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Abstract: The X-ray crystal stuctures of the dchirat crs-anri-cis and rr‘tns - 

syn-trsns diastereoisoners of 2,3.11,12-tetraphenyl-Cl81-crown-6 and their 
sodium iodide 1:l completes are presented. In the free ligands, the vicinal 

phenyl groups assume a diaxial- antiperiplanar orientation in the cis-anti-cis 
isomer and a dieouatoriel-synclinel one in the frbns-syn-rldns isomer. The 
vicinsl coupling constants of the benzylic protons in the diphenylethanediyl 
groups in the three seso-forms, derived from ‘3C satellites, suggest simi tar 
conforndtions in the solid state and in deuteriotrichloronethane solution. 
Confornationdl changes of the crown ethers from the free ligand to their 
complexes are discussed in the context 

ciation constents. 

Introduction 

Complex association constants of 

crown ethers with metal and ammonium 

ions are largely determined by the 

conformdtiona.l differences . of the 

crown in its free and bound forms 

uhich are influenced by substituents 

on the periphery of the ring. 
2,3,11,12-Tetraphenyl-Cl8lcroun-6 

represents a structure with four 

chiral centres, giving rise to the 

SSMIZ type of stereoisomers as de- 

scribed for the dodecshydro- 

2,3,11,12-dibenzo-C18lcrown-6 system 

(“dicyclohexano-C183crovn-6”) ‘, ns- 

q ely three neso foras l-3 and two 
pairs of enantiomers, 4 and 5 (Scheme 

I; this graphic representation indi- 
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of previously determined complex asso- 

cates only the relative configurd- 

tions at the various chiral centers, 

not the extended conformations of the 

molecules). l-5 are readily accessib- 

le and well cheracterised t. The 

syntheses of the enantioners of 4 s 
and 5 ’ have also been achieved. 

This series of stereoisomers is thus 
well suited for the study of configu- 

rational and conformations1 inf luen- 

ces on the complaxing behaviour of 

c.roun ethers. 

Association constants of l-5 uith 

alkali metal and ammonium cations t 

show remarkable differences depending 

on the configuration of the diphenyl- 

ethsnediyl units. 3 and 4 which con- 

tain only rrans-connected phenyl 

groups are much better ligands than 1 

and 2, the corresponding cis struc- 

tures. In the series of the dicyc- 

lohexano-crouns, the isomers with 

Ph Ph 

Ph Ph 

Ph 
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cis-fused cyclohtxant rings art the 
better ligands ‘. Apparently, in this 

cast, the conformations depend on 
both the cyclohtxant and the cro”” 
ether rings whereas in the ttfrapht- 

nyl crouns the phenyl <ubstituents 

can be more easily adapted to the 
requirements of the c.roun ether ring 

in the free state and in compltxes; 
in particular, diaxial conformations 

should also be possible here . In 

order to obtain more detailed infor- 

mation, we have determined the crys- 

tal structures of the free ligands 2 

and 3 and their sodium iodide com- 

plexes, 2a and 30. Ue have also par- 

formed an ’ H-NMR study using the 
chemical shifts and vicinal coupling 

constants of the btnzylic protons of 

the crown ethers as a means of tsti- 

mating the conformations of the fret 

ligands and complexes in solution. Ue 

report, in this communication, our 
results on the three resrforms. The 

tuo chiral crown ethers will be dealt 
with in a separate paper with special 

emphasis on the chiral recognition 
properties. 

Experimental Section 

Materials 

The crown ethers l-3 uara obtained as 

described previously z; samples which 

ware highly purified by repeated 

recrystallisation from 2-ntthoxyttha- 
no1 had melting points as given in 

Scheme 1. 
Crown ether complexes with NaI, KBr, 

KSCN and NH,SCN were made by stirring 
a dichloromethane solution of the 

ligand overnight with excess powdered 

salt. After filtration, the complexes 
wtrt precipitated with pentane. Dis- 
solution In dichloromtthant and pre- 

cipitation uith ptntant was repeated 
until well crystallistd materials 

with sharp n tlting points (Table 1) 

were obtained. The yields ara gana- 

rally high C> 80%). Elementary ana- 

lysts indicate I:1 complexes in all 

casts although not very accurate 

owing to inclusion of solvent in the 

crystals. 

Table 1: Netting Points C*C) of the 
Crown Ether Complexes Prepared 

Ligand 1 2 3 

NaI 245-47 222-24 275-76 
KEr 128-33 196-98 204-06 

KSCN 197-200 194-96 213-17 
NH, SCN 249-52 258-60 260-68 

’ If-NMR spectra 

The spectra of 0.1 M CDCl, solutions 

were obtained with a Bruker WH 90 PTF 

NMR spectrometer; chemical shifts 
are given with respect to THS as 

internal standard. “C satellites 
were resolved from 300 to 1440 scan 

spectra. Chiral interactions with 

optically active I-phtnylethyl ammo- 

nium bromides were studied in CDCll 

solutions 0.1 H in both ligand and 

salt y. Maximum induced chemical 
shifts and coupling constants for the 

1 igands are observed under these 
conditions. 

X-Ray crystal structures 

Single crystals of the ligands 2 and 

3 and the NaI complexes 2a and 3a 

uare grown from dichloromethant/pen- 

tant solutions. Data were cotltcted 
on an automated four circle diffrac- 

tometer with monochromated HoKo ra- 
diation CA = 0.71069 A 1 in t pro- 
file fitting mode ‘. The structures 

of 2 and 3 were solved by multisolu- 

tion direct methods, those of 2s and 
3a from Patterson and subsequent 

Fourier syntheses. Non-hydrogen atoms 

(except the carbon of CHIClz in 2s) 

were rtf ined anisotropically, idea- 
l i sed aromatic nuclei in 2a uere 

refined as “rigid groups”. Ligand H 
atoms ware included in calculated 

positions CC-H = 0.96 A) as “riding 
atoms” with UCH, 1 = 1.2 u.. CC, ); 

three water hydrogen atoms in 2a 

located from a difference map were 

also treated as “riding atoms”. Par- 

tial conformations1 disorder along 

the aliphatic chain in 2a is indi- 

cated by high anisotropic movement of 

C(b) to C(9)‘. Crystal data and dt- 
tails of the data collection proce- 

dures are given in Table 2, atom 
parameters are listed in Table 3; 

further information is available from 

6-U. on request. 

Results and Discussion 

Crystal structures 

The crystal structures of the c is- 

snri-cis isomer 2, the trdns -syn- 
trsns isomer 3, and their sodium 

iodide complexes 2a and 3s are repre- 
sented in Fig.1 in top and side 

views. Significant structural data 
are compiled in Table 4. Unfortunate- 

ly, no suitable single crystals could 

be grown of 1 and la. 
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Table 2: Crystallographic and Diffraction Data 

2 20 

formula unit Cs L Rb * Da 

t4.u. 568.72 839.57 568.72 718.61 

crystal sizcEmn3 0.6x0.15 0.4x0.15 0.7x0.2 0.75x0.65 

x0.15 x0.1 x0.2 x0.6 

crystal habit colourlefs yellouish colourless yellowish 

needles needles prisms prisms 

SDaCt‘ 9t’OUD monoclinic 

P2, /n 

monoclinic triclinic 
Pi 

8EAl a.i93(3) 

bCA3 20*021C?~ 
cCA3 19.102(6) 

UC’ 7 90 

BE’ 3 95.12fZ) 
XC’ 1 90 

2 4’ 

ox CHgn-x 1 1.210 

/.rCmm- ‘ I 0.075 

max. 26C” 1 45 

number of unique 4068 

data collected 

monoclinic 

P2, /c 

19.498(6> 

19.662C6f 
10.714(3) 

P2, Ic 

12.546C4) 

22.724C61 
11.684(3) 

8.986C2) 

12.414(4) 
16.059(S) 

90 90 89.58C2) 

T00.2aft) 108.57C4) 78.76(l) 

90 90 82.24C2) 

4” 

1.380 

0.970 

4* 

1.196 

0.075 

2 

t .371 

0.960 

45 47 50 

5269 4641 6099 

number of 2353 
F>noCF) 

n 3 

number of 331 
L.S..oarameters 

3481 

3 

440 

R 0.095 

R. 0.069 

g 2.0x10*’ 

*two independent halves per 

0.072 

0.063 
3.4x10-4 

3013 

4 

379 

0.055 

0.053 
S.?xTO_” 

5453 

4 

397 

0.043 

0.050 

2.0x10-‘ 

asymmetric unit 

It is well known that free crown 

ether ligsnds and other macrocycles 
have a remarkable tendency to “fill 

their oun cavity” by assuming approp- 
riate conformations ‘, unless they 

are constructed as rigid molecules 

Cspherands ‘, cavitands l ). In’C183- 

crown-6 derivatives the cavity fil- 
ling is achieved by twisting two 

opposite ethylcnedioxy units from the 
synclinel (SC) into the anti-pcripla- 

nar Cap) conformation of the vicinal 

oxygen atoms; this behaviour has been 

found for unsubstituted C183croun-6 

‘a as well as the dibenzo-” and 

dicyclohexano ‘s derivatives. In 
these conformations the croun 
ethers assume roughly rectangular 
structures with the Cap) portions on 

T’ET Vol. 40. No. 5 D 

the longer side as it is also found 

for the tetraphcnyl crowns in this 

paper. Surprisingly, the topological- 

LY cis-oriented phenyl groups in 2 

are located at the Cap) ethylene 
groups and do thus appear in the 

axial-sxial positions uith respect to 
the crown ether ring. One hydrogen of 

each diphenylethansdiyi unit points 

invards and one oxygen outwards with 

respect to the ring. Tuo ortho hydro- 
qens of the phenyl rings also help to 

fill the crown ether cavity, forming 
a rather compact structure of rhon- 

boid shape, which is also reflected 
in the unusual large diagonal distan- 

ce of the “outuard” O(1) and OClA> 

oxygen atoms. 
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Table 3: Atomic Coordinates (x10') 
and isotropic thermal parameters 
(A'xlo' ) 

Of11 
C(2) 
C(3) 
O(4) 

C(5) 
C(6) 
O(7) 
C(6) 
C(9) 
C(lO) 
C(Ill 
C(l2) 
C(l3) 
C(l4) 
C(l5) 
C(l6) 
C(I7) 
C(I6) 
C(l9) 
C(20) 
C(21) 
O(51) 
CO?) 
C(JN 
O(54) 
co5, 
Cc561 
007, 

C(56) 
C(59) 
C(60) 
Cc611 
~(62) 
C(O) 
Cd641 
C(65) 
C(00 
C(b)) 
ctas1 
C(69) 
COO) 
C(71) 

c 

Cl(l) 
Cl(2) 
W(2) 
Yu(2a) 
W2b) 
cdl7 
w la) 
I 

U(l) 
M*(2) 
O(1) 
C(2) 

CO) 
O(4) 
C(5) 
C(8) 
00) 
C(6) 
C(9) 
C(lO) 
C(lI) 
C(l2) 

C( 13) 
C( 10 
C(l5) 
C(l6) 
C(l7) 
C( 16) 
Cl19) 
C(20) 
C(2‘) 
O(5I) 
CO2) 
co31 
O(54) 
C(35) 
Cc361 
O(57) 
lx565 
COY) 
C(60) 
C(6‘) 
Cf62) 
C(6)) 
C(6)) 
CA651 
C(66) 
C(b7) 
1X66) 
Cc691 
COO) 

of 2.20.3 and 

25 2 
11345(51 16‘4(2) 
10694(6) ‘3270) 

6884(6) ‘2610) 
9363(b) 669(2) 
6669(6) 5960) 
6335(7) -57(3, 
66960) -560(2) 
6695(a) -1229(O) 
6965(E) -17590) 

110870) ‘476(2) 
12228 1075 
12652 1206 
11934 1142 

10793 2146 
10369 2014 
6600(S) 12000) 
7Y55 ,130 
7747 1485 
6163 1096 
0026 562 
9036 613 
53620) 1006(2) 
4629(7) 1362(31 

2646(I) 1141(31 
2064(4) 1290(2) 

733(6) 6600) 

12270) 2150) 
1910(r) -222(2) 

24250) -636(3) 

3096(6) -‘264(3) 
5473(4) 12230) 
6014 1763 

6666 1654 
7176 1003 
6636 ‘62 

5765 572 
19910~ 1‘65(2) 
2323 ‘27b 
1597 ‘602 

539 2136 
207 2346 
933 202‘ 

2a 
2 

2212(12) 

1392(3) 
2111(4) 

9660) 
954 

1406 
599x37 
5790 
2673(l) 
5000 

0 
5641(2) 
6072(4) 
5434(4) 
5157(31 
4685(4) 
45:Yt.) 
423Yt3) 
3665(4) 
3595(r) 
6466(4) 
6266t.I 
6606(S) 
71530) 
7374(S) 
7025(4) 
4667(0 
46190) 
4331(5) 
39160) 
398‘(5) 
4457(4) 
1103(2) 
1345(4) 
1273(4) 

5550) 
46X5) 

-24901 
44301 

-LLol(r) 
-‘313(4) 

992(4) 
1364(S) 
1062(7) 

352(7) 
-33(S) 
286(4) 

‘610(4) 

Y 
2234(10, 
2306(3) 
2333(r) 

6060) 
1031 

336 
33800) 
5222 

197(l) 
5000 

0 
3753(Z) 
3462(r) 
3404(4) 
405N3) 
4062(4) 
wteo, 
JlOU(2) 
57140) 
601b(4) 
2627(4) 
21300) 
1715(5) 

1595(0 
20520) 
2664(J) 
26940) 
2271(4) 
‘606(4) 
19640) 
2572(S) 
3045(r) 
-591(2) 
-549(0 

166(r) 
3560) 

LW‘(O 
II‘)(‘) 
IOBB(2) 
1166(‘, 
1200(‘) 

-‘07‘~0 
-L‘76(‘, 
-19660) 
-20570) 
-1655(5) 
-1167(4) 

341(4) 
210(4) 
336(r) 
555(6) 
662(7) 
565(S) 

12530) 
1579(S) 
2241(6) 
2579(0 

2 

30. 

5 

5156(2) 
46900) 
4759(2) 
4367(2) 

4255(3) 
3692(3) 
437J(2) 
4050(3) 
45890) 
3946(2) 
3650 
2973 
2592 
2690 
3567 
5537(I) 
56dY 
b604 
6967 
6615 
5900 
-326(2) 

203(3, 
109(t) 
731(l) 
6300) 

‘196(3) 
714(2) 

‘0310) 
496(l) 
927(2) 

1346 
2031 
2237 

16l6 
I L63 
-536(21 

-1205 
-1799 
-1723 
-1054 

-460 

5 

101(20) 
-35617) 
203717) 
-379(4) 
-647 
-100 
1303(6) 
2LLO 

796(l) 
0 
0 

-99(r) 
1141(71 
1761(0 

1670(0 
27LIOI 
lY010) 
17760) 
‘9370) 
669(6) 

1135(7) 
235(61 
253(g) 

‘190(12) 
2112(11) 
2061(8) 
1129(0 
1663(B) 
‘1‘2(6) 

6(E) 
-559(6) 

l(7) 
1320(4) 
2667(6) 

3015(0 
27,2(4, 
270‘~9~ 
2301(7) 

966(4) 
bO,OI 

-PJ*ts, 
,,b3(6) 
4261(B) 
‘Yi4(6) 
4621(10) 
3720(9) 
,099(7) 
‘,59(6) 
5365(7) 
6611(I) 
6651(10) 
5654(‘3) 
4623(g) 

! 
55(2)* 
54(2)* 
47(z)* 
45(l)* 
59(2)* 
64(3). 
59(2)* 
68(3,. 
64(3)* 
50(2). 
62(3)* 
76(3,. 
81(4,* 
77(3)4 
59(3)* 
47(I). 
bLLo)* 

::x;’ 
960): 
65(3)4 
“(1). 
‘C(2)* 
47(2,. 
51(l)* 
550)* 
56[2)* 
‘9t2). 
520)* 
50(2)* 
42(2)b 
59O)b 
67(3)* 
660). 

62(3)* 
560). 
42(I)* 
stloj* 
69(3)* 
67(3)* 
6,0)* 
55(,). 

1! 

27W9) 
2940)* 
369(S)* 

66(2)* 
100 
100 
109t37* 
‘33 
66(l)* 
65(2)* 
75(2)* 
6‘(2). 
61(3)* 
610)* 
63(2)* 
770,. 
76(4)* 
66(2). 
e*(4)* 
72(4). 
59oj* 
76(4)b 
79(L)* 
92(S)* 
96(J)* 
62(4)* 
550). 
79(4)* 
99(h)* 

100(L). 
LOS(‘)* 

76(4)* 
55(Z)* 
55O)b 
600)* 
66(2). 
h(r)* 
s)(4)* 
69(2)* 
690). 
67(3,* 
5‘(3). 
76(4)* 
95(J). 
92(5)* 
940>* 
79(‘)* 
6‘(3). 
64(4)* 

106(5,* 
137(6)* 
142(6)* 
103(5)r 

O(I) 
C(2) 
C(3) 

O(4) 
C(5) 
c(6) 
00) 

C(6) 
C(9) 
C( IO) 
C(U) 
C(l2, 
C(l)) 
C(14) 
C(l5, 
‘X16) 
C(l7) 
all)) 
C(l9) 
C(20) 
a217 
001) 
CO21 
CO3) 
O(54) 
CO5) 
‘X56) 

007) 
C( 50) 

;z; 

‘X61) 
C(b2) 
C(63) 
‘X6‘) 
C(65) 
CC661 
C(67) 
‘X6.9) 
‘X69) 
C(70) 
C(71) 

I 

ii:: 

c(3) 

00) 

z:: 

x 

c(9) 
o(10) 

z::; 
o(1)) 
c(14) 
U15) 

WI61 
al7) 
c(l6) 
a 19) 
c(20) 
c(2‘) 
c(22) 
Ci23) 
c(24) 
c(25) 

2:;; 

Q 2d) 
a29) 
q30) 
co‘) 
C(32, 
ci33) 
co4) 
c(35) 
Y36, 
CO7) 
COB) 
c( 39) 
Y40) 
C(41) 
c(42) 

f 
781(Z) 

1556(2) 
2254(Z) 
1467(2, 
1995(2) 

1084(2) 
1596(Z) 

641(3) 
156(l) 

2?Y5(2) 
24d70) 
3205(3) 
3716(3) 
3533(3) 
ZUlZ(3) 

3117(2) 
17910) 
3555(4) 
‘b66(‘) 
5019(3) 
4246(3) 

2316(l) 
2307(l) 
3210(2) 
4255(l) 
5134(Z) 
6125(Z) 

6951(2) 
SOSY(21 
6(155(L) 
1174(2) 
645(3) 

-35‘(4) 
-6310) 
-315(3) 

6770) 
3239(2) 
2826(3) 
2846(3) 

3276(3) 
3b94(,) 
3677(3) 

f 

2236(l) 
4719(2) 
5752(2) 
7211(4) 
6647(4) 

59400) 

5017(6) 
3438( 6, 
26520) 
‘906( 7) 
2602(d) 
3436( 3) 
282bC‘) 

:x; 

:::::; 

40430) 
4316(4) 

::::I:; 

7361(6) 
6145(6) 
9602(9) 

10316(7) 
9532( 5) 
82540) 

8975(5) 
10217(6) 
lO7060) 
10022( 5) 
wJ3( 4) 
337U‘) 
‘906( 5) 
5391(7) 
4391(9) 
1973(9) 
2335( 5) 
27/b(4) 
3605(4) 
3304(6, 
1602(6) 

W%(6) 
1264(r) 

‘Equivalent isotropic U defined as 

ona third of the trace of the ortho- 

gonallzed U,, tensor 

3 
z 

3699(l) 
3661(l) 
4221(L) 

469Y(‘) 
5152(L) 
5685(l) 
6220(l) 
6698(l) 
oodJ(‘) 
3‘lat‘J 
2744(l) 
ZZbS(2) 
ZJJ‘(1) 
2518(2) 
2996(2) 
4228(l) 
4326(l) 
4326(Z) 
4219(2) 
4126(2) 
4127(L) 
5355(l) 
5940(l) 
5977(l) 
5S30(1) 
5763(l) 
5515(l) 
54:0(l) 
5J111C‘J 
ilr)7(‘) 
OlwNI) 
5717(2) 
59UJ(1) 
b436(2) 
6602(Z) 
664LGl) 
6563(l) 
6660(Z) 
7237(Z) 
7701(Z) 
7609(Z) 
7055(l) 

3a‘ 
L 
760(l) 
801(l) 

263Ot2) 
26250) 
273‘(Z) 
1905(2) 
2166(4) 
2470(4) 
1665(2) 
9750) 

-“S(4) 
-566(,) 

-L45‘0) 
-148,(I) 
-446(2) 
-2870) 
9190) 

1328(2) 
23600) 
25470) 
35240) 
4596(3) 
5431(C) 
5212(6) 
4169(7) 
3289(4) 
2644(l) 
3545(3) 
3461(l) 
I5Wi) 
1009(i) 
‘b770) 

-2501(3) 
-26"2(33 
-,778(4) 
-4439(4) 
-4,440) 
-3157(3) 
-2423(2) 
-33360) 
-4215(,) 
-4164(4) 
-327‘C‘) 
-2405C3) 

f 
485‘(Z) 
4166(3) 
44240) 
4073(i) 
4LblC3) 
43830) 
4876(Z) 
47600) 
5btJ30) 
4545(2) 
3711(J) 
4084(3) 
52690) 
6105(l) 
57420) 
3771(3) 
25460) 
1926(4) 
2523(4) 
3752(4) 
43?6(47 
-883(Z) 
-459(2) 
773(2) 
603(Z) 

1720(2) 
1438(3) 
i574(2) 
?549(3) 
2146(J) 
-306(Z) 
207(3) 
37601 
43(S) 

-623(0 
-796(3) 
:332(3) 
2274(3) 
2747(h) 
2300(4) 
1371(L) 
892(3) 

I 

2273(l) 
7646(l) 
6016(L) 
745YC21 
bSbY(2) 
64b3(‘1 
5842(3) 
6288(4) 
6844(3) 
66600) 
037W4) 
bY77(2) 
7‘35(2) 
8292(2) 
8672(l) 
9496(2) 
9677(2) 
9130(l) 
9366(Z) 
8889(2) 
7666(Z) 
7723(3) 
7861(3) 
7999(3) 
7954(3) 
7795(3) 
5862(2) 
5624(3) 
49410) 
‘493(,, 
4744(3) 
543‘(2, 
b924(2) 
bb‘4(2) 
61770) 
6047(3) 
6342(3) 
6781(Z) 
8016(2) 
6669(Z) 
9355(3) 
9751(l) 
968501 
9220(3) 

I! 
55(l). 
50(l)* 
51(l)' 
55(l)* 
57(l)* 
61(l)' 
68(l)* 
64(l)* 
56(l)' 
46(l)* 
b7c:J. 
77(l). 
67(2)* 
74(l)* 
66(l)* 
SO(l). 
72(2)' 
99(2)* 

111(2). 
100(2)9 
73(Z)+ 
51(l)* 
45(l)* 
45(l)' 
52(l)* 
52(I)* 
52(l). 
58(l)' 
59(I). 
U"(L)* 
48(I)' 
75(2J' 

“U(2). 
120(2P 
99(2)* 
b7(:)* 

46(l)* 
6Y(2)* 
94(2). 

94(2)* 
79(2)’ 
59(l)’ 

L! 

74(l). 
59( 1). 
56( 1). 
54(l). 
54(l). 
66( 1)’ 

97(2)* 
128(3)* 
‘27(2)* 
I76(4,* 
‘36( 3). 
I,(L)’ 
57(l)’ 
5X1)9 
61(l)* 
69(I)* 
64(l)* 
66( 114 
64(l)’ 
68(I)* 
64( 1). 
63(2)* 

1‘2(2)9 
1260)* 
1220)’ 
90(2)* 
55(lP 
60(I)* 

103(2)* 
94(2)* 
lJl(2)’ 
70(l)* 
58( 1)’ 
76( ‘I* 

IUS( 
‘“7(3)* 
lI?O)* 
76(2)* 
52( lJ* 
6‘(l)* 
8x2)’ 
91(z)* 
95(Z). 
?I( I)* 
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Table. 4: Selected Atomic 

of 2,2e,3 and 30. 

2 

bond lengths CX1 

Ph-C-C-Ph 1.505(7) 

av.C-C.Il,h. 1.491 

0(1)-C(2) l-437(6) 

o(1o)-c(ll) 
0(4)-C(3) 1 .408(6) 

0(13)-C(12) 
av.C-0lh.l” 1.407 

torsion angles ro 1 
at the 
stilbcne units 

H-C-C-H 171.8(O) 

Ph-C-C-Ph 172.6(4) 

o-c-c-o 171.9(4) 

interstoeic distances IA1 

O(l)-O(lA) 7.713 

O(4)-O(4A) 4.397 

O(7)-O(7A) 6.173 

0(1)-O(4) 3_585(ap) 

Distances and Torsion Angles 

20 3 

1.519(11) l-518(4) 

1.501 1.493 

l-429(9) l-427(4) 

1.409(9) l-422(3) 

1.415 1.418 

l-528(4) Cc(2)-C(3)1 

1.522(S) CC(ll)-C(12)I 

1.454 [O(7)-chain1 

1.494 t0(16)-chain3 

1.435(3) 

1.431(4) 
l-424(4) 

1.413(3) 
1.389 [O(7)-chain1 

1.416 C0(16)-chain1 

63.4(2) 176.8(O) 

60.7(8) 

62.9(6) 

57.4(3) 

57.2(3) 

170.7(O) [C(2)-C(3)] 
177.0(O) cc(11)-c(12)1 

62.6(3) Cc(Z)-c(3)] 

56.3(3) CC(ll)-C(12)l 

52.7(3) CC(Z)-C(3)] 
58.1(3) CC(ll)-C(12)l 

5.923 6.274 4.973 c0(1)-0(13)3 

5.410 5.062 4.031 c0(4)-0(10)1 

5.246 6.899 4.023 [O(7)-O(16)l 

2.756Csc) 2.698Csc) 2.624 CO(l)-O(4)] 
2.672 CO(lO)-O(13)l 

3s 

0(4)-O(7) 2.893csc) 2.721Csc) 3_573(ap) 2.780 

Na-O(l) 

Na-O(4) 

Na-O(7) 

Na-O(lO) 

Na-O(13) 

Na-O(16) 

2 -962 

2.705 

2.623 

On the other hand, in the trsns-syn- 

trans isomer, 3, the phenyl groups 
are located at (SC) ethylene groups 

and thus appear synclinal and bis- 
equatorial. Structure 3 is more rect- 

angular in shape and less compact 

than st.ructure 2 as can be seen free 

the transannular O-O distances (Table 

4). Thus, the structure 3 quite clo- 

sely teseebLes those of C183croun-6 

and the known structures of dlcyclo- 
hexsno crowns whereas the structure 
of 3 is unprecedented and complately 

different from the cyclohaxano crown 

isomer with the samc substitution 
pattern rz. 

The two crown ethers fore different 

types of coaplexes uith sodium io- 
dide. 2a is a “normal” croun coaplex 
with the sodium ion in the centre of 
the plane of six oxygen atoms and the 
phenyl groups In axial-equatorial 
positions. The sodium ion is further 

2.804 CO(13)-O(16)l 

2.762 CO(7)-O(lO)l 

2.781 CO(l)-O(16)l 

2.677 
2.502 

2.444 
2.531 

2.807 
2.410 

coordinated to two water molecules on 

either face of the ring. In the lat- 

tice, such complexes vi th 8-coordi- 

nated sodium are bridged to one ano- 

ther by the iodide counter-ion. Addi- 
tionally, the crystals contain di- 

chloromethane solvent molecules in a 

regular array. This type of complex 

iS closely related to the sodium 
bromide coaplex of cis-snti-cis-di- 

cyclohexano-C18lcroun-6 Is. The com- 
plex 20 lies on an inversion centre. 

but the HIO-Na-Hz0 axis is not per- 
pendicular to the ring plane so as to 

avoid steric interaction with the 
axial phenyl groups. As a result of 

this distortion, the Na-0 distances 

to the oxygens next to the egusforisf 

phenyl group are substantially longer 
than to the other oxygens. This is 

contrary to the observations on the 
corresponding complexes of dicyclohe- 
xano-C181-crown-6 “*“. 
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3 

Fig. 1: Holecular Structures of the crown ethers 2 and 3 and their sodium 

iodide coaplexcs 20 and 38. Hydrogen atoms are omitted except in the benrylic 
Positions. 
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The structure of 2s shovs a 7-coordl- 

nated sodium i0". The liqand is 
strongly bent vlth five oxyqens a~- 

proximately in plane vith the sodium 

30” and the sixth oxygen beneath this 

plane. The seventh coordination site 

above the plane is provided by the 

counter-lo”, the distance of 3.166 A 

indicating close ion pair contact. 

The compCex is asymmetric but it may 

be approximately described with a 

syametry plane through I, Na, 07 and 

016. The structure may be compared 

vith the NaSCN complex of ClblCrOV"- 

6; in this comPlex, hoverer , the 

thiocysnate ion is br Tdged to the 

sodium ron by a vater molecute “. 

Only minor conformational changes are 
necessary from the free tiqand 3 to 

the complex 3a vhertss the ohenyl 

qr oups in 2 have to be rotated to- 

vards each other by a dihedral angle 

of 120 * to reach the conformation of 

the complex 2s. This finding is con- 

sistent vith the observed 20-fold 

higher association constant of 3 for 

sodium lonsD _ 

’ H-NMR spectroscooy 

The conformations of organic nole- 

cules are not necessarily the same in 

the solid state and in solution. Ue 

therefore sought for information on 

the solution conformations of 1,2 and 

3. and their alkali metal and ammo- 

nium complexes. The conforaationel 
behaviour of free and complexed 
crovns has been studied theoretically 

by molecular aechanlcs calcula- 
tjons’b*” and experinentatly by 
,rl***. and nmraoStr**t spectroscopy. 

Thus, the confornatlon of unsubsti- 

tuted C183crovn-6 vas found to be the 

same in the solid states0 and in less 

polar solvents’* and doss also corre- 

spond to one of the miniaum energy 
conformations evaluated by molecular 

mechanics calculations*’ _ On the 

other hand, the crystat structure of 

dibenzo-Cl83crovn-6” shovs an elon- 

gated conformation similar to those 

of 2 and 3 in this paper vhereas no 
indication of the presence of antipe- 

ripianar -0-CHz -C& -0- groups U8S 

found in ’ H-nmr studies in several 

solventszo . 
The isomers of 2,3,11,12-tetraphtnyl- 

L183crovn-6 ere particularly vell 
suited for *I+-nnr studies because the 

benzylic protons in the 2,3,11, and 
12 positions appear separated from 
the other al~phetic protons in the 
nmr spectra’. These signals have 

different chemical shifts for each 
isomer and thus contain information 

on the conformation of the diphenyle- 
thanediyl units. 

In 1 and 2, the protons of each di- 
phenylethanediyl group are enantioto- 

pit (see Schene 1) end thus appear as 
singlets. In the chiral environment 

provided by complexinq with l-phenyl- 

ethyl ammonium bromide, the tvo pro- 

tons become distereotopic and appear 

as an AB spectrumz*‘a. The vicinai 

H,H-couplinqs thus become visibte. 

Only one AB spectrum is observed 

because in both crovn ethers the tvo 

diphenylethenediyl groups are horoto- 

pit due to the presence of CZ axes by 

vhich they are interconvertible. In 

isomer 3, the two diphenylethanediyl 

groups are ensntiotopic but the pro- 

tons vithin each group are honotooic, 

giving rise to the observation of one 

singlet in the free Uqand and tvo 

singlets in the complex vith the 

optically active ennoniua salt, for 

the benzylic protons. The vicinaC H-H 

coupling is not obtained in the lat- 

ter case. 
Fortunately, however, the vicinal ‘H- 

a H-coupling constants for 811 free 

liqands and complexes are accessible 

from ‘JC satellite spectra. The lov 

field parts of the satellites appear 
in a region of the spectrum vhich is 

unperturbed by other resonances. The 

identification of the “C satellites 

is confirmed by the observed one-bond 
*XC_‘” coupling constants in the 

range of 142-146 Hz vhich is in qood 

agreement vith the values found for 

e.g. 1,4-dioxane. In the following, 

the solution conformations of the 

crovn ethers and their complexes vith 

Na, K and eamonium ions are discussed 

on the basis of nnr date given in 

Table 5. 

Nerrou resonances are found in et1 

nmr spectra indicating rapid confor- 

national and/or ligend exchange equi- 

libria. Chemical shifts and coupling 

constants have thus to be taken as 

svsrsgt values. 

The influences operating on the che- 
mical shifts of the bantylic protons 

can be divided into three main fac- 

tors: 

i. Comglexetion of cations vi11 lead 

to a decrease in electron density of 

the trovn ether oxyqens and to a 

downfield shift of the proton reso- 

nances. This is found in ail t0LI- 

plexes with sodium cations as COm- 

pared with the free ligands; snaller 
or no effects are found with potas- 

sium ions. 
ii. In the relative position of the 
protons (axial or equatorial) vith 
respect to the plane of the crovn 
ether ring, equatorial protons may be 

expected to be less shielded and thus 

to appear shifted more dovnfield than 

axial protons”. This effect may be 
responsible for the higher 8 values 

of 1 and 2 as conpered to 3. 
iii. The relative position of the 

orotons vith respect to the anisotro- 
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pit regions of the phenyl groups in 

the crown ethers or in the comple- 

xands may have major influences; this 

effect may be responsible for the 
upfield shift of the benzylic reso- 

nances in the complexes with l-phe- 
nylethylennonium bromide. 

The latter two influences are likely 

to be quite sensitive to conforne- 

tional changes. However, their rigo- 

rous interpretation uould require 

calculations based on optimized geo- 

metries which are not available at 

present. 

Uore concise information is expected 

frou the vicinal coupling constants 

since these depend directly on the 

dihedral angle of the coupling nuc- 

lei’. . According to the findings in 
the l,4-dioxane system?‘, one can 

expect coupling constants in the 
range of 3 Hz for the synclinsl posi- 

tion and in the range of 10 HZ for 

the sntiperiplanar position of the 

vicinal protons. 

Thus, the small coupling constants in 

croun ether 1 and its complexes sug- 

gest a synclinal orientation of the 

benzylic protons. This would corres- 

pond to axial/equatorial positions 

with respect to the croun ether ring, 
similar to the geometry found in the 

crystal structure of Za. 
The relatively high coupling constant 

in the free ligand 2, houever indi- 

cates a significant contribution of 

the antiperiplanar conformation of 

the vicinal hydrogens, as found in 

the crystal molecular structure. Fur- 
thermore, on conplexstion, the coup- 

ling constant decreases considerably, 

with the exception of the potassium 

bromide complex where the effect is 

still significant, but small. This 

finding completely matches the con- 

formations1 changes from 2 to 2s 
observed in the crystal structures. 

Finally, high coupling constants 

troughout are found for crown ether 3 

and its complexes which indicates a 

predominant antiperiplanar orienta- 

tion of the vicinal benzylic protons 
as it is found in the crystal struc- 

tures of both the free ligand 3 and 

its sodium iodide complex 30. 

In conclusion, the combined results 

of the crystal structure and proton 

nmr studies on the crown ethers and 

crown ether complexes in this paper 

suggest that the solid state and 

solution conformations are quite si- 

milar. This finding is consistent 

with the previously determined order 

of conplexing ability: 3>1>2. 

Table 5: ‘H nmr chemical shifts and 
coupling constants of the benzylic 

protons of 1, 2, and 3 and some of 
their conplexes’ 

conpound 

free 

ligsnd 

NaI 

KBr 

KSCN 

NH, SCN 

PhCHCH, 

AH, Br 

free 

ligand 

NaI 

KEr 

KSCN 

NH. SCN 

PhCHCHs 

AH, Br 

free 

ligand 

Nal 

KBr 

KSCN 

NH, SCN 

PhCHCHs 

AH, Br 

1 Ccis-syn-cis) 

8 ‘Jr-w ’ Jc-w 

4.81 3.3 142.2 

4.96 3.1 142.9 

4.83 2.7 143.5 

4.85 

4.80 2.8 143.0 

4.52 2.9 

2 Ccis-anti-cis) 

4.88 6.2 143.5 

4.96 3.9 143.0 

4.88 5.1 144.0 

4.83 

4.82 2.8 142.6 

4.84 4.9 

3 Ctrans-syn-trans) 

4.52 8.0 143.7 

4.76 9.5 146.3 

4.70 8.9 145.5 

4.67 

4.64 8.8 145.6 

4.39 

. chemical shifts in ppm vs. THS; 
coupling constants in Hz 
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