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Abstract - By treating acronycine or poracronycine with nethanolic
hydrochloric acid, several oligomers were obtained, including
compounds possessing a rearranged partial structure. ke have also
succeeded in the selective syntheses of ponomers and/or oligomers of
noracronycine and related compounds by altering the reaction
conditien(s). Rurther, poelymerizatien and/or rearrangement reaction
mechanisms were examined by the combination of the reactions using

D-substituted reagents and !H-npr spectrescopic analysis.

1. INTRODUCTION

Acronycine (1), isolated from the bark of the Australian scrub ash Baurella
sinplicifolia (Endl.) Hartley (Rutaceae) (syn. Acronychia baueri Scett) in 1948 was

one of the first acridone alkaloids to be isolated from natural sources’-2.
Subsequently, it was shown that 1 possessed the hroadest antitumor spectrum of any

known alkaloids-8.
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CHy,
1 R=CH 2
8 R=H

The chemical structure of acronycine (1) was finally established in 1966.
bntil that time it had been uncertain whether the prenyl moiety attached te the
C:-0 position of the acridone (2) skeleton was cyelized te Ci, as in strueture 1

(angular forw), or to Cs toe have structure 3 (linear form}7-9, Through

tDedicated to the memory of Professor Tsunematsuy Takemoto.
11Present Address: The Kitasato Institute, 5-9-1 Shirekane, Minate-ku, Tokyeo 108,

Japan
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a combination of chemical degradation'®, spectroscopic'! -'%, crystallographic!? and

synthetic’4 studies the structure of acronycine (1) was established as the angular

forn and conpound 3, which possesses the linear arrangement became known as
iscacronycine.

Though abeut fifty naturally eccurring acridope alkaloids have been reported,
all of them from rutacecus plants, very little is known about the chemical
characteristics of this group of compounds.

It wvas reported that when nelicepine (4) was refluxed in a mixture of 10K HCl-
EtOH (1:2.5), normelicopine {3) was obtained in a very good yield'S. On the other
hand, Brown et al. reported that when acronyecine {(l) was treated under the sane

reaction conditions, noracronycine (8) could not be isolated from the reaction
mixture.”

0O OR O OR
O X OCH;
N o) N 0
CHs CHy 6./
= CH
3 R=CH 4 R=CH;
8 R=H 5§ R=H

As a part of a larger program examining the potential development of derivatives
of acronycine as antitumor agents, we were interested in these reports and these
experiments were reexanined. As a result, it was shown that the reaction product
was a complex mixture of more than ten conmpounds including noracronycine (8).
Through the isolation and characterization of these reaction products it became
apparent that not only demethylatien, but also rearrangement and/or polymerization
reactions, had occurred and that dimers, trimers, tetramers and pentamers had been
synthesized:7-18.258.,27, These were the first reports of such intermolecular
condensation reactions via a C-C bond in the acridone alkaleids series.

On the other hand, selective syntheses and studies of the mechanisns of
formation of various dimers, trimers and tetraners have been established!’7-29.23
28,25, In additien, spectroscopic studies of acronycine (1} and related compounds
16, rearrangement of angular type acridone derivatives to linear type conpounds and
their reaction mechanisms2!-22.24.26 a5 well as phytochenmical studies on Baurella
simplicifolia’® have been conducted.

In this review article, the chemical and spectroscopic characteristics of the
reaction products are discussed, together with the selective syntheses of the
various polymers of acronycine and related compounds and studies on the mechanisas
of the polymerization and rearrangement reactions through the combination of
deuterium labelling and nmr spectroscopy.

2. REACTIONS OF ACRONYCINE (1) AND RELATED COMPOUNDS WITH HOT HETHANOLIC HEL
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2.1. Reaction of Acronyeine (1) with Hot Methanolic HC1L

Aceronycine (1) was dissolved in methanoliec HCl and refluxed for 6 h. The
reddish reaction mixture was diluted with water, and work up of the CHCl: soluble
fraction afforded an orange-red powder:’. Tle analysis showed the presence not
only of noracronycine {B)}, but alse many new products and a considerable amount of
starting material,

2.2. Reaction of Noracronycine (f) with Hot Methanmolie HC1

Yhen the reaction was repeated with noracronycine (8}, the same reaction
mixture, except for acronycine (1}, was produced in better yield:7. it was
concluded that the new products were derived from 8 which had been generated
through demethylation of 1. In subsequent experinments, § was used as the starting
material. Noracronycine {(§) was prepared in 90% yield by treating the E{l salt of
1 (red needles) at 140°C foer 1 hourié,.

2.3. Tlec Analysis of the Reaction Mixture

The compounds appearing when the crude recaction product was developed with
benzene-EtOAc (9:1) on silica gel (Fig. 1) were named AB-1, AB-2, AB-3, AB-4, AB-
54, AB-5B, AB-6A and AB-6B, respectively. The name AB derived from the original
plant name (Acronychia bauveri) from which acromycine (1) had been isolated.

&< Noracronycine
A AB-sA
<« AB-5B
9*‘——AB-6AH AB-6B

o «+AB-3
o «1AB-4

o AB-T
654 AB-2
8

Fig. 1. Tlc of the reaction mixture (Kieselgel
60 F,5,, Merck, benzene-EtOAc 9:1).

3. PURIFICATION AND CHARACTERIZATION OF THE REACTION PRODUCTS

3.1. Isolation and Characterization of AB-1 and AB-2

The reaction product was chromatographed over silica gel followed by repeated
preparative Tlc to afford AB-1 and AB-2 as vellow powders!’.

Uv spectra of these compounds were characteristic of those of acridone

alkaloids and a molecular ien at mn/z 614 was observed in both compounds, indicating
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a nass twice that of B (AW 307). On the other band, the !'H-npr spectra of these
coapounds were very similar to each other. Two X-nethyl moieties, two hydrogen-
bonded phenolic OH groups and two pairs of geminal methyl groups were conmmon in
both conpounds. Thus, it was concluded that both AB-1 and AB-Z were dimers of
noracronycine (§).

In the '"H-nmr spectra of these compounds, signals attributed te three
hydrogens which had not been observed in the !'H-nmnr spectrum of B were observed.
Whereas two of the signals assigned to C:i-H, C2-H and Cs-H of noracronycine (8)
disappeared in the 'H-nmr spectra of AB-1 and AB-2. Therefore, it was considered
that the Ci position of one noracronycine (B) unit was attached te the Cs position
of the second B unit. The signals attributed to the three hydrogens described
above were explained as indicated in Fig. 2'7. But the structural difference

between these two compounds was still unknown.

AB-1 AB-2
0 Ha §5.165 (W, dd, J= 7, 12 Hz) & 4.504 (1K, dd, J= 8, 12 Hz)
Hy My (ax)  1.868 (IH, dd, J= 12, 12 Hz) 2.235 (M, dd, J= 12, 12 Hz}
He {eq) 2.117 (M4, dd, o= 7, 12 K2) 2,304 (14, dd, J= 8, 12 Hz}

Fig. 2. Newly appeared 'H nmr signals of AB-1 and AB-2.

3.2. Structures of AB-1 (7} and AB-2 ()

Through the X-ray crystallographic analysis of AB-1 {(Fig. 3), the structure of
this conpound was defined 7, i.e. possessing the angular-angular type (A-4 type)
skeleton. On the other hand, we vere surprised to find that the structure of AB-2
was defined as 9, i.e., a dimer couposed of a linear (L type) isonoracronycine (8)

0O HO

— 818 —




HETEROCYCLES, Vol. 29, Neo. 4, 1989

unit and an angular noracrenycine (6) unit to form an L-A skeleton (Fig. §).
Through the X-ray analysis of AB-1 (7), it was shown that an acetoene molecule lay
between two AB-1 molecules (Fig. 4) and that AB-1 {7) possessed a bent or curled
(ca 90" ) structure whereas AB-2Z (9) possessed a stretched shape (Fig. )17,
Physicochemical properties of these compounds have been defined??.

Fig. 3. Atomic distances and angles of AB-l. Standard
deviations of atomic distances are less than
a
0.01 &, and of the angles less than 0.9°.

Fig. 4. Crystal structure and molecular packing in the
unit cell of AB-1. Acetone molecules are visible
in the channel between the two lavers of stacking.
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Fig. 5. Atomic distances and angles of AB-2.

Fig. 6. <Crystal structure and molecular packing in the
unit cell of AB-2.

3.3. Isolation and Structure Elucidation of AB-3 (10), AB-4 (11), AB-5A (12), AB-5B
(13), AB-6A (14) and AB-8B (13)

Because the structures of AB-1 (7) and AB-2 (9) were established and the
physicochemical properties of these compounds defined'7-2%, structures of AB-3
(10)ve, AB-4 (11)27, AB-5A (12)25, AB-5B (13)2s, AB-84 (14)27 and AB-8B (13)e°
could be established through the physicochemical analysis of these compounds.
Yamely, structures of these conpounds were concluded to be composed of 8 and 8 and
possessed the A-A-A (10)18, A-A-A-A (11)27, A-A-A-A-A (12)25, L-A-A4-4 (13)2s,
L-4-4-A-4 (14)27 and A-A-A-A-4 (15)27 skeletons, respectively. Since both AB-3A
(12) and AB-8B (15} are pentamers composed of all angular units, it was deduced
that there are differences in the three dimensional structures of these compounds.
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4. SELECTIVE SYNTHESIS OF AB-1 (7), AB-2 {(9), 4B-3 (10), AB-4 (11) ANXD RELATED
COMPOUNDS

4.1. Selective Synthesis of Various Polymers through Polymerization

Strategically, it was considered that the polymerization reaction could be
carried out between a small amount of noracronycine (B8) and an excess of dihydro-
noracronycine {1B8}. Because 1B lacks the C:-C: double bond and polymerization
between two molecules of 16 is impessible, it was considered that dihydro AB-1 (17)
lacks the coupling site to polymerise with 16 and given the low concentration of 6,
the coupling reaction should stop when B was thoroughly used. It was initially
established that no reaction cccurred when dihydronoracronycine (18} was refluxed
alone with methanolic HC1'7.

0 HO
LI
CH, °
= H, R,=CH
16 2 3
= R,= CH,

21 Ry=CHy, R,=H
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4,1.1, Dimerization Reaction between Noracronvcine (B} and Dihydronoracronycine
(16)

Noracronycine {B) and dihydronoracronycine (16) were mixed in the ratie 1:10
and refluxed in methanolic HC1l for 6h. By mixing 6 and 168 in the ratio 1:10, it
was anticipated that a molecule of 6 would react preferentially with a dihydronor-
acronycine molecule (18) as described above. In the event, a dimer of MW 616 was
obtained in 86% yield'7. Because the product was estimated to be dihydro AB-1
{17), a dihydro derivative of AB-1 was prepared by catalytic hydrogenation of AB-1
(7). Comparison of the two products indicated that the product obtained through
the coupling reaction was not identical with dihydre AB-1 (17) prepared hy
catalytic hydrogenation of 7. Therefore, either the postulated structure of the
synthetic dimer and/or the structure of dihydro AB-1 (17) prepared by the
hydrogenation of &B-1 (7) was incerrect.

Interestingly, the coupling reaction product was found to be identical with
dihydro 4B-2 (18) prepared by catalytic hydrogenation of AB-2 (9)'7. Consequently,
in the coupling reaction between B and 1B, beth a coupling reaction and a
rearrangemnent of the angular system of the upper unit to the linear system had
occurred.

The facile nature of this rearrangement led us to a reaetion in which AB-1 (7)
was refluxed in methanelic HCL; the products were the linear-angular dimer AB-2 (9)
and neracronycine (8)'7. By treating AB-2 (8) under the same conditions,
noracronycine () and isonoracronyecine (B) were produced:?. These experiments
suggest that 4B-1, possessing the strecture 7, is probably an intermediate in the
formation of AB-2 (9) and is constructed from two noracronycine units.
Interestingly, when a coupling reaction between 6 and 18 was cenducted at room
temperature for 3 days, a I:l mixture of dihydro AB-1 (7) and dihydro AB-2 (18) was
produced??®.

0 OCH,
N 0
H

=
19

4.1.2. Coupling Reactions between Acronycine (1) or Des-N-methylacronycine (19) and
Dihydrenoracronycine (18)

With these resuts in hand, we began to examine further the selective synthesis
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of other dimers of noracronycine (6) and related compounds?2?. Thus, when
acronycine (1) was used instead of 6, and a 1:10 nmixture of 1 and 16 was refluxed
in methanolic HCi on a steam bath for 6h, Q-methyl dihydro AB-1 (20) was obtained.
Significantly, no rearrangement of the upper unit was observed in this coupling
reaction. The angular-angular skeleton of this compound was denmonstrated through
nle difference experiments, On the other hand, when des-f-methylacronycine (18}
was used in place of acronyecine (1} in the coupling reaction described above, des-
N-methyl-O-methyldihydro AB-1 (21) was obtained. A B-hydroxy group and a chronene
unit must therefore be essential for the angular to linear rearrangement reaction
to be observed.

An iaproved yield of 20 was obtained when a 1:2 mixture of 1 and 18 was
treated in the same way. The angular-angular array of this compound was
demonstrated when the identical compound was obtained through the coupling of
acronycine(l) and dihydronoracronycine (1B8) in methanolic HC1 at room temperature,
and through the observation of an upfield shift of a doublet assigned to the proton
peri- to the N-methyl group. Such an upfield shift of the signal attributed to
the lower unit protons peri- to the N-methyl group was consistently observed in
the '"H-nor spectra of oligomers possessing angular-angular moieties and was useful

in elucidating the skeleton of the oligomers.
4.1.3. Coupling Reaction between AB-1 (7) or AB-2 (8) and Dihydronoracronycine (16}

During a study of the trimerization of noracronycine (8), an attempt was nade
to synthesize dihydro AB-3 (2Z) in order to demonstrate that AB-3 (10) posssessed
the angular-angular-angular structure. The synthesis of 22 was attempted by
coupling AB-1 (7) with dihydrororacronyecine {18) in methanolic HCl in the sane

manner as deseribed above (4.1.1, 4.1.2)29,
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AB-1 {7) and dihydronoracronycine (16) were mixed in the ratio 1:10 and
refluxed in methanolic HC1l for 6&h. By nixing 7 and 16 in this ratio, it was
anticipated that a molecule of AB-1 {(7) would preferentially react with a dihydro-
noracronycine (18) molecule. Two reaction products were detected by tle. One of
the two coumpounds was readily identified as unreacted dihydronoracronycine (18),
and it was thought that the other compound was a trimer, namely dihydro AB-3 (22).
iowever, direct comparison of the product with authentic dihydro AB-3 {(22),
prepared by the catalytic hydrogenation of AB-3 (10), indicated that these
compounds were not identical??.

Consequently, we initially envisaged this new compound to possess the linear-
angular-angular structure 23, since it was known that AB-1 (7) could be rearranged
to AB-Z {8) under these reaction conditiens. In order to confirm this structure,
a synthetic route involving the coupling of AB-2 {9) and dihydroneracronvcine (16)
was studied.

AB-2 (89) and dihydronoracronycine (16} were mized in the ratio 1:10 and
reflused in nethanoliec HC1. A& conmpound identical with the product of the coupling
of AB-1 (7) and dihydronoracronycine (18} under reflux was isclated, as well as
unreacted 162°.

Hewever, dihydro AB-3 (22) was synthesized by coupling AB-1 (7) and dihydre-
noracronycine (16} at roonm temperature for 24h. As expected, no rearrangement
occurred under these reaction conditions. From this reaction mixture, in addition
to dihydre AB-3 (22) and unreacted dihydroneracronycine (16), a compound with m/z
618 (M*) was also isolated. Closer examination of this compound indicated that it
was a dimer comprised of one molecule of noracronycine (B) and one molecule of
dihydronoracronycine (18), namely dihydro AB-1 (17)22,

We were consequently stinmulated to reexamine the nature of the products from
the coupling of AB-1 (7} and dihydronoracronycine (16}, and of AB-2 (9) and di-
hydronoracronycine (16) under reflux. In the course of this analysis it was
established that the products were identical and exhibited a polecular ion at n/z
618. Clearly, our evaluation that this compound was a trimer possessing the
linear-angular-angular system 23 was erroneous. Through direct comparison with an
authentic sanmple, these products were identified as dihydro AB-2 (18)29,

From these results, it vas evident that during the reaction under the reflux,
the £:1-Cs- bond of AB-1, and Cs-Cs: bond of AB-2 had been cleaved, and that a new
bond with Cs of dihydronoracronycine (i6) and, as necessary, a rearrangenment had
eccurred. Fig. 7 indicates a plauysible mechanism for this process in the case of
7 and 18. 4 similar scheme can be written for the reaction of AB-2 (9) and 18.
Additionally, in the coupling reaction at room temperature, partial cleavege {about
50%) of the Ci-Cs- junction of AB-1 was estimated because dihydro AB-1 (17) and
dihydro AB-2 (18) were each obtained in about 40% yield, respectively2?.

Because, when AB-1 (7) or AB-2 (9) was refluxed with methanolic HC1 for 8h,
these compounds were only partially destroyed to give noracronyeine (8), or 6 and
isonoracronycine (8), respectively. Dihydronoracronycine (18) must therefore
perform a very impertant role in the cleavage reaction of AB-1 (7) and AB-2 (9)
described above.
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R
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Fig. 7. Formation of dihydro AB-2 (18} from AB-1 (7).

Dihydro AB-1 (17) could be synthesized by the catalytic hydrogenation of AB-1
(7} or through the coupling of noracronycine (6) and dihydronoracronycine (16) at
roor temperature. Through the experiments described it was found, unexpectedly,
that dihydro AB-1 {17) could also be synthesized by coupling AB-1 (7} and dihydro-
noracronycine {18) at room temperature.

Three procedures had already been described (4.1.1) for the formation of dihydro
AB-2 (18), namely, catalytic hydrogenation of AB-2 (9), coupling of noracronycine
(8) and dihydronoracronycine {l6) at reflux, and coupling of 6 and 16 at room
tepperature. Subsequently, it was shown that dihydro AB-2Z (18) could be produced
by coupling AB-1 (7) or AB-2 (8) with dihydrenoracronycine (16) under reflux with
metharolic HCL.

It was estimated that in the couwpling reaction described above (4.1.1),
dihydro AB-2 (18) was synthesized in good yield (86%) owing to the reaction
mechanism described herein, nawmely that AB-1 (7) and/er AB-2 {9), partially
obtained through the reaction were also transformed into dihydro AB-2 (18) by the
coupling of 7 or 9 with dihydronoracronycine (18).
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§.2. Selective Synthesis of Various 0Oligomers through the Polymerization of
Noracronycine (6)

4.2.1. Selective Synthesis of AB-1 (7}

For the purpose of impreving the yields of the all angelar compounds such as
AB-1 (7), AB-3 (10}, AB-4 (11) ete., 98% H2S50s4 was used on noracronycine (B)
instead of methanolic HC1l at room temperature. Surprisingly, only AB-1 (7} was
formed under these conditions, albeit in very low (4%) yield?3. No reaction was
observed and only unreacted acronycine (1) was recovered when 1 was treated with
98% H2504 at room temperature.

An improved yield of AB-1 (7) was obtained when noracronycine () was treated
with methanolic HzS50. (98% H250.-4eOH, 2:5, v/v) instead of 98% H:50. at roon
temperature under a N: atmosphere. This prompted us to study the reaction of
noracronycine (B8) in methanolic H250: using ten different solvent ratios. Yields
of AB-1 (7} were optimized when 98% H280:-MeOH in the ratio 1:1 or 2:3 was used.
¥hen noracronycine (B) was treated with a mixture of 98% H:50. and MeOH in the
ratio 1:1, the vield of AB-1 (7) was about 39%, a tenfold increase compared with
98% He=50423,

4.2.2. Preparation of AB-3 (10} and AB-4 (11}

During these studies, it was found that AB-3 (10), the angular-angular-angular
trimer of noracronycine (B), was formed in fairly good yield (20%), together with
AB-1 (yield 19%) and AB-4 (yield §%), by successively treating 6 with a 9!1 and a
1:9 pixture of 98% H250: and MeOH at room temperature2s.27,

4.2.3. Preparation of AB-1 (7) and AB-2 (2)

Interestingly, when noracronycine (B) was refluxed on a steam bath with
p-toiuvenesulfonic acid in CH2Clz for Bh, AB-1 (7) and A4B-2 (9) were obtained in
fairly good yields {(16% and 45%, respectively)23.

5. STGDIES ON THE REACTION MECHANISMS USING DEUTERIUN-LABELED REAGENTS
5.1. Studies on the reaction mechanisms using deuterium-labeled reagents.

4s described above, it was found that AB-1 (7), an anmgular-angular dimer,
could be selectively synthesized (39% yield) by treating neracronycine (6) with a
mixture (1:1) of MeOH and 98% H:504 at room temperature under a No atomosphere
(4.2.1). On the other hand, when a 1:10 mixture of noracronycine {(6) and di-
hydronoracronycine (18} was refluxed on a steam bath with a mixture of MeOH-12Z X
aqueous HCl (572), dihydro AB-2 (18), a linear-angular dimer, was obtained in 86%
yield (4.1.1). In order to clarify the mechanism involved in these twe dimeri-
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zatjon reactions, they were performed using a miature of CHs0D and 98% aqueous
{(D20) DeS0s4 and a mixture of CH30H-12 N aqueous {(D20) DCl, respectively®+. It was
estimated that under these reactions, protonatien at the Cz and Cs positons would
oceur {Fig. 8), and the C2-H and Cs-H would be exchanged to become C2-D and Cs-D.

Fig. 8. Protonation of noracronycine (6) in acidic
condition. h

5.1.1. Formation of AB-1 (7): Dimerzation of Noracronycine (8) with 98% D250.-CDs0QD
(1:1)

Noracronycine (B) was disselved in a mixture (1:1) of CDs0D and 98% aqueous
(D20) D280s4 and the solution was stirred under Nz at room temperature. After two
days, the reaction mixture was diluted with Hz0 and extracted twice with CHCls.
The combined CHCls layers were successively washed with H20, 3% aqueous XaHC0s and
He0. The two products were shown by comparison with authentic samples to have the
same chromatographic mobility as noracronycine (6) and AB-1 (7)2¢,

The unreacted noracronycine was evaluated by ns and 'H-nor. The H* at n/z
309 was 2 mass units higher than that of neracronycine (B, ¥+ 307). In the 'H-
nmr spectrum, no Ce-methine signal was observed, and the Cs-H singlet was reduced
to about a quarter of its original intensity. In agreement with these changes,
the Ci1-H doublet (86.565, J = 9.6 Hz)'® was simplified to a singlet. From the
accunmulated data, noracronycine-de was demonstrated to have the structure 242%¢.

On the other hand, the nass spectrum of AB-1 indicated an M* at m/z 618, 4 nass
units higher than that of AB-1 (7, m/z 614) obtained using a mixture (1I1) of CHaOR
and 98% aqueous (H20) H=250423, Location of the deuterium label was determined
through nar spectroscopy. In the 'H-nnr spectrum, the Cz-H> and the Cp»-H signal
were not observed, and the Cs-H was substantially (ca. 80%) reduced in intensity.
As expected from these changes, the dibenzylic proton (Ci-H), originally observed
as a doublet of doublets (J = 7.3 and 11.7 Hz), and the Ci'-H originally observed

— 827 —




as a doublet (J = 9.8 Hz)'7.-23, were reduced in complexity to singlets at 65.153
and 6.170, respectively. Hence, the structure of AB-1-da was estabiished to be
25, in which the increase of four mass units is readily explained.

Because the deuterium incorporation at Cz-H of noracronycine (8) was
essentially 100%, it was estimated that equilibrium reaction a (Fig. 8) developed
rapidly. At the same time, exchange at Cs was also occurring (reaction b). If
the second noracronycine unit is trapped instead of H* (D*), dimerization occurrs
to afford AB-1. From these observations, the reaction mechanism for the formation
24 and 25 was elucidated as shown in Fig. 9.

Fig. 9. Mechanism of formation of noracronycine-ds (26)
and AB-1-d;s (27).
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Surprisingly, noracronycine-ds (26) and AB-1-dis (27) were obtained, instead
of 24 and 25, when D20 was used throughout the dilution-extraction work-up
procedure. Therefore, it was estimated that a ring-opening rection of the
chromane ring must occur and that all of the geminal methyl hydrogens had been
eXchanged by deuterium (Fig. 9)24.

24 R = CHy

2 R=CD,
25 R = CH,
21 R=CD,

"H-Nmr spectra of noracrenvycine (6) and noracronycine-ds (28) are compared

in Fig. 1029, In the ‘H-nmr spectrum of the latter compound, signals attributed

6
LI} &
i |
I
RN .
26 mmo® g
11 I 1
- N ™~ .
oL oD ]
| ()]
i o
j
_!g l 1 i l .JL_
T -4§; T T T T T =T T T [ Jt|
15 14 9 8 7 3 § 4 3 2 1 0 PP

Fig. 10. Comparison of 'H nmr spectra of noracronycine (§)

and noracronycine-dg (26} in CDCl,.
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to geminal methyls, C2-H and Cs-H have disappeared or decreased significalntly.
Because exchange was observed not only at the C2 and Cz’ positions, but alse
at Cs-H and the geminal methyl grouprs, it was thought that when the reaction was
complete, all of these postions were exchanged by D, but through dilution with H=0
(rather than D20), the geminal CDs and part of the Cs-D were re-exchanged to CHs
and and Cs-H, respectively.

5.1.2. Formation of Dihydro AB-2 (18): Dimerization of Noracronycine (8) and
Dihydronoracronycine (18} with 12X Aqueous (D20) DCl and CHa0D (1:2.5}

When a 1:10 mixture of noracronycine (B) and dihydroneracronycine (16} was
refluxed with methanoliec HCl, a linear-angular type dimer, dihydro AB-2 (18), was
obtained in 8B8% yield!?.23, To clarify this reaction mechanisa, the same reaction
was conducted using a 132.5 nizture of 12} agueous (D20) DC1 and CH:0D24. The
reaction mixture was dileted with H20 and extracted with CRCls. Tvo conmpounds,
chromatographically identical with dihydronoracrenycine (18) and dihydro AB-2 (18),
were isolated by preparative tlc. As expected, the M* of the dihydronoracronycine
obtained appeared at m/z 310, one mass unit higher than 1§. In its "H-nur
spectrum, the aromatic singlet at §8.17 was reduced in intensity by about 80%.
No other changes were observed. Consequently, the structure of dihydrenor-
acronycine-d: was 28 where deuterium was incorporated at Cs.

CD; CH;
0 N

Gn the other hand, dihydre AB-2 (18) was regarded as being foruwed by the re-
arrangement of dihydro AB-1 (17}, As a result, during the formation of deuterodi-
hydro AB-1, it was anticipated that three devteriums would be introduced, at the
Cz-methylene and at Cs-H. In the process of the rearrangement, deuterodihydro AB-
1 would lose the Cs-D and gain a deuterium at C.» to afford a dihydro AB-2-ds.

Such a compound would have an estimated M* at n/z 619. Hevwever, the observed M-
of deuterodihydro AB-2 was at n/z 624, an increase of 8 mass units. Examination
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of the 'H nmr spectrum of this compound showed that the Cs-nmethylene was fully
deuterated, and surprisingly, a set of geminal methyl signals had also disappeared.
In the '"H-nmr spectrum of dihydro AB-2 (18), four methyl signals assigned te the
twoe geminal signals were observed, namely, &0.700, 1.157, 1.435 and 1.483 (each
30, s)r7.23, But in the 'H-nmr spectrum of the ds derivative of AB-Z obtained
herein, only two such signals were observed at 80.703 and 1.181, which had
previously been assigned'? to the geminal methyl signals of the lower, angular unit
of dihydro 4B-2 (18). No deuterium incorporation at the Cs position was observed,
and the structure of deuterodihydro AB-2 was therefore defined as 2924.
Consequently, in addition to the rearrangement mechanism, a ring-opening mechanisna
pay also be occurring during the formation of dihydre AB-2-ds (29).

The observation that the Cs position of deutero AB-Z was not labeled, even
though it should be replaced by D during the rearrangement reaction, suggested that
the D exchanged at this position night be replaced by H during the work-up process.
Through these experiments, it was also found that the geminal methyls of the
upper unit of deuterodihydro AB-2 (29) after work-up using H20 are still CDs.
Therefore, it appears that even after the dilution with Hz20, no reexchange of these
upper geninal CDs to CHs takes place in the case of 29 (Fig. 11).

Fig. 1l1. Rearrangement of dihydro AB=-1-4,:; to dihydro AB-2-ds (29).
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6. TRANSFORMATION OF ACRONYCINE (1)} TO ISOACRONYCINE (3}
6.1. Reaction of Dihydronoracronycine (18} with 98% H2S50.

In the ¢ourse of our continuing study of the chemistry of acronycine, we had
the opportunity to exapmine the products of the reaction between acronycine (1) and
dilydronoracronycine (16} with 98% H:S0. at roonm temperature. ¥hereupon it became
apparent that acronycine was not involved in the reaction and that the same
reaction products were obtained by treating dihydronoracronycine (16) alone with
98% H2S04 at room temperature22.

One of the reaction preoducts displayed ir, uv and as properties comparable to
those of dihydronoracronycine (16). In the 'H-nnr spectrum, a geminal methyl
singlet (%51.404), a N-CH: signal (§3.788), an aropatic singlet (86.293) and a
hydrogen-bonded phenolic proton ( 8§15.127) vwere observed in addition te four
coupled aromatic protens and twe pairs of methylene protons2z.

The structure of this product was deduced on the basis of transient nuclear
Overhauser experinents. Thus, when the three-proton singlet for the N-methyl
group at 83.766 was irradiated, an enhancement was observed not only in the
doublet of doublets at §7.484 (19%), but alse in the singlet at 86.293 (22%).
Significantly, no enhancement was observed in the nethylene group at 8 2.775 (2H,
t, J = 6.8 Bz). This compound, therefore, cannot have the angular structure of
16, but must have the linear structure found in isonoracronycine (8)1%. The
structure of the product, was, therefore, envisaged as dihydroisonoracronycine
(30). Direct comparison with dihydroisonoracronycine (30) formed by the catalytic

hydrogenation of isonoracronyeine (B), established the identity. Confirmation of
the structure was achieved when 30 was found to undergo dehydrogenation te & with
DDQ at room temperature for two daysz2.

It is worth noting that through these procedures it is possible to achieve the
transformation of acronycine (1) to iscacroenycine (3) because 3 was obtained by
treating 8 with (CHs)250s/acetone, K2C0s at refluxing conditions.

As vell as 30, 1,3-dihydroxy-10-methylacrid-9-one (31), 32 and 33 were also
obtained from the reaction mixture described above. Through these observations
the possibility of an intermolecular rearrangement in the transformation of di-

hydronoracronycine (16) to dihydroisonoracronycine (30), was considered which leads
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to disproportienation and the formation of dihydroisonoracronycine {(30), 1,3-di-
hydroxy-10-methylacrid-9-one (31), 32 and 33 (Fig. 12)2°.

Fig., 12. Formation of compounds 30 - 33.
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It is interesting that acronyeine (1), noracrenyecine {(6) and dihydronoracronycine
(16) exhibit quite distinct reactions with $8% H-S50a. When 1 was treated
with 98% H:350a, no reaction was observed??, On the other hand, a dinmer
was obtained by treating noracronyecine (B8) with 98% H:S0:2%*, and dihydroisonor-
acronycine (30), 1,3-dihydroxy-10-methylacrid-9-one (31), 32, and 33 were obtained
by treating dihydroneracronycine (16) with 98% H250.%%.

Because the compounds 30, 32 and 33 possess the same skeleton as the known
naturally occurring acridones glycofoline (34)29, atalaphylline (35)%¢, 363!,
severifoline (37)%2 and 383%%, the reactions described herein are interesting fronm
the view point of the total syntheses of these naturally occurring acridone

alkaloids.

O HO
<OsH
N o \\

OH CH;

34

0 HO ~
l N llliil OCH;

CH,

38
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7. NATURALLY OCCURRING ACRIDONE DIMERS

Dimers of acridone alkaloids, atalanine (39} and ataline (40}, which are the
dimers via an ether linkage, have been isolated from Atalantia ceylanica
(Rutaceae)??. Whereas the first acridone dimers via a C-C linkage are the
compounds described herein. After reporting on these acridone diners,
glycobisnine A (41) was reported as a C-C diwmer obtained from the root bark of
Glycosnis citrifolia (Rutaceae)?®.
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8. CYTOCIDAL ACTIVITIES OF ACRONYCINE (1) AND RELATED COMPOLNDS

Because it was demonstrated that acronycine (1) possessed the widest spectrun
of antitumor activities agaist various kinds of nurine tumors? %, we were
consequently interested in the antitumer activities of the acridone derivatives
obtained through these experiments. Cvtocidal activities against P-388 cells
(EDse) of some of the acridone derivatives described herein are as follows: 1, 2.4
pg/nl; 3, 4.2uxg/nl; 6, 50.0pg/nl; 7, 36.4ug/ml; 8, >50.0ug/nls 8, 72.0ug/ml;
10, »>50.0pg/nl; 16, 2.8pg/nl: L7, 81.0pg/ni; 18, 1.3ug/nl 19, 5.3pg/al; 20,
4.2 ¢/nl; 21, 472.0u g/al; 22, >50.0p g/ml and 30, 10.83 4 g/ml. Interestingly some
of these compounds exhibited stronger cytocidal activities than that of 1 and

in vivo evalvuation of some of these compounds will be conducted subsequently.

9. CONCLUSION

By treating acronycine or noracronycine with methanelic hydrochloric acid,
various kinds of oligomers were obtained, ircluding several compounds possessing a
rearranged partial structure. ¥e have also succeeded in the selective syntheses
of monomers and/or oligomers of noracronycine and related compounds by altering the
reaction condition(s). Further, polymerization and/or rearrangement reaction
nechanisns were defined by the combination of the reactions using D-substituted
reagents and 'H nmr spectroscopic analysis. Because very little is known about
the chemical characteristics of acridone alkaloids these experimental results

should prove useful in further studies on this group of compounds.

-
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