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Understanding the chemistry of metabolites of carcinogenic
compounds is critical for establishing their mode of action. The
metabolism of the carcinogen N-acetyl-2-aminofluorene (1a, R
= CH;) has been extensively studied.! Oxidation of 1a in the
liver by cytochrome P-450 produces the N-hydroxyl derivative,
2a,whichis then enzymatically sulfonated to give 3a.2 The quinol
imine 4a formed from 3a is thought to be one of the major
metabolites of 1a.* Although 4a has never been isolated,
reactions have been designed to generate 4a in situ.3sc4 These
studies have led to detection® of an intermediate assigned as 4a
and to characterization of the products from these

O 0.0

1 O)\R 2 X=0H O R
3 X=0803Na

HO oH
o
N g
o
4 O”TR 5
20L

PN
‘—|.H20
a.R=CH3 b.R=Ph 6

reactions.’»5 The mechanism for formation of the hydroxyl

_H0 _

N,H
O)\ R

t Dedicated to the memory of Melvin S. Newman, a valued colleague and
superb scientist.
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derivative Sa has attracted much attention.® Originally the
structure assignment for Sa was incorrect.5 Scribner?e reassigned
the structure and suggested that this unusual conversion resulted
from 1,4-addition of water to 4a followed by aromatization, 4a
— 6a — 5a. In a subsequent mechanistic study, 1,4-methanol
addition products 8 were isolated from an acid-catalyzed reaction
of methanol and 7.3®* The methanol adducts 8 subsequently
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underwent aromatization by loss of methanol, 8—9. Thisreaction
sequence 7 — 8 — 9 was offered as support for the 4a — 6a —
5a pathway proposed by Scribner.?® In addition, Michael addition
products of 4a have beenimplicated in kinetic studies with eventual
formation of 5a.3¢ We report here that the N-benzoyl analogue
4b (R = Ph) is converted to a hydroxyl derivative (5b) in aqueous
buffered solution (pH 7.2) at 40 °C. However, the retention of
alabeled oxygen substituent and the failure toincorporate external
oxygen from H,!30 in the 4b— 5b conversion is inconsistent with
the major reaction pathway being 4b — 6b — 5b.

We have been interested in preparing quinol imines such as 4a’
so that the proposed reaction pathways of these elusive inter-
mediates can be studied under well-defined conditions. Although
a variety of quinols and quinol esters can be prepared via anodic
oxidation of the corresponding amides,” we could not detect the
presence of 4a under a variety of low-temperature anodic oxidation
conditions.” Undoubtedly, the high reactivity of the N-acetyl
function® was partly responsible for the lability of 4a. However,
10, the methoxyl analogue of 4a, could be prepared via anodic
oxidation.”s When 10 was allowed to react in an acetonitrile/pH
7.2 buffer solution at 40 °C for 2.5 h, 11 (60%) was the major
product.? The formation of 11 contrasts with the formation of
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Sa, the product formed in reactions which generate 4a. In these
reactions, dienones analogous to 11 were not reported, and 5a
was obtained as a major product. It was surprising that the
methoxyl analogue 10 would give a markedly different hydrolysis
product than the hydroxyl derivative4a.3a¢ Could the conversion
4 — 5 be intramolecular and not proceed via the intermediacy
of 6 as has been suggested?

Although 4a could not be prepared, after considerable exper-
imentation we were able to prepare the benzoyl derivative 4b by
anodic oxidation of 1b.”¢ The successful isolation of 4b is
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undoubtedly due to the increased stability of the imine linkage
in this benzoyl derivative.”d Although 4b could be obtained in
acceptable yield, its lability prevented its isolation in analytically
pure form. However, this quinol imine is an excellent system for
investigating the course of the 4 — 5 conversion.

(6) Gutmann, H. R.; Malejka-Giganti, D.; Mclver, R. J. Chromatogr.
1978, 115, 71-78.

© 1993 American Chemical Society



Communications to the Editor

When 4b was reacted in 15:1 acetonitrile/H,!30 (>95% 120)
at 40 °C,° workup and chromatography on silica gel gave 5b
(66%), which by mass spectral analysis contained no 120,10 The
product obtained from a second reaction under identical conditions
gave the same mass spectral result. Although this result
unquestionably rules out the 4b — 6b — 5b pathway, a
confirmation of this result was desired. Anodic oxidation of 1b
in tetrahydrofuran/H,!80 (>95% 180) gave 4b-180 (50%, 74%
180).11 Reaction of 4b-1801in 1:1 acetonitrile/H,!60 followed by
workup and silica gel chromatography gave §b-120 (70%, 78%
130). A duplicate of the anodic oxidation and hydrolysis steps
gave the same results. Thus, it is unequivocally demonstrated
that the 4b— 6b— 5b pathway is not operative for the N-benzoyl
derivative. Itisvery unlikely that a different reaction mechanism
would be followed for the 42 — 6a — 5a reaction.

Thisstudy strongly suggests that the mechanism first suggested
by Scribner?2 and later supported by the studies of Gassman?3® for
the formation of 5a from N-acetyl-2-aminofluorene is not
operating. However, the detection of an intermediate assigned
as 4a by Novak coupled with the rearrangement of 4b — 5b
reported here supports the intermediacy of the nonisolable 4a in
the formation of Sa. A possible reaction sequence for the observed
labeling results is outlined below 4 — 12 — 13 — 5§, The oxa
norcaradine 12 is analogous to intermediates postulated in the
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NIH-shift reaction;!2 however, further mechanistic discussion is
deferred until kinetic studies are complete. We are unaware of
formal hydroxyl migrations having been reported previously in
the chemistry of either quinols or quinol imines. Most often, aryl
group migration is the favored reaction pathway in 4-aryl-
substituted quinol imines and their ethers.”®® However, this
particular pathway is probably less favorable in fluorene systems
such as 4, since the stereoelectronic requirements for aryl
migration may not be favorable and intermediates arising from
aryl migration would afford strained ring systems. The generality
of this type of hydroxyl migration in other systems remains to be
established.
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