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Crystals of 2-et~do-acetyl-l,4-epoxy-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalene are orthorhombic, a = 5.524(1), b = 

8.929(1), c = 25.479(4) A, Z = 4, space group P21212,; those of 2-endo-carbomethoxy-1,4-epoxy-6,7-dimethoxy- 1,2,3,4- 
tetrahydronaphthalene are monoclinic, a = 10.878(2), b = 6.634(1), c = 18.224(4) A, P = 92.76(2)", Z = 4, space group 
P2, lc .  Both structures were solved by direct methods and refined by full-matrix least-squares methods to final R values of 
0.041 and 0.036 for 875 and 1327 reflections with 1 2 3u(I)  respectively. 
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Les cristaux de I'acCtyl-2 endo Cpoxyol,4 dimCthoxy-6,7 tetrahydro-1,2,3,4 naphtalkne sont orthorhombiques, a = 

5,524(1), b = 8,929(1), c = 25,479(4) A, Z = 4, groupe d'espace P212121; ceux du carbomCthoxy-2 endo Cpoxy-1,4 
dimtthoxy-6,7 tetrahydro-1,2,3,4 naphtalkne sont monocliniques, n = 10,878(2), b = 6,634(1), c = 18,224(4) A, P = 
92,76(2)", Z = 4 et groupe d'espace P2,lc .  Les deux structures ont C t t  rtsolues par des mCthodes directes et affintes par la 
mCthode des moindres cants (matrice entikre) jusqu'i des valeurs finales respectives de R de 0,041 et 0,036 pour 875 et 1327 
rkflexions avec I 2 3u(I). 

[Traduit par le journal] 

Introduction 
In the preceding paper (1) we described two general 

5-endo-trig reversals of 7-oxabicyclo[2.2.1] heptenes and hep- 
tanes. Our rationalization of these processes as reverse-Michael 
and reverse-aldol reactions in general violation of Baldwin's 
rules (2) relied heavily upon the geometry of two benzo deriv- 
atives determined by X-ray crystallography. Diels-Alder ad- 
ducts of isobenzofurans have not been previously subjected to 
X-ray analysis with the exception (3) of one rather exotic ad- 
duct of 1,3-diphenylisobenzofuran. In this paper we report the 
results of our analyses of the endo isomers of l a  and lc.  

Experimental 
Crystals of endo l a  and l c  were obtained as described previously 

(4). 

2-endo-Acetyl-l,4-epoxy-6,7-dimethoxy-1,2,3,4-fetrahydro- 
naphthalene (la) 

A crystal of dimensions 0.22 X 0.40 X 0.41 mm was mounted in 
a general orientation. Unit cell parameters were refined from the 20 
values of 15 general reflections (20 < 20 < 30") measured with MoKa 
radiation (A = 0.71069 A). Crystal data at 21°C are: 
C I ~ H  1.504 fw = 248.48 
Orthorhombic, a = 5.524(1), b = 8.929(1), c = 25.479(4) A, V = 
1256.7(3) A3, Z = 4, p, = 1.312 g ~ m - ~ ,  F(000) = 528, k(MoKa) 
= 1.034 cm-I. Systematically absent reflections; hOO, h 2n + 1; 
OkO, k = 2n + 1; 001,1= 2n + 1; space group P2,2,2, (Dz, No. 19). 

Intensity data were measured with graphite-monochromated MoKa 
radiation on a Syntex P2, diffractometer using 0-20 scans (3.2 < 20 
I 50.0") with a variable scan speed of 2.93-29.3" min- and a scan 
width of 1 .OD below Kal  to 1 .OD above Ka2. Two standard reflections 
(120, 104) monitored after every 100 measurements fell by 4% during 
the data collection. These were used to scale the data to a common 
level. From a total of 1346 independent reflections measured, 875 
(65.0%) with intensities I 2 3u(l) were considered observed and used 
in the structure solution and refinement. 

The structure was solved by direct methods (MULTAN 80), the 
positions of all non-hydrogen atoms being determined from an E-map. 
The structure was refined with anisotropic thermal parameters by 
full-matrix least-squares methods to an R of 0.079 (R = XIIF,\ - 
(F,II/XIF,I). At this stage, all the hydrogen atoms were located from 
a difference Fourier synthesis and included in the refinement which 

converged at R = 0.041. In the final cycles of refinement an empirical 
weighting scheme of w-' = 2.1 1 - 0.012(F01 + 0.0008 IF0l2 was 
utilized to give constant error throughout the various ranges of F, 
magnitude and a weighted residual R,,, of 0.044 (R,,, = (Xw((F,I - 
IF,~)~/XW\F,I~)"~). Scattering factors for non-hydrogen atoms were 
taken from ref. 5 and those for hydrogen from ref. 6. Programs used 
have been described elsewhere (7). On the final cycle of refinement, 
the mean and maximum parameter shifts were 0.05 and 0 . 2 1 ~  re- 
spectively. A final difference map was featureless with maximum 
residuals of 0.19 k 3 .  Final positional parameters are shown in Table 
1. Anisotropic thermal parameters, carbon- hydrogen distances, and 
observed and calculated structure factors have been placed in the 
Depository of Unpublished Data. ' 
2-endo-Carbomethoxy-I ,4-epoxy-6,7-dimethoxy-I ,2,3,4-tetrahydro- 

naphthalene (I  c) 
Experimental details are as above except where noted. Crystal di- 

mensions were 0.32 X 0.33 x 0.42 mm. Crystal data are: 
C14H160s fw = 264.28 
Monoclinic, a = 10.878(26, b = 6.634(1), c = 18.224(4) A, P = 
92.76(2)", V = 1313.5(4) A, Z = 4, p, = 1.336 g cm-', F(000) = 
560, p(MoKa) = 1.095 cm-'. Systematically absent reflections: OkO, 
k = 2n + 1; h01, 1 = 2n + 1; space group P2, lc  (c:,,, No.14). 

During the data collection, the two standard reflections monitored 
(129, 500) showed only minor fluctuations (?2%). From a total of 
2313 independent reflections measured (3.2 < 20 5 50°), 1327 
(57.4%) with intensities I 2 3u(l)  were considered observed. 

After direct methods solution, the structure was refined with aniso- 
tropic thermal parameters to an R of 0.090. Hydrogen atoms were 
located at this stage. The refinement converged at R = 0.036 with R,,. 
= 0.036 (w-' = 2.39 - 0.032 IFoI + 0.0013  IF,^^). A final difference 
Fourier was featureless with maximum residuals of 0.18 e k 3 .  Mean 
and maximum parameter shifts in the final refinement cycle were 0.09 
and 0 . 3 3 ~  respectively. Final positional parameters are listed in Table 
2. Anisotropic thermal parameters, carbon-hydrogen bond lengths, 
and observed and calculated structure factors have been placed in the 
Depository of Unpublished ~ a t a . '  

I Structure factor tables, anisotropic thermal parameters (Table 5), 
and carbon-hydrogen distances (Table 6) are available, at a nominal 
charge, from the Depository of Unpublished Data, CISTI, National 
Research Council of Canada, Ottawa, Ont., Canada KIA OS2. 
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TABLE 1. Final positional (fractional, X lo4, hydrog~n atoms, 
x lo3) and isotropic thermal parameters (U x lo7 A) for the 

acetyl derivative l a .  U,, = ' VU, UZ2 U33 

TABLE 2. Final positional (fractional, X lo4, hydrogen atoms, 
X 10') and isotropic thermal parameters (U X lo3 A2) for the 

carboxymethoxy derivative l c .  U,, = ' U12 U33 

Atom x Y 7. ucq/ul~o Atom 

O(1) 
O(2) 
0 0 )  
O(4) 
C(1) 
C(2) 
C(3) 
C(4) 
(35) 
C(6) 
C(7) 
C(8) 
C(9) 
C(10) 
C(1I) 
C(12) 
C( 13) 
(314) 
H(1) 
H(2) 
H(3A) 
H(3B) 
H(4) 
H(5) 
H(8) 
H(I IA) 
H(I IB) 
H(I1C) 
H(12A) 
H(12B) 
H(12C) 
H(14A) 
H(14B) 
H(14C) 

O(1) 
O(2) 
O(3) 
O(4) 
0 0 )  
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(10) 
(311) 
C( 12) 
C(13) 
C( 14) 
H(1) 
H(2) 
H(3A) 
H(3B) 
H(4) 
H(5) 
H(8) 
H(I IA) 
H(I IB) 
H(I IC) 
H( 12A) 
H( 12B) 
H( 12C) 
H(14A) 
H(14B) 
H(14C) 

FIG. 1. ORTEP plot of l a .  

Discussion 
The molecular parameters determined for l a  and l c  are 

listed in Table 3 and an ORTEP plot of l a  is shown in Fig. 1. 
Most of the strain in these molecules resides in bond angle 

distortions; the angles at C(9) and C(1O) in particular are se- 
verely distorted by C(l)  and C(4) being pulled together (C(1) 
and C(4) are only 2.153(7) and 2.151(4) A apart in l a  and l c  
respectively) by the oxygen bridge. In general, the bond 
lengths and angles of the oxabicyclo moieties in l a  and l c  are 
comparable to those determined (8) for the furan - maleic 
anhydride adduct 2. The only significant difference between 
the two systems is that the C(1)-O(1)-C(4) plane in l a  and 
l c  is tilted towards the benzene ring 7.4" more than the corre- 
sponding plane is tilted towards the 5,6-double bond in 2 
(Table 4). Whether this discrepancy is a consequence of the 
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TABLE 3. Bond lengths (A) and angles (0) for acetyl derivative l a  and carbomethoxy derivative 1 ~  

Bond 

Length 

1  a  l c  Bond 

Length 

Angle Angle 

Bond 1  a  1  c Bond 1  a  1  c 

TABLE 4. Least-squares planes 
Equations of least-squares planes in the form Ax + By + cz = D 

[Distances (A) of the atoms from the planes] 

Plane Equation Distances (A) 

Compound l a  
Plane 1 0 .6738~ + 0 .7343~  - 0.76422 = 3.4442 [C(1) -0.002 C(4) 0.002 C(9) 0.004 C(10) -0.0041 
Plane 2 0.6236.~ + 0.0320~ - 0.781 1z  = 5.1771 [C(I) 0.009 C(2) -0.012 C(3) 0.013 C(4) -0.009] 
Plane 3 -0.0790.~ - 0.6437~ + 0.76122 = 1.4050 [C(l) 0 C(4) 0 O(1) 01 

Compound l c  
Plane 1 -0.0576.~ - 0.6166~ + 0.78522 = 1.3365 [c(1) -0.004 C(4) 0.004 C(9) 0.006 C(I0) -0.0061 
Plane 2 0 . 8 0 9 1 ~  + 0.0728~ + 0.58322 = 9.5192 [C(l) 0.009 C(2) -0.012 C(3) 0.013 C(4) -0.0091 
Plane 3 0 .7435~  + 0.6344~ 2 0.21172 = 6.9524 [C(l) 0 C(4) 0 O(1) 01 

Dihedral angles (0) 

( l a )  ( lc )  (2)* 

Planes 1-2 112.6 11 1.5 114.6 
Planes 1-3 125.8 126.9 131.3 
Planes 2-3 121.7 121.6 114.2 
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different configurations (endo in l a  and 1 c and exo in 2) of the 
adducts is open to question. 
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