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On the Crystal Structure of
7,16,21,26-Tetraoxa-1,4,10,13-tetra-
azatricyclo[11.5.5.5%1%Joctacosane
in a Complex with Sodium
Tetrafluoroborate at — 150 °C

P. GROTH

Department of Chemistry, University of Oslo,
Oslo 3, Norway

The syntheses of organic ligands consisting of two
mono-aza-12-crown-4 rings linked together by a
single alkane bridge between nitrogen bridgeheads,’
and by two such bridges,? have recently been carried
out. When free doubly N,N’-bridged bis(1,7-dioxa-
4,10-diazacyclododecane) is contacted with a salt

o
( o
O
Lo

solution containing Li, Na and K cations and Br
and BF, anions, a complex with NaBF, crystal-
lizes. 13C NMR studies > show that the most likely
conformation of the complexed ligand, with all
nitrogen lone pairs pointing into the cavity, is not
retained by the free ligand. A crystal structure
investigation of the complex C,,H,,0,N, -NaBF,
has been undertaken in order to obtain conforma-
tional evidence for this tricyclic molecule. The
crystals belong to the monoclinic system with space
group P2,/n, cell dimensions a=9.788(6) A, b=
9.715(7) A, c=13.380(6) A, f=104.79(4)’, and Z =2
(D,=1.37 g/em3, D, = 1.34 g/cm?3). With 26,,,, =50,
MoKa-radiation, and an observed-unobserved cut-
off at 20(I), 1106 independent reflections were
recorded as observed on an automatic four-circle
diffractometer at —150°C. No corrections for
absorption or secondary extinction were applied
(crystal size 0.2 x 0.3 x 0.3 mm).

There can be no real center of symmetry with
respect to carbon atoms in a given complexed
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Table 1. Final fractional coordinates with estimated
standard deviations. Hm,1 and Hm,2 are bonded
to Cm. )

alom X Y . 4
Fl L0866 ( R) «0328( ¥) -e0642( 5)
ke = 0367( A) ol224( 8) -+0497( 8)
3 =elarbu( &) ~e0228¢ 1) “e0679( 4)
ka4 0121 R =e1042(10) =.0620( 7)
Ot 46430 3) «OH4Y( 4) lell75( 2)
Ve 2942 ( 3) 46720 3) «89061( 2)
N1 «32HA( &) «4193( o) lell25( 3)
e 4036 4) 12741 &) «8964( 3)
Cl «3403(a6l) «5035(38) 1.1897(27)
ce e35341(16) «65521(21) lelbb2(12)
C3 4bHhR(16) «8074(1%) 1.0729(12)
4 W JO/R(PYH) 8190 (44) «3720(34)
Cs «2759(2%) «6863(2%) «81l181(16)
Ce «1R0A(19) Y64 (22) «8482(15)
ct «1/52014) «3747(14) «92791(10)
CH LR35 (36) «41991(21) 1,0371(30)
(6] e3519(24) «2725131) 1.1337(15)
clu oD2264 (34) 24861(31) 1.1832(29)
cll w5822(27) «15531(38) 1.0339(36)
Cle «62411(15) «1916(14) «93191(15)
€13 WDAYT L) 0 35571(22) e 7935(13)
cla «bH9OT(36) «4502(37) «82061(32)
€15 o 1995 (139) «63411(18) 9521 1(27)
Cle «BGY4(12) eb434(14) 1.06480(12)
cl/ e 76803 (19) «44001(20) 1.1846(15)
Cld « 7599 (130) «2894 (c9) lel502(17)
Cles «5979(29) «6816(22) «8088(13)
ceo «52111732) STTTS(LYL) #8559 (22)
B 0.0000C 0) 0.0000( 0) 0.0000¢ 0)
WA+ «D 00N (1)) «5000( V) 1.0000¢ 0)
Hil o424 o475 1.245
Hle o2hG e 490 1217/
el « 370 «709 1.231
HZ e o262 686 le117
H3l oHb4 «B24 l.064
H3z 443 +HB0 1.119
H4 . 369 «917 949
n4¢ o217 o197 «980
"ol . 3UY «639 e 755
nhe o226 o173 o782
HAL NET 572 «78Y
HA2 o lan o643 «903
HTl 215 o 2RO « 926
"fe «0 /5 «376 <B4
HY o121 ¢ 356 1.063
k2 olbu «515 1.032
=91 o297 «219 1.077¢
HIZ <335 251 1.201
4101 493 o150 le172
Hi02 «HY5 261 l1.248
Hll1 e4H3 o124 1.0148
Alle o646 «081 1.072
4121 503 <110 +BB3
1122 ol2t 214 «946
4131 «43R <405 «748
Ml32 593 21? 1517
Hial o718 sl o751
6
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Table 1. Continued.

1142 o /19 «395 «H64
Hlvl o /B4 « 130 971
162 YA «633 «911
H1Al R L -1-1-) 1.092
Hlbe e HAQ «449 1.02%
HL71 o /24 «461 1.2306
il WA oMK 449 1.218
AlHL o 71887 o228 l.212
Hine «R0S o267 1.099
H191 chAR «751 «802
AlYe NhT o627 o742
HZOL D40 «8173 +8R3
Heoe et i) 781 778

ligand, only with respect to the heteroatoms and to
the middle of each C— C bond. Since tlfese bonds
are not eclipsed, the —CH,—CH,— units have
chirality, and this must be of the same sign for all

four units of a given ring. For simple steric reasons
also the two bridge units are forced to take the same
chirality which in turn is imposed on the other
ring. A center of symmetry would have inverted the
chirality of diametrically placed units. The fact that
there are only two formula units in the cell
therefore demands disorder of the tricyclic ligand
(and the tetrafluoro borate anion as well).

The structure was solved by direct methods 3 and
refined by full-matrix least squares technique.**
The weights in least squares were calculated from
the standard deviations in intensities, o(J), taken as
o()=[Cr+(0.02 Cy\)*]*, where C; is the total
number of counts and Cy the net count.

*All programs used (except those for
determination) are included in this reference.

phase

Table 2. Bond distances and angles with estimated standard deviations.

VISTANLE (A)
Nl - CL 1e30¢ 3)
01 -~ 2 Les2( 2)
C3 -~ (a4 letb( 5)
N2 = (S 1e51( 2)
02 - Ca 1e68( 2)
C? - ¢y 1eS1¢ 4)
Nl - LY 1e4B( 3)
Cl0 - N¢ LetsS( 4)
Cll - Cl2 1e96( 5)
0l - C13 Le37( 2)
Cl4 = "I 1.60( 3)
CLs - Cl6 1.53( 3)
02 - CcL/ 1433¢ 2)
Cl8 - N2 1,649 3)
C1S - Ceu lesa( 4)
NA+ = Ul 2e47( 1)
NA+ = N] 2e64( 1)
R = rl 139 1)
CREN X Leg?t 1)
ANGLE (%)
Cl - N1l - Cr 116.( 2)
01 - €2 - Cl 1144 ( 2)
0) - C3 - C4 1144 2)
C4 - N2 - CS 113.( 1)
07 - C6 - C5 110.¢ 1)
02 - C? - C8 1064 1)
Cl - Nl - C9 119.( 2)
Nl - C9 - Cl0 112.( 2)
Clh = N2 = Cl1 111.( 2)
Clz - Cc11 - N2 1124 ( 2)
clz - 01 - C13 111e( 1)
Cl3 - Cl4a - N1 112.( 2)
Clé - C15 - NI 1104 2)
Cle = 02 - C17 113.( 1)
Cl?7 - Cl18 - N2 109, 1)
Cle = N1 = Cl9 1124 1)
c2n - C1% - N1 1094 ( 2)
Ca = N2 - C20 11400 1)
FI = 8- F2 112.( 1)
F1 - B - Fa 1124( 1)
FZ = 8B - Fa4 11440 1)

DISTANCE (A)
Cl - cCe 1.52( &)
0l - C3 1.33( 2)
Ne = C4 1.45( 4)
cs - Cé6 1.45( 4)
oe - Cf 1.36( 1)
Nl - CB 1.52¢( &)
C9 - Cl0 1.56¢( &)
N2 - Cl1 1.46( 4)
c12 - ol 1.53( 2)
Cl3 - Cla 1.51( 4)
Nl = Clb le430C 3)
Cl6 - o2 la46( 1)
€17 - Cl8 1.54( 3)
Nl - ClY 1.49¢ 2)
N2 = C20 1.48( 3)
NA+ = 02 24500 1)
NA+ = N2 2.65(1)
B~ e 1.37¢ 1)
B - t4 1.33¢ 1)
ANGLE (°)
Nl - Cl - C2 116.( 3)
c2 - 0f - 3 119.( 1)
N2 - C4 - C3 112.( 2)
M2 - CS - C6 113.( 2)
€6 = 02 - C7 1164 ¢ 1)
Ml - C8 - C7 117.( 2)
fFR = NI - CY 105. ¢ 1)
€9 - Cl0 - N2 108.( 2)
Clt = N2 - C18 1064 ¢ 1)
Cc11 - Ci2 - 01 108.( 2)
Cle = C13 - 01 109.¢ 2)
Cl4 = N1 - C15 113. (¢ 2)
C15 - Cl6 - 02 113.( 2)
C1/ - C17 - 02 115. ¢ 2)
C10 = N2 - Cl8 111. ¢ 2)
Cla = N1 - ClLy 104.( 2)
N2 = C20 - C1Y 119. ¢ 2)
C5 = N2 - C20 113.¢ 1)
Fl = 8- +3 106.( 1)
F2 = B = 3 105.( 1)

F3 - 8 - t4 106.( 1)
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As to be expected, the sodium and boron atoms
are situated at centres of inversion. The four fluor
atoms were given multiplicities 0.5 in order to satisfy
the symmetry requirements. Anisotropic tempera-
ture factors were introduced for F, C, N and C
atoms. Refinement converged at R=12.2%,. The
principal axes of the thermal vibration ellipsoids for
the carbon atoms corresponded to maximum r.m.s.
amplitudes between 0.4 and 0.6 A, while those of
the other atoms were normal. Positions of “half-
carbon atoms” were calculated from the differences
between maximum and minimum ?rincipal axes
of the thermal vibrational ellipsoids.” Correspond-
ing “half-hydrogen” atom positions were calculated
and included in the structure factor calculations,
but not refined. The final R-value was 7.1 % (R, =
5.1 %) for 1106 observed reflections. The maximum
r.m.s. anisotropic thermal vibrational amplitudes
arrived at range from 0.25 to 0.27 A for the oxygen
and nitrogen atoms, confirming that these atoms
are non-participant in the disorder phenomena. For
the half-carbons of the 12-membered rings the
corresponding range is 0.25—0.34 A. In spite of the
relatively poor crystal quality, these values seem to
justify the conclusion that the bis(1,7-dioxa-4,10-
diazacyclododecane) rings occur in equal amounts
as two enantiomorphic forms. The fact that the four
bridge half-atoms have amplitudes between 0.35
and 0.52 A might suggest a more complicated type

Fig. 1. Schematic drawing of the complex. For
clarity, only one of the enantiomeres is drawn.
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of disorder for the tricyclic ligand as a whole, but
this cannot be stated with confidence.

Final fractional coordinates with estimated stand-
ard deviations are given in Table 1. Bond distances
and angles are listed in Table 2, while torsional
angles may be found in Table 3.

Within the large limits of error bond distances
and angles may be regarded as normal.

The torsional angles of Table 3 correspond to the
quandrangular conformation for the bis(1,7-dioxa-
4,10-diazacyclododecane) ring with approximate
C, symmetry.

Fig. 1 is a schematic drawing showing the con-
formation of the tricyclic ligand with the expected
cubic arrangement of the eight donor atoms. For
clarity, only one of the enantiomeres is drawn. -

Lists of thermal parameters and observed and
calculated structure factors are available from the
author.

Table 3. Dihedral angles with estimated standard
deviations.

UIHEURAL ANGLE (°)
ce - NI = Cl - C2 -76.( 3)
Nl = Cl = €2 = 0l =54, ( 4)
C3 - 01 - C2-~- C1 1664 ( 2)
C4 = C3 - 01 - C? =784( 2)
N? = C4 - C3 - 0 =664 ( 3)
€S - N2 - C4 - C3 153.( 2) .
C6 = C5 = N2 - C4 “69.( 2) ring
N2 = CS - C6 - 02 ~6l.( 2)
C?7 - 02 - C6 - CS 180.( 1)
cR - C7 - 02 - Cé6 -84.( 2)
Nl = C8 - C7 - 02 =62.( 2)
C7 - ¢ - Nl - ¢l 1564 ( 2)
€9 - N1 - Cl - C2 1604 ( 2)
C9 - Nl - CB - C7 “73.( 2)
Cl0 = CY9 = N1 - €1 =684 ( 3)
€10 = CY% = N1 - CB 163.( 3) .
Nl = CY = Cl10 - N2 =Tl 3) bridge
€9 - Clo - N2 - C11 -78.( 3)
C9 = Cl0 - N2 - C1R 165.( 2)
Cl0 = N2 = Cl1 = C12 165.( 2)
€17 - Cl8 = N2 = Cl0 “844( 2)
ClA = N2 - ClIl - Cl12 =75.( 3)
N2 = Cl1 - C12 = Ol =55.( 2)
Cll1 = Cl2 = 01 - C13 1784 ( 2)
€12 = 0l = C13 - Cl4 =844 2)
01 = €13 = Cl4 - N} =564 ( 3)
€13 = Cl4 = N1 - C15 153.( 2) ring
Clé = Cl5 = N1 - Cl4 =784 ( 3)
N1 = Cl5 - Cl16 = 02 =59, ( 2)
C15 = Cl6 = 02 - C17 171 1)
Cle = 02 - Cl7 - CIR “79.( 2)
02 - Cl17 - C18 - N2 -6l.( 2)
Cl7 = ¢18 = N2 - C11 155, ( 2)
C19 = NI - ClIS - C16 1654 ( 2)
Cl9 - NI - Cl4 - C13 =85.( 3)
€20 - C19 - N1 - C15 -80.( 3)
€20 = C1Y - N1 - Cl& 158.( 2)
N2 = C20 - C19 - M} =644( 3) bridge
€20 - N2 - C4 - €3 -78.( 3)
€20 = N2 - C5 - Cé6 161.( 1)
Cl19 = C20 - N2 - C4 1604 ( 3)
€19 = C20 - N2 - €5 =71.( 3)
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