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A Novel Transformation of Imidazolines into 2,4,6-Trisubstituted
Pyrimidine Derivatives!
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2,5-Diaryl-4-(chloromethyl)imidazoline derivatives 5a-g, obtained from N-acyl-a-amino ketone
derivatives 1, were rearranged with sodium hydride in dimethylformamide. Spontaneousair oxidation
led to 2,4-di- and 2,4,6-triarylpyrimidine derivatives 6a—g in good yields.

C-Alkyl- or C-arylpyrimidines are an important class of
heterocycles, and their syntheses have obtained much
attention. Three methods classified as follows have been
reported with regard to the direct synthesis of these
pyrimidines. The first method is based on the conden-
sation of 1,3-diketones or their derivatives with amidines
or aldehydes in the presence of ammonium salts.2 The
second method is composed of a condensation of an «,83-
unsaturated ketone with an amidine followed by oxida-
tion.? The third method uses nitriles as a starting
material.t They have been widely used and a variety of
pyrimidines can be synthesized. There are, however,some
disadvantages in the preparation of the starting materials
concerning yield and procedure. Inaddition, it is difficult
to obtain trisubstituted pyrimidines having varying sub-
stituents. Therefore, more convenient and versatile
synthetic methods are still in demand.

Meanwhile, as part of our investigation to develop novel
drugs from amino acids, we have synthesized various
heterocyclic compounds with pharmaceutical activity.
These include oxazole,5 thiazole,5 imidazole,® and imi-
dazoline derivatives’ synthesized by using a-C-acylamino
acids or a-amino ketones 1 as the common intermediates
which are readily obtained from «-amino acids by our
procedure.’

In this study, we focused on the rearrangement of
4-functionalized imidazoline derivatives (5) to give pyri-
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midines. The functionalized imidazolines were readily
obtained from o-amino ketones 1. Because the ring
expansion can be conducted on a system in which a fused
three-membered ring is involved,? we selected the 4-(chlo-
romethyl)imidazoline derivatives 5 as the key interme-
diates. This enabled the formation of fused aziridine
derivatives upon treatment with base.

Results and Discussion

The key intermediates, 2,5-disubstituted 4-(chloro-
methyl)imidazoline derivatives 5a—d, were synthesized as
shown in Scheme I. Aldol condensation of (N-(benzyl-
oxycarbonyl)amino)methyl aryl ketones la,b? with an
aldehyde using sodium bis(trimethylsilyl)amide as the base
yielded 8-hydroxy ketones 2b,c in high yields. The use of
paraformaldehyde and potassium carbonate in 2-propanol
was effective in the case of the hydroxymethyl derivative
2a. Hydroxyimidation of 2a—c followed by catalytic
hydrogenation of the oximes yielded 8-hydroxyethylene-
diamine derivatives 3a—c. Condensation of the diamines
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2,4,6-Trisubstituted Pyrimidine Derivatives
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Table I. Preparation of 2,4-Di- and 2,4,6-Trisubstituted
Pyrimidines by the Ring-Expansion Reaction

yield
product R! R? R® (%) mp*® (°C)
6a® Ph H Ph 80  74-75 (lit.2 71)
6be Ph H 4-FPh 71  175-76
6¢c¢ Ph H 4CIPh 85 115-117
6de Ph H 4.BrPh 81 101-103
6e? Ph Ph Ph 73  184-185 (lit.% 185-186)
Ph Ph 4-ClIPh 81 219-220
6g? 4-MePh Ph 4-CIPh 85 174-175

@ Hydrochlorides of 5 were reacted with 3 equiv of sodium hydride.
b 2 equiv of sodium hydride was used as a base. ¢ Melting points were
not corrected.

3a—c with ethyl imidates followed by chlorination of 4a—g
with thionyl chloride afforded the desired imidazoline
derivatives 5a-g in good yields as mixtures of diastere-
omers.

Initially, the ring expansion reaction was investigated
using 4-(chloromethyl)-2-(4-chiorophenyl)-5-phenylimi-
dazoline hydrochloride (5¢) (cis/trans = 1/1). The imi-
dazoline (5¢) was treated with 3 equiv of base (sodium
methozxide or, more effectively, sodium hydride) in di-
methylformamide at ambient temperature for 17 h to
afford the desired 2-(4-chlorophenyl)-5-phenylpyrimidine
(6¢) in good yield (Scheme II).

Alternatively, reaction of 5¢ with sodium methoxide in
methanol resulted in the substitution product 7 in good
yield. This is in contrast to the reaction in which
dimethylformamide was used as a solvent.

Other 4-(chloromethyl)imidazoline derivatives (5a,b,d—
g) were similarly treated with sodium hydride (2 equiv, 3
equiv, in the case of hydrochloride) in dimethylformamide
at 20 °C for 17 h to afford the expected 2,4-disubstituted
or 2,4,6-trisubstituted pyrimidine derivatives 6a,b,d-g in
good yields (Scheme I, Table I). The structures of the
products (6a—g) were confirmed by IR, NMR, mass spectra,
and melting points. In the case of 6a and 6e, these values
were found to be identical with the reported values.?be

To determine the reaction mechanism and stereochem-
istry of this ring expansion, we utilized cis- and trans-4-
(chloromethyl)-2-(4-chlorophenyl)-5-phenylimidazoline hy-
drochloride (11, 14) as starting material and investigated
the reaction pathway. The syntheses of 11 and 14 are
outlined in Schemes III and IV.

erythro-Diamine 9 was obtained as an intermediate for
the synthesis of 11. Hydrogenation of the oxime from
hydroxy ketone 2a provided a 1:1 mixture of diamine 3a.

J. Org. Chem., Vol. 58, No. 23, 1993 6355

Scheme III¢
OH Ohe b Ph, OH
a
Ph Ph
\"):Nucm—-—>° NHCbz ————™ >—(_
] 92% 5 89% NH, NH, - 2HCI
2a 8 9
OH cl
c d
——— HCI'Ng _NH ———=  HCI'Ng__NH
85% quant
10 1
cl cl

%Key: (a) Ac,0, DMAP, Et;N; (b) (1) NH,0H, (2) Hy/Pd-C;
(3) HCL; () A.-<::“°'; (d) SOCl,.

Scheme IV#

HCI N,

\\\ —OH \—CI

HCi —————= HCI"N,
quant.

¢ Key: (a) Ca(BHy)y; (b) SOCl,.

Acetylation of 2a followed by hydroxyimidation and
catalytic hydrogenation stereoselectively yielded the
erythro-diamine 9 in good yield. Diamine 9 was condensed
with ethyl imidate followed by chlorination to afford the
cis-imidazoline derivative 11.

The trans-imidazoline derivative 14 was prepared by
the chlorination of the corresponding trans-4-(hydroxy-
methyl) derivative 13. This was synthesized effectively
from cis-2-(4-chlorophenyl)-4-(methoxycarbonyl)-5-
phenylimidazoline hydrochloride (12)7 through epimer-
ization and reduction using calcium borohydride.

We then isolated some intermediates from the ring-
expansion reaction. cis-Aziridino[1,2-¢]-2-imidazoline de-
rivative 15 was isolated as crystals from a reaction mixture
obtained in which 11 was reacted with 2 equiv of sodium
hydride in dimethylformamide. Furthermore, trans-
aziridinof{1,2-c]-2-imidazoline derivative 16 was obtained
as crystals from the same reaction using 14 (Scheme V).
The structures of 15 and 16 were fully confirmed by IR,
NMR, mass spectra, and elemental analyses. X-ray
analysis was also performed on 16 as shown in Figure 1.
The 13C-NMR of 15 and 16 showed carbon—proton coupling
constants (1Jcy) at 172.5and 172.6 Hz and 169.3 and 175.8
Hz, respectively. These were assigned as the methylene
of the aziridine ring, which were typical values for the
three-membered ring.19 To our knowledge, thisis the first

(10) Stothers, J. B. Carbon-13 NMR Spectroscopy; Academic Press:
New York, 1972; p 336, 342.
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Scheme V#

@ Key: (a) NaH (2 equiv), DMF, 20 °C, 17 h; (b) NaH (1 equiv),
DMF, 20 °C, 4 h.

Figure 1. Perspective view of compound 16.

isolation of a highly strained aziridino[1,2-¢]-2-imidazoline
intermediate.

Aziridine derivatives 15 and 16 were subsequently
treated with 1 equiv of sodium hydride in dimethyl-
formamide and were readily converted to pyrimidine 6¢
in good yield (Scheme V).

These results cofirm that the aziridino[1,2-¢]-2-imida-
zolines 15 and 16 are the intermediates in this ring-
expansion reaction. Furthermore, the ring expansion
reaction could be conducted for cis- and trans-isomers of
the imidazoline derivatives 11 and 14.

This unique formation of pyrimidines 6 from 4-(chlo-
romethyl)imidazoline derivatives 5 can be interpretated
as following three steps (Scheme VI): (1) intramolecular
alkylation of 5 to give aziridino[1,2-c]-2-imidazolines 17,
(2) base-induced $-eliminative ring expansion of 17 to 1,6-
dihydropyrimidines 18, and (3) air oxidation of 18 to give
pyrimidines 6.

Related methods to the present study were reported.
The first method involves an insertion reaction of dichlo-
rocarbene to imidazole derivatives at 550 °C.!! It is of
little preparative value because of a lack of regioselectivity
and low yields of the pyrimidines. The second one is based

Seki et al.
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onabase-induced rearrangement of 1,3-diazabicyclo[3.1.0]-
hex-3-enes.!? However, the synthesis of the starting
materials requires tedious procedures.

It should be noted that the present reaction provides a
novel and useful methodology to prepare a variety of 2,4,6-
trisubstituted pyrimidine derivatives.

Experimental Section

Melting points were measured using a Yamato melting point
apparatus and are uncorrected. The IR spectra were recorded
on a Perkin-Elmer 1640 infrared spectrophotometer. The NMR
spectra were obtained using a Bruker AC-200 NMR spectrometer
with tetramethylsilane as an internal standard. The mass spectra
were taken on a Hitachi M-2000A spectrometer at an ionizing
potential of 70 eV. X-ray analysis was carried out using Rigaku
AFC-5R diffractometer. Column chromatography was carried
out on silica gel (Kieselgel 60, 230-400 mesh, E. Merck).

1-((Benzyloxycarbonyl)amino)-2-hydroxyethyl Phenyl
Ketone (2a). To a solution of (N-(benzyloxycarbonyl)amino)-
methyl phenyl ketone (la) (31.86 g, 0.118 mol) in 2-propanol
(640 mL) was added paraformaldehyde (9.2 g) and potassium
carbonate (5.7 g, 0.041 mol). After the mixture was stirred at 25
°C for 30 min and at 60 °C for 2 h, insoluble materials were
filtered off and the filtrate was evaporated in vacuo. The residue
was partitioned between CHCl; and water, and the aqueous layer
was extracted with CHCl;. The combined extracts were washed
with water, dried over MgSQ,, and evaporated. The residue was
purified by silica gel chromatography (n-hexane:CHCl;:AcOEt
=5:5:1) to afford 2a as colorless crystals (26 g, 73.4% ): mp 96-97
°C; IR (Nujol) » 3380, 1680 cm!; 'H-NMR (CDCly) 6 2.55-3.10
(brs,1H, OH),3.70~4.20 (m, 2 H, methylene), 5.09 (s, 2 H, benzyl),
5.24-5.47 (m, 1H, methine), 6.15 (d, J = 7.5 Hz, 1 H, NH), 7.00-
8.07 (m, 10 H, Ph); MS m/z 297 (M*-2). Anal. Caled for Cy7H -
NOg C, 68.22; H, 5.73; N, 4.68. Found: C, 68.01; H, 5.62; N,
4.57.

1-((Benzyloxycarbonyl)amino)-2-hydroxy-2-phen-
vlethyl Phenyl Ketone (2b). To a mixture of (N-(benzyloxy-
carbonyl)amino)methyl phenyl ketone (1a) (10 g, 0.0372 mol) in
THF (100 mL) was added sodium bis(trimethylsilylamide) (1 M
in THF) (74.3 mL) at =50 °C. After the mixture was stirred at
=50 °C for 30 min, benzaldehyde (7.88 g, 0.0743 mol) was added,
and the mixture was warmed to —40 °C for 1 h. The mixture was
poured into 10% aqueous citric acid (200 mL) and twice extracted
with AcOEt. The combined extracts were washed with water,
dried over MgSO,, and evaporated. The residue was purified by
silica gel chromatography using a mixture of n-hexane and AcOEt
(3:1) as the eluent to afford 2b as a viscous oil (14 g, quantitative
(quant)): IR (Nujol) » 1684 cm-; ' H-NMR (CDCl,;) 6 3.01 (s) and
4.25 (d, J = 6.6 Hz) (1 H, OH), 4.90-5.15 (m, 2 H, benzyl), 5.15~
5.30 (m, 1 H, PhCHOH), 5.40-5.55 and 5.70-5.80 (m, 1H,
COCHNH), 5.80-5.95 (m,1 H, NH); MS m/z 376 (M* + 1). Anal.
Caled for CosHyyNO,: C,73.58;H,5.64; N, 3.73. Found: C,73.87;
H, 5.72; N, 3.78.

1-((Benzyloxycarbonyl)amino)-2-hydroxy-2-phen-
ylethyl 4-Methylphenyl Ketone (2¢). This compound was
prepared according to the method for the synthesis of 2b in 90.9%
yield: mp 100-102 °C; IR (KBr) v 1684 cm-*; tH-NMR (CDCly)

(11) Busby, R. E.; Khan, M. A.; Khan, M. R.; Parrick, J.; Granville
Shaw, C. J. J. Chem. Soc., Perkin Trans. 1 1980, 1427.
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2708.
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6 2.41 and 2.42 (s, 3 H, Me), 3.07 (s) and 4.36 (d, J = 6.6 Hz) (1
H, OH), 4.88-5.13 (m, 2H, benzyl), 5.15-5.28 (m, 1H, PA\CHOH),
5.40-5.52 and 5.65-5.75 (m, 1 H, COCHNH), 5.79-5.95 (m, 1H,
NH), 7.00-7.60 and 7.82-8.10 (m, 14 H, Ph, 4-MePh); MS m/z
390 (M* +1). Anal. Caled for C3(HasNOy: C, 74.02; H, 5.95; N,
3.60. Found: C, 73.88; H, 5.99; N, 3.63.

General Procedure for the Synthesis of 8-Hydroxy-
ethylenediamines 3. 1-(Hydroxymethyl)-2-phenylethyl-
enediamine Hydrochloride (3a). A mixture of 2a (25 g, 0.084
mol), hydroxylamine hydrochloride (11.6 g, 0.17 mol), and
pyridine (24 mL) in ethanol (250 mL) was refluxed for 7 h. The
solvent was removed by evaporation, and the residue was dissolved
in AcOEt, washed with water, dried over MgSO,, and evaporated
toafford crude oxime which was used without further purification.
The oxime obtained was dissolved in ethanol (500 mL), and to the
solution was added concd HCI (13.3 mL, 0.16 mol) and 10%
palladium on carbon (12.5 g). The mixture was subjected to
hydrogenation using a Parr apparatus (3.5 atm) at room
temperature for 5 h. After removal of the catalyst by filtration,
the filtrate was concentrated in vacuo. The solid was collected
and washed with ether to afford colorless fine crystals of 3a (19.2
g, 95.1%): mp 240-243 °C dec; IR (Nujol) » 3380, 15695 cm-L;
1H-NMR (DMSO0-dg) 6 3.10-4.00 (m, 3H, methylene, methine),
4.60-4.80 (m, 1 H, benzyl), 7.20-7.85 (m, 5 H, phenyl), 8.20-9.60
(brs,6 H,NH;). Anal. Caled for CoH;6N.OCl,: C, 45.20; H, 6.74;
N, 11.71; Cl, 29.65. Found: C, 45.42; H, 6.76; N, 11.67; Cl, 29.74.
The compounds obtained by this method are listed below.

1-(1-Hydroxybenzyl)-2-phenylethylenediamine (8b): yield
quant; viscous oil; IR (Nujol) » 1602 cm-1; tH-NMR (CDCly) 8
2.85-3.20 and 3.35-3.75 (m, 1 H, methine), 3.88-4.05 and 4.26-
4.42 (m,1H,PhCH), 4.05-4.15 and 4.556-4.87 (m, 1 H, PhCHOH),
7.15-7.55 (m, 10 H, Ph). Anal. Calcd for C;sH;sN2O: C, 74.35;
H, 7.49; N, 11.56. Found: C, 74.85; H, 7.84; N, 11.96.

1-(1-Hydroxybenzyl)-2-(4-methylphenyl)ethylene-
diamine (3¢c): yield 96% viscous oil; IR (Nujol) » 1585 cm-;
1H-NMR (CDCly) § 3.00-3.27 and 3.45-3.75 (m, 1 H, methine),
3.83-3.88, 4.22-4.25 and 4.77-4.80 (m, 1 H, PhCH), 4.07-4.13,
4,60~4.76, and 4.82-4.95 (m, 1 H, PhCHOH). Anal. Calcd for
C1eH2oN;0: C,74.97;H,7.86; N, 10.93. Found: C,75.34; H, 7.98;
N, 10.55.

General Procedure for the Synthesis of Imidazolines 4.
2,5-Diphenyl-4-(hydroxymethyl)imidazoline Hydrochloride
(4a). A mixture of 3a (300 mg, 1.25 mmol), ethyl benzimidate
(243 mg, 1.31 mmol), and triethylamine (278 mg, 2.75 mmol) was
refluxed for 3h. After the solution was evaporated in vacuo, the
residue was dissolved in CHCl; and 10% aqueous sodium
hydroxide (10 ml). The phases were separated, and the aqueous
layer was extracted with CHCl;. The combined organic layer
was washed with water, dried over MgSO,, and evaporated. The
free amine obtained was dissolved in ethanol and treated with
20% HCl in ethanol and then evaporated. Crystallization from
acetone and ether afforded colorless crystals of 4a (277 mg,
76.9%): mp 233-235 °C; IR (Nujol) » 3280, 1620, 1600 cm™1;
'H-NMR (DMSO-dg) é 3.00-3.20 and 3.62-3.85 (m, 2 H, meth-
ylene), 3.20-3.55 and 5.00-5.32 (brs, 1 H, OH), 3.98-4.22 and
4.40-4.83 (m, 1 H, methine) 5.28 (d, J = 7.5 Hz) and 5.63 (d, J
= 12 Hz) (1 H, benzyl), 7.15-7.40 (m, 5 H, Ph), 7.40-7.85 and
8.05-8.28 (m, 5 H, Ph), 11.0-11.5 (brs, NH); MS m/z 252 M* -
HCl). Anal. Caled for C;6H;7N,OCl: C, 66.55; H, 5.93; N, 9.70;
Cl, 12.28. Found: C, 66.46; H, 5.85; N, 9.66; Cl, 12.46. The
compounds obtained by this procedure are listed below.

2-(4-Fluorophenyl)-4-(hydroxymethyl)-5-phenylimidazo-
line hydrochloride (4b): yield 62.5%; mp 239.5-240 °C; IR
(Nujol) » 3310, 1625, 1610 cm-!; 'H-NMR (DMSO-dj) § 3.00-3.30
and 3.55-3.85 (m, 2 H, methylene), 4.50-4.85 and 3.97-4.20 (m,
1 H, methine), 4.90-5.70 (m, 1 H, OH), 5.27 (d, J = 7.5 Hz) and
5.82 (d, J = 12 Hz) (1 H, benzyl), 7.32 and 7.42 (s, 5 H, Ph),
7.35-7.80 and 8.10-8.60 (m, 4 H, 4-F-Ph), 11.0-11.7 (m, 2 H,
NH); MS m/z 270 (M* — HC]). Anal. Calcd for C;gH;4N;OCIF:
C,62.65; H, 5.26; N, 9.13; C], 11.56; F, 6.19. Found: C, 62.55; H,
5.10; N, 9.09; Cl, 11.51; F, 6.38.

2-(4-Chlorophenyl)-4-(hydroxymethyl)-5-phenylimidazo-
line hydrochloride (4¢): yield 74.6 % ; mp 205-210°C; IR (Nujol)
v 3350, 3340, 1615, 1600 cm; TH-NMR (DMSO0-de) § 3.05-3.27
and 3.70-3.90 (m, 2 H, methylene), 4.00-4.30 and 4.50—4.90 (m,
1 H, methine), 5.35 (d, J = 7.5 Hz) and 5.72 (d, J = 12 Hz) (1

dJ. Org. Chem., Vol. 58, No. 23, 1993 6357

H, benzyl), 7.43 and 7.47 (s, 5 H, Ph), 7.82 and 8.32 (A;Boq, J =
9 Hz,4 H, 4-C1-Ph), 11.25-11.60 (brs, 2 H, NH); MS m/z 287 (M*
- HCD Anal. Calcd for C]_sHmNzOClg! C, 59.46; H, 499; N,
8.67; Cl, 21.94. Found: C, 59.34; H, 4.94; N, 8.58; Cl, 21.88.
2-(4-Bromophenyl)-4-(hydroxymethyl)-5-phenylimidazo-
line hydrochloride (4d): yield 76.9%; mp 223-226 °C; IR
(Nujol) » 3320, 1620, 1600 cm-!; tH-NMR (DMSO-dg) § 3.02-3.30
and 3.62-3.90 (m, 2 H, methylene), 3.20-3.55 and 5.00-5.32 (brs,
1 H, OH), 4.45-4.90 and 4.00-4.30 (m, 1 H, methine), 5.36 (d, J
= 7.5 Hz) and 5.81 (d, J = 12 H2) (1 H, benzyl), 7.42 and 7.45
(s, 5 H, Ph), 7.93 and 8.25 (A;B.q, J = 9 Hz, 4 H, 4-Br-Ph), 11.2-
11.9 (brs, 2 H, NH); MS m/z 331 (M* - HCl). Anal. Calcd for
C1sH1sNOBrCl: C, 52.27; H, 4.39; N, 7.62; Br, 21.73; Cl, 9.64.
Found: C, 51.99; H, 4.42; N, 7.46; Br, 21.45; Cl, 9.48.
4-(1-Hydroxybenzyl)-2,5-diphenylimidazoline hydro-
chloride (4e): yield 69.5%; mp 255-258 °C; IR (KBr) » 1621
cml; 'H-NMR (DMSO0-dg) § 4.25-4.40 and 4.45-4.55 (m, 1 H,
PhCHOH), 4.90-5.25 (m, 1 H, methine), 5.48 (d, J = 11 Hz) and
5.75 (d, J = 12 Hz) (1 H, PhCHN), 5.63 and 5.90 (brs, 1 H, OH),
6.80—7.90 and 8.02-8.30 (m, 15 H, Ph), 10.56, 10.95, and 11.30 (s,
2 H, NH); MS m/z 328 (M* - HC!). Anal. Calcd for CyoHj;No-
OCL: C, 72.42; H, 5.80; N, 7.68; Cl, 9.72. Found: C, 72.32; H,
5.81; N, 7.72; Cl, 9.77.
2-(4-Chlorophenyl)-4-(1-hydroxybenzyl)-5-phenylimida-
zoline hydrochloride (4f): yield 70.5%; mp 195-198 °C; IR
(KBr) v 1622 ¢cm; TH-NMR (DMSO-dy) § 4.25-4.38 and 4.42-
4.55 (m, 1 H, PhCHOH), 4.92-5.23 (m, 1 H, methine), 5.48 (d,
J =11 Hz) and 5.75 (d, J = 12 Hz) (1 H, PhCHN), 5.66 and 5.90
(brs, 1 H, OH), 6.80-7.98 and 8.05-8.35 (m, 14 H, Ph, 4-CIPh),
10.69, 11.02 and 11.17 (brs, 2 H, NH); MS m/z 363 (M* - HC)).
Anal. Caled for C2H2oN-OCly: C, 66.17; H, 5.05; N, 7.02; Cl,
17.76. Found: C, 66.28; H, 5.15; N, 7.06; Cl, 17.92.
2-(4-Chlorophenyl)-4-(1-hydroxybenzyl)-5-(4-methyl-
phenyl)imidazoline (4g): yield 69.9%; mp 195-198 °C; IR
(XBr) v 1608 cm™!; tTH-NMR (CDCly) 6 2.25-2.40 (m, 3 H, Me),
4.30-4.42 (m, 1 H, PhCHOH), 4.64-4.82 (m, 1 H, methine), 5.10-
5.28 and 5.53-5.57 (m, 1 H, PhCHN), 5.20-5.45 (brs, 1 H, OH),
6.65-7.55 and 7.70-8.00 (m, 13 H, Ph, 4-MePh, 4-C1Ph); MS m/z
377 (M*). Anal. Caled for Co3H2oN;OCly: C, 66.83; H, 5.37; N,
6.78; C1 17.15. Found: C, 66.54; H, 5.38; N, 6.79; Cl, 17.19.
General Procedure for the Chlorination of Imidazolines
4. 2,5-Diphenyl-4-(chlorophenyl)imidazoline Hydrochlo-
ride (5a). A mixture of imidazoline hydrochloride 4a (200 mg,
0.69 mmol) and thionyl chloride (3 mL) was refluxed for 4 h and
evaporated in vacuo. The residue was crystallized from ethanol
and ether to afford 5a as colorless crystals (210 mg, quant): mp
210-215 °C; IR (KBr) v 3420, 1615 cm™!; 'H-NMR (DMSO-dg)
6 3.35-3.65 and 4.05-4.25 (m, 2 H, methylene), 4.40-4.75 and
4.85-5.20 (m, 1H, methine), 5.32 (d, J = 7 Hz) and 5.85 (d, J =
12 Hz) (1H, benzyl), 7.15-7.50 (m, 5H, Ph), 7.60-8.00 and 8.20-
8.40 (m, 5 H, Ph), 11.50~12.00 (brs, 2 H, NH); MS m/z 271 M*
~HCI). Anal. Caled for C;¢H16N2Cls: C,62.55; H, 5.25; N, 9.12.;
Cl, 23.08. Found: C, 62.27; H, 5.10, N, 8.94; C], 22.80. The
compounds obtained by this method are listed below.
4-(Chloromethyl)-2-(4-fluorophenyl)-5-phenylimidazo-
line hydrochloride (5b): yield quant; mp 220-225 °C; IR (Nujol)
v 3400, 1610 cm-; 'H-NMR (DMSO-dg) 4 3.37-3.70 and 4.05—
4.25 (m, 2 H, methylene), 4.40-4.70 and 4.85-5.25 (m, 1H,
methine), 5.32 (d, J = 7 Hz) and 5.85 (d, J = 12 Hz) (1H, benzyl)
7.47 (s, 5H, Ph), 7.45-7.80 and 8.30-8.60 (m, 4 H, 4-F-Ph), 11.6-
12.0 (brs, 2 H, NH); MS m/z 289 (M* ~ HC]). Anal. Calcd for
C1sH15N2012F: C, 5909; H, 465, N, 8.61; Cl, 2180, F, 5.84.
Found: C, 59.04; H, 4.60; N, 8.55; Cl, 21.71; F, 5.85.
4-(Chloromethyl)-2-(4-chlorophenyl)-5-phenylimidazo-
line hydrochloride (5¢): yield quant; mp 228-232°C, IR (Nujol)
v 3350, 1615, 1598 cm!; TH-NMR (DMSO-dg) & 3.35-3.60 and
4.05-4.30 (m, 2 H, methylene), 3.55-4.00 and 4.40-4.70 (m, 1H,
methine), 5.34 (d, J = 7.5 Hz) and 5.85 (d, J = 12 Hz) (1H,
benzyl), 7.48 (s, 5H, Ph), 7.80 and 8.40 (A;B:q, J = 9 Hz, 4 H,
4-ClPh), 11.7-12.3 (brs, NH); MS m/z 305 (M* - HCl). Anal.
Caled for CmeNzClg! C, 5625, H, 4.43; N, 8.20; Cl, 31.13.
Found: C, 56.42; H, 4.44; N, 8.11; Cl, 30.66.
2-(4-Bromophenyl)-4-(chloromethyl)-5-phenylimidazo-
line hydrochloride (5d): yield quant; mp 223-227 °C; IR (KBr)
v 3400, 1615 cm-1; 'H-NMR (DMSO-d;) 6 3.25-3.50 and 4.05-
4.20 (m, 2 H, methylene), 4.45-4.70 and 4.85-5.20 (m, 1H, methine),
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5.32 (d, J = 7 Hz) and 5.85 (d, J = 12 Hz) (1H, benzyl), 7.48 (s,
5H, Ph), 7.97 and 8.30 (A;B:q, J = 9 Hz, 4 H, 4-BrPh), 11.6-12.0
(brs, 2 H, NH); MS m/z 350 (M* - HCl). Anal. Caled for
CiH1sNoBrCla: C, 49.77; H, 3.92; N, 7.26; Br, 20.69; Cl, 18.36.
Found: C, 49.54; H, 3.82; N, 7.17; Br, 20.74; Cl, 18.31.

General Procedure for the Chlorination of 4-(1-Hydroxy-
benzyl)imidazolines Se-g. 4-(1-Chlorobenzyl)-2,5-di-
phenylimidazoline (5e). A mixture of imidazoline hydrochlo-
ride 4e (500 mg, 1.37 mmol) and thionyl chloride (1 mL) in CH,-
Cl; (10 mL) was stirred at room temperature for 17 h and
evaporated. The residue was treated with saturated aqueous
sodium bicarbonate and CHCl3. The CHC; layer was washed
with water, dried over MgSOy, and evaporated. The residue was
purified by silica gel chromatography using a mixed solvent system
of CHClzand methanol (10:1) as an eluent to afford e as a viscous
oil (455 mg, quant): IR (Nujol) » 1616 cm-t; 1H-NMR (CDCly)
6 4.30-4.45 (m, 1 H, methine), 4.65-4.85 (m, 1 H, benzyl), 4.90-
5.05 (m, 1 H, PhCHCY), 5.30-5.55 (brs, 1 H, NH), 7.00~7.97 (m,
15 H, Ph); MS m/z 347 (M*). Anal. Caled for C;HsNoCl: C,
76.18; H, 5.52; N, 8.08; Cl, 10.22. Found: C, 76.22; H, 5.80; N,
8.24; Cl, 10.44. The compounds obtained by this procedure are
listed below.

4-(1-Chlorobenzyl)-2-(4-chlorophenyl)-5-phenylimidazo-
line (5f): yield quant; viscous oil; IR (Nujol) » 1615 cm-1; tH-
NMR (CDCly) 6 4.35-4.45 (m, 1 H, methine), 4.65-4.75 (m, 1 H,
benzyl), 4.80-5.05 (m, 1 H, PhCHC), 5.25-5.55 (brs, 1 H, NH),
6.75-6.90 and 7.00-7.90 (m, 14 H, Ph, 4-Cl-Ph); MS m/z 380 (M*
-1. Anal, Calcd for szHlsNzclgi C, 69.30; H, 4.76; N, 7.35; Cl,
18.60. Found: C, 69.52; H, 4.78; N, 7.36; Cl, 18.57.

4-(1-Chlorobenzyl)-2-(4-chlorophenyl)-5-(4-methylphenyl)-
imidazoline (5g): yield quant; viscous oil; IR (Nujol) » 1611
cm-1; TH-NMR (CDCly) § 2.20-2.40 (m, 8 H, Me), 4.00-4.17 (m,
1 H, methine), 4.62-4.80 (m, 1 H, benzyl), 4.87 (s, 1 H, NH),
4.85-5.02 (m, 1 H, PhCHC}), 6.65-8.00 (m, 13 H, Ph, 4-CIPh,
4-MePh); MS m/z 394 (M+ - 1). Anal. Calcd for Co3HgN2Cly:
C, 69.88; H, 5.10; N, 7.09; Cl, 17.94. Found: C, 70.02; H, 5.08;
N, 7.18; Cl, 18.20.

General Procedure for the Synthesis of Pyrimidine 6.
2,4-Diphenylpyrimidine (6a). To asolution of 5a (306 mg, 1.0
mmol) in DMF (8 mL) was added sodium hydride (63.6% on
paraffin, 75 mg, 2.0 mmol) at ~20 °C. The mixture was gradually
warmed to 20 °C, stirred for 17 h, and poured into ice-water. The
product was twice extracted with ether. The combined extracts
were washed with water, dried over MgSQ,, and evaporated. The
residue was purified by silica gel chromatography using a solvent
system of n-hexane:AcOEt = 100:1 as the eluent to afford 6a as
colorless crystals (186 mg, 80%): mp 74~75 °C (lit.2» mp 71 °C);
IR (Nujol) » 1560 cm-1; tH-NMR (CDCly) 6 7.20-7.45, 7.95-8.20
and 8.25-8.55 (m, 10 H, Ph), 7.45 (d, J = 6 Hz, 1 H, PhC=CH-),
8.66 (d,J =6 Hz, 1 H,-CH=N-); MS m/z 232 (M*). Anal.Cacld
for C;gHisNa: C, 83.73; H, 5.21; N, 12.06. Found: C, 82.71; H,
5.07; N, 12.12. The compounds obtained by this method are
listed below.

2-(4-Fluorophenyl)-4-phenylpyrimidine (6b): yield 71%;
mp 75-76 °C; IR (Nujol) » 1570 cm-!; 'H-NMR (CDCly) $ 6.90-
7.18 and 8.30-8.55 (m, 4 H, 4-FPh), 7.25-7.50 and 7.90~-8.20 (m,
5H, Ph), 7.34 (d, J = 5 Hz, 1 H, PhC=CH-), 8.61 (d, J = 5 Hz,
1 H,-CH=N-); MS m/z 250 (M*). Anal. Caled for C;¢H;;N,F:
C,76.79; H, 4.43; N, 11.19; F, 7.59. Found: C, 76.82; H, 4.36; N,
11.39; F, 7.37.

2-(4-Chlorophenyl)-4-phenylpyrimidine (6¢): yield 85%;
mp 115-117 °C; IR (Nujol) » 1580 cm-1; tH-NMR (CDCly) 6 7.10~
7.70 and 7.90-8.15 (m, 5 H, Ph), 7.35 and 8.42 (A2B:q, J = 9 Hz,
4 H, 4-CIPh), 7.37 (d, J = 56 Hz, 1 H, PhC=CH-), 861 (d,J =
5 Hz, 1 H, -CH=N-); MS m/z 266 (M*). Anal. Calcd for
CmHuNzCl: C, 72.05; H, 4.16; N, 10.50; Cl, 13.29. Found: C,
71.70; H, 4.05; N, 10.46; Cl, 13.50.

2-(4-Bromophenyl)-4-phenylpyrimidine (6d): yield 81%;
mp 101-103 °C; IR (Nujol) » 1580 cm-; tH-NMR (CDCly) 6 7.27-
7.60 and 7.90-8.20 (m, 5 H, Ph), 7.48 and 8.28 (A;B:q, J = 9 Hz,
4 H, 4-BrPh), 7.37 (d, J = 6 Hz, 1 H, PhC=CH-), 862 d, J =
6 Hz, 1 H, -CH=N-); MS m/z 310 (M*). Anal. Calcd for
CieHuNqBr: C, 61.76; H, 3.56; N, 9.00; Br, 25.68. Found: C,
61.96; H, 3.48; N, 9.22; Br, 25.37.

2,4,6-Triphenylpyrimidine (6e): yield 73%; mp 184-185°C
(Lit.2* mp 185-187 °C); IR (KBr) » 1571 cm-t; tH-NMR (CDCl;)
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5 7.45-7.85 (m, 10 H, Ph), 8.00 (s, 1 H, ~-CH=), 8.20-8.35 and
8.65-8.80 (m, 5 H, Ph); MS m/z 308 (M*). Anal. Calcd for
CyHieNg: C, 85.69; H, 5.23; N, 9.08. Found: C, 85.78; H, 5.31;
N, 9.05.
2-(4-Chlorophenyl)-4,5-diphenylpyrimidine (6f): yield
81%; mp 219-220 °C; IR (KBr) » 1566 cm-!; TH-NMR (CDCl3)
8 7.55-7.80 and 8.45-8.62 (m, 10 H, Ph), 7.68 and 8.68 (A;Bzq, J
= 9 Hz, 4 H, 4-ClIPh), 8,57 (s, 1 H, ~CH=); MS m/z 342 (M*).
Anal. Calcd for CoHsN:Cl: C, 77.08; H, 4.41; N, 8.17; Cl, 10.34.
Found: C, 77.22; H, 4.48; N, 8.07; Cl, 10.31.
2-(4-Chlorophenyl)-4-(4-methylphenyl)-5-phenylpyrim-
idine (6g): yield 85%; mp 174-175 °C; IR (KBr) » 1567 cm-;
H-NMR (CDCly) 4 2.47 (s, 3 H, Me), 7.37 and 8.18 (A:Bsq, J =
8 Hz, 4 H, 4-MePh), 7.50 and 8.67 (A;B:q, J = 8 Hz, 4 H, 4-CIPh),
7.50~7.60 and 8.25-8.30 (m, 5 H, Ph), 8.00 (s, 1 H, -CH==); MS
m/z 356 (M*). Anal. Caled for CosH;7NoCl: C, 77.41; H, 4.80;
N, 7.85; Cl, 9.94. Found: C, 77.68; H, 4.86; N, 7.91; Cl, 10.01.
trans-2-(4-Chlorophenyl)-4-(methoxymethyl)-5-phenyl-
imidazoline (7). To a solution of 5¢ (340 mg, 1 mmol) in
methanol (3 mL) was added sodium methoxide in methanol (4.8
N) (1.25 mL, 6 mmol). The reaction mixture was stirred at room
temperaturefor 24 h. After evaporation ofthesolvent,theresidue
was dissolved in CHCls and water. The CHCl3layer wasseparated
and washed with water, dried over MgSQ,, and evaporated in
vacuo. The residue was purified by silica gel chromatography
using a mixed solvent of CHCl; and methanol (10:1) as the eluent
to afford 7 as colorless crystals (219 mg, 73%): mp 135-136 °C;
IR (Nujol) » 1610 ecm-!; H-NMR (CDCly) 6 3.38 (s, 3 H, MeO),
3.55 (d, J = 6 Hz, 2 H), 3.85~4.20 (m, 1 H, methine), 4.75 d, J
= 7.5 Hz, 1 H, benzyl), 7.25 (s, 5 H, Ph), 7.30 and 7.72 (A;B.q,
J =9 Hz, 4 H); MS m/z 300 (M*). Anal. Calcd for C1;H;3NClL:
C, 67.88; H, 5.70; N, 9.31; Cl, 11.79. Found: C, 67.92; H, 5.44;
N, 9.33; Cl, 11.52.
2-Acetoxy-1-((benzyloxycarbonyl)amino)ethyl Phenyl Ke-
tone (8). To a mixture of 2a (2.99 g, 0.01 mol), acetic anhydride
(1.53 g, 0.015 mol), and triethylamine (3.03 g, 0.03 mol) in THF
(15 mL) was added (dimethylamino)pyridine (10 mg). The
reaction mixture was stirred at room temperature for 1 h. After
the addition of methanol (10 mL), the mixture was stirred at 20
°Cfor1h and concentrated in vacuo. The product was extracted
with CHCI;, and the organic layer was washed with water, dried
over MgS0,, and concentrated in vacuo. Theresidue was purified
by silica gel chromatography using CHCl; as the eluent to afford
8 as colorless crystals (3.14 g, 92%): mp 69-69.5 °C; IR (Nujol)
v 3380, 1740, 1680 cm-!; tTH-NMR (CDCly) 4 1.93 (s; 3 H, methyl),
4.20 (q, J = 13.5 Hz, 6 Hz) and 4.55 (q, J = 13.5 Hz, 4.5 Hz) (2
H, methylene), 5.13 (s, 2 H, benzyl), 5.45-5.76 (m, 1 H, methine),
5.90-6.20 (brd, J = 7.5 Hz, 1 H, NH), 7.20-8.25 (m, 10 H, Ph);
MSm/z341 (M*). Anal. Calecd for C1sHsNOs: C,66.85; H, 5.61;
N, 4.10. Found: C, 66.72; H, 5.68; N, 4.12.
erythro-1-(Hydroxymethyl)-2-phenylethylenediamine Di-
hydrochloride (9). A mixture of 8 (1.16 g, 3.4 mmol), hydroxyl-
amine hydrochloride (473 mg, 6.8 mmol), and pyridine (370 mg,
13.6 mmol) in ethanol (20 mL) was refluxed for 5 h and evaporated
invacuo. The product was extracted with AcOEt, and the extract
was washed with water, dried over MgSOQ,, and evaporated. The
residue was dissolved in ethanol (40 mL), and coned HCI (0.78
mL) and 10% palladium on carbon (820 mg) were added. The
mixture was hydrogenated with a Parr apparatus (3.5 atm) at
room temperature for 5 h. After removal of the catalyst by
filtration, the filtrate was concentrated in vacuo. The residue
was dissolved in concd HCl1 (1 mL) and water (6 mL) and refluxed
for 5 h, and then the mixture was concentrated in vacuo.
Crystallization was carried out in ether to afford colorless crystals
of 9 (726 mg, 89%): mp 275 °C dec; IR (Nujol) » 1595 cm-};
1H-NMR (DMSO0-dg) § 3.10-4.00 (m, 3 H, methylene, methine),
4.60—-4.80 (m, 1 H, benzyl), 7.30-7.80 (m, 5 H, Ph), 8.40-9.50 (br,
6 H, NH3). Anal. Caled for CoH1gNOCly: C, 45.20; H, 6.74; N,
11.71; Cl, 29.65. Found: C, 45.36; H, 6.69; N, 11.85; Cl, 29.46.
cis-2-(4-Chorophenyl)-4-Chydroxymethyl)-5-phenylimida-
zoline Hydrochloride (10). This compound was prepared from
9 according to the method used for the synthesis of 4a in 85%
yield: mp 228-230 °C; IR (Nujol) » 1615, 1600 ¢cm-; 'H-NMR
(TFA-dy) 6 3.72 (d, J = 6 Hz, 2 H, methylene), 4.85-5.20 (m, 1
H, methine), 5.83 (d, J = 12 Hz, 1 H, benzyl), 7.20~7.62 (m, 5 H,
Ph), 7.68 and 8.02 (A2B.q,J = 9 Hz,4 H); MS m/z 287 (M* - HC]).
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Anal. Caled for CigHigN2OCly: C, 59.46; H, 4.99; N, 8.67; Cl,
21.94. Found: C, 59.48; H, 5.02; N, 8.73; Cl, 22.02.
cis-4-(Chloromethyl)-2-(4-chlorophenyl)-5-phenylimida-
zoline Hydrochloride (11). This compound was prepared from
10 according to the method used for the synthesis of 5a in
quantitative yield: mp 248.5-249.5 °C; IR (Nujol) » 1620 cm-1;
1H-NMR (DMSO0-dg) & 3.35-3.60 (m, 2 H, methylene), 3.55-4.00
(m, 1 H, methine), 5.85 (d, J = 12 Hz, 1 H, benzyl), 7.48 (s, 5 H,
Ph), 7.80 and 8.40 (A;Byq, J = 9 Hz, 4 H, 4-CIPh), 11.85-12.30
(brs, 2 H, NH); MS m/z 305 (M* - HCl). Anal. Caled for
CisHisNoCls: C, 56.25; H, 4.42; N, 8.20; Cl, 31.13. Found: C,
56.42; H, 4.47; N, 8.23; Cl, 31.22.
trans-2-(4-Chlorophenyl)-4-(hydroxymethyl)-5-phenyl-
imidazoline Hydrochloride (13). To a solution of calcium
chloride (54 mg, 0.483 mmol) in ethanol (1.2 mL) was added a
solution of sodium borohydride (48 mg, 1.27 mmol) in ethanol
(1.84 mL) at =20 °C, and the mixture was stirred at —20 °C for
30 min. Then a solution of 12 (170 mg, 0.483 mmol) was added
dropwise at -20 °C, and the mixture was warmed to 15 °C with
stirringover 4 h. After acetic acid (1 mL) was added, the mixture
was concentrated in vacuo. Into the residue were added
chloroform and 2 N NaOH (5 mL). The chloroform layer was
washed with water, dried over MgSQ,, and evaporated in vacuo.
The residue was treated with 10% HCI-MeOH and crystallized
by adding acetone and ether to afford colorless crystals of 13
(112 mg, 71.6%): mp 198-202 °C; IR (Nujol) » 1620 cm-1; H-
NMR (DMSO-dg) 6 3.70-3.90 (m, 2 H, methylene), 4.00-4.30 (m,
1 H, methine), 5.35 (d, J = 7.5 Hz, 1 H, benzyl), 7.47 (s, 5 H, Ph),
7.82 and 8.32 (A;B2q, J = 9 Hz, 4 H), 11.25-11.60 (brs, 2 H, NH);
MS m/z 287. Anal. Calcd for C1¢H16N,OCly: C, 59.46; H, 4.99;
N, 8.67; Cl, 21.94. Found: C, 59.10; H, 4.88; N, 8.50; Cl, 22.21.
trans-4-(Chloromethyl)-2-(4-chlorophenyl)-5-phenyl-
imidazoline Hydrochloride (14). This compound was prepared
according to the method used for the synthesis of 5a in
quantitative yield: mp 213-215 °C; IR (Nujol) » 1610 cm-; 'H-
NMR (DMSO-dg) 6 4.05-4.30 (m, 2 H, methylene), 4.40-4.70 (m,
1 H, methine), 5.34 (d, J = 7.5 Hz, 1 H, benzyl), 7.48 (s, 5 H, Ph),
7.80 and 8.40 (A:B:q, J = 9 Hz, 4 H, 4-CIPh), 11.65-12.30 (brs,
2 H, NH); MS m/z 305 (M* -~ HCI). Anal. Calcd for C;gH;sNo-
Cls: C, 56.25; H, 4.42; N, 8.20; Cl, 31.13. Found: C, 56.11; H,
4.31; N, 8.11; Cl, 31.02.
cis-2-(4-Chlorophenyl)-5-phenylaziridino[1,2-¢]-2-imida-
zoline (15). To a solution of 11 (342 mg, 1 mmol) in DMF (6
mL) was added sodium hydride (63.2% on paraffin, 76 mg, 2
mmol) at =20 °C. The mixture was stirred at 20 °C for 17 h and
poured into ice-water. The product was extracted with ether,
washed with water, dried over MgSO,, and evaporated in vacuo.
The residue was purified by silica gel chromatography using a
mixed solvent system of n-hexane and AcOEt (4:1) as the eluent
to afford colorless crystals (193 mg, 72%): mp 96-98 °C; IR
(KBr) »1611 cm-1; 'H-NMR (CDClg) 6 1.54 (d,JJ = 9 Hz) and 2.17
(d, J = 5 Hz) (1H each, methylene), 3.32-3.41 (m, 1 H, methine),
5.78 (d, J = 7 Hz, 1 H, benzyl), 7.26-7.45 (m, 5 H, Ph), 7.43 and
8.12 (A;B2q, J = 12 Hz, 4 H, 4-C]-Ph); 13C-NMR (CDCl3) 5 34.02,
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43.53, 72.95, 75.76, 77.02, 78.31, 126.75, 127.19, 128.47, 128.65,
130.05, 137.63, 140.41, 173.58; MS m/z 269 (M*). Anal. Calcd
for C¢H13N:Cl: C, 71.51; H, 4.88; N, 10.42; Cl, 13.19. Found:
C, 71.53; H, 4.99; N, 10.38; Cl, 13.16.

trans-2-(4-Chlorophenyl)-5-phenylaziridino[1,2-c]imida-
zoline (16). This compound was prepared according to the
method for the synthesis of 15 in 67% yield: mp 90-93 °C; IR
(KBr) v 1613 cm-1; 'H-NMR (CDCl3) 6 1.68-1.71 (m) and 2.45 (d,
J = 5 Hz), (1H each, methylene), 3.10-3.15 (m, 1 H, methine),
5.43 (d, J = 2 Hz, 1 H, benzyl), 7.26-7.45 (m, 5 H, Ph), 7.43 and
8.13 (A:B.q, J = 12 Hz, 4 H, 4-C1-Ph); 1*C-NMR (CDCl;) 6 37.82,
46.74, 74.62, 75.80, 77.08, 78.36, 127.07, 127.83, 128.62, 128.79,
130.23, 137.63, 141.66, 173.55; MS m/z 269 (M*). Anal. Caled
for C1gHisN.Cl: C, 71.51; H, 4.88; N, 10.42; Cl, 13.19. Found:
C, 70.49; H, 4.90; N, 10.43; Cl, 13.30.

Conversion of Aziridine Derivative 15 to the Pyrimidine
(6¢). To asolution of 15 (269 mg, 1 mmol) in DMF (3 mL) was
added sodium hydride (62.5% on paraffin, 38.4 mg, 1 mmol) at
=20 °C, and the mixture was stirred at 20 °C for 4 h and the
poured into ice-water. The product was twice extracted with
ether. The combined extracts were washed with water three
times, dried over MgSQ,, and evaporated in vacuo. The residue
was purified by silica gel chromatography using a mixed solvent
system of n-hexane:AcOEt = 100:1 to afford 6c as colorless crystals
(217 mg, 81.4%). The physicochemical data of the product were
identical with 6¢ obtained from 5ec.

The trans-derivative 16 afforded 6¢ in 78% yield by the same
procedure for the synthesis of 6¢ from cis-derivative 15.

X-ray Analysis of Compound 16. Plate colorless transparent
crystal, a = 9.463(1) A, b = 10.532(1) A, ¢ = 8.316(1)A, a =
94.15(1)°, 8 = 118.78(1)°, v = 63.69(1)°, U = 674.2(2) A3, space
group P-1,Z = 2, D = 1.824 g/cm3, F(100) = 280, u(Cu Ka) =
23.931 cml, monochrometer graphite, no. of ref data = 1768
(without F, = 0.1651), final R value = 0.0580 (R, = 0.0640).

The structure was solved by the direct method using
MULTANBS803, the refinement was carried out with full-matrix
least-squares method, and scattering factors were taken from
International Tables for X-ray Crystallography.1418
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