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Abstract

Aim. Definition of the structure of 1-ethoxy-3a,8a-dihydroxy-3-(1-naphthyl)methyl-1,3,3a,8a-tetrahydroindeno[1,2-
dlimidazole-2,8-dione. Methods. XRD study of the structure, mass spectrometry, 1H and 13C NMR spectroscopy.
Results. It has been found that ninhydrin reacts with N-ethoxy-N’-(1-naphthyl)methylurea yielding only one of the
possible diastereomers of 1-ethoxy-3a,8a-dihydroxy-3-(1-naphthyl)methyl-1,3,3a,8a-tetrahydroindeno[1,2-
dlimidazole-2,8-dione such as the diastereomer. The structure of 1-ethoxy-3aS$,8aR-dihydroxy-3-(1-
naphthyl)methyl-1,3,3a,8a-tetrahydroindeno|[1,2-d]imidazole-2,8-dione has been analyzed by XRD study. The
formation of alternative trans-3a(HO),8a(HO)-diastereomer has not been observed. Conclusions. In 1-ethoxy-
3aSs,8aR-dihydroxy-3-(1-naphthyl)methyl-1,3,3a,8a-tetrahydroindeno[1,2-d]imidazole-2,8-dione the 3a- and 8a-
hydroxyl groups are cis-oriented to each other. There are two independent molecules of the compound 15 (15A and
15B) in the asymmetric part of the unit cel. The length of the N-O bond is also different for both molecules 15A and
15B. In the molecule 15A the length of the N(2)-0(5) bond is 1.396(7) 4, in the molecule 15B the length of the N(4)-
0(10) bond is 1.405(7) A. It has found the new case of the existence of urea derivatives asa mixture of the two forms
which differ by the pyramidality degree of the nitrogen atom and the lengths of the nitrogen atom bonds. In the both
independent molecules the imidazolidinone cycle adopt the envelope conformation. In the both independent
molecules the similar elongation of the C(3a)-C(8a) and C(8)-C(8a) bonds hasbeen found.

Keywords: 1-ethoxy-3aS,8aR-dihydroxy-3-(1-naphthyl)methyl-1,3,3a,8a-tetrahydroindeno[1,2-d]imidazole-2,8-dione;
structure; cis-isomer; elongated C-C bond; ninhydrin; N-alkoxyureas.
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AHoTanin

MerTa. CuHTE3 Ta BCTaHOBJIEHHSA 6y ,0BH 1-eTokcu-3a,8a-auriapokcu-3-(1-naprin)merni-1,3,3a,8a-
TeTpariapoinaeHo[1,2-d]imixazon-2,8-aiony. Metoa. PCA aHai3 OoTpMMaHMX CTPYKTYp. Pe3yabTaTn. Y MonekyJi 1-
eTokKcHu-3aS$,8aR-aurigpokcu-3-(1-sa¢prin)mernn-1,3,3a,8a-rerparigpoingeno[1,2 -d]imigazo.-2,8-giony
riApOKCUIBHI Ipyny B NOJI0KEHHAX 3a- ¥ 8a- 3HaXOAATbhCS B LUCOIAHINA opieHTanjii . CnocTepiraerbcs Mo 0BXKeHHS
3B’a3kiB C(3a)-C(8a) u C(8)-C(8a).

Kawuvosi  caosa: 1-erokcu-3a,8a-gurigpokcu-3-(1-nadprinm)mern-1,3,3a,8a-Terparigpoingero|1,2-d]imigazon-2,8-1io H;
CTPYKTYPa; yuc-izomep; nogoxkeHud C-C 3B’s130K; HiHriApuH; N-aJlKOKCHCEYOBHUHHU.
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CTPYKTYPA 1-3TOKCH-3A,8A-AJUTUJIPOKCH-3-(1-HA®TU/IT)METHUJI-1,3,3A,8A-
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Bacuauii B. lllTam6ypr?, Buktop B. lllTambypr!, Auapeit A. AuuiieHko?, 3ayapa b. PycaHoss,
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AHHoOTAaI U

Ienb. CuHTE3 M yCTaHOBJEHHMEe CTPYKTypbl 1-3Tokcu-3a,8a-gurnapokcu-3-(1-sadpruia)merni-1,3,3a,8a-
TeTparuapovHAaeHo[1,2-dlumugason-2,8-guoHa. Metos. PCA aHaiu3 NOJy4YeHHBIX CTPYKTyp. PesyabTaTel. B
MoJiekyJe 1-3Tokcu-3aS,8aR-auruapokcu-3-(1-sadpruin)merni-1,3,3a,8a-rerparugpounaeno[l,2-djumugason-2,8-
JAUOHA TMAPOKCHJIbHBbIE TPYINNBI B NMOJOKeHUAX 3a- U 8a- HaXoAATCA B IMCOUAHONH opueHTanuu. Ha6alopaercs

yaauHHeHUe cBsaseid C(3a)-C(8a) u C(8)-C(8a).
Kniouesvie  caosa:

1-3TOoKCH-33,8a- gurngpokcu-3-(1- Haptun )merun-1,3,3a,8a-Trerparugpouszaeno[1,2-d|umu gazo ji- 2,8-

JIMOH; CTPYKTYpa; yuc-usomep; yanuHeHHasi C-C CBsI3b; HUHTHMAPHH; N-MOYEBHHBI.

Introduction

Ninhydrin interacts with urea and NN
dialkylureas giving adducts 1 [1-5] (Scheme 1).
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During oxidation of the adducts 1 with NalOs the
disruption of the C(8)-C(8a) bond occurs yielding
spirohydandoins 2 (Scheme 1) possessing the
anticonvulsantactivity [6-9].
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Scheme 1. The interaction of ninhydrin with urea and N,N’-dialkylureas and the standard numeration of the ring
atoms in adducts 1 and the relative compounds [3]

The creation of the innovative approach to the
imidazolidin-2-ones derivativesis an actual task
of organic synthesis [10-14]. The ninhydrin
interaction with the derivatives of N-hydroxyurea
[15; 16] is one of the most innovative routes to the
imidazolidi-2-ones.

The ninhydrin interaction with N-hydroxyurea

o  H,N.__NHOH

on J

in acetic acid at the room temperature gives
1,3a,8a-trihydroxy-1,3,3a,8a-
tetrahydroindeno[1,2-d]imidazole-2,8-dione 3 as
single cis-3a(HO),8a(HO)-diastereomer with high
yield [15] (Scheme 2). The alternative trans-
3a(H0),8a(HO)-diastereomer formation has not
been observed.
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Scheme 2. The synthesis of 1,3a$,8aR-trihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-d]imidazole-2,8-dione 3 [15]

In the same conditions ninhydrin reactswith N-
alkoxyureas producing mixtures of diastereomers
of 1-alkoxy-3aS$,8aR-dihydroxy-1,3,3a,8a-

tetrahydroindeno[1,2-d]imidazole-2,8-diones 4-
7 [15] (Scheme 3).
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Scheme 3. The synthesis of 1-alkoxy-3a,8a-dihydroxy-1,3,3a,8a-tetrahydroindeno|[1,2-d]imidazole-2,8-diones 4-
7 [15]

In these mixtures the diastereomers 4a-7aare
the main component. The diastereomers 4a-7a
have the cis-orientation of the C(3a)-OH and
C(8a)-0OH hydroxyl groups each to other. The
diastereomers 4b-7b with trans orientation of 3a-
HO and 8a-HO-groups have been observed in the
trace amounts of the reaction mixtures, the
cis/trans ratio is 10:1 [15]. The structures of
compounds 3 and 6a had been proved by XRD
study [15].

Ninhydrin reacts with N-alkoxy-N’-arylyureas
in acetic acid at room temperature selectively
forming only one of the possible diastereomers of
1-alkoxy-3-aryl-3aS,8aR-dihydroxy-1,3,3a,8a-
tetrahydroindeno[1,2-d]imidazole-2,8-diones
such as the diastereomer 8-13 with the mutual
cis-orientation of the C(3a)-OH and C(8a)-OH
hydroxyl groups, too [16] (Scheme 4). The
formation of alternative trans-3a(HO),8a(HO)-
diastereomer hasnotbeen observed.

o ArHN___NHOR 0
OH °R
AcOH, r.t. \
O / 0
Ar

Ar=CgH4Me-pR=Bu(8),Me(9)

8-13

Ar=CgH4Br-pR=Pr (10), Bu(11), Bn(12)

Ar=Ph, R=Bn(13)

Scheme 4. The synthesis 1-alkoxy-3-aryl-3a,8a-dihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-d]imidazole-2,8-
diones 8-13 [16]

Ninhydrin reacts with N-propyloxy-N-
methylureain the same conditions giving only one
of the possible diastereomers of 3aS,8aR-
dihydroxy-3-methyl-1-propyloxy-1,3,3a,8a-
tetrahydroindeno[1,2-d]imidazole-2,8-diones

such as the diastereomer 14 [16] (Scheme 5). The
compound 14 has the mutual cis-orientation of the
C(3a)-0H and C(8a)-0H hydroxyl groups. It has
been proved by the XRD study of the diastereomer
14.
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Scheme 5. The synthesis of 3a$,8aR-dihydroxy-3-methyl-1-propyloxy-1,3,3a,8a-tetrahydroindeno[1,2-
d]imidazole-2,8-dione 14

Ithasbeen found that ninhydrin reacts with N-
ethoxy-N’-(1-naphthyl)methylurea yielding only
one of the possible diastereomers of 1-ethoxy-

3a,8a-dihydroxy-3-(1-naphthyl)methyl-1,3,3a,8a-
tetrahydroindeno[1,2-d]imidazole-2,8-dione such
as the diastereomer 15[16] (Scheme 6).
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Scheme 6. The synthesis of 1-ethoxy-3a,8a-dihydroxy-3-(1-naphthyl)methyl-1,3,3a,8a-tetrahydroindeno[1,2-
d]imidazole-2,8-dione 15 [16]

The structure of compound 15 has been
proposed by analogy with the previous case. But
this assumption must be checked by XRD study.
This workis focused on the XRD study of 1-ethoxy-
3a,8a-dihydroxy-3-(1-naphthyl)methyl-1,3,3a,8a-
tetrahydroindeno[1,2-d]imidazole-2,8-dione 15
structure.

Experimental
1-Ethoxy-3a,8a-dihydroxy-3-(1-

naphthyl)methyl-1,3,3a,8a-tetrahydroindeno[1,2-
d]imidazole-2,8-dione (15) [16]. Ninhydrin (70.3
mg, 0.395 mmol) was dissolved in the solution of
N-ethoxy-N’-(1-naphthyl)methylurea [17] (964
mg, 0.395 mmol)in aceticacid (4 mL) at stirringat
202C during 2h, the obtained reaction solution
was frozen, then aceticacid was evaporated under
vacuum (3 mmHg) at 179C, the residue was
extracted by water (6 mL)at 8 °C during 19 h, the
formed precipitate was filtered out, washed by
water (2 mL), dried under vacuum (3 mmHg),
giving 148 mg (92 %) 1-ethoxy-3aS,8aR-
dihydroxy-3-(1-naphthyl)methyl-1,3,3a,8a-
tetrahydroindeno[1,2-d]imidazole-2,8-dione 15,
cis-3a,8a-dihydroxy diastereomer, colorless
crystals, mp 157-159 °C (with decomp.). IH NMR
(400 MHz, DMSO-d¢): 6 =1.152 (3H,t,/ = 7.0 Hz,
NOCH;Me); 3.860-4.001 (2H,m, NOCH;Me); 5.091
(1H,d, 2/ =16.8 Hz, NCH2); 5.159 (1H, d, 2/ = 168
Hz, NCH2); 7.091 (1H,d,/ = 7.2 Hz, Ar); 7.198 (1H,
d,J=7.2 Hz, Ar); 7.320 (1H, s, C(3a)-0H); 7.348
(1H,d,J=8.0Hz, Ar); 7.472-7.601 (4H, m, C10Hy);
7.764 (1H, s, C(8a)-0H); 7.805 (2H,t, J = 7.6 Hz
C10H7); 7.918-7.990 (1H, m, Ar); 8.135-8.218 (1H,
m, Ar). 13C NMR (100 MHz, DMSO-de): 6 = 13.70
(Me); 40.42 (NCH2); 71.91 (NOCHy); 87.67 (C-
OH); 88.79 (C-0H); 123.07 C(H) C1ioH7; 123.73
C(H) C10H7; 124.60 C(H) CeH4; 125.12 C(H) CeHy;
125.32C(H) C10H7;125.68 C(H) C10H7;126.18 C(H)
CioH7; 127.25 C(H) Ci0H7; 128.49 C(H) C1oH7
130.51 Cq Ci0H7; 130.56 C(H) CesH4; 132.32 C,,
Ce¢H4; 133.06 Cq Ci0H7; 133.09 Cq CioH7; 136.11
C(H) C C¢H4; 148.81 Cq, CeH4; 155.69 [N(C=0O)N];
195.16 (C=0).MS (FAB)m/z404 [M+H]*(25); 203

(9); 141 (100). Anal. Calc. for C23H20N20s: C 68.31;
H4.98; N 6.93.Found: C68.46; H4.94; N 6.76.

Crystal data for compound 15 : from CH2Cl,
C23H20N205, M = 404.41, monoclinic, space group
P2;/n, a = 7.0451(13), b = 23.191(4), ¢ =
25.893(5)A, f= 92.855(9)2, V=4225.3(13)43, Z =
8, dc=1.271, 1 0.091 mm-L, F(000) 1696, crystal
size ca. 0.02 x 0.06 x 0.38 mm. All crystallographic
measurements were performed at 173K on a
Bruker Smart Apex II diffractometer operating in
the ® scans mode. The intensity data were
collected for reflections within Omax < 25.0° using
Mo-K, radiation (A = 0.71078A). The intensities of
39335 reflections were collected (7414 unique
reflections, Rmerg = 0.2185). The structure were
solved by direct methods and refined by the full-
matrix least-squares technique in the anisotropic
approximation for non-hydrogen atoms using the
Bruker SHELXTL program package [18]. All
hydrogen atoms were placed at calculated
positions and refined as ‘riding’ model. There
were significant regions of disordered electron
density detected in the residual Fourierdifference
map after refinement of all frameworks atoms.
None of these lattice solvent molecules could be
reasonably modeled, and the remaining electron
density had its contribution to the diffraction data
accounted for with the SQUEEZE routine within
PLATON. Analysis of the voids from SQUEZZE
results in a total electron count of 222 e- within
the voids per unit cell, with a void volume of 531
A3, An estimation of the nature of the solvent was
unable to be determined. Convergence was
obtained at R1 = 0.1035 and wR2 = 0.2632 for
3015 observed reflections with I > 2c(I), R1 =
0.2408 and wR2 = 0.3558, GOF = 0.928 for 7414
independent reflections, 541 parameters, the
largest and minimal peaks in the final difference
map 0.48 and -0.55 e/As3.

The atomic coordinates, molecular geometry
parameters, and crystallographic data of
compound 15 were deposited to the Cambridge
Crystallographic Data Center, 12 Union Road, CB2,
1EZ UK  [fax:+44-1223-336033, e-mail:
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deposit@ccdc.cam.ac.uk] and is available on
request quoting the deposit number CCDC
2076259.

Results and discussion

The earlier proposed structure of 1-ethoxy-
3aS,8aR-dihydroxy-3-(1-naphthyl)methyl-
1,3,3a,8a-tetrahydroindeno[1,2-d]imidazole-2,8-
dione 15 hasbeen proved by XRD study (Fig. 1, 2,
Table).

Fig. 1. Molecular structure of 1-ethoxy-3aS$,8aR-dihydroxy-3-(1-naphthyl)methyl-1,3,3a,8a-tetrahydroindeno[1,2-
d]imidazole-2,8-dione 15 with atoms represented by thermal vibration ellipsoids at 50 % probability leve

There are two independent molecules of the
compound 15 (15A and 15B) in the asymmetric
part of the unit cell (Figure 1). The molecular
structure of compound 15 contains cis-fused
indane and imidazolidinone moiety (Fig. 1,2) with
the angle between theindane and imidazolidinone
planesis 60.02 (15A), 59.3° (15B) for these two
independent molecules. At these molecules the
C(2)-0(2)H and C(3)-0(3)H in the molecule 15A
and C(25)-0(7)H and C(26)-0O(8)H in the
molecule 15B are cis-oriented to each other. In the
molecule 15A the 0(2)-C(2)-C(3)-0(3) torsion
angle is 10.7(8)° in the molecule 15B the O(7)-
C(25)-C(26)-0(8) torsion angle is 9.9(8)°.

The imidazolidinone cycle adopt the envelope
conformation. The C(1), N(1), C(2), and C(3)
atoms in the molecule 15A and, respectively, the
C(24), N(3), C(25), and C(26) atoms in the
molecule 15B) are situated in the same plane with
the mid-square deviation of these atoms 0.0097A
in the molecule 15A and 0.0073 A in the molecule
15B), whereasthe C(2), N(2), C(3) atoms plane in
the molecule 15A and the C(24), N(4), C(26)
atoms plane in the molecule 15B form with this
plane the two-sided cornerwhichisequal 13.6(7)°

in the molecule 15A and 24.3(7)° in the molecule
15B.

The N(1) atom in the molecule 15A and the
N(3) atom in the molecule15B have a planar
configuration. In these atoms the sum of bond
angles (2B) is 358.0(6)° in the molecule 15A,
357.2(6)° in the molecule 15B. The N(2) atom in
the molecule 15A and the N(4) atom in the
molecule 15B have a pyramidal configuration. For
the N(2) atom Xfis 341.2(5)°(the molecule 15A),
for the N(4) atom Xf3 is 342.9(5)°)°(the molecule
15B).

The length ofthe N-O bond is also different for
both molecules 15A and 15B. In the molecule 15A
the length of the N(2)-0(5) bondis 1.396(7) 4, in
the molecule 15B the length of the N(4)-0(10)
bond is 1.405(7) A. This existence of urea
derivatives as a mixture of the two forms which
differ by the pyramidality degree of the nitrogen
atom and the lengths of the nitrogen atom bonds
is known for N-chloro-N-ethoxyurea [19], N-
chloro-N-methoxy-N'-4-nitrophenylurea [20] and
N-[(benzoyl)-(hydroxy)methyl]-N-benzyloxy-N"-
(2-bromophenyl)urea [21].
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In the molecule 15A the N(1)-C(1) bond is
shorter (1.350(9) A) than the N(2)-C(1) bond
(1.387(9) A); in the molecule 15B the N(3)-C(24)
bond is shorter (1.355(9)A) than the N(4)-C(24)
bond (1.384(9) A) too. This length differences
indicate on the stronger conjugation between the
lone pair of the N(1) atom and the C(1)=0(1)
carbonylinthe molecule 15A and the lone pair of
the N(3) atom and the C(24)=0(6) carbonyl in the
molecule 15B as compared to conjugation
between the lone pair of the N(2) atom and the
C(1)=0(1) carbonyl in the molecule 15A and the
lone pair of the N(4) atom and the C(24)=0(6)
carbonyl in the molecule 15B. Earlier this
phenomenon had been established for compounds
3,6a[15],9,10,13,14 [16].

The endocyclic C(2)-C(3) bond (1.566(10) A)
in the molecule 15A and the similar endocyclic
C(25)-C(26)bond (1.593(10) A) in molecule 15B
are elongated as compared to the average length
of C(sp3)-C(sp3) ordinary bond (1.540 A) [22].
These bonds are corresponded tothe C(3a)-C(8a)
bond at the standard numeration of this fused
polycyclic system [3] (see Scheme 1). Also the

some elongations of the endocyclic C(3)-C(4)
bond in molecule 15A and the similar C(26)-C(27)
bond in the molecule 15B take place. The length of
C(3)-C(4) bond is 1.565(10) A, the length of
C(26)-C(27) bondis 1.564(10) A. But the average
length of C(sp3)- C(sp?) bond is 1.510 A [22].
These elongated bonds correspond to the C(8)-
C(8a) bond at the standard numeration of this
fused polycyclic system [3] (see Scheme 1). The
elongated C-C bond may be recognized as the
potential reaction central in the chemical
interactions of the compound 15.

Earlier the similar elongation of the C(8)-C(8a)
bond had observed in the similar fused polycyclic
system [23; 24].

And vice versa, the exocyclic C(22)-C(23) bond
(1.515(11) A) and the C(45)-C(46) bond
(1.498(11) A) are shortened to the average length
of the C(sp3)-C(sp3) ordinary bond.

In the crystal the molecules of the compound
15 are connected in the chains by O-H:-O
hydrogen bonds (Figure 2) which are oriented
toward the crystalline axis a (Table).

Table
The hydrogen bonds in the crystal of compound 15
D-H---A (symmetry d(D-H), A d(H..A), A d(DA), A angle(DHA),
operation) degree
0(7)-H(7A)..0(1) 0.84 1.98 2.760(7) 154.4
0(8)-H(8A)..0(1) 0.84 2.16 2.910(7) 149.0
0(2)-H(2)..06$1#1 0.84 1.97 2.752(6) 154.0
0(3)-H(3)..06$1#1 0.84 2.17 2.925(7) 150.0

Symmetrical transformations used to generate equivalent atoms: #1 x+1y,z

Fig. 2. Molecular packing of 1-ethoxy-3a$,8aR-dihydroxy-3-(1-naphthyl)methyl-1,3,3a,8a-tetrahydroindeno[1,2-
d]imidazole-2,8-dione 15 with molecules connected in H-bonded chains along 0a direction in the crystal
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Conclusions
The structure of 1-ethoxy-3aS,8aR-dihydroxy-

3-(1-naphthyl)methyl-1,3,3a,8a-
tetrahydroindeno[1,2-d]imidazole-2,8-dione 15
has been proved by the XRD study. In this
compound the 3a- and 8a-hydroxyl groups are cis-
oriented to each other. Similar elongation of the
C(3a)-C(8a) and C(8)-C(Ba) bonds has been
found.
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