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Fig. 2. Dessin de la structure vue selon [001]. Les traits les plus fins
représentent les liaisons hydrogéne.

Rodier, 1987), ses homologues mesurent, I'un 30,8 (3),
’autre 38,4 (3)°. En premiére approximation, le plan
PtCI(1)C(3) Iplan P(III)] est plan de symeétrie pour le
cycle et, par suite, pour le cation. En effet, N(1)N(5) et
C(2)C(4) sont sensiblement perpendiculaires a P(III)
car les angles que font les plans P(I), P(II) et
C(Q)C(3)C(4) avec P(III) valent respectivement
89,9(1), 89,9(1) et 89,4(2)°. En outre, les distances a
P(III) des atomes qui se correspondent a travers ce plan
different de moins de 0,2 A. Il en résulte que le cation
n’est pas trés éloigné de la symétrie C,;,. Les liaisons
C—N et C—C ont des longueurs voisines de celles de
leurs homologues respectives dans le chlorure de
propanediammonium-1,3 (Brisson & Brisse, 1981) ou
dans le chlorure de bis(propanediamine-1,3)platine(II)
déja cité.

Acta Cryst. (1988). C44, 68-73

[PtCl,(C,H,,N,),ICl,.4H,0

Chacun des anions Cl- a pour voisins immédiats
quatre molécules d’eau et deux cations auxquels il est
uni par des liaisons hydrogéne O—H---Cl et N—H---Cl.
Chaque molécule d’eau participe a la réalisation de
deux liaisons O—H:--Cl et d’une liaison N—H---O. Les
longueurs et les angles des liaisons hydrogene sont
rapportées dans le Tableau 2; les liaisons hydrogéne
sont representées dans le dessin de la structure vue
selon [001] (Fig. 2).
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and Barium Thiocyanates
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Abstract. (1): 1,4,7,10-Tetraoxacyclododecane—calcium
thiocyanate dihydrate, C4H,,0,.Ca(SCN),.2H,0, M, =
368-49, orthorhombic, Pbc2,, a=7-505(2), b=
16-580 (14), c=40-262 (23)A, V' =5010(5) A3, Z

0108-2701/88/010068-06$03.00

=12, D,=1.47gem™3, A(Mo Ka)=0-71069 A, u
=6-30cm™!, F(000)=2328, T=291K, R=0-064
for 2539 observed reflections. (2): 1,4,7,10-Tetraoxa-
cyclododecane—strontium  thiocyanate  dihydrate,

© 1988 International Union of Crystallography
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C;H,,0,.Sr(SCN),.2H,0, M,=416-02, ortho- 2518 (2) A3, Z =4, D,=1.60gcm3, A(MoKa)=
rhombic, Pbc2,, a=7-679 (1), b=16-671(2), c= 0-71069 A, £=18:29cm~!, F(000)= 1224, T=
40-664 (6) A, V=5206(1)A% Z=12, D,= 291K, R=0-030 for 1732 observed reflections. The

1.59gcm™3, A(CuKo)=1-5418 A, u=70-95cm,
F(000) = 2544, T=291K, R =0-054 for 4078 ob-
served reflections. (3) 1,4,7,10-Tetraoxacyclodode-
cane-barium thiocyanate (2/1), 2C4H,,0,.Ba(SCN),,
M, =605-93, monoclinic, Cc, a=11-383(3), b=
14.279 (5), c¢=15-524 (1) A, B=93.67(3)°, V=

structures of (1) and (2) are isomorphous with three
complexed units in the asymmetric part of the unit cell.
Both Ca?* and Sr?* ions are eightfold coordinated in a
square antiprismatic geometry. Four of the coordi-
nated atoms belong to the crown ether approximating a
square with sides 2-71 (2) A in (1) and 2-75 (1) A in

Table 1. Atomic coordinates (x 10*) and equivalent isotropic temperature factors (A?) for (1)

— 8,2V N * %
B, =3m ;Uatafa,.a,.

—i—j
Molecule 4 Molecule B Molecule C
x v z B, x y z B, x y z B,
Ca 2050 (3) 1125 () 0 2-3(1) 2030 (3) 1106 (1) 3344 (1) 2.0(1) 2102 (3) 827(1) -3328(1) 2:2(1)
S(h 5071 (5) -1358 (2) 554 (1) 4-4(1) 4793 (5) -1462 (2) 3908 (1) 3-4(1) 5085 (5) 1184 (2) -2182 (1) 3.5(1)
S(2) 5231 (5) 1505 (2) 1130()  3.8(1)  5309(5) 1362 (2) 4467 (1) 3.4(1) 4829 (5)  -1742(2)  -2759(1) 3.6 (1)
N 3020(17)  -227(6) 216(3)  4-3(2) 3401 (15  —181(6) 3546 (3) 3.9(1) 3007 (16)  1174(1)  -2752(3) 4.5(2)
N(2) 3005 (14) 1451 (7) 582(3)  3.9(1) 2968 (15) 1401 (6) 3919 (3) 3.8(1) 3348 (14)  -455(6)  -3109 (3) 3.4(1)
o(n -117(15) 2207 (D) 179 (4) 12-8(2) —580 (9) 302 (4) 3579 (2) 2:2(1) -631(12) 138 (5) -3079 (2) 4.3(1)
0(2) 954 (15) 1919 (11) —-477(4) 12.6 (2) 418 (10) 269 (4) 2923 (2) 2-8(1) --430 (13) 1756 (3) -3167(2) 4.5(1)
0(3) 155 (18) 366 (8) -402(4) 11-2(2) 491 (10) 1901 (4) 2873 (2) 3.1() 643 (13)  1537(6) -3812(2) 4.8 (1)
0(4) -808 (17) 670 (11) 216 (4) 11-0(2) —608 (11) 1947 (4) 3526 (2) 3-2(1) 460 (12) -68 (5) -3719(2) 4.0(1)
o(5) 4164 (100 2222 (5) -27(2)  3.5(1)  3501(12)  2372(5) 3321 (2) 4.3 (1) 4431 (11) 477(5)  -3713(2) 3.5(1)
0(6) 4148 (12) 613 (5) -387(2) 4.2(1) 4357 (10) 829 (5) 2947 (2) 3-1(h 3743 (13) 2079 (5) -3373(3) 5-2(1)
C(n -1147(22) 2608 (10) -32(5) 10-6 (2) —1527(15) -194 (7) 3354 (3) 2-9(1) 2129 (21) 590 (10)  -2979 (5) 69 (2)
C(2) 278(20) 2843 (8) -313(4)  5.0(2)  -=307(17)  —444(7) 3076 (3) 3.0(1) -1558(22)  1435(9)  -2916(4) 6-4(2)
c@) --282 (25) 1886 (12) -692 (5) 9-9(2) —743 (16) 621 (8) 2676 (3) 3-9(2) --1322 (29) 2138 (10) -3433 (5 7-5(2)
C(4) 283 (20) 920 (8) -773(3)  4.4(2) 232(17)  1397(8) 2579 (3) 3.7(2) -223(26)  2299(9)  -3705 (4) 7.6 (2)
C(5)  -1494(22) 204 (12)  -423(5)  9-5(2) —1128(18)  2388(7) 2969 (3) 4.1(2) -188(24)  1075(12) 4056 (4) 7-7(2)
C(6)  —-1397(19) —117(9) -39(4)  5.3(2) —907(20)  2617(8) 3309 (4) 5.1(2) 438 (33) 301 (11)  —4055 (4) 10-7(2)
C(N -2363(22)  1012(9) 266(S)  8.2(2) —2208(16)  1542(7) 3623 (3) 3.2(2) -1066 (22)  -442(10) -3611(5) 7.2(2)
C(8)  -1451(17)  1835(8) 4143)  4.2(2) -1706 (17 779 (7) 3800 (3) 3.6(2)  -1159(22)  -575(8)  -3262(4) 5.9(2)
ot} 3869 (15)  -678(7) 358(3)  2.6(1)  3986(17) —711(7) 3685 (3) 3.2(2) 3866 (16)  1175(6) 2522 (3) 2.5 (1)
C(10) 3909 (16) 1482 (7) 800(3)  2:6(1) - 3950(18) 1403 (6) 4149 (3) 3.3(2) 3983 (14)  -976(T)  -2955 (3) 2:2(1)
Table 2. Atomic coordinates (x 10*) and equivalent isotropic temperature factors (A?) for (2)
B, =4§mY, YU ata}a.a;
Molecule 4 Molecule B Molecule C
x y z B, X y z B, y z B,

Sr 2049 (1) 1096 (1) 0 2-3(1) 1997 (1) 1114 (1) 3345 (1) 2:4 (1) 2065 (1) 849 (1) -3326 (1) 2-5(1)
S(1) 5127(4)  -1403 (2) 557 (1) 4.8(1) 4799 (4)  —1494 (2) 3911 (1) 3.9(1) 5152(3) 1166 (2) 2186 (1) 3.8(4)
S(2) 5305 (3) 1460 (2) 1127 (1) 4-2(1) 5359 (4) 1382 (2) 4457 (1) 4-1(1) 4877 (4) -1754 (1) -2753 (1) 3.94)
N(1) 2959 (11)  -310(6) 232 (2) 5.0 (1) 3361 (11) 243 (6) 3551(2) 4.8(1) 2999 (12)  1247(6)  -2728(2) 4.8 (1)
N(2) 3013(11) 1459 (7) 605 (2) 5-0(1) 2949 (11) 1459 (6) 3951 (2) 4.7(1) 3358 (11) -499 (5) -3096 (2) 4.7(1)
o -351(15) 157(9) -277(3) 3-9(2) -737(7) 294 (4) 3571 (1) 2.8(1) --761(9) 120 (5) -3082 (2) 4.8 (1)
0(2) =949 (15) 1020 (8) 287 (3) 3-6(2) 337(7) 238 (4) 2918 (1) 34(1) =663 (9) 1749 (5) =3177(2) 4.9 (1)
0(3) 134 (16) 2434 (8) -16 (3) 3-7(2) 290 (7) 1872 (4) 2868 (1) 341 428 (10) 1532 (5) -3815(2) 5-1(1)
0o(4) 738(16) 1570 (8) -565(3) 3-8(2) —805 (8) 1936 (4) 3520 (2) 3.5(8) 339 (8) -87(5)  -3723(2) 50 (1)
O(5) 4165 (8) 2252 (4) -22(2) 4-1(1) 3480 (10) 2482 (5) 3316 (2) 4.7(1) 4468 (8) 487 (5) -3731 (1) 4.2(1)
0(6) 4170 (8) 562 (5) —413 () 4.5(1) 4397 (8) 810 (4) 2935 (1) 3.8(1) 3676 (11)  2197(5)  -3369(2) 5.9 (1)
C(D 1527 (28) ~-143 (19) -20(7) 4.4 (3) —1680 (13) ~190 (8) 3346 (2) 4-7(1) -2255 (15) 572(10)  -2986 (4) 7-4 (1)
C(2) -2338 (21) 559 (12) 143 (5) 4.1(2) —452(12) —433 (6) 3067 (3) 4-0(1) 1729 (17) 1398 (10) -2935(4) 7-4 (1)
C(3)  —1393(25)  1815(16) 408 (8) 4-2(3) —-813(13) 634 (6) 2669 (2) 4.4(1)  —1515(17)  2100(10) —3422(3) 7-1(1)
C4) 1484 (25) 2441 (17) 122 (6) 5.71(3) 67(14)  1397(7) 2582 (2) 4.5(1) -541(22)  2214(11) 3711 (4) 9.1 (1)
C(5) 72(23)  2811(13)  -335(5) 3.2(2) —1264(14)  2335(7) 2958 (3) 5.0 (1) -421(19) 1044 (10) —4051 (3) 7.4 (1)
C(6) --380 (24) 2276 (14) —600 (5) 5-2(3) —1162 (14) 2588 (7) 3306 (2) 4.8(1) 187 (20) 204 (10) -4046 (3) 7.7(1)
()] 178 27) 869 (15) —1756 (8) 4.2(3) —2371(13) 1518 (7) 3620 (3) 4.3 (1) —1116 (17) -460 (10)  -3628 (4) 8-1(1)
C(8) 1184 (22) 443(13)  -560(5) 4.5(Q)  —1804(12) 766 (7) 3788 (3) 4.3(1)  -1269(17)  -562(8)  -3273(3) 7-1(1)
C(9) 3915 (12) -753(5) 374 (2) 3-6(1) 3977 (10) -757(5) 3707 (2) 3.0(1 3855 (11) 1211 (5) —-2505 (2) 3-2(1)
C(10) 3955 (12) 1455 (5) 821 (2) 3.3(1) 3942 (13) 1418 (5) 4167 (2) 3:4(1) 4004 (10) -1011(6) -2948 (2) 3.3(1)
o(1") 183 (14) 445 (8) -459 (3) 3-5(2)

0(2") --963 (14) 491 (8) 174 (3) 3-4(2)

0(3)  -391(14)  2152(8) 176 (3) 3.4(2)

04') 788 (15) 2095 (8) —450(3) 3.8(2)

c()y 1561 (21) 130(13)  —374(5) 4.4(2)

C(2) 1435 (27) —135(18) -54 (7) 4.3(3)

C(3) -2385Q22)  1015(13)  277(5)  4-4(2)

C@4)  -1699(23) 1786 (15) 395 (7) 3.6 (2)

C(5" -1221(20) 2680 (12) —48 (5) 3.9(2)

C(6") 351 (24) 2875 (15) —279 (6) 4.3(3)

C(7)  -262(25)  1820(14)  —710(5) 5-3(3)

C(8") 200 (27) 989 (14) —769 (8) 3.9(3)
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(2). The remaining two O and two N atoms in the
coordination polyhedron belong respectively to water
molecules and thiocyanate anions. The Ba?* ion with
coordination number ten is sandwiched between two
polyether rings. Two thiocyanate anions coordinated on
one side of the complex complete the coordination
polyhedron. In all three complexes, the crown ether
exhibits a conformation of approximate C, symmetry.

Introduction. The complexation of linear and cyclic
polyethers (‘glymes’ and ‘crown ethers’) with alkali and
alkaline-earth salts can be conveniently studied by
simple titration monitored by '3C NMR spectroscopy.
The chemical shift of each C atom is very sensitive to
the conformational changes that take place going from
the free ligand to the complexed ligand (Dale, 1980). To
be able to interpret the shift displacement in terms of
conformational changes, it is necessary to have as
references accurately known crystal structures of both
the free ligands and of complexes. The alkaline-earth
thiocyanate complexes turned out to be particularly
favourable, as they had sufficient solubility and were
easy to obtain in the crystalline form (Yanagida,
Takahashi & Okahara, 1978; Dale, Krane &
Thomassen, 1984).

In preceding papers we have described 11 X-ray
structures of the glyme complexes of Ca, Sr and Ba
thiocyanates (Wei, Tinant, Declercq, Van Meerssche &
Dale, 1987a—e) and we now report the structures of
some crown ethers complexed with the same alkaline-
earth metal ions. In this first communication three new
complexes of 12-crown-4 are described: the dihydrated
isomorphous 1:1 calcium and strontium thiocyanate
complexes, (1) and (2), and the anhydrous 2:1 barium
thiocyanate complex, (3).

Experimental. Crystals obtained by slow evaporation
from water/ethanol for (1) and (2), water for (3).
Crystal sizes: (1) 0-15x 0-15 x 0:20, (2) 0-197 x
0-148 x 0-234, (3) 0-272 x 0-240 x 0-240 mm. Lat-
tice parameters refined using 15 (1), 24 (2) and 15 (3)
reflections in the range 5 < 26 < 30°. For (1) and (3)
Syntex P2, diffractometer, graphite-monochromatized
Mo Ko radiation, w scan, scan width 1.3°, scan rate
1.3-30° min~!, [(sind)/A],.x =0-561 A1, For (2)
Huber four-circle diffractometer, graphite-monochro-
matized Cu Ko radiation, 6/20 scan, scan width
2.2° +0-4°tané, scan rate 2—20°min— [(sinf)/A]ax
=0-60A-'. For (1) 3779 independent Akl
reflections measured (0 <h <8, 0<k<18, 0<i<
44), 2539 observed [criterion I >2.56(I)]. For (2) 4747
hkI measured (0 <h <9,0<k <19,0 <!<48),4078
observed. For (3) 1872 hk+! measured (0 <h < 12,
0<k<l16, —16 <l<16), 1732 observed. Standard
reflections 329 (1), 213 (2) and 441 (3) checked every
50 reflections: no significant deviation. Absorption
corrections: none for (1), numerical corrections for

C4H,,0,.Ca(SCN),.2H,0, C4H,0,.Sr(SCN),2H,0 AND 2C,H,0,Ba(SCN),

crystal defined by its faces for (2) and (3) using
SHELX76 (Sheldrick, 1976); max./min. transmission:
0-456, 0-336 (2); 0-696, 0-658 (3). The structures of
(1) and (3) were solved first by locating the cation [and
S atom in (1)] from an E x F Patterson map and then
applying direct methods on the unknown part of the
structure using SHELXS86 (Sheldrick, 1985) and
DIRDIF (Beurskens, Bosman, Doesburg, Gould, Van
den Hark, Prick, Noordik, Beurskens & Parthasarathi,
1981); structure of (2) is isomorphous with that of (1).
Anisotropic [block cascade for (1) and (2)] least-
squares refinement with SHELX76 (Sheldrick, 1976)
on F. For (1) and (2) one of the three independent
crown ethers (labelled 4) was disordered; O and C
atoms of this ring were refined isotropically with
constrained O—C and C—C distances. Only for -
complex (2) was the disorder solved: two positions for
O and C atoms with occupation factors 0-5 were
refined. Six H atoms belonging to water molecules of
(1) were located on a difference Fourier synthesis; all H
atoms of the crown ether rings were calculated with
C—H=1.08 A, H-C—H = 109-5°. 588 (1), 558 (2)
and 283 (3) LS parameters. Weights w = [c2(F) +
gF?-1; g=0.00035 (1), 0-01155 (2) and 0-0019 (3).
(1) R =0-064, wR =0-058, S=3-71 for 2539 ob-
served reflections. (2) R =0-054, wR =0-062, S =
0-71 for 4078 observed reflections. (3) R =0-030,
wR =0-034, § =1-02 for 1732 observed reflections.
(4/0)max in final refinement cycle: (1) 0-39 [z of atom
C(6B)], (2) 1-15 [U,, of atom C(6C)], (3) 0-62 [x of
atom C(5B)]. Max. and min. heights in final Fourier
synthesis 0-63, —0-29 (1), 1.64, —1.46 (2), 0-61,
—0-39e A-3(3) (largest peak close to the cation).
Atomic scattering factors from International Tables for
X-ray Crystallography (1974).

Discussion. Final atomic parameters for the three
structures are given in Tables 1--3.* Stereoscopic views
of each complex depicting the atom-numbering scheme
are presented in Figs. 1-3 (program PLUTO, Mother-
well & Clegg, 1978). The structures of (1) and (2)
are isomorphous and each have three independent
complex subunits, labelled 4, B and C, in the
asymmetric part of the unit cell. In both cases one of .
the crown ethers (4) was disordered, but only for (2)
was it possible to distinguish its two positions. As a
consequence, the geometrical parameters of the poly-
ether rings are poorly determined and a relatively large
dispersion of individual bond lengths and angles is
observed. The weighted average values in each ring for

* Lists of structure factors, anisotropic thermal parameters,
H-atom parameters, bond lengths and angles and mean-plane data
have been deposited with the British Library Document Supply
Centre as Supplementary Publication No. SUP 44394 (64 pp.).
Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CHI1 2HU, England.
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Table 3. Atomic coordinates (x 10*) and equivalent
isotropic temperature factors (A?) for (3)

LS * ¥
B, =5%m2,2,U,atataa,

—ivij
x y z th

Ba 0 515 (1) 0 3.0(1)
S(1) =179 (5) 3642 (4) 2051 (3) 5.8(1)
S(2) 230 (5) 3616 (4) —2042 (3) 5-8(1)
N() 559 (11) 2029 (9) 1069 (9) 6-9(1)
N(2) 628 (10) 2010(7) ~1041 (7 4.6 (1)
o(14) -1015 (8) 185 (7) ~1757(7) 6-7(1)
0(24) -1009 () ~1277(6) —606 (5) 5.4(1)
0(34) -2194 (8) ~243 (6) 644 (6) 7-1(1)
0(44) ~2346 (1) 1207 () —623 (6) 6-3(1)
C(14) 867 (9) ~816(7) —1947 (8) 6-4(1)
cQA) -1515(9) —1480 (7) —1431 (6) 6:0(1)
C(34) -1713(8) ~1690 (7) 69 (7) 5.6 (1)
C(d4) -2706 (9) ~1083 (7) 267 (8) 7.0(1)
C(54) -3053 (8) 526 (6) 568 (6) 4.9 (1)
C(64) -3384 (8) 793 (9) -334(6) 6-2 (1)
C(14) -2338(7) 1389 (6) —1561 (5) 4.8 (1)
C(84) ~2155(9) 517(7) —2018 (7) 6-1(1)
C(9 -447 (10) 2686 (6) 1505 (8) 4.2(1)
C(10) 410 (10) 2695 (7) ~1414 (7) 4.1(1)
o(1B) 1202 (7) 387 (5) 1700 (6) 4.9(1)
0(28) 2404 (8) 1085 (7) 429 (5) 5.8(1)
o3B) 2058 (7) —466 (6) —571(6) 6-1(1)
0(4B) 898 (10) ~1221(8) 773 (8) 8-6 (1)
C(1B) 2085 (10) 1132 (11) 1857 (10) 9.7(1)
C(2B) 3034 (9) 1046 (9) 1260 (8) 6-8 (1)
C(3B) 3184 (12) 805 (9) ~270(12) 9.0 (1)
C(4B) 3198 (12) ~195 (10) —492 (11) 10-1 (1)
C(5B) 2019 (14) ~1526 (10) -387(7) 10-9 (1)
gégg; ‘33; E}g; —{?(7)3 i%) 1222 EQ 3'}, E:; Fig. 1. Stereoscopic views of complex (1) (molecule 4): (a) top view
C(88) 1567 (11) 443 (6) 2136 (7) 6.4 (1) and atom numbering, (b) side view.

C—C [1-471(22), 1-481 (13), 1-470 (3) A] and C—-O
[1-441 (9), 1-424 (10), 1-448 (14) A] distances and for
C—C—-O [109-6 (8), 110-7 (8), 108-3 (12)°] and C—
O—C [114.4 (9), 113-1(6), 111-6 (9)°] bond angles
compare quite well with those reported for other
12-crown-4 metal-ion complexes (North, Steiner, van
Remoortere & Boer, 1976).

The complexes of Ca?* (1) and Sr** (2) are very
similar and have a structure that is completely different
from that observed for the Ba>* complex (3). Only one
crown is coordinated to the cation in (1) and (2), while
a sandwich-type 2:1 complex is observed for (3).

In each of the three independent complex subunits of
(1) and (2), the cation is eightfold coordinated in an
approximate square antiprismatic geometry. The four
coplanar ether O atoms form a square with average
O.-.0O distances of 2-71 (2) A in (1) and 2:75 (1) A in
(2). Two O atoms belonging to the water molecules and
the two N atoms of the thiocyanate anions are located
approximately on the apices of the second square with
side 3-00 (2) and 3-20 (2) A respectively for (1) and
(2). The cation is located ~1.6A (Ca2*) or
1.8 A (Sr?*) above the mean plane of the ether O
atoms. The coordination distances are compared in
Table 4. The mean values of the distances between the
cation and the O atoms of the polyether are respec-
tively 2-526 (12) A for (1) and 2-641(8) A for (2).
These values are those expected when the effective ionic
radii (1.12 A for Ca?*, 1-26 A for Sr?*) are considered
(Shannon, 1976). The average Ca-.--O distance is
similar to that observed for the 12-crown-4.CaCl,

Fig. 2. Stereoscopic views of complex (2) (molecule B): (a) top view
and atom numbering, (b) side view.

Fig. 3. Stereoscopic view of complex (3) and atom numbering,



72 C,4H,,0,.Ca(SCN),.2H,0, C4H,0,Sr(SCN),.2H,0 AND 2C,H,,0,.Ba(SCN),

Table 4. Coordination distances (A)

(Hh)M=Ca Q)M =Sr (3)M = Ba

A B C A A’ B C
M. .N(1) 2.512(11)  2.505(11)  2.481(11) 2-621(10) — 2:630(10) 2-618(8) 2.823 (1)
M .-N(2} 2.509 (10) 2-470(11) 2.483(10) 2-639(8) — 2:632(8)  2:629 (9) 2-798 (8)
M+...0(1) 2.526(12) 2-551(7)  2-552(9)  2-668 (13) 2-593(12) 2:670(5) 2-677(7)  2-931(9) 2-899(8)
M3+-..0(2) 2.469 (15) 2-502(8) 2-529(9)  2-583(11) 2.620(11) 2-603(6) 2:647(7)  2-935(8) 2-892(9)
M2+...0(3) 2.495(15) 2-581(8)  2-528 (10) 2-673(13) 2:669 (12) 2-659(6)  2:615(7)  2-954(9) 2-916(8)
M?...0(4) 2.434(13) 2.530(8) 2.490(9) 2-632(12) 2.656(13) 2.649(6) 2:608 (7)  2:952(8) 2-910(10)
M3 ...O(5)(w) 2.417(8) 2:374(9) 2-408(9)  2-522(6) — 2.551(8) 2-547(8) —
M3t 0(6)(w) 2.373(9) 2:410(8) 2:420(9)  2-501(6) — 2-535(6) 2-571(6) —

Table 5. Torsion angles (°) in the polyether ring (o = 3°)

(1)

A B o
C(8)-0(1)-C(1)-C(2) —169 162 —158
O(1)-C(1)-C(2) 0(2) 64 —56 46
C(1)-C(2-0(2)-C(3) 88 -84 89
C(2-0(2)-C(3)-C(@) —170 175 —168
0(2)-C(3)-C(4)-0(3) 57 —-58 55
C(3)-C(4)>-0(3)—C(5) 86 —81 92
C(4)-0(3)-C(5)—C(6) —169 160 —161
0(3)-C(5)—C(6) O(4) 62 =55 49
C(5)—C(6)-0(4)-C(T) 84 —82 87
C(6)-0(4)—-C(1)-C(8) —165 171 —163
0(4)-C(7)—-C(8)-0(1) 55 -56 46
C(7-C(8)-0(1)-C(1) 81 -85 97

complex (2-525 A) (North et al., 1976) and the average
Sr---O distance is comparable to that observed in the
triglyme.Sr(SCN), complex [2-660 (8) Al (Wei et al.,
1987b), these two complexes also having a square
antiprismatic geometry. As can be seen from the
torsion-angle values listed in Table 5, the 12-crown-4
ring adopts a conformation of approximate C, sym-
metry (torsion-angle sequence ag*g* ag*g* ag*g*
agg®) in all three independent subunits of both
complexes. This quadrangular [3333] conformation is
also the most stable one for cyclododecane itself (Anet,
Cheng & Wagner, 1972), and it is the most common
one for 12-crown-4 metal-ion complexes, having been
observed for complexes with NaCl, NaOH, LiSCN and
CaCl, (van Remoortere & Boer, 1974; Boer, Neuman,
van Remoortere & Steiner, 1974; Groth, 1981; North
et al., 1976).

In the case of the anhydrous Ba(SCN), complex (3),
the Ba?t cation is tenfold coordinated. The cation is
sandwiched between two 12-crown-4 rings which are
not parallel. The tilt allows the two anions to be
attached from the same side, thus completing the
coordination polyhedron. The four ether O atoms
within each ring are coplanar, the maximum deviation
from the mean plane through O(1)O(2)0(3)O(4) being
0-054 A in crown 4 and 0-028 A in crown B. The
cation is located at an equal distance (2-17 A) from
each plane. In this configuration the SCN and the ether
O atoms of each crown are related by a twofold axis
passing through the Ba?* and oriented along b.
However, the C atoms do not respect this symmetry
element as the two quadrangular ring conformations
have opposite chirality, all eight gauche angles being
positive in one ring and negative in the other (Table 5);
space group C2/c is thereby excluded. The mean planes
through the ether O atoms of A4 and B form a dihedral

2 3)

A A B C A B
=175 —163 162 —154 -170 84
—61 60 —55 46 —62 57

169 80 -82 89 166 —168
—80 —158 170 —160 —84 90
—60 48 —59 47 -66 47

164 92 —83 95 159 —154
—-87 -172 161 —155 —64 89
—49 66 -52 44 -69 64

165 77 —86 93 169 —174
—-83 —166 169 —162 =76 73
—65 51 -58 42 —65 57

169 84 —-82 99 162 —166

angle of 43° (Roberts & Sheldrick, 1975) so that the
distance O(24)---O(4B) is very short [2:95 (1) Al.
The Ba---O coordination distances [mean value
2-924 (8) A] are slightly longer than usual, as shown by
comparison with the value 2-904 (8) A observed in the
heptaglyme complex with the same coordination num-
ber for Ba (Wei et al., 1987¢); this indicates a less tight
folding for the sandwich structure described here.

It is remarkable that the 12-crown-4 conformation
stays practically unchanged in the nine independent
molecules reported here, although they interact with
cations of three different sizes (Table 5). The averaged
values for the torsion angles of the ‘monomer’ unit are:
in the Ca?t complex (1) ¥166, +55, +86°; in the Sr?*
complex (2) F164, +54, +85°; and in the Ba?*
complex (3) ¥165, +61, +79. As always, the COCC
gauche angle is much wider than the adjacent OCCO
gauche angle.

There are no obvious linkages between the complex
units in any of the three structures.

YYW, BT, J-PD and MVM thank the SPPS,
Belgium, for financial support.
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Abstract. (1): 1,4,7,10,13-Pentaoxacyclopentadecane—
calcium thiocyanate monohydrate, C H,,0,.Ca-
(SCN),.H,0, M, =394.52, monoclinic, P2,/c, a=
15-515(4), b=8-574(3), c=14-282(3)A, =
102-12 (2)°, V=1857.509)A3, Z=4, D,=
1.41 gcm=3, A(Mo Ka)=0-71069 A, u=5-70cm™,
F(000) =832, T=291K, R=0-037 for 2352 ob-
served reflections. (2): 1,4,7,10,13-Pentaoxacyclo-
pentadecane-magnesium  thiocyanate, C,,H,O,.-
Mg(SCN),, M, = 360-74, triclinic, P1, a = 16-037 (8),
b=7-161(4), ¢c=8-415(6) A, a=105-26(5), f=
74-67 (5), y=103-61 (4)°, V' =884-8 (8) A3, Z=2,
D, =135gem?  AMoKa)=0-71069 A, u=
3.52cm™!, F(000)= 380, T=291K, R=0-093 for
2838 observed reflections. The two complexes are
different; only the smaller Mg?* cation fits into the
cavity of the macrocycle. In (1) the eightfold coordi-
nation of the Ca?* cation includes the five ether O
atoms, two thiocyanate N and the O of the water
molecule; an unusual triangular conformation of the
macrocycle is observed. For the Mgt complex, the
coordination polyhedron is a regular pentagonal bi-
pyramid in both independent complex subunits. The

0108-2701/88/010073-05$03.00

two 15-crown-5 rings have different conformations,
both flattened and difficult to classify.

Introduction. As part of a systematic analysis of the
structures of crown ethers complexed with alkaline-
earth thiocyanates (Wei, Tinant, Declercq, Van
Meerssche & Dale, 1988a) we report here the struc-
tures of two new 15-crown-5 compounds: the mono-
hydrated C,4H,,05.Ca(SCN), (1) and the anhydrous
C 0H05.Mg(SCN), (2) complexes.

Experimental. Crystals obtained by slow evaporation
from acetone/acetonitrile 1:1 (1), water (2). Crystal
sizes: (1) 0-15 x 0-15 x 0-20, (2) 0-54 x 0-85 x
0-73 mm. Lattice parameters refined using 15 reflec-
tions in the range 5 <26 <25° Syntex P2, dif-
fractometer, graphite-monochromatized Mo Ka radia-
tion, w scan, scan width 1.3 (1), 1.5° (2), scan rate
1.3-30 (1), 1-5-30° min~! (2), [(sin@)/ 1) a0 =
0-561(1), 0-650A-'(2). For (1) 2744 independent
hk+1 reflections measured (0<h <17, 0<k<9,
—16 <1< 15), 2352 observed [criterion I >2-50(I)].
For (2) 4063 htk+! measured (0<h <20,
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