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Abstract: The reactions of aliphatic alcohols with p-toluenesulfinic acid are accelerated by microwave
irradiation under solvent-free conditions in the presence of silica gel to afford a high yielding synthesis of
p-toluenesulfinate esters. © 1999 Published by Elsevier Science Ltd. All rights reserved.

In contrast with the case of carboxylic acids, sulfinic acids cannot be converted to their
esters hv the reaction with alcohols in the e presence of acid catalysts, since they readllv undergo
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disproportionation to yield thiosulfonates and sulfonic acids under acid conditions. ! Sulfinate

ara ~F -.A.-.An tvmac hova haa

€siers O various types nave ocen pi viously prepare a number of methods. A useful, one-
step synthesis consists of the oxndauon of thiols or disuiﬁdes with lead(1V) acetate in an
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appropriate aicohol. 2.3 The most commoniy used methods are the reactions of suifinyi chiorides
with alcohols 4 and sodium sulfinates with chlorocarbonates in alcohols. 5 Other methods
including alkylation of sulfinic acids are also known. 68 Recently, a useful one-step synthesis of
alkyl t-alkanesulfinates was reported. °

In recent years, organic reactions on solid supports 10 and those that are assisted by
microwaves, !! especially under solvent-free conditions, 12 have attracted attention. The

o report a convenient one-step method for the preparation
supported sulfinic acids on silica gel and aliphatic aicohols using microwave irradiation. This
method would be widely applicable as a general synthesis of alkyl sulfinates. In generai we have
found that the sulfinate esters were formed in good to high yield following less than 90 seconds
of irradiation in a domestic microwave.
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toluenesuifinic acid (1) on Sihca gel ith an appropriate alcohcl (Scheme 1). The process
. . . N SR T o . ~in ailina anl A alrarnhnAl 10 o
invoives a simple mixing of supported p-toluenesuifinic acid (1) on silica gel and alcohol in a
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ble 1. This method does not require sulfinyl ¢
thermally unstable and sensitive to moisture, and also does not need any catalysts whlch can be
relatively expensive and can cause problems during purification. ! The yields of the reactions are
good (60-95 %) and the reaction times are exceedingly short (30-90 seconds). To the best of our
knowledge this technique for the preparation of sulfinate esters is completely novel and has not
been reported in the literature. The compounds (2) were characterised by !H NMR analysis.
Because of the low reactivity of aromatic alcohols, only aliphatic alcohols could be converted
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into th ired products.
Scheme 1
o silica gel 0 —_—
I + ROH et 4 Realkyl Are =l  DeeCHa
Ar”"“OH MW Ar“ “OR ' N/
1 2
Table 1: Preparation of p-Toluenesulfinate Esters (2)
Entry R Reaction Solvent Yield Power
I'ime, sec % (W)
1 CH; 40 none 65 900
2 CH3CH, 50 none 87 900
3 CH3(CH>3)» 60 none 60 900
4 CH3(CHb»)3 30 none 90 900
5 CH3CH(CH3)CH» 30 none 95 900
6 CH;3(CH;),CH(CH3) 60 none 68 900
7 cyclohexyl 60 none 70 900
8 Ce¢HsCH» 70 fione 75 900
9 CgHsCH,>CH> 90 none 70 900
10 L-menthyl 60 none 86 900

The diastereoselectivity of product formation when we used I-menthol, as determined by 1H

NMR analysis on the crude reaction products, was 85:15 (Table 1, entry 10); the major
diastereomer proved to have a negative sign of rotation. Literature precedent 14 suggests that this
compound has (S) configuration at sulfur

reaction, several experiments were tried. As shown in Table 2, the reaction of p-toluenesulfinic
acid and isobutyl alcohol without irradiation was unsuccessful and the p-toluenesuifinic acid
remain unchanged after 60 min grinding in a mortar (entry 2). When silica gel was used as a
catalyst in a dichloromethane solution (2 h, reflux), the corresponding sulfinic ester was obtained
in 10 % vyield (entry 4). The reaction of p-toluenesulfinic acid and isobutyl alcohol in the
presence of silica gel without irradiation was unsuccessful and the yield of corresponding p-
toluenesulfinic ester after 30 min. grinding in a mortar at 70 °C was only 10 % (entry 3).
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Similarly when we used irradiation without silica gel for 6 min. the condensation proceeded in
20 % vield (entrv §) QOinlv in the cace of drv media connled with mirrawave irradiatinn taking
A" le‘u \\lllll] J’o \IIIIJ REAX RALlW WEAIW VR ‘-ll" ARANVNSLLS VVUPI\JU Y R&1L ARIEVANIYV QR Y W llla\.lla‘lull, mmlls
advantana AF tha caunasay hatiwaasn tha ttwn svmathadrlacions oo tha = tabicmeans: It‘ ~ otz
uvaiiitage 1 LHC Dy 1 _y UCLWIOUIL LIV WU HCUIUUUIUBICD ad> e [l tOIUCIIOSLL] IL oWl
produced in excellent yield (entry 1)

Table 2. Preparation of [sobutyl p-Toluene Sulfinate Ester Under Different Conditions.

Entry Catalyst Temp (°C)or Time Solvent  Sulfinate

MW power (W)  (min.) Ester2 (%)
1 silica gel 900 W 15 none 95
2 silica gel r.t 60 none 0
3 silica gel 70 °C 30 none 10
4  silica gel 100 °C 120 water 13
5 none 800 W 6 none 20

a) Evaluated by TLC analysis

In conclusion, the discovery of this novel method promises to find widespread anplica io
in the preparation of chiral sulfinate esters for which the corresponding sulfinyl chlorides a
h H " R

tharmally nnatahla and cangitiva ta aigtinea Thia athadalasy dnog nat naad any ~ntalyata
lllcllllally HIIDLAUIVC dAllU SUIDILLIY L LU 1HIVIDLUL Y 1 1D 11IGRE UlUBy UULD 1IUL 1ICCU a4 ly Laml]hlb
which can be relatively expensive and can cause problems during purification. This technique

shoulid allow a more rapid and complete screening of suifur substituent effects in chiral suifoxide
chemistry than has previously been possible. This methodology is superior from the point of
view of yield, diastereoselectivity, lower reaction time and the easier work-up to the reported

Experimental
1 nroducte weare idantified hv enectraocennvy data (1 MR magg and (7 analvegig)
4 ALK lJlUuu\JLD VY Wi W ENAWILLIX AWNS UJ OPVV‘.VI’VVI}J WALV \“\, 4 WIVARNy ZAECATT SAEENE W -REL Y ullul) ﬂlﬂ,.
Al crvveey txramnsr talbnen e a2 Flallanbamem s at
MNil Ilpb- WEIC L ARCULL U] d Uidll

was performed by the Research Institute of Petroleum Industry, Tehran, 1.
spectra were recorded on a Varian EM-390 NMR Spectrometer operating at 90 MHz, or a Varian
Unity 250 Fourier Transform NMR Spectrometer operating at 250 MHz. The spectra were
measured in CDCI3 unless otherwise stated, relative to TMS (0.00 ppm). Optical rotations were
recorded with a JASCO, DIP-370, Digital Polarimeter. Irradiation was carried out in a domestic
microwave oven (Samsung 2450 MHz, 900 Watts), for an optimised time and power. The
temperature of the reaction, which was determined by thermometer after turning off the

microwave, reached 80-90 °C.
General procedure:

A mortar was charged with the alcohol (I mmol), p-toluenesuifinic acid (1 mmoi, 0.16 g),
and silica gel 13 (0.3 g). The reaction mixture was ground with a pestle in the mortar for 1 min,
then the mortar was covered with a watch glass, placed in a microwave oven and irradiated for
the time specified in Table 1. When TLC showed no remaining p-toluenesulfinic acid, the
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reaction mixture was poured into a mixture of ether (20 ml) and H20 (5 ml). The ethereal layer
was washed with saturated NaHCO3, dried (MgS04), and evaporated to dryness using a rotary
evaporator to give the pure product.

thyl p-toiuenesuifinate Za.

(0.11g, 0.65 mmol, 65 %) oil bp 110-112 °C/16 mm Hg (lit., 6 129-130 °C/16mm Hg);
IR(KBr): 2940, 2880, 1600, 1460, 1128 (S= Q), 960, 730 cm-1; TH NMR (CDCI3) 6 7.80 (d, J=8
Hz, 2 H), 7.60 (d, J=8 Hz, 2 H), 3.60 (s, 3 H, Me), 2.46 (s, 3 H, Me). MS (CD) m/z 170 (60, M+).
Anal calcd for CgH,00,S: C, 56.45; H, 5.92; S, 18.83 %. Found: C, 56.40; H, 6.00; S, 18.80 %.
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J=8 Hz, 2 H), 7.40 (d, J=8 Hz, 2 H), 4.40-4.00 (m, 1 H), 3.90-3.50 (m, 1 ),

J=6 Hz, 3 H). MS (CI) m/z i84 (64, M+). Anal caicd for CoH20,S:
%. Found: C, 58.60; H, 6.50; S, 17.40 %.
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n-Propyl p-toluenesulfinate 2c.
(0.12g, 0.60 mmol, 60 %), oil bp 146-147 °C/16mm Hg; IR(KBr): 2940, 2880, 1600, 1460,

1130 (S= O), 965, 740 cm-!; 'H NMR (CDCI?3) 6 7.80 (d, J=8 Hz, 2 H), 7.50 (d, J=8 Hz, 2 H),
4.20-3.80 (m, 1 H), 3.70-3.30 (m, 1 H), 2.50 (s 3 H) 1.80-1.40 (m, 2 H), 1.00 (t, J=6 Hz, 3 H).
NCQ /TN /> 1QQ 7885 \A'-I—\ A nal nnA frr AN Q. LY "7 17. Q 14 17 0. LEmannd.
1IYhJ3 \\.1) 11V £, ZO \JI, 1 }- iial AL LU} \/101114\.}2\) Ly UVUV.JDO, 11, /.14, O, 1U. 7 /U. 1OUUNIU. ,

n-Butyl p-toluenesulfinate 2d.
(0.19g, 0.90 mmol, 90 %) oil bp 110-111 °C/8 mm Hg (lit., 16 104 °C/1.5 mm Hg);
IR(KBr): 2940, 2880, 1600, 1460, 1132 (8= 0), 960, 736 cm-1; 1H NMR (CDCl13) 8 7.75 (d, J=8

Hz, 2 H), 7.25 (d, J=8 Hz, 2 H), 4.20-3.80 (m, 1 H), 3.60-3.30 (m, 1 H), 2.55 (s, 3 H), 1.70-1.10
(m. 4 H), 0.80 (t, J=6 Hz, 3 H). MS (CI) m/z 212 (52, M+). Anal calcd for C;;H;60,S: C, 62.23;

¢—1

E: f
eﬁ

Iy 70 C 185 C E‘-NAI“A’)’)AU’T({\-C 18 10 O,
i, /.0uU, v, 1J. . COUNQL U, 04.4vu, 11, /.U D, 13.1VU /0.

iso-Butyl p-toluenesulfinate 2e.

(0.20g, 0.95 mmol, 95 %), oil bp 114-116 °C/10 mm Hg; IR(KBr): 2940, 2880, 1600,
1460, 1132 (S= 0), 960, 736 cm-!; 1H NMR (CDCl13) é 7.75 (d, J=8 Hz, 2 H), 7.50 (d, J=8 Hz, 2
H), 4.00-3.70 (dd, 1=4,5, 6.8 Hz, 1 H), 3.50-3.10 (dd, J=4.5, 6.8 Hz, 1 H), 2.50 (s, 3 H), 2.20-1.70
(m, 1 H), 1.00 (d,J=9 Hz, 6 H). MS (CI) m/z 212 (52, M*). Anal calcd for C1H;60,S: C, 62.23;
H, 7.60: S, 15.10 %. Found: C, 62.20; H, 7.50; S, 15.10 %.

sec-Pentyl p-toluenesulfinate 2f.

1 ‘T L. 11 118 O /10 . 1. TD/I7NJN\. TNAN NOON 1LNN
(U 13 g, U 06 mmOl 06 /0), 11 Dp 112-110 LU/71U IMnm l'lg, IRLUDDI). L7494V, LO0OV, 1VUUY,
1460, 1128 (S= 0), 965, 746 cm-l; 1TH NMR ( 7.80 (d, J=8 Hz, 2 H), 7.45(d, J=8 H

H), 4.70-4.30 (m, 1 H), 2.50 (s, 3 H), 1.70-
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nai caicd for Cy2H80,3: C, ©63.68; H, 8.02; S, 14.16 %. Found: C, 63.60; H, 8.10; S,

Cyclohexyl p-toluenesulfinate 2g.

(0.15 g, 0.68 mmol, 68 %), as a solid; mp 73 °C IR(KBr): 2940, 2880, 1600, 1460, 1130
(8= 0), 965, 746 cm-1; TH NMR (CDCI3) 8 7.80 (d, J=8 Hz, 2 H), 7.50 (d, J=8 Hz, 2 H), 4.50-

4.20 (m, 1 H), 2.50 (s, 3 H), 2.10-1.20 (m, 7 H), 1.90-1.40 (m, 10 H). MS (CI) m/z 238 (60, M+).
Anal caled for C13H;80,S: C, 65.51; H, 7.61; S, 13.45 %. Found: C, 65.40; H, 7.70: S, 13.40 %.

IR Wl 215 255 A S eeaa Ny Srar

(0.18 g, 0.75 mmol, %) oil bp 181-183 °C/10 mm Hg (lit., 16 161 °C/2.5 mm Hg);
IR(KBr): 2940, 2880, 60() 1460, 1132 (S= O), 965, 746 cm-1; TH NMR (CDCl13) 6 7.80 (d, J=8
Hz, 2 H), 7.50-7.20 (m, 7 H), 4.70 (AB q, J=13.8 Hz, 2 H), 2.50 (s, 3 H). MS (CI) m/z 246 (80,
M+), 91 (100). Anal calced for C14H14028: C, 68.27; H, 5.73; S, 13.02 %. Found: C, 68.30; H,

5.80; S, 13.10 %.

2-Phenyl ethyl p-toluenesulfinate 2|.

H, 6.20; S, 12.30 %.

Menthyl p-toluenesulfinate 2j.
(0.25 g 0.86 mmol, 86 %) as a solid, mp 105-106 _; TH NME
m 0.85 m

dlastereomer) 0.70-2.30 (m, 18 H). Recrystahzatnon from acetone afforde

= O

p-toluenesulfinate (0.17g, 60 %): mp 103-105 e (lit.,15 mp 103 -105 "O); [a]?5p -200.7 (c 1.5,
acetone) (lit., 15 [a]25p -200.3 (¢ 1.23, acetone).

Acknowledgement: Partial support of this work by the Isfahan University of Technology
Research council is gratefully acknowledged.

L=

REFERENCES:

1. 1V1i'y'&ji,‘l Minaio, H.: mebay , M., Bull. Chem. Soc. Jpn., 1971, 44, 862
2. Field, L.; Hoegel, C. B.; Locke, J. M., J. Am. Chem. Soc., 1962, 84, 847

3. Field, L.; Locke, J. M., Org. Synth., 1966, 46, 62.

4.  Phillipe, H., J. Chem. Soc., 1925, 2552.

5.  Yamamoto, A.; Kobayshi, M., Bull. Chem. Soc. Jpn., 1966, 39, 1292.

6.  Wilt, J. W,; Stein, R. G.; Wagner, W. 1., J. Org. Chem., 1967, 32, 2097.

7. Otto, R.; Rossing, A., Ber. Dtsch. Chem. Ges. 1885, 18, 2493.

Ay Yy &TTT o



2316

R

A. R. Hajipour et al. / Tetrahedron 55 (1999) 2311-2316

.
Kobayashi, M., Bull. Chem. Soc. Jpn., 1966, 39, 1296.
|V B P P e 1 \l . ‘l\...-.k..\.-.:..-.-. I Cas l. cic 1074 124

vl UlilJLl.y 5 I¥V1., LJ1IA wile, s.))’ll CXMY, LTI, 1L,

Cornelis, P.; Laszlo, P., Synthesis, 1985, 909.
Varma, R. S.; Chatterjee, A. K.; Varma, M., Tetrahedron Lett., 1993, 34. 3207.

Varma, R. S.; Chatterjee, A. K.; Varma, M., Tetrahedron Lett., 1993, 34, 4603.

Silica gel 60, 230-400 mesh, Merck.

Axelrod, M.; Bickar, P., Jacobus, J.; Green, M. M.; Mislow, K, J. Am. Chem. Soc., 1968,
90, 4835.

Klunde, J. M.; Sharpless, K. B., J. Org. Chem., 1987, 52,259

a 9 AN EFeyg Ve T Nrioilbey BINFT 5 Jiwy

Fururawa, M.; Okawara, T.; Noguchi, Y Synthesis, 1978, 44



