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Crystal Structure Analysis of 1,4,7,10-  Table 1. Final fractional coordinates with estimated

Tetra-(2-hydroxyethyl)-1,4,7,1()- standard deviations. Hmn is bonded to Cm, HOm
1 d to Om, and HWm to OW.
tetraazacyclododecane Hydrate at
—150°C ATOM X Y z
ow .914750 3 .I8500 2) .T74880 1)
[oX} .9489( 3) .2979C 2) 81760 1)
P. GROTH o2 .91480( 3) .7988(0 2) 54140 1)
o3 1.1405( 3) 1.2367C 2) 1860 1)
. . . 04 1.1733¢( 3) L1504 2) .86120 1)
Department of Chemistry, University of Oslo, N .6148( ) 54130 2) LT145C 1)
Oslo 3, Norway N2 .5400( 3) .81200 2) .6328( 1)
N3 .T4820 3) -840 2) .81280C 1)
N4 .7636( 3) 70260 2) .80290 1)
. . . (o] 4T420 %) .5534( 3) 6391 2)
1?C NMR spectroscopy‘ indicates conformational c2 .39470 4) .6946( 3) .6452( 2)
differences of 14,7,10-tetra<(2-hydroxyethyl)-1,4,- cs -48700 4) -9466( 3) -6747C 2)
7,10-tetraazacyclododecane as a hydrate and in o BT SlEerE e 2
X . N A B « 4) .9570( 3) 94100 2)
its complexes with Li*, Na* and K*. Some single ce  .e4s8( 4 B129t 3) .o338¢ 2)
crystal X-ray analyses have been carried out in c1 .e523( 4) .5627C 3) .8871C 2)
order to seek more precise information about these ce  .s4T00 4 -8383( 3) -8018C 2)
differences. The results for the hydrate are now €8 LIDBr A AAZRCEY BsRC 2
d ci10 .8594( %) 42400 3) .8225( 2)
reported. o c11 57450 4) .8157C 3) .5352( 2)

The crystals of (CIG_H3604N4)’H20 are triclinic ci12 LTTBSC 4) .8841C 3) .5201C 2)
with space group Pl and cell dimensions (for Cis  .83040 4)  1.4095C 3) -8000¢ 2)
Dirichlét’s reduced cell) a=7.022(2), b=9.680(3), ¢ ORI ‘;gz:: :: oot o)
s - ! _ 5 . . .
=14.709(5) A, «=97.38(2), f=92.10(3), y = 96.99(2)". C16  1.0994( 4)  .6548C 3)  .8208¢ 2)
There are two formula units in the cell (D, =124 g H4 .360( 4) 440 B) .638( 2)
cm™3, D, =122 g cm™3), 2221 observed reflections 12 5480 4) -540C 3 -5T9C 2)
were recorded on an automatic four-circle e S IO E) -TesC 23
. . .68141( 3) L5870 2)
dlf’fljaqtomcter at ca. —150 OC (2040 =50, MOK‘X' H3 41 L3450 4) .958( 3) .661C 2)
radiation, w-sqan),_ No corrections for absorption or HE2 .566( 4) 1.025¢ 3) .646( 2)
secondary extinction were applied (crystal size 0.2 He o 4340 4) -894( 3) -8e8¢ 2)
X0.3 x0.3 mm). H42 L4740 4) 1.087C 3) .800C 2)

) . 2 HS 1 .B57( 4) 1.026C0 3) .9460 2)

The structure was solved by direct methods * and Ho2 as8( 49 “omet 3 osac 2
refined by full-matrix least-squares tec.h'mque.“'* HE 1 507 4) .181¢ 3) .908( 2)

Methylene hydrogen atom positions were He2 8320 4) .820¢ 3) 1.0040 2)
calculated, the others were localized in a difference “3‘ ST A0 -S48C 3) 9950 2)

0 . . . {4 . .
Fourier map. Anisotropic temperature factors were :‘321 :;:[ ‘,: ::z; : Zﬂfz z:
introduced for O, N and C atoms. Weights in least ez L4410 4 4420 3) .800( 2)
squares were calculated from the standard Het 6040 4) 5280 3) 6700 2)
deviations in intensities, o(I), taken as o(I)=[C Hoz SITHC ) -5920. 35 -T4sC 23

. H101 . T . .
+(0.02C,)*1%, where Cris the total number of Hioa PO et o et o)
counts and Cy, the net count. The form factors used Hatd ag4l 4 851¢ 33 Ceosl 2
were those of Hanson et al.* except for hydrogen.’ H112 5640 4) T80 ) 8010 2)
The final R-value was 5.6 % (weighted value 4.2%,) H124 27970 4) -900¢ 3) 4510 2)
for 2221 observed reflections. e aet 4 -9890 %) -SS80 2)

. . . . . 1 .809( 4 . .

Final fractional coordinates with estimated N e
standard deviations may be found in Table 1. Bond HA%1 1.081( 4) 1.084( 3) L1380 2)
distances and angles and diheral angles with H142  4.1050 4) 1.070¢ 3 .8480 21
standard deviations (calculated from the correlation ::; ::2‘ :: -8480 52 1-0220 2)
matrix of the final least squares refinement cycle) are v1e1 1:0“E o ;:Z: : et o5
listed in Table 2. Fig. 1 is a schematic drawing of the HiB2  1.198( 4) .850( 3) 987 2)
ring showing the numbering of atoms. Bond HOt -9781 4) .2700 3) .se2¢ 2)
distances and angles have normal values within Hoz 9180 4 ST98C ®) -6c0C 2)
estimated limits of error. The torsional angles of o e e s s 2

l 2 h th tth 12 b ed N h th 1.0839( 4) 1520 3) 8150 2)
Table 2 show tha € lZ-membered ring has the HW 4 .830( 4) .700¢ 3) 1220 2)

Hw2 .B47( 4 .827C 3) L1450 22

*All programs used (except those for phase
determination) are included in this references.
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Fig. 2. Stereoscopic view showing the hydrogen bonding system.
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Table 2. Bond distances and angles and torsional angles with estimated standard deviations.

o

DISTANCE () DISTANCE DIHEDRAL ANGLE ©)
. 01 - €10 - <9 - N1 173.2(2)
oW - 02 2.685(3) oW - o4 2.727(3)
02 -c12 - C11 - N2 69.9(3)
OW - Nt 2.835(3) OW - N3 2.839(3)
03 -c14 - C13 - N3 -179.5(2)
01 - 03"  2.852(3) o1 - 02 2.658(3)
04 -C16 - C15 - N4 65.7(3)
o1 - c10 1.426(4) 02 - c12 1.435(4)
c8 - N1 - C1-c2 69.5(3)
03 - c14 1.426(4) 04 - c16 1.419(4)
N1 - 1 1.483(4) N1 - c8 1.482(4) €7 - c8- M -c -164.7(2)
N1 - €9 1.475(4 2 2 1.46714 co- N1 - C1-c2 “169.803)
N2 - C3 1.466(4: :2 - ?1 1.4 6(4, €10 - e - - 7.1
- . -c .46
4) co9 - N1 -C8B - cC7 74.7(3)
N3 - c4 1.487(4) N3 - C5 1.479 (4)
C10 - C9 - N1 - C8 -161.9(2)
N3 - c13 1.476(4) N4 - C6 1.466(4)
c3- N2-cC2-Q -156.6(2)
N4 - 7 1.465(4) N4 - C15 1.470(4)
c4 - ©3-nN2-cC2 75.5(3)
c1 - c2 1.532(4) c3- cd4 1.523(4)
c11 - N2 -c2-C 79.4(3)
cs - 6 1.527(4) c7 - c8 1.521(4)
€12 - c11 - N2 - c2 -153.3(2)
€9 - 10 1,516 (4) c11 - c12 1.509 (4)
c13 - c14 1.513(4) c15 - cl6 1.509 (4) N2-oc2-cl-m 67.0(3)
. . c11 - N2 -C3 - cé4 -159.9(2)
. o oL o, c12 - ¢11 - N2 - C3 82.1(3)
ANGLI C5 - N3 -cC4-C3 -163.1(2)
01 - c10 - €9 106.7(2) 02 - c12 - ¢ 111.7(3) co- G mm-cd 68.203)
03 - c14 - c13 110.8(3) 04 - c16 - C15 111.4(2) €13 - N3 -cd-cl 76.2(3)
N1 - cl - c2 114'912 V- M- 8 110.1(2) cri -3 -ws - T193.3(2)
- - . cr - - .
c1- N1 - c9 109.5 2) N1 - C8 - C7  114.3(2) Nooch-csow 61.103)
c8 - N1 - C9 109.7:2: N1 - €9 - C10 114.3<2) €13 - N3 -5 - Ch -170.8(2)
N2 - c2 - cC1 113‘2(2) c2 - N2 - 3 111'6(2) cra - e - - e 85.203)
c2 - N2 - c11 111‘3(2) N2 - C3 - c4 114.2(2) €7- N4 -Co-Cs -134.8(2)
€3 - N2 -l 10.6(2 N2 -C1 - clz 112,702 €8 - 7 - Na - ce 72.603)
- - C . - - .
N3 - c4- C3 113.5 2) C4 - N3 - C5  110.5(2) €15 - N4 -6 - CS 81.603)
c4 - N3 - C13 109'9(2) N3 - 5 - C6  115.8(2) €16 - €15 - N - 6 -14s.9(2)
cs - N3 - C13 109.3(2) N3 - C13 - C14 114.4(2) N4 -oce-mCs - N 70.0(3)
N4 - C6 ¢ 5 112.9(2) 6 - N&- 7 112.5(2) €15 - N4 -cr-ce -1ez.8(2)
ce 4 . <1:5 111.3:2: e - C7- B 114.6(2) €16 - C15 - N = ©7 83-803)
Nd-c : : N4 - C7 - C8 - N1 63.2(3)
c7 - N4 - C15 109.9(2) N4 - C15 - 16 111.8(2)

[3333] conformation® with two anti and two
gauche N —C —C —O torsional angles.

As to be expected from the NMR studies,! the
ring conformation corresponds to that of the
dihydrated (2:1) complex with LiCL® The
dissimilarity in conformation stems from the
various number of anti and gauche side-chains (only
one gauche chain in the Li-complex). It may be noted
that all side-arms bend off towards the corner
atoms. The same pattern was observed in the Li-
complex.

Fig. 2 is a stereoscopic view which illustrates the
hydrogen bonding system. The water molecule
donates its two hydrogen atoms to N1 and N3, and
accepts hydrogen bonds from the two gauche side-
arms. It is thus completely encapsulated
tetrahedrally. The hydroxyl groups of the anti chains
are involved in two inter-molecular hydrogen
bonds.

The principal thermal vibration ellipsoids for
non-hydrogen atoms correspond to maximum
rm.s. amplitudes between 0.13 and 0.25 A. The
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C—H and O —H bond distance ranges are 0.93 —
1.06 and 0.83 —0.88 A, respectively.

Lists of thermal parameters and observed and
calculated structure factors are available from the
author.
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