Short Communications

The Crystal Structure of the

(2:1) Complex between 1,4,7,10-Tetra-
(2-hydroxyethyl)-1,4,7,10-
tetraazacyclododecane and Lithium
Chloride Dihydrate at —150°C

P. GROTH

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

The complexation properties of 1,4,7,10-tetra-(2-
hydroxyethyl)-1,4,7,10-tetraazacyclododecane have
been studied in various solvents by titration with dry
salt, monitored by !3C NMR spectroscopy.! The
13C signal for the ring carbons was found to move
only moderately upfield on complexation,
suggesting a similar ring conformation in the
hydrate and in the three cation complexes with Li*,
Na* and K*. The signals for the side-chain NCH,
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carbons on the other hand, indicated confor-
mational differences for the side-chains. In order to
clarify these conformational differences, the hydrate
and some cation complexes have been studied by
single crystal X-ray diffraction methods. The results
for the dihydrated (2:1) complex with lithium
chloride are now presented.

The crystals are monoclinic with space group
Pl;/n and cell dimensions a=10.3886), b
=19.719(5), c =11.778(12) A, B=91.00(5)°. There are
four formula units, (C, H;s0,N,)(LiCl), :(H,0),,
inthecell(D,=129gcm™3,D, =122 gcm™3).2387
observed reflections were recorded on an automatic
four-circle diffractometer at ca. —150°C (20,
=50°, MoKa-radiation, w-scan). The crystal size
was 0.3x0.3x0.1 mm, and no corrections for
absorption on secondary extinction were made.

The structure was solved by direct methods 2 and
refined by full-matrix least-squares technique.>*
Weights in least squares were obtained from the

*All programs used (except those for
determination) are included in this reference.

phase

Fig. 1. Schematic drawing of the ligand showing the numbering of atoms.
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Table 1. Final fractional coordinates with estimated
standard deviations. Hmn is bonded to Cm, HOm,
to Om, and HWmn to OWm.

ATOM X Y Z
cL1 .85730(11) .38664( 6) .43090( 3)
CL2 -T14642(041) .39245( B) .03965( 3)
LIt+ Jaz720 1) L13330 3) —-.2249C B8]
L2+ 93120 1) .g1840 3) -.7332C B)
ow ¢ 7280 3) .2865( 2) .2427C 4)
awz .8228(1 3) —-.0028C () —=.I379C 4)
[sh] .9146140 3) 16180 ) -.2036( 3)
02 .8510( 3) LSS50 1) L4970 2)
o3 .8202( 3) ~.0649(0 1) —-.47400C 3)
04 .9822( 3) 0881 1) -.5768( 2)
N4 .6996( 3) 23640 ) —-.2504C 3)
N2 .8308( 3 L4543 1) ~.0542( 3)
N3 .6299( 3 04180 1) 22470 21
N4 .8850( 3) .12890C 1) ~.4192( 2)
(o} ] .5885( S) .2548( 2) -.1806( 4)
cz2 .5963( S) 22720 21} .0803( 4)
Cc3 51720 4) St1240 2) -.08214( 3)
C4 .5556( 4) L0440 2) —-.1487C 3)
Ccs .5398( %) 0480 2) -.3225( 3)
ce .e0s0( <) 06530 2) —.4325( 3)
cT .BD24(1 %) .1880( 2) —.42514( 4)
c8 .B696( S) .2482( 2) -.3749( 4)
cs .8186( <) 27090 2) -.2128( 4)
cio 93470 %) 2284 29 - .2437( 4)
Cet .8789( <) L1389 29 .068142( <)
c12 .8178( %) .45780 2) .0782( 4)
c13 LT4250 4) ~-.01940 21 —.2301{(C 4)
Ci14 .8415( <) -.00s20 2) —-.17490 4)
c15 .I8144(0 4) .12880 2) -.50930 4)
ci8 .8270( 4) 08540 29 - .4819( %)
Htd 5120 3) 2370 2) -.2170C 3)
H12 .580( 3) -304( 2) —.183( 3)
H2 1 5140 <) 2380 2) -.02350 3)
H22 .663( 3) .2520 2) -.018C 31
H3 4 .4880 3) <1340 2) —-.1500 3)
H32 .480( 3) e 2) —-.04680 3)
H4 1 .4760 31 L0140 2) —. 4320 3)
H42 .610( 33 .022C 1) -.084( 3)
HS 1 .489( 3) .078C 11 -.308( 3)
HS2 .493( 3) .Qoot 2) -.329C 3)
HE 1 5830 3) 0620 ) -.493( 3)
He2 .658( 3) .0300 2) -.455( 3)
HT1 5140 4) .1780 2) -.387( 3)
H72 .581( 4) .1850C 2) -.807C 3)
H8 1 8170 3) .287C 2) -.373C 3)
182 .80 4] .2600 2) -.4100 3)
H9 1 .815( 3) 2780 21 —~.1280 3)
H92 .822( 3) LBATC ) -.246( 3)
H101 1.0150 4) .2500 2) —.2440 3)
H102 .94 %) .229C 2) -.325( 3)
Hi44 .663( 3) .089C 29 0770 32
Hi42 .20 3) L4590 1) -.4190 33
H1214 .8360 4] 2030 2) 0540 3)
H122 .BI8( 4) L4270 2) 0320 3)
HAi3 1 7250 3) —-.034C 2) -.308( 3)
H132 .869( 4) —-.085( 2) =.193( 3)
Hi41 .830( 4) 0120 2) —-.084( 3)
H142 .885( 3) .0300 2) ~.219C 3)
H151 .8130 4) T80 2) —-.515C 3)
H152 1381 4) 1120 2) ~.584( 3}
H16 ¢ .882( 4) .037C 2) -.488( 4)
H182 9430 3) L1080 2) —.4120 3)
HO 1 .9780 S L1500 23 —-.4730 S)
HOo2 .838( S) .188(0 3) .230( S
HO3 904 4) -.085( 2) -.1180 4)
HO4 1.048( %) .092¢ 21 - .566( 4)
UAR] .I83(0 B5) 3100 2) . 1880 4)
HWi12 .7480 S) .3040 2) 2950 4)
HW21 .829( 4) —-.0z280 2) —.1930 43
HW22 .815( 8} —-.022C 3) -.882( S)

standard deviations in intensities, a(I), taken as o(I)
=[C1+(0.02C )*]*, where Cis the total number of
counts, and C) the net count. Methylene hydrogen
atom positions were calculated while those of the
hydroxyl groups and the water molecules were
localized in a difference Fourier map. The form
factors were those of Hanson et al,* except for
hydrogen.® Anisotropic temperature factors were
introduced for O, N and C atoms. Standard
deviations in bond distances and angles were
calculated from the correlation matrix of the final
least-squares refinement cycle. The final R-value
was 5.4% (R, =3.8%) for 2387 observed reflections.

Final fractional coordinates with estimated
standard deviations are given in Table 1. Bond
distances and angles and torsional angles may be
found in Table 2. In Table 3 coordination bonds and
hydrogen bonds are listed. The dihedral angles of
Table 2 show that the ring conformation is
[3 3 3 3].5* There are one gauche and three anti

(3 33 3]

N —C—C-0 torsional angles. This is illustrated in
Fig. 1 which also shows the numbering of atoms. It
may be seen that the N — C — C planes of all four side-
chains are tilted towards the “corner” atoms of
the ring.

Fig. 2 is a stereoscopic view showing the complex
with the hydrogen bonding system. One of the
lithium cations is coordinated to four nitrogen
atoms and to the oxygen of the gauche side-chain.
The other is coordinated to three different anti side-
chain oxygen atoms of three different symmetry
related ligands, and to one of the water molecules. Cl
1 and Cl 2 receive four and three hydrogen bonds,
respectively, donated by the water molecules and
the side-arm hydroxyl groups. Finally, the third anti
side-chain hydroxyl group donates its hydrogen to
one of the water molecules. Bond distances and
angles have normal values within estimated limits of
error.

Maximum root mean squares anisotropic
thermal vibration amplitudes range from 0.15 to

* A shorthand notation for conformational type,
consisting of a series of numbers within brackets, each
giving the number of bonds in one “side”, starting with the
shortest. The direction around the ring is so chosen that
the following number is smallest possible.
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Table 2. Bond distances and angles and torsional angles with estimated standard deviations.

O1STANCE (R) DISTANCE Ry
g4 - ci0 1.428( B) 02 - c2 1.438( 5)
03 - ci14 1.434( 8) 04 - ci8 1.433( 8)
N{ -~ [of] 1.4720 8) N¢ — cs 1.484101 8)
N{ - C8 1.4720 6) N2 - c2 1.483( ©B)
N2 - C3 1.478( 8) N2 - C44 1.474C 8)
N3 - C4 1.479¢ 8) N3 - C5 1.474( 8)
N3 — C13 1.482¢ 6) N4 - CB 1.4750 B)
N4 - C7 1.481C 8) N4 - Ci5 1.472( 8)
c4 - c2 1.5490 T C3 - Cc4 1.820( 6)
cs - ce 1.5250 6) c7 - c8 1.508( T3
c9 - c4o 1.510C ) cCt4 - ci2 1.500( ©)
C13 - Ci4 1.508¢ 1) C45 - Cie 1.509¢ 1)
ANGLE (e) ANGLE (e)
ct - Nt - c8 110.2¢ 4) cYy - Nt - C9 112.50 4)
c8 - Ni{ - C9 112.20 4) cz - N2 - C3 110,10 4)
c2 - N2 - C11 108.9C 4) C3 - N2 - Ci1 140.20 3)
C4 - N3 - CS 109. 10 3) C4 - N3 - Ci3 109.90 4)
Cs - N3 - Ci3 141.80 %) C6 — N4 - C7 110.20 4)
C6 - N4 - Ci5 1092.2( %) C7T — N4 - CiIS 140.30 4)
N{ - Cc4 - c2 115.80 4) N2 - c2 - cCi 145.7C 4)
N2 - C3 - C+4 144,680 43 N3 - C4 - C3 112.00 4)
N3 - C5 - C6 112.90 4) N4 - CB - CS 112.00 4)
N4 - C7 - c8 144,00 4) N{ - c8 - C7 144.50 4)
N4 — €3 - cio 110,20 ) 01 - Ccto0 - C9 108.5( 4)
N2 - C14 - CH2 112,40 4) 02 - Ci{2 - Ci1 109.7C 4)
N3 - C43 -~ CH4 140.00 4) 03 ~ Ci4 - Ci3 (44,30 %)
N4 — C45 - Ci6 112,30 4) 04 — Ci16 ~ CIi5 108.0C 4)
DIHEDRAL ANGLE te)
Ci - Nt - C8 - C7 -85.8( 5)
c8 - Nt - ci{ - c2 164 .50 %)
Ct - Nt - C8 - Cto 153,40 4)
. €9 - N{ - Ct1 - cC2 -69.4( S)
C8 - Nt - C9 - Ci0 -81.9( 5)
C9 - Nt - c8 - C7 148.0( 4)
C2 - N2 - C3 - C4 159.3(0 4)
C3 - N2 - C2 - CHt -78.4( 5)
C2-— N2 - Ci4 - Ci2 -81.7t S) .
Ci1 - N2 ~ Cc2 - Ct 18Q.TC %)
C3 - N2 - C{4 - C12 157.50 4)
C41 - N2 - C3 - C4 -80.6( S)
C4 -~ N3 - C5 - C6 165.10 4)
Cs - N3 - Cc4 - C3 -82.2( S)
C4 — N3 - C13 - Ci4 -89.7( 5)
Ci3 - N3 - C4 - C3 154 .9 %)
CS - N3 - Ci13 - Ci4 148.0( %)
Ci3 - N3 - C5 - C6 -73.10 5)
CE - N4 -~ C7 - c8 159.9( 4)
C7T - N4 - C8 - C5 -79.7C s5)
C6 - N4 - C{S - Ci6 -81.2( S)
Ci5 - N4 - CB - C5 159.0( %)
C7T - N4 - Ci5 - Ci8 157.50 4)
C45 - N4 - €7 - cC8B -79.4( 5)
Nt - Ct - c2- N2 -47.7C &)
N2 - C3 - C4 -~ N3 -63.7( 5)
N3 - C5 - C6 - N4 -51.9( 5)
N4 - CT7T - C8 - Ni -61.4( S5)
N{ - C9 - c10 - 01 -54.00 S)
N2 — C44 — C12 - 02 1687.50 4)
N3 - Ct13 - C14 - O3 175 .50 4)
N4 = C15 - Ct6 - 0% 177.50 4)
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Table 3. Coordination bond distances and hydrogen bond distances with estimated standard deviations.

DISTANCE (A)
CL4 — OwWH1 5.2430C 4)
cL4e - 01 3.0960 4)
cL2 - oW1 5.184( 512
cL2 - 04 3.068( 4)
LI4+ — N4 2.079C 8)
LI4+ — N3 2.151( 8)
LiI2+ — Ow2 1.927C 91
LI2+ - 03 1.941C 8)

ow4s - 02 2.7684( S)

DISTANCE (@9
CL{ - OW2' 3.459( 5)
CL{ - O03' 3.406( 4)
cL2 - ow2' 3.207( 5)

Llt+ - O 1.948( 8)
LI4+ - N2 2.346( 8)
LI4+ - N4 2.347( 8)
L2+ - o02' 1.943( 8)
Li2+ - 0% 1.922( 8)

Fig. 2. Stereoscopic view of the complex illustrating the type of coordination and the hydrogen bonding

system.

0.22 A. C—H bond distances lay between 0.93 and
1.04 A while O —H range from 0.70 to 0.81 A.

Like for the Li-complexes of the 6-crown-18-
ether,” the conformational problem for the ligand in
a(1:1) water-free complex with Li* is not settled. In
fact, considerable effort has been put into attempts
to solve the structure of the (1:1) complex with
LiSCN. It is, however, highly disordered, and no
definite conclusions about the ligand conformation
could be drawn.

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