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Abstract—Four mesocyclic and one macrocyclic trithiaethers have been synthesized using a sulfide ion transfer from a vicinal dithio-
late. The mechanism of the sulfide ion transfer is discussed. An improved method for synthesizing 2-hydroxymethyl-1,4,8,11-tetra-

thiacyclotetradecane is also reported.
© 2005 Elsevier Ltd. All rights reserved.

The preparation of mesocyclic and macrocyclic poly-
thiaethers has been the subject of more than two decades
of research.! Polythiaethers have found applications
in coordination chemistry,? kinetic studies of electron
transfer in Cu (I/11) systems,® the delivery of radioiso-
topes,* and metal ion recognition and absorption.’
The most popular method for the preparation of poly-
thiaethers is the reaction of dithiols employing the
cesium dithiolate methodology developed by Kellog.®

In a project aimed at the syntheses of bipyridyl-linked
polythiaethers, the preparation of 2-hydroxymethyl-
1,4,8,11-tetrathiacyclotetradecane (4) was required.
The preparation of 4 had previously been reported and
had utilized the aforementioned cesium dithiolate condi-
tions (reported yield 29%).°¢ For economic reasons, the
first attempt at the cyclization of 1 and 2 was mediated

by K,COs.” Surprisingly, the main product of this reac-
tion was 1,4,8-trithiacycloundecane (3), not the expected
cyclotetradecane 4. Changing the reaction temperature
from 90 to 150 °C or the base from K,COj3 to Cs,CO3
resulted in no improvement in the yield of 4 (Scheme
1). It was found that conversion of the leaving group
from tosylate to bromide and lowering the reaction tem-
perature significantly improved the yield from 6% to
57% (Table 1).%

A plausible explanation for the formation of 3 is illus-
trated in Scheme 2. Following initial thiolate formation,
intermolecular reaction results in the formation of the
intermediate acyclic trithiaether 5. Rather than under-
going the expected intramolecular alkylation to form
the tetrathiacyclotetradecane, the newly formed sulfide
undergoes an intramolecular reaction to produce the
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Table 1. Yield of 3 and 4 under different cyclization conditions

Entry Leaving Base Temp. Yield 3 Yield 4
group (°C) (o) (%)
1 Tosylate K,CO;3 150 34 3
2 Tosylate K,CO;3 120 37 12
3 Tosylate K,CO;3 90 40 12
4 Tosylate Cs,CO;s 90 35 6
5 Bromide Cs,CO;3 55 17 50
6 Bromide Cs,CO;5 45 4 57

11-membered ring sulfonium ion 6. Final intramolecular
reaction of the remaining thiolate with the exocyclic car-
bon of the sulfonium ion results in the formation of
1,4,8-trithiacycloundecane 3 and (hydroxymethyl)thi-
irane (7).

An apparent sulfide ion transfer involving a vicinal
dithiolate had been reported by Bradshaw during the
synthesis of 2-hydroxymethyl-1,4-dithia-7,10,13,16-tetra-
oxacyclooctadecane (9). Along with 40% of the
hydroxymethyl cyclooctadecane product 9, 25% of
1-thia-4,7,10,13-tetraoxacyclopentadecane  (10) was
also isolated. However, no discussion concerning the
formation of the cyclopentadecane was presented
(Scheme 3).°

The reaction of 1,2-ethanedithiol and tritosyldiethanol-
amine can be used in the preparation of N-tosyl-7-aza-
1,4-dithiacyclononane (12).!9 However, lower yields
are obtained than via an alternative strategy. Sulfide
ion transfer from 1,2-ethanedithiol to produce N-tos-
ylthiamorpholine (13)'% is partially responsible for the
lower yield in the attempted reaction with tritosylate
11 (Scheme 4).!!

Recently, an analogous acid catalyzed single sulfur
transfer from 1,2-ethanedithiol has been reported during
the course of preparing tin templates for the synthesis of
macrocyclic polythiaether ligands.!s
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Table 2. Effect of temperature on the yield of 3

Entry Reaction temp. (°C) Yield of 3 (%)
1 90 12
2 100 30
3 120 45
4 150 47

To see if the sulfide ion transfer from a vicinal dithiolate
was unique to 2,3-dimercapto-1-propanol (2) because of
the possible participation of the adjacent hydroxyl
group, the reaction of 1a was performed with 1,2-ethane-
dithiol (Scheme 5). The results of this study are summa-
rized in Table 2. In accord with previous observations,
the amount of sulfide ion transfer product increased
with increasing temperature.

Encouraged by the results, 1,2-ethanedithiol and the
appropriate ditosylate or dichloride!? (see Scheme 6
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Table 3. Results of synthesizing cyclic trithiaethers
Entry X Compound Temp. (°C) Ring size Yield (%) Yield of larger ring (ring size) (%)
1 14 120 10 14 (18)* 9(13), m=1,n=0
2 15 150 11 28 (13)* 5(4),m=2,n=0
3 3 150 11 47 (30)* 2(14), m=0,n=1
4 16 150 12 47 (33)%(32)° 75, m=1,n=1
5 17 120 13 13 11 (16), m=2,n=1
6 17 150 13 24 5(16), m=2,n=1
#Yield reported in Ref. 6b.
®Yield reported in Ref. 1f.
for their preparation)'® were employed in the syntheses References and notes
of a series of 10-13-membered ring trithiaethers
(Fig. 1).14 The data in Table 3 show that a variety of cyc- 1. (a) Kellogg, R. M. Crown Compounds: Toward Future

lic thiaethers can be synthesized in moderate to good
yields. Entries 5 and 6 results give further proof that
higher temperatures promote the sulfide ion transfer.
Table 3 also lists, when possible, yields for the cyclic
polythiaethers prepared by the traditional dithiolate
procedures. The sulfide ion transfer process for the prep-
aration of these cyclic polythiaethers provides an alter-
native strategy that is comparable or in most cases
better than the traditional dithiolate method.

In conclusion, an interesting sulfide ion transfer has
been proposed and used in the preparation of a series
of mesocyclic trithioethers. The use of 2,3-dimercapto-
1-propanol (2) over 1,2-ethanedithiol has the advantage
in the ease of separation of the sulfide ion transfer prod-
uct from the larger ring cyclization product but has the
disadvantage of higher cost. The sulfide ion transfer is
currently being looked at for the preparation of other
heterocyclic ring systems and the results of these studies
will be reported in due course.
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A 250 mL three-neck flask equipped with an internal
thermometer, condenser, and pressure-equalizing addition
funnel was flame dried under nitrogen and then charged
with 1.17 g (8.5 mmol) of finely ground, anhydrous K,CO;
and 100 mL of dry DMF. After thorough degassing with
N,, the reaction mixture was stirred and heated to 150 °C.
A solution of 0.38 g (4.0 mmol) of 1,2-ethanedithiol and
2.20 g (4.0 mmol) of 4,9-dithiadodecane-1,12-di-p-toluene-
sulfonate in 50 mL of dry DMF was added dropwise
slowly over 8 h. The reaction mixture was then stirred at
150 °C for an additional 12 h. The mixture was cooled to
room temperature, filtered, and the filtrate concentrated in
vacuo. The residue was purified by flash chromatography
on silica gel using 5% ethyl acetate in hexanes to give
0.23 g compound 17 as a white crystalline solid mp 62.0—
62.5°C (uncorrected); 'H NMR (CDCl;, 300 MHz) o
1.78-1.82 (m, 4H), 1.95 (quintet, J = 6.96 Hz, 4H), 2.62—
2.72 (m, 8H); '*C NMR (CDCls, 75 MHz) §: 27.91, 29.93,
30.11, 31.65, 32.24; m/z (positive ion electrospray): 343.0,
345.0 (M+Ag)™.
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