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The crystal and molecular structure of the title compound has been determined by single-crystal X-ray 
diffraction analysis. Crystals are triclinic, space group Pi ,  with a= 12.775, b= 12.702, c= 13.158 A, 
~=111"33 °, fl=97"42 °, ~,=88"71 °. The structure was solved by Patterson and Fourier methods, and 
refined by least-squares methods to a final R value of 0.067 for 2230 observed reflexions. 

Introduction 

Pyrazolidine and its derivatives are interesting, from 
a pharmaceutical point of view, as antipyretic agents. 
In an attempt to obtain new active compounds, recent 
studies on the chemical behaviour of 1,2-diphenyl- 
pyrazolidine-3,5-dione showed that the action of acetic 
anhydride on this compound (reaction A) gives a new 
complex substance which crystallizes in yellowish tiny 
irregular tablets with high melting point (323-325°C) 
(Mangiavacchi, Lazzi & Ridi, 1966). The same com- 
pound was also obtained by reaction of 1,2-diphenyl- 
pyrazolidine-3,5-dione with 1-(l,2-diphenyl-3,5-diketo- 
4-pyrazolidine)- 1- ( 1,2- diphenyl-3,5- diketo-4-pyrazoli- 
diniliden)ethane (reaction B). Further chemical studies 
to characterize the reaction product (Mangiavacchi, 
1968) have assigned it the elementary formula 
C47Ha2N604; the molecular structure proposed on the 
basis of infrared and n.m.r, spectra as well as chem- 
ical evidence, was: 
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Since some doubts about the molecular structure 
still remained, the X-ray analysis of a brominated de- 
rivative of the compound was undertaken. The struc- 
tural study showed that the proposed formula is not 
correct, the right one being: 
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Experimental 

Crystals of the title compound, C47H30N604Br2, were 
prepared and kindly supplied by Dr Mangiavacchi of 
the Institute of Pharmaceutical Chemistry of Siena 
University. They are very small pale yellowish needles 
with rhombic section, melting point 302-304°C. 

Preliminary rotation, Weissenberg and precession 
photographs showed that they are triclinic and gave 
rough unit-cell constants which were subsequently re- 
fined by the least-squares method from fourteen ac- 
curate 20 values measured on a diffractometer. The 
refined values are: a=12-775+0.003, b=12.702+ 
0.001, c=13.158+0.002 ~ ,  ~=111.33+0.01 °, f l= 
97.42+0.02 °, y=88.71 +0.01°. * Cell volume is 1971.7 
m 3 . 

The space group P ]  was assumed at the beginning 
of the present investigation on the basis of morpho- 
logical evidence. The number of molecules in the unit 
cell was also assumed to be 2, according to the empirical 
criterion proposed by Kempster & Lipson (1972). Both 
assumptions were later confirmed by structural anal- 
ysis. The calculated density is 1.500 g c m  -3. 

The needle crystals were elongated along [101]. The 
reflexions were collected and indexed according to a 

• This cell is not a Delaunay reduced cell. The Delaunay 
reduction gives a cell with parameters: a=12.775, b= 12"702, 
c=14"591 A; ~.=122"86 °, fl=95"86 °, y=91-29 °. The trans- 
formation matrix from our cell to Delaunay cell is [100/0T0/011]. 

A C 30B - 2* 
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B-centered cell hav ing  a ' = [ 1 0 1 ] ;  b'=b; c'=[]-01].  All 
subsequent  calculat ions  were pe r fo rmed  with refer- 
ence to the above  primit ive cell. 

The crystal  used for  da t a  collection, with dimen-  
sions 0 . 3 6 × 0 . 0 8  ×0.08  m m ,  was m o u n t e d  with its 
longest  d imens ion  coincident  with the axis of  a Hilger  
a n d  Wat t s  four-circle au toma t i c  di f f ractometer .  In- 
tensity da t a  were collected by the co-20 scan technique 

with  zirconium-fi l tered M o  radia t ion .  Scans of  60 s 
with steps of  0.01 ° and  a count  of  1 s for  each step 
were taken  across the peaks ;  b a c k g r o u n d  was counted  
for  20 s on each side of  the peak.  As a check on elec- 
t ronic and  crystal stabili ty dur ing  da ta  collection three 
s t anda rd  reflexions were mon i to red  every 100 measure-  
ments .  A total  of  4750 intensities were measu red  within 
the sphere 2 0 < 4 4  °. Beyond this limit only a few re- 

Table  1. Fractional atomic coordinates and thermal parameters, with standard deviations 

Br(1) 
Br(2) 
O(1) 
0(2) 
0(3) 
0(4) 
N(*) 
N(2) 
N(3) 
N(4) 
N(5) 
N(6) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(10~ 
C(11) 
C(12) 
C(13) 
C(14) 
C(15) 
C(16) 
C(17) 
C(18) 
C(19) 
C(20) 
C(21) 
C(22) 
Cq 23) 
Cq 24) 
Cq 25) 
Cq 26) 
Cq 27) 
Cq 28) 
Cq 29) 
Cq 30) 
Cq31) 
Cq 32) 
C(33) 
C(34) 
C(35) 
C(36) 
C(37) 
C(38) 
C(39) 
C(40) 
C(41) 
C(42) 
C(43) 
C(44) 
C(45) 
C(46) 
C(47) 

x/a y/b z/c B (/~2) 
0"3951(1) 0"5953(1) 1"1159 (1) 6"86* 

--0"0108 (1) 0"1800 (l) 1"1069 (1) 7"01" 
0"3643 (5) 0.0854 (6) 0.2887 (6) 3.78 (17) 
0-4492 (6) --0.2523 (6) 0.5160 (6) 3.82 (17) 
0.0873 (6) 0.0127 (6) 0.5915 (6) 3.96 (18) 
0.3796 (6) 0.2560 (6) 0.7658 (5) 3-42 (17) 
0.2768 (,7) 0.2152 (,7) 0.4197 (7) 3.07 (20) 
0.2507 (6) 0.2285 (7) 0.5258 (6) 2.77 (20) 
0.3103 ( , 6 )  -0.0544 (7) 0.7077 (7) 2.98 (20) 
0.3709 (6) -0.1557 (7) 0.6706 (7) 3.00 (20) 
0.1195 (6) 0.1737 (,7) 0.7425 (7) 2.69 (19) 
0.2121 (6) 0"2404 (7) 0.8026 (6) 2.65 (19) 
0.2597 (8) 0.1042 (8) 0.6381 (8) 2.16 (23) 
0.3162 (8) -0"0040 (8) 0.6311 (8) 2.48 (23) 
0.3665 (7) -0.0697 (8) 0.5466 (8) 1.96 (22) 
0-3730 (8) -0"0478 (8) 0.4475 (8) 2.38 (23) 
0-3257 (8) 0-0586 (8) 0.4533 (8) 2.33 (23) 
0.2783 (8) 0.1262 (8) 0"5387 (8) 2"45 (23) 
0.3269 (8) 0.1141 (9) 0.3774 (9) 3.46 (26) 
0.4011 (9) -0.1685 (9) 0"5718 (,9) 3"32 (26) 
0.1453 (9) 0.0894 (9) 0.6503 (9) 3.04 (25) 
0.2962 (9) 0"2072 (9) 0.7421 (9) 2"95 (25) 
0.4178 (8) -0.1190 (9) 0.3633 (8) 3-25 (25) 
0.2844 (8) 0"3116 (,9) 0.3917 (9) 2.96 (25) 
0.2362 (9) 0.3070 (10) 0.2917 (10) 4.51 (29) 
0.2435 (,9) 0.4017 (12) 0.2619 (1 I) 6.14 (35) 
0.2988 (11) 0.4935 (11) 0.3359 (11) 5.52 (33) 
0.3444 (10) 0.5005 (10) 0.4338 (10) 5.11 (32) 
0.3394 (9) 0.4063 (10) 0.4654 (9) 3.88 (28) 
0.0575 (10) 0.2090 (10) 0.4868 (9) 4.24 (29) 

-0.0419 (11) 0.2593 (12) 0.4974 (11) 6.31 (35) 
-0"0474 (12) 0.3709 (13) 0"5590 (12) 7.02 (38) 

0.0386 (12) 0.4353 (11) 0.6127 (,11) 6.13 (35) 
0.1409 (9) 0"3878 (10) 0"6061 (9) 4"44 (29) 
0.1460 (8) 0.2760 (9) 0.5413 (8) 3.01 (25) 
0.2009 (8) 0.3554 (,9) 0"8762 (8) 2.64 (24) 
0.1059 (9) 0"4105 (10) 0.8647 (9) 3.54 (26) 
0.1002 (10) 0.5220 (11) 0.9386 (10) 5.02 (31) 
0.1832 (10) 0.5723 (,10) 1.0118 (10) 4.73 (30) 
0.2757 (9) 0.5193 (9) 1.0192 (9) 3.82 (28) 
0.2865 (8) 0"4053 (9) 0.9524 (8) 3.02 (25) 
0.0351 (9) 0.1606 (,8) 0.8001 (9) 3.06 (25) 
0.0522 (8) 0.1796 (8) 0.9083 (8) 2.78 (24) 

- 0.0318 (9) 0.1598 (9) 0.9573 (9) 3-92 (28) 
-0-1295 (9) 0"1250 (9) 0"8986 (10) 4"23 (28) 
-0.1453 (9) 0.1114 (10) 0.7920 (,10) 4.49 (30) 
-0.0641 (9) 0.1309 (9) 0.7386 (9) 3.80 (27) 

0.3393 (8) 0.0101 (8) 0.8244 (8) 2.54 (24) 
0"4361 (9) 0.0581 (9) 0.8657 (9) 3.55 (27) 
0.4599 (10) 0-1214 (10) 0.9778 (10) 5.22 (32) 
0.3824 (10) 0"1285 (10) 1.0447 (10) 4.84 (30) 
0.2854 (10) 0.0793 (10) 1.0043 (10) 4.44 (29) 
0.2607 (9) 0.0187 (9) 0.8925 (9) 3.56 (26) 
0.3640 (9) -0.2400 (9) 0.7162 (8) 2.90 (25) 
0.2720 (9) -0.2566 (10) 0.7517 (9) 4.03 (28) 
0.2702 (10) -0.3413 (11) 0.7956 (10) 5.19 (32) 
0.3560 (11) -0.4044 (10) 0.8014 (10) 5.15 (32) 
0.4475 (10) -0.3897 (10) 0.7637 (9) 4.54 (30) 
0.4510 (9) -0.3036 (10) 0.7217 (9) 3.66 (27) 
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Table 1 (cont.) 

H(C13) 0-193 0"232 0"236 
H(C 14) 0.207 0"401 0" 183 
H(C15) 0.305 0"564 0-313 
H(C16) 0"387 0"576 0"488 
H(C17) 0"375 0"408 0"544 
H(C18) 0"065 0-120 0"437 
H(CI9) -0-112 0"209 0"460 
H(C20) - 0" 125 0.407 0"565 
H(C21) 0.029 0"523 0"657 
H(C22) 0-212 0"437 0"652 
H(C25) 0-040 0"370 0-803 
H(C26) 0"028 0"568 0-935 
H(C27) 0"176 0"659 1 "066 
H(C29) 0"358 0"360 0"961 
H(C31) 0"128 0.209 0"956 
H(C33) -0"194 0"110 0"938 
H(C34) -0.222 0"084 0"746 
H(C35) - 0-077 0" 124 0"653 
H(C37) 0-496 0-047 0"812 
H(C38) 0"535 0-162 1"011 
H(C39) 0"399 0"176 1"131 
H(C40) 0"227 0.086 1-058 
H(C41) 0-184 - 0"023 0"859 
H(C43) 0"204 - 0"206 0"746 
H(C44) 0.200 -0.358 0.824 
H(C45) 0.354 -0.467 0.836 
H(C46) 0.515 - 0-444 0-765 
H(C47) 0-523 - 0.287 0.693 
H'(C11) 0-423 -0.106 0.289 
H"(C11) 0.453 -0"199 0.357 

* B values of Br(1) and Br(2) are the equivalent isotropic 
temperature factors proposed by Hamilton (1959). The 
anisotropic temperature factors of Br(1) and Br(2) in the form 
T= exp { - -  (h2fllt + k2f122 + / 2 f l 3 3  + 2hkjOt2 + 2hlfl~3 + 2k/f123) x 
10 -4 } are as follows: 

~11 fl22 ~33 ~12 ~13 #23 
Bt(1) 168 (2) 71 (1) 76 (1) - 3 0  (1) - 3  (1) 3 (1) 
Br(2) 92 (1) 186 (2) 103 (2) 18 (1) 44 (1) 71 (2) 

flexions had  intensities above background.  Standard 
deviations on intensities were calculated according to 
the expression used by Doedens & Ibers (1967): tr(I)= 
[P+0"25(B1 + B2) (Tp/Ta) 2 +(0.03 1)2] 1/2 where e is the 
total peak count in a scan of  t ime Te, BI and B2 are 
the background counts each in a t ime TB, I is the in- 
tensity, equal to P-O'5(Te/Ts)(BI+B2);  reflexions 
with I<3t r ( I )  were considered unobserved and  ex- 
cluded f rom further computat ions.  The Lorentz-pol-  
arization correction was applied. The absorpt ion cor- 
rection was neglected owing to the small  dimensions 
of  the crystal and the low absorpt ion coefficient ( /z= 
22.4 cm-1  for Mo K~). 

Structure determination and refinement 

The coordinates for the two independent  Br atoms in 
the cell were readily deduced f rom a three-dimensional  
Patterson function. In this way only about  15 % of  the 
electrons in the cell were located (conventional  R ~  
0.56) and  Fourier  and difference Fourier  syntheses, 
computed with the signs f rom bromide  atoms, failed 
to show any groups of  max ima  which had  any chem- 

ical significance. An ~-synthesis was then computed 
(Raman,  1961) f rom which it was possible to find 16 
atoms. These atoms were considered to be carbon 
atoms (R=0.48) .  A Fourier  synthesis was computed 
using as coefficients the structure factors phased f rom 
this f ragment  of the molecule, and with ampli tudes 
mult ipl ied by w = tanh  (Fobs. Fe/~.f~j) where Fe is the 

J 

contr ibut ion to the ampl i tude by the partially known 
structure and  f r o  is the scattering factor of  the missing 
.(th a tom (Woolfson, 1956). This map,  which was very 
well resolved, gave the locations of  25 new atoms (R = 
0.39). Successive Fourier  syntheses revealed the whole 
structure and improved the model  to give an R value 
of  0-26. 

At  this stage the refinement of  the structure was 
cont inued by the least-squares method  with the full- 
matr ix p rogram ORFLS. The quanti ty  minimized was: 
wllFol-IFcll 2, with weights w assigned as 1/[a(F)] 2. In 
three cycles, with individual  isotropic thermal  param- 
eters, R was lowered to 0.13. 

Because of  the unfavourable  observations-to-par- 
ameters ratio, the possibil i ty of  refining all the atoms 
anisotropically was ruled out. 

Two more cycles performed with anisotropic thermal  
parameters  for the bromine  atoms alone, reduced R to 
0.08. At  this stage the contr ibut ion of  the hydrogen 
atoms at theoretical positions computed  assuming the 
value 1.075 A for the C - H  bond  length and  thermal  
parameters  equal to those of  the carbon atoms to 
which they are bonded  was introduced. A final cycle, 
refining only the non-hydrogen atoms, yielded the co- 
ordinates, thermal  parameters  and relative s tandard 
deviations listed in Table 1. The R value reached the 
final value 0.067 for 2230 observed reflexions. The 
atomic scattering factors used were those listed for Br, 
O, N, C and H in International Tables for X-ray Crys- 
tallography (1962); an anomalous  dispersion correc- 
t ion was applied to the bromine  scattering curve. Ob- 
served and calculated structure factors are given in 
Table 2. 

bsinv 

Fig. 1. The cell contents projected along the a axis. 
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Results and discussion 

The structure of  4'-methylene-l,2-di-m-bromophenyl- 
1', 2', 6', 7' - tetraphenyl - spiro {pyrazolidine - 4,8' - [8'H, 
4'HI -benzol 1,2 - c:4,5 - c']dipyrazoline} - 3,5,3',5'- tetra- 
one projected along the a axis is shown in Fig. 1. 
The conformation of  the molecule is represented in 
Figs. 2 and 3. Bond lengths and angles are listed in 
Tables 3 and 4. Chemically equivalent bond lengths 
and angles are averaged and shown in Fig. 4, together 
with the atomic numbering scheme. 

The most important feature of the molecular struc- 
ture is the presence of cross conjugation involving the 
system O(1), C(7), C(5), C(6), C(4), C(l l ) ,  C(3), C(2), 
C(8) and 0(2):  these atoms are roughly c,planar. The 
equation of the best plane (plane A) and atomic devia- 

tions from this plane are listed in Table 5. Because of  
conjugation, C(7)-O(1) and C(8)-O(2) bonds, 1.25 A 
long, are significantly longer than the other two car- 
bonylic bonds of  the molecule, C(9)-O(3) and C(10)- 
O(4), which are 1.20 A long; furthermore the C(2)- 
C(3), C(5)-C(6) and C(4)-C(l l )  double bonds are 
slightly longer than normal localized double bonds, 
while the single C(5)-C(7), C(4)-C(5), C(3)-C(4) and 
C(3)-C(8) bonds have a certain double bond character. 
Probably the two phenyl rings linked to N(1) and N(4) 
contribute to the resonating system, since the relative 
C - N  bond lengths are significantly shorter than the 
other analogous C-N distances: 1.42 against 1-46 A. 
Other interatomic distances in the molecule are in good 
agreement with those reported in literature. 

The pyrazolinic and pyrazolidinic rings are not per- 
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fectly planar, with the two nitrogen atoms in each [ing 
displaced on opposite sides of  the ring plane; equations 
of  the best planes and atomic deviations from planarity 

are reported in Table 5 (planes B, C and D). Phenyl 
rings are planar within the limits of  experimental error 
(see Table 5, planes E to J). 
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Fig. 2. The molecule as viewed along the a axis. 

Fig. 3. The molecule as viewed along a direction lying in the plane of the three condensed rings. 
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Table 3. Bond distances Table 4 

Estimated standard deviations are between 0.012 and 0.018/~t C(4)--C(3)--C(8) 128.4 
Br(1)-C(28) 1.88 .~, C(13)-C(14) 1-40 A C(3)--C(4)--C(5) 111.2 
Br(2)-C(32) 1.87 C(14)-C(15) 1.36 C(3)--C(4)--C(11) 122.5 
O(1)--C(7) 1.25 C(15)-C(16) 1.32 C(5)--C(4)--C(11) 126.3 
O(2)--C(8) 1-25 C(I 6)-C(17) 1 . 4 1  C(4)--C(5)--C(6) 124-3 
O(3)--C(9) 1.20 C(18)-C(19) 1 . 4 1  C(4)--C(5)--C(7) 127-5 
O(4)--C(10) 1.19 C(18)-C(23) 1 . 3 8  C(6)--C(5)--C(7) 108.1 
N(I)--N(2) 1 - 4 3  C(19)-C(20) 1.36 C(1)--C(6)--C(5) 127.5 
N(1)--C(7) 1 - 3 8  C(20)-C(21) 1.34 C(1)--C(6)--N(2) 121.6 
N(1)--C(I 2) 1 - 4 1  C(21)-C(22) 1 . 4 3  C(5)--C(6)--N(2) 110.9 
N(2)--C(6) 1.40 C(22)-C(23) 1.37 C(5)--C(7)--O(1) 130.9 
N(2)--C(23) 1.46 C(24)-C(25) 1 . 4 1  C(5)--C(7)--N(1) 106.9 
N(3)--N(4) 1.44 C(24)-C(29) 1.37 O(1 )--C(7)--N( 1 ) 122-2 
N(3)--C(2) 1.39 C(25)-C(26) 1.40 C(3)--C(8)--O(2) 128.9 
N(3)--C(36) 1.46 C(26)-C(27) 1 . 3 3  C(3)--C(8)--N(4) 107.2 
N(4)--C(8) 1.36 C(27)-C(28) 1 " 3 6  O(2)--C(8)--N(4) 123.9 
N(4)--C(42) 1.42 C(28)-C(29) 1 . 4 1  C(1)--C(9)--O(3) 125.4 
N(5)--N(6) 1 " 4 3  C(30)-C(31) 1 .3 ,~ C(1)--C(9)--N(5) 109.6 
N(5)--C(9) 1 " 3 7  C(30)-C(35) 1.3" O(3)--C(9)--N(5) 124.8 
N(5)--C(30) 1.44 C(31)-C(32) 1.39 C(1)--C(10)-O(4) 127-3 
N(6)--C(10) 1 " 3 9  C(32)-C(33) 1 . 3 7  C(1)--C(10)-N(5) 108.2 
N(6)--C(24) 1 . 4 5  C(33)-C(34) 1.34 O(4)--C(10)-N(5) 124.4 
C(1)--C(2) 1.52 C(34)-C(35) 1.40 C(7)--N(1)--N(2) 109.2 
C(1)--C(6) 1 . 4 8  C(36)-C(37) 1 . 3 5  C(7)--N(1)--C(12) 127.3 
C(1)--C(9) 1 . 5 1  C(36)-C(41) 1.4! N(2)--N(1)--C(12) 119-2 
C(1)--C(10) 1.54 C(37)-C(38) 1 . 3 9  C(6)--N(2)--N(1) 104.6 
C(2)--C(3) 1.35 C(38)-C(39) 1.39 C(6)--N(2)--C(23) 122.4 
C(3)--C(4) 1.44 C(39)-C(40) 1 . 3 5  N(1)--N(2)--C(23) 111.2 
C(3)--C(8) 1.46 C(40)-C(41) 1 - 3 9  C(42)-C(43)-C(44) 117.1 
C(4)--C(5) 1 . 4 5  C(42)-C(43) 1.37 C(43)-C(44)-C(45) 120.9 
C(4)--C(11) 1.34 C(42)-C(47) 1.37 C(44)-C(45)-C(46) 122.1 
C(5)--C(6) 1 . 3 5  C(43)-C(44) 1.40 C(45)-C(46)-C(47) 117.5 
C(5)--C(7) 1.42 C(44)-C(45) 1 . 3 5  C(46)-C(47)-C(42) 120.0 
C(12)-C(13) 1.36 C(45)-C(46) 1 . 3 7  N(5)--C(30)-C(31) 120.9 
C(12)-C(17) 1.38 C(46)-C(47) 1.40 N(5)--C(30)-C(35) 116.6 

C(35)-C(30)-C(31) 122.5 
C(30)-C(31)-C(32) 117.7 
C(31)-C(32)-Br(2) 119.4 

Table 4. Bond angles C(31)-C(32)-C(33) 121.6 

Estimated standard deviations are between 0-8 and 1.1 ° Br(2)-C(32)-C(33) 119.1 
C(32)-C(33)-C(34) 119.3 

C(2)--C(1)--C(6) 105.9 ° C(2)--N(3)--N(4) 104.9 ° 
C(6)--C(1)--C(10) 1 1 0 . 1  C(2)--N(3)--C(36) 120.2 
C(10)-C(1)--C(9) 102.1 N(4)--N(3)--C(36) 111.8 The three condensed rings are slightly twisted. The 
C(9)--C(1)--C(2) 108.5 N(3)--N(4)--C(8) 109.3 
C(2)--C(1)--C(10) 114.8 N(3)--N(4)--C(42) 120-1 extent of torsional buckling is shown in Fig. 3, where 
C(6)--C(1)--C(9) 115.8 C(8)--N(4)--C(42) 127.4 the molecule is projected along a direction lying in 
c(1)--c(2)--c(3) 126-1 C(9)--N(5)--N(6) 109.9 the best plane through the rings (plane K, Table 5). 
C(1)--C(2)--N(3) 1 2 1 - 9  C(9)--N(5)--C(30) 122.2 Some short intramolecular contacts between atoms 
C(3)--C(2)--N(3) 1 1 1 - 6  N(6)--N(5)--C(30) 120"0 
C(2)--C(3)--C(4) 124.7 N(5)--N(6)--C(10) 109.7 not directly bonded are reported in Fig. 2. The pack- 
C(2)--C(3)--C(8) 106.6 N(5)--N(6)--C(24) 119.4 ing of the molecules is shown in Fig. 1. Pairs of mole- 

(cont.) 

C(10)-N(6)--C(24) 122"6 
N(1)--C(12)-C(13) 118"1 
N(1)--C(12)-C(17) 119"5 
C(13)-C(12)-C(17) 122"4 
C(12)-C(13)-C(14) 118"9 
C(13)-C(14)-C(15) 117.3 
C(14)-C(15)-C(16) 124.8 
C(15)-C(16)-C(17) 119.1 
C(I 6)-C(17)-C(12) 117.4 
N(2)--C(23)-C(18) 119.4 
N(2)--C(23)-C(22) 117.7 
C(18)-C(23)-C(22) 122.9 
C(23)-C(18)-C(19) 118.0 
C(18)-C(19)-C(20) 119.4 
C(19)-C(20)-C(21) 122.4 
C(20)-C(21)-C(22) 120.3 
C(21 )-C(22)-C(23) 116.9 
N(3)--C(36)-C(37) 122'2 
N(3)--C(36)-C(41) 116.3 
C(41)-C(36)-C(37) 121.6 
C(36)-C(37)-C(38) 120"4 
C(37)-C(38)-C(39) 117.7 
C(38)-C(39)-C(40) 122.3 
C(39)-C(40)-C(41) 120.1 
C(40)-C(41)-C(36) 117.9 
N(4)--C(42)-C(43) 119.8 
N(4)--C(42)-C(47) 117"8 
C(47)-C(42)-C(43) 122.4 
C(33)-C(34)-C(35) 121 "6 
C(34)-C(35)-C(30) 117.0 
N(6)--C(24)-C(25) 119.1 
N(6)--C(24)-C(29) 116.9 
C(29)-C(24)-C(25) 123.9 
C(24)-C(25)-C(26) 116.3 
C(25)-C(26)-C(27) 120.6 
C(26)-C(27)-C(28) 122.4 
C(27)-C(28)-Br(1) 121.7 
C(27)-C(28)-C(29) 120.9 
Br( 1 )-C(28)-C(29) 117"4 
C(28)-C(29)-C(24) 115.8 

Table  5. Equations of least-squares planes 
Equations are in the form lx+my+nz=p, where x, y and z are triclinic fractional atomic coordinates referred to the cell axes. 

Plane 
A 

10.353 4"679 2.670 
B 10'549 3"277 3'667 
C 10.290 4.465 3.002 
D -2.176 10.774 -9.769 
E 11.397 -2.509 - 5.292 
F -2.430 - 7.302 12.742 
G - 3-656 11-950 - 5.744 
H 2.782 4.519 9.031 
I -3.336 11-812 - 1.138 
J - 5.691 - 7.742 11.685 
K 

Atoms defining the plane l m n p 
O(1), O(2), C(2), C(3), C(4), C(5), C(6), C(7), 
C(8), C(11) 4-860 
N(1), N(2), C(5), C(6), C(7) 5.219 
N(4), N(3), C(2), C(3), C(8) 5.106 
N(5), N(6), C(1), C(9), C(10) -5.680 
C(12), C(13), C(14), C(15), C(16), C(17) 0.383 
C(18), C(19), C(20), C(21), C(22), C(23) 4.538 
C(36), C(37), C(38), C(39), C(40), C(41) -5-860 
C(42), C(43), C(44), C(45), C(46), C(47) 6.393 
C(30), C(31), C(32), C(33), C(34), C(35) 0.898 
C(24), C(25), C(26), C(27), C(28), C(29) 6.342 
O(1), O(2), N(I), N(2), N(3), N(4), C(1), C(2), 
C(3), C(4), C(5), C(6), C(7), C(8), C(I1) 10.488 4.482 2.643 4.917 
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Table 5 (cont.) 
Deviations of atoms (x 10 3/~) from the least-squares planes: 

A B C D E 
Br(l) 
Br(2) 
O(1) 
0(2) 
0(3) 
0(4) 
N(1) 
N(2) 
N(3) 
N(4) 
N(5) 
N(6) 
c(i) 
C(2) 
c(3) 
c(4) 
c(5) 
C(6) 
C(7) 
C ( 8 )  

C(9) 
C(lO) 
c(I I) 
C(12) 
C(13) 
C(14) 
C(15) 
C(16) 
C(17) 
C(18) 
C(19) 
C(20) 
C(21) 
C(22) 
C(23) 
C(24) 
C(25) 
C(26) 
C(27) 
C(28) 
C(29) 
c(30) 
C(31) 
C(32) 
C(33) 
C(34) 
C(35) 
C(36) 
C(37) 
C(38) 
C(39) 
COO) 
C(41) 
C(42) 
C(43) 
C(44) 
C(45) 
C(46) 
C(47) 

82 -- 37 
--12 --61 

133 - 5 4  
208 103 

- 13 - 3 2  
42 28 

20 203 
80 
66 

-27  201 
- 4  72 

- 1 5 9  - 1 0 6  

64 - 14 
31 

-121 

-53  
24 

- 6  
-138 

-15  

-151 
131 

37 
- 3 4  

4 

-25  
18 

3 
- 4  
- 1  

8 
--8 

3 

F G H 

-116 

- 1  
9 

- 7  
- 3  
11 

- 1 0  

11 

5 
-13  

12 
- 3  
- 5  

4 

- 9  

3 
- 7  

2 
8 

-13  
7 

- 9 0  

-29  
15 
6 

-13  
- 1  
21 

J 
-161 

-29  

2 
-17  

14 
7 

- 24 
18 

49 
27 

60 
126 

-36  
48 

- 4 0  
49 
58 

-37  
- 4 0  

- 220 
18 
46 

- 1 0 8  

cules related by the inversion centre at ½, 0, ½ are 
located in such a way that the system of the three con- 
densed rings and methylene and keto groups are par- 
tially overlapped. The distance between the best planes 
through two adjacent triple ring systems is 3.30 A. In- 
termolecular distances are normal ;  those shorter than 
the sum of the van der Waals  radii, assuming for Br, O, 

N, and C the values 1.85, 1.50, 1.55, 1.75 A respec- 
tively, are listed in Table 6. The contact Br(1)-O(4'),  
3.35 A long, with the C(28)-Br(1) bond approximately  
pointing towards 0(4)  [angle C ( 2 8 ) - B r ( 1 ) . . . 0 ( 4 ' ) =  
166 ° ] is perhaps indicative of some 'charge transfer '  
interaction between oxygen and halogen (Gaultier,  
Hauw & Schvoerer, 1971). 
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40 36 1.53~102'~'~ 126~ 23"/  - / ' 19  /"_" .t ~ 123" 119" 

i 1.38\ 110"-,L 12~* J 
39  37 \ / / \  , 22 t 2 0  

N5 N6 123 

1.4y ~, %124  ]° \ 1 1 7 ~  

Br2 1.88 3 2  '~40 ~ 122" 2818~ Brl  
35 25 117" \ / 12~* 

,~k /Ao " , /  \ / , ,  ,,~-122 ° 1 ~ o ~  
3 3 ~ 3 4  26 ~ J ' -  27 

Fig. 4. Molecular dimensions and atomic numbering scheme. 

Table 6. Shortest intermolecular approaches 

Br(1)-O(4') (1 - x ,  1 - y ,  2 - z )  3.35/k 
O(2)--C(16') ( x, - 1 +y, z) 3.19 
O(3)--C(18') ( - x ,  - y ,  l - z )  3.17 
C(3)--C(11') ( l - x ,  - y ,  I - z )  3.48 
C(4)--C(4') ( 1 - x, - y, 1 - z) 3.42 
C(7)--C(8') ( 1 - x ,  - y ,  I - z )  3.49 
C(26)-C(26') ( - x ,  l - y ,  2 - z )  3.36 
C(38)-C(38") ( 1 - x ,  - y ,  2 - z )  3.45 

The authors  thank  Prof.  L. Sacconi for the use o f  
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Prof. G. Adembri  for helpful discussions on the mo- 
lecular structure. 
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