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RB(OH),,
Cul-bpy (5 mol %)
Ay AT 2x A" R
DMSO/H,0,100 °C,
air 25-99%
Y =S, SeorTe

R = Aryl-, Alkenyl- or Alkyl-

This article describes the methodology for a copper-catalyzed preparation of numerous monochalcogenides
from dichalcogenides with organoboronic acids. Unsymmetrical diorgano-monosulfides, selenides, and
tellurides can be synthesized by the coupling of dichalcogenides with aryl- or alkylboronic acids using

a copper catalyst in air. The present reaction can take advantage of both organochalcogenide groups on
dichalcogenide.

Introduction thiol or selenol is usually employed under basic conditions.
However, the synthesis using dichalcogenide has been limited
to a reaction using alkyl halidé$,nevertheless, dichalcogenides
are easy to treat and are stable compounds in air. As a general
ﬂjle, in the metal-catalyzed chalcogenylation of aryl halides
using dichalcogenide, a reductant is necessary for the generation
of a corresponding ani@nor a metal-monochalcogenide
complex10.11

On the contrary, the transition metal-catalyzed preparation
' of monosulfide from disulfide and organoboronic acid under

oxidative conditions has been rarely developed, despite the fact

Organochalcogenides have found widespread utilization as
convenient intermediates or reagents in organic syntieBes.
synthesize these compounds, various procedures have bee
explored so faf. Especially, transition metal-catalyzed aryl
carbon-chalcogen bond formation is an important method for
the preparation of unsymmetrical organochalcogenides and is
studied by many researchérs.

For the preparation of aryl chalcogenides using a palladium
nickel? or copper catalyst,a combination of aryl halide with
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SCHEME 1. Reaction of Disulfides with Organoboronic TABLE 1. Copper-Catalyzed Coupling of (4-MeGH4S), with
Acids by CuX PhB(OH)2
PhB(OH), 2
SZB(OH)z (06 mmozl),
u® Cul-bpy

(R'S),——R's—R? + R's—cu()
Low reactivity

(1:1, 5 mol %)
(4-MeCgH4S); ——————— 2x 4-MeCgH,SPh

- 1 Solvent/H,0O
Oxidation | 12-2;‘;’30"3" ©02mmoly  (2/1) air, 3
RS<oy LI (OH)2 100°C, 12 h
re” entry solvent 3 (%)ab 1 (%)

1c PhCHs 45 46
that a reaction using a stoichiometric copper(ll) salt with fiol 2 DMF 82 13
or, recently, a copper-catalyzed reaction using other dichalco- 4310 Bmgg % 18
genides having high reactivity has been repotfetihe cause 5d DMSO 18 79

is attributed to the lower activity of the generated metallfide

complex as an intermediate. Therefore, in the catalytic synthesis
of organosulfides using organoboronic acids, a method employ-

ing thioimide as a sulfur source has been expldfed.

To accelerate the catalytic cycle using disulfide, after oxida-
tion of CuSR! a reaction of the obtained complex wit#BR
(OH), should produce the corresponding sulfide (Scheme 1).

a|solated yields after silica-gel chromatographyields of 3 are based
on disulfidel1 (2 mol). ¢ H,0 was not added! bpy was not used.

When a mixture of (4-MegH4S), 1 (0.2 mmol), phenylbo-
ronic acid2 (0.6 mmol), and Cul-bpy (5 mol %) in toluene
(0.3 mL) was treated at 10TC, phenyl 4-tolyl sulfide3 was

Consequently, the present process requires an oxidant. As btained in only 45% yield (Table 1, entry 1). The reaction in
procedure to carry out the reaction, we examined conditions in DMF/H20 could give3 in 82% yield with the recovery at in

air and found that unsymmetrical monosulfides could be 13% yield (Table 1, entry 2). Other solvents (1,3-dimethyl-2-
synthesized from disulfide and organoboronic acid by a copper imidazolidinone and dioxane) also showed the same result.

catalyst at 100C in a DMSO-H,0 solvent!®
In this paper, we wish to describe the synthesis of unsym-

However, these conditions could not be used because a small
amount ofl was recovered, and the separatiorl@nd3 was

metrical monochalcogenides (sulfides, selenides, or tellurides) Very complicated.

from dichalcogenides with organoboronic acids by a copper
catalyst.

Results and Discussion

Preparation of Monosulfide from Disulfide and Phenyl-
boronic Acid. Initially, to carry out copper-catalyzed coupling
of dichalcogendie with organoboronic acid, the reaction with
disulfide was investigated.

(7) Chalcogenations of alkyl halides or alkenyl borane with dichalco-
genide are known. See: (a) Chowdhury, S.; Royl&rahedron Lett1997,
38, 2149-2152. (b) Kundu, A.; Roy, SOrganometallic200Q 19, 105—
107. (c) Nishino, T.; Okada, M.; Kuroki, T.; Watanabe, T.; Nishiyama, Y.;
Sonoda, NJ. Org. Chem2002 67, 8696-8698. (d) Nishino, T.; Nishiyama,
Y.; Sonoda, NChem. Lett2003 928-929. (e) Ranu, B. C. Mandal, T.
Org. Chem2004 69, 5793-5795. (f) Ajiki, K.; Tanaka, KOrg. Lett.2005
7, 4193-4195. (g) Huang, X.; Liang, C.-G. Chem. Soc., Perkin Trans 1
1999 2625-2626.

(8) A reaction of disulfide with RMgX or RLi can also give a

Fortunately, the system of DMSO# (0.2 mL/0.1 mL)
could afford3 in 97% vyield with complete consumption @&f
(Table 1, entry 3}8 The absence of a bpy ligand decreased the
production of3 (Table 1, entry 5), and other ligands (TMEDA
and PPp) did not work effectively'” The present system could
also use other copper catalysts (CuCl, CuBr, CuOAc, guCl
and CuBsy), although the use of Cu(OAgcllecreased the yield
slightly.

Application to the Copper-Catalyzed Preparation of
Diorganosulfides, Selenides, or Tellurides Using Dichalco-
genides with Organoboronic Acids. On the basis of the
previously described experimental results, we next examined a
Cul-catalyzed aryl- or alkylation of disulfide by the use of
organoboronic acid in DMS©H,0 (Table 2).

At first, various organoboronic acids (0.6 mmol) and diphenyl
disulfide (0.2 mmol) were treated with Cul-bpy (5 mol %) at
100°C in air, to afford expected sulfiddsin good yields. The
present reactions could afforél in good yields without the

corresponding monosulfide. But, this case cannot use one sulfide group oninfluence of the para-substituted groups. In the use of ortho-

disulfide. See: Negishi, E., EdDrganometallics in Organic Synthegsis
Wiley: New York, 1980.

(9) Millois, C.; Diaz, P.Org. Lett.200Q 2, 1705-1708.

(10) (a) Taniguchi, N.; Onami, TSynlett2003 829-832. (b) Taniguchi,
N.; Onami, T.J. Org. Chem2004 69, 915-920. (c) Taniguchi, NJ. Org.
Chem.2004 69, 6904-6906. (d) Taniguchi, NSynlett2005 1687—1690.
(e) Ganmez-Betez, V.; Baldovino-Pantdleo O.; Herrera-Avarez, C.;
Toscano, R. A.; Morales-Morales, Detrahedron Lett2006 47, 5059
5062. (f) Kumar, S.; Engman, LJ. Org. Chem2006 71, 5400-5403. (g)
Chang, D.; Bao, WSynlett2006 1786-1788. (h) Fukuzawa, S.-i.; Tanihara,
D.; Kikuchi, S.Synlett2006 2145-2147.

(11) Transition metals can be inserted into dichalcogenide bonds: (a)
Zanella, R.; Ros, R.; Graziani, Nnorg. Chem1973 12, 2736-2738. (b)
Lam, C. T.; Senoff, C. VCan. J. Chem1973 51, 3790-3794. (c) Canich,
J. A. M.; Cotton, F. A.; Dunbar, K. R.; Falvello, L. Rnorg. Chem1988
27, 804-811.

(12) Herradura, P. S.; Pendola, K. A.; Guy, R. Brg. Lett.200Q 2,
2019-2022.

(13) Wang, L.; Wang, M.; Huang, FSynlett2005 2007—2010.

(14) Savarin, C.; Srogl, J.; Liebeskind, L. Srg. Lett.2002 4, 4309~
4312.

(15) Taniguchi, N.Synlett2006 1351-1354.
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substituted arylboronic acid, the reactivity decreased owing to
steric hindrance (Table 2, entries 3 and 4). Furthermore, this
procedure could tolerate alkenyl- or alkylboronic acids, but the
employment of alkylboronic acid required longer reaction times
than the reaction of arylboronic acids (Table 2, entries- 12
16).

The combination of diaryl disulfides with phenylboronic acids
could also afford the corresponding products (Table 2, entries
17—24). However, the reactivity was dependent on substrates.
Unfortunately, the reaction of di-butyl disulfide proceeded in
low yield (Table 2, entry 25).

(16) In transition metal-catalyzed organic reactions using organoboronic
acids, water has been added: (a) Miyaura, N.; SuzukGhem. Re. 1995
95, 2457-2483. (b) Hayashi, T.; Yamasaki, KChem. Re. 2003 103
2829-2844.

(17) When TMEDA and PPhas a ligand were employed, the yields
were 58 and 4%, respectively.
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TABLE 2. Cul-Catalyzed Coupling of Disulfides with Organoboronic Acids®

Cul-bpy
(1:1, 5 mol %)

R's-SR' + R2-B(OH), 2R R?
4 DMSO/H,0 (2/1), 6
air, 100 °C
entry R R2 time (h) 6 (%)Pc entry R R2 time (h) 6 (%0)P°
1 Ph Ph 12 97 13 Ph Me 12 93
2 2-MeGsHg4 12 97 14 n-Bu 42 72
3 2-MeOGH,4 24 50 15 cyclo-CgHi1 48 94
4¢ 2-CICsH4 24 76 16 PhCHCH, 48 65
5 4-MeGHg4 12 97 17 4-MeGH,4 Ph 12 97
6 4-MeOGH4 12 98 18 4-MeOGH,4 48 74
7 4-BrGHq4 12 88 19 4-BrGHy4 12 67
8 4-CIGH4 12 96 20 4-CIGH4 24 66
9 4-HOGH, 12 90 21 4-QNCgHg4 12 97
10 4-OHCGH4 12 98 22 4-HoNCgHg4 24 65
11 4-MeQCCgHa 12 89 23 4-HQCCeH4 42 72
12 (E)—PhCH=CH 30 97 24 4-HOGH4 42 25
25° n-Bu 24 29

aReaction conditions: the mixture @f(0.2 mmol),5 (0.6 mmol), and Cul-bpy (1:1, 5 mol %) in DMSO (0.2 mL) and@(0.1 mL) was treated at 100
°C.Plsolated yields after silica-gel chromatographyields of 6 are based on disulfidé (2 mol). 9 This reaction was carried out at 9C. €10 mol
%Cul-bpy was used.

TABLE 3. Cul-Catalyzed Coupling of Diselenides or Ditellurides with Organoboronic Acid$

Cul-bpy
(1:1, 5 mol%)
(R'), + 2R?B(OH), 2 gt-Yog2
7 5 DMSO/H,0 (2/1),
air, 100 °C
Y=SeorTe
entry (RY)2 R2 time (h) 8 (%)Pe entry (RY)2 R2 time (h) 8 (%)Pe
1 (PhSe) Ph 12 93 15 (BnSe) Ph 24 84
2 2-MeGHa 12 99 16 (PhTe) Ph 4 87
3 2-MeOGH4 12 96 17 2-MeGH4 4 79
4 2-CIGsHa 12 93 18 2-MeOGH4 12 75
5 4-MeGH4 12 98 19 2-ClGH4 4 95
6 4-MeOGH.4 12 93 20 4-Me@H4 4 81
7 4-BrGsHa 12 83 21 4-MeOGH4 12 97
8 4-CIGH4 12 95 22 4-BrGHas 4 90
9 4-HOGH4 12 80 23 4-ClGH4 4 85
10 4-OHCGH4 12 96 24 4-HOGH4 12 79
11 4-MeQCCgH4 12 95 25 4-OHCG@H4 12 88
12 (E)—PhCH=CH 12 89 26 4-Me@CCsHa 12 86
13 Me 12 86 27 £)—PhCH=CH 4 71
144 n-Bu 38 63 28 n-Bu 18 38

aReaction conditions: the mixture @f(0.2 mmol),5 (0.6 mmol), and Cul-bpy (1:1, 5 mol %) in DMSO (0.2 mL) angd@(0.1 mL) was treated at 100
°C. PIsolated yields after silica-gel chromatographyields of 8 are based on dichalcogeni@g2 mol). 9 10 mol % Cul was used.

SCHEME 2. Reaction of (PhS) with 4-MeC¢H4B(OH); in
the Absence of Oxygen

4-MeCgH,B(OH),

Thus, the coupling of diaryl disulfides with organoboronic
acids by a copper catalyst could furnish the desired sulfides in
good yields and was able to use both sulfide groups on disulfide.

Then, we explored the reaction using other dichalcogenides. E?;&E'mé mol %)
According to the previously developed procedure, the copper- (PhS); —————————> 4-MeC¢H,SPh
catalyzed coupling of diselenides or ditellurides with organobo- (1.0 mmol) ?%S,,g{'jzf,g?’1)' 3
ronic acids was carried out (Table 3). under N,

As expected, various unsymmetrical monochalcogen8les [Cu] 3 (%)

were obtained in good yields, and the present reaction was not
affected by substrates. In the reaction using ditelluride, the
monotellurides were obtained in very short time. However, the Cucly 3
yield of butyl phenyl telluride decreased (Table 3, entry 28).
Proposed Reaction Mechanism of the Copper-Catalyzed

Coupling of Disulfides with Organoboronic Acids. For the
purpose of investigation of the reaction mechanism, we initially
examined a reaction in the absence of oxygen. When the Cul-
or CuCp-catalyzed reaction of (Phgjith 4-MeGH,B(OH), (18) For the preparation of PhSCu: Adams, R., Reifschneider, W.,

was carried OUta_the corresponding sulfilavas obtained in Ferretti, A.Organic Synthesjslohn Wiley & Sons: New York, 1973; Vol.
only 7% production or 3% (Scheme 2). V, pp 107-110.

Cul

Also, the reactivity of PhSCu considered as an intermediate
was examined® When a reaction of PhSCu and 4-MgGB-
(OH), was performed in DMS©H,0, the corresponding sulfide
3 was obtained in 53% vyield (Scheme 3). Moreover, the

J. Org. ChemVol. 72, No. 4, 2007 1243
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2B(OH), (R'S),
9 11

R2-cu'L, cu'Xl,
10

12
1" " ;\11/202X
A e,
R%4s
R'sR?

12 Riscyl, R1S‘CuﬁL
13 -
1120, X

(R'S),CupXL,,
16 9
12
R's-cu'L,
13
N
1120, X

FIGURE 1. Plausible reaction mechanism.

SCHEME 3. Reaction of PhSCu with 4-MeGH4B(OH),
4-MeCgH,4B(OH),
(0.2 mmol),
bpy (0.1 mmol)
PhSCu 4-MeCgH,SPh
(0.1 mmol) DMSO/H,0 (2/1), 3

air, 100 °C, 18 h

additive 3 (%)
none 53
n-BuyNI
(0.1 mmol) 68

production was increased to 68% yield in the presenceRui,-
NI as the anion source of PhSCu(ll) after the oxidation of
PhSCu(1)!0

Thus, the coupling of disulfide with organoboronic acid
requires oxygen. This fact shows that PhSCu(l) can react with
organoboronic acid through a formation of PhSCu(ll)X by the
oxidation of PhSCu(l) in the presence of oxygen.

From these results, a plausible reaction mechanism is
considered as follows (Figure 29.In cycle A, after RCu(l)
10 is formed from RB(OH), with CuX, both the sulfidel2
and the PhSCu(I).13 produced by the reaction df0 react
with (R1IS). Sequentially, (RS)(R?)Cu(ll) 15is formed via the
oxidation of RSCul, 13. Finally, RISR? 12 is produced again
through the oxidation ofi5.

In cycle B, after the reaction of CuX with {8), the sulfide
12 and RSCu(l)L, 13 are produced from the generated copper
disulfide complex16 with R2B(OH), 9.21.22

Similarly, it seems that in the case of the Guatalyst,
complex13is formed via some processes after the generation
of a Cu(ll)—disulfide complex by cleavage of disulfide at the
first step??

In addition, it is considered that the generating proportion of

Taniguchi

(disulfides or organoboronic acids) or copper catalyst. In the
case of other chalcogenides, the same process can apply.

Conclusion

In conclusion, we were able to synthesize various unsym-
metrical organosulfides, selenides, and tellurides from dichal-
cogenides using organoboronic acids by a Cul-bpy catalyst in
DMSO—H,0. Furthermore, this procedure requires oxygen in
air as oxidant to promote the reaction and can tolerate aryl- or
alkylation of two chalcogenide groups on dichalcogenide.

Experimental Section

General Procedure.All reactions were carried out in air. NMR
spectra were recorded on a JEOL EX-270 spectrometer (270 MHz
for 1H, 67.5 MHz for!3C). Chemical shifts are reported dnppm
referenced to an internal tetramethylsilane standardHoNMR
and chloroformd (6 77.0) for'3C NMR. IR spectra were measured
by a Spectrum One FFIR spectrometer. Melting points were
measured on a Melting Point B-540 apparatus. Elemental analysis
was performed at the Instrumental Analysis Center for Chemistry,
Tohoku University (Japan).

Coupling of Disulfide with Organoboronic Acid (Table 2):
Entry 10. 'H NMR (270 MHz, CDC}) 6 9.89 (s, 1H), 7.70 (dJ
= 8.6 Hz, 2H), 7.49-7.53 (m, 2H), 7.43-7.39 (m, 3H), 7.23 (dJ
= 8.6 Hz, 2H);}3C NMR (67.5 MHz, CDC}) 6 191.0, 147.1, 134.2,
133.6, 131.2, 130.0, 129.7, 129.0, 127.1; IR (neat) 3058, 1697, 1591,
1561, 1475 cm!; Anal. Calcd for GaH100S: C, 72.87; H, 4.70.
Found: C, 72.69; H, 4.95.

Entry 11. *H NMR (270 MHz, CDC}) ¢ 7.88 (d,J = 8.6 Hz,
2H), 7.49-7.45 (m, 2H), 7.39-7.35 (m, 3H), 7.20 (dJ = 8.6 Hz,
2H), 3.87 (s, 3H);13C NMR (67.5 MHz, CDC}) 6 166.5, 144.2,
133.6, 132.3, 130.0, 129.5, 128.5, 127.5, 127.4, 51.9; IR (gHCI
1715, 1594, 1436 cm; Anal. Calcd for G4H1,0,S: C, 68.83; H,
4.95. Found: C, 68.66; H, 5.10.

Entry 16. 'H NMR (270 MHz, CDC}) 6 7.37—7.14 (m, 10H),
3.19-3.12 (m, 2H), 2.952.88 (m, 2H);3C NMR (67.5 MHz,
CDClg) 6 140.2, 136.3, 129.2, 128.9, 128.5, 127.0, 126.4, 125.9,
35.6, 35.1; IR (neat) 3060, 3026, 2923, 1583, 1495, 1479'cm
Anal. Calcd for G4H14S: C, 78.45; H, 6.58. Found: C, 78.71; H
6.70.

Entry 22. mp 94-95 °C; *H NMR (270 MHz, CDC}) 6 7.30
(d,J=8.2 Hz, 2H), 7.24-7.05 (m, 5H), 6.65 (dJ = 8.4 Hz, 2H),
3.78 (br, 2H);33C NMR (67.5 MHz, CDC}) ¢ 147.0, 139.6, 136.0,
128.7, 127.2, 125.2, 120.4, 115.8; IR (CH)C3400, 1618, 1494,
1477 cntt; Anal. Caled for GoH11NS: C, 71.60; H, 5.51. Found:

C, 71.30; H, 5.70.
Entry 23. mp 172-173°C; *H NMR (270 MHz, CDC}) 6 7.95

these two processes is different according to the kind of substrateq, j ='8.5 Hz, 2H), 7.53-7.38 (m, 5H), 7.20 (dJ = 8.5 Hz, 2H);

(19) Other salts (KI and Lil) also gave the same results (63 and 68%,
respectively).

(20) (a) Evans, D. A.; Katz, J. L.; West, T. Retrahedron Lett1998
39, 2937-2940. (b) Collman, J. P.; Zhong, Mdrg. Lett.200Q 2, 1233~
1236. (c) Corbet, J.-P.; Mignani, @hem. Re. 2006 106, 2651-2710.

(21) A disulfide bond can be cleaved by Cu(l)X: (a) Kadooka, M. M.;
Warner, L. G.; Seff, K.J. Am. Chem. Socl976 98, 7569-7578. (b)
Taniguchi, N.J. Org. Chem200§ 71, 7874-7876; see ref 9b,d.

(22) It is well known that a transition metal can cleave a disulfide bond:
(a) Bewick, A.; Mellor, J. M.; Milano, D.; Owton, W. MJ. Chem. Soc.,
Perkin Trans, 11985 1045-1048. (b) Bach, R. D.; Rajan, S. J.; Vardhan,
H. B.; Lang, T. J.; Albrecht, N. GJ. Am. Chem. S0d.981, 103 7727
7734. (c) Ichimura, A.; Nosco, D. L.; Deutsch, E.Am. Chem. S0d.983
105 844-850.

(23) Cu(l)y—sulfide complex can be prepared by a reaction of disulfide
with Cu(ll)—salt in air: (a) Odani, A.; Maruyama, T.; Yamaguchi, O.;
Fujiwara, T.; Tomita, K.-i.J. Chem. Soc., Chem. Commu982 646—
647. (b) Higashi, L. S.; Lundeen, M.; Milti, E.; Seff, knorg. Chem1977,

16, 310-313.
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13C NMR (67.5 MHz, CDC}) 6 171.4, 146.0, 134.0, 131.8, 130.6,
129.7, 128.9, 127.1, 126.3; IR (CH{I3412, 1691, 1594 cr;
Anal. Calcd for GsH100,S: C, 67.80; H, 4.38. Found: C, 67.54;
H, 4.20.

Coupling of Diselenide with Organoboronic Acid (Table 3):
Entry 4. IH NMR (CDCl) 6 7.63-7.59 (m, 2H), 7.46-7.29 (m,
4H), 7.09 (dt,J = 7.6 and 1.6 Hz, 1H), 7.01 (d§,= 7.6 and 1.3
Hz, 1H), 6.91 (ddJ = 7.6 and 1.6 Hz, 1H)}*3C NMR (CDCk) 6
136.0, 135.9, 133.8, 133.4, 130.5, 129.7, 129.3, 128.8, 127.8, 127.2;
IR (neat) 3057, 1950, 1573, 1476, 1437 ©mAnal. Calcd for
Cio-HgSeCl: C, 53.86; H, 3.39. Found: C, 53.85; H, 3.56.

Entry 10. 'H NMR (270 MHz, CDC}) ¢ 9.90 (s, 1H), 7.67 (d,

= 8.6 Hz, 2H), 7.59-7.62 (m, 2H), 7.4%7.34 (m, 5H)13C NMR
(67 5 MHz, CDC}) 6 191.2, 142.6, 135.4, 134.4, 130.1, 130.0,
129.7, 128.8, 127.8; IR (neat) 3055, 2828, 2733, 1696, 158%,cm
Anal. Calcd for GsH1gOSe: C, 59.78; H, 3.86. Found: C, 59.55;
H, 3.96.
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Entry 11. *H NMR (CDCls) 6 7.86 (d,J = 8.6 Hz, 2H), 7.58 13C NMR (67.5 MHz, CDC}J) 6 139.2, 138.2, 132.5, 129.6, 128.1,
7.55 (m, 2H), 7.377.25 (m, 4H), 3.87 (s, 3H)3C NMR (CDCk) 122.4,114.2,113.1; IR (neat): 3065, 1893, 1573, 1470 cAnal.
0 166.6, 139.5, 134.8, 130.3, 130.0, 129.6, 128.6, 128.4, 128.1, Calcd for G-H¢BrTe: C, 39.96; H, 2.51. Found: C, 39.66; H, 2.62.
52.0. IR (neat) 3020, 1718, 1591, 1436 ¢mAnal. Calcd for Entry 25. IH NMR (270 MHz, CDC}) 6 9.89 (s, 1H), 7.83 (d,

CrthoO:Se: C, 57.74; H, 4.15. Found: C, 57.38; H, 4.21. J=8.3 Hz, 2H), 7.627.61 (M, 4H), 7.587.25 (m, 3H):3C NMR

Coupling of Ditelluride with Organoboronic Acid (Table 3):
Entry 17. H NMR (270 MHz, CDC}) 6 7.71-7.66 (m, 2H), (67.5 MHz, CDC}) 6 191.5, 139.8, 135.6, 135.1, 129.8, 128.9,

126.6, 112.9; IR (neat): 3052, 2827, 2734, 1694, 1582'c/Anal.
(7343?;;1432 $\r1n|\/|F1q|-(|2‘,7753|3|.;zl3c([;nq)5 (SH)l 461986%9806(?3%? 122305 Calcd for GsH1gOTe: C, 50.40; H, 3.25. Found: C, 50.12; H, 3.35.
129.3,128.0,127.9,126.7, 119.1, 113.9, 26.0; IR (neat) 3052, 1949, Entry 26. mp 71-72°C; 'H NMR (270 MHz, CDC}) 6 7.81—
1575, 1473 cm!; Anal. Calcd for GsHi,Te: C, 52.78; H, 4.09. 7.76 (m, 4H), 7.59 (dJ = 8.2 Hz, 2H), 7.357.22 (m, 3H), 3.87
Found: C, 52.58; H, 4.15. (s, 3H);13C NMR (67.5 MHz, CDC}) ¢ 166.7, 139.3, 135.8, 130.0,
Entry 18. 'H NMR (270 MHz, CDC}) 6 7.91-7.87 (m, 2H), 129.7, 129.0, 128.5, 123.2, 113.3, 52.0; IR (CRCB019, 1719,
7.42-7.26 (m, 3H), 7.257.13 (m, 1H), 6.966.93 (m, 1H), 6.79 1587, 1435 cm?; Anal. Calcd for GsH1,0,Te: C, 49.48; H, 3.56.
6.69 (m, 2H), 3.86 (s, 3H)C NMR (67.5 MHz, CDC}) 6 158.0, Found: C, 49.25; H, 3.61.
141.1,133.5,129.5,128.5, 128.0, 122.3, 112.0, 109.6, 107.6, 55.8;
LF; (giﬁi'zg-ggzé 95307_ 0%8?_'3 ; 22.2,':101?%:1é?£gr¢§a|l_.|,ae.1l(;:§ Acknowledgment. This work was supported by Meiji Seika
Entry 19. 'H NMR (270 MHz, CDC}) & 7.93-7.89 (m, 2H), Co. Ltd.
7.46-7.22 (m, 4H), 7.12:7.05 (m, 1H), 6.96-6.92 (m, 2H);13C
NMR (67.5 MHz, CDC}) 6 141.1, 136.4, 134.3, 129.9, 129.1, Supporting Information Available: Analytical data {H and
125_5-16’ 128.0,127.3,120.5, 113.3; IR (neat) 3053, 1567, 1473, 144313c NMR spectra) and literature citations for known compounds.
cm % Anal. Caled for GoHoCITe: C, 45.57; H, 2.87. Found: C,  This material is available free of charge via the Internet at

45.26; H, 3.04. ,
Entry 22. H NMR (270 MHz, CDCh) 6 7.70-7.67 (m, 2H),  P//pubs.acs.org.

7.50 (d,J = 8.2 Hz, 2H), 7.33-7.26 (m, 3H), 7.237.17 (m, 2H);  JO062131+
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