
2746 S H O R T  S T R U C T U R A L  P A P E R S  

Acta Cryst. (1974). B30, 2746 

Rubidium Thioeyanate Complex of 1,4,7,10,13,16-Hexaoxaeyelooetadeeane 

BY M. DOBLER AND R. P. PHIZACKERLEY* 

Laboratory of Organic Chemistry, Federal Institute of  Technology (ETH), 8006 Zftrich, Switzerland 

(Received 27 June 1974; accepted 5 July 1974) 

Abstract. C l z H 2 4 0 6 . R b N C S  , monocl in ic ,  P21/c, a= 
11.982(6), b = 8.347(4), c =  21.996(11) A, f l=  125.16(13), 
M = 4 0 7 . 8 7 ,  Z = 4 ,  D x =  1.506, D , , =  1.50. The  hexae ther  
has  a c o n f o r m a t i o n  wi th  effective O3a (3m) symmet ry ,  
bu t  the rub id ium ion is displaced by abou t  1.2 A f rom 
the mean  p lane  of  the l igand so tha t  the six R b . . .  O 
dis tances  are no longer  equal.  Two add i t iona l  Rb .  • • N 
contac ts  comple te  the coo rd ina t i on  of  the cat ion.  

abou t  80 % in one  or ien ta t ion ,  20 % in the ant ipara l le l  
one. In the lat ter  ref inement  stages, the pos i t ions  o f  
the N C S  a toms  were held cons tan t ,  the occupancy  
factors  being a l lowed to vary. The  final R was 0.045. t  
Pos i t iona l  pa ramete r s  are given in Table  1, v ib ra t ion  
tensors  in Table  2, and  calculated pos i t ions  of  hydrogen  
a toms  in Table  3. 

Introduction. In tens i ty  measurement s  (3500 reflexions 
ou t  to sin 0 / 2 = 0 . 6 2  A -1) were carr ied ou t  as for the 
sod ium complex  (Dobler ,  Dun i t z  & Seiler 1974), except 
t ha t  b a c k g r o u n d s  were es t imated f rom a smoo th  ex- 
per imenta l  curve. The  s t ructure  was solved by the 
heavy-a tom me thod  and  refined by least-squares  cal- 
cula t ions  wi th  un i t  weights.  Pos i t ions  o f  hyd rogen  
a toms  were es t imated  f rom s tereochemical  considera-  
t ions and  inc luded in the s t ructure  model  but  were 
no t  refined. The  th iocyana te  an ion  is d isordered with  

Table  1. Fractional coordinates (and standard deviations) 
of  the non-hydrogen atoms 

Values are x 104. 

x y z 
Rb 122 (1) 1826 (1) 1039 (0) 
O(1) -557  (4) -524  (5) 1773 (2) 
C(2) 470 (7) - 1214 (9) 2474 (4) 
C(3) 1812 (7) - 1147 (9) 2576 (4) 
0(4) 2225 (5) 469 (6) 2649 (2) 
C(5) 3484 (7) 584 (9) 2726 (4) 
C(6) 3858 (8) 2301 (10) 2783 (4) 
0(7) 2850 (5) 3115 (6) 2135 (3) 
C(8) 3231 (8) 4721 (9) 2122 (4) 
C(9) 2182 (9) 5467 (11) 1403 (5) 
O(10) 929 (5) 5443 (6) 1318 (3) 
C(11) - 92 (8) 6379 (9) 724 (4) 
C(12) -1416 (8) 6179 (9) 635 (4) 
O(13) -1854 (5) 4568 (6) 446 (3) 
C(14) -3152 (8) 4354 (10) 312 (4) 
c(15) -3485 (8) 2600 (10) 222 (4) 
0(16) -2536 (4) 1818 (6) 894 (2) 
c(17) -2882 (7) 173 (9) 898 (4) 
c(18) - 1848 (7) -524  (9) 1643 (4) 
N 1911 - 96 608 
C 2881 632 813 
S 4260 1667 1104 
N" 4591 1920 1171 
C' 3622 1193 966 
S' 2242 157 675 

* Present address: Department of Biophysics, The Johns 
Hopkins University, Baltimore, Maryland, U.S.A. 

Table  2. Vibration-tensor components (A 2) of the non- 
hydrogen atoms 

Values are x 103. 

UII U22 U33 UI2 U13 U23 
Rb 52 41 65 2 37 8 
O(1) 60 42 54 - 2 40 4 
C(2) 81 37 51 - 4  40 6 
C(3) 69 46 54 11 31 10 
0(4) 59 41 66 8 42 5 
C(5) 52 63 73 16 39 7 
C(6) 40 74 73 7 33 1 
0(7) 46 54 70 - 2 34 0 
C(8) 57 57 87 - 16 49 - 6 
C(9) 82 48 88 - 17 59 - 3  
O(10) 66 45 72 - 2 43 9 
C(ll)  92 28 61 - 4  41 0 
C(12) 77 34 53 15 31 7 
O(13) 62 37 64 7 34 - 1 
C(14) 56 60 68 21 29 8 
C(15) 45 67 66 2 23 - 3  
O(16) 46 47 58 - 3 27 - 10 
C(17) 51 43 78 - 14 45 - 17 
C(18) 72 39 73 - 10 55 - 8 
N 72 52 80 - 4 3  63 - 3 3  
C 98 70 56 32 55 11 
S 66 104 68 9 32 8 
N" 66 104 68 9 32 8 
C' 98 70 56 32 55 11 
S' 72 52 80 - 43 63 - 33 

Discussion.  The h ighly  symmetr ica l  (D3a) c o n f o r m a t i o n  
of  the hexae ther  is the same as tha t  found  in the 
po ta s s ium th iocyana te  complex  (Seiler, Dob le r  & 
Dun i t z  1974), bu t  the larger  rub id ium ion is displaced 
f rom the centre by abou t  1.2 ~ towards  the th iocyana te  
an ions  (see Fig. 1). The  C - C  dis tances  (average 1.489 A) 
are even shor ter  t han  in the po tass ium complex,  p rob-  

t A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publica- 
tion No. SUP 30559 (5 pp.). Copies may be obtained through 
The Executive Secretary, International Union of Crystallog- 
raphy, 13 White Friars, Chester CH1 1NZ, England. 
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Table  3. Fractional coordinates of the hydrogen atoms 
calculated assuming local C2v symmetry of the methylene 

groups with C - H  = 1.0 A, H - C - H  = 110 ° 

Values are × 10 3. 

x y z 
H(2) 53 - 60 288 
H(2)* 23 - 236 249 
H(3) 251 - 175 304 
H(3)* 172 - 163 213 
H(5) 421 1 319 
H(5)* 338 10 228 
H(6) 394 279 322 
H(6)* 475 239 284 
H(8) 331 534 253 
H(8)* 413 472 218 
H(9) 245 660 140 
H(9)* 210 485 99 
H(11) 19 753 83 
H(I 1)* --21 603 26 
H(I 2) - 129 645 111 
H(12)* -212  690 23 
H(14) - 313 478 74 
H(14)* -386  493 - 15 
H(15) -443  245 9 
H(15)* -343  215 - 18 
H(17) -381 11 80 
H(17)* -288  - 4 3  51 
H(18) - 181 14 203 
H(18)* -211 - 165 166 

ably  due to larger  in te rna l  mo t ion  bu t  poss ib ly  also 
because of  the different  we igh t ing  systems used in the 
ref inements .  

The  r u b i d i u m  ion is coord ina ted  to the six oxygens  
o f  the hexae ther  ( R b . . . O ,  2.93-3.15 A, average 
3-024 A) and  to two th iocyana te  an ions  ( R b . . . N ( S ) ,  
3.23 and  3.31 A), which  show a preference (circa 80 %) 
for  coo rd ina t i on  t h r o u g h  ni t rogen.  Each  th iocyana te  
forms  a br idge between two ca t ions  leading to the 
f o r m a t i o n  of  cen t rosymmet r i c  d imers  (Fig. 1). Br idging 
th iocyana te  g roups  also occur  in the i s o m o r p h o u s  
caes ium th iocyana te  complex  of  the hexae ther  (Doble r  

Tab le  4. Bond distances (A), bond angles (°) and torsion 
angles (°) in the 18-membered ring 

Atoms Distance Angle 
1 2 3 4 2 - 3  1 - 2 - 3  

C(18)-O(1)--C(2)--C(3) 1.428 112.5 
O(1)--C(2)--C(3)--O(4) 1.491 109.4 
C(2)--C(3)--O(4)--C(5) 1.414 109.3 
C(3)--O(4)--C(5)--C(6) 1.420 110.9 
O(4)--C(5)--C(6)--O(7) 1-485 108.9 
C(5)--C(6)--O(7)--C(8) 1"403 109.9 
C(6)--O(7)--C(8)--C(9) 1.422 112.3 
O(7)--C(8)--C(9)--O(10) 1-476 109.6 
C(8)--C(9)--0(10)-C(11) 1.401 108.9 
C(9)--0(10)-C(11)-C(12) 1.404 114.1 
0(10)-C(11)-C(12)-0(13) 1.492 110.5 
C(l 1)-C(12)-0(13)-C(14) 1.417 109.3 
C(12)-0(13)-C(14)-C(15) 1.417 110.9 
0(13)-C(14)-C(15)-0(16) 1.500 109.1 
C(14)-C(15)-0(16)-C(17) 1.404 108.8 
C(15)-0(16)-C(17)-C(18) 1.435 112.9 
0(16)-C(17)-C(18)-0(1) 1.491 108.6 
C(17)-C(18)-0(1)--C(2) 1-402 110.1 

Torsion angle 
1-2-3-4 
- 179.1 

67.3 
- 178.3 

178.6 
- 60.9 

-173.1 
175.5 
59.6 

168-8 
175.4 

-63.5 
- 176-4 
- 172.0 

64.0 
171-8 

- 177.6 
- 63.6 

- 178.6 

Table  5. Distances (A) and angles (o) involving the 
rubidium and thiocyanate ions 

R b . . O ( 1 )  2-938 
R b . . 0 ( 4 )  3-146 
R b . . 0 ( 7 )  2.929 
R b . . O ( 1 0 )  3.122 
Rb- -O(13)  2.998 
R b . . O ( 1 6 )  3.012 

Rb" • • N 3"226 
R b " ' N '  3"314 

N - C - S  1.148 1"634 180.0 
N' -C ' -S '  1 .148  1.634 180-0 

& Phizacker ley ,  1974), in an ana logous  complex  wi th  
a t e t r ame thy ld ibenzo  der ivat ive o f  the hexae ther  (Tru- 
ter, 1973) and  in b i s (po tass ium th iocyana te )d ibenzo-24-  
crown-8 (Fen ton ,  Mercer ,  Poon ia  & Truter ,  1972). 

The  measured  dens i ty  and  the absence of  residual  
peaks  in the final (Fo-Fc) synthesis  show tha t  the 
crystals  descr ibed here  are a n h y d r o u s ,  in con t ras t  to 
the m o n o h y d r a t e  descr ibed by Dale  & Kr i s t i ansen  
(1972). 

xx 
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\ 
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Fig. 1. Stereoscopic view (Johnson, 1965) of the crystal structure looking along the b axis. The c axis is vertical. 
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Abstract. C12H2406.CsNCS , monocl in ic ,  P21/c, a= 
12.063(6), b = 8.409(4), c =  22.370(11) A, f l =  125.50(13), 
M = 4 5 5 . 3 1 ,  Z = 4 ,  D x =  1.637, D , , =  1.61 g cm -3. The  
crystal  is i sos t ructura l  wi th  the rub id ium complex,  

Tab le  1. Fractional coordinates (and standard deviations) 
of  the non-hydrogen atoms 

Values are x 104. 

x y z 
Cs 112 (0) 1770 (0) 964 (0) 
O(1) -558  (5) -483  (6) 1776 (3) 
C(2) 502 (8) -1139 (10) 2481 (4) 
C(3) 1833 (9) - 1049 (11) 2590 (5) 
0(4) 2230 (5) 547 (7) 2660 (3) 
C(5) 3482 (9) 690 (11) 2730 (5) 
C(6) 3855 (9) 2378 (11) 2"~90 (5) 
0(7) 2861 (5) 3174 (7) 2150 (3) 
C(8) 3215 (9) 4786 (11) 2125 (5) 
C(9) 2158 (11) 5526 (13) 1425 (6) 
O(10) 921 (6) 5525 (8) 1357 (3) 
C(11) - 140 (9) 6400 (11) 742 (5) 
C(12) -1454 (9) 6200 (12) 656 (5) 
O(13) -1881 (5) 4603 (7) 473 (3) 
C(14) -3181 (10) 4348 (12) 333 (5) 
C(15) -3499 (9) 2627 (11) 245 (5) 
O(16) -2561 (5) 1865 (7) 913 (3) 
C(17) -2860 (9) 210 (11) 925 (5) 
C(18) -1839 (8) -469  (10) 1648 (5) 
N 2131 (8) - 138 (10) 660 (4) 
C 2984 (9) 668 (11) 836 (5) 
S 4312 (3) 1813 (3) 1108 (1) 

* Present address: Department of Biophysics, The Johns 
Hopkins University, Baltimore, Maryland, U.S.A. 

the on ly  difference be ing  tha t  the  caes ium a t o m  is 
displaced fur ther  (1.44 A) f rom the mean  p lane  of  
the hexaether .  

Introduction. Recrys ta l l i za t ion  f rom aqueous  m e t h a n o l  
gave hygroscop ic  needles which had  to be sealed f rom 
the a tmosphere .  These  crystals  are appa ren t ly  different  
f rom the m o n o h y d r a t e  descr ibed by Dale  & Kr is t i an-  

Table  2. Vibration-tensor components (A 2) of the non- 
hydrogen atoms 

Values are × 103. 

Ull U22 U33 U12 Ul3 U2s 
Cs 51 41 54 - 1 34 0 
O(1) 63 48 62 - 3 45 4 
C(2) 78 43 53 - 3 39 10 
C(3) 77 48 55 16 34 14 
0(4) 62 49 68 6 41 0 
C(5) 43 77 79 18 35 6 
C(6) 39 80 77 6 33 - 3 
0(7) 50 61 77 - 8 39 - 8 
C(8) 55 66 93 - 26 50 - 18 
C(9) 97 56 102 - 22 75 - 6 
O(10) 75 50 77 - 6 49 5 
C(l l )  101 34 63 - 4  44 1 
C(12) 85 42 62 21 30 9 
O(13) 70 44 69 12 36 0 
C(14) 57 77 73 28 31 13 
C(15) 49 76 70 7 28 - 5 
O(16) 45 57 63 - 1 29 - 11 
C(17) 44 53 87 -21  42 - 2 8  
C(18) 72 46 85 - 11 58 - 10 
N 95 79 87 -21  67 - 3 5  
C 69 81 51 23 38 - 2  
S 63 96 71 4 30 10 


