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INTRODUYUCTION,




Intereat in cyclopolyclefins of the gemeral structure (1)
arises from their possible use in the verificstion of Hueckels (4n + 2)/7

electron rule which predicts that monocyclic systems of alternate
single and double bonds, having (4n + 2) /\ electrons, should exhibit

& apecial atability,
= CH
- 1
CH = Ci
el |

m‘mmmtmnmmmuumm
10 - 18 carbon atons, e.g. cyclododecahexaene (11), are not normally
copable of existence, because of steric interfersnce between the
internal hydrogen utoms and the possibility of transsnnul.r
bridging with the formation of polyeyelic structures.  Steric
interference between the internal hydrogen atoms arises since a
pre-requisite to conjugation in the syatem is planarity, snd acale
dravings by Mislew have shown that «ll cyslopolyolefins from Sy
to cz& must assume a buckled rather then a planar configuration
to avoid repulsive intersctions between hydrogen otoms situated
inside the carbom periphery.  !islow also suggests that, owing
to their buckled configuration, cyclopolyclefins betveen cs and



C,g ¥ill not possess sufficient aromstic character to be stable,
ﬂm.u!&aahumhdut.ummmm
mummu.umc-c-cmwumnm
substantially fros the optimiua value of 120 and yet remain
aromatic in charseter, e.g., di-p-xylyene and u-o-quhu".
"Overerowded" ring systems such as },4=5,6~ dibensophenanthrene
slso contain distorted bensene rings”,  1f, then, we concede
that = bond angle in the cyclopolyolefin (1) could lie between
110° snd 130° without sericusly decreasing the resonsnce energy
of the molegule, the steric interference of the central hydrogen
atoms would be greatly reduced. Furthermore, il we aasume a
slight deviation from plunarity to be possible, then members of
the series below 050830 should be capable of existence as stable
mclecules, although aromaticity may mot be particulerly obvious
in them, londheimer's recent synthesis of a number of
conjugated cyclopolyolefins has helped to célnu Baker's
mpu;m experimentally, Finally, Baker has suggested

that the cyelopolyolefin, eyclooctadecanonaene c18“18' is the
smallest cyclopolyene which will be both stable and show

diminished unsaturation.

Various solutions have been suggested to avoid steric



interforence betwesn the interior Lydrogen atoms.
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These include (a) the replacement of the inwarde
polating CR groups by aitrogen -u-‘ as, for sxample, in the
hypothetiesl 1,6~ diasacyclodecapentaene (111), (b) the
reglaceacsnt of pairs of interior hydrogen atome by NE groupe,

'nn in porphin (W) sad relsted compounds, snd (¢) the replscement

. of taree interior hydrogen atoma by a single trivelent atom such

45 nitrogen, thereby forming s compound such es ayel [}.2.2]
azime’ (V).

The sim of the present resecrch is to synthesise
cyel [3.3-3] asine (V1), This syste: contsins 12 /\ electrene
(excluding the lome poir on the nitrogen atom which caunot be



completely included in the oyclie moleculsr orbital) sal,
therefore, simple a plication of Hickel's rule predicts
non-sromaticity,  Kevertheless, 12 /\ electron systems of
tuls type possess considerable etability as is shown, for
exsuple, by the synthesis of the phenalenyl cation by

vcmua. m- system is renarkable since it can exiat us
the ccaparatively stable catioa (V11), the free radical (V111),
snd the anion'“(1X) vhich is iscelectronic with the desired

compound (V1),

D& &

Furthermore, theoretical work by Boekelhelide ot

alia’, has shown that cyel [3,3,3] asine should show
considerable stability snd possess a resonance energy ( after
certain assumptions ) higher then cyel [3,2,2] asine which has
already been synthesised.



REVAEX OF CYCLOPCLYOLIFINS.

In regent years a substantial asmount of work on
eyclopolyolefins has been undertaken, The subject had
received little attention since “illatlitter's synthesis of
eyelooctatetrasne’, and certainly there was little chance that
his synthesis could be extonded to larger polyenes, The
synthesis of cycloparaffins by ‘relog ° and 5tall’ (using the
seyloin resction) led Frelog'- and his co-workers to examine the
gas phase dehydrogenation of a series of cycloalkames at 400°,
using & palladiumecharcoul catalyste No eyclopolyclefine were
obtained, however, and the reactions yielded only polyoyelic
benzenocid compounds which were formed, presumable, by trans-
ennular bridging.  Attempte were slso made by Frelog and Polysk '~
to elucidate the mechanism of these resctions using 01" labelled
starting materials, The starting material was cyclotetrau.cene
(1), labelled st each end of the double bond, and although the
compound yielded the same products as the corresponding cyclo-
alkane, the rediosctivity was equally distributed throughout the
molecule,

S0 far the mechaniem of these trans-annular reactions remains



wmu"’rm that, with the ald of a mixed organo-

wetalliec catalyst, butadiene cculd be converted, in excellent
yield, to a mixture of cla=trans~trans (11) and trans-transe
trans (111) cyclododecs = 1,5,9 triene. The introduction of
two more double bonds into the molecule was relutively easy
but it was not found possible to prepare cyclododecahexaene (1V)
since the introduction of a aixth double bond is likely to
invelve an alteratiom in the carbon skeleton.

SR ARAS

Although a coapound of composition culumebhi.ud. and it
mmmwmmnﬁt.mm'-mmmm
mtitm.hwmdmhﬂmmmm
fully conjugated eyclopolyolefin,

The idea that the introduction of a sixth double bond
iato the compound (111) would result in distortion of the carbon
skeleton 1s supported by “ittig's'® synthesis of 1,2 = 344 « 7,0 =
9410 tetrabenzocyclododecahexaene (V). Two stereciscumers,
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Wm&.ammumnm-tmfm.
mammmuxznommatasmmmm

forz could not exist,
%CH_CH

Parther work by Vittly  led to the isolation of tetraphonylene,
hmmm and octaphenylene by the action of metel halides
on 242 d*hmlo “hese wolecules sre not planar, due
to the interference of adjacent ortho=-hydrogen atoms, the
benzene rings belng twisted alternately sbove and below the two
mmmmmmmm-o:mxmm.
The most _uccessful approsch to the cyclie polyenes
has undoubtedly been that of Sondheimer'’ and his coeworkers
who have explcited their discovery, end the independent
discovery by Hglinton and Gslbraith'®, that oxidation of
A, ~discetylenes yields cyclic tetrascetylenic compounds
®.5ey (VI) together with cyeclie trimers, tetramers, pentamers
and Lexsmers of the open chain compounds,

CommCmmli

VI




Sondheimer's originsl method'’! was to couple the
acetylenes in a mixture of cupric chloride, ammonium chloride
and squeous ethanol but, independently, “26
Galbraith '

and Eglinton and
discovered the use of cupric acetate in pyridine

at high dilution. It is Sondheimer's use’ *° of this second
resgent, with higher concentrations of the acetylenes, which has
yielded the most satisfactory results. . The structure of the
rroducts obtained has been confirmed by ultraviolet and infrared
spectral snslysis, and hydrogenstion to cycloparaffins,
sendheiser " has also discovered that the diyse groups in the
eyelic polyscetylenece derived from 1,5-hexadiyne may be re-
arranged by potassium | ~butoxide to conjugated diemyne groups
and that the resulting cyclic polyenynes may be partially hydro-
genated to the corresponding oyclic-polyeneas, The rearrangement
may be comparsd with that observed by Jones, Shaw and Vhiting” ',
in which certain diacetylenic dicarboxylic acids undergo protoe
tropic isomerisation when treated with 104 potassium hydroxide
solution to yield conjugated dienyne dicarboxylic scids.

Using these reactions Sondheimer and his co-workers
have madea nusber of cyelic polyenes and polyenynes containing
fewer, ond more thaa, 30 carbon atoms, The main interest
congerns those with less than 30 carbon atoms, for reasons which
have been stated in the introduction. The first synthesis of a
cyclic polyene and of the smallest which might be expected to
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cah:.bit aromatic properties, according to Baker's theories, was
schieved when Sondheimer > *'®) gynthesised oyclooctadesancnssne
(vi11). This compound was synthesised by the partial hydro-
genation over a “lindlar'' catalyst of eyeloootadecs =1,7,13
(0“)-%3.9.1’*(“)%.11.1?9"‘” (V11) which had
previcusly been prepsred by two separate routes>> ("b)n shown in
Scheme 1 (opposite). .

/:/:\\\\
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VII. - VIIL

The lougc.tA wavelength absorption maxisum in the wltravioliet
mmn‘o%,amichhumtudtomtmwmw
gonding open chain linear ma. This, coupled with the
reasarkable incresse in intensity of the pesk ca. 370 ,. indicated
that the moclecule is comparstively planar and the double bonds are
in conjugation, It also contains 13 /\ electrons which corresponds
to n=4 in Hekol's rule and the molecule exhibits ressonable
stabllity, e.g.y it can be sublimed and it remesins unchanged up to
230%. but no typiesl aromatic substitution products can be
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cbtained., Compare this with its linear analogue which decomposes
very repidly at room t-pntnnzs. Cyeclooctadecanonaene io
not as stable as a classical benzenocid system, howsver, as it
decouposes over the course of several weeks when allowed to stand
in light sad sir.

From the cyclie tetrsmer obtained by the sction of
copper acetate in pyridine on 1.%26. Sondheiner
m.u-wm«mm. the cyclic
polyene cyclotetracosadodecsens C.,. M., , a system containing 24 7\
electrons,. This compound does not comply with Itickel's rule
and was found to be considerzbly less atable than oyclooctadeca=
noanaene. The corresponding pentumer, under the same conditions,
gives the 30 membered ring systen which does nct exhibit the

isclated”’"

atability which might have been expected of um. The pentayne
intermediate wiich is obtained at the last stage before the final
reduction is reasonsbly stable but the pentadecaene is very
unstable, Despdte thol faet that the ultraviolet absorption
‘spectrum shows .A“ 530). which indicates incomplete conjugation,
it is uniikely that this compound is an unfavourable sterscisocmer
as it was aguin obtained by another series of resctions. Yore
recently, reneved stteampts Ly swdhd.-lragto prepare the c¢yclie
polyene c}oa”. using a modified reaction scheme, resulted in
yellow oils which were unstable but showed ultraviolet poars in
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what was consldered to be the correct positions, dince the
correasponding linear agyclic analogues could be prepured, he
suggests that both the ayelde polyemes Cojfiy, and O, ji%0 are
unstable systens, Yot the fact that the polyene cyclotri-
acontapentadecaene io unstable, wheress cyeclooctadecancnaene is
relatively stable, is surprising especiaslly ss the degree of
proximity between gvery internal hydrogen atom in cyclooctadeca~
nonaene exists only between every plternate hydrogen atom in
cycletriascontapentadscaene, It is important, however, %o
mention that stability itself is not an independent measure of
aromaticity.

Very recently a number of iunteresting new facts have
appeared regarding the cyelopolyolefins C.oH o, C..H., and
Syl ™,  Deapite the predictions of Nislow' wideh were
re-iterated by Coulson and Golebiewski®>, the experimental
results showing the relative -wwo:c,snﬁ 28 comparasd
vith Cou B,y snd Cyill, ) have tended %o support Baker's theorles” ",
Indeed Coulson and Ooleblewski's contention that cmﬂ.‘ahmtn
planar molecule has been refuted by Xeray orystelographic work >
wiich shows thaot this cyclic ;olyene possesses a centro-symmetric
molecule (which incidentally rules out bond length alternation)
snd & carbon skeleton deviating from co-plenarity by no were then
o= R: Furthermore, nuclear magn. .ic resonance spectroscopy
mmmm-nm»u.mmorumuw



e

ring current snd to bear certain resemblances to the porphyrins,
This evidence strongly suggests that, within the present
concepts of sromaticity, cyclooctadecancnoene is aromstic in
character,

The instability of C,H,, s mot particularly
WMMtotcjoﬁmh. Ferhaps this is due to the
size of the molecule being such that 1t can no longer support
itself in one plane snd the consequent buckling deatroys the
stablility of the ring.

Finally, Sondheimer has also achieved the synthesis
of two systems containing fewer than 10 carbon atoms. The
firet dnmmy' was that of cyclotetradecaheptaene cﬂnﬂ(u)
(n=3, in Huckel's rule )  This substance cansot be plansr and
therefore compliea with only one of Baker's requirements for
aromaticity in gyelie polyenes, Jince the substance is quite
unstable, it provides s further experimentsl demonstration of
the importance of plinarity for aromaticity in conjugated cyclic
polyolefins, - The other synthesis”” was that of cyclchezadecas
octeene C, M, (X) and two derivetives,  As expected, this
cyelic polyene was also unstable,

//l
p s

\
N

I X. X.
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It has alresdy been shown that, for cunjugation, carbon-
mmmuw‘wmmmmnpmm
necessary, Despite Sondhedmer's success in preparing the
higher conjugsted polyolefins, it is obvicus from the instability
of compoundo (1X) and (X) that the preparetion of the lower cyclo-
polyolefinic systems, snd honee the testing of fiickel's rule for
eystems below 6181118(1.&.. below n=3), is unlikely. This is
supported by Daker's comclusions® ™" hich have so far been borne
out by Sondheimer's work, sn indirect sclution may be poscible
a8 the sterie clush of interior hydrogen atoms, and the possibility
of transannular bridging, are both avoided by replacing, eeges in
cyclotetradecaheptaene, the four intorior hydrogen atoms by two
trivaloat nitrogen atoms to form 15:16=dihydro=15:16=diasapyrene
(x1), orthonphuuuiofﬂu three hydrogen atoms in cyclo-
dodecahexasne by & nitrogen atos as in eyel [3,3,3] astne (X119),

v

X



Two groups of workers have pursued this type of approach!:
Baker has synthesised the tetrahydroderivative of compound (X1) 1.e.,
d1(pyridine=2ib=dinethylens) (X11) and the structure of tiis
compound has beemn thoroughly exssined and confirmed. Une ndtrogen
atom appears to be above, and the other below, the rings. No
report of the dehydrogenation of compound (X11) teo compound (X1)
has yet appeared. Boekelheide and his Mﬂ7 have recently
synthesised eyel [3,2,2] asine (X1V) and soms of its derivetives.
This is the compound obtained by the replacesent of the three
internsl hydrogen atoms of cyclodecapentasne by a single trivalent
nitrogen atom,

o
N XIV.

—_—

Two separate routes from pyrrocolines have been used to
synthesise this compounds The first started from Semethyle
pyrrocoline (XV) which, on treatuent with n-butyllithium and en
Hell disubstituted amide followed by hydrolysis, gave either the

asldehyde or ketone (XV1), These compounds on cxolodchydnttm‘z |

gave gycl [3.2.2] szine or its phenyl substituted derivatives.
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A simpler and better synthesis was discovered” 9"’°uhcn
the pyrrocoline (XV) was treated with dimethyl acetylenedicarb-
oxylate in boiling toluene using 5% palladium on charcoal as the
catslyst. This gave a  50% yleld of oyel [3,2,2] azine aftor
hydrolysis and decarboxylation. This reaction is related to
those discovered by Di.oln“md his co-workers who obtained
quinolizines, etc., by treatment of a series of heterocyclic bases
with dimethyl acetylenedicarboxylate. 2=phenyl-1-aza=cycl [ 3.2.2]
azine (X1X)was obtained in & similer reaction with 2-phenyl-1-

azapyrrocoline (XV111) but attempts to use other dienophiles in



place of dimethyl acetylenedicsrboxylate were unsuccessful,
except in the case of the ¢losely relsted methyl propiclate,

R Pel|C N AR, s ﬁ‘.‘:ﬁiﬁ XIVe.
\ s Voluene ) e decarb”
+ XV.
Me ooc—C = c—coPMe sy i cooMe
XVl

Pl o
S I

XX

MeococC —C=C—- CooMe

“ince cyclodecapentaene obeys liickel's rule (n=2), we
have in cyel [3,2,2] asine the first exsaple of « large
conjugated carbocycle held planar by bonding to 2n internal
atom, Calculations’ (which must be made separately for each
systes in polycyelic molecules) have shown that both oyel [3,2,2]
azine and oyel [3,3,3] azine (X111) should exhibit a degree of
aromaticity, and experiment has confirwmed this prediction for
cyel [3,2,2] asine.  Yor example®’, the molecule is stable to
heat and light, non-basic, and undergoes electrophilic substitution
(nitration, bromination and Friedel-Crafts' reaction) but attempts



to induce the molecule to underge nucleophilic substitution

have not met vith =uch success.

Boekelhelde has slso attempted the aynthesis of
eyel [3,3,3] astme (X119).  In 1951 he and Lodge prepared’®
bequinclisone (XX) by the comdensation of ethyl Z-pyridyl
acetate and diethyl ethoxymethylensmslonate followed by
hydrolysis snd decarboxylation of the initial product, 1,3«
dicarbethoxy-h=quinclizone, b=uinolizone was eusily con-
verted to 4ethioquinolizome (iX1) by the agtion of phosphorus
pentasulphide,  Vhen 4-thioquinolizome was trested ! with
methyl lodide a quaternary salt, compound (XX11), was resdily
formed and trestsent of this salt with diethylmalonate resulted
in evolution of methylmercaptan and formation of compound (XX111).

RSl s | Med
\ i
o g
XX. XX,

XX11.

cuz(cooﬂ)g o S e l
(CHe) N S
st ¢ (cooEh),
A synthesis of eyel [3,3,3] asine ight have resulted if the sase

derivative could have been prepared from 6-methylebequinolisome,
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~ condensation between one of the carbethoxy groups and the G-methyl
group giving the third ring., However, G-methyl-ii-thioquinolizone
could not be yrepsred despite numerous attempts’’ to replace the
carbonyl oxygen atom by sulphur,

An attespt hes also been made by Boekelheide " to
prepare & derivative of cyclotetradecaheptaene (1X), in which each
pair of internal hydrogen atoms was replaced by a saturated carbon
atom, Yodels showed that a near planar system was still possible,
in which case the periphery of the molecule could still be con-
Jugated - formula (XX1V),

| XXV XXV

Alticugh the saturated precursor, compound (XXV), and

some derivatives could be prepared, attempted bromination -

ammuu“nmm either in recovery of starting

materisals or brominstion only in the benzene rings,
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Finally, two polyssaderivatives of cyel [3,3,3] asine
have been aynthesised, Tricycloquinagzoline (XXV1) has been
obtained by thiree separate resctions, nasely (a) heating
o-aminobenzaldebyde with com ounds capable of yielding mu“,
(b) heating o=gyano=enilinium-p-tolusne mlyhmh“ snd (e)
heating indazole with copper poudorw.

i@
I'\ Eﬁ@

VI
XX VI it

Tri-s-triazine (AXV11) has been mﬁgto be the nuecleus of
hydromelonic and cymmeluric scide which have both been know:
for somse time, Both these acids may be prepared from
potassium thiocyanate.




Three main synthetic routes have been pursued in the
work described here. Clearly, to syntheaise cycl [5.3.3} azine
it is necessary to approach via the gquinolizine series.

Structure (1) represents guinolizine iteelf which is
unknown except as its derivatives and would be expected to be
non-aromatic in charseter., (The numbering is that used in
Chemical Abstracts).

The guinolizines contein a bicyclic naphthaleme ring aystem with
» tertiary nitrogen atom in ome of the bridgehead positions.
A8 shown above, three tautomeric structures are poasible.

The aromatic derivatives of quinolizine are of two
main types, the dehydroguinoliszinium salts (11) and the
quinolisones (111), b-quinolizone being illustrated here,

silies
N
;, M R \o i,



Houte 1.

The first projected synthesis was to proceed from
4 ,6=dimethyldehydroquinolisinium salts, which would be expected
to react with formic seid, or its equivalent, to give cyel [3,3,3]
azine, probably in one ctage, €.g., “=msthyldehydroquinolizinium
salts have already been shown to possesns a reactive methyl group
which can be condensed with sldehydes,

+

ey 4 ©K
cH(OEW);

X

The seccond approach was based on Nomoe's .nthuh"g

of azulenes from tropolones. lHe has reacted chlorotropones and
the sethyl ethers of tropolones with malomonitrile and ethyl
cysnoacetate to provide the necessary J-carbon chain across the

positions previously occcupied by the ~OMe and Cel groups. ®.8.,

éu,
CHL- CN

x: O Me or Cl.



Gince the asystem present in the 6~hrdroxy-bequin-
Olizones (1V,X=0ll) is essentially similsr o that present in
tropolone, we might expect that a similer reaction, using
compounds of type (1V), would yield derivatives of the eyel
[543:3] asine system. e.g.,

e T 'Y
Al
D+ X
NC EN
NH,

c“z' N CH?_. e
o én.
X = OMe or Cl.

Soute 111,
Thtinnapmnhmtobom“.mthnhot
dehydroguinolizinium salta, from N-ethoxycarbonylmethyl=2emathyl=
pyridinium salts (V) snd « -diketones, reported by Yeatphal, Jahn
and Kotto’? . %affey
o

T i \I“ i -
N -‘;‘ e Oo7R o SR,

N
+
X  cooEr 5

V.
“he methyl and Nemethylene groups of =ketowbemetiyl=1,2,~dihydro=
quinolizinium salts (V1) would possess a sisilsr activity to those
of compound (V) and might, therefore, condense withd =diketones to

give, after enclisation snd loss of proton, derivetives of hydroxy=-



cyel [3.}.}] azine, e.ge,

/ I R.co.cakR. ggollgn >
g 5 B Sl oH
CHy . R R
R R

fach approach will now be considered in detail,
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Boekelheide® ', and subsequently Glover end Jomes’”,
first rejorted the synthesis of the dehydroquinoliszinium ion. The
first ayntheeis of the ion had been sccomplished earlier by Beamon
and Yoodward but had mot been reported. Its ogourrence as the
nucleus of sowe alkaloids, e.g., sempervirine, had also been
wmd’brer sose time,

Both Boekelheide and his co=-workers and Glover and Jones,
followed a rather similar approach based on Beaman's synthesis,

Boekelheide's oynthesis” started from 2-picolyllithius
vhich was alloved to react with /8 =ethoxypropionaldehyde to give
the adduct (V11) which yielded the dehydrogquinoliszinium ion =s the
iodide (V111) after subsequent cyclisation, dehydration snd dehydro=

genstion,.

¢H, L cHo
o O e e e
) énzoEr X ,_o‘ér.

Vil
OH
o l &O) : FN,[C or)
S :' chloranil. N A,
N
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belothyldehydroquinolizinius salts were obtsined by a sisilar

method,

lmm“.uwmmstm”.uod
related methods to synthesise 2= and 3= alkyl and aryldehydro-
quinolizinius salts, Nesmeyunov, using the dimethyl acetals
of various keto-aldehydes, found that the condensation products
obtained from the acetals and picolyllithium underweat easy
eyelisation wnd dehydration to give 2- substituted dehydro-
quinolizinium salts.e.g.,

i
ey <&
ok | ﬂ&+ g ) 5 | T\OH L7
e A Hy
A Mgo/ \oHo /6\(‘
Mec” "OMe
CH CHS
oH% Ac,.O N / l \
+ H,S0,, Do Lt i
Br B

Hicharde and itevens, using the enol-ether or the monoe
acetal of a /-wum. found that the products obtained, after
this type of compound had been allowed to resct with pleolyllithium,
could be easily cyclised using alecholic picric acid, This
reduced the nusber of stages involved in the previocus syntheses as
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the dehydration was accomjplished without isolation of the initial

.”n‘ product,. @.ge,

LR
co
i TP
v 5 = ot
R R O
c
5 pies oAk & (o),
3
akohslic , 7 T > 2 R'=R'= CH, CHz ok,
pl':rica.cizl- K ,;1 P

R

This method enabled the aynthesis of 2,3, and 4-subatituted
dehydroquinolizinium saltas to be achieved,

Olover and Jones 53(a,b)

prepared T=keto=3,4-dihydro-
dleguinolizinium selts (1X) from 2-cyanopyridine and found that
these salts could be converted, in one stage, into dehydro-

quinolizinium salts, using acetic anhydride alone. e.g.,

CHR.
/ CN 8"“36'“‘ 6Q\ R
N ‘l"‘ p ‘l""z-_—> 2 2
'OEK EH,0EF
/ | R Ac,0 " / , \
R 8 i - N
X~ X~
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They alsc showed that, by varylng the aliphatic precursor, a
general synthesis of dehydroquinclisinius sslts is available snd
their synthesis has already been sxtended to 1,2,3 and 4 sub-
stituted dehydroquinolisinium salte™> ® 73,  muis synthesis is
capable of further extension by variaticn of the pyridine
precursor,

Bencodehydroguinolisinius salts, e.g., compound (X),
heve been prepared by Bradshet et alia who heve made sxtensive use
of cyclodehydration in their syntheses,

+J &’
g ) 31#:: __9\ \7-“1. _!-Vl_r___> T "
| eo
R L /

Boekelheide (in a personal communication to Glover and
Jones”>'®)) hos stated that he vas unsble to extend his method to
the synthesis of 4,6~dimethyldehydroguinolizinium salts. xsmination
of molecular models shows that the formation of &,6-dimethyldehydro-
quinolizinium salts is not sterically impossible although the methyl
groups might be out of pleme in the final molecule.



(a) vhen /3 ~ethoxybutyraldehyde was allowed to react
with monolithio=2,6-lutidine the expected initial adduct appeared
to be formed but no eyclised materisl could be isolated using 484
hydrogen bromide ss the cyclising agent, only starting meterial

being recovered.
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(b) A similer resction using the emol ether of acetyl
scetone was hardly more successful. Agsin the initial adduct
was obtained but boiling hydrobromic acid had nc effect on thias
materisl end treatment with alecohelic pleric acid appeared to
result only in dehydration of the uncyclised material.
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(e) A report by wm“.t alis whereby J/G-
unsstursted aldehydes were condensed with Z-picolyliithium end
the resultant alcohols eyclised by the addition of bromine in
the cold to give J-bromo-Z-hydroxy-1,2-dehydroe3il,ili-quinoliz-
iniua bromide, led to an attempt to prepare 4 ,G-dimethyldehydro-
quinolizinium salts by en analagous method.

eHy s OH
o s
"" o, W5y //GH i S Br.

CH, CH, Br

“hen the secondary aleohol (X1), cbtained by the
resction of monclithio-?,6-lutidine and crotonsldehyde, wes
treated with bromine in curbon tetrachloride solution a sticky
precipitate was obtsined ilumediately., Crystallisation of this
precipitate could not be effected despite the use of a variety
of solvents, nor could the corresyonding perchlorate be isolated
(assuming the material to have been cyclised). All other
sttempts to isolate erystalline cyclic materisl or dorj.num
falled and attempts to characterise the olly product as verious

derivatives were not successful.
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(a) 1In one of Richards and Steven's preparations,
namely that using the enol ether of benzoylacetone, the cyclised
product was not isclated initially, the reaction yielding instead
the keto derivative (X11), presumably formed by the cleavage of the
enol ether precursor., This keto derivative was subsequently
cyclised using the acetic snhydride/sulphuric acid method to give
compound (X111).
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Jince this keto compound wea isclated it seems reascnable to
suppose that similer intermediates are formed during the related
cyclisations, es ecially since replacement of the phenyl group
by a methyl group resulted in s straightforward resction. iz,
then, a sisilar series of keto-alcohols to the intermediste
isclated by Richards snd tevems could have been synthesised,
thias might have provided a conveaient route to dehydroquineliz~
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inius salts. One of the limitations imvolved in such a scheame
is the preparation of aliphatic precursors with a sultable
functional group, e.g., aldehydes snd /6 ~diketones which ensble
an hydroxyl group to be present im the 1~ or 2« position of the
side chains, x:mmxmwuumuu-
later stage & much wider range of suitable intermediates would
become svailable. The reaction of acetic abhydride with pyridine-
nwhmm.mmmuummummm
group in the position 1 of the side chain.

“hen pyridine-i-oxide is treated with ucetic anhydride

2=pyridone (X1V) is ob “.

/ ' / , o- ‘6 —CHS / fo
Ny \’O \ N\-‘O \ NH
XY

If alkyl groups are present in the 2- sud b= positions of the
pyridine ring ® rather different type of reaction takes place.
For instance, 2-picoline-N-oxide yields mostly Z=acetoxymethyl-
pyridine (XV) and only a little C=methyl-2-pyridone is
obtatned®?(xv1).
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n
.\obieon%. in his aynthesis of 1.5-pytadono (XVv11), has

used thias type of reaction to insert a secondary hydroxyl group at

& neighbouring saturated carbon atom, as shown belowie
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It was hoped that pyridine derivatives possessing
saturated carbon atoms in the 1-position of the side chain might
undergo a aisilar reaction and thus enable an hydroxyl group to be

introduced in position 1. e.g., (XV111)

OH

o
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Subsequent cyclisation and dehydration would then yield dehydro-
quinolizinium salte and the method might then have been extended
to h,6-dimethyldehydroguinoliziniun salts, Various atteapts to
prepare model compounds of type (XV111) were undertaken.

(1) The reaction of the sodium salt of A -picoline with
benzylideneacetophenone yielded a white solid originally thought
to be compound (X1X)i.e., b=(2'«pyridyl)=-1,3-diphenylbutan-1-cne,

¢H,Na f"' Ph
o l i / N =7 g l H2 0, 5 no
e R b e
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However, it was very insoluble in ethanol, has & high melting
point (247-269°), and & most unsatisfactory anslyeis was
obteined, The Neoxide could not be prepared, starting material
being recovered.

A sisiler experiment, using 2-picoline-i-oxide as
starting material and potassium methoxide as catalyst, also gove
high melting (294-296%) relatively insoluble material which did
not anslyse for the expected compound (XX),

Ph
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Ph Ph

wedss and I--:unaorwhave already showa that, in this type

of compound, continued reacticn say ogour uetween the methylene
group slpha to the carvonyl group in the side chodn and any
unreacted o(,/;’ -unsaturated ketone.  Although neither of the
mm&pnmmnvomcMawubﬁm
of Veiss and Hauser's, it seems likely that this type of reaction
has taken place here, resulting in formstion of pulymeric
products.,

An experiment using wethylvinyl ketone and a—u.ou-:-
N-oxide, with potussium methoxide as catalyst, was no more
successful. Only a very small amount of an oily product was



obtained and the experiment was cuite unsuitable as a method of

preparing the li-oxide.
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hen S=(2'«pyridyl-pentan-Z-one) (XX1) was prepared
from 2e-vinylpyridine, it proved extremely difficult te¢ prepare
the Neoxide (XX11)., The Neoxide wes oventually prepared in
extrenely low yield and of doubtful purity. Attempta to prepare
the S-acetoxy compound or to cbtain cyclised material from the

intermediste (XX11) were not successful.
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(b) Pollowing the reported preparation®’ of /8 ~ehlaro-
crotonaldehyde in good yield by a new method, attempts were made to
prepare an intermediate of type (XX111) i.e., where & chlorine atom
has replaced the ether grouping in Richards and Stevens precursors.
No satisfactory product could be isolated from the resction of £—
pleolyliithiua -u/@ =ghlorocrotonsldehyde, ané the products
obtained slways smelt strongly of X -picoline. To some degree tuds
lack of success can be attributed to the instability of m/! =chloro=
crotonaldehyde,

. CHO
Lk , aih /iu 1 = , KTHOH
% ¥ c,,cll o o a\<,"'“

ety eHy
XX111.

(¢) In the 1930's Diels snd his co~workers made an
extensive study of the reactions of dimethylacetylenedicarboxylate
and pyridine and its homologues, Only receatly has the structure
of some of the products obusined been finally established with the
sid of modern physical methods of ._1".“‘01.70. It would nppoﬁ
that when pyridine or 3-picoline and dimethylacetylenedicarboxylate
react together the sequence of reaction is ss follows, to give

compound (XX1V):
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If reaction between 2-picoline and 1=-butyne~3-one had
occurred at the metihyl group of 2-picoline, then a synthesis of an

intermediate of type (XXV), capuble of cyclisation to a dehydro-
quinelizinium salt, sight have resulted.

chy CH
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XX V.
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Against this is the fact that Diels and Pistor 73 have found that
&L =picoline and dimethyl acetylenedicarboxylate appear to give rise
to the G-methyl amnalogue of compound (XX1V) i.e., reaction at the

N atom cecurs,

Both 2=-picoline itself and the sodium salt of 2-picoline
were allowed to react with 1-butyne~3-one under a wide variety of
conditions., In every case a very dark sticky material was obtained,
either as a result of vioclent reaction when higher temperatures were
used or, as in the case of the reactions in the cold, after standing
up to three months at =20%.

This was unexpected as 'normel' reactions between dimethyl
acetylenedicarboxylate and heterocyclic bases have been cited under
all these conditim‘”'?o’ﬂand the alternative reaction shown below
seemed most likely to occur if reaction with the methyl group failed

and reaction occurred at the N atom,

=c.co ¢H3 FL SCwEY
\ N COGH3
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The most probahlo explanation is that, mtoad of




2 molecules of 1-butyne-3-one reacting with the base to give a
eyclic product, a linear polymer is obtained by reaction at the
N atom, followed by continued reaction at the negative centre in

the side M'..B.'

/ I CHE cfgl} / ,N* coen, > g IN+
NS NP = N NANANA
CHy | ClHy Hy

This would account for beth tar formation and the very deep red
colouration of the tare The infrared spectrum of a fraction
purified by chromatography showed nc C=C absorptions, only a
strong C=0 absorption at L)=1700cm,

This experiment was the last in attempts to prepare
4 ,6-dimethyl dehydroquinolizinium salts or related compounds.
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synthesis of 4,6-dimethyl dehydroquinolizinium salts, although
sterically possible, (from the examination of models) evidently
requires very drastic conditions to imduce cyclisation of the
intermediates. GSince the experiments described followed analagous
routes to previously successful ayntheses, the energy barrier tc be
surmounted must be very considersble and it is probable that the
stability of any intermediate would be endangered, if not destroyed,
by sny conditions which would effect cyclisation.

Vhile this is borne out by the experimental work, it ias
surprising that the model experiments involving the M-oxides were
not more successful. In the case of the bensylideneacetophenone
*nd methylvinyl ketone condensation with 2-picoline-Neoxide,
formation of a prolonged side chain would probably prevent Neocxide
ation cccurring due to steric difficulties. Yet there are cases
known where bulky side chains have not prevented Neoxidation, €y
Adome”” has prepared the H-oxide of G-bensyloxy-2-sethyl pyridine
but the bulk of this side chain would not compare with that of the
dimer or trimer, ete., which may have been formed.

The reasons for the Neoxides, when formed, failing to
react with scetic anhydride are not at all clear as the scetic
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anhydride re-arrangement is well known and has been shown to
ogcur in various aysteas,

“ithin present knowledge of experimental techniques
it is unlikely that a satisfactory synthesis of 4,6-dimethyl
dehydroguinclizinium salts can be evolved,
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beluinolizone: (XXV11) was first pnparod"’by the con=-
densation of ethyl-Zepyridylacetate and diethyl ethoxymethylene-
salonate, followed by hydrolysis snd decarboxylsation to remove

the ester groupsi. ecgey
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In a similar way, the compound was obtained '17.'1-0- either 2epyrilyl-
acetamide or 2= yridylacetonitrile., 4~ uinolizones substituted in
both rings hszve also been ;snpauduahy this reaction and have been

used in various sttempts to synthesise cytisine.

Although these earlier methods pll started from pyridines
containing an acetic acid side chain in the 2-position, it has been
found that ethyl S-cyano-2-mathylnicotinate (XXV111) can be
condensed with diethyl ethoaxymothylenemalonate to give 7=cyano=3,9-



diethoxycarbonylquinoliz  —heone (XX1X). €ege,
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Using ethyl ethoxymethylenecysnoacetute instead of diethyl
ethoxysetiylenemslonate, the same workers also synthesised 1,3-
diethoxycarbonyl~4=guinolizone imine which wes found to be converted

to 1y3-diethoxyoarbonyl-i-quinolizone (XXV1) at its melting point,

Mumnmhnmom”muhtonuby
self-condensation of Zepyridylacetic ester, e.g., compound (XXX),
snd as & result of passing ketene into pyridine, e.g., compound

(xxx1),
/ / OH
S COCH,

XXXI.

The first synthesis of a derivative of the Gehydroxy-i-
quinoligone system was reported by Adams asnd Hottlchaoiur?"ubo

synthesised 1,j-diethoxycarboayl-b=hydroxy=-i=quinolizone (X({11)
by the condensation of ethyl 2-pyridone-b-sgetate and diethyl



ethoxymethylenenalonate, using sodius ethoxide as catalyst,

cn - Emu-c(cooﬁﬁ\ / /
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XXXII
Compound (XXX11) could mot be reduced, using lithium

aluminium hydride, to the corresponding dihydric alcohol as
complexes formed ilamedintely on addition of the lithius aluminius
hydride sclution. These metal complexes could not be brokea dowm
using G5 H_50,, It is interesting to mote that stable 1ithius
salts of a rather similar nature have been nmmagto be formed
when compound (XXX111) is treated with solutioms containing

HO
1ithium, gl
o eH ¥ — c(cHy)
T e i SRk
c 3
H XXX 111,
o'-.i:o

Pl ¥ (CH;) c—c f—C(CHJ

In each of the previcus syntheses the starting materials
have consisted of a heterocyclic compound and an aliphatic
compound whick were allowed to react together to produce the
bieyclic systems “hen applied to the synthesis of Ge=hydroxy=i-
qu the methods suffer from the disadvantage that a
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from purely slighatic starting materials would be a great
i:‘mup. To synthesise the 6-hydroxy-4-quinolizome system,
ene of the starting materials requires to be a 2epyridene, Ny
analogy with previous work, s suitably sctivated sethyl or
methylene group attached to the 6-positiom of the pyridone ring
would be an essentlal feature. A large part of the work
described in thie section was devoted to attempted ayntheses of
suitably substituted Z-pyridones,

(14)

: ":"‘;f S Y1 I 608 . S Ll s AGULO0 At
etonedicarboxylate and ethoxymethvlens :

“hile a large number of 2-pyridones are kmown, including
many with substituents in the G-position, there are few authentic
re orts of 2-pyridonss containing a smethyleme group in the G-
position having been synthesised directly from sliphatie starting
materials, Host of these have contained the grouping -Cilzl’h in
the G-position which would be of little value in this work,

A more promising approach apyeared to be via the 2-pyrone
series, d=iyridones have been frequently prepared by innh-at
of 2-pyrones vith ammcnia, This reaction has been studied for
OM?OMMMMN!MMMLIM



yield under mild conditiona. Jork by Simonsen and xuhemann

suggested possible methods of synthesising Z-pyrones possessing
a G=side chain containing an sctivated methyleme group.

Guhesann’ “prepared G=substitutede2-pyrones in good yleld
from ethyl phenyl propiclate and an acylscstic ester, or an acyle

agetone, in presence of sodium ethoxide. i.0.,
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simdlerly, Simonsen’ cbtained 3,5-diethoxycarbonylebe

methyl-2-pyrone (XXX1V) by the Michael resction of ethyl sceto=
acetate and diethyl ethoxymethylenemalonste, Better yields of
the same pyrone were obtained using ethyl ethoxymethylenecyuno=
acetate as the second component, Treatment of the pyrome (XXX1V)
with amsmonia snd hydrolysis then led to the pyridone (XXXV).
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In either of these reactions, replacencnt of the keto-
ester or ﬁ ~diketone by diethyl acetonedicarvoxylate (it(0C.CH ..
OO.CIIZ.OOOM) sesned likely to lead to the formation of a 2-pyrone
possessing the grouping «CH o COOBS in the Ceposition, OJince this
grouping poasesses a sultably activated methylene group, conversion
to the corresponding pyridone (XXXV1) would provide an excellent
starting material for further syntheses,.

Howaver, Ernn”h-d shown earlier that diethyl acetone=-
dicarboxylate and diethyl ethoxymethylenemslonate react to yield,
not a pyrone but a derivative of resoreinol (XXXV11), This was
presunably formed by Michael additionm foliowed by a Dieckmann
cyclisation instead of the expected lactonisation, to give compound
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\ COOEF
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(a) Freliminary experiments based on iuhemann's work, using
diethyl acetonedicsrboxylate and ethyl propioclate, were not success-
ful, Deapite the use of a variety of basic catalysts, no



cmtnlnm products could be isclated from the atteapted

condensstion of these two substancea.

A sisilar experiment , using ethyl phenylpropiolate and
diethyl scetonedicarboxylute, gave mainly ethyl /s' ~ethoxycinnamate
(XXXV111) together with a ssall yleld of a colourless product
(Bepta157=9%),  The latter had an ultraviclet spectrum similaer to
that of compound (XXXV11) (Pig.111) and its infrared spectrum
indicated the presence of stromgly hydrogen bonded (Chelated) ester
group(s) (pesk at 1672ca”').  On the bssis of this evidence and
anslysis, it was formulated as compound (XXX1X) indicating that a
resotion smalagous to that of Hrrera has ocourred.
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An sttempt to prepare the pyridome (XL) directly from

diethyl scetonedicarboxylate and phenylpropiclsmide,was not

succesaful,
H
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(b) The resction of ethyl mcetonedicurboxylate and various
ethoxywethylene compounds wus then examined. [lespite Nrrera's
earlier work which resulted in the synthesis of the resoreinol
derivative (XAXV11) by this type of resction, it was hoped that
the Dieckmann cyclisation of the Latersediate could be avoided and
eyclisation to a 2epyrons derivative achieved, |

(1) The Michael reaction of diethyl scetomedicarboxylate
and ethyl ethoxymethylenecyancacetate in ethanol, using potassium
hydroxide or sodium othoxide ss catalyst, ylielded a yellow
eryatalline product (m.pt.158=9") whose infrared and ultraviolet
spectra (Fig.1V) showed clearly that it was neither a resorcincl
derivative nor a Zepyrone; analysis indicated an empirical

formula 0‘5519807.

That this compound had structure (XL1) was confirmed by
its infrared spectrum and by its reactions, Treataent of the
compound with ethanclic hydrogen chloride gave the pyrome (XL11)
and & quantitative yleld of smmonium chloride (c.f. athﬂ% ~amino
crotonste which rescts with ethanoclic hydrogen eh::og:h in a
similar muaner and contains the system :I(CN““ ) and
boiling the compound with sodium ethoxide solution afforded
compound (XL111),  The infrared spectrum of compound (XL1)

exhibited pecks at 3380 and 3220cu” ', indicative of & primary
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amino group, and at 1680, 1700 and 1725en" s
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The absorption at 16&00:;-111“ been atiributed to the ester
group (in position 3) which is hydrogen bonded to the 2-amino
group,. The ester carbonyl group at position 7 is likely to
possess considerably more single bond charscter tham that at
poeition 5 because of the contribution of pyrylium betaine
structures to the resonance hybrid and the absorption st 1')000-"1
is therefore attributed to the ester cerbonyl at position 7,
leaving the absorption at ‘\‘7.?5«"1 for the Seethoxycarbonyl
group, which is normal for a conjugated ester, e.g.,

ro cooEr Evooe CooEF
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CH/Q\” NH, ek + NH,
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The strugture of the products (XL111) and (X111) wes
established as follows:

Compound (X1111) was identified by comparison of ite
ultraviolet spectrum (Fig.11) with the a;ectra obtained from
compound (XXXV11) and (XXX1X), by its analyois and by its infra-
red spectrum which showed peaks st 2220cm” (C=N group), and
Wlo-"‘(h;dmon bonded ester group{s) ). The cyancegroup
proved very resistant to hydrolysis snd an attempted conversion
of compound (XL111) to compound (XXXV11) failed.

The structure of compound (XL11) was partially establishe
ed by comparison of its ultraviolet spectrum (Fig.1) with that of
the pyrone (XXX1V) cbtained by Sisomsen., ftrong similarities
were present but the spectrum of compound (XL11) possessed an
utupodm)”,. This wea attributed to enol formation
(KLY &~ X11b) and was confirmed by the formation of a stable
sodiun salt on treatmeat of the pyrone with sodium carbonate
solution, and by the formation of an unstable amsonium salt on
treataent of a sclution of the free pyrone with gaseous smmonia,
Confirmetion of the atructure wus obtained by snalyeis and
comparison of the infrared spectra of compounds (JXNX1V) and
(X111) (qevele

The infrared spectra of compounds (XXX1V) and (XL11)



-5 e

both show an unusual feature, This is the peculiarly high
sbsorption (1785-1795¢u” ') in the carbomyl regiom.  Compound
(XL11) exhibited pesks in the carbonyl regiom st 1715, 1745,
1748 and 17950n"", and these were attributed: to the carbonyl
groups present in the 2e,5=,7= and Jepositions res ectively.
The pyrome (XXX1V) also showed carbonyl absorptions at 1715,
1745 and 178508,  These results support the assignsent of
the 1748en™" frequency to the 7-sthexycarbonyl group in
compound (XL11), That the carbonyl group in the 2-position
absorbs at 1715cu" | and that in the S-position at 174Ses™" is
supported by previous results’’,  The abnormally high
sbeorption frequency of the ester carbonyl in the S=position,
which is present in both compounds, apyears to be due to the
proxiaity of the 2-garbonyl group, This electronegative group
would have an electrostatic effect on the carbenyl in the
Jeposition which, if it took the form shown below, aight lead %o

GFo §”

an increase in double bond charscter and hence to an elevaticn
in its frequency of absorption.  Some support for this sssign-
ment of the high absorption frequency to this carbonyl group
comea from unpublished work in this dopannntso where a similar
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effect was found in the infrared spectrun of J-sthoxyesrbonyle
cousartn (GAV) ( O, 22715 ane 177068 "1n Go1))s

\ coOEF Ero / COOEF
(o] Cl-r\o | NH.CH,
XLV EMA XLV

4 similar effect, although not nesrly so pronounced, has
besn noted in the infrared spectrum of compounds having similarly

positioned electromnegative mpm '320.3.. ethyleyanoacetate,

Attempted Nemethylation of compound (X1.1), using sodium
ethoxide/methyl fodide, resulted in the formation of a yellow
compound (mp 134=5"c) which appesred to be the expected material
(XLV) from comparison of its ultraviclet spectra with that of
compound (XL1) (Fig.1V), but a rether unsetisfactory analysis wes
obtained,

Further confirmation of the infrared sssignwents for, and
hence for the structure of, compound (XL1) was obtained when
dibenzyl ketone and ethyl ethoxywmethylenecyanoacetate were allowed
to react together in ethanol, in presence of potassium hydroxide,
to yield compound (XIV1). Since the infrared spectrum showed
peaks wt 3300 and 3250ca” ' (primsry Wi streteiing frequencies)
vith only = single carbonyl sbeorption at 1670ca™ (3ecarbonyl
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group, hydrogen bonded to NH ), the assignment of the infrared

frequencics in coapound (XLV1) was supported.

Pa Ero
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Erooc 2 Ph. Ph L Ph
| NH, ed > l NH,
LOOEI’ XLVIA. };' XLVIB.
Unfortunately, attempts to condense o =¢ysnophenylacetaldehyde
and diethyl acetomedicarboxylate or dibenzyl ketone, to give
compounds (XLVIA) or (XLV1B) and hence completely confirm the
infrared data, were wholly unsuccessful. The structure of
conpound (XLV1) was confirmed by comparison of its ultravioclet
spectrum with that of compound (XL1)) (Fig.1V) and by
analysis,.
The interconversions of compounds (XL1), (XL111) and

(XL11) sre expluined im Scheme 11.

(2) The reaction of diethyl scetonedicarboxylate with

2 moles of ethyl ethoxymethylenecyanocagetate, in anhydrous
ethanol using sodium ethoxide as catalyst, ylelded deep red
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erystals (l.p.158-9°. aixed m.p. vith compound (XL1) showed
depression) formulated as (1XL.V11),

Ekooc
XLVIL >“-V“'-
l \ COOEFr
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HNOCH,E o
COOEF¥
XLIX.

This compound could not be formed by the reaction of a

second molecule of ethyl ethoxymethylenecyanoacetate with compound
(x11), It would appear, then, that double Michael addition

precedes oyclisation.i.e.,
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The structure of compound (XLV11) follows from ite
snalysis, from its ultraviolet spectrum (Fig. V), and from its
infrared spectrus (q.v. ixperimental)  Treatment with ethanolic

HCY1 gave ammonium chloride and two products both exhibiting high
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carbonyl sbsorptions ( ~1780em,™") in the infrared, suggesting
the possible presence of the system IZOOEV). Although
satisfectory analyses could not be obtained for either compound,
their infrared and ultraviolet spectra suggest that they probably
have structures (XLV111) and (X11X),  Compared with the parent
compound, both ahow hypsochromic shifts in the visible region,
clearly owing to the reduction in the extent of conjugation
present in the molecule,  Structure (XLV111) was assigned to
one compound as the basis of its infrared spectrus, snalysis, and
ita solubility in sodium carbonate solution (c.f. the lower
vinylogue (X111) ).  since the second compound, with postulated
structure (XL1X), was separated from the first (XLV111) on the
basis of its relative insoludility in sodium carbonate, it seeus

likely that the poor analyses obtained for the compounds may be
due to contamination with each other,

In an attempt to prepare compound (XLV11), using potassium
hydroxide as catalyst, a very small amount of a red crystalline
compound (m.pe235-7°) was obtained, together with the desired
product. Although this compound's ultraviolet spectrum exhibited
similarities to that of compound (XLV11), its analysis and infrared
spectrum showed it to possess a different structure., 'losmental
analyels indicated an empirical formula 015116'209 which corresponds
to compound (XLV11) less two ethoxyearbonyl groups, but the
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structure of this compound remains unknown, The infrared
spectrum did indicate, however, that the Jeethoxycarbonyl group,
hydrogen bonded to the amino group, was still present,

" Attempted Nemethylation of compound (XLV11), uaing
diazomethane in ether, falled but yielded a red/blue compound
which was also isolated from the mother liquors of a preparation
of the original pyran (XL1), together with a 1ittle of the
pyridone (XXXV1) which had been the original object of this work.
Its mepe was 160-2° but mixed m.ps, with both the pyren (XL1) and
the propene derivative (X1v11) showed depressions.  Analysis
indiested on eapirical formula of C, .0«  The ultraviolet
spectrum of the compound (Fig.V) indigated a close relationship
with compound (XIV11),  Jince the analysis corresponds to
compound (XLV11) with the addition of the eloments of water, and
the infrared spectrum has a pesk near 3600cm.” ', it was concluded
this compound 48 o hydrate of compound (XLV11) but the mode of
combination of the elements of water is unknown,

(3) A series of reactions was garried cut with diethyl

acetonedicarboxylate and ethoxymethylenemalononitrile, under
similar conditions.

Using one mole of potassium hydroxide in alcohol as the
catalyst, the reaction of dlethyl acetonedicarboxylote and
ethoxymethylenesmalononitrile roduced, in low yield, & yellow
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compound (m.pe164=6") which fluoresced strongly in ultraviclet
light, Comparison of the ultraviolet spectrum of this compound
with that of known quinolizories (Figs. V1 & V11) indicated the
presence of the juinolizine nucleus in the compound (peaks at 426,
266 eand 230sp, inflexion st 3524u).  This fact, combined with
elesentsl snalysis snd the infrared spectrus, (pesks at 2240ca” |
due to C=N, and at 1755 and 1740cn” ' attributed to the uncon=
Jugated and j.BﬂWMI groups respectively) led to the
formulation of this compound as (L),

Erooc COOEF cooEr
| R R cu,_.cooEk e
R e NC cookr
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In a siailar manner, but using 2 molea of potassium
hydroxide as the catalyst, a colourless compound (-.p.129-30°) Prv)
obtained, iince its ultraviolet spectrum was very similar to ;
those of compounds (X0U(V11), (XXX1X) and (XL111) (Figs.11 & 111),
it appeered to be closely related to these compounds, Analysis
and infrared spectral examination (peske at 3420, 3350ca™ ' due to
N, stretehing frequencies, 2230cs” 'y due to CEN, and 1700 and
1670cm"" attributed to =i, and <l hydrogen bonded sater groups
respectively) established this compound's structure as (L1).
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The low yleld of compound (L) may be ascounted for by
continued condensation of the methylene group in the final molecule
with further molecules of diethyl acetonedicarboxylate, or with
ethoxymothylenenalononitrile, or by ¢uampeting reactions which
conaune the intermediates. Seheme 111 attempts to sccount for
the various reaction products.

(&) Numercus attempts to extend this interesting series of
i-o-;um. by using diethyl acetonedioxalate as the dicarvonyl
component, were completely unsuccessful,

in attempt to utilise the posaible reaction between dietiyl
ﬁ ~athoxynethyleneace tonedicarboxylate and cyanoscetanide (qeve)

was also unsuccessful,

(111) The reperted synthesls of gompoun
fiethyl G-sthoxycarbonyimethyle=p
S-dicarboxylate.

The aynthesis of this compound by the condensation of
diethyl acetomedicarboxylate and diethyl ethoxymethylenenalonate
mwwmmuww“. He also reyorted the conversion
of the pyreme (XXXV11A) int. the corresponding pyridons (XG(V1),
Hepetition of this condensation roduced a compound (mpe106=7")
which seemed to be identical with that (mep.104=5") obtained by
Exvera’’ and already formulated as (XXXV11) on the basis of ite
ultraviolet and infrared spectra. The m.p. claimed by Hitra for
the pyrome (XXXV11A) was 106° and it would therefore appear that
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Mitra, unevare of Errera‘s earlier vork, wrongly sssigned
structure (XXXV11A) to this compound. Hitra's claim to have
synthesised the pyridone (NXXV1) by the sction of ammonia on
mpou(xxxvm)umunmmmmumw
pyridone (mepe119-20°) has now been synthesised unequivocally
(see later) and ite structure proved by degradation to known
compounds.  Mitra reported a m.p. of 223° for this pyridone
and it seoms likely, since his analysis results were satisfacte
ory, that the compound he obtained was, in fact, an isomer of
the pyridone formed by replacement of one hydroxyl group in
compound (XXAV11) by an smino group,

A8 2 reasult of the reaction of diethyl scetonedicarboxyle
ate and ethyl ethoxymethylenecyancacetate, Mitra claimed to have
synthesised the pyrome (L11) and reported its m.p, as 142°
(colourless needles), It is now clear, hovever, that this
compound possesses structure (XL111). The compound derdved
from it by treatuent with mmsonia s mot (L111) but jrobably also

an aminophenol.

Ek | RNSZ-Y E , - eN
CH, O/\o CH, u/\ e
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Sinece it was obvious that an indirect approach to the
desired compound (XXXV1), via the 2-pyrone series, was unlikely to
be very successful, an alternative synthetic route was exasined,

Ethyl / ~aminocrotonate and diethyl ethoxymethylene-
malonate condense togetuer, in basic conditions, to give dietuyd
Gemo thyle2~pyridone=3,9=dicarboxylate " (L1V),

Eroor_é E"o\w Erooe N0k Hooe (T Ny eeoH
“H ¥ i I hydrolysf
o HC 0
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The acdd (XiXV) derived by hydrolywis of the ester (L1V) has also
been cbtained by Shmcnw and by WB’. using two further
separate methods. |

The corresponding /-uuno compound (LV), derived from
diethyl scetonedicarboxylate, would be expected to undergo en
snalagous reaction with diethyl ethoxymethylenemalonate to yield
the pyridone (XXiV1) directly.
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Treatment of diethyl soetonedicarboxylate in s large volume
of ether, with ashydrous smsonia, gave the desired cospound (LV) in
604 ylelds It was & liquid which decomposed slowly at room
tomperature but, if used immediately, it was quite satisfactory for
synthetic purposes.

Diethyl  -aminoglutaconate (LV), on treataent with diethyl
ethoxymethylenemalonate, using sodium ethoxide as catalyst, afforded
a 504 yield of dlethyl Gesthoxyoarbonylmethyl=2-pyridonee3,5e
dicarboxylate (XXXV1),  The structure of this compound was
established by acid hydrolysis and decarbexylation of the side chain
to the known G~methiyle2-pyridone=3,5~dlcarboxylic acid (XXXV),
mepe303=4® (Litmepe 3052177, by elemental enslyses, and by exam-
ination of the infrared spectrum (peaks at 1750, 1705 and 1660ca™",
attributed to the carbonyl groups in the side chain, the 3= and 5
positions and the 2-position, respectively, and at 3300 and
1580cn" ' secondsry smine streteh and deformation frequencies
respectively), The ultraviolet spectrum (Fig.V111), which had
peaks at 328, 263-«12191.. also showed certain resemblancea to

the spectrum of G-umyz-z-wuma‘.

Following the synthesis of Ge=hydroxy=k=quinoliszones by
Adams snd Reifschmelder’', the pyridome (X(XV1) wes allowed to
react with dietiyl ethoxymethylenemalonate, using sodium ethoxide
as catalyst, No reaction could be induced in bolling ethanol but
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hoating in dimethylformsmide at 100° for six hours, in the
presence of solid sodium ethoxide, afforded a uright yellow
compound which wes strongly fluorescent in solution, both in
ultraviolet light snd doy-light,  Fxamination of the ultra=-
violet apectrum (Pig.,V11) indicated the presence of the quinole
ummu(mouso.m.m.mnam,n but
elemental analysis suggested that inorganic materisl must be
present since a residue was reported, The presence of sodium
was indicated when the emission spectrum of the compound was
exanined in the flame spectrometer, Un this evidence the
substange was formulated as compound (LV1).

No means could be found whereby the free hydroxyquinol=
izone (LV11) could be released, Trestuent with chloroform and
hydrogen chloride in the cold, grinding with 2 hydrochlorie aecid,
or shaking with sine uranylacetate, left the compound unchanged.
Passage of the compound down & weak meid ion-exchange column also
allowed the material to pass through unchanged, Treatanent of
the compound (LV1) with saturated ethanolic hydrogen chloride,
however, yielded a colourless sclid whose ultraviclet spectrum
indicated thet the quinolizone nucleus had been destroyed. This
compound, when treated with alkali in ethanolic solution, undsre
went & series of colour changes, being colourless in eseid
aolution, deep yellow near pit 8 and light yellow near pil 11,
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The structure of this compound is shown as (LV111) and
follows from the similarity between the ultraviolet spectrum of
this compound snd that of the pyridome (JOXXV1) (Figs. V111 & 1X)
uhuhlmuud that the pyridone nucleus had recained intact,
from the analysis results, and from the infrared apectrum which
showed carbomyl sbsorptions at 1660, 1705, 1730 and 1750ca” ',
attributed to m'nrboul groups in the 2-position and the 3=
and 5= positions of the ring, to that in the e(;g-unutunm
ester group in the side chaln, and to the saturated ester
carbonyls in the side chaln respectively,.

As shown in the formulae below (LV111 « LV1113) the
e¢olour changes have been explained by loss of a proton to give
compound (LV1114) which has the longest conjugation path of the
three molecules, followed by formation of the sodius calt
(LV1118) and arcmatisation of the pyridine ring by loss of a
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further proten whilch reduces the conjugstion in the molecule
wvith consequent lightening of colour,
It vas hoped that the property of compound (ILV1) to

chelate the sodium ion would be unigque but repetition of the

experdment, ueing lithium ethoxide, produced the lithium

Erooc cooEr
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Furthermore, the subautuuon cf certain organic bases,
®egey quinoline or isoquincline for lithium or scdium ethoxide,
led to the isolation of two complexes (e.ge, LX) of the hydroxye
quinolizone (LV11) with the orgsanic bases, Clearly these
compounds cannot be stabilised by chelation, which is presusably
the way in which lithium and sodium ilons sre retaineds ['robably
their exiatence dejends on T =gomplex formution between the two
heterocyclic nuclel. As is the case with the sodium derivative
(LV1), these complexes and that with lithium, cannot be made to
release the free hydroxyquinolizone (LV11),
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Treatment of the pyridene (XXXV1) with diethyl ethoxy-
methylenemalonate in the presence of potassium ethoxide, for
reaction times similar to those used in the experiments with
lithiua and sodium ethoxide, ylelded only the uncyclised
pyridone (LV111),  lowever, when lomger reaction times were
used the corresponding potassium salt to compound (LV1) wes
obtained, The pyridone (1Y111) could be re-gyclised to
compound (LV1), using sodium ethoxide as catalyst. Dimethyle
aniline snd triethanclamine are not effective catalysta for the
eyclisation and, since the amines would be less effective in
forming /\ ~complexes, this result supports the view that quino-
line and isoquinoline do form /\ -gomplexes with the hydroxy=
quinolizone.

Since the free Gehydroxy-heguinolizone could not be
obtained, it was hoped that treatuent of the sodium or isoquino-

line derivatives with an inorganic aeid chloride might yield the
Geghloro=beguinolizone (LX1) directly. Treatment of either of
these compounds with thionyl chloride, phosphorus pentachloride
or phosphorus oxychloride, in a variety of solvents and under
different conditions, gave no identifiable product in reasonable
yield, In only one case was a product isolated, and then in
very small yleld. This was obtained when the sodium derivative
(LV1) was treated with phosphorus oxychloride but analysis showed
the sbasence of chlorine and a residue was left after combustion,
This material was of no synthetic value,
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Tosylation of the Gehydroxyl group was attempted in the
hope that this would provide a compound of similar reactivity to
& chloroquinolizone but, although a little sulphur containing
material was obtained, using the isoquincline or sodium derive
atives as starting material, snalysis indicated that this was
not the compound required.

The attempted preparation of a Cemethoxy-b=guinolizone
from the sodium salt (LV1) end methyl iodide was also guite

unsuccessful .

In en attempt to synthesise G-chloroei= guinolizones
directly, compound (XXXV1) wes treated with thionyl chloride
and similar chlorinating agents in an effort to obtain the
corresponding chloropyridines,
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Jurprisingly, no preduct could be isolated; the
reaction invariably produced evil smeliing intrsctable oils.

Finally, atteampts to induce reaction between coampound
(XXXV1) and diethyl acetonedicarboxylate (c.f., compound (LV),
icheme 11) or diethyl oxalosgcetate were also unsuccessful.
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The reactions described with diethyl ﬂ aninoglutaconate
are illustrsted in Scheme 1V,

(v) Att

(a) 4s mentioned in section (i), Govindachari et alia’?
have made use of the reactivity of the methyl group in ethyl
S=cysno-2-pethyl nicotinate (XAV111) to synthesise quinolizones.

Coen (xx1%),
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T‘h§ reactivity of the methyl group is enhanced by electron with-
drawal, due to the ethoxycarbonyl and ecyamo groups, and hence the
wethyl group has evidently ascquired a reactivity comparable to
(esgs) & methylene group sdjacent to an ethoxycsrbonyl group.

If & similar compound in the Gemethyl-2-pyridone series could be
obtained, it waas hoped that an analagous reaction with diethyl
ethoxymethylenemalonate would take place to give the correspond-

1&‘ M’Wﬁlﬂnm‘o Befley
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ithyl 3ecyano=-CenethyleZepyridone-S-curboxylate (LX11) has
been prepared by l‘:rnus’ and a recent synthesis of 3,5-dicyuno=
G~mathyl~2-pyridone (LX111) by lLukes and Kuthan’' was thought to be
the source of an equally promising starting saterial,

Unfortunately, attempts to condense oither compound (1X11)
or (LX111) with diethyl ethoxymethylenemalonate were unsuccessful.
An attempt to make use of 2=chloro-3,5=-dicyano=-b=methylpyridine in
a similer reaction was aleo unsuccessful, (nly starting material
was recovored from all three attempts,

(b) Bu'dhnaga. in 1929, suggested that cyancecetsmide
reacts with keto~form or/B =diketones and not, in a Michael type
reaction, with the encl form of the ketone,. In the same paper he

shows that ethyl acetylpyruvate and cyancacetamide react together,



via the keto group adjacent to the ethoxycarbonyl group in the
ester and via the methylene group in cyanocacetamide, to give the

pyridone (LX1V) as the sole product. ®.g.,
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Supporting evidence is supplied by the snalagous reaction of
benzoylacetone, & ~propionylacetophenone and propionylacetone

with cyanocacetanide.

More recently this reaction of ethyl acetylpyruvate and
cysnoacetamide has been ml;o\m93 to yield the same product.

Diethyl acetonedioxalate might be expected to undergo the
same type of reaction with cysnoacetamide to produce pyridoncs of
structure (LXV)., Guch pyridones would possess a very reactive
methylene group in the G-position and might provide a useful
starting material for further syntheses.
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The reaction of cyanoscetamide and diethyl acetone~
dioxalate was attempted using a variety of conditions but no
produst could be isolated. The resction was alao attempted,
using ethyl malonsmate (5€00C. CH,. CONH..) snd malonsmide
: (caa.(oomz.))z instead of cysnoacetamide, but was equally

unsuccesc ful,

(b) The condensation of diethyl ﬁ--mmummu with
ethyl ethoxymethylenecyancacetate yislded compound (LXV1),
identified by its infrared spectrus and analysis, but the yleld
was too low to be of any practical value. The main resction
product wus a red oll from which was isoluted a little of the
red=blue hydrate which had previously been obtained in methylation
attempts on compound (XIV11) and which was isolated from the mother
liquors of a preparstion of the sainopyran (XL1).

Erooc
\CH Ero
[z ( Erooc = cooEr
ek
¥ R g
COOEF CQOE" COOEF
énN



-72-

The halogen atoms in 2=, 4= and G-halopyridines undergo
nucleophilic replacement by a variety of reagenta. The aimpleat
cave is that in which the halogen atom ia replaced by hydrogen but
replacement by hydroxyl, mercapto, alkexy, metallic snd suino groups
has also been effected, tore hpormt; however, from the preseant
point of view, are reactions with carbanions, For exsmple, the
rucum% of diethyl e~chloropyridine -2,0-dicarboxylate and sodio-
salonic easter which, on hydrolysis and decarboxylation of the

product, ylelds Mothylpyﬂdiwa.ﬁ-dulrbwylu aglde oy

cl. cH(CoOEN),
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Despite & report by Kubn and idchter’” thut this resction
could not be applied to 2-bromopyridine, Yalter and Hcmvd.n%hm
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reported the reaction between scdiomalonic ester snd 2-bromo-
pyridine to give the ex, ected owi-mqmu in ssell
yield,  Sodium hydrexide has been used to catalyse the resction
of 2eghloropyridine with pheaylasetonitrile’’, e.g.

€H..EN
@ @
i CeHg e

The presence of an electron vithdrawing group ortho or para
to the 2= or behalogen atom in a helopyridine enhances the resctivity
of the halogen atom. It 16 for GxiS yeanen thet Daklovasivpittos
pyridine possesses such a resctive halogen substituent, as shown in
seoveral mﬂ.mwo

It was hoped that this known resctivity of the halogen atom
iu 2« and hehalopyridines could be exploited to effect the syntheses
of pyridines with side chains capsble of oyclisation. Accordingly,
the ayntheses of a nunber of model compounds of the type (LIV11) was
attempted in order that this hypothesis could be tested.




-”-

(a) 2«Chloropyridine wae allowed to remct with diethyl
glutaconate, using sodium ethoxide as catalyst, but despite the use
of a varisty of conditions, no product could be isolated: _u was
assused that the chlorine atom had not been replaced becsuse it was
insufficiently activated,

The recent jublication of the syntheses of 2echloroel,j=
dicyanopyridines derivatives appeared to offer a means of preparing
nuumn-mm»mqmwmunw
stom, It has been shown’ that treatment of the sodiua salt of
14193 S=tetracyanopropene with hydrogen halides yields 2enzino=G-
halo=3,5=dicysnopyridines (LAV111)e €afes

24 T I NC NNy N
nd e = e L s

LXVI

?hohlqmutuh&thnmeh‘hnry
reactive, being replaced by asino, alkoxy, arylsulphonyl and dicyano-
methyl groups on reactica with the appropriate sodium salt. It
therefore seemed possible that these dicyanchalopyridines, such as
compound (LXV111), might undergo reaction with the sodius salt of
diethyl glutaconate, @egey
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A number of attempts were made to comdense togother Geaminoe
d=chlore=J,S=dicymnoyyridine and diethyl glutaconate, using sodium
ethoxide as cantalyst, but in only one cuse was a product obtained,
Nxanination of the infrared spectrum of this compound and elesental
anslysis showed that it was not the expected produet (LX11), nor
was it 2eamino=3,5=dicyano=Geethoxypyridine which seemed to be the
most likely alternative. The product appeared to have the
empirical formuls 316&‘6 or 1%“504“‘ its structure is uninown.

Attempts were then made to replsce the amino group in
conpound (LXV111) with amother halogen atom (c.f.Ref,100)s This
compound would also have been useful if ayntheals of the guinoli-
gone hud been achieved as it would have given a G=haloebequinelie-
zone directly.

A number of atteanpts to diagotise the amino group using
Lscsmylnitrite and hydrochloric acid in Setrahydrofuran' , or
sodius nitrite and hydrochloric secid in the same solvent, were

without success,
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(b) Although Z-aminopyridine has been dlasotised by the
Cralg prooodun‘mto give 2-bromopyridine, and there sre numerous
reports of various moncaminopyridines containing other substituents,
there 13 only one rejort concerning the dlazotisation of a
diaminopyridine = nsmely 2,9=diaminopyridine = to give a dihalo=
pyvidine, This was accomplished by a landueyer-type resction.
“ince 2,6=dibromopyridine is not comsercially available, and
m-smmurmmmwwmwm
ond specialised apparatus’C’, it vas hoped that diazotisation of
2,6=dlastnopyridine by Craig's procedure would yleld 2,6-dibromo-
syridine,  This compound could then be allowed to resct with
pbwlummmmungnmmumomm
would reset with a suitable keto-ester to give a Gebromopyridine
derivative capable of cyclisotion, 2,6=Dibromopyridine reacts
with Grignerd reagents '**snd 2-bromopyridines have been shown
capable of forming ergmuw derivatives which then resct in

& manner analegous to the corresponding Grignard mﬁsw’.
He, OH
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It is known that 2,6-dibromopyridine forme only a mono=
lithium derivative o0,

The diazotisation of 2,0=-diaminopyridine in concentrated
hydrobromic acid containing bromine yielded a colourless compound
which was not the expected 2,6-dibrome gompound but appeared to be
a more highly brominated pyridine.  No reaction could be induced
between this compound und ethyl laevulinate, using nebutyllithium
or phenyllithium, although a lithium derivative did appear to be
formed in some experiments, Attempts to induce reaction between
the sodium salt of diethyl acetonedicarvoxylate and the above
compound also failed,

(e) In another attempt to prepare an intermediate capable
of conversion to a 2,6-dihalopyridine derivative, thue resction of
cysnocacetacdide and ethyl ethoxymethylenecyanoacetate was examined,
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Two alternative cyclisations of the intermediate (LXX) are possidle,
one to give the hydroxypyridone (LXX1), the other to give the
sminopyridone (LXX11),

If the compound (LIX1) had been obtained, reaction with
phosphorua exychloride might have ylelded 2,6-dichloro-3,5=dicyano=
pyridine which wight then have reacted with diethyl glutagonate or
diethyl acetonedicarboxylute (diethyl /)’ «hydroxyglutaconate)s The
reaction, however, yiolded compound (1XX11) whose structure was
established by anslysis snd examination of its infraved spectrum,
Atteapts to convert this compound into coampounds (1XX111) or (LX),
by treatment with ethanolic hydrogen chloride, were unsuccessful:
the product yielded unsatisfactory analytical results for either

It has been known for some time that the resctivity of a
2« or hemethyl group in the pyridine ring is greatly enhanced by
the formation of the correaponding Healkypyridinium salt, Such
quaternary compounds (e.ges (LICV) ) may lose a proton, on treate
ment with base, to give non-ionic bases. (e.g., (LXV1) ).

OH~ N '\
+ H,0
eH,R cng. | e
vl . ot
%

&H;.
LXXV LXX V.




These compounds are highly reactive and their reactivity
can be understood on the basis of the resonunce strugtures
(LXXV11), in which the unshared electron pair om the nitrogen

atom is acceassible at the methylene carbon atom. €.g.,

R
Wl | \N+ CH,

R LXXVII, b
Any reaction at the nitrogen atom would cause loss of
ring resonsnce energy sand, consequently, reaction occurs

exclusively at the methylene carbon atom.

HBelhaviour very similar to these examples is found in scame
types of 1=pyridinium derivatives, S=Fluorenylpyridiaium
bromide (LIXV111), on treatmont with alkali, forms a deep blue

compound considered to be an anhydro base of type (L,\'.\‘1.-:)106

+N C‘Ht % +NQ“:.
olkal ol Snaed NS Fseuda _
¢ base <
LXX VL
LXXIX
+ Ncb"'s

—
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That the canonical structure (LXIX1Ma) predominates is
-hovnw’hy the formation of a nitrone derivative at the
Jeposition,

Resonange stabilisation is important, not only for
Cebetaines of type (LAX1X), but uho for pyridinium derivatives
in which the negative charge may be carried by an oxygen or by
other nitrogen atoms in the molecule. Thus the enolbetaine
(LXXX1a), obtained by the treatdent of phenacylpyridinium halides
(LX%X), may have contributions from structure (LI{(X1b) as well as

from structure (LXXX1a).

o o QN
Wi, i ' !Ht

. CH, ﬁH (l:
<’:=o e z'i-‘-’—o
| |
R R R
LXXX @ ®)

LXXXI.

“here the contribution from a C~betaine structure of type
(LXX1D) predominates, the betaines are less stable, more easily
exidised and more reasctive to aldehydes, nitrose compounds, pleryl
chloride, etc., than is the case where an enol betaine structure,
ooy (LXXX1a) predominates.

Generally speaking, the resctivity of an Nemethylene group
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is greatly enhsnced by the presence of am -gcarbonyl group and
pyridinium salts of this type, e.g., (LXAX) have been compared
to ﬁ -dikotonu"o.uuo the methylene group undergoes condense

ation with aldehydes, aliylation, acylation and coupling with
diszonium salts, ete, .

Recently pyridinium salts of the general type (1XXX) have
been employed in & Michael reaction with Mennich bases ' 'e.ges
(LXXX11). Clearly, the Mannich base is the source of the
accaptor, Qddiuon of alkali relessing both the vinyl ketone
(LAXX111) and the pyridinius betaine (LXXX1V), which then undergo
Michael sddition and subsequent cyclisation with elimination of
pyridine, to form a 2epyridone (LXXXV),

H V0N ey
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Krbhnke and “echer @have exploited and extended this
synthesis by using pyridinius or lsoquinolinius salts and
a(}/j -unsaturated ketones as the starting saterials.  Using this
method they have syntheslsed not only J-pyridones but also sub-
stituted pyridines, asaflucranthenes, asaphensnthrenss, ostc. They
found that ammonium acetate in agetic acid was an excellent sub-
stitute resgent for the alkali hydroxides, as it removes the need

for an smino group in the starting material.

CHs
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Since pyridinium salts appeared to offer a source of a
wide variety of Michael addends possessing reactive methylene
groups, a number of attempts were made to prepare compounds which
could be used as wodels for further synthesis,

(a) Acetonylebis-pyridinius bromide (LIXXV1), first

prepared by Krbhnke snd luderits' >

ly promising starting material es it sesmed likely to posscss two
reactive methylene groups. A nusber of attempts were made to
condense this compound with acrylamide, ethyl serylate, acrylo-
nitrile sand ethyl cinnsmate, using sodium hydroxide in methanol,
aumonia in ethanol and ammonium agetate in acetic acid s
catalysts, but no products could be isclated, only deeply col=-
oured solutions being obtained, This was unfortunate as
Michael addition might have led to a source of pyridones or
pyridines capable of cyclisation to Gehydroxy or G-amino=lie
qu. Cele

" CH=C — CH
| + 2Ry é base > / iH z
CH- CO— CH, ‘i'i"'
i CH
ﬁ“" Il \cONH,_

s Seemed to offer u particular-

CONH,




(b) Krohnke's success in uunco(ﬁ - unsaturated ketones
and pyridinium salts os a means of synthesising pyridones prompted
an attempt to extend this method still further. ‘hen dibensyl-
ideneacetone and 1=(ethoxycarbonylmethyl)=-pyridinium bromide were
allowed to resct together in presence of acetic acid and ammonium
acetate, Gestyryl-be=phenyle2epyridone (LXAXV11) was obtained.
Hovever, a number of attempts to condense together this compound
and & further molecule of the C=betaine, or to condense two
molecules of the Cebetaine directly with dibenzylideneacetone,
were unsuccessful, Had this cﬁn_thuu been successful, &
convenient route to 2,8-diphenyl-be=hydroxy-b-quinolizone might

have resulted,

%
g CH_O e
Ac OH:-
CoOEP
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Attempts were made to achleve p similar synthesis of vinyl
pyridones using 2,2'-dichlorodiethylketone (divinyl ketone) and
1<aminocarbonylmethyl)-; yridinium chloride but these attempts
completely falled to give any erystalline product. In one case
& red oll was obtained in small yield: chromatography failed to
purdfy it or to separate it into components,

eH,CI CcH
iy > er
;’“z CH -
o L S AT CH i g
CH, &H CONH,
|
CHLCl clz'u,__
CH=CH
H
o pr - e
o (o]

(e) Another attempt to utilise pyridinium salts as
precursors in pyridine and pyridone syntheses was directed towards
the syathesis of C-ethoxycarbonylmethyl=2-pyridones (L{XX1X) snd
was based again on Krthnke's use 'ot o(,/_{ ~unsaturated ketones and
pyridinium salts for Michael-type additions. Heaction of ethyl
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cinnasoylacetate (LXXxv111) ' "2uith 1-(aninocarbonylaethyl)-
pyridinium chloride would, it was hoped, lead directly to G-ethoxy-
garbonylsethylebephenyl=2-pyridone (LAXX1X).

Ph
Ph el
\cH + \

W ? |

Neo CONH, i N
%H,_ Erooc -
cooEF LXXXIX.

LLXXXVILL

Godium hydroxide in ethanol snd sodium acetate in acetic
acid failed to bring about resction and stteapts to effect Michael
addition of cyanoscetsmide to compound (LXCIV111) wvere also
unsuccessful . lo product could be isolated from sny of these
resctions; in most cases ethyl cinnsmoylacetate was recovered.

(d) Wotwithatanding the lack of reactivity to further
Michael addition shown by the styrylpyridone (LXXXV11), 2evinyl=
pyridines snd their derivatives were subjected to a series of
reactions with pyridinium salta. The existing tendency of
pyridine to react with nucleophilic reagents at the 2« and 4=
positions, due to the electromn deficlency induced by the ring
nitrogen atom, would be expected to be extended to a double bond
conjugated in the 2= or 4eposition. This has slready been
confirmed’ by the addition of ethylsodioscetoscetate, diethyle
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sodiomalonate, etc., to vinyl pyridines to give m/oﬁ ~pyridyl-
ethyl-acetoacetute and malonate, 1f pyridinium salts could be
used as the source of the nucleophilic resctant then, since they
con be a source of C~betalnes of type (XC), addition would result
in pyridines with unsaturated side chains which night have cyclised
to quinolizones,

|\'\

c'u — >
N
oo , ‘o

2«Vinylpyridine ond C-sethyl-Zevinylpyridine uro dlovod

to resct with 1-(ethoxycsrbonylmethyl)=pyridiniun bromide and
1=(bis=-ethoxycarbonylmethyl)~pyridinium perchlorate under a variety
of conditions but no product could be isclated in resscnable yield.
flowever, Gemethyle-2evinylpyridine snd 1-{ethoxycarbonylmethiyl)=
pyridinium brouide, when allowed to react together in presence of
sodium ethoxide, did yleld a very small amount of olly product.
This was rejected because exaningtion of the oil in o gus,/liquid
chiromatography unlt showed that Lt contained three th.
Jince the oil haed previously been purified on mlumina, it yas
clearly difficult to separate intoc its components and the experisent
was of no synthetic value,



Although it is not directly connected with the work being
described in this particuler section, it is convenient to mention
here some reactions carried out with z-/g-.wwxpmuu (XC1).

It was hoped, initiully, thst heating a sclution of 2= /5 =
ethoxyvinylpyridine with s little concentrated minersl scid would
result in hydrolysis to 2-pyridylacetaldehyde (¥C11).,  If diethyl-
malonate was present this sldehyde might then resct with the diethyl-
malonste to produce a pyridine derivative (X0111) which could cyclise

to a quinolizone,

H= EHOEr .HO
~ l R g l iH::,.(cooEf),_—)@/\JL
Ry Lt N CootEOCEr

XCl XClI.

Several attempts to carry out this reaction, using glacial acetic
acid as the solvent and the minimum quantity of mineral acid,
yielded only minute quantities of sticky material which could not

be purified,

Finally, an attemyt to prepare cyclic material by mn
intramclecular cyclisation of a pyridinium salt was aleo unsuccess-
ful, 2= /8 ~ithoxyvinylyyridine and cysnoscetyl ehloride were
allowed to react together in presence of triethylamime. It was
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hoped that quaternisation of the ring nitrogen and subseguent
eyclisation would lead directly to a keguinolisone derivative
(XC1Y) but only a little sticky material was obtained which
could not be recrystallised. Purification of the material by

chromatography, using neutral alusina, was also unsuccessiul.

¢H= EHOEr eH = EHOoEl
%4 [l s R s |
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In view of the complex nature of later reactions, it is
perhaps not sur; rising that the experiments based on Huhemann's
work were not successful, The isolation of s« resorcinol
derivative from the resction between ethyl phenylpropiolate end
diethyl acetonedicarboxylate is perhaps indicative of the tendency
towards Dieckmann cyclisation, where possible, rather than
lactonisation to give a pyrone, Clearly, the methylene group in
the intermediate formed by the initial addition of the two
components is very reactive, owing to the presence of the ethoxy-
carbonyl group, and undergoes resction in preference to enolis-
ation of the keto group and subsequent mmuan. A side
reaction aprears to bhe atiack of ethoxide ion on the acetylenic
component of the mixture, as is shown by the isolation of ethyl
ﬂ-othwu-mu. Increasing the time of reaction or the
severity of the resction conditions, seems likely to increase the
amount of this and other side reactions,

“4dth regard to the experiments using diethyl acetone-
dicarboxylate and ethoxymethylene compounds, it is interesting to
note that neither Hrrers nor Mitra report complex side reactions.
Errera's work was repeated and his report confirmed. Hitra
allowed a reaction time of 12 hours whereas the reaction time
allowed in this work was only 1 hour, Jince the reaction time
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was so much shorter, the isolation of the aminopyrsn and its

great sase of conversion into the resorcinol derivative (XL111)

is specielly intereating. If we consider the intermediate
ErooC ?OOEP to be formed as a result of the initiel

Hy ‘

l i condensation and subsequent cyclisation

Eroce /o (seheme 11), then attack of hydroxyl ion
NH and elimination of :m; would have given
rise to the pyrome (XXXV114).  Thie El c.;.ooEP
Hy

type of elimination must have occurred l \
vhen Iimonsen obtained compound (XXX1V) € / XXXV IIA.
by the reaction of ethyl acetoacetate o

and ethyl ethoxywethylenecyanoacetate, Illowever, the presence
of the reactive methylene group at position 7 of the aystem

pernites tautomerisation to occur to give the aminopyran

Erooc Erooc
(-/\
o
Erooc Erooc
)NI-I

This does not, however, explain the formation of the
resorcinol derivative (XL111),. To do this, it is postulated
that the formation of the pyran from the initial adduct is
reversible and that attack of ethoxide ion at the double bond
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of the latter gives an intermediate in which free rotation is

m’. ble.
o CeOEr cookr
Ero foosr '
(cH,_ ‘) Ero H :
o EI’O N HZCOOEP >
Erooe” "CN 7 EF.
N COOEF NC L

OH

The methylene group and the ethoxycarbonyl group may then come into
close proximity to each other, again permitting a Dieckmann cyclis-

ation in preference to enclisation snd lactonisution.

Cyclisation by intramoleculur addition of an enclic hydroxyl
group to a cyeano group, while unususl, is not unknown. Apart from
Simonsen's work with ethyl ethoxymethylenecyanoacetate, a receant
synthesis of Z-amino~k,7-dimethyloxepine~3-carboxanide involves a
similar muuuon"?.

The poor yield of the aminopyran (XL1) has siready been
mentioned, The isolation of the red hydrate and of the pyridome
(Xxxv1), (the latter presumably by partial hydrolysis of a C=HN
group to 001012 and subsequent cyclissation and elimination of
water) are clear evidence for coampeting reactions which will

consume the intermediates,
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Awwosacsumumzmw
sequent oyclisation to a pyridone is poatulated in Scheme 111 to
account for the formation of the G-hydroxy-hequinolizone (L). OUnce
agein the low yleld can be accounted for by the comsuaption of
intermediates by competing reactions or by continued condensation
at the methylens group in the Seside chain, either with more diethyl
acetonedicarboxylate or with ethoxymethylenemalononitrila.

An alternative reagtion of the initial interuediate
(Scheme 111), in presence of two moles of catalyst, permits cyclis-
ation via g cyano group and the active methylene group to give the
-aminophenol (L1).

The failure of diethyl acetonedioxalate to yield crystalline
products with ethoxymethylene derivatives is a little surprising as
the methylene groups in this compound should be sufficiently resctive
to teke part in Michael additions.  Gince coloured oils were
sometimes isclated, it ie possible that the resction is too complex
to permit the isclation of a mono-adduct. The fallure to isolate
crystalline recction products from the reaction of diethyl acetone~
dioxalate and cyancacetamide, ethyl malonamate or malonamide, is
slso surprising. This may be due %o additional reactions
ommhMMwquMh.wmugdn
agcount for the production of coloured oils. Keto=eatars of this
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type are known to be very reactive in condensation with compounds
such as cymawdc” '118'“9.

The unusual features of the infrared spectra of the
J=ethoxycarbonyl=2-yyrones have already been discussed,  Before
sny general conclusions can be drawn from these observations it
will be necessary to synthesise a number of mcdel compounds to
shov whether the effect is general or not.

The structure of the salts and complexes of the G=hydroxy-
heguinoliszone (LV1) are of considerable interest.,  Adams and
feifschneider’ 'had no difficulty in the isclation of 1,3=diethoxy~
carbonyl-b=hydroxy-i=quinolizone (XiX11), the compound being ‘
released in the free state siaply on acidification, Hot only
that, but this compound wus formed under very mild reaction
conditions, as was compound (L), Thie is in sharp contrast to
the relative difficulty in forming compound (LV1). Similarly,
compound (L) is obtainable in ti.e free state with great case,
vheress compound (LV1) cannot be obtained except as a salt or a
complex.

However, Adams and Reifachneider did find that lithium
was chelated by compound (X1X11) and they were unsble to relesse
the free compound again, even by continucus treatment with €4
sulphuric seid. A8 sentioned in the introduction to this
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section, they compared this chelation of the lithium ion with a

similar effect in compound (XXX111) which was fmdagto be capable
of chelating the lithium ion. Outer and Hammond suggest that the
specificity of compound (XXX111) for the lithium ion is due to the
amall size of the latter (0.60 A®) and have stated that other small

de .?ar'“and nr'“

iona, ®egey De s are also chelated by this compound.
By inference, Adams and ielifschneider appear to consider that
1,3=diethoxycarbonyl=behydroxy-bequinolizone uots in & similar
manner, i.0., the chelation of the lithius ion is a direct
consequence of the small sisze of this ion. It has been found
that addition of an ethereal solution of compound (L) %o an ethereal
solution of lithium aluminium hydride does not rclnl‘i.n chelation
of the lithium ifon., This Tmet, coupled with the isolation of
lithium, sodium and potassium chelates of compound (LV1), suggests
that the property of this type of compound to chelate ions of

Group 1 is not a consequence of the mechanical size of the ions (the
potassium fon (1.33 A°) is twice the diameter of the lithiua ion
(0.60 A°), and the sodium ion is 0.95 A°in dismeter)but is closely

related to the structure of any given compound.

cooEr Evooc COCEL fwer Erooc
l By el | e s | TR
/v COoEr NE /N S E
O HoO o =} HO
X xx 1. L s
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A1l three of these compounds possess electron withdrawe
ing groups ortho or para to the C=0 and C~0H groupings. An
explanstion in terms of the relative amount of electron withdrawal
in each coupound would require compound (L) to be intermediate in
its chelating ability between compounds (XXX11) and (LV1). This
is not the case, as compound (L) does not exhibit any obvious
tendency to chelate Group 1 metals at all (we can consider the
8-side chain to be essentially neutral, i.e., it will not add or
vithdraw electrons from the ring system),  The effect of size
has been ruled out end there is no obvicus connection between the
substituents in the ring system and the chelating power of the
molecule, No explanation can be offersed at present for this
rensrkable difference between the three compounds in their ability
to chelate ions of Group 1.

In the case of the gquinoline and isoquinoline salts the
eituation is a little more satisfactory, Compound (1V1) can be
conaidered similar to plerie acid in structure, i.e., electron
withdraving groups are situated ortho and para to an hydroxyl
Eroup. Vo:l.-wehu suggeated that the formation of pleoric acid
complexes is the result, not of the acidity of the hydroxyl group
in pleric acid, but of the ease with which pieric acid can accept
electrons from the aromatic component. This view has been
supported by some experimental mmh which the complexes
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have been shown to have a measureable conductivity in solution,
i.0., they are essentially ionic in chsrscter and can be

considered as charge-transfer complexes,

The guinoline and isoquinoline complexes with compound
(LV1) can be considered as complexes in which the quinoline or
isoguinoline sct as electron domors, by virtue of the lone pair
of electrons on the nitrogen atom, or of the whole 7\ =electron
orbital, and compound (LV1) acts as the acceptor in which the
ethoxyearbonyl groups act as "electron sinks", It is awlso
possible that proton transfer from the G-hydroxyl group of the
compound (LV1) to the quinoline or isoquinoline molecule has
taken place,. Home experimental support for the idea of a
charge=-transfer type of complex comes tren' the fact that the ultra-
violet spectra of the isoquinoline complex shows lowering of the
103105 valuea with decressing concentration. This suggesta that
the complexes are perhaps more dissociated at low concentrations.
This difference in the spectra at different concentrations is not

shown by the scdium chelate compound.

The ease vith which the hydroxyguinoliszone ring systeam is
o ened by concentrated acid, e.g., othanolic hydrogen chloride, is
in keeping with Adems and Reifschneider's experience.

Since Govindachari’ has prejared a quinelizoneimine using
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athyl ethoxymethylenecyanoacetate and compound (XXV111), the
failure to obtain crystalline material from the reaction of
compound (XXXV1) and ethyl ethoxymethylenecyanoucetate may be due
to cyclisation occurring via the C= N group and the COOEt group
of the cyancacetate to give a mixture of a quinolizoneimine and
& quinolizone, The tar obtalned from the reaction was

fluoreacent,

The failure of the reactions between the pyridone (KXXV1)

and ethyl propiclete is also surprising. A pumber of examples
are known of Michael addition of acetylenic esters to reactive

20

methylene 3mp-1 and it seens strange that not even a simple

addition product could be isclated.
Govindachari's success’~in using O-methylpyridines,

sctivated by the presence of electron withdrawing groups ortho
and para to the methyl group as Michael addenda, was interesting.

The acldity of the methyl group hes been greatly increased so
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that a proton can be very easily lost to the basic catalyst and
ﬁhomlhntmauntmmmamu-mw
addend, Since the pyridones used as starting materials in the
attempts to utilise this reaction differ only in the presence of
an hydroxyl group meta to the methyl group (or ortho to the ring
nitrogen), it seems surprising, at firat, that the reaction was
not succesaful, The hydroxyl group, however, is also influenced
by the electron withdrawing groups which are situated in the same
relationship to it as to the methyl group.

R

2 iw X
R e
s end I .
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The hydroxyl group exhibits a more powerful electron relessing
effect than & methyl group and hence will be activated prefer-
entially, leaving the methyl group pelatively unreactive., This
would account for the failure to obtain Michael addition to the
pyridones (LX11) and (LX111).  The original pyridone (XXXV1)
is not affected in this way since the methylene group is much
more strongly influenced by the close proximity of the Ge-side
chain ester carbonyl. The correaponding chloropyridine has
been shown to possess a very reactive chlorine ammo.g.. it
is very easily replaced by hydrogen by reduction with a



.1mn

palladiun/barium carbonate catalyst.

cooEl
-~ , CHy
Ne N
el
To sume extent the experimental difficulties in the large

socale preparation of diethyl glutaconate prevented & fuller
examination of the reaction of this compound with halopyridines
containing activated halogen atoma,

Jince acetonyl-bis-pyridinium bromide failed to react with
a nusber of Michael acceptors, including acrylonitrile, it is
concluded that treatuent of the bromide with alkali does not yield
a Cebetaine which is sufficiently reactive to undergo Michael
addition. This 45 in keepling with Krohnke and Luderitz's
suggeation' “that treatment of this compound with alksli ylelds

the betaines :
it "~ -
[ e.He Newg= H.N.C,Hs | Br
W0

of”

PR L +
CoHs N-CH.C =CH.N.C,Hg

(o)

Inolbetaines are generally of much greanter stability, and

correspondingly lower reactivity, than C-betaines and the failure
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of this compound to react with scrylonitrile, in presence of
alkali, is a strong indicstion that Cebetsine structures are not
of great significance in its resonunce forms,

The synthesis of (=styrylebephenyleZ-pyridone was moat
prouising ae 1% was evident that & double bond in dibenzylidene~
ascetone was sufficiently activated by the keto group to react with
the C~betaine produced from 1-(ethoxycarvenyluethyl)-pyridinium
bromide in a Micheel addition. It seems, however, mt in the
resultent pyridone the styryl double bond is not sufficiently

activated to permit further Hichael addition.

The failure of the experimeuts with divinyl ketone may be
due to the absence of the stabilising influence of the phenyl
groups (c.f. dibenmylideneacetone),

The evident lack of reactivity to Michael addends shown by
ethyl cinnsmoylacetate (no reaction with cyanomcetamide or
1=(amincoarbonyl)=pyridinius chloride in presence of alkali),
suggests that the reactivity of the double bond in this compound
is far outweighed by the reactivity of the smethyleme group,

It seess unlikely, judging from the experimental results,
that effective use can be made of vinylpyridines as intermediates
in the syntheses of guinolizines.

The work in this section, while it has provided an
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interesting series of reactions involving diethiyl acetonedicere
boxylate, ethyl ethoxywethylenecyanoacetate sund ethoxymethylene-
malononitrile, a aynthesis of G-hydroxy=-h=quinolisones from
sliphstic starting materials, a new type of chelate and saltelike
compounds, and some indication of the difficulties in the

syntheses of guinolizones by new routes, hac been disappointing since
it has not been possible to obtain products which could have been
used as starting materials in an attempt to extend Hosoe's asulene
synthesis to the syntheais of the cyel [3,3,3] asine aystem.
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In a recently yublished paper’ s new synthosis of 2,3
disubstituted-dehydroquinolizinium salts was reported. The method
is one of remarkgble simplicity snd proceeds in good yield.
Treatoent of 2esethylepyridine with ethyl bromoagetate gave an 824
yield of He(ethoxycarbonylmethyl)-l-nethylpyridiniua bromide {(xcv).
This compound, on heating in doohouo.ael.nm with a 1,2«diketone,
using dibutylsmine =s catalyst, gave a 2,3-disubstituted-dehydro-
guinolisinium bromide (XCV1). The gorresponding compounds were
formed when the Neethoxycarbonylmethyl bromides of 2e-ethylpyridine,
1-methylisoquinoline and quinaldine vere treated in a siallar

sanner,

H
l o, CHy g Oy R Bu, NH. 1 g
e H j:ﬁ T R
- 2. -
B cooEr e
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b (A )
R= CHy, Ph or ot-furyl

This is the first report of a reaction in which advantage
has been taken both of the resctivity of the 2-methyl group in the
pyridinium ring snd of the reactivity of the Nemethylene group
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iteelf, when adjacent to a carbonyl group.

It was hoped to apply this type of reaction to a very
direct synthesis of the cyol [3,3,3] asine systew. If a suitably
sctivated derivative of the guinolisine ring system could be
prepared then an analagous reaction to that of wWestphal ot alia
aight be employed to effect the formation of the third ring. A
suitable starting saterial would be compound (XCV11), the J=ketoe
Gemethyl=1,2-dihydro=biieguinoliziniua ion in which the Gemethyl
group would be resctive snd the Nemethylenme group in the heposition

is further activated by the prosence of the J-garbonyl group.

T T
/ + 0
X— 0 R (&) OH
CHy I N
XeviL i R R
R R

XevIi
This compound is, therefore, closely analagous in structure to

v

compound (XCV) and resction with glyoxal, or a similar<~-diketone,
could reasonably be expected to result in the synthests of

compound (ACV111) hydroxycycl [5.3.3] asine.

Three approaches to the starting material were atteaspted,

It was necessary to aynthesise a compound of structure (XCX)



which coul! then be gyclised Ly intramolecular cuaternisation at

the ring nitrogen atom,

/COOEP
o0
eHy
COCEFr
CHy
o
el Br
Hy
st
/ 6“3
[ Sadon . |
e, in, o
GHS a”
1 v

(a) The first synthesis attem ted was the reaction of ethyl
A ~methylsodioscetoacetate with 2e-chloromethyl-Ge-methyl yridine
(c). It was then hoped to brominate the terminal methyl group of
the product (C1), remove the ethoxycarbonyl group and cyclise the
bromo derivative (C111) to give the 2-methyl derivative (C1V) of

the required cuapound.

Alternatively, preparation of the snolacetate (CW) of
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compound (G1) and subsequent bromination, using li=bromo-acetamide,

might have ylelded compound (C11) which could then have been
converted to compound (C1V), as previocusly described.

CODE¥ coo EF 6005 F
CHy
cu”

The choice of ethyl 2emetiylacetoacctate instead of ethyl aceto~
acetate was intended to prevent brodhum at the 2-carbon

atonm,

The reaction of 2-chloromethyl-te-methylpyridine snd sthyl
K =uethylacetoscetate ylelded oils whose picrates gave unsatis-
factory analyses for the desired compound (C1).

(b) The same starting materisl, 2echloromethyle-be-methyl-
pyridine was used in the second approsch, It was intended $o
prepare the aeid chloride (CV11) by remction with diethyl salonate
and subsegquent hydrelysis, decarboxylation and treatment with
thionyl chloride, Treatonent with diazomethane to give the
diazoketone (CV111), reoaction of this with hydrogen chloride and
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cyclisation of the resulting chloromethylketones, would then have

given the desired compound (ICVY1),

cooEk

HCI
cu,(CooErg} \cwg,. eookr e ,
N COOH
> Htel
Hy
cvl.
c CV
//’
Soc|!> /I ocscHz.N; 5 , e
\\\ - coci \\\ ) 3
en CHy
Evin evill.
Hel tcfﬁer / '
> e S
~~0 o
chel
"HJ; CH

Xe Vil

The reaction of diethylsodiomslonate and 2-chloro-methyle
Gemethylpyridine gave a 454 yield of the ester (CV), flydrolyeis
of the dieater and degcarboxylation proceeded in high yield to give
2-(6"-uw1-21pyridy13 gsropionic acid hydrochloride (CV1). A
lerge number of preliminary experiments indicated that preparation
of the scid cu.oride Nydrochloride (CV11) was not straightforward,
The acid chloride hydrochloride (CV1) could not be prepared satis-

factorily on & large scale and it was found best to perform a
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number of small=-scale experiments when preparing larger amounts of
the compound, The most satisfactory preparation was that using
thionyl chloride in the cold and standing overnight at room
temperature, but the compound (CV11) was never prepared entirely
free of some of the acid (CV1) used as starting materisl., As a
reault of this contemination, all the preparations of the diaso-
ketone (CV111) contained varying quantities of the methyl ester of
the acid which could not be removed. Nevertheless, addition of
1 mole anhydrous ethereal hydrogen chloride to the crude diazo-
ketone, dissolved in anhydrous methylene chloride, resulted in a
brisk evolution of nitrogen and precipitation of an ether -
inscluble sticky, black eoil. This weas dissolved in methylene
chloride, heated under reflux, and reduced to dryness, but no
erystalline moterial could be Lsolated. Treatment with
perchloric acid did not yield solid material eitier and it vas
found that the material was guite intractable, despite a number
of attempts to induce crystallisation. The infrared spectrum
of this compound indicated the presence of a considerable amount
of the methyl ester hydrochloride, but there was no definite
evidence of the presence of a quinolizinium salt.

Although the acid chloride hydrochloride could not be
analysed os it was extremely deliquescent, the formation of the

acdd echloride was indicated by infrared spectral exasination

‘

which showed a strong peak at 1850 cm. ', indicative of the
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presence of the carbonyl grouping in an acld chloride group,
@81,  similarly, the diasoketone was detscted by the peaks
at 2120, (81,116) and 1710ea" ', and the methyl ester by & peak
at 17"00-.1.

To some extent the nonecrystalline nature of the final
produet may be due %o excessive contamination of the cyclie
watorial by the methyl ester hydrochloride, but the failure of
the product to form a erystalline perchlorate suggests that it
may well contain no oyelic material in any substantial quantity.
An atteapt was made to separate the materisl intc its components
by ioneexchange chromatography but the only material obtained
appeared to be purified methyl ester hydrochloride. MNo otier
material could be eluted from the colusn,

(¢) The third method was an attempt to make use of the
reaction between an orgsnocadmium comyound and an acid chloride.”
GeHothyl=2=pyridyl ethanol (C1X) was converted to 2-bromoethyle
Cenethylpyridine (CX) by refluxing with 48, agueous hydrobromic
acide The broso derivative wss then converted to the Orignard
reagent by the entrainsent method ' and treataent with anhydrous
cadmiua chloride afforded what ajpeared to be the corresponding
csdmium derivative' “(CX1).  Treateent of this caduium derivative
with chloreacetyl chloride in boiling bensene = produced a vigorous
resction but infrared sxmmination of the product, which was a brown
mobile odl, indicated the absence of a carbonyl group. Treatment
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of the oll with perchloric acid did not yield a product.

i CHyCH OH CHy CHy. Br CH, CHy ﬁg Br
_HBe —Ha.
NN
CHg CHy
ex

cHy
G
/ cu,_.cu,.%’
. GJ&I;. ) | el.eolH, Cl. 5 "
e et,er.
CHy CH,y
€X1.
& o
ehy
xevil.

Discussion of this section is not possible as it has so
far been found difficult to synthesise the starting material (or a
simple derivative), The hypothesis which was postulated could
not be teated yet it is felt that synthesis of a suitably substituted
quinolizinium salt could be achieved after more extensive examination

of this problem than has been posaible to date.
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Melting-points and boiling-points are uncorrected.

Analyses were carried out by Drs. veiler and Strauss of
Oxford,

Unless otherwvise stated, extracta were dried over anhydrous
sodium sulphate and ultraviolet spectra were deternined in
ethanoclic sclution.

Ultraviclet spectra were determined using a Unicam 5.7,500
absorption spectrophotometer, and infrared spectra were determined
using a Ferkin-Slmer infrared spectraphotometer., Wavenumbers
reported sre for Nujol mulls, unless otherwise stated.




Pthanol (105 g.) containing 0.66 g. hydrogen chloride was mixed
with 21 g. crotonaldehyde and the solution heated on a water bath for
1% hours at 50°, After oooliu. the solution was neutralised with
solid caleium hydroxide and the excess ethanol was removed "invacuo”.
ristillation of the residue gave 19 g (335) of the diethyl acetel as a
colouriess liquid, bop. £2-3° at 15 ma, /3 ~Ethoxybutyraldehyde-
diethylacetal (19 g.) and 21 ml. 59 aqueous hydrochloric scid were
shaken together for 30 minutes. The resultant homogeneous solution
wes extracted with ether, the extract was dried and the ether was
m&ymw.ﬂan. The residue yielded 7 ge (60X based on the
dlethyl acetal) of a pale yellow liquid, beps 46=48° at 10 ma.

82% 144076 (Lite n3’s 1.4077).

An othereal sclution of nmuthso-a'z.6-1nu.¢u.uo"26 was prepared

from 0,80 g. lithium, 9.6 g. bromobensene snd 6.5 g. 2,6~lutidine in
50 ml, anhydrous ether. To tids stirred sclution, keeping the
temperature of the mixture at 0°, ves added 7 g. 2 ~ethoxybutyraldehyde
in 10 minutes,. The sclution was then stirred for 1 hour at m
u-'poumn. ice was added (100 g.), the ethereal layer wus separatoed,
and the agueous phase was extracted with 3x350 ml. ether. The ether
extracts were combined, washed, dried and distilled to yield a yellow
old (3 8e325%), bepe 99=101° at 0,05 mm,

A plerate was obtained as yellow needles snd recrystallised
from ethanol, @mep. 2?0-1°.
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Analysis. Found:  C:46.3,  Hi3.6, N215.5
Picrate of h—ethaxy—1-(6:methyl-21pyridyl)-pentan-aool.

c1932"N408 Requim: 035201' 8’5051' N312.80

Treatment of the forego roduct with 4 bromic acid.

The oil (2.8 g.) was refluxed with 50 ml. 48% hydrobremic acid
for 6 hours,  After reflux the mixture was concentrated under reduced
pressure, neutraliied with 10% potassium cérbonate solution and
extracted with chloroform. The yellow chloroform extract yielded a

red oil found to be unchanged starting material. (2.5 g.).

The reaction of monoligg;o-2,6-lntig§gp and acetylacetone égg; ether.

Acetylacetone enol ether (5 g.) in 10 ml, ether (prepared by
method C. ref, 125) was added slowly, with stirring, to 40 ml, ice-
cold ethereal solution of monolithio=-2,6-lutidine prepared from 0.65 g.
lithium, 5.1 ml. bromobenzene and 5.3 ge 2,6=lutidine, After 10
minutes at 0° the mixture was stirred for 1 hour at room temperature,
decomposed with 100 g. ice and the ethereal layer was separated.
After extracting the aqueous phase with 3 30 ml. ether, the ethereal
extracts were combined, washed and dried. On removal of the ether,
distillation of the residual oil in a molecular still yielded 4.4 g.
(40%) of a pale yellow oil (oil-bath temperature 130=-140° and
pressure 0.05 mm,). This waé presumed to be 4-ethoxy-Z-methyl=1=-

\J 1
(6~methyl=-2~pyridyl)-pent-3-en-2-0l, and was used for the next stage.
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The oil (4.4 go) was refluxed with 4,7 g. pleric acid ia 50 =l,
ethanol for & hours and the crystalline material which deposited on
cooling, was filtered off. lecrystallisation from agyueous ethanol
yielded a very small asount of yellow plates, m.pe 200-12°, The
ultraviclet spectrum of this compound showed none of the peaks
sssooiated with the dehydroguinolisinius mucleus, only a yeak at
aﬂ,a.mm«u. This suggested that dehydration of the
uncyclised material had resulted,

Repesition of the experiment under more vigorous conditions

produced intractable tars,

A solution of monolithio=2,6-lutidine wos pﬂpand.tm 400 ml.
dry ether, 6.9 ge Mthium, 79 g bromobensene and 53.5 g« 2,6~lutidine.
After imsersion of the solution in an lce-salt mixture the nitrogen
supply was disconnected and 35 g. crotonaldehyde in 50 ml. dry ether
was added during 20 minutes, with thorough stirring.,  tirring was
continued for a further 15 minutes and 100 ml., water, followed by
100 al, cone. hydrochloric seid (5.0G.1.17), were then added slowly.

The aquecus phase was then separated (ethereal phase rejected)
and poured, with stirring, intc a ailxture of 300 g. sodium carbonate
decshydrate and 100 ml, water where a deep yellow oil was precipiteted.
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The oil was tuken up im 300 ml. chloroform snd the sodium carbonate
was washed with a further WY200 ml, chloroform,  Combipation of
the chloroform sclutions, drying and resoval of solvent gave 33.5 g.
(38:) of a pale yellow oil, bep. 92+6° at 0,1 mm,

No pierate or picrolonate could be obtained but an
isocyannte wus prepared. n.p. 1‘0‘1100

Apalysis  (oil) Pound C17h.6, HeB.7, N27.8,
c"nﬂuo requires:  Ci74,.6, 18,5, N28,0,

(isocysnate) Found:  C172.6, 36,8, K195
°1Buao'2°2 requires: C175.0, H16,8, N29e5,

1-(6~lethyl-2-pyTidyl ) ~pente3nsnmdecle (2,0 g.) vas dissolved
in 20 ml. carbon tetrachloride and 2.0 g. bromine in 20 ml, of the
ssne solvent was added dropwise, with stirring. As the bromine was
added a pale yellow colour developed in the solution and an almost
colourless oily precipitate was thrown outs  After the addition vas
cosplete, the mixture was allowed to stand for 15 minutes, the carbon
tetrachloride was decanted snd the residue was tuken up in the
sinimum amount of methanol (ea. 10 ml.). No eryatallisation could
be effected nor was attempted ree-precipitation w!*» “srohloric acid
and ether successful, The solvent was removed under reduced
pressure and the olil was set aside but again s orystalline
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precipitate was not obtuined.

The experiment was repeated with mmu«tuumr
30 winutes and subsequent atirring for 30 minutes. An oll was
again obtained from which no plerate (using calcium plerate
solution) nor perchlorate appearcd to be formed. Hydrogen bromide
wmnhudutho‘wuuorpmwuu. 2 Sodium
hydroxide, in excess, was added to destroy any molecular complex
rmu&m.mwmmmm.mgm
s Slask, stisky tar vas cbiained, Tetrastien of this tar With
chloreform (in which the original precipitate was u-auuQ) save
an almost black extract which, on wsshing with 2N hydrochloric aeid,
drying and removal of the solvent, yielded some dark blue glassy
material whiich was rejocted,

The original oily precipitate was soluble in most polar
solvents, (e.g., methanol, ethanol, ete,) but could not be
crystallised from thom,

L «licoline (2.5 g.) wvas stirred while 1,25 g. finely powdered

m—u-m

were added. Bensylideneacetophenone (6.5 go) in 5 g.
K epicoline (200/ xs,) were then slowly added to the ice-cold
mixture (x5, =plgeline ensures the formation of sodio=-picoline).

The contents of the flask were then allowed to attain room
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tamrerature, over a period of 5 hours, and a dark brown, sticky, oil

was precipitated during this time, Addition of water precipituted

& colourless solid and ceused complete solidification of the oil,

The solid material was filtered off and recrystallised from ethancl

to give fine white needles (2.7 go) mepe 247-5°, The recrystallisation
was performed using a Soxhlet extractor,

m Found! 088‘0.3. HIG.O. IllO.,.
6211,‘930 requires:(scno adduot) Ced3s7, Hibh, MNib.7.
Cygl54N0, *  (dimer) C18h.8, M6.1, N12.8,

c,,l,.’no’ : (trimer) Ci185,33, H:16,0, N12.0,

K08 LIRS

The previous product, (1.0 g) mep. 207-9°, vas treated with
g ml, glacial acetic scid snd 0,5 ml. 505 hydrogen peroxide for 18
hours at 70°,  The resulting thick suspension was Tiltered, the
mother liquor was reduced in volume, and the precipitate obtained was

combined with the original precipitate. Soth were found to consist
of atarting material. lepetition of the experiment, using more
hydrogen peroxide or scetone ss solvent, or refluxing the reaction
mixture, yielded only startinz :aterisl.

| Benzylideneacetophenone (10.4 g.), 2-plovline~li-oxide (5.5 g.)
and 25 ml. 5i potassium mothoxide were refluxed together for 2.5
hours.  The imky-blue solution was then allowed to stand for 16
hours at room temperature and the potassium methoxide was decomposed
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vith solid carbon dloxide., A colourless solid was obtained (3.7 g.)
which was recrystallised from ethamol in u Soxhlet apparatus, %o
give fine white needles, m.p. 295-6",

Lnalysis 4 Foundt C186,0, H16.,0, N13.5, MNi(Rast) hhO,
321'19'03 requires:(mono-adduct) C179.b, H16,1, Nab.b, e 317.

Treatnent of this compound with acetic anhydride on a boiling
woter-bath yielded only unrescted starting saterial. Addition of a

148¢t1e eonos sulphurie 801d° %4 the resstica mixture ylelded
unworkable tars.

Analar acetone (30 ml.), morpholine hydrochloride (25 g.),
paraformaldebiyde (8.4 g.) and 5 ml, othanol were refluxed together for
€ hours, On eooling, %0 ml, dry ether were added to the resction
mixture but, since crystallisation was not complete, 100 nl. AN sodium
hydroxide were sdded and the solution was saturated with solid
potassium chloride, und extrscted wieh ether, After drying, the
ether extract yielded 21 g. (544) crude product. Uistillation of
tads oil ylelded a little unchanged morpholine and § g of a colour-
less liquid, bepe 106=8° st 10 ma,

The liquid (8 ge) vas clowly mixed with 8 g. methyl iodide
to give 12 go lemorpholino-’-butanone methiodide.
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h=iorpholino=2-butancne wethiodide (12 g.), 2-picoline-ie
oxide (4.5 go) and 45 ml. 5 potassium methoxide were refluxed
together for 3 hours. The red solution was then treated with
excess of solid carbon dioxide to destroy the potussiuu methoxide,
poured into 500 ml, water and extracted with ether. Hemoval of
the dry ether yielded a reddish-brown oil which was purified by
distillation in a molecular still (bath temperature 120°, yressure
05 mm.) yt0 give 300 mg. product which solidified on cooling. The

yield was too low to be of any synthetical value.

auyx-/~(zlpyrxm)-.w1mmuu (12 go) (yrepared by
the method of Doering and veil'”') were treated with 60 ml. of
boiling 204 hydrochloric seid, for & hours, brought to pl 10 with
sodium hydroxide and the solution was concentrated “in vacuo" until
two phases appeared. fxtraction with ether yielded 7.0 g. (842)
1-(2:p]ridyl)-‘t-poatlmo as a fluorescent yellow oil. A plerate

vas obtained, m.p. 109=11% (Lit2 a5, 110-11.5%).

1-(21m1w-k-mtuou (740 go) was dissolved in 27 nl.‘.
glacial acetic seid cnd 1,5 ml. 308 hydrogen peroxide was added.
After heating st 80°, for 6 hours, a further 0,9 ml. 304 hydrogen
peroxide were added mnd the mixture was heated for 12 hours at 80°,
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Distillation of the resction mixture yielded 4 g. starting saterial
and the dark coloured residue was then distilled in a molecular
still, to give 1.6 g. (204) of a yellow liquid (bath teaperature
~155°, pressure 0,03 mm.).

A 2,4=dinitrophenylhydrazone was obtained from this oil
and was recryatallised from alcohol to give yellow plates, m.p.
192-4°,

Apalysis (2,4=dinitrophenylhydrasone).

Found: G517, Hib,8, N317.2¢
17.00

C46%17"s%s requires:  C153,5 HibeS N32243s

The foregoing product (0.5 g.) was heated on the water-bath
for 15 minutes with 2.5 ml. acetic anhydride and 1 drop conc.
sulphurie acid. No perchlorate could be isclated from this mixture
after treatuent with perchlorste wcid, Heating = similer mixture
st 100°, for 30 minutes, gave sn oil which did mot yleld a perchlorate
either, Heating the starting material with scetic sahydride slone
also gave an oil which did not yield a perchlorate.

. 93

Phosphorus oxychloride (56.5 ml.) was added slowly to 595 g.
ice~cold, mechasnically stirred, dimethylformamide during 20 minutes
and the mixture was then stirred for 30 minutes at room temperature.
This mixture was again cooled on ice and 18,5 ml. scetone was added
dropuise, during 20 minutes with continuous stirring. After maine-



- 120 =

taining the resultant solution at 35-40° for 30 minutes, the solution
vas decomposed with 750 g. crushed ice and alloved to attain room
temperature. This ice~gold solution was then continuously
extracted with 500 -1.. ether for 10 hours, after neutralisation

with sodium bicarbonate, The ether extract, after drying, ylelded
11 ge yellow liquid, bep. 36=40° at 10 mm., which decomposed slowly

at roos temperature.

A 2 4=dinitrophenylhydrazone was obtained, m.p. 165-7°
(dOM).

Analysis (2,4-dinitrophenylhydrasone).
Found: Ci42.2, Hile2, NH319.6, 61312.3.

Cacls®0L pequires: Cib2.2, Hi3.1, N119.3,  Cli1.5.

an o.As

To the ice-cold, well atirred, solution of picolyllithium
obtained from 0,70 g« lithium, 7.05 g« Drowobensene and 4.7 ge
A =pdcoline in 40 ml. dry etier. was sdded & g. freshly prepared
ﬁ-chlomntoaddohydo. keeping the temperature st or below 0%,
Gtirring was continued for 1 hour at room temperature when ice was
added to decompoue sne lithium salts, and the agueous phase
extracted with ether, Distillation of the dried ether extract
yielded 8.9 go of a ligquid smelling very strongly of, o{ =picoline.
The ol =piccline was removed as far us possible by diastillation of
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the mixture at 40° and 5 mm, pressure but only sticky pdcrates,
which could mot be recrystallised, were cbtained from the residue.
Distillation of the residue was thought inadvisable owing to the
danger of dehydration of the product (if forwed).

0, 41470:71

In a typleal experiment 3.2 ged =plcoline vere dissolved
in 15 ml, ether and to this ice-cold solution 2.7 g. T=butyne-3J=one
wia added, The mixture wos then allowed to attain room teaperature
slowlye Mistillation of the deep red mixture, either immediately
or after times up to ' months at =20°, invariably produced esither a
viclent reaction (after a short resction time) or am intractable
oil (after esgey 5 monthe)s  The use of the sodius salt of
2-picoline produced the same results, A reaction in which the
components were mixed at =78°, and mainteined at =20° for 3 wmonths,

yielded a tar whose infrared spectrum (thin film) showed the prosence
of a csrbonyl group ( 00:1700 u'.") but no triple bond absorption
was evident,

In & typleal experiment diethyl acetomedicarboxylate (5,05 ge)
snd ethyl proplolate (4.9 g.) were added to sodium ethoxide (3.4 g.) in
alechol (20 ml.) st 0°,  dome heat was ovolved on the addition of the
components but no product could be isolated Aif the mixture was worked

up st this etage. Refluxing for 15 hours produced a yellow, cloudy
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sclution, After cooling, the reaction mixture was socidified with
100 mls water contalaning 25 ml., 2N sulphuric acid, Ixtraction
with ether and subsequent removal of the dry sclvent ylelded a
yellow oil (2,0 ge) Mqh.oadﬁun.uan.m found to be composed

of 5 fractions:
Fraction, Bepe press. vield. colour with effect of
h613 lﬂl30 heat

1 54° 140 mme 200 mgs. red ndd
2. h=58° 1.2 ma, 40O mgs. pink odl aep®d*
5, . 102«108° 140 mm. 40O mgs. dike red dk.orange oil.
b, W3=14° 1,0 mm, 600 nge.  red orange oil.
De 164° 10 mme 00 ngs. yollow orange oil.

No crystalline producta could be obtained from this experiment,
nor from subseguent experiments, using alcoholic amuonia as catalyst,

Piethyl acetonmedicarboxylete (5.05 g.) was added to potassium
ethoxide (2,1 o) in minisus alochol,  After 5 minutes propiolemide’™>
(1472 ge) was added to the ice-gold solution. Vigorous reaction took
place and the solution turned red. After dilution with 5 ml, ethanol,
the solution was refluxed for 30 minutes, On eooling, dilution with
100 ml, water and acidification with dil, hydrochloric acid, the
solution was extracted with ether, but no product was isolated from
extraction of the mother liquors or from re-extraction of the soldified
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sodiua carbonate wash liquors,

Phenylproplolanide > (4,03 g.) was added to an ice=cold
solution of (5,05 ge) diethyl acetonedicarboxylate and sodium
ethoxide (1,70 go) in ethanol (25 ml.) and the solution was then

refluxed for 30 uinutes on the astesm-both,  Cooling, dilution
with 100 ml. water and scidification with hydrochloric acid,
caused turbidity in the solution but no precipitate was cbtalned,
Extraction with ether yielded a yellow extract which, on washing
with sodium carbonate solution, gave a yellow colouration in the
aqueous layer, The original extract ylelded only unreacted
phenylproplolanide (meps109=10°) (118,109=10%)s  The sodium
carbonate washings, on acidificution and re-extraction witi ether,
yielded 100 ags of a yellow ofil, beps 70° (extermal temperature)
at 0.1 mm, This waterial was not the desired product.

Diethyl sgetonedicarboxylate (10,1 g.) was added to a

sclution of sodiun ethoxide (3.4 g.) in ethanol (50 m1.), after
5 minutes ethyl phenylpropiolate (8.7 ge) was added w:C the
aixture was refluxed for 1 hour. ifter cooling, and allowing
the solution to stund overnight at room Wum. the red
sclution was reduced in volume by distillation under reduced
pressure bYut no crystallisation set 4n. Kkuhesann's adducts
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vere insoluble in water and dilution of the solution to 200 ml.
with vater ylelded a yellow oil after acidification with dilute
hydrochloric acid, Extraction with ether gave a yellow extract
which sgain gave coloured sodium carbonate washings. The original
extract yielded a yellow oil (9 ge) which was distilled in a cup
still to give a colourless oil, beps 120° at 0.5 mm., l1§ 145303,
Ethyl B ethoxycinnsnate 1o a colourless liquid, beps 154=5" at

9 mm, and n'S 1,5336,

The sodium carbonate washings slowly mﬁp&hﬁd a yellow
solid, Acidificaticn with dilute hydrochlorie acid and re-extraction

with ether ylelded 250 mg. diethyl 2,hedihydroxy-be-phenylbensene=1,5-
dicarboxylate (XX{1X), m.p. 157° (ethanol).

-l '
'9:- 1672 cme (C = ©),

Lh(1088) = 304 (3467), 260 (hath afle)y 232 (4e48) mus

m Found: cl".é. H‘§.6

Finely ground ethyl ethoxymethylenecyancacetate ~2(3.40 ge)
was added, during 10 minutes with continuous stirring, to an ice-
cold sclution of potassium hydroxide (1,50 g.) in ethancl (ig )
contuining diethyl acetonedicarboxylate (4,04 g.)s The mixture was
then atirred for 1 hour at roon tcemperature and poured into water

(150 m1.) containing glacial acetic acid (10 ml,) where a red
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precipitate was throwan out, Filtration and subsequent drying of
the precipitate yielded 1.85 go (344) of erude red crystals,
Recrystallisation f om petrol ether/ethyl scetate (3:2) gave ':‘dlev '
needles, m.p. 158-9",  The use of sodium ethoxide as catalyst

gave the same product.

.\2' « 3380, 3220 cms' (Wi streteh)s 1680, 1700, 1725 oas! (C = 0)
L (1oge @ = 393 (8.17), 322 (ha32), 312 (he34), 255 (4a10)
and 222 (3.88) ./k

Apalysis Found: 15505, Hi5.5,  Mik.3,
R requires: C155ek, HiSe9y  Niltads

The sbove produet ( 1 g.) was added to ethancl (29 ml.) which
had been saturated with hydrogen chloride, Decclourisation of the
solution ogcurred almost immediately and a colourless solld
precipitated, After refluxing the solution for 30 minutes, ether
(50 ml,) was added a:d the colourless precipitate was filtered off
(110 mg.). This precipitate was shown to be emmonium chloride.
The ether/ethancl mixture was wapshed with a little water followed
by sodium carbonate solution, which caused the organic layer %o
turn yellow and precipitate a yellow solids  The yellow solid was
filtered off gnd suspended in dilute hydrochloric acid. mi:-.m
and recrystallisation from petrol ether then gave 300 ag. (80UK) of
diethyl G-ethoxycarbonyluethyle=2=pyrone=3,j-dicarboxylate (XL11),
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meps 61=2°, us colourless needles,

.\2‘- 1715, 1745, 1768 and 1799 Gl:.' (C=0).
(10810 = 395 (3.85)s 330 (395 dnfle)y 398 (4,07), 248 (4,01) g,
sodiun salt = 395 (3,85)s 335 (ha11 afl.)y 320 (ha11), 261 (s32) mp

Asnalysis Found: C155.2, HiSe4,
°15K1808 requires: Cr35e24 HiDeDe

Sodium (0o5 ge) wus dissolved in ethanol (30 ml.) and the
acdmepyran (1.0 go) was added to this solution. The yellow colour
of the pyran was lamediately discharged and a ocolourless precipitate
began to appear. After refluxing the aixture for 1 hour, the
precipitate was removed by filtration and suspended in & surphurie
acdd for 30 minutes, Filtration and recrystallisation from ethancl
gave colourless needles, m,p, 138=9" of diethyl Secysno=2,hedihydroxy-
bengene=1,3= dicarboxylate, (iL111),

.‘2: e 2220 eme' (C=N) and 1670 cae! (Cs0).

A (10g. €) = 327 (4,05, 290 (4,26), 260 (4.17), 250 (4.43) mu .
BaxX o o
Apalysis Founds C1558, Hsh,6, N25e0e

Ca3fq3"0% s C15549, Hib,?,  N135.0

Thhoupmdmmp-mwtho-wofsmn”ad
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Bad the following physiesd charesteristiee.
mepe 77-9° (Ldts 79.5%).

2’- 1715, 1745, 1765 0w~ (C = 0),
(10848 = 320 (3.88) and 246 (3:97) mu«

'.vf. s ~ TESA AL W et ALARE IR AL
exylate”” (00V11).

This compound was prepared by allowing diethyl acetone-
dicarboxylate (4,04 g.) and diethyl ethoxymethylenemalonate to react
together at 0%, in presence of sodium ethoxide (045 g. Nu.) in
ethanol (30 ml.)s After stirring the sslution for 1 hour, &t rooa
teaperature, acidificetion with dil, hydrochloric acid and extraction
with ether gave colourless needles (1.3 g.), recrystallised from
ethanol, m.pe 106~107°, (th.?gl.p. 104=5") ,

_\2' = 1735, 1670 o' (C x O)s
.)."(locbe) ® 236 (3.71)¢ 370 (3.81 infl,), 292 (4,08), 258 (4,17),
235 (he53) el

The pyran (1.0 g.) was dissolved in dimethylformamide (35 ml,)
and sodium ethoxide (0.1 g.) was added to this sclution, followed by
excess of methyl iodide (1.0 ge)e The solution was allowed to stand
at room temperature for 40 hours before being poured into a large
volume of water and extracted with etuer, Removal of the ether,
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after drying, gave 150 mg. yellow needles (154), meps 134=5°,
tontatively identified as diethyle2-methylamino=Gmethoxycarbonyle
methylenspyran=3,9=dicarboxylate, (XiV).

.\L = 3380 cme! (NH stretoh), 1680, 1700, 1745 ons! (C = 0)s

D (10gp€) = 395 (4,06), 323 (4,20), 258 (4406) and 220 (3.98) mu.

m Foundt 0!}5.‘&. Rl‘.l. '.“.10
cﬁnz‘uo? requirest £256.6, Hi16.2, Ni3,.8,

Dibenzyl ketone (8.4 g.) was dissolved in ethanol (30 ml.)
containing potassium hydroxide (3 g.) and to this ice~cold solution
finely ground ethyl ethoxymethylenecyanoacetate (6.0 g.) was added
during 10 minutes, while the solution was vigorously stirred.
Stirring was continued for 1 hour at room temperature before the
mixture was poured on to 150 g. eracked ice and acidified with dil,
hydrochloric acid. Un acidification a white emulsion formed which
deposited a red oil. The aqueous phase was decanted and trituration
with a little cold ethanol caused thoqueoommuu. He=
erystallisation from an ethanol benzene mixture (50:50) gave yellow
platelets, m.p. 170-2°,

Y « 3380, 3250 eui’ (Wi, streteh), 1670 oui' (G = O)
o (10gg€) = 395 (4,02 1nfl.)y 340 (4.39), 272 (4a11), 252 (4a26)
and 206 (4a36) mp '
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Analysis Found: Ci75.4y  H15.8, Nib.5,
Cz’l‘gu’ requires: C175.7, Ht5.7, Nib,2,

Lthyl othuyulh{l.mohu (6e8 go) wao dissclved

e 1070 sl

ummm-mtoxmﬂmommcmuuo. To

this solution was added, with stirring, diethyl uomubwhh
(4,04 go) in anhydrous ethancl (?g ul.) containing sodiun ethoxide
(1.0 go Hau), keeping the tesperature below 5%,  Stirring was
continued for 3 hours at roon temperature when the red solution had
begun to precipitate fine solid material. Ice (100 go) was added
and the solution was ldl!ifhd with dilute acetic scid (4:1), to give
& scarlet prnmnh. / w.- was removed by filtration and washed with
a little water before drying and recrystallisation from petrol
ether/othyl acetate, to give red/blue needles (2,1 g.), @epe 157=9°,
(Mixed m.p. with the original pyran showed depression.)

.\2! = 3400, 3300 en.™! (M, streteh), 2220 eus' (03 W), 1720, 1650,
1670 on3! (C = 0).
-/:l(h‘bé) = 516 (4,39), 343 (4.29), 308 (4.13) end 253 (‘h‘lZ)» I/L( .

Analysis Found? C156.4, H15.2, N16.7.
02,32,,3209 requires: C156.4, He5.4, H16s3e

In a similar preparation but using 3.0 g. potassium hydroxide
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in ethanol as catalyst, a little of the above compound wes isolated
along with another red orystalline compound of such higher -.p.(235-7').

1670 ens' (C = 0).
.:\:' 490, 382, 368, 318, 303, 280 and 254 ./"'0

Analysis Founds  C1%9.2,  H15.6,  M19.5
015'1"205 mm' Ct59.2, Ht5:3, H19.2,

The above propene derivative (1.0 g.) was dissolved in 25 aml,
anhydrous ethanol which had been saturated with dry hydrogen chloride
and the solution was refluxed for 1 hour, cooled, re-caturated with
hydrogen chloride and refluxed for a furtier hour, OUn cooling 100 ml,.
ether were added and the precipitate of ammonium chloride was
filtered off.,  The other/ethanol mixture was washed twice with 10 =l,
water and finally with 20 ml, sodium carbonate solution which turned
red. The sodium carbvonate solution was then wcidified and extracted
with ether. Removal of the dry ether “"in vacuo" gave 150 mg.
orange solid, recrystallised from ethanol to give orange needles,

Wale M. {Compound XLV111),
.\2' = 1770, 1750, 1670 “:1 (C = 0).
m Found: C',’.“. H!k.9-

The ether/ethanol mother liguor, ta. reduced to dryness, yielded
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400 mg. of a yellow solid, (compound XL1X), ®eps 199«200°, (ethanol) .

.\)“ = 3380, 3320 cns' (amide NHstretch), 1780, 1750, 1710,
1680 eus’ (G = 0)s

.1.\,-'"’~ 3a9m2637u.

m Found: Cl5’0.5. HS‘D.B. NlZ.So

The propene derivative (XLV11) (1,0 g.) was dissolved in
200 ml. other and excess of diaszomethane in ether was added to the
solution, followed by 10 drops of borea trifluoride in ether,
Ivolution of nitrogen was observed and the solution was allowed to
stand for 60 hours, Kemoval of the ether and subsequent re-
erystallisation of the solid material which remained froa
petrol/etuyl acetate gave deep red-blue needles (200 lc.).ﬁ.p.160-2°.
(mixed mep. with compounds (XL1) and (XLV11) both showed depression).
A similar experiment but using dimsethyl formamide as solvent and
methyl iodide yielded a small amount of the same compound.

Y« 3600 onz" (<o), 3400, 3300 eas" (N streten), 2220 eui' (CEN),
1720, 1680, 1670 eas' (C = 0).

2\ (ogy) = 510 (hu3hy 355 (4,09)s 343 (4a0h)y 310 (4,08) and

255 (4a0k) ,u

Anslysis: "~ Found: C154.0, H15.8, H16.0.
021"26!42010 nqutmt 085'0.1. 33506. N16,0
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This compound was also recovered from the mother liquors
of a preparation of the pyran (XL1), slong with & little of the

pyridone (XXXV1).

To an ice=cold sclution of potassium hydroxide (1.5 g.) and

diethyl acetonedicarboxylate (k.04 g.) in ethanol (10 ml,) wes added
omﬁylmm10ﬂ6 (2.4% g.), koeping the temperature

of the solution below 5° and stirring continuously. After stirring
for 1 hour at rovas temperature the orange sclution was poured on to
100 ge cracked ice and the solution was acidified with dilute acetic
acid, The orange solid which precipitated was filtered off and
WW from ethanol to give 500 mg. yellow crystals (needles),
MePe 1M° .

_\.)x o 2240 oms! (CZN), 1795, 1740 ems’ (C = 0).

2. (10g,€) = 426 (ha23), 352 (342 1afls)s 266 (4.26) and 230 (h.33) myu

Analysia: Found: C158.4, Hsh,8, NiG.b,
°ao"18"z°8 requires: 0358.0. Hako3, N|6.8.

smu. sn ethereal solution (200 mg, in 30 ml.) of this compound
with an ethereal solution of lithium alusinium hydride did not
produce a lithium chelate.
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Potassium hydroxide (3 g.) was dissolved in ethanol (20 ml.)
and the solution was filtered. Diethyl acetonedicarboxylate
(b,Oh go) was added and the solution was then cooled on ice. FKeeping
the temperature of the reaction mixture below 5°. ethoxynethylene-
salononitrile (2.44 g.) was added during 5 minutes while the solution
was thoroughly stirred.  Stirring was continued for 1 hour at room
temperature, ice (100 g.) was then added and the mixture was acidified
with dilute acetic acid. The pale orange precipitate which was
obtained was filtered off, dried and recrystullised from ethanol, to
give colourless needles, (1.3 ge) mepe 129-30°.). (Pinal re-
erystallisation from CC 1“).

.‘2, = 3420, 3350 oms' (NH, stretch), 2230 cms ' (CZN), 1700,
1670 eas ' (G = 0)s |

A (19g,e) = 333 (3.83), 310 (3,55 infl.), 282 (h.16), 262 (ha21),
255 (4e23), 238 (4438 4nfll) and 232 (A.46)mu

Analysis Found: C156.4, H15.5, Ni9.7.
c:ﬂu‘,’nao5 requires: C156.1, H15.0, N:10.1.

In & typical resction diethyl acetonedioxalate (5.12 ge),
snspended in ethanol (35 ml.), was added to a solution of potassium
hydroxide (1.6 g.) in ethanol (15 ml.). “hile this ice-cold
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solution was vigorously stirred, ethyl ethoxymethylenecysnoucetate
(3,40 go) was added and the mixture was then stirred for 2 hours

at room temperature. Ice (200 g.) was added and the mixture was
scidified with dilute hydrochloric scid but no precipitate was
obtained and extraction with ether or ethyl acetate yielded only
starting material (diethyl acetonedioxalate). lepetition of

this experiment with longer reaction times, with heating of the
reaction mixture, with dirferent catalysts, e.g., sodium ethoxide,
with varying smounts of solvents, or with differeant ethoxymethylene

compounds, invariably produced either starting materials or no
characterisable product.

Diethyl acetonedicarboxylate (15 g.), triethyl ortho-
formate (11.2% g.) and scetic anhydride (15.05 g.) were refluxed

together for &0 sinutes., The mixture was then distilled at
atmospheric pressure until the stillehead temperature was 130°,
when distillation was continued under reduced pressure with
fractionation of the distillate,

Unly one significsnt fraction was obtained, bep. 166=9°
at 0,05 mm, pressure and this appeared to consist of a sclid and
s liguid,  Filtration removed the sclid and the colourless
14quid appeared to be the desired product, No> = 155050 (3.0 ge)



- 135 «

Analysis Found? C156.8, 11649,
31}1806 | mm. 0355.9' “’7000

The sclid was recrystallised from 40=60" petrol ether to give
colourless needles, m.p. 79-80°, which appesred to be diethyl
bis-(ethoxymethylene)~acetonedicarboxylate, (1.5 gele

Analysis Yound: Ci157.9,  H15.8,
01532207— requires: Ct57:74 H16.4,

Cyanoacetamide (1.1 g.) suspended in ethancl (10 ml.)
containing sodium ethoxide (0.3 g.Na) was added to the eothoxy-
methylene compound (3.0 g.) with vigorous stirring. Stirring vas
continued for 30 minutes and the resultant solution was then diluted
with water (50 ml.), scidified with hydrochloric scid and extracted
with ether, The ether extract was washed with sodium carbonate
solution which begame dark yellow.

After acidification (hydrochlorie acid) of the sodium
ecarbonate extract, extraction with ether yielded only an
intractable oll.

Similerly, drying of the original extract and removal of
the ether gave only an unworkable sludge.

Repetition of the experiment with longer reaction times
produced a similar result.
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mmmm&,w-‘” ().

Diethyl acetonedicarboxylate (30 g.) was dissolved in
ether (290 ml,) and anhydrous ammonia was passed into this solution
until total precipitation of the amsonium salt had ocourred.( 15
uinutes). Thomwzcavuthmutgifhforuhmmdtho
colourleas solution was dried and dhgnad: Material distilling
between 114=119° at 0,5 sm. pressure was collected (19 g.) and was

pure enough for synthetic purposes if used immediately.

Reedistillation of this liquid, through a 6" Vigreux column,
gave a colourless product, be.p. 108° at 0.1 ma, :? = 1,442, The
liquid decomposes slowly at room temperature.

'2' = 3400, 3300 Pl (nn,, streteh), 1725 o

(c = 0) -
shalysis Found: Ci5he3, 1877, H16e5.
Cgll 40 requires: C153.8,  Hi7.b,  N:7.0,

(A4 el 00

rdethyl B wsainoglutaconate (8,08 g.) wes added to sodiusm
ethoxide (1 gelia) in ethanol (25 ml.)s  Keeping the temperature
below 5° the solution wss stirred while diethyl ethoxymethylene-
malonate (8.64 g.) was edded during 15 minutes, The solution was
stirred st room temperature for 30 minutes and poured into water
(300 ml,) eontaining dilute sulphurie cdd (25 ml.)e A yellow
oil wes precipitated which crystallised on attempted extraction
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with ether. This precipitate wes filtored off and the ether
extract reduced in volume to give a little more of the seue
materisl, The solid materisl was combined and reerystallised
from mthanol to give colourless needles, (7.0 g.), Mepe 121=2°,
-\2. = 3300 cus! (M streteh), 1580 ous' (N defora™), 1750, 1705,

1660 ems’ (C = 0),

L\ (Goge) = 328 (3,98, 300 (3486), 263 (4ib2) wad 212 (hoOh) mp

m Found: Ci1557¢ Hl}.ﬁ. ”'3.8’
C1SH19”°7 mm‘ G"BS.“. H ‘5‘.9. .'“..3.

The pyridone (140 ge) was dissolved in ethanol (5 qlc).
added to 2 hydrochloric acid (25 wl,) snd the solution vas
refluxed for 1 hour, cooled and extrscted with ether. The dry
extract ylelded a colourless solid (0.1 go) which was recrystallised
fros hot water containing a little ethamol, to give colourless
needles, mepe 3034, of Gemethylele=pyridons=3,5=dicarboxylie
acdd, (XXV). (148.%%.p. 305%).

.\2‘ = 3300 ens! (Nl stretoh), 1579 cms' (i defora™, 1740,

1710 cms (C = O).

The higher carbonyl absorption (1740 cu.™ ') may be dus to & eimilar
.ffocthgthoc-Ogmyofthe"ﬂdmmthel-oMIM
to that shown in the pyrone obtained by treatuent of compound (XL1)
with ethanolic hydrogen chloride.



22188 e pyridone (X0XV1) (8.1 go) was dissclved in dimethyl
formamide (75 ml) and to this solution was added dry, solid sodium

ethoxide (1.6 5_.) and diethyl ethoxymethylenemslonate (5.4 g.).

The solution was then heated on the steam bath for & hours (or
refluxed for & hours), and poured into water (600 mls)e A bright
yellov sticky solid was precipitated and the mixture was extracted
with chloroform to give a strongly fluorescent extract M. on
removal of the solvent, gave a yeliov solid (5.2 g.), reerystaliisced
from ethanol/chloroform to give needles, m.p. 307=-6° (Lv1).

_2‘ = 1750, 1715 cua' (C = O).

£, (logye) = 430 (4.43), 363 (4a09), 274 (hu52), 242 (bs37) and
210 (hobk) mue o

Analysis Found: C153.6, H15.,0, Nid.2, Hes16.7.
021322' 010" requirea: C153.9, Halo7, N13.0, Rea36,5.

A similar experiment but using 1.0 g. pyridone, 0.07 ge
diethyl ethoxymethylenemslonate and 0.2 ge lithius ethoxide gave
500 mge of the corresponding lithium salt (L1X) recrystallised from
ethanol/chloroform to give yellow needles, m.p. 318-9°,

V. 1750, 1715 cus' (C = )

Hax
Q108 = 450 (b1, 362 (407), 274 (4,0 und 236 (he2Vuss
m Found: 635308. Hl‘h?. N2J.04 HOSE -

CZ‘BZZIO,‘OXA mm’ Ctsj.}. . Ht‘\\.9. “.’01' ROINO.}}.
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The corresponding potassium salt was obtained using the same guantities
of storting saterisl as the lithius experiment but 0,33 g. potassium
ethoxide and refluxing the mixture for 8 hours, It could not be
recrystallised but was bolled with acetone to purdfy it, m.p. 320°,
-9:" 1750, 1715 cme’ (G = O)s

All three of these salts were atrongly fluorescent.

complexes.
The pyridome (XXXV1) (325 ge)y diethyl ethoxymethylene~

malonate (2,76 g.) snd isoquinoline (1,19 ge) were heated together
at 180-90° for 1.5 hours.  “themol (0.7 g.) distilled from the
pixture (Theoretical max. = 0.9 go)¢  On cocling, the mixture was
pouted into 50 ml, water scidified with dilute sulphuric scid where
a strongly fluorescent suspsnsion (yellow) was formed. Ixtraction
with chloroform and resoval of the solvent gave the isoquinoline
complex (LX) s yellow needles, recrystallised from chloroform/acetone,
Bepe 215=16° (800 mge), exhibiting a faint bluish fluorescence in
daylight but very strongly fluorescent in ultraviolet light.

_\2‘ = 1740, 1690, 1660 cms' (C = O)s

2 (1ogy €) w18 (hb5)y 37 (4.36), 303 (3.56), 274 (3.83)

and 230 (4o 6h) B

Analysis Found: C16249, Hilboh, Hibahe
C’oﬂ,olzow M\dﬂll Cl&.’. 335020 N:5.0.

Similarly, an identical experimcal using 1.29 g. quinoline
gave 750 mge yollow needleas, recrystallised from a large volume of
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chloroforn/ethanol, meps 270-2"s
2‘. 1740, 1690, 1660 ews' (C = O)s |
A\ (logyg) (chlorotors) = 420 (hs03)y 376 (3,96)43% (3489),300 (4a0)s
276 (4.09) and Z.'ﬁ (4a14) e

(A small decrease in these log.¢ values was noticed if the spectra
vere repeated at lower concentrations.)

Analysis Found: C16141, H1349, Hide2e
C”B”llzow goquim: C16243, Hi5e24 H15.06

Similar attempted preparations, using ww or
dimethylaniline as catalysts, guve only iatractable olls as producta
from which no crystalline material could be isolateds |

Numerous attempts %o release the free hydroxyquinolizones
from these salts and complexes, including grinding them with 2%
hydrochloric acid, treatment with zinc uranylacetate sclution (sodium
salt only), shaking with chloroform and hydrochloric acid in the
cold, and passage of their solutions down a weak acid ion-exchange
column (Amberlite 1iC 50), were without success.

The sodium salt (150 g.) was dissolved in ethanol (100 ml.)

which had been saturated with dry hydrogen chloride, The yellow
colour and fluorescence was immediately destroyed and after the
adutlmmmmhdtommmtttmmnuuhm
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volume of water and extracted with ether, Hemoval of the ether
gave 50 mg. of s colourless solid (LV111) as needles (ethancl),
Melle 13’“‘.

when an ethanolic solution of this solid was made alkaline
(pH 5) the solution begame deop yellow and at pfl 11 a light yellow
colour apyeared. :
.\2‘- 1750, 1730, 1705, 1660 on"t (C e 0), 1580 ome (M defora™)

D\ (l0ge) i>7 4370 (3.3)y 310 (3.75) and 260 (4e09) oo
7 = 335 (3.68) and 260 (4.09) mu .

inslysis Founds C196.1,  H16.1,  Ne3.3.
cajﬂam" requires: C155.8, 1159, H12.8

The same coumpound was obtained when the pyridone (XXXV1)
(840 ge), diethyl ethnoxymethylenemalonate (5.3 ge) snd dry selid
potassium ethoxide (2,1 g.) were heated togethor for 6 hours on the
steam bath in dimethyl formamide (U0 ml.)e The yield was 3.5 ge

Purtherore, heating the sbove product (1,0 g.) in dimethyl
formanide (20 ml,) with sodium ethoxide (0.1% g.) gave the sodium
salt of the hydroxyquinolizone (0O mge), @.pe 305-7°, (mixed m.p.
with authentic specimen showed no depression).

The soddum salt ( 1 ge) was heated under reflux with
phosphorus oxychloride (15 ml.) and triethylamine (3 ml.) for 1.5
hours, with the systea protected from moisture, Considerable heat
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was evolved initially on adding the phosphorus oxychloride to the
solid. After cooling, the excess of phosphorus oxychiloride and
triethylomine were distilled off snd the residue was poured into
water where a sticky gum separated. xtraction with chlorofora
gave a very dark brown extract from which mo eryatalline material
could be isolated,

The experiment was repeated wvithout the triethylamine and
after heating for 1 hour a little solid material had begun to
separate, This sclid vas isolated by removal of the excess of
reagents (a8 above) and pouring the residue into water. The
yollow precipitate was filtered off and recrystallised from methyl
alcohol to give yellow needles, m.p. 348=50" (25 mge).

_\2: = 1750, 1715 cme' (C = 0)s

Anslysis Yound: 1350664 ‘m}.z. Nih,0, Res110
(No chlorine present).
i similer experiment using thionyl chloride (15 ml.) gave
only a tar and 100 mg. starting material,

Ixperdiments using the isoquinoline complex instead of the
sodium salt and similar resction conditions were also unsuccessful.
The use of solvents, ®.g., dimethyl Mo‘” or bensene,
increased the smount of starting materisl which was recovered.
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gouplox.
The isogquinoline complex (0.5 ge) was Mvod‘n dry
pyridine (50 ml.) and p-toluenesulphonyl chloride (024 ge) was
added, keeping the temperature of the mixture below 107  After

all the chloride had been dissolved the solution was heated to
60° for 0.5 hours before being gently refluxed for 0.5 hours,

On cooling, the solution was carefully diluted with dilute hydro-
chlorie ascid and a bright yellow fluorescent recipitate was
obtained which was filtered off and recrystallised from chloro=
form, mep. 252-4° (50 mg).

z - 17”. 1”0. 1@ “:1 (c = O).
m Found: C160.9, H13.8, "'bosq 51545

casuam123 mm3 6355090‘ K'haBg N:2.3. 538503.

A oimilar »xper.gent using the sodius salt as starting materiasl
yielded 20 mg, of the same product.

The sodius salt (1,0 ge) was dissolved in dimethyl

formamide (15 al.) and methyl iodide (1,0 g.) was ndded.  After
2 weeks st room tempersture the mixture was poured into water and
the yroduct isolated by extraction with chloroform. it was found
to be starting waterial, (mixed m.p., no depresaion.).

A similar experiment using 1.0 g. dimethyl sulphate also
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yielded starting material only.

axvre th

pyridone (XXXV1),.

The pyridone (1.4 g.) ethyl ethoxymothyleuecyanoacetate
(0.75 go) ond isoquinoline (0.5 ge) were heated together for 2
hours at 1807  Some ethanol distilled from the melt and the
resultant oll, when cool, was poured into water and scidified with
dilute sulphuric scid. Extraction with chlorlfors and removal
of the solvent gave a red flucresceat oil but no erystalline
material could be isolated from it despite the use of u variety of
solvents.

Sdmilar experiments, using sclid scdium ethoxide as
catalyst snd dimethyl formamide as solvent, also produced fluor-
escent oils but again no erystalline material was obtalned,

Attempta to use eothyl propiolate instead of the ethoxy-
methylene component were also unsuccessiul. Starting saterial

The pyridone (1.0 g.) was slowly added to ice-cold

thionyl chloride (15 ml.) containing pyridine (1 ml.) and the
aixture allowed to sttess room temperature slowly before being
refluxed for 1 hour, After the excess of thionyl chloriie had
been distilled off, the residue was poured into water and



extracted with chloreform. Kemoval of the solvent yielded an
evil saelling black tar which was rejected.

Varying the reaction time either yielded unreacted
atarting materisl (short times) or similar intractable tars to
that alresdy described.

The use of other chlorinating agents, e.g., phosphorus
oxychloride or phosphorus pentachloride and various inert
solvents, did not prevent production of the tars,

The pyridone (3,25 g.), diethyl acetonedicarboxylate
(2402 g.) and isoquinoline (1,29 g«) were heated togetier at 180°

for 2.5 hours, The mixture wes cooled and poured into 200 ml.
acotone and this solution into 500 ml. water acidified with dilute
sulphuric scid, ixtraction with chloroform and removal of the
solvent yieldoed only unreacted pyridone, (1.2 ge)s

A sdmilar experiment but using diethyl oxaloscetate (1.9 g.)
instead of diethyl acetonedicarboxylate also ylelded only unreacted
yyridone.

The use of sodium ethoxide as catalyst and dimethyl

formamide, or ethanol, as solvent gave a similar result in both



Ethyl Mm-&uwl-a-wm-hmhu (249 go)s
srepared by Rrrera’s methods’ was dissolved in ethanol (20 ml.)
and added to o solution of potassium ethoxide (0.6 ge') in ethancl
(60 ml,) After atirring for 30 minutes, diethyl ethoxymethylene-
malonate (3.5 ge) was added and the mixture was stirred and refluxed
for & hours. On pouring into water and acidification of the
suspension, unreacted pyridone (2.0 g.) was the sole produet.

An experiment using the ssme guantities of pyridone and
malonate, but heating them with isoguinoline (2.0 ge.) for 2 hours
at 1802 also gave starting material on working up the reaction

nixture,

similar experiments using 3,5=dicyano=G-methyle2-
nﬂ.denm (1.7 ge) also led to recovery of the starting materials,
ss did s preparation attempted with 2-ghloro=3,j-dicysno-Gemethyl-

Cyanoacetamide (0,84 go) and diethyl acetonedioxalate
(2,58 go) in ethanol (40 ml.) containing sodium ethoxide (0.23 ge¥a)
were refluxed together for 1 hour. The deep red sclution was then
cocled, poured into water (150 ml.) and acidified with dilute
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sulphurie acid, Extraction with ehloroform yielded only
unreacted diethyl acetonedioxalate on removal of the solvent.

The experiment was repeated using potassium carbonate
(1s% go) and pipendine (2 ml,) as catalysts, and with varying
times of reaction, but only unreacted ester was recovered from
these attempted preparations,

40

The use of ethyl mn‘ or malonamide in pluce of

cyanoacetamide also led to recovery of starting material.

Diethyl /3 ~aminoglutaconate (4,04 g.) was dissolved in
ethanol (25 ml.) containing sodium (0.5 ge) end the sclution

cooled to 0  Keeping the temperature 5 and stirring continuous-
1y, ethyl ethoxymethylenecysnoacetate (3.4 g.) was added during 15
minutes, Stirring was continued for 45 minutes at room temper-
ature and by then an orange solid hed started to precipitate, The
reaction mixture wes poured into water (100 ml.) containing dilute
sulphuric acid (15 ml.) where a red, oily precipitate appeared.
Filtration snd recrystallisation of this precipitate from petrol
ether/ethyl acetate gave pale yellow fibrous needles, mep. 88-9°
(500 mge)e

V. 3400, 3200 oms (Wit streton) , 1740, 1700, 1650 cas' (C = 0)

.)&-329.276“218%.
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Analysis: Found: C155.8, H36.3, N38ePe
01,l2°l106 requires: C155.6, H36.1, 38,76

A little (50 mg.) of the red hydrate cbtained in methylation
attompts, etc., on compound (XLV11) was isolated from the mother

ligquors of this preparation.

Diethyl glutaconate (1.55 ge), prepared by two ntlwll}h

(nedther of which was vory satisfactory) was added to dimethyl
formamide (20 al,)containing dry sodium ethoxide (0,68 g.) and
2=chloropyridine (1.1 go) and the solution wes refluxed for 30
minutes, Vhen cool, the red ulut;m was poured into water snd
seidified (diluté sulphuric weid) but no precipitate was obtained.
Pxtraction with stlorofors yielded a smsll amount of red oil which
wun-m'otmm.mmummo. . No
erystaelline product could be isolated from this oil,

Similar experiments with longer reaction times were equally
unsuccessful , nor did substitution of ethanol as solvent have any

effect,

Malononitrile (6.6 g.) was added to a solution of sodiunm
(23 go) in ethanol (100 uls)s  Keeping the temperature below Of
ethoxymethylenemalononitrile (12.4 g.) was added in 15 minutes and
mmumi.pmtdmmmuzmw:ormm
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stage. Yield 12.0 g

This compound wes prepared by the method of Little et alia’’
which consisted of treating the previous product, dissolved in
acetone, with snhydrous hydrogen chloride. lecrystallisation

from acetone gave the required compound (7_.0 ge)y Bubliming 2009

The pyridine derivetive (1,8 g.) was added to a solution of
sodium ethoxide (0,25 geNa) in ethamol (50 ml.) and the lee=cold
suspension was stirred while diethyl glutaconate (1.9 g.) was added
dropwise, The mixture was then stirred for 30 minutes at room
teaperature, refluxed for 30 minutes, cooled and poured into water
(200 ml.) and the solution was scidified with hydrochloric acide A
yellow precipitate (fluorescent in ultraviolet light) seperated and
was filtered off and recrystallised from ethanol to give yellow
needles, @epes 2157 s (ut.”u.p. Geethoxy deriv, = 223-°.)

-\2" = 3400, 3300 cue ! (wn, streten), 2220 cas! (C=N) 1660 ems (C =07)

,;\,-592.saomm)u..

Analysis Found: G157, Hi1346, %116,
c16H16'5°“ roquim: 0156.0. H13.9, N:17.0.

All other atteupts to effect reaction be .een the starting materials,

using longer periods of reflux, different solvents, etc., failed.



- %9 -

Compound (LXV111) (700 mg.) was dissolved in tetrahydrofuran
(100 ml.) and the solution was saturated with hydrogen chloride.
“hen cool, 1.1 equivalents of isosmylnitrite were added to the
colourless suspension and a pale brown colour developed in the
suspension. After standing for 18 hours at room temperature the
precipitate vas filtered off and found to be unreacted uhrﬂ.n;
material. Varying the reaction time had no effect.

Attempts to diazotise compound (LXV111) (500 mg.) in
conc. hydrochloric acid (3 ml.) and tetrahydrofuran (100 ml.), by
the addition of sodium nitrite (200 mg.) in water (2 ml.) to the
ice-cold solution, also led to recovery of starting material,

Z2y6=Diaminopyridine (17o~ ge) was added cautiously to 60%
hydrogen bromide (120 ml.) with continuous stirring and to this
mixture bromine (48 ml.) was then slowly added, A dirty orange
perbromide separated out and the mixture vas cooled to OF on an
ice/salt mixture.,  Keeping the temporature at or below 0° snd
stirring continuously, a solution of sodium nitrite (55 g.) in
vater (80 ml,) was sdded dropvdse, A large asount of bremine
and hydrogen bromide fumes were relessed towards the end of the
addition and, after the fumes had subsided, sodius hydroxide (120 g.)
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in water (400 ml.) was added while maintaining the temperature
of the mixture below 25,  This addition coused considersble
frothing snd more fumes were relessed, The light brown
precipitate which was formed was filtered off and recrystallised
from ethanol to give pale cream necdles, Mep. 103=4° (22,0 go)s
(1it, mepe 2,6-dibromopyridine - 118-9 ),

Apalysis Found: C115.4, R10.6, N335, Bri50.6.
c’ll’l Bra requires: C121.1, H1l.2, 35,9, Bri167.5,.
c,nzn Br’ requires: C119,0, H10,6, Nab b,  Bri76,0,
05! N Br, requires: C11%5.2, H10.3, N33.8, Br:81,0,

A solution of phenyliithium (prepared from lithium (0.3 g.),
bromobensene (3.36 g.) and ether (20 ml.))was cooled to =55° and the
foregoing product (4.8 g.) in ether (50 ml.) was added during 10
sinutes with stirring at =55  Sthyl laevulinate (3.0 g.) in
ether (10 ml,) was added dropwise during 20 minutes and the red
colour was slowly discharged during the addition.  Stirring, at
-”’. was continued for a further 20 minutes before the amixture was '
poured on ice and extrscted with ether, Gtarting material (2.0 g.)
was recovered but nc other product could be isolated,

Similar experiments using n-butyllithius, or higher
tesperatures of reaction also yielded only unreacted starting
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material,

Attempts 10 resst dlethyl sodioacetonedicarbonylatd '>?0
with the same starting material in tetralin/dimethyl formsmide
(941) resulted only in the forsation of tare from which a little
starting material was again isclated,

Cysnoacetamide (1.7 g.) was added %o a solution of sodium

(05 go) in ethanol (20 ml),  The suspension was cooled on ice

and stirred while ethyl ethoxymethylenecysnoacetate (3.4 ge) was
added, After further stirring for 10 minutes at room temperature,
the yellow mixture was poured into water (100 ml.) containing dilute
sulphuric acid (10 ml.) and the precipitate wes filtered off and
recrystallised from sthancl to give pale yellow needles, m.pe206°
(40 go) (subliming > 220° and decomposing at m.p.) of ethyl
fesmino=3=cyano-2=pyridone=S-carboxylata, (LXX11),

.2 = 3330, 3230 can (w2, stretech), 2220 cuy ! (CEN)y 1700,

1680 “:1 (C = 0)s

Analysis: Found: C152,3,  HikP,  N120,1,
091911’0’ requires: C152,2, Hib b, Nt20e3s

& 576 el

The compound (1.0 ge) was treated under reflux for 75
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ninutea with ethanol (50 ml,), which had been saturated with
anhydrous hydrogen chloride, cooled and poured into water, and the
colourless precipitate was filtared off and recrystalliised from
glaciel mcetic acid to give needles, mep. 307-9°, (subliming> 215°).

m Found: 0351.}’ | 58’0.'0. NIZU.“-
c,nenzo,. requires: C152.0, H13.8, Ne13.b.
cgnwa,o, reguires: C1h5.0, Heh,2, K317:5

Acetonylene~bis~pyridinium bromide' > (11,1 go) was added
to methanol (150 ml,) containing scrylamide (4,2C ge). dhile the
mixture was stirred, sodius hydroxide (2.5 g.) in ethanol (30 ml.)
was added dropwise, The bromide slowly dissclved to give a deep
red solution from which sodium broside was preciditated, After 30
minutes the solution was acidified with scetic seid and poured into
water, Extraction with chloroform yielded only unrescted
acrylamide, lieating the alkaline solution to reflux before
acidification and extraction slsc failed to yleld a product, as did
the use of potassium as catalyst.

Ropoq;uiu of this experiment using ethyl acrylate,
acrylonitrile or ethyl “’“.“‘“ as the unsaturated compoment, and
ammonia in ethanol or asmonium scetate in acetic acid us catalysts,
led either to the formation of untractable red olls or to recovery
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of the unsaturated starting materials,

Pbensylideneacetone "' (5:75 ge)y I-(carbothoxymethyl)-
pyridinium m"” (6415 go), ammonium scetate (16,5 ge) and
glacial acetic acid (20 ml,) were refluxed together for 2.5 hours,
cooled and poured into water where a yellow solid was precipitated,
After filtration, recrystallisation from ethamol gave yellow
nesdles, mepe 217+9°(4.0 go) of Gestyryl-bephonyle2epyridone,

-\2' = 1655 u:‘ (C = 0), 9720 el.“‘ (Trans. double bond).

Qox(1084€) = 365 (4:36), 278 (h,59), 235 (4oh3) and 227 (h.40) mu .

Analysis Found: C183.6, H15.8, M1k, 9,
01931,l0 m‘liml 0183.5. Hts.s' "',.10

Hepetition of this preparation with twice the quantity of
the pyridinium salt led to the isolation of the same product.

Atteupts to couple this pyridone with a further molecule
of the pyridinium salt, using the potassius hydroxide,/methanol
meothod described in the previous experiment, led to a guantitative
recovery of the pyridone,

/8 =nloroproptony) ehloride™"® (32,25 g.) vas added to
suspension of finely powdered aluminium chloride (44,5 g.) in
methylene chloride (150 ml.). The sclution was then decanted,
via a glass wool filter, into the reaction vessel which vas gooled
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on & freezing mixture.  Dry nitrogen was passed through the
sixture at «10°, followed by dry ethylene.  Fassage of the
ethylene was continued until absorption had ceased, keeping the
resction mixture below =5°.,  On pouring the resction mixture
on to ice and drying the organic layer, dichlorodiethyl ketone
(13 go)y bepe 4° at 2.5 mm,, was isolated after removal of the
solvent.

kLY

Dichlorodiethyl ketone (1,55 g.) and 1~(aminocarbonyle
mothyl)-pyridiniun chloride'’> (3.4b g.) vere mixed together in
‘methanol (30 ml.) end a solution of potassium hydroxide (24 go)
in methanol (30 ml,) added dropwise to the mixture. ['ot. chloride
was precipitated and a yellow colour had developed in the mixture
after addition of 15 ml. of the alkaline solution. hAddition of
the remainder of the alkaline solution caused the reaction mixture
to become deep red in colour.  Un filtering off the potassium
¢ci.loride, rouring the filtrate ilnto water, acidifying the solution
with dilute sulphuric scid and extrocting with ether, ao product
was isolated, Repetition of the experiment with heating of the
alkaline sclution, before working up, for varying periods of tise
led only to the isclation of intractable red oils which could not
be purified by chromatography on neutralised alumina, nor could
they be induced to crystallise.



- 155 =

In a typlcal experiment othyl cinnamoyl agetate' > (2,18 g.)
and 1=(aminocarbonyluethyl)=pyridiniua chloride (1.72 g.) vere sdded
to methandl (20 ml.),  Sodium hydroxide W (10 ml.) was added drop-
uuudu-wm.tmnmummﬁm&.m

. was acldified with acetic acid (10 ml.). Distillation of the

mixture yielded a small smount of sticky solid which, on treatuent
with a little water, followed Ly trituration with ethanol, solidified
and wvas shown to be unreacted ester. No other product cculd be
isolated from this reaction, nor from reactions using asmonium
acetate in agetic acid, sodium ethoxide or potassium hydroxide as
catalysta, with or without heating of the mug mixture, Attempts
to induce Michael addition between ethyl cinnamoylacetate and
cyanoacotamide, using sodium ethoxide or pipendine im ethancl as

catalysts, were also guite unsuccessful,

Freshly distilled &-o&yl-miwuau (24 go) wao
sdded to sodium ethoxide (0.5 ge) inethanol (10 ml.) and to this
solution was added 1=(carbethoxymethyl)-pyridinium bromide (5.0 ge)e
After refluxing for 1 hour, the violet sclution was cooled and the
solvent ad unreacted vinylpyridine were removed by distillation.
Acidification with dilute hydrochlorde seid and extraction with
ether to remove any acidic residues was fullowed by basification
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(sodium hydroxide) ond re-extraction with ether, to give & yellow
oil, The oil was purified by passage down & colusn of neutral
slusina (solvent = ether) but although it showed tie presence of
on ethoxycarbonyl group (infrared), exsmination of the oil in a
gas/1iguid chromatography unit showed that it contained three
componenta, The total yleld of purified oil was 700 ag.

lio product whateoever could be isclated from similar
reactions, using 2-vinylpyridine, and only minute amounts of tar
from 2-vinyl or Gemethyl=2=vinylpyridine and the pyridinium salt,
using other catalysts such as mmmonium scotate/ucetic scid, ete.

Repetition of these reactions using sodium sthoxide ae

catalyst and 1=(bis-ethoxycarbonyl)-methyl-pyridinius pommol"".
gave only minute amounts of sticky material (~20 mg.) which were

considered too small to work up.

2-Vinylpyridine (21.0 ge) in carbon tetrachloride (hO mle)
was added slowly, with stirring, to bromine (10.0 ml.) in carben
tetrachloride (50 ml.), cooled on ice. tfter stirring for 5
minutes the solution was decanted from s sticky, insoluble, by-
product and.the carbon tetrachloride was removed "in vacuo” to
give the dibromo derivative, This coupound was then added drop~
vise to a refluxing solution of potassium hydroxide (40 g.) in
ethanol (200 ml.)  After 3 hours reflux the sclution was cooled
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and poured into water (200 ml.). Txtraction with ether, and

fracticnation of tie residual oil st 9 mm., gave 2« -sthoxy=

vinylpyridine, Bepes 116=8° (20,2 go)o

Diethyl malonate (2.0 g.) was mixed with b/qw
vinylpyridine (1.0 g.) in glacial acetic acid (10 ml.).  Com=
centrated hydrochloric acid (1 drop) was added and the solution
was refluxed for 5 minutes before being poured into water.
Extraction with chloroform yielded only a minute smount of a
sticky oil which could mot be erystallisced. lepetition of the

experiment with longer reasction times yielded similar oils.

Cyancucetyl chloruo‘so (1.2 go) in acetone (10 ml,) was

added to 2-/-0&0@11&11%&50 (17 g+) in acetone (20 ml.)

and triethylamine (3 ml.) was then added to the ige-cold sclution,
A white precipitate was thrown out but warming to 60° produced no
further visible resction. After refluxing the suspension for

1 hour, it was poursd into water, acidified with dilute hydrochleric
acid and extragted with chloroform. The extract ylelded a dark
sticky solid (500 mg.) which could not be purified by chromatography
on alumine.



2-Chlorosethyl-G-sethylpyridine hydrochloride>'® (33,0 g.)
vas added slowly to a stirred solution of sodium ethoxide (8,5 g.ia)
in the minimus of alechol containing ethyl -methylacetoacetate
(2646 go) at 0°, After the addition wam complote the solution was
stirred for 10 minutes at room temperature, then refluxed for 10
minutes, cocled and poured into water (200 ml.).  Acidification
with dilute sulphurie secid and extraction with ether was fcllowed by
basification with sodium carbonats.  He-extraction of this
alkaline solution with ether gave a colourless liquid from whieh
two fractions were obtained,

Iraction 1t  beps 134=40° at 9 ms. (8.0 g.) gave a pierate,
Beps 152+4° (othanol).

N\L(uqm) . 1730,1710 cua’ (C = 0),1990, 1580 ems' (pyridine ring).

inslysis (plerate) Tound:  Cib3.by  Hib,5,  Hith.9,
czondl,.om requires: C350e3, Hib b, l un1.§.

Ersction 2t  bep. 154=58° at 9 mm. (10,0 g.) gave a picrate,
MePe 1M° (ethanol).

“.),(on) » 17%0,1715 om,”" (C = 041590, 1580 em.”™" (syridine ring).

Analysis (plerate) Found: Cth5,1, H13.6, H115.6,
0203223&010 requires: G503 Bg“.“‘ N311.8.
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Diethyl malonate (32.2 ge) was dissolved in ethanol

(200 ml.) conteining sodium ethoxide (9.2 geVa) and to this
solution, at 0°, was added 2-chloromethyl-6-methylpyridine
hydrochloride (35.6 ge), with atirring, Ctirring was

continued for 30 minutes at room temperature and the alxture

was then refluxed for 1 hour, poured into water, acidified and
extracted, as in the previous experiment, made basic with sodium
carbonate and re-extracted with ether. This ether extract, om
distillation, aloo gave two fractions the second of which appeared
to be the M&M materisl.

Iraction 1t bepe 88-90° at & mms (10,0 go) ves an odd which
appeared to be similar to fraction 1 of the previcus sxperiment and
gave a plorate, mepe 158=60° (ethanol),
.\& = 1750, 1730 cue™ ) (C & 0)41990, 1500 cu™ (pyridine ring).
Anslysis Found: Cih2.7, H3e1, N116.2.
Fraction 2t bepe 130=2° at 0,2 ma. (24,0 go)e This was a yellow
oi) which ylelded a plorate, mep. 98=100° (ethanol).

_\2‘ = 1745 en.”" (broad =(C = 0), 1590, 1580 cms' (pyridine ring).

' m (m““) Found: C'WOOQ ﬂ.“.?. He11.7.
Cmﬁul‘OT‘ mm‘ . C‘“QO' H“'Q,. ""103.
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(0dd). Found: 3365.8' 1171, ”36050

0“3191!0“ requireat Cib3.8, = NH17.2, NtSe3e

The foregoing product (fraction 2, 24,0 g.) was refluxed
with 504 hydrochloric scid (200 ml.) for 6 hours and the sclution
was then evaporated to dryness uader reduced pressure. The last
traces of moisture were removed by aseotropic distillation of the
mixture with benzene and ethanol, to give a pale greea sticky oil
which solidified on the addition of a little acetone, The material
could not be recrystallised but was purified by boliling with acetone
soveral times. (15,0 ge)y ®epe 71=3°,

V = broad pesk 2000 cms' (0N streteh), 1940 cms ' (hydvochloride ?),

max
1730 “:1 (C = 0)e

Analyeis Found:  Cih9.,2, Hib.b,  N16,7, Cl116.%,
09312100261 requires: 1535, 160, N17.0, C1:117.6,

The most satisfactory preparation was the treataent of the
scid hydrochloride from the previous experiment (1.0 go) with thionyl
ehloride {10 ml,) in the cold and allowing the amixture to stund for
20 houra, protected from molsture, Lefore carefully precijdtating
the acid chloride with anhydrous other, (~30 ml.)e A highly
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deliquescent, crystalline solid (8500 mg.) was obtained which waa
rapidly filtered and kept in u dry atmesphere, The infrared
spectrum showed that some acid remained uncomverted to the
chloride,

.;)‘ « 1840 oms! (chloride C = G), 1730 ome! (aodd C = O).

Sefore use, the asolid vwas dissolved in the minimum of anhydrous
methylene chloride and any inscluble matorial was removed by
filtration,.

Attesptas to jrepare the acid chloride free of acid by
heating the solution, using solvents, e.g., benzene or methylene
chloride, or varying the chlorinating agent, led to the production
of tars or smaller yields of the mixture, Larger scale preparations
also led to smaller ylelds of product which contained more unreacted

aecld,

The scid chloride hydrochloride (4.5 g.), disasclved in
dry methylene chloride (150 ml.), was treated dropwise with an ice-
cold etheroal solution of diasomethane (125 ml. containing 0,230 ge
diazomethane in 10 ml, ether) while stirring the solution and
keeping the temperature at or below =~ 5'. Stirring was continued
for 30 sinutes at room temperature and the mixture was allowed %o
stand for 30 minutes at room temperature, Removal of the ether
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“in vacuo" ylelded a yellow oll which was purified by chroma-
tography on deactivated sluaina and the fractions were examined by
infrared spectroscopy. The fraction sluted with pure ether
contained the diasoketone but was contaminated with some mothyl
eater which could not be separated from it by further chromatography.
The purified odl (159 g.) was used in the next atage.

_\L = 2120 cne! (=CHulinll), 1740 cms’ (ester C « 0), 1710 oms'
(diazoketone C = Q).

The product from the previous experiment (1.9 g.) was
dissolved in ether (10 ml.) and methylene chloride (5 ml.) and dry

ethereal hydrogen chloride (2.9 =ul. containing 0.124 g. hydrogen
chloride/ml.) wns added dropwise to the ice-cold solution. A brisk

effervescaonce was cbserved and a dark brown oll was precipitated.
demoval of the solveant gave a reddish brown viscous oil vwhich was
taken up in wethyleme chloride (25 ml.) and refluxed for 30 minutes.
iemoval of the solvent again gave no erystalline product. The
residue vas dissolved in water (100 aml.) and extracted with
chloroform (3 50 ml,) but again the initial product was recovered
from the aguecus phese and no product from the extract. i
crystalline perchlorate could not be obtained. Finally, chroma=
tography of the product on an ion-exchange resin (Leo=Karb 225 - Jil



- 163 -

cross=linked), using phosphotungstic acid to detect any separation,
led to elution of only one product which appesred to be the methyl
ester hydrochloride from exanination of its infrared spectrum.

M.n%Chyl-a.-th (300 ge) was refluxed with
484 hydrogem bromide (200 ml,) for 40 minutes, cocled on ice,
neutralised with 6V, sodium hydroxide and extracted with a large
voluse of ether (800 ml.). Hesoval of the other gave a pale
yellow oil (34,0 ge) which polymerised slowly at room teuperature,
A picrate was obtained, and recrystallised from ethanol to give

plates, mep. 161-2°,

Anslysis (piecrate) Foundt Ct e u1 Brs
C1~l13'~063l requires: Cth0.7, Hi1deRy, N113.6, Bri19.d4,

l‘houthdmﬂuducrlhdnm}u To a well

stirred suspension of msgnesium (8.3 ge) in dry ether (40 al,), in
an atsosphere of nitrogen, was added the bromide (34,0 g.) obtained
in the previcus experiment and othyl bromide (18.5 g.) dissolved in
"dry ether (250 ml.).  Formation of the Grignard reagent commenced
almost ut once and the addition was continued at a rate sufficient
to keep the ether refluxing. Heflux was continued for a further
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hour after the addition was compiete and the solution was then
cooled on dee.  Anhydrous caduium chloride (31.5 ge) vas added
amwmmmwommanma.unnwum
a nogative Gilsan test'’' wes obtained (~ 1 hour),  The other
was then distilled rapidly fros the mixture until distillation
become slov and stirring difficult, mw(1aon.)m
added and the distillation was repeated,  Finally dry benzene
(120 ml.) was sdded snd the mixture was vigorously stirred and
refluxed for 30 minutes, Chloroacetyl chloride (15.5 g.) in
bensens (50 ml.) was sdded se quickly ss possible. A vigorous
resction was cbserved on this addition (no external heating) snd
stirring and refluxing vas continued for a further 30 minutes.
Tee and dilute sulphuric acid were added snd the agueocus phase
was separated and extracted with M. The bensene extracts
were combined with the originsl benzene phase snd washed with
sodium carbonate solution (5.), water, and a saturated solution
of sodius chloride.  On removal of the solvent only a stioky,
black, intractable tar was obtained.
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