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ABSTRACT

Although many quinoid pigments are known, until

recently only six naphthoquinone pigments had been

isolated from animals and identified. However in 1966,

Moore, Singh and Scheuer reported the isolation of over

thirty different pigments from the sea urchins Echinothrix

diadema Linn. and ~ calamaris Pallis. In addition to

five known compounds, eleven new pigments were identified.

Several of these pigments were juglone derivatives

containing hydroxyl and acetyl functions. The synthesis

of only three acetyljuglone derivatives has been described

previously. This paucity of data showed the need for

further work in this area. For this reason and in order

to facilitate structure proof of several new pigments, the

introduction of hydroxyl and acetyl groups into juglone

and several of its derivatives was investigated.

As a result of this work the structures of three

pigments (i, ii, iii) were confirmed, but a fourth

compound (iv) did not display identical properties with

those of the natural pigment.

In addition to the synthesis of compounds i-iv,

five new juglone derivatives (v-ix) were prepared.

Compounds v-ix have not yet been reported as naturally

occurring substances.

Investigation of new methods for the synthesis of



juglone and naphthazarin derivatives was unsuooessful.
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CHAPTER I

INTRODUCTION

A. SURVEY OF THE LITERATURE

1. Structural Work

Although there are many known qUinoid pigments,

until recently only a very few naphthoquinone pigments

had been isolated from animals. l Most of these

pigments are derivatives of naphthazarin (I) and have

been isolated from sea urchins. Research on sea

urchin pigments was started in 1885 when MacMunn

isolated echinochrome A (II) from strongylocentrotus

lividus. 2 The structure, however, was not determined
3,4for another sixty years.

Until this decade, there had been reports of many

different pigments isolated from various species of sea

urchins. Although many structures had been proposed,

little conclusive evidence and much contradictory data

characterized the many reportedly different compounds.

HO

Et

OH

OH HO

III

Smith and Thomson proved the structure of

spinochrome N. 5 However, in 1964 Gough and Sutherland
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established the structure of spinochrome B (III) and

proved its identity with N and no fewer than five

other· previously reported and supposedly different
6

pigments.

At the same time, Chang, Moore and Scheuer were

examining six species of Hawaiian sea urchins in five

genera.? They found that the same pigment was the

major pigment in the spines of Echinometra oblonga

Blainville and Colobocentrotus atratus Linn., and was

a minor component in the spines of Echinothrix

calamaris Fallis, Diadema paucispinum Agassiz,

Tripneustes gratilla Linn., and Echinothrix diadema

Linn. The identification of this pigment as spinochrome

M and direct comparison with a previously isolated

material led to the conclusion that it was identical

with spinochrome A (IV).8 These workers also showed

F to be the same as spinochrome C (V).

Singh, Moore, Chang and Scheuer unambiguously

confirmed by synthesis the structures of spinochromes

A, C and E (VI).9 Thomson, Anderson and Smith had

HO

Ac
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·OH Ac

HO

V

OR

OR

previously established the structures of spinochrome
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D (VII)lO and spinochrome E. ll As a result of these

identifications the number of known compounds had been

reduced from twelve to just six. They are echinochrome

A and spinochromes A, B, C, D and E.

Much of the previous work was done under the

handicap of poor separation of the pigments on calcium

carbonate columns. With the lack of present instrumen­

tal methods there was also a heavy reliance upon com­

bustion data. By using deactivated silica gel and thin

layer chromatography the serious problem of separation

was conquered in the Scheuer laboratory. In 1966 a new

departure in the field of sea urchin pigments was

reported by Moore, Singh and Scheuer. 12 From

Echinothrix diadema Linn. and ~ calamaris Pallis,

eleven new pigments were isolated and identified.

Among these new pigments was the first known benzo­

qUinone pigment isolated from sea urchins. Altogether

these two species appear to contain at least thirty

different pigments in their spines. However, many

are present only in trace amounts.

2. Previous Synthetic Approaches

The first synthesis of naphthazarin was reported

in 1861 by Roussin. l ) In an attempt to prepare

alizarin, l,5-dinitronaphthalene was treated with

concentrated sulfuric acid and any of a variety of
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reducing agents. Methy1-, 2,6-dimethy1-, 2,6-dich1oro­

and 2,6-dimethoxynaphthazarin have been synthesized

since then by using the appropriate nitronaphtha1ene

derivatives. 7,14

In 1870, after the name naphthazarin had been

coined when it was realized Roussin had not synthesized

alizarin, Liebermann suggested that the new compound

was actually 6-hydroxyjug1one (VIII).15 This was the

accepted structure for nearly a half century and was

responsible for much of the trouble in the identifica­

tion of naphthazarin derivatives and in understanding

their properties.

HO

H

H
OH

VII IX

Dimroth and Ruck cleared up much of the mystery

surrounding naphthazarin by reacting it with pyroboro-
..

acetate which indicated that para-hydroxy groups were

present in the structure. 16

The first new synthesis of naphthazarin compounds

was published by Zahn and Ochwat. 17 To obtain

naphthazarin a mixture of maleic anhydride and hydro-

qUinone was dropped into a sodium chloride-aluminum

chloride melt. Many known naphthazarins were finally
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synthesized using this method, but the method was not

suitable for the synthesis of naphthazarins containing

one substituent in each ring, or two substituents in

one ring and one in the other, since mixtures resulted

which were difficult to separate. The yields from this

reaction are usually qUite low and the workup is

laborious.

Another method, which is also very tedious and low

in yields, is the conversion into the naphthoquinones

of suitably substituted tetralone derivatives. This

has been successfully used for the synthesis of spino­

chrome DIO and for the preparation of some juglone

derivatives.

Several ingenious but highly limited methods have

been used by Weygand in the preparation of some

naphthoquinone derivatives. 18 ,l9 One of these is

shown in Scheme 1.

~O

+

eHO

Rl ,RZ,RJ ,R4 = H, OMe or alkyl

Scheme 1.

Reaction of butadiene with benzoquinone can be the
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first step in forming naphthoquinone. 20 This would

appear to be a most useful reaction, but it is limited

by the lack of suitably substituted butadiene deriva-

tives.

An advantageous but difficult method of synthesis

is the introduction of various substituents into the

naphthazarin molecule. One of the most useful reac-

tions has been that of Thiele-Winter, which allows the

introduction of hydroxyl groups.21 Naphthazarin is

oxidized to the diquinone which reacting with acetic

anhydride in the presence of boron trifluoride or

sulfuric acid gives 2,5,8-triacetoxy-l,4-naphthoqui­

none and after hydrolysis naphthopurpurin (IX).

Workers in this laboratory recently synthesized

several naphthazarin pigments, thus proving their

structures. 9 Although their method was interesting

and novel, as shown in Scheme 2, the amounts of product

were very small due either to a small yield or small

amount of starting material available.

Mylius was the first investigator to report the

synthesis of juglone by the oxidation of 1,4,5-tri-

hydroxynaphthalene and later reported the conversion

of juglone to a hydroxyjuglone using base. 22 ,23

Juglone had been originally isolated from the green
24shells of walnuts and called nucin.

Various reagents have been used to introduce
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A_C_2_0~;. HOAC)

KOAc BF3Zn

MeO

Ac

OH HO
HCl )

Ac MeOH Ac

Scheme 2.

OH

another hydroxyl group into the naphthalene nucleus

since Bernthsen and Semper synthesized juglone from

1,5-dihydroxynaphthalene in 1887. 25- 32

Juglone derivatives have been synthesized from

phenolic compounds by annelation of a second ring as

well as by an adaptation of the Zahn-Ochwat reaction

as shown in Scheme 3.33

One of the newest methods for the synthesis of

a juglone derivative was reported by Birch, Butler and
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+ rI\ Alel) )
~ NaCl

8

Scheme 3.

Siddall. 34 However, it may be limited by the benzene

derivatives which will form the necessary l,3-cyclo­

hexadiene derivatives (Scheme 4).

AI JJLi,NH)VR 2)KNH )
NH

2
3

A
VR

Scheme 4.

Reports in the literature of the synthesis of jug­

lone derivatives containing acetyl, ethyl, acetyl and
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hydroxyl, or ethyl and hydroxyl functions are limited

to three compounds. 6-Acetyljuglone (X) was synthe­

sized from 1,5-dihydroxynaphthalene by Spruit. 35 Cooke

and Segal introduced an ethyl group into 2-hydroxy-5­

methoxy-l,4-naphthoquinone to obtain 3-ethyl-2-hydroxy­

5-methoxynaphthoquinone (Xla).30 Scheuer et ~

repeated the same reaction on 2-hydroxyjuglone to

obtain the free juglone derivative. 36 3-Ethyl-2,6,?­

trihydroxyjuglone (XII), one of the pigments isolated

in the Scheuer laboratory12 had been previously

synthesized by Hase in 0.4% yield. 3?

Hydroxylation of juglone and juglone derivatives

has been reported only for the addition of the hydroxyl

group to the quinoid ring. Mylius in 1885 reacted

juglone with base and obtained 2- or 3-hydroxyjug­

lone. 23 Thomson showed that Mylius had obtained

3-hYdroxyjuglone. 38 Fieser and Dunn39 and Thomson

synthesized 3-hydroxyjuglone using the Thiele reaction

on juglone. Although the introduction of one hydroxyl
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group into the juglone nucleus is facile, the second

hydroxyl group has proven to be very difficult. As of

this date there are no reports of the introduction of

a second hydroxyl group into the quinoid ring after

one hydroxyl group is already present. Garden and

Thomson in fact state that a second hydroxyl group

cannot be introduced into the molecule after one

hydroxyl group is present. 21 Starting with

l,4-naphthoquinone, Shchukina et ale synthesized

2,3-dihydroxy-l,4-naphthoquinone (isonaphthazarin) by
40introduction of both groups in the same step. Using

the same reaction sequences. Garden and Thomson were
21able to synthesize 2,3-dihydroxyjuglone.

B. STATEMENT OF THE PROBLEM

It would appear that these simple naphthazarin

and juglone compounds should be easily synthesized.

This, however, fails to take into account the high

number 'of oxygen functions present in the molecules.

This leads to problems in purification, presents

obstacles toward normal derivatization, tends to make

these compounds insoluble in common organic solvents

and sensitive to air. On the other hand, naphthazarins

and juglones have very interesting physical and

chemical properties such as their selective chelating

ability and their high oxidation-reduction
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potentials. The lack of data in these areas is due

to small yields in isolation and in known synthetic

routes. The pigments occur in nature in amounts

ranging from traces to 0.05% of the dried animal. The

additional need for structural proof by synthesis

emphasized the need for further synthetic studies. At

the same time several new pigments had been isolated

in this laboratory and tentative structures had been

assigned, making synthesis of these pigments a

desirable goal.



CHAPl'ER II

EXPERIMENTAL SECTION

All melting points were determined on a Fischer­

Johns block and are uncorrected.

All infrared (ir) spectra were measured on a

Beckman IR-5 automatic recording spectrophotometer using

NaCl cells unless otherwise specified. All values are

given in wavenumbers (cm-l ).

All ultraviolet (uv) and visible (vis) spectra

were recorded on a Cary 14 recording spectrophotometer.

All values are in millimicrons (m,). Chloroform was the

neutral solvent unless specified otherwise.

Nuclear magnetic resonance (nmr) spectra were

observed on a model A-60 Analytical N.M.R. Spectrometer

(Varian Associates) or, if specified, on a model HA-100

(Varian). All values are expressed in parts per million

referred to tetramethylsilane (TMS) having a value of 0

or O.

Mass spectra were recorded on an Hitachi-Perkin­

Elmer RMU-6n mass spectrometer.

S'eparation of the juglone and naphthazarin deriva­

tives and their purification were achieved using column

chromatography (cc) and thin-layer chromatography (tlc).

Adsorbent for cc was acid-deactivated silica gel (dsg)

which was prepared as follows I silica gel powder
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(chromatographic grade) was washed with 0.5 R HCl and

dried with suction. The resulting dsg was spread on a

porcelain tray and air-dried. Some dsg was also dried

with the aid of a heat lamp, but care must be taken not

to drive off the acid.

The plates for tIc were prepared using a Desaga/

Brinkmann standard applicator (Brinkmann Instruments,

Inc.). A slurry of a 211 mixture of 0.5 li HCl and silica

gel G (E. Merck, Germany) was stirred in a mortar and

applied to a series or combination of plates (20 x 20

and/or 20 x 5 em) which were then allowed to dry at room

temperature (rt) for at least six hours. Usually a

thickness of 0.25 mm was used for initial spot testing

and a thickness of 0.5 rom was used for preparative thin-

layer work. Benzene was the eluent unless specified

otherwise.

A. Initial Attempts to Synthesize Hydroxylated

Naphthoguinones.

1. Hydroxylation of l-nitronaphthalene.

With stirring 17.) g (0.1 mole) l-nitronaphthalene

was added to 1 1. water. Added to this were 0.)) g

() mmole) catechol, 0.1 g (0.4 mmole) FeCl).6H20 and

1).8 g (0.12 mole) )0% H202' The mixture was stirred

for 4 d at rt. The unreacted starting material was

filtered off. Acidic material was removed with base
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and acidified, extracted with chloroform and dried.

Upon removal of the solvent a negligible amount of

material was left.

This reaction was repeated 15 t1mes using organ1c

co-solvents w1th water, varying the react10n t1mes and
ovarying the pH and reaction temperatures up to 100 •

The recovery of starting material was 20-80%. no

ac1dic products were isolated.

2. Hydroxylation of l,5-d1n1tronaphthalene.
oThe following mixture was st1rred at 70 for 4 dr

2.18 g (0.1 mole) l,5-dinitronaphthalene, 5.5 ml

(0.05 mole) 30% H202 , 0.33 g (3 mmole) catechol, 2.5

ml (0.005 li) 0.2 li acetate buffer (pH 2), 1.02 g

(2 mmole) Fe2(S04)3·6H20, 100 ml H20 and 100 ml MeN02•

Recovery of start1ng material was 94%.
42

3. 2,5-Diacetoxy-3,4-d1chlorothiophene.

Tetrachlorothiophene (10.0 g, 0.045 mole) and 27 ml

fuming RN0
3

were shaken for 5 min and then poured into

1ce. The solid was qUic~ly f1ltered, dissolved in

benzene and dried. The benzene was removed and a small

amount of cyclohexane was added, followed by filtration,

leaving 3.34 g crude material. This was dissolved in

40 ml acetic anhydride and 8 g Zn powder was added.
o

The mixture was heated for 15 min at 110 , cooled and

filtered. The remaining light tan compound, mp 116-
o -

121 , decomposed readily when allowed to sit open to
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the air or when heated. The nmr spectrum in CC14 had a

signal at S 2.33 (s). The ir spectrum in CC14 had

bands at 1792, 1772, 1566 and 1201 cm-l • Scherer and

Kluge reported a yellow compound, mp 125-1270 , which

gave bands in the ir spectrum at 1770, 1567 and 1205

cm-l • It lacked a band at 1792 cm-l •

4. Oxidation of ha10thiophenes.

Halothiophenes were treated with various oxidizing

agents while attempting to form the thiophene-l,l­

dioxide derivatives (Table 1). No oxidation products

were isolated from reactions 1-14 and 20-94% starting

material was recovered. 2,5-DiacetoxY-3,4-dichloro-

thiophene was treated with V205 and cumene hydroper­

oxide (reaction 15, Table 1). The small amount of

crude product showed a new peak in the uv spectrum at

~~H 270 mp (starting material; 235 m?). In the nmr

spectrum were two new signals at S 2.18 and 2.63. No

further work was done.

5. Addition of sulfur dioxide to hexachlorobutadiene.
230

Perchloro-l,3-butadiene (2.61 g, 0.01 mole, nD

1.552) and liquid sulfur dioxide were heated in a

reaction bomb at 900 for 4 hr. After removal of the

remaining S02' 2.34 g of starting material was

recovered (n~3.60 1.552).

6. Oxidation of octachloronaphthalene.

Ten grams octachloronaphthalene (Koppers Co.



TABLE 1
OXIDATION OF HALOTHIOPHENES

THIOPHENE DERIVATIVES OXIDIZING AGENT TEMP REACT TIME SOLVENT
1. 2,5-dichloro- (0.01 mole) 30% H202 (0.05 mole) 950 3 hr 70 ml HOAc
2. 2,5-dichloro- (0.02 mole) monoperphthalic acid 350 2 d 225 ml ether

(0.065 mole)
1503. 2,5-dichloro- (0.015 mole) perbenzoic acid 5 d 90 ml CHC13(0.034 mole)

4. 2,5-dibromo- (0.01 mole) 30% H202 (0.04 mole) 900 1.5 hr 60 ml HOAc
5. 2,5-dibromo- (0.015 mole) perbenzoic acid 150 5 d 90 ml CHC13(0.034 mole)
6. 2,5-dibromo- (0.01 mole) Se02 (0.02 mole) 460 4 d 60 ml CS
7. 2,5-dibromo- (0.01 mole) Cr03 (0.01 mole) rt 3 d 150 ml H6Ac
8. 2,5-dibromo- (0.01 mole) 30% H202 (0.04 mole) 900 12 hr 60 ml HOAc

and ~-benzoquinone

(0.01 mole)
9. tetrabromo- (2.5 mmole) 30% H202 (0.01 mole) rt 1.5 d 120 ml HOAc
10. tetrabromo- (2.5 mmole) perbenzoic acid 150 8.5 d 15 ml CHC13(5 mmole)
11. tetrachloro- (0.01 mole) 30% H202 (0.04 mole) rt 2 d 60 ml HOAc
12. 2,5-diacetoXY-3,4- 30% H202 (1.5 mmole) 900 1 hr 50 ml HOAC

dichloro- (DADCT)
(0.37 mmole)

70013. DADCT (1 mmole) 30% H202 (0.018 mole) 1 d 19 ml HCOOH,

14. DADCT (0.37 mmole) V20
rl

(3.7 mmole), 700
20 ml CC14

several 1.5 ml benzene
!-B OOH (0.4 mmole) min

15. DADCT (0.09 mmole) V205 (0.09 mmole),
600cumene hydroperoxide 7.5 hr 2 ml benzene

(1 mmole)

I--'
0\
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Halowax 1051, 90% octachloro- and 10% heptachloro­

naphthalene) and 50 ml fuming RN0
3

were heated at 950

for 1 d and allowed to cool. The solid was filtered

off and washed with water. The yellow solid was

washed with hot cyclohexane and 95% EtOH leaVing a

bright yellow solid. After one recrystallization,

there remained 2.75 g (30% yield) 2,3,5,6,7,8-hexa-
o

chloro-l,4-naphthoquinone, mp 112-117. The litera-

ture value is mp 122.5
0

•
43 The mass spectrum confirmed

the molecular weight of 365.

7. Oxidation of tetrachlorotetralin.

1,2,3,4-Tetrachloro-2,1,3,4-tetrahydronaphthalene

(3.90 g, 0.0144 mole) and 24 ml concd RN0
3

were heated

on a water bath for 2.5 hr. An additional 10 ml HN0
3

was added because some crystalline material still

remained. After 3 hr heating, the solution was allowed

to cool and sit overnight. A bright yellow, cryst

material was filtered out. Washed well with water the

product was recrystallized from hot ethanol. Obtained

in 12% yield was 0.38 g (1.7 romole) 2,3-dichloro-l,4-

naphthoquinone. The ir spectrum was identical with an

authentic sample •.

8. Reaction of perchloronaphthoquinone and sodium

methoxide.

Rexachloronaphthoquinone (1.01 g, 2.8 romole) and 1.6

g (0.03 mole) NaOMe in 80 ml abs MeOH were refluxed
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for 11 hr. After removal of a 2 ml portion refluxing

was continued for 46 hr. After acidification, extrac-

tion with CHC1
3

and drying, the 2 ml portion gave a

mixture of compounds displaying six peaks in the nmr

spectrum (CDC1
3

) from d 3.96-4.17. The portion

refluxed for the longer time had, after similar treat-

ment, four peaks in the same region in the nmr spec-

trum. Column chromatography using CHC1
3

as the eluent

separated the mixture into two new mixtures as indicat-

ed by the uv spectra. Tlc using CHC1
3

showed 8 to 10

bands. The largest band was further purified by tlc.

The nmr spectrum showed two singlets of ~ equal

intensity at $ 3.99 and 4.04. The uv spectrum (95%

EtOH) showed ~max 239, 294, 363 and 480 mp. The mass

spectrum gave a probable parent peak at mle 338.

9. Methoxymethylsulfide.

Five grams (0.063 mole) chloromethylmethylether and

5 g (0.044 mole) Na2S were allowed to react at rt for

3 hr and were then refluxed for 7 hr. The mixture was

added to ice water and immediately extracted with

ether and dried. After removal of the solvent a

liquid remained. The uv spectrum in 95% EtOH gave

~x 250(sh) and 276(sh) mp.

10. Methoxymethylmethylsulfone.

Sodium metal (6.9 g~ 0.3 mole) was cut into small

pieces and placed in a flask. Methanethiol (14.4 g,
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0.3 mole) was added at 00 • This mixture accidentally

warmed up and exploded.

The above procedure was repeated using 60 g methane­

thiol and a more efficient cooling procedure. At ice

temp, 44 g (0.55 mole) chloromethylmethylether and

75 ml abs MeOH were added to the reaction mixture.

After 12 hr, 33 ml (0.3 mole) 30% H202 was slowly

added and the mixture was allowed to react overnight.

Water was added and the mixture was extracted with

ether and dried. The nmr spectrum (neat) assigned no

peaks below [4.2.

Methyl iodide (1.42 g,. 0.01 mole), 0.81 g (0.01

mole) chloromethylmethylether and 1.14 g (0.01 mole)

Na2S'2H20 were heated at 40 0
• Following filtration

5.5 ml (0.05 mole) 30% H202 in 10 ml HOAc were added

at rt and allowed to sit for 3 d. All solvent was

removed, and the nmr spectrum of all CC14 soluble

compounds displayed no signal at all.

11. Addition of acetyl chloride to 3-sulfolene.

3-Sulfolene (1.18 g, 0.01 mole) and 1.02 g

(0.013 mole) acetyl chloride were heated in 4 ml

CHC1
3

at 40 0 for 13 hr. Methanol was slowly added to

the cool mixture and the solvent was removed. The

nmr spectrum indicated only starting material.

12. 3-Bromo-4-methoxysulfolane.

Twelve grams (0.11 mole) 3-sulfolene and 2.5 g
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(0.01 mole) benzoylperoxide were stirred in MeOR. To

the solution were added 35 g (0.11 mole) mercuric

acetate and 7.2 ml ROAc in hot MeOR and the mixture

was heated at 550 for 20 hr and refluxed for 40 hr._

The solvent was removed and acetone added, followed by

filtration. After the removal of acetone, 38 g (0.09

mole) acetoxy(4-methoxy-3-sulfolanyl)mercury remained.

Bromine (29 g, 0.18 mole) was stirred and heated with

the mercury derivative for 6 hr. After filtration the

solvent was removed from the mixture. The nmr spec­

trum was complex and indicated that some impurities

were present, including 3-sulfolene and the mercuric

acetate derivative, as well as 3-bromo-4-methoxy­

sulfolane.

13. Dehydrohalogenation of 3-bromo-4-methoxysulfolane.

Attempts were made to dehydrohalogenate the title

compound using piperidine, pyridine and NaOMe to obtain

2,3-dihydro-3-methoxythiophene-l,1-dioxide. These

resulted primarily in tar. Lower temperature and more

dilute solutions were to be tried, but this aspect of

the researoh was dropped at this point in favor of a

more probable route.

14. Dimethoxythiophene.

2,5-Dibromothiophene (2.5 g, 0.01 mole) and 2.2 g

(0.04 mole) NaOMe in MeOR were refluxed for 11 hr.

Addition of water, extraction with CHe1
3

and removal
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of the solvent left only starting material.

2,5-Dibromothiophene (2.4 g, 0.01 mole), 5.6 g

(0.62 mole) NaOMe.2MeOH, 2.13 g (0.034 mole) CuO and

a pinch of NaI in MeOH were ref1uxed for 4.5 d.

Following filtration the mixture was poured into two

volumes of water, extracted with ether and dried

over MgS0
4

• The nmr spectrum contained only one signal

which was that of starting material.

B. Reactions of Ha10thiophenes and n-Buty1lithium.

All n-BuLi reactions were carried out under nitrogen

gas using n-BuLi in pentane (Foote Mineral Co.) with

addition of dry ethyl ether. Unless specified the

temperature upon addition ofn-BuLi was _600 to -700 •

Magnesium bromide was prepared by adding Br
2

to

Grignard reagent Mg in anhyd ether with necessary

cooling. The etherate was decanted off the remaining

Mg.

1. 5-Bromo-2-i-butoxythiophene.

2,5-Dibromothiophene (24.2 g, 0.1 mole) and 74 m1

(0.1 mole) n-BuLi were stirred for 1 hr. Anhyd MgBr2
(3.4 g, Mg, 6.1 m1 Br2 ) was quickly added to the

othienyl11th1um reagent. After stirring at 0 for 2 hr

the temperature gradually rose to rt. Upon cooling

the solution to 00 • 20 ml (0.1 mole) i-butoxyperbenzo­

ate in 50 ml ether was added dropwise. After stirring
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for 5 hr at 00
, 100 ml 6 ~ HCl was added slowly and

stirred for 2 hr. Extraction with ether was followed

by extraction with 2 H NaOH and washed with water

until neutral to litmus. Drying and removal of the

solvent left 20.1 g of a dark red liquid. Distilla-

tion gave fractions which contained three compounds in

varying amounts. The last fraction contained two

compounds. Approximately 15% was assigned to

~-butoxyperbenzoateby comparing the integration of

the ~-butoxy signals in the nmr spectrum. The rest

was 5-bromo-2-i-butoxythiophene, bp 87-90 0 /1-2 rom.

The nmr spectrum (neat, and not including the

perbenzoate signals) gave C-2 ~-butoxy, ~ 1.27 (s);

C-3 hydrogen, 5.96 (d, J= 4 Hz); c-4 hydrogen, 6.55

(d, J= 4 Hz).

2. Acetylation of 5-bromo-2-i-butoxythiophene.

The title compound (1.2 g, 5 mmole) , 1.55 ml

(0.0124 mole) BF
3

'OEtz and 0.72 ml (0.01 mole) acetyl

chloride were heated at 50 0 for 1.5 hr. Water was

added and the mixture was extracted with ether. After

washing with NaOH solution, the solvent was removed.

There was much decomposition and the nmr spectrum

could not be interpreted, although starting material

was consumed.

Three grams (0.133 mde) 5-bromo-2-i-butoxythiophene,

0.97 ml (0.027 mole) acetyl chloride and 20 ml
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petroleum ether were cooled to 10-150 and 1.76 g

(0.0124 mole) anhyd AIC1
3

was slowly added. The temp­

erature was kept constant for 2 hr, allowed to rise to

rt for 3 hr and then raised to 30-400 for 90 min. The

mixture was added to ice and the petroleum ether layer

was separated and washed with water. After removal

of the solvent, ~ 0.5 ml of a deep red liquid re-

mained. The decomposition was very extensive, and no

starting material or acetyl compounds could be found.

3. Acetylation of 2,5-dibromothiophene.

2,5-0ibromothiophene (24.2 g, 0.1 mole), 25 ml

(0.2 mole) BF3 ·OEt2 and 15 ml HOAc were refluxed. No

reaction occurred.

2,5-0ibromothiophene (24.2 g, 0.1 mole), 25 ml

BF
3

·OEt2 and 25 ml acetic anhydr1.de were refluxed.

There was no reaction.

2,5-0ibromothiophene (24.2 g, 0.1 mole), 25 ml

(0.2 mole) acetic anhydride and 27.2 g (0.2 mole) ZnC12

were heated at 100-1200
• No reaction occurred.

4. 2,3,4-Trichlorothiophene.

Tetrachlorothiophene (2.22 g, 0.01 mole) and 7.4 ml

(0.01 mole) U-BuLi were stirred for 45 min. Ice water

was added slowly. Following extraction with ether and

drying the solvent was removed leaving 1.62 g

yield) 2,3,4-trichlorothi~Phene,bp 47 0 /1 mm,

20 0 441.580 (lit nO 1.586). The ir spectrum was



24

identical with a DMX card index ir spectrum. The nmr

spectrum in CDC1
3

gave C-5 hydrogen, S 6.83 (s).

5. 3,4-Dichlorothiophene.

2,3,4-Trichlorothiophene (1.62 g, 8.6 mmole) and 6:4

- ml (8.6 mmole) U-BuLi were stirred for 30 min. Water

was added slowly with stirring for 15 min. Extraction

with ether was followed with drying over MgS04 and

removal of the solvent. The nmr and ir spectra did

not indicate any change.

6. 2-i-Butoxy-3,4-dichlorothiophene.

Ten grams (0.053 mole) 2,3,4-trichlorothiophene and

39.6 ml (0.053 mole) U-BuLi were stirred for 2 hr.

Added to the solution was anhyd ethereal MgBr2 (1.8 g

Mg, 3.2 ml Br
2

). The mixture was allowed to warm to

00 and was stirred for 2 hr. i-Butylperbenzoate (10.6

ml, 0.053 mole) in 20 ml ether was added dropwise.

After reacting at 00 for 3 hr and at rt for 6 hr, water

and then 6 li HCl were added with stirring and cooling.

Extraction with ether, 2 li NaOH and then water were

followed by removal of the solvent. Distillation

(1-2 mm) gave a fraction which boiled at 108-1150 and

turned yellow to deep red upon sitting. The nmr

spectrum (CC1
4 ) showed two signals assigned to i-butoxy

groups at ~1.36 and 1.40. There were no signals for

protons attached to the thiophene ring, and for that

reason the S 1.40 signal was tentatively assigned to
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2-l-butoxY-3,4,5-trichlorothiophene.

Trichlorothiophene (1.88 g, 0.01 mole) and 7.4 ml

(0.01 mole) n-BuLi were stirred. Magnesium bromide

(0.34 g Mg, 0.61 ml Br2) was added qUickly to the

thienyllithium reagent. After stirring at rt for 30

min, 1.8 ml (9 mmole) t-butylperbenzoate in 5 ml ether

was added slowly at 00
• The solution was allowed to

warm to rt and stirred for 4 hr. It was then poured

into ice water, and 6 li HCl was added to break the

complex. This was followed by extraction with ether,

washing of the ether with 2 N NaOH and then water until

neutral to litmus. Removal of the solvent left a light

colored solid and a dark brown oily mixture. The mp of

the crude light colored needles was 170-1820 after one

recrystallization from CC14 • There was no absorption

in the nmr spectrum. The mass spectrum gave a

molecular ion mle 372, and mle 337 and 302.

7. 2-t-Butoxy-3,4,5-trichlorothiophene.

Tetrachlorothiophene (2.22 g, 0.01 mole) and 7.4 ml

(0.01 mole) n-BuLi were stirred. Quickly added was ~

0.012 mole MgBr2 in 10 ml ether and the mixture was

allowed to warm up to rt. After stirring for 30 min

1.8 ml (9 mmole) i-butylperbenzoate in 5 ml ether was
oadded at -70. The mixture was stirred at rt for 30

min. It was cooled to 00 and stirred for 2 hr, followed

by pouring into ice water and addition of 6 li HCl to



26

destroy the complex. The mixture was extracted with

ether. The ether was extracted with 2 li NaOH and washed

with water until neutral to litmus. The solvent was

removed. The nmr spectrum (neat) had two signals, Sl.54

(s) and 1.30 (s), with the latter having the larger area.

The reaction mixture was cooled to 00 after ether was

added. Ethyl magnesium bromide (0.073 g Mg, 0.273 g
oEtBr) in ether was quickly added at 0 and stirred for 1

hr. Following the above procedure, the isolated mixture

showed a large change in the nmr spectrum (CDC1
3) in the

intensity ratio of the I 1.55 and 1.38 signals. The

former is now the much larger peak, indicating that the

latter peak may be assigned to ~-butylperbenzoate.

8. 2,3,4-Tribromothiophene.

Tetrabromothiophene (40.0 g, 0.1 mole) and 82 ml

(0.11 mole) U-BuLi were stirred for 1 hr. Water was

added followed by extraction with ether. After the

solvent was removed 30.9 g of a mixture of 2,3,4-tri­

bromo- and 3,4-dibromothiophene remained. Distillation

gave 19 g (60% yield) 2,3,4-tribromothiophene, bp 116-
o122 /1 Mm. The nmr spectrum showed a C-5 hydrogen,

9. 2-~-ButoxY-3,4-dibromothiophene.

2,3,4-Tribromothiophene (3.2 g, 0.01 mole) and 8.0

ml (0.011 mole) U-BuLi were stirred for 1 hr. Quickly

added was ca. 0.012 mole MgBr2 in 10 ml ether. After
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stirring at rt for 30 min, 2.0 ml (0.01 mole) ~-butyl­

perbenzoate in 5 ml ether was added dropwise at 0° and

stirred for 7 hr. Water and dil HCl were added and

extraction with ether followed. Washing with 2 ~ NaOH

and water was followed by drying and removal of the

solvent. The nmr spectrum (neat) showed starting

material as well as an additional signal at I 6.98.

10. 3,4-Dibromothiophene.

2,3,4-Tribromothiophene (0.128 g, 0.4 mmole) and
o

1.9 ml (2.5 mmole) n-BuLi were stirred at 0 for 1 hr.

Water was added followed by extraction with ether.

After drying the solvent was removed. The nmr spectrum

(CDC1
3

) now contained two signals; one for both

hydrogens in the dibromothiophene and one for the

single hydrogen in tribromothiophene.

11. 2-~-Butoxytribromothiophene.

Tetrabromothiophene (1.0 g, 2.5 mmole) and 1.9 ml

U-BuLi were stirred for 15-30 min. About 3 mmole MgBr2

was added rapidly. After sarring at rt for 30 min, 0.5

ml (2.5 mmole) ~-butylperbenzoate was slowly added at

0°. After stirring for 5 hr, water and 0.5 N HCl were

added and the mixture was extracted with ether. The

ether was washed with 2 li NaOH and water until neutral

to litmus. The solvent was removed. Both dibromo- and

tribromothiophene were indicated by the nmr spectrum,

but there was little indication of any desired product.
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C. Synthesis of Hydroxyjuglones.

1. 7-Hydroxyjuglone.

Melted maleic anhydride (2.1 g, 0.021 mole) and 3.5

g (0.18 mole) resorcinol diacetate were added under N
2

to a melt of 20 g A1C1
3

and 4 g NaCl at 180-2000
• The

heat was removed immediately and after cooling, 0.5 N

HCl was slowly added. The mixture was extracted with

ether, the ether solution dried and the ether removed.

Tlc of the resulting mixture was carried out with the

isolation of only one compound with the same H
f

value

as an authentic sample of 7-hydroxyjuglone. This

compound, however, did not display a uv spectrum even

slightly similar to that of 7-hydroxyjuglone.

Maleic anhydride (1.2 g, 0.012 mole) and 1.38 g

(0.01 mole) resorcinol dimethyl ether were added slowly

to a melt of 4 g A1C1
3

and 1 g NaCl with stirring under

N2 • The temperature was rapidly raised to and held at

l80~195° for 10 min. The mixture was immediately cooled

and dil acid was added. Addition of water was followed

by extraction with ether. After removal of the solvent

the mixture was chromatographed on a column and then by

tlc using CHC1
3

as the eluent. One compound with an Hf
value close to that of known 7-hydroxyjuglone was iso­

lated and crystallized from CHC1
3
--isooctane, mp 149­

1520
• The nmr spectrum gave ~ 3.88 (s, 3H), 6.47-6.63

(m, possibly two doublets, ~ 2H); 7.08 (s, ~ lH);
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7.65 and 7.94 (d, J= 7.5 Hz, each IH), and 12.92 (s, ~

lR). There were also two singlets at ~ 6.81 and 8,14

which were weak and appeared to be due to impurities,

The mass spectrum gave a molecular weight of 222. The

uv spectrum (CRC1
3

) gave ~max 238, 261, 320 and 350(sh)

mp. The compound dissolved in 5% NaHCo
3

with evolution

of CO2 , See uv spectrum ) in Figure 1,

2. 6,7-Dihydroxyjuglone.

Maleic anhydride (1.2 g, 0.012 mole) and 2.5 g (0.01

mole) pyrogallol triacetate were slowly added to a melt

of 4 g AIC1
3

and 1 g NaCl at 130
0

with stirring under

N2 • The mixture was rapidly heated to 180-210
0

and held

for 10 min, The mixture was cooled immediately and ice

water was slowly added. Ether extraction was followed

by washing with water and drying over Na2S04 , The nmr

spectrum of the crude residue showed a signal at I 2.52.

On the assumption that this was due to a remaining

acetoxy group, the residue was refluxed first for 1 hr

and then for 3 hr with MeOH and concd HC1. Extraction

with ether was followed by drying and removal of solvent.

The nmr spectrum (CDC1
3
--acetone-d6 ) gave I 2.52 (s, 3H);

6.51 (d, J= 9 Hz, 1.3H); 7.33 (d, J= 9 Hz, 1.lR); 12.73

(s, 0.9H). The uv spectrum in 95% EtOH gave Amax 238,

292 and 332(sh) my.

3, 2,3-Dihydroxyjuglone.

Using the method of Garden and Thomson21



30

\
\
\/\;

\

, ,,,. \, \
-, \

\
\ I
'-/

\
\,
\

\,
\

\ J \

'/

/\. ..,

1\. ..

fl
~

I ,,,
\ ,,,
V

00 660
Figure 1. Electronic absorption spectra of 3(2-hydroxy-4­
methoxybenzoyl)acry1ic acid ( ), 2,3-dihydroxyjug1one
.(-.-) and 6-acetyl-2,3-dimethoxy-7-hydroxyjuglone (--- )
in CRC1

3
and 2,3-dihydroxyjuglone (---) in 95% EtOH.



31

2,3-dihydroxyjuglone was synthesized. The amounts used

and the yields were qUite close to those noted in the

original paper. However, in contrast to the Thomson

observation that the epoxide from the treatment of 5­

methoxy-l,4-naphthoquinone with H202 and Na2C0
3

precipi­

tated out of the reaction mixture, it was found that the

precipitate was an inorganic compound which did not melt.

The epoxide remained in solution and was extracted with

ether. The yield was the same however. The 100 MHz nmr

spectrum (CDC1
3

, Figure 2) gave C-2 and C-3 hydrogens,

[3.975 (s); C-5 methoxy, 3.95 (s); c-6, C-7 and C-8

hydrogens, 7.21-7.74 (ABX multiplet). The 60 MHz nmr

spectrum (CDC1
3

) gave C-2 and C-3 hydrogens, b 3.98 (s,

2H); C-5 methoxy, 3.95 (s, 3H); c-6, C-7 and C-8

hydrogens, 7.21-7.72 (m, 3H). Upon shaking with D20

no change in the nmr spectrum occurred.

Acetic anhydride and sulfuric acid converted the

epoxide into 2,3-diacetoxy-2,3-dihydro-5-methoxy-l,4­

naphthoquinone. The nmr spectrum (100 mHz, CDC13 ,

Figure 3) gave C-2 and C-3 hydrogens, ~ 5.84 (s); C-2

and C-3 ac~toxy, 2.255 (s); C-5 methoxy, 3.975 (s); c-6,

C-7 and C-8 hydrogens, 7.27-7.84 (ABX multiplet). The

60 MHz nmr spectrum (acetone-d6 ) gave C-2 and C-3

hydrogens, i 6.00 (s, 2H); C-2 and C-3 acetoxy, 2.19

(s, 6H); C-5 methoxy, 3.96 (s, 3H); c-6, C-7 and C-8

hydrogens, 7.5-7.89 (m, 3H). Shaking with D20 produced
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no change in the nmr spectrum.

Base hydrolysis followed by shaking with air for a

few seconds easily gave 2,3-dihydroxY-5-methoxy-l,4­

naphthoquinone. When NaAlC1
4

was used to demethylate

the yield was qUite low as compared with Thomson's

report. However, the yield was comparable and a cleaner

reaction resulted when 48% HBr solution was added and

the mixture refluxed under N2 • 2,3-Dihydroxy-5-methoxy­

1,4-naphthoquinone (100 mg, 0.45 mmole) was placed in a

flask with a condenser and flushed with N2 • Ten milli­

liters of 48% HBr solution was added and the mixture

was refluxed under N2 for 5 hr. The red solution became

dark during the reaction. It was cooled and extracted

with CHC1
3

• The extract was dried and evaporated. The

residue was chromatographed on a column using CHC1
3

as

the eluent. The only major yellow band furnished pure

2,3-dihydroxyjuglone, 27 mg (0.13 mmole) or 29% yield.

The uv spectrum (CHC1
3

, Figure 1) gave ~max 239, 257,

295 and 418 mp. The uv spectrum (95% EtOH, Figure 1)

gave A 248, 275(sh), 403 and 485(sh) mu. The puremax I

compound began to sublime at ~ 200
0

and melted at 2340

(dec). Thomson reported that the vis ~ectrum (95% EtOH)

had ~x 397 and 567 my, mp 2340 (dec).21 The mass

spectrum gave a parent peak at mle 206 which was also

the base peak.
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4. Thiele reaction on juglone.

The Thiele reaction was carried out on juglone by

dissolving 50 mg (0.3 mmole) juglone in 20 ml acetic

anhydride and addition of ~ 1 ml concd H2S04 • The

color of the solution faded. It was kept at rt for 1 hr

during which it turned dark. After decomposition over

ice it was extracted with ether. The ether was stripped

and the residue was heated with dil HCl for about 15 min.

It was cooled, extracted with ether and oxidized by

shaking with aq NaOH solution for a few seconds. The aq

extract was poured into ice--HCl and extracted with

ether. The ether extract was dried over anhyd Na2S04

and the ether was evaporated. The residue was analyzed

by tlc. The fastest band contained 24 mg (0.13 mmole)

2-hydroxyjuglone or 42% yield. The second band con­

tained 12 mg (0.063 mmole) 3-hydroxyjuglone or 21% yield.

Upon examination no juglone was found.

With warming 100 mg (0.58 mmole) freshly sublimed

juglone was dissolved in 2 ml acetic anhydride. Two

drops concd H2S04 were added and the solution was kept

at rt for 10 d. After decomposition over ice the mix­

ture was extracted with ether, the ether was removed

and the residue was heated with dil HCl for ~ 15

min. The mixture was cooled, extracted with ether and

was air--oxidized by shaking with aq NaOH solution for

a few seconds. The aq layer was poured into ice--HCl
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and extracted with ether. The ether extract was dried

over anhyd Na2S04 and the ether removed. The residue

contained 40 mg (0.21 mmole) or 37% yield 2-hydroxy­

juglone and 28 mg (0.15 mmole, 26% yield)

3-hydroxyjuglone. 39

5. Attempted hydroxylation of 2- and 3-hydroxyjuglone.

2-Hydroxy- or 3-hydroxyjuglone did not undergo any

further reaction and were recovered when sUbjected to

the Thiele reaction for a longer time and/or at boiling

water bath temperature.

2-Hydroxyjuglone (10 mg) was dissolved in 10 ml EtOH

after which 10 ml coned HCl was slowly added over a span

of 2 hr with continuous boiling. After cooling the

mixture was extracted with ether, dried and evaporated.

On tlc it was found to be identical with starting

material. The same results were obtained when the

procedure was combined with bubbling air through the

mixture. After 1 hr only starting material was present.

Overnight refluxing gave no new products.

6. Hydroxylation of 7-hydroxyjuglone.

7-Hydroxyjuglone21 was dissolved in 95% EtOH and 10

ml coned HCl was added dropwise over a period of 15 min.

Boiling was continued for another 15 min. Under these

conditions, a trace of 3,7-dihydroxyjuglone was formed,

as shown by comparison of Rf values with an authentic

samPle,45 in addition to decomposition products.
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7-Hydroxyjuglone (28 mg, 0.157 romole) was subjected

to a Thiele reaction under the conditions described above

under the Thiele reaction on juglone. Analysis by tlc

using CRC1) revealed two bands. Band 1 contained 21 mg

(0.1 mmole) 2,7-dihydroxyjuglone (flaviolin) in 69%

yield. Flaviolin was crystallized as orange needles

from CHC1)--isooctane (111), mp 255-258o (dec) , lit
46

mp

250o (dec). The uv spectrum had ~x 260, )05, )98(broa~

and 442(broad) mp. The R
f

value and electronic spectrum

were identical with those of a sample of flaviolin ob­

tained from Dr. J.C. Roberts. Band 2 contained 2 mg

(0.015 mmole, 10% yield) ),7-dihydroxyjuglone.

2,7-Dihydroxyjuglone was dissolved in ether and was

treated with a small excess of CH
2
N

2
in ether. The

solution was evaporated immediately under vacuum and the

residue was purified by tlc to give 7-hydroxy-2-methoxy­

juglone. It was crystallized from petroleum ether ()o-
o 0

60 ) as orange needles, mp 220-221. The nmr spectrum

(CDC1) had a C-2 methoxy signal at J ).8. The uv

spectrum (CDC1) had ~max 260, 298 and 4)8 mp.

2,7-Dihydroxy- and ),7-dihydroxyjuglone can be

separated by tlc only by repeated elutions. The mixture,

however, upon methylation with excess CH
2

N
2

in ether and

immediate evaporation of the solvent, can be separated

by tlc more conveniently as the corresponding 7-hydroxy­

2-methoxy- and 7-hydroxy-)-methoxyjuglone. The parent
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compounds can be easily and quantitatively recovered by

demethy1ation in ref1uxing EtOH--HC1 (111) solution for

2-3 hr under N2 •

7. Hydroxylation of jug10ne using EtOH--HC1.

A solution of 50 mg (0.298 mmo1e) jug10ne in 10 m1

95% EtOH was boiled gently and 10 m1 concd HC1 was added

dropwise over a 15 min period. There was some separation

o~a green decomposition product. The reaction mixture

was cooled and extracted with ether. The ether extract

was dried over anhyd Na2S04 and the ether was evaporated.

The residue was analyzed by t1c. Three yellow bands

were isolated. The fastest moving band was jug1one, 5

mg. The second band contained 3 mg (0.016 mmo1e) 2­

hydroxyjug1one, 5% yield. The third band contained 15

mg (0.079 mmo1e, 26% yield) 3-hydroxyjuglone.

8. Hydroxylation of 6-acetyljuglone.

6-Acetyljug10ne35 (60 mg, 0.28 mmole) was dissolved

in 20 ml EtOH. To the boiling solution 25 ml concd HCI

was added over a 30 min period. A green precipitate

separated after boiling for 30 min longer. The reaction

mixture was cooled, diluted with water and extracted

with ether. The ethereal extract was dried over anhyd

Na2S04 and the ether was evaporated. The residue was

subjected to t1c.

Band I contained 15 mg (0.07 mmole) 6-acetyljuglone.

Band 2 contained 6 mg (0.03 mmole) 3-hydroxyjug1one
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which had an R
f

value identical with an authentic sample.

The uv spectrum had ~ax 240. 284 and 420 my and was

superimposable on that of an authentic sample. Band 3

contained 4 mg (0.017 mmole) 6-acetyl-2-hydroxyjuglone.

Its Rf value and the uv spectrum were identical with

those of an authentic sample. 36 The uv spectrum (Figure

4) had A 240. 290 and 425 mu.
max J

Band 4 was the major product and contained 14 mg

(0.06 mmole). After recrystallization from CHC1
3
--iSO­

o
octane. it melted 164-166. The uv spectrum (Figure 4)

of of 6-acetyl-3-hydroxyjuglone had ~ 239. 279 andmax
418 my. The nmr spectrum (CDC1

3
• Figure 5) exhibited a

signal for the C-2 hydrogen,S 6.38 (s. IH); C-5hydroxyl.

12.63 (s. IH); c-6 acetyl. 2.75 (s, 3H); C-7 hydrogen.

8.21 (d. J= 8 Hz. IH); C-8 hydrogen. 7.72 (d. J= 8 Hz.

IH). The molecular weight of 232 was confirmed by the

mass spectrum.

6-Acetyl-3-hydroxyjuglone (from band 4) was dis-

solved in MeOH and NaBH
4

was added with stirring in

small amounts keeping a constant effervescence. After

15-20 min the reaction mixture was poured into coned HCl

and ice. After extraction with ether. 10% NaOH solu-

tion was added and the mixture was shaken for a few

seconds. The basic layer was poured into coned HCl and

ice and extracted with ether. The ether solution was

dried and the ether evaporated. Most of the products
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did not move on t1c. One of the bands moving faster

than the starting material had the same R
f

value as a

minor product of the NaBH
4

reduction of 6-acetyl-2.3­

dihydroxyjug10ne.

D. Introduction of Acetyl Groups into Jug10nes.

1. 2.3-Dihydroxyjug10ne.

2.3-Dihydroxyjug10ne (100 mg. 0.48 mmo1e) was dis­

solved in 15 m1 acetic anhydride. Zinc dust (200 mg)

and 100 mg fused KOAc were added to the dark red solu-

tion. The color disappeared and the reaction mixture

was ref1uxed for 5 hr. It was filtered while hot and

the residue was washed with hot acetic anhydride. The

acetic anhydride was evaporated from the filtrate and

the residual oil decomposed with ice. The oil turned

light gray and solidified. was collected. washed with a

few drops of EtOH and dried. The yield was 175 mg (0.42

mmo1e. 88%) 1.2. 3.4. 5-pentaacetoxynaphtha1ene. crys­

tallized from EtOH--H20 (111) as gray prisms. mp 167­

1680 • The nmr spectrum (acetone-d6 • Figure 6) had

signals for 0-1 acetoxy. G 2.45 (s. 3H); 0-2 and 0-3

acetoxy. 2.33 (s~ 6H) ; 0-4 acetoxy. 2.40 (s. 3Hb 0-5

acetoxy. 2.36 (s. 3H) ; 0-6. 0-7 and 0-8 hydrogens. 7.17-

8.06 (m. 2. 6H) ~

The 1eucoacetate (100 mg. 0.2~ mmo1e) was dissolved

in 5 m1 acetic anhydride. For 4 min BF
3

was bubbled
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through the light brown solution. During this time the

color changed from yellow to dark red with green fluo-

d th t t rose to 920. At t drescence an e empera ure r re

needles separated. After 30 min the mixture was decom-

posed with ice and the red solid collected. It was dis­

solved in 25 ml 1 li NaOH solution under an atmosphere of

N
2

and the red solution was refluxed for 1 hr. It was

cooled, shaken with air and thoroughly extracted with

ether. The ethereal extract was dried and evaporated.

The residue was chromatographed on a column using CHC1
3

as the eluent. The only main yellow band furnished 51

mg (0.21 mmole) 6-acetyl-2,3-dihydroxyjuglone in 87%

yield. It was further purified by tlc and the main slow

moving band (ca. 95%) was crystallized as red needles

from CHC1
3
--isooctane, mp 2010

• The nmr spectrum

(acetone-d6 , Figure 7) had signals for c-6 acetyl, b 2.7

(s, 3H); C-7 hydrogen, 8.06 (d, J= 8 Hz, lH); C-8 hydro­

gen, 7.62 (d, J= 8 Hz, lH). The uv spectrum (Figure 8)

had Amax 267, 297(sh) and 410 my.

6-Acetyl-2,3-dihydroxyjuglone (30 mg, 0.12 mole) was

dissolved in 15 ml MeOH and NaBH4 was added in small

amounts with continuous stirring for 15-20 min. The

reaction mixture was decomposed over ice--HCl and ex­

tracted with ether. The ethereal extract was shaken

with aq NaOH solution for a few seconds and the dark

brown aq layer poured into ice--HC1. It was extracted
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with ether, dried and the ether was evaporated. The

residue was sUbjected to preparative tlc. The first

band has been tentatively assigned the structure of 6­

ethyl-3-hydroxyjuglone on the basis of relative Rf values

and a uv spectrum of the impure sample. The second band

contained 2,3-dihydroxy-6-ethyljuglone (12 mg, 0.05

mmole, 41% yield) which was crystallized from CHC1
3
--

oisooctane, mp 190-191 (dec). The 60 MHz nmr spectrum

(acetone-d6 , Figure 9) showed signals for c-6 methylene,

S2.73 (q, J= 7.5 Hz); c-6 CH2CHJ' 1.22 (t, J= 7.5 Hz);

C-7 and C-8 hydrogens, 7.54 (s). The 100 MHz nmr spec­

~rum (CDC1
3

, Figure 10)1 C-5 hydroxyl, &11.69 (s, O.8m;

c-6 methylene, 2.75 (q, J= 7.5 Hz, 2.4H); c-6 CH2CHJ'

1.26 (t, J= 7.5 Hz, 3.0H); C-7 hydrogen, 7.41 (d, J=

7.0 Hz, 1.lH); C-8 hydrogen, 7.58 (d, J= 7.5 Hz, 1.lH).

The uv spectrum (Figure 8) had ~x 255, 300 and 428 mI'

The mass spectrum confirmed the molecular weight of 234.

The natural product, designated 4B, originally thought

to be 2,3-dihydroxy-6-ethyljuglone, was compared with

the synthetic compound. Compound 4B has mp 181-1830
;

uv spectrum (Figure 8)1 Xmax 255, 300 and 410 my,

The third band consisted of 8 mg (0.032 mmole)

starting material.

If the reaction time was increased, the yield of

2,3-dihydroxy-6-ethyljuglone decreased and the yield of

6-ethyl-3-hydroxyjuglone increased.
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The methylation of 2,3-dihydroxy-6-ethyljuglone was

achieved rapidly upon treatment with diazomethane in

ether. After purification by tIc 2,3-dimethoxy-6-ethyl­

juglone was crystallized from CHC13~isooctane as orange

needles, mp 710
• Uv spectrum (Figure 11)1 Amax 251, 297

and 427 mp. The mass spectrum confirmed the molecular

weight of 262. Again, when the uv spectrum was compared

with the methylated 4B pigment, designated 4BM, they

were found to be different. The uv spectrum of 4BM had

Amax 300 and 410 my. The Rf values were also different I

the methylated synthetic compound moved faster than 4BM.

2. Juglone.

Freshly sublimed juglone (1 g, 0.057 mole) in 12 ml

acetic anhydride was refluxed with 500 mg Zn dust and

100 mg fused KOAc for 3-4 hr. The yellow solution was

filtered hot and washed with acetic anhydride. After

removal of acetic anhydride a green-yellow solid, mp
o118-120 , remained. Recrystallization from EtOH gave

1.52 g (0.05 mole), 87% yield) 1,4,5-triacetoxynaphtha­

lene. Nmr (CDC1
3

) signals 1 C-l acetoxy, i 2.42 (s, 3H);

c-4 and C-5 acetoxy, 2.36 (s, 6H); C-2, C-3, c-6, C-7

and C-8 hydrogens, 7.0-7.9 (m).

Juglone leucoacetate (100 mg, 0.33 mmole) was dis­

solved in 5 ml acetic anhydride, and BF
3

was bubbled
othrough for 3-4 min. The temperature rose to 85. The

solution changed to yellow, then to green-yellow and
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finally to orange-red. The volume was reduced under

vacuum as the solution turned darker. Upon cooling and

decomposition. with ice water an orange solid was collec~

ed. The solid was dissolved in 20 ml 1 ~ NaOH under N2•

The solution was refluxed under N2 for 1 hr, cooled,

shaken with air for a few seconds and poured into ice--

HC1. Extraction with ether, drying and removal of ether

followed. The residue was placed on tlc plates and

separated into four main bands.

Band 1 contained only traces of yellow compounds.

The red compounds noted were probably traces of

naphthazarin and acetylnaphthazarin. No further work

was done on these compounds.

Band 2, the second fastest moving band, was again

purified by tlc and crystallized'from CHC1
3
--isooctane

ogiving a yellow solid, mp 161-162. Uv spectrum (Fig.

4): ~x 284 and 405 mr. The mass spectrum gave the

molecular weight as 232, which corresponds to an acetyl

juglone plUS one hydroxyl group. The assigned structure

was 3-acetyl-2-hydroxyjuglone. Nmr spectrum (CDC1
3

,

Fig. 12): C-3 acetyl, I 2.85 (s, 3H); C-5 hydroxyl,

12.68 (s, lH); c-6, C-7 and C-8 hydrogens, 7.3-7.85

(m, 3. 5H) •

Upon reduction with NaBH4 'in MeOH followed by

hydrolysis and oxidation with base and shaking with air

for a few seconds, the reduced band 2 mixture was poured
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into ice--HCl and extracted with ether. The ether was

dried and evaporated. By tIc it was determined that J­

ethyl-2-hydroxyjuglone was formed as it had an R
f

value

identical with that of an authentic samPle. J6

Ahead of band J moved a very small band which was

not isolated. Band J was rechromatographed using CC1
4

and crystallized from CHCIJ--isooctane to give orange

plates, mp 120-1220
, 6-acetyljuglone. Lit J5 mp 1270

•

The Rf values in benzene and CHCI
J

indicated it was

a single compound. The R
f

value was the same as for

6-acetyljuglone prepared by the Spruit method. J5 Uv

spectruml Amax 2J5, 277(sh) and 418 mj1.

Band 4, as shown by the nmr spectrum, consisted of

unhydrolyzed acetates. Refluxing in aq NaOH under N2
for JO min provided more of bands 1, 2 and J.

J. Modified Spruit preparation of 6-acetyljuglone.

1,5-Dihydroxynaphthalene (10 g, 0.062 mole) was re­

fluxed in JO ml HOAc and JO ml BF
J

·OEt2 for JO min.

After addition of water the mixture was allowed to sit

while long needles formed. The solid was filtered,

washed with water, redissolved in excess MeOH, filtered

again and water was slowly added to the hot solution

until cloudiness appeared. Upon cooling a black tar-

solid was filtered off. Concentration of the mother

liquor gave a yellow-green solid, mp 268-2700 (litJ5 mp

2650
• The mass spectrum indicated a molecular weight of
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202 with a small amount of impurity from the diacetyl

derivative. The nmr spectrum (acetone-d
6

)z C-2 acetyl,

S2.73 (s, 3H); C-3, c-4, c-6, C-7 and C-8 hydrogens,

7.0-8.0 (m, 5H). Diazobenzenesulfonic acid (3.8 g, 17.2

mmole) was prepared. 47 With N2 bubbling through a solu­

tion of 3 g (0.9 mole) NaOH and 17 ml H20 which was

cooled with 10 g ice, 2.75 g (14 mmole) 2-acetyl-l,5-

dihydroxynaphthalene was added. With outside cooling and

vigorous stirring diazobenzenesulfonic acid was added in

small amounts. After stirring for 5 min the deep red­

purple mixture was allowed to sit at rt for 15 min.
o

Upon warming to 60 , 6 g (0.0285 mole) Na2S204 was added

with stirring for 10 min. A lot of foam was formed.

The mixture was filtered through a Buchner funnel; the

filtrate was later evaporated and treated like the fil-

tered solid. The solid was carefully washed into a

beaker using 100 ml H20. Much of the solid .dissolved in

the water. A pinch of SnClZ and 3-4 ml concd HCl was

added. The mixture was heated to the bpI 3 ml concd HCl

was added and the mixture was cooled to rt and filtered.

The resulting reddish solid was placed in a soxhlet

extractor attached to a 4 1. flask and extracted with

H20. A small amount of SnC1
2

was added to the flask

during extraction to prevent oxidation. To the hot

solution was added 17 g (0.063 mole) FeC1
3

'6H20 in 25 ml

H20 and 25 ml concd HCl. The soAtion was immediately
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cooled. The precipitate was collected followed by ex­

traction of the H20 solution with CHCl
J

• After drying

and removal of solvent both solids were dissolved in

CHCI
J

and placed on a column. The first yellow-orange

band contained almost all of the 6-acetyljuglone. Sep­

aration by tIc and crystallization from CHCIJ--isooctane
o

gave a cryst solid, mp 125-127. Uv spectruml A 240
~x

and 418 mJ1' Nmr spectrum (COCI
J

)1 C-2 and C-J hydrogens,

&7,01 (s, 2H), C-5 hydroxyl, 12.96 (s, lH), C-6 acetyl,

2.7J (s, J.2H); C-7 hydrogen, 8.15 (d, J= 8 Hz, IH), c-8

hydrogen, 7.65 (d, J= 8 Hz, lH). The ~ss spectrum gave

a molecular ion of mle 216.

Also isolated from the reaction mixture were two

slower moving compounds. The faster moving of the two

bands was rechro~tographed and was shown to be soluble

in dil NaHCO
J

, Uv spectruml ~max 240, 290 and 425 ml'

Its R
f

value was identical with an authentic sample of

6-acetYl-2-hYdrOXyjUglOne. J6 The uv spectra were also

superimposable. The second band was identical with band

4 from the EtOH--HCl hydroxylation of 6-acetyljuglone.

The R
f

values and uv spectra were identical, Uv spec­

truml A~x 2J8, 282 and 418 mf' Nmr spectrum (COOI
J

)1

C-2 hydrogen, S 6.40 (s, IH), C-5 hydroxyl, 12,62 (s,

IH); c-6 acetyl, 2.75 (s, JH); C-7 ~ydrogen, 8.22 (d,

J= 8 Hz, IH); C-8 hydrogen, 7.74 (d, J= 8 Hz, IH),

Attempts to reduce the acetyl group of
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6-acetyljuglone have not been successful. Following

reduction with NaBH4 in MeOH the mixture was decomposed

over ice--HCl and extracted with ether. The ethereal

extract was shaken with aq NaOH solution and air for

from a few seconds to 2 min, and the aq layer was then

poured into ice--HCl and extracted with ether. When

shaking was replaced with bubbling air through a stirred

aq NaOH solution, the results were almost the same. The

largest part of the material did not move on thin-layer

plates. Traces of ~ eight compounds could be seen,

three of which moved faster than a spot having almost

the same R
f

value as the starting material. The largest

of the three was isolated and a mass spectrum indicated

that it could not be 6-ethyljuglone, but a higher molec­

ular weight compound or a mixture of compounds. The

large spot with almost the same R
f

value as 6-acetyljug­

lone was isolated and rechromatographed using CC14 and

repeated elutions. The compound thus purified had R
f

values identical with those of 2-acetyl-J-hydroxyjuglone

in CC14 and benzene. The uv spectra were superimposable.

The mass spectra were alike in all interpretable aspects.

2-Acetyl-l,5-dihydroxYnaphthalene was dissolved in

ether and then extracted into 25 ml 10% NaOH solution.

Air was bubbled through the aq solution for 1 hr. After

addition of the solution to ice--HCl it was extracted

with ether and dried. Upon removal of solvent the
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residue was analyzed by tlc. Four bands were isolated.

Band 2 was starting material and bands 3 and 4 were

sho~m by their uv spectra to be largely not juglone

derivatives. Band 1 was further separated by tlc in

CC1
4

, using repeated elutions, into three bands. The

slowest moving of the three was orange and was not

further looked at. The first band was yellow and was

the major product. The uv spectrum showed the compound

to be a juglone, but the mass spectrum indicated a mol

wt of 284 or 256. The slower moving yellow band had the

same R
f

value as 2-acetyl-3-hydroxyjuglone as evidenced

by simultaneous spotting and repeated elutions in CC1
4

­

The uv spectrum of the compound was weak, but it was

very close to that of the authentic sample •.

4. Spinochrome B.

Dissolved in 10 ml acetic anhydride, 30 mg (0.135

mmole) 2,3,7-trihydroxyjuglone (III) was refluxed for 5

hr with 50 mg Zn dust and 25 mg fused KOAc. The mix­

ture was filtered while hot and the residual oil decom-

posed with ice.· The. solid was collected, dried and

weighed. The yield was 41 mg (0.86 mmole), 64% yield,
o1,2, 3,4, 5,7-hexaacetoxynaphthalene, mp 225-228 , with no

further purification. The mass spectrum confirmed the

mol wt of 476.

The leucoacetate (35 mg) was dissolved in 5 ml

acetic anhydride and BF
3

was bubbled through the light
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brown solution for 3 min. The color changed to yellow.

then to orange with green fluorescence and the tempera­

ture rose to 830 • After 30 min at rt during whioh an

orange solid separated. the mixture was decomposed over

ice. The water was decanted and the residue was dis-

solved in 1 ~ NaOH and the red solution was refluxed

under N2 for 1 hr. It was cooled. shaken with air for a

few seconds and decomposed over ice--HCl. The solution

was extracted with ether. The ether extract was dried

over anhyd Na2S04 overnight. The volume of the ether

was reduced and it was treated with diazomethane. By

tlc 6-acetyl-2.3-dimethoxy-7-hydroxyjuglone was isolated.

The uv spectra and the Hf values of the synthetic com­

pound and the methylated natural pigment. designated

5AM2 • were identical. Uv spectrum (Figure 1), A 310.max
371 and 464 ml. The mass speotrum showed a molecular

ion mle 292.

5. 2-Hydroxyjuglone.

Dissolved in 30 ml acetic anhydride. 370 mg (1.94

mmole) 2-hydroxyjug10ne was refluxed with 500 mg Zn

powder and 200 mg fused KOAc for 5 hr. The reaotion

mixture was filtered while hot. washed with hot aoetic

anhydride, and the aoetic anhydride was evaporated from

the filtrate. The residual solid was washed with water

and orystallized from EtOH as white needles, mp l6l-l62~

The yield was 650 mg (1.8 romole, 93%)
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1,2,4,5-tetraacetoxynaphthalene. Nmr spectrum (Figure 13,

acetone-d6 )I C-l acetoxy, S 2.47 (s, 3H); C-2 acetoxy,

2.31 (s, 3H); c-4 and C-5 acetoxy, 2.40 (s, 6H); C-3,

C-6, C-7 and C-8 hydrogens, 7.20-7.95 (m, 4H). The mass

spectrum confirmed the mol wt of 360. When mixed with

1, 3,4, 5-tetraacetoxynaphthalene, the mixture mp was

140-1540
•

1,2,4,5-Tetraacetoxynaphthalene (200 mg, 1 mmole)

was dissolved in 15 ml acetic anhydride and BF
3

was

bubbled through. The yellow-brown solution changed to

yellow to red as the temperature rose to 920
• The solu­

tion stood at rt for 45 min and was poured into ice.

The orange solid was dissolved in 120 ml 1 ~ NaOH and

refluxed for 1 hr under N2• It was cooled, shaken with

air for a few seconds and poured into ice--HC1. After

extraction with ether, it was dried and the ether was

evaporated. The residue was placed on tlc plates and

three bands were collected. The fastest moving band was
. 0

crystallized from CHC13--isooctane, mp 158-159. The uv,

nmr and mass spectra were identical with those of band 2

isolated from the Fries rearrangement reaction of 1,4,5­

triacetoxynaphthalene. The Rf value was also identical

with that of 3-acetyl-2-hydroxyjuglone. The yield was

12 mg (0.05 mmole, 5%).

The second compound was 2-hydroxyjuglone, 13 mg

(0.07 mmole). The third compound was crystallized from
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oCHC1;--isooctane, mp 191-19; (dec). The compound was

identical with a sample of 6-acetyl-2-hydroxyjuglone

obtained from the NaBH4 reduction of spinochrome A.;6

Uv spectrum. A 240, 290 and 425 mu. Nmr spectrum
~x /

(acetone-d6)I C-; hydrogen, d 6.;0 (s, lH); C-5 hydroxyl,

1;.52 (s, IH), c-6 acetyl, 2.68 (s, 3H), C-7 hydrogen,

8.08 (d, J= 8 Hz, lH), C-8 hydrogen, 7.65 (d, J= 8 Hz,

lH). The mass spectrum gave the mol wt 232. The yield

was 111 mg (0.48 mmole, 48%).

6. 3-Hydroxyjuglone.

;-Hydroxyjuglone (300 mg, 1.6 mmole) was dissolved

in 25 ml acetic anhydride; 500 mg Zn powder and 200 mg

fused KOAc were added. The reaction mixture was re-

fluxed for 4 hr and filtered while hot. The residue was

washed with hot acetic anhydride. The filtrate was

evaporated and the residual solid washed with water and

crystallized from EtOH as white needles, 1,3,4,5-tetra­

acetoxynaphthalene, mp 161-1620
• The yield was 500 mg

(1.4 mmole, 88%). The mass spectrum conf1rmed the mol

wt of 360. Nmr spectrum (acetone-d6 , Figure~). C-l

acetoxy, J 2.47 (s, 3H), C-) acetoxy, 2.33 (s, 3H), c-4

acetoxy, 2.44 (s, 3H), C-5 acetoxy, 2.40 (s, 3H), C-2,

C-6, C-7 and C-8 hydrogens, 7.03-7.95 (m, 4H).

1,3,4,5-Tetraacetoxynaphthalene (400 mg, 1.1 mmole)

was dissolved in 15 ml acetic anhydride and BF
3

was

bUbbled through the solution for 5 min. The solution
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changed from brown to yellow to red with green fluores-

d th t t to 820.cence, an e empera ure rose It was allowed

to stand at rt for 30 min and then poured over ice. The

reddlsh brown solid was collected and dissolved in 50 ml

aq 1 H NaOH. The alkaline solution was refluxed under

N2 for 1 hr. It was cooled, shaken with air for a few

seconds and poured over ice--HC1. The mixture was then

extracted with ether. The ether extract was dried and

the ether was evaporated. The residue was analyzed by

tlc. Three yellow bands were collected.

Band 1 was crystallized from CHC1
3
--isooctane, mp

129-1320
; uv spectrums ~x 283 and 415 mJ' A tentative

structure of 2-acetyl-3hydroxyjuglone was adduced. Al­

though the mass spectrum showed a probable molecular ion

m/e 232, a large peak at 218 could not be rationalized.

The compound was then rechromatographed by tlc using

repeated elutions in CC14 over a 48 hr period. Two

yellow compounds were isolated. The slower band had a

mol wt of 218 and was not identified. The faster band

showed a mol ion at m/e 232. Uv spectrums Amax 281

and 405 mJ.

Band 2 contained 3-hydroxyjuglone.

Band 3 was the major yellow band and was isolated

and crystallized from CHC1
3
--isooctane. Its uv spectrum

had Amax 237, 278 and 418 my and was identical with the

major product obtained by boiling 6-acetyljuglone in



OAc

OAcOAc

i
~t

I ir
l~~LI ~ . l!
: •.1 t

: II ,'ii ',1 i .Jrl<M\Ji'''';'''~''''''''''''''''''''''~'......,.J;.w.w.J''.rI•...J· U I''I\~"",_,.".............)I~'
'[I

, .~

I
""Ij,~JiyJJ.J1"v.-M\

2.0 3.0 ".0 5:0 PPM (7") 6.0 7.0 8.0 9.0 10
I : I' iii i : I i I I I Iii I

i 'i i I1000 "
f :1 r-~~
~ ~ ~ 200 '00 C~I :;
= ,1

I i
~ 2A '.'I c Ii
~ il

I,
Ii
l!
H
!I
"Ii
!!
!'

8.0 7.0 6.0 5.0 PPM (ei) - 4.0 3.0 2.0 1.0 Q

Figure 14,. 60 MH nmr spectrum (acetone-db) of 1,:3,4. 5-tetraacetoxynaphtha1ene.

0\.....,
III



64

EtOH--HC1. The Rf values were also identical. The mass

speotrum gave a mol wt of 232 and a struoture of 6­

acetyl-3-hydroxyjuglone was assigned.

7. 2,7-Dihydroxyjuglone.

By the previous procedure 2,7-dihydroxyjuglone (20

mg, 0.105 mmole) was reductively acetylated to obtain

1,2,4,5,7-pentaacetoxynaphthalene (19 mg, 0.45 mmole,

43% yield). The leucoacetate (15 mg) was dissolved in 5

ml acetic anhydride and BF
3

was bubbled through the

solution. The temperature rose to 108°. The reaction

solution was worked up as above and the residue analyzed.

Band 1 was 6-acetyl-2,7-dihydroxyjuglone (2 mg, 20%

yield). It was identical with the natural pigment, des­

ignated 2B2' isolated from the spines of Echinothrix

diadema Linn. The mass spectrum confirmed a mol wt of

248.

Band 2 was a minor unidentified constituent.

Band 3 was also a minor compound whioh had an Rf
value identioal with that of 3-acetyl-2,7-dihydroxyjug­

lone, the natural pigment 6AM18 isolated from E. diadema.

E. Attempted Synthesis of Naphthazarin Derivatives.

1. Preparation of 2,7-dimethoxynaphthazarin.

Hydroquinone (22 g, 0.2 mole) and 23.5 g (0.24 mole)

maleio anhydride were slowly added to a fused mixture of

80 g anhyd A1C1
3

and 20 g NaCl being stirred under N2 at
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1400
• The temperature was qUiokly raised to 180-1950

and held for 2 hr. The mixture became solid after 30

min and stirring was discontinued. The deep purple

solid.was cooled; H20 was slowly added; and extraction

with saturated Na2C0
3

solution and washed with H20. The

ethereal solution was dried and evaporated yielding 11.6

g (0.06 mole, 30% yield) naPhthazarin. 17

1,5-Dinitronaphthalene (10 g, 0.046 mole) and 109 ml

(200 g) concd H2S04 were stirred below 400 and a solu­

tion of 3.5 g S in 32 ml (60 g) 66% fuming H2S04 (oleum)

was added dropwise. After stirring for 30 min the mix­

ture was poured into 250 g ice. Following filtration,

the solution was boiled for 1 hr. Upon cooling, the

mixture was filtered and then extracted with ether. The

solid was placed in a soxhlet apparatus and extracted

with ether. The ether was dried and evaporatea leaVing

4.5 g (0.024 mole, 52% yield) orude naphthazarin.

The naphthazarin was passed through a short column

to remove slow moving materials. If tlc indioated the

product to be fairly pure, it was used in the next step.

If higher purity was required, naphthazarin was crystal­

lized from CHC1
3
--isooctane.

One gram naphthazarin was dissolved in 150 ml 0.5%

NaOH and heated for 1-2 hr at 700
• The reaction was

followed by tlc. The mixture was poured into ice and

HCl and extracted with ether. The ether solution Was
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dried and the ether removed. The residue was naphtho­

purpurin. The same purification steps were followed as

for naphthazarinl however it was found that an impure

sample could be used in the next step. Naphthopurpurin

was dissolved in abs MeOH and anhyd HCl gas was passed

through the solution for 1 hr and the solution was al­

lowed to sit overnight. Upon removal of MeOH ~ 700 mg

2-methoXynaphthazar1n remained. The pure compound was

obtained by purification on a 100 cm x 5 cm column.

Follow1ng oxidat1on of 2-methoxynaphthazar1n to the

d~qUinOne using Pb(OAc)4 in benzene, the crude diquinone

was acetylated w1th acetic anhydride and concd H2S04 •

M1ld hydrolysis by reflux1ng in EtOH--HCl for 30 min

furnished a m1xture of 6- and 7-methoxy-2-hydroxynaph-

thazarin. Cc allowed separat10n of the several com-

pounds and isolation of 2-hydroxy-7-methoxynaphthazar1n.

However, the crude m1xture could be used for the next

step. The compound was d1ssolved in MeOH and HCl gas

was passed through the solution for 1-2 hr. The solu­

tion was allowed to sit overnight. The mixture was

separated on a 100 cm x 5 cm column, yielding 2.7­

dimethoxynaphthazar1n.

2. Attempted addition of crotonaldehyde to

2,7-dimethoxynaphthazarin.

2,7-Dimethoxynaphthazar1n (50 mg, 0.2 mmole) was

dissolved in 15 ml acetic anhydr1de and 2 ml
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crotonaldehyde was added. Hydrogen chloride gas was

passed through the ice-cold solution for 10 min. After

keeping overnight the red solution was poured into ice

and extracted with ether. The ether extraction was

dried and evaporated. The residue was shown by tIc to

be unchanged starting material.

In another attempt a solution prepared as above was

kept at rt for 2 d. The work-up showed some black

decomposition products along with starting material.

In a third experiment, the reaction mixture was

refluxed for 2 hr under N2 and then worked up in the

same manner. In this case starting material was recov­

ered in very small amount and most of the residue

consisted of decomposition products.

3. Preparation of 2,7-dihydroxynaphthazarin.

2,7-Dimethoxynaphthazarin was dissolved in 95% EtOH

and an equal amount of concd Hel was added and the

solution was refluxed under N2 for 2 d. The mixture

was poured into ice and extracted with ether. The

solution was dried and the ether was removed. The

resulting residue was separated by cc giving

2,7-dihydroxynaphthazarin.

4. Attempted introduction of crotyl bromide into the

dipotassium salt of 2,7-dihydroxynaphthazarin.

2,7-Dihydroxynaphthazarin (Ill mg, 0.5 mmole) was

dissolved in ether and extracted with 140 ml (1.2 mmole)
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KHC0
3

in 5 ml water. The water was removed by repeated

addition of abs EtOH and removal under vacuum. The

residue was suspended in 15 ml dry acetone and ~ 135

mg (1 mmole) crotyl bromide was added. The mixture

was boiled under reflux for 23 hr. Tlc showed some

slow moving material, but probably at least 90% was

unreacted starting material. About 135 mg (1 mmole)

crotyl bromide was added to the solution, which was

refluxed for 30 hr. Tlc showed essentially only

starting material until it was spotted heavily. The

reaction mixture was added to ~.5 N HCl and ice,

extracted with ether and dried over anhyd Na2S04. Tlc

of the coned mixture showed 15 bands. Only four bands

beside the starting material were red and represented

only trace amounts.



CHAPTER III

RESULTS AND DISCUSSIONS

A. Initial Attempts to Synthesize aydroxylated

Naphthoguinones.

1. Hydroxylation of l-nitronaphthalene.

Roussin13 showed that l,5-dinitronaphthalene could

be oxidized to naphthazarin. If hydroxylated nitro­

naphthalenes could be obtained greater exploitation of

this reaction would be possible. Hamilton and
48Friedman reported rate studies of the hydroxylation

of nitrobenzene in water using hydrogen peroxide and

catalytic amounts of ferric chloride and catechol. It

was noted that nitrobenzene was extremely difficult to

hydroxylate. The authors also sent further information

in private communications which mentioned that the rate

of hydroxylation dropped very rapidly with the intro­

duotion of organic solvents into the system.

The above reaction applied to nitronaphthalene was

found not to proceed except to yield trace amounts of

acidic material. The very low solubilities of 1,5­

dinitro- and l-nitronaphthalene in water led to the use

of organic co-solvents which had previously been shown

to deter the reaction.

2. 2,5-DiacetoXY-3,4-dichlorothiophene (DADCT).

Scherer and Kluge42 prepared DADCT by oxidation of
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tetrachlorothiophene with fuming HN0
3

and reductive

acetylation of the ensuing thiomaleic anhydride. The

compound obtained by the writer was impure as could be

seen by the tan color (instead of yellow). the low mp

and the extra ir peak at 1792 cm-l • It was assumed

the peak at 1792 cm-l was the decomposition product

which also caused the darkening of the color.

3. Oxidation of halothiophenes.

Thiophene derivatives are known to easily be oxi­

dized to their l.l-dioxides by simple treatment with
49H202 • However. Melles and Backer reported that 2.5-

dihalothiophenes were very stable to that type of

oxidation. 49 This observation was confirmed in the

writer's unsuccessful attempts to oxidize 2.5-dichloro-.

2.5-dibromo-. tetrachloro- and tetrabromothiophene to

the corresponding sulfones (Table 1).

DADCT had been synthesized in order to test the

possibility of oxidizing it to the 1.1-diox1ae. Unfor­

tunately this compound proved to be another poor

choice as it tended to decompose in air or when heated,

and the only apparent recovered compounds were those

of decomposition and some starting material.

Bluestone et al. 50 had shown that 3,4-dichlorothio­

phene-l.l-dioxide underwent a Diels-Alder addition to

benzoquinone and yielded 6.7-dichlorothiophene upon

loss of 802. If halothiophenes ftrmed the corresponding



71

1 ,l-dioxides , sUbsequent addition to benzoquinone and

replacement of the halogens with hydroxyl groups would

yield juglone and naphthazarin derivatives (Scheme 5).

+ )

+

1

Scheme 5.

4. Preparation of perchloronaphthoquinone.

In order to check the 1895 literature report of

Helbig,51 tetrachlorotetrahydronaphthalene was reacted

with coned BN0
3

to give 2,3-dichloro-l,4-naphthoquinone.

The desirability of effecting a similar reaction with

octachloronaphthalene immediately came to mind. It was

hoped that oxidation to perchloronaphthazarin could be

carried out. However, Claus and Mielcke52 had reported

that the conversion to the naphthoquinone obtained by

Helbig went in poor yield when tetrachloronaphthalene
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was used. Using HN0
3

and Koppers Company Halowax (90%

octachloronaphthalene, 10% heptachloronaphthalene), a

30% yield of perchloronaphthoquinone was obtained, but

no apparent 'formation of any naphthazarin products

occurred. After tentative identification of the quinone

had been made, it was found that the identical reaction

had been run in 1932.43

When NaMeO was added to a methanolic solution of

perchloronaphthoquinone, at least 5-10 compounds

resulted. One compound was isolated and purified. Its

nmr spectrum appeared to indicate a dimethoxynaphtho­

quinone derivative. The uv spectrum contained a major

peak at 480 mu which, although it occurs at an unusual­

ly long wavelength, could be attributed to a heavily

substituted juglone derivative. The mass spectrum

indicated a parent ion mle 338, while the proposed

compound would have its mol ion at mle 356. The mol

wt of 338 would fit hexamethoxy-l,4-naphthoquinone.

However, the nmr and uv spectra would be very different

and its color would be red instead of yellow. No

further work was carried out.

5. Attempted preparation of methoxymethylsulfide.

Overberger and La153 synthesized 2,5-d1carboXY-3,4-

d1methoxythiophene. By analogy, the reaction sequence

in Scheme 6 was to yield 3,4-dihydroxy-2-methoxy-

thiophene sulfone. This method, however, was found
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to be lacking because of the difficulty of handling the

NaOEt
EtOH H~O
(COOEt)2 > HO 2

Me

Scheme 6.

starting materials and the immediately ensuing products.

6. Attempted substitution of halothiophenes.

Direct substitution of bromine atoms in 2,5-dibromo-

thiophene by methoxy could not be effected.

Jakobsen and Lawesson54 showed that replacement of

bromine atoms on the thiophene nucleus could be carried

out as shown in Scheme 7.

Scheme 7.
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Although one bromine atom of 2,5-dibromothiophene

could be replaced with a ~-butoxy group, it proved very

difficult to separate products from starting materials

because of similar boiling points. It was at the same

time very difficult to replace any of the bromine atoms

on 2,),4-tribromothiophene or tetrabromothiophene with

a ~-butoxy group. This was disheartening yet interest­

ing since it was possible with both 2,)- and 2,5­

dibromothiophene. Based on the reported Diels-Alder

addition of ),4-dichlorothiophene-l,1-dioxide to
50benzoquinone, Scheme 8 shows two routes which were

to have been followed.

During the investigation it was noted that chloro­

thiophene derivatives did not react in the same manner

as the bromothiophenes. Whereas 2,3,4-tribromothio-

phene readily reacted with U-butyl lithium followed by

water to give 3.4-dibromothiophene, trichlorothiophene

gave no dichloro derivative. Apparently the ionic

character of the thienyllithium reagents is not as

strong for the chlorothiophenes. When removal of a

second atom and SUbsequent substitution were attempted,

trichlorothiophene dimer and possibly a substituted

trichlorothiophene were obtained. The trichlorothio­

phene dimer was obtained during an attempt to replace

a chlorine atom with a ~-butoxy group. The mol ion

mle 372 does not correspond to the mol wt of 372.8.
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However, loss of one chlorine atom gives mle JJ7 (re­

quired 337.3) and loss of a second atom gives a frag­

ment at mle 302 (required 301.8). The fact that there

are no hydrogens in the molecule lends credence to the

assignment.

B. Synthesis of Hydroxyjuglones.

1. 7-Hydroxyjuglone.

By the method of zahn and ochwat17 it was hoped that

Friedel--Crafts addition of maleic anhydride to resor­

cinol diacetate could be effected to yield 7-hydroxy­

juglone. It was apparent from the uv spectrum that

the reaction did not work.

When resorcinol dimethyl ether was added with maleic

anhydride to fused A1C1
3

--NaCl, again the uv spectrum

(~ax 238, 261, 320 and 350 m,> was qUite different

from the expected juglone uv spectrum. The absence

of the characteristic absorbance at 400-460 mu was,

however, countered by the downfield signal in the nmr

spectrum at $ 12.92. This downfield signal is commonly

seen for the peri-hydroxyl group in naphthoquinone

derivatives. However, as the compound was soluble in

5% NaHC0
3

with the evolution of CO 2 , this could be

attributed to a proton of a carboxylic acid. Normally

carboxylic acid protons are not found below S 12, but

the presence of so many oxygen functions could promote
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strong hydrogen bonding and thus cause a further down­

field shift. Barr, Dean and LocksleySS who investigat­

ed intermediates in the reaction of maleic anhydride

and certain phenols, found compound Xllla to be one of

their products. The mass spectrum of the isolated

product indicated a mol wt of 222 which is 14 mass

units higher than the mol wt of Xllla. It was there­

fore possible to assign a tentative structure Xlllb

to the compound isolated. It should be noted that the

positioning of the methyl group has not been proven.

RO-«__~-CH=CH-COOH

Xllla R= H
b R= Me

XIV

Structure XIV could be a representative hydrogen-

bonded structure. The requirement of a ~ configura­

tion can be met since the starting material was maleic

anhydride. However, the strength of the hydrogen­

bonding may be somewhat diminished because of the large

possibility of hydrogen-bonding also occurring with the

ortho-hydroxyl group.

2. 6,7-Dihydroxyjuglone.

The Friedel--Crafts reaction between maleic
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anhydride and pyrogallol triaoetate was expected to

yield 6,7-dihydroxYjuglone. The nmr spectrum would be

expeoted to display three or possibly four signals.

If the quinoidal protons were split, they would give

two doublets qUite olose together or a singlet if not

split. The singlet would be twice as intense as the

other two singlets whioh would be expeoted near a 7 and

12.8. However, the nmr spectrum displayed singlets at

S2.52 and 12.73 and doublets at d 6.51 and 7.33.

After vigorous attempts at hydrolysis of the suspected

"acetate," the nmr speotrum continued to display a

signal at i 2.52 and it was conoluded that this perhaps

belonged to an acetyl group. Since the reagents and

conditions used could produoe Fries rearrangements as

well as Friedel--Crafts transformations, it is quite

likely that both occurred during this sequence. The

uv speotrum indicated absence of a juglone derivative.

It would be oonvenient if in analogy to the reaction

of maleic anhydride and resorcinol dimethyl ether one

oould assign struoture XV to the produot. However, the

nmr speotr~ cannot be easily reoonoiled with this

Ac H

HO~~-CH=CH-COOH
---' 0

HO H

XV
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structure. A final determination of the structure can

not be made unless further investigations are under-

taken.

J. 2,J-Dihydroxyjuglone.

By the method of Garden and Thomson2l 2,J-dihydroxy-

juglone was synthesized in approximately the same

yields as reported previously. The intermediate

compounds XVI and XVII displayed the expected nmr

spectra. Since there was a possibility that compound

XVII could actually exist as the naphthalenediol in­

stead of the dione, the product was shaken with D20,

which effected no change. The signal at f 5.84 would

be expected to disappear if there was exchange be­

tween naphtholic protons and D20.

The uv spectrum of 2,J-dihydroxyjuglone differed
21greatly from the reported uv spectrum. Whereas

Garden and Thomson21 reported 2,J-dihydroxyjuglone had

~~H J97 and 567 mu, a more typical juglone spectrum

was found by this writer (Amax 248, 275(sh), 40J and

485(sh) mp). It would be very unusual for a yellow

compound to display an absorbance as high as 567 mp.

The mass spectrum confirmed the mol wt of 206. It may

be noted that Cook~ and owen56 used a different method

for the synthesis of the juglone, but they did not re­

port the uv spectrum. They apparently felt there was

something wrong and requested a sample of
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o

XVI

NaOH
)

Her
)

Scheme 9.

2,J-dihydroxyjuglone from Dr. Thomson. Cooke and Owen

reported that the ir spectra of their compound and

Thomson's were identical·.

4. Thiele reaction on juglone.

The Thiele reaction introduces a hydroxyl group
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into the quinone ring via an acetoxy intermediate.

After formation of the leucoacetate and introduction

of an acetoxy group, hydrolysis and oxidation of the

product yields an hydroxyquinone. This method of

addition of an hydroxyl group is probably the best

single method for synthetic use. Although both 2­

and 3-hydroxyjuglone are formed from juglone, they are

easily separated by tlc. The yield of the minor

product, 3-hydroxyjuglone, is as good as that obtained

by the more selective EtOH--HCl hydroxylation technique.

Fieser39 reported that the Thiele reaction on juglone

followed by hydrolysis and oxidation yielded 2 (or 3)­

hydroxyjuglone. Thomson. 38 however, repeated the

experiment and reported 3-hydroxyjuglone was the isola­

ted product. As he synthesized 3-hydroxyjuglone by

three other methods also, it may be assumed that he

did isolate 3-hydroxyjuglone.

The intermediate compound reported by Fieser39 and

Thomson38 was 1,2.4,5-tetraacetoxynaphthalene. mp 1540 •

However, the present experiments show that the above

tetraacetoxynaphthalene is a mixture of compounds
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since the reaction furnishes both hydroxyjuglones.

Both 1,2,4,5- and l,3,4,5-tetraacetoxynaphthalene have

been prepared by reductive acetylation of the respec­

tive hydroxyjuglones and have the same mp 161-1620•

However, an admixture of the two isomers shows a mp

lowering to 140-1540 • It is conceivable that a mixture

of the two isomers isolated by recrystallization may be

forming a solid solution and have a mp 1540 as noted.

Upon hydrolysis and oxidation of the mixture, the much

less soluble 3-hydroxyjuglone would then be isolated

by fractional .recrystallization.

5. Attempted hydroxylation of 2- and 3-hydroxyjuglone.

In the hope that 2,3-dihydroxyjuglone could be

synthesized by further hydroxylation of either 2- or

3-hydroxyjuglone, both Thiele and EtOH--HCl hydroxyla­

tion techniques were tried on 2-hydroxyjuglone with no

new products being formed. The Thiele reaction on 3­

hydroxyjuglone also gave no new products. This was

not surprising as Thomson2l had reported the same

unreactivity of monohydroxylated juglones.

6. 7-HydroxYju~10ne.

Two pigments isolated from the spines of Echinothrix

diadema Linn. were acetyl derivatives of 2,7-dihydroxy­

juglone. For the synthesis of 7-hydroxyjuglone, the

method of Garden and Thomson was used. 2l However, this

method was difficult and very small yields were
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obtained by this investigator. The Thiele reaction on

7-hydroxyjuglone formed both 2.7- and 3.7-dihydroxy­

juglone which were separated by tlc using repeated

elutions. The mixture is very easily separated by

methylation with excess diazomethane in ether followed

by analysis by tlc. The isolated 7-hydroxy-2- and

7-hydroXY-3-methoxyjuglone can easily and quantitative­

ly be demethylated by refluxing in EtOH--HC1.

Quite recently a new synthesis of 2.7-dihydroxy­

juglone (flaviolin) was reported. 57ThiS method

(Scheme 10) could be very convenient. but an evaluation

)

HO OH

NaOH
02 HO
65% )

OH

Scheme 10.
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must wait as the total overall yield was not reported.

7. EtOH--HCl hydroxylation of juglone.

The yields obtained from this reaotion were low

beoause of extensive deoomposition. Only ~ 40% of

the material was reoovered as opposed to over 60% from

the Thiele reaotion. However, the major produot ob­

tained was J-hydroxyjuglone with only a very small

amount of 2-hydroxyjuglone. There was also a 10%

return of juglone while none was isolated after the

Thiele reaotion.

If a protonated speoies is a neoessary first step

in the hydroxylation of juglone with EtOH--HC1, Soheme

11 may be assumed to represent one meohanistio route.

~
OR 0

+
EtOH )

Soheme 11.

OH
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8. 6-Acetyljuglon~.

As a preliminary investigation of the hydroxylation

of juglones, hydroxylation of 6-acetyljuglone was

effected using EtOH--HCl. Three compounds were isola­

ted from the reaction. 6-Acetyl-2-hydroxyjuglone was

found to be identical with a sample isolated from the

NaBH4 reduction of spinochrome A. J6 The major product

was 6-acetyl-J-hydroxyjuglone which was the expected

product since the EtOH--HCl hydroxylation of juglone

gave J-hydroxyjuglone. The spectral data all supported

the structural assignment. Moreover, it was found to

be identical with 6-acetyl-J-hydroxyjuglone obtained

from the acetylation studies of J-hydroxyjuglone. The

third compound was a small amount of J-hydroxyjuglone

which may have been formed by the removal of the acetyl

group from the aromatic ring. The removal of this

acetyl group with EtOH--HCl is, however, difficult to

rationalize.

The hydroxylation of juglone using EtOH--HCl pro­

ceeded only in the J-position. If a protonated species

is a necessary step in the hydroxylation, the more

easily protonated carbonyl is at C-l. The carbonyl at

C-4 is strongly hydrogen-bonded to the peri-hydroxyl

group and is not as available for protonation. It was

hoped that an acetyl group ortho to the 5-hydroxyl

group would offer an alternative carbonyl group for
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hydrogen-bonding, thus freeing the 0-4 carbonyl group

for participation during hydroxylation. This did

happen to a small extent since 6-acetyl-2-hydroxy­

juglone was one of the products. However, no 6-acetyl­

2,J-dihydroxyjuglone was found.

Reduction of 6-acetyl-J-hydroxyjuglone was NaBH4
gave only traces of compounds other than apparent

decomposition products. One of the faster moving bands

had an Rf value identical to one of the minor products

from the reduction of 6-acetyl-2,J-dihydroxyjuglone.

This was assigned the structure of 6-ethyl-J-hydroxy­

juglone. However, until final confirmation of this

structure by mass spectral analysis, this designation

is only tentative.

o. Introduction of Acetyl Groups into Juglones.

1. 2,J-Dihydroxyjuglone.

In order to effect a Fries rearrangement to obtain

the 6-acetYl derivative, the leucoacetate of 2,J-di­

hydroxyjuglone was prepared. The nmr spectrum of

l,2,J,4,5-pentaaoetoxynaphthalene was interpreted on

the basis of two assumptions. The first assumption was

that ~-acetoxy signals will be found upfield as com­

pared to ~-acetoxy signals. The second assumption

was that the more steric interference there is on a

specific acetoxy group, the farther upfield its signal
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will be found. This is reasonable since the deshield-

ing effect of the aromatic system will be decreased as

the acetoxy group is forced out of the plane of the

ring.

Because only one possible Fries rearrangement could

occur, the yield of 6-acetyl-2,J-dihydroxyjuglone was

a qUite respectable 87%. Upon reduction with NaBH4 the

corresponding ethyl derivative was obtained in 41%

yield. However, this reagent will also remove hydroxyl

~roups while reducing the carbonyl group.J6 As a

result a small amount of 6-ethyl-J-hydroxyjuglone was

isolated and tentatively identified as such on the

basis of relative Rf values.

Methylation of 2,J-dihydroxy-6-ethyljuglone to the

dimethyl ether was achieved with diazomethane. This

product when compared with the pigment 4BM differed

both in Rf value and in the uv spectrum.

It would appear that the natural pigment 4B does not

have the structure, 2,J-dihydroxy-6-ethyljuglone,

initially assigned to it. The uv spectra were identi­

cal for the nat~al and synthetic compounds only for

the two short wavelength bands. The long wavelength

bands, which are characteristic of juglones, differed

by 18 m,. Although the mass spectra had the same

fragmentation pattern on the part of the spectra which

could be compared, there were several large differences
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in relative intensities.

2. Juglone.

It was expected that three possible compounds could

be synthesized from the Fries rearrangement of 1,4,5­

triacetoxynaphthalene. The only simple acetyl com­

pound formed and isolated was 6-acetyljuglone. The

mass spectrum confirmed the mol wt and the fact that the

acetyl group was situated on the aromatic ring. The

only other major product isolated was 3-acetyl-2­

hydroxyjuglone. From the initial nmr spectrum it was

thought to be either 2- or 3-acetyljuglone, but the

absence of any quinoidal protons in the spectrum and

the mol wt of 232 showed the presence of another

hydroxyl group. The mass spectrum also showed the

acetyl group to be on the qUinoid ring. Reduction with

NaBH4 gave 3-ethyl-2-hydroxyjuglone as was indicated by

comparison with the R
f

value of an authentic sample. 36

It is interesting to note that under mild acidic

conditions sufficient to hydrolyze naphthazarin

acetates, a significant amount of unhydrolyzed juglone

acetates remained. When, however, more drastic condi-

tions were used no acetates were left unhydrolyzed.

3. Preparation of 6-acetyljuglone.

6-Acetyljuglone was prepared by the method of Spruit

with only small changes in the procedure. 35 Two other

compounds previously unreported were isolated from the
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Spruit reaction. Both 2- and J-hydroxy-6-acetyljuglone

were isolated in small amounts during tIc. In attempt­

ing to reduce 6-acetyljuglone to the ethyl derivative

with NaBH4• there were no compounds isolated which

appeared to contain an ethyl group. Instead. reduction

of the ri~g carbonyl groups and possible removal of a

hydroxyl group was taking place. One of the trace

compounds was 2-acetyl-J-hydroxyjuglone.

When 2-acetyl-I.5-dihydroxynaphthalene was sUbjected

to treatment with base and oxygen under the same condi-

tions used during the work-up of the NaBH4 reduction

mixture. 2-acetyl-J-hydroxyjuglone was again one of

the trace materials formed. This would lend some

credence to the idea that initially NaBH
4

reduced the

quinone ring and removed one of the hydroxyl groups.

When the acidified NaBH4 reduction mixture was treated

with base and oxygen to oxidize it back to the quinone.

only a very small amount of the dihydroxynaphthalelle

was converted to the juglone- derivative. with 2-acetyl­

juglone the preferred product. Base is known to

hydroxylate juglone2J and this was then easily carried

out to obtain 2-acetyl-J-hydroxyjuglone.

4. Spinochrome B.

2.J.7-Trihydroxyjuglone (spinochrome B) was reduc­

tively acetylated to 1,2,J.4.5,7-hexaacetoxynaphthalene.

After bubbling BF
J

through an acetic anhydride solution



of the leucoacetate, the Fries rearrangement product

was hydrolyzed and then oxidized with base and air. As

6-acetyl-2,3,7-trihydroxyjuglone is very sensitive, the

compound was treated with diazomethane and isolated as

6-acetyl-2,3-dimethoxy-7-hydroxyjuglone. The li
f

value

and the uv spectrum were identical with those of the

pigment, designated 5AM2, isolated from Echinothrix

diadema Linn. The mass spectrum confirmed the mol wt

of 292.

5. 2-Hydroxyjuglone.

Both expected produots were formed from the Fries

rearrangement of 1,2,4,5-tetraacetoxynaphthalene and in

the expeoted proportions. As 3-aoetyl-2-hydroxyjuglone

is more sterically hindered than 6-acetyl-2-hydroxy­

juglone, it would be expeoted to be formed in minor

amounts. Correspondingly, 6-acetyl-2-hydroxyjuglone

was formed in a very good yield of 48%.

6. 3-Hydroxyjuglone.

The major product was again the less sterlcally

hindered compound, 6-acetyl-3-hydroxyjuglone. The

minor product proved difficult to purify as it was

accompanied by an impurity with an extremely close lif
value. Only after repeated elutions in CC1

4 was 2­

acetyl-3-hydroxyjuglone isolated and characterized by

uv and mass spectral data. The uv spectrum was qUite

similar to that of 3-acetyl-2-hydroxyjuglone. The mass
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spectrum showed the acetyl group to be located on the

quinoid ring. and the mol wt was 232.

7. 2.7-Dihydroxyjuglone.

The Fries rearrangement of 1.2.4.5.7-pentaacetoxy­

naphthalene was effected by passing BF) through an

acetic anhydride solution. After hydrolysis and oxida­

tion. two products were isolated by tlc. The first

compound was identical with the natural pigment. desig­

nated 2B2. isolated from the spines of Echinothrix

diadema Linn. The mass spectrum confirmed a mol wt of

248 for 6-acetyl-2.7-d1hydroxyjuglone.

The second compound was a minor substituent which

had an R
f

value identical with that of )-acetyl-2.7­

dihydroxyjuglone. the natural pigment 6AM18 isolated

from ~ diadema.

D. Attempted Synthesis of Naphthazarin Derivatives.

1. Attempted introduction of crotonaldehyde into

2.7-dimethoxynaphthazarin.

Naphthoquinones are known to condense with an excess

of aldehydes in the presence of HCl and HOAc to furnish
58

alkenyl derivatives.

CH=CHR

OH

XVIII
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However, Thomson has shown that the above reaction,

when carried out at lower temperatures and in the

presence of anhyd HC1, leads to~-chloroalkyl deriva­

tives. 59 They are formed evidently through replacement

of -OH by -Cl prior to elimination of water from the

intermediate diol XIX.

OR HCl
)

XIX

On this basis the following sequence of reactions was

proposed for the synthesis of pigment XXIII (Scheme 12).

Intermediates of the type XX are known to cyclize

preferentially to pyrano-derivatives such as XXI

with HC1, whereas use of H2S04 furnishes the furano­
60,61

derivatives such as XXI in better yields.

2,7-Dimethoxynaphthazarin was prepared by the
62

method of Scheuer et al. Several attempts to

condense it with crotonaldehyde did not succeed.-
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MeO Me MHCl e
+ MeCH=CHCHO~

HOAc

HO HCl HO Et
HCl )

~
EtOH Cl

XX

HO
+

-H:! XXI

HO

XXIII

Scheme 12.

2. Attempted introduotion of crotyl bromide into

2,7-dihydroxynaphthazarin.

As an alternative attempt to synthesize XXIII, the

reaction sequenoe in Scheme 13 was to be pursued.
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Fi 63,64 teser investiga ed the formation of compounds

such as XXIV.

KO K HO
+ MeCH=?H ~

CH2Br

XXIV

HCl HO
) +

HO

NBS )
HO

-HBr HO
)

XXIII

Scheme 13.

When the initial condensation was attempted, there

were 14 new bands found upon work-up with much of the

material concentrated in the decomposition products at

----------_ .._--
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the bottom of the thin-layer plate. No further work

was done toward the synthesis of this pigment.

E. Disoussion of Mass Speotral Data.

Mass speotrometry has beoome a valuable aid for

organio ohemists, not only in the determination of the

mol wt, but as a tool for struoture eluoidation. Sev-

eral investigations of naphthoquinone, juglone and

naphthazarin derivatives have been PUblished. 65 ,66,67

Beynon and Williams established the fragmentation

patterns for naphthoquinone itself. 65 Williams snd

oo-workers later showed that these pathways still held
66for hydroxylated naphthoquinones. 2-Hydroxynaphtho-

quinone (XXV) displays in addition a highly oharaoter­

istio hydrogen-rearrangement peak whioh has been shown
66to be present in its 3-substituted derivatives also.

OR

XXV, m/e 174

-CO)

*

•
-CHCO

*

A
1

+

)~

mle 105

As no 180 or l3c labeling investigations have been

reported, the loss of oarbon monoxide is shown for

illustrative purposes in an arbitrary manner. Also

sinoe none of the struotures of any of the fragments
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have been aotually established, they are offerred only

as guides in the generalizations whioh may be useful

in struotural work.

The mass speotrum of 2-aoetylnaphthoquinone has been
67

interpreted by Beoher and oo-workers. Two possible

fragmentation paths are summarized in Soheme 14. It

should be noted that transitions supported by a meta­

stable peak are noted with an asterisk (*) and meta­

stable peaks whioh are questionable beoause of their

smallness are denoted by (*?).

In the first fragmentation path in Soheme 14, methyl

is lost in the initial step (m/e 185), and suooessive

elimination of oarbon monoxide and aoetylene gives rise

to the peaks at m/e 157, 129, 101 and 75. While loss

of CO ooours only to a very small extent from the mol

ion, the seoond major fragmentation is started by ex­

pulsion of ketene to form naphthoquinone (m/e 158),
65whioh then breaks down further as outlined by Beynon.

With the introduotion of an additional hydroxyl

funotion to the aoetyl'group, the speotrum is ohanged
67oompletely. Ketene is lost in only a minor amount

beoause of the strong hydrogen-bonding present in

oompound XXVII. Initial loss of CO is now favored,

followed by a methyl radioal to form the very stable

ion (~, m/e 173). Whereas loss of aoetyl is the seoond

largest peak from XXVI, mle 43 is now a very
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t
-co ) mL!. 157

Ao -Me· )

*
*j;co

m/e 185
m/e 129

j ~ + teo•

Cy m/e 101
~ ~o

t~
-MeC;:O+

m/e 43
m/e 172

m/e 75

*1-eo+-.
m/e 144

mLe 158

* i-eo'
m/e 130

* i-eo
m/e 102

Soheme 14.



98

1ns1gn1f1oant fragment from )-aoetyl-2-hydroxynaphtho­

qu1none (XXVII). Th1s aga1n stresses the preferent1al

OR

Ao

mle 216

mle 170

+•
-CO

)

+•

~c
04

mle 188

* l-Me.
+OR

~~o

~o

!!O, mle 173

t

format10n of the h1ghly stable 10n (!!o) from the

hydrogen-bonded acetyl der1vat1ve. The loss of water

1s low, but 1t is character1stic for the vicinal acetyl
67and hydroxyl functions.

Becher and co-workers set forth a set of generaliza-

tions for acetylnaphthoqulnone decomposition modes

which may be used to advantage in the interpretation of

mass spectra of acetyljuglone derivatives. Under

electron impact the acetyl function d1rects fragmenta­

tion of the molecule, taking precedence over hydroxy

and methoxy groups present. If the acetyl group is on
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the 3-unsubstituted qUinoid ring, loss of either methyl

group or ketene can occur from the molecular ion.

SUbsequent expulsions of CO and acetylene from both

initial fragments lead to a highly characteristic

"doublet" pattern. The hydrogen bonding between 2-

hydroxy and 3-acetyl groups makes the elimination of CO

favored, which is followed by loss of a methyl radical

to form a very stable M-43 peak. Water and/or ketene

can be lost from the M-CO fragment. The acetyl group

attached to an aromatio ring loses first a methyl group

followed by the elimination of CO. Much less pronounced

is the loss of ketene from the molecular ion as compared

to the 3-unsubstituted 2-acetYlnaPhthOqUinones. 67

1. 6-Acetyljuglone.

As can be seen in Figure 15, the molecular ion of

6-acetyljuglone (XXVIII) initially loses a methyl radi­

oal (~, mle 201), followed by the loss of carbon mon­

oxide (~, mle 173). As would be expected when the

acetyl group is in th~ aromatic ring, the contribution

from mle is very large. See Scheme 15.

2. 6-Acetyl-2-hydroxyjuglone.

Two fragmentation routes can be traced for 6-acetyl­

2-hydroxyjuglone (XXIX, Fig. 16, Scheme 16). The minor

route begins with the loss of CO which is followed by

loss of a methyl radioal. The main route starts with

initial loss of methyl to give the base peak (~,
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(*121) -co

Qyl I
+~

H 0

m/e 145

~CO

(*94~

+•
-Me-

(*187) ~=C

~I'+~

-C2H2 /' H

(*7l-73)~ m/e 117

QII
+~

H ""cq
m/e 91 "l*68)

~
mL!! 119

Scheme 15-

m/e 217), followed by expulsion of CO. The presence of

a sizable m/e 69 fragment is characteristic of all

naphthoquinone derivatives containing the (OCCCO)unit~6

Although the mLe 43 acetyl ion signal is not as large

as for 6-acetyljuglone it is still of noteworthy size.
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+•

Ac

XXIX, m/e 2)2

H

(*203)
)

o =C=

+ H

9:., m/e 217

H

1 -co (*16.5)

MeCSO+
m/e 43

m/e 189

-co -Me
m/e 2)2~ m/e 204 --4 m/e 189

? ~,---:r-'~H -co H

+~ «*137)

~
.H

-co
(*110)

+~H
m/e 1'3)

l-CH::COH

QI
mL!t 91

Scheme 16.

3. 6-Acety1-)-hydroxyjuglone.

The initial fragmentation routes for 6-acetyl-3­

hydroxyjug1one (XXX, Fig. 17) .ar.e identical with those
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of the 2-hydroxy derivative. However, further disinte­

gration is seen for XXX which is not noted for

+•
-Me·

(*203) ) O=c=

-co (*179.5) (*165) -co

OR
)

+H
&. mL§. 189

-H20/(*1551 )

(*143?)
m/e 171 ( m/e 204

~*126?)
-co

(*120)
m/e 232

[., m/e 143

+•

-Me·

(*175)

+•

-(nIlc ~ H
H

~, m/e 186

H

m/e 204

-co~*170)

A

-CO/*134)

m/e 158 -MeC:O+
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6-acetyl-2-hydroxyjuglone. Following loss of CO from

the molecular ion, either methyl or CO may be lost. If

CO is lost, an m/e 186 (~) fragment is formed which can

lose an acetyl ion to give an increased m/e 143 (r) or

lose CO to give m/e 158. Likewise, m/e 189 (&) loses

water to give mle 171 which is not noted for the 2­

hydroxy derivative. This fragment loses another CO to

give mle 143 also. The presence of both (OCCCO) and

acetyl groups is indicated by the m/e 69 and ~ 43

peaks, though both of these are slightly diminished.

4. 3-Acetyl-2-hydroxyjuglone.

The fragmentation pattern of 3-acetyl-2-hydroxy­

juglone (XXXI, Fig. 18) is completely different from

the receding compounds now that the acetyl group is in

the quinoid ring and hydrogen-bonded to the vicinal

hydroxyl group. The initial loss of methyl is now

almost negligible whereas loss of CO followed by loss

of methyl gives the base peak m/e 189 (h). Loss of

water from mle 204 is quite small but can be an

indication of the vicinal nature of the hydroxyl and

acetyl groups. Loss of ketene from mle 204 gives rise

to m/e 162 which could account for the small ~ 69.

Although expected to decrease, the size of the m/e 43

fragment is still respectable.



105

J
o '-C,.H 0
(*77?)~"i' 2

[ ]

+
~.

~=O
~e 120

t

-Me·
(*202) )

+
•

-co (*180)

. m/e 161 m/e 162

5. 2-Acetyl-3-hydroxyjug1one.

The fragmentation pattern of 2-acetyl-3-hydroxy­

juglone (XXXII, Fig. 19) is very nearly the same as that
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+•
-co

(*179) )

+•

m/e 186

=c=o
[~)

OR ~-CO
m/e 92

XXXII, m/e 232

m/e 120

for 3-acetyl-2-hydroxYjug1one. There is however in­

creased intensity of the m/e 186 (m/e 204 - H20) and

m/e 43 peaks and several new peaks are present which

were absent in the 3-acetyl-2-hydroxyjug1one pattern

(~ 149, 85 and 41).
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6. 6-Acetyl-2,3-d1hydroxyjuglone.

The base peak of 6-acetyl-2,)-d1hydroxyjuglone

(XXXIII, Fig. 20) is now also the molecular ion and two

+•

+•
~----:~OH

, OB

OR ~
1. m/e 220

-H20\ <*186)

+•

Ac

-co
(*196) )

H
m/e 192

~e
~ H

o=c . , , H

,-CO

~~H

~H
OH

H

OH

o +
OH •

R

j, m/e 205

=CO 1<*158)

A ~

H

XXXIII, m/e 248

-Me'1<*218)

O=c=
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distinct routes of fragmentation of about equal stature

are present. Loss of a methyl radical can be traced to

give mle 205 (1), or there can be loss of co (1, ~

220) followed by expulsion of a methyl radical. It is

interesting to note that there is a substantial peak

for the loss of water (k, mle 202) after initial loss

of CO. The loss of water is usually indicative for

acetyl groups hydrogen-bonded to a vicinal hydroxyl

group. After the initial expulsion of CO, the geometry

of the system could be appreciably changed so as to

weaken the bonding between the peri-hydroxyl group and

what was the quinoidal carbonyl. This would in turn

allow some substantial hydrogen-bonding with the acetyl

group. However, there is still a substantial mle 43

acetyl peak.

7. 2,3-Dihydroxy-6-ethyljuglone and pigment 4B.

Carbon monoxide is lost from the molecular ion

(XXXIV, Fig. 21) which is also the base peak. This is

followed by loss of a methyl radical (1, mle 191). A

very small peak at mle 219 indicated that there was

some initial loss of a methyl group followed by

expulsion of CO to again give mle 191.

The mass spectrum of the natural pigment 4B (Fig. 22)

was very poor. The sample apparently was insufficient

for a complete spectrum and produced only peaks above

m/e 136. Nearly all peaks of the two spectra match,



110

but they differ in abundance. The data are reproduced

in Table 2.

+•

+
•

OH
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2
m/e 188

OH
~-"I"'"

~)
m/e 77

-co
- )

(*181.5)

~02

H

m/e 135

H

1
163

-co (*112)

Et

XXXIV,
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In the spectrum of the natural pigment, there are

two peaks (m/e 268, 13%; m/e 270, 5.5%) of moderate

intensities at higher mass than 234. The loss of 34

or 36 mass units and the absence of any intermediate

peaks are difficult to rationalize and it has been

assumed that the high mle peaks are due to impurities.

Table 2. Mass Spectra of 6-Ethyl-2,3-dihydroxyjuglone

and Pigment 4B.

2.0 6
14.6 32

100 100
2.1 4.5
0.7 1.1
0.6 3.8
0.6 6
6.6 2.2

44.5 5
2.6 5.2
7.4 3.0

61 23
1.1 1.9
3.2 4.1
1.4 2.6

1.9
0.5 0.8

Relative Abundances of
Synthetic Natural 4B

236
235
234
219
217
216
215
207
206
205
192
191
189
188
187
137
136

m/e

8. 2,3-Dimethoxy-6-ethyljuglone.

Apparently there is one main decomposition route, as

indicated by metastable peaks, for 2,3-dimethoxy-6­

ethyljuglone (XXXV, Fig.23). Initial loss of a methyl

group (m, m/e 247, base peak) is followed by loss of

two CO molecules to give mle 191 (n). Either loss of
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methyl (m/e 176) or loss of water (m/e 173) can occur

from n.
9. 2,3-, 2,7- and 3,7-Dihydroxyjuglone.

The fragmentation patterns for 2,7-dihydroxyjuglone

(XXXVI, Fig. 24) and 3,7-dihydroxyjuglone (XXXVII,

Fig. 2S, Scheme 18) are essentially the same with

intensity differenoes in some of the peak,s. The base

peak for XXXVI was the moleoular ion while that of

XXXVII was fragment ~ (m/e 137). Peak ~ is the highly

Q., role 137

'~co 0:-0+
(*104) ') '7 I

9H HO ~ H

role 178

-co
)

~lS4) H

mle 206

charaoteristic hydrogen-rearrangement fragment and

is probably the base peak for XXXVII because, of the

greater stability of the ion formed as oompared to

peak Q (m/e 137). The speotra also show large peaks

at m/e 69 indioating the presenoe of (OCCCO).
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-H20
CH - )m/e 160
•~

H
~178

(*104) l-!:H=C=O

-co H
(*155) ~

+•

XXXVII, m/e 206

-co 1(*155)

H

m/e 178

-co 1(*126)

+•
ROYll

~ceo+
p, m/e 137

-co 1(*87)

HO HO~
y+

OR

m/e 109

HO~

m/e 108

Scheme 18.

The fragmentation pattern of 2.3-dihydroxyjug1one

(XXXVIII, Fig. 26) is much the same as for the other
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two compounds, with adjustments made for the presence

of another hydroxyl group in the qUinoidal ring. Where­

as after initial loss of CO XXXVI and XXXVII lose

CR=C=O during a hydrogen-rearrangement to giye peaks

~ and ~, XXXVIII loses instead CO and ROC=C=O in one

step to give peak ~ (m/e 121). There is no large peak

for m/e 69.

(*126-8) -co

+orr:: ·
OR

m/e 150

(*55.5) 1-C2R202

~I
OH

~92

H
+
•

e 178

\-H: 0
~~144)

mle 160

-CO)
(*154)

+•

OC~+
OR

q, mle 121

~

H
XXXVIII,m/e 206 ~H20

1 -co (*98?)
(*82) -co

-O=C=OOH m/e 132
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10. 7-Rydroxy-2-methoxyjug10ne.

Fragmentation of 7-hydroxy-2-methoxyjug10ne (XXXIX.

Fig. 27) progresses via two Pathways. A very small

peak at m/e 205 (£) shows that a methyl radical is lost

from the molecular ion. The main route shows an ini-

tial loss of formaldehyde to give m/e 190. The base

peak was ~ 69 showing the probability that ~ readily

breaks down to yield fragment m/e 69 or a precursor

of it.

+•
HO

OR 0

XXXIX. ru 220

-CH20 ! (*166-71)

-Me·

(*188) )

HO

OR 0

£. m/e 205

R

~

R

m/e 190

-co 1(*138. 5)

+
•

HO
+
•

+•
-C2H2 RY1l, 1
(*85?» ~

m/e 108
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11. 6-Acetyl-2,7-d1hydroxyjuglone.

Although the ma1n fragmentation of 6-acetyl-2,7­

d1hydroxyjuglone (XL, Fig. 28) 1n1t1ally involves loss

H

OH
m/e 233

-co ~*180)

HO

)
-Me·

(*219) o=c-

+•

+.~

mLe 202_
c
j::5?J

HO ? .....I -~"'VH
+~

-Co/ m1~ 177
H ~52.5?) 1

-co (*125.5)

HO~H

+~
OH

m/e 149

OH

t,

+
HO=

O=C

XL, ~ 248 H 0

-co t!"195.5~ mLe 2:30

t -CO1
~---:~OH -H 0

2 :\.7,[,

of methyl followed by loss of CO, there is some 1nd1ca-

t10n that two other losses also occur from the
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moleoular ion. A very small M-18 (m/e 230) shows the

vicinal oharaoter of the acetyl and hydroxyl grou:ps.

This oan also be seen in peak ~ (m/e 202) whioh oould

have arisen from loss of CO from mle 230 or from the

loss of water from m/e 220 (t). Substantial peaks at

m/e 43 and mle 69 lend further support to the position­

ing of the aoetyl and hydroxyl groups. The mle 69

fragment is oharaoteristic for (OCCCO) and would not

be a large peak if the acetyl group were in the

quinoid ring.

12. 6-Acetyl-2,3-dimethoxy-7-hydroxyjuglone.

The main deoomposition route of the title compound

(XLI, Fig. 29) shows the initial loss of a methyl

radical from·a methoxY group (~, m/~ 277). Loss of

water (~, mle 259) is followed by expulsion of CO to

give peak ~ (m/e 231). There can also be simultaneous

loss of methyl and water to give v. Of minor con­

~quenoe are two other types of initial fragmentations

(Soheme 19). The loss of water is prevalent in the

fragmentation of the compound and helps put emphasis

on the vicinal nature of the acetyl and the 7-hydroxyl

groups. It is espeoially noteworthy and difficult to

rationalize that m~ 43 is the base peak. The acetyl



123

HO

Ac

H 0

XLI, m/e 292

+
•

-Me·

(*263)

HO

) Ac

H 0
1'.t m/e 259

-co 1(*206)

(*242)

CH ­2
O=C-

:,,?--=O

OMe -co ) m/e 203
+ (*~?)

!it m/e 231

group must be hydrogen-bonded in the molecule which

should make it much less easily cleaved from the ring.
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HO OMe -Me. OMe
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H 0 H B
XLI, m/e 292 j:::
(*257.5) -H 02

Me
+• Me

CH2=

0=0= OMe

OMe

(*198?)

m/e 221

~_<OMe

-co

+
•

-co 1(*221)

CH2 =
0=0=

m/e 246

Scheme 19.
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13. 3-(2-Hydroxy-~-methoxybenzoyl)acrYlicacid.

The positioning of the methyl ether in the title

compound (XLII, Fig. 30) has not been established but

XLII has been used for convenience's sake. The mass

-co1(*173)

m/e 189

R0'ffl
V<Joo+

OR
z., mL!. 137

spectrum does not afford any additional clues in the

establishment of the loxation of the methyl ether,

because there is initial loss of a methyl radical.

There can be loss of MeO from the molecular ion to

give peak ~ (m/e 191), followed by expulsion of CO
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to give m/e 163 (~), the base peak. Loss of acetylene

gives the stable ion ~ (m/e 137). Additionally, direct

loss of C2H
3
02 from XLII to give ~ is supported by a

metastable peak m/e 120 (1632/222 = 120). It seems

likely that during the loss of MeO to give ~ there is

an unexplained rearrangement involving hydrogen and/or

hydroxyl.

14. Summary of mass spectra results.

The fragmentation patterns of the mass spectra of

the compounds studied supported quite readily the

rationalizations and generalizations set forth by

Williams and co_workers65 ,66 and Becher and co-

workers. 67 More work with the mass spectra of methyl­

ated hydroxyjuglones should be done. There appeared

to be a breakdown in the generalizations67 for 6­

acetyl-2,3-dimethoXY-7-hydroxyjuglone, where m/e 43

was qUite unexpectedly the base peak. This could be

an exception to the rules or it could be a direct

result of the fact that it is a methylated species.

F. Relative R
f

Values.

Table 3 summarizes the relative R
f

values of various

. naphthalene and naphthoquinone derivatives. Juglone is

the reference compound and is assigned Rf = 1.00. The

values are for acid deactivated silica gel plates using

benzene as the eluent. The values in Table 3 are not
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reproducible since each silica gel plate will be dif­

ferent. but they are indicative of the relative rates

of movements of the compounds. The R values will vary
f

when different solvents are used and when comparisons

are made at least two solvents should be used. Solvents

in which compounds move very slowly can be used to good

advantage if repeated elution of the thin-layer is

employed.

Table 3. Relative R
f

Values of Juglone Derivatives.

Relative Rfvalues in benzeneCompound
3-ethyl-2-hydroxyjuglone
juglone
3-acetyl-2-hydroxyjuglone
2.3-dimethoxy-6-ethyljuglone
6-acetyljuglone
2-acetyl-3-hydroxyjuglone
6-ethyl-2-hydroxyjuglone
2-hydroxyjuglone
6-acetyl-2.7-dihydroxyjuglone
6-acetyl-l.5-dihydroxynaphthalene
5-methoxy-l.4-naphthoquinone
.3-hydroxy juglone
6-acetyl-2-hydroxyjuglone
2.3-dihydroxy-6-ethyljuglone
2.3-dihydroxyjuglone
6-acetyl-3-hydroxyjuglone
7-hydroxyjuglone
2.3-dihydroxy-5-methoxy-l,4-naphthoquinone
3-acetyl-2.7-dihydroxyjuglone
6-acetyl-2.3-dihydroxyjuglone

1.01
1.00
0.84
0.69
0.65
0.63
0.58
0.57
0.43
0.42
0.34
0.33
0.23
0.17
0.11
0.11
0.10
0.09
0.06
0.034

Several generalizations can be made concerning

relative R
f

values of juglone derivatives.

The order in which hydroxyl isomer can be expected

to move is 2) 3 >7. Where hydrogen-bonding can occur.
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the compounds will move faster than their nonhydrogen­

bonded isomers, e.g. 3-acetyl-2-hydroxyjuglone will

move faster than 6-acetyl-2-hydroxyjuglone. Ethyl

derivatives will move faster than the corresponding

acetyl derivatives. Methylation of nonhydrogen-bonded

hydroxyl groups will increase the R
f

value.

G. Conclusion.

There were several unsuccessful attempts to find a

good-yield, general method for the synthesis of juglone

and naphthazarin derivatives.

During the investigation of hydroxylation and acety­

lation of juglone derivatives, a variety of methods

were employed in the synthesis of compounds XLIII-XLVI.

HO

Et

XLVI
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These were compared with the natural pigments 2B2,

6AM18 , 5AM2 and 4B respectively. Pigments 2B2, 6AM18

and 5AM2 proved to be identical to their synthetic

counterparts. Pigment 4B and XLVI were found to be

different.

In addition to compounds XLIII-XLVI, pigments XLVII­

LI were also synthesized, although they have not as yet

been reported as naturally occurring substances.

Ac

OR

XLVIII XLIX

L LI

The most useful hydroxylation technique employed was

the Thiele reaction. The literature reports38 ,39 of

its use with juglone noted the formation of 3-hydroxy-

juglone. However, the present work found that 3­

hydroxyjuglone was not the major product but that
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2-hydroxyjuglone was. Although a mixture of the

compounds was obtained, the ease of separation by

chromatography made this a good synthetic method for

both 2-hydroxy- and )-hydroxyjuglone derivatives.

The acetylation method employing the Fries rearrange­

ment of selected naphthalene acetates had been used

successfully in the synthesis of spinochromes A and C

by Singh ~ al. 9 However, no attempt to synthesize

acetyljuglone derivatives with this method had been

reported.

The only limiting factor for the acetylation of

hydroxyjuglones will be the availability of juglone

derivatives with hydroxyl groups in the aromatic ring.

The indispensability of thin-layer chromatography

in the separation of juglone derivatives was shown

throughout the course of this investigation. Liberal

employment of oomparison of Rf values combined with

nmr, uv and mass spectral data allowed the structure

determinations. The mass spectra were used in deter­

mining the mol wt and they also allowed the acetyl

groups to be more easily positioned. Infrared spectra

were not taken because of two reasons. There is a

dearth ofir spectra taken preViously which could be

used for comparison purposes, and this investigator

felt little information obtained from ir spectra would

aid in any structure determination.
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