
108 C17H27C102S 

(KBr) 1752 cm-t ;  IH NMR (CDCi3) 6 1.12 [s, 9, C ( C H 3 ) 3 ] ,  

1.30 (s, 3, angular CH3), 2.27 (s, 3, SCH3), 3.59-3.67 [m, 1, 
CHOC(CH3)3], 4.75 (d, J = 4.6 Hz, 1, CHC1); 13C NMR (CDC13) 
6 15.3, 17.6, 21.8, 23.6, 28.7, 29.9, 30.0, 47.3, 52.0, 56.3, 56.8, 
60.5, 72.8, 94.1,209.0. Elemental analysis for Ct7H27CIO2S: 
calculated C 61.70, H 8.22%; found C 61.62, H 8.35%. 

Most of the reflections from TRICYC correspond to the 
orthorhombic space group P212121 but a small number appear 
to define a monoclinic supercell. The two cells are related by the 
matrix equation amonoclinic = (1 0 1 / 0 1 0 [ --1 0 2) aorthorhombic; 

the constants of the larger ( Vmonoclinic = 3 Vonho~hombic) monoclinic 
cell are a = 14.694 (2), b -- 17.837 (2), c = 20.278 (1) A and/3 
= 93.96 (1)°. Data corresponding to the smaller cell were mea- 
sured at Enraf-Nonius in New York. Data for the apparent su- 
percell were also collected for a quadrant of reciprocal space 
having 20 < 50 °, but, of the 3924 reflections having h + l y' 
3n, only 30 had I > 3tr(/). Since there are no indications in the 
anisotropic displacement parameters of the fully refined struc- 
ture (see Figs. 1 and 2) of disorder or of any unusual patterns, it 
is possible that the extra reflections correspond to a second (and 
much smaller) individual of a twin. The diffraction patterns of 
three other crystals from the same batch could not be indexed 
automatically, presumably because they were twins. 

All calculations were performed at the University of Ken- 
tucky. As part of the data processing, intensities of reflections 
having I < 3a(/) were set equal to zero if the only counts avail- 
able were for the fast (10.2 ° min-i  in w) prescan. The CI and S 
atoms were located using the MULTAN77 direct-methods pack- 
age (Main, Lessinger, Woolfson, Germain & Declercq, 1977); 
the remainder of the molecule was then revealed by the DIRDIF 
program (Beurskens et al., 1983). Methyl H atoms could be 
located in difference Fourier maps. The H atoms were idealized 
at a late point in the refinement and added as fixed contributions 
(C--H --- 1.00 ,A,; B values 1 ,A, z greater than Beq of the attached 
C atom). Inclusion of an isotropic extinction coefficient im- 
proved the agreement factor R from 0.047 to 0.042 {extinction 
correction: klF¢ [ = Fo[x* + (1 + x*Z)J/2] 1/2, where x* = 
(EC)/31int; the value of EC is refined,/3 = [ 1 + COS2(20monoclinic)] )< 
[1 + COS2(20 . . . .  linc)COS4(20)]/[1 + COS2(20 . . . .  l inic)COS2(20)] 2, 

and lint is the integrated intensity before correction for Lorentz 
and polarization effects; see equations (3) and (4) of Zachariasen 
(1968)}. The absolute chirality was assigned on the basis of re- 
finements of the two enantiomers and was consistant with the 
synthetic pathway; the ratio of the wR factors for the two enan- 
tiomers is 1.32 (R = 0.054, wR = 0.075, S -- 4.37 for the other 
enantiomer), which means that the enantiomer choice is essen- 
tially certain [N = 1266 and c~ < 1 × 10 - 4  (Rogers, 1981)]. The 
largest peaks and deepest troughs in the final difference map are 
associated with the S and CI atoms and with the centers of the 
C--C bonds. 

Data collection: CAD-4VAX (Enraf-Nonins, 1988). Cell re- 
finement: CAD-4VAX. Data reduction: local program (Brock). 
Program(s) used to refine structure: local program based on 
Ibers's version of ORFLS (Busing, Martin & Levy, 1962). 
Molecular graphics: ORTEP (Johnson, 1965). Software used 
to prepare material for publication: ORFFE (Busing, Martin & 
Levy, 1964) and a local program (Brock). 

We acknowledge support of the Universi ty  of Ken- 
tucky Major  Research Instrumentation Bond Program in 
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Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates and complete geometry have been deposited with the British 
Library Document Supply Centre as Supplementary Publication No. 
SUP 71444 (16 pp.). Copies may be obtained through The Technical 
Editor, International Union of Crystallography, 5 Abbey Square, Chester 
CHI 2HU, England. [CIF reference: CR1062] 

References 
Allen, F. H., Kennard, O., Watson, D. G., Brammer, L., Orpen, A. G. & 

Taylor, R. J. (1987). Chem. Soc. Perkin Trans. 2, pp. SI-S19. 
Beurskens, P. T., Bosman, W. P., Doesburg, H. M., Gould, R. O., van 

den Hark, Th. E. M., Prick, P. A., Noordik, J. H., Beurskens, G., 
Parthasarthi, V., Bruins Slot, H. J. & Haltiwanger, R. C. (1983). 
DIRDIF. Technical Report 1983/1. Crystallography Laboratory, 
Toemooiveld, 6525 ED Nijmegen, The Netherlands. 

Busing, W. R., Martin, K. O. & Levy, H. A. (1962). ORFLS. Report 
ORNL-TM-305. Oak Ridge National Laboratory, Tennessee, USA. 

Busing, W. R., Martin, K. O. & Levy, H. A. (1964). ORFFE. Report 
ORNL-TM-306. Oak Ridge National Laboratory, Tennessee, USA. 

Enraf-Nonius (1988). CAD-4 Manual. Version 5.0. Enraf-Nonius, 
Delft, The Netherlands. 

Hajos, Z. G. & Parrish, D. R. (1974). J. Org. Chem. 39, 1615-1621. 
Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge 

National Laboratory, Tennessee, USA. 
Main, P., Lessinger, L., Woolfson, M. M., Germain, G. & Declercq, 

J.-P. (1977). MULTAN77. A System of Computer Programs for the 
Automatic Solution of Crystal Structures from X-ray Diffraction Data. 
Univs. of York, England, and Louvain, Belgium. 

Richardson, S. K., Sabol, M. R. & Watt, D. S. (1989). Synth. Commun. 
19, 359-367. 

Rogers, D. (1981). Acta Cryst. A37, 734-741. 
Zachariasen, W. H. (1968). Acta Cryst. A24, 212-216. 

Acta  Cryst. (1994). C50, 108-1 10 

Structure of a Cyclophane Containing a 
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Abstract 
( N , N  '- Dimet  h yl- N , N ' - o c t a m e t h  ylene- 3 , 7-diamino )- 
1,5,2,4,6,8-di thiatetrazocine,  CI2H22N6S2, is the first 
cyc lophane  to con ta in  the d i th ia t e t r azoc ine  r ing 
system. The  heterocycle  is sha rp ly  folded, wi th  a 
d ihedra l  angle  o f  101.8 °, a long  an axis d r awn  
t h r o u g h  the two S a toms.  The  br idg ing  octa- 
me thy lene  cha in  passes over  one  side, ra ther  than  
over  the center ,  o f  the heterocycl ic  ring. 
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Comment 
The 1,5,2,4,6,8-dithiatetrazocines, first reported by 
the Woodward  group (Ernest et al., 1981), exhibit a 
remarkable  structural dichotomy. In derivatives 
where the 3,7-substituent groups are aryl (Ernest et 
al., 1981), tert-butyl  (Gleiter, Bartetzko & Cremer,  
1984), furyl or thienyl (Amin & Rees, 1989), the 
heterocycle is p lanar  and easily understood as a ten 
w-electron aromatic  system. However, where both 
(Ernest et al., 1981) or one (Amin & Rees, 1989) of  
the substituents is a d imethylamino group, the 
heterocycle is sharply folded, with a dihedral  angle of  
101 :~ in the one crystal lographically characterized 
example (Ernest et al., 1981). 

The synthesis of  compound  (I) has been outlined 
previously (Pascal, 1993). This compound  is the first 
cyclophane to contain a 1,5,2,4,6,8-dithiatetrazocine 
ring, which, because of the diamine substitution, is 
expected to be folded. In addition, the 500 M H z  
IH N M R  spectrum of  this material  shows a single 
methyl resonance (62.98)  but two a-methylene  
resonances (~ 2.86 and 4.38, HA and HB), clearly 
indicating that only one isomer of  the bridging chain, 
with either cis or trans methyl groups, is present in 
solution. In order to confirm the folded structure and 
to establish the stereochemistry of the bridging 
chain, a single-crystal analysis of  compound  (I) was 
performed. 

C" 
.~c,"-c~,s:~c-"-c.~ 

- -  N,,,~'S~ N 

(I) 

The crystal structure establishes the stereo- 
chemistry of  the methyl groups to be cis, and that the 
bridging octamethylene chain passes over one side 
rather than over the center of  the dithiatetrazocine 
ring. As expected, the dithiatetrazocine ring itself is 
folded along an axis drawn through the two S atoms. 
The least-squares plane containing S(1), S(2), N(1), 
N(2), N(5), C(I), C(3) and C(4), and the plane 
containing S(I), S(2), N(3), N(4), N(6), C(2), C(11), 
and C(12) intersect at an angle of  101.8 °, which is 
nearly identical to the dihedral  angle of 101 :~ 
reported for the corresponding planes in the struc- 
ture of 3,7-bis(dimethylamino)-l ,5,2,4,6,8-dithia- 
tetrazocine (Ernest et al., 1981). Furthermore,  the 
bond distances and angles for the dithiatetrazocine 
ring of  (I), and in part icular the short S...S distance 
of 2.408 (2)A,  are all quite similar to the corre- 
sponding data reported for the compound  of  Ernest 
et al. Thus, the octamethylene chain in (I) appears to 
be too long to have much effect on the conformat ion  
of the bent heterocycle. 

_ ~ ~ c ( ~ . s , ~ , , ~  " ~  ~ c(81 

N(1) ~ N(4) 

S(I) 

Fig. 1. A view of compound (I) showing the labeling of the non-H 
atoms. Thermal ellipsoids are drawn at the 50% probability 
level and H atoms appear as small circles of arbitrary size. 

Experimental 
Crystal data 

CI2H22N652 Mo Kc~ radiation 
Mr = 314.5 A = 0.71073 ,~, 
Monoclinic Cell parameters from 25 
Cc reflections 
a = 8.497 (1) ,4, 0 = 9- 16.5 ° 
b = 20.881 (4) ,~, /z = 0.350 mm -1 
c = 9.541 (2) ,4, T = 240 K 
fl = 115.72 (1) ° Prism 
V= 1524.9 (4),~3 0.20 x 0.12 x 0.12 mm 
Z = 4 Yellow 
D~ = 1.370 Mg m -3 Crystal source: from 

C H 2 C I 2 / C H 3 O H  

Data collection 
Siemens P4 diffractometer 

scans  
Absorption correction: 

none 
2504 measured reflections 
2389 independent reflections 
1650 observed reflections 

IF > 3.0o'(F)l 

Rint = 0 . 0 1 4 9  

0max = 3 0  ° 

h = - 1  - - '  11 

k = - 2  ~ 2 9  

1 = - 13 ~ 12 

3 s t a n d a r d  r e f l e c t i o n s  

m o n i t o r e d  e v e r y  97  

r e f l e c t i o n s  

i n t e n s i t y  v a r i a t i o n :  < 2 . 0 %  

Refinement 

Refinement on F 
R = 0.0576 
wR = 0.0507 
S = 1.17 
1650 reflections 
179 parameters 
H atoms: riding model 

[C--H = 0.96 A, 
U(H) = 1.2U(C)] 

w = [cr2(F) + 0.0004F21 -l  

(m/o')max = 0.001 

Apmax = 0.46 e ,~-3 
Apmin = - 0 . 3 5  e A -3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for Crystallography (1992, 
Vol. C) 

Program(s) used to solve structure: SHELXTL-Plus (Sheldrick, 
1990). Program(s) used to refine structure: SHELXTL-PIus. 
Software used to prepare material for publication: SHELXTL- 
Plus. 
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Table 1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (m 2) 

Ueq = (1/3)Ei~-,jU(ia; af ai.a j. 

x y z Ueq 
S(I) 0.1563 0.1611 (I) 0.0696 0.039 (1) 
S(2) 0.0103 (3) 0.2326 (I) -0.1464 (2) 0.036 (1) 
N(I) 0.1492 (6) 0.1057 (2) -0.0498 (5) 0.036 (2) 
N ( 2 )  -0.0007 (6) 0.1757 (2) -0.2632 (5) 0.035 (2) 
N ( 3 )  -0.1527 (6) 0.2357 (2) -0.1057 (6) 0.036 (2) 
N ( 4 )  -0.0149 (7) 0.1620 (2) 0.1014 (6) 0.041 (2) 
N(5) 0.0368 (7) 0.0692 (2) -0.3013 (5) 0.036 (2) 
N ( 6 )  -0.3056 (7) 0.1882 (2) 0.0136 (6) 0.037 (2) 
C(1) 0.0569 (7) 0.1174 (3) -0.2033 (7) 0.031 (2) 
C(2) -0.1569 (8) 0.1940 (3) 0.0012 (6) 0.031 (2) 
C(3) 0.1265 (9) 0.0079 (3) -0.2451 (8) 0.049 (3) 
C(4) -0.0584 (8) 0.0766 (3) -0.4700 (6) 0.040 (2) 
C(5) -0.2034 (9) 0.0275 (3) -0.5392 (7) 0.047 (3) 
C ( 6 )  -0.3446 (9) 0.0329 (3) -0.4813 (7) 0,046 (3) 
C(7) -0.4694 (8) 0.0884 (3) -0.5533 (7) 0.042 (2) 
C(8) -0.5770 (8) 0.1060 (3) -0.4665 (7) 0.044 (2) 
C(9) -0.4698 (8) 0.1458 (3) -0.3202 (7) 0.040 (2) 
C(10)  -0.5695 (8) 0.1685 (3) -0.2322 (8) 0.049 (3) 
C(I 1) -0.4698 (8) 0.2147 (3) -0.1037 (7) 0.044 (3) 
C(12) -0.3163 (9) 0.1473 (3) 0.1334 (7) 0.048 (3) 

Table 2. Geometric parameters (A, o) 
S(1)--S(2) 2.408 (2) S(I)--N(I) 1.606 (5) 
S(1)--N(4) 1.610 (7) S(2)--N(2) 1.604 (5) 
S(2)--N(3) 1.593 (7) N(I)--C(I) i.350 (7) 
N(2)--C(I) 1.343 (7) N(3)--C(2) 1.353 (8) 
N(4)--C(2) 1.348 (7) N(5)--C(I) i.334 (8) 
N(5)--C(3) 1.466 (7) N(5)--C(4) 1.463 (7) 
N(6)--C(2) 1.324 (10)  N(6)--C(I I) 1.467 (7) 
N(6)--C(12) 1.460 (9) C(4)--C(5) i.516 (9) 
C(5)--C(6) 1.528 (12)  C(6)--C(7) 1.518 (8) 
C(7)--C(8) 1.521 (11)  C(8)--C(9) i.537 (8) 
C(9)--C(10) 1.505 (11)  C(10)--C(ll) 1.500(8) 

S(2)--S(I)--N(1) 89.6 (2) S(2)--S(1)--N(4) 89.0 (2) 
N(i)--S(1)--N(4) 112.5 (3) S(1)--S(2)--N(2) 89.3 (2) 
S(l)--S(2)--N(3) 89.8 (2) N(2)--S(2)--N(3) 113.8 (3) 
S(I)--N(1)--C(1) 117.7 (4) S(2)--N(2)--C(I) 118.4 (4) 
S(2)--N(3)--C(2) 117.9 (4) S(I)--N(4)--C(2) 118.4 (5) 
C(1)--N(5)--C(3) 121.0 (4) C(I)--N(5)--C(4) 122.2 (5) 
C(3)--N(5)--C(4) 116.5 (5) C(2)--N(6)--C(11) 121.7 (6) 
C(2)--N(6)--C(12) 120.6 (5) C(I 1)--N(6)--C(12) 117.1 (6) 
N(I)--C(I)--N(2) 123.9 (5) N(I)--C(I)--N(5) 117.5 (5) 
N(2)--C(1)--N(5) 118.3 (5) N(3)--C(2)--N(4) 123.1 (6) 
N(3)--C(2)--N(6) 117.7 (5) N(4)--C(2)--N(6) 119.1 (6) 
N(5)--C(4)--C(5) 111.4 (5) C(4)--C(5)--C(6) 114. i (6) 
C(5)--C(6)--C(7) 113.4 (6) C(6)--C(7)--C(8) 113.9 (6) 
C(7)--C(8)--C(9) 111.4 (5) C(8)--C(9)--C(10) 114.9 (5) 
C(9)--C(10)--C(I 1) 113.8(6) N(6)--C(I I)--C(10) 113.2 (5) 

We gratefully acknowledge support from the National 
Science Foundation (grant CHE-9106903). 

Lists of structure factors, anisotropic thermal parameters, H-atom coor- 
dinates and complete geometry have been deposited with the British Li- 
brary Document Supply Centre as Supplementary Publication No. SUP 
71432 (14 pp.). Copies may be obtained through The Technical Editor, 
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Abstract 
The condensation reaction of the enolate of tert-butyl 
dibenzylaminoacetate with the carbonyl of 1,2:5,6-di-O- 
isopropylidene-cx-o-ribo-hexofuranos-3-ulose is diastere- 
oselective and leads to the title compound with absolute 
stereochemistry 2S,3'R. The furanose ring has a half-chair 
conformation. An intramolecular hydrogen bond links the 
hydroxyl group at C3' to the carboxyl O atom of the gly- 
cinate group. 

Commentaire 
La condensation de l'6nolate issu du dibenzylaminoacet- 
ate de tert-butyle sur le carbonyle du 1,2:5,6-di-O- 
isopropylid6ne-a-D-ribo-hexofuranos-3-ulose est double- 
ment diast6r6os61ective. Elle conduit exclusivement au 
st6r6oisomere 2S,3'R du glycosyl-a-amino ester (1) dont 
la st6reochimie a 6t6 pr6cisbe par la d6termination de 

0 PhCH2 ,~,NCH2COOt.B u LDA/TH F 
+ PhCH2 / 193 K 

o o-~ 

~HO~ (1) 
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