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Fig. 4. The crystal structure of (2b). 

Table 10 (deposited) also provides details of the H 
bonding. H(311) is H-bonded to 0(98)  of the ethanol 
solvent molecule, whilst H(61) makes a contact of 
2.66 A with S(31) of the thiapyran molecule at x, y, 
1 + z ,  this 'head-to-tail' linkage generating infinite 
chains of (2b) parallel to e. Fig. 4 is a view of the crystal 
packing arrangement, and clearly shows a graphitic-like 
interaction between C(21)-C(26)  rings related across ½, 
½, ½ [these rings occupy (parallel) planes 3.505 A apart, 
and the centroid-centroid distance is 4.555 A] that 
cross-link pairs of the parallel chains described above. 

We are grateful to Dr M. B. Hursthouse of Queen 
Mary College, London, for diffractometer facilities 
[compound (la)]. AJW also thanks Enraf-Nonius Ltd, 
Delft, for their recent kind hospitality and use of 
diffractometer [compound (2b)]. 
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Abstract.  M r = 170.2, orthorhombic, Fdd2, a = 
13.055 (2), b = 2 0 . 7 5 9  (2), c = 6 . 0 8 0 ( 1 ) A ,  U =  
1647.6A 3, Z = 8 ,  D x = l . 3 7 2 M g m  -a, 2 (CuKet )=  
1.5418/~, # = 0.95 mm -1, F(000) = 720, T- -  293 K. 
Final R = 0.034 for 296 independent observed reflex- 
ions. The molecule consists of two cis-fused ?-lactone 

* To whom correspondence should be addressed. 

0108-2701/84/030498-03501.50 

rings with methyl groups attached to the bridgehead 
atoms. A crystallographic twofold axis passes through 
the midpoint of the bridgehead bond. The ring C--O 
distances are 1.343 (5) and 1.463 (5)/~ and the lactone 
groups are planar. Each five-membered ring thus 
adopts an envelope form with the flap at the bridgehead 
atom. This conformation alleviates steric repulsion 
between the methyl groups. 

© 1984 International Union of Crystallography 
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Introduction. Ethyl acetoacetate (I) irradiated in 
primary or secondary alcohols yields glycols (II) which 
lactonize under further irradiation to (III) (Singh & 
Kagan, 1969). Silica-gel column chromatography of the 
products from the reaction using methanol yielded a 
small quantity of crystalline solid. The mass spectrum 
indicated a molecular weight of 170 with the major 
peak at 85 mass units. Although simple, the ~H and ~3C 
NMR spectra could not be assigned unambiguously. 
X-ray analysis revealed the structure to be (IV). 

0 0 OH 0 Me 
II II i II / O H  

MeCCH2COEI Me-CCH2COEI Me--/~ 0 = ~ : 0  
[ R 2 ~..,~-'0 

R2COH Me 
{I) (II) (fill {IV] 

Experimental. Rectangular block 0.17 x 0.23 x 
0.33 mm cleaved from a large crystal and mounted on 
a Syntex P2~ four-circle diffractometer. Lattice param- 
eters obtained by least-squares refinement of angular 
data for 15 reflexions with 16 < 2 0 <  28.4 °. Space 
group Fdd2 (No. 43) deduced from systematic ab- 
sences. With Cu Ka radiation and 0:20 scan technique 
(variable scan speed, 3.91-29.30 ° min-~), intensities of 
341 unique reflexions measured [(sin0/2)max = 
0.546/~ -~ and (h,k,/)max = 14,22,6]. Check reflexion 
(220) showed no systematic intensity variation. After 
removal of 31 systematically absent reflexions and data 
reduction (Lorentz-polarization corrections only, ab- 
sorption ignored), 296 of remaining 310 reflexions had 
I > 3a(/) and were included in final refinement. Six 
independent non-H atoms located in an E map phased 
by MULTAN78 (Main, Hull, Lessinger, Germain, 
Declercq & Woolfson, 1978). Full-matrix least-squares 
refinement followed with C and O atoms vibrating 
anisotropically and f "  = 0.0 for all atoms. Four of the 
five H atoms revealed in difference syntheses and all 
included at constrained, idealized positions ( C - H  
1.08 A) with fixed isotropic temperature factors equal 
to those of their parent atoms (0.050-0.063/~2). 
Function minimized Y w(IF o I - I F c I)2 with w = 1/ 
a2(Fo) (derived from counting statistics). (A/tr)av in final 
cycle 0.01, (A/a)max 0.03. At convergence, R = 0.034, 
R w=0.043, S = 2 . 6 0 2 .  No peaks higher than 
0.13 e A -3 in final difference synthesis. 

A referee suggested that the effects of polar dispersion 
error (Ueki, Zalkin & Templeton, 1966; Cruickshank 
& McDonald, 1967) due to neglect o f f "  corrections and 
the use of an incomplete (l > 0) data set should be 
assessed. Refinements were carried out with the 
restricted data set for both polarities with f "  = 0.1 for 
oxygen. The weighted R factors were 0.044 and 0.043 
indicating that the polarity of the f "  = 0 model, (1), can 
be rejected at the 0.5% level (Hamilton, 1965). How- 
ever, comparison of the z coordinates in Table 1 for 
model (1) and the b e s t f "  = 0.1 model, (2), shows a 

maximum difference of 0.0015 for C(5), which is twice 
the corresponding reported e.s.d, in z. Bond lengths 
affected most are O(1)-C(2)  and O(3)-C(4),  for which 
increases of 0.005 and 0.006/k are indicated (Table 2). 
Although the e.s.d.'s for the z coordinates in model (1) 
are slightly underestimated, bond-length differences are 
of the same order as the e.s.d.'s reported. 

All calculations performed with XRA Y76 (Stewart, 
Machin, Dickinson, Ammon, Heck & Flack, 1976). 
Atomic scattering factors for C and O those of Cromer 
& Mann (1968), those for H from Stewart, Davidson & 
Simpson (1965). 

Discussion. Fractional atomic coordinates and equiva- 
lent isotropic thermal parameters are listed in Table 1, 
bond lengths and angles in Table 2.* The molecule is 
illustrated in Fig. 1. It consists of two cis-fused 
?-lactone rings with a methyl substituent on each of the 
bridgehead C atoms. The two asymmetric portions of 
the molecule are related by a crystallographic twofold 
axis which passes through the midpoint of the C(4 ) -  
C(4 i) bond. cis-fusion of a 7-1actone with another 
five-membered ring is energetically more favorable than 
trans-fusion. In cis-fused systems, the 7-1actone ring 
usually adopts an envelope conformation (Hudson & 
Mills, 1972). In the title molecule, the C(2)-O(3)  bond 
[shorter than C(4)-O(3)  by 17a] has considerable 
zc-character and results in the lactone group being 
planar [torsion angle C ( 4 ) - O ( 3 ) - C ( 2 ) - C ( 5 )  1.3 (4) ° ]. 
The lactone rings thus adopt envelope conformations 
with the bridgehead atoms as flaps. Atom C(4 i) deviates 
by 0.43/k from the plane of the lactone group (for 
which O'plan e =0 .006 /k ) .  The C(2)-C(5),  O(3)-C(4)  
ring torsion angles are - 17.9 (4), 15.6 (4) ° respectively 
while the largest, C (5) -C (41), C(4 ) -C  (41), involving the 
flap atom, are 26.4 (4), - 2 5 . 6  (4) ° respectively. In this 
arrangement, steric repulsion between the methyl 
groups is partly relieved [C(6).. .C(6 i) 3.048 (6)A, 
C(6) -C(4) -C(41) -C(6  i) -37 .4° ] .  The closest 
approach of two methyl H atoms is 2.12 A. The 
combination of cis-fusion and ring pucker causes the 
two planar carbonyl groups to be nearly orthogonal to 
each other and there are several intramolecular non- 
bonded distances less than 3.0/~, e.g. O(3). . .C(2 i) 
2.949 (4), O(3).. .O(3~ 2.925 (3) A. 

The molecules are held together by van der Waals 
forces. The shortest O. . .O intermolecular distance is 
3.337 (2) A for 0 (1 ) . . . 0 (1  ii) [(ii) ½-  x, 1 - y , - ½  + z]. 

* Lists of H-atom coordinates, anisotropic thermal parameters, 
dihedral angles, equations of least-squares planes and structure 
factors for model (1) have been deposited with the British Library 
Lending Division as Supplementary Publication No. SUP 39013 (9 
pp.). Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. 



5 0 0  C s H l o O  4 

Table 1. Fractional atomic coordinates (x 10 4) o f  the 
non-H atoms for models (1) and (2) and equivalent 
isotropic thermal parameters (A 2 x lO3) for model (1) 

with e.s.d.'s in parentheses 

Model (1) coordinates correspond to equivalent positions as listed in 
International Tables for X-ray Crystallography (1952); for model 
(2) one must change ~ - x, ¼ + y, ~ - z to ¼ + x, ¼ + y, ~ + z, etc. 

z 

x y (1) (2) I Azl/az(1) U~* 
O(1) 3027 (2) 5012 (2) 0 0 - -  80 (2) 
C(2) 3673 (2) 5031 (2) -1416 (7) 1429 (7) 1.9 49 (2) 
0(3) 4209 (2) 4501 (1) -1948 (7) 1946 (7) 0.3 49 (I) 
C(4) 4967 (2) 4633 (2) -3662 (6) 3674 (6) 2.0 40 (2) 
C(5) 4009 (2) 5582 (1) -2787 (8) 2802 (8) 1.9 49 (2) 
C(6) 4606 (3) 4309 (2) -5760 (9) 5774 (9) 1.6 65 (2) 

* Ueq = ][Un(aa*) 2 + U22(bb*) 2 + U33(ce*) 2 + 2Ut3aca*c*cos fl 
+ 2U23bcb*c*cosu + 2U12aba*b*cosy]. 

Table 2. Bond distances (A) and valence angles (o) 
with e.s.d.'s in parentheses for models (1) and (2) 

(1) (2) A//[(crl) 2 + (~712)211/2 

0(1)-C(2) 1.206 (4) 1.211 (4) 0.88 
C(2)--0(3) 1.343 (5) 1.343 (4) 0.00 
O(3)--C(4) 1.463 (5) 1.469 (5) 0.15 
C(4)--C(4 ~) 1.526 (6) 1.527 (5) 0.13 
C(4~---C(5) 1.506 (4) 1.507 (4) 0.18 
C(5)--C(2) 1.482 (5) 1.482 (5) 0.00 
C(4)--C(6) 1.517 (6) 1.518 (6) 0.12 

0(1)--C(2)-0(3) 120.6 (4) 120.2 (3) 
0(1)-C(2)-C(5) 129.3 (4) 129.5 (3) 
0(3)-C(2)-C(5) 110.0 (3) 110.3 (3) 
C(2)--0(3)-C(4) 111.7 (3) 111.4 (3) 
0(3)-C(4)-C(4~ 103.0 (3) 103.0 (2) 
O(3)--C(4)--C(5 ~) 107.1 (3) 106.9 (3) 
O(3)--C(4)--C(6) 107.8 (3) 108.1 (2) 
C(6)-C(4)--C(41) 117.4 (3) 117.4 (3) 
C(6)--C(4)-C(51) 116.2 (3) 116.1 (3) 
C(4)--C(41)--C(5) 104.2 (2) 104.1 (2) 
C(4')-C(5)-C(2) 103.5 (2) 103.5 (2) 

Symmetry code: (i) I - x, 1 - y ,  z. 

We thank the Robert A. Welch Foundation (P-074), 
the TCU Research Foundation, the CSIR (Pretoria), 
and the University of Port Elizabeth for their financial 
support. This is FASTBIOS contribution No. 113. 
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Fig. 1. Perspective view of the molecule along [001]. Thermal 
ellipsoids of the non-H atoms are drawn at the 50% probability 
level with OR TEPII (Johnson, 19 71). 
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3,Y,5,5'-Tetrabromophenolsulfonphthalein (Bromphenol Blue),* C19H10Br405S 
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Abstract. M r=670.02, monoclinic, C2/c, a =  
31.003(4), b=11 .037(2 ) ,  c = 2 1 . 1 8 3 ( 3 ) A ,  f l=  
143.7 (1) °, V =  4291.2/k 3, D,n = 2.06, D x = 
2 . 0 7 M g m  -3, Z = 8 ,  MoKa, 2=0 .7107 /k ,  /~= 

* 4,4'-(3H-2,1-Benzoxathiol-3-ylidene)bis[2,6-dibromophenol] 
S,S-dioxide. 

0108-2701/84/030500-03501.50 

7.45 mm -1, F(000) = 2560, T =  293 K, R = 0.061 for 
1697 observed reflections. The bromphenol blue 
molecule consists essentially of three planar groupings: 
the sulfonphthalein ring system and two dibromophenol 
rings attached to the tetrahedral C atom of the 
five-membered ring of the sulfonphthalein system. The 
dibromophenol rings are inclined with resPect to each 

© 1984 International Union of Crystallography 


