ISSN 1070-4280, Russian Journal of Organic Chemistry, 2006, Vol. 42, No. 7, pp. 954-958. © Pleiades Publishing, Inc., 2006.
Original Russian Text © A.V. Martynov, N.A. Makhaeva, S.V. Amosova, 2006, published in Zhurnal Organicheskoi Khimii, 2006, Vol. 42, No. 7,

pp. 974-978.

Chlorochalcogenation of Acetylenes with Benzenesulfen-
(or selenen)amides and Tin(IV) Chloride

A. V. Martynov, N. A. Makhaeva, and S. V. Amosova

Favorskii Irkutsk Institute of Chemistry, Siberian Division, Russian Academy of Sciences,
ul. Favorskogo 1, Irkutsk, 664033 Russia
e-mail: amosova(@irioch.irk.ru

Received May 3, 2005

Abstract—Benzenesulfenamides and benzeneselenenamides reacted with terminal and internal acetylenes
(hex-1-yne, phenylacetylene, hex-3-yne, but-2-yne-1,4-diol, and diphenylacetylene) in the presence of SnCly
to give the corresponding chloroethenyl sulfides and selenides. From symmetric acetylenes, only £ isomers
(E)-ArXCR=CCIR (X =S, Ar = Ph, 4-CIC¢H,; R = Et, Ph, HOCH,; X = Se, Ar = Ph, R = Et) were formed. The
reactions of benzenesulfenamide with terminal acetylenes, apart from the corresponding Markownikoff and
anti-Markownikoff adducts (PhSCH=CCIR and PhSCR=CHCI, R = Bu, Ph) gave ethynyl sulfides PASC=CR
(R = Ph, Bu) and cis/trans-isomeric 1,2-bis(phenylsulfanyl)chloroethenes PhASCR=CCISPh (R = Ph, Bu). The
results were interpreted assuming intermediate generation of sulfenyl and selenenyl chlorides via reaction of

sulfen- and selenenamides with SnCl,.
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Sulfenyl- and selenenylhalogenation of acetylenic
compounds with organylsulfenyl halides and organyl-
selenenyl halides is one of the most extensively studied
methods of synthesis of 2-haloalkenyl sulfides and
selenides. However, sulfenyl and selenenyl halides are
fairly unstable compounds which are readily converted
into the corresponding disulfides and diselenides on
exposure to air. On the other hand, it was recently
shown that stable sulfenamides or sulfenanilides in the
presence of hydrobromic acid [1] and such Lewis acids
as zinc, magnesium, antimony, and tin iodides [2] or
phosphoryl halides [3] are synthetic equivalents of
sulfenyl halides and that their reactions with alkenes
and alkynes lead to sulfenylhalogenation products. The
reactions with alkenes yield 2-iodo(bromo)alkyl sul-
fides [1, 2], while terminal and disubstituted acetylenes
give rise to mixtures of the corresponding syn and anti
adducts formed both according to the Markownikoff
rule and opposite to it [1, 3]. Apart from sulfenyl
halides, initial compounds for the synthesis of sulfen-
amides may be selenocyanates, selenenic acids [4],
sulfenic acid esters, and dialkyl or diaryl disulfides [5];
therefore, chalcogenamides become a promising and
convenient alternative to unstable chalcogenyl halides.

We have revealed a new chalcogenohalogenating
system which consists of equimolar amounts of sulfen-
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or selenenamide Ia—Ic¢ and tin(IV) chloride. The syn-
thetic potential of this system was examined using
terminal and disubstituted acetylenes: hex-1-yne,
phenylacetylene, hex-3-yne, but-2-yne-1,4-diol, and
diphenylacetylene. The reactions with symmetric
acetylenes was stereoselective, and the products were
exclusively (£)-2-chloroethenyl sulfides IIa—IId and
selenide Ile (Scheme 1). Their trans configuration
follows from complete similarity of the 'H and "C
NMR spectra of adducts IIa and IId and the product
obtained by electrophilic addition of benzenesulfenyl
chloride (IV) to hex-3-yne in methylene chloride

Scheme 1.
X\
/©/ e + RZ——R®
R1
la-lc
2
SnCly, CCl R: . :C'
—_—
R1@X R3
lla-lle

I, X =S, R'=H (a), 4-Cl (b); X =Se, R' =Ph (¢); I, X = S,
R! = Ph, R = R? = Et (a), Ph (b), CH,OH (¢); X =S, R' =
4-Cl, R*=R*=Et (d); X =Se, R' = Ph, R*=R® = Et (e).
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(the latter process is known to occur as anti addition)
[3, 6-8]. In particular, the methylene carbon atom in
position 5 of the hex-3-ene chain in #rans adducts Ila
and IId appears in the °C NMR spectra in a weaker
field (3¢ 27.8 ppm) as compared to the corresponding
cis adducts (8¢ 24.4 ppm) [8].

Benzenesulfenamide (Ia) failed to react with ace-
tylene in the presence of SnCly under atmospheric
pressure. From the reaction mixture we isolated only
diphenyl disulfide (Va) which was formed via hydrol-
ysis of benzenesulfenyl chloride (IV).

According to the '"H NMR data, the reaction of
benzeneselenenamide (I¢) with hex-3-yne and SnCly
gave 3-chloro-4-(phenylselanyl)hex-3-ene (Ile) and
N-[dichloro(phenyl)-1*-selanyl]-N-methylmethan-
amine (VI); the chemical shifts of the ethyl protons in
VI differed from those typical of initial selenenamide
Ic but coincided with the chemical shifts calculated for
PhSeCI,NEt,. During chromatographic separation, di-
chloride VI decomposed to diphenyl diselenide (Vb),
and only the latter and selenide Ile were detected in
the mass spectrum of the mixture (GC—MS data).

Three types of products were formed in the reac-
tions of benzenesulfenamide (Ia) with phenylacetylene
and hex-1-yne: 2-chloroethenyl sulfides IIla—Illc,
ethynyl phenyl sulfides VIla and VIIb, and isomeric
1,2-bis(phenylsulfanyl)chloroethenes VIIIa and VIIIb
(Scheme 2); these compounds were identified by the
'H NMR spectra and GC-MS data. In the reaction with
phenylacetylene, the 1:1 adduct was formed as
a single isomer (E-IIla), while in the reaction with
hex-1-ynes, the ratio of regioisomeric sulfides E-IIIb
and E-I1Ic was 3:2.

Scheme 2.
la + R—R?
SnCly, CHyClp or CCly ohSCRE-CCIR!
llla-lllc
+ PhS—=——R? + PhSCR2=CCISPh
Vlla, Viib Vliia, Viilb

III, R' = H, R? = Ph (a), Bu (b); R' = H, R = Bu (¢);
VIL, VIIL R' = Ph (a), Bu (b).

Sulfide IIlIa is the E isomer of the Markownikoff
adduct. Its configuration follows from the fact that
compound IITa undergoes dehydrochlorination to
ethynyl sulfide VIIa by the action of potassium zert-
butoxide in fert-butyl alcohol and does not by the

action of triethylamine. It is known that only such
strong bases as potassium ferf-butoxide in fert-butyl
alcohol and KOH in DMSO are capable of effecting
syn-dehydrochlorination of compounds like IIla [9].
The anti-Markownikoff adduct, sulfide E-IIId, was
obtained by electrophilic addition of benzenesulfenyl
chloride IV to phenylacetylene in CCl, [10]; the vinyl
proton signal in its 'H NMR spectrum is located in
a stronger field (see Experimental). The difference in
the regioselectivity of the above processes may be
attributed to the different acidities of the reaction
media: according to [10], increased acidity favors
formation of the Markownikoff adduct. Zyk et al. [3]
erroneously assigned the structure of 2-chloro-1-phen-
ylethenyl phenyl sulfide PhSC(Ph)=CHCI (£-111d) to
a compound whose 'H NMR spectrum was identical to
that of adduct IIl1a.

The configuration of sulfides IIIb and Illc was
determined by comparison with the products obtained
by chlorosulfenylation of hex-1-yne with benzenesul-
fenyl chloride (IV); this reaction follows the anti-addi-
tion pattern and gives both Markownikoff and anti-
Markownikoff adducts [8, 10]. We found that the re-
action with sulfenyl chloride IV is accompanied by
isomerization of anti-Markownikoff adduct £-IIlc into
Z and E isomers of 1-chloro-2-(phenylsulfanyl)hex-2-
ene (X) (Scheme 3).

Scheme 3.
_ CCl,
IV + Bu———H > (E)-llib
+ (E)llic + (ZE)-PhSC(CH,Cl)=CHPr
X

No isomerization was observed in the reaction with
benzenesulfenamide (Ia). As in the reaction with
phenylacetylene, treatment with an alcoholic alkali or
potassium terz-butoxide in tert-butyl alcohol of the
product mixture obtained from hex-1-yne and benzene-
sulfenamide resulted in dehydrochlorination of both
isomers with formation of hex-1-yn-1-yl sulfide VIIb.
However, the dehydrochlorination was accompanied
by isomerization of sulfide VIIb into hex-2-yn-1-yl
phenyl sulfide PhSCH,C=CPr (XI), as followed from
the GC-MS data (two compounds with equal molec-
ular weights were present) and '"H NMR spectra which
contained a triplet at § 3.61 ppm (Juu = 2.3 Hz) due to
bridging SCH,C= methylene group. Sulfide E-IITb
(major product) undergoes dehydrochlorination by the
action of potassium fert-butoxide to a greater extent,
which is consistent with its £ configuration and Mar-

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 42 No. 7 2006



956 MARTYNOV et al.

kownikoff adduct structure. The fact that anti-Mar-
kownikoff adduct E-IIlc also undergoes dehydro-
chlorination indicates isomerization of anti-Markow-
nikoff adducts obtained from alkylacetylenes into
Markownikoff adducts.

The above data led us to conclude that the ex-
amined reactions of sulfen- and selenenamides with
acetylenic compounds in the presence of SnCly involve
intermediate formation of the corresponding sulfenyl
and selenenyl chlorides via chlorination of chalcogen-
amides Ta—Ic. According to the GLC and 'H NMR
data, treatment of benzenesulfenamide (Ia) with SnCly
gives sulfenyl chloride I'V and diphenyl disulfide. The
subsequent electrophilic anti-addition of sulfenyl or
selenenyl chloride to alkynes leads to 2-chloroethenyl
sulfides or selenides Ila—Ile and IIla—IIlc. The reac-
tion with terminal acetylenes is accompanied by de-
hydrochlorination of sulfides IIla and IIIb to give the
corresponding ethynyl sulfides VIla and VIIb due to
the presence in the reaction mixture of compounds
having an amino group. The addition of sulfenyl chlo-
ride IV to ethynyl sulfides VIIa and VIIb results in
formation of chloroethenes VIIIa and VIIIb.

EXPERIMENTAL

The 'H and C NMR spectra were measured from
5—-10% solutions in CDCI; on a Bruker DPX-400 spec-
trometer at 400 and 100.61 MHz, respectively. The
mass spectra (electron impact, 70 eV) were recorded
on an HP 5971A mass-selective detector coupled with
an HP 5890 chromatograph (Ultra-2 capillary column,
20 m; stationary phase 5% phenylmethylsilicone; oven
temperature 70-280°C).

Initial V,N-diethylarenesulfenamides Ia and Ib and
N.N-dicthylbenzeneselenenamide (I¢) were synthe-
sized by reaction of the corresponding sulfenyl or
selenenyl chloride with diethylamine [11, 12].

3-Chloro-4-(4-chlorophenylsulfanyl)hex-3-ene
(IId). N,N-Diethyl-p-chlorobenzenesulfenamide (Ib),
906 mg (5 mmol), and tin(IV) chloride, 1303 mg
(5 mmol), were mixed at 0°C under argon, the mixture
was stirred for 0.5 h, 854 mg (10 mmol) of hex-3-yne
was added, and the mixture was stirred for 26 h at
room temperature. The mixture was then treated with
water to remove excess SnCly and extracted with di-
ethyl ether. Removal of the solvent from the extract
gave 789 mg (70%) of a mixture containing (according
to the GC-MS data) 87% of compound IId, 7% of
3-chloro-4-(phenylsulfanyl)hex-3-ene (Ila) (due to the
presence of an impurity of sulfenamide Ia in initial

sulfenamide Ib), 2.5% of bis(p-chlorophenyl) disulfide
(Ve), and 3.5% of bis(o-chlorophenyl) disulfide (Vd).
'H NMR spectra, 8, ppm (J, Hz): E-Ila: 7.28-7.14 m
(5H, C¢Hs), 2.79 q 2H, CHa, *Jiyy = 7.4), 1.13 t (3H,
CHs, *Juy = 7.5) (EtCCI=), 2.38 q (2H, CH,, *Juy =
7.4), 1.03 t (3H, CHs, *Jun = 7.5) [EtC(SAr)=]; E-IId:
7.13 d and 7.23 d (4H, CeHy, *Jin = 8.45), 2.77 q (2H,
CH,, *Jyy = 7.3), 1.13 t (3H, CHs, *Jyy = 7.3)
(EtCCI=), 2.37 q (2H, CHy, *Jiyy = 7.3), 1.03 t (3H,
CHs, *Jun = 7.4) [EtC(SAr)=]; published data [8]:
'H NMR spectrum, 3, ppm: E isomer: 2.80 q and 1.12 t
(EtCCI=), 2.40 q and 1.04 t [EtC(SAr)=]; Z isomer:
2.48 q and 1.16 t (EtCCI=), 2.21 q and 1.08 t
[EtC(SAr)].
The *C NMR spectrum of adduct IId coincided
with that reported in [8] for the ¢trans isomer of I1d [8].
Mass spectra, m/z (°Cl; Iy, %): IId: 260 (100) M,
224 (22.5) [M — HCI]', 209 (38.3) [M — HCI — Me]’",
143 (37.4) [CICsH,S]", 108 (60.3) [C¢H,4S]"; IHa: 226
(100) M", 190 (28.5) [M — HCI]", 175 (56.1) [M — HCI
— Me]", 109 (48.3) [Cs¢HsS]™; Ve, Vd: 286 (57.1) M,
143 (100) [CICsH,4S]", 108 (61.1) [CsH,S] .
3-Chloro-4-(phenylselanyl)hex-3-ene (Ile). Fol-
lowing an analogous procedure, the reaction of 0.23 g
(1 mmol) of benzeneselenenamide (Ic) with 0.16 g
(2 mmol) of hex-3-yne and 0.26 g (1 mmol) of SnCly
in 10 ml of CCly (reaction time 6 h; after treatment
with water, the mixture was extracted with chloroform)
gave 0.23 g of a ~1:1 mixture of compound Ile (42%;
84% on the reacted Ic) and PhSeCI,NEt, (VI).
'H NMR spectrum, 3, ppm (J, Hz): E-Ile: 7.30-7.21 m
(5H, C¢Hs), 2.79 q (2H, CH,, *Jiyy = 7.4), 1.11 t (3H,
CHs, *Jug = 7.3) (EtCCI=), 2.44 q (2H, CH,, *Jun =
7.4), 1.02 t (3H, CHs, *Jiy = 7.3) [EtC(SeAr)=]. Mass
spectra, m/z (°Cl, ¥Se; I, %): Ile: 274 (100) M, 157
(58.8) [PhSe]", 143 (12.0) [CICH=CHSe]", 117 (26.8)
[M — PhSe]", 77 (80.9) [Ph]"; Vb: 314 (81.6) M, 234
(19.7) [PhSePh]’, 157 (100) [PhSe]", 77 (74.6) [Ph]".
2-Chloro-3-(phenylsulfanyl)but-2-ene-1,4-diol
(IIc). Likewise, from 1.22 g (6.73 mmol) of benzene-
sulfenamide (Ia), 1.75 g (6.73 mmol) of SnCl, in
20 ml of CCly, and 0.58 g (6.73 mmol) of but-2-yne-
1,4-diol in 40 ml Et,O (reaction time 9 h; the reaction
mixture was washed with water and extracted with
chloroform—ethanol—diethyl ether) we obtained 1.17 g
of a mixture which contained (according to the GC-—
MS data) 48% (37% on the initial sulfenamide Ia)
of diol Ilc and 43% of diphenyl disulfide Va (43%)).
"H NMR spectrum of E-IIc, 5, ppm: 4.30 s (2H,
CH,CCIl=), 4.60 s [2H, CH,C(SAr)=], 7.23-7.56 m
(5H, C¢Hs). Mass spectrum of Ile, m/z (°Cl; I, %):
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230 (15.2) M*, 211 (9.9) [M — H;0]', 177 (12.8) [M —
Cl — H,0]", 147 (18.6) [PhSC=CCH,]", 134 (14.9)
[M — Ph — H;0]", 110 (100) [PhSH]", 103 (11.9)
[PhCH=CH]", 91 (14.1) [PhCH.]", 77 (38.6) [Ph]".

Reaction of NV,N-diethylbenzenesulfenamide (Ia)
with hex-1-yne in the presence of SnCl,. The reac-
tion was carried out using 1.81 g (10 mmol) of sul-
fenamide Ia, 2.61 g (10 mmol) of SnCly, and 1.64 g
(20 mmol) of hex-1-yne in 20 ml of CCl,; reaction
time 5 h; the mixture was treated with water and
extracted with chloroform and diethyl ether to obtain
1.56 g of a mixture which contained (according to the
GC-MS data), 18% of hex-1-yn-1-yl phenyl sulfide
(VIIb), 28% of (£)-2-chloro-1-(phenylsulfanyl)hex-1-
ene (E-1IIb), 18% of (E)-1-chloro-2-(phenylsulfanyl)-
hex-1-ene (E-Illc), 27 and 4.5% of isomeric 1-chloro-
1,2-bis(phenylsulfanyl)hex-1-enes VIII, and 4.5% of
diphenyl disulfide (Va). '"H NMR spectra, 8, ppm
(J, Hz): E-IIIb: 7.48 d CJin = 7.3), 7.40-7.17 m (5H,
CeHs), 6.30 s (1H, ArSCH=), 2.40 t (2H, *Jyy = 7.9),
1.60—-1.18 m, (4H, CH,CH,), 0.87 t CJy = 7.3) and
0.79 t CJuy = 7.4) (3H, CH;); E-Illc: 7.48 d (J = 7.3)
and 7.40-7.17 m (5H, C¢Hs), 6.23 s (1H, =CHCI), 2.33 t
(2H, *Jiyy = 7.5), 1.60-1.18 m (4H, CH,CH,), 0.87 t
CJim = 7.3) and 0.79 t CJuy = 7.4) (3H, CHs). Mass
spectra, m/z (*°Cl; Iy, %): I1Ib: 226 (44.4) M, 183
(21.3) [M — Pr]", 147 [PhSC3H,]" (100), 134 (8.7)
[PhSC=CH]", 109 (25.6) [PhS]", 77 (35.3) [Ph]"; Illc:
226 (28.7) [M]", 191 (11.0) [M — HCI]', 184 (17.5)
[M— C;Hg]", 161 (5.8) [PhASC=CCH,CH,]", 149 (38.3)
[M — Ph]’, 135 (87.7) [PhSCH=CH]", 109 (50.4)
[PhS]", 77 (36.9) [Ph]"; VIIb: 190 (40.7) M", 161 (6.2)
[M — Et]", 147 (38.9) [M — Pr]", 128 (10.3)
[PhC=CCH=CH,]", 103 (99.0) [SCsH,]", 77 (88.8)
[Ph]"; VIIIb: 334 (61.7) M, 181 (51.0) [M — PhS —
CsHg]", 169 (9.1) [M — PhS — C,H;]", 147 (82.0) [M —
PhSH — Ph]", 134 (11.8) [PhSC=CH]", 109 (68.7)
[PhS]’, 77 (96.0) [Ph]".

A 0.23-g portion of the product mixture was heated
for 1 h with 0.25 g of potassium tert-butoxide in 15 ml
of tert-butyl alcohol under reflux. The solution was
poured into water and extracted with diethyl ether, and
the extract was dried over CaCl, and evaporated to
obtain 0.23 g of a mixture containing (according to the
GC-MS data) 12% of hex-1-yn-1-yl phenyl sulfide
(VIIb), 15.5% of hex-2-yn-1-yl phenyl sulfide
PhSCH,C=CPr (XI), 3.5% of (E)-2-chloro-1-(phenyl-
sulfanyl)hex-1-ene (E-IIIb), 4% of (E)-1-chloro-2-
(phenylsulfanyl)hex-1-ene (E-Illc), and 36 and 8%
of isomeric 1-chloro-1,2-bis(phenylsulfanyl)hex-1-
enes VIIIb.
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Reaction of V,N-diethylbenzenesulfenamide (Ia)
with phenylacetylene in the presence of SnCl,. The
reaction was carried out in a similar way using 0.90 g
(5 mmol) of sulfenamide Ia, 1.30 g (5 mmol) of SnCl,,
and 1.02 g (10 mmol) of phenylacetylene in 15 ml of
methylene chloride; reaction time 14 h; the mixture
was treated with water and extracted with chloroform
to obtain 0.83 g of a mixture containing (according to
the GC-MS data) 16.5% of 2-phenylethynyl phenyl
sulfide (VIIa), 49% of (E)-2-chloro-2-phenylethenyl
phenyl sulfide (IITa), and 11 and 19% of isomeric
1-chloro-2-phenyl-1,2-bis(phenylsulfanyl)ethenes
VIIIa. '"H NMR spectrum of (E-IIla), §, ppm: 7.02—
7.85 m (10H, 2C¢Hs), 6.68 s (1H, ArSCH=); published
data [13]: '"H NMR spectrum: & 6.67 ppm. Mass spec-
tra, m/z (°Cl, I, %): Ila: 246 (64.7) M", 211 (52.4)
[M — CI]", 178 (47.5) [PhC=CPh]’, 134 (37.7) [M —
Ph — CI]’, 109 (23.2) [PhS]", 77 (98.5) [Ph]"; VIIa:
210 (100) M, 178 (13.4) [PhC=CPh]", 165 (53.0)
[PhCHPh]", 77 (43.1) [Ph]"; VIIa: 354 (34.7) M,
244 (12.2) [M - PhSH]", 210 (100) [PhSC=CPh]", 178
(14.0) [PhC=CPh]’, 165 (42.8) [CsH,CHC4sH,4]", 109
(68.1) [PhS]", 77 (59.2) [Ph]".

A 0.15-g portion of the product mixture was heated
with 0.15 g of potassium ftert-butoxide in 10 ml of tert-
butyl alcohol for 13 h under reflux. The solution was
poured into water and extracted with diethyl ether, and
the extract was dried over CaCl, and evaporated to
obtain 0.13 g of a mixture containing (according to
the GC-MS data) 38.5% of 2-phenylethynyl phenyl
sulfide (VIIa), 1.5% of (£)-2-chloro-2-phenylethenyl
phenyl sulfide (IIla), and 16.5, 30.5, and 6% of iso-
meric chloro(phenyl)bis(phenylsulfanyl)ethenes VIIIa.

(E)-3-Chloro-4-(phenylsulfanyl)hex-3-ene (Ila).
A solution of 1.04 g (7.18 mmol) of benzenesulfenyl
chloride (IV) in 2 ml of methylene chloride was added
dropwise at room temperature to a solution of 0.59 g
(7.18 mmol) of hex-3-yne in 2 ml of CH,Cl,, and the
mixture was stirred for 4 h. Removal of the solvent left
1.60 g (98%) of compound Ila. The 'H NMR spectrum
of the product was identical to that given above.
BC NMR spectrum, 8¢, ppm: 130.0 [=C(S)], 141.0
(=CCl), 12.2 (C®), 27.9 (C°), 31.0 (C?), 12.9 (CH).

2-Chloro-1-phenylethenyl phenyl sulfide (IIId).
A solution of 2.04 g (20 mmol) of phenylacetylene in
10 ml of carbon tetrachloride was added dropwise
under argon to 1.44 g (10 mmol) of benzenesulfenyl
chloride (IV) in 10 ml of carbon tetrachloride, and the
bright orange mixture was stirred for 5 h until it
became colorless. The solvent was removed to leave
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2.28 g (92.5%) of sulfide E-IIId containing (according
to the 'H NMR data) an impurity of chloroethene
E-IIa (6%). "H NMR spectrum, 5, ppm: 7.14-7.61 m
(10H, 2C¢Hs), 6.59 s (1H, =CHCI).

This study was performed under financial support
by the Presidium of the Russian Academy of Sciences
(project no. 9.3).

REFERENCES

1. Benati, L., Montevecchi, P.C., and Spagnolo, P., Teftra-
hedron, 1993, vol. 49, p. 5365.

2. Zyk, N.V., Beloglazkina, E.K., Sosonyuk, S.E., Bula-
nov, M.N., and Chudinov, Yu.B., Izv. Ross. Akad. Nauk,
Ser. Khim., 2000, p. 1569.

3. Zyk, N.V., Beloglazkina, E.K., Belova, M.A., and Zefi-
rov, N.S., Izv. Ross. Akad. Nauk, Ser. Khim., 2000,
p. 1874.

4. Kirsch, G. and Christiaens, L., The Chemistry of Organ-
ic Selenium and Tellurium Compounds, Patai, S. and Rap-
poport, Z., Eds., Chichester: Wiley, 1987, vol. 2, p. 424.

5.

10.

I1.

12.

13.

Comprehensive Organic Chemistry, Barton, D. and
Ollis, W.D., Eds., Oxford: Pergamon, 1979, vol. 3.
Translated under the title Obshchaya organicheskaya
khimiya, Moscow: Khimiya, 1983, vol. 5, p. 440.

. Montanari, F. and Negrini, A., Gazz. Chim. Ital., 1957,

vol. 87, p. 1061.

. Calo, V., Melloni, G., Modena, G., and Scorrano, G.,

Tetrahedron Lett., 1965, p. 4399.

. Schmid, G.H., Modro, A., Lenz, F., Garratt, D.G., and

Yates, K., J. Org. Chem., 1976, vol. 41, p. 2331.

. Martynov, A.V., Seredkina, S.G., and Mirskova, A.N.,

Izv. Akad. Nauk SSSR, Ser. Khim., 1990, p. 1865.
Schmid, G.H., The Chemistry of the Carbon—Carbon
Triple Bond, Patai, S., Ed., Chichester: Wiley, 1978,
vol. 1, p. 275.

Reich, H.J. and Renga, J.M., J. Org. Chem., 1975,
vol. 40, p. 3313.

Kharasch, N., Potempa, S.J., and Wehrmeister, H.L.,
Chem. Rev., 1946, vol. 39, p. 269.

Schmid, G.H., Modro, A., Garratt, D.G., and Yates, K.,
Can. J. Chem., 1976, vol. 54, p. 3045.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 42 No. 7 2006



