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SUMMAHI

This thesis begins with a brief survey dealing 

with a large number of naturally occurring furano-benzo- 

pyrones, which differ from each other only in the number, 

relative positions of the heterocyclic oxygen ring sys

tem, or the nature of the substituent groups (hydroxyl, 

methoxyl, methyl, etc,). It then deals with the thermal 

rearrangement of allyl ethers of various phenols and 

hydroxy coumarins. This account has been considered 

necessary, since it is with the allyl migration that the 

preparation of certain methyldihydrofurano-couraarins and 

methyldihydrofurano-chromones has been achieved. An 

account is given of allyl migration of various allyloxy 

ooumarins, from which a methyldihydrofurano-ring system 

1b obtained. Mention is made of the methods for the 

preparation of methyldihydrofurano-ohromones from 4- 

hydroxy-5-aoetyl-2-metbyldihydrobenzofurane. The

latter was obtained by oyclisation of 3-allylresaoeto- 

phenone. An unsuccessful attempt to obtain 4-hydroxy-

2-methyldihydrobenzofurane by alkali fission of 2’- 

methyldihydrofurano-(4*:5*)-4-methyl-ooumarin (8:7) is 

described, which is an endeavour to obtain an easily
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accessible phenol for the synthesis of coumarins and 

chroiBones. The preparation of these compounds is part 

of a comprehensive study of the relationship between 

the structure of an organic compound and its physiolog

ical activity which is being conducted in these labora

tories. Their physiological activity will be tested 

at a later date.

bext, an investigation into the constitution of 

euparin, the yellow bitter principle of gravel roots, 

is described, and an historical survey is given of the 

previous researches on this subject.

A new method for isolation of euparin is success

fully adopted. The molecular formula O1 3H12O3 for 

euparin is accepted beyond doubt, the recent empirical 

formula CX2H1 1O3 being rejected after consideration of 

certain data. Euparin contains one phenolic hydroxyl 

group. That euparin contains two reducible double 

bonds in a conjugated system is proved by quantitative 

hydrogenation and by an additive reaction with maleic 

anhydride. Oxidation and ozonolysis experiments 

revealed that (a) one resacetophenone nucleus is present 

and (b) one of the double bonds is in the ¿¿-position to 

the nucleus, and the other is a methylene double bond, 

hydrogenation of euparin takes a normal course, on 

consideration of hydrogenation experiments of euparin
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methyl ether. The Beckmann transformation of tetra

hydro-euparin —  methyl ether oxime is achieved. The 

formation of a 2-methylohromone from tetrahydro-euparin 

is outlined. These reactions indicate that tetrahydro- 

euparin contains a phenolic hydroxyl group in an ortho

position to an acetyl group. In an endeavour to prove 

the presence of a furane ring in euparin, an unsuccess

ful attempt to oxidise euparin with hydrogen peroxide 

is made. In spite of this failure, the majority of 

practical evidence leads to the prediction of only two 

alternative formulae for tetrahydro-euparin.

The next part of this thesis is devoted to the 

synthesis of 6-hydroxy-5-acetyl-2-isopropyl-dIhydrobenzo- 

furane, which is one of the predicted formulae for tetra

hydro-euparin. The result fully justifies the predic

tion. The synthesis of this compound involved in the 

first instance a method for the synthesis of 6-hydroxy-

2-isopropyl-dihydrobenzofurane, which is successfully 

achieved. A description is given of the application 

of the Hoesoh reaction and of the Pries reaction to the 

phenol, furnishing tetrahydro-euparin and 6-hydroxy-7~ 

acetyl-2-isopropyl-dihydrobenzofurane respectively.

Though the constitution of euparin has not been confirmed 

by an unequivocal synthesis, it is probably 6-hydroxy-5- 

acetyl-2-isopropylene-benzofurane, on consideration of
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tetrahydro-euparin.

The appendix describee a new method for the syn~ 

thesis of 2-methoxyresacetophenone from resaoetophenone 

itself*

0O0-
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IHTRODUCTIOH

Heterocyclic compounds of the furano-pyrone or 

furano-benzopyrone type are widely found in various 

plants. They differ from each other only in the number, 

relative positions of the heterocyclic ring system, or 

the nature of the substituent groups (hydroxyl, methoxyl, 

methyl, etc.). Coumarins stand in a unique position. 

According to Sp&th in his papers of May 1937 (Ber.,

1937, 7(3 A, 83), the coumarins isolated from plants are 

classified into the following distinct groups.

(1) Ooumarin and its simple derivatives.

(2) Hydroxy- and methoxy-falkoxy)-coumarins and 

the glycosides, and in certain oases the esters of these 

BUbBtanoes.

(a) The hydroxyl or alkoxyl radicals in the 

benzene nucleus,

(b) The substituents are attached to the 

pyrone ring.

(3) The hydroxy or methoxy-coumarins into whioh 

alkyl radicals are introduced in the benzene or pyrone 

nucleus.

(4) Furo-coumarins which contain a furane ring 

attached to a benzene ring.

fa) The furane ring is not substituted
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Cb) There are substituents in the furane ring.

(5) The ooumarins which contain 2:2-dimethyl-l:2- 

ohroraeno ring.

About 48 natural ooumarins have been known, the 

constitutions of which have been fully investigated.

It is therefore of interest to make a choice of 

the study of furano-benzopyronee or furano-pyrones. 

which are related to the furo-couaarins of group (4).

Group (4a).

Those which belong to the furo-coumarins of group 

(4a) include a benzofurane type (couraarone), of which 

there are six possible isomers, the benzene ring being 

fused into the furane ring in the 2impositions.

These form an interesting class of natural coumarins, 

of which the following members represent the typical 

examples:-
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Xanthotoxol
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... ........ . ....... JH
Typical member Derivatives

Psoralene

Imperatorin Iso-imperatorin

Ostruthol
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Typical member Derivatives

Psoralene 0. CHo. CH“0 . CHo. CHg. CH«C<f
CHg ^ H3

•
Bergamottin

group (4b) ♦

To this group belong peucedanin, oreoselone, 

nodakenin and nodakenetin as typical members.

CgHn05.0.CH2

Hodakenetin Bodakenin



Group (5).

To Group (5) belong xanthyletin and xanthoxyletin 

which are obtained from xanthoxyltun americanum.

Further, one of the more complex natural products 

of the heterocyclic oxygen ring system is to be found 

in rotenone and the related compounds, the former con

taining a benzo-y-pyrone in conjunction with chromano- 

and furano- rings.

Becently Sphth (Ber., 1938, 106) isolated kellin from 

Amml Tlsnaga. It is a furo-benzo-Y-pyrone.
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OCHg

Zellin.

The naturally-occurring furo-ooumarins in general 

poesess toxicating properties towards fish and inseots 

(Späth, Ber., 1937, 70 A, 115). Compounds like pence-
• ’—LA S S

danin, ostruthin and pimpinellin, for example, have a 

pronounced physiological action on mice.

Although investigations have been carried out on 

the comparative toxicities of certain naturally-occurring 

compounds towards fish and insects, no definite con

clusions were drawn regarding which portions of the mole

cule are responsible for, or contribute to, this partic

ular property. Among the naturally-occurring fish 

poisons, the members of the rotenone group showed marked 

physiological action. Rotenone consists of complex sub

stances containing three heterocyclic rings, and tests 

have been applied to these members and some of their 

degradation produets, but the results are in some cases 

conflicting. (Cf. Gersdorff, J.Amer.Chem.Soc., 1930, 52, 

5051; 1933, 55, 1147; 1934, 56, 979; Danneel, Aroh.Expt.

Path.Pharm., 1933, 170, 59.) In addition to the rotenone 

group, certain furano-ooumarins, e.g. bergapten, which 

contain more than one heterocyclic system in the molecule
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give marked evidence of insecticidal properties. It 

is evident that there is a relationship between the 

stracture8 of these compounds and their tozloities 

towards fish.

Hence, the preparation of a number of compounds 

containing two heterocyclic systems was undertaken in 

an endeavour to elucidate the relationship between the 

structure of a compound and its physiological properties. 

The following pages describe the syntheses of certain 

methyldihydrofurano-coumarins and raethyldihydrofurano- 

chromones, the physiological action of which will be 

studied at a later date. The syntheses of the latter 

compounds involve the application of thermal rearrange

ment of allyl ethers of various phenols and oouaarins, 

which are described in the earlier pages.

The problem regarding the constitution of euparin 

is therefore a matter of considerable interest in relation 

to the widely distributed furo-compounds in general. Its 

molecular formula is accepted beyond doubt.

Degradation experiments lead to the prediction of a 

formula for tetrahydroeuparin which is proved by an 

unequivocal synthesis.

It was shown by Claisen (3er., 45, 3157) that the 

allyl ethers of many phenols, on heating, underwent a 

rearrangement, furnishing allylphenols. P-Maphthol
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ally 1 ether isomerised into allyl ^-naphthol. Olaisen 

and Eisleb (Ann., 401, 26) extended the method to the 

substituted phenols of type (I), in which both the ortho

positions were free; of type (II), in which both the 

ortho-positions were substituted, leaving free para- 

position; and of type (III), in which the ortho- and 

para-positions were free.

In type (I), the allyl group entered the ortho

position, in type (II), it entered the para-position, 

and in type (III), the ortho-position was preferential. 

In the case of an ortho-hydroxy carboxylic acid of 

salicylic acid type, an interesting isomerisation took 

place. The allyl group replaced the carboxylic group 

with the loss of carbon diox3.de through the stages (IV) 

to (IX) summarised below.
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OH

OH

(VII)

In an analogous manner the allyl ether of para- 

hydroxybenzaldehyde underwent the following rearrange

ments .

OH

■C3H5 h 5c3-

V
OHO

f
- ' Y *  °3h5

OH

h 5°3'
-CO

C3H5

CHD C3H5

It is interesting to note that treatment of o- 

allyl-p-oresol (X) with strong alkali at 140°C. (Anwers, 

Ann., 413, 299) gave rise to the isomeric o-propenyl-p- 

cresol (XI).

(X )

0 • CHo • CHsCHg
A0 0
c h 3 CH3

-CH^CH.CHjj 

(XI)



Further, according to the observation of Olaisen 

and Tietze (Ann., 449, 8 8), treatment of o-p-dimethyl 

o-allyl phenol (XII) with 26/» methyl alcoholic alkali 

furnished o-p-dimethyl o-propenylphenol (XIII) which, 

on further allylation and subsequent treatment with 26^ 

methyl alcoholic alkali, afforded o-p-dimethyl o~(£- 

propenyl-propenyl) phenol (XIV).

0. GHg. CHeCHg 

H3C-X\.CH=GH.CH3

c h 3

OH

According to Ilawai (Sci.Papers In8t.Phjs.Chem.Re8., 

1926, 3, £63), Perkin Jr. and Trikojus (J.C.S., 1927, 1663), 

the catechol raono-allyl ether (XV) ieomerised into both

3-allyl catechol (XVI) and 4-ally1 catechol (XVII), the

former predominating.

r
OH7 OH7

// y-0.CH2 .CH«CH2 | / N p O H
1 L c h2 .c h»c h£ +

0 ~
(XV) (XVI) CH2 .CH=CH2

(XVII)



From cateohol diallyl ether, Ilawai obtained an evidence 

for a rearrangement into 3:5-diallyl catechol.

Hurd and hiB co-workers (J.araer.GhenwSoc«, 1930, 

52, 1702) extended the study of these ethers to triallyl 

catechol (XX) which they obtained in two ways: firstly, 

from the rearrangement of mono-ally1 ether of diallyl- 

catechol (XVIII), and secondly, from the diallyl ether 

of mono-ally 1 catechol (XIX).

0H2 .CH»0H2

Similarly, tetra-allyl-catechol was also prepared by 

isomerisation of dially1-ether of diallyl-oateohol.

According to Hurd and his co-workers doc,pit.). 

resorcinol aono-allyl ether (XXI) isomerised exclusively 

to l-allyl-2:4-dihydroaybensene (XXII). ihe diallyl 

ether of resoroinol (XXIII) was found to undergo a 

rearrangement into l:5-diallyl-2;4-dihydroxybenaene

¡H2.CH«CH2

\ - o .c h2.c h =c h2

y -0 .0 H 2 .CH*0H2

(XIX)
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(XXIV). Tli© diallyl ether of the latter compound still 

has two available nuclear carbon atoms, but one of them 

is meta; therefore one of the allyl groups wandered to 

the ortho-position, furnishing l:3;5-triallyl-2-allyloxy-

4-hydroxybenzene (XXV). It was observed that the re

arrangements took plaoe with evolution of heat and that 

the temperature for the allyl migration was in the region 

of 200°C.

HDX)"O.CH2.CH=CH2 ho OH
CH2 • CH= CH2

(XXI) (XXII)

H^-HC.HgC.O-,0-O.c h 2 * c h ~c h2
HgOHC.H2C

HO OH
c h 2 .ch»ch2

(XXIII) (XXIV)

o h 2 .c h»c h2

(XXV)

The allyl rearrangement in a phenol nucleus 

appears to afford one of the beat methods of establishing
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the positions of a doable bond in the nucleus. It is 

eTident that the allyl group can migrate only to that o- 

carbon atom whioh is doubly bound to the C.O.CHg.CH^CHg 

group. On this basis, Baker (J.O.S., 1935, 628) showed 

that the thermal rearrangement of 4-o-allylresaceto- 

phenone (XXYI) gave exclusively 3-allyl-resaoetophenone 

(XXVII) and that the rearrangement of 2-o-me thyl-4-o- 

allyl-resacetophenone {XXVIII) gave the differently 

oriented 2-o-methyl-5-allyl-resacetophenone (XXIX), a 

symmetrical type of product, usually given by a resor

cinol derivative.

OH

j/y.GH£.CH=CH2
^ 0«

o °̂Nca3 iXXVII)

{XXVIII)

OH

The same effects had been found to occur in o- 

hydroxy-propiophenones and o-hydroxy&ldehyde (Baker,
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J.O.S., 1936, 274).

Evidence was brought forward by Baker (loc.cit.) 

that 7-allyloxy-4-methylcouraarin (XXX) underwent a thermal 

rearrangement, forming 7-hydroxy-4-methyl-8-allylcoumarin 

(XXXI), which on treatment with 20$ alkali furnished 2- 

allyIresoreinol (XXXII).

HgC^HC.HgC

(XXX) (XXXI) (XXXII)

The rearrangement of substituted allyl ethers was 

examined by Lauer and Filbert (J.Amer.Chem.Soc., 1936, 

1388), who found that a-ethylallylphenyl ether (XXXIII) 

isomerised into o-(K-ethylallyl)-phenol (XXXIV). Iso

merisation of y-ethyiallylphenyl ether (XXXV) and a<T- 

dimethylallylphenyl ether (XXXVI) furnished o-fcuY- 

dimethylallyl)-phenol (XXXVII).

OH
ch2 .c h «c h .c h 2 .c h 3

(XXXIII) (XXXIV)
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{XXXVI)

According to the observations of Claisen and his 

co-worker8 (loe.oit.), cyclisation of o-allyl phenol 

{XXXVI11) with pyridine hydrochloride gave rise to 2- 

methyl-dihydrobenzofurane (XXXIX). Similarly o-p-di- 

mathyl-o-allyl phenol (XL) furnished* 2:5:7-trimethyl- 

coumaran {XII).

A - o h
1 i-0H 2 .CH«CH2 

{XXXVIII)

■»

On the foregoing considerations, it was thought 

that the application of an allyl migration to various
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coumarins would, in an analogous manner to that Indio» 

ated, give rise to appropriate 7-hydroxy-8-allyl- 

ooumarins, which cyclised with pyridine hydrochloride, 

furnishing furano-coumarins by way of the stages (XIII)

to (XLV).

The appropriate coumarins (XLII) can be readily prepared 

by the methods of Peohmann and Robinson, which are des

cribed in the experimental seotion. The allyl ethers 

(2LIII) are accessible by the standard method using 

allyl bromide and potassium carbonate in boiling acetone 

(Hurd and co-workers, loc.cit; Baker, loc.cit.). Re

arrangement of allyl ethers took place with evolution 

of heat and the temperature for the allyl migration was 

approximately in the region of 200°C. in all cases.

It was thought that 4-hydroxy-2-methyl-dihydro- 

benaofurane (XLVI) might furnish a suitable starting 

phenol, for the syntheses of furano-ooumarins and furano- 

ehromones. In an analogous manner to the method of 

Baker (loc.oit.), fission of 2*-methyl-dihydrofurano-



-2 2 -

(4* :5* )4-methyleoumarin (8:7) (XIV) was expected to 

yield 4-hydroxy-2-methyl-dihydrobenzofurane (XIVI ), but 

it was found that fission of the coumarin (XLV) gave 

rise to 4-hydroxy-5-aoetyl~2-methyl-dihydrobenzofurane 

(XLVI) as one of the phenolic products. The phenol 

(XLVI) which was anticipated could not be purified by 

the methods adopted in the experimental section.

The method developed for the synthesis of furano- 

ehromones is discussed in detail in the experimental 

section. It is sufficient to state that 4-hydroxy-5- 

aoetyl-2-methyl-dihydrobenzofurane (XIVII), which was 

used as a starting material« could be readily obtained 

by cyclisation of 3-allyl-resacetophenone (XXVII).

(XL VII)

oOo



SYNTHESIS OF DIHYDROFU RAB 0 - COMPOli KDS
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2* -Methyl-dihydorofurano-(4* ;5* )-2-methyl-olxromone (8:7) 
(V) and 2,-methyl-dil]ydrofu^aao-(4, :5f )-2-phenyl- 

chromone (8:7) (VI).

(VII) (Vili)
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4-o-Allylresaoetophenone (I) was prepared by 

allylation of resaoetophenone with allyl bromide (Baker, 

J.C.S., 1935, 628). The rearrangement of the foregoing 

aliyl ether into 3-allylreBacetophenone (II) waB oarried 

out by the method of Baker Í loc.cit.). ./hen this 3- 

allylres&cetophenone was heated at 200-2l0cC. with 

pyridine hydrochloride by the method of Claisen and 

Eisleb (Ann., 401, 26), and Claisen and 'rietze (ibid.,

449, 8 8), a 60^ yield of 4-hycLroxy-5-acetyl-2-methyl- 

dihydrobenzofurane (III) was obtained, b.p. 105-110°/

2 mm. It solidified on standing and oryBtallised from 

petrol ether in colourless needles m.p. 48°Q. It gave 

a deep red colour with ferric chloride in alcoholic 

solution.

Condensation of the foregoing ortho-hydroxy acetyl 

ketone (III) with ethyl acetate and sodium by the method 

of rfittig (Ann., 446, 169) gave rise to 4-hydroxy-5-aeeto- 

acetyl-2-methyldihydrobenzofurane (IV), which crystallised 

from alcohol in colourless rhombic prisms. It gave a 

red colour with ferric chloride in alooholio solution. 

Cyclisation of this diketone with acetio acid in the 

presence of a few drops of mineral acid (»ittig, loo.oit.) 

furnished 2*-methyldihydrofurano-(4*:5* }-2-methyl- 

cnromone (8:7) (V) in almost quantitative yield. It

crystallised from dilute alcohol in colourless needles
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m.p. 150-152°0., devoid of a ferric reaction. A trace 

of it in concentrated sulphuric acid gives a blue fluor

escence. Its alcoholic solution is devoid of any 

fluorescence. This ohroiaone condensed with piperonal 

by the method of Heilbron and co-workers (J.C.S., 1923, 

2565), giving the condensation product (VII) which crys

tallised from alcohol in yellowish needles, m.p. 235-6°C.

When 4-hydroay-5-acetyl-2-methyl-dihydrobenzo- 

furane (III) was heated with benzoic anhydride and sodium 

benzoate at 180-185°C. (of. Robinson, J.C.8 ., 1926, 2344), 

and the product was boiled with 50# aqueous potassium 

hydroxide, 2*-methyldihydrofurano-(4*:5* )-2-phenylchromone 

(8:7) (VI) was obtained. It crystallised from alcohol 

in fine yellow needles m.p. 208-2090. An attempt to 

isolate 2*-methyldihydrofurano-3-benzoy1-2-phenylchr«none 

(8:7) (VIII) by treatment of the reaction product with 

cold SO# potassium hydroxide was unsuccessful. The 

product oouia not be induced to crystallise, but when it 

was boiled with 50# alkali, an approximately identical 

yield of 2'-methyldihydrofurano-(4*:5*)-2-phenylohromone 

(8:7) (VI) was obtained. A truce of it in concentrated 

sulphuric acid gave a yellowish-green fluorescenoe. Its 

alcoholic solution is devoid of any fluorescence.

*** ***



2* -Methyldihydrofurano-(41 ;5* )-3;4-dimethyl-
coumarin (8;7) (XII)

(IX) (X)

fxi)

h 3 0.

(XII)

3:4-dimethyl-umbelliferone (IX) was prepared by 

the method of Ton Peohmann (Ber.t 16, 2127), iffhen 

this ooumarin was allylated with allyl bromide by the 

potassium oarbonate-acetone method (of. Hurd, Greengard 

and Pilgrim, J.Amer.Ohem.Soo.v 1930, 52, 1702; Baker, 

loo.pit.), o-allyl-3:4-dimethyl-urabelliferone (X) was 

obtained, whioh crystallised from dilute aloohol in 

colourless elongated prisms, ra.p. 99-100°C. This

allyl ether underwent a rearrangement into 7-hydroxy-



8-allyl-3:4-dimethylcoumarin (XI), when it was heated

to 210°C. The rearrangement was accompanied by an 

evolution of heat and it was necessary to keep the 

ether well stirred. Treatment of the product with 

2$ aqueous alkali and subsequent acidification fur

nished 7-hydroxy-8-allyl-3:4-dimethilcouraarin (XI) in 

60$ yield, which crystallised from dilute alcohol in 

colourless needles sup. 196°0. A trace of it in dilute 

aqueous sodium hydroxide gave a yellowish solution with 

blue fluorescence. A small amount of this compound 

in concentrated sulphuric acid gives a blue fluorescence. 

It gives a negative ferric reaction.

Cyclisation of the foregoing phenol with pyridine- 

hydrochloride by the method of Claisen and his co-workers 

(loc.clt.) gave rise to 2’-methyldihydro-(4’ :5' )-3:4- 

dimethylcoumarin (8:7) (XII) in 60$ yield, which crys

tallised from dilute alcohol in pale yellow needles m.p. 
o

133 C. This compound is insoluble in dilute sodium 

hydroxide and is devoid of a ferric reaction. A trace 

of it in concentrated sulphuric acid gives a blue fluor

escence. Its alcoholic solution does not show any 

fluorescence.

-2 7 -

*** *** ***



g '-M e th y ld ib y d ro fu ra n o -K * :5* )-4-phenyl -
couraarin (8:7) fXYI)

4-Phenyl-umbelliferone (XIII) was prepared by tine 

method of von Pechraann (Ber-, 16, 2126). Then this 

phenol was treated with allyl bromide and potassium car

bonate in boiling acetone (of. Hurd, Greengard and Pilgrim 

loo.cit.. ; 3aker, loe.oit. ) t 7-allyloxy-4-phenylcouraarin 

(XIV) was obtained which crystallised from dilute alcohol 

in colourless prisms m.p. 84°C. Migration of the allyl 

group took place at 205°CJ. with evolution of heat, giving 

7-hydroxy-8-allyl-4-phenylcoumarin (XV), which was puri

fied by treatment with 2fo aqueous alkali and subsequent 

neutralisation with dilute hydrochloric acid. It crys

tallised from dilute alcohol in colourless needles m.p. 

203°G. It shows a negative ferric reaction.

Gy oli sat ion of the foregoing phenol with pyriaine 

hydrochloride by the method of Claisen and his co-workers
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(loc.oit.) furnished 2*-raethyldihydrofurano-( 4':5*)- 

4-phenyleouraarin (8:7) in 68'fo yield, which crystallised 

from alcohol in colourless needles, m.p. 199-200°.

It is insoluble in dilute sodium hydroxide. A trace 

of it in concentrated sulphuric acid gives a green 

fluorescence. Its alcoholic solution is devoid of 

any fluorescence.

* * * * * *



21 -Methyldihydrofurano-H» ;5* )-ooumarln (8:7) (XX)

Umbelliferone (XVII) was prepared by the method 

of Von Pechmann (Ber., 17, 932). When this phenol was 

allylated with allyl bromide by the potassium carbonate- 

acetone method icf. Hurd, Greengard and Pilgrim, loo. 

cit.; Baker, loc.oit.), o-allyl-umbelliferone (XVIII) 

was obtained, which crystallised from alcohol in colour

less prisms, m.p. 81°0. Migration of the allyl group 

to the benzene nucleus took place at 195°C with evolu

tion of heat, furnishing 7-hydroaqr-8-allylcoumarin (XIX) 

in 65$ yield, which waB purified by treatment with 2$
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aqueous sodium hydroxide and subsequent neutralisation 

with dilute hydrochloric aoid. It crystallised from 

dilute alcohol in colourless needleB, m.p. 164-5°C.

It is devoid of & ferric reaction. A trace of it in 

concentrated sulphuric acid gives a green fluorescence.

Oyclisation of the foregoing phenol with pyridine 

hydrochloride by the method of Claisen and his co-workers 

(loo.cit.) furnished 2’-methyldihydrofurano-(4':5')- 

coumarin (8:7) (XX), which crystallised from alcohol in 

colourless needles, m.p. 100-10l°u. It is insoluble 

in dilute alkali. A trace of it in concentrated sul

phuric acid is devoid of any fluorescence.

* * *
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2,-?fethyldihydrofurano-(4t ;5* )-4~aethyloouiaarin (8:7) (XXIV) 
and an attempt to synthesise 4-hydro:xy~2-»methyiaihyarobenzo-

furane (XX V )

OH

?H3

fH2 
JHI

(XXV)

The synthesis of 2‘-methyldihydrofurano-(4’:5*)- 

4-methyleoumarin (8:7) (XXIV) was accomplished by Dr. 

tf. H. Davies, formerly of this laboratory (private 

communication). An attempt to obtain 4-hydroxy-2- 

methyldihydrobenzofurane (XXV) by alkali fission of the 

foregoing coumarin was unsuccessful. The author, 

revising the work in conjunction with him, was able to 

confirm the results.

7-Hydroxy-4-raethylooumarin (XXI) was prepared by
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the method of von Peohmann (3er., 17, 931). 7-Allyloxy- 

4-raethylooumarin (XXII) and 7-hydroxy-8-allyl-4~methyl- 

couraarin (XXI11) were prepared by the method of 3aker 

{J.CJ.S., 1935, 628). Cyclisation of the latter ooumarin 

with pyridine hydroohloride furnished 2'-methyldihydro- 

furano-(4’:5* )-4-methylcoumarin (8:7) (X£IY), which crys

tallised from alcohol in colourless needles, m.p. 118- 

119°C3. It ie insoluble in dilute alhali. A trace of 

it in concentrated sulphuric acid gave a blue fluores

cence .

Alkali fission of the foregoing coumarin (XXI7).

,Vhen the foregoing 2* -methyldihydrofurano~(4* :5' )- 

4-methylcoumarin (8:7) was heated to boiling with 30$ 

aqueous sodium hydroxide, according to the method of 

Baker (loc.clt.), the starting material could be recov

ered unchanged. When the coumarin was heated to boiling 

with 40$ aqueous sodium hydroxide for four hours, fission 

took place. The acidified solution was extracted with 

ether from which a phenol was isolated by a dilute alkali. 

Acidification of the alkali extract and extraction with 

ether yielded a colourless liquid, b.p. 110-120°C./2 mm., 

which solidified after standing. It crystallised from 

petrol ether in colourless needles, ra.p. 70-72°G. It 

gave a dark brown colour in alcoholic ferric chloride.
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The analytical results of this phenol and its p-nitro- 

benzoate did not agree for 4-hydroxy-2-methyldihydro- 

benzofurane (XXV). The found molecular weight of 170 

seems to be in agreement with CiQHoOg, which requires 

150 for the molecular weight. This phenol gave a 2:4- 

dinitrophenyliiydrazone which crystallised from alcohol 

in reddish brown needles, m.p. 252°0., and which was 

identical in every way with the 2:4-dinitrophenylhydraz- 

one of 4-hydroxy-5-acetyl-2-methyldihydrobenzofurane 

(vide supra). Therefore fission gave rise to a mixture 

of phenols, one of which is 4-hydroxy-5-acetyl-2-methy1- 

dihydrobenzofurane (III). It seems that the expected 

phenol 4-hydroxy-2-methyldihydrobenzofurane (XXV) could 

not be isolated in a pure state by the methods adopted.

The production of 4-hydroxy-5-acetyl-2-methyl- 

dihydrobenzofurane (III) was also supported by the fact 

that alkali fission of 4-raethyl-umbelliferone (Peohmann 

and Duisberg, Ber., 16, 2123) gave rise to resaceto- 

phenone (XXVI).

(XXVI)
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On the other hand Baker (loc.cit.) obtained 2-ally 1- 

resorcinol (XXVII) by alkali fission of 7-hydro:xy-8- 

allyl-4-ciethylcoumarin with 20'̂  aqueous sodium hydrox

ide.

A possible synthesis of 4-hydro3qr-2-methyldihydrobenzo- 
iurane (X XV).

Oyclisation of 2-allyl-resorcinol (XXVII) with 

pyridine hydrochloride proceeded normally into 4- 

hydroxy-2-rsethyldihydrobenzofnrane (XXV) (Dr. W. H. 

Davies, loc.oit.), but because the starting material 

was also a phenol, it was difficult to separate them 

from each other.

* * * * * * * * *



—36»

a u attempt to synthesise 2,,-methyldilaydroi’prano- 
\ 4 " : 5 " i 8 ' :7* )-g-naphthol-(1:2:4« ;3' )-cotuaarin (XXXV)
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(XXXIII)

íXXXIY)
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Route (I) and Route (II) were attempted.

Ethyl 7-hy droxy- 4-phenylo oumarin- 3- acetate 

(XXTTIII) was prepared by Robinson* s method (J.C.S., 

1933. 1469).

Route I

'./hen the foregoing ooumarin was ally la ted by the 

potassium carbonate-acetone method, a brownish oil was 

obtained which could not be induced to crystallise.

The oil was insoluble in dilute aqueous sodium hydrox

ide. Rearrangement of the allyl group took place when 

the oil was heated at 210°C., giving 7-hydroxy-8-allyl- 

4-phenylcoumarin 3-acetate (XXX), which crystallised 

from alcohol in colourless prisms, m.p. 154-157°C.

It was soluble in dilute aqueous alkali. It gave a 

negative ferric reaction. hydrolysis of the fore

going acetate with alcoholic sodium hydroxide gave 

rise to 7-hydroxy-8-allyl-4-coumarin acetic acid which 

crystallised from acetic acid in colourless prisms, 

m.p. 225°C., after darkening at 178°C. This acid 

seemed difficult to purify. fBy a similar hydrolysis 

of ethyl 7-hydroxy-4-phenylcoumarin-3-aoetate, Robinson 

(loo.cit.) could not obtain 7-hydroxy-4-phenylcoumarin~

3-aoetio acid in the pure state (Found C 68.1$, H 4.4$; 

the acid he Investigated required C 68.9$, H 4.1$).
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Ha stated also that low values for the content of oarbon 

were obtained In many estimations, and that this was 

attributed to contamination with a substituted trans-o- 

oouiaaric acid . 3 how values in the content of carbon

appeared to confirm this view.

Treatment of the foregoing acid with acetic 

anhydride gave rise to 4:7*-diaoetoxy-S’ -allylnaphtha- 

cousarin-11:2:4* :3' ) (XXII), which crystallised from 

acetic acid in colourless needles, sup. 235-236°C.

It is insoluble in sodium hydroxide*

Treatment of the foregoing acetate with alcoholic 

potassium hydroxide gave 4:7* -dihydroxy-8' -allylnaphtha- 

coumarin (1:2:4* :3*) (XXXII), which could not be purified. 

It is soluble in dilute aqueous sodium hydroxide. An 
attempt to oyolise it with pyridine hydrochloride gave 

rise to brownish needles, m*p. 195°C., which crystallised 

from alcohol. Analytical results showed low values in 

the content of carbon for 2”-met hy 1 d i hydrofurano- 

(4": 5":8* :7* )-a-naphthol~ (1:2:4* :3* )-coumarin (XXXVJ.

A further investigation was prohibited through lacfc of 

sufficient material.

Route II

Hydrolysis of ethyl 7-allyloxy-4-phenylcouxaarin- 

3-acetate (XXIX) with sodium hydroxide gave rise to 

7-allyloxy-4-phenylcoumarin-3-aoetic acid, m.p. 83-85°C.,



4 0 -

which crystallised from alcohol. It is soluble in - 

sodium bicarbonate solution. Treatment of the fore

going acid with acetic anhydride yielded 4-acetoxy-7»- 

allyloxynaphthacoumarin (1:2:4*:3*) (XXXIII), which 

orystallised from acetic acid in yellowish needles, 

m.p. 194°3. ])eacetylation of the foregoing compound

with alcoholic potassium hydroxide gave rise to 4- 

hydroxy-7*-allyloxynaphthacouaarin (1:2:4* :3* ), which 

orystallised from alcohol in fine needles, m.p. 232-235°C. 

(decomposition). An attempt to isomerise it to 4:7*- 

dihydroxy-8*-allylnaphthacoumarin (1:2:4*:3*) at 240°0. 

was unsuccessful, since the allyl ether decomposed at 

its melting point.

*** *** ***

The following table shows the temperatures for 

the allyl migration. All the allyl ooumarins in the 

extreme right-hand column give a negative ferric reac

tion in alcoholic ferric chloride.
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Mono-ally1 ether
heated

Temperature
for

migration

Product

Umbelliferone 195-200°C.
(exothermic)

7-hydroxy-8-allyl-
coumarin.

7-Hydroxy-4-methyl- 
coumarin.

210—240°C,
(exothermic)

7-hy droxy-8-ally 1-4- 
methylcoumarin-

7-Hydroxy-3:4-di- 
raethylcoumarin.

210-224°0.
(exothermic)

7-hy droxy-8- ally 1-2:4- 
dirne thylooumarin.

7-hydroxy-4-phenyl-
coumarln.

206-210°C.
(exothermic)

7-hydroxy-8-allyl-4- 
phenylcoumarin.

7-hydroxy-4-phenyl- 
ooumarin-3-acetate.

210°C. 7-hydroxy-8-ally1-4- 
phenylcoumarin-3- 
aoetate.

4;7*-Dihydroxynaphtha- 
couiaarin (1:2:4* :3* )•

(Decomposed)

*** ***

All the furano-cornar ins and furano-ohromone 8 

prepared do not give any fluorescence in alcohol solu

tion. They all give a fluorescence in concentrated 

sulphuric aoid, the colours of this fluorescence being 

tabulated below.
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Substance fluorescence in 
concentrated 

H2S04

| 2'-Methyldihydrofurano-(4*:5*)-oouraarin (8:7) Blue

2* -Methyldihydrofurano-(4* :5* )-4-raethyl- 
coumarin {8:7} Blue

2*-Methyldihydrofurano-(4*:5*)-3:4-dimethyl- 
coumarin (8:7) Blue

2*-Methyldihydrofurano-(4f :5* )-4-phenyl- 
ooumarin (8:7) Green

|
2*-Methyldihydrofurano-(4*:5* )-2-methyl- 

chromone (8:7) Blue
j
2’-Methyldihydrofurano-(4’ :5’ )-2-phenyl- 

chromone (8:7)
!

Yellowish green

4:7*-Diacetoxy-8*-allylnaphthaooumarin 
(1:2:4* :3’ ) Intense green

*** ***

4-o-allyl resacetophenone♦
(Baker, J.C.S., 1935, 628}

A mixture of resacetophenone (76 g . ), anhydrous 

potassium carbonate (90 g.} and allyl bromide (61 g . ) 

in acetone (180 c.c.) was refluxed and continuously 

stirred on the water bath for six hours. After this 

period most of the acetone was removed by distillation 

and the remaining solution was acidified with 2K
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hydrochlorio acid, and extracted with ether. The 

pure product was best obtained by isolation as its 

Tory sparingly soluble sodium salt. The ethereal 

layer was shaken with excess of 2» sodium hydroxide 

and the precipitated sodium salt was collected on a 

sintered glass funnel. Decomposition with dilute 

hydrochloric acid and extraction with ether yielded 

4-o-allyl resacetophenone (59 g.) as a faint yellow 

liquid which was distilled at 118-119°C./2 mm. pressure. 

It gives an intense brownish colouration with alcoholic 

ferric chloride.

3-Allyl-resaoetophenone.
(Baker, 1935, 628)

Pure 4-o-allyl res&cetophenone (45.8 g.) was 

heated cautiously in an oil bath, the temperature both 

of the bath and of the substance being recorded. 

Rearrangement began at 185°0. with evolution of consid

erable heat and the tube was raised from the bath for 

a few minutes so that the temperature of the melt did 

not rise above 200°C. The liquid must be continuously 

stirred at this stage. Unless this precaution is 

taken, the highly exothermic rearrangement causes con

siderable rise of temperature, and profound decomposition 

of the product ensues. The temperature was then kept
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at 200-210°0. for Z \ hours. On cooling, faintly 

coloured crystals of 3-allyl resacetophenone were

tallisation from carbon tetrachloride, 3-allyl res- 

aeetophenone (35.1 g.) was obtained. It had an m.p. 

of 132-133°C.

4-liydroxy-5-acetyl-2-aethyldihydroben2ofurane.

3-Allyl-resacetophenone (30 g.) was heated with 

pyridine hydrochloride (1.5 g.) in a tube which was 

placed in an oil bath at 200-210°C. It was maintained 

at this temperature for l£ hours. The product after 

cooling was dissolved in the least possible amount of 

alcohol and poured into a large bulk of cold water 

(300 c.c.}. It was extracted three times with ether, 

washed with small amounts of dilute hydrochloric acid, 

twice with a small amount of sodium bicarbonate solu

tion and finally with water. After drying the ether 

extract over sodium sulphate, and removal of ether, the 

residual brown oil was distilled at 2 mm. pressure with

obtained. It had an m.p. of 113-1300!. After crys-

V,|V
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the oil bath temperature at 130°C. The liquid was 

collected at 105-110°C. and solidified after standing. 

It crystallised from petrol ether (80-100°G.) in 

colourless needles (15,5 g.). It had an m.p. of 48°C.

It gave a deep red colouration with alcoholic 

ferric chloride. It was soluble In ethyl alcohol, 

methyl alcohol and benzene.

Found: C. 68.68$, H. 6.10$

g11h 12°3 requires: C. 68.76$, H. 6.25$

It gave a 2:4-dinitrophenylhydrazone which crys

tallised from alcohol in reddish brown needles, m.p. 

252°C.

4-Hydro.xy-5-aoetoaoetyl-2-methyl-dihydrobenzofnrane.

4-Hydroxy- 5-aoetyl-2-raethyl-dibydrobenzofurane 

(3 g . ) was heated under reflux on the water bath with 

finely-cut sodium (1.5 g.) and absolute ethyl acetate 

(7.5 c.o.). At the end of l£ hours a further amount 

of sodium (0.5 g . ) and ethyl acetate (5 o.c.) was added
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and the heating continued for a total time of about

4-V hours. it the end of this period, all the sodium 

had dissolved, the flask and contents were cooled, 

and water added, when the sodium salt was precipitated. 

The solution was cooled in ice and acidified with 

acetic acid, and the precipitate of the diketone was 

filtered off the next day, when most of the ethyl 

acetate had evaporated off. The yellowish solid ob

tained gave a permanent red colouration with ferric 

chloride in alcohol. The orude product melted at 

87-90°. Crystallisation from dilute alcohol yielded 

colourless rhombic prisms of the diketone. It had a 

melting point of 98°C. Yield 1.9 g.

It is soluble in metbyl alcohol, petrol ether 

and benzene.

Found: C. 66.61'/), H* 6.03$

Ci3Hi404 requires: C. 66.66$, H. 5.98$

2« -Methyldihydrofurano- (4f : 51 )-2-methylohromone (8:7).

The foregoing diketone (1.2 g.J was dissolved
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in glacial acetic acid (25 c.c.). A few drops of 

concentrated hydrochloric acid were added. After boil

ing for five minutes, it was poured into cold water 

(100 o.o.}. The colourless solid which separated 

crystallised from dilute alcohol as colourless needles. 

It had a melting point of 150-2°0. Yield 0.8 g.

It is soluble in benzene, carbon tetrachloride, 

petrol ether and ethyl acetate.

It exhibits blue fluorescence when a trace of 

it is dissolved in concentrated sulphuric acid.

Condensation with piperonal

The foregoing chromone (0.8 g.) was dissolved in 

a small quantity of alcohol and treated with a solution 

of sodium ethoxide (containing 0.1 g. of sodium). The 

calculated amount of piperonal (0.56 g.) was added to 

the solution. The mixture was allowed to stand at 

room temperature for three days. The condensation 

product, a yellowish solid, was filtered and purified 

by crystallisation from alcohol. Yellowish needles



It had a melting point of(1*1 g. ) were obtained.

235-236°0.

Pound: C. 72.61$, H. 4.63$ 

021h 1605 requires: C. 72.41$, H. 4.59$

2*-Methyldibydrofurano-(4*:5* )»2-phenylohroaone (6;7).

A mixture of 4-hydroxy-5-acetyl-2-methyldihydro- 

benaofurane (2 g.), benaoio anhydride (9.6 g.) and 

sodium benzoate i 2 g . ) was heated in an oil bath at 

180-185°C. for 8 hours. After cooling, the pale brown 

mass was broken up and dissolved in alcohol (42 o.o.). 

The mixture was boiled during the gradual addition of 

aqueous potassium hydroxide (7.5 g. potassium hydroxide 

and 8 o.c. water} under reflux for 30 minutes. After 

removal of the greater part of the alcohol by distilla

tion, the residue was dissolved In water (30 c.o.).

The light brown solid which did not dissolve was col

lected and crystallised from alcohol in fine, yellow

needles. Yield 1.8 g. It had a melting point of 
208-9 0.



-49.

It is slightly soluble in petrol ether. It 

exhibits yellowish green fluorescence in concentrated 

sulphuric acid.

Pound: C. 77.3#, H. 5.1#

°18fl14°3 requires: C. 77.7#, H. 5.0#

Attempt to isolate 2*-methyldihydrofurano-3-benzoyl-2- 
ghonylehromone (8:7).

Repeat, but the molten mixture after oooling 

was poured into cold water and made just alkaline with 

dilute sodium hydroxide (SR). In this way, a brown 

viscous oil was obtained. The oil was extracted with 

ether, washed with a little sodium hydroxide and finally 

with water. The ether extract was dried over sodium 

sulphate and the ether removed. The residue did not 

solidify and could not be purified by crystallisation, 

dy dissolving the residue in alcohol (42 c.c.) and add

ing aqueous potassium hydroxide as before, practically 

the same amount of the flavone was obtained.

• * * « * • 0. m m
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3:4-Plmethyl-umbelliferone was prepared by the

method of von Pechmann (Ber., 16, 2127) by interaction of

resorcinol and a-raethyl aoetoacetio ester in presence 

of sulphuric acid.

o-AlIyloxy-3:4-dlmethyl-umbelliferone.

3:4-£imethyl-umbelliferone (29 g.), anhydrous 

potassium carbonate (28 g*}, acetone (56 c.o.) and 

allyl bromide (18*6 g.) were refluxed on the water bath 

for 12 hours. At the end of this period, acetone was 

removed and the residue was dissolved in water (200 

c.c.). The solid which did not dissolve was collected 

and ground up with 2$ aqueous sodium hydroxide. It 

crystallised from dilute alcohol in colourless elong

ated prisms. It had a melting point of 99-100°C.

Yield 27 g.

It is soluble in benzene, carbon tetrachloride 

and hot petrol ether.

Found: C. 72.79$, H. 6.25$

G14H14C3 requires: C. 73-04$, H. 6-09$



-5 1

7-lj/dro:^-8-allyl-3:4-dlmethylcoamarin.

The foregoing 7-allyloxy-3:4-dimethylcouraarin 

(20 g.} in a large boiling tube was placed in an oil 

bath at 210°C. .«lien the ether had reached the same 

temperature as the bath, the oil bath temperature was 

slowly raised, keeping the coumarin well stirred.

After the initial reaction was over at 224°C. the 

oouraarin was maintained at 210" for two hours. After 

cooling the solid was dissolved in the least possible 

amount of alcohol, and poured into cold water (400 c.e«). 

The solid was filtered and ground up in 2$ aqueous 

sodium hydroxide. It was filtered and 8-allyl-7- 

hydroa^-3 :4-dime thy looumarin was obtained by acidify

ing the filtrate with dilute hydrochloric acid. It 

was crystallised from dilute alcohol in colourless 

needles. It had a melting point of 196°C. Yield 12 g.

found: C. 72.79$, H. 6.1$

C14H14°3 requires: G. 73.04$, H. 6.09$

8-Allyl-7-hydroxy-3:4-dimethylcoumarin is insol

uble in carbon tetrachloride, sparingly soluble in hot



benzene. A trace of it in dilute aqueous sodium 

hydroxide shows a yellowish solution with blue fluor

escence. A small amount dissolved in concentrated 

sulphuric acid shows blue fluorescence. Its alcoholic 

solution does not show fluorescence or ferric reaction.

¡2* -Methyldihydrofurano-(4, :5* )-3:4-dimethylcoumarin (8:7).

The foregoing 8-allyl-7-hydroxy-3:4-dimethy1- 

coumarin (10 g.) was intimately mixed with pyridine 

hydrochloride (0.5 g.}. The mixture was heated in an 

oil bath at 220-230° for l| hours. After cooling, the 

product was dissolved in the least possible amount of 

alcohol, poured into water (100 c.c.) and filtered.

The solid was washed with a little dilute hydrochloric 

acid, then with water and finally ground up in 2$ 

aqueous sodium hydroxide. The insoluble body was 

collected and crystallised from dilute alcohol in pale 

yellow needles. It had a melting point of 133°C. 

Yield 6 g.



Found: C . 7 3 .0 0 $ , H . 6.13/b

°14Hi403 requires: C. 73.04$, H. 6.09$

It is soluble in carbon tetrachloride and benzene, 

but sparingly soluble in petrol ether.

A trace of it in concentrated sulphuric acid 

gave blue fluorescence.

d-Phenyl-umbelllferone was prepared by the method 

of von Peehmann (3er., 16, 2126) by interaction of resor

cinol and benzoyl ethyl acetate in the presence of con

centrated sulphuric acid.

7-Allyloxy-4-phenylooumarin.

A mixture of 4-phenyl-uabelliferone (30 g.), 

allyl bromide (15.3 g.), anhydrous potassium carbonate 

(£3 g.) and acetone (50 c.c.) was refluxed on the water 

bath for 12 hours. At the end of this period acetone 

was removed. The residue was treated with water (2B0 

c.o.) and filtered. The solid body was ground up in



2$ aqueous sodium hydroxide. The insoluble allyl ether 

was collected and crystallised from dilute alcohol in 

colourless prisms. It had a melting point of 84°<3. 

Yield £5 g.

Found: C. 77.64$, H. 5.35$

°18H14°3 retires: C. 77.69$, H. 5.04$

It is soluble in carbon tetrachloride, benzene 

and petrol ether.

7»gydro3qr-8»allyl-4*phenylcoumarin.

The foregoing allyl ether (10 g.) in a large 

boiling tube was placed in an oil bath at 190°0. v/hen 

the ether had reached the same temperature as the bath, 

the temperature was slowly raised, keeping the ether 

well stirred. After the initial reaction was over at 

205°0.# the couraarin was maintained at 205-210°0. for 

2^ hours. After cooling, the contents were dissolved 

in the least possible amount of aloohol, poured into 

cold water (300 c.c.}. The solid was filtered and
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ground up in 2$ aqueous sodium hydroxide. The required 

8-allyl-7-hydroxy-4-phenyleouraarin was obtained by acid

ifying the alkaline solution with dilute hydrochloric 

acid. The solid was crystallised from dilute alcohol 

in colourless needles. It had a melting point of 203°C. 

Yield 7.3 g.

Found: C. 77.3$, H. 5.18$ 

c18h14°3 «quires: 0- 77.69$, H. 5.04$

It is soluble in benzene, carbon tetrachloride,

but is sparingly soluble in petrol ether. It showed 

a negative ferric reaction.

2*-Methyldihydrofurano-(4*:5*)-4-phenylooumarin (8:7).

8-Allyl-7-hydroxy-4-phenylooumarin (5 g.) was 

intimately mixed with pyridine hydrochloride (0.25 g.). 

The mixture was heated in an oil bath at 210-215° for 

l£ hours. After cooling, the product was dissolved 

in the least possible amount of alcohol, and poured 

into water (100 o.c.). It was filtered and the solid



was washed with a little dilute hydrochloric acid, 

then with water, and finally ground up in 2$ aqueous 

sodium hydroxide. The insoluble solid was collected 

and crystallised from dilute alcohol in colourless 

needles. It had a melting point of 199-200°C.

Yield 3.4 g.

c18h 14°3 requires: C* 77.69$, H. 6.04$

It is soluble In benzene, carbon tetrachloride, 

and sparingly soluble in petrol ether.

A trace of it in concentrated sulphuric acid 

gave green fluorescence.

Umbelliferone was prepared by the method of von 

Pechmann (Ber., 17, 932) by interaction of resorcinol 

and malic acid in presence of concentrated sulphuric 

acid at 120~125°C.

o-Allyloxy-umbelliferone.

Found: C. 77.43$, H. 5.13$

A mixture of umbelliferone (15 g.}, anhydrous
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potassium carbonate (15 g.), allyl bromide (14.1 g . ) 

and acetone (50 c.c.) was refluxed on the water bath 

for eight hours. The product was filtered hot and 

the inorganic salt washed with hot acetone. The sol

vent was removed from the filtrate and the residue was 

titurated with 2$ aqueous soaium hydroxide. The insol

uble allyl ether was collected and crystallised from 

alcohol in colourless prisms. It had a melting point 

of 81°C. Yield 12 g.

Pound: C. 71.32$, H. 5.25$ 

c12fl10°3 requires: 0. 71.28$, H. 4.95$

It is soluble in benzene, carbon tetrachloride, 

and hot petrol ether.

7-hydrogy-8-allylcoumarin.

The foregoing allyl ether (10 g.} in a large 

boiling tube was placed in an oil bath at 185QC. When 

the ether had reached the same temperature as the bath, 

the temperature was slowly raised, keeping the ether 

well stirred. After the initial reaction was over,
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the couraarin was maintained at 195-200UC. for 2 hours. 

After cooling, the solid was dissolved in the least 

possible amount of alcohol and poured into cold water 

(300 o.c.}. The solid was filtered and ground up in 

2$ aqueous sodium hydroxide. The required 8-allyl-7- 

hydroxy-coumarin was obtained by acidifying the alkaline 

solution with dilute hydrochloric acid. The solid was 

collected and crystallised from alcohol in colourless 

needles. It had a melting point of 164-165°C.

Yield 6.5 g.

°12h10°3 requires: C. 71.28$, H. 4.95$

It is soluble in benzene, carbon tetrachloride, 

and sparingly soluble in petrol ether.

It gave a negative ferric reaction in alcoholic 

solution. A trace of it in concentrated sulphuric 

acid gave a green fluorescence.

• • • • • •  • * •

2* -Methyldlhydrofurano- f41 :5» ) -couaarin (8:7).

Pound: C. 71.21$, H. 5.16$

8-Allyl-7-hydroxyooumarin (5 g.) was intimately
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mixed with pyridine hydrochloride (0.25 g.}. fhe 

mixture was heated in an oil bath at 210-215° for !$■ 

hours. After cooling, the product was dissolved in 

the least possible amount of alcohol, and poured into 

water (100 o.c.). The solid whieh separated was fil

tered, washed with a little dilute hydrochloric acid, 

then with water and finally titurated with 2$ aqueous 

sodium hydroxide. The insoluble solid was collected

and crystallised from alcohol in colourless needles.
o

It had a melting point of 100-101 C. Yield 3.1 g.

Pound: C. 71.34$, H. 5.14$

C12H10°3 requires; C. 71.28$, H. 4.95$

It is soluble in methyl alcohol, acetone and 

petrol ether.

A trace of it in concentrated sulphuric acid 

showed a blue fluorescence.

*** *** ***

7-Hydroxy-4-methylooumarin was prepared by the 

method of von Pechmann, Ber., 17^ 931.

7-Allyloxy-4-methylcoumarin.
(Baker, J.C.S., 1935, 628).

7-Hydroxy-4-methylooumarin (92.5 g.) and allyl



bromide f60.5 g ?) were refluxed for 6 hours with 

anhydrous potassium carbonate (100 g.) in acetone (250 

c.o.). The solution was filtered hot and the inorganic 

residue was thoroughly washed with hot acetone. The 

solvent was removed and the residue ground up with a 

small amount of 2# aqueous sodium hydroxide. After

thoroughly washing with water and drying, the allyl
0

ether (m.p. 102-104 ) was obtained. It was suffic

iently pure to carry on with the migration.

» « •  • m m • • •

7-gydroxy-8-allyl-4-methylooumarin.

(Baker, J.C.S., 1935, 628)

The allyl ether (50 g.) in a large boiling tube 

was placed in an oil bath at 220°C.. ./hen the ether had 

reaohed the same temperature as the bath, the tempera

ture of the oil bath was slowly raised, keeping the ether 

well stirred. At an oil bath temperature of 228-233°0. 

the exothermic rearrangement began and the internal 

temperature rose fairly rapidly. Thorough stirring 

of the coumarin at this stage is essential if charring 

is to be avoided. The oil bath was allowed to cool 

slightly and the temperature of the coumarin was kept 

below 240°C. by raising the tube out of the oil bath 

if necessary. After the initial reaction was over the

-60-
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eoumarin was maintained at 210°C. for l| hours and poured 

into a large evaporating basin with stirring to prevent 

caking. The melting point of the orude material was 

160-180°C. Repeated crystallisation from a large bulk 

of alcohol gave pure 8-allyl-7-hydro:xy-4-methyleoumarin. 

It had a melting point of 193-194°. Yield 32#5 g.

2* -Me thyldihydrofurano- (4* : 51 )-4-methylooum arin (8:7).

8-Allyl-7-hydroxy-4-methylcoumarin (20 g.) was 

intimately mixed with pyridine hydrochloride (1 g.).

The mixture was heated in an oil bath at 220-230° for 

one hour. After cooling, the product was dissolved in 

the least possible amount of alcohol, poured into water
0 ■ ■

(200 c.c.) and filtered. The solid was thoroughly 

washed with water and titurated with 2fo sodium hydroxide 

solution. After washing with water and drying, it 

crystallised from petrol ether (80-100°) and finally 

from alcohol in colourless prisms. It had a melting 

point of 118-119°, identical with Dr. .7.H. Davies* speci

men (private communication). Yield 15.5 g. It gives 

a blue fluorescence in concentrated sulphuric acid.
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attempt to obtain 4»hyaroxy-2-riethyldihyarobenzofurane.

This can he prepared via 2»allyl resorcinol 

(Baker, J.C.S., 1935, 631}, using nitrogen as the inert 

gas instead of coal gas. The product can be cyelised 

in the usual way, but it is difficult to separate the 

product from the unchanged starting material.

The better method was as follows: 

2,-Hethyldihya^ofurano-(4, :5* )-4-methylcouraarin 

(8:7) (20 g.), and 40$ aqueous sodium hydroxide were 

refluxed on a sand bath under nitrogen, until a semi

solid separated which took 4 hours. After cooling, 

crushed ice was added, and the mixture was acidified 

with dilute hydrochloric acid. It was extracted with 

ether and the ether extract was washed several times 

with aqueous sodium hydroxide (2,1i). The unchanged

material (7 g.) was recovered from the ether extract.

The alkali extract was made acid with dilute 

hydrochloric acid and extracted with ether. The

ether extract was dried over sodium sulphate. Removal 

of ether yielded a residue which was distilled in vacuo. 

The viscous liquid, b.p. 110-120°/2 mm., solidified on
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standing. It crystallised from petrol ether in colour

less needles, cup, 70-72°C. Yield 6.2 g.

It is soluble in ethyl alcohol and benzene.

Its alcoholic solution gave a dark brown colour with 

ferric chloride.

Found: 0. 70.17$, H. 6.5$, molecular
weight 170

CqHi qO» requires: C. 72.00$, H. 6.67$, molecular
weight 150.

The compound is identical in every way with Dr.

&• H. Davies’ specimen (private communication loo.clt.).

The phenol gave 2:4-dinitrophenylhydrazone, 

which crystallised from alcohol in reddish brown 

needles, ra.p. £52°C. It was identical in every way 

with the 2:4-dinitrophenylhydrazone of 4-hydroxy-5- 

acetyl-2-methyldihydrobenzofurane (vide supra). There 

was no depression in their mixed melting point.

The p-nitrobenzoate was prepared and crystallised 

from dilute alcohol as colourless needles. It had a 

melting point of 131ÜC.

Found: C. 63.14$, H. 4.49$, H. 4.68$ 

C15H13O 3H requires: 0. 64.21$, H. 4.35$, B. 4.68$

* * * * * * * * *
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Ethyl 7-hyaroxy-4-phenylcoufflarin-3-acetate (XXVIII)

This was prepared by Robinson’s method (J.C.S.,

1933, 1469).

Route I .

4:7’-diacetoxy-B*-allylnaphthacoumarin fl;2:4» ;3’ ). 
(Formula XXXI)

Ethyl-7-hydroxy-4~phenyl-3-acetate (9 g.), allyl 

bromide (3*5 g.) and anhydrous potassium carbonate 

(5 g.) were refluxed on the water bath with acetone 

(30 c.c.) for 10 hours. After this period, most 

acetone was removed and water (200 c.c.) was added.

A brownish oil separated. It was extracted with ether, 

washed three times with 1$ aqueous sodium hydroxide and 

finally with water. After drying the ether extract 

over sodium sulphate, and after removal of ether, a 

viscous brownish oil was obtained, which could not be 

purified by crystallisation. Distillation under
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reduced pressure may oause the isomeric changes.

Yield of brown oil 8 g.

The oil [4 g.) was placed in a boiling tube in 

an oil bath at 200°0. During the course of 2£ hours, 

the temperature was gradually raised to 210°0. The 

solid contents were allowed to cool, dissolved in the 

least possible amount of alcohol and poured into water 

(50 o.o.). The solid was collected and ground up in 

1$ aqueous sodium hydroxide to isolate the allyl iso

mer. It was filtered and the filtrate was made acid 

with dilute hydrochloric acid. The solid which sep

arated was crystallised from dilute alcohol in colour

less prisms, m.p. 154-157°0. Yield 2.1 g. It is 

slightly soluble in benzene or petrol ether. It shows 

no colour reaction with alcoholic ferrio chloride.

The above ester (2 g.) was refluxed with 5$ 

aqueous sodium hydroxide (20 c.e.) for one hour. The 

8-allyl-7-hydroxy-4-phenylcoumarin-3-acetio acid, was 

precipitated by acidifioation with dilute hydrochloric 

acid and crystallised from acetic acid in colourless 

prises (1.7 g . ). It had a melting point of 225°C. 

after darkening at 178°C.

Found: 0. 69.22$, H. 4.96$

C20HI6O5 requires: C. 71.43$, H. 4.76$

It is soluble in ethyl alcohol.
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A mixture of the above acid (1.5 g.) and acetic 

anhydride (10 c.c.) was refluxed for 12 hours. On 

cooling colourless needles (0.95 g . } separated. A 

further amount (0.4 g.) was obtained by dilution of 

the filtrate with water. Crystallisation from acetic 

acid gave colourless needles, ra.p. 235-236°C. It is 

soluble in hot alcohol. It gives an intense green 

fluorescence in concentrated sulphuric acid.

Pound; C. 71.66$, H. 4.61$, Acetyl 24.9$ 

C24Hi306 requires; G. 71.64$, H. 4.47$, Acetyl 21.4$

4:7,-Dlhydro:sy-8f-allylnaphthacoumarin (l;2;4f ;3T )♦ 

(Formula m i l )

The foregoing diacetate (0.9 g.) was refluxed 

for an hour with 5$ alcoholic potassium hydroxide 

(5 c.c.) and the solution aoidified hot with dilute 

hydrochloric acid and poured into cold water (15 o.c.). 

It was extracted with ether and the ether extract washed 

with 5$ aqueous sodium hydroxide. The alkaline wash

ings were acidified with dilute hydrochloric acid and 

extracted with ether. After removal of ether a brown 

oil (0.5 g.) was obtained, which could not be purified.

• • «
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Attempt to obtain 2n-meth^rldihydrof'arano-(4,,:5w :e, ;7f )- 
a-naphthol-(1:2:4* :3* )-cottmarln. (Formula XXXV)

An intimate mixture of the foregoing compound 

(0*5 g.) and pyridine hydrochloride (0.1 g.) was main

tained at 200-210uC. for 1^ hours. After cooling, it 

waB dissolved in the least possible amount of alcohol 

and poured into cold water (20 c.c.). The brownish 

solid was filtered and crystallised from alcohol as

brownish needles, m.p. 195°C. Yield 0.2 g.

Found: <3. 77.39$, H. 5.30$

C20H14O4 requires: C. 75.47$, H. 4.40$

♦ *** ***

Route II.■ | m **’ mb

4-Acetoxy-7* -allyloxyraphthaooumarin (1:2:4* :3* ) ( XXXI11 )

7-Allyloxy-4-phenylcoumarin-3-aeetate (4 g.) was 

refluxed with 5$ aqueous sodium hydroxide (40 o.e.) for 

one hour. The acid (2.6 g.) was precipitated by acid

ifying with dilute hydrochloric acid. It was dissolved 

in saturated sodium bicarbonate solution and reprecip

itated with dilute hydrochloric acid. It crystallised 

from alcohol in colourless prisms, m.p. 83-85°0. After 

drying the acid was refluxed with acetic anhydride
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f20 c.c.) for 12 hours. On cooling, light yellow 

needles (1.4 g.) separated. It crystallised from 

acetic acid in yellowish needles, ra.p. 194 C. A fur

ther amount (0.9 g.) was obtained by decomposition of 

the acetic anhydride liquor with water. It is soluble 

in aloohol and insoluble in dilute aqueous sodium 

hydroxide•

Found: 0. 73.33$, H. 4.53$, Acetyl 16.7$ 

C22H16O5 requires: C. 73.33$, H. 4.44$, Acetyl 11.94$

Attempt to leone rise the foregoing compound 4-hydroxy- 
7* -ally 1 oxynaphthaooumarin (1:2:4» ;3* ) (Formula XXXIV) 
to 4- 7f -dihydroxy-8* -allylnaphthaooumarln (1:2:4* :3* )
(XXXII).

The foregoing acetate (1.2 g.) was refluxed 

with 5$ alcoholic potassium hydroxide (7 o.c.) for one 

hour and the solution acidified hot with dilute hydro

chloric acid, and added to cold water (20 c.e.). The 

yellow powder was collected and crystallised from 

alcohol in fine needles. Yield 0.8 g. It had a 

melting point of 232-235°3. (decomposition). It was 

sparingly soluble in o d d  alcohol but was soluble in 

acetic acid. an attempt to convert it to 4-7*-di-

hydroxy-8* -ally lnaphthacoumarin (1:2:4*:3*) (Formula 

XXXII), by heating at 240°C. was unsuccessful, since the 

allyl ether decomposed at its melting point.
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HISTORICAL IHTRQDUOTIOH

Purple boneset, trumpet weed, gravel root or 

queen of the meadow (Bupatorium purpureum) was des

cribed by H. Rays in his private communication with 

Trimble (Amer.J.Pharm., 1890, 62, 73) as having some 

purple characteristics and these were found in its 

purplish coloured stem and flowers. The rhizome and 

rootlets were parts stated to be used medicinally but 

no description of the drug was given.

The plant is found growing abundantly in low 

places and attains a height of from three to four feet 

and even more* The rhizome is horizontal, one to four 

inches long, one half to three quarters of an inch in 

thickness, and with many thin, rather tough rootlets.

It is brownish black externally, yellowish internally 

and is broken with difficulty. The medulla is darker 

than the other portions, the odour slight but peculiar, 

the taste bitter, and the bark thin.

The rootlets are lighter in colour, four to 

eight inches long, with a thick, easily removable bark 

enclosing a tough central cord.

Trimble (loc.olt.) mentioned that the bitter 

principle of the plant was first isolated in yellow
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crystalline form by J.¥. Lloyd in the latter's private 

communication between 1870 and 1875. The method 

adopted was to digest the powdered root with aqueous 

alcohol (3 parts of alcohol and 2 parts of water).

After removal of the solvent to the consistency of 

thick honey, the residue was poured into water. After 

a day, the supernatant liquid was deoanted. The prec

ipitate was washed with water and dried. The dark 

coloured precipitate was crystallised from alcohol in 

deep yellow colour, m.p. 117.2°C. Ho yield of the

substance was mentioned. Lloyd believed it to be 

identical with queroitrin and the name Eupapurin or 

Euparin was suggested. E. G. Eberhardt, according 

to Trimble (loo.oit.), obtained it from a sediment in 

a fluid extract of the drug. Elementary analyses of 

the two samples showed they were identical, having the 

empirical formula Ci2®Ll0 3 , and the compound queroitrin 

or quercitin was therefore excluded. The adoption of 

one of the names "Euparin" proposed by Lloyd was 

suggested.

Charles C. Manger (Amer.J.Pharm., 1894, 66, 120) 

investigated Lloyd's and Eberhardt's Euparin and agreed 

on the same empirical formula with m.p. 116°C. after 

crystallisations from alcohol. By the action of 

chlorine in absolute ether, he obtained a thick yellow
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liquid which could not he purified. The product was 

treated with ammonium hydroxide, and the insoluble 

body which had a greyish black appearance was submitted 

to elementary analysis. The compound C24H1 5CI7O6 was 

stated to be obtained. Manger was unable to obtain a 

crystalline product by boiling Euparin with acetic 

anhydride either alone or with sodium acetate. The 

action of oonoentrated nitric acid converted euparin 

to a substance resembling picric acid in chemical 

properties. Fusion of euparin with potassium hydrox

ide yielded a substance resembling phloroglucinol in 

chemical properties* In both cases no definite crys

talline compounds were isolated. Manger concluded 

the presence of picrio acid and phloroglucinol.

Manger* e euparin was insoluble in water, sparingly 

soluble in petrol ether, readily soluble in ether, 

chloroform, benzene, and acetone. Ferrlo chloride 

gave a grass green oolour with an alcoholic solution 

of euparin. It was unaffected by dilute aoids or 

alkalies.

* * * * * *
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A new method of isolation

The euparin used in this investigation was ob

tained from commercial gravel root by extraction with 

ether by means of Soxhlets for three weeks. After 

evaporation of the ether, a green oil was obtained.

Two volumes of ether were added with stirring, after

wards petrol ether (40-60°) (2^ litres) was gradually 

added with stirring. The turbid mixture was allowed 

to stand overnight. The supernatant liquid was 

decanted off, and the dark green resins left behind 

were collected aside. The solvent was removed from 

the ether-petrol ether mixture and two volumes of 

ether and petrol ether (2^ litres) were again added 

to the residue, allowed to stand overnight and decanted. 

After removal of the ether-petrol ether mixture, a 

green oil was obtained. The oil gave a dark brown 

colour with ferric chloride in alcoholic solution.

The green oil and 10$ aqueous sodium hydroxide 

(12 o.c. to 1 gram of the oil) were shaken for five 

minutes. The mixture was extracted many times with 

ether. The ether extract was washed with water, 

dripd over sodium sulphate and finally ether was removed. 

A yellow oil was obtained. Addition of petrol ether 

yielded yellow crystalline solid euparin, m.p. 112-117°c. 

The alkali-soluble fraction was made acid with dilute
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hydro chloric acid and extracted with, ether. After 

drying over sodium sulphate and removal of ether, a 

greenish oil was obtained which deposited a solid on 

keeping.

Treatment of the oil with oaustio soda for a 

longer period (30 minutes) yielded practically the 

same result.

The yield of euparin was 0*88$ of the green oil 

after preliminary treatment with ether and petrol ether, 

or 0*016$ calculated from the weight of the gravel 

roots used*

Gravel root 
(30 lbs. )

Green oil
(698 g.) ^ Resins 

(155 g.)After treatment with 
ether-petrol ether.

Alkali-insoluble
fraction
(272.£ g * )

Alkali-soluble
fraction
(200.8 g.)

Euparin 
(48.2 g.)

The difference was separated as resins
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The euparin used in this investigation «as ob

tained from commerciai gravel root by extraction with 

ether using a Soxhlet extractor. After removal of 

ether, it was treated with a mixture of ether and 

petrol ether. In this way, a quantity of resinous 

substance was removed, which would otherwise interfere 

with subsequent crystallisation. Removal of the 

ether-petrol ether extract yielded a green oil which 

was subsequently treated with 10# aqueous sodium 

hydroxide. The alkali-insoluble fraction was removed 

with ether, from which euparin was obtained. It 

crystallised from alcohol and petrol ether in yellow 

prisms, m.p. 118.5°C. The total yield of pure euparin

was found to be 0.88# of the green oil, after prelim

inary treatment with a mixture of ether-petrol ether, 

or 0.016# of the weight of the gravel root used.

The euparin so obtained had identical properties

with the euparin described by previous investigators
o

except that it had a melting point 1.5 higher than 

any previously recorded specimens (of. Trimble, loo, 

olt., 117.2°C.; Manger, loo.pit., 116°C.).

Analytical data for euparin agree for the molec

ular formulae C13HX2O3 and C1 7H15O4 , which require 216
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and 284 for its molecular weight respectively. The 

found molecular weight lies between 241 and 254.

Wholly consistent figures were obtained by analyses on 

four samples. Neither of the formulae, however, agreed 

for the empirical formula 0i2Hll° 3 iTrimble and 

Eberhardt, loc.olt.; Manger, loc.cit.?. The molec

ular formula C1 3H12O3 of euparin is accepted by the 

present author on consideration of the analytical data 

for the derivatives of euparin. Euparin contains no 

methoxyl group.

Oximation was effected, using hydroxylamine 

hydrochloride, and sodium acetate in boiling alcohol. 

The product crystallised from dilute alcohol in col

ourless prisms, m.p. 147-148°C. The analytical data 

agree for a monoxime C1 3H13O3H. The euparin semi- 

carbazone O14H15O 3N 3 was prepared by interaction of 

alcoholic euparin with semicarbazide hydrochloride and 

sodium acetate. The product crystallised from a large 

volume of ethyl acetate in yellow priBms, m.p. 255°C. 

2:4-Dinitrophenylhydrazine hydrochloride in alcoholic 

solution reaoted with euparin to give dark brown prisms 

of the 2:4-dlnltrophenylhydrazone of euparin. 

m.p. 252°C., being crystallised from a large volume of 

ethyl acetate. The three nitrogen derivatives of 

euparin showed beyond doubt that there was one active
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carbonyl group in the euparin molecule and that the 

compound haring the alternative formula Ci7 % 604 was 

excluded.

Méthylation of euparin, using methyl iodide and 

anhydrous potassium carbonate in boiling acetone, 

resulted in the formation of the monomethyl ether of 

euparin, O14H14O3 , which crystallised from dilute alco

hol in colourless prisms, m.p. 76-77°0. It gave a 

negative ferric reaction with ferric chloride In aloo- 

holio solution.

Acetylation of euparin, using pyridine and 

acetic anhydride at room temperature during three days, 

gave rise to the formation of mono-acetoay euparin. 

C15H14O4 , m.p. 80°C., which crystallised from petrol 

ether in colourless prisms. It is insoluble in alkali, 

and gives a negative ferric reaction.

The action of both aqueous and alcoholic sodium 

hydroxide of various concentrations (1 0 $ , 20$, 30$) on 

euparin was studied. Euparin only very slightly dis

solved to give a light yellow solution in the aqueous 

alkali. It was heated to its boiling point for four 

hours. So trace of decomposition was detected. The 

starting material could be recovered by steam distillation 

or by acidification with dilute hydrochloric acid.

Quantitative hydrogenation of euparin was studied.
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A solution of one gram of euparin in ethyl acetate was 

shaken with catalytic palladium-charcoal in the pres

ence of hydrogen at ordinary temperature. The total 

volume of hydrogen taken after three hours was equiv

alent to 210*2 c.c. at B.T.P., after making allowances 

for a blank experiment tinder similar conditions. 

Theoretical absorption by two double bonds on the basis 

of the formula 0x3H12°3 is 208 c.c. Removal of the

charcoal and the solvent furnished tetrahydro-euparln.
o

C13H16O3 , in colourless prisms, sup. 71 0., which crys

tallised from petrol ether. (Found molecular weight 

220.8-226.S; Cl3Hx6°3 requires moleeuXar weight 220.)

It gave brownish red colour with ferric chloride 

in alcoholio solution. It was insoluble in dilute 

sodium hydroxide and optically inactive. It was 

noted that absorption of approximately half of the total 

volume of hydrogen took place rapidly within five min

utes. Méthylation of tetrahydro-euparin, using methyl 

iodide and anhydrous potassium carbonate in boiling 

acetone, led to the formation of the monomethyl ether of 

tetrahydro-euparin. Cx4% 8°3 * in almost theoretical 

yield. This compound crystallised from dilute alcohol 

in colourless prisms, m.p. 57°C. It gave a negative 

ferric reaction with ferric chloride in alcoholio solu

tion.



-78

Acetylation of te trahydro-euparin, using pyridine 

and acetie anhydride at room temperature during three 

days, resulted in the formation of mono-aceto:xytetra

hy dr o-eupar In. C15Hi q0 4# which crystallised from petrol 

ether in colourless needles, m.p. 96-97°C. Mono- 

acetoxytetrahydro-euparin shows a negative ferric reac

tion with ferric chloride in alcoholic solution. It 

is insoluble in dilute sodium hydroxide.

Tetrahydro-euparin furnished a 2:4-dinitrophenyl- 

hydrazone, C^gHgoKgOg, which crystallised from benzene 

in scarlet prisms, m.p. 240-241°C. Oximation of tetra

hydro-euparin, using hydroxyl amine hydrochloride and 

sodium acetate in boiling aloohol, yielded the mono

oxime of te trahydr o-euparln, C1 3H17BO3 , which crystall

ised from petrol ether in colourless needles, m.p. 133°C.

hydrogenation of methoxyeuparin in the presence 

of catalytic palladium charcoal gave rise to the mono- 

methyl ether of tetrahydro-euparin, m.p. 57°G., which 

was identical in every respect with the compound prepared 

by methylation of tetrahydro-euparin (vide supra). Ho 

alkali-soluble product was obtained.

The monomethyl ether of euparin was oxidised for 

four hours with 4$ aqueous potassium permanganate. The 

total volume of potassium permanganate taken was approx

imately equivalent to ten atoms of oxygen. The solution
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waa decolourised with sulphur dioxide and heated on the 

water bath with a few drops of dilute sulphuric acid. 

Extraction with ether and subsequent evaporation left 

a 40$ yield of 4-hydroay-2-taethoxyreBaootophenone-5- 

oarboxylic acid, CqoHioOs* which crystallised from hot 

water in colourless needles, m.p. 215-217°C. A poor 

yield of the acid was obtained if a larger amount of 

the ether was oxidised at a time. The acid gave a 

reddish brown colour with ferric chloride in alcoholic 

solution, and was optically inactive. Its equivalent 

weight was determined by titrating an alcoholic solu

tion of the acid with aqueous sodium hydroxide 

(0*009668 N), which had been standardised with a solu

tion of potassium hydrogen phthalate, phenolphthalein 

being used as indicator (soda lime tube). The found 

equivalent weight was 216.9, while Oi o h 10°5 requires 

210. The identity of this acid was established beyond 

doubt by various methods. Firstly, a mixture of the 

aoid and an excess of diazomethane in absolute ether 

was allowed to stand overnight. An oily residue was 

obtained after removal of ether. The oil was insol

uble in aqueous sodium bicarbonate, but its alcoholic 

solution still showed a brownish red colour with ferric 

chloride in alooholic solution. Obviously, the aoid 

had undergone esterification but not methylation. The
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residue could not be induced to crystallise. It was 

further treated with an excess of methyl iodide and 

anhydrous potassium carbonate in boiling aoetone for 

eight hours, when it no longer showed a ferric reaction. 

The solution, being freed from an inorganic salt, was 

evaporated and the residue taken up with hot water.

In this way the ester was completely saponified to 

free acid, which was isolated by making the aqueous 

solution acid with dilute hydrochloric and by subse

quent extraction with ether. Removal of ether fur

nished a colourless solid which crystallised from hot 

alcohol in colourless needles, m.p. 233-234°. The 

acid was identical in every respect with 2 :4-dime thoxy- 

resaoetophenone-5-carboxylic acid (Lindermann-Lindenbaum, 

Ber., 41, 1610, o.p. 231-233°C.). Their mixed melting 

point was 231-233°0.

Secondly, as 2:4-dimethoxyresacetophenone-5- 

carboxylic acid (Lindermann-Lindenbaum, loo.cit.) was 

prepared by a somewhat ambiguous method, decarboxyla

tion of the 2-methoay-4-hydroxyacetophenone-5-carboxylio 

acid (vide supra) was carried out to confirm its iden

tity. Using anhydrous quinoline and copper bronze it 

furnished 2-methoxyreBaoetophenone, which orystallised 

from hot water in colourless needles, m.p. 135-137°C.

It gave a negative ferric reaction and formed a 2:4-
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dinitrophenylhydrazone, which crystallised from alcohol 

in dark brown prisms, m.p. 216-217°C. The identity of 

the 2-methoxy-resacetophenone was established by com

parison with the authentic specimen (Hoesch, Ber., 48, 

1126, m.p. 136-137°} and another specimen prepared by 

a new method (vide infra).

Thirdly, the 2-methoxy-4-hydroxyresaeetophenone-

5-carboxylic acid was demo thy lated, using hy dr iodic 

acid. 2:4-dihydroxy-resacetophenone—5-carboxylio acid

was obtained, which crystallised from alcohol in prisms, 

m.p. 256°0« Its identity was established by compari

son with l:2:4:5-resacetophenone carboxylic acid 

(Lindermann-Lindenbanm, loc.cit., o.p. 255-256°C. ).

Ozonolysis of the methyl ether of euparin in 

absolute chloroform was studied. After l£ hours the 

solvent was removed at 40°C. under reduced pressure, 

and the glassy residue was treated with water and allowed 

to stand overnight. It was heated on the steam bath 

for twenty minutes, and on cooling, colourless needles 

separated. It crystallised from water in colourless 

needles, m.p. 117-118°C. The yield was approximately 

35^. It gave a brown colour with alcoholic ferric 

chloride and was aldehydio or ketonio towards ordinary 

ketonic reagents. Analytical data agree for the 

formula ^ioH10°4* Although its identity had not been



-82

definitely established, through lack of sufficient 

material, it was very likely 2-methoxy-4-hyaroyy-aceto- 

phenone-5-aldehyde. The main filtrate was distilled

on a v»ire gauze, keeping the volume of the solution 

constant. The distillate was collected in an aqueous 

solution of 2:4-dinitrophenylhydr&zine hydrochloride 

in excess of 2H dilute hydrochloric acid. The precip

itate crystallised from alcohol in orange yellow needles, 

ra.p. 161-162°. It was Identified as 2 :4-dinitrophenyl- 

hydrazone of formaldehyde, by comparison with an authen

tic specimen, m.p. 163-164°C.

Diels and Alder’s reaction on the methyl ether 

of euparin was studied. When a mixture of methyl 

ether of euparin, maleic anhydride ana absolute benzene 

was refluxed on the water bath for t?*elve hours, an 

additive reaction took place. A colourless solid 

which separated from the hot solution was collected and 

crystallised from aloohol in colourless plates, m.p. 

212-213°3« Analytical data agree for CieH^sOg, which 

requires one molecule of methyl ether of euparin and 

one molecule of maleic anhydride. Using toluene as a 

condensing medium, an identical product was obtained.

On the other hand, using nitrobenzene as a condensing 

solvent at its boiling point, brownish prisms, m.p. 

296-298°C., were obtained which were not further



-8 3 -

investigated. This was not surprising, since nitro

benzene under the conditions might act as an oxidising 

agent. In the aase of euparin, Diels and Alder's 

reaction gave rise to a condensation product having 

the formula 017113.4 0 5, which crystallised from alcohol 

in colourless needles, m.p. ¿¿44-245°0.

Oximation of the monomethyl ether of tetrahydro- 

euparin by hydroxyl amine hydroohloride and sodium acet

ate in boiling alcohol gave rise to a monoxime, C14H19O3E, 

which crystallised from alcohol in colourless prisms, 

m.p. 139°C. This oxime underwent a Beckmann rearrange

ment, using thienyl chloride (cf. Stephen, J.C.S., 1931, 

8 8 6). A solution of the oxime (1 mole) in absolute 

ether was oooled down to -S°C. Thionyl chloride (1 

mole) in absolute ether was gradually added during ten 

minutes. The addition of thionyl chloride produced a 

colourless precipitate which gradually developed a red 

solution. After a total time of fifteen minutes (not 

longer, if charring was to be avoided), the content 

was poured into ioe water. Ether was removed at ordin

ary temperature. Colourless leaflets, m.p. 133-134°C., 

of an amide C14H19O3H crystallised from petrol ether.

The yield was approximately 60$ and no other orystalline 

product was obtained.

Hydrolysis of the foregoing amide with 20$
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alcoholio potash gave rise to a primary amine which 

crystallised from dilute alcohol in colourless needles, 

ra.p. 68-69°G, The amine was soluble in dilute mineral 

acids, from which it could be reprecipitated by addi

tion of dilute alkali. It could be diazotised, and 

the dlazo compound readily coupled with £-naphthol to 

give a bright scarlet dye. It does not give a oarbyl- 

amine reaction, however, which is not surprising, con

sidering the size of its molecule.

The foregoing amine was acetylated with acetic 

anhydride at room temperature for five minutes and the 

mixture was poured into hot water containing a little 

hydrochloric acid. The colourless leaflets, m.p. 

133-134°G. after crystallisation from petrol ether were 

identical in every respect with the starting amide.

In order to confirm and to establish the position 

of the aoetyl group in the tetrahydro-eup&rin molecule, 

the latter was treated with absolute ethyl acetate and 

finely cut sodium under reflux. Acidification of the 

reaction mixture furnished an ortho-hydroxy aoeto-acetyl 

ketone, C15H18O4 , which crystallised from petrol ether 

in colourless prisms, m.p. 109-110°C. The ketone gave 

a dark brown colour with ferric chloride in alcoholic 

solution. The diketone was oyclised with boiling

acetic acid in presence of a few drops of hydrochloric
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acid to give c-methylohromone. O^gH^gOg, which crys

tallised from petrol ether in colourless needles, m.p. 

119-120^0. The chromone gave a negative ferric reac

tion. A traoe of it in concentrated sulphuric acid 

gave a faint blue fluorescence*

Mission of tetrahydro-euparln with potassium 

hydroxide gave rise to isovaleric acid and a phenol 

which showed a brownish red colour with alcoholic 

ferric chloride. The isovaleric acid was converted 

into its phenylhydrasi&et which was compared with an 

authentic isovaleric phenylhydraxi&e. A further 

investigation of the phenol was prohibited through 

lack of the starting material. Further experiments 

on the fission of tetrabydro-euparin will be repeated 

at a later date.

Oxidation of euparin with BCJ> hydrogen peroxide 

in acetic acid was unsuccessful. Ko crystalline pro

duct was obtained.

The chart on page 86 has been compiled in order 

to indicate at a glance the ohief reactions of euparin.

* * * ♦ **
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Suparin
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’ From tiie historical introduction it can be seen

that little has been known of the constitution of 

euparin. Although its empirical formula 212HX3O 3 was 

put forward, no definite derivatives and no degradation 

products had been isolated.

The author has revised the problem of the con

stitution of euparin and has obtained a specimen having 

a melting point approximately 2° higher than any pre

viously recorded. It was possible to obtain fairly 

consistent analyses of euparin. It is certain that 

it has the molecular formula O1 3H12O 3. The only alter

native formula 027% 004 is excluded on consideration of 

its oxime, semicarbasone, 2:4-dinitrophenylhydrazone, 

methyl ether and acetate. hydrogenation experiments 

using palladium oatalyst prove that euparin contains 

two double bonds, and the analytical figures for tetra- 

hydro-euparin agree aocurately for 0i3Hi6Û3* Further 

confirmation of the molecular formula C1 3H16O3 for 

tetrahydro-euparin is to be found in the elementary 

analyses of its methyl ether, 2:4-dinitrophenylhydrazone, 

oxime and acetate. The following tables indicate that 

the formula C1 7H15O4 is untenable for euparin.
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Found ö13i*i203 C1 7H16O4

LUparin 0. 72.22'/, H. 5.70/ 
72.18'/) 5.50/ 
72.06/ 5.58/ 
72.40/ 5.52/

C. 72.22/ 
E. 5.55/

C. 71.89/ 
H. 5.63/

molecular weight 241
254

molecular 
weight 216

molecular 
weight 284

Oxime of G13^13° 3s G17%7°4®

euparin
a .  6 .1 8 / E. 6.07/ B. 4.68/

Semioarbasone
g14h15°3r3 C1 7H19O4H3

of euparin
a. 15.38/ K. 15.38/ K. 12.76/

2:4-Dinitro-
phenyl-

°19h 16°Gîî4 c23h 20°7h4

hydrazone 
of euparin a. 14.18/ fi. 14.14/ B. 12.07/

Methyl ether
°1 3 lil l 0 2<0Me) c 1 7 H l5 0 3 Î0 lîe ) !

1
of euparin

C. 73.26/. H. 5.98/ 
OCH3 . 12.8/

0. 73.04/
H. 6.09/ 
OCH3 . 13.48/

C. 76.6/
H. 6.38/ 
OOH3 . 10.9/

Acetate of
013h1102Ìg^OÌ G17&15G 3 fO A c) j

euparin
J 0. 69.64/, H. 5.45/ C. 69.77/ 

H. 5.43/
C. 69.94/
H. 5.52/
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Found 013^603 °17H20°4

Tetrahy&ro-euparin C. 71,16/j 
H. 7,40 %

C. 70.91% 
H. 7.27%

C. 70*84% 
H. 6.94$

molecular
weight 220.8 

226.5

molecular
weight 220

molecular 
weight 288

Methyl ether of
a13H1502f0K°) Cj^H^gOgiOMe)

tetrahydro-euparin
C. 72.05% 
H. 7.695$ 

OGH3 . 13.4%

0. 71.8% 
fi. 7.69^ 

0CH3. 13.25%

C. 71.52%
H. 7.285$ 

OCH3 . 10.265&

2 :4~Dinitrophenyl~ 
bydrazone of 
tetrahydro-euparin

CigHgoi^Oe O23H24B4O 7

11. 13.915$ K. 14.00% H. 11.97%

Oxime of tetra-
O13II17IO3 C1 7H21MO4

hydro-eup&rin
H. 5.88% K. 5.965a H. 4.62%

Acetate of tetra-
^13%5®2^-^e ^ Ci7Hig0 3i0Ac)

hydro-euparin
C. 68.77%
H. 6.88%

C. 68.7055 
H. 6.875$

»■TyrSTgar.-ss visjssrsgsst izss.rsr-rr'.

C. 72.61% 
H. 7.00%

The acetylation and methylation of euparin prove 

the presence of one hydroxyl group in the euparin mole

cule. Analytical data for its oxime, semioarbaaone and 

2:4-d.imitrophenylhydrazone show the presence of one
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active carbonyl group in the euparin molecule. There 

remains therefore only one oxygen atom in the euparin 

molecule to be accounted for.

Oxidation of the methyl ether of euparin with 

neutral aqueous potassium permanganate gives rise to 4- 

hydroxy-2-methoxy-resacetophenone-5-carboyylic acid (I) 

which is converted into 2 î4-dihydroxy-resacetophenone-5- 

oarboxylic aoid (II) by déméthylation. Decarboxylation 

of the acid (I) gives rise to 2-raethoxy-resacetophenone 

(III). Méthylation of the acid (I) also furnishes 2:4- 

dimethoxy-18^5.08tophenone-5-carboxylio aoid (IV). That 

the aoid (I) is monobasio is proved by the determination 

of its equivalent weight. In addition, 2:4-dihydroxy- 

as*saeetophenone-5-carboxylic aoid (II), 2-methoxy-res- 

acetophenone (III) and 2:4-dimethoxy-resacetophenone-5- 

carboxylie aoid are identical with authentic specimens 

(vide infra).

(Ill)
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The foregoing oxidation therefore shows that

(a) the molecule of euparin contains a resorcinol 

nucleus, (b) the laethoxyl group present in the 4- 

hydroxy-2-methoxy-resaeetophenone-5-carboxylic acid 

(I) must have come from the original methoxyl group 

in the moleoule of euparin methyl ether, (e) the oxid

ation has involved a gain of a new hydroxyl group in 

an ortho-position to a carbonyl group, the fact vrhieh 

is compatible with its ferric reaction, and (d) euparin 

molecule contains a O7 unit which is attached to the 

resorcinol residue in the 3:4:6 positions, according 

to the skeleton (V).

That the fission of the two double bonds by ozone 

is accompanied by the loss of four carbon atoms, giving 

rise to an aldehyde (010^10^4)[which analyses for 4- 

hydrosy-2-methoxy-resaeetophenone-5-aldehyde (VI)] and 

formaldehyde, is a proof that (a) euparin contains a Cg 

unit which is attached to a resaeetophenone residue,

(b) on the assumption that they do not migrate, one of
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the two double bonds is a methylene double bond and the 

other is in the p-position to the resorcinol residue.

There is present a skeleton (VII).

The action of maleic anhydride on the methyl 

ether of euparin produces a condensation product. The 

Diels and Alder reaction (to I.G. Farbenind.A.-G., B.P. 

30C,130, Eov.5, 1927) (Ann., 496, 211-215; 490, 236-294)

characterises a conjugated double bond system (.OC-OC.). 

In the addition product, the double bond is opened up 

in the 1:4 position. For example,

The reaction was further confirmed with the euparin 

itself.

,/hen the methyl ether of euparin is hydrogenated 

in the presence of a palladium catalyst, the methyl 

ether of tetrahydro-euparin is obtained, the latter 

being identical with the product formed by the methyla-

H
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tlon of tetrahydro-euparin. This is a clear proof that

the hydrogenation of euparin methyl ether, and hence 

euparin, has taken a normal course, and no change suoh 

as fission or condensation within the molecule has taken 

place. A methyl group therefore resulted from the 

reduction of the methylene group (*CH2 ).

The methyl ether of tetrahydro-euparin gives an 

oxime which readily undergoes a Beckmann rearrangement 

into an amide by the action of thionyl chloride. The 

amide is hydrolysed to a primary amine which diazotises 

readily, and the diazo-compound couples with p-naphthol 

to give a bright scarlet dye. The amine is reconverted 

into the starting amide by acetylation with acetic anhy

dride. The result of the Beckmann transformation 

clearly shows that the active carbonyl group in the 

tetrahydro-euparin and hence euparin is present in the 

form of an acetyl group (g . CH3 }. The mechanism of the

reaction can be represented thus:-

In order to confirm this view, and to establish 

the position of the hydrozyl group in the tetrahydro-



■ 94-

euparin molecule, it is further shown that the latter 

compound condenses with ethyl acetate, giving a hydroxy- 

ketone (A), which shows a ferric reaction. Cyclisation 

of the hydroxyketone (A) with boiling acetic acid in 

the presence of a few drops of mineral acid involves a 

loss of one molecule of water, forming a neutral com

pound (B), which is devoid of a ferric reaction and 

which gives a faint blue fluorescence in concentrated 

sulphuric acid. These reactions (cf. <?ittig, Ann.,

446. 169) are characteristic of the formation of an 

ortho-hydroxy-aoetoaoetylketone, and its subsequent 

oyolisation into u-methylchromone with the loss of one 

molecule of water. The mechanism of the reaction can 

be represented thus:-

It follows therefore that the hydroxyl group in 

the tetrahydro-euparin must be present in an ortho

position to the acetyl group. Further, since the 

presence of a resorcinol residue has been established 

(vide supra), the hydroxyl group must be in the 1-

position, and the acetyl group can occupy either the 2-
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or 6-position as in the expressions (VIII) or (IX).

Compounds having such a structure (VIII) oannot give 

rise to 1:2:4:5-resaoetophenone carboxylic acid (II) 

on oxidation. In addition, since one of the double 

bonds is in the ¿¿-position to the resorcinol nucleus 

(vide supra) (X), it is reasonable to assume that the 

oxidation of euparin methyl ether involves the fission 

at this double bond. It follows that tetrahydro- 

euparin has the formula of the type (XI) and euparin 

has the formula of the type (XII).

Further, since the functions of two of the three 

oxygen atoms in euparin have now been defined, one in 

the hydroxyl group and the other in the acetyl group,
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and since the absence of any raethoxyl group has been 

shown, the third oxygen atom must form an ether system 

with the C5 unit in agreement with the existence of 

the two double bonds in the C5 unit. It is obvious 

that the C5 unit with two double bonds cannot possibly 

possess a chromeno-system, otherwise it dissatisfies 

the total H12 unit. On the other hand, the C5 unit 

cannot be present either as in p-isopropylenefurano- 

system or in the p-n-propylenefurano-system of types 

(XIII) and (XIV), because compounds having such a 

structure will not give rise to an ortho-hydroxy alde

hyde. Consequently it follows that the C5 unit must 

be present either as in an a-isopropylenefurano or in 

an a-n-propylenefurano system. Hence euparin has 

either the formula (XV) or (XVI), and tetrahydro-euparin 

has the structure (XVII) or (XVIII).

(XV) (XVI)
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Alkali fission of tetrahydro-euparin under dras

tic conditions (290°C.) gives rise to isovaleric acid 

and a phenol, a further investigation of which was pro

hibited through lade of the starting material. The 

mechanism of the formation of isovaleric acid cannot be 

explained on consideration of either of the formulae 

(XVII) or (XVIII). Considering the conditions under 

which fission was carried out, one has to accept the 

result with reserve. Under milder conditions, however, 

tetratydro-euparin is not affected.

It is definitely known that a simple furane ring 

forms an addition reaction with maleic anhydride (vide 

supra), but no reference can be found regarding whether 

a benzofurane ring system of type (XIX) undergoes a 

similar reaction. On the assumption that it does, an 

addition product (XX) would be produced in analogy to 

the oase of a furane.

Malelo 
anhydride

(XIX) (XX)
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Similar ly, on the same assumption, the expression 

(XV) for euparin will furnish the addition products 

(XXI) or (XXII), depending on the choice of a conjugated 

system. The expression (XVI) for euparin furnishes the

(XVI) (XXIII)

If that was so, the expressions (XV) and (XVI) 

cannot he distinguished by the Diels and Aider reaction. 

Oxidation of euparin with hydrogen peroxide (of.
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SpEth, Ber ., 66, 1137-1145) is unsuccessful. It is 

possible that under the chosen conditions the furane 

ring is attached*

Since the majority of practical results lead to 

only two alternative formulae {XVII) and (XVIII) for 

tetrahydro-euparin, it is proposed to synthesise both

6-hydroxy-5-acetyl-2-isopropyldihydrobenzofurane {XVII) 

and 6-hydroxy-5-ace tyl-2-K-propyldihydrobenzofurane 

(XVIII) for comparison with tetrahydro-euparin. Finally, 

the expression (XVII) is accepted for tetrahydro-euparin 

by synthesis.

oOo
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ANALYTICAI AND DEGRADATION

purification of Buparin

Euparin was repeatedly crystallised, first from 

dilute alcohol and finally from petrol ether (80-100°C.) 

in yellow prisms, m.p. 118.5°0.

Found (on four separate specimens):-

C. 72.22, 72.18, 72.06, 72.40#
H. 6.70, 5.50, 5.58, 5.52#

Negative methoxyl.

Molecular weight found: 241, 254.

C1 3H12O 3 requires: 0. 72.22#, H. 5.55#, molecular weight 216 

c17%6°4 requires: C. 71.89#, H. 5.63#, molecular weight 284.

Ferric chloride gave a grass-green colour with 

an alcoholic solution of euparin. Cold concentrated 

sulphuric acid gave a reddish brown solution of the sub

stance which became black on heating. 10#, 20# and 30# 

aqueous sodium hydroxide or alcoholic sodium hydroxide 

had no action on euparin. Euparin was not reduced by 

ammonium sulphide.

Euparin is insoluble in water, sparingly soluble 

in petrol ether, very soluble in ether, chloroform, 

benzene, carbon disulphide and boiling alcohol. It is 

steam-volatile and can be sublimed. It is not optically 

active. Euparin is slightly soluble in 8# aqueous
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sodium hydroxide to which it imparts a yellowish colour.

Euparin Oxime.

Euparin (1 g.) was dissolved in absolute alcohol 

(50 o.c.). Hydroxylamine hydrochloride (0.5 g.) and

sodium acetate (1 g.) dissolved in the least possible 

amount of water were added. After refluxing on the 

water bath for 4 hours, most of the alcohol was removed 

in vacuum, and cold water (50 c.o.) was added to the 

residue. The colourless solid obtained after filtra» 

tion crystallised from dilute alcohol in colourless 

prisms. It had a melting point of 147-148°C. and was 

soluble in benzene.

Found: H. 6.18$

C13H13O3H requires: H. 6.07$

e • • *  • • • • •

Euparin semioarbazone.

Euparin (0.5 g.) was dissolved in alcohol (50 

o.c.). Semicarbazlde hydrochloride (0.3 g.) and sodium 

acetate (0.5 g.} dissolved in the least possible amount 

of water were added. The mixture was allowed to stand 

for 3 day8, sufficient alcohol being added to maintain 

a clear solution at first. Yellowish crystals together 

with some inorganic salts were filtered and washed with 

water. Crystallization from a large volume of ethyl
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acetate yielded yellow prisms of euparin semioarbazone. 

It had a melting point of 255°C.

Pound: H. 15.38$

O14H15O3H3 requires: H. 15.385a

Euparin 2:4-dlnitrophenylhydrazone.

Euparin (0.5 g.) was dissolved in hot absolute 

alcohol (10 0.0.). 2:4-Dinitrophenylhydrazine (0.5 g.)

was dissolved in hot absolute alcohol to which a few 

drops of concentrated hydrochloric acid were added.

The two solutions were mixed and boiled on the water 

bath for a few minutes, and allowed to stand. The 

brown crystalline solid was collected and crystallised 

from a large volume of ethyl acetate in dark brown 

prisms. It had a melting point of 252°C. Yield 0.8 g.

Found: 8 . 14.18$

019^10,0^4: requires: H. 14.14$

Methylation of euparin.

Euparin (0.5 g.), methyl iodide (0.5 g . ), anhy

drous potassium carbonate (2 g . ) and acetone (20 o.c.) 

were refluxed on the water bath for 6 hours. The 

mixture was filtered hot and the solvent removed from 

the filtrate. The residue, which consisted of a little
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acetone, was poured into cold water (100 c.o.). After

standing for some time, the colourless solid (0.5 g.}
o

was collected, m.p. 74-75 0. Crystallization from

dilute alcohol yielded colourless prisms of methoxy-

euparin. It had a melting point of 76-77°C.

Euparin methyl ether is soluble in most organic

solvents. It has a negative ferric reaction with

alcoholic ferric chloride.

Pound: C. 73.26$, H. 5.98$, 0CH3> 12.8$

G1 3H11O2 fOCH3 ) requires:
0. 73.04$, H. 6.09$, 0CH3 . 13.48$

• * * ••• • * •

Acetylation of euparin.

Euparin (0.2 g.), anhydrous pyridine (5 g.) and 

aoetic anhydride (10 g.) were shaken together and 

allowed to stand at room temperature for three days.

The mixture was poured into water (100 0.0 .) and allowed 

to stand overnight. A colourless solid (0.19 g . ) which 

had a melting point of 79°C. was obtained. It was 

crystallised from petrol ether (80-100°) in colourless 

prisms. It had a constant melting point of 80°C.

Euparin acetate is soluble in alcohol, acetone 

and ether, but is sparingly soluble in petrol ether.

It gives a negative ferric reaction in alcoholic ferric 

chloride.
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Found: C. 69.64$, H. 5.46$ 

CigHnOgfOAo) requires: 0. 69.77$, H. 5.43$

• • * • • • • « •

Action of sodium hydroxide on euparin.

A mixture of euparin (1 g.) and 10$ aqueous 

soditim hydroxide (100 o.o.) was heated to boiling for 

four hours. Euparin was not dissolved and the aqueous 

solution was slightly yellow. Filtration of the pro

duct gave unchanged euparin. A small amount of euparin 

was also obtained by acidifying the filtrate.

The same result was obtained when euparin was 

treated in the same way with 20$ and 30$ aqueous sod

ium hydroxide.

With 10$, 20$ or 30$ alcoholic sodium hydroxide 

at its boiling point, the same result was obtained and 

euparin was recovered after removal of alcohol under 

reduced pressure.

• • •  • • * • • •

Quantitative hydrogenation of euparin.

Euparin (1 g.), ethyl acetate (100 o.o.) and 

catalytic palladium charcoal (2 g. charcoal and 0 .2 g. 

palladium chloride) were shaken in hydrogen at ordinary 

temperature (19°C.). 136 c.o. of hydrogen were rapidly

absorbed after five minutes and a further volume of
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145 c.c. was absorbed after three hours* shaking. The 

total volume of 281 c.o. at 19°0. and 758.8 ram. pressure 

or 252.2 c.o. at B.T.P. was therefore taken. Absorp

tion by blank experiment was 52 c.c. at JS.T.P. The 

total absorption by euparin was therefore 2 10 .2 o.c. 

Theoretical absorption by two double bonds on the basis 

of the formula O1 3H12O3 is 200 c.c.

The product was filtered from charcoal and the 

solvent was removed from the filtrate under reduced 

pressure. The colourless solid (1 g.) which was left 

behind was crystallised from petrol ether (80-100°) in 

rhombic prisms, m.p. 71°C. It is very soluble in 

alcohol, ethyl acetate, ether and acetone. It shows 

a brownish red colour with ferric chloride in alcoholic 

solution. It forms a 2:4-dinitrophenylhydrazone. It 

is more soluble in 2B sodium hydroxide than euparin. 

Tetrahydro-euparin is insoluble in sodium bicarbonate 

solution.

Pound: C. 71.16$, fl. 7.40#

°13Ji1603 requires: C. 70.91#, H. 7.27#

Molecular weight found: 220.8, 226.5 

c13fi16°3 requires molecular weight: 220-

Tetrahydro-euparin is not optically active.
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Methylatlon of tetrahydro-enparin.

A mixture of tetrahydro-euparin (1 g.), anhydrous 

potassium carbonate (5 g . ), acetone (30 c.o.) and methyl 

iodide (1 g.) was refluxed on the water bath for 6 hours. 

The produot showed a negative reaction with ferric chlor

ide in alcoholic solution. It was filtered and most 

of the acetone was removed from the filtrate. The 

residue was poured into water (200 c.c.). After stand

ing for 30 minutes, the crystalline solid (0.9 g . ) was 

collected. It had a melting point of 55-57°C. Crys

tallisation from petrol ether (80-100°/ yielded colour

less plates of methoxytetrahydro-euparin. It had a 

melting point of 57°0.

It is soluble in most organic solvents, especially 

in aloohol, ethyl acetate, acetone and ether.

Found: C. 72.05$, H. 7.69$, OCH3 . 13.4$

Cl3Hl502(0CH3 ) requires:
C. 71.79$, H. 7.69$, OCH3 . 13.25$

Acetylation of tetrahydro-euparin.

A mixture of tetrahydro-euparin (0.3 g.), anhy

drous pyridine (1 g.) and freshly distilled acetic 

anhydride (2 g.} was allowed to stand at room tempera

ture for 3 days. The mixture was poured into cold 

water (100 o.c.). After standing overnight, it was
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filtered. The colourless solid was collected, and had 

a melting point of 92-94°0. Crystallisation from petrol 

ether yielded odourless needles of tetrahydro-euparin 

acetate (0-31 g.)t ra.p. 96-97°C.

Tetrahydro-euparin acetate is soluble in aloohol, 

ether and acetone. It shows a negative ferric reaction 

with ferric chloride in alcoholic solution.

Found: 0. 68.77$, H. 6.88$

C15H18O4 requires: C. 68.70$, H. 6.87$

• • • «

Tetrahydro-euparin 2:4-dinltrophenylhydrazone.

Tetrahydro-euparin (0.5 g.) was dissolved in hot 

absolute alcohol. 2:4-dinitrophenylhydrazine (0.5 g.} 

was dissolved in hot absolute alcohol to which a few 

drops of concentrated hydrochloric acid were added.

The two solutions were mixed and heated on the water 

bath for a few minutes. Scarlet crystals immediately 

separated. These were filtered and crystallised from 

benzene as scarlet prisms (0.5 g.)f m.p. 240-241°C.

They were sparingly soluble in aloohol and ethyl acetate.

Found: H. 13.91$

CigHgo^dOe requires: H. 14.00$
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Tetraliydro-euparin oxime.

Tetrahydro-euparin (1 g.) was dissolved in 

absolute alcohol (50 c.c.}. Hydro:xylaraine hydrochlor

ide (0.5 g.) and sodium acetate (1 g.) dissolved in the 

least possible amount of water were added. After 

refluxing on the water bath for four hours, most of the 

alcohol was removed under reduced pressure, and water 

(50 c.c.) was added to the residue. The colourless 

solid was collected. Crystallisation from petrol 

ether yielded colourless needles (0.9 g . ), which had 

a melting point of 133°C.

Tetrahydro-euparin oxime iB soluble in alcohol, 

somewhat less soluble in benzene.

Found: H. 5.88$

C13H1 7KO3 requires: N. 5.96$

• a m • • ♦  • *  •

hydrogenation of the monoroethyl ether of euparin.

Methoxyeuparin (0.5 g . ), ethyl acetate (50 o.c.) 

and catalytic palladium oharcoal (2 g. charcoal and 

0 .2 g. palladium chloride) were shaken with hydrogen at 

ordinary temperature. After two hours’ shaking, a 

total volume of 104 o.c. of hydrogen was absorbed. 

Theoretical absorption by methoxyeuparin, C14H14O 3 , is 

96.5 o.c. The product was filtered from charcoal and 

the solvent removed from the filtrate under reduced
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preBsure. The colourless residue was extracted with 

ether and the ether extract (a ) was washed several 

times with dilute sodium hydroxide. The combined 

alkali extracts were made acid with dilute hydroohlorio 

acid and extracted with ether. The ether extract was 

dried over sodium sulphate. After removal of ether, 

no residue was obtained.

The ether extract (a ) was dried over sodium sul

phate and evaporated. A colourless oily residue was 

obtained which solidified on standing. It crystallised 

from petrol ether in colourless plates, m.p. 57°C. It

is identical in every respect with raethoxytetrahydro- 

euparin (vide supra). The mixed melting point of both 

samples was 57 °0.

• • • e w e  * e •

Oxidation of methoxyeuparin by potassium permanganate.

Uethoxyeuparin (1 g.) and acetone (30 o.c.)

(which was distilled over potassium permanganate) were 

placed in a large flask fitted with a mechanical stirrer. 

4$ aqueous potassium permanganate was added gradually; 

when after 4 hours a slight excess had been added, the 

solution was allowed to stand for one hour. The total 

volume of potassium permanganate required was 110 o.o., 

which is approximately equivalent to 10 atoms of oxygen. 

Dilute sulphuric acid (5 c.c.) was added and the solution
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The content was warmed on the water bath for 20 minutes. 

After cooling, it was extracted with ten volumes of 

ether. The ether extract was dried over sodium sul

phate . After removal of ether, a brownish solid 

f0.43 g . ) was obtained. This was dissolved in satur

ated sodium bicarbonate solution, and extracted three 

times with ether. The aqueous residue was made acid 

with dilute hydrochloric acid and extracted with ten 

volumes of ether. The ether extract was dried over 

sodium sulphate. After removal of ether, the brown 

solid was charcoaled in hot dilute alcohol. Brownish 

needles separated on cooling. The needles were subse

quently crystallised from a large volume of hot water. 

After five crystallisations the melting point rose from 

211° to 214-217° and finally to 215-217° with decom

position.

Poorer yield of the acid was obtained if more 

than one gram of the ether was used.

The aoid obtained forms colourless needles which 

are soluble in alcohol, slightly soluble in benzene and 

insoluble in petrol ether. It shows a reddish brown 

colour with ferric chloride in alooholio solution. It 

is optioally inactive. It is ketonic towards ordinary 

ketonic reagents.

was decolourised by passing sulphur dioxide into it.
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Found: C. 56.87$, H. 4.80$, OCH3 . 14.3$

0911704(00113) requires:
C. 57.14$, H. 4.76$, OCH3 . 14.76$

• • *  • • • • • •

fhe equivalent weight of the foregoing methoxy acid.

fhe accurately weighed acid (0 .1  g*) was dis

solved in absolute alcohol (15 c.o.) (which was left 

over caustic potash for three days and then distilled), 

fhe solution was titrated with aqueous sodium hydroxide 

(0*009668 H) (soda lime tube), the latter having been 

standardised with a solution of potassium hydrogen 

phthalate. Phenolphthalein (5 drops) was used as 

indicator. fhe volume required of sodium hydroxide 

was 51.10 c.c. A blank experiment required 0.40 c.e. 

fherefore the actual volume of sodium hydroxide required 

by the aoid was 47.70 c.c. Hence the equivalent weight 

of the acid was

____0.1 x 40 x 1000
47.70" x 0.009668 x 40

- 216.9

09H704(0CH3 ) requires 210 

On the basis of the formula 09)1704(0 0 1 3), the 

methoxy acid is monobasic.
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The foregoing methoxy acid (0*5 g. ) was suspended 

in absolute ether (20 c.c.). Suffioient diazomethane

was added with shaking. After allowing the mixture to 

stand overnight, the ether and the excess of diazo- 

methane were removed, and the oily residue which still 

showed a brownish red colour reaction with alcoholic 

ferric chloride but which was insoluble in sodium 

bicarbonate, could not be purified. It was refluxed 

with a mixture of acetone (20 c.c«), anhydrous potassium 

carbonate (1 g.) and methyl iodide (0.5 g . ) for 8 hourB. 

After this period the solution no longer showed any 

ferric reaction with alcoholic ferric chloride. Most 

of the acetone was removed and the residue was poured 

into hot water (50 c.c.). It was extracted with ether, 

and the ethereal extract waB washed several times with 

saturated sodium bicarbonate solution. The combined 

washings were made aoid with dilute hydrochloric acid, 

extracted with ether, and the ether extract dried over 

sodium sulphate. After removal of ether, colourless 

needles (0.4 g . ) were obtained. 3y the above proced

ure, the ester was completely hydrolysed to free acid. 

The aoid was crystallised from hot absolute alcohol in 

colourless needles, m.p* 233-234°C.

It is sparingly soluble in cold alcohol and

Methylation of the foregoing methoxy aoid.
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insoluble in petrol ether.

Found: C. 58.855', H. 5.45$, 0CH3 . 26.6$

GgHgOgf00113)2 requires:

C. 58.92$, H. 5.36$, OCH3 . 27.69$

The melting point of the aoid admixed with 2:4- 

dimethoxyresaoetophenone-d-oarboxylio aoid (m.p. 231-233 

Lindermann-Lindenbaum, her., 41, 1610) was 231-233°C. 

They are identical in eveiy way.

*  :*• -» •  »  •  »  • »

Decarboxylation of the foregoing monomethoxy aoid.

The aoid (0.5 g.), anhydrous quinoline (1 g . ) and 

oopper bronze (0 .1 g.) in a tube were heated in an oil 

bath at 200-220°G. A vigorous evolution of carbon 

dioxide too* place. »Vhen the acid was completely de- 

carboxylated, as shown by cessation of gas evolution 

(after 20 minutes), the tube was raised out of the bath 

and allowed to cool. It was filtered and the filtrate 

was acidified with hydrochloric acid and extracted many 

tines with ether. The combined ether extracts were 

dried over sodium sulphate. After removal of ether, 

a brownish viscous oil was obtained which solidified 

on standing. The solid was stirred with a little 

petrol ether and crystallised from water. Yield 0.2 g. 

It had a melting point of 135-137°C., and formed colour

less needles. The phenol does not show any colour
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reaetion with ferric chloride in alcoholic solution.

Its 2:4-dinitrophenylhydrazone crystallised from 

alcohol in dark brown prisms, m.p. 216-217°C.

Found: N. 16.08%

requires: H. 16.19^

The phenol shows no melting-point depression 

when mixed with the authentic specimen 2-methoxyres- 

aoetophenone (Hoesch, Ber., 48, 1126) or 2-methoxy- 

resacetophenone which was prepared by a new method 

(vide infra). The three specimens are identical in 

every way.

e • • • • • • • •

Déméthylation of the acid Cq H704(0CH3) which waB obtained 
by oxidation of the methyl ether of euparin with potassium
permanganate.

The acid (0.3 g . ) was heated for two minutes 

with hydriodic acid (3 g . ) (sp.gr. 1.9). The demethyl

ate d acid separated from the solution during heating.

After cooling, it was filtered, washed with a little 

hydriodic acid and finally with water. Reddish brown 

crystals (0.2 g.), m.p. 248-250°C., were obtained. The 

acid was dissolved in hot aqueous sodium bicarbonate 

with charcoaling and acidified with hydrochloric acid.

The solid was collected and crystallised from alcohol
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in prisms, m.p. 256°G. Mixed with 2:4-dihydroxy- 

resaoetophenone-5-carboxylie acid (Lindermann-1 indenbaum 

loo.cit.) it had a melting point of 255-256°0.

* * * m • • # * •

Ozonolyeia of methoxyeuparin.

Methoxyeuparin (1 g.) and absolute chloroform 

(50 c.c.) were ozonised for 1^ hours. After this 

period, chloroform was removed under reduced pressure 

at 40°fl. To the brownish residue in the flask, cold 

water (50 c.c.) was added and the mixture was allowed 

to stand overnight. The next morning, it was heated 

on the steam bath for 20 minutes. It was allowed to 

cool, when oolourless needles separated. The crystals 

were collected and recrystallised from hot water with 

charcoaling. It had a melting point of 117-118°0. 

Yield 0.35 g.

It is soluble in most organic solvents, and gave 

a brown colour with ferric chloride in alcoholic solu

tion.

round: 0. 61.71%, H. 5.49%, 0CH3 . 15.65$

c10h10°4 requires:
0. 61.85$, H. 5.15$, 0CH3. 15.98$

The main filtrate was distilled on the wire gauze 

keeping the volume of the content oonstant. The
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aistillate was collected in an excess of solution of 

2;4-dinitrophenylhydrazine hydrochloride in excess of 

2M dilute hydrochloric acid. The brown precipitate 

was crystallised from dilute alcohol in orange yellow 

needles, m.p. 161-162°. Mixed with an authentic 

specimen of formaldehyde 2:4-dinitrophenylhydrazone 

(m.p. 163-164°), the substance melted at 161-162°C.

Found: H. 26.88$

OyHgO^li^ requires: If. 26.67$

•  • •  *  •  *  *  *  *

Action of maleic anhydride on methoxyeuparin.

A mixture of methoxyeuparin (1 g . ), maleic anhy

dride (1 g.) and absolute benzene (50 c.c.) was refluxed 

on the water bath for 12 hours. Colourless crystals 

gradually separated from the hot solution. After 

cooling, it was filtered and the solid repeatedly crys

tallised from a large volume of absolute alcohol, 

field 0.8 g. It had a melting point of 212-213° with 

decomposition, and formed colourless plates insoluble 

in cold alcohol or petrol ether.

Found: C. 65.64$, H. 4.95$, 0CH3 . 9.08$

018^1606 requires:
C. 65.85$, H. 4.87$, 0CH3 . 9.45$

Using absolute toluene as condensing medium, an 

identical product was obtained.



-117

Using nitrobenzene as condensing medium at £10° 

for 1^ hours, brownish prisms, m.p. 296-298°C!., were 

obtained and were not further investigated.

*  *  *  •  • • • • •

Action of maleio anhydride on euparin.

a  mixture of euparin (0.5 g*), maleic anhydride 

(0.25 g.) and absolute benzene (25 c.c.) was refluxed 

on the water bath for 14 hours. The solid which separ

ated on cooling was collected and crystallised from 

absolute alcohol in colourless needles (0.5 g.). It 

had a melting point of £44-£45°0., and was insoluble in 

petrol ether.

Pound: C. 64.67$, E. 4.56$

C1 7H14O6 requires: 0. 64.97$, H. 4.46$

• •  *  • • •

Methoxytetrahyaro-euparin oxime.

A mixture of raethoxytetrahydro-euparin (1 g . ), 

absolute aloohol (25 0.0.) and an aqueous solution con

taining hydroxylamine hydrochloride (0.3 g.) and sodium 

acetate (1 g.) in the least possible amount of water, 

was refluxed on the water bath for 3 hours. After this 

period, sufficient water was added to dissolve the 

inorganic salt. The colourless solid was collected, 

dried, and crystallised from petrol ether (60-80°) in
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colourless prisms (0.8 g.}. It had a melting point 

of 139°C.

Found: C. 67.46$, H. 8.03$, ». 5.78$, 00% ,  12.50$

G14H19O 3R requires:
0. 67.47$, H. 7.63$, S. 5.61$, OCHg. 12.45$

Beckmann transformation.

The foregoing oxime (1.5 g.) was dissolved in 

absolute ether (100 0.0»)• The mixture was cooled in 

a mixture of ioe and salt to -5°C. Freshly distilled 

thionyl chloride (1 mole * 9 c.o.) in absolute ether 

(25 o.c.) at the same temperature was gradually added 

during ten minutes with shaking. The colourless prec

ipitate gradually turned red, and after standing for 15 

minutes (not longer if charring is to be avoided), the 

content was poured into a mixture of crushed ice and 

water (100 c.c.) with shaking. After allowing the 

ether to evaporate at room temperature by bubbling air 

through the solution, pale pink crystals of the amide 

separated. The solid was collected and crystallised 

from petrol ether with charcoaling as colourless leaf

lets. Yield 1 g. It had a melting point of 133-134°C. 

and was soluble in alcohol and acetic acid.

Found:: 0. 67.42$, H. 7.89$, ». 5.42$, OCHg. 12.18$
*

°14h19°3h requires:
C. 67.47$, H. 7.63$, ». 5.61$, OCHg. 12.45$
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Ho other crystalline product was obtained from 

the aqueous filtrate.

Hydrolysis of the amide.

The foregoing amide (0.6 g . ) and 20$ alcoholic 

caustic potash (10 o.c.) were refluxed on the water 

bath for four hours. The reaction mixture was poured 

into cold water (50 o.c.). Colourless needles separ

ated, m.p. 66-68°C. Yield 0.5 g.

The amine was purified by dissolving in dilute 

hydrochloric acid, and filtered from insoluble material. 

The filtrate was made just alkaline with dilute sodium 

hydroxide and the precipitated amine was filtered, and 

washed thoroughly with water. It was finally crys

tallised from dilute alcohol in colourless needles.

It had a melting point of 68-69°C.

The amine can be diazotised, and the diazo-com- 

pound readily coupled with 0-naphthol to give a bright 

scarlet dye. It does not give a oarbylamine reaction.

»  • • • • • • • *

Acetylation of the foregoing amine.

The foregoing amine (0.4 g . ) was aoetylated by 

adding gradually freshly distilled acetic anhydride 

(0.5 g.) with shaking. After allowing the mixture to
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stand for five minutes, the homogeneous solution was 

poured into hot eater (25 o.c.) containing a few drops 

of dilute hydrochloric acid. After the acetic anhy

dride was completely hydrolysed, the solid was filtered. 

Yield 0.4 g. It had a melting point of 131-133°C.

After three crystallisations from petrol ether (60-80°), 

the melting point rose to 133-134°C. and remained con

stant. It forms colourless leaflets, identical in 

every way with the starting amide. There was no 

depression in their mixed melting point.

Pound: C. 67.39$, H. 7.73$, H. 5.65$, OCH3 . 12.58$ 

C14H19O 3H requires:
0. 67.47$, H. 7.63$, B. 5.61$, OCH3 . 12.45$ 

* • • • • • • • »

Condensation of tetrahydroeuparln with ethyl acetate.

Tetrahydro-euparin (1 g . ) was dissolved in 

absolute ethyl acetate (2 0 .0.). Pinely-out sodium 

(0 .5  g.) was gradually added with shaking and cooling, 

ffhen the initial reaction was over, the mixture was 

refluxed on the water bath for four hourB. A little 

more sodium (0 .1  g.) and ethyl acetate (1 o.c.) was 

added and the mixture was refluxed for a total time of 

6 hours. After cooling, a little alcohol (0.5 c.o.) 

was added with shaking to dissolve free sodium, if any.
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A few pieces of crushed ice were added and the mixture 

acidified with acetic acid. It was allowed to stand 

overnight. The next morning, a yellowish solid (0.8 g.) 

was collected. It had a melting point of 98-104°C. 

fashing with a little ethyl acetate yielded colourless 

prisms, m.p. 104-108°C. Crystallisation from petrol 

ether (80-100°) yielded a diketone in colourless prisms, 

which melted at 109-110°C. It gave a dark brown colour 

with ferric chloride in alcoholic solution.

It is soluble in benzene, petrol ether and 

alcohol.

Pound: C. 68.92$, H. 6.79$

C15H18O4 requires: C. 68.70$, H. 6.87$

• • ♦ w » • • • *

Cyollsation of the foregoing dlketone.

The foregoing diketone (0.2 g.) was dissolved 

in boiling glacial acetic acid (5 c.o.). A few drops 

of concentrated hydrochloric acid were added and the 

mixture was heated to boiling on the wire gauze for 3 

minutes. After cooling, it was poured into cold water 

(30 c.o.) and allowed to stand. The colourless solid 

(0.18 g.) was collected, and had a melting point of 

114-118 C. Crystallisations from petrol ether (80-100 ) 

yielded colourless needles, m.p. 119-120°C.

It is soluble in benzene and alcohol, and gives
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a negative ferric reaction with ferric chloride in 

alcoholic solution. A trace of it in concentrated 

sulphuric acid gives a faint blue fluorescence.

Pound*. 0. 73.64$, H. 6.42# 

c15fl16°3 retires: 0. 73.77$, H. 6.56$

*  • * * • • * •

Alkali fusion of tetrahydro-euparin.

A mixture of tetrahydro-euparin (1 g.) in 

absolute alcohol (10 o.o.) and 50$ aqueous caustic 

potash (50 c.c.) was heated in a flask in an atmos

phere of nitrogen; the temperature of the oil bath 

was gradually raised and maintained at 100°C. Woon 
all alcohol was completely removed, the temperature 

was raised to 130°0. and maintained until most of the 

water was removed. The temperature was gradually 

raised to 200-210°0. and finally to 290°C. after four 

hours. After oooling, ice water (100 o.o.) was added, 

and the solution acidified with 50$ sulphuric acid 

(Congo red paper), and then neutralized with aqueous 

sodium bicarbonate. It was extracted with ether, the 

ether extract dried over sodium sulphate, and after the 

removed of ether, an oil was obtained. Distillation 

in high vacuum (0 .2 ram.) furnished a brownish viscous 

oil (0.35 g.) at 110-120°0. The oil gave a brownish

red colour with ferric chloride in alcoholic solution.
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Its p-nitrobenzoate orystallised from alcohol in col- 

ourlees prisms, m.p. 182-183°C. The yield of p- 

nitrobenzoate was not sufficient for further inves

tigation.

The sodium bicarbonate extract was made just 

acid with dilute sulphuric acid (Congo red paper), and 

extracted with ether. After drying the ether extract 

over sodium sulphate and subsequent evaporation of 

ether, a brown oil (0.32 g.) with a strong odour was 

obtained, which was soluble in sodium bicarbonate sol

ution. It was treated with a slight excess of ammonia 

and calcium chloride. The Insoluble material was 

removed by filtration. The filtrate waB made slightly 

acid with sulphuric acid and extracted with ether.

After drying the ether extract over sodium sulphate 

and its subsequent removal, the oily residue was heated

with freshly distilled phenylhydrasine (2 o.o.) in an
o

oil bath at 120-130 C. for two hours. The reaction 

product was distilled at 2 mm., collecting the dis

tillate at 110-130°C. Yield 0.18 g. The oily dis

tillate crystallised from a mixture of ether and petrol 

ether in colourless prisms, ra.p. 105-106°C., identical 

in every respect with the phenylhydrazide of isovaleric 

acid prepared by the same method.

When the fusion was carried out at 200-210°C.,
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It is proposed, at the time of writing this 

Thesis, to repeat the fusion when more tetrahydro- 

euparin is available at a later date.

Oxidation of euparin by hydrogen peroxide.

Euparin (1 g.) was dissolved in acetic acid 

(75 o.c.) and oxidised with hydrogen peroxide (8$)

(45 c.c.) at room temperature for 15 hours. The sol

vent was removed under reduced pressure at 80°C.; the 

brown residue was taken up in water (50 o.c.) and made 

alkaline with ammonia. Calcium chloride solution was 

added, the insoluble matter was removed by filtration 

and the filtrate was acidified with dilute hydrochloric 

acid and extracted with ether. The oily extract 

(0.15 g . ) could not be induced to crystallise or to 

sublime. It was methylated with an excess of diazo

methane in absolute ether and distilled at 1 mm. press

ure. The distillate at 120-130°C. was a colourless 

mobile liquid which was not further investigated.

unchanged tetrahydro-euparin was recovered.

*** ***
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Synthesis of Tetrahydro-euparln ( 6-hyaro3y-5-aoetyl-2-lBo- 
propyldihydrobenzofurane) (XVII) and 6-hydroxy-7-aoetyl- 
2-isopropyiaiJayarobenzofurane (XIX).

(X IX )

H3

h 3
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The synthesis of 6-hydroxy-5-acetyl-£~isopropy1- 

dihydrobenzofurane for purposes of comparison with 

tetrahydro-euparin involved, in the first instance, the 

application of a method for the synthesis of 6-hydroxy- 

2-i80propylcoumaranone (7). The standard method des

cribed by Stephen and co-workers (J.C.S., 1931, 896) 

in its simplest form is represented thus: Interaction 

of sodium salt of resorcinolmonomethyl ether and ethyl 

a-bromoisovalerate gives rise to the ester (1). After 

hydrolysis of this ester, the acid (II) is converted 

into the chloride (III), which on cyclisation with 

aluminium chloride and benzene gives 6-methoxy-2-iso- 

propylcoumaranone (IV).

(I) (II)

(17)

(7)

(III)
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Robertson and Bridge (J.C.S., 1937, 1530-1535) 

showed that ó-methoxy-2-ÌGOpropylcoumaranone (IT) could 

be accessible by the application of a less tedious 

method of Ariraa and Okamoto (J.Chem.Soo.Japan, 1926, 50, 

344). This method involves the oyolisation of resor

cinol and a-broraoisovaleryl chloride with aluminium 

chloride in nitrobenzene. According to them, attempts 

to reduce the ooumaranone (7) with the aid of amalgam

ated zinc by the method of Cletsroensen gave rise to an 

amorphous product, whilst catalytic reduction of the 

diaoetyl derivative (3:6-diaeetoxy-2-isopropylbenzo- 

furane) according to the procedure of Roll and Adams 

(J.Amer.Chem.Soo., 1931, 53, 3469) yielded a product 

which, after hydrolysis, was resolved into the ooumar

anone (V) and a pleasant smelling oil, insoluble in 

aqueous sodium hydroxide. Similar behaviour was ob

served by Sonn (Ber., 58, 98) who attempted to reduce 

3 :6-diacetoxy-fl-benzofur&ne (VI) with platinum black 

in alcohol.

(VI) (VII) (Till)
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.according to Späth (Ber.f 59, 769}, reduction 

of 6:7-dihydroxy coumaranone (VII) with the aid of 

catalytic palladium-charcoal in acetic acid at 40-45°C., 

gave rise to 6:7-dihydroxy-dihydrobenzofurane (VIII), 

and much of an amorphous product which was not inves

tigated. The yield of 6:7-dihydroxy-dihydrobenzo- 

furane was not mentioned.

A general method of Sonn (Ber., 58, 96) for con

verting a coumaranone into a benaofurane now appeared 

to be available, and can be represented thus: Reduction 

of 6-hydroxy coumaranone oxime (IX) with sodium amalgam 

in a mixture of absolute alcohol and acetic acid fur

nished 6-hydroxy-dihydrobenzofurane-2-aminoacetate (X), 

which loses one molecule of ammonia on heating, giving 

riBe to 6-hydroxybenzofurane (XI). The yield was not 

mentioned.

The conversion of a coumaranone into a benzofurane 

by the application of Sonn* s method (loc.oit.) is of 

great importance in the elucidation of many organic 

compounds by synthetic methods. As an example, Sp&th
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(Ber., 69, 1087), in the synthesis of furano-coumarin 

for comparison with the natural psoralene, wae able, 

by the applioation of the Sonn reduction, to obtain 

6-hydroxybenzofurane as a starting material, which was 

finally converted to furano-couxaarin, identical with 

psoralene according to the following scheme:-

On the foregoing considerations, it was thought 

that the application of the Sonn reduction to 6-hydroxy- 

2-isopropylcoumaranone (V) would, in an analogous manner, 

give rise to 6-hydroxy-2-Ieopropylbenzofurane (XV) (vide 

infra). which furnishes 6-hydroxy-2-isopropyldihydro- 

benzofurane (XVI) on reduction with the aid of catalytic 

palladium-charcoal (cf. Späth, loc.cit.).

6-Hydroxy-2-i sopropyl-3-coumarone (XII) (of.

Arina and Okamoto, J.Chera.Soa.Japan, 1926, 50, 344, who

¡H2
!H2

H

H
Psoralene.
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used o.-broraoi30vaierylbroiBide ) was prepared by Inter- 

action of resorcinol, ct-broraolsovalerylchloride and 

aluminium chloride in nitrobenzene.

Oximation of the foregoing compound with hydroxyl- 

amine hydrochloride and sodium acetate in boiling alcohol 

gave rise to 6-hydroxy-2-isopropyl-3-coumaranone oxime 

(XIII) which crystallised from dilute alcohol in colour

less needles, ra.p. 165-166°C.

Reduction of the foregoing oxime with sodium 

amalgam in a mixture of absolute alcohol and acetic 

acid (of. Sonn, Ber., 58, 96; Spath, ibid., 69, 1087) 

at 0°C. and evaporation of the solvent under reduced 

pressure gave rise to a brown residue. The latter was 

neutralised with sodium bicarbonate and extracted with 

ether. Removal of ether furnished a brown resinous 

semi-solid which could not be induced to crystallise. 

Extraction of the residue with hot petrol ether left a 

brown amorphous solid which yielded a small amount of 

6-hydroxy-2-isopropylcouxaarone (XV) on sublimation.

»/hen the petrol ether extract was diluted with ether 

and the solvent mixture washed with 4$ aqueous sodium 

hydroxide, aoi&lfioation of the aqueous residue with 

aoetio acid furnished a brownish solid which could not 

be induced to crystallise. Sublimation of this solid 

at 110—120°C•/2  mm. yielded colourless prisms of 6-
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hydroxy-2-is opropylooumarone which crystallised from

petrol ether, m.p. 75-76°C. The yield was about 10$,

and poorer yield was obtained if the reduction was
o

carried out at 40-50 <3. A trace of it in alcohol is 

devoid of a ferric reaction, while a concentrated sol

ution of the substance shows a greenish colour with 

ferric chloride. A trace of it in concentrated sul

phuric acid gave a yellowish colour which changed into 

reddish on warming.

Reduction of the foregoing compound with hydrogen 

in the presence of catalytic palladium gave rise to 6- 

hydroxy-2-isopropyldihydrobenzofurane (XVI) which orye- 

talliced from petrol ether in colourless prisms, m.p* 

79-80°C. The absorption of hydrogen was compatible 

with the presence of one double bond in the 6-hydroxy- 

2-isopropylcoumarone (XV).

Acetylation of the foregoing compound with acetic 

anhydride and pyridine gave rise to 6~acetoxy-2-iso- 

propyldihydrobenaofurane (XVIII), which formed colour

less elongated prisms, m.p. 47-48°C. It was insoluble 

in dilute aqueous alkali and was devoid of a ferric 

reaction. This compoimd underwent a Fries reaction 

(cf. Rosamund and Schnurr, Ann., 460, 56), yielding 6- 

hydroxy-7-acetyl-2-isopropyldihydrobenzofurane (XIX ) 

which crystallised from petrol ether in fine colourless
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needles, m.p. 115-116 0. It gave a reddish, brown 

colour with alcoholic ferric chloride. Its 2:4-dinitro- 

phenylhydrazone crystallised from alcohol in dark orange 

needles, m.p. 295-297°C.

The Hoesoh reaotion on the 6-hydrozy-2-isopropyl- 

dihydro benzofurane (XVI) in the presence of acetonitrile 

was studied. It gave rise exclusively to 6-hydroxy-5- 

aoetyl-2-isopropyldibydrobenzofurane (XVII) which crys

tallised from petrol ether in colourless rhombic prisma, 

m.p. 70-71°0. It gave a brownish red oolour with alco

holic ferric chloride and was slightly soluble in dilute 

aqueous sodium hydroxide. It is identical in every 

respect with tetrahydro-euparin (m.p. 70-71°C.}. Their 

mixed melting point was undepressed.

It gave a 2:4-dinitrophenylhydrazone which crys

tallised from benzene in scarlet prisms, m.p. 240-241°C.

This is identical in every respect with tetrahydro-
o

euparin 2:4-dinitrophenylhydrazone, m.p. 240-241 C.

Their mixed melting point was undepressed.

It has been stated that 6-acetoxy-2-isopropyldihydro 

benzofurane (XVIII) undergoes a Pries reaotion. The

ketone so produced shows a ferric reaotion.

It has been shown by Rosamund and Schnurr (Ann.,

1927, 460, 56) that when aluminium chloride is added to 

a solution of a phenolic ester in anhydrous nitrobenzene.
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ketones formed are entirely dependent on the tempera

ture at which the reaction was performed. Under

normal conditions (20-30°3.) almost exclusive formation 

of p-hydroxyketone resulted, whilst at higher tempera

ture {100°C.) the reverse effect obtained with almost 

exclusive formation of the o-hydroxyketone.

the proportions of the corresponding o- and p-hydroxy

In the application of this reaction to 6-acetoxy-2-iso- 

propyldihydrobenzofurane (XVIII) for the synthesis of 

the ortho-hydroxyketone, it was considered that, since 

the p-position in 6-aeetoxy-2-isopropyldihydrobenzo- 

furane (XVIII) already forms a part of the dihydrofurane 

ring system, under the normal temperature conditions 

favourable to p-hydroxy substitution, o-hydroxy-substit- 

ution would result. In 6-aoetoxy-2-isopropyldihydro- 

benzofurane (XVIII), tnere are only two ortho-positions, 

namely, positions 5- and 7-, into which the acetyl group
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oan wander, forming 6-hydroxy-b-aeetyl-2-i8opropyl- 

dihydrobenzofurane ( XX ) or 6-hydroxy-7-acetyl-2-i8o- 

propyldihydrobenzofurane (XXI) respectively.

Since only one ketone is isolated from the fries reac

tion of 6-acetoxy-2-isopropyldihydrobenzofurane (XVIII), 

a choice of one of these two fnrtsulae of the ketone 

has to be made.

The fact that the ketone in question is not 

identical with tetrahydro-euparin, whose expected for

mula would be 6-hydroxy-5-acetyl-2-isopropyldihydro- 

benzofurane (XX), leads at once to the choice of the 

alternative formula 6-hydroxy-7-acetyl-2-iBopropyl- 

dihydrobenzofurane (XXI}. Further evidence in support 

of the formula (XXI) for the ketone in question is to 

be found in the analogy of the application of the Fries 

reaction to the acetate, benzoate or isovalerate of

7-hydroxy-4-methylooumarin which gives the isomeric 

7-hydrozy-8-acetyl-4-methylooumarin, 7-hydroxy-8-benzoyl- 

4-aethylooumarin and 7-hydroay-8-isovaleryl-4-methyl-

(XX) (XXI)
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couaarin respectively (cf* limaye, lier., 1934, 67, 12;

Robertson <md uubratoaniatü, J.C.S., 1937, £78).

It has also boon stated in the experimental 

seotion that the application of the Hoesch reaotion to

6- hydroxy-2-isopropyldihydrobenzofurane (XVI), using 

acetonitrile, gives rise to a ketone which is identical 

in every way with the natural tetrahydro-euparin* Con

siderations of the practical evidence lead to the pre

diction of the structure 6-hydroxy-5-aootyl-£-isopropyl- 

dihydrobenzofurane (XVII) for tetrahydro-euparin.

Robertson, Bell and Bridge (J.C.S., 1937, 1542) 

showed that the application of the Gattermann reaotion 

to 7-hydroxy-2:2-dimethylohroman (XXII) gave rise to

7- hydrozy-6-formyl-2:2-dimethylohroman (XXIIB. the 6-
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position being active to the reaction,

(XVI)

- ”yyV<h 3

h 3

(XVII)

Sinoe Gattermann and Boesoh reactions are funda

mentally similar in character concerning the active 

positions of a given phenol, and since 6-hydroxy-2-iso- 

propyldihydrobenzofurane (XVI) is analogous to 7-hydroxy- 

2:2-dimethylchroman (XXII), both containing an oxygen 

ring system, it is reasonable to predict that, in an 

analogous manner, the application of the Hoesoh reaction 

to 6-hydroxy-£-isopropyldihydrobenzofurane (XVI) leads 

to the acetyl substitution in the 5-position, forming 

6-hydroxy-5-acetyl-2-isopropyldihydrobenzofurane (XVII). 

That only the latter is identical in every way with 

tetrahydro-euparin in agreement with their predicted
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conetitution, is in itself a d e a r  proof that one of 

the isomeric ketones is 6-hydroxy-7-acetyl-2-isopropyl- 

dihydrobensofurane (XIX), and the other is 6-hydroxy-

5-aeetyl-2-i3Qpropyldihydrobenzofurane (XVII).

Aho^ ° H3

In conclusion, the constitution of tetrahydro- 

euparin is 6-hydroxy-5-acetyl-2-isopropyldihydrobenzo- 

furane (XVII). Consequently it is extremely probable 

that euparin has the configuration (XXIV), being 6- 

hydroay-S-acetyl-E-isopropylenebenzofurane.

H3C.g (XXIV)
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SZPERIttEHTAL

6-Hyaroxy-2-ieopropyl-3-couroaranone.

(Of. Arina, and Okaraoto, J.Chem.Soc.Japan, 1929, 50, 

344, who used a-bromoisovalerylbroraide)

a-Broraoisov&lerylchloride (30 g.) was slowly-

added to a cooled solution of resorcinol (20 g.) and

aluminium chloride (26 g.) in nitrobenzene (335 c.c.),

and the mixture was kept for four days; more aluminium

chloride (10 g.) was added after two days. The reac-
o

tion mixture was very slowly heated to 60 0., maintained 

at this temperature for one hour, cooled and treated 

with excess of crushed ice and hydrochloric acid. The 

mixture was extracted many times with ether, the com

bined extracts evaporated and the nitrobenzene removed 

by steam. The residual aqueous liquor deposited 

eotunaranone as colourless prisms on keeping. The dark 

oil was dissolved in a large volume of ether, and the 

ether extract was washed several times with 4$ aqueous 

sodium hydroxide. The combined alkaline extraot m s  

made acid with acetio aoid and allowed to stand. Dark
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prisms of coumarauone (8.4 g . ), which after one crys

tallisation from benzene waB colourless, were obtained. 

Recrystallisations from dilute alcohol with oharooaling 

yielded colourless prisms of d-hydroxy-E-isopropyl-3- 

coumaranone (4.1 g . }. It had a melting point of 180°C. 

It does not give any ferric reaction with ferric chlor

ide in alcoholic solution. Five lots of thie experi

ment were carried out.

G-Hydro^-2-isopropyl-g-ooumaranone oxir.e.

The foregoing 6-hydroxy-2-isopropyl-3-coumaranone 

(20 g.) was dissolved in absolute alcohol (200 c.c.). 

Uydroxylamine hydrochloride (9 g.] and sodium acetate 

(10 g.) dissolved in the least possible amount of water 

were added. The mixture was refluxed on the water bath 

for four hours. Most of the alcohol was removed under 

reduced pressure. Water (300 c.c.) was added to the 

residue. The oxime was filtered and crystallised from 

dilute alcohol in colourless needles, m.p. 165-166°C. 

Yield 19.5 g. It is insoluble in petrol ether.

Found: B. 6.89$

®1 1®13®03 requires: H. 6.76$

* * *
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6-Hydrojiy~2-iBopropylcouroarone.

The foregoing oxime (13 g.) dissolved in a mix

ture of absolute alcohol (150 o.c.) and glacial acetic 

acid (60 c.o.) was cooled to 0°C. 2 ^  sodium amalgam

(650 g.) was gradually added with vigorous stirring 

during the course of 3 hours. After another hour, 

the solution was made definitely acid by further addi

tion of glacial acetic acid. The solution was filtered 

from mercury and most of the alcohol was removed from 

the filtrate. The residue was neutralised with solid 

sodium bicarbonate and extracted with ether. The ether 

extract was dried over calcium chloride and the ether 

removed. A brown resinous residue which could not be 

orystallised was obtained. It was extracted many 

times with petrol ether (80-100°) at its boiling point. 

The volume of the combined extracts (500 c.c.) was 

reduced to about 100 c.c. After cooling a brown semi

solid separated. It was collected, dried and sublimed 

in high vacuum (2 mm.) at 110-120°0. as colourless 

prisms of 6-hydroxy-2-ieopropylcoumarone (0 .2 g.), m.p. 

73-75°C. The mother liquor was diluted with ether.
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and the ether-petrol ether extract was shaken several 

times with 4$ aqueous sodium hydroxide. The alkali 

extract was made acid with glacial acetic acid and 

allowed to stand overnight. The next morning, the 

brownish solid was collected, thoroughly washed with 

water and dried. An attempt to crystallise it at this 

stage would involve a great loss of the material, 

because the substance tends to precipitate in an oily 

state. It was therefore sublimed at ll0-120°C*/2 mm. 

in colourless prisms of 6-hydroxy-2-isopropylcoumarone 

(1 .6  g.) which readily crystallised from petrol ether 

(60-80°). It had a melting point of 76-76°C. »1th

concentrated sulphuric acid, the solution was slightly 

yellow and turned reddish on warming. A trace of it 

gave a negative ferric reaction in alcoholic ferric 

chloride. Its fairly concentrated solution in alcohol 

showed a greenish colour with ferric chloride.

. Found: 0. 75.28$, H. 7.16$

g 11111202 requires: C. 75.00$, H. 6.81$

A poorer yield was obtained if the reduction was carried 

Gut at 40-50°0.

* * * * * * * * *



-142-

6-Hydroxy-2-isopropyldihydrobenzofurane.

6-Hydro:xy-2-isopropylcoumarone (1 g.), ethyl 

acetate (100 c.c.) and oatalytio palladiura-charcoal 

(2 g. oharcoal and 0 .2 g. palladium chloride) were 

shaken in hydrogen at ordinary temperature (16°C.). 

hydrogen (50 c.o.) was absorbed after a few minutes 

and a total volume of 141 c.o. was absorbed after 1^ 

hours. (One double bond for GnHigOg requires 136 

o.o.) After filtering off the charcoal, the solvent 

was removed under reduced pressure. The colourless 

residue which solidified after scratching readily 

crystallised from petrol ether (60-80°) in colourless 

prisms« ra.p. 79-80w0. Yield after crystallisation 

0.6 g. Mixed with the parent 6-hydroxy-2-isopropyl- 

coumarone. it had a melting point of 56-61uG.

It is soluble in ethyl alcohol, methyl alcohol 

and benzene.

Pound: C. 73.95$, H. 7.69$

C11H14°2 T a q u ire a t C. 74.14$, H. 7.86$

* * * * * * * * *
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6- ii.cetoxy-2-isoprqpylAihydrobenzofurane.

S-bydroxy-S-isopropyldihydrobenzofurane (0.9 g.), 

absolute pyridine (5 c.c.} and acetic anhydride (8 g.) 

were heated on the water bath for one hour. The mix

ture was poured into cold water (75 o.e.) and allowed 

to stand overnight; colourless elongated prisms, m.p. 

47-40°3., were obtained.

tries reaction on the foregoing acetate.

The foregoing acetate (dried over phosphorus 

pentoxide) (0.9 g.)t nitrobenzene (10 c.o.) and alum

inium chloride (1.4 g.) were allowed to stand for 24 

hours at ordinary temperature. The next morning, the 

mixture was poured into crushed ice containing excess 

of hydrochloric acid, and extracted many tires with 

ether. The ether-nitrobensene mixture was removed 

by steam; when the volume was reduced to approximately 

100 o.o., it was extracted with 5$ aqueous sodium 

hydroxide. On acidifying the alkali exti’act with 

acetic acid, fine colourless needles of the 6-hydroxy-

7- acetyl-2-isopropyldihydrobenzofurane (0.3 g.) were 

obtained. A further amount (0.1 g.) was also obtained 

in the volatile distillate, after nitrobenzene was 

removed by steam. It crystallised from petrol ether

6-Hydroxy-7-acetyl-2-iBQpropylAihydrobenzofurane.
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Its 2:4-dinitrophenylhydrazone crystallised 

from a large volume of alcohol in dark orange needles, 

m.p. 295-297°^.

Found; ft. 14.30$

c19h 20^406 requires; ft. 14.00$

*** *** ♦**

6-Hydroxy-5-ace tyl-2-lsoprop,/ldihy&robensofurane.

A stream of dry hydrogen chloride was passed 

into a mixture of 6-hydroxy-2-isopropyldihydrobenzo- 

furane (1 g.) in absolute ether (50 o.c.), zinc chlor

ide (2 g.) and freshly distilled aoetonitrile, which 

was cooled in ice. Jhen it was saturated, the mix

ture was allowed to stand for three days at ordinary 

temperature. A brownish oil separated and formed 

the lower layer in the flask. Absolute ether (200

c.c.) was added with shaking. .»'hen the solution had

settled, ether was decanted off and the oily residue 

was heated with water (50 c.o.) on the water bath for 

twenty minutes. In this way an at first clear solu

tion gradually turned turbid with separation of a 

colourless oil which solidified on cooling. The solid 

was collected and crystallised from petrol ether (60-80°)

i n  o d o u r l e s s  n e e d le s , m .p . 1 1 5-11 6 C . I t  g a v e  a

r e d d is h  brown c o lo u r  w ith  a l c o h o l i c  f e r r i c  c h l o r i d e .
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in rhombic prisms, ra.p. 70-71°C. Yield 0*9 g. Mixed 

with tetrahydro-euparin, m.p. 70-71°C. the melting 

point was undepressed* It gives a brownish red colour 

with ferric chloride in alooholic solution and is 

slightly soluble in aqueous sodium hydroxide. It is 

soluble in most organic solvents.

Found: C. 70.99$, H. 7.25$ 

c13fil6°3 requires: 0. 70.91$, H. 7.27$

Its 2:4~dinitrophenylhydrasone crystallised from 

bansene in bright scarlet prisms, rn.p. 240-241°C. This 

is identical in every respect with tetratiydro-euparin 

2:4-dinitrophenylhydrazone. There was no depression 

in their mixed molting point.

Found: S. 14.25$

CigH201J406 requires: H. 14.00$

oOo
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A HEW SYNTHESIS OP 2-METHOXY-RESACETOPHENONE
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A HEW SYHTHESIS OP 2-METHOXY-RES ACETOPHEMOHE

2-Hydroxy-4-benzyloxyacetophenone, m.p. 106°0., 

was prepared by the method of Gulati, Seth and 

Yenkataraman (J.O.S., 1934, 1765, m.p. 111UC.); (Centr., 

1932, 2, 2485, m.p. 105-106°C.); (Robertson and Bridge, 

J.C.S., 1937, 1535, m.p. 105°C.).

When the foregoing compound was methylated with 

methyl iodide by the potassium carbonate-acetone method, 

2-methozy-4-benzylozyacetophenone was obtained, which 

crystallised from aloohol in colourless prisms, m.p. 

69°C., devoid of any ferric reaction. Debenzylation 

of the foregoing compound with acetic acid and concen

trated hydrochloric acid (cf. Sugasawa, J.C.S., 1933, 

1621; Mahal, Rai and Venkataraman, Ibid.. 1934, 1121) 

furnished 4-hydroxy-2-methoxyacetophenone which crys

tallised from hot water in colourless needleB, m.p. 

136-137°C. It is identical in every respect with 2- 

methozyresaoetophenone (Hoesch, Ber., 48, 1128). The
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method had the advantage over that of Hoesch in the 

fact that it was simpler and a good yield of 2-methoagr- 

resaoetophenone was obtained.

*** *** ***

2-Hydroxy-4-benzyloxyaoetophenone was prepared 

by the method of Gulati, Seth and Venkataraman (J.C.S., 

1934, 1765, m.p. lll°C.i of. (Centr., 1932, 2, 2485, 

m.p. 105-106°G.; Robertson and Bridge, J.G.S., 1937,

1535, m.p. 105°C.). In the present case it has a 

melting point of 105-106°G.

2-Methoxy-4-benzyloxyacetophenone.

2-Bydroxy-4-benzyloxy-acetophenone (5 g . ), aoetone 

(20 o.c.), anhydrous potassium carbonate (8 g.) and 

methyl iodide (3 g.) were refluxed on the water bath for 

14 hours. After the end of 8 hours a little more methyl 

iodide (3 g.) and potassium carbonate (5 g.) was added. 

#hen the reaction was complete, i.e. when it no longer 

showed any ferric reaction with alooholio ferric chloride, 

the reaction mixture was filtered and most of the aoetone 

was removed by evaporation. The residue was taken up 

with cold water (200 c.c.). The solid was collected 

and crystallised from hot alcohol as prisms (4.5 g.).
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It had a melting point of 69°C. and was soluble in 

most organic solvents.

The foregoing 4-benzyloxy-2-methoxyaeetophenone 

(1 g * ) and glaoial aoetic aoid (25 o.c.) were warmed 

on the water bath. Concentrated hydrochloric aoid 

(15 o.o.) was gradually added in portions during one 

hour. After this period, the solution was finally 

heated on the wire gauze for five minutes. After 

cooling, it was poured into cold water (100 o.c.) and 

extracted with ether. The dark: oil obtained after 

removal of ether was treated with 2$ aqueous sodium 

hydroxide (20 o.o.) and extracted with ether. The 

aqueous residue was made aoid with dilute hydrochloric 

acid and extracted with ether. The ether extract was 

dried over sodium sulphate and after removal of ether, 

the residual solid was dissolved in hot water with

Found: OCH3 . 11.91$ 

015H1302^0CH3i requires: OCH3 . 12.11$

4-Hydroxy-2-methoxyacetophenone
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charcoaling. Colourless needles of 4-hydroasy-2-methoxy- 

acetophenone separated* m.p* 136-137°C. Mixed with the 

natural product (Tide supra) or with 2-Bethoxy-resaceto- 

phenone (Hoeseh, Ber.# 48, 1126), it had a melting point 

of 136-137°C.
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