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Sesquifulvalene (cycloheptatrienylidenecyclo-
pentadiene), recently synthesized by Prinzbach
and Rosswog,'” is an interesting substance of
non-alternant hydrocarbons. Kitahara, Murata,
Funamizu and Asano® have attempted to
obtain the tetrachloro derivative of this com-
pound by the reaction of 1,2, 3, 4-tetrachloro-
cyclopentadiene (I) and tropone (II) in a large
volume of methanol.
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Contrary to their expectation, however, they
got two kinds of products: red prisms (m.p.
117—118°C) and reddish-orange needles (m. p.
77—78°C). Elementary analysis indicated that
both of these products had the molecular
formula C;sH,OCl;. By some chemical con-
sideration, and with the help of infrared,
ultraviolet and NMR spectra, in was con-
cluded that these isomers were trichloro-6-(o-
methoxyphenyl)fulvene (III) and trichloro-6-
(p-methoxyphenyl)fulvene (IV).
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Thus they have shown that the reaction of I
and II in methanol results in an entirely new
type of rearrangement reaction, in which the
methoxy group enters the seven-membered
ring (a six-membered ring after the rearrange-
ment) and in which a chlorine atom in the
five-membered ring is librated. The confor-
mations of these molecules were also discussed
on the basis of the NMR spectra.

The reaction between tropone and 1,2, 3,4-
tetrabromocyclopentadiene followed an entirely

* On leave from Research Laboratory, Teijin Co., Ltd.,
Iwakuni.
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analogous course ; red plates (m. p. 128—129°C)
and red prisms (m. p. 90—91°C) were obtained.”?
These compounds were supplied to us so that
we could undertake an independent verification
of the structures by means of X-ray.

The present paper will describe the structure
determination of 1, 2, 3-tribromo-6-(o-methoxy-
phenyl) fulvene.

Experimental

Crystals of 1,2,3-tribromo-6-(o-methoxyphenyl)-
fulvene (hereafter termed the ‘‘bromo derivative’”)
and 1,2, 3-trichloro-6-(o-methoxyphenyl) fulvene
(hereafter the “‘ chloro derivative*”) were supplied
by Professor Kitahara of Tohoku University. Both
of them are stable red laths elongated along the c
axis.

From oscillation, Weissenberg and precession
photographs of these crystals, the unit cell dimen-
sions and space groups were determined. The
crystal and physical data are summarized in Table I.

TABLE I. CRYSTAL AND PHYSICAL DATA
Bromo derivative Chloro derivative

M. p. 128—129°C 117—118°C

a 11.46 A 11.65

b 14.53 14.61

c 7.85 7.64

B 96°35' 98°58'
Space group P2,/c P2,/c

A 4 4

Pobs. 2.17g.cm™3 1.50

Pealed. 2.15 1.49

Intensity data were collected only for the bromo
derivative. Equi-inclination Weissenberg photo-
graphs around the c axis were taken with CuKa
radiation for [ values from 0 to 6. The crystal
used had a cross section of 0.1X0.2mm. In order
to determine the scale factors among the [/ layers,
photographs for zero and first layers around the b
axis were taken, also. Reflections from 2060 planes
were observed out of 2900 possible (4ki)’s. In
order to correlate the strong and the weak reflec-
tions, a multiple-film technique was applied, the
relative intensities being ranged between 1 to 7000.
The intensities were measured by a visual com-
parison with a standard intensity scale prepared
with the same crystal. Lorentz and ;polarization
corrections were made in the usual way. Since the
main interest of this work was in determining the
molecular conformation, the correction for absorp-
tion was omitted in spite of its large effect as a
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result of the high bromine content. Tentative scale
and temperature factors were estimated by Wilson
statistics, the latter being B=3.1Az

Structure Determination

The three-dimensional Patterson function
was synthesized on an electronic computer
(IBM 7040) with a programme written by the

authors. Figure 1 shows the Patterson section
0 &
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Fig. 1. Harker section P(u,v,1/2). Contours

are at equal intervals on an arbitrary scale.
Black circles show Br-Br vectors from the
final result.

P(u,v,1/2). There should appear on the u=0
line peaks due to vectors between atoms related
to each other by the ¢ glide operation. Only
two significant peaks were observed on this
line, however, at v=0 and at v=0.45. Since
there should be three heavy atoms in an
asymmetric unit, the peak at v=0.45 may be
supposed to be a superimposed one due to
two independent bromine atoms. Therefore,
the y coordinate of one bromine atom was

Fig. 2. Contours

Harker section P(u,1/2,w).
are at equal intervals on an arbitrary scale.
Three peaks linked by dashed lines correspond
to vectors between the bromine atoms related
by two-fold screw axis.
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=+0.250, while those of the remaining two were
=+0.025.

The interpretation of the Harker section at
v=1/2 was very ambiguous, because there
appeared not only peaks between atoms related
by a two-fold screw axis, but also peaks be-
tween independent atoms, the difference between
whose y coordinates are, by accident, a half of
the b axis. Figure 2 shows the Harker section
P(u,1/2,w).

The first clue to the structure was obtained
by examining the intramolecular heavy atom
vectors in the three-dimensional Patterson
function. Chemical information tells us that
three bromine atoms attached to the fulvene
ring form a two-lateral triangle whose sides are
3.6, 3.6 and 5.8 A long. Figure 3 gives a
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Fig. 3. Three-dimensional Patterson function.

Composite diagram of sections parallel to

(010). Height of section is added to each

peak in unit of 1/60. Contours are at equal

intervals on an arbitrary scale. Black circles
show intramolecular Br-Br vector peaks.

composite three-dimensional Patterson func-
tion, showing peaks which lie within, say, 7
from the point of origin. Although some
intermolecular vectors between the bromine
atoms were observed at distances of about 4 A
from the point of origin, a constellation of
Patterson peaks corresponding to the vector
set of such a bromine triangle was clearly
recognized, as is illustrated by the solid lines
in Fig. 3. With the help of the orientation of
the bromine triangle so found, the Harker
section at v=1/2 was again examined and true
Harker peaks were assigned, as is shown by
the dash-line triangle in Fig. 2. The atomic
coordinates of the three bromine atoms ob-
tained were (0.605, —0.027, 0.225) for Br,
(0.310, 0.027, 0.272) for Br; and (0.301, 0.250,
0.470) for Brs. The non-Harker peak A in Fig.
2 was explained as a vector between the Br
of one molecule and the Br. of the molecule
related by the c glide, and the B peak, as that
between Br: atoms related to each other by
the center of symmetry in different molecules.
Structure factors were computed with these
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three bromine atoms with B=3.1 A2, the dis-
crepancy factor, R=3||Fo|—|F:||/Z| Fol,
being 0.45. The first Fourier synthesis of the
three-dimensional electron density distribution
was carried out with signs based on the three
bromine atoms. Significant peaks appearing in
the Fourier map gave a reasonable molecular
shape. Although some ghost peaks were
observed in the map, it seemed quite certain
that the molecular structure has been estab-
lished by this stage. To be more precise, how-
ever, only three bromine atoms and five carbon
atoms in the fulvene ring were introduced
into the second calculation of the structure
factors, and the R factor dropped to 0.36. The
second Fourier synthesis looked very refined,
and the coordinates of all the atoms could be
read off from it. These coordinates of atoms
gave reasonable bond lengths and angles. The
third calculation of the structure factors re-
sulted in an R factor of 0.30. At this stage,

Crystal Structure of 1,2,3-Tribromo-6-(e-methoxyphenyl) fulvene

the scaling factors among the layers

were

corrected by the use of these calculated struc-

ture factors.

TaBLE II. THE FINAL ATOMIC COORDINATES
Atom x/a y/b z/c
Br, 0.6048 —0.0195 0.2265 0
Br; 0.3089 0.0372 0.2778
Br; 0.3051 0.2582 0.4716
C, 0.5512 0.0874 0.3176
C. 0.4434 0.1080 0.3340
C, 0.4418 0.1975 0.4248
C, 0.5492 0.2303 0.4586
Cs 0.6282 0.1630 0.3942
Cs 0.7470 0.1593 0.4034
C; 0.8270 0.2338 0.4754
Cs 0.7992 0.3288 0.4509 b,
Cs 0.8748 0.3942 0.5216 , o
Cuo 0.9858 0.3683 0.6090 Fig. 4. The ﬁr_1al electron den_s.lty distribution.
Cur 1 0194 0.2752 0.6364 Composite diagram of sections parallel Eo
(001). Contours are at intervals of 3e.A-3
Ce 0.9346 0.2099 0.5596 with dashed contour of 2e.A -%. For bromine,
Cis 1.0759 0.0862 0.6479 contours are at intervals of 6 e. A -3, beginning
o} 0.9584 0.1167 0.5790 with 6e.A -2,
TasLE II[. THE FINAL TEMPERATURE FACTORS
For heavy atoms, temperature factors are in the form of
exp{'—(Bllhz'i‘Bﬂzkg-FBsal'g-l'“Btahk‘i‘ﬂeskl‘l’ﬂsllh)}.
Atom By By, By, By By By,
Br, 0.00788 0.00346 0.01357 0.00180 —0.00473 —0.00209
Br; 0.00627 0.00377 0.01458 —0.00255 —0.00137 —0.00375
Brg 0.00515 0.00468 0.01179 0.00091 —0.00264 0.00172
Atom B(A?Y) Atom B(A®) Atom B(A?) Atom B(A®)
C, 2.40 Cs 2.09 Cy 4.10 Ci3 4.19
C: 2.74 Cs 2.61 Cuo 3.75 o] 3.08
C; 2.17 C; 2.40 Cu 3.69
C, 2.47 Cs 3.27 Cie 2.62

All- of these computations were
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executed on an IBM 7040 with programmes
devised by the authors.

The atomic coordinates and temperature
factors (anisotropic for the bromine atoms
only) were refined by the successive block-
diagonal matrix (9x9) least-squares method,
the programmes for which were written by
Tamaichi Ashida of this laboratory. Each cycle
of the refinement on the IBM 7040 using all
reflections took about 15 min. After four cycles,
the R factor decreased to 0.126 (if non-observed
reflections were omitted, the R factor was
0.113).

The final atomic coordinates and temperature
factors of each atom are listed in Tables II
and III respectively. The observed and cal-
culated structure factors are shown in Table
IV. Figure 4 gives the superimposed (001)
sections of the final electron density distribu-
tion as taken through the atomic centers in
the molecule.

Discussion

The very reasonable three-dimensional elec-
tron density distribution (shown in Fig. 4)




1764 Yukio KATO, Yoshio SAsApA and Masao KAKUDO [Vol. 38, No. 10

TaBLE IV. OBSERVED AND CALCULATED STRUCTURE FACTORS

h k1 Fobs. Fcalcd. h kI Fops.  Fealea. h k 1 Fobs. Fealca. h k I Fovs, Fealea.
2 0 011.11 —13.84 8 4 017.18 —-17.01 4 9 019.59 —17.94 21 110.84 —11.73
3 0 046.60 60.38 9 4 0 8.45 — 7.70 59 0 897 8.36 2 1 -1 5.35 6.20
4 0 0 7.69 — 7.48 10 4 022.22 21.45 6 9 010.62 10.02 31 131.06 32,55
5 0 014.68 —14.55 11 4 0 11.47 —11.44 79 0 2.14 —5.13 3 1 —136.25 —41.93
6 0 0 577 533 12 4 0 2.69 2.84 8 9 0 9.16 — 9.38 4 1 137.97 -38.81
7 0 02441 2487 13 4 011.51 11.91 9 9 019.20 16.56 4 1 —126.61 28.08
8 0 027.56 —27.26 14 4 0 3.81 —4.77 10 9 0 4.76 — 4.35 5 1 110.01 8.49
9 0 0 7.69 — 5.46 1 5 055.18 —59.65 11 9 0 9.34 —10.44 51 -1 4.23 3.59
10 0 022.10 21.52 2 5 042,02 41.27 12 9 0 9.58 12.09 6 1 132,02 27.78
11 0 0 14.50 —12.03 3 5 011.63 10.81 010 013.52 —12.82 6 1 —125.63 —24.35
12 0 0 9.40 8.72 4 5 041.93 —40.44 110 0 4.61 3.80 7 1 130.24 —-29.27
13 0 013.40 15.26 55 0 6.44 6.48 210 026.43 23.97 7 1 —133.45 30.76
14 0 0 5.25 — 6.17 6 5 012.67 12.90 310 016.91 —16.42 8 1 114.82 12.74
1 1 018.01 —19.64 75 012,63 —11.22 410 0 9.06 — 8.79 8 1 -1 1.56 — 1.22
2 1 028.99 38.08 8 5 014.71 —14.63 510 020.26 18.79 9 1 1 9.8 7.88
31 013.24 15.81 9 5 020.72 19.92 610 0 13.86 —11.92 9 1 -1 9.36 — 7.78
4 1 02832 -30.78 10 5 0 8.06 — 7.04 710 0 9.64 —9.19 10 1 1 6.09 — 5.18
51 0 6.74 5.87 11 5 0 16.48 —15.52 810 010.41 9.97 10 1 —115.34 12.48
6 1 026.18 25.66 12 5 011.9 13.20 1010 O 8.55 —9.52 13 1 1 2.09 2.14
7 1 012,51 —12.52 13 5 0 2.14 — 1.35 1110 0 4.36 4.20 13 1 —1 3.13 — 3.32
8 1 0 8.09 7.37 0 6 0 8.48—7.11 1210 0 2.23 208 14 1 1 2.94 — 3.69
9 1 019.96 18.84 1 6 014.31 —11.46 111 0 7.51 —8.21 14 1 —1 2.9 3.61
10 1 0 8.03 — 7.33 26 0 4.7 5.53 211 019.71 16.89 0 2 120.03 —17.32
11 1 010.01 — 9.19 4 6 016.97 —16.05 311 012.42 —12.01 1 2 114,10 10.99
121 0 9.77 8.52 5 6 027.65 29.27 411 013.67 14.49 1 2 —115.37 —14.10
14 1 0 5.8 — 6.70 6 6 011.90 —11.56 511 0 3.02 2.63 2 2 115.42 13.49
0 2 0 4.61 3.92 7 6 012,79 —12.02 611 0 8.64 — 7.81 2 2 -1 1.62 — 0.28
1 2 026.40 —26.26 8 6 017.94 17.88 711 0 8.51 8.28 3 2 1 5.21 —5.97
2 2 0 8.88 7.73 9 6 0 5.28 — 5.69 113 010.99 —11.25 3 2 -1 8.04 6.66
32 011.05 1050 12 6 0 3.54 3.65 213 012.94 13.53 4 2 116.76 —15.42
4 2 020.51 —-27.33 13 6 0 1.98 — 3.06 313 0 B8.06 — 6.95 4 2 -1 1.54 1.39
5 2 015.78 16.74 1 7 0 9.52 10.33 413 0 6.78 — 5.53 52 1 5.19 6.71
6 2 013.61 —12.62 2 7 01559 13.61 813 0 5.52 — 5.41 5 2 =112.95 —13.48
7 2 0 497 - 3.10 3 7 020.63 —19.04 913 0 5.22 6.23 7 2 111.19 — 8.85
8 2 011.57 10.27 4 7 0 6.32 6.05 014 0 14.53 —16.02 7 2 -1 9.36 7.96
9 2 0 8.79 — 6.55 5 7 0 3.60 2.45 114 0 6.74 6.87 8 2 1 1.65 2.91
10 2 0 6.07 6.19 6 7 0 5.43 — 3.95 214 0 9.03 10.23 8 2 -1 8.40 — 7.9
1 2 0 7.97 — 6.34 77 0 2.9 2.64 314 0 8.91 — 9.53 9 2 110.95 - 8.71
14 2 0 3.57 — 3.91 8 7 0 7.35 — 6.68 514 0 B8.88 9.28 9 2 -1 5.21 3.78
1 3 0 2.26 0.91 9 7 0 3.05 1.52 614 0 4.61 —4.64 10 2 1 1.56 2.20
23 0 3.23 2.83 10 7 0 4.21 — 2.71 714 0 546 —6.82 10 2 -1 2.72 1.66
3 3 014.47 —13.43 11 7 0 2.75 — 1.45 §14 0 7.42 859 11 2 1 0. -—0.39
4 3 017.43 16.66 12 7 0 3.33 3.42 315 0 9.25 —9.68 11 2 —1 2.72 2.15
6 3 010.53 —9.54 13 7 0 3.08 — 3.80 415 0 5.37 6.73 12 2 1 2.44 3.06
73 0 9.4 9.42 0 8 027.89 25.76 615 0 9.95 —11.04 12 2 -1 0. — 0.43
10 3 0 7.48 5.80 1 8 0 5.58 — 6.39 715 0 5.8 7.29 13 2 1 2.03 — 3.02
1 3 0 5.98 4.96 3 8 017.52 15.09 016 0 592 —6.80 13 2 -1 0. 1.71
14 3 0 2.41 2.79 4 8 0 6.74 — 4.79 116 0 3.72 3.67 0 3 1 8.42 7.01
0 4 051.48 54.44 6 8 0 4.03 3.41 117 0 3.20 — 3.84 1 3 117.31 —14.94
1 4 039.25 —39.59 78 0 7.26 6.45 217 0 3.11 4.15 1 3 -1 2.85 — 1.92
2 4 031.04 —30.11 9 8 0 3.02 — 3.89 317 0 3.63 — 5.10 2 3 1 4.42 3.93
3 4 036.41 37.69 10 8 0 7.63 6.66 417 0 2.72 3.43 2 3 —120.52 18.21
4 4 014,07 —13.86 11 8 0 4.49 — 4.38 018 0 3.97 — 5.08 3 3 131.66 30.30
5 4 014,80 —14.39 13 8 0 2.53 3.82 118 0 3.02 4.48 3 3 —136.79 —36.40
6 4- 010,93 8.62 1 9 034.97 —33.23 1 1 1 228 — 2.44 4 3 130.76 —33.24
7 4 015.87 15.43 2 9 034.82 32.30 I 1 -1 9.52 9.08 4 3 —125.05 24.93



October, 1965]

OO G0 00 <) -] Ov N L Lh 3

mLnunu-ununuu:-.h.h-h.h-hh.p-h-hh-h-h-hJ:-h-h-h-h&-b-h-h-h-h-h-t-h&hwuwuwuwwuwwwwuuuuwwuk

I -Fohs.
13.58
0.
12.68
34.05
25.82
19.43
13.36
6.53
0.
9.49
13.66
0.
2.63
0.
1.65
1.78
2.80
0.
2.61
2.1
6.72
16.57
13.01
23.82
24.06
11.22
.27

26.31
24.39
28.86
20.63
10.37

9.85
18.36
14.87
8.94
5.32
4.72
2.74
4.53

6.86

3.57

| | | | | | | | | | | | | | | | | |
o

-1 6.06

—
—
o
wh
—

—1 18.49

|
[
N
o Lh
&8

Crystal Structure of 1,2, 3-Tribromo-6-(o-methoxyphenyl)fulvene

Fealea.
11.88
1.76
12.19
—32.31
—23.88
17.40
11.22
— 4.78
0.25
— 7.65
—11.58
— 0.95
3.71
1.21
0.84
— 0.04
0.65
— 1.88
— 3.9
3.20
- 5.40
14.21
10.63
18.59
—21.12
—10.24
7.72
3.26
24.71
23.56
—27.19
—18.79
9.55
— 4.20
8.81
16.21
—13.86
— 7.94
4.40
— 4.00
2.24
3.1
— 2.48
— 0.06
— 5.66
- 3.00
3.55
1.61
1.99
3.58
2.75
— 4.86
—17.01
14.72

L =R - S B - R T I

-.1-.1-..:q-qq-J-.n-.l-.I-.:--J~..1--Jqqqoxo-a\a\a\o\mo\a\amaoa\a\a'\GNO\o\ca\a\u-mmummmmmmumumumumk

TABLE IV.

! Fobs. Fealea.

1 13.77 —12.49

—119.65 17.62
0. — 0.59

—1 4.53 2.98
115.78 14.18

—113.09 —12.32
117.40 —16.16

—117.31 15.49
1 7.87 6.43

-1 13.12 —11.31
1 0. 0.19

-1 2.69 — 3.36
1 0. —1.07

-1 9.82 8.16
1 2.55 1.25

-1 6.94 — 6.20
1 2.52 1.91

-1 0. — 0.60
6.06 — 4.89

1 14.82 —12.41

-1 2.39 0.92
118.82 16.81

—121.37 —18.14
117.81 —15.77

-1 10.67 9.44
1 16.19 —13.67

—113.06 11.58
1 28.29 27.21

—125.22 —-23.02
1 13.86 —13.79

—120.33 18.51
6.72 — 5.82

-1 4.97 3.40
113.88 12.83

—1 15.37 —14.09
6.12 — 4.39

-1 9.03 8.05
3.51 1.98

—1 4.44 — 3.81
110.32 9.08

—1 11.08 — 8.76
1 2.77 — 2.98

—1 24.28 22.49
1 2.06 — 0.44

—119.95 —18.03
6.53 — 5.98

-1 2.14 0.79
5.21 5.41

-1 8.51 7.97
2.47 3.42

—1 13.97 —12.68
111.72 —-10.71

-1 8.15 7.711
1 8.12 7.12

-1 8.92 — B8.21
1 5.84 — 4.82

(Continued)
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I Fobs.
-1 0.
1 8.23
—1 2.47
1 2.03
1 2.06
-1 21.21
121.84
—124.12
1 20.39
-1 10.21
1 1.65
-1 21.07
1 28.81
-1 27.36
1 19.81
—1 11.06
1 11.69
—1 13.25
1 13.66
—1 11.55
1 10.40
-1 0.
1 0.
-1 2.61
1 5.49
-1 0.
1 6.28
1 9.25
-1 19.56
120.88
-1 2.28
1 10.87
—1 13.03
1 2.47
—1 7.68
111.19
-1 0.
1 0.
-1 6.97
1 3.84
-1 3.84
1 7.68
-1 0.
1 5.84
-1 7.52
1 4.14
-1 6.09
1 3.57
-1 7.57
1 5.35
1 18.05
-1 2.41
1 10.43
—1 8.45
1 4.36
-1 0.

Fcalcd.
0.07
7.62

— 1.04

— 2.50

— 1.85

17.31
18.88

—=21.70

—18.67
9.23

- 2.23

18.73
27.30

—26.13

—18.69
9.85

11.03
12.59
12.42

- 9.79

—10.36

— 1.49
0.29
3.52
5.53

- 0.93
5.76
7.50

—16.46

—19.89
2.85
9.55

11.76
2.58

- 6.29

—10.84

- 1.18

- 0.99
6.29
4.12
4.16
6.83

- 1.10

- 6.71
6.57
4.20
5.56
2.84

4.54
—17.15
2.46
8.97
- 1.7
— 4.28
1.25

! Fobs.
1 14.21
-1 9.25
114.10
-1 17.12
1 13.03
—1 12.70
6.67

-1 4.72
1 7.02
—1 10.07
1 4.31
-1 12.02
2.55
112.02
—111.44
7.79

-1 9.30
7.46

-1 6.94
7.1

-1 11.66
1.92

5.46

-1 5.41
1 3.59

5.19
-1 1.12
4.12

8.01
1 4.64
-1 13.09
3.81
-1 9.30

-1 2.72
3.87
—110.21
111.22
—1 13.36
113.33

4.42

-1 5.21

5.82

-1 7.33

1 9.38

-1 3.10

1 5.13
-1 0.

1 6.09

1 10.56
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Fualcd.
—13.25
8.04
14.56
—17.48
—12.53
12.69
— 6.56
— 3.91

—10.43
.19
.44
.28
.70

| | |

.48
.57
11
.22
.53
15
.19
17
17
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.35
—13.49
—14.24
0.98
5.12
6.02
6.76
— 7.86
—10.19

- 1.91
5.69
10.05
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TasLE IV. (Continued)

h k 1 Fops. Fealea. k I Fops. Fealea. h k | Fovs. Fealea. ! Fous. Fealed.
13 —1 12.81 —13.62 16 —1 7.00 8.21 1 -2 17.80 19.77 2 11.65 —11.09
13 1 10.56 —10.31 16 1 2.28 — 2.59 219.17 —19.77 -2 6.06 — 6.15
13 —1 5.46 5.59 16 —1 1.78 — 1.07 —215.90 —17.31 2 32.58 31.66
13 1 4.72 4.85 16 1 2.17 3.14 2 2.85 2.98 —2 31.68 35.12
13 —1 10.56 10.57 16 —1 4.97 — 5.72 —2 11.62 10.67 2 0. —2.02
13 110.10 10.42 16 1 1.43 — 1.77 215.75 15.71 —212.69 —11.81

13 -1 7.16 — 7.00 16 —1 5.57 6.84 —2 18.49 16.95 219.77 —-20.18
4

DO 00 =1 =] D Lhh B B W
OOMD 00 00 =1 =1 O v Lh L B B W W Ee

h h
1 1 3
2 2 1 3
2 2 1 3
3 3 1 3
3 3 1 3
4 4 1 3
4 4 1 3
513 1 4.58 — 5.33 616 1 2.80 — 4.70 1 2 0. —1.36 3 —216.08 —16.5%9
513 -1 3.76 — 3.85 616 —1 0. 0.26 1 —-215.60 —13.93 3 211.86 10.20
613 1 4,39 — 4,32 716 1 3.43 5.00 1 2 9.84 — 8.17 3 —-211.18 10.49
613 —1 8.53 9.05 716 —1 1.40 2.11 1 -2 5.80 4.24 3 213.32 12.85
713 1 8.8 9.30 017 1 2.83 3.83 1 210.37 9.87 3 -2 B8.80 8.14
713 -1 4.12 — 3.81 317 1 1.26 — 1.06 9 1 -2 9.24 7.38 3 215.60 —16.47
813 1 4.25 — 4.68 317 -1 6.67 7.68 10 1 2 0. — 1.58 3 —219.97 —18.9%4
813 —1 3.84 — 4.94 417 1 4.91 581 10 1 -2 8.71 — 5.84 10 3 2 6.48 6.12
913 1 3.59 — 3.7 417 -1 6.15 — 492 11 1 2 3.92 - 4.03 10 3 -2 9.21 8.98
913 —1 3.84 4.66 517 1 455 —6.14 11 1 -2 5.77 —5.99 11 3 211.59 12.28
1013 1 3.37 4.34 517 -1 0.82 —-0.73 12 1 2 0. 1.20 11 3 =2 11.44 10.93
1013 —1 1.10 2.22 018 1 5.93 845 12 1 -2 6.63 7.47 12 3 2 8.32 —10.14
014 1 8.53 8.88 218 1 0. —0.13 131 2 2.8 4.17 12 3 =2 12.10 —11.77
114 112.35 —13.48 218 -1 3.51 5.21 13 1 -2 0. —1.25 14 3 -2 4.07 5.56
114 -1 0. - 0.75 318 1 4.39 5.02 14 1 2 2.08 — 4.62 0 4 212.22 —10.07
214 1 5.98 6.52 318 —-1 3.13 — 466 14 1 -2 1.19 — 3.77 1 4 228.15 24.12
214 -1 6.01 6.70 1 0 238.04 46.58 0 2 286.40 —90.78 1 4 -215.75 —13.00
314 1 4.58 4.36 1 0-220.72 16.40 1 2 245.83 47.48 2 4 228.74 —26.67
314 —1 3.76 — 4.06 2 0 225.35 —25.30 1 2 -231.33 33.26 2 4 -2 9.12 7.53
414 1 5.76 — 5.86 2 0-2 7.19 8.67 2 2 218.78 18.43 3 4 213.02 —11.01
414 —1 4.50 5.40 3 0 210.43 —10.35 2 2 -232.37 3447 3 4-20 -—1.21
514 1 4.28 4.22 3 0-216.08 —19.21 3 2 234.00 —36.60 4 4 2258 25.17
514 —1 3.54 — 4.03 4 0 23457 35.06 3 2 -236.83 —43.94 4 4 -210.82 9.72
614 1 0. — 0.34 4 0-2 4.79 3.98 4 2 2 5.8 6.16 5 4 226.78 —26.63
614 —1 7.9 8.04 50 216.70 —16.62 4 2 -216.41 17.38 5 4 -215.16 —15.97
714 1 0. 0.06 5 0 —215.96 —17.57 5 2 2 9.48 11.38 6 4 2 422 3.93
714 —1 3.79 — 4.60 6 0 2 0. 1.76 5 2 -218.70 18.52 6 4 —215.57 14.98
814 1 0. - 0.58 6 0 —219.41 19.55 6 2 2 0. 0.95 7 4 2 3.75 2.79
814 —1 3.84 — 2.67 70 2 9.01 7.93 6 2 —213.23 —13.32 7 4 -2 9.72 9.18
914 1 2.39 — 3.31 7 0 -2 7.40 — 7.60 7 2 222.86 —20.77 8 4 212.28 —11.55
914 -1 5.38 6.09 8 0 2 0. 1.09 7 2 -213.70 —13.76 8 4 —216.47 —15.36
115 1 2.55 2.81 8§ 0 —218.22 —17.23 8 2 225.17 24.16 9 4 2 291 — 2.67
115 -1 2.52 — 3.51 9 0 2 4.9 — 4.48 8 2 -221.07 18.86 9 4 -215.13 14.12
215 1 0. 0.40 9 0 —216.67 14.84 9 2 2 9.9 8.40 10 4 2 499 — 4.79
215 -1 2.55 3.15 10 0 2 1.55 — 2.32 9 2 -2 4.84 3.64 10 4 -2 0. — 0.31
315 1 6.04 — 6.46 10 0 -2 11.59 —10.97 10 2 219.71 —20.15 11 4 2 6.57 7.35
315 -1 2.50 260 11 0 210.05 10.14 10 2 —221.94 —20.24 11 4 -2 0. 1.04
415 1 5.79 6.33 11 0-2 0. — 130 11 2 212.36 13.64 12 4 2 6.60 — 7.44
415 -1 538 —7.06 12 0 2 7.04 —8.46 11 2 -2 9.96 8.82 12 4 -2 4.49 3.7
515 1 0. 0.77 12 0 —2 2.68 297 12 2 2 4.25 4.65 0 5 215.04 13.56
515 =1 4.55 553 130 2 2.85 — 3.14 12 2 -2 4.64 5.11 15 2 0. 0.22
615 1 406 —3.9 13 0-2 0. —0.77 13 2 2 6.81 —10.25 1 5-215.04 11.63
615 —1 4.20 2,70 14 0 2 2.38 5.85 13 2 -2 14.98 —15.23 2 5 217.63 —16.20
715 1 3.95 4.39 14 0 -2 0. 1.00 14 2 -2 4.28 5.53 2 52 6.96 — 6.36
715 —1 4.94 — 6.26 1 1 234.54 —34.45 0 3 2 574 — 4.84 3 5 22559 24.32
815 1 0. 1.57 1 1-226.10 26.07 1 3 234.57 33.60 3 5-2 4.93 2.89
815 —1 4.55 3.49 21 2 1.81 — 0.88 1 3 —-248.09 50.27 4 5 2 7.10 —5.95
016 1 7.41 9.27 2 1 -232.93 39.53 2 3 230.02 —-28.95 4 5 -211.06 — 9.53
116 1 2.33 — 2.78 3 1 214.03 13.51 2 3 —232.55 —33.80 5 5 213.17 —11.9
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Crystal Structure of 1,2, 3-Tribromo-6-(o-methoxyphenyl)fulvene
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TABLE IV.
Fobﬁ. Fcalctl.
7.61 6.62
20.09 —20.89
16.97 —17.12
4.67 5.67
2.82 2.91
7.91 9.66
12.25 12.85
9.99 —12.15
11.29 —12.40
13.29 11.92
12.48 10.90
5.97 — 4.19
21.40 —19.50
11.95 —10.32
14.68 13.59
10.08 8.09
14.98 13.69
7.85 6.41
21.07 —-21.61
23.51 —22.15
13.23  12.91
9.10 8.59
10.85 9.93
10.67 9.69
8.20 — 9.51
16.20 —15.13
5.17 5.26
3.8 4.47
0. — 0.06
5.53 — 6.03
3.36 — 4.70
0. — 1.66
11.95 10.94
5.35 5.43
14.45 13.03
25.00 —24.31
7.85 — 6.44
22.29  21.70
6.24 5.56
12.10 —12.12
5.91 — 5.59
10.14 — 8.24
4.76 5.25
6.45 6.30
6.33 6.10
4.13 — 3.62
7.10 — 5.54
0. 0.69
7.70 7.01
3.80 — 4.77
3.98 2.97
4.84 5.97
4.55 — 4.22
0. — 2.41
3.98 3.60
1.87 — 2.73

(Continued)
k k ! Fobs. Fcn.lcd‘
12 9 =2 0. — 1.55
010 2 6.93 — 5.95
110 2 4.58 4.87
110 -2 8.71 7.13
310 2 3.89 4.92
310 -2 9.75 — 9.26
410 2 5.65 — 5.27
4 10 —2 10.02 9.47
510 2 0. — 1.46
510 -2 5.71 — 4.95
610 2 5.05 6.42
610 —2 5.80 — 5.92
710 2 4.07 — 4.67
710 -2 5.83 3.72
910 2 5.08 6.12
910 -2 1.78 — 2.23
1010 2 4.43 — 2.92
10 10 —2 0. — 0.91
1110 2 3.00 — 3.29
11 10 -2 0. 1.67
111 214.86 13.87
111 —229.72 25.96
211 216.91 —16.83
211 —222.02 —-21.02
311 2 4.9 4.72
311 -2 9.81 7.97
411 2 6.48 6.37
411 -2 14.39 14.11
511 2 0. -— 1.69
511 -2 7.13 — 5.42
611 2 4.07 — 4.15
611 -2 0. - 1.70
8§11 2 452 6.04
8§11 -2 6.72 8.19
911 2 5.74 — 7.33
911 -2 8.77 —10.45
1011 2 2.76 3.96
10 11 =2 1.19 1.94
1111 2 3.12 5.19
11 11 =2 5.62 6.73
012 214.39 14.63
112 210.40 — 9.81
112 -2 1.55 — 1.95
212 215.34 —15.77
212 -2 15.31 —14.62
312 2 9.21 9.83
312 -2 13.94 13.30
412 2 0. 1.58
412 -2 4.13 4.37
512 2 14.92 —15.77
512 -2 8.20 — 8.81
612 2 6.24 7.24
612 -2 6.39 7.12
712 2 3.72 5.18
712 -2 9.10 9.81
812 2 7.19 — B8.34

R R W WRKN = = O DWW = = 0000 -] D B R W W R = = O] =)L B B W LR B e e O

k1
12 =2
12 2
12 -2
12 2
12 -2
12 -2
13 2
13 2
13 -2
13 2
13 =2
13 2
13 =2
13 2
13 =2
13 2
13 =2
13 2
13 -2
13 2
13 -2
14 2
14 2
14 -2
14 2
14 =2
14 2
14 -2
14 2
14 -2
14 2
14 -2
14 2
14 -2
14 2
14 -2
15 2
15 ~2
15 2
15 -2
15 2
15 -2
15 2
15 =2
15 2
15 -2
16 2
16 2
16 -2
16 2
16 —2
16 2
16 —2
16 2
16 -2
16 2

Fobs.
8.50
0.
2.29
5.68
9.96
3.69
8.74
0.
5.05
5.02
5.05

12.57
5.80
8.03
8.62
0.
4.87
7.82
7.67
5.38
7.64
2.85
6.36

3.98
.89
77

.33
.51
.49

21

.57
.23
.38

.66

.17
.33

34

32
.36

16
.32
.33
.63
.58

.49

1767

Fcalcd.
— 9.95

0.36

0.98

7.96

7.91
59
.08
.83
.74
.59
47
.37
.16
.33
.86
.88
.83
.95
.85
.15
.78
.44
12
.13
.30
.14
.59
29
.33
.42
00
.40
.04
.93
.67
37
.18
26
82
.81
77
91
.04
.29
.57
.86
.98
.18
.87
.80
.32
.03
.54
.70

—

|
—

|

Do
A=
g
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TasLE IV. (Continued)

h k1 Fobs. Fcalctl. h k1 Fouvs. Fcach. h k1 Fobs.  Fealed. h k | Fops. Fc&lcd.
616 =2 1.19 0.83 8 2 -310.05 10.87 3 5 3 9.81 — 9.5 7 7 -3 549 — 4.49
117 2 3.45 — 4.4 9 2 3 4.00 4.73 3 5 -=323.48 24.64 8 7 3 4.86 — 4.70
117 =2 2.02 — 3.41 9 2 -3 3.91 4.23 4 5 321.05 21.12 8 7 -3 5.63 6.00
217 2 0. 0.93 11 2 3 2.55 — 3.41 4 5 -3 7.92 — 7.48 9 7 3 6.05 6.54
217 =2 3.39 — 2,06 11 2 -3 4.77 4.10 5 5 311.53 —11.40 9 7 -3 2.82 — 3.18
317 2 3.92 565§ 12 2 3 0. — 0.35 5 5-3 830 -85 10 7 3 1.78 —2.72
317 =2 3.72 5.67 12 2 -3 4.39 3.58 6 5 3 133 —-1.97 10 7 -3 4.68 — 5.37
417 2 4.84 — 7.30 0 3 3 4.8 — 4.67 6 5 —-319.24 19.92 11 7 3 2.08 — 3.05
417 =2 3.39 — 4.24 1 3 3 9.84 7.07 7 5 312.54 13.46 11 7 -3 7.38 7.19
517 2 1.87 0.17 1 3 -312.84 9.99 7 5-314.14 —13.98 12 7 3 3.94 4.87
517 =2 0. — 2.31 2 3 311.06 10.49 8 5 3 8.48 — 8.16 12 7 —3 1.04 — 2.45
018 2 2.88 4.04 2 3 -315.98 —15.90 8§ 5-3 0. 0.65 0 8 3 504 — 5.87
118 2 2.73 — 4.02 3 3 311.27 —12.61 9 5 3 0. 1.44 1 8 3 7.74 7.54
118 -2 0. - 0.06 3 3 -318.15 19.83 9 5 -3 2.82 2.10 1 8-3 0. - 1.61
1 1 3 9.28 7.99 4 3 326.00 26.37 10 5 3 5.93 6.18 2 8 311.27 —11.36
1 1 -3 6.70 — 7.04 4 3-3 735 -794 10 5-3 0. - 0.57 2 8 -3 8.09 6.82
2 1 3 4.8 — 4.62 53 3 7.03—-861 11 5 3 4.06 — 4.17 3 8 3 5.60 5.11
2 1 —311.47 —14.05 5 3 -312.81 —13.51 11 5 -3 0. — 1.85 3 8-3 7.98 6.72
31 322,92 —-25.45 6 3 3 5.46 — 6.53 06 3 6.05 4.81 4 8 3 2.6l 3.43
3 1-320.76 29.83 6 3 —320.10 20.94 1 6 3 6.79 — 6.43 4 8 —315.42 —13.52
4 1 327.84 31.79 7 3 323.16 23.14 1 6 —318.92 —16.44 5 8 313.05—13.76
4 1 -3 15.36 —19.65 7 3 —317.08 —18.46 2 6 321.70 —17.72 5 8 —314.29 15.05
5 1 322.80 —22.86 8§ 3 312.13 —12.96 2 6 —323.81 2232 6 8 317.713 17.60
5 1 —-310.08 —12.34 8 3 -3 0. 1.25 3 6 32393 21.84 6 8 -3 7.68 — 7.43
6 1 315.09 —15.16 9 3 3 2.82 — 2.06 3 6 -3 3.56 — 3.30 78 3 0. -—0.42
6 1 —324.58 27.27 9 3 -3 9.22 8.69 4 6 3 4.06 — 3.83 7 8 -3 6.85 — 6.73
7 1 321.85 2246 10 3 3 4.74 5.06 4 6 —3 22.48 —21.23 8 8 3 7.32 — 8.37
7 1 -313.73 —13.35 10 3 -3 7.47 — 6.91 5 6 319.93 —-20.02 8 8 -3 9.78 9.85
8 1 318.41 —16.95 11 3 3 2.49 — 2.64 5 6 —3 26.57 28.52 9 8 3 6.88 7.43
8 1 -3 3.65—3.06 11 3 —3 3.88 2.33 6 6 322,30 23.92 9 8 -3 9.61 — 9.80
9 1 3 0. 094 13 3 3 0.89 — 2.13 6 6 -3 1.78 —2.67 10 8 3 3.26 — 3.25
9 1 -310.97 10.44 13 3 -3 2.97 3.15 76 3 557 —4287 10 8 —3 3.68 — 2.55
10 1 3 4.8 5.26 0 4 31038 9.56 7 6 —311.30 —11.46 0 9 3 554 — 5.55
10 1 -3 6.32 — 5.27 1 4 3 593 — 5.63 8 6 3 9.37 —9.92 1 9 3 7.09 - 6.38
11 1 3 2.55 — 1.14 1 4 -3 2.13 — 1.67 8 6 —311.80 10.46 1 9 -3 8.21 7.40
11 1 -3 0. 0.39 2 4 3 9.64 — 8.06 9 6 3 9.58 10.73 2 9 3 6.29 5.91
121 3 2,19 -2.73 2 4 -3 9.13 7.62 9 6 -3 0. 0.91 2 9 -3 8.69 — 8.27
12 1 -3 0. — 1.25 3 4 316.16 14.31 10 6 3 2.58 2.80 3 9 3 528 —5.85
131 3 0. 0.60 3 4-3 243 —-231 10 6 -3 5.54 — 5.61 3 9 -3 2.5 3.23
13 1 -3 2.19 2.63 4 4 3 0. 1.51 11 6 3 4.48 — 4.78 4 9 3 3.8 — 3.56
14 1 -3 1.60 — 3.01 4 4 -31592 —-16.22 11 6 -3 0. 1.35 4 9 -3 59 6.09
1 2 3 6.14 4.12 5 4 313.8 —14.30 12 6 3 1.72 2.54 59 3 7.8 — 7.68
1 2 -310.02 —10.10 5 4-313.43 13.53 12 6 —3 4.48 4.00 5 9 -3 546 — 5.45
2 2 3 480 — 4.37 6 4 3 9.04 9.8 13 6 —3 2.43 — 3.04 6 9 3 2.8 — 2.48
2 2 -310.05 8.89 6 4 -3 6.91 — 7.06 0 7 3 9.43 — 8.37 6 9 -3 6.26 5.56
32 3 8.9 8.37 7 4 3 1.48 2.17 1 7 3 1.19 — 1.99 79 3 2.7 3.99
3 2-3 3.23 — 4.03 7 4 -3 9.04 — 7.99 1 7 -317.23 15.15 7 9-3 0. -—1.62
4 2 3 3.8 — 3.55 8 4 3 6.26 — 6.46 2 7 311.83 11.07 8 9 3 599 — 6.31
4 2 -3 12.84 —14.70 8 4 -3 7.59 6.91 2 7-310.76 — B8.53 8 9 -3 0. 1.49
5 2 315.86 —14.57 9 4 3 7.47 7.23 3 7 3 9.96 — 9.86 9 9 3 3.50 3.43
5 2 -3 9.78 10.71 9 4 -3 3.97 — 3.52 3 7-3 3.8 —2.72 9 9 -3 4.66 5.00
6 2 310.14 10.37 0 5 312.13 —10.65 4 7 3 4.95 4.29 10 9 3 0. 0.29
6 2 -3 1.19 — 2.22 1 5 3 436 2.98 4 7 -3 3.32 3.32 10 9 -3 2.46 — 2.81
72 3 58 - 5.84 1 5-3 6.40 4.31 57 3 3.7 442 11 9 3 1.63 — 3.16
7 2 -3 5.34 — 4.88 2 5 311.21 — 9.03 5 7-3 249 —2.44 11 9 -3 0. 0.07
8 2 312.04 —11.43 2 5 -319.48 —19.17 77 3 0. 0.41 110 3 2.67 — 3.26
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Crystal Structure of 1,2, 3-Tribromo-6-(o-methoxyphenyl)fulvene
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TaBLE IV.
k 1 Fovs. Fealea.
12 —3 4.15 4.40
12 3 2.43 2.68
12 -3 5.99 — 6.58
12 -3 2.43 3.86
13 3 2.82 — 3.07
13 3 3.88 4.33
13 =3 3.94 — 3.69
13 3 3.77 — 4.36
13 =3 5.49 5.99
13 3 2.55 2.68
13 —3 4.63 — 5.28
13 3 3.35 1.96
13 -3 1.78 — 3.20
13 3 2.99 — 3.98
13 =3 0. 0.80
14 3 6.61 — 7.13
14 3 1.78 3.34
14 —3 4.68 — 4.68
14 3 3.74 — 3.86
14 -3 0. -— 0.22
14 3 1.33 1.83
14 —3 4.57 6.15
14 3 0. 0.92
14 —3 7.26 — 8.69
14 3 3.97 — 4,92
14 -3 6.94 7.86
14 3 6.58 8.43
14 -3 0. — 0.69
14 3 2.49 — 4.19
14 -3 3.97 — 5.30
14 3 0.65 — 2.37
14 —3 5.01 6.00
14 -3 1.75 — 3.32
15 3 6.08 — 7.40
15 3 3.47 — 4.15
15 -3 7.86 9.67
15 3 5.87 7.70
15 -3 0. - 0.02
15 3 1.19 — 2.15
15 -3 7.21 — 8.83
15 3 5.28 — 6.68
15 -3 6.49 7.02
15 3 4.80 6.00
15 -3 1.78 3.22
15 3 2.91 3.83
15 =3 4.57 — 7.21
16 3 6.8 — 8.71
16 3 7.71 10.12
16 —3 0. 0.45
16 3 2.91 — 3.66
16 —3 5.34 — 8.26
16 3 3.35 — 4.55
16 —3 4.60 6.54
17 3 2.22 — 3.02
17 =3 0. 1.45
17 3 2.37 4.02

(Continued)
h k1 Fovs. Fealed.
317 -3 0. — 2.49
417 =3 0. 3.25
1 0 438.34 —33.78
1 0 —417.22 —-17.96
2 0 411.19 — 9.9
2 0 —423.84 —39.22
3 0 419.94 19.65
3 0 —-415.61 21.68
4 0 4 0. — 1.42
4 0 —421.02 -27.12
5 0 4 689 — 5.85
5 0 —420.47 —21.58
6 0 4 0. 0.43
6 0 —414.04 13.11
70 419.76 19.08
7 0—-4 0. 3.42
8 0 415.95 —15.34
8 0 —414.07 —13.10
9 0 4 4.85 — 3.37
9 0 —4 5.60 — 4.93
10 0 417.75 18.12
10 0 —4 17.19 14.45
11 0 412,12 —12.94
11 0 —4 9.80 — 9.60
12 0 4 0. - 1.22
12 0 —4 4.92 — 3.96
13 0 —411.69 11.19
01 412,68 12.20
1 1 429.18 —25.19
1 1 -4 495 — 9.25
21 4 4382 4.31
2 1 —423.84 31.98
31 413.14 12.62
3 1-4 5.16 6.31
4 1 417.03 —15.06
4 1 —419.60 —22.21
5 1 4 4.02 — 2.64
5 1 -4 9.06 9.79
6 1 412.43 11.90
6 1 —4 3.15 3.28
71 4 0. 0.12
7 1 —410.45 —10.50
8§ 1 4 9.77 — 9.30
8 1 —4 0. 1.11
9 1 4 8.41 8.37
9 1 —4 8.84 6.65
10 1 4 2.63 1.68
10 1 —4 7.98 — 7.19
11 1 4 4.02 — 5.30
11 1 -4 6.06 — 6.14
12 1 4 3.65 4.09
12 1 —4 8.81 8.17
0 2 418.12 13.52
1 2 442,94 —36.96
1 2 —-414.28 14.62
2 2 433.88 31.21
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! Fobs.
—4 16.20
4 10.91
-4 8.56
4 28.32
—4 8.19
4 17.90
-4 9.31
4 3.62
—4 14.75
4 5.47
-4 3.52
4 0.
—4 18.98
4 10.08
—410.11
4 2.63
-4 6.31
4 9.99
—4 6.03
4 8.35
—4 8.01
4 39.05
4 17.10
—4 13.11
4 13.23
-4 5.22
420.74
—4 5.32
4 6.59
—4 11.69
4 10.51
—4 11.59
4 14.07
-4 3.31
4 12.03
—4 16.11
4 9.37
—4 15.61
4 4.79
-4 2.01
4 5.78
—4 B8.87
4 2.16
-4 2.66
4 3.40
-4 7.11
4 47.52
4 24.18
—4 14.65
4 8.32
—4 15.40
4 9.80
—4 35.21
4 0.
—4 13.29
4 3.52

1769

Featea.
—17.87
9.09
8.08
—30.29
8.56
17.17
11.15
2.22
—15.93
— 5.23
3.88
— 1.65
17.90
9.28
—16.53
0.67
5.52
—-10.96
5.24
9.70
— 7.34
—32.76
13.03
—12.90
11.47
— 4.64
—20.18
5.72
4.59
12.48
9.07
—11.74
-13.77
— 2.94
—10.45
15.95
8.56
-15.25
— 3.74
.89
.68
.57
.36
11
.92
.07
40.58
—19.78
—16.59
— 6.72
—14.13
9.08
36.50
0.44
—12.62
— 3.56
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TaeLe IV. (Continued)

h k 1 FO!}S- Fcalcd‘ h k1 Fohs. Fcalt'.d, h k I Fehs, chlcd. h k 1 Fobs. Fca]cd.
5 4 —4 6.28 — 5.90 9 6 —4 7.95 — 7.85 4 9 —415.46 —15.32 212 4 2.78 — 2.80
6 4 4 597 —-5.05 11 6 4 501 — 5.71 59 40 —1.49 212 —4 4.88 5.67
6 4 —411.38 10,92 11 6 —4 5.47 5.74 5 9 —4 8.81 7.52 312 4 6.15 — 7.22
7 4 411.16 11.63 12 6 —4 2.91 — 2.70 6 9 4 4.85 5.23 312 -4 5.60 5.15
7 4 —4 3.68 369 0 7 417.84 —16.19 6 9 —4 2.32 2.66 412 4 17.57 8.49
8 4 411.66 —11.46 1 7 4 0. - 0.51 79 4 198 — 2.05 412 —4 4.79 — 5.11
8 4 —4 8.25 — 7.13 1 7 —420.34 —18.52 7 9 —4 2.81 — 2.88 612 4 6.74 — B8.28
9 4 4 6.15 — 6.27 2 7 425,78 23.15 8 9 4 560 — 6.83 612 —4 8.66 10.82
9 4 -4 0. — 1.38 2 7 -4 325 — 3.82 8 9 —4 3.86 — 4.56 712 4 4.27 5.67
10 4 4 875 1037 3 7 42674 -25.98 9 9 4 7.95 9.80 712 -4 4.24 — 4.04
10 4 —4 10.42 9.56 3 7 -4 6.28 5.24 9 9 —4 7.76 8.42 812 4 1.76 1.21
11 4 4 6.09 — 6.60 4 7 4 6.46 6.96 10 9 4 4.98 — 5.46 8§12 -4 0. - 0.95
11 4 —4 5.84 — 5.40 4 7 —4 2.47 2.87 10 9 —4 0. — 0.95 912 —4 4.27 4.84
0 5 4 529 —2.79 57 414,78 14.23 11 9 —4 7.23 — 7.83 113 4 2.72 — 2.49
1 5 420.74 —18.52 5 7 -4 9.00 — 8.98 010 411.32 —10.62 113 —410.94 —13.36
1 5 —432.77 —-29.02 6 7 4 8.44 — 8.90 110 4 1.85 3.02 213 4 6.00 6.52
2 5 428.88 25.40 6 7 -4 0. 0.76 110 -4 3.7 3.58 213 —411.87 14.45
2 5 —421.36 21.45 77 4 0. — 1.44 210 412.15 12.90 313 4 1.85 — 2.93
3 5 4 3.86 3.59 7 7 —412.52 13.18 210 —4 4.76 3.26 313 -4 3.80 — 4.24
3 5 -4 572 5.03 8 7 4 4.73 4.53 310 4 6.89 — 7.93 413 4 3.52 3.18
4 5 411.53 —11.59 8 7 —410.20 — 9.99 310 -4 8.78 — 7.94 413 —4 5.87 — 5.88
4 5 —418.92 —20.12 9 7 4 4.36 4.43 410 4 2.84 — 3.77 513 4 1.24 — 2.70
55 4 1.85 2.08 9 7 —4 2,78 — 3.51 410 —4 4.85 — 4.17 513 —4 6.21 7.05
5 5-410.73 109 10 7 4 8.50 — 9.62 510 4 12.86 14.63 913 —4 2.54 3.55
6 5 415.40 15.34 10 7 —4 10.11 10.99 510 —4 7.48 8.10 014 4 9.58 —10.52
6 5 —4 9.09 9.21 11 7 4 3.37 4.44 610 4 6.09 — 6.73 114 4 3.59 4.85
75 4 48 — 461 11 7 -4 4.64 — 5.21 610 —4 3.71 — 4.05 114 —4 0. 1.44
7T 5 —4 9.65 — 9.69 0 8 412.74 11.40 710 4 3.62 — 3.64 214 4 3.49 4.81
8 5 4 8.44 — 8.23 1 8 4 2,50 — 2.76 710 —4 7.30 — 8.76 214 -4 4.39 5.75
8 5 -4 2,78 — 2.85 1 8 —4 14.87 —13.34 810 4 8.38 8.89 314 4 6.71 — 7.58
9 5 415.24 15.99 2 8 4 257 - 2.75 810 —4 11.16 13.18 314 —4 4.98 — 6.52
9 5 —414.13 14.57 2 8 —4 B8.56 — 7.37 1010 4 3.09 — 4.47 514, 4 4.05 5.39
10 5 4 4.8 — 5.95 3 8 4 7.48— 7.04 1010 —4 3.65 — 4.66 514 —4 3.22 4.21
10 5 —4 3.90 — 4.37 3 8-416.60 16.32 11 10 —4 4.33 5.55 614 4 3.46 — 4.29
11 5 4 5.78 — 6.56 4 8 4 7.23 6.97 011 417.59 —17.61 614 —4 0. — 1.54
11 5 —4 8.44 — 8.19 4 8 —417.34 —19.41 111 4 3.9 2.87 714 4 0. — 1.6l
12 5 4 5.78 850 6 8 4 5.66 — 6.46 111 —4 6.31 — 5.32 714 —4 5.19 — 6.36
12 5 —4 9.31 10.33 6 8 —4 6.83 5.68 211 4 8.93 9.18 814 —4 3.52 5.24
0 6 4 2.07— 3.14 7 8 4 7.36 8.09 211 —4 0. 0.61 015 4 3.25 — 4.00
1 6 423.56 —20.09 7 8 —4 4.88 — 4.71 311 415.46 —17.27 115 4 3.18 4.74
1 6 —419.88 16.78 8 8 4 0. 0.34 311 —4 0. 0.72 115 —4 2.16 — 2.89
2 6 426.28 24.83 8 8 —4 3.96 — 4.30 411 4 6.25 7.35 315 4 6.12 — 7.13
2 6 -4 0. —0.21 9 8 4 476 — 5.76 411 —4 2.01 2.75 315 —4 3.80 — 4.40
36 4 411 — 3.77 9 8 —4 0. 1.15 511 4 3.83 3.73 415 4 7.17 9.72
3 6 -4 3.12-272 10 8 4 4.02 5.14 511 —4 0. — 0.45 415 —4 3.62 3.65
4 6 417.10 —15.76 10 8 —4 0. 1.55 611 4 7.33 — 7.28 515 4 0. - 1.20
4 6 —4 2.32 1.63 11 8 4 2.75 1.96 611 —4 7.27 — 7.18 515 —4 2.72 2.91
5 6 416.63 15.73 11 8 —4 6.09 — 5.91 711 4 1.24 1.86 6 15 —4 4.76 — 6.47
5 6 —412.58 12.12 0 9 4 522 —4.77 711 —4 5.9 6.00 715 —4 3.06 5.88
6 6 4 6.21 — 6.14 1 9 417.13 —17.30 811 4 0. 1.13 116 4 5.22 6.11
6 6 —4 8.69 — 8.44 1 9 —4 25.69 —24.37 811 —4 5.50 — 5.81 116 —4 1.05 — 2.03
7 6 4 566 — 5.32 2 9 417.87 16.94 911 4 2.84 3.72 216 4 3.49 — 4.18
7 6 —4 5.50 — 5.11 2 9 —-421.86 20.33 911 —4 0.93 — 2.24 216 —4 0. 1.73
8 6. 4 0. 1.33 39 4 6.74 — 6.56 1011 —4 3.65 4.36 316 4 2.20 — 2.86
8 6 —410.54 10.16 3 9-4 0. 0.60 112 4 6.31 6.44 316 —4 0. 1.34
9 6 4 3.71 3.76 4 9 4 6.28 — 6.04 112 -4 2,01 — 240 0 1 5 2.36 1.29
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Crystal Structure of 1,2,3-Tribromo-6-(o-methoxyphenyl)fulvene

I Fohs. Fcalcd,
5 6.51 — 4.61
-5 0. — 0.03
5 3.82 2.70
-5 11.37 15.09
5 7.30 7.43
—512.57 —15.23
5 24.85 —24.23
-5 3.28 3.81
516.93 15.29
—515.43 16.32
5 3.44 — 2.08
-5 17.01 —17.30
5 18.09 —17.67
-5 9.29 7.27
514.60 15.16
-5 6.02 5.23
5 3.36 — 3.43
—5 10.08 — 9.07
5 5.10 3.80
5 7.18 -5.13
-5 6.60 7.45
5 7.72 5.00
-5 6.18 — 4.75
5 4.60 — 3.72
-5 3.65 — 3.47
5 8.38 7.16
-5 7.30 7.18
5 7.92 6.69
-5 9.17 — 8.15
5 3.44 — 4.04
-5 0. 1.05
5 5.72 — 4.09
5 4.98 — 3.58
-5 1.04 — 1.93
5 9.9 8.35
-5 11.74 12.61
5 8.34 7.45
—5 15.97 —18.01
519.29 —18.55
-5 5.19 4.54
516.80 17.39
—511.82 12.15
5 6.02 5.75
—517.75 —18.24
511.28 —12.16
—510.08 8.83
511.62 10.71
—5 4.98 3.45
5 1.87 — 2.03
-5 6.18 — 5.16
5 2.07 — 2.51
-5 5.97 5.28
5 6.14 — 5.57
5 2.49 — 1.19
=5 11.41 12.57
5 9.67 8.64

—
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k
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
7

I
]
5
]
5
-3
3
-5
5
~5
5
-5
5
-5
5
-5
5
-5
5
5
-5
5
~5
5
~5
3
-5
5
-5
5
-5
5
-5
5
-5
5
-3
5
-3
5
-5
5
-3
5

5
-5
5
-3
5
-5
5
-5
5
-5
-5
5

TabLE IV.
Fcbs. Fcnlcd.
11.57 —11.19
15.76 —15.02
4.23 2.03
4.48 4.49
12.94 12.98
9.54 10.70
14.10 —14.20
16.14 —16.49
0. — 1.58
8.71 8.85
9.08 7.97
6.02 6.59
7.09 — 5.74
6.43 — 6.93
3.57 — 3.95
0. —0.25
7.63 6.99
8.63 7.14
7.18 — 5.96
14.35 —14.56
0. — 1.58
12.90 11.43
5.35 6.19
4.81 — 5.15
6.55 — 6.61
4.19 — 4.65
9.75 8.97
9.46 8.59
3.53 — 2.53
12.03 —10.76
3.57 — 3.66
3.48 3.76
6.80 8.31

1.87 — 2.42
1.66 1.65
2.86 2.37
3.1 2.95
2.90 — 3.27
9.75 — 8.95
10.37 — 9.73
4.81 4.32
16.88 16.05
4.98 5.96
8.71 — B8.75
11.82 —12.24
0. 0.00
3.53 4.26
9.38 7.77
4.69 4.81
6.18 — 6.52
6.64 — 8.29
0. 2.04
1.24 4.17
0. — 2.05
1.24 2.92
7.59 7.33

(Continued)

h
1

1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
9
0
1
1

2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
9
0
1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
9

k

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

{

Fohs.
5.48
5.35
0.
4.40
6.76
6.39
7.80

14
85

.88
.85
.18
.52
.53
.94
77
.32
.72
.41
.44
.40
.43

—
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.43

—
v o Lh

.35
.39

Ao R

.69
.20
.23
.33
.76

— —
=T =

6.93
6.97

5 13.36

8.63
6.02
3.57
7.01

4.98
3.53
4.77
3.57
5.43

3.32
5.48

.66.

Fcnlcd.
— 5.22
— 5.35
- 1.30
3.25
7.01
— 6.16
- 7.33
— 1.31
7.73
4.92
— 0.96
— 7.88
— 5.86
5.79
4.83
3.14
— 4.62
— 4.29
— 2.00
5.10
11.06
3.36
—11.15
—17.55
— 0.38
1.10
15.92
12.46
—15.26
—16.90
— 0.38
5.50
10.87
5.66
— 9.83
— 7.55
0.92
7.40
7.20
—13.12
- 9.23
5.43
4.40
7.73
— 0.63
— 4.98
— 4.69
— 0.36
— 4.69
4.66
5.73
- 1.93
— 0.54
— 4.07
— 6.20
1.74

I Fous.

7.92
5.02

.18

08

71
.77

™
b=

8.42

6.47
3.32

4.40
7.09
2.49
.53

.53

.11
.44
.90
4.89
6.72

[ SR PSP o B PV R o QS ]

2.49

5.02
8.42
8.17

4.19
6.26
3.44
4.60
3.19
8.63
6.97
4.56
1.66
9.54
4.81
7.05
4.36
1.66
4.77
5.06
6.35
2.95
1.66

1771

Fealed.
7.39
— 4.03
1.22
7.04
- 0.27
0.90
— 9.85
2.06
9.02
5.59
- 2.52
—-10.14
— 0.18
7.50
4.58
- 0.18
— 4.41
7.23
2.60
4.95
1.37
— 4.31
1.03
3.20
2.36
— 3.46
4.91
7.67
— 1.15
— 8.00
- 1.29
1.38
9.27
6.67
- 9.92
— 9.55
0.88
5.94
7.35
- 4.91
6.33
2.23
—10.06
- 9.07
— 2.89
3.02
10.81
6.08
- 7.33
— 5.16
— 3.09
— 5.36
7.20
— 8.96
2.01
1.54
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TasLe IV. (Continued)

h k1 Fohs. Fcalcd. h k 1 Fobs. Fcalcd. h k1 Fobs‘ Fcaicd‘ h k I Fobs‘ Fcalcd.
214 -5 4.98 5.70 5 2 -6 5.31 540 11 4 —6 7.80 — 7.63 6 7 6 3.82 — 4.28
314 5 0. 1.64 6 2 6 0. 1.49 12 4 —6 5.52 5.80 6 7 -6 0. — 0.68
314 -5 5.68 — 7.58 6 2 —610.88 —10.58 0 5 628.72 24.78 77 6 3.52 3.18
00 6 6.21 — 9.50 72 6 9.08 - 9.09 1 5 6 742 —-57 7 7 -6 5.26 5.03
1 0 624,17 31.36 7 2 -6 0. 0.75 1 5 —618.86 15.71 8 7 6 3.44 4.30
1 0 —6 18.14 —22.34 8 2 6 5.62 6.05 2 5 618.73 —16.57 8 7 -6 2.69 2.45
2 0 623.33 —24.54 8§ 2 -6 2.82 2.57 2 5 -6 7.67 6.56 9 7 6 5.34 — 6.83
2 0 -6 8.49 19.63 9 2 6 0. 1.43 3 5 621.02 19.64 9 7 -6 6.11 — 5.61
3 0 6 7.98 — 6.61 9 2 -6 2.8 2.49 3 5-613.29 —10.60 10 7 —6 0. 1.47
3 0-6 3.8 —6.51 10 2 6 7.67 — 8.46 4 5 6 439 —4.21 11 7 —6 4.82 5.43
4 0 622,38 2443 10 2 —6 7.72 — 6.67 4 5 -6 2.05 — 3.09 08 6 7.60 5.20
4 0 —612.29 —16.91 11 2 —6 5.52 5.27 5 5 610.98 —10.78 1 8 6 6.26 4.46
5 0 612,52 —11.97 0 3 6 5.67 — 3.75 5 5 -612.22 11.27 1 8 —611.91 —10.20
5 0—-6 2.31 — 3.9 3 610.91 9.67 6 5 6 7.70 7.79 2 8 613.99 —12.71
6 0 6 0. — 3.17 1 3 —-611.45 10.19 6 5 -6 0. - 0.03 2 8 -6 1.98 1.82
6 0 —612.09 12.25 23 6 6.93 —5.18 75 6 5.72 6.01 3 8 6 3.46 2.98
70 6 4.4 4.32 2 3 -617.89 —14.79 7 5 —612.83 —11.65 3 8 -6 2.8 1.37
7 0—-6 0. 0.01 33 6 3.499— 2.9 8 5 6 5.75 — 6.33 4 8 6 3.4 3.93
8 0 6 5.67 5.73 3 3 -6 2.05—1.35 8 5 —-612.11 10.71 4 8 -6 2.82 —1.74
8 0 —612.34 —12.74 4 3 6 4.21 4.22 9 5 6 0. — 1.67 5 8 6 8.42 — 8.25
9 0 6 6.78 — 7.84 4 3 —611.78 10.33 9 5 -6 3.8 3.33 5 8 -6 3.46 — 3.78
9 0 —616.55 15.26 53 6 0. 0.71 10 5 6 2.49 7.39 6 8 6 0. 2.52
10 0 6 0. 0.55 5 3-610.75 —9.18 10 5 —6 9.83 — 7.98 6 8 —6 2.82 3.09
10 0 —6 3.28 — 2.83 6 3 61003 — 8.8 11 5 -6 4.16 3.73 7 8 6 0. 2.27
11 0 -6 7.57 — 6.03 6 3 -6 0. —094 12 5 -6 2.16 3.25 7 8 -6 3.8 4.17
12 0 —6 8.98 8.75 73 6 0. — 1.05 0 6 618.09 —15.07 8 8 6 2.39 — 2.13
0 1 613.01 18.22 7 3 -6 7.62 6.48 1 6 6 6.8 5.01 8 8 -6 7.75 — 7.84
1 1 611.01 —10.54 8 3 6 3.7 4.55 1 6 —6 10.68 8.32 9 8 —6 5.21 5.41
1 1 -6 0. 0.17 8 3-6 0. - 1.5 2 6 6 3.77 — 2.60 0 9 620.63 17.32
21 6 8.01 —7.03 9 3 6 6.47 — 6.41 2 6 -6 9.55 7.74 1 9 6 6.03 - 4.77
2 1 -6 8.44 9.82 9 3 —6 4.82 — 4.62 3 6 6 5.85 5.31 1 9 —610.9 8.76
31 612.29 11.69 10 3 6 0. 1.47 3 6 —619.35 —15.02 2 9 610.78 —10.13
3 1 -6 58 —6.53 10 3 -6 4.52 3.82 4 6 6 7.72 — 7.36 2 9 -6 4.9 4.03
4 1 6 444 — 4,25 11 3 —6 3.98 3.57 4 6 —615.19 13.52 3 9 616.60 16.24
4 1 —611.55 —13.60 12 3 —6 6.29 — 6.57 56 6 0. —04 3 9 -6 8.75 — 7.09
51 610.44 — 9.07 0 4 6 3.90 — 1.9 5 6 -6 1.95 1.27 4 9 6 3.36 — 3.83
5 1-6 5.70 6.22 1 4 628.20 25.29 6 6 6 7.70 7.65 4 9 -6 0. 0.20
6 1 6 7.21 6.51 1 4 —6 13.60 —11.07 6 6 -6 8.21 — 7.24 59 6 7.62 — 7.51
6 1 —6 6.54 — 6.73 2 4 623.74 -22.14 76 6 7.83 — 9.10 5 9 -6 3.4 2.66
71 6 5.95 5.46 2 4 —-615.65 13.03 7 6 —6 4.49 4.19 6 9 6 7.24 7.55
7 1 —612.24 —11.93 34 6 1.8 1.61 8 6 6 0. 2.43 6 9 -6 1.8 1.66
8 1 6 9.80 — 9.74 3 4 -6 4.72 4.18 8 6 —6 2.77 2.66 79 6 0. 1.84
8 1 -6 9.60 9.14 4 4 619.04 18.37 9 6 6 3.00 4.10 7 9 -6 9.7 — 9.86
10 1 6 5.59 5.83 4 4 -6 7.57 — 5.19 9 6 —6 4.13 — 4.73 8 9 6 2.57 — 3.72
10 1 -6 9.06 — 7.76 5 4 6 8.21 —7.44 11 6 —6 3.57 3.17 8 9 -6 7.26 6.85
12 1 —6 4.70 4.68 5 4 -6 2.57 — 2.35 07 6 534 2.99 10 9 —6 7.37 — 8.36
0 2 615.63 —15.88 6 4 6 0. 0.57 1 7 6 9.78 7.21 110 6 8.65 — 6.70
1 2 61537 12.71 6 4 —6 8.60 10.47 1 7 —-616.66 13.91 110 —6 4.90 5.24
1 2 -6 3.21 3.69 7 4 6 3.88 4.16 2 7 613.70 —11.61 210 6 5.18 4.03
22 6 1.49 0.57 7 4 -6 3.98 — 3.73 2 7 -614.22 —11.81 210 —6 4.47 — 4.14
2 2 —614.50 14.06 8 4 6 5.70 5.05 3 7 6 5.65 4.61 310 6 7.67 7.43
3 2 6 3.36 —3.7 8 4 —6 B8.73 — 8.47 3 7-6 3.82 2.61 310 -6 9.32 — 9.36
3 2 -617.17 —20.99 9 4 6 9.47 — 9.25 4 7 6 0. 1.54 410 6 8.83 — 8.81
4 2 6 3.18 — 3.08 9 4 —6 10.65 9.56 4 7 —-612.52 11.01 410 —6 9.21 8.71
4 2 —612.16 13.56 10 4 6 0. 2.22 57 6 3.44 2.88 610 6 6.57 7.38
52 6 0. -—10.47 10 4 —6 3.11 — 2.67 5 7 -6 4.88 — 3.65 610 —6 9.75 — 9.05
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TaBLE IV.
h kI Fobs.  Fealed. h kI Fops.  Fealed.
710 6 4.03 — 5.40 411 6 3.41 — 3.60
710 —6 6.21 5.45 411 -6 6.21 5.64
810 —6 3.11 2.94 511 6 2.69 2.79
910 —6 3.39 — 3.16 511 —6 8.47 — 8.43
011 6 3.34 3.17 012 6 7.70 7.95
111 6 3.82 2.43 112 6 1.28 — 1.90
111 —612.57 12.66 112 —6 1.82 — 2.10
211 6 6.75 — 6.12 212 6 2.98 — 2.99
211 —611.45 —10.46 212 -6 1.82 1.12
311 6 3.62 3.76 312 6 6.11 5.91
311 -6 0. - 1.09 312 -6 3.98 3.46

and the low value of the discrepancy factor
obtained by the block-diagonal matrix least-
squares refinement guarantee that the three-
dimensional molecular structure determined
here is quite reliable. Thus the molecular
structure of this compound, derived by chemi-
cal reasoning, has.been verified by independent
X-ray analysis.

As was mentioned in the previous paragraph,
we used only one chemical fact to interpret
the Patterson function, the fact that three
bromine atoms combine with the fulvene ring.
The first Fourier synthesis, computed with
signs based on the three bromine atoms, gave
the whole molecular shape definitely. Two
low and broad peaks were observed near the
position of Cs; in the first Fourier synthesis.
They were quite a bit lower than those of O
and Ci;. Although another molecular model,
in which the methoxybenzene rotates by 180°
about the C;—C; bond, seemed to be least
probable, we made a least-squares refinement
for it. After three least-squares, cycles the R
factor dropped to 0.16 without non-observed
reflections (R=0.18 including them). A Fourier
map corresponding to the last cycle of the least-
squares procedure gave peaks whose heights
were only 10% of those of the other carbon
atoms near these assumed atomic positions (the
temperature factors for these atoms became
8.1 and 7.5 A? in the least-squares procedure)
and rather high peaks at the positions of O
and C;; where, in this calculation, we did not
put any atom. Therefore, the reliability of
the present analysis is further confirmed.

This molecular structure explains the NMR
spectra well. For example, the H; signal of
this compound (7.63 p. p. m.) shifts into a field
lower by 0.41 p.p.m. than that of the p-
methoxy compound (7.22 p.p.m.). The shift
may be due to the magnetic anisotropy of the
oxygen atom which is disposed near the hyro-
gen, Hs, in this configuration.

The bond lengths and angles are illustrated
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(Continued)
h k I Fops. Fcalcd. h k 1 Fovs. Fealea.
412 6 1.05 — 0.44 313 —6 0. 1.04
412 —6 0. 0.20 413 6 4.77 — 6.12
512 6 2.90 — 4.50 413 -6 0. — 0.15
512 -6 2.31 — 2.55 613 —6 3.98 4.67
712 —6 4.11 5.73 114 6 5.67 — 6.18
013 6 7.47 8.22 114 —6 3.08 3.57
113 6 4.49 — 5.03 214 6 2.9 4.06
113 —6 3.67 3.93 214 -6 1.92 — 3.21
213 6 1.80 — 2.72 314 6 3.44 4.43
213 -6 0. 0.89 314 -6 0. — 1.86
313 6 5.57 8.25 414 —6 2.05 3.63

Fig. 5. Bond lengths (A) and bond angles
(°) in the molecule of 1,2,3-tribromo-6-(o-
methoxyphenyl) fulvene.

in Fig. 5. The average estimated standard
deviations of the coordinates are 0.003, 0.022
and 0.015 A for bromine, carbon and oxygen
atoms respectively. Therefore, the estimated
standard deviations of the bonds are 0.022 A
for C-Br, 0.027 A for C-0O, and 0.031 A for
C-C. In the fulvene ring, C;-C, and C,-C;
may be double bonds, the mean bond length
being 1.31 A. The bonds C,-Cs;, C+~Cs and
Cs—C, are thought to be single bonds, their
mean length being 1.48 A. The bond Cs—Cs
seems to be double, and the C-C distances in
the benzene ring are within the range from
1.36 to 1.44 A. The lengths of Ci,-O (1.39A)
and O-C;; (1.46 A) are reasonable if the
standard deviations in the bond lengths are
allowed for. The mean C-Br distance is 1.86
A, in good agreement with the normal value
of this pair (1.85 A).»

3) * Tables of Interatomic Distances and Configuration
in Molecules and Ions,” The Chemical Society, London
(1958).
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Fig. 6. Arrangement of molecules in the unit
cell viewed along the c axis, with short inter-
molecular distances (A).

[Vol. 38, No. 10

Fig. 7. Arrangement of molecules viewed along
the a axis.

Fig. 8.

The benzene ring is approximately planar,
the best plane being represented by the
equation ;

Y=-12.76X+27.80Z+51.01

where X=xsinf, Y=y, and Z=z+xcospB.
The coefficients were determined by the least-
squares method. The fulvene ring is also
nearly planar, the best plane being described
by the equation:

Arrangement of molecules viewed along the b axis.

Y=0.1836X+1.859Z—3.159

The perpendicular displacements of the atoms
from these mean planes are listed in Table V.
The plane of the benzene ring makes an angle
of 38°54' with the plane of the fulvene ring.
This angle between two planes mainly occurs
as a result of the twisting about the bond
Cs—C;. The distance between the non-bonded
atoms C, and Cs is 3.21 A ; contact between
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TABLE V. DEVIATIONS FROM THE LEAST-SQUARES
PLANES (A)

Atom bel;;g:; t;)}}:ne Atom qufl;a?{: ;?:ne
C; 0.03 C, 0.00
Cs -0.02 C; —0.01
Cs —0.00 Cs 0.01
Cio —0.03 C, —0.00
Cu 0.02 Cs 0.00
Cy 0.00 Br, 0.10
C, 0.61 Br: 0.12
Cz 1.36 Bl‘s —0.07
C; 1.98 Cs 0.07
C, 1.56 C; 0.04
Cs 0.67 Cs —-0.77
Br1 —0.30 Cg —0.75
Brg 1.79 C]o 0.01
BI';; 3.09 Cu 083
Cs 0.03 Cpe 0.77
0] 0.04 (o] 1.53
Cis —0.15 Cis 2.20

them might cause this twisting. If the positions
of the hydrogen atoms bonding to C; and C;
are estimated with conventional C-H length
and angles, the distance between them is
approximately 1.9 A; this value might be
reasonable for the contact of such hydrogens.

The methyl group in the methoxy group
«deviates from the plane of the benzene ring,
the Ci,-Cis distance being 282 A. Three
‘bromine atoms and C; are out of the plane of
the fulvene ring, probably because of the
mutual repulsion among these substituted
atoms and this group. The Bri;—Brs;, Br:-Br;
and Br,-Cs distances are 3.56, 3.56 and 3.29 A
Tespectively.

Figures 6, 7 and 8 show the crystal structures
projected along the c, a and b axes respectively.
If the van der Waals radii of the bromine,
oxygen and methyl groups are taken to be
1.95, 1.40 and 2.0 A respectively, and if the
half thickness of the aromatic ring is 1.70 A,
as is usually accepted, all the intermolecular
approaches observed are equal to or longer

Crystal Structure of 1,2, 3-Tribromo-6-(o-methoxyphenyl)fulvene

1775

than the sums of the radii of the corresponding
atoms within the range of errors. It might be
concluded from Figs. 6, 7 and 8 that the
molecules are well packed by the van der
Waals interactions. The benzene rings which
are related to each other by the c¢ glide plane
are nearly parallel, because the plane of any
benzene ring makes a very small angle with
the b axis. Therefore, these nearly parallel
benzene rings are piled up at a distance of
about 3.5 A in the direction of the ¢ axis, as
may be seen from Fig. 8.

Although the dipole moment of the present
compound has not been measured, it is, expected
to show a considerable value, judging from
the value of the related chloro derivative
(4.72D). If the crystal structure of the present
compound is discussed in view of the arrange-
ment of such dipolar molecules, it may be
compared to that of 3-bromo-2-methoxytro-
pone,” although there is a slight difference in
the direction of the glide planes, the c glide
in the former and the a glide in the latter.

From the similarity of the unit cell dimen-
sions between the present crystal and that of
the chloro derivative, it may be deduced that
the molecular packing of the latter is essential-
ly the same as that of the former, which has
been described here.
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