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Introduction 
Cyclic thioethers are important ligands for the com- 

plexation of heavy metal ions1I2 (e.g., Ag+, Cd2+, Hg2+, 
Cu+). Extraction by means of complexation to thioethers 
may have important medicinal perspectives3 for treatment 
of heavy-metal poisoning. The complexation behavior of 
cyclic thioethers, however, is strongly dependent4 on the 
size of the molecular cavity, its flexibility, and most 
importantly, the conformational preorganization in 
solution.& The conformation in the solid state is indicative 
of that in solution, although one must note that crystal 
packing effects may influence the overall conformation. 
Linkages of the type S-C-C-S (sometimes S-C-C-C-S) 
in thiocrown ethers often give rise, with a few exceptions,6 
in the solid state to an all-anti conformation for the sulfur 
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atoms.1a~b~4a4~6 The ligating sites are hence directed 
exodentate4 with respect to the macrocyclic ring, lowering 
the effectiveness of the ligand assuming that the solid 
structures are applicable in solution. This phenomenon, 
which is typical for cyclic sulfides with ethylenic spacers, 
is not found as extensively in the conformation of the 
oxygen analogs. For example, both the solid-state” 
structure and solution structure4f of 18-crown-6 possess 
two trans arrangements of -0CH2CH2O- units. On 
complexation, an all gauche arrangement is as~umed.~g 
For the smaller but rather flexible cyclic ether 12-crown-4 
both the solution4h and solid-stated‘ structure show the 
ideal all gauche conformation that resembles the confor- 
mation of the parent hydrocarbon cyclododecane. 

Rigid building blocks, for example, xylylene,2i as well as 
ketone,78*c isoalkene,Tb and -CH2-,2d-3Jd have been incor- 
porated in the molecular periphery of the meso (macro)- 
cycle in efforts to control the conformational preorgani- 
zation. Functionalization, at  a later stage, of the thiocrown 
ether is important for control of its physical and com- 
plexation properties.9 

A prototype “thiocrown ether” possessing functional- 
izable methylene units is 1,3,5-trithiane (1),l0J1 having all 
the sulfur atoms cis-oriented. However, 1,3,54rithiane 
itself is poorly soluble in common organic solvents. 
Through alkylation8 (eq 1) of the active methylene groups 

PI- S Pi- S 
1. n-BuLi 

P,- S 2. px E,- s 

of 1,3,5-trithiane the more soluble trithianes 2-4 (Figure 
1)11 can be prepared. A major disadvantage encountered, 
however, in the trithiane approach is the relatively weak 
complexation to heavy metal ions. The rigidity and the 
small size of the trithiane skeleton prevents efficient 
“wrapping around” the metal. Although S3-bonded 
trithianes are known,12 they usually work as unidentate 
or bridging ligands. 
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In this paper we report the incorporation of 3,5-dithia- 
1,7-heptanedithiol (5)2d in the molecular periphery of 
various thiocrown ethers. The presence of this function- 
ality allows, in principle, alkylation of the active (C4) 
methylene group of the thioacetal function8 (Figure 2). 

Results and Discussion 
Reaction of the in situ generated bis cesium salt13 of 5 

with various a,@-dihalides proceeds smoothly in DMF 
affording the corresponding cyclic thioethers in roughly 
50-75% yield (eq 2). In Figure 3, some illustrative 

SH Br 

examples of thiocrown ethers prepared from dithiol5 are 
illustrated. Compounds 6-9 have all been characterized 
by spectral and analytical methods. The molecular 
structure of 6 was determined by X-ray diffraction methods 
and is shown in Figure 4. The molecule displays a quite 
regular quadrangularlab conformation, which is often 
observed in large thiocrown ether systems. Despite the 
presence of the thioacetal moiety (S-C-S), the molecular 
conformation deviates only slightly from the conformation 
of the reported symmetrical 12-S-414a,b and 14-S-4.lk 

The same trans-orientation is observed for the S346- 
C5C4 fragment where C4 is forced trans with respect to 
S3 by the overall quadrangular conformation of the 
molecule. The same holds for C2, its trans-orientation 
(with respect to S4) being enforced by the rigid S-C-S 
linkage. The sulfur atoms separated by the ethylenic 
bridge (C243) are anti oriented with a dihedral angle of 
approximately l8Oo, stressing the extreme insideoutside 
conformation of the macrocycle. 

The thioacetal linkage, as in the trithianes,lOJ1 appears 
to induce extra rigidity. The conformation observed in 
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Figure 4. PLUTON plot of 6. Selected bond angles and torsion 
angles (deg): S(l)-C(l)-S(4) = 109.6(2), S(l)-C(2)4(3)-S(2) = 
-65.2(4), C(4)-C(5)-C(6)-S(3) = 170.5(3), S(2)-C(4)4(5)-C(6) 
= -64.0( 5), S( 3)-C(7)-C(8)-S(4) = 178.8(3), C (4)-C( 5)-C (6)-S(3) 
= 170.5(3). 

Table I. Crystal Data and Structural Analysis Results 
6 

240.48 
P212121 
orthorhombic 
4 
5.2771(6) 
7.9837(4) 
27.127(2) 
1142.88(17) 
1.398 
7.5 
0.71073 
150 
0.046 
0.049 

Cal6s4  

the solid state is not necessarily the only one present in 
solution. However, the lH-NMR data for compounds 6-9 
recorded in CDCl3 show no evidence of temperature- 
dependent line broadening indicative of conformational 
flexibility occurring on the NMR timescale. 

Further work on the synthesis, conformations, and 
complexation properties of methylene-bridged thiocrown 
ethers is in progress and will be the subject of forthcoming 
papers. 

Experimental Section 
All reactions were performed under inert atmosphere (N2). 

Solvents were dried and distilled following standard procedures. 
1,3-Dichloroacetone, 1,3-dibromopropane, and o,m-xylylenedi- 
bromides were purchased from Aldrich and used as received. 

Preparation of 1,3,6,10-Tetrathiacyclododecane (6) (Typ- 
ical Example). A solution of 3,5-dithia-1,7-heptedithiol(5) 
and 1,3-dibromopropane in DMF, both 1.8 mmol/L, was added 
dropwise to a stirred suspension of Cs2CO3 (2.2 mmol/L) in dry 
DMF a t  55 "C over a period of 10-16 h. After 20 h, the mixture 
was filtered to remove the unreacted Cs2C03 and CsC1. The 
solvent was removed in uacuo, and the residual solid was 
chromatographed over silica gel using CHtClz/hexane (2:l) as 
eluent. The organic layer was evaporated leaving a colorless 
solid: yield 72 5% ; mp 92-92.5 "C; 'H-NMR (CDCl3) 1.94 (quint, 
2H), 2.80 (t, 4H), 2.87,2.90,2.97,3.00 (AB-system, &, 8H), 3.83 
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HRMS (m/z)+ = 240.013 (theor. for C&&4 240.012). 
(8, 2H); 'BC-NMR (CDCh) 28.09 (t), 29.38 (t), 31.11 (t), 35.96 (t); 

1,3,6,10-Tetrathia-8-oxocycl0d0decane (7): yield 65 % ; mp 
119-120 "C; 'H-NMR (CDCb) 2.88 (q, 8H), 3.63 (8,4H), 3.70 (8, 
2H); 'W-NMR (CDCla) 30.81 (t), 31.42 (t), 34.27 (t), 39.19 (t); 
HRMS (m/z)+ = 254.993 (theor. 254.993 for CSHUS~O). 
2P,7,10-Tetrathia-(ll)-m-benzenophane (8): yield63%;mp 

72-73 OC; 1H-NMR (CDCb) 2.61 (m, 4H), 3.53 (8, 2H), 3.78 (8, 

(t), 35.67 (t), 36.05 (t), 127.79 (d), 129.16 (d), 129.64 (d); HRMS 
(m/z)+ = 302.029 (theor. 302.029 for CiaHi.gSd. 
2,5,7,lO-Tetrathia-(ll)-+benzenophane (9): yield52%; mp 

117-117.5 OC; 1H-NMR (CDCla) 2.87,3.07 (AB-system, dt, 8H), 
3.67 (e, 2H), 4.02 (8,  4H), 7.26, 7.37 (ABXY-system, d,, 4H); 

(t), 127.64 (d), 130.59 (d), 135.89 (9); HRMS (m/z)+ = 302.029 
(theor. 302.029 for cl8Hl84). 
X-ray Crystallographic Section. Crystaldata for 6: needle- 

shaped crystal (1.0 X 0.1 X 0.03 mm), orthorhombic, space group 

(2) A, V = 1142.88(17) AB, 2 = 4, D d  = 1.3975(2) g cm-8, F(O00) 
= 512, p(Mo Ka) = 7.5 cm-l, 3183 reflections measured, 2625 
independent (0.75O < 8 < 27.50°, 0/28 scan, T = 150 K, Mo Ka 
radiation, graphite monochromator, X = 0.710 73 A) on an Enraf- 
Nonius CAD4 Turbo diffractometer on rotating anode. Data 
were corrected for Lp; no significant linear decay (4 % ) of the 
reference reflections (2 0 -4,O 2 8, -1 4 2) during X-ray exposure 
(9 h); empirical absorption correction applied (DIFABS,16 
correction range 0.817-1.214). The structure waa solved by auto- 
mated direct methods (SHELXS86).16 Refinement on F waa 
carried out by full-matrix leasbsquares techniques (SHELX76);" 

4H), 7.27 (8,3H), 7.45 (8,lH); 1%-NMR (CDCla) 30.49 (t), 31.54 

"C-NMR (CDCla) 31.26 (t), 31.41 (t), 32.84 (t), 36.16 (t), 54.71 

P212121 (NO. 19) with a = 5.2771(6) A, b = 7.9837(4) A, c = 27.127- 

Notes 

(15) Walker, N.; Stuart, D. Acto Crystallogr. 1983, A39, 158. 

f i a l R  = 0.046, wR = 0.049, w = l/(Z(F) + O.O0058lP), S = 1.22, 
for 110 parameters and 1835 reflections with Z > 2.5u(n. 
Hydrogen a t o m  were included in the refinement on calculated 
(C-H = 0.98 A) positions riding on their carrier atoms. H-atom 
were included in the refiement on calculated positions riding 
on their carrier atoms (C-H = 0.98 A). All non-hydrogen atoms 
were ref ied with anisotropic thermal parameters; the hydrogen 
a t o m  were ref ied with an overall isotropic thermal parameter 
of 0.031(4) A*. Weights were introduced in the fial refiement 
cycles. A fial Fourier map showed no residual density outaide 
-0.63 and 0.59 e A4. Calculations were performed on a DECMW)O 
system. Scattering factors were taken from Cromer and MannlB 
and have been correded for anomalous dispersion (Cromer and 
Liberman19). Illustrations were performed with the program 
PLATON.aO 
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