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SUMM A RY 

The geometry of the 9,lO-di~droanthracene system is discussed, 

leading to an explanation of the r elevance of conformational analysis 

for 9,lO-diqydroanthracene derivatives. Synthetic routes to 9,lO-diaIkyl-

9,lO-diqydroanthracene-9,lO-diols are reviewed , indicating any assign­

ments of configuration or conformation which have been made for such 

diols. Products derived by deQydration of these diols are then 

discussed. 

The products isolated from the Grignard r eactions of et qyl­

magnesium bromide, n-propylmagnesium bromide, i-butylmagnesium bromid e, 

isopropylmagnesium chloride, and neopentylmagnesium chloride with 

anthraquinone are described. In the main, these products are diols of 

the above type, or substituted anthrones formed by a 1,2-addition of 

Grignard reagent to one of the carbonyl groups of anthraquinone, or 

substituted a.nthrones formed by a 1,6-addition of Grignard reagent to 

anthraquinone . Detailed conformational analysis of the dietbyl and 

di-n-propyl diols is made , and an unsuccessfu l attempt to elucidate 

the complete structure of the 1, 6-addition products is described. 

The dehydration of the dietQyl and dimetQyl diols with acetyl 

chloride is shown to give 9,lO-substltuted anthracene derivatives. 
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I N T ROD U C T ION 

Geometry of the 9,10-Dihvdroanthracene System 

The planarity of tbe anthracene molecule (I) bas been 

1 establisbed b,y detailed X-ray examination of single anthracene 

crystals. 

10 

( I) 

(II) 

Wben tbe carbon atoms in the 9,10-positions of anthracene 

become saturated, they assume the normal tetrahe~ral configuration, 

and tbe system is then referred to as the 9,10-dihydroanthracene 

system (II). From a Dreiding model of the 9,10-dihydroanthracene 

system, it is seen that the molecule may be regarded as being in a 

pseudo boat form, i.e. it has a non-planar middle ring in a boat 
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conformation (Fig. 1). 

Fig. 1 

Diagrammatic representation of the 9,10-di~droanthracene 
system 

2 X-ray analysis (1954) has confirmed this pseudo boat form for 

9,lO-di~droanthracene (II; Rl = R2 = R) = R4 = H), showing that 
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the three rings in 9,10-diqydroanthracene are not planar, and 

that the molecule is bent about the line joining the carbon atoms 

9 and 10, so that the two halves of the molecule are inclined to each 

other at an angle of approximate~ 1450 (Fig. 2). 

...... 
t;:-

At 

B 

"'" I 
19 

10 

(a) 

o 

(b) 

Fig. 2 

.... .... .. ~ 
A 

(a) Diagram of the 9,10-dihydroanthracene molecule. 0 is 
the mid-point of the line joining atoms 9 and 10. OB passes through 
atom 9. 

(b) The shape of the moleoule as seen 1n projeotion on the 
plane perpendicular to OB. 

The measured dipole moment of 0.4 D in benzene shows that the 

9,10-dihydroanthracene moleoule is also folded in solution. 3 
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Herbstein4 (1959) from his calculation of molecular strain energy 

for 9,10-dihydroanthracene, arrived at an approximate value of 

150
0 

for the angle of folding of the molecule (the dihedral angle4). 

Experimental eVidence5 (1964) of the non-planarity of the 

central ring of 9,10-dihydroanthracene derivatives, has corne from 

potentiometric measurements of ionisation constants of a series of 

10-substituted-9,lO-dihydroanthracene-9-carboxylic acids (II, page 1; 

Rl =R4=H; R2=e02H; R3=e02H, H, CH20H, etc.). In contrast with the 

data, outlined so far, in support of a non-planar struoture for 

9,lO-dihydroanthraoene and its derivatives, two sets of X-ray 

results for 9,lO-dihydroanthraoene derivatives have shown virtual 

planarity of the mo1eou1e in these derivatives, at least in the 

orystal phase. Ferrier and his co-workers6 (1960) showed by X-ray 

ana~sis that the dimethyl-9,10-dihydroanthraoene-9,10-dicarboxylate 

molecule (II, page 1; Rl =R4=H, R2=R3=C02Me) is virtual~ planar, 

and Yannoni and co-workers? (1965) have shown, also by X-ray 

ana~sis, that the 9,9,10,10-tetrach10ro-9,10-dihydroanthracene 

molecule (II, page 1; Rl =R2=R3=R4=C1) is essentia1~ planar. 

COnfi~ration and Conformation in the 9,10-
Dihydroanthracene System 

An interesting consequence of the folding of the 

9,10-dihydroanthracene molecule is that two types of geometrically 

distinot oarbon-hydrogen bonds in the meso-position can be 
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distinguished, two being orientated almost at right angles to the 

line joining the 9- and 10-positions, designated pseudoaxial (a'), 

and two along the 9,10-axis, designated pseudoequatorial (e,)8 

(Fig. 3). 

10 at 

Fig. 3 (partial struoture) 

It is convenient to use the terms "pseudoaxial" and 

"pseudgequatorial" in this case, because the middle ring of the 

9,10-dinydroanthracene system may be regarded as a substituted-

-1,4-c.yclohexadiene, and the geometrical arrangement of the bonds 

at the "ends" of a 1,4-cyclohexadiene boat may be related to the 

orientations of the bonds of cyclohexane chairs9 and cyclohexane 

"half chairs". 10 A Dreiding model of 9,10-dihydroanthracene 

shows that the molecule folds easi~ about the 9,10-axis, so 

that the original "folded" conformation is converted into a 
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"reverse folded" conformation, with the strained planar conformation 

intermediate between these two "folded" conformations (Fig. 4).8 

9,10-axis 
I 
I 
I 

Fig. 4 

"Reverse folded" 
conformation 

Planar 

"Folded" 
conformation 

Interconversion of a' and e' bonds occurs when the molecule is 

"reverse folded". The strained planar conformation constitutes only 
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a small energy barrier to the "folding" of the molecule, and a value 

of 0.8 kcal./mole has been calculated4 for this potential barrier in 

9,10-dihydroanthracene (II, page 1; Rl =R2=R3=R4=H). Although the 

energy of the two folded conformations of 9,10-di~droanthracene will 

be the same, the energy of the "folded" aId "reverse folded lt 

conformations will not be equal when two dissimilar groups are present 
8 at one or both meso positions. 

Thus 9,10-disubstituted-9,10-diqydroanthracenes, with 

identical substituents in the 9- and 10-positions, can empirical~ 

exist in three isomeric forms; two cis forms, (aI, a l ) and (e l , e'), 

and one trans (a', e'). If the energy barrier to "folding" of the 

molecule is small ~nough to allow the molecule to vibrate rapid~ 

through the planar configuration, or if the molecule assumes a planar 

structure, the distinction between the two cis forms would vanish. 

Having now outlined briefly the conformational problem of 

9,10-dihydroanthracene derivatives, it is of interest to trace the 

gradual acknowledgement of this conformational problem b,y workers 

dealing with 9,10-dihydroanthracene derivatives. Schlenk and 

Bergmannll (1928), in a study of derivatives of 9,IO-dihydroanthracene, 

stated that they had obtained more forms than seemed then to be required 

by stereochemical theory, and explained the extra forma as being due 

to "folding" of the molecule. Meerwein and Migge12 (1929) accounted 

for some of Schlenk and Bergmann's "extra" isomers b,y showing that 

in fact they were mixtures. The general conformational problem of 
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9,lO-dibydroanthracene derivatives was first stated explicit~ b.1 

Campbell and her co-workers3 (1938), and later fully considered by 

Beckett and Mulley8 (1955). The latter workers went on to explain 

the observed differences in the reactions and reactivities of 

certain cis- and trans-disubstituted 9,lO-dibydroanthracenes, in 

terms of the preferred conformations of the isomers. Similar 

generalisations, relating reactivity of meso-substituted 9,lO-diqydro­

anthracenes with conformational differences, were made later (1963) 

b.r Beckett and Walker. 13 

At the time of writing, very few conformational assignments 

have been made for 9,lO-dibydroanthracene derivatives, and the 

examples that can be found are all from recent years. The major 

part of the stereochemical work on 9,10-dibydroantbracene derivatives 

is concerned only with configurational, i.e. cis, trans assignments, 

and in some instances these assignments are made either without 

proof or with tenuous proof; in other instanoes rigorous proot tor 

the assignments is given (e. g., see ret. 14, and see and compare 

refs. 15, 16 and 17). Before reviewing the specific area of this 

large topic which was selected for study, and before presenting the 

results obtained, brief mention should be made of the conformational 

assignments that have been made in other work on 9,10-di~droanthraoene 

derivatives. 
18 . 

Carruthers and Hall (1966) reported the isolation of 

9~-butyl-9,lO-dibydroanthracene (III; R = C(CH3)3)' and gave 
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evidence to show that the i-butyl group was in the . pseudoequatorial 

(e') conformation. 

(III) 

Part of this evidence was the non-equivalence of the two benzylic 

protons in the 10-position, as shown by the p.m.r. speotrum of 

this compound. The two benzylic protons appear as an AB quartet 

in the p.m.r. spectrum, indicating that the molecule exists in a 

preferred oonformation. Similar examples, which likewise show an 

AB system for the two benzylic protons, have been reported for 

9-triphenylsilyl-9,10-dihydroanthracene19 (III; R = Si(Ph)3)' 
20 21 

9-n-butyl-9,10-dihydroanthracene' (III; R = (CH2)3CH3)' 
21 9-methyl-9,10-dihydroanthraoene (III; R = CH3), a.nd 9-ethyl-

22 -9,10-dibydroanthraoene (Ill; R = CH2CH3). Moreover, Nioholls 

and Szwaro22 (1966) concluded that the ethyl group in 9-etbyl­

-9,10-dihydroantbracene (III; R = CH2CH3) was in a pseudoequatorial 

(e') conformation. 
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9,lO-Dialkyl-9,lO-dihYdroanthracene-9,lO-diols (IV) 

OR R 

(IV) (V) 

9,lO-DimetQ1lantbraoene-9,lO-diol (IV; R = CH3) has been 

used previously in this Department, in the generation of the reactive 

intermediate, 9,lO-antbraquinodimethBne (V).23,24 Beoause of the 

stereochemical interest of 9,lO-dihydroanthracene derivatives, as 

already outlined, it was decided to undertake a stereocbemical study 

of compounds in this series (IV). Moreover, during the course of 

the work, it was found 25 ,26 that compounds in this series (IV), 

lend themselves to stereochemical study by means of infrared and p.m.r. 

spectroscopy. A thorough study of the reactions used in the ~ntheses 

or attempted syntheses of compounds in this series (IV) has also 

proved of interest, as have some of the products formed by the 

dehydration of compounds in this series. 

-w-



Synthesis of 9,lO-Dialkyl-9,lO-dihydroantbracene-9,lO-diols 

The compounds in this series are represented b,y the general 

formula (VI). 

R OR 

a. R = R 
R OR 

(VI) 
b. R = Alkyl 

9,lO-Dihydroanthracene-9,lO-£i£1 (VIa); This compound was first 

made b,y Prevost,27 by treating anthracene with silver benzoate and 

iodine and hydrolysis of the resulting dibenzoate (Scheme I; equation 1). 

Later, Dufraisse and Houpillart28 synthesised this diol (VIa) b,y 

catalytic reduction of anthracene photo8xide (Scheme I; equation 2). 

More recent~, VIa has been obtained by reducing 9,lO-anthraquinone 

with either lithium aluminium hydride29 or aluminium isopropoxide30 

(Scheme I; equation 3). 
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1 • 

2. 

3. 

o 

o 

Reduction using 
LiAlH 4. 

or (iPrO) 3A11 iPrOH 

Scheme I 

9, lO-Dia,lkyl-9, lO-dihydroanthracene-9, lO-diols (VIb); Most 

of the syntheses reported for compounds in this serIes (VIb), have 

involved a double 1,2-addition of the appropriate Grignard reagent 

31-38 25 26 to 9,lO-anthraquinone. " (Scheme II). 

--l2-



'"-"--. 

o OH R 

1. (2RMgX) 

2. Hydrolysis 

o OH R 

Scheme II (Vlb) 

Although theoretically two moles of Grignard reagent are 

required for each mole of anthraquinone in tbese reactions, in order 

to obtain reasonable yields of the diols, it has been the usual 

practice to use a large excesS over this theoretical amount of 

Grignard reagent (e.g. refs. 33 and 39). 

Reactions of Grignard reagents to conjugated systems have, 

for a long time, been known to give products formed b.Y conjugate 

addition (i.e. 1,4- and 1,6-addition) of the Grignard reagent, as 

well as products formed by simple 1,2-addition (e.g. ref. 40). On~ 

one example of such conjugate addition of a Grignard reagent to anthra­

quinone has been reported, and this was recently (1967) b.Y Cameron 

and Meckel,41 who isolated a compound of structure (VIla) or (Vllb), 

from the reaction of i~butylmagnesium chloride on anthraquinone. 
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1 t 2 
8. R = Bu , R = H 

o 

(VII) 

Other organometallic reagents, akin to Grignard reagents, 

have been used more recently in the synthesis of the diols in the 

series (Vlb). Propyl lithium reagent has been used42 in the synthesis 

of 9,lO-di-n-propyl-9, lO-dihydroanthra.cene-9, lO-diol (Vlb, pige llj 

R = nPr), qy its reaction with anthraquinone. An indirect route to 

the diols has been by the use of Q- and ~-unsaturated organometallic 

reagents and their ready reaction with anthraquinone (Scheme III). 

o OH 

(1) 
lq.NH) '?" 

+ MX ~) 
NH~Cl ~ 

rartralisation 

o 
MX = an a- or ~- unsaturated 

organometallic reagent. 

Scheme III 

-14-
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Rio43 first demonstrated this type of reaction on anthraquinone 

(referred to various~ as alkynylation, ethynylation, propynylation, 

propargylation and a1~lation reactions) Qy his reaction of the sodium 

or lithium salt of phenyl acety1ide on anthraquinone. Since then, 

several reactions of this type have been reported,42, 44-50 using 

a variety of metallic derivatives of the appropriate unsaturated 

compounds, as indicated in Scheme III (the use of derivatives of 

1ithium,44(b), 44(c) sodium42 , 44(a), 45,50 potassium,42,50 magnesium42,49 

a1uminium,42,46,48,49 and zinc47 have all been recorded). The conversion 

of the a- and~-unsaturated diols thus formed (Scheme III) into the ru1~ 

saturated analogues in the series (Vlb, page Il}, has been effected by 

cata~ic reduction ~sing hydrogen, and palladium/char~oal,~4(a) 
palladium chloride on calcium carbonate,50 or platinum oxide49,50 

cata~sts in alcoholic solvents (Scheme IV). 

OH X 

OH X 

X = C=CH, C=CCH3, H2CC~CH, 

or H2CHC=CH2 • 

OH R 

Catalytic 
) reduction 

Scheme IV 
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A final ~nthetic method that has been used in the preparation 

ofdiols in the series represented by VIb, is identical to the method, 

described previous~, for synthesising 9,lO-dihydroanthracene-9,10-diol 

(VIa, page 11) by catalytic reduction of anthracene phot08xide. 29 By 

an obvious extension of this method, 9,10-diaIkyl-9,10-dihydroanthracene­

-9,10-diols (VIb, page 11) have been made by reducing catalytioal~, 51 

or more common~, with lithium aluminium hydride,42,50,52,53 the 

phot06xides of 9,10-diaIkylanthracenes (Scheme V). 

H2/Raney Ni 
or LiAlH4 

or boi ling under> ~ 
refl ux wi th ea taly . 
amount of a phenol 

Scheme V 

OH R 

(VI b) 

R = Alkyl 

As a synthetic method, the above has one major drawback, in 

that, as illustrated in Scheme VI, the phot06xides are prepared 

from 9,10-dialkylanthracenes, which in turn are best made from the 
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corresponding diols, or their dimethyl ethers, of the type VIb 

(e.g. refs 34 and 37). 

OH R 

PbNHNH2 in R 
or 
snC~HCl AcOH (re~. 

(VIb) in (ref. 50) 

1 PhNHNH2 in 

OMe R AoOH 
(re~ • "5/) 2 equivs. Na 

R in ether/benzene 
(ref. 34) 

°2 
hv 

in CS2 

R 

R = Allq1 

R 

Scheme VI 
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However, diols of the type Vlb have been 5,1ntheaised51,52,53 

b.y this method (Scheme V), other synthetic routes to 9,10-dialkyl-

anthracenes having been found, not involving the appropriate diol 

itself as starting material. Also, the circular route from diol, 

to photo6xide, to diol, baa, as will be seen, important implications 

when the stereochemistry of the diols is considered.42 ,50 

Of the methods outlined above, for synthesising diols of the 

type Vlb, the Grignard reaction method (Scheme II, page 13) normally 

gives by far the lowest yields of desired products (e.g. compare 

ref. 32, p. 1969 with ref. 50, p. 1195). 

COnfigurational and Conformational ASSignments for 9,10-Dialkyl-9,10-

-dihydroanthracene-9,10-dio1s (VIa, Vlb) 

OH R 

a. R = H 

b. R = Alkyl 

OH R 

(VI) 

The configurationa l (i.e. cis, trans) and conformational 

(i.e. pseudoaxial a', pseudoequatorial e'> features of substituted 

9,lO-dihydroanthracenes of the above type (VI), have been outlined 
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earlier (page 4). Relatively few stereochemical assignments, either 

of configuration or conformation, have been made for this class of 

compounds (VI), and most of the assignments made have been solely 

Configurational,53,54,38,42 (Fig. 5). 

OH R OH R 

cis trans 

Fig. 5. Configuration 

More recent~, assignments of conformation and configuration (Fig. 6) 
25 26 50 55 have been reported. ' , , 
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trans 

cis 

R R 

o 

cis ( alkyl groups a' a') 

OH OH 

R 

cis (alkyl groups e' e') 

a' = pseudoaxial 

e' = pseudoequatorial 

Fig. 6. Configuration and conformation 
(some partial structures) 
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Dufraisse and his co-workers, 54 am in particular, lepage, 53 

have reported the isolation of cis-9,10-diQydroanthracene-9,10-dio1 

(VIa, page 18) from the catalytic reduction of anthracene phot06xide,2S 

and its reduction using lithium aluminium nydride. The assignment of 

a cis configuration was made on the basis of its mode of formation. 

They reported thi s same cis isomer isolated from the reactions of 

anthraquinone with aluminium isopropoxide,JO and lithium aluminium 

hydride. 29 (See Scheme I, page 12). This last reaction also yielded 

a second isomer, which they assigned trans. 

This approach, of giving a cis assignment to the isomer prepared 

from, or identical to the isomer prepared from the corresponding photo-

6xide, has been adopted 38, 51, 52, 53 in the case of isomers of the 

dimethyl dio1 (VIb, page 18; R = OH3). A trans assignment has then 

accordingly been given to any other isomer isolated. 38,53 The 

dimethyl diol isomer prepared from the pboto6xlde, and thus assigned 

cis, has been reported 52 ,53 as being dimorphous, each crystalline form 

having a different, and sharp melting point. 53 An identical 

observation has been made53 for the isomer, assigned cis in the way 

described, isolated from the Grignard reaction of metbylmagneslum 

iodide on anthraquinone. 

This method of determining the configuration of dio1s of type 

VIb, has been elegantly formalised b.Y Ohodkiewicz and his co-workers,42 

who adopted the cyclic procedure as in Scheme VII. 
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R-( CH
2

) ... 
n ...... .. 

HO 

R-(CH2)n 

Scheme VII - partial structures 

Thus, they were able to characterise cis and trans isomers 

of the dietbyl and di-E.-propyl diols (VIb, page 18; R = C~CH3 and 

(CH2)2CH3 respective~). They did not, at that time, take 

conformational considerations into account. We in this Department were 
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the first to report25 ,26 conformational assignments for diols of this 

type, and have isolated two cis isomers (alai and ele l ; see Fig. 6) 

of the dietQyl diol,25 and one cis isomer (a'a') of the di-~propyl 

diol,26 from the product of the reaction of the appropriate Grignard 

reagent on antbraquinon~. Our conformational assignments are based on 

p.m.r. and infrared data for these compounds. Chodkiewicz and his 

co-workers have since reported55 ,50 different infrared data,50 

different interpretations of the p.m.r. spectra,55 and consequently 

conflicting conformational assignments for what are ostensibly the 

same compounds (see Discussion). 

Dehydration of 9,lO-Dialkyl-9,lO-dibydroanthracene-9,IO-diols 

OIl R 

OH R 

(VIb) 

R = Alkyl 

It has long been known that diols of the type Vlb are particularly 

susceptible to dehydration, and by-products formed in this way have 

often been encountered after reaction of alkylmagnesium halides with 
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anthraquinone (see, e.g., ref. 32). Guyot and Sta.ehling31 maintained 

that deqydration takes place in the presence of excess of the Grignard 

reagent, but this observation has not been made qy later workers?4,39,35,37 

Dehydration is most easi~ effected qy aCids ,35 and to avoid it, the 

Grignard complexes are best decomposed with aqueous ammonium chloride 

(e. g.s . refs. 39, 35). 

Guyot and Staehling31 found that when 9, 10-dimethyl-9, 10-

-diqydroantbracene-9,10-diol (Vlb; R = CH3) is boiled with acetic 

acid , a yellow substance corresponding to a mono-dehydration product 

is formed, which they suggested had the structure VIII or IX. 

OH2 

(VIII) 

The same workers also isolated3l a compound, to which they assigned 

structure X, by the action of heat on the dimetqyl ether of the 

same diol (Vlb; R = Me) . 
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(x ) 

Badger and Pearce35 have since claimed that none of the above 

structures (VIII, IX, X) is in accord with the properties of either of 

the two compounds, and went on to establish that when a boiling alcoholic 

solution of the dimethyl diol (Vlb; R = eH3) is treated with acid, the 

dehydration is accom~an;ed by 1,5-anionotropic rearrangement and 

alkylation by the alcohol used as solvent. Thus they isolated and 

ful~ characterised (by independent synthesis in one case) compounds 

of the type XI. 

(XI) 
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They used both mineral acid and picric acid to effect this conversion 

(the latter forming the picrate of XI in each case, from which the 

parent compounds (XI ) could easi~ be generated). Their proposed 

mechanism for this type of reaction is illustrated in Scheme VIII. 

e --i2l4 

Scheme VIII - partial structures 

1,5-Anionotropic shifts of the above type have been reported 

in the anthracene series b,y other workers (e.g., see ref. 56), and 

examples in the benzanthracene a.nd dibenzanthracene series have been 

reported (e. g. see ref. 57). 

Guyot and Staehling,)l b,y the action of acetic anhydride on 

the dimethyl diol (Vlb, page 23; R = OR)) also isolated, but did not 

fu1~ characterise, a compound which they claimed was formed b,y a 

double dehydration of the dimethyl dio1 (VIb, page 23; R = OR)), and 
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thuB suggested structure V for it. 

This compound (V), 9,lO-anthraquinodimethane, has as previously 

mentioned · been reported24 to be formed as a reactive intermediate, 

by thermal deqydration of the dimet~l diol (Vlb, page 23; R = CR
3
). 

Clarke and Carleton32 isolated two compounds, which they 

tentatively assigned the 'bimolecular ' structures XII and XIII , b,y 

deqydration of the dietQyl diol (Vlb, page 23; R = CH2CH
3
) with 

dilute mineral acid. They obtained the same two compounds by reaction 

of ethylmagnesium bromide and anthraquinone , during synthesis of 

the diethyl diol (which was also isolated). 
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CHCH
3 

(XII) 

o 

CH
3

CBCH
2
,CH

3 

(XIII) 

In conclusion it is worth noting that other reactions, 

involving the deQydration of bydroxy-derivatives of 9,lO-diqydro­

anthracene , have been reported (e.g. refs. 56(g), 58, 59), and in 

these cases, rearrangement resulting in ring enlargement of the 

middle ring occurs, resulting in the formation of a 2,3,6,7-d ibenzo-

cyclohepta-2,4,6-triene 
Ph 

!H 

system, e . g. Scheme IX (ref . 58). 

.E-~3.l1PlOni.C 
acid, ) 

formic acid 

Scheme IX 
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EXPERIMENTAL DISCUSSION 

As stated in the Introduction, the initial object of the work 

undertaken was to synthesise compounds in the series VI, and in the 

light of the stereochemical interest of 9,lO-dibydroanthracene 

derivatives, outlined earlier, to see if absolute stereochemical 

assignments (configuration, and conformation) could be made for these 

compounds. 

R OB 

R OB 

(VI) 

R = Alkyl 

25 26 We have found ' that the compounds we have isolated in 

this series (VI), lend themselves to detailed stereochemical analysis, 

by means of proton magnetic resonance and infrared spectroscopy. The 

synthetio method exclusive~ adopted in our attempts to isolate diols 

of this type, has been the metbod of Grignard addition of a large excess 

of the appropriate alkylmagnesium halide to anthraquinone (see Scheme II, 

page 13). The reactions carried out have involved the use of etQyl, 

.!!-propyl, :!,-butyl, iso-propyl, and neopentyl halide. The results 

obtained can be convenient~ discussed in sections, under the typesof 
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products isolated from these reactions. A short section at the end 

deals with some dehydration products which have been isolated, derived 

from diols of type VI. 

A. 9,10-DialkYl-9,10-dihydroanthracene-9,10-diols (VI) 

Of the Grignard reactions carried out, only those involving the 

use of etnyl bromide, and n-propyl bromide, gave diols of this type. 

By way of recapitulation, Scheme X summarises the stereochemical 

possibilities for these diols. 

With reference ·to Scheme X, the following points should be 

made: 

(1) If the molecule is planar, only configurational (cis , 

trans) assignments are applicable (Scheme X, 1). 

(2) If the molecule vibrates rapidly through the planar 

configuration, again only configurational assignments are applicable 

(Scheme X, 2 and 3 with equilibrium arrows). 

(3) If, in all cases, the molecule is rigid, and in a 

pseudo ·boat conformation, two conformationally distinct cis isomers 

are possible (Scheme X, 3, without equilibrium arrows). In these 

circumstances, only one conformationally distinct trans isomer is 

possible (Scheme X, 2, without equilibrium arrows). The point should 

be made that equilibration, conformational preference , and planarity 

of the molecule, may separately occur in different isomers of the same 

compound, e.g. trans isomer may equilibrate, and the cis isomers exhibit 

conformational rigidity, etc. 
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OH R 

1. 

OH R 

(XIV) cis 

R 

2 . OH 

R 

3. o 

(XIV) cis (a l a l ) 

a ' = pseudoaxia1 

e ' = pseudoequat or i a1 

OR 

----~ 
~ - ---

OH 
(XIV) trans (a l a l ) 

R 

OH 

----~ 
~----

R 

OH R 

R ' OR 

(XIV) t rans 

a l 

H 

(XIV) cis (a l a ') 

(where used , refer to alkyl groups) 

Scheme X (2. and 3. partial structures) 
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The major readily isola.ble and identifiable product from 

the reaction of ethylmagnesium bromide and anthraquinone (ethylmagnesium 

iodide and anthraquinone failed to give a crystalline, identifiable 

product) is cis (a l a l )-9,10-diethyl-9,10-dihydroanthracene-9,10-diol 

(XIV a,cis (a l a l ), page 31).25 In the reactions carried out, this 

isomer was produced in yields bet"reen 20-40%. The conformational 

assignment follows from the following experimental evidence: 

(1) The proton magnetic resonance spectrum of this isomer of 

the diethyl diol (Fig. 7) shows the two ethyl groups as magnetically 

equivalent, with the methyl triplet at an unusually high field (9.80'(), 
60 and the methylene quadruplet at 7.80 't (compare with the p.m.r. spectra 

of ethanol and n-propanol; ethanol: 6.30'l (CH2), 8.781:' (CH
3
); 

.!!.-propanol: 6.40'L (a-CH2), 8.40'l (~-C~), 9.l0'L (CH3) ). 

tt'T,"'I. 

I i 
• 10 T 

Fig. 7 

P.m.r. spectrum, in CDCl , of the isomer of 9,10-dietbyl-
9,10-dibydroanthracene-9~10-diol, readily isolable from the 
product of the Grignard reacti~n. 



Inspection of a Dreiding molecular model of this compound 

(see Fig. 1, page 2) indicates that if the molecule is in a pseudo boat 

conformation, which the model shows to be its normal valence confor-

mation; the appreciable up-field shift of the meth,yl protons in the 

p.m.r. spectrum can be explained qualitatively, by assuming that the 

ring-current effect61 from the two benzene nuclei shields the meth,yl 

protons, thus causing an anisotropic up-field shift in the p.m.r. 

62 resonance of these protons . It has been suggested previously (1964) 

that the ring-current effect in derivatives of 9,lO-dih,ydroanthracene of 

the type XV, may be the predominant or almost exclusive factor responsible 

for the difference in chemical shift of the two meth,yl groups, of between 

16-28 c.p.s. (at 60 Mc) observed in the p.m.r. spectra of these 

derivatives. 

x = Br 

(XV) 

Smith and Shoulders63 have also reported similar observations 

attributable to sucb a ring-current effect in their work on 

9,lO-dih,ydroanthracene derivatives, and other workers18,64 have implied 
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that some of their observations in this system might be accounted for 

by the ring-current effect. The up-field shift of the methyl protons of 

the diethyl diol isomer, which we observe in the p.m.r. spectrum of 

this compound (Fig. 7) illustrates, without doubt, the importance of 

the ring-current effect in this system, and it is reasonable to conclude 

that in this isomer, the molecule is in a 'folded' conformation. ~ 

adding a drop of tetranitromethane to the p.m.r. sample of this diol, 

a deep-red II -complex is formed, and t he anisotropic effect of the 

aromatic ring current is modified sufficiently to cause the methyl 

protons to resonate at the more 'normal' value of 9.10~ (Fig. 8).26 

The methylene protons resonate at 8.151:' under these conditions. 

q-,o't' 
q ·.o't' , 

~ 
~ 

", ,'0 't' , 
'f: .... . 

" I 

" .-,ST , 
~ " " " ,I , h I ~ " :, " ", "-
" ,I ,I 

" ,I 'I I I 'I • ',I , J' 'v '" ,,' I , " 
'~' ' 

I I , I l' 7 • q 10 

Fig. 8 
----- Peaks whicb appear on addition of tetranitromethane 

Tbe use of II -complex formation to modify the anisotropic effect in. tbe 
p.m.r. spectrum of the isomer of 9,lO-dietbyl-9,lO-dibydroanthracene-9,lO­
diol, readily isolable from the product of the Grignard reaction. 
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It is clear that this displacement is due to a modification of 

the ring anisotropic effect since, for example, the p.m.r. spectrum of 

the alkyl group in ~-propylbenzene is virtually unaltered on formation 

of a 71 -complex with tetranitromethaneJ only small shifts (less than 

0.04 l ) are observed in such cases, in which the alkyl group does not 

lie above the ring in the shielding region?6 

Without further evidence, however, it is not possible to say 

whether the molecule in this isomer is equilibrating, or in a rigid 

conformation (Scheme X, page 31 ). 

(2) If the hydroxyl groups in the 9 and 10 positions of this 

dietqyl diol are ciS, and pseudoaxial, measurements from a Dreiding 

model give an approximate value of 2.4R for the H----O separation (Fig. 9). 

/H 
H-------O /< x ) 

o 

Hydroxyls a I at, X ~ 2.4 R 

Hyd roxy Is e I e I, X ~ 5. 6 .R 

Fig. 9 

If the hydroxyls are cis, and psaudoequatorial, this distance is 

approximately 5.6 R. The maximum distance over which intramolecular 

qydrogen bonding can occur, has been given65 (a) as approximately 3.4 R; 

so the detection of intramolecular hydrogen bonding in this ~olecule 
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is a crucial factor in distinguishing between the two possible cis 

conformations, if the molecule is rigid. If intramolecular hydrogen 

bonding occurs in this isomer of the diethyl diol in question, and the 

i -I nfrared spectrum does in fact show a bonded hydroxyl peak at 3470 cm. , 

modification of this hydrogen bonding by chelation or protonation might 

affect the p.m.r. spectrum of the diol. Thus, p.m.r. spectra of the 

diol, with small quantities of urea , ethylene glycol dimethyl ether, 

and trifluoroacetic acid (TFA), separately in the p.m.r. samples, were 

recorded. The p.m.r. spectrum of the diol in deuterated methanol 

(CH
3
0D) was also recorded. No significant changes in the p.m.r. spectrum 

were observed in all these cases, other than the appearance of new 

peaks , caused by the dehydration of the diol in the TFA sample. An 

unsuccessful attempt was made to obtain a crystalline condensation 

product of the diol with benzaldehyde (by Scheme XI). 

Et OH Et 

+ PhCHO 

Et OH 

Scheme XI 
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This condensation would be expected to be possible only if the hydroxyl 

groups in the molecule were pseudoaxial. As no product of this type 

was isolated from the reaction, no definite conclusions in this respect 

can be me.de. 

The only sure way of establishing the character of a bonded 

hydroxyl ba.nd in the infrared spectrum, consists in determining the 

dependence of the molar extinction coefficient of the band on concentration. 

For intramolecular hydrogen-bonded bands, extrapolation of the molar 

extinction coefficient to zero concentration, does not give a curve 

passing through the origin . 65 (b) Measurements of this kind were made 

therefore,25 for the two hydroxyl peaks in the infrared spectrum of this 

isomer, for concentrations of 0.03-0.11 Mil. The results, shown in 

Fig. 10, give no conclusive evidence for the presence of intramolecular 

hydrogen bonding. The possibility remains, however, that an intramolecular 

hydrogen-bonded peak nevertheless exists under the intermolecular 

hydrogen-bonded peak in the infrared spectrum. 

(3) The proton magnetic resonance spectrum of this diethyl 

diol isomer cbanges striking~25 as the temperature is raised (Fig. 11). 

Thus at 650C new peaks corresponding to the ethyl group appear, with 

the methyl triplet centred at 9.20 1:' • At higher temperatures, the 

methyl triplet at 9.801:' diminishes in intensity, and disappears at 

l020C, but at these temperatures, although the 10yTer field triplet 

remains, the spectrum is complicated by the formation of dehydration 

products . This change was not reversed on lOl-Tering the temperature. 

Though not so clearly seen, a similar change does appear to occur 
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)( 

3440 -1 cm. 
( a) 

-1 
cm. 3585 

n Ethanol-free chloroform sol-. 

)( 

0 .10 

Concentration (Mil) 

Infrared dilution curves for the hydroxyl bams in the isaner 
of 9,10-diethyl-9,10-dihydroanthracene-9,10-diol, readily isolable from 
the product of the Grignard reaction. 
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Fig. 11 

P.m.r. spectra (9.00-10.00iL region) as the temperature is 
increased, of the isomer of 9,lO-diethyl-9,lO-dihydroanthracene-9,lO­
diol, readily isolable from the product of the Grignard reaction. 
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for the methylene quadruplet, with the new quadruplet now centred at 

8 .21 T when the temperature is raised. This result is significant, 

as it can be concluded from it that the molecule, under these conditions, 

is "flipping" from a "folded" to a "reverse-folded " conformation 

(see Fig . 4, page 6) , and the 9- and 10-substituents change according~ 

from being cis illl one confG>rmation, '. to, cis in the other conformation 

(see Scheme X, 3, page 31). By heating the sample as above , a 

conformational change involving a carbonium ion intermediate as shown 

in Scheme XII is avoided, so the above observations cannot be 

attributed to any conformationa l change involving conversion from a 

cis to a trans conformation, or vice versa. 

OR 

) 

R
2

CR
3 

I SNI attack by 

'" ORe 
OR CH

2
CH

3 

OR 

Scheme XII 
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The irreversibility of these changes rule out any rationalisation 

of these observations involving a change from a rigid to an equilibrating 

molecule, or vice versa. Thus, by logical elimination of the conformational 

possibilities in this way, the conclusion that the observed changes result 

from a cis to cis conformational change of the molecule, is the on~ 

possible explanation accounting for these observations. Though this 

conclusion is complete as it stands, it i s int ended in the future to 

record the p.m.r. spectra and study the changes, i f any, of the 

isolated dietQyl diol isomer at temperatures below 33.40 0. 

Thus from this result, one is able to fix the p.m.r. chemical 

shifts for the ethyl groups in both cis conformationsof this compound 

(the two values (9.80 L .and 9.201" ) for metQyl proton chemical shift 

are firmly establiS hed and the two values (7.80 T am 8. 211:" ) for the 

methylene proton chemica l shift, are established with certain reserva-

tiona) • 

It is worth commenting at this point that other workers62,63,18,22 

have recently found the variable temperoture p.m.r. t echnique useful in 

conformational work on 9,10-diQydroanthracene derivatives. For example, 

the observation63,22 that the metQylene p.m.r. spectrum of 

1 2 3 4 9,10-diQydroanthracene (II, page 1; R =R =R =R =H) is a sharp singl et 

at normal operating t emperatures and at _600 0 indicates that t his 

molecule undergoes a rapid oscillating motion through tbe planar 

configuration, at temperatures as low as _60°0. 

Finally, under this heading of temperature-induced conformational 
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changes in the dietQyl diol, it is worth noting that the difficulties 

and observations encountered in determining the melting point of the 

isolated dietQyl diol isomer (which by the criteria of t.l.c. ana~sis was 

a single isomer) may be attributed in part to such conformational changes 

on heating. DeQydration of the diol as the temperature is raised, 

however, would also account in pa rt for these observations. 

(4) Proton magnetic resonance spectra of the dietQyl diol 

isomer isolated, were recorded at intervals after the addition of a 

drop of 0.1% acetic acid to the p .m. r. sample. The results are sho\ffi 

in Fig. 12. 

r 
q 

Fig. 12 

If'" s. 

r 
10 l' 

- - - -- Peaks which appear on addition of acid 

P.m.r. s pectrum of the isomer of 9,10-diethyl-9,10-diQydroanthracene-
9,lO-diol (readi~ is01able from the product of the Grignard reaction), 
in CDC1

3 
containing a drop of 0.1% acetic acid. 
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These spectra also showed25 the gradual appearance of a lower field 

methyl triplet at 9.15 L , and a lower field quadruplet at 8.20"(' • 

This process is also accompanied by deQydration reactions of the diol, 

when higher concentrations of acid are used. Under these conditions of 

weak acidity, conditions which would not cause the molecule to "flip", 

the conformational change observed is most likely to be one involving a 

carbonium ion intermediate, as illustrated in Scheme XII (page 40). 

Th i s result supports some of the interpretations given to the variable 

temperature p.m.r. spectra, as the conformational changes observed here, 

are from a cis conformation (given the p.rn.r., variable temperature 

results) to the other cis conformation, with the ethyl group p.m.r. 

resonanceS at 9.151:" and 8.20 T (compare the values of 9.20 T and 

8.21 T obtained from the variable temperature p.m.r). The trans 

conformation would presumably be an intermediate in this c~ange 

(Scheme XII, page 40 ) but as the original p.m.r. ethyl group resonances 

eventual~ diminish to near~ zero intensity, some complete conversion 

to the second cis isomer occurs. 

This conversion under the influence of dilute acid was used 

to secure the second cis isomer of the diethyl diol. A sample of the-

cis isomer, isolated from the Grignard reaction, was suspended in 

0.1% acetic acid, or 2% hydrochloric acid, for thirteen or four days 

respective~. Column chromatography of the resulting material separated 

the t~ cis isomers of the diethyl diol. No trans isomer was isolated. 

The pure second cis isomer sho\Js, not surprisingly, p.m.r. reSonances at 

9.15 1:" (triplet) and 8.16T (quadruplet), corresponding to the two 
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magnetically equivalent ethyl groups in the molecule . Addition of a drop 

of tetranitromethane to the p.m.r. sample produces a deep-red 71 -complex, 

but no observable change in the p.m.r. spectrum occurs, indicating the 

absence of any ring-current anisotropic effect in this isomer. The 

infrared spectrum of this isomer shows three hydroxyl bands (Nujol, and 

in carbon tetrachloride), the graphs (Fig. 13) of the molar extinction 

coefficients of which, plotted as a function of the concentration in 

carbon tetrachloride (0.007-0.030 M/l) , indicate that the hydroxyl band 

-1 at 3551 cm. is an intramolecular hydrogen-bonded hydroxyl band 

(see page 37 ). 

The occurrence of intramolecular hydrogen bonding in this 

isomer suggests that the hydroxyl groups in the molecule must be both 

in pseudoaxial positions (see pages 31 and 35). The two ethyl groups 

would thus be pseudoequatorial. This compound is therefore, cis(e l e l )-

, 
it 

I I ~ 

.. .­, . . 
~ 

" f, 

25 ~ 
9,lO-diethyl- 9,lO-dihydroanthracane-9,10-diol (XIV a,cis (a l a l ), page 31) • . 

It follows from the reasoning outlined previously, that the diethyl diol 

isomer, readily isolable from the Grignard reaction, has a cis configura-

tion , with both ethyl groups in the pseudo8xial conformation (XIV ~ cis 

(a l a l ), page 31).25 

(5) A comparison of the conformational assignments now made 

for the two isomers of the diethyl diol isolated, and their respective 

p.m.r. spectra, reveals that the stereochemical conclusions made, imply 

a greater shielding effect of the ring-current on the methyl protons 

when an ethyl group is pseudoaxial in this compound than when an ethyl 

group is pseudoequatorial . In order to confirm the validity of this 
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Infrared dilution curves for the hydr~l bands in the seoond 
isomer of 9,10-diethyl-9,10-dihydroanthracene-9,10-dio1 isolated. 
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implication, and to rationalise the magnitude of the shielding effect 

observed for axial ~-protons, at least semi-quantitatively, it is necessary 

to consider, briefly, calculations of the magnitude of this effect, made 

on a basis of theory. 

The concept of a local magnetic field, generated b.Y a ring 

current arising from the interaction of an externally applied magnetic 

field and a system of Ii' electrons, was originally invoked to account 

for the low-field proton magnetic resonance absorption of aromatic protons. 

Theoretical calculations of the magnitude of this effect have been made 

on the basis of a model due to Pauling,66 and explicitly stated for 

the p.m.r. problem b.Y Pople67 B.nd Waugh and Fessenien,68 and modified 

by Johnson and Bovey.69 From the predictions of this model concerning 

the spatial arrangement of "shielding" and "deshielding" zones around a 

benzene ring, and from simple measurements made on a Dreiding molecular 

model of the dietQyl diol, a semi-~uantitative rationalisation of our 

observations and conformational assignments emerges. The methyl protons 

of a pseudoaxial ethyl group in the diethyl diol are approximately 

3.2 ~ from the centres of the aromatic rings and make an angle of roughly 
{ 

550 with the plane of the ring. The corresponding measurements for 

pseudoequatorial methyl protons are 3.6 i and 350
• The high field 

resonance of the pseudoaxial ~-protons which we have observed in the 

p.m.r. spectrum of the cis (at at) isomer of the dietQyl diol, is there-

fore rationalised on the above basis. 

More quantitatively, values of approximately 0.6 1( (shielding) 

and 0.1 1L (deshielding) are obtained for the anisotropic shifts of 
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pseudoaxial ~-protons and pseudoequatorial ~-protons respective~, in the 

dietQyl diol, from molecular model measurements as above and reading off 

the values of the anisotropic shifts corresponding to these measurements 

in tables,70 which have been compiled on the basis of Johnson and 

Bovey 1s69 theoretical calculations. Because of the major difficulty 

encountered in making acceptable measurements from a model, caused b,y 

the free rotation of the B-metQyl group around the a-carbon atom, a 

series of values for the anisotropic shift of .the pseudoaxial B-protons 

was obtained as above, but at specific angular positions of the ~-metQyl 

group in this rotational motion. These values are plotted in Fig. 14 

The graph indicates a mean shielding value of approximate~ 0.5-0.6 1C 

for the axial ~-protons. 

It is reasonable to conclude that although the values obtained 

must be regarded as only approximate (because of the crudity of the 

measurements from which they are derived) the order of magnitude of 

these values is comparable with the magnitude of the effect we have 

observed, and so provides support for our conformational assignments 

for the two isomeric cis diethyl diols. 

Unsuccessful attempts were made to isolate a compound of 

structure XVI, by use of a Grignard reaction using 1,8-dibromo~ctane, 

magnesium, and anthraquinone. 
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Negative l values : shielding 

Positive l values : deshielding 

Fig . 14 
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OR -

OR 
(XVI) 

It was hoped that, in the light of the anisotropic effect 

l already observed in this system, the p.m.r. pattern for the metqylene group~ 

would be of interest. 

An attempt to synthesise the trans isomer of the dietqyl diol, 

by raising the reaction temperature of the Grignard reaction of 

anthr~quinone and ethylmagnesium bromide b.y the addition of benzene to 

the solvent mixture, also proved unsuccessful. 

A detailed study of the products of the Grignard reaction, b.y 

uSe of column chromatography applied to the intractable residue from the 

organic layer, has shown that both the cis isomers described above are 

formed in the reaction. The cis (a l a l ) isomer is always the more 

abundant isomer isolated (yield 20-40%; varying in different experiments, 

slight modifications in the procedure being made in some of these runs). 

In all the experiments, a mixture of the two cis isomers was obtained 

(0.5-12.0% yield). On~ when the hydrolysis stage of the reaction was 

carried out using aqueous ammonium chloride did column chromatograpqy 

of the intractable residue from the organic layer yield crystalline 
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products, one of these being the cis (e' e') isomer (5% yield). A 

large quantity (17 - ~O%) of unchanged anthraquinone was always isolated 

from the reaction product. 

The dimethyl ether (XVII) of the diethYl diol, synthesised by 

treating the cis (a' a') isomer of the diol with methanol in which a 

trace of hydrogen chloride had been dissolved, showed through the low 

intensity peaks at 9.20 l (triplet) , 8 .15 L (quadruplet ), and 

7.28 L (singlet) in the p.m.r. spectrum, that it (Le. XVII) is formed 

in more than one isomeric form in this reaction. 

OCH3CH CH 
2 3 

IOCH
3 

CH
2

CH
3 

(XVII) 

The cis (a l a ') isomer of the dimethyl ether is the main isomer formed, 

but the formation of another isomeric form (or other ~someric forms ) is 

interesting insofaras Beckett and Lingard,38 in their work on the 

etherification of two isomers of 9,10-dimetbyl-9,10-dibydroanthracene-

9,lO-diol (VI, page 29 ; R = CH3) (which they assigned as cis and trans 

isomers) concluded that both these ieomers gave the same dimethyl ether . 
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They r ationalised this conc l usion by postulating that intermediate 

carbonium-ion forma.tion would permit the sterically more favoured 

dimethyl ether to be formed from either diol. A similar result to Beckett 

and Lingard'S was apparently obtained by Pinazzi 71 on etherification 

of cis- and trans-9, 10-diphenyl-9, 10-dibydroanthracene-9, 10-diol. 

Tbe results obtained to date on tbe products (diols) from the 

reaction of n-propylrnagnesium bromide and anthraquinone , though not as 

comprehensive as the results described previously for the die t hyl diols , 

seem to indicate a close similarity to the results on the dietbyl diols. 

Fig. 15(a) shows. the p. m. r . spectrum, recorded on a 60 Me/sec. instrument, 'I 

of the readily isolable major isomer of 9,10-d i -1:1-propyl-9 ,10-dihydro­

anthracene-9,10-diol (VI, page 29, R = CH2CH2CH
3

) from the Grignard 

reaction (in the reactions carried out, this isomer was produced in 

yields of u to 33%). This spectrum (Fig . 15(a ) ) shows a large 

singlet superimposed on a multiplet at 9 .40 L corresponding to the 

four ~-methylene a nd six 0 -methyl protons. The similarity in chemical 

shift of t he ~-methylene and 7f -methyl protons observed in this spectrum 

is attributed to the aromatic anisotropic effect, whicb shields the 

~-methylene protons, causing tbem to resonate at an unusually high 

field. We have seen previously that wbeh an alkyl group is in the 

pseudoaxial position in this class of compounds, p.m.r. peaks due to 

protons attached to the ~ -carbon atom are shifted about 0.6 l up field . 

Thus, by analogy in tbi s way to our previous results, it is concluded 

that this isomer of the di-n-propyl diol is the cis (a' a') isomer 

(XIVb, cis (at a'), page 31).26 The p .m.r. spectrum of this isomer 
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P.m.r. speotra (in CDC13) of the isomer of 9,10-di-~-propyl-9 ,10-
dihydroanthraeene-9,10-diol, readily isolable from the product of the 
~rignard reaction. ( a) At 60 Me/sec. (33.40 C). (b) 9.40~ region at 
100 Me/sec. (34°C). (c) 9.40l' region at 220 Me/sec. (13°C). 
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recorded on a 220 Me/sec instrument shows the usual ~-methylene and 

0' -methyl coupling for an E-propyl group, for the resonances in the 

9.40'L region (Fig. 15(c) ) of the p .m.r. spectrum of this isomer, 

and also shows the ~-methylene protons whicb resonate at slightly 

higher field than the 0 -methyl protons. 

By adding a drop of tetranitrometbane (or a small quantity of 

tetracyanoetbylene) to the p.m.r. sample of this isomer, a deep-red 

71 -complex is formed, and the anisotropic effect of the aromatic ring 

current is modified sufficiently to induce the normal splitting pattern 

associated with an n-propyl group . Tbus the p .m.r. spectrum (at 60 

Me/sec) of the If -complex shows a methyl triplet B.t 9.20 L ,and a 

complex multiplet between 8.10-9.00 1:' (Fig. 16).26 
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The use of " -complex formation to modify the anisotropic effect in 
the p. m. r . spectrum of the isomer of 9,10-di-~-propyl-9,10-dibydro­
antbracene- 9, 10-diol, readily isolable from the product of the Grig­
nard reaction . 

The infrared spectrum of this isomer of the ~-propyl diol shows 

two hydroxyl bends (in Nujol, and ethanol- free chloroform) . The graphs 

(Fig . 17) of the molar extinction coefficients of these , plotted as a 

function of the concentration in ethanol-free chloroform (0.034-0 . 06 Mil) , 

give no conclusive evidence of intramolecular bydrogen bonding (see 

pages 35-37) . 
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Infrared dilution curves for the hydrox;yl bams in the isomer 
of 9,10-di";n-propyl-9 ,10-dihydroanthracene-9,10-diol, readily isolable 
from the product of the ~rignard reaotion. 
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Variable-temperature .m.r. work on this isomer is in progress 

at the time of writing . Though the results f rom t his work are not 

sufficiently complete to merit inclusion in this thesis, it is worth 

commenting that readings taken as the temperature of the p . m.r. sample 

is increased do indicate a cis (a l a l ) to cis (e l e l ) conformational 

change in the sample , similar to the change observed for the cis (a ' a ') 

dietnyl diol. The difficulties and observations encountered in 

determining the melting point of the isolated di-~-propyl isomer (which 

by the criteria of t .l.c. analysi s was a single isomer) may be attributed 

in part to such conformational changes as in the cis (a l a l ) dietny1 dio1 

case. 

Tbe p.m.r. spectra of this di-E-propyl diol isomer , recorded 

at intervals after the addition of a drop of 0 .1% acetic acid , showed 

the gradua l a ppea.rance of a me thyl tripl et at 9. 23 L , and a complex 

multiplet between 8.17-9.00 L (Fig. 18). 
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Fig. 18 

-r 1'1 s . 

I 
101' 

P.m. r . spectrum of the isomer of 9,10-di-n- propyl-9,10-dihydro­
anthracene-9 , 10-diol (r eadily isolable from the product of the 
Grignard r eaction), in CDCl) conta i ning a drop of 0 . 1% ac etic 
acid . 

As with the similar observation for the cis (a l a l ) isomer of the 

diethyl diol , the change observed her e i s most likely to be a 

conformationa l change involving a carbonium ion intermediat e 

(see Scheme XII, page 40 ) . 

A preliminary, more de tailed study of the products of the 

reaction of E-propylmagnesium bromide and ant hraquinone , using column 

- 57 -

" I, 
I 
I' 
I. 
~ 

-t 
'" ,.> 

J 
i :. 
:f 



chromatography of the intractable residue from the organic layer, 

indicates that both the cis isomers of the di-n-propyl diol are formed 

in the reaction. As was found in the diethyl diol work, the cis (a ' a') 

isomer of the di-lL-propyl diol, described above, is the more abundant 

isomer isolated (yields of 18.5 and 33% obtained in two different 

experiments). Column chromatography of the intractable residue from 

the organic layer gave a crude sample of tbe cis (e ' e') isomer of 

the di-~-propyl diol (XIVb, cis (e' e '), page 31) in 8.4% yield. The 

p.m.r. spectrum of this second isomer, as yet not fully purified, shows 

resonances at 9.24 L (triplet) 8 .00-8.80 l.' (triplet superimposed on 

a complex multiplet), and 2.00-2.62 L (symmetrical, complex multiplet). 

The infrared spectrum shows three hydroxyl peaks . A large quantity 

(15.0 and 18.5%) of unchanged anthraquinone was isolated in both runs 

of the Grignard reaction. 

The conformational assignments described above, which have been 

t d b ' 1" 't' 25,26 i nfli t 'th repor e y us ~n pre ~m~nary commun~ca ~ons, are n co c w~ 

assignments made by Chodkiewicz and her co_workers.42 ,55,50 ,49 Thet 

we are discussing the same isomers of the diethyl and di-,D-propyl diols 

is a pparent from the correspondence of phYSical properties (melting 

points and spectral data) found by US and by them. 25 26 Our r esults ' 

were the f irst conformational assignments reported for diols of this 

type. An earlier communication42 by Chodkiewicz et ale tended to 

assume that the molecules in question were equilibrating rapidly 

(see Scheme X, page 31), and thus they made only configurational 
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assignments for the dietqyl and di-~-propyl diols . That equilibration 

of this kind is not always the case for derivatives of 9,10-dihydro­

anthracene is nO\-I clear18, 19, 20,21, 22 (see pages 8 and 9) . Chodkiewicz 

and co- workers ' configurational assignments42 were based on the not 

unreasonable assumption that diols of the type in question, prepared 

by reductively opening 9,10-dialkylanthracene phot08xides (see Scheme V, 

page 16) bad a cis configuration . Thus by means of the cyclic route: 

diol~ phot08xide ~ diol , described earlier (see pages 21 and 22), they 

assigned trans configurations to the two isomers of the dietbyl and 

di-n-propyl diols which we have assigned cis (a l a l ). The isomers of these 

diols which we have ascribed cis (e ' e ' ) , have also been given cis 

assignments by Chodkiewicz et alf20n the basis of the reasoning above 

and in later reports 55 , SO,49 the same workers gave cis (a ' a l ) confor-

mational assignments to these cis isomers. They tased the latter 

conclusions on their observation that no intramolecular qydrogen bonding 

was detectable in either of these cis isomers , 50 a result in direct 

conflict to what we have observed25 (see pages 44, 45 , and 58) . They 

did observe intramolecular qydrogen bonding, however , in the corresponding 

unsaturated ci s diols , by the reduction of which (see Scheme IV, page 15) 

they obtained the saturated cis diols , in wbich they didn ' t observe 

intramoleculf r hydrogen bonding. 

Chodkiewicz and co- workers have rationalised the p .m. r . data 

on these isomers , by concluding55 that their trans isomers of the dietbyl 

and di-!!- propyl diols (corresponding to our cis (a ' a ' ) ieom9rs) are 

equilibrating rapidly through the planar conformation , and the equivalence 
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of the two ethyl and g-propyl groups in the spectra, is caused by an 

averaging effect of the p . m.r. resonances, caused by this equilibration 

of the molecules. If this were the case, one would have to postulate a 

very much greater shielding effect for the ~-carbon atom protons than 

is calculated, albeit approximately, by the Johnson and Bovey method69,70 

(see pages 44, 46-48) , since the alkyl groups would be in a pseudoaxial 

(sh ie lding) r egion for only 50% of the time . The absence of high field 

shift of the protons attached to the ~-c8 rbon atoms in the isomers of the 

dietbyl and di-,!!-propyl dials, which they be.ve assigned cis (a t a t) and 

which correspond to the isomers we have assigned cis (e t e t), is 

explained by Chodkiewicz by asserting that because of pseudoaxial 

interactions, the alkyl groups have a tendency to be oriented towards 

the exterior of the molecule and thus away from the shielding region 

which, as we have seen, causes a marked up-field shift for axial 

p-protons . 

The main points of the conflict now having been outlined , in 

conclusion the following additional points may be noted: 

(1) If it is accepted that diols of this type prepared by 

reductive opening of 9,10-dialkylanthracene photo8xides are ciS, it is 

not unreasonable to expect such cisisomers to be cis (a t e t ) i.e. with 

the hydroxyl groups at at • This assumption would be compatible with 

our conformational assignments for the cis (e t e t ) isomers. However, 

it should also be noted that it has been reported 53 that reduction 

of 9,10-dimetboxyanthracene photo8xide gives rise to a mixture of cis 

and trans isomers of the corresponding dial . 

- 60 -



(2) The conformational changes we have observed (see pages 

37, 39-42 , and 56) by running p.m. r . spectra of certain isomers of these 

diol s at elevated temperatures , provide as yet undisputed evidence in 

favour of our conformational assignments for these diols . 

22 21 64 (3) Two sets of observations reported recently , , lend 

support to our conformational assignments . Firstly, Nicholls and 

22 21 Szwarc ' reported the isolation of lO-ethyl-9 , lO-dihydroanthracene 

(XVIII ), in which they conclude that the ethyl group is psaudoequatorial. 

They report p. m. r . resonances of 9 . 18 l' (methyl) and 8 . 38 l' (methylene ) 

21 for the ethyl group in this compound . As pointed out by these workers , 

these chemical shift values agree with the values (9. l5 l' and 8 . 16 't' ) 

which we have observed for pseudoequatorial athyl groups in tha 

cis (a ' at) isomer of the diethyl diol. Nicholls and'5zwarc ' s conforma-

tional conclusion is based on the assumption that the pseudoaxial 

hydrogens in XVIII absorb at a higher field in the p. m. r . spectrum than 

the psaudoequatorial hydrogen, in agreement with the theoretical 
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deductions of Johnson and Bovey . 69 

Secondly, Koptyug and his co-workers64 have recently reported 

p. m. r . data for lO,lO-dietbyl-9-pbenyl-9, lO-dihydroantbracene (XIX). 

H Ph 

(XIX) 

They report value s of 7.88 l , and 8. 11 l for t he r esonances of the 

methylene groups , and 9.40 l , and 9. 67 1" for the resonances of the 

methyl groups in this compound. A Dreiding model of this compound 

indicates that, for steric reasons , the phenyl group in the 9-position 

of tbis compound is likely to be pseudoequatorial, and that if it were 

pseudoaxial, it should exert a considerabl e shielding effect on the 

~ -protons of the pseud oaxial et hyl group . Such a shielding effect 

should also be noticeable in tbe p .m. r . spectrum if the molecule were 

equilibrating through the planar conformation . Thus given these 

assumptions of a rigid molecule and a pseudoequatoria l pbenyl group 

in the 9- position, the report ed ethyl group resonances are compatible 
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with the values we have observed for pseudoaxial and pseudoequatorial 

ethyl groups in the diethyl diol isomers we have described. 

B. Products Other than-9,lO-Dialkyl-9,10-dihydroanthracene-

9,lO-diols (VI, page 29 ), Isolated from the Products of the Grignard 

Reactions of AlkYlmagnesium Halides and Anthraquinone. 

As indicated previously, of the Grignard reactions of the above 

type carried out, only those involving the use of ethylmagnesium bromide 

and n-propylmagnesium bromide gave diols of the type VI (page 29 ). 

Clark 37 reported that the reaction of isopropylrnagnesium chloride and 

anthraquinone gives a 5% yield of 9,lO-di-isopropyl-9,lO-dihydroanthracene-

9,lO-diol (VI, page 29; R = CH(CH3)2). We have not been able to 

isolate any of this diol from the reaction, using the same procedure a s 

Clark. Nogaideli and co-workers72 have reported a result similar to 

ours in this respect . The products we have isolated from this reaction 

are discussed below. It was hoped that by using halides with 'bulky' 

alkyl groups (i-butyl, isopropyl, and neopentyl), a diol with a trans 

configuration might be isolated; as noted earlier (und er A), the diethyl 

and di-u-propyl diols isolated have had cis configurations. No such 

trans diols having been isolated using organomagnesium reagents, an 

unsuccessful attempt was made to prepare i-butyl lithium by the method 

of Petrov and co-workers,73 in the hope of procuring a trans diol by 

the reaction of this organolithium reagent with anthraquinone . 

No identifiable product other than unchanged anthraquinone (45%) 
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was isolated from the reaction of isopropylmagnesium bromide and 

anthraquinone. A large amount of unchanged anthraquinone (up to 60%) 

was isolated from the products of all the Grignard reactions investigated. 

(1) SUbstituted anthrones of type XX have been isolated using 

column chromatograp~ from the products of the Grignard reactions of 

et~lmagnesium bromide (4% yield), u-propylmagnesium bromide (20% yield) , 

and neopentylmagnesium chloride (18.3% yield) with anthraquinone. 

OH R 

R = CH2CH
3

, CH2CH2CH
3

, or 

CH2C(CH
3

)3 

At the time of writing, an analytically pure sample of 10-hydroxy-10-U­

propyl-9-anthrone (XX ; R = CH2CH2CH
3) has not been obtained. These 

products (XX) are formed by the 1,2-addition of the Grignard reagent to 

one of the carbonyl groups of anthraquinone, and they are presumably 

intermediat es in the formation of diols of type VI (page 29) in the 

cases where R = CH2CH
3 

or CH2CH2CH
3

• Modification of the anisotropic 

effect observable in the p.m.r. spectra of these compounds, using 

tetranitromethane (see page 34), was not possible as no formation 

of " -complexes with this reagent occurred with these compounds. 

(2) Substituted anthrones of type XXI have been isolated 
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from the products of the Grigna rd reactionsof l-butylmagnesium bromide 

(up to 27% yield) , isopropylmagnesium chloride (27% yield), and 

neopentylmagnesium chloride (22 . 5% yield) with anthraquinone . The 

structure XXI was deduced from spectral data for these compounds . The 

p . m. r . spectra of fractions obtained from the column chromatography of 

the intractable residues from the organic layers of the ethylmagnesium 

bromide and ll-propylmagnesium bromide reactions , indicate that compounds 

of type XXI are formed in small yields (less than 6. 5%) in these cases . 

OH R 

(XXI) 

-+--R 
R = CH2CH

3
, CH2CH

2
CH

3
, 

C(~H3)3' CH(CH3)2' 

or CH2C(CH
3

)3 

Unsuccessful attempts were made to isolate in a pure form the compound 

of this type (XXI) , in which R = CH2CH
3

, using extensive column 

chromatography and preparative t . l . c. on the fraction obtained from the 

chromatography of the intractable residue from the ethylmagnesium 

bromide reaction. Thw at the time of writing, compounds of the type 

XXI in which R = CH2CH
3 

or CH2CH2CH
3 

have not been isolated in pure 

form . During the course of this work, Cameron and Meckel41 reported 
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the isolation of a compound of type XXI (R = C(CH
3

)3) in 25% yield from 

the reaction of i-butylrnagnesium chloride and anthraquinone (see 

Introduction, page 13). As these workers41 pointed out, formation of 

di-adducts of this type (XXI) presumably involves nucleophilic 

1, 6-addition of the Grignard reagent, an addition process without 

previous direct analogy in the anthraquinone series . In their 

preliminary report,41 Cameron and Meckel were not able to state whether 

the alkyl group (i-butyl in their case) attached to the aromatic nucleus 

was in a 3- or a 2-position . We have attempted to clarify this point 

by carrying out the reaction sequence as shown in Scheme XIII, starting 

with 3 (or 2), lO-di-isopropyl-lO-qydroxy-9-anthrone (XXI; R = CH(CH
3

)2). 

Scheme XIII indicates one of the several possible courses this 

reaction sequence might follow , but it was hoped that provided part 

of the reaction followed the course outlined in Scheme XIII , the isolation 

and identification of the phthalic acid isomer produced, would enable 

us to unambiguously assign a complete structure to compounds of type 

XXI. A small quantity of solid acidic material was isolated at the end 

of this reaction sequence and this was esterified with diazomethane. 

V.p.c. analysis of this esterified material, however, did not show the 

presence of one of the dimethyl esters of the three phthalic acid 

isomers, so this structural problem remains unresolved. 

The use of It-complex fornation of compounds of this type (XXI) 

with tetranitromethane, to modify any possible anisotropic effects 

observable in the p.m.r. spectra of these compoundS, was not possible 
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as these substituted anthrones did not form such J( -complexes. 

Unsuccessful attempts were made to prepare carbonyl derivatives 

(Qydrazones , semicarbazones, and oximes) of these substituted anthrones . 

However , reduction of the carbonyl group in these substituted anthrones 

using lithium aluminium Qydride was found to be possible (Scheme XIV). 

o 
XXI 

LiAIH 4 . 
reduction ) 

Scheme XIV 

-+-....,R 

XXII 

When this reduction was carried out on 3(or 2), IO-di-i-butyl-IO-Qydroxy-

9-anthrone (XXI; R =c(CH3) 3) , evidence from the p. m.r. and infrared 

spectra of the reaction product, did indicate that the reduction as 

shown in Scheme XIV had taken place to an appreciable extent, but 

attempted purification of the product using column chromatography 

gave only intractable material. The reduction of 3(or 2),lO-di-isopropyl­

lO-bydroxy-9-anthrone (XXI; R = CH(CH3)2) gave pure 
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3(or 2) ,lO-di-isopropyl-9,lO-dihydroanthracene-9,lO-diol (XIII; R = 
CH(CH3)2)' The appearance of two peaks at 4.37'L and 4.53'L in the 

p. m.r . spectrum of this compound (XXII; R = CH(CH3)2) assigned to the 

benzylic proton, indicates that a mixture of cis and trans isome rs 

is produced in the reaction (two peaks a ppear because of the different 

chemical shifts of pseudoaxial and pseudoequatorial benzylic protons 

in this compound). The single resonance position (9.26L' d., 8.001r sept . ) 

observed for the isopropyl group in the lO-position, indicates that 

this group is pseudoequatorial in both isomers (see page 46). T.l.c. 

analysis of this product did not show any separation of these isomers. 

As mentioned earlier , Clark37 reported the isolation of the 

di-isopropyl diol (VI, R = CH(CH3)2) in 5% yield from a Grignard 

reaction, identical with the reaction from which we have isolated 

3(or 2),lO-di-isopropyl-lO-bydroxy-9- anthrone (XXI, R = CH(CH3)2) as 

the main product (27% yield) . Clark treated the diol he isolated with 

pbenylQydrazine in acetic aCid,37 and obtained 9,lO-di-isopropylantbracene 

in 29% yield (Scheme XV) . 

We have repeat ed this reaction (Scheme XV) on the product 

(XXI, R = CH(CH3)2) from the Grignard reaction, and found tbat the only 

isolable product from the reaction was l-acetyl-2-phenylQydrazine. 
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Before leaving this section, it is worth commenting on the 

observed non- equivalence of the la-isopropyl methyl protons in the 

p.m. r. spectrum of XXI (R = CR(CR,3)2) . A chemical shift difference 

of 1. 5 c . p . s . (at 60 Me/sec) is observed for the two sets of met~l 

protons of the isopropyl group in this compound. There is currently 

much interest74,75,76,77,78 , 79 in the magnetic non-equivalence of 

protons i n methylene and isopropyl methyl groups in certain geometrical 

situations, and it seems reasonable , from the information available in 

the literature (e . g. ref . 78) to conclude that the non-equivalence we 

have observed , is due to a combination of steric hindrance to free 

rotation of the two methyl groups and the anisotropic effect of the 

aromatic ring current . 
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(3) Column chromatography of the intractable residues from the 

organic layers of the i-butylmagnesium bromide and neopentylmagnesium 

chloride reactions, both gave highly coloured, intractable fractions 

(3.3 g. and 1.3 g. respective~) . In both instances, these fractions 

came off the column on elution with solvents of low polarity, and 

although these fractions were not identified, it is probable that they 

were hydrocarbons. 

Column chromatography of the intractable residue from the organic 

layer of the isopropylmagnesiurn chloride Grignard reaction, gave a 

product which has tentatively been assigned structure XXIII. 

XXIII 

The assignment of a photo8xide structure to this compound is based on 

ana~tical data which indicates the presence of two oxygen atoms in the 

molecule. No hydroxyl or carbonyl bands appear in the infrared spectrum 

of this compound. Ho~ever, on testing a sample of this compound for the 

liberation of iodine from acidified potassium iodide, no such liberation 

of iodine was observed. A positive result for this test might be 
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expected for a photo8xide. The presence of an olefinic double bond 

was indicated by the decolourisat ion of bromine in carbon t etrachloride, 
I 

and the presence of a methylviny~ (CH
3
C=CH2) group is consistent with 

the p .m.r. spectrum of this compound (XXIII ). The latter shows the two 

methene protons of the methylvinyl group as being non-equivalent, 

because of their different spatial positions, and al~lic coupling between 

the methyl group and the cis and trans methene protons. A possible 

mechanism for the formation of XXIII in the Grignard r eaction, is shown 

in Scheme XVI. 

A good analysis of compound XXIII, consistent with the tentative 

structure assigned to it, has not been obtained. 

o 

Excess of ) 

o 

Scheme XVI 
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Scheme XVI (Contd .) 

( 
-O~ 

I 
+OH 8 

) 

CH(CH ) 
3 2 

< 

Scheme XVI 

XXIII 
(some partial structures) 
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In conclusion, the table in Fig. 19 summarises the products 

we have isolated from the Grignard reactions of alkylmagnesium halides 

and anthraquinone . The reactions with ethylmagnesium iodide and 

isopropylmagnesium bromide are not included in the table, as on~ 

unchanged anthraquinone was isolated from these reactions . 

Alkyl % Unchanged % Dial (VI) % Mono-l,2- % 1,6-di-addu 
Halide Anthraquinone cis (a,la I) cis (e te ') adduct (XX) (XXI ) 

c1 

EtMgBr up to 30% up to 4CY/o 5% 4% < 6.5%.f 

n-PrMgBr up to 18 . 5% up to 33% 8~4%.f 20%1 < 6. 5%+ 

i - BuMgBr up to 54% - - - up to 27% 

iso- PrMgCl 60% - - - 27% . 
neopentyl 23% - - 18.3% 22.5% 
MgCl 

The I EtMgBr I reaction also gave up to 12% yield of a1lli:xture of c1s(a'a' ) 
and cis ,e' e ' ) isomers of the diethyl diol. 

The ' iso-PrMgCl ' reaction also gave an approximate~ 3% yield of 
9-isopropyl-10- (1 ' -methylvinyl)anthracene 9,lO-phot08xide . The structure 
of this compound is not confirmed • 

.fNot i solated in pure form . 

Fig . 19 
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Products Formed by the Dehydration of 9,IO-Dialkyl- 9,IO­

dihydroanthracene-9, IO-diols (VI, page 29) • 

Compounds corresponding to the two compounds isolated by Clarke 

and Carleton,32 and assigned the 'bimolecular ' structures XII and 

XIII (see pages 27-28) by these workers, have not been isolated from 

the product of the eth,ylmagnesium bromide and anthraquinone Grignard 

reaction described above. 

A 1:2-Diels-Alder adduct , analogous to the product isola,ted 24 

from the reaction of the dimethyl diol (VI; R = CH
3

) with dimethyl 

acetylenedicarboxylate in boiling nitrobenzene ( Scheme XVII), was not 

isolated from a similar reaction using the diethyl diol. 
OH CH3 CH

2 

Dimet byl aeaty , 
-dicarboxy'late 

in boilini PhN~ 

Scheme XVII 
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The diethyl diol, however, was found to react quant itatively 

with acetyl chloride, giving IO-(I'-chloroethyl)-9-ethylanthracene 

(XXIV) (Scheme XVIII). 

CICHCH
3 

CH,COCI at ) 
room temperature 

Scheme XVIII 

The chloro-compound (XXIV) reacts with methanol to give 

9-ethyl - IO-(I'-methoxyet hyl)anthracene (XXV) (Scheme XVIII) in 81% yield. 
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Clarke and Carleton32 also isolated, but did not identify compound XXV 

by a similar reaction sequence. The methoxy-compound (XXV) was also 

isolated in 74% yield by the addition of a few drops of methanol saturated 

with hydrogen chloride, to a hot concentrated solution of the dietbyl 

diol in methanol. The use of acetyl chloride to prepare the 10-chloro­

methyl derivative: (XXVI) of 9-methylanthracene from the dimethyl 

diol (VI; R = CH3), by a reaction similar to the one shown in Scheme XVIII, 

80 has been used Qy Hauptmann and co-workers. We have repeated this 

reaction on the dimethyl diol and isolated XXVI (100% yield) , reaction 

of which with methanol gives 10-methoxymethyl-9-methylanthracene (XXVII) 

CH
3 

(XXVI) (XXVII) 

(compare Scheme XVIII) in 40% yield. The methoxy-compound (XXVII) 

was also isolated by treating the ether-insoluble fraction from the 

Grignard reaction of methylmagnesium iodide and anthraquinone with 10% 

acetic acid solution. Guyot and Staehling31 first prepared XXV!I by 
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the action of heat on the dimethyl eth€r of the dimethyl diol, and 

later Badger and Pearce35 isolated it by treating a boiling methanolic 

solution of the dimethyl diol with acid (mineral acid or picric acid , 

the latt er giving the picrate of XXVII) . Using this latter method , 35 

we have been able to isolate the methoxy-compound (XXV) derived from 

the diethy l diol (see above) ; when picric acid was used , however , the 

picrate of XXV was not formed , though an impure sample of XXV was 

isolated from the reaction product . 

The fully aromatic structures of compounds XXIV and XXV have 

been assigned by comparison of their ultraviolet spectral data with the 

ul traviolet spectral data reported for 9, lO-dimethylanthracene8l and 

10- ethoxymethyl- 9-rn ethylanthracene35 (Fig . 20). 

9, 10-Dimethyl- 10-Ethoxymethyl- 10- (1 ' -Chloroethyl)- 9-Ethyl-lO- (11-
anthracene -9-methylant hracene -9- ethylanthracene methoxyetbyl)-
(ref . 81) (ref . 35) (XXIV) anthracene (XXV ) 

Solvent : heptane Solvent: alcohol Solvent : hexane Solvent : hexane 

252 (4 . 91) 252 (4 . 93) 253 (4. 81) 253 (4. 94) 

260 (5. 27) 259 (5 . 24) 260 . 5 (5 .03) 259 . 5 (5. 19 

310 (2. 69) 

325 (3 .00) 325 (3 . 08) 323 (3 .04) 

341 (3. 41) 339 (3 . 48) 340 . 5 (3 . 39) 338 (3 .49) 

358 (3. 76) 355 (3 . 80) 358 (3 . 73) 354 (3.84) 

377 (3 . 99) 374 (4.01) 373 (3 . 91) 373 (4.06) 

393 (3 . 78) 387 (3 . 71) 

399 (4 .00) 395 (3 . 98) 397 (3 .89) 394 (4 .06) 

U.v . data for 9, 10-dimethylanthracene , 10-ethoxymethyl-9-methyl­
anthracene , and compounds XXIV and XXV: m~ (loglO £ ) . 

Fig . 20 
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The mechanism postulated by Badger and Pearce35for the 

formation of l O- methoxyrnetbyl- 9- methylanthracene (XXVII) (see Scheme 

VIII , page 26) can equal~ be applied to the formation of compounds 

XXIV and xxv in the above reactions . 

Finally, it should be pointed out that Hankinson82 treated 

lO-methoxymethyl-9-methylanthracene (XXVII) with dimethyl acetylene-

dicarboxyl a te in boiling acet i c anbydride , and in t he belief at that 

time that compound XXVII had the structure 9-met hyl-9- methoxy-IO-methylene-

9, lO-dihydroanthracene (X) he postUlated a structure (XXVIII) f or the 

product isolat ed from this reaction . 

(XXIX) 
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The s pectral data he records83 for the product (XXVIII), however , is 

consistent with a structure XXIX for this compound . The latter 

compound (XXI X) would be the expect ed product of this reaction if 

the original methoxy-compound has a structure XXVII . 
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EXPERIMENTAL 

PreliminarY Notes 

Melting points were determined on a Kofler block and are 

uncorrected. 

Infrared (i.r.) absorption spectra were measured with 

Perkin-Elmer Infracord and 257 grating spectrophotometers, and with 

a Unicarn S.P. 200 G spectrophotometer. 

Ultraviolet (u.v.) absorption spectra were measured with 

Unicarn S.P. 700 and 800 spectrophotorneters. 

Proton magnetic resonance (p.m.r.) spectra , unless stated 

otherwise, were recorded on a Perkin-Elmer RIO, 60 Me/sec instrument, 

with tetramethylsilane as internal standard (IO .O~). Unless 

indicated otherwise, spectra were recorded at the normal sample 

o operating temperature of 33.4 C. 

Microanalyses were carried out by Mr. J. F. Boulton in the 

Department of Chemistry, University of Keele, and by Drs. G. Weiler 

and F. B. Straussof Oxford. 

Compounds are colourless unless otherwise described. 

Diethyl ether for use in Grignard reactions was first 

dried over anhydrous calcium chloride, followed by boiling under 

reflux over sodium and redistillation. Ether dried in this way was 

stored over sodium, this being replaced periodical~ until its metallic 

appearance persisted. Light petroleum, benzene and dieth.yl ether for 
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use in chromatograpny were dried over sodium. 
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The Grignard Reaction of Ethylrnagnesium Halide 

and Anthraquinone 

1. Using ethyl iodide 

Anthraquinone (25 g., 0.12 mole) in dry benzene (250 mI.) was 

added in portions to ethylmagnesium iodide (from magnesium (24.5 g., 

1.01 mole ) and etQyl iodide ($1 mI., 1.0 mole; dried over CaC12 and 

redistilled) ) in dry ether (850 mI.), and the mixture was heated 

under reflux for four hours. Some of the ether (approximately 400 mI.) 

was distilled from the reaction product, and crushed ice (500 g.) and 

ammonium chloride (100 g.) were added to the cooled r eact ion product. 

The suspended solid in the reaction product was removed by filtration, 

and heated with 10% acetic acid. The infrared spectrum of t his residual 

solid showed it to be unchanged anthraquinone. The organic liquors were 

dried (Na2S04) and on evaporation of the solvents, yielded a red oil. 

Column chromatography of a sample (2.0 g.) of this oil, using Woelrn 

alumina (activity 1), failed to give any solid material from the oil. 

2. Using ethyl bromide 

(a) The procedure of Clarke and Carleton32 was followed, uSing 

ethyl bromide dried over Na2S0
4 

and redistilled. 

The ether-insoluble solid from the reaction product was heated 

in 2N hydrochloric acid. The infrared spectrum of this solid showed 

it to be main~ unchanged anthraquinone. 

The ether-soluble fraction of the reaction product gave, on 
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evaporat ion of the ether , more unchanged anthraquinone , and 15 g. of 

9, 10- diethyl-9 , 10- dihydroanthracene- 9,10-dio1 (XIVa , cis (a l a l ) ) . 

Yield , 40% . It formed needles from benzene m. p. 176-70 C (lit?2 , J4,44(a ), 50 

m. p. 172°C, 169-1710C, 170°C, 176°C) . Small signs of change (denydration, 

or partial melting, etc . ) were observed at temperatures below 176°C, even 

after repeated recrystallisation of the diol . 

Found : C, SO. 7; H, 7.5% 

Ca lc . for C1SH2002: C, SO . 6; H, 7. 5% 

o (Nujol): 3590, 3470 (O-H stretching ; free and H-bonded OH) , 1042, max 

1005, 9S0, 961, 930 , S90, 775 , 770 (C-~ out-of- plane bending; four 

-1 adjacent aromatic protons , 745 cm . 

~~~ EtOH m~ (loglO £ ) : 216 (4 . 20) , 259 (2 . 71) , 268 shoulder (2 . 56) . 

P. m. r . in CDCI
J 

(see Fig. 7, page 32): 9 . 80 't' tr . (6H; J = 7 c.p . s . ) , 

7 .S0 ~ q. (6H; J = 7 c . p. s .: integration shows 4H on adding a drop of 

D20) , 2. 10- 2. 75 't' symmetrical, compl ex multipl et (8H) . 

On adding a drop of tetranitromethane to the p. m. r . sample , a 

deep-red complex is formed (in solution) and new peaks appear at 9 . 10 ~ 

tr . and 8.151:' q. whilst the original pea ks at 9.80 't' and 7. 80 't' 

gradual~ disappea r (see Fig . 8, page 34) . 

When all the ether bad been evaporated from the ether-soluble 

fraction of the r eaction product , a red , intractable material remained . 

Column chromatography, USing Woelm alumina (activity 1) , of a sample 

(2 .0 g . ) of this intractable material, failed to give solid material . 
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The dimethyl ether of the dial was made by adding a drop of 

methanol, in which a trace of Qydrogen chloride had been dissolved, to 

a warm solution of the dial (0.5 g., 0.002 mole ) in a minimum quantity 

of methanol: 0.43 g. of 9, 10-dietbyl-9, 10-dimethoxy-9, 10-dihydroanthracene 

(XVII ) was pr ecipitated (78% yield). Recrystallised from methanol ; 

a ( 32,34 a a ) m. p. 178-180 C lit. m.p; 178 C, 179-180.5 C • 

Found: C, 81.2; H, 8. 0% 

Calc. for C20H2402 C, 81.0; H, 8. 2% 

v (Nujo1): 1310, 1092, 1068, 935, 889, 772, 768 (C-H out -of - plane max 

bending; four adjacent aromatic protons ), 738 cm.-l 

P. m.r. in CDC13: 9.72"( tr. (6H; J = 7 c.p. s .), 7.85T q. (4H; J = 7 c. p. s .: 

7.l0'l s. (6H), 2.45'L complex multipl et (8H). The appear ance of peaks 

of very low intensity in the 9.20'l , 8.15 T , and 7.28'1' regions, 

indicates the presence of a small quantity of other isomer(s). 

(b) Stereochemistry of the diethyl diol: A sample of this dial, 

when applied to a t.l .c. plate prepared us i ng Kieselgel PF254, and 

developed with a benzene/ether mixture (2 :1), showed a single spot on 

visualisation with u.v. light or iodine. 

(1) Addition of small samples of urea and ethylene glycol 

dimethyl ether , separate~ , to p.m.r. samples of the dial, produced no 

observable change in the peaks assigned to the dio1 in the p.m.r. 

spectrum. The p.m.r. spectrum of the dio1 in deuterated methano~4 

(CH
3
0D), was identical with the spectrum of the dial in deuteroch1oroform, 
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apart from an additional methyl singlet in the former spectrum, ascribed 

to the solvent. A drop of trifluoroacetic acid, added to a p.m.r. 

sample of the diol, produced a red colour and gave a very complex 

spectrum, presumably because of dehydration of the diol due to the acid. 

(2) The diethyl diol (1.0 g., 0.004 mole) and benzaldehyde 

(0.4 mI., 0.004 mole) were boiled under reflux. until the diol was in 

solution. A crystal of £-toluenesulphonic acid was added, and the 

whole boiled under reflux for t hr. (see ref. 85 for method). The 

organic solvents were evaporated, leaving a yellow intractable material. 

Column chromatography of a sample (0.6 g.) of this reaction product, 

using Woelm alumina (a.ctivity 1), fa i led to separate any crystalline or 

identifiable material. 

(3) Measurements of the molar extinction coefficients for the 

-1 -1 diethyl diol infrared hydroxyl peaks at 3585 cm. and 3440 cm. , 

in ethanol-free ch1oroform~6 were made in the concentration range of 

0.03-0.11 Mil (see Fig. 10, page 38 ). 

(4) Proton magnetic resonance spectra of the diethy1 diol in 

deuterochloroform were recorded in the t emperature range 33-137oC~ 
(see Fig. 11, page 39 ). 

(5) Proton magnetic resonance spectra of the diethyl diol in 

deuterochlorofo~ (containing a drop of 0.1% acetic acid) were r ecorded 

at intervals after the addition of the aootic acid (see Fig. 12, page 42 ). 

fr am grateful to Perkin-Elmer, Beaconsfield, for the initial r ecording 
of these spectra. 
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(c) (1). The Grignard reaction of etbylmagnesium bromide and 

anthraquinone was repeated, using the same procedure as before,32 except 

that in this reaction, 60 mls. of dry benzene was added to the reaction 

mixture. Unchanged anthraquinone (9 g., 30%) was recovered from 

the reaction product, and 9,10-diethyl-9,10-dihydroanthracene-9,10-diol 

(7.5 g., 20%) was isolated. A small quantity (0.2 g., 0.5% yield) of a 

'mixed isomers' sample of the diethyl diol was also isolated from the 

reaction product . Recrystallised from benzene; m.p. 155-70 C. 

Found: C, 80 .15; H, 7.6% (Calc. for C1 SH2002 : C, 80 .6; H, 7.5%) 

P.m.r. in CDC1
3

: 9.80'l tr., 9.l5'L tr ., 8. 20 l q., 7.80'L q. 

(total integration of all these corresponding to 12H), 2.1-2.75'l 

symmetrical complex multiplet (8H). The relative integrated intensities 

of the two ethyl group resonances changed on repeated recrystallisation. 

An. intractable residue (10 g.) remained after evapora.tion of 

all the solvent from the organic layer of the reaction product. Column 

chromatograpQy of a 5.0 g. sample of this residue, using silicic acid 

impregnated with silver nitrate87as column packing, separated a small 

amount (0.1 g.) of solid material from the intractable residue. 

Unsuccessful attempts were made to purify this by vacuum sublimation, 

but the substance was not identified. 

(2) The Grignard reaction, repeated uSing the same procedure32 

(without the benzene), yielded unchanged anthraquinone (9.0 g., 30%), 

the diethyl diol (9.4 g., 24% yield) (single isomer), and the diethyl 

diol (2.3 g., 6% yield) (mixed isomers). 
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(3) The reaction, repeated as before32 (without the benzene ), 

except that hydrolysis of the Grignard complex was effected b.1 the 

slow addition of the reaction product to iced ammonium chloride solution, 

rather than b.1 the slow addition of iced, aqueous hydrochloric acid to the 

reaction product, yielded unchanged anthraquinone (4.0 g., 13%), 

the diethy1 dio1 (13.1 g., 35%) (single isomer), the diethy1 dio1 

(4.7 g., 12% yield) (mixed isomers), and a red, intractable residue 

(8.4 g.). This residue was chromatographed on an alumina column 

(Woelm alumina , activity 1; 500 g. alumina in a50x 4 cin.co1umn). 

Light was excluded from the column. Elution with 1:3/1ight petroleum 

(60/80°0) :benzene, gave 1.1 g. anthraquinone (5.1 g. total from 

reaction, 17%). Elution with 4:1!benzene:ether, gave 2.6 g. of a mixture 

of compounds (p.m.r. in OD013: 9.80 T tr., 9.65 L tr., 8.65'L tr., 

7.90't' q., 7.18 l q., 1.50-2.70 'l complex multiplet). Elution with 

1:2/benzene:ether, gave 10-ethy1-10-hydroxy-9-anthrone (1.3 g., 4%yie1d) 

(XX; R = OH20H
3
). It formed clusters of needles from light petroleum 

(60/80°0); m.p. 106-108°0 (lit. 88, 89,55 m.p. 107°0, 108°0). 

Found: 0, 80 . 8; H, 5.8% 

Oalc . for 016H1402: 0, 80.6; H, 5.9% 

v (Nujol) 3500 (O-H stretching), 1660 (0=0), 1602, 1590, 1355, 1322, max 

6 6 -1 1310, 1013, 935, 7 0, 85 em. 

h=' EtOH mll (10g10 € ): 216 (4.13), 270 (4.20). 

P.rn.r. (ODOl)): 9.64'l tr. (3H; J = 7 c.p.s.), 7.94'l q. (2H; J = 7 c.p.s. 

7.18'L' s. (1H; peak disappears on adding drop of D20), 1.60-2.60 L' 

complex multiplet (8H). There was no colour produced on addition of a 
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drop of tetranitromethane, and no noticeable change in resonance 

positions of peaks in the spectrum. 

Column chromatograpQ1 of the intractable residue from reaction 

(contd.): elution with 2:l/ether:ethyl acetate, gave a second pure 

isomer of 9,10-diethyl-9,10-dihydroanthracene-9,10-diol (XIVa,cis 

(e' e') ) (1.9 g., 5% yield). Recrystallised from light petroleum 

( 6 / 0) 0 ( 42 , 55, 50 0 ) o 80 C ; m.p. 135-144 C lit. m.p. 150 C • 

Found: C, 80.6; H, 7. 3% (Calc. for C1aH2002: C, 80.6; H, 7.5%) 

v (Nujol): 3554, 3508, 3410 (O-H stretching; free and H-bonded OH), 
max 

1185, 1142, 1080, 1050, 975, 962, 917, 890, 777, 755 (C-H out-of-plane 

bending; four ad jacent aroID8tic protons ) cm.-l 

~~ EtOH ~(loglO £ ): 211 (4.31), 259 (3.00), 268 shoulder (2.70). 

P.m.r. (CDC1
3
): 9.l5L' tr. (6H; J = 7 c.p.s.), 8.16'1:' q. (6H, J = 

7 c.p.s.: integration shows 4H on adding a drop of D20), 2.10-2.80~ 

symmetrical complex multiplet (8H). 

On adding a drop of tetranitromethane to the p.m.r. sample, 

a deep-red complex was formed (in solution), no new peaks appea.red , 

nor was there any observable change in the resonance positions of the 

peaks already present. 

Measurements of the molar extinction coefficients for the 

6 -1 infrared Qydroxyl peaks of this isomer of the dietQyl diol, at 359 cm. 

-1 -1 d 3551 cm. , and 3450 cm. in carbon tetrachlori e, were made in the 

concentration range of 0.007-0.030 M/l( see Fig. 13, page 45). 

This second isomer of the dietQyl diol was also isolated by 
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suspending a sample of the first isomer isolated in O. J% acetic acid 

for 13 days, or in 2% hydrochloric acid for 4 days. Column 

chromatography (Woelm alumina, activity 1) of the resulting material 

gave pure samples of the two isomers of the diethy1 dio1, already 

described. 

T.1.c. analysis, using Kieselgal PF254, of the mixed isomers 

sample isolated from the original Grignard reaction product , indicated 

that it was a mixture of the two isomers already described. 

T.1.c. ana~sis, using Kiese1ge1 PF254, of the fraction 

isolated from the column by elution with 4:1/benzene:ether, indicated 

that this sample contained three components; the diethy1 dio1 (first 

isomer); 10-ethy1-l0-qydroxy-9-anthrone; and a third, unidentified 

component. A good separation of these three components was not obtained 

with t.l.c. Further column chromatography of this fraction using alumina 

(Woelm alumina, activity 1), and F1orisi1 (100-200 mesh) column packings , 

failed to give effective separation of these three components. Isolation 

of the pure components of this mixture was not obtained using preparative 

t.1.c. (20 x ?O cm. plates; Kiese1ge1 PF
254 

1 mm. thick; repeated 

elution with benzene). 

The Grignard Reaction of 1,8-Dibromo8ctane. Magnesium and 

Anthraquinone: Attempted Synthesis of 9;10-0ctano-

anthracene-9,10-diol (XVI) . 

The tetrahydrofuran (T .H.F.) used in the reaction was first 

dried over sodium hydroxide, and 85% of the T.H.F. distilled from the 
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sodium hydroxide under nitrogen. This was then boiled under reflux 

over sodium for 1 hr. and redistilled under nitrogen, from the sodium. 

Lithium aluminium hydride (1 g ./~itre of T.B.F.) was added to the 

distillate, which was stored, under nitrogen, in the dark. The T.B.F. 

was distilled from this, under nitrogen, into the reaction vessel as 

required. 

The toluene used in the reaction was boiled under reflux over 

sodium for 3 hr., redistilled from the sodium, and stored over sodium 

wire . 

The 1,8-dibromoBctane used in the reaction was shaken twice with 

water, and then dried over anhydrous calcium chloride. It was finally 

fractionated, uSing a large fractionation column packed with Fenske 

helices. 

The Grignard reagent (from 5.4 g. magnesium (0. 22 mole) and 

20 mI. (30 g.) of 1 , 8-dibromo~ctane (0.11 mole) in T. B. F. (150 mI.) ) 

was added in portions , over 6 hr. to anthraquinone (20 .5 g., 0.1 mole) 

in T.B.F. (125 mI.), and toluene (125 mI.). The reaction was carried 

out under nitrogen. When the addition was complete, the mixture was 

boiled under reflux for 17 hr. The cooled product was then added , 

in portions, to ammonium chloride (75 g.) and crushed ice (500 g.). The 

infrared spectrum of the insoluble solid in the react i on product 

(4.0 g.) showed it to be unchanged anthraquinone. The organic layer from 

the reaction product was dried (Na2S0
4

) and on evaporation of the 

solvents from this layer, more anthraquinone was deposited (1.0 g.; 

5.0 g . total anthraquinone recovered, 25%). A wine-coloured intractable 
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residue (20.5 g.) remained when a ll the solvents had been evaporated. 

All attempts to isolate any identifiable crystalline solid other than 

small quantities of anthraquinone, from this residue, proved unsuccessful 

(trituration with solvents, column chromstograpby using Woelm a lumina, 

activity 1, and vacuum sublimation were all tried). 

The Grignard Reaction of n-Proprlmagnesium Bromide 

and Anthraquinone 

1. The ~-propyl bromide used in the reaction was first dried 

(Na2SO 4) and redistilled. 

Anthraquinone (30 g., 0.14 mole) suspended in ether (72 ml.) 

was added , in port ions, to ~-propylmagnesium bromide (from magnesium 

(20.1 g., 0.83 mole) and n-propyl bromide (76 mI., 0.83 mole) ) in ether - . 
(700 mI .), and the mixture was heated under reflux for 7 hr. Dilute 

~drochloric acid (from 154 ml. of concentrated hydrochloric acid 

(d = 1.18), diluted with water/crushed ice) was then added slowly to 

the cooled reaction product, in order to hydro~se the Grignard complex. 

The ether-insoluble solid from the reaction product was suspended in 

warm 10% acetic acid (500 mI.) for a few minutes. The infrared spectrum 

of this solid (4.5 g.) showed it to be mainly unchanged anthraquinone 

(15% of total used in the reaction). The ether layer from the reaction 

was dried (Na2S04), and allowed to evaporate slow~ at room temperature. 

More anthraquinone (1.0 g., 3.5%) separated first from the ether layer 
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(5.5 g. total anthraquinone recovered; 18.5%), and was removed by 

filtration, and then 9,10-di-Q-propyl-9,10-d i hYdroanthracene-9,10-diol 

(XIVb, cis (a' a'»was precipitated (8.0 g., 18%). 

It formed needles from benzene; m.p. 180°C (lit. 33, 42 ,55,50,49 

l7l-:P20C, 179°C). It shO\.[ed definite signs of change (dehydration, 

or partial melting, etc.) from approximately l600 C, even after repeated 

recrystallisation of the diol. 

Found: C, 80.9; H, 7. 9% 

Calc. for C20H2402 C, 81.0, H, 8. 2% 

~ (Nujol): 3600, 3460 (O-H stretching; free and H-bonded OB), 1045, 
max 

1019, 1000, 985, 965, 921, 900, 780, 755 (C .. H out-of-plane bending; 

) -1 four ad jacent aromatic protons cm. 

95% EtOH >-max IIlj.L (loglO € ): 212.5 (4.28), 262 (2.78), 271 shoulder (2.62). 

P.m.r. in CDC1
3 

(see Fig. 15 , page 52 ): 9.40't' singlet superimposed on 

a multiplet (lOH), 7.75 L tr., subsplit (4H, J = 7 c.p.s.), 7.55"(' 8. 

(2H: peak disappears on addition of drop of D20), 2.l0-2.65l' symmetrical 

complex multipl et (8H). 

Proton magnetic resonance spectra of the di-~-propyl diol in 

deuterochloroform, were r ecorded on 100 and 220 megacycle instruments 

at 34°C and l30 C respective~1 (see Fig. 15 , page 52 ). 

II am grateful to Mr. R. Wa rren, of the Depa rtment of Chemistry, 
University of Manchester, for recording these spectra, the 220 Me/sec. 
spectra being recorded by him at the I.C.I. Petrochemicals and Po~er 
Laboratories, Runcorn. 
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On adding a drop of tetranitromethane to the p . m. r . sampl e , 

a deep-red complex is formed (in solution), and peaks appear in the 

60 Me/s spectrum at 9.2() 'L tr . and 8.10-9 .00 "( (complex multiplet) , 

the original peaks at 9.40 't and 7.75 L gradually disappearing (see 

Fig . 16 , page 84). A similar result was observed when a small 

quantity of tetracyanoethylene was added to the p.m.r. sampl e . 

When a ll the ether had been removed from the organic l ayer of 

the Grignard reaction product, a red intractable residue remained. 

2(a) Measurements of the molar extinction coefficients for 

. -1 -1 the di-£-prop,yldiol ~nfrared hydroxyl peaks at 3580 cm. and 3440 cm . 

in ethanol-free chloroform, 86 were made over the concentration range 

0.034-0.06 M/l (see Fig . 17 , page 55 ). 

(b) Proton magnetic resonance spectra of the di-n-propyl diol 

in deuterochloroform, containing a drop of O.l%aoetic acid were recorded 

at intervals after the addition of the acetio acid (see Fig. 18 page 57 ). 

(c) A sample of this diol, on t .l. c . analysis using Kieselgel 

PF
254

, showed only one s pot on iodine visualisation, after elution with 

4:l/benzene:ether. 

3. The reaotion of ~-propylmagnesium bromide with anthraquinone 

was repeated under identical conditions , exoept that hydrolysis of the 

Grignard complex was effected by adding the cooled ~eaotion product , 

in portions , to ammonium chloride (90 g.) in water and crushed ice . 

Unchanged anthraquinone (3.5 g., 12%) was recovered from the reaotion, 

along with the di-~-propyl diol (12.5 g., 29%) and 21.0 g. of a red 
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intractable residue. A sample of this residue (10 .5 g.) was 

chromatographed on an alumina column (Woelm alumina , activity 1; 500 g. 

alumina in 50 x 4 cm. column). Light was excluded from the column. 

Elution with benzene gave O.5s.anthraquinone (4.5 g., 15% recovered from 

reaction as a whole, allowance being made for the fact that on~ half 

the residue was chromatographed). Elution with l:l/benzene:ether gave 

0.8 g. of the di-g-propyl diol already described (14.1 g.; 33% yield for 
\ 

complete reaction). Elution with 1:4/benzene:ether, gave 1.4 g. of a 

solid, the p.m.r. spectrum of which, in deuterochloroform, shows peaks 

at 9.40'l (singlet superimposed on a multiplet) , 9.00 L (triplet) , 

7.40 - 8.50 'l (complex multiplet), 7.22"( (triplet), and 1.45-2.70'L 

(complex multiplet). Elution with 3:1/ether:ethyl acetate , gave 3.7 g. 

of crude 10-hydroxy-lO-n-propyl-9-anthrone (XX; R = CH2CH2CH
3

) 

(7.4 g., 20% yield for complete reaction). The p.m.r. spectrum of this 

fraction shows resonances at 9.38 L ( singlet superimposed on a multiplet), 

8.01 L (triplet), 7.031:' (singlet ), and 1.50-2.601:' {complex multipl et}, 

Elution with 1:2/ether:ethyl acetate, gave 1.8 g. (3.6 g.; 8.4% yield 

for complete reaction) of crude, second isomer of 9,10-di-n-propyl-

9,10-dib.ydroanthracene-9,10-QiQ1 {XIVb, cis (e f e t ) .). 

The p.m.r. spectrum of this isomer shows resonances at 9.241:' (triplet) , 

8.00-8.801( (triplet superimposed on a complex multiplet), and 

2.00-2.62't' (symmetrical, complex multiplet ). The infrared spectrum 

-1 -1 of this isomer shows O-H stretching peaks at 3555 cm. , 3505 cm. , 

-1 and 3320 em. • 
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Tbe Grignard Reaction of i-Butylmagnesium Bromide and Anthraquinone 

1. The procedure adopted was identical with the procedure used in 

the reaction of n-propylmagnesium bromide and anthraquinone (see page 92) 

using half the molar quantities of reactants in this case i.e. anthra­

quinone (15 g., 0.07 mole), magnesium (10 g., 0.42 mole), and i-butyl 

bromide (47 mI., 0.42 mole), and hydrolysis using ice-cold aqueous 

hydrochloric acid (from 77 mI. of concentrated acid (d = 1.18) ). 

Unchanged anthraquinone (8.1 g., 54%) was recovered from the 

reaction product, and a red intractable residue remained on complete 

evaporation of solvent from the ether layer of the reaction product . 

Trituration of this residue with light petrol eum (60/80oC) gave a crude 

sample of J(or 2),10-di-i-butyl-lO-hydroxy-9-anthrone (XXI ; R = C(CHJ )3) 

(1.7 g.). 

2. The reaction was repeated using twice the molar quantities 

of reactants used in (1). The i-butyl bromide was dried (Na2S0
4

) and 

redistilled. Unchanged anthraquinone (15.5 g., 52%) and a red intractable 

residue (21.5 g.) were recovered from the reaction product. Trituration 

of the residue with l ight petroleum (60/80oC) gave crude J(or 2) ,10-di-i­

butyl-10-hydroxy-9-anthrone (7.8 g.) as before. Recrystallisation of 

this solid (from benzene) failed to remove the impurities. A sample 

of this solid (1.5 g.) was chromatographed on an alumina column 

(Woelm alumina, activity 1; 110 g. alumina in JO x 2t cm. column). 

Elution with light petroleum (60/80oC) :benzene (1:2) gave pure 

J(or 2),10-di-i-butyl-lO-hydroXY-9-anthrone (1.0 g.; total yield 11%). 
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Recrystalli sed from light petroluem (60/80oC); m.p. 172-1730C. 

Found: C, 81 .6; H, 8.1% 

C22~602 requires: C, 81.95 ; H, 8.1% 

v (Nujol) : 3455 (O-H stretching), 1652 (C=o), 1601, 1317, 1258, 1196, max 

6 6 -1 1114, 1095, 1055, 1013, 940, 909, 881, 852 , 75 , 744, 705, 99 cm. 

95% EtOH 
A.max mlJ. (log10 £ ): 213 .5 (4. 27), 239 shoulder (3.91), 286 .5 (4.18). 

P.m.r. (CDC13): 9.221:' s. (9H), 8.62'L s . (9H), 7.60"( s . (lH: peak 

disappears on addition of a drop of D20) , ' 1.75-2.701L complex multiplet 

(7H). There was no colour produced or any noticeable change in the p .m. r . 

spectrum on addition of a drop of tetranitromet hane to the sample . The 

p.m~rt spectrum was unalt ered when recorded at a sample temperature of 

200oC. ,L 

, Calculated M.W. (cryoscopically determined in C~C12) 3l7;,LI 

theoretica l value 322. 

This compound did not form a hydrazone derivative with Brady's 

reagent. An attempt to form the methyl ether of this compound was 

unsuccessful. 

I I am grateful to Perkin- Elmer Ltd., Beaconsfield, for recording this 
spectrum. 

II This molecular weight was determined in the University Chemical 
Laboratory, Cambridge. 
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The above compound was the only isolable and identifiable product 

from the chrom8 togr8~hic column. A larger sample (6.5 g.) of tbe crud e 

material, chromatograpbed on a larger column (32 x 4 cm. column, packed 

with 350 g. activity 1 Woelm a lumina) gave 4.5 g. of the pur e compound 

on elution with light petrol eum (60/800 C) :benzene (1:1). 

3. The Grignard reaction was repeated as in (2) except that 

the hydro~sis stage of the ~action was carried out by adding the cooled 

r eaction product, in portions , to ice- co ld ammonium chloride solution. 

Unchanged anthraquinone (9.6 g. , 32%), crude 3(or 2),10-di-i-but yl-

10-hydroxY-9-anthrone (4. 2 g.) (XXI ; R = C(CH3)3)' and a red intractabl e 

residue (26.3 g. ) were recovered from the reaction product. A sample 

(7. 9 g.) of tbe intractable residue was cbromatograhed on an alumina 

column (Woelrn alumi na , activity 1; 515 g. alumina in 50 x 4 cm. column). 

Light was excluded from the column. Elution with benzene gave a high~ 

coloured, intractable and unidentifiable fract ion (1.0 g.; 3.3 g. total 

weight ). Elution with benzene:ether (1:1) gave XXI (R = C(CH3)3)' 

already described (2.9 g.; approximately 27% total yield ). No other 

product was isolated from the column. 

Lithium Aluminium Hydride Reduction of: 3(or 2), 10-Q!-i-butyl-

10-gydroxy-9-anthrone (XXI ; R = C(CH3)3). 

The ether used in the reaction was dried (CaC12), boiled over 

sodium and redistilled. 
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3(or 2) ,10-Di-i-butyl-lO-Qydroxy-9- anthrone (0.9 g., 0.003 mole) in 

ether (60 mI.) was added in portions to LiAlH4 (0 . 5 g., 0. 013 mole) in 

ether (150 mI .). When addition was complet e, the reaction mixture was 

boiled under reflux for 3 days. Hydrolysis of the r eaction product and 

decomposition of excess LiAlH4 was effected by adding 'wet ' ether in 

portions , to the cooled reaction product . The ether l aye r was dried 

(Na2SO) and all the ether eva porated, leaving 8 solid residue (0.8 g.). 

The i.r. spectrum (Nujol) of this residue showed two hydroxyl peaks 

( -1 -1) ( 6 -1) 3550 cm. , and 3330 cm. , and a very small carbonyl peak 1 70 cm. • 

The p.m. r . spectrum contained singlets at 9.18 "(' (low intensity), 9.07"(' 

and 8.62 L and two broad, low intensity peaks at 4.30 't and 4 . 48 "( • 

Column chromatography (activity 1 Woelm alumina ; 21 g. alumina in 18 x 

1~ cm. column ; light excluded from the column) of this reSidue, gave only 

intractable fractions, which were not id entified. 

The Grignard Reaction of Isoprowlmagne"sium Halide and 

Ant hraguinone 

1. USing isopropyl bromide 

The isopropyl bromide used in the r eaction was dried (Na2S0
4

) 

and redistilled . 

Anthraquinone (30 g. , 0.14 mole) suspended in ether (72 mI .) was 

added to isopropylmagnesium bromide (from magnesium (20 .1 g., 0 .83 mole) 

and isopropyl bromide (77.5 ml. , 0.83 mole ) ) in ether (700 ml.) . The 

procedure for the reaction was as in the pr evious Grignard reactions; 
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the Qydrolysis was effected using ice-cold dilute hydrochloric acid 

(from 154 mI . of concentrated hydrochloric acid (d = 1. 18)) . Unchanged 

anthraquinone (13 . 5 g., 45%) was recovered from the r eaction product , and 

on evaporation of all the solvent from the organic layer an intractable 

residue (22 . 5 g. ) remained . This residue in benzene (500 ml . ) was 

shaken with sodium bisu~~hite solutio~~2 x 500 ml . ), water (2 x 500 mI . ), 

and dried (Na2S0
4

) . 1vaporation of the benzene yielded an intractable 

residue. No solid material was isolated from this residue on trituration 

with solvents (light petroleum (60/800C) , benzene , carbon tetrachloride, 

and acetone) . The i . r . spectrum of this residue (CC1
4 

solution) showed 

no Qydroxyl absorption . 

2. Usin~ isopropyl chloride 

The isopropyl chloride used in the reaction was dried (Na2S0
4

) 

and redistilled . 

Anthraquinone (52 g . , 0. 25 mole) in ether (150 mI . ) was added 

to isopr opylmagnes ium chloride (from magnesium (24 g. , 1. 0 mole) and 

isopropyl chloride (91. 3 mI ., 1.0 mole) ) in ether (450 mI . ). The 

procedure adopted in the reaction was due to Clark3? (aqueous ammonium 

chloride Qydrolysis). Unchanged anthraquinone (25 . 4 g. , 49%) was 

recovered from the reaction product and a red intractable residue (40 g. ) 

r emained when all the solvent had been removed f rom the organic layer of 

the reaction product . The i . r . spectrum (CC14 solution) of this r esidue 

showed strong Qydroxyl absorption. This residue in hot benzene (600 mI. ) 

was shaken with sodium dithionite solution (5 x 250 ml . ), with water 

(2 x 500 mI. ) , and then dried (Na2S04) ' Evaporation of the benzene, 
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yielded a dark-red intractable residue (35 g.). Trituration of this 

residue with l ight petroleum (40/60oC) gave 3(or 2),10-~-isopropyl-

10-hydroxy-9-anthrone (XXI; R = CH(CH3)2) (16.5 g., 22.5% yield). It 

formed clusters of needles from light petroleum (60/80oC); m.p. 109-

lllo
C. 

Found: C, 81.5; H, 7.5% 

C20H2202 requires: C, 81.6; H, 7.5% 

v (Nujol): 3410 (O-H stretching), 1652 (C=O), 1609, 1587, 1325,1292, 
max 

-1 
1270, 1179, 1061, 1040, 963, 937, 912, 868, 851, 762, 751, 700 om. • 

95cr, EtOH 
Ama~ m~ (log10 £ ): 210.5 (4.37), 237.5 shoulder (3.89),283 (4.23). 

P.m.r. (CDC1
3
): 9.35'L d. (two doublets superimposed with 1.5 c.p.s. 

separation at 60 Mo/sec; 6H, J = 7 o.P.s.), 8.66'L d. (6H, J = 7 c.P.s.), 

7.87'1: sept. (lH, J = 7 c.P.s.), 6.94"t' sept. (J = 7 c.P.s.) and s. 

superimposed (2H; singlet disappears on addition of a dr6p of D20 and 

integration then lH), 1.68-2.70 L oomplex multiplet (7H). No colour 

or noticeable change in the p.m.r. spectrum was produced by the addition 

of a drop of tetranitramethane t o the p.m.r. sample. 

T.1.c. analysis of this compound using Kiese1ge1 PF254 and 

elution with benzene:ether (4:1), showed one spot on iodine visualisation. 

Unsuccessful attempts were made to make hydrazone, semicarbazone, 

and oxime derivatives of this compound (XXI; R = CH(CH
3
)2). It did 

not condense with Girard 'T' reagent. 

The solvent from the mother liquors of t he trituration 

was removed, leaving an intractable residue (15.5 g.). A sample (7.8 g.) 
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of this residue was chromatographed on an alumina column (Woelm alumina , 

aotivity 1; 510 g. of alumina in 48 x 4 om. column). Light was e xoluded 

from the column. Elution with light petroleum (60/BO
o
C):benzene (1: 2), 

gave a cream-coloured solid (0.9 g.; 1.B g. for wh ole reaotion). T.l.c. 

analysis of this s olid using Kieselgel PF
254

, indicated that it contained 

two components. Reorystallisa tion (from ether) or further column 

chromatography (24 g. activity 1 Woelm alumina in I B.5 x 1.5 cm. column; 

light was excluded from the column) failed to separate the two components. 

One of the components of this mixture was isolated using preparative 

t.l.c. (20 x 20 cm. plates, Kieselgel PF254 1 mm. thick, elution with 

benzene) • 

The i.r. (Nujol) spectrum of the original mixture showed no 

hydroxyl or carbonyl peaks. The p.m.r. spectrum (in CDC1
3
) of this 

mixture showed peaks at B .42 'L ( doublet), B. 20 1:' ( doublet) t 7 .BO 1:" 

(singlet with fine splitting), 7.701:' (si nglet with fine splitting) t 

6.7B L (septuplet), 5.30 1:' (septuplet), 4.70 l (broad, low intensity 

doublet with fine splitting), 4.10'l (broad, low intensity singlet with 

fine splitting), 2.19-2.701:' (oomplex multiplet), 1.20-1.80 L (low 

intensity complex multiplet). The mixture showed fluorescence in 

solution, whioh seemed to disappear gradually on standing . The pure 

oomponent isolated from this mixture (approximately 50% of the mixture) 

using preparative t .l.c., did not show fluoresoenoe in s olution. It 

decolourised a solution of bromine in oarbon tetra ohloride. It did not 

appear to libera te iodine from aoidified potassium iodide solution. It 

formed needles from ether or ohlorofornyllig,h t petroleum (60/BO
oC); 
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m.p. 180-l8loC. 

Found: (1) C, 81.3; H, 6.8% ( 2) C, 81.0; H, 6.6% 

( 3) C, 80.2; H, 7.C/fo 

(C20H2002 requires: C, 82.15; H, 6.9%) 

-0 (Nujol): 1215, 1165, 1109, 1030, 1010, 910, 890, 770 max 
-1 cm. 

Approximate M.W. (determined using vapour pressure osmomet~): 300. 

cyclohexane . ). ( ) A ~ (loglO £ ,us1ng M.W. 300: 219.5 4.35 • max . 

P.rn.r. (CDC13): 8.40'l d. (6H, J = 7 c.P.s.), 7.801:' s. (3H; fine splitting, 

J~ 0.5 c.P.s.), 6.77'l sept. (lH, J = 7 c.P.s.), 4.671' s. (IH; fine 

splitting, J < 0.5 c.P.s.), 4.10T s. (lH; fine splitting, J~ 0.5 c.P.s.), 

2.19-2.70 T symmetrical complex multiplet (8H). 

Initial chromatographic column (contd.): elution with benzene:ether 

(4:1) gave another sample (0.6 g.) of the single compound described above 

(approximately 2.1 g. total yield). Elution with benzene:ether (1:1) 

gave unchanged anthraquinone (3.0 g.; 31.4 g., 60% total yield). Elution 

with benzene:ether (1:4) gave 3(or 2),10-di-isopropyl-lO-hydroxy-9-

anthrone (XXI; R = CH(CH
3
)2) (1.8 g.; 20.1 g., 27% total yield). 

3(or 2),10-Di-isopropyl-lO-hydroxy-9-anthrone (1.0 g., 0.003 mole) 

in acetic acid (6 ml.) was treated with phenylhydrazine (2.5 ml.) and 

heated rapidly; then boiled under reflux for * hr.37 The only solid 

isolated from the reaction was l-aoetyl-2-phenylhydrazine (it formed 

needles from benzene, m.p. 129-230oC (lit.91 128.5°C) ). The identity of 

this compound was established by m.p., analysis, and spectral data. 

fDetermination by R. Pattison in the Department of Chemistry, University 
of Keele. 
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Lithium A1uminium Hydride Reduction of 3(or 2),10-~-isopropyl-

10-hydroxy-9-anthrone (XXI; R = CH(CH
3
)2). 

The ether used in the reaction was dried (CaC12), boiled over 

sodium and redistilled. 

3(or 2),10-Di-isopropyl-lO-hydroxy-9-anthrone (2.0 g., 0.007 mole) 

in ether (100 ml.) was added in portions to LiAlH4 (0.560 g., 0.014 mole) 

in ether (300 ml.). The reaction was carried out under nitrogen. When 

the addition was complete, the reaction mixture was boiled under reflux 

for 3 days. Hydrolysis of the reaction product and decomposition of 

excess LiAlH4 was effected by the slow addition of 'wet' ether to the 

cooled reaction product. The ether layer was dried (Na2S0
4

) and all 

the ether evaporated, leaving a colourless intractable residue. This 

residue was dissolved in a minimum quantity of ether, and on addition 

of light petroleum to this solution, 3(or 2),10-di-isopropyl-9 ,10-dihydro­

anthracene-9,10-diol (XXII; R = CH(CH
3
)2) was precipitated (0.7 g., 35~. 

Recrystallised from benzene; m.p. 107-llloC (deoomp.). 

Found: C, 81.6; H, 8.1% 

C2OH2402 requires: C, 81.0; H, 8.2% 

~ (Nujol): 3360 (O-H stretching), 1190, 1178, 1145, 1035, 1010, 810, max 

752 (C-H out-of-plane bending; four adjaoent aromatic protons) om.-l • 

A~~ EtOH m/J (loglO E. ): 216.5 (4.18), 264.5 (2.77), 273 (2.63). 

P.m.r. (CDC13): 9.26't' d. (6H, J = 7 c.P.s.), 8.671:' d. (6H, J = 7 o.P.s.), 

8.001:' sept. superimposed on broad OH peak (latter disappears on addition 

of drop of D20, and integrat ion goes from 3H t o lH. Septuplet then 
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remains, J = 7 c.P.s.), 6.951:' sept. (lH, J = 7 c.P.s.), 4.37'l and 

4.53'L, low intensity peaks (lH), 2.00-2.68 L complex multiplet (7H). 

T.1.c. analysis of this compound using Kiese1 ge1 PF254 and elution with 

benzene:ether (2:1) showed one spot on iodine visualisation. 

The Grignard Reaction of Neopenty1magnesium Chloride and 

Anthraquinone 

The neopenty1 chloride (purchased from K and K Laboratories, 

Plainview, N.Y.) used in the reaction was dried (Na2S04) and redistilled 

using a large fractionation column, packed with Fenske helices. It was 

'v.P.c. pure' after distillation. The ethylene dibromide used in the 

reaction was dried (Na2S04) and redistilled. The neopentylmagnesium 

chloride was prepared by the method of Rossi and co-workers. 92 

A mixture of magnesium (21.6 g., 0.9 mole), neopenty1 chloride 

(51 ml., 0 .42 mole), and ether (150 mI.) was stirred under dry nitrogen 

and a solution of ethylene dibromide (36 ml., 0.42 mole) in ether (250 mI .) 

was added over a period. of 6~ hr. No heat was required to maintain a 

steady reaotion. On completion of -the addition, the entire mixture was 

3 b oiled wi th stirring fo r an additional 11; hr. Anthraquinone (15 g., 0.07 

mole) in ether (75 ml.) was then added over a period of ~ hr. to the 

reaction mixture at room temperature, and When the addition was completed, 

the entire mixture was boiled under reflux for 122 hr., under dry 

ni trogen. After this time, the reaction product was cooled ( ice), and 

hydrolysed by gradual addition of it to iced, aque ous ammonium chloride 

(50 g.). The procedure for the work-up of the hydrolysed reaction product 
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was identical to the procedure adopted in the Grignard reactions described 

previously. Unchanged anthraquinone (1.0 g ., 6.7%) was recovered from 

the reaction product, and a red intractable residue (19.0 g.) remained on 

removal of all the solvents from the ether layer of the reaction product. 

The i.r. spectrum (CC14 solution) of this residue showed hydroxyl 

absorption. On trituration of this residue with methanol, more unchanged 

anthraquinone (0.9 g.J 1.9 g., 13% total recovered) was recovered. The 

mother liquors from this trituration were evaporated to dryness and an 

intractable residue remained. Trituration of this with light petroleum v..oA>cfc 

gave 3(or 2), 10-di-neopentyl-lO-hydroxy-9-anthrone (XXI; R = CH2C(CH
3
)3)' 

(2.2 g., 8.7% yield) • 

It fonned needles from benzene/light petroleum (60/80oC); 

m.p. l72-l73
0
C. 

Found: C, 82.6; H, 8.7% 

C24H3002 requires: C, 82.2; H, 8.6% 

v (Nuj ol): 3412 (O-H stretching), 1645 (C=O), 1605, 1580,1325,1280, max 

1268, 1235, 1200, 1178, 1155, 1020, 1000, 935, 913, 908, 847, 804, 770, 
-1 

700 em. 

A~~ EtoH mp (log10 £ ): 213 (4.35),240 shoulder (3.91),286.5 (4.26). 

P.m.r. (CDC13): 9.701:' s. (9H) , 9.021:' s. (9H), 7.761: s. (2H) , 7.35lS. (2H) 

7.23't' s. (IH: peak disappears on addition of a drop of D20) , 1.6l-2.77"t' 

complex multiplet (7H). 

No eolour or observable change in the p.m.r. spectrum was 

produced on addition of a drop of tetranitramethane to the p.m.r. sample. 
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A sample of the compound (XXI; R = CH2C(CH3)3)' on t.l.c. 

analysis using Kieselgel PF254 ' showed only one spot on u.v. visualisation, 

after elution with benzene:ether (4:1). 

This eompound.did..nbt form a hydrazone derivative with Brady's 

reagent. 

The mother liquors from the above trituration were evaporated to 

dryness, and an intractable residue remained (16.0 g.). A sample (6.0 g.) 

of this residue was chromatographed on an alumina column (Woelm alumina, 

activi ty 1; 535 g. alumina in 50 x 4 cm. column). Light was excluded 

from the column. Elution with light petroleum (60/80oC):benzene (1:3) 

gave a coloured, intractable and unidentifiable fraction (0.5 g.; 1.3 g. for 

whole of the residue). Elution with benzene:ether (4:1) gave unchanged 

anthraquinone (0.6 g.; 1.6 g. for whole of the residue; 3.5 g., 23% 

total yield). Elution with benzene:ether (1:2) gave XXI (R =CH2C(CH
3
)3)' 

already described (1.3 g.; 3.5 g. for whole of the residue; 5.7 g., 22.5% 

total yield). Elution with ether:ethyl acetate (4.:1) gave 10-hydroxy-

10-neopentyl-9-anthrone (XX; R = CH2C(CH
3

)3) (1.4 g.; 3.7 g., 18.3% 

total yield) • 

Reorystal1ised from benzene/light petroleum (60/80oC); 

m.p. 

Found: C, 81.5; H, 7.0% 

C19H2002 requires: C, 81.4; H, 7. 2% 

~ (Nujo1): 3450 (O-H stretching), 1652 (C=O) , 1602,1584, 1327,1269, 
max 

-1 
1177, 1150, 1019, 996, 938, 887, 775, 698, 658 em. • 
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A~ EtOH m~ (loglOC ): 216.5 (4.21),237 shoulder (3.81),275.5 (4.17). 

P.m.r. (CDC1
3
):' 9.74'L s. (9H), 7.72't s. (2H), 6.85'L s. (lH; peak 

disappears on addition of drop of D20) , 1.64-2.601L complex multiplet (8H). 

No colour or observable change in the p.m.r. spectrum was produced on 

addition of a drop of tetranitromethane to the p.m.r. ~mple. 

A sample of this compound (XX; R = CH2C(CH
3
)3)' on t.l.c. analysis 

using Kieselgel PF
254

, showed only one spot on u.v. or iodine visualisation, 

after elution with benzene:ether (4:1). 

Attempted Elucidation of the Complete Struoture of the Products 

(XXI) Formed by Conjugate (1,6) Addition of Alkylmagnesium Halides to 

Anthraguinone (see Soheme XIII, page 67) 

Stage 1. 

93 
The procedure used by Doering and Speers for the oxidation 

of benzophenone using peracetic acid, was adopted in this reaction. 

A mixture of 3(or 2),10-di-isopropyl-10-liydroxy-9-anthrone 

(XXI; R = CH(CH
3
)2) (1.0 g., 0.003 mole), glacial acetic acid (20 ml.), 

and concentrated sulphuric acid (3.5 ml.), was added in portions to 

ice-cold 36/49% peraoetic aci~ (4 ml.), over a period of i Hr. The 

dark-coloured solution produced,which was fluorescent, gradually became 

a lighter oolour and the fluorescence disappeared slowly after the 

addi tion to the peracetic acid and stirring the reaotion mixture at room 

temperature. The reaotion mixture was stirred at room temperature for 

fI am grateful to Laporte Industries, Ltd., General Chemicals Division, 
Luton, for providing the 36/4f)% peraoetio acid, free of charge. 
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3 days, after which time the reaction mixture was yellow coloured and 

showed no fluorescence. Any excess peracetic acid was then decomposed with 

freshly prepared ferrous sulphate solution, and the reaction product was 

neutralised (aqueous NaOH) and extractedwithether (3 x 100 mI.). The 

ether solution was dried (Na2S0
4

) and evaporated to dryness, leaving a 

yellow intractable residue (0.8 g.). 

Stage 2 

The intractable residue (0.8 g.) from stage 1 was hydrolysed by 

boiling under reflux for 3~ hr. with an approximately N solution of 

potassium hydroxide . in methanol (50 mI.). The hydrolysis was carried 

out under nitrogen. The red solution produced was cooled and aoidified 

(2N aqu. HCl). On acidification, the solution went yellow. It was 

then extracted with chloroform (3 x 150 mI.) and the chloroform 

solution from the extraction was dried (Na2So4) and evaporated to 

dryness, leaving a dark-yellow, intractable residue (0.7 g.). 

Stage 3 

The residue (0.7 g.) from stage 2, redistilled quinoline (30 ml.), 

and copper bronze (1.0 g. ) were refluxed together under nitrogen, for 

~ Hr. After this time, the reaction product was cooled and the copper 

powder removed by filtration. Extraction of' the resulting filtrate with 

% aqueous sodium hydroxide, proved unsuccessful. The quinoline solution, 

wi th added ether (100 ml.) was therefore extracted with 2N hydrochloric 

acid (3 x 100 ml.) to remove quinoline. The resulting ether solution 

was dried (Na2S04) and evaporated to dryneas, leaving an intractable 
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residue (0.8 g.). 

Stage 4 

Chromium trioxide (3 g.), dissolved in a minimum quantity of water 

and then glacial acetic acid (15 m1.) added, was mixed with the residue 

(0.8 g.) from stage 3 in glacial acetic aoid (10 ml.). The mixture was 

boiled under reflux for 2 hr. and cooled. The resulting solution was 

dark-green. A green solid was precipitated on dilution of this solution 

with a large volume of water. A sample (0.13 g.) of thi s precipitate was 

collected by filtration and prolonged drying on a water pump. This was 

warmed with aqueous ammonium hydroxide (15 ml.) and the ins olub1e portion 

of the solid removed by filtration. A pink solid was preoipitated from 

the filtrate on acidification (2NHC1), and was collected by filtration : 

o 
m.p. 285-295 C. The i.r. spectrum (Nujo1) of this solid showed an 

-1 · -1 
acid hydroxyl peak, and carbonyl peaks at 1695 cm. and 1678 cm. • 

Esterification of this solid was carried out using diazomethane . 

A sample of isophtha1ic acid was prepared by oxidation of ~-xy1ene 

using potassium permanganate. 

Dimethyl isophtha1ate and dimethyl terephtha1ate were prepared 

by the esterification with diazomethane of isophtha1ic and terephtha1ic 

aoids respectively. 

This was done using a pye Model 64 gas chromatograph, fitted 

with a 9 ft. column, packed with 5% diethylene glycol s.uccinate polymer . 

This stationary phase resolved a mixture of the dimethyl esters of the 
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three phthalic acids, whereas a 4 ft. column packed with-10% silicone 

SE-30 did not. A flame ionisation detector was used. 

V.P.c. analysis of the reaction product from stage 4, after 

esterification, did not indicate the presence of any of the dimethyl 

esters of the three phthalic acids in the sample. 

The Reaction of 9, 10-Dia lkyl-9 , 10-dihydroanthracene-9, 10-diols with 

Acetyl Chloride 

1. 9,10-Diethyl-9,10-dinydroanthracene- 9,10-diol (cis a ' a ') 

(0 .5 g., 0.002 mole) was allo~ed to stand in redistilled acetyl chloride 

(8 ml., 0 . 11 mole) for 10 min . at room temperature . The diol dissolved 

in the acetyl chloride, giving a red coloured solution . Heat was 

produced during the reaction. The acetyl chloride was evaporated at room 

temperature , and a dark-yellol-l, crystalline solid (0.5 g.) remained, 

which was 10-(1'-chloroethyl)-9-ethylanthracene (XXIV) (99% yield). 

Recrystal1ised from light petroleum; m. p . (after four recrystallisations ) 

o 112- 114 C. 

Found: C, 80 .7; H, 6 .4; Cl, 12 .5% 

C18H17Cl requires:C, 80.5; H, 6.3; Cl, 13. 2% 

" (Nujol): 1620, 1266, 1245, 1220 , 1185, 1105, 1064, 1027, 1006, 953, max 

929, 766 (C-H out-of-plane bending; four adjacent aromatic protons) , 745, 

-1 669, 649 cm. 

~::~ane m~ (log10 E ): 253 shoulder (4. 81) , 260.5 (5.03), 340.5 (3. 39) , 

358 (3.73), 373 (3 . 91) , 397 (3. 89) . 
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P. m.r. (CC14): 8.57'l tr . (3H; J = 7 c . p. s . ) , 7. 80 1:" d (3H; J = 7 c. p. s .), 

6.42'l q. (2H ; J = 7 c. p. s . ) , 3 .40 'l q. (lH ; J = 7 c . p. s . ) , 2. 47- 2. 80 'L 

complex multiplet (4H) , 1.35-1. 95 1L complex mult i plet (4H) . 

Found : M. ~.J . = 250.f. (vapour pressure osmometry), 281/ ; (cryoscopic ) 

Calc . for C18H17Cl: M. W. = 268 .5. 

Tbis compound (XXIV) gave positive results in Lassaigne and Beilstein 

tests f or tbe pre sence of chlorine . 

When 10-(1 1-chloroethyl) -9-ethylanthracene (XXIV) (0.5 g., 0.002 

mole ) was boiled in methanol (55 m1.) f or 15 min . (the solution was 

fluorescent ) and the volume of methanol reduced to about half , 9-ethyl-

10-( 1'-met hoxyethyl)antbracene (XXV) (0 .4 g., 81%) was deposited . 

o Re crystalliss t ion from methanol gave pale-yellow plates, m. p. 136-138 C. 

Found : C, 86 . 3; H, 7. 8% 

C19H200 requires : C, 86 . 3; H, 7.6% 

~ (Nujol): 1619, 1229, 1203, 1185, 1109 (C-O stretching in non-cyclic ether), 
max 

1065, 1040, 960 , 929, 845 , 764 (C-H out -of - plane bending ; four adjacent 

aromatic protons ), 657 cm.- l • 

Hexane () ( ) ( ) ~max ~ loglO E : 253 shoulder 4 . 94) , 259 . 5 (5. 19 , 323 shoulder 3.04 , 

338 (3.49) , 354 (3. 84) , 373 (4 .06) , 394 (4 . 06 ). 

P. m. r . (CC1
4

): 8 .52 1L tr . (3H; J = 7 c . p . s . ), 8. 16 1:" d . (3H; J = 7 c .p. s . ), 

6. 861:" s . (3H), 6 .34 'L q. (2H ; J = 7 c .p,s . ), 4 .07 'l q. (lH; J = 7 c . p. s . ) , 

2. 48-2 . 65 1:" complex multiplet (4H), 1.55-1. 80 1:' complex multiplet (2H), 

1.12- 1.35 L compl ex multipl et (2H). 

~Determined by Miss V. Roe , Chemist ry Department, University of Keele • 
.j..f.Deter mined in the University Chemica l Laboratory, Cambrid ge . 
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The same compound (XXV) was also isolated (74% yield) by the 

addition of a few drops of methanol, saturated with bydrogen chloride , to 

a hot concentrated solution of t he diethy1 diol (cis a ' a ') in methanol. 

When 10-( l' -chloroet hyl)-9-ethylanthracene (XXIV) was boiJe d in 

ethanol, no isolable product was obtained. An intractable residue remained 

on compl ete evaporation of the ethanol . 

2. 9,10-Di-g-propyl-9,10-dihydroanthracene-9, 10-diol (cis a ' a ' ) 

(0.5 g., 0 .002 mole) was allmved to stand in redistilled acetyl chloride 

(8 ml., 0 .11 mol e) for 10 min . at room temperature . A yellow solution was 

obtained which yielded an intractable residue on evaporation of the acetyl 

chloride . No solid was isolat ed from this residue . 

3. Cis-9, 10-dimethyl-9,10-dihydroanthracene-9, 10-diol was 

isolated by the method of Beckett and Lingard. 38 When this diol (0 . 5 g., 

0 .002 mole) was treated with acetyl chloride (8 mI., 0. 11 mole ) as in 

the previous reactions (1. and 2.), 10-ch10romethyl-9-methylanthracene (XXVI) 

(0.5 g., 100%) was isolated . It formed yellow needles from benzene m. p . 

190°C (decomp.) (lit. 35 ,94 m.p . 192°C (decomp. ) , 180-900 C (decomp. ) ) . 

v (Nu jol): 1621, 1275, 1249, 1185, 1065, 957, 846 , 809, 790, 769, 759 
max 

(C-H out-of -plane bending; four adjacent aromatic protons), 685 , 671 cm.-l 

P. m.r. (CDC1
3
): 6. 88 L' s (3H), 4.351:' s (2H), 2. 20-2 . 50 1:" complex multiplet 

(4H), 1.40-1. 70 't' complex multiplet (4H). 

Recrystallisation of this compound (XXVI) in methanol, gave 

10- methoxymethyl-9-methylanthracene (XXVII) (40% yield) . It formed needles 

from me thanol m. p . 108.50 C (lit. 35 m. p. 108-1090 C) . 
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Found: C, 86 .5; H, 6. 8% 

Calc. for C17H160: C, 86 .4; H, 6. 8% 

.J (Nu jol): 1622, 1194, 1185 , 1095 (C-O stretching in non-cyclic ethers) , max 

948, 935, 790 , 772, 747, 740 (C-H out-of-plane bending ; four adjacent 

aromatic protons), 682, 650 cm.-l • 

P. rn .r. (CDC1
3

) : 6.89 1:" s . (3H), 6.44'L s . (3H), 4.511:" s . (2H), 2.15-2 . 50 'L 

complex multiplet (4H), 1. 30-1. 65 L complex multiplet (4H) . 

This compound (XXVII) was also isolated from the ether-insoluble 

fra ction from the Grignard reaction of methylmagnesium iodide and 

anthraquine,38 by standing this fraction in 10% aqueous acetic acid for 

several hours and recrystallisation of the resultant solid in methanol . 

The Reaction of the Diethyl and Di- n-propyl Diols with Picric Acid 
\ -

in Alcoholic Solvent 

The procedure adopted was identical to that used by Badger and 

Pearce35 for the dimethyl diol. A solution of the diet hyl diol (cis a ' a ' ) 

(1.12 g., 0.004 mol e) and picric acid (2.0 g., 0.009 mole) in alcohol 

(methanol, ethanol or Q-propanol ; 100 ml .) was boiled under reflux for 

2 hr. A similar reaction viaS carried out with the di-a-propyl diol 

(cis a l a l ) (0 .62 g., 0 .002 mole) and picric acid (1.0 g., 0 .005 mole) in 

methanol (50 ml .). The mixture in each case was concentrated and cooled . 

No picrates were isolated from the reaction products. A mixture (1. 9 g.) 

of 9- ethyl-10-(1' -methoxyethyl)anthracene (XXV) (main component) , picric 

acid , and the dimethyl et her(s) of the dietqyl diol were isolated from the 
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reaction of the diethyl diol in methanol . The components of this 

mixture were identified from its i . r . and p . m.r. spectra . Analysis of 

this mixture showed that the picrate of XXV had not been formed in the 

reaction. Picric acid was the only product recovered from the reactions 

of the diethyl diol in ethanol and Q-propanol (0.4 g., and 1.2 g. respec­

tively). The dimethyl ether(s) (0.3 g. ) of the di-Q-propyl diol was the 

only product isolated from the reaction of this diol in methanol . The 

identity of this product was established from its i . r . and p . m.r. spectra. 
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INDEX OF cm·WOUNDS DESCRIBED I N THE EXPERIMENTA L SECTI ON 

Cis (a l a l )-9 ,lO-diethyl-9 ,lO-di~droanthracene-9 ,lO-diol 

9, 10-Diethyl·-9, l O-diinethoxy-9, 10-dihydroanthracene 

lO-1t~1-lO-qydroxy-9-anthrone o 0 • 0 · . 
Cis (e' e l )-9,10-diet~1-9 , 10-dihydroanthrac ene-9 , 10-diol o • 

Cis (a l a ' )-9 ,10-di-n-propyl-9 ,10-di~droanthracene-9,10-diol 

10-Hydroxy-10-n-propyl-9-anthrone 00 00 o 0 o 0 o 0 o • 

Cis (e ' e l) -9 , 10-di-n-propyl-9 ,10-di~droanthracene-9,10-diol 

3(or 2) , lO-Di-i- butyl-10-hydroxy- 9-anthrone 00 · . 
3(or 2 ) , 10-Di-isopropyl-10-~droxy-9-anthrone 

9-I sopr opyl-lO (1 '-methylvinyl)anthracene 9 ,10-photo~iidef 
3(or 2) ,10-Di-isopropyl-9,10-dihydroanthracene-9,10- dio1 

3(or 2) ,10-Di-neopentyl-10-hydroxy-9-antbrone 

10-Hydroxy-10-neopentyl-9-anthrone 

10-(1'-Chloroethyl) - 9-ethylantbracene 

9-Etbyl-10-(1'-methoxyetby1)anthracene 

10-Chloromethyl-9-methy1anthracene 

10-Methoxymet~1-9-met~lanthracene 

.j. 
- tentative structure 
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