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The Crystal and Molecular Structure of cis-l,2-Dichloroacenaphthene 
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The crystal structure of cis-l,2-dichloroacenaphthene has been determined by the heavy-atom method 
and has been refined to R = 0.049. Space group P21/c, Z= 4, a = 15.502, b = 6.247, c = 10.173 A,, fl = 97.00 °. 
The naphthalene ring system is planar and the five-membered ring is twisted owing to the strong steric 
interaction between the cis CI atoms. The short intramolecular C1...C1 distance is only 3.126 A and 
might be the cause of the unexpected difference observed in the 3sCl 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 35CI quadrupole resonance fre- 
quencies, with the exception of cis- and trans-l,2- 
dichloroacenaphthene whose frequencies differ by 
2.4 MHz (Ardalan, Lucken & Masson, 1973). Only the 
crystal structure of the trans 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(1) H(2) cl(1)~cl(2) 
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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 (0.2 × 0.2 × 0.16 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 
C12H8C12. Monoclinic; space group P21/c. 

a =  15.502 (4), b=6.247 (1), c=  10.173 (3) A 
f l= 97.00 (4) ° 
U=977.8 A3; Z = 4  

Din= 1"510; Dx=1"516 g c m  -3 

2454 independent reflexions were scanned in the 0-20 
mode (scan speed 0.02 ° s -a) within a parallelepiped 
limited by hmax=16, kmax=6, lmax=10, and sin 0/2< 
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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 
di~ta, nce.s are in A, 
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0 . 8 A  -1. A p re l imina ry  b a c k g r o u n d  measurement  
a l lowed the sk ipping  of  the unobserved  reflexions, ra ted  
so w h e n / t o p - 2 1 / I ,  op < Ibm, where / top  was the intensi ty  
(counts  s - l )  measured  at  the top  of  the reflexion and  
Ib~ was the mean  intensi ty  (counts  s -1) o f  bo th  back-  
g r o u n d  measurements .  Three  m o n i t o r  reflexions, 
measured  at average intervals  o f  20 reflexions, were 
used to correct  for  in tensi ty  var ia t ions .  No  significant  
signs of  crystal  deg rada t ion  were noticed.  1325 intensi-  
ties were recorded  of  which 1320 were greater  t han  20" 
in IFI. Loren tz  and  po la r i za t ion  correc t ions  were 
appl ied  as usual. The  l inear  abso rp t ion  coeff icient /z  is 
6.1 c m -  1 (~R ~ 0.06) and  spherical  abso rp t ion  correc- 
t ions  only  were applied.  

A:  

Fig. 2. Orthogonal (100) projection of the close packing of the 
chlorine atoms, showing the shortest CI" • • C1 distances in A. 
The atoms are distributed in layers lying parallel to, and 
located 1.297 A, above and below the (100) planes. The 
interference radius of the atoms is equal to the van der 
Waais radius of CI (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 c axes are in the plane of the paper. 

Determination and refinement of the structure 

A sharpened  Pa t te r son  func t ion  wi th  the comple te  set 
o f  da ta  revealed the pos i t ions  of  the two i ndependen t  
C1 a toms.  An  e lect ron densi ty  m a p  phased  on  the CI 
a toms  a l lowed the loca t ion  of  the C a toms.  The  struc- 
ture was refined by ful l -matr ix  least-squares  analysis  
with an i so t rop ic  t empera tu re  factors  for  the non-  
hydrogen  a toms.  H y d r o g e n  a toms  were loca ted  f rom a 
difference map  and  were inc luded  in the model  dur ing  
the la t ter  stages but  thei r  pos i t ions  were no t  refined. 
The  cond i t i on  for  inclus ion of  a reflexion in a cycle of  
ref inement  was:  IFol>2a(Fo); if  IFcl>lFol when 
2a(Fo)< IFol <3a(Fo). The  final R, based on  1318 re- 
flexions, was 0.049 wi th  the weight ing  scheme:  co= 
1.0 for  F <  48, o9=0.67 for  F in the range 48-64,  and  
co=0.25  for  F >  64. The  final values of  the pos i t iona l  
and  v ibra t iona l  pa ramete r s  are listed in Tables  l and  2; 
the s t ructure  factors  are listed in Table  3. 

Tab le  2. Positional parameters 
o f  the hydrogen atoms ( x 10 4) 

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

x y z B (A 2) 
H(1) 1198 2676 419 3.3 
H(2) 904 - 719 1 I47 3.5 
H(4) 2168 -4051 2137 3.4 
H(5) 3680 -4361 2782 3.5 
H(6) 4720 - 1822 1866 3.5 
H(8) 4833 1499 678 3.0 
H(9) 4101 4496 - 675 3.4 
H(10) 2563 4550 - 1257 2.9 

Thermal vibration analysis 

The the rmal  v ib ra t ion  of  the molecule  was ana lysed  in 
terms o f  the r ig id-body tensors  of  t r ans la t ion  (T), 
l ib ra t ion  (L) and  screw mo t ion  (S) (Schomake r  & 
Trueb lood ,  1968). The  fit o f  the r ig id-body model  
inc luding  all a toms  is fairly good  with ( (Ar t  "~2\1/2__ v i j l  / - -  

0 . 0 0 4 6 A  2. The  t r ans la t iona l  m o t i o n  is small  with 

Table  1. Final positional and thermal parameters (both x 10 4) with standard deviations in parentheses 

Thermal parameters are given in the form exp [ -  (btlh 2 + b22k z + ba3l z + bl2hk q- b~3hl + b23kl)]. 

x y z bn b22 b33 b12 b13 b23 
CI(1) 837 (1) 1793 (2) - 1803 (1) 35 (1) 306 (4) 72 (1) 14 (2) - 16 (1) 47 (3) 
C1(2) 848 (1) -2799 (2) -580  (1) 38 (1) 207 (4) 118 (2) - 2 8  (2) - 2 2  (1) - 5 4  (3) 
C(1) 1409 (3) 1502 (7) - 187 (4) 25 (2) 169 (12) 71 (4) 12 (6) 1 (4) -11  (11) 
C(2) 1303 (3) -707  (7) 509 (4) 24 (2) 212 (13) 66 (4) - 2 4  (7) 14 (4) - 1 9  (11) 
C(3) 2217 (3) -1312 (7) 1085 (4) 26 (2) 181 (12) 57 (4) - 5  (6) 14 (4) - 7  (10) 
C(4) 2536 (3) -2980 (8) 1870 (4) 45 (2) 208 (14) 60 (5) - 2  (8) 13 (5) 31 (11) 
C(5) 3448 (3) -3123 (8) 2218 (5) 49 (3) 234 (15) 77 (5) 45 (9) - 1 4  (5) 42 (12) 
C(6) 4016 (3) -1665 (8) 1796 (5) 32 (2) 268 (15) 75 (5) 30 (9) - 7  (5) - 1 4  (13) 
C(7) 3699 (3) 63 (7) 976 (4) 28 (2) 221 (13) 53 (4) 9 (7) - 4  (4) - 2 8  (11) 
C(8) 4191 (3) 1710 (8) 447 (5) 25 (2) 264 (15) 79 (5) - 2 9  (8) 8 (4) - 5 7  (13) 
C(9) 3784 (3) 3263 (8) -343 (5) 38 (2) 228 (15) 89 (5) - 4 4  (8) 19 (5) 3 (13) 
C(10) 2866 (3) 3345 (7) -663 (4) 40 (2) 166 (12) 74 (5) -21  (8) 5 (5) 15 (11) 
C(l l )  2378 (3) 1797 (7) -151 (4) 31 (2) 172 (12) 57 (4) 5 (7) 7 (4) - 3  (10) 
C(12) 2797 (3) 175 (7) 645 (4) 28 (2) 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 ~ .  The molec- C(12), making an angle of  4.8 ° with the latter. The next 
ular libration is equally small; the main r.m.s, ampli- librational motions with r.m.s, amplitudes o f  3-5 ° and 
tude is 4.2 ° and the direction of  its axis almost coin- 3.1 °, are about axes that make angles of  17 ° with the 
cides with the orientation of  the central bond C(7)-  respective axes o f  the inertial frame. The C-C and C-C1 
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T a b l e  3. Observed and calculated structure factors 

Columns are h, k, l, 101Fol, 101Fd; reflexions removed  f rom the final refinement are indicated by * 

go sos  - ~  
s s  e s  - ~  

s s ~  5 z e  
sse  sse - 8  
e~8 z4s  - ~  
z~s  z~ l  - so  

~e ~ - s s  
~ x s  sos  - z z  
s i s  see  - 1 ~  
szs  s z e  - 1 .  

so t  z q s  - s s  
z ~  z ~ e  - l z  
eg r  Zqe - z l  
1~s SeZ -SO 
ZZZ zez  -~  
zzz  11s 

v r  e8  - e  
z SSO le~ - s  

r a  8s  -~  
~q ve -~  

a~ 8S -~ 
zsz  sos  o 
eee Zb~ z 

r~  ~e e 
~e s 

9S ~1 
za~ zaz  
z~  zge  ~ 
ss~ sze  
t oo  ssz  s 
SS~ S t8  
Z99 1S3 10 
z l s  ~so s s  
s e e  z ~ e  s z  

q8 111 i s  
eo ee  s~  

ss  
l o s  l o s  ~e 
1~5 SS9 zz  
X34 1so 11 

8 

l s e  x~z 
l e e  ZS8 

" Z J  ~0~ Z ~ .  Z Ze~ ZbS - t  
- z z  S8~ Ze~ S Z~S e : z  

- ~c  Z98 ZO~ ~ z s o  Z~b - J  
- ~  6z s~ 
- e  z s 8  ~o~ ~ r8  ~9 -Z  

s~ zs  - z  

- u  xze~  sz~z  suz  zux  s 
~z~  e~s zo zzz  ~zs z 

, , , e  , .  ~ , s ,  4 , ,  
~z ,  ~o~ ~ox z~  

ze  sz  ~ ss 48 s~ s 
s~ ~s ez  ~ sz  o~ e 

so ~ So SOS SOe a 
e s a  z ~  zs go zoo 

s ~z ~o sxz  x~ 

SO8 ~9  ss 
~az zos~  e ~bZ SS8 Xe 

z re  z~  ] z zo  zs~  zs  
z S e  z ~ r  SS8 ses zo  
Seu s e x  z 

s zs~ s~s - z  s~z  sSs 

~s  

s z  . oe  ~sz  ~ s z  z 
ss  zze  ~z :  -8  ~os s a o  s 
se  zxs  l x~  -~  sos  zo~  o 
ze  se  ss  - x ~  : ~8  Z~ :  "Z  

zs  e~ -ss 
s e  

ax ~ .  - z  
zu  : z z  z~ t  - : s  vz  r e  

z :  - s o  Sb ~ .  - 1 o  

l s s  ZZo - r  Vb - z s  
z r ~  z~z  - s  e8 uZ - z~  
z~a  x s ~  -~  ~8 SO -S~ 

e4 - z  zoo : ~  - s z  

s~z  : 
es ~a - : s  

s ~s b8 ~e  88 - s  

Z~8 SV~ . S~Z ZSS -~  : go  8s  - 

szz  sx~  e ~ 5z  ~ ]  - e  , s z  ~q - e  
8S ~ S ~ vs  r s  - s  z o q  o~ - ~  

zs~  z l r  ss ~ szs  : ou  o , 8~ as  - 8  
. z  s~  ss ~ t s  t ~  s , so~ sos -~  
i o  s 8S Z z b~ s 1 sz , ~4 ZS9 - so  
~ ~ x~ z s~x zs~ s ~ s t e  z~s  - xs  
as . x  s ~ zo~ s o s  ~ ~ 9~ s~  - x 4  

zso  s~ ~ I ~s v~ u ~ qs 9~ - z ~  

e~ , s x zo~ e x o  8 zz~  ez~  - z :  
zo~ : o ~  ~ z : S b  s s s  q ~ s s 9  zeo - z s  

~z ~a ~ s v8 r z  xo ~ s t ~  x / x  - : o  
| s z  zs~  - z  z z l s  z zJ  : x  ~ a~ 8s  - e  
e~x  z ,~  -~  z 18~ zas  ss  ~ sz~  xso  -~  

t z ; t  ~ x ~8 s .  z s  ( zoq s z z  - s  
~vs  ~v ;  .~  s sxo  zsa  sz  ~ az  qo - e  

8~ 8~ -~  s sez  see zz  ~ 8o 8S o 
a r  o~ - 9  s SO9 SOS ~ ~ ~z  e8  s 
zu 8~ - s ~  s ~z s~ 8 a a x  e l  
9S ao - s~  z t u  ~ t  t , z . z  es  s 

ze  ~ - zs  s t~  ~s s , z ss  ~ r  e 
s 81 - S o  e ~t  to~  ~ ~ : s~ ~ e 

z z ,  - z s  z zsz  s t o  z ~ z e~ ss  8 
9. ~ - z .  z 8~ ~ ~ ~ z ese  zs~  9 

~sz  sz~  - s~  z 8a ~z  - x  ~ z ez8  zz9  xz  
as ~ - zz  z xz8  s t s  -~  ' z zs~  zsz  sz  

zes  ze~  - so  i z sez  s t~  - s  ~ ~ SZ9 ZZ~ S4 
. ~ r  . s s  -~  z s t y  S~b - u  ~ z see s r s  x s  
z ~ r  z ~ .  -8  z ~ z  s z .  - t  ~ z see zeo  s z  
. 8 ~  r ~9  -~ , e ~sq Jse  - so  ~ z : so  sos  sx  

9~ zoz  - o  i z ez sz .  - z s  ~ z ~ sz  9 
zs~  sxs  -~  ~ e szs  ~xs  - s~  ~ e eo ~ 
sze  zzs  -~ , z ~az ~s  - z~  ~ e ~a ~ b 

~e s~ - s  , z ez r  8~o - xz  ~ • so s~  s 
~ ~ - z  ~ z ~z9  sees  - 8  e z r z  l z  
ae ~ - s  ~ z ~z  s~e - r  e ~ 8~ 8e e 

ze~ x s r  o c z ~as a t ~  - e  e z go e9  x 

zoo ~ e ~ z esz  e e o  - e  ~ z S~8 : 9 8  - z  
Z lZ  zs~  $ i z ~74 J r 1  - s  b Z 91 qb  - q  

b8 rq  ~ ( Z 58 r  581 [ e Z l oJ  117 - $  
z~q  zso  e ( z s z9  ss~ ~ ~ z see sos  -e 

~9 ~ e C Z S~  se~ s z i ~  vs - t  

xo 8 © z s e s  x v s  e z so  s e  - x z  
8S e .  ~ c z szo  4~e zz  , e ss az  - ss  

sos ~z zo c z ~z8  see  - l e  s ~ ~ - z~  
zes  zsJ  sz o e zz8  zso  - xs  s xzs  sz~  - xz  
zzs  zo~  zz  o z ss  see  - x3  s eza  ezz  - zs  
t s~  :~8 ZS o z 19s ze r  - s s  ~ 8s  80 - so  

~ r  . z  s~ o z s~  s~s  - 1 o  : ~ e t s  zec  - e  
zze  zz .  ss  o z 9e  q s  - ~  : ~ ~a S8 - r  
z .~  zs~  x~ o z s~  xez  - 8  ~ j 9S ~z  - s  
~zs  sze  ze s z so9 zzz  -~  ~ s ~z 9~ - ~  
~9 sss  s~ t z s ss  xss  -~  ~ z l t ~  1s8  - s  

o 4a¢  ~ ,  z t zgz  : gz  -s ~ s 51 ~s - z  
s~  4~  X5 Z Z 1SO ss8  - ,  1 s see  5~e  - 1  

S~8 S~Z ss x z e9 e9  - s  ~ s s r  ~ t  o 
~xs  sxs  zo x ~ eas z~e  - z  ~ s ~o~ SgZ Z 
soa  so~  ~ z z ~z r  ~se  - z  n ~ ez9  e~z  z 
e ~  e 4 z  a x z Jo~  ~o~ o z 5 99  S8 5 

~z  eo  t s z 68 t ~  z ~ s e q e  ea~ 
zo~ sos  e x e zss  xqe  z : s z~o xss  b 

4a ~z  s z z z~s  z~e  s s 5 eeo ~ss 
43X ~zo  ~ z z 61z  e l 8  & 1 J 191 187 8 
zs r  z v9  s s z eo~  u x t  e I s ~e6 ~z  q 
es~  zz~  z t z ezs  ~8  8 s s zss  z~  1o 

s z r o z ~ ess  bss  zo x s ez s~  zs  
t ez  xe8  -1  x z ~se 4S9 IX  1 ~ xgs  zsz  ze  
z~z  l ez  -e  I z z l z9  zsqx  sz  s ~ : Z9  zz~  1~ 
sex  zgz  - s  t z 48b ~ g q  I ~  I ~ 6Z ~ t~ 
ZS~ sos  -~  x • ~ : o  so t  s6 z s r a  S4 sz  

o e x z r e  e~  zs  z 8 5 r  ~ so  
k r  s - t  I z 61 b l  Xg g ~ 1o? 108 9 
eb  eS -e  t z s t o  ~ 9  i s  z s sos  98 8 

SSS ZSa - 9  t z ~e9 ~09 I o  z ~ ze r  zgz  e 
~s b~ - so  x • e~9 z , z  9 z s zzo  xzo  e 

Zb8 s~o - zz  : z ee 89 8 z s 8z  r l  s 
z~  z~z  - z~  z z zso  z~e  r z s z ss  xs5  

az  e .  - x s  z z see 91 e z ~ ~o ~e z 
s 5a se  - s6  z z zso  s~ t  ~ • ~ 5co  ~ze  z 
x ~z~ zo~  - ze  z z 9s  e~ ~ z s ~z  ~1 s 

zss z~  - xs  z z s s e  xas  z z s ~ r o 
, ~z  ~4S "S4  Z ~ SeX 1S t  X Z S z~e  see  - z  

1 see  zoo  - ss  z z~s  ZS8 o z go go - z  
I J~  ; ~  - ; 9  ~ ~ ;  " ;  z99  ~e~ -~  

zss  ~4z -s 
85S z~  - e  
~ss  4 I s  

e88  z~  -~s  
x l 8  t z z  - s z  

e5  e8 - xs  
~e 9e - s e  

e9  ~s - x~  
s o s  9~ - : o  

8S 8Z -9 
s~  ss  - e  

zes  zeo  - e  
z r z  ~q  - s  

s soe  so t  - ~  
~es  zv~ - s  
e 9 8  e~o - s  

s SS9 ZS8 o 
S~9 s~s  
S8 b9 

4s8  ~s~ 
t s z  yes  1 
ze8  z~  o 

ss eo 
4 ~Se a~a -4 

sss s~e 
x~o sJe -e 

~ 60 - ~  
8S t~  - 10  

sez  ZOZ - z :  
~o ~e - zz  

s s o  x z 8  - z ~  
zo  4S"  - l u  

Zg~ Z re  - s~  

esz  Z I~  
840 SZS 
x s ~  ze8  

s z e v  s e v  ~ ~ 8S 9:  - t  

z s e  e s e  s ~ 8S qe - ~  

Js~  ~ ~ ess  ez~  

s~  r e  9 e~ 
SOt zoo  1o zo~  : ~ 8  . . . . . . . . . .  g - ; 
Ze~ Z ~ r  s s  9 qe  

s z~o  ze3  11 l lS  1 
s ~ z~z  so s~ 

z ~ z  s ~ e  9 8~ 8Z 

s ezz  z : s  see  ze  ~z 

s sxs  zss  s zs r  z s~  

zeu  sex  
~ 4e z 

sos  zo~  z 
J 1o~ xz~ o 

z~  xss 

z~  

~s ~ 

z o o  za8  - s t  
1o0 s i s  - xz  

s 89 S8 -Z5  
IS5  z~s -1~  

8S 9s  -XS 
zsz  zzs  -xe 

ss  bz  - z z  
~ 80 - so  

s b8 s~ - 9  
J 3~ s~ - e  

ZV8 Zb r  -s 

s q o  s e ~  o 
s~s zs~  z 
~oa zoe  5 

s x z v  zss 
~ q  50~ s 

s : s t  s~3  r 
s x s s  z~s  8 

z s ~  xo~ s 

xz~  szs  z~ 
s xss  zxs  ss  
s as  8~ zs  
J x x s  zz~  xx 

szo  zxv  9 
t ~  ez  

s ~9 ~x 8 s 
s vz  r z  z 
s es t j  x 

t o  ve o 

s e 9  V9 . ~  
s 118  80 - 5  
s q~ 8x - e  
s t s  s z  -T  
s szz  8z  - xs  
s es  8z  - r e  
s ~ 8z  - sz  
s ~9 as - zs  
3 ~8 as - 1o  
8 S8 88 -~  
s S8 r9  - e  

s 9~ r s  - ~  
sz~  8Z - s  

, See 88 - e  
8S ~z z 
80 9S 
8S soo 4 

4 tS  SXZ s 

eo zs~  q 
S~9  s~s so  

98 X~9 zs  
zo r  xs~ -s~  
s~  zse  - sz  
zze ss~ -1~ 

4 XZ~ zss " 9  
4 Z rS  ~Se -6  

~o~ zes  - s  s 
szs  sz~  -~  x 
s ~ x  s e x  - z  : 

~o e8 - 1  L 
so t  so~ s z 
sos 8e  ~ z 
x s o  ss~  s L 

V~ t q  s L 
S~8 1e5  6 

4 8Z ee t z 
z zx  zov  e z 
~4~ 8~S 9 x 
SZ9 ~zo  18 z 
s~e  SZ9 sz  s 
XZ9 XZS t 5  1 
s~r 1s3 ze s 
S59 SZ8 SS z 
sge see s~ z 
S ~ 9  s , s  s t  z 
s o s  ~e r  so z 

8s t z  9 e 

s~o 58S t 
t g Z  80~ ~ e 
~ z t  ZZ6 8 e 

...... j 
~s~ ~z 

sss se  c 
1~  151 -1  
zs~  z z 

o .  

5~ Se  - ~  

~s v t  - z s  

~z ee - s~  

e r  t 4  - z ,  
b e  ~9 - z c  

sez  z t s  -~  

i x ss  zzs  -~  

s o t  zoo  -e  
XgS Zg~ -~  

xss zse -s 
l~s 18S c 
x ~ e  t ~z  

i az  az  

zoo xo~ ,, 
l Z9  131 u 

e~ eo xo 

sz se :e  
9Z zoo  : z  

x s e  z~a  

zoq  x x 9  x 
v9 r z  : 
4e  ~e - s  

v6 r s  -s~ 

lOS t o t  - ~x  

a~ S8 . ~  
xz~  s i s  - e  
10~ zo~  - r  

s z t  soe  -~  
t e  s e  - ,  

s~ t s  - z  
sos  z : o  o 
: z~  x~o s 
s o t  x o x  z 
9q 98 3 

az  x~x  e 

9~ 91 a 

s s~ st t o  
5 r6  77 11 
s zv4  ze~  zz  
s st 6~ x~ 
s sos  1o~ x~  
s zzz  zss  xs 
s ~oe  zg~  s~ 
s s s  ~ ze  
$ eo  t~  z5  
s ZS I  Z~9  x~  
s St6  sos  z~  

zsz  ~os  sz  
z s  z~ .  9 

sex  zs~  a 
s x s o  szs  ; 
s 9e r9  b 

XS3 s s ~  s 
~a S9 
a t  ~9 ~ x 
~o S3 z 1 
qz  a9  z t 

s zsz  : x s  o s 
~o e~ - 1  t 

5 as  9~ - z  1 
5 s o s  sea  - ~  t 
5 z~  zr~ - ~  z 
s t ~s  zzo  - s  s 
s 11~ see  - e  1 

zsv  ~o~ - r  t 
s s o s  x s s  - 8  t 

x a ~  z t e  - z z  ~oJ  9 e  o zsz  zs~  - a  5b  uq  
~ r  s~s  - xJ  b~ s~ s sz~  so8  : ~  8o bq 

. . . .  ~ . . . . . .  ~ . . . . . . . . . . . .  
z~o zz~  .~  

e~ S3 - Z  3 8 8  J ? $  ; g Z  14q  ~ q 105  111 

~qo z v .  su 

: ~ q  s ~ t  1 z z s s  s~ - ~  z~s  lSV 

e~ ~ u~ e :  s a s  ~o - zo  q z : zo  

13~ 1~  18q ~q~ V3 - J  q ~q  5a  

Z8~ ~o  1~  - 1o  a8 i z  r ~ 11b  zz~  
~z 

z~  ~ ~o ~z - sz  zz~ xo~ so  
ez  ~z -~  xz~  xzz  - xs  x~o x~z  zz  ~ zo~  sz3  

ux ~ .  -~  . s z  s~ - ~  ~xe z ~  s s ur ~o 
~ zbz  zzo  

az  r~  -~  ~ s a q  xs~  - ~  ~ ~z z q s ~  ~o 
sv su - z  ~ ~ . ~  - s  ~zo - z  s zss  zs9  

~ ~ ,  ~ ~ zoz  so~ o ~z~  -~  ~ so~  zoo  
xs~  sx~  ~ ~ s~s s ,~  z zzz  - e  s xoz  xzz  
z~J l . z  5 ~ 5 ;  s J  ~ ZTb 280  -g  q 9~ 9~ 

r z  v~ s ~ uo , z  b ~3~ q r v  ~ 

x~a s~  :~  s ~z eu ~e zq~  z~e  ~ ~ l z~  so~  

~ ~ ~ ~ 1o~ zo~ xz  sea  ~o~ - z  q 1oo e~ 
~ s  ~o u ~ za  ~ : ~  a s  zoo 

zzx  ~o~ ~ 5 8~ eq  z~ 3~ 

z~ .  z~  ~ ~ ~ a~ s q  z~ o ~ zz~  - so  :~  sxz  z z o  

zs~  zzs  -~  ~ ~ be ~ - z  x s xoz  - s  zo z~z  1~  

8~ gZ " l  5 b bb ~s - 3  | 8 &3 

. . . . . . . . . . . . . . . .  : ~ I ~ :  11o z . . . . . . . .  
t ~  v l  . 1~  b u qq  qb - ; ~  1 8 ~1 ~g ~ lO  i s8  133  
ba  ~ -~  u b e$ a~ - zJ  1 e l Z~  l ~  ~ ~o 1o1  lO3  
? ~o - .  o ~ ~ ~5 - z u  z s ~ r  ~z  a so ~ b b  ZbZ 

z ~) o ~ u a~ s~ - z~  z s zoo 9 so zss  zzo  

~s ~ z ~ zz~  sz~  - xx  z e ~z z~  zz  so ~x ~v 

qs so~ ~ u zo~ ~ - ~  z s x s z  x s  z xo so  ~s 
z~ r  z~  z ~ s~ sex  - ~  z e zz~  zzs  sz  z xo ss 5s 

~o r z  ~ u ~q b s  - ~  ~ 8 qq zo~ 9 Z 1o 1 o 9  l o q  

~zz  ~Zo - xz  s ~o o~ -~  z e zs~  ~ z xc 6z  ~z  
a .  ~ ,  -~  i s zz  zx~  - x  z • zos  sos  ~ z zo  xzz  so~ 

~z  ~z  -~ z s~ a~ o z a zzz  zzz  s s so xs~  1~  
~e ~ -~ I x z~  1o~ s z s q~ Sb z s 1o £3~  z~z  

~o~ zo~  - x  x ~a ~e ~ z e za~ sg: - z  s xo zss  so~ 
~ r  s s z  s x z o z  so~ s z a z~  
z z s  z z o  z s S8 au ~ z s ~s~  z s ~  - ~  x so ~ s s  

~ r~  ~ ~ s ~ so ss z e z~  z~s  - so  s s~ szo  xs3  
xz~ s z s  u s s o s  ~s s ;  z ~ see 
zz~  Zxo  z z ~u v~ ~s ~ s zs  
z~z  s~s s s : ~  ss~ x~  z s r 3  - z~  z 1o see  sea  

zs  ~ ~ x ~o sb  z~  ~ e ~ ~ - so  z 1o zo~  1st  
- ~  z zo 9S ~9 

sos  z~  ~u s ~ r~  s~ ~ s ~8 ~q  -~  ~ so ~s  zz  
~s~ zs~  zs z so ~e z~ ~ a sex  q~ - ~  z zo z~o  zz~  
x88 z r ~  Z~ z ~ ~ q ~ a ~ a  - ~  Z so  ~o ~ 
Z~8 ~X  s~ z r~  vz  u ~ e ~ - z  z xo s o  ~s 

see so .  zz  z z~  z~z  x ~ s so ~q ~ z zo  z~6  1~  
z~  zz~  9 z 9~ e~ - x  z a ~s ~8 ~ z zo s~  x~  
~x~ zo~ a z s s ~  z3~ - ~  s a s z ~  z z s  ~ ~ so  6S eo 
z~z  z~  z z 9z  s~ - s  s a x3a  z~  ~ z zo ~v  qs  
zoz  ~ e z ~o ~ -~  ~ 8 qz  ~s a ~ so szo  s:~ 

~a s~ s z xe~  za~  -a  ~ e ~e ~e q ~ so sx~  sz5  
xoz  sos  ~ z s~z  s~e - q  ~ a ~ ~ ~o z so ~x su  
ze~  sg~  ~ z sz  ~ t  - s~  ~ e b~ zz  z xo ~ ~ ,  

s~  ~u z z zs~  zxs  - so  • ~ ~9  S~ ~ ~ z~ ~s sa  
99 sea  x z zzo  zoq  -~  ~ s s~  ~z  

sob  xo~ o z S~9 s r q  - s  ~ e ~ ~ -~  ~ : o  sv  zo~  

sb~ x~z  - z  z x s z  x8~ - z  ~ a e~ 99 
~e 5a  -~ z x~x x~6 - s  ~ a ~s  6S  ~ ~ so ~ ~ 
~ se  -~ z zs~  z~o  o ~ s ~a ~ ~ ~ xc so ~a 

Z8~ ~eo - s  z ~z~ z~o  s ~ ~ 8~ a s  s ~ so a~ a~ 

bo~ s~  -~  z ~z S9 ~ ~ 8 6s 
~s~ Z~  -e  z s q  6x  ~ ~ a ~ - s  s 1o us  ~ .  
160 1~0 - q  z l ~  ~e z o  ~ a Sb 
s ~  xzs  - so  z z~ v~ so 5 s ~ s e  - x s  zo vz ~e 
zs~  z~  - ss  z ~ sz  ~ 5 s sz~  szz  ~ so ~a ~o 
~zz  ~ s J  - s s  ~ zo n s s s ~s ~ s  
sqz  Z8~ - xs  ~ ~s sz  ~ s a 6~ t ~  

~ ~o - z z  ~ s s ~  ZZb ~ ~ S 8 :  8Z 



G. B E R N A R D I N E L L I  AND R. G E R D I L  1597 

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 (/~) Bond angles (°) 
C(1)--CI(I) 1.780 (4) CI(1)-C(1)--C(2) 116-0 
C(1)--C(2) 1.569 (6) CI(1)-C(1)--C(11) 113.1 
C(1)--C(l l )  1.509 (5) C(l l ) -C(I) - -C(2)  104.8 
C(2)--C1(2) 1.801 (5) C1(2)-C(2)--C(1) 114.5 
C(2)--C(3) 1.514 (5) C1(2)--C(2)--C(3) 109.6 
C(3)--C(4) 1.368 (6) C(1)--C(2)--C(3) 104.4 
C(3)--C(12) 1.403 (5) C(2)--C(3)--C(4) 132.1 
C(4)--C(5) 1.419 (7) C(2)--C(3)--C(12) 108-5 
C(5)--C(6) 1.371 (7) C(4)--C(3)--C(12) 119.4 
C(6)--C(7) 1-416 (7) C(3)--C(4)--C(5) 118.1 
C(7)--C(8) 1.424 (6) C(4)--C(5)--C(6) 122.6 
C(7)--C(12) 1.400 (5) C(5)--C(6)--C(7) 120.1 
C(8)--C(9) 1.365 (7) C(6)--C(7)--C(8) 127-6 
C(9)--C(10) 1-421 (6) C(8)--C(7)--C(12) 116.0 
C(10)-C(11) 1.369 (6) C(7)--C(8)--C(9) 120.4 
C(11)-C(12) 1.406 (6) C(8)--C(9)--C(10) 122.6 

C(9)--C(10)-C(11) 118.1 
C(1)--H(1) 1.037 (4) C(1)--C(ll)-C(10) 132.2 
C(2)--H(2) 0.950 (4) C(1)--C(ll)-C(12) 108-3 
C(4)--H(4) 0.941 (5) C(10)-C(11)-C(12) 119.4 
C(6)--H(6) 1"089 (4) C(3)--C(12)-C(7) 123.4 
C(8)--H(8) 1"004 (4) C(3)--C(12)-C(11) 113.1 
C(9)--H(9) 0"994 (5) C(7)--C(12)-C(11) 123.5 
C(10)-H(10) 1"041 (5) 

Torsion angles (o) 
CI(1) -C(1)--C(2)--C1(2) 14.8 
C(11)-C(1)--C(2)--C(3) 9"1 
C(1)--C(2)--C(3)--C(12) -6 .8  
C(2)--C(3)--C(12)-C(11) 1"6 
C(3)--C(12)-C(11)-C(1) 4.6 
C(12)-C(I 1)-C(1)--C(2) - 8-5 

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, 3.126A, is much shorter than a normal 
van der Waats 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, 

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/k 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 1.50A in the trans isomer 
(Le Bihan & Perucaud, 1972). The aromatic part of the 
molecule is planar; the mean deviation of the ring 

(3) atoms from the best plane is 0.005 (3) A. The aromatic 
(3) bond lengths are similar to those found in ace- 
(a) naphthene and naphthalene (Ehrlich, 1957). Unfor- 
(3) (3) tunately a meaningful comparison of the remaining 
(4) bond lengths with those of the trans isomer and those 
(4) of cis-l,2-acenaphthenediol (Trotter & Mak, 1963) is 
(4) impaired by the magnitude of the standard errors in 
(4) 
(4) the latter determinations. 
(5) A stereoscopic view of the packing is shown in Fig. l, 
(5) with a few short intermolecular contacts indicated. The 
(4) chlorine atoms form layers parallel to (100), which 
(4) 
(5) itself belongs to the most developed form ofthecrystal. 
(5) The distance between two adjacent layers is 2.593 A 
(4) and the shortest interatomic distance between layers is 
(4) smaller than that expected for a van der Waals contact. 
(4) (4) The atomic arrangement within the layers and the 
(4) relevant interatomic distances are shown in Fig. 2. The 
(4) mean plane of the naphthalene ring system makes an 
(4) angle of 86 ° with the layer of chlorine atoms. 

It is possible that the difference in the 35C1 n.q.r. 
frequencies between the cis and trans isomers resides 
in the strong non-bonded interaction between the 
chlorine atoms, rather than a hyperconjugative effect 
between the C-C1 bond and the aromatic residue [for a 
discussion see Ardalan & Lucken (to be published)]. 
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