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the molecules is such that neighbours make a number of 
close contacts as shown in Fig. 2. The closest approaches 
of the copper atom to atoms of the neighbouring molecule 
are 3-59 and 3.51 A between the copper atom at (0,0,0) 
and two benzene carbon atoms of the adjacent molecule, 
situated at (0,0,1). As a consequence, the two molecules 
involved have the same orientation. This situation is inter- 
mediate between the edge-to-edge contacts present in bis- 
salicylaldiminatocopper(II) (Baker, Hall & Waters, 1966) 
and the axial separation from the copper atom to the 
aromatic ring of the next molecule of 3.21/~ found in bis- 
salicylaldehydatocopper(lI) (McKinnon, Waters & Hall, 
1964), which was interpreted in terms of polarization bonds, 
the copper atom acting as acceptor and the n-bond system 
as donor. 

We thank the Consiglio Nazionale delle Richerche 
for financial support, the Computing Centre of Padova 
University for providing computing facilities on the Olivetti 
Elea 6001 computer and Mr F.Benetollo for material as- 
sistance in data reduction. 
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Establishment of the stable geometric isomer of an a-arylidenelactone: a-(2-hydroxy-3,5-dibromobenzyli- 
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Crystals of e-(2-hydroxy-3,5-dibromobenzylidene)-y-butyrolactone were found to be orthorhombic, with 
unit-cell dimensions a=16.32, b=10.46, c=6.81 /~, probable space group Pca21, Z=4 .  The structure 
was determined from diffractometer data by non-centric symbolic phase addition. The tangent-refined 
phases differ by 11 o (average) from the final phases despite strong violation of the statistical assumptions 
underlying the symbolic addition procedure. Full-matrix least-squares refinement yielded an agreement 
index R= 0.059. The largely planar molecule is in the trans configuration, i.e. the substituted phenyl moiety 
is trans to the carbonyl group of the lactone. 

Introduction 

Several indirect lines of evidence have suggested that ~-2- 
hydroxy- and e-2-aminoarylidene-substituted five-mem- 
bered lactones and lactams are trans isomers, i.e. the sub- 
stituted phenyl moiety on carbon 7 of Fig. 1 is trans to the 
carbonyl group on carbon 8, and, once trans-cis isomeriza- 
tion has taken place, the cis isomers undergo cyclization 
reactions immediately. To establish the geometry of the 
stable isomer, we have determined the crystal structure of 
a representative compound, e-(2-hydroxy-3,5-dibromoben- 
zylidene)-y-butyrolactone (Fig. 1). 

Experimental 

The compound, prepared by the procedure of Zimmer & 
Rothe (1959) was recovered in 86% yield after recrystalliza- 
tion from ethanol. 

* Research sponsored by the U.S. Atomic Energy Commis- 
sion, NIH Grant AM-10080 and The Mount Sinai School of 
Medicine, New York. 

t Present address: Anorg. Chemisches Institut, Universit/it 
G6ttingen, West Germany. 

Analyses: Calculated, for CllHsBr203: C, 37"9; H, 2.32; 
Br, 45"9. Found:  C, 38.1; H, 2-44; Br, 46.2. 

Single crystals (m.p. 210-211 °C) elongated along e and 
bounded by {210} faces were obtained from benzene solu- 
tion by evaporation for 10 days in darkness at 25°C. All 
data were collected from a crystal 0.06 x 0.07 x 0.81 mm. 
Dimensions of the orthorhombic cell are: a =  16.32, b=  
10.46 and c=  6.81/~. Reflections with indices Okl for odd l, 
and hOl for odd h are systematically absent, compatible with 
space groups Pca21 and Pcam. Dm = 1"99 g.cm-3 (flotation 
in a chloroform-bromoform mixture); Dc = 2-00 g.cm -3 for 
Z =  4. There are then four molecules in general positions 
in Pca21 or four on mirror planes in Pcam. Since five- 
membered lactone rings are non-planar (Fridrichsons & 
Mathieson, 1962; Jeffrey & Kim, 1966), Pca21 was chosen 
as the probable space group (see Discussion). 

Integrated intensities of 473 reflections with drain--- 1"1 A, 
were collected by o9 scan by means of a counter diffractom- 
eter with Cu Ke radiation. Since the extreme variation 
in absorption correction of intensities is 9% for the data 
collected (although ~ = 9 8  cm-1 for the crystal) no correc- 
tion was applied. The absolute scale and overall B(2.10/~2) 
were estimated from a Wilson plot. 
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Structure determination refinement led to stable phases for all the 269 independent 
reflections of E > 0.60. The assigned phases refined to values 

Attempts to interpret the Patterson function were unsuc- of 87.0, 0-1, 87.1, and - 9 2 . 4  degrees respectively. Although 
cessful. The roughly planar molecules lie normal to c (see the distribution of E values differs strikingly from that ex- 
Discussion) so that all peaks fall at w = 0 or ½ and the two pected for a random (centrosymmetric or noncentrosym- 
bromine atoms in each molecule are about ¼ apart in both metric) electron density distribution, the refined phases 
their x and y coordinates. The two bromine atoms, which differ from those of the final least-squares cycle by only 
do 80% of the scattering, could not be located. 10.30 ° (average) or 32.0 ° (root mean square). I f  the 11 

The structure was then solved by the symbolic addition reflections (E < 1.2) with discrepancies greater than 45 o are 
method (Karle & Karle, t964, 1966). Four starting symbols, excluded, the values fall to 4.5 o and 7.2 °. 
for 10 3 1, 9 2 0, 1 2 1 and 4 3 1, generated 32 symbolic The E map displayed a plausible structure, but the two 
phases to E = 2 . 0 .  Starting phase assignments of 45, 0, 135 bromine atoms alone (moved to give one a fixed z coordi- 
and - 9 0  degrees, respectively, fixed the origin and hand. nate of zero) were used to begin a series of three Fo-F, 
Ten cycles of simultaneous phase extension and tangent syntheses which yielded all 16 non-hydrogen atoms. Two 

Table 1. Structure amplitudes 
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least-squares cycles, with anisotropic bromine temperature 
factors, lowered the value of R from 0.158 to 0"070. 
Atomic scattering factors were taken from Cromer & 
Waber (1964) except those for H (International Tables for 
X-ray Crystallography, 1962). Inclusion of eight hydrogen 
atoms and full anomalous dispersion corrections for bro- 
mine (Cromer, 1965) lowered the value of R to 0.059 (0.064 
weighted). The hand was chosen on the basis of smallest 
r.m.s, structure factor error. Observed and calculated struc- 
ture factors are given in Table 1. 

D i s c u s s i o n  

Final atomic parameters are given in Table 2, bond lengths 
in Fig. 2, and bond angles in Table 3. Common experience, 
and inspection of equivalent bond lengths in this structure, 
indicate that the overall standard deviations are about twice 
the least-squares estimated standard deviations. Because of 
the preponderant contribution of the two bromine atoms 
to the total scattering, highly accurate atomic parameters 
were neither easily attainable nor sought. 

X = H; OCH 3 

y=O; NH 

z 
Z = various substituents 

R I- R 2 = (a) - 0 - CHR - CH 2 " (I-4) 

Y H  ( b )  - HN - CH 2 - CH 2 -  ( 5 )  
- 7  

R 2 ~  C---a~ C L  x (c) - o - c! = N - (6) 
t C6H 5 

~. R I / C ~ o  0 
( e )  - o -  c = c - ( 8 )  I 

Clt 3 

(9)  (f) - 0 - c = c - 
I 
c6H 5 

Fig. l. ct-Arylidene-substituted five-membered lactones and 
lactams: (1-4) 0c-benzylidene-7-butyrolactones (Zimmer, 
Haupter, Rothe, Schrof & Walter, 1963; Zimmer & Walter, 
1963 a, b); (5) e-benzylidene-2-pyrrolidinone (Zimmer, Arm- 
bruster & Trauth, 1965); (6) e-benzylidene-5-oxazolone 
(Walter, Purcell & Zimmer, 1966); (7) e-benzylidene-2(3H)- 
coumaranone (Walter, Zimmer & Purcell, 1966); (8) ct- 
benzylidene-Afl,7-angelicalactone (Walter & Purcell, 1966); 
(9) ~t-benzylidene-A,8, 7-butenolide (Walter, Theodoropoulos 
& Purcell, 1967). 

Fig.2. Structure of ~-(2-hydroxy-3,5-dibromobenzylidene)- 
7-butyrolactone. Bond distances in A. Least-squares e.s.d.'s 
are 0"02/~ for Br-C bonds and 0"03 A for the others. 

Table 2. Atomic parameters 

Components of the anisotropic temperature factors for the 
bromine atoms, defined by 

exp [ - (#1 l h 2 + f122k 2 +/~33/2 Jr 2ill 2hk + 2fll 3hl + 2f123kl)], 
are listed with least-squares estimated standard deviations in 
parentheses on the scale of the last digit, o-(x)=0-0001, 
a(y)=0"0002 and o-(z)=0.0017 for Br; o-(x)=0.001, o-(y)= 
0.002, and o'(z)=0.010 for light atoms. 

x y z 
Br(1) 0"0750 0" 1464  0"0000 

Br(2) 0.3556 -0-1668 -0.0001 

C(l) 0.192 0.130 0.007 
C(2) 0.224 0.008 0.009 
C(3) 0.311 0.000 - 0.002 
C(4) 0"356 0-101 0.008 
C(5) 0"325 0.228 0"015 
C(6) 0.237 0"240 0"011 
C(7) 0-372 0.344 -0"016 
C(8) 0"453 0.361 0.014 
C(9) 0"526 0.271 0"024 
C(10) 0"596 0"363 - 0"030 
C(11) 0"485 0"489 0"027 
O(1) 0"566 0"493 - 0"008 
0(2) 0"449 0"593 0"041 
0(3) 0"207 0"358 0-030 

B 

0"0016 (1) 
0.0127 (3) 
0"0255 (9) 
0"0005 (1) 
0"0006 (9) 

- 0.0004 (14) 
0.0027 (1) 
0.0074 (3) 
0-0352 (10) 
O.0007 (1) 

-0.0004 (10) 
-0.0037 (13) 

2.87 
3.45 
2-92 
2.32 
2.63 
3-57 
2.97 
3.05 
2.91 
3.34 
4-08 
3.58 
4.62 
3.38 

Table 3. Bond angles 

Least-squares o'<2 ° for all bond angles. 

Angle 
C(1)--C(2)--C(3) 116 o 
C(2)--C(3)--C(4) 121 
C(3)--C(4)--C(5) 124 
C(4)--C(5)--C(6) 116 
C(5)--C(6)--C(1) 118 
C(6)--C(1)--C(2) 125 
Br(1)-C(1)--C(2) 118 
Br(1)-C(1)--C(6) 117 
Br(2) -C(3)--C(2) 116 
Br(2) -C(3)--C(4) 123 
C(4)--C(5)--C(7) 125 
C(6)--C(5)--C(7) 117 
C(5)--C(6)--O(3) l 16 
O(3)--C(6)--C( 1 ) 126 
C(5)--C(7)--C(8) 128 
C(7)--C(8)--C(9) 134 
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Angle 
C(7)--C(8)--C(11) 119 
C(11)-C(8)--C(9) 107 
C(8)--C(9)--C(10) 101 
C(9)--C(10).-O(1) 108 
C(10)-O(1)--C(11) 109 
O(1)--C(11)-C(8) 112 
O(1)--C(11)-O(2) 117 
O(2)--C(11)-C(8) 131 

The carbonyl group of the lactone ring is trans to the 
substituted phenyl group on C(7) of the exocyclic double 
bond (Fig. 2). The phenyl group is planar. In agreement with 
earlier reports (Mathieson & Taylor, 1961 ; Fridrichsons & 
Mathieson, 1962; Jeffrey & Kim, 1966) the C - C - O - C  

II 
O 

group of the lactone is planar; the carbon atom C(9) of 
the lactone is 0-3 A (,,,6 e.s.d.) above this plane. Least- 
squares refinement of the structure in space group Pcam 
(the 4 molecules on mirror planes) led to values for R of 
0.066 (unweighted) and 0-069 (weighted), comparable with 
those from the Pca21 refinement. However, temperature 
factors for atoms C(9), C(10), C(11), O(1), 0(2) and 0(3) rose 
by an average of more than 1.0/1,2, so that although a 
disordered structure containing molecules of each hand can- 
not be ruled out, the ordered Pca2a structure seems more 
probable. In any event, all bond lengths agree within one 
e.s.d, between the two refined structures, including the un- 
reasonable C(3)-C(4) length of 1.29/~. 

The ester oxygen O(1) of one molecule is hydrogen- 
bonded to the phenolic oxygen 0(3') of the molecule related 
to the first one by the a-glide plane normal to b. The O(1)- 
0(3') distance is 2.79/~ (e.s.d. 0.02/~) and the angle of 
O(1)-O(3")-C(6') is about 144 °. The hydrogen-bonded mol- 
ecules form zigzag chains running along the a axis. Per- 
pendicular to c and at c/2 apart, alternate sheets of parallel 
chains running in opposite directions are stacked with max- 
imum overlapping of the phenolic rings. 

The crystal structure confirms the hypothesis that the 
initial step in the formation of a coumarin from an c~-(2- 

hydroxybenzylidene)-y-butyrolactone consists of a trans, cis 
isomerization (Zimmer, Haupter, Rothe, Schrof & Walter, 
1963), and lends support to the chemical evidence that all 
~-arylidene-substituted five-membered lactones and lactams 
in Fig. 1 are trans isomers. 

The authors thank Dr G.A. Mair for active interest in 
this work. 
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Rosenweig & Morosin (Acta Cryst. (1966) 20, 758) concluded that the non-centrosymmetric structure of 
individual crystals of LiIO3 could not be placed on an absolute basis by use of the anomalous dispersion of 
the iodine atoms because these particular atoms are related by a point of inversion. This conclusion is 
erroneous and its implication of such a restriction on the determination of absolute structure is misleading. 
Numerical evidence that the absolute chirality of individual LiIO3 crystals is capable of experimental con- 
firmation is presented. 

Recent re-investigation of the crystal structure of LilO3 
(Rosenweig & Morosin, 1966; Boer, Bolhtfis, Olthof-Haze- 
kamp & Vos, 1966), referred to subsequently as RM and 
BBOV respectively, has unambiguously established its space 

group as P63. This space group is non-centrosymmetric, 
the structure consisting of discrete trigonal iodate groups 
and Li ions surrounded by six oxygen atoms in a distorted 
octahedral arrangement. The iodine atoms lie on trigonal 


