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SUMMARY, 
PO eS GE Rh A GE DE 

Part I of the thesis deals with the synthesis of mono- 

and di-hydroxyindoles, As part of an investigation necessitated 

by the isolation in these leborateries of an indole-like — 

degradation product, GgH,ON, from the bacterial pigment Violecein, a 

new synthesis of hydroxyindoles has been developed, ; 

4-Hydroxyindole which is inaccessible by other routes, has been 

synthesised by condensation of 2-nitro-é-hydroxybenzaldehyde with 

nitromethane, simultaneous acetylation and dehydration of the 

intermediate hydroxy-compound to §:2-dinitro-6-acetoxystyrene, 

reduction of the styrene to 4-acetoxyindole, followed by 

deacetylation, By an analogous series of reactions and starting 

with 2-nitro-5-hydroxybenzaldehyde, a new synthesis of Sehydroxy- 

indole has been achieved; replacement of nitromethane with nitro- 

ethane has afforded S<hydroxy-Z-methylindole, 

As a further indication of the generality of the method, 

it has been extended to the synthesis of the important substance, 

5:6-dihydroxyindole, which is of considerab> interest in connection 

with the chemistry of melanin pigments, and of 5: 6-dihydroxy-2- 

methylindole, The preparation of the known 2-nitro-proto- 

catechuic aldehyde, required for these syntheses, has been



ii. 

reinvestigated, The colourless crystalline dihydroxyindoles 

are oxidised, rapidly in alkaline media, forming melanin-like 

products, A comprehensive table of the properties of the hydroxy- 

indoles is included, 

An anomolous product obtained in attempts to condense 

‘ genitro-6-hydroxybenzaldehyde with nitromethane in the presence 

of ammonium acetate as catalyst, has been shown to be probably 

5:2-dinitro-é-hydroxy-2-phenyl-py-benzometoxazine, 

This work forms part of two papers submitted to the 

Chemical Society (1), Chemistry of Bacteria,I, Synthesis of 

Hydroxyindoles, and (11) The Melanin Problem I, Synthesis of 

5:6-dihydroxyindole and related compounds, by R.J.S.Beer, 

K.Clarke, H.G,Khorana and A,Hobertson, A reprint of a note 

on the synthesis of 5:6-dihydroxyindole published in Nature is 
to be found at the end of Part I of the thesis, 

Part II begins with a survey (including the unpublished 

work carried out in these laboratories) of the chemistry of the 

above mentioned pigment Violacein, An improved method for the 

cultivation of Chromobacterium Violaceum ami the isolation of the 

pigment in a crystalline state is described. (60 grams of the 

pigment were thus colleoted by crowing over 10,000 cultures),



iii. 

An account is given of attempts at oxidative decradation of 

Violacein with alkaline potassium permanganate. The oxidation 

of acetylviolacein, a highly crystalline derivative of the 

plement, with chronic oxide in acetic acid has been studied, 

Mixtures of acidic substances have thus been obtained, A 

relatively pure acidic substance has been isolated and its methyl- 

ester has been prepared, 

Part II of the thesis describes the isolation of 

several alkaloids from the barks of Daphnandra Micrantha and 

Daphnandra Aromatioa, Three crystalline non-phenolie alkaloids 

have been isolated from D.Micrantha, One of these substances 

(Yield, 0.54%) is yellow (meps 180° decomposition) and is obtained 

by direct crystallisation of the crude alkaloidal materials, 

Chromatographie analysis affords a further quantity of the yellow 

alkaloid ana two colourless alkaloids with mp. 260°(Yield, 0.23%) 
and mp, 240° (small amounts), The same yellow alkaloid and 

the colourless alkaloid (m,p, 260°) have also been isolated 

(traces) from D.Aromatica by chromatographic separation, only 

D,Aromatica has yielded a small amount of a orystalline phenolics 

alkaloid (m,p. 185 = 195° decomposition).



The preparation of salts of the 

colourless alkaloid (mp, 260°) 

summary of the reactions of the 

iv, 

yellow alkaloid and the 

is deseribed and a tabular 

alkaloids is given, 
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SECTION 1 
a Se le ah SDD a th Ne SE eS a ORD te ee 

INTRODUCTION 

In the course of degradation experiments carried out 

in these laboratories on the pigment Violacein (Part II of this 

thesis) from Chromobadprium Violaceum, two apparently isomeric 

products of formula CgH,0N were obtained, One of these substances 

gave a strong positive reaction with the Phrlich reagent 

resembling those given by indoles and also showed phenolic 

properties, The synthesis of indoles hydroxylated in the benzene 

_ pueleus was therefore undertaken. The work was subsequently 

extended to the synthesis of 5:6-dihydroxyindoles as part of an 

investigation of the formation and properties of melanin-like 

substances, 

Comparatively little information has been recorded in 

the Literature on the synthesis of the simple hydroxyindoles 

although the methoxyindoles have been known for some time, 

6-Methoxyindole (Kermack, Perkin and Robinson, J.C.5., 1921, 

1632; ibid., 1922, 1879) and 46, Se and 7-methoxyindoles 

(Blaikie and Perkin, J.C.S., 1924, 295+335) have all been 

synthesised by the general route:- :
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CH, CH,cocoort OCH, |. 7 S om 
NO, No, 

a SO) N 
H 

Blaikie and Perkin were unable to demethylate their products but 

demethylation is apparently possible when the indole has a 

substituent in the ® position (see e.g., the demethylation a . 

aluminium chloride of bufotenine methyl ether, Hoshino and , as 

Shimodaira, Bull.Chem,.Soe, Japan, 1936, i, 221-224). Veh 

Burton and Stoves (J.C.5., 1937, 1726) prepared 

S- and 6<-benzyloxyindoles by a similar route but failed to 

remove the benzyl residues. Without reference to the original, 

Bergel and Morrison (J,C.5., 1943, 49) described the preparation 

of the Burton and Stoves S-benzyloxyindole+2-carboxylic acid 

which was successfully debenzylated by hydrogenolysis. 

Decarboxylation of the resulting 5«hydroxyindole«2-earboxylic 

acid afforded S-hydroxyindole, 

This method has been recently applied in these 

laboratories to the syathesis of 6- and 7-hydroxyindoles and a



modified preparation of 5-hydroxyindole has been developed 

(Clarke, private communication) starting with a nitro-benzal- 

Gehyde in place of a nitrotoluene 

HO CHO asiactone HO GH, COCO0H HO 
> ——____> 

NO, synthesis NO, Coon 

Both the aitroseisens and nitrobenzaldehye routes 

failed, however, when attempts were made to apply them to the 

prepatation of 4-hydroxyindole, The condensation of ethyl 

oxalate with the nitrotoluene could not be effected, and the 

nitrobenzaldehye route led to Senitro-3-hydroxycoumarin, The 

pyruvie acid regenerated from the latter could not be reduced 

to 4«hydroxyindole-2-carboxylic acid, 

Further attempte to synthesise 4<—hydroxyindole by 

the routes represented below were also unsuccessful 

pea oo eck — ey 

/ Stephen's 
reduction
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In the first route, the benzyl cyanide could not be 

isolated whilst in the second method only a resinous material 

was obtained on condensation of Pyrrole-2-aldehyde with succi- 

nic anhydride, 

Interest in 5:6-dihydroxyindole and its derivatives 

derives from the work of Raper and his collaborators (Biochen, 

J, 1923, 17, 454; ibid., 1926, 20, 69; Ad4Gs, 1926, 20, 735; 

ibid., 1927, 21, 89) on the Tyrosinase-catalysed oxidation of 

tyrosine to give eventually a melanin-like pigment, They 

sseved that the first stage in this reaction was the formation 

of hydroxy-tyrosine (3:4-dihydroxyphenyl«alanine), Further 

oxidation produced a red pigment whieh spontaneously changed 

into a colourless substance, The latter, which was not isolated



rapidly absorbed oxygen giving melanin-like products, That the 

colourless substance was 5:6-dihydroxyindole was indicated by 

the fact that after a methylation process, 5;6-dimethoxyindole 

could be isolated, The identity of this ether was definitely 

established by synthesis by the Blaikie and Perkin method 

(Oxford and Raper, J.0.S., 1927, 417) (Derivatives of 5;6«di- 

methoxyindole have also been synthesised by Lions and Spruson, 

J .Proc, Roy,Soc,,N,S.Wales, 1932, 6, 171-180, by the use of the 

Japp-Klingemann Reaction), 

Raper (loc.cit.) suggested the following scheme for 

the oxidation of tyrosine up to the indole stase 

4a — CH,- GH- COOH 

& 

ey 
Oe 

G 
9 

HO CH, HO 
HO fm : _/SHCO0H HO 7 0008 

EK i 

(Red substance) 

HO 
N 

H



This series of reactions was shown by Raper (ibid., 

1927, 21, 1370; and ibid.,, 1930, 4, 239) to be a general one 

by a study of the action of webtaue on substances related 

to tyrosine, which also yielded similar indole derivatives 

(the presence of these again being proved by the isolation of 

their methyl ethers). 

Further 5:6-dihydroxyindole was also considered to 

be formed by the oxidative action of silver oxide on hydroxy- 

tyrosine, since in the above series of reactions, the only one 

specifie of tyrosinase had been thought to be the production 

of hydroxytyrosine from tyrosine, Under the same conditions, 

viz.oxidation with silver oxide, §-3;4-dihydroxyphenylethyl- 

methylamine geve 5:6-dihydroxy-l-methylindole, Burton (J.C.5., 

1932, 546) attempted to isolate the latter compound from the 

oxigation mixture, but was unable to obtain crystalline . 

material nor was the acetate of his product crystalline (ef, 

Bergel and Morrison, J.C.5., 1943, 48), Burton (loc,¢it, jalso 

deseribed the synthesis of 5:6-dimethoxy-l-methylindole (vie 

4-methylamino-veratrole) by the method of Pschorr and Karo 

(Ber., 1906, 39, 5142). | 

Raper (loc.cit,) from the measurement of the oxygen 

uptake in the oxidation of tyrosine and related substances, 

coneluded that in the production of melanin from tyrosine and 

tyramine approximately 5 atoms of oxygen were utilised per mol



of substrate, whereas 4 atoms of axyuen were required by p- 

3:4-dihydroxyphenylethylmethylamine, It was suggested that 

probably 2 atoms of oxygen were needed to convert 5:68di+ 

hydroxyindole into melanin, On the basis of these oxygen up+ 

take values and some other properties of mlanin, Clemo and 

Weiss (J.U.S., 1945, 702,) extended the scheme of reactions 

postulated by Raper by suggesting that 5:6:5:¢+tetrahydroxy- 

indigo, possibly as the corresponding quinone or semiquinone 

Was a constituent of the melanin pigments 

2 Oxygen Ri co 

HO ‘ 0.5 Qxygen 

HO 

2,5 Oxygen 

  

2.25 Oxygen per mol, 

7



' A synthesis of the above tetrahydroxyindigo has 

recently been carried out by Harley-Mason (Nature, 1947, 159, 

338) and the properties of this compound do not support the 

hypothesis of Clemo and Weiss, 

It is hoped that a study of the oxidation of authene 

tic 5:6-dihydroxyindole ond of related compounds will throw 

light on the formation and structure of Melanin, Hitherto 

workers have been restricted to the use of solutions of 

unknown concentration, containing considerable amounts of 

other substaneses,.
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SECTION Ii. 
St ALINE i ay NN te Hn me em a i in es 

DISCUSSION OF EXPERIMENTAL 

In view of the failure to prepare 4-hydroxyindole 

by the four methods mentioned in the preceding section, the 

application to hydroxyindole synthesis of Nenitzescu's p:2~+ 

dinitrostyrene into indole (Ber,, 1925, 58, 1063) was 

investigated, 

rials : 
cH= - _(tron\_9¢ on =NOH Cy 

Acoordingly attempts were made to prepare §;2-di- 

nitro-6-hydroxystyrene (required for the synthesis of 4« 

hydroxyindole) by conéensation of nitromethane with fenitro- 

-6-hydroxybenzaldehyde, The latter compound was obtained from 

m-nitrophenol by the Reimer-Tiemann Reaction (Perkin and 

Robinson, J,C.S., 1930, 395). ) 

M.G.S.Rao, C,Srikantia and M,5,lyenger {Helv,Chim. 

Acta, 1929, 12, 581) give a survey of the various agents that 

have been eupieyet in effecting the condensstion of nitro- 

methane with eromatic aldehydes and after having tried several
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procedures they recommend the use of ammonium acetate in the' 

presence of a small amount of acetic acid, In this way, they 

condensed many substituted aromatic aldehydes (ineluding 

o-hydroxy-p-methoxybenzal dehyde) with nitromethane in good 

yields (70 ~ 80%), When, however, their general procedure was 

applied in the present case of 2-nitro-6-hydroxybenzaldehyde, 

no nitrostyrene was formed, Instead a good yield of a well- 

orystallised product Cy,g0gN, was obfained, It was subsequently 

discovered that nitromethane 414 not take part in the reactim 

and therefore it appears probable that the substance is the 

benzometoxazine (II) probably formed by way of the intermedid e 

benzaldehyde-ammonia compound (I). The metoxazine as required 

by the formula {II) showed phenolic properties and formed on 

treatment with acetic anhydride and sodium acetate a mono- 

acetate (III). 

ms oH 
QO. H 

OH(OH)- | ‘ 

NO cee 
2 NO, : 

i. Tay II. 
08 an 

CL ! a OM 
rT



It is ofinterest thet a similar reaction has been 

observed to take place between salicylaldehyde and ammonia 

under the conditions recommended by Rao and co-workers {loe, 

eit.) and it is proposed to extend investigation in this field, 

| Attempts were then made to effect the condensation 

of the aldehyde with nitromethene by employing triethylamine 

as sondensing agent and the two procedures deseribed by Pieser 

and Daudt (J.4.0.5., 1946, 224669 and 2250-2252) were followed 

but again no condensation product could be isolated, 

When, however, alcoholic potassium hydroxide was 

employed as the condensing agent, and the reaction was carried 

out at a low temperature (-12 to 15°), @ very clean product 

(011) was isolated with ether after acidification of the 

reaction mixture, This was found to be the intermediate a-Z-+ 

nitro-6-hydroxyphenyl-j-nitroethanol (IV) but no attempt was 

made to purify the material at thie stage, 

. It is Well known that a reaction between aromatic 

aldehydes and nitroalkanes involves in the first stage an aldol 

type of condensation, The hydroxy compounds thus formed are 

labile substances (in particular they are sensitive to the 

dehydrating action of traces of mineral acids) which lose a 

molecule of water readily to give the corresponding nitro- 

styrenes (see e.g, Henry, Compt.rend,, 1695, 320, 1265;



Bouveault and Wahl, ibid.,1902, 135, 41; Knoevenagel and 

Walter, Ber., 1904, 37, 4502; Thiele, ibid., 1699, 32, 1293; 

Worrall, Org,Synth.,1941, 1, 413). The stability of these 

intermediate alcohols is influenced by the nature of the 

condensing agent and the conditions under whéeh the conden- 

sation is carried out (Bouveault and Wehl, loc.cit., Worrall, 

J.,A.C.S., 1954, 56, 1556), Further, it is sienificant (Thiele, 

loc,cit., Bouveault and Wahl, loc.cit., Fieser and Daudt,J.A.C.S 

1946, 68, 2248) that the presence of an ortho nitro group in 

the bannene nucleus has a marked stabilising effect on these 

nitroalcohols, 

In the present case, the intermediate aleohol (IV) 

was found to be quite stable in contact with mineral acids 

at moderate temperatures, Dehydration and simultencous acety- 

lation of the phenolie hydroxyl group was conveniently carried 

out by treatment with acetic anhydride and sodium acetate, 

(pr2-dinitro-6-acetoxystyrene (v) was thus obtained in a very 

satisfactory yield (68% of theoretical, calculated on the 

amount of the aldehyde employed), Reduction of the styrene 

with iron powder and acetic acid gave 4-acetoxyindole (VI)in 

@ 26-35% yield (the corresponding yields in the subsequent 

syntheses of other hydroxyindoles were higher - 40-60/. 

Nenitzeseu (loc,cit.) obtained a maximum of 30% yield of |



indole itself), Deacetylation was successfully carricd out 

with methyl alcoholic ammonia at o° giving 4ehydroxyindole 

(VII) (70-80%), The scheme of reactions in this synthesis 

is shown below: - 

OH 

ene oH,i0, —> ie — He 

NO, ® WO, 

CHgCO.0 CH,C0.0 

Og =CH.NOg a 
> 

Vv. VI. VII. 
t
a
 

‘ fo show the general applicability of this new method 

for the synthesis of hydroxyindoles, Sehyéroxyindole and Sq. 

hydroxy-2-methylindole were also prepared from 2«nitro-S- 

hydroxybenzaldehyde, the latter having been obtained by the 

direct nitration of n-hydroxybenzaldehyde (¥Piedlander and 

Schenck, Ber., 1914, 47, 3043; Hodgson and Beard, J.0.S.,1925,



14, 

875; 1927, 2375), Condensation of the aldehyde with nitro} 

methane followed by simultancous dehydration and acetylation 

of the hydroxy-compound (VIII) gave §;2-dinitro-5-acetaxy- 

styrene (IX) in almost theoretical yield, Reduction by the 

iron\acetic acid method gave a reasonably good yield (50 « 

55%) of S-acetoxyindole (XK), which on deacetylation afforded 

S-hydroxyindole (XI) identical in every way with an authentic 

sample prepared earlier in these laboratories by the pyruvie 

acid method, The overall yield of the hydroxyindole from 
the aldehyde by the present method, which avoids the waste- 

ful decarboxylation process involved in the older methods, 

was 35 ~ 40% of theoretical, 

The condensation of nitroethane with Z-nitro-5- 
hydroxybenzaldehyde was less satisfactory and a lower yield 

(53%) of the homologous §:2-dinitro-5-acetoxy~j-methyl-styrene 

(XIII) was obtained, Variations in the acetylation procedure 

did not increase the yield of the latter compound, In the 

light of later experience, it is probable that the intermediate 

alcohol (XII) was contaminated with some unreacted aldehyde 

(nitroethane being apparently less reactive than nitromethane) 

but the latter was fortunately eliminated on acetylation and 

subsequent trituration of the impure styrene with a little 

alcohol, The styrene was then directly converted into 5S=



acetoxy-2-methylindole (XIV) (ea, 35%) and this, in turn, to 

5-hydroxy-2-methylindole (XV) (80). 

These reactions are represented below;~+ 

OH 
HO CHO 

———_———_> 

CHO NO, 

nitromethane \ sitroomane 

HO CH—CH,— NO, HO CH - CH — CHy 
NOg 

NO, NO, 

(VIII) (XII) 

7 Og 
CH,CO,0 CH= CH CH,C0,0 CH= CG 

NO, NO, 
NO, NO, 

(Ix) (XIII) 

CHgC0.0 CHyCO,0 | | 

| ( CHg 

N N } 

| (x) 

HO 

Eis N 
EH 

(XI) 

i 
| (xav) 

HO a 

ps 
N 
H , 

(xv)
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The nitrostyrene method afforded aplausible route 

to the synthesis of 5:6-dihydroxyindole, hitherto known only 

in solution and said by Raper (loc,cit.) to be very unstable, 

The investigation Was accordingly extended in this direction, 

2-Nitroprotpeatechuic aldehyde, required for this 

synthesis, has been prepared by Parijs (Ree. Trev.Chim,,1930, 

49, 36) by the following method 

  

79 cHO _9 CHO 

Cig SE SSS —— 
0 ) NO, 

0 ena 2. ong OCOCHs — (A@,0 + HNOg) (Intermediate) 
~“ 

eee 

ON he (?) 

56 1,50, #0 CHO 
HO NOz
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The procedure for the nitration of piperohal as 

described by Parijs (loc.,cit,) was found to be lacking in 

detail. The detailed procedure on twice the scale given by 

Perijs and containing some minor modifications is deseribed 

in the experimental section, In this way, 2enitropiperonal 

was obtained in the yield (75%) quoted by the original author, 

The preparation of 2-nitro-piperonylidene diacetate was also 

modified and carried out on a much larger seale (50 @.). An 

almost theoretical yield was obtained, 

Parijs' description of his method.for the demethy~ 

lenation of 2-nitropiperonylidene diacetate with a mixture of 

acetic anhydride and absolute nitric acid was also vague, 

Probably due to an error in transcription the yield given in 

Parijs’ communication (loc.cit.) exceeds that theoretically 

possible - viz. 2.5 ¢ of nitroprotocatechuic aldehyde from 

4 g of the nitropiperonylidene diacetate whereas the theor- 

etical yield is 2.46 g In preliminary attempts to repeat 

Parijs’ work very fluctuating but in general low yields 

(0.5 = 0.8 g) of the aldehyde, were obtained, In this connec- 

tion it is noteworthy that Harley-Mason (Nature, 1947, 159, 

$38) also ecoukd not obtain satisfactory yields of the 

aldehyde by this method, 

As the evolution of considerable amounts of nitrous



fumes was repeatedly observed during the hydrolysis of the 

intermediate (the product obtained by the treatment of nitro- 

piperonylidene diacetate with nitric acid\acetic anhydride), 

it was thought advisable to free the intermediate from the 

contaminating nitric acid before hydrolysing it.But thorough 

Washing at this stage with ice-cold aqueous sodium hydrogen 

carbonate and then with ice-cold water further decreased the 

yield of the aldehyde, Thus it appeared that tho presence, 

in the intermediate, of small but definite amounts of the 

nitric seid mixture was essential, though the function of 

the latter was mysterious, 

It was therefore decided to isolate the intermediate 

‘in a pure crystalline form and then study the hydrolysis.. 

The intermediate was successfully crystallised but the process 

of crystallisation, unfortunately entailed the loss of a 

large proportion of the crude material (ca. 0.8 ¢ of crystall- 

ine material obtained from 4 g¢ of the diacetate), The 

crystalline material gave on hydrolysis with dilute sulphuric 

acid the required aldehyde. Analysis of the orystalline 

intermediate indicated the formula CygHyg0,9M, required by 

2-nitro-4; 5-diacetoxybenzylidene diacetate (XVIII), but an 

authentic sample of the latter compound prepared from nitro- . 

protocatechuic aldehyde (acetic anhydride\sulphurie acid method)
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proved to be different, 

It is therefore not possible to draw any definite 

‘eonelusions about the mechanism of the reaction or the nature 

of the intermediate, in this method of opening the mothylene- 

Gioxy ring. However, by careful standardisation of the 

conditions (experimental section), it has been possible to 

obtain reasonably good and consistent yields (63 + 75%) of the 

required aldehyde, 

When attempts were made to effect the condensation 

of 2-nitroprotocatechuiec aldehyde with nitromethane by the 

method employed for the previous similar condensations, and 

the reaction produets thus obtained were acetylated in the 

usual manner, mixtures of substances were invariably obtained, 

Separation of the mixtures involving mush loss in material 

gave two relatively pure substances, It was at first thought 

that Gis and Trans isomers of the required nitrostyrene were 

being formed but on reduction only the lower melting substance 

(mp. 114 118°) gave the desired indole, whereas the higher 

melting compound (mp, 154 « 155°) yielded a non-indolic 

substance which showed aldehydic properties, Analysis indicated 

  

it to be 2-amino-4;5-diacetoxybenzaldehyde (XVI) 

CHC0,0 CHO 
CHs co,0 Ni, 

XVI.
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It thus seemed probable thet unreacted aldehyde was 

contaminating the condensation product; the high-meltine 

acetate was found in fact to be identical with 2enitroe4:5~- 

Giacetoxybenzylidene diacetate (XVIII) already mentioned (two 

acetyl groups being apparently removed in the reduction te the 

amino-diacetoxybenzaldehyde (XVI)), The tetra-acetate, which 

is best obtained by acetylation of nitroprotocatechuic alde- 

hyde in the presence of a trace of concentrated sulphuric acid, 

is also obteined in varying amounts by acetylation with acetic 

anhydride /sodium acetate, Treatment under mild conditions with 

acetic anhydride/sodium acetate yielded a diacetate, presumably 

Z-nitro-4;5-diacetoxybenzaldehyde (XVII). 

In all subsequent condensations the unreseted aldehyde 

was removed from the condensation product by treatment of the 

mixture with bisulphite solution, To effect the maximum 

conversion of the aldehyde, many modifications of the original 

method of condensation were tried, These included variations | 

in proportions of the reactants (Particularly potassium hydroxide), 

the solvent employed, the time and the temperature, A tabular 

summary of the results obtained together with the detailed 

deseription of the method which gave the best yield is given 

in the experimental section, ” 

The purified intermediate alcohol (XIX) gave on
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treatment with acetic anhydride and sodium acetate under mild 

conditions, B:2-dinitro-4:5-diacetoxystyrene (XX) (77%) in a 

high state of purity, Reduction of the styrene with iron 

filings and acetic seid afforded 5;6-diavetoxyindole (XXI) 

(60%), This reduction was carried out on a much larger seale 

(2 - 3 @) than that employed in the case of the previous 

indoles and in increasing the soale from 0,5 @ to 2.0 @, a 

definite improvement in the yield of the crystalline reduction 

product was observed, 

Since the diacetoxyindole underwent very rapid 

oxidation in the presence of dilute aqueous alkali, it seemed 

likely that the methanolic ammonia deacetylation process used 

in the synthesis of the much more stable mono-hydroxyindoles 

would fail unless oxygen could be rigorously excluded and on 

this account it was preferred to attempt the hydrolysis with 

aqueous methanolic sodium hydroxide in the presence of a mild 

reducing agent, sodium hydrosulphite., On prolonged treatment 

(24 hours) at room temperature with this hydrolysis mixture, 

the indole was largely destroyed, but hydrolysis at 0° for a 

short time (15 minutes) furnished a moderate yleld (47%) of 
crystalline 5;6-dihydroxyindole (XXII) which gives a positive 

Fhrlich and nitroprusside test, forms & red picrate and shows 

the expected sensitivity to oxygen in faintly alkaline solut ion



e.@ in aqueous sodium hydrogen carbonate and to a less extent 

in neutral aqueous solution (tap water). Solutions of the 

compound in dilute acetic acid ami in non-acuecus solvents are 

reasonably stable while the solid indole is surprisingly inert. 

Direct treatment of the alkaline deacetylation 

mixture with dimethylsulphate yielded a erystealline ether (XxIII) 

the properties and analysis of which are in agreement with 

those reported for 5;6-dimethoxyindole by Oxford and Raper 

(loe.cit.). The scheme of reactions is shown on page 23, 

This deatheate of 5:6-dihydroxyindole has sénce been 

repeated in these laboratories (A,B,Woodier, private commun- 

ication) and the yields mentioned above have been found to be 

reproducible, 

When nitromethane was replaced by nitroethane the 

same synthetic procedure, with minor modifications, afforded 

pr 2-dinitro-4: 5-diacetoxy-j-methylstyrene (XXV) (ca. 25%), 

via the intermediate alcohol (XXIV). Again nitrosthane was 

found to be less reactive than nitromethane; the condensation : 

was less satisfactory and considerable amounts of unchanged 

aldehyde were recovered, The styrene was converted into 

5: 6-diacetoxy-2-methylindole (XXVI) (ca, 39%) and the latter 

‘into 5:6-dihydroxy-2-methylindole (XXVII) (70%). This indole, 
like 5:6-dihydroxyindole, is markedly unstable in faintly
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alkaline aqueous solution yielding a dark melanin-like product, 

From the present qualitative experiments it appears 

that the properties of 5:6-dihydroxyindole lend support to the 

view expressed by Raper (loc, it.) that this compound is an 

intermediate in the formation of melanin from Tyrosine by 

enzymatic oxidation 

it 553 

The subject matter of these pages (1 +68 ) forms 

part of the following two papers submitted to the Chemical 

Society. 

1. The Chemistry of Bacteria, Part I. 

The Synthesis of Hydroxyindoles, 
by 

R.J,S.Beer, Kenneth Clarke, H.G.<horana and 

Alexander Robertson, 

2. The Chemistry of the Melanins, Part I, 

The synthesis of 5: 6-dihydroxyindole and related 

Compounds, 

by 

R,J.5,Beer, Kenneth Clarke, H.G.Xhorane and 

Alexander Robertson,
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A reprint of a brief note on the synthesis of © 

5;6-dihydroxyindole published in Nature 1948, 161, 525 is 

to be found at the end of the next section of this part, 

w
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SROTION Itt, 
(CORD Ome CR AD Ca Hee SF es MS SR ee me Om ST OD 

REXPERIMENTAL. 

4-HYDROXYINDOLRB. 
FO 0 Oe EE cae GD we is OD ey SY ES ED Ath OS ED LD EN Nh Ch ED OAD hy HD HA ee eID SEE 

2-Nitro-6-hydroxybenzaldehyde, 

oH 

CHO 
NO, 

m-Nitrophenol was prepared from meni troaniline 

‘according to the directions of R,H.F,Manske (0rg,Synth. 
Collective, Vol.1 (1932) p.396) and Zenitro-6<hydroxy- 

benzaldehyde was obtained from the nitrophenol by the meth+ 

04 of Perkin and Robinson (J,C.S., 1930, 595), 

Attempts at Condensation of Nitromethane with 2-nitro-6- 

hyéroxybenzaldehyde. 

I. Ammonium acetate and acetic acid,method 

(ef) M,G,.8,Rao, C,Srikantia and M.&,iyengar, 

Hel,.Chim.,Acta, 1929, 12, 581-3)
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4 7 

5: 2-Dinitro-6<hydroxy-2- ~py-benzometoxazine. 

HO 

“es is 

oa” 
NO, 

On being kept, a mixture of 2«nitro-é-hydrozy- 
benzaldehyde (1 g.), acetic acid (0,5 c,0,), ammonium acetate 

(0,5 g.) and alcohol (5 ¢.¢,) gradually deposited the 

metoxazine in long orange needles, This was collected after 

one hour and washed with cold alcohol, Yield 0.85 e On 

recrystallisation from anhydrous aleohol it formed orange- 

yellow cubes and had mp, 204+205°, after sintering at 200° 
{no change on further recrystallisation), 

Found; GC, 53.3; H, 2695 N, 18.1%; 

CygHg%gNg requires: C6, 53.3; H, 2.9; N, 13,3%. 

This compound is slightly soluble in cold and readily 

soluble in warm aqueous sodium hydroxide forming a yellow 

solution and with aleoholic ferric chloride gives an orange 

colouration slowly changing to red,
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Li / 

5; 2-Dinitro-6-acet oxy-2-phenyl-fpy-benZome toxazine,. 

  

CH,CO,0 

ON oH 

oH” Ng 
NO, 

The foregoing compound (1 ¢,.) was refluxed with sodium 

acetate (2 @.) and acetic anhydride (5 ¢.¢.) for one hour and 

the reaction mixture then diluted with water (25 c.¢.). On 

trituration, the acetate was obtained as a powdery mass, which 

Was collected and washed with water, Yield 1.1 ¢@.; 90% of 

theoretical, On crystallisation from dry ethyl aleohol, it 

formed colourless shiping neodles, m.p. 164°, 

Found: GC, 54.0; H, 33; WN, 11.5%; 

CagH220,Ng requires: C, 53.8; H, 3.1; WN, 11.8%, 

II, Triethylamine as Condensing agent: 

(of, L.f.Fieser and Daudt, J.A.C.5., 1946, 2248+ 

-2249 and 2250-2). 

  

(a) To a solution of 2-nitro-6-hydroxybenzaldehyde 

(0.4 g,) in nitromethane (1 ¢,c.) was added a trace of tricthyl- 

amine, when a strong red colour developed and a rise in 

temperature occurred, The mixture, on being kept for two days .



at room temperature, did not deposit any material nor 41d the 

red sticky residue obtained after removal of the nitromethane 

under reduced pressure yield any crystalline material, 

(bo) The aldehyde (0,3 @.) and nitromethane (0,15 ¢«,) 

(slightly more than one equivalent) were dissolved in dioxane 

(ca. 4 ¢c,¢,) and to the solution a trace of triethylamine added, 

After having been kept for 24 hours, when no eryatalline 

material had separated, the mixture was diluted with water and 

the solution neutralised with dilute hydrochloric acid solution, 

The original aldehyde was recovered from the agueous solution, 

}2=-Dinitro-6-acetoxystyrene, 
“ 

CHyC0,0 

  

cH=cH 
#0): ™ 

A solution of potassium hydroxide (0.7 g@., 2 mols) in 

alcohol (10 c.¢.), cooled to 10°, was added in the course of 

20 minutes to an agitated solution of E-nitro-6-hydroxybenzel~ 

dehyde (1 @., 1 mol) and nitromethane (0,4 ¢2,, slightly more 

than 1 mol) in alcohol (10 o,¢c,) maintained at “10°, Sometimes, 

during the addition, a finely divided precipitate of the 

potassium salt was thrown out, The mixture was then carefully
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acidified with cooled dilute hydrochloric acid and diluted 

with water, The condensation product usually remained in 

the solution but sometimes came out partly as a finely 

dispersed oil, On extraction with ether and evaporation of 

the dried extracts, a light yellow oil, which slowly crystall- 

ised, was obtained, The oil was gently warmed with sodium 

acetate (2 g.) and acetic anhydride (3 o,c,) for 15 minutes 

and cold water (20 ¢,0,) subsequently added, After hydrolysis 

of the excess of acetic anhydride, the styrene separated as a 

gum which, on continued trituration, formed a shining crystalline 

mass mixed with darker solidified particles, The styrene was 

collected after one hour and washed with small amounts of cold 

water, Yield 1.35 g,., 88% of theoretical (calculated on the 

basis of the emount of the aldehyde employed), When crystall- 
ised from alcohol, it formed light tan plates which melted, 

‘after slight shrinkage at 128°, at 129 = 130° (no change on 
recrystallisation), — 

The sample for analysis was recrystallised from 

alcohol and dried in a vacuum at 4o° for two hours, 

Found: ¢,- 47.5; H, 3.0; WN, 12.34; 

CrolHgOgN, requires; C, 47,6; H, 3.2; WN, 11.1%.



Ble 

4-aicetoxyindole,. ’ 

CHsC0.0 

be
 

et
 

The reaction initiated by gently warming a mixture 

of £:2-dinitro-6-acetoxystyrene (0.5 g.), iron filings (2 &.), 

alcohol (5 6.6.6) and acetic acid (5 ¢,¢0,) until there was a 

vigorous evolution of hydrogen, Was allowed to continue for 

10 = 12 minutes (a longer reaction period decreased the yield) 

With ocessional heating, After filtration to remove the 

precipitate of ferrous salts (Wash several times with a little 

warm alcohol), the darc red filtrate was diluted with water 

(60 ¢,¢.), basified with solid sodium bicarbonate and repeatedly 

extracted with ether. "vaporation of the combined dried 

extracts left a pale greenish cum which was digested thoroughly 

with three portions of boiling light petroleum (b.p. 60 - 80°); 
a good proportion of the gum was not extracted, and was left 

as a dark brown amorphous powder, fhe total extract (80-100 o.c.) 

was concentrated (ca, 50 6,0.) and on standing deposited the 

acetoxyindole as colourless slender needles, Yield 0.1 to 0.12 e. 

(28 - 35% of theoretical) m.sp. 100°, ‘The sample for cnalyds
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Was recrystallised from light petroleum (bap. 60 - 80°) and 

was Gried in vacuo at room temperature for two hours, 

Found: C, 69.1; H, 5.4; WN, 8.2%; 

CroHg0,N requires; 6, 68.65 H, 5.1; WN, 8.0%, 

The substance gives a red colouration with thrlichts 

reagent in the cold, 

4-Hydroxyindole, 

A solution of 4-acetoxyindole (0,1 @) in dry methanol 

(3 ¢.c.) was saturated at 0° with dry ammonia (60 - 90 minutes) 

and allowed to stand at 0° for 16 hours, Most of the solvent 

and ammonia was then removed in a vacuum, the residual 

eonsentrate diluted with water (50 ¢.0.) and the product was 

isolated with ether, Extraction of this material with several 

portions of boiling light petroleum (b.p. 80 + 100°) and 
concentration of the combined extracts gave 4~hydroxyindole in 

elongated colourless needles, Yield 70 + 60% of theoretical, 

Me Pe 98°, unchanged on recrystallisation, A mixture of this 

t



33. 

substance and its acetate (see above) had mp. 75°. The 

sample for analysis was recrystallised from light petroloum 

(bsp. 80 = 100°) and was dried in a vacuum at 40° for 2 hours, 

Found; C, 72.0; H, Sel; MN, 10.3%; 

CgH,ON requires: C, 72.25 H, D635 N, 10.5%. 

Picrate of 4-hydroxyindole, 

On mixing the benzene solutions of the hydroxyindole 

and pieric acid, the picrate separated in red neo@les, This 

was collected and washed with small amounts of cold benzene, 

in which it was slightly soluble, A sample was recrystallised 

from hot benzene (needles), On heating it became partially 
yellow at 150° and then charrea at 180°, 

Found; WN, 15,2%; 

(CgH,NO,CgHs0,Ng) requires: WN, 15.5, 

4-Hydroxyindole, which is slightly soluble in cold 

water and readily soluble in the usual organic solvents except 

Light petroleum, gives a dark blue colour with alcoholic ferric 
chloride, With "hrlich's reagent, it gives in the cold, a red 

solution, exhibiting a strong green fluorescence, On warming, 

the latter solution gradually acquires a greenish blue tint,
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becomes turbid and then deposits a green precipitate . The 

indole reduces Tollenss reagent in the cold, Addition of a 

drop of alkali andthen nitroprusside to its aqueoussolution 

produces a green colouration which changes to faint blue on 

making acid with acetic acid, | 

On being kept, a solution of the substance in cold 

water becomes blue and deposits a bluish precipitate in the 

- eourse of twelve hours, On prolonged contact with air, a 

pure colourless specimen of the substance acquires first @ pink 

and finally a dark grey tint. In 1 2% aqueous sodium 

hydroxide, it gives a greenish-blue colouration which in the 

course of twenty minutes turns deep blue green and on longer 

keeping becomes darker and finally changes to dark brown,



5 = HYDROXYINDOLE,. 

2-Nitro-5-hydroxybenzaldehyde, 

  

HO CHO 

NO, 

This was prepared by the direct nitration of me. 

hydroxybenzaldehyde, (Friedlander and Schenok, Ber., 1914, 

47, 3043, and Hodgson and Beard, J.C.S., 1925, 875; 1927, 

2375). 

  

3 2-Dinitro-5-acetoxystyrene. 

CHC0.0 CH=CH 
no, "0s 

This Styrene was prepared in almost theoretical 

yield from 2-nitro-5-hydroxybenzaldehyde by the method emplo- 

yed for the isomefic 6-acetoxy derivative. Crystallised from 

alcohol (98%), it formed straw-coloured flattened needles, 

MeP. 118 ~ 119°, The sample for analysis was dried in a high 

vacuum at 40° for two hours,



36. 

Found: GC, 47.9; Hy, 32; WN, 10.9%; 

CagHe%Ng requires; C, 47.6; H, 3.2; WN, 11%. 

5-Acetoxyindole, 

CHgCO,0 

m
e
 

Redtetion of §:2-dinitro-5-acetoxystyrene by the 

method already described (page 31) furnished 5-acetoxyindole 

which separated from light petroleum (b.p. 60 « go) ina 

mass of lustrous micaceous plates, mp. 113 = 114°, 

Yield 50 - 55% of theoretical, After drying for two hours 

at room temperature in ‘ vacuum, it gave on analysis 

Found; C, 68.8; H, 5.0; WN, 7e7h 

CaoHg0,N requires; C, 68.6; H, Selj N, 8.0%, 

The substance gives a red colouration with Fhrilichs' 

reagent in the cold, 
; 

5-Hydroxyindole, 

oa
t 
t
t
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Deacetylation of the S-acetoxyindole by the alcoholic- 

ammonia process gave S-hydroxyindole., Yield oa, 80% of theor- 

etical, On crystalliset ion from light petroleum (b.p. 60-80°), 

it formed long slender needles which after slight shrinkage at 

106° » melted at 107 + 8° » Undepressed by mixture with an 

authentic semple of 5-hydroxyindole prepared by a different 

route by K.Clarke (private communication), 

The substance is readily soluble in the usual organic 

solvents in the cold except light petroleum in which it is’ 

moderately soluble in the hot, In the various fractions of 

light petroleum, the solubility in the hot in-creases in the 

order; - 

dep. 40 - 60° <d.p,60> 80° <d.p. 80 + 100°, 

With Phrlichs' seaman it gives, in the cold, a red 

colabten which does not show any change on warming. Addition 

of a drop of alkali followed by nitroprusside to its aqueous 

solution, gives a red colouration which turns blue on acidi- 

fication with acetic acid, The substance does not give any 

eolouration with alcoholic ferric chloride, It reduces 

Tollens' reagent in the cold, A pure sample of the substance 

is stable in air, A dilute aqueous solution of the indole is 

relatively stable, “



In 1 - 2% agteous sodium hydroxide, it gives a 

pale reddish colouration which changes to deep red purple in 

the course of twenty minutes and on prolonged standing 

becomes dark brown,
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S\-HYDROXY+2eMETHYLINDOLE,. 
SS RF ES SAR EDS eS I GH A “YD SR ew NP ee SD NY MONE AE DE Hn GER ED ew a FD SO MD LD 

  

: 2-Dinitro-5S-acetoxy-f-methylstyrene. 

CHg 
60,0 cH=0" CHg ae 

NO, 

™ 

The condensation of 2-nitro-5-hydroxybenzaldehyde 

(1 g) with nitroethane (0.5 g., Ga. 1.1 mol) was carried out 

by the procedure employed in the case of nitromethane but the 

product from the ecetylation process Was less pure 4nd in some 

experiments 41d not solidify completely, It became solid, 

however, on cooling to 0° and was then collected, 

Yield 0.9 g., ca. 56% of theoretical, This crude acetoxy- 

styrene was triturated with a little alcohol and a fine 

granular powder (0.7 g.) was thus obtained, The intensely 

coloured alecholio solution failed to yield any more crystalline 

material, The granular material was crystallised from the 

same solvent without further loss and formed pale brownish 

hexagonal plates, mp. 68 = 89°. 
Found: 6, 49.45 H, 4.0; MN, 10.2%; 

CayHyo%gN, requires: C6, 49,6; H, 3e8; Ny, 10.5%.



Modifications of the acetylation process, in the 

above case, were tried but these did not improve either the 

yield or the quality of the product, The acetylation Was 

once carried out by heating theaily condensation product in “ 

contact with acetic anhydride and sodium acetate on a sand- 

bath maintained at 140° for thirty minutes when the contents 
developed a strong red colour, On dilution with water and 

hydrolysis of the excess of acetic anhydride, only a dark oil, 

which did not solidify, was obtained and trituration with 
alcohol afforded only a small amount of the crystalline styrene. 

Very mild conditions of acetylation (gentle warming for ca, ten 

minutes) gave a light coloured product which soon solidified and 

dispersed to a powder but this method wan successful only when 

small emounts of the condensation product (0.1 @. or less) were 

employed, With larger amounts only a semi-solid product was 

obtained, 

5-Ace toxy-2-methylindole,. 

CH,CO,0 CU 

7 CHs 

Reduction of the foregoing styrene (0.5 ge.) with iron 

filings and acetic acid furnished S-acetoxy-2-methylindole (90 +
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100 mem.), which gave a very intense red colouration with 

Bhrlichs' reagent in the cold, On recrystallisation from — 

light petroleum (b.p, 80 « 100°) it formed colourless needles 

and melted at 128 = 130°. The sample for analysis was dried 
for two hours at room temperature in a high vacuum, 

Found: C, 69.6; Hy, 5.9; MN, 7.8%; 
CryHy NO, requires; G, 69.85 H, 58; N, 724%. 

S-Hydroxy-2-methylindole, 

«Pia Bec c a’ Bs 

H 

Deacetylation of the above acetate gave rise to 

S<hydroxy-2-methylindole (Yield, 80% of theoretical) which 

was erystallised from a relatively large amount of Light 

petroleum (b.p, 80 < 100°) and gave long slender colourless 

needles, m.p. 133 ~ 134°, A mixture of this substance and 

the 5-acetoxy-Z-methylindole melted at 110°, The sample for 

analysis was dried for two hours at room temperature in a 

‘high vacuum,
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Found; 6, 73.6; 4H, 6.0; N, 965%; 
CgH,ON requires; C, 7565; H, 6.1; MN, 954. 

Picrate of 5-hydroxy-2-methylindole, 

On mixing @ cold concentrated solution of picric acid 

in benzene and a solution of the indole (oa. 25 mem.) in the 

game solvent, the picrate separated in clusters of fine red 

needles, This was collected, washed with @ little cold Benzene 

and after recrystallisation from the same solvent melted at 

157 « 158° with decomposition, 

Found: WN, 14.4%; 

(CoHgON.CgHgOyNs) requires: WN, 14,9%. 

5-Hydroxy-2-methylindole gives a brownish purple 

eolouration with alcoholic ferric chloride and a very intense 

red colouration with Thrlichs' reagent, in the cold, On the 

addition of alkali and then nitroprusside to its aqueous 

solution, the solution becomes red and turns colourless again 

on acidification with acetic acid, It reduces Tollens' reagent 

in the cold. A pure specimen of the substance is relatively 

stable in air and in aqueous solution, The colourless dilute 

alaline solution of the indole assumes faint green tint in the 

course of 20 minutes and ultimately becomes dark brown,
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5:6*DIHYDROXYINWNDOLE. 
ON lh SC Ee Re Oe EN Same GR SE OS AEN th OD A ED He Gt A Ne SP Rr EE SY A SH ee He aay Hele ee 

  

2-Nitro-4; 5-methylenedioxybenzaldehyde (2«nitropiperonal), 

7o CHO 

So NO, 

(ef, Parijs, Ree.Trav.chim,, 1930, 49, 17-44), 

Concentrated nitric acid (500 ¢.6.), cooled to 0, 

was carefully added in the course of twenty minutes to a 

cooled manually agitated solution of piperonal (50 2,3 tech, 

grade) in glacial acetic acid (50 o.0.). During the first 

part of addition a fine crystalline precipitate, which soon 

thickened to a magma, appeared but a clear deep orange red 

solution wes obtained when the addition was complete. This 

solution Was allowed to stand at room temperature for fifteen 

minutes, when its colour deepened to intense red, and was then 

poured onto ice water (1500 ¢.c.). The light coloured precip+ 

itate, thus obtained, was collected under suction, washed 

thorgoughly with water and suspended in water (1000 o.c.) ina 

finely divided form, After the addition of an excess of 

freshly prepared sodium bisulphite solution, the contents were



allowed to stand for thirty minutes, The solution of the 

bisulphite compound was then filtered from the insoluble 

material, which Was washed several times with small amounts 

of fresh dilute bisulphite solution till the washings on 

treatment with alkali gave no precipitate, The bisulphite 

compound solution was decomposed with slight excess of conc- 

entrated alkali and the precipitate of the aldehyde collected 

under suction, pressed and washed with water, The moist 

material was crystallised from 70% ajcohol (500 ¢,.c,.) and 

formed light yellow needles, Yield 50 @., Msp. 98°, identical 
with that given by Parijs (loc.cit.) 

The material* which was insoluble in bisulphite 

solution was crystallised from alcohol forming licht yellow 

needles, m,p. 144° (Parijs (loc,oit.) gives m.p.145 ), 
Yield 6 g | | 

    

* according to Parijs (loc,cit.) this is 1:2-methylenedioxy- 

wo Go NOg 

Cs. 

-4-nitrobenzene,



2-Nitro-4; 5-methylenedioxybenzylidene diacetate (2Z-nitro- 
SL OED CLAN LLANE ONAN Naaman 

piperonylidene diacetate), 

AG0CHy 
on OF 0. cock, 

PNo NO, 

(cf, Parijs, loc,cit.) 

To a cooled solution of 2-nitropiperonal (50 g,) in 

acetic anhydride (ca, 200 c.c.) were added a few drops of 

concentrated sulphuric acid, A red colour appeared and the 

contents became warm, After thirty minutes a part of the 

diacetate had separated, the contents were poured with stirring 

onto cold water (1000 c.¢,). The diacetate, which formed a 

mass of shining rectangular prisms, was collected after a few 

hours and washed with cold water in which it was completely 

insoluble. Yield 74 &, m.p., 188-140, It was used 
in the next step of the synthesis without further erystallisation, 

2-Nitro-4:5-dihydroxybenzaldehyde (2-nitro-protocatechuic 

aldehyde ) . 

  

HO CHO 

HO NO, 

(cf, Parijs, loc.cit,)
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In the first few trials, following Parijs' method, 

2-nitro-piperonylidene diacetate (4 g,) was treated with a 

mixture of acetic anhydride and fuming nitric acid (specially 

prepared absolute nitric acid did not improve the yield) and 

the product obtained on pouring the reaction mixture onto ice 

(ca, 300 g.) was collected under suction when it clotted and 

softened to a sticky mass, Subsequent hydrolysis of this 

material with hot 5% sulphuric acid (evolution of considerable 

amounts of nitrous fumes) gave, in general, very low yields, 

(0.5 - 0.8 g.) of the dihydroxyaldehyde. 

Thorough purification of the intermediate product 

from the contaminating acid mixture was then attempted, The 

sticky mass was triturated with ice-water (when it became hard 

and brittle again), dispersed to a powder and collected at 0. 

The granular material was then washed thorouchly with small 

amounts of cold sodium bicarbonate solution and finally with 

ice-water, Hydrolysis of this material with 5% sulphuric 

acid solution gave even lower yields (0.4 + 0.6 g,) than those 

obtained above, 

In one experiment the intermediate, after purification 

as above, was dissolved in the minimum amount of warm absolute 

alcohol (ca, 40 6.6.) and the solution allowed to stand at oO. 

A semi-solid mass was first deposited and the residual solution,
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on prolonged standing, gave crystalline material (0.45 @,). 

The semi-solid mass on crystallisation from acetic acid 

containing a few drops of water, afforded a further quantity 

(0.33 ge.) of the same crystalline substance, {wo recryst- 

allisations from methyl alcohol (95%) yielded the pure compound 

which formed clusters of long shining fibrous needles, mp. 114°. 

115° with frothing (no change on further crystallisation), 

Found: C, 48.55; E, 4.35 NN, 4.19; 

Gy5Hy591 oN requires ~ C, 48,80; Hy, 41; N, 3 8. 

This pure crystalline material on hydrolysis with 

5% sulphuric acid gave the same aldehyde, 

The following method was finally adopted, 

2-Nitro-piperonylidene diacetate (4 g.) was added in 

small portions in the course of fifteen minutes to a mixture 

of acetic anhydride (20 c.c,) and fuming nitric acid (20 ¢.¢., 

4, 1.50), which was maintained at «12° to -15° and continually 
agitated, The resulting clear orange-red solution was slowly 

poured onto crushed ice (600 g.) and after the temperature of 

the mixture had risen to 14°, the pale yellow precipitate, 

which began to coalesce slowly, was collected. When this 

slightly sticky mass was washed with cold water (oa, 10 c.c.), 

transferred to a round-bottomed flask, and kept for a few



minutes, a small quantity of a light orange liquid, containing 

nitric acid, separated, After this liquor had been decagted, 

the product was heated on a steam bath with 5% salphurte acid 

(15 o.e.) for one hour (gentle heating at first with continual 

shaking) and the resulting hot solution treated with charcoal 

and filtered, On being kept the filtrate gradually deposited 

2enitro-4:5-di-hydroxybenzaldehyde as a mass of pale orange 

stout rectangular prisms, ™.p. 208° with decomposition (pre- 

heated bath), From 4 grams of Zenitro-piperonylidene di-+ 

acetate the yield of the nitroaldehyde varied between 1.25 &. 

and 1.55 g. and a further quantity of the compound (ga. 0.3 ¢) 

was obtained by extraction of the mother liquor with ether, 

The total yield was 63 + 75% of theoretical, 

2-Nitro-4: 5-diaceto benzaldeh ae, 

- CHgCO, HO 

CH,CO. NOs 

A mixture of 2«nitro-protocatechuic aldehyde (0.3 e,) 

and acetic anhydride (1.3 0.¢.) was warmed by occasional 

  

immersion in a water-bath for fifteen minutes, The diacetate 

obtained after treatment of the mixture with water was
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erystallised from aqueous alcohol when it formed colourless 

° 
prisms, mp. 110, Two further orystallisations from ligcht 

petroleum-benzene did not raise the melting point, 

Found; C, 48.6; H, 4.2; N, 5.4%; 
CarH,0,N requires: C6, 48.6; H, 4.1; WN, %Ss2%. 

This substance gives an immediate reaction with 

alcoholic 2:4-dinitro-phenylhydrazine reagent, 

2-Nitro-4:5-diacetoxy-benzylidene diacetate, 

  

70.COCHs 
CH,CO.0 

\0,COCHs 
CHsCO.0 NO, 

The aldehyde (0.2 g.) was suspended in acetic 

anhydride (0.5 ¢.c.) and a drop of concentrated sulphuric 

acid added, The mixture became warm and the tetra-acetate 

separated, Treatment with water gave a very clean product 

which was collected, washed with water and recrystallised twice 

from alcohol when it formed pale yellow irregular prisms, 

mp. 154 - 156° (bath preheated to 100°) 
Found; N, 3,9%; 

CagHyg010N requires; N, 3.8%.
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Attempts at Condensation of 2-Nitro-4;S-dihydroxybenzal dehyde 

With nitromethane, 

The method described earlier for monohydroxy aldehydes 

(page 29 - 30) was, at first, followed, By using 2-nitro-4;5~- 

dihydroxybenzaldehyde (1 @., 1 mol), nitromethane (0.4 &.,1.2 

mol) and potassium hydroxide (1,1 @., Ca. 3.5 mols) and treat- 

ing the reaction product with acetic anhydride and sodium 

acetate @ mixture (ca, 1.6 ¢,) of substances was obtained, The 

products from various experiments, after crystallisation, melted 

between 110° and 150°. Although a complete separation of the 

mixtures could not be effected, repeated crystallisation from 

comparatively large amount of absolute alcohol afforded a 

small amount of a pure substance (mp, 154 - 155°c., no change 

on recrystallisation) and another relatively impure substance 

(mp. 115 - 118°), The sudstance with mp, 154 + 155° was 

found to be identical with 2-nitro-4:5-diacetoxy-benzylidene 

diacetate, described above, On reduction with iron filings 

and acetic acid in the usual way, this compound (m,p. 154 - 155°) 

gave a substance which after recrystallisation from a mixture 

of benzene (10%) and Light petroleum (bsp. 60 = 80° 90%) 

formed colourless shining fronds, mp, 119 - 120° 

Found; GC, 55.55 H, 4.6%; 

Cy2Ha2N0, requires: C, 55.7; H, 4.6%. .
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This reduction product did not give any tests expected 

of 5:6-diacetoxyindole but gave a reaction, on warming, with 

alcoholic 2:4-dinitro-phenylhydrazine reagent. 

The substance (mp. 115 « 118°), on reduction yielded 

Si d-dtesetexyindole { see page 55 ), 

In the following numerous attempts, the intermediate 

alcohol, before acetylation, was separated from the unreacted 

aldehyde by shaking its ethereal solution repeatedly with small 

portions of freshly prepared sodium bisulphite solution, 

Acetylation of the purified material gave the desired atyrane in 

a pure form, By following the original method of condensation 

only 0.42 ge. of the styrene were obtained from 1.0 «, of the 

aldehyde. Attempts were, therefore, made to improve the yield 

by modifying the condifions of condensation. The results are 

summarised in the following table,



Potassium hydr- | Nitromethane| Temper- | Time 
“oxide, No,of mols, <ahare, hours)| from le. 

| No.of mols,per per mol, of of 
mol,of aldehyde, aldehyde e > 

Abs,methyl 
alcohol 

(Reactants, 
mixed at 0 | 

  
+ A clear deep red solution was obtained on mixing 

the reactants, 

T On the addition of potassium hydroxide, a red 

precipitate formed which became slightly 

sticky and this was again converted to a 

powder on continued trituration. 

. ++This last method which gave the best yields is 

| described in detail below,



It was also found thet during acetylation, relatively 

strong heating gave rise to highly coloured products accompanied 

by a lowering in yield, The acetylation was effected most 

satisfactorily by heating the contents in a boiling water-bath, 

¢ 2-Dinitro~4; 5-diacetoxystyrene,. 

  

CH,CO.0 CH=CH 
: NNO. 

CH,CO,0 NO, 

Potassium hydroxide (1.4 &, Ga 2.3 mols) dissolved 

in water (2 c,¢,) and 95% alcohol (20 6.C.) at o° was edded | 

- dropwise in the course of 30 ~ 35 minutes to a manually agitated 

solution of 2-nitro-4;5-dihydroxybenzaldehyde (2 @., 1 mol) and 

nitromethane (1.2 €, Ca. 168 mols) in 95% alcohol (20 c.¢,) 

maintained at 0°, A bright red precipitate began to appear when 

a part (ca, one-third) of the alkali solution had been added but 

towards the end of the addition a somewhat sticky material was 

obtained, On continued trituration the sticky mass hardened 

and dispersed to a fine granular powder (for best yields, it was 

found to be essential to obtain the product in this form), After 

having been kept at 0° for sixteen hours, the reaction mixture 

was diluted with ice-water and acidified with dilute hydrochloric
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acid solution at 0°, ‘The clear light orange solution (ca, 200 oc.) 

Was extracted several times with ether and the combined ether 

extracts (ca, 120 ¢.¢.) washed with three small portions of 

freshly prepared sodium bisulphite solution and finally with 

small amounts of water, Evaporation of the dried ether solutim 

gave a light orange viscous oil, which slowly crystallised, 

When this o11 was warmed with acetic anhydride (5 c.c,) and sodium 

acetate (1.5 ge.) by occasional immersion of the reaction vessel 

in a hot water-bath, the styrene began to separate after 5 « 6 

minutes and the reaction mixture soon thickened to a yellow 

paste, After fifteen minutes the contents were treated with 

cold water (25 o.c.) (larger volumes gave reduced yields) and 

after a little trituration, a thick bright yellow precipitate 

Was obtained. The syrene was collected one hour later and was 

washed twice with small amounts of ice-cold water, 

Yield 2,6 @., Ga. 77% of theoretical, This product, which had 

MeP. 126 + 132° with sintering at 124°, was sufficieatly pure to be 

used in the next stage of the synthesis, It was crystallised 

from ethyl alcohol (98%) and formed slender elongated pale orange 

needles, mp. 133 + 134° after sintering at 130°, For analysis, 
a@ sample was recrystallised from the same solvent (no rise in 

melting point) and dried in a vacuum at 40° for two hours, 

“Pound; G6, 46.20; H, 3,4; 

CrpHag%N, requires: C, 46.45; Hy, SB



5; 6-Diacetoxyindole, 

CH, GO,0 

When a mixture of the foregoing dinitro-diacetoxystyrene 

(2 @.), iron powder (10 ge.) acetic acid (40 c.c.) and absoluté 

alcohol (50 ¢.c,.) in a 250 ¢.c, round-bottomed flask was gently 

warmed, a vigorous reaction ensued and this was maintained for 11 « 

12 minutes by occasional heating. The hot reaction mixture was 

filtered from the precipitated ferrous salts and the solid washed 

with small portions of hot alcohol, The darx-coloured filtrate 

was diluted with water (ca. 400 o.¢,), basified with solid sodium 

hydrogen carbonate, and extracted five ties with ether, 

Tvaporation of the combined dried ether extracts (250 - 300 ¢.c.) 

left a viscous gum which on being kept in a vacuum partially 

crystallised, This material was extracted, first, with 40 ¢.¢, 

of light petroleum (b.p. 60 = 60°) containing 20% of benzene and 
then three times with light petroleum (b.p. 60 = 80°) containing 
30% of benzene, On being kept, the combined extracts (ca. 120 ¢,0.) 

deposited 5: 6-diacetoxyindole (0.8 g.) as & mass of stout 

rectangular prisms and a further quantity (75 - 100 mem.) was
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obtained from the mother liquor on concentration, Total * 

yield 0.9 @., 60% of theoretical, As thus obtained, it 

melted at 130 - 133° after sintering at 124° and was directly 
employed for the next stage of the synthesis. 

Yor recrystallisation, this product (1 ¢,) was 

dissolved in hot benzene (25 0.c.), the solution refluxed with 

a little amimal charcoal and filtered, To the filtrate, after 

concentration to half its volume, was added a small amount 

(ca, 1 ¢,c.) of hot light petroleum (b.p. 60 + go). The di- 

acetoxyindole crystallised as hemispherical clusters of prisms 

(0.62 €.), msp. 134 + 136 and the mother liquor, on concentration 
afforded a further quantity (0.1 ¢.) of the same crystalline 

material, The sample for analysis was recrystallised from the 

same solvent (mp. 135 « 136°) and dried for two hours in a high 

vacuum at room temperature, 

Found; 6, 61.5; H, 469; WNW, 63%; 

Cy2H219,N Fequires: C6, 61.8; H, 4.675 N, 6.0%, 

This indole is soluble in the cold in alcohol, acetone, 

ether, chloroform, etc,, soluble in hot benzene but only sparingly 

  

* Reduction of the Ginitrostyrene on a smaller scale (eg. 0.5 &.) 

gave, repeatedly, lower yields (40 + 50%) of the indole,
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so in boiling light petroleum, With Thrlichs reagent it gives 

a deep red colour in the cold, On the addition of a drop of 

alkali and then nitroprusside to its aqueous solution, it forms 

a red colouration which turns blue on making acid with acetic 

acid, With methyl alcoholic alkali it gives almost instantaneously 

a@ bluish purple colouration which turns brownish black in the 

course of a few minutes, 

5; 6Dihydroxyindole, 

HO 

, 

A mixture of sodium hydrosulphite (1 g.) and 10% aqueous 

sodium hydroxide (5 6.¢,) was cooled to 0° and shaken for a few 

minutes in a closed vessel, A solution of 5:;6-diacetoxyindole 

(0.2 ge.) in methyl eleohol (5 c.c.) at 0° was then rapidly added, 

the reaction vessel closed again and the mixture was vigorously 

agitated until the purple colouration * originally assumed by 

the solution had disappeared, and then kept at 0 for 15 minutes, 

cs easenesimnssmslnpailaslenlanurenetnnlinetinsmngtentneseanrdn Pastis airs ian SiS 

* this colouration is produced if any traces of oxygen are 

present in the reaction vessel,



After the addition of acetic acid (1 ¢.6., an amount in slight 

excess of that required to neutralise the aikalinity) in water 

(7 0.0.), the resulting pale yellow solution, relatively stable 

in air, was diluted with water (50 0,0.) and extracted several 

times with ether, The combined extracts (ca, 50 6.0.) were 

dried over sodium sulphate admixed with a little sodium hydro- 

sulphite. The following operations were then carried out in 

an atmosphere of nitrogen, The dried ether extracts were 

concentrated to about one-third® of the original volume, the 

residual liquor was mixed with light petroleum (bsp. 60 = 80°) 

(25 ¢.¢,) and further concentrated until 4 small amount of a 

reddish amorphous material, which became slightly sticky, Was 

preotpitateds this solid was removed and the clear solution was 

again evaporated until crystalline material began to separate, 

On being kept (closed vessel filled with nitroken), the solution 

deposited 5:6-dihydroxyindole as a mass of almost colourless 

needles, This was collected without special precautions. 

Yield 60 mem,, oa, 47% of theoretical (the mother liquor gave, 

on concentration, a small amount of the same substance in a less 

  

* On further concentration without the addition of light petroleum 

the ethereal solution begins to develop colour rapidly and on 

evaporation to dryness and subsequent extraction with benzene a 

much reduced yield of the orystalline material is obtained,
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pure, somewhat coloured form), m.p, 137 = 138° with darkening, 

A mixture of the substance with 5:6-diacetoxyindole melted at 

110°. On reerystallisation from a mixture of benzene and 

light petroleum (b.p. 60 « 80°), it formed glistening colourless 

needles melting at 140° to e dark coloured Liquid, The sample 

for analysis was dried for two hours at room temperature in a 

high vacuum, 

Found; ,; 6407; H, 409; 1M, 964%; 

CgH,0,N requires: C, 64.45 H, 4.7; N, 9e4%6 

+ 

In the attempts made before adopting the procedure 

described above, the reactants were mixed at room temperature, 

when a rise in temperature occurred, and the mixture was then 

kept over-night and subsequently worked up as above, 

Evaporation of the ether extracts to dryness and extraction of 

the red resinous material with various solvents failed to yield 

any crystalline material, Hydrolysis at room temperature 

(the reaction mixture cooled initially) for two hours was also 

tried, The residue obtained on evaporation of the ether extracts 

was extracted repeatedly with benzene and the benzene extracts 

afforded, after concentration and addition of light petroleum 

(b.p. 60 = 80°), only a small amount (ca, 10 - 12 mem,) of the 
hydroxyindole.
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Properties of 5; 6-dihydroxyindole. 

This compound, which is readily soluble in alcohol, 

ether and acetone, appreciably soluble in warm benzene or cold 

water, and sparingly soluble in light petroleum in the hot, 

gives a deep red colouration with Phrlichs’ reagent at room 

temperature and an intense green ferric reaction in alcohol, 

On the addition of a drop of aqueous sodium hydroxide an aqueous 

solution of the indole containing sodium nitroprusside rapidly 

assumes a dark brown colour which changes to dirty ereen on the 

addition of dilute acetic acid, When stored in a tightly 

stoppered specimen tube, 5;6-dihydroxyindole darkens perceptibly 

in the course of about 14 days, but on exposure to the atmosphere 

the surface of the crystals becomes dark in the course of 6 - 8 

hours, Solutions of the substance in benzene, ether or dilute 

acetic acid are moderately stable but ih tap water a blue 

colouration appears in the course of a few minutes, whilst the 

addition of a trace of sodium hydrogen carbonate to an aqueous 

solution causes rapid oxidation to take place, In the latter 

ease the initially colourless solution becomes violet, and then 

deep bluish-purple, and eventually a granular black melanin-like 

precipitate is formed, The substance forms a red picrate from 

- {ts solution in benzene,
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5: 6-Dimethoxyindole, 

CHs 0 

Clg 0 

The deacetylation mixture prepared as above from 

5: 6-diacetoxyindole (0,2 ¢.) was vigorously shaken with dime thyl- 

sulphate (1 ¢.) in the absence of air for thirty minutes (the 

mixture was alkaline at this stage and was less sensitive to 

aerial oxidation than the original mixture), It was then 

acidified with dilute acetic acid and the solution extracted 

with ether, The brownish red gum left on evaporation of the 

dried extracts was digested with boiling light petroleun (b.p.60°= 

go’) and the extract, on concentration, deposited first a eum 

‘and then clusters of colourless slender needles (ca, 25 mem.) 
mp. 142 « 146°, Sublimation of this material in a vacuum at 

100 ~ 110° at 0,05 mm, afforded pure 5: 6-dimethoxyindole, 
m,p. 154 + 155° (unchanged on reerystallisation), which is 
identical with thet given by Raper and Oxford (J.6.5., 1927, 421). 

  

This substance showed no tendency to oxidise in 

faintly alkaline solution,



Found: 

res:. oHz10,N requi Cy 

C, 

Cc, 

67,6; 

67,8; 

i, 

Hy 

6.0%; 

6e2%. 

62.



S:6e«DIHYDROALY+2eMETHYLINDOLE. 
> SP Se EP Se SE Ge Ste E> OE GP Oh ED Ge Ge Cl) SS GH Se Ge OH AD OP OF Gm OE OF EE GH GE AF TR Se OP Ge HD Oe TD ED EP EEO Ow HF Ge EE Ke OS GU Ge OD Ee Oe SD 

:2-Dinitro-4:5<diacetoxy-S-methylLstyroene,. 

  

CH,C0,0 on=o* 
NNO, 

CHsC0,0 NO. 

When attempts were made to effect the condensation 

of nitroethane with 2-nitro-4:5-dihydroxybenzaldehyde by 

following the method described for the condensation of nitro- 

methane with the same aldehyde, it was fouhd that the product 

(intermediate alcohol) was contaminated with large proportion 

of the unreacted aldehyde, Complete separation of the mixture 

could only be effected by treating it with concentrated aqueous 

sodium bisulphite for one hour and isolating the required nitro- 

alcohol by extraction with ether, 

To improve the yield, again various modifications of 

the conditions of condensation were tried, When the reaction 

Was carried out at ~-10° for 30 - 45 minutes, by using aldehyle 

(1 @.), nitroethane (0.7 g) in alcohol (10 o.o,) and varying
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the amount of potassium hydroxide, the following yields of the 

dinitrostyrene were obtained, 

1 Equivalent ——> very little prodyot 

2 Bquivalents ———-—> 0.22 e, 

3 Equivalents ——-> 0.27 e@, 

Better yields were, however, obtained by keeping the 

reaction mixture, after dilution with water, for two to three 

days at a slightly higher temperature (0 to 28°) The detailed 

procedure is described below, 

An ice cold solution of potassium hydroxide (3,0 Ee, 

2.5 equivalents) in water (@ 0,0.) and ethyl alcohol (32 ec.) 

‘Was added in the course of thirty minutes to a solution of the 

aldehyde (4 g., 1 mol) and nitroethane (2.8 g., ea. 1.7 mol) in 

ethyl alcohol (40 ¢,¢,) maintained at “80. After dilution with 

ice water (60 c,c.) the mixture was allowed to stand at os for 

two days, It was then worked up as usual, the mixture of the 
intermediate alcohol and unreacted aldehyde treated with concen- 

trated aqueous sodium bisulphite for one hour and the required 

nitroalcohol isolated by extraction with ether. This was 

converted to b22-dinitro-4:5-diacetoxy-)-methylstyrene by 

treatment with warm seetic anhydride (5 ¢,c.) and fused sodium 

acetate (2.0 @). The slightly sticky product on trituration
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with a little cold 95% alcohol gave a colourless powder, 

(Yield 1.8 g., Ga, 25% of theoretical) which was sufficiently 

pure for reduction to the indole, One crystallisation of the 

erude nitrostyrene from benzene « light petroleum (b.p. 60 « 80°) 

gave material of analytical purity, forming fluffy aegregates of 
thin colourless needles, mp, 119° 

Found: GC, 47,8; H, 3.6%; 

CagHy 2%, requires ° Cc, 48.25 H, 3.7%. 

Unchanged aldehyde (1.3 @.) was recovered in the 

usual manner from the sodium bisulphite liquors which had been 

exhausted with ether, 

5; 6-Diacetoxy-2-methylindole, 

CH,CO,0 

CHgCO,0 ‘ CHy 

| E 

The foregoing nitrostyrene (1.0 ¢.) was reduced by 

the procedure employed for 5:6-diacetoxyindole, In this case, 

the crude reduction product, which did not crystallise, was 

digested with several 50 o.c, portions of light petroleum (b.p.
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. 
60 ~ 80 }) containing 10% benzene, The combined extracts 

Were concentrated (oa. 70 @.¢,) and then allowed to stand, when 

almost colourless crystalline indole (mp, 130 « 133° )separated, 

& further quantity was obtained by concentration of the mother 

liquor, Total yield 0.3 g., oa, 40% of theoretical, A sample 

was purified for analysis by two reorystallisations from a 

mixture of benzene (one part) and light petroleum (b.p,. 60 + go’, 

two parts) when the indole was obtained in compact colourless 

clusters of short stout needles (or prisms), mp, 134°. 

Found: G, 63.0; H, 5.2; N, 529%; 

CagH239,N requires: GC, 63.2; H, 5.3; WN, 5e7%e 

The indole gave an inténse red colouration tinged 

with blue when treated, in the cold, with fhrlichs' reagent. 

5; 6~Dihydroxy~2-methylindole. 

HO | 

HO . CH, 

a 

Deacetylation of the above diacetate (0.2 g.) with 

agueous sodium hydroxide containing sodium hydrosulphite 

according to the method employed for 5:6edihydroxyindole gave
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5: 6-dihydroxy-Z-methylindole (Yield 93 mem,, ca, 70% of 

theoretical) which crystallised from benzene - light petroleum 

(DoD. 60 « 80°) in colourless blades, beginning to darken at 

180° and becoming black at 200° when heated in a sealed melting 
point tube, The sample for analysis was dried in a high vacuum 

at 60° for two hours, 

Found: Cc, 66.33 H, 5o45 N, 8.3%; 

Col,QgN requires; C, 66.3; H, 55; N, 86%. 

This compound which exhibits an Fhrlich reaction 

similar to that given by the diacetate, cives an olive-zreen 

colouration with alcoholic ferric chloride, rapidly changing 

to brown, On the addition of a drop of aqueous sodium 

hydroxide an aqueous solution of the indole containing sodium 

nitroprusside rapidly assumes a brown colour which changes to 

reddish brown on the addition of dilute acetic acid, 

Like the parent 5:6-dihydroxyindole, this derivative readily 

oxidises in aqueous solution containing a little sodium hydrogen 

carbonate, forming a reddish brown solution, In organic solvents 

@.@ benzene, the substance gradually develops a pink colouration 

and appears to be somewhat less stable than 5;6-dihydroxyindole, 

On expdsure to air, it becomes brownish pink in the course of 

5 - 6 hours and finally black, 

$35 $ .
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as a class, the hydroxyindoles 

(1) are soluble in the usual organic solvents 

except Light petroleum in which they are 

only moderately soluble in the hot, 

(2) form red picrates, 

|For detailed description of the properties of 5:6«dihydroxy- 

indole, see Page 60,



  

(Reprinted jrom Nature, Vol. 161, page 525, April-3, 1948.) 

The Melanin Problem: a Synthesis of 
5 : 6-Dihydroxyindole 

We have recently submitted to the Chemical 
Society a paper describing, inter alia, a new synthesis 
of 5-hydroxyindole by reduction with iron powder 
and acetic acid of 2 ; 8-dinitro-5-acetoxystyrene and 
deacetylation of the resulting 5-acetoxyindole. As a 
part of a comprehensive investigation of the chem- 
istry of the natural melanins, we have now successfully 

extended the method to the synthesis of 5 : 6-di- 
acetoxyindole (compact hemispherical clusters, m.p. 
135-136°; found: C, 61:5; H, 4-9; N, 6:3: 

C,2H,,0,N requires C, 61:8; H, 4:7; N, 6-0 per 
cent), and of 5 : 6-dihydroxyindole (colourless needles, 
m.p. 140°; found: C, 64:7; H, 4:85; N, 9-4: 
C,H,0.N requires C, 64-4; H, 4:7; N, 9-4 per cent). 
The latter compound was postulated by Raper’ as. 
an unstable intermediate in the enzyme-catalysed 
oxidation of tyrosine to melanin, and has been known 

hitherto only in solution or in the form of its deriva- 
tives. 

Treatment of the alkaline deacetylation mixture 
with methyl sulphate, without isolation of the 
hydroxyindole, yielded the dimethyl-ether (m.p. 155°, 
in agreement with Raper’s 5: 6-dimethoxyindole, 
m.p. 154-155° ; found: C, 67-6; H, 6:0; calculated 

for C,,H,,0O.N C, 67:8; H, 6-2 per cent), 
Crystalline 5: 6-dihydroxyindole is surprisingly 

stable, but in slightly alkaline solution very rapid 
oxidation occurs with formation of melanin-like 
products. A study of the oxidation of this dihydroxy- 
indole, its alkyl substitution products and related 
compounds, which have been synthesized, is in active 
progress. 

R. J. 8. BEER 
K. CLARKE 
H. G. Knorana 

‘ A. RoBERTSON 
Department of Organic Chemistry, 

University, 
Liverpool. 
Dec. 16. 

1 Biochem. J., 21, 89 (1927). 

ne EEE! 

PRINTED IN GREAT BRITAIN BY FISHER, KNIGHT AND CO., LTD., ST. ALBANS



PART If. 
0 Ge RO EP iD Eb Se Ae din Ge aN ED 

VIOLAC BIN,



SECTION 

SECTION 

INTRODUCTION, 

EXPERIMENTAL.



SECTION tf, 
DD AA ly le ih th Wt ch ED We NN tee te Ee ae 

INTRODUCTION, 

Violacein is a dark violet pigment produced by 

Chromobacterium Violaceum, The micro-orgenism grows in rods 

singly or in long threads, is strictly aerobic, non-pathogenic 

and does not depend for its growth on light. In attempts to 

isolate violacein and to effect maximum pigmentation, several 

methods of growing the bacillus have been recorded in the 

literature, Hartley (Sci,Proc,Roy,Dub.Soc,, 1913, is, 63) 

prepared the piement by extraction of slices of potato on 

which the bacterium grows well, Lasseur and Girardet, Bull. 

Trimistriel,Sec,Sei,,Nenoy, 1926, 5, (Series 4) 1 - 77 obtained 

a small amount of Violacein by quivering the bacillus on 

Lasseurs' synthetic Ly medium containing asparegin, The ‘ 

materials obtained by these workers were impure, A somewhat 

purer but still amorphous sample of Violacein was obtained by 

Reilly and. Pyne (J.Biochem,, 1927, ely 1059) who employed a 

lactose broth (5 @ lactose + 5 ge peptone + 3 @. beef extract 

in one litre of water), After three weeks growth at 20°, the 

pigment was collected, dried and subjected to a method of 

purification (extraction and precipitation, etc.). The same
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standard lactose broth was also employed by Tobie (J.Bact. 

1935, 22, 223) who, however, used a modified method for growing 

the bacterium, Oxygen was bubbied through the medium for six 

days at 22 ~ 27° and the pigment was then adsorbed on Kallite, 

Extraction of the adsorbed material with alcohol, followed by 

precipitation and subsequent digestion with suitable solvents 

to remove fatty material afforded 250 mem, of a Lipoid-free 

preparation of Violacein from each ten Litres of the broth, 

But no erystalline Violecein could be obtained, XKS¢l (Handbuch 
der Pflanzen-analyse, 1932, Band III, (2), 1443) however 

succeeded in preparing a pure crystalline sample of Violacein, 

His method for growing the bacillus and extracting the pisment 

resembles the method described more recently by F.M,.Strone 

(Science, 1944, 190, 287). ‘The latter author also employed a 

liquid medium (standard lectose broth), The bacterial pass 

obtained after incubation at 22° for fourteen days was 

centrifuged, extracted with acetone, the extracts concentrated 

and the resulting partly erystalline material was purified, 
710 mem, of crystalline Violacein was obtained from 65 litres 

of the broth. 

In these laboratories the growth of the bacillus on 

solid and liquid media has been investigated and a number of 

variations in the composition of the medium, the method of
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growth and extraction of the pigment tried (Subramanian and 

Clarke, private communication), Using a solid medium (proteose 

peptone, agar and glycerol) 4 much improved yield of pure 

erystalline Violacein (0.7 «@, from fifteen litres of the medium 

see page 91) has been obtained, 

It should be pointed out that some confusion exists 

in the literature about the violet bacterial pigments, The 

material obtained by Sartory, Meyer and Waeldele (Compt.rond., 

1936, 206, 950-953; and Bull.Soi,Pharmmacol. 1938, $8, 302-306) 

must be regarded as different from Violacein since the properties 

{see below) of the latter compound do not agree with those 

reported for the pigment obtained by these workers, Similarly 

¥riedheims' substance (Compt. rend,Soc,biol.,1932, 110, 353-556}; 

and Arch.Sei,Phys.Nat., 1932, iM, 125-126) does nas eovgesponé 

with Violacein, 

Violacein crystallises in deep violet needles with a 

greenish sheen, which on heating char without melting. It can 

be sublimed in a very high vacuum, It is insoluble in water, 

chloroform and other chlorinated solvents, light petroleum and 

carbon disulphide, It is very sparingly soluble in warm ether 

and ethyl acetate, sparingly soluble in acetic acid and alcohol
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forming beautiful bluish violet solution and in acetone giving 

@ purple solution, The substance dissolves best (0,5%) in 

pyridine (also 2-chloropyridine, aniline and o-chloreniline) 

and in dimethylformamide, The crystalline substance in alcoholic 

solution shows (Wrede and Rothheas, 4,Physiol.,Chem,., 1954, 225, 

113; of. KSgl, Lloc,cit,) wide diffused absorption at 650 oil 

(red-green), strong absorption at 607-566 m (the absorption 

extends up to 532 m), the maximum of absorption being ill defined, 

(Subramanian |private communication | reported an intense 

absorption band at 575 m and a secondary absorption band at 

about 250 m ). 

The Violacein molecule appears to be very complex, 

the evidence available pointing to the molecular formula 

CasHggO7Ng. ##The formulae based on the analytical values 

obtained for amorphous samples of Violacein (eg, Reilly and 

Pyne, loc.cit., and Tobie, Proc, Soc.expt.biol.Med., 1936, 34, 

620) cannot be given serious consideration, K6gl, who . 

crystallised his sample of Violacein several times from acetone, 

proposed the alternative formilae Ceca g%Ns and Cyplis jOyNge 

No accurate molecular weight determination could be carried out 

on secount of the insolubility of Violacein, 
Wrede (Z,physiol.Chem,, 1934, 223, 113; and Arch,”xptl, 

Path.Pharmakol,, 1937, 186, 532) observed that Viclacein
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erystallised from pyridine with two molecules of the solvent 

which were very tenaciously bound (a quantitative estimation 

of the amount of pyridine retained by Violacein was also carried 

out,  Violacein crystallised from pyridine was digested with 

hydrochloric acid and the pyridine hydrochloride Liberated was 

estimated as CgH,N.AuCl,). The analytical values obtained by 

Wrede and by workers in these laboratories are given in Table I, 

‘p75. The values obtained in these laboratories for carbon 

and hydrogen agree fairly well with those obtained by Wrede, 

The wide variations in the values for nitrogen are to be aseribed, 

as pointed out by Wrede, to the difficult combustibility of the 

substance and particularly the difficulty, in this case, in the 

correct estimation of nitrogen by the Dumas method. Wrede 

found it necessary to employ a mixture of the substanee with 

lead chromate for this estimation, | 

Wrede suggested the alternative formulae Cynigs0gNs 

and CgglpgyNg for pyridine-free Violacein, Bo direct decision 
between the two formulae could be made either by molecular 

Weight determination or by analysis of the acetyl derivative, 

The latter compound Was prepared by treatment of Violacein with 

acetic anhydride and sodium acetate (also acetic anhydride and 

pyridine)



TABLE I. 
Sb See at aah se at ty 

Analytical Values for Violacein crystallised from Pyridine, 

i ee ee 
Worker scription of Sample, 3 

Crystallised several times | 70,82 | 4.53 | 12,86 | 
Wrede Sample dried in a vacuum 

* over P,G. at room temp, 4,39 12,64 
for 5 hours. . 

Grystallisations continued | 70.20 | 4.17 | 10.48 
absorption spectrum, Sample | 70.06 4428 
dried in a vacuum over P20.g. 

Sample crystallised four 
K.Clarke, times and dried in a high 70.16 200 11.80 

vacuum at 80° for two hours, 

  

Sample crystallised four 70470 13,00 
R,J,.S,Beer times and dried in a high 

vacuum at 80° for two hours, | 70.80 4.56 

Required for: | 

Cs gigs IgNs + 20 gHsN e Castigs OgNy( 76747) 4,53 

Required for; 

CanHgg0eNg + 20 gHgN = Cups g %gNg (886.7) 4,32  
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Found: 6, 66.10; H, 4.20; M, 8.79% 
Cy, 66.15; H, 4.06%, * 

Required for 

Cenlign yg (COCHg)g: CG, 66.22; H, 4.11; ON, 6.57%; 

Required for | 

CysHae%Ng (COCHs)g: C, 65.91; H, 4.15; WN, 8.55%, 

Wrede found that Violacein also formed relatively 

stable crystalline addition compounds with bases other than 

pyridine (aniline, 2-chloropyridine, o-chloraniline), Although 

analysis of the aniline containing compound did not decide in 

favour of either of the formulee (percentage composition reculred 

by the alternative formulae is again identical - Table II, p.77), 

analyses of samples crystallised from 2«chloropyridine and 

o-chloraniline led to the adoption by Wrede of the formula 

CasHgg97Ng. The results of this investigation are summarised 

in Table II, po77.0. 

Little is known about the chemistry of Violacein, 

Some preliminary investigation of the substance was carried out 

by Wrede (loc.cit.). The preparation of the hydrochloride 

(amorphous) by digestion with dilute hydrochloric acid was 

described and it was stated that only one molecule of the acid
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Crystallisation of Violacein from @ifferent|s0lvents (Wrede, loc,oit.) 

jRequired for 
           
    
    

   Description of Sample.     i mm fom 
meppentee 

mofferpe 

ose |e fsa 

oe ia] 
i 

aso fe] 
3,68 | 

Ca sles OgNg+1CgHgNCl+ 1C,H, O=¢ sole o%gNzCU902) 10 .87 

‘Wiolacein + 0.5 mol.Chloraniline, 

(Cs sles%GNs + O.5GgHsNH, CL (673.0) $90 |11,45 (2.64 

pas fos op 

    

  
   

  

     
    
    

  

     

  

     

   

Pyridine-free Violacein 
~4, Violacein + 2 mol, chloropyridine,. 

I CasliggQgNg + 2CgHANCL = Cagtiga OgNyClg (8363) 
   

  

(erystalline sample digested 

with HCl sol.) crystallised,.from 

2-chloropyridine (addition of 

water). Samples dried over P,0, 

in ea vacuum for five hours at 

room temperature, 

    
Samples dried 

in a yacuum 

for 3 hours 

    

    

   

  

Pyridine-free 

     

  

Violacein 
  

at room temp, 

  

crystallised from 
     

      

    

Sample dried 

in a vacuum 

for 120 hours 

at room temp. 

a mixture of 

    

    

  

   
aniline & alcohol | 

       
  

(addition of 

water). 
  

  

    

    
     

Pyridine-free Samples dried 

in a vacuum 

for 3 hours 

at room temp. 

         

  

   Violacein 
   

   

    

   

  

    

    

orystallised from     

  

    
    

    

   

  

    

    

  

   
    

  

      

   

@ mixture of o- 

Sample dried 

in a vacuum 

for 148 hours 

at room temp. 

chloraniline and 

alcohol (addition 
   
    of water). \ CasHsgs%Ng + 0.5CgH,NH,.Cl (792.2)
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Was added to one molecule (Cg,H,,07N,) of Violacein and thus 

only one basic nitrogen atom was thought to be present. 

Catalytic hydrogenstion with Palladium /eharcoal in 

acetic acid brought about a complete decolourisation of a 

solution of the pigment (eight reducible double bonds Were 

indicated if the molecular weight was assumed to be 726 - that 

required for CygHag07Ng). 

Wrede made some interesting observations, regarding 

the action of alkali on the pigment. Violacein behaves as a 

_ phenol, it dissolves in alkali (but not in sodium carbonate) 

forming an emerald green solution, which soon changes, especially 

on warming, to dirty brown and then scarlet red (on prolonged 

standing a dirty brownish yellow coloured solution is formed), 

If the clear red solution is saturated with carbon dioxide, a 
micro-crystalline scarlet red precipitate (A) is tormed, If 

this is removed and the almost colourless filtrate is acidified 

with hydrochloric acid, a yellowish precipitate (B), which soon 

changes to green and then darkens, is obtained, Both the above 
precipitates give, on boiling with pyridine, crystalline Violacecin 

and also form, on treatment with acetic anhydride and sodium 

acetate, the same crystalline derivative as is obtained directly. 

from Violacein, Wrede suggested the formation of an enol form (4) 
and a lactone or a lactam form (B), both these processes being
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reversed on treatment with pyridine or acetic anhydride/ sod tun 

acetate, 

There is no evidence for the presence of any carboxyl 

group in Viclacein itself, 

Subramanian (private communication), in an attempt at 

hydrolytic degradation, refluxed Violacein with alkali, A 

volatile gas smelling strongly of ammonia was civen off, An 

addition compound of this volatile produot with H,Ptcl, was 

isolated but the residual solution failed to yield any pure 

substance, Reilly and Pyne (loe.cit.) obeervec that spprox- 

imately one-fifth of the total nitrogen present in’ Violacein 

(amorphous sample) was removed by the action of nitrous acid , 

A product with the colour reactions of anthranilic 

acid was isolated by Tobie (J,Bact., 1936, 35, liel2) by 

heating Violacein with alkali for several hours, 

Wrede (loc.cit.) degraded Violacein by zine dust 

fusion (ef, Toble, loc,cit.), soda lime distillation and alkali 

fusion, Only small amounts of pyrogenic oily materials which 
showed pyrrolic reactions were obtained, 

Recently in thesé Laboratories R.J.5,Heer and K.Clarke 

(private comsunication) have isolated two orystalline pyrolytie 

products of Violacein, The same two products were obtained | 

when the pyrolysis was carried out in the presence of sither zine
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or copper (in a stream of nitrogen or in a vacuum), The 

analytical values indicated the formula C,H,0N for both of 

the substances, One of these with mp, 101 = 102° gave indole- 
like reactions with (a) Thrlichs' reagent \and (b) sodium nitro-« 

* 

prusside, formed a red picrate and showed phenolic properties, 

It Was therefore thought to be an indole derivative with a 

hydroxyl group in the benzene nucleus, All four monohydroxy- 

indoles have been synthesised (Part I of this Thesis) but none 

of these is identical with the above pyrolytic product, 

Further degradation work has been carried out in 

these laboratories on the acetyl derivative obtained by treate 

ment of Violecein with acetic anhydride and sodium acetate, 

Oxidation of the acetyl derivative with chromic oxide | acetic 

acid in the hot (K,Clarke, private communication) yielded 

three acidic substances with mp's, 176°, 174° and >215°, 
The substance with mp. 178° has been identified as acetyl- 

anthranilic acid, This. acid also accounts for the bulk of 

the material obtained from the oxidation of acetylviolacein 

with hydrogen peroxide, | | 

Degradation of acetylviolacein with nr | acetio acid 

at 130° (R.J.S.Beer, p¥iVate communication) gives a red 

crystalline product containing iodine, This substance has 

been shown to be a hydriodide of a sparingly soluble yellow
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orystalline base, The base appears to have a formula of the 

type Cig (ng) Ne» Only one of the nitrogens being basic, 

The antibiotic action of Violacein has been determined 

recently by Lichstein and Van de Send (J,Infectious Diseases, 

1945, 76, 47 ~ 51; see also J,Bact., 1946, 145). Violacein 

has a marked inhibitory action in vitro on the growth of Gram 

positive bacteria but it causes only slight inhibition of the 

growth of Gram-negative bacteria except meningococcus which is 

very susceptible, Violacein exerts a bactericidal action 

against Staphylococcus aureus in concentrations of 0,001 to 

0.01% and @ bacteriostatic action against larger inocula, 

In the work to be described Chromobacterium Violaceum 

has been grown by the method already worked out, as mentioned 

above,.in these laboratories, only minor modifications in 

the method of isolation of the piement have been introduced, 

After 12 - 14 days growth at oa, 20° on a solid medium, the 

total bacterial mass is emulsified with hot salt solution, the 

pigment adsorbed on Kieselguhr and the adsorbed material 

subsequently extracted with acetone, The mixture of fatty



material and the pigment extracted is recovered from the 

acetone concentrates by precipitation with water and acetic 

acid, The crude pigment is freed from the fatty material by 

afgestion with fateextracting solvents and Violacein is then 

obtained in a@ reasonably pure state, [From 100 bottles 

containing well-pigmented cultures (15 liters medium), 

Yield 1 ge |. 60 @ of Violacein were thus collected, The 

work involved the handling of over 10,000 bottles, 

Violacein was crystallised (fine dark violet needles) 
from pyridine \ water or pyridine \ chloroform, (0.7 @ from le 

of the crude material obtained above), 

Oxidative degradation of an alkaline solution of 

Viplacein with varying amounts of potassium permanganate was 

attempted but only a trace of a crystalline product could be 

isoleted. Violacein appeared to have been largely destroyed 

in the process, 

Crude Violacein on ¢¢eatment with acetic anhydride\ 

sodium acetate was converted in good yield to its highly 

crystalline acetylderivative, This derivative in which the 

phenolic hydroxyl group(s) are protected, was found to be more 

convenient for use in degradation experiments than Violacein 

itself,
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Mild oxidation with potassium permangenate in acetone 

of acetylviolacein also did not yield any crystalline material 

but this method has not yet been thoroughly investigated, 

A more promising method of degradation had been 

found (Clarke, private communication) in the oxidation of 

acetylviolacein with chromic oxide \ acetic acid, As already 

mentioned, oxidation in the hot with this reagent eave three 

acidic substances, Acetylanthranilic acid (one of these three 

substances), however, formed the main product in Clarkes’ 

procedure for this oxidation, In the present work, attempts 

have been made to increase the yield of products other than 

acetylanthranilie acid by modifications of the above procedure. 

When the amount of chromic oxide employed was 

reduced (2.6 ¢.c. of a 5% solution in acetic acid for 0,2 g. of 

acetylviolacein) and the oxidation was carried out at room 

temperature for twenty-four hours or in the hot for Ga, one 

hour, a red chromium complex was formed, This gould not be 

erystallised, 

Oxidation, by employing a larger amount of the 

oxidising agent (27 c.o, of a 5% solution in acetic acid for 

1 g. of acetylviolacein), at room temperature for twenty-four 

hours gave mixtures of a number of acidic substances,
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Although a good proportion of the total orystalline material 

(200 mem. from 1 a, of acetylviolacein) was deain acetyle 

anthranilic acid, 60 mem, of a new acidic substance (softens 

at 165°, melts at 176 = 182°) could be isolated, (The remaining 
mixtures are in the process of investigation), Repeated 

erystallisations of this substance from benzene and from 

toluene, with much loss of material, ¢id not bring about any 

change in its behaviour on heating and it was therefore thought 

to be a homogeneous product with an ill-defined melting point, 

Treatment with diazomethane gave the methyl ester, which showed 

abnormal behaviour on heating (two melting points and upon 

resolidification, a single sharp melting point). 

No consistent analytical values have been obtained for the 

acid or its ester,
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SrCcCTION If. 
MED ma Hn me as Nh Se wae md Rh OS Ce Fem CY On SS 

EXPERIMENTAL 

Storage of Stock Cultures of Chromobacterium Violaceum, 

The basic medium for the growth of the bacterium 

consisted of the following ingredients: 

Proteose peptone 1.9 & 

Glycerol 0.5 Ge 

Agar (powder) 2.0 Ee 

Tap water 100 ¢.G, 

The peptone was dissolved in water in a flat-bottomed 

200 ¢,e, flask and glycerol and agar were then added, Tho 

mouth of the flask was plugged with cotton wool and the mixture 

sterilised in a steam autoclave for twenty minutes at a pressure 

of 15 = 20 lbs, per sq. inch, | 

After sterilisation, while the medium was still liquid, 

a series of test tubes (£0 c.¢c, capacity) were filled with 5 o.o, 

of the medium, the mouths plugged carefully and the tubes ree 

sterilised as above in special wire basket, While still warm, 

the test tubes were sloped on to a wooden strip until the medium
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set, The culture stocks were kept in these media and fresh 

cultures made of them every 3 - 4 weeks, They can be stocked 

in the dark at room temperature, 

For best results in the subsequent work, virile and 

uncontaminated cultures of the bacillus were maintained by 

following the procedure described below after every few months, 

Ten ¢,¢, of sterile Proteose peptone solution (1 «a. 

in 100 ¢,c, tap water) were inoculated with the type (stuck) 

culture by means of a platinum wire and then inoubated for 

twenty-four hours at 28°, The broth was then diluted in steps 
to 1 part in 1,000,000 parts of sterile water, 1 c.c,. of this 

inoculum was spread over the surface of a Petri plate containing 

a lf proteose peptone - agar gel, After 24 ~ 36 hours growth 

et 28° single colonies appeared, The virile violet coloured 
colonies were picked off with a sterile needle and transforred 

to the test tube slopes (stock cultures), 

LARGE SCALE CULTURE OF THE BACTERIUM, 

1. Preparation of Culture broth for Inoculation. 

The broth medium for large scale inoculation consfsted 

of a 1% solution in tap water of proteose peptone, This was 

poured into a series of Roux bottles (100 = 120 ¢.c, in each),
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the mouths of the bottles plugged with cotton wool and the 

bottles sterilised as usual, The inoculum for these bottles 

was prepared by flooding the test tube cultures (see above) 

with sterile water (usual precautions) and Loosening the 

bacterial mass with a sterile wire, After having been 

inoculated with this suspension (2 0,¢, for each bottle), the 

 pottles were incubated in the dark at 28° for 5 = 6 days (the 
liquid in the bottles becomes increasingly turbid in the first 

few days and a bluish film appears on the surface). This broth 

was then employed for inoculation on a large scale, 

2, Preparation of the Media. 

Proteose peptone (150 g.) Was dissolved in tap water 

(15 liters) and glycerol (75 @, oa, 60 ¢.c.) was added, The 

liquor was poured inte 100 Roux bottles (ca, 140 + 160 o,c, in 

each), To each bottle about 3 ge. of agar (twosthirds of a 

teaspoonful) was then added, The bottles wereplugged and 

sterilised in a steam autoclave at 20 = 25 lbs. per sq. inch 

for twenty minutes or in a steamer at ordinary pressure for two 

hours each day, the process lasting for three days, When at 

about 80 - 90°, the bottles were laid dow flat till the 
medium set and formed a layer of 0.5 to 0.6 of an inch thickness,
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Ns. Inoculation and Growth of the Bacterium, 

The pipettes (10 - 15 ¢,0, capacity) to be used for 

this work were rigorously cleaned (finally in chromic acid 

solution) and then dried, Suitable plugs of cotton wool were 

inserted in the mouth pieces and.the pipettes placed in special 

copper containers, These were sterilised with the lid off in 

a steam autoclave under the usual conditions and then placed in 

a hot-air oven at 110 - 120° for a few hours, ‘Yach of these 

sterile pipettes could be used several times (if the work was 

carried out under reasonably sterile conditions) to inoculate 

30 = 35 bottles, 

The inoculent (proteose peptone broth, 2 = 3 0.0.) 

was introduced with usual precautions into each sterile bottle 

containing the set medium and spread carefully over the whole 

surface of the medium, After inoculation the bottles were 

laid down flat (24 - 48 hours at room temperature = ga, 20°). 
4 vigorous growth of the bacterium was now visible and the 

pigmentation had started, The bottles were then allowed to 

stand upright in a dark room for 10 + 14 days when a heavy 

pigmentation (a dark purple layer on the surface of the medium) 

had resulted,



4, Isolation of the Pigment. 

Hot aqueous solution of common salt (fairly concentrated, 

120 ~ 1350 ¢.¢.) was added to each culture bottle and the bottle 

(corked tightly) agitated manually till the pigment was completely 

removed from the surface of the medium (In this process the solid 

medium also became detached, in most cases, from the walls of 

the bottles, ani sometimes broke into fragments), The resulting 

aqueous emulsion was poured out and the bottles containing the 

residual medium washed out with a second portion (120 + 136 o.c,) 

of the salt solution, This second wash liquor was used for 

the emulsification of the pigment (first wash) of a second bottle 

and so on, ; 

The combined emulsion from 100 bottles (12 + 13 liters), which 

contained all the bacterial mass, was filtered throuch a coarse 

sieve to remove the small fragments of the solid medium, To 

the total liquor, cmmtained in tall cylinderical vessels, was 

then added Kieselguhr (ca, 40 g.), in small amounts with vigorous 

stirring and then glacial acetic acid (60 ¢,.¢.). On allowing 

to stand overnight the Kieselguhr, on which the bacterial mass 

was adsorbed, settled at the bottom and the supernatant turbid 

brownish liquor (ca, 90% of the total volume) was siphoned off, 

The dark violet sludge of the pigment, Kieseleuhr and some 

bacterial cells was filtered through large fluted filter papers
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and the thoroughly drained material dried by prolonged standing. 

Most of the dried material was removed from the filter papers 

and extracted in a Soxhlett apparatus with acetone (the filter 

papers still retaining small amounts of the solid material were 

separately extracted with the same solvent), Violacein partly 

crystallised during the extraction process as a mass of stout 

granular crystals with a green sheen, The total acetone extract 

was concentrated (a. 25 - 30 6,¢,) and the pigment now free from 

bacteria was precipitated by the addition of water (150 c,¢o,) 

glacial acetic acid (5 9.0.). The almost black greasy precipitate 
was collected on a haréened filter paper (fluted) and dried 

along with the filter paper in e vacuum over phosphorous 

pentoxide, This crude dry pigment contaminated with fatty 

material was extracted (Soxblett) successively with 1. licht 

petroleum (b.p. 40 « 60°) (two days), 2. chloroform (two days), 

3. carbon tetrachloride (one day), Light petroleum end chloroform 

extracted much dark brown material while carbon tetrachloride 

took on only a faint brownish orange colour, fhe pigment was 

thus obtained as a mixture of dark violet orystals and an almost 

black amorphous powder, 

Sometimes, after removal of the fatty material, tho 

pigment was extracted (Soxhlett) with acetone, Due to low 

solubility of the substance in acetone at this stage this extractia
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was a slow process and lasted over several days, A good 

proportion of the pigment again separated in a crystalline form 

and the portion still dissolved in acetone was recovered by 

concentration of the solution and precipitation with water 

containing a small amount of acetic acid, 

Yield from 100 bottles containing well-pigmented cultures, 

(15 liters of medium), 1 Ge 

Crystallisation. 

Crude Violacein (1 ¢.) was dissolved with heating in 

pure pyridine (ea, 300 ¢.¢.) and the solution after filtration 

concentrated (ca, 200 o.¢,) in a partial vacuum, The deep 

purple blue solution was diluted carefully with bolling water 

(ea. 150 0.¢,). (In place of water, chloroform can also be 

employed), On being kept first at room temperature and then 

at °°, the solution deposited Violecein as a mass of fine dark 

violet needles. It was collected under suction, washed with 

a mixture of pyridine end water (1: 1) and then Water, and 

dried in a vacuum over phosphorous pentoxide. Yield 0.71 & 

(the mother liquor on prolonged standing becomes purple and 

then deep brown),
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Oxidation with Alkaline Potassium Permenganate, 

Crystalline Violacein (0.1 @.) was dissolved with 

continued trituration and slight warming in 2% sodium hydroxide 

solution (8 ¢.¢,). The initially formed emerald green colour 

had changed to deep red when a clear solution was obtained, 

To the cooled solution was gradually added in the course of 

fifteen minutes an aqueous solution of potassium permanganate 

(0.2 @ in 8 o,c, of water), A brown precipitate begin to 

separate during the addition of the permanganate solution, 

Sulphur dioxide was passed through the contents after two hours 

and the brown precipitate which persisted on continued passage 

of sulphur dioxide was filtered off and washed with a little cold 

water, This material (found to be organic) showed acidic 

properties, wes insoluble in the usual orgenic solvents and 

eould not be crystallised, | 

The clear red solution obtained after removal of the 

_above material was made acid to Congo red with hydrechLoric acid, 

gently boiled to remove sulphur dioxide and then extracted six 

times with pure ether, The dried ether extracts, on evaporation 

to dryness left practically no residue, | 

In ae further attempt, the above procedure was repeated 

with twice the amount of potassium permanganate (0.4 g. for 0.1 &
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of Violecein and 12 ¢.c, of the alkali solution) and sulphur 

dioxide was passed through the contents after five hours, When 

the manganese dioxide had dissolved, the solution was not clear, 

However, the amount of the browmish precipitate was less than 

that obtained in the move case and the solution had a lighter 

colour, The small amount of the precipitate was removed ohd 

the solution made acid to Congo red, On repeated extraction 

with ether and evaporation of the dried extracts a small amount 

of a partly crystalline residue was obtained, No pure crystalline 

material could, however, be isolated (digestion with various 

organic solvents), 

In subsequent attempts, the amount of potassium 

permanganate was further increased (0.6 g, for 0,1 @ Violacein). 

After the addition of the permanganste solution (20 to 25 minutes; 

the permanganate colour persists), the contents were silowed to 

stand for 48 hours, Sulphur dioxide was then passed and a Licht 

yellow solution containing a thin colourless suspension was 

obtained, After filtration the clear solution was acidified 

as above, No material was extracted by ether and the aqueous 

solution was evaporated to dryness, The residue was extracted 

with absolute alcohol and the alcoholic extract again evaporated 

to dryness, The residue now obtained was extrescted in the hot
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with organic solvents, @.@. light petroleum (Various fractions), 

benzene, chloroform, ethyl acetate and acetone, None of these 

extracted any material, The bulk of the above residue proved 

to be inorganic and extended attempts @& isolation of some 

organic materiel Pailed, 

In one experiment, the clear pale yellow solution - 

obtained on passing sulphur dioxide-was boiled and the panganese 

present was removed by precipitation with sodium carbonate, 

The clear filtrate was acidified and evaporated to dryness but 

again no pure organic material could be isolated from the residues, 

Acetylation of Violacein, 

Violacein (crude defatted material, 4 ¢,) was heated 

with acetic anhydride (200 ¢,c,) and sodium acetate (4 e,), the 

temperature being slowly raised to the boiling point and the | 

contents then boiled gently for 5 + 7 minutes, The colour of 

the solution changed from deep blue purple to intense red, The 

reaction mixture was then allowed to stand overnight when 

acetylviolacein (mixed with sodium acetate) was deposited as 

a mass of slender red needles with a beautiful green sheen, 

This was collected, washed with some acetic acid and then with 

much water,
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Yield 3.5 - 3.6 G On heating it sintered at oa, 275° and 
melted at 285° with decomposition, This material was extracted 
(Soxhlett) with acetone for several days, Acetylviolacein 

separated during the extraction process and was employed for 

the following oxidation experiments, 

Oxidation with Potassium Permanganate in Acetone, 

To acetylviolacein (0.1 g.) dissolved in acetone 

(ca, 600 c,e,) was added potassium permanganate solution 

(62 = 63 mem. in 10 c.c. of acetone) and the contents were 

allowed to stand for4- 5 days, ‘The solution was then filtered 

to remove the trace of a brown material, Sulphur dioxide was 

passed through the clear solution and the white fluffy precipitate 

obtained was filtered off, The filtrate was evaporsted to 

dryness leaving a derkgreenish residue which was digested in 

the hot with light petroleum (various fractions) and then benzene, 

None of these extracted any material, The orange red ether 

extract yielded on evaporation only a small smount of gum, The 

remaining residue was treated with sodium hydrogen carbonate 

solution. The extract on subsequent acidification gave a thin 

brown suspension, he material not extracted so far formed 

the bulk of the oxidation product and was obtained as a dark
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amorphous powder (no reaction with 2:4dinitro-phenylhydrazine), 

This failed to yield any crystalline material, 

Attempts at Oxidation of Acetylviolacein with Chromic oxide| 

acetic acid, 

(a) 266 6.6, OF chromic oxide solution (made by 

dissolving 5 eg. of chromic oxide in 100 6,6, of pure acetic 

acid) were added in the course of 45 minutes to a suspension of 

acetylviolacein (0.2 @.) in acetic acid (50 ¢.¢,) with occasional 

heating on a naked flame, (Acetylviolacein is soluble in hot 

acetic acid to the extent of 0.1 @ in 106 ¢.0.). A clear red 

solution was obtained when ca, 1.5 ¢.¢. of the chromic oxide 

solution had been added. When the addition was complete, the 

contents were allowed to stand for one hour and then diluted with 

water (200 c.0,). A red precipitate was formed and was 

extracted with ether which acquired a strong red colour. 

Extraction with ether was continued till the aqueous solution 

hed a pure bright ereen colour, The combined ether extracts 

(anhydrous sodium sulphate) were evaporated to dryness leaving 

@ red amorphous powder, This was insoluble in light petroleum 

and carbon tetrachloride, appreciably soluble in benzene and 

readily soluble in ether, chloroform end ethyl or methyl alcohol,
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It was insoluble in sodium hydrogen carbonate solution 

end gave no reaction in alcoholic solution with 2:4-dinitro- 

phenylhydrazine, | 

On ignition this red substance formed a black incombust~ 

ible residue, Although it was resistant to the action of dilute 

mineral acids (soluble in concentrated sulphuric acid and 

reprecipitated by water), it Gissolved in alkali forming first a 

greenish and then a dark reddish brown solution, 

Attempts to crystallise this material failed, 

Material with similar properties was obtained when, 

using the quantities mentioned above, the oxidation was attempted 

in the cold in the course of sixteen hours, 

(b) To acetylviolacein (1 ee.) suspended in acetic acid 

(250 ¢.¢,) was added chromic oxide solution in acetic acid 

(5%., 27 ¢,.¢.) and the mixture allowed to stand, with occasional 

shaking, for twenty-four hours, The resulting solution (ereen 

in thin layers) was filtered from a trace of unchanged acetyl- 

violacein and the bulk of the acetic acid removed in a partial 

vacuum, The concentrated green solution (25 ~ 30 ¢.¢,) was 

diluted with water (250 ¢.c,) and extracted repeatedly with ether,
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The ether extracts continued to attain a light yellow golour 

even after 6 + 9 extractions, (Continuous extraction of the 

aqueous solution has yielded traces of crystalline acidic 

materials which remain to be investigated). The dried ether 

extracts (light orange yellow in colour) were evaporated to 

dryness and the reddish brow gum obtained was extracted with a 

succession of hot solvents and the materials obtained in each 

extraction process examined separately, The results are 

summarised in Table III, pe 996 

In subsequent attempts, the total erude oxidation 

product from the ether extract was treated with sodium bicarbonate 

solution, Some sticky non-acidic material which did not give 

any reaction with 2:4-dinitro-phenylhydrazine was thus separated, 

The sodium bicarbonate solution was acidified with hydrochloric 

acid and the mixture of acidié substances extracted with ether, 

The gum thus obtained was extracted in succession as above, 

A total amount of 200 mem, (from 1 ge. of acetylviclacein) of 

mixtures of crystalline acids was obtained, 

The fractions extracted by Light petroleum (b.p. 80 - 

100°) itself and light petroleum containing benzene (25%) 

consisted of acetylanthranilic acid mixed with some other 

substance(s).
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Extractions of Oxidation Product _fron scctyiviolaceta, 

Solvent Remerk Yield from 1 g. of 
ent. * S. 

Acetylviolacein, Recrystallisation, 

Hot extracts (tétal 100 ¢.c¢,) 

on standing deposit gelatinus 

material, 

   

   

  

     

  

   

  

    

   
   

  

   

      Light Petroleum 

(bep.80=100° )e         
   

      

Crystallised from benzene 

(10 c,¢.), fine needles, 

     

  

     

  

Extracts (total 50 ¢,c,)depoat 

small amounts of material 

similar to that obtained 

' above. 

Light Petroleum 

+ Benzene(10%). 

  

     

  

Extracts (total oa, 50 6.0,, 

light yellow) deposit colour- 

less microcrystalline 

material, 

   

      

  

Light Petroleum 

+ Benzene (25%), 

  

   
   

  

     
     

   

Recrystallised from benzene 

  

      {3 - 4 0.0,), clusters of 

glistening needles, 

   

  

    
     

Reerystallised from benzene 

(5 o.c,), less soluble than 

previous fraction, clusters 

of Long needles, 

Extracts (yellow) deposit 

colourless needles, 

  

Light Petroleum 

+ Benzene (50%). 

   
    

   

Sinters 165°, 

Clear melt at 176°, 

      

   
    

    

     
    

  

   

  

   

   

    
   

  

   

  

Rxtracts (orange red) deposit 

gum first, solution decanted 

and deposits granular 

erystals, 

Recrystallised from benzene 

(2 0.¢c.), stout compact 

globular orystals, 

    
   

Shrinks 150°, 
fuses 165 - 170°, 

Clear melt at 176°,       

  

++ Mother liquors from these give further small amounts of 

mixtures of substances, : 

40 A small amount of residue was insoluble in benzene. | 

All the materials isolated above effervesce with sodium hydrogen 

Carbonate, | 
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Extraction with a aixtere of light petroleum (bepe80'* 

100°) lind benzene (1: 1) afforded a relatively pure substance 

which on recrystallisation from benzene formed a homogeneous mass 

of colourless needle:—shaped crystals, On heating it shrank 

slightly at 150°, softened at 165° and melted at 175 - 182°, 
Yield 60 mgm. from 1g. of acetylviolacein, Thio acid was 

crystallised three times from pure benzene and then twice from 

toluene (no change in its behaviour on heating), After a final 

erystallisation from benzene, the acid was analysed (dried in 

vacuo at 40° for two hours), 

Found; ©, 58.16; H, 463; WN, 468%, Maslit. 252.5 

245.6, 

A second sample after repeated crystallisations from . 

benzene gave 

G, 55.90; H, 4% 

The substance was found to be capable of crystallising 

in various forms (needles, feathery crystals, plates), It is 

insoluble in light petroleum, moderately soluble in the hot in 

benzene, toluene and water and readily soluble in the cold in 

acetone and alcohol, 

The substance does not give any reaction with thrlichs' 

_ reagent.



101, 

Methyl ester. 

After treatment of an ethereal solution of the acid 

at 0° with a cold ethereal solution of diazomethane (till the 
yellow colour persisted),-the solvent was evaporated and the 

small amount of concentrate was diluted with boiling petroleum 

(bsp. 60 = 80°), On standing the methylester separated in 
clusters of needles, On heating it sintered slightly at 98°, 

began to melt at 100° (forms meniscue) but resolidified and 
melted again at 107 - 108°, The clear melt on cooling re- 

solidified and on subsequent heating melted at 101 - 102°. 
4 sample was recrystallised from benzene /iient 

petroleum (no change in behaviour on heating) and was dried 

in a vacuum at room temperature for two hours, 

Found: 6, 85,50; H, 5.15; OMe, 12.40%.
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SECTION f. 

INTRODUCTION, 

The bark of Daphnandra Repandila (a tree which crows 

in Queensland) was first examined by T.L.Baneroft (Journ.and 

Proc.Roy.Soc., New South Wales, 1886, 20, 69; Pros,Roy.Soc., 

Queensland, 1887, 4 13; Australasian Journ.of Pharm., 1887, 

2, 103) who found it to be remarkably rich in alkaloids (6%), 

Bancroft described the isolation of three colourless crystalline 

bases from this plant, No account of their physical or 

chemical properties was given except that one of the three bases 

was reported to be water-soluble and the same was found to be 

most active physiologigally. 

Bancroft (1oc.e4t.) @lso investigated the bark of 

Daphnandra Micrantha, which grows in the rain forests of Central 

and Southern .ueensland and Northern New South Wales and steted 

that it contained the same three alkaloids as Daphnandra 

Repandula, 

The alkaloids of Daphnandra Micrantha were further 

investigated by Pyman (J.C.S., 1914, 105, 1679), who described 

the isolation and characteris@tion of three new colourless
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alkaloids, The total alkaloidal content of the bark was 

reported to be more than 6% and out of this 2% of non-phenolie 

(two alkaloids) and 1.5% of phenolic (one alkaloid) substences 

Were isolated in a crystalline state. However, Bancrofts' 

observation of a water-soluble alkaloid was not substantiated 

by Pyman, 

Recently Bick and Whalley (Univ, of Queensland Papers, 

Dept. of Chemistry, 1946, Voll, Paper 0,28) have isolated 

two non-phenolic alkaloids {one being yellow and the other 

colourless) from Dephnandra Repandula, Further details of 

this work are given on pages 108 - 109, 

In the work to be described, two barks, those of 

D.Micrantha and D.Aromatica, a related species, were investigated, 

Pyman (loc.cit.) had employed cold dilute tartaric acid solut ion 

for the extraction of alkaloids from D,Micrantha, This method 

_ when applied to D,Aromatica failed to extract any alkaloid, 

Nevertheless, the presence of alkaloids was indigated when 

extraction of the bark was carried out with hot aleohol amd also 

by cold extraction with Prollius's fluid,
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Extraction with hot alcohol was found to be very effective, 

Hot methyl alcohol proved to be most efficient and was employed 

for large scale extraction but it was reoognised that along 

with alkaloids comparatively far greater amounts of resinous 

material were also extracted, Attempts Were made, therefore, 

to accomplish a selective extraction of the alkaloidal matezi a 

by @ series of extractions with suiteble solvents but these 

were unsuccessful; nor could any measure of purification of 

the sticky residue from the alcohol extraction process be 

achieved by extracting it with the usual fat extracting 

solvents, 

Extraction of a mixture of barium hydroxide and ground bark 
Was also tried but this method likewige failed to effect a 

specific extraction of the alkaloidal material, 

In a thorough search for some crystalline base or 

derivative, the extracts from the various methods were worked 
up separately (for the general methods of isolation of 

alkaloids, see Wxperimental «- ),Micranthe), Despite 

extended attempts at purification of the crude materiais, 

phenolic and non-phenolic, only an impure erystalline material, 

adulterated with much amorphous material, Was obtained from 

the phenolic fractions,



Attention was then turned to D, Micrantha and when 

during this work the technique of chromatographic separation 

of crude alkaloidal residues had been developed the same 

method was successfully applied to the nonm-phenolic alkaloidal 

residues from D, Aromatica, Small amounts of two crystalline 

alkaloids (one yellow, mp. 180° with decomposition; and the 
other colourless, m.p,. Ca. 260°) were thus obtained, 

The chromatorraphic method was also extended with success to 

the phenolic material (which, as expected, wus more strongly 

adsorbed) and a pure crystalline phenolic alkaloid was isolated, 

As in the case of D.Micranthe (see below), an 

indication of the probable presence of water-soluble alkaloid(s) 

has been obtained, 

With D,Micrantha, again, various mthodsof extraction 

were tried, Fxtraction was first carried out with cold dilute 

tartaric acid solution but Pyman's method of working up the 

extracts was elaborated to effect further purification of the 

erude non-phenolic and phenolic products, In this ease, the 

erude non-phenolic material on treatment with alcohol readily 

. yielded crystalline material, the product being the sam yellow 

alkaloid slready obtained from D.Aromatica, A second colour- 

less eikeioié sepsrated more slowly from the mothe r liquor, 

This ine proved to be identical with the alkaloid, m.p. 260° :
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from D,Aromatica, 

The same two alkaloids and another colourless 

alkaloid, mp, ca, 240°, were obtained by hot alcoho} 
extraction, the bulk of the yellow alkaloid being isolated 

by direct crystallisation of the crude non-phenolic material 

and the two colourless alkaloids by chromatographic separation, 

This method of extraction was more efficient and rapid than 

cold dilute tartaric acid extraction, 

Methyl alcohol extrac$ion gave the best yields and 

was finally adopted, with further modifications in the method 

of isolation, for extraction on a large scale, 

When the total concentrate from the methyl alcohol 

process Was digested with dilute acid and the clear acid 

solution extracted, after basification, with chloroform, the 

residual aqueous solution gave a thick precipitate with picric 

acid, probably indicating the presence of water-soluble 

alkaloids, 

. The total chloroform solution of the water-insoluble 

alkaloids was shaken with sodium hydroxide solution, This 

extracted mostly resinous material which failed to give any 

erystalline phenolic alkaloid, 

After crystallisation of the yellow non-phenolic 
alkaloid (contaminated at this stage with traces of the
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colourless alkaloids), the residue was investigated chromato~ 

graphically, Aluminium oxide proved to be a suitable 

adsorbant, The chromatogram was developed with chloroform 

which eluted, on continued washing, a mixture of the yellow 

alkaloid and a colourless alkaloid, mp. 240° » (the yellow 

alkaloid acting as an indicator for the colourless alkaloid), 

Further elution with chloroform containing ethyl alcohol (14) 

gave the second colourless alkaloid, mp, 260°, together 
with traces of colouring matter which served conveniently as 
an indicator, 

| Despite extended attempts at purification and 

chromatographic separation, the combined amount of pure 

crystalline material recovered fermed only a small portion 

of the total basic residues, 

The mixture of the yellow and the colourless 

alkaloids was separated by treatment with cold acetone in 

Which the yellow alkaloid was easily soluble. Separation 

of mixtures of the two colourless alkaloids which were some- 
times encountered during this work, was effected chromato-~ 

graphically,
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The bright yellow alkaloid (mp, 180°) isolated 
from D.Micrantha (0.53%) and from D,Aromatica (traces) has 

also been obtained from D,Repandula (0.3%) (R«J.SeBeor, private 

communication). The colourless alkaloid (mp. 260) similarly 

occurs in all three barks (D.Miorantha, 0.23%; D.Aromatica, 

traces; D.Repandula, 0.13%). ‘The second colourless alkel oi@ 

(MeDeo 240°) has been obtained in small amounts fron both 

D.Micrantha and D.Repandula, Only, D,Aromatica has ylelded 

a crystalline phenolic alkaloid (mp. 185 to 195° decomposition). 
“The properties of these alkaloids and the preparation of salts 

of the yellow alkaloid and the colourless alkaloid (mp. 260°) 
are described in the experimental section, 

None of the alkaloids (phenolic or non-phenolic) 

isolated corresponds with any of those obtained by Pyman 

(low.cit.) from D.Micrantha, The yellow alkaloid snd the 

colourless alkaloid (mp. 260°) are identical with the 
corresponding substances obtained by Bick (loc.cit.) from 

D,Repandula., However, Bick failed to obtain the second 

colourless alkaloid (m.p. 240°) which has been isoleted in 
these laboratories by the chromatographic technique from 

D.Repandula (R.J.5,Beer, private communication) and D,.Micrantha 

(see above), Further, Bick, (private communisation) failed |



to isolate any pure nonm-phenolic alkaloid from D,Aromatica, 

Unfortunately it is not possible at present to assien 

any definite molecular formulae to these alkaloids as no 

concordant analytical results have been obtained, The valtes 

obtained by Bick for the yellow alkaloid and the colourless 
alkaloid (m.p. 260°) subsequent to his published results are 
also inconsistent. All the analytical values, including 

those obtained by Bick, are given in the experimental section, 

The information about Bick's work in this field was 

received when the present isolation work was practically 

complete, It appeared that work had been in progress in 

Australia for several years and was to be continued at 

Cambridge, After consultation with Professor Todd ed Bick 

and in order to avoid duplicagjion of research, it was decided 

to discontinue the investigation in these laboratories,
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SECTION IMI. 
CP OD LSP ED HD BD GS C2 GH UE GE ED Cb SH GH ED CIP 

BXPERIMUBNTAL. 

DAPHNANDRA HICRANTE A, 
FP LAD eh Ih EH EE Se aitle LD NG IE AD Sh AD GD WHE Cle AED Ty me dome LHD ie END CD Mey ERD ONY AED MRD ee SD tY aID Os Ck De 

A, Preliminary Investigation of rxtraction Methods, 

i, Extraction with dilute fartaric acid, 

Aqueous tartaric acid solution (25%, 500 ¢.e,) was 

added to the finely ground bars (200 ge.) and the mixture 

allowed to stand for forty-eizht hours with occasional shaking, 

The brown supernatant liquid was filtered and the digested 

bark pressed and washed with small amounts of fresh tartaric 

acid solution and then kept again in contact with more acid 

solution (400 ¢.¢.). This process was repeated for several 

days till the final slightly coloured extract gave a negligible 

turbidity with alkaloidal precipitants, e.g. Mayers' reagent 

(K,HgI, solution) and picric acid solution, The total acia 

extract (ca, 4 liter) was treated with ammonia and extracted 

with chloroform repeatedly, Troublesome emulsions were sormen 

at this stage. The aqueous solution, after chloroform
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extractions, continued to give some turbidity with aqueous 

picrie acid solution, probably indicating the presence of 

some water-soluble alkaloid or alkaloids, (In the improved 

method of extraction, a heavy precipitate with picric acid 

was collected « see page llé), The chloroform extract 

(ca. 1500 ¢,0¢,) was shaken repeatedly with 5% sodium hydroxide 

solution and then washed twice with water, 

(a) Non-phenolic Alkaloids, 

The chloroform solution, 

free from any phenolic material, was finally extracted with 

0.5% hydrochloric acid solution (50 ¢,0, portions), The first 

acid extract gave (i) with Mayers' reagent and (11) upon 

basification fairly thiek precipitates. The corresponding 

precipitates from the third extract Were markedly less, while 

the fourth gave mere suspensions and extraction was then 

discontinued, The total acid extract was basified with 

ammonia and the yellow precipitate obtained was collected with 

suction and pressed thoroughly, When dry it weighed 2.9 ems. 

The powderéd crude yellow basic material was triturated with 

boiling ethyl alcohol (15 + 20 6.6.) and allowed to stand, 

The mass of fine yellow needles, which soon appeared, was
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filtered off after a few hours and Washed with a little cold 

alcohol, Yield 0,85 g On heating it decomposed above 175°, 
The mother Liquor deposited an almost colourless 

substance on standing overnight, This was collected, washed 

with alcohol (yield 0.24 ¢.) and reepystallised by dissolving 

it in a trace of chloroform and adding a few Go, OF hot 

alcohol, when it formed colourless felted needles, 

Yield 0.18 g, mp. 258 = 260° with previous slight darkening, 
The original aleoholie mother Liquor, after separation 

of the above colourless @lkaloid, was found to contain traces 
of yellow and colourless alkaloids, 

(b) Phenolio Alkaloids, 

The total sodium hydroxide 

extract was made slightly acid with dilute hydrochloric acid 

when some dark non-alkaloidal matter was thrown out in finely 

divided form, . The clear solution obtained after removal of 
the dar precipitate was made alkaline with ammonia and extracted 
with chloroform, The chloroform extract, on standing, deposited 
much resinous material, Attempts to isolate crystalline 

material from these deposits or the chloroform solution itsel? 

have so far failed (No crystalline phenolic material was
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obtained in subsecuent extractions), 

II. Extraction with Hot Ethyl Alcohol, 

Finely ground bark (200 g,) was refluxed with ethyl 

alcohol (ca. 600 c.o,) for about eight hours and the dark 

brown extract was then filtered hot under suction, the bark 

pressed and washed with some fresh hot alcohol, The extraction 

process was repeated six times, The final adlightly o loured 

extract Was concentrated under partial vacuum and the small 

amount of residue obteined gave, when triturated with 0.5% 

hydrochloric acid solution, an extract which produced only 

a slight turbidity with alkaloidal precipitants, 

The total extracts were concentrated under reduced 

pressure to a dark viscous solution (60 - 70 ¢.c,) which 

deposited some resinous material on cooling, To this 

concentrate was added 0.5% hydrochlorie acid solution (ca, 

400 c.c,) and on trituration and standing, a thich amorphous 

precipitate settled at the bottom, The dark red supernatant 

solution was filtered, made alkaline with ammonia and extracted 

with chloroform, Some dark brown 20114 remained suspended 

in the aqueous layer and was not extracted by chloroform, 

This insoluble material, which was found to be nonbasi¢g, Was
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with hydrochloric acid solution, gave a precipitate with a 

cold saturated aqueous solution of picric acid, indicating 

the probable presence of sone water soluble alkaloid or 

alkaloids, . 

fhe chloroform extract was repeatedly shaken with 

small portions of 5% sodium hydroxide solution and then twice 

washed with water, he sodium hydroxide extracts, containing 

any phenolic material, were treated as in the previous case, 

again no crystalline material was obtained, The chloroform 

solution was extracted with insufficient amounts (50 ¢.¢. portion 

each time) of 0,5% hydroohloric acid solution, The fourth 

acid extract yielded on basification only a thin suspension. 
The residual chloroform solution (evaporation to dryness) 

sontained only nonbasic material, The first three acid 

extracts afforded 4.3 @, of crude yellow basic material, This 

Was digested with ae small amount of chloroform, the little dark 

insoluble suspension removed, and hot aleohol added, A mass 

of fine yellow crystals (0.75 g.) was obtained, M.p. above 

177 = 178° with decomposition, This substance was identical 

with the yellow alkaloid obtained from cold tartaric acid 

extraction, The colourless alkaloid remained in the mother 

liquor,



Ill, Extraction with Hot Methyl Alcohol. 

By a similar extraction 

process, using methyl alcohol in place of ethyl alcohol, 5.2 

of the crude non-phenolic basic material was obtained, This 

afforded 0.9 - 1.0 @ of the yellow crystalline material, the 

eolourless alkaloid again remaining in solution, 

fxtraction in a Soxhlett apparatus was equally 

satiafactory on a small scale (50 - 60 g of the bari). 

Be Large Seale "xtraction with Hot Methanol. 

After the above preliminary investigation, the 

following slightly modified method of extraction was employed, 

Finely ground bark (1500 g.) was extracted in a 

6 liter bolt-head flask by refluxing with methanol (ea, 3 liters) 

for eight hours, Five such extractions were necessary, the 

residual bark being washed after each extraction with fresh 

hot solvent. The total extracts were concentrated under 

partial vacuum to a dark syrupy solution (ea, 200 ¢.0,) and 

0.5% hydrochloric acid solution (800 ¢.¢,) added, After 

thorough stirring, the contents were set aside for some hours
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and then filtered to remove the dark brownish amorphous 

precipitate which was washed twice with small portions of 

hydrochloric acid solution, The clear dark re@ acid solution 

was made alkaline with ammonia and the yellow precipitate 

collected under suction, pressed and washed with water. 

[rhe alkaline filtrate was neutralised with dilute hydrochloric 

acid and on the addition of cold saturated aqueous picric acid 

solution, yielded a thick bright yellow precipitate (15 e.)}. 

The crude yellow precipitate of the basic material 

was stirred in the minimum amount of 14 hydrochloric acid 

solution till a thin dark brown precipitate remained une 

dissolved, This was rejected and the clear acid solution, 

after basification with amnonia,was extracted three times 

with chloroform (some insoluble nonbasic material remained 

suspended in the aqueous layer). The combined chloroform 

extracts (oa. 800 ¢.¢6,) on standing for some hours deposited 

some non-basic resinous material which was discarded, The 

Clear chloroform slution was shaken with four small portions 

of 5% sodium hydroxide solution, but these extracts did not 

give any crystalline material. The chloroform solution was 

then washed free from any alkali and extracted with 0.5% 

hydrochloric acid solution (100 c.c,. portions), The acid 

extracts afforded 38 g, of crude yellow basic mater al,
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By this extraction method 4 kilograms of the bark 

gave 102 « of the crude basic material. 

Go Isolation of Crystalline Alkaloids, 

I, Direct Grystallisation of the Yellow Alkaloid mp, 160°. 

The finely powdered crude basic material (10 «.) 

was triturated with warm chloroform (oa, 15 o.¢.), till only 

a dark brown gum (ca, 1 ¢.) remained undissolved, The clear 

solution was decanted and the gum was further stirred with 

small amounts of chloroform, fhe residual gum was found to 

be non-basic, To the total chloroform solution (concentrated 

to about 15 ¢.c,) boiling ethyl alcohol (60 - 70 ¢.¢.) was 

addea@ and the contents shaken and kept hot on a steam bath 

for a few minutes longer, Crystallisation soon set in and 

after a few hours, a magma of fine yellow needles was formed. 

The crystalline material was collected and washed with small 

amounts of cold ethyl alcohol, Yield 1,8 - 1.9 @  ##The mother 

liquor 414 not under these conditions deposit any further 

erystalline material @n prolonged standing, Direct . 

crystallisation of the total basic material from 4 kilograms 

of the bark (see above) in batches of 10 e each, afforded
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18.5 @. of the yellow crystalline material, The mother 

liquors were evaporated to dryness under reduced pressure 

and the residue investigated chromatographically. 

It. Chromatographic Analysis, 

(a) Systematic Investigation. 

After preliminary trials, 

the systematic investigation was carried out as described 

below (See also Table I, page 119). 

The residue (10 a.) Was dissolved in absolutely 

anhydrous chloroform (finally distilled over phosphorus 

pentoxide) (20 ¢,.¢6.); the little amount of cum that remained 

undissolved was rejected, The soluble material was adsorbed 

on the top of an alumina column 17 - 18 om, long and 4 om, in 

Giameter, the column having been packed wet by using alumina 

slurry made in anhydrous chloroform, After development with 

pure chloroform, the appearance of the column was as chown 

belows-



  

Residue after 

direct 

orystallisatio. 

adsorbed on 

alumina column, 

  

TABLE 
> Gh om oe Oe Ge ee GD aD 

. i} 

Chromatographic Analysis, Systematic investi gation (See pages 118 - 122), 

Washings with chloroform 

Waghings with chloroform + 1% alcohol 

Washings with chloroform + 2% alcohol 

Washines with chloroform + 5% alcohol 

Washings with chloroform ¢ 10% alcohol 

Residual alumina digested with hot alcohol 

i 

bh i 

de io? 
# so co oo 
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Mixture of yellow and one colourless alkaloid, 

i—> Second colourless alkaloid 

Amorphous residue 

adsorbed on 

alumina column, 

Amorphous residue 

|adsorbed on 
I 

a 

(alumina column, 

i 

Amorphous residue 
F 

‘adsorbed on 

. alumina oolumn, 

Amorphous residue 

  

See Table II. 

{Page 123). 

Washings with chloreform ——>    
   
   

    

   
   
   

   
   
   

    

Chloroform ¢ 1% alcohol ——~> 

Chloroform + 2% alcohol ———> 

Alumina digested with alcohol 

Washings with chloroform ——> x LLine 

Chloroform + 1% mi maven 

Chloroform + 2% alcohol ——> 

Alumina digested with alcoho 

Washinges with chloroform —~> 

Chloroform + 1% alcohol —— |, 

CGhloreform + 2% aleohol ——> 

Alumina digested with aleohok



   
120, 

(1) A dark brown band with maximum 

intensity at the top, merging 

into - 

(ii) a pale brown band with a pink 

lower edge. 

  

(iii) a lemon yellow band at the 

bottom, 
(1 om, = 4 om.) 

On Washing the column further with anhydrous 

chloroform, elution of the lowest band occurred and the 

process was continued till the washings became colourless 

again and contained practically no solid, These chloroform 

washings Were concentrated to a syrup, hot ethyl alcohol 

(25 - 30 c.c.) added and the contents allowed to stand for 

a few hours, A mixture of stout colourless crystals or 

Clusters of these and slender yellow needles was deposited. 

(For separation of the mixture see page 126, ). The colourless 

component of this mixture was a different substance from the 

one obtained direct from the tartaric acid-extraction method, 

(See page 112),
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The column was then washed with anhydrous chlorofarm 

containing ethyl alcohol (1% by volume), The middle band 

Was partially eluted and the washings had a light orange @lour, 

These washings were also concentrated and the syrup obtained 

orystallised from hot ethyl alcohol (30 e.¢.). A thick mass 

of colourless slender needles was deposited, mp. 258 + 260°} 

this substance was identical with that obtained from dilute | 

tartaric acid extraction, (Page 112). 

The alcohol content of the chloroform, used as the 

next eluent, was raised to 2% and this removed a little of 

“the bromish band at the top and most of the middle band, 

The orange coloured washings were treated az above. No crystals 

appeared on prolonged standing. | 

The subsequent sets of washings with ¢hloroform — 

containing respectively 5% and 104 alcohol were collected 

and treated similarly, Neither of these yielded any 

crystalline material, } 

Finally, the dark brown material still adsorbed 

on the columm was revovered by digesting the alumina with 

hot alcohol, No crystalline m terial was obtained, On 

evaporation to dryness, most of this material was found to 

be in-soluble in dilute acids, 

fhe alecholic solutions none of which had given any
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crystalline material were each evaporated to dryness and the 

residues rechromatographed, The procedure employed was 

essentially similar to the one deseribed above, None of the 

sub-fractions yielded any crystalline material, though some of 

these gave small amounts of brown amorphous deposits, 

(b) Application of the Chromatographic Method. 

After the above systematic chromatographic 

analysis, the main bulk of the residue (ca, 75 ge. = obtained 

from 4 kilograms of the bark - Page 118) was subjected to 

the same process in batches of 15 eg, each and the following 

two sets of washings were collected; 

Series i : With anhyérous chloroform, 

Series 141; With chloroform containing alcohol (1%). 

the process of Washing 

was continued in each case till the washings became colourless 

and had negligible solid content, 

These fractions were subsequently treated as follows, 

(See also Table II, page 123).



Total alkaloidal 

Residue after 
a 

direot 

orystallisation 

{ X denoted no crystalline material), 

TABLE /Il. 
0.20 Ca CS re Ga ga ee He cs dee | HY OD 

  

Washines 

Washings 
+ 

Washings 
> 

E Washings 
Washings with Mixture of yellow and oplour- ||. 
anhydrous ——> less alkaloids, Residue from ||, Base from second acid Washings 
chloroform, ml, after further purification, extract chromatographed, % 

extracted fractionally with W 
acid, | _se 

Washings 

Base from third acid Washines 
rextract chromatographed, “ 

Washings 
+ 

with chloroform— 
Small amount 
of mixtures 
of yellow and 
first co lour- 
less alkaloid 
(m.p.240°), 

with ehloroforn 
1% alcohel,——~> 

with chloroform y 
2% alcohol. 
with chloroform— 

       

    

   

  

ee ee oe oe eee ee 

with chloroform 
alcohol, ———> 

with chloroform x 
2) aleohol. 7 ~| polourless 
with chloroform alkaloid | 

with chloroform (™.D+260"). 
1p alcohol, 
with chloroform x 
2% alechol, ad 

Washings with anhydrous chloreforn oe 

Washinge with Second colourless alkdbid . 
chloroform + 14 ——> Residue from m1, further 
alcohol purified and chromatographed.| |. 

Washings with chloroform + 1% aleohol ———> Second colourless 
alkaloid., 

(mepe 260 ), 

Washings with chloroform + 2% aleohol—>x



Series i, - 

The five separate crops of crystalline mterial 

(mixtures of yellow ani colourless alkaloids) were collected 

together and the combined filtrate after concentration 

(ca, 80 ¢.0,) deposited a further quantity of colourless 

granular crystals (0.8 g.). Yield of the mixture of the 

yellow and colourless alkaloids 4,5 &, 

The dark red mother liquor was evaporated to dryness 

in vacuo and the residue triturated with 0.5% hydrochloric 

acid when most of it dissolved, The basic material was then 

extracted with chloroform after basification with ammonia. 

The. chloroform solution was fractionally extracted with 0,5% 

hydrochloric acid solution and the base precipitated from each 

acid extract separately, ~ ; 

The dried materials from the first three fractions (403 Bes 

3624 Ge, 208 B. Tespectively) were chromatographed, 

fhe anhydrous chloroform washings from each operation 

were treated as usual ani gave on standing for many days, 

small amounts of mixtures of yellow and colourless alkaloids, 

(For separation of the mixture, see page 126. ). Yield of 

the mixture 1.2 @, Both components of the mixture were 

identical with those of the mixture obtained previously - 

Page 124,



The washings with ehloroform containing 1% alechol 

gave similarly very small amounts of the second colourless 

alkaloid (ca, 0.3 ge), MDs 258 « 260°. 

fhe washings with chloroform containing 24 alcohol 

yielded only a browm amorphous material. 

Series ii. 

The thick masses of colourless needles obtained fam 

these fractions were collected together and washed with small 

amounts of cold aleohol, Yield 8,5 @, The combined mother 

liquor was concentrated to half its volume (ca, 80 @.0,) and 

allowed to stand when some amorphous sediment appeared. 

The total solution was evaporated to dryness under reduced 

pressure and the residue, after extraction with acid, ' 

‘precipitation, extraction with chloroform and final extraction 

with acid gave crude basic material (6.5 g.). Adsorption 

on alumina column followed by elution with chloroform 

containing 1% aleohol eave only 0.5 e@. of the same colourless 

alkaloid (mp. 258 ~ 260°).
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(ce) Separation of Alkaloids m.p's, 240° and 260°. 

The separation of these two colourless alkaloids 

was readily effected chromatographically. In the absence of 

coloured bands, the end of the first washings with “eee 

chloroform, which eluted the colourless alkaloid mp. 240° ’ 

Was marked when a few 0,0, of these on evaporation left no 

residue, The second colourless alkaloid (mp. oa. 260°) 

was then eluted with chloroform containing alcohol (1%). 

IIE. Separation of Alkaloids m,p's 180° and 240°, 

{The total mixture (5.7 @.) of the yellow and the 

colourless alkaloid obtained from the elustes of Series 1 

(see page 124) was separated by making use of the difference 

in solubilities of the two alkaloids in cold acetone, The 

yellow alkaloid dissolved readily whereas the colourless 

alkaloid was only very sparingly soluble. Yield of the 

colourless alkaloid Bae 205 Ke For the recovery of the 

yellow alkaloid, the acetone washings Were concentrated and 

the syrup obtained was crystallised from hot alcohol. 

In one case the yellow crystals were found, at this stage, to
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contain traces of the colourless alkaloid and the acetone- 

treatment had to be repeated. The mother liquors from the 

first crop of yellow crystals, sometimes, gave a second crop 

of mixture of the two alkaloids and these were similarly 

separated, ‘The yellow alkaloid (3.2 @. = this represents 

the total yield from chromatographic separations of residues) | 

was found to be identical with that obtained previously from 

direct crystallisation of the crude yellow basic material, 

D. The yellow Alkaloid, m.p. 180°. 

Direct crystallisation of the crude yellow basic 

material from 4 kilograms of the bark gave ca, 16.5 e. of 

the yellow alkaloid (page 117-118) and chromatographic 

separations of the total residues afforded further 3.2 ¢. 

{see above), Thus the total yield of the yellow alkaloid 

from 4 kilograms of the bark was Ga, 21.7 g (0.54%), 

It was recrystallised, in three batches, by dissolving 

it in the minimum amount of hot chloroform and adding hot 

ethyl alcohol (ca. 150 ¢.0,). 18.5 e of pure alkaloid 

(bright yellow slender needles) were thus obtained, The mother
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liquors, after concentration, gave a second crop of the same 

yellow alkaloid (1.8 g.) and the combined mother liquor 

deposited further small amounts of both of the colourless 

alkaloids (for separation of these see page 126). 

The reorystallised semple of the alkaloid melted 

at 180° with decomposition, | 
A sample after two more crystallisations from ethyl 

aleohol (no change in mp.) was dried at 40° for two hours 

in a high vacuum, 

Found; Cc, H, OM, OMe, Me, 

69.50; 6.1; 4.2; 7.6; 902%; 

69.65; 6.2; 3495 - 9.9%; 

69.60; 61; 4.5; 723; 6e2h0 

After four crystallisations from ether and finally 

from ethyl alcohol (no change in mp.) a sample was dried as 

above, 

Found; Cc, H, Ne. 

71.3; 602} 4.0%; 

71,3; 654} SaThe



Bick (loc.¢it.) gives for the same substance isolated from 

Daphnandra Repandula 

CG, H, N, OMe, Nile. 

70 035 646-6, 85 4,05 8,7+10.3; 7=Bile 

‘Bick (later private communication) further obtained for the 

same substance 

a, ZB, Ne 

71.6; 661; 3.9%; 

72.1; 6.3%. - 

fhe alkaloid is readily soluble in the oold in 

acetone, chloroform, benzene and dilute acids, It is 

moderately soluble in ether in the cold and more so in the 

hot.. It is sparingly soluble. in the cold but moderately 

soluble in the hot in aloohol, ethyl acetate and petroleum 

ether. It is insoluble in water, 

For reactions of this substance see page 145,
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SALT S&S. 
2 Sb CD OD He ee ee Be GE GS 

Hydrochloride, 

The alkaloid was gradually added with constant 

stirring to a few ¢.c, of hydrochloric acid solution (ca. 1%) 

till no more alkaloid dissolved, A Little more acid Was 

then added and the clear solution (distinctly acid to Litmus) 

Was filtered and allowed to stand for some hours at 0°, when 

a shining mass of yellow needles was deposited, This was 

collected and recrystallised from water containing a trace 

of hydrochloric acid, On heating it begins to darken at 

200°, shrinks at 230° and froths at 245 = 260°, For analyds 

a sample was dried in a high vacuum at room temperature, 

Found: CG, 502; Hy 605; Ny, 306; Gl, 8.9% 

Hydrobromide, 

To about 1 e, slkaloid hydrobromic acid solution 

(2%) was gradually added with trituration till a clear 

solution resulted, On further addition of a small amount 

of the acid solution, the salt began to crystallise in a 

micro form, The contents were gently warmed and the solution 

filtered, On standing, the hydrobromide crystallised as
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yellow prismatic needles, It was recrystallised from water 

containing a trace of hydrobromic acid, On heating it begins 

to darken a 190° and fuses between 240° and 245°, The 
analytical sample was dried in a high vacuum at room temperature, 

Found: C, 53.3; H, 556} N, 575 Br, 20.0%, 

Sul pha te. 

The clear solution obtained by dissolving the 

alkaloid in very dilute sulphuric acid was filtered and to 

the filtrate a little more acid solution added, ‘The sulphete 

orystallised as yellow prismatic needles, It shrinks at 

233° and softens up to 240° and then froths siowly between 

240° and 260°. After drying as above, © sample was analysed. 

Found: @, 57.0 H, S45 OM, 4:4; 5, 5.68%, 

Oxalate. 

This was prepared similarly in the presence of some 

excess of oxalic acid. On crystallisation from water the 

salt formed clusters of ill-defined stout erystals, After 

shrinkage at 175°, it decomposes at 200°. 

Found: GC, 59,855 H, 5.7% WN, 4elf.
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E. The Colourless Alkaloid, m.p. 260°. 

The total yield of the alkaloid (pase 125) fron 

4 kilograms of the bark was 9 g, (ea. 0.23%), It was 

recrystallised (felted elistening colourless nesdles) by 

dissolving it in the minimum amount of hot chloroform, adding 

hot ethyl alcohol and subsequently heating the clear solution 

a few minutes longer, Yield 7.5 &, Msp. 260. The mother 
liquor on concentration gave a further quantity (0.8 g.) 

which on recrystallisation had also mep. 260, 

A sample after recrystallisation from ethyl alcohol 

was dried for two hours at 60° in a high vacuum, 

Pound; CG, H, N, OMe, Nie. 

70.23 6.93 4.3; 16,1; 769%} 

70.25 6.6} 4.65 16.6; 7eShe 

A sample was rechromatographed and the alkaloid 

eluted with chloroform containing 1% alechol was crystallised 

twice from pure benzene and then dried as above, 

Found: G, H, 

72.23 6.0%. 

Bick (loc.cit) gives 

6, H, nN, Olle, Nie, 

73.5; 6.8; 4.43 15.23 6.4-9,87',
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Biek (later private communication) ¢ives 

G, H, N. 

72.93 6.93 4.77; 

72.6; 6.4; 47h} 

71.7; 6.5; 4.5%. 

his substance is readily soluble in the cold in 

Chloroform, dioxane; sparingly soluble in the cold but readily 

soluble in the hot in benzene, toluene and acetone, It is 

moderately soluble in the hot in ethyl aleohol, being only 

sparingly soluble in ether and petroleum ether and insoluble 

in ethyl acetate and water, 

For reactions of the alkaloid see page 145 . 

SALTS. 
So ae Oo ey oe Gs 

Hydrochloride, 

. The alkaloid (ea. lg.) was suspended in warm absolute 

aleohol (25 o.e,) and hydrochloric acid solution (ca. 1N) was 

added dropwise till the solution was clear and reacted acid to
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litmus, ‘The warm solution was filtered and on standing 

deposited a mass of fine colourless needles, It darkens at 

240°, ehrinks at 250° end fuses up to 265° and then froths, 

For analysis, 2 sample was erystallised from absolute alcohol 

and dried in vacuo at room temperature, 

Found: C, 5906; H, 609; Ny, 3.95 Cl, Sf 

Hydérobromide. 

It was prepared in the same way as the hydrochloride, 

When reerystallised from alcohol it formed colourless needles, 

It darkens and sinters at 250° and froths at 262°. 

Found; C, 55.3; H, 6.2; N, 3.2; Bre 18.9%. 

Sulphate e 

This was prepared as above, Owing to its low 

solubility in hot alcohol, it was recrystallised from water, 

. from which it separates as clusters of colourless rectangular 

prisms, It darkens and sinters at 235° and froths at 256°. 

The sample for analysis was d@riea in a high vacuum at room 

temperature, 

Found: C, 60,053 H, 6.5} N, 4.0; S, 452%
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F. The Colourless Alkaloid, m.p. 240°. 

The total yield from 4 kilograms of the bark was 

Ca. 2.3 Ge, (page 126). As obtained from its mixture with 

the yellow alkaloid, it had q faint browm tint, fhe colouring 

matter, which persisted after recrystallisation, was 

conveniently removed by adsorption on an alumina column and 

elution of the alkaloid with dry chloroform, The alkaloid 

was recovered from the colourless washings in the usual way, 

It was recrystallised by the chloroform / alcohol technique 
and formed shining rectangular prisms or gubdes,%.P. 239 « 20° 

after slight shrinkage at 238, ‘The sample for analysis was 
recrystallised (no change in mp.) and dried in a vacuum at 

60° for two hours, 

Found; GC, 71.0; H, 6.45 WN, 4.5; OMe, 8.8; Nile, 8.5%, 

Analysis of a semple of the same substance supplied 

by R.J.S.Beer and isolated from D,Repandula 

Found: GC, 71.33 H, 6423 N, 4e7he
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The alkaloid is readily soluble in chloroform in 

the cold; moderately soluble in the cold but readily soluble 

in the hot in dioxane, In acetone and benzene it is 

sparingly soluble in the cold but soluble in the hot. It is 

sparingly soluble in the cold but moderately soluble in the 
hot in ethyl alcohol and ethyl acetate, being insoluble in 

water, 

For reactions of the alkaloid see page 145 .
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SEecTirion Ii. 
DGS GR dD GD OT CY ED GE CED COE Cy Oe CS ED ED HD EE 

EXPERIMENTAL. 

DAPHNANDRA AROMATIGCA, 
ee AS NP Gam A AN AND eh a SS DE SY ay KD ee a IY Ar Hem ED ke SY 

Ae Extractions, 

I, Preliminary Investigation. 

fhe finely ground bark was kept in contact with 

cold tartaric acid solution (0.25%) for forty-cicht hours, 

fhe extract aia not give any precipitate with the usual 

alkaloidal precipitamts except tannic acid, 

The bark (50 g.) was extracted in a Soxhlett 

apparatus, in succession, with light petroleum, ether, chloro- 

form ahd acetone, Neither Light petroleum nor ether extracts 4 

any material, Chloroform did not effect. any selective 

extraction but gave slowly an extract similar to the one 

obtained from acetone extraction, Boiling pethyl alcohol 

extracted the same material most efficiently and rapidly. 

An attempt was made to free the sticky residue obtained from 

the alcoholic extracts from the accompanying resins by digesting
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\ 

it with light petroleum and ether but these did not extract 

any material. 

@he residual bark from the alcoholic extractions 

was kept in contact with 1% hydrochloric acid solution, 

Nothing was extracted, 

extraction of the bark was also carried out with 

Prollius's fluid (ether 25; chloroform 8; alochol, 2.5; ammonia 

solution 1,0 - parts by volume) in the cold, The extract 

gave positive tests for alkaloids, but compared with the 

method of extraction with hot methyl alcohol, the process was 

very inefficient. 

Ground bark (50 e¢.) and powdered barium hydroxide 

(12.5 gs) were intimately mixed and the mixture moistened 

with water, It was then dried and extracted (Soxhlett) with 

chloroform. The extraction was slow and the material extracted 

was similar to those obtained by the above methods, 

II. Large Scale fxtraction with Hot Methyl Alcohol, 

fhe general procedure for the extraction and isolation 

of crude basic material (phenolic and nongphenolic) was the 

same as that employed with Daphnandra Micrantha (see page 115). 

fwo kilograms of the bark gave 6 g, of the brownish yellow 

deste non-phenolic material.(As before, water-soluble material
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Was precipitated as the picrate, [9 Be] de 

The sodium hydroxide solution extracts, on agidification, 

liberated much amorphous colouring matter which was removed, 

The clear acid solution was made alkaline with ammonia and 

the base extracted with chloroform, Subsequent extractions 

with small portions of 0,5/ hydrochloric acid solution gave 

1.5 g of the crude phenolic material, 

5. Isolation of Crystalline Alkaloids, 

i. Unsuccessful Attempts, 

(a) Non-phenolic Alkaloids, 

All attempts at direct erystallisation 

of the crude non-phenolic basic material obtained from the 

various methods of extraction failed, No crystalline 

derivatives, eg. hydrochloride, sulphate, oxalate, picrate 

or platinichloride, ete., could be prepared. 

Attempts were then made to purify the crude products 

by various processes, eg, fractional extraction, precipitation 

from mixtures of solvents, shaking aqueous acid solutions with 

immiscible organic solvents, formation of picrates followed by
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decomposition to yield the basic material, but no crystalline 

base or derivative was obtained, One of the general procedures 

  

is shown below:- 

it Crude basic ————> 1 HCl extract. ——> Basified and extracted 
material, with chloroform, 

| 
| i chloroform sol. Total acid extract ata 

2 extracted fract- asified a gli Extraction with.2) Hc 
I ionally with 2% ~ extracted with solution, 7, 
i acid sol. in 50e6ce chloroform, 

re. portions. 

} me aa 
t 

We Srd,extract 2nd.extract ilst.extract 
\ 

} | { { 
i no crystalline no orystalline base redissolved in chloroform 

material, material and extracted fractionally 

(+ with .2% HCl solution 

%
 

7 

: lst extract 2nd,extract with Residual chloroform 

(30ce,.portion). 20 ec, portion solution on evapor- 
} of the acid sol- ation gave non-basic 
i} ution material 

f 

cr 

a part dissolved The base gave no 
in 411.HC1 and ory stalline 

picrate formed material 

  

The precipitate Gissolved in dilficl end extracted with 

chloroform, 
(Some material left undissolved). 

| 
HCl extract basified, 

! 
no crystalline (1, Picrate. . base did not yield any 

2. platinichloride, crystalline material, 

product. 3, hydrochloride, 
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(bo) Phenolic Alkaloids. 

The crude phenolic materiel on crystallisation 

from acetone gave some crystalline material but this was always 

contaminated with a large proportion of brown amorphous colouring 

matter, Further purification of the. material bg processes 

similar to those described above and crystallisation under a 

variety of conditions did not yield a pure sample of the 

crystalline material. 

Il, Chromatographic Separation. 

(a) Non-phenolic Alkaloids, 

fhe erude non-phenolic material, after 

purification by other methods, was chromatographed as described 

earlier under D,Micrantha (see pages 118 - 122). 

(1) The Yellow Alkaloid. 

The anhydrous chloroform eluate yielded a mass of slender 

yellow needles, mp. 180° with decomposition, Yield from 2 kilo- 

grams of the bark, 0.5 @ ‘This substance was found to be
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identical in every way With the yellow alkaloid isolated 

from Daphnandra Micrantha, 

For analysis, a sample was recrystallised twice 

from anhydrous ethyl alcohol (no ohange in m,p.) and dried 

in @ vacuum at 60° for two hours, 

Found; Cc, H, N, OMe, Nile. 

69.95 6.2; 4.3; 7; 6o7h5 

69.93 6,0; 4.03 > 9 oGie 

A sample was reohromatographed, crystallised four 

times from ether (no change in mp.) and dried in ahigh vacuum 

at 60° for two hours, 

_ ‘Found: C, 7223; H, 6ed%e 

(Compare with the analytical values for the same substance 

given on page 128). 

4a, The Golourless Alkaloid, 

The strongly coloured washings with chloroform 

containing 1% alcohol were treated as before and on prolonged 

standing gave traces of colourless crystals mixed with a dark
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brown amorphous sediment. The contents were evaporated to 

dryness and the residue rechromatographed, The eluate with 

_@hloroform containing 1% alcohol now yielded a crop of 

colourless felted needles, Yield, 0.2 e, (from 2 kilograms 

of the bark), mp. 259 = 260°, undepressed by mixing With 

the colourless alkaloid (mp. 260°) isolated from D.iierantha, 

(b) Phenolic Alkaloid. 
The phenolic material after purification 

(see page 141) was adsorbed from ite chloroform solution on 

an alumina column of suitable size, No elution oceourred on 

washing the column with chloroform or chloroform containing 

1% alcohol, 

The orange coloured washings with chloroform 

‘eontaining 3% alcohol were concentrated to a syrup and hot 

acetone added, A mass of stout reotanguler prisms soon 

appeared, 

No crystalline material was obtained from the 

subsequent Washings with chloroform containing higher 

percentages of alcohol, 

fhe yield of the slightly brown crystalline phenolic 

material from 2 kilograms of the bark was 0.2 @ It was
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dissolved in the minimum amount of anhydrous ethyl alcohol 

in which it was only moderately soluble and the solution was 

d@ecolourised by filtering through a short alumina column, 

The colourless solution obtained gave, after concentration, 

almost colourless rectangular prisms or cubes, On heating 

it darkened with slight shrinkage at 185° and decomposed at 

195°, 
A sample was recrystallised fran alcohol and was 

dried in a high vacuum at 40° for two hours and gave on 

analysis 

C, Tels Hy 668; M, 53; Olle, Lled; Mo, S427. 

A sample was rechromatographed ami then crystallised 

twice from absolute alcohol, 

Found: - GO, 73.45; Hy 658%. 

The alkaloid is soluble in the cold in dilute acids 

and alkali; is sparingly soluble in the cold and moderately 

soluble in the hot in alcohol and acetone and chloroform. 

It gives a yellow colouration with alcoholic ferric chloride, | 

for other reactions of the alkaloid see page 145,



145. 
TABLE | It. 
Co ceee to eos pas eee | OH ree 

Reactions of thi Alkaloids (of, Bick, loc,cit.) 

      

       
      

    

     
   

  

    

    
    

    

  

      | The Colourless ALRaLeiRe 

i! (m.p4260°)o 
fhe Colourless Alkaloid |The Phenolic Alkaloid, 

Yellow Alkaloia ct 
m,po240 (from D, Micrantha)|{from D,Aromatica),. 

Reagent. The 

         

  

  

      

   

    

    

  

    

      
   

   
      

     

| Quray yellowish white 

| precipitate, 
Mayers’ 

  

Thiek yellowish white 

precipitate, 

Reagent. 

(KgHel, d ° 

  

      

    

Pale yellow precipitate. White precipitate. 

         

     |Brownish orange      

   

  

Wagners’ Reagent, 

{KI in Ig). 

Pieris acid, Yellow precipitate, 

Yellow solution changing to 

brownish red, 

Brownish orange Orange precipitate      

  

    

  

     

       
   

    

Brownish orange precipitate,          

   

  

precipitate, precipitate, 

I Yellow precipitate, Yellow precipitate. 

Yellow solution chang- 

ing to orange red, 

Yellow precipitate, 

  

   

    
  

  

     

  

   

            

Concentrated Sulphuric acid, Yellow ooclouration, 

   

   
Intense red 
colouration. 
   
   

     

  

  

   Concentrated Nitric acid, Red colouration, 

             
- Brownish yellow 

  

    
   

Concentrated sulphuric acid + 

trace of nitric acid, 

Pale brown 

  

Brownish yellow colouration. 

       

   

     

  

     | solouration, colouration, 
      

   

     

   ‘purple changine in a few| Brownish purple chang- 
Bereeee to greenish ing to brownish red, 
yellow, 

      Dark bluish green changing to — 

black then brownish black, 

Fréhdes' Reagent 

Ammonium molybdate in H,S0,. 

Purple colouration, 

  

     

  

    

           
      

   

  

    

  

Potassium ferricyanide in Gradually develops 

orange red colouration, 

Light brownish yellow 

eolouration, 
    

    

   Orange colouration, 
   

    concentrated sulphuric acid, dirty brown, 

      

   

  

   

   

  

    
    

          

   Dark brown, changes to Potassium permanganate in Pale green, changes to 
and then 

purple.      

        

Pale green,     

    

Reddish brown, 

  

concentrated sulphuric acid, purple.



146," 

+f Samples of this alkaloid isolated fron D.Micrantha an@ 

D,Aromatica and a third sample (from D,Repandula) 

supplied by Bick gave identical reactions, 

T The sample isolated from D,Micrantha and a sample (from 

D.Repandula) supplied by Bick gave identical reactions,


