The Crystal Structure of 7,16-
Ditosyl-4,13-dioxa-1,7,10,16-
tetraaza-dicyclo[8.8.2]-eicosane at
Room Temperature
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Outlines for syntheses of multiacrocyclic ami-
noethers designed for complexation of sodium
and similar cations have been described.! The
structure of the product obtained from the
reaction between 1,2-diaminoethane and 1,8-
ditosyl-oxy-3-oxa-6-tosylaza-octane, where two
isomers are possible, could not be assigned
spectroscopically.

AW an Wan'
TsO N N o
( ( 1)
NH, o o, N N
( 2 P WA NN
NHp  TsN \ o/ W ‘o
( €
TsO N NN
VANVANVAS
?
Ts = S Hy
4

Since both products are intermediates needed
for such syntheses, a crystaliographic structure
determination has been carried out.

The crystals of Cy;gH4N4O6S, are monoclinic
with space group P2,/c, cell dimensions
a=19.232(4), b=5.3271(3), ¢=15.131(6) A,
p=106.56(3)°, and Z=2 (D,=1.33 g cm>,
D;,=1.29 g cm™3). The fact that space group P;/c
with Z=2 demands C; symmetry of the molecule,
excludes the isomer (II) if the crystal structure is
ordered. Numerous examples of disorder phe-
nomena in the crystals of similar ring compounds
made it desirable to complete the investigation.
With 26,,,=50° and MoK,-radiation 1037
observed reflections were collected on an auto-
matic four-circle diffractometer at room tempera-
ture. .

The structure was solved by direct methods?
and refined by full-matrix least squares
technique.? [All programs used (except those for
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Table 1. Final fractional coordinates with esti-
mated standard deviations. Hy, is bonded to C,,,.
H12 P is bonded to C12. H,,, is bonded to C,,.

ATOM X Y r4
s ST1420 1) .2235( S) <4947C 1)
o2 75081 2) .0459( 10) .S621( 4)
o3 66141 2) JA3T79040) .4101( 3)
cs .66810( %) 4147180 16) .5493( 6)
cs .6145( S) .5818(20) .5042( S)
ci0o .5T30( %) .729s5021) .S441( 6)
[XR] .5821( 4) . 1128 49) .6376( 6)
ci2 .6316( S) .S47719(20) .6846( S)
Ci3 .6706( 4) .3996( 19) .6420( 6)
Ci4 .540S( %) .87156( 19) .68172( 6)
o4 1.437S0 2) 3526011 .€416( 3)
N1 .1708(0 3) L3967 13) 4683 ( 4)
N2 .9664( 3) 42190 43) .6054( 4)
[X] .8335( 4) .4830( 16) .5428( S)
cz2 .8969( 4) .2958(17) .66828( S)
c3 1.0199( <) .2354(19) .6567( S)
C4 1.0932( 4) .3539( 17) 10260 S)
cs .T7959( 4) .5489(171) .3201( S5)
ce 747190 %) 55151 T) .3846( B)
c1 .9908( <) .8122( 18) .5402( S)
H9 .s98( 3) .583( 12) <4370 4)
H10 .535( 3) .833(11) .508( 4)
Hi2P 851t 2) .658( 9) 5241 3)
H{3 .706( 3) .B0S(11) .B15( 4)
Hd .817C 2) .518( 9) .600( 3)
Hi2 .e38( 3) .530( 13) LS04
H2 1 .893( 2) .200t 9) .500( 3)
H22 .885( 2) .170C 9) .604( 3)
H3 4 1.0270 2) L1080 11) 6120 4)
H32 1.000C 2) . 160( 10) .05 3)
H4 o 1.4460 2) .254010) .IS60 3)
H42 1.092( 2) .57 114) 1290 3)
HS ¢ 1790 2) .634(12) .267C 3)
HS2 192 3) .B535( 46) .302( 5)
HE 4 L1820 21 IBHC 9) .405( 2)
HB2 .697( 2) .496(10) .350( 3)
HT4 1.034t 33 .661( 10) .587( 3)
H12 .960( %) 872041 .s08( 6)
Hi44 .5361 3) .76 18) .740t S)
H142 .ss8t 3) 1.044012) .682( 4)
H143 .491( 3) .896( 12) .649( %)

phase determination) are contained in Ref. 3].
Hydrogen atom positions were calculated except
for those of the methyl group which were
localized in a difference Fourier map. Anisotro-
pic temperature factors were used for non-
hydrogen atoms, and weights in least squares
were calculated from the standard deviations
in intensities, o(l), taken as o(l)=[Cr+(0.02
Cn)*J?, where Cr is the total number of counts
and Cy the net count. The R-value was as high as
R=8.2 % (R,=5.2 %), probably due to poor
crystal quality. Final fractional coordinates with
estimated standard deviations are given in Table
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Table 2. Bond distances and angles and dihedral angles

DISTANCE (R
s - o2 1.440 1)
s - c8 $TT0 4
ce - Cc9 1.540 1)
c9 - cio 1. BT 1)
Ci4 - CH2 1.34( )
c12 - C13 B0 )
0ot - CS8°' 1.420 O
N{ = C6 1.48C 1)
N2 - C3 1.48¢C 1)
cy - c2 1.54(C 1)
cs - c6 1.55C 1)
ANGLE *)
02 - s - 03 120.¢ 1)
02 - S - Ni 107.C 1)
os - S - Ni 10T7.C 1)

s - C8 - C9 122.0C 1)
C9 - C8 - C3 148.0 )
€9 - CHI0 ~ CH! 122.¢C 1)

C10 ~ Ci4 - Ci+4 125.C 1)
Ci1 - C12 - C45 122.C 1)
cC4 - O+ - CS' 142.0 4

S - Nt - C& 149.0 1)
c2 - N2 - C3 109.0 1)
cCs - N2 - C7 145.0 1)
N2 - C2 - Ci 44,0 1)
0of - C% - CX 144,01
NI - CB& - CS 148,04

DIHEDRAL ANGLE

C4 - 0O{ - C5'-
Cs - 01 - C4 -
S -~ Nt - Ct -
S - N{ - C8& -
Ct - Nt - C8 -
C8 - Nt - C4 -
€2 - N2 - C3 -~
C% - N2 - Cc2 -
c2 - N2 - Cc7 -
C7T - N2 - C2 -
CZ - N2 - C7 -
Cl?T - N2 - C3 -
N{ - €4 - C2 -
N2 - C5 - C4 -
o{'- CS5 - C6 -
N2 - Cc7T - C1'-

1. Bond distances and angles and dihedral angles
may be found in Table 2. Except for C8-C9
which is somewhat short, the bond distances and
angles have normal values within.estimated limits
of error. Fig. 1 is a schematic drawing, showing
the numbering of atoms.

with estimated standard deviations.

DISTANCE (R
s - 0% 1.440 1)
S - Nt 1.640 )
c8 - CiX 1.8580 )
C40 - CH1 1.858( 1)
C4t - Ci4 1.820 )
01 - C+4 1.420 ()
N{ - CHt 1.480 )
N2 - c2 1.47C )
N2 - C7 {.45C ()
CZ - C+4 1.52( 1)
cT - c1° t.560 ()
ANGLE *)
02 - s - c8 108.C 1)
o3 - s - c8 107.C 42
cs - S - Nf 108.0 1)
S~ C8 -~ Ci{5 120.C 1)
c8 - €9 - Cct0 124.0 4)
Ci0 ~ C14 - CH2 147.¢ 1)
Ci2 - C14 - C14 120.¢ 1)
c8 - Ci3 - Cci2 124, 0
S - N1 - CHt 118.0 1)
C1 — N1 - CB 148.C ¢
cz2 - N2 - C7 145.C 1)
N{ - C4 - C2 142.¢ 1)
N2 - €3 - Cc4 142.C 1)
ce - cs - 01 109.¢C 1)
N2 - CT - CT' 1470 1)
3
ce’ 74,0 1)
cs IS0 1)
c2 89.l 1)
cs -429.0 1)
cs 8.0 1)
c2 -418.0 1)
c4 180.( 1)
cH 1ST.0 1)
cT’ -84.0 1)
(o] ~-T4.0 1)
cT 2.t 4
c+ s2.( 4)
N2 1ISS.0 4)
[«X] -89.( 1)
N4 =T5.0 1)
N2 -180.( 1)

From the torsion angles of Table 2 it is clear
that the 12-membered ring adopts the
[3 9)conformation,* which has been observed
earlier.>¢

It should be noted that the two bridge head
nitrogens (N2 and N2') play the role as “corner”
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Fig. 1. Schematic drawing showing the number-
ing of atoms.

atoms. Transannular distances to O1 range from
3.04 to 3.20 A.

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