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SYNTHETIC APPROACHAS TO THE
COLCHICINZ IIOLECULE.




Introduction.

Colehicine is arn alkaloid found in the seeds and
corms of the autuun crocus (Colchicum sutuunsgle; . It
was AGilscovered first by Pelletier and Caventoul} in 1819
but remained practically uninvestigated for many years
until Zeisel®) isolated it in & pure state and undertook
researches into its structure. Colchicine is obteained
commercially =8 = yellow vernish mep. 1+3-147° 22ad can be
orystallised from chloroforu as au additive cowpound with
two wmolecules of chloroform. Colchicine has the formula
CooHogOpN .

Colchiceine, Clezgoeﬂ, has also been isolated from
the autumn crocus by Oberlin5) but Zeisel sgys it probably
arises by hydrolysis of colchicine during the isolation of
the alkaloid.

Clewer, Green and Putin®) nave found that colchicine
also occurs in Gloriosa superba. By ecrystallising from
ethyl acetate they found that it hed m.p. 155-157°. These
workers isolated at the same time two other alksloids, one,
C15H1704l or CysHpgOgll,, leaflets m.pe 177-178°, the other,
CoulonOcN, needles mep. 276° which may be a methyl colchi-

¢cine.

2)

Zeisel‘ obtained an insight into the structure of
colchicine by a study of the effects of various conditions

of saponification. By heating it with 0.5% HC1l a methyl



group i1s hydrolysed off giving colchiceine, colourless
leaflets m.p. 177°.
212050 (0CHg) + Hy0 —> CpyHg,0.(0H) + CH,OH
Colchicine is an almost neutrsl compound, colchiceine
behaves as a weak acid.
Saponification of colchiceine with stronger HC1 (15%)
causes the removal of an ascetyl group with the formation
of a compound, trimethylceolchicinic acid, which forms salts
with both bases and acids. Thus an acetamido compound has
been hydrolysed to an amine, which Zeisel has shown to be
primary by exhaustive wmethylation.
Cq9Hyg04( 0H) (IFHCOCH) + Ho0 —» Gy gHy g0y (OH) (NH,) + CHzCOOH
Colchiceine Trimethylcolchicinic acid.
By boiling trimethylcolchicinic acid with concentrated
HI three molecules of methyl iodide are given off. This
shows that trimethylcolchicinic acid contains three methoxyl
groups. The formule for colchicine can now be represented
as follows:-
(CHZO) Cc..H

371679
Zeisel found that colchicine with slcoholic ammonia

O(OCHﬁ)(HHCOCHz).

loses a molecule of ieQOH to give the compound

Cy

hydrolysis with caustic soda.

(1 1 i icai monis
132205A(HH2} which gives colchiceine and ammonia on

Having accounted for five of the six oxygen atoms in

colechicine, four in methoxyl groups and one in an acetyl
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group, Zeisel dssigned the sixth oxygen atom to a carboxyl
'group and thus called colchicine the methyl ester of an
“acid, oolchiceiné‘being the free acid. 4dccording to
Zeisel the formule for colchicine could be written thus:-
—--COOCH5

(CH,0),C, Hg }—-NHCOCHS
This formula would account for the ready saponification of
colchicine with dilute HC1l and for the formation of the
above mentioned compound with ammonia which may be regarded
as the amide of the acid colchiceine.

In a series of researches Windaus5) has investigated
the properties of colchicine and its degradation products
and has assigned a complete formuls to the alkaloid.
Windaus points out that colchiceine is not an acid but usy
be an aldo- or a keto-enol. One reason is that it gives
with ferric chloride solution a characteristic colour re-
action, a reaction found with phenols and enols but not
with acids.

Against the poésibility of colchiceine being & phenol
is the ease of saponification of its methyl ether, colchi-
¢cine, a fact which is in accord with the latter being an
enol nethyl ether. An additional fact against the correct=-
ness of Beisel's assumption of an acid group is the behaviour
of trimethylcolechicinic aecid, or as it is sometimes called

desacetylcolchiceine, with acetylating agents.
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Trimethylcolchicinic acid with benzenesulphonyl cnlorids
and pyridine gives a dibenzenesulphonyl derivative waich
gives no ferric chloride colour reaction and which exists
in two stereoisomeric forus. On careful hydrolysis both
forms give the same ii-benzenesulvhonyltrimethylcolchicinic
acid, which gives the ferric chloride reaction. The
formation of cis=-{rans isomers is possible with a hydroxy-
methylene comnound, as has been shown by Wislicenus and
Bindemann6) but not with an acid which should give on
similar treatment a mixed acid anhydride. Accordingly
colcniceine may be formulated as the enol form of o @-di-

ketone or of a (3 -keto-aldehyd: as follows:-

~1HCOCH, -1THCOCH 4
-CO -CO
(CHz0) 5Cq3Hg L or  (CEZ0) 0, H [
?H -C
l
-COH CHOH

Windaus found that colchiceine when boiled with brouine
in acetic acid is oxidised to an acid which he called tri-
bromocolchiceinic acid which no longer contains an enol
groupe As 1t has the same number of carbon atoams as col-
chiceine together with one additional oxygen atom, it can
have arisen only by oxidation of a ~CHO group to a -COOH
group .

O r, —> C ! :
C, i, 05CHO + BBr, —> C_ H,,0.NBr, CO0H + BHBr

From this reaction colchiceine would appear to be a
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(B-Eeto-aldehyde and not a(?-diketone. Another experiment
carried out by Windaus®’) substantistes this view. When
golchiceine is treated with a potassium ioldide-iodine
solution in alkolil a compound i-acetyliodocolchinol is
obtained in which the ~-CHO group is replaced by iodine.
This reaction is in accordance with reports by Claisen7)
and Bruhls) that hydroxymethylene-ketone derivatives like
hydroxymethylene camphor giveox ~halogeno ketones and by
Windaus and Schiele®) that aromatic hydroxy o- and p-alde-
hydes give o- and p~-halogeno phenols.
H~acetyliodocolchinol does not behave as a ketone, it
exnibits all the properties of a phenol and so it would
sppear that colchiceine, frowm which it arises, coantains an
aroustic hydroxy o- or p-aldenyde group, i.e., containc a
phenolic~-0H group. AS has been pointed out, colcnicine,
the methyl ether of colchiceine, behaves as an enol wmethyl
ether rather than a phenol methyl ether. This may be

explained, ftogether with the formation of Li~acetyliodocol=-

chinol as follows:-

CHOH cHO I
(C1,0) ;Cgl, (HHCOCH,, ) = —
o o OH

Another 'similarity between colchiceine and arouatic

nydroxy sldenydes is that with concentrated zcids in



aqueous or alconolic solution colcaniceine and tri.ethyl-
colchicinic scid (desacetylcolchiceine, give deeply coloured

cddition ¢oupounds tich ¢an be idoldfea™n ¢erf il canss, 308,
8+¢5., a sparingly soluble dihydroculoride of triwethylcol-
cnicinic acid can be obtained.

A fact which cannot be accounted for by this otherwise
accoptable formulse for colchicine and its derivetives is
their failure to give reactions with any of the carbonyl
reagents like hydroxylamine or semicarbazide.

Windaus hag elucidated also the carbon skeleton of
colchicine largely by o study of soume products of oxidation
of colchicine and of certain of its {ransforumation products.

Colchicine and its derivatives with hot XInO, all give
b14dsb=trinethoxy-1l:2~phthalic acid, I. If all the
methoxyl groups are dcumethylated before oxidation only
succinic acid and oxalic acid are obtained. If besides the
metnhoxyl grouvs the anino group is also split ofyr from tri-
methylecolchicinic acid and the resulting compound oxidised,
two other =cids are obtained, trimellitic acid, II, and

terephthalic acid, III,

CooH COOH
H
chy0 COOH , CoO
o CooH
o cooH cooH
CH3
— I

T i M



When N-acetyliodocolehinol is comverted into its uethyl
etuner and this compound oxidised with hot »ermanganste, the

etuner and tuis compound oxidised with hot »ernongans:
ddily GULVALLLIY LUWLLC Lo VUC UWUS U Svalblo dlil Lo

ot
r®

as lodoumethoxy-o-pithalic acid wnich can be reduced tfo
4-methoxyphthalic acid. Windaus assuwed that the iodine
was in position 5 end this ascumption has been borne out
by the synthesis of b-iodo-4-metnoxy-l:2-phthalic acia, IV,
by Grewel0),

When l-acetyliodocolchinol methyl ether is reduced
-acetylcolcuinol methyl ether is obtained and the latter,
when oxidised with chromic seid and sulpuuric acia, gives as

moin oxidation product 4-umetnoxyphtunalimide, V.

cooH el
CHJO Ie H3 o \
NH
cooH /
I e
—
pA

—

17

By these experiuments Windaus proved the existence of
three separate six wmeuwbered rings in colcunicine or its
derivatives. One ring contains three vicinal umethoxyl
groups. A second ring in Li-acetylcolchinol methyl etner
contaeing one wmethoxyl Zroun. Phig ring is the ome viich
contains the hydiroxymethylene-ketone grouping in colcuicecine.

The third ring present in colcuicine is the one which gives



rise to trimellitic acid on oxmidation and the one vo which
the I atom is attached. Ly obtaining tue coadound <L-meth-
oxypnthelimide, V, it was shown that the smino group is
attached to the X ~-carbon atoin to the ring containing the
one méthoxyl group in ii-~acetylcolcninol methyl ether.

At this stage the structure of U-acetylcolchinol methyl
ether, which is the sim)lest degradation product of col-

chicine so far consid:ored, may be built up as Lollows:-

CH_;O Nn Cocff_’ OC/-_/;
CH3z0

(]

CH3
(CH50)5C6H5 C6H5HHCOCH5' 06H5OCH5

-~acetylcolchinol methyl ether has the formula
(OHZO)éclﬁﬂg( ¢oQ HZ} while the three separate portions

of the molecule repregented above add up to

1T 3\ - 5 i~y
(CH,, 0)4018 15(HLCOCH5,. The only arrangement of rings
which will satisfy the given formula is a fused ring structure
of the anthracene or phenanthrene type, 014H10 A structure

of this type still leaves one C atom and four H sgtoms to be
accounted for. These can be accommodated by regarding
i~acetylcolchinol methyl ether as a methyldihydroanthracene

or methyldihydrophenanthrene derivative. This methyl group



connot be attached to either of the two rings containing
methoxyl groupns as on oxidaotion no wmethyl derivetives of
metnoxyleted phthelic ccids were obtained. On the other
hend trimellitic acid was obteined and nust have arisen
from the third ring to which the methyl group is attached.

ZeiselZ) has sﬂ&wn that colchicine, ¢ H 0O I, con-

22 2b 6

tains & reactive methylene group, >»CHy, as on oxidction
with chromic acid it mives a ketone, C,H,,0,1, which is
detectable with ketonic reagents.

The following Tformulae 211 satisfy the facts enumerate

Pl

g0 fer Tfor i~acetylcolchinol methyl ether.

Ch, . NHCOCH > i yHeoeHs
<o \ <H30
oct ock,
eHyo / C'H30
o HZ HJ_
CH3
VL Vit
Vi Vit
CH,
s kg Hy
o o c s
Vo, 6° NHCOCH,
3
CHBO %o
g
Ocy,
Vil — 3

d
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Windaus, by a study of the products of oxidation of
anothecr colcuicine Jerlv tive, decided whnich of the obove

e N ~ C meren ¢
structurss was

Q
(e}
3

rect. He obtoined by careful oxidation

0f H-benzoyltrimethylcolchicinie acid, C, two con-

262595

nounds wnhich he called H-benzoylcolchide, ”2,23Q06*,

l-benzoylcolchinic anhydride, CozisyOpile These comhounds

and

give no colour with ferric chloride solution and so no

longer have the characteristic hydroxymetihylene grouning of
colchiceine. Windaus hss shown that Ii-benzoylcolchide is

a lactone of a primary alcohol and on dry distillation it
loges benzanide to give & compound CqgHya05- WJindaus con-
cludes that this is & trimethoxymethylnaphthalene derive-
tive and IT-benzoylcolciide is accordingly a li-benzoyldihydro-
nethylnarnthalene derivative which may be repre ted by
formula X. -benzoylcolchinic anhydride corresnonds to

thig formula excent that the >CHs of the lactone ring is

replaced by »CO.

~WVHCO €y Hy "'/VHCOL“HS
(cH,0) ~ —CHy ﬁ%d T CHy
3%/3 ] ‘ 3
N —cH, — Coon
C/ng, _C/\O € H5 - Coopn

Ra¥
When I-benzoylcolchiric anhydride is reduced wit
dust and scetic acid, a tetrohydronsphthalene derivative,
Conlor0pll, i obtained which may be repnresented by formulae
~es L«58

&L e This comnound, when treated with concentrated HI,
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loseg D molecules oif methyl iodide, 1 molscule ol oter

end 1 olecule of C0., Ziviny on onhydrids, O, -1
. - 7 ' 719

P
Q
H
o
]
~
.

0f the phenolic 0Z zgroups snd the rewulining -2001
As has been shown by Sachsll’/ this anhydride formation in

the -C00:

Hia

naphthalenes can only occur if the 0Z groun and
group sre in the peri pogsition.. Thug the formule for the

snhydride, 019317053, can be expressed by AIT.

Ho - NHCOQH_;-

By the formation of this coumpound two importent Dointe
are settled: a) Ii-benzoylcolchicinic acid (and consequent-
1y colchnicine and its transforuation nroducts) frowm wnich
the enhydride was formeld mwst be & phenanturene ond not an
snthracene derivetive as the -CO0H group formed by oxida-
tion of the third ring is in the o< positioﬁ in the neohtha~
lene derivative. D) The »osition of the three vicinsl

methoxyl groups in the original coupound is established,

(e}

i.e., in nositions 2:2:4 of the phenanthrene ring.
(o]

have the phoen-

[ 6]

Since colcuiicine and its derivotive

onthirene structure, the two Zormulae VI end VII, described



e
e
o]
<
[e]
a

for ll=zcetylcoleninol wmethyl ether, wihilch contcoclin an

4a

spluracene ring are ruled out. dormule IX czn also be

excluded as it nas the metuoxyl sroude in Hositions 1:2:3-

instead of the reguired positions 2:3:4-. Thus the Toraula
for N~acetylcolchinol methyl ether is ziven by structurs

VIII. The position of the fourth methoxyl group is either

H,

at 6 or 7, no decision being obtainsble from the product o

oxidation, 4-uethoxy-l:2-nuthalic acid.

The formule for colcniceine, from wnich N-scetylcolcoil-
nol metnyl ether is obtained by replacement of o ~-CHO group

1. -

by iodine, followed by reduction and subseguent wetuylation

by iodine, followed by reduction gnd subsegueni umethylation

Hy
<Ho CHs
NII(OCf/3
[4 H30
CO
s
CHO
OH

This is usually expressed in the form of the right hend
formula, i.e., 1o the nydroxyunethylene-ketone form as unas
been discussed sarlier. The substituents in positions ©
and 7 moy recgulre to be interchanged as the position ol the
methoxyl grou, in kl~scetylcolchinol metuhyl ether has uot

been fixed.

-

Colchicine ig the methyl ether of colchiceine and

Windaus has assigned it formula XIV with the usual reserva-
tion about the position of the substituents in the third ring.
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HCOC A
P NHCOCH, . v
s % W
z
CHyo
<,
)] 80
EHy o
CH}
Ch!oa,z>
o XV
% AV 5
NIV
Yo Hh
CH30 CH3 ’ s
'3
NHCOC . CHy0 NHCOC H, -
Hy 0 o
f" =0 0 -
3 CHy, ™ © CHy o:C—O
v
T ST
Ha o
eH CHy CHy
re)
3 NHCOCH; ens0 N HcocH,
CHy0 Chyo
o] O
cH {3 CH5
L CHoc Hy
o xix
puS e —_—

The Structural formulee foxr fLive other compounds related
to colechicine which heave been mentioned earlier are given
above. Trimethylcolchicinic acid or desacetylcolcuiceine
has formula XV. W-benzoylcolcuide, obteined by oxidation
of N-benzoyltrimetuylcolcunicinic zcid, which was expressed
gariier by structure X, is expresged more fully now by
formula XVI. l-benzoylcolchinic enhydride ig given
structure XVII. formule XVIII ig given to N-acetyliodo~-

colchinol methyl ether, but the substituents in powsitions 6



and 7 wmay reyulre to be interchsnged. The oxycolchicine
obtained by Zeisel®/ by oxldation of colchicine with chromic
acid is assigned the structure LIX.

Windaaslz)

in later work confirmed the »henanthrene ring
system in colchicine by a method which did not involve oxida-
tion as used in earlier researches. He hydrolysed l-acetyl-
colcohinol methyl ether, VIII, to colehinol methyl ether, IX,
and then exhaustively nethylated this compound to a nitrogen
free comsound which he called 2:3:4:6- (or 7-) tetramethoxy-
9-methylphenanthrene, XXI. This compound was demethylated
with HI. Without isoleting the product of demetuylation
Windads carried out a zinc dust distillation when & hydro-
carbon, CygHyy, W.D- 89°%, was obtasined. This he ocalled
9-methylphenanthrene, XXII. As 9=-nethylphenanthrene was
unknown at thet tiue Windaaslz) gsynthesiged it and so con~-
firmed the structure of the hydroocarbon obtained Iroum col-

chinol methyl ether,

#a CHy = CHy
cH;0 7 I NHx cHz0
cH;0 N\ CHy0
c% <%
~/)o ‘ v vy ‘/)OCHS
<4 KK/
e
KX -
" CHS
Vi
/-\
KK




15.

Windsus by his peinstalking researches hes assizned a
foruula to colchicine which satisfies practicelly all the
mown facts concerning the behaviour ol the alksloid and
its related »products. This formule established by Windaus
is that still generally accevted; most of the suall amount
0f work published sincé 1924 on the chemistry of colcuicine
with one or two excentions confirus the Windasus structure.

As has been mentioned earlier, the assunption nade by
Windaus that the iodomethoxyoshthalic acid obtained from the
oxidation of K-acetyliodocolchiinol methyl ether, XVIII, is
4-methoxy-5-iodo-l:Z-phthalic acid, has been borne out by
the synthesis wore recently of this coumpound by GrewelOi,
Bursianlé) by a study of the ultra-violet absorption spectra
of colcuicine end colchiceine in cunloroform solution has
confirmed the presence of o hydroxymethylene-ketone structure
in ring % in both colchicine and colchiceine (which have very
similar spectra). On the other hand, the ultra violet
adgorption spectra of colchiceine in dilute ammoniuwm hydrox-
ide solution differs in certsin rcspects frow that of col=-
chicine in the same solution and appears to indicate the
presence of the sromatic hydroxy aldehyde structure in the
foruer. This is in sgreement with the Tormation in alkaline
gsolution of L-acetyliodocolchinol from colchniceine.
1z2)

Windaus reduced colchicine and colciniceine with

hydrogen in presence of Pt black catalyst and obtsined what



16.

he called octahydro derivatives of structure XXIII.

4)

.1 , . . , . -
Bursian &g investigated this reduction and has found
thoet & hexanydro (of structure XZIV) and not an octabydro

derivative is forued.

CHy / CHy
cH4o nHcocH, Cho wHeoCH,
H
c
“ H, N \cm.
&4 T &
e} s “
4, ~H /-{,C\ v \/
{ thog }// Hor
Y - 4 oH \,q
XX/ AXIy

However, there are a few cases in which the behaviour
of colchicine and its derivatives is not in accordence with
the structures assigned them by Windaus.

Bursian'®’ nas reported the fact that colchicine and
colchiceine do not react with maleic enhydride as mizht be
expected with a coupound containing a l:4-diene structure.
Cohnn, Cook and Roelﬁ) have pointed out other respects in

whioh the formula postulated by Windaus does not satisfy.

CH3
<Ho 7 , oH
Cl{so
0
CHy
A,
AKXV
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th
CH_;O CHa
Liinm,
CHy0
o
CHy
/oqé
XX V(i

Colchinol methyl ether, one of the degradation products
of colchicine, should have structure XX which is a 9~amino-
9:10-dihydrophenanthrene derivative, a {ype of coupound
which should readily lose ammonia. This tjpe of behaviour
has been demonstrated in the case of ansglagous pnenanthrene
derivatives synthesised by Windaus and his eo-worker8137’16).
Coren, Cook and Roe, by the action of nitrous acid on col-
chinol methyl ether, have obtained a carbinol which, on the
Windaus postuletion, should have structure XXV. As a ter-
tiaxry darbinol related to 9:10-dihydroshenantlirene this
should readily lose water and pass into the fully arouatic
stats. This is not the cass. These authors point out
that colchinol methyl ether might have structure XXVI with
correspnonding structure for the carbinol. This type of
compound would have unsubstituted H atoms at nositions 9 and
10 and should be dehydrogenated readily, but Cohen, Cook and

Roe found that I-acetylcolchinol methyl ether was recovered
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uncninzed after treatument withh Pt black at 260°. powever,
the stebility of »nolymetnoxydihyoro henanthrenes to de-
nydrogenstion nas not been gtudied.

These authors suggested also the possibility of col-
chinol methyl ether containing a seven wmembered ring,
structure XXVII. The 9-methylphenanthrene which Windaaslz)
obtained from colchinol methyl ether might have arisen,
they state, during the drastic reduction with zinc dust by
e molecular rearrangement of the seven membered ring. ihey
could not, however, distinguish with certainty the primary,
secondary or tertiary nature of the carbinol obtained from
colchinol methyl ether.

Gohen, Cook =nd Roel®) slso studied the ultrs violet
adsorption spectra of N-acetylcolchinol methyl ether and of
this carbinol obtained from the amine. The curves of both
are very similar to that given by 9:10-dihydrophenanthrene

as regards wave length and intensity of adsorption.

Colchicine is a capillary poison and causes Tirst excite-
ment and then paralysis of the centrsl nervous syctem. Col~
chiceine is less toxic than colchicine. EBxtract of the
ciu&e drug, "wine of colchicum', and colchicine (usually as
the salicylafe) are used in medicine for the treatuent of
gout and rheumatism. Colchicine acts in small doses either

as a diurstic or a purgzative; in man 2 mg. being reguired

ES
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for diuresis and 5 mg. for purgative effect. Zlimination
of the alkaloid frowm the kiéneys is very slow and so small
doses not poisonous in theumselves may cause death by a2
cumulative effect within a few days.

During the last ten years colchicine has become of in-
creasing biological importance because of its action on
cells, both plent and animal. In 1908 Dixon and Malden17)
reported that colchicine had a stimulative effect on mitosis.
This belief held until 1984 vwaen Dustint®!, studying its
effect on freely dividing animal cells, found that instead of
increasing mitosis colchicine prevented it. Blakesleelg)
has reported that plants treated with colchicine contain
cells with double the number of chromosomes. On treatment
no visible effect appears in the cells until they reacn the
mitosis stage when chrowmosome division occurs, but chromo-
some separation and cell division are prevented; +the chromo=-
somes doubled in number metamorphose into the nuclear stage
and form a nucleus double in chromosome number and in
volume of the originsal. The earlier belief that colchicine
causes increased mitosis was due to an ascumulation of only
partly divided cells in the treated portion of the tissue
which gave the impression of an increased number of cells.

18 21)

Litszo), Dustin , Amoroso , and others have reported

the inhibition of tumour growth in animel cells on treatment
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with colchicine. Havasgz) has reported a similar effect
on plant tumours. A difficulty in the use of colchicine
for destroying tumours in animsls ig that the effective
dose approaches the iethal dose.

It has been known for a considerable time that the
complete ring system of certain alksloids is not required
for fhe specific biological effect of the alkaloid, e.g5.,
in tne ease 0% Cocaine ond nicotine. More recently it has
been reported that a series of dicyclic compounds, mostly
bis(phenylethyl)amine derivatives, have the specific action
of papaverine and its tetrahydrideZZ).

On the same basis Lettré24) adduces the similar physio-
logical action of colchicine and certein dicyclic compounds
 to support the Windaus structure for the slksloid. Brues

25)

end Cohen have shown that seversl transfoinction products

of colchicine have a similar effect on cell division al-

though none is quite so effective as colshicine. LettréZé}

uses as test object for mitosis poisoning tissue culture of

chicken heart fibroblasts or the ascites ftumour of the mouse.
Lettrd points out that o -phenylmescaline, ZXVIII,

which may be regarded as an open chain analogue of colchi-

cine (Windaus structure) is an effective mitosis poison.
llescaline itself is ineffective as is «-@ -diphenyl-

ethylamine, ZXIX, but cx-phenyl—(3-(p-methoxyphenyl)ethylamine,



XXX, is an effective mitosis poison. p=-ethoxybenz~

-

hydrylamine, XXXI, is without effect on cells.
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Compound, XXXII, whieh may be regarded as an open chzin

anzlogue of the coichinol uethbyl etner of structure, XXVII,

suggested by Cohen, Cook and Roe

miftosis.

15)

Compound XXXIII was prepared by Cook snd Engel

and tested by Dr. Brues of Harvard who reported the

characteristic effect on the liver of a rat, but Lettré

, has no effect on

26)
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obtuined no mitosis noisoning in his test objecte. This
coupound maey be regarded os an open chelin anzlogue of the
alternative structure ZXVI for colchinol methyl ether
suggested by Cohen, Cook and Roel5}.

Lettré concludes thet for mitosis poisoning 2 compound
containing the linkoge & é-ﬁ is required; a benzene ring
gonteining at least one methoxyl group must be attached to
the p—carbon atom to the nitrogern while a benzene ring or
reduced benzene ring (cf. hexahydrocolchicine, XXIV, which
is effective) must be attached to the «-carbon atou.
Compounds ZXXII and XXXIII which are dicyclic comjyounds
corresponding to the tricyclic structures ZXVII and XIVI
suggested by Cohen, Cook and Roe for colchinol methyl ether,
with corresponding structures for colchicine, do not have
this type of linkage and are without effect on cell division.
Qp the other hand, compounds XXVIII and XXX have this type of
linkage and are effective mitosis poisouns. This type of
linkage is found also in the structure, XIV, given by

5),12) ' . .
Windaus to colchicine, which has strong wmitosis »oison-
ing action on cells.

From the sizilarity of physiological action between
colchicine and other substituted <x—(3-diphenylethylamine
structures Lettréd concludes that colchicine has an analagous

tricyelic structure and hereby finds evidence for the
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correctness of the Windsus formule in oreference to the
alternative types of structure suggested by Cohen, Cook
and Roe.

To suamarise, the present position of the colchicine
problen is that the formuls for the alkeloid postulated in
1923 by Windsus has met with supoort and, to a lesser degree,
criticism. It accommnodates most of the facts known so far
eabout the chenmistry of colchicine but at the same time the
following inconsistercies are noteworthy. Colchicine,
colchiceine and trimethylcolchicinic acid, all of which
should contain the carbonyl group, faii to react with car-
bonyl reagents. The apparent stability of colchinol methyl
ether to loss of ammonia and of the carbinol obtained from
it by the action of nitrous acid to dehydration is in con-
trast to the ready conversion of anaelagous dihydrophenan-
threnes to the aromatic state. The appearance ol succinic
aeid as a product of the oxidation of colchicine (after de-
methylation of the methoxyl groups) is inconsistent with the
Windsus structure. Windauslz) has found an explenztion
acceptable to hin in that vanillin also gives succinic acid
on oxidationgv). This howegeﬁ may not be analagous as
vanillin has the linkage -é=é-é=é- but no linkage of two or
more carbon atoms containing unsubatituted H atoms in ad-

jacent positions which might give rise to succinic acid is
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to be found in the Windaus structure for colchicine. The
oxidation of vanillin was carried out by hydrogen peroxide
while that of colcnicine was brought about by potassiunm
permanganate.

In conclusion a reference nmust be made to the field in
which colchicine has become most important, namely, in
botany. As has been reported earlier; treatment of »plants
with colchicine causes a doubling in the number of chrouo-
somes in the cell and with this doubling there offen re-
sults a general change in the plant itself. The mutation
formed by this treatment shows many abnormelities, usually
an increase in growth, often a change in colour and some-
times a hastening in the rate of growth. Extensive re-
sesrch is being carried out at present in all parts of the
world on production of new species of plants by means of
colchicine treatuent, for the production of a species of
wheat which has a few more ears, of a tree a few feet higner
or of a cotfon plant with fibres an inch or so longer could

revolutionlise a national econony.



The Syntheseés.

It has been reported in the introduction thet Cohen,
Cook and Roe15) had pointed out various inconsistencices in

the structure given to colchicine by Windaus5”12),

and

that they had suggested two alternative structures for col-

chinol methyl ether (which should have structure XX accord-

ing to Vindaus), a tronsformation product of colchicine.

In one of the alternative forms, XXVI, given by Cohen, Cook

and Roe the amino group is not attached directly to the ring
but is in the side chain. The second‘formula suggested by

thege authors conteinsg a seven nembered ring and is re-

presented by XXVII.

XXV Jé%

One of the wmain points in the evidence of the »Hresence
of a phenanthrene ring structure in colchicine is thet

Windaus converted colcninol methyl ether by exhaustive



methylation into & tetramethoxzy comnound which he ceglled
2:2:4:6 {or 7)-tetramethoxy-9-methylohenaenthrene, ZII.
This compound on demethylation followed by & zinc dugt dis=-

tilletion gave 9-methylphenenturene, ZXII.

CHo Hy CHy
cho
o
cH
-
/
AR/ N, 311

Cohen, Cook and Roe hgve pointed out that this 9-nethyl-
phenanthrene might have arisen by intramolecular rearrange-
mnent during the drastic reduction with zinc dust. If this
vere so, colchinol methyl ether might have a seven uembered
ring as in XXVII. This uncertainty could be removed by a
gsynthesis of the tetramethoxy compound obtained by Windaus
from colchinol methyl ether. According to Windaus this
compound should be 2:3:4:6-Tetranethoxy~9-methylphenanthrene,
XXXIV, or 2:3:4:7-tetramethoxy~9-methylovhenanthrene, XXXV.
The syntheses of these ftwo compounds have been the ncin

object of this research.

cHho 3 o ¢ “
cHo 40
o
ciy <4
S Ocyy

B o A " - ¢ -~ - -
Sharp“sl hes synthesiced 2:9:4:6-tefranetuoxypnen-

anthrene 9-caorboxylic acid, IZEZEVIII, by means of a



phenenthrene synthewsis involving the Ischorr tyne of ring

closure, starting from f-ritro-2:4:5-trinethoxybenzalienyde,

AXTI, end p-nethoxyohenylocetic acid, XLINVIT. Je Turther

i
[
fu}
ct
O
©

converted the 9-carboxyl group of comnound IIIVIIT
O-ucetanido group. This comoround, XIXIX, exhibits several
£ the features characteristic of the Jindaus structure for

colchicine.

CHyCOOH
CHy0 - CHO <o cooH
_— e —D
C”JO No" (,00
(?/) N CHS
| SHs
KXrl XXRVII
NHCOCH, 2
cH,0 3 To—CH3
v AKX I
\\
cHo
O
C;—{‘3
OCHy
AKX /X

Conpound XZXVIII can be regarded as a possible inter-

mediate in the gynthesiz of one of the degired tetrs-

nethoxy-9-metuylyhenanturenes,
methoxy isomer, ZLXIV.
verted into - ea:

Sismner

nanely the 2:3:4:6-tetra-

The carboxyl group could be con-

el

1 aldenyde group and this reduced by a Wolif-

reduction to give the reguired 9-uefthyl derivetive.

The synthesis of 2:3:4:6-tetramethoxyphenanthrene v-car-

boxylic acid, ZXXVIII, is couplica

ted by the very poor yield



of 2-nitro-3:4:5-trimethoxybenzaldehyde,XXXVI, obtained by

nitration of 2:4:5-trimethoxybenzaldenyde. Sharpéb’ re-
. % - + v
ports a yield of 20i.. o better results were obtained by

Coolk andvEngelz / by nitration of the anil of trimethoxy-
benzaldehyde or by Lapsley2’! of its diacetate.
In view of the inaccessibility of this nitro aldehyd
various alfernative schemes for the synthesis of the re-
guired coumpounds were investigated. These are desoribed
below, the first of them having been already the subject of

some exploratory work by Lapsleyzg).

Synthesis of 2:3:4:6-tetramethoxy-9-methylphenanthrene.

Scheme A.
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This scheme involves the preparetion of compound (7)

which on ring closure by the Pschorr method should give

gompound (8).

Sharp28)

This compound (8}, already obtained by

by a different method, has to be converted into

the 9-methyl derivative (11l) in the menner outlined above.

2:4-Dinitroohenylacetic acid (2) was readily prepared

by nitretion of

Gabriel and hejer

2)

claim to have reduced 2

ohenylacetic acid by the method of Borgsche

4-dinitro-

phenylecetic acid to the corresponding 2-nitro-4-amino

51}.
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compound by mesns of nolysulpnide but do not give many

) i)
details. Zl:.apsle:y‘“9 atteupted to obtein 2-nitro-4-amino-

nhenylacetic a0id by reduction with sodium sulpnide. This
resulted in decarboxylation of the acid with formation of
2:4=-dinitrotoluene and 2-nitro-4-sminotoluene. Lapsley
obtained 2:4-dinitrotoluene also on attemnnting to reduce
2:4=-dinitroohenylacetic acid with hydrazine hydrate.

The methyl ester of 2:4-dinitrophenylacetic scid (3)
was prepared and atteunpts were made to convert it into the
corresponding 2-nitro-4-amino compound. An attenmpt, based

53), using 50j. hydrazine hydrate,

on the method of Curtius

regulted in the formetion of 2:4~-dinitrophenylecetylhydrazide.
Bxperiments on the catalytic reduction of 2:4~dinifro-

phenylacetic methyl ester were then carried out. A diffi-

culty encountered was the sparing soiubility of the ester

in most solvents in the cold, sbout 1% in ether amd 0.5, in

alcohol. The ester dissolved in the solvent was shaken

with P4 black catalyst until the theoretical amount of hydro-

gen required for the reduction of one nitro group was ad-

sorbed. The working up of the reduced product presented

gone difficulty. It was found that on councentrstion of

the solution after reduction, even in vacuwo, considerable

anounts of tar were obtained. Bther gave the most
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satisfactory product, dioxan the least. Tarring also
occurred at other stages during the isolation of the methyl
ester of 2-nitro-4-aminopnenylacetic acid. The best re-
sults were obtained when ether had been used as solvent
during the reduction, but the yield of the 2-nitro-4-amino
compound (4) was never greater than 15%. An atteunpt to
convert the hydrochloride of this amine into the phenol by
diazotisation without isolating the free base did not give
a satisfactory result, a poor yield of a brown amorphous
powder being obtained.

As no allowsnce had beer made for the vapour opressure
of the solvent in calculating the amount of hydrogen re-
guired for the reduction, it was thought fthat this might be
a factor contributing to the poor yield. The reduction was
repested in ether solution allowing for the vepour pressure
of the ether. From the solution after adsorption of the
required amount of hydrogen there was isolated Z2-nitro-4-
anino, 2:4-diamino-, and unchanged 2:4-dinitrophenylacetic
methyl ester. Thué it appears that the reduction of the
2-nitro-4-émino comnound to the 2:4~diamino compound takes
place before the 2:4~dinitrovhenylacetic methyl ester has
been completely converted to its mono-smino derivative.

A reduction of 2:4~dinitrophenylacetic methyl ester was
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carried out using acetic anhydride as solvent. It was
thought that the swmine would be acetylated as it was Tormed,
thus rendering its isolation less difficult. The nproduct
isolated, an amorphous white solid, could not be purified
sufficiently for accurate analysis but appears to be Z:4-
diacetaminophenylacetic methyl ester. It was identical
with the product obtained by acetylating 2:4-diaminophenyl-
acetic methyl ester. Agein it would appear that the re-
duction of the 2-nitro-4-amino (or probably in this case
4-acetamino) compound to the dismino (or diacetamino) takes
place in preference to the reduction of the 2:4-dinitro-

to the 2-nitro-4-aminophenylacetic methyl ester.

Paradoxically the best yields (up to 15{, of 2-nitro-
4-aninonhenylacetic methyl ester occurred when the theo-
retical amount of hydrogen was not adsorbed, i.e., when
carried out in ether solution without allowing for the
vapour pressure of the solvent, when approximately only half
the theoretical volume of hydrogen was adsorbed.

The following schene, which was also proposed for the
synthegis of 2:5:4:B-Eetramethoxy-9-méthylphenanthrene, is
a modification of Scheme A. It was commenced before it
was appreciated that a reduction of the Z:4-dinitro- to the
2-nitro-4-amino compound could not be carried out in satis-

factory yield as shown above. Thig difficulty would apply
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also in the case of compound (2) shown in Scheme B.

Scheme B.
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0
CHz0
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C.HJ
(5) OCH;3

In this synthesis the intermediate steps between (4)
and (5) are identical with those between (6) and (11) in
Scheme A.

3:4:5-Trimethoxybenzaldehyde, which has been prepared
with varying degrees of success by different workers (cf.
Sharpzs)), was prepared by the method of Slotta and Hellersé)

by reduction of trimethoxybenzoyl chloride with hydrogen in

boiling xylene (sulphur free) using nalladised barium
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sulphate catalyst. All gless Quickfit apparatus was used
and the yield of aldenyde found was 507 .

An attempt was made to condense this trimethoxybenz-
aldehyde with the sodium salt of 2:4-dinitrophenylacetic
acid in acetic anhydride solution (Perkin condensation)
but this resulted in the decarboxylation of the acid to
2:4-dinitrotoluens. Unsuccessful attennts were made vo
condense 3:4:5-trimethoxybenzaldehyde with 2:4-dinitrophenyl-
acetic methyl ester to give the compound (2) using bases as
condensing agents. Condensing egents used were »nyridine,
piperidine, piperidine in pyridine solution, and piperidine
acetate.

Since the proposed route to 2:3:4:6-tetramethoxy-9-
methylphenanthrene had not given the desired result, an
alternative scheme, C, for the preparation of {this compound

was drawn up.

Scheme C.
CHs GHg

NDy o /‘ CHOD
— + | —_—
CH©
0
NO,

C[-l‘5

(1) (2)
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This scheme envisaged the condensation of 3:4:5-tri-

methoxybenzaldehyde and 2:4-dinitroethylbenzene, step (2)
to (3), in a manner similar to the condensation of benz-
aldehyde snd R2:4=-dinitrotoluene using a base as condensing
agent. The reduction of compound (3) to (4) could be
carried out by means of polysulphide. Step (5) to (6) in-
volves ring closure by the usugl Pschorr method.
Ethylbenzene was readily prepared in good yield from
benzene with ethyl broumide and AlClz by a method similar to
that used for the preparastion of cumen955). Initial diffi-
culty was found in preparing 2:4=-dinitroethylbenzene by the
method of Borscheza)- As it was ftuougut tnat sulphenation
had preceded nitrstion thus rendering the latter more diffi-

cult, alterations were made in the conditions of nitrafion
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whereby the required 2:4-dinitroethylbenzene was readily
obtained. This is & yellow viscous o0il (b.p. 168911 mn.)
and was cheracterised by reduction with alcoholic emmoniua
sulphide to 2-nitro-4-aminoethylbenzene (m.p. 42-4309,
acetyl derivative m.p. 111°). Borsche states that he had
been ahable to condense either benzaldehyde or p-nitrobenz-
aldehyde with 2:4-dinitroethylbenzene. As this proposed
gscheme did not necessitate the conversion of a COUH~ group
into a CHz— group, as in Schemes 4 and B, it was thought
advisable to attemnt to carry out this condensation under
different conditions. As benzaldshyds was more readily
available than 3:4:5-trimethoxybenzgldehyde, it was used
in place of the latter in the trial experiments undexrtoken.
Various condensing asgents were tried in order to effect
this condensation, namely, pyridine, piperidine and piper-
idine acetate, alone and in pyridine and acetic anhydride
solutions at temperatures renging from 140° to 205° for
periods from 2 to 12 hours. In 2ll cases & dark tar was
formed from which only benzaldehyde (by steam distillation)
and 2:4-dinitroethylbenzene (as 2-nitro-4-sminoethylbenzene
by reduction with alcoholic ammonium sulphide) could be
isolated and identified. An sttempt to condense 3:4:8-
trimethoxybenzaldenyde with 2:4-dinitrogthylbenzene was

also unsuccessful.



57‘

The failure of 2:4-dinitroethylbenzene to condense with
aldehydes may be due either to steric hindrence csussd by
the blociking of the -CHp- group by the o-nitro- group and
the CHp- substituent in the side chain or to the deactivat-
ing influence of the CHg- group on the reacti#e me thylene
group. That steric hindrance has an imporfant bearing on
such reactions seems to be borne out by the fact that 3:4:5-
trimethoxybenzaldehyle could not be condensed with the methyl

ester of 2:4-dinitrophenylecetic acid in which the -CHj;-
group is activated by the two nitro groups in the ring and
by the -COOCH5 groupe Borsehe57}, however, has shown that
o-nitrophenylacetic ethyl ester could be condensed with
p=nitrobenzaldehyde but only with the greatest difiiculty
in contrast to the ezase of condensation of aldehydes with
p=nitrophenylacetic ethyl ester. It may be seaid, there-
fore, that the failure of 2:4-dinitroethylbenzene to con-
dense with aldehydes is due mainly to steric hindrance, but
that the deactivating effect of the GHE- groun in the side
chain is also partly respongsible.

As this synthesis of 2:3:4:6-tetramethoxy~9-metnyl-
phenanthrene had been unsuccessful, the Lfollowing scheme

was proposed for the synthesis of the compound:-
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Scheme D.
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H,

The schewme outlined wbove involves the synthesis o
3:4:5-trimeﬁhoxybenzyl-p-anisyl—methylcarbinol (£) which,
as shown, may be prepared in two ways. The first involves
the conversion of 3:4:5-trimethoxybenzoic acid into the
amide of its higher homologue, Trimetnoxyosnenylacetic acid,
by an Arndt-Eistert reaction. This amide hes then to be
converted into the ketone (3) by mesns of a Grignard re-
action with nethyl magnesium iodidec. By means of a second
Grignard reaction with p=-anigyl megnesium bDromide it was
hoped to cbnvert this ketone into the recuired carbinol (4).
After dehydration to the compound (8) it was hoped to carry
out a ring closure by means of lead tetra-acetate or, zlter-
natively, form the browmo derivative (9) and ring close by
mearns of a caustic potash fusion. It is expected that a
bromine atom would enter position 2 of the ring containing
the three methoxyl groups. This assumption is based on the
fact, as will be shown later, that the bromimne atom enters
such a position in & similar type of compound.

3:4:6-Trimethoxybenzoic acid was readily converted into
its acid chloride by meens of thionyl chloride, waich, in
turn, was converted into w-diazo-3:4:5-trinethoxyaceto-
phenone. This com»round prepafed on separate occasions by

almost identical methods was found to have two different
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melting points. One, mepe 96 , is in egreement with that
Z81
. . - o3 .
reported by Baker, iiorgans and Robinson }: the second had

Kiep o 101° which is similar to that of Slotta end lﬁu.ller59 .
This diazo ketone was converted in good yield into 3:4£:5-
trimethoxyphenylacetanide by means of ammoniacal silver
nitrate. An asttempt to nrepare 3:4;:5-trimethoxybenzyl-

methyl-ketone by means of a Grignard reaction between methyl

nagnesium iodide and trimethoxyphenylacetamide by 2 method

0)

4
based on that used by Jenkins for the preparation of

ketones from amides was unsuccegsful. A gum was obtained
which could not be crystallised nor identified as a ketone.
As this route to the carbinol (4) appeared fto be un-
successful, an atteunt was made to prepare it in the alter-
gtive umanner. This involves the aydrolysis of 3:4:5-tri-
methoxyphenylacetamide to the corresponding acid which, in
turn, has to be converted into its sgcid chloride and con-
densed with anisole by a friedel-Craft reaction to give
3:4:5=trimethoxybenzyl-p-anisyl-ketone (7). This ketone
has then to undergo a Grignard reaction with methyl mag-
nesium iodide to gzive the reguired carbinol (4).
S:4:5~-Trimethoxyphenylacetanide was readily saponified
to its acid by wmeans of alkali. A difficulty was found in
attenpting to prepore the acid chloride. Treatment of The

acid itself or in benzene golution led to decompogition of



the material even in the cold. Pictet and Hinkelstein
have reported that on attempting to distil S:4-dimethoxy-
phenylacetyl chloride, prepared from the acid with PC Clg
in chloroform, considersble decomrosition occurred and so
they used the crude seid chloride, after roemoval oI * TOClg,
in subseqguent reactions. A similar tecimique has besn
used by us for the preparstion of 3:4:5-trimethoxypuenyl-
acetyl chloride. The crude acid cnloride in CSg was
treated with gnisole and AlClgy. from this reaction the
only identifiable products obfained were unchanged anisole
(by steam distillation) and trimethoxyphenylacetic acid.
The failure to obfain 3:4:5-trimethoxybenzyl-p-anisyl-
ketone by this Friedel-Craft reaction wmoy be due to the
cuality of the =acid chloride used in the reaction. The
presence of thnree methoxyl groups in triumethoxyphenylacetyl

d

chloride appears to render the molecule somewhat unstable

and it is possible that the =acid cnloride was not forued
on treatment with PC15 or if formed it may have been decom-
nosed while removing POClB.

This schewme was abandoned in favour of Scheme Z, which
8till involves fae oreparation of 3:4:5-trimethoxybenzyl-

p=anisyl-unethylcarbinol, but by = uwethod differecrt to the

two methods outlined in Scheme D.
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This scheme involves the conversgsion of 3:4:5-tri-

methoxybenzoic acid (1) into 1:3-dimethylnyrogallol (
by demethylation followed by decerboxylation. Step (2)

to (4) involves the introduction of a ~CHoOH by umeens of
42)

a llanasse reaction. Trimethoxybenzyl chloride (¢)
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has to be converted into frimethoxybenzyl magnesium

chloride aond condensed with op-methoxyacetonhenone to give

\ .

the required carbinol (&) . Interumediate stens tween

o
[s%)
o

() and the inal product 2:3:4:6-tetrumethoxy-v-uethyl=-
phenanthrene (9) are the same as the last steps in 3cheie D.

. ha}

:4d:b-Trimethoxybenzoic zcid was doumethylated with

3

concentrated sulvhuric ccid to give syringic acid (&) which
. . , o . y 0
in furn was decarboxylated by distillation at 280-300 to

1:3-diwethylpyrogallol (3) as described by Hann and Tass-

L 43) . - . .
nuth ~7. By treatment with 407 formalin end ceustic sods

this dimethylpyrogsllol was converted into syringic slconol
(4). This is the type of method used by laznasse Lor the
introduCtion of = -CHEOH group into phenols. Syringio
alcohol was nmethylated f£irst by uethyl p~toluene sulphonate,
when a yellow 0il was obtained which was characterised as
the &:5-dinitrobenzoafe. This o0il on standing some time
begeame viscous and gppeared to have polymerised and & cou-
pound which appears to be 1:2:3:5:6:7-hexanethoxy=-9:10-
dihydroanthracene, XL, formed by condensation of two mole-
culegs of the alcohol, was isolated from the resin. This

polymerisation is probably due to traces of alkali in the

0il which h2d not been purified by distillation.
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After this work had been accomplished it was found
that the preparation of syringic slcohol and its methyla—'
tion to 3:4:5-trimethoxybenzyl alcohol were the sub ject of
German patents44). The method given in the German patent
for the preparation of syringic alcohol is very similar to
the method uged by us. The method used by the German
workers for the methylation of syringic alcohol, namely,
nethyl iodide and sodium ethoxide, was found to be better
than thet using methyl p-toluencsulphonate and alkali.
Syringic alcohol wes accordingly methylated by their method
and then converted into the chloride with dimethylaniline
and thionyl chloride as described by Dr. A. Cohen in a
private communication to Professor J.i. Cook. In this
comnunication Dr. Cohen states also that he had been un~
eble to form a magnesium chloride from this 3:4:5-trimeth-

oxybenzyl chloride. It has also been reported that d:4-

. 45
dimethoxybenzyl chloride doet not form a Grignard compound /

It was thought thst this difficulty might be overcowme by the
Tormation of trimethoxybenzyl lithium insftead of the Grignard

compound. A study of the literature showed that this would
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not be feasible as the preparation of bemnzyl lithium
itself presents considerable practical difficultiesée)’é7),
whilst the presence of methoxyl groups in a benzene ring
causes the introduction of the lithium into the ringés)’égj.
It was decided therefore to attempt the preparation of tri-
methoxybenzyl magnesium chloride. The method used was
similar to thal used by Gilman and 7-oc—zllnez‘w) for the pre-
paration of p-methoxybenzyl magnesium bromide. These
authors report that p-uethoxybenzyl bromide forus a Griznard
coupound only with difficulty. S:4:5-Trimethoxybenzyl
chloride was treated with magnesium in ether and then in
boiling benzene, but no apparent Grignard formation was
noticed. However, the product obtained was treated with
p-methoxyacetopnenone prepared by the wethod of Straass51}-
From the reaction the p-uethoxyacetophenone was recovered
almost guantitatively by distillation; the remsinder, a
resin, could not be distilled or crystallised.

The failure of this attempt to prepvare 3:4:5-{trimefhoxy=-
benzyl-p-anisyl-methylcarbinol (8) by wmeans of & Grignard
reaction can be attributed to the fact that 3:4:5-trimeth-
oxybenzyl chloride will not react with magnesium.

Although the failure to obtoin 3:4:5-trimethoxybenzyl-

p—anisyl-methyloarbinol has rendered the suggested synthesis



impossible, it has been decided to meke use ol the tri-
methoxybenzyl chloride in a synthesis of 2:3:4:7-tetra-
mnethoxy-9-methylphenanthrene, IXXV. This compound, as
described earlier, is desired also for couparison with the

12)

tetranethoxy compound obtsined by Windaus from colchinol

methyl ether, XX.

Synthesig of 2:3:4:7-tetramethoxy-9-methylohenanthrene.
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This synthesis is based on that used by Greweaﬁ) for

the preparation of phenanthrene.

5:4:5-Trimethoxybenzyl

chloride (1) is used in ploce of benzyl chloride and 2-

bromo-4-methoxycyclohexanone (7) in nlace of 2-chloro-

cyclohexanone.

This scheme involves the condensation of triumethoxy-

benzyl chloride and diethyl malonate to give compound (2),

which has then to be condensed with 2-bromo-4-methoxycyclo-

hexanone (7) to give the compound (8).

This compound

after saponification and decarboxylation to the propionic

acid derivative (9) has to be ring closed by means of

syrupy phosphoric acid.

It was hoped fto dehydrogenate this

tetramethoxyhexahydrophenanthrene carboxylic scid (10, after
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conversion to the ester, to the phenanthrene derivative

(11) . Conversion of this comnound into 2:3:4:7-tetra-

methoxy-9-methylphenanthrene (12) could be brought sbout
by the same series of reactions as outlined in Scheme A

for the conversion of a -COOH group into CHg-.

Freshly prepared 3:4:5-triviethoxybenzyl chloride, as
described in previous scheme, was condensed with diethyl
malonate in alcohol solution in presence of sodium ethoxide
to give the diethyl ester of 3:4:5-trimethoxybenzylmalonic
acid (2). Hydroquinone (3) was converted into its mono-

methyl ether by the method of Helfer55)

using methyl sul-
phate and caustic soda. This compound was then reduced to
p-nethoxycyclohexanol by the method, slightly modified, of
Ruggli, Leupin and Bassinger54). Only a quarter of the
Raney nickel prescribed by these workers was used in this
experiment which was carried out at 120/130 atmospheres.
The Raney nickel, prepered by a simplified method, was
sufficiently active to carry out one complete hydrogenation.
p-liethoxycyclohexaenol was then oxidised to p-methoxycyclo-

hexanone (6) by means of chromic acid in acetic acid.

This method was found to be better than that described by

. 5
Helfer 2) using dichromate and sulphuric scid.  p-llethoxy-
cyclohexanone was converted into 2-chloro-4-methoxycyclo-

hexsnone by & method similar to that used by Kotz and
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Grethe for the preparation of 2-chlorocyclohexXxanone.

It was obtained as a pele yellow o0il, D.n. 105-119711 il e
by fractional distillation of the chlorinated product, but
could not be characterised as a semicarbazone or other
derivative given by a ketone due to the presence of the
chlorine atom (Xotz and Grethe do not give any derivative
of chlorocyclohexanone) . On standing it gradually dscom-
posed. 2-Bromo-4-methoxyeyclohexenone was then prepared
by direct bromination of p-methoxycyclohexanone with the
requisite amount of bromine in chlorcform solution. A
colourless liguid, b.p. 127-135°/11 mn. was obtained by
fractional distillation. This 2-bromo-4-methoxycyclo-
hexanone was characterised as the thiazole derivative,
2-amino-6-nethoxy-4:5:6:7-tetreshydrobenzthiazole, XLI.
Traumann56)hhas shown thet o« -halogenoketones on heating
with thiourea give thiazoles. Z=-Bromo~4~-methoxycyclohexa-
none (7), having been thus characterised, was condensed
with the sodio derivative of 3:4:5-trimethoxybenzylmalonic
ester (2) in benzene to give tne diethyl ester of 3:4:5-
trimethoxybenzyl-2~keto-5-methoxycyclohexylmalonic acid (8).
The product isolated was a yellow gum which could not be
crystallised. This gum, without further purification, was
hydrolysed with alcoholic glkall in order to convert it

into the dicarboxylic egid derivative (9).
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Prom this hydrolysis there were obteined a sodium saltl

(4), eand,

(e}

n geidification of the alkaline solution, an
insoluble tarry solid (B) and a soluble gum (C).  The

-

sodium salt on acidific atlon gave a compound which appears

[uN

fo be Q 4. 5-trimethoxybenzylmalonic acid, XLII, as it gave,

" after decarboxylation at 1309 in vacuo, 3:4:5-triuncthoxy-
phenylpropionic acid, XLIII, identified by means of a mixed
melting vnoint with synthetic trimethoxyphenylpropionic acid.

i (I

3

- s -

‘ - od - - - -
; was decarboxylated to a r3sl sun

tr.
b

The tarry sol

]

which7was then treated with syrupy phosphoric acild at 100°
to bring sbout ring closure. This gave & dark gua which
vas partly soluble in benzene. The naterisl soluble in
benzene was obtsined as a dark resin after ohromatographing
its solut 1on 1n benzene-petroleum ether through a column of
aluminag. It could not be crystelliced. The materizl -
insoluble in benzZene was obtained, cfter purification by
chrouauogr(uhy, 28 g white go0lid, 1m.p. 230°. This could
ot be identified from snslysis fisures.
The soluble gum (C) was decarboxylated in vacuo at

130° and the product obtained trcated with syrupy phosphoric

acid at 100°. from this atteupted ring closure a black tar



which was not further imvestigated, end a small cmount of

Zidio=-trimethoxyphenylpronionic acid were obtained.
The gppearance of Z:4:0-trimethoxyphenylpropionic acid

at different ctages in thowe last stens of the synthesis
shows that the condensation of the diethyl ester oif f{ri-
methoxybenzylmalonic acid (2) and Z-brOmo-é-methOhycyolo-
hexanone (7) had not been complete. 0f the other products
isoleted in this synthesis, oﬁe vas a resin vhich could not
be crystallised, and the other vias a s501id mepe. 220° which
was not identified.

This synthesis, which had proved rather disaprointing,
was not further investigsted owing to a shortage of matcerial.
It was felt that this somewhet long and complex scheme for
the synthesis of 2:3:4:7-tetranethoxy~0 —methylphenﬁht irene
did not offer sufficient prospect of success to warrant
prepsration of a fresh supply of material.

At this stage resesrch on the colchicine problem was
terminated ana viork on polycyclic hydrocarbons was under-
taken. Most of the experiments on compounds related to
colchicine described hereafter were carried out before the

work on nolycyclic hydrocarbons was begun.
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This synthesis involves the conversion of x=-cyano- & -
p-a.nisyl—(b -(3:4-:5-trime’choxyphenyl}ethylene, prepared by
Cook and Engelg6), into its bromo- derivative (4). This
has then to be ring closed by the method of Hewett57) by
meens of a potash fusion. Intermediate steps between (6)
and (7) are the same as those described in Scheme A for

the conversion of 2:3:4:6-tetramethoxyphenanthrene-9-car-

boxylic acid into the 9-methyl derivative.
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3:4:5-Trimethoxybenzaldehyde (1) and p-anisylaceto-
nitrile (2) readily condense in the presence of alcoholic
alkali to give compound (3). This compound was brominated
in chloroform solution to a mono bromo derivative. That
this compound has structure (4) was proved in the following
way . This brominated product was hydrolysed with slcohol-
ic potash to give a neutral product which was not isolated
_pure but is probebly 3:4:5:4'-tetramethoxystilbens. This
product, a gum, was oxidised with alksline permanganate.
From the products of oxidation there was isolated 2-bromo-
3:4:5-trimethoxybenzoic acid, which proves that the bromine
atom in compound (4) is attached to the same ring as the
three methoxyl groups.

Attempts were made to ring close the bromo compound (4)
to 2:3:4:6-tetramethoxy-9-cyanophenanthrene (5) with fused
potash at 240°, with potash in boiling quinoline and with
potassium.acetate in naphthelene at 190°. These attempts
were unsuccessful, most of the material being recovered
-‘unchenged in each case.

This scheme was not pursued further as 2:3:4:6-tetra-
nethoxy-9-methylphenanthrene has now been synthesised in
this departuent by Dr. J.D. Loudon by means of a FPschorr
type synthesig from the hitherto rather inaccessible Z-nitro-
%:4:5=-trimethoxybenzaldehyde vwhich he obtained by a novel

method.
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Additional experiments on coumpounds related to colchicine.

Attempted preparation of H-acetyl- (3-4-hydroxyphenyl-y -

(3:4:5-trimethoxyphenyl)propylamine .

It has been known for a long time that the conplete
ring system of an glkaloid is not always essential for the
specific action of the alkaloid. This nas been known for
many years in the case of cocaine and nicotine and more

3)

recently Buth, Kulz and Rosenmundz have shown that it is

also the case with papaverine. In the introduction of

this thesis some of the work of Lettrézé)

has been described.
He has shown that certain -~ (3-diphenylamines have the
mitosis poisoning action of colchicine. He reported also
that H-aeetyl-@»-p-anisyl-y'-(5:4:5-trimethoxyphenyl)pro-

6)

pylemine, XXXIII, synthesised by Cook and 2ngel®°®’ was with-
out effect on chicken heart fibroblasts. Dr. Brues oZf
Harvard has tested fhe effect of this compound on the liver
of a rat and has reported that 10 mg. gave a coupletely ab-
normal nuclear picture. The effects were at their best
four days after administration of the dose. Dr. Brues says
that this is probably due to the low solubility of the com-
pound. It was‘deci&ed to prepare K-acetyl-@ -p-hydroxy-
phenyl-y‘-(5:4:5-trimethoxyphenyl)propylamine, XLV, in the

hope that it would hiave greater solubility than compound



XXXIIT, thus increasing the characteristic effect on

mitOblu in cells
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‘o<-0yano-a:-D-hydroxjnhenyl-(B-(5:4:5-trimethoxy-
phenyl)ethylene, XLVI Was prepared by the method of Cook
and Lawrence9®) from 3:4:5-trimethoxybenzaldehyde and p-
hydroxyphenylacetonitrile using NaOEt as condensing agent.
When NaOH was used in nlace of Nal0Zt the same product, XLVI,
was obtained and not the unidentified product obtained by

29) has attempted to hydrogen-

Cook and Lawrence. Lapsley
ate this unsaturated nitrile to the satursted propylamine
using palladised charcoal as catalyst. He did not succeed
in this attempt, adsorption of hydrogen ceasing before the

requisite amount was adsorbed; mnor could he identify the

product of reduction.
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An attempt has been made to reduce the compound XLVI
to‘@a-p—hydrozyphenyl-‘y-(5:4:S-trimethoxyphenyl)proPyl—
59)

amine by the method used by Freund and Rense in the
preparation of diphenylpropylamines from o -cyanostilbenes
by a reduction with sodium and alcohol. This was not
successful, the‘only material isolated besides unchanged
unsaturated nitrile was a small gmount of neutral materisl
which appears to be the amide formed by hydrolysis of the
nitrile. A hydrogenation of K=cyano- « -p-hydroxyohenyl-
@~(5:4:5-trimethoxyphenyl)ethylene with Adems' catglyst in
acetic anhydride solution was carried out. By this means
it was hoped to acetylate the amine as it was formed to
give compound XLV. After an initial adsorption of hydrogen
equivalent to one third of the reguired ambunt, there was a
very noticeable decrease in the rate of adsorption. After
48 hours the recuisite amount of hydrogen appeared to have
been adsorbed, but the fact that a high percentage of the
starting material was recovered as its acetyl derivative,
XLVII, indicated that the reaction had not taken the ex-
pected course. The remainder of the material isolatea
from the hydrogenation consisted of a small amount of gum

which could not be crystallised.
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Preparation of Colchiceineanide.

During his researches into the structure of the col-

v

< . . 60) . .
chicine molecule Zeisel obtained a compound C_.H,, O.X

217247572
on treating colchicine, 622H2506H’ with alcoholic ammonia.

This compound on hydrolysis with alkali gave colchiceine.
Zeisel considered this compound to be the amide of an acid,
colchiceine being the acid and colchicine the methyl ester
of the scid. The work of Windsus® '3/ nas shovm thet
colchicine is not the methyl ester of an acid but appears
to be the methyl ether of a hydroxymethylene-ketone and can
be represented by structure XIV. This "emide" obtained by
Zeisel csn now be regarded as an aminomethylené ketone of

structure XLVIII.
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As the method of Zeisel6o) for the preparation of
colchiceineanide by heating colchicine with 5ﬁ alcoholic
amonia did not prove entirely satisfactory, a modification
was nade in the method. Instead of using 5ﬂ glconolic

ammonia strong agueous alcoholic ammonia was used. Zeisel
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reported that on crystallising from slconhol he obtained the
amide in two forms, one containing one molecule of alcohol
of crystallisation. We have found that the amide can be
obftained in two forms, one readily soluble in scetone, the
other sparingly. They can be crystallised from scetone-
benzene and acetone-alcohol respectively. Neither of the
two forms melts sharply, both decompose about 2500, sinter-
ing earlier. They may be regarded as geometrical isomers.
The existence of geometrical isomers of hydroxymethylene
compounds has been shown already in the case of a colchicine
derivative by the formation of two stereoisomeric dibenzene-
sulphonyltrimethylcoleﬁicinio acidss)’lg).

In a short interim report on biological tests earried.
out on this colchiceineanide Dr. .J.u. Gye of the ITuperial
Cancez'ﬁesearch Ffund leboratorics states that, like colchi-
.cine, it has the property of preventing cell division, con-

o

sequently causing the destruction of the cells. iThereas
colchicine attacks equally malignant and normel cells there
ig some indication that the amide has a greater effect on
nalignant cells. Colchicine causes haemorrhage in tumours,
both local and metastases, of trested animals, the amide
does not. Dr. Gye stotes that it does not appear feaosible,

however, to use colchiceineamide in the trestment of cancer

on account of its general toxicity.
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Attempted preparation of a pyrimidine derivative related

to colchicine.

It was decided to makeouse of the reactive hydroxy-
methylene-ketone grouping 8- =CHOR, which Windaus has
proved to exist, although not conclusively, in colchicine
(R=CH;) and colchiceine (R=H) in order to add a fourth
ring on to the colchicine skeleton. It was thought that
compounds of this type related to colchicine might be of
biological importance.

An attempt was made to prepsre the compound, 4:5-[6;7-
(5:4:5~trimethoxy-9—methyl-9-acetamido-9:lo-dihydrOPhen-
anthrenei]-2-methylpyrimidine, XLIX. This involves the

addition of a methylpyrimidine on to the colchicine skeleton.

CH
d
As no method was known for the synthesis of pyrimidines

from hydroxymethylene-ketones, it was decided to use a

JU
method similar to that used by Todd and his co-workers®l’

162)

and by Andersag and ‘Jestpha in the vreparation of
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pyrimidines reguired in the vitamin B. synthesis. These

1
workers condensed acetamidine with the compound conteining
the reactive group (in their case ethyl formylsuccinate)

in the presence of sodium ethoxide.

Colchnicine was treated with acetamidine hydrochloride
and sodium ethoxide in absolute glcohol. From the reaction
there was isolated a dark green solid whieh could not be
crystallised. It appears, however, %o be crude unchanged
colchicine as it gives colchiceine on hydrolysis with ECL.

An attempt to condense colchiceine with acetamidine
was also umsuccessful, colchiceine being recovered unchanged.
The apparent ingbility of acetamidine to condense with
colchicine and colchiceine through the medium of the
hydroxymethylene-ketone group, stated by Windaus to be
present in these compoundgs, is in accord with the fact that
they do not react with carbonyl reagents like semicarbazide,
a reaction which would be expected of g compound containing

the hydroxymethylene-ketone group.

Preparation of g vyridine derivative related to colchicine.

Another comnound which was considered might be of
biologiceal intercst was one in which a pyridine ring was

added to the colchicine skeleton in a similar manner to the
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formation of the pyrimidine cbove. A synthesis of this
tyve in%olving a hydroxymethylene-ketone grouping haos

been used by Basu and Bannerjee65) for the preparation of
isoquinoline compounds and by Sen—Gupta64)
| 65)

for the syn-
thesis of guinoline derivatives. Basu has also con-
densed ethyl cyclohexanone-2-carboxylate with cyanacetamide
to give an isoguinoline derivative. Basu znd Benner jee
condensed aminomethylene-cyclohexsnone, LI, with cyanacetic
ester and obtained a comnound which they proved to be an
isoquinoline, LII. Jen-Gupta condensed hydroxymethylene-
cyclohexanone, L, with cyanacetamide and obtained a compound
which he proved to be a ¢uinoline derivative, LIII. He
also claims to have obtained this same cquinoline compound

by condensing the amide of hydroxymethylene-cyclohexanone
with cyanacetic ester. In this case the amide of hydroxy-
methylene~cyclohexanone would have to have structure LIV
instead of LI. Sen~-Gupta gives no particulars of his

smide and so no comparison with the compound obtained by

Basu and Bannerjee is possible.
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An explanation of this apparent difference in the
structure of the sminomethylene-cyclohexcnone wuay ve that
Basu ond Bannerjee carried out the condensation with
cyenacetic ester by means of sodium ethoxide in alcohol
while Sen-Gupte used piperidine in alcohol as condensing
agent. It is possible, howevar, that Sen-Gupta formed,
not the amide of hydroxymethylene-cyclohexanone, but the
emmonium salt which bresks up in solution to hydroxymetnyl-
ene~cyclohexanone, L, and awmmonia. The ammonia could then
react with the cyanscetic ester to form cyanscetauide which
then reacts with the hydroxymethylene cyclohexanone as be-
fore to form the cquinoline derivative, LIII. It is note-
worthy in this respect that colchiceine with ammonis forms
the ammonium salt and not the amide.

It was thought that colchicine, XIV, or colchiceine~-
amide, XLVIII, might be condensed with cyasnacetic ester and
cyanacetamide respectively to give a compound which msy be

either a quinoline, LV, or an isocuinoline derivative, LVI.
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Unsuccessful attempts were made to condense colchiceine-
amide vith cyanacetic ester using 1Ia0Zt in slcohol and
piveridine in slcohol as condensing agents, the amide being
recovered in each case. Colchicine was condensed with
cyanacetamide at room temperature using NaOEt in alcohol as
condensing agent. The product isolated was an orange
coloured amorphous solid, soluble in alkeli and precipitated
from alkaline solution with HC1. It could not be crystal-
lised and was prepared for analysis by repeated dissolving
in 2lcohol and precipitation from hot solution with benzene.
The result of analysis was not very satisfasctory as a
residue was obtained on combustion, which may have been due
to occluded salt. If allowance is made for the residue
the analysis figures correspond to those required by the
hydrochloride of compound LV or LVI. further investiga-
tion of this compound has been restricted due to a shortage

of colchicine.



alffect of a dehydreting agent on H-acetyleolchinol metiyl

ether.

H-acetylcolchinol methyl ether is a transformetion
product of colchicine snd according to 7indaus®) should
have structure VIII. As has been reported in the intro-
duction, Cohen, Cook and Roel5) have vointed out various
inconsistencies in the Windaus structure and have suggest-
ed two possible alternative structures. One of their
alternative structures for H-acetylcolchinol methyl ether

would be LVII.

K

CHNHEOCH,

1f N-acetylcolchinol methyl ether of structure VIII
were ring closed by removal of a molecule of water, it

should give a compound of structure LVIII. This would

AL

involve the formation of a five membered ring containing



ritrogen by o type of method not known for the synthesis

ot infoles. Actually this compound would be en igoindole,
a type of compound which does not appear to exict. If
II-acetylcolehinol methyl ether of structure LVII were ring
closed by removal of a molecule of water to give eompouh&
LIX, this would involve the formation of a gix membered ring
containing nitrogen by a type of ring closure well knowm in
the synthesis of isogquinoline derivatives.

A report has recently appeared of the synthesis of
trimethylene isoquinolines from the acyl derivetives of
l-aminomethyl-l:2:3:4-tetrahydronaphthalene by & similar
method66).

Should ring closure of E-acetylcolchinol methyl ether
take place by removal of water, this would indicate to a
large degree that N-acetylcolchinol methyl ether has
structure LVII instead of the structure VIII, suggested
by Windaus, with corressonding change in the structure of
colchicine.

-Acetylcolchinol methyl ether was heated with P205
in boiling xylene for 15 minutes. 4 compound was isolated
from this reaction which crystallised from methyl alcohol
in white plates me«p. 100°.  This compound is a neutrsl
substsnce and conteins no nitrogen, and so ring closure of

the type proposed above cannot have taken place.
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This compound m.p. 100° was enalysed and figures
corresponding to the formula 019H2004 were obtained. It
was found also that this compound after melting et 100°
solidifies on cooling and melts sgain at 109-111°.
Windaaslg), by the exhaustive methylation of colchinol
methyl ether, has obtsgined a compound 019H2004 which he
calls 2:3:4:6-(or 7-)tetramethoxy-9-methylphensanthrene,
XXI. This crystellises in plates from methyl alcohol and
has m.p. 1119, Thus it appears that in the sbove dehydra-
tion experiment H-acetylcoichinol methyl ether has suffered

loss of acotamide to give the seme compound as Windaus ob-

tained by exhaustive methylation.

14)

It is of interest to note here that Bursian obtained

acetamide from colchicine when attempting to dehydrogenate

5),12)

the latter with selenium. Windaus has also split

off benzamide from H-benzoylcolchide, which he regards as
e dihydronaphthalene derivative, to give a fully aromatic

gstructure.
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Losg of acetenide would appear to take place more
readily from a compound of structure VIII which is a 9-
amino-2:10-dihydrophenanthrene derivative than from one
0f structure LVII, as in the latter case molecular re-
arrangement of the H atoms would require to take place to
give compound XXI. This, however, cannot be taken as
confirmation of structﬁre VIII for l-acetylcolchinol ﬁethyl
ether and denial of the fact that it has structure LVII.

As has been pointed out by Cohen, Cook and Roels), the
structure might contain a seven mewmbered ring as in 1X,

since the only proof that this tetramethoxy compound, m.p.
111°% obtained by Windaus is s phenanthrene derivative is

that it gives 9-umethylphenanthrene on demethyletion followed
by a zinc dust distillation. It is possible that the nhen-
anthrene structure cquld arise by molecular rearrengement

of the seven membered ring during the zinc dust distillation.

Confirmation of the structure of this tetramethoxy
compound obtained by Windaus by the synthesis of 2:3:4:6-
and 2:3:4:7-tetramethoxy-9-methylphenanthrene has been the
main object of this research, syntheses which have so far
proved unsuccessful.

Since the completion of this work the compound 2:23:4:6-

tetramethoxy-9-methylphenanthrene has been synthesised in
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this departuent by Dr. J.D. Loudon by means of a Ischorr
tyve of »henanthrene synthesis, as has been reported
earlier. This compound, mep. 108°, is not the same as
the compdound we obtained by the action of P505 on Li-acetyl-
colchinol methyl ether. If our compound is the same as
that obtained by Windaus, as it appears to be, and the
latter is a tetramethoxyphenanthrene derivative, then it
nust be 2:3:4:7-tetramethoxy=-9-nmethylphenanthrene and not

the 2:3:4:6~ isomer.
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dxperimental.

(A1l melting soints are uncorracted).

lethyl egster of 2:4-dinitrophenylacetic acid.

2:4-Dinitrophenylacetic ccid (70 gms.) was suspended
in methyl alcohol (525 cc.) and dry HCl ges passed in for
about 1 hour. This was followed by refluxing on water
bath for 3 hours. This solution on concentration gave an
0il which solidified on staﬁ&ing and was taken up in ben-
zene (350 c¢c.), washed vwith dilute sodium carbonate solu-
tion and then with water. The benzene solution was dried
over CaCly end then the solvent was distilled off leaving
a peale yellow o0il vhich crystzllised on standing. Re-
arystellised frowm methyl alcohol (charcosl) in nale yellow
needles, m.p. 83°. Yield 44 gus. 2:4-Dinitroohenyl-
acetic acid can be recovered by acidification of the

carbonate washings.

Catelytic reduction of the methyl ester of Z:4-dinitrophenyl-

acetic acid to 2-nitro-4-aminophenylacetic methyl ester.

A). 2:4=-Dinitrophenylacetic methyl ester (2.5 gus.;
dissolved in dry ether (250 cc., was shaken with palladiun
black (0.1 gme) in an atwosphere of hydrogen under ordinary
conditions of teuperature and pressure until the reguisite

amount of hydrogen Tfor the reduction of one nitro group was
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absorbed (700 cce at HoTeF.) . The yellow coloured solution
was then filtered off from cotaolyst and the solvent rewoved
under slight vacuum. The residue, an oil, was taken up in
dry benzZene and dry HCl gas passed in. A flocculent pre-
cipitate of fthe hydrochloride of the base was formed which
was filtered off and washed with dry benzene. vone tarring
of the so0lid occurred during the filtration. The solid was
then dissolved in cold water énd neutralised carefully with
amiaonia. A dark yellow solid, somewhat sticky, was pre-
cipitated. This 2-nitro-4-sminophenylacetic methyl ester
was recrystallised from agueous methyl alcohol (charcoal)

in fine yellow needles, m.p. 90° (literature, 92°). Beust
yield obtained was 042 gn.

B). 2:4-Dinitrophenylacetic methyl ester (1 gm.)
dissolved in absolute alobhol (250 cc.; was reduced as above.
On removal of the alcohol after reduction considerable
tarring occurred. In this experiment it was glso found
that the amine hydrociiloride was not completely soluble in
water, a small amount of insoluble @aterial vigs filtered
off before neutrslising the solution. The yield of Z2-nitro-
L-gminoshenylacetic methyl ester was very suall.

C). Reduction of 2:4-dinitrophenylacetic umethyl ester

(3 gm.) in dioxan (50 cc.) was carried out as gbove. In
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this experiuent also considerable tarring occurred during
the rewoval oif solvent, even inm vacuo. A certuin amount
of insoluble hydrochloride was also found. Yield of 2-

nitro-4-aminophenylacetic methyl ester, w.p. 69°, 0.15 gu.

D). 2:4-Dinitroohenylacetic methyl ester (2 gm.) dais-
solved in acetic anhydride (50 cc., was reduced as =bove.
After filtering off the catslyst the acetic anhydride
golution was concentrated in vecuo to about 15 cc. On
cooling s white amornhous so0lid was precinitated. This
was filtered off and washed with hot benzene. It begins
to darken about 1759 and decomposes about 195°. It could
not be crystallised-‘ It was prepared for analysis by
nrecipitation several tines from acetic anhydride followed
by washing with hot benzene.

Analysis. Sound: C = B7.84%, I = 5.940, Ii = 11.09..
2:4-Discetaninophenylacetic methyl ester, 015H1604H2, re-
quires C = 59.09%, H = 6.06%, I = 10.66%.

The acetic acid mother liqguor, after removal of solid,
on evaporation to dryness gave a red o0il, neutral in
character, which could not be ¢rystzllised.

B). 2:4-Dinitrophenylacetic methyl ester (2.5 gn., in
dry ether (250 cc.) was hydrogenated as above in 4), ex-

gept that allowance was made Lfor the vapour pressure of
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the solvent. The volume of hydrogen absorbed undsr these
conditions was 1400 cc. On stending overright after sb-
sorption of the hydrogen a white solid crystallised out.
This was filtered off =nd recrystallised from ether in
white needles, m.p. 100-101°. The originsl ether solu-
tion was concentrated in stages until no wmore so0lid w.p.
100° was obtsined. This so0lid appears to be 2:4-diamino-
phenylacetic methyl ester, as on acetylation it gives the
same eompound ss obtained in D) above. The ether solu-
tion was concentrated, giving an oil. This 0il was dis-
solved in hot methyl zlcohol =nd water added. A dark
s0lid was denosited and on cooling a small smount of fine
yellow needles, MmeDe 86°, were obtained from tue supernatent
liquiad. This gave no depression of melting »noint when
mixed with 2-nitro-4-aminophenylacetic methyl ester (wm.p.
890) . The dsrk so0lid deposited in this crystsllisation
was crystallised from methyl alcohol giving trace of orange
so0lid, wepe 76-79°., Iixed wm.p. with 2:4-dinitrophenyl-

acetic methyl ester (m.p. 83°) gave m.p. 77-79°.
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Atteupted nreparation of 2-nitro~4-hydroxyphenylacetic

uethyl ester.

2:4-Dnitrophenyleocetic methyl ester (2.5 ga.) was
fedueed as in srevious exseriument (method 4). ifter re-
moval of solvent the résidue, an 0il, wes extracted with
31 HC1l. To the hydrochloric scid solution, cooled to 0°,
was added sodiwm nitrite (0.7 gnm.) in a few cc. of water.
The red coloured solution was then poured into boiling
I HpS0, and allowed to cool. On standing a red solid
separated out. This wags filtered off and the solution
extracted with ether. The ether extract, together with
the so0lid, was extracted with & dilute solution of XNalH.
On gcidificetion of the alkaline extract a red solid was
precipitated. An attempt to recrystallise this from
agueous alcohol gave a red-brown amorphous powder, me.p.

180-185° (decomp.). Yield, 0.25 gu.

2:4-Dinitrophenylacetylhydrazide.

2:4-Dinitrophenylacetic methyl ester (2 gm.), 50%
hydrazine hydrate (3.5 ce.) and methyl alcohol (20 cc.)
were heated on the water bath for 1 hour. On cooling pale
yellovw needles crystallised out and a further crop was ob-
tained by concentrsting the mother liguor.  Recrystallised
from methyl alcohol they have m.p. 135.5-137°, On heating

with dilute HC1 this compound forms a hydrochloride, m.p.



»180°, from vhich the original compound can be regenerct-
ed by treatment with carbonate solution.
dnalysis. Jound I = 23.447%.. CgHgOglly reguires

I = 23.3%.

3:4:5-Trimethoxybenzoyl chloride.

3:4:5-Trimethoxybenzoic acid (50 gus.;, dried at 120°,
was heated under reflux with thionyl chloride (250 gms.)
until 30 and HCl were no longer evolved, about 2 hours.
Bxcess thionyl chloride was then distilled off, finally
under reduced pressure. The 3:4:5-ftrimethoxybenzoyl
chloride was distilled at 168-170°/10 mm. On cooling the
1ligquid distillate crystallised to a white s0lid, mepe. 79.5~-

80.5°., Yield, 50 gms.

:4:5-Trimethoxybenzaldehyde.

This preparation was carried out by a method slightly

modified from that used by Slotta and Hellero®/.

A steady
stream of hydrogen surified by passing through XIli0, solu-
tion and dried by means of so0lid KOH and concentrated
Ho504, was pasged into a boiling solution of 3:4:5-trimeth-
oxybenzoyl chloride (40 gms.; in pure dry xylene (200 cc.;,

4;. palladised BaSO, (12.5 gus.) being present as catalyst.

All glass Quickfit spparstus was used. After 30 hours the



reaction was stopped and the cold xylene solution was fil-
tered off from insoluble material and catalyst. The
Xylene solution was then shaken with a saturated sodium
bisulphite solution (250 cc.) until the bisulphite compound
separated out. This was filtered off and the xylene
separated from the bisulphite solution. The bisulphite
compound, together with the agueous mother liguor, was
treated with excess concentrated HZCl. On removal of S0g
at the water pump the 3:4:5~trimethoxybenzaldehyde precipi-
tated and was filtered off, washed with water and dried in
a desiccator. Yield, 20 gms., m.p. 68-70°. Recrystal-
lised from benzene/pet. ether in white plates, m.p. 71-720.
The insoluble material filtered off along with the catalyst
was recrystellised from xylene in white needles, m.p. 160°
and appears to be 3:4:5-trimethoxybenzoic anhydride as re-

vorted by Sharpze).

Attempted condensation of d:4:5-trimethoxybenzaldehyde and

sodium galt of 2:4-dinitrophenylacetic acid.

Sodium 2:4-dinitrophenylacetate (1.45 gm.) and 3:4:5-
trimethoxybenzaldehyde (1.16 gm.) were heasted with acetic
anhydride (20 cc.) on the water bath for 11 hours. The
golution while hot was poured into weter and left till the

acetic anhydride had decomposed when z precipitate of fine



needles was obtained. This materizl has m.p. 70-71°.

llixed melting point with 3:4:5-trimethoxybenzaldehyde is
0 ars . . . A

45-55". ilixed melting point with 2:4-dinitrotoluene

(mepe 70°) is 70°.

Attempted condensation of 2:4:5-trimethoxybenzaldehyde and

2:4-dinitrophenylacetic methyl ester.

D:4:5-Trimethoxybenzaldehyde (1 gm.) and 2:4-dinitro-
phenylacetic methyl ester (1.25 gm.) were boiled with pure
dry pyridine (10 cc.) for 2 hours. The dark red solution
was then cooled and poured into water (75 cc.). A dark
red o0il separated out which solidified on standing. Re~-
crystallisation from methyl alcohol containing a few drops
of water gave substsnce m.p. 81=82°. Ilixed m.p. with 2:4-
dinitrophenylacetic methyl ester (m.p. 83°) is 81-82°.
Substance is therefore unchanged ester.

Similar results were obtained using piperidine in pyri-
dine, piperidine and piperidine acetate as condensing agents.,
The only product isolated from the dark condensation product

in each case was 2:4-dinitroohenylacetic methyl ester.

Zthylbenzene.

Pinely powdered aluminium chloride (12.5 gm.) was added
to boiling benzene (thiophene free, 500 cc.) and boiling

continued for a few minutes. Ethyl bromide{90 gm.) in
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pure benzene (210 cc.) was then added to the boiling solu-
tion over a period of 2 hours, and refluxing continued one
hour longer. The solution when cold was decomposed with
ice anada HC1. The aqueous layer was separcted off and the
benzene layer washed twice with water and dried over GaClz-
Excess benzene was distilled off on the water bath. The
remaining liquid was distilled from an 0il bath using an
efficient fractionating column. The fraction b.p. 131-135°
was taken as pure ethylbenzene and was redistilled. Yield,
60 gus.

2:4-Dinitroethylbenzene.

As the preparation of 2:4~dinitroethylbenzene by the
method of Borschez6) had not proved satisfactory, the
following method was used instead.

Ethylbenzene (10 gm.) was added drop by drop on to &
mixture of nitric acid (sp.gr. 1.5, 9.5 cc.) and concentrsted
sulphuric acid (18.5 cc.), the temperature being kept below
70°.  After addition of all the ethylbenzene the nitration
mixture was hested on the water bath for 3 hours with occas-
ional shaking. The mixture, now in two layers, was cooled
and the upper layer separated off and the lower lgyer poured
into water. The agueous solution, together with the upper
layer, was extracted with ether. The ether extract was
washed with water until free from zcid and dried over lag30,.

On removal of ether a psle yellow o0il was obtained. A
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sanle of this distilled =t about 1759/1: wmm. It was

cheracterizsed by conversion into 2-nitro-4-sminoethyl-

o

b

C

venzenc, ene Lp-4

Z2-Hitro~4-agminoethylbenzene.

2:%-Dinitroethylbenzene (5 gm.) was dissolved in al-
cohol (16 cc.) and concentrated IH, (sp.gr. 0.88, 3 cc.)
added. HoS gas was then‘passed in till satursted and the
solution was then refluxed for % hour. Saturetion with
st fol}oweﬂ by refluxing was repeated until the increase
in weight was approximetely 3 gm. The sulphur was then
filtered off and the alcohol removed under reduced pressure.
The residue was taken up in hot dilute #C1 and filtered hot
from sulphur. On cooling 2-niftro-4-aminoethylbenzene
hydrochloride separated out. This was dissolved in water
and neutralised with NH4OH, wvhen an orange-yellow solid
separated out. Ilore 2-nitro-4~aminoethylbenzene was ob-
tained on neutralising the acid mother licuor. Recrystal~
lised from ligroin in orange-yellow plates, m.p. 42-43°,

Acetyl derivative, recrystallised from ligroin, was
30)

found to have m.p. 110-111°. (Schultz 2iVes MeD .

100_1010), Analysis. Found C = 57.694 H = 5.55%.

2-Nitro-4-acetaminoethylbhenzene, ClﬂH19OBN9’ requires

. sre A
C = B7.69% H=E.77p.
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Attempted condensation of benzaldehyde and 2:4-dinitroethyl-

benzene.

2:4-Dinitroethylbenzene (5.64 gm.) and freshly dis-
tilled benzeldehyde (3.45 gum.) dissolved in dry pyridine
(10 cc.) with the addition of a few drops of piperidine were
heated at 140-150° for 2 hours. The solution was cooled
and poured into water, when e dark red oil separated out.
The solution was made acid fto congo red with dilute HC1l and
steam distilled to rewmove benzaldehyde. The residue in the
flask, a red oil, was egtracted with ether, dried over E32304
and the ether distilled off. The residue was then reduced
with alcoholic (NH,) oS, as in reduction of 2:4-dinitroethyl-
benzene gbove. 2-Fitro-i=-aminoethylbenzene, m.p. 41-2429,
was obtained in high yiel@.

Only benzaldehyde (by steam distillation) and 2-nitro-
4-agminoethylbenzene (by reduction with (EH4)ZSX) were iso-
lated from the product of the reaction between 2:4-dinitro-
ethylbenzene and benzaldehyde using the following conditions:-
a) Piperidine at 170° for 1 hour. b) Piperidine acetate at
160-170° for 2 hours, end at 170-180° for 12 hours.
¢) Piperidine in acetic anhydride solution at 150-160° (o0il
bath temperature) for 4% hours. &) Pipe}idine acetate in

pyridine solution at 140-150° (o0il bath) for 5 hours.
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Attempted condensation of 3:4:5-trimethoxybenzaldehyde and

2:4=dinitroethylbenzene.

3314 :5-Trimethoxybenzaldehyde (1 gm.) and 2:4-dinitro-
ethylbenzene (1 gm.) were heated with a few drops of
piperidine for 2 hours at 160-170°. Prom the product of
reaction only 2-nitro-4-aminoethylbenzene (by reduction

with (HWH4) 2S¢ as above) was isolated.

W -Diagzo=3:4:5-trimethoxyacetophenone.

3:4:5-Trimethoxybenzoyl chloride (5 gm.) dissolved in
dry ether (60-70 cc.) was added portionwise to an etheresl
golution of diazomethane (from 10 cc. N-nitrosomethylure-
thane) . On standing overnight pale yellow crystals of
W-diazo-3:4:5~-trimethoxyacetophenone crystallised out.
Concentration of ether solution under reduced pressure gave
further crop of crystals. Total yield 2.5 gmse., Mmepe 94~
96°. A repeat experiment under the same conditions, with
the exception that the diazomethane. was prepared from nitro-
somethylurea (10.5 gm.), gave 3.4 gus. of w-diazoaceto-
phenone, mepd. 101°.

38)

Baker, lorgans and Robinson gave m.p. 0f this com-

9)

7
pound as 98°, while Slotte and Iuller®”’ gave m.p. as 103°.
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$:4:5-Trimethoxyphenylacetamide.

39) .
'y

(cf. llethod of slotta and uller

W-Diazo-3:4:5-frimethoxyacetophenone (2 gm.) was added
in smell amounts to a mechanically stirred solution of ITH4OH
(20%, 25 cc.) containing 4gll0; solution (109, 2.5 cc.) at a
temperature of 50-60°. The tempersture was raised gradu-
ally to 80° while effervescence occurred. When the effer-
vescence appeared to be couplete, the solution was diluted
with water and refluxed for 1 hour and then filtered hot.
On standing gseverzsl hours yellow-white plates of 3:4:5-
trimethoxyphenylacetamide crystallised out, m.p. 122-123°.
A further crop was obtained by salting out the mother liquor.

Yield, 1.75 gms.

Z:4:5-Trimethoxyphenylacetic acid.

3:4:5-Trimethoxyphenylacetamide (2 gms.) was boiled
under reflux with 100 WaOH solution (20 cc.; for 6 hours.
The solution wes then cooled and extracted with ether to re-
move any unchanged amide and acidified with HC1. On stsnd-
ing overnight in the ice box 3:4:5~trimethoxyphenylacetic
acid erystallised out in white needles, m.p. 120° in almost

quantitative yleld.

3:4:5-Trimethoxyphenylacetyl chloride.

A). B:4:5-Trimethoxyphenylacetic acid (0.25 gm.) was dis-

solved in benzene (10 cc.) and PClg (020 gm.) added. The
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solution was refluxed 1 hour, filtered from ingoluble
meterial and evanorated to dryness in vscuo. The residue
was taken up in benzene and an equal volume of lizht petro-
leum added. Pale yellow crystals, mep. 117°, separated
out. This material gave no depression of melting point
when mixed with the original acid.

B). 5:4:5-Trimethoxyphenylacetie acid (0.25 gn.) was trested
with excesg thionyl chloride. The solution became dark in
colour almost immediately and was then heated for 1 hour on
the water bath. On removal of the thionyl chloride in
vacuo a black tar with considerable cherring was obtained
which was only speringly soluble in wmost solvents.

c). 5:4:5-Trimethoxyphenylacetio acid (1.75 gm.) dissolved
in dry chloroform (25 cc.) was treated with FC1lg (1.5 gm.;
in the cold, when an evolution of HC1l was observed. When
all the ZClg hed dissolved the chloroform and the FOCly were
removed in vacuo. The residue, a yeilow solid, was used in

the next experiment without further purification.

Attempted Friedel-Craft reaction between 3:4:5-trimethoxy-

phenylecetyl chloride and anisole.

3:4 :5-Trimethoxyphenylacetyl chloride (as obtained in
zbove experiment from 1.75 gus. of scid) was suspended in

carbon disulphide (20 cc.), in which it is only sparingly



soluble, and anisole (1 gm.) edded. The mixture was cooled
in an ice bath and 4101, (1.2 gn.) was added gradually with
shaking. The reaction mixture was then left sgbout 20 hours
with occasional sheking. The purplish-red solution was
then decomposed with ice and HC1. The solution was steanm
distilled, when CS5g, together with unchanged anisole, was
obtained. The residue in the flask, a dark red solid, was
gseparated from the agueous solution asnd extracted with slkali
in which it is mostly soluble. The small emount of insgol-
uble material dissolved in alcohol did not give any indica-
tion of a ketone group when treated with 2:4~dinitrophenyl-
hydrgzine. Acidification of the alkaline extrect gave a
small amount of 3:4:5-trimethoxyphenylacetic scid. llore
trimethoxyphenylacetic acid was obtained by extracting with
ether the agueous mother liguor which had besn steam dis-

tilled.

Atteupted preparation of methyl-3:4:5-trimethoxybenzyl ketone.

To a cooled, well stirred golution of methyl magnesiun
iodide nrepared from methyl iodide (13 gm;), magnesiun
filings (2.16 gm.) and dry ether (60 cc.), Ffinely powdered
3:4 :5=trimethoxyphenylacetamide (2 gm.) was added in small
guantities. There was no apparent reaction except for a

darkening of the colour of the solution and a geparation of



a brown powder. After heating for a short time the ether
was Gistilled off and dry benzene (50 cc.; was added and
the mixture refluxed for 20 hours. A pasty solid remained
which was decomvosed with ice and HC1. The benzene layer
was separsted off and the agueous lsyer extracted with ben-
zene and then with ether. The combined ether and benzene
solutions were washed with water, dilute sodium carbonate
solution and water and then dried over Nazsoé. On removal
of solvent a small amount of red 0il remained which could
not be crystaellised, nor identified as a ketone with 2:4-

dinitronhenylhydrazine in salcohol.

Syringic alcohol.

1:5-Dimethylpyrogallol was prepared from 3:4:5-tri-

methoxybenzoic acid by the method of Hahn and Uassmuthés).
1:3=-Dimethylpyrogallol (7 gms., 1 mol.) was dissolved in o
solution of WalH (2.2 gms., slight excess 1 mol.) in water
(150 cc.) and 40% formalin (10.5 cc., approx. 3 wols. for-
maldehyde) added. The solution was then left for 72 hours
at room temperature. It was then acidifieﬁ to litmus with
acetic acid and extracted with ether (40 cc.) which removes
prefefentially unchanged dimethylpyrogallol, and then with
chloroform (300 cc.). The chloroform solution, washed with

g little water, was dried over NaZSOA and then the solvent
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was distilled off, when a red solid (6.2 gms.) was obtained.
This was recrystallised from benzene in orange coloured
needles, m.p. 129-130°. Yield 5 gms. Analysis specimen
was obteined in white needles, m.p. 131-132°.

B8.60., H = 6.60%, 1le0 = 3Z.621.

Anglysis. lFound: C

C,Z, .0, requires C = 58.60%, E = 6.52%, 1e0 = 33.69%.

9712
Unchanged dimethylpyrogallol recovered from the ether

extract can be used to prepare a further amount of the alcohol

3:4:5=-Trimethoxybenzylalcohol.

A). Syringic alcohol (12 gms.) was stirred on the water bath
for 1% hours with a solution of XOH (107, 45 cc.) and methyl-
p-toluenesulphonate (15 gms.). KOH solution (10%, 50 cc.)
was then added and stirring continued for a further hour and
then more KOH solution (107, 10 cc.) was =dded and stirring
continued for ¥ hour. A certain amount of o0il separated out
during the resction and this was increased on dilution with
water. The mixture was then extracted with ether. The
230,
on evaporation gave a yellow 0il (10.8 gms.) which could not

ether extract, well washed with water and dried over HNa

be crystallised. It was characterised as 3:4:5-trimethoxy-
benzyl alcohol by means of its 3:5-dinitrobenzoate.

The 2:5-dinitrobenzoate, prepared from J:5-dinitrobenzoyl
chloride in pyridine in the cold, crystallised from methyl
glcohol in yellow plates, mepe 148.5-149.5°,
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/
/1: '58;u .

Analysis. found: C = 52.047, H

0

CqyHqg0gF, requires C ® 52,095, H = £.101.

On standing the yellow o0il of 3:4:5=-trimethoxybenzyl
alcohol slowly resinified. from the resin fthere was
isolated a small gmount of material insoluble in ether which
appears to be 1:2:3:5:6:7-hexamethoxy—9:10—dihydr03nthracene
formed by the condensation of two molecules of 3:4:5-tri-
methoxybenzyl alcohol. This was crystallised from alcohol
in white prisms, m.p. 201°.

Anglysis. Hound: C = 67.07%, H = 6.68%, 1le0 = 52.00.

Coollos0p requires C = 66.67, H = 6.67%, 1160 = 51.67;.

B). This is essentially the method described in the German
patent D.R.P. 526172.

Syringic alcohol (1.5 gm.) was =added to a solution of
sodium (0.3 gm.) in sbsolute alcéhol (25 cc.) and the solu-
tion warmed to complete conversion to the sodium derivative.
iethyl iodide (3 cc.) was then added and the solution re-
fluxed one hour. An additional amount of methyl iodide
(2 Qc.) was then added and boiling continued one hour longer.
The alcohol was then distilled off and Wali solution added,
(colour change, orsnge to green indicates presence of un-
changed phendl), and then extracted with ether. The ether

extract was washed with water and dried over Nazsoé. The



ether was then distilled off and the residue distilled at
145-155°/0.5 mn., when 0.75 gm. of colourless oil was ob-
tained. 3:5-Dinitrobenzoate has m.p. 148-149°,

By acidifying the agueous mother liquor with acetic
acid and extracting with chloroform unchanged syringic al-
cohol can be recovered.

3:4:5-Trimethoxybenzyl chloride.

3:4:5—Trimethoxybenzy1 aleohol (1 gm.) dissolved in
dimethylaniline (0.9 gm.) and cooled in a freezing mixture
was treated with thionyl chloride (0.7 gnm.). The nixture
was kept 30 minutes at this temperature and then heated
15 minutes on the water bath. It was then cooled and ice
and dilute HCl were added and the solution extracted with
ether. Ether extract was washed with water, NazOOZ s&lu-
tion and water and dried over NaZSO4- The ether was dis-
tilled at 140-150°/0.6 mm. Yield, 0.75 gm. of white

crystalline solid, m.p. 59-61°.

Attempted preparation of 3:4:5-trimethoxybenzyl-4'-methoxy-

phenylmethyl carbinol.

Magnesium turnings (2.5 gm., 30 mols) were covered with
dry ether (8 cc.) and a smell amount of 3:4:5-trimethoxy-
benzyl chloride and a crystal of iodine added. The solution

was refluxed 10 minutes without stirring and then the
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remainder of the chloride (1.5 gm., 1 mol) in dry ether

(12 cc.) was added gradually over a period of 5 hour with
gtirring and refluxing. As no sapparent reaction had set

in, a small amount of freshly nprepared methyl magnesiunm
iodide was added, when a slight reaction was noted. The
mixture was refluxed for 1 hour and then dry benzene (10 cc.)
was gdded and boiling continued a further hour. p~iiethoxy-
acetophenone (1.1 gm.) in dry ether (15 cc.) was then added
graduglly while boiling continued. After reflﬁxing for 2
hours the mixture was cooled, decomposed with ice and IH,C1l
and extracted with ether. Ether extract was washed with
water and NaOH and dried over NapSO4. The ether was dis-
tilled off and the residue distilled. The frsction (1.1
gme) bepe. 150-160/12 mm., m.pe. 35-36° appears to be p-meth-

oxyacetophenone. The residue could not be distilled at

0.5 mm., Oor crystallised.

Diethyl ester of 3:4:5-trimethoxybenzylmalonic acid.

Sodium (0.47 gm.) was dissolved in absolute alecohol
(9 cce) 2nd diethylmaslonate (3.26 gm.)} added. The solution
was slightly warmed to convert the diethylmalonate into the
sodio derivaetive. It was then cooled and freshly prepared
powdered 3:4:5-trimethoxybenzyl chloride (4.4 gms.) added.

On gently shaking in the cold the chloride dissolved and
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Hall was precinitated. After standing ; hour st room tem-
perature the mixture was heated on the water bath for 15
minutes and then the slcohol was distilled off, finsally
under reduced pressure. The residue was treated with wat:zr
and extracted with ether. The ether extract was washed
with a 1little water and dried over Eazsoé. On removal of
the ether a pale yellow 0il was obtained which crystallised
on stsnding and was recrystallised from '40~-60' light
petroleun with cooling in the ice box in white prisus, m.p.

67-71°,

59.715, H = 7.0%..

u

Anglysise. found: ©C

C17Ho40p requires c 60.007, H = 7.06% .

Reney Nickel catslyst (modified preparation).

Nickel-aluninium alloy (50 gms.)} was added over a period
of 2 hours to a cooled solution of HaOH (50 gus., in dis-
tilled water (900 cc.) with stirring, the temperature being
naintained below 10°. Stirring was then continued for
about 1 hour until the temperature rose to normal and then
the tempersture was raised to boiling on the water bath at
such a rate that the evolution of hydrogen did not becomse
too vigorous. When the evolution of hydrogen had ceased,
sbout 5 hours, the solution was cooled and the catalyst

allowed to settle. The ligquor was then decanted off and
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the catalyst washed several times by decantation with 5-6
litres of disztilled water and then with about 500 cc. of
absolute alcohol. The catalyst was then covered with

about 200 cc. of absolute alcohol and used next day.

p=llethoxycyclohexanol.

This was prepared by a method slightly modified from
that used by Ruggli, Leupin and Bussinger54).

Hydroquinone monomethyl ether (150 gms.}, Raney nickel
catalyst (25 gms.) and absolute alcohol (500 cc.) were
placed in an autoclave fitted with an elsctro-magnetic rod
and disc stirrer. The autoclave was filled with hydrogen
to a pressurc of 105 atmospheres and heating commenced.
After 1% hours the temperature had risen to 90°C., and the
pressure to 130 atmospheres. During a further hour's heat-
ing the. temperature rose to 120°C., while the pressure fell
to 90 atmospheres. The temperature was maintained at 120°
while the pressure continued to fall for 1; hours longer until
it was constant at 50 atmospheres, when reduction was com-
nlete. On cooling the catalyst was filtered off and the
filtrate concentrated, finally in vacuo, on the water bath.
The residue on testing was found to contain no unchanged
hydroguinone mononethyl ether. It was then distilled at
129—1510/28 mm., yield, 139 gns. A4 small smount of lower
boiling materisl was also obtained and is probably hexa-

hydroanisole.



pn-ethoxycyclohexanone.

45 the metiod of Helfer®®) using dichromste and H,50,
was found to give g yield of only 37, the following method
was uged instead.

Chromic acid (5.7 gms. 100 excess) dissolved in acetic
acid (807, 24 cc.) was added over a period of & hour to a
well stirred, cooled solution of p-methoxycyclohexanol (10
gas.) in pure glacial acetic acid (100 cc.) at such a rate
that the teumperature did not rise above 10-12°0. Stirring
was continued for an hour or so until tenmperature retummed
to normsl and the soluvion was left to stand overnight.

The acetic acid was then distilled off in vacuo at as low a
tenperature as possible. The residue was then neutralised
with 61 llasCOz solution and extracted with ether. The ether
extract was washed with a little water and dried over Iia_30

cd 4_
The ether was removed and the residue distilled under re-

duced pressure. Yield, 7 gmse. of colourless o0il, bep. 81~
83°/11 ma., and 0.5 zm., b.p. 83-850/11 wn. This ketone

forms a bisulphite compound and a semicarbazone, m.p. 179°.

2-Chloro-<-methoxycyclohexanone .

4 slow stream of chlorine gas was led into g mechanical-
1y stirred mixture of p-methoxycyclohexanone (1ll.2 gu.),

water (8 cc.) and CalOz (5 gms.) at such a rate that the
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temmerature was maintained at 25-30°. after 3 hours all
the Callz had dissolved and the streanm of chlorine was
stopped. Two liguid layers were formed and the red upper
layer vias separcted off and the lower aqueous loyer was
extracted vith ether. The upper layer, tozether with the
ether extract, was washed with TgHlOz solution and with
water and then dried over Hay80,. The ether was distilled
off and the residue fractionated. The fraction b.pe. 105-
1190/11 wm., 4.8 gns. of & pale yellow oil, was taken as

Z=chloro~4=methoxycyclohexanone .

2=-Bromo~4-methoxycyclohexanone.

Browmine (7.3 gm., 1 mol.) dissolved in dry chloroform
(70 cc.) was added to a cooled, mechanicelly stirred solu-
tion of p-methoxycyclohexanone (5.9 gm., 1 mol.) in dry
chloroform (60 cc.) at such a rate that the colour of the
solution was kept faintly yellow. After 1 hour at this
temperature the chlorolorm was removed in vacuo and the
residue taken up in ether. The ether extract was washed
with water, Haﬂcog solution ahd water and dried. After re-
moval of the ether the residue was fractionated. The
froction, bepe 127-1550/12 mile, %.85 gus. of colourless oil,
was taken as 2-~bromo-4-methoxycyclohexanone and characterised

as the thiazole derivative below.
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2=Anino-6-methoxy=-4:5:6:7-tetrahydrobenzthiazole.

Z=Sromo~4=nethoxycyclohexanone, b.o. 127~155°/12 mae,
(1L.08 gm., 1 mol.) was nmixed with thiourea (0.38 gm., 1 mol.),
when an exothermic rcaction set in and the syrup which was
formed graduslly solidified. The mixture was then heated
a short time on the water bath to complete the reaction.
Dilute Ia0E was then added and the so0lid dissolved, followed
by precipitation of an oil which gsolidified. This was
filtered off, washed with a little ether and water and dried
on a porous plate. Recrystallised from benzene/cyclohexane
and finglly from benzene in white prisms with a brownish
tinge, mepe. 141.5-1440,

Analysis. dound: C = BZ.Z7%, E = 6.52%.

C T i - . C{ L= [ 4:/:0
uéﬁlzoﬂzs requires C 52.17., E 6 o441

Diethyl ester of Z:4:5-trimethoxybenzyl-2-keto~-5b-methoxy-

cyclohexylmglonic acid.

Diethyl ester of 3:4:5-trimethoxybenzylmalonic acid
(4.2 gme.) and sodium (0.282 gm.) were heagted together in
ary benzene (30 cc.) until all the sodium had reacted. It
was then cooled in ice and freshly prepared Z2-browmo=-4-neth-
oxycyclohexanone (2.55 gme) in dry benzene (15 cc.) was
gradually added. After stending a short time at this tem-

perature, the mixture was heated on the water bath for 4



hours, then cooled, diluted with benzene, shaken out with
water and the solution then dried over Hagsoé. The ben-
zene was then distilled off leaving 2 yellow oil (5.55 gus.)
which did not s0lidify and could not be crystallised from
light petroleum in which it is sparingly soluble, or from
light petroleum/benzene. This 0il was saponified in the

next experiment.

Hydrolysis of diethyl ester of Z:4:5-trimethoxybenzyl-2-

keto-5-methoxycyclohexylmalonic acid.

The above ester (5.4 gm.), as a gum, was heated for 5
hours on the water beth in a solution of slcohol (12 cc.;
and water (12 cc.) containing sodium hydroxide (4.8 gm.).
A white sodium salt 4 (1 gm.) was filtered off. The fil-
trate was diluted with water, excess alcohol distilled off
and then extracted with ether to rewmove unchanged maferial.
On acidification with HC1l a solid was precipitated which
formed a tarry solid, B, on filtration. This solid (1.8 gm.
dry) was washed with weter and dried in vacuo. The fil-
trate was evaporated to dryness in vacuo and the residue
extracted with ccetone. The acetone solution on evapora-
tion to dryness gave o red gunm, $ (1.4 gm.), vhich could
not be crystallised.

1

The sodium szlt A wes dissolved in wsater and acidified.



95": .

43 no precipitate was obtained the solution was evaporated
to drynese in vecuo and the residue extracted witn dry
acctone. . Dhe acetone golution on evaporation to dryncss
jave a yellow gum which was crystallised frowm benzene-alco-
hol in white prisms, m.n. 115-116°. This appears to be
S:4:5-1trimethoxybenzylmalonic acid as it gives, on decar-
boxylation at 135° in vacuo, 3:4:5-trimethoxyphenylpropionic
acid, m.p. 100° identified by a mixed melting point with an
authentic gpecimen.

Analysis: Found: C = 55.17%, H = 5.40. Trimethoxy-

0,, reguires C = 54.940, H = 5.64 .

benzylmalonic gcid 015“16 n

Decarboxylation and sttempted ring closure of products B

and C obtained in above experiment.

The tarry solid B (1.8 gm.) was decarboxylated by heat-
ing in vacuo to a tempersture of 135-140° in an oil bath.
The product obtained, a red gum, was heated with excess
syrupy phosphoric ecid (887 w/w.) at 105° for a half hour.
The solution was cooled and poured into water. A dark gunm
was desposited and this was removed, well washed with water
and dried in vacuo. It was then extracted with hot benzene
in which it is partly soluble. The gum:-y materisl which was
soluble in benzene was chromatosraphed in o golution of ben-

zene-netroleun ether through a column of zlumina and eluted



Bl
9de.

with benzene. from the benzene golution o small amount of
resin, m.y. 75-80°, was obtained but it could not be
crystallised. The product of ring closure which was insol-
uble in henzene was dissolved in a solution of 2 parts ben-
zene and 1 part glcohol and chromatographed through s column
‘of alumina. On elutior with glcohol a small amount of
white solid was obtained which was crystallised from benzene-
alcohol in white prisms, mep. 250°.

Anglysis: Found: C = 54.07%, H = 6.4% .

The gum C (1.4 gm.) was decarboxylated at 135°% in vacuo
and the product obtained hested with excess syrupy phos-
phoric acid at 105° for 30 minutes. The solution was then
cooled and poured into water. A black tar which was formed
was separated off. The solution was then partly neutralised
(still acid to litmus) with 6 sodium carbonste and left =
few days, when a small amount of solid crystsllised out.

This was identified by means of a mixed melting point as

%4 5=trimethoxyphenylpropionic acid.

(-2:4:5-Trimethoxyphenylpropionic acid.
\
Diethyl ester of J:%i:b-trimethoxybenzylmalonic acid
(0.2 gm.) was heated with alconol (2 cc.) and water (2 cc.)

containing sodium hydroxide (0.2 zm.; on the water bath

Tfor 5 hours. The solution was then extracted with ether



to reoumove unchenged motericl, acifified -Ath dilute 701
end wplin oxtracted with ether. Thic ether extract wes
washed with water and dried over EaZSOA. On evaenoration

to drymess it gave on oil which after two crystellisations
from benzene-petroleum ether formed colourleds needles,

mede 100-102°.

inalysis: Jound: C = 60.215, T = 6.28 .
C1g81605 requires C = 60.007, I = 6.68.
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benzene from which a yellow crystslline solid, mep. 170~
1759 (0.17 gm.) éeparated. The benzene solution taken to
dryness gave a red gum (0.6 gm.) which was used in the
following oxidation experiment. The compound, meps 170~
175° was recrystallised from benzene (with a few drops of
acetone) in white microcrystalline rhombs, m.p. 179-181°.
This appears to be the amide of o« -p-anisyl-(3 -(2-brono-

3:4:6-trimethoxyphenyl)acrylic acid.

Analysis. Pound:C = 54.267, H = 4,73, MeO = 29.160.
C1gHg05MBr requires C = 54.03%, # = 4,74, Me0 = 29.39

Oxidation of hydrolysis product of X-cyano-o«-p-anisyl-(3 ~
L

(2=-bromo~3:4:5=trimethoxynhenyl)ethylene.

The red gum (0.6 gm.) obtained sbove was heated to
boiling with a soluéion of NaOH (1.2 gm.) in water (10 cc.)
and & solution of EMnO, (1.2 gm.) iﬁ water (%0 cc.) was
added. After the addition of the permanganate the solution
was refluxed for 1 hour and then cooled and filtered from
anz;“ The filtrate was acidified, when & pale yellow solid
(0.35 gm.) was precipitated. On recrystallising twice from
boiling water this formed white crystalline prisms, m.p.
151-152°. It gave a positive test for bromine. This
appears to be 2-bromo-3:4:5-trimethoxybenzoic acid which

has mepe. 1510.
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jﬂ'la.lyﬁi Se found: o L1, 5[':1‘ s = 3. 91;: .

u

C1oH1105Br requires C = 41.2%, = = 3.787.

By this isolation of 2-bromo-3:4:5-trimethoxybenzoic
acid the fact that the bromine stom igs in the same ring
ag the three methoiyi groups in the original compound has

been proved.

Attemnts to ring close x-¢yano-ot-s~znisyl-(3-(2-bromo-
A"

3:4:5-trimethoxyphenyl)ethylene.

a). The sbove comnound (0.4 gn.) was addcd to fused

notasgh at 225°% ond stirred for 2-4 minutes waile the tew-
perature fell to 190°. On cooling, the wmelt was extracted
with water and then with chloroform. The chlorofcrm
extract was washed with water and dried over Napgd304. On
rewoval of solvent a s01id was obtained. This crystallis-
ed from éloohol in fine yellow needles (0.3 gm.), wep. 140°,
identified as unchanged material. The alcohol mother
liquor, on evaporation to dryness, gove a suall amount of
red gum.

b). The sbove éxperiment was repeated with the exception
thset the temnerature of fusion wes meintsined at 240° for

5 minutes. Unchanged wmaterial (0.25 gm.) and a little
more gun were obtained.

An attempt to distil the gum obtained in these ftwo
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experinents was unsuccessful. A trace of the original
matorial wes obtoined on distillation up to a teumpercture
of 205° in a nigh vacuuwm.

¢). The above bromo compound (0.2 gm.), caustic potash

(1 gme) and quinoline (1.5 cc.) were hested to boiling for
five minutes. The mixture was then cooled snd diluted
with water. The o0ily solid which was deposited was ex-
tracted with hot water and then taken up in chloroform.
The chlorcform extract was washed with dilute HC1l and with
water and dried over Hag30y The chloroform was then
distilled off and the residue obftained crystallisced froun
slcohol, when unchanged material (0.16 gm.) was recovercd
28 fine pale yellow needles, mep. 141°.

d). The above bromo compound (0.% gm.), nspithalene (2 gm.),
potassium acetate (0.2 gm.) and a trace of cuprous iodide
were heated st a temperature of about 190° for 4 hours.
The melt was then steam distilled to rewove naphthalene.
The residue was dissolved in chloroform. The chlorofomm
solution, after washing with water and drying over Was30,,
was evaporated to dryness. The residue was crystallised
from alcohol in yellow needles (0.25 gm.; identified as

’

original compound.
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«~Cyano- ex-p-hydroxyphenyl-B -(3:4:5-trimethoxyphenyl)
R \

ethylene.
This is the method used by Cook and Lswrence (Unpub-

lished work).

314 :5-Trimethoxybenzaldehyde (4 gms.) and p-hydroxy-
benzyl cyanide (2.5 gms.) were dissolved in sbsolute al-
cohol (25 cc.) containing sodium (1 gm.) and left 48 hours
at room temperature. This was then diluted to gbout 100 cc.
with water and scidified with dilute HC1, when a pale yellow
solid was precipitated. This was filtered off, washed with
a little agueous alcohol and then recrystsllised from
aqueous alcohol (charcoal) in fine pale yellow needles, mep.
169.5-170.5°. Yield 3.2 gns. A further small amount of
meterial could be obtained by diluting the acid mother
liguor. |

A similar experiment using NaOH (2 mols.) in place of
NaOEt gave the same product and not the material, m.p. 148-

1500, obtained by Cook and Lawrence.

Reduction of o~cyano- K-p-hydroxyohenyl-B -(3:4:5-tri-

methnoxyphenyl)ethylene.

A). The sbove compound (1.5 gu.) dissolved in acetic an-
hydride (80 cc.) was shaken with Adams' catalyst (0.1 gm.)

in asn stmosphere of hydrogen. After 5; nours 125 cc. of
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hydrogen hed been ghbsorbed. In the next 24 hours 320 cc.
were recorded as having been adsorbed but this may have

been due to a leak in the apparatus. Theoretical absorp-
tion, 22% cc. at I.T.Ps for 3 mols. of hydrogen. After
filtering off catalyst the acetic anhydride was concentrated
in vacuo. A white crystalline solid, m.p. 161-163°
crystallised out on cooling. This was identical with
X-Cyano-e - p-acetoxyphenyl- @ -(2:4:5-trimethoxyphenyl)ethyl-
- ene prepared by acetylating the corresponding hydroxy com-
pound with acetic anhydride and a trace of concentrated
Hp30, . After concentrating the original acetic anhydride
solution until no more of this materisl was obtained, the
golution was tsken to dryness, when a pale yellow syrup was
obtained. This was teken up in absolute alcohol and on
cooling in the refrigerator a smell amount of white solid,
m.pe 148-154% was obtained, but was not identified.  The
alcohol mother liquor was evaporated to dryness and the gum
obtained hydrolysed with 10% glcoholic potash. After
evaporating off excess aléohol the solution was acidified,
when a brown gun was deposited. As this gum could not be
the required amine, it was not further investigated. The
acid mother liquor was then neutralised with K20C5301ution.
After standing several weeks a trace of crystalline material

mep. 76-78° was obtained.



B). &-Cyano- &&=p-hydroxyvhenyl-@ ~(2:4:5-trimethoxyphenyl)
ethylene (1.5 gm.) and sodium (3.2 gm., cut in small slices
were mixed in a round bottomed flask fitted with & reflux
condenser.  Absolute alcohol (22.5 cc.; was added down the
condenser and a violent reasction set in. slcohol was
added in small portions to keep the reaction going. When
all the sodium had reacted, water (60 cc.) was added and
excess alcohol distilled off. The solution was then
cooled and acidified with dilute HC1l, when a yellow solid,
somewhat sticky, was precipitated. The solution, together
with the so0lid, was extracted with ether in which the

solid is not completely soluble. The ether solution after
washing with water and drying over Has50, was evaporated

to dryness giving a yellow gum which was crystallised from
agueous alcohol in yellow crystals, m.p. 160-165°. A
further recrystallisation gave m.p. 166-168°. This was
identified as unchanged material. The small amount of
material which was insoluble in ether was crystallised from
benzene/acetone in pale yellow microscopic prisms, m.p. 211°.
This is insoluble in carbonate solution and appears to be
the amide of o -p=-hydroxyphenyl- (@ =-(3:4:5~trinethoxyphenyl)-

acrylic acid.

Anglysis. Found: C = 65.43%, H = 5.897.

G H O requires C = 65.66%, H = 5.77.

1819 5
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The original acidified mother liguor was neutrslised
with K30z solution to liberate any basic product. To

amine was obtained even after extraction with ether.
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Colchiceineamide.

Colchicine (1.4 gm.) was dissolved in & solution of
ebsolute alcohol (12 cc.) and concentrated smaonia (sp.gr.
0.88, 5 cC.)e The solution became red and was heated on
the water bath for 4 hours. The solvent was then removed
in vacuo and the residue extracted with cold water to re-
move unchenged colchicine. The remaining solid was dried
in vacuo and then dissolved in scetone. A certain amount
of s0l1id crystallised out on standing a short time and this
was recrystallised from acetone containing a 1little alcohol

in yellow diamond shaped rhombs decomposing at 252°.

Anslysis. Found: C = 65.647, H = 6.19%.

-

64257 .

5

65.625, H

1]

Co1HoaOglip requires C

Benzene was added to the original acetone solution and
the solution concehtrated, when clumps of prisms crystal-
1ised out. This fraction crystallised from benzene/acetone

in yellow prisms.which sinter at 225° and decomprose at 250°.

Anslysis. Found: N = 7.15%.
s M = (Z.
021H2405N2 requires N = 7.28)

The aqueous extract of the amide obtained gbove
evaporated to dryness gives unchanged colchicine which can

be re-treated.
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Attempted condensation of colchicine and scetamidine.

Acetamidine hydrochloride (0.118 gm.) was added to a
solution of sodium (0.03 gm.) in absolute =alcohol (15 cc.).
Colchicine (0.5 gm.) was added gradually with shaking.
After standing 2 hours at room temperature the solution was
refluxed for two hours on the water bath, when the colour
of the solution became dark red in colour. After cooling
in the refrigerator the sodium chloride was filtered off.
As no solid crystallised out on concentrating the alcohol
solution, nor after adding ethyl acetate, the solvent was
removed in vacuo, when & green solid, varnish-like in
texture, was obtained. This crude materisl, which smells
of acetamidine, was soluble in water and alcohol and in-
soluble in benzens. It could not be crystallised. On
boiling with 1% HC1l for two hours colchiceine crystallised
out, thus the dark green solid appears to have been crude
colchicine.

In & similar experiment using colchiceine (0.4 gm.)
in place of colchicine, no condensation took place, as

colchiceine was recovered unchanged.
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Attempted condensation of colchiceineamide and cyanacetic

ester.
A) . Colchiceineamide (0.2 gu.) disnsolved in absolute alco-
hol (10 cc.) conteining sodium (0.012 ga.) was treated with
a solution of cyanacetic ester (0.06 gm.} in sbsolute al-
cohol (4.7 cc.). The solution was refluxed on the water
bath for 5 hours and then left overnight. The alcohol was
then distilled off and the residue extracted with cold water
and filtered. The undissolved material was identified as
unchanged colchiceineanide. The filtrate gave no preci-
pitate on acidification, but on addition of strong alkali
a yellow so0lid was precipitated which was also identified
as colchiceineanmide.
B). Colchiceineamide (0.1 gm.) and cyanacetic ester
(0.03 gm.) in alcohol (1 cc.) were heated with a trace of
piperidine for several hours. The alcohol was then
evaporated off. The residue after crystallising from al-

cohol/benzene was identified as unchanged colchiceineamide.

Condensation of colchicine and cyanacetamide.

Golchicine (0.2 gm.) and cyanacetsmide (0.045 gm.) were
dissolved in absolute alcohol (8 cc.) containing sodium
(0.012 gm.). The solution was allowed to stand for 4 days,

when the colour had changed from yellow to orange to dark
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red. The alconol was then removed in vacuo z=nd the resgidue
talken up in water and acidified with dilute HC1. A yellow~
orange 501id was precinitated which was then filtered off
and dried. The filtrate was extracted with chloroform,
ether having effected no extraction. The chloroform solu-
tion after drying over Hazso4 was evaporated to dryness and
the residue was extracted with a little water to remove any
unchanged colchicine, when a further small amount of the
above yellow-orange £0lid was obtained. This condensation
product is soluble in alcohol, chloroform and slightly in
water, insoluble in ether, benzene and petroleum ether.

It could nof be crystallised. It was prepsred for anslysis
by dissolving in alcohol and precipifating from hot solution
with benzene. In this way it was obtained as a flocculent
precipitate which dried to an orange~yellow amorphous powder.
It commences to sinter sbout 175° and decomposes sbout 2059.
Anglysis. Hound: 3.260 mg. give 7.150 mg. 0O, & 1.650 mg. H,0
Residue 0.0700 mg. C = 59.81%, T = 5.627, If = 8.507.
Allowing for residue:- C = 61.10%, E = B.74%, N = 8.68%.
CogHoa O5li5CL (hydrochloride of compound LV or LVI, p.62,
requires C = 61.30%, H = 5.11%, U = 8.94%.



107.

Action of dehydrating agent on l-acetylcolchinol nethyl
ether.

N-Acetylcolehinol methyl ether (0«4 gm.) in pure dry
xylene {distilled over P505, 20 cc.) was treated with P04
(0.8 gm.) 2nd the mixture refluxed for 15 minutes on the
0il bath. ‘Then cold the xylene solution was decanted off
and the residue washed with g little warm xXylene. The
residune, dissolved in water, was steam distilled to remove
traces of xylene. On neutrelising the agueous solution
with NaOH no materiél wags precipitated, nor was any obtained
by extraction with ether. The origingl xylene solution
was decanted from a trace of resin and then evaporated to
dryness in vacuo. A gun was obtained which was crystallised
from g small smount of methyl alcohol in white plates, m.p.
99.5-100°. It was found thaet this compound after melting
at 100o solidified on cooling and melted again at 109-110°.
It was found to contain no nitrogen.

Analysis. Pound: C = 72.08%, H = 6.135’.?.

12)

. s n S 0
Compound obtained by Windaus , M.ps 1117, Cl9H2004

requires C = 73.05%, H & 6.40%.
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Synthegis of 2:3-benzchrysene and its significance.

Chlorination, brominetion and nitration of chrysene, I

]

leads to substitution in »osition 6%, In this respect
chrysene behaves as a nhenanthrene derivative, oosition 6 of
chrysene being equivalent to position 9 of phenanthrene, II.
In Friedel-Craft reactions, however, chrysene behaves differ-
ently from phenanthrene as it gives in carbon disulphide

solution with oxalyl chloride, benzoyl chloride, or acetyl
1) )
chloride, chrysene-6-carboxylic acid ’, 6—benzoylchrysene2’

gJ

or 6-acetylchrysene respectively: substitution in phenan-

threne occurs mainly in position 3, but slso in position 2.

2

Beyerz) carried out a Friedel-Craft reaction between
chrysene and succinic anhydride in benzene and obtained (3-
(6-chrysenoyl)propionic acid, m.p. 197°. He repeated the
eXperiment in nitrobenzene solution and obtained a (3-ehrys-
enoylpropionic acid, m.p. 221°.  As (-(2-naphthoyl}propion-
ic acid has & higher melting point than the corresponding 1-

acid, Beyer, regarding chrysene as g ngphthalene derivative,

* Mhe numbering of chrysene is that of the Patterson systenm
as usged in the American litersture.
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called the acid, m.p. 221°, (}-(5-chrysenoyl)propionic acid.
This structure appeared to be supoorted by the failure of
the acid to form a semicarbeazone, phenylhydrazone or oxime,
which Beyer attributed to steric hindrance at position 5.
The formation of a chrysenoylpropionic acid can lead to
the fusion of another six membered ring on fo the chrysene
molecule with the formation of & pentacyclic structure, =
benzchrysene. Syntheses of a similar type have been used
extensively for the prepsration of polycyclic hydrocarbons
of the phenenthrene, benzanthracene and chrysene series.
With chrysene as starting materisl, no synthesis of any
of the four possible benzchrysenes, all of which ere known
and have been synthesised, has been reported in the literature.
Beyer attempted to prepare 1:2:3:4-dibenzphenanthrene
(5:6-benzchrysene), VII, frou (3-(6-chrysenoyl)propionic
acid, III, by the method outlined below, but he could not
dehydrogenate the carbinol VIII, obtained instead of the
hydrocarbon VI by the reduction of the ketone V, to the re-
quired compound VII.
A recent attenpt of Bergmann and Eschinazié) to syn-
thesise derivatives of 1:2:3:4~dibenzohenanthrene from
chrysene as sterting material, but by a different method,

has also been unsuccessful.
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o

XX XX

As it hed not been proved that the @»-chrysenoylpro-
pionic amcid, mep. 221°, obtasined by Beyer, wss the 5- acid
a8 suggested by him, it was thought that it might have an
alternative structure, possibly @ - (2-chrysenoyl)propionic
acid, X, or the corresponding 3- acid, XI.

If the acid is @A-(5—0hrysenoyl)progionic acid, IX,
1:2:3:4~dibenzphenanthrene, VII, should be’obtained from it
by the synthesis outlined sbove. If, however, it is the 2~
acid, X, it would be expected that 1l:2-benzchrysene (picene),
XVIII, would be obtained by the synthesis outlined, while
2:3-benzchrysene, XXIT, would result from a synthesis from
0-(5-chrysenoy1)propionic acid, XI. The reason for the
expected cyclisation of )/—(2-chryseny1)butyric acid, XV,
and of Y-(Z—ohrysenyl)butyric acid, XIX, into compounds

XVI and XX respectively will be discussed later.
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Use has been made of the (3—chrysenoylpropionic acid,
wep. 221°, to prepare a benzchrysene in the mamner outlined
gbove, the first synthesis of a benzchrysene from chrysene
itself. From the structure of the benzchrysene so obtained
an indication has been given as to the position of the sub-
stituent in the original chrysenoylpropionic acid.

By a Friedel-Craft reaction between chrysene and
succinic anhydride in nitrobenzene solution the required @ -
chrysenoylpropionic acid, m.p. 218-221°%, was obtained. It
was fqund that the yileld, which was of a low order, could be
improved by raising the temperature of the reaction to z0°
and by increasing the guantities used of succinic anhydride
and sluminium chloride. Beyer carried out the reaction at
20° but he does not report the yield of pure scid obtained.
From these friedel-Craft reactions there was isolated slso a
smaller smount of (3 ~-(6-chrysenoyl)propionic acid, mep.
192-1940, which Beyér makes no mention of heving obtained in
these reactions. When the Friedel-Craft condensation was
carried out at 0° a mixture of (3—chrysenoylpropionic acids
was obtained from which the required acid could not be iso-
lated. The higher temperature seems to favour the formation
of the (3-chrysenoylpropionic acid, m.p. 2210,

This P ~chrysenoylpronionic acid was converted into
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\/-éhrysenylbutyrie acid, m.p. 210.5-212.5%°, by mesans of &
Hartinb) modification of the Clemmensen reduction, which was
employed in preference to the method of Beyer, who carried
out the reduction in scetic acid. The ‘Y-chrysenylbutyric
acid was then converted into its acid chloride by means of
phosphorus pentachloride in benzene and, without isolstion
or purificstion, was cyclised in the cold with stannic
chloride in benzene to give a ketotetrghydrobenzchrysene
which decomposes sabove 2750. This is the technique employed
by Bachmann, Carmack and SafirG) for the cyclisation of
pyrenylbutyric acid.

The ketotetrshydrobenzchrysene so obtained was reduced
to tetrahydrobenzchrysene, m.p. 217-218°, by the method of
7)

Kon and Soper ’ with hydrazine hydrate and sodium ethoxide
in aleohol at 200°. A by-product in this reaction was a
very high melting, extremely insoluble yellow compound which
is probably an azine derivative.

The tetrahydrobenzchrysene was dehydrogenated with
palladium black in an evacuated sesled tube at BOOO. The
pressure of the hydrogen liberated, however, did not allow
the reaction to go to counletion, but after a few crystalli-

sations of the dehydrogenation product from xylene, 2:3-benz-

chrysene, m.pe. 292-2940, was obtained, and was shown by means
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of & mixed melting point, to be identical with 2:5—benz-
chrysens, m.p. 292-295°, obtained by c1ar® by means of an
arduous fractional crystallisation of the product obtained
from an Z1bs pyrolysis of a mixture of o-toluoylphensnthrenes.
The Z:3-benzchrysene synthesised from chrysene was obtained

as pale yellow plates: Clar's compound was feep yellow-
green in colour.

It follows from the foregoing synthesis of 2:3-benz-
chrysene that the originsal (5~chrysenoylpropionic acid, mepe.
221°, cammot be (3-(5-chrysenoyl)propionic aoi@ as suggested
by Beyer, but must be the 2- acid or the 3~ acid.

Chrysene, a benzphenanthrene, behaves in many respects
like vhenanthrene. y’-(Z-Phenanthryl)butyric.acia, when
cyclised with stannic chloride in the cold, ring closes to
position 19); gyclisation of ‘y-(5-phenanthryl)butyrio acid
under the same conditions takes place in position 210).
Having used the same method of cyclisation of Y=-chrysenyl-
butyric acid, we may assume that ring closure took place in
8 similar mamner to that of the corresponding Y ~phenanthryl-
butyric acid. The product obtained was a 2:3-benzchrysens
derivative which should have been formed from“y—(z—chrysen—
yl)butyric acid, as it would be expected, on the above anslogy

that ”Y-(2-chrysenyl)butyric acid would ring.close to a

l:2-benzchrysene (picene) derivative.
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Thus it appears probable that the chrysenoylpropionic
acid, m.p. 221°, obtained by Beyer is 3 -(3-chrysenoyl) -
propionic acid. This is supported also by the fact that
a friedel-Craft reaction between phenanthrene and succinic
anhy@ride in nitrobenzene solution gives @-(5-phenanthroyl)-
propionic acidll).

Punke and Mullerg), by & friedel-Craft reaction in
carbon disulphide, obtained two acetylchrysenes. The main
product was 6~acetylchrysene, mep. 1140, the other which was
vresent in smaller amount had m.p. 254° and gave an ethyl-
chrysene, mepe. 2260. Funke end Muller tentatively suggested
that the second acstylchrysene was the 5- derivative. New~-
mant?? by a synthesis of 5-ethylchrysene, m.p. 92%, showed
that this was not so. Bachmann and Struvelz) have also
synthesised l-ethylchrysene, m.p. 184°.

As the melting points of l-methyl- (250°) end 2-methyl-
chrysene (225°) are much higher than those of the other
methylchrysenes, it would seem that the ethylchrysene, m.p.
2360, of Funke and Muller is 2-ethylchrysene. Accordingly
it might appear that succinoylation of chrysene should also
occur in this position so that the (3-chrysenoylpropionic
acid, mepe. 221°, would be the 2- acid. Against this can be
set the fact that Funke and Muller used carbon disulphide as

solvent in their reasction, while Beyer used nitrobenzens.



In addition the diffurence in melting soint between.(3-(67
chrysenoyl)propionic acid (m.p. 197°) =nd the other chry-
gsenoylprooionic acid (m.p. 221%) is not nearly so great as
that between 1-methyl- (m.p. 250°) or 2-methyl- (m.p. 225°)
end 6-methylchrysene (m.p. 161°%) or between l-ethyl- (m.p.
1849) and‘6—ethylohrysene (mep. 126°%); indeed the melting
points of Y’-(6-chrysenyl)butyric acid (m.p. 208°) and the
ofher Y -chrysenylbutyric acid (m.p. 214%) are very close
together.

The evidence, although not conclusive, appsears to indi-
cate that, while the acetylchrysene, m.n. 254%, of Punke
and Muller is probsbly 2-acetylchrysene, the (3-chrysenoyl-
propionic acid, m.p. 2210, obtained by Beyer is (3-(5-chry—

senoyl)propionic acid.

Attempted synthesis of 1:2:3:4-dibenzphenanthrene.

It was decided to make use of the small amount of (3-
(6-chrysenoyl)propionic acid, obtained as a by-product in '
the preparation of (3-(5-chrysenoyl)propionic acid, to attempt
the synthesis of 1:2:%:4~dibenzohenanthrene outlined on

page 115. Beyerg)

had been unable to complete this synthesis
(3-(6-Chrysenoyl}propionio acid, III, was reduced by a

Martin modification of the Clemmensen reduction instead of
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by Beyer's method in acetic =acid. The resulting ‘{-(6-
chrysenyl)butyric acid, IV, wes cyclised by means of
gstannic chloride, as used for cyclisation of the isomeric
chrysenylbutyric acid, instead of by aluminium chloride in
nitrobenzene as used by Beyer. Using the Clemmensen re-
duction Beyer could not reduce the ketotetrahydrobenz-
chrysene, V, to the tetrahydrobenzchrysene, VI. He obtained
the carbinol VIII. 4s it had Been found that the isomeric
ketbtetrahyarobenzchrysene was reduced to a tetrahydro-
benzchrysene with hydraezine hydrate and sodium ethoxide in
alcohol at 2000, an attempt was made to reduce the keto-
fetrahydrobenzchrysene, V, to comphound VI in the same way.
The only crystalline product isolated was a smell amount
of the carbinol, VIII, obtained by Beyer. The rest of the
material, without further purification, was dehydrogenated
with palladium black at %oo-zzo". Considerable decomposi-
tion occurred and only a small amount of Y -(6-chrysenyl)-
butyric acid, IV, was isolated. Beyer also obtained a
trace of this acid as sole product of a selenium dehydrogena~-
tion of the carbinol, VIII. | |

The sterically hindered position of the keto group in
1'-keto=1':2":3"':4"~tetrahydro-5:6-benzchrysene, v, appears

to be the cause of the failure of hydrazine hydrate and
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sodium ethoiide to reduce the ketore to > CH,. It is pro-
bable that the hydrazone of the ketone was not formed as

no azine derivative, sinilar to that found in the reduction
of the isomeric ketotetrahydro-2:3-benzchrysene, was obtain-
ed as a by-product in this reduction.

Although it appears that 1'-hydroxy-1':2':3':4'-tetra~-
hydro-5:6=benzchrysene is resistant to dehydrogenation, it
is posgible that if it wers dehydrated to 3':4'-~dihydro-
5:6~=benzchrysene, this compound would give 1:2:3:4~dibenz~-
phenahthrene on dehydrogenation. Shortage of material and
of time, however, has prevented further investigation of

this synthesis along these lines.
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Experimental .

(b—(S-Chrysenoyl)propionic acid.
a). Chrysene (1l.4 gm.) and succinic anhydride (5 gnm.),
both finely powdered, were suspended in nitrobenzené (iOO
¢c.) and mechanically stirred while aluminium chloride
(12.35 gn.) in nitrobenzene (75 cc.) was added at room tem~
perature. Stirring was continued for 6 hours at 200 and
then overnight at room temperature. The dark red solution
was then poured on to crushed ice (150 gm.) and concentrated
HC1 (25 cc.)« The nitrobenzene was removed in steam and
the grey residue filtered off; washed with water and dried
in vacuo. After washing with a 1little ether to remove
tarry wmaterial it was extracted with hot sodium cérbonate
solution (4%, 200 cc. approx.) and filtered from unchanged
chrysene (6.5 gn.). The filtrate was allowed to cool,
filtered from a trace of precipitate znd agcidified with
dilute HC1. The greyish coloured precipitate was filtered
off sand dried in vacuo. After washing with a 1little boil-
ing ether it was extracted several times with boiling ben-
zene (125 cc. portions). The benzene solution was allowed
to stand overnight and the brownish product which was de~-
posited was filtered off. After two crystallisations from

glacial scetic acid, with the addition of norit, this
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material gave pale yellow plates (0.9 gm.), m.p. 218-221°

5) 3 - . [} O
gives Mmep. 221-223".

(corr.). Beyer
Concentration of the benzene mother liguors gave a
brown solid which, after recrystallisation from acetic acid,

gave m.p. 165-175°.  Concentration of the acetic acid
mother liquors gave a s0lid, m.p. 185-190° which crystal-
lised from glacial acetic acid in pale yellow needles, m.>.
192-194° (corr.). 1fixed m.p. with the scid m.p. 218-221°
was 170-175°. @ -(6-Chrysenoyl)pronionic acid has m.p.
197-198°.

b). By using 25% excess succinic anhydride and 12%% ex-
cess aluminium chloride and by carrying out the reaction at
30° instead of at 20° the yield of (5-(5~éhrysenoyl)pro-
pionic acid, wep. 218-221° was inereased to 1.5 gnme.

¢). When the temperature was raised to 45° considerable
tarring occurred and only 0.35 gm. of the required acid
mepe 217-220° was obtained.

d). When carried out at 0° a mixture of the two isomeric
ch?ySenoylpropionic acids was obtained which could not be
readily separated. An attempt to sepsrate the two acids
by fractional sublimation of their methyl esters was zlso

unsuccegsful.



Y - (2=Chrysenyl)butyric acid.
T

To amslgamated zinc (20 gm., were added in order,

water (16 cc.), concentrated ZC1l (36 cc.), toluene (80 cc.)
and @-(S-Ghrysenoyl)propionic acid (£ sm.). This solu-
tion was boiled for 50 hours, concentrated HC1 (12 cc.)
being added every 6 hours. Care was taken to bring all of
the keto acid into solution before the end of the reaction
by boiling very vigorously On cooling a white solid
crystallised out from the toluene and was filtered off.
The zinc remaining in the flask was also extracted with
boiling toluene from which a little more white solid was
obtained. This y’-(B—chrysenyl)butyric acid was re-
crystellised from toluene in white plates (1.5 gm.), mep.
210.5-212.5° (corr.). Seyer gives mep. £17-214°. Hixed
m.p. with @ -(Z-chrysenoyl)propionic acid, mep. 2168-220°,
was 190-197°.

The solubility of the keto acid in the toluene can be

incregsed by adding 15-20 cc. of glacisl acetic acid.

1'-Keto-1"':2"':3"':4'-tetrahydro-2:3-benzchrysene.

Finely powdered 7’-(5—chrysenyl)butyric acid (1 gm.)
was suspended in dry benzene (10 cc.) and »hosphorus penta-
chloride (0.75 gm.) added graduslly with shaking.  After

1 hour all the =2cid had dissolved and to this solution was
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added grsdually with shaking, stannic chloride (9.5 cc.)
in dry benzene (2 cc.). The solution became yellow in
colour and a solid, which changed from yellow to red to
dark red, was gradually precisitated. sfter standing for
sbout 20 hours at room temperature with occasional shaking
the tin complex was decomnosed with ice and HC1. After
stirring one hour the benzene was removed in steanm aﬁd the
cream coloured solid filtered off. This material was ex-
tracted with hot dilute sodium carbonate solution and the
undissolved solid filtered off, washed with hot water and
dried in vacuo. Yield 0.88 gme. Recrystallised from
glacial scetic acid (200 cc. approx.) with the addition of
norite this solid gzave pale yellow plates (0.75 gm.) de-

composing sbove 275°.

Analysis. Found: C = 89.11¢, H = 5.43L.
C,H 0 requires C = 89.19‘;1, T = 5.400.

An attempt to ring close ‘Y-(Z-ohrysenyl)butyric acid
by mesns of 85{ sulphuric scid at 100° was unsuccessful,
probably due to the fact that the chrysenylbutyric acid
was sulphonated during the prolonged hesting required to

effect solution of the acid.



1':2':3':4"'-Tetrahydro~2:Z-benzchrysene.

The asbove ketotetrahydrobenzchrysene (0.25 gm.) was
heated for 18 hours at 200° in a sealed tube with absolute
gleohol (11 cc.) containing sodium (0.5 gm.} and hydrazine
hydrate (1 cc., 99%). The pale yellow so0lid was then
filtered off and extracted four times with boiling absolute
alcohol (40 cc. portions). From the alcohol extracts,
filtered hot from the yellow solid, were obtained white
plates with a faint yellow tinge, m.p. 215°. Recrystallised
from gbsolute glcohol in white plates, m.p. 217-218° (corr.).
0.45 gm. 0f tetrahydrobenzchrysene was obtained from 0.8

gme. of ketotetrahydrobenzchrysene.

inslysis. Sdound: C = 93.547, H = 6.267.

i
i

¢ H requires G = 93.627, H = 6.380.

22 18
The yellow material insoluble in alcohol was insoluble
in most solvents and could not be crystallised. It melts

above 300°.

2:%~Benzchrysens.

1':2':3':4'~Tetrahy&ro-2:B—benzohrysene (0.2 gm.) and
palladium black (0.02 gm.) were heated in an evacuated
sealed tube over a period of sbout 5 hours to a temperature
of 3000,-which was then maintained for a further 2 hours.

On cooling the pale yellow so0lid was extracted with
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absolute alcohol (40 cc. approx.), which extrscts pre-
ferentially unchanged material. The remalining nale yellow
g0lid was dissolved in hot xylene and filtered from cata-
lyste. The yellow crystalline materisl obtained from the
filtrate was crystallised several times from xylene till
the pale yellow plates obtsined had a,constént mnelting
point at 292-294°.  This material gave no depression of
melting point when mixed with an authentic specimen of

2:%5-benzchrysene, mepe. 292-295°.

v - (6-Chrysenyl)butyric acid.

T

q.l(6-Chrysenoy1}propionic acid (1.5 gm.) in toluene
(50 c¢c.) was reduced by a Ilartin modification of the
Clemmensen method with amalgemated zinc (15 gm.), concen-
trated HC1 (27 cc.) anmd water (12 cc.). A little acetic
acid was added to assist solubility. Boiling was con~
tinued for 50 hours, concentrated HC1l (10 cc.) being added
every 6 hours. On cooling 7’-(6-ohryseny1)butyric acid
crystallised out frow the toluene leayer. Recrystallised
from toluene in white plates, m.p. 207-208° (corr.).

Beyer gives m.p. as 208-209°. Mixed m.p. with originsl
reto acid, 180-187°.  Yield 1 gm. A further quantity
of this chrysenylbutyric acid can be obtained by concen-

trating the toluene mother liquor.



1'-Keto-1':2":3"':4"-tetrahydro-5:6-benzchrysene .

‘7-(6-Chrysenyl}butyric scid (0.95 gm.) was treated
with phosphorus pentschloride (0.75 gm.) in dry benzene
(10 cc.) in the cold. hen all the acid had dissolved
stannic chloride (0.4 cc.) in dry benzene (2 cc.) was
added and the golution left to stand 20 hours at room
temperature with occasionzl shsking. 4 purplish-red
complex salt was denosited and thiz, together with the
benzene solution, was decomnosed in ice and HC1. After
gtirring one hour the benzene was distilled off and the
insoluble material filtered off. This material was heated
with sodium carbonate solution and filtered hot, when a
pale yellow solid (0.85 gm.) was left undissolved. Re-
crystallised from glacial acetic acid in pale yellow
prisms, mMepe. 217° (corr.). Beyer gives m.p. of this keto-

tetrahydrobenzchrysene as 220°.

Reduction of 1'-keto-1":2"':3':4'-tetrahydro-5:6-benzchrysene.

The above ketotetrahydrobenzchrysens (0.25 gm.), sodium
(0.5 gme) in absolute alcohol (11 cc.) and hydrazine hydrate
(999, 1 cc.) were heated at 200° for 18 hours. On cooling
the alcohol solution was filtered from a small amount of
insoluble material. This s0lid was crystallised fron

sbsolute alcohol in pale yellow-white elongated prisms,



mep. 177-178° (corr.). This appears to be 1'-hydroxy-
1':2":3":4"~tetrahydro-5:6-benzchrysene as it has similar
crystelline form and melting point (179-180°) to the car-
binol obtained by Beyerg) by means of g Clemmensen re-
duction of this ketone.

The original alcohol solution was evaporated to dry-
ness, diluted with water znd the insoluble material
filtered off. This psle yellow solid was teken up in
absolute alcohol and small amount of insoluble product
filtered off. The materiel soluble in the alcohol could
not be crystallised readily from ethyl or methyl alcéhol.
It melts at 155-160° and is probebly a mixture of the
carbinol with unchanged ketone. It was used without
further purificetion in the following dehydrogenstion

experiment.

Attempted dehydrogenstion of above reduction product.

The crude material (0.12 gm.) from the above reaction
was heated with palladium black (0.015 gm.) in an atmos-
phere of carbon dioxide for 5 hours at 300-330°. Con-
siderable charring occurred. The'product was then
extracted with boiling absolute alcohol. A small emount
of white solid was obtained from the extract. This formed

=y

en orange coloured picrate, m.p. 157-160°, (picrate of



1:2:5:4-dibeanhenanthrene has mene. 141°). The picrate
when decomposed gave a white solid which crystallised
from glacial acetic acid in plates, m.p. 206-208° (corr.),
which gave no depression of m.p. when mixed with Y -(6-

chrysenyl)butyric acid, m.p. 207°.
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