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The regioselectivities of methyl- and phenylhydrazine with acridin-9-yl isothiocyanate (thus yielding
thiosemicarbazides with acridine substituted on the urea-type side) were examined. Methylhydrazine
regioselectivity was high with the a-nitrogen atom overwhelmingly more nucleophilic than the B-nitrogen
atom; phenylhydrazine regioselectivity was poor but varied with the solvent and only in the case of ethanol
was nucleophilic predominance of the o-nitrogen atom pronounced. Of note, whilst both phenyl
thiosemicarbazides were present in solution only as spiro forms, the methyl product was present as an
equilibrium mixture of open-chain and spiro thiosemicarbazides. Reactions on the NH, blocked analogue
of methyl acridin-9-ylthiosemicarbazide (1-isopropylidene-2-methylthiosemicarbazide) were also
examined. Interestingly, present in the starting material itself was a structural motif of novelty wherein a
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triazolethione represented the major species of an equilibrium between cyclic and open-chain forms.

J. Heterocyclic Chem., 43, 633 (2006).

Introduction.

Acridines have long been appreciated as antimalarial
and bactericidal compounds and, in recent times, as
antitumor agents [1-3]. Special attention has been paid to
derivatives of 9-aminoacridines as potent inhibitors of
enzymes topomerase I and II responsible for regulation of
topology, replication, and transcription of DNA (e.g. anti-
leukemic drug amsacrine [4]). Other aminoacridines have
served as vectors increasing the specificity and cytotox-
icity of modified DNA molecules used in chemotherapy
[5]. Another well-known application is the anticholine-
sterase drug 9-amino-1,2,3 4-tetrahydroacridine (Tacrin™)
[2] for the treatment of Alzheimer’s disease. Promising
pharmaceutical effects, moreover, could be expected from
acridine intercalators composed of a connecting aromatic
or heterocyclic moiety. Thus, this study and the two
succeeding [6,7] ones were inspired by our interest in the
preparation of heterocyclic structures from suitably
substituted precursors which, in combination with
acridines, can afford unusual structures [7-9]. But as the

complexity of the system builds up, the potential for
esoteric structures rises rapidly but oft times it is the
propensity of acridinyl systems to form spiro compounds
that comes to the fore.

In this work, as part of an examination of thiosemi-
carbazides containing the acridine moiety (an extension of
our long-standing studies with acridine-[8,10-15] and
anthracene-substituted [16,17] thioureas for the purposes
of obtaining new and novel type structures concomitant
with potential biological applications), we focused on
acridines substituted at the urea-type nitrogen atom
{Acr-NH-C(=S)-NR-NH,, prepared from acridin-9-yl
isothiocyanate and methyl/phenylhydrazine}. In the
following article [6], thiosemicarbazides with acridine
on the carbazide side {Acr-NH-NH-C(=S)-NH-R,
prepared from acridin-9-ylhydrazine and isothiocyanates}
were examined. This seemingly minor distinction of
acridine substitution profoundly changes the susceptibility
of C-9 to nucleophilic attack, as well as many other
reaction routes, thus leading to divergent pathways
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regarding reaction, structure, conformation, configuration,
and the effect on the chemical shift of H-1 in/of the
resultant products. One of the underlying themes in
acridine-based work seems to be the pernicious desire of
the N-10 nitrogen atom to capture a proton [9,18] and thus
drive the formation of spiro or iminyl structures for the
acridine moiety (i.e. form 9,10-dihydro structures). Thus,
in the former case, rendering C-9 susceptible to
nucleophilic attack. For example, in the accompanying
study [6], it was noted that for the majority of the
products a coplanar acridin-9-yl hydrazono structure was
present with extended conjugation based on the
propensity of the N-10 acridine nitrogen to deprive N-11
of its proton and which results in the formation of a 9,10-
dihydroacridin-9-ylidene structure attached through a
Cy=N,, double bond to the thiosemicarbazide moiety.
Such extended coplanarity is of interest in light of the fact
that the biological activity of acridines is generally
ascribed to their intercalation into the stacked base pairs
of the DNA precisely due to their planarity. Due to the
greater susceptibility of C-9 to nucleophilic attack and
hence formation of spiro structures, and to steric
hindrance in cases when this did not happen due to closer
proximity to the thiocarbonyl bond, extended planarity as
such was not a prominent feature of the compounds
realized here. Overviews of the syntheses of thio-
semicarbazides have been described [19,20] and aliphatic
thiosemicarbazides in particular, have been systematically
studied [21].

Results and Discussion.

Structural determinations and signal assignments were
accomplished by the application of the usual combination
of 'H, *C, and "N chemical shifts assisted by DEPT,
NOE difference, selective INEPT, and "N INEPT 1-D
experiments and DQF COSY, NOESY, “C-{'H}-
CHSHFT, 'H-{"C} and 'H-{"N}-HSQC, 'H-{"C}- and
'H-{"N)-HMBC 2-D experiments. Experiments were
performed with standard, vendor-supplied pulse
sequences except in the case of the sign determination of
long-range couplings [22] used for distinguishing between
couplings over 2- or 3-bonds. The 'H, “C, and "N
chemical shifts of the compounds are compiled in Tables
1 and 2 whilst the homonuclear couplings extracted by
spin simulation [23] are presented only for selected cases
given the close similarity of the couplings in the acridine
moiety (see also ref [6]).

To  limit  repetitious  descriptions,  structural
determinations are not described in detail and structures
are essentially just presented-but based on thorough
analysis—with only pivotal points pertaining to unexpected
or peculiar structures being described explicitly. For
example, S-methylation is readily indicated by the
chemical shift of the methyl carbon which is strongly

shielded (13-15 ppm). The equivalence of the off-central
axis nuclei of the acridine moiety (the outer rings) is
indicative of either an acridine moiety (i.e. not 9,10-
dihydro) or spirocyclization (excepting the presence of an
asymmetric center), but the distinction between these two
is trivial based on the carbon chemicals shifts, most
notably C-9 which lies in the range 60-80 ppm for the
latter structure. The non-equivalence of the outer rings of
acridine therefore indicates either the presence of an
imidyl Cy=N;, double bond or an asymmetric carbon if
spiro formation has occurred. Generally, for the case of an
imidyl Cy=N,, bond, inversion at N-11 was slow enough
to render the off-central axis nuclei of the acridine moiety
non-equivalent.

As noted above, a recurring theme even in this work is
the retention by N-10 of a labile H. This is surprising as
the conjugation between the Cy=N,;; and C,,=S double
bonds should be limited given the likely steric hindrance
for both s-cis and s-trans configurations. The likely twist
therefore, about the N,;,—-C,, bond, to relieve this
hindrance has a discernable effect on H-1: a pronounced
shielding with respect to H-8 was generally observed.
Residence of H-1 in the shielding cone of the C,,=S
double bond due to such a twist is held to account for this
observation. This is in contrast to the strong deshielding
of H-1 observed in the instances when the conjugated
system remains planar [6]. However, though N-10 clearly
has a propensity to attain H, leading to 9,10-dihydro
structures with C-9 either as an imino or a Cq spiro
carbon, the likely preference was never evident, nor even
the attainment of a 9,10-dihydro structure was assured
over other structures. The unambiguous positioning of a
labile H at N-10 was usually provided by strong NOEs to
H-4 and H-5, as well as HMBC correlations to C-8a and
C-9a and even to C-4 and C-5 on occasion. Even the
chemical shift of a proton when located on N-10 was
suggestive, with a relatively sharp signal generally in the
range of 10.5-11.7 ppm for a hydrazone species (Cy=N/;)
or 9.2-9.8 ppm for a C-9 spiro structure.

The reaction of acridin-9-yl isothiocyanate (1) with
methylhydrazine was found to be regiospecific whereby
the more nucleophilic o nitrogen of methylhydrazine
attacked the isothiocyanate carbon to preferentially form
the N-13 methylated thiosemicarbazide product {4-(9,10-
dihydroacridin-9-ylidene)-2-methyl-thiosemicarbazide, 2}
without evidence for the presence of the N-14 methylated
thiosemicarbazide. However, the identity of the reaction
product and its regiospecificity was not immediately
apparent as two sets of signals were observed by NMR
(ca. 96:4) and furthermore, in the '"H NMR spectrum of
the major species 2, three distinct one-proton NH signals
were observed, suggestive of an N-14 methylated product
rather than 2. This prompted, for comparative purposes,
the synthesis of the non-methylated analogue, viz. the
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of Acridinyl Thiosemicarbazides

product resulting from the reaction of 1 with hydrazine
{4-(9,10-dihydroacridin-9-ylidene)thiosemicarbazide, 3}.
In the '"H NMR spectrum of 3, four distinct one-proton
NH signals were observed, thus indicating that the N-14
pair of protons can indeed be non-equivalent. The likely
explanation for this is that H-bonding to the sulfur atom
by one of these Hs is occurring with resultant formation
of a stable five-membered ring (see Scheme 1). Firm
confirmation for the presence of an NH, group in the
major species, and thus the formation of the N-13
methylated product 2, was provided by an "N INEPT
experiment whereby two hydrogen-bearing nitrogen
atoms were readily observed, one of which was discerned
to be NH and the other NH,. The distinctiveness of the
two Hs bound to the same nitrogen was further
emphasized by their disparate exchangeability evident
from NOESY spectra, thus realizing their assignment.

Scheme 1
H
L 14
s'{p‘\ N~H
28 [
N’/C 11 N\
O \ H,NNHR
—
N
1

The reaction of acridin-9-yl isothiocyanate (1) with hydrazine or
methylhydrazine results in products where the two hydrogens bound to
N-14 are non-equivalent, presumably through hydrogen bonding to the
thiocarbonyl. The reaction of methylhydrazine is highly regiospecific
yielding only the N-13 methylated product.

The minor species present in solution, rather than being
the N-14 methylated product, was determined to be
2'-methyl spiro[9,10-dihydroacridinyl-9(10H)-5'-1',2' 4'-
triazolidine]-3'-thione (4, see Scheme 2). These two

species, the open-chain form 2 and the spiro form 4,
were shown to be in dynamic exchange with each other
by saturation transfer and variable temperature NMR.
Curiously, there was no evidence for a spiro form
present in the sample of 3.

By contrast, the reaction of 1 with phenylhydrazine was
generally not very regiospecific (see Scheme 3), with the
reaction in pyridine (45:55), ether (60:40), and methanol
(70:30) media producing comparable mixtures of the two
possible regioisomers (5 and 6, respectively); only in
ethanol (90:10) did the reaction proceed with a strong bias
towards the N-13 phenylated product 5, i.e. the reaction
proceeded via the o nitrogen similarly to methyl-
hydrazine. Interestingly, for both regioisomers S and 6,
only the spiro form was evident in solution, and which
serendipitously enabled their ready distinction based on
appropriate NOEs between H-1/H-8, H-11, H-14, and the
ortho protons of the phenyl ring.

Scheme 2

l N in DMSO
H

The equilibrium between the open-chain (2, major species) and spiro (4,
minor species) forms of the product from the reaction of
methylhydrazine and 1.

Treatment of 2 with mesitylnitrile oxide quantitatively
provided semicarbazide 7 (see Scheme 4) with an
intensive IR band at 1680 cm™, thereby confirming the
presence of a C=0 group. The oxo analogue not only
broadens the range of compounds examined, but was
itself of interest for fluorescence and bioactivity

Scheme 3

The reaction of 1 with phenylhydrazine was not regiospecific with both regioisomers being produced in a variety of solvents. Only in ethanol did
the N-13 phenylated product predominate in the reaction mixture. Interestingly, for both compounds, the spiro forms of each were predominant in

solution with no evidence of the open-chain forms.
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evaluations and which is more conveniently prepared in
any case from its thio analogue. Although inversion at N-
11 is slow enough to render the outer acridinyl rings
distinct-the same as for the thio analogue-the process,
however, is sufficiently fast at ambient temperature such
that under normal NOE equilibrium conditions, equivalent
enhancements are observed for H-1 and H-8 upon
irradiation of the N-methyl protons, thus in contrast to the

81.78 ppm and the correlations of the equivalent geminal
methyl protons to the two sp’-hybridized nitrogen atoms,
N-11 and N-14. With both the labile H-14 proton (located
based on its correlations to Cq and the geminal methyl
carbons) and the NCH; protons showing correlations
(HMBC, HSQC as appropriate) to both N-13 and N-14,
the structure, though surprising, was without doubt as
depicted in Scheme 5. This same pair of products could

Scheme 4
S NH H
NH, Q /N 2
= =
NI CH; I\i CH;
L0 & Lo
_—
N N
H H
2 7

Reaction of 2 with mesitylnitrile oxide (MNO) provided semicarbazide 7 in quantitative yield.

thio analogue. Furthermore, the NH, protons resonated as
one signal, presumably due to a lack of hydrogen bonding
to the oxygen. Also distinctive for this compound was the
absence of a spiro form in solution. But in addition to
providing a useful substrate for further bioactivity and
fluorescence studies, the compound also enabled the
observation of all nitrogen atoms present, which was
highly useful for comparative purposes with other
structures.

The manufacture of 7 also provided the opportunity to
compare the anisotropic effects on H-1 and H-8 of
thiocarbonyl vs carbonyl. The calculated differences (vide
infra) between H-1 and H-8 (+0.17 and +0.66 ppm for 2
and 7, respectively) did not compare that well with the
experimental values (-0.40 and +0.02 ppm, respectively),
but comparison of the two H-8s revealed that H-8 in 2
should be shielded by 0.12 ppm relative to H-8 in 7,
which compares well with the experimental difference of
-0.04 ppm. Comparison of the two H-1s revealed that H-1
in 2 should be shielded by 0.60 ppm relative to its
counterpart in 7, but in fact is shielded by 0.38 ppm, this
infers that there are additional factors, e.g. steric, in play
and which differ fundamentally between the two
structures.

Acridin-9-yl isothiocyanate (1) was reacted with
acetone 2-methyl hydrazone to provide the expected 1-
isopropylidene-2-methylthiosemicarbazide 8, but only as
a minor species (25%), with the majority of the product
preferentially adopting the cyclic 9. The evidence for the
new ring in 9 stemmed from the chemical shift of NCq at

also be produced by the reaction of 2 with acetone, and
indeed the structure of the 8/9 products from 1/acetone 2-
methyl hydrazone was also proven by hydrolysis back to
the thiosemicarbazide 2.

For 8, although a dihydroacridine moiety was apparent,
the outer rings of this moiety only provided an averaged
set of signals in DMSO-d; wherein all signals were
exchange broadened, some considerably, due to the
relatively fast inversion at N-11 despite the placement of
the labile proton on N-10. The symmetric-site
interconversion rate, however, was slow enough in CDCl,
solution (where the disparity of the two species became
even more pronounced at 9:1) to observe the non-
equivalence of the off-central axis nuclei of the acridine
moiety. Interestingly, a feature of the system in DMSO
was the slow interconversion between 8 and 9. Of note
also, the determination of the structure of 9 is consistent
with, or even substantiates, the structure of 2 whereby the
alternative regioisomer possessing methyl on the NI14
nitrogen is discounted by the correlation from H-14 to the
geminal methyl carbon atoms.

To examine if spiro cyclization could be effected with
the reaction pathway of N-14 blocked, 8/9 was treated
with methyl iodide without base (noting other obser-
vations [9]), though this opened up the possibility of
reaction at NCq given the behavior of 8/9. Nonetheless,
the reaction afforded S-methyl isothiosemicarbazide
hydroiodide 10, the expected S-methylated structure with
the labile H maintained on N-10 (see Scheme 6). Of note
is that the cyclic 9 need not necessarily revert to the open-
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Scheme 5
cisCH3
H;C
NCq
S HyC s HSC‘N——MNH
c* 3 \7]/CH3 NN e L-CH3
N yN NCH; S
N N \CH S N]l CH;
X / 1 3
+ HN - X
— A —_— —_—
N L0 -
1 N N
8 9
acetone
S, NH /
>-N\ HCY/
N CH; water

Reaction of 1 with acetone 2-methyl hydrazone yielded the expected struc

ture, 8, but only as a minor component of the solution mixture, the

majority adopting the cyclic structure 9. The reversible reaction of 2 with acetone provided the same pair of products.

Scheme

H;C
CHj;

H;C— S 'N

CH3I
8/9
(no base)
10

Reaction of 8/9 with CH;l yielded the expected S-methylated structure. Al

6

H3C
CHj;
H;C~ S

base

11

though unquestionably it is the conventional structure with a single

positive charge on N-10 that is the major contributing canonical form to 10, other canonical forms could also contribute to account for various

observed traits of the compound (see text). Treatment with base provided the

expected structure 11 without the need to invoke mesomeric forms to

rationalise observed features.

chain form (8) to undergo nucleophilic reaction with CH;l
(or other electrophilic reagents) via the sulfur atom as this
could conceivably be part of a concerted process yielding
10 directly (see Figure 1). Thus, it is probably
inconsequential that the exchange rate between 8 and 9
was relatively slow and could not be observed by NMR
experiments sensitive to exchange processes in contrast to
the case of 2 and 4 which could be observed to undergo
exchange.

Although unquestionably it is the conventional
structure with a single positive charge on N-10 that is
the major contributing canonical form to 10, other
canonical forms may be contributing as implied by some
of the observed traits of the compound: the deshielding
of NCq (180.43 ppm) and C-12 (165.87 ppm),

shielding of N-11 (-147.0 ppm), and the evident
dynamics. For example, double bond character for the
C,,-S bond would account for restricted movement for
the S-methyl and consequently the breadth of the C-12

Xj H3C N—N H

CH2 r\)\kaHs

Figure 1. The reaction of 9 with an electrophile can conceivably
undergo reaction via attack by the sulfur atom concomitant with
ring opening.

A

=
N
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and SCH, signals. Similarly, the breadth of the geminal
methyls in the "H NMR suggests limited rotation about
the Cq-N,;, bond, though the inequality of the line
broadening implies an additional exchange process is
also affecting these methyls. This is also further
emphasized by the breadth of the C-9 and NCq signals.
Treatment with base readily provided the expected
structure 11 without the need to consider the
contribution of mesomeric forms to rationalise the
observed features.

Alkylation—cyclization reactions of 8/9 with bifunc-
tional electrophiles bromoacetonitrile and methyl bromo-
acetate afforded the readily recognisable spirocycles 12
and 13, respectively, without any sign of an NCq-attacked
product in either case (Scheme 7). In the '"H NMR spectra
of both 12 and 13, the CH, signal was lacking and instead,
a CH signal was present at 4.2-4.4 ppm together with a
quaternary carbon (C-9) at 7879 ppm.

Table 3
Energies of all modeled structures at the B3LYP/6-31G(d,p) level of theory

energy

structure” conformer (kcal/mol) comments
2 1 1.72 open-chain form
2 351
4 1 0.00 spiro form
2 1.65
S0 1 2.26 open-chain form
2 5.93
5 1 0.00 spiro form
60 1 0.00 open-chain form
6 1 4.44 spiro form
7 1 1.06 open-chain form
2 1.63
7s 1 0.00 spiro form

) o
S

“ An appended “0” or indicates an open-chain or spiro form,
respectively, of the associated structure.

Scheme 7
HC
CHj;
N
N/
Yo
\
N| CH;
O O BrCH,CO,CH3
_—
N or BrCH,CN
H

8/9

12: X =CN
13: X = C02CH3

Th e reaction of 8/9 with bifunctional electrophiles, induced, not unexpectedly given the blocking of N-13,
spiro products. These two reactions demonstrate the susceptibility of C-9 to nucleophilic attack and the
formation of spiro products, though even given such propensity, it is still surprising that the NCq carbon is not
attacked by the methylene carbon of the reagent to form a non-spiro six-membered ring.

To provide additional support for the elucidated
structures, density functional theory (DFT) calculations
were performed for structures 2, 4, 5 and 6 (together
with their open-chain forms), and 7 (together with its
spiro form) whereby the geometries were optimized at
the B3LYP/6-31G(d,p) level of theory and the fractional
charges and chemical shifts calculated at the B3LYP/cc-
pVTZ level of theory. Unfortunately, the gas-phase
energies (Table 3) did not correlate well with the
solution-state energies, and this is not unexpected for
polar molecules if solvation is not taken into account.
However, accurate solution-state determination of the
energies was not the principal target of the calculations
which would have proven exorbitantly expensive if full
inclusion of the solvent had been undertaken and it was
thus considered to be outside the scope of this current
work and capacity of the available computer facility. Of

the comparison of three sets of open-chain forms vs
their spiro counterparts, only once was the correct form
predicted. This insinuates the large role that solvation
plays in determining the most stable structure and this
has been an aspect that has been underappreciated in
assessing the stability of the spiro forms in reversible
cases.

However, the primary aim of the calculations was to
verify the structures by calculation of the chemical shifts
(see Tables 1 and 2). Other than the chemical shifts of the
labile protons, adequate agreement was found for support
for the gross chemical structures. The results, however,
lacked the high fidelity anticipated and the presence of
various contributing tautomers, conformational equilibria,
and extensive hydrogen bonding as a result of the high
polarity of the compounds all conspired to degrade the
quality of the final results.
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See succeeding article [6] for general details.
Computational Methods.

Geometry optimizations were performed using a DFT [24]
method contained within the Gaussian 98 program [25]; a
B3LYP functional [26] and a 6-31G(d,p) basis set [27] with a
tight SCF convergence criterion were used in order to define the
structures at a sufficiently high level of theory appropriate [28]
for the calculation of reliable NMR shielding constants. The
energies of the structures were calculated at the same level of
theory. For calculation of the chemical shifts, nuclear shieldings
were calculated using the Gaussian 98 program [25]
implementation of the GIAO method [29] at the B3LYP/cc-
pVTZ level [30] of theory. (Atomic charges were also calculated
at this same level of theory.) The isotropic magnetic shieldings
(0) so obtained were evaluated as chemical shifts () based on
their difference from the shieldings of TMS (for both *C and
'H) or nitromethane (for °N), accordingly. For calibration of the
chemical shifts (*°N, '*C, and 'H), a range of different
compounds (ca. 25 in total) were selected encompassing various
structural entities and included several substituted pyridines and
pyrimidines, several substituted benzenes, naphthalene and other
condensed systems, furan, N,N-dimethyl formamide, nitro-
methane, TMS, and the aliphatic heterobicyclic systems of refs
[31,32] amongst others. The geometries of the selected cali-
bration compounds were optimized and their chemical shifts
calculated using the same methodology as for the compounds
under study; their experimental chemical shifts were taken from
refs [28,31-33] and plotted vs the calculated shifts, hence the
relationships [33]:

S =0.9980 _ (Opys — Oc) — 3.780 (R* = 0.9987)
84 =0.9736 _ (Opys — Oy) + 0.058 (R* =0.9970)
Sy =0.9099 _ (0, — On) — 10.743 (R* =0.9922)

This methodology has been found [32,33,34] to be a reliable
and useful method for the calculation of chemical shifts for "°N,
13C, and 'H nuclei in terms of structural determination.

4-(9,10-Dihydroacridin-9-ylidene)-2-methylthiosemicarbazide
(2) [35] and 2'-Methyl spiro[dihydroacridinyl-9(10H)-5'-1',2',4'-
triazolidine]-3'-thione (4).

To a solution of acridin-9-yl isothiocyanate [36] (1, 1 g, 4.2
mmol) in methanol (15 mL), methylhydrazine (0.194 g, 0.223 mL,
4.2 mmol) was added dropwise at 0 °C. The mixture was allowed
to stir at room temperature in an atmosphere of nitrogen for 2 h
until completion of the reaction as indicated by TLC (benzene/
acetone 5:2). The solvent was then removed under vacuum, ether
added, and the precipitate collected by filtration and dried to provide
a mixture of products 2 and 4 as a yellow powder (solution
equilibrium by 'H NMR 96:4). Yield 85%; mp 215-217 °C
(presumably for 2 and 4, methanol); Found: C, 64.02; H, 4.79; N,
20.02. C;H,N,S requires C, 63.80; H, 5.00; N, 19.84%; v, (KBr)/
cm™ 1621, 1573, 1471, 1359, 1252, 1154, 1021, 959, 758, 622.

4-(9,10-Dihydroacridin-9-ylidene)thiosemicarbazide (3) [35].

To a solution of acridin-9-yl isothiocyanate [36] (1, 1 g, 4.2
mmol) in methanol (15 mL) hydrazine hydrate (0.210 g, 0.204
mL, 4.2 mmol) was added dropwise at 0 °C. The mixture was

allowed to stir at room temperature under nitrogen for 2 h until
completion of the reaction (monitored by TLC, benzene/acetone
5:2). The solvent was then removed under vacuum, ether added,
and the precipitate collected by filtration and dried to provide 3.
Yield 70%; mp 210 °C (methanol); Found: C, 62.53; H, 4.29; N,
20.47. C,H,N,S requires C, 62.66; H, 4.51; N, 20.88%.

2'-Phenyl spiro[dihydroacridinyl-9(10H)-5'-1',2' 4'-triazolidine]-
3'-thione (5).

Acridin-9-yl isothiocyanate [36] (1, 1 g, 4.2 mmol) was
dissolved in ethanol (15 mL) and to this solution was added
phenylhydrazine (0.453 g, 0.413 mL, 4.2 mmol). The reaction
was then left to stir for 2 h at room temperature under nitrogen.
The solvent was evaporated and the resulting precipitate washed
with ether and then dried to provide a mixture of products 5 and
6 in a ratio of 90:10 (by 'H NMR). Product 5 was separated by
column chromatography (cyclohexane/acetone 2:1) and crystal-
lized from ethanol. Yield 68%; mp 273 °C (ethanol); Found: C,
69.58; H, 4.64; N, 16.01. C,0H,(N,S requires C, 69.74; H, 4.68;
N, 16.27%.

1'-Phenyl spiro[dihydroacridinyl-9(10H)-5'-1',2',4'-triazolidine]-
3'-thione (6).

Acridin-9-yl isothiocyanate [36] (1, 1 g, 4.2 mmol) was
dissolved in pyridine (15 mL) at room temperature and to this
solution was added phenylhydrazine (0.453 g, 0.413 mL, 4.2
mmol). The reaction was then left to stir for 2 h at room
temperature under nitrogen. The precipitate was collected by
filtration, washed with ether, and then dried to provide a mixture
of products 6 and 5 in a ratio of 55:45 (by '"H NMR). Product 6
was separated by column chromatography (cyclohexane/acetone
2:1). Yield 58%; mp 278 °C; Found: C, 69.52; H, 4.58; N, 15.88.
C,0H,¢N,S requires C, 69.74; H, 4.68 N, 16.27%.

4-(9,10-Dihydroacridin-9-ylidene)-2-methylsemicarbazide (7).

Thiosemicarbazide 2 (0.423 g, 1.5 mmol) was dissolved in
dry acetonitrile (10 mL) and to this solution was added
mesitylnitrile oxide (0.240 g, 1.5 mmol). The mixture was
allowed to stir for 3 h at room temperature following which the
solvent was concentrated under reduced pressure and the
resulting solid collected by filtration, dried, and crystallized
from methanol. Yield 80%; mp 274-276 °C (methanol); Found:
C, 68.03; H, 4.94; N, 20.87. C,sH,N,O requires C, 67.65; H,
5.30; N, 21.04%; v,,, (KBr)/cm™ 1680; m/z: 821 (3M* + Na,
1%), 799 3M* + H, 2), 555 2M" + Na, 9), 533 2M* + H, 23),
289 (M*+ Na, 21), 267 (M*+ H, 100), 250 (M*+ H — NH,, 48),
235 (250 - CH;, 4), 222 (250 - CO, 20), 195 (30), 194 (acridine
+ NH, 44), 193 (20), 179 (5); Jyy couplings (Hz) extracted by
spin simulation [23]: Jy, 4, = 8.4, Jy s = 1.4, Jyy e = 0.6, Jypo 3
=7.0, Juona = 1.2, Jyzpa = 8.3, Juspe = 8.2, Jusyr = 1.1, Jys s =
0.6, Jus 7= 7.0, Jueus = 1.5, Jyy g = 8.2.

4-(9,10-Dihydroacridin-9-ylidene)-1-isopropylidene-2-methyl-
thiosemicarbazide (8 and 9) [35].

Acridin-9-yl isothiocyanate [36] (1, 0.5 g, 2.1 mmol) was
dissolved in acetone (15 mL) and to this solution was added N-
isopropylidene-N'-methylhydrazine (0.189 g, 2.2 mmol) and the
mixture left to stir 1 h at room temperature. The solvent was
then evaporated under reduced pressure, ether added and the
precipitant collected by filtration, dried, and crystallized from
methanol to give a mixture of 8 and 9 (solution equilibrium by
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'H NMR: 3:1 in DMSO-d4 and 9:1 in CDCl,, respectively).
Yield 65%; mp 184—187 °C (presumably for 8 and 9, methanol);
Found: C, 67.09; H, 5.44; N, 17.32. C,{H(N,S requires C,
67.05; H,5.63; N, 17.38%.

Hydrolysis of 8/9.

A mixture of 8/9 (0.2 g, 0.6 mmol) was dissolved in methanol
(10 mL) and treated with 6 N HCI. The mixture was refluxed for
2 h and then poured into ice/water. The precipitate was collected
by filtration, dried and again dissolved in methanol and the pH
of the solution adjusted to 7 using sodium methoxide. The
solvent was then partially evaporated off, ether added and the
resulting precipitate collected by filtration, dried, and
crystallized from methanol. Yield 65%; mp 143 °C (methanol);
Spectral data were identical to the spectral data of 2.

S-Methyl 4-(acridin-9-yl)-1-isopropylidene-2-methyl isothiosemi-
carbazide hydroiodide (10).

A solution of 8/9 (0.4 g, 1.2 mmol) in dry acetonitrile (15 mL)
was treated with CH,I (0.187 g, 0.082 mL, 1.32 mmol). The
mixture was allowed to stir for 5 h at room temperature during
which a yellow precipitate had formed. The product was isolated
by filtration, washed with ether, and then dried to give a yellow
solid 10. Yield 70%; mp 166-168 °C; Found: C, 48.75; H, 4.68;
N, 12.37. C,,H,,IN,S requires C, 49.14; H, 4.56; N, 12.07%.

S-Methyl 4-(acridin-9-yl)-1-isopropylidene-2-methyl isothiosemi-
carbazide (11).

To a suspension of 8/9 (0.5 g, 1.55 mmol) and anhydrous
potassium carbonate (0.321 g, 2.35 mmol) in dry acetonitrile (15
mL), iodomethane (0.22 g, 0.096 mL, 1.55 mmol) was added
dropwise and the mixture left to stir for 3 h at room temperature.
The solvent was evaporated and the resulting precipitate washed
with ether, dried, and crystallized from methanol. Yield 60%;
mp 154 °C (methanol); Found: C, 67.63; H, 5.75; N, 16.74.
C,oH,(N,S requires C, 67.83; H, 5.99; N, 16.65%.

5'-Cyano-2'-(2-isopropylidene-1-methylhydrazinyl)-spiro[dihydro-
acridinyl-9(10H)-4'(5'H)-1',3'-thiazoline] (12).

Thiosemicarbazide 8/9 (0.322 g, 1 mmol) was dissolved in
methanol (10 mL) and to this solution bromoacetonitrile (0.132 g,
0.074 mL, 1.1 mmol) was added dropwise followed by sodium
methoxide (0.054 g, 1 mmol). The reaction was then left to stir for
4 h at room temperature under nitrogen. The obtained solid 12 was
filtered off, washed with ether, dried, and then crystallized from a
mixture of methanol/diethyl ether. Yield 72%; mp 106 °C
(methanol/diethyl ether); Found: C, 66.20; H, 5.28; N, 19.14.
C,oH,oN;S requires C, 66.46; H, 5.30; N, 19.37%.

5'-Methoxycarbonyl-2'-(2-isopropylidene-1-methylhydrazinyl)-
spiro[dihydroacridinyl-9(10H)-4'(5'H)-1',3'-thiazoline] (13).

To a solution of 8/9 (0.322 g, 1 mmol) in methanol (10 mL)
was added methyl bromoacetate (0.168 g, 0.101 mL, 1.1 mmol)
followed by sodium methoxide (0.06 g, 1.1 mmol) after which
the solution left to stir for 5 h at room temperature under
nitrogen. The solid was collected by filtration, washed with
ether, and then dried to provide 13. Yield 70%; mp 126 °C
(methanol); Found: C, 63.72; H, 5.57; N, 13.84. C, H,,N,O,S
requires C, 63.94; H, 5.62; N, 14.20%.
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