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SYNTHESES OF SELENOTHIOIC
AND DISELENOIC ACID ESTERS

TOSHIAKI MURALI and SHINZI KATO*

Department of Chemistry, Faculty of Engineering,
Gifu University, Yanagido, Gifu 501-11 Japan

(Received 9 September 1997)

This review covers synthetic methods of three types of selenium counterparts of dithioic acid
esters, e.g. selenothioic acid Se-esters, selenothioic acid S-esters, and diselenoic acid esters.
These generally utilize a combination of electrophilic thio- or seleno-acylating agents and
nucleophilic organoselenium or -sulfur compounds. Observed trends in the stability of the
esters are also discussed.
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1. INTRODUCTION

The chemistry of dithioic acid esters has been extensively studied for over
thirty years, and the results have proved their importance and usefulness
both from the synthetic and the industrial point of view ") In contrast, only

* Corresponding author.
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scattered examples of the selenium counterparts of dithioic acid esters had
been known until very recently mainly because of lack of appropriate syn-
thetic procedures. The present review outlines synthetic methods for the
three types of acyclic esters 1-3.1! One of the most powerful synthetic
roufes to dithioic acid esters involves reactions of carbon disulfide. As a
matter of fact, selenium isologues of carbon disulfide such as carbon dise-
lenide are known, but cannot be handled readily because of their instabil-
ity.®! Accordingly, the key step in the synthesis of 1-3 is to use less
accessible thio- and selenoacylating agents efficiently.

R ; SeR' R”, SR R”, “SeR'
selenothioic selenothioic diselenoic
acid Se-esters acid S-esters acid esters

The trends in the stabilities of the esters have also been examined. On
the basis of the substituents next to the thio- or selenocarbonyl group and
those attached to the selenium or sulfur atom the esters can be classified
into the following four types I-IV, i.e. aliphatic acid alkyl esters, I,
aliphatic acid aryl esters II, aromatic acid alkyl esters III, and aromatic
acid aryl esters I'V. Dithioic acid esters of all these types are known as sta-
ble compounds. In contrast, the substitution of the sulfur atom of the thio-
carbonyl group with a selenium atom dramatically changes the stability of
the esters as discussed later.

E E E E
R/U\E'R R)J\E'Ar Ar/u\ E'R Ar/u\ E'Ar
I n m v

E,E'=SorSe

2. SELENOTHIOIC ACID Se¢-ESTERS

Eight methods for the synthesis of selenothioic acid Se-esters 1 have so far
become known (methods A-H, eqs. 1-8).1*® The first synthesis of
selenothiobenzoic acid Se-ester utilizing thiobenzoyl chloride 4 as a thio-
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acylating agent was reported in 1964 (method A).*! Since then, thioacyl
chlorides 10 (methods A, D, and E) ¢ the thioketene 6 (method B},
dithioic acid thioanhydrides 8 (method C),[®! 1-methy}-2-thioacylthiopyri-
dinium salts 12 (method F)!”) and thioic acid O-esters 14 (method G)® have
been employed as thioacylating agents. To introduce arylselenenyl and
alkylselenenyl groups benzeneselenol 7 (method B)>! and a variety of metal
selenolates such as sodium 5, 9, 13 (method C, D, and F) %7 silyl 11
(method E)°! and aluminum selenolates 15 (method G)™® have been used.
Among these methods, method C allowed the synthesis of a series of deriv-
atives whose spectroscopic properties have been disclosed.”) In the sele-
nenylation of thioacyl chlorides 10 the use of sodium areneselenolates 9
gives the esters in better yields than the use of silyl selenides 11 probably
because 9 is more nucleophilic than 11.%! In method G the high affinity of
the aluminum atom of 15 toward the oxygen atom of 14 makes the reaction
highly efficient to give the esters 1 in generally good to high yields.®! The
thiocarbonyl group can tolerate the reaction conditions. As a unique method
the treatment of alkynyl phenyl selenide 16 with sulfur to give the a-thioxo
selenothioic acid Se-phenyl ester 17 in 12% yield (method H).”"!

method A
S
HCI
Cl + Me,NCH,CH,SeNa > >
4 5
= | +
NI
cl
method B
CFs
)’:o::S + CgHsSeH
CF, . 7
CFy S

() (8]
CF3 SeC6H5
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method C
S S
J L +  ASeNa = ————
R S 'R 9
8
S
P (3)®
R™ “SeAr
method D
S
)sl\ + ArSeNa ——m™m@MmM8M— )J\ (4) 16
R cl R SeAr
10 9
method E
S S
+ i 6]
o J\Cl ArSeSiMes R/u\SeAr (5)
10 11
method F
S | A S
+ -+ [ —— {7]
R/U\S ’I‘/ I PhSeNa RJ\SePh (6)
12 13
method G
S S
J+ MegAiseR" J . e
R™ OR 1 R™ "SeR
14 S
method H s

9
PHSeCSCONE, + g, —— EtaNm)J\SePh ®®
16 5 17
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The syntheses of a series of selenothioic acid Se-esters 1 are listed in
Table 1. These results have shown that all four types of selenothioic acid
Se-esters mentioned above, i.e. I-IV (E = S, E' = Se) are thermally stable
and can be handled in air. The esters of types I and II are yellow to orange,
whereas those of types III and IV are red to reddish pink. In their visible
spectra absorptions due to n-t* transitions are observed at about 490 nm for
I and IX. The corresponding absorptions of III and IV are shifted to longer
wavelength by about 50 nm.!8)

TABLET Selenothioic acid Se-esters

S

C, method R - y ~ Se - R¢ vield ref.
R R (%)
C, G CH,CH, CH; 61 [8]
Cy G 2-thienyl CH, 75 (8]
C, G CH;CH, i-CsHy 96 [81
Cy C CH; C¢H; 89 [61
G n-CsHy, C,H; 26 (8]
G C¢Hs CH; 91 [8]
Cy C C,H; C¢Hs 51 {6]
G n-C;H s CH, 98 [8]
G cyclo-C¢H,,CH, CH; 35 [8]
G C¢HsCH, CH; 94 [8)
Ci C n-C;H, C¢Hs 68 (61
C i-C3H, C¢Hs 77 (6]
B (CF;),CH C¢Hs 96 (5]
Ch G C¢HsCH, CHs + CI 94 (8]
A CeH; CH,CH,N(CH,), 54 [4}
C n-C4Hy C¢Hs H 60 [6]
Cy, C n-CsH, C¢Hs 69 [6]
G C¢HsCH, i-C4Hy 63 18]
Ci; C cyclo-C¢H,, CHs 83 [6]
C C¢Hs C¢Hs 44 [6]
D 60 [6)
E 12 [6]
F 51 {71
C 4-CIC¢H, C¢Hjs 78 {6]
D 80 6]
E 37 (6]
(O C 4-CH,C¢H, C¢Hs 73 {6]
D 77 [6]
E 12 61
C 4-CH;CHy 4-CIC¢H, 70 [6}
C 4-CH;0C¢H, C¢Hs 68 [6]
D 31 [6]
Cis C 4-CH;CH, 4-CH,C¢H, 81 [6]
Cp G n-CysHy, CH, 90 (8]
C ferrocenyl CeHs 46 6]
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3. SELENOTHIOIC ACID S-ESTERS

Selenothioic acid S-esters had remained elusive until very recently in spite
of the fact that the generation and stabilization of selenocarbonyl com-
pounds such as selenoaldehydes and selenoketones have been studied in
great depth for the last 15 years.!'” This is partly due to the unfounded
expectation of instability of the selenothioic acid S-esters 2. However,
according to recent results the stability of the esters 2 is highly variable
depending on the substituents as well as on the reaction conditions. In par-
ticular, the esters of types II and IV (E = Se, E' = S), which might be con-
sidered to be stable on the basis of the stability of other reactive molecules,
exhibit much lower stability than the esters with simple alkyl groups. In
earlier work the synthesis of esters having rather unstabilizing carbon
skeletons was attempted.

As early as 1962 the synthesis of selenothioic acid S-esters was
reported, ' and the esters noted to be unstable. Later, the synthesis of such
esters from 1-butyne, selenium, and ethanethiol ['?! and from seleno-
imonium salts and hydrogen selenide were studied,'* but no details were
made available. Since then, no further examples of such esters have
appeared except for two cyclic compounds containing a selenothio-
carboxyl group.*!

method A
RC=CSeCCHj; + R'SH R (9) [1419]
® cat. CF;COOH SR ©)
18 19
method B
n-CqHoli Se R'SH
RC=CH Rl
20
Se
R\)L (10) (15,19]

SR’
19
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methOdC n
nCHoli Se  RSH A~ Br
RC=CH
20
Se
3 [17,18]
Rn SR
R
21
method D O
Se OOH
+
R\)LSH'
Se R
R'S SR' (1)l
R Se
22
method E
Se " B Eth
+ ’,;\/ r - -
R\)J\SR!
19
Se
\7\ SR (13) [16.18]
RII R

Rll \Il 23
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method F
0]
Se LDA /U\H
SR
19
HO Se
SR
24 (14) (20
HO Se
Z Br
o SRI
25

To generate a selenocarbonyl group the substitution of the oxygen atom
of thioic acid S-esters with a selenium atom may be possible. However, a
selenium version of Lawesson’s reagent to convert a C=0 group to a C=Se
group has not yet been developed. Alternatively, the combination of
selenoacylating agents with sulfenylating agents may be possible. The first
successful isolation of selenothioic acid S-alkyl esters 19 was reported in
1993 by Kato et al. (method A, eqn. 9).'! The selenoketene intermediates
26,2122 generated from selenoacetic acid Se-alkynyl esters 18, are
employed as selenoacylating agents. In a series of selenothioic acid
S-esters, the esters of type I were isolated as blue-violet liquid by this
method A. These results first implied that esters of the types II-IV could
also be easily isolated. Since then, several synthetic procedures have been
developed for aliphatic esters of types I and II (E = Se, E' = S) (methods
B-F, eqn. 10-14) 1132 The synthetic results concerning esters of type I and
II are listed in Table II. Methods B and C also involve selenoketene inter-
mediates 26 which are obtairied by protonation of lithium alkyneselenolates
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TABLE 1l Aliphathic selenothioic acid S-esters
starting yield
Cn  method material ester (%) ref.
. Se
Cy B 20 R = Me;Si 51 [1519]
%
20 R = Me;Si
Se
Cs A 18 R = Me;Si SCaHn 30 [14]
Se
Cs B 20 R = Me;Si SC4Hg-n 98 [15,19]
Se
B 20 R =MesSi SC4Hg-seC 54 [1519)
Se
B 20 R= Megsi /U\SC4H9_} 42 [1 51 9]
Se Se
B 20 R = Me,Si 44 19
s Al CH pk [19]
Se
B 20 R = Me,Si )L S/\ﬂ/ocsz 20  [15]
o
Se
C B 20 R=CHj4 34 19
7 SC4Hgn [19]
Se
Cg B 20 R=Me;Si s 40 19
[¢]]
se C
B 20 R = Me,Si s 18 [19]
cl
HO Se
F 19 R=H, R = C4Hg-n 41 o
SC4Hg-n
Se
C C 20 R = MesSi
o s = SC4Hg-n 18l
Se
B 20 R = MejSi 83 [15/19]
3 SCH,CeHs [1519]

(continued)
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TABLE Il (Continued)
starting yield
Ch»  method material ester (%) ref.
Se
20 R=CHgn  ~_~N 58 [1519
Cio B 4Hg SC4Hg-n [15,19]
Se
= CgH 14,19
A 18 R=Cefts CGHE’\)LS%HS % 49
B 20 R = CgHs 10 (19]
. Se
B 20 R= MEQSI 17 [19]
S
. Se
c 20 R =MesSi \/l\/u\ a7 18l
SCqHg-n
Se
Ci A 18 R =CgHg CeH 70 N4
68 SC3H-n
18 R =CgH Se 54 (14}
A =CgHs
CSHS\)LSC3H7-i
R=CgH sl’Ji [19]
A 18 R =CgHs . 46 1
4CCHe Ao i
X
c 20 R = Me,Si x sCen ¥ [18]
Se
= CHa, R' = C4Hg-n 79 1
E 19R=CHg 4Hy WSCAHQ"' [18]
Se
19R = CHg, R' = C4Hgn \)\/U\ 48 17,18
£ s 4 ~ H SC4Hg-n : 1
HO Se
F  19R=H,R' =C4Hgn )P/Kscmg.n 89 [20]
|
Co A 18 R=CgHs o \jfi 55 [14
€S SC4Hg-n
B 20 R =CgHs 29 [18]
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TABLE Il (Continued)

407

starting yield
c, material ester (%) ref.
c 18 R=CgH Se 33 (14]
12 =vglls
CGHS\)J\SC4H9-I
Se
18 R =CI-CgH, 4-CICH 13 [15]
s 4\)]\SC4H9-D
Se
19R=H R =CHgn 80  [16,18]
SC4H9-I7
Se
19 R =H, R' = C4Hg-n SCHen 59 [16,18]
Br Br
Se
4Hg-N
SiMeg
Se
19 R = CHj, R' = C4Hg-n \?%sc,,ug-n 4l 08
Se
R = C4Hg-n,
19 R CiHyn \/\)\scmg-n %9 [1618)
C4Hg-n
Se
R = CH,=CHCHCH,
19 R'=C4Hgn §/>/N\SC4H9'n 48 el
R=Cg4H i
=CgHs
18 RoCHen N SCHen 0 14
CeHs

(continued )
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TABLE II (Continued)

starting yield
Cn  method material ester (%) ref.
Cue E 19R=H,R = Gy \?)Lscmg-n 72 [16.18]
E 19R=H, R = C4Hgn \/isc““yn 57 [16,18]
E 19 g_CHgn NNNSCHen Y (16.18]
Bu
Se
A 18 R=1-CygHy . 40 [19]
! C1°H7\)‘\803H7-n
Cs C 20 R=CgHs \/\HLSC“HQ_, 55 [17]
CeHs
¢ 208 \/é(scmg-f 58 (17
Se
X
Cis E 19R=H, R =CyHgn SCiHy-n  gg [16,18]
= x>
c 20 R=CgH 57 7]
) WSCJ"Q"'
CeHs
[16,18]

R = C4Hgn,
E 19 gg_ CyHg-n \/P(kscwgn
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TABLE Il (Continued)

starting yield
C,  method material ester (%) ref.
Se
Cc 20 R = CgHsCH(CH
17 c 6H5CH(CHz) Ph SCHgn 49  [17]
Se
Cig E  19R=H,R=CgHgn SCHo-n 68  [1618]
EtO,C CO,Et
Se CGH5
sz B 20 R= CBH SCaH-- 11 14
R'= CgH57'f7 n-C3H;S Al (4]
CSHS Se
Se
Cx B 20 R = PhgSi Phgsis g i 2 1

Se
Cos B 20 R =Ph,Si Phasi\)]\SD 59 [19]

Se
Csx B 20 R=PhsSi Phgsi\)j\SCSHs 23 [19]

c 20 R = PhgSi Se OCH;8
7 B = Fhssl PhSSi\)LSO 4 09

. Se
Cos B 20 R =PhsSi PhySi \)Ls 29 [19]

27. Method B is a straightforward route to the esters from commercially
available materials. The reaction of (trimethylsilyl)acetylene with alka-
nethiols proceeds most effectively to give selenothioacetic acid S-alkyl
esters as deep pink liquids in moderate to high yields. The desilylation of the
starting (trimethylsilyl)acetylene takes place mainly during the purification
by column chromatography on silica gel. As for the reaction of (triphenyl-
silylacetylene, the silyl group remains in the final esters. In contrast, the
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corresponding reaction of aliphatic and aromatic acetylenes gives the esters
in only moderate yields. In this reaction the addition of the lithium thiolate
generated in situ to the selenoketene intermediate 26 may take place to form
the lithium eneselenolate intermediate 28. In the case of the reaction of
phenylacetylene the quantitative formation of 28 (R = C¢Hs) was confirmed
by 'H and '*C NMR ' Thus, the lower yields of 19 in method B are mainly
due to the less effective process to construct a selenothiocarboxyl group
from 28 by aqueous work-up. a-Aryl esters 19 (R = Ar) can be obtained in
better yields by method A although it requires a longer reaction time ']

R SelLi “/\Se SeR"
J=r=se  RoZOSal R\%\SR' R \%\sn' R%SR,
26 27 H H
28 H o 30

To construct a selenothiocarboxyl group the allylation of the intermedi-
ates 28 effectively proceeds to lead to a-allylated esters 21 as in method C
(eqn. 11).17181 [n this case, the allylation may initially take place at the sele-
nium atom of 28 to form an allylic vinyl selenide 29, followed by seleno-
Claisen rearrangement to give 21. This may be proved by the addition of
alkyl iodides and prenyl bromides to the solution of 28 to give the ketene
selenothioacetals 30, although in moderate yields.!'”’

The reaction with aromatic thiols has also been carried out by method B
(eqn. 10). For example, in the reaction with benzenethiol, the reaction mix-
ture gradually turns blue, which is indicative of the formation of the
selenothioic acid S-phenyl ester, but the color instantly changed to yellow
when the mixture was treated with water at room temperature. This is in
marked contrast to the fact that dithioacetic acid S-phenyl ester 31,2
selenothioacetic acid Se-phenyl ester 32.! and selenoic acid O-phenyl ester
3324 could be purified by distillation.

i X X
SCgHs SeCegHs OCe¢Hs
31 32 33

To enhance the stability of the S-aryl esters bulky substituents were intro-
duced to the carbon atom a to the selenocarbony! group of the esters.
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Nevertheless, these S-aryl esters are more labile than S-alkyl esters even at
low temperatures. The major decomposition process of the S-aryl esters has
been confirmed to be self-condensation to give dimers and oligomers.!'"!

Skeletal transformations of the esters 19 can lead to a variety of deriva-
tives with reemergence of the selenothiocarboxyl group under certain reac-
tion conditions. Oxidation of 19 (R = C4H;) with m-CPBA, followed by
stirring in xylene, gives the selenothiosuccinic acid S-ester 22 in 11% yield
(method D).!"! The initial product of the oxidation is the diselenide 34,
which undergoes seleno-Cope rearrangement to form 22.

Allylations of the esters 19 with allylic bromides in the presence of Et;N
proceed smoothly to give the a-allylic esters 23 (method E, eqn. 13). Since no
reaction takes place between 19 and Et;N, and since the esters 19 gradually
decompose when mixed with allylic bromides, intermediate selenoxonium
ions 35 may initially be formed in method E. Then, deprotonation of 35 may
give rise to the allylic vinyl selenides 29, which undergo seleno-Claisen
rearrangement to form the esters 23. Noteworthy is that two allylic groups
have been introduced to the carbon atom o to the selenocarbonyl group of a
selenothioacetic acid S-ester 19 (R = H) in one operation at 0 °C in as little as
two hours. Even three allylic groups can be introduced when the reaction con-
tinues for 2 days at 66 °C with three equiv. of allyl bromide. These esters pos-
sessing quaternary carbon centers have been obtained in high yields. This is
in sharp contrast to the reaction of dithioic acid esters where it generally takes
more than one day to introduce one allylic group.”® The y-carbon atom of
allylic bromides is introduced in the position a to the selenocarbonyl group of
19. The stereoselectivity of the allylations is also high, and the relative stere-
ochemistry of even three successive carbon atoms can be controlled to some
extent to give the meso form 23’ predominantly.

SR
.
S?)\'JCSHS r\Ise Br s = SC4Hg-n
S‘*\(“*CSH5 Rﬁ)\SR' F‘j)\SR‘

SR o4 Ho a5 H 2 | e

Se

An aldol type reaction of an ester 19 (R = H) is also successful (method
F, eqn. 14).1% Treatment of the ester with LDA generates the lithium ene-
selenolate 28 (R = H). It reacts with acetaldehyde at —-78 °C in 10 min to
give the B-hydroxy selenothioic acid S-ester 24 in moderate yield. This is
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the first example of selenocarbonyl compounds with a hydroxy group. The
hydroxy group does not affect the stability of the ester. When the reaction
mixture of 28 (R = H) and acetaldehyde is treated with allyl bromide prior
to the aqueous work-up, the allyl group is selectively introduced to the posi-
tion o to the selenocarbonyl group of 19. The product where the allylation
has taken place at the hydroxy group of 25 is not observed.

The synthesis of a variety of aromatic selenothioic acid S-esters, i.e. esters
of type III, has been achieved by method G (eqn. 15)1**7! similarly to the
reaction of thioic acid O-esters with aluminum selenolate described in Eq. 7.
The results are summarized in Table III. The selenocarbonyl group of the
aromatic selenoic acid S-esters 36 does not affect the reaction course which
gives the esters 38 as deep blue liquids in moderate to high yields. The alu-
minum thiolates 37 have been generally prepared by reaction of trimethyl-
aluminum with thiols in toluene. The results of the synthesis of 38 are listed
in Table III. The esters 38 are sufficiently stable to be handled in air.
However, they gradually decompose to thioic acid S-esters with liberation of
red selenium more easily than the aliphatic esters 19 when exposed to air.

method G
Se EtaN Se
+ Me,AISR —mMmMmm 15) [26.27]
Ao, * M gy 1O
36 37 18
method H
Ph  +C4HyC=CSCH, 40 NEt,Br
(OC)sWse=(
39 H
Ph Se
[28)
H Y “scH, (18)
CyHg-t

Noteworthy is the reaction of the aluminum thiolate derived from ben-
zenethiol 37 (R = C4Hs). Similarly to the reaction of 37 (R = alkyl) the reac-
tion mixture gradually turns green, which is indicative of the formation of the
ester 38 (R = C4H;). However, in the aqueous work-up of the mixture it only
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TABLE III  Aromatic selenothioic acid S-esters

ester 38 ester 38
Ar R yield, % Ar R yield, %
C¢H; CH,; 90 4-CH;,C,H, C4Hg-n 30
CeH; C,H; 56 4-CH,0C¢H, C4Hgn 13
CoHs C4Hg-n 76 2-CH;C¢H, C,Hy-n 80
CqHs C,Hq-1 56 4-CH;0C¢H, CgHy 0
2-naphthyl CH; 72

gives a yellow solution which does not contain the desired ester. These results
suggest that the esters of type IV (E = Se, E’ = S) are thermally the most labile.

General synthetic methods for selenothioic acid S-esters with alkenyl and
alkynyl groups have not yet been developed. However, method H leading to
a.B-unsaturated selenothioic acid S-ester 41!**! has proved the stability of
such kinds of derivatives. In method H, the tungsten complex of seleno-
benzaldehyde 39 has been treated with the alkyny! sulfide 40, followed by
decomplexation with ammonium bromide to give the ester 41.

The selenothioic acid S-esters exhibit colors from purple to deep blue-
green depending on the substituents. In their visible spectra absorptions due
to m-m* transitions and n-;t* transitions have been observed at about 340
and 575 nm, respectively.

On the basis of the present results a general trend for the stability of
selenothioic acid S-esters 2 can be schematically proposed in Chart 1. The
aliphatic acid S-alkyl esters I are the most stable among the four types of esters
I-1V. Substitution of an alkyl group attached either to the selenocarbonyl
group or to the sulfur atom with an aryl group reduces the stability of the esters
II and HI. Attempts to isolate aromatic acid S-aryl esters I'V have not yet been
successful. These trends are in sharp contrast to those of a series of better
known selenoesters!*! and dithioic acid esters,'!! where all types of derivatives
possessing alkyl and aryl groups have been reported to be stable. It should also
be noted that the isolation of enolizable selenoaldehydes and selenoketones
has not yet been reported, whereas aromatic derivatives can be isolated.'”’

The stability of the esters I can also be compared qualitatively on the
basis of the substituents of the carbop atom a to the selenocarbonyl group
(Chart 2). The o-tri- or disubstituted esters I-1 and I-2 are the most stable.
Then, the stability of the unsubstituted esters 1-4 is higher rather than that of
the monosubstituted esters I-3. Of special interest is that selenium, sulfur
isologues of acetic acid esters 19 (R = H) can be synthesized most effec-
tively and easily handled in air.!""!
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Se Se Se Se
R SR Ar SR R SAr ArJ\SAr
I m I v
less stable
Chart 1
Se Se Se \/Sue\
. R '
,?a/“\sa' Rj/U\SR- /U\SR' SR
R R
I-1 I-2 I3 14
less stable
Chart 2

It is also noteworthy that the replacement of an n-butyl group attached to
the sulfur atom of I with a ¢-butyl group reduces the stability of the esters.
Thus, the introduction of a bulky group to the esters I does not necessarily
enhance their stability.

4. DISELENOIC ACID ESTERS

Much less attention has been paid to the chemistry of diselenoic acid esters
3. The first synthesis of 3 was reported in 1993 by reaction of selenoic acid
O-methyl esters with aluminum selenides (method A, egn. 17).1273031 A
variety of aliphatic selenoic acid O-esters 43 have been employed to give
blue green fractions after column chromatography. However, the products
isolated contain the desired esters 44 as well as oligomers of 44. The use of
a-naphthyl selenoic acid O-ester 43 led to the corresponding ester 44 as a
single product in 69% yield. The formation of unstable 44 in the reaction of
43 with 42 has been confirmed by further reaction of the mixture with ally-
lamine leading to selenoamide 45 within 1 h (Scheme 1). The stabilization
of the esters 44 is also successful when the reaction mixture of 42 and 43 is
treated with allyl bromide and Et;N. The esters 46 or 47 where one or two
allyl groups are introduced to the carbon atom a to the selenocarbonyl
group are obtained by simply changing reaction temperature and time. The
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higher stability of a-disubstituted esters has been further illustrated by the
synthesis of 49 from 48.27!

method A
Se
PY + Me,AlSeR' —_—
R™ "OCH,3
42
Se
/U\ (17) [27.30,31]
R™ “SeR’
Se
" OCHs C4Hg, CegH
R = I ’
43 4Mg, LgHs
42 (R'=CHjy) Se
=
HzN/\/ n-C4H9\/U\N/\/
H
Se 45
R\/lLSeCHa Se
X SeCHy o
EtsN

SCHEME 1
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Se Se iﬁ Se
WLOCHg Y\y/U\SeCH;; Ar”~OR' Ar’U\SeR'
CeHs CeHs 50 51
48 49

On the other hand, the reactions of aromatic selenoic acid O-methyl esters
50 with aluminum selenide cleanly proceed to give the corresponding esters
51 as green liquids, and they can be purified by column chromatography as a
single product. The results are listed in Table IV. It should be noted that
attempts to isolate aromatic acid aryl esters IV (E = Se, Se) have not yet been
successful similar to the case of selenothioic acid S-esters 2. These results
suggest that the trend for the stability of diselenoic acid esters is partly differ-
ent from that for the selenothioic acid S-esters 2 shown in Chart 1. Namely,
the esters of type I (E, E' = Se) are less stable than those of type IIL. In both
cases the stability of esters of types IT and I'V is lower than that of other deriv-
atives. Although further studies are necessary to disclose the factor responsi-
ble for the stability of the esters, it could be electronic and/or steric repulsion
between the aromatic substituents on the sulfur or selenium atom and the sele-
nium atom of the selenocarbonyl group.!*!

In summary, synthetic methods for three types of selenium counterparts
of dithioic acid esters have been reviewed. Some of them still involve
cumbersome procedures. However, the synthetic results have provided an
important atlas of the stability of the esters. Most importantly, a number of
esters are stable without any special bulky protecting groups, but still reac-
tive. Modification of the structures around selenothio- and diseleno-
carboxyl groups is relatively easy. Further work with these esters should be
directed to synthetic applications, materials related fields, and structural
and theoretical chemistry.

TABLE IV  Diselenoic acid esters

esters 51 esters 51
Ar R yield, % Ar R vield, %
CeHs CH, 91 4-CH,C(H, CH, 64
C¢Hs C,H; 46 2-CH;C4H, CH, 37
CeH; CHg-i 5 4-CH;,0C¢H, CH; 73
CeHs CeH; 0 4-BrCH, CH,4 51

2-CF;] CH, 64
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