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Abstract: Several bisphenoles which contain sulfur (s) as bridge moiety were synthesized by the
reaction of sulfur monochloride with phenols and the reaction of the trisulfur-bridged bisphenols
with trimethylalumininum quantitatively gave new type of Lewis acids.

Introduction

Various Lewis acids have been used to control the selectivity of carbon-carbon bond-forming
reactions (1). The bulky oxygenophilic organoaluminum reagents have been recognized as a
highly useful Lewis acid and usually they are the methylaluminum bisphenoxide type molecules
(2). We reported a new type of Lewis acids that contain carbon chain-bridged bisphenol moiety
(3). We found out that sulfur-bridge of acyclic and cyclic phenol-formaldehyde oligomers improved
inclusion properties of these compounds (4). And some reports showed that sulfur-bridged Lewis
acids have high activity for olefin polymerization (5). These works prompted us to synthesize
several ligands containing sulfur (s) to bridge the moiety of two phenols. We also report the
syntheses of new type Lewis acids by the reaction of these ligands and trimethylaluminum and
their properties.

The bishpenols (2~4) were prepared by the reaction of 2,4-di-t+butylphenol with sulfur
monochloride (S,Cl,) at0 °C in yields of 19% (2), 19% (3), 11% (4) and 9% (5) respectively. On
the other hand, when this reaction was carried at room temperature in CH,Cl,, 2 (9% ),3 ( 9% )4
(15%), and 5 (3%) were obtained respectively. The yields of sulfide (2) and disulfide (3) were
decreased by the reaction at room temperature. The results of the reaction of
2-tbutyl-4-methylpheno! with sulfur monochloride at various temperature were also shown in
Table 1. UH

OH o--
t-Bu t-Bu t-Bu
\@ 0.5eq S,CL,/CH,Cl, L/\;/ :
N \/

RY R, R,
{ : R.=-Bu 2~8 :R,=t-Bu, 2: X=S; 3: X=SS; 4: X=SSS ; 5: X=SSSS
6 ;R;:Me 1~10 R,—Me 7: X=S ; 8: X=SS; 9: X=SSS ; 10: X=SSSS
Scheme 1 1L :R=Br 12~15:R;=Br, 12: X=5; 13: X=SS ; 14: X=S8SS ; 15: X=SSSS
16 : R,=Cl 17~20 : R,=Cl, 17: X=S ; 18: X=SS ; 19: X=SSS ; 20: X=SSSS

To increase the activity of Lewis acid, bromine and chlorine were introduced at p-position of phenol
as electron-withdrawing group(2). The reaction of 11 with S,Cl, in CH,CI, atroom temperature
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Table 1. Reaction of 2,4-Disubstituted Phenols with Sulfurmonochioride.

entry Phenol Reaction Isolate Yield of Isolate Yield of Isolate Yieldof Isolate Yield of
Temperature Sulfide (%) Disulfide (%)  Trisulfide (%) Tetrasulfide (%)
1 1 0°C 19 19 11 9
2 1 RT. 9 9 15 3
3 1 40°C 9 9 14 2
4 6 0°C 31 13 7 3
5 6 R.T. 28 11 11 4
6 6 40 °C 16 10 16 2

gave 12 (4%), 13 (13%), 1.4 (4%), and the recovery of 11 (53%). In order to decrease the starting
material 11 , we changed the reaction temperature as follows. The reaction of 11_with S,Cl, under
CH,CI, reflux (40 °C) gave 12 (13%), 13 (11%), 14 (7%), and 15_(1%). Compound 16 when
treated with S,Cl, at 40 °C gave 17 (15%), 18 (18 %), 19 (2%), 20 (1%), and 1.6 (25%).

Syntheses of the new types of sulfur-chain containing bisphenoxide type Lewis acids were tried
using the reaction of the obtained twelve ligands and trimethylaluminum. In spite of any effort to
obtain a pure Lewis acid, the reaction of all of the sulfides (2,7, 12, and 17) and the disulfides (3,
8, 13, and 1 .8) with trimethylaluminum gave a mixture of Lewis acids. However, the reaction of the
trisulfide (4,9, 14, and 19) and tetrasulfide (5) with trimethylaluminum gave new type Lewis acids
as a single and pure product.

OH OH e
R, X. o Ry 5 o—A—o
I AlMe3 R X R
s 1 a I AN 1
—>
R, R, ~ | =
4 Ri=¢-Bu, R2=1-Bu, X=SSS T 19 Ri=t-Bu, R2=1-Bu, X=SSS
8 Ri=t-Bu, R2=CH3, X=SSS R, R; 20 Ri=t-Bu, R2=CH3, X=SSS
Scheme 2 14 Ri1=r-Bu,R2=Br, X=SSS 21 Ri=t-Bu,R2=Br, X=SSS
19 Ri=t-Bu, R2=Cl, X=SSS 22 Ri=t-Bu,R2=Cl, X=SSS

'H NMR also showed the clean signals of the aromatic protons at 7.20~7.55 ppm and no
resonances for the phenolic OH groups which is consistent with the formation of the desired cyclic
Lewis acid (21). Other Lewis acids (22, 23, and 24) were also synthesized by this same
procedure, and the structure of these Lewis acids were confirmed by the 'H NMR spectra. The 'H
NMR signal of the methyl group connected aluminum of other Lewis acids showed a sharp singlet
at a high magnetic field(—0.34~0.25ppm). In addition, the molecular weight of 21 _was measured
by means of cryoscopy in benzene in order to confirm its structure. The obtained molecular weight
(MW 539.4) closely corresponded to the value (MW 546.8) calculated for a monomeric species.
trimethylaluminum because of the low yield of the tetrasulfide-bridge ligands (10, 15, and 20).
The properties of these new Lewis acids are now under investigation.

We studied the rearrangement of frans-stilbene oxide to carbonyl compounds to analyze the
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properties of these new type of Lewis acids. Table 2 shows the results under various conditions.
The reaction of trans-stilbene oxide with these new Lewis acids gave diphenylacetaldehyde in

Table 2. Lewis Acid-Catalyzed Rearrangementsof trans-Stilbene Oxide

entry Lewis acid Amountof Lewis acid Conditions  Diphenylacet- Recovered
molamt. x 100 °C aldehyde (%) epoxide (%)
1 19 10 R.T. 96 0
2 19 100 -80 98 trace
3 20 10 R.T. 97 0
4 20 100 -80 95 trace
5 21 10 R.T. 98 0
6 21 100 -80 94 trace
7 22 10 R.T. 97 0
8 22 100 -80 93 trace

quantitative yield at room temperature and at-80 °C. Comparing with the result obtained by using
hydrocarbon-bridged Lewis acids, itis very interesting that these new trisulfur-bridged Lewis acids
gave no benzophenone which was obtained as by-product by using hydrocarbon-bridged Lewis
acids.(3)

Experimental

The melting points are uncornected. NMR spectra were recorded at 500 MHz on a Vatian INOVA 500
instrument. Signals were expressed as ppmdownfield from tetramethy Isilane used as the internal standard (8
value in CDCHL) unless otherwise described. IR(KBrdisk) and mass spectra(70eV) wete obtained on Hitachi
EPI-S2 and on JEOL AX-350 spectrometers, respectively. Elemental analyses were performed using a
Perkin-Elmer PE2400-Il CHNS/O analyzer. Column chromatography was petfonmed using silica gel (Merck,
Cat. No. 7734 or 9385) with any pretreatment. Dichloromethane (CH,Cl,) and chloroform were dried over P,O,,
and were freshly distilled before use. The trimethy lalurminum in hexane was of commerdial grade. Cry oscopy
was carriedout using a Sansyo Beckmann thermometer.
General procedure for the preparation of sulfur-bridged bisphenol

To an absolute dichloromethane solution (40 mi) of 2,4-di-t-butylphenol (1)(5 g, 24 mmol) in three-necked
round bottom flask equip ped with a magnetic stiner, a dropping funnel, and athemmometer, the S,Cl, (1.7 g, 12
mmol) in absolute CH,CI, (7 ml) was added over a period of 1.5 h at 25 °C, and stirred for 3 more hours at the
same temperature. Dichloromethane was removed by distillation, and then obtained residue was dissolved by
adding chloroform (50 mi), washed with water (40 mi x 6), and dried over Na,SO,, and then evaporated to
diyness. The obtained residue was chromatographed on silica gel (Wako C-200; hexane/CHC|,=7/1) and the
obtained products were recrystallized from hexane to give 2 (0.5g, 9%), 3(0.5g, 9%), 4(0.9g, 15%) and 5
(0.2 g, 3%).
Bis(3,5-di-t-buty|-2-hydroxyphenyl)sulfide 2 : yellow powder (hexane), mp 105-107 °C; IR (KBr) 3406,
2962, 2870, 1466, 1390, 871, 818, and 756 cm'; 'H NMR 8=1.21 (18H, s), 1.41 (18H, s), 6.48 (2H, s, -OH),
7.16 (2H, d, J=2.1 Hz), and 7.26 (2H, d , J=2.1 Hz); "C &=151.76, 143.02, 135.99, 127.78, 125.15, 118.95,

531



Vol. 4, No. 6, 1998 Synthesis of mono-and polysulfur-bridged bisphenols and their application
to new type lewis acids

35.24, 34.33, 31.39, and 29.53; MS nmvz 442 (M*, 100%). Found: C, 76.11; H, 9.61%. Calcd for C2sH402S: C,
75.97; H, 9.56%.

Bis(3,5-dI-t-butyl-2-hy droxyphenyl)disulfide 3 : yellow prisms (hexane), mp 112-113 °C; IR (KBr) 3426,
2960, 2913, 2868, 1457, 1242, 876, 819 and 756 cm'; 'H NMR &=1.21 (18H, s), 1.37 (18H, s), 6.57 (2H, s,
-OH), 7.18 (2H, d, J=2.1 Hz), and 7.33 (2H, d , J=2.1 Hz); "C NMR 5=153.27, 142.48, 135.77, 130.35,
127.73, 119.40, 35.32, 34.29, 31.43, and 29.47; MS m/z 474 (M*, 100%). Found: C, 71.05; H, 9.11%. Calcd for
CaH«20282: C, 70.84; H, 8.92%.

Bis(3,5-di-t-butyI-2-hy droxy phenytrisulfide 4 : yellow powder (hexane), mp 145-147°C; IR (KBr) 3427,
2960, 2868,1439, 1241, 871,818 and 756 an'; 'H NMR &1.32 (18H, s), 1.43 (18H, s), 6.55 (2H, s, -OH), 7.41
(2H, d, J=2.3 Hz), and 7.49 (2H, d , J=2.8 Hz); ®C NMR 8=152.89, 142.77, 136.22, 129.70, 127.88, 120.16,
35.39, 34.35, 31.46, and 29.49; MS nvz 506 (M*, 8%). Found: C, 66.24; H, 8.46%. Calcd for C2sH4202S3: C,
66.35; H, 8.35%.

Bis(3,5-di-t-butyl-2-hydroxypheny|)tetrasulfide 5 : yellow oil ; IR (KBr) 3448, 2960, 2910, 2870, 1468,
1242, 879, 820 and 756 cm'; 'H NMR &=1.28 (18H, s), 1.40 (18H, s), 6.58 (2H, s, -OH), 7.39 (2H, d, J=2.6
Hz), and 7.41 (2H, d, J=2.6 Hz); "C NMR 8=153.27, 142.86, 136.20, 130.51, 128.08, 119.47, 35.43, 34.42,
31.46, and 29.44; MS nvz 538 (M*, 11%). Found: C, 62.64; H, 8.06% . Calcd for C28H4202S4: C, 62.41; H,
7.86%.

The mixture of sulfide 7, disuffide 8 , trisulfide 9, and tetrasulfide 10. was obtained by the reaction of
2-t-buty l-4-methy lphenol 6_ with S,Cl, at 25 °C under the same condition used for the reaction of
2,4-di-t-buty lphenol (1). Isolation by means of chromatography and recrystallization from hexane gave the
sulfide 7 (28%), disulfide 8 (11%), trisulfide 9 (11%) and tetrasulfide 10 (4%).
Bis(3-t-butyl-2-hydroxy-5-methyiphenyl)sulfide 7 : colorless prisms (hexane), mp 83-84 °C; IR (KBr)
3493, 2960, 2866, 1439, 1234, 860, 777 and 754 cm”; '"H NMR 8=1.40 (18H, s), 2.19 (6H, s), 6.56 (2H, s,
-OH), 6.98 (2H, d, J=2.2 Hz), and 7.02 (2H, d, J=2.2 Hz); ®C 8=152.07, 136.56, 131.43, 129.65, 129.08,
119.32, 34.96, 29.47, and 20.73. ; MS myz 358 (M*, 100%). Found: C, 73.95; H, 8.55%. Calcd for C22Ha002S:
C, 73.70; H, 8.43%.

Bis(3-t-butyl-2-hy droxy-5-methyiphenyl)disulfide 8: yellow prism (hexane), mp 114-115 °C; IR(KBr)
3440, 2998, 2958, 2914, 2872,1483, 1234, 864, 777 and 756 cm”; 'H NMR 8=1.37 (18H, s), 2.19 (6H, s), 6.54
(2H, s, -OH), 7.00 (2H, d, J=2.2 Hz), and 7.12 (2H, d , J=2.2 Hz); *C NMR 8=153.19, 136.32, 133.92,
131.40, 129.09, 120.63, 35.04, 29.38, and 20.51; MS myz 390 (M*, 15%). Found: C, 67.86; H, 7.74%. Calcd
for C2H200282: C, 67.65; H, 7.74%.

Bis(3-t-butyI-2-hydroxy-5-methyiphenyl)trisulfide 9 : y ellow powder (hexane), mp 132-134 °C; IR (KBr)
3454, 2953, 2914, 2870,1439, 1234, 1157, 858, 777 and 752 cm’; 'H NMR 8=1.39 (18H, s), 2.25 (18H, s),
6.50 (2H, s, -OH), 7.14 (2H, d, J=2.2 Hz), 7.21 (2H, d , J=2.2 Hz); ®C NMR 6=152.92, 136.67, 133.04,
131.43, 129.36, 120.57, 35.06, 29.42, and 20.62; MS m/z 422 (M*, 84%). Found: C, 62.75; H, 7.33%. Calcd for
C2H»00283: C, 62.52; H, 7.15%.

Bis(3-t-butyl-2-hydroxy-5-methyiphenyi)tetrasulfide 10 : yellow viscous oil; IR (KBr) 3454, 2953, 2914,
2870, 1439, 1234, 1157, 858, 777 and 752 cm™; '"H NMR 3=1.39 (18H, s), 2.25 (6H, s), 6.54 (2H, s, -OH), 7.15
(2H, d, J=2.2 Hz), 7.190 (1H,d , J=2.2 Hz), and 7.193 (1H, d , J=2.2 Hz); ®C NMR &=153.43, 136.70, 133.79,
131.61, 129.47, 119.87, 35.13, 29.38, and 20.56; MS m/z 454 (M*, 35%). Found: C, 57.85; H, 6.73%. Calcd
for C2zHx2002S4: C, 58.11; H, 6.65%.
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To an absolute dichloromethane solution (100 mi) of 2-t-butyl-4-bromophenol (6a)(9 g, 39 mmol) in
three-necked round bottom flask with a magnetic stimer, a dropping funnel, and a thermometer, the disulfur
dichloride (5 g, 37 mmol) in absolute CH,C}, (30 ml) was added over a period of 1.5 h at 20 °C , and then
heated to reflux for 11 h. The CH,Cl, was removed by distillation, and the obtained residue was dissolved by
adding CHC, (200 rri) then washed with water ( 100 ml x 6) and dried over Na,SO,, followed by evaporating
to dryness. The obtained residue was chromatographed on silica gel (Wako C-200; hexane/CHCl=7/1) and
the obtained products were recry stallized from hexane to give 11 (4.6 g, 15%), 12 (3.6 g, 11%), 13 (3.2 g,
9%) and 14.(3.2 g, 9%). The mixture of sulfide 11, disulfide 12, and trisulfide 13 and tetrasulfide 14 was
obtained by the reaction of 2-t-butyl-4-bromophenol 11 (10) with disulfur dichloride at 20°C. Isolation by
means of chromatography and recrystallization from hexane gave sulfide 12 (4%), disulfide 13 (13%), trisulfide
14 (4%) and tetrasulfide 15 (0.5%).

Bis(3-t-butyl-5-bromo-2-hydroxypheny l)sulfide 12 : colorless prisms (hexane), mp 123-124 °C; IR (KBr)
3452, 2964, 2871, 1560, 1430, 1230, 866, 752 and 690 cm'; 'H NMR 8=1.40 (18H, s), 6.55 (2H, s, -OH), 7.24
(2H, d, J=2.4 Hz), and 7.34 (2H, d , J=2.4 Hz); C NMR &=153.33, 139.35, 133.08, 131.68, 120.69, 112.69,
35.33, and 29.22; MS nvz 488 (M*, 100%). Found: C, 49.37; H, 5.16%. Calcd for C2oH2402BrS: C, 49.20; H,
4.95%.

Bis(3-1-butvI-5-bromo-2-hvdroxvphenyl)disuifide 13 : yellow prisms (hexane), mp132-134 °C; IR (KBr)
3434, 2952, 2910, 2872, 1429, 1389, 1228, 868, 754 and 690 cm'; 'H NMR 8=1.37 (18H, s), 6.64 (2H, s,
-OH), 7.28 (2H, d, J=2.3 Hz), and 7.42 (2H, d , J=2.3 Hz); "C 8=154.56, 139.11, 135.55, 133.80, 121.76,
111.89, 35.43, and 29.12; MS mvz 520 (M*, 31%). Found: C, 46.36; H, 4.81%. Calcd for C2oH2402BrS2: C,
46.17,H, 4.65%.

Bis(3-t-butyl-5-bromo-2-hy droxypheny)trisulfide 14 : yellow powder (hexane), mp 134-135 °C; IR (KBr)
3448, 2954, 2915, 2871, 1430, 1386, 1226, 1153, 860, 754 and 692 am™; 'H NMR 8=1.38 (18H, s), 6.54 (2H, s,
-OH), 7.44 (2H, d, J=2.3 Hz), and 7.48 (2H, d , J=2.3 Hz); ®"C NMR 8=154.15, 139.32, 134.53, 133.71,
122.18, 112.15, 35.44, and 29.16; MS nvz 552 (M*, 12%). Found: C, 43.60; H, 4.38%. Calcd for
C2oH2402Br2S3: C, 43.49; H, 4.38%.

Bis(3-t-butyl-5-bromo-2-hydroxyphenyl)tetrasulfide 15 : yellow needles (hexane), mp 134-135 °C; IR
(KBr) 3448, 2954, 2915, 2871, 1430, 1386, 1226, 1153, 860, 754 and 692 cm”; 'H NMR 8=1.38(18H, s), 6.65
(2H, s, -OH), 7.45 (2H, d, J=2.3 Hz), and 7.52 (2H, d, J=2.3 Hz); "C NMR 8=154.15, 139.32, 134.53, 133.71,
122.18, 112.15, 35.44, and 29.16; MS nvz 584 (M', 12%). Found: C, 44.18; H, 4.38%. Calcd for
C20H2402Br2S4: C, 41.10; H, 4.14%.

The mixture of sulfide 17, disulfide 18_, trisufide 19 and tetrasulfide 20 was obtained by the reaction of

2--butyl-4-chlorophenol 16_ (6b) with S,Cl, under the same conditions used for the reaction of
2-t-butyl-4-bromophenol with S,Cl, as already described. Isolation by means of chromatography and
recry stallization from hexane gave the sulfide 17 (15%), disulfide 18 (18%), trisulfide 19 (2%), and tetrasulffide
20 (1%).
Bis(3-t-buty|I-5-chloro-2-hy droxyphenyl)sulfide 17 : colorless prism (hexane), mp 113-114 °C; IR (KBr)
3460, 2966, 2912, 2873,1577, 1433, 1230, 866, 752 and 690 cm'; 'H NMR 8=1.40 (18H, s), 6.50 (2H, s, -OH),
7.10 (2H, d, J=2.3 Hz), and 7.21 (2H, d , J=2.3 Hz); °C 8=152.85, 138.92, 130.16, 128.84, 125.37, 120.21,
35.33, and 29.20; MS nmvz 398 (M*, 11%). Found: C, 60.29; H, 6.13%. Calcd for C20H2402CI2S: C, 60.15; H,
6.06%.

533



Vol 4, No. 6, 1998 Synthesis of mono-and polysulfur-bridged bisphenols and their application
to new type lewis acids

Bls(3-t-butyl-5-chioro-2-hy droxyphenyl)disulfide 18: yellow prisms (hexane), mp 123-125 °C; IR (KB
3435, 2999, 2960, 2912, 2873, 1570, 1433, 1390, 1228, 870, 756 and 721 cm'; 'H NMR 8=1.36 (18H, s), 6.60
(2H, s, -OH), 7.14 (2H, d, J=2.5 Hz), and 7.29 (2H, d , J=2.5 Hz); ®C NMR 8=154.12, 138.73, 132.62,
131.00, 124.69, 121.28, 35.45, and 29.09; MS myz 430 (M*, 50%). Found: C, 55.90; H, 5.85%. Calcd for
Ca2oH2402Cl282: C, 55.68; H, 5.61%.

Bis(3-t-butyl-5-chloro-2-hydroxyphenyi)trisulfide 19 : yellow powder (hexane), mp 134-136 °C; IR (KBr)
3450, 2954, 2914, 2872, 1433, 1380, 1227, 1153, 862, 754 and 721 cm'; 'H NMR &=1.38(18H, s), 6.54 (2H, s,
-OH), 7.31 (2H, d, J=2.6 Hz), and 7.36 (2H, d , J=2.6 Hz); *C NMR 8=153.68, 138.91, 131.62, 130.86,
124.85, 121.69, 35.43, and 29.13; MS m/z 462 (M', 17%). Found: C, 51.70; H, 5.29%. Cald for
C2oH2402CI12S3: C, 51.83; H, 5.22%.

Bis(3-t-butyl-5-chioro-2-hydroxyphenyi)tetrasulfide 20 : yellow oil; IR (KBr) 3444, 2960, 2912, 2873,
1571, 1432, 1398, 1228, 1170, 868, 754 and 721 cm”; '"H NMR 3=1.39 (18H, s), 6.64 (2H, s, -OH), 7.32 (2H,
d, J=2.6 Hz), and 7.38 (2H, d, J=2.6 Hz); "C NMR 8=154.18, 138.88, 132.52, 130.98, 124.82, 121.14, 35.50,
and 29.12; MS mvz 494 (M*, 20%). Found: C, 48.22; H, 4.96%. Calcd for C2oH2402CI2S4: C, 48.47; H, 4.88%.
Preparation of Lewis Acid (general procedure)

Bis(83,5-di--b uty I-2-hy droxy pheny Iitrisulfide 4 (44.2 mg, 0.1 mmol) was placed in two-necked flask and air was
removed under reduced pressure (1 mmHg) and purged with argon gas. Removing the gas and purging by
argon was repeated three times, then this reaction flask was heated at 80 °C for 1 hto completely remove the
moisture and cooled to roomtemperature. To this flask air free CH,Cl, (5ml) was added in by using syringe. A
1.0 M solution of trimethy laluminum (0.1 cn®, 0.1 mmol) was added to this solution and stirred for 1h at room
temperature. After removing the solvents under reduced pressure (1 mmHg), oxy gen-free absolute chiroform-d,
was added and the 'H NMR spectrum was obtained. 21_: 'H NMR 8=-0.34 (3H, s, AI-CH.), 1.30 (18H, s), 1.44
(18H, s), 7.30 ( 2H, d, J=2.6 Hz), and 7.43 (2H, d , J=2.6 Hz). 22 'H NMR 6=-0.34 (3H, s, Al-CH.). 1.41
(18H, s), 2.25 (6H, s), 7.13 ( 2H, d, J=2.1 Hz), and 7.17 (2H, d , J=2.1Hz). 23 : 'H NMR &=-0.29 (3H, s,
Al-CH.). 1.40 (18H, s), 7.44 ( 2H, d, J=2.5 Hz), and 7.46 (2H, d, J=2.5 Hz). 24 : 'H NMR =-0.30 (3H, s,
Al-CH.). 1.40 (18H, s), and 7.32 ( 4H, brs). 25 : 'H NMR &=-0.25 (3H. s. Al-CH.). 1.29 (9H, s), 1.40 (9H, s),
7.42 (2H, d, J=2.4 Hz), and 7.43-7.47 ( 2H, br s).

The activity of Lewis acids was investigated by the established method.(3)
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