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SYNTHESIS OF 4H-PYRAN DERIVATIVES UNDER
SOLVENT-FREE AND GRINDING CONDITIONS

Rufus Smits, Sergey Belyakov, Aiva Plotniece, and
Gunars Duburs
Latvian Institute of Organic Synthesis, Riga, Latvia

GRAPHICAL ABSTRACT
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Abstract Based on x-ray diffraction analysis, we have proved that the recently published
results for ethyl 6-amino-5-cyano-4-aryl-1,4-dihydropyridine-3-carboxylate synthesis is in
fact an environmentally friendly synthesis of 6-amino-5-cyano-4-aryl-4 H-pyran derivatives
using a multicomponent room-temperature grinding procedure of ethyl acetoacetate,
[ (2-aryl)methylene Jmalononitriles, and ammonium acetate.

Keywords Green synthesis; grinding; 4 H-pyran derivatives; multicomponent reactions;
solvent-free; x-ray diffraction

INTRODUCTION

The work presented here is a correction of A. M. Zonouz et al., which was recently
published in this journal under the incorrect title of “Synthesis of 1,4-
Dihydropyridine Derivatives Under Solvent-Free and Grinding Conditions.”” We have
corrected the products from *“1,4-dihydropyridine (1,4-DHP) derivatives’ to 4 H-pyran
derivatives and included some additional synthesis and x-ray crystallographic proof.

On repeating the reported multicomponent grinding procedure with
thiophene-2-carbaldehyde, malononitrile, and ammonium acetate to give the thiophe-
nemalononitrile and subsequent addition of methyl acetoacetate to generate the
expected methyl 6-amino-5-cyano-2-methyl-4-(thiophen-2-yl)-1,4-dihydropyridine-
3-carboxylate, we were surprised that the x-ray single-crystal structure analysis of
the recrystallized crystals (Fig. 1) proved that the compound was nota 1,4-DHP deriva-
tive, but a 4H-pyran derivative or methyl 6-amino-5-cyano-2-methyl-4-(thiophen-2-
yl)-4 H-pyran-3-carboxylate (Scheme 1).
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Figure 1. ORTEP representation of the molecular structure 1. (Figure is provided in color online.)

We then carefully repeated the exact procedure with 3-nitrobenzaldehyde and
ethyl acetoacetate according to the publication and again the product, which had the
identical melting point of 187188 °C and '"H NMR spectrum when subjected to an
x-ray single-crystal structure analysis, proved to be a 4H-pyran derivative. Further,
the literature melting points for 1,4-DHP derivatives differ significantly from the 4 H-
pyran derivatives, in particular for this particular compound, by more than 30°C.

S
Va M NH,OAc
NC__~ + OCHs
grinding, rt, solvent-free H,CO
CN

Scheme 1. Synthesis of methyl 6-amino-5-cyano-2-methyl-4-(thiophen-2-yl)-4 H-pyran-3-carboxylate (1).
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(2a) X=H (3a) X=H

(2b) X=2-NO, (3b) X=2-NO,
(2¢) X=3-NO, (3c) X=3-NO,
(2d) X=4-NO, (3d) X=4-NO,
(2¢) X=2-OMe (3e) X=2-OMe
(2f) X=3-Me (3f) X=3-Me

Scheme 2. Synthesis of 6-amino-5-cyano-4-aryl-4 H-pyrans 3a—f.

The 4H-pyrans exhibit an extensive range of biological and pharmacological
activities, such as spasmolytic, diuretic, anticoagulant, anticancer, and antianaphy-
lactic properties. They are useful in treatment of neurodegenerative disorders,
including Alzheimer’s disease, amyotrophic lateral sclerosis, Huntington’s
disease, and Parkinson’s disease.””) Polyfunctionalized 4H-pyrans also constitute a
structural unit of many natural products,** having antiallergic,”™ antitumor,®
and antibacterial’” ) activities. 4H-Pyran derivatives are also potential calcium
channel antagonists, which are structurally similar to the biologically active
1,4-dihydropyridines.['"!

Recent publications that have reported on the multicomponet synthesis of 4 H-
pyrans have used aryl aldehyde, malononitrile, ethyl acetoacetate, and magnesium
oxide as a basic catalyst with grinding and without solvent,'’ the same ingredients
but with silica nanoparticles as a catalyst and ethanol as solvent,"'! and Cu(II) oxy-
metasilicate as a reusable catalyst in methanol as solvent.'? In these reactions the
catalyst had to be separated from the reaction medium. In the present work
ammonium acetate was used instead of any catalyst, and after completion of the
reaction the ammonium acetate was simply washed away with ethanol and recrystal-
lized to give good yields of the 4H-pyran derivatives.
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Table 1. Synthesis of 6-amino-5-cyano-4-aryl-4 H-pyrans 3a-g by grinding

Entry Aldehyde Product Yield (%) Mp (°C)
e N _cto
1 | 3a 78 190-192 (1it.”! 195-196)
\/
CHO
/\ -
2 l 3b 57 178-179
\/\Noz
CHO
/\ -
3 H/ 3c 81 187-188 (lit.l! 182-183)
NO,
CHO
4 /©/ 3d 76 175-176 (1it.”! 180-183)
O,;N
CHO
5 C[ 3e 59 196-197
OMe
CHO
6 ©/ 3f 68 176-177
Me
Q
7 E)——CHO 3g 68 204-205

RESULTS AND DISCUSSION

Treatment of an aryl aldehyde (1 equiv.) with malononitrile (1 equiv.) in the
presence of ammonium acetate (1.5 equiv.) under solvent-free conditions at room
temperature on grinding gave benzylidene malononitrile derivatives 2 via the Knove-
nagel condensation without any purification. Ethyl acetoacetate (1 equiv.) was added
to the same reaction vessel, followed by grinding (Scheme 2). After workup and puri-
fication, the 6-amino-5-cyano-4-aryl-4 H-pyrans 3a—f were obtained in good yields.
The results with different aldehydes are depicted in Table 1.

The reaction products were characterized by their melting points, infrared (IR)
(KBr), '"H NMR, and '*C NMR. The compound 3¢ has been additionally character-
ized by single-crystal x-ray diffraction (XRD) study (Fig. 2).

In both structures the geometrical parameters of pyran systems are usual for
4H-pyran heterocycles with the envelope conformation. The deviations of C(4)
atom from the O(1), C(2), C(3), C(5), and C(6) plane are equal 0.271(4) A for
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Figure 2. ORTEP representation of the molecular structure of 3c. (Figure is provided in color online.)

methyl 6-amino-5-cyano-2-methyl-4-(thiophen-2-yl)-4 H-pyran-3-carboxylate (1) and
0.359(3) A for 3c. Both crystal structures are characterized by intermolecular hydro-
gen bonds of NH--O and NH---N types. The hydrogen bond lengths in 1 are 2.904(4)
A [N(7)-H(7A)---O(16) bond] and 3.051(4) A [N(7)-H(7B)---N(9) bond]. In 3¢ these
bonds are stronger and the lengths are 2.820(3) A [N(7)-H(7A)---O(20) bond] and
2.987(3) A [N(7)-H(7B)---N(9) bond].

Because initially we were interested in synthesizing 1,4-DHP derivatives, we
tried a reaction where the ethyl acetoacetate in Scheme 2 was substituted with ethyl
3-aminobut-2-enoate. Analysis of the product by NMR revealed that the compound
formed was an intermediate (4) with an acyclic structure and an intramolecular
NH---O hydrogen bond (Scheme 3).

The generation of this intermediate with a strong internal NH---O bond in
a six-membered ring configuration explains why no further reaction takes place
at room temperature to produce the dihydropyridine derivative. Even when
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NO,
NH, o
NH4OAc
N H
NC A X oC,H  9rinding, it solvent free
CN
2c 4

Scheme 3. Formation of intermediate 4.

intermediate 4 was boiled in ethanol for 6 h with dimethylaminopyridine (DMAP) as
catalyst, the starting material only slowly reacted to form a mixture of products,
which was not further analyzed. From this reaction it is also apparent that ethyl acet-
atoacetate reacts first with compound 2¢ and cyclizes to the 4 H-pyran before it could
form the enamine. The structure of intermediate was futher proved by single-crystal
x-ray diffraction. In the crystal structure of intermediate 4 there are two independent
molecules in the asymmetric unit. The bond lengths and valence angles in these mole-
cules are near and correspond to standard values. However, these molecules differ by
conformation: the torsion angle H7-C7-C17-H17 is equal 161° for molecule A and
—41° for molecule B. Figure 3 illustrates a perspective view of these molecules.

Figure 3. ORTEP representation of the structure of intermediate 4. (Figure is provided in color online.)
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NO,
o, o
. NH4OAc
—_—
NC A refluxing ACOH
CN

2c 5

Scheme 4. Arylidinemalononitrile reaction with dimedone and ammonium acetate in refluxing glacial
acetic acid to form 1,4-dihydropyridine derivative 5.

When the possibility of internal hydrogen bonding is eliminated, as in the case
of dimedone, the dihydropyridine structure is formed readily (Scheme 4).['*!

CONCLUSIONS

We have proved unequivocally using single-crystal x-diffraction analysis that
the structures which A. M. Zonouz et al. recently published in this journalll as
1,4-dihydropyridine derivatives are in fact 4H-pyran derivatives. Consequently
we have corrected all the incorrectly reported ““1,4-dihydropyridine” derivatives
to the correct 4H-pyran structures. Therefore, an efficient and environmentally
friendly synthesis of 6-amino-5-cyano-4-aryl-4H-pyran and not 1,4-DHP deriva-
tives has been developed using a multicomponent room-temperature grinding
procedure of ethyl acetoacetate, [(2-aryl)methyleneJmalononitriles, and ammonium
acetate.

EXPERIMENTAL

Preparation of Ethyl 6-Amino-5-cyano-2-methyl-4-phenyl-4H-
pyran-3-carboxylate (3a), Typical Procedure

A mixture of benzaldehyde (10 mmol, 1 ml), malononitrile (10 mmol, 0.66 g),
and ammonium acetate (15mmol, 1.15g) was thoroughly mixed in a mortar by
grinding until the completion of reaction as indicated by thin-layer chromatography
(TLC) (15 min). The mixture solidified during the grinding. Then, ethyl acetoacetate
(10 mmol, 1.26 ml) was added to the same vessel. The mixture, which initially was in
a partially liquid state, solidified during the process of grinding (15 min). The pure
product (3a) was obtained by recrystallized from ethanol (2.21 g, 78%).

Mp 190-192°C; IR (KBr) v=3402 (s), 3328 (s), 3223 (m), 2966 (w), 2189 (s),
1693 (s), 1259 (s), 1060 (s) ecm™'; '"H NMR (300MHz, CDCly): §=1.10
(t, J=7.20Hz, 3H, CHj; ester), 2.38 (s, 3H, CHj.,), 4.05 (m, 2H, CH, ester), 4.45
[s, 1H, C(4)-H], 4.50 (br, s, 2H, NH,), 7.17-7.35 (m, 5H, Ar-H) ppm; '*C NMR
(75MHz, CDCl3): §=13.86 (CHj; ester), 18.37 (CHj3.,), 38.75 (C-4), 60.64 (CH,
ester), 62.58 (C-5), 108.00 (C-3), 118.80 (CN), 127.17 (C-4'), 127.50 (C-3.5),
128.56 (C-2',6'), 143.72 (C-1"), 156.76, 157.39 (C-2, 6), 165.83 (CO) ppm.
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Methyl 6-Amino-5-cyano-2-methyl-4(thiophen-2-yl)-4H-
pyran-3-carboxylate (1)

This compound was synthesized by this procedure except 1.12g (10 mmol)
thiophene-2-carbaldehyde and 1.16 g (10 mmol) methyl acetoacetate instead of ethyl
acetoacetate were used. At the end of the grinding procedure, the sticky yellow sub-
stance was recrystallized from ethanol to give white crystals (1.98g, 72%). Mp
142-144°C; '"H NMR (400 MHz, DMSO-dg): 8=2.28 (s, 3H, CH3), 3.64 (s, 3H,
CH3 ester), 4.65 [s, 1H, C(4)-H], 6.85 (d, J=3.6Hz, 1H, Ar), 6.93 (dd, J=5.1,
3.5, 1H, Ar), 7.05 (br, s, 2H, NH,), 7.36 (d, J=5.1, 1H, Ar) ppm; *C NMR
(100 MHz, DMSO-dy): 6=18.22, 33.81, 51.69, 56.93, 107.61, 119.55, 123.55,
124.78, 126.97, 149.34, 156.90, 159.09, 165.76 ppm.

Ethyl 6-Amino-5-cyano-2-methyl-4-(2-nitrophenyl)-4H-
pyran-3-carboxylate (3b)

Mp 177.5-178.5°C; IR (KBr) v =3453 (s), 3294 (s), 3215 (s), 3185 (s), 2984 (w),
2208 (s), 1719 (s), 1684 (s), 1601 (s), 1530 (s), 1381 (s), 1225 (s), 1062 (s), 786 (s), 726
(s) em™'; 'TH NMR (300 MHz, CDCls): 8=0.99 (t, J=7.20 Hz, 3H, CH; ester), 2.41
(s, 3H, CHj3,,), 3.96 (m, 2H, CH, ester), 4.67 (br, s, NH»), 5.26 [s, 1H, C(4)-H],
7.32-7.40 (m, 2H, Ar-H4', H6'), 7.58 (dt, J, =7.50Hz, J,=1.20Hz, 1H, Ar-H5'),
7.82 (dd, J; =7.70Hz, J,=1.20Hz, 1H, Ar-H3') ppm; '*C NMR (75 MHz, CDCl):
8=13.66 (CHj; ester), 18.45 (CHj;.,), 32.97 (C-4), 60.95 (CH, ester), 63.50 (C-5),
107.30 (C-3), 118.21 (CN), 124.06 (C-3'), 127.91 (C-4'), 130.61 (C-6'), 133.23
(C-5), 139.08 (C-1"), 149.09 (C-2'), 158.05, 158.24 (C-2, 6), 165.04 (CO) ppm.

Ethyl 6-Amino-5-cyano-2-methyl-4-(3-nitrophenyl)-4H-
pyran-3-carboxylate (3c)

Mp 187-188 °C; IR (KBr) v = 3402 (s), 3328 (s), 3221 (m), 2987 (w), 2190 (s), 1672
(s), 1531 (s), 1344 (s), 1063 (s) cm '; '"H NMR (400 MHz, CDCls): §=1.12
(t, J=7.20Hz, 3H, CHj; ester), 2.41 (s, 3H, CH;.,), 4.05 (m, 2H, CH, ester), 4.58 [s,
1H, C(4)-H], 4.69 (br, s, NH,), 7.49 (t, J=8.00Hz, 1H, Ar-HY), 7.58 (td,
J,=800Hz, J,=080Hz, Ar-H6¢), 8.06 (t, J=1.60Hz, 1H, Ar-H2'), 8.11 (md,
J=8.00Hz, 1H, Ar-H4) ppm; 'H NMR (400 MHz, DMSO-d¢): 8=1.01
(t, J=7.20Hz, 3H, CH; ester), 2.07 (s, 2H, NH,), 2.34 (s, 3H, CH3.,), 3.95 (m, 2H,
CH,ester), 4.52[s, 1H, C(4)-H], 7.60-7.70 (m, 2H, Ar-H5', H6'), 7.98 (s, 1H, Ar-H2),
8.10 (dt, J, =7.50 Hz, J, = 1.92 Hz, 1H, Ar-H4') ppm; '>*C NMR (100 MHz, CDCls):
d=12.90 (CHj ester), 17.64 (CHs.,), 37.75 (C-4), 59.95 (CH, ester), 63.50 (C-5),
105.93 (C-3), 117.33 (CN), 121.39 (C-4'), 121.55 (C-2'), 128.51 (C-5'), 133.01 (C-6'),
145.10 (C-1'), 147.47 (C-3), 159.77, 156.95 (C-2, 6), 164.26 (CO) ppm.

Ethyl 6-Amino-5-cyano-2-methyl-4-(4-nitrophenyl)-4H-
pyran-3-carboxylate (3d)
Mp 175-176°C; IR (KBr) v=13404 (s), 3333 (s), 3204 (s), 2983 (w), 2200 (s),

1690 (s), 1650 (s), 1518 (s), 1345 (s), 1270 (s), 1060 (s) em~'; "H NMR (300 MHz,
CDCly): 8=1.11 (t, J=7.20Hz, 3H, CH; ester), 2.42 (s, 3H, CHs,), 4.05
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(q, J=7.20Hz, 2H, CH, ester), 4.57 [s, 1H, C(4)-H], 4.67 (br, s, NH,), 7.39
(d, J=7.70Hz, 2H, Ar-H2,6'), 8.18 (d, J=7.70Hz, 1H, Ar-H3.5) ppm; "*C
NMR (75 MHz, CDCl;): §=13.92 (CHj; ester), 18.61 (CH;.), 38.82 (C-4), 60.86
(C-5), 60.97 (CH, ester), 106.79 (C-3), 118.28 (CN), 123.99 (C-2',6), 128.42
(C-3',5'), 147.09 (C-1"), 151.09 (C-4'), 157.73, 158.05 (C-2, 6), 165.26 (CO) ppm.

Ethyl 6-Amino-5-cyano-2-methyl-4-(2-methoxyphenyl)-4H-
pyran-3-carboxylate (3e)

Mp 196-197°C; IR (KBr) v=23403 (s), 3326 (s), 3220 (m), 2967 (W), 2933 (w),
2187 (s), 1693 (s), 1606 (m), 1256 (s), 1063 (s), 713 (s) cm™~'; 'H NMR (300 MHz,
CDCly): 8=1.06 (t, J=7.20Hz, 3H, CH; ester), 2.38 (s, 3H, CHj.,), 3.84 (s, 3H,
OCHj), 4.00 (m, 2H, CH, ester), 441 (br, s, 2H, NH,), 4.88 [s, 1H, C(4)-H],
6.82-6.92 (m, 2H, Ar-HY, 3'), 7.06 (dd, J, = 7.50 Hz, J, = 1.50 Hz, 1H, Ar-H6'), 7.19
(dt, J,=7.50Hz, J,=1.50Hz, 1H, Ar-H4') ppm; ')C NMR (75MHz, CDCL):
8=13.77 (CH; ester), 18.31 (CH3.), 32.61 (C-4), 55.58 (OCHj3), 60.42 (CH, ester),
61.81 (C-5), 107.06 (C-3), 111.05 (C-3'), 119.10 (CN), 120.65 (C-5'), 128.24 (C-4'),
128.68 (C-6'), 131.79 (C-1), 157.07 (C-2), 157.45 (C-2'), 157.94 (C-6), 166.08 (CO) ppm.

Ethyl 6-Amino-5-cyano-2-methyl-4-(3-methylphenyl)-4H-
pyran-3-carboxylate (3f)

Mp 176-177°C; IR (KBr) v = 3401 (s), 3330 (m), 3222 (m), 2981 (w), 2192 (s),
1697 (s), 1675 (s), 1647 (m), 1604 (m), 1372 (m), 1266 (s), 1058 (s), 721 (m) cm™'; 'H
NMR (300 MHz, CDCly): §=1.11 (t, J=6.90Hz, 3H, CHj; ester), 2.33 (s, 3H,
CHs;.,), 2.38 (s, 3H, CH3), 4.05 (m, 2H, CH, ester), 4.41 [s, 1H, C(4)-H], 4.45 (br,
s, NH»), 6.92-7.25 (m, 4H, Ar-H) ppm; '*C NMR (75MHz, CDCl;): 5=13.86
(CHj; ester), 18.37 (CHs.,), 21.45 (CHj), 38.68 (C-4), 60.61 (CH, ester), 62.52
(C-5), 108.08 (C-3), 118.91 (CN), 124.62 (C-4), 127.96, 128.20, 128.40 (C-2,5.,6'),
138.07 (C-3), 143.64 (C-1), 156.61, 157.45 (C-2,6), 165.91 (CO) ppm.

Ethyl 6-Amino-5-cyano-2-methyl-4-(2-furyl)-4 H-pyran-3-
carboxylate (3g)

Mp 204-205°C; IR (KBr) v=3393 (m), 3370 (m), 3202 (m), 2963 (m), 2193 (s),
1693 (s), 1685 (s), 1261 (s), 1065 (s), 802 (s) cm~'; 'TH NMR (300 MHz, CDCl5):
6=1.23 (t, J=7.20HHz, 3H, CHj ester), 2.37 (s, 3H, CH;.,), 4.16 (m, 2H, CH, ester),
4.53 (br, s, 2H, NH.), 4.64 [s, 1H, C(4)-H], 6.102 (d, J=3.30Hz, 1H, Ar-H5'), 6.28
(m, 1H, Ar-H4'), 7.31 (s, 1H, Ar-H3') ppm; *C NMR (75 MHz, CDCl;): = 14.00
(CHj ester), 18.43 (CHs.,), 32.37 (C-4), 59.53 (C-5), 60.78 (CH, ester), 105.71 (C-3),
105.93 (C-5'), 110.33 (C-4), 118.62 (CN), 141.93 (C-3), 155.13 (C-1"), 157.78, 158.54
(C-2,6), 165.63 (CO) ppm.

(Z)-Ethyl 3-Amino-2-(2,2-dicyano-1-(3-nitrophenyl)ethyl)but-2-
enoate (4)

This intermediate was synthesized according to the typical grinding procedure
using 3-nitrobenzaldehyde (10 mmol) and (Z)-ethyl 3-aminobut-2-enoate (1.29¢g
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10 mmol) instead of ethyl acetoacetate. The yellow sticky mixture was washed with
ethanol and recrystallized to give light green needles (1.9 g, 58%).

Mp 142-144°C; "H NMR (400 MHz, DMSO-dg): §=1.02 (t, J=7.0Hz, 3H,
CHa, ester), 2.17 (s, 3H, CH;), 3.67-4.12 (m, 2H, CH,, ester), 4.75 [d, J=11.4 Hz,
1H, CH(CN),], 5.73 (d, J=11.4Hz, 1H, CH-Ar), 7.46 (br, s, 1H, NH), 7.58
(t, J=79Hz, 1H, Ar-H5), 7.73 (d, J=7.6Hz, 1H, Ar-H6), 8.07 (d, J=8.0Hz,
1H, Ar-H4), 8.14 (s, 1H, Ar-H2), 8.61 (br, s, 1H, NH'O) ppm; '*C NMR
(100 MHz, DMSO-dg): 6=13.99, 20.92, 26.69, 43.34, 58.45, 88.97, 113,79, 114.38,
121.92, 122.24, 129.47, 135.03, 141.99, 147.38, 163.10, 167.55 ppm.

Crystal Data

For ethyl 6-amino-5-cyano-2-methyl-4-(3-nitrophenyl)-4H-pyran-3-carboxy-
late (3c), methyl 6-amino-5-cyano-2-methyl-4-(thiophen-2-yl)-4 H-pyran-3-carboxy-
late (1), and intermediate 4, diffraction data were collected at —100 °C (for 3¢ and
1) and at room temperature for 4 on a Bruker-Nonius KappaCCD diffractometer
using graphite monochromated Mo-Ko radiation (A=0.71073 A). Both crystal
structures were solved by the direct method and refined by full-matrix least squares.
All non hydrogen atoms were refined anisotropically.

Crystal Data for 1. C;3H;o2N,O;S, triclinic, a=38.6311(2), b=9.0785(3),
¢=9.6055(3) A, 0=96.548(2), B=115.097(2), v=95.679(2)°, V=668.02(3) A°,
Z=2,1=0.250 mmfl, Deaie=1.374 g cm 3, space group P 1. A total of 3256 inde-
pendent reflection intensities were collected at room temperature. For structure
refinement, 2055 reflections with 7> 3c(/) were used. The final R factor is 0.059.

Crystal Data for 3c. C;cH;sN;Os, triclinic, a=28.3621(2), b=28.4736(3),
¢=12.0001(5) A, a=82.192(1), p=71.0392), y=76.176(2)°, V=779.29(5) A’
Z=2,1=0.106mm ', Doy =1.403 g cm 3, space group P 1. A total of 3911 inde-
pendent reflection intensities were collected at room temperature. For structure
refinement, 2546 reflections with 7> 3c(/) were used. The final R factor is 0.047.

Crystal Data for 4. C;sHsN4O,4, monoclinic, a« =19.8757(7), b =28.4327(3),
¢=20.637(1) A, B=106.330(1)°, V=3319.32) A’ Z=8, pu=0.097mm ',
Dege=1.314g-cm ™3, space group P2;/n. A total of 8959 independent reflection
intensities were collected at room temperature. For structure refinement, 3496 reflec-
tions with 7> 3c(l) were used. The final R factor is 0.074. For further details, see
crystallographic data for these structures deposited with the Cambridge Crystallo-
graphic Data Centre as Supplementary Publication Numbers CCDC 865274 (for
1), 865275 (for 3c¢), and 870203 (for “intermediate’). Copies of the data can be
obtained, free of charge, on application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK.
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