The Crystal Conformation of the
(1:1) Complex between Lithium
Thiocyanate and 10,10’-Ethylene
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technique.? [All programs used (except those for
phase determination) are included in Ref. 3.]
Hydrogen atom positions were calculated. Ani-
sotropic temperature factors were used for non-

Bis(1,4,7-trioxa-10-azacyclododecane) hydrogen atoms and weights in least squares were

at —130 °C
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The syntheses of organic ligands of two mono-
aza-12-crown-4 rings linked together by a single
alkylene bridge between nitrogen bridgeheads
have been reported.!
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When the free N,N’-bridged bis(1,4,7-trioxa-
10-azacyclododecane) is allowed to react with salt
solutions containing Li*, Na* or K* cations and
SCN™ anions, stable complexes are obtained.
Since no definite conclusions about ring con-
formations could be drawn from *C NMR
studies of the free ligand and its complexes,
X-ray crystallographic investigations have been
undertaken. The results for the LiSCN complex
are now presented.

The crystals of C;gH3¢N,O¢ - LISCN belong to
the monoclinic system with space group P2,/c and
cell dimensions 4=12.222(5), b=22.754(7),
c=16.482(4) A, P=100.02(2)°. There are two
independent complexes in the asymmetric unit
(Dyx=1.30 g cm™ for Z=8, D,,=1.24 g cm™).

With 26,,,,=50° and MoKa-radiation 8723
independent reflections were measured on an
automatic four-circle diffractometer at ca.
—130 °C. Using an observed—unobserved cutoff
at 2.50(I), 5087 reflections were regarded as
observed. No corrections for absorption or
secondary extinction were applied (crystal size
0.4x0.7%x0.2 mm).

The structure was solved by direct methods?
and refined by the full-matrix least squares

0302-4377/84 $2.50
© 1984 Acta Chemica Scandinavica

3 33 3]
o
N
]
o
3 93
o}
0
N -
(o]
e 63



338 Short Communications

€6 61

L3 3 3 3]

€3 3 3 33

€3 ¢1

Fig. 1. Schematic drawing showing the numbering of atoms.

calculated from the standard deviations in inten-
sities, o(l), taken as o(l)=[Cr+(0.02Cy)?*)3,
where Cr is the total number of counts and Cy
the net count. H-atoms were refined with isotro-
pic temperature factors. The final R-value was
42 % (Ry=3.6 %) for 5087 observed reflec-
tions. Maximum r.m.s. amplitudes range from
0.15 to 0.22 A. Final fractional coordinates for
non-hydrogen atoms are listed in Table 1.

Fig. 1is a schematic drawing of the ligands and
the Li* cations with their numbering. The bond
distances and angles are normal within estimated

error limits. From the list of torsion angles (Table
2), it may be seen that the four 12-membered
rings adopt three different conformations. One
from each complex has the most common
[3 3 3 3] conformation.* The [3 9] conforma-
tion of the third ring has been observed earlier,’
while the fourth, which may be described as
[666], corresponds to that of the free 12-crown-
4

Cation contacts together with the angles be-
tween them are given in Table 3. The typical
Li*---O distance for four-fold coordination is
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Table 1. Final fractional coordinates with estimated standard deviations for non-hydrogen atoms.
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Table 2. Dihedral angles with estimated standard deviations.

DIHEDRAL ANGLE ce)

C4 - 0O4{- C8 - C8® 80.5( B) C20 - N4 - Ci2 - C¢ Tr.9¢ B)

C8 - 04~ C4 - CB -478.2C 2) Ci8 - N4 -~ - C9 T0.8¢ B)

- 02~ C71- cC8 84.0( B) C20 ~ N4 - C45 - Ci4 -iS5.9( 2)

cT - - C8 - CS -i82.2( 2) C24 - NS - C28 - C21 5.2 B)

8 - 08 - C9 - ClO 98.9¢ 2) C28 - NS - C2¢ - C22 —{S8.7C 2)

cCs - 05~ 8- O —4T1.4C 2) C2¢ - NS - C29 - CS0 -{58.8( 2)
Ci4 - 04 - Ci5 - Ci8 -444.8( 2) C29 - NS -~ C2¢ - a%8.2( %)
C{S -~ 04 - Ci4 - C3 108.4( 2) C28 - NG - C29 - CB0 80.0t &)
Ci& - 08 - Ct7 ~ Ci8 180.4¢C 2) - NS - C28 - C27 -{44.4( 2)
C47T - 05 - Ci8 - CIS -182.0( 2) CS0 - N& ~ CSB4 - CB2 T8.2¢ B)
C® - 08 - Ci9 - C20 167.7t 2) CS{ - N8 - CS0 -~ C28 -45¢1.85( 2?
Ci9 - 08 -~ Ci8 -~ CI7 -80.7¢ B) CS0 ~ N8 - C38 - CS57 -1S8.4( 2)
c22 - 07 - C28 - C24 -{70.8( 2) C58 -~ N8 -~ C30 - C29 8z2.8( 2)
C2s - 07 - C22 - c21 24 .8( 3) C8( - NG - CB8 - CB7 T18.6t B)
C24 - 08 ~ C26 - C28 -88.4t 2) C58 -~ N8 - CS¢ - CB2 -158.9( 2)
C25 - 08 - C24 - C283 T18.8( ) NS -~ C8 - C4 - O 8T.7C )
c28¢ ~ 09 - C27 -~ C28 1689.0( 2) 0 - CS~- C8 -~ 02 88.2t 3)
C27 - 09 -~ C28 - C25 ~{56.0( 2) o2~ C1- C8 - OB 64.7( B)
CS52 - 010 ~ CS55 - CS+4 ~-168.8¢ 2) 0S8 - C8 - CiC - NS s7.8( 3)
CS5 - 040 - CS52 - CS4¢ 88 .2( 2) NS ~ C44 = C42 - N4 G4.4( 5)
CB4 ~ 044 - CB55 - CBS -i84.8( 2) N4 - C45 -~ Ci4 - 04 S8.4( 5)
C86 ~ 044 —~ CB4 ~ CBB 8.t B) 04 - C4S -~ C6 - OS Ti.5t B)
Cs8 - 042 - CB7 - Cs8 ~4T2.4¢ 2) 0S - C47T - C48 - OB -48 .4( 5)
CST - 042 -~ CS8 ~ CSS 0.4t 8) 08 - C49 ~ C20 - N4 -85.7( 8
CS -~ NS - Ci0 - C® -i68.2( 2) NS - C24 - C22 - 07 84.1t 3)
Cio - NS - C8 ~ C4 TT.¢¢ B) o7 - C28 - C24 - O8 84.9( B)
C8 - NS - Ci4 - CH2 7.8 2) 08 - C25 - C28 -~ 09 T4.0C 3)
Cit = NS - CS - C4 -ST.8¢ 21 08 - C27 - C28 - NS ~5T.7t 8)
Ci0 - NB ~ Ce¢ - Ci2 -{47.2¢ 2) NS - C29 - CS50 - N6 82.4t 3)
Cit -~ NS - Ci0O - C= 20.8¢ 5) N6 - CB{ - CB2 - 040 57.6( B)
Ci2 -~ N4 - CI5 - Ci4 82.2( B) 040 - OS5 ~ CB4 -~ 014 SS.5( 5)
CIS - N4 - C12 - CH¢ =458 .9( 2) o4 - - C58 ~ 012 ST.9¢ )
Ci2 -~ N4 - C20 - Ci9® -8B .4t 2) Q42 - CS7T - C58 - N6 57.9¢ 31

Table 3. Cation contacts together with the angles between them with estimated standard deviations.

DISTANCE tA? DISTANCE tR)

Li4e - 04 2.468C 5) Li¢{ - o2 2.287C 5)

LIt - O 2.092( S) Li4 - O« 4.988( S)

Li4 - NS 2.280¢ 5) LIt - N4 2.5668( B)

Li2 - 07 2.489¢ S Li2 - o0 2.485¢ 5

Li2 -~ Ot 2.260( B) Li2 - o012 2.224¢ B)

Li2 - Ns 2.454( 5) Li2 - N8 2.585¢ 5)

ANGLE (e ANGLE te)
Ot - LI4 - 02 T18.7C 2) Of - LI4 - OS 1125.4¢ 21
01 -~ LI4 -~ O4 94.8¢C 2) O4 = LI4 -~ NS T2y
Ot = LI4 -~ N4 120.5¢C 27 02 - Li4 - OS 18.8C 2)
o2 -~ LI4 - 04 84.7C 23 02 - LI« - NB 128.6¢ 2)
02 - LI4 - N4 184.9¢ 27 05 -~ Li4 - 04 i155.9¢ 2)
08 - LI4 - NS 84.4¢ 2) 08 - LI4 - N4 104.2¢ 2)
04 - LIt - NS 159.9¢ 2) 04 — LI4¢ - N« T8.9¢ 2)
NS - LI4 ~ N4 T8.6C 1) g7 - LI2 - Ot i48.40 2)
o7 - LI2 ~ 044 89.7( 2) 07 - LI2 -~ 012 as5.4¢ 2)
07T - LI2 -~ NS T8.7C 2) 07 - LI2 - N6 155.5¢ 2)
Q40 - LI2 - 044 T5.8C 2) cic - LI2 - 012 149.4¢ 21
0{Cc - LI2 -~ NS 108.7¢ 27 010 - LI2 - N6 T7.5C 2)
044 - LI2 - 042 T8.0C 2) O{4 - LI2 - NS 184 .4¢ 2)
044 - LIZ2 - N& 1222.9¢ 2) 012 - LI2 - NS 148.85C 2)
012 - LIZ2 - N6 T4.8C ) NE§ - LIZ2 - NS T840 O




1.97 A,” while the corresponding average bond
length for six-fold coordination is 2.16 A3 In the
cryptate complex C;4HgN,O,- Lil,°® where the
lithium ion is coordinated to four oxygen atoms
and two nitrogens, the average bond lengths are
Li*---0=2.13 A, and Li*---N=2.28 A, respec-
tively. Although the average Li*---O distance of
Table 3 (2.168 A) suggests hexacoordinated
lithium, the mean value of the four Li*---N
contacts (2.418 A) is indeed large, and the
coordination number of Li* in the present
complex is uncertain. The distances from Li* to
the planes of the four hetero atoms of the
[3 3 3 3]-rings are 1.00 A and 1.11 A, respec-
tively. Distances to corresponding planes of the
“partner” rings are 1.47 A and 1.70 A. The
contacts LI1---O4 (1.988A) and LI2---O7 (2.169
A), show that the “partner” rings have adopted
two different conformations, both offering satis-
factory penta-coordination conditions. Whether
the two remaining contacts, LI1---N4 (2.556 A)
and LI2---N5 (2.454 A), correspond to weak
interactions, cannot be judged.

Lists of thermal parameters, hydrogen atom
parameters, bond distances and angles and
observed and calculated structure factors are
available from the author.
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