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A GENERAL APPROACH TO QUINONE IMINE KETALS. [NTERESTING INTERMEDIATES FOR
PREPARATION OF 5-OXYGENATED [NDOLES AND QUINONE IMINES
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Abstract: A gemeral route for the preparation of quinone imine ketals i& reported.

Quinone Imines and quinone diimines have been of long-standing Interest in chemis~
Try,1'3 and the former moieties have been proposed or established as intermediates (see 1
and 2) in a number of biological pro<:esses,1'3 most notably the metabolism of a number of

4-7

blochemical 1y important cathecholamines and most recently in the blological oxidation of

N-methylel lipticinlum acetate.d Quinone imines®

are usual ly quite unstable under conditions
used for their generation. This has prevented their isolation and a more detalled study of
their chemistry, spectroscopy, and blology under wel !-defined conditions. We report herein
a general route for the preparation of isolable, protected derivatives of these compounds--
quinone Imine ketals. Additionally, this chemistry serves as a convenient route to 5-

oxygenated indole and 6-oxygenated quinol ine derivatives.

One synthetlc approach to quinone Iimines Is to prepare these compounds In protected
form and generate the highly reactive quinone imine via a mild deblocking procedure. Thus,
an initial question was the stability of simple quinone imine ketals. A direct approach for
preparing these compounds and thus establishing their stability Is the Intramolecular con-
densation reaction of quinone monoketals such as 5a. With the readily available aromatic
derlvative as the starting material, this route would require the setective oxldation of the
aromatlc ring in the presence of the amino group and a regioselective hydrolysis of the
resulting bisketal.

Anodic oxidatlon of the corresponding trifluoracetamide was examined since the tri-
f luoroacetamide would not only block oxidation at the amino group but also al fow depro-
tection to the amine by hydrolyslis under mild basic conditions. Monitoring the electro-

chemical oxlda+l0n1°

of 3a by UV spectroscopy showed disappearance of the maximum at 290 nm
concurrent with the formation of two isobestic points at 267 and 247 nm. Concentration of

the solvent in vacuo fol towed by addition of water and stirring at room temperature for two
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a,X=OCH3,n=1; b,X=OCH3,n=2; c, X=Br,n=1, d, X=Br, n=2

hours deblocked the amino group and afforded 5a as a thick of! which was stirred In water
(pH 6.5-7) for 16 h. Standard workup and chromatography on Florlisi| afforded the quinone
imine ketal 6a as a white solid, mp 72-75 °C. In a similar manner, anodic oxidation, de-
blocking, hydrolysis, and condensation furnished the quinone imines 6b-d in the overall
ylelds shown. The compounds are stable under nitrogen in base-washed glassware but are
quantitatively transformed to the respective Indoles with a trace of acid.

While the above approach glives acceptable ylelds considering four chemical steps are
involved, it Is severely |imited by requiring a group which directs hydrolysis to the ketal
function adjacent to the side chain containing the amino group. For the above systems, the
methoxy| and bromo substituent direct the hydrolysis In this manner,11 but all attempts to
prepare the unsubstituted compounds via thls strategy afforded dlfficult~to-separate mix-
tures. For preparation of the unsubstituted compounds, anodic oxidations of the respective
phenols were studied (see Table). Electrochemical oxidation of the phenols12'13 fol lowed by
base hydrolysis afforded the quinone imine ketals In excel lent overai| yields (Table). This
second approach glves much better overall ylelds and overcomes the requirement of reglo~
selective blsketal hydrolysis. Since derivatives of o-hydroxybenzaldehydes are readily
avallable, this comprises a general route to quinone imine ketals. Furthermore, derivatives
such as 8c and 10b are quite stable and can be stored for weeks In base-washed apparatus at
0 °c, mak Ing them more convenient for examining the chemistry of the quinone imines.

The quinone Imine ketals can be converted to their respective heterocyclic ring systems
by standard chemical operations: reaction of 6a,c with p-toluenesul fonic acid In benzene
afforded the respective Indoles In excel lent yleld; reaction of 6b with DDQ In refluxing
benzene gave 6,7-dImethoxyquinoline (70%), and heating 6d in a mixture of toluene/isopropyl
alcohol afforded the expected tetrahydroisoquincline (70%).14 There are numerous routes to

15 and quinolines starting with anllines and nitrobenzene derivatives, and the ease

indoles
of preparation of the benzenold precursor is often a major conslderation in the method
selected for a particular compound. Our approach to such ring systems complements these

more classical procedures. Furthermore, functional ization of these qulnone imine ketals
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Table. Quinone Imines from Phenol Derivatives

Compound Imine
L OCH R
—
H © 2)KOH N
7a, R=R'=H ga, 823
b, R=OH, R' = H b, 913
c, R =OH, R' = CH, c, 81%
R_R'H R R
H3C°d</\NCCF3 n ® (oc“s)udj
OH 8 2)KOH N
%a, R = OH, R'= H 10a, 91%
b, R = OH, R' = CH, b, 893
0
H,CO Neer, n @  (0CHy OH
i
oy H 2)KOH N
1 12, 89%

fol lowed by aromatization coutd afford highly functionalized indole and quinoline deriva-
tives.

In summary, a general route to a new class of protected quinone Imine derivatives has
been developed. This chemistry serves as a convenient route to oxygenated Indole and quino-
line ring systems and presents an approach for generation of quinone imine derlivatives by
deblockIng appropriate mixed ketal derivatives of quinone Imines.!6
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