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The Crystal and Molecular Structure of 2-Chlorotropone-Cycloheptatriene Adduct
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The crystal and molecular structure of the adduct, C14H;30Cl, formed by thermal reaction of 2-chloro-
tropone and cycloheptatriene, has been determined by X-ray diffraction methods. The crystals are mono-

clinic, space group P2;/a and the unit cell contains four molecules and has dimensions a=10-45

A, b=

7-65, c=13-40 A and = 105-7°. The structure was solved by the heavy atom method and refined by full-
matrix least-squares calculations with anisotropic thermal parameters. The present structure determina-
tion confirmed the results of the previous chemical study that the adduct is 7-chloropentacyclo
[7-5-0-02.7-05.13-06.12]tetradeca-3,10-diene-8-one having a unique cage structure.

Introduction

It has been shown that tropone and 2-chlorotropone,
when heated with cycloheptatriene, afford the adducts,
C4sH40 and C4H;OCI, respectively. Unique cage
structures shown in Fig.1 have been assigned to these
adducts on the basis of detailed |nuclear magnetic
resonance analysis (Ito, Fujise & Woods, 1967). Sim-
ilar thermal reaction of 2-methoxytropone and cyclo-
heptatriene yielded analogous cage compounds (Sato,
Fujise & Ito, 1967). In order to confirm the structure
and to obtain more precise information on the stereo-
chemistry of these adducts, the crystal structure anal:
ysis of the 2-chlorotropone-cycloheptatriene adduct
has been carried out.
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Fig.1. Chemical structures of the adducts (a) tropone +cyclo-
heptatriene, R=H (b) 2-chlorotropone+ cycloheptatriene,
R=Cl

Experimental

2-Chlorotropone-cycloheptatriene adduct, C,,H,;0Cl,
was prepared by heating a mixture of 2-chlorotropone
and cycloheptatriene at 140°C for 5 hours in xylene.
The adduct was purified by means of silica gel chro-
matography and crystallized from the xylene solutions.
Recrystallization from xylene afforded well developed
crystals of colorless prisms elongated along the ¢ axis.
The lattice constants were determined from preces-
sion photographs about the three crystallographic axes
taken with Cu K« radiation. The density was measured
by the flotation method using aqueous solutions of
potassium iodide of various concentrations.

Crystal data

2-Chlorotropone-cycloheptatrieneadduct (7-chloropen-
tacyclo[7-5:0-02:7-05:13-06:12]tetradeca-3,10-diene-8-one),
C14H;0Cl, m.p. 149~ 151°C, mol.wt. 232:5.

Monoclinic,
a=10-45+0-02, b=7-65+0-01, c=13-40+0-02 A,
Bf=1057°4+0-2°.

V=1031-3 A3.

Dp=147 g.cm=3, D;=1-506 g.cm~3 .

Z=4.

F(000)=492 .

u(Cu Ke)=34-0cm-!.

Absent spectra, #0/ when / is odd, 0kO when k is odd.
Space group, P2,/a.

The three-dimensional intensity data were collected
from equi-inclination Weissenberg photographs using
Cu Ku radiation taken for the layer lines: zero to 8th
about the ¢ axis and zero to 2nd about the b axis. The
intensities were recorded on multiple-film packs and
were measured with a calibrated intensity scale.
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The specimen for the ¢ axis photographs was a small
prismatic crystal with dimensions 0:18 x 0:25 mm in
cross section, and that for the b axis was a cylinder
cut and shaped from a larger crystal by means of a
thin blade.

The intensity data were corrected for Lorentz and
polarization factors and put on a common scale by
correlating the equivalent structure factors obtained in
various layers. No absorption correction was applied.
The total number of independent observed structure
factors was 1526.

Determination and refinement of the structure

The coordinates of the chlorine atom were determined
from a three-dimensional sharpened Patterson map
calculated for the structure with atoms at rest. The
crystal contains one chlorine atom in the asymmetric
unit and the coordinates were found to be x=0-439,
y=0-355, z=0-109. Utilizing the phase angles given by
the contribution of the chlorine atoms, the first three-
dimensional Fourier synthesis was calculated. The R
index was 0-64. Of the twenty-three electron density
peaks with noticeable height, apparent in the Fourier

synthesis, four peaks were chosen for the next phase.

angle calculation. A gross feature of the molecular x [1046(x)] y [104a(y)] z[1046(2)]
structure suggested by the previous chemical study was ¢l —0-0559 (2) 0-1492 (3) 0-1083 (2)
of great help in eliminating spurious peaks. Consecu- O 0-1033 (7) 0-0705 (8) 0-3278 (6)
tive rounds of structure factor and Fourier or difference ~ €(1) —0:0429 (8) 0-4781 (10) 0-3415 (7)
. . . C(2) -—0-1133 (7) 0-3943 (11) 0-2352 (6)
Fourier calculations revealed the locations of all the ¢(3) —0-1855 (10) 0-5079 (13) 0-1493 (8) -
atoms at their approximate positions. The R index at  C(4) —0-1155 (10) 0-6012 (14) - 0-1036 (8)
i sge s 045 co gmmel pma owo
Refinement of the structure was carried out by least- & 0-0020 (8) 0-2991 (10) 0-2109 (6)
squares methods. Several cycles of block-matrix least- () 0-0614 (9) 0-2142 (12) 0-3124 (8)
squares calculations followed by four cycles of full- ¢(9) 0-0613 (9) 0-3414 (11) 0-3996 (7)
matrix anisotropic calculations by the ORFLS program 88(1); 8%(6)3?/ 8; g";g}g 8% g‘g;;‘} gg
(Busing, Martin & Levy, 1962) reduced the R value ) ) )
to 0-143 for 1526 observed reflexions. In the latter cal- 883 8(2)835 g; 82%8 8(2); 8322‘1‘ g%
culations the weighting scheme was taken as: C(14) 0-0156 (9) 0-6560 (12) 0-3253 (8)
Table 2. Final thermal parameters and their standard deviations
Temperature factors are of the form:
exp [—(B11A2+ Baok? + B3312 + 2B12hk + 213kl + 223k1)].
Bul10%6(B11)] B22[10%6(B22)] B33[10%5(B33)] B12[10%6( B12)] B13[10%6(B13)] B23[10%0(B23)]
Cl 0-0111 (3) 0-0158 (4) 0-:0074 (2) —0-0032 (3) 0-0007 (2) —0-0045 (2)
O 0-0165 (9) 0-0108 (11) 0-0105 (6) 0-0033 (8) 0-0017 (6) 0:0012 (7)
C(1) 0-0097 (10) -0-0089 (14) 0-0087 (8) —0-0008 (10) 0-0013 (7) —0-0015 (9)
C(2) 0-0079 (8) 0-0170 (16) 0-0058 (6) 0-0016 (10) 0-0028 (6) —0-0003 (9)
C@3) 0-0116 (11) 0-0185 (19) 0-0070 (7) 0-0024 (13) 0-0019 (7) 0-0006 (11)
C4) 0-0131 (12) 0-0206 (22) 0-0081 (8) 0-0076 (15) —0-0001 (8) 0:0016 (12)
C(5) 0:0126 (11) 0-0149 (17) 0-0095 (9) 0-0035 (12) 0-0011 (8) 0-0004 (11)
C(6) 0:0068 (8) 0-0134 (16) 0-0079 (7) —0-0008 (9) 0-0012 (6) 0-0011 (9)
C(7) 0-0087 (9) 0-0121 (15) 0-0040 (5) —0-0023 (9) 0-0027 (5) —0-0013 (8)
C(8) 0-0089 (10) 0-0149 (18) 0-0083 (8) —0:0040 (11) 0-0022 (7) —0:0002 (11)
C(9) 0-0114 (10) 0-0149 (16) 0-0059 (6) 0-0009 (11) —0-0004 (6) —0-0039 (10)
C(10) 0-0123 (12) 0-0134 (17) 0-0065 (7) 0-0028 (11) 0-0006 (8) —0-0020 (10)
C(11) 0-0105 (10) 0-0141 (17) 0-0078 (9) 0-0004 (11) 0-0015 (7) —0-0045 (10)
C(12) 0-0105 (10) 0-:0090 (14) 0-0093 (9) 0-0001 (10) 0-0012 (7) —0-0012 (9)
C(13) 0-0137 (12) 0-0162 (17) 0-0068 (8) 0-0006 (12) 0:0050 (8) 0-0004 (10)
C(14) 0-0114 (10) 0-0141 (16) 0-0090 (8) —0-0001 (11) 0-0042 (8) —0-0008 (10)

STRUCTURE OF 2-CHLOROTROPONE-CYCLOHEPTATRIENE ADDUCT

Yw=30/F, when Fo>30,
Yw=F,/30 when F,<30.

The final positional and thermal parameters are listed
in Tables 1 and 2. Averages of the standard deviations
of the positional parameters are estimated as follows:

for chlorine atoms, o(r)=0-0024 A ,
for oxygen atoms, o(r)=0-0068 A ,
and for carbon atoms, o(r)=0:0090 A .

The final Fourier and difference Fourier syntheses were
then calculated using the parameters shown in Tables
1 and 2. Fig.2(a) and (b) show the superimposed con-
tour sections of the electron density map and the view
of the molecule along the b axis. All the hydrogen atoms
were located on the difference electron density map
as shown in Fig.3. The coordinates and the isotropic
temperature factors of the hydrogen atoms were then
refined by block-matrix least-squares calculations (pro-
gram by Okaya & Ashida, 1967) in which the heavy
atom parameters were left unchanged. The R index
was reduced to 0-139. The refined atomic parameters

Table 1. Final fractional coordinates
and their standard deviations
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(6)

Fig.2. (a) Composite projection of the electron density map
along the b axis. Contours are drawn at 1,2,3... e.A-3 for
carbon and oxygen atoms and 3,6,9... e.A-3 for chlorine.
(b) Molecular structure projected along the same axis as (a).
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of the hydrogen atoms and their standard deviations
are listed in Table 3. A set of structure factors calcu-
lated with the final parameters shown in Tables 1, 2
and 3 is given in Table 4, together with the observed
structure factors.

Atomic scattering factors used were those given by
Berghuis, Haanappel, Potters, Loopstra, MacGillavry
& Veenendaal (1955) for oxygen and carbon, and those
given by Dawson (1960) for chlorine.

Discussion of the structure

Bond lengths and angles found in the adduct molecule
are shown in Figs.4 and 5. The mean values of the
estimated standard deviations in bond lengths are
0-008 A for CI-C, 0-012 A for C=0O and 0-013 A for
C-C, the mean estimated standard deviation in tetra-
hedral C-C-C bond angles being 0-8°. The C-C single
bond lengths vary from 1-476 A in C(2)-C(3) to 1-584 A
in C(5)-C(13), the mean value for the sixteen C-C
bonds being 1:531 A.

The shorter bond lengths found in C(3)-C(4) and
C(10)-C(11), the larger valency angles in C(2)-C(3)-
C4), C(3)-C4)-C(5), C(9)-C(10)-C(11) and C(10)-
C(11)-C(12), and the smaller torsion angles of 1-1° and
7-7° found in C(2)-C(3)-C(4)-C(5) and C(9)-C(10)-
C(11)-C(12) respectively, indicate the double bond
character of the bonds C(3)-C(4) and C(10)-C(11).
The arrangement of hydrogen atoms about the four
carbon atoms also supports this view.

The molecular structure of the 2-chlorotropone-
cycloheptatriene adduct has thus been determined,
without any ambiguity, to be 7-chloropentacyclo-
[7-5-0-02,7-05,13-06-12]tetradeca-3,10-diene-8-one, com-
firming the previous chemical study (Ito, Fujise &
Woods, 1967).

Conformation of the molecule will be discussed by
considering each part of the molecule separately. The
planarity, bond lengths and valency angles involved
in each ring are summarized in Table 5.

The four-membered A ring formed by C(5), C(6), C(12)
and C(13).

The bond angles involved in the four-membered
cyclobutane ring are all less than a right angle. This

Table 3. Refined fractional coordinates, temperature factors and standard deviations, of the hydrogen atoms

x[103a(x)] y[1036(y)] z[1036(2)] Bo(B)]
HQ®) —0-131 (10) 0-491 (8) 0-385 (13) 4-8 (2:6) A2
H(Q) ~0-181 (8) 0-318 (7) 0-266 (10) 2:3 (2:0)
H(3) —0-292 (10) 0-493 (8) 0-214 (13) 3:5(2:3)
H4) —0-169 (10) 0665 (8) 0-028 (13) 59 (2:7)
H(5) 0-110 (10) 0-641 (8) 0-081 (13) 3-8 (2:5)
H(6) 0-164 (8) 0-365 (7) 0-119 (10) 1-4 (1-8)
H(9) 0:026 (10) 0-303 (8) 0-475 (13) 5:2 (2:6)
H(10) 0-232 (11) 0-379 (8) 0-513 (14) 63 (2:8)
H(11) 0-378 (10) 0-501 (8) 0-406 (13) 3-8 (2+5)
H(12) 0-281 (10) 0-564 (8) 0226 (13) 3:1(2:3)
H(13) 0:173 (10) 0-822 (8) 0-278 (14) 5-8(2'7)
H(14) —0-096 (10) 0:716 (9) 0-297 (14) 61 (2:9)
H(15) 0:063 (10) 0-698 (10) 0-415 (14) 45 (2:8)
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Table 4. Observed and calculated structure factors

H K L [Feossi] Frcaw
-6 0 0 29.48 -29.12 11 1 1 8 1 8.52 '-8.36 -8 6 2 3,77 ~3.81 -1 4 3 12,52 10.16 1 2 4
2 0 0 82.70 95.7¢ 12 1 1 8 1 8.69 -7.56 -7 6 2 10,20 -8.97 0 4 3 29.37 27,05 2 2 4
400 4,29 0.86 =11 2 1 8 1 3,50 3.87 -6 6 2 16,75 -16.66 1 4 3 7.42 7,27 3 2 4
6 0 0 31.42 -29,12 -10 2 1 8 1 6.02 -3.60 <5 6 2 5,71 5,64 2 ¢ 3 14,30 13,59 ¢ 2 «
8 0 0 14.8¢ -14.38 -9 2 1 8 1 10.10 10.83 ~4 6 2 22,47 -21.5¢ 3 4 3 3.35 -2.53 5 2 4
10 0 0 3.18 2.26 -8 2 1 8 1 6.05 6.52 <3 & 2 6,22 3.93 4 4 3 17.43 -15.43 6 2 4
12 00 5.68  -6.58 -7 2 1 8 1 6.48 5.32 -2 6 2 1,79 0.33 5 4 3 21,56 19.76 7 2 4
=5 1 0 15,15 -16.25 -6 2 1 8 1 2.51 2,43 -1 6 2 18,80 16,36 6 4 3 12.11 +B.56 8 2 4
171 0 70,23 -74.35 -5 2 1 8 1 0.75 -1.88 0 6 2 1,20 <-1.46 7 4 3 3,98 4.3 9 2 4
2 10 7.66 6.80 -4 2 1 [ ] 3.33 3.25° 1 6 2 19.68 20.13 8 4 3 10,01 -10.77 10 2 4
310 23.37 22,08 -3 2 1 0 2 2,81 =3.10 2 6 2 16.46 14.98 9 4 3 2.69 <1.51 =12 3 4
4 1 0 20.71 24.53 -2 2 1 0 2 10.21 -11.34 3 & 2 3.56 3.61 =10 5 3 3.53  -3.02 -11 3 4
S 1 0 19.53 -16.25 -1 2 1 0 2 25.92 <17.34 4 6 2 6,21 5.04 v 5 3 4.26  -4.35 -10 3 4
6 1 0 12.59 14.09 0 2 1 0 2 18.00 -22.29 S5 6 2 3.55 3.23 8 5 3 7.75  -9.54 -9 3 4
7 10 12 1 0 2 96,20 -114.69 6 6 2 5,68 4,27 =7 5 3 4.20 3.39 -8 3 4
8 10 2 2 1 0 2 36.07 39.92 7 6 2 7.92  -6.08 <6 S5 3 14,67 -16.53 -7 3 4
9 1 0 3 21 0 2 37.37 42,65 8 6 2 3.65 3.50 5 5 3 10.35 9.14 -6 3 4
10 1 0 4 21 0 2 17.65 19.09 -7 7 2 8.15 <10.13 -4 5 3 9.13  -8.56 -5 3 4
11 1 0 5 2 1 02 7.98  -7.38 -6 7 2 1,13 0.40 -3 5 3 1.14 0.87 -4 3 4
12 1 0 6 2 1 0 2 19.n4 -17.37 -5 7 2 4.74 ~6.96 =2 S5 3 27.07 23.86 -3 3 4
-5 2 0 7 21 12 1.99 2.46 -4 7 2 1.22 1.27 -1 5 3 2.85 0.68 -2 3 4
¢ 2 9 8 2 1 12 3.42 400 -3 7 2 3.03 -4,36 0 5 3 26,87 23,35 -1 3 4
12 0 9 2 1 12 5.28 4.77 -2 7 2 4.83 -3.82 1 S 3 18.06 -17.52 0 3 4
2 20 10 2 1 12 2.02 1,26 =1 7 2 11,96 10.44 2 5 3 31.79 33.72 1 3 4
3 2 0 11 2 1 12 1.18 -1.32 07 2 4,74 -2.96 3 5 3 9.20 8.53 2 3 4
4 20 3 12 7.08  -6.30 1 7 2 4.00 1.39 4 5 3 1.27 3.22 3 3 4
5 2 0 -9 3 1 1 2 12.28 -8.93 2 7 2 5.03 -2.88 5 5 3 11.15 9.47 4 3 4
6 2 0 -8 3 1 12 21.53 -20.27 3 7 2 1.24 0.94 6 5 3 1.30 -0.98 5 3 4
7 20 -7 31 12 26,59 -29.37 4 7 2 1.21 1.64 7 5 3 6 3 4
8 2 0 -6 3 1 1 2 65.85 -71.19 5 7 2 3.96 7.67 8 5 3 7 03 4
9 2 ¢ 5 3 1 12 13.87 -14.83 6 7 2 3.30 -3.66 9 5 3 8 3 4
10 2 0 -4 31 1 2 62.46 61.40 -5 8 2 4.20 3.97 10 6 3 9 3 4
1 2 ¢ 3 31 12 5,77  -6.17 -4 8 2 1.07 0.47 -9 6 3 10 3 o
12 2 0 -2 31 1 2 10.88 11,80 -3 8 2 5.26 -6.86 =B 6 3 ‘e
130 “1 3 1 2 40.80 -40.87 -2 8 2 3.65 3,43 -7 6 3 9 4 4
2 30 031 1 2 65,14 65.99 <1 8 2 13.89 -14.19 -6 6 3 -8 4 4
3 30 13 12 1.91 0.09 0 8 2 4,04 3.06 =5 6 3 -7 4 a
4« 30 2 3 1 1 2 26.48 23.93 1 8 2 8.94 -10.20 -4 6 3 -6 4 4
5 3 0 331 12 1.62 1.47 2 8 2 4,22 4,06 -3 6 3 -5 4 4
6 3 0 4 3 1 12 6.75 6.19 3 8 2 1.08 ~3.49 -2 6 3 4 5§ a4
7 30 S 3 1 12 4.76 4.33 4 8 2 1,00 -4.03 -1 6 3 -3 4 4
8 3 0 6 3 1 12 6.54 6.98 S5 8 2 7.75 10.96 0 6 3 -2 4 4
9 3 0 7 3 1 1 2 2.46 -1.78 *12 0 3 2.41 3.70 1 6 3 “1 4
10 3 0 8 3 1 12 1.47  -1,%3 -10 0 3 2.56 -2.82 2 6 3 0 4 4
11 3 0 9 3 1 2 2 4.84 6.21 -8 0 3 5.11 4,70 3 6 3 1 4 4
0 4 0 10 3 1 2 2 2.46 1.40 -6 Q0 3 20,44 -22,82 4 6 3 2 4 4
1 4 0 -10 4 1 2 2 19.84 20.59 -4 0 3 15,61 -20.41 5 6 3 3 4 4
2 4 ¢ 9 4 1 2 2 9.86 10.12 -2 0 3 31,45 -37,83 6 6 3 4 4 4
3 40 -8 4 2 2 19.68 20,09 2 0 3 4p.48 43,25 7 & 3 S 4 4
4 a0 -7 4 1 2 2 24.74 23.35 4 0 3 24,95 24,51 8 6 3 6 4 a
5 4 0 ~6 4 1 2 2  13.42 -12.2% 6 0 3 3,43 6,46 =8 7 3 7 4 4
6 4 0 -5 4 1 2 2 42.87 43.18 8 0 3 2.04 1.46 =7 7 3 8 4 4
7 4 0 -4 4y 2 2 49,01 -46.28 10 0 3 5,70 <~4.51 -6 7 3 9 4 4
8 4 0 -3 4 1 2 2 33.28 33.66 =12 1 3 1,44  -3,79 -5 7 3 -9 5 a
9 4 0 -2 4 1 2 2 85.58 -91.81 -11 1 3 9.23 9.33 -4 73 -8 5 4
10 4 0 -1 4 1 2 2 14,20 -12.82 -10 1 3 2,18 2.12 =3 7 3 “7 5 4
1 4 0 0 4 1 2 2 6.69 3.27 -9 1 3 5.88 7.86 -2 7 3 6 5 4
150 1 4 2 2 4.07 3.63 -8 1 3 18.59 20.15 -1 7 3 -5 5 4
2 50 2 4 1 2 2 10.17 9.37 -7 1 3 5,85 ~6.73 0 7 3 -4 5 4
3 50 3 4 1 2 2 27,32 -24,75 -6 1 3 25,88 24,47 1 7 3 =3 5 4
4 50 4 a9 2 2 8.77 8.49 -5 1 3 41,09 -39.03 2 7 3 2 5 4
s 5 0 5 4 3 2 2 11.74 -10.31 -4 1 3 23,03 23.91 3 7 3 -1 5 4
6 5 0 6 4 1 2 2 17.67 17.06 -3 1 3 58,46 -62.05 4 7 3 05 4
7 50 7 4 1 2 2 5.34 0.92 -2 1 3 11,92 12.28 5 7 3 15 4
8 5 0 8 a4 3 2 2 16,79 16,23 -1 1 3 5.81 5.55 6 7 3 2 5 4
9 5 0 o & 1 2 2 1.78  -1.77 0 1 3 36,97 -35.67 7 73 3 5 4
10 5 ¢ 10 4 1 12 2 9.95  10.58 1 1 3 26.73 29,30 8 7 3 4 5 4
006 0 =10 5 1 -10 3 2. 4,76 490 2 1 3 26,35 -27.16 -7 8 3 7.18 11,52 5 5 4
160 -9 5 1 -9 3 2 9.13 -14.01 3 1 3 17,57 -14.75 -6 8 3 6 5 4
2 6 0 -8 5 1 -8 3 2 6.29 5.85 4 1 3 28,71 -30.49 -5 8 3 7 5 4
3 6 0 -7 5 1 ~7 3 2 4.22 -3.25 5 1 3 13.40 11,33 -4 8 3 8 5 4
4 6 0 -6 5 1 6 3 2 10.01 9.5 6 1 3 5.17 5.45 -3 8 3 9 5 4
5 6 0 -5 5 1 -5 3 2 23.14 24.77 7 1 3 5.60 5.97 -2 8 3 6 4
6 8 0 -4 5 -4 3 2 2.41  -2.83 8 1 3 14,38 14.83 -1 8 3 9 6 4
7 6 0 3 5 1 -3 3 2 21.98 -18.39 9 1 3 12.13 12.48 0 8 3 -8 6 4
8 6 0 -2 5 1 ~2 3 2 1.37 -0.42 10 1 3 9.94 10.60 1 8 3 7 6 4
9 6 0 -1 5 1 ~1 3 2 5.61 B.14 -11 2 3 5.20 6.33 2 8 3 6 6 4
10 6 0 05 1 0 3 2 33.55 29.67 10 2 3 4,30 -4.08 3 8 3 -5 6 4
17 0 15 1 1 3 2 42,44 -40.82 -9 2 3 1.94 0.36 4 8 3 -4 6 4
2 7 0 10.07 9.75 2 5 1 2 3 2 16,52 -14.12 8 2 3 9.63 9.20 5 8 3 -3 6 4
370 3 5 3 3 2 13.91 -15.67 -7 2 3 2.25 +1.95 6 8 3 -2 6 4
4 70 4 5 1 4« 3 2 4,40 1,50 -6 2 3 6,86 -5,89 -12 0 4 -1 6 4
5 70 5 5 1 s 3 2 5.81 -6,67 -5 2 3 22,50 19.90 -10 0 & 06 4
6 7 0 6 5 1 6 3 2 7.11  -7.,56 -4 2 3 32.56 29.50° -8 0 4 1.6 4
7 70 7 5 1 12,21 -10.98 7 3 2 16.29 -13.48 -3 2 3  19.31 19.61 <6 D 4 2 6 4
8 7 0 8 5 1 10.85 -10.24¢ 8 3 2 5.21 3.83 -2 2 3 3.52 4,55 -4 0 4 3 6 4
08 9 9 5 1 9 3 2 1.21 0.39 -1 2 3 10.01 -11.31 -2 0 ¢ 4 6 4
18 0 10 5 1 4 2 3.09 -4.52 0 2 3 4.37 2,65 0 0 4 S 6 4
2 8 0 9 6 1 4 2 4.37 6.19 1 2 3 60,00 -67.15 2 0 4 6 6 4
3 8 0 -8 6 1 4 2 2.09 -2.66 2 2 3 6.38 7.24 4 0 4 7 6 4
4 80 -7 6 1 4 2 11.96 13.44 3 2 3 43,55 -43.53 6 0 4 8 6 4
s 8 0 -6 6 1 4 2 13,16 -10.73 4 2 3 8.50 -8.45 8 0 4 -9 7 4
6 8 0 5 6 1 4 2 1.4 9.41 5 2 3 2.11 1.82 10 0 4 -8 7 4
=12 0 1 -4 6 1 4 2 14,50 -13.78 6 2 3 1,41 -1,61 12 1 4 -7 7 e
=10 0 1 -3 06 1 4 2 10.58 8.25 7 2 3 1.89 0.62 -11 1 4 6 7 4
-8 0 1 -2 6 1 4 2 6.21 3.77 8 2 3 3.19 0.69 =10 1 4 -5 7 4
-6 0 1 -1 6 1 4 2 31.92 3046 9 2 3 5.31 5.6 <9 1 4 -4 7 4
-4 0 1 0 6 1 4 2 4.70 3.57 10 2 3 1.14 0.41 -8 1 4 -3 7 4
2 01 16 1 4 2 14,11 -14.64 =10 3 3 4,59 417 =7 1 4 2 7 4
2 01 2 6 1 4 2 14,90 12.86 -9 3 3 6.07 -5.97 -6 1 4 43.62 44.51 -1 7 4
4 01 3 6 1 4 2 15,98 -15.03 -8 3 3 13,56 13.74 -5 1 4 11.19 10.12 0 7 4
6 0 1 a 6 1 4 2 23.68 -21.28 -7 3 3 14,50 14.43 -4 1 4 27,02 27.7¢ 17 4
8 0 1 5 6 1 4 2 37,07 -33.35 -6 3 3 5,16 -6,47 -3 1 4 39.82 36,28 2 7 4
10 0 1 6 6 1 4 2 23,56 -21.40 -5 3 3 24,95 25.07 -2 1 4 15.58 -15.61 3 7 4
12 0 1 7 6 1 4 2 16.88 -14.22 -4 3 3 18,87 -18.70 -1 1 4 18.59 14.54 4 7 4
-12 1 1 8 6 1 4 2 15,82 -11.86 ~3 3 3 21.79 21.23 0 1 4 17.22 15.64 S5 7 4
=11 1 1 9 6 1 4 2 8.90 5.66 =2 3 3 10.74 9.00 1 1 4 24.28 -28.59 6 7 4
-10 1 1 -8 7 1 4 2 2.76 -1.50 -1 3 3 31.08 32.33 2 1 ¢ 8.17 4.33 7 7 e
-9 11 <7 71 5 2 6.65 -7.02 0 3 3 10.67 -10.41 3 1 4 15,07 -15.33 -7 8 4
-8 11 -6 7 1 5 2 3.86 4.5 1 3 3 15,85 -14,75 4 1 4 7.79  -9.82 -6 8 4
=7 11 -5 71 5 2 2.69 -5.02 2 3 3 8.63 6.25 5 1 4 1,11 ~0.83 -5 8 4
6 1 1 -4 7 1 52 1.25 1.09 3 3 3 27.43 -26.78 6 1 4 9.23 -9.92 -4 8 4
-5 11 -3 7 1 s 2 3.26 0.60 4 3 3 30.32 -31.87 7 1 4 16.72 16.38 -3 8 4
4 11 2 7 1 $ 2 16.29 14,73 5 3 3 18.84 -21.81 8 1 4 3.19 2,75 -2 8 4
=3 11 -1 7 1 5 2 1.98  5.07 6 3 3 6,02 -3.61 9 1 4 4,27  -1.43 -1 8 4
-2 11 t 71 5 2 4.02  -4,10 7 3 3 19,67 -20.59 10 1 4 8.63 9.72 0 8 4
=111 171 5 2 8.08 8.73 8 3 3 4,63 3.62 =11 2 4 4.41 -3.67 1 8 4
011 2 7 1 5 2 15.87 14.98 9 3 3 3.38 2.98 10 2 4 3.57 -4.06 2 8 4
11 1 3 71 5 2 36,94 38,51 10 3 3 2.88 2,12 -9 2 4 10.57 -10.51 3 8
2 11 4 7 1 5 2 1.10 0.83 -10 4 3 8.26 -9.20 -8 2 4 11,41 -9.82 4 8 4
311 5 71 3 2 33,40 28.15 -9 4 3 7.89  -8.3¢ -7 2 4 4.44 0.67 5 8 4
4 1 1 6 7 1 5 2 2.88 -0.38 -8 4 3 1.92 -0.45 -6 2 4 10.38 ~6.26 =12 0 S
5 1 1 7 7 1 5 2 17.66 14.28 -7 4 3 11.52 -11.08 =5 2 4 24,75 23.08 =10 0 S
6 1 1 8 7 1 5 2 12,29 10.88 -6 4 3 15.84 -15,62 -4 2 4 15.54 -14.1¢ -8 0 S5
7 11 -6 8 1 5 2 11,04 -12.04 -5 4 3 3.55 3.97 -3 2 4 40.02 39.24 -6 0 S
8 1 1 -5 8 1 5 2 1,24 -2.24 -4 4 3 25,42 22.30 -2 2 4 7.38 7.67 -4 0 5
9 1 1 -4 8 1 5 2 8.09 =7.70 -3 4 3 14.91 13.98 =1 2 4 26.22 -28.91 -2 0 S
10 1 1 -3 8 1 5 2 2.42 0.53 -2 4 3 10.95 7.92 0 2 4 33.00 -31.09 0 0 5
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clearly indicates the puckered conformation of the ring.
The planarity of the ring may be seen from Table S.
The angle between the normals of the two planes
formed by C(5), C(6), C(12) and C(12), C(13), C(5) is
33° and that between the planes C(6), C(12), C(13) and
C(13), C(5), C(6) is 34°. The exocyclic bond angles are
all significantly larger than a normal tetrahedral angle,
the largest being 131° at C(11)-C(12)-C(6).

The structure of the four-membered ring may be
compared with that of octachlorocyclobutane, C,Clg
(Owen & Hoard, 1951). In this compound, the cyclo-
butane ring has a mirror plane, involving a diagonal
of the ring, and perpendicular to the molecular plane.
The bond lengths and endocyclic bond angles were
found to be 1:60 A, 1:58 A, 87° and 89°, respectively.
The ring is puckered, the angle between the normals
of the two planes related by the mirror plane being
about 22°, It should be noted that the bond lengths
found in every cyclobutane ring are slightly longer than
the normal C-C single bond length and the bond
angles are appreciably smaller than the tetrahedral

angle.

The five-membered B ring formed by C(1), C(2), C(7),
C(8) and C(9).

As is usually observed in five-membered rings, the
four atoms C(1), C(2), C(8) and C(9) are situated nearly
on a plane while C(7) is displaced by 0-667 A from the
plane. The bond angles involved in the ring are ap-
proximately 100° except the angles subtended at C(8)
and C(1), the former being the sp? carbon.

Four-membered

A ring
C(5) 0-163 A
Best plane C(6) —0-165
formed by C(12) 0-162
C(13) —0-160
Perpendicular
distances from the
best plane

C(5)—C(6)—C(12)  88°
C(6)—C(12)-C(13) 87

Endo-cyclic C(12)-C(13)-C(5) 87

bond angles C(13)-C(5)—C(6) 88
C(5)—C(6) 1-56 A
C(6)—C(12) 1:56
C(12)-C(13) 1:57

Bond lengths C(13)-C(5) 1-58

C(1)
C(2)
C(3)*
C9

cm

C(1)—C2)—C(7) 101
C(2)—C(N—C@®)* 100
C(T)—C(8)*-C(9) 110
C(8)*-C(9)—C(1) 101
C(9)—C(1)—C(2) 106

STRUCTURE OF 2-CHLOROTROPONE-CYCLOHEPTATRIENE ADDUCT

The six-membered C ring formed by C(2), C(3), C(4),
C(5), C(6) and C(7).

As shown in Table 5, this six-membered ring con-
tains a double bond at C(3)=C(4) and takes a deformed
boat conformation, the chlorine atom being in an axial
position with respect to the ring.

H(3)
(@]
H{2)
/ . @
H{1
'.f \ "0
, Q ; H(L4) x
/ P c
0 ! L PN
o) \ ST H(15)
H(5) « ®

Fig.3. Composite projection of the difference electron density
map along the b axis showing the peaks of hydrogen atoms.
Contours are drawn at 0-25, 0-5, ... e.A3.

Table 5. Planarity, bond lengths

Five-membered Six-membered

B ring C ring
0-074 C(3)* 0-072
—0-050 C(4)* —0-069
0-050 C(6) 0-057
—0-074 C(7) —0-060
0-667 C(2) 0-581
C(5) 0-306

C(2)—C(3)*=C(4)* 117
C(3)*=C(4)*-C(5) 121
C(4)*-C(5)—C(6) 116+
C(5)—C(6)—C(7) 1111
C(6)—C(T)—C(2) 114
C(H—C(2)—C(3)* 113

C(1)—C(2) 155 C(2)—C(3)* 148
C(2)—C(7) 1-52 C(3)*=C(4)* 1-29
C(H—C(8)* 148 C(4)*-C(5) 155
C(8)*~C(9) 1-52 C(5)—C(6) 1-54
C(9)—C(1) 1-56 C(6)—C(7) 1-55

1-52

C(H—C(Q2)
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The seven-membered D ring formed by C(1), C(9), C(10),
C(11), C(12), C(13) and C(14).

As seen in Fig.2(b), this ring takes a deformed boat
conformation. The perpendicular distances of the
atoms from the best plane formed by the four atoms
are shown in Table 5. A rather large bond angle of

Fig.4. Bond lengths (A).

and valency angles of the rings

Seven-membered

Seven-membered
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119° is found at the C(1)-C(14)-C(13) bond, indicating
an appreciable strain.

The seven-membered E ring formed by C(6), C(7), C(8),
C(9), C(10), C(11) and C(12).

This part of the molecule is originated from 2-
chlorotropone, and contains a double bond at C(10)=
C(11). A chlorine atom and a ketone group are at-
tached to C(7) and C(8), respectively. Conformation
of the ring cannot be easily understood but may be
described as being composed of a planar group formed
by C(10)=C(11)-C(12)-C(6)-C(7) and a carbon chain
C(8)-C(9) attached to the planar group at C(10) and
C(7). As shown in Table 5, the carbon atoms C(8) and
C(9) are situated at the opposite sides of the best plane
formed by the planar group.

The seven-membered F ring formed by C(1), C(2), C(3),
C(4), C(5), C(13) and C(14).

This part of the molecule is originated from cyclohep-
tatriene. One of the three double bonds involved in cyc-
loheptatriene is still maintained in C(3)=C(4). The con-
formation of the ring may be considered to be one of
the boat forms; C(3)=C(4) and C(14) are situated away
from the seven-membered E ring described above.

The projection of the crystal structure viewed along
the « axis is shown in Fig. 6. Fig.7 is another projection
of the structure viewed along the b axis, in which all
of the intermolecular short contacts of less than 3-8 A
are shown. All the packing distances are normal van
der Waals separations.

Seven-membered

D ring E ring Fring
c(1) -0-129 c@6) —0-069 C(1) —0-004
C9) 0-113 (6[@))] 0-000 C(2) 0-004
C(12) -—0-100 C(10)* 0-073 C(5) —0-004
C(13) 0-125 C(11)* —0-162 Cc(13) 0-004

C(12) 0-158

Cc(10)* 1-504 C(8)* =0-530 C(3)* 1-109
C(11)* 0-919 C(9) 0-528 C(4)* 1-106
C(14) 0-581 C(14) 0546
C(1)—C(9)—-C(10)* 117 C(6)—C(7)—C(8)* 112 C(1)—C(2)—C(3)* 119
C(9)—C(10)*-C(11)* 124 C(7)—C(@8)*—C(9) 110 C(2)—C@3)*-C(4)* 117
C(10)*-C(11)*-C(12) 123 C(8)*—C(9)—C(10)* 104 C(3)*~-C(4)*-C(5) 121
C(11)*-C(12)—C(13) 115% C(9)—C(10)*-C(11)* 124 C(4)*-C(5)—C(13) 113%
C(12)—C(13)—C14) 113f C(10)*-C(11)*-C(12) 123 C(5)—C(13)-C(14) 117%
C(13)—C(14)—C(1) 119 C(11)*-C(12)—C(6) 1311 C(13)-C(14)-C(1) 119
C(14)—C(1)—C(9) 115 C(12)-C(6)——C(7) 118t C(14)-C(1)—C(2) 110
C(1)—C©) 1-56 C(6)—C(7) 1-55 C(1)—CQ2) 1-55
C(9)—C10)* 1-51 C(7)—C(8)* 1-48 C(2)—C@3)* 1-48
C(10)*=C(11)* 1-30 C(8)*—C(9) 1-52 C(3)*=C(4)* 1-29
C11)*-C(12) 1-51 C(9)—C(10)* 1-51 C4)*—C(5) 1-55
C(12)—C(13) 1-57 C(10)*=C(11)* 1-30 C(5)—C(13) 1-58
C(13)—C(14) 1-49 C(1*-C(12) 1-51 C(13)—C(14) 1-49
C(14)—C(1) 1-53 C(12)—C(6) 1-56 C(14)—C(1) 1-53

* sp2 configuration.
+ Exocyclic bond angles of the four-membered ring.

AC2SB-5
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The magnitudes and direction cosines of the
principal axes of thermal ellipsoids are listed in
Table 6.

Table 6. Magnitudes and orientations of the principal
axes of thermal ellipsoids

R.m.s. displacement (A) is directed along the jth axis of the
ellipsoid where g15, g2; and g3; are the angles between the jth
axis and the a, c¢* and b axes, respectively.

axis r.msg () gy L g 33

cl 1 0162  —03353  —0-7400 —0-5831
2 0255  —0-8464 0-5084 ~0-1586

3 0286 0-4138 0-4403 —~0-7968

o) 1 0169  —02112 0-9669 —0-1433
2 0283 0-6048 0-2444 0-7580
30322 —07679  —00734 0-6364

c1)y 1 0158 0-1169 0-9767 0-1787
2 0223 0-8979  —0-1808 0-4012

3 0282  —04243  —01136 0-8984

c 1 0178  —08782  —0-3466 0-3297
2 0225  —02221  —0-3150 —0-9228
30231  —04237  —08835 —0-1996

c3 1 0217  —0-5398 0-7598 —0-3625
2 0245  —0-1116 0-3622 0-9254

3 0260 0-8344 0-5400 ~0-1108

c@ 1 0175  —0-5897 0-6672 —0-4551
2 0271 —00207  —0-5758 ~08173

3 0322  —08073  —04726 0-3534

cG5) 1 0193 04252  —0-8852 0-1885
2 0258  —06377  —0-4408 —0-6317

- -3 0305 0-6423 0-1484 —0-7520

C(6) 1 0-182 0-8648 0-4604 0-2006
2 0199  —0-3829 0-8629 ~0-3297

3 0267  —03249 0-2083 0-9225

o 1 0165 04331  —0-2488 —0-8664
2 0174  —05670  —0-8223 —0-0473

3 0229  —07007 0-5117 —0-4972

c@® 1 0171  —06838  —07232 —0-0967
2 0246  —06749 0-6773 —0-2929

3 0267 02773  —0-1350 —0-9512

coO 1 0164 0-1167 0-7101 0-6944
2 0222 06733  —0-5705 0-4702
30293  —07301  —04127 - 0-5447

C@1oy 1 0181  —0-2610 0-9244 0-2780
2 0222 05224  —0-1069 0-8460

3 0287 —08118  —0-3660 0-4550

cay 1 0167 01038  —0-8658 —0-4895
2 0230  —09173 0-1069 —0-3836

3 0290 0-3844 0-4889 —0-7831

ca2 1 0162  —0-0164 0-9943 0-1053
2 0229 0-8894  —0-0352. 0-4557

3 0294  —04568  —0-1003 0-8839

Ca13) 1 0202  —0-6688  —0-0495 0-7418
2 0218  —0-1061 0-9939 —0-0294

3 0279 0-7358  —0-0983 0-6700

ca4 1 0202  —01729 0-9728 0-1541
2 0226 0-9466 0-2073 —0-2467

3 0281 02720  —0-1032 0-9567

A perspective drawing of the molecule along the b
axis is shown in Fig.8 which is drawn by a CALCOMP
plotter with the use of the ORTEP program (Johnson,
1965). In the Figure, the atoms are represented by el-
lipsoids of thermal displacement including 50% prob-
ability.

STRUCTURE OF 2-CHLOROTROPONE-CYCLOHEPTATRIENE ADDUCT

The authors are greatly indebted to C.Itoh Elec-
tronic Computing Service for use of a CDC 3600. This
work was supported by a Research Grant from Ho-
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Crystallography of Pyrrhotite
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Pyrrhotite crystals (Fe;Sg) from the sulphide ore of the Mosaboni mine, India, are found to have a

monoclinic supercell, ap=11-90, bo=6-87, co=22-88

A, 8=90°30", Z=8 with density 4-60 g.cm-3, and

the space group C2/c (or Cc). The hexagonal supercell, ao=6-88, co=22-90 A, Z=4 with density
4-58 g.cm~3, is also observed in pyrrhotite crystals, and the space group P6/mcc (or P6cc) has been

assigned to the hexagonal phase.

Buerger (1947) proposed a hexagonal superstructure
for pyrrhotite with =687, ¢=22-7 A; this supercell
has 16 times the volume of the Ni-As-type cell. More-
over, he suggested that the observed diffraction effect
in precession photographs is probably due to twinned
aggregates and that the true symmetry is perhaps mono-
clinic or orthorhombic. Bertaut (1953) postulated that

A C25B - 5*

the pyrrhotite twin is composed of two monoclinic
crystals, related by a 60° rotation about the pseudo-
hexagonal ¢ axis and he proposed a unit cell with the
parameters 11-9, 6-865, 22:72 A, f=90-45° (Bystrém,
1945) and the space group F2/d. Wuensch (1963) ob-
served that the pyrrhotite lattice is at least dimensio-
nally monoclinic (with f=91-79°) and is twinned by a



