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A CONVENIENT ALLYLATION OF ORTHO-QUINONES.
AN EXTENSION ON THE UTILITY OF ALLYLTIN REAGENTS

* * % *
Kazuhiro MARUYAMA, Akio TAKUWA, Yoshinori NARUTA,
* % * %
Kuniaki SATAO, and Osamu SOGA

*
Department of Chemistry, Faculty of Science, Kyoto University, Kyoto 606

*

Department of Chemistry, Faculty of Science, Shimane University, Matsue 690

*
Lewis acid catalyzed allylation of 1,2-naphthoquinones and
o-benzoquinones with allyltributyltins gave monoallylation products

in reasonable to high yields.

Introduction of an isoprenoid functionality into a quinone ring is an essential
problem in the synthesis of isoprenoid quinones which play a pivotal role in the
electron transport chain in both photosynthetic and respiratory processes.l)
Several methods have been employed to synthesis of these biological active isoprenyl
quinones.z) However, these methods remains fundamentally limited by the aspects of
yields, regio- and stereoselectivity, and the difficulty of preparing a starting
materials. Recently, we reported the direct introduction of allyl or prenyl group
into p-quinones using allyltin reagents overcomes such 1imitations.3)
Thus, coenzyme Q series, vitamin K series, and plastoquinone-1 were prepared
3),4)

satisfactorily by this method. In addition, we revealed that the reaction

appeared to proceed through allylquinol intermediates which underwent [1l,2]rear-
rangement under influence of BF3 to give allylhydroquinones.4) Since little is
known about the allylation of o-quinones, extension of this allylating method

to o-quinones will open an important route to the synthesis of natural products.

We wish to report here the allylation of 1,2-naphthoquinone and o-benzoquinones
with allyltributyltin reagent in the presence of BF§OEt2. Thus, the reaction of
allyltributyltinss)gg) with 1,2-naphthoquinones in dichloromethane gave allyl
substituted 1,2-naphthalenediols 3) in fair to good yields (Scheme 1).

Typically the reaction was carried out by dropwise addition of an allyl-
tributyltin (2) (0.6 mmol) to a stirred dichloromethane solution (10 ml) of

quinone gé) (0.5 mmol) and BF jOEt, (0.75 mmol) under nitrogen at -78°C. After the

addition, the resulting mixture was stirred continuously and allowed to stand at
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room temperature. The reaction was quenched by addition of 2N-HCl and products
were extracted with ether. Since 4-allyl-1l,2-naphthalenediols Ev were very air-
sensitive, the dried ethereal extract was quickly concentrated by evaporator in
vacuo, and treated with acetic anhydride-pyridine under nitrogen or otherwise
treated with silver oxide to give gquinones. Thus obtained diacetates or quinones
were purified by preparative thin layer chromatography on silica gel (developing

solvent: benzene). The products and their isolated yields are summarized in Table 1.
)

Marked contrast of the present reaction compared with those reported2 is
exemplified in the allylation of 1,2-naphthoquinone. The reaction with w-2-methal-
lylnickel bromide complexes gave 2 : 1 mixture of the mono-(49%) and diallylated(29%)
products. By the present method monoallylated product was afforded exclusively.

o-Benzoquinones also reacted with allyltributyltin to give the corresponding
monoallylcatechols in very high yields (Table 1). Thus, o-benzoquinone, and its
4-methyl, and 4-tert-butyl derivatives produced the corresponding 5-allyl substi-
tuted catechols. 1In contrast, 3,5-dimethyl-o-benzoquinone afforded exclusively
4-allyl-3,5-dimethylcatechol. Remarkable thing is that halogen atoms and cyano
group as the substituent on quinone ring are inert to this allylation.

To clarify the initial stage of the reaction of o-quinone with allyltin reagent,
the reactions of 4-substituted 1,2-naphthoquinones and sterically hindered 3,5-di-
tert-butyl-o-benzoquinone were examined. Thus, 4-cyano-1,2-naphthoquinone,
4-methoxy—l,2-naphthoquinone,6) and 3,5-di-tert-butyl-o-benzoquinone gave the corre-
sponding 1,2-addition products to carbonyl in high yields, i.e., 4, 5, and § given
in Table 1. In the allylation of 4-cyano-l,2-naphthoquinone the 1,2-addition took
place at 2-carbonyl, but in that of 4-methoxy-1,2-naphthoquinone at l-carbonyl,
probably because of the influence of the mesomeric effect of the substituents.

Therefore, initial site of the allylation may be governed with electron density

of carbonyl carbon at position 1 or 2 of quinone.
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Table 1. Allylation of Ortho-quinones with Allyltributyltins
Quinonea Allyltin Productb vield®

(%)

1,2-N0 4-Al1y1-1,2-naphthalenediol 784
4~ (2-Methy1-2-propenyl) -1, 2-naphthalenediol 784

6-Bromo-1,2-NQ 4-Al1y1-6-bramo-1, 2-naphthalenediol 68d
4~ (2-Methyl-2-propenyl) -6-bramo-1, 2-naphthalenediol 619

3-Methoxy-1, 2-NQ 4-A11yl-3-methoxy-1, 2-naphthalenediol 65¢

3-Methoxy-4- (2-methyl-2-propenyl) -1, 2-naphthalenediol 79¢

3-Chloro-1, 2-NQ 3~Chloro-4-(2-methyl-2-propenyl) -1, 2-naphthalenediol 89°¢

PEPREPRHIBEHEIBRE B

4-Cyano-1,2-NQ 4 87
4-Methoxy-1,2-NQ 5 91
o-BQ 4-Allylcatechol 62
4-Methyl-0-BQ 4-A11y1-5-methylcatechol 93
4~tert-Butyl-0-BQ 4-Al1y1-5~tert-butylcatechol 934
3,5-Dimethyl-0-BQ 4-Al1y1-3,5-dimethylcatechol 85
3, 5-di-tert-Butyl-o-BQ 6 93

a1,2-NQ: 1,2-Naphthoquinone; o0-BQ: o-Benzoquinone. bCharacterized by infrared
and nmr spectra after acetylation or oxidation to quinone. CYields refer to
isolated products, based on used gquinone. inelds after acetylation with acetic
anhydride-pyridine. €yields after oxidation with silver oxide.
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~

In addition, we examined the reaction of 1,2-naphthoquinones with unsymmetrical

allylic reagent, i.e., 2—buteny1tributyltin,7) under the same reaction conditions

(Scheme 2).
1) BF3-OEt)
CH2Cl2
LI - s S
2)H30
G:F9=
b: R‘: Br

(Scheme 2)
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When 4-cyano-1l,2-naphthoquinone was treated with crotyltin reagent and quenched
at -30°C, a-adduct (1,2-addition product) Qg) was obtained exclusively(isolated
yield: 91%). This indicates that addition of allyltin reagent to
carbonyl of 1,2-naphthoquinone occurs at the a allyl terminus.
However, 1,2-naphthoquinone and 6-bromo-1,2-naphthoquinone gave

a mixture of rearranged products,‘Z(a—adduct) and_g(y—adduct)

as shown in scheme 2, and their distributions were shown in
Table 2. This is a quite interesting difference compared with the results in the
reactions of p—quinones,4) but the due course of the reaction will be written

in future.

Table 2. Reaction of 2-butenyltributyltin with l,2-naphthoquinonea
Quinone Product Yieldb Product distribution®
(%)
(%)
a-adduct (7) y-adduct (8)
1,2-Naphthoquinone 7a and 8a 85 54 46
6-Bromo-1, 2-naphthoquinone ﬂganigg 91 73 27

8Reactions were performed in 0.5 mmol scale under standard conditions.
bIsolated yield after acetylation, based on used quinone.
“Determined by lH-nmr.
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