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The Crystal Conformation of 1,4,7,10-Tetra-(2-hydroxyethyl)-
1,4,7,10-tetraazacyclododecane in Complexes with NaSCN and

KSCN at —150 °C

P. GROTH

Department of Chemistry, University of Oslo, Oslo 3, Norway

The crystals of the NaSCN-complex are
orthorhombic with space group Pna2, and cell
dimensions a =24.980(5), b =9.304(2),
€=9.292(2) A. Those of the KSCN-complex are
monoclinic with space group P2;/n and cell
dimensions a=11.015(4), b=31.863(10),
c=12.988(3) A, B=94.30(2)°. Data were col-
lected on an automatic four circle diffractometer.
The structures were solved by direct methods and
refined by full-matrix least squares technique.
The ring conformation is {3 3 3 3] in both com-
plexes. The Na cation is heptacoordinated, mak-
ing use of the three gauche side-chains and the
four ring nitrogens. In the KSCN-complex, which
has a disordered structure, all four side-chains
are bent in and K* is octacoordinated. In both
complexes all side-arms bend off towards the ring
corner atoms.

. -The aim of the single crystal X-ray crystallo-
graphic investigations of the molecule 1,4,7,10-
tetra-(2-hydroxyethyl)-1,4,7,10-tetraazacyclo-
dodecane as a hydrate, and-in complexes with
Li*, Na* and K%, is to study conformational
dissimilarities of this molecule and to correlate
the findings with *C NMR results.! Crystal
structure determinations of the dihydrated (2:1)
LiCl-complex and the hydrate have been re-
ported earlier.>® The results obtained for the

" NaSCN- and KSCN-complexes are now re-

- ported. - ' :
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Table 1. Final fractional coordinates with esti-
mated standard deviations for the NaSCN-com-
plex. Standard deviations for hydrogen atoms are
about ¢,=0.001, 0,=0.003 and ¢,=0.004. Hmn
is bonded to Cm and HOm to Om.

ATOM X Y Y4
NA+ .81009( 4) —.,09053(42) —.417723(71)
s LATBSE0 4) .61333( 2) .80093(70)
c .1092( 1) .5826( 3) .8028( 8)
N .0832( 1) .5599( 3) .8040( 8)
[oX) .95768( {1 041480 3) .0246( 83
02 .97140( 4} —-.28140( 3) —-.1232( 8)
o3 .9838( 1) -.2978C 3) ~-.6143( 8)
04 .9652( () .1082( 3) -.2920( 8)
N4 .8420t 1) -.0075C 3) .0123¢ 8)
N2 .8553( 1) -.34123( 3) -.0945( 8)
N3 88441 1) -.2079C 3) - .4000C 8)
N4 .8476( 1) .0968( 3) -.2941( 8)
CcH .8027( 1) -, 12540 4) .0348( 8)
c2 8277t 1) -.2722( %) .0405( 8)
cs 81720 1) —.3554( 4) -.2081t 8)
C4 84410 1) -.35160 4) -.5562( 8)
cs «8456( 1) —. 44340 4) ~.4865( 8)
ce .8299( 1) .0455( 4) -.43614( 8)
cT B80T 1) .11986( 4) ~.1930( 8)
cas . .8188C 1) . 12480 4) -.033¢1 B)
cs .87200 ) 02241 4) . 1480( 8)
c40 92460 1) .0962( 4) .41814C B)
C41 .8948( 1) -.4277C 4) ~.08565( 8)
ci2 .94750 1) -.36( 4) -.044(( 8)
C13 89700 1) —~.2258( 4) -.5248( 8)
Ci4 .9824( 1) -.2790( 4 ~.4857( 8)
c1S 87870 1) 23010 4) -.3087( 8)
ci8 .9359¢t 1) .20720 %) -.3T747C 8)
Ha4 778 —.124 ~.051
H12 .7180 -.105 . 124
H24 .800 -.544 .06
H22 .854 -.278 427
H3 14 184 —-.292 - .205
H32 .803 -.482 —-.1935
He ¢ .8143 -.588 —.428
H42 M- -.4%18 -.558
HS 4 .85 —.430 ~.572
HS2 .8co - . 154 -.536
e 1 .800 . 100 - .47
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EXPERIMENTAL

Crystal and intensity data, The crystal data for
(C16H3604N,4)-NaSCN are: a=24.980(5),
b=9.304(2), c=9.295(2g A, Z=4, space group
Pna2,, D,=132 gem™, D,=1.28 gcem™ (by
flotation), V=2160.29 A}, 4=2.06 cm™' (MoK,),
A(MoK,)=0.71069 A. The crystal data for
(C16H3604N4)-KSCN are: a=11.015(4),
b=31.863(10), ¢=12.988(3) A, p=94.30(2)°,
Z=8, space group P2,/n, D,=1.30 gcm‘3 y
D,=1.25 gem™ (by flotation), V=4545.32 A3,
u=3.68 cm™! (MoKa), A(MoKa)=0.71069 A.

Data were collected on an automatic four-
circle diffractometer at ca. —150 °C by the o-scan
technique (26,,,,=50°) with MoK radiation. The
scan rate varied from 2° to 23° min™!, depending
on the intensity of the reflection. The intensities
of two test reflections remeasured after every 50
reflections showed no significant changes during
data collection. The intensities were corrected for

Table 2. Bond distances and angles and dihedral angles with estimated standard deviations for the

NaSCN-complex.
DISTANCE A)
NA+ — 014 2.4470 3)
NA+ — 04 2.526( 33
NA+ — N2 2.S840 3)
NA+ — N=% 2.579C 3)

N - 03" 2.8120 4)

S - c 1.832( 3)

041 - C10 1.432( 4)

03 - C14 1.94910C %)

N{ = CH 1.47T40 4)

Nt — C9 1.479C %)

N2 - C3 1.464( S)

N3 — C% 1.483( 4)

N3 - C13 1.4750C 4)

N4 - C71 1.4750 %)

c+ - C2 4.82140 5)

Cs - C8 1.547C S)

€9 — C410 1.808C 8)
Ci3 — C14 1.5200 S)
ANGLE [

S - c - N 179 .7¢
02 - 12 - C1d 140.2¢
04 — C18 - CH15 112.4(
Q1 — N1 - CB 113.8¢(
Nt - Cc8 - C7 113 .2¢(
N{ - C2 - Cc1C 112 .5¢
C2 - N2 - C3 144.86¢0
N2 — C3 ~ C4 1435.0¢(
N2 — C14 - CH12 444.77¢C
C4 — N3 - CcSs 109.9¢
N3 - C5 - Ce 143.5¢(
N3 — Ct43 - CH14 143.5¢(
ce - N4 — c7 110 .4¢(
N4 - C7 - Cs8 113.5¢
N4 — C15 - C18 113 .2¢(

3)
3)
3)
3)
3)
3)
3)
3)
3)
3)
3)
31
3)
3)
3)

o1
03
N1
(o]
c8
N2
c2
Cc3
N3
C4
cs
N4
ce

DISTANCE
NA+ - 02
NA+ - N1
NA+ — N3

N - 02'

o+ - 04

c - N

02 - Cci2

04 - Ci6

N{ - C8

N2 - C2

N2 - Ci1

N3 - CS

N4 - CB

N4 - CHiS

C3 - C4

ct1 - cs8
C14 — CH2
C1s - C16e

ANGLE
- Cio - C8
—~ Ci14 — Ci3
- C4 - cC2
- N4 -~ CS
- Nt - C8
- €2 - CH1
- N2 - Ci1
~ N2 — CiH1
- C4 - C3
- N3 - Ci3
- N3 - Ci3
- C6 - CS
- N4 - CHS
- N4 - Ci5

- 2 a2 a2 a2 a2 a2 aaxaxas>aNNNNN

A

.388
.588
643
.820
179
. 168
424
.429
474
481
.482
&7
413
4877
.519
.533
.504
.521

111
109
113
110
109

143,

1038
144
113
109
140
142

11,
11C.

) DIHEDRAL ANGLE (D]
« 3) Nt - C9 - C10 -~ O1 -57.8( 4)
« 3) N2 - C14 - C12 - 02 —B3.4( 4)
[ 3) N3 — C43 - C14 - 03 177 .40 3)
( 4) N4 - C45 - C16 - 04 ~57.5( 4)
« 4) c8 - N4 - Ct - cC2 1814 .40 3)
« %) Ct - N1 - CB - C7 =T7.40 4)
« 4) C38 - Nt - Ct - cC2 ~T68.10 4)
€ 4) Ct - Nt - CS9 - CtO 158 .11 3)
« 4) c9 - Nt - C8 - C7 189 .5( 3)
« %) c8 - Nt - CS - C10 -I8.40 4)
« 4) C3 - N2 - C2 - CH1 =T17.350 4)
[ 4) c2 - N2 - C3 - C4 161.9( 3)
t 5 C14 - N2 — cz2 - c1 158 .71 3)
« 4) C2 - N2 - Ci14 - CH2 -84 .6( 4)
t 8 N{ - C4 - C2 - N2 -61.5( 4)
« 8 C41t - N2 - C3 - C4 -75.00 4)
t s) C3 - N2 - C14 - CH2 154 .3( 3)
« s) Cs5 - N3 - C4 - C3 =T75.40 4)
(S C4 - N3 - CS - C8B 164 .6( 3)
.00 3) C143 -~ N3 - C4 - C3 163 .41 3)
L0 3D C4 — N3 - Ci13 - Ci4 =77.00 3)
.40 33 N2 - C3 - C4% - N3 -59.5( 4)
.80 3) C13 — N3 - (C5 - C8 =T77.7C 4)
-9t 3) CS - N3 - Ci13 - Ct4 182.0( 3)
1C 3) CT - N4 - CB - CS -78.0( 4)
S0 3) Cé6 — N4 - C7T - C8 1614.31 3)
<40 3 C15 - N4 - C6 - CS 159.5( 3)
-8C 3) Ce - N4 — Ci45 - Ci6 =T4.50 4)
30 3) N3 - CS - C6 - N4 -62.0( %)
W30 3) Ci5 - N4 - C7T - ¢C8 =15.70 4)
0 3) [om N4 — C15 - Ci6 185 .9( 3)
1C 3) N4 — cT - cs - N1 -58.2( 4)
10 3)
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Lorentz and polarization effects, but no correc-
tions for absorption or secondary extinction were
made (crystal sizes 0.4x0.6X0.2 mm and
0.2x0.3x0.2 mm for the NaSCN-complex and
the KSCN-complex, respectively). With an
observed-unobserved cutoff at 2.50(1), 1709 and
5306 reflections were regarded as observed.
Determination and refinement of the structures.
The phase problem was solved by direct
methods.* For the KSCN-complex the E-map
corresponding to the best figure of merit con-
tained several split peaks indicating a disordered
structure. The procedure from this map to the
final structure was somewhat lengthy: repeated
use of weighted Fourier calculations, parameter-
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shift refinements (to avoid singular-matrix prob-
lems in least-squares), intermediate introduction
of anisotropic temperature factors (in order to
calculate probable positions for partial atoms),’
careful refinements of multiplicity factors, and
calculation of partial hydrogen atom positions (to
be used in structure factor calculations).®* For
the NaSCN-complex, anisotropic temperature
factors were introduced for all non-hydrogen
atoms. Maximum r.m.s. amplitudes lay between
0.13 and 0.22 A. For the KSCN-compiex, aniso-
tropic temperature factors were used for the 21

* All programs used (except those for phase deter-

mination) are included in this reference.

Table 3. Final fractional coordinates with estimated standard deviations for the non-hydrogen atoms
of the KSCN-complex. The two statistically disordered forms are labelled “A” and “B”, respectively.

ATOM X Y z
K1 .92502( 91 .4178860 3) 51104 8)
K2 -257460 92) -42238( 3) .18485( 1)
s2 -41857C 1) .4108C O) t.002C 1)
C34 <44180 %) .4300( 1) 1.11540 4)
Ni{O L1253 3) L4320 1) 1.4870C 3)
N4 4.47687C 3) - 19490 1) 57220 3)
N2 1.01820 3 25780 1) 44420 3)
N3 .8222( 3) .2520¢( 1) .5994( 3)
N4 .9815(1 4) .1889(C 1) .I304C 3)
NS ATH40 B) .S024( 1) 84010 3)
N& .3756( 3) 49340 1) 6931 3)
N7 .21780 3) 43000 1) 58470 2)
N8 01450 3) 43930 1) LI07T7C 3)
cio 1.41938( 4) 2770 1) 4TS5 4)
ci2 93371 6) 22730 1) .27850 3)
Cit4 .83689( %) 21820 1) .51457( 4)
cie .89388( B6) .141830 1) 12280 S)
cze .22683( 4) 241340 () 1.0154C 3)
czs .S561( 4 .46828( 1) LT954( 4)
c30 31020 4) .3586( 1) .5803( 3)
c32 -.01488( 4) .36896( 1) L9120 4)
SAA 1.0650( 2) .3788(1 0) .25740 1)
S4B .9968( 8) 37590 2) .2835( 5)
C33A 1.02s58(10) 3873 3) <13420177)
c338 1.0382(21) .3828( 1) .1686(31)
NSA -9983( 1) .3942( 2) .0481( S)
NSB 1.0878(25) .38635( B .0826(21)
Q1A 1.0770C 3) -11030 1) .S0S55( 3)
oiB 1.0930( t4) LA330(0 4) «33952( 114
02A .9438( 3) L8170 1) .3036( 3)
ozB .8498( 14) .20890 4) 30750 11)
0O3A .6928( %) .2022¢ 1) .4295( 3)
osB .8835( 412) L A7930 4) «481460 11)
04A .8184( 4) 44930 1) .B395( 3)
Q4B .9345(14) . 10340 S) .8044012)
OSA .32100 4) L44520 1) .9892( 3)
osB 24142015) 43480 4) .99250 11)
0OB8A .5085( 3) 4208 () -8080( 3)
oeB .4900¢( 15) .44800 S) -8720( 43)
O7A .2508( 3) -34720 1) .e72c0 3)
o8B 37281 14) 362140 4) -B6794011)
asA .0795(0 3) BT4TC 1) .8856( 3)
osB 4075014 35220 5) .1866( 12)
CHiA 1.22420C T .2259( 2) .5059(C T
ciB 1.2080( 18) 24180 1) .5462( 18)
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c2A 1.1425( 9) .2650C 3) <4933 14)
cze 1.1487(149) .2628( ©&) .4566(32)
C3A .9331( 8) .2908( 23 .4816( 81
c3B «9714018) 29440 S «S51474015)
C4A .8999( 143 29020 2) 5758 8)
Cc4B .8547(26) .2896( 5) 6551 16)
CSA .8198( 10} 24750 2) 70880 S5)
csB .8B0T(32) .2489C 7)) 12270 18)
CeA .9404( 8) .2335( 3) .71648( B)
ceB .9056(22) .2099C 8) 18920 17)
CTA 1.4077044) .1833( B6) JIs720 9)
ciB 1.4212018) . 19660 10) <T447015)
C8A 1.187860 T) .2086( 3) .6842( 6)
ceB 1.2076¢( 18) JAB8SC T) B8T4TC18)
C9A 1.2432( B) 45470 2) .5663( 5)
ceB 1.2594(18) 47230 6) «4944018)
CHiA 1.0277C B8) 28214 2) .3300( S)
ci1B .9635(22) 27470 1) «34240477)
CH3A .68953( B) 2581 21 .5522( 5)
ci13B .6922(21) .2380(0 7)) 6079 19)
CiSA 81140 81 .1888( 2) .I875(0 5)
cisB .9810(23) . 1383 8) 18120 48)
C1TA .21899( 8] 83821 23 .1694( 10)
c4B .2351018) .5382( 5) .Bi147(22)
C18A .3587C T) 53040 2) 5430 S
ci8B .2940(21) .5345( 6) .T4720 48)
C1SA -3328( 12) 497410 2) .S816( 6)
- CisB .3818(33) .4808C 1) .5909C 7))
C20A 34240 8) .4554( 3) .5232( ©8)
caos .2779122) 47240 9) .S34TC45)
C24A G934 1) .4486( 3) -5349( S)
cza18 . 4000 17 .4261( 8] .5286( 14)
Cc22A —.0080t 8) 43480 %) .5988¢( B)
cazs .0144(23) 44620 10) .58901 18)
C23A -.0145C B) .48680( 2) 1278t 8)
c23B —.C413(018) 48750 1) 18490 18)
C24A -0440( B) 8aTC 2) .83268( 8)
c24B .0292(18) .5053( 8) .1808(22)
C25A .2208(1 B8) .51091 2) .9487( S)
czss .1283(22) .498S( T) .9499(471)
Cc27A -5100( 8) 482201 2) .6974( S)
czms .4922(23) .5044( 8) 159620
C29A .2224( B) .3870C 2) 54870 4
czss .3106(20) .3980( ©) .5208( 15)
C31A -.07241 5) 41380 2) Ba--u D]
C34B -.05140(221 .3927C 8) STABTC19)
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Fig. 1. Schematic drawing of the ligand of the NaSCN-complex showing the numbering of atoms.

Fig. 2. Stereoscopic view of the NaSCN-complex, illustrating the coordination and hydrogen bonding
system.

Acta Chem. Scand. A 37 (1983) No. 4



Fig. 3. Schematic drawing indicating the type of
disorder (due to the presence of statistical pseudo
mirror planes) for the ligands of the KSCN-
complex.

atoms for which no disorder could be observed.
For these atoms the maximum r.m.s. amplitudes
range from 0.15 to 0.30 A. The form factors used
were those of Hanson et al.,” except for
hydrogen.® Weights in least squares were
obtained from the standard deviations in intensi-
ties, o(l), taken as o()=Cr+[(0.02Cy)*]"?,
where Cy is the total number of counts, and Cy

<A
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the net count. Methylene hydrogen positions
were calculated. The hydroxyl hydrogen atoms of
the NaSCN-complex were localized in a differ-
ence Fourier map. No attempt to find the
corresponding partial hydrogens in the KSCN-
complex was made. The final R-values were
R=3.5% (R,=3.0 %) for the 1709 observed
reflections of the NaSCN-complex, and
R=6.6 % (R,=6.5 %) for the 5306 observed
reflections of the KSCN-complex. Standard de-
viations in bond distances and angles and torsion-
al angles were calculated from the correlation:
matrixes of the final least-squares refinement
cycles. Final fractional atomic coordinates are
given in Tables 1 and 3, the latter containing only
non-hydrogen atoms. Lists of observed and
calculated structure factors, as well as the
temperature factors, are obtainable from the
author.

DISCUSSION

The NaSCN-complex. Fig. 1 is a schematic
drawing of the ligand showing the numbering of
atoms. The bond distances and angles of Table 2
have normal values within estimated limits of
error. From the list of dihedral angles it may be
seen that the 12-membered ring adopts the
[3 3 3 3] conformation 2 and that three of the
side-chains are gauche and the fourth anti. As to
be expected from the 1*C NMR studies,! the ring
conformation corresponds to that of the (2:1)

<83

Fig. 4. Schematic drawings of the A-forms of the two crystallographically independent ligands, (A)
and (B), of the KSCN-complex. The numbering of atoms (with the A’s omitted) is indicated.

Acta Chem. Scand. A 37 (1983) No. 4
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Table 4. Bond distances and angles and torsional angles with estimated standard deviations for the

A-form of the KSCN-complex.

DISTANCE w) OISTANCE )
N1 - C1A 1.42¢ 1) N1 - CBA 1.52¢ 1
N1 - C9A 1.48C 1) N2 - c2A 1.47¢ 1
NZ - C3A 1.64C 1) N2 -C11A 1.50¢ 1
N3 - ChA 1.53C 1 N3 = CSA 1.43C 1
N3 -C12a 1.5LC 1) N& - COA 1.57¢ 1
N& = C7A 1,420 1) N& -CISA 1.42¢ 1
NS =C12A 1.54¢ 1) NS ~C24A 1.40C 1
NS -C252 1.50C 1) N6 -C18A 1,420 1
N6 -C19A 1.45¢ 1 K6 -C27R 1.52¢ 1
N? -C20A 1.44C 1D N7 -C21A 1.51C 1
N7 -C29A 1.45C 1) N8 ~C22A 1,440 1
N3 -C23A 1.54C 1 N8 -C31A 1.42C 1
€10 - 014 1.48C 1D €10 - C9A 1.53¢C 1
c12 - 024 1.49C 1 €12 -Cc11a 1.43C 1
C14 - 034 1.41C 1) €14 -C13n 1.45¢ 1
€16 ~ 04A 1.35C 1) €16 -C15A 1.59C 1
€26 - 05A 1.44C 1D €26 -C25A 1,470 1
28 - 06A 1.645¢ 1) €28 -C27A 1.472C 1
C3C - 074 1.45C 1) €30 -C29A 1.52¢ 1
€32 - 08» 1.40¢ 1) 32 -C31A 1.55C 1
CIA ~ C2A 1.52¢C 1) C2A - ChA 1.5€¢C 1
CSA = Céh .53 1) C7A - C8A 1.58( 2
C17A -C18A 1.55C 1) C19A -c20A 1.54C 1
C21A -Cc224 1.54C 2) C23A -C24A 1.55C 1
ANGLE ) ANGLE )y
C1A - N1 = C3A 1M D C1A = N1 = C9A 112.¢
C8A - N1 - C9A 108.¢C 1) C2A = N2 = C3A 115.¢
C2A = N2 -C11A 1.9.C 1 C3A = N2 =C11A 9. ¢
C4A = N3 = C(SA 189.¢C 1 CAA = N3 -C13A 110.¢
CSA = N3 =C13A 109.¢C D CoA - N4 = C7A 110. ¢
COA = N& =C15A 1C6. ¢ 1) C7A = N& =C15A 110. ¢
C17A = N5 =CZ4A 1M.¢C D C17A = NS -C25A 109, ¢
C24A = NS =C25A 111.¢C 1 C18A = NE =C19A 113, ¢
C18A ~ M€ =C27A 111.0 1) C19A = N6 =C27A 107.¢
C20A = N7 =CZ1A 112.C 1N C2LA = N7 -C29A 109, ¢
C21A = N7 =C29A 109.¢ 1) €C22A = NB =C23A 118, ¢
C22A = N& ~C31A 1.0 1N €23A - N8 ~C31A 16:8. ¢
01A - C1C = C9A 106, C ) 02A - €12 =C11A 113.¢
038 - C14 =-C13a 111.C 0) OAA =~ C16 =C15A 113.¢
OSA - C2¢ =C25A 1M.C M 06A - C28 -C27A 112.¢
O7A = €37 =-C29A 1872.¢ M 08A = €22 -C31A 111.¢
N1 = C1A = €2A 15.C 1 N2 - C2A - CYA 115. ¢
N2 = C3A = C4A 1M N3 -~ C4A - C3A 112.¢
N3 - C5A = C6A 1M15.¢C 1 N4 - CEA = CSA 113, ¢
N4 = C7A = C8A 111.C 1 N1 = CEA - C7A 114.¢
N1 - C9A - C1U 112.¢ N N2 -C11A - €12 116, C
N3 -C13A ~ €14 113.C 1) N& =CT15A - C16 108, ¢
NS =C17A =C18A 113.¢ 1) N6 =C18A -C17A 111.¢
N6 =C19A =C20A 115.C 1) N7 =C2CA -C19A 113.¢
N7 =C21A -C22A 1M15.C 1 N8B -C22A -C21A 114, ¢
NE ~C23A -C24A 113.¢ 1D NS ~C24A =C23A 115.¢
NS =C25A - €26 14.C D N6 -C27A ~ €28 114, ¢
N7 -C29A - €30 112.¢ ©) M8 -C31A - €32 112.¢

dihydrated LiCl-complex,2 which also was found
to be preferred in the hydrate.® The dissimilarity
in conformation stems from the various number
of anti and gauche side-chains. In the Li*-
complex there is one gauche chain while the
hydrate has two. From Fig. 1 it may be seen that
all side-arms bend off towards the “corner”
atoms of the ring. The same pattern was observed
in the earlier reported structures.?>

Fig. 2 is a stereoscopic view of the complex. It
shows that Na* is coordinated to four nitrogen
atoms and to the three oxygens of the gauche

CIHEDRAL ANGLE «
) C8A - N1 = C1A - C2A ~70.C D
) N1 - C1A - C2A - N2 -€3.0C 2)
) C3A - N2 - C2A =~ CIA 161.C 1)
) C2A = N2 = C3A - C4A “211.¢C 1
) N2 - C3A - C4A - N3 1.0 N
) C5A - N3 = C4A - C3A 166.C 1N
) C4A - N3 - CS5A ~ C6A =70.C 1)
) N3 - C5A - C6A ~ N4 “€3.C 1)
) C7A - N& - C6A ~ CSA 161.C 1
) CO6A - N& = C7A - CEA -73.¢C 1)
) Nk - C7A - CBA - N1 -€6.C 1
) C1A = N1 = C8A - C7A 1€4.C 1
) C24A -~ N5 -C17A =C18A =164.C 1)
) NS -C17A =C18A - N6 67.C 1
) C19A = N6 =C18A -C17A 25.C 1
) C18A = NE =C19A -C2CA =161.C 1)
) N6 ~C19A =C20A -~ W7 4. C 1)
) C21A = N7 =C20A -C19A M.C 1D
) CeCA = N7 =C21A -C22A ~1€5.C 1)
) N7 =C21A -C22A - N8 €1.¢ 1)
) C23A - N& -C22A -C21A 75.C 1)
) C22A - N8 =C23A -C24A =160.C 1)
) NE -C23A ~C24A - NS INEH
) C17A = NS =C24A ~C23A €9.C 1

side-chains. The nitrogen atom of the thiocyanate
anion accepts hydrogen bonds from the hydroxyl
group of the anti side-arm and from one of the
gauche chains in a symmetry related ligand. The
two remaining gauche side-chains are also hy-
drogen bonded to symmetry related ligands.
(One of these hydrogen bonds,
03-04'""=2.742(4) A, is missing in Table 2.)
The C—H and O—H bond distance ranges are
0.94-1.06 and 0.78—1.00 A, respectively.

The KSCN-complex. There are two complexes
in the asymmetric unit, both of which are
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Table 5. Bond distances and angles and torsional angles with estimated standard deviations for the

B-form of the KSCN-complex.

DISTANCE (4 3] DISTANCE o DINECRAL ANGLE (48]
Nt - €18 1.58C 2) N1 - 88 1.35¢ 2) €88 -~ N1 - C1B - €28 «1€0.¢ 2)
Nt - CSB 1.58C 2) N2 - C28 1.43C 2) N1 - C1B - €2B - N2 47.C &
N2 - C38 1.62¢ ) N2 -C11B 1.48¢ 2) €38 - N2 - C2B - €18 2s.C )
N3 - C4B 1.39C 2) N3 - (58 1.68¢ 3 €28 - N2 - (3B - CAB -157.C 2)
N3 -C128 1.51C 2) N6 - C68 1.21C 2) N2 - C3E - C4B - N3 42.C 3)
N& - (78 1.56C 2) N4 ~C158 1.€6C 3) €58 - N3 - C4B - C38 2. 2y
N5 ~C17€ 1.34¢C 2) N5 -C248 1.7CC 2) C4B - N3 - (5B - (6B ~153.C 2)
NS ~C25€ 1.54C 2) N6 -C188 1.€64¢C 2) N3 - CS8 -~ C68B -~ W& €3.C &)
N6 ~C198 1.34¢C 2) N6 -C278 1.54¢ 3) €78 - N& - C6B - C58 ¢.C D
N7 ~c208 1.56¢C 2) N7 -C218 1.34¢C 2) €68 - N& - C78 - CEB -153.¢C 3
N7 -C298 1.57¢ 2) NB -c228 1.5¢C 2) N4 - C7B - (88 -~ M 4. C H
N8 -C238 1.31C 2) N3 -C318 1.64C 2) C1B - N1 - (C8B - C7B 23.C
c10 ~ o018 1.47C 2) €10 - 98 1.61¢C 2) C24B - NS -C178 -C188 -84, 2)
€12 - 028 1.18¢C ) c12 -c118 1.66C 2) NS -C178 -C18B - N6 -49.C 3)
c14 - 038 1.42C 1) €14 -C138 1.45¢C 2) €198 - Né ~-C188B ~C178 158.¢C 2)
€16 ~ O4F 1.7¢C 2) €16 -C158 t.22¢ 2) €188 - N€ -(C198 -c208 -22.C 3)
€26 -~ 058 1.37¢ 2) €26 ~-C258 1.54C 2) N6 ~-C198 =-C20B ~ N7 -47.C &)
€28 - 068 1.38¢ 2) €28 ~-C278 1.55¢C 3) €218 - N7 -(C20B ~C199 153.¢ 3
€30 - 078 1.42¢ 2) €30 -c298 1.42¢ 2) €208 - N7 ~C218B -C228 -£81.( 3
€32 - od&s 1.5LC 2) €32 ~C318 1.28¢C 2) N7 -C218 =~(22B - N8 -53.C &)
€1B - CQE 1.46C 4) €38 - (48 1.42¢ 3) €zZ38 - N8 -(228B -C218 159.¢ 3)
€58 ~ cé8 1.40C &) Cc78 - C88 1.44C 3) CZ28 - N8 -(238 -(C248B -76.C )
€178 ~C136 1.47¢ 3) €198 -C298 1.4€¢C &) N8 -C23B ~C24B - N5 =57.C 3)
c21B ~C228 1.41C 3) €238 ~-C248 1.45¢ 3) C178 - N5 =C248 ~C238 156.¢C 2)
ANGLE ) ANGLE )
C1B - N1 - (88 112.¢ 1) €18 = N1 - (98 $9.¢ 1
C38 - N1 - (98 113.¢C 1) €28 - w2 - (38 103.¢° )
€28 - N2 -C118 114.C 2) €38 - N2 ~-C11B 100, ¢ M
C4B - N2 - (58 1M1.¢ 1) €48 - N3 -C138 124.C 2)
€58 - N3 -C138 102.¢ 1) CéB -~ K& - (78 125.¢ 2)
€68 - N& -C158 115.C 2) €78 - N4 -C158 $8.¢C 2)
€178 - NS -Cc48 109.¢C 1) €178 - ¥S -C258 120.¢ )
€24B - N5 -(258 95.¢C 1) C188 - Né -C198 ms.c 2»
€188 - Né& -(Cc78B 9. ¢ 1 €198 - N¢ -C278 118.¢ 2)
€208 - N7 -C218 115.C 1) €208 - N7 -(298B 100.¢ 1)
€218 - N7 -C29B 1M9.¢ 1) €228 -~ NE -(238 1M9.¢ VD
€228 - N& -C318 102.¢ 2» €238 - N8 ~C318B 113.¢ D
01B - €10 - (98 108.¢ 1) 028 - C12 -C118 113.C 1D
03B - C14 -C138 t120.¢ 1) 048 - C1¢ -C158B 108.¢C 1
058 - C2¢ -(258 118.¢C 1) 068 - €28 -C278 1wz.¢ v
ore - €30 -C298 1M3.¢C 1) 088 - €32 -C31B 1M3.c 1M
N1 - C18 - (28 121.C 2) N2 - C28B - C1B 115.¢ )
N2 - C38B - (48 118.C 1) N3 - C48 - C38B 120.C 2)
N3 - €58 - (6B 121.¢ 2) N4 - CEB - (58 115.C 2)
N4 - C7B - C88 125.C 1) N1 - €88 - (7B 116.¢C 2)
N1 - €98 - €10 1C3.¢ N N2 -€118 - C12 104, ¢ 1)
N3 -C13B - (14 114.C 2) N4 -C158 -~ C16 118.C 2)
N5 -C178 -C188B 117.¢C 2) N6 -C1EB -C17B 119.¢ 2)
N6 -C198 -C20B 117.¢C 2) N7 -C208 ~C198 124.C 2)
N7 -C21B -C228 117.¢ 2) N8 ~C22B -C218 123.¢ )
N8 -C238 ~-Cc4B 114.C 2) N5 -C248 ~-C238 . 120.¢ 2)
N5 -C258 - €26 1C8.C 1) N6 -C27B - C28 1C8.¢C 2y
N7 ~C298 - (€30 116.¢ 1) N8 -C318 - €32 118.¢C )

disordered. The disorder arises from the pres-
ence of statistical pseudo mirror planes as indi-
cated in Fig. 3. Least-squares refinement of
multiplicity factors:showed that there are about
75 % and 25 % of the two forms (labelled “A”
and “B”), respectively. Fig. 4 (A) and (B) are
schematic drawings of the A-ligands showing the
numbering of atoms, (the A’s being omitted).
One of the thiocyanate anions is also disordered.
The disorder was not observable for all the ligand
atoms (black circles in Fig. 3), and these were
refined anisotropically with multiplicity factors
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equal to 1.0. The same scheme was used for the
potassium cations and the other thiocyanate
anion.

Bond distances and angles and dihedral angles
may be found in Tables 4, 5 and 6. Within the
relatively large estimated limits of error all values
are normal for the A-form. Problems connected
with the design of a proper least-squares refine-
ment scheme, due to close contacts between
partial atoms, are probably responsible for some
rather awkward values arrived at for the B-
ligands. The torsional angles correspond to the
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Table 6. Coordination bonds, hydrogen bonds and bond distances and angles of the anions with
estimated standard deviations for the KSCN-complex.

DISTANCF [§})
sz - C2¢ 1.631C &)
S1E -C32¢ 1.6'5(38)
C23A - NG 1.157(25)
K1 - M . 872¢C &)
K1 - A2 ZLB6EC 4)
K1 - 014 2.757C &)
¥1 - 028 . 719C &)
K1 - 0% 2.795C S
K1 -~ 042 Z.837C &)
K2 - N% 2.833C 4)
K2 -~ N7 29100 4)~
KZ - 05»a 2.79.C 5)
K2 - 0éh 2.759C &)
K2 = C7A c.8.7¢C &)
K2 = Ce# 2,271 &)
N1l = 01 Z,644(C16)
N1. - 0€&» 2.852C &)
NYA - 0t 2.69:C 8)
N9E - OSE 2.®12¢(31)
Q2A - Q1A 2.734C 6)
C4A - 0SA  Z.837C &)
028 - 07P c.831(22)
C4R - OFF Z.7:7€22)
ANGLE «)
S1A =C277 = AQA 178.5¢ 9)
§2 = €24 - ML 175.2¢ 5

familiar [3 3 3 3] conformation for all four 12-
membered rings, and the N—N—C planes of the
side-chains are again tilted towards the ring
corner atoms. The profound conformational al-
teration suggested by the NMR investigation ! is
caused by the fact that all four side-arms are
gauche in the KSCN-complex.

Fig. 5 is a stereoscopic view of the two
A-complexes illustrating the eight-coordination
of the potassium cations and the hydrogen

CISTANCE )
SIA -C33A 1.647(24)
€34 - N10O 1.167¢ 6)

€328 - N98B 1.158¢49)

K1 - N2 2.878C &)

K1 - N4 2.886C &)

K1 - o018 2.871(15)

K1 - 028 2.874€15)

K1 - 038 2.655€14)

K1 - 048 2.672(16)

K2 - N6 2.904C &)

X2 - N8 2.865¢C &)

X2 - 058 2.734C15)

k2 - 068 2.824017)

kK2 - 078 2.72¢C16)

K2 - o8B 2.721016)
N1U - 02A 2.8C1C 6)
N10 - 078 2.775¢16)
NSB -~ 028 2,878¢31)
01A - 0¢€A 2.8CCC 6)
03A - 08A 2,763 6)
01B - 0&B 2.7€7€23)
038 - 048 2.794¢€22)

INGLE )

$18 -C528 - N9B 173.6(2%)

bonding system. The potassium cation coordin-
ates to four ring nitrogens and the four oxygens
of the side-chains in both complexes. The
thiocyanate anions are involved in four hydrogen
bonds donated by two ligands. N10 accepts two
bonds, while N9A and S1A accept one each. The
same two ligands are finally linked by four
hydrogen bonds to form the dimers shown in
Fig. S.

Concluding remarks. The modest upfield dis-

Fig. 5. Stereoscopic view of the A-form of the KSCN-complex illustrating the coordination and

hydrogen bonding system.
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placement of the ring '3C signals ! is in accord-
ance with the recurrence of the same [3 3 3 3]
ring conformation in the structures of the dihy-
drated (2:1) complex with LiCl,? the hydrate,?
and the complexes with NaSCN and KSCN. The
slight variations of torsional angles are a natural
consequence of the adjustment of the donor-
acceptor distances. The side-chains invariably
bend off towards the corner atoms of the ring.
When a side-arm is rejected, the C—C bond is
anti, and when it coordinates to the cation (or
water molecule), it is gauche of the same helicity
as the corner bonds of the ring. Accommodation
to the varying size of the cation occurs mainly by
adjustment of this gauche torsional angle. In
none of these structures is there any direct
anion—cation contact. The ligand can thus be
considered a sensitive probe for optimal coor-
dination numbers of Li*, Na* and K™*.
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