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The crystal structure of cis-1,2-dichloroacenaphthene has been determined by the heavy-atom method
and has been refined to R=0-049. Space group P2,/c, Z=4, a=15-502, b=6247, c=10-173 A, f=97-00°.
The naphthalene ring system is planar and the five-membered ring is twisted owing to the strong steric

interaction between the cis Cl atoms. The short intramolecular Cl---Cl distance is only 3-126 A

and

might be the cause of the unexpected difference observed in the 3°Cl n.q.r. frequencies between the cis

and trans isomers.

Introduction

The configuration of isomeric vicinal dichloro deriva-
tives of carbocyclic molecules has in general only a
small effect on the 35Cl quadrupole resonance fre-
quencies, with the exception of cis- and trans-1,2-
dichloroacenaphthene whose frequencies differ by
2-4 MHz (Ardalan, Lucken & Masson, 1973). Only the
crystal structure of the frans isomer was known (Le
Bihan & Perucaud, 1972) at the time of the n.q.r.
measurements. The question of interest was whether
the difference in the n.q.r. frequencies could be ex-
plained on the basis of the conformation of the cis
isomer whose X-ray investigation is reported here. The
atom-numbering system used is as follows:

H‘S‘l) H(2)
ci(1) ="‘-, _-"- cl(2)
10 4
9 5

C1S-DICHLOROACERAPHTERE

The hydrogen atoms (not all shown) are labelled
according to the numbering of the carbon atoms to
which they are attached.

Experimental

The crystals are colourless tabular prisms with well
developed {100} faces. The sample selected for X-ray
analysis (0-2x0-2x0-16 mm) was sealed in a Linde-
mann capillary to prevent loss by sublimation. The
lattice parameters and the intensities were measured at
room temperature on an automatic four-circle Philips
PW 1100 diffractometer with a graphite monochrom-
ator and Mo K& radiation (2=0-7107 A).

Crystal data
C,,HCl,. Monoclinic; space group P2,/c.
a= 15502 (4), b=6-247 (1), c=10-173 (3) A
p= 97-00 (4)°
U=977-8 A%; Z=4
D,= 1-510; D,=1-516 gcm~3.

2454 independent reflexions were scanned in the 8-26
mode (scan speed 0-02° s~!) within a parallelepiped
limited by Ay =16, kpax =06, lnax=10, and sin /1<

CIS-DICKLOROACERAPKTENE

Fig. 1. Stereoscopic view of the unit cell showing the molecular packing. The origin is in the upper-right, rear corner. The upper-
right molecule is the basic molecule with positions x,y,z. The thermal ellipsoids are plotted at 50 % probability level and the

distances are in A,
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0-8 A~!. A preliminary background measurement
allowed the skipping of the unobserved reflexions, rated
so when I, — 2|/ Iop < I, Where I,,, was the intensity
(counts s~!) measured at the top of the reflexion and
I,, was the mean intensity (counts s~ ') of both back-
ground measurements. Three monitor reflexions,
measured at average intervals of 20 reflexions, were
used to correct for intensity variations. No significant
signs of crystal degradation were noticed. 1325 intensi-
ties were recorded of which 1320 were greater than 2o
in |F|. Lorentz and polarization corrections were
applied as usual. The linear absorption coefficient u is
6-1 cm~! (uR~0-06) and spherical absorption correc-
tions only were applied.

~

Fig. 2. Orthogonal (100) projection of the close packing of the
chlorine atoms, showing the shortest Cl- - - Cl distances in A.
The atoms are distributed in layers lying parallel to, and
located 1297 A above and below the (100) planes. The
interference radius of the atoms is equal to the van der
Waals radius of Cl (1-80 A). Strong non-bonded intra-
molecular interaction is evident from the overlapping of the
circles. The hydrocarbon residues, attached to the chlorine
atoms of the upper layer (thick lines), point upwards from
the plane of the paper. The hydrocarbon residues of the
adjacent lower layer point downwards. The centre of each
of the chlorine atoms contained in one unit cell is depicted
by a cross. The b and ¢ axes are in the plane of the paper.
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Determination and refinement of the structure

A sharpened Patterson function with the complete set
of data revealed the positions of the two independent
Cl atoms. An electron density map phased on the Cl
atoms allowed the location of the C atoms. The struc-
ture was refined by full-matrix least-squares analysis
with anisotropic temperature factors for the non-
hydrogen atoms. Hydrogen atoms were located from a
difference map and were included in the model during
the latter stages but their positions were not refined.
The condition for inclusion of a reflexion in a cycle of
refinement was: |F,|>2a(F,); if |F/|>|F,] when
26(F,) <|F,| < 30(F,). The final R, based on 1318 re-
flexions, was 0-049 with the weighting scheme: w=
10 for F<48, w=0-67 for Fin the range 48-64, and
w=0-25 for F>64. The final values of the positional
and vibrational parameters are listed in Tables 1 and 2;
the structure factors are listed in Table 3.

Table 2. Positional parameters
of the hydrogen atoms ( x 10%)

B is equal to the isotropic thermal parameter of the carbon
atom to which H is bonded.

X y z B (AY)
H(1) 1198 2676 419 33
H(2) 904 —719 1147 3-5
H®4) 2168 —4051 2137 34
H(5) 3680 —4361 2782 35
H(6) 4720 —1822 1866 35
H(8) 4833 1499 678 3-0
H(9) 4101 4496 - 675 34
H(10) 2563 4550 —1257 29

Thermal vibration analysis

The thermal vibration of the molecule was analysed in
terms of the rigid-body tensors of translation (T),
libration (L) and screw motion (S) (Schomaker &
Trueblood, 1968). The fit of the rigid-body model
including all atoms is fairly good with {(4U)»!*=
0-0046 A2, The translational motion is small with

Table 1. Final positional and thermal parameters (both x 10*) with standard deviations in parentheses

Thermal parameters are given in the form exp [— (by/? + b2ok® + b33l 2 + biahke + byshl + baskl)].

x y z by
CI(1) 837 (1) 1793 (2) —1803 (1) 35 (1)
Cl(2) 848 (1) —2799 (2) —580 (1) 38 (1)
(o0} 1409 (3) 1502 (7) — 187 (4) 25(2)
C(2) 1303 (3) —707 (7) 509 (4) 24 (2)
C@3) 2217 (3) —1312 (D) 1085 (4) 26 (2)
C4) 2536 (3) —2980 (8) 1870 (4) 45 (2)
C(5) 3448 (3) —3123 (8) 2218 (5) 49 (3)
C(6) 4016 (3) —1665 (8) 1796 (5) 32 (2)
C(7 3699 (3) 63 (7) 976 (4) 28 (2)
C(8) 4191 (3) 1710 (8) 447 (5) 25(2)
C(©9) 3784 (3) 3263 (8) ~343 (5) 38 (2)
C(10) 2866 (3) 3345 (7) —663 (4) 40 (2)
C@11) 2378 (3) 1797 (7) —151 (4) 31 (2)
C(12) 2797 (3) 175 (7) 645 (4) 28 (2)

bZZ b33 bll b13 b23

306 (4) 72 (1) 14 (2) —16 (1) 47 (3)

207 (4) 118 (2) —-28(2) —=22(1) —-54 (3)

169 (12) 71 (4) 12 (6) 1(4) —11(11)
212 (13) 66 (4) —-24(7) 14 4 -1931D
181 (12) 57 (4) -5 (6) 14 (4) -7 (10)
208 (14) 60 (5) —-2(8) 13 (5) 31 (1)
234 (15) 77 (5) 45 (9) —14 (5) 42 (12)
268 (15) 75 (5) 30 (9) ~7(5) —14 (13)
221 (13) 53 (4) 9(7) —~4(4) —28 (11)
264 (15) 79 (5) —-29(8) 84 —57(13)
228 (15) 89 (5) —44 (8) 19 (5) 3 (13)
166 (12) 74 (5) —-21(8) 5(5) 15 (11)
172 (12) 57 (4) 5N 7(4) -3 (10)
165 (12) 50 (4) 7 (6) 6 (4) —10(10)
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r.m.s. amplitudes in the range 0-13-0-17 A. The molec-
ular libration is equally small; the main r.m.s. ampli-
tude is 4-2° and the direction of its axis almost coin-
cides with the orientation of the central bond C(7)-

THE STRUCTURE OF cis-1,2-DICHLOROACENAPHTHENE

C(12), making an angle of 4-8° with the latter. The next
librational motions with r.m.s. amplitudes of 3-5° and
3-1°, are about axes that make angles of 17° with the
respective axes of the inertial frame. The C-C and C-Cl

Table 3. Observed and calculated structure factors
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10]F,|,

@2 e 201
[EETH 323

9 103 s

aes 134

533 526 150

555 552 247

238 2us 2t

3 2 w10 12

s 58 enn 68

513 808 w12 %

515 s12 -1 50

515 S e1e n

LIRS TPy 93

7o 1A -y 82

207 a5 .y 51

27 256 12 “

297 296 -11 260

185 102 -10 219

221 e 17

122 as 11y

nooIs 290

180 183 358

78 e 3uy

“ ot 69

no 1z 167

83 a3 <

a1z 20y 258

26 2 386

e Jue

55 w8 237

95 v 12

1. 182 100

29 292 263

332 322 2rr

100 112 329

183 1718 283

199 183 202

a1 a0 oo

236 232 Pty

a8 111 215

80 ez an

9% 38 11

11 103 re

3 139 161

3e 130 «s

107 198 206
PTE 11y

LT 135

142 ez 3

192 100 236 H
S6 56 ey 3
138 e 1e 3
166 158 w“ 3
9 s - 56 3
5 -2 « 3
190 188 .o 188 3
2io s e 111 3
52 3 b 58 3
109 103 -7 133 3
LI T 91 3
106 101 -y 115 M
2% 259 - 135 “
e ars oy 35 “
LS TR 67 .
98 37 i 80 .10 &
157 159 13 56 -9 &
23 e - Sy -8 &
159 100 11 115 -6 o
e 1 -0 7 .5
[T LY [
uI e 161 -2
68 63 . Iy 0w
109 nz .3 139 2
[T TR 236 3.
80 a1 0 115 P
62 ea 1 saz 5 o
A 2 153 N
o1 65 3 1 [
w07 109 5 105 P
55 w7 o 195 11w
39 b ? 195 135 .
oL 51 . 125 e .
52 255 9 us  as .
23 229 a1 8 a3 s
e 52 g2 e a1t s
80 s gy 17 95
129 127 g 82 . s
188 175 qs 7 3 s
18 1r0 g2 12 2 s
10 205 1 s 15
w52 ] 6 0o
60 o7 ’ o -1 s
P 6 79 -2 s
50 sy 5 8 -5 5
2 e « 81 -6 5
s a6 2 2 -1 s
0 a9 i 8z 11 5
01 9y ] 2 .12 s
3 198 -g 2 a1z g
Ay 9 -s 81 -11 b
103 117 -5 81 -10 6
106 103 -6 80 -3
7 rs g 5 -8 s
105 109 -1y (2
50 56 .12 LE T
85 82 .15 2 -3 w
¥ 83 18 8 -2 6
1235 118 12 a2 FEEY
28 a1 -nn 95 [
85 80 -10 100 P
ars et -p 112 5 6
8 ss -y 120 s 6
LS B 136 EIY
9 % - 1e3 10 6
e 158 a3 189 g5 6
35 -2 15 -1
$65 36 -1 156 =12 3
57 7 ] 155 -1¢ 1
03 392 t 135 .3
629 632 H 256 -6 1
99 93 3 -5
595 o5 . o
w0 a3 5 -2 1
260 255 ’ IS
101 187 [ 11
w6 w2 9 z 1
131 1e6 10 31
S8 1y s
©2  sr gy 5 1
193 192 e 6 1
129 1ze 1 1
62«1 13 s 1
0 sy a2 9 1
55 61 11 10
T T 12 1
107 03 s 131
105 98 s 16 1
201 292 7 15 2
10 1o 6 oz
[T s 12
153 53 . 10 2
[ TS 3 s 2
0 a2 z e 2
52 a1 1 r 2
3 7 a 6 2
76 268 -1 [
0 90 -7 .2
9% e -y P2

10| F¢|; reflexions removed from the final refinement are indicated by *.

ass use 5 LSRR TR
132 123 s LI TR
208 273 5 5 56 w9
338 319 5 [T )
e e s [T
55 60 5 5 el e
232 228 s 8 93 a1
553 Sup s s 62 e
180 138 5 LTIt
IO 5 s 83 e
w0 Ay 5 v 93 95
58 60 5 @ 9 e
[T 5 S 138 108
192 103 s 9 er 0
70 eb 5 S s 73
110 118 5 b 58 56
20 wse 5 s 105 111
o5 72 5 S 63 e9
295 27y . 3 el ez
113 a0y 35 s a3 98
578 ser s 9 68 19
252 23 3 9 5o ss
360 323 3 955 e
139 128 S S 67 e
[T 3 s a8 93
e gor 3 9 162 aes
[T [ 9 127 aze
55 s 3 s [ TS
235 22y FEY 3125 a2
% 102 3 s 9 139 133
61 eu 3. 9 1 1y
200 198 3 a5 56
e se 3. s 215 221
a3 s 3 s 8 a7
19 1m 3 5 3 18T aes
1S 108 3 LIEEY: B
55 ss s s 3 oar2 arnr
s a1 F 9 ass 187
se e 3 s s s
13 161 3 s 9 65 b2
22 250 1 9 w8 5
237 231 1 s 9 1 120
25 212 .5 9 sz s
s e . 3229 232
S1 s . s LIS BT
2u0 203 “ s s s
“ae 397 PR T e ey
335 332 . s 9 1% 16
e 13s .y 9 157 189
55 5 P e a3
157 151 . s v a6 122
a9 21z .o S 10 s
21 190 .5 S s es
120 126 P s 9% 99
70 59 .o S a0 s
[SEE Y P 3 e s
a8 100 . 9 110
55 58 v s I TR TY
53 6w « s ]
3N “ s S 1l 1y
%6 76 5oy 4 1% a3
62 66 505 s s1 1
s 1 s 5 v 256 259
LY T 5 5 9 168 an
56 %9 5 s 9w b
12 1y 5 o 9 101 200
131 128 s s s 102 112
76 79 5 s a9 e
107 100 5 9 sy er
198 190 5 5 91 s
252 251 5 s s 73 s
w2 s 3 v sr s
210 209 s 5 Y 11z a7
155 158 .1 5 s LT
175 15 ) s 100 89
16 102 2 s s c ew e
82 ez Ty O os1 sy
a1 2w .55 $ 112 a0
100 104 PR ¢ 1e3 1ee
129 1n 6 5 ¢ 12e 17
[T 35 s 1 e a2
63 b0 10 5 s 100152 1a7
8 57 i g o5 10 235 233
e re a5 5 5 1T 165 167
2 58 16 5 5 1w e 10
92 100 i1 6 s 10 228 221
136 138 65 10 179 an
2w 65 10 128 a3
109 119 6 5 10 107 103
19 12 IS 10 260 262
“w s 6 s 1w as 220
157 13e ° s 10 51 sz
0 7 I3 1 a1 9
s6 57 I 10135 127
W2 [ 10 el ar
6 s 0o 10 60 ws
8 es [y 18 51 sy
108 107 FEE 10109 109
% 57 06 10 1Se 16e
[T [ 10 187 149
126 an o o 1 62 62
109 102 IS 10 12 102
61 e 0 o 10133 18
1 106 I 1o I3 232
T ee S o 10 113 o
[N 2 b 10 e oas
53 IS 1095 98
103 110 [ 0 e er
126 130 FEY w15 79
11 101 [ 110 1
LIRS IS 0 a3 e
101 107 IS 10 186 108
7 aee 06 19109 112
o 06 L TR 1)
55 83 06 s 1
LEIE 13K 230 229
18 a7 0 TS
5587 0 v s0 73
6 17 133 65 b1
270 26 Iy e 147
st e IS 187 dee
108 10v 2 o 65 60
222 18 S 97 95
wae 393 [ 10 11e
55 a7 1 e urooags
0 75 16 61 se
251 239 16 e
216 205 16 65 58
212 200 a1 1o o3 5y
15 26 9 31 6 97 10%
161 156 s 16 75 en
110 115 7L sz
% 79 s 1b 73 e
153 153 s 1 s 50 s
(YR “1s a3 a7
79 31 13w
60 53 216 52 s
a8 1te 55 se
11 o 16 e es
I S e
[ T S s8 70
105 108 -3 4
a1 278 -w a1 g
18 120 -5 g o
11e 108 -6 1 b
ar 200 .7 1 e
105 111 -8 4 o
70 152 316




G. BERNARDINELLI AND R. GERDIL

bond lengths corrected for the effect of libration are
on the average 0-006 (1) A longer than the values in
Table 4. The averaged absolute value of the correction
for the bond angles is 0-21°, the largest correction being
0-35°.

Table 4. Molecular parameters with the estimated
standard deviations given in parentheses

Bond distances (A) Bond angles (°)

C()—CI(1)  1-780 (4) Cl(1) -C(1)—C(2) 1160 (3)
C(1)—C(2) 1-569 (6) Cl(1) -C(H)—C(11) 1131 (3)
C(1)—C(11) 1-509 (5) C(1)-C(1)—C(2)  104-8 (3)
C(2)—Cl(2) 1-801 (5) Cl(2) -C(2)—C(1)  114'5 (3)
C(2)—C@3) 1-514 (5) Cl(2)—-C(2)—C(3) 1096 (3)
C(3)—C(4) 1-368 (6) C(1)—C(2)—C(3) 104-4 (4)
C(3)—C(12) 1-403 (5) C(2)—C(3)—C(4)  132:1 (4)
C(4)—C(5) 1-419 (7) C(2)—C(3)—C(12) 1085 (4)
C(5)—C(6) 1371 (7) C(4)—C(3)—C(12) 119+4 (4)
C(6)—C(7) 1416 (T C(3)—C(4)—C(5) 1181 (4)
C()—C(8) 1-424 (6) C(4)—C(5)—C(6) 1226 (5)
C(7)—-C(12) 1-400 (5) C(5)—C(6)—C(7) 1201 (5)
C(8)—C(9) 1365 (7) C(6)—C(T)—C(8) 127-6 (4)
C(9)—C(10) 1-421 (6) C(8)—C(7)—C(12) 1160 (4)
C(10)-C(11) 1369 (6) C(7)—C(8)—C(9) 1204 (5)
C(11)-C(12) 1-406 (6) C(8)—C(9)—C(10) 122+6 (5)

C(9)—C(10)-C(11) 1181 (4)
C(1)—H(1) 1037 (4) C(1)—C(11)=C(10) 132-2 (4)
C(2)—-H(2) 0950 (4) C()—C(11)-C(12) 1083 (4)
C(4)—H(4) 0941 (5) C(10)-C(11)-C(12) 119-4 (4)
C(6)—H(6) 1089 (4) C(3)—C(12)-C(T)  123-4 (4)
C(8)—H(8) 1004 (4) C(3)—C(12)-C(11) 113-1 (4)
C(9)—H(9) 0994 (5) C(7)—-C(12)-C(11) 123:5 (4)

C(10)-H(10) 1-041 (5)

Torsion angles (°)
Cl(1) -C(1)~—C(2)—Cl(2) 14-
C(11H)-C(1)—C(2)—C(3) 9
C(1H)—C(2)—C@3)—C(12) -6
C(2)—C(3)—C(12)-C(11) 1

C(3)—C(12)-C(11)-C(D) 4

C(12)-C(11)-C(1)—C(2) -8

Discussion

The bond lengths and angles are given in Table 4. The
cis configuration produces a strong steric interaction
between the chlorine atoms whose intramolecular
approach, 3-126 A, is much shorter than a normal
van der Waals contact. Such a strong steric interaction
has its equivalent only in a severely overcrowded mole-
cule such as octachloronaphthalene (Gafner &
Herbstein, 1963). The molecular strain is partially
relieved by the splaying apart of the chlorine atoms,
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which involves a twisting of the five-membered ring
about an axis approximately oriented along the
C(7)-C(12) direction. This distortion shifts C(1) by
0-131 A from the best plane through the naphthalene
ring system, whereas C(2) is displaced 0-028 A in the
opposite direction. Part of the strain is also reflected
in the lengthening of the aliphatic C(1)-C(2) bond to
1-57 A, compared with 1:50 A in the trans isomer
(Le Bihan & Perucaud, 1972). The aromatic part of the
molecule is planar; the mean deviation of the ring
atoms from the best plane is 0-005 (3) A. The aromatic
bond lengths are similar to those found in ace-
naphthene and naphthalene (Ehrlich, 1957). Unfor-
tunately a meaningful comparison of the remaining
bond lengths with those of the trans isomer and those
of cis-1,2-acenaphthenediol (Trotter & Mak, 1963) is
impaired by the magnitude of the standard errors in
the latter determinations.

A stereoscopic view of the packingis shown in Fig. 1,
with a few short intermolecular contacts indicated. The
chlorine atoms form layers parallel to (100), which
itself belongs to the most developed form of the crystal.
The distance between two adjacent layers is 2:593 A
and the shortest interatomic distance between layers is
smaller than that expected for a van der Waals contact.
The atomic arrangement within the layers and the
relevant interatomic distances are shown in Fig. 2. The
mean plane of the naphthalene ring system makes an
angle of 86° with the layer of chlorine atoms.

It is possible that the difference in the **Cl n.q.r.
frequencies between the cis and ftrans isomers resides
in the strong non-bonded interaction between the
chlorine atoms, rather than a hyperconjugative effect
between the C-Cl bond and the aromatic residue [for a
discussion see Ardalan & Lucken (to be published)].
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