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Organotin Selenocarboxylates: Synthesis and Some Reactions

Hideharu Ishihara, Shinya Muto, Toyohiko Endo, Mutsuaki Komada, Shinzi Kato*

Department of Chemistry, Faculty of Engineering, Gifu University, 1-1 Yanagido, Gifu 501-11, Japan

A series of di- 3 and triorganotin esters 2 of aromatic selenocarboxylic
acid were synthesized and characterized. The organotin csters 2 and 3
are stable thermally, but labile towards moisture and oxygen. They
readily reacted with benzyl bromide in the presence of aluminum
chloride to afford benzy! selenocarboxylates 4 in moderate yields. The
reaction of triphenyltin  selenocarboxylates with phenylselenenyl
bromide led to acvl phenyl diselenides 5 in good yields.

In an earlier study, we reported that potassium and piperi-
dinium salts of thio- and dithiocarboxylic acids react with
organotin chlorides to give the corresponding organotin thio-

and dithiocarboxylates in good yields, and in addition some of

their physical and chemical properties.' ™ To our knowledge,
however, no organotin selenocarboxylates (R'COSe),Sn(R?), _,
(x = 1-3) except for trimethyltin benzenecarboselenoate* has
been described in literature, though they are attractive com-
pounds for spectroscopic studies.® In our previous studies,
aromatic potassium and piperidinium selenocarboxylates were
isolated from the reaction of bis(acyl) selenide with potassium
hydroxide,*” and from the reaction of bis(acyl) diselenide with
piperidine,® respectively. These results stimulated us to synthes-
ize organotin selenocarboxylates. We now wish to report the
synthesis of a series of di- 3 and triorganotin selenocarboxylates
2 and some of their reactions.

Potassium selenocarboxylates 1 were found to readily react with
triorganotin chlorides and diorganotin dichlorides at 0°C to give
the corresponding triorganotin selenocarboxylates 2 and diorga-
notin  bis(selenocarboxylates) 3 in  good vields (see
experimental),

Similarly. the stoichiometric reaction of other selenocarboxylic
acid potassium and piperidinium salts with trimethyltin and
triphenyltin chlorides or dimethyltin and diphenyltin dichlorides
afforded the corresponding tri- 2 and diorganotin selenocarbo-
xylates 3 in 41-99 % isolated yields. The structures of 2 and 3
were contirmed by IR, 'H-, and **C-NMR, mass spectra and/or
on the results of microanalyses (Table 1).
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The organotin selenocarboxylates 2. 3 obtained are thermally
stable crystals or oils, but labile towards moisture and oxygen.
For example, when trimethyltin 4-methylbenzenecarboselenc-
ate (2d) was allowed to stand in air for 24 h, bis(4-methylbenzo-
yl) diselenide, trimethyltin hydroxide and red selenium were
obtained as the decomposition products.

It is well known that triorganotin carboxylates are lincar
polymeric structures in solid state with bridging OCO group and
planar R,Sn moicties and their carbonyl stretching bands are
observed in lower frequencies regions of 1550--1620 ¢cm ~'.%1¢
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As shown in Table 1, the organotin selenocarboxylates 2, 3
prepared, without exception, show a strong absorption band at
16001650 cm™* due to carbonyl stretching frequencies, sug-
gesting the monomeric structures I and I1, where the carbonyl
oxygen is coordinated to the tin atom rather than the linear
polymeric structure, where the OCSe group is bridged between
the tin atoms.

R? R2
R’~c/o\3n—R2 RI— ‘/O\sln/se\c—R‘
A4 b2 A e"F'zz\o’

In general, the reactions of the organotin selenocarboxylates 2, 3
with alkyl halides do not occur below 100 °C. In the presence of a
catalytic amount of aluminum chloride, however, triphenyltin
selenocarboxylates 2¢, 2f, 2i, 21 readily reacted with benzyl
bromide at 82°C to give the corresponding benzyl esters 4 in
moderate yields.

Ph B Q
AICly/CHsCN, 82°C, 20, )LS ~ph
o “PhaSnBr, 70-82% ' :
H
SnR
a e R
2R :Ph Q
PhSeBr/EL,0, 159C, th A JLS _Se
~PhaSnBr, 88-95 % roo-e Ph
5
4 Ar 5 Ar
a Ph a Ph
b 4-CH;CH, b 4-CH,CH,
¢ 4-MeOC¢H,
d 4-CICH,

Previously, we reported the synthesis of acyl phenyl diselenide §
from the reaction of potassium selenocarboxylates with benze-
neselenenyl bromide.!! However, their yields were below 60 %,
because of formation of byproducts such as bis(acyl) and
diphenyl diselenides. Instead of the potassium salts 1, the use of
triorganotin selenocarboxylates was found to afford acyl phenyl
diselenides 5 in quantitative yields (Table 2).

Table 2. Acyl Phenyl Diselenides 5 Prepared

Prod- Yield* mp (°C)  Molecular IR
uct (%) Formula® (K Br/film)
Ve-o (em™Y)
52 99 oil C,3H,,0Se, 1684
(96) (340.1)
5b 82 85-86 C,,H,08e, 1698
(88) (354.2)
S5¢c 78 43-44  C,4H,,0,€, 1681
(81) (370.2)
5d 91 76--78 C,3H,ClOSe, 1690, 1730
(85) (374.6)

* Yield of 5 using tripheny] selenocarboxylates 2. The yields given in
the parenthesis refers to product 5 obtained using diphenyltin
bis(selenocarboxylates) 3.

" Satisfactory microanalyses obtained: C +0.18, H + 0.09.
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Acylselenenyl halogenides (RCOSeX, X = halogen) are interes-
ting compounds synthetically and spectroscopically. To our
knowledge, however, their synthesis has not been described in
the literature. In our earlier studies, organotin thio- and dithio-
carboxylates react with halogen or N-halosuccinimide to afford
acyl- (RCOSX),"*" ' and thiocacylsulfenyl halogenides
(RCSSX)'? in good yields. Therefore, the reactions of triphenyl-
tin selenocarboxylates with bromine or N-bromosuccinimide
(NBS) were carried out under various conditions, expecting the
isolation of acylselenenyl halogenide 6. In fact, when a chlore-
form solution containing bromine was added dropwise to
triphenyltin 4-methylbenzenecarboselenoate (2f) in dichlorom-
ethare at — 60°C, the reddish brown color of bromine immedi-
ately disappeared. After adding an equivalent of bromine, the
color of the reaction mixture remained yellow.'® However, when
the temperature of the reaction mixture was raised to 0 "C. or the
solvent was removed below — 15°C, bis(4-methylbenzoyl) dis-
elenide (7) was obtained quantitatively with liberation of
bromine. Similarly, treatment of 2f with NBS at — 10°C led to
the formation of the yellow compound.'” which was quickly
decomposed near 0°C to give bis(4-methylbenzoyl) diselenide
(7) with liberation of bromine. Presumably the diselenide 7
would be formed via the expected 4-methylbenzoylselenenyl
bromide (6), although specific spectral evidence is not on hand
and no addition product 8 to olefin has been obtained.

0
SnPhy
(A g~ SPh:
2f
Br; or NBS
CH, 0Ly, ~80°C
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- Ph;;SnBrl
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7 8

Ar = L-CH3CeH,

Melting points were determined using a Yanagimoto micromelting
apparatus and arc uncorrected. The IR spectra were measured on
JASCO IR spectrometers IR-G and TRA-3. The 'H- and "“C-NMR
spectra were recorded on a JEOL-JMN-GX270 (270 MHz) with TMS
as internal standard. High resolution mass spectra were taken by a
Shimazu 9020-DF mass spectrometer at an ionizing voltage of 70¢eV.
Elemental analyses were carried out by Analytical Center of Kyoto
University and Analytische Laboratorien. Engelskirchen, Germany.

Potassium arencarbosclenoates T were made according to literature and
were green crystals containing a selenium atom. Trimethyltin chloride
and dimethyltin dichloride were prepared according to literature.!”
Diphenyltin dichloride, triphenyltin chloride, benzyl bromide, 4-meth-
ylbenzoyl chloride were commercial grade and were recrystallized or
distilled before use. Phenylselenenyl bromide was prepared from the
reaction of diphenyl disclenide with bromine.!® Solvents were dried with
sodium metal or CaCl,. All manipulations were carried out under Ar
atmosphere.

‘Trimethyltin Benzenecarboselenoate (2a); Typical Procedure:
Trimethyltin chloride (199 mg. 1.0 mmol) is added to a suspension of
potassium benzenecarbosclenoate (1a; 302mg, 1.0 mmol) in Er,0
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20 mL) at 20°C and the mixture is stirred for 1 h. The dark green color
of the mixture quickly changes to light yellow and grey precipitates
(KCl and Se) are formed. The mixture is filtered, the solvent evapcrated
and the residue is washed with petroleum cther (bp <40°C, 3x35mL)
to give chemically pure trimethyltin benzenecarboselenoate (2a) as a
slight yellow oil; yield: 271 mg (78 %).

Triphenyltin 4-methylbenzenecarboselenoate (2f):

Triphenyltin chloride (772 mg, 2.0 mmol) is added to a suspension of
potassium 4-methylbenzenecarboselenoate (1b; 632 mg, 2.0 mmol) in
dry Et,0 (40 mL) and the mixture is stirred at 20°C for 1h. The
precipitates (KCl and Se) are filtrated and the solvent is evaporated in
vazue. Recrystallization of the resulting residue from a mixed solvent of
hexane/Et,0 (5:1) affords 2f as colorless plates; yield: 1.04 g (45%);
mp: 113-116°C.

Dimethyltin bis(benzenecarboselenoate) (3a):

Dimethyltin dichloride (220 mg, 1.0 mmol) is added to a suspension of
potassium benzenccarboselenoate (la; 604 mg, 2.0 mmol) in Et,O
(30 mL) at 20°C and the mixture is stirred for 1 h. The dark green color
of the mixture quickly changes to light yellow and gray precipitates
(KCl and Se) are formed. The mixture is filtered, the filtrate evaporated
and the residue is recrystallized from CH,Cl,/hexane to afford chemi-
cally pure dimethyltin bis(benzenecarboselenoate) (3a) as colorless
crystals; yield: 403 mg (78 %): mp: 127-130°C.

Typical Procedure for the Reaction of Triphenyltin Benzenecarboseleno-
ate (2¢) with Benzyl Bromide; Benzyl Benzenecarboselenoate (4a);
Triphenyltin benzenecarbosclenoate (2¢; 267 mg, 0.5 mmol) is added to
a solution of CH,;CN (4mL) containing benzyl bromide(&6 mg,
0.5 mmol) and AICI, (14 mg, 0.1 mmot) and the mixture is refluxad for
2h, The mixture is washed with 2% HCI (10 mL}, 5% ag. Na,Co,
(20 mL), and water (3 x 10 mL). After drying (Na,50,), the solvent is
removed i vacuo. Separation of the residue by TLC (hexane/benzene,
5:1: R; = 0.22) affords berzyl benzenecarboselenoate (4a) as a slightly
yellow liquid; yield: 112 mg (82%).

HRMS; m/z: Cy,H,,08e calc.: 276.0053; found: 276.0037 (M *).

IR (neat): v = 3050, 3020, 2950, 1678 (C=0), 1602, 1575, 1490, 1456,
1437, 1205, 1174, 1080, 1030, 1000, 890 [C(O)—Se]., 790, 768. 738, 698,
690, 677, 625, 610, 555¢m 1.

'H-MNR (CDCly): § = 4.34 (s, 2H. CHy); 7.20-7.90 (m, 10 H, H,, ).
BCNMR (CDCL,): 8 = 29.1 (CH,), 127139 (C,on), 194.5 (C=0).
MS: m/z = 77, 91, 105, 171 (PhCH,Se™), 276 (M ™).

Typical Procedure for the Reaction of Triphenyltin 4-Methylbenzenecar-
boselenoate (2f) with Phenylselenenyl Bromide; 4-Methytbenzoyl Phenyl
Diselenide (5b):

To a solution of triphenyltin 4-methylbenzenecarboselenoate (21:
274 mg, 0.5 mmol) in Et,0 (20 mL), phenylselenenyl bromide (178 mg,

SYNTHESIS

0.5 mmol) is added and the mixture is stirred at 15°C for 1 h. The
mixture is concentrated to ca SmL and hexane (10 mL) added and
allowed to stand at — 20°C for 5 h. Filtration of the resulting yellow
crystals affords 4-methylbenzoyl phenyl diselenide (3b); vield: 145 mg
(82%); rp 85-86°C (Table 2).
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