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Crystal and Molecular Structure of 5-(Bromomethylene)-
' 10,11-dihydro-SH-dibenzo[a,d ]-cycloheptene

KARE LARSSON

Crystallography Group, Medical Research Council Unit for Molecular Structure Analysis,
University of Géteborg, S-400 33 Goteborg 33, Sweden

5-(Bromomethylene)-10,11-dihydro-5H-dibenzo[a,d]-cycloheptene
has been studied in order to determine the molecular conformation
of the pharmacologically active dibenzocycloheptene derivatives. The
crystals are orthorhombic with a=6.270 A, b=9.288 A, c=22.46 A.
The unit cell contains four molecules, and the space group is P2,2,2,.
The seven-membered ring exists in a boat conformation, the long
sides of which are formed by the bonds common with the benzene
rings. The planes of the two benzene rings form a dihedral angle of
’;—?ﬂ A [()iossible mechanism of action on the neuronal membrane is

scussed.

Numerous tricyclic compounds are used as psychoactive agents. Certain
dibenzoheptene derivatives are utilized in the therapy of depressions,
whereas phenothiazines of various kinds are used as tranquillizers. The
molecules of these two types of tricyclic compounds, which are relatively
similar, can thus exhibit opposite pharmacological effects. This has been a
reason for extensive speculations on their molecular geometry.

A crystal structure study was undertaken by the present author in order
to provide information on the detailed molecular conformation in these
active tricyclic compounds. As will be discussed below it is believed that
drugs of this type act on the biological membranes, and knowledge on the
structure of the drug as well as of the membrane is needed in order to
understand their function on a molecular level.

The structural formula of 5-(bromomethylene)-10,11-dihydro-5H-dibenzo

[a,d]eycloheptene is:

HC—Br

If the bromine atom is replaced by a — CH, — CH, — N(CH,), group a wellknown
antidepressive agent called amitriptylin is obtained.
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PREPARATION OF CRYSTALS

5-(Bromomethylene)-10,11-dihydro-5H-dibenzo[a,d]-cycloheptene was prepared ac-
cording to a method described by Ebnéther et al.,! and crystals for X-ray work were
grown from ethanol at room temperature. The crystals form needles parallel to the
a-axis with a cross-section of hexagonal appearance (edges parallel to the b-axis and
two be-diagonals).

X-RAY DATA

Rotation and Weissenberg photographs were taken about the a- and
b-axis with a calibrated camera using CuK« radiation. The following X-ray
data were obtained:

Unit cell: orthorhombic

a=6.27040.009 A, 5=9.288-+0.012 A, ¢=22.464+0.03 A.
Space group: P2,2,2,.

Four molecules per unit cell.

Density calculated: 1.45 g.cm™3.

Density measured: 1.43 g.cm™.

The reflection intensities were measured using an on-line automatic
scanner developed by Abrahamsson.? The corresponding operation programs
produce a paper tape with indices and integrated intensity values of the
spots on the films which can be used directly as input to the data reduction
program. The film factors were plotted against the intensity values for each
film pack, and from this plot the most reliable intensity interval was estimated.
The final intensity values were then selected from these intervals.

The reflection intensities were corrected for the Lorentz and polarization
factors but not for absorption. Absolute values were later obtained by
comparison with calculated structure factors.

STRUCTURE DETERMINATION

The position of the bromine atom in the asymmetric unit was derived
from the Patterson function, which was sharpened to correspond to point
atoms at rest. The carbon atoms were then located by successive cycles of
structure factors calculations and Fourier syntheses.

The structure was refined by block-diagonal and full matrix least-squares
treatment using anisotropic temperature factors. When an R value of 0.20
was reached a difference synthesis was calculated. All hydrogen atoms could
then be located. The hydrogen atoms were included in the following least-
squares refinement with calculated positions, as the corresponding peaks in
the Fourier maps were too broad to give positions of reasonable accuracy.
The hydrogen positions were not refined but recalculated after each round
of least-squares refinement. Isotropic temperature factors were used for the
hydrogen atoms calculated from the mean-square amplitude tensor of the
corresponding hydrogen-carrying atom. When all shifts were less then one-
third of the standard deviations the refinement was stopped. The final B
value for the 611 observed reflections was 0.12.
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The scattering curves given in the International Tables for X-ray Crystal-
lography, Vol. II1 (1962), were used. The calculations were performed on the
Datasaab D21 computer using a program system developed at this Institute.3
The weighting scheme applied in the refinement was:

1
S TX (T, = 81 F i) 5| Faral P

RESULTS AND DISCUSSION

Observed and calculated structure factors are listed in Table 1. Final
atomic positions are given in Table 2. The vibration tensor elements for non-
hydrogen atoms are given in Table 3. Isotropic temperature factors were used
for hydrogen atoms averaged from the mean-square amplitude tensors of
the corresponding hydrogen-carrying atom.

c/2

Fig. 1. Stereochemistry of 5-(bromometh- O Br 0 1 2A b/2
ylene)-10,11-dihydro-5H-dibenzo[a,d]-cy- o0
cloheptene. o H

The stereochemistry of the molecule is shown in Fig. 1. The seven-
membered ring exists in a boat form although irregular as will be described
below, and the long sides are formed by the bonds which are common with
the benzene rings. Bond distances and angles are given in Tables 4 and 5.
The sp®-carbon atoms in the seven-membered ring have an average bond
angle of 114.5°. Enlarged angles in seven-membered rings have been discussed
by Asher and Sim.* The planes of the two benzene rings and adjacent bonds
form a dihedral angle of 76°. The geometry of the seven-membered ring is
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Table 1. Observed and caleulating structure factors (X 100) and phase angles as fraction
of one revolution.

k 1 Pobs Pcale Ft h k 1 Pobs Peale " n '3 1 Pobs Peale r
[ [} 1834 1883 1.0000 [ 6 2240 2110  0,5000 1 N 2 54 €509  0,0332
[ 6 5630 sgés 0,5000 [ l 5023 A791 1, 1 & 2 2?*8 1783 0.637l
(] 8 Ta12 g 0,5000 0 2362 2153 0.5000 1 4 73 8293 0.9823
0 10 10073 106% 0,5000 o 10 2265 2266  0,5000 1 & [ HZG }3.09 0.0626
o 12 5372 £301  0.5000 o 1 2350 2 0,5000 1 & 6 6882 7801 0.9936
o 378 3268  0,5000 0 1 )332 3479 0.5000 1 I ; 3299 127 0,6257
o 16 2791 1g0 1.0000 0 1 2 2360  0,5000 1 a ;e‘x)s 192 0.9979
o 18 l)}g 99 1.0000 0 15 3062 3298  0,%000 1 . 9 33 3092  0.5896
o 20 a2 3516 1,0000 0 20 2161 24 o 1 s 12 2705 3670 0.80
1 868 467  0.2502 ] 1 2381 2652 . 7500 1 » iy 956 8197  0.4554
2 5229 4873 0,2500 0 2 1901  0,2500 A 16 220; 4395 0,5068
z 5971 521 0,2500 [] 2 178 1 g) «7500 5 3 261 2513  0,2486
368 5295  0.2500 0 6261  0,2500 PO 2625 2565  0.%8321
5 4013 3659  0,2500 o 6 337 5096 0,2500 5 19 860 1571 0.8588
1 [ 076 2379 0.2500 [ z 1720 gs 7500 5 0 4103 3668 0.
1 l 08} 212 .7500 0 3183 2870  0.2500 E 1 2817 2068 0.3138
1 2635 2%28  0,2500 0 9 2031 212%  0.2300 2 680 2385 0,687
1 9 5 909 0,75 0 1 24 3% .2500 1 2 6839 6318  0.2522
110 397 2901 0.2500 0 12 2170 2811  0.7500 1 2119 1b08  0.8762
n 51 4230  0,7500 [ 1 A28 17! .7300 5 00 6562 0.2666
12 536 6370  0.7500 0 16 364 7500 ; 6042 15 0,2374
)2 8 M)g 0,7500 0 [ )286 13 11,0000 483 0,252
382 0,7500 0 2 3469 3672 1,0000 9 X931 221 0,1936
1 asig 2181 0,2%500 [ 2 2259 370  0,5000 10 36 0.2992
1 A 3730 0.7500 0 19 179% 11,0000 1 652 0,7830
1 ¥ 231 2630  0.2500 0 ] 31 3099  0,5000 12 261 938 0.2725
1 bt 1309 14 0,7500 0 é 1 1821 5000 13 5918 501  0.761%
119 2981 2u 0,2500 o 4 2 gm 43000 13 lg‘; o.'rgs
2 1% 328 0,2500 0 2 963  0.3000 17 0% 0.7678
a 377 0.2%00 0 9 1 0,2500 H 09 928 o.w
[} a3 0,5000 o 10 2 2010 10,5000 2 3540 317 0.
1 );20 25 1,0000 o 10 8 1 0000 I 32’3 0,543
2 3 oz 2194 0.8000 1 0 2 12 u:go 0.5000 7 )3‘5}5 2 °'§§2§
2 ;P B 15634  0.5000 1 [ 2 569 1043 0,74 9 5453 o
2 3007 2199 1,0000 1 15971 16631 0.5 11 5195 AB50  0.4674
2 3 13823 13852 0,5000 1 H 023 1 .2500 16 1979 2007 0.9621
2 01 2197  1.0000 1 6 31 9 5000 19 3087 161  0,9854
2 l 34 8297  0.5000 1 8 2 M6 . 5000 . 21 1707 0.9950
2 1118 1383  1.0000 1 10 5 A 5000 [} 5623 0.,2500
9 3451 3692  0.5000 1 12 [3 5757 1.0000 1 26! g g.n 0.2567
11 1519 990  1,0000 14 sB10 673 1,0000 H 5 20,2070
13 373 7129  1,0000 16 3788 A7 1,0000 2968 2807 0,1
2 ) 5572 5389  1.0000 1 0 12122 13181 0,2500 6 ah7 1972  0.7480
1 1714 1332 0,5000 1 1 11 12 0,1917 8 bggg 2 0.7549
) M188 3;12 1.0000 1 2 4318 4832 9 1 195 0,275
1 213 1704 0,5000 1 2 03 82  0.8237 10 5 o.7sg
19 2208 1938 11,0000 1 321 :2029 12 2800 0,764
20 1310 112 0000 1 561 9 .6760 1% 2110 2095  0,7948
23 3329 3212 0,5000 2842 3 0.7764 15 2124 0.7067
1 7598 7138 2500 g 7161 67! 16 1840 0,3004
H 6077 5796 5 267 o 7 18 2319 621  0,268)
g 1216 21 7 2& o7 .790% 1 908  0.4916
97N 921 7500 1 1 578 7287 H 2517 0.5355
3 F 2154 1531 0,7500 11 :gz A 0.5053
3 3 é: .7 12 3940 .7 6 4291 217 0.525]
8 2783 2860 0,7300 1 532 0.1 " 2830 )0‘6 0.0326
H 3451 0.7500 1 3330 3 .2 1 23 0.5163
1 1 972  0.2500 16 %69 1889  0.12 ] 2 2337 0,08
1 A8 A057  0.7500 1 165 219 0.2, 1 2539 2920 0,003
12 A »7 2500 1 )ng 2 .22 16 aoog 2209 0.
1 242 2%87  0.7500 2 26 271 1 225 1622 0.8208
1 5671 g” .2500 2] 2826 2693 7352 2 280 2181 0.3232
16 37 0} 2500 2 2240 B i 2903 3293 0.787
1 3330 2500 967 9] 7500 }2&9 1321 0.27,
1 1 1408 0,25 15171 181 Xt ou 4798 0,737
1 1 R 1180  0,2500 2 ma 1 {‘l 3 2137 0.72
91 8731 0,5000 1 00,5223 1 2018 2 0,2681
» 1573 909  0,5000 2 6001 6749 . 1 1931 2 0,473
» 1 10032 0.5 2 2138 1162 5988 1 98 232%  0.031%
L] 2%69 2300 0,5000 2 07 1944 o 3T i 23 1608  0,2500
A 1 lg 1306 K l 3 A 941 182 276 0.9999
N 2 #0000 4150 35 3 g 0,2500
A ;51: 36 +0000 9 1068 10543 L 02 1158 16| 0,5000
3 0 1 .0000 10 28 7 0.7 l 21 2634 0.7500
» Taks .0000 1 6511 Bu . 5 5699  1,0000
A 1 337 3& 5000 12 16 7609 2 2493 0,7500
s 12 & % s .0000 1 33 50,0280 1 33 7681 1,0000
s 1 52 5000 1 26/ ;g 90,6486 1 181 1619  0,7500
LI 173 91,0000 17 -3371 1 7 7233 1.0000
) ’l y’)g 0,5000 19 zul 2301 o, 1 16:2 17 1,0000
» 1 1) 301 0,5000 21 3 Xl 1 37 35¢ 0.5000
s 20 ;no 0,5000 1 0 1073 11141 0,7%00 2 3530 37 0.5000
B254 326 0,7500 1 3 1 1 g% 82 o, 2106 Aggs 0000
118 82  0,7899 2 51 25 1 o.’nz; 1 8 50,7180
790 2129 0.7500 3 2 Sk99 518 0,75 2 8332 0,722
A 5 0.7899 3 ht] 6351 g 3 g 8  0.6711
264 A3 0,7500 H )g 417 0,801 A6 o.z;s;
ATTA 4296  0,2500 L3t 4079 3021 z 2066 1335 O.
2231 2209  0,7500 l 3176 2593 0,831 i AY 0,8194
9 0 6435 0,2500 5912 .2708 6551 6063 0,29
10 2881 2521 0,7500 9 1811 7813 3?2 263 0,601
i 7 fir e o e lw owm 3 e R okE
¥ B 10
16 319 3?] 0.2500 12 382 3960  0,2864 11 364 Ho 0,196%
17 a3 2847 0.7%00 1 2900 0,240y 12 31 0,177
19 2 0,7500 b2 a7 2861 2048 1 1568 1948 0,15
[] 2 1 1. 1 5322 94 o.agg 1 4068  0.203%
1 AM72  1,0000 1 3793 3750 0.7 16 23 2! 0.3857
2 16; 1691  1.0000 18 3536 2 0, 1 1 2811  O.Bsss
: 343 6 1.0000 20 3392 334 0 1 2 D 0,2479
2921  1,0000 0 3 331  0,7500 974
L] 7 6; 1,0000 1 . 1 1 1397 o0, 1 2368 2318 0,811
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Table 1. Continued.

h 1 Fobs Foale re h k 1 Fobs Peale Fi h k 1 Fobs Peale Li
2 2 2 2198 1356  0.4667 1 12 3673 3531  0.2926 ) [] 12 4198 3858 0,5000
2 2 6948 1321 0.9915 1 1 3924 3604 0,816 4 1 ] 2404 aogn 1.0000
2260 2150 .B65 1 15 2757 2438 0,727 N 1 1 3113 3350  0,2520
z 6556 7563  0,0028 2 0 2597 0,7500 A 2 3435 2858 0,208
2132 2365  0.6761 2 1 6207 5225 0,0754 bd z 2973 2454 0,1877
o ; 011 7197 . 2 2 67 92 0,8633 A 425 3711 0,145
» 276 a 0 .6 2 2 3 4785  0,977% [ ; J451 3172 0,9207
. 9 A6 53 .0959 3 2 897 151 0,7763 & 288' 2943 0,3641
10 17! 1 .8101 5 677 2344 0,2091 A 1 9 875 4320 0.7518
11 3302 2662  0.5111 6 696 1488 0,4401 4 1 10 30 3259 0,4821
A 1 5702 5144  0,5310 7 510 zug 0.201 4 1 1 2198 1962 0,7971
i 2 1 2m8 2314 0.A054 9 AB12 0.%950 13 1 12 2594 3028 0,72
ﬁ 2 5916 5209 0.481 10 1662 185h 02290 s 13 28 2794 0.5954
2 2 2648 2561 0,042 11 A324 637 o.uz 3 & [} 1589 1397 1.
2 17 2112 233 0.317# 1 21 Jvza , 5416 » 1 1416 1616  0.4162
w 1 482 32 .80 3 1 2123 1 . 3040 I 2 1352 1490  0,3952
a 2 781 .317 3 15 2150 2194 29271 A g 3739 3301  0.5170
o i 0 5235 ,B8301 16 mg . 9802 A 2191 2249  0,2226
bed 9 9100 0,277 2 12 1785 0,0820 s 2 ashy 4230 0,53
. z 4121 906 .2 2 1 0 1291 ,2845 L3 1 1978 0,194
V 5725 5209 0.2008 ] 351 7182 0.25 4 7 3359 3099 0,478
8 551 372! 1176 1 9 zmoe .13 g A 2 9 1935 1298 0.5
9 120 3838 . 2 801 46 2] L] 2 10 5 1163  0.5186
10 201 1735 .0916 z 2348 2432  0.1386 13 2 1 2263 2318 0.9927
1 56 2260  0.2750 2 23 0.1048 ) 2 13 82 2991 0.8%27
12 137 2253 LTINT 2 2 1974 2g 4 0,2 4 3 [ 1316 604 1,
1 2762 2219 0,32 2188 283% o, 4 3 1 2 Bzo 1627  0,2297
1 4184 z)n 7280 Z 32 2381 0.251; » 3 2 2 bl o,
16 Ah74 927 0.Thik 3 36 o, 4 3 2 1814 1972 0,3741
[ 932& 97 g 1.0 9 1637 1501 L4111 & 3 4176 3610 0.7338
A 2 3 319%  0.9778 10 36 7 . 4 3 3 1032 13;6 °"78§
A H 1999 2355 o.gzz; 11 1716 23 6180 3 3 2508 2872 0,76l
5 4271 3573 0,0%22 12 3907 .6915 13 3 Z 2219 2559 0.6
& 2 472 0,479 1% 3347 2615 .6920 A 3 2152 1725 0.7165
8 ka6 3919  0.MT 15 2060 2320 0,6BA9 A 3 9 1190 1537 0,5625
] l 1372 1 0.5533 16 2254 2021 0.3779 A 3 10 1737 2263 0.5686
N u‘sj 3273 0.5133 3 B 2213 07; . 4 3 1 2621 0.7507
A 9 14 5%  0,1601 3 ! 2109 2355  0.3117 3 3 12 1651  0,4516
A 10 6892 3959 o.issi 20 1825 2253 0.2916 A 3 12 1314 1616  0.9065
[ 3452 58 0,113 3 0 2119 1170 0,2500 A 3 01 2815 3257 0.3285
y 12 5356 5013  0.5071 s 1 1792 1743 0.299 A H 16 2636 2513 0.2265
» 1 27 0.1815 4 2 5366 4233 0,492 ] ] 1879 2181 0,5000
A 1641 2208 o.szagg . 2 136) 1095 0,2838 » & 1 1333 2182 0.ig21
[ 1674 nza) o4 & 5841 4558 0,4756 4 . 2 4390 47 o.ggsl
A bt 1949 2492 0,9703 A 5 1642 1898 0,25 s 4 g 1710 2383 0.8210
L3 18 1989 z’nz 0.9592 & 6 3664 3679 0.5163 L3 A 1956 )oog 0.0115
4 20 1 261! 0,314 ) 7 2200 2577  0.1M16 z A 11 069 3061 0.5693
[] 77 163 1. . 8 2129 463 0,5293 » » 12 2291 2608 0,070
6577 642 0.2367 M 9 2267 2625  0.0h32 § 5 0 A 235%  0,5000
2 371 2883  0.2655 410 2120 1269 0.70% & 5 1 03 3247 0.7037
2 3228 )z)é 0,24 N 12 2129 2401 0,962 13 5 2 149 1455 0, g 9
252 201 o.xsg’; 4 3 2172 1683 0.5099 Y 5 3 1510 2202  0.7h32
196 1675  0.16 L) 1 3605 4218 0.9837 3 5 9 2760  0.3196
2950 019 0,3151 A1 1720 2047 0,5465 A 5 11 2% 3037 o0.2021
16 1 0.8162 A 6 2220 2662 0.9997 0 2 3697 3550  0,5000
z»o 6828 00,7746 s [ 1631 1628  0,2500 o H 523 106 0,250
1 018 A9 0.3258 5 1 xegg 1 0,8036 o 2ks2 2910 0,
12 1914 1975 0. 2 21 2610 o.)ggg 0 5 2024 1640  0.2500
13 1671 1740  0.7204 H 878 3158 0.7 1 [} 1660 890  0,2500
2 1948 1935 0.5 3 2148 1265  0,3078 1 1 1953 1603  0,9073
2 1 1619 2330  0.3758 3 2 5929 5268 0,7899 1 2 1512 1365  0.3025
2 2 2893 2937  0.3725 3 365 2583 0,625 1 2 36 1190 0,0557
2 82 A3 0.4743 3 Z 5743 515! 0,742 1 2807 17 0.4932
2 4016 276} 0.536! 3 1513 0.7873 1 5 2843 12 0.7627
2 3781 206 0,5020 3 9 2017 1726 0,619 1 6 1(9)32 2817 0,5195
2 1463 1558 0.,5383 3 10 006 2546  0,6851 1 7 2 z 1699  0.6900
2789 3737  0.9342 3 1 2267 2708 0.31 8 } 9 169 2061 0,5851
1 2301 3030  0.9792 12 1465 1210 .0, 2 1 10 1762 271 0.7049
2134 334 0.1932 13 2265 2258 0,222 1 11 2279 28 0.3812
2 2282 0,837 3 17 252 5078 0,2762 B 12 1511 1504 0.9039
141 5483  0,7493 ] 137 166! 0,25 2 1 3 3009 0.h122
2 6 828 045 0,7426 1 Sh54 M74  0.4285 2 2 5 1510  0.2186
2 2 010 0.5713 3 2 23 2557 0,651 2 2 2 2 0,6378
2 9 1 401 2936 707 2579 2364 0.018 2 1924 1812 0.001
0 2 1 988  1,0000 3 5 1 o, 2 g 162%  0.2230
o 3 ;50? 3061  0,7500 3 6 1662 1475 0,746! 2 1842 162%  0,5100
[ 396! 3709  1.0000 3 g 1979 1869  0.8248 2 Z 1948 2049 0.9582
0 5 2604 2370 0.7500 3 107 0.6491 2 641 1135 0,8328
o [ 077 Abhy g, 3 9 2296 2805 0,0316 2 9 162 2080  0.9685
o 8 121 5483 3 1 2870 3710 0.9681 2 11 171 1977 O,
0 9 1406 1 0.2500 3 13 1947 608  0,0961 3 1 12 1681 0,531
o 10 2130 1842 1,08 3 [ 2461 2948  0,7500 3 2 2604 2250 0.711
3 [ 11 32 1541 0,7500 3 1 1949 1900  0,7068 3 2 1571 1978 0.7291
3 0o 12 A6h1 43185 0. 3 2 06 s214 0.7332 3 4 1 0.4798
3 o 1 2382 1851 0,2500 3 3 22 2495 0,61 3 5 1398 1239 0.5598
3 o 1 2393 2823 0.5 3 18 1962 0,7422 3 6 9 646 0,5773
3 o 15 2502 2680 0.7500 3 6 1924 152 0,348% 3 8 2248 2590 0.3512
o 1 4233 4416 0,5000 3 8 }] 3758 0.2997 3 9 1199 1736 0,001
o 1 2599 2971  0.2500 3 10 2411 208 0,2307 3 12 2770 2653  0.2678
0 1 2645 2681  0,5000 3 12 1843 1995  0.2870 3 1 1746 ok 0,1622
1 0 7891 6915  0.7500 3 4 1937 2476 0.9856 " 1862 1410 0,043k
1 1 2900 2131 0.3901 3 6 2574 3775 0.0191 5 2 [ 159 1201 0,7500
1 2 3 93 3058 0,7360 H 8 1614 1515  0,9381 4 1 ,,oi 1 0.1712
1 H &4 6957  0.,2700 [ 2 1118 1408 1,0 § 2 1735 954 0.9615
1 2512 1962  0,0187 5 0 2 2807 837  0.7500 § 66: 157 LTHTS
1 5 ~3735 5602 0,2955 N [3 2301 2237  1,0000 ) 3 2012 222b  o0.0231
1 6 1871 1687  0.1276 » [] 5 1204 1228 0,2500 A 5 1798 1462  0,8125
1 ; 36 2&61 1565 A ] 6 2055 2381  0.5000 a 6 . 182 2485 0,0404
- O T S I B 5
1 9 . . 5 4, 12 0,46
1 10 ;20 2912 0.2 82 4 [ 9 2448 1859  0.2500 9 1zs > 4
1 n 245 2927 0.8830 & [ 10 2470 566  0.5000
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quite unsymmetrical compared to those found in other compounds (cf. Ref.
5). This is a consequence of the steric requirements due to the bond situation
in the ring. The carbon atom (2 is situated within 0.02 A in the intersection
of the planes of the two benzene rings, whereas the carbon atoms C9 and
C10 are situated in the planes of the benzene rings C3—-C8 and C11-C16,
respectively, (distances 0.01 A and 0.04 A). The carbon atom C9 is located
0.95 A from the best least-squares plane through the four carbon atoms of
the seven-membered ring which are common to the benzene rings, and the
corresponding distance for C10 is 0.19 A,

Table 2. Fractional coordinates for the atoms of one molecule. The numbering for non-

hydrogen atoms is shown in Fig. 1. The hydrogen atoms are numbered in the same

way as their parent atom with the addition of one last digit to indicate the number
attached to the same parent atom.

x y z
Br 0.2312 1.1352 0.0505
c() 0.2753 1.0849 0.1284
C(2) 0.2529 0.9502 0.1515
C(3) 0.2454 0.8176 0.1113
C(4) 0.0939 0.7873 0.0754
C(5) 0.0995 0.6593 0.0363
C(6) 0.2998 0.5666 0.0442
C(7) 0.4602 0.6159 0.0862
C(8) 0.4312 0.7422 0.1178
C(9) 0.6183 0.7849 0.1653
C(10) 0.5312 0.7556 0.2254
c(11) 0.3426 0.8351 0.2501
C(12) 0.2599 0.8151 0.3108
C(13) 0.0993 0.8915 0.3338
C(14) —0.0228 0.9701 0.3040
C(15) 0.0144 0.9932 0.2444
C(186) 0.1889 0.9248 0.2169
H(11) 0.326 1.169 0.158
H(41) —0.043 0.860 0.073
H(51) —0.026 0.638 0.004
H(61) 0.324 0.465 0.021
H(71) 0.605 0.553 0.092
H(91) 0.758 0.721 0.157
H(92) 0.654 0.899 0.161
H(101) 0.484 0.640 0.225
H(102) 0.661 0.769 0.256
H(121) 0.337 0.733 0.338
H(131) 0.071 0.884 0.381
H(141) —0.156 1.021 0.325
H(151) —0.090 1.061 0.218

The C—Br bond seems to be significantly shorter than olefinic carbon-
bromine distances in general (1.89-+0.01 A according to The International
Tables for X-Ray Crystallography, Vol. IIT (1962) p. 273). This might be an
inductive effect due to the vicinity of the m-electron orbitals of the conju-
gated systems of the molecule.

Acta Chem. Scand. 24 (1970) No. 5
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Table 3. Vibration parameters. Anitsotropic temperature factors were used in the refine-
ment according to exp[—2%(h%2U,, + kU, + 122U,y + 2klbcUys + 2hlacU,, +

2hkabU,,)]. The tensor elements in A% have been multiplied by 1000.

U:I.l U!I USS U!a U81 Ull
Br 712 257 417 109 81 17
c(1) 1108 156 401 95 —1064 13
c(2) 820 342 233 —69 —304 663
o(3) 641 227 —68 38 279 21
C(4) 725 491 19 206 —23 34
C(5) 889 219 402 —86 —571 7
C(6) 1335 295 1357 301 1880 457
c(7) 341 572 327 —110 13 —28
C(8) 97 187 534 142 —198 525
c(9) 809 449 486 44 8 —92
C(10) —350 1226 389 487 149 307
c(11) 1067 362 285 -7 203 — 259
C(12) 1207 652 197 7 964 95
C(13) 430 860 751 650 —98 —106
C(14) —101 978 502 —336 123 112
C(15) —266 304 334 —199 —174 37
C(16) 1388 271 —16 —11 —517 —94

Table 4. Bond lengths in A (with standard deviations X 100). Atom numbering according

to Fig. 1.

Br —C(1)
C(1) —C(2)
C(2) —C(3)
C(2) —C(16)
C(3) —C(4)
C(4) —C(5)
C(5) —C(6)
C(6) —C(7)
C(7) —C(8)
G(3) —C(8)
C(8) —C(9)
C(9) —C(10)

C(10)—C(11)
C(11)—C(12)
C(12)—C(13)
C(13)—C(14)
C(14)—C(15)
C(15)—C(16)
C(11)—C(16)

1.83(2)
1.36(3)
1.53(3)
1.54(3)
1.28(4)
1.48(3)
1.53(4)
1.45(4)
1.38(4)
1.37(4)
1.63(4)
1.48(3)
1.50(4)
1.47(3)
1.34(4)
1.26(4)
1.37(4)
1.41(4)
1.47(3)

The molecular packing viewed along the a-axis is shown in Fig. 2. Only
forces of van der Waals type determine the intermolecular packing. There

are eight hydrogen-hydrogen distances less than 3 A per molecule.

It is believed that the effect of this type of tricyclic compounds is due
to their ability to inhibit the uptake in the neuronal membrane of nor-

Acta Chem. Scand. 24 (1970) No. 5
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Table 5. Bond angles in degrees (with standard deviations). Atom numbering according

to Fig. 1.

Br—C(1) —C(2) 125.7(1.7)
c() —C(2) —C(3) 121.2(1.8)
C(1) —C(2) —C(18) 122.1(2.0)
C(3) —C(2) —C(16) 115.6(1.8)
C(2) —C(3) —C(4) 125.0(2.9)
C(2) —C(3) —C(8) 108.8(2.6)
C(4) —C(3) —C(8) 126.1(2.1)
C(3) —C(4) —C(56) 122.3(2.7)
C(4) —C(58) —C(6) 113.7(2.4)
C(6) —C(6) —C(7) 117.8(2.3)
C(6) —C(7) —C(8) 120.6(2.5)
C(7) —C(8) —C(9) 116.5(2.1)
C(7) —C(8) —C(3) 119.5(2.3)
C(3) —C(8) —C(9) 123.9(2.1)
C(8) —C(9) —C(10) 106.6(2.4)
C(9) —C(10)—C(11) 122.5(2.5)
C(10)—C(11)—C(12) 123.9(2.5)
C(10)—C(11)—C(186) 127.3(2.1)
C(16)—C(11)—C(12) 108.0(2.8)
C(11)—C(12)—C(13) 123.9(2.9)
C(12)—C(13)—C(14) 124.2(2.9)
C(13)—C(14)—C(15) 120.6(2.6)
C(14)—C(15)—C(16) 119.3(2.2)
C(15)—C(16)—C(2) 123.5(2.5)
C(15)—C(16)—C(11) 122.7(2.9)
C(11)—-C(16)—C(2) 113.4(2.8)

¢

I

o Br 2
01 2A

1 JERAE

Fig. 2. Molecular packing of 5(bromomethylene)-10,11-dihydro-5H-dibenzo[a,d]-cyclo-
heptene as seen along the a-axis.
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epinephrine (¢f. Ref. 6). Furthermore a study of penetration of lipid monolayers
by psychoactive drugs indicate that the drug molecules are attached to the
lipids of natural membranes. On the assumption that the lipids in the mem-
brane form a bimolecular layer where the chains possess a liquid type of
disorder a possible mechanism might be that the rigid skeleton of the drug
molecules promote the formation of a more crystalline structure of the lipids
and thus reduce the membrane permeability. The present author has started
measurements of the effect of this compound with known molecular dimensions
on the structure of lipid surface films.

Acknowledgements. I wish to thank Professor Abrahamsson for all facilities put
at my disposal. Thanks are also due to the research staff of Pharmacia Ltd. in Uppsala
for preparation of crystals. Financial support has been obtained from the Swedish Natural
Science Research Council, the Swedish Medical Research Council and the U. S. Public
Health Service (GM—11653).

REFERENCES

. Ebnother, A., Jucker, E. and Stoll, A. Helv. Chim. Acta 48 (1965) 1237.

. Abrahamsson, S. J. Sci. Instr. 43 (1966) 931.

. Abrahamsson, 8., Aleby, S., Larsson, K., Nilsson, B., Selin, K. and Westerdahl, A.
Acta Chem. Scand. 19 (1965) 758.

. Asher, J. D. M. and Sim, G. A. J. Chem. Soc. 1965 1584.

. Sato, T., Minato, H., Shiro, M. and Koyama, H. Chem. Commun. 1966 363.

. Reid, W. D., Stefano, F. J. E., Kurzepa, 8. and Brodie, B. B. Science 164 (1969)
437.

. Demel, R. A. and van Deenen, L. L. M. Chem. Phys. Lipids 1 (1966) 68.

-3 D Ok [°CR SR

Received November 20, 1969.

Acta Chem. Scand. 24 (1970) No. 5 2



