
1468 C21HI4N4S 

Monoclinic 
P21/c 
a = 14.131 (3) ,~, 
b = 8.281 (2) A, 
c = 15.473 (3) A, 
/3 = 108.36 (2) ° 
V = 1718.3 (6) ,~3 
Z = 4  
D.~ = 1.370 Mg m -3 
Dm not measured 

Cell parameters from 59 
reflections 

0 = 2 .5-12.0  ° 
/.z = 0.200 m m -  
T = 173 (2) K 
Tablet 
0.6 × 0.3 × 0.1 mm 
Colourless 

Data collection 

Siemens P4 diffractometer 
¢v scans 
Absorption correction: none 
3015 measured reflections 
3005 independent  reflections 
1515 reflections with 

I > 2o-(/) 
Rint = 0.009 

Refinement 

Refinement on F z 
R[F 2 > 2o-(F2)] = 0.043 
wR(F 2) = 0.078 
S = 0.791 
3005 reflections 
260 parameters 
H-atom treatment: see below 
w = 1/[cr2(F~) + (0.0242P) 2] 

where P = (Fo + 2F,?)/3 

0max : 25 ° 
h =  - 1 6 - - - + 0  
k = 0 ---, 9 
l = - 17 ----, 17 
3 standard reflections 

every 247 reflections 
intensity decay: none 

(A/o ' )m~ = - 0 . 0 0 2  
Z~Pmax = 0.16 e ~ - 3  
Z~Pmin = - 0 . 1 9  e ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Cr)'stallography (Vol. C) 

Tab le  1, Selected geometric parameters (A, o) 

c1--ClOa 1.537 (3) C4a--C4b 1.479 (3) 
C1~C2 1.571 (3) C4a--Cl0a 1.510 (3) 
C2--C3 1.540 (3) C4b---C8a 1.404 (3~ 
C3--N4 1.264 (3) C8a--C9 1.508 (31 
C3--C4 1.477 (3) C9--C10 1.517 {3/ 
C4----C4a 1.355 (3) C10---CI0a 1.538 (3) 

N4---C3--C4 129.0 (2) C4---C3--C2 114.2 (2) 
N4---C3--C2 116.8 (2) 

CI0a---CI--C2---C3 -60.9 (2) C4b--C8a--Cg---C 10 - 17.1 (31 
C1----C2---C3---C4 45.0 (3) C8a---cg--c 10---C 10a 47.4 (3) 
C2~3---C4--C4a -8.4 (4) C4---C4a--C10a--CI -5. I (3) 
C3--C4--C4a--C 10a - 13.3 (4) C4b---C4a~C10a--C 10 49.9 (3) 
Cl0a--C4a---C4b--C8a -20.7 (3) C2--C1--CI0a--C4a 41.9 (3) 
C4a---C4b--C8a--C9 3.1 (4) C9---CI0--~I0a--C4a -63.7 (3) 

We t h a n k  the  F o n d s  der  C h e m i s c h e n  Indus t r i e  for  

f inancia l  suppor t ,  and  M r  A. W e i n k a u f  for  t e chn ica l  
ass i s tance .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BM1245). Services for accessing these 
data are described at the back of the journal. 
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The thienyl ring is disordered over two positions (rotated by ca 
180 ° about the C4- -C11  bond), with occupancies of 0.831 (3) 
and 0.169 (3). The atoms of  the minor component  were refined 
with isotropic displacement parameters. An extensive system 
of  similarity restraints was employed;  the final instruction 
file, including full details of  the restraints, is included in the 
supplementary material. The weak diffraction is accounted 
for by the disorder. The H atom on N4 was located on 
a difference map and refined freely. Other H atoms were 
positioned geometrically and refined using a riding model. 

Data collection: XSCANS (FAR, 1991). Cell refinement: 
XSCANS. Data reduction: XSCANS. Program(s) used to solve 
structure: SHELXS86 (Sheldrick, 1990). Program(s) used to 
refine structure: SHELXL93 (Sheldrick, 1993). Molecular 
graphics: XP (Siemens, 1994). Software used to prepare 
material for publication: SHELXL93. 

A b s t r a c t  

3 ,3 ' -  [E thane -  1 , 2 - d i y l b i s ( a m i n o m e t h y l e n e ) ] b i s ( p e n t a n e -  

2 , 4 - d i o n e )  [C~4H2oN2 04 ,  (1)] d i sp l ays  c r y s t a l l o g r a p h i c  
t w o f o l d  s y m m e t r y .  T h e  N - - H  f u n c t i o n  f o r m s  the  

d o n o r  par t  o f  a t h r ee - cen t r e  h y d r o g e n  bond ,  wi th  t w o  
o x y g e n  accep to r s .  [6 ,13 -Diace ty l -5 ,12 -d ime thy l -  1,4,8,11- 
t e t r a a z a c y c l o t e t r a d e c a -  4 , 6 , 1 1 , 1 3  - t e t r a e n a t o ( 2 -  )- ~4N] - 

n icke l ( I I )  b i s ( d e u t e r o c h l o r o f o r m )  so lva te  {[Ni(C16H22- 
N402) ] .2CDC13 ,  (2)} is a n i cke l  c o m p l e x  o f  a c o n d e n -  
sa t ion  p r o d u c t  o f  (1). It d i sp l ays  n o n - c r y s t a l l o g r a p h i c  
i nve r s ion  s y m m e t r y ,  w i th  s q u a r e - p l a n a r  g e o m e t r y  at 
n i cke l  and  N i - - N  b o n d  l eng ths  o f  1.881 (3) and  
1.882 (3) ,~, to N1 and  N8 (wi th  a n e i g h b o u r i n g  
a - m e t h y l  g roup) ,  r e spec t ive ly ,  and  b o n d  l eng ths  o f  
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1.835 (3) and 1.839 (3),~, to N4 and N ll .  Hydrogen 
bonds are formed from the carbonyl O atoms to the 
solvent D atoms. 

Comment 
We are interested in the synthesis and structure of 
cyclam-type ligands and their complexes. Raney nickel 
hydrogenation of macrocyclic phenylenediamine-di- 
carbonyl condensation products leads to such ligands 
in high yield and with complete al l -c is  stereoselectivity 
(K6nig et  al . ,  1996, 1997). In order to extend this syn- 
thetic procedure to functionalized condensation products 
of ethylenediamine and acetylacetone derivatives, we 
prepared 3,3'-[ethane- 1,2-diylbis(aminomethylene)]bis- 
(pentane-2,4-dione), (1), and [6,13-diacetyl-5,12-dimethyl- 
1,4,8,11-tetraazacyclotetradeca-4,6,11,13-tetraenato(2- )]- 
nickel(II) bis(deuterochloroform) solvate, (2), according 
to known procedures (Wolf & J~iger, 1966; J~iger, 1968; 
Douglas, 1978) and crystallized them by slow evap- 
oration from deuterochloroform. Unfortunately, hydro- 
genation of (2) under the established conditions (K6nig 
et  at . ,  1996, 1997) gave a mixture of stereoisomers. We 
present here the structures of (1) and (2); the structure of 
the tetracyanoquinodimethane (TCNQ) adduct of (2) has 
been reported previously (Soriano-Garcfa et  al . ,  1985), 
and consists of stacks of alternating molecules of (2) and 
TCNQ, both with crystallographic inversion symmetry. 

H o "~ 

NI 0 N\  / N  

o 

(1) (2) 

.2CDCI 3 

Compound (1) (Fig. 1) crystallizes with imposed 
twofold symmetry. Bond lengths and angles are un- 
exceptional. The molecular conformation is defined by 
the torsion angles N--CJ--C7~--N i of 46.5 (3) ° and 
C6--N---C7---C7 i of -90.5 (2) ° (symmetry code as in 
Table 1); the region C7--N--C6--C3---C4 02 dis- 
plays an extended conformation, and indeed the whole 
asymmetric unit (excluding H atoms) is coplanar to 
within 0.06 A (r.m.s. deviation). 

A short intramolecular N--H0. . .O1 contact is ob- 
served (Table 2); the same atoms are involved in an 
intermolecular contact and the whole system may thus 
be described as a three-centre hydrogen bond. Addition- 
ally, there is a possible intermolecular C--Hmethyl""-O 
hydrogen bond involving C5 and 02. 

N 0 . . . . .  ~ 

Q )  

Fig. 1. The molecule of compound (1) in the crystal. Ellipsoids 
represent 50% probability levels and H-atom radii are arbitrary. 
Hydrogen bonds are indicated by dashed lines. Only the asymmetric 

I unit is numbered. [Symmetry code: (i) 1 - x ,  y, ~ - z.] 

The nickel(II) complex, (2) (Fig. 2), possesses no 
imposed symmetry, but is inversion-symmetric to a good 
approximation. It displays square-planar geometry at 
the metal atom o, with Ni--N bond lengths of 1.881 (3) 
and 1.882 (3) A [1.887 (3),&; Soriano-Garcfa et  al . ,  

1985] to N1 and N8 (with a neighbouring o~-methyl 
group), respectively, and bond lengths of 1.835 (3) and 
1.839(3)A [1.828 (3) ,~,] to N4 and Nl l .  A search of 
the Cambridge Structural Database (version of October 
1997; Allen & Kennard, 1993) revealed 18 neutral 
complexes with 14-membered macrocycles involved in 
square -p lanar  N4 coordination at nickel, with a mean 
Ni--N bond length of 1.87 (2)~,. 

The macrocyclic ligand is not planar; the Ni and N 
atoms, together with C5, C7, C 12 and C 14, are coplanar 
to within 0.060A (r.m.s. deviation). Selected torsion 
angles associated with the five-membered rings, which 
display local twofold symmetry, are given in Table 3. 
Within the immediate metal coordination sphere, the N 
atoms alternate 0.007 (2) ,~, above and below their least- 
squares plane, with the Ni atom lying exactly in the 
plane [deviation 0.000 (2),~]. The N atoms display a 
planar geometry; distortions of bond angles from the 
ideal value of 120 ° are attributable to the inherently 
smaller angles of five-membered rings. Bond lengths 
indicate extensive delocalization of multiple bonding in 
the six-membered chelate rings. 

The molecular packing is such that the molecules of 
(2), which are neither stacked nor parallel, occupy the 
regions z -~ 0, , ~l' I etc. ,  and the solvent molecules the 

• 3 etc.  Hydrogen bonds are formed regions at z -~ 3, 3 
between the carbonyl O atoms and the solvent D atoms 
(Table 4). There are weak axial contacts from nickel 
to methyl H atoms [Ni.--H19C(-~ +x, 1 - y ,  z) 2.79 
and Ni--.H20A(½ + x, 2 - y ,  z) 2.82 A]. 



1470 C 14H20N204 A N D  [Ni (CI6H22N402) ] . 2CDC13  

f i ~ C I 4  

C15 

C2 C3 £ 

C20 ?~ N4 C5 

N ~  ~ C12 CII 

~ cl3 

C18 © "O " ~ '-' 

Fig. 2. The formula unit of compound (2) in the crystal. Ellipsoids represent 50% probability levels and H-atom radii are arbitrary. One H 
atom is wholly eclipsed by C9. Hydrogen bonds are indicated by dashed lines. 

Experimental 

Compounds  (1) and (2) were  prepared according to known 
procedures (Wolf & Jager, 1966; Jager, 1968; Douglas,  1978) 
and crystall ized by slow evaporation from deuterochloroform. 

C o m p o u n d  (1) 

Crystal data 

C14H2oN204 
Mr = 280.32 
Monoclinic  
C2/c 
a = 13.756 (2) 
b = 8.9663 (14) ,~ 
c = 11.6831 (18) ,~, 
fl = 99.828 (10) ° 
V 1419.8 (4) A 3 
Z = 4  
D~ = 1.311 Mg m -3 
Dm not measured 

Mo Kc~ radiation 
A = 0.71073 ,~ 
Cell parameters  from 62 

reflections 
0 =  5 .5-11.9  ° 
/z = 0.097 m m -  
T = 173 (2) K 
Needle  
0.80 x 0.12 x 0.12 mm 
Colourless 

Data collection 

Siemens P4 diffractometer  
scans  

Absorption correction: none 
1316 measured reflections 
1249 independent  reflections 
841 reflections with 

I > 2o'(/) 
Rint = 0.014 

Refinement 

Refinement  on F 2 
R[F 2 > 200(F2)] = 0.040 
wR(F 2) = 0.093 
S = 0.909 
1249 reflections 
97 parameters  
H atoms: see below 
w = 1/[002(F~) + (0.052P) 2] 

where  P = (Fo 2 + 2F~)/3 

0max = 25 ° 
h = - 1 6 - - ,  16 
k = - 1 0  ---, 0 
1 = 0 ---, 13 
3 standard reflections 

every  247 reflections 
intensity decay: none 

(A/00)max "~ 0.001 
Apmax = 0.19 e ,~-  3 
Apmtn = - 0 . 1 9  e , - 3  
Extinction correction: none 
Scattering factors from 

International Tables for  
Crystallography (Vol. C) 

Tab le  1. Selec ted  geometr ic  parame ter s  (A, °) f o r  (1) 

N--C6 1.320 (2) N~C7 1.451 (2) 

C6---N--C7 120.46115) N---C7--C7' 111.54(11) 

C6--N--C7--CT -90.5 (2) N---C7---C7'--N' 46.5 (3) 

Symmetry code: (i) 1 - x,y,  4 - z. 

Tab le  2. Hydrogen-bond ing  geometr3" (,4, ° ) f o r  (1) 

D--H. • .A D--H H. . .A D. • .A D--H. • .A 
N--H0-. .O1 0.91 (2) 1.97(2) 2.638(2) 129.1 (16) 
N--H0. • .O1' 0.91 (2~ 2.36 (2) 3.070 (2) 135.6 (16) 
C5--H5C. - .O2" 0.98 2.54 3.482 (21 161.5 

Symmetry codes: (i) 1 - x, 1 - y, 1 - z: (ii) ~ - x ,y  - ~, ~ - z. 

Compound (2) 
Crystal data 

[Ni(CIoH22N402)].2CDCl.~ Mo Ko~ radiation 
M,. = 601.83 A = 0.71073 
Orthorhombic Cell parameters  from 60 
Pca2~ reflections 
a = 8.542 (3) ,~, 0 = 5 .9-12.5  ° 
b = 9.406 (3) ,~ ~ = 1.484 mm 
c = 30.213 (8) ~, T = 173 (2) K 
V =  2427.3 (13)/~~ Prism 
Z = 4 0.60 × 0.45 x 0.25 mm 
Dx = 1.641 Mg m -3 Red 
O,, not measured 

Data collection 

Siemens P4 diffractometer  
scans 

Absorption correction: 
scans (XEMP; Siemens,  

1994a) 
Tm,n = 0.526, Tmax = 0.690 

4120 measured reflections 
3996 independent  reflections 
3587 reflections with 

I > 20°(/) 

Rint = 0.024 
0max = 25-48 ° 
h = 0 ---~ 10 
k = - 1 1  ~ 11 
l = - 3 5  ~ 36 
3 standard reflections 

every 247 reflections 
intensity decay: none 
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Refinement 

Refinement  on F z 
R[F 2 > 2o(F2)] = 0.031 
wR(F z) = 0.069 
S = 1.055 
3996 reflections 
285 parameters  
H atoms: see below 
w = 1/[cr2(Fo 2) + (0.0271P) z 

+ 2.643P] 
where  P = (F~ + 2F<2)/3 

(A/o')max = 0.001 

Tab le  3. Selected geometric 

Apmax = 0.48 e ,~-3 
Apmin = --0.33 e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Absolute structure: 
Flack (1983) 

Flack parameter  = 
0.422 (16) 

parameters (,4, ° ) f o r  (2) 

Ni--N4 1.835 (3) Ni--NI 1.881 (3) 
Ni--NI I 1.839 (3) Ni--N8 1.882 (3) 

N4--Ni--N 11 179.42(16) C5--N4---C3 120.4(3) 
N4--Ni--N I 87.35 (12) C5--N4--Ni 126.8 (3) 
NII--Ni--NI 92.22(13) C3--N4--Ni 112.8(2) 
N4--Ni--N8 92.84 (12) C 7 - - N 8 ~ 9  120.3 (3) 
NI I--Ni--N8 87.58 (13) C7--N8--Ni 129.5 (2) 
N1--Ni--N8 179.54 (14) C9--N8--Ni 109.8 (2) 
C 14--N 1---C2 119.9(3) C 1 2 - - N I I ~ I 0  120.2 (3) 
CI4--N l--Ni 129.5 (2) C12--NI I--Ni 127.6 (3) 
C2--N 1--Ni 110.3(2) C10---N 11--Ni 112.1 (2) 

N4---Ni--N 1--C2 - 14.9 (2) N i - -N~3- - -C2  31.5 (4) 
N I--Ni--N4---C3 -9.8 (3) NI~2---C3--N4 -41.7 (4) 
NI I--Ni--N8--C9 13.2 (2) C7--N8---C9~-C10 151.3 (3) 
N8--Ni--NI I--CI0 12.5 (3) Ni--N8--C9--C10 -34.9 (3) 
C 14--N 1---C2~3 -151.5 (3) CI2--N 11---CI0~9 143.3(3) 
Ni--N I--C2--C3 34.8 (3) Ni--N1 I--C1 (,t--C9 -34.7 (3) 
C5--N,g-C3---C2 - 147.5 (3) N8---C9--C 10---N 11 43.9 (4) 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BM 1271). Services for accessing these 
data are described at the back of the journal. 
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Tab l e  4. Hydrogen-bonding geometry (A, ° ) f o r  (2) 

D--H. • .A D--H H. • .A D. • .A D--H. • .A 
C98--D98. • .O 1 1.00 2.33 3.206 (6) 146.2 
C99--D99. • .02 1.00 2.14 3.094 (5) 159.7 

H atoms were located from A F  syntheses and refined with 
NH free, rigid methyls  and other H atoms riding. For 
compound  (2), which crystallizes in a polar space group, 
the origin was fixed according to the method of  Flack & 
Schwarzenbach (1988). The structure was refined as a racemic 
twin with components  0.422 (16) and 0.578 (16), utilizing 
1739 Friedel pairs, which were adequate to define the Flack 
(1983) parameter;  no further Friedel opposites were measured 
as the nozzle of  the low-temperature  device obscured most of  
those remaining. 

For both compounds ,  data collection: XSCANS (Fait, 1991); 
cell refinement:  XSCANS; data reduction: XSCANS; program(s)  
used to solve structures: SHELXS86 (Sheldrick, 1990); pro- 
gram(s) used to refine structures: SHELXL97 (Sheldrick, 
1997); molecular  graphics: XP (Siemens,  1994b); software 
used to prepare material for publication: SHELXL97. 
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Abstract 
T h e  ti t le c o m p o u n d ,  CI2H2206 ,  is c o m p o s e d  o f  t w o  iso-  

p r o p y l i d e n e  r ings ,  o n e  w i t h  a p p r o x i m a t e  m s y m m e t r y  

a n d  the  o t h e r  w i t h  a p p r o x i m a t e  C2 s y m m e t r y ,  j o i n e d  

by  an  e x t e n d e d  b a c k b o n e .  H y d r o g e n  b o n d s  c o n n e c t  t he  

m o l e c u l e s  in to  r i b b o n s  pa ra l l e l  to the  y axis .  

t IUPAC name: (2,2-dimethyl-l,3-dioxolan-4-yl)(5-hydroxymethyl-2,2- 
dimethyl- 1,3-dioxolan-4-yl)methanol. 
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