15°C with stirring. The reaétioh was allowed to

proceed for 4 h at 25°C. The reaction mixture was filtered. _ The

filtrate was concentrated in vacuo at 40°C to give a viscous oil which

was purified by neutral alqmina coiumn chromatography using 200 mL ether

‘as eluant to afford 3=me¥hoxyﬁyridine (3.2 g, 62%).

5. .

o 4.5.2.3.2 Preparation of acetylpyridines(ethylene ketals)285

To “a so1ution of the acetylpyridine (2 mL, 17.5 mmol) in

benzene (100 mL), ethylene glycol . (5 mL, 90 mmol) .and pyridinium

tosylate (1 g, 4 mmol) were added. The reaction mixture was brought to
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reflux'temperature and'water\was removed using a Dean-Stark trap. The
mixture was hea¢ed at reflux until the volume of water in the trap
remained at consfent volume (48 h). Excess solvent was removed in
vacuo. Ether (100 mL) was added and the -mixture was washed with
saturated sodium bicarbonate (30 mL) and bhine (20 mL). The organic
phase was dried . (NapSO4) and the solvent was removed in vacuo to
yield pure 4; amd 3-acetylpyridine(ethylene ketals) (2.467 g, iOO%,
0il). | |

r

4.5.3.0.0 Preparation of N-(phenylcarbonylamino)-substituted-1,2,3,6-

tetrahydropyridines (252, 253, '255-262,‘ 265-267, 274 and

275)

The\ sodium borohydride reduction of y1ides (229-243)
according to geneha1‘ procedure B afforded ‘the corresponding 1,2,3,6-
tetrahydropyr1d1nes (252, 253 255-262 265-267, 274 and 275).

Some modifications for the reduct1on (reaction) time and
method of'pur1f1cat16h are outlined be1ow.' The 5-fluoro compound (252)
was purified by deco]ori;atjon usihg acti?ated eharcoalk The 4-methyl
(255) and 5-methyl (256) derivatives- were purified by neutral a]umihé
co]umn chromatography us1ng 300 mL ether- methano1 (4:1 v/v) as eluant.

‘ The 4, 5 dimethyl compound (257) was purified: by preparative silica gel
>H.t1c-using ether-methagpl (9:1 v/v) as development solvent. Extraction
of the hand'having Rf"0.35 using hot.absolute ethanol afforded (257).
The 2-methyl compdund (258) was purified by.preparatiVe‘sé1ica gel tlc
using chloroform-methanol (951 v/v) as -development solvent. Extraction
of the band hav1ng R¢ 0.75 y1e1ded an off-white solid which was
sublimed at 125°/0.04 mm Hg to give: (258). The 4 methoxy cémpound (259)



Qas ,subjécted to reduction for 30 h and was purified;biﬁeco]brization
using actw’vatéd charcoal. Redvu'ction of the 5‘-m’ef.hoxy compound (26:0) was
aHowedv to proceed for~6 h and the product was "ﬁurifi‘ed by neutral
alumina -column chromatography using chloroform-methanol (9:1 v/v) as
eluant followed by recrystallization (meth‘ano’l—ether).‘ 'The 4-hydroxy-
: fnefhy] compound (265) was obtained by ’.reducti.on of the 4-acetoxymethyl
ylide (235) for 8 h as des}ribed by procedure B and was purified by
neutral alumina column c;hromatography using ether-methanol (9:1 v/v) as
eluant. The 3-m.ethy1ene (253) was ot;tained from: reduction of the
»3—acetoxymetr;y1 -_yli.de (236) for 12 h and was purified by preparative
sih'ca‘ge] tlc us1ng chloroform-methanol (19:1 v/v) as. development.
'so1ven,t_. Extraction of'the band ha‘ving'Rf O.E; using warm ethanol
afforded (253). The 4-(3-hydroxypropyl) compound (266) was reduced for
8 h and was purified by neﬁtra] alumina column chromatography using
ether-meth’ano] (9:1 v/v) as development solvent. | Ektractibn of the band
having Re¢ 0.5 .using warm ethanol afforded (266). The 5-(3—Hydrbxy—
propyl) compound'(267) was reduced for 10 h and was purified by
preparative silica gel .tlc' using acetone-ethyl acetate (3:1 v/v) as
.development solvent. Extraction of the band having R¢ 0.5 using wérm
ethanol '-a.fforded (267). The 4-(2-methoxycarbonylethyl) compound (274)
was redu;ed for 10 h and was purified by neutral alumina c¢olumn
chromatography us’ingl chloroform as eluant. The 5-(2-_methoxycarbony1-
"ethyj) compound (275)' was reduced for 7 h and was purified by nen:fral
a]vumina column ghromato«g}dy;aphy usiné chloroform as eluant. Thg 4-acety)
compound (261) was obt;?ﬁéd from reduction of 4-acetyl(ethylene ketal)

ylide (241) for 8 h and was purified.by decolorization using activated
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charcoal followed by deprotect1on (see 4.5.3.1 0) of the keto group.
The 5- acety] compound (262) was obtained by reduct1on of the 3 acety1-

.v(ethylene keta]) yﬂ1de (242) for 9 h and was purified by silica gel

'column chromatography using ether-methanol. (9:1 v/v) as eluant fb]lqwed
by pféparativé ~silica gel tlc ‘using ethy] acetate: as development
solvent. = Extraction of thé band having Rf 0.5 using warm ethanol
followed by deprotection (see “section 4.5.3.1.0) of the keto 'grouﬁ
afforded (262).

4.5.3.1.0 The conversion of N-(phenylcarbonylamino)-4- and 5-acetyl-

(ethy]ene keta])—l,2,3,6-tetrahydf0pyridine to N-(phenyl-

‘carbonylamino)-4- and 5-acetyl-1,2,3,6-tetrahydropyridine

(261, 262) | S
Thef‘4- and 5-acetyl(ethylene ketals) (0.84 mmol) were
. deprotectedzg5 by dissolution in moist acetone (1 mL water in 15 mL
‘acetone) containing pyri{inium tosxjate (0.25 mmol) and heafing -at
reflux for 3 h. Excess solvent was Temoved and chloroform (50 mL) was
added. The mixture was washed with saturated sodium bicarbonate (10 mL)
and brine (10 mL).  The organic phase was separated and dried
(NapS04) and the solvent rémqved in vacuo to givé ; solid which was
fﬁfther'washgd with cold ether (10 mL) to” yield the corresponding 4- and
5-acetyl compounds (261, 262). ‘
, - »

4.5.4.0.0 Preparation of N-(pheny]carbonylamino) 6-ox0-1,2,3,6-tetra-

hydropyridine (254)27° )

; N-(Phenylcarbonylamino)-1,2,3,6-tetrahydropyridine (125)

(0.5 g, 2.48 mmol) w&s added to a @ixture ~of  sbdium dihydrogen
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phosphate monohydraté (0.41 g) and disodium hydrogen- phosphate
heptahyd%ate (0.8 g) fn 15 mL water and. K metaschloroperbenzoic acid
(m-CPBA) (0.47 g, 2.72 mwmol). in methylene chloride (15 -mL). The
reaction mixture was stirred at 25°C for 3 h prior to the addition of
additional m-CPBA (0.47 g, 2.72 mmol). The reaction was allowed to
proceed for a further 48 h. The organic phase was separated and the
aqueous phase was extrécted with methy]ene'chloride (3 x 40 mL). -The
combined organic extracts were washed successively with 15% aqueous
sodiumlthiosu1fate (2 x 30 mL), 10% aqueous sodium carbonate (2 x 30 mL)
and'tﬁén'with brine (2 x 30 mL). The methylene chloride extract was
dried (NapS04). Removal of the solvent in vacuo gave the crude
product which was initially. purified by elution from a 2.5 x.20 cm
neutral alumina column using 200 mL ether-methanol (9:1 v/v) as eluant.
The eluate was concenirated and further purified by preparative silica
gel tlc using ether-methanol 9:1 v/v) . as development solvent.
Extraction of the band having Rf 0.4 with hot absolute ethanol,

afforded (254) as a white crystalline solid.

4.5.5.0.0 Preparat1on of. N- (pheny]carbony]am1no) 4- and 5-(1- hydroxy—

ethyl)-1,2,3,6- tetrahydropyr1d1nes (263, 264)

Reduction of N-(phenylcarbonylamino)-4- and 5-acetyl-1,2,3,6-
tetrahydropyridines (261, 262) with sodium borohydride as out]ined kby'v
gehera] procedure B afforded the corkesponding 4- and 5-(1-hydroxyethyl)

compounds (263, 264).
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4.5.6.0.0 Preparation of N—(phény]carbonj]amino)-4— and 5-(3-methoxy-

propyl)-1,2,3,6-tetrahydropyridines (268, 269)

To a pfe-coo1ed solution of the: N-(phenylcarbonylamino)-
hydroxypropyi-l,2,3,6-tetrahydropyridine (266,1267) (0.5 g, 1.9 mmol)
and trieth&]amihe (0.8 mL, 5.8 "mm61) fin methylene chloride (10 mL)
me@hanesu1f0ny1 chloride (0.3 mL, 43.8 mmof)“ was added. dropwise udfh
stirring. After stirring at 0°C for 30 Min, excéss sodium. methoxide
"(0.54 g, 10 mmo1).in methano] (20 mL) was added to the reaction mixture

in three aliquots. The reaction was allowed to proceed for 24 h at
-~ reflux ‘temperatare. Extraction with methylene chloride (4 x 50 mL),
washing with brine {20 mL); drying (N§;SO4) and reﬁova1 of the
solvent in vacuo afforded N—(pheny]carbony1amind)—44(3-methoxypropy1)—
1,2,3,6-tetrahydropyridine (268).

The 5-(3-methoxypropyl) compound‘ (269) was purified by
preparative si]ica/”§ET~_¥Tchﬁsing chloroform-methanol (9:1 v/v) as
development so1vegt. Extr cfion of the band having R¢ 0.4 with hot
absolute ethanol afforded (269).

/

i

4.5.7.0.0 Preparation of N-(bhenylcarbony]amino)-4— and'§¥(3-acetoxy—

propyl)-1,2,3,6-tetrahydropyridines (270, 271)

To a solution of the N—(pheny1carbony1aminp)-hydroxypropy1f:¢$»
1,2,3,6-tetrahydropyridine (266, 267) (0.5 g, 1.9 mmolfnfn ethyl acetate
(20'mL) was added ace£ic anhydride (0.9 mL, 9.6 mmol).; The reaction was‘
allowed to proceed at 50°C fof 4 h. The solvent was removed in vacuo
-and the solid obtained was pdrified by neutral alumina column
chromatography by elution with ether-méthano] (9:1 v/v) which afforded

compounds (270 and 271).
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3

5.5.0.0 Preparation of N-{phenylcarbonylamino)-4- and 5-(2-carboxy-

ethyl)-1 2 ,3,6-tetrahydropyridines (272, 273)

To a so]ut1on of sodium hydroxide (0.023 g, 5.7 mmol) in

methanol (30 mL) was added a so]ut1on of N-(pheny]carbony1am1no)-4- or

5-(2-methoxycarbonylethyl)-1,2,3,6-tetrahydropyridine (274, 275) in
methanol (5 mL). The reaction mixture was allowed to reflux for 3 h.
after which the pH was adjusted to 4 using 0.1N hydrochloric acid.

Removal of the solvent gave a solid which was washed with water (20 mL)

x

and cold ether (10 mL) to afford compounds (272, 273)

4.5.9.0.0 Preparation of N-(phenylcarbonylamino)-3-methylpiperidine
(276)

Hydrogenation of Nv(phenylcarbonylamino)-3—methy1ene—
l,2,3,6-tetrahydropyridine. (253) or N-(phenylcarbonylamino)-5-methyl-
1,2,3,6—tétrahydropyrid1ne (256)vaccording" to the general procedure E
affordedv N—(phehy]carbony]amino);B-methy1piperidine (276) (95%, ,mp

163-164°C).  Anal.- calc'd for CygHygN20 ': C, 71.53; H, 8.31;
N, 12.83; found: C, 71.33; H, 8.31; N, 12.66.

4.6.0.0.0 Analgesic testing ‘ y

i Lok 212
A. Phenylquinone writhing test

¢

Five male ICR mice (20 - 25 g) were conined to their own
glass jars and were denied food and water for the duration of the

experiment. The test compound, suspended using ultrasonic mixing in a

solution of physiological saline and Tween 80 sorfactant,. was

A
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, \

' 'iste:red subcutaneously to each mouse at a volume of 0.1 mL/10 g
body weight. Thirty min later each mouse received a 0.1 mL/10 g body
weight intraperitoneal injection of 0.03% phenyl-p-benzoquinone \1n 5%
ethanol. Ten nﬁn later, each mouse was observed to determine the number
_of. wmthmg abdominal constmctwn responses over a ten min period. The
average number of writhes for the five mice were compared to the vehicle
a)ud pheny]-B-benzoquinone treated control group. The percent change is

calculated according ‘to the following equation:
% change = 100 - (no. of writhes in treated group/no. of writhes
in control group) x 100

No. of writhe¥ in control group = 24.9

"B. Hot prateAest?13,214

&

Five ma1el ICR mice (20 - 25 g) were ind’ivi"ﬁuaﬂy p1aced on a
copper hot p]uate maintained at a temperature of 54.5 + 0.5°C (boiling
aceton.e). Each mouse was timed from the moment it was put on the hot
p]ate until the time it showed d1scomfort (tf::mpmg of the rear leg or
jumping off the hot plate surface). The mice were then administered a
subcutaneous dose of the test compou'nd in a vb_]'uine of 0.1 mL/10 -g_body
weight and 30 min Jlater, the hot plate assay was repeated. The averege
time of contact wiih the hot plate was compared before an& after - the
dosing of the test compound. No mouse v)és allowed to stay on the hot
plate for more Athan 30 sec. The percent of analgesia was calculated

using the following equation:
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% analgesia = ————— 100 -

Tmax ~ TO.
To = control time; Ty = latency time at 30 min;
T = 30 sec.

max

’
/

4.7.0.0.0 Hyperglycemic test?1d

‘Four male Wistar rats weighidg.230 - 260 g were uséd in
each group. Thé‘test compound, suspended in l%ifragétant@ in distilted .
water, was administereq orally in a yo]uhe ofslkiﬂ/loo g body we{ght to
_overnight fasted rats. Blood samples were .oStained from .the
tail at d;‘z and 4 h post-tfeatment. The sera-derivéd_from the blood -
samples were analyzed forigiucose by spectrophotometric determination of
enzymatically produced‘NADPH;jusing an Abott ABA-100 Analyzer.
—

4.8.0.0.0 Partition coefficient225

An accurately weigﬁed.samp1e (3-4 mg rangé) was allowed to

equilibrate between 3 mL each ofil—OCtanol and water for 5 min on a
rdcking mi*er. The equilibrium concentration of the test compoUhd wés;

‘determined by qu;nfitatiQe uv analysis of the water phase using a Pye

Unicam SP 1800 uv ‘spéétrobhbtometer, The concentration of tpe'“teét'
™~ - ) Y
2 compound in the 1l-octanol phase was determined. by difference. A //

/
!

standard concentration-absorbance plot prepared for each compound having (
a “known “amount (1-2 mg) of sample in 100 ml water. The partition
coefficient P was calculated from the equation shown below.

P = conc. octanol/conc. water.
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