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h : ABSTRACT

Reaction of the ambldont anion N-lithjo-2-n-butyl-1, ¢-dihvdro-
pyridine (LXXXIb) with several electrophilic reagents has been

N

investigated. Treatment of LXXXID with methyl ch]oroforﬁgﬁi\iffor ed
_ﬁ;methoxycarbony]—2~D;but&1—1,2—d1hydr0pyridine (LXXXIVb) aaa \
dinnthoxycarbony]—2—2;buty1¥1,2—dihydnopyridine (CXIXb). Reaction of
ﬂ;]ithio—Z-methy]—],2—dihydéopyridine (LXXXIa) with mett 1 chloro- |
formate afforded the-correspondihg 2-methyl analogs. 'React1on of
LXXXIb with)3—ethoxycg?bony]pyridine (CXV{{IC) af forded 2-n-buty]l-
5—(%'—pyridy1carbony1)—1,2—dihydrobynidine (CXXC) and 2-n-butyl-5-
(3'-pyridylcarbonyl)-pyridine (LXXXVC);V The reaction of LXXXIb with
4imethoxycarbony1pyridine (CXVIIld) and Z—ethoxycarﬁonylpyridine
(CxVIlle) affordéd.similar 5—5ubst1tuted~products.

Cafaiytic hydrogenation of_ﬁ—netﬁoxycarbohy]—24pheny1—],2;
_dihydropyridine (XXXIXb) and CXIXb with 10% pa]]adium—cﬁarcoé1 and
hydrogen gdve.ﬂ;nethoxycarbony1—é—pheny]pipéridine (CXXV)-and 1,5~
,dimethoxycarbonyl—Z—Q;buty1—1,2,3,4-tetrahydropyridjne (CXXVvI)
respectively.

Treatment of N-acetyl-2-phenyl-1,2-dihydropyridine (XXXIXa)
'with Tithium diisbpropy]amide and jodomethane afforded N-propionyt-
2—pheny1—],2—d1hydr0pyr1dinel(CXXXi, R = Me).

The Diels-Alder reaction of N—Substituted—7,Z—dihydropyridines
XXXIXa, c, and d, LXXXIVD, CXIXb LV, and CXXXVIL with 1,2, 4;
triazoline-3,5- d1ones CXXXVIIla-c afforded endo [4+2] cycloaddition

products.._ﬂ—Aceﬁy]—Z—pheny1-],2—d1hydropyr1d1ne (XXXIXxa) reacted

with CXXXVIIIa-c to afford a mixture of stereoisomers 5-endo-acetyl-



N

b-gﬁgfphehyl—2.3,b—triazabicyclo[ﬂ.2.2J0ct—/—ehe—2,3»egﬁg—dicarhoxyli(

acid N-phenyl (ethyl, hydrogen) imidc, CXXXIX and 5-exo-acetyl-6-endo-

\ phenyl—2,3,Srtriazabicyc1o[2.2.2]0@1-/—ene-Z,3¥gggg—dicarhoxylic acid

*

* W-phenyl (ethyl, hydrogen) imide, CXL. _On the other hand, N-methoxy-

cabepy], methanesulfonyl, ethoxycarbony], or benzoyl-1,2-dihydro-
pyridines gave CXXXIX as the exclusive product. The stereocheMiétry
assiéned to the cycloadducts was based on nmr spectral data and
particular use was made 6f the anisotropic effects of the C-7, C-8
unsaturation on the R! and R? subst}tuents‘of the cycloadducts.
Similar results were obtaiﬁéf ‘n reactions. employing maleimides,

CL¥Ia-c, as the dienophile. Tne stereochemistry of the cycloadducts

was assigned on the basis of the magnitude of the coupling constants

_for the protons at the bridgehead positions (C,-H, C,-H) and the

adjacent protons (C,-H, C4-H) as well as ‘the anisotropitc effects of
the C-7, C-8 unsaturafion. A]umiqym éﬁioride catalyzed the reaction
of H-méthoxycarbony]—2-pheny]-],2-dihydropyridine (XXXIXb) with
ma]éimide (CLVIc) and N-mefh&?ma]eimide (CLVIb)L) The reaction of
XXXIXb with 4,4-diethyl-1,2-pyrazoline-3,5-dione (CLIV) gave 5-endo<
methoxycarbény1-6—gégfpheny1-2,3,5-tr1azabicyc1o[2.2.2]oct~7—ene—
2,3-endo-diethyImalonimide (CLV).

;frggtment of.Nlo-substituted—loH—pyrido[3,2-b]t1,4]benzothiazines

- CLXXII with n-butyllithium and e]ecfgyphilic reagents was investigated.

Reaction of 10-methyl-10H-pyrido[3,2¢b][1,4]benzothiazine (CLXXIIb)
with j:buty]]ithiﬁm and methyl chloroformate gave 1-methoxycarbonyl-
2—2;buty1—10-nethy1-1,2—d1hydropyr1dy][3,2—b][],4]benzothiazine
(CLXXVIIIa) and 4-me£ﬁoxycarbony]—TO-methy1¢1OH—pyrido[3,2—b][1,4]-

t
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benzothiazine (CLXXXVIIa)f Stmilar products were obtained from the
reaction of 10-(3zdimethydaminopropyl)- and 10—(f—dimcthy]aminopropyl)—
.]OH—pyrido[3;2~b][1,4Jbenzothiazine (CLXXIId and ¢ respectively) with
g—but&]]ithium and methyl ch]éroformate. Reaction of CLXXIIb with
n-butyllithium and diethy] chlorophosphate gave ]—diéthy]phoéphory]-
Z-Q;buty1—1d—nnuhy1—1,2—dihydr0pyr1dy][3,2—b][1,4]benzothiazine
(CLXXVIIIb), 4—diothy1phosphory]—IO—nEthyl—]OH-pyrido[3,2—b][],4]—
benzothiazine (CLXXXV}Ib), Z—Q:butyl—4a—ethy1—]0-methy1—2,4aigjhydro—
pyridy1[3,2-b][1,4 Jbenzothiazine (CLXXXVIIIb), and 2-n-butyl-10-
methy]—10H—pykido[3,2—b][])4]benzothiazine (CLXXXIIIb). Similar
products were obtained from the reaction of CLXXIId and e with
g;buty]lithﬁum and diethyl chlorophosphate. Reac&ion of CLXXIIb

with ﬂ-butylliphiu% and trjfluoronethangsu]fony] chloride gave 4-
cHloro—]O—methy]—10H—pyrido[3,2—b][1,4]benzothiazine (CLXXXVIId)

and Z—E:buty1—10—m¢thy]—10H-pyr1do[3,2-b][1,4]benzoth1azine (CLXXXII1Id).
Similar products wererobtained from the regttion of CLXXIId with
.Q—Butyllithium and trifluoromethanesulfonyl chloride. Reaction of
CLXXIIb with n-butyllithium and p-fluorobenzoyl chloride gave 2-n-
buty1-4-(orA7—)p—f]uorqbenzoy]-1O—methy1—10H—pyr1do[3,2—b][1,4]—
benzothiazine (CLXLc-1 or 2) and 1,4-(or 7-)di—p—f1uorobenzoy]-Z—Q;
buty]-]O—meEhy]—],2-dihydropyridy1[3,2—b][1,4]benzothiazine
'(CLXXXIXCQ]Sor 2)._ Treatment. of 10—(2-d1m€thy]aminoethy1)-]OH-
pyrido[3,2-b][1,4]benzothiazine (CLXXIIc) with D-butyllithium and

nethy} ch]orbformate‘gave 10—(2—N-methoxycarbony1-2—N—methy]amiﬁo-
ethyl)-10H-pyrido[3,2-b][1,4]benzothiazine (CLXLIV) while reactian

of CLXXIIc with n-butyllithium afforded 10-n-hexy1-10H-pyrido-

- ¥

;
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[3,2-bj[1,4Jbenzothiazine (CLXLV). The reaction of 10-(1-methyl-2-
dimethylaminoethyl)-10H-pyrido[3,2-01[ 1,4 benzothiasine (CLXXIIF)
with n-butyllithium and methyl chluiotormate qave 10H-pyrido[3,2-b]-
(1,4 ])benzothiazine (CLXXIIa).

Treatment of 2-anilinopyridine (CCXIIla) with n-butyl’ithium
and electrophilic reagents was 1nv?stigated. Reaction of CCXIIla
with méthy] chloroformate ayd acetyl chloride afforded 2—(u—metﬁoxy—
carbony]ani]ing)—pyridinequCXVI) and 2-(il-acetylanilino)-pyridine
(CCXV) respectively. Reaction of CCXV with n-butyllithjum and
methyl chloroformate gave CCXVI. ’”

Selected compounds have been subjected to broad speciium

pharmacological screening..
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1.0.0.0.0  Ihtroduction

| |

1.1.0.0.0 Pharmacological Significance of 1,2- and 1,4-dihydropyridines

v
z"‘
0

To date there have been re]ative?y few studies on the pharmacology

of 1,2-d1hydropyridines, S0 their therapeutic potentfa] is yet to be
realized. On the other hand, the biochemical 1mportance of the 1,4-
dihydropyridine port1on of dihydronicotinamide aden1ne dinucleotide
(NADH) is well knownl. ’

The NAD - NADH relat1onsh1p will not be examined further other -
than to note that the presence of a 1,4- d1hydropyr1d1ne ring in NAD
stimulated the investigation-of-a-variety of NAD model compounds?~6,
This interest gave impetus to the development and pharmacological
evaluation of 1,4-dihydropyridines which exhibited ana]ges{:s-ll,
spasmolytic8-10, antineoplastic!2,13 and porphyria-inducing activity!“.

' }.The most promising target appears to be the cardiovascular system
where coronary-dilating!5-17 and hypotensivel8-22 propert1es have been

observed Certain 4,41- tetrahydrobipyridyl disulfamic acids have

found use as herbicides and defoliants?23. ‘{K

The pharmacological lTiterature of 1,2-dihydropyridines is very
sparse. The pyridoneimine I and,N-hydroxy—Z-pheny]—],2—dfhydropyridine
(11), wh1ch was later shown to be the open chaln compound III26, have

been repqrted to exhibit antibacterial propert1e52‘+ 25,




1.2-dihyaropyridine model compounds, which are oxidizod readily, are
obtained from the non-enzyme catalyzed reaction of aliphatic aldimines

with allysine analogs at room temperature. Fhis observation supports

0-
0
RCHyNHy + RCHoCHO ——3> R'CH,N=CHCH,R
M I 0 o .
5 o | ~3§LRCH2CHO
. i |
R ' R o. R l R
Q 2 . H
R = alky] N2 2
‘ N >CH,R N™%
= HoN l g | CHaR
CH(CH, ) - CH,R! CH,R'
HoOC , ' |
v

the biological involvement of a 1,2—dibydropyridine intermediate IV 1in
’ the formatioﬁ of desmosine'and isodesmosine (V)<?7. The amino acids V
are belijeved fo form insoluble elastic fibers by cross]iqking the
polypeptide chains of elastin. |
- An 1hteresting sidelight to tHe investigation of 1,4-dihydro--

pyridines as NAD models is the detection of a 1,2-dihydropyridine VIII

in a pyridinium salt - 1,4-aidydropyridine mixture®>7. This reaction
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is catalyzed by the pyridinium salt VII and involves the transhydro-
genation of the 1,4-dihydropyridine VI to the I,Z—dihydrppyridine VIII.
The reaction is‘irreversible under the conditions shown and.substrate
reduction is therefore prevented from proceeding to completion. At

ambient temperatures the 1,2-dihydropyridine is not involved and the

reductive process proceeds normally.
\\ \ - The medﬁéf?ga\of a reactive 1,6-dihydropyridine species has been
\\ suggested in the biosynthesis of indole?8-30, nicotine and related

alkaloids3?. Biichi and cn-workers3! utilized aDiels-Alder cyclo-
Yo

afgdition reaction employing a 1,6-dihydropyridine for the first-total

synthesis of an iboga alkaloid. Synthesis of elaeocarpine required a

1,2-dihydropyridine intermediate!>0.

1,2-Dihydropyridines have been used as intermediates in the

preparatipn of benzomorphan derivatives IX which possess analgesic

activity33.\ These benzomorphan derivatives are related to the

clinically significant narcotic analgesics pentazocine

. IX
[R = CH,CH=C(CH3),, R} = R2 = CHy, R3 = OH] and phenazocine
(R = CHpCHpPh, R! = R2 = CHy, R3 = OH).
Ethandbenzomorpha rivatives XI have been shown to possess

analgesic, antitussivg, and anticonvulsant activity3*. Acid catalyzed
ring closure of benzy zabicyciooctenes X obtained from a Diels-Alder

reaction gsing a 1,2-dihydropyridine afford XI.




alkyl, arylalkyl

X
—
o

R2 = I, alkyl

R4 = alkoxy -

R* = 1i, alkoxy, OH, acyloxy
RS = Me, Ci,iH,

An analogous cyclization of the Diels-Alder adducts XII prepared
in our studies is prohibited by the'ggg;stereochemistry'of the phenyl
substituent at the 6-position. Furthermore, if reaction were possible,

the newly formed ring would be cyclopentyl XIII rather than cyclohexyl.

O ‘ ’ 1
R%- W A F o
N LI
(51; N —R
\
O

<

X111

X11 v

A

Perhaps the greatest potentia]vadvantage of the 1,2-dihydropyridine
system is its excellent phjsjca]-chemica‘ zharacteristics which
allow it to cross bio]ggdca1 membranes whicu are impermeab1e to
structur217y related drugs. In this capacity they would act as pro-
drugs37, to be "activated" at their site of action. This concept
has been utilized in the delivery of a pyridinium salt XV across

the blood brain barrier .as fhe dihydropyridine derivative XIV. In

vivo oxidation of the dihydropyridine affords the active drug XV35,



+ ..
NZNCH =NOH |
|
M

XLV ‘ ' XV

In theory, this process may be applied to any drug which contains

~-

-4 quaternized heteroarématic nitrogen. A]though.the argument has not
been extended to biologically active .pyridyl cqmpound;, at“least one
studyl" has shown that both the dihydropyridine and corresponding

pyridine compound were blo]og1ca]]y active. The 1,2-dihydropyridine

N

IV can a]so be considered as a pro-drug.
¢

An extensive review concerning pyridines and reduced pyridines
of pharmacological interest has recently been published36.

‘ .

1.2.0.0.0  Structure-Activity Relatfonships of Anticonvulsants

\ -
. N, .
The anticonvulsant drugs currently avaidsble to the physician

may “e.conveniently divided into the general categories of classic
and novel anticonvulsants. The classic anticonvulsants are comprised
of those agents whose pharmacology has been well established and

| which are, of have been, used on a routine basis. Included are the
barbiturates XVI, pyrimidinediones XVII, hydantoins XVIII, acy]l
ureas XIX, oxazolidinediones XX, succinimides XXI, glutarimides XXII
and amide derivatives XXIII and XXIy. 7 - sovel anticonvulsants
are comprised of those-agents which have seen application in other

disease states but which have been accepted as adencts in



Anticonvulsant

TABLE [

Anticonvulsant Drug Classes

Anticonvulsant

Substituents

~

C]ass Exam[ﬂe R Rl R"
‘ o) H '
\ /
R Iﬂ)>- _
=0 XVI Phencbarbital Ph Lt H
R'»«/ N ©
@] \R2
H .
R ) 7 %
Rl ) XVII Primidone Ph Et -
P N .
(o) \H
O
R‘>3,N XVIII viphenylhydantoin  Ph  Ph H
y/ \\Rz '
O
. ! ‘.\‘
oo
,;>>’;hl XIX " Phenacemide 1 - -
Ph‘/ \H .
O ™
R ()~\T‘§C}
R' N XX Trimethadione Me Me Me
Y/ \ ‘ E




TABLE 1 (contd)

Anticonvulsant

Anficonvu]sant

r
v

Substituents

Class Example R R! R
R /O
R! NI XX1 Phensuximide H Ph Me
O/ \R3
XXII Amino-gluteth- Et  p-lH.Ph -
imide'
' N~~~
><\f XXIII  Benzchlorprop- Il Ph Cli,CH, C1
R' H R? amide
;'/
oH R
R A XXIV Atrolactamide =~ Me Ph I
Rl
Cj/ H
Rl
L0 .
| O D N—
R =N ¢ XX . /4 \NHC
H,NO,S" g OMe i1

XXVI

\S : ey
. Oy

XXVIII




anticonvulsant therapy, and which have only recently come-into routine
(or investigational) use. Included are the benzhdiazepines XXV,

dibenzazepines XXVI, and sulfonamides XXVII and XXVIII.

Examination of the structures shown in Table I reveals the *
presence of three important structural features; viz:
1. An imide XXIX, ureide XXX, amide XXXI, or sulfonamide XXXII
moiety which is generally part of a cyclic system,
: f
R R \N/ . R \ -
- R —SO_N
R'/& >=O R' >—O N/ 27
N N\(
. < Y/, /
O AN o e} AN
XXIX XXX LVl XXXII
2. A disubstituted (R, R!) carbon atom in which one substituent is

generally aryl and the other short chain aliphatic.
3. A 1,3-dicarbonyl system.

A review of the literature indicates that most anticonvulsants
synthesized recently continue to incorporate these étfuctura] features38
into a variety of cyclic systems. Benzodiazepines39-%!, pyridodiaze-
pines“zi“”, perhydropyridodiazepines“®, pyrrolidinediones“6, benz-
amides*” »48 | indanediones“%, carbamates59>51, pyrazo]ines52, pipera- -
zines53, indoles®“, sulfonamidesS5-59, amide560}51, hydrazides®2,
and diphenylsilanes®3 are well represented. The dihydroisodlino]ines '

. X3 -

XXIII6%, tetrahydroisoquinolines®s, pyridinediones XXXIV6€

hydropyridopyridazines XXXV®’, tetrahydropyridines Xxi.#9 ®haphthen-

ones XXXVII®?, and tetrahydrocannabidiols XXXVIII7C are of particular



interesty, The cannabidicls bear a structural similarity to the 1,25

dihydropyridines XXXIX prepared in our studies 190,

N
N
~H
R
OXXXIII
R = aryl R,
R1 = H, Me
[:/in]
R
(CHz)zoZCC-'OH
1
Ph
XXXVI

R = Ph, cyclohexy]

Me

OR
Illiii C

AXXVIII

R =H, Ac
RY = Me, CH,0Ac

o

R'l

OR sHyp

o)
RHN- N

~N

XXXV

R' = H, alkyl, ary]

XXXVII

(v

N

{

Q
R
XXXIX 3 Mo
'? b OMe
C Oct.
d Ph

alkyl, aryl, heteroary
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The structural d1versfty of these agents has made it difficu]t
‘'to rationalize a universal recéptor site or mechanism of action’!,
Various aporoaches aimed at provfding a common basis for anticonvul-
sant properties have met with variéhle success. Cbrre]ation-of
physicochemiﬁa] parameters with pharmacological activity has received
much attention recently’2:73, Equations which provide thése corre-
lations are derived via the method of least squares using a.computer.
The physicochemical parameters examineéd include Tipophilic (w)74575,78
electronic (o,0*,F,R)76, and steric (Es)77 effects. These parameters
have been developed in an effort to rationaTize the effect of sub-
sﬁ1tuents on the pharmacolijca] activity of a parent drug. Compre-
hensive reviews7°-8% provide a thorough trtatment of this subject. ‘ Ve
The most active exponents have been Hansch and co-workers. Their
b¥sic p-o-n equation85,86, or its modification, has enjoyed extensive
use. The substituent partitioning parameter 787-89 has been emp1oyed
extens1ve]y and is defined as the difference between the Togarithms
of the octanol-water partition coefficients of the substituted and
unsubstituted parenf comﬁound. For example, = for the NH, group is
obtained by”subt acting'the logarithm of the partitjon coefficfent
for benzenew(PH) from that of aniline (Px), i.e. = = log Px - log PH.
The ]ogérithm of the partition coefficient (Tog P) of'a compound may
be calculated from the log P -of the parent molecule and the = value

of the substituent,

Most anticonvulsants have a 1og P of approx1mate1y 272, . Such s
4
the case for barb1turate59° and hypnotics?! as well as chlordiaze-
poxide (log p = 2.44) and dipheny]hydantoin (log P = 2.47). The

optimum value for antielectroshock actfvity is reportedly 1.7592,
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Departure in either direction from this 'idea]"value'resuIts in
more specific activi;y. The tranquiilizer chlorpromazine and the
Pe@ative meprobamate have log P values of 5.35 and 0.7] respectively.

However, reliance on log P values is an oversimp11f1cation since
minor structural modifications have been shown to change activity from
anticonvulsant to stimulant in nature93. The epileptogenic effect of
some drugs®5~97 has been associated with the amide qro;p, a feature
common to many. anticonvulsants. A];hough this anticonvulsant to
stimuTant conversion has begn recognized, evidence suggests that log P
values alone give good corre1ation with anticonvulsant properties92.
Corrglation with the steric parameter Es indicates‘thatia‘bulky sub-
stituent at the Nl-position of hydantoins Qi]] reduce anticonvulsant
activity72.

Molecular orbital calculations3* indicate that the net atomic
charge at a biologically active center or at the hydrogen bonding
atoms could not be correlated with anticonvulsant activfty. Similar
calculations have beén’uéed to deter%iné’the preferred conformations
of antiepileptic metabolites XL and XLI. The distance between the
terminal Bﬁﬁrogen and a carboxylate oxygen:was found to be approxi-
mately equal to that in gamma aminobutyfic acid (GABA), a Heuro-

transmitteri®8 believed to be involved in the anticonvulsive process.

i

] RS

. - ,0
H3N /\/\< -
: ' (o)

gamma aminobutyric acid



o)
R, I

R’ N—H R ')
L J HaNCOoNHcoc — -
O/ [,\] \O l' o)

H
barbiturates XL
R |

. / —{> H,NCOXC -

\\O "21 O

hydantoins (X XLI=

NH)
oxazo]1d1ned1ones (x =
succinimides (X = CH,

)

On this basis it was suggested!09 that these metabolites XL and XLI
mimic GABA and are responsible in part for the antiepi]eptic activity.
These results Rgguire qualification since the metabolites were

determined in vitro while their actual levels in vivo were found to

be markedly low.

Art1f1c1a] 1nte]11qence techmques112 have been applied to the
corre]at1on of chem1ca] structure with pharmaco]oq1ca] activity using
common basic atomic fragments for several classes of compounds

including anticonvulsants!10-111

A series of studies have attempted to associate the common anti-.

-convulsant properties of chemically different compounds with their

stereochemical similarities®8. Examination of structures XLII-XLVI
indicates the presence bf two common structural features; viz:‘

1. Two hydrophobié groups,suc!(as phenyl or cyclohexyl.

2. Two electron donat1ng atoms, such as oxygen or n1trogen, capable

of hydrogen bond1ng
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g

-~ Me

Z_
\)\\

Cl —N
XL XLITT XLV

;‘ﬁfﬂ{.
5
V4

gHN—

- N—H
\ .
o OH
XLV
XLVI
These groups hs * been shown.to occupy similar positions in space. -

Thus the conformational similarities of diphenylhydantoin (XLII)99,
diazepam (XLIII)100, procyclidine (XLIV)101, trihexyphenidyl (XLVI}102,
and ethy] phénacemide (XLV) 104 gre 1mp]fcated as determinants of
pharmacological activity; |
This observation sﬁggésts that all of these agents act on the
sgme type of_recéptor. The absence of‘conformationa] similarityl03
of .sulthiame (XXVIII) to these agents implies a different mechanism
iof anticonvu1sant action. The mechanism for sulthiame has been

T
associated with carbonic anhydrase inhibition, a property not exhibited by

<

the other agents. It has been suggested that the search for anti-

epijeptic agentsﬁshou]d be conducted on the basis of their cbnforma-

5
tional as well as chemical similarities to existing drugs105,
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However, these conclusions were based on conformationally similar,
’ pharmacologically active compounds. While the-structures XLVII-XLIX
are virtually superimposable, 4!-fluoro (XLVIII) and 7-dechloro-

diazepam (XLIX) do not exhibit the pharmacological activity of

F o XLVIII N XLIX

Lol

XLVII

diazepam (XLVII). This observation suggests that both phari . ~ically
. ) ,
active and inactive compounds be examined prior to a correlat
conformation with activity106, '
Efforts to corre]atg anticonvulsant activity with inhibition of

monoamine oxidaseS* and certain NAD-dependent oxidationsS52s:107 have ..

-~

been unsuccessful.

.~ 1.3.0.0.0 The Chemistry of 1,2-dihydropyridines

The resonance structures of’pyridine and pyridinium salts suggest
that nucleophilic attack&is most facile at the 2-, 4-, or 6-positions!63,
Strong nucleophi1e§ react preferenFia]]y' at the C-2 position of
pyridine while substituted pyridines often undergo C-4 substitution -
as well. The Tatter site is favored by weak nucleophiles!5l. These
theoretical considerations are supported by the principle of hard and

_ soft acids and bases2392231 and are confirmed by experimental findings.
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Organolithium reagents are strong nucleophiTes and are expected

<fi/to prefer o-substitution in the pyridine se{ies thereby prdviding a
Af\faci]e route to the 1,2-djhydropyridine system.

Complete reviews discuséing the structure, synthesis, physical
and chemical properties of 1,2—dihydropyridines up to 1971232 and
1972233 have appeared in the literature. . N-Acylpyridinium salts have
also been reviewed!57,220, The following discussion will therefore

provide‘a general treatment of 1,2-dihydropyridines with particﬁ]ar

emphasis on those areas pertinent.to the thesis.

1.3.1.0.0  Synthesis of 1,2-dihydropyridines

(- >
1)}44{1.0 Synthesis of 1J2-dihydropyrid1nes by condensation

/ and cycloaddition reactions

The versatility of the Hantgghh synthesis provides a general
route t6 1,4~dihydropyridines and involves the condensation of an
aldehyde with an active m&thylene compound and ammoniall3. This

procedLre ﬁenefa]]yudoes not afford 1,2-dihydropyridines although
they ‘have been reported in rare cases. Thus, use of a ketone as the

aldehyde component yields highly substituted 1,2-dihydropyridines

L1145115, _ &E§-“

8

Note: Correct numbering of a-reduced pyridines would require that
they both be 1,2-dihydropyridines. However, ambiguity may
arise, particularly with unsymmetrically substituted pyri-
dines, and therefore, for purposes of clarity, the 1,2-,
1,6-numbering convention will be followed.
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X v X Et X~ Et
s I R’ l n-Pr
R N~ N
B H Ph
L LI
X = N, Ac \
R, R, R, R¥ = H, alkyl, ary]

- Condensation of an enol ether and a s-amino nitroalkanell® and
reaction of acetone with ammoniall? are reported to afford 1,2-
dihydropyridines. The acid catalyzed product from the reaction of
butanal and aniline possesses the 1,2—d1hydropyridine structure L1118,

],Z-Dihyaropyridines LIT and LIII are products of the cycto-

addition of pyridine with the dienophiles dimethylacetylene-

=~ SO,
N PJ\.S
O,
) LIII

dicarboxylate!!9 and -sulfenel!20 respectively. N

. ) . .
1.3.1.2.0 Synthesis of 1,2-dihydropyridtnes from other ring systems

Pyrolysis of the homopyrrole LIV afforded the 1,2-dihydropyridine

LY —— )
Il ko

] OMe -
L1V “ LV
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Lvi21,122 ° More highiy substituted 1,2 . ydropyridines were
similarly prepared!?3,
Pyrolysis of the homoazepine derivative (LVI) giVes the 1,2-

dihydropyridine LVII in good yieldl2%, 1,2-Dihydropyridines have

— N ‘
\ — [ J_
N ~ | N
}=c> , Fo
OEt b OEt
LVI LVII

also been prepared from the isomeric 1,4-dihydropyridine. In this

way the 2-substitutedol,2—d1hydrop§ridine LVIII was obtained by

<

treatment of the isomeric 1,4-dihydropyridine’with acrylonitrilel?S,

imethylsilyl

R = trimethylsilyl,
2,6-dichlorobenzyl,
pheny1l

N
I
R

LVIII

s

Photolysis of certain Hantzsch 1,4-dihydropyr1dines a]so{yie]d 1,2-

dihydropyridines in Tow yields!26,

1.3.1.3.0  Synthesis of 1,2-dihydropyridines by nucleophilic

addition of metal hydrides

1,2-Dihydropyridines are accessible from the sodium borohydride
reduction of pyridines and their salts127, particularly those which
bear electron withdrawing groups!28,130 at the 3- and/or 5-positions!32,

These preparative routes may also afford 1,4- 13% and/or 1,6-

i

o



\//

dihydropyridines!35 and tetrahydropyridines as products!?9,131,136,137
The exact product composition is dependent on the steric!3® and
electronic effects of the substituents present and also whether a
protic!37,133-141 or aproticl? solvent is used.

Sodium borohydride reduction of unsubstituted pyridinium salts

J/provides a useful route to 1,2-dihydropyridines lacking a C-2

substituent. Thus reduction of N-phenylpyridinium chloride yields

LIX as well'as some of the 1,4-isomer!“3. The reaction of pyridine

\\_\\
e
N AN AN
| H I H l H

N N ~N

| H l H ' | H
Ph COgMe Me

LIX v » LX

with methyl chloroformate in the presence of sodium borohydride affords
N-methoxycarbonyl-1,2-dihydropyridine (LV) in which formation of the
1,4-isomer is neg]igib]é if the reaction is conducted at -70°. Treat-
ment of LV with 1ithium aluminum hydride affords LX in quanfitative
yie]dlﬁ“.

Pyridines which are sabﬁtituted at the 3- and 5-positions with
electron withdrawing groups react with lithium aluminum hydride to
give 1,2- and 1,4-dihydropyridines!33:146_ Reaction of the complex
hydride NaA]Hz(OCHZCHZOCH3)£ with 3,5-dicyanopyridine affords only
the corresponding 1,4-dihydropyridine!*5. This observation.suggests
that the steric effect of the bulky hydride reagent plays an

important role in determining the position of hydride attack.



Pyridine reacts with Tithium aluminum hydride” to form an adduct
originally assigned!"7,148 structure LXI but which was later revised!"9
to LXII. While carboxylic acids and esters were inert to LXII,
certafn aldehydes and ketones were readily reduced. Diaryl ketones

were particu]ar]y‘susceptible to reduction.

- -
0

Uk "
| N\ H </:/N — All_ NQ
A | @

LXI
° LXI1

Lithium aluminum hydride reduction of the indolizinium salt
LXIIT affords the 1,2-dihydropyridine LXIV which served as a useful
enamine for condensation with aromatic aldehydes in the synthesis

of the alkaloid elaeocarpine!SO.

+ LiAlH, :
NI > N
Br ' -

2 =

LXITT LXIV



1.3.1.4.0  Synthesis of 1,2-di’ ropyridines by nucleophilic

addition of organometallic reagents

Althcugh nucleophilic addition to pyridine ar its derivatives
may occur at the 2-, 4- or 6-positionsiSl, oréaﬁOmetal]ic reagents
usually attack preferentially at the.C-2 or C-6 position236. 7,2-
Dihydropyridines are therefore obtained from the reaction of. organo-
metallic reagents with“pvri'ines and pyridinium salts.

The reaction of pyridinium}salts with Grignard or organocadmium
reagent< is much more efficient than reaction with organolithium
reagents152,153 and provides a useful synthesis of 1,2-(1,6-)-dihydro-
pyri&ines. Thus reaction of N-alkv] .or N-ary]a]ky]-37cyanopyridinium
salts with élkxl Grignard afforded 1,2-, 1,6-dihydropyridine mixtures
while aryl Grignard gave only the 1,6-isomer!52. Similar results
were obtained from the reaction of organocadmium reagents with 3-
carbomethoxypyridinium salts!52, The position of substitution is
influenced by the steric size of the N-substituent!5“ since t
reaction of phenylmagnesium bromide with N-tripheﬁy]methy%pyridinium

fluoroborate affords the 4-substituted product LXV152,

-

Ly




_The preparation of 1,2,4-trisubstituted-1,2-dihydropyridines by
the reaction of Grignard reagents with 1,4-dialkylpyridinium salts

‘has been reported!55,156,
N-acyl-1,2-dihydropyridines are usually considerably more stable

than N-alkyvl or N-arylalkyl-1,2-dihydropyridines. For example,

reaction of 4-alkylnvridines LXVI with ethyl chloroformate and

Grignard reagent atvords stable N-ethoxycarbonyl-1,2-dihydropyridines

LXVII158, :
R . R
N C1CO,Et | N "
1.
, H
LXVI CO,Et e
LXVII

R =H, Me, Et, t-Bu
R! = n-Bu, t-Bu, Ph

Similar treatment of unsubstituted pyridines with organocuprates
provides 1,4-dihydropyridines in high yield!5%. The percentage of

the 1,2-isomer - LXVIII formed could be minimized by conducting the

reaction at low temperatures. B

N » R = alkyl, aryl

CO2M6
LXVIII

The reaction of alkoxy (or aryloxy) carbonyl-3,4-lutidinium salts

LXIXvwith substituted aryl Grignard reagents affords 1,2- and 1,6-
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dihydropyridine mixtures (LXXI and LXX respectively)!Sw, Regio-

selectivity (towards the less hindered 6-position) was most evident

Me : Me Me
Me , Me
AN — X Me
A .
I + "£B£g£2t>‘fir , + \‘, Ar
N H N N
X- H
Fo FO Fo
OR . OR OR
LXIX LXX ‘ LXXI
R = alkyl, aryl .

when R = phenyl and particularly when Ar = ortho-substituted phenyl.
The reaction of N-acyl-3,4-disubstituted pyridinium salts LXXII with

organometallic reagents other than Grignard has also been examined!S3.
i ’

R
R‘
N
Eh___A&L{> | Ph  +
J N
H
Fo
R? R2
LXXI1 LXXITI
© Metal = Cd, MgBr, Li
R = Ii, Me
R! = H, Me, PhCO
R2 = Me, Ph, Ot

Thﬁs when R' = H the éxpected 1,2-dihydropyridine LXXIII was isolated
regardless of which organometallic reagent was used. When Rl = CH,
and RZ = QEt both magn&sium and cadmium organometallics afforded 1,2-
and'1,6-dihydropyridine mixtures (LXXIII and LXXIV respectively), with

the 1,6-isomer LXXIV predominant. While magnesium and cadmium
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organomefa111c reagents are regiose]ective towards the 2- and 6-
positions of the N-ethoxycarbonyl salt they behave quite differently
towards 1,3-dibenzoy}pyr%dinium chloride. Both }eagents gave mixtures
of 1,4->and 1,6-dihydropyridine (LXXV and LXXIV respectively) with the.
1,3-dibenzoylpyridinium salt. However, the Grignard rkaction also
caffords diphenyl-3-pyridylcarbinol which is the produft of addition

"to the carbonyl carbon at the 3-position. Reaction o% N-acetyl-4-
picolinium ch]oridevwith methyImagnesium ?odide gave the 1,2-dihydro-

pyridine LXXVI153, The potent electrophilicity of N-acylpyridinium

Me
.
- I Me l C=cCr R = aryl
N Ay N R! = ph
\ o H
ko o
Me - ' ) R
LXXVI LXXVII

“ .
salts is ilJustrated by their reaction with the weakly nucleophilic

silver acetylides to afford 2-alkynyl adducts LXXVII!60, The reaction
of N-acylpyridinium salts with tria]ky]a]kyhj?%orates proceeds
regiospecifically to yield 1,4-dihydropyridines!®!.

" In marked cohtrast to their reaction with pyr{ainigm,sa1ts, the
reaction of organolithium reagents with pyridines is a useful route
‘to 1,2-dihydropyridines. The orientation of addition, however,
para]]efs the observed pre%erence for the a-positions of pyridinium
sa1t§162.~ This is particularly evident in the reaction of 3-
substituted pyridines with organolithium reagents!®3. Whereas 3-alkyl-
pyridines164=167 afford mixtures of the 2,3- and 2,5-disubstituted |

aromatic products, the preponderance of the 2,3-isomerl®9 has been

I3 d



ascribed to a specific activation of the C-2 position by the 3-alkyl
substituent. This is suggested as being mediated by an,eiect#;n—
“deficient bond or by London.dispersion forces!68,170  The complex

LXXVIII is similar to LXXIX which has been postildated to be responsible

I.\ CY}?L. | ?ﬁx.@./w“
i o
N/‘~.P1’1’/ 'N/‘~. 7

LXXVIII LXXIX

for the singular formation of the 2,3-isomer from the reaction of 3-
amino or 3-methoxypyridine with pheny]]ithiual71. The orientation
of this substitution“haﬁ also been rationalized in terms of‘nuc]eo—
philic reactivityl72,

The reaction of pyridine with organolithium reagents is believed
to fnyo1ve formation of a sigma-complex intermediate LXXX173, which ‘is

capable: of reducing ketonesl7f‘l77. The adduct LXII obtained from the

Li N :
: ' , R a Me
N b n-Bu
| H c Ph P
— : 35 Li
LXXX -~ LXXXI B
e v o

reaction of Tithium a]uminum.hydride and pyridinel*7-149 js a1sg a
good hydride.efnok suitab}e_for reduction of ketones as well as the
preparation of 3-substituted pyridines!7s, Iso1afion179’180 and

nmr 'ggectral characterizationl62,179-181 4 pyridine-organolithium-

3
adducts LXXXI provided the first unambiguous evidence for the

l\



existence of LXXXI. Quinolines have since been shown to give similar

adducts with organolithium reagents!82-18%  Reaction of adducts LXXXI

N 1 . © R
R'X AN
| R —> |
. ~
N NZ SR
Li

with electrophilic reagehts has been utilized for the‘synthesis of
2,5-disubstituted pyridines LXXXII177. 'In fhis way direct beta-
alkylation!85,186 arylation!85, arylalkylation!85,187  phydroxy-
alkylation!87  aminoalkylationl87, thiation!88, aminationl86,
sulfonation!86, bromination!85-186 se]enatioh185; and dimerization186 .
were easi]y.éffected.

The mesomeric structures LXXXIII a-c suggest that reaction with
é]ecérophf]es should afford both{ﬂ; and C-stibstituted product%,
Reaction of LXXXI with esters, anhydrides and acid chlorides gave
rise to 2—substitu£ed—5-acy1pyridjnes LXXXV and N-acyl-1,2-dihydro-

pyfidinéﬁ LXXXIV18S, The ratio of nitrogen to carbon acylation

S
> N
b

LXXXIII
products was dependent upon the strength of the electrophilel89,190,
Treatment of pyridine with excess organolithium reagent affords \

producté arising from nucleophilic addition at the gamma- and/or .both

.a1pha—positionslél. 1,5-Dilithio-2,6-di-tertiary-butyl-1,2,5,6-

%
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N 1 AN Y
R'COX . ’
R —-552——4:> | R +
A 0 "
H
Li }=C%
‘ R’ LXXXV
LXXXI - LXXXIV

tetrahydrdpyridine (LXXXVI) was shown to be an intermediate in the

preparation of 2,6-disubstituted pyridines!80,

LXXXVI (J LXXXVIf

: gﬁegction of ]ith%ated 1,3-dithianes with pyridine provide 4-
substitute&jpyridines via the 1;4—1ntermediate LXXXVII1®2, Reaction
of pyridine-1-oxides with organometallic reagents:generally yield
deoxy or ring opened products rather than the expected 1,2-dihydro-
. pyridines.._Treatment of pyridﬁne-]-oxide with phenylmagnesium
bromidel94 afford§ the acyc]ic‘compound II1 rather £han N-hydroxy-

2-phenyl-1,2-dihydropyridine (11)26. Phenyllithium appears to react

in a similar fashion193.‘

<
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1.3.1.5.0 Miscellaneous syntheses of 1,2-dihydropyridines

» Reaction of pyridinium salts with sodium dithionite, sodiﬁh *
hydrazide, alkoxides, or metals generally give 1,4-dihydropyridines?232,
Reaction with a;tive‘methylene compounds also afford 1,4-derivatives!®5, 9
although 1,2-dihydropyridines have been reported196,187

Bicyc]ic 1,2-dihydropyridines LXXXVIII198 | XXXIX199, and XC200,

have been preﬁared via base catalyzed cyclization to the pyridinium

LXXXVIII LXXXIX

ring.

‘Treatment of pyridine with acetic anhydride in the presence of a

niacytin hydrolysate affords the unstable product XCI201,

XCI

€

The additiag of cyanide ion to pyridinium saltsl62 yields the
kinetically favor%} 2-cyano-1,2-dihydropyridine XCII which undefgoes
rearrangement to the thermodynamically more stable 4-cyano isomer

XCII1202,203 Reaction of pyridinium $alts with nucleophiles usually

give rise to products of kinetic contro].
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. H ¢N
R‘ \ R2 ) R' R2
CN —> | R=Me, benzyl, 2,6-
N N dichlorobenzy]
| H , R1 = CHs, C1, CO,EL,
R | R ~ PhtO, MeCO
‘ _ RZ=H, Cil, C1, Br
XCIT" XCIII :

The action of hydroxide ion on pyridinium salts generally yield
unstable’productSZO“ although 2-hydroxy-1,2-dihydropyridines have
been isolated292. The formation of a mixture of 1,2-, 1,4-, ahd 1,6~
dihydrobyridinés in addition to the two isomeric 2-pyridones XCIV and

XCV has recently been reported?96, The glutaconaldehyde derivative

XCVI resulting'from ring-opening was also obtained.

0% N ] N ::C)

Me Me
XCIV : XCV ' XCVI

Thiationl9¢ and amination!96-:205 gof the’a1pha and/or gamma
positions of 3—subst1futed pyridinium salts was found td be dependent
on the nature of the 3-substituent. In situ nmr characterization of
the adducts wag performed since reversibility of nucleophilic
addition feaction did not permit product iscTation,

Controlled catalytic hydroéenation of 3;5~disubst1tuted pyridings
yields 1,2-dihydropyridines XCVII207,208 while treatment of pyridine
with trimethy]si]ane‘ahd paliadium affords a 6omp1ex mixture contain-

ing the dihydropyridine XCVIII209 ¢
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ROC\H:ij/COR | E:ij

| I
H Si(Me),

XCVII
XCVIII
R = Me, OCt, OMe
} .

A

1.3.2.0.0 Eﬁysica] properties of 1,2-dihydropyridines

1.3.2.1.0 Electronic étructure of 1,2-dihydropyridines

Molecular orbital calculations indicate that the nitrogen lone
pair and the electrons of the two olefinic bonds are 1oca]iéed.
However substantial delocalization occurs when 3- and/or 5-electron-
withdrawing substituents are present. Nmr . studies on the adduct
obtained from‘reaction of pyridine with n-butyllithium suggest181l
that 20% of the negative charge is located at the 3- and 5-positions

. . .9 Co o
and the remainder is associated with nitrogen or the nitrogen-1ithium

bond. L

1.3.2.2.0 Ultraviolet absorption spectra of.1,2—d1hydropyr1dines

1,2-Dihydropyr1djnes generally absorb at longer wave]engths
(> 350 nm) than ],4fdihydropyridines‘(300 nm) due to the dienamine
system of the former. The exact position and intensity;pf the A max
is dependent upon the‘nqture of the substituents, especially e]ectfon

withdrawing substituents at the 3- and/or 5-positions232,233,

Cr
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1.3.2.3.0 Infrared spectra of 1,2-dihydropyridines

The dienamine system of 1,2-dihydropyridines exhibit two stretch-
ing vibrations of medium to strong intensity which appear in the

1520-1640 cm~! reqion209,232,233

1.3.2.4.0 Proton magnetic resonance spectra of 1,2-dihydropyridines

The chemical shifts, which usually appear in the range 4.2-6.75,
and multiplicity of the signals are dependent on the nature ‘of the
ring substitution pattern. The Tow to high field positions for the
protons of ],2—disubst1thted—],2—d%hydropyr1dines IC are generally!79:190
He>Hy>H3>Hs>H,. The H, position varies and may be located between Hg

and H, when the C-2 substituent is aryl. Typical J values (Hz) are

' Ja,3 = 45 J3,4 = 85 Jy,s = 5.5; and Js,¢ = 6. o
Ha |
H; A Hj k = acyl, acy10xy
| - RL =alkyl, ary]
Hé Tl H
R 2
c .

1.3.2.5.0 Mass spectra of 1,2-dihydropyridines’

~

The major fragmentation of 1,2-disubstituted-1,2-dihydropyridines247
involves expulsion of the C-2 substituent as a radical. Minor pathways

include loss of therN-substituent‘and ring fragmentation.
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1.3.3.0.0 Chemical properties of 1,2-dihydropyridines

1.3.3.1.0 Stability of 1,2-dihydropyridines

High mo}ecu]ar ;Eﬁﬁzg dihvdropyridines are, generally more stable
than theif Tow molecularfweight counterparts. Thus highly substituted
or polycyclicl98,199 dihydropyridines are usually isolable. Stability
is further enhanced if supstituents at the 1-, 3-, and/or 5-positions
are electron-withdrawing groups and are capable of resonance inter-

action. The ensuing conjugation serves to reduce the nucleophilicity

of the«dienamine system. This-is apparent from the observed stabi]ityr

of N-acy1189 or phenyl!%3 ys N-alkyl-1,2-dihydropyridines?!3, Recent
studies?10 indicate that N-methyl-1,4~dihydropyridine is more stable
than the 1,2-isomer. The parent 1,4-dihydropyridine (C) is renarkably

stableltt, 1,2-Dihydr6pyridine (CI) has not been 1sd1ated. Unstable
J ﬂ:/ﬁi]] [[jﬁ:i] |
N7 N~
| R . i
H H

cr - °

dihydropyridines CIII may be conveniently handled as the stable211,212

1 X R’
.~ R Pyridine o - l '
- ‘Cr(CO)a :

i
R - R

cir . CIII -
R,.RY = alkyl
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carbony]chromium cdmp]exes CIT from which they are éasi]y recovered

S~

as shown above2!3, : \

1.3.3.2.0  Oxidation of 1,2-dihydropyridines

1,2-Dihydropyridines may be oxidized by dehydrogenationls,
hydride transfer!7%-! , or disproportionation?” to the corresponding

pyridine compound.

1.3.3.3.0 Reduction of ],2~dihydropyridines

Catalytic reduction with palladium-charcoal and hydrogen gas
afford tetrahydro- or hexahydropyridines whereas reductipn using metal

hydrides gives rise_to tetrahydropyridines!37,141,

1.3.3.4.0  Nucleophilic addition to 1,2-dihydropyridines

The_enamine system of 1,2-dihydropyridines is sufficiently

electron rich to undergo reaction with electrophiles at the beta-

positionl86,214,215  Nycleophilic addition of cyanide ion to the .

Cg-position of a 1,2-dihydropyridine has been reported216,217,

1.3.3.5.0" Cycloaddition reactions of. 1,2-dihydropyridines’

Theugse of 1,2-dihydropyridines as dienes complements tﬁeir
behaviour as enamines. Reaction with suitable dienophiles provides
[2 + 2]'and Eg + 2] c}c]gadducts. A

Sodium borohydride reduction of N—methy1-4-cyanopyridinium

jodide in strongly alkaline solution affords the corresponding
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1,2-dihydropyridine which dimerizes to the [2 + 2] Cv and [d + 2]
CIV cycloadducts”1¥,71%, ﬂfmethv1~2*cyano~],6—d1hydr0pyridine fori

similar adducts!?*® in which the initially formed [2 + 2] product wmay

be thermally isomerized to the [4 + 2] adduct.

CN
i ~ :
' Mo = M
N N Cn, N S N €
.
N CN CN
CN Me

CIv Cv

1,2-Dihydropyridines aré reported to undergo [4 + 2] cyclo-
additions with a variety of dienophiles having a fixed cis-stereo-
chemistry. Thus adducts of type CVI have been obtained from "

reaction of maleic anhydridell8,144,160  maJeimides?i8,143,221

D X (N
X" |
/L—~—-~}( N>0
/
O | “H
“ N—N
N ~~~R »
/// : O Nn~S0o
: H |
Fh
triazolindiones 2212222, and pyrazolindiones 22! with 1,2-dihydro-
ol .

pyridines.
Substituted 2-pyridones undergo similar [4 + 2] cycloadditions?23,224

although 2-pyridone itself affords only the 1,2-addition product A

R

l L
CVIIZ?2% with triazolindiones. _ S

Diels-Alder adducts have also been prepared using non-cyclic

dienophiles31,225  Reaction of N-substituted=1,2-dihydropyridines with
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acetylenedicarboxylates affords 1,2-dihydroazocines CIX?QG“Sﬁ“ in

good yield via the [2 + 2] cyclobutene intermediate CVIII.

! ’ 'MeOQC
MeOQC l NN MCOQC
EEEEE—
MeO,C N
I
R .
CVIII i

R = alkyl, aryl, arylalkyl

1.3.3.6.0 Acid-base properties of 1,2-dihydropyridines

1,2-Dihydropyridines CX are protonated at C-5 to afford the

iminium salt CXI !39 which may isomerize to CXIIZ®17,

1.3.3.7.0  Isomerization of 1,2-dihydropyridines

i

O — ()
T, \m‘ | ﬁ/ R = alkyl
R ' |

R
CX CXI CXII

i
i

5
]

) Z-Cyano-1,2-dihydropyridines prepared by addition of cyanide ion

to pyridinium salts are known to isomerize to the thermodynamically |

more stable 1,4-isomer203. N-methyl and N-trimethylsilyl-1s2-d7B¥dro-

pyridine isomerize to the 1,4-dihydropyridine in the presence of

strong hase210 or an active metal209, Isomerization of 1,4-dihydro-

pyridines to 1,2-dihydropyridines is also effected USing carbonyl-

metal complexes21l,

!
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1.3.3.8.0 Rearrangements and photochemistry of 1.2-dihydropyridines

Ring expansion of the 1,2-dihydropyridine CXIII to the (3H)-azepine

CXIV has been reported=-%.

MeO,C A CO,Me

FAN
Me
M
e NN, 0ts
H
CYITI | CXIV

Photolysis of CXV!7¥ and ﬂ—metho’xycarbony]—],2—d1’hydropym‘d1ne

(LV)1“% afford the bicyclic derivatives CXVI and CXVII respectively.

Eto?c]l\/\\\/Me : } EtO,C I "
s
' CO,Et — &
Me N /k 2 Me N MECOQEt

H
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“ CXv CXVI
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2.0.0.0.0 Objectives of research

The versatility of organolithium-pyridine adducts!79,180 g
reagents for the synthesis of 1,2-dihydropyridines 89,190 3nd g-
substifuted pvridines 185187 has been clearly established.

In view of the pharmaéo]ogica1 importance ofls-substituted
pyridines3® it was desirable to extend this study to iﬁc]ude reaction
with isocyanates and pyridyl esters.

It was also o%'interest to examine the reactivity of N-acyl-1,2-
dihydropyridines with particular attention devoted to the N-acyl-
substituent and the dienamine system. This was deemed imporﬁant
since the amide and carbamate moieties have been 1mp1;cated in
structure-activity relationships of anticonvu]sanfs. Furthermore,

(4 + 2] cycloadditions of these dihydropyridines with suitable
dienophi]es would afford novel bicyclic compounds which 1nc6rporate
a ureide functionality, a featu;é common to many anticonvu]sants.

.Finally,.itbwas considered-desirable to determine the pharma-
co]ogicai implications. of elaboration of pharmaco]ogfca]]y active
compounds containing a fused pyridine ring system. This was to be
realized in\the reaction of pyridodiazepines23* and pyridobenzo-
thiazines235 with organolithium feagents.n Thé products thus formed

might then exhibit pharcho]ogica] activity themselves or acf as

pro-drugs37.

-
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3.0.0.0.0 Discussion

A1l anticonvulsant agents which are in current clinical use in
Canada and the United States posséss the —CONH—‘group.as a common
structural feature. Thus the -CONH- unit is present in the structures
of bérbiturates XVI, pyrimidinediones XVII, hydantoins XVIII, acyl
ureas XIX, oxazolidinediones XX, succinimides.XXI, glutarimides XXII,
benzodiazepines XXV, and dibenzazepines XXVI. The -SO,NH- unit fs a
requirement for the anticonvulsant activity of the ;ulfonamides XXVII
and XXVIII. Certain tetrahydfopyridinediones XXXIV and tetrahydro-
pyridines XXXVI have also been shown to possess anticonvulsant activity.
The facile synthesis of N-acy] 189 and_ﬁ-su]fony]—],2—d1hydropyr1d1n952“3
provfdes an attractive route to compounds i which aﬁ amide or sulfonamic
unit is incorporated as_part of a cyclic diene system. Dienamines LXXXI\
and CXIX would then Se.promising candidates’for pharmacological eva]uaj
tion as anticonvulsant agents (see Scheme I).

3.1.0.0.0 Synthesis of N—carbony]-Z—a]ky]—],2-dﬁhydropyridines

The highly reactive and Versati]e intermediate, N-1ithio-2-phenyl-

1,2-dihydropyridine (LXXXI, R = Ph) was recently isolated!?% from the
reaction of phenyl1ithium with pyridine. ‘Reaction of adduct LXXXI
(R = Ph) with electrophilic reagents!€%,190 wasﬁsubseqdent1y utilized

in the synthesis of N-substituted-2-phenyl-1,2-dihydropyridines189>190.
and 2,5-disubstituted pyridines!8>,187,183,190
The mesomeric structures LXXXIII a-c (R = P suzgest that electro-

philic attack may occur either at carbon or ni<r '+ or both. The ratio

-37-
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of N/C-substitution appears to‘be dependent on the relative electro-
philicity of the acylation reagent. The ratio of N/C-substitution!89,190
dropped significantly in going fhsm the less reactive acetyl chloride
(20:1) to the more reactive benzoyl chloride (3:1))and then to the
most reactive trifluoroacetyl chloride (1:16). In view of tﬁese results
it was considered of 1ﬁterest to react other organolithium-pyridine
adducts LXXXIa and LXXXIb with electrophilic reagents to determine the
effect of other 2-substituents upon the site of further substitution

( see Scheme I).

3.1.1.0.0 Preparation of N-lithio-2-alkyl-1,2-dihydropyridines

‘N-Tithio-2-n-butyl-1,2-dihydropyridine (LXXXIb) was prepared by
the dropwise addftion»of pyridineito an etherea] solution of n-butyl-
lithium precooled to 0°C. The resu]tingif@ddfsh-brown solution of
LXXXIb was stirred at 0° for 1 hr and theﬁ‘aﬁZ ml aliquot Was‘ ti-
trated?37 with 0.1 N hydrochloric acid. Titration indicated that the
reaction of pyridine with_g;buty]]ithigm affordéd LXXXIb in virtually
quantitative yield. Although N-1ithio-2-phenyl-1,2-dihydropyridine
(LXXXI, R = Ph) méy_be obtained as a yellow crystalline solid!90, LXXXIb
precipitates as a yellow amorphous So]id,which was more diffﬁ;g]t to
isolate. N-1ithio-2-n-butyl-1,2-dihydropyridine (Lé}XIb) was.feactedv
in situ without further purification. |

N-lithio-2-methyl-1,2-dihydropyridine (LXXXIa) was similarly

prepared and reacted in situ with the electrophile of interest.



3.1.2.0.0 Reaction of N-Tithio-2-alkyi-1,2-dihydropyridines with

methyl chloroformate

The reaction of N-lithio-2-n-butyl-1,2-dihydropyridine (LXXXIb)
with methyl chloroformate at -77° afforded the N-substituted product
LXXXIVD, the N- and C-disubstituted perutt CXIXb and 2-butylpyridine
(CXXIb).  Quantitation by Vpc analysis (see Table I1) indicates that
N-substituted-1,2-dihydropyridine LXXXIVb waé présent to the<i;;i?t of
43% while the amount of 1,5—disubst1tuted—1,2-dihydrobyr1dine b
was only 25%. Purification of the crude reaction mixture by means of

column chromatography on neutral alumina resulted in a marked decrease
in the amount of LXXXIVb reéovered while the amount of CXIXb remained
- essentially unchanged. This Tower isolated yield of LXXXIVb is
perhaps an indication of its 1nstabji1ty during the purjfication proceés.
The yield of H}acety]—Z—pheny]-],2;d5hydropyr?dine (XXXIXa) from the
Yeaciion of acetyl chloride with/ﬂ;lithio-Z—phenyl-l,2-dihydropyrid1ne
(1 X¥XI, R = Ph) was improved by\%he addition of an excess of acetyl
cH]o}ide}90. An éitempf to sinﬁ]ar1y improve the yield of ﬂ—methoxy—.
carbonyﬂ—ng;buty]—1,2—dihydroﬁyr1dine (LXXXIVb) was unsuccessful. The
use of five equivalents of mefhy] chloroformate resulted in a reduction
of the y%e]d of LXXXIVb to 35V while that of the 1,5-disubstituted
product CXIXb was increased to 34%. | ’

Vpc analysis of the reacLion mixture obtained from reaction of

N-Tithio-2-methy1-1,2-dihydro yridiné (LXXXIa) with methyl chloroformate

i o R

affords N-substituted proddct LXXXIVa (7%), the N- and C-disubstituted

product CXIXa (10%), and 2—metty1pyrid1ne (CxxIla) (7.3%). Purification

of the crude reaction mixture by silica gel column chromatography gave

\
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N-methoxycarbony]-2imethy1-1,2—dihydropyridine (LXXXIVa) as a light
yellow oil which darkened quickly on standingi The 1,5-disubstituted
prodﬁct CXIXa was not eluted.

’The chemical structures of LXXXIVb and CXIXb were assigned on the
basi; of their spectral propérties. ‘The nmr spectrum (&) ovaXXXIVb
exhibited a one H doub]etl(JS’e = 7.5)°at 6.72 due ‘to the C4-H. The
Cy-H absorption consisted of a one H doublet (Jj,, = 8.75) of doublets
(Ju,s = 5.5) at 5.95 while the C3-H signal appeared as a one H doublet
(J2,3 = 5) at 5.68. The one H multiplets at 5.26 and 4.75 were attributed
to the Cs-H and C,-H respective]y. The methoxyl group appeared as a
three H singlet at 3.78 while the n-butyl absorption was a broad nine
H multiplet. from 0.7 - 1.95. The ir spectrum (cm~!) exhibited absorp-
tions at 1718 (C=0) and at 1645 and. 1580 (C=C) while the mass spectrum
. exhibited a molecular ion corresponding to CjH,,NO,: Mass calculated,
195.1259; found, 195.1266. These assignments are consistent With:the
structure N-methoxycarbony]-?-ﬂ-buty1-1,2-d1hydropyr1dine (LXXXIVD).

The nmr spectrum (§) of CXIXb exhibited a one H singlet at 7.92
aséigned to the Cg-H. The C,-H absorption consisted of a one‘H
doublet (J3,, = 9.75) at 6.46 while the C3-H signal appeared as a one
H doublet (Js,4 = 9.75) of doublets (J,,3 = 5.5) of doublets (Js,¢ =
‘1) at 5.62. The one H broad doublet (J,,3 = 5.5) at 4.78 was assigned
to the C,-H. The two methoxyl three H singlets appeared at 3.86 and
3.78 while the n-butyl absorption appeared as a broad nine H multiplet
from 0.65 - 1.65. The ir spectrum (cm~!) exhibited peaks at 1734 and
1712 (C=d) and at 1642 and 1590 (C=C) while the mass spectrum exhibited

a molecular ion corresponding to C;3H;gNO,: Mass calculated, 253.1314;
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found, 253.1310. These assignments are consistent with the structure
1,5—dimethoxycarbony]-21g-buty1-1,Z—dihydropyﬁidine (CXIXb).

The structures of LXXXIVa and CXIXa were a]so‘assigned on the
basis of their spectral properties, whereas the structures of CXXIa
and b were confirmed by comparison (ir, nmr) with authentfc samples.

The formation of 1,5-disubstituted-2-alkyl-1,2-dihydropyridines
CXIXa and CXIXb is not unique to reactions of N-lithio-2-alkyl-1,2-
vdihydropyridines LXXXIa and b since the preparation of 1,5-di-(p-
ethoxybenzoy1)-2-pheny1-1,2-dihydropyridine from the reaction of
LXXXI (R-= Ph) with p-ethoxybenzoyl chloride has been reported!90.

Two possible paéhways for the formation of CXIX are shown in
Scheme II and Scheme IiI. The mechanism proposed in Scheme IIinvo]yes
‘reaction of the acylating reagen; CXVIII with LXXXIIIb to’give the
2,5-dihydropyridine intermediéte CXXII. Abstraction of the active
Cs-H by base such as 2-alkyl- or arylpyridine CXXI (some of whith

is always obtained) could give rise to CXXIII which on further
reaction with the acylating reagent could yield the disubstituted
product CXIX. Alternatively reaction of LXXXIV with acylating
reagent CXVIII to form the iminium species CXXIV which in the
presence of base CXXi could a]ip give CXIX (Scheme III). However

this mechanism appears doubtful since treatment of N-methoxycarbonyl-
2-3-buty1-1,2-d1hydropyf1dine (LXXXIVb) with methyl chloroformate '
and then 2-butylpyridine (CXXIb) failed to yield disubstituted

product CXIXb.
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Scheme IIi

Possible Mechantsms for the Formation of
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3.2.0.0.0 Reaction of N-lithio~2-n-butyl-1,2-dihydropyridine

with pyridyl esters

It has been shown!8%,190 that the reaction of organolithium-
pyridine adduct. LXXXI (R = Ph; Me, n-Bu) wfth acid chlorides and
esters results in a;ﬁost exclusive N-substitution. It was expected
that reaction of LXXXIb with pyridyl esters CXVIIIc, d, and e would
afford the N-substituted-1,2-dihydropyridines LXXXIVc, d, and e

respectively which would e valuable synthetic medicinal intermediates

for further elaboration.

LXXXIVc-e

\Y

J
The reactibn of N-Withio-Zag-buty]—],2-dihydropyr%dine (LXXXIb)
&1th 3-ethoxycarbonylpyridine (CXVII1Ic) afforded CXXé, LXXXVc and
CXXIc in 39.6%, 2.7%, and 8% yield respectively. The chemical
structures.of CXXc and LXXXVc were assigned on the basis of their
spectral properties. The nmr spectrum (&) of CXX; exhi%ited é one
H doublet (Jp' v = 2) at 8.58 assigned to the C,'=H. The Cg'-H

absorption consisted of a one H doublet (Js' ¢' = 5) of doublets

(Jy',¢' ='2) at 8.53 while the C,'-H signal appeared as a oOne H

~ doublet (J,' s = 8.5) of doublets (J,',¢' = 2) of doublets (J,F,,' =

2) at 7.72. The three H multiplet at 6.94 - 7.4 was attributed. to

- S

NN
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CXXe LXXXVc

the C;I«H,CGaH, and the NH which oxchanges with deuterium oxide. The
one H doublet (J,,4 = 10) at 6.54 and the one H doublet (63,u = 10)

at 5.15 were assigned to the Cy-H and C,-H respectively. The C,-H
appeared as a one’H mu]tip?éf“ét 4.29 while the broad nine H multiplet
at 0.66 - 1;77 § was assigned to the n-butyl group. The signal at
5.15 attributed to the Cs-H appeared as a sharp doub1et (J3,4, = 10)

- of doublets, (J,,5 = 3.5) after deuterium oxide exchango suggesting
that 1onq ranqe coupling w7th the N-H is occurr1nq "The absorption

assigned to the C,-H at 4.29 also sharpened somewhat after deuterium

/
/
v

- oxide exchange. The: ir spectrum (cm~!) exhibited absorptions at
3260 (NH), 1652 (C=0) and 1580 (C=C) while the mass sﬁggtrum displayed
a mo1ecufar ion correspondlng to CysHiaN,0:  Mass calculated, 242. 14]5
found, 242.1414. These assignments are cons1stent with the structure
2~Q—buty]~5f(3'-pyr1dy1carb0ny7)~],2~d1hydr0pyr1dine (CXXC).

The nmr sbectrum (8) of LXXXVc exhibited a three | multiplet at
8.7 - 9.05 attributed to the Car-H, Cg'~H, and Cg-H. The two H
-multiplet at 7.92 - 8.24 was attributed tg the Cyr-H and Cy-H while
the two H multiplet at 7.2 - 7.79 jg due to the Csi~H and C3-H. The

N
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two H triplet at 2.89 is due to the a-methylene of the 2-n-butyl
substituent while the seven H multirlot at 0.73 - 2.17 is assﬁgncd
to the remaining hydrogens of the n-putyl e;oup. The ir spectrum
(cm=1) exhibited an absorption at 1670 (C=0) while the mass spectrum
displayed a molecular ion corresponding to C,<H,N-.0: Mass calculated,
240.1259; found, 240.1257; These assianments are consistent with the
structure 21ﬂ—buty1-5-(3'—dﬂ?idy]carbony])—pyridine‘(LXXXVC)J

A bright yellow deuterochloroform solution of CXXc on standing

gradually becomes lighter in intensity. Since 2—a1ky1-1,2—dihydre—

pyridipes LXXXIV generally darkened on standing at rooﬁ temperature-
nmr spectrum of CXXc was determfned over a‘period of time to see
whether any changes had occurred. The sample of CXXc was 1eft in the
nmr tube and the spectrum was obtained at intervals over a one week
time interval. Those s1gna]s corresponding to LXXXVc began to appear
in the nmr spectrum and bv the end 0f one week CXXc was cc pletely”
aromatized # LXXXVc. Bubb]1ng a strea” ° air through a solut1oﬁ of
CXXc in.ch1orofonm was found to ac..ierai. its conversion to Lxxxvé.

N
to whether LXXX © is a'’z2gitimate reaction product

It is uncertain
or whether it arise from CXXc durin. - o purificaeioh pégtess. The

1 2~ dihydropyr1d1nes XXc, d, and e are not products peculiar to the

reaction of N-lithig-2-n- buty] -1,2- -dihydropyridine (LXXXIb) with =
electrophilic reaggnts. 2-Pheny]-5—;r1f]uoroacety1-1,2-dihydro- :

CF3) was isolated as a stable solid.from

pyridine CXX (R 5 Ph, R!

it

the reaction' LXXXI (R = Ph) with trifluoroacetyl ch]oride139;

Simila action of N-lithio-2-n-butyl-1,2- d1hydropyr1d1ne (LXXXIb)

. with 4-methoxycarbony1pyr1d1ne (CXVIIId) afforded 2- n~buty1 5- (4'

i o
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pyridylcarbonyl)-1,2-dihydropyridine (CXXd), 2-n-butyl-5-(4'-pyridyl-
carbonyl)-pyridine (LXXXVd) and 2-butylpyridine (CXXId) in 47.4>,
P62 and 4.8% yields respectively (see Table II). ‘The react’
LXXXIb with 2-ethoxycarbonylpyridine (CXVIIIe) afforded CXXe, LXXXVe
.and 2-butylpyridine (CXXIe) in 47.5%, 42 and 15.1% yields respectively.

N-substituted- or ],5—disubstituted-],Z—djhydropyridines we;e
not detected in any of these reagtions. It is expected that treat-
mént of CXX with a non-nucleophilic base such as sodium hydride or
Tithium diisopfopy]amide followed by rcaction wizi <u ble electro-
philes will afford I,Z-dihydﬁopyridines CXIX. From Lnese results,
and those rep&rted pﬁevioﬁsly‘85'187,189’123, it is evident that the
reaction of orjqnofithium—pyridine interme&%ates LXXXI (R = Ph, Me,
~n-éu) yit@?e1ectrophilqs allows the preparation of a vériety of N~
aad/dk”c‘$gbstityted 1,2-dihydropyridines. The relative stability
énd fgcffe purification of these products are features which contri-

Qute,to the overall attractiveness of this synthetic method.

N3
Al

3.3.0.0.0 Catalytic hydrogenation of 1,2-dihydropyridines
0 : W
Catalytic hydrogenation of N-substituted-1,2-dihydropyridines

LXX&IV and CXIX with 10% palladium-charcoal and hydrogen gas provides
a %aci]e prepara=i Jf N-substituted piperidines and 1,2,3,4-tétra—
‘hydropyridines respectively in high yield. This procedurL constitutes
a useful synthetic method for the preparation Qf pharmaco]ogica]]y

| active piperidines36,269 and tetrahydropyridinés36,269 since we have
‘developed ;}nthetic procedures fo;4£ﬁe preparatioh of 1,2-dihydro-

pyridines with varied functionality at nitrogen and varied positions

on the ring189,190,
ot



N-Methoxycartonyl-2-phenylpiperidine (CXXV) wa obtained in
virtually quantitative yield by subjecting N-methoxycarbonyl-2-
phenyl-1,2-dihydropyridine (XXXIXb) to 107 palladium-charcoal and

hydrogen gas for 6 hr. The nmr spectrum (§) of CXXV exhibited a

five H multiplet at 6.95 - 7.42 due to the phenyl substituent and

O 4 : o
MeD 5 " 3 HN

. . / N

N " | j<H (CHa)p H

Ph N" N\n-Bu ' NN

B CHg b

O O . .\"I& '
OMe OMe HN(CM,), CHg

CXXV » CXXVI : CXXVIT

a one H multiplet attributed to the C,-H at 5.45. The mcthéxy]
absorption -appeared as a three ' singlet at 3.69 whf]e the remaining
methylene ring hydrogens appeared as a broad eight H multiplet at
1.16 - 3.32. The ir spectrum (cm=1) exhibited.an abso}ption atity
1700 (c=0) wﬁ{ﬁe the mass spectrum ekhibited a molecular ion
Corresponding to CysHysN0,: Mass calculated, 219.1259; found, 7 -
2319.1263. These assignments are consistent with the structure
N-methoxycarbonyl-2-phenylpiperidine (CXXV).

On the other hand catalytic hydrogeq:fion of 1,5-dimethoxy-
;afbonyl-Z—ﬂ-buty1—],2—dihydr0pyridine (CXIXb)~usfng 10%. palladium-
“charcoal'gnd hydrogen gas for 3 hr did not afford thé(expécted
1,5—dimethoxycafbony1—Z—Q—buty]piperidine. Th;wnmr spéct;um of the
anurified reduction product indicated the presence 6f only CXXVI.
Purification by thin layer chromatography on silica gel gave CXXVI

in 50.3% isolated yield. The nmr spectrum (8§) of CXXVI exhibited a



one H singlet at 7.97 assigned to the Cy-H and a one H multiplet at
4.23 attributed to the C.-H. The three M singlets at 3.7 and 3.8
are due to the two methoxyl groups whereas the two ring methylene

groups and the n-butyl substituent appear as a broad thirteen H

multiplet at 0.67 - 1.6. The ir spectrum {cm~!) exhibited absorptions

at 1730 and 1708 (C=0) and at 1640 (C=C) while the mass spectrum gave
d mo]ecu]ar 1on corresponding to C,3H,NO,: Mass cqlcu]ated,
255.1465; found, 255.1471. These assignments are consistent with
the structﬁre-l,9>d1methoxycarbony1—Z—Q—butyl—],2,3,4—tetrahydro—
pyridine (CXXVI). |

Since the 3,4-o0lefinic bond of C{}Xb is disubstituted it is .
expected to be more easily hydrogenated céta]ytica]]y than the tri-
substituted 5,6—douh1e bond. Repeated 4~fforts to reduce the 5,6~
olefinic bond of LKXVI were unsuccessful. For example, treatment.
of CXXVI with 10% pa]]adium—charcoa] and hydrogen gas for 38'hr'or
with sodium bdrohydride in me€§ano] resulted in recovery of sférﬁing“
material. 1,5—D1methoxycarbon;7»2-g—buty1—1,2,3,4-tetrahyd;opyridfné'
(CXXVI) was then subjected to 1ithium metal and glpropylamine at
reflux temperature for 23 hr. The nmr spectrum ({g;of the resulting
product exhibited'broad absorption at 0.7 - 4.2. té§ﬁ51sappearance
of the Cg-H singlet at 7.97 suggested that the 5,6-olefinic Bond had
been redpced. In add%tion the two sing]egs due to the two methoxy]l
groups were also absewt. The ir spectrum (ém"l) exhibited absorptions
at 3300 (NH) and 1652 (C=0). This spectral evidence sdggested that
the product in question was CXXVII so this problem was‘not.examined

further. In retrospect it appéared that suitable derivatization of

the 1,5-substituents of CXIXb and CXXVI would.afford novel bicyclic

2

[
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products. Nucleophilic displacement of either methoxyl group of g
1,5—dimethoxycarbony]—2—3—buty]—1,2—d1hydropyrid1ne (CXIXb) by
reaction with a nitrogen angon Qas unsuccessful. Treatment of

CXIXb with CXXVIII, obtainad from the reaction of N-aminopiperidine

and n-butyllithium, gave mainly uwnreacted 1,5-dimethoxycarbonyl-2-

O ] )
MeO N . N
| H
N n-Bu . T ‘ H
: O ‘ CHoCHoN"Li *
F HN-Li* 2-Ta2™ !
OMe
CXIXb CCXXVIIT CXXIX

g—buty]—],2-dihydropyr1dine (é%l b). The reaction of N-methoxycarbonyl-
2-pheny1-1,2-dihydropyridine (XXXIXb) with phenethylamince or CXXIX,
prepared by reaction of phenethylamine with Q-butyl]ithium; afforded

unreacted starting materials.

3.4.0.0.0 Preparation of N-acetyl-2-phenyl-1,2-dihydropyridine

carbanion and subsequent reaction with iodomethane

P4
It was expected that the active methyl group of N-acetyl-2-
pheny1-1,2-dihydropyridine (XXXIXa) on treatment with strong bggé
would.afford carbanion CXXX. Reaction of CXXX with suitable electro-
philes wouid then affofd_ﬂ-substituted—T,Z-dihydropyridines CXXXI.
The!reaction of.ﬂ—acetyl-Z—phlef=1,2-dihydropyrid1ne (XXXIXa)
“with 1ithium di1'sopropy‘]a_rm'dez"1 afforded CXXX'which on treatment
; with jodomethane and purification by thin layer chromatography 5%
 S$tlica gel gave CXXXI (R = Me) and XXXIXa in 54.3% and
» )
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6.2% isolated yield respectively}, No attempt was made to improve
the yield of CXXXI (R = Me). '

The nmr spectrum’(é) of CXXXI (R = Me) exhibited a five H
multiplet at 7.28 due to the phenyl substituent. The one H doub]et‘
(Js,6 = 7.5) at 6.49 was assigned to the Cg-H while the one H doublet
(Jz,g = 5.5) at 6.18 was attributed| to the C,-H. The one H multiplet
at 5.95, 5.75 and 5.3 are attribute fo the C,-H, C3-H and Cg-H
respectively. The methylene group‘a peared as a two H quartet (J = 7)
at 2.36 while the methyl signal was pfesent as a three H triplet

(J = 7) at 1.1. The ir spectrum (cm~1) exhibited absorptions at

1678 (C=0) and at 1@50 and 1583 (C=C) Hrile the mass spectrum

exhibited a mo]ecu1;¥ jon correspondi'bﬁ&o CyyH;sNO: Mass calculated,
213.1154; found, 213.1152. These as§%5%ments are consistent with the
structure N-propioqy]-Z pbeny]-l;Z-dihydropyridine (CXX&I; R = Mé).
This protedure provides }convenient synthesis of N-acyl-1,2-dthydro-
pyridines CXXXI which might therﬁise be inaccessible. Preliminary

results indicate that the carbanion CXXX is -not sufficiently nucleo-

philic to attack the ester group of 3-methoxycarbonylpyridine.



54

3.5.0.0.0 Reaction of N-]ithio—Z—éubstituted—],2—dihydr0pyridines

with isocyanates

ﬂ-Lithio—Z-g—buty]—],Z—Hihydrppyridfne (LXXXIb) reacts with ethyl
isocyanate to afford_ﬂ—ethy]aminocarbény1—21ﬂ—buty1—1,2-dihydropyrid1ne
(LXXXIV, R = n-Bu, RY = EtNH) and 21g-buty1—5—ethy1aminocarbgﬁylpyridine
(LXXXV, R = n-Bu, R = EtNH) in 33.5% and 48.4% yield respectively270,
A simi]ar_reaction with N-1ithio-2-phenyl-1,2-dihydropyridine (LXXXI,

R = Ph) afforded the N-substituted product LXXXIV (R = Ph, R! = EtNH)
in 61% yield270 as the go]e product.

Tfeatﬁent of LXXXI (R = Ph) with ethoxycarbonyl isocyanate gave
the N-substituted-1,2-dihydropyridine LXXXIVf and the 1,5-disubstituted
1,2-dihydropyridine CXIXf in low yield. These yie]ds are greatly
improved if 2-phenyl-1,2-dihydropyridine (CXXXIIa) is used rather than

LXXXI (R = Ph). In this way LXXXIVf and CXIXb were obtained in 21:8%

and 40% yield respectively?70. The latter product is particularly

LXXXIVE ‘ CXIXf
.:" . . A .
interesting since the N- and Cg-substituents incorporate chemically

reactive ethyl carbamate groups suitable for derivatigation. It waé

therefore considered desirable to extend the scope of these reactions

'S
-

s
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to include other ﬁsocyanates which would afford similar 1,2-dihydro-
pyridines potentially capable of undergoing further derivitization.

Reaction of N-lithip—Z-substitqted—],2-d1hydropyridines LXXXIa
and b with trichloroacetyl isocyanate??" afforded an intractable tar.

The reaction 6f'y-ch]oro-g;propy] isocyanate?95, prepared from
tetréhydro-],3-oxazin—2—0ne296, with N-]ithio;2;3~buty1-1,2—dihydro—
pyridine (LXXXIb) also gave intractable material.

It was apparent that organolithium-pyridine adducts LXXXI were
Mt suitable for the syntﬁesis of the desired N- and C-substituted
1,2-dihydropyridines <tructurally related to LXXXIV and CXIX. The
reaction of 2-alkyl(aryl)-1,2-dihydropyridines CXX*IIa and b with
trichloroacetyl isocyénate‘and y-chloro-n-propyl isocyanate was

subsequently investigated.

2

I H o° I H
N : N R
| R | a, R = Ph
Li H b, R = n-Bu
LXXXI o CXXXII

Careful hydrolysis of an ethereal solution of LXXXI'af?ords a
light yellow solution of CXXXII. The Tithium hydfoxide which is
formed adheres to thé sides of the reaction vessel as a white solid
and the solutionjOf CXXXII may then be removed using a syringe. The
reaction of tritﬁio;oacety] isocyanate with,2—pheny1f1,2-dihydro-
pyridine (CXXXIIa) gave intrabtab]e tar as did the reaction of

y-chloro-n-propyl isocyanate with 2-n-butyl-1,2-dihydropyridine
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(CXXXIIb). It is now apparent?®’ that approximately 10% of the lithium
hydroxide remains in solution which is then transferred along with the-
2—a1ky1(aryl)-],2-d1hydropyridine CXXXII. Acyl isocyanates are known
to_pq]ymerizé rapid]y in the'presence of basic catab/stsé98 and it is
suspected that the ]ithiym‘hydfoxide is perhaps acting in this capacity.
Furthermore, the ability of acyl isocyanates to undergé‘l,Z- and 1,4-

cycloadditions229 may make reaction across the olefinic bonds of

LXXXI and CXXXII more attractive than N- or C-substitution.

3.6.0.0.0 Thé}ﬂie]s—A]der reaction of N-substituted-1,2-dihydro-
3

pyridines with dienophiles

The five-membered heterocyclic ring and -CONH- unit are common
structural features of the hydantbins XVIII, oxazolidinediones XX,
| succinimides XXI and the poient anticonvulsant XXXVII. The diene
component of 1,2-dihydropyridines is known to react with fiv:
hembered heterocyclic dienophiles such as maleic anhydride{!8, 144,160
and N-phenylmaleimidel38,143 to afford Diels-Alder cycloaddition
(v2 + w4) products. The adducts formed from the cycloaddition
reaction of these dienophilés»with N-acyl and N-su]fony]—],zfdihydro-
pyridines would possess a five-membered heterocyclic hing and a
fetrahydrobyridine ring incorporating an N-acyl or N-sulfonyl sub- W
stitueﬁt. The #2 + n4 cycloaddition reaction presents a unique
opportunity to examine the stereochemistry as well as the anticon-

vulsant activity of the bridged cycloadducts formed from the reaction

of 1,2-dihydropyridines with certain dienoﬁhi]es.
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3.6.1.0,0 Diels-Alder reaction of N-substituted-1,2-dihydropyridines

with 1,2,4-triazoline-3,5-djones

The reaction of N-acyl- and N-sulfony1-1,2-dihydropyridines with
4-pheny1-1,2,4-triazoline-3,5-dione (CXXXVIIla) were investigated
initially in view of' the report that CXXXVIIIa is one of the most
reactive d1enoph11es known?248,

Add1t1on of substituted 1,2—d1hydropyridinés to a bright red
solution of 1,2,4—triazoline—3,5-dione CXXXVIII results in immediate
discharge of the red color. ‘Evapofation of the solvent in vacuo
affords the cycloaddition product genera]]y in quantitative yield.
While endo-and/or exo-addition of the dienophile is poSsib]e these

reacfions were found to proceed stereospecivically to afford the

.

endo-cycloaddition product (see Scheme IV and Table III).

ITlustrations CXXXIII and CXXXIV depict the two possible
preorientations of the addends from which the endo-CXXXV or exo-
CXXXVI cycloadducts respectively are formed., Observing the concept
of "maximum overlap" of unsaturation fn the transition state250 the

preorientation CXXXIII would be favored over CXXXIV. Furthermore,

)‘—7N
4{______ 2

CXXXIII CXXXV



CXXXIV CXXXVI

preorientation CXXXIV would involve considerable unfavorable steric
interaction between the uraio]e ring and the R1,R2-substituents of
;he 1,2-dihydropyridine system. These bulky substituents would be
evén more compressed in the adduct CXXXVI than in the addends CXXXIV.

LS

to the less Windered face of the 1,2-dihydropyridine to afforavent

The dienophile CXXXVIII is therefore expeé'od 0 add stereosp

endo-adduct CXXXV in which the urazo1e ring and the substituents at
the 5- and 6-positions are antill!8. The reaction of N-ethoxycarbonyl-
2-phenyT-1,2-dihydropyridine (XXXIXc) with 4—pheny1-1,é,4—triazo]ine-
3,5-dione (CXXXVIIIa) afford; 5—ggg97ethoxycarbony1-ﬁ-gégfpheqy1ﬁ
2,3,5-triazagﬁcyc1o[262.2]oct-7-ene-2,3-gg§g;dicarboiy]ic acid
N-phenylimide (CXXXIXd).V The stereochgmistry of the substituents

at the 5- and 6-positions was assigned‘on the basis of-the nmr spectral

evidence. .
The = electrons of an olefinic bond, when placed in a magnetic
field (such as that used in nmr spectroscopy), will circulate thereby

generating their own magnetic field. This induced magnetic field
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Scheme IV

Diels-Alder Reaction of N-Substituted-1,2-dihydro-

pyridines with:1,2,4-Triazoline-3,5-diones

SNGZEN Tq-—-§>C)
| H + “ N —R*
N 2 N——/
R AN
| o
R’ —
CXXXVIIIa  Ph
XXXIXa, ¢, d - b Et
LXXXIVb c
CXIXb
LV |
CXXXVII

CXLI | CXLII
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CXLIII Ho

opposes the applied maynetic field (Ho) in the area above and be]bw
the plane of the double bond and reinforces Ho at the periphery as
shown in CXLIII. This effect depends upon diamagnetic anisotropy?>2
and may be best described in terms of shielding (+) and deshielding
(-) zones as shown in CXLTY. - Molecules which contain protons
sterically oriented so that they lie iﬁ the conical zones ébove or
betow the plane (+) of an olefinic bond are shielded rela‘ive to
protons 1qca}ed in thellatera] zones (Q). This ect has.beéh
oﬂéévved in the Die]s-AJder’adducts of substituted cyclaoentadienés
with maleic anhydride253. The C-7 methy) G6f these adducts was

found tb be shielded by approximately 0.2 6,reTét1Vé to the chemical
shift of the correspoHding methyl substituent in borneol and iso-
borneol (CXLV). This observation indicates that re]ati&ertoAthe

double bond the C-7 methyl has the syn-configuration CxLvia rather

-
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CXLV
CXLVI

4/44
b

than the anti-configuration CXLVIb. A similar diamagnetic'anisotropié

effect for the azo linkage has been observed25!. The Diels-Alder

© reaction ofsubstituted 4,4-dimethylisopyrazoles with'4-phény1-1,2,4-

triazoline-3,5-dione (CXXXVIIIa) affords-the adduct CXLVII in which

- Me®3 .
CXLVIT -, A CXLVIII
R, RL = Me, Pho \ e
\‘\3: A’\" - \ ‘\ .

- the syn-methyl absorpt1og31s sh1e1ded approx1mate1y 0 8 s compared

to the anti-methyl absorpt1on. The syn-hydrogen. .n CXLVIII is not

signifitantly Shielded‘ihdicafing that it lies too far from the azo i
B . | ‘ .. ‘ . :

linkage to be affected by a diamagetic anisotrqpic effect.

!



63

LY T

The diamagnetic an“%tropia éffects of unsaturated syséeﬁs.may
be e]ﬁm1nated by such chemical means as reduction. 0§Consequeht]y the
nmr signals for substituents which lie in the sh}e%a1ng zone of double
bonds should experience a paramagnetic (downfield) shift upon reduction

of the olefinic bond. This deshielding effect -has been observed in the

reduction of CXLIX to CL2°*. When R = R! = CN the chemical shifts (&)

e
Y

Hg/cdtalzet

| .
. catalyst = Pt0s g,

v - W N i\

CXLIX - ~ or Pd-C % oER
R N ’ R %J o
o, "R=R! ‘ “x
- ) ‘ 'a ’CN - _\\) lt“..':.v.
b COME R

~ . a

. ) ) . . R A
ﬁof the exo-hydrogen and endo-hydrogen'are 3.75 and 3.37 respectively

. in £XLIXa and 3,75 and 3.54 respective]y in Cla. Thig“Fépresents a

A

&?ﬁ;’and endo- hydrogen are 3.76 and 3.39 respect1ve]y in CXLIXb and 3.62
and 3.46 respect1ve]y in CLb This represents a downfield sh1ft of
,0.07 5§ for the endbo-hydrogen while tﬁe gégfhydrogen is shielded by

0.14 5. "Since the C-5 methoxycarbgnyl substituent in CXLIXb is in

F] w
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the endo-configuration it is expected that reduction of CXLIXb to
p CLb should .eause a downfield shift for the methyl absorption. The
observed ehémical shifts (§) in CXLIXb are 3.6 (endo-methy] R) and
3.65 (exo-&efhy] R1) while in CLb they both appear at 3.62. This
represents a downf1e1d shift of O 02 & for the endo-methyl R while
the exo—methyl R! is shielded by 0.03 &. Although the endo-methoxy-
carbonyl group R js affected by the d1amagnetﬁc'ahisotropy of the
Cy-Cq double bond the effect is rot as dramatic as that seen with the
endo-hydrogen. The implication 15 that the methoxycarbony] %goup R

is suff1c1ent1y removed from the doub]e bond to escape its fu]]

shielding effects. v .
The 100 MHz pmr spectrum (;) of the cyc]oadduct CXXXIXd from the

f e i

reaction of N- ethsxycarbonyl ‘2- pheay] -1,2- d]hydropvr1d1ne'(XXXIXc)
and 4- pheny] 1,2,4- tr1azo11ne~€££361@dﬁf(CXXﬁVIIIa ) exhibits a 10 H

» mu1t1p1et for the Cs- and urazo]e pheny] agoups at 7 - 7. 6 " A two H

3 c

multiplet, at 6.74 ?s assigned to the Cq H and CS-H while' a one H
~; ,J""' ) 1 0 :
~ doub]et (J7 g = 9. 5) of doub]ets (Jl 7 f 5) at'6 12 is attrﬁbuted to”
Xy
~the’ - -HY The Cg-H s1qna1 appears as a one H doub]gt Jy éf 2.5) . o

‘at 5.21 and the 6 “H- is a one H doublet (Jl ; = 5) of doub1ets

Ce v

(Jl 6 = 2. 5 at 5C¥1 The absqut1oﬁ§~¥o?\{be methylene and methy?
«\,, A
co hydrogens appear at 4.08 and 1.1 respect1ve1y These ass1gnmepts e A
- o .ﬁ i v _) ) - ‘ B
were confnrmed by double resonanceff b €S . Irradiation () at 6.74

(Cy-H af@ —H) has "o effect on-the ng
signals. Irrad1at1on at 6 12 (C5-H) s1mp11f1es the C,-H s1gna1 to R

L (5.21) and C,-H (5.11
P ( ) an 1 ( )
a doublet (Jy ¢ = 2;5) while the Cg-H remains as a doubiet (Jy, g

2.5). Irradiation of the Ce-H and C,-H simplifies the C;-H signal. ,

¢ . v
. ~
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The ir spectrum (cm™!) exhibited bands at 1790 and 1718 (C=0) while

¢ the mass spectrum eihibited a molecular jon corresponding to
CooHooNyOy:  Mass ca]co1ated, 404.1478; found, 404.1485, These
assignments are consistent with the structure S;gggg;ethokycarbony1—
6—exo—phehy1—2 3 5—tr1azab1cycfb[2.2.2]oct~7—ene-2,3-ggg9;dicarboxy11c

e

acid N- pheny11m1de (CXXXIXd).

The diamagnetic anisotropy of the C f‘&% 8 unsaturation is "Qﬁ' R
expected to shield those substituents at the 5— and 6- pos1t1ons wh;ch
havq the endosstereochemistry. Reduct1on of the double bond wou]d
e11m1nate the “nisotropy thereby desh1e]d1ng the 5- and 6- subst1tuents
tata]yt1c hydrogenat1on of CjXXIXd with 10% pal]ad1um charcoa] and.
hydrogen gives ‘a product whose nmr spectrum‘(d shows a. ten ﬂ multi-
p]et for the C-6 and urazo]e pheny1 groups at 7 - 7 6. One H mu]fuu‘

lglets at 6.8, 5,27 and 4.55 are ass1gned to the C,- H Ce- H*anq*fl -H,

respect1ve1y The methy1ene hydrogens appear as a two H quartet

Led

(9= éﬁ 4.15 wh11e the methy] three H triplat (J = 7) is at 1.17.
i >
The c- 7 and C-8 hydrogens are seen as a four H mu1t1p1et at 1.43 --2. 52
! B . - \' < ) a . 7
:«:’ g

- . - ‘ .
4 . . ’ \\
- } . . ’;\- . -~ R .
' ' ' o : N Y
: : . . s A aﬁ«;’ -
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The mass spectrum exhibited a no]ecular ion correspondinq to

CooHooNy0,:  Mass calculated, 406.1641; found, 406 1629. These

ass1gnmenﬁ§tﬂme consistent with the structure 5- endo-ethoxycarbonyl-

6—§§9;pheny]-2,3,5—triazabicyc1o[2.2.2]octane—2,3—dicarboxy1ic acid

N-phenylimide (CXLId). : - s
Examination of the nmr data in Table IV indicates that the

chémica] shift (§) of the'Cg—H'is déshie]ded by 0.06 in the reduced ”

compound rYLId. The methylene and methyl protons are simi]arly

deshielded by 0.07. This indicates that the N-ethoxycarbony) group

.and the C;-H are both in the endo- conf1gurat1on It therefore

fo]]ows that the C-6 phenyl must be in the exo-configuration and

that.the structure assigned tp CXXXIXd must be 5—gnd9;ethoxycarbony]-

6—g59;pheny1—2,3,5-triazab1cyc]df2.2.2]0ct—7—ene—2,3—dicarb0xy1ic

acid N-phenylimide (CXXXIXd). ‘ :

Reaction of N-acetyl-2-phenyl-1,2-dihydropyridine (XXXIXa) with )

:*fjﬂfg'_4-pheny]-],2,4—triazo]ine—3,5-g?5ne (CXXXV?IIa) gives a mixture\bf stereo-

TR isomers CXXXIXa (68%) and CXLa (32%). The 100 MHz nmr spectrum (6) 'y
, B ond g L . il

of the m1xture exh1b1t9d an ele ven ﬂ mu1t1p]et for the C-6 and yra ;

| phenyl groups “and the Cy-H from 7.05 - 7. 58 The Cg-H appears as a
~one H doublet (J; g = 8) of doublets (J,,5 = 5.5) of doublets (J;,q =
1.75) at 6.82 while the one H multiplet from 6. Oé - 6.5 was ass1qned
to the C7-H.//}hg/;ne H mu]t1p1et at 5.08 conresponds to the Cy-H
Lvnghe spectrum also exh1b1ts tvor absorptions at 5.42 and -5.16 for the
Cg-H; and at 2. 34 and 1 79 for the acety] methy1 group wh1ch 1ntegrated

for one and three hydrogené respect1ve1y These ass1gnments were

.'conf1rmed by doub]g rgsonanog studies. Irradiation (s5) at 6.82

! -
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. .
Re]ative(Chemica] Shifts (6) of Unsaturated and Reduced Products

. { ,

\‘:\}Compound HG H6 ! ‘OCHz" “‘CH3

| k‘t ' S , 98

“iCXXXI Xd 5.2 - . 4,08 1.1

CxLid 5.27 Y 45 . 137 4.
B CXXXTXa 816, - .- 1,79
CXla . 5,82 - - 2

CCXLIa T b4 - - 2:36 .\\f e

- - 2.36

. CXLITa™ %&b, 5

11;
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(Cq-H) has no effect on the signals attributed/fo the Cq-H and Cy-H.

Irradiation at 5.]6'(C6-H, Ci-H) results in cT]]apse of the Cgz-H .
signal to a doublet (J7’8 = 8) of doublets (JlK g = 5.5) while the
C,-H signal now appears as a doublet (J7,8 = 8). The ir spectrum

(cm™1!) shows absorptions .t 1784, 1715, and 1709 (C=0) and at 1665

(C=C) while the mass r . .rum » 2ibits a molecular jon corresponding

“to CZIHIBNL,O3 Mass <-1¢ ~ .od, 374.1379; found) 374.1377. The.

lzd1amaqnet1c an1sotropy of the C-7, C-8 olef1n1c bond is expected to

sh.eld the endu Ce-H and endo N acety] methy] of OXXXIXa but to have
no effect on the exo C6 H and exo=N= aeety1 methy] of CXLa. Catalytic
hydrogenation of the CXXXIXa and CXLa m1xture (Scneme V) with 10% palladium-

charcoa1 and hydrogen gas qave atm1xture of,the” steregjsomers 5-endo-

3acety1 6 -eXx0- pheny] 2,3,5- tr1azab1cvc1d[2’2 2]octane 2 3- endo—.Ax

;
r o y p -

d1carboxy11c ac1d N pheny11m1de (CXLIa) and 5 exo acety] 6»endo-

“gyeny1 2, 3 5- tr1azab1cyclo[2 2 2]octane 2, 3~°ndo d1carboxy]1c acid

pheny]1h1de CXLYIB)h‘aThe 100 MHA nmr spectrum_( §), exhibits a

(VRS

ten H mu]t1p1et due\to the F 6 and urazo]e pheny] groups at 7. 09 -

~7.77. The" one H mu1t1p1ets at 6. 18 5.4 and 4 62 are attributed to’

the Cy4-H, Cg-H and Cl—H respect1ve1y The acety] methy] signal

appears at 2.36 whl]e the C-7 and C-8 hydrogens are d1sp1aypd .as

“a“four H mu]tlplet from 1.56 - 2.64. Thgse ass1gnments Wers con-

firmed by doubfe resonance studies. Irrad1at1on (8) at 6.18 (C,- H)

~ has no effect on the C;-H signdd while 1ryad1at1on at 5.4 (C6 H)i;

;

T

¢

simplifies the C,~H signal. Irradiation/atbb.GZ (Cy-H) simplifies

the signal ass1gne€:to the C5-H (2.64 - 1.56). The mass spectrum

’d1sp1ayed a mo]egular ion correspond1ng to CZIHZONQO3 Mass calcu-

lated, 376 1535; found 376.1529.
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Scheme V
Catalytic Hydrogenation of Cycloadducts from the Reaction of

o
N-Acetyl-1,2-dihydropyridines with 1,2,4-Triazoline-3,5-diones

A .
A T R N ,,\
y

‘-
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CXXXIXa

CXL1Ia
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Examination of the nmr data (8) in Table IV indicates: that after
catalytic hydrogenatidn‘the endo-Cg-H of CXXXIXa at 5.16 is deshielded
by 0.24 and the C-5 methyl absorption aﬁ 1.79 is deshielded by 0.57.
The chemical shifts of the exo-Cg-H and C-5 methyl in CXLa remain
essentially unchanged.

On the basis of .these resujts the reaction product prior to

. hydrogenation must be composed of a mixture of 5- endo- acety] 6-exo-

P
pheny1-2,3,5-triazabicyclo[2.2. 21§§t Z-ene-2,3-endo- d1carboxy11c acid

-phenylimide (CXXXIXa, 68%) and 5 exo- acetyl-6-endo- pheny] -2,3,5-

. o
~ the obtention of a'similar mixture of stereoisomeyxs from the cyclo-

addition of imines with T,S—cyc]ohexadienes.

* Azerbaev and coworkeks recently reported255 the sgparatioh by
fragtiona1 recrystallization of two stereoisomers of 2,4-diphenyl-3-
azabicyclo[3.3.1]nonan-9-one (CLI) which aere stereoisomeric with
respecf to‘the nitrogen free electron pgir: TEﬁ distinction between‘
the two stereoisomers was based on théApresence.of Bohlmann bands fin

‘the infrared spectra of CLIa which were absent in CLIb. A necessary

‘ . CLE
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requirement for obtention of these bands is the presence of an axially

oriented free electron pair bearing a trans relationship with adjacent

axial C-H bonds. While: this requirementf*% fulfilled in CLIa the

A

“imuatorialﬁy orientcd electron pair in th@ precludes the observance

oy x
of Bohlmann bonds.

Adducts CXXXIX and CXL are also stereoisomeric with respect to

the nitrogen free electron pair in which the pair is eduatoria] (exo)

in CXXXIX and axial (endo) dn-CXL. In addition the two 1somérs differ

3

in their stereochemistry at the C-6 position{ The successful separa-

.tion of CLIa from CLIb encouraged a similar separation of CXXXIXa from

1

CXLa. Repeated efforts to resolve the two isomers by fractional
recrystallization and thin layer chromatography were rnot succéssfu].
The isomer ratios were therefore determined from the relative nmr
jntegrated areas for the hydrogens of the endo-and exo-N-acetyl
substituent. Furthermore, the obtention of a single isomer cou{d
not be effected by vary1n43%@k react1 - mperature or the nature of
the substituent R* of theﬂgggafg§1ng diogé&tXXXVIIT. Examinatipn “of
the data in Table V indicatés that the product raiio CXXXIX:CXE s

relatively constant and is independent of the reactiqn temperature

and ‘the CXXXVIII R“ substituent. Interconversion of the isomers

CXXXIX and CXL is un]ike]y Inversion about nitrogen at the 5-position

is gcoh1b1ted by s1gn1f1cant ring stra1p}wh41e agchange in the con-.

f1gurat1on of the 6-6. tetrahedral carbon would necessitate cleavage

‘e

of a sigma bond followed by rotation and recombination.
¢+ ' :
Furthermore, conductiﬁy the Diels-Alder reaction at different

¢emperatunes m1ght be expected to vary the 1somer ratio if CXXXIX- CXL
~ \»J .
e

“a

e

A3
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J
b bk .
AN ' .
e TABLE V
Isomeric Product Ratios for Reaction of
'N-Acetyl-2-pheny1-1,2-dihydropyridine
| ‘ § CHy §CH, Ratio*
O Product Mixture Reaction Temp °C CXXXIX CXL CXXXIX : CXL
CXXXIXa and CXLa -77 179 2.3 2.1:1
CXXXIXa and CXLa 25 1.79 2.34 2:%
CXXXIXa and CXLa** -65 .79 2.34 1.9:1
0’ S99 2034 1.9 ¢
+31 1.79.% 2.34 2.2:1
CXXXIXb and CXLb 25 1.78;52 2.3 2.2:1
CXXXIXc and CXLc 1723, 2.3 XN
-~ R < 8 : .
v ¢ - L A;h ‘ Ve e J-i;" .
: f.-334%%ﬂ7hv7m5.
‘ L T N
* Determined from the integration curve for the acetyl methyl
; hydrogens.
*§‘React1qn was effected at -65° in an nmr tube and the spectrum - —
was obtained at ~6$ » 0 .and.31 respect1Ye1y. L géggg O
’ * . . ';f) ) ) ".‘5
8 R
S 2 . |
- x:“ L ] .
. R

[
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interconversion were possible. ‘The fact that te ield of CXXXIX .
always excecds that of CXL when Rl is acetyl suggests there is 1e§s
steric hindrance to the approach of CXXXVIII when the R? substitdent
is exo and R1 is endo. \The reaction of E;substituted—],Z;dihydro-
pyridines possessing ethoxycarbonyl, methoxycarbonyl, methanesulfonyl,
and benzoyl® substituents at the R! position with CXXXVIII results in
the exclusive formation of CXXXIX. The greater steric bulk of these
substituents relative “to an acety]/group suggests that they may exert
a steric effect preventing the approach of CXXXVIII when R? is in the
endo-and R! in the exo-position. It is interesting to note that a
substituent (CO,Me) occupying a central pbsition (Cs) of the enamine
system does 'not affect the stereochemicei couree of the Diels-Alder
reaction. * Thus the reaction of 1,5- dimethoxycarbony« 2-n-butyl-1,2-
dihydropyridine (CXIXb) with 4—pheny1—] 2 4u1;iazo]ine-3,5-Qione
(CXXXVIIa) affords CXXXIXg in quantitativeﬂyieid It has been
' reponted259 that N -methyl1-2-pyridone substituted by a methyl group
at the terminal p051tion (C3) of the enamine afforﬁs only %ne exo-
adduct CLXI in the reactien with_ﬁ-phenyima]eimide. 4 . v
Reversible Diels-Alder reactions have been reported as i1lustrated
by the reaction of furan with maieimide250 .The kinetically favored ¢
endo-adduct CLII dissoc1ates at temperatures slightly above room
temperature.' Recombination of the addends at the higher temperature ;
permits the formation of the thermodynamicaiiy more stable gggfadduct.
CLITI. A similar gﬂgiCXXXV to exo-adduct CXXMV cOnversion without
’aaduct dissociation could be effeeted by Sz.inversion of the two |

bridgehead nitrogens{ 'Howeveh, this is unlikely in the cye]oadducts

- 4
a

{
/

,{‘



. &.\a\)

—\ r“‘?ﬁD
®) + N —H
=/ /
A
O
A
CLII R ‘

% prepared due to the extreme ragidity of the r1ng system The nmr
spectrum of CXXXIXd does not change at températures ok 23° 30° -50°

and 55° indicating that at those teémperatures endo-exo- adduct cagver-

W

Moes ‘not occur The nmr spectrum ‘of CXXXIXa and CXLa is

simfﬁ.‘ wJnvariant over the temperature range -65° tc 21° (Table V).
S “p
B - 6\’3 . ' ) - ’ ' .
"’ﬁ ed

3.6.2.0.0 D1els A]der react1on of N- subst1tuted 1,2- d1hydropyr1d1nes
o w1th 4,4- d1ethy1 -1, 2- pyrazo]1ne 3, 5 dione

The successful cycloaddition.reection of N-;ubstituted-],z-
dihydropyridines with 1,Z,A—triazo]ine-3,5—dione§ CXXXVIfi;prpmpéid
further‘fnyeStigation‘usiug other dienophi1es'with'sim11ar reacgﬁvity.
The reaction of NAmethoxxcarbonyl~2—pheny1-1,2-dihydropyridine
(XXXIXb) wifh 4,4-diethy1-1,2-pyrazqiine-3,5-dione (CLIV) affords the

cycloadduct CLV in quantitative yie1d. The diamagnetic anisotropic

effect of the C,-Cg double bonJ’ie evident in the nmr ;spectrum of CLV.

B
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H3CHaC Y——N

CLIV

CLV

Tne‘methy1ene and methyl signals of the ethyl group thch is Eiﬂ to
the C,-Cg double bond appear at 1.75 s [2H, q (J=7)] and 0.75 s [3H; .
t (J=7)] respect$¥§;y - The ethyl group which is anti to thevdoub1e
bond is not 1nfﬁuenced by the an1sotrop1c effect s1noi the methy]ene
and methy] s1dha1s appear at 1.8 and 0. 95 § respectively. Adduct CLV
wds‘ugstab1e towards co]omn'chromatography using neutraT alumina and
thin layer chromatographx:on silica gel. The adduct also decomposed

on standnng at room temperature a factor which discouraged a more.

thorouqh examination of the react1v1ty of CLIV towards other N-
‘ 0

«

subst1tuted1ﬂ,2—d1hydropyr1d1nes.

.3.6.3,0.0 Diels-Alder reaction of N-substituted-1,2-dihydropyridines

with maleimides

The reaction of 1 ethoxycarbony] -2~ pheny] -1,2- d1hydropyr1d1ne
~ (XXXIXc) with maleic anhydr1de ma1e1m1de (CLVIc ’or N- pheny]ma1e1m1de
(CLVIa) afforded unreacted start1ng mater1a1 and 1ntractab1e tar ?or
example reflux1ng for 48 hrs in to]uene only fac111tated the decompo-.

" sition of the,1,2rd1hydropyr1d1ne XXXIXc. Failure toAform the

s

[ . -
-
e

o t
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- cycloaddition product was puzzling since N-methoxycarbonyl-1,2-
dihydropyridine (yV)l““, N-phenyl-2-n-propyl1-3,5-diethyl-1,2-

dihydropyridine (LI)!18 and N-benzoy1-2-phenylethynyl-1,2-dihydro-

pyridine (LXXVII, R = Rl = ph)160 afford eie1s~A1der cycloadducts

E

Et Bt BN 4 N
I H l H } H
T n-Pr N. C=C-R' T H
N ' f:o P
- R
Ll LXXVIT -

with maleic anhydride. N-phenyl-1,2-dihydropyridine (LIX)!“3 did
not react with maleic anhydride Sut did give the expected cycloaddition
product with N-phenyimaleimide (CLVIa).

The reaction of N-acetyl-2-phenyl-1,2-dihydropyridine (XXXIXa)
with N-phenylmaleimide (CLVIa) afforded CLVIIa (75%) and CLVIIIa (25%)
in quantitative yield. Tﬁe 220 MHz nmr spectrum (§) of this mixture
exhibited a ten H multiplet at 7.02 - 7.5 attributed to the C-6 and
maleimide phenyl groups. The Cg-H appears as a one H doublet _ g
(J7,5 = 8) of ‘doublets (Jy,g = 6) of doublets (J1,s = 1.25) at 6.61
while the two H multiplet frqm 5.93 - 6.14 was assigped to the C,-H
and C,-H. Theiépectruﬁ also exhibits two absorptions at 5.09 and 4.8
for the Cg-H; and at 2.3 and 1.77 for the ac‘!y] methyl group which
integrated for one and three H resjectively. The one H multiplet at
3.64 was assigned to the C;-H while the C3-H appeared at 3.52 as a
one H doublet (J, 3 = 8) of doublets (Ja’q = 4). The one H doublet

(2 = 8) of doublets (J;,5 = 3) at 3.34 was attributed to the C,-H.
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Scheme VI T .
Diels-Alder Reaction of N-substituted-1,2-
dihydropyridines with Maleimides
»
!
3 /O %
R AN X .
| H + , N-R
T R’ S
R' ,
CCLVL R s
XXXIXa,b a, Ph
| b Me

CLVII ’ CLVIII
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TABLE VI

Reaction of N-Substituted-],2—dihydropyrid1nes with Maleimides

[~ )

CO,Me

XXXIXa,b

Rl R2
COMe Ph
‘COMe Ph
CO,Me  Ph

Ph

R3

CLVI
Rl"

Ph
Ph

Me

Yield of Products

Catalyst CLVII CLVIILI

* None 75 VQE 25
A1C15 (5 equiv) 34 15
A1C1; (5 equiv) 56 C-
A1C15 (5 equiv) 52 -
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T eassignments were confirmed by double resonance studics. ’
Irvadietion (&) at 6.61 (Cu-H) has no effect on the Ci-H, C,-H, and
(-t s anals while the signal due to the C-H is sirolified to a
dechlet (Jl’y = 5.5) of doublets (JI,C 3). Irradiation of the
multiples at 5.93 - 6.14 (Cy-l, C5-H) has no effect on the Ce-H and
Co-tviunals while the Cy-H signal is simplified and the C3-H Signal

appears as a doublet (J. 4 = 8). Irradiation at 4.8 (QQQQ—C@LH) has
no effc * on the absorptions due tofthe Ca-Hy Ciy-H, Co=H, C.-1, C.-H
while the C,-H éiqnal is simplified. Irradiation at 3.64 (Cy-H)
collapses the (. -H signal to a doublet (J a = 8).0f doublets

(Ju,H = 6). The muitiplet assigned to the C,-H is simplified while
the Cc-H sianal collapses o a sharp singlet. Irradiation at 3.52
(C3-H) has no effect on the signals assigned to the Cg-H and Cy-H
while the multiplet assigned to Cy-H and C5-H is éimp]ified.
Irradiation at 3.34 (C.-li) has no effect on the signals assianed

to the Cg-H, C,-H, C5-H and Cc-H. The ir spectrum (cm™!) shows
absorptions at 1775 and’ 1710 (C=0) and at 1650 (C=C) while the mass
spectrum exhibited a molecular ion corresponding to Co3H,gN,05:

Mass calculated, 372.1474; fcund, 372.1465. The C,-Cg unsaturation
is expected to shield the endo-C¢-H and ggggfacefy1 methyl while the
exc- Cg-H aqd acetyl methyl are unaffected. The nmr spectruﬁ (¢) does

indeed show two absorptions at 5.09 and 4.8 for the exo-and endo-

Ce-H respectively and at 2.3 and 1.77 for the exo-and endo-acety]
methyl respectively. The stereochemistry of the maleimide ring in
the adduct CLVII was also determined from the nmr data. It has been

renorted256-260 that the stereochemistry of adducts of type CLIX-CLXVIII



CLIX

CLXII

CLXIII
CLXIV
CLXV
CLXVI
CLXVII
CLXVIII
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TABLE VII

Coupling Constants for the Diels-Alder Cycloadducts

of 2-Pyridones with Maleic Anhydride and Maleimides

)

Jl,g J3,y Conformation of adduct
CLIx?%6 35 4 " endo
cLxite - - 4 endo
FLX1259 - 2.5 ' f exo
'CLXIIa257 4.4 4.6 endo
CCLXIITa258 355 4 | endo
CLXIT1b258 2.7 2.5 exo
CLXIVa253 4.5 4 g endo
CLwva2ss 4.5 4 endo
CLXVIa259 4 4 - endo
CLXVIIa259 3.7 4 endo

CLXVIIIa259 4 4 ‘ “endo
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may be determined from tho magnitude ct the coupling constants for

the protons at the bridgehead positions (C,~H, C,-H) and the adjacent

protons (Co-H, C3=H). Examination of the data in Table VII indifates

that J1,2 and J3 , for exo adduct CLXIIIb are 2.7 and 2.5 Hz respect1ve1y:

j.S1m11ar]y exo-adduct CLXI-has a Ja,u = 2.5 Hz. On the other hand endo-

adduct CLXIIIa has Ji,» and J3 4 of 3.5 and 4 Hz respectively. The

remaining endo-adducts in Table VII have Ji,2 and J3, 4 in the range

of 3.5'- 4.6 Hz. Tho nmr-spéctrum of ‘a mixture of CLVIIa and CLVIIIa

exhibited coupling constants Ji,2 = 3 Hz and J3,,, = 4 Hz which is

consisient with the endo-conformation for the maleimide ring (Scheme VI).
The anisotropic effect of the C,-C4 unsaturation is exoected to

shield the C,-H and C3-H of CLXITIb but to exert no effect on the

C»-H and C3-H of CLXIIIa. Examination of the data in Table t .]

indicates that the Co-H and C3-H"of the exo-adduct CLXLIIb are

‘shielded by 0.37 s and 0105"6 respective]y relative to the same

protons of the endo-adduct CLXIIIa. The -C,-H and C3-H of tne exo-

adduct CLXI are similarly sh1e1ded by 0.44 ¢ and 0.1 respegtﬁve]y

re]at1ve to the endo-adduct CLXVIIa. It should also be noted that

.the C,-H and C,-H of the endo-adducts CLXIIIa and CLXVIIa are shielded

relative to the same protons in the exo-adducts CLXIIIb and CLXI.

[

The chemical shifts (§) fqr the C,-H and C3-H of CLX are repartedi18
x? The reaction of N-phenylnaleimide

to be 3.1 and 3.5 respectively.
(CLVIa) with N-tripheny]methy1:}ff-dihydropyridine affords the endo-
adduct whose nmr spoctrum exhibits a multiplet at 3.1 ¢ assigned to
“the C,-H and C3-H. The low field poSition of this signal has been
taken to suggest that these hydrogens are anti to the doub]e bond and

the adduct therefore has the endo stereochem1stry138



83

"TABLE VITI

———————————

Chemical Shifts (&) for the Diels-Alder Cycloadducts

of 2-Pyridones-with Maleimides

]

Hy H, | Hs Hy Conformation of adduct'
CLXIIIa258 4 3.52 3.7 5 endo qg
'CLXITIb258 4,15  3.15  3.65.  5.15 exo
CLXVIIa25® 3.8  3.27  3.49  4.28 ) endo
s .
CLX1259 - 2.83  3.39  4.56 exo

J



b4

The chemical shifts (s) of the C.-H and C;-H of ClLVIIa are 3.34
and 3.52 respectively. Although the exo-adduct was not available
for comparison  «se chemical shift values are comparable to those
observed for the endo-ad :cts in Table VIII and therefore substantiate
the conclusions obtained from a study cf t'e coupling constants Ji, o
and J3 . (Table VII). The product from the reaction of N-pheny1-
maleimide (CLVIa) and j&acety]—ilwhony]—],2—dihydropyrid1ne-(XXXIXa)
is therefore a mixture of stereolsomer: 5-endo-acetyl-6-exo-phenyl-
5—azabicyc{o[2.2.2]oct—7-ene-2,3-pnggfdicarboxy]ic acid N-phenylimide
(CLVvIIa, 75%) and 5-exo-acetyl-6-endo-pl, »y]—S—azabicyc]o[;)Z.2]oct—
7-ene-2,3-endo dicarboxylic acid‘ﬂ;phony11mide (CLVIII, °'5%). L[fforts
to scparate this mixture by fractiopal crystalliza ion or thin layer
chromatoaraphy were unéuccessfu].

The rate of the Diels-Alder rcaction is known to be accelerated
by such Lewis acids as A1Clg, BF3, SnCl, and TiCl,. This catalytic
action is probably due to complex formation‘betwgen the Lewis acid
and the polar groups of the activafing subgyituents in<the dienophile250,
It has also been suggested that the catalyst interacts with‘the diene
as well as the dienophile?®7. Although catalysis is not expected to
change the mechanism of the reaction25% it is known that both regio-
selectivity?®“ and endo-stereoselectivity?61,265 are increased. It
was therefore of interest to determine whether addition of a Lewis
acid would a]teé the prbportion of CLVII and CLVIII.formed from the
reaction’éf‘ﬂ—acetxl—1,Z-dihydropyridines with maleimides CLVI.
Examination of the data presented in Table VI indicetes that the

addition of aluminum chloride did not effect the obtention of a

3



single dsomer CLVIT or CLVIII. A‘markud reduction in the recovery
of CLVITa and (L.11Ta was observed which was due to problems
encountered during purification of tth‘.d(LiOH mixture,

Since ﬂ-a]koxycarbony]—2—phuny1—1,Z;dihydropyridinvﬂ had been
unrvact1vo towards maleic anhydride, .uleinide (CLVIC) and N-phenyl-

\\

ma]elm1d0 (CLVIa).lt was hoped that the addition of a catalyst would

B _\:-\A." LA

make the 1-4- (yc]oadd1t10n a\m \\ avourab]c reaction. The reaction
of N- mothoxyLaLbony1 ?ﬂphgny] I f—d1hydropyr1dlno (XXXIXb) with
maleimide (C[ch) and [l- mvtLyTna1o1m1de (Ct'Ib) in the presence of
five equivalents 6f aluminum chloride afforded the Diels-Alder adducts
CLVIIc (52%) and CLVIIb (56%) respectively. The absence of CLVITIb
and CLVITIc in these two reactions suggests that there is steric
hindrance to approach of the maleimide CLVI by the exo-methoxy-
cartbny] substituent when thg C-6 phenyl substituent is endo.

Optimum yields were obtained employing five equivalents of
aluminum chloride. Boron trifluoride dietherate failed to catalyze
the reaction of XXXIXa and b with malejmides CLVIb and c.

It is not surprising,ﬁﬁggj;;z;:;ie (CLVIc) and h-methyl-
- maleimide (CLVIb) requi catalysis to give the Diels-Alder adduct
while N-phenylmaleimide (CLVIa) does pot. The reaction of electron-
rich dienes with dienophiles substituted with electron withdrawing
groups afford Die]s—A]der adducts readily. The electron-attracting
phenyl substituent of ﬁ—pheny]maleimide (CLVIa)bisbexpected to
reduce the electron density of the olefinic bond thereby incfeasing

the reactivity of this dienophile relative to maleimide (CLVIc) or

N-methyTmaleimide (CLVIb).
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The a]umjnum chloride (five equivalents) catalyzed reaction of
N-methoxvcarbony]—2—phﬂny]-1,2—d1hydropyridine (XXXIXb) with 4-
cyclopentene-1,3-dione (CLXIX) afforded a dark brth solid whose nmr
spectrum suggested it to be the anticipated Diels-Alder adduct. This
material was unstable tow.rds column chromatography on neutral a]uminq

t

and attempts at purification by recrystallization were unsuccessful.

3.6.4.0.0 [Dlels-Alder reaction of N-substituted-1,2-dihydropyridines

with acyclic dienophiles

<

"N-CO4R ‘N-CO,R
no n
MeO,CC=
'.N\COQR R02C‘N: eOCC=CCOMe
a . b
R ="Et, t-Bu CLXXI
CLXX

Cyclic dienophiles are generally more reactive than their open
chain gna]bgs. This may be attributed to a more favorable transition-
state geometfy resulting from secondary orbital interaction. These

secondary attractive forces268 involve the electrons which are not
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Addition roeaction.  one Clonnequence o the 1on- oy e state ot

Fevelic dicnophileg may heve the ¢ine o deHH—H?rrPHThF“7TIVy, The

Cis—isomer CLXXa 1 g much more reactio dipnorhile than The trans-
—. Y

Form CLXXb o Thie iy be attributed to g more efficiern: overlap

of unsaturation in the transition state for CLXXa than for L Xxh,
/furrhwrmorv, the redactivity of arodicarboxyviates decrease with
ncreasing size of the n]kmaycarbony1 qroup it
The reaction of_ﬂ—mothoxycnrhony]—P—phenv]—].P~dihydr0pvridinv
(XXXIXb) with diethyl and di-t-buty] azodicartoxylate (CIXX) qave
intractable tar. Since the Cis-isomer CLXXa i readily converted by
Tight into thpvtrpﬂifisomer’“- it may not be urreasonable to assume
that the trans-isomer CLyxb is the species prosent . Tyie conforma-
tion may then present an unfavorahle steric factor preventing the
Diels-Alder reaction.
The reaction of ﬂ—substffuted—l,2-dihydropvridines with dimethyl
~
acetylenedicarboxylate (CLXXI) was inve%tigatcd in view of the h
successful aluminum chloride catalyzed vbaction of_ﬂ—methoxyCurbonyT-
pyrrole with this dienophile® . yhile this studv was in proaress
Mariano““® and Acheson226,227 independently reported the [2+2]
cycloaddition of N-alkyl, aryl, or aryTa]ky]-],2—dihydropyridines
with dimethy] acety]enedicarboxy]ate. The resulting cyclobutene

intermediate CVII] subséquent]y rearranged to the correspondin,

1,2—dihydroazocine CIX.
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and 10H-pyrido[2,3-b][1,4]benzothiazines(4~azaprenothiazines, CLX

Xv).
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The yhvm{strv and pharmacological properties of mono-ara and
di~a:@phvnothid;1pc5 have been the suhjd%t of a recent review o
The pharmacq}od?ca] properties of the lT-azaphenothiazines CLXXII
have been examined mos? thoroughly and a number of derivatives are
presently used clinically such as prothipendy] [CLXXIT, R = (CH.),N(Me) .7,
isothipendyl [CLXXIT, R CH\CH(MO)N(MO)w]. pipazethate [CLXXII, R =

COL(CH).0(CH ) v—N Y ], nnd pervetral [CLXXII, R =

r—\
il

(CH.) -N (CH ).OH].  Some of the pharmacological propertios

cxhibi i by these agents include sedative, antiem tic, antihistaminic
and antitussive activity- ‘. In addition to these compounds numerous
other doriva£1v05 of T-azaphenothiazines CLXXII, with various R
substituents,have been rveported with mydriatic®?!, tumor inhibiting?7",
hypotensives 7, and adrenergic”™ 7" properties. The l-azaphenothiazines

CLXXIT (R = CONH» and CONHiQ—Pr) which exhibit anticonvulsant éctjvity
are of considerable interest?7%. In contrast tO“thg I-azapheno-
thiazines CLXXIT, 2~aza—CLXXIII, 3-aga-CLXXIV andAd—azaphenothiazine
CLYXV ¢ ferivatives do not exhibit the same deqree or spoctrum of
pharmacoiogical properties. |

Versul.ic preparative reactions for the synthesis of ‘N-substituted-

1,2-dihydropyridines have been developed!€9> 0,243 Tt was therefore
of 1interest to use these methods to elaborate the pyrid&] ring of
azaphenothiazines. 1-Azaphenoth1aziné was selected for investigation
from the four known.isomeric mono:azaphenothiazines CLXXII-CLXXV since .

rivatives of the l-aza-isomer CfXYII had shown the greatest pharma-

c logical potential and were the v > logical choices for study.
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[t was of interest to determine whether structure-activity
———”
relationships in the azaphenothiazine series para]]eled those
observed with phenothiazine derivatives CLXXV]300, 301 having similar

N-10-substituents, viz.

6 S5 4 &
N R?
9 10’ 1 R
Y 7N
CHCHAHNT )
o él \R /,
CLXXVI

1) A three carbon side chain connecting ﬁ—]O and the more basic
side chain nitrogen is optimum for tranquilizing activity. Compounds
with a two carbon side chain stil] possess moderate CNS depressant
-éctivity'but their antihistaminic and antiparkinsonism effects
predominate. If the side chain is altered significant]y in Tength
or po]qrity, tranquilizing activity is lost, although compounds of
this type show antitussive proberties.

2) Branching at the g-position of the side chain (R!) with a
small group such as methyl reduces tranquilizing potency but may )
enhance ant1h1st5m1n1c and antipruritic effects’ This has been '
attr1buted to steric repulsion between the methyl group at the
B-position and the 1,9-peri hydrogen on the phenothiazfne ring
résu]ting in a decreased coplanarity of the benzene rings. Side
chain substitution with a large or polar group such as pheny],‘

dimethylamino, or hydroxyl results in loss of tranquitizing activity.
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3) Substitution of the terminal dimeth,  mine group by a
piperazine ring enhances potency.

4) Quaternization of the side chain nitrogen results in a
decrease in lipid solubility leading to decreased penetration of
thé CNS and virtual loss of central effects.

Although a.particu]ar‘N—lo substituent is expeéted to have
generally .he same effect on the activity of both phenothiazines
CLXXVI and 1-azaphenothiazines CLXXII, a similar analogy with respect
to riné éubstitution is ndt clear. In the phenothiazine series CLXXVI
replacement of hydrogen at the.C-2 position by a substitueﬁt R2 capable
of exerting a negative inductive (-I) effect such as chloro, trifluoro-
methyl, dimethylsulfonamido, thioalkyl, methoxyl or acetyl enhances
activity. On the.other hand ring sgbstituFion at C-1, C-3, C-4 or
simultaneous substitution in bothbaromatig‘rings results in loss of
tranquilizing activity. It is evident however from the extensive
pharmacological properties of 1-azaphenothiazines CLXXII that
replacement of the C-1 carbon in CLXXVI with nitrogen does not
result in complete loss of activity.

Cn the basis of this observation we™considered the possibility

that the ring nitrogen of the 1-azaphenothiazines CLXXII was capable

~ of inducing the same electronic effects as a -I substituent such as

chloro, at tﬁe C-2 position of the phenothfazine CLXXVITI.

The inductive effect of the 2-chloro substituent in CLXXVIT is
expected to be strongesf at the carbon atom to which it is bonded
and to fall off rapidly with disténce from this center. The dinductive

effect of the pyridyl nitrogen in CLXXII is expected to be most
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- pronounced at the ortho-positions and to decrease as the distance
from the nitrogen increases. The overall inductive effect of the C-2
chloro subsﬁitUent in the phenothiazines and‘the pyridyl nitrogen in
the T-azaphenothiazines may be illustrated as CLXXVIIa and(CLX)
respectively. |

Although other typical C-2 phenothiazine substituents such as
triflunromethyl are not capable of resonance interaction with the
ring the positive reionancé (+R) effect of the chloro group must also
be considered. Thé-phenothiazine CLXXVII and l-azaphenothiazine CLXXII
resonance structures are shown in Figure 1 and may be generalized as
CLXXVIIb and CLXXIIb respectively. It is evident from structures
CLXXVIIb and CLXXIIb that the éame ring positions are electron
deficient, namé]y C-2, C-4, and C-6. Structures CLXXVIIa énd‘CLXXIIa
indicate that in both the phenothiazine and 1-azaphenothiazine series
the C-2 position is most e]ectfon deficient.

The ﬁ-e]ectron densi£y of T,Z-dihydropyrjdines IC is greatest

at the C-3 and C-5 positions!79,181,232  The chemical shifts of
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4 R R1 !
5 N3 a Li _Q-BU
I R b D n-Bu
6 N c H
| 2\y ¢ Li Ph
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1,2-disubstituted-1,2-dihydropyridines189,190 appear in the following
sequence of increasing & values, Hg > H, > H3 > Hg. -The position of
H, is variable and may appear at higher field than Hs when R! = n-Bu, )
H or between Hg and H, when R! = Ph. These obserQations indicate. that
the C-6; C-4 (and C-2 when R! = Ph) positions have the Towest =
electron density. Further precedent in support of a high electron
density at C-3 and C-5 of 1,2-dihydropyridines is evident since
Friedel-Crafts alkylation and acylation occurs at the C-5 position276,277,
If these observations may be extrapotated to 1Ac]ude a fused 1,2-
dihydropyridyl ring the positions of lowest n-electron density may be
i]]us€tated,as in CLXXVIIIa indicating a close similarity to that

observed in CLXXVIIa, b and CLXXIIa, b. Similar electronic. effects

for the 2-aza, 3-aza, and 4-azaphenothiazines may be summarized as

CLXXVIITa
<&



<

shown in F%qurc I1 by CLXXIIIa and ‘b, CLXXIVa and b, and CLXXVa and b.
It is immediate}y obvious that the 3-aza and 1-azaphenothiazines
‘YCLXXIVa, b énd3CLXXIIa, b respectively duplicate most 61ose1y the
electronic effects observed with the 2-chlorophenothiazines CLXXVIIa

.and b.

The reaction of'3-azaphenothiazines CLXXIV with organolithium
réaqents and‘an“e1ectrnphi1e may give rise to two isomeric 1.2-
dihydropyridines CLXXIXa and b since the addition may occur in either

or both ‘irections. The positions of Towest electron density may be

l\ & vl
H
_ A
| R?
R
b

CLXXIX

)

illustrated asin CLXXXa and b.. It is evident that the electronic
distribution in CLXXXa corresponds very well with that observed for

CLXXVIIa and b and is superior ‘to that of CLXXVIIIa since the C-2

2
S g R R‘ 6+ 1
S+ H
T N 5;\‘ .
R | R:
R
a b

CLXXX
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Figure 1
Summary of Resonance and Induc?jVe Effects
in Phenothiazines and Azaphe&gfilazines
Inductive Effects Resonénce Effects
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position of CLXXXa i$ the most positive center regardless of the
nature of the R” ‘'substituent. This suggests that the 1,2-dihydro-
bp§r1d1nes derived from the 3-azaphenothiazine series CLXXIV will most
cYosely mimic the pharmacological properties of the 2-chloropheno- |
thiazines CLXXVII. However, a number of other factors determined the
final se]ectidn of the 1—azaphenothiazine‘ser{és CLXXII for further
elaboration; viz.

“ 1. The commercial availability of 10@—pyrido§3,2—b][1,4]benzo—
thiazine (CLXXII, R = H) from which 10¥5ub;t1tuted—1-azaphenothiazines
could be prepared.

2. The bossib]e obtention of two isomers CLXXIXa and b from
thé.3—azaphenoth%azines would profoundly comp]icate'the purification
and yield of the reaction products. On the other hand i-azapheno-
thiazines CLXXII can give rise to onlky one 1,2—dihydrbpyridine
derivative CLXXVIII. . o

3. The pharmacological properties of i—azaphenothiazines CLXXII
were more exfensively documented than the 3-aza-isomer CLXXIV.

4, If the 1,2-dihydropyridine derivative CLXXVIiI does not
1tse!If have pharmacological actiyity it may act as a pro-drug.

The potential bioloaical conversion of‘compoupds CLXXXI and CLXXXII
respectively wbuld afford the more stable aromatic Compounds CLXXXIII
which are known to be pharmacologically active. Precedence for this - -
postulate is borne out by‘the Qbservatioﬁ that.ﬂ—methy(21,6—d1hydno—
pyridine-2-carbaldoxime (XIV) is an efficient pro-drug of N-methyl-
_pyridinjum—Z-Carba]déxime chloride (Xy)35. Results in this laboratcry
suggest278 that someuﬁyacetyl-],2—dihx§ropyridjne§ may undergo

°
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TNR‘

R
CLXXXITI

\ .
aromatization Lo give, the corresponding aromatic compound CLXXXIII

as shown above.

To our knowledge there is only oge report describing‘the
existence of a T-azaphenothiazine having a 1,2—d1hydr§pyridy1 ring
aé part of the fused ring system. Schuler and Klebe reported?"" the
Mpréparation of T-aza-1-methyl-1,2-dihydrophenothiazine CLXXXIV for

which no pharmaco]ogica] data is available. It is 1ikely that

) SN SN
. ) N T N _ N/
, Me k - ﬁ&e
a - b
CLXXXIV

\

CLXEXIVa is in resonance with the anhydronjum base CLXXXIVb in view
of the report that_ﬁ3—substituted—3—azaphenpthiazines CLXXXVa are

in resonance.with the anhydronium bases CLXXXVb279,

A
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S \W%//R R
D I
N
R = (Clia){N(Me).
a - b (CH3)3HC5HIO
CLXXXVa (CI ),
Me

3.8.0.0.0  Reaction of 10-alkyl1-10H-pyrido[3,2-b][1,4]benzothiazines

with n-butyllithium and electrophilic reagents

See Scheme VII and Table IX.

3.8.1.0.0 Reaction of 10—methy]—10H—pyrido[3,2—b][],4]benzoth1azine

with n-butylTithium and electrophilic reagents

1Q-Methy1-10H-pyrido[3,2-b][1,4]benzothiazine {CLXXLIb) was
prepared from reaction of 16H7pyridog3,8—b][];4]benzothiazine (CLXXIIa)
. with sodium hydride and jodomethane. ‘
| Sodium hydride was found to be the most effective base for
- abstraction of the N-10 proton fFrom 10H-pyrido[3,2-b][1,4]benzo-
‘thiazine (CLXXIIa).

1 N

3.8.T.1.0 Reaction with n-butyllithium and methyl chloroformate
’ 0

Reaction of CLAXIIb with n-butyllithium and methyl chloroformate
gave CLXXVIIIa and CLXXXVIIa in 79.7% and 19.§" yield respectively
{see Table IX). The structures of CLXXVIIIa.and CLXXXVIIa were:

assigned on the basis of their spectral properties.

et
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The tormation of CLXXXVIIa provides the first example of proton
ahstraction from the 4-position of a pyridine ring in anv of our
studies dnvolving pyridines and organolithium reagents to date.

Oraanolithium compounds are Congidored electron deficient, a
property characterized by the formation of polymeric sper‘« through
delocalization of one or-morn bonding electron pairs. These polymers,
i oturn, exhibit Lewis acid character since. they form addition»comp@quéNQ\\\\
with n-type bases such as amines or others 80 n-Butyllithium is
believed to be a hexameric species in hydrocarbon solvents and a

13
tetrameric species in ethereal solvents due to coordiéétion with the -

solvent. The addition of a more powerful Lewis base, such as N,N,N' N'-

£}

tetramethylethylenediamine, converts n-butyllithium entirely into a
coordinated monomeric reagent?®l. The resulting complex CLXLI is an
extremely powerful base capable of effecting deprotonation in examples

~where n-butylVithium itself is inert. A similar complex CLXLII micht

° MG\NVMQ , .
J 4
. S
\-_g_-Bu—]';J\i ©: m
Pl N7 NNZ 2
- Me” Me Me” " 4
IJitg:Bu
CLXLI i CLXLII

be formed from the reaction of CLXXIIb and n-butyllithium. Since n-
butyllithium itself is th expected to be a sufficiently strong base

to effect deprotonation of a C-4 pyridy!l proton it is postulated that
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the complex CLXLII is involved in the formation of CL&XXVIIa. The
abstraction of a C-4 proton rather than C-2 may be explained in view
of the known ortho-directing influ .ice of a sulfur atom. Dibenzo-
thiophene (CLXLIIIa) is easily metalated by n-butyllithium to give

Li

CLXLIII

CLXLIIIb282 particularly if tetrahydrofuran is used as the solvent283,
It is not unreasonable to suggest that the sulfur in CLXXIIb similarly
directs metalation to the C-4 position of t pyridyl ring. Reaction

with methyl chloroformate would then afford CLXXXVIIa.

3.8.1.2.0 Reaction with n-butyllithium and diethyl ch]orophosbhate

Reaction of CLXXIIb with.ﬂ—buty11ithium»and diethyl chlorophosphate
gave CLXXVIIIS, CLXXXVIIb,'CLXXXIIIb, CLXXXVIIIb, and CLXXIIb in 24.8%,
17.9%, 3% 8.3% and 6.6% yield respectively (see Table IX). The
structdres of these compounds were assigned on the basis of their
spectral properties.

The nmr spectrum (&) of CLXXVIIIb exhibited a four H multiplet
: at‘6.68 - 7.35 attributed to the phenyl hydrogens. The C3-H and C,-H
absorptions appeared as a two H multiplet 5.32 - 5.91 .while the '

broad five H multiplet at 3.59 - 4.52 was due to the C,-H and the two
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methylenes of the ethoxyl groups. The N-methyl signal was a three H
singlet at 3.36 and the fifteen I multiplet at 0.58 - 1.92 was
attributed to the n-butyl substituent and the two methyls of the
ethoxyl groups. The ir spectrum (cm~!)exhibited absorptions at 1273
(P=0) and at 1630 and 1567 (C=C) while the mass specﬁrum exhibited a
molecular ion corresponding to CooHogN,03P32S:  Mass calculated,
408.1630; found, 408.1635. These assignments are consistent with the
structure N—diethy]phosphory]-Ztﬂ-buty1-10-methy1—1,2-d1hydrorjridy1—
[3,2—5][1,4]benzothiazine (CLXXVIIIb).

The nmr speétrum'(é) of CLXXXVIIb exhibited a one H triplet
(J = 5) at-8.14 assigned to the Co-H. The mu{tip1icity of this signal
aé shown in Figure IV.was attributed to the coupling of the C,-H with
the C3-H (J = 5) and lonyg range coupling with p3! (J = 5). The five H
multiplet from 6.72 - 7.3 was assigned to the C3-H and phenyl hydrogens
and the four H multiplet centered at 4.25 was due to the two methylenes
of the ethoxyl groups. The N-methy] signal apbeared as a threé H
singlet at 3.44 while the two methyls of the ethoxyl group ippeared
as a six H triplet (J = 7) at 1.36. The ir spectrum (cm™!) exhibited
an absorption at 1265 (P=0) while the mass spectrum displayed a
molecular {En corresponding to C;¢H;gN,03P32S: Mass calculated,
350.0850; found, 350.0846. These assignments are consistept with
the structure 4-diethy1phosphory]-10-methyi—]OH-byrido[3,2-b][1,4]-
benzothiazine (CLXXXVIIb).

The nmr spectrum of CLXXXIIIb was identical to thét of a fully
characterized sample of 2-n-butyl-’ - ﬁOH-pyrido[B,Z-b][],4]-
benzothiazine (CLXXXIIIb) obtained from the thermal treatment of the
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Figure III: Typical Splitting Pattern for the 1,2-dihydropyridy]
hydrogens of 10-substituted-1,2-dihydropyridy1[3,2-b]-"
[1,4]benzothiazines, CLXXVIII.

8.1 7
Figure IV: Typical Splitting Pattern for the C,-H of 4-Diethyl-

~— phosphoryl-10-substituted-10H- pyr1do[3 2- b][] 4]-
benzoth1az1nes



10-methy1-10H-pyrido[3,2-b][1,4]benzothiazine (CLXXIIb)-n-butyl-.
Tithium adduct. ' ’ ;
The nmr spectrum (§) of CLXXXVITIb exhibited a four H multiplet -

from 6.68 - 7.44 attributed to the phenyl hydrogens. The one H

i

doublet (J; , = 10) of doublets (J = 1.75) at 6.12 and the one H
doublet (J5,, = 10) of doublets (J = 2) at 5.64 was assigned to
either the C3~H or Cy-H. Jj3 4 is expected to be 7 - 10 Hz (Jcis)

white J, , should be in the order of 0 - 3 Hz (allylic coupling).

IEt_4
S 3
~ H,
N7 SN d
| 'n-Bu
Me
CLXXXVIIIb

J2,3 1s expected to be 4 - 10 Hz (allylic coupling) but Drieding

méde]s suggest a Co-H - C3-H dihedral aﬁg]e correspond{ng to'J‘= 1-2 Hz
from the Karp]uS curve. On the basis of the nmr dat§ it could not be
deter%ined which multiglet (6.12 or 5.64) was due to which hydrogen
(C3-H or Cy-H). The bro onehH multiplet at 4.18vwas assigned to

the C,-H while the three W singlet at 3.58 was due to- the N-methyl
substituent. The eleven H mu]tib]et from 0.59 - 2 was due to the
n-buty] greup and tﬁe methy]éne of the ethyl substituept while the
triplet (JA= 7) at 0.7 was assigned to the methyl of the ethyl group.

These assignments were confirmed by double resonance studies (FiguresV-1,2).

Irradiation (&) at 4.18 (C,-H) simplified the C3-H and C,-H signals:
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to a doublet (J3,4 = 10) respettive]y due to loss of J,,, and Jo 3.
Irradiation at 6.12 and 5.64 (C;-H and CH-H).simplified the C,-H

" absorption at 4.18 due to loss of Jo,3 and J,,,

Addition of deuterium oxide to the nmr sample did not change the
spectrum. The ir spectrum (cm‘l),exhibitéj a strong absorption at
1631 and a weak band at 1677 (C=C, C=N) while the mass spectrum dis-
played a mo]ecu]ar'ion corresponding to C18H3HN2325: Mass calculated,
300.1655; found, 300.1651. These assignments are consistent with the
structure 21g—buty]—4a-ethy1-1O-methyl—2,4a—dihydropyr5dy][3,2-b][],4]¢
benzothiazine (CLXXXVIIIbf. After the nmr spectrum of CLXXXVIIIb had
gzen determined the sample was left in the nmr tube for(;;?}eek.and
thé spectrum was detekmined once again. The appearance of a triplet

at 2.75 indicated that the conversion CLXXXVIIIb to CLXXXIIIb was

taking place.

e '

CLXXXVIIIb ' CLXXXIIIb

3.8.1.3.0 Reaction with n-butyllithium and p-f]uorobenzoy]'ch]oride

&

Reaction of CLXXIIb with n- buty111th1um and p-fluorobenzoyl
chloride ‘gave CLXXXIXc (35%), CLXLc (2.5%) and CLXXIIb (10.2%) as

shown 1n Table IX.
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S X\ 3
H,
T \WQ -Bu
| Me
CLXXXVIIIb
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6.12 5.64 418

“Figure V-l{\ Splitting Paffernvfor the 2,4a—Dihydropyridy1 hydrogens
=\ of 21Q—Buty]-4a-ethy1—10-methy1—2,4a-dihydropyridy1-
[3,2-b1[7,4]benzothiazine (CLXXXVRIIb). |

H”\ HW
Figure V-2: Irkadiation of the C,-H of CLXXXVIIIb.

g
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The nmr spectrum (&) of CLXXXIXc exhibited a twelve H multiplet
. from 6.64 - 7.82 attributed to the phenyl hydrogens and the C,-H (or

C,~H). The C,-H and C3-H appeared as - two H multiplet from 5.6 - 6.11

F

] F 2 ¥
.CLXXXIXc

while the N-methyl signal.appeared as a three H singlet at 3.08. The
n-butyl absorption'appeared as a nine H multiplet from 2.08 - 0.77.

The ir spectrum (cm™!) exhibited absorptions at 1681 (C=0) and 1635
(C=C) while the mass spectrum disp]ayed a molecular ion corresponding
to CyoH,6N20,32SF,:  Mass calculated, 516.1677; found, 516.1680. These
assignments are consistent with the structure 1,4-(or 7-)di-p-fluoro-
benzoy]-Ztﬂ;butyl-lO-methyl-l,Z—dihydropyridyl[3,2—b][],4]benzothiaziné
(CLXXXIXc-1 or 2). It could not be détermined from the nmr spectral-
evidence whether the p-f]ubfobenzoy]rsubsfituent was at the C~4' =~
position CLXXXIXc-2 or af the C-7- position CLXXXIXc-1. o

Some plausible mechanisms for the formation of CLXXXIXc are

illustrated in Scheme VIII. The reaction of CLXXITB with.n-buty11itﬁium

i



Scheme VIII
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Possible Pathways for the Formation of Products from the Reaction
of ]O-Methy]-]0H—pyrido[3,2—b][];4]benzoth1azineig-8uty11ith1um
Adduct with p-Fluorobenzoyl Chloride
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and p-fluorobenzoyl chloride should afford fhe expected N-substituted-
1,2-dihydropyridine and‘4~substituted-1—azaphenothiaz{ne compounds.

The 1,é—dihydropyridiné could then react further by two paths; viz:
Path A which involves electrophilic substitution at the C-7 position,
and Path B which would require metalation at C-4 followed by acylatjon.
The 4-substituted-1-azaphenothiazine could also react further via Path
C to give the 1,4-disubstituted compound. Mechanistically, Paths B and
C are unlikely and on this basis CLXXXIXc is probably the 3,7-disub~
stitﬁted compound CLXXXICc-1. aHowever, the nmr spectrum of CLXXXICc-1
in the 4 - 6 & region is not expected to be distinct1y different from
that shoyn in Figure II1. The nmr spectrum of CLXXXIXc in fact.exhibits

only a two H multiplet from 5.6 - 6.11 6 suggesting that the sfructure

is CLXXXIXc-2.

The nmr spectrum (§) of CLXLc'éxhibiteq a two H doublet (J21,3- =

10) of doublets (J,',Fp = 6) at 7.8 éssigned to the C,' hydrogens., The

CLXLc

seven H multiplet from 6.73 - 7.39 was attributed to the remaining
phenyl and pyridyl hydrogens while the three‘H singlet at 3.5 was

due to the N-methyl substituent. The two H triplet (J = 7) at 2.72



~

is‘aue to the a-methylene of the n-butyl group while the remaining
Q—Eptyl hydrbqens appear as a sevén H mu]tip]ef at 0.72 - 2.01. The
ir\spectrum exhibited an absorption at 1660 (C=0) while the mass
spectrum exhibited a molecular ion corresponding to CZ3UQINZO3ZSF:
Mass calculated, 392.1354; found, 392.1359. These assignments are
consistent with the §tructure 2-n-butyl-4-(or 7—)p—f]uorobenzoy]710~
methy]-10H—pyr1dq[3,2—b][],4]benzothiazine (CLXLc-1 or 2). It could
not be determined from the nmr spectral evidence wHether the p-fluoro-
benzoyl substituent was at the C-4 position CLXLc-2 or at the C-7
position €LXLc-1. Compounds CLXLc-1 and CLXLc-2 could arise as shown
in Scheme VII from CLXXXIXc-1 and CLXXXIXc-2 respectively via loss

of the N'-substituent as p-fluorobenzaldehyde. This route is plausible
in view-of the low yield (2.5%) of CLXLc obtaineda

./'\

3.8.1.4.0 Reaction with n-butyllithium and trifluoromethanesulfonyl

chloride

Reaction of CLXXIIb with n-butyllithium and trifluoromethane-

sulfonyl chloride 'gave CLXXXII1d (44.4%), CLXXXVIId (14.5%) and unreacted

CLXXIIb (5.2%) as shown in Tdb]e IX. The high yield of CLXXXIIId was

not expected since the reaction of 1-azaphenothiazines CLXXIIb, d and e
> .

\

T
N" n-Bu

TT’ A
Me

CLXXVIIId . . CLXXXIIId

i
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» th the electroph- diethyl chTGYophosphate, methyl chloroformate
and p-fluorobenzoyl chloride gave very 1ogﬁyie1ds of CLXXXIII. In
~ some reactions CLXXXIII was not detected (see Table IX). On the other
hand, reaction of the 1- -azaphenothiazines CLXXIIb and d with trifluoro-
methanesu]fony] chloride gave CLXXXIIId in 44.4% and 27. 7% yield
respectively. These high yields syggest that CLXXXIIId drises from
CLXXVIIId yia fission of the NI-S bond with loss of CF4S0,H since this
bond is expected to be quite. Jabile due to the strong-1 effect of the
trifluoromethyl group. The facile elimination of CF3SO,H adds further
credence to the possibi]ity‘of utilizing CLXXVIII-type compounds as
pro-drugs. _ .
- Thé nmr'épectrum (8) of CLXXXVIId exhibitedva bne H doublst

(Jz,3 = 5.5) at 7.89 due to TheN(,-H. The four H multiplet from

6.8 - 7.33 was attributed to the p while the C;-H

-signal appeared as a one H doublet (Jp,3 = 5.5) at 6.76. The N-
methyl absorption appeéred as a three H singlet at 3.39;' The nmr
spectrum was consistent with the structure 4-trif1uoromethanésu1fony]-
lo-méthy1-10H-pyrido[3,2-b][1,4]benzothiazine (CLXXXVII, R! = S0,CF3).
However, the mass spectral data did not confirm thié structure.
Elemental analysis subsequently indicated that the R! functﬁona]ity
was not the trif]uoromethanesu]fony] group but rather a chloro
suSstituenf The mass spectrum' displayed a molecular ion correspond1ng_
to 012H9N232537C] Mass calculated, 250.0144; found, 250.0141; and
Ci2HgN232835C1:  Mass calculated, 248.0174; foundh_248.0168. These
results are consistent with the structure 4-chloro-10-methy1-10H-

pyrido[3,2-b][1,4]benzothiazine (CLXXXVIId).



Two possible pathways for the formation of the unexpected 4-chloro-
compound CLXXXVIId are shown in Scﬁéme IX. ~ Path A ihvolves ﬁuc]eo—
philic attack at chlorine, the driving force being elimination of
sulfur dioxide and a trifluoromethyl carbanion which is stabilized by
the‘strong -1 effect of the fluorine substituents. Alternatively, Path

B involves chtorine-Tithium exchange to give CLXXXVIIb.

3.8.2.0.0 Reaction of 10-(3-dimethylaminopropyl), 10-(2-dimethy]-

aminopropyl), and 10-(1-methy1-2-dimethy laminoethyl)~10H-

pyrido[3,2-b][1,4]benzothiazine with n-butyllithium and

e1ettrophii1c reagents.

\

10-(3—Dimethy1éminopropy1)—10H—pyrido[3,2-b][1,4]benzoth1azine
éfg?(CLXXIId) was prepared from its~hydrochloride salt (Tolnate) using
potassium carbonate.

Alkylation of 10H-pyrﬁdo[3,2-b][7,4]benzothiazine (CLXXIIa) with
sodium hydride and 2-d1methy]aminoisobroby1 chloride hydrochloride
gave‘the T-azaphenothiazines CLXXIIe and f which were‘separateg by
column chromatography\on silica gel. Compound CLXXIIe is the major
product confirming;ti:Qbork of Yale and Sowinski who separated the
two isomers by fractional crystallization as the monohydrochlorides30S,
These results para]le]'fhose observed in the phenothiazine series306,
| ' The per cent yield of products pbtained from the reaction of
CLXXIId and e with n-butyllithium and e]ectrophi]ic'reagents is shown

in Table IX. A1l products were fully characterized on the basis of

their spectral properties.

2

11§

I



Scheme X

Possible Pathways for thd Formation of 4-Chlovo-10-methy!-

© 10H-pyrido[3,2-b][7,4 benzotniazin
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3.8.3.0.. wwdaction of ]O—(IAmethy1—2-dimethy1aminoethy1)-10H—pyrido

3,2-b][1,4]benzothiazine with n-butyllithium and methy]

chlaroformate

Reaction of CLXXIIf with n-butvilithium and methyl chloroformate

afforded 10H-pyrido[3,2-b][1,4]benzothiazine (CLXXIIa) in 15.2% yield.

CLXXIIa

CLXXIIF, Bl Li

Product CLXXIIa could arise as shown above or as a result of attack
by n-butyllithium at the a-carbon of CLXXIIf. The nmr and mp of CLXXIIa

were identical to tha. of an authentic sample.

3.8.4.0.0 Reaction of 10- (2-dimethylaminoéthyl)-10H-pyrido[3,2-b]-

[1,4]benzothiazine with n-butyllithium and electrophilic

reagents

10—(2¥Dimethy]am1noethy])-10H—pyrido[3,2—b][],4]benzothiazige
(CLXXIIc) was prepared from reaction of 10H-pyrido[3,2-b][1,4]benzo-
thiazine (CLXXIIa) with sodium hydride and 2-dimethytaminoethy]

chloride hydroch]%;ide.
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3.8.4.1.0 Reaction with n-butyllithium, and methyl chloroformate

Reaction of CLXXIIc with.ﬂ-buty11ith1um and methy] cﬁ]oroformate
afforded CLXLIV (24.4%) and starting materic? CLXXIIc (32.1%).

The nmr spectrum -(s) of CLXLIV exhibiled a one H doublet (J2’3 = 5)
‘of doublets (Jo,4 = 1.75) at 8 assigned to the C,-H. The six H multi-
plet at 6.59 - 7.34 was attributed to the C3-H, C,-H and phenyl
aydrogens. The two H hu]tiplet at 4.29 is due to-the a-methylene
while the g-methylene appears as a two H multiplet at 3.51 - 3.95. The
three H singlets due to the O-methyl and N-methyl substituents appear
at 3.74 and 3.04 respectively. The ir spectrum (cm=1) exhibited an
absorption at 1710 (C=0) while the mass spectrum displayed a molecular
ion corresponding to C16H17N30,32S:  Mass/calculated, 315.1038; found,
315.1042. These assignments We consistent with the structure 10-(2-
N-methoxycarbonyl-2—N-methy1aminoethy])—]0H-pyrido[3,2-b][1,4]benzo-
thiazine (CLXLIV). Possible pathways for the formation of the unexpected
N-demethylated product are shown in Scheme X. Path B involves attack
by n-butyllithium at a methyl substituent with loss of pentane.
Acylation of the resulting anion with methyl chloroformate would then
give CLXLIV. This path fs probably unlikely as there is no apparent
reason why n-butyllithium would displace the-relative]y noh-e]ectro-
philic methyl substituent. '

Repiacement of an N-methy!l group with an N-a]koxy-,'ary]oxy-, or
arylalkoxycarbony1 group has been reported. Thus treatmenf of
codeine290, tropine29! and erythromycin292 with ethyl chloroformate
gave the correspondihg N-ethoxycarbony].product resulting from the

loss of the N-methyl substituent as chloromethane. This method
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Scheme X

Possible Pathways for the Formation of 10-(2-N-Methoxycarbony1-

2-N-methylaminoethy1)-10H-pyrido[3,2-b][1,4]benzothiazine .
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/supplements the von Braun reaction302 which employs cyanoqen bromide
rather than a chloroformate ester to effect ﬂ—demethy]ation.' These
procedures are illustrated as general equations shown in Scheme X1. The
N-cyano or N-alkoxycarbonyl groués are generally hydrolyzed to give
the corresponding N-unsubstituted amine product. A recent report?93
describing the reaction of apom phine with methyl chloroformate
indicates({that this carbamate 15 a'lso capable of effect1ng_ﬂ demethyla-

tion. InView of these results it appears that CLXLIV may be formed

via Path A &s shown in Scheme X. The N-methyl group is probably lost

as a methyl carbonium ion in the form of chloromethane or n-pentane.

3.8.4.2.0 Reaction with n-butyllithium

)

Thé reaction of CLXXIIc with n-butyllithium afforded CLXLV 1in
25.9%‘yie1d. The nmr spectrum (&) exhibited a one H doublet (Jo,52= 5)
of doublets (J,,, = 1.75) at 8.01 assigned to the Co-H. The six H
multiplet from 6.59 - 7.38 was due to the C3-H, C,-H and phenyl

! hydrogens. The two H triplet (J = 7) at 4.1 was attributed to the
a-methylene of'the_ﬂ-hexyl substitueét whi]erthe %emaining hydrogens
of the g;hexy]_group appear as an eleven H mu]tip&@t at 0.65 - 2.71.
The mass spectrum exhibited a molecular ion correSpénding to
Ci7H20N232S:  Mass calculated, 284.1343; found, 284.1347. These
assignments aré consistent with the structure ]O—g-hexy]-]OH—pyr{do—
[3,2~b][],4]benzothiazjne (CLXLV). CLXLV could arise by nucleophilic
attack of n-butyllithium at the g-carbon of CLXXIIc resulting in
eiimination of dimethylamine. The structure of CLXLV was conf1rmed

by an unambiguous synthes1s from the reaction of CLXXIIa with sodium

hydride and n-hexyl chloride.
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Scheme XI

General Procedures for N-Demethylation of Amjngsv)
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SNYY - HN(Me) SN
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CLXXIIc

3.9.0.0.0 _Intermediates in the reaction of 10-alkyl-10H-pyrido-

[3,2-b][1,4]benzothiazine with n- buty111th1um and

e1ectroph111c reagents

The-reaction of 1-azaphenothiaz1n$§n—buty11ithium adﬁucts with
methyl chloroformate and diethyl chlorophosphate, as described ‘
‘previously, afforded 1,2-dihydropyridines CLXXVIII and 4-substituted-
1-azaphenothiazines CLi&XVII in good to excellent yield. On the
other hand-reaction of this same adduct with such'e1ectrophi1es,as
ethyl acetate, acetyl ch]oride; methanesulfonyl anhydride, trimethyl-
silylketene284  and din;ethy’l(methyTene)ammoniuﬁ\1'od1'de28S all gave a
proigct whose nmr spectrum (§) in the region 3 —L9 6 appeared as shown
in Figure VI. Fyrthermore, neéction,of CLXXIIb with n-butyllithium
fé]]owed by quenching with water gave a product which exhibited an-
.pidentiéa1 nmr s;ectrum. This indicated that the electrophilic reagent
was g6t involved. in the.ré;ction. If deuterium oxide was used to
. quench the feaction the signals in the olefinic 5.42 - 6.24 ¢ regibn
of the nmr spectrum (Figure VII) were somewhat simb]ified as compared

§ S
a
|.{ ¥

-
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- to the same Feg1on in Figure VI. It was apparent from these observa-

tions that the reaction seaﬁence was that illustrated in Scheme XII.
Reaction of CLXXIIb with g;buty]]ith{um gave a mixture of CLXLVIa

and b which on quenching with watér gave CLXXIIb and CLXLVII respectively.

A1l efforts to obtain CLXLVII in.a pure form were unsuccessful. Thin

layer chromatography on silica gel or fractional crysta]iization of

CLXXIIb resulted in aromatization of CLXLVII to CLXXXIIIb; Reduction

of the imine double bond with sodium cyanoborohydride, sodium boro-

hydride or 1ithium a]uminum hydride was not successful. A1l spectral

determinations were therefore made on a mixture of CLXXIIb and CLXLVII.

The presence of CLXXIIb was evident from the doublet of doublets ét

8.05 & due to the C,-H and the N-methyl singlet at 3;43 & (Figure VI ). The

struéture of CLXLVII was rationalized as follows. The nmr spectrum |

(5) of the CLXXLIb - CLXLVII mixture exhibited the characteristic |

n-butyl absorpé%gn from 0.74 - 2 indicating that nutleophi]ic addition

c%ffthe organo]itﬁium reagent had occurred. Absorptions in the- ir

spectfam (cm'i) at 1676 and 1640 substantiated the pfesence of a

reduced pyridyl ring. Attack by n-butyllithium at the C-4 position

| of CLXXIIb would give rise to three possible isoners éCa-c. The nmr

spectfum of these isomers would be expected to exhibit a dne H multiplet

in the 8 6 region due to the Co-H where in fact only the signal due to

‘ H n-Bu :
I . H n-Bu
N /5
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Scheme XII

Intermediates in the Reaction of 10-Methyl- 10H-
pyr1do[3 2-b][1,4]benzothiazine with n-Butyllithium
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»

the Cy-H of CLXXIIb at 8.05 § is observed as illustrated in Figure VI. -
Fufthermoré the chemical sh1fts and multiplicities of the signals in
the nmr spectrum are not consistéht with structures CCa-c. Attack by
Q-bufyllithium must therefore have occurred as expected at the C-2

bosition to give one of the three possible 1somers CCla-c. Isomer

CCla can be eliminated since the ir spectrum did not-exhibit an NH

/S e /5 J
H H
_ >
NN g N SN gy
b ) c
CCI

absorption and treatménf of the sample With deuterium oxide had no
effect on the nmr spectrum. Isomer CC1b was excluded since {%15
structure was not consistent with the signals observed in the nmr
spectruh.. CC1b would be expected to give a ¢ | 1tiplet in the
olefinic region (5:6 §) due to the C,-H and a .. i multiplet in the
region 2-2.5 6 due to the allylic hydrogens at C-3.  The C,-H signal
should appear as a one H multiplet near 4 6. On the basis of the
spectral evidence the structure must be CLXLVII. The nmr spectrum
(6) in Figure VI exhibited a two HAmu]tiplet at 5.6 - 6.35 assigned
to the C3-H and C,-H. The one H multiplets at 4.2 and 3.64 were
assigned to the C,-H and Cya-H respectively. The N-10-methyl
ébSOrption appeared as a singlet at 3.41 while tHe'ﬂ;butyl'signal
was a broad multiplet at 0.74 - 2.c These assignments were confirmed ‘

by double resonance studies. Irradiation (&) at 3.64 (Cya-H) and
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Figure VI: Reaction of 10-Methyl—10H-pyrido[3,2-b][],4]benzothiazine

with n-Butyllithium and water.
=
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Figure VII: Reaction of 10—Methy1-10pryrido[3,2-b][1,4]benzothiazine‘
T with p-Buty}ithium and Deuterium oxide.

|

| I
4.16 3.65



127

\
4.2 (C,-H) simplified the C3-H, C4-H signals as indicated in Figure \l

»

VI-1 and VI-2 respectively. Irradiation at selected positions from

5.6 - 6.35 also s1mp11f1ed the 51qnals due to the C,-H and Cua-H as N
Shown in Figure VI-3. The ir spectrum (em™1). exh1b1ted absorpt1ons ;%
at 1676 and 1640 dye to C=N and C=C stretch1ng These spectral

assignments are consistent with the struc -n-butyl-10-methyl-

2,4a-dihydropyridy][3:2—b][1,4]benzot iazine (CLXLVII). Treatment

of the CLXXIIb - CLXLVII mixture with\ heat or exposure to oxygen
followed by thin layer chromatography n silica gel gave CLXXIIb
(25.1%) and CLXXXI}Ib (9.6%). The obtehtion of the latter product )
confirms that the n-buty]l substftpehtlis preeent at the C-2 posftion.

Reaction of CLXXIIb w1th h- but¥111th1um gave CLXLVIa and b which

on quench1ng w1th deuter1um oxide gave CLXLVIII and CIC respectively.

a——— M‘

Pur1f1cat1on of this m1xture by thin-layer chromatography on silica gel
gave CLXXXLIIb and CLXLVIII in 6.7% and 13. 9% yield respectively. 2-p-
Butyl-4a- deutero 10-methy1-2,4a- d1hydropyr1dy1[3 2~ b][] 4]benzoth1az1ne
(CIC) undergoes aromat1zat1on to CLXXXIIIb during the purification

| pro_cess.~ The nmr spectrum (6) of CLXLVIII exhibited a one H doublet
(J2,3-= 5)‘for,the C2-H at 8.02 while the C3-H and phenyl hydrogens
appearee é§ a five H multiplet at 6.68 - 7.3. The N-methyl substituent
appeared aé‘a three H singlet at 3.45. The mass spectrum exhibited a
molecular ion corresponding to C12H9N2325D Mass calculated, 215.0626;
found, 215.0620. These assignments are cpnsistent with the structure
4-deutero-]0-methy1—16H-pyrido[3,2—b][1,4]benzothiazine (CLXLVIII).

'The structure of CIC mas assigned on the basis of the nmr spectrum (s)

of a mixture of CLXLVIII and CIC (Figure VII). The doublet (J2’3 - 5)
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Figure VI: 3.5 & - 6.45 § region in the nmr spectrum of CLXLVII.
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Figure VI-1: Irradiation of the C,-H oi/etgijII.
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3.5 ¢ ~ 6.4 § Region in the nmr spectrum of CLXLVII.
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Figure VI:

b

Figure VI-3: Irradiation of the Cy-H and C,-H of CLXLVII.
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)
at 8 is due to the C,-H of CLXLVIII. Since the position of CIC
now incorporaces deuterium thelca-H, Cy=H multiplet from 5.42 - 6.24
1s simplified relative to the same protons in Figure VI. The C,-H
appears as a one H multiplet at 4.16. Irradiation of this signal
results in simplification of the C3-H, C,~H absorption as shown in
Figure VII-2. The multiplet at 3.65 in Figure VII may be an impurity
or the Cya-H resulting from incomplete deuteration at the C-4a position.
Irradiation at this poirt does not change the absorption signal for
the C;-H and Cq—H'as shown in Figure VII-1. In marked contrast
irradiation at this position resulted in pronounced simplification ;
of the C3;H, Cy-H multiplet as shown in Figure VI-1. These assign-
ments are consistent with the structure 2,f-butyl-4a-deutero-10-
methy]-2,4a—dihydr6pyridy][3,2—b][1,4]benzoth1azine (cIc).

The reaction of 10-(3-dimethylaminopropyl)-10H-pyrido[3,2-b][1,4]-
benzothiazine (CLXXIId) with n-butyllithium and water or deuterium
oxide gave products whose nmr spectrum was virtuall identical to that
observed in Figures VI and VII. This indicates that the reaction of
CLXXIId with n-butyllithium probably proceeds in the same ménner as -
that postulated for the reaction of the organolithium reagent with
CLXXIIb.

The obtention of the 4a-1ithio-2,4a-dihydropyridyl adduct CLXLVIb
rather than the expected N-1ithio-1,2-dihydropyridyl adduct CCla may ‘
be ascribed to the ability of sulfur to stabilize an adjacent carbanionZSi.
The utility of 2;Tithio—],3—dithianeszes’287 CCII as drgano]ithium
reagents is dependent on this stabilizing effect and at least one

report288 suggests the possibility of m-bonding between the sulfur

i
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and the bridgehead carbanions of CCIII. On the basis of these
observations CLXXXVIIIb may arise as shown in Scheme XITI. Path A
is unlikely since this reaction requires attack by n-butyllithium
at the C-2 position of CLXXXVIIb racier than attack at the C-4
diethylphosphory]l substituent which should be more facile. Substitu-
tion at' the C-4a bridgehead positiﬁn as shown.by Path C may be 4
precluded due to the steric bulk of the electrophile. On the other
hand attack at the ethy] group may be more favorab]evsteriqa}]x:than
‘attack at phosphorous and therefore CLXXXVIIIb'wou1d be eprZted to
arise via Path B, |
Although 2,5-dihydropyridines have been postulated as intermediates
in the synthesis of 2:5-disubstituted pyridines and in the hydride
reduction Bf pyridinium salts, their'instabi1ity generally does not

permit isolation. Finch and Gemenden recently reportedl88 a stable

SPh " H

SWRX,.  H N
H
H 8
\N Me N j_-Bu
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Scheme XIII

 Possible Pathways for the Formation of 2-n-Butyl-4a-ethy1-10-
methy1-2,4a-dihydropyridy1(3,2-b][1,4]benzothiazine (CLXXXVIIIb)
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2,5-dihydropyridine CCIV from the reaction of N—]ithio-Z—hethy]-],Z-
dihydropyridine (LXXXIa) with phenyl disulfide. The 2,5-dihydropyridine
CCV has been reported!80 as an unstable producf from the reaction of
N-1ithio-2-t-butyl-1,2-dihydropyridine with methano]. The ir spectrum
(cm™!) of CCV and CCVI289 exhibited bands at 1675 and 1653 which were
assigned to C=N stretching bands while CCIV displayed an absorption at
1634 which was not assigned. The 2,5—dihydropyrﬁﬁine CLXLVII exhibited
an absorption of medium intensity at 1676 and one of strong intensity
at 1640 while CLXXXVIIIb showed a weak band at 1677 and a strong
absc-ption at 1631. These abéorpticns may be attributed to C=N and

C=C stretching respectively and are in agreement with the correspbnding

reported absorptions for CCIV-CCVI.

3.10.0.0.0 _Postulates to account for the products obtained from the

reaction of 10-alkyl-10H-pyrido[3,2-b][1,4]benzothiazines

v with n-butyllithium and électrophilic reagents

Substantial evidence has been presented for the intermediacy of
4a-11Ihio-21ﬂfbuty1-2,4a-dihydropyridine (CLXLVIb) in the‘acy1ation of
'I—azaphenothiazinefﬂ-buty]]ithium adducts. It could be proposed that
any e]ectrophi]e which is incapable of forming an iminium ihtermediate
CCVII will not react further to afford a 1,21dihyd[gpyridine CCVIII.
The necessary formation of CCViI wdﬁ]d éxp]ain the apparent inertness
of such powerful e]ectrbphiTes as trimethylsilylketene28* and dimethyl-
(methylene)ammonium iodide28% on atiz=mpted reaction with.the adduct |
CLXLVIb. These electrophilic reagen*s asvwell as ethyl acetaté and

methanesulfonyl anhydride do not afford ],Z-dihydropyridines CLXXVIIL
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but rather 2,4a-dihydropyridines CLXLVII; Although the intermediacy
of CCVII provides a mechénistica]]y plausible pathway to CCVIII certain
observations suggest that other, as yet unexplained, factors are also
involved, viz; ,

1. Reéction of the CLXXIIbiE;butyllithium adduct with acetyl chloride
and methanesulfonyl anhydride o not afford any characterizable product
other than unreacted starting material CLXXIIb. This is puzzling since
~ both reagents should be capable of forming the intermediate CCVII.

2. Examination of data presented in Table IX indicates that 4-
substituted-1-aza-phenothiazines CLXXXVII expeéted from acylation of
intermediate CLXLVIa are not produced. Tﬁe absence of 1,2-dfhydro-
pyridines CCVIII in the reaction of CLXXIIbigrbutyllithium adducts
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CLXLVIa ™ CLXXXVII

with such electrophiles as‘dimethy](methy]ene)ammonium iodide and

trimethylsilylketene was previously Fationa]ized iﬁ terms of their

inability to form thé iminium species CCVII. However, there is no

apparent explanation as to why‘the corresponding 4-substituted compound

CLXXXVII is not obtained with these electrophilic reagents. A

3. Analysis of the results shown in Table IX also indicates that the

1-aza-phenothiazines CLXXIIin which the N-10 substituent was methyl

(CLXXIIb), 3-dimethylaminopropyl (CLXXIId) and 2—dimethy1aminopropx] NN

(CLXXIIe) gave the expected 1,2-dihydropyridyl products arising froﬁ‘

reaction at the N-¥ nitrogen. The 1-azaohenothiazines CLXXII in

which the N-10 substituent was 2-dimethy1aminoethy]v(CLXXIIC) or

1—methy]—2-d1methy1aminoethy1 (CLXXIIf) afforded only products'result-

ing from reaction at the N-10 sfde chain. ’ ”
Earlier in thé discussion it-was proposéd thaf the species CLXLII

wasrinvolved in the formation of 4-substituted-T-azaphenothiazines

CLXXXVII. While the prbposéd complex CLXLII'has two nitrogens

available fok'comp]exing with/h-buty]]ithium the 1-azaphenothiazines

with an N-10 dimethylaminoalkyl substituent have three nitrogens.

The fo1]ow{hg_postu1ates are presented on the basis of the products

-



isolated from the reaction of 1-azaphenothiazines CLXXIIb-f with
n-butyllithium and electrophilic reagents. The cémp]ex CLXLII shown

in Figure VIII has been proposed to explain the enhanced basié
properties of n-butyllithium. If such a complex is involved the CQ?
position of the pyridy! ring should be more susceptible to nucleophilic
attack since the pyridyl nitrogen would attain some‘positive character.

Furthermore, complexation would orient the n-butyl group of p-butyl-

Tithium such that nucleophilic attack at the C-2 position is facilitated.

Reaction of 10—(2—diméthy1aminoethy1)-10H—pyrido[3,2—b][1,4]-
benzothiszine (CLXXIIc) with n-butyllithium and methyl chloroformate
affords CLXLIV for which a mechanism to explain its formation has been
proposed. The reaction of CLXXIIc with n-butyllithium alone afforded
cLxLv presumably as a result of attack by n-butyllithium at theBr
carbon of the side chain of CLXXIIc thh ‘logs of dimethylamine. The
N-10 side chain nitrogen which is more basic than N-10 may_in conjunc-
ktion with the pyridyl nitrogen complex n-butyllithium as shown by
CCIX in Figure ViII. Complexation with these nitrogen atoms may be
sterically more favorable than comp]exafion'with'the peri-N-1 and
N-10 nitrogens.as shéwn by CLXLII. v this is true then the N-10 side
chain nitrogen would attain some positive character and the possibility
. of eiiminating a stable mo]écu]e (diéethy]amine) facilitates attack by
n- buty]11th1um at the g-carbon. \ Conp]exat1on would also make the C-2
position more susceptible -to nuc]eoph111c attack since the pyr1dy1
nitrogen would also attain some positive character. However, the
only product isolated CLXLV was the }esu1t of réaction at the side

chain and therefore this type of attack must be more favorable.
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Figure VIII

Possible Complexes from the Interaction of
1-Azaphenothiazines with n-Butyllithium
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Furthermore; if the complex shown by CCIX is possible the n-butyl group
of‘ﬂ-buty11fthium may be oriented sueﬁ-that it is toe far from the C-2
position to permit attack at that site.

The reaction of 10-(3-dimethylaminopropy])—10H—pyrido[3,2-b][1,4]-
benzothiazine (CLXXIId) with N-butyllithium and electrophilic reagents
proceeds such that the only proeucts iso]ated are those arising from
reaction at the pyridine N-1 nitrogen. This suggests that the N-1 and
N-10 nitrogens may be involved in complexation with N-butyllithium as
shown by CCX in ngure VIII. If such a complex is present  nucleo-
bhi]ic ettack at the C-2 position would be facilitated. On the other
hand, if the N-1 and fhe N-]O side chain nitrogehs are involved in
complexation one might expect attack by n- buty111th1um at the y- carbon
with elimination of dimethylamine. Since no product arising from such
attack was observed it appears that the three carbon s1de chain may be
too long to permit the type of complexation shown by CCIX.

The reaction of 10-(2-dimethy1am1nopropy])-10H-pyrido[3,2-b][1,4]-
~ benzothiazine (CLXXIIe) with ﬂ-buty1litgium and electrophilic reagents
proceeds such that the only products isolated are those arising from
reaction at the pyridine Nf1 nitrogen. It might be expected that the
N-1 and N-10 side chain nitrogens would be involved in complexation
since we again have a two carbon side chain which would give a complex
such as CCIX. It has been suggested393 that in the phenothiazine
series CLXXVI there is steric repulsion between a methyl substituent
R1 at the g-position and thell,Q-Egri;hydrogens. By analpgqy We might
expect that a similar repulsion exists between the g-methyl substituent

and the peri-C-9 hydrogen and the peri-N-1 lone electron pair of

e “_""““"'-NW“.«\‘. LT

w ey,

e gk
v .
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CLXXIIe. If this is true then complexation of the type shown by CCIX
is probably not possible due to steric féasons. Complexation with
g-buty]]ith1um might then occur with the N-1 and N-10 nitrogens as
shown by CCXI “in Figure VIII. Such a complex would then facilitate ~
attack-at the C-2 position.

The reaction of 10-(1-methy]-2—dimethy1aminoethy1)-10H-pyrido-
[3,2-b][7, 4]benzothiazine (CLXXIIf) with n-butyliithium and methy1
ch]oroformate afforded CLXXIIa presumably as a result of attack by
n-butyllithium at the a-carbon of CLXXIIf. Since steric repulsion
is present betwegn the B-methyl‘and the peri-positions of CLXXIIe
we might expect similar but more pronounced interactions in CLXXIIf
since the methyl substituent is at the a-position. If this is true
then a complex of the type shown by CCIX is not possible whereas that
shown by CCXII in Figure VIII nﬁght still be obtained. Such a complex
would confer slight positive character to the N-10 nitrogen facilitating
nucleophilic attack by n-butyllithium at the a-position. Attack at this
site would also e]iminéte a stable molecule, CLXXIIa, as well as relieve
the steric repulsion between the a-methyl substituent and the peri-
positions. On the other hand, complex CCXII wou?d also activate the o
C-2 position towards nucleophilic at%ack by confering slight positive
character to the'N—] nitrogen No product arising from react1on at
the pyridyl N-1 nitrogen was obtained indicating that nucleophil ;N
attack on the side chain is a more favorable process.

It must be stressed that the preceding postulates are presented
in an effort to rationalize the dependence of the reaction products
whicﬁ are obtained to the nature of the N-10 subsfituent of l-aza-

phenothiazines CLXXII.



\ _ ' 141

It is recognized that in the absence of concrete evidence support-
ing the existence of the complexes such as CLXLII and CCIX~CCXII these
postulates are at best quite tenuous. Furthermore they virtually
ignore a variety of other possible complicating factors. Compiexation
between n-butyllithium and 1-azaphenothiazines CLXXII has been shown
in CLXLII and CCIX—CCXII‘as involving the-N-1 and N-10 nitrogens or
the N-1 8nd N-10 side chain nitrogens. :There is no reason why complex-
ation migh; not also involve the N-10 and N-10 side chain nitrogens.

L, complexation may be inter- rather than intramolecular or may

1nd1v;pua] n1trogens rather than requiring a n1trogen pair.

3 her hand comp]exat1on may not occur to any s1gn1f1cant extent.

) ;bWU'a1low5pce has been made for the conformation of ‘the 1-azapheno-
itht3&1ne system CLXXII and its effect on chgm1ca1 reactivity. Stud:

in the phenothiazine series CLXXVI suggestvthat the two phemyl ring.

are at right aﬁg]es . one another3°“.b If the.]—azaphenothiazine

molecule 'CLXXI is'similar1y non-planar we might expect this conforma-

tion to influence the reaction course. Similarly no consideration is

given to the possible inversion of the N-10 nitrogen. |

It should be pointed out however that while the reaction of
CLXXIIb or d with n-butyllithium and water gave a product(s) whose
nmr spectrum is shown in Figure VI the same reaction with CLXXIIc
gave no evidence for such prod&tts in the nmr spectrum. This at Teast
indicates .that while CLXXIIb and d undergo reaction at the pyridyl N-1
nitrogen via the same type of intermediates CLXLVIa and b ho such
adduc?§ have been detected which would seggest‘a similar rsa-tic- at

the p}ridjne N-1 nitrogen of CLXXIIc.
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3.11.0.0.0 Synthesis of 2-anilinopyridines

'In view of the wide variety of products obtained from the reaction
of 1-azaphenothiazines CLXXII with' n-butyllithium and electrophilic
reégents CLXXXVI it was considered desirable to find alternative
routes to the 1,2-d1hydropyrid{ne derivatives CLXXVIII. One possible "
alternative involves the preparation of the 1-azaphenothiazine skeleton
CLXXIT from the reaction of 2-anilinopyridine GCXIIIa with elemental

* sulfur and iodine24",

10— CCX2
N N/ A N N/
I

| R
R o R
a H
CCXIII CLXXII
1) R-Li b Me
2) R'-X

CCXIV T CLXXVIII : »

o

Reéction of CCXIII with an organolithium reagent R2-Li and an
e1ectrophi1e,R1—X ﬁou]d be expécted to afford the 2—an1]in8—1,2—
dihydropyridine CCXIV as the sole or major product. Reaction of.CCXIV
with elemental su]fgr would then afford the desired 1,2-dihydropyridine
CLXXVIII. "If succeésfu] this synthetic route to CLXXVIII would

eliminate the variety of by-products obtained from.the reaction of
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1-azaphenothiazines CLXXII with n-butyllithium and electrophiles. It
was further expected that the e]ectfon rich C-5 position in the 1,2-
dihydropyridine ring of CCXIV would facilitate ring closure with .

elemental sulfur. If th%swere found to be the case the prohibitive

~

temperatures required for the conversion of CCXIII to CLXXII might

then be avoided.
2-Anilinopyridine245 (CCXIIIa) and 2-(N-methylanilincy-pyri’ e
(CCXI11b) were prepared according to a published procedure or its

variation. The reaction of CCXIIIb with n-butyllithium and methyl

:chloroformate afforded 39% starting material CCXIIIb and intractable

tar. The reaction(o? CCXIIla with excess n-butyllithium and acetyd

chloride or methyl chloroformate gave CCXV or CCXVI in 91.5% and 93.7%

(j’
| AN
NN
s '
H
,_ CCXIIla
1) n-BuLi
._ Burs
2) C1COMe 1) n-Buli

2) C1COgMe

o

O (), Dmburs N
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yield respectively. Treatment of CCXV with n-butyllithium and mgthy]

chloroformate gave CCXVI in 79.2% yield while the reaction of CCXVI

with the same reagents gave starting material CCXVI almost quantita-

tively.

Further studies are now in progress. to elaborate the pyridyl ring

of CCXV and CCXVI to give CCXVII and CCXVIII using other methods of

, » '\\
L
N N R2
' | FO Ll

>
, F=C’ R’

Me : OMe
CCXVII R . CCXVIII

‘generating 1,2-dihydropyridyl derivatives!“4s158  These derivatives

S A
| H :
;o
R K
CLXXVIII 4

will then be subjected to elemental sulfur to effect cyclization. to

CLXXVIII. ,
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4.0.0.0.0 Broad Spectrum Pharmacological Screening

lTen selected npounds viz: CXXXIXd,‘CXXXIXf, CXXXIXg, CXXXIXh,
CXXXIXi, CXXXIXj, CXXXIXk and tne mixture of isomers CXXXIXa and CXLa,
CXXXIXb and CXLb and. CLVIIa and CLVIIIa have been evaluated by Dr.
E.A. Swinyard (University of Utah) for antiepileptic and neurotoxic

activity.
- .
~Each compound was administered via the intraperitoneal route and

tested in the Maximal Electroshock and Subcutaneous Pentylenetetrazol
P4 )

7/

Metrazol) Seizure models and the 6.RPM Rotorod Ataxia test in mice

over the dose range 200 - 1600 mg/kg body Weighf; Electroshock was

applied at 1. 2 and 4 hours-after treatment while Metrazol was injected’ ,5*'
1 hour after treatment. , g ?f_‘
AL
Although these compounds were generally non-toxic even at high

¢

doses (TDyo » 1600 mg/kg) they were not effective "\ the maximal

electrosnock and metrazol'mode1s'(EDso > 1600 ;;/kg). Compound CXXXIXj‘

caused ataxia_ir tho~~ .ice injected with 800 mg/kg while the 1600

mg/kg dose was vary Loxicz. Thé mixtufe of isomers CXXXIXb and CXLb1~ 

appearéq to pote tiate “ne acfion'of Ti;razo] although it‘@gs'Hoﬁ— b
* toxic at all dose levels. Compound CXXXIXh exhibited_débressant

activity but did not control electrically or chemi

W

cally induced

seizures. Compound CXXXIXk was found to give a_véri‘]ight protection
against electroshock when administered at the 1600 mg/kg dose level
4 hours after administration.

The broad spectrum pharmaco]ogical'sc;eening of- compounds

LXXXIVb, CXIXb, XXXIXc; CXXXIXh and .the isomeric mixtwwe.CXXXiXa and

e

5}

'CXLa has been completed. R



The screening is conducted under a “Scregnjng Program for New
Drug Type Discoveries" under an agreement bothen Canadian Patents
and Developments Limited anh Bio-Research L. . atories Limited.

Prior to initiation of the broad spectrum pharmacological screen
the test compound is administered to mice‘and Jts behaviour is closely
observed to establish a neuropharmagcological profile. The compound
is then subjected to tests designed to detect shecjfig activity of
the following types: analgesic, antidepressant, cardiovascular, -
contraceptive, anti-in"ammatOry, hy oglycemic, antihistaminic,
anti-anaphylactic, antimicrobial, antiprotozoal and inhibition of
the.enzyme histidine deC@rboxy]ase.

' »

The neuropharmaco]ogica] profile of compound CXXXIXh was

N
determined after intraperitoneal injection to Swiss Albino mice.

:‘Compound CXXXIXh was found to exhibit a dépressanf effect.

Hypoglycemic effects were determined by oral administration of
the cdhpounq to SpragUe-Daw]ey rats. Compéund CXXXIXh and .a mixture
of the iscuers CXXXIXé and CXla caLseq‘a stight reductibn in the
blood glucose concentration.

The in vitro antimicrobial activity of coégbunds LXXXIVb, CXIXb,
XXXIXc, CXXXIXh and a mixture of tﬁé isomers CXXXIXa and CXLa was
‘ rmihea using bacteria, fungi, yeast and protozoa. Minimal
Inhibitory Conceqtrations (MIC) in microgréms of compound.per
millilitre of mehia were interpreted as follows: bacteriaj < 100 pg/ml
(active) 100- 500 ug/ml (s]1ght]y act1ve), > 500 pg/ml (inactive);
fung1 and yeast, < A0 pug/ml (active), 10-500 ng/ml (slightly active)

and > 500 ug/ml (inactive), protozoa; tr1chomonas >. 50 ug[m]

“{inactive), entamoeba, > ]O ug/ml (inactive).

SU]:

Y
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A1l compounds were inactive against the bacteria Escherichia coli,

Pseudomonas aeruginosa, Klebsiella pneumoniae, Salmonella typhimurium,

Haemophilus influenzae, Staphylococcus aureus, Streptococtus pyogenes,

Streptococcus pneumoniae, Streptococcus faecalis and Bacillus subtilis.

Antifungal activity tests were conducted against Trichophyton

mentagrophytes, Microsporum gypseum, Aspergillus niger, Candida.

“albicans and Saccharomyces carbargensis. Compounds LXXXIVb, ‘CXIXb

and “.aixc were found to be slightly active againSt‘TrichoghxtQQ

LAY

men -~ es and Microsporum gypseun. Ry
“Ais compounds were found to be inactiVﬁfﬁﬁﬂinst the protozoa

v

Trichomonas foetus and Entamoeba histolytica.

The pharmacological profile of compounds CLXXVIIIa and th?V[IIoA“
-

R

is currently being determined.

S,

»-D



5.0.0.0.0 Experimental

Melting points were determined with a Blichi capillary apparatus
- and are uncorrected. Infrared sﬁectra (in potassium bromide unléss
otherwise noted) were taken on a Unicam SP-1000 or Perkin-Elmer 267
»spectrometer. Nmr spectra were determined for solutions of deutero-
chloroform (un]ess otherwise noted) using TMS as internal standard
with a Varian A-60, EM-360, HA-100 or 220 spectrometer. Coupling
canstants are given in Hertz (Hz) in all cases. Mass spectra were
measured with an AEI-MS-9 or MS!SO mass- spectrometer and the exact
mass measurements are used in lieu of e]ementaj éna]yses. Gas

a

chromatography was performed on a Hewlett-Packard 5710A dual column

chromatograph.

5.1.0.0.0 Reagents and solvents

n-Butyllithium (1.75 - 2.5 molar in g-hexane solution) was
obtained from Aldrich Chemical Co., Inc. or from Alfa Proaucts énd"
was assayed prior to use following fhe me thod df H. Gilman and
A H. Haubein237.' Thevchemica] amlysis of organolithium compounds
has been revieweq2“9. Methy]]jthﬁiﬁl(].S molar in ether solution)
was obtained from Alfa Products-and assayed2?37 prior to use.
Phenyllithium was brepargd according to the procedure outlined in
Section 5.1.1.0.0. _

N-Acetyl-2-phenyl-1,2- d1hydr0pyr1d1ne (XXXIXa)190 N- ethoxyC@rbony]—
2-pheny1-1,2-dihydropyridine (XXXIXc)19°, N benzoy] 2-pheny1-1,2-
dihydropyridine (XXXIXd)1%0, N- methoxycarbony] 1,2~ d1hydropyr1j§}

: : -148-
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(LV)14% and N-methanesulfonyl-1,2-dihydropyridine (CXXXVII)?“3 were
prepared according to published procedures. 4—Phé%y]-1,2,4— |
triazoline-3,5-dione (CXXXVIIla) was prepared by nitrogen tetroxide?38
oXida£ion.of 4-phen :Tjg?ﬂ—triazo11dine-3;5-dione prepared using the
procedure of G. Zjnner and Ml Deucker?39, This was‘purified.by

sublimation (100°/0.2 mm) to give CXXXVIIIa, mp 173°-182° (decomp.)

- [reported="8 160-180 (decomp.)]. 4-Ethyl-1,2,4-triazoline-3,5-

\;/' ,
- .
a

dione (CXXXVIIIb) was similarly prepared. 1,2,4-Triazoline-3,5-dione
(CXXXVIIIc) was prepared by the nitrogen tetroxide uxidationAof
urazole obtained from Aldrich Chemical Co., Inc.
4,4-Diethylpyrazoline-3,5-dione (CLIV) was obtained from the
nitrogen F¢£ﬁ9§igg;oxidation of 4,4—diethy1pyrazo11dine—3,5—dione,
mp 264-5° (E:om water); rebortedz“o, mp 266-7°. Lithium diisopropyl-
amide was prepared using-the procedure of R.J. Cregge and co—wo}kersz“l.
10H-Pyrido[3,2-b][1,4]benzothiazine (CLXXIIa) was obtained from
Aldrich Chemical Co., Inc. and was recrystallized from hexanes
(bp 68.4°-68.9°)~-benzene (2:1 v/v), mp 113-4°.
10-(3-Dimethy]aminopropy1)—10H—pyrido[3;2—b][1,4]benzothiazine‘
hydrochloride monohydrate (Tolnate) was obtained from Smith, Kline
and French Labs., Ltd. Anhydrous ether and tetr?hydrofuran were
obtained by distillation from lithium a]uminuﬁ'hydride or from
benzophenone ketyl242, Anhydrous dichloromethané was predried
(cal¢ium chloride) and distilled from calcium hydride. Anhydrous
toluene was predried (calcium hydride) and distilled from sodium.
Si]ica gel (J.T. Baker Chemical Co., 40-140 mesh) or neutral

alumina, Brockman activity 1 (Fisher Scientifi@fCo., 80-200 mesh)
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were used for column chromatography. Kieselgel silica gel DF-5
(Camag) wes used for preparative thin layer chromatography.
Preparative thin layer chromatography plates were 20x20 cm (unless
otherwise noted) and the silica ge] was 0.75 mm (unless otherwise
noted) in thickness. Silica gel fractions were extracted with
methanol. Temperatures'of 0° and -77° were obtained with ice-weter
~and dry ice-acetone baths respectively. Reaetions were carried out
in glassware which was oven-dried overnight at 120° and cooled to

room temperature by flushing with nitrogen or argon gas. Inert gases

150

(nitrogen and argon) were dried by successive passage through sulfuric

acid, potassium hydroxide and calcium chloride.

5.1.1.0.0 Preparation of phenyllithium

Bromobenzene (15.7 g, 0.1 mol) in»anhydrous ether (25 m])lwas
added dropwise to a vigorously stirred suspension of Tithium metal
(1.53 g, 0.22 mol) in anhydrous ether (175 m1) at 0° under an atmos-
phere of nitrogen. The solution was allowed to warm to room
temperature and theﬁgstand at room temperature overn1ght under a
positive nitrogen atmOsphere A black precipitate settles out
leaving phenyllithium as a light y21low solution which was assayed

“dsing the procedure of H. Gilman and A.H. Haubein237,



5.2.0.0.0 The generation of N-1ithio-2-phenyl-1,2-dihydropyridine

and ‘subsequent reaction with electirophilic reagents

General Procedure: Pyridine (7.9 g, 0.1 mol) in anhydrous

ether (10 m1) was added dropwise to a stirrgg solution of phenyl-
Tithium (&8 1 g, 0.1 mol) in anhydrous ether (200 m1) at 0° under a
dry nitrogen atmosphere. Upon standing overnight at 0° N-lithio-
2-pheny1-1,2-dihydropyridine (LXXXIc) was obtained as a yellow
crystalline so]id which was wéshed with anhydrous ether (2x30 ml),
dissolved in anhydrous tetrahydrofuran (50-60 ml), and assayed using
the procedure of H. Gilman and A.H. Haubein237. The dark brown
solution of LXXXIcwas cooled to -77° and the appropriate electrophile
(0.1 mol) in anhydrous tetrahydrofuran (10 m1) was added dropwise
with stirring. The resulting dark yellow solution was stirred at
~77° for 1 hr and then allowed to warm to room temperature over a

1 hr period,. Water (50-100 ml) was added and the reaction products

were isolated as described in reported procedures!89s190

5.3.0.0.0 The generation of N-1ithio-2-alkyl-1,2-dihydropyridine

and subseqguent reaction with electrophilic reagents

General Procedure: In a dry nitrogen atmosphére pyridine .

(3.01 g, 38 mmol) ih anhydrous ether (10 m1) was added dropwise

to a stirred solution of alkylTithium (38 mmol) in anhydrous'ethgr
(50 m1) at 0°. The resulting reddish-brown solution of N-]ifhio;
2-a1ky1-1,2-dihydrop¥rid1ne was stirﬁé& at 0° for 1 hr, cooled to

~77°, and the appropriate electrophile (38 mmol) in anhydrous ether

151
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(10 m1) was added dropwise with stirring. The resulting dark yellow
solution was stirred at -77° for 1 hr and then allowed to warm to
room temperature over a 1 hr period; Water (50-75 ml) was added and
the reaction products were isolated asldescribed in individual |

reactions.

5.3.1.0.0 Reaction of N—]ithio-Z-gfbuty]—l,2-dihydropyridine with

methyl chloroformate

In a dry nitrogen atmosphere methyl chlorofofﬁéte (2.6 g, 27.5 mmo1)
in anhydrous ether (10 m1) was added droﬁwise with stirring to a
solution of N-Tithio-2-n-butyl-1,2-dihydropyridine (LXXxIb) (3.93 g,
27.5 mmol prepared according to thz procedure outlined in Section
5.3.0.0.0) in anhydrous ether (60 m1) at -77°. The resulting clear
yellow solution was allowed to warm to room temperature over a 1 hr ‘
period and successively treated with water (75 m1), 18% HC1 (4x50 ml)
and water (2x50 m]); The ether phase was separated, dried (Na,S0,)
and the solvent removed in vacuo to-give a yellow o¢" (4.74 g) which \\\\
was chromatographed on a 2.5x20 cm neutral alumina column. Elution -
With petroleum ether (bp 35-60°);benzenéﬁ(300 ml) (1:1 v/v) and

petroleum ether-benzeneJ(ZOO ml) (1:3 v/v) gave N-methoxycarbony1-

2-n-buty1-1,2-dihydropyridine (LXXXIVb) as a Tlight yellow oil (0.821 g,
15.3%). Vmax. (film) (cm=1): 1718 (C=0), 1645, 1580 (C=C); nmr &:

6.72 [T, d(Js,6 = 7.5), Co-HI, 5.95 [WH, d(Js,, = 8.75) of d(dy, s -
5.5), Cu-H1, 5.68 [1H, d(Jy,5 = 5), C3-H], 5.26 (I, m, Cs-H), 4.75
(1, m, Co-H), 3.78 (3H, s, OMe), 1.9-0.7 (9H, m, n-Bu); mass
ca]culateq for Cy1H;7NO,, 195.1259; found, 195.1266.



Further elution with benzene (400 m1) and then benzene-ether

(100 m1) (1:1 v/v) gave 1,5-d1methoxycarbony1—Z—beutyl—l,2¢d1hydrb—

pyridine (CXIXb) as a light yellow oil (1.148 g, 33%). Vpax (film)
(em™'): 1734, 1712 (C=0), 1642,71590 (C=C); nmr s: (1H, s, Cg-H),

6.46 [1H, d(J4,, = 9.75), C,-H], 5.62 [1H, d(J3,4, = 9.75) of d(J, 5 =
5.5) of d(J;,6 = 1), C3-H], 4.78 [1H, d(J,,5 = 5.5), Cp-H], 3.86 < =

(3H, s, OMe), 3.78 (3H, s, OMe), 1.65-0.65 (9H, m, n-Bu); mass
calculated for Cy3HioNO,, 253.1314; found, 253.1310. The reaction
was also quantitated prior toitreatment with 18% HC1. Vpc analysis.
onab ftx 1/4 in coldmn packed with 3% QV-17 on Chrom W (8Q-1OO
mesh) with a He flow rate of 50 ml/min and a column temperature of
155° gave 2-n-butylpyridine (CXXIb).identica1 (ir) with an authentic
sample (5%, retention time 1 min). A column temperature of 205° gave
N-methoxycarbony]-21ﬂ;buty1-1,2-dihydropyrid1ne (LXXXIVb) (43%,
retention time ].]é min) and 1,5—dihethoxyér‘hony1e2—g;buty1-1,2—
dihydropyridine (CXIXb) (25%, retention time 3.25 miniﬁ When the
reaction was repeated usiog 5 equivalents of methyl chloroformate

followed by vpc analysis as described above CXXIb (6%), LXXXIVb

'(35%) and CXIXb (34%) were obtained.

5.3.2.0.0 Reaction of N-]ithio-Z-g;Buty]-1,2-d1hydropyridine with

3~ethoxycarbonylpyridine

In a dry nitrogen atmosphere 3-ethoxycarbqny1pyridine (CXVIIIc)
(1.51 g, 10 mmo1) in"dnhydrous ether (5 ml) was added dropwise with
stirring to a solution of N-1ithio-2-n-butyl-1,2-dihydropyridine

(LXXXIb) (1.43 g, 10 mmol, prepared according to the procedure
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outlined in section 5.3.0.0.0) in anhydrous ether (60 ml) at room
temperature. The resulting rusty-brown suspension was stirred for
a further 1 hr and water (90 ml) was added. Extraction with ether
(6x30 ml1), drying (NaZSOQ) AFZ evaporation of the solvent in vacuo
gave a red oil (2.455 g) of which 0.5 g was subjected to preparative
thin-layer chromatography on three (20x40 cm) silica gel plates
using ether-methanol (9:} v/v) as the development solvent.
Extraction of the silica gel fraction (Rf 0.42) gave 2-n-blityl-
»5-(3'—pyridy1cafbony1)-1,2-d1hydropyridfne (CXXc) as a bright yellow
0il (0.195 g, 39.6%). vmax (film) (cm=1): 3260 (NH), 1652 (C=0),

1580 (C=C); nmr s: 8.58 [1H, d(Jé',q' = 2), C,'-H], 8.53 [1H,
d(Js',6' = 5) of d(Jy',g" = 2), Ce'-H], 7.72 (1H, d(J,',s' = 8.5)
of t(Jy',6' = Jp',u" = 2), Cy4'-H], 7.4-6.94 (3H, m, C5'-H, Cc-H,
NH, exchanges with deuterium oxide), 6.54 [1H, d(Js,, = 10), Cy-HI,
5.15 [TH, d(J3, = 10), C3-H], 4.29 (1H, m, Cp-H), 1.77-0.66 (9H,

m, n-Bu). After D,0 exchange the C3~H multiplet appears as a

d(J3,y = 10) of d(J,,3 = 3. 5), mass calculated for C15H1gN20,. 242.1415;

found, 242.1414. Extraction of the silica gel fraction, (Rf 1) gave

a dark yellow 011 which was rechromatographed on one (20x40 cm) silica

gel plate us1ng ether- methano] (20:1 v/v) as the development solvent.

This gave three fractions (Rf 1), (Rf 0.95), and (Rf 0.76).
Extractior ~ the silica gel fraction (Rf 1) gave 2-n-butylpyridine

(CXXIc) as a light yeT]ow 0il (0.022 g,~8%) identical (nmr) with an
i - .

authentic sample. Extraction of the silica ge™~fraction (Rf 0.95)

gave»3-ethoxycarbony]pyridine (CXVIIIc) as a colorless.oil (0.083 g,

A .
27%) identical (nmr) with an authentic sample. Extraction the
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siliéa\ge]lfraction (Rf 0.76) gave 2-n-buty1-5-(3'-pyridylcarbonyl)-

pyridiné\(LXXXVc) as a very light yellow 0il (0.013 g, 2.7%).

vinax (fiIm) (cm™!): 1670 (C=0); nmr &: 9.05-8.7 (3H, m, C,'-H,
Ce'-H, Cg-H), 8.24-7.92 (2H, m, C,'-H, Cy-H), 7.59-7.2 (2H, m,

Cs'-H, C3-H), 2.89 [2H, t(JCHo-CHp = 7)CHaC3H,], 2.17-0.73 (7H,

m, CH2C3EJ); mass calculated for CisHi1gN,0, 240.1259; found, 240.1257.

5.3.3.0.0 Reaction of N~1ithio—2—g;buty1—],2-dihydropyridine with

4—methoxycarbony1pyrid1ne

In a dry nitrogen atmosphere 4-methoxycarbony1pyridine (CxvIIId)
(2.74 g, 20 mmol) in anhydrous ether (10 ml) was added . opwise with
stirring to a solution of N-]ithio;2~g¢buty1—1;Z-dihydropyridine

(LXXXId) (2.86 g, 20 mrol. prepared accory % the procedure

outlined in section 5.3.0.0.0) in anhydrou¥ -,Her (60 ml) at room
temperatdre. ‘The resulting rusty-brown suspension was stirred for
a further 0.5 hr and water (100 ml) was added. Extraction with
ethef (6x100 ml) drying (NaZSOQ)ana evaporation of the solvent
jg_!gggg;gave a:red oil (4.49 g) of which ?.7‘g was subjected to
préparative thin-layer chromatography on six (20x40 cm) silica gel

p]étes using ether-methanol (15:1 v/v) as the development solvent.

Extraction of the silica gel fraction (Rf 0.21) gave 2-n-butyl-5-

(4'-pyridylcarbonyl)-1,2-dihydropyridine (CXXd) as a bright yellow
0i1 (0.358 g, 47.4%). vpayx (Film) (cm™1): 3240 (NH), 1650 (C=0),
1567 (C=C); nmr 6: 8.62-8.4 (2H, m, C,'-H, Cg'-H), 7.93 (1H, broad

m, NH, exchanges with deuterium oxide), 7.28-6.88 (3H, m, Cy'-H,
Cs'-H, Cg-H), 6.48 [1H, d(J3,y = 10), Cy-H], 5.13 [H, d(Js,, = 10)
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of d(J,,3 = 3.5), C3-H], 4.27 (IH, m, Co~H), 1.7-0.65 (9H, m, n-Bu).
The multiplet due to the C3-H signal sharpens considerably after D,0
exchange. Mass calculated for CISHIBNZO, 242.1415; found, 242.1417.

Extraction of the silica gel fraction (Rf 0.67) gave 2-n-buty1-5-

(4'-pyridylcarbonyl)-pyridine (LXXXVd) as a light yellow oil (0.064 g,
.

8.6%). vmax (film) (em=1): 1670 (C=0); nmr s: 8.95-8.72 (3H, m,

Cot-H, Co'-H, Co-H), 8.08 [TH, d(J3,4 = 8) of d(Jy ¢ = 2.5), Cy-H],
7.65-7.48 (2H, m, C3'-H, Cs'-H), 7.29 [1H, d(Js,4 = 8), C3-H), 2.9
[2H, t(JcHz-CH2 = 7), CHaCsH7T, 2.07-0.72 (7H, m, CHyCsHy1; mass
calculated for CysHgN,0, 240.1259; found, 240.1256. Extractibn‘of
the silica gel fraction (Rf 0.94) gave . 2 hutylpyridine (CXXId) as
a Tight yellow oil (0.02 g, ..3%) idencical namr) with an authentic
sample: Extractfon of the s “a qel fraction (Rf 0.85) gave 4-
vmetho&ycarbony]pyridine °XVIIId) as a colorless oil (0.07 g, 16.4%)

identical (nmr) with an authentic sample:

5.3.4.0.0 Reaction of N-1ithio-2-n-butyl-1,2-dihydropyridine with

2-ethoxycarbonylpyridine ,

In a dry niérogen atmosphere 2-ethoxycarb0ny]p;fid1ne (CXVIIIe)
(1.53 g, 10.1 mmol) in anhydrous ether (5 ml) was added dropwise with
stirring'to a solution of N-Tithio-2-n-butyl-1,z-dihydropyridine
(LXXXIb) (1.45 g, 10.1 mmol, prepared according to the procedure
outlined in section 5.3.0.0.0) in anhydrous ether (60 m1) at room
temperature. The resulting rusty-brown suspension was stirred ¢
a further 1 hr and water (fOQ ml) waé added. Extraction with

chioroform (5x50 ml1), drying (Na,SO,) and evaporation of the s.
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in vacuo gave a red oil (3.025 g) of which 0.5 g Qg; subjected to
preparat1ve thin-layer chromatography on e;bht silica gel plates

us1nq ether-methanol (15:1 v/v) as the development so]vent. Extrac-
tion of the silica gel fraction (Rf 1) gave 2-n-butylpyridine (CXXIe)
as a dark yellow oil (0.034 g,>15 1%) 1dent1ca1 (nmr) with an
authentic samplé Extract1on of ‘nL s°lica gel fraction (Rf 0. 95)
_gave 2- ethoxycarbony]pyr1d1ne (CAviile) as a Tight yellow oil

(0.039 g, 15.5%) identical (i) with aﬁ authentic sample. Extraction

of the silica gel fraction (Rf 0.54) gave 2-n-buty1-5-(2'-pyridyl-

carbonyl)-1,2-dihydropyridine (CXXe) as a bright yellow oil (0.192 g,
47.5%). vmax (film) (cm=1): 3250 (NH), 1648 (C=0), 1570 (C=C);
e 0: 8.52 (THy m, Cg'-H), 8.25-7.03 (SH, m, Coell, C,'-H, C,'-H,

Cs'~H, NH, exchanges with deuterium oxide), 6.70 [1H,-d(Js,, = 10),
Cu-HI, 5.14 [1H, d(Js,, = 10), Cs-H], 4.30 (TH, m, Cp=H), 1.95-0.7
(94, m, n-Bu). After D,0 exchange the C,~H mu1t1p1et appears as a
1;doub1et (J3,4 = 10) of doublets (J2 4 = 1.5) of doublets (Ju,6 = 1.5).
The C3-H mu1t1plet appears-as ¢ doublet (Jj,, = 10) of doublets
(J2,3 = 3.5); mass calculated -for C1sH1gN20, 242.1415; found, |
242.1412. Extraction of the silica gel fraction (Rf 0.81) gave
Z-E;buty]-5~(2'~pyridy1carbony1)¥pyridine (LXXXVe) as a co]br]ess
0il1 (0.016 g, 4.0%). max (film) (em=1): 1670 (C=0); nmr 6:k
19.36 [H, d(dy, = 2.5), Co-HI, 8.75 [1H, d(Jst ¢+ = 5) of

d(dy 60 = 2) of d(Jy 61 = 1), Cor=H1, 8.4 [1H, d(J3 ), = 8) of
d(Jy 6 = 2.5), Cy-H1, B.22-7.46 (3, m, C,i-H, Cq'-H, cs--H)

7.3 [1H d(J3,4 = 8), C4-H], 2.88 [2H, t(JCH2 iy = 7 CH2C3H7]
2.24-0.68 (7H, m, CH,C3H,); mass calculated for CysHaghz0, 240. 1259;

found, 240.1247.
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5.3.5.0.0 Reaction of N-1i*hio-2-methyl-1,2-dihydropyridine with

methyl chloroformate

na dry nitrogen atmosphere methyl chlorofc  'n» (2.49 g,
26.3 WMOl) in anhydrous etﬁgr (10 m1) was added . se»with
stirring to a solution of N-Tlithio-2-methyl-1,2-dihydropyridine.
(LXXX;a):(3.76 g, 26.3 mmol prepared according to the procedure
outlined -in section 5.3.0.0. 0) in anhydrous ether (60 ml) at -77°.

———

The resu}{1ng c]ear yellow so]ut1on was ‘allowed to warm to room

temperature over a 2 hr period and water (100 ml) was added.

Extraction with ether (6x50 ml1), drying (Na,S0,) and evaporation

of the solvent in vacuo gave a yelTlowish-brown 0il (3.184 g). Vpc

analysis on a 5 ft x 1/4 in column packed with 3% OV-101 on Chrom W

(80-100 mesh) with a He flow rate of 55 ml/min and a column

temperature of 130° gavé 2-methylpyridine (CXXIa) identical (ir)

‘with an authentic sample (7.3%, retention time 0.98 min). A

cotumn temperature of 180° gave N-methoxycarbonyl-2-methyl-1,2-

dihydropyridine (LXXXIVa) (7%, reténtion time 2 min)- vmax (film)

(cm=1): 1718 (C=0); nmr &: 6.65 [1H d( (Js,6 = 7 5), Cg-H],

5.9 [WH, d(Js,, = 8.75) of di | =.5.5), Cy-H], 5.63 [TH,

d(Jz,3 = 5), C3-H], 5.3A(1H,.m,"Cs-H),[4‘86 (1H, m, Cp-H), 3.78
(3H, s, OMe), 1.14 [3H; d(' 6.5), CH-1; mass calculated for
CgHy1NO,, 153.0789; found,‘153:0787. A column temperature of 180°

158

also gave 1,S-dimethoxycarbonyl-2~methy1-1,2-dihydropyridine\(CXIXal\:

(10%, retention time 6 min). Vpax (f1Tm) (cm=1): 1734, 1712 (C=0);

mass calculated for C10H13N0q, 211 6845 found 211.0837.

“ » qig
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5.4.0.0.0 Catalytic Hydrogenation of N- methoxycarbony] 2- phenyl- g

1,2- d1hydropyr1d1ne

N- Methoxycarbony] 2-phenyl- 1 2 d1hydropyr1d1ne (XXXIXb) (0.37,9, * t#
1.72 mmol, prepared from methyl ch]oroformate using the procedure |
outlined in section 5.2.0.0. 0) was subjected to reduct1on using.
hydrogen gas (30 psi) and 10% palladium-charcoal (0.093 g) in
Methanol (]OO ml) for'6 hr. Filtration and evaporation of the
solvent in vacuo gave a ye]]ow 0il (0 354 g) of wh1ch O 3. g was’
subjected to preparative th1n layer chromatography o8 four silica

~\
gel p]ates using .ether-benzene (1:1 v/v) as the development solvent.

Extraction of the silica ge] fraction (Rf70.87) gave N-me thoxycarbony1-

2-phenylpiperidine (CXXV) as'a yellpw oil (0.267 g, 83%). wpax (film)

(em™1): 1700 (C=C); nmr 6: 7.42-6.95 (SH, m, Ph), 5.45 (1H, m,’
C,-H),-3.69 (3H, s, OMe), 3.32- 1 16 (8H, m, (CH,),); mass calculated
for C13H17N02, 219.1259; found 219.1263.

A2

/
H

5.5.0.0.0 Cata]yt1c Hydroge of 1,5- d1methoxycarbony

buty] 1 2 d1hydr0pyr1d1ne yi o "‘» W -~
' o '\vf g a ) Jes T , ) iy B
: d-

I s;oimethoxycarbony1”2 h ~buty1-1,

(0. 7 g, 2. 77 mmo]) was subJected to reduct1on us1ng hydrogen gas-.
(40 ok*ﬁéind ]0% pa11ad1um charcoa] (0 35 g) in methanol (100 m])
and ch]oroform (40 mi) for 3 hr F11trat1on and evaporation of the
wr,so1vent in vacuo gave a bright e]]ow 011 (0.62 g) of which 0.3 g
was subJected to preparat1ve th1n -layer: chromatography,gn five |
s111ca jel plates (1 mm) using benzene-chloroform-acetone (10 1:1
v/v) as the development so]vent ~ .Extraction of the silica ge]

h:(\ ] ‘

1hydropyr1d1ne (CXIXb) ) @

e
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:-2:Q;buty]—1,2,3,4-e

fractm‘\(Rf 0.88) gave 1,5- d1methoxycarbon
~ tetraﬁxdrggyr1d1ne (CXXVI) as a pa]e yellow 0il (0.171 g, 50.3%).

\’max (fj]m) (em=1): 1730, 1708‘(@6), 1640 (C=C); nmr 6 7.97
(1H, s,tCG—H), 4.23.(]H, m, C,-H), 3.8 (3H, s, OMe), 3.7 (3H, s,
OMe), 2:45-1.6 [4H, m, (CH,),], 1.6-0.67 (9H, m, n-Bu); mass

ea1cu'1ated for Cy3H; N0y, 255.1465; found, 255.1471. "

S
N .

& 5.6.0 0.0 Reaction of N-acetyl-2-pheny1-1,2-dihydropyridine

&
é%"} * carbanion with iodomethane - ‘
. ~ - . -‘,

e In a dry n1trogen atmospher N- acety] 2- pheny] 1,2-dihydropyridine ~

(XXXIXa)189 (0.44 g, 2.2 mmo]) in anhydrous tetrahydrofuran (2.5 m])

g} was added dropw1se W1thvst1rr1ng to a solution.of lithium d11sopropy1-
Jam1de2“1 (0. 285 g, 2.2 %ggl) 1n anhydrous tetrahydrofuran (10 m]) at
'm;77° ’To the resulting. deeh$red_§o1ut1on was added 1odomethane  %& ,

’ (0. 314 9> 2 2.nmol) in ahhyd?%us tetrahydrofuran (1 ml) dropw1se at- |

=770, The resu1t1%gfye1low so]ut1on was allowed torwarm to room
3

temperature over a ] hr per16d “and: a §atuGated solution of ammonium

ch]orlde (20. m]) was added Extract1dn w1th ether (3x20 m1),

€

jdry1ng (NaZSOM) and evaporat1on of the so]vent in vacuo gave a dark

Ll
,ye]ﬂow oil (0. 365_0)k0¥“wh1ch 0.2 g was subJected to preparat1ve

. *‘y
“;th1n layer chromatggfiéﬁy on fouras111ca gel p]ates us1ng benzene- v
' ether (1:1-v/v) as the deve]opment solyent. Extract1on of the

e

s111ca gel fract1on (R 0 97) gave N-propionyl-2Zphenyl-1,2- d1hydro- .

pyr1d1ne (CXXXI R1 = Me) as a yellow oil (0.14 g, 54.3%). Y max
(Fi1m) (cm=1): 1678(c=0), 1650, 1583 (C=C); nmr : 7.28 (SH, m,
Ph), 6.49 [H, d{Js;6 = 7.5), Ce-H], 6.18 [IH, d(Jz,3 = 5.5)5 Cp-H],

» \
. [ v .

I3

. o ..
. * >
- . i / .
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L 4- pheny] 1,2,4-triazoline- 3,5- d1one (CXXXVIIIa)238 2397681 9

,q%

5.95 (TH, m, Cy-H), 5.75 (1H, m, C3-H), 5.3 (1H, m, Ce-H), 2.36
[2H, Q(JCH27CH3 =7), CHaCH3J, 1.1 [3H, t(JCHp-CH3 = 7), CH2CH3T;

mass calculated for CqulgNO, 213.1154; found, 213.1152. Extraction’

of the silica gel fraction'(Rf 0.83) gaue N—acety1-2-pheny1—],2—
dihydropyridine (XXXIXa) as a light yellow 0il (0.015 g, 6 2%)
identical (Rf, ir) with an authent1c samp]e

?

. 5.7.0.0.01 Diels-Alder cyo]oaddition products from reaction of

1,2-dihydropyridines with 1,2;ﬁ§triazo$ine43,5-diones

2 General Procedure' In a dry n1trogen atmosphere the approprlate

d1hydropyr1d1ne #Y mmo]) in anhydrous dichloromethane (]O ml) was

aadded dropwise: with st1rrapg to a so]utfon of the 1 2,4-triazoline-

7‘?

3,5-dvione (1 ﬁ(i%nhyﬁ)rous d1th1oromethane (10- 1*00 ml).

i Once the add1t1on was ‘completerthe deep red color o the tr1azo11ne

V

-~

dione was d1scharqed to a nearTy colorless’ so]utwon Evaporat1on
\('/

of the so]vent 1n vacuo. gave the Diels- ATder cyc]oadd1t1on product

genera]]y ln quant1tatfve yield. i €« £

e » & - o K

3} . . .
k4 ‘-.\ - 2

4

_§§.7.1;0.0 Rgact1on of N-acetyl-2- pheny] 1 y2- d1hyd§opyr1d1ne w1th

Ty

&

»

Y 4- pheny] 1,2,4~ tr1azo]1ne 3 5-dione
- g 'ﬁ . ,

'“ In a dry n1trx«en atmosphere N< acety] 2 -phenyi-1,2- d1hydro- f
-pyridine - (XXXIXa)189 (0 113 ¢, 0.57 mmol) in anhydrous d1chlorov
methane (10 m1) was added dropwise ugth st1rr1ng to a so]ut1pn of

0.57 mmol) in anhydrous d1chloromethane (10 m1) at -77°. The\

.
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resulting clear solution was allowed to warm to room temperature and
f
the solvent evaporated in vacuo to give a mixture of the stereoisomers.

5-endo- acety] 6 -ego-pheny1-2,3,5- tr1azab1cyclo[gn2 2]oct 7-ene-2,3-

endo-dicarboxylic acid N-phenylimide (C)XXIXa, 68%) and 5-exo-acetyl-

6- endo—pheny]—2,3,5~tr1azab1cyc]o[2.2.2]oct—7—ene-2,3-endo—dicarboxy1ic

acid NLpheniiimide jCXLa; 32%) as an off white solid (0.213 g, 100%3,
’ m 1) ]784,:1715 (sh), 1709 (C=0), 1665 (C C)
NPIH, m, Ph, C.-H),*%.82 T1H, d(J7,5 = 8) of d

mp 181-183°; v
nmr 6:.'7358{fi ‘
(Jy,s = 5.5) of d(d, 4 = 1.75), Ca-HI, 6.5-6.05 (1H, m, Cy-H),

5.42, 5.16 (1H, m, exo-Ce-H, endo-Cg-H), 5.08 (H, m, C;-H), 2.34,

1.79 (3H, s, exo-CHj, endo-CH3); mass calculated: for C21H1gNy035,

374.1379; found, 374.1377.

3

5.7.2.0.0 = Reaction of N- ethoxycarbony] 2-pheny1-1,2- d1hydropyr1d1ne

Y ok
with 4- pheny] 1,2,4-triazoline- 3 5-dione . e

» ’ 'ki':r

. o B ‘
In a dry n1trogen atmosphere N ethoxycarg%nyl 2- pheny] 1,2-

d1hydropyr1d1ne (XXXIXc)189 (0. 247 g, 1.08 mmo]) in anhydrous
dichloromethane (10 m]) was added dropw1se with st1rr1ng to.a
so]ut1on of 4-phenyl-1,2,4- tr1azo11ne 3,5-dione (CXXXVIIIa)238’23§’
*(0.189 g, 1. 08 mmo1) 1n anhydrous d1ch]oromethane (10 m1) at -77°.
“ The resu]t1ng clear so]ut1on was a]]owed‘to warm to room temperature

and the so]vent evapprated in vacuo to give K/Qndo ethoxycaruonyl 6-

L e,

exo-phenyl1-2, 3 5- tr1azab1cyc1o[2 2.2] oct- 7~ene 2,3-endo- -dicarboxylic

*- -~

acid N-phenylimide (CXXXIXd) as an off-white solid (0.436 a, 100%),

LI

g+ mp 150-158°5 yow (em™l): 1790, 1718 (c- 0)5 nmr 63 7.627 (10H, m,

. Ph), 6. 74 (2H, m, Cy-H, ce H). 6:12 [1H, dLJ7 g-= 9.5) of d(Jl 5. 5)

-
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imide ({X!XIXe) as an off-white sohd (0.841 g, 100%), mp Zo.m.
T ; 0 d6)

. .t | 163

C,-H], 5.21 [1H d(Jl 6 = 2.5), Cc-HI1, 5.11 L, (Jv .7 b) of
d(Jd1,¢ = 2.5), C;-H], 4.08 [2H, 9(JCH,-CHy = 7), OCH,J, 1.4 [3H, t,
(JCHQ-CH3 = 7), CH31; mass ca]cu]atéd for CaaHaoN, 0y, 404.1478;

found, 404.1485.

5.7.3.0.0 Reaction of N-benzoy]-Z—pheny]—],2-dihydr0pyridine with

4theny]-1,2,4-triazo]ine-3,5-dione "

In a dry nitrogen atmosphere N—benzoy] 2-pheny1-1,2- -dihydro-
pyridine (XXXIXd)189 (0.5 g, 1.93 mmo]) in anhydrous dichloromethane
(10 m1) was added dropw1se w1th st1r¥1ng to a solution .0f.,4-phenyl-

1,2,4- tr1azo]1ne 3,5-d1ione (CXXXVIIIa)2?8,239 (0.338 g, 1.93 mmo1)

~in anhydrous dmchloromethane (40 m1) at room temperature. The

resulting clear solution was st1rred for a further 0.5 hr. Evaporat1on

of the solvent in vacuo gave 5- endg benzoy1-6- -eXx0-pheny1-2, 3,5-

tr1azab1cyc1oﬁ€12 2]Joct-~ Amene-2,3-endo- -dicarboxylic acid N- -pheny]-

(from DMSO) ﬁ%aax (cm ): 1790, 1720 1700 (sh),

§: 7.59, 7.46, 7. 33 {ISH m, Ph), 7:33-6.94 (]H 'mf
6.27 (2H, m, Cr-H, Cq-H), 5. 62 [, d(d1,5 = 2,5), C4-H], 5.35 (1H,
m; C1 H) mass ca]cu]ated for C26H20Nq03, 436.1535; found, 436.1531,

- 6.63-

H'H 4

‘ S ’
B N »

5.7.4.0.0 Reaction of N- methoxycarbony] 2-n-butyl-1,2- -dihydro-

pyr1d1ne with 4-phenyl- 1 2,4- triazo]1ne 3,5- dione
v: N ?V:' - B .
rn a ary nitrogen atmosphere N- methoxycarbonyl 2-n- ﬂg;%i;l\?-

dihydnopyridine (LXXXIVb) 0.39 g, 2 mmot) 1n anhydrous dichloroﬁé}hane,'

/s

CEN
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»

(10 m1) was added dropwise with stirring to a solution of‘4-pheny1— .
1,2,4-triazoline-3,5-dione (CXXXVIIla)2385233 (0,35 g, 2 mmol) in »‘.
anhydrous dich]oromethane (10 m1) at room temperature. The resulting
clear solution was stirred for a further 0.5 hr. Evaporation of the

solvent in vacuo gave S—endb—methoxycarbony]—6—g591g-buty]-2,3,5-

triazabicyc]o[Z.2.2]oct=7—ene—2 3-endo-dicarboxylic acid‘N-phenyl— g
hc

&

1m1d§i(CXXXIXf) as a light ye]]ow semi-solid (0.74 g, 100%) £§335 38°;
vmax (film) (cm=1): 1782 1726, 1712 (sh) (Ce@¥; nmr s:° 7.52-7.23
(6H, m, Ph, Cy-H), 6.67-6.28 (2H, m, C,-H, Cg-H), 5.06 (1H, m, C,-H),

4.2-3.79 (1H, m, Cg-H), 3.79 (3H, . s QMe) 1.53-0.7 (9H, m, %;Bq); C
mass- calculated for ClgﬂzéNqou, 370.1641; found, 370.1§§§.' |
5.7.5.0.0 Re§€%1on of 15 5 d1methoxycarbony1 2- n\buty1 ] s2- d1hydro—

tﬁ’ ' Ny’

¢ P er1d1ne With 4 pheny] 1,2, 4 triazoline-3,5- d1one

In a dry nitrogen atmosphere 1,5- d1methoxycarbony1 21ﬂ;buty]—
'fszhydropyr1d1ne (CXIXb) (0.4 g, 1.58 mmol) 1in anhydﬁ%ﬁs dichlero-
TR, I’,.

methane (10 m1) Mﬁﬁ?%é%ed ‘dropwise. with st1rr1ng to a solution of
4rpheny1 -1,2,4~ tr1azo11ne 3,5- d1one (CXXXVIIIa)738 239 (0.277 g,

\].58 mmol) in anhydrous d1chloromethane (20 m1) at room temperature.
The resulting clear solution was stirred for a further 0.5 hr. .

. . " . ‘, : . o N ""\- ,".
Evaporation of "the so]vent in vacuo gave 5-endo-8-dimethoxycartonyl- e

61g59-g;buty1-2,3,5-triazabicyc10[2.2.2]oct-7-ene-2,3-éndg-

dicarboxylic ﬁcﬁd N-phenylimide (CXXXIXg) as a light yellow semi-_;\
solid (0.676 g, 100%), mp 55-60°; iy (en=1): 1780, 1728, 1715
,(Sh) (C=0); nmr &:° 7.5- Y 23 (GH m, Ph, CQ'H) 6.95 (]H m, C7 H)
5.21. [1H, d(J;,7 = 5) of d(d1,6 = 2.5), Cl-H], 4. 25 3.84 (H, m,

—_—

ped
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Ce-H), 3.84 (3H, s, OMe), 3.81 (3H, s, OMe), 1.62-0.77 (9@f»mﬁl‘>zJ,g;‘ . - .
mass calculated for C,H,,N,0g, 428.1696; found, 428.1680. fﬁi?i;@ \ ?§'~
e
5.7.6.0.0 React1on of N- methoxycarbonyl 1,2- -dihydropyridine with 4 .Z&
| 4~ grony] ] 2 4- tr1azo]1ne 3,5-dione ) , (.
5 I a ¢ v nitrogen atmosphere N-methoxycarbonyl-],2-dihydro— \ﬁf\\\

pyridine (Lv)l““ (1.19 g, 8‘57 mmo]) in anhydrous dichloromethane
‘(]O~m1) was added,dropwise with st1rr1nq to a so]ut1on of 4- phenyT-
~ 1,2, 4 tr1a2011ne 3 5 dione- (CXXXVIIIa)238 233 (1.5 g, 8.57 mmol) -+ -
in anhydrous d1chloromethane (10 'ml) at room temperature. The

L resu1t1ng clear so]ut1on was’ st1rred o a. further 4.5 hr Evapora-

R
o, P

t1on of the so]vent in vacuo. gavq b= endg methoxycarbon -2, 3,5-

L __-—-__._A

N

tr1azab1cyc]o[2 2. 2]oct 7-ene-2, 3 endo d1carboxy11c acid N- pheny]-

. ;1m1de“(CXXXIXh) as an off-wh1te so]1d (2.69 g,;loo%), mp ]52—156°
'(decomp 5 Ymax. (cm-!) 1779, 1725, 1710 (sh) (c=0); ¥r 62 7.36

<

: (5H m, Ph) 6. 76-6. 36 (3H m, cq H “Cym H Cg-H), 5. 04 [1H d(, 7

s = 5) of d(J1 'y 75), C1-H1, 3.8 [H, d(Jg,e'gen = 1) of °
d(J;,6 = 2. 75) Ce-H or CG'-H], 3.73 (3H, s, OMe), 3.17 [IH,
\d(ué"g.gem = 11).of d(J, ,6 = 2.1% ) .Ce=H or Cg* H] mass ca]cu]ated
for C1sH1uNu0Oy, 314.1015;%f0und, 314.1020. o ' .

\

5.7.7.0. 0 Reaction of N-methanesulfonyl-1,2- d1hydgppyr1d1ne with

\
4 -pheny1-1,2 4-triazo]ine 3,5-dione

n a dry nitrogen atmosphere N-methanesulfony]-];2-d1hydro—
y

pyridine (CXXXVII)2“3‘(1336 g, 8.57_mm01) in anhydrous dichloromethane

e S .
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(10 m1) was added dropwise with stirring to a solution of 4-phenyl- ,

1:2,4-triagotine-3,5- dione (CXXXVIIIa)238,239 (1.5 g, 8.57 mmol) in

anhydrous d1ch]oromethane (40 m1) at room temgﬁrature ‘ The resulting
g Clear so1ut1on was st1rqed for a further 0.5 hr Evaporat1on of the

"so1vent in vacuo gave 5-endo-methanesulfonyl-2 »3,5~ tr1azab1cyc10—

[2.2.2]oct-7-ene-2,3-endo-dicarboxylic acid N-phenylimide . (CXXXIXj)

as an off-white so]id.‘§§862 g, 100%), mp 170-175° (from acetone);
vmax (cm™1): "1794, 1725 (C=0); nmr (DMSO-dg) 6: 7.45 (S5H, m, Ph),
6) of d(J, 5 = 1.5),

6.96-6.6 (2H, m, C;,-H, Cg-H), 6.06 [1H, d(dy, g
Cy-Hl, 5.2 (M. m, C1-H), 3.81 [IH, d(Jg, g gen = 10.5) of d(J1 6= 3),
Ce-H o; CG--H]; 3.24 [, d(Jg 6" gom = 10.5) of d(Jy,¢ = 3), Ce-H or
Co'-H1, 3.08 (3H, s, SO,Me); mass calculated for CIQHIQNQOQ3ZS -334.0736;
. found, 334.0752,

-

5 lgé’ﬁ 0 React1on of N- acety] 2-phenyl-1,2~- d1hydropyr1d1ne with

‘-’;f\* 4 -ethy1-14,2,4- tr1azo]1ne 3,5- dione .f

In a dry n1trogen atmosphere N- acety] 2- pheny] 1,2- d]hydro-

pyridine (XXXIXa)19° (1.45 g, 7.28 mmol) in anhydrous dichl thane

i .
(10 m]) was added dropwise with stirring fto a solution of 4-ethyl-~
1,2, 4 _triazoline- 3,5-dione (CXXXVIIIb)238,233 (0,924 g, 7.28 mmo
in anhydrous d1ch10romethane (10 m1) at room temperature.- The

»y
resulting c]ear so]ut1on was stirred for a further 0.5 hr. Evapora—\

A\.} k.

.tion of the so1vent 1n vacuo gave a mlxture of the stereo1somers ‘5-endp-

" acetyl-6-e o-phenyT—Z 3 5-tr1azab1cyc]o[2 2.2]Joct-7-ene-2,3- endo-

d1carboxy]1c,ét1d N-ethyTimide (CXXXIXb .69%) and 5-exg-acetyl-6-

£endo- phenylié,3 5-triazabicyclo[2.2. 2]oct 7 -ene-2,3-e ndg d1carboxy11c
. P '

‘ * . T
. . . N

S
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acid N-ethylimide (CXLb, 31%) as a yellow solid (2.373 g, 100%), -

mp 70°; vmax (em=!): 1782, 1720 (C=0); nmr 6: 7.5-6.9] (6H, m, ..
Ph, C4-H), 6.68 (TH, m, Cq4-H), 6.08 (1H, m, C,-H), 5.39-4.82 (2H,
m, C1-H, exo-Cg-H, endo-Cg-H), 3.47 [2H, q[JCH2 cHy = 71, CHZCHBJ,
2 3, 1. 78 (3H, s, exo-CH;, endo- -CH3), 1. 17 [3H, t(JIcH,-( CH3 =7),

w\v’;

CH2CH3z1; mass calculated for Ci7H1gN403, 326.1379; found, 326.

X4

- o -
T v

5.7.9.0.0° React1bn of N-methoxycarbonyl-1,2- -dihydropyridine wi

i-ethyl-1,2,4-triazoline-3,5-dione .

In a dry nitrogen atmosphere N- methoxyoarbony1 1,2~ d1hydropyr1d1ne

(LV)I““ (0. 821 g, 5. 91 mmo]) in anhydrous dichloromethane (10 m1) was
added dropwise with st1rr1ng to a so]utlon of 4- ethy] 1,2, 4 tr1azo]1ne-
3,5-djone /%CXXXVIIIb)238 239 (p, 75 g, 5.91 mmol) in anhydrous
d1chloromethane (10 m1) at -77°, The resu1t1nq clear so]ut1on was
allowed to warm to room temperature and the solvent was evaporated

in vacuo to give 5-endo- methoxyégrbonyl 2,3,5- -triazabicyclof2.2.2]-

oct-7-ene-2,3-endg- d1carboxy11c acid N-ethylimide (CXXXIXi) as a

yellow semi-solid (1.413 g, 92%). vmax (em-1): 1756, 1708 (C=0);
nmr §: 6.3-5.75 (2H m, Cg~H, C% H or. C,- -H), 5.67-5.33 (1H m,
\\Cu -H or C7-H) 4.56- 4 19 (1H m, C,-H), 4. 19-3,33 (7H, m, OMe, CH,,
é -H, Ce'-H), 1.24 [3H t(JCH,-CH3 = 7), Ch j;]; mass Sa]eu]ated‘
for €y H14N,0,, 266.1015; found, 266.1016. -

(T :
S ‘
. ’ N
’ . . . .
o ‘
. .

Cting
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5.7.10.0.0 Reaction of N-methanesulfonyl-1,2-dihydropyridine with

4-ethyl1-1,848-triazoline-3,5-dione

In a dry nitroged@ﬂﬁ%osphere N-methanesulfonyl-1,2-dihydro-
pyridine (CXXXVII)2*3 (0.45 g, 2.8 mmol) in anhydrous dichloromethane

(10 m1) was added dropwise with stirring to a solution of 4-ethyl-
1,2,4-triazoline-3,5-dione (C;XXVIIIb)238’?39 (0.359 g, 2.8 mmol)

in anhydrous dichloromethane (10 m1) at room temperature. The
resulting clear §o1ution was stirred for a further 0.5 hr. Evaporation
of the solvent in vacud gave S-g_gg-mepﬁanesulfony1-2,3ﬁﬁb¢riaza- ‘
bicyc]o[2.2.2]oct-7-ene-2,3—gggg;dicarboxy1ip ac%d N-ethylimide

(CXXXIXKk) as a yellow semi4so1id (0.713 g, 89%). Vmax (cm-1): 1768,
1702 (C= O), nmr §: 6.52-5.71 (3H, m, Cy-H, C;-H, Cg-H), 5.25 (1H,
m, Cl-H) 4.18-3. 24 (3H, m, Ce-H, Ci-H, CHp),, 3.02 (3H, S.. SO,Me),

].25[3”,%&(JCH2_CH3 CH2C5_§_] mass ca]rulated for: ClOHlkNL}OH3ZS
L, 286. 20, |

VI,' ~{‘:"‘ =~

5.7.11.0.0 Reaction of N-atéty1-2~gbeny1—],Zfdihydropyridine with

1,2,4~-triazoline-3,5-dione

In a dry nitrogen atmosphere N—acety]-?-pheny]-],ZL&ihydro-
pyridine (XXXIXa)!%0 (0. 153 9’19 .77 ‘mmo1) in anhydroug di¢HRoromethane
(10 ml) was added. dr;pw1se w?%h st1rring to a solut1on of 1,2,4-
triazoline-3,5- dione (CXXXVIIIc)238 (0 076 g, 0.77 mmo]) in anhyd*ous 5
d1chloromethane (]00 ml) at 0°. The reaction was a]]owed to warm to

room temperature during which.-time the red color of the tr1azo]1ne B

Ga31one was d1scharged Evaporation of the solvent lg.vgcuo gave}a‘ . ‘; E

P T S ‘ .
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mixture of stereoisomers 5-endo-acety]-6—exo-pheny]—2,3,5—trjaza-
4t .

bicyc1o[2.2.2]oct—7—ena~2,g—endo-dicarboxylic acid imide (CXXXIXc,

. - .
43%) and S-exo-acety]—6-endo-pheny]-2,3,5—triazabicyclo[2.2.2]oct-

74ene—2,3~endo-dicarboxyﬁic acid imide (CXLc, 26%) as a light yellow

solid (0.158 g, 69%), mp 217-219° (chloroform washed); vmax (cm=1):
1778, 1720 (C=0); nmr (DMSO—dG) 6: 7.56-7.04 (54, m, Ph), 7-6.63
(2H, m; Cy-H, Cg-H), 6.59-6 (2H, m, C,-H, NH, exchanges with deuterium .

oxide), 5.73, 5.42 (WH, m, exo-Cg-H, endo-Ce-H), 5.16 (1H, m, C,-H),

7

R

o

5.8.0.0.0° Reaction of N me&boxycarbony] -2-phenyl-1,2- d1hydropyr1d1ne

with 4,4- d1etﬁy14&_2 pyrazoline-3,5-dione &

Ih aﬁigy nitrogen atﬁns 'ire N metthQCarbony] 2- pheny] 1,2-
d]hydropyr1d1ne (XXXIXb)/ﬁQ,A&?Qé%fT 92ngxﬂ , prepared w1th methy1
ch]oroformate using the procedure$out11ned in sect1on 5 2.0.0.0) in
-anhydrous d1chloromethane (10 m1) was added dropwise with stirring
to a so]ut1on of 4,4- d1ethy1 1 2 py%§§§§1ne -3,5- d1one dEpy)z“o v
- (0.295 g, 1. 92 mmol) in anh{jrous d1ch10romethane (100_m1) at 0°.

The reaction was a]]owed to warm to room temperature during wh1ch time

the {3ue color of the pyrazo1Tne dione was d1scharged. Evaporation
-

s Sl ‘

" of the solvent in vacuo GW 5-endo-methoxycarbony1-6-exo-pheny1-

2,3 5-triazabicyc1o[2 2. 2]oct-7 ene-2,3- ehdo-diethy]ma]onimide (CLv)

“as a yellow semi- soh,d (0.708-g, 100%). vpax (cm=1): 1748, 1712,
1700 ‘(sh) (C—O), nmr §: 7. 47”7 05 (6H, m Ph, C,- -H),*6.78 (MH, m, _
Cg-H), 6.12 (1H, m, Cy- H), 5. 35 5.06 (2H m, Ci-H, Cg-H), 3.6 (3H,

3«’ b *

iy

g

L8

“~
A

\2>3{\1;;? (3H, s, exo-CH3, endo-CH3); mass calculated for C;gH;,N,03, 4
298.106 ;Qund, 298.1059. ' ) h &

S

‘v.,‘«"f"]
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s, OMe), 1.8 [2H, q(JIcH,-CRy = /)» anti—CﬂgCHa],‘I.75 [2H, q(JIcH,-CHjy
= 7), syn-CHpCH3], 0.95 [3H, t(JcH,-CHy = 7)., anéi-CHZCﬂi], 0.79

[3H, t(JCH,-CHy = 7), syn-CH,CHa]; mass calculated for CpqHp3N304,
369.1683; found, 369.1686.

5.9.0.0.0 Diels-Alder Cycloaddition Products from reaction of

> N 1,2-dihydropyridines with maleimides

5.9.1.0.0' Reaction of N-acetyl-2-phenyl-1,2-dihydropyridine with

ijheny]malgfmide

" In a dry atmosphere N-acety]-Zﬂpheny]-l,2-dihydropyridine
(XXXIXa)190 (1.37 g, 6.88 npé]) in éhhydrous'dich]orométhane (10 m1)
was added dropw1se with st1rr1ng to a so1ut1on ‘of N- pheny]ma1e1m1de ' N
(CLVIa) (1 19 g, 6. 88 mmoY) 1n anhydrous d1ch10romethane (50 m])
Creflux temperature. The reactloquw1xture was b0j1ed-undef reflux’ o
for 5 days afgér which evaporéti;; of théh§61vent in\vacuo géve ;;'

¥

m xture of stereo1somers 5-endo-acetyl-6-exo-phenyl-5-azabicyclo-

[2 2. 2]oct 7-ene- 2 3- endo d1carbpxy11c acid N-phenylimide (CLVIIab

75%) and 5-exo—acety1—6-endo-pheny1-5-azabicyc]o[2 2°2]oct—7;ehe-

2,3-endg-dicarboxylic acid N- phenylimide (CLVIlIa, 25%) as an off L

: white solid (2.559 g,‘}OO%), mp 269-271° (acetone washed} VmaXk ( j
CUE 1775, 1710 (C=0), 1650 (C=C); nmr &: 7.5-7.02 (10H,-m,
Ph), 6.61 [1H, d(J7 6 = 8) of d(Jq’g 6) of 4(93,6 = 1,25), Ce- A1,
6.14-5.93 (2H, m, Cy-H, 3 “H), 5.09, 4.8 (1H, m, exo-Cg-H, endo-

© CgeH), 3.64 (M, m, Cy-H), 3.52 [1H, d(Jy,s = 8) of d(Jg,,’Lf = 4),

C3-H], 3.38 [, d(Jz,5 = 8) of d(J1z = 3), Co-H], 2.3, 1.77 (33 ¥
. . . . - '{‘ L V‘";%”
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s, exo-CHz, endo-CHj3); mass calculated for C,3HooN,0s, 372.1474;

found, 372.1465.

'5.9.2.0.0 Reaction of NJmethOXycarbony]—2-pheny1—1,2—dihydropyridiue

with N-methylmaleimide ' w.
In a dry argon atmosphere N-methoxycarbony1—2-pheny1-]g@f
dihydropyridine (XXXIXb) (0.4 g, 1.86 mmo] prepared with methy]
‘ L J

[l

ch]orofoﬁate using the procedure outlined in sectmn 5.2.0.0. 0) in .
anhydrous d1ch]oromethane (]0 ml) was added dpppw1se wjth st1rr1ng
to a solution of“N—nethy]ma1eimide (chr& '(o 207 g, 1. 86 mmo1)
and‘alumiﬂum ch]oride (1. 24 g, 9.3 mmol) in anhydrous d1ch1oromethad‘§r
(50 m]) at reflux temperature | R@F]ux1ng for 1 hr, wash1ng with"”

water (100 m1), 5% sodium b1carbonate (2x]06*m1), water (100 mi),

dry1ng (NaZSOu), and so]vent evaporat1on invacuo gave a Tow melting

'off-wh1te solid which was chromato zphed on a 2 5 X 35 cm silica

“co1umn Efgk1on with benzene- ether (750 ml) (1 2 v/v) gave 5-gn 5-endo-

methoxycarbony] 6-ex0- pheny1-5- azab1cyc]o[2 2. 2]oct 7-ene-2,3-endo- £

digarboxy11c acid N-methylimide (CLVIIb, 0.339 g, 56%). vpax (Cm™1):

© 1772 (broad) (€=0); nmr 6: 7.38-6.84 (5H, m, Ph}, 6.37 (14, m,
Lge-u),.s;78 (1H, m, C,-H), 5.32 (1H, my Ci- Hfi 4.75 (1H, m, Cg-H),

T e

3.8-3.1 (6H, m, C;-H, Cp-H, CsH, OMe)." 2.8 {3H, s, NMe); mass
calculated for CygH N0y, 326.1267; found, 326.1251. p
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5.9.3.0.0 Reaction of N-methoxycarbonyl-2-phenyl-1,2-dihydropyridine .

. with maleimide _
: : Ay

In a dry argon atmosphere meethoxycarbonyl~2~phgny1-1,2-

dihydropyridine (XXXIXb) {0.44 g, 2.5 mmol, prepared with methyl

chloroformate using the procedure outlined in sectNen 5.2.0.0.0) in.

anhydrous dichloromethane (10 m])'was added‘dropwisg with stir}ing@v

to. & solution of maleimide (CLVIc) (0.198 g; 2.5 mmol) and aluminum

chloride (1.364 g, 10.2 mmol) in anhydrbus dichtoromethane (100 ml)

at.réflux temperature. Refluxing for 1.5 hr, washing w1th water

%Q]OQ m1),’ 5% sodium bicarbonate (2%100 m1), watpr (100 m]) drying (Na,S0j)

é%% 'and so]vent evaporatian in vacuo gave a ye]]ow semi-solid which o
- prec1p1tated from benzene- cyclohexane methanol (10: 35 ]) (10 m1) |

giving 5 endo methoxycarbony1 65§59 phenyt-5- azab1cyc1o[2 2. 2]oct—

7-ene-~ 2,3- gngg d1carboxy1ic acid. 1m1de (CLVIIc, 0.333 g, 52%). B

Vmax (emfl): 1765 (broad) (€=0); nhmr &: 8. 64 (1H, s, NH,. exchanges
with delterium oxide), 7.48=7 (54, m, Ph), 6653 (1H m, Ce-H). 5. 95
(1H, m,_C7—H);.5.39 (1H, m, C,-H), 4.75 (m«.]r‘n,~ CG-H), 3.82-3.34
(5H, m, CIQH,~¢3-H,;OMQ), 3.25 (1H, m, CZ-H);wmasg calculated for
CyoH1eN20y, 312.1110; found, 312.1118. . |

1 .

5.10,0.0,0[;Catalytic‘Hydkogﬁgation of SelectedcDie]s-A1deﬁ:Addu¢ts

‘v

5:16:1.0.0 Cata]yt1c hydrogenation of 5 e‘ho-ethoxycarbonyl 6-ex0-

.phény1-2,3, 5-triazab1cyclo[2 2, 2]oct-7 -ene-2,3-endo-
—===

a1carbo&y]1c acid N~phenx11m1de _

s

S-Endo-ethoxycarbonyl~6~exoﬁpheny1 ~2,3, 5 triazabicyc1o[2 2. 2]oct-
) 7-ene-2 3- dicarboxylic acid N- pheny]imide (CXXXIXd) (0.25 g, 0. 62 mmo]) X

A\
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was subjected to.reduction using hydrogen gas (27 psi) and 10%
palladium-charcoal (0.1 g) in methanol (75 m1) for 4.5 hr. Filtration
and evapofation of the solvent in vacuo gave a dark ye%ﬁow 011l

(0.273 g) of which 0.09 g was subjected to preparative %hin—]ayer
chromatography on one silica gel plate using benzene—étth (5:2 v/v?
as the development solvent. Extraction of the silica gel fraction

(Rf 0.55) gave 5-endo-ethoxycarbonyl-6-exo-phenyl-2,3,5-triazabicyclo-

[2.2.2]octane-2,3-endo-dicarboxylic acid N-phenylimide (CXLI1d) as a

colorless oil (0.05 g, 60.6%). nmr &: 7.6-7 (10, m, Ph), 6.43
(1H, m, Cy-H), 5.27 (14, m, Ce-H), 4.55 (TH, m, C,-H), 4.15 [2H,
q(deH,-city = 7)5 OCH, D, 2.52-1.43 (H, m, Co-H, Co-i), 1.17 [3H,

t(Jep,-city = 7)» CHal; mass ca]cu]ated for C22H22Nq05, 406.1647;

\

found, 406.1629.

5.10.2.0.0 Catalytic hydrbgenation of a mixture of the stereoisomers

5-endo-acetyl-6-exo-pheny1-2,3,5-triazabicyclo[2.2.2]-

oct-7-ene-2,3-endo-dicarboxylic acid N-phenylimide and

5-exo-acetyl-6-endo-phenyl1-2,3,5-triazabicyclo[2.2.2]-

oct-7-ene-2,3-endo-dicarboxylic écid N-phenylimide

The titled mixture (CXXXIXa, CXLa) (0.2 g, 0.535 mmol) was
subjected to reduction using hydrogen gas (30 psf) and 10% palladium-
charcba] (0.05 g) in methanoi (100 m1) for 2.5 hr. Fiitration'and
i’evaporation of the solvent iﬂ_!gggg'gave‘a dark yel .. 0il (0.3 g)

which was subjected to preparétive thin 1ayer chromatography on
‘five silica gel nTates using beni@ﬂe—ether‘(S:Z v/v) a; the deve1op:

ment solvent. “x action of the silica géT fraction (Rf 0.29) gave
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a mixture of stereoisomers oS-endo-acetyl-6-exo-phenyl-2,3,5-triaza-

bicyc]o[?;2.2]octane—2,3—endo—dicgrboxy11c acid N-phenylimide (CXLIa)

and 5-exg-acetyl-6-endo-phenyl-2,3,5-triazabicyclo[2.2.2]octane-2,3-

endo-dicarboxylic atid N-phenylimide (CXLIIa) as a colorless oil

(0.171 g,, 35.1%). nmr &: 7.77-7.09 (10H, m, Ph), 6.18 (1H, m, C,-H),
5.4 (W, m, Cg-H), 4.62 (1H, m, Cy-H), 2.64-1.56 (4H, m, C,-H, Cg-H),
2.36 (34, s, CH3); mass calculated for C-,H-,N,03, 376.1535; found,

376.1529.

5.11.0.0.0 Preparation of 10-methyl- '~ dimethylaminoalkyl)-

10H-pyrido[3,2-b][1,4]benzothiazines

5.11.1.0.0 _Alkylation of 10H-pyrido[3,2-b][1,4]benzothiazine with

Jodomethane

In a dry nitrogen atmosphere 10H-pyrido[3,2-b][1,4]benzothiazine
(CLXXITa) (2 g, 10 mmol) was added portion-wise with stirring to a
suspension of sodium hydride (0.528 g; 22 mmol) in anhydrous tetra-
hyd. furan (100 m1) at room temperature. The rate of addition was
such that a controlled evolution of hydrogen gas was achieved. The
resulting dark ye]]oWish—brown suspension was stirred at room
temperature for 1 hr and iodomethane (3.12 j, 22 mmol) was added
dropwise. Stirring at room temperature for a further 1 hr gave a
xé]]owish suspension which was filteged under a nitrogen stream.

'\}he filtrate was treated with watér (80 m1), extracted with ether.
(4*50 ml), dried (Na,SO,) and evaporated in vacuo to give a dark

yellow solid (1.902 g, 89%). Recrystallization from hexanes

r



(bp 68.4-68.9°) gave 10-methyl-10H-pyrido[3,2-b][1,4 benzothiazine
(CLXXIIb) as a yellow solid, mp 84° (reported™™, mp 36°): nmr &:
8.08 [, d(J: 3 = 5) of d(Js,y = 1.75), C,-H], 7.29 [1H, d(J;,, = 8)
of d(Js,y = 1.75), C,-H], 7.29-6.6 (5H, m, Ph, C4-H), 3.44 (3H, s,

NMe); mass calculated for CraHigNa37s, 214.0563; found, . 14.0561.

e~

Ve

5.11.2.0.0 Alkylation of 10H-pyrido(3,2-b][1,4]benzothiazine with
AN :

2-dimethylaminoethyl chloride hydrochloriﬂe

In a dry njtrogeﬁ atmosphere 10H—pyrido[3,2-b][1,4]benz§thiazine
(CLXXIIa) (2 g, 10 mmol) was added po;tionwise. with stirring to a
suspension of sodium hydride (0.792 g, 33 ‘mmol) in anhvdrous toluene
(125 ﬁ]). The resulting darL yellow suspension was boiled under\*,_
reflux fof 1 hr, cooled, and 2-dimethylaminoethyl chloride hydro-
chloride (1.584 g, 11 mmol) was added portionwise. The mixture s
allowed to boil under reflux for 24 hr to give a dark gold-brown
syspension which was cooled to room temperature, filtered under a
nifrogen stream, and the filtrate treated with water (1L ml). The
organic layer was separated and the solvent removed in vacuo to

give a dark brown 2;} (3.142 g) which was chromatographed on a

2.5 x 6 c¢cm silica gel column. Elution with benzene (€50 ml) gave
10H-pyridc[3,2-b][1,4]benzothiazine (CLXXIIa) as a yellow solid

(0.249 g, 12.5%) identical (nmr, mp) with an authentic sample.

Further elution with ether (500 ml) gave 10—(2—dimethy1aminoethy])—
‘iOH-pyrjdo[3,2—b][1,4]benzothiazine (CLXXIIc) as a light yellow oil2uu
1.623 g, 59.9%). nmr s: .8 [IH, d(Jy 3 = 5) of d(Js ., = 1475),

C,-H], 7.38-6.59 (6H, m, Ph, C3-H, C,-H), 4.28 [2H, t(JCHz-CHz =7), -
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CHACH-N(Me)o Ty 275 [2H, t(Ieha—cia = 7)» CHLCHoN(Me).], 2.39 (6l

)

$, N(Me).J; mase calculated for CyoH,5N;37S, 271.1140: found,

271.1146.

5.11.3.0.0 Alkylaticn of 10H-pyrido[3,2-b][1,4]benzothiazine with

Z2-dimethyTaminoisopropyl chloride hydrochloride

In)a dry.nitrogen atmosphere 10H-pyrido[3,2-b][],4]benzothiazine~
(CLXXIIa) (7 g, 3% mmol) was added portiohwisekwith sfirring to a |
suspenéiop ot sodium hydride (3.024 b, 126 mmol) in anhydrous toluene
(250 m1). The resulting dark yellow s.spension was boi]gd under
reflux for 1.5 hr, cooled and Z-dimethylaminoisopropyl chloride
hydroch]oride‘(6f636 g, 42 mmol) was added portionwise. The mixture
was allowed to boil under reflux for 42 hr to give a dark gold-brown
suspension which was cooled to room temperature, filtered under a
nitrogen stream, and the filtrate treated with water (100 ml). , N
Extraction with chloroform (3x50 m1), drying (Na,SO,), and evaporation \
of the solvent in vacuo gave a dark brown oi1'wh1ch was chromatographed
ona 2.5 x 25 cm silica gel column. Elution with benzene (400 ml)
gave 10H-pyrido[3,2-b][1,4]benzothiazine (CLXXIIa) as a yellow sé]id
(0.828 g, 11.8%) identical (Re, nmr) with an authentic sample. Further »
elution with benzene (400 m]f‘gave 10-Zi—methy]—2-dimethy1am1noethy1)-
10H-pyrido£3,2rb][1,4]ben26th1aziné (CLXXIIf) as a yellow 0113°9k£?.964 g,
9.7%)e nmr 6: 7.99 [H, d(J, 3 = 5) of d(Jp,u = 1.75), Cp-H], 7.35-

6.52 {6H, m, Ph, C3-H, Cy-H), 4.3 [1H, sextet(Jey-cH, = JcH-CHs =
6.5), CH(CH3)CH,1, 3[2H, d(Jeu-ch, = 6.5), CHol, 2.28.(6H, s, N(Me,,),

1.7 [3H, d(JcHocHy = 6-5), CHCH3ls mass calcilated for CygHpoNs32s,

7/
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285.1296: found, 285.1299. Further elution with benzene (450 ml)
gave’ 10-(2-dimethylaminoprop, 1)-10H-pyr1do[3,2-0][{1,4]benzothiazine
(CLXXIfe) as a yellow 0;1305(3_34 g, 33.5%). nmr &: 8.01 [1H,
dQus, 3 = 5) of d(Jy,, = 1.75), Ca-H], 7.35-0.57 (6H, m. Ph, Cy-H.
CiMI), 4.4-4.15 (2H, m, CHp). 3.08 (1K, m, CH), 2.3 [oH, s, N(Me)a],
1.02 [3H, d(JcH-cHq = 6.5), CHCHz]; mass calculated for CreHigN3 'S,

285.1296; found, 285,1302.

5.11.4.0.0 Preparation of 10-{3-dimethylaminopropyl)-10H-pyrido-

[3,2-b][1,4]benzothiazine from 10-(3-dimethylaminopropyl)-

10H-pyrido[3,2-b][1,4]benzothiazine hydrochloride

monohydrate (Tolnate)

Pl

Potassium carbonate (0.68 g, 4.9 mmol) was added portionwise
with stirring to-a solution of 10—(3—d1methy]aminopropy])—]OH;pyrido—
[3,2-b]{1,4]benzothiazine hydrochio}ide monohyarate (1 g, 2.95 mmol)
in water (10 m1). The mixture was stirred for 1 hr andJExtraétion
with dichloromethane (3x10 ml1), drying (Na,SO,), and evapofation of
the solvent in vacuo gave 1Q-(é-dimethy]aminopropy])—]OH—pyrido—
[3,2-b][1,4]benzothiazine (CLXXIId) as a light yellow oil?%% (0.841 g,
00%). nmr ;7.5 [, d(J,,5 = 5) of d(J,,, = 2), Cp-H], 7.13
. 1 -
[, d(Js,, = 7.5) of d(Jp,, = 2), Cy-H1, 7.27-6.48 (5H, m, Ph, C3-;wg
4.1 [2H, t(JcHa-CH, = 7)» CHy(CHp) oM (Me) 5T, 2.57-1.68 (4H, ™,
CH,(CHy) N (Me),1, 2.19 [6H, s, N(Me),]; mass calculated for

CigH1gNg32S, 285.1296; found, 285.1298.

¢

»
/._/ ~
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12

5.12.0.0.0  The Reaction of 10-methyl-10H-pyrido{3,”-b][1,4]benzo-

thiazine with n-butyllithium and subsequent reaction with

A

electrophilic reagerts . : '\\\\\

Generdl Procedure: In a dry nitrogen atmosphere n-butyliithium

(5 mmol) was added dropwise with stifring to a solution of 10-methyl-
10H-pyrido[3,2-b][1,4]benzothiazine (CLXXIIb) (5 mmol) “in anhydrous
tetrahydrofuran (125 m1) at 0°. The resulting gold-brown solution

was stirred ay 0° for 1 hr, cooled to -77°, and the qppropriéte

clectrophile (5-6 mmol) in anhydrous tetrahydrofuran (2 ml) was added

dropwise. The resulting solution was stirred at -77° for 0.75-1.5 hr,

~allowed to warm to room temperature over a 1-3 hr period and the

Ny

~

. . . . S
reaction products isolated as described im“individual cases.

5.12.1.0.0 Reaction of JO—methy]—]OH—pyrido[3,2-b][1,4]benzoth1qzine

with n-butyllithium and methyl chiorofoimate

The general procedure out{ined in section 5.12.0.0.0 was followed.
n-Butyllithium (0.32 g, 5 mmol), ]0-methy1—10H—pyrid6[3,2—b][1,4]—
lbenzothiazine (CLXXIIb) (1.07 g, 5 mmol) and methyl chloroformate
(0.567 g, 6 mmol) were stirred at -77° for 1 hr and allowed fo warm
to room temperature over a 3 hr period.l The resuTting reddish-orange
so]dtion was treated with water (100 ml), extractea with dichloro-
methane (100 ml), and dfied‘(NaZSOQ). EYaporation'of the.solvent

s

in vacuo gave a dark red oil (1.75 g) of which 1.1 g was subjetted

4

‘to preparative'thin—layer chromatography on twelve silica g€l plates

using benzene-ethyl acetate (20:1 v/v) as the development solvent.
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Extraction of the silica qel fraction (R ©.85) qave T-methoxycarbonyl -

2-n-butyl-10-methyl-1,2-dihydropyridyl[3,2-b][ 1,4 Jbenzothiazine

2

(CLXXVIIIa) as a dark yellow oil (0.827 g, 79.7%). vmax (Film) (em=1):
1725 (C=0), 1632} 1568 (C~C); nmr &: 7.26-6.66 (4H, m, Ph), 5.02-

5.48 (2H, my Cy=H, Cy-11), 4.8 (IH, m, Co-H), 3.7 (31, s, OMe), 3.18
(3H, s, NMe), 1.98-0.68 (9H, m, Qfﬁu); mass calculated for
CygH,0N>0,37S, 330.1397; found, 330.1400. Extraction of the silica
qe1~fraction (R 0.53) qgave a.red so]iq‘(0.169 g, 19.8%). Recrystal-

Tization from hexanes \bp 68.4-68.9°) gave 4-methoxycarbonyl-10-

ﬂgphy]—7OH—pyEido[3,2—bJL],4]bénzothiazine (CLXXXVIIa) as a red

‘ Sofid; mp 118-20° (decompi).‘_vmax (cm‘lbz 17i1 (C=0); nmr 6;
8.03 [H, d(Jp,5 = 5), Co=H1, 7.19 [, d(J. 4 = 5), C3-H], 7.36-6.6
Z4H; m, Ph), 3.94 (3H, s, OMe), 3.39 (3H, s, NMe);hmasS calculated

for Cy4H,,N20,325, 272.0617; found, 272.0615.

Yide

5.12.2.0.0 Reaction of 10-methyl-10H-pyrido[3,2-b][1,4]benzothiazine

with g-bufyT]ithium and water followed by thermal treat-

ment of the adduct

The genera1 procedure outlined in section 5.12.0.0.0 was followed.
n-Butyllithium (0.32 g, 5 mmol) and 10-methyl-10H-pyrido[3,2-51[1:4]-
benzothiazine (CLXXIIb) (1.07 g, 5 mmol) were stirred at 0° for 0.5 hr

and allowed to warm to room temperature over a 10 min period. The

H

resulting gold-brown solution was treated with water (50'm1),

- -.extracted with dichloromethane (3x50 ml1), dried (NaZSOQ)‘%nd the

solvent evaporated igfvaéﬁo to give a yellow o0il (1.36 g). A portion

(0.4 g) of this oil was heated at 140° for 1vhr and at 170° for

—



0.5 hr to give a dark_broﬁh oil which was subjected to prepar. .ve
thin-layer chromatography on six silica gel plates using benzene-
ethyl acetate (20:1 v/v) as the development solvent. Extraction

of the silica go1'fraction (Rf 0.95) gave 2-n-butyl-10-methy1-10H-

pyrido[3,2-b][1,4]benzothiazine (CLXXXIII, R = Me, R? = n-Bu) as a

Tight yellow oil (0.038 g, 9.6%). nmr s: 7.39-6.5 (6H, m, Ph, Cy-H,
Ci-H), 3.44 (3H, s, NMe), 2.64 [2H, t(JCiié—CH;\C:HS =7), CHoCaH5 1,
2-0.68 (7H, m, CHoCaH;  mass calculated for C gl sNJ232S, 270.1187;
found, 280.1190. Extraction of the silica gel fraction (R¢ 0.67)

s

gave 10-methy1-10H-pyrido[3,2-b]{1,4]benzothiazine (CLXXIIb) as a

yellow solid (0.079 g, 25.L%) identical (nmr) with an authentic

sample.

3

5.12.3.0.0 Reaction of 10-methyl-10H-pyrido[3,2-b][1,4]benzothiazine

» With n-butyllithium and deuterium oxide~

The general procedure outlined in section 5.12.0.0.0 was foliowed.

The reaction of n-butyllithium (0.064 g, 1 mmol) and 10-méthy1—]OH-
byrido[B,Z-b]E],4]benzoth1azine‘(CLXXIIb) (0.107 g, 0.5 mmol) in
anhydrous tetrabydrofﬂ?aﬂ\ilg’ml) was stirred at O°'for 1 hr a@d

then allowed to wanﬁ to room temperature over a 3 hi period. Thg
resulting brown solution was treated with deuterium oxide (0.04 g,

2 mmol), drieé (NastQ) and the solvent evaporated ig_!gggg_to'give

a light yellow o0il (0.141 g). A portion (0.13 g) of this 0il was
subjected to preparative thin-layer chromatpgraphy on fwé siifca gel
p]atés Qsing benzene-ethyl §Feﬁate‘(10:1 v/vf'as the development

solvent. Extraction of the silica ge]ifraction (R¢ 0.58) gave
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4-deutero-10-methyl-10H-pvrido[3,2-b][1,4 benzothiazine (CLXLVIII)

as a yellow semi-solid (0.J15 g,"13.9%). nmr s: 8.02 [1H, d(J, 4 =

b

5), C,-H], 7.3-6.68 (5H, m, Ph, Cy-til, 3.45 (3H, s, NMe); mass

calculated fj} C1oHgUN, 328, 215.0626;5 found, 215.0620. Extraction

1

;\51]1ca gel fraction (Rf 0.97) gave 2-n-butyl-10-methyl-10H-
1

pyrido[3,2-b][1,4]benzothiazine (CLXXXITI, R Mc, R2 = n-Bu) as a

yellow 0il (0.009 g, 6.7%) identical (nmr) with an authentic sample.

5.12.4.0.0 Reaction of ]O‘methy]—]OH-pyrido[B,2-h][1,4]benzothia:ine ‘

with n-butyllithium and diethy] chlorophosphate
T >

The general procedure outlined in section 5.12.0.0.0 wa¢ followed.
n-Butyllithium (O.32lg, 5 mmol), 10-methy1-10H-pyrido[3,2-b][1,4]-
benzothiazine (CLXXIIb) (1.07 g, 5 mmol) and diethyl chlorophosphate
(0.95 g, 5.5 mmol) were stirred at -77° for 1.5 hr and allowed to
warm to room temperature over a Z/hr peridd. The resulting Tight
orange solution was treated with water (50 @1), extraéted with
dichloromethane (3 x 50 h]), and dried (Na,S0,). Evaporation of
the solvent in vacuo gave a dark reddish-brown 0il (1.924 g) of
which 0.9 g was.subjected to preparative thin-layer chromatography
on ten silica gel plates usfng benzene-ethyl acetate (5:1 v/v) as
the development solvent. Extraétion of the silica gel fraction
(Rf 0.95) gave 2-n-butyl-10- methy] 10H-pyrido(3,2-b][1,4]benzo-
thiazine (CLXXXIIIb) as a light ye]]ow 0il (0.019 g, 3%) identical
(nﬁr) with an authentic sample. Extraction of the silica gel

—

“fraction (Rf 0.41) gave 1- d1ethy]phosphory1 -2-n-buty1-10- methy]-

1,2- d1hydropyr1dy1[3 2-b][1, 4]benzoth1az1ne (CLXXVIIIb) as a bright



yellow oil (0.237 g, 24.8%). vpax (fitm)(cm=Y): 1273 (P=0), 1630
and 1567 (C=C); nmr §: 7;35—b.68 (44, m, Ph), 5.91—5:32 (2H, m,
Ca-H, Ci-H), 4.52-3.59 [SH, m, C,-H, (ocggcu3)2],‘3.3( (34, s,

NMe), 1.92-0.58 [15H, m, n-Bu, (OCH9Cﬂ1)3]; mass ca]cq1ated for
CagHzoN205P77S, 408.1630; found, 408.1635. Extraction of the silica
gel fraction (Rf¢ 0.18) gave 4- dlethy1phosphony ,30 methy1-10H-
pyr1do[3 2-bl[1, 4]benzoth1azﬁne (CLXXXVIIDTA;E\gj%r1ght yellow 01l
(0.147 g, 17.9%). vpay (FiTm) (cm™ 1% 1265 (P=0); nmr 6: 8.14

[H, t(Js,5 = Jg,p31 = 5), CooH], 7.3-6.78 (511, m, Ci-H, h),

4.25 [4H, m, (OCHyCH3),]; 3.44 (3H, s, NMe), 1.36 [6H. E(JCH,-CHy =
7),- (0CH,CH3),]; mass calculated for CpgH;gN,05P32S, 350.0850;

found, 350.0846. Extraction of the silica gel fraction (Rf 0.86)
gave a light yellow oil (0.118 g) which was rechromatographed on

one silica gel plate using benzene-ethyl acetate (10:1 v/v) as the
development solvent. This gave two fractions (Rf 0.65) and (Rf 0.5).

Extraction of the silica gel fraction (R4 O. 65y gave 2-n-butyl-4a-

.ethy]-]O—methy]52,4a-dihydrop}ridy1[3 bl[1, 4iben;ptﬂ133ine
(CLXXXVIIIb) as a yellow oil (0.058 g, 8 3Z:’//vmax (film) (cm=1):
, m, Ph), 6.12 [1H,

1677, 1631 (C=N, C=C); nmr &: 7.44-6.68 (
1.75), C3-H or C,-H], 5.64 [1H,

d(J3,9 ]O) of d(J2,3(L+)
d(J3,4 = 10) of d(Jy,3(s) = 2)s C3-H or Cyu-H], 4.18 (TH, m, C,-H), —_—

3.58 (34, s, NMe), 2-0.59 (11H, m, n-Bu, CHZCH3)’ 0.7 [3H,
t(JCH,-CHy = 7)» CHpCH3]; mass calfulgted for C;gHauN,32S, :
A S
'300.1655; found, 300.1651. Extraction of the silica gel fraction
(Rf 0.5) gave 10-methyl-10H-pyrido[3,2-b][1,4]benzothiazine (CLXXIIb)
as a yellow solid (0.033 g, 6.6%) identical ?nmr, mp) with an

authentic‘samp1e.
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5.12.5.0.0 Reaction of 10-methyl-10H-pyrido[3,2-b][1,4]benzothiazine

with n-butyllithium and p-fluorobenzoyl chloride

The qeneral procedure outlined in section 5.12.0.0.0 was followed.
n=Butyllithium (0.32 g, 5 mmol), 10-methyi-10H-pyrido[3,2-b][1,4]-
enzothiazine (CLXXIIb) (1.07 g, 5 mmol) and p-fluorobenzoyl chloride
(0.875 g, 5.5 mmol) were st&rred at -77° for 1 hr and allowed to warm
to room temperature over a 2.5 hr period. The resu]ting dark red
solution was treated with water (60 ml1), extracted with dichloro- -
methane (3 x 50 ml1), and dried (NaZSOu). Evaporation of the solvent
in vacuo gave a dark red oil (2.037 g) of which 0.85 g was subjected
to preparative thin-layer chromatography on ten silica gel plates
using benzene-ethyl acetate (25:1 v/v) as the development solvent.
Extraction of the silica gel fraction (Rf 0.94) gave 2-n-butyl-4-

(or 7-)p-f1uorobenzoy]-lO:methy]—]OH-pyrido[3,2-b][1,4]benzothiazine ,

(CLXLc-2 or 1) a ye]]oW"Waky solid (0.02 g, 2.5%), mp 93-96°;

Vnax (cm}): 1660 (C=095 nmr ;7.8 [2H, d(Jy' ¢ = 10) of
d(Jdpr p = 6), Cyr=H], 7.39-0.73 (7H, m, Ph, pyridyl H), 3.5 (3H,

s, NMe), 2.72 [2H, t(JCH,-CH,CoHs = 7)» CHaCaly], 2.01-0.72 [7H,

m, CH,C3H;]; mass calculated for C23H21N20325F, 392.1354; found,
392.1359. Extraction of the silica gel fraction (Rf 0.58) gave a
red oil (" 502 g) of which 0.2 g was rechromatographed on fouf
silica g pl:.es using benzene as the development solvent. This
gave two fractions (Rf 0.43) and (Rf 0.31). Extraction of the
s1]1ca gel fraction (Rf O 43) gave 10-methyl-10H- pyr1do[3 2-b][1, 4]-
benzothiazine (CLXXIIb) as a ye]]ow solid (0.03 g, 10.2%) identical

(nmr) with an authentic sample. Extraction of the silica gel fraction

1 4
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(R¢ 0.31) gave a red solid which wasidisso1ved in chioroform and

precipitated from solution by the .addition of methanco . This gave

1,4-(or 7-)di-p-fluorobenzoyl-2-n-butyl-10-methyl-1,2-dihydropyridyl-

[3,2-b][1,4]benzothiazine (CLXXXIXc-2 or 1) as a red 3edid (0.13/ g,

\ - s
35%), mp 83-86° (decomp.); vy (cii): 1681 (C=0), 1635 %50)5

Y
nmr §: 7.82-6.64 (12H, m, Ph and C,-H or C,-H), 6.11-5.6 (2H, m,

C,-H, C3-H), 3.08 (3H, s, NMe), »2.08-0.77 (9H, m,.n-Bu); mass’

calculated for CigH,gN,0,32SF,, 516.1677; found, 516.1680.

5.12.6.0.0 Reaction of 1O-methy]-10H4pyrido[3,2—b][1,4]benzothiazine.'

with g;bdty]]ithidm and trifluoromethanesulfony] chloride

-

The general procedure outlined in sectioq\é:12.0.0.0 was followed.
n-Butyllithium (0.16 g, 2.5 mmol), 1O—methy]—]0H-pyrido[3,24bj{1,4]—
berizothiazine (CLXXIIb) (0.535 g, 2.5 mmol) and trifluqromethane-
sulfonyl chloride (0.463 g, 2.75 mmol) were stirred at -77° for 1 hf
and allowed to warm to room temperature over a 1.5 hr ggriod. The
resu]tind dark yellow solution was treated with water (59 ﬁ]),
extracted with dicﬁ]oromethane (3 x 50 m1), and dried (Nézsou).
Evaporation of the so]veht in vacuo %?ye’a brownish-red o0il (0.819 g)
of which 0.8 g was subjected to preparative thin-layer chromatography

on twelve silica gel plates using benzene-ethyl acetate (10:1 v/v)

~as the development solvent. Extraction of the silica gel fraction

(Rf 0.97) gave 2-n-butyl-10-methyl-10H-pyrido[3,2-b][1,4]benzo-
thiazine (CLXXXIIId) as a yellow oil (0.293 g, 44.4%) identical (nmr)
with an authentic sample. Extraction of the silica gel fraction

(R¢ 0.64) gave a yellow semi-solid (0.143 g) which was rechromatbgrapheu



on two lica yul p]atgs uginq benzene as the development solvent.
a

This gave two fractionc Rf 0.41) »ad (Rf 0.28)  Extraction f the

silica gel fraction (Rf 0.28) aa:- 10-muthy1~10H—pvrido[3,é—b}[],4’

benzothiazine (CLXXIIb) aw a light v ow wolii (0.027 g, »..0)

identical (nmr) with an authe..lic sample. Extraction of the il1c.

gel fraction (Rf 0.41) gave 4—ch1»ro—1v~methy1~]QH—py}igo[3.2—bJ— ‘

[1,4]benzothiazine (CLXXXVIId) as a licat yellow solid (0.09 g,

14.5%), mp 74-75°; nmr &: 7.89 [WH, d(J = 5.5), C;-H], 7.33-6.8
(4H, m, Ph), 6.76 [1H, d(9, 5 = 5.5), C.-H], 3.39 (o, s, NMe); -
mass calculated for C12HgN,32537¢C1, 250.%144;'f0unét 250;014];

mass calculated for Ci,HoN,32535C1, 248.0174; found, 248.0168.
Analytical cajculated for CyoHgN,SCI: €, 57.95; H, 3.65;:N, 11.26;

-

S, 12.88; found, C, 57.95; H, 3.73; N, 11.24; S, 12.83.

5.13.0.0.0 Reaction of 10-(2-dimethylaminoethyl)-10l-pyrido[3,2-b]-

[1,4]benzothiazine with n-butyllithium and methyl

~chloroformate
]

In a dry nitrogen atmosphere n-butyllithium.(0.165 g, 2;§é-mmoi)
was added dropwise with stfﬁring.to a solution o 10-(2—dfmethy]-
aminoethy1)-10H-pyrido[3,2-b][1,4]benzothiazine (CEXXLi;).gO.7ig,W
2.58 mmoi) in anhydroué tetrahydrofuran (30 1) at O°,-ffhg résulting :
; da;k brown so]ut{on was §tiﬁféd at 0° for AO min, cooled tou-7;5,"'
~and methy]l cthrofqrmate (0.488 g, 5.17 mmol) in tétrahydrofuran3
.(2 ml) was added dropwise. The resu]tihg~solution was stirred at -
-77° for 0.5 hr and allowed to warm to room temperature over 5 3.5 hr

period. The resulting dark brown solution was treated with water
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(50 m1), extracted with ether (3 x 100 m1) and dried (Na,SO,).
Evaporafion of the solven{ in vacuo gave a dark brown o1 (0.711 q)
of which. 0.6 g.waé.subjec:;E\to\prepgrative thin-layer chromatography
on seven si]icé;géi>p]ates uéing benzene-ether (5:1 v/v) as the

development solvent. Extraction of the silica gel fraction (Rf 0.40)

gave 10- (2-N-methoxycarbony1-2-N-methylaminoethyl)-10H-pyrido[3,2-b]-

[1,4]benzothiazine {TLXLIV) as a dark yellow o11'(0.167 g, 24.4%).

Vmax (fijm) (em™1): 1710 (C=0); nmr §: 8 [IH, d(J,,3 = 5) of
d(J,,, = 1.75), Cp-Hl, 7.30-6.59 (6H. m, Ph, Ca-H, Cu-H), 4.29 [2H,
m, CHaCHoNCH3(CO,Me)], 3.95-3.51 [2H, m, CHoCHoNCH3(COoMe)], 3.74
(3H, s, OMe), 3.06 (34, s, NMe); mass calculated for Cighy,N;0,32S,
315.1038;.f0und,‘3]5.1042. Extraction of the silica gel fraction

- (Rf 0.15) gave ]0-(2~dimethy1aminoethy1)a]OH-pyrido[3,2-b][1,4]-
benzotbﬁéﬁihe”(CL&iIic) as a light brown oil (0.19 g, 32.1%)
identical (nmr) with an authentic sample.

-

L)

5.14.0.0.0 Reaction of 10-(2-dimethylaminoethyl)-10H-pyrido[3,2-b]-

©

[1,4]benzothiazine with n-butyllithium

In a dry nitrogen atmosphere 10-(2-dimethylgminoethyl)-10H-
3, 2.95 mmol) in

/

pyrido[3,2-b][1,4]benzothia21ne (CLXXIIc) (0.8

/‘ -
anhyd- . “etrahydrofuran (5 ml) was added i;aﬁwise with stirring

L~

to a solutic” of n-butyllithium (0.567 g, BJTU mo1) in anhydrous
tetrar ~ -ofu an (50 m1) at 0°.. This solution w. s stirred at 0° for
1 hr énd «. lowed to warm to room tempefatﬁre over a 1 hr-period. The
resulting dark brown solution was treated with water (50 ml),

~ extracted with ether (2 x 100 m1) and dried (Na,S0,). Evaporation




of the solvent in vacuo gave a reddish-brown o1l (1.084 g) of which
0.33 g was subjected to preparative thin-layer chromatography on
seven silica gel plates using benzene-ether (5:1 v/v) as-the
developmenht solvent. Extraction of the silica gel fraction (Rf 1)
gave a dark‘yellow 011 which was rechromatographed on one silica
gel plate using petroleum ether (bp 35-60°) as the development
solvent. This gave é single fraction (Rf 0.05) which was gxtracted

to give 10-n-hexy1-T0H-pyrido[3,2-b][1,4]benzothiazine (CLXLV) as a

yellow oil (0.066 g, 25.9%). nmr &: 8.01 [1H, d(Jdp,3 = 5) of
d(J; ¥\1.75), Co-H], 7.38-6.59 (6H, m, Ph, C3-H, Cy-H), 4.1 [2H,
t(INCHp-CH2CuHg = 7)), NCHpCsHy 1], 2.11-0.65 (1TH, m, NCHyCsHyy 15
mass calculated for Cy;H,oN,32S, 284.1343; found, 284.1347.

5.15.0.0.0 The reaction of 104(3—dimethy1aminopropy])—10H~pyrido—

[3,2-b][1,4]benzothiazine with n-butyllithium and subse-

o

quent reaction with electrophilic reagents

5.15.1.0.0 Reaction of 10-(3-dimethylaminopropyl)-10H-pyrido[3,2-b]-

[1,4]benzothiazine with D;buty]]ifhium and methyl

chloroformate

In a dry nitrogen atmosphere n-butyllithium (0.18 g, 2.81 mmo1)
was added dropwise'with stirring to a solution of 10-(3-dimethyl-

aminopropy1)-10H-pyrido[3,2-b][f,4]benzothiazine (CLXXIId) (0.8 g,

2.81 mmol) in anhydrous tetrahydrofuran (125 ml) at 0°. The resulting

greenish-brown solution was stirred at 0° for 1 hr, cooled to -77°,

“and methyl chloroformate (0.318 g, 3.37 mmol) in anhydrous

187



188

- tetrahydrofuran (2 ml) was added dropwise. The reaction was stirred
at -77° for 1 hr and allowed to warm to room temperature over a 2 hr
period. The resulting light brown solution was treated with water
(75 m]),‘extracted with dichloromethane (4 x 50 m1) and dried (Na,SO,).
Evaporation of the solvent in vacuo gave a brown oil (1.067 g) of
which 0.65 g was subjected,t& preparative thin-layer chromatography-
on twelve silica gel plates using benzene-ethyl acetate (2:1 v/v)
as the development solvent. Extraction of the silica gel fraction
(Rf 0.15) gave a yellow oil.which was rechromatographed on four
silica gel plates using ether-methanol (35] v/v) as the development
solvent. This gave a single fraction (R¢ 0.87) which was extracted

‘to give 1-methoxycarbonyl-2-n-butyl-10-(3-dimethylaminopropyl)-1,2-

dihydropyridy1[3,2-b]{1,4]benzothiazine (CLXXVIIIe) as a yellow oil

(0.215 g, 31.4%). Alternatively, chromatography of the reaction
product on a 2.5 x 28 cm silica gel column and elution with ether
(800 ml1) gave 1—methoxycarbony]-Z—Q;butyl-1O—(3-dimethy1aminbprop§ﬁ)—
1,2-dihydropyridy1[3,2-b][1,4]benzothiazine (CLXXVIIIe) as a yellow
0il (54.5%). vmaxj(film) (em=1): 1724 (C=0), 1635 (C=C); nmr &:
7.34-6.7 (4H, m, Ph), 5.93-5.42 (2H, m, C3~H, Cy,-H), 4.79 (TH, m,
Co-H), 3.88-3.52 [2H, m, Cﬂg(CHz)zN(Me)z], 3.69 (3H, s, OMe),
2.45-2.14 [2H, m, (CHp),CH,N(Me),], 2.14 [6H, s, N(Me),], 2-0.69
[11H, m, n-Bu, CHZQﬂgCHéN(Me)Z]; mass calculated for C,,H3,N30,32S,
401.2130; found, 401.2135. Extraction of the silica gel fraction
(Rf 0.07) gave a yellowish-brown o0il (0.293 g) which was rechrbmato-

graphed on four silica gel plates usiqg'ch]oroform-methano] (5:1 v/v)

as thevdevelopment solvent. This gave two fractions (Rf 0.53) and

¢
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(Rg 0.45). Extraction of the siltica gel fracfﬁon (R¢ 0.53) gave

4~methoxycarbony1—10—(3—d1methy]aminopr0py1)—IOH—erido[3,2-b][1,4]—

benzothiazine (CLXXXVIIe) as a bright yellow oil (0.044 g, 7.5%).

Vmax (film) (cm™1): 1731 (C=0); nmr &: 7.98"[1H, d(Js 3 - 51,
7.32-6.64 (5H, m, Ph, C3-H), 4.01 [2H, m, CH,(CHy)oN(Me),], 3.9
(3, s, OMe), 2.6-1.7 [4H, m, CHa(CH,),N(Me),], 2.2 [6H, s, N(Me)];
mass calculated for Cygh,iN30,32S, 343.1350; found, 343.1348.
Extroction of the silica gel fraction (Rf 0.45) gave 10-(3-dimethyl-
'aminopropy])-10H—pyr1do[3,2—b][1,4]benzothigziné (CLXXIId) as a light

yellow.oil (0.06 g, 12.3%) identical (nmr) with aﬁ authentic sample.

5.15.2.0.0 Reaction of 10—(B—Himethylaminopropyl)-10H—pyrido[3,2—b]—

[1,4])benzothiazine with n-butyllithium and diethyl

chlorophosphate

In a dry nitrogen atmosphere n-butyllithium (0.213 g, 3.33 mmo1)
was added dropwise with stirring to a soluc.on of 10-(3-dimethylamino-
propyl)-10H-pyrido[3,2-b][1,4]benzothiazine (CLxxrid) (0.79 g, 2.727///
mmo1) in anhydrous tetrahydrofuran((125 ml) at 0°. The resulting
greenish-brown solution was stirred at 0° for 45 min, allowed Lo
warm to room temperature over a 0.5 hr period, cooled to -77°, and -
diethyl Eh}orophosphaﬁg (0.575 g, 3.33 mmol) in anhydrous_tetrahydro—
furan (2‘m1) was added dropwise. The reaction was stirred at -77°
for 1/5 b~ and allowed to warm to roog temperature over a Z hr
period: The resulting}dérk yellow solution was treated with water
(100 m1), extracted wifﬁ chloroform (7 x 50 m1) and dried (Na,SOy).

Evaporation of the solvent in vacuo gave a light brown oil (1.309 q)



190

of which 0.72 g was subjected to preparative thin-Tayer chromatography
on ten silica gel plates using chloroform-methanol (5:1 v/v) as the
development solvent. Extraction of the silica gel fraction (Rf 0.87)

gave 1—diethy]phosphory1g2—gfbuty1—10—(Rwdimethy1aminopr0py1)—l,2—

dihydropyridy1{3,2-b2[1.4]benzothiazine (CLXXVIIIf) as a dark yellow

0il (0.122 g, 16.7%). “Vmax (film) (em=1): 1271 (P=0), 1629 and

1568 (C=C); nmr &: 7.38-6.67 (4H, m, Ph), 5.9575.4v62H, m, C3-H,

Cy-H), 4.43 (H, m, C,-H), 4.32-3.53 [6H, m, (OCﬂzCH3)2; CHo(CH,) N(Me) ,],
2.55-2.12 [2H, m, (CH3),CHoN(Me)o], 2.12 [6H, s, N(Me),], 2.03-0.78 ,

[17H, m, n-Bu, CH2CEECH2N(Me)2, (OCH,CH3) 515 mass calculated for
CouH3gN303P32S, 479.2363; found, '479.2354. Extraction of the silica

gel fraction (Rf 0.55) gave 2-n-butyl-d4a-ethyl-10-(3-dimethylamino-

propyl)-2,4a-dihydropyridy1[3,2-b][1,4]benzothiazine (CLXXXVIIIf) as

a yellow oil (0.014 g, 2.5%). vpax (film) (cm‘l):~ 1629 (C=N, C=C);
amr s: 7.35-6.9 (4K, m, Ph), 6.1 [1H, d(Js,, = 10) of d(J5, 3(x) =
1:75), Cy-H or C4-HI, 5.55 [1H, d(J5 4 = 10) of d(Jz,3(s) = 2), Cs-H
or Cy-H], 4.5-3.6 [3H, m, C,-H, Cﬂz(CHz)zN(Me)z], 2.2 [6H, s, N(Me),],
2.6-0.72 [18H, m; n-Bu, Et, CH2(Cﬂ£)2N(Me)2]; mass calculated for
C,,HasN332S, 371.2388; found, 371.2389. Extraction of the silica gel

fraction (Rg 0.5) gave 4—d1ethy19hosghory]—10-(3—d1methy1aminopropy1)- |

10H—pyrido[3,2—b][1;4]benzothiazine (CLXXXVIIf) as a yellow oil

(0.06 g, 9.3%). vpax (fitm) (em~l}: 1266 (P=0); nmr &: 8.09 [IH,
t(Jz,3 = Jo,p3l = 5), Cp-H], 7.3-6.72 (5H, m, Cy-H, Ph), 4.5-3.74 .
[6H, m, (OCHyCH3) , CHp(CHp)z N(Me),], 2.65-1.62 [4H, m, CH,(CHp),
N(Me)é], 2.22 [6H, s, N(Me)], 1.32 [6H, t(JcHp-CH; = 7)» (OCH,CH3),]5
mass c&]cu]ated for C,qHpgN303P32S, 421.]582; found, 421.1595. .
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Extraction of $ilica gel fraction (Rf 0.41) gave a brown oil (0.1 g)

which w3s rechromatographed on two silica gel plates using chloroform-

methanpl (2:1) as the development solvent. This gave a single fraction
(Rf 0.64) which was extracted to give 10-(3-dimethylaminopropyl)-10H- L

pyrid0[3,2-b][],4]benzothiazine (CLXXIId) as a yellow oil (0.056 g,

12.9%) identical (nmr) with an authentic sample.

5.15.3,0.0 Reaction of 10-(3-dimethylaminopropyl)-10H-pyrido[3,2-b]-

[1,4]benzothiazine with n-butyllithium and trifluoromethane-

sulfonyl chloride

'In a dry nitrogen atmosphere n-butyllithium (0.122 g, 1.91 mmoL)
was édded dropwise with stirring to a solution of 10-(3-dimethylamino-
propyl)-10H-pyrido[3,2-b][1,4]benzothiazine (CLXXIId) (0.543 g,

1.91 mmol) in anhydrous tetrahydrofuran (125 m1) at 0°. The resulting R
greenish-brown solution was stirred at 0° for 1 hr, cooled tq/—77°,

and trif]uoromethaﬁesu]fony] chloride (6.385 g, 2.29 mmol) in anhydrous
tetrahydrofuran (2 ml) was added dropwise. The reaction was stirred

at -77° for 0.5 hr aﬁd al]owed‘to warm to room temperature over a

2 hr period. The resuiting 1ime green solution wagﬁtreated with water
(75 ml), egtracted with dichloromethane (6 x 50:;T§1and dried (Na,SO04).
Evaporation of the solvent in vacuo gave a brown oil (0.683 g) of

which 0.6 g was subjected to preparative thin-layer chromatography on
nine silica gel plates using chloroform-methanol (5:1 Y/v) as the

development solvent. Extraction of the silica:gel fraction.(Rf 0.76)

gave 2:g;buty1-10-(3-dimethy]aminopropy])-]0H-pyrido[3,2-b][1,4]—

benzothiazine (CLXXXIIIg) as a ye]]dw 0oil (0.158»g, 27.7%). nmr §:

x.'\
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7.4-6.74 (4H, m, Ph>),311 [WH, d{J5 . = 8), C,-H], 6.57 [1N,
d(J3,. = 8), C3-H],'4.1 [2H, tgh,-ch, = 7)» CHy(CHy)oN(Me)o],
2.81-0.69 [13H, m, ﬁ-Bu, CHQ(Cﬂg)QN(MG);], 2.35 [Gdl s, N(Me),]:
mass calcufated for C.oH,7N33%S, 341.1920; found, 341.1924.
Extraction of the silica gel fraction (Rf 0.46) qave a yellow 01l
(0.087 q) which was rechromatographed on two silica gel plates |
using ch]oroform—methéno] (5:1 v/v) as the development solvent.
This gave two fractions (Rf 0.58) and (Q} 0.5). Extraction of the
silica gel fraction (Rf 0.5) gave 10-(3-dimethylaminopropyl)-10H-
pyrido[3,2-b][1,4]benzothiazine (CLXXIId) as a yellow oil (0.615 g,
3.1%) identical (nmr) with an authentic sample. Extraction of the

silica gel fraction (Rf 0.58) gave 4-chloro-10-(3-dimethylamino-

propyl)-10H-pyrido[3,2-b][1,4]benzothiazine (CLXXXVIIg) as a ye]lod‘

0il (0.051 g, 8.3%). nmr 6: 7.82 [1H, d(J,,3 = 5.5), Ca-H],

7.29-6.8 (4H, m, Ph), 6.74 [, d(J,,3 = 5.5), C3-HI, 4.02 [2H,
t(JCH,-CHy = 75, Cﬂg(CHz)zN(Me)ZJ, 2.57-1.76 [4H, m, tHz(pﬂg)ZN(Me)zj,
2.2 [6H, s, N(Me),]; mass calculated for Ciel1gN332537CT, 321.0877;
found, 321.0867; mass calculated for C15H18N332535C1, 319.0907;

found, 319.0898.



5.16.0.0.0 The. reaction of 10-(2-dimethylaminopropyl)-10H-pyrido-
. /
[3,2-b][1,4]benzothiazine with n-butyllithium ard

! ‘
subsequent reaction with electrophilic reagents \\\\

’

5.16.1.0.0 Reaction of 10—(2-dimethy1amiﬁopropy1)-10H—pyrido[3,2-b]—

[1,4]benzothiazine with n-butylTithium and diethy]

ch]orgphosphate

Ina dfy nitrogen atmosphere n-butyllithium (0.162 g, 2.53 mmol)
was added dropwise with stirring to a‘so1ution of 10-(2-dimethy1—
aminopropy1)-10H-pyrido[3,2-b][1,4Ibenzothiazine (CLXXIIe) (0.72 g,
2.53 mmo1) in anhydrous tetrahydrofuran (125 ml1) at 0°. The résuTting
dark brown so]utjon was stirred at 0° for'1 hr, cooled to =77°, and
diethyl chlorophosphate (0.524 g, 3.03 mmol) in énhydrous tétrahydro-
furan‘(Z %1) was added dropwise. The reaction was stirred-at -77°
for 1 hr and allowed to warm to roam temperature over a Z.Dr period.
The resulting light orange solution was treated with wate; (160 ml),
ﬂ_extracted with chloroform (6 x 50 m1) and dried (Na,S0,). Evaporation
of the solvent iﬂ_!gggg gave a da#k;reddish-brown (0.984 g) of which
0.9 g was subjected to preparative thin-layer chromatography on ten,
silica gel plates using chloroform-methanol. (5:1 v/v5 as the develop-
ment so]vgnt. Extraction of the silica gel fraction (R¢ 0.93) géve a
yellow o0il (0.256 g) which was rechromatogragphed on four silica gel

plates using chloroform-methanol (5:1 v/v) as the development solvent.

This gave two fractions'(Rf 0.88) and (Rf 0.72). Extraction of the

silica gel fraction (Rf 0.88) gave I-diethylphosphoryl-2-n-butyl-10-
. /&.. EEEE—
(2-dimethylaminopropyl)-1,2-dihydropyridy1[3,2-b][1,4]benzothiazine

193
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(CLXXVIIIh) as a yellow oil (0.156 g, 14.1%). Vmax (Film) (cm™1):
12}0 (P=0), 1630 and 1565 (C=C); nmr s: 7.23-6.8 (4H, m, Ph),
5.92-5.4 (2H, m, C3-H, Ty-H), 4.67-3.3 [7H, m, C.-H, (0CH,CH3) 2,
CHp1, 2.7 (TH, m,«CH), 2.23 [6ll, s, N(Me).], 1.86-0.71 [15H, m,
n-Bu, (OCHZCEQ)ZJU 0.98 [3H, d(JcH,cH = 6.5), CH3]5 mass calculated
for CouHagN305P325, 479.2363; found, 479.2369. Extraction of the

silica gel fraction (Rf 0.72) gave Z-beuty1-10-(2-dimethy1aminopropy1)—.%

10H—pyrido[3,2-b][],4]benzqthiazine (CLXXXIIIh) as a yellow 0il

(0.019 g, 2.4%). nmr 6: 7.38-6.5 (6H, m, Ph, C,-H, C3-H), 4.28

[2H, d(JcH,-CH = 6.5), CHoT, 3.1 (IH, m, CH), 2.64 [2H, d(JCHz-CHzczHS
= 7). CHCaHy1, 2.38 [6H, s, N(Me),], 1.86-0.7 [7H, m, CHC3H;],

1.06 [3H, d(JcHy-cH = 6.5, CH3l; mass calculated for CooHooN45328,
341.1920; found, 341.1917. Extraction of silica gel fraction (R 0;61)
‘ gave a yellow.oil (0.095 g) which was rechromatographed on one silica
gel plate using chloroform-methanol (5:1 v/v) as the development
solvent. This gave a single fraction (Rf 0.67) which was extracted

to give 4-diethy1phosphory1-]04(2—dimethy]aminopropy])-10H-pyrido-

[3,2-b][1.4]benzothiazine (CLXXXVIIh) as a yellow oil (0.077 g, 7.9%).

vpax (film) (cm-1): 1268 (P=0); nmr s: 8.16 [1%, t(Jz,f = Jp,p3l = 5),
C,-H1, 7.5-6.89 (SH, m, C3-H, Ph), 4.51-3.96 [6H, m, CH,, (OCH,CH3),],
310 (M, m, CH), 2.33 [6H, s, N(Me),], 1.36 [6H, t(Jgypocny = 7),
(OCHZCﬂé)z], 1.07 [3H, d(JCHg—CH = 6.5), CH3]; mass calculated for
Caot2gN305P325, 421.1583; found, 421.1580.

t
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5.16.2.0.0 Reaction of 10-(2-dimethylaminopropyl)-10H-pyrido[3,2-b]-

[1,4]benzothiazine with n-butyllithium.and methy]l

chloroformate

In a dry nitrogen atmospheré.g-buty]iithium (0.162 g, 2.53‘mmo1)
was added dropwise with stirring to a solution of 10-(2-dimethylamino-~
propy])—10H-pyrido[3,27b][1,4]benzothiazine (CLXXIIe) (0.072 g, |
2.53 mmol) in anhydrous tetrahydrofuran. (125 ml) at 0°. The resulting
dark brown solution was stirred at 0° for 1 hr, cooled to -77°, and
methy1 ch]orqforﬁate (0.286 g, 3.ngmm01) in anhydrous tetrahydro-
furan (2 ml) was.added dropwise. The reaction wasttirred at —f9°
for 1 hr and allowed to warm to room temperature over.a 2 hr period.
412@ resulting 1ight 6ran solution was treated with water (100 ml),
exfracted with chloroform (5 x 50 m1) and dried (Na,S0,). Evaporation
of the so]Qent in vacuo gave a dark reddish—b}own 0il. (1.038 g) of
which 0.9 g.was‘subjectéd to préparative thin-layer ch}b%atography
on twelve silica gé] plates using ethyl acetate-ether (5:1 v/v) as
the development solvent. Extraction of the sf]ica gel fraction

(Rf 0.34) éave 1-methoxycarbonyl-2-n-butyl1-10-(dimethylaminoprop: )-

1,2-d1hydropyridy1[3,2-bJ[1,4]benzothiazine (CLX*VIIIi) as a yell
0i1 (0.338 g, 38.5%). vy, (Film) (em™1): 1726 (C=0), 1630 (C=C);
nmr 6: 7.32-6.74 (4, m, Ph), 5.96-5.49 (2H, m, Cy4-H, Cy-H), 4.9
(1H, m, C,-H), 3.8-3.4 (2H, m, CH,), 3.72 (3H, s OMe), 3 (IH, m, CH),
2.3 [6H, s, N(Me),], 1.88-0.69 (9H, m, n-Bu), 1.07 [3H, d(Jcys-cy =
6.5), CH3]; mass calculated for C;,H3;N30,32S, 401.2130; found,

401.2146. :x:ractidn of the silica gel fraction (R¢ 0.14) gave a

~ dark yellow oil (0.25 g) which was réchrom§rographed on six silica
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gel plates using chloroform-methano! (5:1 v/v) as the.development‘

o

solvent. This gave two fractions (Rf 0.8) aTg/in 0.73). Extraction

Y

- of silica gel fraction (Rf 0.8) gave 4-methoxycarbonyl-10-(2-

dimethy]aminopropy])-]OH-pyrido[3,2—b][],4]benzothiaziﬁe (CLXXAVIIT)

as a yellow ofl (0.064 g, 8.5%). wpay (film) (cm™1): 1729 (c=0);
e ;8 [, d(95,5 = 5), ©,-H], 7.32-6.7 (4K m, Ph), 7.16 [1H,
Q(Js,5 = 5), CyoH], 4.3-4.08 (2H, m, CHy), 3.9 (3H, s, OMe), 3.08
~(TH, m, CH), 2.29 [6H, s, N(Me),], 1 T§ﬁ: d(JcHy-cH = 6.5), CHsl
mass cdlculated for C18H21N192325, 343.1350; found, 343.1347.
Extractjon of the silica gef‘fraction (Rf 0.73) gave 10-(2-dimethyl-
' aminopropy])—10H-pyr1do[3,2—b][1,4]beﬁzothiazine (CLXXIIe) as a
yellow oiT (0.075 g, 12%) identical (nmr) Qith anrauthentic sample.

——

5.17.0.0.0 Reaction of ]0-(]-methy1-2—dimethy1aminoethy1)—]OH-

pyrido[3,2-b][1,4]benzothiazine withug-butyllithium and

mefhy] chloroformate

o

\ In a dry nitrogen atmosphere g—buty]]ith{um (0.202 g, 3.16 mmol)
was added dropwise with stirring to a solution of 10-(1-methyl-2-
dimethy]aminoethy])-]OH-pyrido[3,2—b][],4]benzothia;ine<jt&XXIIf)
(0.9 g, 3.16 mmo])\in—anhydrous tetrahydrofuran (125 ml) af 0°. The
resulting dark browﬁ,so]ution was stirred at 0° for }.5 hr, cooled ?
to :77°,‘and methyl chloroformate (0.358_9, 3.79 mmo]) in anhydrous

1 tetrahydrofuran (2 ml1) was added afopwise. The reaction was stirred
aé -77° for 1 hr and”allowed to warm to room temperature over a 2 hr

period. The resulting orangefred suspension was treated with water

(100 m1),¥extracted with chlorofors (8 x 50 ml) and dried (Na,S0,).



Evaporation of the solvent in vacuo gave a brown oil (0.856 g) of
which 0.8 g was subjected to preparative thin-layer chromatography

on twelve silica gel plates using henzene-ether (1:1 v/v) as the
development solvent. Extraction of the si]iéa gel fraction (Rf 0.54)

gave 10H-pyrido[3,2-b][1,4]benzothiazine (CLXXIIa) as a yellow solid
(0.09 g, 15.2%) identiigT’?;hr, mp) with an authentic sample.

A

5.18.0.0.0 The reaction of aromatic amines with 2-bromopyridine
B b

5.18.1.0.0 Reaction of aniline with 2-bromopyridine

Aniline (5.86 g, 63 mmol) and 2-bromopyridine (4.97 g, 31.5 mmol)
were boiled under reflux for 1.5 hr. The resulting black tar was

. treated with water (100 m1) and basified to pH 8.5 using potassium
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carbonate. The preéipité%e which formed was filtered and a methanolic  ~

(100 m1). solution of the precipitate was decolorized using éétivated
cHarcoa]. This was filtered and the solvent evaporated jg;xéggg to
give a yellow solid which was recrystallized from absolute ethanol

" to give 2%anilinopyridine (CCXIIIa) as an of f-white solid (4.522 -
84.4%), mp 105-106° (reported*>, mp 105-108°). Vrax (cmjl): 13250
(NH); nmr 6: 8.2 [H, d(Jp,5 = 5) of d(Jy,y = 2) of d(d,,5 = 1),
C,-H], 7.81-€.5 (QH, m, Ph, pyridyl H; NH, exchaﬁges with deuterium

oxide); mass calculated for C;jHoN,, 170.0842; found, 170.0832.

5.18.2.0.0 Reaction of N-methylaniline with 2-bromopyridine

In a dry nitroggn atmosphere N-methylaniline (1.079, 10 mmol)

was added to 1ithjum amide (0.23 g, 10,mmo])_at room temperature.

N
b
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N
This was stirred at room temperature for 0.5 hr, cooled to 0°, and
2-bromopyridine (1.58 g, 10 mmol) was added dropwise. The resulting
dark broWn solution was stirred at 0; for 1 hr, allowed to warm to
room temperature over a 1 hr period, and boiled under reflux %or 4<hr.
The reaction was stirred ové?night“at room tempeféture for 16 hr,
treated with water (15 ml), extracted with dighloromethane (3 x éO ml)
and dried (Na,S0,). Evéporation of the solvent in vacuo gavé a dark
brown 0il which was subtjected to vacuum distillation. The first:
fraction (0.201 g) (29°/0.13 mm) ggve a mixture of H-methylaniline
(9.4%) and 2-bromopyridine (6.3%) while the second fraction (86-88°/
0.13 mm) gave‘2-(N-methy1ani1ino)-pyridine (CCXIIIb) as a light yellow
0i1 (1.362 g, 74%), (reported246, bp 147-8°/10 mm). e 5: 8.28
[1H, d(Jp,5 = 5) of d(J;,4 = 2) of d(Jp,5 = 1), C,-H], 7.6-6.99 (6H,
m,- Ph, pyridyl H), 6.73-6.40 (2H, m, Ph, pyridyl H), 3.42 (3H, s,
CHy); mass calculated for C;,Hi,N,, 184.0998; found, 184.0983.

,__///”"‘“\

5.19.0.0.0 The react1on of 2- an111nopyr1d1ne with n- buty]11th1um

and e]ectrqph111c reagents ”

5.19.1.0.0 Reaction of 2-anil: wpyridine with n-butyllithium and

methyl chloroformate

In a dry n1troqen atmosphere buty]11th1um (0.512 g, 8 mmol)
Qas added dropwise with stirring to a solution of 2-aniiinopyridine
(CCXIIla) (0.68 g, 4 mmol) in anhydrous tetrahydréfuran (100 m1) at
-77°. The resulting dark yellow solution was stirred at -77° for"

0.5 hr and methyl chloroformate (1.134 g, 12 mmol) vas ‘added dropwise.

&
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This was stirred at =77° for 0.5 hr and allowed to warm to room
temperature over a1 hr period. The resulting 1ight yellow solution

was treated with water (50 ml), extracted with dichloromethane

(3 x 50 m1) and dried (Na,S0,). Evaporation of the solvent in vacuo

gave a yellow solid (1.35% g) of which 0.22 g was subjected to

preparative thin-layer chromatography on three silica qel plates

using benzene-ether (5:1 v/v) as the development solvent. Extraction

of the silica gel fraction (Rf 0.38) gave 2-(N-methoxycarbony]l-

anilino)-pyridine (CCXVI) as an off-white solid (0.13¢ g, 93.2%),

mp 93-4°; upax (cm=1): 1732 (C=0); nmr s:. 8.42 [1H, d(J2’3 = 5) of
d(Jy,y = 2).0f d(Js,5 = 1), C,-H], 8.0-6.88 (8i, m, Ph, pyridyl H),
3.73 (3K, s, OMe); mass calculated for C,3H,,N,0,, 228.0896; found,

228.0884.

5.19.2.0.0 Reaction of Z-anilinopyridine with n-butyilithium and

acetyl chloride

In a dry nitrogen®atmosphere n-butyllithium (0.512 g, 8 mmol)
was added dropwise with stirring to a solution of 2-anilinopyridine

(CCXIIIa) (0.68 g, 4 mmol) in anhydrous tetrahydrofuran (100 ml1) at
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-77°. The resulting dark yellow solution was stirred at -77° for 0.5 hr

and acetyl chloride (0.942 g, 12 mmol) was added dropwise. This was
stirred at -77° for ]’hr and allowed to warm to room temperature
over a 1 hr period. The resulting medium brown solution was treated
with’water (50 m1), extracted witn CfChloroneth;ne (3 x 50 ml) and

dried (Na,S0y,) . Evaporation of the solvent in vacuo gave a brown
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—~ 0i1 (1.042 g) of which 0.2 g was subjected to preparative thin—]ayef
chromatography on three silica gel plates using ether-benzene (5:1 v/v)
as the development solvent. Extraction of the silica gel fraction
(Rf"0.44) gave 2—(N-acety1ani1ind)—pyr;dipe (CCXV) as a yellow 0i1308
(0.149 g, 91.5%). vpay (Film) (cm™1): 1685 (C=0); nmt s: 8.45
[1H, d(J; 3 = 5) of d(J,,, ='2) of d(J; 5 = 1),,‘62—H], 7.91-6.92
(84, m, Ph, pyridyl M), 2.1 (3H, s, CH3); mass calculated for

. Cy3Hy,N,0, 212.0947; found, 212.0947. |

A ™)

5.20.0.0.0 Reaction of 2-(N-acetylanilino)-pyridine with g;buty1—

lithium and methyl chloroformate

s
In a dry n{trdﬁzn atmosphere n-butyllithium (0.384 g, 6 mmol)

was added dropwise with stirring to a soiution of 2-(N—accty1ani11no)-
pyridine (CCXV) (0.636 g, 3 mmol?) in anhydrous tetrahydrofuran (100
ml) at 0°. The resulting Tight brown solution was stirred at 0° for
1.25 hr andvmethyl chloroformate (0.851%xg, 9 mmol) in anhydrous )
tetrahydrofuran (2 ml) was added dropwise. This solution was stirred
at 0° for 0.5 hr aha a]}owed to warm to room temperature over a 1 hr

-

period. The resu]tfng brown solution was treated with water (50 m1);
extracted with dichloromethdne (3-x 50 m1) and dried (NaZSOu);
Evaporation of the so]vént‘ig_xgggg_éave a dark brown o0il (1.334 g)

of which 0.15 g was subjected to preparative thih—]ayer chroma$o§raphy
on two silica gel plates using ether-methanol (25:1 v/v) as thé' a2
.development solvent. Extraction of the si]fca gel fraction (Rf 0.82)

gave 2-(N—methoxycarbony1ani11no)-pyridinev(CCXVI) as a light yellow

solid (0.061 g, 79.2%) identical (nmr) with an authentic sample.
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