
1368 S H O R T  S T R U C T U R A L  P A P E R S  

+O.O13lFolZ)-L Atomic scattering factors were taken 
from International Tables for X-ray Crystallography 
(1962).* 

Final values of atomic positions and temperature 
parameters are listed in Table 1. The conformations 
of the two independent molecules are illustrated in 
Fig. 1. The programs used in the refinement were the 
X-RAY System (Stewart, Kundell & Baldwin, 1970) 
and the figures were drawn with the program ORTEP 
(Johnson, 1965). 

Discussion. 1,3-Dichloroacetone has an unusually high 
melting point of 45°C compared with other chlorinated 
acetones, ranging from monochloroacetone (m.p. 
-44"4  °C) to hexachloroacetone (m.p. - 2  °C). This 
could be due to a favourable packing of the molecules 
and/or the presence of O . . .  CI charge-transfer bonds. 

Bond lengths and angles for the two independent 
molecules are listed in Table 1. Due to the synperi- 

* A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publica- 
tion No. SUP 30339 (26 pp., 1 microfiche). Copies may be 
obtained through the Executive Secretary, International Union 
of Crystallography, 13 White Friars, Chester CH1 1NZ, 
England. 

planar conformation of the C1-C-C--O groups short 
intramolecular O . . . C I  distances of 2"93-2"95 A are 
found. 

Least-squares planes through the non-hydrogen 
atoms are listed in Table 1 with distances of the atoms 
from the planes. 

The packing of the molecules is shown in Fig. 2. 
No intermolecular contacts significantly shorter than 
the expected van der Waals contacts are found in the 
structure. A packing coefficient was calculated (Kitai- 
gorodskii, 1961) and found to be C'664, indicating a 
favourable packing of the molecules. 
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Abstract. C12H21INO2, M=350.32.  Orthorhombic, 
P2~2t2~, a =  16.16 (2), b=  14.46 (2), e=6.20 (I) ~,  from 
precession photographs, refined by diffractometer. 
Z = 4 ,  D,,(flotation) = 1.60 g cm -3, Dc= 1.605 g cm -3. 
The compound, whose structure could not be estab- 
lished spectroscopically, was crystallized from chloro- 
form as thin red needles. The structure, refined to 
R = 0.049, shows the compound to be the 2-exo isomer 
in the chair-chair conformation. The nitroxide group 
shows a distortion from planarity of 17 °. 

Introduction. Systematic absences h00, h odd, 0k0, k 
odd and 00l , /odd gave the space group as P212~21. Data 
were collected for layers hOl to h51 and hkO to hk5 with 
a Hilger-Watts linear diffractometer (Mo K~ radiation). 
1978 reflexions were collected of which 1474 had inten- 
sities greater than 30-. The agreement between the two 
sets of data is shown in a merging R of 0.048 [R= 
Y I(F1 - F2)]/½~.(F~ + F2)]. Lorentz and polarization cor- 
rections were applied (but none for absorption) and 

layer scales were obtained through common reflexions. 
The iodine atom was located from a sharpened Patter- 
son function and the remaining non-hydrogen atoms 
from a Fourier synthesis. Refinement was by full- 
matrix least-squares calculations with our adaptation of 
the PORFLS program in the CRYSTAL 69 system of 
Powell & Griffiths (1968). Scattering factors were 
taken from International Tables for X-ray Co'stallog- 
raphy (1968). Five cycles of refinement of positional 
and isotropic thermal parameters gave R=0.100 (R=  
[[Fol-lFcl]/~lFo]), and a further six cycles including 
anisotropic thermal parameters with the weighting 
scheme w= 1 ifFo <40, w= 1/[1 +(Fo-40)2/2500] other- 
wise, converged with R = 0.049.* No attempt was made 

* A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary 
Publication No. SUP 30213 (10 pp.). Copies may be obtained 
through the Executive Secretary, International Union of 
Crystallography, 13 White Friars, Chester CH 1 I NZ, England. 



S H O R T  S T R U C T U R A L  P A P E R S  1369 

Table  1. Atomic positions and anisotropic temperature factors ( x  104) 

The expression used for the anisotropic temperature factor was 

exp { - (,Bnh 2 -{,-- ~22 k2 "~ ]~33/2 "[- 2~12hk -.{.-- 2p,3hl+f123kl)}. 

x/a y/b 
C(I) 5295 (6) 1048 (7) 
C(2) 5759 (7) 267 (6) 
C(3) 6495 (7) 62~ (7) 
C(4) 7051 (6) 1291 (7) 
C(5) 6580 (6) 29-18 (6) 
C(6) 6176 (6) 2769 (6) 
C(8) 4839 (6) 1709 (8) 
C(9) 5992 (7) 1590 (7) 
C(10) 6765 (7) 3079 (8) 
C(I 1) 5333 (6) 3617 (7) 
C(12) 4369 (8) 1199 (9) 
C(13) 4162 (7) 2276 (12) 
C(14) 6923 (9) -503  (9) 
N 5417 (4) 2337 (5) 
O(1) 6670 (6) 376 (6) 
0(2) 5131 (5) 2332 (6) 
[ 6315 (0) 41.77 (0) 

Z/C .l~ll ]~22 ~33 .~12 ,BI3 
- 4 9 2  (19) 37 (4) 43 (4) 284 (32) - 1 1  (3) - 3 7  (10) 

744 (18) 53 (5) 36 (5) 238 (32) - 5  (3) 18 (10) 
1899 (22) 48 (4) 43 (4) 346 (35) 16 (3) 15 (11) 
693 (21) 39 (4) 45 (4) 362 (43) 1 (3) 0 (10) 

-585  (16) 36 (4) 42 (4) 174 (26) 1 (3) - 1 0  (8) 
985 (14) 33 (3) 37 (4) 162 (27) - 1 (3) 5 (7) 
969 (19) 22 (3) 56 (5) 371 (39) - 7  (3) 0 (9) 

- 1999 (16) 51 (5) 51 (5) 153 (27) - 9  (4) 2 (9) 
2786 (17) 38 (4) 6q. (6) 22? (29) 9 (4) - 17 (10) 

-294  (22) 34 (3) 39 (4) 406 (29) 8 (3) 17 (11) 
2~70 (26) 48 (5) 65 (6) 510 (51) - 13 (5) 67 (13) 

-361. (2)) 34 (4) 107 (9) 575 (56) 4 (6) - 6 9  (12) 
-835 (25) 65 (7) 49 (5) 507 (46) - 4  (6) 40 (14) 
2353 (13) 26 (3) 45 (4) 291 (22) 0 (3) 20 (6) 
3725 (13) 66 (4) 78 (5) 257 (23) 21 (3) - 3  (8) 
3671 (13) 50 (3) 73 (5) 214 (24) 8 (3) 51 (7) 

- 1678 (1) 46 (0) 42 (0) 330 (2) -- 30 (0) 16 (1) 

~23 
8 (30) 
5 (9) 

- 14 ( 3 3 )  
1 ( 1 1 )  

- 12 (8 )  
- 1 (8 )  
45 (11) 

8 (10) 
- -  15 (I0) 

40 (11) 
44 (16) 
94 (19) 

- 5 5  (14) 
2 (8) 

33 (9) 
- 14 (9 )  

o(1)  

to locate the hydrogen  a toms  or to de te rmine  the ab- 
solute conf igura t ion .  A tomic  paramete rs  are given in 
Table  1, the c o n f o r m a t i o n  of  the molecule  and  bond  
lengths in Fig. I, bond  and  tors iona l  angles in Tables 
2 and  3, and  in te rmolecu la r  con tac t  distances in Table  
4. 

Table  2. Bond angles (e.s.d. = 0"4 °) 

C(I ) -C(2) -C(3)  I 11.6 ° C(5) - -C(6) - -C( I  0) 112.8 ° 
C(1)-C(2)-C(14) 109.4 C(5)--C(6)--C(11) 110.7 
C(I)-C(8)-C(I 2) 1 1 2 - 8  C(5)--C(6)--N 111.6 
C(I)-C(8)-C(I 3) 110.4 C(6)--C(5)--C(9) 109-9 
C(1) -C(8) -N 312.3  C(6) - -C( I  3)-1 112"8 
C( I ) -C(9) -C(5)  108.5 C ( 6 ) - - N - - - - C ( 8 )  123.2 
C(2)-C( I )-C(8) I 13-4 C(6 ) - -N  0(2) I 17. I 
C(2)-C(1)-C(9) 1 1 0 . 8  C(8)--C(1)--C(9) 110.2 
C(2)-C(3)-C(4) 1 1 7 . 5  C(8)--N----O(2) 116.9 
C(2)-C(3)-O(1) 1 2 1 . 8  C(10)-C(6)--C(I 1) 111.1 
C(3)-C(2)-C(14) 1 1 0 . 1  C(10)-C(6)--N 107.0 
C(3)-C(4)-C(5) 114.1 C(13)-C(6)--N 102.9 
C(4)-C(3)-O(1) 120.5 C(I 2)-C(8)--C(13) 106.7 
C(4)-C(5)-C(6) 110.7 C(I 2)-C(8)--N 105.8 
C(4)-C(5)-C(9) 109.5 C(I 3)-C(8)--N 108.6 

Table  3. Torsional angles in the two rings of  the 
bicyclo[3,3,1] system 

(e.s.d. = 0,5 °) 

(a) Nitroxide ring (b) Carbonyl ring 
C(6)-C(5) - 46 ° C(4)-C(5) + 50 ° 
C(5)-C(9) + 63 C(5)-C(9) - 59 
C(9)-C(I) - 6 5  C(9)-C(1) +61 
C(1)-C(8) + 48 C(1)-C(2) - 53 
C(8)-N - 35 C(2)-C(3) + 44 
N - - C ( 6 )  + 33 C(3)-C(4) - 44 

Table  4. lntermolecular contact distances less than 
3.70 A (e.s.d. =0"01 A) 

c(14) . . .0 (2)  .f, ½+y, 1½-z 3.34 ,~, 
0 ( 1 )  . . . c ( 9 )  x , y ,  l + z  3.41 
c(4) . . . .  O(!) 2-~-, p, z -½ 3.41 
0(2) • • • c(9) x, y, 1 + z 3.46 

Discussion. In the course of  an invest igat ion of  the 
synthesis (Motherwel l  & Roberts ,  1972a) and  chir-  
optical  proper t ies  (Rober t s  & T h o m s o n ,  1972) the 
ni t roso-olef in  (I) der ived f rom ( + ) - c a r v o n e  was cy- 
clized with iodine in c h l o r o f o r m  solut ion.  Two  isomeric  
products  were ob ta ined  and  whilst  the spectral  da ta  of  
one were comple te ly  consis tent  with the 2-endo epimer  
of  the title c o m p o u n d ,  the o ther  had  a n o m a l o u s  spec- 
tral  data ,  par t icu la r ly  the electron spin resonance  and  
ci rcular  d i ch ro i sm (Motherwel l  & Roberts ,  1972b). 
Both c o m p o u n d s  could  be reduced to the same 2,2- 
d imethyl  derivat ive but  conclusive p r o o f  tha t  the second 
c o m p o u n d  was (II) was only p rov ided  by the crystal  
structure.  (The absolute  conf igura t ion  has been as- 
sumed to be direct ly re la ted to the k n o w n  conf igura t ion  
of  (+ ) - ca rvone . )  

. C _ .~CH 3 H3 CH3 

H3C- . ~ ' / / " ~ .  .CH3 

CH 2 NO 
(D (II) 

'°/ V_ 

v s o ~  )c(s) ,%Z'5' / 

Fig. 1. Bond distances in the molecule (e.s.d. = 0.01 A). 

A C 30B - 16" 
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The crystal structure analysis shows the molecule to be 
(II) and that it adopts the expected chair-chair confor- 
mation.  The bond lengths are all within the accepted 
ranges and the N - O  length of 1.28 A in the nitroxide 
group agrees with previous crystal structure analyses of 
these radicals [N-O (av.)= 1.28 A] (Rassat & Rey, 
1973). 

The geometry of the nitroxide group is of interest as 
this group has not been extensively studied. A summary 
of the results obtained so far (Rassat & Rey, 1973) sug- 
gests that in non-planar  rings the nitroxide group is 
pyramidal ,  with the N - O  bond at 19(2) ° to the C - N - C  
plane. The present structure shows an angle of 17.0 (5) °. 
The distortion from planari ty is outwards from the 
body of the molecule as this does most to relieve steric 
interactions with the carbonyl group. By comparison, 
the carbonyl group is p lanar  within experimental error. 

The conformation of the molecule, al though the ex- 
pected twin-chair, shows some distortion from ideal 
geometry even when the effects of  the sp 2 hybridized 
C(3) and N are considered. The bond angles at C(2), 
C(4), C(6), and C(8) are all opened by 3-4 ° and the 
torsional angles in the rings suggest considerable 
flattening of the rings, particularly round the nitroxide 

group, where they are some 10 ° smaller than near the 
carbonyl group. This might be due to a greater flexi- 
bility in the C - N - C  system of nitroxide radicals. Ad- 
ditional evidence for the distortion of the ring system is 
shown by the interplanar angle C(2)C(3)C(4)/C(6)NC(8) 
of 41.3 (7) ° which for an ideal 3,7-dione system would 
be less than 10 °. 

I thank Drs W. Motherwell  and J. S. Roberts for 
supplying the crystals. 
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Abstract. [Pd(N H3)a]C4NzH2(CO2)2, C6H1404N6Pd, 
M.W. 340.6, triclinic, P I ,  a=7 .145  (1), b =  10-685 (1), 
c=3.771 (1) A, ct=99.10 (1), /~=98.78 (1), 7 =  
97.90 (I) °, 23°C, Z =  1, Dx=  2.041, D,,=2.040 g cm -3, 
V=277.07 A 3. Full-matrix least-squares refinement of  
1268 observed reflections collected with 0-20 scans on 
a Syntex P2t  yielded a final agreement index, R, of  

0.038. Multiple hydrogen bonds are formed between 
the square-planar te t raamminepal lad ium(l l )  cations 
and the pyrazine-2,5-dicarboxylate anions. 

Introduction. The unit-cell dimensions were determined 
by a least-squares refinement of  29 high-angle reflec- 
tions (Cu K~I = 1.54050, Cu K~x 2 =  1.54433 A). The 

Table 1. Atomic coordinates and thermal parameters with e.s.d.'s 

Positional parameters are x 104; p~t, ,8~2 and .812 are x 104. ,833, ,8~3 and ,823 are x 103. 

The thermal parameters are of the form exp [ -  (h2flll + k2f122 +/2fl33 + 2hkfl~2 + 2hlf113 + 2klf123)]. 

x y z /~,~ /L2 /h3 ~,2 B,3 &~ 
Pd 0 0 0 63 (1) 42 (1) 44 (1) 20 (1) 4 (0) 0 (0) 
O(1) 4918 (6) 1699 (4) 5808 (12) 200 (11) 48 (4) 82 (4) 25 (5) 6 (2) - 2  (1) 
0(2) 7884 (6) 2781 (4) 6438 (13) 162 (11) 84 (5) 99 (5) 58 (6) 16 (2) - 1  (17 
N(I) 2731 (7) - 146 (5) -762 (14) 103 (10) 83 (6) 71 (5) 42 (6) 10 (2) - 1 (1) 
N(2) 842 (7) 1904 (5) 1974 (14) 134 (11) 64 (5) 63 (5) 22 (6) 6 (2) 2 (1) 
N(3) 3676 (7) 3863 (4) 8759 (14) 102 (10) 51 (5) 85 (5) 13 (6) 8 (2) - 3  (I) 
C(1) 6155 (9) 2682 (5) 6752 (15) 156 (14) 56 (6) 45 (5) 44 (7) 5 (2) 2 (1) 
C(2) 5530 (8) 3913 (5) 8482 (15) 108 (12) 48 (5) 43 (4) 25 (6) 6 (2) 1 (1) 
C(3) 6812 (8) 5039 (6) 9732 (18) 96 (12) 57 (6) 84 (6) 20 (7) 11 (2) - 1 (2) 


