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Structure of a 2-Azaspiro[4.5]decadiene
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Abstract. Tetramethyl 3-amino-4-cyano-1-methylene-
2-phenyl-2-azaspiro[4.5]deca-3,6-diene-7,8,9,10-tetra-
carboxylate, C,sH,sN3O;, M, = 495:49, monoclinic,
C2/c, a=11-148 (5), b =17-156 (5), ¢ = 26:939 (5) A,
B=9399(4)°, V=51397A% Z=8, D,=
1281 gem ™3, CuKa, A=154184A p=
7-724 cm ™', F(000) = 2080, T =293 K. The final R
value is 0-071 for 3376 significant [I> 3a([)] reflec-
tions. The title compound is one of the products
obtained by thermally or photochemically induced
cyclization of the 1:2 adduct of 2-amino-4,5-di-
methyl-1-phenylpyrrole-3-carbonitrile and dimethyl
acetylenedicarboxylate.

Experimental. The 2-azaspiro[4.5]decadiene crystal-
lizes from chloroform as colorless plates as one of
the products of the reaction reported by Eger,
Folkers, Frey, Zimmermann & Koop-Kirfel (1988).
A single crystal of approximate dimensions 0-10 x
0-40 x 0-40 mm was mounted on a glass fiber. The
observed systematic absences determined the space
group to be Cc or C2/c, the latter was confirmed by

Fig. 1. Stereoview of the molecule with atom labeling using
SCHAKAL (Keller, 1988).
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the subsequent refinement. In the final full-matrix
least-squares refinement all non-H atoms were
assigned anisotropic thermal parameters; the H
atomic positions were calculated and included in the
structure-factor calculation. However, due to crystal
packing effects or disorder, there was no unique way
of placing the methyl H atoms of the methoxy
groups. The procecure applied to find those posi-
tions was to locate the methyl H atoms from a
difference Fourier map (using low-angle reflections),
which revealed at least one or more H of each group.

Table 1. Data-collection and structure-refinement

parameters
Crystal shape Plate
Diffractometer used CAD-4, Enraf-Nonius

Method of intensity measurement
No. and 8 range of reflections for
lattice parameters

Method used for absorption correction

Minimum absorption correction

Maximum absorption correction

Average absorption correction

Maximum value of (sinf)/A reached
in intensity measurement (A ")

Range of &, k and /

Standard reflections

Interval, standard reflections measured

Total No. of reflections measured;
6 range (°)

No. of observed unique reflections

Methods used to solve structure

Use of F or F?in LS refinement
Method of locating H atoms

6/26
25; 9-26°

DIFABS (Walker & Stuart, 1983)
0-799

1-375

0-933

0-5877

0—13, —20—20, —31—31
0,0,12, 4,0,10, 0,6,12
2h, no intensity variation
7853; 65

(1347 unobserved reflections)
3376 with I> 30(l)

‘Direct methods (SHELXS,

Sheldrick, 1985)

F

H positions calculated in
idealized positions

Weighting scheme 1/a?
Parameters refined 335

Value of R 0-071
Value of wR 0-066
Ratio of max. LS shift to e.s.d. (4/¢) 0-001
Max. height in final AF map (e A™%)  0-322
Error in an observation of unit weight 2-776

9-417(1) x 10”7 (Zachariasen, 1963)
International Tables for X-ray
Crystallography (1974)

Secondary extinction coefficient
Sources of atomic scattering factors

Computer used MicroVAX 3500
Programs used VAXSDP version 3.0 (1986)
(Frenz, 1978)
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Table 2. Positional parameters and equivalent iso-
tropic thermal parameters U,, (A%

The atoms C531 and C532 have each been refined with multipli-

city 0-5.
Ueq = (U + Uy + Us3)/3.

x y z U,
021 0-0991 (2) 04966 (2) 0-17490 (9) 0057 (2)
022 -0-0257 (3) 04219 (2) 0-1281 (1) 0103 (3)
031 01354 (3) 0-5438 (2) 00002 (1) 0077 (2)
032 01905 (4) 0-4788 (2) 00678 (1) 0-116 (3)
041 0-3506 (3) 0-6617 (2) 0-0736 (1) 0-083 (3)
042 0-2109 (3) 0-7535 (2) 00798 (1) 0070 (2)
051 02997 (3) 0-7224 (2) 0-1892 (1) 0-089 (2)
052 0-1335 (4) 0:7665 (2) 0-2195 (1) 0126 (3)
N9 —0-2954 (3) 0-5872 (2) 01364 (1) 0055 (2)
N72 ~0-1072 (3) 0-7594 (2) 00299 (2) 0073 (3)
N81 —-0-3867 (3) 06569 (2) 0-0687 (1) 0-060 (2)
C1 -0:0902 (3) 06172 (2) 01320 (1) 0043 (2)
C2 -0-0198 (3) 0-5533 (2) 0-1049 (1) 0:040 (2)
C3 00826 (3) 0-5930 (2) 0-0784 (1) 0-037 (2)
C4 0-1756 (3) 0-6317 (2) 0-1164 (1) 0-040 (2)
Cs5 01124 (3) 0-6759 (2) 0-1556 (1) 0044 (2)
C6 —-0:0042 (3) 0-6692 (2) 01621 (1) 0-050 (2)
C7 -01716 (3) 0-6630 (2) 00949 (1) 0-045 (2)
Cc8 —0-2883 (3) 0-6388 (2) 00975 (1) 0048 (2)
C10 —0-1836 (3) 0-5802 (3) 0-1630 (1) 0-053 (3)
C21 00276 (4) 04897 (2) 0-1404 (2) 0052 (2)
C23 0-0158 (7) 03557 (3) 0-1581 (3) 0-196 (6)
C31 0-1404 (3) 0-5378 (2) 00438 (1) 0-047 (2)
C33 0-2459 (8) 0-4216 (4) 0-0370 (3) 0-209 (7)
C41 0-2581 (3) 0-6829 (2) 0-0883 (1) 0-050 (2)
C43 0-2802 (6) 0-8092 (3) 0-0534 (2) 0-103 (4)
C51 0-1917 (4) 07239 (3) 01890 (2) 0071 (3)
C531 0-192 (1) 0-8349 (7) 0-2438 (5) 013 (1)
C532 0222 (1) 0-7916 (7) 0-2642 (5) 014 (1)
C7 —0-1357 (3) 0:7163 (2) 00595 (2) 0049 (2)
C91 -0-3972 (4) 0-5415 (3) 01459 (2) 0-065 (3)
92 —0-4835 (4) 0-5694 (4) 0-1737 (2) 0-101 (5)
C93 —0-5837 (5) 0-5248 (5) 0-1828 (2) 0-181 (8)
C%4 —0-5866 (7) 0-4555 (5) 0-1637 (4) 0199 (8)
C95 —0-5048 (8) 0:4232 (5) 01349 (5) 024 (2)
C96 —0-4060 (6) 0-4689 (4) 01278 (3) 0144 (9)
Clo1 —0-1675 (4) 0-5483 (4) 02076 (2) 0084 (4)

In a succeeding step we placed the other missing H
atoms by idealized geometry.

One methyl group occupies split positions (C531,
C532), each refined with population 0-5. In the
stereoview of Fig. 1 only the position C531 is dis-
played for clarity.

More details of the intensity-data collection, struc-
ture solution and refinement are listed in Table 1.
Final atomic coordinates are given in Table 2, dis-
tances and angles in Table 3.*

Related literature. As part of our studies on the
synthesis of biologically active heterocyclic spiro
compounds we recently described the formation of a
Michael adduct of ascorbic acid with acrolein (Eger,
Folkers, Zimmermann, Schmidt & Hiller, 1987).

We would like to acknowledge a grant from the
DAAD (JDK) and express our thanks to Professor
Dr J. Strihle for providing us with facilities.

* Lists of structure factors, H positions, torsional angles and
anisotropic thermal parameters have been deposited with the
British Library Document Supply Centre as Supplementary Publi-
cation No. SUP 52200 (19 pp.). Copies may be obtained through
The Executive Secretary, International Union of Crystallography,
5 Abbey Square, Chester CH1 2HU, England.
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Table 3. Bond distances (A) and angles (°) with e.s.d.’s

021 C21 1188 (5) Cl CT 1520 (9
02 C21 1338(5) Cl  CI0 1520 (5)
022 C23 1453 (8) C2 C3 1546(5)
033 C31 1178 (5) C2 Q1 1521 (5)
032 C31 1307 (6) C3 C4  1555(5)
032 C33 1450 (8) C3 €31 1-505(5)
041 C41 1187 (5) Ca  C5 1513 (6)
042 C4l 1334 (5) C4  C4l 1513 ()
042 Ca3 1447 (6) C5 C6  1329(5)
051 CS1 1204 (6) C5 C51 1468 (6)
052 C51 1306 (6) C7 C8  1372(5
052 C531 147 (1) C7 C71 139 ()
052 C532 157 (1) Cl10 Cl01 1320(7)
N9 C8 1378(6) C91 C92 1347(7)
N9 CI0 1400 (5) C91 C96 1338 (8)
N9  C91 1418 (5) C92 C93 1390 (9)
N72 C71  1-147 (6) 93 €9 130()
N8I C8  1-336(5) 94 C95 136(1)
Cl C2 1559 (6) 95 €9 138(1)
Cl C6 1506 (5) C531 €532 097(2)
C21 022 C23 1150(4) C4 C5 C51 1148(3)
C3l 032 C33 1153(4) C6 C5 C51 1214(4)
C4l 042 C43 1178 (4) Cl C6 C5 1251Q3)
C51 052 C531 1201 (7) Cl C7 C8 1095(3)
C51 052 (€532 1088 (6) Cl C7 C7l 1269Q3)
C8 N9 CI0 1104 (3) C8 C7 CTl 1234(3)
C8 NI C9I 1257(3) N9 C8 N8l 1202(3)
Cl0 N9 C91 1237(3) N9 C8 C7 1098(3)
2 Cl C6 1103(3) N8l C8 C7 1299(4)
c2 C ¢ 1e7(3) N9 Cl0 Cl 1075(4)
C2 Cl  Clo 1105(3) N9 CI10 Cl0l 1243 (4)
C6 Cl €1 11220) Cl  Clo C101 12834)
cC6 CI  Clo 1127(3) 021 C21 022 1229(4)
C7 Cl Cl0 1003 (3) 021 C21 C2 1274(4)
Cl C2 C3 1086(3) 022 C21 C2 1098(3)
Cl C Cu 11200) 031 C31 032 1234(4)
C3 C2 Cu 11803 031 C31 C3 1248(4)
Q2 G C4 15(3) 032 C31 C3 1116@3)
2 €3 Q3 TR 041 C41 042 1243 (4)
C4 C3 C31 12503 041 C41 C4 1242(4)
C3 C4 C5 110603) 042 C41 C4  111503)
C3 C4 C4l 1087(3) 051 C51 052 1233 (4)
C5 C4 CAl 1128(4) 051 C51 C5 1234(4)
C4 C5 C6 1237(3) 052 C51 C5 1133 (4)
N9 C91 C92 1211 (4) N72 CI11 C7 1789 (4)
N9 €91 C9% 1191 (5) C93 C94 C95 1271 (8)
C92 C91 C9% 1199 (5) C94 €95 C9% 1350 (8)
C91 C92 €93 1210 (6) 91 C9% C95 1213 (D)
C92 €93 C94 1157 (6)
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Structure of 4-Oxo0-5,6,7,8-tetrahydro-3 H-cyclohexathieno[2,3-d]pyrimidine

By P. S. JosepH

Department of Physics, AA Government Arts College, Musiri, India

S. SELLADURAI*

Depariment of Physics, Anna University, Madras-25, India

S. KANNAN
Department of Chemistry,IGNOU, New Delhi, India

AND V. PARTHASARATHI

Department of Physics, Bharathidasan University, Trichy-24, India

(Received 26 May 1989; accepted 19 July 1989)

Abstract. C]()H]()Nzos, M,. = 206'3, monoclinic,
P2,/n, a= 6943 (2), b=13-216 (2), c = 10-342 (2) A,
B=101-1(2°, V=93124% Z=4, D,=
1-47gem™>, A(CuKa)=1-5418A, p=75cm™’,
F(000) =432, T=296 K, R = 0-06 for 1610 observed
reflections. Molecular geometry is normal. The thio-
phene ring is planar, and is coplanar with the 3H-
pyrimidinone ring [dihedral angle =0-7 (1)°]. The
fused cyclohexene ring adopts a half-chair conforma-
tion. The C—S distances are 1-726(3) and
1-738 (3) A. The C—S—C bond angle is 916 (1)°.

Experimental. 2-Aminothiophenes were prepared by
adopting the following procedure: a cycloalkanone
was allowed to undergo a Cope reaction (Cope,
Hofmann, Wyckoff & Hardenbergh, 1941), followed
by a Gewald reaction in the presence of sulfur, to
form substituted cycloalka[b]thiophenes (Gewald,
1962, 1965; Gewald, Schinke & Bottcher, 1966).
2-Amino-3-(ethoxycarbonyl)-4,5,6,7-tetrahydro-
cyclohexa[b]thiophene was dissolved in formamide.
The mixture was boiled under reflux at 473 K for
18 h. On cooling to room temperature a crystalline
precipitate was obtained, which was filtered, washed
with  2-propanol, and recrystallized from
chloroform-methanol-propanol. The 4-0x0-5,6,7,8-
tetrahydro-3 H-cyclohexathieno[2,3-d}pyrimidine was
obtained as light brown needles.

A specimen of dimensions 0-29 x 0-20 x 0-25 mm
was chosen. Lattice parameters and their e.s.d.’s
derived from a least-squares treatment of 25 reflec-
tions (25 < @ < 35°). Intensity data were collected on
an Enraf-Nonius CAD-4 single-crystal X-ray dif-
fractometer, graphite-crystal-monochromated Cu Ke

* To whom correspondence should be addressed.
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radiation, w/26 scan mode for 1 0—8, k —8—14, [
— 1212, 26.. = 140°. Two standard reflections
monitored every 100 measurements varied less than
2%. Of the 2052 independent reflections collected
1610 were judged significant [I> 3o())}. R;,. = 0-01.
Intensities were corrected for Lp effects, absorption
corrections were ignored. Structure solved by Pat-
terson methods using SHELXS86 (Sheldrick, 1986).
Positional and thermal parameters of non-hydrogen

Table 1. Fractional atomic coordinates and equivalent
isotropic thermal parameters for non-hydrogen atoms,
with e.s.d.’s in parentheses

B., =333, U atara.a,

x y z B, (A%

S(1) 0-1758 (1) 0-1089 (1) 0-2659 (1) 40

C(2) -0-0235 (3) 0-0500 (2) 0-3105 (2) 3-0 (1)
NG)  —00859(3)  —0:0437(2) 02652 (2) 35

C4) —0-2348 (4) —0-0757 (2) 0-3106 (2) 34 (1)
N(5) —0-3282 (3) —0-0235 (2) 0-3939 (2) 25

c6  -02721 (3) 00725 (2) 04428 (2) 30 (1)
o ~01053 (3) 01105 (2) 0-3956 (2) 28 (1)
C(8) —0-0040 (3) 0-2048 (2) 04257 (2) 30D
C9) —0-0500 (4) 0-2849 (2) 0-5174 (2) 37 (1)
C(10) 0-1209 (6) 0-3561 (3) 05599 (4) 53 (1)
c 02126 (6) 0-3894 (2) 0-4459 (4) 54 (1)
c(12) 0-2906 (5) 03002 (2) 0-3746 (3) 47(1)
C(13) 0-1498 (4) 0-2138 (2) 0-3625 (2) 35D
0(14) —0-3629 (3) 0-1144 (1) 0-5177 (2) 38

Fig. 1. Perspective view of the molecule showing atomic
nomenclature.
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