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Reactions o~ Substituted Quinones 

Abstract., 

The reaction o~ some substi'tuted l,4-benzoquinones and 

1,4-naphthoquinones with acetone and acetylacetone wes at-

temp'ted, but only the reaction o~ 2,6-dimetho:x;v--l,4-benzoquin-

one and acetone was success~ul in yielding the desired pr~ 

uct. The nuclear magnetic resonance speotrum. and mess spec-

tram, hitherto unreported, have been shown. 

The reactions o~ various ~quinones with methylmagnesium 

chloride were per~ormed. New éompounds prepared included the 

methyl-addition products o~ 2,6-dimetho:x;v--1,4-benzoquinone, 

2-methoxy-1,4-naphthoquinone, 2-hydroxy-l,4-naphthoquinone and 

2-methyl-1 ,4-naphthoquinone. "Attempts to'. estab11sh de~initely 

the position o~ nuo~eophilio attac1.ç (at the carbon atom o~ the 

1- or 4-carbonyl group) have been large~yunsuccess~ul, bJlt 

ava:i~ab~e experimental'results indicate that reaction ocourred 

at the 4-carbonyl position. 
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1 
Introduction 

Nucleophiles attacking the carbonyl groups of 2-substi

tuted and 2,6-disubstituted-l,4-benzoquinon~s, and of 2-substituted 

1,4-naphthoquinones, might react in three ways: (1) exclusively at 

the l-carbonyl group; (2) exclusively at the 4-carbonyl group; (3) 

at both positions. The nucleophiles known to be members of the 

first classification are acetonyl anion, the anion of acetic anhyd

ride and diazomethane; while those thus far found to be members of 

the second classification are hydroxylamine, various hydrazines and 

certain semicarbazides. No nucleophilic reagents have yet been dis

covered which may react both at the 1- and 4-carbonyl groups of 

these 1,4-quinones. 

The following factors appear to govern the relative rate 

of nucleophilic attack at one or other carbonyl group: steric hind

rance of reaction at the l-carbonyl group by substituents at the 

ring positions adjacent to it; activation or deactivation of the 1-

carbonyl group toward nucleophilic attack by the inductive effect 

of the substituents at the ring positions adjacent to it; and deact

ivation of the 4-carbonyl group towards nucleophilic attack by the 

mesomeric (resonance) effect of the ring substituents. Also, it 

seems quite likely that the nature of the nucleophile is of great 

importance in determining the position of attack, since those known 

to attack carbon-lof the quinone all form carbon-carbon bonds, 

while those attacking at carbon-4 all form carbon-nitrogen bonds. 

The object of this study is to determine the relative 

importance of these effects during nucleophilic attack on substitu

ted quinones. 

'\ 
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Review o:f the Literature 

Nucleophilic reactions occurring only at the "unhindered" 4-carbon

yl group o:f substituted l,4-guinones 

With only one exception, 2-substituted- and 2,6-disubsti-

tuted-l,4-benzoquinones and 2-substituted-l,4-naphthoquinones react 

with hydroxylamine, alkyl and aryl hydrazines and semicarbazides to 

:form mainly the corresponding mono-oximes, mono-hydrazones and mono-

semicarbazones, the nucleophilic attacks occurring at the "unhinder-

ed" carbonyl group (i. e., at the 4-posi tion) • The one anomalous 

compound, 2-hydroxy-l,4-naphthoquiIl0J1e, undergoes reaction at the 

l-carbonyl group, and will be discussed later. 

1) Oximes 

1 One o:f the :first workers in this :field, F. Kermann, re-

ported the reactions o:f many mono-substi tuted-l ,4-benzoquinones and 

2,6-disubstituted-l,4-benzoquinones with hydroxylamine. Among the 

mono-substi tuted benzoquinones, he :found that ei ther mono- or di-

oximes were :formed, and i:f a mono-oxime was isolated, the oximino 

group was locatedonly at the 4-position. With disubstituted ben-

zoquinones, only the mono-oximes were :formed, again solely at the 

4-posoition. For example, when 2-chloro- (or 2-bromo-) -6-methyl-

1,4-benzoquinone (I) was treated with hydroxylamine hydrochloride 

in the presence o:f base, a mono-oxime (II) was ~~ed. On reduC-

tion to the amine and subsequent oxidation to the nitro compound, 

the product was identical to that prepared by chlorination or 

bromination o:f 4-nitro-~cresol (III). and Kermann concluded that 



o 
l 

l(Br) 
H2NOH·HCl 

base 

OH 
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o 

NOH 

II 

reduce 

OH 

OH 

/~ 
~[~: 

Cl(Br) 

l(Br) 

oximation had occurred at the 4-position. Because of the ~direct-

ing effect of the hydroxyl group, and the ~-directing effect of the 

nitro group of III toward halogenation, this conclusion seems quite 

logical. 

In connection with a study of the tautomerization of 2-

and 3-substituted-4-nitrosophenol and the corresponding 2- and 3-

substituted-l,4-benzoquinone-4-oximes, Ramart-Lucas and Martynoff2 

prepared the mono-oxime (IV) of t oluqui none (V) and compared it 

with the products of the reactions of ~- and ~-cresol (VI and VII, 

respectively) with sodium nitrite and acid. They determined that 

the nitrosated ~-cresol product was identical with the mono-oxime 

by comparimg the melting points and ultraviolet spectra. These 

authors similarly p~epared the 4-mono-oxime (VIII) of 2-chloro-

1,4-benzoquinone (IX) by treating IX with hydroxylamine, and by 

nitrosating 2-chlorophenol (X). 

'\ 



,~, 

j 

• I .. t' 

- 4 -

0 

<f~, R 

H~!mH.HC1 
base ) 

R=CH3 VIII: R==C1 

0 NOH 
V: R=CH 

JI IX: R=C13 

&R NaN°2 /HC1 
!O< 

VI: R=CH 
X: R=C13 NO 

ri NaN°2/HC1 :::::.. 

'" 
CH

3 CH
3 CH3 

VII NO HON 

Metro~ and Cook and co-workers~ obtained a mono-oxime 

(XI) by oximation of 2,6-di-tert-buty1-1,4-benzoquinone (XII), but 

made no claim as to the position of attack. However, the melting 

point of this compound, various1y reported as 219-22003 and 218.5-

220o~ is the same as that reported by Dexter et al. 5 for the prod

uct of nitrosation of 2,6-di-tert-butylphenol (XIII). Mueller and 

Ley6 chemically confirmed the structure of the mono-oxime XI by 

treating it with nitric acid in acetic acid, which yie1ded 2-~-

butyl-4,6-dinitropheno1 (XIV). Compound XIV was also prepared by 

treating 2,4 ,6-tri-~-butylpheno1 (xv) with the seme acid mix-

ture. The products from these two reactions were proven identica1 

by a mixed me1ting-point determination~ and by their infrared 

spectra. 

""#;' 
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C(CH3 )3 (CH ) C 
H NOR.HCl 3 3 2 _ 

pyridine 

XIII 

C(CH3 )3 
<T'-

XI " HN03 /HOAc 

Final.ly, Boller and Kung 7 reported that oximation of" 

2,6-dimethoxy-l,4-benzo~uinone (XVI) afforded only the mono-oxime. 

They proved that this product was, in fact, 2,6-dimethoxy-l,4-benzo-

quinone-4-cxime (XVII) by preparing it independently from 5-nitro-

1,2,3-trimethoxybenzene (XVIII), and by mass spectral studies. 

0 0 

CH
3

0 OCH
3 

CH
3 

CH
3 

CH
3

0 CH
3 

H2NOH·HCl El) Zn~ NH!iCl 
pyridine 2) FeC1

3 

0 NOH 

XVI XVII 

- \ 
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Among benzoquinones substituted at positions adjacent to 

both carbonyl groups, steric hindrance appears to play an important 

role in determining the position of nucleophilic attack by hydroxyl

amine. For exemple, vhen Kermann8 reacted 2-isopropyl-3-chloro-5-

methyl-l,4-benzoquinone (3-chlorothymoquinone) (XIX) vith hydroxyl-

amine, and oxidized the resulting mono-oxime (XX) to the correspond-

ing nitro compound (XXI), he vas able to prove that the nitro group, 

and hence the original oximino group, vas at the l-position, by pre-

paring the identical compound from 2-methyl-4-nitro-5-isopropyl-

phenol (4-nitrocarvacrol) (XXII) by chlorination of the latter. 

0 0 
Cl CH

3 
Cl CH

3 
H2NOH;UCl 

Na2C0
3 

~ 

(CH3 )2HC Et OH 

0 (CH3 )2HC 
NOH 

XIX OH XX 
CH

3 
Cl CH

3 C12 
~ 

(CH3 )2HC (CH3 )2HC 

XXII N0
2 XXI N0

2 

Similarly, Kermann found that 6-chlorothymoquinone (XXIII) reacts 

vith hydroxylamine at the 4-position. 

0 NOR 
CH

3 
H~NOH.HCl 

) 
Na2C0

3 
(CH3 )2HC Cl EtOH (CH3 )2H l 

0' 

XXIII 
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2 Ramart-Lucas and Martyno~~ claimed that the reaction of 

2-isopropyl-5-methylphenol (thymol) (XXIV) with n:i.trous acid, and 

of "thymoquinone" (XXVa) with hydroxylamine gave identical products, 

whose structure was 2-isopropyl-5-methyl-l,4-benzoquinone-4-oxime 

(XXVla); while the reaction of 2-methyl-5-isopropylphenol (carva

crol) (XXVII) with nitrous acid, and of "2-methyl-5-isopropyl-l,4-

benzoquinone" (XXVb) with hydroxylamine both gave 2-methyl-5-iso-

propyl-l,4-benzoquinone-4-oxime (XXVIb) 0 

OH OH b CH
(CH3 )2 

CH(CH3)2 . ~ 'h NaN°2/HCl 
~ 

R3 H
3

C 

XXIV NO 

jt 
0 

»CH(CH3 )2 
CH(CH3 )2 

.~ \ H
2

NOHoHCl ) 

H3 base H
3

C 

0 N())H 
XXVa OH XXVI a 

~CH3 CH
3 

1 :: Nal102 /HCl 

(CH3)2HC (CH3)2HC 

XXVII NO 

Jt 
0 

CH
3 

CH
3 

H2NOHoHCl 
;l 

base 
(CH3 )2HC 

0 NOH 
XXVb XXVIb 

· .. 
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Since "thymoquinone" and "2-methyl-5-isopropyl-l,4-benzoquinone" are 

Just two different names for the same compound, it is patently obvi-

ous that the two different oximes XXVIa and XXVIb could not both 

have been formed from the parent quinone in identical reactions. 

The melting points of the two nitrosated phenols are quite close, 

and it is conceivable that the comparison of the compounds obtained 

from the two different types of reactions May have oeen complicated 

by incomplete purification of either or both products. Furthermore, 

the ultraviolet spectra of the two oximes are re~6Auced in the pa-

per, and are almost identical. However, since it is not indicated 

whether the compounds used to obtain these spectra were the pro-

ducts of the nitrosation reactions (in which case the positions of 

the oximino groups are assured), or those of the oximation reactions, 

no conclusions May be drawn concerning the validity of the authors' 

claim. If the spectra were those of the products of the oximation 

reactions, one would expect them to be extremely similar, since 

they would presumably have been obtained from the same compound. 

Clarification of this matter would appear to require repetition of 

the reactions, and more accurate experimental data, to determine 

the correct structure of the oxime. 

Except for 2-hydroxy-l,4-naphthoquinone, 2-substituted-

1,4-naphthoquinones undergo oximation in much the same manner as 

2,6-disubstituted-l,4-benzoquinones; i. e., hydroxylamine attacks 

the 4-carbonyl group. Early workers in the field included Ander-

9 10 son and Newman and Dam ~ al. , who prepared the mono-oxime of 2-

methyl-l,4-naphthoquinone (menadione) (XXVIII) while studying the 
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biological activit.ies of compounds related to Vitamin K. No attempt 

was made by either group to determine the position of hydroxylamine 

attack. Veldstra and Wiardi~l however, proved that the mono-oxime 

formed upon treating XXVIII with hydroxylamine hydrochloride in a-

cidic alcohol-water solution was 2-methyl-l,4-naphthoquinone-4-ox-

. ime (XXIX) by reducing it to the ~no compound, acetylating the 

product and comparing this with the product obtained by treating 

2-methyl-l-naphthol (XXX) with ~nitrophenyl diazonium chloride, 

reducing the resul~ing hydroxyazo compound to the amino, and acetyl-

ating. 

XXVIII h 

j
NH20HOHCl 

EtOH/H20 

o 

XXIX NOH 

l SnC12/HCl 

OH 

CH3 

NH2 ·HCl 

OH 

xxx 

l 
OH 
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Finally, Chuang and Han~2 having obtained 5,8,9,10-tetra.

hydro-2-methyl-l,4-naphthoquinone (XXXI) by condensation of tolu

quinone with butadiene, prepared the mono-oxime of this compound. 

They suggested that the product was the 4-oxime, but gave no proof 

of this assignment. 

NOH 

XXXI 

2) Hydrazones 

Hydrazine and hydrazides react as does hydroxylamine with 

:e.-quinones: attack occurs at the "unhindered" carbonyl group. Un

like the oximes, however, the resulting hydrazones tend to tautomer

ize to the corresponding hydroxyazo compounds. Determination of 

the structure of the P!oduct (i. e., the position of nucleophilic 

attack) is usually accomplished by treating the corresponding ~

substituted phenol or naphthol with a diazonium salt. This gives a 

hydroxyazo compound which may be compared with the product of re

action of the parent quinone and a hydrazide. For example, McPher

son and DubOis13 treated chlorobenzoquinone (XXXII) with 0(,0<.1-

phenylacetyl hydrazide in 80% aqueous alcohol, and obtained a prod

uct which they suggested was 2-chloro-l,4-benzoquinone-4-(phenyl

acetyl hydrazone) (XXXIII). To prove this, they hydrolyzed the hyd

razone with sulphuric acid and obtained 4-phenylazo-2-chlorophenol 

(XXXIV), which they synthesized indepenàently by reacting ~-chloro-

"li' 
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phenol vith benzene diazonium chloride. 

80% aqueous EtOH èr
el 

XXXII 

Cl 

PhN2+Cl- \ 
\ h ----~--------~~ 

x XXXIV 

Smith and Irwin14 studied the reactions of the series of 

polymethyl-l,4-benzoquinones vith ~-nitrophenylhydrazine. First, 

they proved that the product of the reaction of toluquinone and 

the hydrazine vas identical vith that of the reaction of ~-cresol 

(VI) vith diazotized ~-nitroaniline, namely 4-(~-nitrophenylazo)-

2-methylphenol (XXXV). They repeated these experiments, using 

2,6-dimethyl-l,4-benzoquinone (XXXVI) and 2,6-dimethylphenol 

(XXXVII), respectively, and obtained 4-(~-nitrophenylazo)-2,6-di

methylphenol (XXXVIII) as the reaction product. Similarly, 2,3,6-

trimethyl-l,4-benzoquinone (XXXIX) was found to react only in the 

4-position, giving 4-(~-nitrophenylazo)-2,3,6-trimethylphenol 

(XL). Finally, when 2,3,5,6-tetramethyl-l,4-benzoquinone (duro-

quinone) (XLI) was reacted with R-nitrophenylhydrazine, the prod-

uct vas the hydroxyazo compound XLII. In this respect, the reac-

tion of hydrazine is different from that of hydroxylamine, which 

does not react vith XLI. 

"'l 
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2 

V: 
XXXVI: 
XXXIX: 

XLI: 

XXXV: 
XXXVIII: 

XL: 
XLII: 

It has been reported15 that 2,6-di-tert-butyl-l,4-benzo

quiT.lone (XLIII) formed only a mono-hydrazone upon treatment with 

phenylhYdrazine, but no claim was made as to the position of subs

titution. Unfortunately, no mention of the reaction of 2,6-di-

tert-butylphenol with diazotized aniline has been found in the 

literature. It would seem logical to predict, nonetheless, that 

the product is the 4-hydrazone. Similarly, it has been suggested 

that 2,6-dimethyl-l,4-benzoquinone (XXXVI) formed only a mono-hyd

raz one when treated with ~-tOSYlhYdraZine16 or with benzoyl hyd

razine~7 but again no attempt was made to confirm the position of 

attack, which was claimed to be at the 4-carbonyl group in both 

instances. 

.. , .... 

'\ 
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Borsche and OCkinga18 studied the reaction of thymoquin-

one (XXV) with benzoic acid hydrazide. They proved that they had 

prepared the 4-hydrazone of the quinone~ which subsequent1y tauto-

merized to the correspomding hydroxyazo form (XLIV)~ by bromina-

ting the product to give the 6-bromo compound XLV). (The 6-posi-

tion is the only logical position for bromine substitution). The 

bromo compound was compared vith the product of the reaction of 

6-bromothymoquinone vith benzoic acid hydrazide, Vhich,Kermann8 had 

shown to react at the 4-position. 

o 

~
CH(CH3)2 

1 PhCONHNH2 
H3 

o 

XLIV 

N"NHCOPh 
XXV 

o 

PhCONHNH2 

o N 
XLV 'NCOPh 

19 ". 
Later~ Borsche reported that thymoquinone reactsboth 

vith ~-nitrophenylhydrazine and 2~4-dinitrophenylhydrazine to give 

the 4-hydrazones~ vith subsequent tautomerization to the hydroxy-

azo forms. He proved these structural assignments by preparing 

both compounds by independent routes: the treatment of 2-isopropyl-

5-methylphenol (thymol) (XXIV) vith diazotized ~-nitro- and 2,4-

dinitroanilines, respective1y. 
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Veldstra and Wiardi11 have prepared.the mono-phenyl-

hydrazone (XLVI) of menadione (XXVIII), the only 1,4-naphthoquin-

one for which the preparation of a hydrazone has been reported. 

They established that the 4-substituted product had been formed 

by reducing the quinone hydrazone (more likely the hydroxyazo 

tautomer) to the amine, and acetylating to obtain a product iden-

tical with that prepared in their studies of oximation (see a-

bove). 
o 

o 
XXVIII 

OH 

NaOAc 

NHCOCH
3 

The preparation of other hydrazones of XXVIII, specifically the 

~-carboxyphenyl hydrazone (by reaction of the quinone with E-hyd-

razinobenzoic acid) and the gusnylhydrazone has also been report

ed~O but no mention was made of the position of substitution. 
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3) Semicarbazones 

Semicarbazide itself, as well as various substituted 

semicarbazides, have been found to react with the 4-carbonyl 

groups of 2-substituted- and 2,6-disubstituted-l,4-quinones. For 

21 example, Heilbron and Hendereon have proved this to be true in 

the reactions of 2-chloro-l,4-benzoquinone (IX) and 2,6-dichloro-

l,4-benzoquinone (XLVII) with semicarbazide. The mono-semicarba-

zones formed, which appear to exist mainly in their tautomeric 

forros XLVIII and XLIX, respectively, were boiled in dilute sodium 

hydroxide solution, yielding phenols, nitrogen, carbon dioxide 

and ammonia. The phenols obtained were proved to be 2-chloro-

phenol (X) and 2,6-dichlorophenol (L), respectively, by compar-

ison with authentic samples of these compounds. No l-semicarba-

zone or l,4-di-semicarbazone could be found. 

° X 

0' 

IX: X=H 
XLVII: X=Cl 

° Cl X 
NH2NHCONH2 

OH/ 
X 

XLVIII: X=H 
XLIX: X=Cl 

el 

dilute NaOH 
~ 

xtr°H 

Cl ~ '?" 1 
~ 

X: X=H 
L: X=Cl 

"'l 
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Similarly, vhen toluquinone va.s reacted vith semicarbazide, and 

the product vas boiled vith dilute sodium hydroxide, only ~-cre

sol (VI) vas isolated; and vhen thymoquinone (XXV) vas treated 

in the same vay, only thymol (XXIV) was obtained. There was no 

trace of the isomeric carvacrol (XXVII). 

r("'NNHCONH2 

o 

OH 

There was evidently an error made in the naming of the 

tautomer of the semicarbazone derivative of XXV, since it vas 

called the "3-methyl-4-hydroxy-5-isopropyl derivative" in the 

discussion, and the "2-methyl-4-hydroxy-5-isopropyl derivative" 

in the experimental section. The latter, of course, is the cor-

rect I. U. P. A. C. name of the product. 

In connection vith the preparation of certain azophen

ols, Heesing and Hoppe22 reacted 2,6-dimethyl-l,4-benzoquinone 

(XXXVI) vith 4-~-butylsemicarbazide hydrochloride to give a mono-

semicarbazone vhich they suggested vas the 4-derivative, but they 

23 did n,ot confirm this assignment. Palande ~ al., on the other 

hand, prepared the mono-semicarbazone, mono-phenylsemicarbazone 
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and other mono-arylsemicarbazones of 2-methyl-l,4-naphthoquir.one 

(XXVIII), and proved that the products were the 4-semicarbazones 

by reducing them with stannous chloride and acid to the known 4-

amino-2-methyl-1-naphthol. 

Finally, Sah and Danielà24 reported the formation of a 

mono-thiosemicarbazone of XXVIII, but they did not make any as-

signment of the position of substitution. Of course, from the 

above results it would seem logical to conclude that it was the 

4-thiosemicarbazone. 

The anomalous reactions of 2-hydroxy-l,4-naphthoguinone with hyd-

rOxylamine, hydrazines and semicarbazides 

One ~-quinone which does not follow the usua1 pattern of 

oxime, hydrazone and semicarbazone formation is 2-hydroxy-l,4-

naphthoquinone (lawsone) (LI), whose derivatives are of interest 

as possible anti-malarial agents. Since the compound LI should, 

in theory, exist as well in the tautomeric 4-hydroxy-1,2-naphtho

quinone form, Goldstein and Grandjean25 predicted in 1943 that 

oximation should be possible at any or all of the 1-, 4- and 

(theoretically) 2-carbonyl positions, and prepared the mono-oxime 

by reaction with hydroxylamine hydrochloride in both acidic and 

basic solution. They discovered, however, that only one of the 

three possib.le mono-oximes had been formed, and proved that the 

product was 2-hydroxy-l,4-naphthoquinone-l-oxime (LII) by compar

ing it with the product of nitrosation of 1,3-dihydroxynaphtha

lene (LIlI). They also proved the identity of the aminonaphtho-

.. 
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diols prepared from each, as well as the acetylated 4-amino-l,3-

naphthodiols (LIV). ~ae tri-acetylated product LIV is a known 

compound. 

o 
o 

OH 

OH OH 

[H) 

acetYlate/ 

HCOCy ___ _ 

~ OCOCH
3 

OH o 

LIV OCOCH
3 

OH OH 

-----.. LII ~ -- LIV 

OH , OH 

26 There the matter rested unJcil 1969, when Dudley et al. 

proposed that the reason for the abnormal behaviour of LI is that 

in basic solution the anion of the hydroxyquinone is formed and 
'f" 

that, since 2-\'and 4-oxygens are engaged in stabilizing the nega-

tive charge, only the l-carbonyl group remains susceptible to nuc-

leophilic attack. 
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o 

LI 0 0 

0 0 
0 

r-

-0 o 

;NHc0-Q 
OH 

LI ) 

base 

LV o 
To test this theory, they prepared a mono-hydrazpne (LV) of LI by 

reacting it with onè equivalent of cyclohexanecarboxylic acid hyd-

razide in weakly basic solution. The infrared and p.m.r. spectra 

of LV were compatible with a 2-hydroxy-l,4-naphthoquinone mono-

hydrazone structure, as opposed to the hydroxyazo tautomer of the 

hydrazone, or the 2-hydrazino-l,4-naphthoquinone derivative. Pre-

sumably relying on -the ';'anion'-' theory to support the spectroscopie 

res.ults, the authors do not stress the point that they have proved 

that the mono-hydrazone which they prepared was the I-derivative. 

Nevertheless, they have indirectly confirmed their proposed struc-

ture: in another phase of their work, they treated ammonium 
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1,2-n.aphthoquinone-4-sulfonate (LVI) with cycIohexanecarboxylic 

acid hydrazide, and obtained a product whose infrared spectrum in-

dicated that it was the 2-hydroXY-1,4-naphthoquinone-4-hydrazone 

(LVII), rather than the 4-hydrazino-I,2-naphthoquinone derivative. 

(AIso, the ultravio~et spectrum of LVII did not correlate at aIl 

wi th that of 4-amino-I ,2-naphthoquinone, which would be expected 

if the product were~ indeed, the hydrazino-I ,2-quinone. ) 

) 

The authors had therefore prepared two different 2-hyd-

roxy-I,4-naphthoquinone mono-hydrazones, and it is therefore pos-

sible to compare them. Compound LV (the proposed I-hydrazone) 

had a melting range of 205-2080 (dec.), while that of compound 

LVII was 272-2780 (dec.). Also, the p.m.r. spectrum of LV con

tained a peak at 85.95 (from TMS) attribut able to the quinone 

ring proton; while in the spectrum of LVII, this peak had shifted 

to ~7.50. Since the latter compound is known to be the 4-hydra-

zone, it follows that the former must, indeed, be the I-hydrazone. 

The same workers also reacted LI with various acyl hyd-

razides in 80% acetic acid solution, and found that reaction OC-

curred only at the 2-position of the quinone. This assignment 



- 21 -

was indicated by the infrared and p.m.r. spectra of the product, 

and confirmed by preparing the known 2-amino-l,4-naphthoquinone 

(LVIII) from it. 
o 

o 
LI: R=R 

LIX: R=CR3 

OR 

ArCONHNR2 
80% aqueous ROAc 

?' 

HNRCOAr 

1
) R2/~d 
) 02 
) Al 03 

2 

o 

Also, when 2-methoxy-l,4-naphthoquinone (lawsone methyl 

ether) (LIX) was reacted with the acyl hydrazides in the same 

acidic reaction medium, the product was the same as that of LI. 

The reaction sequence in both cases presumably consists first of 

protonation of the oxygen atoms of the 2-substituents, then 1055 

0 
R 

R+ R 
" 

\kco:mH2 
- ROR 

HNRCOAr 

o 
R = R or CH3 

o 

".,,' 
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of water or Methanol (leavin~ identical carbonium ions, which are 

stabilized by resonance) simultaneous with attack of the acyl hyd-

razide. 8ince only the 2-substituted product is obtained when 

these reactions are performed in acidic medium, the reaction rate 

at the 2-position (via the above sequence) appears to be greater 

than that of nucleophilic attack of the hydrazides at either car-

bonyl group. 

Carroll ~ al. 27 extended this study by reacting. LI with 

thiosemicarbazide in acidic and basic solution. They found that 

from acidic solution the product was, as expected, 2-thiosemicar-

bazido-l~4-naphthoquinone (LX). This was confirmed by subjecting 

the compound to hydrogenolysis, followed by ferric chloride oxida-

tion, yielding the known 2-amino-l,4-naphthoquinone (LVIII). 

o 

o 

80% aqueous HOAc 

X = (=8) or (=NH) 

o 
NHNHCXNH2 

o 
LX: X = (=8) 

LXIII: X = (=NH) 

1) [H] 
2) FeC1

3 

o 

o 
LVIII 
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In basic solution, however, 2-hydroxy-1,4-naphthoquin-

one-1-thiosemicarbazone (LXI) was formed. The structure of this 

compound was confirmed by reducing it with stannous ch10ride and 

hydroch1oric acid to give 4-amino-1,3-dihydroxynaphtha1ene hydro-

ch1oride, which was then air-oxidized at pH 8 and acety1ated to 

give the known phenoxazone LXII. This series of reactions was 

then repeated, using aminoguanidine carbonate in place of thio~ 

semicarbazide. 

LI o 

NH2NHCSNH2 
in aqueous NaOH 

NH2NHC(NH)NH2 
in aqueous NaOH 
or aqueous CF3COOH 

OH 

1) [0], pH 8 
2) acety1ation 

Vi 
N 

o 
LXII 

/NHCXNH2 

OH 

o 
LXI: X = (=S) 

LXIV: X = (=NH) 
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Interestingly, when LI was reacted with aminoguanidine in aqueous 

trifluoroacetic acid solution, the product was LXIV, and not LXIII 

as expected. The authors suggested that the conjugate base of LI 

exists even in the trifluoroacetic acid solution~ to an extent 

sufficient to effect exclusive condensation at the l-position, al-

though they did not appear to have any experimental resul ts at all 

which indicated the presence of this conjugate b,ase in the solu-

tion. It is equally possible, of course, that the rate of reac-

tion of the aminoguanidine with LI simply happens to be greater at 

the l-position than at the 2-position. 

Nucleophilic, reactions occurring only at the l-carbonyl grOUp of 

substituted l,4-quinones 

1) The base-catalyzed reaction of 2.6-dimethoxy- and other 2,6-

dialkoxy-l,4-benzoguinones with acetone and methYl ethyl ketone 

28 In 1953 Aghoramurthy et al. reported that when a solu-

tion of 2,.6-dimethoxy-l,4-benzoquinone (XVI) in dry acetone was re-

fluxed in the presence of solid potassium carbonate (or 10% alco-

holic potassium hydroxide solution), a 1:1 condensation occurred. 

Solely on the basis that the l-carbonyl group of XVI is sterically 

hindered, whereas the 4-carbonyl group is not, the authors suggest-

ed that the product was 4-hydroxy-4-acetonyl-2,6-dimethoxycyclo-

hexa-2,5-diene-l-one (LXIV) rather than the isomeric l-hydroxy-l

acetonyl-2,6-dimethoxycyclohexa-2,5-diene-4-one (LXV). They pre-

pared the 2,4-dinitrophenylhydrazone and the semicarbazone deriva-

tives of this compound, but did not consider at all the complica-
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tion that the addition product had more than one carbonyl group 

able to react with the hydrazine or semicarbazide. Actually, the 

isolation o~ only a mono-hydrazone product (as dstermined by ele-

mental analysis) would appear to ~avour their choice o~ the isomer 

LXIV, since the unreacted carbonyl group would be at the l-posi-

tion, which is sterically hindered by the substituents at the 2-

and 6-positions. As discussed earlier, hydrazone ~ormation seems 

to be a~~ected by steric hindrance. On the other hand, the isomer 

LXV would appear to have two carbonyl groups at which hydrazone 

~ormation could occur. However, close examination o~ the experi-

mental data reveals the important fact that only very little more 

than one equivalent o~ the hydrazine was used in the reaction. 

I~, as would seem logical, the rate o~ reaction o~ the hydrazine 

at the side-chain carbonyl group is considerably greater than that 

at the ring carbonyl group, again only one mono-hydrzone would be 

isolated. Therefore no conclusion may be drawn concerning the 

position of acetone addition ~om this experiment. 

HO 

a 
XVI 

acetone or methyl 

LXVII 

CH ( CH
3 
H COCH

3 
) 

CH2COR 

LXIV: R = CH3 LXVI: R = CH2CH3 
or 
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The authors then repeated this reaction, using methyl 

ethyl ketone instead of acetone, and proposed that the product 

was 4-hydroxy-4-propionylmethyl-2,6-dimethoxycyclohexa-2,5-diene-

l-one (LXVI). However, not only did they not confirm the position 

of nucleophilic attack, they did not even rule out the possibility 

of formation of 4-hydroxy-4-~-methyl~-acetylmethyl)-2,6-dimeth-

oxycyclohexa-2,5-diene-l-one (LXVII), although this product is un-

likely because of the relative stabilities of the anions formed 

after removal of a 1- or 3-proton from methyl ethyl ketone. 

In the course of separating XVI from other compounds by 

. 29 
chromatography on alumina, ustng acetone as eluant, Magnussen 

isolated a compound which elemental analysis indicated was an ad-

dition product composed of equal amounts of the qui none and acet-

one. He also discovered, not surprisingly, that the same compound 

was obtained by heating a solution of XVI in acetone, in the pres-

ence of aluminum oxide. He wrote that "spectrographie examination 

of this compound, and its reduction to a phenol, to which the 

structure of 3,5-dimethoxy-4-acetonylpheno~ could be ascribed", 

indicated that the compound formed was the l-acetonyl derivative 

LXV. Since he did not give experimental details in this paper, 

and since his later work was concerned with the reaction of vari-

ous ~-quinones with acetone (and hence did not include the results 

from the reaction of acetone with XVI), it is impossible to evalu-

ate the vàlidity of his proof. At no time did he appear to be a-

ware of Aghoramurthy's earlier paper. 

During his later study of the reaction of ~-quinones 
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with acetone~O Magnussen postulated a mechanism for the abstrac-

tion of a proton from acetone by aluminum oxide, f'ollowed by nuc-

leophilic attack of the anion at the carbon atom of a carbonyl 

group. Revis.ed to describe the reaction of a E..-quinone instead of 

an ,2.-quinone, the mechanism was: 

A1
2

0
3 

+ CH
3

COCH
3

:;;<==:::::::::!:'> A1
2

0
3

H+ + -CH
2

COCH
3 

-0 

o 

o 

Magnussen presented no evidence to prove that aluminum 

oxide acts as a base in this reaction, but dia mention that with 

~-quinones the acetonyl group appears to prefer the more positive 

of the two carbonyl carbon atoms - a preference consistent with 

the concept of nucleophilic attack. Therefore, if the attacking 

species is not the acetonyl anion it is, at least, an acetone 

mole cule with one of the carbon-hydrogen bonds greatly polarized -

an effect whichdoes not occur in the absence of aluminum oxide 

(or any other base). 

In 1962, the structure of the addition compound was fi-
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nally ascertained by Aghoramurthy et al. 3i The, compound was re-

duced by the zinc dust-acetic acid method to give a hydroxydimeth-

oxyphenylacetone (LXVIII), which was methylated and then subjected 

to Clemmenson reduction. 

Zn/HOAc 

LXV 

CH2CH2CH
3 

OCH
3 

Zn(Hg} 
HCl 

) 

LXVIII 

OH (CH
3

}2S04 

anhydrous K
2

C0
3 H2COCH

3 
acetone 

CH
3 

The final product, ~-propylphloroglucinol trimethyl ether (LXIX), 

was obtained independently from phloroglucinol trimethyl ether 

(LXX), as shown below: 

CH30:qOCH3 ~ AlC13 

~ CH3CH2COCI 

LXX 
OCH

3 

LXX 

CH2CH2CH
3 

CH3 
"" (CH3 }2S04 

anhydrous K2C03 
acetone 

HO 

OCH
3 l Zn(Hg). HCl 

CH2CH2CH
3 

HO OCH
3 
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(No explanation was given for the demethylation which seems to 

have occurred during the Friedel-Crafts reaction.) Also, the 

products obtained during the preparation of LXIX from LXV gave a 

positive test for the phloroglucinol system (reaction with vanillin 

and hydroch1oric acid in ethanol), thus providing further confirma-

tion of the proposed structure assignments. 

It was suggested by these authors that the preference of 

acetonyl anion for the carbon atom of the 1-carbonyl group is due 

to deactivation of the carbonyl group in the 4-position by the 

mesomeric effect of the two methoxy groups, and that this effect 

overshadows the opposing steric hindrance effect: 

o 

32 . 
Fina11y, in 1966 Sarngadharan and Seshadri prepared 

the acetone-addition product of 2,6-dibenzyloxy-l,4-benzoquinone 

(LXXI), in order to demonstrate the predominance of the resonance 

effect (deactivation of the 4-carbony1 group toward nucleophilic 

attack) over the steric hindrance effect. They proved the struc-

ture of the product LXXII by reducing it to a phenol (LXXIII), 

which gave a positive phloroglucino1-system test, and then subject-

ing it to successive debenzy1ation, methylation and C1emmenson re-

duction, to give the phlorog1ucino1 trimethyl ether derivative 

(LXIX) which Aghoramurthy and co-workers had prepared earlier~l 



HO,&OH OH 

r 1 PhCH2Cl 
~ KI 

LXXII 

H2COCH3 
OCH2Ph 

K2C03 
acetone 

o 

lzn/HoAc 

H2COCH3 H 
OCH2Ph 0 

H2!Pd!C 
EtOAc 

OH 
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OH 

OH 

o 
LXXI 

_(~C~H~3~)~2~S~04~_~~ _~Z~n~(H~g~)~ __ >~LXIX 
~C03 HCl 
acetone 

Since the acetone-addition product of LXXI was no more difficult to 

prepare than that of XVI, they concluded that the steric hindrance 

effect of the alkoxy groups is, indeed, negligible with respect to 

the mesomeric effect. 

The authors also reported that 2-methoxy-l,4-naphthoquin-

one (LIX) did not react under the same conditions, and that 2,6-di

methyl-l,4-benzoquinone (XXXVI) gave unidentifiable polymerie 

material. 

2) The acetate-catalyzed reaction of 2-substituted- and 2,6-disubs

tituted-l,4-benzoquinones with acetic anhydride 

Lounasmaa studied the reaction of tOluquinone (V) and 

2,6-dimethyl-l,4-benzoquinone (XXXVI) with acetic anhydride in the 



- 31 -

presence of sodium acetate~3 He found that the products were the 

resu1t of nuc1eophi1ic attack at both carbony1 carbon atoms, with 

attack at the 1-carbony1 predominating to some extent. 

R 

0 
V: R=H 

XXXVI: R=CH 

+ 

3 

CH3 
(CH3CO)20 

NaOAc 

R 

OAc 

LXXV: R=H 
LXXVII: R=CH3 

R R 

+ 

OAc 

CH
3 

R 

+ 

OAc 

B 
CH20Ac 

LXXIV: R=H 
LXXVI: R=CH 

CH20Ac 

When R = H, the ratio of products A:B:C:D) was 30:3:7:60, whi1e 

3 

when R = CH
3

, the ratio was 20:4:6:70 (as determined by gas-phase 

chromatography) • The formation of A d:s very simple to exp1ain, 

and that of D occurs because of tautomerization: 

R 

o OH 

Compounds LXXIV, LXXV, LXXVI and LXXVII resu1t from a series of re-

actions, of which the key intermediates are LXXVIII and LXXIX and 

their isomers. 

o 

LXXVIII: R=H 
LXXIX: R=CH

3 
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With toluquinone, the relative rate of formation of com

pounds LXXV and LXXIV (indicative of the relative rate of nucleo

philic attack at positions l and 4) is 7:3, and vith 2,6-dimethyl-

1,4-benzoquinone the ratio of LXXVII to LXXVI is 3:2. Methyl:l2.

quinones should exhibit a mesomeric effect vhich deactivates the 

4-carbonyl group tovard nucleophilic attack; however, the l-car

bonyl group is also deactivated to some extent by the inductive 

effect of the same methyl group(s), as shawn belov: 

Mesomeric effect Inductive effect 

R R 

This tends to complicate the substitution pattern, as the two ef

fects oppose each other. The difference in the ratios may be to

tally due to experimental error, but i t is possible that the ster

ic effect of two methyl groups adjacent to the l-carbonyl is a 

more significant factor than the presence of only one methyl group, 

and that, therefore, the predominance of nucleophilic attack at the 

l-carbonyl group diminishes. In any event, the pattern of substi

tution is not as clear-cut here as it is for other quinones. 

In the same paper, Lounasmaa reported that vhen 2,6-di

tert-butyl-I,4-benzoquinone (XLIII) was reacted with acetic anhyd

ride in the presence of sodium acetate, only 4-acetyl-2,6-di-tert-
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o OAc 

XLIII LXXX 

butylphenol (LXXX) could be detected by gas-phase chromatography, 

as well as a small amount of starting material. The author sug-

gested that this result was due to the ability of the two tert-bu-

tyl groups to stabilize a positive charge, so that the mesomeric 

effect, which causes deactivation of the 4-carbonyl group toward 

nucleophilic attack, is very stréng. Also, while the l-carbonyl 

group remains relatively active electronically, it is very seri-

ously "blocked" by the two bulky tert-butyl groups. Thl~refore 

the anion of acetic anhydride is prevented from attacking both 

carbonyl groups, and only reductive acetylation of XLIII May 

occur. 

In 1968 Lounasmaa further reported34 ,35 that 2,6-di-

methoxy-l,4-benzoquinone (XVI), when treated with sodium acetate 

in acetic anhydride, gave only one of the two possible isamers, 

namely the one which results from nucleophilic attack at the 1-

carbonyl group (LXXXI), as the major product, and LXXXII as the 

minor product. 
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HOAc 
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l Ac20 

CH
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OAc OAc 
LXXXI LXXXII 

To determiile whether the original attack 

o 

CH
3 

of the anion 

had occurred at the l~ or 4-carbonyl position~ Lounasmaa treated 

syringyl alcohol (LXXXIII) with acetic anhydride in pyridine, and 

obtained a product (LXXXIV) with the same elemental analysis, and 

essentia1ly the s~e infrared spectrum as LXXXIII. In their resp-

ective p.m.r. spectra, however, the chemical shi:fts of LXXXII and 

LXXXIV were somewhat different~ as were the physical properties. 

Since the latter compound was known to be 4-acetoXY-3,5-dimethpxy-

benzyl acetate, the former (product of the acetylation of XVI) had 

to be the isomeric 4-acetoxy-2,6-dimethoxybenzyl acetate. 

" 
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pyridine 

The structure of' the major product LXXXI, however, was 

never conf'irmed. Only the methyl ester derivative was prepared, 

giving no inf'ormation about the position of' substitution. The 

chemical shi:rt of the aromatic protons of' LXXXI (g 6.34) lay be

tween the values f'or the corresponding protons of' LXXXII and LXXXIV 

(&6.26 andS6.50, respectively). Lounasmaa's main reason f'or ad-

vancing the structure LXXXI, rather than its isomer (aside from 

the f'act that only compound LXXII was isolated f'rom this reaction -

no compound LXXIV was detected), was the following theoretical con-

sideration: the mesomeric effect of' the two methoxy groups in XVI 

results in very strong deactivation of the 4-carbonyl group toward 

nucleophilic attack, even more than in 2,6-dimethyl-l,4-benzoquin-

one (XXXVI). Unlike XXXVI, however, the inductive ef'fect of' the 

two methoxy groups is such that the l-carbonyl group becomes more 

positive, and hence more susceptible ~oward nucleophilic attack. 

Mesomeric ef'f'ect Inductive eff'ect 

o 
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Since the two electronic effects are acting in the srume direction 

in XVI, the net result should be that nucleophilic attack is di-

rected almost entirely at the l-carbonyl group. Although Lounas-

maa was not able to isolate any of the isomers of either of the 

compounds LXXXI or LXXXII, he did not rule out the possibility 

that there may have been a small amount of either or both of these 

present in the reaction mixture. 

3) Reaction of substituted p-guinones with diazomethane 

Early workers in the field of the reactions of ~-quin

ones with diazomethane found only pyrazoloquinones as products. 

Thus, Pechmann36 peported the reaction of diazomethane with 1,4-

naphthoquinone itself, and suggested that the product was 2,3-

pyrazolo-l,4-naphthoquinone (LXXXV). 

o 

o 

CH2NZ 

o 
LXXXV 

With alkyl-substituted l,4-quinones, however, the re-

sults were not as certain. Some quinones of this type, such as 

2-methyl-l,4-naphthoquinone (XXVIII), did not give the pyrazolino 

derivatives analogous to LXXXV;7 while others formed non-nitrogen-

ous compounds which were probably either quinones which had been 

further methylated, or dimers coupled at unsubstituted positions 

.~. 

-l 
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on the rings through an extra methy1ene group. In 1937, however, 

Smith and Pings38 reacted 2,3,5,6-tetramethy1-1,4-benzoquinone 

(XLI) with diazomethane, and obtained four different compounds; 

tvo vere found to have the composition C11H14N202 (LXXXVI and 

LXXXVII) (corresponding to 1:1 adducts of the quinone and diazo-

Methane), and tvo had the composition C12H16N402 (LXXXVIII and 

LXXXIX) (corresponding to 1:2 adducts of the quinone and diazo~ 

Methane). Further reaction of LXXXVI vith diazomethane yie1ded 

LXXXIX, and of LXXXVII yie1ded LXXXVIII. 

o 
XLI 

+ 

+ 

H
3

C 

H3C 

0 N 
1 \1 

H2C N 

N=N 
1 1 

o 

LXXXVI 

or 

LXXXVIII 

CH
3 

H
3

C 

or 
CH

3 
H

3
C 

LXXXIX 

o 

LXXXVII 

CH
3 

CH
3 

N 0 
1\ \ 
N -CH2 

- -1 
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When LXXXVI and LXXXVII were oxidized with ferric chloride the pa-

rent compound XLI was regenerated; and when LXXXVIII and LXXXIX 

were heated with dilute hydrochloric &cid,XLI was isolated as 

well. This series of reactions proved that the derivatives LXXXVI, 

LXXXVII, LXXXVIII and LXXXIX were all due to addition of diazo-

methane 1,2- to either or both carbonyl groups of XLI. 

Decomposition of LXXXVI during ste8m distillation gave 

a. product with the composition CllH1402; i. e., the nitrogen was 

removed from the compound, which was assigned the structure 2,3,-

5,6-tetr8methylcyclohepta-2,5-diene-l,4-dione (XC). Compound 

LXXXVII, on the other hand, was stable when ste8m-distilled. 

o 
LXXXVI 

o 
XC 

An oxime of compound XC was prepared, but no hydrazones 

could be formed. The compound could not be acetylated nor oxid-

ized, and was insoluble in water, dilute hydrochloric acid and 

dilute sodium hydroxide. It was soluble in concentrated sulphuric 

acid, but was reprecipitated upon dilution. Although these experi-

mental data are consistent with the stnncture proposed for the de-

composition product of LXXXVI (andl,. indeed, were used as justifi-

cation for the structuralassignment), it is Just possible that, 
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af'ter loss of nitrogen, the free carbon and oxygen join to form an 

epoxy ring, rather than rearranging to the proposed tropone deriva-

tive. The experimeDtal results, admittedl.y, do not really support 

this supposition. 

Similarly, the decomposition product of LXXXVIII was as-

signed either of the two possible structures 2,3,6,7-tetramethyl-

cycloocta-2,6-diene-l,4-dione (XCI) or 2,3,6,7-tetramethylcyclo-

octa-2,6-diene-l,5-dione (XCII), while the product of decomposi-

tion of LXXXIX was assigned one of the two possible structures 

XCIII or XCIV. 
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Although the structural assignments were not really conrirmed to 

any great degree, owing to the instability or many or t~e com-

pounds, the ract remains that this vas one of the rirst examples 

or diazomethane additiou to the carbonyl groups or a quinone, ra-

ther than to the double bondes). 

In 1954, Marini-Bettolo and Paoloni39 reported the re-

action of 2,6-dimethoxy-l,4-benzoquinone (XVI)with diazomethane. 

Carbon, hydrogen and methoxyl analyses indicated that the qui none 

had incorporated a methylene (or methyl) group without an increase 

in the number or methoxyl groups. The product did not exhibit the 

properties or a quinone or hydroquinone (in that it did not rorm 

a semicarbazide or 2,4-dinitrophenylhydrazone - the ract that 

this would be true of any qui none which had already reacted in the 

4-position did not, evidently, occur to the authors); nor did it 

react with those compounds which are reactive toward the ethylene-

oxy group (there appear to be no experimental ~ata given to sup

port this claim). When hydrogenated, the product gave an unstable 

compound which could not easily be puriried or identiried. The 

authors concluded that the product or the reaction or XVI with di-

azomethane had to be a tropone, with one or the rollowing structures: 

CHO 
3 

o 
XCV 

o 
XCVI 
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They invoked the observations of Smith and Pings on the reaction 

of duroquinone (XLI) with diazomethane to support their proposal. 

They also compared the infrared spectrum of their product with 

that of 3,3,7-trimethy1cyclohepta-4,6-diene-1-one (XCVII), and 

H C 
3 

XCVII 

noted that the spectra of both compounds inc1uded peaks at 1661 

and 1603 cm-l (attributed to the 1-carbony1 group and a carbon-

carbon double bond conjugated with the carbonyl group, respective-

6 -1 ly). Furthermore, the authors assigned the band at 1 21 cm to 

the 4-carbony1 group of the proposed tropone (they mentioned that 

"strong1y conjugated carbonyl groups in seven-member rings usual1y 

exhibit stretching frequencies in the range 1640-1620 C!ml.-1", but 

gave no justification or reference to support this assertation). 

Because of the simi1ari~y between the infrared spectra of their 

"tropone" and the known compound XCVII, they conc1uded that they 

had prepared compound XCVI, which must have been formed through 

the original attack of diazomethane at the 1-carbony1 group of XVI. 

Eistert and BoCk40 studied the reactions of various 

substituted quinones with diazomethane as we1l. From 2,3,5,6-tet-

rach1oro-1,4-benzoquinone (ch1oranil.) (XCVIII) they obtained a 

produét which, when hydrogenated, gave the known 2,3,5,6-tetra-
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chlor6-4-hydroxybenzyl alcohol (XCIX). This led them to conclude 

that they had prepared 2,3,5,6-tetrachloro-l,1-ethyleneoxycyclo-

hexa-2,5-diene-4-one (e). To prove that this was, indeed, the 

correct structure, they prepared the identical compound by treat-

ing 2,3,5,6-tetrachloro-l-hydroxy-l-chloromethylcyclohexa-2,5-di-

ene-4-one (CI) with sodium hydroxide. 

HO--CH
2

Cl 

C~ Cl 

o 
CI 

Cl 

NaOH 
C 

'\ 
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Thus, these reactions established for the first time the possibil

ity of formation of an ethyleneoxy ring at the site of one of the 

carbonyl groups of a substituted quinone. 

When Eistert and Bock reacted 2,6-dimethoxy-l,4-benzo

quinone (XVI) with diazomethane, they improved upon the method of 

Marini-Bettol0 and Paoloni by adding a small amount of Methanol 

to the reaction mixture. This enabled them to obtain a consider

ably more stable form of the product than that which had been pre

pared by the Italian workers (although both products had melting 

points of 159°) ~ When they tre.ated the product wi th ni tric acid 

they obtained the regenerated starting material, and thus proved 

conclusively that a tropone could not have been produced in the 

reaction of XVI with diazomethane. They then proposed two pos

sible isomeric structures for the reaction product: 

o 
CIl 

or 

o 

CI II 

To determine which of these was correct, they hydrogenated the 

reaction product, expecting to obtain the known syringyl alcohol 

(LXXXIII), which has a melting point of 135°, if CIII were the 

actual structure. Instead, they obtained a product which they 

suggested was the hitherto unknown 4-hydroxy-2,6-dimethoxybenzyl 

alcohol (CIV). This compound had a melting point of 132° after 

.,~' 

-\ 
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CIl 

OH 

CIV 

CIII 

purification; but the mixed me1ting point of LXXXIII and CIV was 

120-122°. Furthermore, the infrared spectra of the two compounds, 

whi1e very simi1ar, were not comp1ete1y identical. 

In discussing their results, the authors disagreed with 

the infrared band assignments of Marini-Betto10 and Pao1oni. They 

suggested that the peak at 1661 cm-1 was due to the single carbon

y1 group, and that the peaks at 1621 and 1603 cm-1 were due to 

II sp1itll carbon-carbon double bond stretching frequencies. A1-

though their interpretation of the infrared speetrum of the prod-

uct was not necessari1y more be1ievab1e than that of the Ita1ian 

workers, their chemica1 evidence is such that it May safe1y be 

conc1uded that their proposed ethy1eneoxy compound (CIl or CIII) , 

rather than the tropone postu1ated by Marini-Betto10 and Pao1oni, 

is the correct structure and, :furthermore, that it is indeed the 

1-carbony1 group which undergoes attack by diazomethane. (Unfor-
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tunately, lack of an alternate route for the preparation of CIV 

made it impossible ~o compare the product of hydrogenation with 

an authentic sample). The corollary of these two conclusions is 

that, as deduced by Eistert and Bock, the product of the reaction 

of XVI with diazomethane is CIl. 

In 1962, Eistert ~ al. 41 continued this study by treat

ing 2-methoxy-l,4-naphthoquinone (LIX) , among other compounds, 

with diazomethane. They proposed the structure CV for the product 

which, when reacted in boron trifluoride-e~her solution, gave the 

methyl ether (CVII) of the known naphthoresorcinaldehyde (CVI). 

The products of methylation of CVI and of CVII were found to be 

the identical compound 2,4-dimethoxy-l-naphthaldehyde (CVIII). 

Also, when CV and CVII were hydrogenated, the product of both re-

actions was CIX. 
O' 

o 
LIX 

CHO 

CVI OH CVIII OCH
3 

OCH3 
CV} CVII H2 ., 

OH 

" 
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Since the preference of diazomethane for nucleophilic 

attack at the l-carbonyl group of LIX was definitely established 

by this series of reactions, one extra piece of information has 

been added to the list of factors which indicate that diazomethane 

attacks the l-carbonyl group of 2,6-dimethoxy-I,4-benzoquinone 

(XVI) as weIl. 

In order to demonstrate that the mesomeric deactivation 

of the 4-carbonyl group of these compounds is one of the major 

reasons for the predominance of l-substitution, Eistert and co-

workers tried to react 2,5-dimethoXY-I,4-benzoquinone (ex) with 

diazomethane. Since both carbonyl groups of this compound are af-

fected in the same way as the 4-carbonyl group of XVI or LIX, one 

would expect that little or no product would be formed. Indeed, 

the starting material was recovered quantitatively from the re-

action mixture. 

ex 

When 2,6-di-tert-butyl-l,4-benzoquinone (XLIII) was re

acted with one equivalent of diazomethane in etheric sOlution~2 

the only product was the pyrazolino derivative eXI. However, 

when the reaction was performed in methanol-ether solution, a 

yield of approximately 30% of 4-hydroxy-3,5-di-~-butylbenzal-

. \ 
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dehyde (exIl) was obtained, as well as the aforementioned CXI. 

The proposed reaction path is as follows: 

o 
XLIII 

OH 

CHO 

CXII 

(CH3 )3 

0 

CXI 

+ 

C(CH3 )~ 

O--CH2 J 

Since the reaction of XLIII with diazomethane to give CXII is so 

surprising (in view of the proven mesomeric deactivation of the 4-

carbonyl group by the two teTt-butyl groups), it is Most unfortun-

ate that no evidence whatsoever was given for the proposed forma-

tion of the aldehyde, nor for the validity of the postulated reac-

tion path. No later articles by the same or other authors clari-

fying this controversy have been found. 
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4) Replacement of the 0;xygen-16 atoms in the carbonYl groups of 

substituted 1,4-benzoguinones bl oxygen-18: nucleophilic a.ttack 

of oxygen-18-enriched water on guinones 

Very little work has been done on the exchange of the 

oxygen atoms in the ca.rbonyl groups of quinones. The mechanism 

of exchange is, presumably, nucleophilic attack of H20
18 at the 

carbon atom of the carbonyl group, transfer of a proton to give 

16 the diol and loss of H20 : 

In 1965, Samuel and Silver43 reported that the rate of 

oxygen-18 exchange decreases with increased a.lkyl- or fused-ring-

substitution in the quinones, but they did not distinguish between 

exchange at the 1- and 4-carbonyl groups. Dahn and Aubort44 

studied oxygen-18 exchange in halogenated benzoquinones (specifi-

ca1ly 2,3,5,6-tetraehloro-l,4-benzoquinone (XCVIII) and 2,6-di-

ch1oro-1,4-benzoquinone (XLVII), and found that the rate of ex-

change was greater for XCVIII than for XLVII. They concluded, 

not surprisingly, that the rate of nucleophilic attack of water 

at the carbony1 carbon atoms must be affected more by the induct-

ive effect of the chloro ring substituents than by the mesomeric 

(deactivating)effect, ana that steric hindrance has little or no 

importance in determining the rate. Combining the results of 

their work with those of Samuel and Silver, they obtained the 1'01-

""11' 
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lowing order for the effect of substituents of 194-benzoquinones 

on the rate of oxygen-l8 exchange (and therefore 9 on the rate of 

nucleophilic attack of water): 

Cl "> Br > H ) CH
3 

The order of this series agrees with the corresponding order of 

the inductive effects of these substituents. 

Cl Cl 

Cl Cl 

o o 

Although the authors did not differentiate between 

exchange at the two different carbonyl groups of the 2;6-disubsti-

tuted quinones 9 the rate of exchange at the I-carbonyl group is 

quite likely to be considerably greater than that at the 4-carbon-

yI group in 2 96-dichloro-l 9 4-benzoquinone (XLVII), if the proposa! 

is correct that it is the inductive effects of the substituents 

which is the important factor in the nucIeophilic attack of water. 

Quinones having other substituents with a strong (-I) effect, such 

as methoxy groups, should exhibit the same preference. 

Conclusions 

Three factors appear to have major roles in determining the posi-

tion of attack of various nucleophilic reagents on substituted ~-

quinones; these are: "steric hindrance" by substituents adjacent 

to the carbonyl groups, electronic effects (inductive and mesomer-

ic) due to the substituents.and the nature of the nucleophile. 
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In the formation of the mono-oximes~ -hydrazones and -semi-carbaz

ones~ the first factor seems to be of prime importance. The der

ivatives of thymoquinone (XXV)~ in particular~ support this con

clusion, since the carbonyl group which undergoes nucleophilic at

tack is the one adjacent to the methyl group rather than the one 

adjacent to the isopropyl group. Also~ formation of only the 4-

oxime of 2~6-dimethoxy-l,4-benzoquinone (XVI), studied by Bolker 

and Kung1 appears to indicate the importance of the steric hind

rance effect in oxime production: despite both the inductive ef

fect (which makes the l-carbonyl group more positive) and the 

mesomeric effect (which makes the 4-carbonyl group more electro

negative) it is, nonetheless~ the 4-oxime which is formed. 

The anomalous reactions of 2-hydroxy-l,4-naphthoqüinone 

(LI) with hydroxylamine, hydrazines and semicarbazides has been 

satisfactorily explained by the suggestion that the anion of LI 

has only the l-car~onyl group available for nucleophilic attack. 

It may also be pointed out that the inductive effect of the 2-

hydroxy group further enhances the susceptibility of the l-carbon

yl group towards nucleoppilic reactions. 

Some reagents appear to be able to "ignore" the effect 

of steric hindran~e, and to follow the logical path dictated by 

the electronic effects of the substituents: acetone~ acetic anhyd

ride and diazomethane. Thus ~ acetonyl anion and diazomethane were 

found to react solely at the l-carbonyl carbon atom of 2~6-dialk

oxy-l,4-benzoquinones and the anion of acetic anhydride reacted at 

both carbonyl positions of 2,6-dialkyl-l,4-benzoquinones (except 
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hydroxy group further enhances the susceptibility of the l-carbon

yl group towards nucleoppilic reactions. 
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the electronic effects of the substituents: acetone, acetic anhyd

ride and diazomethane. Thus, acetonyl anion and diazomethane were 

found to react solely at the l-carbonyl carbon atom of 2,6-dialk

oxy-I,4-benzoquinones and the anion of acetic anhydride reacted at 

both carbonyl positions of 2,6-dialkyl-I,4-benzoquinones (except 

-) 
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for 2~6-di-tert-butyl-l~4-benzoquinone (XLIII), which did not re

act at all in this manner) and at the l-carbonyl position of 2,6-

dimethoxy-l,4-benzoquinone. 

The factors which cause the predominance of the steric 

hindrance effect or the electronic effects, and the importance 

of the nature of the nucleophilic reagent, are not yet established, 

although it is probably of great significance that aIl the nucleo

philes which have so far been shown to react at the l-carbonyl 

group of the quinones form carbon-carbon bonds, whereas those 

which react at the 4-carbonyl position forro carbon-nitrogen bonds. 
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Result~ .and Discussion 

The base-catalyzed reaction of 2,6-disubstituted-l,4-benzoquinones 

and 2-substituted-l.4-naphthoguinones with acetone and acetylacet-

As described above, preparation of a 1:1 adduct of 2,6-

dimethoxy-l,4-benzoquinone (XVI) and acetone was reported by Aghora-

28 29 30 . murthy et al. and by Magnus sen " and thl;S product was proved 

to be l-hydroxy-l-acetonyl-2,6-dimethoxycyclohexa-2,5-diene-4-one 

31 (LXV) by Aghoramurthy and co-workers. Furthermore, it was found 

that 2,6-dibenzyloxy-l,4-benzoquinone (LXXI) underwent exactly the 

same reaction~2 These results suggested the relative unimportance 

in the COl~se of this reaction of the steric hindrance of the 1-

carbonyl group by the substituents at the 2- and 6-positions. Also, 

it was noted by certain of these authors that other simple ~quin-

ones do not give this type of compound, the reactions resulting eith-

er in recovery of starting material, or in formation of a polymerie 

product. 

In connection with the study of factors affecting the at-

tack of nucleophilic reagents at the 1- and 4-carbons of R-quinones, 

it seemed of interest to try tQ prepare the acetonyl adducts of R-

quinones with different substituents at positions adjacent to one of 

the carbonyl groups. Accordingly, a series of reactions was per-

formed, with a singular lack of positive results in most cases. 

First, the known addition product (LXV) of the reaction 

of XVI and acetone was prepared by the method of Aghoramurthy et 

28 al., i.e., by refluxing a solution of the quinone in acetone, in 

·'l· 
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the presence o~ anhydrous potassium carbonate. The melting point 

and in~rared spectrum o~ the puri~ied product were in accord with 

published results. Although the compound was sparingly soluble 

in most organic solvents, and rather unstable in water (tending 

to revert to the starting qui none and acetone), a p.m.r. spectrum 

o~ the compound in deuterochloro~orm was obtained, although th~ 

concentration was too low to allow ~or integration o~ the peaks. 

The spectrum consisted o~ peaks at $5.50 (dueto the ring protons), 

03.81 (methoxyl protons), &3.07 (methylene protons) and b2.20 

(acetYl protons). There was no peak attribut able to the hydroxyl 

proton. 

The mass spectrum o~ the compound exhibited a molecular 

ion peak at mie 226. A partial suggested fragmentation pattern 

is shown in Figure 1. Neither the p.m.r. spectrum nor the mass 

spectrum o~ this compound have been previously reported. 

Un~ortunately, these reaction conditions were not suit

able ~or preparing the acetone-addition products o~ other ~-quin

ones. Reaction o~ 2,6-dichloro-l,4-benzoquinone (XLVII), ~or 

example (chosen because o~ the similarity o~ theelectronic proper

ties o~ chloro and methoxy substituents), resulted in essentially 

100% recovery o~ starting material. Similarly, 2-hydroxy-l,4-

naphthoquinone (LI), 2-methoxy-l,4-naphthoquinone (LIX) and 2-

amino-l,4-naphth9quinone (LVIII) gave only starting material, as 

con~irmed by the in~rared spectra o~ the products, although in 

most cases the reaction mixtures did become much darker in colour-
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(especially when they were refluxed for longer periods of time). 

One likely explanation for this behaviour is the probability that 

these are equilibrium reactions, with the position of equilibrium 

far to the side of starting material. The ~orward reaction gives 

an inherently unstable product (the acetonyl compound), which re-

verts quickly to quinone and acetone. In other words, the rate of 

the forward reaction is considerably less than that of the reverse 

reaction. 

0 HO 
Cl Cl Cl 

K2CO), acetone 
~ 

<: 

0 0 

XI.,VD: 

Therefore it appears possible that the required product 

was formed in at least some of the above reactions but, except 

for the ~ddition product of XVI itself, the resulting compound 

decomposed either during the course of the reaction or during 

work-up, giving back only the starting quinones with, perhaps, 

very small amounts of unknown impuri t ies • 

When 2,6-dichloro-l,4-benzoquinone was reacted for 18 

hours, a brown, gummy solid was obtained. The infrared spectrum 

of this material dissolved in chloroform included p~aks around 

3440 and 1710 cm-l (corresponding to hydroxyl and aliphatic car-

bonyl group stretching, respectively), which would be expected 

of the required addition compound. The product. however. could 

\ 
1 
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not be crystallized, or even dried completely. It was finally 

concluded that this was some kind of polymerie material, but its 

exact nature has not been established. 

This series of reactions was then repeated, with the 

modification that, instead of an excess of a.cetone, ,only slight-

ly more than one molar equivalent was present, and dioxane was 

used as the solvent. The mixtures were stirred at 700 for one 

hour, rather than being refluxed for several hours, in order to 

pre vent excessive 1055 of the acetone by evapouration. 

From the reaction of 2,6-dichloro-l,4-benzoquinone a 

yellowish-brown wet solid and à brown, very viscous liquid were 

obtained. The infrared spectrum of the former dissolved in chloro-

4 -1 form included strong peaks, as before, around 3 50 and 1720 cm 

The product, being completely soluble in aIl organic solvents 

tried, was crystallized from dioxane-water solution, but only 

starting material was isolated. Although it is quite possible 

that the required addition product was formed, and then decomposed, 

another explanation for the presence of the two abovementioned 

peaks in the infrared spectrum May be postulated. Acetone does 

not self-condense in the presence of a base which is soluble in 

it (since the reverse reaction, whose rate is greater than that 

of the forward reaction, is also catalyzed by the readily avail

able base). Using a base which is insoluble in acetone, however', 

it is possible to prepare the self-condensation product, because 

this product may then move away from the site of catalysis, thus 

inhibitingche reverse reaction. 
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il /CH3 
_h=e...;;t...;;e;,:;r...;;O;.!igi!,;e:;;:n:.:,.e:.:,.o:.:,.u=s_-'!oo'!> C C-OH 

base / '\.. / "'-
3HC C CH3 H

2 

CXIlI 

(Jù.though the same series of events must~ of course, occur with 

the addition product of the quinone and acetone~ it seems likely 

that this addition product would be considerably less stable than 

5-hydroxy-~-hexan-2-one (CXIII)~ the self-condensation product df 

acetone~ and so basic eatalysis of the reverse reaction would not 

be as necessary.) If CXIII, which is very likely formed during 

the course of the reaction, is not easily removed from the quin-

one, or quinone:quinone-adduet equilibrium mixture, it would ac-

count for the presence of the two peaks in the infrared spectrum 

of the chloroform solution of the product, since the srume groups 

would be present. Since nothing but starting material was isolat-

ed after the attempted recrystallization of the product, it would 

appear to be quite reasonable that this postulàte is valid. (It 

was, unfortunately, impossible to purifY the product by chroma-

tography, since acetone-addition compounds of this type are known 

to be unstable when passed through a chromatographie column.) 

The COIJ'1!,ounds 2-hydroxy-, 2-methoxy- and 2-amino-l, 4-

naphthoquinone were also reacted under the modified conditions. 

The first gave a reddish-brown wet preeipitate whieh, when re-

erystallized, gave only starting material. The second and third 

also yielded only starting material. AlI three reaetions were 
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accompanied by immediate changes in the colours o~ the solutions 

as acetone was added, perhaps indicating that a 1:1 complex of 

the various quinones and acetone can ~orm even withoutthe pres-

ence o~ base: the heterogeneous potassium carbonate could not 

possibly have cata1yzed the complete reaction o~ the quinones in 

such short periods o~ time. An attempt was also made to prepare 

the oxime o~ the addition product LXV o~ 2,6~dimethoxy-1,4-benzo-

quinone, but on1y a brown, viscous 1iquid was obtained. 

A1though the use o~ methyl ethy1 ketone in place o~ 

acetone has been reported in the literature~8 no other ketones 

appear to have been tried in this reaction. It seemed o~ inter-

est, there~ore, to attempt the reaction o~ the quinones with acet-

ylacetone (2,4-pentadione). In acetylacetone there are two pos-

sib1e sets o~ acidic protons: those at the 1- and 5-carbons, and 

those at the 3-carbon. Although the protons at the 3-carbon are 

o 0 

base Il Il 
C C 

/\/\ 
F,C C - CH3 J H 

A B 

~ to both carbonyl groups, and are there~ore more acidic than the 

1- and 5-protons, the anion ~ormed (B) May be more serious1y ster-

ical1y hindered trom attacking at the 1-carbonyl carbon atom o~ 

2- or 2,6-substituted quinones. The anion (A), on the other hand, 

should be no di~~erent ~rom the acetonyl anion itself in nucleo-

philic attack at the 1-carbony1 group of the quinone. 
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Accordingly~ various quinones were dissolved in acetyl

acetone~ anhydrous potassium carbonate was àdded~ and the suspen

sions were refluxed for about six hours. When 2~6-dimethoxy-l,4-

benzoquinone (XVI) was treated in this manner, the product was a 

dark brown, viscous oil which could not be dried or crystallized. 

The infrared spectrum of the product dissolved in chloroform was 

of no help in identification. Similarly 2~6-dichloro-l,4-benzo

quinone and 2-methoxy-l~4-naphthoquinone yi~lded only unidentifi

able brown syrup, which gave only dark brown gums after attempts 

at crystallization. 

These reactions were performed a second time~ as in the 

acetone reactions~ by using only equimolar amounts of acetylacet

one in dioxane in order to decrease the likelihood of self-conden

sation of the acetylacetone itself. Again~ however~ only brown, 

viscous oils or liquids were obtained. 

It appears, therefore, that except for 2,6-dimethoxy-

1,4-benzoquinone, reaction of acetone with the quinones examined 

either does not occur at all, or else results in the formation of 

addition products so unstable that they decompose during work-up 

or isolation, giving back only starting material. The infrared 

absorption peaks corresponding to hydroxyl and aliphatic carbonyl 

group stretching, which were sometimes observed, have been attrib

uted to the presence of either some polymerie product, or the self

condensation product of acetone, which is presumahly quite stable 

under the reaction conditions used. One last possibility, of 

co~se, involves the further reaction of the acetone self-conden-
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sation product with additional acetone, eventually leading to a 

polymer as well. 

Reactions of the quinones with acetylacetone (with or 

without d:oxane as solvent) gave only unidentifiable, apparently 

pOlymerie products •. 

The reaction of 2,6-disubstituted-l.4-benzoauinones and 2-substi

tuted-l.4-naphthoguinones with the Grignard reagent. methylmag-

nesium. chloride 

The study of the reaction of various substituted ~-quin-

ones with a Grignard reagent was undertaken for several reasons. 

First, it was reasonable to expect that, unlike the addition prod-

ucts of these quinones and acetone. the products of the reaction 

of the quinones with an alkyl Grignard reagent would be stable 

compounds. Second, determination of the position of nucleophilic 

attack would be particularly interesting since, by analogy with 

the other nucleophiles which form carbon-carbon bonds only at the 

l-carbonyl groups of ~~4-quinones, one would expect to obtain the 

l-hydroxy-l-methyl deri vati ves. On the other hand, the presently 

accepted mechanism for the reaction of Grignards with carbonyl 

groups is the following: 45 

2RMgX ~R2Mg·MgX2 

R R 
1 ~,,/ 

-C-R -0 Mg 

~J C~ -----.::;,"") 1 
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ether 

l slow R-Mg -x ---_) 
r 

ether 

C ether 
/1 l 
0---·· Mg-:X 

1 
R 

l fs.st 

1 ~'" /x I/R 
-C Mg-C 

Il, 1""'1 ~ 1 + MgX2 

o,~, 9 0"" 
'Mg Mg 

1 1 
R R 

Since the first step in either case involves coordination of the 

carbonyl oxygen with the magnesium (displacing one molecule of 

ether, according to the second mechanism), it seems logical to 

postulate that this reaction would occur at the more electronega-

tive carbonyl group of the quinones, i.e., the 4-carbonyl group. 

Finally, the reactions of ~benzoquinones and ~-naphtho-

quinones with equimolar amounts of Grignard reagent had never been 

reported in the literature: indeed, the methyl-addition products 

of these quinones (see later) were unknown. Kharasch and Rein

muth46 wrote that "with a few exceptions the quinones react with 

Grignard reagents to give only small percentage yiélds of readily 

isolatable and identifiable products. In most cases the major 

portion of the reaction" product consists of a refracto,ry oil or 

tar, or both~ Most of the exceptions mentioned wére quinones 

with three or more fUsed rings. 

" .. 
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The Grignard reagent which we chose to use in' these re-

actions was methylmagnesium chloride. A solution of this compound 

in tetrahydrofuran (THF) is commerèially available ~ requiring only 

confirmation of the concentration of the reagent by titration be-

fore use. (Because of the method of reaction used~ it was neces-

sary to have a previously prepared solution of the Grignard re-

agent: formation of the Grignard in situ was not possible.) 

Furthermore~ because metpyl is the sma1lest of the a1ky1 groups~ 

the steric hindrance of reaction at the 1-carbonyl position of the 

quinone was minimized as much as possible~ to a1low reaction of 

the Grignard at this position if it were the preferred position of 

reaction of alky1 Grignards in general. 

The first quinone reacted with methy1magnesium ch10ride 

was 2~6-dimethoxy-1~4-benzoquinone (XVI). Rather than fo11owing 

the "normal" method of reaction with Grignards (which involves the 

addition of a solution of the compound t6 an etheric solution of 

an excess of the Grignard)~ we reversed the procedure by adding to 

a solution of the quinone in anhydrous benzene (it was insoluble 

in ethyl ether and THF) a slight1y less than equiva1ent amount of 

methylmagnesium chloride in THF~ in order to protect the ~uinone 

from an excess of the Grignard reagent at a11 times. After work-

up~ a pale yel1ow~ crysta1lize materia1 was obtained. The infra-

red spectrum of this p~oduct differed from that of XVI in that it 

included peaks at about 3270 cm-1 and at l370 cm-l (ter+:.iary hyd

rOxY1 group) and at l470 cm-l, and it no longer exhibited a peak 

-l 6 -1 at about l700 cm (a1though the peak at 1 50 cm was still 
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present) . -1 This peak at 1700 cm ~ which was included in the spec-

trum of XVI ~ but absent from that of the methyl-addition product, 

is obviously due to one of the two carbonyl groups of XVI. Since 

this same peak was missing from the spectrum of the known 2,6-di

methoxy-l,4-benzoquinone-4-oxime (XVII) (and the peak at 1650 cm-l 

was again present)~ it seems logica1 to postulate, at least~ that 

it was the 4-methyl compound which had been formed, i.e., 4-hyd-

roxy-4-methyl-2,6-dimethoxycyclohexa-2,5-diene-l-one (CXIV). 

0 0 

CH:}O oc~ CH:}O OCR:} CH:3 
CRJ Cl./THF 

benzene 
., or 

R. T. 

0 0 

XV! CXIV CXV 

The p.m.r. spectrum of the compound (in deuterochloro-

forro solution) consisted of three singlets at $5.50 (2H), 03.85 

(6R) and Sl.68 (3H), corresponding to the two ring protons, the 

six methoxyl protons and the three methyl protons, respectively. 

There was also a small, broad band centred around 83.5 (lH), cor 

responding to the hydroxyl proton~ This last band disappeared 

when deuterium oxide was added to the deuterochloroform solution. 

This spectrum is significant in two ways: first, it eliminates 

the possibility that the Grignard reagent added 1,4 to the quin-

one (which would have given a product with either of the follow-

ing structures: 

•• "#;' 

. , 

H:} 
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OH 
C~O 

0 

C~O OO~ OCRJ 

C~ HJC ) or 

OH 

Md second, the shift in the position of the peak due to the quin-

one ring protons, from 85.93 (in the spectrum of the parent com-

pound, XVI) to 85.50, would appear to indicate that the environ-

ment of these two protons has changed, probably because the 4-car-

bonyl group has become a 4-hydroxy-4-methyl system (which would, 

indeed, be expected to shift the peak position to higher field). 

Since the six carbon atoms of the ring are planar in the product 

(the 1- or 4- carbon is kept in this plane by the rigid system of 

the two double bonds conjugated with the remaining carbonyl group), 

the molecule is still symmetric around the C-l : c-4 axis, and the 

two ring protons are still in equivalent environments, and togeth-

er exhibit one singlet in the p.m.r. spectrum of this product. 

The mass spectrum of the compound exhibited a molecular 

ion peak at mie 184. The rest of the spectrum was very similar to 

that of LXV, with peaks at mie's 169, 154, 141, 137 and so on, but 

also included peaks at mie's 153, 125, 124 and others, which were 

not present in the spectrum of the other compound. A partial sug-

gested fragmentation pattern is shown in figure 2. 

To confirm the proposed structure (CXIV) of the product, 

several attempts were made to reduce the remaining carbonyl group 

to give the hydroxyl compound, and cause the reduced product to 
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lose a molecule of water~ which would yield a dimethoxy-~-cresol: 

o 

cnv 

OCH:3 

(H] 

OH 

CXVI 

If the product of this reduction were the known 2,6-dimethoxy-~

cresol (CXVII) (which may easily be prepared by reducing commer-

cially-available syringaldehyde (CXVIII))~ then the original ad-

dition product must have been CXIV. 

OH 

oc~ 
_-:oZ=nc;;..(Hg~) __ ~) CXVII 

Hel 

CXVIII 

If~ however~ the two cresols were not identical~ then the origin-

al addition compound must have been CXV. 

Great difficulty was encountered in reducing the com-

pound~ quite possibly because of the steric hindrance of the two 

methoxy groups, assuming that it was the l-carbonyl which had to 

be reduced. Finally~ however~ from one reduction with sodium 

borohydride~ approximately 57 mg. of CXVI (or its isomer) was ob-

tained~ as identified by its p.m.r. spectrum. Surprisingly, this 

compound did not spontaneously lose water~ and thus far attempts 

to cause dehydration have failed. 
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Compound CXVI, itself (or itsstructural isomer), is quite 

interesting in its own right. It appears to èe most stable in the 

boat form, and there are two possible pairs of non-interchangeable 

isomers: 

HO 

Both boat forms of each isomer may exist, and rapid interconver

sion of conformations seems likely. This means that all the pro

tons exist in different environments in the two isomers (because 

of the loss of symmetry of the molecule) and that, therefore,each 

type of proton should give rise to two singlets, rather than one, 

in the p.m.r. spectrum of the product (which is, in fact, a mix

ture of the two different isomeric compounds). The actual spec

trum (in acetone-d6 : D20) consists of a broad signal (unresolved 

doublet) around 65.7, a doublet around S4.o, a doublet around 

~3.6 and another doublet around Sl.3, corresponding to the 3,5-

ring protons, the l-ring proton, the methoxy protons and the methyl 

protons, respectively. (No signals arising from the hydroxyl pro

tons wOllld be expected, because of exchange wi th the D20, and none 

are seen.) 

Additional work is required to prepare one of the two 

possible dimethoxy-~-cresols. In the meantime, however, one may 

postulate that the product of the reaction of XVI with methylmag-

'.,,' 

- 1 
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nesium chloride is the compound eXIV, from the infrared and p.m.r. 

spectral studies. 

When 2-methoxy-l,4-naphthoquinone (LIX) was reacted with 

methylmagnesium chloride under the conditions described, a product 

was obtained, whose infrared spectrum differed from that of the 

parent compound in that i t had additional peaks at 3400 and 1360 

cm-l (tertiary hydroxyl group) and at 1415 cm-l (methyl group). 

~ in the spectrum of the previous reaction product, the carbonyl 

peak at higher frequency (at about 1680 cm-1 ) disappeared, allow-

ing a prediction to be made that the Grignard reagent reacted at 

the 4-carbonyl group of this quinone as weIl. The p.m.r. spectrum 

(in deuterochloroform) consisted of a multiplet in the range 88.2-

~7 • 6 (corresponding to the protons on the "B" ring), a singlet at 

~5.7 (corresponding to the proton"on the "A" ring, which had 

shifted from 86.2 in the spectrum of the parent compound), a broad 

peak around b4.4 (hydroxyl proton) and a singlet at 81.7 (methyl 

protons) . 
o 

o 
LIX 

benzene 
R. T. 

o 

or 

exx 0 

- -1 
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Again, the simplicity of the spectrum precludes the possibility 

that addition had occurred 1,4 to the quinone, and the shift in 

the position of the "A" ring proton appears to indicate that its 

environment has changed in the same way as in the reaction prod-

uct of XVI (loss of the effect of the adjacent carbony1 group 

upon reduction). Therefore the spectral data again point to the 

formation of CXIX rather than CXX in this reaction. Unfortunate-

ly, no integration of the p.m.r. peaks was possible, because of 

the relative insolubility of the compound in suit able organic 

solvents. The postulated fragmentation sequence (occurring in 

the mass spectrometer) i5 shown in Figure 3. 

The reaction of 2-hydroxy-1,4-naphthoquinone (LI) with 

methylmagnesium chloride was successfu11y accompli shed only after 

two or three pre1iminary attempts had fai1ed. In order to obtain 

the desired product it was necessary to react the quinone with 

two equiva1ents of the Grignard reagent, and to reflux the mix-

ture for a while, rather than allowing it to react at room tempera-

ture. The proposed reaction sequence is: 

o 

OH 

CHJMgC1/THF 
benzene 

or 

.. ,. 
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figure J. Suggested Fragmentation Pattern of: CXIX 
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Accordingly, it is suggested that it is not 2-hydroxy-l,4-naphtho-

quinone itself vhich undergoes nucleophilic attack at one of its 

carbonyl groups, but rather, 2-0-magnesium ether-l,4-naphthoquin-

one (eXX!). This substituent increases the steric hindranc.e 

(vith respect to hydroxyl) tovards nucleophilic attack at the 1-

carbonyl, but its influence upon the electronic effects felt by 

the tvo carbonyl groups is unknown. 

The infrared spectrum of the product differed from that 

of the starting material in the "usual" manner, Le., the peak at 

1675 cm-l disappeared, vhile a nev peak at 1425 cm-l (methyl group) 

and a shoulder at about 1370 cm -1 (tertiary hydroxyl group) vere 

present. -1 The broad band centred about 3190 cm became much more 

intense. 

The p.m.r. spectrum consistld of a multiplet centred 

around S8.0, a singlet at b5.75, a broad peak around ~4.67 and 

a singlet at ~l. 57, corresponding to the protons on the "B" ring, 

the one proton on the "A" ring, the hydroxyl protons and the meth-

yl protons, respectively. As before, the "A" ring proton signal 

vas shifted upfield, although not to the same extent as in the 

previous examples; and the solution vas too dilute to permit in-

tegration of the peaks. The tentative conclusion vhich May be 

drawn from the spectral data is that the correct structure of the 

product is eXX!!. 

The mass spectrum of the product exhibited a molecular 

ion peak ~t mie 190. A~artial postulated fragmentation sequence 

is giv1en in Figure 4. 
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Various attempts were made to confirm chemically the 

proposed structures of the reaction products of 2-hydroxy- and 2-

methoxy-l,4-naphthoquinone; these have not, as yet, been fruitful. 

One such attempt involved efforts at dehydration of the reaction 

product of LI. The logic behind this was as follows: if this 

product cen be dehydrated, then the correct structure must be 

CXXII, since CXXIII is capable ottly of tautomerization: 

o 

CXXII 

o 
CXXIII 

o 

CXXIV 

OH 

Dehydration of CXXII would result in the formation of 4-methyl-

1,2-naphthoquinone (CXXIV), which is a known compound. 

For this reason the addition product was acidified, both 

with Amberlite IR-120 cationic exchange resin, and with aqueous 

hydrochloric acid; but no dehydrated product has yet been isola

ted. However, this negative result is not conclusive: other re

action conditions must still be tried before the inference may be 

drawn that i t is actually the compound CXXIII which was formed in 

-.' 

\ 
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the reaction. 

At the same time as the above reaction was being attempt-

ed, an effort was made to link together the reaction products of 

2-hydroxy- and 2-methoxy-l,4-naphthoquinone, with respect to the 

positions of methyl-addition. Both addition products were treat-

ed with methanolic hydrochloric acid, in order to form the dimeth-

oxy derivatives. The idea was that if both quinones had been 

substituted at the same carbonyl group, the products of the meth-

ylations would be identical. Even more interestingly, if the two 

quinones had been methylated at different carbonyl groups, both 

isomers of the dimethoxy derivatives would have been prepared, 

and a direct comparison between the two would be made possible. 

CXXII} 
CXIX 

CXXIII} 
CXVIII 

MeOH/HCl 

MeOH/HCl 

o 

) 

CXXY 

CXXVI 
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In particular, the effect on the "A" ring proton of the presence 

or absence of the 4-carbony1 group wou1d be immediate1y evident 

in the p.m.r. spectra of the two isomers, and a genera1 ru1e con-

cerning the shifting of this peak upon remova1 of this neighbour-

ing carbony1 group could be proposed. 

\~en the addition product of 2-methoxy-1,4-naphthoquin-

one was reacted under the abovementioned conditions, the infrared 

spectrum of the product in ch10roform solution was almost identi-

cal with that of the starting materia1, with the exce'ption that, 

-1 instead of one hydroxyl peak around 3400 cm ,there were two 

6 4 -1 ( peaks around 35 0 anl} 3 90 cm perhaps due to water). Also, 

-1 several peaks in the range 1300-1200 cm had disappeared. The 

p.m.r. spectrum of the product had changed quite considerab1y, 

however: instead of sing1ets at S5.7, 53.88 and 81.7, there were 

doublets centred around each of the aforementioned positions. 

Since the two rings of the of the product, and a11 substituents 

but those at the site of the reacted carbony1 group, are in the 

saIlle plane, one wou1d expect that the "A" ring proton and the 2-

methoxy1 protons would be in the SaIlle environment regard1ess of 

the orientation of the methy1 and hydroxy1 (on methoxy1) substitu-

ents and that, therefore, the pO$sibility of racemization at this 

site cou1d not exp1ain the appearance of these "doublets". Fur-

thermore, if this were actua11y the correct reason for the a~-

pearance of the doublets, then the original addition product 

would have been expected to exhibit exact1y the SaIlle phenomenon 

in its p.m.r. spectrum, siuce both orientations are presumab1y 

possible in this compound as we11. 
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CXXVa CXXVb 

When 2-hydroxy-l,4-naphthoquinone was treated with meth-

anolic hydrochloric acid, thin-layer chromatography of' the reac-

tion product showed three spots and the p.m.r. spectrum indicat-

ed the presence of' at least some starting material. The mixture 

was theref'ore separated by preparative thin-layer chromatography 

and three bands, with Rf"s of' 0.17,0.75 and 0.90 were isolated. 

The p.m.r. spectrum of' a sample of' the material in the lowest band 

indicated that it contained the remaining starting material, while 

the spectra of' samples taken f'rom the second and third bands showed 

that they did not contain this impurity. Surprisingly, the spec-

tra of' these samples were identical, and exhibited exactly the 

same peaks as that of' the product of' methylation of' the 2-methoxy-

1,4-naphthoquinone addition product (CXXV or CXXVI) , with the ex-

ception that the relative intensities of' the two peaks within each 

Il doublet" varied f'rom sample to sample. Furthermore, the p. m. r. 

spectrum of' a solution containing about equal amounts of' the prod-

.. .,,'. 
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ucts from each of the two reactions was identical to the spectra 

of' samples of either one alone, except for the relative peak in

tensities within each "doublet". Integration of the methyl and 

methoxyl doublets of aIl samples indicated that they contained 

equal numbers of protons (in other words, there was only one 

methoxyl group in each compound, if the integration was correct). 

Also, the infrared spectra of samples from the second and third 

chromatographie bands (dissolved in chloroform) were 100% identi

cal with that of the other methylated product. 

A reasonable explanation of these experimental results 

has not been found. One possibility is that both products are 

still mixtures, but thin-layer chromatography has not been able 

to separate them, if so. Although the integration of the methyl 

and methoxyl doublets indicated that they were due to equal num

bers of protons, this would tend to imply that the addition prod

uct of 2-methoxy-l,4-naphthoquinone has not reacted at all, a sug

gestion which is negated by the appearance of the doublets. It 

would appear to be necessary to methylate the addition products 

by another method, in order to accomplish the original purpose. 

The reactions of 2,6-dichloro-l,4-benzoquinone (XLVII) 

and of 2-methyl-l,4-naphthoquinone (XXVIII) with methylmagnesium 

chloride have been performed as weIl. The product of the first 

reaction was a brown, viscous oil from which no identifiable com

pounds have been isolated (presumably because of reaction of the 

Grignard reagent with the chloro-substituents on the ring), and 

',' 



- 78 -

that of the second reaction was a brown, wet solid which has not 

yet been crystallized. The infrared specrum of this product indi

cated that it was a mixture of starting material and the desired 

addition product, and the mass spectrum supported this proposal: 

there were peaks at mie 188 (due to the molecular ion of the 

suggested product), at mie 172 (due to the molecular ion of the 

starting materia.l), and at mie 173 (due to tl.e ion resulting from 

loss of methyl radical from the product - this peak was much too 

intense to be merely a (M + 1) peak) '-'of the mie 172 molecular ion· 

peak). Purification and crystallization of this product will be 

necessary to confirm that the proposed reaction has, in fact, oc

curred. 

-\ 



.~ 

- 79 -

Experimental 

All melting points are uncorrected. Infrared spectra 

were measured as the KBr pellets (except where otherwise noted) 

on a Unicam Model SP200G Grating Infrared Spectrophotometer. 

P.m.r. spectra were determined on a Varian A-60 or T-60 spectro-

meter, with tetramethylsilane as internal standard. Mass spec~ra 

were recorded on a Model MS902 mass spectrome~er (AEI). 

l-acetonyl-l-hydroxy-2.6-dimethoxycyclohexa-2.5-diene-4-one 

(LXV); Method A 

A suspension of 2,6-dimethoxy-l,4-benzoquinone (XVI) 

(5.0 g.) and anhydrous potassium carbonate (5 g.) in dry acetone 

(100 ml.) was refluxed for six hours, according to the method of 

28 Aghoramurthy et al. After approximately one hour the quinone 

went into solution. The dark brown react~on mixture was then fil-

tered, and the potassium salt was washed with hot, dry acetone. 

The combined filtrate and washings were evaporated to dryness. 

The residue consisted of 5.0 g. of yellowish-brown material (about 

75% crude yield). This was crystallized from a mixture of dry 

acetone and dry ethyl ether (60:40). Part of the residue failed 

to dissolve, and was filtered off and dried under vacuum. giving 

a yellowish-brown solid (2.9 g.) which melted at 155-57°. The 

filtrate was cooled and filtered again, yielding 1.3 g. of pale 

yellow, crystalline material (m.p. 157-8°). The infrared spectra 

of the two products were essentially identical, consisting of ma

jor peaks at 3370 cm-l (hydroxyl group stretching), 1712 and 1670 
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cm-l (side chain- and ring-carbonyl groups, respectively), 1620 

1 -1 and 1595 cm- (carbon-carbon double bond stretèhing), 1375 cm 

(tertiary hydroxyl group) and 1250 cm-l (0-CH
3 

ether linkage). 

This correlated exactly with the published spectrum of this com-

pound. The p.m.r. and mass spectra of LXV are discussed in the 

previous section, and are reproduced on P9. 15 ~nd ?6. 

Attempted preparations of the addition product of 2,6-dichloro-

1.4-benzoguinone and acetonei Methods B and C 

A sample of 2,6-dichloro-l,4-benzoquinone (XLVII) (2.5 

g.) was reacted according to Method "A", yielding 2.3 g. of brown 

material, whose infrared spectrum indicated that it was mainly 

starting material. This product was crystallized from a mixture 

of dry acetone and dry ethyl ether (50: 50 ) • A small part of the 

residue did not dissolve, and was filtered off and dried incomp-

letely. The infrared spectrum of this dark brown, slightly gummy 

material (measured in chloroform solution) was of no use in deter-

minating the structure of the product. The filtrate was cooled 

and filtered again, yielding a yellowish-brown, crystalline materi-

al: its infrared spectrum indicated that it was pure starting mat-

erial. 

A second attempt to prepare the desired product differed 

from the first o~ly in that the mixture was refluxed for eighteen 

hours (Method "B"). After work-up, a brown, gummy solid was ob-

tained. Crystallization of this material yielded a very dark 

brown solid product, whose infrared spectrum included peaks at 

.... 

--\ 
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-1 3440 and 1720 cm ,as weIl as those attributable to starting mat-

erial. No ~.m.r. s~ectrum of this material could be obtained. be-

cause of its insolubility in suitable solvents. The mass spectrum 

of the compound contained many peaks at m/e's greater than 400, 

and none at mIe 234, 236 or 238, the molecular weights of the ex-

pected ~duct - more than one molecular weight because of the 

chlorine atoms. It is therefore concluded that the product formed 

was pol~eric, and that none of the desired addition compound was 

obtained. 

A final attempt (Method "e") involved the reaction of 

2.5 g. of the quinone with 2.0 ml. of anhydrous acetone (1.64 g., 

about a 1:2 molar ratio) and 2.5 g. of anhydrous potassium carbon-

ate, in 50 ml. of dry dioxane, at 70° for one hour. The reaction 

mixture was filtered, and the potassium salt was washed with hot, 

dry dioxane. The filtrate and washings were evaporated separate-

ly. The former yielded a yellowish-brown, somewhat wet solid res-

idue, and the latter, an unidentifiable brown syrup. The infrared 

s~ectrum of the yellowish-brown material (dissolved in chloroform) 

-1 included ~eaks at about 3450 and 1730 cm ,as well as those at-

tributable to starting material. The product was dissolved in di-

oxane and water was added to the solution, which was then cooled. 

Yellowish-green crystals se~arated out, and these were filtered 

off. The infrared spectrum of this crystalline material was iden-

tical with that of the starting material. The mother liquor was 

eva~orated, leaving a brown, gummy solid residue which could not 

be identified. 

" 



• t .. ~ 

- 82 -

Attempted preparation of the addition product of 2-hydroxy-l,4-

naphthoquinone and acetone 

Reaction of 2-hydroxy-l,4-naphthoquinone (LI) with acet

one according to Method "A" yielded a brown, solid residue, whose 

infrared spectrum showed that it was only slightly impure starting 

material. Similarly, reaction of LI with slightly more than an 

equivalent amount of acetone (according to Method "C") gave only 

starting material. 

2-Methoxy-l.4-naphthoguinone (LIX) 

A solution of 2-hydroxy-l,4-naphthoquinone (LI) (20.0 

g.) and concentrated hydrochloric acid (10 ml.) in 500 ml. of an

hydrous Methanol was refluxed for six hours. When the solution 

was cooled, a light-brown, crystalline material separated out. 

This was filtered off, washed with cold Methanol and dried under 

vacuum, yielding 19.2 g. (approximately 88% yield) of product. 

The filtrate was evaporated, leaving a small amount of a dark 

brown, viscous liquid, whi~h was discarded. The infrared spectrum 

of the crystalline product contained major peaks at 1670 and 1650 

cm- l (attributable to the two carbonyl groups of a 1.4-quinone). 

various peaks in the range 1600-1575 cm-l (carbon-carbon double 

bond stretching), a peak at 1445 cm-l (methoxyl group carbon-hyd

rogen bending) and a strong peak at 1245 cm-l (methoxyl O-C ether 

linkage), among others. The latter two peaks were not present in 

the spectrum of LI. The p.m.r. spectrum (deuterochloroform) con

tained a multiplet centred around 07.9 (4H), a singlet at S6.2 
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(lH) and a singlet at 83.92 (3H). These chemical shifts are con

sistent with the expected product. The melting point of the prod

uct was 180-2° (literature value 181-3°), and it was used without 

further purification. 

Attempted preparation of the addition product of 2-methoxy-l,4-

naphthoguinone and acetone 

Reaction of 2-methoxy-l,4-naphthoquinone (LIX) with acet

one was attempted using Method "A", Method "B" and Method "C". On-

1y slightly impure starting material was recovered from each re

action mixture. 

A"ttempted preparation of' the addition product of' 2-amino-l,4-na'Ph

thoquinone and acetone 

Reaction of' 2-amino-l,4-naphthoquinone (LVIII) with acet

one was attempted using both Method "A" and Method "C", but only 

starting material was recovered. 

Attempted preparation of' the addition products of' various 1,4-

quinones and acety~acetone 

There were two general procedures followed (more or ~ess 

equivalent to Method "A" amd Method "c" above). The f'irst con

sisted of' refluxing a suspension of' 2.0 g. of' the quinone and 2 g. 

of' anhydrous potassium carbonate in dry (redistille~ acetylacetone 

(50 ml.). This gave, in al1 cases, dark brown mixtures, which 

were f'iltered. The potassium salts were washed with several por

tions of' hot, dry acetylacetone, and the combined f'iltrates and 
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washings vere evaporated incompletely. The p~oducts vere dark 

brown, viscous liquids (or vet solids) in all cases, from which 

no identifiable material could be isolated. The quinones treated 

in this manner vere 2,6-dimetho~y-l,h-benzoquinone, 2,6-dichloro-

1,4-benzoquinone and 2-methoxy-l,4-naphthoquinone. 

The second procedure consisted of reactiong a mixture of 

2.5 g. of the quinone, 2.5 g. of anhydrous potassium carbonate and 

1.9 ml. (1.85 g., about 1:1.25 molar ratio) of acetylacetone in 50 

ml. of anhydrous dioxane at 80° for 2.5 hours. The quinones 

treated vere 2,6-dimethoxy-l,4-benzoquinone and 2~6-dichloro-l,4-

benzoquinone. Both gave dark brown mixtures, vhich were filtered. 

The potassium salts were washed vith several portions of hot, dry 

dioxane, and the combined filtratea and washings were evaporated 

incompletely. Again, the products were dark brovo, viscous li

quids or vet solids, and unidentifiable. 

Determination of the concentration of a solution of methylmagnes

ium chloride in tetrahydrofuran (THF) 

A solution of methylmagnesium chloride in THF (0.5 ml.) 

vas added to 5 ml. o~ distilled vater, in order to hydrolyze the 

Grignard reagent to Mg(OH)Cl, and the mixture vas heated for sever

al minutes to assure complete hydrolysis. Sulphuric acid (8.0 ml., 

0.244N) and three drops of phenolphthalein were added to the mix

ture, vhich vas then titrated to the endpoint with sodium hydrox

ide (0.242N). In two runa, 1.65 and 1.76 ml. of base were required. 

The concentration of the solution w&.·~ calculated to be 3.1M. 

"Il' 
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The methrl-addition product of 2,6-dimetho;y-l,4-benzoguinone and 

methylmagnesium chloride 

To a solution of 2,6-dimethoxy-l,4-benzoquinone (XVI) 

(3.4 g.) in anhydrous benzene (25 ml.) was slowly added a solution 

of methylmagnesium chloride (3.1 mOles/litre) in THF (6.5 ml.). 

During the addition of the Grignard reagent, which was accomplished 

over a period of 2.5 hours, the colour of the solution changed from 

yellow to green. The mixture was stirred at room temperature for 

another 2.5 hours, and was then poured into a solution of aqueous 

sulphuric acid (O.25N, 20 ml.). After dilution with a further 50 

ml. of water and neutralization with base. the aqueous solution 

was extracted with chloroform (3 x 100 ml.), and the combined ex-

tracts were dried over anhydrous magnesium sulphate, filtered and 

evaporated, leaving a wet, yellow, crystalline material. This was 

extracted with a small amount of acetone: part of the residue 

failed to dissolve, and vas filtered off and dried. It was found 

to be pure starting material, from its infrared spectrum. The 

filtrate was evaporated and washed with carbon tetrachloride. The 

dried residue was a pale yellow, crystalline material, with a 

melting point of 147-8°. The infrared, p.m.r. an~ mass spectra 

of this compound indicated that it was the desired methyl-addition 

compound, with the structure CXIV or CXV. The yield of the pure 

product was 0.70 g., or about 20%. A further small yield of im-

pure product vas obtained by acidifying the original aqueous la-

yer and extracting again with chloroform. 
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Reduction of the carbonyl group of the methyl-addition product 

of XVI 

After several abortive attempts to reduce the addition 

product CXIV (or CXV) with sodium borohydride or lithium aluminunl 

hydride (the unidentifiable products were probably mixtures of 

reduction products in some cases, because of the susceptibility 

toward reduction of double bonds conjugated with carbonyl groups, 

and recovered starting material in other cases), a successful 

method of reduction of the compound was found. One hundred mil

ligrams of the addition compound was dissolved in 20 ml. of 70% 

aqueous ethanol, and the solution was stirred at room temperature 

while a solution of 150 mg. of sodium borohydride in 70% aqueous 

ethanol (15 ml.) was added dropwise. The mixture was stirred for 

twenty-~our hours, ~nd then the excess of sodium borohydridewas 

destroyed by adding Amberlite IR-120 cationic exchange resin. 

After filtration, the solution was evaporated, methanol was added, 

and the methanclic solution was evaporated again. This'I.addition 

and evaporation was repeated several times, in order to remove aIl 

the remaining borates as the low-boiling B(OCH
3
)3' The residue 

was a yellow oil (57 mg.), and its p.m.r. spectrum showed that it 

was a mixture of the two isomers of the desired reduced compound. 

This compound did not spontaneously lose water to give the cor

responding dimethoxy-~cresol: in fact, even treatment of the 

compound with moderately strong (O.5N) aqueous hydrochloric acid 

failed to give the cresol. 
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The methyl-addition product of 2-meth0xY-l,4-naphthoguihoue and 

methylmagnesium chloride 

To a somution of 2-methoxy-l,4-naphthoquinone (LIX) 

(3.0 g.) in anhydrous benzene (50 ml.) at room temperature was 

slowly added a solution of methylmagnesium chloride (3.1 moles/ 

litre) in THF (5.1 ml.). During the addition of the Grignard re

agent, which was accomplished over a period of one hour, the col

our of the solution changed from brown to very dark green. The 

mixture was stirred n.t room temperature for a further eight hours, 

and then added to 25 ml. of aquèbus hy~ochloric acid (lN). After 

dilution with another 25 ml. of distilled water, the mixture was 

extracted with chloroform. (3 x 75 ml.), and the combined organic 

layers were dried over anhydrous magnesium sulphate, filtered and 

evaporated, leaving a sJ.ightly gummy reddish-brown precipitate. 

This was recrystallized from ethanol: part did not dissolve, and 

was filtered off. The infrared spectrum of this compound showed 

that it was unreacted starting material. The filtrate was cooled, 

causing more reddish-brown crystalline material to separate out. 

This was filtered and dried, and again found to be starting materi

al. The mother liquor was then evaporated, and the infrared 

spectrum of the residue (measured in chloroform solution) indicat

ed that it contained some of the desired product. Therefore the 

residue was dissolved in chloroform, and petroleum ether was ad

ded to the solution, which caused a. brown, powdery material and a 

reddish-brown, gummy material to separate out. The brown salid 
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was filtered off (the gummy material remaining attaehed to the 

wall of the flask) al"d dried. 9 gi ving 0.40 g. of produet (about 

13% yield) with a melting point of 141-3°. The infrared~ p.m.r. 

and mass speetra aIl indieated that this was the desired produet. 

The gummy material ~ presumably polymerie, was not identifiable by 

its infrared spectrum (measured in chloroform solution). 

Methylation of the methyl-addition product of LIX 

One hundred milligrams of the methyl-addition product 

of LIX was dissolved in 25 ml. of anhydrous methanol, and hydro

gen ehloride gas was bubbled thro~gh until one gram had been ab

sorbed. The solution was stirred (in a closed flask) for eighteen 

hours ~ and then neutralized with sodium carbonate. The mixture 

was filtered~ evaporated, extracted with acetone (in which sodium 

carbonate is not SOluble), filtered and evaporated again, leaving 

a residue of brown oil, the p.m.r. speetrum of whieh has been re

ported above. 

The methyl-addition product of 2-hydr0xY-l,4-naphthoquinone and 

methylmagnesium ehloride 

After several previous attempts to prepare the methyl

addition product of 2-hydroxy-l,4-naphthoquinone (LI) had failed, 

the following procedure was used suecessfU11y to obtain the de

sired product: 3.0 g. of LI was dissolved in 50 ml. of anhydrous 

benzene, and the solution was stirred vigourously while Il.1 ml. 

of methylmagnesium ehloride solution (slightly less than twiee 
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the molar amount of LI present in the solution) was added dr0:9-

wise. The mixture was refluxed (instead of being stirred at room 

temperature, as in the previous attempts) for fifteen hours, and 

then added to 50 ml. of distilléd water containing 4 ml. of con-

centrated hydrochloric acid. This was extracted with chloroform 

(3 x 100 ml.), and the combined organic layers were dried over 

Magnesium sulphate, filtered and evaporated, leaving a dark brown, 

wet solid residue. On addition of chloroform, part of this resi-

due did not dissolve, and was filtered off. This gave a beige 

powder, which was dried under vacuum (0.97 g., approximately 30% 

yield). The infrared~ p.m.r. and mass spectra, described above, 

indicated that this was the desired methyl-addition product. 

Evaporation of the chloroform from the filtrate left a brown, 

slightly wet sOlid, of undetermined composition. The melting 

point of a small recrystallized sample of the methy1-addition 

product was 145.1-145.5° •. 

Attempted dehydration of the methyl-addition product of LI 

The methyl-addition product of LI (250 mg.) was dissol-

ved in 15 ml. of ethyl acetate, and Amberlite IR-120 cationic ex

change resin (which had been equi1ibrated in ethy1 acetate) was 

added to the solution. The mixture was ref1uxpd for thirty-six 

hours, filtered and evaporated, leaving 230 mg. of a beige solid, 

which was slightly il'.pure starting material, as judged from its 

infrared spectrum. When the reaction was repeated, using 1 ml. 

of concentrated hydrochloric acid instead of the resin, a ye11ow-
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brown liquid remained after neutralization with sodium carbonate, 

filtration and evaporation. The infrared spectrum of this liquid 

(measured in chloroform solution) was not helpfUl in identifying 

the product (which mtJ:y be pOlymerie), but i t ruled out the pos

sibility of the formation of the desired 4-methyl-i,2-naphthoquin

one ( CXXIV) • 

Methylation of the methyl-addition product of LI 

In 25 ml. of anhydrous methanol, 150 mg. of the methyl

addition product of LI was dissolved, and IR-120 resin (which had 

been equilibrated in methanol) was added. The mixture was stirred 

at room temperature for twenty-one hours, and the reaction was 

followed by thin-layer chromatography, using chloroform-methanol 

(15:2) as developer. The Rf value of the starting material was 

o • 2 and, to some extent, this spo'b remained as the react ion con

tinued, while two new spots gradually appeared at Rf' s 0.75 and 

0.9. The reaction mixture was separated by preparative thin-layer 

chromatography on Kodak "Chromagram" coated sheets. Extraction of 

the samples from the sheets was accomplished by washing the bands 

in chloroform, and evaporating the solvent, leaving brown liquids 

in all cases. The p.m.r. and infrared spectra of the three sam

pIes are reported in the previous section. 

"',' 
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The methyl-addition product of 2-methyl-l,4-naphthoguinone and 

methy]~gnesium chloride 

To a solution of 2-methyl-l,4-naphthoquinone (XXXI) 

(3.0 g.) in anhydrous ethyl ether (60 ml.) was added dropwise, 

with vi gourous stirring, a solution of methylmagnesium chloride 

(3.1 moles/litre) in THF (5.6 ml.). The solution turned orange, 

and then red, as the Grignard solution was added. The mixture 

was refluxed for six hours, and then added to 50 ml. of distil

led water containing 2 ml. of concentrated hydrochloric acid. 

The solution was then extracted with chloroform (3 x 100 ml.), 

and the combined organic layers were dried over anhydrous magnesi

um sulphate, filtered and evaporated, leaving 3.3 g. of dark brown, 

wet sOlid, which has resisted all attempts at crystallization. 

However, the infrared and mass spectra of the product indicate 

that it is a mixture of the desired product and starting material. 
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SPECTRA 

IR spectrum no. 1 (C8C13)' Product of the reactl.on of 2,6-dichlo
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IR spectrum. no. 2 (CHC13)' Product of the reaction ot 2,6-d1me
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IR spect.rum no. 4 (Iœr) 1 Met.hy'l-addi t.ion product. (CXIX or CU) 
of 2-met.ho~-1,4-napht.hoqu1none (LXX). 
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IR spect.rum no. 6 (CHClj) 1 Product. of' t.he react.ion of 2-met.hyl-
1,4-naphthoquinone (XXVIII) with methylmagnesium chloride. 

4000 3000 2000 1800 1400 1200 1000 1800 625 
crtJ.-

".,t. 

- -1 



-~ .-
Q) 

i 
~ 
11 
i 
l= 

100 

80 

60 

40 

20 

-94-

:IR spectrum no. ? (CRCl:-~)1 Product of the react'ion of CXIX or 
CXX with methanoll.c.hydroc~or:1.c acid. 
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P.m.r. spectrum no. 2 (C0013) 1 1-B$dro~r-1-aceto~l.-2,6-d1metho:xt_ 
cyc1ohe~2,5-diene_4-one (LXV). 
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P.m.r. spectrum no. 4 (CDC13 ). Methyl-add1t~on product (CXIX or 
CXX) of 2-methOJC;Y-1,40.naphtl'ioqlÔ.none (LIX). 
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P.m.r. Si)ctrum no. 5 (acetone-<i6h Met~l-adcH.t~on product (CXXII 
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P.m.r. spectrum no. 6 (00013)1 Produot of the reaction of OXIX or 
on with methanolic hydrochlonc acid. 
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Mass spectljm noo 1 a 1-~JCY'-1-acetonyl-2i6-dimetho:xycycl.o... 
hexa-2,5-diene-4-one (LXV). 
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Mass spectrum no. 41 Methyl-addition product (CXXII or CXXIn:) 
or 2-hydrox;y.1,4-naphthoquinone (LI). 
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Mass spectrum no. 5. Product or the. reaction or 2-methyl-
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