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Abstract. C12H1605, M r--- 240.26. cis-transoid form: 
triclinic, PI ,  a = 9.14 (2), b = 9.70 (2), c = 7.80 (1) A, 
a =  110.5 (3), t =  109.5 (3), 7 =  101.7 (3) ° , V =  
569 (3) ,/k 3, Z = 2, D x = 1.402 (7) g cm -3, ~. = 
0.7107/~,, #(Mo Ka) = 1.021 cm -~, F(000) = 256, 
1172 unique observed reflections, cis--cisoid form: 
orthorhombic, P21212a, a = 7.808 (10), b = 8.840 (7), 
c = 1 6 . 6 6 2 ( 1 1 )  A, V = 1 1 5 0 ( 2 )  A 3, Z = 4 ,  D x= 
1.388 (2) g cm -3, 2 = 0.7107/~, /~(Mo Ka) = 
1.010 cm -1, F(000) = 512, 1039 unique observed 
reflections. Room temperature. The structures were 
solved by direct methods. The final R factors were 
0.051 and 0.066 for the cis-transoid and cis-cisoid 
forms, respectively. 

Introduction. Eugster et al. (Hofmann, Wyrsch-Walraf, 
Iten & Eugster, 1979) have reported that thermal 
Diels-Alder reaction between 3,4-dimethoxyfuran (1) 
and benzoquinone (2) leads exclusively to the endo- 
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adduct (3). Under high-pressure conditions (10-20 
kbar), both endo-, and exo-adducts (3) and (4) are 
formed (Jurczak, Ko~luk, Tkacz & Eugster, 1983). 
Hydrogenation of this mixture afforded the tetra- 
hydro derivatives (5) and (6) which were separated by 
column chromatography to give pure, stable crystals of 
both title compounds. 

CH30~OCH3 + 6 

0 
(1) (2) 

~p CH CH 3 + 
AT CH30 . ~ CH30" ~ O 

O 
(3) t/~pd~ (41 

• H H ~  O H H ~  

15) 16) 
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Table 1. Collection and reduction of the intensity data, 
and the least-squares refinement 

c&-transoid cis-cisoid 
Crystal size (ram) 0.3 × 0.2 × 0.2 0.2 × 0.2 x O. 1 
0 interval (o) 3-24 3-24 
No. of measured independent 1797 1451 x y 

reflections cis-lransoid form 
h,k,I range h - 11-11 0-8 

k - 1 0 - 9  0-10 C(I) 3555 (4) 1967 (3) 
1 0-8 -18 -18  C(2) 5408 (4) 2589 (4) 

No. of reflections used in the 1172 1039 C(3) 6132 (4) 2084 (4) 
final refinements I1 _> 2o(1)1 C(4) 4523 (4) 1207 (4) 

No. of parameters refined 218 176 C(5) 2576 (4) 1576 (3) 
No. of refiections/parameter 5 6 C(6) 774 (5) 1242 (5) 
R 0.051 0.066 C(7) 475 (5) 2568 (5) 
wR 0.034 0.067 C(8) 1336 (4) 2759 (3) 
k, parameter in weight 0.633 9.656 C (9) 3141 (4) 2944 (4) 
Ratio of maximum shift/e.s.d, in 0.12 0.82 C(10) 3825 (4) 2380 (4) 

final refinement cycle C(I 1) 7024 (8) 4659 (6) 
Maximum height in final difference 0.21 0.28 C(12) 8083 (6) 3007 (6) 

Fourier synthesis (e A 3) O(1) 3358 (2) 494 (2) 
0(2) 3073 (3) l 178 (3) 
O(3) 624 (3) 2794 (3) 
0(4) 6033 (3) 4233 (2) 
0(5) 7239 (2) 3427 (2) This study was aimed at unequivocal determination 

of the configurations of the unstable preliminary 
adducts (3) and (4) via X-ray analyses of their 
tetrahydro derivatives cis-cisoid (5) and cis-transoid 
(6). 

Experimental. Numerical information concerning the 
collection and reduction of the intensity data and the 
structure refinement are given in Table 1. 

The unit-cell dimensions were refined by a least- 
squares treatment of 20 reflections. A four-circle 
single-crystal diffractometer (Philips PWl l00)  was 
used for the collection of X-ray data. After every 50 
measurements, the intensity of a standard reflection was 
checked but no systematic change was observed. The 
values of I were corrected for Lorentz and polarization 
effects but not for absorption or extinction. Both 
structures were solved by direct methods (SHELX; 
Sheldrick, 1975). All non-hydrogen atoms were located 
on E maps. Blocked full-matrix refinement minimizing 
Y wl'2lIFol--IFcll with weights w=k/tr2(Fo) was 
performed. Hydrogen atoms of the cis-transoid form 
were located from difference Fourier maps and refined 
with isotropic thermal parameters; those of the cis- 
¢isoid form were located at geometrically calculated 
positions ( C - H  distance equal to 1.08 A) and only 
thermal parameters were refined. 

In Table 2 the positional parameters for non- 
hydrogen atoms are given. Bond distances and angles 
are shown in Fig. I. The scattering factors were taken 
from International Tables for X-ray Crystallography 
(1974).* 

Discussion. The cis-transoid form. The molecular 
conformation, as obtained from the crystal-structure 

* Lists of structure factors, H-atom coordinates, torsion angles 
and anisotropic thermal parameters have been deposited with the 
British Library Lending Division as Supplementary Publication No. 
SUP 44068 (22 pp.). Copies may be obtained through The 
Executive Secretary, International Union of Crystallography, 5 
Abbey Square, Chester CH l 2HU, England. 

Table 2. Atomic fractional coordinates for non- 
hydrogen atoms (x 10 4) and &otropic thermal param- 

eters (AZx 10 4) with e.s.d.'s in parentheses 

Ueq--~ (UIIU22U33) I/3. 
z U~q 

5817 (5) 467 
6416 (5) 535 
8118 (4) 459 
8092 (4) 463 
9710 (4) 523 
8535 (7) 766 
7991 (6) 686 
6718 (5) 560 
7495 (5) 400 
9144 (4) 376 
6166 (9) 953 

11496 (7) 672 
5968 (3) 462 

11037 (3) 934 
5135 (3) 955 
7054 (3) 646 
9982 (3) 514 

cis-cisoid form 
C(I) 844 (10) 570 (5) -1081 (2) 514 
C(2) 913 (9) -843 (5) -522 (2) 436 
C(3) 1057 (9) -2146 (5) - I  149 (2) 472 
C(4) 1216 (9) -1247 (6) -1935 (3) 541 
C(5) 4546 (10) -1316 (6) -1858 (3) 570 
C(6) 5661 (10) -1033 (5) -1130 (3) 543 
C(7) 5778 (11) 649 (6) -915 (3) 576 
C(8) 4035 (10) 1354 (5) -817  (2) 475 
C(9) 2604 (8) 963 (5) -1411 (2) 413 
C(10) 2969 (10) -394  (5) -1996 (2) 480 
C(II)  2051 (11) -46 (6 )  732(3) 573 
C(12) 2282 (11) -4527 (6) -1445 (3) 660 
O(1) 2 (6) -49  (3) -1784 (2) 619 
0(2) 4951 (8) -2290 (4) -3950 (2) 824 
0(3) 3720 (7) 2356 (3) -322 (2) 624 
0(4) 2378 (5) -835 (3) - 4  (1) 466 
0(5) 2386 (6) -3160 (3) -969  (2) 540 

determination, is shown in Fig. 2. As in norbornane 
(Alden, Kraut & Traylor, 1968), the C(1 ) -O(1) -C(4 )  
bridge imposes a boat conformation on the C(1) 
through C(4), C(9), C(10) ring. The 'boat' is sym- 
metric, with a dihedral angle between the planes defined 
by C(1), O(1) and C(4) (I) and C(2), C(3), C(9) and 
C(10) (II) equal to 88.8 (6) °, and with practically equal 
deviations of C(1) and C(4) from plane (II) [0.807 (7) 
and 0.827 (7)A, respectively]. C(5), C(8), C(9) and 
C(10) are almost coplanar ]within 0.023 (7)A; plane 
(III)] but C(6) and C(7) deviate from this plane by 
0.209 (7) and -0 .526  (7)A, respectively. 0(2) and 
0(3)  lie below [0(2)] and above ]0(3)] the plane with 
respective distances equal to -0 .073  (6) and 
0.344 (6) A. The angle between planes (II) and (III) is 
equal to 154.0 (3) ° . The crystal packing is illustrated in 
Fig. 3. 

The cis-cisoid form. The result of the structure 
determination is illustrated in Fig. 4. The ring formed 
by C(1), C(2), C(3), C(4), C(9) and C(10) adopts a 
boat conformation which is imposed by O(1), bridging 
C(1) and C(4). The ring formed by carbon atoms C(5) 
through C(10) is asymmetric: C(6) and C(7) deviate 
from the plane defined by C(5), C(8), C(9) and C(10) 
[which are planar within 0.041 (5)A] by -0 .294  (6) 
and 0.385 (6)A, respectively, while 0(2)  and 0(3)  are 
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at distances of 0.154 (4) and -0 .120  (4)A from the 
plane. The C(5)-C(10) ring is not far from a parallel 
arrangement with respect to the C(1)-O(1)-C(4)  
bridge; the corresponding dihedral angle is 9.1 (3) ° and 
it is almost perpendicular [96.7 (3) ° ] to the plane 
defined by C(2), C(3), C(9) and C(10). 

There is a number of short intramolecular contacts 
which may possibly be described as CH. . .O bonding 
interactions. I n  particular the contact C(6)H...O(4) 

O3 

O2 

with C. . .O 3.181 (9)/~ and H. . .O 2.487 (14)A (the 
H atom in calculated position at 1.08 A from the C 
atom) might be a candidate for this description. 
The molecular packing is shown in Fig. 5. 

q 

Fig. 2. A stereoview (ORTEPII; Johnson, 1976) of the molecule of 
the cis-transoid form. Ellipsoids of 50% probability are used for 
non-hydrogen atoms, hydrogens are represented by circles of 
arbitrary (0.1 A) radius. 

• [ . I 11.2(5) ~' / 

~'%c~jl<~. b@ ~ ~o2~,~IIo~.2(7~'~ ~, / 

.~%,.i ,~//9. OI,.R) ~ ' 03; 4 (::~.71 ~:)'~6) ! ~.~.~'P- 

(a) 
Fig. 3. A stereoview of the unit-cell contents of the cis-transoid 

form. 

.-.O3 

02 

I 

I ~a,. I_ \'*"'~%_.._ I_,,.,,~- ~ 

(b) 

Fig. 1. Bond distances (A) and angles (o) (with e.s.d.'s in 
parentheses) of (a) the cis-transoid and (b) the cis--eisoid form. 

Fig. 4. A stereoview (ORTEPII; Johnson, 1976) of the molecule of 
the cis-cisoid form. Ellipsoids of 50% probability are used for 
non-hydrogen atoms, hydrogens are represented by circles of 
arbitrary (0.1 A) radius. 

¢ 

t l  

Fig. 5. A stereoview of the unit-cell contents of the cis-cisoid form. 
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Abstract. p-C 14H16N204 (I): M r = 276.29, monoclinic, 
C2/m, a =  13.883 (8), b =  6.967 (3), c =  7.720 (1)A, 
fl = 112.42 (3) °, V = 690.26 A s, z = 2, D x = 
1.329 Mg m -3, 2(Mo Kct) = 0.71069 A, /~ = 
0.106 mm -~, F(000) = 292, T =  293 K, R --- 0.044 for 
797 reflexions with F>3t r (F) .  o-C~4H~6N204(II): 
Mr--276"29, monoclinic, C2/c, a = 29.546 (9), b = 
9.626(2), c = 1 6 . 1 2 6 ( 5 ) A ,  f l = 1 1 3 . 3 7 ( 3 )  °, V =  
4210.13A 3, Z = 1 2 ,  D x = l . 3 0 7 M g m  -3, 2(MoKa) 
= 0 . 7 1 0 6 9 A ,  g = 0 . 1 0 5 m m  -~, F (000)=1752 ,  T--  
293 K, R = 0.057 for 2488 reflexions with F > 3or(F). 
All of the diacetylamino groups in (I) and (II) adopt the 
usual syn-anti configuration. Structure (I) displays 
crystallographic C2~ , symmetry with the diacety, lamino 
functions lying in a mirror plane at right angles to the 
benzene ring. Structure (II) is composed of two 
conformers, one of which is bisected by a crys- 
tallographic twofold axis and the other, although 
similar, is asymmetric. 

Introduction. Several structures are known in which a 
diacetylamino (DAA) group is bound to an sp 2 C, e.g. 
amino sugars (Ruzi6-Toros, Rogi6 & Koji6-Prodi6, 
1980), but it is only in 6-(N,N-diacetylamino)chrysene 
(Wieckowski & Krygowski, 1981) that the bonded C 
atom forms part of a delocalized hydrocarbon. The 
present work offers several opportunities to study this 
type of system, of which (I) is the first example where 
both ring substituents flanking the DAA groups are H 
atoms. 

Experimental. The tetraacetyl compounds were pre- 
pared by treating the respective diamines with excess 
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acetic anhydride under reflux for 2h; residual acetic 
anhydride and acetic acid were removed in vacuo, and 
the acetylation procedure repeated twice. The resultant 
mixtures of tri- and tetraacetyl derivatives were ex- 
tracted with 60-80 ° petroleum ether and evaporated to 
give the tetraacetyl derivatives, which were recrystal- 
lized from aqueous ethanol. 

(I): Colourless 0.2 × 0.2 x 0.4 mm; CAD-4 dif- 
fractometer, graphite-monochromatized Mo Ka radia- 
tion; lattice parameters from 25 reflexions (10.0 < 
0 <  10.9°); o.r--20 scan; - 1 8 < h <  18, 0 < k < 9 ,  
0 < l < 10 with 0 < 0 < 25°; no systematic variations 
in intensities of standards (330, 603, 71i); 1107 
reflexions, 797 with F >  3o(F); R i , t=0 .013 ;  Lp 
correction applied but absorption ignored; direct 
methods, MULTAN80 (Main, Fiske, Hull, Lessinger, 
Germain, Declercq & Woolfson, 1980); anisotropic 
full-matrix refinement on F, SHELX76 (Sheldrick, 
1976), H (from AF synthesis) isotropic; empirical 
extinction correction applied where F~c = 
Fc(1--O.OOOOO825F~Jsin O); final R = 0 . 0 4 4 ,  wR = 
0.050, w = 4.127/[trZ(Fo) + O.OOOO4F~o]; max. A/tr 
= 0.04 for x of O(12); all features in final AF synthesis 
between -0 .25  and +0.25 e A -3. 

(II): Colourless 0.2 × 0.3 x 0.4 mm; CAD-4 diffrac- 
tometer, graphite-monochromatized Mo Ka radiation; 
lattice parameters from 25 reflexions (8.3 < 0 < 9.3°); 
o9--20 scan; - 3 1  < h < 3 1 , 0 < k <  1 1 , 0 < l <  18 with 
0 < 0 < 25°; no systematic variation in intensities of 
standards (822, 12,0,0,623); 4011 reflexions, 2488 with 
F >  3a(F); R~nt=0.023; Lp correction applied but 
absorption ignored; direct methods, MULTAN80; 
anisotropic full-matrix refinement on F, SHELX76,  H 
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