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Crystals of 2-bromomethyl-2, 3-dihydrofuro[2, 3-b]tropone, C10H9O2Br, are monoclinic, 

with four molecules in a unit cell of the dimensions: a=8.34, b=10.23, c=11.26 A, and ƒÀ=96.9•‹, 

and with the space group of P21/c. The intensities were recorded on multiple-film equi-inclina-

tion Weissenberg photographs and measured visually against a standard scale. The structure 

was solved by the heavy atom method. The positional and thermal parameters were refined by 

the least-squares method. The final R factor for (hkl) reflections is 0.095. An apparent bond 

alternation in the conjugated seven-membered ring is observed. The longest and the shortest 

bond lengths in the ring are 1.48 and 1.36A respectively. The C-O bond length in the car-

bonyl group is 1.23 A, suggesting a considerable contribution of ionic resonance forms. The 

IR absorption band at 1612 cm-1 could be assigned to the stretching frequency of the carbonyl 

group. The seven carbon atoms in the tropone ring are coplanar, but the oxygen atom in the 

carbonyl group lies significantly out of the seven-membered ring plane. This may be interpreted 

as a result of short intermolecular contact. The other intermolecular distances are equal to or 

larger than the sum of the van der Waals radii.

Recently Funamizu has reported that 3-allyl-

tropolone reacts with bromine in carbon tetrachlo-

ride or chloroform to form a colorless compound, 

C10H9O2Br.1) Considering the reaction mechanism 

and the UV, IR, and NMR spectra, the structure 

of this compound has been supposed to be a tropone 

derivative with a formula of either I or II;

This compound gives a considerably stable hydro-
bromide, one which does not decompose in a 
methanol solution. An X-ray crystal analysis has 
been undertaken in order to determine the struc-
ture definitely and also out of our general interest 
in the aromatic seven-membered ring compound. 
As a result this compound has been found to be 2-
bromomethyl-2, 3-dihydrofuro[2, 3-b]tropone (I).

Experimental 

The compound crystallizes from a benzene solution 

in the form of colorless prisms elongated along the c 

axis. 

The crystallographic and physical data obtained are: 

2-Bromomethyl-2, 3-dihydrofuro[2, 3-b]tropone C10H9-

O2Br, mp 123-124•Ž, Monoclinic, a-8.34 A, b= 

10.23 A, c= 11.26 A, ƒÀ=96.9•‹. Absent spectra, (0k0) 

when k is odd and (h0l) when l is odd. Space group, 

P21/c. Four molecules per unit cell. Volume of the 

unit cell, 953.7 As. Density (by flotation), 1.675 g•cm-3. 

Density (calculated), 1.679 g•cm-3. Linear absorption 

coefficient for CuKƒ¿ radiation, ƒÊ=61.65 cm-1. Total 

number of electrons per unit cell, F(000) =480. 

Equi-inclination Weissenberg photographs were 

taken at room temperature for the layer lines from 0 

to 7 about the b axis and from 0 to 8 about c, using 

CuKƒ¿ radiation. The crystals used had the following 

maximum and minimum dimensions at right angles to 

the axis of rotation:

Intensities were estimated by visual comparison 
with a standard scale prepared with the same crystal. 
The multiple-film technique was used to correlate 
strong and weak reflections, ranging in relative intensities 
from 14000 to 1. Reflections from 1479 planes were 
observed out of 2100 accessible (hkl) planes. The cor-
rections for Lorentz and polarization factors were 
made in the usual way, but that for absorption was 
omitted.
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Structure Determination 

Bromine coordinates were located from the 

projections of the Patterson function on (001) and 
(010). A three-dimensional Fourier synthesis 
based on the coordinates of the bromine atom clearly 
revealed all twelve light atoms. The structure 
factors were calculated with all the non-hydrogen 
atoms, an isotropic temperature factor B = 4.0 A2 
being assigned. The second three-dimensional 
Fourier synthesis of electron density with the revised 
signs confirmed the positions of all the carbon and 
oxygen atoms and considerably reduced the false 
details which had appeared in the first map. The 
coordinates of all the atoms obtained from the 
second map gave a discrepancy factor, R=
Σ||fo|-|Fe||/Σ|Fo|, of 0.27 for all the reflections

after the observed structure amplitudes had been 
placed on the same scale as the calculated values. 
The third three-dimensional electron density map 
was scarcely different from the second one. There-
fore, further refinement of the parameters was made 
by the block-diagonal matrix least-squares method, 
all (hkl) reflections being used. Anisotropic 
temperatures factors of the form: exp{-(B11h2+ 
B22k2+B33l2+B12hk+B13hl+B23kl)} were applied

for the bromine atom, while the light atoms weree 

treated as undergoing isotropic thermal motions.. 

After four cycles of refinement, the R factor was. 

reduced to 0.095 for the observed reflections. The 

atomic scattering factors used in the calculations.

Fig. 1. Composite electron density diagram of 
sections parallel to (100). The contours are at 
intervals of 1.0 e.A-3 starting with 1.0 e.A-3. 
The contours of the bromine atom are omitted.

TABLE 1. FINAL ATOMIC COORDINATES AND TEMPERATURE FACTORS 
The anisotropic temperature factors are expressed in the form of 

exp (- (B11h2+B22k2+B33l2+B12hk+B13hl+B23kl)}

TABLE 2. ESTIMATED STANDARD DEVIATIONS (ƒÐ(x), ƒÐ(y) and ƒÐ(z) in A, ƒÐ(B) in A2)
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TABLE 3. OBSERVED AND CALCULATED STRUCTURE FACTORS
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TABLE 3 (Continued)

were from taken the International Tables for X-ray 
Crystallography (1962).2) The final atomic co-
ordinates and the temperature factors are given in 
Table 1, and their standard deviations, in Table 2. 
The observed and calculated structure factors 
are listed in Table 3. The final three-dimensional

electron-density distribution calculated with signs 
based on these parameters is shown in Fig. 1. 

The computations were done on a NEAC 2101 
computer in the Institute and on a. NEAC 2206 
computer in the Computing Center of the Uni-
versity, with programs written by Tsunehiro Takano 
and Yoriko Nishi. The least-squares refinement 
was done on a HITAC 5020 computer in the 
University of Tokyo with a program written by 
one of the present authors (T. A.).

2) International Tables for X-ray Crystallography, 
Vol. 3, Kynoch Press, Birmingham, England, 1962, 
p. 202.
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Discussion

Molecular Geometry. The intramolecular 

bond lengths and angles are shown in Fig. 2 and

Fig. 2. Bondlengths (A) and angles (degrees). 

TABLE 4. BOND LENGTHS AND ANGLES WITH 
THEIR e. s. d.'s

are listed in Table 4 with their standard deviations. 
The C(l)-0(l) distance, 1.232 A, is significantly 
longer than the pure C-O double bond length, 
1.21 A.3) The C(7)-O(2) distance, 1.337 A, is 
apparently shorter than the C(sp2)-O single bond 
length,4) while a similar value, 1.354 A, was 
reported in 1-oxa-azulan-2-one5) The bond al-
ternation, as suggested from its Kekule formula, is 
observed in the seven-membered ring, but the C(l)-
C(2) distance is shorter than the C(l)-C(7) distance. 
A similar difference has been also reported in the 
case of sodium tropolonate.6) Figure 3(a) shows 
four main canonical structures for the tropone 
ring in this molecule. The observed bond distances 
can be explained quite satisfactorily by assuming 
that the first structure contributes approximately 
70% to the resonance hybrid, the second, 20%, 
and the last two, 5% each. The bond distances 
calculated from these weights are shown in Fig. 
3(b), where the C-C distances were taken from

Fig. 3. Canonical structures for the tropone ring 
and the predicted bond distances (A).

3) R. E. Marsh, R. Bierstedt and E. L. Eichhorn, 
Acta Cryst., 15, 310 (1962). 

4) I. Ambats and R. E. Marsh, ibid., 19, 942 (1965). 
5) Y. Sasada and I. Nitta, ibid., 9, 205 (1956). 
6) Y. Sasada, This Bulletin, 32, 171 (1959).
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Table 7-9 of Pauling,7) and the C-O distances, 

from the curve drawn through points representing 

the observed C-0 bond distances for the bond 

numbers 1.0, 1.5, and 2.0.3) 

The O(2)-C(9) distance, 1.477 A, is considerably 

longer than the C(sp3)-O length, 1.43A.8) This 

may be partly due to the errors caused by the 

omission of absorption corrections, and partly 

to the weakness of the bond; O(2), which is posi-

tively charged due to contribution of the structure 

II in Fig. 3, may attract the bonding electrons 

between C(9) and O(2). 

Though C(1) is involved in the seven-membered 

ring, each bond angle around C(l) is nearly equal 

to 120•‹. Therefore, the C(l) atom seems to have 

an approximately pure sp2 hybridized orbitals, 

and in the C(l)-O(l) bond the deviation from the 

pure C=O double bond length can be supposed 

to depend on the ƒÎ-bond order only. It has been 

found that the stretching frequencies of carbon-

oxygen bonds in carbonyl compounds can be cor-

related with the C=O bond distances when no 

distortion is exerted.9) By using the correlation 

curve and the observed bond length, the stretching 

frequency of the C=O bond of this compound is 

derived to be about 1670 cm-1. This compound, 

as well as the other tropone derivatives, exhibits 

quite a sharp band at 1612 cm-1 and the strongest 

band 1557 cm-1 in KBr. Therefore, the absorp-

tion at 1612 cm-1 can be assigned to the C=O 

stretching vibration within the average deviation. 

This seems to be supported by the fact that in 

tetrahydroxy p-benzoquinone a strong band at 

1625 cm-1 is interpreted as a stretching vibration 

of C=O whose bond length is 1.229A.10)

Fig. 4. The deviations (A) of the atoms from 
the least-squares plane through atoms C(l)-
C(7).

Planarity. The equation for the best plane 

of the seven carbon atoms in the seven-membered 

ring is:

where X=ƒ¿ƒÔsinƒÀ, Y=by, and Z=cz+ƒ¿ƒÔcosƒÀ. 

The deviations from this plane are shown in Fig. 

4. The seven ring atoms, C(1)-C(7), are co-

planar within the range of experimental error, 

showing that these atoms make a conjugate system, 

but the O(1) atom, which should conjugate with 

the seven-membered ring, lies significantly out 

of the plane. This seems to be due to the inter-

molecular repulsive force, as will be discussed in 

the next paragraph. Each atom in the five-

membered ring also lies nearly within this plane. 

Crystal Structure. The packing diagrams 

of the crystal viewed along the a, h, and c axes are

Fig. 5. The crystal structure projected along the a axis.

7) L. Pauling, "The Nature of the Chemical Bond," 
3rd ed. Ithaca, New York: Cornell University Press. 

8) D. R. Lide, Jr., Tetrahedron, 17, 125 (1962).

9) E. M. Layton, Jr., R. D. Kross and V. A. Fassel, 
J. Chem. Phys., 25, 135 (1956). 

10) H. P. Klug, Acta Cryst., 19, 983 (1965).
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Fig. 6. The crystal structure projected along the b axis and the short intermolecular 
distances (A).

Fig. 7. The crystal structure projected along the c axis.

shown in Figs. 5, 6, and 7 respectively, together 
with the short intermoiecuiar distances. The 
shortest carbon-oxygen distance is 3.08 A, as is 
shown in Pig. 6; this is considerably less than the 
sum of the van der Waals radii of 3.4 A.7) A similar 
short contact between C(sp3) and O, 3.08 A, has 
been reported in the crystal of barbituric acid.11) 
Such a short contact may suggest a strong interac-
tion between these atoms. The direction of the 
deviation of the O(1) atom from the seven-mem-
bered ring plane is consistent with such an interac-
tion.

The short contacts below 4.0 A around the 
bromine atom were not observed along the b axis 
direction. In the electron-density map shown in 
Fig. 1, an elliptical peak elongated parallel to the 
b axis was obtained for the bromine atom. Al-
though this may come from the omission of absorp-
tion corrections, it may be possible to be inter-

preted as the bromine atom easily vibrating along 
this direction due to no short contacts. 

The authors wish to express their deep thanks 
to Mrs. Yoriko Nishi and Dr. Tsunehiro Takano for 
their assistance in the use of the electronic computer, 
and to Dr. Makoto Funamizu for supplying the 
sample.11) W. Bolton, ibid., 16, (166 (1963).


