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Abstract-The reaction of anthracene-9,10-carboaldehyde with various Grignard
reagents under ambient conditions gave 9,10-bis(1-hydroxyalkyl)anthracene-9,10-
peroxides and 9,10-anthraquinone as the first example. The endoperoxidation of
9,10-bis(1-hydroxyalkyl)anthracenes was assisted by the lone paired electron of
oxygen in the side chain, and the endoperoxides were transformed to

anthraquinone by the Grignard reagents.

INTRODUCTION

The endoperoxidation of anthracene and its derivatives by molecular oxygen (‘O,) has been widely and
actively investigated from the viewpoint of their utility as synthetic substrates and photosensitizers." *
The endoperoxides rearranged to various types of compounds under photochemical, ionic, and thermal
conditions,” though the formation of 9,10-anthraquinone under the Grignard reaction conditions has not
been reported so far. During the course of our research on the synthesis of new conjugated aromatic
compounds containing an anthracene moiety, we found that the new reactions of anthracene-9,10-

carboaldehyde (1) with Grignard reagents under ambient conditions gave 9,10-anthraquinone (4) along

*) Dedicated to Prof. Dr. L. A. Paquette on occasion of his 70th birthday



with  9,10-bis(1-hydroxyalkyl)anthracenes  (2) and  9,10-bis(1-hydroxyalkyl)anthracene-9,10-
endoperoxides (3) in excellent yields. The mechanistic studies on the quinone formation revealed that
the lone paired electron of oxygen in the side chain assists the endoperoxidation to themselves, and the

quinone (4) was formed by the action of the Grignard reagents on endoperoxides.
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Table 1. The Grignard reaction conditions and yields.

Conditi ~
En?ry No. and ondition Yield (%)
Grignard reagent atmosphere Jight fime 2 3 4 5 6
2a 3a
1. R=Me air room light ~ 2p 62 18 12
2. R=Me 0, room light  18h 42 25 25
3. R=Me N, room light ~ 2p 92 0 0 0 0
4. R=Me N, dark 18h quant 0 0 0 0
2b
5. R=Ft air room light 18 60 0 348) 0 0
6. R = Et N, dark 18h 43 0 0 0 0
2¢ Sab) 6ab)
C
7.R =p-MeC¢H, 0, lamp ) 18h 46 0 51 41 45
8. R =p-MeCcH, 0, lamp 60 h 41 0 52 47 51
b
2d sb”  6b°
9.R = Ph 0, lamp 18h 24 0 52 46 49

a) Crude yields.
b) The relative ratio is given compared to 4, which was determined by 'H NMR spectra.

¢) The reaction mixture in flask was irraditated with a 100W tungsten lamp from a distance of 20 cm.



RESULTS AND DISCUSSION

The reaction of 1 with freshly prepared 5 equiv. of methylmagnesium iodide in dry ether-THF solution
at rt for 18 h gave diol (2a), * endoperoxidized diol (3a), and 9,10-anthraquinone (4). The reaction of 1
with the Grignard reagents such as ethyl-, p-tolyl- or phenylmagnesium bromide gave a mixture of diols
(2b-d) and (4), respectively (Table 1), though endoperoxides (3b-d)4 could not be detected. While the
isolated diols (2a-d) were endoperoxideized to give (3a-d) under the room light at room temperature. It
suggests that the endoperoxides as (3b~d) formed in the Grignard reaction were transformed to quinone
under the conditions. The reaction of 2a under the similar conditions as above in the presence of
diazabicyclo[2.2.2]octane (dabco) > gave no endoperoxide (3a) supporting the formation of singlet
oxygen as a reactant. Furthermore, the endoperoxidation reactions of (2a-d) with chemically induced
singlet oxygenle gave the corresponding endoperoxides (3a-d) along with a small amount of 4. Since the
formation of endoperoxides (3a) and (4) formed via (3a-d) under ambient conditions is so far
unprecedented, the generality and the reaction mechanism were examined by various conditions shown
in Table 1, and the experiments revealed the following.

Endoperoxidation: (a) The endoperoxidation of 2 was observed under no extra irradiation of light in the
laboratory, but it was not observed under darkness and under nitrogen atmosphere. (b) The preliminary
experiments described as above revealed that the rates of the endoperoxidation of 2a-d bearing
hydroxyalkyl groups at the 9- and 10-p0siti0ns6 was faster than that of compound bearing phenyl group
at the 9- and 10-positions, which is known as the Steering effect.” And this endoperoxidation
proceeded under Grignard conditions provides an evidence effected by the role of the lone paired
electron of oxygen in the side chain rather than by the hydrogen bonding in the Steering effect.” (c) The
reaction of 1 with large excess of the Grignard reagent (10~15 mol equiv.) under the same conditions as
with the use of 5 equiv. of MeMgl exclusively gave 2a~d quantitatively, suggesting that oxygen existing
in the solution was consumed by the excess Grignard reagents.lo (d) The pathway from diols (2a, 2b) to
quione (4) by autoxidation was excluded, because the standing of (2a, 2b) or (3a, 3b) dissolved in
solvents such as CH,Cl,, ether, THF, and AcOEt in the dark at room temperature for 18 h recovered the
starting materials. (f) The light-induced dissociation of the O-O bond of the endoperoxides also did not
proceed, since 3a did not change under the irradiation of light.

Quinone formation: The roles of the Grignard reagent and the hydroxyl groups in the side chain for the
quinone formation were revealed as follows. (a) The reaction of 3a with 2.0 or more equiv. of MeMgl

for 2 h gave 4 along with a small amount of 8, which may be formed from 4 (Table 2). The reaction of
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3a; R=CH(OH)Me
7, R:C6H5
Scheme 2

Table 2 The reaction of 3a and 7 with various molar ratios of MeMgl

Conditi Yield (%)
onditions
Entry Substrate (molar ratio of MeMgI) 3a 4 8
(recovered)
1 3a 10 equiv. 0 81 4
2 3a 2 equiv. 0 ]2 3
3 3a 0.5 equiv. 56 37 0
4 3a 0.2 equiv. 75 12 0
7 4 8
(recovered)
5 7 2 equiv. 100 0 0

9,10-diphenylanthracene-9,10-endoperoxide (7) with MeMgl under the same conditions gave no
products. This suggests that the hydroxyl groups on the side chain at the 9- and 10-positions are
necessary for the O-O bond fission. The reaction of 1 with p-Me-CsH4sMgBr gave no endoperoxide (3¢)
or (3d), but it gave 2¢, 4, p-methylbenzaldehyde (5a), and p-methylbenzyl alcohol (6a). Similarly,
benzaldehyde (5b) and benzyl alcohol (6b). were obtained by the use of PhMgBr. These afford
significant information on the role of the Grignard reagent and the reaction sequence of the quinone
formation.’ (d) It should be noted that the endoperoxide (3a) was also transformed quantitatively to
quinone (4) by PhMgBr. Although the reaction of 3a with activated magnesium (Mg"‘)11 obtained by
using 1,2-dibromoethane as entrainer also gave 4 quantitatively, that with Mg* prepared by other

11, 12
methods

gave no product. It suggests that some amount of Grignard reagent as 2-
bromoethylmagnesium bromide exists in the former reaction mixture.

Mechanism: Taking the above results into account, the overall plausible mechanism is proposed as
shown in Scheme 3. First, the Grignard reagent added to formyl groups to form intermediate (A).
Subsequently, the room light-induced singlet oxygen ('O,) sensitized by anthracene derivatives reacted

at the 9,10-positions of (A) which was assisted by the interactions of the lone paired electron of oxygen

in the side chain (intermediate B) to form an intermediate (C). Additionally, PM3 calculation showed a



little greater electron density of the HSOMO of 9- and 10-positions of 2a than those of HOMO of 9,10-
dimethylanthracene (9). It suggests the greater interaction of 2a with oxygen than that of 9. Then, the O-
O bond of endoperoxide was broken by the action of the Grignard reagents to give quinone, aldehydes,

and alcohols.

H(OMgD)R 0=Q.,
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CH(OMgDR

Scheme 3
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