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Crystal and Molecular Structure of 1-Bromotriptycene BrC;oH;s
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The crystal structure of 1-bromotriptycene, BrC(CsHa)sCH, has been determined by X-ray diffraction.
. The space group is R3. The hexagonal unit cell contains six molecules and has the dimensions a=
11-852 A, ¢=17-574 A. The final value for R is 12%. Lack of better agreement is believed to be due to
molecular disorder in the crystal. The bridging C-C bonds have lengths 1-53 A at the bromine end

and 1-51 A
is no conjugation between benzene rings.

Electric dipole moments of isomeric triptycene deriv-
atives (Ogura, Toshiyasu, Kimura, Fujishiro & Naka-
gawa, 1964) and the infrared spectrum of triptycene
(Bartlett & Greene, 1954; Theilacker, Albrecht & Ufi-
mann, 1965) support the conclusion that triptycene is
a highly symmetrical and rigid molecule. The ultra-
violet spectra of triptycene and a number of its deriv-
atives led Bartlett & Lewis (1950) to conclude that
inter-ring resonance occurs. On the other hand, Wilcox
(Wilcox, 1960; Wilcox & Craig, 1961) concluded on
the basis of quantum mechanical calculations that
interaction between benzene rings is negligible. The
present investigation was undertaken to determine the
length of the bridge bonds and thereby evaluate their
bond character. In addition, 1-bromotriptycene, shown
in Fig.1, cannot form without considerable deviation
from normal values of one or more of the angles made
by the bridge bonds. This study shows which bonds
are strained and by what amount.

Experimental

The 1-bromotriptycene used in this investigation was
obtained from Prof. A.Streitwieser, who had received
it from Prof. L.Friedman. It was synthesized by the
method of Friedman & Logullo (1963). Dr E.Ziegler
checked the purity of this material by passing it through

a gas-liquid chromatographic column. He found only
one peak.

Crystals of 1-bromotriptycene suitable for X-ray
analysis were prepared by sublimation at approxim-
ately 250°. The crystals were rhombohedral in shape.
In polarized light the extinction is symmetrical and the
birefringence is high. c-Axis views showed a uniaxial
interference figure of positive character.

Refractive indices obtained by immersion methods
with white light are only approximate because the
crystals dissolved in the immersion liquids. A crystal

at the hydrogen end. These distances and the bond angles at the bridges indicate that there

lying on a rhombohedral face shows w and ¢’; an edge
view shows w and ¢ (Fig.2). Approximate values for
these indices are: w=1-71, ¢'=1-74 and ¢=1-81.

Fig.1. 1-Bromotriptycene molecule with numbering system
used in thisinvestigation. The asymmetric unit is (BrCj);/3Cs.
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Fig.2. The directions and magnitudes of the refractive indices
w, &, and &’ are shown with respect to the crystal morphology.
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Multiple level Weissenberg and precession photo-
graphs were taken. The precession photographs are
compatible with a Laue symmetry of 3. Reflections
were indexed on a hexagonal lattice and were found
to obey the rule (—k+k+/)=3n. The primitive lattice
is therefore rhombohedral and the orientation of the
rhombohedral lattice in the hexagonal lattice is ob-
verse.

The observed density of 1-52 g.cm=3 requires six
molecules per hexagonal cell or two per rhombohedral
cell. The most probable space group, therefore, is R3,
and the asymmetric unit is CsHy(C,HBr), 3.

Unit-cell parameters and intensity data were ob-
tained with a diffractometer equipped with a quarter
circle goniostat, solid state radiation analyzer and
scintillation counter.

26 scans with a 1° take-off angle for all observable
orders of #0.0 and 00./ led to the following hexagonal
unit cell data: a=11-852 (5) A, ¢=17-574 (9 A, V=
2,138-0 A3, Z=6, ¢ calc.=1-54 g.cm=3, o obs.=1-52
g.cm~3, Estimated standard deviations ( x 103) are given
in parenthesis.

Intensity data were collected by counting for 10 sec
with a stationary crystal and stationary counter at a
take-off angle of 4°. The background was measured
by counting for 10 sec at the minimum between the
Kp and Ka peaks. A total of 1050 independent reflec-
tions were measured (maximum 26 =150°), 35 of which
were assigned zero intensity. Cu Ko X-rays (1=
1-5418 A) filtered with Ni foil were used. Lorentz and
polarization corrections were applied by means of a
program developed by A.Zalkin.

The crystal used for intensity measurements had di-
mensions of 0-088 mm x 0-088 mm x 0-118 mm. The
absorption factor for this crystal is 350 cm~! and uR
is about 0-21 or less, making the absorption quite low.
No corrections were applied to the data for either ab-
sorption or extinction.

Determination of the structure

The three-dimensional Patterson function showed
many well-resolved peaks. Since the 1-bromotriptycene
molecule has threefold symmetry and there are six
molecules in the hexagonal cell, the bromine and the
two aliphatic carbon atoms were assumed to occupy
the special positions (c¢) with parameters (0,0, * z),
%,1,1+2), and (,%,%3+2). A straightforward inter-
pretation of the Patterson function led to the z coor-
dinates of the bromine atom and the carbon atom
bonded to it. These two parameters and the isotropic
temperature factor B for each atom, of the form
exp (— B sin20.172), were refined by least squares. The
function minimized in the least squares calculation was
2 w(|Fo| — | Fe|)?/ Z w|F,|2, where w is the weighting
factor and F, and F; are the observed and calculated
structure factors. Atomic scattering factors for neutral
bromine and carbon were taken from International
Tables for X-ray Crystallography (Ibers, 1962). The
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values for bromine were corrected for dispersion by
subtracting 1-0 electron (Templeton, 1962). The imag-
inary part of the dispersion correction was neglec-
ted.

After four cycles the residual R value, defined as
R= X ||F,|—|Fe]|/ 2 |F,l, was 0-443. A three-dimen-
sional electron density map was then calculated with
use of signs determined by the carbon and bromine
atoms. The resulting map permitted the evaluation of
the parameters of the remaining seven carbon atoms
in the asymmetric unit. The parameters of these nine
atoms were refined by four cycles of least squares. This
reduced R to 0-161. Bromine was then assigned an
anisotropic temperature factor; four more cycles of
least-squares refinement reduced R to 0-156.

A detailed comparison was then made between cal-
culated and observed |F| values. Four reflections had
large discrepancies, and many more had discrepancies
which seemed outside experimental error. As a result
the intensities of 125 reflections were remeasured on
the same crystal. Outside of the four obvious errors,
no significant discrepancies between measured inten-
sities were found. After correction of the intensities of
the four reflections the bromine and eight carbon atoms
were given anisotropic temperature factors and their
parameters refined with four cycles of least squares.
This reduced R to 0-139. The temperature factors for
all atoms were satisfactorily small except for the By,
and B,, terms of bromine, which were 5-3, and the
Bs; term of C(4), which was 6-65.

The positions of the five hydrogen atoms were then
calculated and included in the next refinement. The
hydrogen coordinates were held fixed but the isotropic
temperature factors were allowed to vary. This reduced
R to 0-128.

Since R still seemed high, three least-squares refine-
ments were calculated in which a portion of the exper-
imental data was eliminated. In the first calculation
zero weight was given to those reflections which had
an appreciable discrepancy between calculated and ob-
served structure factors. Thirty-two reflections were
selected, and after two cycles of least-squares refine-
ment R was 0-113. In the second and third calculations
all low angle data below sin 8/A=0-30 and all high
angle data above sin §/4A=0-531 were eliminated, re-
spectively. After two cycles of least-squares refinement
R became 0-116 when the low angle data were not used
and 0-124 when the high angle data were not used.
Although the first two procedures led to a small im-
provement in R the improvement did not seem suffi-
ciently dramatic to warrant eliminating a portion of
the experimental data.

Fourier calculations of the electron density showed
a peak at 0,0,0-46 about half as high as a carbon atom.
Because of space limitations this position is impossible
for any plausible chemical impurity which we have
been able to invent. Attempts to identify an error in
the data which would produce the peak also failed.
We suggest that this peak is the result of disorder of
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some kind, but we have failed to find a completely
satisfactory model of the details of the disorder.

Least-squares calculations with one-tenth of a bro-
mine atom, or with a carbon atom at that position,
improved the agreement slightly and at the same time
shifted other atoms by small amounts. The differences
in coordinates found in these refinements suggest that
standard deviations of positions should be stated as
about 0-02 A, rather than the values given in Table 1,
to include the uncertainty introduced by our ignorance
of the nature of the disorder.

Since no significant improvement could be effected
by the procedures described above and no appreciable
discrepancies could be found in the experimental data
it was decided to terminate the refinement.

The positional and thermal parameters and their cal-
culated standard deviations are listed in Tables 1 and 2
respectively for all atoms except hydrogen. These par-
ameters were obtained with use of all data, not refining
‘the positional parameters of the hydrogen atoms, and
holding the temperature parameters of the hydrogen
atoms equal, but allowing them to be refined. The R
value of this refinement was 0-123. The observed and
calculated structure factors are shown in Table 3.

CRYSTAL AND MOLECULAR STRUCTURE OF 1-BROMOTRIPTYCENE, BrCsH;;

Table 1. Final positional parameters and standard
deviations* in parentheses x 104

X y z
Br 0-0 0-0 0-1052 (1)
(1) 0-0 0-0 0-2173 (7)
C(20) 0-0 0-0 03595 (8)
CQ) 0-1212 (7) 0-1184 (7) 02490 (5)
C(3) 0-2241 (8) 0-2153 (9) 0-2099 (6)
C4) 0-3275 (9) 0-3147 (8) 0-2525 (7)
Cc(5) 0-3249 (8) 0-3146 (8) 0-3291 (6)
C(6) 0-2207 (8) 0-2154 (9) 0-3679 (6)
(0¢)) 0-1198 (7) 0-1170 () 0-3282 (5)
HQ0)t 0-0 0-0 0-420
H(3)t 0-225 0-215 0-150
H@)t 0-405 0-395 0-220
H(5)t 0-400 0-390 0-360
H(6)T 0-225 0-215 0-430

* The standard deviations listed are those estimated by
least squares. Because of disorder, as described in the text, the
uncertainty is judged to be about twice as great as indicated by
these values.

+ These parameters not refined.

Description of the structure

The structure consists of three non-polar molecular
doublets arranged on the three threefold inversion axes

Table 2. Anisotropic thermal parameters (A?) and standard deviations in parentheses x 10
The temperature factors are in the form exp (— X Bishihsbib;/4), where b;b; are reciprocal cell lengths.

B B> Bs3 By, B3 B3

Br 4-78 (7) B11 373 (9) B11/2 00 0-0

CQ) 1-72 (31) Bl11 2:38 (53) B11/2 0-0 0-0

C(20) 1-58 (30) B11 2:94 (58) B11/2 0-0 0-0

C(2) 1-31 (27) 1-46 (29) 3-78 (38) 0-74 (23) —0-16 (25) —0-12 (26)
C(3) 2:32 (35) 2-51 (3i) 4-48 (46) 1-:33 (30) —0-08 (32) —0-53 (32)
C4) 2:31 (36) 1-63 (32) 6-80 (61) 1-16 (29) 0-36 37) —0-39 (35)
C(5) 195 (34) 2:09 (34) 497 (47) 1-07 (29) 0-42 (32) 091 (32)
C(6) 1-62 (22) 2:97 (25) 4-51 (33) 1-38 (20) 0-17 (21) 0-88 (23)
C(7) 117 27 1-48 (29) 3-53 (36) 0-46 (23) —0-15 (25) 0-18 (25)

(a) ’

(0)

Fig.3. (a) The stacking arrangement of two 1-bromotriptycene molecules about a center of symmetry. (b) The packing arrange-
ment as viewed down the ¢ axes. The numbers refer to the z coordinate of the inversion center.
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of the hexagonal cell. The two molecules of each
doublet are related by a center of symmetry. The
orientation of the benzene rings is shown schematically
in Fig.3(a). The heavy lines in Fig.3(b) represent the
benzene rings of one molecule and the dashed lines the
benzene rings of the molecule related to it by the center
of symmetry. The solid circle represents bromine.

The interatomic distances and bond angles are given
in Tables 4 and 5, and in Fig. 4. It is interesting to com-
pare the values of the bond angles at C(1) and C(2)
because these angles cannot all have their normal value
in triptycene. The angles about C(1) are within 2° of
the tetrahedral value whereas the angles at C(2) are:
C(1)-C(2)-C(7) 110-7°; C(1)-C(2)-C(3) 128-5°; and

Table 3. Observed and calculated struc
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C(3)-C(2)-C(7) 120-7°. The two angles external to the
benzene ring are distorted approximately 9° from the
usual value of 120°, which can be interpreted as evi-
dence that these bond angles are more easily distorted
than are the sp? tetrahedral bonds at C(1).

The variation in the observed bond angles and dis-
tances in the benzene ring may be due to the strain
caused by the distortion of the C(1)-C(2)-C(3) bond
angle, but is more likely a result of the molecular dis-
order mentioned above.

The C-Br bond distance (197 A) is in excellent
agreement with that determined by Robertson &
Sheldrick (1965) in o-methyl p-galactoside 6-bromo-
hydrin of 1:974 A. In both cases bromine is bonded

ture factors (x 10) of 1-bromotriptycene

HiKe-12, 12 ke ~gu 113 10 9 2 568-496 13 133-185 L FOB FCA LFOBFCA 20 TS &) 12069286 © 53 -35 L FOB FCA
L FOB FCA 16 57 -44 5 323-386 H,Ke 3, 1 4 451-Al2 4 94-129 9 &% AB 0 285 273 Miks 9
30 -11 Meke 1, 1 19 139 149 & 306 328 WKs 3, 2 1 A1 =38 12 130-121 3 130-122 L FOB FCA
6 19 =5 L FOB FCA 110153 12> 10258 301 L k0B FCA 10208 233 13 4340 4 e -81 32 -oe
0 682 6BE HKe =1, 2 14 281-22s 13 163-192 1 396 43¢ 13 36 9224 220 3 96 -9
L FOB FCA 17 29 -o 1675 -63 4 211-253 16 ST 52 e 12 29 4% 8102 105
Hoke =2, 3149 83 26 79 85 19 98 91 49 -39 19 60 70 L f0s'kch 15 30 -9 14 60 -as
o L FOB FCA 6 525-499 10 311 338 2159 151 1o 5
Hyke =5, 12 15 116-125 8 193 225 9 299 268 HyKe -0y Hike 2, 2 Sl KeKe A, 45 19 <76 Hexe I, 2
L FDB FLA 18 S7 93 11152 119 12 51 -10 L kUs FCa L FOB FCA 186 69 -¢5 L FOB FCA 8 19 87 L FOB FCA H.ke 9,
L1791 21 18 3 14 233-217 13 126-150 1 209 3le O 96107 19 103 91  © 271 253 11 138 139 2 80 -85 L FOB FCA
[ ] 1T 50 el 18 137 138 4 36)-415 ke 1, 3 308-27 3 301-268 1 s 220-222 1 2
4 20 21 Hems =3, 20 79 69 21 23 13 7 1i3-106 L FOB FCA 4 110-136 ke 3, & 169-18C ] 91 4 8% -9l
10 85 93 L FCB FCA 10 183 238 2 133 -B8 9 249 25 L FOB FCA 9 197 195 ks 6, T 11 30 25 1 20 -17
2197 185 neKs =2y MyKe =1y 3 I3 134-160 5 672-573 12 135-100 O 4e$ 430 12 181-135 L FOB FCA 14 132-12) 1C 65 36
Wyka =5, 13 5 228-27) L FOB FCA L FOB FCA 1o Ty -T5 8 47 To 13 Jel-186 3 259-204 15 153-169 1 LCS 97 1 13 30 -28
L FOB FCA 8 278 286 1 325-108 2 446 350 19 10+ 107 11 155 128 18 82 &3 6 419-391 18 &7 3 4 113-11%
Hoke -8, 11 3106 <95 L1 219 180 & (67340 5 428-4ék L6 203190 21 34 =T 9 31C 296 121 -29 Weke T, Ko 9y
L FOB FCA ¢ 67 -67 14 118-103 1 &) -20 330 3&) HyKs =0, 3 17 79 70 12 53 -12 Wk= 4, 5 10 74 16 L FOB FCA L £OB FCA
2 0 3 9 75 77 17 35 18 10 184 230 11 168 135 L FOo FCA 20 97 &3 MiRe 2, 15 175-186 L F08 FCA 1 %6 -24 0 188 181
5 125-128 20 65 51 1) 96-124 14 211-189 s 121 53 LFoskch 181z dor 2 29 -28 MRe 5, 4 100 -96 19 -3l
s ¢ -17 Hoxe =5, 18 16 96-101 I? &b )& & 281-¢B5 H,ks 1, 3 2 307182 72 -15 L FCB FCA 7 25 -24 6 65 -12
1 s L FOB FCA H.k» =), 16 92 96 20 62 4b v 472 436 L FOB ECA 5 160-203 Hiks 3, % 107120 5132118 10 31 43 <15 98
HoKesl1, 13 14 &1 =31 2 11 -25 L FCR FCA 12 3% 5S¢ i 622 641 8 106 136 L FOB FCA 11 118 104 3 27 -13 13 34 -a7
L FOR $CA 5 G 12 1 114 192 HeXe =2, & H,Ke =1, & 15 1156-129 4 37)-406 11 82 46 2 134 100 14 47 -15 6 34 -20 Hexe
A 576-554 L FUS $CA L FOB FCA  Ym 97 100 7 177-168 1o 110 -89 % 210-222 17 15 -3 9 32 30 H,ke T, L FCB FCA
o Hoke -4, 1 72 -5 3 «83-378 1 68100 21 u 2 1027129 17 70 71 8 9 114 L FOB FCA 2 19 14
L FOH FCA 10 187 22¢ o #19-41) T 106 -97 13 99-127 20 ST 35 11 6] 34 HKe 4, 6 H.Ke 5, 3821 5 1) 22
HyXe-11, 14 1283 330 13 237-296 5 25 241 & 425-639 nyKs -Uy 16 15 =12 14 114 =95 L FOB FCA L FCB FCA 3101 =91 @ 52 57
L FOB FCA A AS1-454 16 123-129 12 130 -96 10 218 260 L FOB FCA 19 119 115 W.ke 2, & 17 51 42 1 66 =48 le -l e 19
2 70 8 7 305-277 1S 9S4 91 1> 153-18¢ 13 127-145 ¢ b8 =24 L FOB FCA a 153161 5 41 33 9 ke 9,
10 257 283 16 125 111 16 99-108 3 80-121 myxx 1, & 1 A7) 489 MRk 3, 159 -62 1 %081 Uece'rca
Heke=10, 1C W ] -6, 11 13 92-120 M.kx =3, 6 2L 3% -1l 19 106 108 (31 260 L OB FLA 4 1AL-L7] L FOB FCA 10 57T 47 Hexe &, 112 -1
L OB FCA L FOBECA L FCBFCA Lo 85 -19 1 FCB a W1 220 197 0 e sie a8 =37 1 193 219 13 75 -81 FCB FCA Mok 5 4 81 -9
s 61 3 93 -90 1204 210 19133 1s0 3 122 Heke <2 5 myks =1y S 14 54 <3 3 593-5C1 10 314 336 4 262-274 16 30 -e7 3 b1 23 L fos'kc
4 1C1-1C5 A et e 'CTemerch AT 2 o A 2¢7-2a1 13 40 3 7 51 -se 6 131-1a2 54 43 KKe 10, O
25 -18 Hyxs -4, 9 232 220 2 386 231 3 08 -46 20 b3 SU 9 331 30 16 57 -&6 10 129 157 MeKe 4, 9298 293 5 131-11% L FCB FCA
10 165 187 L FOB FCA 12 35 80 5 3ea=3Sl 6 13l-Lel i¢ 203-23c 19 86 81 13 112-116 L FOB FCA 12 28 35 8 38 3 1 eC 6l
1321 N 3100 -66 15 25 -20 B 1al 157 9 145 150 hexe -0, 15 2067257 16 54 =36 C 43 37 15 74 <11 11 9 93 4 90 -6V
6 146-160 18 55 57 11 287 255 12 194-169  C FOb FCA 18 15 &> M.Ke 2, 3 88 -17 18 o) 88 T 119-128
Meke -6, 12 9 182 17% (4 89 -0 15 9L-109 L 69 131 LFOB FCA MKs 3, 6 6 152-149 Hoke 1, 1C 4c 20
L FOB FCA 12 221-190 M,K= =3, 7 L1 53 &6 18 85 19 4 408-459 kx|, Q175 171 L FOB FCA 9 B0 61 heKke 6 Tros'ech 13 3 a2
3 89 -73 15 108-119 L FCB FCA 20 83 76 7 266-250 L FOB oo 3 1ss-i30 0 400 0 12 41 -ec 1 ks tr,A 1 36 28
5 147-143 18 87 79 2 14) 104 HokE =1, 10 226 <5 2 104 <82 6 64 =11 3 42 31 4 105 =91 hyxe 104 1
9 93 8o 4 3C8-302 Meke -2y & L FOB FCA 13 113-127 5 168-19% 9 181 179 6 95 -9C H,Ke &, e 7' e MU ke e
1231 =22 Wike =4y 8126 13 L tUS FCA 2 267 192 1o To =14 8 12 9« 12 10 -43 9 188 18C L FOB FCA 8 10 c-ls  c 120 107
L FOB FCA L1 225 205 1 125 las 5 182-1be 19 124 133 11 98 8 15 88 -93 12 38 5« 2 32 11 11 ide L18 1 92 -
Moke -6, 13 2 322 266 14 B1 -60 & 484-466 8 215 225 1o 108 =93 18 58 47 15 53 =36 5 56 -5C 14 126-114 HeKe I, T 6 34 -2
10 58 o L FCB FCA 5 295-295 11 33 41 1 &3 -6l 11 £15 196 neRs =0, 17 3 22 6 58 35 17 &7 38 L FOB FCA 9 1C8 107
13 95 -91 2 30 -37 166 174 10109 133 14 83 =31 U FUo FLA a2, 3. u ou e 0 s 51 23 17
16 29 -16 5 63 -68 11 301 275 HyXs -3, 8 1) 242-205 17 3) 26 771 0% MKe 1, 1 508 FCA L FOB FCA Weke 6, 2 3 W) -27
s 3 32 65 <34 L FCE FCA 1o 93-101 i By 2 L FOB Fh s s 53 49 HeKe &, L FCB FCA 6 10 =33 Myxe 10, 2
noks -7, 8 1T 47 40 1 1T 10s 19 79 e MKe =1, 7 o 199195 1 322 329 5 268-265 5 143-151 L FOB £CA 1 2Ce 241 L FCB FCA
L FOB FCA hyke -8, 14 20 61 71 4 205-210 L FOB FCA 9 297 281 4 lu1-195 8 43 a3 8 135 139 1 68 o6& & 229-23% H.ke 8, 2 6l -6u
u.u--ln. 13 ) 34 27 L FCB FCA 7 “86 <96 Mexs =2, 7 I 38 66 12 40 S0 7 56 -58 41 121 106 1} 52 46 & 65-53 7 40 -3 L FOBFCA 5 90 -78
0B FCA 6 176-182 1 &4 70 Meks -4, 1C 156 166 L KOS FCA 4 L1T-129 15 74 -Bu 10 79 90 14 06 -89 14 86 =17 7 69 -80 10 88 99 2 13e-131 8 0 -4
Pl e SIS 4 Se-se Leos fca 1) a2 3 3 229-201 T 38 -1a 18 &3 &7 13 125-13% 17 Sz 49 13 138-145 5 125-130 11 G -1l
4 71 -78 12 29 29 1 -18 1189 231 16 69 -75 & ¢28-230 10 12} 141 io 30 -2 MKe 3, B Mke 4, 16 16 46 =43 8 95 99
T 23 24 15 5C 5% * )26-326 v 181 176 13 2% =11 MK -0, Hks 2, L FOB FCA L FOB FCA 1135 17 HeEs 10, 8
Heks =3, 1 51 =50 hxe -3, 12 85 =63 16 47 -39 L FOb FLA HeK: 4 L FOB FCA 1 46 -43 G Sl 46 WKe &, 3 14105 -95 L FCB FCA
MoKa=10y 14 KeK» =T, 9 L FCR'FCA 10 1iw 133 'L FCB FEA 15 119-140 2108 -So L FUB FCA 1 204 218 4 94=2C7 3 85-102 L FCBFCA 17 0 2 1111 1ls
o08'FcA L FOBHCA 2 2 -8 13 1T0-l79 3 er a8 1 Tr 60 Hex= -1y % 276-272 0 Y61 34Y 4 100-111 7 14 1C G 433 422 4 aB o34
Q0 24 21 135 80 -8 84 ~87 & 119-129 L FOB FLA B 15¢ 158 3 1t7-105 T 42 54 10 67 61 Heke 3, O 3 32 A7 Meke 8 1 71 88 =13
5 181-171 8 16a 182 19 6181 200200 weme -2 8 3 20 11 11 5 ze o1 -70 10 Bl 80 13 38 -34 L FOB FCA & 83 =81 L FOB FCA
Myke -§, S 8108 116 11 176 148 12 28 0 L #0B FCA & 201-201 e 170-15T 9 255 250 [} 55 -54 2 60 -35 9187 186 1 118 13
L POB FCA L1 64 52 14 46 =14 H.Ke -4, 15 b4 -6 2 15 46 916l 158 17 32 6 12 2> 49 16 30 -15 HKs 3, 9 5 68-38 12 28 I3
3 85 86 14 106 -84 17 24 1&6 L FOB rh 5 1717-183 12 20 30 15 a3 =) L FOB FCA 8 162 182 15 56 -8
6 T4 -68 17 0 S 20 31 a2 3 86 -66 NyKke =3, 10 8 519 135 15 58 <6l HyRs -0y noka 2, 8 0 159 1 1L 172 ta8
9 2y 221 o 62 -82 L FCB FCA 11 25 - U FOB FCA HyRs 1y B L FOB FCA 3 5C =38 14 45 =14 Mexe b, &
12 23 43 Wyke =7, 10 HeKe =5, 9130 129 2 65 -68 14 128-118 M.Xs =1, 9 | 35 22 L FOb FCA 0253 232 6 43 -é6 17 0 1& L FCB FCA
15 18 26 L FOB'FCA L FCB FCA 12 156-13% 5 170-16s 17 29 13 L FOB FCA & 149-1S6 2 1v7-200 3 28 14 g 91 95 ¢ 32 42 2114 S5 L
1 253 210 S0 1 15 92-98 8 21 1% 2 4% -A5 71235123 5 113-120 6 110-10% 5 1 ~82 Myue 8, 2
Meke =9, 1C & 102-107 4 340-347 18 54 &8 Il &b 23 heke -2, 9 5 122-120 1G &5 42 8 89 &7 9 130 113 mKe 3, 1C kiXe S, 8 11 128 L FOb FCA % 3 -5
L FOB FCA 7 38 -43 7 127-119 14 84 -76 L FOb FCA 1116 119 13 15 -79 11 ¢5 9 12 23 -} L D8 FCA FOB FCA 11 158 15 0 1T8 163 8 0 &
2 180-182  1C 15 76 10 181 161 MyXe -4, 1 ood 111 11 86 56 1o 33 =27 1e 76 =3 15 39 -3 2 0 -1 1 A48 464 14 28 A7 3 28 22 11 24 15
s 76 - 1370 -68 1) 128-137 L FOB FCA Hexe -3, 1 28 -31 1 90 -7y 5 43 43 4 25%-2T1 6 152-142
8 102 105 16 =70z 56 4D L FOB FCA & 88 =93 neke -0, HRe de 9 Meks 2, B0 -1 7 96 -9 W,Ke 6 9107 92 Myxe 1ty 1
11 33 18 keke -7, 11 19 88 1CO 5 36 & 1171 186 10 0 66 H.xe -1, 10 L F0o FCA L FOB FLA . | FOB rea 10 250 275 L f08 fr 120 s MUeos’eca
14 80 =78 L FOB FCA €116 126 7 14 =13 13 63 =60 L FOB FCA D 6l1) 6lé 1 (v 23 2 25 20 mke 3, 13 ) -s2 1 29-20 13 39 -351 1229 235
3100 =78 Hyke -5, 11 1as 127 4 121-143 16 V0 -24 1122128 3 65 90 4 79 =11 5 TL -Te L FOB FCA 16 50 -Al & 248-251 58 =83
mRe =9, 11 & 21 16 L $0B FCA 14 19 46 IC 70 &9 410y -98 o 18 -T1 T 133131 B Ae A &0 19 85 9% 1 20 =22 Wks 8 o -t
#0B'6CA 9 87 84 ) 210-194 17T 21 22 1) 70 =86 m,ke =2, 10 T 8) =% 9233223 10 28 1> 1L 39 78 10 e 55 "ieon'eca
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5 38 -4 4 105-112 9 €% 84 15 56 -6 24 3 b6 -7 7T 18 -10 10 254 283 9 186 ot 0'h'%
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1o 22 -17 L FOB FCA L FOB FCA 12 23 -18 12 ¢9 -18 M.K= 20 11 19 129 14C 18 6% 5% 12 22 20 2 1 15
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4 T4 76 L FOB FCA Moke -4, 11 5 21 =19 5 ilo-1ll heKe =1, 12 Hoke 1o 11 0 0 =11 Myxe 4, 1 KKe 3, ke 6y T Hoxe 124
1114 112 LFOBFCA 8 ST &9 8 3L 22 L FOB FCa FUBTECA 3 5370 Lisomkca L HOB m L FCB FCA L FCB FCA
4 23 -18 3 115-100 139 30 2126129 2 23-21 6 0 20 0 424 4«0l PRI 24 -11
1 22-3 6 43 =38 Mike -3, 14 s 82 -al 5 v0-78 3 304-5C3 H vo-uz 5 74 =24 6 15 =9
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12 70 =60 1 27 =% L FOB FCA L FOB FCA 9 312 307 11 107 66 0 99 19 neks 12, 1
NeKa =7, 14 L 66 =08 MyKe =1y 13 Meke 1, 12 3 10% 31 12 252-218 14 45 =17 MK 6, 8 ) 19 =5 L FCB FCA
L Fo8 FCA Heke -4, Hoke =24 70 -69 L FOB FCA Myxe -y, 12 L FOB FCA 6 232-247 13 238-261 17 47 38 L FCB FCA &6 22-18 2 28 33
45 -31 4 198-2C3 L FOB FCA L FOB FCA 7 18 -12 1 15 20 L FOB FCA 1 51 T3 94T4 48t 13 60 49 1 21-25 9 34 29 3 29-3
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3 837 23 L FCB FCA 3 45 =38 3 445 393 Huke 1, 2 v5 =59 S 216-243 7 183-151 L FOB FCA 3 22 .."
6 133142 Hyke =3, 10 Mke -4, 13 Cl19¢1184 6 57 -66 6 270-286 L FOB FCA 5 489-510 n.%e 3, 8 1t 137 10 180 17¢ 1 200 212
9 306 299 L FOB FCA L FOB FCA 801 134 1 135 271 8 1u8 225 L FOB FCA ] a4 =26 1) 70 -64 Moo
12 28 33 3 241-237 1372 wexe 24 Hoke =1y 1 12 91 & 397-a6) 11 le7 119 I 14 160-1a1 18 33 -5 Tros'rca
15 73 -11 8 lls-115 Techech TLRORTFCA 13 109-12L 7 367332 14 236-217 3 290-326 17 60 aa 3 83 se
133 35 91 19811018 1 217 18 96 87 10 142208 17 32 4l 8 90120 20 0 16 keke 3, 8 o 12 =08
12 17%-166 4402-483 21 17 13 13123188 20 Mo 69 11174 1%2 L FOB FCA 9 230 227
Hoke <b¢y T 13 134 Hike =0, 1 373-332 -40 14 116 =93 p,xe 4, 3 0 213 201 12 30 &
L f08 FCa L o8 'u 16 147 208 HeKke =0y 1 19131 100 woxe 2, 1 17 10 61 "'CCros'reh 15 3 -2
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Table 4. Interatomic distances with standard
deviations ( x 102) for 1-bromotriptycene

Br —C(1) 197 (H A
C(1)-CQ2) 1:53 (1)
C(2)-C(3) 1:37 (2)
C(2)-C(7) 1-39 (2)
C(3)-C(4) 142 (2)
C(4)-C(5) 1-35 (2)
C(5)-C(6) 139 (2)
C(6)-C(7) 1:37 (2)
C(7)-C(20) 1-51 (2)

Table 5. Interatomic bond angles with standard
deviations ( x 10) for 1-bromotriptycene

Br —C(1)—C(2) 1114 (6)°
H(20)-C(20)-C(7) 111-4 (6)
C(1)—C(2)—C(3) 128-5 (9)
C(20)-C(7)—C(6) 1280 (9)
C(2)—C(1)—C(2) 107-5 (6)
C(7)—C(20)-C(7) 1074 (6)
C(1)Y—C(2)—C(7) 1107 (8)
C(20)-C(7)—C(2) 1122 (8)
C(2)—C(3)—C(4) 1181 (9)
C(7—C(6)—C(5) 1200 (9)
C(3)—C(4)—C(5) 121-1 (9)
C(2)—C(1)—C(6) 1199 (7)
C(4)—C(5)—C(6) 120-2 (8)
C(3)—C()—C(7) 1207 (7)
C(2)—C(3)—H(3) 1202 (8)
C(3)—C(4)—H(4) 1167 (10)
C(4)—C(5)—H(5) 1206 (8)
C(5)—C(6)—H(6) 1181 (8)

to an aliphatic carbon atom. The C(1)-C(2) and C(7)-
C(20) distances of 1-53 A and 151 A, respectively, are
in good agreement with the expected value of 1-515 A
for an sp2-sp* carbon bond (Dewar & Schmeising,
1960). It is concluded, therefore, that there is no inter-
action between benzene rings in 1-bromotriptycene.
Since the bond angles and interatomic distances are
the same for both bridges (within the accuracy of this
investigation), it appears that the bromine atom has
a negligible effect on adjacent bond angles and bond
distances.
Estlin & Karle (1967) recently reported the results
.of a crystal structure investigation of p-chloroethyl-
triptycene. Their bond angles and distances are in good
agreement with the results reported in this investiga-
tion.
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Fig.4. Interatomic bond distances and angles for the asymme-
tric unit.
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