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NOTES

The conventions and nomenclature used in this thesis are

intended to correspond with those adopted by the Chemical Society.

All melting points in this thesis are uncorrected.

The analyses were carried out by Drs. Weiler and Strauss of

Oxford.

A summary of the work described has been published in the
Journal of the Chemical Society in a paper -
Triazaphenanthrenes. Part VI. Further Observations on the
Widman-Stoermer and Borsche Reactions.

A copy of the paper is submitted together with this thesis.




ABSTRACT

The original work described in this thesis consists of
attempts to extend the Widman-Stoermer and Borsche cinnoline
syntheses to the preparation of a number of derivatives of
the hitherto unreported 1,2,5- and 1,2, 7-triazanaphthalenes,
(I) and (IX), and 1,2,9= and 3,4, B-triasaphehanthrenes, (III)
and (IV).

CH;
N\\N qu\l
N "N P
CH} ﬂ|
(1) (11)
R; N
a t7
> lN (\l CH,
(1II) (1v)

The application of the Widman-Stoermer reaction to the
preparation of the 4-methyltriazanaphthalenecs (I) and (II;
Ry=Ry=H; Ry=R,o=CHy; Ry=CH,,Rg=CeHg) met with only limited
success, probably due to the inhibiting effect of heterocyelic
nuclei on the reaction. However, a synthetic route to
4-methyl-l, 2, 7-triazanaphthalene was developed, and in this
case the reactivity of the methyl group was established.
Attempts were made to extend the Borsche reaction to
the ring closure of diaszotised 2-acetyl-3-aminopyridine,




4macetyle3-aminopyridine and 3-acetyl-2-aminopyridine but in
no case was a product resulting from cyclisation obtained.

The preparation of the triasaphenanthrenes, (III) and (IV)
was more successful. The 1,2,8-triazaphenanthrenes (III;
Ry=CH, ,Ro=H; Ry=Colg,Ra=H; By=Cyllg,Ro=CH, ) vere all obtaineds
The beneficial effect of aryl nuclei on the reaction was
illustrated by the excellent yield of the 4w-phenyl compound.
1-Methyl=3, 4, S-triazaphenanthrene (IV) was also prepared in
fair overall yield.

A modified Borsche reaction in alkali gave 4-hydroxy-
Semethyl=10=phenyl-l, 2, S=triazaphenanthrene (III; Ry=0H,R,=CH, )
in good yield. The 4=hydroxy compound was converted via the
4-chloro compound (III; Ry=Cl,R,=CH;) to the amino compound
(III; Ry=NH;,Re=CH, ).
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(1) SYNTHESIS OF CINNOLINES

0f the four binuclear heterocycles having two nitrogen atoms
in the same ring, cimmeline (1) is the least well known.

COF N

Cinnoline Phthelazine
N (111) ‘ (Iv)
) A
Quinazoline Quinoxaline
A number of reviews of cimmeline chemistry (e have appeared

in the literature.

The first cinnoline derivative to be deseribed, 4-hydroxy-
cimoline-3-carboxylic asid (VI), was prepared in 1883 by v. liohtu'.
by oyelisation of the diasotised o-aminophenylpropiolic aeid (V).

OH
Csc.CooH COCH
NH‘_ N«J’
(V) (vI)

There are three general methods for cinnoline synthesis, all
of which involve eyeclisation of an aryl diazonium compound containing
an unsaturated group in the ortho-position.




(a) ws Richter method.

In his original synthesis,v. Richter. claimed an almost
antitative yield of the cinnoline (VI). Repetition of this
work“? gave much less satisfactory results, but the method has
been extended by Schofield  $o the oyslisstion of & mumber of

diazotised o-aminoarylascetylenes and tolans:

OH
Ra C=C.R, RZ R,
GRS = RO

(viI) (vix)
Ry = COOH ; Ry = H ; CH,0 ; C1.
Ry = H s Rg = H 5 CH0 ; C1.
Ry = CoHly 3 By = H,
No quantitative data is available for any of the cinnoline

syntheses but reasonable mechanisms have been proposed. In the
ve Richter reaction it seems likely that intramolecular coordinatien

of the diasonium cation with the anionoidﬁ ~carbon atom of the
agetylenic group ocours with simultanecus introduction of hydroxyl
at the ({ ~carbon, as indicated below:

""O‘;, ¥ OH
Q== G
+ N
NS N
(Ix) (x)

An alternative suggestion, which is not greatly different, is



that ring formation occurs first, as shown below (XI), followed by

the attack of solvent.
+

COX -
Ndﬂ

A quite different formulation, which involves hydration of the
8
acetylenic link as the first stage, seems unlikely .

(b) Vidman-Stoermer method.

In the year following v. Richter's discovery, wu.m' prepared
4-methyloinnoline~7-carboxylic acid (XIII) by diazotisation of
lemethylel=(2'-amino-4'-carboxyphenyl )~ethylene:

C.Hg CH3
New,
Hoot NH, HooL "

103131
The reaction was rediscovered by Stoermer and his co-workers

185139214
end more recently it has been extended by Simpson and Schofield

to the synthesis of a wide variety of 4=aryl, 3,4-diaryl and 4-alkyl-
cinnolines (XV) by the eyelisation of o-aminophenylethylenes (XIV).
Ra

c Py
SCH.R, . R,
NH, 4 \N’
(xav) (xv)

The mechanism of the reaction, discussed in greater detail in
¢

s



Part II, probably follows the ionic route given below, involving
cyelisation between the diazonium cation and the anionoid® ~carbon
atom of the ethylemic group.

()\31 Ra
SN2 c;'-\c iy
Ot — O — Y o
N=N N \N/‘
(e) Borsche method.

This method,which has proved to be the most widely used of the
cinnoline syntheses, was discovered in 1941 by Borsche and Wt".
They found that diazotised Mm-wmm (XVI) slowly
cyclized on standing to give S-nitro-4-hydroxysinnoline {XVII).

Q2N CoCHy OaN
NH, \N*,‘

(xvI) (xviI)
The reaction has been thoroughly explored, especially by Simpson,
7538316
Schofield and their co-workers o + In general it was found that

cyclisation was favoured by electron-withdrawing substituents at
C; and 03 in the 2-aminoasetophenones. In the absence of such
substituents the cyclisation was found to be strongly dependent on
the acidity of the solution and of'ten diagotisation in consentrated
hydrochloric acid was recommended.

The mechanism of the reaction is discussed again in Part II,



It is probably similar to the v. Richter and Borsche reactions,

assuming that the reaction occurs through the enol form (XIX) of the

diazotised amino-ketone (XVIII).
Q

*oH OH
.c: n é
@’ cHy Hio* <rcug ) @i NcHy
T ope—

N 2 =
X = 3

(XVIII) (XIX)

Other tives.

A number of other cinnoline syntheses has been reported but
none of these has the generality of the three foregoing methods.

(a) 1lisation . PPannstiel and
Janecke" found that S-chloro-2-hydrazincbensoic acid (XX) yielded
S=chloro=3-phenyl-4-hydroxycinnoline (XXI) when treated with benzaldehyde.
The yield was low because 4-chloroindazole (XXII) predominated and
the reaction has found no further application.

Ct

d| Ct OH
coou COoOoH Ry /ﬁcws
NH NH, NH.N=CH.CHg N7
(xx) 4 <jrff° (xxz)
NH
N
)
(

XXIT)

1
Another similer cinnoline formation,due to Stolle and Becker,



involves the reaction of N-bensylideneaminoisatin (XXIII) with alkali.

S-Prenyleinnoline-~4-carboxylic aeid (XIV) was reported as a preduct
of the eyelisation of the intermediate (XXIV).

COOH
2 ) CeH
( co.co H eHe
o NH.N=z cu CLHg N
\N:CH.C;H5

lMore recently the Stclle-Becker synthesis has been reexamined

20533

by Baumgarten and his co-workers and a number of cinnoline

syntheses have been developed, conforming to the general scheme
given below:

R,
CoO R CO. R, ; Ry
NH, NH.N<CH R, v
(xxv1) (xxviI)

For example, Baumgarten and de lwnm“ obtained nitroformaldehyde-
o-acylphenylhydrasones (XXVI; Ry = H, CHy; Ry = NOp) by treatment of
diazotised o-aminobenszaldehyde and o-aminoacetophenone with nitro-
methane and oyclised these to 3-nitrocinnolines (XXVII; R, = H, CHy;
By = NOp ). '

A further application of this type is the satisfactory oyelisation
of o-hydrasinomsndelic aeids (XXVIII) to S-hydroxyoimnelines (XXIX) by

22
Alford and Simpson .



H_ OH

\N_ 7
G
@ NcooH QQO&I
e 2iy
N
NH.NHy

(XxvILI) (XXIxX)

(») tion of ted compounds. A number
of syntheses of the general type indicated below has: been achieved:
o)

R.Co R
i R
NH

(%xX) (xxx1)
The oyeclisation of monophenylhydrazones of certain diketones, such as
benzil or eyclohexanediones, has been reslised by loore“and Leonard,
Boyd and Herbrandson s 3,4-Diphenyloinnoline (XXXIIT) was cbtained
in 75 yield by cyclisation of benzil momophenylhydragzene (XXXII) in

o Fb“c
\\c Ce Mg
B
" _N
(xxxIT) (xxxIT)

The reaction proved to be of very limited applisation.

A second and more recent cimnoline synthesis of the same type
by Vashbourn = is based on the cyclisation of the resdily accessible
mesoxalyl chloride phenylhydrasones (XXXV) to 4-hydroxycinnoline-
S-carboxylic aeids (XXXVI). The intermediate diesters (XXXIV) were
obtained by condensation between diethyl malonate and diasotised



aromatic amines and were converted via the dicarboxylie asids, to
the diaeid chloride (XXXV).

Ergo clog
, C\C, COCEr ' c - Coc!
Il PO DS, R ]
" " ¢ ‘Q N
Nl NH

(3o0av) { xxxV)
OH OH
\ N* N/’N
( XXXVI) (xxxviz)

The reaction has provided a useful alternative to a variety of
4-hydroxyeinnolines (XXXVII)s The suthors report, however, that
. attempts to extend the method to a mumber of phenylhydraszones of
type (XYYXVIII) were unsuscessful

( XXXVIIT)

R\‘C.Ru
Q"}, Ry = COC1l; Ry, = COOBt, H, ON or NO,
N

(e) Condensation of diketones with hydrasines. Several
applications of the well-lmown pyridazine synthesis from dicarbonyl
compounds and hydragines have been reported. The method has not
been applied to the preparation of simple cinnoline derivatives from
o-quinonoid compounds of type (XXXIX), although some polyeyeélie
compounds have been prepared by this method. Allen and van Lnll“
have synthesised the benso-ginnoline (XLII) by reaction of the




el s

intermediate (XL) with hydrasine, followed by dehydrogenation of
the resulting dihydroecinnoline (XLI).
X

)

4¢a 3
|
o (0] “Sc"c\

Ho' MCims
(omIX)
“scsﬁ ﬁ
Ty Cete |
(xnI) (xnII)
The same basis method has been extended tv the synthesis of

28,27 %8
hydrogenated oinnolines from dervivetives of cyelo

(@) Miscellaneous methods. Derivatives of cimmoline have been

29
preparsd by Alder and Niklas, vusing a modification of the Diels-Alder
pyridazine synthesis. The addition of szodicarboxylic esters (XLIV)

ko styrens derivetives (XLIIL) gave the raduced cimmolines (XLV).

coor
R cugcuz+ 2 i i
N.COOR ROOC -N- NH.COOR
(¥LIXI) (xIv) (xuv)

In 1948, Kornf‘eld”roported a new einnoline synthesis based on
the eyelisation of aso-compounds. The reaction of diazotised aromatioc
saines with m—mr’é%mmouc acid zave the aze-compounds (XLVE)
which, on cvelisation with acetic anhydride, afforded ths |




fi

cinnoline (XIVII). Reduction with zine in acetic acid gave 3-acetoxy-
Smaryl=f-hydroxy=l, 2~dihydrocimmolines (XLVIII),

M
N=N.Ac [/ W.Qe N\N,Ar
KO CH,COOH O~ OCOCH, OCOCH3
(xwvI) (xxviI) (xLvIII)

No further applicetions of this synthesis have appeared in the
literature.
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(2) TRIAZANAPHTHALENES

Of the fourteen possible triazanaphthalenes having no nitrogen
atom common to both rings, derivatives of all have been reported in

the literature, exsept the four pyrido-pyridasines (I, II, III, IV):

N
% W LWk s s L2,
(1) (11) (111) (1v)
Since these systems ave related to cinnoline, obvious methods
for the preparation of scme of their derivatives might make use of
the cinnoline syntheses desoribed in the previous section, starting
with o~-aminoketones or o-aminoethylenes in the pyridine series.
Unfortunately, in the case of the triazansphthalenes (II) and (IV)
the methods are limited by the difficulties involved in the
diazotisation of 2~ and 4-aminopyridines. Alternative routes would
be based on cyelisations of amino-derivatives of pyridaszine, such as
the Skraup reaction. It appears from the literature that nome of
these routes has been attempted.
This review deseribes briefly the preparation of derivatives of
the remaining triasanaphthaleness The nomenclature used is according

to the Stelzner system.

1,353,680y 1,5,8=y 1,3,7=, and 1,3 _

The four pyrido-pyrimidines (V, VI, VII, VIII) have received
more atiention than any other triazanaphthalenes.



O o O o

|.3.5 '13:b 'l%.j |,3,8

0 (vI) (vix) (vim)

They are usually readily accessible via the van Niementowski
resction - The fusion of o-amine acids of pyridine with wres,
formanide or acetamide ylelds the hydroxy derivatives of the
appropriate triazanaphthalenes For example, a variety of substituted
1,3, 5-triazanaphthaienes have been prepared from 3-aminopisolinic

3’3,‘ s

aeld, as indicated below: : : A
NH,
== OO

Similarly, the reaction has been used to prepare t\ydrozw derivativon

6,7 4,8,0
of 1,3, 7-triazanaphthalenes and 1,3, 8-triagsanaphthaleness”’ '

Some of the latter have also been prepared by applisation of the
Hofmam reaction to pydidine amides. Thus, alkaline hypobremite
acts on quinoline amide (IX) to give 2,4-dihydroxy-l,3,S-triasa-
naphthalene (X):

CoNHy OH
CONH, A

OH
(IX) (%)




Ameroso’hsspmpmdtMparantbuosofmmm
pyrimidines for studies in covalent hydration and has found that
the alkaline decomposition of the 4=-N~toluene-p-sulphonylhydrazides
was successful, exocept in the case of 1,3,6-triasanaphthalene (VI).
He has used an alternative route to this compound based on the

ring closure of o-formamidopyridine-3-aldehyde (XII).

NHL NH.Co.H
CHO CHO
) (V1)
(1) (x11)

The diffisulty of obtain:lng the necessary pyridine M
has led Robins and H:ltohingn to develop an alternative synthetic
route to a number of 1,3,8-triaganaphthalenes (XV) by condensing
4-aminopyrimidines (XIV) with 1,3-diketones (XIII) and other carbonyl

compounds. Y R, Y
R, CO “\ N
PR ES Sos, ¥
R;CH z R‘ N X
R3CO
(XIII) (x1v) (xv)

1,4,5- and 1,4, 6«

00 a0

';q-.‘S "‘1‘.
(XvI) (xviI)




I7.

A number of derivatives of the two pyrido-pyraszines (XVI, XVII)
has  been prepared and the parent bases are known, but there is little
published work relating to theme The usual method of preparation
has been based on the well-known quinoxaline synthesis, involving
condensation ed'-tho appropriate o-diamines with 1, 2-diketones.

Derivatives of 1,4,5-triasanaphthalene were first reported by
Tsohitschibabin and Kirsanow and move recently by Petrow, Bernstedn
aadlappinand.ﬂhuk:‘ all using the method indicated above. The
parent base itself was prepared in poor yield by reaction between
the dismine (XVIII) and glyoxals

AN\ NHa CHO
Quuz i CLO 2 (3V3)
(xviIx)

The 1,4,6-triazanaphthalenes have received even less attention.
The first mpoﬂodpupmtionmbylocnip” who synthesised the
parent base by reaction between the o-diamine (XIX) and glyoxal.

This method has recently been fmpwoved by Alberte

NH,
NH. CHO

% | == ()

T
» cHO

(x1x)
An alternative synthesis of interest is the unambiguous preparation
of 3emethyl-l,4,B-triasanaphthalene (XXI) by Hepworth and ﬁm‘:
based on the scyclisation of the intermediate (XX).

NH.CH, CH (OW)CH; @/5
N NH, - N N CH;




233, 5= and 2,3, 8-Triazanaphthalenes.
N
' N
SN
2-)3.5 1)3:6
(xXxII) (Xx1IT)

A nunber of derivatives of the two pyrido pyridasines (XXII, XXIII)
is  lnown but no detailed study of these systems has been made. The
methods which have been used for the preparation of these compounds
are based on the synthesis of phthalasines by condensation of o-aldehydo-
or o=keto acids with hydraszine or its derivatives.

The first example of a substituted 2,3,5-triazanaphthalene was
reported by Rosenheim and Mol“h 1893, The condensation of 2-acetyl-

nicotinic acid (XXIV) with phenylhydrasine gave l-keto-d=methyl-2-phenyle
2,3, S=triazanaphthalene (m)

V)
COOH Q\J.cbﬂs
CoCH3
CHy
(xxIV) (xxv)
The condensation of quinolinic anhydride (XXVI) with hydrazine under

20,21 22

various conditions ' '  gives 1,4-dihydroxy-2,3,5-triazsanaphthalene

(xxviI).
OH

c8,

OH

(XXvI) (xxviI)



2
Armerego  has recently prepared 4-methyle2,3,S-triazanaphthalene (xxx),

2
by the same basic method, starting with 2-acetylnicotinic asidel-oxide s
(XxvIII).

v ¥ CHy CH3
o 0
(xxvVIII) ( XXIx) (xxx)

The intermediate hydroxy-compound (XXIX) was obtained by reastion
of the Neoxide with hydrazine hydrate and was then converted to the
4~methyl-compound (XXX) via the chloro-derivative.

There s little published work on 2,3,6~triazanaphthalens (XXIII).
The Nephenyl-derivative of 1,4-dihydroxy-2,3,8-triazanaphthalene
(XXXI or XXXII) was reported by Strnohe'. in 1890. It was obtained
by heating the diphenylhydraside (XXXIII) of oinchomeronic acids

o ou
Qco.w.uucm @‘-Cuﬂs @:\
N J co.NH.NHC Hs : (J.c,_us
OH o

2]
Condensation of cinchomeronic acid with hydrazine at 365 gives
' 20,37

1, 4-dihydroxy-2, 3, 6-triazanaphthalene (XAXIV). .
OH

O

OH

(xxxzv)



1,2,3= and 1,32,4-Triazanaphthalenes.
|
Q& 9®;
\:2.3 i, ‘1 Y
(xxxv) (xxxvI)
The 1,2,3- and l,z,btq‘uinol have been reviewed by inq:.

Derivatives of both the 1,2,3- and 1,2,4-bensotriazines (XXXV, XXXVI)
are knowne

The 1,2,3-triazanaphthalenes have usually been prepared by
cyelisation of o-aminooximes or related compounds. Meisemheimer,
Semm and Zim“ have prepared 4-methyl-l,?, 3-trieczanaphthalene-
Neuxide (XXXVIII) by diazotisation of o-aminoacetophenone oxime (XXXVII).

NHy kﬂ
c=N.OH &

[ p |
CHs o

CH3
(XxxviI) ( XXXVIII)

Similarly, the diasotisation of o-smincbensamidine (XXKIX)  produces
4~amino-l, 2, 3-triazanaphthalene (XL), and the oorrupondiag N-oxide (IIJI)
can be obtained from o—aﬁaﬂm&dm (M)o The 4-hydroxy=l,2,5-
triazanaphthalene (X!JV) results from the diazotisation of o-amino-
acetamide (XLIII).

NHz N§N

' =NH ' @/’l‘

e NRe.
(XxxIX) (xn)




O <.
=N.OH
i v

NHa NHL

(1) (¥LII)
NHy N
CONH, "l

oM

(XLIII) (xuav)

The 1,2, 3-triazanaphthalenes are unstable and are reported to behave
as diazonium saltse

The better-known 1,2,4-triasanaphtholenes, first reported by
Bisehlor", have been prepared by various methods, the most common
of which is the Arndt roaotion:‘ The fusion of substituted o-nitro-
anilines with cyanamide results in the formation of the corresponding
Jw-amino-1, 2, 4&-triazanaphthalene-l-oxides. o-Nitroaniline itself, on
fusion with oyanamide, gives the soe;ino-cmpmma (xmv).

Qe

The reaction has been applied to the preparation of a series of
a8
1,2,4~triasanaphthalenes of potenticl antimalarial astivity.
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(3) TRIAZAPHENANTHRENES

Nomenclature
Some confusion has been caused by the variety of n ‘A

have been used to deseribe various members of this m m :
Fused heterocyclic ring compounds may be named according hm
methodss The L.U.PsA.Co rules rccommend naming based ﬂl ﬂh ‘ |
relationship to a simple heterocycle, hence muo-!hllnus,
pyridasino-quinolines and pyrido-quinozalines are mtm in the
literatures The alternative Stelsner system names such w
as asa~derivatives of the corresponding homocyélis w,h tbu
case triasaphenanthrenes. In addition, these compounds are m
named as azaederivatives of heterocycles. This applies M
to the aza-phenanthrolines.

The mumbering used in this review, as showm in (I), ftﬂm
the Stelzner system which 4s recognised by the Chemical Society and
which is commonly used in the Buropean journals. However, the
alternative mmbering, as shown in (II), is slso to be found, for
example in the Ring Index. |




Synthesis of Triazagbenanmg_m_;a.

Until fairly recently, very little work had been done on
triasaphenanthrenes. Those compounds which were reported bd‘on
1955 were, without exception, by-products resulting fm work in
other fields, and no study was made of them.

The earliest authentio preparation of a hduaphmthrom
compound was by Goldschmidt and Rosell', who obtained 3-phenyl-
2-0%0~2, 5-dihydro-1, 3, 4~triasaphenanthrene (III) by the reaction
of l-phenylaso-2-naphthylamine (IV) with phenyl isocyamate. Compound

(III) was later obtained in better yield by cyclisation with phosgene®.
- CiHg

o]
N=N.C¢gHe

NH,

(v) (111)
Much of the work involving what was believed to be the 1,3,4-triasa~
phenanthrene system, however, has been shown to de in errer’®. In
partioular, Pischer* showed that the compounds obtained by the resction
of learylazo-2-naphthylamines with aromatic aldehydes were
naphthinidazoles (V) and not 2,3-dihydro-1,3,4-triasaphenanthrenes (VI),
as originally formilated. 5. ~

 CeHsg
1 i
P TRy
N=N.CLu¢ CoHsNH CeHs N” ﬁ“ﬂ‘
NzCH.C Mg
—

(V) (o)




Q.

Since the objective of the work recorded in this thesis was
the synthesis of triasaphenanthrenes retaining either the
phenanthridine structure (VII and VIII) or the phenanthroline structure
(IX), mnamwmmmummmwnw
of the general formulas VII, VIII, 'IX' have been sumardised briefly
in Tsble L. '

oF o

(vix) (viIx) (xx)
Triazaphenanthrenes having the above bazic structures will be listed
more fully as tolim:

1,2,9-Triasaphenanthrones.
Derivatives of this ring system were first reported by
Atkinson and Mattocks®., 4-Hydroxy-lO-phenyl-l,2,9-triagsaphenanthrene
(XI} R = OH) was prepared by dlasotisation and ring closure of
4espetyl=S-amino=2-phenylquinoline (X), in a strongly basic medium.

cocHy ‘ R
@un; N
CHs
dina

(x) : (xx)
4-Chloro-10-phenylel, 2, 9=triasaphenanthrene (XI; R = C1) was obtained




22

from the hydroxy-derivative, and was converted into the phenoxy-
compound (XI; R = CgHg0). 4-Amino=10wphenyl-l, 2, S-triasaphenanthrene
(XI; R = NH,) was prepared from the phenoxy-compound by heating with
ammonium acetate. All attempts to prepare the parent base (XI; R = K)
failed. ‘

Cyclodehyidration of benzamido-phenylpyridasines by Atkinson

and Rodway® has led to S~aryl-derivatives of the hitherto unreported
1,2,10~ and 2,3,10-triazaphenanthrenes.

Benzoylation of S-amino-d~phenylpyridaszine (XII) yielded the
4-bensamido-derivative (XIII), which was cyclised by heating with
phosphprus pantexids 1 nitibeusens 44 1P 2e chve Bl
2,3,10=triazaphenanthrene (XIV; By = Ry = H). Parallel reactions
gave the O-menitrophenyl- and O-p-nitrophenyl-derivatives (respectively
Ry = H; Ry = NO; and Ry = NOy; Ry = H), These were also reduced to
the corresponding amino-derivatives.

SN

Oge M

HaN ©

Ry :
(x11) (X11I) (xav)
In a similar way, benzoylation of 3-amino-4-phenyleGemethyl-
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pyridasine (XV) and subsequent ayolodehydrstion of the bensamdido-
derivative (XVI) by heating at 220° with a mixture of aluminium

ohloride and soddum chloride led o S-methyleS-phenyl-1,2,10-triasa~
phenanthrene (XVII; R = H). The p-nwnuu (xvg{;an. NO, )

3
was obtained by a similar route. :
CH3 k
) Ox, . H
N
NH». @

R
(xv) (xvI) (xvIz)

1,3,9-Triazophenanthrenes.
Gulland and Robinson? in 1925, prepered 3,4-dihydro-

2,10=dinethyl-4-oxo=3=phenyl-l, 5, 9=triasaphenanthrene (XX) by boiling
anhydro-3-acetanido-2-nethyloinchoninic asid (XIX) with aniline.
No further work was earried out on this compound.

0 VO\}':-H:, O‘/_N\‘N’F"‘!
(x1x) (xx)

It was not until 1943 that other 1,3,9=triasaphenanthrene-
derivatives were prepared by Colonna®. Reasction of S-aminocinchoninie
acid (XXI) with urea, asetamide and formamide gave respectively the



three triasaphenanthrenes (XXII, XXIII and XXIV).

COOH HO ‘nOH‘
@.«u Wi

“ '

(xxI) (xx1x)

HO ¢7 (M3 HO
) )

N

(xxI1I) (xxIv)

49

lore rocently, Atkinson and Mattocks® have prepared and investigated

some of the reactions of 10-phenyl-1,3,9-~trlasaphenanthrene (XXVIL:
R = ) and its derivatives. 3-iwino-2-phenylouinoline-dwcarboxylic
acdd (XXVI) was prepared by dephthaloylation of the phthalimido-asid
(XXV), 1tself prepared by a PPitsinger reaction between isatin and
phenacylphthalinide. Condensation of the amino acid with formamide
gave 4-hydroxy-l0-phenylel,3,9=triazaphenanthrene (XVII; R = OH),

cooH COOMH )
©:>N (0)aCeHy @N\h N
C.H -
CeHsg T N CuHs
(kxzv) (xxvI) (Xxviz)

4=Chloro=-, 4wphenoxy- and 4eamino-derivatives wére prepared from
the hydroxy-compound and 10-phenyl-l,3, S-triasaphenanthrene was
prepared from the 4-chloro-compound via the p-tolumuim



All representatives of this ring system so far reported
have been prepared by the cyelisation of derivatives of S-amino-

cinnoline. McKenzie and Hanilton® scondensed Seamino-femethyleinnoline

(XXVIII) with ethoxymethylenemalonic ester and ayclised the product
(7XIX) to obtain 7-oarbethoxy-8-hydroxy-l-methyl-3,4,5-triasa-
phenanthrene (XXX; R = COOEt). Hydrolysis provided the 7-carboxy-
8-hydroxy-derivative (XXX; R = COOH) and decarboxylation of the
product gave the S-hydroxy-compeund (XXX; R = H),

A
N‘\l Cl-\“/N N CH3
SN
NH, CH3 H‘C;OOQ/ COOCsz R OH

More resently, Case and Bremnan'®, starting with the same
aminocinnoline and using the Skraup reaction, have prepared.
L-nethyl=5, 4 =triazaphenanthrene (XXXI; R = Me)s Condensation of
the product with benzaldehyde gave the le-styryl-compound (XXXII),
oxidation of which gave the lesarboxylic acid (XXXI; R = COCH).
Subsequent decarboxylation gave the parent base (XXXI; R = H),

N% N?
R N CH=CH.C_Hs

(xxx1) (XxxII)

g




2.

These compounds have attracted interest due to their struetural
relationship to o~phenanthroline, the well-lmown complexing agent
and inddeator. Hobday, Tomlinson and Irving'®, following the work
of Gase end Brennan, have examined the reastion of demethyl- and
4, 9-dimethyle3, 4, 5-triasaphenanthrenss with metal ions.



TABLE I

32,

Position of
ring ¥ atoms Substituents WM.J
1,2,4 Do thoxy=Ieono=2-phenyl-2, S=dihyiro= 3
Y=g thoxy=-2-phenyl=3=phenylinino=2, 3=-dihydro- 3
Smanino- 12
l-carbethoxy=3=0x0~1, 2, 3, 4~tetrai-O=sulpho- 13
l-carbethoxym3-0x0=1, 2, 3, 4=tetrahydro= 13
3=0%0=1, 2, 3, 4=tetrahydro-S-sulpho= 13
Gm0%0=L s 2 3, d=tetrahydro- 13
B=imino-2, S=dikydro-l-oxide 14
1,3,4 Swphenyle2eozo=2, 3=-dihydro= 1,2
2=0%0=1y 2, 3 dmtetrahydro= 15
3y d=dicarbethoxy=2-0x0-1, 2, 3, 4~tetrahydro= 15
Marbethm-w, 2y 3y d=~tetrahydro=- i..ﬁ
p—niW)—Q—oarb.ﬂwbz,s—m 17
1 9 4, 5 —wnen m
1,4,8 S 18
2, S=dimethyl- 1e
2, Smdd: 19
S=0arboxy-2-hydroxy- 20
1,5,9 — 10
10-0x20=9, 10-dihydro- 21
1,8,10 | 5~020-9,10-dihydro- 22
2,3,4 2=agetylel, 2=-dihydro- 3
2 ) " 5 e 10
2 ? 4’ 8 l‘m‘ ”
1, 5=dihydroxy=- 23
1-hydroxy=3=nethyl- 23
3 8 9' 10 - “
24
L-methyle 28
4w arboxy-l-nethyl- 28
25
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Pmnammaaumammmmmm
of the three triazemaphthalenes (I, IX and III) by extending the
Borsche and Widman Stoermer resctions to the cyclisation of ddasotised
mmmmmmmmmmmg

. ~N
N

I,'Z.,S ‘)1.7 . : 22
(1) (11) (111)

The most convenient starting materials for the preparation of
sush intermediates are the readily aveilsble o-aminopyridine carboxylic
acids. These compounds are most easily obtained by synthesis from
the corresponding pyridine dicarboxylic acids, and the general method
used is exemplified by the preparation of S-aminopicelinic aecid (VII)
from quinolinic acid (IV) shown below:

COOH cos ; co\
@coon ’ <]]co'o Qcoz""
(v) 1) (V1)

@NH; COOH
(P COOH % NHa.

(viz) (vIIx)
Quinolinic acid was prepared by the oxidation of 8-hydroxyquineline



%

using a modifiscation of the procedure dus to Oskes, Pascoe and Rydon®s
Quinolinimide (VI) may be obtained indirectly via the anhydride (V)
or directly from cuinolinic acid by reaction with acetamide in acetdc
anhydride - a method desoribed by Carboni and Bertd's A Hofmann
reastion with quinolininide, using the method of Suohards®, gives a
mixture of S-aminopicolinie acid (VII), as the major produst, and
Z-aminonisotinic aeid (VIIL) 4n about 5-10/ yield. The 3-aminopicolinic
acid is Aiffioult to isolate due to its high solubility in water. It
was, however, isclated as the insoluble copper salt, fvom which the
free amino-acid was obtained by separation of the copper as its
sulphide,

Cinchomeronic scid (IX; Ry = Ry = H) is less ascessidle than
quinclinic acids The methods available for its preparation were
revieved and & nunber of these was investigated. Of those methods
depending on the oxidation of isoquinoline, a recent method of Armerego
and Evans® proved the most convenient. Unfortunately, their procedure
requires a tedious extraction of the intermediate diethyl ecinchomeronate
with chloroform and although the authors recommend filtration through
kieselguhr to remove impurities and to break the persistent emulsiom,
this was found to be only p&rti&lly successful. Alternative procedures
proved even less suitablet the oxidation of isoquinoline, using
seleniunm dioxide in concentrated sulphuric acid’, could not be
reproduced, and the method of Lindenstruth and VanderWerf®, using
ozone oxidation, although excellent for the preparation of small



quantities,proved unsuitable when applied to larger m The
method finally adopted was a procedure based on the oxidation of
quinine” with concentrated nitrie acids The relative ease of this
method and the ewsellent yield it affords was considersd ample
Justification for the cost of the sterting materdal.

COOH (O —NH COOH
@cooﬂ @co’ @N Hy
Rz N Rc R’. N Rc R; Rl
(1Ix) (x) (x1)

Cinchomeronic acid was converted into the imide (X; By = B, = H),
as desoribed zbove,and a Hofmann mot:lnn,t‘olloﬁa;‘% method of
Gabriel and Golman®, gave Seamincisenicotinic acid (XI; By = By = H)
in 45/ yields In this case the produot was readily obtained, due
to its low solubility in waters

2, 6=Dimethyleinchomeronic aeid (¥; R, = B, = CH,) has
previously been reperted: ethyl scetylpyruvate® and ethyl/}amino-
| orotonate’® sondense smoothly together at room temperature to give
8 good yleld of the diethyl ester,as deseribed by Gulland and
Robinson'?, Following the gemeral procedure cutlined earlies,
S-amino-g, 6-dimethylisonicotinie acid (XI; Ry =R, = CHy) was obtained
by a Hofmann reaction on the imide (X; Ry = R, = CHy ).

Similarly, 2-nethyl-Swphenyleinchomeronic acid (IX; R, = CH,,

Ry = Collg), previously reported by Kao and Robinson®: was prepared
by a condensation between ethyl benseylpyruvate and Mp amino-crotonate



39.

and converted %o the aminosasid (XI; Ry = GHy, Ry = Gefls) via the
sorresponding imide. Mumm and Neumann'® reported a compound whish
they described as the imide (X; Ry = CHy, Ry = Cel), prepaved by a
reaction between the anhydride of the dibasie acid and aqueous ammonds
under pressure. These authors gave a much higher mep. than that
of the imide reported here and they submitted no analytical evidence.
Tt seoms likely, in view of the mothod used, that they obtained the
armonium salte | _’
Matumswmmmwm.-(mmm)
failed. L4

COOH cooH :
COOH HsC COOH HeC N
CoHs CeHs HeC o CH3 Hscb[;JCHa
(XIT) (x111) (xav)

in attempt to prepare 2,6-diphenyleinchomeronic seid (XII) by
condensation of ethyl g aminocoimnamate’® with ethyl benzoylpyruvate
failed under all conditions tried. An attempt to extend a recent
pyridine synthesis of Ya and Kondvateve'® o the preparation of
O-methyle5, 6~-diphenyloinchomeronic acid (XII) was 2lso unsucoessful.
The method makes use of o Disls Alder addition of malele ahydride
to substituted oxazoles, 2-Mothyle4,S-diphenyloxazole e (XIV) was
heated with maleic anhydride under various conditions but mﬁui
did not osceurs ik
o-Aminonicotinic aeid (VIII), already obtained as a by-product
in the preparation of 3-aminopicolinic acid, was nmow requirved in



larger quantities and an alternative method was sought. The route
of Robins and Hitohings'”, based on permanganate oxidation of
2-acetanido-3-methylpyridine’®, was found to give the acid in
excellent overall yield.

CH3 COOH
N NH.COCH3 ? NH2

(xv) (viix)



FXPERIMENTAL

Quinolinic soide — Fuming nitric acid (ds 1e53 500 nle) was added

over Shrs to a well-stirred suspension of 8- hydroxyguinoline (300 g)
in oarbon tetrashloride (800 ml.), the temperature being maintaimed oA O -S

by cooling in an ice bathe The mixture wes then warmed on & water bath

0 40-50° and a further cuantity of fuming nitric seid (750 ml.) added

in 250 ml. wﬂimmmmummwmkhm

was raised slovly o 76-80°; #his temperature vas maintained, with stirring,
for 1 hre then a further quantity of nitric ceid (250 ml.) was addeds |
Heating wes continued for 4hre after which time the mixture was treated
with more fuming nitric aeid (500 ml.) and heated on the steam bath

for a further Shre The whole of the cbove reaction was carried out

in an efficient fume cupboard, singe large quantities of nitrous fumes

were evolved. The vesulting solution was eveporated to drymess on a

atoam bath and the orange-coloured, erystalline residue fnmiﬁu
washed with 505 nitrie seid (100 ml.), followed by water (2 x 100 mls)s

The cream-coloured, erystalline product (195 g.) was filtered and dried,
Bep. 185-1373 The filtrate and washings, on evaporating to about 100 ml.,
aPPorded o further quantity of quinolinic acid on cooldng , (48 g.),

Mepe 175-178"%

Quinglinic anhydride. == Quinolinis acid (100 g.) was heated with

soetie anhydride (500 mls) on a steam bath for 6hre Bxcess acetis anhyiride
and scebic acid were removed frem the clear solution by distilling under
peduced pressure. The brown, 0ily residue orystallised on ecooling to



afford the anhyiride (85 gs), mepe 138-138°. The anhydride was
sufficiently pure to use without reerystallisation.

Juinolinimide. = A mixture of quinolinic snhydride (85 g.), acetamide
(120 gs) and acetic anhydride (30 ml.) was heated under reflux in an
0il bath 2t 125-130° for 7hr. and allowed %o cool and stand overnight.
Tbaamtallinemammtomd’ojishoddthﬂmm(‘mﬂ-)
and water (200 nl.) and dried at 110° to afford the imide (88 g )

meps 258-240°,

S-Aminopicolinie agids =~ To an ise-cold solution of bromine (26 ml)
and sodium hydroxide (70 ge) in water (250 ml.) was added a solution
of well-powdered quinolinimide (70 g«) and sodium hydrexide (140 g.)
in water and ice mixture (900 g.)s The resulting cleer,browm solution
mha%dh&&manmbathamwmdatthilmm
for 30 min. The solution was cooled, neutralised to pH 8.5 with acetic
a0id and allowed to stand at 0° overnight. Filtrotion of this solution
gave 2eaminonicotiniec acid as a W-oem,mmmﬂnm solid,
HePe 208302°,

The filtrate was treated with a solution of copper asetate (70 g.)
in water (700 ml.) and the almost eolourless copper salt collected.
Filtration was difficult =and a large Buchner funnel was useds The
precipitate was collected and washed by stirring with worm water (500 ml.)
The mixture was again filtered and the precipitate colleocted and
suspended in water (250 mle)s A stream of hydrogen sulphide wes passed
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through the well-stirred mixture for lhr. and the Semperature maintained
at 80° by heating on a water bath. The ooyper' sulphide was filtered

of f and the filtrate evaporated to small bulk (ee 50 mls), cooled and
filtered to afford 3e-aminopiecolinic acid (32 g.) as light brown needles,
Mepe 208-210'y A further amount of the promt(:’,l?»p; 202-266, was

obtained by evaporation of the mother ligquor.

51 A

Cinghonefie aoids -~ (a) Batehes of quinine (150 ge) were refluwed

for abau: 100hre with coneentrated nitric aeid (1200 ml.) and fuming
nitriec acid (d. 1.5; 350 ml. ). !hemcmnmmcﬂhu
efficient fume cupboarde The elear, yellow solution was evaporated en

a steam bath and the viscous, pale yellow liquid poured into water
(1000 mle)e The solution was allowed to stand at O° overnight and

then filtered to yield the acdd (45 g.) as fine, colourless orystals,
Mepe 264-267 (decompe)s literaturc values range from 249-251° (decomp.)
to 266-268° . Evaporation of the filtrate, followed by oxidation of
the oily residue, as deseribed above, gave a further guantity (19 g.)
of einchomeronis acid. The product was used without further
recrystallisation.

(b) To an ise-cold mizture of isoquinoline (178 g.), anhydrous copper
sulphate (4«8 go) and mereurie nitrate monohydrate (10 g.) was added
cautiously sulphuric acid (d. 1.843 400 ml.)s The mixture was then ‘
heated $o about 250° and nitrie seid (& 1.42; 470 ml.) sdded over 2§ hr



4

aurmguhuhamasmamormwaamwmmm -
the volatile products distilleds After addition of the nitris aeid
was complete, the mixture was heated for a further 30 min., the air
£low being contimaﬁg 3&’;??\3210\““ wermed with urea (”, g ) at 100°
for 30 mig., before pefissdag for 7hr. with methancl (500 ml.) and
bensene (300 mle )« After cooling, thcmmpm!denioiu
and pdjusted to p 10 with ammonis. The benzene layer was separated
and the aqueous layer extracted with chloroforn (5 x 600 ml.); filtration
wmmmmmsmmmmnww
the emilsions Filtration was difficult, owing to the formation of a
pine, Black precipitote during basification; this made replacement of
the kieselguhr negessarys The combined chloroform m‘ were shaken
with solid sodium biscarbonate, dried (Mg80,) and distilled,to afford
dimethyl cinchomeronate (105 ge), bepe 95-100"/ 1.5 mm.

The ester (100 g.) was refluxed with 4N-nydrochloris acid (250 mls)
for Shr. and the solution evaporated to afford einchomeronis acid (86 g)
Mepe 2632687 (decomps )

Cinghomeronic sahydrides - Cinchomeronic acid (100 g») was heated
with acetic anhydride (500 ml.) at 105-110° in an oil bath for Shr.

The acetic acid and exsess acetic anhydride were removed under reduced
pressure to yield, on cooling, a light brows, erystalline mass (92 g»)
of the anhydride, mepe 76=78.

Ginghomeronimides -~ A mixture of the anhydride (41 g.), scetamide (50 g)
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and asetic anhydride (20 ml.) was heated in an oil bath at 125.130°
for 6hr. and them allowed to cool overnight. The solid mass (35 g.)
which separated was broken up, collected and washed well with dilute
agetic acid (20 aeid; 100 ml.), followed by water (200 mls)s The imide
was dried at 110° to afford a buff-coloured solid, mep. 252-256°%.
Gabriel and Golman give mep. 251-252°,

3-Amino-isonisotinie 8cid. == Well-powdered cimchomeronimide (24 g.)
was added to a solution of bromine (28 g.) and potassium hydroxide

(50 g.) 4n water (400 ml.) at 0°. After half an hour's stirring at

0°, a further amount of potassium hydroxide (20 g.) in water (200 ml.)
was added and the solution heated o 75-80° on a steam bathe This
temrerature was maintained for 30 min. and then the solution was cooled
in ice and adjusted to pH 6.0 with glacial acetic acid. The buff-soloured
s0lid (12.5 g.) which separated was collected, washed well with water
(200 mls) and dried at 110° to afford the amino-acid, mep. 504-307°.
Bachmann and hrh:;ive mepe 319-320°,

Ethyl ascetylpyruvate. -~ A mixture of dry ethyl oxalate (337 ml.) and
dry acetone (183 mls) was added, with effioient stirring, to a solution
of sodium (62.5 gs) in absolute aleohol (1400 ml.). The resulting
precipitate was filtered on a large Buchner funnel and washed with
ethanol (100 ml.); it was then treated with a mixture of water (750 ml.)
and erushed ice (500 g.) and the mixture stirrved. A solution of sulphuriec
acid (d 1.84; 100 ml.) and ice (200 g.) was added dropwise and the
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mixture extracted with bengene (3 x 500 ml.). The combined benzene
extract was dried (MgS0s) and the benzene removed under M pressure.
The residue was distilled under reduced pressure, the fraction boiling
between 116° and 120° st 30 mme being collecteds The yleld of orudd
ethyl acetylpyruvate was 230 g

Zthylg aminosrotonate.=- A rapid stresm of ammonia gas was passed

through ethyl acetoacetate (100 ml:) for 5 hr., the temperature being
maintained below 40° by eooling in dce. Ether (100 ml.) was added and

the water which had formed was separateds The ether solution was washed
with water (2 x 50 ml.), dried (Mg80,) and the ether renvql under reduced
pressures The yleld of crude ethyl £ aminosrotonate was 94 g« The product
was used without further purification. |

2 -Dimethyloinshoneronds sedde—- A mixture of ethyl/ aminosrotonate

(59 ge), ethyl acetylpyruvate (83 g+) and ether (40 ml,) was allowed
to stand overnicht at room temperature and the ether m removed under
roduced pressure. The condensation product was boiled under reflux with
sodium hydroxide (80 g.) in water (200 ml.) for 4 hr. The solution was
diluted with water (200 ml.), cooled in ice and neutralised with A
sulphurie seid. The acid (94 g.), mep. 270-274°, orystallised from the
solution in almost quantitative yield. (Gulland and Robinson’ give

meps 275° for the pure acids) The product was used without further

purification.

2; 8=Dimethyleinchomeronimides=- (a) The foregoing acid (10 ge) and
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urea (5 go) were heated together, with stirring, at 225° until ammonia
was no longer evolved (about 5 min.). The tempersture was then raised

to 230° for a short while (about 2 min.) M-tmmmmmm
continuously with ethanol for about 1 hr. Concentration of the orange-
rod ethanol sclution yielded the imide (6+5 gs), meps 224-228°. Further
recrystallisation from ethanol afforded yellow needles, meps250-251°.
(Gulland and Robinson report yellow needles meps 230°)s

(b) The acid (20 ge), acetamide (27 g«) and acetic amhydride (100 ml.)
were heated together under roflux at 130-1355° for € hr. The mixture was
cooled and filtered to yield the crude imide (15.5 g.) as a pale yellow
powders Recrystallisation from ethanol gave yellow needles, m.p. 230-231°,
not depressed on admixturs with the compound prepared as desecribed

under (a) aboves

(20 go) was added to a well-stirred sclution prepared from bromine

(18 g. ), potassium hydroxide (30 gs) and a mixture of ice and water

(300 ge)s The mixture was allowed to stand for 2 hre, a further quantity
of potassium hydvoxide solutiom (20 ge in 150 ml. water) was added

and the mixture was heated to 80-85° for 10 min. The clear solution

was Jjust acidified with SN-hydrochloric acid and evaporated to dryness
under reduced pressure. The residue wus extracted with boiling ethanol
(2 x 200 ml.) and the combined, filtered solution concentrated to small
bulk (about 60 ml.). CGoncenmtrated hydrochloric aeid (5 ml.) was added
and the solution was eocled to 0°. The orystalline hydroshloride (24 g.),



MePe 247-240° was eollected and recrystallised from 2N-hydrochlorie
acid to afford slender, pale yellow necdles, mep. 248°,

A consentrated aqueous solution of the hydroehloride (2g. in 8 ml.
vater) was treated with excess solid soiiun soctate o Sedminoed,te
dimethylisenicotinic a0id separated as pale yellow prisms, mep. 206-297°,
(Gabriel and Colman“report meps 255°). For subsequent experiments thé
acid was used as its hydrochloride.

Zthyl benzoylpyruvates—— Acetophenone (236 g.) was added to a solution
of sodium ethoxide, prepared from sbsolute ethanol (1050 ml.) and sedium
(8445 g.) and the mixture wss oooled to 0% Diethyl oxalate (409 g.)

was then added over about 1 hr., with efficient stirring, the temperature
being maintained at 0% After the mixture had been allowed to stand

for 12 hr. at room temperature, the yellow sodium salt was eollected

and dissolved in hot water (3500 ml.). The solution was asidified with
A5-sulphuric acid, cooled and the resulting oil extracted with ether,

(3 x 300 mls)s After drying (Mg80,), the ether was removed under reduced
pressures The crude ethyl benzoylpyruvate (520 g.) solidified on standing
to a erystalline mass, mep. 40-43°,

(220 g.)and ethyl eminoorotonate (130 g.) was allowed to stand. The
temperature rose to 35° and remained at above 30° for several hrs.

After standing for sbout 2¢ hr., the mixturc had set $o & semi-orystalline
mass. The condensation product was heated in an o0il bath at 130° for
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2 hre} a smooth seperation of water ocourred. The resulting oily
product was boiled under reflux with SN-sodium hydroxide (250 ml.)

for 2 hre The oil dissolved to give a pale yellow solution which was
just 20idified to Congo red with concentrated hydroehloric acid « The
mixture was cooled and the granular precipitate collected. A .small
amount of oily impurity was removed by washing with ether (2 x 20 ml.).
Recrystallisation from 50k aqueous ethanol gave the acid as small,
colourless needles, meps2!1 ~213% (Mumn and Neumann Peport meps 217 °)s

2~-MethyleC-phenyleoinchomeronic anhydrides-- The foregoing acid (80 g.)

was heated under reflux on a steonm bath for 5 hre with asetiec anhydride
(300 ml.)s Evaporation of the mixture to sbout 150 ml., under reduced
pressure, followed by filtration of the cooled mixture, gave the anhydride
(39 g.) as long, eolourless needles, meps 195-192°, (Mumm and Neumann'>
report mep. 196°),

mides=~ (2) The foregoing anhydride

(30 g) mixed with acetamide (50 g.) and acetic anhydride (10 ml.)

was heated to 125-130° in an o0il bath and retained at this temperature

for 8 hr. The erystalline precipitate (24 g.) whioch separated was collected,

washed with acetic acid and with water and then recrystallised from
acetone to yleld the imide as small, colourless needles, mepe 163%

(Pound: C,70e63 Hy%e23 N,1148s Cyqfly00,%; wequires C,70.9; Hy4e5; N,11.6%).
(Mum and Neumann report an imide mepe 246° but give no analysis)s
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(b) The acid (10 g.) was mixed with urea (5 g ) and heated, with
stirring, st 210° for 10 min. The temperature was then raised to sbout
220P for a further 5 min. (until ammonia was no lomger evolved) and
the resulting pasty mass was allowed %o cool to room temperature.
Extraction with hot ethanol (4 x 50 ml.) provided, on concentration
of the solution, the imide (7.1 g.) as almost colourless needles, m.p.165°.
Tm-oltingpoiutmuthprolsedmadlixtnndﬂzmmm
prepared as deseribed under (a) sbove. '
imide.

| : gide = T’”W,\(” g)
was added to an ice-cold solution prepared from bromine(30 z.), sodium
hydroxide (29 g«) and a mixture of ice and water (300 g.). After stirring
for 15 min., the temperature was raised to 70-80° for 1 hr. and the
solution was then cocled and a0idified to Congo red with concentrated
hydrochloric acide The solution was evaporated to dryness under reduced

pressure and the pale yellow residue extracted with ethanol (3 x 150 mle e
The combined ethanol extract was filtered to remove inorganie material

and treated with SN-hydrechloric acid (10 ml.). Evaporation of the oolatiu
to sbout 30 mle. provided, on cooling, a yellow-brown residue (17 g.).
Recrystallisation from 2N-hydrochloric acid (charcesl) gave Sesminow

needles, m.p.241=242° (Pound: C,54.9; H,5.9; N,9.9; Cl, 12.4e CyglysOalyCleH,0
requires C,55.1; H,5.3; N,9.95 01,12.5:).

Attempts to obtain the free amino 20id by neutralisation of san
aqueous solution of the hydrochloride gave a dense, gelatinous precipitate
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vhich was extremely difficult to filter. For thia reason it was found
more convenient to use the amino-aclid as its hydrochloride in subsequent |
preparations of the ethyl ester.

Wau To a Grignard reagent prepared from bromcbensene
(20.8 g.) and magnesium (3.4 g.) in dry ether (150 ml.), wes added

ethyl eyanoacetate (8 g.) in ether (50 ml.) over =bout 30 min. The
solution was stirred umder reflux for 20 hr. and, after cooling, was
treated with 4N-sulphuric acid (40 ml. ). The ether layer was separated
and the agueous layer extracted with a further quantity of ether (100 ml.).
The combined ether extract was dried (MgS0,) and the ether evaporated.

The resulting orange-yellow oil (8.2 g.) was ddistilled under reduced
pressure to yield two fractions: a biphenyl fraction (1.7 g+), bepess
156-142°, and ethylp eminocimnamate (6.0 g«) as an zlmost colourless
1iquid, bepeyg 179-181°.

of ethyl bmoylwh (5.5 go) and eth:yl[& sminocinnamate (5.0 gs)
was warmed to 35° and then allowed to stand at room temperature overnight.

The condensation produet, which formed as an oily, crystalline mass,
was heated to 130-135° in an o0il bath. Heating was continued for 6 hr.
and the dark, oily mixture allowed to cool. The product was boiled
under reflux for 3 hr. with concentrated hydrochlorie aeid (30 ml.)
and, after cooling, was diluted with water (30 ml.) and made alkaline
with 4-sodium hydrexide solution. Extraction with benszene (2 x 20 ml.)
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geve, after drying and evaporation, a dark brown 0il (5+2 g )e
Neutralisation of the alkaline solution gave no precipitate and no
product could be obtained by concentration of the neutral solutione

Further attempts to obtain the acid by cyclisation of the condensation
product at higher temperatures gave dark, high~boiling, resinous material
which yielded no useful products on attempted hydrolysis with either
soncentrated hydrochlorie acid or EN-sodium hydroxide solution.

2-llethyl~4, S-diphenyloxasole,— A mixture of bensoln acetate (26 g.),
ammonium scetate (38 ge) and glacial scetic acid (100 ml.) was boiled

under reflux for 1 hre and poured into water (400 ml.), The mixture
was extracted with benzene (3 x 200 ml.) and the combined bemzene solution
was washed with soddum carbonate solution and then dried (MgS0,).
Removal of the bensene, followed by distilletion under reduced pressure,
gave Z-methyled,S-diphenyloxagole (25 ge) as a eolourless liquid,
Depego 218-220°. o

Neutralisation of the aqueous layer gave 2-methyled,Sediphenyl-

glyoxaline (1.7 gs) as colourless needles from ethyl acetate, m.p. 239°,

Attempted preparation of 2- nethyl-5, 8-diphenyleinchomeronic agide=-
The foregoing oxasole (10 g.) and meleic anhydride (8 g+ ) were refluxed

together in bensene (75 ml.) for 15 hr. and the solution cooled and
shaken with water (100 ml.). The aquecus layer was separated and
evaporated to dryness nder reduced pressure to yield a colourless,
erystalline residue (6.4 g ). This residue was freely soluble in water
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and proved to be maleds acid, mp. end mixed mep. 127-120° Parther
extraction of the benzene layer with 2N-sodium rwa.ronu solution,
followed by neutralisation of the alksline extract, gave no Mﬁﬁm
The benzene layer, affer being washed with water and w (ma.),
afforded on distillation under reduced pressure, unchanged W—-

4, 5-diphenyloxazole (a.s g ) beps (18-20 mm.) 218-220° and a small
amount (Ootg.)otredmsnhrhlfrasvhiohmwm

could be obtaineds Vnﬂmsmwiutimetthcmm.

using higher boiling solvents, yielded only unchanged starting msterials.

(120 g.), dissolved in agetic anhyidride (200 ul.), was boiled under
reflux for 15 min. The excess asetio anhyiride and acetie acid were

removed and the product distilled under reduced pressure to give
2-acetamido-3-methylpyridine (116 gu) as a colourless oil, beps(20 mm)
179-180°. The product sclidified to give material, meps 62-85°
(8eide'*sives mope 84°)s

2-Aninonicotinio soide-- Batches of m.tw |
aso\o’r\m\

were oxidised by the following mothod:, the acetamido compound (20 g.),
gsssived in water (2000 ml.), was heated to 70-75° and stirved
efficiently. Potassium permanganate (50 g.) was added in ome batoh
and the mixture stirred at sbout 75° for 5 hr» by which time all the
potassium permanganate colour had disappeared. The solmnl
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£11tered to remove manganese dloxide and the residus was washed well
with hot water. The sombined filtrate and washings were evaporated
todrymuhaw@mmmamdtheoolmﬂmmm.
dissolved in water (100 ml.). The solution was ssidified by addition
wmmmmmmidmdmuaum(mﬁ.)mm
Thisaeluﬂmﬂhﬂdmﬂnrrcﬂuxtorlsm.mhlt‘m
tapmmmmtopﬂ&Oﬁthmmmmm The
solution was allowed to stand et 0° overnight and the colourless,
erystalline soldd (10+5 g.) vwhich scparated, was collected and had
mepe 304-308",
The product was used without further purification.
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Am«w«mmmmvm
into the "idman Stosrmer resoticn and s sootion desorides the
preparation of the four propenss (I, II, III snd 3V), shown below:

Loy CH3 hy
C=CH, C=CWe ; C =P
O F OB OB
Sy C=che W CHs HeG X~ CHs
Chs | :
(1) - (m) (111) (av)

The general route used for their preparation fyom the asinoeasid
lrvolves a Grigaard reactisn betweem tho aminowsster and methyl
nagnesiun ledide, followed by delydration of the resulting tertiary
carbinole The scheme is illustrated below for the preparation of
2= 3! mominge?" wpyridyl Jepropens (1) from J-aninopisclinis aedd (V)i

Ny N H
(00“ (-00(;H s C (q‘o;o“ '-—) (z)

(vaz)
Mmemmmumwsmmmwm\am
and Stephenson® for the preparation of sryl substituted ethylenes
(VIIXI) from amimo-kotones, alsc by both Jacobs® and Atkinsen and
Simpson® for the preperation of 2-{o-aminephenyl)-propens (IX) from
rethyl anthranilate.

cR)=CuR, Cn) =,

Y Oy

LV (1x)
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Esterification of 3-aminopicolinie acid (V) and the other amine-
acids, deseribed in the previous section, proved diffisult and attempts
to esterify using aseotropic methods or the Fischer-Speier procedure
failed. However, these esters could be obtained in up to 70k yield
by heating the amino-acid in 2 mixture of equal volumes of concentrated
sulphuric acid and ethanol for long periods.

Grignard reactions between methyl magnesium iodide and the ethyl
esters gave the four crystalline carbinols (VII, X, XI and XII) in

falr yield.

C(C.H 3)aOH C-(C.H;);_o H C(CH;);OH
NHa NH2 NHa2

HC CH3 Hs €S CH3

(x) (x1) (x11)
In the case of the Grignard reaction with ethyl 3-aminopicolinate,
however, a second product was formed in varying amounts, sometimes
even predominating over the carbinol. This compound was easily separated
from the carbinol, owing to its much lower solubility in ether.
From the analysis, the compound was first thought to be the amino-
ketone (XIII) but although an aromatic amino group was present
(positive diazotisation and coupling with 2-naphthol), an absence
of CHyCO- was indicated by negative reactions with the usual reagents.
Holecular weight determination (mean value 283), however, pointed to
the molecular formula CyeHyeMe0s. This evidence aal the presence of
an OH-group, indicated by a strong band in the I.R. spectrum at
5420 o™, led to the tentative suggestion of the pinacol structure (XIV).
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i H;c./t‘)l-\ O\CHg

(x11I) (xav)

If the assigned structure were correct, reaction with glycol-
splitting reagents should yield the amino-ketone (XIII). A
successful oxidation of the compound was, in fact, earried out, using
chromium trioxide in acetis acid as the reagent - a method adopted
by Bachmann and Chu for the scission of pinacolss 2-Acetyl-3-amino-
pyridine was isolated from the reaction products and identified by
analysis and by 2,4-dinitrophenylhydrasone formation. Attempts to
oxidise the pinacol with periocdic u:hl. failed, possibly because
of the formation of an insoluble periodate of the base. Lead
tetraacetate, however, oxidised the compound readily at room temperature
and although the reaction gave mainly dark, tarry products, the same
amino-ketone (XIII) was separated in low yield by chromatography on
alumina.

A number of methods is available for the rearrangement of pinacols:
atto@tednmmmtﬂthiodmnmﬁcmﬁ‘ gave only
unchanged starting starting material, but hot, concentrated hydrochieric
aecid gave a new compound whose analysis corresponded to that of the
pinacolone (XV).

i

& PG (CHN (xv)

Nz HaN
|
o




Although pinacols are not usual products of Grignard reactions
with esters, their formation has been reported. m-um’
obtained both pinacols and ketones from esters in addition to the
expected tertiary carbinol. For example, the wnmm
magnesium bromide and ethyl o-toluate produced diphenyl
di-o-tolylpinacol (XVI) as well as diphenyl o-tolylearbinol (XVII).

@ s q

C|.- (l; c..oc'H“’

oH ou\O @( O

(xv1) (xviI)
These authors stress, however, that pinacols are formed omly in the
presence of excess magnesium and propose that pinacol formation is
the result of reduction of the intermediate ketone. The reduction
of ketones by magnesium in the presence of Grignard reagents was
well established by Gomberg and laoh!am.o In view of the |
recommendations of both Boyd and lh.tt' and Barnett, Cook and !1“'
that prior filtration of the Grignard reagent prevents pinacol
formation, experiments were carried out using filtered methyl
~ magnesium iodide solution. In these reactions the fermation of the
by-product was either substantially reduced or, in certain cases,
completely prevented.

Unlike diaryl carbinols (XVIII), which are rudﬂy‘dllm‘lrtbd.,
the tertiary carbinols (VII, X, XX and XII) could not be dehydrated
under mild conditions: experiments with both Lodine-toluene under
reflux and with hot, dilute mineral acid were unsuccessful. |



The methods eventually adopted for converting the carbinols to the
required propenes (I, II, III and IV) were either reflux in 505 v/v
sulphurie aeid, or the action of cold, concentrated sulphuric acid.
The amino-propenes were all obtained as colourless oils which could
not be orystallised (compare Silpm-lndl‘hpm.) and were
characterised by either pinni&ru' bensoate formation.

C-OH
‘Hgﬂf‘
NH2

(xviII)

Ge.
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EXPER IMENTAL

Ethyl-3-sminopicolinate.-- (a) S-Aminopicolinic acid (5 g.) was boiled
under reflux for 7 hry with a saturated solution of hydrogen chloride

in ethancl (50 mle)s The solution was cooled and treated with petroleum
ether (beps 40-60°; 100 ml. )and the buff-coloured, orystalline solid
(1.9 go) was collecteds Reerystallisation from benzene-light petroleum
ether afforded the ester as colourless needles, me.p. 132° (Oakes, Pascoe
and Rydon report meps 132°).

(b) The seid (20 g¢) was heated under reflux on a steam bath with
ethanol (40 ml.) and sulphuris acid (d. 1.84; 20 ml.). Heating was
continued for 30 hr. and the mixture was poured into ice and water

(300 g.)s The clear, brown solution was stirred and neutralised by
addition of solid sodium carbonate. The mixture was allowed to stand
for 30 min. and the orystalline precipitate (16 g.) was filtered, washed
well with water and dried at 20°. Recrystallisation provided ethyl-3-
aminopicolinate (138 g.), mep. 132° A further quantity (1.2 g.) of
the ester was obtained by extracting the aquecus filtrate with ether

(2 x 50 mls) and evaporating the dried ether solution.

Dimethyl=( Swamino=2-pyridyl )-carbinel.=~ (a) A solution of ethyl-
S-aminopicolinate (12 g.) in sodium-dried bensene (250 ml.) was added,

with stirring during 30 min. to a CGrignard solution prepared from
magnesium (5.2 g.) and methyl iodide (33 g.) in dry ether (250 ml.).

This Grignard solution had previously been filtered through kieselguhr
under an atmosphere of dry nitrogen. The mixture was refluxed for a
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further 5 hr. and the resulting yellow complex was decomposed by
pouring into an ice-water mixture (500 g.), saturated with ammonium
chloride and stirred for 50 min. The organie layer was separated and
extracted with Si-hydrochloric acid (2 x 50 ml.). The combined aqueous
solutions were then neutralised by the addition of SN hydrechloric acid
and extracted with ether ( 3 x 200 ml.). The ether solution was dried
(¥g80,) and evaporated, finally under reduced pressure, to yield the
carbinol as a yellow oil (8.5 g.) which was extremely diffisult to
orystallise. However, extraction with boiling petreleun ether, (bep.60-60°’
nol as colourless prisms,

Mepe 91-92°, after the solution had been allowed to stand for several
days at OP. (Pound:C,82.63 H,7.7; N,18.2. Cplljs 0N, requires C,83.1;
H,8.03 N,18.4%).

m;mewmonyomxuﬁwewnmmm
as colourless plates,
from methanol, mepe 120-130°. (Pound:C,89.7; H,8.2; N,1l.4s Cyslly40,N,
requires C,70.3; H,6.2; N,11.0%).

(b) The preparation described sbove was carried out without filtration
of the Grignard solution. The reagent prepared from magnesium (9.0 g.)
and methyl iodide (53 g.) in dry ether (400 ml.), was treated with the
ester dissolved in dry bensene (500 ml.). Treatment of the oily product,
with ether (25 ml.) gave two products. stion of the ether filtrate
gave Swanino= i © g.) as a pale yellow oil

A
identical with the product described under (a) above. A second product
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(54 g+ ), only sparingly soluble in ether, gave on recrystallisation
from bensene, yellow needles, m.p. 156° (Found: €,61.6; H,5.7; N,20.9.
C14l3oM40; requires C,61.4; H,8.5; N,20.5%). Moleoular weight
determinstions,using a modified Spencer-Cottrell apparatus,gave a
meanvaludmfminkmﬁm (270, 296)s The molecular
weight required by CyelyoleOp is 274« Infra-red spectrum (KC1 disc)
maxe at 3420, 5170, 3050, 2080, 2030, 1945, 1885, 1815, 1687, 1615,
1574, 1515, 1504, 1463, 1415, 1572, 1288, 1233, 1180, 1150, 1108,

1088, 1043, 1002, 983, 925, 908, 875, 862, 800, 772, 705 om *.
Attempts to form a 2,4-dinitrophenylhydrasone and an oxime

faileds Diazotisation and coupling with alkaline 2-naphthol gave
a positive azso-dye formation.

Oxidation with ohromium trioxidee— Pﬂmﬂmw)mm»lm
in glacial acetie acid (12 ml.) and treated with chromium trioxide

(250 mgs )« The dark red solution was heated under reflux on a steam
bath for 45 min. and after cooling to room temperature, was poured
into water (50 ml.)s The mixture was basified with 4N-sodium hydroxide
and extracted with ether (5 = 50 ml.) to give a pale yellow solution.
This solution was dried (MgS0,) and evaporated to yield a pleasant-
smelling oil (320 mg.) whioch Gmtllliscd on standing to an almost
solourless solids Extraction with 60-80° petrol ether (2 x 20 ml.)
gave, after cooling, a pale yellow, orystalline solid (220 mg. ).
Further reorystallisation from 80-80° petrol ether gave 2-asetyle
S-aminopyridine ,. pale yellow plates, mep. 63-64 (Found G,61.3; H,5.6



N,2004 CollgN,0 requires C,61.7; H,5.9; N,20.6%). The 2,4-dinitro-
phenylhydrazone hydroohloride, prepared in ethanol/Cl, separated

as long, yellow needles from scetic a0id, mep. 276-277° (Found: 0,44.1;
Hy3493 N,2Ba7; C1,1008s Gyalyols04H01 requives C,4442; W,5.7; i,m.c;
01,10:1%).

2 ¢ periodic agide~- A number
of periocdic oxidations was: attempted and a typical experiment is
deseribed as follows: product B (0.0025 mole ; 685 mg.) was shaken
vith 2N-sulphuris aecid (2 wl.), water (30 ul,) and sodium periodate
(0.005 mole ; 1.07 g¢)s After the mixture had been shaken for a
few minutes, a pale yellow solid separated which was probably the
periodate of the bases The mixture was allowed to stand for 4 days
end then treated with excess 2M-sodium hydroxide. The buff-coloured

precipitate (800 mgs) which seporated was identified, after
recrystallisstion, as the starting material, m.p. and mixed meps 156°,

‘uantitative determination of the excess periocdate in similar
experiments showed that no oxidation was ocecourring.

(680 mge) was dissolved in glacial acetic aecid (7 ml.) and treated
with lead tetrassetate (1.2 g.) added in small portions. The lead

tetrassetate dissolved slowly to give a dark brown solution which

was allowed to stand at room temperature for 90 min. The solution
was then diluted with water (50 ml.) and after neutralisation. with
solid sodium carbonate, was extracted with chloroform (2 % 50 mls ).



The dried (MgS0,) chloroform extract was evaporated under reduced
pressure to yield a brittle dark brown solid (450 mg.)s This residue
was chromatographed on alumina (40 x 1 om) and clution commenced
with 1011 v/v light petroleum (bep. 60-80") - bensene. When the
pals yellow front had reached the bottom of the column the eluant
wes changed to 312 v/v bensens-light petvoleun (b.p. 66°) and fractions
collecteds mmf&mmmmammm
efforded an almost colourless, oily solid (165 mg.) which provided
2=agetyl-dwaninopyridine as pale yellow plated on recrystallisation
from petroleum ether (Depe 80-80" ), Mepe 63-64°, A pixed mepe with
the product obbained by chromium trioxide oxidation of B was
undepresseds

Purther development of the chrometogrem with benszene and benzene-
methanol mixtures gave only dark, tarry products which were not further
examined.

Attempted rearransement of product Be--

(2) Reastion with lodime in soetis soid.-- Product B (600 mg.)

and iodine (500 mg.) were dissolved in glacial acetdo ncid (25 ml.)

and boiled under reflux for 30 min. The solution, cooled to room
temperature, was poured into a saturated aqueous solution of sulphur
dioxide and the resulting mixture made alkaline by the addition of
4N-godivm hydroxide. The pale yellow, orystalline precipitate (420 mg.)
which separated was collected and recrystallised from bensene. It

was shown by meps and mized meps 156° to be identical with the starting

65‘
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material,

(b) Reaction with concentrated hydroohloric agidew— Product B (300 mg.)
was dissolved in concentrated acid (20 ml.) and the clsar solution

was boiled under reflux for 1 hry The solution was diluted to about

50 mle with water and neutralised by the addition of soldd sodium
carbonate. The oily precipitate (260 mg,) which separated selidified
when the mixture was allowed %o stand at 0° for 30 minme The soldd

wos then collected, washed well with water and separated from some
insoluble meterial by dissolving in benzens (5 nl, ) and filtering

the mixture. The 30lid cbtained by evsporation of the benzene

solution (210 mg.) was recrystallised frem 50:50 W
ether (60-80°) o yield long, pale yellow needles, m.pe 154°, depressed
on admixture with a sample of the pure starting materdal (Pound:
C,86e4; Hy 5,75 N,20e4s €y 4HyoMy0 requires C,65.6; H,8.3; N, 21 9%).

2=(3" ~amino-3'~pyridyl )-propenes—~ () Grude dimethyle(3eamino-

2=pyridyl)=carbinel (12 g.) was dissolved slowly, with stirring, in
sulphuric aeid (de 1484 3 100 ml. ). The orange-yellow solution was
allowed to stand for 4 hre, poured on to an ice-water mixture (200 g.)
and neutralised by addition of @Nesodium hydroxide. Ths pale yellow

oil which separated was extracted with ether (2 x 200 ml.) and the

ether solution dried (MgS0,)s Removal of the ether, finally under

reduced pressure, gave the Zaminopropene (9.8 g.) as an almost

colourless oil. A piorate, prepared in benzene, gave en WM
from ethanol, clusters of small, yellow: needles, mepe 185.186° (M ‘
€s45455 Hy502; N,1808.  Cy4HyaNg0p requives C,46.3; H,5.6; l.:mli).

B e el e A



(b) The carbincl (25 g.) was dissolved in a mixture of sulphurie
a0id (de 184 ¢ 50 mle) and water (75 ml.) and the clear solution
boiled- under reflux for 4 hre The cooled solution was diluted with
water and neutralised with solid sodium carbonates The oily propens
(18 g¢) wes obtained as described ia (a)s Distillation under m
pressure gave 7-(3'-amino-2'-pyridyl )-propene (13.5. g+ )s Depe 135-139°
(910 mm. s

(o) The sarbinol (8«0 go) was beated under reflux for G hr. in dvy
toluene (30 ml.) containing a crystal of iodine. A separator was
used to trap out any water produceds INo dchydration oscurred and

the carbincl was recovered unchanged.

E isonigo = A mixture of J-aminoisonicotinic aeid
(20 ge), ethanol (160 ml.) end concentrated sulphuric acid (80 ml.)

was heated on a steam bath for 20 hr. and then poured into water

(800 mle)e The sclution was made alkeline with saturated aquecus
sodium carbonate solution and the light brown, oily ester which
separatod was extracted with ether (3 x 400 mls)s After the ether
solution had been dried (MgB0,) and evaporated,the eruds, brown oil

(77 g+) which resulted was extracted with petrelewm ether (bepe M’
4 % 100 nle)s The ester crystalldsed from the petroleum ether as

a pale yellow solide Further recrystallisation from petroleum ether
gave gtlyl-s-amincisonicotinate (87 gs) as yellow mﬂn, on-M?
(Pound: €,57.2; H,6e1; N,16:8. Collyo0aly requires §,5%7; :.6.1; N,17.35%)e




prepared from magnesium (38.4 g.) and methyl iodide (227 g.) in dry
ether (1200 ml.), was added over 30 min. a solution of ethyl-S-amino-
isonicotinate (66.4 g.) in bensene (1000 mle). The mixture was refluxed
for 4 hr. in an atmosphere of nitrogen, cooled and poured into fce-
water (500 g«)e The cold mixture was acidified with conscentrated
hydrochloric ac#d (200 ml.)n and the aqueous layer separated. The
organic layer was extracted with 4Nhydrochloric acid (about 100 ml.)
and the combined acid solutions neutralised to pH 7.0 ﬁthm
hydroxide. The resulting mixture was contimuously extracted with
other (1000 ml.) for 10 hr. During the extraction a colourless,
erystalline product separated from the ether solution. This product
(40.5 g.) was collected and had mep. 155-158°. A further amount
of the product (1.2 g.) was obtained on concentrating the mother
liquor to about 20 ml. Recrystallisation of the cosmbined solids

large, colourless plates, mep. 160-161° (Found: C,62.3; H,7.8; N,18.86.
CoHy2Na0 requires C,63.1; H,8.0; N,18.4%)¢

9=(3' ~Amino-4'~pyridyl Jpropenes—— The foregoing carbinol (42 g)

was dehydrated by method (b), used for the preparation of 2-(3'-amino-
2'-pyridyl)-propene. Evaporation of the ether extract gave the propene
as a viscous o0il (31.8 g.)s Attempts to crystallise theoil either

by cooling or by extraction with hot ligroin failed. A pierate,




prepared in bensene, erystallised from methanol as small, yellow
needles, meps 132-133° (Pound: C,45.4; H,5.8; N,18.8; CyqflaalisOe
recuires C,46.3; H,3.6; N,19.3%).

Ethyl 2, G=dime v== A mixture of S-amino=-

2, S=dimethylisonicotinic seid hydrechloride (15 g.), ethanol (30 ml.)
and concentrated sulphurie acid (15 ml.) was heated under reflux
on a steam bath for 15 hr.{, cooled and mm«uﬁnm
sodium carbonate solution. The yellow oil which was liberated

slowly solidified and was filtered and washed well with water o
yield the erude ester (9.2 g¢), Mmepe 41-43°. Reorystallisation
from petroleum ether (bep. 80-80°) gave long, pale yellow needles,
mepe 47-46° (Pound: C,62.5; H,7.3; N,14.0: CyofyMa¥a requives
C,61.8; H,7.3; W,14.45%).

Dimethyl—( 3-amino-2, G~dinethyl~4-pyridyl)-nethanal.~~ This compound

was obtained by the same method as that used for the preparation

of dimethyle(3-amino-d-pyridyl)-methancl. A Grignard reagent,
prepared from magnesium (9e6 g.) and methyl iodide (56.8 ge) in dry
ether (350 ml.), was veacted with the foregoing ester (19.4 g.) ia
benzene (300 ml.)s The product,obtained as deseribed above, gave

on reerystallisstion from 1:1 benzene-petroleun ether (beps 60-80"),
dinethyl{ 3-aming~2, 6~dimethyled=pyridyl)-methancl as eolourless
prisms, mepe 113° (Found: ©,66.6; H,0.2; ¥,16.0. @yoHy¢Na0 requires
C,58.6; H,8.05; M,15.6%)e ' ‘



To.

2e(3' wAmino~2' , 8" wdimethyles' ~pyridyl-)propenes=~ The foregoing
carbinol (2 ge), dissolved in 50f v/v sulphurie acid (30 ml.), was
boiled under reflux for 50 min., diluted with water (20 ml.) and
cooleds The pale yellow oil, liberated on neutralisation with
saturated sodium carbonate solution, was extracted with ether

(2 x 25 ml.)s Evaporation of the dried (MgS0,) ether solution ,
finally under reduced pressure, gave the propene as an almost colourless
0il (1.6 ge¢). Benzoylation, using benzoyl ehloride in muhu,sm
2=(3" -benzanide-2',6' ~dimethyl-4'-pyridyl )-propene, meps 154-155°
(Found: €,78.7; H,7.0; H,10.3. CyollyeNy0 requires €,76.7; H,6.8;
N,10.5%). £ !

Ethyl-3-aning-2-ne otinates-- This compound was
obtained by the same method as that used for the preparation of ethyl-
Swanino-2, S=dimethylisonicotinates The foregoing amino-acid hydro-
chloride (50 go) was reacted with ethanol (100 nl.) and concentrated
sulphuric aeid (50 ml.) and the product,ubtained as before, was
recrystallised from petroleum ether (bep. 60-80°)to afford the ester
as pale yellow needles, mep. 90-91° (Foumd: €,70.1; H,8.5; N,11.0.
Cy3H;0Na0y requires C,70.3; H,8.3; N,10.85%).

was prepared by the Grignard reaction deseribed for a number of

foregoing carbinols. The ester (5.2 g.) was reacted with a Grignard
reagent prepared from magnesium (1.9 g.) and methyl iodide (11.5 g)



in ether (100 ml.) and benszene (100 ml.). The produst (2.6 g ) was
obtained in the ususl manmer and recrystallisation from 1:1 benzene-
petroleun ether (bep. 60-80°) gave colourless plates (2.2 g« ), Bepe107°
(Pound: ©,74.3; H,7:.4; N,11.68. C38H1aM30 vequives C,74.4; H,7.5;

N, 11.6%).

3! ~Aming-2'-methyl-6t phenyl-4’-pyridyl)epropenes—- The foregoing
carbinol (10 g.), dissolved in 50f w/v sulphurie aeid (80 ml.), was
boiled under reflux, diluted with water (60 ml.) and cooled. The
propene (8.5 g.) was obtained as a pale yellow oil, after neutralisation
and extraction with ether. The o0il was readily soluble in hot ligroin,
from which it separated easily but without erystallisation, even
on standing for some days at 0% Treatment of the oily product with
benzoyl chloride in pyridine readily gave the N.N-dibenzoyl compound
as small, colourless needles from ethanol, me.p. 224=-225° (Found:

C,79.9; H,5.9; N,6.% CoollaaMaO2 requires ¢,80.5; H,5.6; N,6.5¢).

i
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(3) INTERMEDIATES: mmmgmxnmmmmsm.

This section describes the preparation of the three amino-ketones
(I, II and III) which were required for investigations into the Borsche
reastion with the intention ef preparing 4-hydroxytriasanaphthalencs.
Up to the time of writing no amino-ketenes in the pyridine series
have been recorded in the literature and of those shown below, the
deratiJes

acetyl-gespemmds of Je-aminopyridine proved especially diffioult to

prepares
CoCH3

NHy NH2 cocHy
COCH3 NH2

(1) (1) (111)

Of the general methods available for the preparation of methyl
ketones from carboxylic acids, it wes desided to follow a route to
2-acetyl-S-aninopyridine (I) via a Grignard reaction between the
corresponding amide and methyl magnesium fodide. This method has
been used successfully by Atkinson and Mattooks® for the preparation

of 4macetyle=deamino-2-phenylquinoline (IV) from the corresponding

amide (V)o
CONHa2 COCM3

NH2 NHL

v | ()
3-Aminopicolinamide (VII) was prepared from the ester (VI)



. =

bymactimwithcqnmam» The method has been reported by
Oakes, Pascoe and Rydon® smd is unsuitable for the preparation of
large quantities of the amide. A nusber of experiments established
the best conditions of the reaction and provided sufficient amide

for preliminary experiments with Grignard reagents.

QN\'\L : QN“z
COOC;,Hg CONH,
(v1) (viI)

Similar attempts to prepare 3-aminoisonicotinamide (X) from the
corresponding ester by reaction with ammonia failed, and alternative
nethods were soughts The obviocus route via the acid ohloride is
made difficult by the tendency of amino-groups to react with both
phosphorus pentachloride and thionyl chloride. An alternative route
based on the acid hydrazide (IX) was successfully used. Ethyl-
3-aminoisonicotinate (VIII) is readily converted to the corresponding
hydraside (IX) which was split by Raney nickel to give the amide (X) -

a method due to Adnsworth®.
COOC,Hs CoNH.NHy CONHa

AR

(viIx) (x) (x)
A1l attempts to convert these amino-smides into the corresponding
acetyl-compounds by reaction with methyl mim iodide were




unsuccesaful. The experimental conditions were varied: high boiling
solvents, such as anisole and tetrahydrofuran were tried, and reactions
in a large excess of reagent were attempted but in cash case only
unchanged amide was obtained. It is worth noting that attempts to
convert a related amide (XI) to the ketone (XII) by mm»m‘ also

CRA— CONR2 COCHg
@[)NHL muuz
CH3 N CHy

(xx) » (x11)

An alternative route to the amino-ketone (I), using Claisen
condensations between substituted esters (XIII) and ethyl scetate,
was now attempteds It is essentlal %o protect the amino-group before
attempting sueh reastions to prevent a spontanecus cyeclisation between
the aminoegroup and the keto-ester group formed during condensation.
An attempted reaction detween ethyl acstate and the 3-benzamido-
compound (XIII; R = CgligC0-), following a procedure used by wmhia:
zave a high-melting product from which the resuired benzamido-ketone
(XIV) could not be obtained by the usual methods for descarboxylation.
The produst was not further examined eand a condensation was attempted
between the S-p-toluenssulphonamido-ester (XIII; R = p-CH,CqHgS0,-).
and ethyl acetate. In this case, attempts to bring about reaction
failed and the ester was recovered unchanged.

NH.& NH.COCHg
N COOC, Hg COCHg

(xI11) (xxv)

5.1




A widely used method for the conversion of carboxylic ascids to
the corresponding methyl ketones makes use of the reaction between
the acid chloride and diethyl malonate®. Unfortunately, during the
attempted preparation of aeid chlorides, using either phosphorus
pentachloride or thionyl ohloride, the amino-group of an amino-ascid
frequently enters into the veaction, (of. Anschuts and Boedeker’ ).
Protection by asetylation or benzoylation is often of little use.
For example, Atkinson and Mattooks® have shomm that attempts to
prepare the acid chloride of the aeid (XV) by resction with thionyl

chloride resulted in the formation of the chloro-compound (XVI).
COOM Coon

NHCOC ks c\
(xv) (xvI)

An alternative method of protection would use the S-phthalimido-
derivative but this was rejected, sinee the protecting group is
particularly diffiocult to hydrolyses It was deeided to follow the
common procedure of protection by reaction with p-toluenesulphonyl

chloride. Reaction of the 3-pe-toluenesulphonamido-acid (XVII) with
thionyl chloride readily gave the acid chloride under mild conditions

but the product proved to be very unstable and all attempts to condense

it with diethyl malonate failed.

CH,
NR.So,!
(
N

COOH XViI)

Je.



At this stage the two amino-propenes (XVIII and XIX), described
in the last section, became available in fair overall yield, and the
synthesis of the two ketones (Iandn)byolm]a!h&Mm
was considered. Cook and Whitmore® describe the preparation of a
number of ketones by the splitting of ozenides, MW.&
Dale Stayner’ have used the method for the preparation of pyridine-
and quinoline-carboxyliec acids from the corresponding Wm

C(C\-h) =Chy
NHa. NHa
Q c(cHy)=CcHy Q
(XVIII) (xxx)

Preliminary experiments showed that ozonolysis of the amino-
propenes resulted in extensive oxidation of the amino-group with
the formation of dark, tarry productss For this reason both the
amino-propenes were converted to the corresponding bensamido-propenes
by reaction of benszoyl chloride in pyridine. Ozonolysis of the
benzamido-propenes by treatment with 5 ozonised oxygen in asetie
acid solution, followed by splitting of the ozonides with 305
hydrogen peroxide (method due to Kaslow and Dale Staymer®), gave the

benzanido-ketones (XX and XXI) in good yield.
COCH;

NH.COC Hg NH.COC Hs
co C\'\g

(xx) (xx1)
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Subsequent hydrolysis of the benzamido-ketones with concentrated !
hydrochloric acid gave the required amino-ketones (I and II),

The amino-ketone (III) proved less difficult to obtain. Miescher
and Kagi'® had alveady reported the preparation of Z-amino-3-diazo-
agetylpyridine (XXIV) and its convertion to the bromo-ketone (XXV),
and their work has been repeated to give a good overall yield of
the bromo~ketone. |

cooH cocl COCHNy
NRL D T e NULHC) T NH2

(xx1I) (XxIII (xxIv)

COCH.Br COCH;3
2
oyt NHy H Be NH2

(xxv) (11I1)

Treatment of 2-sminonicotinic acid (XXII) with phosphorus
pentachloride in acetyl chloride readily gave the acid chloride
hydrochloride (XXIII) which on treatment with diasomethane in
dichloromethane gave the diasoketone (XXIV), using a method due to

Lutz'?. Reaction of the diazoketone with hydrobromic acid mo‘ﬂu
bromo-ketone (XXV) and this, on reduction with stannous chloride,
afforded the required amino-ketone (III).

For experiments in the Borsche reaction it was decided to convert
this amino-ketone into its N-oxide (XXVIII). N-Oxides of both amino-



s

pyridines and asetylpyridines are well known: 3easetylpyridine-N-oxide
has been prepared by Saburo and Xanno®® and Z-aminopyridine-N-oxide

has been deseribed by Katritsky®® and by Adams and Miyano*. In view
of the recommendation of Katritsly'® that the amino-group should be
protected during Neoxidation, it was decided to prepare the asetamido-
derivative (XXVI) before vesction with 50. hydrogen peroxide. Although
it was anticipated that a final stage involving hydrolysis of the
internediate acctamido-ketonell-oxide vould be necessary, iselation of
the product of N-oxidation showed thet the amino-ketone ~N-oxide (XXVIII)
itself had been obtaineds

CoCH;3 COCM3 COCH;
(P NH.COCH NH.COCH4 | NH2
Y Y
0 o)

(xxvI) (xxviI) (XxvVIII)



EXPER IMENTAL

S-Aminopicolinamide.-- (a) Ethyles-aminopicolinate (500 mg.) was
shaken with concentrated ammonia (de 0.88 ; 20 ml.) for 36 hr., the
mixture was diluted with water (30 nl.) and extrsoted with chloroform
(3 x 20 ml.)s ArmWnofumomomfmmde(m)

combined extract, the residue (380 mg.) was recrystallised from bensene
to give the amide, meps 182-185° (Oskes, Pascoe and Rydon: give 184°).

(b) The ester (500 mge) was dissolved in ethanol (10 ml.) and
concentrated ammonia (10 ml.), and a stream of ammonia was passed

throuzh the solution at sbout 30° for 6 hr, mmmw

to dryness and the residue extracted with hot benzene (3 x 20 ml.)
to afford, on further recrystallisation, the unchanged ester, i-p-
and mixed m.p. with a pure sample 130-131°,

Attempted Grignard reactions between Jmominopicclinemide and methyl

nagnesium fodides  (a) Reagtion in ether~bengenes-- 3-Amino~
picolinamide (1.5 ge), suspended in benzene (150 mls), was added

over 15 mine to a Grignard reagent prepared from magnesium (1.2 zs)
and methyl iodide (72 ge) in ether (150 ml.) and the mixture was
boiled under reflux in on atmosphere of nitrogen for 15 hre The
reaction mizture was poured on to ice-water (100 g«) end the aqueous
layer separated. The organie layer was further extracted with 5N
hydrochlorie acid (2 = 50 mls)s The combined agqueous extract was
neutralised with solid sodium bicarbonate and the mixture M
with ether (4 x 100 ml.). Evaporation of the dried (Mg80,) ether

20.
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solution gove an almost colourless residue (1.2 g ), identified after
reorystallisati-n as the unchanged amide, meps 179-161° (‘l mixed
meps with the pure starting material was undepressed). '

(b) Reaction in anisoles=- The amide (1.5 g ), th
anioole(’?ﬁml.),mad&edomlﬁmin toammwm
from magnesium (1e5 ge) and methyl iodide (8.6 gs) in ether (m ﬂ»).
The ether was distilled from the mixture until the mﬁu iﬂpmtlﬂ
rosc to 150°. Reflux was contimued for 24 hre, mmm

poured on to ice-water, treated with consentrated hydrochloric seid
(20 ml.) and stirred for 1 hrs The aqueous layer was separated,
basified and extracted with ether, to yield the unchanged amide n

recrystallisation.

(¢) Attenpted reaction with an exoess of Grignard reasent in
istrahyirofuran.-- A suspension of the powdered amide (1.5 g¢; 0.01
mole) in dry tetrahydrofuran (150 ml.) was adled to a Grignard reagent
prepared from magnesium (2¢4 g« 3 Ol mole) and noﬁ:yl iodide (1442 go ;
0s1 mole) in dry ether (100 ml.)s The ether was removed from the
reaction mixture by distillation and reflux contimued for 36 hre

after which time the mixture was poured on to ice-waters After
acidification and ether extraction, the only compound isolated was
the unchanged amide (142 g ).

Bthyl -“-benzsmidonicolinatee=- A solution of ethyl-3-aminopisclinate
(2 g) in pyridine (10 ml.) was trested with bensoyl ehloride (1.8 ml.)




T 3&.

and the mixture heated on a steam bath for 15 min. The solution

was poured into water and the buff precipitate (2.1 g ) collected

and recrystallised from the 50% agueous ethanol to yield the bensamido-
ester as colourless plates, mepe 71-72° (Found: ©€,86.5; H,5.35 N,10.7.
Ca¢f1ala0s requires C,86.6; H,5,2; ¥,10.4%).

2=~ The ester (1.0 g.)

was suspended in 10k sodium carbonate solution (50 ml.) and p-toluene-
sulphonyl chloride (1.3 g.) was added to the suspension at 75° and
the mixture was stirred for lhre The reaction mixture was poured
into Mesulphuris seid (30 ml.) and the cream-white precipitate

was collected and reerystallised from methanol to yleld the petoluene-
sulphonamido-ester, meps 182-183° (Found: ©,51.0; H,441; N,0.1.
CasHheNa048 requires C,52.35 H,4e4; N,8,75K).

A ted G condensa with ethyl ac - (a) Sodium
(875 go) was dissolved in ethanol (2.0 ml.) and dry toluene (10 ml.)
and a suspension of ethyl-i-benzamidopicolinate (2.5 g«) in toluene
(15 ml.) and ethyl acetate (3 nl.) was added, and the mixture boiled
gently under reflux for € hre The dark brown sclution was treated
with water (50 nl.) and the mixbture made just acid with 2N-hydroschlorie
acid. The pale yellow precipitate (L.9 g.) was collected and treated
with 20k v/v sulpburic asid under reflux for 2 hre The clear solution
was cooled and neutralised with softhum bicarbonate, yielding a yellow
s01id (1e6 g.) on filtration, Recrystallisation was aifficult but a




33.

product (12 g ), mepe 309-312° (with darkening) was obtained by
erystallisation from a large volume of ethanol. Attempts to diasotise
and eouple this product with alkaline 2enaphthol were negative and
the product was not further investigated. ‘

(b) A mixture of ethyl-5-(p-toluenesulphonamido)-picolinate (2.0 &)
sodiun ethoxide(prepared from sodium (0.75 g.) and ethenel (1 al.))

ethyl acetate (2 ml.) and bensene (5 ml.) was - boiled under reflux
for 48 hre The mixture was poured on to ice-water and extracted

with fN-hydrochloric seid (20 ml.). The product,obtained by basifisation
of the aqueous extract,was identical with the starting materdal,

Bepe and mixed meps 181~182°%,

3-(p-~Toluenesulphonamido)wpicolinic scide-- S-Aminopicolinis acid
(7.0 go), dissolved in 20/ sodiwm carbonate solution (20 ml.), was

heated to 50° end treated with p-toluenesulphonyl chloride (12.0 g+ )
2dded in four amounts over 20 min. Thenixt\mmsﬂmlm;_
the addition and after 30 min. the solution was cooled and poured
into ewness 4N-hydroshlorie acid (100 ml.). The cream-white
preecipitate was collected, washed well with water and mmnmna
from ethanol to give the agid (11 g.), mep. 185-188° (Pound: C,52.9;
H,3.95 W,1004s Cy5H;,N50,8 requives C,53.3; H,4,1; N,0.9%).

Attempis to
with malonic esters—- 3-(p-toluenesulphonamido)-picelinis acdd (1.5 g.)

was heated under reflux with thionyl chloride (2 ml.) for 50 min. The
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exeess of reagent was vemoved by distillation under reduced pressure
mmawtmmamummmwwmw
with bensene (15 ml.)s The erude acid chloride (1.6 ge) vas m
as a grenuler, yellow-brown sclid which darkened and decomposed
readily when kept or when heateds Treatment of the seid chloride
(200 mgs) with aniline (200 mgs) in ether (100 ml.) gave the gnilide,
mepe 212° (Pound: €,6le55 Hy4e2; K,1008 Cyelyoly0s8 requires
€,80.8; Hyde2; M,100H)s

A suspension of the aeid ohloride (1 g.) in benszene (20 ml.)
was added to a hot, lWWMOﬁ‘ sodiomalonie ester, prepared
mwmu (1.0-1.) and powdeved sodium (0.2 g.) in bensene
(10 ml. ); the wixture was atlmd for 16 hre at room temperature
and then boiled under vreflux for ¢ hr. The mixture (containing much
dark brown, insoluble material) wss stirred at 80° for 15 min. with
MM-hydrochlorie asid (50 ml.)s The acuecus layer was separated,
neutralised with sodium carbonate and extracted with bensene (3 x 20 mls)s
Evaporation of the dark red benzene solution gove n ped, oily soldd
(220 mge )e Attempts to convert this condensation product to the
ketone by reflux in 30k v/v sulphurie acid (20 ml.) produced enly
tarry material (150 mge) on ether extrastion, from which no useful
arystalline material could be obtained either by selvent extraction
or chromatography on alumina.

2¢(3' ~Bensanddo-2' ~oyridyl)-propens. — Hs’m'wﬂmm
(4 g.), dissolved in pyridine (20 ml.), was treated dropwise with




bensoyl chloride (4.5 ml.) over 15 min. The mixture was heated on

a steam bath under reflux for 30 min. and poured into water (100 ml.).
The pyridine was removed by partial evaporation of the solution under
reduced pressure and the oily ber

ether extraction. The product was difficult to erystallise dbut several
extractions from petroleun ether (b.p. 80-80") followed by storage at

0° for some days gave §
colourless polyhedra, mep. 85-86° (Found: C,75.7; H,5.95; N,11.5.
CasHyola0 requires C,75.6; H,5.85; N,11.8%).

2=Asotyl-3-bensemidopyriding.— The foregoing oily bensanido-propens
(7.0 go) was dissolved in glacial acetic aeid (80 ml.) and treated
with 5 ozonised oxygen at about 7 litres/hr. for 6 hrs at about

20°. During the resction the soluticn changed from pale yellow to
colourless. Hydrogen peroxide (3 ; 20 ml.) was added and the solution
was heated on a steam bath for 15 min.; the solution was then eooled
to 0° and treated with 4Nsodium hydroxide until preeipitation was
complete. The oily precipitate (5.6 g.) was collected, washed well
with water and reerystallised several times from 50% agueous ethanol
to yield Z2-asetyle3-benzamidopyridine (4.5 g.), as long, colourless
needles, meps 90° (Found: C,70.1; H,4.8; N,11.7. CyoHyaN30,
requires C,70.0; H,5.0; N,11.7%).

2=Acetyl-S-cminopyridines— (a) 2~(3'-amino-2'-pyridyl)-propene
(1.0 g.), dissolved in asetic acid, was treated with oszonised oxygen

35
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for 5 hre During this time the solution slowly darkened to an orange-
brown. Treatment with hydrogen peroxide (3% ; 10 ml.) at 70° for 1 hr.,
followed by basification and extraction with ether (4 x 50 ml.) gave,
on evaporation of the dried ether solution, a dark brown, tarry product.
Chromatography on alumina provided no useful product.

(b) 2-Acetyl-s-bensamidopyridine (5 gy) in concentrated hydrochloric
aeid (40 ml.) was boiled under reflux for 2 hr. During the reaction
bengoic acid collected in the sondensere The solution was cooled,
filtered to remove bensoic acid and neutralised with 4N-ammonium
hydroxide. The oily emulsion was extracted with ether (3 x 100 ml.)
to afford, on evaporation of the dried (MgS0,) ether solution, a
pale yellow 0il (2.2 g.). Extraction of the oil with hot petroleum
ether (b.pe 60-80°) gave the amdno-ketone (1.7 g ),mepeB5-60"s Purther
recrystallisation from petroleum ether gave 2-acetyleS-aminopyridine
as pale yellow plates, meDe 85-84_'. A mixed mepe with a pure sample
of Z-acetyl-3-aminopyridine,prepared by oxidation of the supposed
pinacol desoribed in Section (2), was undepressed.

3-Aminoisonicotinic seid hydraside.— Ethyl-S-aminoisenicotinate

(8.4 go) and hydrasine hyirate (99-100% ; 4.0 ml.) were heated together
on 2 steam bath for 1 hre and the erystalline product (4.8 gs) which
separated, was collected and reerystallised from the minimum amount

of ethanol to give the hydraszide, m.p. 184-156° (Oakes, Pascoe and
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3= Aminoisonico e== (a) Ammoni gos was passed through a
solution of ethyl-3-aminoisonicotinate (500 mgs) in alechol (15 ml.)
for 4 hr. and the solution was allowed to stand over-night. The
solvent was removed to yield the unchanged ester, Mepe S480"s
Reorystallisation gave the pure ester (mixed m.p. undepressed).

(b) 3-Aminoisonicotinic ascid hydraside (100 mg.), suspended in water
(2 ml.) and concentrated ammonia (ds 0,88 ; 0.5 mls), was added to

an ice-cold solution of sodium metaperiodate (150 mg.) in N-ammonium
hydroxide (4 ml.) and the mixture was shaken for 40 min. The solutdon
was treated with barium acetate (250 mge in 2 ml. water) and filtered.
The filtrate wes adjusted to pH 7.0 and extracted with chleveform

(2 = 25 mle)s Dvaporation of the dried chlorcform extract gave only
a small amount (15 mge) of a non-erystallisable odl.

(6) 3-iminoisenicotinic asdd hydraside (1.5 gs) in 95 v/v aquecus
ethanol (100 ml.), was treated with Raney nickel (12 ge) in ethanel.
The mixture w-s refluxed for 3 hr. and filtered while hot. The blue,
fluorescent filtrate was evaporated and the solid residue (1.2 g.)
reerystallised from water to yield the anide as colourless needles,
meps 158-160° (Pound: ©,52:7; H,53; N,30.6. GCglialy0 requives
C,52.53 H,5.13 N,30.6%)e

oo nAml G -
o Dl e i lh SN W

Attempted Grismard reaction between Seaminoisor

magnesium iodide.  Reaction in anisols.-- The method used was
identical with that attempted with 3-sminopicolinamide. The amide
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(1.5 ge) in anisele (75 ml.) was boilcd under reflux with a Grignerd
reagent prepared from magnesium (1.5 g.) and methyl iodide (8.6 ge)e
Addition of water and extrastion with ether gave only unchanged Seamino-
isonicotinamide, meps and mixed meps with pure starting msterial
158-1680°,

penge = 2e(3'wamino-4'-pyridyl J-propene
(10 gs) 4n pyridine (30 mle) was treated with bensoyl chloride (10 ml.)
and the product was obtained as deseribed for the 2-pyridyl compound.
The oily benzamido-propene (14«5 ge) proved very difficult to orystallise
but extraction with light petroleum ether (bep. 40-80") gave, on long
standing, a erystalline solid, m.p. 104° (Found: C,75.4; H,5.8;
C1sMy 430 requires C,75.6; H,5.98%).

(24 go) in glacial acetic acid (200 ml.) was treated with ozenised

oxygen for 12 hr. and the product was isoclated as described above
for the 2eacetyl compound. Reerystallisation from 50F agueous aloohol

;6925 Hyde®3 Ny1lede Cy4Hy5N30, requires C,00.9; H,5.0; N,11.6%).

4-Acetyl-3-aminopyridines~- The foregoing bensamido-ketone was hydrolysed
as described for the 2-acetyl compound. The ketone (2 g ) was boiled
under reflux for 2 hr. in concentrated hydrochloric aeid (25 ml.).

Bther extraction gave a yellow 0il (1.1 g.) whish erystallised on
standing and which, on recrystallisstion from petroleum ether (b.p. 80-100°)
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gave 4-soetyl-S-aninopyridine (0.8 g») as pale yellow plates, mep.87"
(Found: C,62.2; H,815 N,20.5. Colgllp0 requires C,61.7; H,5.9; N,20.65%).

separated from acetic acid as red needles, m.p. 287-288° (Found:
C,44.5; H,8.9; N,23.6; C1,9:86 Caally ol 04 HCL W C,44.2; H,3.7;
N,Z&B; 31,10019‘)0

264d (12.5 g ) was esdded in sbout 1 g. quantities to a stirred
suspension of welle-powdered phosphorus pentachloride (25 g.) in
asetyl chloride (25 mle)s A vigorous reaction occcurred and eooling
was necessary to maintain the temperature st 20-25°. Towards the
mdoftbaaddiﬂ.onamlwaoudupantodmathaMm
allowad to stand for a further 30 min. after addition was complete.

The solid product (11.5 g.) was collected and washed well with dichloro-
methane to afford the asid ohloride hydrochloride, mep. 185-190°
(with decomposition), (Miescher and Kagi°give meps 188190 ).

2=hmino-3-dinzoscetylpyriding.—~ 4 solutlon of diasomethane in
dichloromethane was prepared as follows: moist nitrosomethylurea

(%&)maddedinmuporﬁmtqanlmm&
aiehloromethane (1400 mles) and 50 w/v potassium hydroxide (200 g )s
When addition was complete, the mixture was treated with ioce-water

(mﬂ.)mdmpalayﬂlwd&mthmwlutmmﬂ
and dried (NaOH pellets). The solution was then cooled to 0° and



treated with the foregoing 20id chloride (22 g ), added in small
quantities over about 30 mine mmmmmmmwnum
night, filtered to remove a little insoludble material and evaporated
under reduced pressure. The orange-brown residue (16 g.), which was
very soluble in dichléromethane, was treated with methanol (15 ml.)
and filtered to yleld the 2-amino-3-diasoacetylpyridine (15.5 g.) as

a bright yellow, microcrystalline solid, mep. 147-151° (with decemp.)
(Miescher and Kagi give meps 165°)s The compound was used without
further purifications

(12.0 g.) was added 4n small quantities over 15 min., %o stirred hydre-
bromic aeid, prepared from hydrobromisc acid (d. 1.5 ; 30 ml.) and
water (30 ml.). Vigomuuolutionotnimmmmm
the end of the addition a bulky precipitate separated. The mixture
maﬁnﬂlyheateﬂonawaterhath,oooladmdfﬂwmm
smin.,tostrordthecmdebrmuomﬁww (48 8. ), mepe
215-217°. A small amount of the hydrobromide was dissolved in water
(01 ge dn 10 ml.) at 35° and treated with solid sodium acetate. The
yellow preeipate (350 mg.) of the bromoketone was filtered off and
after drying, had mep. 105-107° (Miescher and Kagi'give meps 113°).

2-mine-3-acotylpyriding. —- The foregoing bromoacetyl hydrobromide
(15 g) was suspended in 4N-hydrochloric acid (190 ml.) and treated

with stannous chloride dihydrate (27 g. ). mmmm
on a steam bath under reflux for 5 hr., cooled and made strongly
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alkaline with sodium hydroxide (15 g) im water (250 mle)s Extraction
with ether (4 x 200 nl.), followed by comcentration of the combined,
dried (Na,80,) ether extracts to about 15 nl., gave the ketone (e.2 &)
as oolourless needles, mepe 156° (Found: ¢,62.05 H,5.9; N,20,8.
CoHgNa0 requives C,61.7; H,5.9; N,20.6%).

oride mhm
aupmtednomao-mdmml.mp. m-m', mmuu.

(Pﬂm&! C,44.13 H, 3493 ',35-7} 01,10.6. 0;.83.1.%-51 mﬂ
’44‘2’ H,ﬁly; ‘,2308. ﬂ,mn]jb).

Z2chootamido-5-ocetyloyridings— The amino-ketone (3 g.) was bodled

under reflux with acetic anhydiride (5 ml.) for 50 min, cooled,and
the water and acetic 20id removed under reduced pressure, af'ter t he
reaction mixture had been treated with water (10 mli): 'The residus,
on resrystallisation from 1:1 bensene~petroleun ether (beps M).

gave the acetamido-letone (20 g ) as eolourless plates; mepe 114°
(Found: €,50.8; H,5.4; N,18.2, CollyoNa0p requives C,80.6; H,8.7; N,15.75)s

S-fcotyl-2-anlnopyridine-N-oxide.~- The foregoing acetamido-ketone

(890 mg. ; 0,005 mole), dissolved in glacial asetie acdd (8 nl.) was

treated with hydrogen peroxide (50F ; 1.4 g.) ma'ehe-uinsm _
heated under reflux at 65-70° (bath) for 8 hr. At tmm m
70° the yield of N-oxide decreased substantially. The mp-gdan
solution was treated with water (10 ml.) and evaporated under W

pressure to gimmomgemmhpmwyemwmm. ’




The oil was dissolved in water (30 nl.), treated with sodium carbonate
(1 g-) and the solution was comtinuously extracted with chlovoform
(50 ml.) to afford a yellow chloroform solution which mh‘h&“
evaporated to give a pale yellow, orystalline solid (510 mg.), mape
155-150°. Several recrystallisations from bensene gave ﬁlm
(570 mg.) as almost colourless platelets, me.p. 184-&85' (l'm |
€,85.7; H,5.2; N,18.2, C,rHoMa0, vequires C,55.2; H,5.3; I‘,lluﬁ)s
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(4) THE WIDMAN.STOERMER REACTION: reaction
Lyridyl-propenes and nitrous acid.

The effect of substituents R, and By on the eyeclisation of
diazotised o-aminophenylethylenes (I) has been widsly studied by
| 2 ..‘,.
Stoermer and Pincke and by Simpson and Schofield and their co-worlers
and the general ionie mechanism given below is in aseord with their
findings: R

(1) (11) (111)

Tboattmkhythodiucn!mutionat%romimaopohﬂutm
of the ethylenic linkage, as indicated in (I),and the essential
mmtramumumtn,mtumemmm
group. Thus, it is found that the reaction proceeds successfully
when Ry hnetlvlorarylbnt!‘dllcqlotdywhmlghmm
or carboxyl. If Ry has sufficient electron-withdrawing power at Cg
then according to this mechanism, the reaction should be retarded
and, in fact, this 4s so: when Ry is phenyl or a heterocyelic mucleus,
such as 2-pyridyl, the reaction fails. However, when Ry is aryl and
particularly p-methoxyphenyl, cinnoline formation is rendered rapid
and the yleld is usually excellent, even when R, is eleotron-
withdrawing, since the supply of electrons is sufficiently great to
override any opposing effect at Gp.

Bdmh!ﬁol,ﬁohwsmeﬂmtwmm



substituents R, and By, well illustrates the effect of heterocyclie

nuelei on the reaction.

Table I:

the effect of substituents on the Widman-Stoermer reaction.

Ry Ry % Yield Ref.
H H No cinmnoline formed. 3
CH, H : :
CoHlg H Almost quantitative. 5 ¢
9-Pyridyl H 16 4
S-Pyridyl H 4 Bk 5
4~Pyridyl H 20 5
2~Quinolyl H No cinnoline formed. 8
2-Pyridyl CHy 45 5
3=Pyridyl Cly 77 5
2-Pyridyl Css Piorate only. Low yleld. 4
2=-Quinolyl CeHg Tarry products only. 4
H CsHg No cinnoline formed. 3
CoHg Colls Almost quantitative. 3
Collg 2~-Pyridyl 34 5
H 2-Pyridyl No cinnoline formed. 8
i 2-Quinolyl  |No ginnoline formed. 8
p-lethoxyphenyl| 2-Pyridyl 84 5
p-lethoxyphenyl| 2-Quinolyl (48 5




The effeot of hetercoyclis nuoled on the olosely related ve Richter
synthesis i3 illustrated by a mmber of examples given 4n Tedle IL,

Zable I

B Re 5 Yield Ret
i 1 55 ®
Ce¥lg | ] 10
2-Pyriayl " Phenolde material only. 10
SmPyridyl a Phenolde material caly. 19

Cyclisation ia the Widman-Stoermer and ve Rishter resstions is
always in competition with phenol formation and with the Psehors
reastion in cases where By is aryls In goneral, 4t has been found
nove favourable to carry out syclisation at low temperatures and in
woaldy aeid wediss The ylelds quoted in Table I srve optimum yields
for cinnoline formation and it has been found that attempts to ayolise
iasotised oe-aminoethylenss, partiocularly those in whish Ry and By ave
basie groups,in o strong sedd solution, result in low yields. Fuma
msobﬁm. showed, for exampls, that whereas 4w(3'epyridyl)e
cinnoline eould be obtained dn 49 yield by oyolisation of the
dlazotised anine (I3 R = 3epyridyl; Ry = H) st low seid consentration,
only tar formation ocourred in S-hydrochloric acids These authors
have also noted the value of working in sulphurio rather than
hydroshloric acide

This dependency of eimnoline yicld on pil. can be readily explained.
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ApyrimorquimmMatoitbercogerc/; becomes inoreasingly
electron-withdrawing in scid solution, due to protonation, and unless
tms@phaommatcpmkwwmmmd
mmom—mﬁumlmhumstl“,m
formation will be hindered.

The value of working in weally seid medis seems to apply generally
when Ry is not strongly electron-releasing. Jacobs has reported an
excellent yield of 4-methyleinnoline by eyelisation of diazotised
2-( o-aminophenyl )-propene under these conditions.

Another important observation to be made from the results in
Table I is the effect of the position of attachment of the heterocyolic
nucleus on the yield of cinnoline. It can be seen that 2- and
4-pyridyl have a more powerful retarding effect on the reaction than
the S-pyridyl group. This is an expected result, since protonation
makes itself felt more at the 2- and 4- positions. A Sawbemenin
iransition of charge to the 3- position is not possible.

The experimental work deseribed in this section is concerned
with the diasotisation of the four o-aminopyridylpropenes (IV, V, VI

and VII) which has not been deseribed previously.
C(CH)=cH, cleu=cHy  cleu=c,

e @ pgethsia i o
A C(CH3)=CH, Oy cu;- HeCoXx/ CH3

(Iv) (V) (vI) (vix)
It would have been useful o have examined the reaction with the



propenyl-group in the 3-position but diasotisation of 2~ and 4eamino-
groups in pyridine is effected only under special conditions.

A number of experiments was carried out with 9(3'-amino-
2' =pyridyl )-propene (IV) with very limited successs Attempted
cyelisation in concentrated hydrochloric acid at eo' provided a
non-orystallisable, neutral oil on extraction with ether. The compound
contained chlorine and analysis of a plorate prepared from the oil
showed that it was probably the chloro-compound (VIII) formed by
replacenent of the diasonium group by chlorine.

Attempted cyclisation in N—hydrochlorio aeid by long standing
at room temperature was moonpaniedbymhhssdﬂ“md
extraction of the basified solution with ether provided none of the
required triazanaphthalene. The phenolic fraction obtained by ether
mumofthemwmm,aﬂoﬁﬁtan
vacuum sublimation: a small amount of a compound which sublimed
readily end whose analysis indicated the hydroxy-ketone (IX) and a
product whose analysis indicated a hydrate of the hydroxy-propene (X)s
The former was presumably obtained from the propene (IV) during the
reaction by oxidation with excess nitrous acide These products were
not further examined.

Cl OH OH
C(CHy)2CH, cocHs C(CHy)=CH,

(viII) (1Ix) (x)

A or The hydroxy-cartunel formed by l\\sd\‘c\’(mr\ o e
dovble bond
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Diagotisation in dilute sulphurie aeid, followed by dilution to
low acidity and storage in the dark for several days, was accompanied
by the formation of much dark red, insoluble material which was
probably the product of diazo coupling. Continucus extraction of
the mizture with ether gave a small amount of dark red oil from which
no product could be obtained by erystallisation. Treatment with
piceric acid in benzene, however, gave the picrate of 4-methyl-l,2,5-

triazanaphthalene (XX) in very poor yield.
CH3

(x1)
40

A further experiment in which cyclisation was attempted in sodium
ccetate solution resulted in the formation of much dark red aso-dyes
This product could be extracted with chloroform but afforded no
triazanaphthalm by ohrontom on alumina.

The diazotisation of 2-(3'-amino-4'-pyridyl)-propene was then
examined and 4-methyl-l, 2, 7-triazanaphthalene (XII) was suscessfully

isolated, thouzh never in better than 25% yield.
H3

§ P (x11)

A numnber of experiments wad ocarried out $o determine the best
conditions for cyclisation and the vesults are summarised in Table IIIL.
The product, isolated by continuous ether extraction, was usually
contaminated with much dark red impurity and recrystallisation was
difficults Purification was most easily effected by chromatography

on aluminae
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Table III Cyclisation of diszotised 2-(3'-amino-4'-pyridyl)-propens.

Reaction conditions Wts of product frem
1 g+ of amino-propens
(a) Conecs hydwoehloris neid ot 60: Tarry material only.
(v) A-sulphurie aecid at room temp. Base isclated as .
for 5 days. pierate (85 mg.) only.
(e) O.1M-sulphuric acid at room 60 mg.
w- for 5 days. g
(d) Very dilute sulphuric acid 230 mg.
(less than 0.00IN) at room temp.
‘3 for 10 dayse
(e) BSodium acetate solution at room 65 mge Huch dark red
temps for 5 dayse material.
(£) 0.1N-Sodium hydroxide at room - 180 mg.
tomp. for O dayse

oY

In the case of both the Z-pyridylecatid 4~pyridyl-propenes attempts
to ayslise in strong asid solution failed or gave very low yields of
the triazanaphthalene, presumably because of the powerful retarding
effect on the resction of the protonated ring nitrogen atoms Attempts
to improve the yields by reaction at room temperature in very dilute
acid or alkaline media were only partially successful and in the
case of the 2-pyridylepropene, the free base was never isolated.

The best yields were obtained when method (d) - essentially that
used by Jacebs - was adopbeds but & muber of preperations failed
to give a yield of 4-methyl-l,?2,7-triasanaphthalene better than 25%.

Although attenpts to oyelise in sodium acetate (e) and in alkaline
solution (f) gave the triasanaphthalene, yields were not improved.
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The fact that the formation of triazanaphthalene is almost completely
inhibited in the case of the 2-pyridyl-propene may be explained by
the more powerful influence of the nuclear nitrogen atom when in the
2= position, and this is confirmed to some extent by the observaticns
of Nunn and Schofleld , already noted in Table I.

Similar difficulties were encountered in the attempted cyelisation
of the two propenes (VI and VII). The dlasotisation of the aminoe
propene (VI) gave the required 4,86,8-trimethylel, 2, 7=-triasanaphthalens
(XIII), although the best yisld obtained was only 15%, using the method
of Jaoobse. Cyclisation in alkeline solution also gave the base but
in an even lower yields In both cases it was again necessary to
separate the product from much impurity by chromatography on aluminae
411 attempts to isoiato 4, 8=dimethyl-6-phenyl-1, 2, 7=triasanaphthalene
(XIV) from the diazotised amino-propene (VII) faileds The orude,
tarry materinl obtained by attempted cyclisaticon in very dilute
sulpluric acid, however, gave & small emount of the picrate on treatment
with pleric 2ecid in benzene. The amount of piorate obtained did not
permit attempts to isolate the free base.

CHy CHj
H}C “‘c‘
N \N”N N N’d
CHj CHs

(xIII) ' (xav)

PR R ey



(a) Reastion in concentrated 3  the amino-
propene (1 g.) was dissolved in concentrated hydroehlorie asid (10 ml.),
cooled to o° and treated at o-s' with solid sodium nitrite (420 mge ).
The yellow-orange solution gave a positive coupling reaction with
elkaline 2-naphthol. Aftér having stood for 10 min., the selution
was warmed slowly +o 60-65. on a water bath and retained at this

properhes
temperature for sbout 1 W (until coupling had ceased). During
the reastion much ei'fervescence - probably :nltropa - occurred.
The solution was cooled, diluted with water (20 ml.) and made alkaline
with 4N-sodium hydroxide soluticn. The brown solution was continuously
extracted with ether (200 mls) for 4 hre and the dried (MgS0,) ether
solution evaporated %o give a pale yellow oil (100 mg.) which dia
not erystallise on standing overnight at 0.. The 0il could not be
erystallised by cooling a hot petroleum ether extract, but a pierate
was prepared in ethanol, whish separated from benzene as bright yellow
needles, meps 145« The substance was probably 2=(5'=chlore-2'-pyridyl)-
propene picrate (Found: €,43.45 Hy3.1; N,14.6; €1,8:6. ©Cy Hy Ng0,01
requires C,43.9; H,3.0; N,14.6; C1,9.3%).

(b) Resgtion in N-hydrochloric acid: the amino-propene (1 g.)
was dissolved in N-hydrochlorie aecid (20 ml.) and diasotised with

so0lid sodium nitrite, as deseribed in (a) above. The selution was
stored for 5 days in the dark, during which time slow gas evolution




ocourred and the mixture darkened to o deep red-browns. Basification
and continuous extraction with ether (500 ml.) for 15 hr. gave, on
evaporation, a small amount (60 mg.) of dark red residus, mep. 26'-27;,
which was not further investigateds The alkaline solution was just
neutralised with Z-hydroohloric acid and extracted with ether (4 x 100 m»)
Evaporation of the dried ether extract gave a light brown oil (650 mg.)
which partially erystallised on cooling. Vacuum sublimation of this
phenolic fraction gave a colourless sublimate (110 mg.), which
orystallised from a small amount of petroleum ether (bcpc M.)
to give colourlass plates, mep. 85.. The substance was probably
mgm—mmmgm (Found: C,60.4; H,5.4; N,10:1. CyH,N0,
requires C,81.3; H,5.13 K,10.2%)s The non-volatile residue left
after vacuum sublimation erystallised readily from petroleum ether
(bepe 60-800) to afford colourless, deliquescent needles of

3' 2w mepe 52 (Poundt ©,62.7; H,7.2;
N,91. CglgNOH,0 requires 0,63.2; H,7.1; N,8.7%)s

(e) Reaction in very dilute sulphuric acids the amino-propene
(1 g), iasolved in dM-sulphuric aeid (5 ml.), was diasotised with

a solution of sodium nitrite (450 mg.) in water (10 ml.) at M.o

The solution was poured onto an ice-water mixture (300 g.) and allowed

to stand in the dark at room temperature for 10 days. The dark red
solution was basified with 4N-sodium hydroxide and continuously extracted
with ether (300 ml.) for 5 hr. The yellow-orange ether m

was evaporated, finally under reduced pressure, to give a deep red,
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pleasant-snelling oil (55 mgs)s The oil did not solidify on standing
for several days at O.. Treatment with pierie acid in hot ethanol
gave a green, oily precipitate which scon solidified on standing.
Reerystallisation of the solid from methanol gave 4wmethylel,3,5-
Ariaganaphthalene picrate (35 mgs) es clusters of green-yellow needles,
Bepe 228 (Poundt ©,44403 H,2.9; N,22.4s G4l N0y requives
C,44.9; H,2.7; N,22,5¢:)s The swall quantities of pierate obtained

did not permit isclation of the free base.

(1 ge) was diasotised in 4N-sulphuric acid solution (6 ml.), as
deserdbed in (c) sbove, and the solution was poured slowly into an
ice-cold, saturated sodium asetate solution (25 ml.) at Ou-l., with
stirring. The solution was allowed to warm to room temperature and
was then kept in the dark for 5 dayse During this time a red-brown
501id was precipitauted and much gas evolution was noticeds The solid
preduct (400 mg.) was collected and had mep. 255-290°. This product,
dissolved in ethyl scetate, was chromatographed on alumina (40 x 2.5 om)
and elubtion commenced with bensene. Vhen the orange-red front had
nearly weaghed the bottom of the colum, the eluant was changed to

11'5; v/v ethyl acetate-bensene and fractions were collected. Bvaporation
of the first fractions gave a deep red solid (65 mgs), mepe ua-m'.
which was probably an aso-dye and was not further examined. No other
recognisabls products were obtained by ifurther development of the

shromatogram.
Continuous extraction of the filtrate with benzene gave a small
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emount of d:rk oil on evaporation, but treatment with pieric asid
afforded no ecrystalline product.

(a) Reaction in comcentrated hydrochlorie sedd: the aminmo-

propene (1 g-), dissolved in consentrated lwﬁrocm acid (15 Il-),
was eooled to 0 and treated with solid soddum nitrite (ao nou)

at O-b + The clear, pale yellow soluticn was warmed to 60-85 on

o water bath. A vigorous effervescence (probably nitrogen) oceurred
and after sbout 30 min. the solution no longer coupled with alkaline
o-naphthol. The solution was then diluted with water (20 ml.) and
besifisd with M-solium hydroxide. The dark mixbure was extracted
continucusly with benzene (200 ml.) to give, on evaporation, a small
amount of tarry material (90 mg.) which providsd no crystalline product
on extraction with petroleum ether. The basified solution was Just
neutralised to give an oily emulsion. The phenolic fraction (650 mg.)
was obtained by extraction wish ether (2 x 100 ml.) as a drown oil.
Attempts to obizin o orysitalline produst were unsuscessfule

(b) Reaction in ZN-sulphuric scid: the amino-propens (1 gs),
°
dissPlved in P-sulphuric aeid (20 ml.), was diaszotised at O=5 with

solid sodium nitrite (450 mge) and the solution was allowed to stand
in the dark for 5 days at room temperature. During this time nitrogen
was slowly lost and the ecupling power had disappeared aﬂir! days.
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