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A variety of alkyl- or phenyl-substituted thia-crown ethers were prepared in two or three steps via
bromoalkoxylation reactions of olefins. Dialkyl- and phenyl-substituted mono-and dithia-crown ethers were
obtained as single compounds, whereas monoalkyl-substituted derivatives were a mixture of two positional

isomers reflecting the isomeric mixture bromoalkoxylation reaction.
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Olefins are easily bromoalkoxylated with N-bromo- Scheme 1
succinimide (NBS) and alcohols (1,2). In the case of /(_\/j\ ) )
oligoethylene glycols both the bromo group and the gy HO\ O /nOH R R r(—\/-)

. 9 C=CHz R-C-CH2Br . R-C-CH20\ O /OH
hydroxy group are introduced into the ends of molecule R NBS o o o 5 n
(3). The cyclization of these types of compounds in basic
e . n

conditions gave substituted crown ethers (4). On the other M 1A
hand, oligoethylenene glycols were cyclized to crown i
ethers in basic conditions by using arenesulfonyl chloride R’ R’
(5,6). Aza crown ethers were also prepared according to W O S R-(IZ—CHz(;f\OTOH
this method (7,8). ! g !

s m (7.8) ) L NaOH/ EYOH 9,8, pH R

As thia-crown ethers interact with soft cations in differ- N
ence from normal crown ethers (9-11), the development of 2™ - 2AM
new synthetic methods of preparing a variety of their ana- ) 2 )
logues has been desired from the viewpoint of the effective R A R R

. . . R 7

use of their features. Although unsubstituted thia-crown PhSO2CI 0 s s ©
ethers were successfully prepared by Bradshaw et al, LECLEACTICE IS0 [o 03\" [0 o}\"

(12-14), the convenient methods of preparing substituted

formation in the

thia crown compounds were scarcely known (15). 5IM 3aM__
In the present study, we attempted the synthesis of sub- 3
stituted mono- and dithia-crown ethers by the combination Table 1

of bromoalkoxylation and intra- or intermolecular cycliza-
tion.

Synthesis of Oligoethylene Glycol 3-Bromoalkyl Ethers (1)

. . C d R R’ Yield (% Hal
Results and Discussion. ompoun " ield (%) Founz ()(%lecd.)
Oligoethylene glycol (-bromoalkyl ethers (1) were (%)

prepared according to the conventional method (3) (Table 1a o - | o 206 (297
1). They were treated with 2-mercaptoethanol in the 1b Ph H 1 40 (a) 27.4 (27.6)
presence of sodium hydroxide in ethanol to give the le C,H, H 2 71 28.2 (28.2)
corresponding sulfide 2. The crude compounds 2 were 1d CeHis H 2 37(  232(234

ivel lized without further purification by usin le il H 2 88 220216
successively cyclized without further p n by using 1f CH, CH, 2 65 256 (25.5)
benzenesulfonyl chloride and sodium hydroxide in di- 1g Ph H 9 69 24.2 (24.0)
oxane. 1h Ph H 3 71 21.5 (21.2)

The reaction temperature was determined to be 80-90°
by the analogy with the optimum temperature in the syn-
thesis of unsubstituted monothia-crown ethers (16). The
results of synthesis of substituted monothia-crown ethers 3
are shown in Table 2.

In the bromoalkoxylation reaction, an isomeric mixture
of two adducts (Markownikoff and anti-Markownikoff) was
obtained except in the cases of styrene (1b,g,h) and
2-methyl-1-pentene (1f), in which only Markownikoff ad-

(a) Purified by distillation.

ducts were formed. Although the isomeric mixture 1 gives
only one type of substituted crown ether when it is cyclized
(4), the corresponding sulfur derivative 2 is naturally ex-
pected to give a mixture of two different thia-crown ether,
which have the substituent on the a or 3 carbon atom of
sulfur, respectively. The nmr spectral analyses showed
that the products (3a,¢,d,e) are the mixtures of 3M and
3AM, though the former was largely predominant (3-5 to
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Table 2
Synthesis of Substituted Monothia Crown Ethers (3)
Compound R R’ n Yield (%) (a) MS (m/e) NMR (8, Carbon Tetrachloride)

3a C.H, H 1 S 248 (M*) 0.90 (t, 3H), 1.10-1.68 (m, 6H)
2.30-3.04 (m, 4H), 3.10-4.04 (m, 11H)

3b Ph H 1 10 268 (M*) 2.40-3.08 (m, 4H), 3.36-4.00 (m, 10H)
4.64-4.84 (d.d., 1H), 7.20 (s, SH)

3c C.H, H 2 30 264 (M*Y) 0.88 (t, 3H), 1.24-1.76 (m, 2H)
2.38-3.00 (m, 4H), 3.40-3.80 (m, 15H)

3d CeH,s H 2 25 320 (M*) 0.89 (1, 3H), 1.28 (s, 10H)
2.32-2.96 (m, 4H), 3.36-3.80 (m, 15H)

3e CsH,, H 2 16 348 (M*) 0.88 (1, 3H), 1.28(s, 14H)
2.32-2.96 (m, 4H), 3.40-3.80 (m, 15H)

3f C:H, CH, 2 26 292 (M*) 0.90 (1, 3H), 1.16 (s, 3H), 1.24-1.64
(m, 4H), 2.54-2.92 (m, 4H), 3.44-3.84
(m, 14H)

3g Ph H 2 20 312 (M*) 2.44-3.02 (m, 4H), 3.38-3.84 (m, 14H)
4.32-4.56 (d.d., 1H), 7.26 (s, SH)

3h Ph H 3 28 356 (M*) 2.44-3.04 (m, 4H), 3.36-3.80 (m, 18H)

(a) Overall Yield, 1 — 3.

Table 3
Synthesis of 8-Bromoalkyl 3'-Chloroethyl Ethers (4)

Compound R R’ Yield (%) Bp (°C/Torr) Halogen
Found (Caled.)
(%)
4a C,H, H 37 56/1.0 53.3 (53.5)
4b C.H, H 50 62/0.2 47.0 (47.4)
4c C.H,, H 54 83/0.1 42.2 (42.5)
4d CsH,, H 53 115/0.5 38.3 (38.5)
4e C.oH,, H 50 130/0.08 34.9 (35.2)
4f C..H; H 80*(a) — 30.4 (30.0)
4g CH, CH, 39 60/0.05**(b) 53.4 (53.5)
4h C;H, CH, 44 77/0.04**(b) 47.3 (47.4)
4 Ph H 99%(a) — 44.1 (43.8)

(a) Crude Yield. (b) Distillation with Kugel-rohr apparatus.

1). On the contrary, phenyl thia-crown ethers (3b,g,h) and
methyl propyl crown ether 3f were found to be the pure
compounds. For instance the nmr spectrum of 3g was
assigned as follows: § 2.46-2.64 (H., d.d., 1H, J.. = 14 Hz,
J.a = 4 Hz), 2.79 (H,, t, 2H, J = 7 Hz), 2.79-3.00 (H,, d.d.,
1H, J.. = 14 Hz, J., = 7 Hz), 3.38-3.84 (m, 14H), 4.43-4.56
(H,, d.d., 1H), and 7.26 ppm (s, SH).

Hd. Ha

Pn(?—ir—ic "
( \ﬁﬂb
fo) [e}
K/O\/
By decoupling H, peak, the dd signals of H, and H, chang-
ed to doublets respectively. The 'H nmr spectrum of 3h

also showed the similar typical ABX coupling pattern.
On the other hand, 3-Bromoalkyl 5'-chloroethyl ether (4)

4.30-4.56 (d.d., 1H), 7.23 (s, 5H)

was prepared by the bromoalkoxylation reaction of olefin
with NBS and ethylene chlorohydrin at 45-50° (Table 3).
The ethanol solution of 4 and oligoethylene glycol dimer-
captan was added drop-wise to the ethanol suspension of
sodium hydroxide at the reflux temperature to give
substituted 1,7-dithia crown ether.

Scheme 2
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R Nes o cl Br
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4
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6 :m=2
The results of 1,7-dithia-12-crown-4 (3) and 1,7-dithia-15
crown-5 (6) are shown in Tables 4 and 5, respectively. The
presence of two isomers, which have alkyl substituent on
the a or 3 carbon atom to the sulfur atom, was confirmed
by 'H-nmr and "*C-nmr in the case of R = Alkyl, R’ = H.
For example, *C-nmr spectral data of 6a (deuteriochloro-
form, 10% solution) showed the presence of two peaks at
9.7 and 11.3 ppm which are assigned to methyl carbons of
3-ethyl and 2-ethyl isomers respectively. In addition,
methyl proton signals in '"H-nmr of 6a separated into two
triplets in the presence of shift reagent (Europium
Trisdipivaloylmethanate) and the composition of two
isomers can be determined to be a:8 = 26:74. On the
other hand, *C-nmr of 6i showed the single structure.
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Table 4

Synthesis of Substituted 1,7-Dithia-12-crown-4 (5)

Compound R R’ Yield (%) MS (m/e) NMR (6 Carbon Tetrachloride)

Sa C.H, H 20 236 (M*) 0.94 (t, 3H), 1.16-1.84 (m, 2H), 2.34-3.10 (m, 8H),
3.40-4.08 (m, 7TH)

5b C,H, H 26 264 (M*) 0.93 (t, 3H), 1.16-1.80 (m, 6H), 2.36-3.12 (m, 8H),
3.44-4.06 (m, 7H)

5c CeH,; H 16 292 (M*) 0.91 (t, 3H), 1.30 (s, 10H), 2.32-3.08 (m, 8H), 3.44-4.04
(m, 7TH)

5d CgH,, H 23 320 (M*) 0.88 (t, 3H), 1.28 (s, 14H), 2.34-3.10 (m, 8H), 3.44-4.08
(m, TH)

Se C,oH,, H 23 348 (M*) 0.88 (t, 3H), 1.27 (s, 18H), 2.36-3.04 (m, 8H), 3.40-4.00
(m, 7H)

5f C,4Hy H 26 404 (M*) 0.88 (t, 3H), 1.24 (s, 26H), 2.36-3.04 (m, 8H),
3.44-4.00 (m, 7H)

Si Ph H 12 284 (M*) 2.48-3.12 (m, 8H), 3.34-4.08 (m, 7H), 4.48-4.68 (d.d.,
1H), 7.23 (s, 5H)

Table 5
Synthesis of Substituted 1,7-Dithia-15-crown-5 (6)
Compound R R’ Yield (%) MS (m/e) NMR (8, Carbon Tetrachloride)

6a C.H;" H 34 (53%) (a) 280 (M*) 0.92 (t, 3H), 1.28-1.80 (m, 2H), 2.32-3.02 (m, 8H),
3.32-3.86 (m, 11H)

6b C.H, H 35 308 (M*) 0.92 (t, 3H), 1.16-1.76 (m, 6H), 2.34-3.00 (m, 8H),
3.36-3.88 (m, 11H)

6c CeH,s H 34 336 (M*) 0.90 (t, 3H), 1.30 (s, 10H), 2.34-3.02 (m, 8H), 3.32-3.92
(m, 11H)

6d CeH,, H 30 364 (M*) 0.89 (t, 3H), 1.29 (s, 14H), 2.30-3.04 (m, 8H), 3.30-3.92
(m, 11H)

be CoHy, H 30 392 (M*) 0.90 (t, 3H), 1.28 (s, 18H), 2.36-3.00 (m, 8H), 3.32-3.88
(m, 11H)

of C..Hy H 36 448 (M*) 0.89 (t, 3H), 1.26 (s, 26H), 2.44-2.96 (m, 8H), 3.36-3.88
(m, 11H)

6h C;H, CH, 11 308 (M*) 0.93 (1, 3H), 1.26 (s, 3H), 1.28-1.76 (m, 4H), 2.48-2.94
(m, 8H), 3.40-3.90 (m, 10H)

6i Ph H 25 328 (M*) 2.36-3.10 (m, 8H), 3.36-3.84 (m, 10H), 4.40-4.56 (d.d.,

(a) Determined by glc.

EXPERIMENTAL

The 'H-nmr and '*C-nmr spectra were taken at 100 MHz on a JEOL
JNM-PS-100 spectometer and at 15 MHz on a JEQOL JNM-FX-60S
spectrometer, respectively, using tetramethylsilane as the internal stan-
dard. The infrared spectra were obtained on a Hitachi 260-10 spec-
trometer. The mass spectra were measured with a Hitachi RMU-6E mass
spectrometer at an ionization potential of 70 eV. The molecular weights
were determined with a Hitachi-Perkin Elmer vapour-pressure
osmometer in chloroform, with bibenzyl as the calibration standard.

Oligoethylene Glycol 3-Bromoalkyl Ethers (1).

They were prepared according to the procedures reported in the
previous paper (3).
Monothia Alkyl- or Phenyl-substituted Oligoethylene Glycol (2).

The ethanol solution (30 ml) of 1 (0.05 mole) was added drop-wise to
the stirred solution of 2-mercaptoethanol (0.075 mole) and sodium

hydroxide (0.08 mole) in ethanol (120 ml) over a period of 2-3 hours at the
reflux temperature. The solvent was evaporated under reduced pressure

1H), 7.20 (s, SH)

and then ether was added to the residue. Insoluble salt was removed by
filtration and the ether was evaporated to give the crude product 2. Com-
pound 2 was used as the starting material for the next reaction without
further purification. Only 2e was purified in a 52% yield by using silica
gel column chromatography (ethanol) and distillation in vacuo; com-
pound 2e ir (neat): 3400 (s}, 2920 (s), 2845 (s), 1460 (m), 1345 (m), 1285 (w),
1240 (w), 1100 (s), 925 (w), and 875 cm'! (w); ms: m/e 335 (M*-CH,0H),
275; nmr (carbon tetrachloride): § 0.88 (t, 3H), 1.26 (s, 14H), 2.50-2.98 (m,
4H), and 3.30-4.14 ppm (m, 17H).

Substituted Monothia Crown Ether (3).

The dioxane solution (30 ml) of 2 (0.02 mole) and benzenesulfonyl
chloride (0.022 mole) was added drop-wise to the stirred suspension of
sodium hydroxide (0.08 mole) in dioxane (120 ml) over a period of 2-3
hours at 80-90°. The mixture was stirred for 2-3 hours at that
temperature. After cooling to room temperature, the mixture was
neutralized by hydrochloric acid and ether was added. The salt was
removed by filtration and the solvent was concentrated. The residue was
extracted with hexane by using liquid-liquid continuous extraction ap-
paratus, followed by distillation (Kugel-rohr) in vacuo or silica-gel col-
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umn chromatography (hexane:acetone = 20:1) to give pure monothia-
crown ether 3. The results are shown in Table 2.

A mixture of 2-Octyl- and 3-Octyl-1-thia-15-crown-5 (3e).

This mixture had the following properties: ir (neat): 2920 (s), 2860 (s),
1460 (m), 1350 (m), 1295 (m), 1250 (w), 1120 (s), 980 (w), and 940 (w) cm".

Anal. Caled. for C,3H36S0,: C, 62.04; H, 10.41; S, 9.20; mol. wt.,
348.52. Found: C, 61.80; H, 10.63; S, 9.57; mol. wt., 338.

3-Methyl-3-propyl-1-thia-15-crown-5 (3f).

This compound had ir (neat): 2960 (s), 2920 (s), 2860 (s), 1460 (m), 1360
(m), 1295 (m), 1240 (w), 1110 (s), 1010 (w), 960 (w), and 940 cm"* (w); ms:
(m/e) 292 (M*); nmr (carbon tetrachloride): 6 0.90 (1, 3H), 1.16 (s, 3H),
1.24-1.64 (m, 4H), 2.54-2.92 (m, 4H), and 3.44-3.84 ppm (m, 14H).

Anal. Caled. for C,4H;550.: C, 57.50; H, 9.65; S, 10.96; mol. wt. 292.42.
Found: C, 57.65; H, 9.90; S, 10.98; mol. wt. 297.

B-Bromoalkyl 3'-Chloroethyl Ether (4).

The Olefin (0.2 mole) was added drop-wise to the stirred suspension of
NBS (0.2 mole) and ethylene chlorohydrin (1.0 mole) at 45-50°. The mix-
ture was then stirred at that temperature until the positive halogen had
been consumed (2-3 hours). Ether (400 ml) was added to the mixture, and
washed with water (100 ml X 3). The ether layer was dried over magne-
sium sulfate and concentrated to give the crude product. The product
was purified by distillation under reduced pressure except for 4f and 4,
which decomposed in the course of distillation. The results are shown in
Table 3. The nmr spectrum of 4-bromomethyl-1-chloro-4- methyl-3-oxa-
heptane (4h) was as follows in carbon tetrachloride & 0.96 (t, 3H), 1.28 (s,
3H), 1.29-1.85 (m, 4H), 3.32 (s, 2H), and 3.44-3.72 ppm (m, 4H).

Substituted 1,7-Dithia-12-crown-4 (3).

Compound 4 (0.04 mole) in ethanol (45 ml) and diethylene glycol
dimercaptan (0.04 mole) in ethanol (45 ml) was simultaneously added
drop-wise to the stirred ethanol (120 ml) suspension of sodium hydroxide
(0.1 mole) over a 10 hour period at the reflux temperature; the mixture
was then further stirred for 1 hour. The salt was removed by filtration
and the solvent was evaporated. The residue was dissolved in a small
amount of methanol and extracted with hexane by using liquid-liquid
continuous extraction apparatus to give the crude product. The crude
product was distilled in Kugel-rohr apparatus to give substituted
1,7-dithia-12-crown-4 (3) (Table 4).

A mixture of 2-Butyl- and 3-Butyl-1,7-dithia-12-crown-4 (5b).

This mixture had ir (neat): 2930 (s), 2860 (s), 1460 (m), 1410 (m), 1360
(m), 1290 (m), and 1110 cm"* (s).

Anal. Caled. for C,,H,45,0,: C, 54.54; H, 9.15; mol. wt. 264.44. Found:
C, 54.52; H, 9.43; mol. wt. 263.

3-Phenyl-1,7-dithia-12-crown-4 (5i).

This compound had ir (neat): 3060 (w), 2930 (s), 2860 (s), 1500 (m), 1455
(m), 1410 (m), 1360 (m), 1290 (m), 1205 (m), 1110 (s), 725 (w), and 695 cm "'
(m).

Anal. Calcd. for C,4H305,0,: C, 59.14; H, 7.09; mol. wt. 284.43. Found:
C, 58.74; H, 7.41; mol. wt. 292.
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Substituted 1,7-Dithia-15-crown-5 (6).

Substituted 1,7-dithia-15-crown-5 (6) was prepared by the reaction of 4
with NBS and triethylene glycol dimercaptan according to the synthetic
procedure for 5 except that the addition time of reagents was 6 hours.
The results are summarized in Table 5.

A Mixture of 2-Ethyl- and 3-Ethyl-1,7-dithia-15-crown-5 (6a).

This mixture had ir (neat): 2920 (s), 2870 (s), 1460 (m), 1410 (w), 1350
(m), 1290 (m), and 1100 cm"* (s).

Anal. Caled. for C,;H,45,0;: C, 51.44; H, 8.63; mol. wt. 280.44. Found:
C, 51.25; H, 8.82; mol. wt. 277.

3-Phenyl-1,7-dithia-15-crown-5 (6i).

This mixture had ir (neat): 3060 (w), 2920 (s), 1500 (w), 1460 (m), 1410
(m), 1360 (m), 1295 (m), 1205 (w), 1110 (s), 1030 (w), 910 (w), 735 (w), and
700 cm™' (m).

Anal. Caled. for C,6H145,0;: C, 58.55; H, 7.37; mol. wt. 328.49. Found:
C, 58.31; H, 7.24; mol. wt. 336.
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