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Abstract: Addition of methane- and benzeneselenenyl bromide or chloride and benzene
sulfenyl chloride to carbon-carbon double bonds substituted by electron~
withdrawing groups is achieved in solvents of different polarity. Two regio-
isomeric adducts 6 and 7 or 8 and 9 are generally formed, which can be
interconverted bg_equilibracion in refluxing acetonitrile. It is of
mechanistic interest that the regioisomers may also derive from selenenyl-
trihalide adducts. In comparison to acrylic esters, the propiolic ester
reacts more slowly, producing mainly the a-selenenyl adduct. Dehydrohalo-
genation of adducts provides a general and valuable method for the prepa-
ration of olefins carrying methyl or nhenylselenenyl groups in a-position
to electron~withdrawing substituents.

Selenenylated olefins have been found to be particularly useful radicophiles.
Compared to their sulfur analogs, these olefins 1l show even more interesting
aspects. Thus for example, adduct-dimers 3 lose diphenyl diselenide, leading
generally to symmetrical fumaric acid derivatives 5(2}

=<5ac5ﬂ5 20 SeCgHg ‘:5“55{k /R‘ R R? R!
1 /0 ete)n
R w/—< R! 4 R SeceHs |"(@Sel2 g ®
! 2 3 4
(65-75%)
R' = cN, COOCH
3
R% -

{CH,) , (CNJCT, CHy), (COOCH,)CT
In order to develop a general method for the preparation of selenenylated

olefins, we have conducted an extensive study of the addition of selenenyl halides

{and sulfenyl halide in some cases) to olefins 5 substituted by electron-

withdrawing groups. The adducts 6 and 7 or 8 and 3 can be conveniently
dehydrohalogenated to olefins 10 and 11.
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Since the work of Kharash(3'4'5), the addition of sulfenyl halides and also of

selenenyl halides to carbon-carbon double bonds has been widely developed because
of the mechanistic concern and the synthetic potential of the arising adducts(s).
Although these additions generally appear to be of electrophilic nature, even
electron poor-olefins react well. These additions proceed via tight or solvent

separated ion-pairs such as 13 or 14 rather than via covalent cycles 12 or

. 7
episul fonium ions £§(4). Theoretical studies support this mechanistic v1ew( ).
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The isomerization of transient cyclic intermediates to the adducts takes place
almost generally with trans—stereospec1ficity(3'4'5{ In the case of non-symmetrical

olefins, two regioisomers are generally formed resulting from nucleophilic attack
5 X .

by the halide at either carbon( ). The amount of each regiocisomer is dependent on

the experimental conditions, temperature, solvent and on the substituents at the a

or B carbon.

?5 m()

The isomerization of the kinetic product to the thermodynamic one is achieved
either thermally or by acid catalysis(s). The rate of addition of sulfenyl halides
to acrylic acid derivatives 5 decreases with i1ncreasing electron-withdrawing

4 . .
character of the substituent R . The following order of reactivity has been

establlshed(s)

R = N < cocl < coon < coocH, < CONHC H,

The reaction between the olefins 5 and methanesulfenyl chloride leads to a

C(Ba)'

mixture of kinetic and thermodynamic adducts already at -65° In the case of

vinyl sulfones, however, the 1important steric bulk of the sulfonyl group leads to

ring-opening at the less-hindered carbon and isomer 7 1s the only one

(8a,9)

observed The addition of selenenyl halides follows essentially the same

(S)

pathway as with the sul fur analogs Only a slight difference in the positive

charge distribution between the thiyl and selenenyl cyclic intermediates was

10
reported( ). Electron-poor olefins, however, have received only scant attention,
and to our knowledge, phenylselenenyl chloride has been reacted only with

3,3,3-trafluoropropene, leading to adduct 2(11).

= CgHgSe Cl SeCgHs
CF3

c CF3
5

|©
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Results and discussion

Additions of selenenyl halides to_acrylic _or crotonic_acid deraivatives 5 is

strongly solvent-dependent and proceeds much faster in acetonitrile than 1n

chloroform solution; both cases were studied and are discussed below.
1) RSeX additions to olefins in chloroform solution.

In this solvent, the additions are generally quantitative with the exception of
the nitriles 5r,s,t, which react too slowly and complete addition can be achieved
only in acetonitrile (see below). Approximate rates and product concentrations were
monitored by lH NMR {200 MHz) spectroscopy. Both the regioisomers 8 and 9 are
initially formed and the mixture evolves toward equilibrium. The relative amounts

of regioisomers formed after 90 minutes are compiled in Table I.

Table I : Addition of RSSex to Olefins 5 (R2 = H) in CHCl,.

Relative Amounts of 5, 8, 9 after 90 minutes. ’

r! R3 . RS X 5 (%) g (%) g (%)
a H CH3 CONH2 CGHS Cl1 [¢] 82 18
b H H CONH2 C6HS By o 14 86
c H H CONHz C6H5 Cl o} 38 62
d H H CON(CH3)2 C6H5 Cl [¢] 56 43
e H H COCH3 CGHS Br o 20 80
f H H COCH3 C6H5 Cl o} 49 51
g H H CHO C6H5 Br o} 15 85
h H H CHO CH3 Br o} 7 93
1 H H CHO CGHS Cl o} 45 55
J CH3 H CHO CGHS (o8} o] 24 70
k H H COOCH3 CGHS Br 0 38 62
1 H H COOCH3 CH3 Br 3(d) 0] 88
m H H COOCH Celig cl 129 37 46
n H H C00C4H9—t C6H5 Cl 9(d) 34 47
(<) CH3 H COOCH3 CGHS Cl lO(d) 9 81
P H H COOH C6H5 Ccl 15(d) 37 45
q H H cocCl C6H5 Ccl SZ(d) 17 20
r H H cn (@) cH, Br 75 o 25
s H H CN(b) C6H5 Cl 30 13 56
£ ch, H cn (€} S c1 30 15 27

(a) : after 18 hours at room temperature ; (b) : after reflux 1in CHCl3 during

120 hrs ; (c) : after reflux in CHCl3 during 360 hrs ; (d) : reaction 1s not

complete.

It is noteworthy that in the thermodynamically favored adduct 9, the
electron-withdrawing and the electron-donating substituent 1.e. selenenyl group,
are located at the same carbon (captodative substitution). Regioisomers 8 show
characteristic ABX or AMX (AB) patterns from which coupling constants were

calculated, whereas products 9 mostly exhibit ABC patterns (sometimes AMX or AB).

The NMR data are collected in Table II.
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The 1H-NMR spectra reveal also that a third product 1s formed, the concentration of
which increases during the first stages of the reaction but drops to zero at the
end. The structure 16 1s assigned on the basis of lH-NMR data (see below). Direct
chemical evidence is obtained by chlorination of 8f and 9f which leads to the
corresponding selenoether dichlorides. Chemical shifts of 16 and concentrations

after 5 and 90 minutes reaction times are shown in Table III.

R1 = H, CH3
R! R2,R% =
Qé_é R3 R4 = electron-withdrawing group
ROsex; R4 5
R = CH3, C6H5
E X =Cl1, Br
Table III : Chemical Shifts and Concentrations of 16 (R2, R3 = H) after 5 and
90 minutes.
R1 R4 RS x 8 § ¢ Chemical Shifts of Other Chemical (%) (%)
A B x after
(ppm} the phenyl grouo shifts (ppm) 5°¢ 90"’
d H CON(CH3)2 CSHS cl 4.65 5.55 7.55(m,3H) ,7.95(m,2H) 3.06(s,3H), 9 0
3.17(s,3H)
f H COCH3 CSHS cl 4.62 5.42 7.60(m,3H) ,8.0(m, 2H) 2.52(s,3H) 15
g H CHO C6HS Cl 4.66 4.62 5.45 7.66(m,3H) ,8.0(m,28) 9.70(s,1H) 18
j CH3 CHO C6H5 cl 5.12 5.48 -~ 7.62(m,3H) ,8.09(m,2H) 1.80(d,3H), 4
9.60(4,1H)
k H COOCH3 C6H5 Br 4.68 5.49 7.80(m,3H),8.0(m,2K) 3.93(s,3H) 6
1 H COOCH3 CH3 Br 4.42 5.37 - 2.92(s,3H), 20 0
3.83(s,3H)
m H COOCH3 C6H5 cl 4.68 5.49 7.80(m,3H) ,8.0(m,2H) 3.93(s,3H) 15 2
H COOtC4H9 C6H5 cl 4.66 5.40 7.82(m, 3H) ,8.05(m, 2H) 1.55(s,9H) 15 3
[} CH3 COOCH3 CGHS cl 4.99 5.50 - 7.75(m,3H) ,8.05(m, 2H) 1.80(4,3H), 10 o]
3.84(s,3H)
p H COOH CGHS Ccl 4.73 5.57 7.71(m,3H) ,8.04(m,2H) 11.74(s,1H) 6 3
a © coc1t® CcH, Cl 4.80 4.71 5.74  7.80(m,3H),8.05 (m, 2H) - 5 @
(a) reaction is not complete
The calculated coupling constants of ABX systems 1n the case of acrolein (entry
lég; JAB = - 11.29 Hz; JAX = 6.58 Hz; JBX = 8.78 Hz) and acryloyl chloride (entry
16q; JAB = - 11.35 Hz; JAX = 5.82 Hz; JBx = 9.11 Hz) are characteristic of an

acyclic structure. The formation of 16 can be explained by assuming an equilibrium

between areneselenenyl halides and the dismutation products, namely, areneselenenyl

2
and trihalides and diselenide(l ). Actually, selenenyl trihalides are known to add

to alkyl substituted olefins producing two regiocisomers 16 and 17 (5'13).

ArSeX  + Xy

3 ArSeX === Arsex, /
+ _/R :X R>_/50x2R
ArSeSear ‘\\ '
ArSeX; R

X
s 17

Cos S
In contrast, the addition of R Sex3 to electron-poor olefins 5 studied in this

work is regiospecific. Selenomonohalide adducts 8 could arise from the reduction of
16 by diselenide present in the equilibrium.

The 1nvolvement of AxSeCl3 in the addition of p-tolueneselenenyl chloride to

13
ethylene has already been shown ( C). Compound 16f can also be obtained together

with it i i i 01
1ts 1somer 17f by chlorinating (sozclz) the mixture of regioisomers 8f and 9f
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1
obtained from benzeneselenenyl chloride and methyl vinyl ketone ( H-NMR values for

the ABX system of 17f : GA = 4.2C; §_ = 4.0; 6x = 5.42 ppm; J = - 12.18; J =

B AB AX
9.96; JBX = 2.87 Hz). The deshielding increments permit the structure
assignements(l3). The NMR study of the chlorination of 8f and 9f show that the
subsequent HCl elimination from 16f and 17f gives 18 and 19 thereby finally leading
to 20 and 21(14).
$02Cl ct -HCt c Hel Ea
8¢ —_—— —_—- Cl —_—— Cl
- CgHsSeCly COCHg CeHsSe 'COCH3 - C6H5Secl COCH3
16 18 20
S05Clp SeCloCeHs - Hel SeCsHsg HCl ct
9t —_— ——— cl —_— - (_<
— Cl  ‘cocH, el “cocwmy - CeHisSecl ¢l cocHg

17t 19 2

The comparison between RSeCl and RSeBr additions shows that the more bulky and
polarizable bromine atom favors the captodative isomer 9 rather than 8 (see Table 1
entries b and ¢, e and f, g and 1, k and m). Such a product is also predominant
in the case of CH3SeBr addition to acrolein (entry h), methyl acrylate {(entry 1)

and vinyl phenyl sulfoxide (see below).
2) RSeX additions to olefins in acetonitrile solution.

Compared to the reaction of RSeX in CHCl_ solution, these additions are much faster’

in CH3CN, and accordingly the thermodynaiic equilibrium is reached more rapidly
(Table 1IV). In practice, all these additions can be performed at room temperature.
Table IV shows that when Rl = CH3, 9 is produced almost exclusively (entries o and
t) while methacrylamide (R3 = CH3) gives predominantly 8 (entry a).

Table IV : Ratio of Regioisomers 8 and 9 resulting from the Addition of

C_H_SeCl to olefins 5 (R2 = H) i1n CH_CN.

6 5 3
Rl R3 R4 Ratio (%gg ' rime of
At r.t. (%) Upon heating (%) heating
8 9 8 9 (hrs)
a H CH3 CONH2 32 68 82 18 3
d H H CON(CH3)2 68 32 27 73 1.5
¢ H H cocH, 70 30 21087 q9lel 1 g
i H H cHo 76 24 27¢¢) g3lel
m H H COOCH3 65 35 22 78 5
o CH3 H COOCH3 50 50 0 100 1
P H H COOH 48 52 13 87 1
q H H cocCl 60C 40 30 70 4.5
s H H cN 331 67(®) 34 70 2
£ cH, H cN 22t 4B 93 2
a) after 5' at room temperature ; b) after 18 hours at room temperature : reaction

non complete ; c¢) partial degradation occurred.
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Additions of RSeX (or C_H_SCl) to_olefins 5 substituted by sulfinyl, sulfonyl or

5

; sclution at room temperature. The captodative
regioisomer 7 (M = S§) or 9 (M = Se) is largely predominant in the case of vinyl
sulfoxide and vinyl sulfones, whereas complete reversal of regiochemistry occurs

with nitroethylene, producing only the adduct 6 or §,(Tab1es vV and VI}.

. 5 .
Table ¥V : Isomer Ratios Formed in the Addition of R SeX or C6H55C1 to Olefins 5

(RI,RZ,R3 = H) Substatuted by Sulfinyl, Sulfonyl or Nitro Groups.
RQ RS # X 6 or B(%) Tor 8 (%)
u S(O)CGH5 CSHS s cl 24 63
v S{O)CGHS CGHS Se Ccl 6 a3
w S(O)CGH5 CH3 Se Br o 100
x SOZCZHS CGHS s Cl j¢] 100
Yy 802C2H5 CGHS Se Cl &} 100
4 SOZCGHS CSHS Se Ccl o 100
aa 802C685 CH3 Se Br O 100
ab so;ﬂHSeCGHS)~CH2C1 (o4 HS Se CciL o 100
ac N02 C6H5 S Ccl 20 (]
ad N02 CSH Se Cl 100 o]

Table VI : Proton-Proton Coupling Constants of ABX (AMX) Systems present in

Olefins 5 (Rl,R2,R3 = H) Substituted by sulfinyl, sulfonyl or Nitro
Groups.
& or 8 I or 38
s R X a0 Tax Teximo] Tasem Tax Iex (mx)
(Hz) (Hz) (Hz) (Hz) (Hz) (Hz)
a sto)c i, CHy 8 cl|-14.0 8.6 4.0 - - fal
v S(01¢ H, CH,  Se Cl [-13.6 9.0 3.8 11.5 8.5 5.5(2)
w S(0)C H, cH, Se  Br - - - 6.9 10.9 7.7
x S0,C,H, CgHg s a - - - 4.13 7.97  -11.64
v $0,C,H, CeHg se ¢l - - - 5.33 6.91 -12.34
2 50,C Hy CeHg se ¢l - - - 4.19  8.64  -12.09
aa S0,CyH cH, Se Br - - - <‘x.39 10.89 —xz.x(b)
ab  SO,CH(SeCcH.)-CH,CL CH, se cCl - - - g:g ;g :1?:2(1:)
ac Noz Céﬂs s Cl -12.31 10.08 4.10 - - -
ad NO,, c B Se €1 | -12.40 11.08 3.37 - - -

(a} ABC patterns ; b) mixture 1:1 of meso and d,1 isomers.

The amount of captodative regioisomers 1s larger with selenenyl chloride (entry
v) than with sulfenyl chloride (entry u}, thereby reflecting the larger steric
hindrance of selencether group which obviously disfavors ring-opening in
a-position. This view is further supported by the complete absence of isomers 8
when bromine is involved (entry w).

In the case of vinyl sulfones, only the regioisomer 7 or 9 is formed 1n analogy to

the addition of sulfenyl halides(ea'g,. Addition of two equivalents of C6RSSeCl to
divinylsulfone affords bis-adduct S (entry ab). In contrast, reaction of CGHSSeCl

with nitroethylene leads in CHCl3 quantitatively to the regioisomer 8 after 3 days,
while CSHSSCI produces only about 20 & of i1somer 6 which moreover c¢ould not be
isolated; adduct 7 could not be detected. It is surprising that 1n acetonitrile

adduct 8ad is obtained 1in only 20 % yield.
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Addition of C(HSSecl to Ethyl Propiolate
272 ) . (15
In analogy to the addition of C_H_SeCl to propiolic acxd( ! and the

(186)

corresponding addition of C6H55C1 we found that the addition to ethyl

propiolate 1s much slower and more regioselective as compared to methyl acrylate.

1
The structure of the isomer 23 was determined by 3C-NMR spectroscopy. The value of
the 3J coupling between the carbon of the carboxylic group and the olefinic proton

is characteristic of a trans-relationship (10.3Hz).

CHaClp N SeCgHsg H cl
H— =~ C00CoHs + CgHgSed —‘-W'. H +
C CO0CoHg CgHs Se COOCoHg
22
- 24
2 70% (8: 1) -

Synthesis of Selenenylated Olefins 11
Captodative olefins 11 with selenenyl groups as electron-donating substituents

have been occasionally mentioned in the literature as deriving from several
(17)

approaches : a) selenenylation of vinylic carbanions , b) lithiation of ketene
selencacetals followed by introduction of the electron-withdrawing group(ls), c)
oxidation of allylic alcohols followed by ellmination(lg). An one-pot reaction

using the pyrldlne/c HESecl reagent (equation d) appears to be confined to vinyl

ketones and aldehydes . Our synthesis 1s based on the dehydrohalogenation of the

mixture of regioisomers 8 and 9 (equation e) leading to a single product.

R1 = alkyl, vinyl

R! 1 LDA Rl seCeHs ,
a \"'\ —_— R = alkyl
COOR? 2) CgHgSeBr COOR?
R SeCHj 1) Buli R = alkyl
b} = \=< E = CHO, COOH, COOCH
o> @ 3
SeCHs 2) € SeCHj
, R?0 CeMgSe0SeCsHs  R2 SeCgHs KF SeCHs
c - - —
3 18- -
Rl R3 Rl / R Crown-6 A COR3

1 2 3
R" = alkyl, aryl ; R = CH3, Si (CH )2 4 9 -t ; RT = H, CH3

R! cord CeHs SeCl R1 COR3 Rl, r2 alkyl

d) ;>==/ 2::( 3
= H, alkyl
R @©» R?  SeCgHs R Hooatky

Rl x
S HLE e
BM R4 ¥ e Ré=H R4

6 M =S5 M =S 19 ™
8 M = se M = Se 11 M = Se

The Table VII shows that, using triethylamine as a base, only the isomer 9

H
0

1o N

undergoes an elimination to give 11. This in turn shifts the equilibrium 8 <_9 to

the right until the elimination is completed. Olefins 10 are obtained in an
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analogous manner (entries n and q). The rates of elimination expectedly depend on
the nature of the electron-withdrawing substituent. Thus with sulfonyl or aldehyde
groups, the reaction is almost instantaneous but with the sulfinyl substituent, the
reaction is complete only after 16 hours at room temperature, whereas the amide

necessitates reflux in CHCl3 for two hours.

. 2
Table VII : Yield and Coupling Constants of AB systems of Olefins 10 and 11 (R'=H)

2
R? MR 4 yield (v '? 3y (B2
(d)
CN 65 -
a CH3 SeC6H5
55 0.4
b H SeC6H5 CN
c H SeCH CN 35 0.4
3 (17
7 .6
d H SeC6H5 COOCH3 S o}
0.6
e H SeC6H5 COOtC4H9 53
£ H SeCH COOCH 81 0.93
3 3 (17, (c)
o] 86 ’ -
g CH3 SEC6H5 OOCH3
h H SeCGH5 CONH2 96(2U -
i H SeC_H CHO 68 1.10
63 (17,21),(c)
I CH, SeC H, CHO 65 1t -
k H SeCH CHO 40(b) -
2 (21)
1 H SeC6H5 COCH3 85 1.74
m H SeC_H COC_H 50&1) 1.50
673 6 3 (21)
n H SCGH5 S(O)C6H5 64 1.4
o] H SeC6H5 S(O)CGH5 91 1.92
p H SECH3 S(O)C6H5 7ﬂ8a o) 0.9
q H SCGHS 502C2H5 75 1.60
r H SeCGH5 SOZCZHS 89 1.98
s H SeC6H5 302C6HS a2 1.90
o,_- 4 .
t H SeC6HS S 2 ﬁ(SeCSHS) S 2.0
CH2
u H SeCH3 SO2C6H5 89 1.71
(a) vyield based on the starting olefins ; (b) isolated as a dihydrooviran
[4+2]dimer t22) ; (c) only isomer E is obtained ; (d) mixture of E and

Z isomers

Nitroethylene adduct which contains the strongest electron-withdrawing group
constitutes a special case. Only regioisomer 8 is obtained which does not
equilibrate with the captodative isomer. Consequently, the elimination leads
exclusively to the B-selenenylated nitroethylene 25 as a 1:1 mixture of cis and

X (23)
trans isomers .

~

CgHsSe  NO2 CgHsSe

ct EtzN NO2

71%

25
ad

———

cis : trans = 1 : 1

Studies concerning the reactivity of these olefins are 1in progress

1n this
laboratory,

in particular the use of B-phenylselenonitroethylene as a synthetic
equivalent of the nitroacetylene(zd’zs).
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EXPERIMENTAL

Boiling points are uncorrected ; melting points were measured on a Leitz Wetzlar HM
Lux apparatus and are uncorrected. l1H-NMR : spectra were recorded in CDCl, solution
using TMS as internal reference at 200 MHz on Varian XL~-200 spectrometer. For
coupling constants, see Tables in the text. 13C-NMR spectra were recorded in CDCl
soclution on Varian CPT-20 spectrometer {multiplicity due to one-bond couplings :
S=singlet, D=doublet, T=traplet, Q=quadruplet, M=multiplet; long-range couplings
s,d,t,q,m).Infrared spectra were recorded on a Perkin-Elmer 297 infrared
spectrometer. Mass spectra on Varian MAT-445 spectrometer and are given for the 80
§g 1sotope. Benzeneselenenenyl halides were synthesized as described 1n litterature

and methaneselenenyl bromide was formed 1in situ from equimolar amounts of
dimethyl diselenide and bromine. Microanalyses were performed by the Microanalyses
Laboratory of the University of Wien.

Addition of selenenyl and sulfenyl halides : general procedure :

An equimolar amount of the selenenyl halide or sulfenyl chloride and olefin 1s
stirred at room temperature in CH_Cl_ or acetonitrile (with nitriles, sulfones and
acryloyl chloride) until discoloratidon of the solution. The reaction is essentially
quantitative. Attemps to distil the adducts generally lead to partial degradation.
In some cases, purification of slighly impure products may be achieved by column
chromatography. Products are generally obtained as a mixture of both regioisomers.

2-Methyl-2-chloro-3-phenylselenopropionamide 8a and 2-methyl-2-phenylseleno
3-chloropropionamide 9a : purified by chromatography on silicagel (Pet.ether/AcOEt
= 6/4), a pale yellow oil.

1H-NMR : 8a : § = 1.60(s,3H), 3.70(4,1H,J=10.96H2), 4.11(d,1H), 6.66(br,2H),

7.25{m,3H), 7.58ppm{(m,2H) ; %a : &§ = 1.87{(s,3H), 3.49(d,1H,J=12.74 Hz), 3.58(d,1iH),
6.66 (br,2H), 7.25(m,3H), 7.58ppm(m,2H)

IR(f1lm) : v, = 3470, 3340, 3190, 3080, 29%0, 2940, 1675, 1580, 1480, 1440, 1025,
740, 690 cm

M.S.(El) : m/e = 277 ; 242, 233, 157, 120, 77

2-Bromo~3-phenylselenopropionamide 8b and 2-phenylseleno-3-bromopropionamide 9b:
obtained by crystallization in CH C12 as colorless crystals.

1H-NMR : 8b : § = 3.41{m,1H}, 3.63(m,lH3, 4.44{m,1H}), 5.9~6.55{br,2H}, 7.45(m, 34},
7.70ppm(m,2H) ; 9b : § = 3.72-4.0(m,3H), 5.90-6.55(m,2H), 7.42(m,3H), 7.70p9T(m,2H)
IR(CH_CN) : v = 3440, 3235, 3040, 2955, 1690, 1610, 1580, 1415, 740, 690 cm
M.S.(é!) : m/e = 307 and 309 ; 263 and 265, 228, 157, 77, 51

2-Chloro~3-phenylselenopropionamide 8c and 2-phenylseleno-3-chloropropionamide 9c
obtained by crystallization an CH_Cl, as colorless crystals.
1H-NMR : 8¢c : & = 3.32(44,1H), 3.gl(§d,lﬁ), 4.46{(dd,18H}), 6.10(br,2H}, 7.36(m,3H},

7.58ppm{m,2H) ; 9¢ : § = 3.74-3.84{(m,2H), 4.12{m,1H), 5.84(m,2H), 7.3(m,3H),
7.62ppm{m,2H) . -1
IR(CH_CN) : v = 3440, 3235, 3040, 2960, 1685, 1610, 1580, 1410, 690, 740 cm

M.S.(él) : m/e = 263 ; 228, 219, 157, 106, 77, 51.

N,R-Dimethyl 2-chloro-3-phenylselenopropionamide B8d and N,N-dimethyl 2-phenylseleno
3-chloropropionamide 94 : purified by chromatography on silicagel (Pet.ether/AcOEt:
6/4); a colorless oil.

1IH-NMR : 84 : 8§ = 2.9(s,3H), 2.93{s,3H), 3.22(dd,1H), 3.6%9{(dd,1H), 4.60(dd4,1H},
7.22(m,3H), 7.44ppm{m,2H) : 94 : § = 2.88(s,3H), 3.0{({s,3H), 3.77(dd,1H),
4.14(dd,1H), 4.29(dd,1H), 7.26{(m,3H), 7.52ppm(m,2H).

IR{(film)} : v,= 3060, 2970, 2940, 1650, 1580, 1480, 1440, 1420, 1400, 1070, 1025,
740, 690 cm

M.S.(EI) : m/e = 291 ; 256, 157, 134, 77, 51.

3-Bromo-4-phenylseleno-2-butanone 8e and 3-phenylseleno-4-bromo-2-butanone 9e :
purified by chromatography on silicagel (benzene] ; a pale yellow o1l.

1H-NMR : Be : 8§ = 2.31(s,3H), 3.25(dd,1H), 3.51{dd,1H}, 4.45(d4d,1H), 7.35(m, 3H),
7.55ppm(m,2H) ; 9e : &§ = 2.37(s,3H), 3.63(dd,1H), 3.77(dd,1lH), 4.0(dd,1lH),
7.32¢(m,3H), 7.52ppm{m,2H).

IR{f1lm) : v = 3060, 2990, 1710, 1580, 1480, 1440, 1420, 1365, 1230, 1070, 690 cem
M.S.(EI) : m/e = 306 and 308 ; 227, 157, 77, 51l.

1

3~Chloro~4-phenylseleno-2-butanone 8f and 3-phenylseleno-4-chloro-2-butanone 9f :
purified as above ; a pale yellow oil.

1H-BMR ; 8f : § = 2.32(s,3H), 3.24{(m,1H), 3.44(m,1H), 4.40{(m,1H), 7.3{m,3H),
7.57ppm(m,2H) ; 9f : § = 2.41(s,3H), 3.78-3.90(m,3H), 7.3(m,3H), 7.62ppm(m,2H).
IR(film) : v = 3080, 2990, 1710, 1580, 1440, 1360, 1200, 1070, 1025, 690 cm .
M.S.{EI} : m/fe = 262 ; 227, 219, 157, 77, 51.

2-Bromo~3-phenylselenopropanal 89 and 2-phenylseleno-3-bromopropanal 99 : purified
by chromatography on silicagel (CH_Cl_.) ; a pale yellow oil.

1H-NMR : 8g : = 3.32(m,1H), 3.95%m,ix), 4.45(m,1H}, 7.30{m,3H), 7.74{(m,2H),
9.26ppm{d,1H} 9g : 8§ = 3.57-4.04(m,3H), 7.26{m,3H}, 7.51{m,2H), 9.52ppm{d,1H)
IR(CHCl3) : v 3060, 2950, 2840, 2735, 1720, 1690, 1475, 1440, 1220, 1065, 850,
690 cm ~1

M.S.(EI) : m/e = 292 and 294, 263 and 265, 213, 1587, 77, 51.

M

o~
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2-Bromo-3-methylselenopropanal 8h and 2~nethylse1eno~3-bro-opzopana} 9h
quantitative yield according to NMR spectrum ; an unstable yellow oil.
1H-NMR : 8h : & = 1.30(s,3H), 3.26-3.52(m,2H}, 4.37-4.44(m,1H), 9.30ppm(s,1H} ; %h:

ﬁn?cﬁc?off'éﬂi'2348?'38985“29§§: 2779PPREge M) 440, 1225, 845, 690 cm !
M.S.{CIJIB) : 231 and 233(M+H) , 153.

2-Chloro-3-phenylselenopropanal 8i and 2-phenylseleno-3-chloropropanal 9i :
purified by chromatography on silicagel (CH2C1 ) ; a pale yellow oil.

1H-NMR : 8i : § = 3.30(m,1H), 3.40(m,1H), 4.36%m,1H), 7.33(m,3Hy, 7.55(m,2H),
9.5%ppm{m,1H) ; 9i : § = 3.74-3.88(m,3H), 7.33{(m,3H}, 7.55(m,2H}, 9.55ppm(s,}§)
IR (CHCL v = 3080, 29%0, 2850, 1725, 1580, 1480, 1440, 1070, 1025, 690 cm

}
M.S.(EI? : m/e = 248 ; 21%, 157, 91, 77, S51.

2-Chloro-3-phenylselenobutanal 83 and 2-phenylseleno-3-chlorobutanal 93 : an
unstable yellow o1l.

1H-NMR : 8j : 6§ = 1.84(d,3H), 3.78(dd,1H), 4.32(dq,1H), 7.36(m,3H), 7.56(m,2H),
9.44ppm(d,1lH) ; 93 : § = 1.74(4,3H), 3.82(d4d,1H),4.33(dq,1lH), 7.36(m,3H),
7.60{m,2H}, 9.57ppm{d,1lH).

IR{CHC1 )} Ly = 3060, 2990, 2940, 2830, 2730, 1710, 1580, 1440, 1360, 1145, 1025,
740, 698 cm

M.S.(EI) : mfe = 262 ; 233, 227, 185, 157, 105, 77, 51.

Methyl 2-bromo-3-phenylselenopropionate 8k and methyl 2-phenylseleno-
3-bromopropionate 9k: purified by chromatography on silicagel (Pet.ether/AcOEt
9/1) ; a pale yellow oil.

1H-NMR : 8k : & = 3.28{(d44,1H), 3.5{d4,1H), 3.72(s,3H), 4.32(44,18}), 7.57(m, 3H),
7.78ppm{m,2H) : 9% : § = 3.60-3.90(m,3H), 3.70(s,3H), 7.30(m,3H), 7.52ppm(m,3H) _
IR(film) : v = 3060, 2950, 1735, 1580, 1480, 1435, 1350, 1070, 1025, 830, 690 cm
M.S.{(EI) : m/e = 322 and 324 ; 263 and 265, 243, 157, 77, 51.

Methyl 2-bromo-3-methylselenopropicnate 81 and methyl 2-methylseleno-
3-bromopropionate 91 : purified by chromatography on silicagel (Pet.ether/AcOEt
8/2) ; a pale yellow oil.

1H-NMR : 81 : &§ = 2.12(s,3H), 3.05-3.42(m,2H), 3.75{(s,3H), 4.20-4.,27ppm{(m,1H)
91 ; § = 2.12(s,3H), 3.60~3.83(m,3H), 3.75ppm{s,3H) -1
IR(fiim} : v = 2990, 2950, 1730, l44C, 1420, 1350, 1205, 1070, 830, 690 cm
M.S.(EI) : m/e = 260 and 262 ; 245 and 247, 181, 165 and 167, 95.

Methyl 2-chloro-3-phenylselenopropionate 8Sm and methyl 2-phenylseleno-
3-chloropropionate 9m : purified by chromatography on silicagel (Pet. ether/AcOEt
9/1) ; a pale yellow oil.
1H-NMR : 8m : § = 3.29(m,1H), 3.46(m,1H), 3.75(s,3H), 4.39(m,1H), 7.38(m,3H),
7.60ppm{m,2H); %9m : § = 3.74(s,3H), 3.78-4.0(m,3H), 7.35(m,3H), 7.65ppm(m,2H)

v 3

I =

IR(film) 080, 2990, 2340, 1740, 1580, 1440, 1350, 1070, 1025, 745, 695 cm
M.S.(EI) : m/e = 278 ; 243, 157, 121, 77, 51.

Tert~butyl 2-chloro-3-phenylselenopropionate Bn and tert-butyl 2-phenylselenc-
3-chloropropionate 9n : purified by chromatography on silicagel {(Pet. ether/AcOEt
95/%) ; a colorless oil.

1H-NMR : 8n : 8 = 1.55(s,9H), 3.25{m,1lH), 3.40(m,1H), 4.25(m,lH}, 7.36(m, 3H),
7.66ppm{m,28) ; 9n : § = 1.50(s,9H), 3.72-3.94(m,3H}, 7.33(m,3H), 7.6ppm(m,2H}
IR(film}) : v = 3075, 2985, 2940, 1730, 1580, 1480, 1440, 1370, 1070, 745, 690 cm
M.S.(EI) : m/e = 320 ; 285, 247, 219, 157, 77

~1

Methyl 2-chloro-3-phenylselencbutanocate 8o and methyl 2-phenylseleno-
3-chlorobutancate %0: obtained by distillation as a pale yellow oil of b.p.
64-66°C/0.01 Torr (both regioisomers).

lH-NMR : 80 : 8§ = 1.46(d,3H), 3.62(dq,1H), 3.64¢(s,3H), 4.23(d,1H), 7.32(m,3H),
7.5ppm{m,2H) ; 90 : 1.7(d,3H), 3.64(s,3H), 3.72(4,1H), 4.32(dq,1H), 7.3(m,3H},
7.58ppm{m, 2H} .

IR(film) : v = 3060, 2985, 2950, 1735, 1580, 1480, 1440, 1290, 1070, 740, 690 <:m‘l
M.S. (EI} : m/e = 292 ; 257, 233, 157, 135, 77, 51.

2-Chloro-3-phenylselenopropionic acid 8p and 2-phenylseleno-3-chloropropionic acid
9p : obtained by crystallization from diethylether/Pet.ether at -20°C as colorless
crystals.

l1H-NMR : 8p : § = 3.31(m,1lH), 3.47(m,1H), 4.43(m,1H), 7.40(m,3H), 7.6%(m,2H},
11.74ppm(s,1H) ; 9p : § = 3.89-4.0(m,3H), 7.41(m,3H), 7.63(m,2H}, 11.74ppm{s,1H).
IR(CH C12) t v 3500, 2960, 1745 and 1710, 1580, 1480, 1440, 1305, 1025, 690 cm
M.s.(B1)%. mse = 264 ; 229, 219, 157, 107, 77, 51.

2-Chloro-3-phenylselenopropionyl chloride 8q and 2-phenylseleno-3-chloropropionyl
chloride 9q : a pale yellow oil.

1H-NMR : 8q : § = 3.34(m,1H), 3.44(m,1H), 4.61(m,1H), 7.44(m, 3H), 7.64ppm (m, 2H)
9q : § = 3.72-3.88(m,2H), 4.15{m,1H), 7.44{m, 3RK), 7.64ppm{m, 2H)

IR(falm} : v = 3080, 2980, 1770, 1580, 1480, 1440, 1070, 1025, 910, 740, 6%0 cm_l
M.S.(EL) : m/e = 282 ; 247, 219, 157, 77, S1l.

;
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2-Bromo-3-methylselenopropionitrile 8r and 2-methylseleno-3~bromopropionitrile 9r :
obtained by chromatography on silicagel (pet.ether/CH2C12 : 7/3) as an unstable
pale yellow oil.

1H-NMR : 9r : 2.33(s,3H), 3.58-3.84 ppm(m,3H) _

IR(film) : v = 2925, 2235, 1440, 1230, 900 cm

2-Chloro-3-phenylselenopropionitrile 88 and 2-phenylseleno-3-chloropropionitrile
9s: purified by chromatography on silicagel (pet.ether/AcOEt : 8/2) ; a pale yellow
oil.

1H-NMR : 88 : 6 = 3.29(m,1H), 3.35(m,1H), 4.42(m,1H), 7.5ppm(m,SH) ; 98 : § =

1r90120F3 (M3 3086°PBBEB SYd60, 1580, 1480, 1440, 1070, 1025, 745, 690 cm >
M.S.(EI) : m/e = 245 ; 210, 168, 157, 77, 51.

2-Chloro-3-phenylselenobutanonitrile 8t and 2-phenylseleno-3-chlorobutanonitrile 9t
obtained by chromatography on silicagel (pet.ether/AcOEt = 8/2) and distillation as
a pale yellow o0il of b.p. : 70-72°C/0.01 Torr (both regicisomers).

l1H-NMR : 8t : § = 1.62(d,3H), 3.8(d,1H), 4.39(dq,1lH), 7.4(m,3H), 7.68ppm(m,2H) ;
9t: 6 = 1.72(d,3H), 3.98(d,1H), 4.17(dq,1lH), 7.23(m,3H), 7.58ppm(m,2H) -1
IR(film) : v = 3070, 2990, 2940, 2250, 1580, 1480, 1440, 1390, 1025, 745, 695 cm
M.S.(El) : m/e = 259 ;224, 182, 157, 77, S51.

1-Chloro-2-phenylthioethyl phenyl sulfoxide 6u and l-phenylthio-2-chloroethyl
phenyl sulfoxide 7u : a colorless oil.

1H-NMR : 6u : § = 3.18(m,1H), 3.58(m,1H), 4.42(m,1H), 7.1(s,5H), 7.40ppm(m,S5H) ;
Ju: § = 3.92-4.17(m,3H), 7.17(s,5H), 7.32(m,3H), 7.60ppm(m,2H). 1
IR(film) : 3060, 2940, 1580, 1480, 1440, 1145, 1090, 1050, 1025, 915, 745, 690 cm
M.S.(EI) : m/e = 296 ; 261, 171, 125, 109, 77, 51.

1-Chloro-2-phenylselenocethyl phenyl sulfoxide 8v and l-phenylseleno-2~chloroethyl
phenyl sulfoxide 9v: a pale yellow oil.

lH-NMR : 8v : 8 = 3.17(dd,1H), 3.58(dd,1H), 4.55(dd,lH), 7.10(s,5H), 7.45ppm(m,5H);
9v : 6 = 3.92(dd4,1H), 4.07(dd,1H), 4.24(d4d,1lH), 7.42ppm(m,10Hl

IR(CH C12) : 3080, 2950, 1580, 1480, 1440, 1055, 1025, 690 cm

M.S.(EI) : m/e = 344 ; 309, 267, 219, 157, 125, 77, S51.

l-Methylseleno-2-bromoethyl phenyl sulfoxide 9w : a pale yellow oil.

1H-NMR : 9w : § = 2.92(s,3H), 3.50(dd,1H), 3.90(dd,1H), 4.08(dd,1H), 7.48(m, 3H),
7.69ppm{(m, 2H)

IR(fi;T) : v = 3060, 3020, 2930, 1580, 1475, 1440, 1080, 1040, 910, 750, 715,
690cm .

M.S.(CI/IB) : m/e = 327 and 329 (M+1) ; 247, 231 and 233, 201 and 203.

l1-Phenylthio-2-chloroethyl ethyl sulfone 7x : a colorless o1il.

1H-NMR : 7x : 6 = 1.31(t,3H), 3.16-3.28(m,2H), 3.24(m,lH), 4.26(m,1H),4.31(m,1H),
7.36(m,3H), 7.64ppm(m,2H).

IR(film) v,= 3060, 2990, 2940, 1580, 1475, 1440, 1315, 1130, 1110, 1025, 790,
750, 690 cm

M.S. (EI) : m/e = 264 ; 229, 171, 154, 109, 77, S51.

1-Phenylseleno-2-chloroethyl ethyl sulfone 9y : a colorless oil.

1H-NMR : 9y : 1.34(t,3H), 3.2-3.46(m,2H), 3.96(m,1lH), 4.22(m,1H), 4.33(m,1H),
7.32(m,3H), 7.74ppm(m,2H). -1
IR(film) : v = 3065, 2985, 2945, 1580, 1480, 1440, 1315, 1135, 1025, 740, 690 cm
M.S.(EI) : m/e = 312 ; 277, 235, 219, 157, 15S, 77, S1.

1-Phenylseleno-2-chloroethyl phenyl sulfone 9z: purified by washing with pet.ether;
a pale yellow oil.
1H-NMR : 92 : § = 3.79(m,1lH), 4.20(m,1lH), 4.35(m,1H), 7.2-7.95ppm(m, 10H)

IRifilm) : v = 3070, 2990, 1580, 1480, 1440, 1315, 1150, 1080, 1025, 740, 735, 690
cm
M.S.(EI) : m/e = 360 ; 325, 282, 219, 157, 77, S51.

l-Methylseleno-2-bromoethyl phenyl sulfone %aa : obtained by chromatography on

silicagel (CH2cl2) and crystallization in CH2C12/n—hexane at -20°C as colorless
crystals of mUp. : 99-100°C.

1H-NMR : 9aa : 6§ = 2.20(s,3H), 4.04(m,1H), 4.14(m,1H), 4.50(m,lH), 7.62(m,3H),

7.95ppm(m, 2H)

IR(f1lm) : v = 3060, 2940, 1580, 1440, 1320, 1150, 1080, 780, 690 cm_1
M.S.(EI1} : m/e = 342 and 344 ; 263, 247 and 249, 201 and 203, 95.

Bis (l1-phenylseleno-2-chloroethyl) sulfone 9ab : obtained by washing the crude
adduct with pet.ether as a mixture of meso and d,]1 i1somers (l:1) ; a pale yellow
oil.

lH-NMR : 9ab : isomer A : § = 3.78(d4d4,2H), 4.18(dd,2H), 5.10(dd,2H), 7.36(m,6H),
7.70ppm(m,4H) ; isomer B : & = 3.82(dd,2H), 4.18(dd,2H), 5.04(dd,2H), 7.36(m,6H),
7.70ppm(m, 4H) .

IR(fi1lm) : v = 3075, 2970, 1580, 1480, 1440, 1320, 1135, 1070, 1025, 790, 690 cm_l
M.S.(EI) : m/e = 502 ; 467, 345, 219, 157, 77, S1.
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1-Chloro~2-phenylseleno-l-nitroethane 8ad : purified by washing with pet. ether ; a
yellow oil.

1H-NMR : 8ad : 3.89(m,lH), 3.95(m,1H), 5.58(m,1H), 7.25(m,3H), 7.58ppm(m,2H) _
IR(film) : v = 3080, 2980, 1580, 1480, 1440, 1350, 1200, 1070, 1025, 860, 690 cm
M.S.(EI) : m/e = 265 ; 219, 157, 77, 51.

Bthyl 2-chloro-3-phenylselencacrylate 24 and ethyl 2-phenylseleno-3-chloroacrylate
23 : obtained by stirring equimolar amounts of ethyl propiolate and C_H_SeCl 1in
CH_.Cl_ at room temperature for 3 days ; purified by dhromatography on silicagel
(cyclohexane followed by ether) and distillation as a pale yellow oil of b.p.
95-100°C/0.01 Torr (both regioisomers).

1H-NMR and 13C-NMR of 23 : § = 1.21(t,3H), 4.15(q,2H), 6.53(s,1H), 7.20(m,3H),
7.47ppm(m,2H); 13.93(Qm), 61.82(Tq), 125.15(Sd), 125.47(Ds), 127.89(Sm,C-1Ph},
128.54(Dt,C~4Ph), 129.52(Dt,C~2,6Ph), 133.88(Dm,C-3,5Ph), 163.99ppm(Dt)

IR(film) v, = 3080, 2980, 1725, 1590, 1580, 1480, 1440, 1370, 1305, 1210, 1030,
795, 690 cm

M.S.(EI) : m/e = 290 ; 261, 255, 245, 217, 157, 77, Sl.

NMR monitoring of selenium dichloride intermediates 16 : olefine S (0.5 mmole),
PhSeCl (0.156 g, 0.5 mmole) and 1 ml CDC1 are placed into an NMR tube. The spectra
are recorded every 5' during the first hour, then every 10' during the following
30'. The data are collected in Table III.

Chlorination of adducts 8f and 9f : sulfuryl chloride (0.068 gr, 0.5 mmole) is

added into a CDCl, solution of a 1l:1 mixture of adducts 8f and 9f (0.5 mmole).
elenium dxchlorxaes 16f and 17f are immediately formed 1in a 1l:1 ratio as shown by
H-NMR (200 MHz). NMR data of 16f and 17f : see text. Later the signals of 19 (AB

system ; § = 3.90, §_ = 4.56 ppm (d, J B - 11.78 Hz)) and 18 (A2 system ; § = 4.56

ppm (s))appear after 90 min. Compound 2? 1s observable after 4 hSurs (ABX system ;
= = = = N = 7. , = 5.47

:é)l4g;91' GB 3.78, Gx 4.39 ppm (m, JAB 11.44, JAX 7.61 JBX 5.4

Synthesis of Olefins 10 and 11: Unless indicated otherwise, triethylamine (2.53gr,
25 mmoles) in ether (10ml) 1s added dropwise into the mixture of both regioisomers
(10 mmoles) in ether (20ml). After stirring for 16 hours at room temperature,
filtration and evaporation, the crude product is purified as specified for each
compound.

2-Phenylseleno-2-butenonitrile lla : purified by chromatography on si1licagel 27
(CH Cl2) and distillation ; pale-yellow liquid b.p. : 63-65°C/0.01 Torr.

lH—ﬁMR (CDC13) : 8§ = 2.02 and 2.08(2d,3H); 6.87 and 6.94(2q,1H); 7.36(m,3H) ; 7.56
ppm{(m, 2H) .

13C-NMR (CDCl.) : 1somer E : §= 19.42(Qd); 10l.14(Ds); 115.89(Sd); 127.71(Sm,C-1Ph)
128.73(Dt,C—4Bh); 129.63(Dm,C-2,6Ph); 133.67(Dm,C-3,5Ph); 152.55ppm(Dg) isomer 2

§ = 18.28(Q,d); 104.68(Ds); 117.45(sd); 127.17(Sm,C~1Ph); 129.18(Dt,C-4Ph); 129.63
(Dm,C-2,6Ph); 134.21(Dm,C-3,5Ph); 149.42ppm(Dq).

IR(f1lm) : v = 3070, 2220, 1615, 1580, 1480, 1440, 1380, 1310, 1025, 740, 695 cm_l
M.S.(EI) : m/e = 223 ; 208, 196, 157, 77, S1

Found : C : 53.90, H : 4.09, N : 6.31, C10H9Nse

Requires : C : 54.07, H : 4.08, N : 6.30.

2-Phenylselenopropenonitrile 11lb: purified by chromatography on silicage127.
(Pet.ether/ACOEt:7/3) and distillation ; pale yellow liquid of b.p. : 54-56°C/0.02
Torr.

1H-NMR(CDCl_) : 8§ = 5.95(d,1lH) ; J=0,4Hz), 6.35(d,1H), 7.36(m,3H), 7.60ppm(m, 2H)
l3C—NMR(CDCf ) ¢ 8 =111.13(st), 117.16(Dd), 126.84(Sm,C-1Ph}, 130.07(Dt,C~4Ph),
130.4S(Dm,C—§,6Ph), 135.54(Dm,C~-3,5Ph)}), 135.73ppm(Ts) .

IR(f1lm) : v = 3090, 3040, 2200, 1580, 1470, 1440, 1370, 1135 cm_l

M.S.(EI) : m/e=209 ; 182, 157, 77, 51

Found : € : 51.79, H : 3.52, N : 6.59, C_H_NSe

Requires : C : 51.94, H : 3.39, N : 6.73? 7

2—Heth¥ése1enopropenonitrile llc : purified as indicated above ; pale yellow
liquid of b.p. : 70~72°C/17 Torr.

1H-NMR (CDCl_) : & = 2.37(s, 3H), 6.10(d,1H,3=0,4Hz), 6.42ppm(d,lH)

IR(film) : v”= 3095, 3020, 2940, 2215, 1575, 1440, 1380, 1280, 1155, 9lOcm—l
M.S.(EI) : m/e = 147, 132, 120, 95, 52.

Methyl 2-phenylselenopropencate 11ld : purifigd by chromatography on sxllcagelz7
(CH,Cl_) and distillation ; pale yellow o1l of b.p.:65-67°C/0.01 Torr
lH-ﬁMR%CDCl ) : § = 3.70(s, 3H), 5.15(d4,1H, J=0.6Hz), 6.45(d,1H), 7.23(m,3H),
7.50ppm(m,2a)

13C~NMR(CDC1_) : § = 52.54(Qs), 124.90(Ts), 127.05(Sm,C-1ph), 129.01(Dt,C-4Ph),
129.78(Dm,C-3,6Ph), 135.16 (Sm) , 136.42(bm,C~-3,5Ph), 164.90ppm(Sm) .

IR(film) : v = 2940, IZOO, 1580, 1420, 1365, 1260, 1225, 1090, 1005, 900 cm-l
M.S.(CI/IB) : 243(M+1) ;165, 157, 77, 51.

Tert-butyl 2-phenylselenopropenocate lle : purified by chromatography on Si155399127
(pet.ether/AcOEt = 95:5) and distillation ; rather unstable pale yellow o1l .

b.p. : 64°C/0.005 Torr.
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1H-NMR (CDCl.) : §
7.50ppm(m,2H? -1
IR(film) : v = 3060, 2240, 1720, 1615, 1580, 1480, 1440, 1245, 1040, 690 cm
M.S.{CI1/1IB) : 273{M+1) ; 195, 157, 77, 51

= 1.53(s,9H}), 5.25(d,1H,J=0.6Hz), 6.55(d,1H), 7.14(m,3H),

Methyl 2—Ieth¥§selenopropenoate 11f : pur:fied by distillation, an unstable pale
yellow liquid .

b.p. : 55-57°C/2 Torr

1H—NMR(CDC13) : § = 2.08(s,3H), 3.75(s,3H), 5.52(d,lH,J=o.93Hz)L16.67ppm(d,lﬂ)
IR(f1lm) : v = 3060, 2?40, 1710, 1580, 1480, 1440, 1090, 690 cm

M.S.(CI/IB) : 181 (M+1) , 165, 95.

Methyl 2-phenylseleno-2-butencate llg : Elim1nai§on is performed in refluxing
benzene. Distillation affords a pale yellow oil of b.p. : 60-62°C/0.01 Torr
1H-NMR (CcDCl.) : § = 2.04(d,3H), 3.67(s,3H), 7.21(m,3H), 7.36(m,2H), 7.48ppm(q,lH)
13C-NMR (CDCf3) : = 17.71(Qd), 51.29(Qs), 124.49(Sm,C-1Ph), 125.62(Dt,C-4Ph},
128.18(bpm,C-2,6Ph), 129.82(Dm,C-3,5Ph), 130.15(Sm), 147.93(Dgq), 164.73ppm(Sm
IR{f1lm)}) : v = 3060, 2950, 1720, 1610, 1580, 1480, 1440, 1245, 1040, 690 cm
M.S.(EI) : m/e = 256 ; 197, 157, 99, 77, S1l.

2-Phenylselenopropenamide 11h : Elimination 1s done 1in refluxing CHCl, and the
mixture 1s then poured into water (100ml). Extraction (CH,Cl,), drying (MgSoO,)
filtration and evaporation of the so%gent leaves a solid Which 1s recrystallized 1n
CH2C1 /n-hexane (8/2), white crystals™ of m.p. : 108¢C

1H-NMﬁ (CDC13) : § = 5.94(d4,1H), 6.52(br,2H), 6.81(d,1H), 7.28(m,3H), 7.45ppm
(m,2H) .

13C-NMR (CDCl_) : & = 124.27(Ts), 129.53(Sm,C-1Ph), 129.86(Dt,C-4Ph},
130.98(Dm,C-2,6Ph), 136.30(Dm,C-3,5Ph)}, 139.77(Sm), 170.12ppm(Sm)

IR (CH C12) ilv = 3500, 3390, 3090, 1680, 1590, 1580, 1565, 1480, 1440, 1390, 1130,
1020, €90 cm

M.S.(El1): m/e = 227, 211, 183, 157, 77.

2-Phenylselenopropenal 15} : purified by chromatography on silicagel (CH2C12) ;
unstable pale yellow o1l

1H-NMR (¢DCl.) : 6 = 5.85(d,1H, J=1.1Hz), 6.45(d,1H), 7.4(m,5H), 9.45ppm(sL}H)
IR(film) : v = 3010, 2850, 2820, 2760, 1680, 1580, 1440, 1020, 980, 690 cm -

2-Phenylseleno-2~-butenal 11j : elimination must be effected 2.5 hrs after addition
?§ iilenenyl halide to crotonaldehyde ; purified by distillation ; pale yellow oil
'“"0f b.p. : 60-62°C/0.01 Torr.

1H-NMR (¢cDCl_.)y : § = 2.18¢(d,3H), 7.21(m,3H), 7.27(q,1lH), 7.36{(m,2H), 9.38ppm(s,lH)
13C-NMR (CDC? ) : 6§ = 18.18(Qd), 126.04(Dt,C~4Ph), 128.39(Dm,C-2,6Ph),
128.97(Sm,C~13h), 130.53(Dm,C-3,5Ph), 135.95(bdq), 158.02(Dg), 189%9.76ppm(Dd)
IR(film) : v = 3060, 282?, 2735, 2690, 1695, 1610, 1580, 1480, 1440, 1370, 1170,
1070, 1025, 740, 690 cm

M.S.(EI) : m/e = 226, 197, 182, 157, 77, 69, 51.

2-Methylselenopropenal 1llk : Elimination effected at -40°C ; this compqynd
undergoes a very rapid dimerization (15 min) to give the dihydropyrane . All
attempts to purify 1llk led to i1solation of the dimer.

1H-NMR (CDC13) : § = 2,20(s,3H), 2.56(s,3H), 6.27(d,1H), 6.65(d,1H), 9.S5ppm{s,1lH)

3-Phenylseleno-3-buten-2-one 111 : purified by flash chromatography on silicagel
(Pet.ether /AcOEt : 9/1) gives a pale yellow oil which n be crystallized from CCl

at -20°C. The product is unstable at room temperature ; m.p. : 32°C. 4
1H-NMR (CDC13) : § = 2.4(s,3H), 5.45(d,1H,J=1.74 Hz), 6.40(d,1H), 7.40-7.70ppm
(m,5H) .

IR(film) : v = 3010, 1660, 1600, 1580, 1360, 1020, 910 cm 1

M.S.(EI) : m/e = 226 ; 183, 157, 77, S1, 43.

1-Phenylselenovinyl phenyl ketone 1llm : BYrified by flash chromatography on
silicagel (benzene), unstable yellow oil

1H-NMR (¢DCl_) : 6 = 5.87(d,1H, J=1.50Hz), 6.05(d,1H), 7.40ppm(m,10H)

IR(film) : v = 3070, 1640, 1590, 1570, 1470, 1440, 1260, 1020, 910 cm_
1-Phenylthiovinyl phenyl sulfoxide 10n : purified by chromatography on silicage127
(CH_Cl,) and recrystallized from a mixture AcOEt/Pet.ether (2/8) at -20°C
colorléss crystals ; m.p. : 46-47°C.; b.p. : 140-143°C/0.001 Torr

1H-NMR (CcDCl_ ) : 8§ = 5.87(d,1H,J=1.40Hz), 6.57(d,1H), 7.10(s,5H), 7.27{m,3H),
7.S7ppm(m,2H?

13C-NMR (CDCl_) : 6§ = 123.09{({Ts), 125.0(Dm,C~-2,6S(O)Ph), 127.29(Dt,C~4SPh),
128.31(Dm,C-3,58(0)Ph), 128.70(Dm,C-2,6SPh), 130.31(Dm,C-3,5SPh),
130.92(Dt,C-4S(0)Ph), 131.25(Sm,C-1SPh), 141.93(Sm,C-1S(0O)Ph), 149-89ppm(Sm)

IR (CH,Cl1,) : v = 3060,+1580, 1480, $440, 1260, iOQO, 1070, 1050, 1025, 690 cm .
M.S.(Cf/IE) : 521 (2M+1) ; 395(M+135) ; 261 (M+1) ; 151, 135, 109.

H

Found : C : 64.39, H : 4.40, O : 6.30, S : 25.28, C14H12052
Requires : C : 64.58, H : 4.64, O : 6.14, s : 24.63.
1-Phenylselenovinyl phenyl sulfoxide 1llo : recrystallization from CH2C12/Pet.ether

(1/3) at -20°C ; colorless crystals. m.p. : 35°C.
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1H-NMR (CDCl_.) : & = 5.95(d,1H,J=1.92Hz),6.85(d,1H), 7.07(m,5H), 7.17(m,3H),
7.48ppm(m,2H?
13C-NMR (CDCl_) : & = 124.89(Dm,C-2,6S(0)Ph}, 125.20(D4), 127.25(Dt,C-4Se-Ph),
127.64(Dm,C-3.55(0)Ph), 128.04(Sm,C-1SePh), 128.51(Dm,C-2,6SePh),
130.61(Dt,C-4S(0)Ph), 132.63(Dm,C-3,5SePh), 141.69(Sm,C-1S(0)Ph), 146.35ppm(St)
IR (CH_Cl,) : v = 3090, 3060, 1580, 1480, 1440, 1090, 1070, 1050, 1020, 690 cm
M.s.(cf/cﬁq) : 309 (M+l) ; 183.

Found : C : 54.8l, H : 4.01, O : 5.31, s : 10.40, cl4ﬁlzos59
Requires : C = 54.72, H : 3.94, 0 : 5.21, S : 10.43°

l-Hethylss;enovinyl phenyl sulfoxide 1llp : purified by chromatography on
silicagel (CH.Cl_.)/ACOEt : 9/1) and distillation ; a pale yellow o1l ; b.p.
100~-105°C/0.005 Torr.

1H-NMR (CDCl.) : & = 1.90(s,3H), 5.91(d4,1H, J=0.9 Hz), 6.67(d,1H), 7.38(m,3H),
7.60ppm(m,2H?

13C-NMR (CDCl.) :8 = 7.49(Qs), 121.23(Ts), 124.52(Dm,C-3,5Ph), 127.98¢(bm,C-2,6Ph),
130.46(Dt,C-4ah), 141.96(Sm,C-1Ph), 146.90ppm(Sm) -1
IR(film) : v = 3060, 2940, 1580, 1440, 1045, 1035, 1025, 910, 775, 690 cm

M.S.(EI) m/e = 246 ; 151, 126, l20, 77, S1l.

Found : C : 43.86, H : 4.18, C9H100SSe

Requires : C : 44.08, H : 4,11

1-Phenylthiovinyl ethyl sulfone 10q : purified by chromatography on sxlicage127
(Pet. ether./AcOEt : 9/1) and distillation : a colorless o1l of b.p.
109-110°C/0.01 Torr.

1H-NMR (CcDCl_)y : 6 = 1.30(t,3H), 3.15(q,2H), 5.63(d,1H,J=1.60Hz), 6.33(4,1H),
7.329pm(m,5ﬂ?

IR!Eilm) : v = 3060, 2990, 2940, 1600, 1580, 1480, 1440, 1315, 1150, 1025, 690
cm

M.S.(EI) : m/e = 228 ; 199, 151, 135, 109, 77, 51
Found : C : 52.41, H : 5.40, O : 14.0, S : 28.12, C
Requires : C : 52.60, H : 5,30, 0 : 14.01, S : 28.0

éoﬂlzozsz

1-Phenylselenovinyl ethyl sulfone 1llr : purified by chromatography on 51lica99127
(CH C12) and distillation ;a pale yellow o0il of b.p. : 95-97°C/0.001 Torr
1u-fimrZ(cpcl.) : 6 = 1.30(t,3H), 3.2(q,2H), 5.84(d,lH, J=1.98Hz), 6.76(d,1H),
7.40(m, 3H), .64ppm(m,2H) .

13C-NMR (CDCl,) : & = 6.55(Qt), 46.18(Tq), 126.65(Ssm,C~1Ph), 128.23(Dt,C-4Ph),
129.36(Dm,C~-2;6Ph), 129.58(Ts), 134.52(pm,C-3,5Ph), 140.72ppm(Sm). .
IR(film) : v = 3070, 2940, 1590, 1580, 1480, 1440, 1315, 1150, 1090, 790 cm

M.S.(EI) : m/e = 276; 183, 157, 117, 77, 51.

Found : C : 43.67, H : 4.54, S : 11.61, ClOHIZOZSSe.

Requires : C : 43.64, H : 4,39, s : 11.65"

l1-Phenylselenovinyl phenyl sulfone 118 : obtained by cristallization from
diethylether ; colorless crystals ; m.p. : 68-69°C.

1H-NMR (CDCl,) : 6 = 5.98(d,lH, J=1.90 Hz), 7.0(d,1H), 7.33(m,5H), 7.63(m,63H), 8.0
ppm{m, 2H) .

13C-NMR (CDC13) : § = 127.53(Sm,C-1SePh), 128.41(Dbm,C-2,6S0_Ph), 128.79
(Dt,C-4seph), “128.79(Dm,C-3,550,Ph), 129.44(Dm,C-2,6SePh), £30.48(1s),
133.59(Dt,C-450,Ph), 134.17(Dm, C-3,5SePh), 138.23(Sm,C-1S0,Ph), 144.08ppm(St).

IR (CH C12) : v =_3070, 1590, 1580, 1480, 1440, 1320, 1310,71155,

1080, %75, 630 cm .

M.S.(EI) : m/e = 324; 298, 183, 157, 141, 77, S1.

Found : C : 51.75, H : 3.82, C H, ,O0_SSe
Requires : C : 52.02, H : 3,744 1272

Bis- (l-phenylselenovinyl)sulfone 11t : purified by chromatography on sil.lcagelz7

(Pet. ether/AcOEt : 9/1) and recrystallisation from ethanol as colorless crystals.

m.p. 49-50°C

1H-NMR (CDCl._.) : § = $.99(d,2H, J=2.0 Hz), 6.94(d,2H), 7.37(m,6H), 7.58ppm{m,4H) .

13C-NMR (CDC )y :+ 8§ =127.26(Sm,C-1Ph), 129.02(Dt,C-4Ph), 129.64(Dm,C-3,5Ph),

132.33(Ts), 134.64(Dm,c-2,6ph), 140.87 ppm (Sm).

IR(CH ClZ)-i v = 3070, 3040, 1590, 1580, 1480, 1440, 1300, 1140, 1070, 1015, 780,
650 cm

M.S. (EI) : m/e = 430; 273, 183, 157, 77, 51.

Found : C : 44.82, H : 3,25, O_SSe

C H
Requires : C : 44.87, H : 3.29%6 1472 2

l-Methylselenovinyl phenyl sulfone llu : purified by chromatography on silxcage127
(CH2C1 ) and recrystallization from a mixture CHZCIZ/n-hexane (6/4) at -20°C as
colorless crystals. M.p. : 63-64°C.

1H-NMR(CDCl_ ) : 6§ = 2.14(s,3H), 5.98(d,1H, J=1.71 Hz), 6.88(d,l1H), 7.56(m,3H),
7.94ppm(m,2&)

13C-NMR(CDC1,) : 6 = 8.65(Qs), 127.53(Ts), 127.92(bm,C-2,6Ph), 128.64(Dm,C~3,5Ph),
133.34(Dt,C-4Ph), 138.21(Sm,C-1Ph), 142.97ppm(Sm)

IR(CH Clz) : 6§ = 3060, 2940, 1580, 1440, 1315, 1305, 1155, 1075, 915, 690 crn_l
M.S.(EI) : m/e 262; 121, 9%, 77, 51
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Found : C : 41.80, H : 3.99, s : 12.53, C9HlOOZSSe
Requires : C : 41.39, H : 3.86, § : 12.27

1-Nitro~2-phenylselenoethylene 25 : purified by chromatography on silicagel
(cyclohexane, then CH_Cl_) crystallization from a mixture ether/n-hexane (2/3)
gives the cis-isomer as Yellow needles. m.p.: 69-70°C

b.p.(trans-isomer} : 90-93°C/0.005 Torr as a Yellow olil

1H-NMR{CDCl1_) : cis-isomer : § = 7.36(m,3H), 7.56(m,3H), 7.91ppm(d,lH, J=7.16Hz) ;
trans-isomet : § = 6.6(d,1H, J=13.40Hz), 7.22(m,5H), 8.38ppm(d,lH)
13C-NMR (CDC1 : cis-isomer : 6 = 129.19(Dt,C-4Ph), 129.72(bm,C-3,5Ph),
131.32(Sm,C- lsh), 133.14(Dm,C~2,6Ph), 133.14(Dm), 146.66ppm(Dd)

IR (CH_C1l ) : v = 3090, 3070, 1585, 1570, 1480, 1330, 1300, 1160, 790 c¢m
M.S. (Ef) T m/e = 229; 183, 157, 152, 77, 51.

Found : ¢ : 42.10, H : 3.33, N : 6.21, O : 14.12, C_H NO Se

7
Requires : C : 42.12, H : 3.09, N : 6.14, O : 14. 03?

-1
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