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formed using the TEXSAN crystallographic software package
(Molecular Structure Corporation, 1997).

Data collection: CAD-4 Software (Enraf-Nonius, 1989).
Cell refinement: CAD-4 Software. Data reduction: TEXSAN
(Molecular Structure Corporation, 1997).

This work was supported in part by the National Sci-
ence Foundation, through the Northwestern University
Materials Research Center (grant No. DMR 9632472),
and by the China National Planning Committee.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: BK1397). Services for accessing these
data are described at the back of the journal.
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Abstract

Irradiation of the 9-formyl-, 9-acetyl-, 9-nitro- and
9-tert-substituted dibenzobarrelenes gave the corre-
sponding 4b-substituted dibenzosemibullvalenes, (2a)
(8b, 8c-dibenzoyl-4b, 8b, 8c, 8d-tetrahydrodibenzo[a.f]-
cyclopropa[cd]pentalene-4b-carbaldehyde, C3;H103),
(2b) (4b-acetyl-8b, 8c-dibenzoyl-4b, 8b, 8c, 8d-tetra-
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2CH;5N,0*-SO5~

hydrodibenzo[a flcyclopropa[cd]pentalene, C;;H2,03),
(2¢) (8b,8c-dibenzoyl-4b-nitro-4b,8b,8c,8d-tetrahydro-
dibenzo[a.f]cyclopropa[cd]pentalene, C3;oH 9NO4) and
(2d) (8b,8c-dibenzoyl-4b-rerr-butyl-4b,8b,8¢c,8d-tetra-
hydrodibenzo[a.flcyclopropa[cd]pentalene). The prod-
uct (2d) gave the corresponding dibenzopentalenofuran
derivative, (3d) (10c-benzoyl-6b-rerr-butyl-2-phenyl-
10b,10c-dihydro-6bH-dibenzo[a flfuro[2,3,4-cd]pentalene,
Cs3H>30,). The structures of (2a), (2b), (2¢) and (3d)
have been established unequivocally via X-ray crystallo-
graphic analysis. The molecular structures of (2a), (2b),
and (2c) incorporate the basic dibenzosemibullvalene
skeleton, which contains the 6:5:5:6:3 fused ring system
with normal bond lengths and bond angles. The crys-
tal structures of (2a), (2b), and (2c) have intermolecular
hydrogen-bonding interactions (< 2.60 A) which are al-
most linear around the H atoms. The structure of (3d)
shows a 6:5:5:6:5 fused ring system and does not indicate
hydrogen-bonding-type intermolecular interactions.

Comment

Several aspects of the photorearrangement of dibenzo-
barrelenes containing the 1,2-dibenzoylalkene moiety
are reported in the literature (Kumar et al., 1984, 1993,
1996, 1997; Murty et al., 1985; Pratapan er al., 1987,
1990; Asokan et al.,, 1991; Scheffer & Yang, 1995;
Mathew er al., 1996a,b; Ramaiah er al., 1996; Muneer
et al., 1996). It has been found that the observed regio-
selectivity in these rearrangements depends on several
factors, including the electronic and steric require-
ments of the bridgehead substituents. Thus, it has been
observed that if an electron-withdrawing substituent
such as the cyano group is present at the bridgehead
position of the starting dibenzobarrelene, then the 8b-
cyanosubstituted dibenzosemibullvalene is formed on
irradiation (Murty er al., 1985; Muneer er al., 1996).
On the other hand, the presence of substituents such as
methyl, methoxy, formyl, acetoxy erc. at the bridgehead
position of the starting dibenzobarrelenes results in the
formation of the corresponding 4b-substituted dibenzo-
semibullvalenes upon irradiation (Murty er al., 1985).
In view of the importance of understanding the role of
bridgehead substituents in the observed regioselectivity
in the photorearrangements of dibenzobarrelenes, it be-
came essential to determine the structures of the photo-
products unambiguously through X-ray crystallographic
analysis.

In the present study, we have examined the struc-
tures of the photoproducts (2a), (2b), (2¢) and (34d),
derived from the dibenzobarrelenes, 11,12-dibenzoyl-
9,10-dihydro-9 - formyl- 9, 10 - ethenoanthracene (la),
9-acetyl-11, 12-dibenzoyl-9, 10-dihydro-9, 10-etheno-
anthracene (1b), 11,12-dibenzoyl-9,10-dihydro-9-nitro-
9,10-ethenoanthracene (lc) and 9-rert-butyl-11, 12-
dibenzoyl-9, 10-dihydro-9, 10-ethenoanthracene (1d),
respectively. It has been reported earlier, on the basis
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of analytical results and spectral data, that the pho-
tolysis of the (la) dibenzobarrelene leads to the cor-
responding 4b-substituted dibenzosemibullvalene, (2a)
(Murty er al., 1985). In a recent study, it has been
shown that irradiation of the 9-nitro- and 9-tert-butyl-
substituted dibenzobarrelenes, (1¢) and (1d), gave the
corresponding dibenzosemibullvalenes, (2¢) (81%) and
(2d) (95%), respectively. Irradiation of the 9-acetyl-
substituted derivative, (1b), on the other hand, gave
a mixture of the 4b-substituted [(2b), 70%] and 8b-
substituted (20%) dibenzosemibullvalenes (Sajimon et
al. 1999).

(la) R=CHO
(1b) R=COCHj
(Ic) R=NO,
(1d) R="Bu

(24) R=CHO
(2b) R=COCH,
(2¢) R=NO,
[(2d) R="Bu]

(3d)

The projection views of the molecules (2a), (2b),
(2¢) and (3d) are shown in Figs. 1-4, respectively.
The molecular structures of (2a), (2b) and (2c¢) incor-
porate the basic dibenzosemibullvalene skeleton, which
contains the 6:5:5:6:3 fused ring system, with two
benzoyl groups attached to the cyclopropane ring. The
9-substituents present in the starting dibenzobarrelenes,
(la), (1b) and (lIc), have ended up in the 4b-position
of the product dibenzosemibullvalenes. In the cases of
(2a), (2b) and (2¢), the cyclopropane rings remain in-
tact. These photoproducts have normal bond lengths
and angles typical of the folded dibenzosemibullvalene
skeleton (Jones et al., 1997). The cyclopropane ring is
asymmetrical, with C8b-—C8d being the longest of the
three bonds and the angle C8b—C8c—C8d being the
largest [C8b—C8d 1.545 (3), 1.559 (6) and 1.575(2) A,
and C8b—C8c—C8d 61.0(2), 61.8(3) and 62.85(9)°,
respectively, for (2a), (2b) and (2¢)]. No significant
effect on the geometrical parameters due to the differ-
ence in R groups at C4b has been observed.

997

Fig. 1. View of molecule (2a) with 30% probability ellipsoids. H atoms
are omitted for clarity.

Fig. 2. View of molecule (2b) with 30% probability ellipsoids. H atoms
are omitted for clarity.

Fig. 3. View of molecule (2c) with 50% probability ellipsoids. H atoms
are omitied for clarity.
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The structures of the three dibenzosemibullvalenes
reveal hydrogen-bonding interactions involving car-
bonyl-O atoms and aromatic-H or methyl-H atoms.
Compound (2a) forms three linear hydrogen bonds,
with H22A 02(x—1, y, 7) 249, H3A.--03(} —x,
y—1,1-2) 244 and H84.--Ol(x— 1, 23—y -1
253 A, and with angles around the H atoms of
142.6, 158.0 and 152.3°, respectively. Compound (2b)
also exhibits three hydrogen bonds, one of which
involves a methyl-H atom, HI0B. The hydrogen-
bonding distances and angles around the H atoms are
HI10B---Ol(1~x, —1+y, 1 -2 251A and C10—
HI10B- --O1 133.9°; HI7A---02(—x, 1 —y, —2) 2.58 A
and Cl17—HI17A.--02 132.1°, and HI5A---O3( -
-y, —z) 256 A and C15—HI15A---03 139.0°. Com-
pound (2¢) exhibits two hydrogen-bonding interac-
tions in the crystal lattice which are less than the
van der Waals radii (ro+ry = 2.6 A; Pauling, 1963).
These two 1nteract10ns have distances and angles
of H8A---Ol(—x, —1+y, 1-2) 2.55A and C8—
HBA- -0l 133.2° and HIIA---03(—-x, —y, —2)
2.39A and CI1—HI1IA---0O3 159.9°, The other inter-
molecular interactions for this molecule involving the
second O atom of NO, (O2) and the second carbonyl -0
atom (O4; two interactions) are longer than 2.6 A, in the
range 2.62-2.71 A

Fig. 4. View of molecule (3d) with 30% probability ellipsoids. H atoms
are omitted for clarity.

The structure of compound (3d) reveals the pres-
ence of a 6:5:5:6:5 ring system, which is essentially a
dibenzopentalenofuran derivative. It is assumed that the
dibenzosemibullvalene, (2d), formed initially from (14),
undergoes a thermal ring enlargement to give (3d). Such
ring-enlargement reactions of dibenzosemibullvalenes

C31Hy003, CiH220;, C3pHigNO4 AND C33Ho30,

have been reported earlier (Pratapan et al., 1990). It
appears that the presence of a bulky terr-butyl group
at the 4b-position of the (2d) dibenzosemibullvalene
may facilitate the cleavage of the cyclopropane ring
and subsequent ring enlargement, resulting in the for-
mation of (3d). The molecule has normal geometry
and dimensions. The aromatic double bonds, C11=C16
and C11==C12, of the C11-C16 phenyl ring are not
fully conjugated with the C2=C2a double bond [C12—
Cil—C2—C2a 143.32(4) and C16—C11—C2—C2a
143.26 (5)°, cosz(angles) = 0.64]. The crystal packing of
(3d) does not show hydrogen bonding, possibly due to
the presence of the bulky tert-butyl group at the bridge-
head position. Only a weak interaction of the carbonyl
O2 atom with an aromatic H atom [H10A. - -O2(—x, —y,

—z) 2.82 A] is indicated for this molecule.

The fact that the different substituents, such as
CHO, COCHj;, NO; and C(CHj3)z, which are present
in the 9-position of the starting dibenzobarrelenes (1a)-
(1d), end up in the 4b-position of the photoproducts
reveals that the di-w-methane rearrangements of these
dibenzobarrelenes proceed in a regioselective manner.
Thus, it is evident that in these systems, the initial
bridging on the di-w-methane rearrangement pathway is
between atoms C4a and Cl11 of the dibenzobarrelenes,
to give the corresponding biradical intermediates. These
in turn proceed through known pathways to give the
observed end products.

It is of interest to note that, irrespective of the elec-
tronic and steric requirements of the different sub-
stituents in the starting dibenzobarrelenes, (l1a)-(1d),
each primarily leads to the 4b-substituted dibenzosemi-
bullvalene.

Experimental

Full experimental details, including photochemical studies,
spectroscopic data and details of the syntheses of (2a), (2b),
(2¢) and (3d), will be published elsewhere (Sajimon er al.,
1999). Crystals of (2a) and (2c¢) suitable for X-ray diffraction
were grown by slow evaporation of acetonitrile solutions.
Crystals of (2b) were obtained from a 1:4 mixture of ethyl
acetate and chloroform, and compound (3d) was crystallized
from a 1:1 mixture of dichloromethane and methanol.

Compound (2a)

Crystal data

C31H2003 Cu Ko radiation

M, = 440.47 A=154178 A
Monoclinic Cell parameters from 33
P2\/n reflections

a = 8.7836 (6) A 0 = 5.36-27.12°

b =16.5431 (13) A i = 0.660 mm™"
c=155118(11) A T=298Q2)K

B =93.117 (6)° Rectangular
V=22507(3) A 0.41 x 0.33 x 0.15 mm
Z=4 Colorless

D, = 1.300 Mg m~*
D,, not measured



Data collection

Bruker P4 diffractometer

20/w scans

Absorption correction: none

7774 measured reflections

3677 independent reflections

2593 reflections with
I>20()

Ry = 0.07

Refinement

Refinement on F-
RIF? > 20(F%)) =
wR(F?) = 0.175
S$=1.073
3677 reflections
308 parameters
H atoms constrained
w = U[c*(F2) + (0.0857P)*
+ 0.8370P]

where P = (F2 + 2F2)/3

(A/0)max = 0.001

0.057

Compound (2b)
Crystal data

C3,H203

M, = 454.50
Monoclinic

P2| /C

a=9.0656 (15) A
b=8779(3) A
c=29.758 (5) A
B = 94.672 (13)°

V = 2360.6 (9) A’
Z=4

D, =1279 Mg m~*
D,, not measured

Data collection

Bruker P4 diffractometer
20/w scans
Absorption correction: none
7761 measured reflections
4136 independent reflections
1606 reflections with

1> 20()
le = 0.077

Refinement

Refinement on F°

R[F? > 20(F%)] = 0.077

wR(F?) = 0.184

S =1.040

4136 reflections

316 parameters

H atoms constrained

w = 1[c*(F2) + (0.0490P)]
where P = (F? + 2F2)/3

M. MUNEER et al.

Omax = 66.98°

h=-10—-10

k=019

I1=0— 16

3 standard reflections
every 97 reflections
intensity decay: 2.3%

Apmax = 0.178 ¢ A3

Apmm =-0210e A_

Extinction correction:
SHELXTL (Sheldrick,
1998)

Extinction coefficient:
0.0064 (6)

Scattering factors from
International Tables for
Crystallography (Vol. C)

Mo Ko radiation

A=0.71073 A

Cell parameters from 29
reflections

6 = 5.30-6.81°
p =008 mm~'
T=298(@2)K

Rectangular plate
0.33 x 0.30 x 0.10 mm
Colorless

emax = 250

h=-10— 10

k=0—10

1=0-—35

3 standard reflections
every 97 reflections
intensity decay: 9.7%

(A/0)max = 0.008

Apmas = 0.194 ¢ A3

Apmin = —0.251 ¢ A3

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Compound (2c)
Crystal data

C30Hi9NO,

M, = 457.46
Orthorhombic
Pbca .
a=16.8684 (1) A
b = 15.3955 (1) A
¢ =17.5200 (2) A
V = 454990 (7) Al
Z=8

D, = 1.336 Mg m™>
D,, not measured

Data collection

Bruker CCD area-detector
diffractometer

o and w scans

Absorption correction: none

95 639 measured reflections

4967 independent reflections

Refinement

Refinement on F*
RIF > 20(F)] =
wR(F?) = 0.110
S = 1.056
4967 reflections
316 parameters
H atoms constrained
w = U[o*(F2) + (0.0461P)>
+ 1.5858P]
where P = (F2 + 2F))/3

0.045

Compound (3d)
Crystal data

C34H230,

M, = 468.56
Monoclinic

P2|/C

a=16.6439 (6) A
b=179178 (8) A
c=83487 3) A

B = 94.963 (5)°

V = 2480.43 (17) A®
Z=4

D, =1255Mgm™’
D,, not measured

Data collection

Bruker P4 diffractometer
w scans
Absorption correction: none
5695 measured reflections
4159 independent reflections
3375 reflections with

1> 20D
Rine = 0.026

999

Mo Ko radiat‘ipn

A=071073 A

Cell parameters from 8192
reflections

6 =2-27°

p = 0.089 mm™'
T=223(2)K
Rectangular

0.46 x 0.45 x 0.20 mm
Yellow

3882 reflections with
I > 20()

Rin = 0.08

emax = 270

h=0— 21

k=0—19

I=0— 22

(A/0)max = 0.001

Apmax = 0.156 ¢ A‘

Apmin = —0.234 ¢ A3

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Cu Ko radiation

A =1.54178 A

Cell parameters from 57
reflections

6 = 4.93-47.84°

p = 0.594 mm™’
T=2982)K
Rectangular

0.45 x 040 x 0.10 mm
Colorless

Omax = 67°

h=-19 — 19

k=0— 21

I=0—-9

3 standard reflections
every 97 reflections
intensity decay: 1.8%
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Refinement

Apmux =0.189 ¢ 1&:1

Apmin = —0.173 e A™*

Extinction correction:
SHELXTL (Sheldrick,

Refinement on F*

RIF? > 20(F%)] = 0.042
wR(F?) = 0.124

S = 1.062

4159 reflections 1998)
326 parameters Extinction coefficient:
H atoms constrained 0.0067 (4)

w = U[o*(F2) + (0.0631P)?
+ 0.4764P]
where P = (F? + 2F>)/3
(A/0)max = 0.003

Data collections were carried out on Bruker P4 or Bruker CCD
X-ray diffractometers. In the case of the CCD instrument,
data were collected by the double-pass method. The first 50
frames of data were recollected at the end of data collection to
monitor crystal decay. Corrections to the data for systematic
errors were applied using SADABS (Blessing, 1995). H atoms
were treated using appropriate riding models (AFIX = m3 in
SHELXTL).

For (2a), (2b) and (3d), data collection: XSCANS (Siemens,
1994). For (2¢), data collection: SMART (Siemens, 1997). For
(2a), (2b) and (3d), cell refinement: XSCANS. For (2¢), cell
refinement: SAINT. For (2a), (2b) and (3d), data reduction:
XSCANS. For (2c), data reduction: SAINT. For all compounds,
program(s) used to solve structure: SHELXTL (Sheldrick,
1998); program(s) used to refine structure: SHELXTL; molec-
ular graphics: SHELXTL; software used to prepare material for
publication: SHELXTL.

Scattering factors from
International Tables for
Crystallography (Vol. C)
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Abstract

The title compound, C,sHgN-O, prepared from (1R 2S)-
(—)-ephedrine, crystallizes in space group P1 with two
molecules in the asymmetric unit. The oxazolidine rings
of the two molecules adopt an envelope conformation,
with the N atom 0.609 (6) and 0.623 (6) A from the
plane of the other four oxazolidine ring atoms. Inter-
molecular Npyrole—H: - -O and Cypeny—H: - -O interac-
tions generate a t(wo-dimensional hydrogen-bonded net-
work witho N---O and C: - -O distances of 3.004 (4) arld
3.051 (4) A, respectively, and 3.599 (5) and 3.632 (5) A,
respectively, for the two independent hydrogen-bonding
systems.
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