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of Pauling's covalent radii corrected for the electro- 
negativities (Truter, 1962). The short and long C-C 
distances [average: 1-40 A] alternating in the six-mem- 
bered rings are rather interesting, but this phenomenon 
can hardly be regarded as significant owing to the large 
experimental errors. The C(1)-S-C(I ') ,  O(1)-S-O(I ')  
and O(1)-S-C(1) as well as the O(1)-S-C(I ')  bond 
angles are also comparable with the corresponding 
values in DDS. The dihedral angle between the best 
planes of the benzene rings of the symmetrical parts of 
the molecule is 106.7 ° . It is noteworthy that the crystal 
lattice (Fig. 4) contains enantiomeric pairs of mole- 
cules; this is in agreement with the chirality of the 
structure depicted in Fig. 3(a). 

We wish to thank Professor /~. Kucsman for his 
invaluable advice, Professor J. I. Musher (New York) 
for providing us with preprints and other data con- 
cerning his work on the 'hypervalent molecules' and 
Mr Cs. Kert6sz for technical assistance. 
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Abstract. Monoclinic, P21/c, a= 10.58 (1), b=5-81 (1), 
c=  10.83 (5) A; fl= 100.6 (1)°; formula C~0H~6N202Br2 

J 
Br-(CHz)2-CO-N N-CO-(CH/)E-Br ,  

Z =  2, Dm = 1"81, Dx = 1"87 g cm -3. The colorless crys- 
tals were recrystallized from water. The space group 
and cell content imply that the molecule is centro- 
symmetric. The structure, refined to R=0.079,  shows 
considerable steric strain, which may be connected with 
the oncolytic activity of the compound. 

Introduction. All accessible intensity data from crys- 
tals mounted on axes a and c were collected using a 
Supper-Pace automated diffractometer with Cu K~ ra- 
diation, Lorentz-polarization corrections applied, and 
the two axes correlated, giving a total of 1352 reflec- 
tions. Elimination of reflections less than 40" as unob- 
served left 754 unique reflections where o- is defined 
as 

a(I)=[(O'0512) + No + KENb] 1/2 

[No is gross count, Nb is background count and K 
is ratio of scan time to background time (Parker, Flynn 
& Boer, 1968)]. The systematic absences (hOl, l odd; 
0k0, k odd) uniquely determine the space group. 

A sharpened Patterson function was used to locate 
the bromine position. The remaining non-hydrogen 
atoms were located by electron-density synthesis and 
a minimum-function map which used the bromine po- 
sitions as the points of superposition. Hydrogen atoms 
were located in a difference electron-density map (Fo- 
Fc synthesis) and their positions optimized to give bond 
lengths of 1-0 .&. Full-matrix least-squares refinement 

Table 1. Final positions and an&otropic 
temperaturefactors 

x/a y/b 
B~ 0"8485 (1) 0.5633 (0) 
C(2) 0-8936 (9) 0.5555 (22) 
C(3) 0-7897 (8) 0.4554 (19) 
C(4) 0-6758 (7) 0-6164 (15) 
O 0.6833 (6) 0-8161 (12) 
N 0.5699 (7) 0.5228 (12) 
C(7) 0.4606 (8) 0.6742 (16) 
C(8) 0.5561 (8) 0.2996 (14) 
H(9) 0-633 0-206 
H(10) 0.481 0.221 
H(I 1) 0.476 0.829 
H(12) 0"383 0"603 
H(13) 0"822 0"424 
H(14) 0"763 0"306 
H(15) 0"911 0"716 
H(I 6) 0"971 0"459 

z/c 
0.1352 (2) 
0.3230 (13) 
0.3817 (13) 
0.3691 (11) 
0.3392 (9) 
0.4007 (10) 
0.4066 (12) 
0.4578 (12) 
0.456 
0.408 
0.372 
0.356 
0.475 
0.338 
0.356 
0"348 
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Table 1 (cont.) 

10'fix, 104fl22 104fl33 104fl12 104fl13 104fl23 
Br 123 (2) 406 (6) 151 (2) -45 (4) 49 (2) -14 (5) 
C(2) 77 (8) 348 (34) 126 (15) 16 (30) -18 (15) 8 (39) 
C(3) 66 (7) 255 (30) 157 (17) 73 (27) 23 (15) 25 (37) 
C(4) 54 (8) 193 (30) 134 (15) 52 (19) -35 (15) -52 (27) 
O 86 (6) 179 (21) 174 (12) 45 (17) 42 (12) 49 (24) 
N 78 (7) 127 (20) 126 (12) 91 (18) 28 (12) 33 (22) 
C(7) 65 (7) 146 (23) 155 (16) 80 (23) 1 (14) 43 (31) 
C(8) 79 (8) 109 (23) 149 (15) 56 (20) 31 (15) -20 (27) 

of the non-hydrogen positions and anisotropic tem- 
perature factors with all hydrogen parameters held 
constant resulted in the present R of 0.079 ( R=  
Ellfol-Ifcll/EIFol). 

Final values of the position and'temperature param- 
eters are listed in Table 1. Bond lengths and angles 
are given in Table 2. The molecular structure is shown 
in Fig. 1. A list of observed and calculated structure 
factors is given in Table 3. 

Table 2. Bond lengths and angles for non-hydrogen 
atoms with standard deviations 

Br--C(2) 2.002 (13) A Br--C(2)-C(3) 112-8 (7) ° 
C(2)-C(3) 1.485 (17) C(2)-C(3)-C(4) 11 l. 1 (9) 
C(3)-C(4) 1.511 (13) C(3)-C(4)-O 121.8 (8) 
C(4)-O 1.21 l (12) C(3)-C(4)-N 114.5 (8) 
C(4)-N 1-345 (12) O C(4)-N 123.6 (8) 
N - - C ( 7 )  1.464 (12) C(4)-N--C(7)  118.0 (7) 
N - - C ( 8 )  1.456 (12) C(4)-N--C(8)  128.4 (7) 
C(7)-C(8) 1-519 (18) C(7)-N---C(8) 112.0 (8) 

N--C(7)-C(8)  109.6 (8) 
N---C(8)-C(7) 111.1 (8) 

Discussion. The substance has oncolytic activity against 
certain leukemias, lymphomas and solid tumors (Stein, 
Carben, Langden & Richards, 1960; Bond, Rohn, 
Hodes & Yardley, 1962; McNair et al., 1963). Its 
mechanism of action is not known. Two possibilities 
are alkylation (Emmelot, 1964) involving the CHz-Br 
bond and acylation (Moncrief & Heller, 1967) involv- 
ing the amide group. 

If a planar amide with the generally accepted bond 
lengths and angles (Corey & Pauling, 1953) is assumed 
the hydrogen atoms attached to the ring carbon C(8) 

H(12') H(11') H(13) 

Br(l') '~H(16') ~ i  
~H(~o ' )  (4) ~ ' °  ~( 

H(15') .... ~) (~H(12) .... 
H(13') H(11) 

Fig. 1. The molecular structure of N,N'-bis-(3-bromo- 
propionyl)piperazine. 

and those attached to C(3) are potentially sterically 
crowded. If C(2) is also assumed to be coplanar with 
the amide, the two hydrogens on C(3) would each be 
2.0 A from one of the hydrogens on C(8), considerably 
less than the accepted van der Waals distance of 2.4/k. 
The oxygen would in this case be 2-45 A from one of 
the hydrogen atoms on C(7) and, if the bromine is 
also assumed to be in the plane of the amide, 2.5 A 
from the hydrogens on C(2). A diffraction study was 
undertaken to ascertain the manner in which the mole- 
cule relieves this strain and to attempt to obtain mo- 
lecular parameters which could contribute to the under- 
standing of the mechanism of oncolytic activity of this 
molecule. 

An examination of the bond distances and angles in 
Table 2 will indicate several significant departures from 
the usual amide values. Most important in relieving 
the strain of the steric interaction is the increase of the 
C(4)-N-C(8) angle to 128.4 ° and the decrease of the 
C(4)-N-C(7) angle to 118.0 °. The C(4)-O distance is 
shorter while the C(4)-N bond is somewhat longer 
than usual indicating some decrease in conjugation. 
From Table 4, it is evident that the amide groups of 
the determined structure are essentially planar with 
only small deviations from a planar configuration. The 
angle between the plane determined by C(3), C(4), N, 
and O and the plane of C(4), N, C(7), and C(8) is 2 ° 
12.5'. 

The net result is that the hydrogens on C(3) are 2.3 
and 2.1 ~ from the nearest hydrogen on C(8) while O 
is 2-3 A from the nearest C(7) hydrogen and 2.5 A from 
the nearest C(2) hydrogen. 

In amides in which a hydrogen and one larger atom 
are bonded to an amide nitrogen and a bulky group 
is bonded to the carbonyl, the hydrogen on the nitro- 
gen is generally found trans to the oxygen unless there 
is some constraint which forbids this. In diketopiper- 
azine the ring structure requires the hydrogen to be 
cis and the C - N - C  angle is observed to be 126.0 ° 
(Degeilh & Marsh, 1959). In the tripeptide leucyl- 
propyl-glycine the C - N - C  angle involving the carbon 
bound to N trans to the oxygen of the amide carbonyl 
was found to be 126.1 ° while the C - N - C  angle con- 
taining the carbon cis to the oxygen was 121-4 ° (Leung 
& Marsh, 1958). These deviations from the usual amide 
values while smaller in magnitude do agree with those 
found in the present study. 

The Br-C(2) distance in this molecule is 2.00 A, 
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Table 3. Observed and calculated structure factors 
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Table 4. Displacements from least-squares plane 
through atoms C(3), C(4), O, N, C(7) and C(8) (A) 

(Equation of plane" O.1750X+O.2997Y+O.9379Z= 5.9164) 
Br(1) 2.062 
C(2) 0.183 
C(3) -0"016 
C(4) 0"036 
0(5) -0"038 
N(5) 0.091 
C(7) -0.027 
C(8) - 0.045 
C(7') - 1.367 
C(8') - 1.349 

C-Br bond distance and the short C(2)-C(3) distance 
indicate more than usual ionic character in the carbon- 
bromine bond and support possible C-Br involvement 
in physiological alkylation. 

No intermolecular contacts significantly shorter than 
expected van der Waals distances were found in the 
structure. 

This work was supported in part by NSF Grant 
Number GP23728. The authors wish to thank Dr 
Philip G. Huffman, Abbott Laboratories, for a sample 
of N,N'-bis-(3-brornopropionyl)piperazine. 

somewhat longer than the usual value, 1.94 A (Sutton, 
1958), but in agreement with some other studies (Craven, 
1962; Mathieson & Taylor, 1963; Craven, 1964; Mac- 
kay & Mathieson, 1965). The C(2)-C(3) distance of 
1.49 A is shorter than expected but is not inconsistent 
with similar values found by Craven (1962, 1964) and 
by Mackay & Mathieson (1965). This somewhat long 
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Abstract. LizSO4, monoclinic, P21/c, a=8.45 (1), b=  
4.95 (1), c=8.21 (1) A, fl= 107.5 (2) °, Z = 4 ,  Dx= 2.23 
g cm -3. Crystals were grown from a melt of Li2SO4. 
The redetermination confirms the work of Albright 
[Z. Kristallogr. (1932). 84, 150-158]. The lithium atom 
is tetrahedrally coordinated with a Li-O distance of 
1.96 A (mean) and there is a S-O distance of 1.472 A 
(mean) in the SO ]-  tetrahedra. 

Introduction. The crystals were grown by heating 
LizSOa.HzO in a platinum crucible to remove water 
and then to fusion. The crystals obtained on cooling 
are hygroscopic and were protected by a coating of 
shellac; they are generally of poor quality. 

The intensities and cell dimensions were obtained 
with a Stoe-Weissenberg diffractometer (graphite 
monochromator, co-scan, no attenuators, Mo Kc~, 2=  
0.7107 A; data collected for layers hOl to h51 to a maxi- 
mum 20 value of 90°). Because of difficulty of finding 
suitable crystals, no crossing data were collected and, 
consequently, the anisotropic temperature factors are 
not known absolutely. Corrections for Lorentz and 
polarization factors were applied, but none were made 
for absorption. 1319 reflexions were considered to be 
observed with I/a(I) > 3.0. 

Systematic absences hOl, l ¢ 2 n  and 0k0, k S  2n con- 
firm space group P21/c. [The a and c axes of Albright 
(1932) have been exchanged to give the standard space- 
group setting.] Unit-cell constants were obtained from 
the reflecting position of high-angle reflexions on the 
diffractometer and their errors estimated from the ac- 
curacy of measurement. 

Trial refinement of the S and O positions of Albright 
gave an R index of 0.17 and a difference Fourier syn- 
thesis showed the lithium atoms, also fairly close to 
Albright's positions. Final least-squares refinement 
gave R=0.081, with a weighting scheme of the form: 

aT(F) = (6200 + F +  0.0011FE)/40 

to compensate for the slight F and F 2 dependence of 
the average A 2 versus F curve. Atomic coordinates 
and temperature factors are given in Table 1 together 
with those of Albright (1932), and bond lengths and 
angles are in Table 2. A list of structure factors in ob- 
tainable as Supplementary Publication No. SUP 30026 
(7 pp).* 

Discussion. This structure determination was under- 
taken as part of a study of lattice energies of sulphate 
crystals (e.g. Jenkins, 1972), in which anomalous re- 
sults were found for Li2SO4 that might have been due 
to incorrect atomic positions. The structure was origi- 
nally determined (Albright, 1932) by trial-and-error 
methods without refinement, but this work shows that 
the positions were broadly correct. The unit-cell lengths 
agree well with those reported by Swanson, McMur- 
die, Morris & Evans (1968), namely a=8-474 (1), b=  
4.9533 (3), c=8.2414 (4) A and fl= 107.98 (5) °. In the 
present determination S-O is 1.472 A, (mean) and 
Li-O is 1.96 A (mean) which may be compared with 
the corresponding S-O distances 1.402 A (Na2SO4), 
1"491 A (K2504) , 1"502 A (Rb2SO4) and 1.493 A 
(Cs2SO4), and corresponding M-O distances 2.32 ,~ 
(M = Na), 2.66 A (M = K), 2.88 A (M = Rb) and 3.04 A 
(M = Cs) in other sulphates (data from Wyckoff, 1966). 
The latter figures suggest an 'ionic' radius for the oxy- 
gen of a sulphate group of 1.34 A, (mean), by subtract- 
ing standard ionic radii (Shannon & Prewitt, 1969) for 
the alkali metals from these S-O distances. This is al- 

* This table has been deposited with the National Lending 
Library, England. Copies may be obtained through the 
Executive Secretary, International Union of Crystallography, 
13 White Friars, Chester CH 1 1 NZ, England. 


