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Rongalite® promotes cleavage of diaryl disulfides generating chalcogenolate anions that then undergo
facile acylation with anhydrides in the presence of CsF to afford thioesters (3) with good to excellent
yields. By using the present protocol, 5-arylthio-5-oxopentanoic acid (4) can be facilely prepared. The
important features of the methodology are broad substrate scope, simple operation, and no requirement
for metal catalysts. It is noteworthy that acylations of diphenyl diselane with anhydrides are also con-
ducted smoothly to afford selenoesters (5) in good yields under the standard conditions.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Thioesters are versatile intermediates in natural product syn-
thesis, which have been widespread applications in synthetic
chemistry as precursors to aldehydes, ketones, acids, esters, lactones,
amides, lactams, and heterocycles, etc.! Due to the importance of
these compounds, a number of methods for the synthesis of thio-
esters have been described in the past few years. One of the most
common methods involves the acylation reaction of acyl derivatives,
such as acids, anhydrides, aldehydes, acyl chlorides, N-acylph-
thalimides, and N-acylbenzotriazoles with thiols.> Recently, Alper
and co-workers introduced a new procedure for preparation of
thioesters utilizing palladium-catalyzed thiocarbonylation of
iodoarenes with thiols in ionic liquid.> However, the use of highly
volatile and unpleasant smelling free thiols leads to serious envi-
ronmental, safety problems and also limits the use of these methods
for large-scale operations in all the reported methods. Besides the
drawback of these methodologies are associated with undesirable
side reactions owing to the oxidation of thiols. In order to minimize
or eliminate the encountered problems, the method has been de-
veloped in recent years for the synthesis of thioesters by the reaction
of anhydrides or acyl halides with disulfides in the presence of
various promoting agents, such as In or InL* Sm/CoCl> Smly®
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Sm/Cp,TiCly,” Sm/NiCly,8 Zn/AlCl3,° Zn/ZrCly,'° and RhCI(PPhs)3/Hs
(1 atm)."" In 2005, Kim and co-workers developed a new method for
the synthesis of thioesters through tin-free radical carbonylation of
alkyl allyl sulfone with arylsulfonyl derivatives at the higher pressure
of CO in the presence of V-40 (1,1’-azobis(cyclohexane-1-carbon-
itrile)).!? Recently, Yamaguchi and co-workers reported rhodium-
catalyzed alkylthio exchange reaction of thioester with disulfide.®

However, these methods usually suffer from one or more limi-
tations, such as the use of unpleasant odor substrates®> and ex-
pensive, toxic or metallic catalysts,> "3 long reaction times,'
unsatisfactory yields,” as well as elevated temperature.!?!> On the
other hand, only a few of them have been studied with more
complete anhydride scope, and substrates bearing sensitive groups,
such as furanyl and thienyl, might not be fully compatible. In this
context, developing versatile approaches to achieve thioesters from
anhydrides with disulfides still remain in great demand.

Selenoesters are also important intermediate in organic syn-
thesis'* and the field of molecular materials.!> Various approaches
toward the synthesis of selenoesters have been explored during the
past years. Selenoesters are usually available by the reaction of acyl
chlorides and selenides (RSeX, X=H, MgBr, SnMej3, (n-Bu)3Sn, SiMe3
or SeR) in the presence of metallic catalysts.!® Recently, Braga and
co-workers reported synthesis of selenoesters from acid chlorides
mediated by indium metal.”

Very recently, we reported Rongalite® (sodium formaldehyde sul-
foxylate, NaHSO,-CH,0-2H,0 as an inexpensive reagent)-promoted
ring opening of epoxides with disulfides'® and thia-Michael addition of
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disulfides to o,B-unsaturated carbonyl compounds' in the presence of
base. As a continuing interest in the synthesis of sulfur-contained com-
pounds,'®~2° we expected to apply the Rongalite/base system in the
acylation of anhydrides with diaryl disulfides. Herein, we wish to report
a highly practical method to access thioesters by Rongalite-promoted
cleavage of disulfides and subsequent acylation reaction under mild
reaction conditions. Moreover, acylation of anhydrides with diphenyl
diselenide was also successful to afford selenoesters in good yields under
the same conditions (Scheme 1).

o 9 NaHS0, CH,0-2H,0 i
L+ RivYR! Sl il e R)kY»W
R™ 0" R CsF, DMF, rt, 5-30 min
1 2Y =S, Se 3-5Y=8, Se

1a: R=CHj 2a:R=Ph;Y=S
1b: R=Ph 2b: R=p-CICgHy; Y =S
1c: R = CH3CH, 2c:R=p-BrCgHy; Y=S
1d: R = p-OCH3CgH,4 2d: R = p-NO,CgHy; Y =S
1e:R = p-CH3C6H4 2e:R= p-CH3CsH4; Y=8
1Mf:R= O-CH306H4 2f: R= p-OCH3C6H4; Y=8
19: R=m-CH3CgH, 2g: R = 2-thienyl; Y =S
1h: R = p-CICgH, 2h: R = 2-methylfuran-3-yl; Y = S

1i:R= p-N02C6H4
1j: R = 2-thienyl
1k: R = 2-furanyl
1I:R = -(CH,)5-

2i: R = 0-NH,CgH,; Y= S
2j:R= Ph; Y =Se

Scheme 1. Rongalite®-promoted one-pot synthesis of thioesters and selenoesters.

2. Results and discussion

The model reaction of acetic anhydride (1a) with diphenyl
disulfide (2a) was conducted to screen the optimal reaction con-
ditions and the results were listed in Table 1. Initially, the effect of

Table 1
Screening conditions for the acylation of diphenyl disulfide with acetic anhydride?®
0 0 Q
NaHSO,-CH,0-2H,0 )k
L+ phssph Me~ “SPh
Me 0" Me base, solvent
1a 2a 3a
Entry Rongalite® Solvent Base Yield® (%)
(equiv)

1 3 CH2c12 KzCO; Trace
2 3 CH5;CN K>CO3 Trace
3 3 CH;CH,OH K>CO5 Trace
4 3 DMF K2CO3 78
5 3 1,4-Dioxane K,CO3 Trace
6 3 DMF CsF 83
7 3 DMF Cs,CO3 79
8 3 DMF NayCOs3 75
9 3 DMF NaHCO3 70
10 2 DMF CsF 73
11 1 DMF CsF 58
12 3 DMF CsF 85°¢
13 3 DMF CsF 814
14 3 DMF CsF 91¢
15 = DMF CsF NR
16 3 DMF = 45
17 3 DMF CsF 82f

NR=No reaction.

2 All reactions were run with 1a (0.4 mmol), 2a (0.2 mmol), and base (1.5 equiv) in
solvent (2 mL) at room temperature for 20 min.

b Isolated yields.

€ CsF (1.0 equiv).

4 CsF (0.5 equiv).

€ CsF (0.75 equiv).

f At50°C.

solvents was tested. Among all the solvents screened, trace target
product was detected in the presence of a series of solvents, such as
CH,Cl,, CH3CN, CH3CH,OH, and 1,4-dioxane. However, we were
delighted to find that the yield of the desired product 3a could be
improved to 78% when the combination of K;CO3; and DMF was
employed at room temperature (Table 1, entries 1-5). Encouraged
by these promising results, we further optimized the reaction
conditions, such as bases, the amount of Rongalite loading, and
bases (Table 1, entries 6—17).

Among the screened bases (NaHCO3, NayCOs, K;COs3, CsyCOs,
and CsF), CsF is the best results (Table 1, entries 4, 6—9). Moreover,
the results indicated that the yield was decreased to some extent
when 2 equiv of Rongalite was added (Table 1, entry 10), and no
reaction was observed even for longer time in the absence of
Rongalite (Table 1, entry 15). We also examined the effect of the
amount of CsF (Table 1, entries 12—14), the target product was
obtained in 45% yield without CsF (Table 1, entry 16). With
0.75 equiv of CsF we obtained the best yield of the product. The
yield was decreased to some extent when the reaction was carried
out at the elevated temperature (Table 1, entry 17). As a result, the
model reaction was carried out under optimized conditions with
3 equiv of Rongalite and 0.75 equiv CsF at room temperature in
DMEF, which led to 3a in 91% yield.

With the optimal conditions in hand, the scope and limitations
of this new methodology were examined as shown in Table 2.
A variety of diaryl disulfides, both electron-donating and electron-
withdrawing groups on the aromatic ring, were reacted with acetic
anhydride (1a) to generate the thioesters (3) in good to excellent
yields. Electronic effects on the aromatic ring associated with
disulfides had little effect on the yields. It is observed that the
corresponding products were obtained in excellent yields by the
acylation of electron-deficient disulfides, such as p-chlorophenyl
disulfide (2b), p-bromophenyl disulfide (2c), and p-nitrophenyl
disulfide (2d) (Table 2, entries 2—4) under optimal conditions. In
contrast, the yields were decreased slightly when electron-rich
disulfides, such as p-methylphenyl disulfide (2e) and p-methox-
yphenyl disulfide (2f) were used (Table 2, entries 5—6). Moreover,
we examined the reactivity of heterocyclic disulfides, such as
2-thienyl disulfide (2g) and 2-methylfuran-3-yl disulfide (2h) with
1a, the corresponding thioesters 3g and 3h in good yields under the
standard conditions (Table 2, entries 7—8).

On the other hand, the combination of a wide range of anhy-
drides 1b—1k with diphenyl disulfide (2a) was also checked in our
reaction system (Table 2, entries 9—18). Various anhydrides bearing
either electron-donating or electron-withdrawing groups on the
aromatic ring were investigated. It is observed that the substitution
group on the phenyl ring did not make any difference in this
reaction.

We further examined the steric effect in our system. A mono-
substitution group on the para-, ortho-, and meta-position for an-
hydrides (Table 2, entries 12—14) had little effect on the yields in
the reaction. For example, 2a reacted with anhydrides, such as
p-methylbenzoic anhydride (1e), o-methylbenzoic anhydride (1f),
and m-methylbenzoic anhydride (1g) efficiently and afforded 31,
3m, and 3n in 85%, 82%, and 83% yields, respectively. Moreover, we
also examined the reactivity of heterocyclic anhydrides with 2a in
the presence of Rogalite and CsF (Table 2, entries 17—18). The re-
sults indicated that heterocyclic anhydrides exhibited analogous
behavior to that of aromatic anhydrides and aliphatic anhydrides.
Unfortunately, attempt to acylation of dibenzyl disulfide, a dialkyl
disulfide, with acetic anhydride failed.

It is noteworthy that we examined acylation of o-aminophenyl
disulfide (2i) with acetic anhydride (1a) under the standard con-
ditions (Scheme 2). The corresponding diacylated product 3s was
obtained in 28% yield. Increasing the amount of 1a to 4 equiv
resulted in 76% yield of 3s.
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Table 2
Synthesis of thioesters from anhydride and disulfides in the presence of Rogalite and
CsF*

6 0 NaHSO0,CH,0-2H,0 i 1
JL I+ RissR! e &
R (@) R CsF, DMF, rt
1 2 3
Entry R(1) R' (2) Time  Product Yield”
(min) (%)
1 CHs CeHs 15 3a 91, 92¢
1a 2a
2 1a p-(Cl)CeHs 5 3b 98
2b
3 1a p-(Br)CgHs 5 3c 95
2c
4 1a p-(NO,)CgHs 5 3d 96
2d
5 1a p-(CH3)CgHs 20 3e 87
2e
6 1a p-(OCH3)CgHs 25 3f 85
2f
7 1a 2-Thienyl 10 3g 96
2g
8 1a 2-Methylfuran-3-yl 2h 20 3h 90
9 CeHs 2a 30 3i 87
1b
10 CH5CH, 2a 30 3j 87
1c
11 p-(OCH3)CgHs  2a 30 3k 82
1d
12 p-(CH3)CHs  2a 30 31 85
1e
13 0-(CH3)CeHs  2a 30 3m 82
1f
14 m-(CH3)CeHs  2a 30 3n 83
1g
15 p-(Cl)CgHs 2a 30 30 87
1h
16 p-(NO,)CgHs  2a 30 3p 73
1i
17 2-Furanyl 2a 30 3q 89
1j
18 2-Thienyl 2a 30 3r 91
1k

2 All reactions were run with anhydrides 1 (0.44 mmol), disulfides 2 (0.2 mmol),
NaHSO,-CH,0-2H,0 (0.6 mmol), CsF (0.15 mmol), and DMF (2 mL) at room
temperature.

b Isolated yields.

¢ The reaction was run with acetic anhydride 1a (22 mmol, 2.24 g), diphenyl
disulfide 2a (10 mmol, 2.18 g), NaHSO,-CH,0-2H,0 (30 mmol) and CsF (7.5 mmol)
in 10 mL of DMF at room temperature for 25 min.

Q 0
o0 o NH, >N s
. Sig _NaHSO,CH,02H,0  mé Me
Me” 0 “Me CsF, DMF, rt, 30 min
NH,
6%
1a 2i 3s

Scheme 2. Rongalite®-promoted acylation of o-aminophenyl disulfide with acetic
anhydride.

As listed in Table 3, the acylation of cyclic anhydride, such as
glutaricanhydride (11) with different diaryl disulfides was also in-
vestigated using the present protocol. In all cases, Rongalite and
base-promoted reactions proceeded smoothly and the corre-
sponding 5-arylthio-5-oxopentanoic acids (4a—4f) were achieved
in good yields.

Next, to extend the scope of this reaction, the acylation of var-
ious anhydrides (1) with diphenyl diselenide (2j) were also tested
under the standard conditions. The yield was decreased to some
extent when aliphatic anhydride, such as acetic anhydride (1a) was
used (Table 4, entry 1). Aryl anhydrides with electron-donating

Table 3
Synthesis of 5-arylthio-5-oxopentanoic acid from glutaricanhydride and disulfides
in the presence of Rogalite and CsF*

P (0] (0]
o + R1SSR1 NaHSOZ CHzo 2H20 HOWSR1
CsF, DMF, r.t., 25 min
O
11 2 4
Entry R' (2) Product Yield® (%)
1 CeHs 4a 80
2a
2 p-(Cl)CHs 4b 82
2b
3 p-(CH3)CgHs 4c 78
2e
4 p-(OCH3)CgHs 4d 74
2f
5 2-thienyl 4e 85
2g
6 2-methylfuran-3-yl af 80
2h

2 All reactions were run with 11 (0.44 mmol), disulfides 2 (0.2 mmol), NaHSO,-
CH,0-2H,0 (0.6 mmol), CsF (0.15 mmol), and DMF (2 mL) at room temperature.
b Isolated yields.

Table 4
Synthesis of thioesters from anhydride and disulfides in the presence of Rogalite
and CsF*

6o 0 NaHSO,-CH,0-2H,0
J L+ PhsesePn R” “SePh
R (0) R CsF, DMF, r.t., 20 min
1 2j 5

Entry R Product Yield® (%)

1 CH3 5a 78
1a

2 CeHs 5b 93
1b

3 Dp~(OCH3)CeHs 5¢ 94
1d

4 P-(CH3)CeHs 5d 96
1e

5 p-(C1)CeHs 5e 91
1h

6 P-(NO,)CeHs 5f 81
1i

7 2-Furanyl 5g 95
1j

8 2-Thienyl 5h 97
1k

2 All reactions were run with 1 (0.44 mmol), diphenyl diselenide (0.2 mmol),
CsF (0.15 mmol), and DMF (2 mL) at room temperature.
b Isolated yields.

groups gave a high yield (Table 4, entries 3 and 4), whereas aryl
anhydrides with strongly electron-withdrawing group (NO3)
afforded in slight lower yield (81%, Table 4, entry 6). However,
heterocyclic anhydrides (1j and 1k) could afford the corresponding
selenoestes 5g and 5h in excellent yields.

According to the previous proposed mechanism,' a tentative
mechanism for the formation of thioesters was proposed in
Scheme 3. Rongalite® can be readily decomposed into HCHO and
HSO3 anion (A). Intermediate (A) then reacts with RSSR (2) to
generate two radical intermediates (B and D) and an anion (C). The
radical (B) can also be converted into thiolate anion (C) by reacting
with intermediate (D). Finally, the acylation of the thiolate anion (C)
with anhydrides (1) affords the target product.
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OCH,SO,H HCHO + HSO; (1)
A
RSSR + HSO; RS + RS + HSO; (2)
2 A B c D
RS*+ HSO; ———— RS + SO, + H (3)
B D c

- RCOO-

SR (4)

RS?\@J?\W * RS Rj\

1 Cc 3

Scheme 3. A tentative mechanism for the formation of thioesters.

Finally, the present route to thioesters was successfully applied
to a large-scale reaction. For instance, the acylation of acetic an-
hydride 1a (2.24 g) with diphenyl disulfide 2a (2.18 g) promoted by
Rongalite provided the desired product 3a in 92% yield (Table 2,
entry 1).

3. Conclusion

In summary, a simple, efficient and broadly applicable general
method for the synthesis of thioesters and selenoesters promoted
by inexpensive Rongalite has been developed. Compare to reported
methodologies, the important features of this methodology are
broad substrates scope, high yield, no requirement of metal cata-
lysts, reasonably rapid reaction rate and especially in a scaled-up
synthesis, which provides a better and practical alternative to the
existing procedures. Efforts to explore the detailed mechanism and
further applications of the present system in other transformations
using disulfide as a reaction partner are ongoing in our group.

4. Experimental section
4.1. General

Chemicals and solvents were either purchased or purified by
standard techniques. Melting points were uncorrected and recor-
ded on Digital Melting Point Apparatus WRS-1B. IR spectra were
recorded on an AVATAR 370 Fl-Infrared Spectrophotometer. NMR
spectroscopy was performed on both a Bruck-300 spectrometer
operating at 300 MHz ('H NMR) and 125 MHz ('*C NMR). TMS
(tetramethylsilane) was used as an internal standard and CDCl3 was
used as the solvent. Mass spectra were measured with Thermo
Finnigan LCQ-Advantage. Elemental analysis was determined on
a Carlo-Erba 1108 instrument.

4.2. General procedure for synthesis of synthesis of thioesters

A mixture of anhydride 1 (0.44 mmol), disulfide 2 (0.2 mmol),
Rongalite (3 equiv), and CsF (0.75 equiv) in DMF (2 mL) was stirred
at room temperature for respective min in Table 2 under air. The
reaction mixture washed with brine and extracted with ethyl ace-
tate (3x10 mL). The organic phase was separated and dried over
anhydrous magnesium sulfate, filtered, and the solvent was evap-
orated under vacuum. The residue was purified by flash column
chromatography (ethyl acetate or hexane/ethyl acetate) to afford
the desired product 3 and 4.

4.2.1. S-2-Acetamidophenyl ethanethioate (3s) (Scheme 2). White
solid, mp 110—112 °C (lit.>' 113—114 °C); "H NMR (CDCls, 500 MHz)
6217 (s, 3H), 2.46 (s, 3H), 7.12—7.17 (m, 1H), 7.38—7.48 (m, 2H), 7.70

(br s, 1H), 8.28—8.30 (m, 1H); 3C NMR (CDCls, 125 MHz) 6 24.7,
30.3, 117.0, 122.3, 124.7, 131.5, 136.0, 139.5, 168.1, 193.4.

4.2.2. 5-(Phenylthio)-5-oxo-pentanoic acid (4a) (Table 3, entry 1).
White solid, mp 58-60°C (not reported); IR (liquid film)
1699.0 cm™!; 'H NMR (CDCl3, 300 MHz) ¢ 1.99—2.09 (m, 2H), 2.47
(t, J=73 Hz, 2H), 2.76 (t, J=7.3 Hz, 2H), 7.42 (m, 5H); 13C NMR
(CDCls, 125 MHz) 6 20.3, 32.8, 42.3, 127.6,129.2, 129.5, 134.5, 178.8,
196.9. MS (ESI) m/z (%): 225 ([M+1]", 100). Anal. Calcd for
C11H1203S: C, 58.91; H, 5.39. Found: C 58.88; H 5.43.

4.2.3. 5-(p-Chlorophenylthio)-5-oxopentanoic acid (4b) (Table 3,
entry 2). Colorless crystal, mp 56—58 °C (not reported); IR (liquid
film) 1698.4 cm~!; 'H NMR (CDCls, 300 MHz) ¢ 2.01—2.06 (m,
2H), 2.48 (t, J=7.2 Hz, 2H), 2.77 (t, J=7.2 Hz, 2H), 7.31-7.41 (m,
4H); 13C NMR (CDCl3, 125 MHz) § 20.2, 32.5, 42.3, 125.9, 129.5,
135.7,135.9, 178.1, 196.3. MS (ESI) m/z (%): 261 ([M+3]", 35), 259
([M+1]%, 100). Anal. Calcd for Cy1H11ClOsS: C, 51.07; H, 4.29.
Found: C 51.12; H 4.25.

4.2.4. 5-(p-Tolylthio)-5-oxo-pentanoic acid (4c) (Table 3, entry 3).
White crystal, mp 78—79°C (not reported); IR (liquid film)
1702.9 cm~'; 'H NMR (CDCls, 300 MHz) 6 2.00—2.07 (m, 2H), 2.37
(s, 3H), 2.47 (t, J=7.2 Hz, 2H), 2.74 (t, J=7.2 Hz, 2H), 7.21-7.30 (m,
4H); 13C NMR (CDCls, 125 MHz) ¢ 20.2, 21.3, 32.7, 42.1, 123.9,
130.0, 134.4, 139.7, 178.7, 197.4. MS (ESI) m/z (%): 239 ([M+1]",
100). Anal. Calcd for C1oH1405S: C, 60.48; H, 5.92. Found: C 60.53;
H 5.95.

4.2.5. 5-(p-Methoxyphenylthio)-5-oxopentanoic acid (4d) (Table 3,
entry 4). White crystal, mp 72—74 °C (not reported); IR (liquid film)
1708.4 cm™!; 'H NMR (CDCls, 300 MHz) 6 2.00—2.07 (m, 2H), 2.46
(t,J=7.2 Hz, 2H), 2.74 (t, ]J=7.2 Hz, 2H), 3.82 (s, 3H), 6.94 (d, ]=8.6 Hz,
2H), 7.31 (d, J=8.6 Hz, 2H); 13C NMR (CDCl3, 125 MHz) 6 20.2, 32.7,
42.0, 55.3, 114.9, 118.2, 136.1, 160.7, 178.8, 197.9. MS (ESI) m/z (%):
255 ([M+1]", 100). Anal. Calcd for Ci3H1404S: C, 56.68; H, 5.55.
Found: C 56.73; H 5.58.

4.2.6. 5-(Thiophen-2-ylthio)-5-oxo-pentanoic acid (4e) (Table 3, en-
try 5). Colorless oil; IR (liquid film) 1704.9 cm~'; 'H NMR (CDCls,
300 MHz) 6 2.00—2.07 (m, 2H), 2.47 (t, J=7.2 Hz, 2H), 2.76 (t,
J=7.2 Hz, 2H), 710—7.17 (m, 2H), 7.55—7.57(m, 1H); 13C NMR (CDCl3,
125 MHz) 6 20.0, 32.6, 41.6, 124.4, 127.9, 131.9, 135.8, 178.8, 196.9.
MS (ESI) m/z (%): 231 ([M+1]7, 100). Anal. Calcd for CgH1903S3: C,
46.94; H, 4.38. Found: C 46.99; H 4.45.

4.2.7. 5-0x0-5-(2-methylfuran-3-ylthio )pentanoic acid (4f) (Table 3,
entry 6). Pale oil; IR (liquid film) 1701.4cm™'; 'H NMR (CDCls,
300 MHz) 6 1.95—2.04 (m, 2H), 2.23 (s, 3H), 2.42 (t, J=7.2 Hz, 2H),
2.70 (t, J=7.2 Hz, 2H), 6.30 (s, 1H), 7.34 (s, 1H); *C NMR (CDCls,
125 MHz) 6 11.8, 20.2, 32.6, 41.8, 103.9, 114.7, 141.0, 156.1, 177.6,
196.7. MS (ESI) mfz (%): 229 ([M+1]*, 100). Anal. Calcd for
C1oH1204S: C, 52.62; H, 5.30. Found: C 52.57; H 5.35.

4.3. General procedure for synthesis of synthesis of
selenoesters

A mixture of anhydride 1 (0.44 mmol), diphenyl diselenide
(0.2 mmol), Rongalite (3 equiv), and CsF (0.75 equiv) in DMF (2 mL)
was stirred at room temperature for 25 min under air. The reaction
mixture washed with brine and extracted with ethyl acetate
(3x10 mL). The organic phase was separated and dried over an-
hydrous magnesium sulfate, filtered, and the solvent was evapo-
rated under vacuum. The residue was purified by flash column
chromatography (ethyl acetate or hexane/ethyl acetate) to afford
the desired product 5.
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4.3.1. Se-Phenyl benzoselenoate (5b) (Table 4, entry 2). Yellow solid,
mp 40—41°C (lit* 37-38°C); 'H NMR (300 MHz, CDCls):
67.43—7.52 (m, 5H), 7.60—7.63 (m, 3H), 7.93—7.96 (m, 2H); '3C NMR
(125 MHz, CDCl3): 6 125.8, 127.3, 128.9, 129.0, 129.3, 133.8, 136.3,
138.5,192.3.

4.3.2. Se-Phenyl 4-methoxybenzoselenoate (5c) (Table 4, entry 3).
Colorless crystal, mp 59—61 °C (lit.?2 61—-62 °C); 'H NMR (300 MHz,
CDCl3): & 3.88 (s, 3H), 6.95-6.98 (m, 2H), 7.42—7.44 (m, 3H),
7.59—7.63 (m, 2H), 7.91-7.94 (m, 2H); 3C NMR (125 MHz, CDCl5):
0 55.5,114.1,125.8, 128.8, 129.2, 129.6, 131.3, 136 .4, 164.4, 191.2.

4.3.3. Se-Phenyl thiophene-2-carboselenoate (5h) (Table 4, entry 6).
Pale yellow solid, mp 57—59 °C (lit.2> 60—61); 'H NMR (CDCls,
300 MHz) 6 7.16—7.19 (m, 1H), 7.42—7.44 (m, 3H), 7.60—7.63 (m, 2H),
7.70—7.72 (m, 1H), 7.88—7.90 (m, 1H); *C NMR (CDCls, 125 MHz)
6 125.5,128.0, 1291, 129.3, 132.0, 133.6, 136.2, 143.0, 183.5.
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