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Comment 
Benzo[c]furans represent an important class of highly 
reactive derivatives and have received intensive inves- 
tigation with respect to both their synthetic applications 
and the theoretical aspects of their chemistry (Fredrich- 
sen, 1980; Rodrigo, 1988). The parent compound has 
been characterized previously and undergoes rapid poly- 
merization at room temperature (Warrener, 1971; Wege, 
1971). The reported benzo[c]furan derivatives that ex- 
hibit increased stability incorporate substituents at the 1 
and 3 positions and/or a benzenoid ring at the quinoid 
oxidation level. The single-crystal X-ray structures of 
three such compounds have been determined (Ahad, 
Banham, Whalley, Ferguson & Siew, 1980; Grove & 
Hitchcock, 1986; Rodrigo, Knabe, Taylor, Rajapaksa & 
Chernishenko, 1986). In this paper, the crystal structure 
of 4,7-dimethoxybenzo[c]furan, (I), is presented, the first 
example of a symmetrical benzo[c]furan derivative that 
is both stable at room temperature and unsubstituted at 
the 1 and 3 positions. 
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Abstract 
The title compound, C10Hl003, is nearly planar with a 
maximum deviation from planarity of 0.140(2) A, for 
methoxy atom Cl l .  The geometry of the benzo[c]furan 
moiety is indicative of a non-aromatic ring system. The 
bond lengths more closely resemble those of two non- 
interacting diene systems than those of an aromatic one. 
There are alternating long and short bond lengths around 
the ring skeleton with the long and short C---C bonds 
averaging 1.437 (2) and 1.354 (2) A, respectively. There 
are close C - - H . . . O  intermolecular contacts which may 
help stabilize the molecule in the solid state. 
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As expected from the substitution pattern, the 
molecule has approximate mirror symmetry with the 
mirror lying perpendicular to the ring system and pass- 
ing through the furan atom 02. The benzo[c]furan ring 
system is planar [maximum deviation of 0.011 (2)A, for 
C7]. 

The geometry of (I) is very much like that calculated 
for the parent compound (Dewar, Harget, Trinajstic & 
Worley, 1970), with alternating long and short bond 
lengths. A similar pattern is observed for 1-cyano-5,6- 
(methylenedioxy)benzo[c]furan (Rodrigo et al., 1986). 
In the isomeric benzo[b]furan, which is commercially 
available, the benzene ring is calculated to be aromatic 
with six essentially equivalent bonds (Dewar et al., 
1970). 

In the lattice, molecules are connected by short C - -  
H. . .O contacts across crystallographic inversion centers 
(Fig. 2). The geometry of the contacts is consistent with 
the hydrogen-bonding interactions seen in amino acids 
and carboxylic acids where hydrogen bonding is known 
to play an important role in crystal packing. The role of 
C - - H . . . O  and C--H- . -N hydrogen bonding in crystal 
packing has been discussed extensively (Berkovitch- 
Yellin & Leiserowitz, 1984; Desiraju, 1991; Jeffrey & 
Saenger, 1991). 
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Fig. 1. Ellipsoid plot of  (I) showing the atom-labelling scheme. 
Displacement ellipsoids are scaled to the 30% probability level. 
H atoms are drawn to an arbitrary scale. 

Y 

Fig. 2. Unit-cell packing diagram, viewed down the b axis, illus- 
trating the close C--H-. .O interactions as dashed lines [C1-- 
H1...O10(-x, I -y ,  I-z):  C...O 3.335 (2), H...O 2.42(2)A, 
C--H. . .O 159(2)°; C9--H9B...O8(½-x, i-Y,l 2-z): C..-O 
3.407 (3), H.. .O 2.53 (2)/~,, C--H. . .O 144 (2)°]. 

E x p e r i m e n t a l  

4,7-Dimethoxybenzo[c]furan has been prepared previously 
in situ via an acid-catalysed dehydration of 4,7-dimethoxy- 
phthalan for utilization as the diene component in a 

Diels-Alder reaction (Keay & Rodrigo, 1984). We em- 
ployed an alternative strategy for the synthesis of 4,7- 
dimethoxybenzo[c]furan involving a reaction between 1,4- 
dihydro-5,8-dimethoxy- 1,4-epoxynapthalene and 3,6-di- 
(2-pyridyl)-l,2,4,5-tetrazine (Magnus & Fairhurst, 1994). This 
approach yielded a white amorphous solid in excellent yield 
(86%) after silica-gel chromatography, which exhibited spec- 
tral data consistent with a monomeric species possessing the 
desired benzo[c]furan structure. A single crystal suitable for 
X-ray structure analysis was obtained after recrystallization 
from dichloromethane/diethyl ether solution. 

Crystal data 

CIoHI003  
Mr = 178.19 
Monoclinic 
C2/c 
a = 22.500 (3) A 
b - 6.0128 (5) /k  
c = 13.2540 (15) ]k 

= 102.446 (10)° 
V 1751.0 (3)/~3 
Z = 8  
Dx = 1.35 Mg m -3 

Data collection 
Nicolet P3 diffractometer 
o) scans  
Absorption correction: 

none 
3288 measured reflections 
1551 independent reflections 
1123 observed reflections 

[F > 4.0tr(F)] 
Rim = 0 .015  

Refinement 

Refinement on F 
R = 0.0374 
wR = 0.0416 
S = 1.302 
1123 reflections 
159 parameters 
All H-atom parameters 

refined 
w = 1/[a2(F) + 0.0004F 2] 
(m/o')max = 0.0002 

Mo Ka  radiation 
A = 0.71073 A, 
Cell parameters from 48 

reflections 
0 = 7.05-12.2 ° 
/z = 0.0934 m m - l  
T = 183 (1) K 
Plate 
0.5 × 0.3 x 0.1 mm 
Colorless 

0max = 25.0 ° 
h = - 2 7  ~ 27 
k = 0 - - ,  7 
l = - 1 6  ~ 16 
4 standard reflections 

monitored every 96 
reflections 

intensity decay: 1.3% 

mpmax = 0.21 e A, -3 
mpmin = -0 .14  e ,~-3 
Extinction correction: 

SH ELXTL-P lus (Sheldrick, 
1991) 

Extinction coefficient: 
1.4 (3) × 10 -7 

Atomic scattering factors 
from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (/~,2) 

Ueq = (1/3)EiEjUija~ a; ai.aj. 

x y z U~ 
CI 0.05476 (9) 0.5093 (3) 0.6501 (2) 0.0388 (7) 
02 0.06756 (6) 0.6140 (2) 0.74341 (11 ) 0.0436 (5) 
C3 0.11443 (8) 0.5031 (4) 0.8055 (2) 0.0381 (7) 
C3a 0.13193 (8) 0.3298 (3) 0.75272 (14) 0.0306 (6) 
C4 0.17692 (8) 0.1589 (3) 0.77885 (14) 0.0318 (6) 
C5 0.18243 (9) 0.0076 (3) 0.7063 (2) 0.0360 (7) 
C6 0.14350 (9) 0.0118 (3) 0.6042 (2) 0.0364 (7) 
C7 0.09950 (8) 0.1668 (3) 0.57733 (13) 0.0321 (6) 
C7a 0.09283 (8) 0.3335 (3) 0.65118 (14) 0.0308 (6) 
08 0.21022 (6) 0.1694 (2) 0.87854 (9) 0.0377 (5) 
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C9 0.25369 (I 1) -0.0045 (4) 0.9099 (2) 0.0445 (8) 
O10 0.05879 (6) 0.1848 (2) 0.48419 (9) 0.0384 (5) 
Cll 0.05805 (I1) 0.0067 (4) 0.4126 (2) 0.0407 (8) 

Table 2. Selected geometric parameters (/~, o) 
O2---C1 1.362 (3) O8----C4 1.373 (2) 
C7a--C1 1.358 (3) C6---C5 1.445 (3) 
C3---02 1.364 (2) C7--C6 1.350 (3) 
C3a----C3 1.360 (3) C7a---C7 1.431 (3) 
C4----C3a 1.432 (3) O10----C7 1.374 (2) 
C7a---C3a 1.441 (2) C9----O8 1.431 (3) 
C5----C4 1.349 (3) C11----O10 1.428 (3) 

O2---C1----C7a 109.9 (2) C7---C6---C5 121.4 (2) 
C3---O2---C1 107.8 (2) C7a----C7---O10 114.3 (2) 
C3a---C3----O2 109.6 (2) C7a---C7---C6 118.8 (2) 
C4----C3a---C7a 119.7 (2) O10--C7---C6 126.9 (2) 
C4----C3a---C3 133.9 (2) C1--C7a---C3a 106.2 (2) 
C7a---C3a---C3 106.4 (2) CI----CTa---C7 134.1 (2) 
C5--C4---O8 127.0 (2) C3a---C7a---C7 119.7 (2) 
C5----C4--C3a 118.7 (2) C9---O8----C4 116.3 (2) 
O8---C4---C3a 114.2 (2) C11---O10--C7 116.59 (15) 
C6---C5----C4 121.7 (2) 

Data collection: Siemens P3 data collection software. Cell 
refinement:  Siemens P3 data collection software. Data re- 
duction: SHELXTL-Plus (Sheldrick, 1991). Program(s)  used 
to solve structure: SHELXTL-Plus. Program(s)  used to re- 
fine structure: SHEI_XTL-Plus. Molecular  graphics: SHELXTL- 
Plus. Software used to prepare material  for publication: FUER 
(Larson, 1982). 

Funding for this work was provided by the Robert A. 
Welch Foundation and the National Science Foundation. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry, including bond distances 
and angles involving H atoms, have been deposited with the IUCr 
(Reference: BK1080). Copies may be obtained through The Managing 
Editor, Intemational Union of Crystallography, 5 Abbey Square, 
Chester CH1 2HU, England. 
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Abstract 
The crystal structures of methyl 6-methoxy-17-oxo-2- 
azatricyclo [7.7.1.03' 8 ] heptadec a- 3 (8),4,6,13 -tetraene- 
ll,15-diyne-2-carboxylate ethyl acetate solvate, (1), 
2C19H15NO4.0.5C4H802, and tricyclo[3.3.1.13,7]decyl 
6- methoxy- 17- oxo- 2- azatricyclo [7.7.1.03,8 ] heptadeca - 
3(8),4,6,13-tetraene- 11,15-diyne-2-carboxylate ethyl ac- 
etate solvate, (2), C28H27NO4.0.5C4H802, are reported. 
For compound (1), two crystallographically indepen- 
dent molecules are observed. Interestingly, for both 
compounds (1) and (2), a molecule of ethyl acetate 
is found in the crystal lattice disordered about an in- 
version center. The azabicyclo[7.3.1]enediyne core ap- 
pears to be fairly rigid. Only minor differences are ob- 
served in the ring conformation between the two inde- 
pendent molecules in (1) and between compounds (1) 
and (2) themselves. The conformation is also similar to 
that found in deoxydynemicin A [Shiomi, Iinuma, Na- 
ganawa, Hamada, Hattori, Nakamura, Takeuchi & Iitaka 
(1990). J. Antibiot. 43, 1000-1005] and triacetyldyne- 
micin A [Konishi, Ohkuma, Tsuno, Oki, Van Duyne & 
Clardy (1990). J. Am. Chem. Soc. 112, 3715-3716]. 
The transannular diyne distance (C3.--C8) averages 
3.428(2)/~ for compound (1) and is 3 .403(3)~ for 
compound (2). 

Comment 
Dynemicin, a member of the recently discovered z- 
3-ene-l,5-diyne-containing family of natural products, 
has been shown to possess exceptional antitumor ac- 
tivity (Konishi, Okhuma, Tsuno, Kamei, Miyaki, Oki, 
Kawaguchi, Van Duyne & Clardy, 1989). A novel mode 
of action involving cycloaromatization of the z-3-ene- 
1,5-diyne functionality to generate a 1,4-benzenoid bi- 
radical is believed to be responsible for this activity 
(Semmelhack, Gallagher & Cohen, 1990). As a result, 
this family of natural products has become the focus of 
significant attention (Nicolau, Smith & Yue, 1993). Our 
synthetic and mechanistic interests led to the preparation 
of the two analogues N-(methoxycarbonyl)- 15-keto- 13- 
methoxy- 10-aza- 14a, 10a- benzobicyclo [ 7.3.1 ] trideca- 
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