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For several years we have been undertaken the systematic structural study

of overcrowded chlorinated aromatic compounds (Miravitlles, Solans, Germain,

Declercq, 1979; Gali, Miravitlles, Solans, Font-Altaba, 1979; Solans, Gall,

Miravitlles, Font-Altaba, 1978; (;all, Solans, Miravitlles, Plana, 1978; Gali et

al., 1978; Gali et al., 1978; Miravitlles et al., 1985; Molins, Rius, Miravitlles,

1984). Due to its own bulkiness, chlorine atoms often produce strong steric

hindrance in organic molecules. These hindrances can only be relaxed assuming

extreme molecular conformations, sometimes at the border of molecular

stability. This is an important source of information about the elasticity and

interatomic potentials in stable configurations far from the usual ones.

Otherwise, hydrogen substitution by halogen atoms is a natural way to

enhance steric restraints: chlorine atom has three times the volume of an

hydrogen atom and about the same of methyl groups.

EXPF.RIMIiNTAI.

Some prismatic dark blue crystals of hexadecachloro - 9,9'-bifluorenvlidene

were used for several X- ray data collections on an Enraf-Nonius CAD4

diffractometer . Unit cell were determined by centering 25 high angle reflections
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and refining the orientation matrix and unit cell parameters by least-squares.

A summary of crystal data measurements are shown in Table I for the hest

crystal. The intensities were corrected for Lorentz and polarization effects.

Resolution of the structure was difficult because of not too good quality of

crystals. A sequence of direct methods strategy (MUI.FAN 1 1 /82: Main et al.,

1982) with partial refinement chlorine positions and difference Fourier

synthesis finally gives the complete model of the Molecule.

Table 1. Crystal and data measurement parameters.

It = 11.606 (2)
h=21.144(5)
c = 13.944 (3) A

(3 = 104.92 (3) °

A' = 3306.5 At

SUMMARY OF X-IUY ANALYSIS

A/ Crystal Parameters at 21

Mol wt = 980

Space group: P_2 /c
7=4
d (calcd) = I.- ,/cm l
p (calcd) = 13.6 cm
size =0.15x0.23x().3'min.

13/ Data Measurement Parameters

Radiation Mo Ku (X = 0.-1069 A)
N. of collected reflections 2820
N. of observed reflections 1336 (1 > 2.3 (I))
Data collection range (20) 2-4-
Scan method (o-20
Range of hkl -13-1 3: 0-23: 0-15
Srandard reflection decay 1.8 °o

(7 Data Refinement Parameters

N. of refined parameters 379
R factor 0.080

0.078
w = 1462(F) + 0.000228 F-')

Refinement of the structure was performed by anisotropic full-matrix

least-squares methods (SHELX-76: Sheldrick, 1976) up to a final R of 0.08.

Difference Fourier synthesis showed peaks which might be attributed to a

disordered tetrachloroethylene solvent molecule, but no disorder model could

be established. Scattering factors were taken from International 'Fables for X-

ray Crystallography. Atomic fractional coordinates and equivalent temperature
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factors are listed in 'f'able 2. Bond lenghts and bond angles are given in Tables

3and4.

Table 2. Fractional atomic coordinates (x104) with their e.s.d.'s and equivalent temperature

factors.

X/A Y/B 7/(:

01,3 8180 ( 8 3433 ( 4 1900 ( 9

C1.4 5803 ( 9 3201 ( 5 2375 (10)
C1 -1594 ( 8 1888 (5) 2029 ( 9

CL6 5801 ( 7 801) (4) 1219 (8
C1,9 6323 (7) 511 4 -792 (8)

(110 8291 (8) -99 (4) -1542 (9)

C1.11 10764 (8) 538 (4) -1196 (9 )

C112 11320 (7) 1752 (4) 40 (9

C1.3' 10868 ( ) 1536 (4) 2512 ( 8 )

CL4' 13101 18) 18,6 (5) 4168 (9

(15' 14189 (8) 3206 (5) 4268 (8
Cl.6' 13110 (7) 4209 (4) 2755 (9 )

CI 9' 12-05 ( 8 4397 ( 4 491 ( 9

(:1 10 10-86 ( 9 49,36 ( 5 -1215 ( 9

(:1 11 8322 (9) 4310 (5) -1880 (9 )

(:I.12 7758 (7) 3120 (5) -839 (8

(:1 90'4 (22) 2240 (13) 10 (26)

(:2 7894 (23) 2281 (13) 1067 (29)

C:3 7456 (25) 2746 (15) 1540 (26)

04 6381 (25) 2621 (15) 1808 (25)

(:5 5841) (2') 2042 (17) 1583 (30)

C7 7289 (25) 1681 (14) 757 (27)

C6 6337 (25) 1556 (18) 1194 (31)

C8 8008 (25) 1297 (14) 308 (26)

CO „-46 (23) 810 (12) -337 (24)

C1(1 8612 (31) 541 (15) -856 (30)

C11 915 (25) 841 (15) -631 (24)

('12 9980 (2-) 1,360 (16) 11 (30)

(:13 9155 (25) 160' (13) 437 (24)

(:l' 9941 (23) 2685 (14) 1044 (25)

(:2' 111_21 (21) 2665 (13) 1-05 (21)

(:3' II 546 (21) 2 236 (13) 2'126 (27)

C4' 125,35 (26) 2409 (18) 3269 (28)

(:5' 13009 (26) 2999 (16) 3260 (26)

(:6' 1261' (25) 3156 (15) 2511 (27)

C" 11,10 (25) 3299 (13) 1721 (26)

C8' 10983 (26) 3620 (14) 908 (27)

C9' 1126"' (25) 4102 (14) 349 (32)

0111' 10-4 13 (30) 1332 (16) -539 (29)

C11' 9318 (27) 4(139 (16) -828 (25)

C12' 9069 (27) 3543 (15) -269 (29)

C13' 9898 (24) 3310 (14) 519 (26)
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'fable 3 . Bond lenghts in t^ with e .s.d.'s.
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Table 4. Bond angles in
-
with c.s.d.'s.

C4' -C3' -C2' 119 (3 )
Cl -C4' -C1.4' 120 ( 3
C5' -C4' -CIA' 122 ( 3
C5'-(:4'-C3' 117 (3)
C4' -C5' -C1.5' 117 ( 3
C6' -C5' -CIS 117 ( 2
C6' -Cl -C4' 125 (3 )

C5' -C6' -CL6' 118 ( 2 )

C7' -C6' -C1,6' 123 ( 3 )
C7' -C6' -C5' 118 ( 3 )
C6' -C:7' -C2' 119 (3 )
C8' -(:7' -C2' 104 ( 2 )
C8' -C7 -C6' 136 ( 3 )
C9' -(:8' -C7' 129 ( 3
C13' C8' -C7' 112 ( 3

C 13'-C8' -C9' 117 (3 )
C8' -C9' -CI9' 124 ( 2 )
Cl0'-C9' -CI.9' 114 ( 3
C l 0'-C9' -C8' 121 ( 3

C9' -C 10'-CL I O 120 ( 3

Cl I'-CIO'-CL10 121 (3

C11'-CI0'-C9' 118 3 )

C10'-Cl1'-CI. 11 118 (3

C12'-(:I I'-CLI I 123 ( 3

C12'-Cl I'-CI 0' 119 3

Cl1'-C12'-01.12 114 ( 3

C 13'-(:l 2'-CI.12 122 ( 3 )

C13'-(:12'-C11' 122 (3 )

C8' -C13'-Cl' 108 ( 2 )

C12'-C13'-C1' 130 ( 3

C12'-C13'-C8' 122 ( 3

Rt.sui IS AND DISCUSSION

Perspective views of the molecule are shown in Figure 1. The Cl -Cl' central

bond distance is 1.36 (1) A corresponding to a double bond. In o(- and 13-

modifications of 9,9'-bifluorenylidene ( BFL) and in their complexes with pcrvlene

and pervlidene (Jung-Si Lee and S .C. Nyberg, 1985) this double bond distance

has the same value. Similar compounds but not completely perchlorinated, 9H-

Heptadecachloro - 9,9'-bifluorenyl and 9H , 9'H hexadecachloro - 9,()'-bifluorcm'l,

show a spj hybridation at Cl and (l' (Solans, Miravitlles, I)eclercq and Germain,

1980) allowing perchlorofluorenvl groups to adopt a relative orientation with a low

degree of steric hindrance. In the title molecule the relative disposition of the

pcrchlorofuorenyl groups is given by the dihedral angle between planes C2-CI-C,3 and

C2'-C I '-C 13 (66(l)°).
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This value can hr arn^ihurrd a^ the twisting of the c{cable bond and that

is the nvistest double bond fi^om rhr rctercnccs wr ^^^^t. This ma^^nitu^{r fir

the non-chlorinated molecule (f3Fl.) is 39.3 (1)°. Similar values weer ohciinrd

in perchlorofurhsone ((33"): (,11olins, Rios and illiravitlles, 1984) and prr-

ehloro (diphcn^^lmrthvlene)-c^^clohexa-l, 4-dime ('%'") (liallrstrret al., 1989).

Five membered rims are nearly planar (r.m.s.d. of 0.0^, and 0.0") i'^),

and similarly nc^ six-numbered rings (range r.m.s.d. 0.(13'-0.06? ^^). In each

prrchloroAuorrn^°l moiety the dihedral angle hct^yren tire-membered ring and

six-membered rings is about 14", these later are oriented up and do^yn^yards

tram the fiyc-membered tin<^ mean plant. Orhrr^yisr, the 3, (,, 9 and 1?

chlorine atoms arc rcnu>yrd out of^planr ti-om his o^yn phenyl ring (in rhr same

sense in rich ring: lilac a boat a^nf^^rnruion): 3 and 1? het^yren 0.16 and 0.?^ ^^;

6 and 9 between 0.31 and 0.^? r^.

The strong sncn<.;th in rhr molecule is related ^yirh the strric impec{imrnt

at 3, G, 9 and 1 ? chlorine atoms ((:I6 ... (:19: ,^.U; , C16' ... C:19^: 3.10, (:13 ... (:13':

3.,9, CIl ^ ... (:fl?': ,x.65 ^^). 'I^hr Cl6 ... C19 and Cl9' are the shortest (:I ... CI

non-bonded retcrencrd disruices and art ^yithin the s:unr order of those in

perchlorophrnyl groups. ^hhr twist conformation is adopted for this

oycrcrowdrd synui^rn^ic ethylene IZ?-C=C=R^, and rhr internal angles arc ^ R-

^ButllSuc.Cat.Cii•n.^,yol \III,[^um.l,l9l_'
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C-K = 105.1, 1.6. 4 °] instead of double bent conformation as has been stared

by Lee & N^^hurg (1980.

In conclusion , there are tour sires with strong steric hindrance in the

molecule

- ^l'he most imporrants (Cl6 ... Cl9 and CI6' ... CI9' ) produce the double

bending of prechlorofluorenyl groups and the our-of-plane displacement of

these CI - atoms.

^hhe remaining ones (C13 ... (:13' and CI1? ... (^I12') lead ro the twisting

of double bond.

A bill re.°ision of the structures of o^•ercro^s^ded perchloro compounds is

developed by Herhstein (1991); in this paper, the present compounds is

compared with the others.
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A^stiiii^u^r

The A-fla^^ cn^stal suucnn^e of the h^xadccachlonr^),^)'-biAuoren^^lidcnc ha., been

de[ermined. Cr^^sta^s ^^^rre monoclinic I'2i/c, a 1 1.606(_'), 6-_'1.144(5), c=13.9440) f^,

(3 10^+.9?(3)",/.=4 [)^- I .^? ^, cm '', a(Mol^(x) I).?1069 /1. ^fhc stnirun^e ^^,is sol^^cd by

direct methods and n^fined with 133(i reAectiun^ to a final R ^^alue of (l.U?8. The heisting

of^ she C 1-C l ^ double bond (1.36(1 )^Yl is 66(1) .
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