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Abstract: New molecular receptors with dibenz[c,hlacridine skeleton bearing functional groups
complementary to malonic acids have been developed. Dibutylmalonic acid is bound in chloroform with Kass
values between 102 and 10° M-1 via hydrogen-bonding interactions. The caialytic ability of several of these
recepiors in the decarboxylative reaction of this diacid has been investigated. © 1999 Elsevier Science Ltd. All
rights reserved.
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racemic o-aminoacids.!

o

owever, the natural enzyme L-aspartate decarboxylase induces the chiral
decarboxyiation of these diacids.?

Similarly, it would be interesting to synthesize a chiral molecular receptor for complexing malonic acids,
with catalytic decarboxylative activity and able to induce chirality in the process. Such a molecule would be an
enzyme-like catalyst, which would allow the preparation of chiral amino acids.

As a first step, it is necessary to develop receptors with good recognition of malonic acid derivatives.

There are many synthetic receptors that have been reported to complex malonic acids,3 we are also developing

in this paper we communicate the synthesis and complexation properties of these receptors and the resuits
of the decarboxylative catalytic activity of some of them.

RESULTS AND DISCUSSION

Synthetic strategies

There are several different methods in the literature to prepare 5,6,8,9-tetrahydrodibenz[c, h]acridines* but
nana af tham ara 11gad ta nrenarae 2 and 12 difinetinnalized derivativec in which we are interected (On the ather
NONC G1 i ar UsCa 0 Propail £ alil 12 GhuliCuOlanZol GEIvauves i Wil WU diiC neiTaii. Uil uic Uuidd

u
hand it is not easy to obtain them from the unfunctionalizated basic structure. Qur synthetic strategy is based in
the dimerization of easily prepared derivatives of a-tetralone, as shown in Scheme 1.

a
=S
ot
=
[

synthesis are the condensation of enamine 2 with the Mannich-base 3 leading to intermediat

cyclization of the diaminodicarbonyl 5 to compound 6.

+ This paper is dedicated to the memory of the late Prof. Joaquin de Pascual Teresa
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Scheme 1. Reagents and conditions: i) HNO3/H2S04, (63%); ii) TiClg/pyrrolidine, (90%);
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iit) HoC="N(CH3)2Ci/AcCl, i2h, r.i., (88%); iv) EtOH, 3h r.t., (76%); v) SnCip/HCI,
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The preparation of enamine 2 was carried out from ketone 1 by treatment with pyrrolidine and titanium
tetrachloride as catalyst.> On the other hand, the treatment of 1 with a molar equivalent of Eschenmoser's salt
yielded the hydrochloride 3 as a white crystalline solid. The condensation of 2 and 3 in ethanol at room
temperature produced diketone 4, which did not require isolation because upon reduction to § hydrolysis of
the enarnine took place.

o the diaminodicarbonyl compound 5 with tin

—

Accordingly, crude dinitroderivative 4 was reduced
ihydrate in HCL.6 The 'H NMR spectrum of the reaction pr

which it was unnecessary to resolve because the stereogenic centers are lost in the final step of the synlhelic
1
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scquence. L,y alioi’ O1 ine Icqucea \,wupuuuu Wil alminoiiiliiii aClu

TFATY m o

provided a diacetamide, which upon treatment with KOH in ethanol at reflux for 4 h afforded the
dibenz[c,h]acridine 6.

As it was not possible to achieve the synthesis of non-symmetrically substituted structures by mono
functionalization of 6 because the yield of the mono functionalized product was very poor, Scheme 1 was
modified to the more general synthetic route showed in Scheme 2. This approach was adequate for the
preparation of tetrahydro dibenz[c, h]acridines carrying different substituents at the 2 and 12 positions. In this
work, a urea function was selected for the first monofunctionalization, although other groups could be also

introduced,
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Scheme 2. Reagents and conditions: i) EtOH, r.t. (90%); ii) SnClp/HCl, 10 min, 60°C (92%);
iii) HNO3 /H2S04, - 30°C (62%); iv) 1: C1pCO/THF, 2 : t-octylamine /THF (91%); v) Hp, Pd/C
(5%) /EtOH, 2h, r.t. (95%); vi) 1 : AcO"NH4?, 2h, reflux; 2: KOH/EtOH, 3h, reflux (78%)

Lo KD/,

The functional modification of the amino groups in 6 or 12 allowed the preparation of symmetric

S ﬁ 14 R =PO(OEY),

YYYY e 2w

Reagents : i) N-cyclohexylsulfamoyl chloride/pyridine (7774 ); +i) diethyl chlorophosphate/
pyridine (74%); iii) 1. phosgene; 2.feri-octylamine {73%}; iv) : 1. thiophosgene;
2. tert-octylamine (67%).

Figure 1. Structure of receptors 13,14,16 and 17, directly synthesized from diamine 6.



Binding properties of the Dibutylmalonic Acid Receptors

The establishement of a host-guest complex through four H-bonds with a malonic acid derivative couid be
achieved by a 1,3 arrangement of hydrogen bond donors and acceptors in the host, well suited for binding the
guest.

The geometry of receptor 13 with two sulfurylamide arms, has the required planarity in the cavity for
complexing dibutylmalonic acid (DBMA) with four linear hydrogen bonds, withthe advantage of allowing the

intramolecular H-bond of the guest to be maintained in the complex (Figure 2). The synthesis of receptor 13,
wit cvmmatrircr cnnlfnrvlamide fiinctinnalizatinan (FRionra 1) wace rcarried At hy treatmeant nf & wit N
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cyclohexylsulfamoy! chloride in pyridine at room temperature, in 77% yield.

The binding properties were followed by !H NMR spectroscopy in chloroform. The analysis of titration
data using a non-linear least squares regression led to the determination of the association constants. Among the
malonic acids, dibutylmalonic acid was chosen as guest due to its solubility in this solvent. NMR titrations of
afore cited receptors with DBMA were performed at 293K;; the calculated association constants are summarized
in Table 1.

The signal of the sulfurylamide NH linked to the aromatic ring was shifted 0.12 ppm downfield after

guest addition. Analysis of the |H NMR titrations data led to the deduction of an association constant of

7 02 }/I‘l 1 sar than the avnected far a fanr Hohand comnley hindine That conld he avnlained hecange the
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Figure 2. Proposed structures for the dimer of disulfurylamide 13 and the four hydrogen
bond complex between the free form of this compound and dibutylmalonic acid, with an
intramolecular hydrogen bond.
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CPK modeis show that receptor 14 has a good
,Owos complementarity with DBMA to establish a complex
SH ) ) H,/’ with four H-bonds (Figure 3). The tetrahedral
(E.Q,:,., Q‘ “s" V'»,,l ‘ o OE structure of the phosphorylamide group of 14, is
f\‘E!O ey’ . rP" OF! interesting because it avoids steric repulsions with

ortho aromatic protons at the 3 and 11 positions of the
acridine framework, because these a
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are placed between the ethoxy

functionalization, was prepared in 74% yield by
Figure 3. Proposed complex between receptor reaction of 6 with a bimolecular amount of diethyl
14 and DBMA chlorophosphate in pyridine at room temperature

(Figure 1).
Several signals of receptor 14 were shifted after guest addition; among them, the NH of the
phosphorylamide showed a 2.22 ppm downfield shift, demonstrating that this receptor strongly binds DBMA

(Table 1).

The bislactam receptor 15 (Figure 4) has a 1,3-relationship between donor and acceptor hydrogen bonds,
as for preceding receptors, and buty! chains for increasing the solubility of the molecule. This receptor was
obtained by acylation of the amine groups of 6 with the chloride of dibutylmalon monoethylester,

,,,,,, 1 1. .

followed by hydrolysis of the ester groups and cyclization with Eaton's reagent
% wt in methanesulfonic acid)? (56 % overall yield).10
The addition of DBMA to this receptor led to a

Bu rogressive downfield shift of the aromatic protons
. Bu prog p
H -0%/0- H inside the cavity to 8.23 ppm (A = 0.27 ppm), due to
$ i i %2, . . .
O O, “0 the anisotropic effect produced in the complex by the
Bu v “ | . J
, M oy H., »\BU nonbonding electrons of the carbonyl groups of the
BUT ) N PBU o J f=4 I
l 1 onect nn the :nei1ally flace aromatie hvdrnoenc
/ ) b“\/al Vil uiilwv vkd‘v lwl] WiAVOW Ul Vilidulw 11 ux\ls\,u)
0O 0]

N The plotting of deshielding measurements gave a
] N } 1 1 ~ a1 M ' i i Vol T
i very high value for the association constant of this
k )\é]\ ) = . = . s = = s e = < 3 P
N receptor, which 1s slightly higher than that of the

diphosphorylamide receptor 14 (Table 1).

Figure 4. Proposed complex between receptor

The entropic factors are more favorable for
15 and DBMA pic ore fa

complexing the guest in rigid structure 15 where the
H-bonds are more preorganized into the cavity than in 14. We propose a host-guest complex with four H-

bonds, as Figure 4 shows.

Other receptors carrying an urea 16 and a thiourea 17, well known functional groups for their role in the

molecular recognition of carboxylic acids, have been developed.!! In these receptors fert-octyl residues had
e 1evbemdriaaand laamniian eamnbhad ATl Alnioo amarld Fonilione s thin conle bttt oo o Felo s T o1
been introduced because branched alkyl chains could facilitate the solubilization of the molecules
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These receptors were prepared by treatment of 6 with an excess of phosgene or thiophosgene, followed by
addition of tert-octylamine (yields 73 % for 16 and 67 % for 17).

N,N'-Disubstituted ureas prefer an anti-anti conformation, but the structure of the substituents affects the
conformational equilibrium.12 In this case, a conformational analysis of compound 16 using Macromodel
showed only an AAG < 1 Kcal/mol between anti-anti and syn-anti conformations.

Figure 5 shows above cited host conformations and H-bond modes resulting from each in the complex

with DBMA. The anti-anti host conformation binding the guest in a conformation that shows both hydrogen
atoms in the carboxylic groups in the anti position which in known to be disfavour due to the lack of anomeric
effect.13
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Figure 5. Proposed complexes for anti-anti and syn-anti conformations of receptors 16 and 17 with DBMA,
maintaining the intramolecular hydrogen bond in the guest.
Therefore, these ureas can act either a with syn or anti conformations as a donor-acceptor or double donor
~ vArAoran A Ao racmantivrale, fn D R FTT) PE-UR R § pe— PR PR Pt Mg NI,
ofh dxuy:u bonds u:apcutwcly in the co uplc&ahuu of DBMA, which allows the intramolecular hydrogen

bond of the guest to be maintained in the complex (Figure 5).

A 1.80 ppm downfield shift of the NH of the urea group binds to aromatic ring was observed upon
titration, also the H-1 signals were shifted about 0.12 ppm. The high association constant value deduced from
the titration data confirms the formation of an effective complex, despite the twisted geometry of the receptor
due to steric hindrance of the ortho hydrogens of the aromatic rings; this torsion prevents the formation of
fully linear hydrogen bonds with the guest.

The association constant for dithiourea receptor 17 was four times lower than the one observed for the

related diurea probably because thiourea S atom is less

L omcs nacAamiarineg Anmatost sacss [ — 10 .. PR S | <xsla

ccount tnese dbbUlellUﬂ constant rﬁamts a new ece[) T 10 Was ueslgnea \rlgure 0) in WﬂlCﬂ
both urea and phosphoryiamide binding arms are inciuded, as double donor and donor-acceptor of H-bonds
respectively. This would allow the complexation of DBMA by 18 maintaining the intramolecular hydrogen
bond in the guest.



m diamine 6 was carried out by treatment with one equivalent of 4-chiorophenyi
isocyanate. The monourea derivative was isolated from the crude of reaction by column cromatography.
Posterior treatment with diethyl chlorophosphate gave
the chloroform soluble receptor 18 in a 32% overall

HO o (/ \”/ yield. The value obtained for the association constant
o M T AN ith thi
T o, .0, HN with this receptor and DBMA was 1.3 x 105 M-,
EtO .. . p N sy, /& . .
& ~NH H HN Yo which is very close to that obtained for
EtO .
A A diphosphorylamide receptor 14 (Table 1). In our
\ﬁ /\I phosphory p (Table 1). In our
!r . ! nninian thic vams onnd ragnlt ram ha hattar avnloinad
Z N = UpPILIHIIULL, UllS vury gUUU 10SUIL Lail OC UCLCT CApLaliica
| if the intramolecular hydrogen bond of malonic acid is

maintained in the complex (Figure 6).

Table 1. Association constants of
TN L L AN ral
acid in CDCi3 at 20 °C

f receptors 13-18 with dibutylmalonic

Receptor Kass [M-11
disulfamoylamide 13 72x 102
diphosphorylamide i4 1.5x 105
bislactam 15 2.8 x 105
diurea 16 2.6 x 104
dithiourea 17 7.8 x 103
phosphorylamide-urea 18 1.3 x 105
Decarboxylation studies
It is known that weak nucleophiles, such as pyridine or quinoline, strongly catalyze the decarboxylation

reaction!> of substituted malonic amds through a mechanism in which the intramolecular hydrogen bond in the
malonic acidl6é favours the nucleophilic addition by mtramolecular general acid catalysis. Then, a

decarboxylative fragmentation step of a carboxylate with a good B-leaving group takes place!” (Scheme 3).

Nu
QAgH (‘Nu

N -_meH_.._._/é‘ £ COy + NU
OH

OHuO

Scheme 3 : Proposed mechanism for malonic acid decarboxylation

Therefore, a higher stabilization of this transition state in relation to the ground state will be produced if the

hydrogen bonds formed in the complex become stronger.!8 We expected this, because a carboxylate must be

1 11U 1 UVIIgeL.

generated in the transition state and the hydrogen bonds in the complex will be stronger as the negative charge
+la + n 1 thic A Ta lat T £ 1 1 A e | +
on the oxygen atom increases. Backing up this decarboxylation mechanism of malonic acid, we carried out
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H-bond in the complex.

Catalytic studies were performed using gas volumetry, as described by Corey.19 The decarboxylative
kinetic experiments with DBMA were carried out with no receptors or with addition of 6% of a receptor. With
receptors 16 and 17, a forward decarboxylation reaction resulted with a four-fold reduction of half life (Table
2). Slightly higher than in the preceding cases was the activity of receptor 18, which could indicate that the
high acidity of the NH 4-chlorophenyl urea provided a stronger H-bond in the transition state.
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reaction.

with binding scheme of double donor and acceptor-donor H-bonds.2

catalyst receptor approx half-life

none 110 min
15 26 min
16 28 min
is 22 min
i3 16 min

21n all cases, catalyst concentration is 0.06 M and isoquinolinc concentratration
is 0.0003 M.

The stabilization of the positive charge developed in the nucleophile in the transition state could contribute

, as observed in previous work 3g CPK models showed that in

charged isoquinoline nitrogen ring in the transition state (Figure 7).
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Figure 7. Proposed transition states for decarboxylation of DBMA in the complexes 19*DBMA and 20+*DBMA



following Scheme 2. When 12 was ireated with the chioride

’l

of cis-3,5-methoxycarbonyicyciohexanecarboxyiic acid in triethylamine, receptor 19 was obtained in 62%
yield. In the treatment of 12 with the isocyanate of 8-amine-6-tert-butylchroman-2,2-dicarboxylic acid diethyl
ester,20 receptor 20 was produced in 68% yield.

The binding study with receptor 19 showed a Kass of the same order of diurea 16, unfortunately it was
not possible to measure shifts of the geminal protons to ester groups because they were overlapped, however
the constant value seems to be in agrement with the establishement of a complex with four H-bonds.

Receptor 20 showed a value of the association constant of 1.4 x 105 M-I, , suggesting that a fifth bond
should be established between the receptor and guest (Figure 7). This additional hydrogen bond produced a

o
f-Aae J
drastic 10-fold increase of the binding constant in comparison with 19. The lack of protons close to the atoms

TR v

implicaied in the additional H-bond did not aliow direct observation Uy NMK, but the formation of a new
bond 1

V)

implicated bearing in mind that the Kass value is also one order higher that in the case of diurea 16.

Table 3 . Half-life of decarboxylation? of dibutylmalonic acid and association
“"‘“S!ﬂ..tg for recentors 19 and 20

LR CLOPIOIS 27 4l &

catalyst receptor approx half-life Kass [M-1]
none 110 min
19 32 min 1.3x 104
20 24 min 1.4 x 109

4 Tn all cases, catalyst concentration is 0.06 M and isoquinoline concentration 0.0003 M.

However, catalytic activity was not improved. Kinetic measurements (Table 3) of decarboxylative activity
were similar to previous results. The lack of rigidity of these molecules probably does not favour the expected
geometry of the transition state.

In summary, we have developed new hosts featuring several functionalizations in a semirigid structure

the guest with maintenence of its intramolecular hydrogen-bond showed a significant reduction in the reaction
haif life in the presence of 6% of receptor. We consider that these results can be improved by incorporation
into the 6 and 12 structures of more elaborate moieties, as could be phosphorinane rings similarly at we have

made in benzophenone receptors,38 which could allow better catalytic results to be obtained.
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internal standard; J values are recorded in Hz. Mass spectra were measured on a VG-TS-250 specirometer
(electronic impact 70 eV). Elemental analyses were carried out using a Perkin-Elmer 240 B Analyser.

1-(7-Nitro-3,4-dihydro-1-naphthyl)pyrrolidine (2): 7-nitro-o-tetralone (15 g, 0.078 mol) in
diethyl ether (200 ml) was mixed with pyrrolidine (40 ml, 0.47 mol) in diethy! ether (80 ml). A suspension of
TiCl4 (4.3 ml, 0.039 mol) in hexane (60 ml) was added dropwise to the former solution under argon
atmosphere at O °C. The precipitate which appeared was filtered off and the solvent was evaporated from the
filtrate to give the enamine 2 as an oil (17.2 g, 90%); vmax/cm-! 3084, 3046, 2957, 2893, 2839, 1617,
1522, 1343, 1254 and 849; dy(CDCIl3) 8.22 (1H, d, J=2.4 Hz, H-8), 7.99 (1H, dd, J=8.2, 2.4 Hz, H-6),

7.28 (iH, d, /=8.2 Hz, H-5), 5.29 (IH, t, J=4.6 Hz, H-2), 2.95 (4H, m, 2CH>), 2.74 (2H, t, J=7.0 Hz,
H-4), 2.27 (2H, m, H-3) and 1.94 (4H, m, 2CH3); 6c(CDCl3) 146.8 (s), 145 (s), 144.1 (s), 134.4 (s),
127.7 (d), 121.1 (d), 118.6 (d), 106.3 (d), 2 x 50.6 (t), 28.9 (1), 2 x 23.9 (t) and 22.0 (t).

2-Dimethylaminomethyl-7-nitro-3,4-dihydro-1(2H)-naphthalenone hydrochloride (3): To
a solution of N,N,N',N'-tetramethyldiaminomethane (57 ml, 0.42 mol) in dry diethy! ether (500 mi) at 0 °C
was added dropwise acetylchloride (30 ml, 0.42 mol) in diethyl ether (350 ml). Once finish the addition, the

o]
o
=}
=4
o
=
"3
)4
&
»
=
5
]
=
=N
(4]
=
>
-t
—
o
92
<
']
=]
3
a

white solid, mp 161 °C; dexU‘iUJ l)' m* 3025, 2562, 24
i, J=

2.2 Hz, H-6), 7.61 (1H, d, J=8.3 Hz, H-5), 3.68 (IH, dd, J=8.9, 3.7 Hz, CHzN, H-3), 3.45-3.10 (4H, m,
CH,N, H-2, H-4), 3.01 (3H, s, NCH3), 2.97 (3H, s, NCH3), 2.40-2.25 (1H, m, H-3) and 2.15-1.90 (1H,
cd, J=12.0, 4.0 Hz, H-3); 8c(CD30D) 198.8 (s), 152.6 (s), 148.5 (s), 133.7 (s), 132.1 (d), 128.9 (d),
123.0 (d), 59.9 (1), 45.6 (q), 43.9 (d), 43.5 (@), 29.7 (t) and 28.1 (t); m/z 249 (M*+1, 4%), 248 (M*,
14%), 203 (60), 191 (8), 175 (64), 163 (15), 145 (10), 128 (100), 115 (83), 102 (25), 89 (55).

~ \T $2enn Y (" mitran 1 nyrralidin 1 vl 2 4 dihvdera Y nanhthylmathyll.2 A_AdAihvdea 1(YH)
I NI G- /7 ~HItTrO- 2 -PYITo11GHI - 1-Y1-0,2-QINYOarG-c-Napnin yimeuiy = 5,4-GinyaGréo-1 onx j-
) P AN “/anr N N L Y 1.1 _.\,._1_‘.4._ ~L oy H ~ N 1Y
napmnalenone (‘-l) LOIIlpOUII(l J (19.0 g, U.UOD INOI) was added siowi Yy 10 a soiution o1 enamine & (1Y g,
u

0.079 mol) in absolute ethanol (35 ml) under Ar. After stirring for 2 h, the reaction was cooled to 0 °C and
filtered to give 4 (21.5 g, 76%) as a yellow solid, mp 154 °C, (Found: C, 67.02; H, 5.72; N, 9.38.
C5H25N305 requires: C, 67.10; H, 5.63; N, 9.39%); Vmax(CHClz)em-1 3030, 1667, 1613, 1600, 1520,
1343, 1148 and 1078; 6g(CDCl3) 8.44 (1H, d, J/=2.4 Hz, H-8), 8.14 (1H, d, J=2.4 Hz, H-8"), 8.03 (2H,
dd, J=8.2, 2.4 Hz, H-6, H-6"), 7.28 (1H, d, J=8.2 Hz, H-5), 7.21 (IH, d, J=8.2 Hz, H-5") and 3.3-1.5
(19H); 8¢c(CDCl3) 203.0 (s), 147.3 (s), 145.9 (s), 145.4 (s), 143.3 (s), 141.7 (s), 139.7 (s), 133.0 (s),
129.9 (d), 127.7 (d), 122.4 (d), 121.7 (d), 121.1(d), 115.0 (d), 109.8 (s), 45.2 (1), 33.1 (d), 30.8 (1), 27.8
) a

(0, 26.1 (1), 24.6 (1), 24.4 (1) and 22.3 (1); m/z 447 (M¥, 6%), 406 (10), 257 (100), 244 (24), 203 (23),
175(12), 141 (10), 128 (29), 115 (18) and 89 (12)
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T Nitwn VD (T . mniden. 1 nen 1 P 2 A tatmahedenn V) nmanhthoylacndtbherl) 2 4 F1k.. ro 1 /LT
7=INRUTO=&=\ 7 =IO~ 1-0X0~ 1,4, 0,4-1Ciranyaro-s-napnuiyimeinyij-5,4-ai ly To-1{<m1)-
naphthalenone: Compound 4 (21 g, 0.047 mol) was dissolved in a mixture of HCI (5 ml) and ethanol (100

ml). The reaction was heated to 60 °C and stirred for 10 min. The dinitro dicarbonyl compound obtained was
a white solid (17.5 g, 95%), mp 183°C; vmax(Nujol)/cm-1 3086, 1688, 1611, 1520, 1422, 1348, 1080 and
940; 3y(CDCl3) 8.82 (2H, d, J=2.4 Hz, H-8), 8.30 (2H, dd, J=8.4, 2.4 Hz, H-6), 7.45 (2H, d, J=8.4 Hz,
H-5), 3.18 (4H, t, J=5.4 Hz, H-4), 3.09-2.65 (2H, m), 2.55-2.30 (2H, m), 2.07-1.90 (3H, m) and 1.75-
1.55 (1H, m); dc(CDCl3) 197.9 (s), 150.4 (s), 147.3 (s), 133.3 (s), 130.3 (d), 127.2 (d), 122.8 (d), 45.9
(d), 44.8 (d), 29.9 (1), 29.2 (1), 29.0 (1), 28.7 (t) and 28.6 (t); m/z 394 (M*, 11%), 204 (28), 191 (100),
174 (19), 145 (18), 115 (28) and 89 (23).
7-Amino-2-(7-amino-1-0x0-1,2,3,4-tetrahydro-2-naphthyl
naphihalenone (5): The dinitro compound 4 (17 g, 0.043 mol) was added to a solution of CipSn-2H,0
(58 g, 0.258 mol) in ethanol (150 ml) and HCI (5 ml). The mixture was heated for 10 min. Then the ethanol
was evaporated and the residue was treated with water, NayCO3 and ethyl acetate. Evaporation of the organic
layer gave § (12.6 g, 87%) as a white solid, mp 139 °C (Found: C, 75.26; H, 6.50; N, 8.31. C21H22N;02
requires: C, 75.42; H, 6.63; N, 8.38%); vmax(Nujol)/cm-! 3432, 3345, 1672, 1611, 1501, 1314 and 1192;
du(CDCl3) 7.29 (2H, d, J=2.3 Hz, H-8), 7.03 (2H, d, J=8.1 Hz, H-5), 6.82 (2H, dd, /=8.1, 2.3 Hz, H-6),
3.68 (4H, NH), 2.90 (4H, t, J=4.9 Hz, H-4), 2.70 (2H, m), 2.35-2.15 (2H, m), 2.00 (2H, t, J/=6.7 Hz)

=3 2323/ =255 55 Ratand

5), 129.6 (d), 120.8 (d), 112.5
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2,12-Diamine-5,6,8,9-tetrahydrodibenz{c,h]acridine (6): Ammonium acetate (14 g) was added
to a solution of compound 5 (12 g, 0.036 mol) in acetic acid (100 ml) and heated at reflux for 3 h. After that,
water was added and the resulting precipitate was filtered off to give the diacetamide (10.7 g, 75%). This
compound was added to a solution of KOH (40 g) in ethanol (100 ml) and the resulting mixture was heated at
80 °C for 4 h. The solvent was removed under reduced pressure and the residue was taken up in water. The

precipitate was filtered to give 6 (8 g, 61%); white crystralls whit mp 224 °C (from methanol-

inhlAaramatha Y {BEann
iCi
A

na WS A M
llUlUlllCtlldllC} yuuanu. .,
2

J

- CL

3.41%); vmax(Nujo
og(CDCl3) 7.87 (2H, d, j=2.
6.66 (2H, dd, /=8.0, 2.4 Hz, H-3, H-11) and 2.87 (8H, m, H-5, H-6, H-8, H-9); 8x[(CD3)2S0)] 7.63
(2H, d, J=2.4 Hz, H-1, H-13), 7.37 (1H, s, H-7), 6.92 (2H, d, J=8.0 Hz, H-4, H-10), 6.56 (2H, dd,
J=8.0, 2.4 Hz, H-3, H-11) and 2.9-2.6 (8H, m, H-5, H-6, H-8, H-9); 8c[(CD3)250)] 149.7 (s), 146.9 (s),
134.9 (d), 134.6 (s), 130.1 (s), 127.9 (d), 125.4 (s), 114.8 (d), 109.9 (d), 27.6 (t) and 26.5 (t); m/z 314
(M*+1, 32%), 313 (M, 100%), 297 (8), 282 (7), 157 (9) and 98 (6).

T 1 - e

1-(3. 4-Dihvdro an vhinvrraglidine (7) : Following the same nrocedure used to prepare 2 the
\J’-' lllll.yul LY iV § llal’lllll: l}l’J AL LYFERREIEAGL \ ’ l e & ULV VYL l Liivw JOGiiIv FIUUVUHLV oL v I.Il\/yulv dnd gy VAL
enamine 7 was obtained from a-tetralone (90 %). v max(CHClg)/cm 059, 2930, 2879, 2825, 1685, 1617,
15££& 140 1 A&7 17277 10L£ 1 Py B | ~ AO 11Y¥ s | T_"7 1Y, 1Y
1565, 1486, 1457, 137 i 7.48 {(1H, d, J=7

4087
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7-Nitro-2-(1-pyrrolidin-1-yl-3,4-dihydro-2-naphthyimethyl)-3,4-dihydro-1(2H)-
naphihaienone (8) : Hydrochioride 3 (18.5 g, 0.065 moi) was added to a solution of enamine 7 (16 g,

0.080 mol) in absolute ethanol (35 ml); a yellow solid was appearing and then filtered off to give 8 (23.5 g,
90%), mp 129 °C; vmax(Nujol)/cm! 3030, 1669, 1524, 1343, 1146, 1090, 1011, 951 and 918; 85(CDCl3)
8.42 (1H, d, J=2.4 Hz, H-8), 7.99 (1H, dd, J=8.2, 2.4 Hz, H-6), 7.32 (1H, d, J=7.4 Hz, H-8'), 7.23-7.06
(3H, m, H-5, H-5', H-7"), 7.02 (1H, dt, J=6.8, 1.8 Hz, H-6') and 3.2-1.6 (19 H).

7-Amino-2-(1-0x0-1,2.3, 1 2 t
naphthalenone (9) : A solution of 8 (24 g, 0.060 mol)

P S

t
added to a solution of SnCly-2H,0 (81 g, 0.359 mol) in ethanol (200 ml
6g9

.

xture was worked up as described for COI’ﬂpOUHG 3 g1v1ng 9 U.

h-!\

%) as a courless crystaiis, mp 113
C( rom ethyl acetate-hexane) (Found: C, 78.97; H, 6.59; N, 4.37. C21H21N02 requires: C, 78.97; H, 6.63;
N, 4.39%); vmax(Nujol)/cm-1 3426, 3341, 3040, 1682, 1678, 1599, 1495, 1454, 1306, 1225, 1194, 897
and 828; dg(CDCl3) 7.97 (1H, dd, J=7.6, 1.4 Hz, H-8"), 7.41 (1H, td, J=7.6, 1.4 Hz, H-7"), 7.25 (1H, d,
J=2.6 Hz, H-8), 7.24 (1H, t, J=7.6 Hz, H-6'), 7.18 (1H, d, J=7.6 Hz, H-5"), 6.97 (1H, d, /=8.0 Hz, H-
5), 6.77 (1H, dd, J=8.0, 2.6 Hz, H-6) and 3.72 (2H, NH) 3.1-1.7 (12H); 8c(CDCl3) 200.8 (s), 200.5 (s),
145.1 (s), 143.9 (s), 134.0 (s), 133.2 (s), 133.1 (d), 132.7 (s), 129.5 (d), 128.7 (d), 127.4 (d), 126.5 (d),
120.8 (d), 112.3 (d), 45.9 (d), 45.0 (d), 30.7 (1), 29.6 (1), 29.2 (1), 28.5 (1) and 27.6 ()
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7-Amino-2-(7-nitro-1-oxo- -1, 4 3,4- telrdnyuru «-napninyimetnyi)- -3,4- amyuro -1(ZH)-
naphthalenone (10) : Amine 9 (17 g, 0.053 mol) and conc. HySO4 (60 ml) were cooled to -30 °C. A
solution of fuming HNO3 (2.2 ml, 0.053 mol) and conc. H»SO4 (18 ml) were added dropwise to this
solution. After the addition was complete the solution was kept at the same temperature for 15 min. The
solution was neutralized with aqueous NaOH (30%) and K,COj3. The resulting precipitate was filtered and
purified by column chromatography (silica /dichloromethane-ether, 9:1) (Found: C, 69.20; H, 5.45; N, 7.62.
C21H20N204 requires: C, 69.22; H, 5.53; N, 7.69%). The fractions were collected and concentrated and the

sidue was purified by crystallization from chloroform to give 10 as a vellow solid (12 g, 62%), mp 205 °C;

1601 WIS U LallilsLgl RN AN 4 YOLIUW 3L 5y v Uy anap L

vmax(Nujol)/cm-1 3461, 3374, 1692, 1670, 1607, 1512, 1501, 1344, 1323, 1198, 1086 and 841;

(1H, d, J=2.4 Hz, H-8), 8.29 (1H, dd, /=84,
:

- v IR & -~

0 Hz, H-5), 6.83 (iH, dd, j=8.
m), 2.50-2.20 (2H, m) and 2.10-

b

»—C
[

1-[7-(7-Nitro-1-0x0-1,2,3,4-tetrahydro-2-naphthylmethyl)-8-0x0-5,6,7,8-tetrahydro-2-
naphthyl]-3-(1,1,3,3-tetramethylbutyl)urea : Compound 10 (11 g, 0.030 mol) in THF (150 ml) was
added to a solution of an excess of phosgene (20% in toluene, 20 ml) in THF (150 ml). The reaction mixture
was concentrated and the residue obtained dissolved in THF (100 ml) and tert-octylamine was added (4.5 g,

(4]
w
@
a
-
g«

evaporated, the expecte

MY 1 2

d
Vmax(LﬂCl:’,)/’CIn;‘ 370,
d
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Hr H. L&Y 784 (1 A JT-274 H> H QY 747 (117 A J=Q A T LI_ & 717 /(1L0 A4 199 LI LI &\ £ Q7
iz, EASUJy .07 (1AL, U, v=L.5 KR4, 110, /.94 (111, G, v=0.9 017, 11-J ), /.14 (111, O, vy=0.L NZ, 11-I3), O.77
/D & P G & AY A NO /1YY ANTTTN 2 17 /ATT . T_ N TY . YT ANy A NA ATT L o Y Y AN ~A NN N
(IH, s, NH), 4.98 (1H, s, NH), 3.13 (2H, t, /=6.0 Hz, H-4"), 2.94 (2H, t, J=6.0 Hz, H-4), 2.90-2.60
(2ZH, m), 2.45-2.16 (2ZH, m), 199 (2H, t, J=6.8 Hz), 1.95-1.82 (2H, m), 1.75 (2H, s,

(CH3)3CCH,C(CHa3)3), 1.38 (6H, s, C(CH3)2) and 0.97 (9H, s, (CH3)3C); 8c(CDCl3) 200.0 (s), 198.4
(), 154.6 (s), 150.4 (s), 147.4 (s), 138.7 (s), 138.2 (s), 133.6 (s), 132.8 (s), 130.2 (d), 129.6 (d), 127.0
(d), 126.5 (d), 122.8 (d), 118.3 (d), 2 x 54.9 (s), 52.2 (1), 45.8 (d), 45.1, 44.9 (d), 3 x 31.6 (q), 30.9 (1), 2
2x29.9(q), 29.7 (1), 29.5 (1), 28.8 (t) and 27.9 (1).

1-[7-(7-A o-1-0 1,2,3,4-tetrahydro-2-napht

1ail) &

> 0) s
tramethylbutyl)urea (11): To a solution of the nitro ¢ ompound (14 g,

2-naphthyl ] ( 3,3-te
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under argon for 2 h. The mixture was filtered, and the organic layer was distilled at reduce pressure giving 11
(12.5 g, 95%) as a white solid, mp 105 °C; (Found: C, 73.77; H, 8.14; N, 8.46. C3pH39N303 requires: C,
73.59; H, 8.03; N, 8.58%); vmax(Nujol)/cm-1 3366, 1670, 1613, 1541, 1499, 1458, 1364, 1310, 1254,
1217, 898 and 824; dx(CDCl3) 7.79 (1H, ddd, J=8.4, 6.2, 2.4 Hz, H-6), 7.52 (1H, t, J=2.4 Hz, H-8),
7.28 (1H, d, J=2.2 Hz, H-8"), 7.18 (lH, d, J=7.2 Hz, NH), 7.10 (1H, d, J=8.4 Hz, H-5), 7.01 (1H, d,

J=8.2 Hz, H-5"), 6.80 (1H, td, J=8.2, 2.2 Hz, H-6"), 5.12 (1H, d, /=4.0 Hz, NH), 2.98 -2.52 (6H, m),

2.36-2.10 (2H, m), 2.02 (2H, t, J=7.4 Hz), 1.98-1.81 (2H, m), 1.75 (2H, s, (CH3)3CCH,C(CH3)y), 1.38
(6H, s, C(CH3),) and 0.96 (9H, s, (CH3)3C); 8c(CDCl3) 201.0 (s), 200.3 (s), 154.9 (s), 145.2 (s), 138.4
(s), 1342 ('), 1332 (s), 132.8 (s), 129.6 (d), 129.4 (d), 1262 (d), 120.9 (d), 118.1 (d), 112.5 (d), 54.7
(s), 52.0 (1), 45.7 (d), 45.1 (d), 31.6 (q), 30.0 (q), 30.6 (1), 29.2 (t) and 27.6 (1)

1-(12-Amino-5,6,8,9-tetrahydrodibenz{c,h]acridin-2-yl)-3-(1,1,3,3-tetramethylbutyl)
urea (12): To a stirred solution of the diketone 11 (12 g, 0.024 mol) in glacial acetic acid, was added
ammonium acetate and the solution was heated at reflux for 2 h. The reaction was quenched by the addition of
water. The resulting precipitate was filtered, two products were obtained, the desired amine 12 and the N-
acetyl derivative. Purification by chromatography gave 12 (6 g, 52%) (blll(.d /hexane-ethyl acetate 7:3). The
solution of KQOH (10g, Q.

vmax(Nujol)/em-1 3422, 3370 3316, 3237, 1634, 1553, 1507, 1437, 1400, 1364, 1290, 1258 and 1223;
84(CDCl3) 8.14 (1H, d, J=2.4 Hz, H-1), 7.83 (1H, d, J=2.4 Hz, H-13), 7.48 (1H, dd, J=8.1, 2.4 Hz, H-
3), 7.29 (1H, s, H-7), 7.16 (1H, d, J=8.1 Hz, H-4), 7.01 (1H, d, J=8.0 Hz, H-10), 6.63 (1H, dd, J=8.0,
2.4 Hz, H-11), 6.49 (1H, s, NH), 474 (1H, s, NH), 2.88-2.80 (8H, m, H-5, H-6, H-8, H-9), 1.73 (2H,
s, (CH3)3CCH,C(CHa)7), 1.38 (6H, s, C(CH3)3) and 0.95 (9H, s, (CH3)3C); 8c(CDCl3) 155.2 s), 150.7
(s), 149.8 (s), 145.6 (s), 138.0 (s), 136.0 (s), 135.7 (s), 133.8 (s), 131.3 (s), 130.6 (s), 135.3 (d), 128.7
(d), 128.6 (d), 122.7 (d), 118.5 (d), 116.1 (d), 111.8 (d), 2 x 54.8 (s), 52.5 (1), 3 x 31.6 (q), 2 x 29.9 (q),

28.5 (1), 28.1 (1), 27.7 (t) and 27.5 (©).
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0
of diamine 6 (500 mg, 1.60 mmol) in pyridine (10 mi), cyciohexylisuifamic acid chioride (530 mg, 3.2
mmol) was added in batches, under a stream of argon. The last compound was prepared from
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cyclohexylsulfamic acid sodium salt, by treatment with HCl (2M) and PCls. The reaction mixture was stirred
b s fmsmeimsndiriea £me 1T L Tl oL o ~1o PR L L a1
di I I ICHNPCTdiure 101 1 11, 11Cn U soivent was ICIIIOVGU and tne resiaue was CX[I'dC[SO with emyx ace[ate

dried over Na3SQOy, and concentrated under reduced pressure. Crystallization from chloroform afforded 13
(782 mg, 77%), pale yellow solid mp 156 °C. (Found: C, 62.03; H, 6.25; N, 10.75. C33H41N504S;
requires: C, 62.34; H, 6.49; N, 11.01%); vmax(KBr)/cm-! 3290, 2950, 2850, 1616, 1555, 1439, 1319,
1155 and 949; 34(CDCl3) 8.57 (2H, d, J=2.5 Hz, H-1, H-13), 7.32 (1H, s, H-7), 7.14 (2H, d, J=8.0 Hz,
H-4, H-10), 6.87 (2H, s, NH-Ph), 6.79 (2H, dd, J=8.0, 2.5 Hz, H-3, H-11), 6.34 (2H, d, J=7.6 Hz, NH-
cyclohex.), 3.25 (2H, m, CHNH), 2.91 (8H, m, H-5, H-6, H-8, H-9) and 1.95-1.10 (20H, cyclohex.);
S8c(CDCl3) 136.9 (s), 136.1 (d), 135.9 (s), 135.4 (s), 132.5 (s), 130.8 (s), 128.5 (d), 117.7 (d), 113.8 (@),
53.1 (d), 33.5 (1), 27.7 (1), 27.4 (1), 25.3, 24.8 (t); m/z 635 (M*, 1%), 475 (4), 313 (24), 311 (13), 260

/21y 721 {11\n“,-1 "}1"7 710M
{01), 2J1 (11) ail 1/ (1UV).

2,12-(Diethoxyphosphoramide)-5,6,8,9-tetrahydrodibenz[c,h]lacridine (14): To a solution
of diamine 6 (500 mg, 1.60 mmol) in pyridine (5 ml) was added diethyl chlorophosphate (552 mg, 3.20
mmol) with stirring at room temperature, under Ar. After 5 h the solvent was evaporated. Then, water (25 ml)
was added and the resulting precipitate was collected to give 14 as a white solid (690 mg, 74%), mp 207 °C
(from hexane-dichloromethane) (Found: C, 59.69; H, 6.16; N, 6.92. Cy9H37N30gP; requires: C, 59.48; H,
6.37; N, 7.18%); vmax(KBr)/cm-1 3200, 3000, 1615, 1553, 1491, 1441, 1235, 1219, 1020 and 988;
3u(CDCla) 8.11 (2H, s, H-1, H-13), 7.30 (1H, s, H-7), 7.13 (2H, d, J=8.0 Hz, H-4, H-10), 7.09 (2H, d,

8 H

it =SS et AR A 2 A Sttt B |

J’ 8 Q HL L{ 3 P 13 ( £xi, "', J,=9 0 HZ, Nh’}, 4 19 (SH, m, CH3CHZO}, 2 1, Ill, I1-J, 11-9,

1), 6. (

H-8, H-9) and 1.32 (12H, t, J=7.0 Hz, CH3CH»0); 8c(CDCl3) 2 x 150.1 (s), 2 x 138.9 (s), 2 x 135.9 (s),
1354 (d),2x 1314 (s), 2 x 131.0 (s), 2 x 128.6 (d), 2 x 117.7 (d), 114.6 (d), 114.4 (d), 2 x 62.9 (1), 2 x
62.8 (1), 2 x 28.2 (1), 2 X 27.5 (1), 2 x 18.3 (g) and 2 x 18.1 (q); m/z 587 (M*+2, 6%), 585 (M*, 50%), 477
(10), 449 (27), 373 (9), 313 (33), 283 (5), 236 (13), 197 (22) and 156 (10).

1 - & . K
11y,

A
J

3,3,13,13-Dibutyl-6,7,9,10-tetrahydro-2,4,12,14(1H,3H,13H,15H)-diquin[6,7-c][7,6-
h]lacridinetetraone (15): The treatment of diamine 6 (1 g, 3.19 mmol) in ethyl acetate with the chloride of
dlbuty]mdlomc acid monoethyl ester (1.7 g, 6.38 mmol) and triethylamine (2 ml), gave the diester (2.1 g)
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{NayS04) to give, after evaporation of the soivent, a brown solid (1.93 g), which was treated with Eaton's
reagent (phosphorus pentoxide, 7.5 wt % in methanesulfonic acid). The mixture was heated at 90 °C for 1 h.
Addition of aqueous sodium bicarbonate and extraction with ethyl acetate gave a residue that was purified by
crystallization in methanol affording the bislactam 15 (1.76 g, 83%)as white crystals mp 311 °C (Found: C,
76.44; H, 7.79; N, 5.99. C43Hs5;N304 requires: C, 76.64; H, 7.63; N, 6.23%); vipax(KBr)/cm! 2925,
1690, 1655, 1618, 1489, 1439, 1397, 1312, 1246; dy4(CDCl3) 9.39 (2H, s, NH), 8.18 (2H, s, H-16, H-

18), 7.85 (2H, s, H-5, H-11), 7.45 (1H, s, H-8), 2.99 (8H, m, H-6, H-7, H-9, H-10), 2.02 (8H, m,

CH3(CH2)2CH»), 1.12 (16H, m, CH3(CH»)2CHy), 0.67 (12H, t, J=6.7 Hz, CH3(CH3)3); 8¢c(CDCl3)
198.1 (s), 175.2 (s), 149.1 (s), 2 x 141.9 (s), 2 x 140.3 (s), 136.2 (d), 2x 133.7 (s), 2 x 1329 (5), 2 x
126.5 (d), 2 x 119.8 8 7 3 (), 27.

7

(q); m/z 674 (M*+1, 9%), 673 (M*, 28%), 61
183 (19), 149 (20).
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!={1 112 TaoatwamatholhuteNN_T_112.72_/1 1 2 2tatwamathulhomtglnnaidal & (<3
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leu‘anyuroulnenl[c,njatrl(lln-é-ylj rea (19): 10 a soiuuon or pﬂOSgCne n ZU% toiuene (L 3 ml) lIl

addltmn, the solvent was removed and a yellow solid obtained (750 mg), which was identified as the
isocyanate and disolved in THF (10 ml). ters-Octylamine (584 mg, 4.53 mmol) was added and the mixture
and was stirred at room temperature for 15 min. After that the solvent was removed in vacuo and the residue
treated with aqueous HCl (2M) was obtained a yellow solid which was identified as the corresponding
hydrochloride. Treatment with aqueous K»CO3 provided pure compound 16 (930 g, 73%) as a white solid,
mp 142 °C (from ethanol) (Found: C, 74.80
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a 1 3 1, 15 ]
SH(CDC13) 8. O (2H, d, J=2.4 Hz, H-1, H-13), 7.46 (2H, dd, J=8.0, 2.4 Hz, H-3, H-11), 7.27 (lH, s, H-
/), .11 (ZH, d, j=8.0 Hz, H-4, H-10), 6.68 (ZH, s, N#i), 4 5

H-9), 1.78 (4H, s, (CH3)3CCH,C(CH3)y), 1.42 (12H, s, C(CH3)2) and 0.98 (18H, s, (CH3)3C)
bC(CDClg) 2 x 155.6 (s), 2 x 150.0 (s), 2 x 138.1 (s), 135.6 (d), 2 x 134.2 (s), 2 x 133.1 (5), 2 x 130.8 (s),
2x128.4 (d), 2 x 122.2(d), 2 x 117.9 (d), 4 x 54.7 (s), 2 X 52.3 (1), 6 x 31.6 (q), 4 x 30.1 (@), 2 x 28.0 (t)
and 2 x 27.5 (1).
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(34 Llyldmll'le was added and
the mixture was stirred up at room temperature for 15 min. After evaporation of the solvent, the resulting
residue was washed with HC1 (2M). The yellow solid obtained was treated with KoCO3 (4% ) to precipitate
17 (700 mg, 67%) as a white solid, mp 201 °C (Found: C, 71.59; H, 8.10; N, 10.52. C39H53N5S; requires:
C, 71.41; H, 8.14; N, 10.68%); vmax(Nujol)/cm-! 3372, 3194, 3144, 1547, 1512, 1452, 1373, 1256,
1227, 1150, 1007, 920 and 903; dy(CDCl3) 8.24 (2H, d, J=2.2 Hz, H-1, H-13), 7.49 (2H, s, NH), 7.38
(1H, s, H-7), 7.29 (2H, d, J=8.0 Hz, H-4, H-10), 7.16 (2H, dd, J=8.0, 2.2 Hz, H-3, H-11), 6.16 (2H, s,
NH), 2.96 (8H, m, H-5, H-6, H-8, H-9), 2.00 (4H, s, (CH3)3CCH,C(CH3)2), 1.60 (12H, s, C(CH3)3)

el Ik =0 73 &Y 0 B Y 24 22 1Ll _--J, 27

S,
and 0.94 (18H, s, (CH3)3C); du[(CD3)2S0] 9.32 (2H,

removed in vdacuo, and the residue was disolved in T

s, NH), 8 10(2HdJ-2OHz,H1 H- 13), 7.54
FIYLY ATIIN "7 AQ HET A4 oY "Y"N I, 1IN U1 AT Y /LT A 7 QO N II» LT A LY 1NAY T (1LY o
L<£,s, AVH}, /.47 \4ar1, uu, J Ly LN XL, 1150, T Jy L4 (&1, U, J=0.4 1L, I, IT1-1V), .21 111, >,
H 7‘) 2.87 (84, m, H-5, H-6, H-8, H-9), 2.07 (4H, (CH3)3CCH C(CH3)p), 1.49 (12H, s, C(CH3)2)
d 0.97 (18H, s, (CH3)3C); 8¢c[(CD3)2S0] 2 x 179.6 (s), 2 1(s),2x138.1(s), 1355(d),2x i

(s), 2 x 133.8 (s), 2 x 130.7 (s), 2 x 127.7 (d), 2 x 124.9 (d), 2 x 119.4 (d), 4 x 56.4 (s), 2 x 49.1 (1), 6
30.9 (q), 4 x 29.4 (), 2 x 26.9 (1) and 2 x 26.7 (1).

1~[12-(Dietoxiphosphoramide)-s 6,8 9-tetrahydrodibenz[c h]acridin-Z-yl)-3-(4-

155 LU 11133208 u vV Ltiiicd 4t 100111

245 me, 1.60 mmnl\ Th xture was sti T d at room
h

erivative (390

AN 1

*C. To a solution of the monourea (200 mg, 0.43 mmol)
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acetate. The organic layer was dried (NapSO4) and evaporated (o give a residue which
was purified by crystallization from dichloromethane-hexane to afford 18 (158 mg, 61%) as white crystals,
mp 135 °C (from dichloromethane-hexane) (Found: C, 67.26; H, 5.48; N, 9.73. C33H32N404Cl requires: C,
67.18; H, 5.64; N, 9.79%); vmax(Nujol)/cm-! 3480-3160, 1703, 1649, 1597, 1551, 1493, 1306, 1225,
1013, 982 and 828; 6y(CDCl3) 8.31 (1H, s, H-1), 8.16 (1H, s, H-13), 7.88 (1H, d, J=7.8 Hz, H-3), 7.64
(1H, d, J=7.8 Hz, H-4), 7.32 (2H, d, J=8.6 Hz, C¢H4), 7.24 (1H, s, H-7), 7.14 (1H, d, J=8.4 Hz, H-10),
7.07 (1H, d, J=8.4 Hz, H-11), 6.95 (2H, d, J=8.6 Hz, CgH4), 4.31 (4H, m, CH3CH,0), 2.84 (4H, s, H-
5, H-6), 2.79 (4H, s, H-8, H-9) and 1.35 (6H, t, J=7.0 Hz, C 0); 8¢c[(CD3)280)] 152.5 (s), 2 x

I 1 ol
U [y 11z, 24 I3} 71 140 7y & A

149.5 (s), 139.5 (s), 138.7 (s), 137.8 (s), 135.3 (d), 134.7 (d), 134.6 (d), 132.1 (d), 130.7 (d), 130.6 (d),
9.6 (d), 118.1

130.3 (s), 128.3 (d), 128.0 (d), 127.9 (d), 125.2 (s), 120.1 (d), 119.6 (d), 118.1 (d), 115.7 (d), 114.1 (d),
61.9 (1), 61.8 (1), 2 x 27.2 (1), 26.7 (1), 26.5 (1), 15.8 (q) and 15.7 (q).

5-{12-[3-(1,1,3,3 -Tetramethylbutyl)ureido] -5,6,8,9- tetrahydrodibenz [c,hjacridin-2-

yl carbamoyl} cyclohexane-1,3-dicarboxylic acid dimethyl ester (19): To a stirred solution of

monoamine 12 (500 mg, 1.07 mmol) in ethyl acetate (50 ml) with triethylamine (0.5 ml), was added an

excess of 5-chlorocarbonylcyclohexane-1,3-dicarboxylic acid dimethyl ester, which was prepared by the
e

reaction of cyclohexane-1,3,5-tricarboxylic acid and H2SO4 in methanol. The mixture was stirred up at reflux
for 15 min under Ar. The reaction was poured into water and extracted with ethyl acetate, the organic layer

chromatography (silica /hexane-ethyl acetate, 6:4) affording 19 (478 mg, 62%) as a no crystalline white
powder. (Found: C, 70.77; H, 7.20; N, 8.20. C41Hs509N4O¢ requires: C, 70.87; H, 7.25; N, 8.06%),
Vmax(CHClz)/cm-1 3362, 3310, 2953, 1734, 1684, 1603, 1547, 1435, 1395, 1256 and 1026: §x(CDCl3)
8.18 (1H, d, J=2.2 Hz, H-1), 8.14 (1H, d, J=2.4 Hz, H-13), 7.92 (1H, dd, J/=8.0, 2.4 Hz, H-11), 7.60
(1H, dd, J=8.2, 2.2 Hz, H-3), 7.36 (1H, s, NH), 7.33 (1H, s, H-7), 7.21 (1H, d, J=8.0 Hz, H-10), 7.17
(1H, d, J=8.2 Hz, H-4), 6.42 (1H, s, NH), 4.80 (1H, s, NH), 3.68 (6H, s, CH30), 2.91 (8H, s, H-5, H-
6, H-8, H-9), 2.5-2.2 (3H, m, CHCO), 1.74 (2H, s, (CH3)3CCH,C(CH3);), 1.7-1.2 (6H, m, cyclohex.),

313% L1572 L7171 (UL]; 111, CYLIUVIILCA,

1.40 (6H, s, C(CH3)2) and 0.96 (9H, s, (CH3)3C); dc(CDCl3) 2 x 174.6 (s), 164.8 (s), 155.6 (s), 2 x

150.1 (s), 138.1 (s), 137.2 (5}, 135.8 (s}, 135.4 (d}, 134.1 (s}, 133.7 (s), 131.1 {8}, 128.6 (&), 128.5 (2C,
d), 122.8 (d), 121.4 (d), 118.6 (d), 116.6 (d), 2 x 54.7 (s), 52.4 (1), 2 x 51.8 (q), 44.6 (d), 42.0 (d), 31.6
(q), 31.3 (1), 30.5 (1), 2 x 29.8 (q), 28.1 (1), and 27.7 (t).

6-tert-Butyl-8-(3-{12-[3-(1,1,3,3-tetramethylbutyl)ureido]-5,6,8,9-
tetrahydrodibenz[c,h] acridin-2-yl}ureido)chroman-2,2-dicarboxylic acid diethyl ester
(20): To a solution of monoamine 12 (500 mg, 1.07 mmol) in chloroform (10 ml) was added the isocyanate
of 8-amine-6-tert-butylchroman-2,2-dicarboxylic acid diethyl ester in chloroform (10 ml). After the reaction
was complete, the solvent was removed and the residue was purified by column chromatography (silica

/chloroform-ethyl acetate, 9:1) to afford 20 (615 mg, 68%) as a white powder (Found: C, 71.26; H, 7.20: N

AO010I0NI-CLAL Y & L4 0 all L8 wiliiT pOWUOCT (UL, /11.40, 11,
7 / o r \

822.C 0H61N5O requires: C, 7 .15; H, 7.28; N, 8.30%); v max(CHCl3)/cm‘l 3372, 2961, 1744, 1667
1 2

T & AOMCT, 11 7117 -1 A
IS UH\\,U\.J:;) .11 (in, d, /=2.4 Hz, H‘l)},

.86 (1H, dd, J=8.2, 2.2 Hz, H-3), 7.73 (1H, d, j=2.2 Hz, H-1), 7.59 (1H, dd, J=8.2, 2.4 Hz, H-11),
.55 (1H, d, J/=2.2 Hz, CH-crom.), 7.13 (1H, s, H-7), 7.06 (1H, d, /=8.2 Hz, H-10), 6.96 (1H, d, /=8.2
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I IY AN £ 770 711 3 TN 1I-, r'L7 ,...,‘M\ ')n 1LY ~ ANIEN A AN FATY c l_"1r\‘l'._ IIT_IT Ny M On
IiZ, £x1-%4), U. /0 (11, 4, J=4.4 NZ, Ci-Crom ), U L, S, INIT ), 4.2V (460, C, J=/.U NZ, UN3LIMII0U), 2.8V
(8H, m, HS, H-6, H-8, H-9), 2.7-2.5 (4H, CHj-crom.), 1.77 (2H, s, (CH3)3CCH>C(CH3)3), 1.29 (6H

C(CH3)3), 1.23 (9H, s, t-Bu), 1.10 (6H, t, J=7.0 Hz, CH3CH30) and 0.97 (9H, s, (CH3)3C); SC(CDClg) 2
x 168.1 (s), 155.5 (s), 154.0 (s), 149.9 (s), 149.8 (s), 144.7 (s), 141.7 (s), 138.9 (s), 137.4 (s), 135.4 (s),
134.9 (s), 134.8 (d), 133.0 (s), 131.5 (s), 130.3 (s), 130.2 (s), 128.2 (d), 128.0 (d), 126.6 (s), 121.6 (d),
121.1 (d), 120.5 (d), 120.2 (s), 118.7 (d), 117.8 (d), 116.2 (d), 82.2 (s), 2 x 63.1 (¢), 2 x 54.2 (s), 51.7 (1),
343 (s), 3 x 31.6 (q), 3 x 31.5 (), 2 x 30.1 (g), 28.2 (1), 27.9 (1), 27.5 (1), 26.9 (1), 22.2 (t); 14.1 (q) and
13.8 (q).

g Ab¥Y al -~

Association constant measurements

. PR, Nnaax
b\

Titrations were carried out in \_.ULJ3 soluiions at a constant 16—~ M host concentration which a guest was

added untii saturation was reached. The changes in the chemical shifts of host were monitored making use of

a MonteCarlo nonlinear curve-fitting program.

Catalytic activity measurements
Isoquinoline (0.1168 g, 0.9 mmol), nitrobenzene (3.2032 g, 26 mmol) and dibutylmalonic acid (4.5450 g,

21 mmol) were dissolved in ether (50 ml). A part of the solution (2 ml) was added to 0.06 mmol of the

w

wh
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