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3-Mercaptopropionic Acid: A New Tool in the Synthesis of Symmetrical Diaryl Sulfides
from Unactivated Aryl lodides as Substitute for Anhydrous Sodium Sulfide

Jozset Rabai

Institute of Organic Chemistry, Eotvos University, P.O.B. 325, H-1445 Budapest, Hungary

A series of symmetrical diaryl sulfides has been prepared by the copper-
catalyzed reaction of 3-mercaptopropionic acid with unactivated aryl
iodides. The yields are comparable with those cbtained using anhy-
drous sodium sulfide under optimized reaction conditions.

The reaction of sodium sulfide with appropriate halides is a
well known method for the preparation of symmetrical sul-
fides.' In this procedure, alkyl, benzyl, and activated aryl
halides react under usual reaction conditions,' while unac-
tivated aryl halides require high temperature and pressure.”
These forcing conditions can be diminished to some extent by
the use of copper catalysts® or dipolar aprotic solvents.* The
role of the copper catalyst® and solvent® is well documented.

We report here two one-pot procedures for the synthesis of
symmetrical diaryl sulfides 3. These involve both the copper-
catalyzed in situ formation of the intermediate arenethiolate
anions 2 from the unactivated aryl halides 1, and the subsequent
arylation of 2 by 1 (Scheme A). Both anhydrous sodium sulfide’
{Method A) and 3-mercaptopropionic acid (4) (Mcthod B) offer
powerful sulfur nucleophiles for this reaction. These methods
have some advantages:

- the starting halides are accessible;

— there is no need for aromatic thiols as starting materials;

-- the pure sulfides are obtained by conventional work-up; and
-~ the yields are good.
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The efficiency of different copper catalysts and various solvents
on the formation of 2,2'-thiodibenzoic acid (3b) was studied
using potassium 2-iodo-, 2-bromo-, and 2-chlorobenzoates.

Table 1 shows that all copper(l) compounds and copper bronze
used are equally eflicient, while cupric sulfide, which is actually
not a simple copper(1l) compound,® affords the appropriate
sulfide only in impure state. Without catalyst there is no sulfide
formation. The reaction of 1h to 3b is faster in dimethylform-
amide than in ethylene glycol. The reactivity of aryl hahdes
decreases in the order of Arl > ArBr > ArCl, thus only the aryl
jodides 1a-h were used for the synthesis of the sulfides 3a—h.

Table 1. Effect of Catalyst and Solvent on Formation of 3b by Method

A
Substrate Catalyst® Time (h) Solvent’ Yield (%)
ib none 4 EG [
1b Cu® 4 EG 80
ib Cul 4 EG 89
1b Cu,S 4 EG 89
b Cu,0 4 EG 80
1b CuS* 4 EG 835¢
1b Cul 1 DMF 87
1b-Br Cul 7 EG 64
1b-Ci Cul 28 EG 0
1b-Cl Cul 14 DMF 0
% <

1b-C! Cul

NMP S

* 10 Mmol of catalyst used for 100 mmol of ary! halide.

* EG = ethylence glycol, NMP == 1-methyl-2-pyrrolidinone.

¢ Naturkupfer C* (copper bronze), product of C.A.F. Kahlbaum
Chemische Fabrik, Berlin.

4 Formulated as CubCu'™($,)S in Ref. 8.

¢ Contaminated with 2,2"-dithiodibenzoic acid (TLC).

In an improved luboratory procedure, a 2: 1 molar mixture of
aryliodide and anhydrous sodium sulfide was refluxed under an
argon atmosphere in cthylene glycol (~ 200°C) or dimethyl-
formamide (~ 150°C) solution in the presence of copper(l)
iodide {10 mol %) for the time given in Table 2. Carboxvlic acids
were converted to their potassium salts before use. The presence
of a potential chelating group (e.g. CO,H, SO,NHR) in the
ortho- or peri-position of the aryl halide has a marked activating
effect (cf. reaction time, solvent and yield data for Method A in
Table 2).

We have found that 3-mercaptopropionic acid 4, 3-MPA) can
also be used as sulfur-transfer reagent. In our new one-pot
procedure a water, ethylene glycol solution of arvl iedides and 2-
MPA is refluxed (~ 120°C) under an argon atmosphere with a
large excess of potassium hydroxide and a cataiyvtic amount of
copper bronze, to afford diaryl sulfides. This method was very
effective for iodo-arenccarboxylic acids and -sulphonamides
(Table 2), but failed with the water-insoluble parent aryl iodides
(iodobenzene and I-iodonaphthalene). However, substituting
potassium carbonate for potassium hydroxide. and using di-
methylformamide as solvent allowed the preparation of diph-
enyl sulfide (3a) and bis(1-naphthyl)sulfide (3h) in fair to good
yield (Table 2). Aryl bromides and chlorides (e. ¢. 2-bromo- and
2-chlorobenzoic acid) were ineffective under both conditions
described above.
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Table 2. Preparation of Symmetrical Diaryl Sulfides 3 and Thiolactone 9

SYNTHESIS

We assume that Method B is based on a set of consecutive and
parallel reactions (Scheme B). The formation of intermediate
arenethiolate anions 2 involves a copper-catalyzed nucleophilic
substitution on the unactivated aryl iodide 1'* affording 2-
arylthiopropionic acid intermediate 5. from which 2 is formed
either by base-catalyzed elimination'® of acrylic acid (6) (path
a), or to a minor extent, by nucleophilic substitution of 4 at the -
carbon followed by elimination of 3,3"-thiodipropionic acid (7)
(path b).'® For compounds 1, 5 and 6 there is a competition to
react with 3-MPA (4) vielding 5. 247 and 77, respectively
(Scheme B). From these facts, it follows that the optimal ratio of
aryliodide (1) to 3-MPA (4) lies between 2: 1 and 1: 1. However,
the large excess of base, which converts 6 into 3-hydroxypro-
pionic acid (8),'* decreases the amount of 6 available for the
above competition. Thus, the use of 1 and 4ina 2: 1 molar ratio
usually results in good yields of diaryl sulfides 3 formed, like in
Method A, by arylation of 2 as closing step.

Under optimized conditions (experimental) the hydrolyzable!'®
8-iodo-1-naphthoic acid (1g) was converted to thiolactone 9 by
acidifying the arencthiolate 2g intermediate. On subsequent
arylation the thiolactone afforded the corresponding diaryl
sulfide 3g in high yield. In this case the 3- drvlthiopropioniu acid
intermediate Sg and the by-product, 3,3'-thiodipropionic acid
(7). were also isolated (Scheme B).

Melting points were determined on a Boétius micro melting point
apparatus and are corrected. IR spectra were taken on a Specord IR 75
(Zciss, Jena) spectrophotometer. "H-NMR spectra were recorded on a
Varian A60 D spectrometer. Analytical TLC plates were purchased
from Merck (No. 55354) and the following solvent systems were used:
benzene/dioxane/AcOH  (9:2.5:4); benzene/CHCl;/AcOH (4:1:2;
8:1:1) and CHCl;/AcOH (4: 1)

Aryl halides 1a—d, 1h-Br, 1b-Cl and 1h, and 3-MPA (4) arc commerci-
ally available. Aryl iodides 1¢,2” and 1g*' werc prepared according to
literature procedures.

R (KBr) (cm 1')*

Sub- Prod- Method® Solvent® Reaction Yield¢ mp (*C) Molecular
strate uct* Time ¢h) (%) (solvent) Formula®
or Lit. mp (°C)
la 3a A DMF 22 67 296 206° 1580, 1476, 1438 (C=C,); 738 (je)s 69
B DMF 2 42 (1.6328) (1.6327)" (7¢-¢» monosubstitution)
1b 3b A EG 5 89 234-236 233.5-236!'° 33002100 (OH); 1690 (C=0); 1581, 1553,
B ag-EG 6 72 (AcOH) 1460 (C=C,,): 1293, 1271, 1250 (C-0) 930
o) 742 Gur - cni2) B
le 3¢ A DMF 12 52 302--304 C4H,00,8 3200--2100 (OH); 1690 (C=0): 1590, 1571 (C
B ag-BG 6 70 (ELCO,H) 274.3) =C,); 1312, 1258 (C —0): 938 (3on): 896, 748,
721 (far-cnn1,3)
1d 3d A EG 5 45 335 33511 3300--2100 (OH); 1680 (C=0); 1591, 1565 (C
B ag-EG 6 45 (EtCO,H) =C,0); 1295 (C--0); 930 (yon): 802 (Yar—cuta.4)
le 3¢ A DMF 6 16 206-208 CoHaNL0,8, 3371, 3253 (NIL): 1532 () 1320, 1161
B H,0 10 61 (EtOH/H,0)  (344.4) (80,); 902 (ars,): 761 Grar— i)
U3 A EG 5 49 181-182" CyiH oNaOGS, 3346, 3318 (NH): 1570 (Sygy); 1328, 1314, 1169,
B ag-EG 6 60 (McOH/H,0)  (372.5) 162, 1152 (SO,): 842 (yay): 765, 753
(Vac—cua.2)
1g 3g A EG 5 67 239-241 C,,H,0,8 3300 2()(‘0 (OH); 1702, 1638‘((;:()); 1587,
®-+1g H,0 3 86 (EtOH/H,0)  (374.4) 1564, 1500 (C=C,,); 1273, 1203 (C—0); 825,
764 (Var-cna.2,3) .
ig 9 B H,0 8 89 145-146 144.5-145.512 1686 (C==0); 1615, 1586, 1488 (C=C,): 8135,
(EtOH/H,0) 760 (Far - cnis .2.3)
1h 3h A DMF 22 69 110 11013 1590, 1561, 1500 (C=Cy); 764 (- CHith
B DMF 34 33 (MeOH) 792, 662 ( Tar—CH(1,2 x))

¢ Homogeneous by TLC.

b Sulfur-transfer reagents: Na,S (Mcthod A), 3-MPA (Method B).

¢ aq-EG = aqueous ethylene glycol (10N KOH/EG = 1: 17; sce expe-
rimental).

4 For recrystallized products based on 1.

¢ In case of 3a, bp (1atm) and (n3®) are given.

T Satisfactory l’llltl‘()dildlyéu% obtained: € +0.40, H £0.18, S £0.31;
exception 3¢: C —0.75.

& Refers 1o v, unless otherwise stated (6 or 7).

" THLNMR (CDCl,/TMS): § = 2.61 (d, 3H., J = § Hz, CH,); 5.55 (q,
1H, J = 5 Hz, NH exchangeable with D,0); 7.2-7.65 (m, 3H,pm):
8.0--8.3 (m, 1H, ;o)
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N-Methyl-2-todobenzenesulfonamide (11):

A 4.5 N solution of CH;NH, in THF (300 mL) is added to a stirred
solution of 2-iodobenzenesulfonyl chloride?? (180 g, 0.6 mol) in diexane
(600 mlL) at room temperature. The mixture is allowed to stand
overnight and the solvent is evaporated in vacuo. The solid residue is
suspended in water (500 mL), filtered and recrystallized to afford a
white solid; yield: 166 g (94 %); mp 119--121°C (MecOH/H,0).

C,HgINO,S cale. C2829 H271 14271 N471 S10.79
(297.1) found  28.53 272 4253 4.50 10.60

IR (KBr): v = 3312 (NH); 1318, 1162, 1156 (SO,); 830. 760 cm ™'

'TH-NMR (CDCl3/DMSO-dq. 10:3/TMS): 6 = 2.60 (d. 3H, J = 5 Hz,
CHa;); 6.35 (br, 1 H, NH, exchangeable with D,0); 7.0-8.3 (m, 4 H, ).

Diaryl Sulfides 3a—h; General Procedures:

Method A (Table 2): A solution or suspension of aryl halide 1
(100 mmol) and anhydrous K,CO; (6.9 g, 50 mmol, for th-e, g) in
ethylence glycol (100 mL) or in DMF (100 mL) is made by heating on a
steam bath for a few min. After the addition of anhydrous Na,S (4.3 g,
35mmol) and Cul (1.9 g, 10 mmol) the mixture is refluxed under an
argon atmosphere for the time shown in Table 2. Water (500 mL) is then
added. and the mixture is boiled with activated carbon. It is filtered
while hot into an excess of 6N HC1 (50 mL). The precipitate formed on
cooling to room temperature is filtered, washed with water, and
recrystallized.

Compounds 3a, 3f and 3h are prepared without K,COj,. In the case of
3f, NaOH (5.0 g, 125 mmol) is added to the reaction mixture diluted with
water. For 3a and 3h the water diluted reaction mixtures are extracted
with CHCl; (3 x 100 mL). The combined organic phase is washed with
2N NaOH (3 x 50 mL), and dried (MgSO,). The solvent is removed and
the crude products obtained are purified by distillation or recrystailiza-
tion.

Method B (Table 2): To a magnetically stirred mixture of ethylene glycol
(50 mL), 10N KOH (50 mL, 500 mmol) and Cu (0.5 g), 3-MPA (4.6 mL,
5.6 g, 53 mmol) and aryl iodide 1b~d, f (100 mmol) are added under an
argon atmosphere. The mixture is stirred and refluxed for the time shown
in Table 2.

In the case of 3e, a mixture of 3-MPA (9.2 mL, 11.2 g, 106 mmo}), le
(28.3 g, 100 mmol) and Cu (0.5 g) is allowed to react in boiling SN KOH
(200 mL).

Compounds 3a and 3h are obtained by the reaction of 3-MPA (4.6 mL,
5.6 g, 53mmol) with fa (11.2mL, 20.4 g, 100 mmol) or 1h (14.6 mL,
25.4 g, 100 mmol), respectively, in the presence of anhydrous K,CO,
(15 g, 109 mmel) and Cu (0.5 g) in boiling DMF (100 mL).

The rest of the procedure for the isolation of the sulfides 3a—f, h is the
same as given in Method A, except for using more 6N HCI (100 mL for
3b-d, f; 200 mL for 3e) for acidification of the water diluted reaction
mixtures.

2H-Naphtho[ 1,8-bc]thiophen-2-one (9):

To 7N KOH (300 mL) and 3-MPA (4; 105mL, 128 g, 1.2 mol) are
added 1g (119 g, 0.40 mol) and Cu (4 g) under an argon atmosphere and
the mixture is refluxed for Sh. The intermediate 3-(8-carboxy-1-
naphthylthio)propionic acid (5g) can be isolated at this point by
acidification of a sample with excess 6 N HCI.

Sg; white crystals; mp 158--159°C (EtOH/H,0).

CyH,:0,8 cale. C 6085 H 438 S11.60

(276.3) found  60.98 4.48 11.92

IR (KBr): v = 3300-2100 (OH); 1688 (C =0); 1293, 1211 (C-Q); 941,
833, 770 cm .

'H-NMR (CDC1,/DMSO-d,, 6:1/TMS): § = 2.45 (t, 2H, J =7 Hz,
SCH,CH,CO,H); 3.08 (1, 2H, J =7 Hz, SCH,CH,CO,H); 7.3-8.0
(m, 6 H,,,m): 10.5 (2H, 2CO,H, exchangeable with D,0).

To effect the alkaline cleavage of 5g, 7N KOH (300 mL) is added to the
:%bove mixture and refluxed for 3 h. Water (800 mL) is then added and
filtered into an excess of 6N HC1 (800 mL). The precipitate obtained is
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filtered, washed with water, and dried. The crude product is purified by
extraction with CH,Cl, in a Soxhlet apparatus, followed by recrystalli-
zation: vield: 66.6¢g (89%); yellow needles, mp 145-146°C (EtOH/
H,0).

From the acidic (HCI) filtrate 3,3'-thiodipropionic acid (7) can be isolated
by crystallization; yield: 70% based on Ig, showing identical properties
(mp, IR, TLC) with an authentic sample.

Bis(8-Carboxy-1-naphthyl) Sulfide (3g):

The thiolactone 9 (7.45 g, 40 mmol) is boiled with 1.2 N KOH (100 mL)
under an argon atmosphere until it dissotves (ca. 1 h). Then Cu (0.4 g)
and 1g (11.9 g, 40 mmol) are added and the mixture is refluxed for 3 h.
The subsequent procedure is the same as given in Mcthod A.

The author thanks H. Medzihradszky-Schweiger and S. Kutassy for
microanalyses, A. Csampai and F. Ruff for spectral analyses, and I
Kapovits and A. Kucsman for helpful comments.

Received: 16 January 1989

(1) Schéberl, A., Wagner, A., in: Houben-Weyl. 4th ed., Vol. IX,
Georg Thieme Verlag, Stuttgart, 1955, p. 97.
Gundermann, K.-D., Himke, K., in: Houben-Weyl, E11/Teil 1.
Georg Thieme Verlag, Stuttgart, 1985, p. 158.
(2) Vorozhtzov, N.N.Ir.. Mitzenglender, S.F. Dokl. Akad. Nauk.
SSSR. 1933, 291; C. A. 1934, 28, 2340.
(3) Hill, H.W., Edmonds, 1. T. Freach Patent 14374006 (1966). Phillips
Petroleum Co.; C. 4. 1967. 66, 19126.
(4) Spainhour, J.M. US Pateat 3374274 (1968), Phillips Petroleum
Co.; C.A. 1968. 69, 51832.
Louthan, R.P. US Paient 3397244 (1968). Phillips Petroleum Co;
C. 4. 1968, 69, 106246.
Plyashkevich, L. A., Bogdanov, M. N., Kiyuchnikova, R.A., Vok-
hlakova, T.S. USSR Putent 398 543 (1973); C. 4. 1974, 80, 36842.
(5) Cassella, L. and Co. German Patent (DRP 189200 (1906); Chem.
Zentralbl. 1907 (1), 1564; C. A. 1908, 2, 607.
Cassella, L. and Co. German Patent ( DRP ) 193290 (1906); Chem.
Zentralbl. 1908 (). 429; C. 4. 1908. 2, 1514.
Lindley, J. Tetrahedron 1984, 40, 1433.
(6) Uhlenbrock, J.H. Recl. Trav. Chim. Pays-Bas 1961, 80, 1057.
Campbell, J.R. J. Org. Chem. 1964, 29, 1830.
(7) Vogel, A. L. Practical Organic Chemistry, Longman, Green and
Co., London, 1948, p. 193.
(8) Greenwood, N.N., Eurnshaw, A. Chemistry of the Elements,
Pergamon Press. London, 1984, p. 1373,
(9) Aldrich Catalogue-Handbook, Aldrich-Chemie GinbH & Co. KG.
Steinheim, 1988, p.1213.
(10) Adzima, L.J., Chiang. C.C., Paul, 1.C., Mariin, J.C. J. 4m.
Chem. Soc. 1978, 100, 953.
(11) Neth. Patent Appl. 6415195 (1965), Allied Chemical Corp.; C. A.
1966, 64, 2020.
(12) Friedlacnder, P., Woroshzow, N. Lichigs Ann. Chem. 1912, 388, 21.
(13) Badger, G.M., Kowanko, N, Sasse, W.H.F. J. Chem. Soc. 1960,
1658.
(14) Jilek, J.O., Seidlova, V., Svitek, E., Protiva, M.. Pomykacek. J.,
Sedivy, Z. Monatsh. Chem. 1965, 96, 200.
(15) Holmberg, B., Schjinberg. E. Ark. Kemi. Mincral. Geol. 1942,
A15, No.20; C. 4. 1944, 35, 2943,
(16) Testaferri, L., Ticcco, M., Tingoli, M., Chianelli, )., Montanucci,
M. Synthesis 1983, 751.
(17) Schoberl, A., Wagner, A. Chem. Ber. 1947, 80, 334,
Schoberl, A., Lange, GG Lichigs Ann. Chem. 1956. 599, 155.
(18) Linnemann, E. Ber. Disch. Chem. Ges. 1875. 8. 1095.
Erlenmeyer, E. Lichigs Ann. Chem. 1878, 191, 281.
(19) Lisitsyn, V.N., Didenko, L. A. Zh. Org. Khim. 1967, 3, 103.
(20) Jaffe, H., Leffler, J.E. J. Org. Chem. 1975, 40, 797.
(21) Corbellini, A., Fossati, V. Rend. Ist. Lombardo Sci. 1936. 69, 258;
C.A4.1939, 33, 6291.
(22) Chau, M. M., Kice, I.1.. J. Org. Chem. 1977, 42. 3265.

Downloaded by: University of Pennsylvania Libraries. Copyrighted material.



