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Abstract: The X-ray crystal stuctures of the achiral crs-antr-c7s and ¢trans-
syn-trans diastereoisomers of 2,3,11,12-tetraphenyl-[181-crown-6 and their
sodium iodide 1:1 complexes are presented. In the free Lligands, the vicinal
phenyl groups assume a diaxial- antiperiplanar orientation in the crs-antr-cirs
isomer and 8 diequatorisl-synclinal one in the trans-syn-trans isomer. The
vicinal coupling constants of the benzylic protons in the diphenylethanediyl
groups in the three aeso-forms, derived from '3C satellites, suggest similar
conformations in the solid state and in deuteriotrichloromethane solution.
Conformational changes of the crown ethers from the free Lligand to their
complexes are discussed in the context of previouslty determined complex asso-
ciation constants.

Introduction cates only the relative configura-
tions at the various chiral centers,
Complex association constants of not the extended conformations of the
crown ethers with metal and ammonium molecules). 1-5 are readily accessib-
ions are Llargely determined by the Lte and well characterised ?. The
conformational differences , of the syntheses of the enantiomers of 4 3
crown in its free and bound forms and 5 * have also been achieved.
which are influenced by substituents This series of stereoisomers is thus
on the periphery of the ring. well suited for the study of configu-
2,3,11,12-Tetraphenyl-[18Jcrown-6 rational and conformational influen-
represents a structure with four ces on the complexing behaviour of
chiral centres, giving rise to the crown ethers-.
same type of stereoisomers as de-
scribed for the dodecahydro- Association constants of 1-5 with
2,3,11,12-dibenzo-{18Jcrown-6 system alkali metal and ammonium cations ?
("dicyclohexano-[18lcrown-6"> ', nea- show remarkabte differences depending
mely three meso forms 1-3 and two on the configuration of the diphenyl-
pairs of enantiomers, & and 5 (Schenme ethanediyl units. 3 and 4 which con-
1; this graphic representation indi- tain only trans-connected phenyl

groups are much better Ligands than 1
*Universitat Gottingen and 2, the corresgond1ng crs sfruc-
**Universitat Regensburg tures. In the series of the dwc*c-
Lohexano-crowns, the isomers with
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cis-fused cyclohexane rings are the
better Ligands ' . Apparently, in this
case, the conformations depend on
both the cyclohexane and the crown
ether rings whereas in the tetraphe-
nyl crowns the phenyl substituents
can be more easily adapted to the
requirements of the crown ether ring
in the free state and in complexes;
in particular, diaxial conformations
should also be possible here . 1In
order to obtain more detailed infor-
Wwation, we have determined the crys-
tal structures of the free ligands 2
and 3 and their sodium iodide com-
plexes, 28 and 3a. We have also per-
formed an 'H-NMR study wusing the
chemical shifts and vicinal coupling
constants of the benzylic protons of
the crown ethers as a means of esti-
mating the conformations of the free
Ltigands and complexes in solution. We
report, in this communication, our
results on the three wmeso-forms. The
two 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 1-3 were obtained ss
described previously 2; samples which
were highly purified by repeated
recrystallisation from 2-methoxyethsa-
nol had melting points as given 1in
Scheme 1.

Crown ether complexes with Nal, KBr,
KSCN and NH,SCN were made by stirring
a dichloromethane solution of the
Ligand overnight with excess powdered
salt. After filtration, the complexes
vwere precipitated with pentane. Dis-
solution in dichloromethane and pre-
cipitation with pentane was repeated
until well crystallised materials
with sharp melting points (Table 1)
were obtained. The yields are gene-
rally high (> 80X). Elementary ana-
Lyses indicate 1:1 complexes in all
cases although not wvery accurate
owing to inctusion of solvent in the
crystals.

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

Ligand 1 2 3

Nal 245-47 222-24 275-76
K8r 128-33 196-98 204-06
KSCN 197-200 194-96 213-17
NHy SCN 249-52 258-60 260-68

The spectra of 0.1 M CDCl; solutions
were obtained with a Bruker WH 90 PTF
NMR spectrometer; chemical shifts
sre given with respect to TMS as
internal standard. 13¢ satellites
were resolved from 300 to 1440 scan
spectra. Chiral interactions with
opticaliy active 1-phenylethyl( ammo-

nium bromides were studied in CDClj
solutions 0.1 M in both Ligand and
salt ?_. Maximum 11nduced <chemical
shifts and coupling constants for the
Ligands are observed under these
conditions.

X-Ray crystal structures

Single crystals of the lLigands 2 and
3 and the Na8] complexes 28 and 3a
were grown from dichloromethane/pen-
tane solutions. Dasta were collected
on an sutomated four circle diffrac-
tometer with monochromated MoK, ra-
diation [X = 0.71069 A ] in & pro-
file fitting mode 3. The structures
of 2 and 3 were solved by multisolu-
tion direct methods, those of 2a and
3a from Patterson and subsequent
Fourier syntheses. Non-hydrogen atoms
(except the carbon of CH,Clp in 2a)
were refined anisotropically, idea-
Lised aromatic nuclei in 2a were
refined as "rigid groups". tLigand H
atoms were included in calculated
positions (C-#H = 0.96 A) as "riding
atoms” with U(H;) = 1.2 Usa (€3
three water hydrogen atoms 1in 2a
located from a difference map were
also treated as "riding atoms™. Par-
tisal conformational disorder along
the aliphatic chain in 2a is indi-
cated by high anisotropic movement of
CC6) to C(9)*, (Crystal data and de-
tailts of the data collection proce-
dures are given in Table 2, atom
parameters are Listed in Table 3;
further information is available from
6.W. on request.

Results and Discussion
Crystal structures

The crystal structures of the <cr7s-
antri-cis isomer 2, the trans-syn-
trans isomer 3, and their sodium
iodide complexes 28 and 3a are repre-
sented in Ffig.1! in top and side
views. Significant structural data
are compiled in Table 4. Unfortunate-
ly, no suiteble single crystals could
be grown of 1 and 1a.
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Table 2: Crystallographic and Diffraction Data

tormula unit

M.W.
crystal sizelmnml

crystal habit

space group

afAl
b4
cfAl

al* ]

8L+

¥+ 3

2

Dy (Mgm~ 33
ulmm= %)

max. 280°]

number of unique
data coltected

number of
Fo>na(F)
n

number of
L.S.parameters

R
Ry
3

2

Cys HooOp

568.72
0.6x0.15
x0.15

colourless
needles

monoclinic
P2y /n

8.193(3)
20.021(?>
19.102(6)
S0
85.12(2)
90

4°

1.210

0.075
45

4068

2353

331

0.095
0.069
2.0x10°¢

r{
C:i H6°06
xNalx2Hz; 0
xCHy €Ly
839.57
0.4x0.15
x0.1

yellowish
needles

monoclinic
PZ1 /¢

19.498¢(6>
19.662¢(6)
10.714(3)
90
100.28(2>
0
4*

1.380

0.970
45

5269

3481

440

0.072
0.063
3.46x10°¢

3

€34 Hao 04

568.72
0.7x0.2
x0.2

colourless
prisms

mronoclinic
P2y /¢

12.5%46C4)
22.724(6)
11.684(3)
0
108.57(4)
30
‘.

1.196

0.075
47

4641

3013

379

0.055
0.053
5.7x10"*

*two independent halves per asymmetric unit

It s well

known that

free crown

ether Ligands and other macrocycles

have a remarkable

tendency

to "fill

their own c¢avity” by assuming approp-

riate conformations 7,
are constructed
(spherands *, cavitands

ss rigid

*O.

unless they

nolgcules
In [18)-

crown~-8& derivatives the cavity fil-

ting is

achieved by

twisting two

opposite ethylenedioxy units from the
synclinal (sc¢?) into the anti-peripla-

nar (ap) conformation of
oxygen atoms, this behaviour
found for wunsubstituted

18 a5 well as
dicyclohexano
these

ethers assume
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conformations

the vicinsl

has been

[18Jcrown-6

the dibenzo-'*' and

derivatives. In
the crown

roughly rectangular
structures with the (ap) portions on

the Longer

for the

3a
€34 Heo Of

tNal

718.61
0.75x0.65
x0.6

yellowish
prisms

tLicLinic
X
8.986(2)
12.414(4)
16.059(5)
89.58(2)

78.76C1)
82.24(2>

1.371
0.960
50

6099

5453

397

0.043
0.050
2.0x10°¢

side as

tetraphenyl

paper. Surprisingly,

do thus
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2
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boid shape,

structure of
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"outward"”

oxygen atoms.
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Table 3: Atomic Coordinates (x10%)

and isotropic thermal parameters 3
(A2 x10%) of 2,2a,3 and 3a. x X z y
o(1) 781(2) 3699(1) 4851(2) 55(1)8
2 c(2) 1558(2) 3661(1) 4188(3) 50(1)*
c(3) 2254(2) 4221(1) 4424(3) S1(1)e
2 v o(4) 1487(2) 4699(1) 4073(2) s5(1)w
2 L £ = (s) 1995(2)  5252(1)  4661(3) 57(1)
o(l) 11345(5) 1864(2) 5156(2) 55(2)% c(6) 1084(2) $685(1) 4383(3) 61(1)*
c(2) 10694(6) 1327(3) 4690(3) S4(2)e o1 1596(2) 8220(1) 4876(2) 68(13%
c(3) 8834 (6) 1261(3) 4759(2) 47(2)» o8) 3103 6698(1) 4760(3) 6al1)"
0(4) 8383(4) 689(2) 4367(2) 4S(l)w &9 15802) 0d 1) 5603 3) su(1)e
c(S) 6669(6) 598(3) 4255(3) 59(2) €€10) 2295(2) 3tse(l) ©545(2) P
c(6) 6335(7) ~57(3) 3892(3) 64()w prived 238703) 2ae) 3718(3) RIS
o) 6698(5) -580(2) 4373(2) $9(2)» &12) 320503) 2265(2) 4084(3) 17(2)e
c(8) 6695(8)  -1229(4) 4050(3) 68(3)e c(13) 3716(3) 2151(2) 5269(3) 67(2)%
c(9) 6985(8)  -1759(3) 4589(3) 64(3)» c(14) 3533(3) 2518(2) 6105(3) 76(2)e
C(10)  11087(5) 1478(2) 3948(2) S0(2)* c(15) 2812(3) 2996(2) 574203) 66(1)8
c(1) 12228 1075 3650 62(1)# c(16) 3117(2) 4228(1) 3771(3) 50(1)e
c(12) 12652 1206 2973 26(3) c(17) 2791(3) 4326(1) 254603) 72(2)e
c(i3) 11934 1742 2592 81(4)# c(18) 3555(4) 4326(2) 1926(4) 99(2)
c(1é) 10793 2146 2890 17(3) c(19) 4666(4) 4218¢2) 2523(4) 11(2)*
c(13) 1036¢ 2014 3567 59(3) €(20) 5019(3) 4126(2) 3752(4) 100(2)*
c(16) 8600(5) 1200(3) $537(2) 412 c(21) 4246(3) 4127(1) 4326(4) 73(2)*
c(in 7933 1130 88y o8(3)e o(s1) 2316(1) 5355(1) ~883(2) S1(1)*
c(18) 1378 1685 5604 100¢4) s c(52) 2307(2) 5940(1) ~459(2) es(1)e
c(1n - 8183 1098 o367 l0z(s)+ ©(33)  321002)  5977(1) 773(2) 4s(1)e
czo) 8828 362 bo1s Be(3)» 0(56)  4255(1)  SwdE(L) 603(2) s2(1)
czy - %036 613 3300 65(3) C(35)  S136(2)  S5763(1)  1720(2) s2(1)»
o(51) $382(4) 1008(2) ~326(2) 4a(l)e o(56) 5125(2) $51501) 143803) 5201)*
e seza(n  Le2(n 203¢3) (e 0(57)  6951(2)  S54l0(1)  2574(2) 58(1)%
[¢3)] 2848(7) 1141(3) 109(2) 47(2)e c(38) 8059(2) $310(1) 2549(3) Sy(1)e
o(3h)  2084(4)  1290(2) 1) sthe G(39) B3N LI07(1)  2148(3) eu(1)e
€(33) 133(8) 860(3) 830(3) 53(2)~ C(o0) 1174(2) 0109(1) -304(2) 48(1)*
c(56) 1227(1) 215(3) 1196(3) 58(2)¢ c(61) 645(1) $737¢2) 207(3) 75(2)%
o(s7) 1910(8) -222(2) 714(2) 49(2)» c(62) ~351(4) 5903(2) 376(4) 110(2)*
¢(58) 2425(7) -838(3) 1031(3) 52(3)* c(63) ~43103) 6436(2) 23(5) 120(2)
C(59) 3096(6) ~1284(3) 496(3) 50(2)s c(64) -325(3) 6802(2) ~623(4) 99(2)*
C(60) 5473(4) 1223(3) 921(2) a2(ne c(65) 677(3) 6640(1) -796(3) 67(1)*
c(en) 6014 1763 1348 59(3 c(66) 3239(2) 6583(1) 1332(3) 46(1)*
c(62) 6866 1654 2001 61(3)» c(67) 2828(3) 6680(2) 2274(3) 69(2)*
c(63) 1178 1003 2231 66(3) c(68) 2846(3) 7231(2) 2747(4) 94(2)*
c(6s) 6638 462 1818 62(3)» €(69) 3226(3) 7701(2) 2300(4) 94(2)*
C(63) 5185 512 1163 58(3)a c(70) 3694(3) 7609(2) 1371(4) 79(2)*
C(06) 1991(5) 1485(2) =536(2) 42(2)» c(11) 3677(3) 7055(1) 892(3) 59(1)#
c(el) 2323 1276 -1208 s8(3)e
c(o8) 1597 1602 -1799 69(3)e
c(69) 539 2138 -1723 67(3)* 3 :
c(20) 207 23a8 -1054 63(3) a
c(ry 933 2021 -460 55(3)x x ¥ : v
1 2238(1) 780(1) 2273(1) 74(1)*
2a ™ 4719(2) 801(1) 7648(1) 59(1)*
o1) 5752(2) 2630(2) 8016( 1) s8(1)*
z b z y c(2) 7211(4) 2625(3) 7459(2) 54(1)%
R T T R - B O
c1(1) 1392(3) 2308(3) -358(7) 294(4)# o e oD I N
c1(2) 2111¢4) 2333(4) 2037(7) 369(5)# « ) uaa(s) 264 sua203) RS
ov(:’ 9::(” ,?,3‘:‘” ':3“) .:3"" 0(‘7,3 zasz(:‘; 1665(2) 6844(3) 127(2)*
xfz:; 1206 338 -100 100 <(8) 1906(7) 975(4) 6660(5) I;B(L):
Nn e g e (g a1 aem(n  sesh  enrm e
:'(m il‘;‘;(,, ’i:?u, 2;;2“, l,g(,,. o11) 2826(4)  -1451(3) 7635(2) $7(1)*
na(l) 5000 5000 0 85(2)# «12) 3315(4)  -1481(2) 8292(2) 53(1)e
,.:(2, 0 0 0 75(2)# o(13) 272X(3) -446(2) 8672(1) 61(1)*
- .
o(1) 5841(2) 3753(2) -99(4) 64(2)0 &14) 3000¢5) 287(3) 969?(2) 62(:)'
o(15) 2804(4) 919(3) 9677(2) 64(1)
g2 sy M) L) srhe o16)  4043(3)  1328(2)  9130(1) 66(1)
5 St 208 1816 G «17) 4316(4) 2360(3) 9366(2) b4(1)*
o) Sny sy 1) Q3. C18)  5839(s)  2547(3)  8883(2) 681
c(s) 4685(4) 4082(4) 2761(N) 7(4)x et 19) 207¢4) 2a30() 268613 etire
C(e) 4529(4) 4818(5) 2903(7) 18(4)» €(20) 7361(6) ©596(2) 7723(3) 83(2)%
o 4239(3) 5108(2) 1278(8) 68(2)s pristd nass e S REPEIN
s e AN PO a;m: «22) 9602(9) 5212(6) 7999(3) 128(3)*
o PRI P RS I o(23)  10318(7) 4169(7) 7954(3) 122(3)%
S aeect) B L Habt €(24) 9532(5) 3289(4) 7795(3) 90(2)#
c(1) 6266(4) 2330(5) 235(8) 76(4)x s N e teend e
c(12) 6606(5) 1215(5) 253(9) 79(4)e & 975 s) 3545(3) $624(3) 80(1)#
c(13) 7153(5) 1595(6) 1190(12) 92(5)a €(26) 8975(35) .
. c(27)  10217(6) 3461(¢4) 4941(3) 103(2)
c(14) 7374(5) 2052(7) 2112¢11) 98(5) A oo S PR
c(15) 7025(4) 2684(5) 2081(8) 82(4)» X oy 30ec) AT N
e PN e P H o c(3v) 8303(4) 1677(3) 5431(2) 70(1)*
c(1n «819(4) 2271(4) 1683(8) 78(4)e c(31) 271(4)  =2501(3) 6924(2) SB(1)*
c(18) 4331(5) 1808(4) 1112(8) 99(4)» c(32 4908(3)  -2802(3) 6614(2) 78( 1)«
(19 3916(5) 1964 (4) 8(8) 100(4)w (32) :
- . ©(33) $391(7)  -3778(4) 6172(3) 105(2)
©(20) 3981(5) 2572(5) $59(8) 105(4) b e e AR o
sy prbetall ekt o AThes o(35) 2073(9)  -a144(4) 6342(3) 112(3)*
o(51) 1103(2) -391(2) 1320(4) 55(2)%
- *
€(52) 1345(4) ~549(4) 2667(6) 55(3)e €(36) 2335(5) 3157(3) 6781(2) 18(2)
. c(37) 2774(4)  ~2423(2) 8816(2) 52(1)%
csn 1 158t4) 015ce) sy c(38) 3805(4)  -3336(3) 8889(2) 64(1)*
a(54) $55(3) 356(3) 2732(4) 66(2) R E P e+ Y FEN
caa iy PN A ala c(40) 1802(6)  -4164(4) 9757(3) 91(2)*
c‘i:; ‘“,’8; {é;;f;; 2::;:3 Z;ﬁ;;: c(41) 804(6)  -3271(4) 9685(3) 95(2)%
Q —A4
c:m -tle7(4) 1166(4) 603(7) 69(3)e €(42) 1264(4)  -2405(3) 9220(3) 75(1)w
Cc(39) =1323(4) 1200(4) =801 (o) 67(3)»
€(60) 992(4)  -1071(4) 3363(6) 54(3)e
c(s1) 1384(5)  -1478(4) 4281(8) 78(4)%
c(62) 1062(7)  -1968(5) 49i4(8) 95(5)*
c(63) 352(7)  -2057(5) 4621(10) 92(5)e
c(64) -33(5)  -1655(3) 3720(9) 94(4)e
c(65) 288(4)  =1167(4) 3099(7) 79(4)
C(66) 1610(4) 3461(4) 4359(6) 81(3)~ . )
c(en 1253(4) 210(4) 3365(7) g;g)‘ *Equivalent isotropic U defined as
c(68) 1579(5) 336(4) 6611(7) 108(5)e -
c(69) 2241(6) $55(6) 6853(10) 137(6)* one third of the trace of the ortho
c(70) 2579(6) 682(7) $854(13) 162(6) > gonalized U,, tensor

c(7) 2268(S) 585(5) 4623(9) 103(5)»
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Table. 4: Selected Atomic Distances and Torsion Angles

of 2,2a,3 and 3a.

bond Lenqths (3]

Ph-C-C-Ph 1.505(¢?)

1.519¢11) 1.518¢4)

3a

1.528(C4) [C(2)-€(3)]
1.522¢5) [c(11)-CC12)]

av.C~Cotrypn. 1.491 1.501 1.493 1.454 [0(7)-chain]
1.494 [0C16)-chaind

0C1)~C(2) 1.437€¢6)  1.429(9) 1.427C4) 1.435(3)

0C10Y-cC1 1) 1.437(4)

0(4)-C(3) 1.408€6) 1.409¢9) 1.422¢3)> 1.424(4)

0(13)-¢cC12) 1.41303)

av.C~Ocnasn 1.407 1.415 1.418 1.389 [0(7)-chain]
1.416 [0(16)-chain]

torsion angles (° )

st the

stilbene units

H-C-C-H 171.8¢0) 63.4(2) 176.8(0) 170.7¢0)> [C(2)~C(3)]
177.0€¢0) [CC11)-CC12)1]

Ph-C-C-Ph 172.6(4) 60.7(8) 57.4(3) 62.6¢(3) [C(2)~C(3]
56.3¢(3) [C(11)-CC12>]

0-C-C-0 171.9¢4) 62.9(6) 57.2(3) 52.7¢3) [C(2>-¢c(3]
58.1¢(3) [C(11)-C(12)]

interatomic distances (Al

0(1>-0C1A) 7.713 5.923 6.274 4.973 (0(1)-0(13)1

0C(4)-0C4A) 4.397 5.410 5.062 4.031 [0(4>-0¢10)1]

0C(7)-0(?A) 6.173 5.246 6.899 4.023 [0(?)-0016))

0¢1)-004) 3.585Cap) 2.756(sc) 2.698(sc) 2.624 [0C1)-0C4)]
2.672 [0¢10)-0C13)1

0(4)-0(7) 2.893(sc) 2.721(sc) 3.573(ap> 2.780
2.804 [0¢13)-0¢16)12
2.762 [O0(?)-001011]
2.781 [0C1)-0(16))

Na-0(1) 2.962 2.677

Na-0C4) 2.705 2.502

Na-0(7) 2.623 2.444

Na-0¢10) 2.531

Na-0(13) 2.807

Na-0(16) 2.410

On the other hand, in the trans-syn-
trans 1isomer, 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 structure 2 as can be seen from
the trensannular 0-0 distances (Table
4). Thus, the structure 3 quite clo-
sely reseables those of [18lcrown-6
and the known structures of dicyclo-
hexano crowns whereas the structure
of 3 is unprecedented and completely
different from the cyclohexano crown
isomer with the same substitution
pattern '?

The two crown ethers form different
types of complexes with sodium do-
dide. 2a is a “"normal” crown complex
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

coordinated to two water molecules on
either face of the ring. In the lat-
tice, such complexes with 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
reqular array. This type of complex
is closely related to the sodiunm
bromide complex of crs-anti-crs-di-~
cyclohexano-{181crown-6 '3, The com-
plex 2a Lies on an inversion centre,
but the H;O0-Na-H, 0 axis i1s not per-~
pendicular to the ring plane so as to
avoid steric interaction with the
axiasal phenyl groups. As a result of
this distortion, the Na-0 distances
to the oxygens next to the eguatorial
phenyl group are substantially longer
than to the other oxygens. This is
contrary to the observations on the
corresponding complexes of dicyclohe-
xano-[18]~crown=-6 314
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&

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

todide complexes 2a and 3a. Hydrogen astoms are omitted except in the benzylic
positions.
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The structure of 28 shows a 7?-coordi-
nated sodium ion. The Ltigand is
strongly bent with five oxygens ap-
proximately in plane with the sodium
ion and the sixth oxygen beneath this
plane. The seventh coordination site
above the plane is provided by the
counter-ion, the distance of 3.166 A
indicating c¢lose ion pair contact.
The complex is asymmetric but it may
be approximately described with a
symmetry plane through 1, Na, 07 and
016. The structure may be compared
with the NaSCN complex of ([(18lcrown-
é6; in this <complex, however, the
thiocyanate 1ion is bridged to the
sodium 10on by a water molecule '3,
Onlty minor conformational changes are
necessary from the free ligand 3 to
the complex 3a whereas the phenyl
groups in 2 have to be rotated to-
wards each other by & dihedral angle
of 120 ° to reach the conformation of
the complex 28. This finding s con-
sistent with the observed 20-fold
higher association constant of 3 for
sodium 1ons? .

! H-NMR spectroscopy

The conformations of organic mole-
cules are not necessarily the same in
the solid state and in solution. We
therefore sought for information on
the solution conformations of 1,2 and
3, and their alkali metal and ammo-
nium complexes. The conformationsl
behaviour of free and complexed
crowns has been studied theoretically
by molecular mechanics calcula-
tionsts 7 and experimentally by
1ri%stY and nwr?2%:2':22 gpectroscopy.
Thus, the conformation of unsubsti-
tuted [18Jcrown-6 was found to be the
same in the solid state'® and in lLess
polar solvents'® and does also corre-
spond to one of the minimum energy
conformations evaluated by molecular
mechanics calculations?? . on the
other hand, the crystal structure of
dibenzo-{18lcrown-6'' shows an elon-
gated conformation similar to those
of 2 and 3 in this paper whereas no
indication of the presence of antipe-
riplaner ~0-CHz ~CH,; -0~ groups was
found in ‘H-nmr studies in several
solvents?? .

The isomers of 2,3,11,12-tetraphenyl-
L18Jcrown-6 are particularly well
suited for 'H-nmr studies because the
benzylic protons in the 2,3,11, and
12 positions appear separated from
the other aliphatic protons in the
nwmr spectra?, These signals have
different chemical shifts for each
isomer and thus contain information
on the conformation of the diphenyle-
thanediyl units.

Iin 1 and 2, the protons of each di-
phenylethanediyl qroup are enantioto-

pic (see Scheme 1) and thus appear as
singlets. In the chirsl environment
provided by complexing with 1-phenyl-
ethyl ammonium bromide, the two pro-
tons become distereotopic and appear
as an AB spectrum®:*?¥ . The vicinal
H,H-couplings thus become visible.
Only one AB spectrum 1is observed
because in both crown ethers the two
diphenylethanediyl groups are homoto-
pic due to the presence of (, axes by
which they are interconvertibte. 1In
isomer 3, the two diphenylethanediyl
groups are enantiotopic but the pro-
tons within each group sre homotopic,
giving rise to the observation of one
singlet in the free Lligand and two
singlets in the complex with the
optically active ammonium salt, for
the benzylic protons. The vicinal H-H
coupling is not obtained in the Lat-
ter case.

Fortunately, however, the vicinal 'H-
t H-coupling constants for all free
Ligands and complexes are accessible
from '3C satellite spectra. The Llow
field parts of the satetlites appear
in 8 region of the spectruam which is
unperturbed by other resonances. The
identification of the *3C satellites
is confirmed by the observed one-bond
t3¢-*H coupling <constants in the
range of 142-146 Hz which is in good
agreement with the values found for
e.g. 1,4-dioxane. In the following,
the solution conformations of the
crown ethers and their complexes with
Na, K and ammonium ions are discussed
on the basis of nmr data given in
Table 5.

Narrow resonances are found 4in att
nmr spectra indicating rapid confor-
mational and/or tLigand exchange equi-
Libria. Chemical shifts and coupling
constants have thus to be taken as
average values,

The influences operating on the che-
mical shifts of the benzylic protons
can be divided into three main fac-
tors:

i. Complexation of cations will Llead
to a decrease in electron density of
the c¢rown ether oxygens and to &
downfield shift of the proton reso-
nances. This is found in stl com-
plexes with sodium cations as com-
pared with the free Lligands; swmaller
or no effects are found with potas-
sium ifons.

ii. In the relative position of the
protons (axial or equatorial) with
respect to the plane of the crown
ether ring, saquatorial protons may be
expected to be Less shielded and thus
to appear shifted more downfield than
axisl protons??, This effect may be
responsibte for the higher 8 values
of 1 and 2 as compared to 3.

iii. The relstive position of the
protons with respect to the anisotro-
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pic 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 1-phe-
nylethylammonium bromide.

The latter two influences are Llikely
to be quite sensitive to conforma-
tional changes. However, their rigo-
rous interpretation would require
calculations based on optimized geo-
metries which are not availablte at
present.

More concise information is expected
from the vicinal coupling constants
since these depend directly on the
dihedral angle of the coupling nuc-
Lei?* . According to the findings in
the 1,4-dioxane system?’, one can
expect coupling constants in the
range of 3 Hz for the synclinal posi-
tion and in the range of 10 Hz for
the antiperiplanar position of the
vicinal protons.

Thus, the small coupling constants in
crown 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 crown ether ring,
similar to the geometry found in the
crystal structure of 2a.

The relatively high coupling constant
in the free Ligand 2, however indi-
cates 8 significant contribution of
the antiperiplanar <conformation of
the vicinal hydrogens, as found in
the crystal molecular structure. Fur-
thermore, on complexation, the coup-
Ling constant decreases considerably,
with the exception of the potassium
bromide complex where the effect is
stitl significanc, but small. This
finding completely matches the con-
formational changes from 2 to 2a
observed in the crystal structures.

Finally, high coupling constants
troughout are found for crown ether 3
and its compltexes 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 3a.

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 complexing ability: 3>1>2,

Table 5:
coupling

protons

their complexes®

compound

free
Ligand
Nal
KBr
KSCN

NH4 SCN

thHCH:
NHy Br

free
Ligand
Nal
KBr
KSCN

NH, SCN

PhSNCHx
NM] Br

free
Ligand
Nal
KBr
KSCN

NHy SCN

Ph?HCN;
NH; Br

* chemical shifts

‘H

1,

nar

chemical shifts
constants of the benzylic

and 3 and some

1 (cis-syn-cis)

]

4.80

4.52

L T e-n
3.3 142.2
3.1 142.9
2.7 143.5
2.8 143.0
2.9

2 (cis-anti-cis)

4.88

4.96

4.88

4.82

6.2 143.5
3.9 143.0
5.1 144.0
2.8 142.6
4.9

3 (trans-syn-trans)

4.52

4.76

4.70

8.0 143.7
9.5 146.3
8.9 145.5
8.8 145.6

in ppa vs. TMS;

coupling constants in Hz
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