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ABSTRACT

Part I of this thesis describes the treatment of
tetrahydro-4=oxoisoxazolo[2,3-alpyridinium, phenyl hydrazone (70)
with boiling acetic anhydride to give pyrazolo [4,3-b]pyr1dine (73)
and the pyrrolo[B,Z—ﬁ]pyridone (74), or on longer heating,
further acetylation to give compounds (78) and (79) plus tri-N-
(acetyl)phenylhydrazine (75). The Introduction to Part I contains
a brief review of the reaction of nucleophiles with differing

substituted isoxazolium salts.

Part II contains the synthesis of pyrido[B,Zeé]pyridazine
(87) from 2-vinyl pyridine (90) and diesters of azodiearboxylic
acid, The synthesis is then extended to include other vinyl
heterocyclic systems. The Introduction gives a review of addition
of dienophiles to vinyl heterocyclic compounds with a brief summary
of cycloaddition and ene reactions of diesters of azodicarboxylic

acid,
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1.

INTRODUCTION

Nomenclature

e In Part I of this thesis the monoeyclic isoxazolium

salts will be named and numbered as:

1

Y3 X

isoxazolium salts

be The bicyclic systems will be named and numbered according

to the rules set down by the American Chemical Séciety Ring Index.,

6 \ 2
-R
5 %
b 3 X

1,2-benzisoxazolium salts



~
+ <!

Q
LB

isoxazolo[2,3—é]pyridinium salts

7 R -
6 o
I
3

2,1=-benzisoxazolium salts
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Preparation of Isoxazolium Salts

Isoxazolium salts are usually prepared by quaternization of
the requisite isoxazole. Alkylation of isoxazoles is complicated not
only by their weakly basic nature but to a lesser extent by the
vulnerability of their quaternary salts to nucleophilic attack, It is
usually advantageous to restrict reaction temperatures to 40 - 50°C but
this in turn requires long reaction times with the common alkylating
reagents., |

The most commonly used reagents ares alkyl p-toluene
sulphonates,1 dialkyl sulphates,1’2’3 and trialkyl oxonium fluoroborates.s’4
Occasionally a higher reaction temperature is necessary or a highly
reactive reagent such as methyl—2,4-dinitrobenzenesulphonate1 is used.

A branched quaternizing group is best introduced by treatment
of the isoxazole with an appropriate_alcohol (which must be a good
carbonium ion source) and perchloric acid.s’6

Using sulpholane2 as solvent may improve the alkylation since
it tends to reduce reaction times, by-product formation and minimizes
the purification problems,

It has been reported6’7 that in some cases the salts have been

prepared by attaching the substituent to nitrogen prior to cyclization,

€0

Clo;”

\+
(RCHQ-CHR-CH O +R'NHOH+HCI0,—= ) )R

R

The latter route provides a one=step synthe§is of isoxazdlium perchlorates

>

directly from b-formyl derivatives of carbonyl compounds and N-substituted
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hydroxylamines, It is worth mentioning that isoxazolium perchlorates

are explosive on mechanical impact.

Reaction of Isoxazolium Salts with Nucleophiles

A complete review of the reactions between isoxazolium salts
and nucleophiles would be very lengthy. This review is intended to
show the effect of certain nucleophiles on a range of substituted
isoxazolium salts, concentrating on those relevant to the reactions

reported in the Discussion (Chapter 1),

1. Q-Unsubstituted isoxazolium salts

3-Unsubstituted isoxazolium salts undergo a number of facile
reactions with bases which have been shown6 to proceed via the inter-

mediate ol -ketoketenimine (1).

R’ _
RZ /NR __,Rzl

X~ (1) \RB

The reacfion may be used as a synthesis of many organic compounds.

(i) BReaction with hydroxide ion®

Two major products were isolated., The expected acyl amide
(2), formed-by addition of water to the ketenimine, and a compound of
unknown structure whose analisis and molecular weight correspond to a
dimer of the ketoketenimine, Two examples of this dimer are described
in the earlier literature,

Mumm's dimer where R = Ph

Meyer's dimer where R = CH3



| Rjéo
R —@ CH, —OH H Sy
CH 504 /\{-‘ZO

"DIMER"" RC CHZC NH CH3(2)‘

The most probable structure postulated for these dimers is that of the

pyridone (3). A possible mechanism for its formation iss

RCOCH,C ONH CH, OH . RCOCH,CONCH,

s - CHig

> _N/CH3 | R__]rlll\{/

R~z
115 N Cocncor
Cs LR —

< < CHLOR
N, R

N\CH3
! 0Hc:H3
R %3% | ng'h /
H ) - c\ CHCOR
Pd (:()F? \\tis:';4
“CH, N
CH
AW CHy 3
L0



(11) Reaction with bicarbonate®

The acyl amide (5) is formed in virtually quantitative yield

possibly from the intermediate compound (4).

e
Ph Q_CH HOO; PhchH l&-@-cﬁ) @

_ 5
CH,S0;

Phlé’CHz NHCH3 (5)

Similar reactions occur with other nucleophiles e.g. alkoxide ions and

cyanide ions etc.

2, 3-Unsubstituted bicyclic isoxazolium salts

The above examples deal only with monocyclic 3-unsubstituted
isoxazolium salts, The 1,2-benzisoxazolium ion (6) is a 3-unsubstituted

isoxazolium salt and may react with nucleophiles in a similar manner,

/CH

+ -
Meerwein's reagent, (0235)30 BF)s is used to quaternize benz-
igoxazole at room temperature in almost quantitative yield’9 since

quaternization of benzisoxazole is not possible with normal alkylating
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agents, since it is too weakly nucleophilic and too heat sensitive.
The benzisoxazolium salts are stable in acid but very unstable in
neutral or basic media.

In an aqueous solution but in the absence of any reactive
anions N~ethylsalicylamide is the final product., At pH greater than 7
a yellow polymeric material becomes an important by-product. A similar
by-product is obtained when the salt is treated with triethyl amine in
an organic solvent.10 Efforts to detect a ketenimine have failed
although the products would indicate such an intermediate,
(1) Products from simple nucleophiles’

Hydroxide, hydrosulphide, fluoride and cyanide anions in
aqueous solution or methoxide anions in methanol give high yields of

products with the following structure (7).

X
|

(X N~ CoHs
(1) ~OH X=0H,SHF CN, OCH,.

9

(1i1) Products from cyanate, thiocyanate, and carboxylate anions

These reactions may be summarized as:



NH H X 0
070 Q’gs 20
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Instead of acetate ion benzoate, methoxyacetate or glycine may be used,

With glycine however a further rearrangement occurs as shown below:

|
0 HI}ICHZéNHCZHs
CNH—CH; Cxp
=
O—E—CHr+%b OH
0

Formation of o-acyl-N-ethylsalicylamide may best be rationalized as

o

proceeding from an imino anhydride as shown.,

3, S-Unsubstituted isoxazolium salts

Prior to 1969 only one reference has been made to nucleophilic
attack on S5-unsubstituted isoxazolium salts, This paper by Kohler et al.11
discusses the reaction of 3,4-diphenyl-2-ethylisoxazolium chloroferrate (8)
with sodium hydroxide. The authors assigned the structure of the 'big-
molecular anhydride! (9) to the product, which on methanolysis gave p-—

ethylaminocinnamate (10).

Hx/ Ph

(&) FeCly (9)

- _Q
ICH3OH
Phw Ph

"“,\’/ CO,CH3
(\QHS (10)
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The structure of the compound (9) was not proved and this work was
reinvestigated by Adachi and Kano.1o
Using the same procedure as Kohler or by an improved method
using a mixture of triethylamine, acetonitrile, and water, the
isoxazolium salts (8) and (11) gave products whose molecular formulae
are those of the "anhydride" (9) or its N—methyl.analogue. Infrared
and nuclear magnetic resonance studies show the presence of amino groups
in the anhydride product, therefore Kohler's postulated structure (9)
cannot be correct. Cinnamic anhydride derivatives of type (12) are more

in accord with the data, They would also give B -alkyl amino

cinnamates (10) on methanolysis.

/ )\j__ R aqnaor | P _~Ph

R=Ph RZ“(Ph
R= 13
R=CH3 @ ol‘,"CHa

R=H (15) Clo,
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Treatment of salts (13) and (14) with sodium alcoholate gave the

corresponding methyl amino cinnamates which could be hydrolysed to

give the known P -ketoesters,

R- :Ph | '
L/ )V R'ONa Ph\ /R

| c=C
O - R'OH N
clo N COR’
R=Ph (1) | .
R:'CH3 (14) CH3 l hydrolyse

Phl(l: ‘CHR-CO,R’

The reaction of the salt (14) with cold sodium hydroxide gave

an unexpected product (15) in % 30% yield, besides the usual ring

cleavage products (16) and (17).

| %HB (16)
‘ + PARCO-CH-CO,H
CH3 / )\]P " NaOH CH3 Hs A 2
: o 'l\l " PhCOC,H
Clo, T 21s
(14) \ CHj (17)

(15)

Treatment of the salt (14) with methanolic ammonia gave the two pyrrole

compounds (15) (15.4%) and (18) (17.1%) along with the acid amide (19).
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CHfz—S-CHa CH, \CH3
(14)
CH3OH Ph Ph * Ph N Ph

l
(15) (:k{B H (18)

PhCO-CONH,
CH; «9)

The structures of (15) and (18) were confirmed by synthesis from 2,3-
dibenioyl butane with ammonia and methylamine,
Reaction of the salts (13) and (14) with several primary and

secondary amines gave the corresponding p -ketoacid amides and ketones.,

R
(a3 oz 19y BH | PRCO- CH + PhCO-CH,R
CH,CL, ~COB

B = CH3NH-,C3H7 NH-PRCHoNH-, (8-, §-.

The pyrrole (15) was also isolated from the reaction of (14). None of
the pyrrole derivatives could be detected in any nucleophilic cleavage
reactions of the salts (13) and (15), which suggests that the methyl
group at C4 may play an important role in the py;role formation.

The P -keto acid amides have arisen from the hydrolysis of

their p-methyl amino derivatives (20) on passage through an alumina column,



13.

— -
Ph  _R
‘|\]H coB (20)
| CHg .

The reaction of these S5-unsubstituted isoxazolium salts
with nucleophiles may occur by either addition of the nucleophile at

¢. (course A) or by abstraction of the proton at Cs (course B),

5

e H%‘
Z;}(\}'_ s ;gg—CH3

X

l Course B 1

Y 5 -isoxazoline

— -
Ph\ /R BH Ph\ _R
- =G T L =0
“ g NH COB
' “ CHj
Keten | CH3 0 _
11-120
/C"C\
NH CO2H
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The pyrrole (15) may arise from reactions involving the keten inter-
mediate though attempts to prove the presence of the keten by i.r.
spectroscopy were unsuccessful,

Either pathway may be operating although some 5~ substituted
A J-isoxazolines have been isolated on reaction of the salts (13) and
(14) with some nucleophiles at low temperatures,

(i) with Grignard reagents at low temperatures

) Rw__Ph
or RMgX H\/™ pN—
(13) or (14) 9 , N CH3
R
R'=CHj CH2Ph.

(ii) with piperidine and morpholine at low temperatures

R. _ Ph
(13) or (10) BH _ g N—CH;

p= (M4 .

These A 5 -isoxazolines revert back to the salts on treatment with

perchloric acid.
The bicyclic isoxazolium salts (20), the anthranilium salts,

also undergo reaction with anions to give the simple C, addition

3
products,12 (21) e.e.
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R _
_ /\J % R
B =
2
(20) H H ()

Cyanide and methoxide ions give similar compounds,

Reaction of the anthranilium salts with amine bases is
believed to go via an iminoketen intermediate (22) which then .cyclises
“to the unstable benzoazetinpne (23) (N-t-butyl benzoazetinone proved
stable enough to isolate). The benzoazetinone compounds may then

undergo reaction as shown,

- -1
"EtBN NR
—or ™
PerEt C%O N
- - (22)
NHR ~ R

N I.I‘. 5.5-6.6/“

C/N3 2 N J—'go Strong
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4o 2,3,5-Trisubstituted isoxazolium salts

The 2,3,5=-trisubstituted isoxazolium salts (24 - 28) undergo

rea,c":ion13 with dilute sodium hydroxide. The products are suggested

to be the cyclic oxazines (29 = 30) and benzoxazines (31 = 33),

Ph
|

Ph

__@ 5 )\l—-— _NaDi(aq)

R= CH3R =H @ ()
R= CZHsR =Br(») (o) g

Ph
N N
N‘R’ NaOH(aq) H
*e T ,07‘/

R
R=CH; (00 | (31)
R=CH2Ph n (32)
RECHy @ (33)

Evidence for the proposed structures comes from i.r. (1620 cm-1, cofe.

benzophenone anil 1623 cm-1for X= >C=N), u.v, and proton nuclear

magnetic resonance.
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It has also been reportedm that 1,3-disubstituted[2,1 -]
benzisoxazolium salts (34) react with nucleophiles to yield 3-
substituted- [2, 1] ~benzisoxazolines (35).

{ d
(34)/@}) EH—. .y (35)
J | J

4 g B

)
>V

J=HCL |

.R=CH3 Ph=R |

'B= RMgx  CH(CO,Col5), ,CH3NH (CoHe),NH,
NCCH,NH,d R, NaCN/DMSO

15

Reaction ’ of the 4,5-dihydro-isoxazolium salts(36), (37) with sodium

methoxide yields the unstable isoxazolidine (38), which then may

eliminate methanol to give the A3 ~igoxazolines (39).

H H Ar
Ar
Ri—( - R:'Z——‘(ocm
RI CHO .R,
IIO}:{—C!—S //ON-CH3 >
R Clof R
| lA e H'

R=R=R=H (36) RZ_(___ Ar
'RZH,R": :CH3_(37) R/ L\I_CHB (39)
RY ° |
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DISCUSSION

S —————

(i) Introduction

The isoxazolium salts dealt with in most detail have the

general formula and nomenclature shown belows

NHPh
zﬁ

8

4,5,6,7-tetrahydro-4-oxoisoxazolofé,3-5] pyridinium bromide phenyl-

hydrazone,

The rearrangement products obtained from these bicyclic salts have the

following general formulae and nomenclature,

b. From the parent oxois0xazolopyridinium salt:

20/ 6
-

3 NS
OCCH3

4-acetyl-5,6-dihydro-4B-furo [3,2-b) pyrid-2-one

0

¢, From the oxoisoxazolopyridinium phenylhydrazone salt:
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556=dihydro-1-(N-acetanilidinyl)-4H-pyrrolo [3,2-b] pyridin-o—one

7
5 N4
0= CCH3CHO

445,64 T~tetrahydro=~4-acetyl~2-phenylpyrazolo [4. 5-b] pyridine=3-

carboxaldehyde

Attempts to aromatise the °x°is°xaz°1°[2o3-a]pyridinj_um
~ salt (40) by heating in acetic anhydride led to an interesting

rearrangement product (43), 16,17

0]
R%/ | o0
2 0 0. = N (43)
Br . O:CCH3

R=R2=H (40)

R'l CH3 =H (41)
Ri=H, Rz)—%H3 (42)
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The cyclic salt (40) was prepared16 from the 3-carbethoxy
isoxazole which was obtained free from the 5-substituted isomer via
the 1soxazoline (44). Addition of a solution of carbethoxychloraccfk
aldoxime in ether to a heated solution of vinylacetate and triethyl-
amine also inether. On heating this isoxazoline (44) to between
180 = 190°C the isoxazole (45) distilled over after a fore-run of
acetic acid,

Treatment of the 3-carbethoxy isoxazole (45) with an excess
of cold ammonia solution converts the ester to the amide (46), which
is then dehydrated with phosphorus pentoxide to form the 3-cyano-
isoxazole (47). Inverse addition of the Grignard ;eagent from 3=
ethoxypropyl bromide to the nitrile gives the 3-(4—ethoxybutyry1)
isoxazole (49) after hydrolysis of the intermediate imine (48), The
isoxazole (49) cyclised readily on heating in aqueous hydrobromic acid.
The final traces of hydrobromic acid which remained after vacuum
distillation were removed by adding absélute ethanol and distillation
under reduced pressure,

The reaction sequence may be summarised ass
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CO,CsHsg

\Z/

H C02C2H5

\3 N /
CHyERT o N 0
0

(44)

(45)

INH3

CN CONH,
@n )\,; B0 O)\J:. (46)

i.CH3C HzO(C Hz) Mg Br
lu H*/H20

" O
90 . {1
g}{‘PHBr/HQO 0

(49) OCoHs Br (o
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A combination”’18

of spectroscopic, crystallographic and
chemical evidence has shown the rearrangement product to be the
furo[3,2-ﬁ]pyridone (43). This rearrangement product is a novel
heterecyclic system which contains an enamino ketone backbone through
atoms 2, 3, 3a and 4.

The rearrangement product reacts rapidly with bromine in
chloroform giving the brominated product (50),17 the configuration of

which was assigned from 1H n.m,r. data,

In atiempts to clarify the structure of the rearrangement
product three other isoxazolo pyridinium salts were treated with acetic
anhydride.'! The 2-methyl derivative (41) gave no identifiable products,
while the 3-methyl derivative (42) gave the homologous furopyridone (43)
(Rz = CH3); hence a proton at the 2-position of the cyclic salt is
required for the rearrangement to occur, Treatment of the 5-bromo-
xetone'! (51) with acetic anhydride gave no furo pyridone but two
products (52) and (53) were isolated, the acetoxyvinylpyridine (53)

being the major product.
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0 OAc OAc

Br BF
/] CO N IrX
0N RN
(54) = |
B (52) (53)

The mode of attack is similar to that observed by acetic
anhydride on oxypyridinium salts, The suggested mechanism involves
tautomerism then acetylation to the enolacetate (54), treatment of
which with acetic anhydride leads to the isoxazole (52) by Hofmann

elimination or to the pyridine (53) by isoxazole ring opening,
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The oxime, 4,5,6,7-tetrahydro~4-hydroximino isoxazolo[é,}-a]
pyridinium bromide (55) was p:v:'epa.red19 by heating the salt (40) with
nydroxylamine in ethanol. Treatment of the oxime (55) with acetic
anhydride gave a major product whose spectroscopic data suggested that

it is the pyrrolo[3,2-b] pyridone (58).

NOH H X

+—

X | COCH;,
X=Br ) (58)
X=Cl o) (59)

X= 1 (57)

One of the steps in the mechanism of formation of the
pyrrolopyridone, is the elimination of water by attack of the counterw
ion at position 7. The similarity in yield of compounds (58) and (59)
when X = Br or C17, indicates that the nucleophilicity of the counterion
cannot be rate determining or have any effect on the yield of the
pyrrolopyridone, when X ='I ~ (57)% treatment with acetic anhydride
gave no isolable product, The sensitivity of the salt (50) perhaps
arises because of the reactivity of the product or because the iodide
anion caused polymerisation of some reactive intermediate.

Attempts19 to convert the furopyridone (43) into a pyrrolo-

pyridone by treatment with boiling aniline were unsuccessful,
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(ii) Mechanism of formation of the rearrangement product

The mechanism of the rearrangement of the bicyclic salt (40)

19,20

to the furopyridone (43) has been suggested to proceed via a

keten intermediate. The first step may be

R 0) R ~ OH
7 DS
R~ ] . AT
0 + C..
Br CH,C00 B‘r—
(yEg IEgz}‘i <itE}:?(: l\.._‘_’/o}-i

X

Shull T

(60)
R, =R, =H (40)
AC\ O/AC ‘ R: = 01213, R, =H (41)
U Ry = H, Ry = CH; (42)

Q
0
N\ R

N
CHO0C” (1)

considered as enolisation of the carbonyl group, followed by hydrogen
abstraction at position 2 of the isoxazolium salt, by an acetate ion,
present in small amounts in the acetic anhydride., Bond reorganisation
then gives the keten intermediate.(60). Attack at the carbonyl carbon
atom of the keten by the enolic ~OH and subsequent bond reorganisation

Jeads to the furopyridone (43),
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In the case of formation of the pyrrolopyridone water is
eliminated by attack of the counter ion at position 7 of the initially
formed pyrrolopyridone followed by a[‘I,B] hydrogen shift to give the

required product (58).

0. (o 0

N Br
Y B \
choc” CH,0C

~ l
g
%Br

CH,0C oo

Proof that the proton at position 2 is directly involved in
the mechanism of rearrangement comes from the fact that no product was
isolated on treatment of the salt (41) (R1 = cns) with acetic anhydride
whilst the homologous furopyridone was obtained on reaction of the
salt (42) (R, = CHB) with acetic anhydride.

Attemptszo to trap the keten intermediate by treatment of
salts (40) and (41) with triethylamine in boiling methanol led to non
quaternary products whose spectral data left no doubt that a more
drastic change had occurred. The proposed structures of the products

jsolated are those of the enamino-aldehyde (62) and the enamino

ketone (63).
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fN(C2H5)3 -
RTRZ ‘ A \—'t( )/%\ "'Br
Toe S — "L HHeHas e,
Br-
R, = R, = H (40) l
R, = CH;y Ry = B (41)

CH -GOR, . - CHO—H
CNH(CHZ) CO CH -— RﬁCH C=N’€CH2)3 C02CH3
OCH3 0

R, =H (62)
R, = CH; (63)

The mechanism is thought to involve base catalysed elimina=-
tion of 3-acyl substituents from isoxazolium salts., The intermediate
ketenimine (63) is then ahalogous to that involved in the Mumm =
Woodward - Olofson synthesis of peptides,

The highly electrophilié carbon atom at position 4 of the
ketonic salt (40) thus frustrated the trapping of a keten interﬁediate.

Treatmentzo of the oxime (64) or the phenyi hydrazone
'derivéxive (65) (the electrophilic character at C4 is now reduced) of
the ketone (40) with triethylamine in ﬁethanol led to two products (66)
and (67) being obtained whose spectral data were those expected for the

tetrahydropyridine.
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N/R ({\ ; N/R
/ ®
l : !
()’{q PQ((:2}45)3 PJ
+ CH,30H

ou (&) - CH3OH
NHFh (65) - COQCH3 Ng
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The isolation of these two products favours the existence
of the keten inte?mediate formed by opening of the isoxazole ring,
but one cannot rule out, by the isolation of these two products, the
A 3.isoxazoline route (see below)., |

When the ring opening reagent is acetic anhydride, acetyla-
tion of the piperidine nitrogen increases the electron deficiency at
the keten carbon atom, and also possibly enhances the contribution
from enol tautomers which can cyclise to give the pyridone ring, such
interactions with triethylamine are not possible,

Another possible mechanism involves an intermediate AB-
isoxazoline.

Attack of acetate ion at position 2 of the cyclic ketone after
enolisation of the carbonyl group .forms the A 3-isoxazoline (68), Bond
reorganisation then leads to the mixed anhydride (69). Cyclisation of

(69) with expulsion of acetate ion leads to the furopyridone (43),
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Isoxazolines have been shown10 to be possible intermediates
in the rearrangement of isoxazolium salts but these suggestions do
not appear to have been as well substantiated as the proton abstiraction
meéhanism which is more generally favoured.,

Attempts to determine the importance of the initial enolisa=-

tion of the carbonyl group of the cyclic ketone (40) to the enol form

have not been successful,
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(1i1) Rearrangement of isoxazolopyridinium hydrazone salts

Rearrangement of the isoxazolopyridinium hydrazone salts were
investigated since there are two different nitrogen atoms present

within the system which may attack the carbonyl carbon of the keten,
2
hrNHAr OV/”NHA"
N &

Va N
—'Ld /\EQ(JI Fj Keten
T
Br

Ar = Fn  (70)
Ar = 2,4—C6H3(N02)2 (71)

Cyclisation by route 1 should lead to ryrrolopyridones
whereas cyclisation by route 2 may lead to the little studied pyrido-
[3,2—c]pyridazinones. Two types of product are indeed formed.

The hydrazones (70) and (71) were obtained in good yield
from the ketone (40) and the appropriate hydrazine by heating in either

ethanol or acetic acid,

Rearrangement procedure A:
21

It wvas found™ that the best yield of the furopyridone (43)

was obtained by heating the ketonic salt (40) in acetic anhydride until
the solution boiled, then allowing the solution to cool and then
decanting the hot solution f:om unreacted salt, repeating this pro-
cedure until all the salt had gone into solution, Excess acetic anhydride

was then removed and the black o0ily solid extracted with chloroform,

The products were then separated by column chromatography,
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Treatment of the isoxazolo phenylhydrazone salt (70) witn
acetic anhydride using this procedure gave after column chromatography
two major products, isomers of molecular formula C15H15N302.

The first product to be eluted (chloroform : benzene, 3 : 7,
after minor uncharacterised solid was a solid recrystallised from
absolute ethanol, m, pt 133°C, which has spectral characteristics quite
different from the pyrrolopyridones.

This physical data may be accommodated by two structures, that

of the pyrido[5,2-c]pyridazinone (72) and that of the pyrazolo[4,3-bJ-

pyridine carboxaldehyde (73),

i Ph

N \-

O N
| G L=

N "~ _N
CH,0C d CHBO C (73)

(72)

The mass spectrum shows a molecular ion at 269 a.m.u, and a
loss of 42 a.m.u, (CH2CO), with a strong peak at 77 (C6H5) and at 43
(CHBCO)' The 'H n.m.r, spectrum (Fig., 1) shows a three proton singlet
at 5 2.1 p.p.m. assigned to an acetyl group, confirmed by the mass
spectrum, Two deshielded two proton triplets at S 2.75 and 3.1 DeDolle
are attributed to the piperidine ring methylenes ad jacent to the double
bond and nitrogen atom respectively, the central methylene group
occurring as a multiplet at S 2,0 p.pem. The signal from the phenyl

group is seen as a multiplet betweens Tel and 7.5 p.pems The most
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Fig, 2 duc N.m,r, spectra of A.m.m.qnwmﬁum:%auoamnmamwauam|bwm:wwc
Nowoﬂ. ~b) pyridine-3-carboxaldehyde (73)

Off resonance spectrum
Fully decoupled spectrum
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interesting part of the spectrum concerns the 1 proton singlet peak
at 8. 9.8 pe.pems It may be attributed to the aldehydic proton of

the pyrazolopyridine (?3) or the single proton attached to the double
bond of the pyridopyridazinone (72).

There were no'simple models to be found in the literature
with which to compare the chemical shift of the olefinic protonvof
(72), but one would expect it to be quite appreciably deshielded,

The i.r. spectrum showed a broad carbonyl absorption at
1675 cn'. The u.v. spectrum has A at 206, 223, 275 and 323 m
(1og1oa = 3.34, 3.31, 2.79, 2.82). There was an irreversible change of
the spectrum on addition of dilute base, the spectrum becoming more
intense and the absorption at 223 nm disappearing,

The 130 n.,m,r, spectrum showed that the compéund was the
pyrazolo[4,3-ﬁ]pyridine carboxaldehyde (72)., The fully decoupled
spectrum which was run with a relaxation time of 60 secs (Fig. 2)
showed the presence of two carbonyl absorptions at S 169,0 and
180.3 pepsm. from T.M.S. In the off resonance spectrum (Fig. 2a) the
signal at 5 18043 Pepele was seen as a doublet, indicating thaf one of
the carbonyl absorptions is due to an #ldehyde group, This evidence can
only be accommod#ted by the pyrazolo[h,}-ﬁ]pyridine, structure (73).
This product is a novel heterocydlic compound ,

Further elution (1 s 1 CHCls/benzene) of the products from the
column resuited in the second isomer being obtained. The soiid was
recrystallised from methanol (m.pt 214 - 215%) and vas obtained in
yiélds of up to 58%. |

The spectral data from this compound, left né doubt that this
product was a dérivative of the pyrrolopyridone, and its structure is

best represented by (74).
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CH,0C~, ~Ph

0
N
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-

3
(12) H }',,‘

=8
N9

The mass spectirum showed a molecular ion at 269 a.m;u.
from which a loss of 42 a.mcu, (CHZCO) gave the base peak at
227 a.m.u. The spectrum also contained peaks at 77 a.m.u, (C6ﬁ5-)
and 43 a.m.u. (CHBCO-). The i.r. and u.v, spectra were similar to
those obtained after removal of the acetyl group from the Pyrrolo=
pyridone (58).
H EBF H-
/ N~
O= dil base 0
(58) I ﬁd
COCHj, H
4

The 'H n.m.r. spectrum is shown in (Fig. 3). It shows a 3 proton singlet

Br

peak at & = 2.1 p.p.m. assigned to an acetyl group (confirmed by a
peak at 43 a.m.u. in the mass spectrum) and two 2 proton multiplet
peaks at § - 2.4 and 3.3 p.p.m. Three signals are seen which integrate
for one proton, the doublet at & = 4.8 Pepems (J = 1 Hz), a broad
singlet at S - 5¢5 PePelle, and a doublet of triplets at 5.5 PePells

(J = 1 Hz, 5 Hz). The two signals at & = 4.8 and 5.5 PePeM, are
attributed to the protons H3 and HY respectively, and show a cross
ring coupling of 1 Hz, which is a characteristic of this pyrrolo[},z—b]
pyridone system. The phenyl group is seen as a 5 proton multiplet
between & 7.1 and 7.5 pep.m. On addition of D20 to the spectrum the
broad singlet at S 55 pepe.m, disappeared and the signal at S 5¢3 peDem,

sharpened to a triplet which confirms its position next to the =~N-H angd



Fig. 3 1H N,m,r, spectrum of 5 46=dihydro=1-(N-acetanilidinyl )=
H-pyrrolol*,2-b] pyridin=2-one (74)
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adjacent to a ~CH,~ group. This observation clears up the position

of the acetyl group which must be on the aniline moiety. This

evidence is also supported by the fact thaf the proton H3 in the
furopyridone (43) is at a lower field.$‘= 6.1 p.p.m., in the 1H n.Mm,r,
spéctrum, than H7 (§ 5.8 p.p.m.) due to the anisotropic deshielding
effect of the carbonyl carbon of the acetyl group. In the deacetylated

furopyridone the singlet peak has moved upfield to 8 4.72 popeme In

9}
—

H
7
o’
| (43)H3 I}J

COCH,
the proposed structure (74) H3 is further upfield than H7,

The rest of the material remained at the top of the
chromatography column even when the polarity of the eluent was
increased.

The yields 6f the products, the pyrazole pyridine (73) and
the pyrrolopyridone (74), are in a ratio which accords with the
basicity of the attacking nucleophile, N1 being less basic than N2

(formation of the pyrazolopyridine may proceed via the initially formed

pyrido[3,2-q]pyridazine (72), see below).

Rearrangement procedure B
21

Using procedure A it was found™ that some of the isoxazole
phenylhydrazone salt (70) had not reacted. It was decided that once
all the salt had gone into solution the reaction mixture would be further
heated.

Using this procedure, B, on the hydrazone salt (70), the

reaction mixture was heated for approximately 10 mins until the reaction
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solution started turning to a dark black/brown colour, probably
indicating the formation of polymeric material, Removal of excess
acetic anhydride at the pump and then extracting the resultant oil
with chloroform left an oil which contained a mixture of products,
7.L.C. of which showed three fluorescent spots, one fast moving and
two running close together,

The products of the oil were separated by preparative
layer chromatography, eluting with 100% ethyl acetate, to give the
three fluorescent bands along with other minor bands. Characterisation
of these minor bands was not possible,

Extraction of the fluorescent band of highest Rf gave an
oil, micro analysis of which gave its empirical formula as C12H14N203.
Its 1H n.m,r, spectrum (Fig. 4) shows a three proton singlet peak at
$ 2.15 p.pem., a six proton singlet peak at § 245 pepems, and a five
proton broad peak at.s = Te4 pePele Its structure is best represented

vy that of tri (N-acetyl) phenylhydrazine (75).

COCHy coch,

The mass spectrum shows an M* at 234 a.msu. from which three

major losses of keten are seen.

.

COCH3 -l H | .I'
—N— %62 ph—N—
i [\kCOCH:g N\H

nfe 234 n/e 108 (80.8%)
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HN.m.r, spectrum of tri-(N-acetyl)phenylhydrazine (75)
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. The product with intermediate Rf value was obtained as
an oily trituration and recrystallisation from absolute ethanol
gave a yellow solid, m.’pt 152 = 154°%C (14.0%). Micro analysis gave
a molecular formula of C19H21N305. The mass spectrum gave a molecular
ion at 371 a.m.u., from which a major loss of 144 a.m,u, (acetic
anhydride) to give a peak at 269 a.m,u, and then a loss of 42 .MU,
to give a base peak at 227 a.m.u.; there were also peaks at 11

' and 13¢ n.m.r. proved that its

+ +
(cgis") and 43 (GH;00%) aum.u,
structure is that of the pyrazolo[4,3-b] pyridine diacetate (76);

other structures postulated were those of the pyrido[3,2-c]pyr1dazj_none

AO~  }
HC—Q )
Ac0”

Ac/N

(76) | | (77)

(77) and the mixed anhydride (78),

The similarity of the aliphatic region of the 1H n.ﬁx.r.
spectrun (Fig. 5) to that of the pyrazolo[4.3-b]pyridine (73) was
evident. The spectrum also showed the presence of a six prt;ton singlet
peak at 5 = 1.85 p.p.m. and a three proton singlet peak at S 2.20 p.p.m,
assigned to the methyl groups of the acetoxy and acetyl groups
respectively, The absorption due to the phenyl group is séen between
5 7e1 ~ T+5 pspeme as a complex signal, adjacent to which is a broad

“ginglet peak, which integrates for one proton, at S = 7465 pPePem,, and
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Fig. 5 am N,m,r, spectrum of 4,5,6,7=tetrahydro-4-acetyl=2-phenyl=-
pyrazolold,3-bIpyridine=3-carboxaldehyde diacetate (76)
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Fig, Sa Awo N,m.r, spectrum of 4,5,6,7~tetrahydro-4-acetyl=2~phenyl=
pyrazolof4,3=bJpyridine-3—-carboxaldehyde diacetate

Gated decoupled spectrum
Fully decoupled spectrum
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" which did not disappear on shaking with D,0. A gated decoupled
136 n.m.r. spectrum (Fig. 5a) shows a -:C - H doublet at 885.9 PeDell,
from T.M.S. This evidence rules out the pyrido[é,2-c]pyridazinone

(77). The pyrazolo[4,3-b]pyridine structure is favoured over that

of the mixed anhydride (78) becauses

1. Only one infrared band at 1710 cm™! is seen
vhereas structure (78) would require two bands
around 1850 - 1800 and 1790 = 1740 cm™!

2. The mass spectrum shows an initial loss of
144 a.m.,u. which would be difficult to explain
from structure (78)

3, The chemical shift of the methine proton
(& = 7.65 pep.m.) for structure (76) agrees

wellywith a c:a.lcula.ted22 figure of 7.50 p.p.m.

SCH = 0.,25+C, +C, +C

1 2 3
= =0«COR = 3.1

) Y= = 13
§cn

2 (3.1) + 1.3 = 7050 PeDem,

This diacetate compound (76) is most probably derived from
the pyrazolo(d, 3-b) pyridine carboxaldehyde (73).

The fluorescent band of lowest Rf from procedure B was
obtained as an oil in up to 50% yield, consistent analysis could not be
obtained, which was probably due to its sensitivity to hydrolytic
conditions.‘ The mass spectrum showed a molecular ion at 311 B.MeU,,

which is 43 a.m.u. more than that of the pyrrolo pyridone (74).

The 'H n.m.r. spectrum left little doubt that this
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product is the diacetyl pyrrolo[B,?—b]pyridone (79).

A \
0= Ethanolic ()= N~=
/ I\) NaOH = N
(79) l (74)
v H Ac ) "I{-

The position of the second acetyl group, is confirmed by
the fact that in the 'H n.m.r., H3 is seen at lower field, § = 6.25
P.P.le, than HT which resonates at § 5,75 PepPels, the reverse is true
in the monoacetylated compound (74),

Hydrolysis of the diacetyl compound (79) using ethanolic
sodium hydroxide was rapid and gave the monoacetyl Pyrrolo pyridone (74)

The mechanism of formation of thesge products will be dealt
with later,

On treatment of the isoxazolo pyridinium phenylhydrazone
salt (70) with acetic anhydride two types of product the pyrrolo[} 2-5]
pyridone and pyrazolo[h,}-&ﬂpwridine are indeed formed, Attempts to
alter the ratio of the products by altering the basic strength of the
attacking nucleophile were not successful,

Preparation of simple hydrazones, notably the N,N~dimethyl
hydrazone derivative of the ketonic salt (40) failed, which ig probably
due to the increased basic strength of the aliphatic hydrazine, causing
ring opening reactions of the isoxazole moiety as described in the
introduction to this chapter,

Treatment of the 2,4—dinitrophenylhydrazone derivative of

the ketonic salt, (71), with acetic anhydride, using procedure A, gave
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many products which were very difficult to 8eparate and purify,
many of them being unstable and also inéoluble in common solvents,

After treatment of the dinitrophenylhydrazone derivative
(71) with acetic anhydride, the resulting oil contained many
products best separated by.preparative layer chromatography, using
75% EtOAc, 25% FhCH; as the eluent, Many brightly coloureq bands
were seen, but only one band, Rf 0.23, was characterised,

The spectral data obtained from this orange solid left no

doubt that it is the acetyl pyrrolo pyridone (80). The position of
H\ /Ar

N
N~7#
0= _ Ac= 0,
(80) QJ
Ac

NO,

the N-acetyl group is established by the chemical shift of the =NH
(in compounds of the type (74), where the acetyl group is on the aniline
moiety, the N-H shift is S =5a6 DePom,) by the absence of any
N-H to -CHZ— coupling, removable by deuterium exchange, and also
by the chemical shift of the proton attached to C3.

Thus attempts to influence the ratios of tne different types
of product formed in the isoxazolo pyridinium salt / acetic anhydride
reaction have been thwarted, In the case of the alkyl hydrazines by
the instability of the isoxazolium salts towards bases angd in the case
of the dinitrophenylhydrazone by the difficulty of isolation and
purification of the products,

Another possible method of influencing the direction of the
reaction would be to prepare and then Tearrange the dimethyl isoxazolo

pyridinium salt (80).
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0-N
CORR

Br

Tautomerism of the carbon - nitrogen double bond is
prohibited and so only products resulting from cyclisation by 2N
will be seen.

Dimethylation of 3=-(4-ethoxybutyryl) isoxazole (82) using
sodium hydride and methyl iodide proved to be difficult, Using a

23

procedure described by M.D. Soffer, R.D. Stewart et al, a mixture

of monoalkyl and dialkyl butyryl isoxazole were formed. It was not

2 CH,I - CH3

2 Nail CH
/ :>d Cels ‘ jﬂ ;
(82) OCZHS (3) OC2H5 (60 OC2H5

possible to convert all the monoalkylated product (83) into the di-
alkylated product (84) without breakdown of the isoxazole ring.
Separation of the two compounds could only be achieved by
using preparative gas liquid chromatography. Using this technique the
dimethyl butyryl isoxazole (84) was isolated from the mixture.
Because of the tedious nature of isolation of the dimethyl

isoxazole this line of work was not pursued further,
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(iv) Mechanism of formation of the rearrangement products

a. Pyrrolol3, 2-b]py_1_;idones

The mechanism has been shown to proceed via a keten
intermediate (a more comprehensive discussion is seen earlier)

although the path via the A 5 ~-isoxazoline cannot be ruled out,

NHAr 0 ANHAr
N N NH
1\ N
AcC +H /I
ﬁ\j A

+

Br

Keten
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b. Phenylhydrazine triacetate

This compound may probably arise via the scheme shown.

o, A8 e
R~ f
F?,,(:;;-PJ“PJ}i“FDf\ -—hd
/\C(j‘ ‘ \\h\\\ \yxc
Ac l
Ac A H R\ OAc
N—NH—pPh 20 “Spnpl- -
C/ »HF’h Ac’NNPh+ R/C\OAC
(75)

The acetal (85) formed during the reaction may then be in equilibrium

with the ketonic salt, which may then rearrange to the furopyridone (43),

AcO. ,OAc
a2 /
N — ,}\] * A0
(s5) B w gt

although this has not been isolated,

Ce razolo =b idines
There are two possible routes by which the pyrazolo

pyridines might be formed from the salt (73) by hot acetic anhydride,
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A Ph
“s - H

~NHPh N
-— H -~
R Ac.0 X G
C "pq -fi}-—ch /\CLC) (L_/;ﬁ\]
(70) B;: 1

Ph

H. ,Ph
Gt
OHC—Q. ) OHC \
H
N
(130 Ac” |
| | Ac_\o Ac
The first step involves addition of acetate anion to the
salt to give the As-isoxazoline intermediate (86) which can dyclise

as shown with subsequent acetylation of the piperidine nitrogen to

give the pyrazolopyridine carboxaldehyde (73).

B, The other route involves the keten intermediate, cyclisation by N2

will result in a pyrido[3,2-c] pyridazinone (72). Such compounds, 1=

aryl-6(1H)pyridazinones, are known24 to undergo ring contraction under

acid conditions, to give pyrazolo products., Although aldehydes have
not been reported, carboxylic acids have. The following mechanism

would account for the formation of the aldehyde,
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~NHPh [H‘LJ\

. S
AK:C;\'}i // l Ac 0
Clj ——2—-. AC\ Ac. Keten

(1) BfF q) l
P
I

Fl’h
O NG —-H O N~
X)) N {\‘
H+
N -

Ac” Ac/N (12)
Ph
+[qu

OHCw N
H
Ac”

The pyrazolopyridine diacetate (76) may then be formed from
(73) by addition of acetate to the aldehyde followed by acetylation
of the formed anion.

We have no evidence to favour either of these mechanisms

in the systems described,
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EXPERIMENTAL

Preliminary Notes.

Melting points were determined on a Kofler hot-stage
apparatus and are uncorrected.-

Infrared absofption spectra were measured on a Perkin
Elmer 257 spectrophotometer and the 1>max values are guoted,

Electron absorption spectra were recorded on a Unicam
S.P. 800 instrument. The A'max values are quoted with the
extinction coefficients expressed as log1 0 € in brackets.

Proton nuclear magnetic resonance (1H n.m.r.) spectra,
unless otherwise stated, were recorded on a Perkin Elmer R24 60 MHz
jnstrument and are quoted as 'delta’ (8) values in PepP.M., using
a tetramethylsilane standard,

Carbon 13 nuclear magnetic resonance spectra (130 nem.r,)
were recorded on a Jeol F.X, 100-100 Fourier Transform N,M.R.
and are quoted as delta (8) vaiixes in p.p.m. using a deutero-
chloroform or T.M.S. standard.

The following abbreviations are used in conjunction with
n.m.r. spectrat s = singlet, d = doublet, tr = triplet, q =
quadruplet, m = multiplet and br = broadened,

Microanalyses were carried out on an F and M carbon/hydrogen/
nitrogen analyser at the University of Keele,

Mass spectra were determined on a Hatachi - Perkin Elmer
R.M.U.=6 instrument and the exact mass determinations were performed
on an A.E.I. MS 902 machine,

Column chromatography was carried out using deactivated

Woelm alumina. N RS SN I
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Thin layer chromatography was carried out on 20 x 5 cm
glass plates or 7.5 x 2,5 cm microscope slides coated with
Kieselgel PF254 (Merck)., The components were visualised under
ultraviolet light or developed in iodine vapour.

Preparative layer chromatography was carried out on
40 x 20 cm glass plates coated with a 1.5 mm layer of Kieselgel

PF The separate components, visualised as for thin layer

254°
chromatography were isolated by scraping off the silica and

extracted at least three times with boiling methanol, The filtered
methanol solution was evaporated to leave a residue which contained

silica. The residue was then dissolved in chloroform, filtered and

evaporated.

Carbethoxychloraldoxime

Hydrochloric acid (166 e

» 1 equiv density = 1.19) was
added to a solution of glycine ester hydrochloride in water at 0°C.
To this mixture was added dropwise a solution of sodium nitrate
(138 g, 1 equiv)in water (200 cms) keeping the temperature below
+5?C.

Another equivalent of NaNOZ/HCI was then added in the same
manner. After complete addition the solution was stirred for 30 mins
at +5°C. The solution was then extracted with 3 x 200 cm3 of ether,
the combined ether extracts were dried over MgSO4.

The MgSO4 was removed by filtration, the solvent then
removed and a white solid crystallised out on cooling; The product

was then recrystallised from benzene60-80°C petroleum ether to give

the carbethoxychloraldoxime (190.2 g, 62,8%).
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3=Ethoxycarbonylisoxazole ‘45)

To a boiling vigorously stirred solution of vinyl acetate
(215 g) and triethylamine (30 g) in ether (500 m1§) was added
carbethoxychloraldoxime (37.5 g) in ether (200 mls) over a reriod of
one hour. A precipitate of triethylamine hydrochloride was seen,
After complete addition, heating was continued for another hour,
Water (4OQ cc) was then added and the layers of the orange solution
separated. The ether layer was dried (magnesium sulphate), filtered
and the solvent removed, to leave a red liquid,

The crude product was heated at  100-120°%C at approx,
660 mmHg, until all the acetic acid had distilled, the pressure was
then gently reduced to approx. 15-20 mmHg, the 3=-ethoxycarbonyl=-

isoxazole (45) then distilled over as a clear liquid (33.3 g, 95.5%).

3-Carboxamido-isoxazole (46)

A cooled solution of 3-carbethoxyisoxazole (45) (34.6 g)
in methanol (60 cm3) was added dropwise to a stirred solution of con

3, Sp.Gr. 0.88) at 0°C. The mixture was then

centrated ammonia (400 cm
stood for 3 days at 0°C. The white precipitate of amide (46) was
filtered, washed with water then dried. A second crop of crystals
may be obtained by removing the éolvent from the filtrate, the
crystals may be recrystallised from ethyl acetate (18,7 g, 68%),

m.pt. 145°C.
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3-Cyano-isoxazole (4D

Phosphorous pentoxide (56 g) was mixed intimately with
3-amido-isoxazole (46) (28 g) and the flask attached to an
apparatus set for vacuum distillation, Using an air bath the
reaction flask was heated to 160°C, whereupon the pressure of the
system was sloﬁly reduced to 20 mmHg, the nitrile (47) was seen to
distil over as a clear liquid and collected in a cooled receiver
(12.8 g, 55.6%) b.pt. 96°C at 30 mmHg,

The 3-cyano-isoxazole (47) was pure enough to continue

onto the next stage without distillation,

3_(4-Ethoxybutryl)-isoxazole (49)

A solution of the Grignard reagent from 3-ethoxypropyl=-
bromide (18.4 g) and magnesium (2.88 g) in dry ether (200 mls) was
added slowly to a stirred cold solution of 3-cyano-isoxazole (47)

(9.4 g) in ether (200 mls) at such a rate that the temperature does not
exceed +5°C. The light yellow solution formed may be stirred overnight.

Ice cold hydrochloric acid (12 N, 30 mls) was slowly added
to the reaction mixture. A mustard gluey precipitate was seen to be
formed. The ether was decanted off and then extracted with more cold
hydrochloric acid (12 N, 2 x 10 mls)., The combined acid extracts
were diluted to dissolve suspended solids and then stirred at room
temp., for one hour, to ensure complete hydrolosis of the imine inter-
mediate (48).

The solution was then basified by cautious addition of
ammonia solution (approx. 40 mls, Sp.Gr. 0.88) and then ether extracted

and dried (MgSO4). The MgSO4 was removed by filtration and the solvent
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then removed to leave the desired product (49) (11.1 g, 60.7%).
The orange solution is then distilled under vacuum to give the
3-(4-ethoxybutryl)-isoxazole (49) (10.5 g, 57.4%), b.pt. 66°C/

0.5 mmHg,

4,5,6,z-Tetrahxdro-A-oxoisoxazolo 2:3=a pyridinium bromide SQO)

Reaction best done on 1 g quantities of 3-(4-ethoxy-
butryl)~isoxazole (49).

A solution of 3-(4-ethoxybutryl) isoxazole (49) (1 g)
in hydrobromic acid (48%, 50 mls) was heated under reflux for one
hour; the initially formed bromide was allowed to escape.
Evaporation under reduced pressure gave a s0lid which was dissolved
in absolute ethanoly the solution was then re-evaporated, Trituration
of the residue with dry acetone gave almost pure cyclic ketone (40)

(1.1 g 91%)

4I§|6,Z-Tetrahxdro-g-oxoisoxazoloL2,§—alpx£idinium bromide

Phenylhydrazcone (70)

A solution of phenylhydrazine hydrochloride (0.36 g) in
absolute ethanol (10 mls) was added to a solution of the cyclic
ketone (40) (0.5 g) also in absolute ethanol (10 mls). The mixture
was boiled (20 mins) and evaporated; the residue was crystallised
from ethanol to give the isoxazolo-phenylhydrazone (70) (0.68 g, 97%),

m.pt. D 300°C.

A
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2, 4=Dinitrophenylhydrazone (71) of the cyelic salt

Solutions of the ketonic salt (40) (0.5 g) and of 2,4-
dinitrophenylhydrazine (0.45 g) each in glacial acetic acid (10 mls)
were mixed and boiled (1 hour) then cooled. The precipitated solid
was recrystallised from methanol to give the dinitrophenylhydrazone
vromide (71), (0.9 &, 98%), m.pt. »300°C. (Found: C, 37.5;

H, 3.3; N, 16.4. CyH BrN.O¢ requires C, 38.0; H, 3.25; N, 16.65%)
A o (EtOH) 209, 238 and 253 nm (logyo€ 3.25, 3.14, 3.28)

8 (CF5C0H) 2.9 (eH, m), 3.3 (2H, tr), 5.0 (2H, tr), 7.15 (1E, d,

J = 3 Hz, H=3), 8.3 (14, 4, J = 9 Hz, 2,4-DNP), 8.65 (1H, 4 of 4,

J =9 and 2 Hz, 2,4~DNP), 8.95 (1H, 4, J = 3 Hz, H-2) and 9.25 (1H,

d, J = 2 Hz, 2,4-DNP).

Reaction of Phenylhydrazone (70) with Acetic Anhydrides

procedure A, The salt (70) (4 g) was heated with acetic anhydride

just to the boiling point, the mixture cooled, then the solution was
decanted from unreacted salt. This procedure was repeated until all

the salt had gone into solution. The combined acetic anhydride
solutions were evaporated in vacuo and the black oily residue extracted
with chloioform. The chloroform solution was evaporated onto alumina
(10 g, Grade IV) and the coated alumina added to the top of an alumina
column (150 g, Grade IV). Elution with benzene gave a mixture of
products,'uncharacterised. Further elution with chloroform/benzene

(3 s 7) gave a solid, recrystallised from absolute ethanol, m.pt. 133°C,

identified as 4,5.6-7-tetrahydro—4—acety1-2-pheny1pyrazolofh,3-b]-

pyridine-3-carboxaldehyde (73) (0.42 g, 14.5%). (Found: C, 66.6;

H, 5.65 N, 15.3. CycH N50, requires €, 66.9;5 H, 5.6; N, 1546%) o
A oy, (EOH) 206, 223, 275 and 323 nm.  (1og, € 3.34, 3.31, 2.79,
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2,82), Y nax (011015) 1675 — (broad), S (00013), 2,0 (24, m),
2.1 (34, s, CH;C0) 2.75, 2H, tr, CH, C=N), 3.1 (2§, tr, CH,C0),
7.1-7.5 (5H, m, CgH;) and 9.8 pepem. (1H, &), M* 269 a.m.u,
Further elution with chloroformsbenzene (1:1) gave a solid,
recrystallised from methanol as yellow needles, m,pt. 214-215°C,

identified as 5,6=dihydro~1-(N-acetanilidinyl)-4H-pyrrole[3,2-b]-

pyridin-2-one (74) (1.7 g, 58%). (Found: ¢, 67.1; H, 5.65; N,

15025, CqcH N0, requires C, 66,95 H, 5.65 N, 15.6%). A max

(EtOH) 272 and 344 on (log,o & 4.11, 3.51). B (cHe1,), 3420,
1700 and 1615 cn” . ) (cpc1;) 2.1 (38, s, CH;CO), 2.4 (2H, m, CH,
¢=C), 3.3 (28, m, CE,N), 4.8 (1H, 4, J = 1 Hz), 5.3 (1, br, s, NH),
5.5 (1H, & of try J = 1 and 5 Hz) and 7.1 ~ 7.5 p.p.m. (5H, m, CeH).

mt 269 a.m.u.

Procedure B. As in Procedure A, but when all the salt (70) had
dissolved boiling was continued for 10-15 mins, the solution darken-
ing considerably, Evaporation of acetic anhydride gave a black solid,
extracted with chloroform. Chloroform soluble material was separated
by pel.c. (eluted with ethyl acetate) giving three fluorescent bands,
described in decreasing Rf values:  Band 1 when extracted gave a
yellow oil, N,N,N'-triacetylphenylhydrazine (75) (Found: C, 61.05;
H, 6.15; N, 11.75. c12H14N203 requires C, 61.35; H, 6.0; N, 11,95%).
,\mx (EtoH) 230 (log, & = 3.80). v nax (cnc:13) 1710 en~! (broad).
§ (cc1;) 2.15 (3H, ), 2.45 (6H, s) and 7.4 pep.m. (5H, m, CeHs) «
M"Y = 234, Band 2 This gave solid as crystals from absolute ethanol,
m.pte 153-15400, identified as the azolo -b idine-3~carbox=
aldehyde diacetate (76) (0.39 g, 14.4%). (Pounds C, 61.4; H, 5.T3
N, 11.45. c19H21N305 requires C, 61.45;3 H, 5.65; N, 11.3%).
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A nax (BtOH) 265 (log, € 3.76), » nax (CH015), 1700, 1660,
1400 and 1240 cm™ 1. & (c0013), 1.85 (6H, s, cnjco), 2,0 (24, m),
2,2 (33, s, CH;C0), 2.8 (24, tr), 3.7 (2H, twy, CHN), 7.1-7.7 (5H,
m, Cgg) and 7.9 pepeme (1H, s)o M* = 371 aumu. Band 3 Cave
an oil which could not be crystallised, and gave irregular

analyses, the spectral data showed it to be the diacetylpyrrolo

[3,2-b]pyridin-2-one (79). 9 (CHC1,), 1700 and 1615 cn™
& (cocay), 2.1 (38, s, CH;00), 2.3 (3, s, CH;C0)y 2.6 (2H, m),

3.8 (2H, tr, CHN), 5.75 (1, d of tr, J = 1 and 5 Hz), 6.25 (1u,

d, J = 1 Hz) and 7.4 p.pem. (5H, m, C6H5). M* = 311 a.mu,
Hydrolosis was very rapid with ethanolic sodium hydroxide, hydrolosis
procedure: (79) (100 mg) in ethanol (10 mls) was treated with 2N
NaOH (2 ml) an immediate colour change was observed (yellow to
orange). The ethanol was evaporated in vacuo, and the residue
extracted with chloroform, dried (MgSO4), filtered then the chloro-
form removed., The yellow oily residue was purified by pe.l.c.

(eluent ethyl acetate). Extraction of the major band, then
recrystallisation of the resultant solid (from methanol) gave yellow
needles, m.pt, 21400, identical (mixed m.pt.) with those of compound

(74) prepared by Procedure A (70 mg., 80%).,

Reaction of 2,4-Diphenylhydrazone bromide §z1} with hot Acetic

Anhydrides

By Procedure A as described above, the residue from the
acetic anhydride being purified by p.l.c. (eluent, ethyl acetates

toluene, 3:1). Only one product was characterised, 5,6-dihydro-4-

acetyl=1=(N~(2,4-dinitro)anilinyl)-5H=-pyrrolo 3,2=b pyridin-2-one

gsoz, crystals from acetonitrile, m,pt., 221°c, (0.2 g 11.&%).
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(Found: ¢, 50.45; H, 3.95; N, 19.2. C15H13N506 requires C,
50.15; H, 3.9; N, 19.5%). A max (Et0H), 216, 269 and 332 mm
(logio€ 4.20, 4.23, 3.14). Y | (KBr Disc), 1715 eu' & (DMSO -
d6) 1.85 (3H, s, CH;C0), 2,0 (2, m), 3.85 (24, tr, CHN), 5.75

(18, d of try J =1 and 5 Hz), 6.15 (1H, 4, J = 1 Hz), 6.9 (1H, a),
8,25 (1H, d of d), 8.85 (1H, ) and 11.4 p.p.m. (1H, br, exch. D,0).

Mt = 359 a.m.u.

Attempted Dialkylation of 3~(4-ethoxybutyryl)isoxazole (49)

The ketone (49) (7.2 g, 0.04 mole) was added to a solution
of methyl iodide (11.5 g, 0.8 mole) in anhydrous benzene (50 mis),
contained in a 3-necked round bottom flask which had been previously
flame dried. The solution was then cooled in an ice bath to O°C,
sodium hydride (2 g, 0.8 mole, used as a 50% dispersion in 0il) was
added in small amounts to the reaction mixture at such a rate that
the temperature did not increase appreciably. The solution wag then
stirred at room temp. for 1 hour and then bought to reflux, The
course of the reaction was followed by g.l.c. (3% OV101, Oven

Temp = 117°C, N, flow rate = 60 mls/min), The dimethylbutyryl

isoxazole (84) was isolated by preparative g.l,c. liquid, (Found:

c, 62.1; H, 8.,30; N, 6.47. C11H17N03 requires C, 62,55; H, 8,06;
N, 6.64%). S(CDC13). 1.0 (3H, tr), 1.4 (68, s, 2 x CHy), 2.1 (2, ),

3.1-3.6 (48, trand q), 6.6 (18, 4, J = 2 Hz), 8,3 (14, 4, J = 1 Hz),

+

M = 211 a.m.u.
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INTRODUCTION

During attempts to establish the structure of the
pyrazolo[4,3-b]pyridine (73), one of the proposed structures was that
of the pyrido[3,2-c]pyridazinone (72), although this was eventually

discounted by 13C n.m.r. spectroscopy.

Ph

A N (72)

At the time that the structure of the above product was
elucidated, there were only two referenceszs’26 to the parent pyrido-
L} ’ 2-c] pyridazine system,

One mentions the isolation of the picrate derivative of the
4-methyl analogue (89) by a modification of the Widman-Stoermer and

Boersch synthesis of cinnolines,

+
N '\12 Room Temp AN N§N
l N/ s Dark ) ' S S
(89)
CHy CH,

The other?® by Kost, a Russian chemist, described the reduction
of the parent system (87) with ginc in acetic acid to give the pyrrolo-
[3,2—-0] pyridine (90).
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AN §N Zn/HOAc XN
l Z Z 70% l - //
N N
(87) (90)

Kost and co-authors later published the synthesis and some
reactions of this 5-azacinnoline (87). (See later). The method of
synthesis of the azo compound (87), used the same starting materials
as our own.

We decided to try to prepare the parent pyrido[3,2-c] pyridazine
(87), synthesising the pyridazine moiety, pyridine derivatives being
generally more readily available as starting materials.

The routes we considered are shown below,

NHZNHZ |

~ HLHO 2
Route 1 f ‘
b.f\A / Route 2
' X RN
NTNF
oute Route
Rout /4; X te 3
e =n %
TN =
y 3 N
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The first route tried was route 4, because of its
comparatively short length and the readily available starfing
materials, 2-vinyl pyridine (90) and diesters of azodicarboxylic
acid. It is known?! that 2-vinyl pyridine (90) undergoes reaction
with Ne=alkyl and phenyl maleinimide (92) to give products which are

poétulated to be derived from the initial cycloadduct (93).

— (zq\ 3& 7
S

i
LA S — |
N/ ~ - N
(92) L (93)

X = Ph, Cl X

O

o

Further addition

A more detailed account of this reaction will be given on p.7¢

The remaihder of this thesis describes the reactioﬁs of 2~
vinyl pyridine and its derivatives with esters ofkazodicarboxylic acid
and the conversion of the cycloadducts so obtained to the fully aromatic
systems. The synthesis is then extended to include other vinyl hetero-
cyclic systems,

A review of addition of dienophilés to styrene and to vinyl
heterocyclic systems is presented which is followed by a discussion 6f

the cycloaddition and ene reactions of azodicarboxylic diesters.

Addition of Dienophiles:

(i) To styrene and its derivatives.

Styrene (94) undergoes cycloaddition reactions with a variety

of dienophiles, using an aromatic "double bond" and the extra nuclear
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double bond.
. 28 29
Diels and Alder ; and Ingold and Weaver ™ reported that
esters of azodicarboxylic acid react with styrene (94) in the ratio
of two moles of the ester to one of the unsaturated compound. The
former workers28 assigned the structure (96) to the product obtained
from the condensation of methylazodicarboxylate (95) with étyrene (94).

Ingold and Weaver29

suggested the tetrazine structure (98) for the
gubstance they isolated from the reaction of ethyl azodicarboxylate

(97) with styrene.

+ PQ\\ -/Eifj ~\ v’éi
N—N —
©\/ @;J /N\E

(94)
£ = 00 ,CH, (95)

Pd
£ = 000Hs (97) H~ \6

E= C0,,CH, (96) €= CO,CH (98)

It has been shown70 that o~chlorostyrene and p-chloro-
styrene form adducts with ethyl azodicarboxylate in benzene solution,
whereas 2,6-dichlorostyrene fails to react under the same conditions,
These results favour the tetrahydrocinnoline structure (96), as the
correct structure for the adduct.

This 1 ¢ 2 adduct (96) between styrene and diethyl azodi-
carboxylate is formed via an ene reaction of the initially formed

1 3 1 cycloadduct (97).

}




66,

7~
radical ™

—— .
process

£ = 0LFs (97) - PN

| | E-N
I

&

Qualitative kinetic studies now show31 that the formation
of the adduct (96) is strongly inhibited when a radical inhibitor
(t-butyl resorcinol) is present in the reaction mixture., An aged
mixture of styrene and i-butyl resorcinol fails to give the diadduct
(96) with diethyl azodicarboxylate. A kinetic study of the formation
of the adduct (96) shows the reaction to be first order in styrene and
first order in azodicarboxylate, The disappearance rate of styrene is
unaffected by the presence of t-butyl resorcinol in the reaction
mixture. Thus the formation of the intermediate (97) is the rate
determining step, and attempts to isolate the initial cycloadduct
(97) have failed. Furthermore, the effect of the radical inhibitor
indicates that the subsequent ene reaction takes place to a significant
extent via a radical chain mechanism,

A related process32 is the spontaneous free radical poly=-
merisation of styrene, where radicals are generated by the reaction of

styrene and the cycloadduct (98) of styrene,
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HPh

(98)

5?55
23 also proposed the tetrazine structure

Ingold and Weaver

(100) for the product from the reaction of 1,1-diphenyl ethane (99)

and diethyl azodicarboxylate.

-

i
Ph £ Phs NN A

N
>= + N=N_ — = 2| )
Ph”(os) (97) N\f, | Mg

|
E = o0, E
(100)
The very reactive 1,2,4-triazoline dione (101) undergoes->
reaction with styrene at room temperature to give the pentacyclic
diadduct (102), isolation of which shows an enhancement of diene

character relative to allylic activity.
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}:’h

Ph
Q200

(94) (101)
(102)

The addition of maleic anhydride (103) to isosafrole (104)

34435

gives a cycloadduct which rearranges to give the stable aromatic

jsomer (105). Continued heating of the aromatic isomer (105) results

in dehydrogenation to give the naphthalene derivative (106),

(103)

(104) (105)

Further
heating
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Investigation34

of a series of styrenes shows that an

alkoxy group in the p-position to the unsaturated side chain

enhances the tendency to unite with maleic anhydride, an alkoxy

group in the m-position has no such effect. Tetrahydronaphthalene
derivatives are obtained as adducts only when the styrene is alkylated
in the P -position. Maleic anhydride fails to give adducts with
m-hydroxystyrene, m-methoxystyrene, m-methoxypropenylbenzene,

styrene and stilbene. 1,1=Diphenyl ethane (99) adds two molecules

of maleic anhydride to give a crystalline adduct., The following

mechanism is proposed for this double addition.

(99)

(107)
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(ii) To_isomers of vinyl pyridine and their derivatives,

Knieps36 has shown that by heating 2-(2-pyridyl)ethanol
(108) in polyphosphoric acid as well as obtaining polyvinyl
pyridine he also obtained a crystalline condensation product
;P (109).

This condensation product isalso obta.ined37 by heating
2-vinyl pyridine (90) in polyphosphoric acid (85%) at 200°C. It is
shown to be 5-(2-pyridyl)-5,6,7,8-tetrahydroquinoline (109) formed in
36 - 38% yield. The product is formed by combination of 2-molecules
of vinyl pyridine either by a radical or molecular mechanism. When
heated with selenium dioxide in H,S0, (95%) the adduct is aromatised

to the 5=-(2-pyridyl)-quinoline (110),

Reaction of 2-stilbazole (111) with dimethyl acetylene
dicarboxylate (112) in ether is reported® to give a yellow labile
adduct (113) which when heated forms a "ist labile adduct" (114) and
a "2nd stable adduct" (115).
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39

Acheson”” has shown that the structure of these products

are those of the JaH-styrylquinolizine (113), JH-quinolizine (114)

and the cyclazine (115) respectively.

The olefinic nature of the 9aH-styfy1 (113) quinolizine was shown
by its ready reaction with diazomethane, to give the pyrazoline

(116), vhich on heating loses nitrogen as shown,

(113) + (;H2 N2 —_—
- (116)

£ = co 2Ol

2

AN
N N~

Z ¢
Ph
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The preparation of the 4H-quinolizine (114) from the 9aH-isomer
(113) was best effected by heating in phenol; indolizine (117)
was also formed in small quantities but became the major product

when the reaction time was increased.

€
~ "i/’ & E=cocx
NS 273
Hy €
= 2

(117)

Ph.

The 9aH-styryl quinolizine (113) and the 4H-quinolizine (114) vhen
heated under other conditions give the Diels and Moller "2nd stable
adduct® (115). This compound (115) proved very resistant to oxidation
by potassium permanganate under conditions which gave good yields of
benzoic acid with both quinolizines (113) and (114). Catalytic
reduction under vigorous conditions caused addition of S-moles of
nydrogen where as the quinolizines (113) and (114) add 6-moles, These
results exclude the presence of a styryl group in the "2nd stable
adduct" but are consistent with the cyclazine structure (115).

The formation of the cyclazine from the 9aH-quinolizine (113)

may take place as shown

a = CC)ZCH3
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Competitive attack of a proton at position 4 and loss of
the 9aH proton gives the 4H-quinolizine (114), this compound was
unlikely to be an intermediate in cyclazine formation since 1t gives
the indolizine (117) in refluxing acetic acid,

With dimethyl acetylene dicarboxylate S-methyl stilbazole
gives analogous products.

Refluxing 2-vinyl pyridine (90) or its 6-methyl derivative
(118) with dimethyl acetylene dicarboxylate gives4o the corresponding

9a-vinyl-9aH-quinolizine (119) and (120).

&

l\ + £-C=CGE -
R N &

€= CO,CH, R £ R=H (119)

R = H (90)
R = CH, (120)

R = CH, (118)
A yellow compound obtained once from the 2-vinyl pyridine
reaction rapidly changes into an orange compound which was obtained on

every subsequent occasion. The proposed structure for this orange

compound was that of the 1E-benzo[c]quinolizine (122).

& = cocm,
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The orange compound may be formed by two molecules of the
acetylenic ester combining with one of the 2-vinyl pyridine in the
opposite orientation to that leading to 9a-vinyl quinolizine (119 -
120) followed by a Diels-Alder reaction of another molecule of the
ester building on a third ring of structure (121), This may easily
aromatise and isomerise to the benzofelquinolizine (122). The mass
spectrum supports this structure since the base peak corresponds to
the loss of the ester group at position 1 to form the very stable
quinolizinium cation.

Heating 2-vinyl pyridine (90) and N-alkyl maleinimides (92)
in boiling butanol containing 1 - 5% polymerisation inhibitor gave
small yields of 1 3 2_adducts41 (122). Te ¢ n.m.r. spectrum shows
the presence of a quaternary non aromatic carbon atom, while no signal
attributable to an isolated proton is seen in the 1H n.m.rs The

structure proposed for this 1 : 2 adduct was that of a tetrahydro-

quinoline.
| R R
| |
N
o ¢
NINF = -
(50) (92) N
(93)
R
\
R = CH5, CZHS’ n-bu, cyclohexyl C) ;?
g
NS

(122)
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The addition mechanism parallels that of N-butyl
maleinimides to styrene in the presence of picric aciad, namely
combination of a diene synthesis with participation of an aromatic
'double bond and subsequent indirect substitution,

As well as the 1 : 2 adduct, 1 : 3 adducts (123) were
formed and on the basis of 'H and 13¢ n.m,r, the structure (123)

was proposed for the 1 : 3 adducts,

R
/
H
_—-.
(93)
R = CHB’ 02H5’ n-bu, cyclohexyl R

Z/
>3

|
(123) R
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The proposed mechanism for the formation of the 1 : 3
adduct is from the initial cycloadduct followed by "eriss cross"
addition of two molecules of N-alkyl maleinimide,

4-Vinyl pyridine (124) adds on 3 molecules of N-alkyl or
phenyl maleinimide on heating in boiling acetonitrile or dichloro-

methane in the presence of 1 = 5% of hydroquinone to give the dihydro

pyridine derivative (126) A

)
N
—pp R_
(125)
0 |
N
(124) (92) i N |
R = CH5, n-Pr, n-bu, cyclohexyl, Fh Fl?
N
2 X

13-53% (126)
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The formation of the 1I3-adduct (126) is via the initially
formed cycloadduct (125) which is not isolated. Conjugation of a
butadiene moiety with a >C = N causes a dipolar spiro bis addition
as the authors describe for addition of maleinimides to Schiff
42

bases.,

41

Reaction” of 2-methyl-5-vinyl pyridine with N-alkyl
maleinimides in boiling acetonitrile gave a gummy mess, from which

a crystalline substance may be isolated in 2 - 5% yield, spectroscopic
properties indicate that the compound is a 1 : 2 adduct but no

structure was postulated,

(1ii) To vinyl isoquinoline derivatives.
There are no reports in the literature of vinyl quinoline

undergoing cycloadditidn reactions. However S.F, Dyke et ai.43
describe the reaction of the dihydro vinyl isoquinoline‘derivative
(128) with a variety of dienophiles,

The 1,2-dihydro-4-vinylisoquinoline (128) 1is best prepared
by condensation of the dihydroisoquinoline (127) with malonic acid

followed by esterification,

(i) malonic acid
(11) esterification \\
CH,

(127) (128)

On heating equimolar amounts of the vinyl compound (128)
and maleic anhydride in acetonitrile for six hours, a solid was
obtained in 89% yield. Spectroscopic evidence indicates that the

golid is a cycloadduct (129) having the structure shown,
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The dihydrovinyl isoquinoline (128) with acrylic acid (130)
under the same conditions gave an adduct (131) isolated in 85% yield.
Of the two possible isomers the isomer (131) vas preferred from a
study of the mass spectral fragmentation pattern. A peak at 203 a.m.u.
in the mass spectra was assigned to anhydride formation, a trans-

formation which is less likely if the other isomer (132) had been

formed.,
ZCH3
O,H
(128) +
N
~CH;
(131)

Similar adducts were obtained with ethyl acrylate, acrolein
and crotonic acid but acrylonitrile failed to react,

Heating the isocarbostyril (128) with 1,4-benzoquinone
(133) in boiling acetic acid gave a dehydrogenated product (134) in 60%

yield. Similar dehydrogenation of initially formed cycloadducts has
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(128) +

(133) (134)

been observed48 béfore in diene reactions involving 1,4-benzoquinone,
The formation of the adduct (134) represents a synthesis of the benzo
[clphenanthridine ring system.

No reaction occurred between the vinyl isoquinoline (128)
and propiolic acid (135) in boiling acetonitrile or acetic acid but
in boiling xylene a product C17H15N05 (137) was formed in 30% yield,
The 'H n.m.r. spectrum indicated that the product was the biphenyl

derivative (137) formed by aromatisation of the initially formed

cycloadduct (136).

H ()2(:*43
o COH

(128) + :":--—'C OZH‘;‘—'

(135) C H3
| 0]

(136)

0XH;
CO,H

()'P¢P4(3F43

(137)
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Attempts to dehydrate the secondary alcohol (138) to the
vinyl isoquinoline (128) failed, but when the alcohol (138) was
heated with maleic anhydride in acetonitrile a 55% yield of the

adduct (139) was obtained.

CHy

“CH,
0

55%  (139)

(138)

A similar dehydrogenated adduct was obtained with 1,4-benzoquinone

(67%) .«
This technique has been used before in Diels-Alder
44

reactions,
Cycloaddition of 1-(11-cyclohexeny1)—6,7—dimethoxy-3,4.

dihydroisoquinoline (140) with maleic anhydride gave the 6H-dibenzo

[é,ﬁ]quinolizine (141).45

(140) (141)
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(iv) To vinyl thiophen, vinyl benzthiophen and their derivatives.
46

2-Vinyl thiophen (142) undergoes’ cycloaddition with
maleic anhydride (103) when warmed on a steam bath for four hours to

give the tetrahydrobenzo[b)thiophen derivative (143) in 35% yield.

O

(142) (143)

When the reaction mixture was allowed to stand for long
periods after heating (overnight), the yield of the adduct (143)
decreases and that of the copolymer increases, The yield of the
adduct (143) was much lower when the reaction was allowed to proceed
at room temperature., Reaction of 2-vinyl thiophen (142) with 1,2,4-
triazoline dione gave the analogous adduct (see later p. 153).

Addition of maleic anhydride to 1-(2'-thienyl)cyclohex-1-
ene (144) and 1—(21-thienyl)-cyclohept-1-ene (145) gave bis adducts,47
structures for which were not given, but reaction with 1=(2-thienyl)

cyclooct=1-ene (146) gave the mono adduct (147).

[ ) O{f——* /

S
2C‘(C H2>

=2 (144)
=3 (145)
n=4 (146) (147)
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1=-(2-Thienyl)~3,4-dihydronaphthalene (148) also gives47 a
mono adduct (149) on reaction with maleic anhydride, which may be

dehydrogenated by sulphur to give the aromatic anhydride,

e

(148) - (149)

A mono-adduct (151) was obtained from 1-(3-thianapthyl)-

cyclohex-1-ene) (150) on reaction with maleic anhydride.47

) +Oﬁf°——-—

(150)

(151)

A similar mono-adduct was obtained from 1-(3-thianapthyl)-
3,4—dihydronaphthalene.47
W. Davies and Q.N, Porter have shown48 that 2-vinyl
thiophen (142) reacts slowly with 1,4-benzoquinone (133) to give a
43% yleld of 4,5-benzothionaphthen-1',4'~quinone (152), it did not

prove possible to isolate an adduct which had not undergone
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dehydrogenation by excess 1,4-benzoquinone.

| —_—
@]

(142) (133) (152)

Similarly 3-vinylthionaphthen (153) and benzoquinone.gave49 an 80%

yield of the analogous adduct (154). The time required to produce

(-0

(153) | (133) (150)

.
”

the adducts (152) and (154) in satisfactory yield shows that 2-vinyl
thiophen (143) and 3-vinyl thionaphthen were more reactive than their
jsosteres styrene and 1-vinyl naphthalene. This was probably due to
the lower aromaticity of the heterocyclic compounds and the consequent
greater double bond character of their 2,3 double bonds which causes
the compounds to approximate more to true dienes, The known greater
activity of vinyl naphthalenes than of styrene was paralleled by the
superiority of 3-vinyl thionaphthen (153) over 2-vinyl thiophen (142).
o-Vinyl thiophen and 1,4-benzoquinone (133) gave a 43% yield of the
adduct (152) in eight hours, but an 80% yield of a similar adduct (154)

from 3-vinyl thionaphthen,
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During the preparation of the quinone (152) no bis-adduct
from it and another molecule of 2-vinyl thiophen were formed whereas
a 61% yield of the adduct (155) or (156) was produced in ten minutes

under the same conditions from the quinone adduct (152) and 3-vinyl

thionaphthen,

(152)

(156)

It was possible50 to isolate a dihydroderivative (157) by
reaction of a weaker solution of 3-vinyl thionaphthen (153) and

benzoquinone (133) for three hours,
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Weaker
solution

(153) + (133)

3 hours

'(157)

Using a further excess of the vinyl compound (153) and a very short

reaction time it was possible to isolate the tetrahydro derivative

(158).7°
(2§ ¢
s )
O

Additionso of 3-vinyl thionaphthen (153) to benzolbJthiophen=
5,5-dioxide (159) yields the adduct (160),
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The adduct (162) from 3-vinyl thionaphthen (153) and
tetracyano ethylene (164) when irradiated gave51 a complex mixture
from which one major component may be isolated and characterised,
This major component has been assigned structure (163), dicyano-
vinyl benzo[b]thiophen, on the basis of n.m.r. and mass spectroscopy,

and its synthesis from 3-formyl benzofb]thiophen and malononitrile,

7\ cN

\ + TCNE (161)
——

(162) CN

(153)

(163)

This rearrangement was best explained as resulting from photochemical
conversion of the adduct (162) into its isomer (164) followed by

rapid retro Diels-Alder decomposition to (163).

(162) B2
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It was not possible to isolate compound (164). Irradiation

of the two cycloadducts (165) and (166) shows that C(4a) in the

adduct becomes the o} —carbon atom of the B ,P -dicyano vinyl group,.

R
R

= H, R2 =D (165)

= H, R, = CH; (166)

1
1

The formation of the proposed intermediate (164) may occur via the

diradical (167) or‘the expanded valence shell intermediate (168),

e &N CN

(168) (167)

k 2
o-Methyl-3-vinyl benzo[b]thiophen (169) gave’? an adduct of

structure (170) rather than (171) with T.C.N.E. (161).
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The course of the rearrangement leading to the adduct
(170) was clarified by the structure of the adduct (174) from the

dideutero-diene (172) and T.C.N.E.

A <\CHD2

W p —
S” TH; S
TCNE
(172)

(174)

The presence of the dideuteromethyl group in (174) clearly shows
that the methyl group in (170) was not the original 2-methyl group
of (169) but was formed by hydrogen transfer from presumably that
methyl group to the methylene group of the 3-vinyl substituent, to
give a reactive dimethylene intermediate (173) which then reacts
with T.C.N.E. The detailed mechanism of the hydrogen iransfer step

remains uncertain. When the dideutero vinyl compound (172) was



89.

heated in the absence of T.C.N,E. no scrambling or deuterium
exchange occurred, which counted against the possibility of thermal
suprafacial sigmatropic hydrogen shift, Hydrogen scrambling was
not catalysed by trace amounts of T.C.N.E. or by non-dienophilic
charge-~transfer reagents such as 143,5-trinitrobenzene,

For steric reasons the 2-methyl vinyl compound (169) was
a relatively unreactive diene and it gave no adduct with maleic
aﬁhydride or with 1,4-naphthaquinone under non-forcing conditions,

Using an excess of 1,4-naphthaquinone (175) ana extended
heating, a fully aromatic quinone (176) was formed by the same

mechanism as the T.C.N,E, adduct (170).

(176)

The structure of the aromatic quinone (176) was confirmed

by comparison with other known samples,

(v) To vinyl indoles and their derivatives.

Active dienophiles undergo cycloaddition with 3-vinyl

indole (177) yielding carbazole derivatives (178).53
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Oy — o

Rize) X

(177)

e.g., dienophile = 1,4-benzoquinone

Heating 3-tricyanovinyl indole (179) or the 1-methyl
derivative‘(180) at 220 - 250°C with dimethyl acetylenedicarboxylate
resulted in the loss of HCN and gave in 30% and 44% yield respectively
the corresponding dimethyl 3,4-dicyanocarbazoledicarboxylates (182)
and (183). The reaction was presumed to ﬁroceed through an inter-
mediate dihydrocarbazole (181), which subsequently aromatised through

the loss of HCN,

M N
CN
N\ E—==£

|

R
6 = CO,CH,
R =H (179)
R = CH, (180)

R = H (182)
R = CH, (183)
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The tetrahydropyridyl indole (184) did not react at room
temperature with acrylonitrile, dimethyl acetylenedicarboxylate, or
1,4-naphtha.quinone.54 The reaction took place at higher temperatures
but formed a complicated mixture from which no isolable products were
obtained.

Only in the reaction of the 1-methyl{}etrahydro-3-pyri¢wﬂ
indole (184) with N-phenyl maleinimide (185) employing drastic cone-
ditions did it prove possible to obtain an adduct (186) (23%) which

was thought to have the structure shown,

/C Hs
f?h
PJ _;2}4 }13(:-'Pd
\ ¥ ./ —=
") ON NrH'
(184) :  (186)

Similarly the 2-pyridyl isomer (187) proved unreactive.
Only with N-phenyl maleinimide (185) did it prove possible to obtain
an adduct analogous to (186), in 11.5% yield after chromatography
using similar drastic conditions. .

The unalkylated indole (188) on reaction with acrylonitrile,
maleic anhydride, N-phenyl maleinimide or dimethyl acetylenedi-
carboxylate gave mixtures which were difficult to separate. The only
product isolated was from reaction with acrylonitrile and it was

thought to be the carbazole derivative (189). The position of the
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cyanide group was suggested but not proved,

H-N ~2H, H—N
NC N
Py e
. CH
(188) CH3 3

(189)

(vi) To vinyl furan and its derivatives.

Furan itself participates readily in Diels-Alder reactions,’’
In the case of vinyl furan there are iwo alternative diene systems,
namely the cis—oriéntated diene of the ring system and the other con-
sisting of the exocyclic double bond and the adjacent furan ring
"double bond".

In 1939 R. Pa;ul56 obtained a 7% yield of the tetrahydro-

benzofurandicarboxylic acid anhydride (191) from the reaction of 2=

vinyl furan (190) and maleic anhydride (103)., Chemical evidence con-

APLLINPOS
[(_))\/4- /4
O

(150) (191)

firmed that this adduct (191) was one in which the exocyclic double

bond has participated in the diene system.
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Schmidt,57 has extended this work to 2-furylpolyenes,
and 1-(2'-furyl)-1,3=-pentadiene (192) gave the isomeric adducts

(193) and (194). In all the reactions studied the conjugated system

__ 0
Y 4
CH 0 H=CHCHy

CH oﬂyo . (193)
CH —
}4

Ll
q: | N Hs;
CHy 0

00 (194)

made up of the exocyclic double bond and the adjacent furan ring
ndouble bond" proved to be more reactive than the furan ring system
itself, Deactivation of this side chain double bond by powerful
electron-withdrawing groups prevented such cycloaddition.54 Thus
3-(2-furyl) acrylic acid and 2-(P -nitrovinyl) furan did not undergo
cycloaddition,

2-Vinyl furan (190) and dimethyl acetylene dicarboxylate
(112) reacted at room temperature to give a 1 : 1 mixture of dimethyl
benzofuran-4,5-dicarboxylate (195) and dimethyl 3,6-epoxy-3-vinyle

3,6-dihydrophthalate (196).°°
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£
, /
' (195) s%
+
(190) (112) Q
19
6 = (302CH3 6
| &
(196) 5%

When the reaction was carried out at 80°C (boiling benzene)
no epoxy compound, such as (196), was isolated, but the benzofuran

(195) and the 1 ¢ 2 adduct (197) were obtained,

80°c 74 l

(190) + (112) —_— (195)

él = 002CH5 EE "\\.~__£L

(197) 3%

The absence of the epoxy compound (196) was probably due to its
decomposition under the reaction conditions. The low yield of the
products from the reaction is thought due to polymerisation of 2-vinyl

furan (190).

The reaction5

8 of 2-vinyl furan with methyl propiolate
(198) in boiling benzene gave methyl benzofuran-4-carboxylate (199);
the reaction did not proceed at room temperature., Only one of the
possible isomeric benzofurans was formed (but the authors state that

this specificity is not unexpected from a consideration of both the
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(;Lx7\ﬂ 0LHy

+ — ¢
O R
=—C0LH,
(198) R=H (199) 5%
R = B (190) R = CH; (201) 6%
R = c:H3 (200)

electronic and substituent effects).

In a similar manner, 2-isopropenyl furan (200) reacted with
acetylenic esters,to 2-vinyl furan (190), but no adduct was obtained
analogous to the‘epoxy adduct (196). Methyl propiolate with 2=ig0=-
propenyl furan (200) gave 3-methyl benzofuran-4-carboxylate (201),

In both cases marginally higher yields were obtained than in the
corresponding reaction with 2-vinyl furan (190).

2-Acetyl furan may be converted into the enol-acetate (202),

reaction of which with dimethyl acetylene dicarboxylate gave a

mixture of 1 : 1 adducts, the benzofuran (203) and the tricyclic

coﬁpound (204).
[\ 4

(202) Ohe AcO + Ac (203)

&

E-=-¢ &
¢

= CO,CH
€ = 00,585 (20n

The yields of the adducts were poor, which the authors
ascribe to the rapid polymerisation of 2-vinyl furans even in a

nitrogen atmosphere in the presence of an inhibitor,
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It was thought that 5-(p-nitrophenyl)-2—viny1 furan would
be more stable; in fact the reaction of the vinyl furan derivative

(205) with dimethyl acetylenedicarboxylate in boiling xylene gave
the adduct (206) in 50% yield.,

(20%

' E
P — ay
E—=—¢ B

(206) 50%

o

féVé: ' NO, € - c0,CH,

Similarly the reaction of the stabilised diene (205) with methyl

propiolate gave the benzofuran (207) in low yield,

, CO,CH;4
(?PS) — R ]
=—C0,CH;y
(207)
R= NO,

(vii) To 9-vinyl acridine and its derivatives.

It has been reported’” that 9-vinyl acridine and its methyl
analogue (206) undergo reaction with nitrosobenzenes, and p-substituted

nitrosobenzenes,



e

The reaction of cis or trans 1-(9-acridinyl) prop-1-ene
(206) with p-nitroso-N,N-dimethylaniline (207) in the presence of HC1
in refluxing ethanol gave the & ,]B -unsaturated anil (209).

It was thought that the anil may be formed via the
oxazetidine intermediate (208) with elimination of acetaldehyde,

though it was not possible to isolate the oxazetidine intermediate

(208). H3 r H
H3C-93}O| LHs
HC =N
CH;
=
SN
- (208)
H
(207) N\CH:; HC=N N/C 3
1 .
CHy A Ha
3
I\r

(209)

CH3CHO

The nitrosobenzenes (211) reacted with 9-vinyl acridine
(210) at room temperature and in the presence of HC1 to give the

corresponding oxazetidines (212),
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N

Sl

(210)

98.

frasp-

N=~F

(212)

R = N(CH3)2, N(CZH5)CH3

9-Vinyl acridine (210) reacts with nitrosobenzene (213)

in the presence of HCl to afford a 2 ¢ 2 adduct as the major product

plus a small amount of the oxazetidine,

Spectroscopic and chemical

evidence support the proposed structures (214) or (215).

{ Mo

(213)

//,

A
Pda/

(210)

Q .
phANO NP

9-Acr
(214)
9-Acr.

+
Q
e N

g-Ao.L)\Q -~Acr

(215)
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2, Example of Cycloaddition and ene reactions of Azodicarboxylic Acid

Diester.
2restel

(1) Reaction as a dienophile.

4
ol y o =Dicarbonyl azo compounds are among the strongest
dienophiles known. The reaction with dienes was first observed61 by
Diels, Blom, and Koll for diethyl azodicarboxylate (97) and cyclo-

pentadiene (217), to give the adduct (218).

=X 7022 02
(217) Cé\IZQHS N\COZCZHS

(97) (218)

Detailed kinetic studies show that diene reactions of azo-
dicarboxylates are faster in polar than in non-polar solvents, and
that the reaction in non-polar solvents was accelerated by the addition
of acid. The reactivities of the azodicarboxylates decrease with
increasing size of the alkoxycarbonyl group. Thus the dimethyl ester
reacts five to six times as rapidly as the diethyl ester,62 while the
di t-butyl ester reacts only with‘the more active diene components.s3
Particularly marked dienophilic activity was shown by cis
ol ,p(/-dicarbonyl azo compounds; for example, diethyl cis-
azodicarboxylate reacts about thirty times as rapidly as the more
33

stable trans azodicarboxylate. Cyclic azo compounds”” which contain

the cis-azo linkage react even at temperatures below OOC.
Some recent examples of diesters of azodicarboxylic acid,
acting as dienophiles will now be discussed.,

64

A recent paper by Rastetter ' concerns the synthesis of
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sym-oxepin oxide, because of its interesting chemical properties
and the possibility that oxepin oxides may be involved in the
biogenisis of naturally occurring dihydro oxepins,

The route to sym-oxepin oxide (224) from benzene oxide —
oxepin was accomplished via a protection - epoxidation = deprotection
sequence. Protection of the benzene oxide (diene form) (219) was
achieved by trapping it as the Diels-Alder adduct (220) with big-
(trichloroethyl) azodicarboxylate, The remaining double bond in the
adduct (220) was then set up for the introduction 6f the epoxide
moiety. After epoxidation (p-nitroperoxybenzoic acid) deprotection
was achieved by reductive cleavage of the trichloroethylcarbamate
ester (221), followed by oxidation of the CuII to produce the stable,
brick red cuprous complex (222). The azoepoxide (223) was then
1iberated at =-20°C by AqNH;. A solution of the azoepoxide (223) in

aprotic solvents on warming to ambient temperatures lost nitrogen

}o give in quantitative )’l&lc“ : ' the sym-oxepin oxide (224).
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(219) (219) l
? CHO1, 25%
-t
/ p—NO PHCO,H E S
99%
(221) 65% " (220)
‘ Zl;ﬁléOAc £, = cocm, ey,
Cucl,
‘ H20 O N
ool ¥ (aq)
A20 CH,C1, ’
] (222) —20 C
(223)

20
l 5°C CH015

0
.

(224)
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Diethyl azodicarboxylate undergoes65 a formal Diels-Alder

reaction on refluxing with tropone in toluene, to give the k:icyclic

adduct.
X
X
y b —_— N—E
N=N d
E;,,/ N—§&
65%
fi = COCH
X =08, OCH3
(ii) Reaction to form 1,2-diazetidines and 1 =oxadiazine compounds.

Reaction of enol ethers and enamines with diesters of azodi-
carboxylic acid give two different types of cycloadducts, those formed
by[z + 2]cycloaddition, the 1,2-diazetidines, and the 1,3,4=oxadiazines
formed by[2 + 4]cycloaddition of the azo ester,

Dimethyl azodicarboxylate reacted66 with ethyl or aryl vinyl
sulphides (225) to give a mixture of[2 + 2) (226) and[2 + a)(227)
cycloadducts in overall yield of more than 80%. On solvolysis with
nethanol the adducts gave the corresponding thio acetal (228) indicating
that of the two possible regio-isomers of the 6-membered ring only

the adduct (228) was formed.
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RS\ A\ RSw_nf RS 0
N o+ 0l =T N TYOC%

N 66 —NN
(225) \ % E N/N
. E (226)
Ei - COZCH5 ‘(///, (227)
| 6
RS\ H
/CH-CHQ-N/N
H3CO Ne
(228)

Under the reaction conditions neither of the cycloadducts
can be interconverted.
With cis~1-thiocethyl propylene (229), dimethyl azodi-

carboxylate gave three different 1 : 1 adducts, the diazetidine (230)
and the isomeric oxadiazines (231) and (232),

Hs(2 S\ E\ . SC2H5 26

N H—N-
b= N-€ | H OYOC, M
HaC Ny HTN-E - He N
3 £ N
CHy HaC - |
(229) 6
(250) (251)
zi = COZCH3 4_
SCaHg
-0~ 0CHs
H3C.- NJ\J
H
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The two oxadiazine cycloadducts were not isomerised when exposed

to the reaction conditioné, therefore the formation of both stereo-
isomers indicates the presence of an intermediate in the[? + 4)
cycloaddition, The most suitable structure proposed for this

intermediate was as a "moreorless free rotating dipole” (233),

£ = C0,CH

(233)

Such a dipole cannot be intermediate in diazetidine forme
ation since only one stereoisomer was formed. The dipole was trapped
by carrying out the reaction in methanol and under these conditions
the diazetidine (230) was still formed.

Koerner Von Gustorf67 et al. propose a concerted[2 + 4]
cycloaddition mechanism for the formation of dihydrooxadiazines from
dihydro-1,4-dioxine, trans-1,2-dimethoxyethane, vinyl acetate and
vinylene carbonate, with dimethyl azodicarboxylate., With cig-1,2-
dimethoxyethane the dimethyl azodiester gave the oxadiazine and the
diazetidine in a 4 ¢ 1 ratio.

Oxadiazine formation by an electron rich }C = ¢%
bond (dienophile) to the electron poor diene may be thought of as a
Diels~Alder reaction having an inverse electron demand, In accord
with this Von Gustorf found that all attempted 1,4-additions failed
with electron poor olefins,

Dimethyl and diethyl azodicarboxylates add to both ethyl

and methyl vinyl ether (233) to give the corresponding diazetidine

compounds (234).
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E
___an"ii
J

\
o+ N
}JR N\E RO)

R =
(233) (224) CHze Cog
= 0020H3, 0020235

._.h¢$\éi

A study of the secondary d(-deuterium kinetic isotope
effect during the addition of dimethyl azodicarboxylate to ethyl vinyl
ether revealed an unsymmetrical transition state, A change of
hybridization in the direction sp> ——p sp> had occurred at = CH,, but
not at = CH - OR,

Indene (235) reacts with 1,2,4-triazoline-dione (101) to

give an adduct vhich was thought to be the product from al[2 + 2]

addition.
0 Ph
0 .
(235) \‘PJ
+ ———

(236)

101)

Fl’h
0N
D
) pJ::{q (

A dipolar intermediate was trapped with water during the above

reaction to give the alcohol (237).

H N/Ph

H
\bd"‘ét)

(237)
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The above observations seem to indicate that a stepwise
mechanism may be operating during[z + é]cycloaddition. The
Woodward and Hoffman rules do not allow concerted thermal
[Trgs + T 2§]cycloaddition, although the reaction may proceed, in
theory via the higher energy [TT 28 + T7'2a.]route which is allowed as
a concerte@ process by Woodward and Hoffman rules, although
stereochemically unfavourable. The authors propose that high
polarizability of the olefin coupled with high polarizing power of
the cyclophile may reduce the activation energy and make diazetidine
formation a more favourable process.

Mackay et a.l.68 have shown that reaction of the cyclone
(238) (as its dimer) with azodiesters may proceed to give the
corresponding adduct (239). The reaction may be followed by 'H n.m.r.
spectroscopy which shows the build up of the methyl singlet in the

adducte.

H4C N . P N—E
TNy Pher e
Ph Pho g 3

(238) (239)

In the later stages of the reaction additional methyl singlets began
to appear before the initial reaction was complete., The peaks
developing in the n.m.r. spectrum during the later stages of the
azodiester reactions were again observed when solutions of the pure
adducts were refluxed, When R = Me, the n.m.r. spectrum showed eight

new methyl peaks in its spectrum, four of which reached a maximum and
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then decreased while the others continued to grow. Repetition of
the reaction on a large scale gave quantitative yields of an
isomer of the adduct (R = Me). This major product was shown to be
the diazetidine (240), Oxadiazine structures was discounted due
to the absence of any peaks in the infrared spectrum around 1720 -

1

1620 cm'. (Absorption due to _C = N occurs in the region 1680 =

1660 cm.1).

[ N-£

N e
Ph P
(240)

The diazetidine (240) was formed by a [1,37 rearrangement of
the original adduct (239). The other adducts all gave the correspond=-

ing diazetidine compound except the t-butyl ester which gave only

tarry products,
The adducts when R = C6H5 or CH2CCI3 also gave in addition to

the diazetidine compound a dihydro pyridazine derivative (241),

formed by decarbonylation of the initial cycloadduct.
| H3
Phz | —CO2R
Ph-Xx_-N-COR

R = Ph, CH)Cls k (241)
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The four peaks due to the intermediate noted earlier when
the cycloadduct (R = Me) was heated were shown to be due to the
oxadiazine (242) (i.r. = 1675 cm-1), the product of a [ 3,3] sigma~-

tropic rearrangement of the initial adduct, a hetero-Cope rearrange-

ment, | (:()2F2

R = Ph, CH,CCl, (242)

The authors conclude that the initial cycloadduct (239)
and the oxadiazine (242) are in reversible equilibrium with one
another and the former was transformed slowly into the diazetidine
(240). The conversion of the oxadiazine (242) into the azetidine (240)
does not occur at all or was very slow. No conclusions were reached
about the concertedness of the rearrangements but a possible inter-

mediate (243) may be common to all the transformations taking place.



109.

(1ii) The ene reaction of diesters of azodicarboxylic acid.

The ene reaction69 is the indirect substituting addition
of a compound with a double bond (enophile) to an olefin possessing
an allylic hydrogen (ene) and involves allylic shift of one double
bond, transfer of the allylic hydrogen to the enophile and bonding

between the two unsaturated termini,

H H

[ll — < —
N ‘.o

The ene reaction may or may not be concerted, The reaction
is not only related to the Diels and Alder addition but may also be
regarded as an intermolecular variant of the symmeiry-allowed [1,5]
hydrogen shift.

Diesters of azodicarboxylic acid are among the most widely
used enophiles, They react under relatively mild conditions with ene
components, heating to 80°C for a few hours being sufficient to complete
the reaction.

If the azo-linkage is present in the cis-configuration as
in photochemically generated azodicarboxylate and in 4-phenyl-1,2,4-
triazoline-3,5-dione the addition properties are considerably enhanced.

The formation of the diadduct between styrene and diethyl
azodicarboxylate proceeds via an initial cycloaddition followed by an
ene reaction which is thought to go via a free radical process31 (see

p. 65 for full discussion.)
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6 = CO 2CH3 ['\l‘ E / \N/
N |

Reaction of cyclonona-1,2=diene (244) with diethylazo~

dicarboxylate gave an 83% yield of an ene insertion product (245).

3

I
—— N\N/E
H

(244) (245)
£, = C0CH,

With other unsaturated compounds cycloaddition was observed to take

place.

71

Similarly treating’ the unsaturated organosilicon compound

(246) with diethyl azodicarboxylate gave the ene product (247).

»SKCHﬁ3 3
\ / -
 THyCH=CHy * N=N ——=(CHY;Si—CH=CH~CH,
(246) ¢ (97) (247) [l\l —¢
£ - C0,C

N
7 H
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DISCUSSION

(i) Introduction,

The general nomenclature of the azo ester dienophiles used

are shown below

_COR
—N
/ '
COR

dialkyl azodicarboxylate
azodicarboxylic acid dialkyl ester
diazenedicarboxylic acid dialkyl ester

dialkyl azodiformate

The cycloadducts obtained from the reaction of the vinyl
heterocycle and the azo ester dienophile have the following general

formulae and nomenclature, illustrated by the adduct derived from

2-vinyl pyridine

0-R
A leon

6 N 3
5 4 |

1,2-dialkoxycarbonyl=1,2,3,4-tetrahydropyrido[3,2-c]

7

pyridazine
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The fully aromatic system obtained from this adduct is

named as shown below

. 8 1
7~ ] Pd;tpdz
6N 3

5 4

pyrido[ 3, 2-0] pyridazine

f-azacinnoline

(1) Pyridol3,2-c] pyridazine,

We decided to attempt to synthesise the pyrido[3,2—c]
pyridazine system via the reaction of 2-vinyl pyridine and diethyl
azodicarboxylate, to give an adduct, which may be de-esterified,
decarboxylated then oxidised to give the parent pyrido[},2-c]pyridazine
system (7). W

When this work was started there were only two references25’26
to this pyrido[},Z-é]pyridazine system (described in the Introduction to
Part 2 of this thesis) in the literature. After the completion of most
of this work, Kost et al. published the synthesis of the S-azacihnoline
system using a method similar to our own,

After boiling 1 ¢ 1 molar ratios of 2-vinyl pyridine and
diethylazodicarboxylate in benzene for 26 hours, no azo diester was
present in the reaction mixture, although a substantial amount of 2-vinyl
pyridine remained.

A Gas Liquid Chromatography (g.l.c.)trace (Fig. 6) of the
reaction products showed the presence of at least three major components,
two peaks A and B of similar retention time and a peak C at longer

retention time.
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The products ffom the reaction were separated by column then

preparative layer chromatography.

After initial elution of unreacted 2-vinyl pyridine from the
column an oil was eluted which contained two major components. These
two components (corresponding to the peaks A and B in the g.l.c. trace
of the reaction products), were then separated by preparative layer
chromatography, compound A as a yellow oil in 13% yield and compound B
as a light yellow solid in 2.5% yield.

Heating compounds A and B separately in benzene for 48 hours
produced no change in their chemical structure, thus indicating that
they are not interconvertible nor intermediates in the production of
gome other compound.

The product with the smaller R. value, compound A4, has an
Mt at 279 a.meu., indicating that it is a 1 ¢ 1 adduct formed between
o-vinyl pyridine and diethyl azodicarboxylate., Microanalysis after
pulb distillation confirmed the empirical formula as C H,N,0,, It

137177374°
is proposed that compound A is 1,2=-diethylcarbonyl=1,2,3,4=tetrahydro=-

pyrido[3, 2-c]pyridazine (248).
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ﬁ:\. a’EL
B
_ £ = 00202115
(248) |

The 'H nem.r. spectrum (Fig. 7) shows three downfield
signals attributed to the protons H~b, § =8.3 DePolley H=8, & =
8.05 PoPelley and H~T at § = 7.15 p.p.m. The signals due to H=6
and H-8 are seen as expected for the above structure as two pairs

of doublets those attributed to H-7 being a quartet.
Hg Hg Ho

_ | I8 1 7,8
6,8 6,7 H H Jé,8

= 9 Hz

36,7 = 6 Hz, q6,8 = 1-2 Hz, J7,8
Between S = 3,00 and 4,70 p.p.ms is a complex set of absorptiéns
which integrates for eight protons. Four of these protons are the

two methylene groups of the non-equivalent ester su’bstituents, which
is the reason why they resonate as a 'distorted triplet' and not as

a clean quartet. The remaining four protons are the two methylene
groups, C=3 and C-4, they are non-equivalent and resonate as a complex
A,B.C,D, system,

The remaining two methyl groups on‘the ester substituents
resonate as a complex signal between 8 = 1,1 and 1,5 p.pem. It is
Just possible to make out the distinct triplet structure of each of
the signals, (The mechanism of formation of this cycloadduct will be

dealt with on p.147).
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Fig, T 1H Nym,r, snectrum of 1,2-diethoxycarbonyl=1,2,3,4~-tetra-

hydropyrid 2=C idazine (248
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The other product, compound B obtained as a light yellow
solid, also had an Mt = 279 a.m,u., After repeated recrystallisations
from cyclohexane, microanalysis confirmed its empirical formula to
be C13H17N304.

Two possible structures (249) and (250) were proposed for

this product. The compound proved to be the 3H-pyrido L1 ’ 2-c] =192 3
triazine diester (249).

70 5 H ?
| | |
| ,J{L H - A € = 000,
ENG 9
(249) Z{I_-’ H (250)

The tetrahydro pyrido[5,2—c] pyridazine (250) should aromatise
to the isomer on heating in benzene. The fa.ct. that no change was
observed on heating in benzene, and the presence of four downfield
protons in the 11{ n.m,r, spectrum led us fo discount this possibility.

| The 'H nem.r. spectrum (Fig. 8) confirmed structure (249).
It contained four downfield protons (H 5-8) between 8 = 7.0 and 8.5
PepPom, The furthest downfield signal, the 'pyridine-®-proton’, H8 is
seen as a pair of doublets at & = 8,5 pep.ms (J = 4 and 2 Hz), The
other three downfield protons have similar chemical shifts and lie
virtually on top of one another, The olefinic proton H-4 resonates at

8 = 5.35‘p.p.m. as a palr of doublets, which is the expected pattern

for a single proton next to two non-equivalent protons, The signal
between 8 = 4,00 and 4.8 p.p.m. integraté for five protons, attributed
to the two methylene groups of the ester substituents which ovérlap

one of the meth&lene protons at position-3,
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The other proton of the C=3 methylene group is seen as a

quartet at 5 = 3.5 Pepem. The remaining complex signal between
8'=:1.1 and 1.7 p.p.ms integrates for six protons and is attributed to

the two methyl groups of the ester substituents.

On addition of a sample of lanthanide shift reagent,
Eu(fod)s to the n.m.r. solution, the methylene proton signal under the
ester absorptions was moved out into ‘open space', It resonates as a
pair of doublets as expected (see Fig., 8).

The 'pyridine type' protons are all moved downfield, H-8 far

(R P  Hé

I l JB'B' . L_] JB,B' JB"4
o J3o4 [_—I [- ,;Jé'.4 I3 4

J3'94 3,30 gem
more than the other three. The protons H-6 and H-7 are seen as a two
proton doublet (J = 8 Hz), this is due to H-6 and H~7 having the same
chemical shift in the lanthanide affected spectrum and therefore they
do not couple, The proton H-5 resonates asla quartet (J = 8, 3-4 Hz)
as expected,s On addition of more Eu(fod)5 to the n.m.r. solution the
signals become distorted which could be due to the Eu(fod)j complexing
all over the molecule,

It was not possible to isolate any pure compounds from the
remainder of the reaction products on the column., Repeated chromato-
graphy gave non-characterisable fractions, Mass spectra of some of

these fractions gave results which indicated that higher adducts were

formed, possibly by the reaction of two or more molecules of
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" Fig., 8 dm N.,m.r. spectrum of 3H—pyridofl,2—-cl=1,2,3-triazine

- diethyl ester (249)

ppm

piwe

Lanthanide shifted
spectrum
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diethylazodicarboxylate with one of 2«vinyl pyridine, It is not
uncommon for reactions of dienophiles with vinyl heterocyclic compounds
to give small yields of the desired products plus uncharacterisable
material., Sometimes it has proved possible to characterise some
higher adducts as was the case when 2«vinyl pyridine reacts with
derivatives of N-alkyl maleinimides?’ (see p.T74).

Removal of the ester groups from the tetrahydro pyrido
[},2-c]pyridazine diester (248), then subsequent oxidation should lead
to the parent pyrido[}, 2-0] pyridazine system,

Boiling the cycloadduct (248) in ethanolic XO0H led to the
formation of many products. The major product formed albeit in low
yield gave 1H n.m.r. and mass spectra which suggest that it is the fully
aromatic pyrido [3,2-c] pyridazine system (87).

The 'H n.m.z. spectrum (Fig. 13, p.132) contained five down=
field protons with the correct splitting pattern for the postulated
structure. The mass spectrum has an MY of 131 a.m.u. which is 95% of
the base peak at 76 a.m.u.

Dufing the course of the reaction many colour changes were
observed, notably changes from green to purple and back again,

Carrying out the reaction in either methanol or ethanol under
nitrogen also leads to a variety of products. When the hydrolysis\
reaction was done under nitrogen the boiling reaction solution was a
light yellow colour. On removing a sample the colour rapidly darkens
to a brown/black solution, which was probably due to the oxidation of
the hydrazo compound by air coupled with its probable instability to
the alkaline conditions employed.

Using an inert nitrogen atmosphere during the hydrolysis it

was possible to isolate and characterise the pyrido[3,2—é]pyridazine

(87) after preparative layer chromatograrhy, in very poor yield., The
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many other products formed during the hydrolysis were not charac‘!;erised.

fr H

) \N KOH E\@\!’H (j\)

(87)
(248) CHaOHorC2HSOH (255) breakdown

6 = 00 C 235 products

Aerial oxidation and formation of many products during
hydrolysis of ethyl azo ester adducts has been encountered by previous
workers.72

It was found that the best conditions for the reaction
vhich gave the maximum yield of the diethoxycarbonyl tetrahydro
pyrido[},2—c] pyridazine cycloadduct (248) were to reflux equimolar
amounts of the starting materials, diethylazodicarboxylate and 2-vinyl
pyridine in acetonitrile. The yield of the desired product based on
unrecovered 2-vinyl pyridine was 18.2%, The yield of the triazene
compound is reduced, and it can only be detected by g.l.c.

If the reaction is carried out in higher boiling hydrocarbon
solvents, toluene or xylene, more products were formed resulting in
a decrease in the yield of the tetrahydro pyrido£3,2-é]pyridazine (248)
adduct,

Table 1 shows the solvents (B. pt.‘280°C) used in the
reaction of equimolar quantities of 2-vinyl pyridine and diethyl azo-
dicarboxylate, the yields of the adduct obtained and the reaction times

for the disappearance of the azo ester.
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TABLE 1
Solvent : Yield of adduct Reaction time
Benzene 13.0% 26 hrs
Acetonitrile 18.2% 6% hrs
Chloroform 18,0% 19 hrs
Ethyl alcohol 6.0% 3% hrs

Acetonitrile was subsequently used as the reaction solvent
during the reaction of diethyl azodicarboxylate and vinyl heterocyclic
compounds.

If one uses higher molar ratios of 2-~vinyl pyridine to
diethyl azodicarboxylate in the reaction, exactly the same amount of
the required product, the tetrahydro-5-azacinnoline (248) was obtained
in each case. Using higher molar ratios of diethyl azodicarboxylate
to 2-vinyl pyridine gave very long reaction times. Since the azo
esters are relatively expensive it was thought best to use 1 s 1 molar
ratios of reactants and base the yield of the adduct obtained on
unrecovered 2-vinyl pyridine.

After the completion of this work Kost et al. have published,73
in A patent, a similar synthesis.to the one described., The abstract
of the paper says that the 1,2-dialkoxycarbonyl-tetirahydro pyridoc3,2-c]
pyridazines (248) were obtained by cyclisihg vinyl pyridine with dialkyl
azodicarboxylates (R = C1 = C3, alkyl) in a 2-4 3 1 ratio by heating
petween 50 = 150°C in an organic solvent (e.g. Benzene), and the
products isolated by an adsorption method. No yields were given. A
later abstract74 reports the conversion of a diadduct (251) into the
fully aromatic pyrido[B,z-c]pyridazine (87) by heating the diadduct
(251) at 50 - 150°C with hydrazine hydrate or 20% NaOH or 3% HC1; again

no yields were given,
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COoR
| D) K
N- HNNH, N Z
/N\COZR
H=N

CLSO I R = C1-C3 alkyl

CQOsR

Since the yield of the aromatic pyrido[S,Z-c]pyridazine (87)

7\

was very poor, it was decided to try to prepare the t-butyl ester
analogue of the cycloadduct (248), which ought to undergo facile
cleavage using trifluorcacetic acid (T.F.A.)

It was found that after boiling equimolar quantities of 2~
vinyl pyridine (90) and di-tert~butyl azodicarboxylate (252) in benzene
for eight days no di-tert-butyl azo-ester remained, (The reaction
could not be followed by g.l.c. as the di-tert-butyl azodicarboxylate
proved unstable in the g.l.c.) The reaction was followed by te.l.c.,

(observing the yellow spot with the highest R, value, attributed to the

f
di-tert-butyl azo-ester dienophile),

When acetonitrile was‘used as the solvent for the reaction,
a black tar was obtained, probably due to the acidic solvent de=-
esterifying the cycloadduct as the reaction was in progress. Removal
of acid from the solvent using a method described in D.D. Perrin,

W.L.S. Armarego and D.,R. Perrin, Purification of Laboratory Chemicals,

Pergamon Press, p.58, 1966, and use of this 'pure solvent' in the reaction
still, however, gave breakdown products. Hence benzene was used as the
solvent for the reaction of di-tert-butyl azodicarboxylate (252) with
vinyl heterocyclic compounds,

T.l.c. of the reaction products from 2-vinyl pyridine (90)

and di-tert-butyl azodicarboxylate (252) showed that the viscous brown
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0il contained many compounds. Using column and then preparative
layer chromatography it was possible to isolate and characterise
two components, isomers with empirical formula °fv017H25N304

formed by combination of one molecule of 2-vinyl pyridine (90) and
one of di-tert-butyl azodicarboxylate (252),

After elution of unreacted 2-vinyl pyridine (90) from the
column an oil was eluted which contained two components separated by
Pelece The major component of lowest Rf value was obtained as a
clear yellow oil (23,1%) which would not crystallise. The mass
spectrum gave a weak molecular ion at 330 a.m.u. due to McLafferty
rearrangement of it-butyl esters, which leads to the expulsion of iso-
butylene. A "M n.n.r. spectrum (Fig. 9) leaves no doubt that this

compound has structure (253).

The other minor component was also obtained (2.7%) as a
clear yellow oil, A weak molecular ion at 330 a,m.u. was obsérved
in the mass spectrum. The 1H n.n.r, spectrum (Fig. 10) left no doubt
that this compound is the 3H-pyrido{1,2-c}-1,2,3-triazine di-tert~
butyl ester (254).

The remainder of the reaction prodﬁcts again were not

characterised,
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g Nem,r, spectrum of 3H-pyrido [t,2-c]-1,2,3-triazine
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As vas expected removal of the t-butyl ester groups from
the pyrido[},2—c]pyridazine di-tert-butyl ester (253) proied to be
easy. Treatment with T.F.A., at room temperature gave ;fter work=up
the 1,2,3,4-tetrahydro pyrido[ﬁ,Z—é]pyridazine (255) in virtually
quantitative yield.

This hydrazo compound (255) vas unstable, It did not prove
possible to obtain correct analysis figures for the compound; the
carbon and hydrogen values were correct but the nitrogen value was
always very low. |

The tetrahydropyrido[},?-d]pyridazine (255) was obtained as
a yellow oil, but if when removing solvent from the product using a
rotavapour, the flask is not removed immediately the solvent has
evaporated, the oil turms to a purple/white solid/oil, whose colour is
reminiscent of the colour changes seen on removal of the ethyl ester

groups from the adduct.

T
NN/E’

 (253) | TFA |

6 = CO,t-bu

Proof of the structure of the hydrazo compound (255)comes
from mass and 1H n.m.,r, spectra, An Mf = 135 a.,m,u, was observed in
the mass spectrum. The % nom.r. spectrum (Fig. 11) contained three

downfield aromatic protons, two N-H protons exchangeable with DO and

2
four protons upfield which were strongly coupled,
The protons H-6-8 form an A.B.X, system, the furthest down-

field signal is at § = 7.9 p.p.m. and is attributed to H-7. It
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integrates for one proton and is observed as four lines of approxi-
mately equal intensity. It is coupled to H-6 and H-8 with coupling
constants of 3 and 4 Hz respectively., The mesomeric effect of the
pyridazine nitrogen causes H-6 and 8 to have the same chemical shift
and occur at higher field, é; = 6485 p.p.m. than H=-7, The signals

are observed as a broad signal, in which it is just possible to make
out eight lines, This gives a total of twelve lines for the H-6,7 and
8 resonances which is the usual number observed in an A.,B.X, system,

The two N-H protons were seen as a broad sihglet at § =
5.05 pep.m., they disappear on shaking with D,0. The two adjacent
methylene groups at C-3 and C~4 are sfrongly coupled and resonate
between 8 = 2,6 and 3.6 p.p.l.

The tetrahydroPyrido[S,2—é]pyridazine (255) was slowly
oxidised by the air to the fully aromatic pyrido[3,2-c)pyridazine (87)
plus some black material, Bubbling oxygen through a chloroform solution
of the hydrazo compound (92 hours) increased its rate of conversion, but
the reaction was still not verxry clean.' A purple/black solid was formed
during the oxidation which was insoluble in chloroform, but soluble in
methanol or ethanol. This method gave an overall yield of 8% for the
conversion of 2-vinyl pyridine (90) to the pyrido[3,2-c]pyridazine
(87).

The best method found to date for dehydrogenation of the
hydrazo compound (255) uses a two-stage procedure; first using mercuric
oxide (red) to oxidise the NH-NH functional group to give the 'azo
compound! (256) then oxidation of this 'azo compound® (256) by bubbling
oxygen through a chloroform solution.

The intermediate azo compound (256) was slowly oxidised by
the air to the parent pyrid0[3,2~$]pyridazine (87) and could not be

characterised. An 'H n.m.r. spectrum of the oily intermediate showed
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the absence of N-H protons. The spectrum was very complex and
complete identification of all peaks was not possible; but
absorptions which could be attributed to the pyrido[3,2-é]pyridazine

(87) system were present,

] pass
PJ‘\ ’/}i ' ~
/] Nio /I AL\N o, IF N\N
- HEO, | |« I
N L >N _ 65hrs N =
(255) (256) | (e7)

This procedure gave a cleaner conversion, though some
chloroform insoluble material was still formed, and a shortened
oxidation time of 65 hours in the second stage. An overall yield of
9.7% of pyridoff,z-é]pyridazine (87) from 2-vinyl pyridine (90) was
observed. |

The parent pyrido[3,2-a‘pyridazine (87) could be purified
by recrystallisation from cyclohexane, m.pt. 89 - 91°C, Microanalysis
confirmed its empirical formula to be C7HSN5.

The fully aromatic pyrido[3,2—c] pyriciézine (87) is a TT=
deficient heterocycle. The mass spectrum (Fig; 12) shows an Mt =
131 a.m.ue and a base peak at 76 a.m.u. The féllowing scheme is

suggested for the breakdown pattern of the 5-azacinnoline (87).
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m/e 131 (98%) l
+
= -l * 4 ]
o | . _CH
N CH m/e 103 (29%)
l—H CN
t —CoH
m/e 76 (100%) n/e 50 (81.7%)

The H n.m.r. spectrum (Fig, 13) showed H-3 as the furthest

’ b
downfield proton situated at 8 = 9.55 p.pemse It resonates as a

doublet, being coupled to H-4 with a coupling constant of 6 Hz, H-4
resonates as a pair of doublets centred at S = 8,15 DPeDeley coupléd to

H-3, J5 A = 6 Hz, and also weakly coupled across the ring to H-8 with
[}
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a small long range coupling constant of approximately 1 Hz, As
expected, H~6 and H~7 resonate as a pair of doublets (Jé'7 = 4,

J6,8 = 2 Hz) and as a quartet (J7,8 =5, J6,7 =4Hz) at & =9.2
and 7.8 p.p.m. respectively. The complex signal centred at é: =
8485 pepele is attridbuted to H-8, it is Just possidle to pick out
eight lines in the expanded spectrum. It shows ortho coupling to H=7
of 5 Hz, meta coupling to H-6 of 4 Hz and also shows the long range
coupling of 1 Hz to E~4,

Kost and co-workers have published74 some physical data
of this S-azacinnoline system (87). They record the same m.,pt. as
ourselves, the 1H n.m.r, spectrum shows the same chemical shift
ordering and the fragmentation pattern obtained in the masé spectrum
is similar. The differences are in the recorded data for u.v,
spectrun, We found A nax (EtOH 95%) 263 (10810 € 3.59), 306
(1og,o£ 3.62), and 318 nm (10810 £ 3.65). The Russians record

N pay (alcohol) 262 (log, & 3.59), 271 (log,, € 3.51), 304 (20g,,€
3.60), 316 (log,q € 3.61), and 370 nm (log, & 2.06).

Use of dichlorodicyanoquinone to effect the dehydrogenation
of the tetrahydropyrido{}.2—c]pyridazine (255) does hqt give as
clean a conversion to the aromatic 5-azacinnoline (87) and a
corresponding decrease in yield was observed,

Thus it is possible to prepare the pyrido[3,2~cJpyridazine
'Vsystem (87) from 2-vinyl pyridine (90) in 9.7% overall yield, The
jnitial formation of the dialkoxy carbonyltetrahydropyrido[},qu
pyridazines (248) and (253) may go via a concerted or stepwise
mechanism. The next section of this thesis will deal with the
experiments carried out to ihvestigate the mechanism of formation of

the cycloadducts.
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(iii) Mechanism of formation of the cycloadducts,

A complete mechanistic study was not attempted since complete
product identification was not possible, We believe however that the
initial cycloaddition between 2-vinyl pyridine (90) and diesters of
azodicarboxylic acid is concerted, aromatisation of this cyclc;adduct
then proceeds in some stiepwise manner. Generally one proves that a
reaction is not concerted by carrying out the required experiments

and then proposing some stepwise mechanism,

Polymerisation inhiditors (t~butylcalechd ) hydroquinone) do
not affect the reaction products or the reaction rate of the cyclo~
adduct formation between 2-vinyl pyridine (90) and diethylazodicarbo=
xylate'(91). No radicals can be involved either in the cycloaddition
step or the stepwise 1,3-hydrogen shift,

No large solvent effects were observed in the reaction of
diethyl azodicarboxylate (97) and 2-vinyl pyridine (90) (see Table 1,
p.121). The ‘rate of the reaction' in acetonitrile, an aprotic polar
solvent of high dielectric constant, was only 3-4 times faster than when
the reaction was carried out in benzene, a less polar solvent, One
would expect the reaction to be faster in polar solvents since both the
tdiene! and the dienophile are polar substrates, Also when the two
components in the cycloaddition reaction are polar then bond formation

may occur at different rates and hence the transition state may have
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some polar character,

No triazine compound was obtained when the reaction was
carried out in acetonitrile, When ethanol is used as the solvent
for the reaction, there was a decrease in the yield of the cycloadduct
but the reaction time is shortened from 26 hours in benzene, to
3% hours.

Variation of the electronic distribution within the 'diene!
system and subsequent reaction with diesters of azodicarboxylic acid
can give some clues to the mechanism, One method of varying the
electronic availabiliti throughout the system was to prepare trans=2-
stilbazole (257).

This compound was prepared in good yield by the method of
Shaw and Wagstaffe'® using ok -picoline and benzaldehyde as starting
materials. In boiling aqetonitrile, 2=-stilbazole (257) did not react
with diethyl azodicarboxylate (97); the solution remained unchanged
even after five days. This lack of reaction is probably due to
increased conjugation of the ‘olefinic double bond' of 2~-stilbazole
(257) by attaching the phenyl moiety. It parallels the observation

that azobenzene is inert as a dienophile,

éi = 00202H5

-~ /f‘
+ N=N ,——* N0 REACTION

‘\rq o Ph Ei;/' (:P*BC:PQ
(257) (97)

The addition of azodicarboxylic acid esterslto vinyl
pyridines is an example of a cycloaddition of an electron deficient
dienophile to an electron deficient 'diene! system. One would expect
that by attacking electron withdrawing substituents to the diene
system thé reaction would be even more unfavourable., A Knoevenagel

condensation reaction between pyridine-=2-aldehyde and nitromethane
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gave 2-(2-nitrovinyl) pyridine (258).76 On boiling nitrovinyl
pyridine (258) with diethyl azodicarboxylate (97) in acetonitrile,

the reaction mixture remained virtually unchanged,

6 = 0020235
[
= ] + N=N/ %QL\’ NO REACTION
SN £~
(258) N02 (9m)

In addition to the electronic effect of the nitro group it may also
be that the 'negatively charged' nitro group would not favour approach
of the similarly charged ester groups, and this effect could also lead
to a decrease in reaction rate,

One possible method of avoiding this steric effect would be to

prepare 4-nitro-2-vinyl pyridine (259).

NO,

(259)

Attempts to prepare the vinyl compound (259) by condensation
of 4-nitro-& =picoline with acetaldehyde failed. The 4-nitro- pl=-
picoline was prepared by standard methods from ¢ -picoline via the
N-oxide, 1+78079+80

As a further example 2-(1-propen-i-yl) pyridine (260) and
2-(1-pr6pen—2-y1) pyridine (261) were prepared.

The procedure used to prepare 2—(1-propen—1-yl) pyridine
(260) was: inverse addition of ethyl magnesium iodide to pyridine=-2-
aldehyde using a method described by Suzuki,81 followed by dehydration

2

of the alcohol using concentrated sulphuric acid.8 2—(1—Propen—1—yl)

pyridine (260) may also be prepared in very poor yield by a method
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which involved condensation of X -picoline with chloral followed
by reduction of the trichloro-alcohol formed.ss’84

Reaction of 2-(1-propen=1-yl) pyridine (260) with diethyl
azodicarboxylate (87) took longer than the corresponding reaction
with 2-vinyl pyridine (90) (36 hours in.boiling benzene).

A g.l.c, trace (Fig. 14) of the reaction mixture showed
three major components A, B and C, although some smaller components

were present. A peak of similar retention time to B had not been

Fig, 14
3% OV 101
Oven temp = 200°C
Nitrogen flow rate =
60 ml/min
o 5
B §
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/,{j QO
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seen among the products from 2-vinyl pyridine (90).

Column chromatography was used to separate the components,
'After initial elution of 2-(1-propen-1-yl) pyridine (260) from the
colum an oil was eluted from the column which contained one major
component and several minor ones., After separation of the components
by preparative layer chromatography the major band was extracted
R

f
that it was 1,2—di(ethoxycarbonyl)-3-methyl—1,2,3,4—tetrahydropyrido

= 0,34 and an oil was obtained whose spectral data left no doubt

[3,2-clpyridazine (262).
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3

T
7 _t AN
| rON=N CH,4

,(26!)\)1 CH3 & (97) CGHG N (262) H
£ = COCH,

This péak had the same retention time as peak A in the
g.l.c. trace of the reaction products, Microanalysis after buld
distillation coﬁfirmed its empirical formula to be C14H19N304. Its
mass spectrum contained an Mt at 293 a.m.u. and a base peak af
148 a.m,u, Its % nomr. spectrum (Fig. 14) was similar to that of
the ethyl adduct (248) derived from 2-vinyl pyridine (90), eicept for
the difference caused by the 3-methyl subétituent. The absorption of
the C-3 methyl substituent was located under the absorptions due to
the two methyl groups on the ester substituents, This was confirmed
by irradiating over this position (8§ =1.4 PePsm.), the coupling of
the C-3 methyl group to the C~3 methine proton were erased and the
C-3 proton was observed as the expected pair of doublets at é; =
4.9 Pepom.

This 3-methyl pyrido[3,2-é]pyridazine diester (263) was
obtained in 7.6% yield (the yield was based on unrecovered 2-(1-
propen=1=yl) pyridine (260)). This was less than the yield of fhe
parent adduct (248) formed from 2-vinyl pyridine (formed in 13% YIGM wl‘en
the reaction was carried out in benzene), This decrease was probably
due to hindrance by the methyl group of attachment of the dienophile
to the 'diene'.

None of the other minor components on the p.l.c. rlate were

identifieds No triazine compound was isolated from the reaction
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Fig, 14

H Nom,r, spectrum of 1,2-diethoxycarbonyle3-methyle
15243, 4-tetrahydropyridol3, 2~c]prridazine (262)
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mixture, the same reason of hindrance may be used to explain this
anomaly.

The remaining bulk of the material did not yield any pure
products even after extensive chromatography. Fractions obtained
contained components attributed to the peaks B and C (g.l.c. trace
of products).

Hydrolysis of thé ethyl adduct (262) was not attempted
because of the problems observed with the ethyl adduct (248) derived
from 2-vinyl pyridine (90). Instead the di-tert-butyl ester was
prepared by refluxing 2-(1-propen~1-yl) pyridine (260) with di-tert-
butyl azodicarboxylate (252) in benzene, The reaction took 15 days
vto go to completion, A g.l.c. trace of the reaction products showed
the presence of one major and several minor components; t.l.c. showed
a complex mixture to be present.

After the usual chromatographic work up (column and
preparative layer) it was possible to isolate an oil (10,.4%) whose
spectral characteristics showed it to be the di;tert-butyl cyclo-

adduct (263).

€ = cot-tu

Two other components were also isolated which ran very
close together on the preparative layer plate, it was not possible

to obtain a pure fraction of one without contamination by the other.
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The 1H n.m,r, spectrum of one of the components indicated that it was
the triazine compound (264) formed in very poor yield. The remainder

of the material on the column was an intractable oil,

, AN
E; = Cozirbu iﬁ N
Eia’ -QJ (:}*3
(264) €

Hydrolysis of the di-tert-butyloxycarbonyl-j—methyl-:
tetrahydropyrido[3,2—c]pyridazine (263) was easily carried 6ut in
virtually quantitative yield, using T.,F.A. to give the 3-me£hyi-
1,2,5,4—tetrahydropyrido[3,2—c]pyridazine (265), identified by its

5 nomer. (Fig. 15) and mass spectra,

e

zr Pd‘\PJ”Ea = \1\r/}4
o | TEA - | |
N H N |
(263) 3 N - CH3
£= cogtbu (265)

This tetrahydropyrido {3,2-c]pyridazine compound (265)
proved unstable, Oxidation first by mercuric oxide then by oxygen
(26 hours) afforded the fully aromatic 3-methy1pyrido[3,2-c]pyridazine
(266). A brown solid was formed during the oxidation by oxygen,
which was insoluble in chloroform but soluble in methanol or ethanol,

The 3-methyl-5-azacinnoline (266) was obtained as yellow needles,
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[2,2—clgx;idazine (265)
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H N,m,r, Spectrum of 3-methyl=1,?2 -tetrahydropyrido-

ppm




143.

m.pte 99 = 101°C in 38,7% yield, giving an overall yield of 4% from
2-(1-propen~1-yl) pyridine (260).

Spectral evidence confirmed the proposed structure (266).
Microanalysis showed the empirical formula to be C H7N5, the mass
spectrum gave the molecular ion at 145 a.m.u., which was also the
base peak, The fragmentation followed a similar ﬁéttern to that of
the parent compound (p.131). The 'H n.m.r. spectrum (Fig. 16) con-
tained four downfield protons, H's 4-8, and an upfield singlet due

to three protons at g.. 2.9 p.p.m,

N
i HgO = I ::bd

(265) —_— NS Z (266)
10, CH,

Reactizr of 2-isopropenyl pyridine (261) with diesters of
azodicarboxyliﬁ?should not be subject to hindrance of this type.

Isopropenyl pyridine (261) was preparedsslby addition of
ethyl picolinate to excess of the Grignard reagept from methyl
iodide, followed by dehydration by concentrated sulphuric acid86 of
the alcohol so formed., The reaction between 2-isopropenyl pyridine
(261) and diethyl azodicarboxylate (97), in boiling acetonitrile, was
complete after five hours, The reaction products contained a major
component plus several minor ones (t.l.c.); some unreacted 2=
isopropenyl pyridine (261) was also observed.

The products were separated by column chromatégraphy. After
initial elution of 2-isopropenyl pyridine (261) (100% 40 - 60‘Petrol)
an 0il began to be eluted from the column (25% CgHgs T5% 40 - 60

Petrol), which crystallised from cyclohexane. An 1H nem,r, spectrum

(Fig. 17) showed the presence of an N-H absorption at E; = 7495 PePems,
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iemovable on shaking with D20, two broad one proton singlets at
S = 5.9 and 5.4 p.p.m. and a two proton singlet at 8 =
pep.m. This compound is diethyl (2-(2'-pyridyl)=-prop-2-ene)
hydrazodicarboxylate (267), formed by ene addition of diethyl

azodicarboxylate (97) to 2-isopropenyl pyridine (261).

8 ~
m /N::N

£ k" — | 2 (267)
(261)HCCH2 (97) - CH2
E = COEt —-N\ ’\(

Microanalysis gave the molecular formula as 014 19 3 4, an M of
293 a.m.u. also agrees well with the proposed stiructure. The u.v.
spectrun of the ene addition product, A . (log,, & ) 232 (3.88)
and 277 nm (3.06) was almost identical with that of 2-isopropenyl
pyridine (\ __ 209, 248 and 277 nm)., Absorptions in the infrared

at 3400 cm~! (N-H), and 1720 cm

(-N=-c-o0 CZHS) also confirmed
the proposed structure. :

The ene addition product may be formed by either a con-
certed or stepwise mechanism; no work was done to determine which
of these paths was followed. Ene addition therefore takes preference
over cycloaddition during the reaction between diethyl azodicarboxylate
(97) and 2-isopropenyl pyridine (261). Some instances are known vhen

ene addition and cycloaddition compete,®77%8

but no cycloaddition -
products were obtained from the reaction, indeed no other products
were isolated. The ene addition product was eluted slowly from the

column even when the polarity of the eluting solvent was increased'to
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1H N.m.r, spectrum of diethyl 2-(2'~pyridyl)-prop-2-ene

Fig. 1

hydrazodicarboxylate (267)
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100% benzene,

Since no solvent effects were observed and no free radicals
detected it is thought that the initial cycloadduct formation is a
concerted process. Concerted cycloaddition involving (8 + 2)
electrons is thermally allowed for suprafacial, suprafacial, (s,s),
antarafacial, antarafacial (a,a) overlap of the polyene (vinyl
pyridine) and the diene (azodicarboxylate diester). Antarafacial,
antarafacial approach of the two substrates is stereochemically
unlikely.

The highest occupied molecular orbital (HOMO) of 2-§iny1
pyridine (90) is equal to that of styrene (94), except that the
electron distribution at each particular atom (the ¢ coefficients)
will be slightly different because of the electronic effect of the

nitrogen., The HOMO and c-values of styrene (94) are shown below.

. N 5
oy 47+ 9%
~0334
— - 0308
+ + 0130
+
0-390

The HOMO, \P 4+ ©f 2-vinyl pyridine (90) and lowest vacant

molecular orbital (LUMO) of the azo ester is shown below.
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+ £
+F -
+N\
- \N
- / N- “'/
+ | + & Li.M.O
HO.M.0. +

One can see that the symmetry of the LUMO of the azo
ester is such that it may overlap with the HOMO of 2~-vinyl
pyridine (90), either at fhe nitrogen atom or at the C-3 position,
the reaction is therefore favoured thermally as a concerted process,
and is said to be symmetry allowed. 1In practice both types of
cycloadduct are formed,

Isomers of vinyl pyridine may also be treated in the same

way. The HOMO of 3-vinyl pyridine is shown below,

+ o N +
+
Thermal cycloaddition at the positions a and b ought to be
favourable as a concerted process, and was found to occur in practice
(see p.173). Similarly 4-vinyl pyridine should undergo thermal
cycloaddition reactions with azodicarboxylates to give the pyrido-
[3,4-é]pyridazine system (see p.162),
The concerted cycloaddition process to give the inter-

mediate was then followed by aromatisation by a[1,5-H]shift to give
the observed product. According to Woodward and Hoffman rules, a

[1,j-sigmatropic rearrangement involving suprafacial shift of the
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hydrogen is symmetry forbidden; the process is symmetry allowed
for an antarafacial shift of the hydrogen atom, Concerted
antarafacial migration is unlikely to be observed since the

transition state wuld be very strained and difficult to attain,

Suprafacial Shift

Antarafacial Shift

The [1,3-H]shift must €0 via some stepwise mechanism, the
driving force being aromatisation, The process cannot involve
radicals since no difference to the rate of the reaction op yield
of the product was observed by carrying out the reaction in the |
presence or absence of radical inhibitors. G, Ahlgren, B, Akermark
31

and co-workers” proposed a radical ene addition of diethyl azo-
dicarboxylate to the initial cycloadduct formed between the azo

ester and styrene (see Introduction to Part 2 of this thesis, p, 66),
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One may write a stepwise electrophilic substitution
reaction to the 1,2-dialkoxycarbonytetrahydropyrido 3,2-c]

pyridazine (248) or (253), but these mechanisms would be high

= %, = _
\ (_) g
(90) =t — J -
= N‘N’E'
A —

C0,CHs (248)

€O t-bu (253) & E

energy processes and require forcing conditions., The rate of such
reactions would be greatly affected by polarity of solvent,

It is known that 04,0(1-dicarbonyl azo compounds undergo
electrophilic addition with aromatic compoﬁnds to yield the hydrazine-

dicarboxylic acid (269) derivative,%? e.g. with toluene (268),
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CH, Hy

: +

+ pd:::Pd I— ii
~
(268) € | H v N B
- (:,’i3 EL -

(269)

£
El"'Pq“qu”'
H

Depending on the aromatic system, the reaction sometimes
takes place when the reactants were warmed in an inert solvent, but
it generally requires the addition of catalytic quantities of acid.

If this electrophilic addition mechanism were in operation,
isolation of some intermediates ought to have been possible, The
fact that no intermediates were isolated helps to discount this
mechanism,

It is possible to write a stepwise mechanism for the forma-
tion of the pyrido[1,2-c}triazine diester (249) and (254); based on

addition of azodicarboxylates to secondary aliphatic amines (270).
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Electrophilic addition of the pyridine nitrogen to the
azo ester to form the zwitterion (271) which may be stabilized by
electron delocalisation, Ring closure by intramolecular nucleo-

philic attack gives the triazine, (249) or (254).

(249)

E- COCHcy R = Hy é/NW

€ = CO t-bu, R = Hy (254)

If this mechanism were in operation one would expect
electron donating groups, such as a methyl substituent, to stabilize
the zwitterion (271) and hence promote its formation, Polar solvent
should favour the reaction,

Reaction of 2-(1-propen-2—y1)pyridine (260) with diesters
of azodicarboxylate gave no isolable triazine derivatives., In
acetonitrile the reaction gave no triazine,

The concerted mechanism is preferred for the formation of

the triazine compounds (249) and (254).
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(iv) Reaction of 2-vinyl pyridine (90) with 4-phenyl-1,2,4-

triazoline=~3,5=dione (101).

The last variation of the synthesis was in the structure
of the dienophile., The title compound, 4-phenyl~1,2,4-triazoline-
3,5-dione (101), contains a cis-azo-linkage, and has been shown to
be a very potent dienophile, Previous work has shown that it possesses
considerable advantages over diethyl trans-azodicarboxylate (97) in
the rate of addition and hence suppression of unwanted side reactions
of the additive substitution type.33

The enhancement of dienophilic relative to allylic reactivity
was illustrated33 by formation of the Diels~Alder adduct (272) from
cycloheptatriene, rather than the product of additive substitution

(ene reaction) (273) which is formed with diethyl azodicarboxylate (97).

éi = co?czn5

Q
N

(273)

Similarly styrene (94) forms the Diels-Alder bis-adduct (102) with
the triazoline dione (101) whilst the product (96) with the azoester
results from a Diels~Alder reaction followed by additive substitution
(see P.65 ).

It has also been shown that 2~vinylthiophen (142) underwent
reaction with the triazolinedione (101) to give the cycloadduct (274)

without further ene reaction,90
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Ph

|

| Ox N\FO /4 N\N
T\ + 20

SINF NN ec, ST

(142) (101) (274)

The cyclic azo compound (101) reacts rapidly with a number
of dienes at low temperature to give the expected cycloadducts, e.g.
with cycloheptatriene at -50°C to give the adduct. It is reported to
be decomposed by alkali, acid and water;91 though stable in the solid
state to 160°C, it decomposes slowly at 100°C in solution. It is
prepared by oxidation of 4-phenyl-1,2,4~triazolidine-3,5-dione using
t-butyl hypochlorite either in acetone at -50°C or in dioxan at room
tempera.ture.33

Reaction between 2-vinyl pyridine (90) and 1,2,4-triazoline-
dione (101) was carried out in dry acetone at -40°C. Addition of
freshly distilled 2-vinyl pyridine (90) to the intense red solution
of the cis-azo compound (101) produced no immediate colour change, on
warming to room temperature then refluxing for one hour the red colour
disappeared. A complex mixture of products was present (telocs)
Separation of the products by column chromatography gave a fraction
which contained a major product plus a minor component. The 1H NMeTo
spectrum of this fraction seemed to indicate that the major product
formed was the 1,2,3,4-tetrahydropyrido[},2—c]pyridazine-1,2—dicarb0xylic
acid, N-phenyl imide (275). The minor component of the fraction showed

1H n.m.r, spectrum between 8 = 5,1 and

interesting absorption in the
6.7 P.DPeMe, indicative of one proton adjacent to two non-equivalent

protons.' This pattern may indicate that a diadduct having structure (276))
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or (277) is formed. Separation of these two components was achieved
by pelece The major component showed a blue fluorescence on the
silica plate. Its spectral data confirmed its s}:ructure as that of
the mono adduct (275).

The compound (275) was obtained as a white solid, m.pt.
152-153°C, microanalysis gave correct C and H values but the nitrogen
value was consistently high, The mass spectrum showed an M+ at
280 a.m.u,, which agrees well with the proposed structure. The

fragmentation pattern is shown below,

+
W
\
N ~ +
/] N\):((:) /lN.I'
=CeHsCoNO -
SN P Xy

n/e 208 (100%) n/e 133 (42.3%)

'lt

n/e 105 (26.9%)

+ : -

m/e 78 (17.3%)
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Accurate mass measurements on the peaks at m/e 280 and
133 shows their possible formulae to be C1 5H1 2N402 and 071-17N5 as
expected for the proposed structure., The 1H n.m,r, spectrum
(Fig. 18) showed the presence of eight aromatie absorptions. The
furthest downfield is seen as a one proton pair of doublets at

& = 8.65 p.pum., J = 6.5 Hz. This was attributed to H-8, due to
the size of the coupling constant., It was seen further downfield
that H-6 due to the anisotropic effect of the carbonyl group of
the N-phenyl diimide moiety., EH-6 was also seen as a pair of doublets
at é; = 8.5 PePelley J = 4,5 Hz, A complex singlet which integrates
for six protons was between § - Tel and 7.6 p.pem. This was
attributed to the five phenyl group protons and the remaining proton,
H-7 on the pyridine ring. It was possible to make out the gquartet
structure of H-7, J = 8,5 and 4.5.p.p.m. Irradiation at either of
the protons at 8 = 8,65 or 8,3 causes this quartet to collapse to
a doublet, The two two-proton triplets at S = 4.1 and 3.3 p.p.m,
wvere attributed to the two methylene groups at C-3 and C-4, Absorptions
in the infrared at 1765 and 1710 em™) vere similar to reported values
for the adducts of 1,2,4-triazolinedione,

The minor component of the fraction was not isolated from
the p.le.c, plate,

The remainder of the material remained at the top of the
chromatography column, and was not moved even on elution with 100%
etﬁyl acetate,

Attempts to alter the conditions of the reaction to improve
the yield of the cycloadduct (275) failed, Allowing the solution to
warm to room temperature once the 2-vinyl pyridine (90) was added and
then stirring until the red colour disappeared produced a light yellow
precipitate, Chromatography of the filtrate after filtration gave the

cycloadduct (275) in lower yield of 3,3%. Carrying out the reaction



Fig, 18 B N.m.r. spectrum of 1,2,3,A-tetrahydropyridol3,2-c]pyridazine
1,2-dicarboxylic acid, N~phenyl-diimide (275)
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in dioxan at room temperature also gave a precipitate; again ‘

chromatography of the filtrate gave the 1 ¢ 1 adduct in a lower yield
of 4%.

Hydrolysis of the tetrahydropyrido[},2—é]pyridazine-1,2—
dicarboxylic and N-phenyl-imide (275) was not attempted since the
yield of this product was low,.

Presumably the mechanism of the reaction is initial 1,4~
cycloaddition of the cis-azo compound (101) to 2-vinyl pyridine (90)
possibly via a concerted pathway, followed by a stepwise[ﬁ,B-]
hydrogen shift. No work was done to decide the concertedness of the

initial process.

4.0

By, 0
(278)
x\TU '
1 |

Fh

(90) + (101)

I
/
N
~a N -
|

N~ (275)

=

After the completion of this section of work, an abstract
appeared in *Chemical Abstracts' referring to a paper by AN, Kost
et al, which describes92 the preparation of triazoloazacinnblines
such as (276) in 60 - 85% yields, by 1,4-cycloaddition of the cis-azo

compound (101) to 2-vinyl pyridine and its derivatives, followed by
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ene addition of another molecule of the triazolinedione (101) to

the initial cycloadduct to give the 2 : 1 adducts,

The procedure used by the Russians involves adding a slight
excess of the cyclic azocompound (101) in ether to the vinyl pyridine
compound also in ether and the mixture allowed to stand for one hour
at room temperature, The resulting precipitates were removed, then
recrystallised from chloroform and shown to be the diadducts (276) vy
spectroscopic methods,

A second paper93 by Kost et al, describes the conversion of
these diadducts (276) into the 5-azacinnoline derivatives (279) ana

(280) by heating with hydrazine hydrate for seven hours.

R R

3 3 f
F? «
(276) - NoHy /]l\f"f?/} Nj\‘

. ~N
-5, o, R1 N

RN
= H, CH A v(279)

3 (280)

NHINH,
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The mechanism of this transformation is not known.
Hydrazone derivatives were prepared from compounds (280).

' We also obtained precipitates as described above but
analysis using 1H n.m,r. spectroscopy &id not yield any plausible
structures. ‘A minor component was obtained as described (which
decomposed on chromatography) which may have been the diadduct (276),
but no comparison could be made, These workers did not isolate any
monoadducts (275).

Little work has been done on condensed pyridazines con-
taining heteroatoms in both rings.

By extending our synthesis to other vinyl heterocyclic
compounds it is possible to synthesise other relativély inaccessible

condensed pyridazines.

(v) PyridoDs,4-cloyridazines.

There are only three references to the pyrido[},4—é]
pyridazines in the chemical literature at this present time.
In addition to preparing the pyrido[5,2-q]pyridazine system,

25

Atkinson and Biddle were able to prepare pyrido[3,4—c]pyridazine

(282) by an application of the Widman-Stoermer reaction. The
diazotised aminopyridines (281) were left at room temperature for

three days. The products were then isolated in low yield.

R =15, CH39 C6H5 R1 + R1
= H, CH,, CH
R1 3 3 N/ l 2 Nm
SN A O — /

R R
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The methyl group of 4-methyl pyrido [3,4—c] pyridazine
(282) may be condensed with benzaldehyde in the presence of zinc
chloride and the coiresponding styryl derivative was obfained.
Diazotised 3-amino-2-chloropyridine (283) was coupled to methyl
methylacetoacetate and the hydrazoﬁe obtained (284) was cyclised in

polyphosphoric acid to the pyrido [3 ,4-c] pyridazine (285), 74

l “Cl H
N, D N
N~ 2 Z2
QRN
CH A>cy
3 HSCZOZC 3
PPRA.
Cl }11
N~ /N\N
—_— N ] J (284)
CHy ~ CH,

Kametani et a.]..9‘5 isolated the pyrido[j,zi—cg pyridazine
after treatwent of 3-carboxypyridone (286) with diazoethane in 7.9%
yield. They postulate the formation of this 7-azacinnoline (287)
via the intermediate (290). Two other products, the pyrazolo[5,4-c]

pyridine (288) and the pyridone (289) were also isolated.
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CH
COyH : \
Xr
(I CHCHN, [ ) CMs +
N” 0 NS0 (288) (26.9%)
(206) | |
CHs CHj
OCH 2Hs 3
(287) (7. 9%)
- CH, .
CH3 CH CHB C""3(27.4%)
(290)

The parent 7-azacinnoline (295) has not been isolated.
Using our procedure, starting from 4-vinyl pyridine (291) it was
poséible to obtain the parent pyrido [3,4—élpyridazine (295) in 8,0%
overall yield from the vinyl heterocyclic compound (291),

Boiling a solution of 4~vinyl pyridine (291) and diethyl
azodicarboxylate (97) in acetonitrile (14 hours) gave an.oil which
was shown by t.l.c. to contain a number of components.,

A g.l.c. trace (Fig. 19) of the reaction products showed one

major and a minor component present.
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The products were separated by column then preparative

—

layer chromatography. After initial elution of unreacted 4-vinyl
pyridine (291) from the column an oil was collected which was showed
by t.l.ce. to contain one major and two minor components,

Separation of these components by p.l.c, gave the major
component as a yellow oil (13.2%). Microanalysis after bulb tube
distillation gave its empirical formula as C13H17N504. mn MY of
279 a.m.u. confirmed that this product has been formed by combination
of one molecule of 4-vinyl pyridine (291) with one molecule of dieth&l
azodicarboxylate (97).

The coupling pattern between the aromaticdprotons in the 1H
n.m.r. spectrum (Fig. 20) leads us to propose the 1y2-diethoxycarbonyl=-
152,3,4-tetrahydropyrido[3,4-c] pyridazine (292) structure for this

compound,
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e
6 : (97) 5 i (292)
8 = 00202H5

The proton H-8 was seen furthest downfield as a singlet at

& = 9.0 pepem., H=6 and H-5 as one proton doublet (J = 5 Hz) at

8 = 8,3 and T.15 p.p.m. respectively, A five proton complex
signal was seen between § = 349 and 4.8 p.p.m., this absorption
was attributed to the two methylene groups of the non-equivalent
ester substituents, which are superimposed on one‘ of the proton
resonances of the methylene groups of C-3 or C-4. This proton forms
part of a strongly coupled ABCD pattern, the other portion of this
pattern was seen as a strongly coupled three proton signé.l |
resonating between 8 = 2,5 and 3.7 p.p.m. The remaining signal,
integrating for six protons was seen between § = 1.1 and 1.5\ PePeley
attributed to the two methyl signals of the non-equivalent ester
groups. The ester absorption in the infrared was seen at 1720 cu=t,

The other components of the mixture were not identified.
The remainder of the products were also not identified.

Hydrolysis of the ethyl ester adduct (292) was not attempted, |
instead the di-tert-butyl cycloadduct (293) was prepared by boiling
a solution of 4-vinyl pyridine (291) and di-tert-butyl azodi- |
carboxylate (252) in benzene for eleven days, The di-terf-bﬁto:qr
carbonyl tetrahydropyrido[3,4-c] pyridazine (293) was obtained in
15.9% yield after column and preparative layer chromatography. Again
attempts to isolate any pure products from the remainder of the

material on the column failed.



Fig. 20 1H N,m,r, spectrum of 1,2—diethogycarbonxl—1,2,§,4-

tetrahydro ido -C idazine (292
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€

I
N/ N\/E’
S I £ - CO,t=bu
(293)

This structure was based on spectroscopic evidence similar
to that described for the ethyl adduct (292).

Cleavage of this 7-azacinnoline diadduct (293) with TFA
proved very easy. The 1,2,3,4—tetrahydropyrido[3,4—c]pyridazine
(294) was obtained in virtually quantitative vield,

H

(294)  (96%)

T
AN
(293) TFA. ]

The structure for this 'hydrazo compound' (294) was
proposed on the basis of mass and 1H NeMeXr, spectra. The mass
spectrum showed an M at 135 a.m.u., the proposed breakdown rattern
is shown below, it parallels that observed for the parent pyrido

E5,2-é}pyridazine (87) and the tetrahydropyrido[},2—c]pyridazine

(255).
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H
l +

X —_— . m/e 133 (100%)

m/e 135 (100%) -N,

r

m/e 105 (87.5%)

1t N~
‘ -HCN
n/e 78 (29.1%)06 Hg *— N I

n/e 50 (41.6%)

The 'H nom.r. spectrum (Fig, 21) shows a two proton
signal centred at 5 = 7¢9 pPepem., attributed to H-8 and H-6, The
one proton doublet at é - 6.9 pepem. (J = 5 Hz) was assignéd to H-5,
The signal at S - 5¢65 DPePelle Was exchangeable with DZOI and is due
to the two N-H protons. The two methylene groups at C=3 and C-4
are seen as distorted triplets at & = 5¢1 and 2,75 pep.m. from ™S,
Conversion of the 'hydrazo compound! (294) to the fully
aromatic pyrido[5,4-c] pyridazine (295) was carried out, first by
oxidation of the NH-NH functional group using mercuric oxide (red)
then bubbling oxygen through a chloroform solut’ion of the o0il obtained
(66 hours). The parent pyrido[3,4-c} pyridazine (295) was obtained as

ellow needles, m.pt, 13800, empirical formula C.H_N,, The 1H NeMeT,
¥y 53
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Fig. 21 VH Nom.r. spectrum of 14243,4=tetrahydropyrido]3,4-cl -

pyridazine (294)
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spectrum (Fig. 22) left no doubt that this product was pyrido[3,4-c]

pyridazine (295). The one proton singlet peak at 8 = 9,85 p.p.m,

8 1
| HgO 7N/| E:

(294) —= 5 3 (295) (52.6%)
it 02(66"\:-_5) 5 4 '

was attributed to H-8, The doublet at & = 9.35 was assigned to
H-3 (J = 5.8 Hz), that at § = 847 PePeley also a doublet (J = 6 Hz)
was assigned to H-6, Two one proton doublets at £ - 7.8 ‘
(J = 5.8 Hz) and 7.6 p.peme (J = 6 Hz) were attributed to H-3 and
H~5 res-pectively. Proof of this assignment was obtained by irradiation
at 8 = 9.35 (at H=3), the signal at & = 7.8 (H~4) was observed to
collapse to a singlet wvhilst H-5 remained as a doublet, but as
expected of lower intensity.

The u.v. data wass: A nax (Et0oE 95%) 209 (logE = 4.46) and
284 nm (log & = 3.58). There was little change in the u.v. spectrum
on addition of dilute HCl (2N) whilst on addition of dilute sodium
hydroxide (2N) the extinction coefficient was greatly increased, with
a corresponding hypsochromic shift of the absorption at 209 nm to
204 nnm, , .

The mass speétrum contained an M' at 131 asmsu. The break-
down pattern parallels that of the ‘pyrido[ 3,2-c]pyridazine (87);

This is the first report of the preparation oi" ‘the parent

7-azacinnoline (295).
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Fig, 22 1H N.m.r, spectrum of plriggELti-chxridazine (29%)
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(v1) Pyrido {2,3-c] and;[A,S-c] pyridazines,

Only one report96 appeared in the literature concerning
the synthesis of the pyrido[Z,B-c}pyridazine system,

The bicyclic products were formed by condensing 3-amino-
pyridazine 1-oxide (296) with P —dicarbonyl compounds or with
ethoxymethylene malonate in hot diphenyl ether or, preferentially,
in the presence of polyphosphoric acid. Thus with ethyl aceto=-
acetate a product was formed to which the structure of S5-methyl

pyrido[2,3-c] pyridazin-T(6H)-one 2-oxide (297) was assigned.

0~

rb 0,

(ZfijCljfizﬁ: s

The parent compound pyridol2, B-é]p a21ne 2-oxide (298)
was prepared in low yield by employing 141y 3~triethoxyprop-2-ene,
Attempts to deoxygenate this 8-azacinnoline (298) using phosphorous

trichloride failed.

0

N
+

N I =

(298)

(206) (EY0),CHCH=CHOE*}

The pyrido[A.E-é]pyridazine system also has received

scant attention; the only references to the system are described

below,

A synthesis of the 6-azacinnoline system was reported by

97

Prasad and Wermuth in 1967. They report that the condensation
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product from N-methylpiperidone (299) and pyruvic acid was transe
formed into the pseudoester (300) with methanolic hydrogen chloride.
The pseudoester (300) was then treated with hydrazine in butan-1-ol

to give the 6-azacinnoline derivative (301) in 40% yield.

OCHj
(299) HCl 0
—— —_—
CH/N ) /C:?’CH3OH / t0)
| 3 COZH CH3 CH3

wH

(301)

CHy

Recently abstracts have appeared of Swiss and German

patents,98 which describe the preparation of various derivatives
of the pyrido(d,i-é]pyridazine systems, and their testing as chemo-
therapeutic agents by the general method shown,

The piperidine derivative (302) was converted to its
pyrrolidine enamine and then treated with ethyl 2-bromo propionate
to give the piperidine, which was then cyclised with hydrazine to

give octahydropyrido(4,3-c} pyridazinone (303).

Hy
R=H ' o0 0
R = CH;CHCO 02H |
SCOZC'ZHS 2L2Hg

(302) (303)



173.

Dehydration then chlorination gave the pyridazine (304), which
may then be treated with hydrazine to give the hydrazino

derivative (305).

=]
L}
Q
-
-
~~
N
(o)
o
~—

[}
M.
—
N
o
un
~

The two title pyrido pyridazine isomers may be synthesised
from 3-vinyl pyridine or 2-methyl-5-vinyl pyridine (306) which was
more readily available, Cyclisation was found to occur via route A
and by route B to give the pyrid0[4,3-c] and [2,3-c] pyridazine
system respectively, /6

=N_
£ A .
= X
X\ l B/é/
CH3 N “$/
(306) /
7,

CyYr - -
When boiling‘molar quantities of 2-methyl-S5-vinyl

pyridine (306) and diethyl azodicarboxylate (97) in acetonitrile
the reaction was complete after five hours, The resultant oil was
shown by t.l.c. to contain many components. The products were
separated by column then preparative layer chromatography,

After initial elution of unreacted 2-methyl~5-vinyl
pyridine (306) from the column, an oil was collected which t.1.c.
showed to contain three blue fluorescent components, Separation

of these fluorescent components was achieved by pelece.
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The band with the lowest R, (0.33) was obtained (5.3%) as
a solid which crystallised from cyclohexane, m,pt, 103,5 = 105°C.
It had an M’ of 295 a.meusy and microanalysis confirmed its
empirical formula to be C1 4H1 9N30 40

The 'H n.m.r. spectrum (Fig, 23) showed this product to be
the 1,2-diethoxycarbonyl-T-methyl-1,2,3,4-tetrahydropyrido[4, 3-c]

pyridazine (307).

The one proton singlet signals at & = 8.1 and 746 DPepem,
were attributed to H-5 and H-8 respectively. The complex signal |
between 5 = 4.8 and 3.8 p.p.m. was assigned to the two meth&lene
groups of the non-equivalent ester substituents which are superimposed
over the absorption of one of the protons of the methylene groups at
C~3 or C~4. The other three protons of these two methylene groups
were seen as a complex multiplet between S = 3.8 and 2.6, the methyl
group was seen as a three proton singlet at S = 2+5 pep.m., and the
remaining six proton multiplet between 5 = 1.1 and 1.5 was attributed
to the two ester methyl groups. The infrared showed the ester absorption
at 1720 cm.1.

The fluorescent band of intermediate R. value (0,42) was
obtained as an oil (3.7%), spectroscopic data showed that it was the
isomeric pyrido[2,3-c]pyridazine (308).

The 1H n.m.r, spectrum showed the presence of two one proton

doublets (J =7 = 8 Hz) at & = 7.35 and 6.9 p.p.m. attributed to H-5

and H-6 respectively., The remainder of the spectroscopic data is given
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H N.m.,r, spectrum of 1,2—diethoxycarbonvl-?—methyl—1.2.3,4—

tetrahydrovyrido[4,3-c]pyridazine (307)

Fig, 2 !
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in the Experimental Section,

I
7 /Jgj N’\
\ £= 00,

6
(308) g 4

The remaining fluorescent band, Rf = 0.52, was also obtained
as an oil. A mass spectrum gave an M at 291 a.m.u., indicating that
some dehydrogenation had taken place, Microanalysis, after buldb
distillation of the o0il, gave correct carbon and hydrogen values but
a low nitrogen value for an empirical formula of C1 4H17N30 4° A 1H n.m,r,
spectrum indicated that the structure of the product was best represented

as dihydropyrido[2,B—c]pyridazine (3‘09)7 Since one can see three one

E = C0,C A,

proton doublets in the aromatic region of the spectrum and a one
protoﬁ doublet (J = 6 = 7 Hz) at $ = 5495 Pepem., assigned to the
olefinic proton H-4, Irradiation at 5 = Tel DPepems causes this
doublet to collapse to a singlet, The two ester methylene groups
were seen between ) = 4.5 and 3.9 p.p.m., the three rroton methyl
singlet resonates at d = 2455 DPepPoll., and the two remaining methyl
groups of the non-equivalent ester substituents occur between 8 =

1.0 and 1.6 p.p.m. The remainder of the products proved unidentifiable,
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Hydrolysis of these ethyl esters (307 - 9) was not carried
out; instead the corresponding t-butyl esters were prepared by
boiling the 2-methyl-5~vinyl compound (306) with di-tert-butyl
azodicarboxylate (252) in benzene., The reaction took six days to go
to completion, Separation of the products by the usual chromatographic
prc;cedures gave the di-tert-butyl pyridof?,}-c] (310) and [4,3-(:]

pyridazines (311) in 3.7% and 5.5% yields respectively.

&
1 e
CHAN AN~ NN CHNYA AN~
3 ] BN\ ] £ = 00 t-bu
~ .
(310) (311)

Also isolated was an oil (1.7%) whose 1H n.m.r. spectrunm
indicated that the product was either the diazetidine derivative (312)
formed by[2 + 2]cycloaddition or the oxadiazine compounds (313) and

(314) formed as a result of the azodiester acting as a hetero diene.

3 6\2__1N/£
S /“k-’ N J”_; H £, = Cot-bu
A ;13
o CHPNS B
H 1 1
y ] S O{.'?/Ot’bu H ) Oﬁ/o.t_bu.
5] |
CH N N 3 ' /l N3
3 H ¥ cH SN H L
(513) & 3 s12) E
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All three structures would contain in the 1H n.m,r, spectrum
(Fig. 24)three downfield aromatic protons. A broad doublet (J =
2 Hz) at 8 = 8.4 p.p.m., a doublet of doublets (J = 7 - 8, 2 Hz)
at S = T.5 p.Psm. and a doublet at 8 = To1 P.p.m. attributed to
the pyridine protons H-51, H-31 and H—21 respectively, The presence
of the CH-CHz- grouping was suggested by the pattern of absofptions
ceen at O = 5.2 (doublet of doublets, H=3, J = 9, 3 sz). 4.2
(doublet of doublets, H-4, J = 14, 3 Hz) and 3.25 p.p.m. (quartet,
H-4, J = 14, 9 Hz)., The pyridine methyl group was seen as a three
proton singlet at S = 2,55 pep.m. and the two non-equivalent tert-
butyl groups resonated as two nine proton singlets at ér = 1.5 and
1455 PePellle |

The mass spectrum showed the highest peak at 293 a,m.u.
(M* -56), peaks at 149 (M" - 2 x CO, + CH, = c(CHy),)s 131, 119 and
105 a.m.u. were also observed,

Microanalysis after bulb distillation gave correct carbon
and hydrogen values but incorrect nitrogen values for an empirical
formula of 018327N504. Exact mass measurements on peaks at 293 and
237 failed.

The favoured structure is that of the dihydro-oxadiazine

isomer (313) for the following reasons:

1. The oxadiazine structure is characterised by an absorption

1

in the infrared between 1660 and 1680 cm . The infrared speétrum

of the product (313) showed a broad carbonyl absorption at 1720 cm.-1
which contained a shoulder at 1660 cm'1, assigned to the JC=N- stretch,
No absorptions around 1660 cm-1 have been observed for the initial

adducts formed between the vinyl pyridine compound and azodicarboxylate
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diesters. A peak at 1610 cm"1 was also observed, due to )C=C(

stretch in the pyridine moiety.

2. The chemical shifts obtained for the CH—CH2 unit agreed
with those obtained by Firl and Somme:t:66 (see p.102),

The geminal coupling constant found by the above workers
for the oxadiazine compound was 13,5 Hz., We observe a geminal
coupling constant of 14 Hz., Other coupling constants were in good
agreement,

The geminal coupling constant observed for the diazetidine
66,617

structure by previous workers was always 9 to 9.5 Hz,

3, A completely decoupled and gated decoupled 15 C spectra

(Fig. 25) showed the carbonyl absorption and the C~2 imine-type carbon
atom at & = 152.3 and 147.1 p.p.m. from T.M.S. (The carbonyl group
absorption of the carbamate linkages resonate at S = 1578 pepols

for methyl ethylcarbamate and 5 = 154.0 for isopropyl phenylcarbamate) .99
For the oxadiazine structure (313) and (314) one would expect two types
of 'carbonyl absorption', No simple models could be found in the
literature for comparison with this 130 data, It was found, however,

that the two carbonyl absorptions in the adducts below were different.
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Fig, 25 3¢ N,m,r, srectrum of 2,3=dihydro=6—(2'=methyl=5'=pyridyl)=2-
tert-butoxy-4-tert-butoxycarbonyl-oxa=3,4-diazine (313)
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Adduct 8 p.p.m. from T.M.S.
1,2-di-tert-butoxycarbonyl=1,2,3,4~ 153 .8
tetrahydropyrido[3,4-cl pyridazine (293) 1523
142=-diethoxycarbonyl-1,2,3,4~tetrahydro- 155,2
pyrido[3,4-c] pyridazine (292) 153.7

1,2-di-tert-butoxycarbonyl-1,2,3,4-tetra- 153.7

hydropyrido[3,2~c] pyridazine (253) 146.2
diethyl N-[é-(2-pyridy1)prop-1-en-3yi]- 156.4
nydrazo~-N,N'-dicarboxylate (267) 156,0

The other 130 data of the oxadiazine was in good agreement

with the proposed structure (313).

4. Von Gustorf and co-workers report67 that oxadiazine form=-
ation occurred only between an ‘electron rich' double bond and an
telectron poor' diene., No products with the oxadiazine structure
were isolated from the reaction of 2- and 4-vinyl pyridine (90) and
(291) (which contain an electron deficient double bond) and azo-
dicarboxylate diesters,

The oxadiazine (313) may be formed via a concerted or
stepwise mechanism, from our results it was not possible to
differentiate between these two processes,

Removal of the t-butyl ester groups from the adducts (310)

and (311) should lead to the little studied parent systems,
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Removal of the t-butyl groups from the pyrido[?,}-c]pyridazine
adduct (310) was not carried out due to the small amount of material
obtained. |

Removal of the t-butyl groups from the pyrido [4,3-c]
pyridazine (311) and subsequent oxidation posed some interesting
problems,

Addition of T.F.A. to the di-tert-butyl pyrido[4,3-c]
pyridazine adduct (511), followed by warming at 50°C for  hr, gave
the expected 1,2,3,4-tetrahydropyrido{4,3-c)pyridazine (315) in

virtually quantitative yield.

T, H
~h3 Ni ] W - N/
(311)
£ = co,t-bu (315)

The mass spectrum showed an M at 149 a.m,u, with a base
peak at 145 (m* - 4m), corresponding to the parent pyrido [4,3-c]
pyridazine, the breakdown pattern then closely follows other aza-
cinnolines. The 1H n.m,r. spectrum showed two downfield one proton
singlets at O = 7.85 and 6,25 p.pem. A broad singlet at © = 5.9 p.p.m.
vhich was exchangeable with D20 was assigned to the two N-H protons.
The C-3 and C-4 methylene groups were seen as distorted triplets at
§ = 3.1 and 2,65 p.p.ms The methyl group attached to C-7 was seen
as a three proton singlet at S = 243 DeDels

Treatment of this hydrazo compound (515) with mercuric oxide
(red) gave, after work up, an oil which gave an M* at 147 a.meu. (88%)

and a base peak at 146 a.m.u.
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The 1H and 13C n.m.r. Spectrum showed the compound to be

the (1H)~1,4-dihydro~T-methylpyridol4,3-c] pyridazine (316).

3
CH 7/ '\}\2

)
NS 3

6
(316) 5 4

The 'H nemer. spectrum (Fig. 26) showed a broad singlét
(exchangeable with 1)20) at & = 8+4 pepem., and two one proton
singlets at 8- 8.0 and 6.4 p.p.m. assigned to H-5 and H-8 respect-
ively. Between these two signals was observed a one proton triplet
at 6.8 pepemsy J = 3 Hz, attributed to H-3. The C~4 methylene group
vas observed at & = 3.3 p.p.m. as a doublet (J = 3 Hz). Thus the
methylene group must consist of two protons which lie on eithgr side
of the double bond, this stereochemistry gives a geminal coupling
constant of zero., The C=~7 methyl group was observed as a three proton
singlet at 5 = 244 pe.P.m,

The 130 n.m.r. spectrum confirmed the postulated structure
(316), the completely decoupled and off-reéonance spectra are shown
(Fig. 27) and respectively,

The most important features of the spectra are the carbon
resonance at 105.3 p.p.m. which was assigned to C~3., It was seen as
a doublet in the off-resonance spectrum indicating that one proton is
attached to C=3, The C=4 carbon atom resonates at 8 = 29,7 p'.p.m.
and was observed as a triplet in the off-resonance spectrum indicating
a methylene group present, The other parameters of the 150 D.Mm,Te
spectrum are in good agreement with the proposed structure (316),

The N-H absorption was confirmed by the single peak in the infrared
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Firs 26 'H Num.r. spectrum of (1H)=1,4-dihvdro-7—methyl-pyrido=
[4,3-clpyridazine (316)
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Fig, 27
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dwo Nom.r, spectra of (1H)=1,4-dihydro=T-methyl-pyrido-

hm.ulouuwdwmmuwsm (316)
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Off resonance spectrum
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at 3410 cm.1, which also contained a broad peak at 1660 cm"1
which may be assigned to 2C=N- stretch,

Attempts to purify this product (316) by recrystallisation
from carbon tetrachloride, caused a rearrangement to take place to
another unidentified product, whose 1H n.m.r, contained a pair of
doublets at § = 82 p.p.m, and other aromatic type absorptions
around & = 7.2 p.p.m,

Crystallisation of compound (516) could be induced by
leaving the oil in the fridge overnight, the solid obtained, m,pt.
151 - 153°c (decomp.), gave incorrect microanalysis figures for an
empirical formula of CSH9N5. A sample submitted for exact mass
showed a molecular formla of CeH9N3 for the peak at 147 a.m.u,

Reaction of 2-methyl=5=vinyl pyridine (306) with diethyl
and di-tert-butylazodicarboxylate (97) and (252) gave the pyrido
[2 ,3-c] and [4,3~c) pyridazines albeit in poor yields, Attempts to
prepare the parent aromatic pyrido[4,3-c]pyridazine failed; a

partially reduced system (316) was obtained,

(viI) Thieno[3,2-c]pyridazine.

The cycloaddition of vinyl pyridines, to diesters of azo=
dicarboxylic acid, is an example of interaction between an electron
deficient 'diene' and an electron deficient dienophile,

The 'Alder Rule' states that an electron deficient dienophile
would prefer to react with an electron rich diene; the reverse is also
true.1oo

One would expect therefore that addition of azodicarboxylate
diesters to vinyl thiophen (142) or vinyl furan (170) would be a more

favourable process, the reaction rate being increased, and also the

yields of the products may be greater,
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There is only one reference at the present time to the
thienol3,2-c] pyridazine system (320). Poole and Rose \° describe a
synthesis leading to some reduced analogues and to the parent
compound, in poor overall yield. The tetrahydrothiophen derivative
(317) was cyclised with hydrazine to the thieno[3,2-c]pyridazinone
(318) (R =H or COZMe). The ester (R = COZMe) was then dehydrogenated
and decarboxylated to thieno[},2-c]pyridazin-6(5H)-one (319) which
after treatment with phosphonyl chloride and dehalogenation afforded

the parent thieno[3,2-c)pyridazine (320).

Reactions of 2-vinyl thiophen (142) as a diene are well known
and are documented in the Introduction to Part 2 of this thesis,

We first considered the reaction of 2-(2'~thieno)-propene
(321) vwith diesters of azodicarboxylic acid. The vinyl heterocycle was
easily prepared by addition of acetone to the Grignard reagent of

102, 10
2-iodothiophen, % 105

followed by distillation of the tertiary alcohol
go formed from oxalic acid, to give the isopropenylthiophen (321) in

good yield.
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Reaction of 2-(2'-thieno)-propene (321) with diethyl
azodicarboxylate (97) in boiling acetonitrile was as expected, much
faster than with the pyridine series. G.l.c. (3% OV101, oven
temperature = 120°C) showed that after one hour there was no dieno-
phile present in the reaction. Similarly reaction between di-tert-
butyl azodicarboxylate (252) and 2-(2'-thieno)-propene (321) in
boiling benzene was completed after fourteen hours (cf eight days
with 2-vinyl pyridine). A g.l.c. trace (Fig., 28) showed that there

were at least three major components formed.

Fig, 28
o OV 101
Oven temp = 192°C B
Nitrogen flowrate = 60 A
ml/min "
C 2
[o)
(e
15}
&
————

&—— Time

T.l.c. showed three major fluorescent spots. The components
of the oil were separated by p.l.c. which gave three fluorescent bands
plus some minor bands close to the base line,

The fastest running fluorescent band was extracted and its
spectra were consistent with siructure (322), 1,2-di-tert-butoxy-

carbonyl-4-methyl-1,2-dihydro-thieno[3,2-c] pyridazine,
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6 = CO,t-bu

Microanalysis after bulb distillation gave the empirical
formula as C17H24N204S. The mass spectrum showed the highest peak
to be at 152 a.mu. M -[(2x om, = c(cm,), + 21 c0,)] , the
fragmentation pattern also agrees well with the proposed structure
(322). The 1H n.m.r, spectrum (Fig. 29) shows a two proton singlet
at § = 7.1 p.p.m., attributed to the two thiophen protons H-6 and
H-7, which have the same chemical shift and therefore do not couple.
The broad singlet at S = 6.6 was attributed to the ring olefinic
proton H-3, the broadening was probably caused by allylic coupling
to the C-4 methyl group, which was seen as a three proton singlet at

6 = 2.0 p.pem. The two t-butyl groups were seen to resonate at
5 = 1.5 p.p.m. as an eighteen proton singlet,

This dihydrothieno(3,2-c)pyridazine compound (322) was
formed by cycloaddition of one molecule of 2-(2'-thieno)-prop-2-ene
and one molecule of the di-tert-butyl azoester (252) followed by
dehydrogenation by some mechanism. One possible mechanism which could
account for the dehydrogenation was ene addition of a second molecule
of the di-tert-butyl azoester to the initially formed cycloadduct
(323), followed by elimination of di-tert-butyl hydrazodicarboxylate,
to give the observed product. Diethyl azodicarboxylate (97) is known
to possess general hydrogen-abstracting properties, e.g. it oxidises

primary and secondary alcohols and hydrazobenzene to aldehydes,
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Fig, 2 g N.m,r, spectrum of 3,4-dihydro=1,2-di-tert-butoxycarbonyl-4-
methylthienol3, 2-clpyridazine (322)
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ketones and azobenzene respectively.69’89
The middle fluorescent band was also obtained as an oil
(23.5%), microanalysis gave its empirical formula as C17HQ6N2048°
The mass spectrum contained the highest peak at 154 a.m.u.
M- (2 x CH, = C(CHB)2 +2x 002), the fragmentation pattern was
different from that of the previously described adduct., The 1H N.,T,
spectrum (Fig. 30) contains three downfield thiophen protons between
$ = 7.5 and 6.8 p.p.m. and also a broad one proton signal at § =

6.65 p.p.m. which was exchangeable with D,0. The best structure which

agrees with the spectroscopic data was that of the di-tert-butyl 2-(2'

thieno)-prop-2-ene-hydrazodicarboxylate (324)., The two terminal

8 = CO g-bu

olefinic protons were seen as two singlets at 5 = 5.45 and 5,05 peDelle,
the allylic methylene group resonated at S = 4.40 as a singlet and the

remaining t-butyl groups were observed as nine proton singiets at
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H N,m.r, spectrum of di-tert—butyl 1=(2-(2'-thieno)-prop-
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Fig, 20
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5.= 1.50 and 1.45 p.p.m. respectively,
The product (324) was most probably formed by ene addition
of di-tert-butyl azodicarboxylate to the allylic double bond, The
reaction may be concerted or stepwise, no work was doné to determine

the mechanism of the reaction,

N=N
= CO,t-bu / \ g\ \6 —  (3224)

S
(321) (;;;;)‘Pi

Other examples are known87’88

where cycloaddition competes.
with ene addition.

The two characterised products (322) and (324) correspond to
the two peaks A and B seen in the g.l.c. trace of the crude reaction
products.

The third fluorescent band (26,0%) which gave the broad peak
C plus other minor unidentified products in the g.l.c. trace, contained
many components. Repeated chromatography did not yield any purer
products and no plausible structures could be proposed from the
physical data.

Cleavage of the t-butyl groups of the dihydro cycloadduct
was not attempted because of the poor yield of the product,

Attempts to prepare the thieno[s,z-c]pyridazine system from
2-(2'=thieno)propene (321) were less successful than was hoped, due
to the ene activity of the vinyl heterocycle employed,

A good method of preparation of 2-vinyl thiophen (142) is

reported in “Organic Synthesis".104
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[} + cryoro HEL, @-?H—cm +Hy0

Ct
- ~
/ \ + @ (1) quaternise + O
Zf;;;)x"%:fi"(:l'ta ‘\Pq -—-—-—-!b‘ /’S;\\ y N

(ii) heat PJ l -
cl (142) A* Cl
Reaction of 2-vinyl thiophen (142) and diethyl azo-

dicarboxylate (97) was completed after half an hour in boiling

acetonitrile.

A g.lec. trace (Fig. 31) of the crude reaction products
showed at least five components present, one major.
Fir, 31
5% OV 101
o
Oven temp = 258 C

Kitrogen flowrate =
60 ml/min

Response

J

L Time

Separation of the products by p.l.c. gave the major com=~
ponent in 36,0% yield. From the 13 n.m.rs it could be seen that more

than one component was present., The mass spectrum contained M* values

at 282 and 284 a.m.u., which could be attributed to the mixture

containing the two cycloaddition products (325) and (326).
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€ =co otbu

A g.l.c. trace of this major component showed it to contain
almost as many products as was seen in the g.l.c, trace of the crude
reaction products. Carrying out the reaction:

1. In the presence of a small amount of quinol,

2. Under nitrogen, or

5+ In a lower boiling solvent,

did not alter the ratio of products formed in the reaction, to any
great extent,

It was decided to react 2-vinyl thiophen (142) with di-tert-
butyl azodicarboxylate (252) and remove the ester groups ffom the
major product using T.F.A., to see if any of the fully aromatic
thieno[3,2-c] pyridazine (320) could be obtained,

Reaction of 2-vinyl thiophen (142) with di-tert-butyl azo-
dicarboxylate (252) in boiling benzene was completed in seven hours,
Column chromatography gave a major fraction in 35.9% yield, that
contained more than one product. Treatment of a sample of this oil
(1.04 g) with T.F.A., followed by the usual oxidation procedure
(250 (red), 02) gave an oil which upon T,L.C. was seen to contain a
slov running purple fluorescent spot plus some faster running
components,

The products were separated by pelece, the purple fluorescent

band proved to be the parent thieno[5.2-é]pyridazine (320) (70 mgs) .
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The faster running bands were not identified,

2

I\, + n=n s
— componen
A TN ;
& =coCH., 36.0%
2%t
€ = cot-bu, 35.9%
N
mier TEA 64 T N2 o
—_— S\ 3
1.04 & i HgO 5 Y
70 mg.
= CO_t-bu 0>

The thienol3,2-c]pyridazine (320) was obtained as a
crystalline solid, m.pt. 98.5 - 99°% (1iteratu£g}L.pt. 9745 = 98.500).
Microanalysis confirmed its empirical formula as 06H4N2S. A mass
spectrum contalned an Mt at 136 a.m.u,, the fragmentation pattern is
gimilar to that of the parent pyrido[3,2-c]lpyridazine system (87).

The 'E n.m.r. spectrun (Fig. 32) was similar to that quoted
by F.L. Rose. The two one proton doublets at 8 = 9.0 and 7.95 p.p.m.
(J = 6 Hz) were attributed to the ring pyridazine protons H-3 and H-4
respectively, The two proton singlet at & = 7.25 p.p.m. was assigned
to the two thiophen protons H-6 and H-7, which have the same chemical
shift and therefore do not couple. The u.,v, and i.r. spectra obtained
agreed well with those quoted in the literature.

The multiproduct formation during the reaction of the vinyl
thiophen (142) and the azoester, prevented a good yield of the parent

thieno[3,2-c]pyridazine (320), The formation of many products during
reaction of vinyl heterocycles with dienophiles has been observed by

other workers.
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(VIII) Furo[3,2-clpyridazine.

The 1little studied furo[3,2-c]pyridazine system ought to
be obtainable by reaction of 2-vinyl furan (190) and diesters of
azodicarboxylate, Electronically the reaction should be more
favourable, since an ‘electron rich diene component' interacts with
an electron deficient dienophile,

Furan itself readily participates in Diels~Alder reactions,
HEowever in the case of 2-vinyl furan (190) there are two alternétive
diene systems, namely the cis-orientated diene of the ring system
and a second consisting of the exocyclic double bond and the ad jacent
furan ring “double bond"®.

Previous work has shown that it was always this latter
diene system that participated in cycloaddition reactions with maleic
anhydride’® (see Introduction to Part 2 of this thesis, p.92).
However Elix and Davidson58 have shown that products may be obtained,
formed by participation of both diene systems of 2-vinyl furan (190)
vhen it reacts with dimethyl acetylenedicarboxylate (112),

There are few reports in the literature concerning the furo
[3,2-c) pyridazine system. The first report was contained in a
communication by Hensecke, Muller and Badicke.105‘ They rejecfed the
structural formula for dianhydrohexosazone proposed earlier by
Perciva1106 and suggested either of the fu10(3,2-é]pyridazine structures
(327) or (328).

H | HO T
N
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The hydrazone and hydrazo groups may be hydrolysed by

nitrous acid to give the ketone and enol respectively.

Phenyl hydrazine underwent reaction with the amino

butyrolactone (329) to give the furo[3,2-clpyridazine system (330). 197
Ph
Br___NRR' By .
I-’S\ PANHNH, (= N
050 ~¢=cloHICH; ™~ CH4
(329) CO,C2Hs (330 CO,CoHg

R = CZHS' n-bu, R* H, H

NRR' = piperidino, morpholino

Gilchrist and Fa.ragher108 have shown that the azoalkene
(331) reacts with furan derivative (332) to give the furo[},Z—c]

pyridazine (333) derivatives in good yield.

Ar = CgH; (1\102)2 - 2,4

R R' R'' Yield %
H Ph H 89
H Ph cH 3 87
H CH H 22

3
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Slow distillation of 2-furanacrylic1o9

in the presence of anhydrous copper sulphate11o gave 2-vinyl furan

acid in quinoline

(190) in poor yield,

Reaction of 2-vinyl furan (190) with di-tert-butyl azo-
dicarboxylate took three hours to go to completion in boiling
benzene,

Separation of the products by p.l.c. gave two major
fluorescent bands. The faster running band contained at least six
components, further purification of which by chromatographic methods
was not achieved,

The slower running fluorescent band also contained a
mixture of components, Further separation by p.l.c. gave a mixture of
products. No structural assignment for components of this Qil was
possible, although the size of the t~butyl ester absorption in the
1H n.m.r. indicated that higher adducts may have been formed, The
mass spectrum contained the highest peak at 150 a.m.u.

A slight exothermic reaction occurred on stirring 2=vinyl
furan (190) and diethyl azodicarboxylate (97) at room temperature, the
reaction took one hour to go to completion, The same type of mixture
was obtained as was obtained with di-tert-butyl azodicarboxylate (252),
Carrying out the reaction at OOC gave no isolable products,

Many products were observed by Elix and Davidson58 in the
reaction of 2-vinyl furan (190) and dimethyl acetylenedicarboxylate
(95). (See p.93 ). They proposed that 2-vinyl furans were unstable
and rapidly polymerised even under nitrogen and in the presence of a
polymerisation inhibitor,

We found that 2-vinyl furan (190) was stable at 0°C for fwo
weeks or more, Also the end point of the reaction between 2=-vinyl
furan (190) and diesters of azodicarboxylate was when ge¢lece Or tel.c,

indicated the absence of the azodiesters, which must have undergone



202,

reaction with the vinyl heterocycle., Diesters of azodicarboxylic
acid are known to be stable up to 100°C above which they decompose,
sometimes explosively, presumably into nitrogen, carbon dioxide and

alkyl radicals.89

Using a method based on that of Goldfarb and Kalinovskii;l11
2_(2'-nitroviny1) furan (334) was DPrepared, by a Knoevenagel con-

densation reaction between furfural and nitromethane,

/O\ _ NO2

(334)

Reaction of diethylazodicarboxylate (97) and 2-(2'~nitro=-
vinyl) furan (334) in boiling acetonitrile was completed after 73
days, Chromatographic separation of the products did not yield any
pure isolable compounds,

The reaction of the azoester dienophilés with the telectron
rich dienes' 2-vinyl furan and thiophen, led to mixtures of products,

which were difficult to separate,

(1x) Cleavage of the ethyl ester adducts using trimethyl silyl

iodide.

The parent pyridd3,2-c]pyridazine (87) was synthesised via
the t-butyl adduct (253), by cleavage of the t~-butyl groups using
T.F.A,, followed by oxidation, Preparation of the i-butyl adduct (253)
required the use of di-tert-butyl azodicarboxylate (252), which is
expensive and produced long reaction times,

Attempts to prepare the pyridoc3,2-c]pyridazine (87) vy
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basic hydrolysis of the ethyl ester groups of the adduct (248) gave
a mixture of products, probably due to their instability towards

the basic conditions employed.

I
NP2
N koH mixtuse of

Successful cleavage of the ethyl ester groups would give
a better synthesis,

Michael Jung has reported112 an efficient dealkylation
procedure, which proceeds in virtually quantitative yield under
neutral conditions. I{ involves the treatment of alkyl carboxyliec
esters with trimethylsilyl iodide (335), followed by aqueous
hydrolysis. The authors have also shown that dealkylation of ethers
may be carried out using trimethylsilyl iodide (335).113

In the suggested mechanism for the‘cleavage the ester
reacts with the trimethylsilyl iodide in a fast and reversible step
to produce the silylated ester iodide salt (336) which can then go
on to products (337) and (338) in a slow, irreversible précess by
either an § 2 mechanism (R1 = Me, Et) or an Sy1 mechanism (R1 =

tert~bu, CHZPh).



204,

/Sl(CH3)3
Ki Fast
R-L-0-Rr(CH)SIT == -& I
(335) “ (336) Ky Slow
0Si(CH3)3
H,0 & T+ RI

HOSi(CH3)3"' RCOOH <— R” S0 (338)

R' =

(337)

CH}’ Czﬂs' i-PI‘, i-bu, CH2Ph

The authors do not discount the possibility that the
reactions may be due entirely to small amounts of hydrogen iodide
present in the trimethylsilyl iodide (335), although in the
presence of 10-15 mole % pyridine, ester dealkylation does occur,
at a slow rate,

No report of cleavage of carbamates using trimethylsilyl
jodide (335) is known.

Trimethylsilyl iodide (335) was easily prepared from tri-
nethylsilyl chloride in two steps.' 2

The conditions of the dealkylation were worked out employ-
ing the diethyl ester adduct (248) formed from 2-vinyl pyridine (90),
but subsequent work was carried out on the diethyl ester adduct (292)
prepared from 4-vinyl pyridine (291) and diethyl azodicarboxylate
(97), vhere larger amounts of material were available,

Dealkylation of diethoxycarbonyltetrahydro-pyrido[3,4-c]
pyridazine (292) using trimethylsilyl iodide (335) (ratio 1 : 2 moles)

vas carried out on a small scale in an n.m.r. tube, at 50°c, following
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the decrease of the ethyl ester signal and increase of the ethyl
iodide signal. After 24 hours the ratio of the two signals did not
alter, After work up the major product was shown to be the mono

ester (338).

£ = 00,C Hs

Mass spectrum showed an M* at 207 a.m.u,, the 1H Nn.m,T,
spectrum showed three downfield protons, a singlet at 8 = 8475 peDem.,
a doublet at 8.1 p.pum. (J = 6 Hz) and an equivalent doublet at &

6.95 p.peme A signal which integrates for three protons was seen
betveen E; = 4.0 and 4.5 p.p.m., as a quartet, attributed to the
methylene group of the remaining ethyl ester substituent which is
superimposed on the N-H absorption., The two C-3 and C-4 methylene
groups resonate as distorted triplets at$3.25 and 2.7 p.p.m.
respectively. The remaining methyl absorption of the ester substituent
was also observed as a distorted triplet. Also present were some high
field absorptions, presumably due to hexamethyldisiloxan,

The three aromatic absorptions were all moved upfield in the
mono ester compound (338) compared to the diester adduct (292), (et

8 = 9.0 (18, s), 6.5 (14, d, J = 6 Hz) and 7.15 p.p.n. (18, 4, J =
6 Hz)),uhich showed that the ethyl ester group at N-1 has been cleaved,

The remaining ethjl group was cleaved using the same

procedure (40 hours) to give an oil, 'H n.m,r. indicated that it was due

mainly to the tetrahydropyrido[3,4-c]pyridazine (294), although high
field absorptions were still present,
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H

I
N~ ~H N
N N N
CO . 10
s —_— AN
(294) (295)

Oxidation by the usual procedure (HgO, then 02) gave the
parent pyrido[3,4-dlpyridazine (295), confirmed by u n.m,r., which
also showed the continued presence of the high field absorptions.

The product was separated from this contamination by p.l.c., to give
the pyrido[3,4-c] pyridazine (295)in 30.6% yield from the diethyl
adduct(292).

Attempts to scale up the cleavage reaction using trimethyl=-
511yl iodide (335) (on ¥ 0,5g ethyl adduct) gave the monoester, but
subsequent treatment resulted in unidentifiable products,

On a small scale, cleavage of the ethyl esters of the
adduct (292) was accomplished using trimethylsilyl iodide (335). One
ester group was observed to be preferentially cleaved, probably due
to steric considerations, after work up, the monoester (335) may be
jsolated, The remaining ethyl ester group may be then cleaved. On
gcale up of the reaction, cleavage of the second ethyl ester group

failed; problems may be encountered due to silylation of the free

nitrogen.
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EXPERIMENTAL

A General procedure for reaction of vinyl heterocycles

withs

1. Diethyl azodicarboxylate (97).

Diethyl azodicarboxylate (97) (0.05 mole) and the vinyl
heterocycle (0.05 mole) in acetonitrile (100 mls) were boiled and
the reaction followed by gelec., (3% OV 101 volume oven temp =
120°C, nitrogen flow rate = 60 mls/min). Reaction times are

given below,

Vinyl heterocycle Reaction time (Hours)
2-vinyl pyridine (90) 6%
2-(1-propen-2-yl) pyridine (261) 5
2-(1-propen-1-y1) pyridine (260) 36 *
4-vinyl pyridine (291) 14
2-methyl=S-vinyl-pyridine (308) 5%
2-(1-propen-2-y1) thiophen (321) 1

2-vinyl thiophen (142) 3

2-vinyl furan (190) : 1

*

benzene used as solvent

The vinyl heterocycles were all distilled before use,

2. Di-tert-butyl azodicarboxylate (252).

Di-tert-butyl azodicarboxylate (252) (0,05 mole) and the
vinyl heterocycle (0.05 mole) in benzene (100 mls) were boiled and
the reaction followed by t.l.c. (25% toluene ; 75% ethyl acetate,

the azoester was the fastest moving yellow spot). The reaction
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times are given below,

Vinyl heterocycle Reaction time
2-vinyl pyridine (90) 8 days
2-(1-propen-1-y1) pyridine (260) .15 days
4-vinyl pyridine (291) 11 days
2-methyl-5-vinyl pyridine (308) 6 days
2-(1-propen-2-y1) thiophen (321) 14 hours
2-vinyl thiophen (142) 7 hours
2-vinyl furan (190) | 3 hours

B Isolation of Products from Reaction between:

1. 2-vinyl idine (90) and diethyl azodicarboxylate
in benzene,

The solvent was removed from the products, chloroform was
added and then evaporated onto Alumina (35 g, Grade IV) and the coated
alumina added to the top of an alumina column (-275 gy Grade IV,
length = 17 cm), made up in 40-6000 Petroleum ether. Elﬁtion with 25%
benzene t T5% Petroleum ether gave unreacted 2-vinyl pyridine (90)
(0.61 g, 11.6%). Further elution with 50% benzene : 50% Petroleum
ether gave an oil (1.87 g) which contained at least two major products.
The products were separated by p.l.c. (12 plates, eluent 25% toluene 3
75% ethyl acetate) to give two major fluorescent bands, and one minor
band. The fluorescent band with highest R, when extracted gave a solid,
recrystallised from cyclohexane, m.pt. 93-94°C, identified as 3H-
pyridof1,2-c}1,2,3-triazine diethyl ester (249) (0.27 g, 2.3%).

(Found: C, 56.35; H, 6.3; N, 15.3, 013317:«304 requires C, 56,253
H, 6.05; N, 15.45%)¢ A (EtOH, 95%) 258 (log € 3.49), 260 (log€
5.5) and 267 nm (log € 3.44). ¥ | (CHC1,) 1700, 1661 and 1300 cn™ .
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[(CD013) 1.1-1.6 (6H, m, CH30H20), 3.5 (1H, d of d, J = 13 and

8 Hzy H-3), 4.0-4.6 (SH, m, CH,CH,0 and H-3'), 5.35 (1H, d of 4, J = &
and 3 Hz, B-4), 7.1-7.9 (3H, m, H-5, 6, 7) and 8.5 p.p.n. (18, br

d of 4y J = 4 and 2 Hz, H-8). The fluorescent band with lowest R,

was obtained as an oil, b.pt. 140°%C/5 x 104 mnHg, identified as

1,2—diethoxycarbonvl-1.2,2,4-tetrahxdrogxgido[§,2-c]pxgidazine (248)

(1.55 &, 13.2%). (Found: C, 56.35; H, 6.3; N, 15.3, Cy3H, N30,

requires C, 55.9; H, 6.13 N, 15.05%). A __ (EtoH, 95%) 253
(108 € 3.9) and 269 mn (log € 3.58) V (CHC15) 1710, 1320 en™",

& (coe1;) 1.0-1.5 (68, m, CH3CH,0)s 2.5-5.0 (8H, m, CH;CH,0 and
.CHZ.Cﬂz-), 7.1 (18, g, J = 8 and 4 Hz, H-7), 8.05 (1H, d of 4, J = 8
and 2 Hz, H-8), and 8.25 p.p.m. (1H, d of d, J = 4 and 2 Hz, H-6),
Increasing the polarity of the eluent gave an oil, characterisation
of which was not possible,

Use of Acetonitrile as solvent gave the same experimental
conditions, and a yield of the pyrido£5,2-é]pyridazine diester

adduct (248) of 18.2%. No triazine (249) was isolated,

2, 2-vinyl pyridine (90) and di-tert-butyl azodicarboxylate
(252). |

The solvent was removed from the products, chloroform was
added and then evaporated onto Alumina (40 g, Grade IV), the coated
alumina was then applied to the top of an alumina column (400 g
Grade IV, 22,7 cm) made up in 100% 40-60 Petroleum ether. Elution
with 25% benzene 3 75% Petroleum ether gave unreacted 2-vinyl pyridine
(90) (1.07 g). Further elution with 50% benzene & 50% Petroleum ether
gave an oil (4.98 g), which contained many components, The products
were separated by p.l.c. (22 plates, eluent 25% toluene : 75% ethyl

acetate) to give two fluorescent bands, Extraction of the fluorescent
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band of highest R. gave an oil, b.pt. 185°/1074 Hg, identified as
2H-gxgidol1,2-c]-1,Q.B-triazine di-tert-butyl ester (254) (0.35 g,
2.7%). (Found: cC, 61.21; H, 7.81; N, 1249, Cy7H, N0, requires
C, 60.89; H, 7.465 N, 12.54%)s A (EtOH, 95%) 255 (log € 3.27),
261 (log &€ 3.28) and 267 nm (103‘1053.17). YV s (011013), 1710, 1660,
1305, 1295, 1170 and 1140 ew ', & (CDCl3) 1.45 (94, s, (CH3)3 c-0-),

1.50 (94, s, (035)5 C-0), 3.5 (1H, d of 4, J = 14 and 8 Hz, H-3),

4.35 (18, d of d, J = 14 and 4 Hz, H-3'), 5.3 (1H, d of 4, J = 8 and
4 Hz, B-4), 7.0-T.9 (3H, m, H-5,6,7) and 8.5 p.p.m. (1H, d of d, J = 5
and 1 Hz, H-8). M/e (% base peak), 263 (10.6), 224 (14.9) 223 (66),
222 (10.6), 180 (48.9), 154 (46.8) 131 (10.6), and 56 a.m.u. (100).

The fluorescent band of lowest Rf was also obtained as an o0il, b,pt.

195-200°C/10"* mifig, identified as 1,2-di-tert-butoxyearbonyl-1,2,3 4
tetrahydropyride[3,2-clpyridazine (253) (3.3 g, 19.7%). (Found:

C, 60.78; H, 7.58; N, 12,67. C17525N304 requires C, 60,89; H,

o465 N, 12.54%)e A (EtOH, 95%), 234 (log € 3.89) and 281 nm
(10g & 3.6). ® . (CHCL,), 1710, 1330 and 1156 e, & (cpc1;)

1.4 (98, s (CH)5 C-0), 1.5 (94, s, (CH,), C-0-), 2.8-3.8 (3H, m, -,
CH-CH,-), 4.45 (1§, m), 7.05 (1€, d of 4, J = 8 and 6 Hz, E~7), 8.0
(14, d of ¢, J = 8 and 1 Hz, H-8), 8.2 (1H, d of d, J = 6 and 1 Hz,
B-6). M/e (% base peak), 206 (11.8), 180 (27.5), 176 (100), 136 (9.8),
135 (58.8), 134 (66.6), 133 (43.1), 107 (25.5), 105 (19.6), 84 (11.8),
79 (13.7), 58 (29.4), 57 (94.1) and 56 a.m.u.

The remainder of the products were unidentified.

3. 2=(1-propen=1-yl)pyridine (260) and diethyl azodi-

carboxylate (21).

Reaction carried out in benzene (75 mls) using 2-(1-propen—

1-y1) pyridine (260) (3.7 g) and diethyl azodicarboxylate (97) (5.4 &).
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The solvent was removed, chloroform was added and then
evaporated onto Alumina (20 g, Grade IV), the coated alumina was
then added to the top of an alumina column (300 g, Grade IV) made
up in 40-60°C Petroleum ether. Initial elution with 40—6000
Petroleum ether (900 mls) gave minor unidentified products. Elution
with 25% benzene : 75% 40-60 Petroleum ether gave unreacted 2=(1=

propen-1-y1) pyridine (260) (0.7 gy 18.9%). TFurther elution with

50% benzene : 50% Petroleum ether gave an o0il (0.93 g) which contained
a blue fluorescent component. Separation of the products by Del.ce.

(6 plates, eluent 15% toluene & 85% ethyl acetate) resulted in the
major fluorescent band, R. = 0.34, being obtained as an oil, b.pt.

195..20()00/10'4 muHg identified as 3-methyl-1,2-diethoxycarbonyl-

1,2,5,4-tetrahxgrogxgido|§,2—clgzgidazine (262) (0.56 g, 7.6%).

(Found: C, 57.05; H, 6.59; N, 14.44. C14H19N304 requires C, 57.34;
H, 6.48; N, 14.33%). A __ (Et0H, 95%) 253 (log £ 4.04) and 280 nm
(log £3.67) WV, 1710 and 1325 en”?, 5(CDC13) 1.1-1.5 (%, o,

2 x cgjcn2o- + C-3 CHj—), 2.2 (1H, d of d, J = 17 and 1 Hz, H-4),

3.35 (18, d of 4, J = 17 and 7 Hz, B-4'), 3.9-4.5 (4H, m, CH,CH,~0),

4.85 (18, m, B-3), 7.1 (1€, d of 4, J = 8 and 5 Hz, B-T), 8.1 (1H, 4

of d, J = 8 and 1 Hz, E-8) and 8.25 p.pem. (1H, d of d, J = 5 and 1 Hz,
B-6). M/e (% base peak), 293 (M', 11.76), 221 (61.76) 220 (38.23),
176 (20.58), 149 (14.7), 148 (100), 147 (38.23), 133 (23.52), 107
(26.5), and 44 a.mau. (17.64).

Other components of the oil remained unidentified, The

remainder of the products on the column also were uncharacterised.
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4. 2=(1-propen~1-y1) pyridine (260) with di-tert-butyl

azodicarboxylate !252).

The solvent was removed, chloroform was added and then

evaporated onto Alumina (50 g, Grade IV), the coated alumina was

then applied to an alumina column (400 g, Grade IV) made up in

40-60°C Petroleum ether, Elution with 100% 40-60°C Petroleum ether

gave minor unidentified products. Using 25% benzene ¢ 75% Petroleum

ether as eluent gave unreacted 2-(1-propen-1-yl) pyridine (260)

(0,73 g, 12.2%). TFurther elution with 50% benzene : 50% 40-60°C

Petroleum ether gave an éil (2.4 g) which contained more than one

product. The components were separated by p.l.c. (15 plates, eluent
75% ethyl acetate s 25% toluene) giving a major fluorescent band as

‘ an'oil, b .pt,\?é;-ZSE c/10” -4 moflg, identified as 3-methyl-1,2-di-terte

butoxycarbonyl=1,2,3,4-tetrahydropyrido[3,2-clpyridazine (263) (1.94g,

15.1%). (Found: C, 61.89; H, 1745 N, 12,05, OpgH, N0, requires

C, 61.83; Hy T.815 N, 12.25%). A __ (Et0H, 95%), 235 (log € 3.99)

283 nm (logf 3.66). D nax (cnc13) 1700, 1340 and 1160 cm !, S (CDClS)

1.45 (128, s, (CH;); C-0 + C-3 CHy), 1.5 (9E, s, (CHj); C-0), 2.65
(18, d of d, J = 18 and 1 Hz, H=4), 3.3 (1H, d of 4, J = 18 and T Hz,
H-4') 4.8 (1E, m, B=3), 7.05 (1€, d of d, J = 8 and 5 Hz, H-T), 8.05
(1H, d of 4, J = 8 and 1 Hz, H-8) and 8,2 p.pem. (1H, d of 4, J = 5
and 1 Bz, B-6). M/e (% base peak) 193 (32.1), 149 (71.4), 147 (37. 5),
145 (33.9), 134 (33.9), 128 (16.0), 118 (16.0),117 (12.5), 107 (35.2),
105 (12.5), 90 (21.4), 89 (14.2), 80 (12.5), 79 (19.6), 5T (44.6), 56
(100) and 55 a.m.u. (33.9).

The other components of the mixture were uncharacterised.

The material left on the column was also unidentified,
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5. 2-(1-propen-2-y1) pyridine (261) with diethyl

azodicarboxylate (97).

Reaction was carried out in acetonitrile (60 mls) using
2-(1~propen-2-y1) pyridine (261) (3,29 g) and diethyl azodicarboxylate
(97) (4.82 g).

The solvent was removed from the products, chloroform was
added and then evaporated onto Alumina (25 g, Grade IV), which was
then applied to an alumina column (240 g, Grade IV) made up in
40-60°C Petroleunm ether. Elution with 40-60°C Petroleum ether
(1.8 litres) and then 25% benzene : 40-60°C Petroleum ether, gave
unreacted 2-(1-propen-2-yl) pyridine (261) (0.5 gy 15%) plus some
minor uncharacterised products, On increasing the polarity of the
eluting solvent an oil was obtained, which crystallised from cyclo-
hexane, m.pt. 75-76°C, identified as diethyl N-[>-(2-pyriay1)prop-
1.en.1gﬂjgﬂ:ago-N.N'-dicarbogxlate (267) (5.9 g, 90.2%). (Found:
C, 57.63; H, 6.80; N, 14,07, Cy4H19N30, Tequires C, 57.34; H, 6.48;
N, 1435%)e A, (EtOH, 95%), 232 (log £ 3.88) and 277 nm (log € 3.6).
Y pax (cac13), 3400, 1720 and 1110 cm~1, & (CD013), 1.2 (éH, tr,
CH;CH,0)y 4.1 (48, q, CH;CH,~0), 4.6 (2, s), 5.4 (1H, s), 5.9 (1E, s),
7.0 (15, m), 7.3-7.4 (H, m), 7.95 (1H, br.s, exch. D,0) and 8.50 p.p.m.
(18, d of 4, J =5 and 1 Hz). M/e (100% base peak) 293 (10), 249 (10),
222 (10), 221 (10), 206 (18), 205 (100), 205 (28), 133 (54), 119 (60),
118 (44), 105 (10), 79 (16), 78 (20), 52 (10) and 51 a.m.u. (10).

The product was eluted slowly from the column on increasing

the solvent polarity to 100% benzene,

6. A-vinyl idine (291) with diethyl azodicarboxylate .
The solvent was removed and the products absorbed onto
Alumina (35 g, Grade IV), the coated alumina was then applied to an

alumina colum (400 g, Grade IV). Elution with 100% 40-60°C Petroleum
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ether (1.2 1it) followed by 25% benzene 75% 40-60°C Petroleum

ether (0.5 1it) gave unreacted 4-vinyl pyridine (291) (2.08 g 35%).
Elution with 40-60°C Petroleum ether (0.7 1it) gave minor wnidentifieq
products, Further elution with 50% benzene : 50% 40-60°C Petroleum
ether (1.2 1it) then 75% benzene 3 25% 40-60°C Petroleum ether gave

an oil (1.64 g) which contained a major blue fluorescent component
plus other minor productis. Separation by p.l.c, (10 plates, 85%
ethyl acetate : 15% toluene) gave the major blue fluorescent band

as an oil, b.pt. 175-190°C/10™4 mulg, identified as 142-diethoxy-
carbonyl=1,2,3,4-tetrahydropyridd 3, 4-cloyridazine (292) (1.1 g,

13%)s (Found: C, 55.80; H, 6.29; N, 15.05, Cy5H,4N50, requires

C, 55.915 E, 6.15; N, 15.05%). A __ (EtOH, 95%) 233 (log & 4.19)
and 277 (log €3.74). % (CEC1,), 1720, 1325 and 1305 en~', & (cDCL

1.1-1.5 (6H, m, CHBCH20-) 2.5-3.7 (38, m, ‘CH2‘CH")y 5.8-4.8 (5H, m,

3)

CH;CH,-0 + -B-3), 7.15 (1€, d, J = 5 Hz, H=5), 8.3 (12, 4, J = 5 Hz,
E-6) and 9.0 p.p.m. (1H, s, E=8). M/e (% base peak), 279 (9.6), 208
(11.5), 207 (86.5), 206 (26.9), 179 (19.2), 162 (26.9), 149 (13.5),
135 (23.1), 134 (100), 133 (36.5), 117 (15.4), 107 (46.2), 106 (11.5),
105 (21.2), 104 (13.5), 80 (13.5), 79 (11.5), 78 (23.1), 77 (11.5),

52 (23.5) and 51 a.m.u. (13.5).

The remainded of the products were not characterised,

7o A-vinyl pyridine (291) and di-tert-butyl azodicarboxylate

(252).

The solvent was removed and the products absorbed 6nto
Alumina (335 g, Grade IV, length 10.5 cm) made up in 50% benzene : 50%
40-60°C Petroleun ether. Elution with 50% benzene : 50% 40~60°C
Petroleum ether (1 1it) gave unreacted 4-vinyl pyridine (291) (1,7 g,
32.3%) plus some minor unidentified products., Further elution with

75% benzene ¢ 25% 40-60°C Petroleun ether (2.8 1it) gave an ofl (2.83 g)
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which contained several products. The components were separated
by p.l.c. (10 plates, 75% ethyl acetate : 25% toluene), giving a
major band, extraction gave an oil, b,pt. 185°C - 19'500/10"'4 mmHg,

identified as 1,2-di-tert-butoxycarbonyl=1,2,3,4-tetrahydropyrido~

[3,4-clpyridazine (293) (1.80 g, 15.9%). (Found: C, 60.88; H, 7.69;

N, 12,50, C,.H,cN:0, requires C, 60.89; H, T.46; N, 12.53%).
A pax (EXOH, 95%) 235 (1og € 3.9) and 277 mn (log E3.52), »
(CH013) 1715, 1210 and 1150 cm s § (CD013) 1.40 (9H, s, (033)30_0),
1.50 (98, s, (CH;)5 C-0), 2.4-3.5 (3H, m, ~CH,~CH-), 4.1-4.8 (1K, m,
B-3), 7.0 (1H, 4, J = 5 Hz, E-5), 8,15 (1H, d, J = 5 Hz, H~6) and
8.9 p.p.m. (1H, br.s, B-8). M/e (% base peak) 149 (40), 131 (96),

103 (28), 76 (96) and 56 a.m,u. (100),

The remainder of the products were not characterised,

8. 2-methyl-5-vinyl pyridine (306) and diethyl

azodicarboxylate (97).

The reaction was carried out in acetonitrile (50 mls) using
the vinyl pyridine (306) (2.8 g) and the azoester (97) (4.0 g).

The solvent was removed and the p;pducts absorbed onto
Alumina (20 g, Grade IV), the coated Alumina was then applied to an
Alunina column (200 g, Grade IV, length 23% cm) made up in 40-60°C
Petroleum ether. Elution with 100% 40-60°C Petroleum ether (0.6 1it),
25% CcHe & T5% 40-60°C Petroleum ether (0.6 1it) eluted nothing.
Elution with 50% benzene 3 50% 40-60°C Petroleum ether (1.6 1it) gave
unreacted 2-wethyl-5-vinyl pyridine (306) (1.27 g, 45.3%). Further
elution with 75% benzene : 25% 40-60°C Petroleum ether gave an oil
(0.48 g) which contained three fluorescent products. The components
were separated by pelecs, (4 plates, eluent 10% methanol : 90% ethyl

acetate) to give three fluorescent bands, described in decreasing Rf
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value. The band of largest R. value (0.53) was obtained as an oil,
b.pt. 170-200°C/ 3 x 10~* muflg, preliminary identified as J-methyl
1,2-diethoxycarbonyl-1,2-dihydropyrido{2,3~coyridazine (309)

(70.1 mg 1.9%). s (CDC13) 1.,0-1,6 (6H, m, CH3CH20-), 2.55 (3H, s),
3.9-4.5 (48, m, CH;CH.0), 5.95 (1§, a, J = 67 Hz, H-4), 6.95 (1K,

d, J 8 HZ, H"6)’ 7.1 (1H’ d.' J = 6-7 HZ’ H—B) and 703 PeDolle (1H,
d, J = 8 Hz, B=5), M e (% base peak) 291 (40), 290 (40), 220 (30),
219 (30) and 143 a.m.u. (100). The band with intermediate R, value

(0.44), obtained as an oil, b.pt. 210=-220°¢/10™4 mmHg, identified as

7-methyl-1,2-diethoxycarbonyl-1,2,3, A-tetrahydropyridol2, 3-c]
pyridazine (308) (0.14 g, 3.7%). (Found: C, 57.60; H, 6.68;

N, 14.23. C14H19N304 requires Cy 57.34; H, 6.48; N, 14.3T%).

A . (Btod, 95%), 228 (log € 3.97) and 282 mm (log € 3.79). Y ___
(cHC1,), 1715 cu™ . & (ce1,) 1.0-1.5 (68, m, CH,CH,-0), 2.5 (3, s,
CH-), 2.6-4.5 (8H, m, CH;OH0, —CH,CH,~), 6.9 (1H, d, J = 7-8 Ez,

H-6) and 7.35 pepeme (1H, 4, J = 7-8 Hz, H-5), M e (100% base peak)
293 (71), 149 a.m,u, (100%). The band with lowest R, value (0.33) was
obtained as an oil which crystallised from cyclohexane, m.pt. 103.5-

10500, identified as J-methyl-1,2-diethoxycarbonyl-1,2,3,4-tetrahydro=~
pyridola,3—cJpyridazine (308) (0.204 g, 5.3%). (Found: C, 57.64;

H, 6.47; N, 14.43. C, H, N0, requires C, 57.34; H, 6.48; N, 14.37%).
PN Dax (EtoH, 95%), 239 (log& 4.06), 268 (log € 3.48) and 277 nm

(1og £3.38). D . (CHCLS) 1720 ca™ . & (coc1,), 1.1-1.5 (6H, m,

CH;CH,0), 2.5 (3H, s, CHy), 2.6-3.8 (3H, m, -CH,~CH-), 3.8-4.8 (5, m,

cﬂ}¢320 + B-3), 7.6 (18, s, H-8) and 8.1 p.p.m. (1H, s, H=5), Mfe (%

base peak) 293 (57.7), 249 (19.7), 222 (40.8), 221 (71.8), 220 (57.7),

193 (69.0), 176 (70.4), 149 (76.0), 148 (100), 147 (71.8), 146 (22.5),

133 (42.2), 119 (67.6), 117 (50.7), 107 (14.5), 105 (14.5), 94 (21.1),
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95 (16.9), 92 (16.9), 91 (28.5), 77 (26.8), 65 (28.8), 53 (12.7),
52 (21.1), 51 (19.7) and 50 a.m.u. (14.0%).

9. 2-methyl-S5-vinyl pyridine (306) and di-tert~butyl

azodicarboxvlate (252),

The solvent was removed and the products absorbed onto
Alumina (40 g, Grade IV), the coated Alumina was then applied to an
Alumina colum (400 g, Grade IV), made up in 25% benzene : 75%
40-60°C Petroleum ether. Elution with this solvent system (1.2 1it)
gave unreacted 2-methyl-5-vinyl pyridine (306) (1.4 g, 23.5%).
Further elution with 50% benzene : S0% 40-60°C Petroleum ether (2.0
1it) gave an oil (2.0 g) which contained more than one component.:
The products were separated by p.l.c. (10 plates, eluent 75% ethyl
acetate 3 25% toluene), to give three blue fluorescent bands,
described in decreasing Rf value. Band 1: R, = 0.39, obtained as

f
an oil, b.pt. 170-17500/10-4mmHg, identified as J-methyl-1,2-di-tert-

butoxycarbonyl-1,2,3,4~tetrahydropyrido[?, 3-cloyridazine (310) (0.46 ¢,
3,5%)e (Found: C, 62,243 H, 7.97; N, 12.41. 018527N504 requires

C, 61.89; Hy 7.745 N, 12.03%)e A (EtOH, 95%), 229 (log € 5.93)
and 262 i (log € 3.73). D, (GHCL,), 1710 and 1150 oa™ ', § (cve1,),
1.40 (98, s, (CH;)5C0-), 1.5 (9E, s, (cH;)5C0), 2.5 (3H, s, CH,),

2.6-3.8 (5H9 m, "CH2‘CH")’ 4‘1'4-7 (1H, m, H'S), 6085 (1H, d, J =8 HZ,

H-6) and 7.3 p.p.me. (1H, 4, J = 8 Hz, H=5). M/e (100% base peak)

249 (23.4), 193 (100), 149 (95.7), 148 (74.5), 147 (10.6), 146 (21.3),
121 (29.8), 120 (21.3), 119 (10.6), 77 (10.6), 57 (97.7), and 56 a.m.u.
(21.3%). The band with intermediate R value, Band 2: R, = 0.29 was

o -
obtained as an oil, b.pt. 190-200C/10 4 mmHg, preliminary identified ag

§L§-dihvdro-6—(2'-methxl-i'-nyridyl)—2—tert-butoxy—4—tert—buto;xcarbonxl-

oxa-3,4=diazine (313) (0.220 g, 1.T%)e P.C.M.U. were unable to obtain
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exact masses of peaks at 293 and 237 aumu. A __ (Et0H, 95%)
261 (10g € 3.82), 267 (log £3.95) and 274 nm (log £ 3.79), V o
(cEc1;), 1720, 1660 ( >C=N-), 1610, 1160 and 1140 em~'. 'H n.m.r,
spectrum,é;(CDCIB), 1.50 (9E, s), 1.55 (98, s), 2.55 (3H, s, CHB-)’
3.25 (18, d of 4, J = 14, 9 Hz, H-5), 4.2 (1H, d of dy J = 14, 3 Hz,
B-5), 5.2 (18, d of 4, J = 9, 3 Bz, H-6), 7.1 (1H, 4, J = 7-8 Hz, H=3'),
7.5 (15, & of d, J = 7-8, 2 Hz, H-4') and 8.4 p.p.m. (1H, br, 4, J =
2 Hz, B-5')s  1°C num.r. spectrum § (cpc15), 24.2 (cE,-), 28,0, 28.1
(tert-butyl groups), 44.9 (C-5), 74.3 (C-6), 80.7, 82,8 (~c=0), 123.2
(c-3'), 129.0 (C-5'), 134.2 (C-4'), 147.2 ( 3c=0, C-6), 152.4 ( 0=0),
1593 (C=2'). M/e (100 base peak), 293 (46.1), 279 (15.4), 237
(30.8), 193 (83.1), 167 (23.1), 149 (58.5), 146 (24.6), 132 (30.8),
131 (73.8), 123 (24.6), 122 (27.7), 121 (23.1), 120 (100), 119 (46.2),
105 (25.1), 93 (21.5), 57 (80.0) and 56 a.m.u. (43.1%). The band of

lowest Rf value, Band 3: Rf = 0.20, was obtained as an oil, b.pt.

150-160°C/107% mflg, identified as J-methyl-1,2-di~tert-butoryearbonylo
1,2,3,4=tetrahydropyridol4,3-c idazine (311) (0.73 g, 5.5%).

(Founds C, 61.68; H, 7.92; N, 12.20. C, M N0, requires C, 61,89;
Hy ToT4; Ny 12.03%)e A .. (Et0H, 95%) 243 (log & 4.00), 268 (log £
3.53) and 277 nm (log € 3.40) W | (CHCL,), 1710, 1140 i
§ (cpc1,), 1.4 (58, ), 1.5 (58, s), 2.5 (38, s, CH,-), 2,635 (3E,
m, CHy~CE-), 4.2-4.7 (18, m, B=3), 7.7 (18, s, H-8) and 8.2 p.p.n.
(18, s, B=5). ¥ e (% base peak), 181 (18.7), 169 (20.8), 149 (12.5),
145 (64.6), 131 (20.8), 119 (29.2), 90 (14.6), 89 (16.6), 76 (41.6),
69 (91.6), 56 (100) and 55 a.m.u. (52.1%),

The remainder of the products from the reaction remained

unidentified,
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10, 2-(1-propen-2-y1) thiophen (321) with di-tert-butyl

azodicarboxylate (252),

2-(1~Propen-2-y1) thiophen (321) (0.62 g, 5 m.mol) was
added to a solution of di-tert-butyl azodicarboxylate (252) (1.15 g,
5 m.mol) in benzene (10 mls) and the solution boiled for 14 hours.
The products were separated by p.l.c. (10 plates, eluent, 90%
toluene : 105 ethyl acetate) to give three major fluorescent bands,

described in decreasing Rf value, Band 1: obtained as an oil, b.pt.

150-170%¢/10™4 mig, identified as 344=dihydro=1,2-di-tert-butoxy-
carbonyl-4-methylthienof3,2-clpyridazine (322) (0.17 g, 10%). |
(Found: C, 58.03; H, 6.75; N, 7.96. C17H24N204S requires C, 57,95;
H, 6.28; N, 7.95%). A (EtOH, 95%) 229 (log € 3.98), 269 (log &
3.80) and 307 na (log € 3.73). 32 (CH013) 1725 en='. § (cnc13)

1.5 (1ed, s), 2.0 (3H, s, CHS-), 6.6 (1H, br.s, B-3), 7.1 (2H, s, H-6
and 7). M/e (% base peak), 178 (24.0), 152 (16.0), 151 (16.0), 150
(100), 149 (32.0), 121 (56.0), 97 (16.0), 96 (36.0), 78 (20.0), 77
(24.0), 70 (20.0), 69 (16.0),-59 (56.0), 57 (24.0) and 56 a.m.u.

(96.0¢0). The fluorescent band of intermediate Rf value, Band 2: was

obtained as an oil, b.pt. 170—18‘500/10.4 mmHg, identified as di-tert-

butyl[é-(?—thieno)prop—1-en—}gilhydrazo—N,N‘-dicarboxylate (324)

(0.416, 23.5%). (Found: C, 57.93; H, T.47; N, 8,18, Cy BN 0,8
requires C, 57.62; H, 7.34; N, 7.91%). A ___ (EtOH, 95%), 266
(108 € 3.95) and 279 mm (log € 3.96). D . CHCL,, 3400 and 1720 ca™,
& (cnc15), 145 (98, ), 1.50 (9K, s), 4440 (2, s, =CE,-), 5.05
(18, s), 5.45 (18, s), 6.65 (1H, br.s, exch. D,0) and 6.8~7.5 p.p.m.
(38, m, thiophen protons). M/e (% base peak), 154 (10.6), 151 (8.5),
150 (8.5), 125 (14.9), 124 (85.1), 123 (19.1), 112 (19.1), 111 (25.5),
110 (61.7), 97 (21.3), 84 (17.0), 69 (19.1), 65 (21.3), 59 (25.5), 57

(25.5) and 56 a.m.u, (1005%). The fluorescent band of lowest R, value
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was obtained as an oil (0.46 g, 26.0%), which contained many
components, Repeated chromatography did not yield a purer product.,
Identification of other minor bands seen on the p,l.c,

plates was also not accomplished.

11, i thiophen (142) and di-tert-butyl

azodicarboxylate (252).

Di-tert-butyl azodicarboxylate (252) (1.15 g, 0,0005 mole)
vas added to a solution of 2-vinyl thiophen (142) (0.55 g,
0.0005 mole) in benzene (10 mls) and the resulting solution boiled
for 7 hours,

The solvent was removed and the products absorbed onto
Alumina (5 g, Grade IV), the coated Alumina was then applied to the
top of an alunina colum (60 g, Grade IV) made up in 40-60°C Petroleun
ether. Elution with 40-60°C Petroleun ether (150 mls), 75% Petroleum
ether 3 25% benzene (150 mls), 50% 40-60°C Petroleum ether s 50%
benzene (150 mls), 25% Petroleum ether : 75% benzene (150 mls) gave
minor products. Further elution with 100% benzene (450 mls) gave
an o0il (0.61 g, 35.9%) which t.l.c. showed to contain many components.
Further purification of this band by p.l.c. was not possible, The

major portion of the reaction products remained at the top of the

chromatography column,

12, 2-vinyl furan (190) with di-tert-butyl

azodicarboxylate (252).

Di-tert-butyl azodicarboxylate (252) (1,15 g, 0.005 mole)
was added to a solution of 2-vinyl furan (190) (0.47 g, 0.0005 mole)
in benzene (10 mls) and the resulting solution boiled for 3 hours,

The solvent was removed to leave an oil, the components of which were
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separated by pel.c. (9 plates, eluent 80% toluene : 20% ethyl
acetate) to give two fluorescent bands. The fluorescent band of
higher Ry value was obtained as an oil (0.50 g, 30.9%), and was
shown by further p.l.c. to contain at least 6 components. The
fluorescent band of lowest Rf value was also obtained as an oil
(0.64 g, 39.5%)s Further purification by p.l.c. gave an oil (0.36 g,

22,24), of which complete identification was not possible,

c General procedure for removal of tert-butyl groups from

cycloadducts, then subsequent oxidation to the parent compound.

Trifluorcacetic acid (T.F.A.) (approx. 5 mls) was added to
the di-tert-butyl cycloadduct (approx. 0.5 g) and the solution left
at room temp for 30 mins., Excess T.F,A. was removed under vacuum and
the resulting oil basified with a saturated solution of sodium
bicarbonate. The product was then repeatedly extiracted with chloro-

form, the combined chloroform extracts were dried over MgSO Removal

4°
of the drying agent, then the solveni gave the 'hydrazo compound' in
virtually quantitative yield.

Mercuric oxide (red) (0,2-0,3g) was then added to a stirred
solution of the 'hydrazo compound' in chloroform (5 mls) at room
temp., The solution was stirred until a colour change of yellow to
green had occurred, usually about 15-30 mins, The solution was
filtered to remove black mercurous oxide, the green/yellow solution
was then diluted with more chloroform, then oxygen was bubbled through
the solution, using an efficient condenser to retain the solvent,
After coxplete conversion to the fully aromatic system, the chloro-
form insoluble material was filtered off, the solvent removed and the

resultant oil extracted with cyclohexane, filtered, then recrystallised

from that solvent,
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1. 1;2-di-tert-butoxycarbonvl-1.2.3.4—tetrahydropvrido—

(3,2-clovridazine (253).

(253) (0.40 g) was treated with T.F.A., after work-up an
unstable oil was obtained (0,15 &y 94%) which was identified as
1,2,3,4-tetrahydropyrido[3, 2-cJovridazine (255). 8 (c1)013), 2.90

(28, m, =CH,-), 3.15 (2, m, -CH,-), 5.05 (2H, br.s, exch, D,0),

6.85 (&, m, -7, 8) and 7.9 p.p.m. (1H, d of d, J = 4 and 3 Hz, H-6).
M/e (1005 base peak) 135 (100%), 133 (68.7), 132 (93.7), 131 (56.2),
107 (31.2), 106 (57.5), 79 (43.7), 76 (50), 51 (50) and 50 a.m.u,
(31.2%).

The 1,2,3,4-tetrahydropyridol3,2-c] pyridazine (255) (0.15 &)

was treated with mercuric oxide (red) (0.2 g), then gaseous oxygen
for 65 hours, after recrystallisation of the oil obtained, yellow
crystals were obtained, m,pt. 89-91°C, which were identified as the

parent pyrido{3,2-cloyridazine (87) (64.53 ng, 44.2%). (Found:

C, 64.4; H, 3.95; N, 31.65. CHgN; requires C, 64.1; H, 3.8;

Ny 32.05%)e A .. (EYOH, 95%), 263 (log € 3.59), 306 (log € 3.62)
and 318 no (log £3.65). & (CDc13) 7.8 (1B, d of d, J = 8 and 4 Ha,
=), 8.15 (1€, d of d, J = 6 and 1 Hz, H-4), 8,85 (1§, q of a, J = 8,
2 and 1 Hz, B-8), 9.2 (1, d of 4, J = 4 and 2 Hz, H-6)and 9.95 p.p.n.

(18, 4, J = 6 Ez, H-3),

2. 1,2-di-tert-butoxycarbonyl=3-methyl-1,2,3,4-tetrahydrom

pyrido£3,2-clpyridazine (263).

(263) (0.51 g) was treated with T.F.A, After work-up the

3-methyl-1,2,3,4-tetrahydropyridol3, 2-c]pyridazine (265) was obtained

as a yellow oil (0.212 g, 97.7%). & (CDCIB)’ 1.15 (38, 4, J = 6 Hz,

CHy=CH-), 1.9-3.8 (3H, m, —CH,~CH-), 6.2 (28, br.s, exch, 2,0), 7.1
(=, d, J = 3 Bz, B~6, 8) and 8.0 p.p.m. (1H, tr, J = 3 Hz, B-7),
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M/e (100% base peak), 149 (100), 147 (27.6), 146 (34.5), 145 (17.2),
134 (37.9), 132 (17.2), 107 (37.9), and 79 a.mau. (24.1).

The i:@ethy1-142,3,4,tetrahydrogx;ido[§,2—c|gx;idazine (265)

(0.212 g) was treated with mercuric oxide (red) (0.35 g) then gaseous

oxygen (26 hrs) to give an oil which was recrystallised from cyclo-

hexane to give yellow needles, m.pt. 99-101°C, identified as 3-methyl-

pyrido[3,2-clpyridazine (266) (80 mg, 38.7%). (Found: C, 66.18;

H, 4.76; N, 29.09. CgH.N; requires C, 66.28; H, 4.83; N, 28.96%).
A oy (EtOH, 95%), 265 (1og € 3.67), 276 (1og € 3.60), 314 (log €

3,75) and 327 nn (1og& 3.80). ) (CDCIB).-Z.BS (3m, s, CHs-), 7.55

(18, d of 4, J = 4, 8 Hz, B=T), 7.75 (1H, d, J less than 1 Hz, H-4),
8.65 (18, q of d, J = 8, 2 and less than 1 Hz, H-8), and 9.0 p.p.m.
(18, 4 of 4, J = 4, 2 Hz, B~6). M/e (100% base peak), 145 (100), 117
(18.6), 116 (20.9), 92 (13.9), 91 (67.4), 90 (60.5), 64 (20.9), 63
(27.9), 52 (16.3), 51 (20.9) and 50 a.m.u. (18.6%).

3. J1,2-di-tert-butoxycarbonyl-1,2,3,4~tetrahydropyrido~

Eélﬁ-c]pyridazine (293),

(293) (0.50 g) was treated with T.F,A, followed by the usual

work-up procedure to give an oil, identified as 1,2,3,4-tetrahydro-
pyridof3,4-cloyridazine (294) (0.192 g, 96%). ) (cnc13), 2,75 (2H, tr,
~Hy=)y 341 (2, tr, <CH)=), 5.65 (2, br.s, exch. D0), 6.9 (14, d,
J = 5 Ez, B=5), 7.85 (1§, d, J = 5 Hz, H-6), and 7.95 p.p.m. (1H, s,
H-8). M/e (% base peak) 135 (100), 134 (25), 133 (100), 131 (41.6),
107 (25), 106 (29.2), 105 (87.5), 85 (41.6), 83 (70.8), 80 (25), 79
(37.5), 78 (29.2), 77 (29.2), 76 (37.5), 53 (16.6), 52 (45.8), 51
(41.6) and 50 a.m.u. (41.6). |

The 1,2,3,4-tetrahydropyrido[3,4-c]lpyridazine (294) (0.192 )

was treated with mercuric oxide (red) (0.30 g) then gaseous oxygen

(66 hours), after work-up an oil was obtained which was crystallised
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from cyclohexane to give yellow needles, m.pt. 138°C, identified as

zyridol3,4-clnyridazine (295) (98 mg, 52.6%). (Found: cC, 63.8;

Hy, 3.73 N, 32.35. C7H5N5 requires C, 64.,1; H, 3.8; N, 32,05%).
/\ max (EtoH, 95%) 284 nm (log € 3.58). 8 (c])c13), 7.6 (18, 4,

J = 5 Hz, -5), 7.8 (14, 4, J = 6 Hz, B-4), 8.7 (1§, 4, J = 5 Hz,

H-6), 9.35 (18, 4, J = 6 Bz, H~3) and 9.85 p.p.n. (1H, s, H-8).,

M/e (% base peak), 131 (93.3), 103 (26.6), 76 (100) and 50 a.m.u.

(66.6%).

4. 1, 2—di-tert-butoxycarbonxl-—?—methyl-1 2243 44=tetrahydro-
idol4,3-c idazine (311). \
(311) (0.400 g) was treated with T.F.A., after the usﬁal
work-=up an oil was obtained preliminary identified as 7-methvl-1,2,3,4-

tetrahydropyrido (4 . ﬁ—cl pyridazine (315) (0.169 g, 99%). S (CD013) .

2.3 (3H, s, CHz=), 2.65 (28, tr, CH,~), 3.1 (&, tr, ~CH,-), 5.9

(=, br.s, exch. D0), 6.25 (1H, s, H-8) and 7.85 p.p.m. (1H, s, H-5),
M/e (% base peak), 149 (19), 145 (100), 119 (16.6), 118 (16.6), 117
(16.6), 105 (16.6), 90 (13.3), 89 (20), 76 (23.3), 51 (16.6) and 50
a.mou. (23.3%).

The J-methyl-1,2,3,4~tetrahydropyrido(4,3-c)pyridazine (315)

(0.169 g) in chloroform (5 mls) was treated with mercuric oxide (red)

(0.30 g) after the usual work-up procedure a red/brown oil was obtained
which solidified in the cold to give solid, recrystallised cyclohexane,
m.pt. 151-300. which was preliminary identified as (1H)-1,4-dihydro-7-

nethyl-pyrido(4,3-c] pyridazine (316) (0.155 g, 93.3%). \ __ (EtoE,

95%), 225 (log £ 3.99) and 300 nm (log € 3.,74). V max (cnc15), 3410

(N-H) and 1660 o ( Se=n-). '8 numere: O (CD013) 2.4 (38, s, CHB-)’
3.3 (&, 4, J = 3 Hz, -CH,~), 6.4 (1H, s, B-8), 6.8 (1H, tr, J = 3 Hz),

8.0 (1H' Sy H-S) a-nd 8.4 PeDPele (1H' bI‘.S, eXCh. D20). 150 NeMeYel
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§ (oxc1,), 2.7 (ca,-), 29.7 (c-4), 105.3 (C-8), 107.8 (c-4a),
137.8 (C-3), 146.0 (C-8a), 147.4 (C-5) and 158.8 p.p.m. (c=7).
M/e (% base peak) 147 (88), 146 (100), 119 (28), 92 (24), 91 (24),
65 (28), 52 (20) and 51 a.m.u. (28%). CgHgN; calculated mass
147.0796, measured mass 147.0789.

5« Treatment of components obtained from reaction between

2=vinyl thiovhen (142) and di-tert-butyl azodicarboxylate ( 252) with

T.,F,A, then subseguent oxidation,

The major component, an oil (1.04 g) was treated with ToFoA.,
after work-up an oil was obtained which was then treated with mercuric
oxide (red) (0.4 g) then gaseous oxygen (64 hours) to give a yellow
0il (0.24 g) the components of which were separated by Pelec. (2 plates,
eluent, 25% toluene : 75% ethyl acetate). The only component identified
was a blue fluorescent band, Rf = 0,085, obtained as cdlourless
needles, recrystallised from cyclohexane, m.pt. 98.5-99°C (lit1o7 m.pt.
97.5-98.5°C), identified as thienol3,2-clpyridazine (320) (70 megs).
(Found: C, 53.20; H, 2.92; N, 20.68. C6H4N23 requires C, 52,943
Hy 2.94; N, 20.59%). A . (EtOH, 95%), 254 (log € 4.97), 277 (log €.
3.75) and 304 ma (log €3.40). W | (CHCL;) 1720, 1399, 1205 cu™',

é (cnc15) 7.25 (&, s, H, 6 and 7), 7.95 (1H, 4, J = & Hz, H-4) and
9.0 pop.m. (18, d, J = 6 Hz, H-3). M/e (% base peak) 136 (58.8), 108
(11.8), 85 (53), 83 (70.6), 82 (23.5), 69 (29.4), €5 (29.4), 58 (88.2),
57 (100) and 45 a.m.u. (41,.1%).

D Reactlon of 2-vinyl pyridine (90) with 1,2,4-triazoline-

3.5~dione {101),

Freshly prepared tert-butyl hypochlorite (1.4 &) was added fo

a solution of N-phenyl urazole in dry acetone (90 mls, dried CaS0,, then
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distilled), at -40°C, the clear solution immediately assumed a deep

red colouration which indicates the formation of the azodienophile
(101). Freshly distilled 2-vinyl pyridine (90) (1.05 g, 10 mmol.)

was added and the solution allowed to warm to room temp, The solution
was then boiled for 1 hour until the red colour had disappeared,’ The
solvent was removed to leave a yellow 0il. The crude products were
absorbed onto Alumina (Crade IV, 10 g), and the coated Alumina then
applied to the top of an Alumina column (Grade IV, 120 g, length =

14 cm) made up in 40-60°C Petroleum ether. Elution with 100% 40-60°C
Petroleun ether (400 mls), 50% 40-60°C Petroleum ether & 50% benzene
(400 mls), 25% 40-60°C Petroleum ether : 75% benzene (400 mls), 100%
benzene (400 mls) gave minor unidentified products. Elution with

25% CHC1, & 75% benzene (100 mls) gave an unidentified product (40 mgs),
further elution with this solvent system (750 mls) gave a yellow
crystalline solid (0.26 g). The components of this product were
separated by p.l.c. (2 plates, eluent 5% methanol : 95% ethyl acetate),
The major band, Rf = 0.37, was obtained as a solid, recrystallised
from carbon tetrachloride, to give a white crystalline solid, m,pt.

152-155°C, identified as 1,2,3,4-tetrahydropyridof3,2=c]pyridazine,

1,2=dicarboxylic acid, N-phenyl-diimide (275) (0.19 g, 6.8%). CysHq N 402

calculated mass, 280,0960, measured mass 280,0961, C7H7N3 calculated
mass 133.0640 measured mass 133.0642. A ___ (EtOH, 95%) 225 (1og &
4.06), 260 (log € 4.,11) and 292 nm (log € 3.66). P . ((,3013) 1765,
1710 and 1420 ea™'s & (CDCL;) 3.3 (2, tr, CH,0), 4.1 (2, tr, ),
7.1-7.6 (€3, m, Ph + B-7), 8.5 (1H, d of 4, J = 4,5, 1 Hz, H-6) and
8.65 popems (1H, d of d, J = 8.5, 1 Hz, B~8), M/e (% base peak) 280
(100), 149 (17.3), 133 (42.3), 105 (26.9), 104 (19.2), 78 (17.3), 44
(10.0) and 40 a,m.u. (10%).
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The remainder of the material was not identified, most
remaining at the top of the alumina column.

Carrying out the reaction under the same conditions but
stirring the solution at room temp overnight (instead of boiling)
gave a yellow precipitate (1.27 g, 19.5%D which was not identified.
Similar chromatography of the remainder of the reaction products
gave the adduct (275) (0.14 g, 3.3%). The bulk of the reaction

products remained unidentified.

E 1. Synthesis of 2-(1-propen=1-y1)pyridine (260).

A. Preparation of 1-(2-pyridy1)ep£gpan-1-Ql.81

To a cooled stirred solution of pyridine-2-aldehyde (26.75 g)
(previously distilled in nitrogen under vacuum) in dry ether (500 mls)
vas added the ether solution (500 mls) of ethyl magnesium iodide (pre-
pared from ethyl iodide (38.0 g), and magnesium turnings (6.6 g)).

The resulting orange solution was refluxed for % hr., cooled,
acidified with EC1 (conc.), then basified with sodium hydroxide (10%
solution), the organic material then extracted with ether, the combined
ether extracts were then dried over Na2804. The drying agent and
solvent were removed to leave a red oil (49.43 g) which was distilled
under vacuunm collecting the fraction which boils between 100-106°C/

9 mmAg, clear liquid shown to be 1-(2-pyridyl)-propan-1-o01 (10.5 g,
30,7%) (1it. bopt.S? 66-77°C/6 mitg).

B. Dehydration to 2-(1-propen—1-y1})pyridine (260).82

1-(2-pyridyl)-propan-1-ol (5.5 g) was treated in sulphuric
acid (conc) (20 mls) for 6 hrs on a water bath, The red solution was

cooled and diluted with ice/water, neutralised using sodium hydroxide
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(50% solution) with ice cooling, the light brown solution was then
extracted with ether (1 lit.) and the combined ether extracts dried
over Mgso4. The drying agent and solvent were removed to leave a
red o0il (3.3 g). This oil was distilled under reduced pressure,
major fraction coming over between 70-76°C/15 mmHg, shown to be
2-(1-propen—1-y1)-pyridine (260) (3.1 g, 66.0%) (1it. b.pt.114

70-74°c/15 onHg, 189-190°C).

2, Synthesis of 2-(1-propen-2-yl) pyridine (261).

A, Preparation of 2—(2-pyridyl)gprogan-2-ol.84

Ethyl picolinate (50.3 g, 0.3 mol) in dry ether (200 mls)
was added slowly to a well cooled solution of methyl magnesium iodide
(prepared from methyl iodide 153.7 g, magnesium turnings (28.6 g)
3,25 mol) in dry ether (1.5 1it). The resulting solution was heated
on a water bath until the yellow green solid went into solution (2 hr),
After cooling the complex was destroyed by addition of a saturated
solution of ammonium chloride in ammonia (100 m1) to the cooled
solution, the product was then extracted with ether (600 ml) and the
combined ether extracts dried over magnesium sulphate., The solution

was then filtered and the solvent removed to give the alcohol (29.3 g,

71.3%), pure enough for the next stage.

B. Dehydration of the alcohol to give 2-(1-propen=2-yl)

pyridine (261).

2-(2-pyridyl)-propen-1-ol (1.0 g) was dissolved in sulphuric
acid (conc.) (10 mls) with ice cooling. The solution was then heated

on a water bath for 4 hrs where it assumed a dark red colour,
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The products were then poured onto ice/water (50 ml) and
the resulting solution basified with sodium hydroxide (20% solution),
The resulting pink solution was extracted with ether (200 mls) and
the combined ether extracts dried over MgSO4. The drying agent and
solvent were removed to leave a clear oil, identified as 2-(1-propen-
2-y1) pyridine (261) (0.56 &, 65.1%) b.pt. 63-67°C/9 mug, 170-173%
(11,12 b.pt. 60-65°C/9 muHg) .

3. Preparation of 2-stilbazole (257).7°

A solution of & -picoline (46.5 g, 0.5 mol), benzaldehyde
(45.5 g, 0.5 mol, previously shaken with NaHCO; (10% solution),
vater and freshly distilled, b.pt. 62°C/10 muHg) and acetic anhydride
(25.5 g, 0.25 mol) were boiled for 30 hrs. The solution was extracted
with hydrochloric acid (2N), the acidic solution was then basified
with sodium hydroxide (2N) to leave a white turgid solution which was
extracted with chloroform, and the combined chloroform extracts dried
over NaZSOA' The drying agent and the solvent were removed to leave
a white solid, identified as 2-stilbazole (257) (63.3 g, 70%),

m.pte 91-93°C (1it. m.pt.’” 91°C).

4. Synthesis of 2-(2'-nitrovinyl) pyridine (258).75

A. Preparation of 2-nitro-1-(2'-pyridyl)ethanol.

An ice cold mixture of pyridine-2-aldehyde (25 g), nitro-
methane (83 mls) and potassium carbonate (1,25 g) were shaken for
24 brs at 5°C, then left for 3 days at -20%C. The yellow precipitate
wvas quickly filtered using Whatman fast flowing filter paper, then

dissolved in ether (600 mls) and treated with decolourising charcoal, -
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filtered and the filtrate concenirated to about 100 mls whereupon
it was left to cool, the yellow precipitate was filtered and dried
at the pump and identified as the alcohol (19.5 g, 46.8%), m.pt.

[o]
70 ¢ (1it. m.pt.’® 68%).

B, Preparation of the hydrochloride of the pyridine base,
Dry hydrogen chloride was passed through a solution of the

alcohol (1905 g) in ethanol (57 mlS). After about 15 mins a yellow
precipitate was seen, which was removed by filtration, dried at the
pump and identified as the hydrochloride salt (26.5 g), m.pt. 139°C

(11t. m.pt.7® 138%).

C. Dehydration of the alcohol to the 2-(2'-nitrovinyl)

pyridine [25@).75

A suspension of the hydrochloride salt (20 g) in phosphorus
oxychloride (80 mls), were stirred and boiled for 10 mins then stirred
at room temperature for 30 mins., The dark green solution was poured
onto crushed ice (250 g). The black/green solution was then poured,
in small quantities, onto sodium carbonate (100 g) with ice cooling
and vigorous stirring. A small amount of a brown 0il was removed by
filtration, The filtrate was then treated with more sodium carbonate
to pH 3, to yield a yellow/brown precipitate, which was filtered,
washed with water then dried over phosphorus pentoxide in vacuo, The
yellow brown powder was dissolved in ether (200 mls), filtered then
treated with active charcoal, filtered then the filtrate concentrated
to approx. 25 mls. The solution was then stood in ice, whereupon
yellow crystals were seen to precipitate out of solution., The crystals

were filtered, washed with ice cold ether (6.2 g 42.2%), mepte 76°C.
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o |
5. Synthesis,2-(1-propen-2-y1)thiophen (321).

A, Prevaration of 2—(2'—th;gno)propan—2—ol.103

The Grignard reagent from 2—iodothiophen,102 (prepared
from 2-iodothiophen (160 g, 0.76 mole), magnesium‘(zo g) and ether
(500 m1)) was transferred to a 3-necked round bottom flask and
cooled in an ice/salt bath, Acetone (44.2 g, 0.76 mol, previously
dried over calcium sulphate, then distilled) in ether (50 ml) was
added at such a rate that the temp of the solution was kept below
5%, After complete addition the solution was allowed to warm to
room temperature and stirred for 2 hrs. The resulting brown/green
complex was destroyed by addition of a saturated solution of ammonium
chloride in ammonia (200 mls). The ether layer was then decanted and
dried over magnesium sulphate,

The drying agent and solvent were removed to leave a red/brown
0il., This o0il was then distilled under vacuum to give the desired

product (64.45 &, 59.T%)y b.pt. 105-107/25 mmHg.

B, Dehydration of the alcohol to 2-(1-propen-2-yl)thiophen

Gov).

2-(2'~thieno)propan=2-ol (10.g) was mixed with oxalic acid
(5 g), and the flask attached to an apparatus set for vacuum distilla-
tion. Using an air bath the flask was heated to 130°C, whereupon the
pressure was slowly reduced to 25 mmfig, A water white liquid was seen
to distil over between 71-7300, which was collected in a cooled receiver,

The water white liquid was shaken with sodium bicarbonate
(saturated solution), then dried over magnesium sulphate. The drying
agent was removed to leave a clear liquid which was distilled under
vacuum to give 2-(1-propen-2-yl)thiophen (321) (7 g, 80%), b.pt.

72-13%C/25 mug.
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6. Svnthesis of 2-vinyl thiophen (142).104

Dry hydrogen chloride gas was bubbled into a solution of
thiophen (163 g, 2 mol), paraldehyde (88 g, 0.66 mol) and hydro-
chloric acid (conc) (150 ml) contained in a 1 1lit. flask which was
cooled by a dry ice/acetone bath to keep the temp between 10—1300,
until the solution became saturated (25 mins).

The contents of the flask were poured onto ice (150 g),
the organic layer separated énd then quickly washed with three
portions of ice water (100 ml).

The organic layer was added with some cooling to a mixture
of pyridine (158 g, 4 moles) and ol-nitroso~ P -napthol (1 g) in a
500 ml distilling flask., (Heat is given out which cracks the
quaternary compound), The solution was then distilled under nitrogen
at successivelyllower pressures, ending at 125°C/50 mm collecting the
distillate over oL ~nitroso-P -napthol (% g) in a cooled receiver.

The distillate was then poured onto a mixture of ice (200 g)
and hydrochloric acid (conc) (200 ml), the layers were separated and
then washed successively with portions (50 ml) of 1% hydrochloric
acid, water, and then 2% ammonia,

The organic layer, a dark red solution, was filtered through
1 c¢m of anhydrous magnesium sulphate on a sintered glass funnel into
a distilling flask (250 ml).

The aqueous layer from above was extracted with two portions
of ether (50 ml). The combined ether extracts were then passed through
the sinter, dried with magnesium sulphate, filtered, then the ether
removed by distillation at atmospheric pressure on a water bath under

nitrogen.
The remaining organic residue was added to the distilling
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flask (250 ml) and the mixture distilled through a 2 cm column,
35 cm high, packed with 6 mm glass helices, After a forerun of
thiophen (20 g), b.pt. 34-38°C/150 mmHg, then an intermediate

fraction, (4 &), b.pt. 34-39°C/100 mmHg, 2-vinyl thiophen (142)

(80 g) was collected in a cooled receiver, b.pt. 65-6800/50 mm.,

7. Preparation of 2-vinyl furan (190).110

Furan-2-acrylic acﬁi1o9(20 g)s quinoline (50 g) and
copper sulphate, anhydrous (2.5 g), were placed in a distilling
flask (100 mls) and distilled under a nitrogen atmosphere., At an
oil bath temp of 220—23000 two immiscible liquids were slowly collected,
in a cooled receiver, separated, the lower yellow liquid being quinoline,
the upper colourless liquid being 2-vinyl furan (190) (7.4 g, 21.8%).

The 2-vinyl furan (190) was pure enough for immediate use.

8., Preparation of 2-(2'-nitrovinyl) furan (334)}11

Furfural (38.4 g, 0.4 mol), nitromethane (24.4 g, 0.4 mol),
methylamine hydrochloride (2.6 g), sodium carbonate (0.8 g) and
ethanol (absolute) (30 ml) were stood at room temperature in a
stoppered conical flask for 2 weeks., The yellow precipitate was
filtered, treated with decolourising charcoal then recrystallised from
ethanol (absolute). The product may be further purified by recrystallisa=
tion from methanol to give the desired product as yellow crystals,

(44.5 g, 80%), m.pt. T3-T4°C.
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9. Removal of ethvl ester groups from 1,2~diethoxy=
sé;bon11-1,215.4-tetranydrogyrido£§,2—clgxgidazine (248).

Potassium hydroxide pellets (1.2 g) were added to a solution

of the adduct (248) (1.7 g) in methanol (50 mls) and the solution
boiled for 5 hrs in an inert nitrogen atmosphere. The solution

was then filtered, the solvent removed to leave an o0il which was
extracted with boiling chloroform. The chloroform was removed to

leave an oil (0.88 g), the components of which were separated by p.l.c.
(6 plates, eluent, 10% methanol : 90% ethyl acetate). Many brightly
coloured bands were seen., Band of Ry = 0.47 was extracted (0,29 g)
then replated (2 plates, eluent 10% methanol : 90% ethyl acetate), A
band of Rf = 0,40 was extracted and identified as pyrido[3,2—c]
pyridazine (87) (0.52 mg, 6.5%) m.pt. 90°C, spectroscopic data as

given before, None of the other products were identified,

10, Preparation of ot-picoline—N;oxide.77

A mixture containing o -picoline (46.5 g, 0.5 mol),
glacial acetic acid (300 m1) and a 30% aqueous solution of hydrogen
peroxide (100 vols, 50 ml) was heated between 70 and 80°C for 3 hrs,
An additional portion of 30% hydrogen peroxide (35 ml) was added and
the mixture refluxed for a further 9 hrs,

The mixture was then concentrated to a volume of 100 ml,
(Distilling off acetic acid at atmospheric pressure). An equal volume
of water was added and the remains of acetic acid and water were
removed under water pump pressure, The remaining black oily liquid
was taken up in chloroform (250 ml) and was shaken with a paste of
potassium carbonate until no more carbon dioxide was evolved, The

chloroform layer was removed and dried with magnesium sulphate, The
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drying agent and chloroform were removed and the crude product
distilled under vacuum., The desired product distilled over as a

clear liquid between 123-128°C/15 muHg (41.38 g, 7T%).

11, Preparation of 4-nitro- &K —picoline-N-oxide,

4=Nitro- & -picoline-N-oxide (45 g) was slowly added to
cold conc. sulphuric acid (Sp. Gr. 1.84, 158 ml) immersed in an
jce/salt bath. The mixture was then cooled to below 10°C and fuming
nitric acid (124 ml) was added in 50 ml portions with constant
stirring., The solution was then heated for 2 hrs between 100 and 105°C,
care!

The mixture was cooled to 10°C and then poured onto crushed
ice (500 g). Sodium carbonate (0.4 kg) was then added with vigorous
stirring, during the addition a yellow solid was seen to precipitate,
Once added the mixture was allowed to stand for 3 hrs to expel nitrogen
oxides. The yellow solid was collected by suction filtration,
thoroughly washed with distilled water and rendered as dry as possible
on the filter.

The collected solid was extracted twice with two portions of
boiling chloroform (200 ml), the filtrate was also extracted. The
combined chloroform extracts were dried over magnesium sulphate,

The dried solution was filtered and the chloroform removed to
leave a yellow solid, which was recrystallised from acetone, shown to

be 4-nitro- o€ -picoline-N-oxide (33 g, 51.%%), m.pt. 152-154°C.



236,

12. Deoxvgenation to form 4-ni§py-o(rpicoline.

Phosphorous trichloride (10 g) was added to a stirred
solution of 4-nitro~ o -picoline~N-oxide (10 g) in chloroform (200 m1)
with ice cooling. The reaction mixture was warmed for 20 mins at
50°c, cooled then poured onto an ice/water mixture (200 g).

The resultant mixture was neutralised with a saturated
solution of sodium bicarbonate, then extracted with chloroform, The
chloroform extracts were dried over sodium sulphate.

The dried solution was filtered and the chloroform removed

to leave a waxy yellow solid, identified as 4-nitro-e{ -picoline

(7 g 78.1%), m.pte 35°C.

13. Attempted condensation of A-nitro- o ~picoline with

formaldehvde,

4-Nitro- X -picoline (1 g), formalin (0.7 g) potassium
persulphate (50 mg) and hydroquinone (50 mg) were heated in a carius
tube between 150 and 210°C for 70 mins. Analysis of the products

showed no reaction had taken place,

14. Preparation of hexamethyldisiloxane.

N,N-dizethylaniline (24.2 g, 0.2 mol) and water (3.6 g,
0.2 mol) were placed in a 3-necked round bottom flask. Chlorotrimethyl
silane (21.8 g, 0.2 mol) was added slowly as the mixture was vigorously
stirred and cooled in ice. A gas was seen to be given off and a white
solid precipitated out of solution,

The white solid/solution was filtered using a fast flowing

filter paper (Whatman Grade 90), the filtrate contained two immiscible
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liquids, the upper clear layer was separated and dried with
magnesium sulphate., The drying agent was removed by filtration,
and the clear solution distilled at atmospheric pressure, fraction
collected between 98—10100, shown to be hexamethyldisiloxane

(25.9 g, 80%) (1it. b.pt. 100°C).

15, Preparation of trimethylsilyl iodide (335),11%+11

Iodine (50.8 g, 0.2 mol) was added piece-wise over a period
of 45=55 mins, via a solid addition funnel, to a stirred mixture of
alurinium powder (5.6 g, 0.21 mol) and hexamethyldisiloxane (16.2 g,
0.1 mol) at approx. 60°C. Nitrogen was blown through the apparatus
at intervals. The solution assumed a violet colouration, After
complete addition the solution was refluxed for 1% hrs during which
time the violet colour had disappeared.

The solution was then distilled at atmospheric pressure, a
very light pink liquid distilled over between 104 and 107°C, shown
to be trimethylsilyliodide (335) (14.2 g, 70.6%), (lit. bept.! 12¢113

trimethylsilyliodide 106°C), ) CDC1; 0.8 p.pem.

16, Treatment of 1,2-diethoxycarbonyl-1,2,3,4-tetrahydro-
mzidolxlg-c!pvridazine (292) with trimethylsilyl iodide (335).

Trimethylsilyl iodide (335) (0.1 m1, 0,75 mmol) was added
(via a dry syringe in a dry box) to a solution of the adduct (292)
(0.1022 gy 075 mmol) in deuterated chloroform (1 ml) containing 1%
T.M,S,, contained in an n.m,r, tube fitted with a drying tube, and

ihe reaction maintained at 50°C for 26 hrs,
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The contents of the n.m.r. tube were hydrols sed by pouring

‘onto water (5 ml) containing 5 drops hydrochloric acid.(2 N) and
stirring for 30 mins. The yellow/green solution was basified with
a saturated sodium bicarbonate solution and then repeatedly extracted
with chloroform. The combined chloroform extracts were dried over
magnesium sulphate. The magnesium sulphate then the chloroform were
removed to leave a green oil, preliminary identified as 1-ethoxy-
carbonyl-1,2,3,4-tetrahydropyrido[3, 4-c] pyridazine (338) (73 mg, 96.3%).

6 (cc15), 1.2 (38, o, CHCH,-), 2.8 (2, tr, ~0H,-), 3.25 (24, tr,
~CEy-)y 4425 (5H, q, CH,CH,~ plus N-H), 6.95 (15, 4, J = 6 Hz, H-5),

8.1 (18, 4, J = 6 Hz, H-6) and 8.75 p.p.m. (1H, s, H-8),

Using the same procedure the second ester group was hydrolised
by warming at 50°C for 40 hrs. After work-up a yellow/green oil was
obtained (68.5 mg), 1H n.m.r. spectrum showed a number of low field
absorptions plus some high field absorptions, The material was oxidised
by bubbling oxygen through a chloroform solution of the oil for 64 hrs.
The solution was filtered, the solvent removed to give an 0il, the
components of which were separated by p.l.c., (1 prlate, eluent 108
methanol s 90% ethyl acetate). Blue fluorescent band, Rf = 1.0 shown to
be pyridol3,4-c}pyridazine (87), (15 mg, 30.6%), m.pt. 139°C, mixed
m.pt. 139°C.

Attempts to scale up the ester hydrolssis to 0,5 g quantities

of the 1,2-diethoxycarbonyl-1,2,3,4-tetrahydropyrido[3,4-c] pyridazine

(292) failed.
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