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Abstract: Addition of methane- and benzeneselenenyl bromide or chlaride 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 J3_ are generally formed, which can be 
interconverted by<quii~brat% in refluxing acetonitrile. It is of 
mechanistic interest that the regioisomers may also derive from selenenyl- 
trihaiide adducts. In comparison to acrylic esters, the propiolic ester 
reacts more slowly, producing mainly the a-selenenyl adduct. Dehydrohalo- 

qenation of adducts provides a general and valuable method for the prepa- 
ration of olefins carrying methyl or nhenylselenenyf groups in a-position 
to electron-withdrawing substituents. 

Selenenylated olefins have been found to be particularly useful radicophlles. 

Compared to their sulfur analogs, these olefins 1 show even more lnterestang 

aspects. Thus for example, adduct-dimers 3 lose diphenyl diselenide, leadlng 

generally to symmetrical fumaric acid derlvatlves 4 121 . ; 

3 4 

(65-75%) 

= CN, COOCH3 

= (CH3)2(CN)C *, CIt$*wx.qC’ 
In order to develop d general method for the preparation of selenenylated 

oleflns, we have conducted an extensive study of the addltlon of selenenyl halIdes 

(and sulfenyl halide in some cases) to olefins 1 substituted by electron- 

withdrawing groups, 

dehydrohalogenated 

The adducts 2 and z or 8 and 2 can be conveniently 

to olefins ic and A&. 

R1 R8 
R%lX R2 =H R2 MR5 

- R2 

R4 -HX 
R1 d4 

li, M=S 1 n=s ‘0 M=S 

s M = se 2 M = Se 11 H = Se 

X = Cl, Br i Rl, R2, R3 = H, CH3 ; rt4 = electron-withdrawing grow 
I? = CH3, C6H5 
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Addition of Selenenyl Halldes ----------------_-- 

s. PlElTRE er al. 

Since the work of Kharash 
(3,4.51 , 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 
(6) . 

Although these additions generally appear to be of electrophilic nature, eve" 

electron poor-oleflns react well. These addltlons proceed via tight or solvent 

separated Ion-pairs such ds 11 or 14 rather than via covalent cycles 12 or -- 
(4) 

eplsulfo"lum lolls 15 . TheoretIcal studies support this mechanistic view 
(7) . -- 

11 13 - 14 1-I 

The isomerlzatlon of franslent cyclic lntermedlates to the adducts takes place 

almost generally with trans-stereospeclficity (3e4e5). In the case of non-symmetrical 

olef1ns, two regloisomers are generally formed resulting from nucleophllic attack 

by the halide at either carbonc5). The amount of each regloisomer is dependent on 

the experimental conditions, temperature, solvent and on the substituents at the (1 

or 6 carbon. 

The isomerlzatlon of the kinetic product to the thermodynamic one is achieved 

either thermally or by acid catalysis (51 . The rate of addition of sulfenyl halides 

to acrylic acid derlvatlves 5 decreases with lncreaslng electron-withdrawing 
4 

character of the substltuent R . The following order of reactivity has been 

established(6) : 

R4 = CN (COCl (COOH (COOCH3 <CONHC6H5 

The reactlon between the oleflns 5 and methanesulfenyl chloride leads to a 

mixture of kinetic and thermodynamic adducts already at -65O C (EdI . In the case of 

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

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

observed(*a'g). The addition of selenenyl halides follows essentially the same 

pathway as with the sulfur analogs (5) . Only a slight difference in the positive 

charge distribution between the thiyl and selenenyl cyclic intermediates wds 
(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_trlfluoropropene, leading to adduct 9 (11) . 

C6HsSe Cl Sec&j 
L 
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Addltlons of selenenyl halldes to acrylic or crotonlc acid derlvatlves 2 is ____________________ _-__-_--_-____-_ ___-_____-________-_-__--------- 

strongly solvent-dependent and proceeds much faster in acetonitrile than In 

chloroform solution; both cases were studied and are dIscussed below. 

1) RSeX additions to olefins in chloroform solution. 

In this solvent, the addltlons are generally quantitative with the exceptlon of 

the nltriles sr,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 1H NMR (200 MHz) spectroscopy. Both the reglolsomers 8 and 2 are 

lnitlally formed and the mixture evolves toward equlllbrlum. The relative amounts 

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

Table I : Addition of R5SeX to OlefinS 2 (R2 = H) in CHC13. 

Relative Amounts of 2, 2, 2 after 90 minutes. 

R1 R3 R4 R5 X 5 (%I S (%) g (%) 
- _ 

a H CH3 CONH2 'gH5 Cl 0 82 18 

b H H CONH2 'gH5 Br 0 14 86 

c H H CONH 
2 'gH5 

Cl 0 38 62 

d H H CON(CH3)2 'gH5 Cl 0 56 43 

e H H COCH3 'gH5 Br 0 20 80 

f H H COCH3 'gH5 Cl 0 49 51 

g H H CHO 'gH5 Br 0 15 85 

h H H CHO CH3 Br 0 7 93 

1 H H CHO 'gH5 Cl 0 45 55 

j CH3 H CHO 'gH5 Cl 0 24 70 

k H H COOCH 3 'gH5 Br 0 38 62 

1 H H COOCH 3 CH3 Br )(dl 0 88 

m H H COOCH 46 3 'gH5 CL lZtd' 37 

n H H COOC4Hg-t 
'gH5 

Cl g(d) 34 47 

o CH 3 H COOCH3 'gH5 Cl 10td) 9 81 

P H H COOH 
'gH5 

Cl lSCd' 37 45 

q " H COCl Cl 52(d' 17 20 

r H H CN(" 

'gH5 

CH3 Br 75 0 25 

5 H H CNtb) 'gH5 Cl 30 13 56 

t. CH3 H CN(C) 
'gH5 Cl 39 15 27 

(a) : after 18 hours at room temperature ; (b) : after reflux In CHC13 during 

120 hrs ; (Cl : after reflux In CHC13 during 360 hrs ; (d) : redctlon 1s not 

complete. 

It is noteworthy that in the thermodynamically favored adduct 2, the 

electron-withdrawing and the electron-donating substituent 1.e. selenenyl group, 

are located at the same carbon (captodatlve substitution). Regioisomers 8 show 

characterlstlc ABX or AMX (AB) patterns from which coupling constants were 

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

The NMR data are collected In Table II. 
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The 
1 
H-NMR spectra reveal also that a third product IS formed, the concentratlo" 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 
1 
H-NMR data (see below). Direct -- 

chemical evidence IS obtained by chlorination of cf and 9f which leads to the 

corresponding selenoether dichlorides. Chemical shifts of 16 and concentrdtlons 

after 5 and 90 minutes reactlon times are shown I" Table 'III. 

R' = H, CH 

gR*R3 
R2,R3 

3 
=H 

R5SeX2 R4 
R4 = electron-withdrawing grouD 

R5 = CH 

16 
3' '6"5 

- X = Cl, Br 

Table III : Chemical Shifts and Concentrations of 16 (R2, R3 = H) after 5 and -- 

90 minutes. 

4 

R’ R4 R5 x csA 6, 6, Chemical Shifts of Other Chemical (%I (%) 
after 

(ppm) the phenyl grow shifts (ppm) 5' 90' 

__-__- 

Cl 4.65 5.55 

Cl 4.62 5.42 

Cl 4.66 4.62 5.45 

Cl 5.12 5.48 - 

3.06(5,3H), 

3.lJ(s,3H) 

2.52(s,3H) 

9.70(S,lH) 

1.80(d,3H), 

9.60(d,lH) 

3.93(s,3H) 

2.92(s,3H), 

3.83(s,3H) 

3.93(9,38) 

l.SS(s,gH) 

1.80(d,3H), 

3.84(s,3H) 

ll.J4(s,lH) 

9 

15 

18 

4 

BT 4.68 5.49 

Br 4.42 5.37 

6 

20 

Cl 4.68 5.49 

Cl 4.66 5.40 

Cl 4.99 5.50 - 

15 

15 

10 

Cl 4.73 5.57 6 

C-H_ Cl 4.80 4.71 5.74 

0 

0 

0 

0 

0 

0 

2 

3 

0 

3 

1 I (a 
5 . . _.. ._ 

d H CONKli3)2 

f H COCH 
3 

9 H CHO 

j CH3 CHO 

k H COOCH 
3 

1 H CooCH3 

m H COOCH3 

n H CCO%H 
49 

o CH3 COOCH3 

P H COOH 

q H COCl(=) 

'6"s 

'gH5 

'6H5 

'gH5 

'6H5 
CH 

3 

'6"s 

'6H5 

'gH5 

'gH5 

)I 
(a) reaction is not complete 

The calculated coupling constants of ABX systems in the case of acrolel" (entry 

16g; JAB -_ = - 11.29 HZ; JAx = 6.58 HZ; J 
BX 

= 8.78 Hz) and acryloyl chloride (entry 

16q; JAB = -- - 11.35 HZ; JAX = 5.82 HZ; J 
BX 

= 9.11 Hz) are characteristic of a" 

acyclIc structure. The formation Of /c can be explaIned by assuming a" equlllbrlum 

between areneselenenyl halides and the dismutation products, namely. are"ese1e"e"Yl 

and trihalides and diselenide (12) . Actually, selenenyl trihalides are known to add 

to alkyl substituted olefins producing two regioisomers 16 and 17 (5,131 
__ _- 

AtSeX + X2 

3 ArSeX e ArSeXg 
+ 

R 

Ar S eSe Ar < A,&-( + .xvs 

E I? 

the addition of R'SeX 
- 

I” contrast, 3 to electron-poor oleflns 2 studied I" this 

work is regiospeciflc. Selenomonohalide adducts 8 could arise from the reduction of 

16 by diselenlde present in the equilibrium. -_ 

The involvement of ArSeCl 3 in the addition of p-tolueneselenenyl chloride to 

ethylene has already been shown (13cl . Compound 16f can also be obtained together -- 
with its ls~~mer ilf by chlorinating (S02C12) the mixture of regloisomers 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 : 6 -- A 
= 4.2C; 6B = 4.0; bx = 5.42 ppm; JAB = - 12.18; JAx = 

9.96; JBx = 2.87 Hz). The deshielding increments permit the structure 

(13) 
asslgnements . The NMR study of the chlorination of gf and sf show that the 

subsequent HCl elimination from ;cf and ilf 

to zg and ,i'14'. 

so2c12 Cl 

d et - - 
c&SeCl2 C0CH3 

16f - 

so $12 SQC~?C~HS - HCl 
Qt - - C COCH3 

gives 18 and 12 thereby finally leading 

HCl 
c 

- CgH5SeCl 

Cl 

f 
Cl 

COCH3 

SeC6H5 

rt 

Cl 

C COCH3 

19 - 

H Cl 
Cl 

c 
- Crji5SeCl C COCH3 

21 - 

The comparison between RSeCl and RSeBr additions shows that the more bulky and 

polarizable bromine atom favors the captodative isomer 9 rather than El (see Table X - 

: entries b and c, e and f, g and 1, k and ml. 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 oleflns in acetonitrlle solution. 

Compared to the reaction of RSeX in CHCl3 solution, these additions are much faster 

I" CH3CN, and accordingly the thermodynamic equllibrlum is reached more rapidly 

(Table IV). In practice, all these 

Table IV shows that when R 
1 

= CH3, 

t) while methacrylamide (R 
3 

= CH3) 

additions can be performed at room temperature. 

2 is produced almost exclusively (entries o and 

gives predominantly 2 (entry a). 

Table IV : Rat10 of Reglolsomers 8 and 9 resulting from the Addltlon of 

C6H5SeC1 to olefins 5 (R2 = H) I" CH3CN. 

R1 R3 R 
4 Ratio a/9 -- 

At r.t.(r)'aJuno" heating (a) 
Time of 
heating 

a 9 8 9 
(h-s) 

- - 

a H 
C"3 

d H H 

f H H 

I H H 

m H H 

0 
CH3 

H 

P H H 

q H H 

S H H 

t 
CH3 

H 

CONH2 32 68 

CON(CH3) 2 68 32 

COCH3 70 30 

CHO 76 24 

COOCH) 65 35 

COOCH3 50 50 

COOH 48 52 

COCl 6C 40 

CN 33(b' 67(b' 

CN 22(b' 77(b' 

a2 18 3 

27 73 1.5 

21(=) 7g(=) 1.5 

27(=' 73(c' 1.5 

22 78 5 

0 100 1 

13 87 1 

30 70 4.5 

30 70 2 

7 93 2 

a) after 5' at room temperature ; b) after 18 hours at room temperature : reactlon 

"on complete ; c) partial degradation occurred. 
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Additions of RSeX (or C H SC11 to olefins 5 substituted by Sulfinyl ________________-__----6_5-_--__-___-___-__ - -_____-___--- ___---- -L------- sulfonyl or ----- 

nitro group occur in CHcl; solutron at room temperature. The captodatrve --_--- --- 

regroisomer 2 (M = S) or 2 (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 5 or s,fTables V and VII. 

Table V : Isomer Ratios Formed in the Addition of R'SeX or C6H5SCl to Olefins 5 

(R1,R2,R3 = H) substituted by Sulfinyl, Sulfonyl or Nitro Groups. 

U S (0)C6H5 C6Hs 
s Cl 24 63 

" SfOlC6H5 'gH5 
Se Cl 6 93 

w S10)C6H5 cH3 
Se Br 0 100 

x 
S02C2H5 '6*5 

S Cl 0 100 

Y SO C H 
225 'gH5 

Se Cl 0 100 

z 
s"2c6H5 'gH'3 

Se Cl 0 100 

aa SO C H 
26 5 CH3 

Se Br 0 100 

ab S02CH(SeC6H51-CH2Cl 'gH5 
Se Cl 0 100 

ac 
N02 'gH5 

S Cl 20 0 

ad 
N02 CbHs 

Se Cl 100 0 

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

Oleflns 2 (R1,R2,R3 = H) Substituted by sulfinyl, sulfonyl or Nitro 

Groups. 

6 or 8 7 or 9 

R4 R5 M x JAB(At4) JAX 
J 

BX(MX) 'AB(AM) 'AX JeX(MX) 
(Hz) (Hz) (Hz) (Hz) (Hz) (HZ) 

u sfOtcbH5 C6H5 S Cl -14.0 8.G 4.0 ( f 

V S(0)C6H5 C6H5 Se Cl -13.6 9.0 3.8 11.5 8.5 5s(aP 

w S(0)C6H5 CH 
3 

Se Br - 6.9 10.9 7.7 

x S02C2Hs C6H5 S Cl - - - 4.13 7.97 -11.64 

Y S02C2H5 C6H5 Se Cl - - 5.33 6.91 -12.34 

z S02C6H5 C6H5 Se Cl - - 4.19 8.64 -12.09 

aa S02C6H5 CH3 
Se Br - 4.39 10.89 -12.1 

ab S02CH(SeC6H5)-CH2Cl C H 65 se Cl - - 5.8 7.8 -12.0(b) 
6.0 7.5 -11.6(b) 

ac 
NG2 C6H5 S Cl -12.31 10.08 4.10 

ad NO 
2 C6H5 Se Cl -12.40 11.08 3.37 

(al ASC patterns ; b) mixture 1:l of meso and d,l isomers. 

The amount of captodative regioisomers 1s larger with selenenyl chloride (entry 

v) than with sulfenyl chloride (entry Uf, thereby reflecting the larger steric 

hindrance of selenoether 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 2 or _9 is formed in analogy to 

the addition of suifenyl halides (Be,91 . Addltlon of tW0 eqUivale"ts of C6H5SeC1 to 
divinylsulfone affords bis-adduct 4 (entry ab). In contrast, reaction of C6H5SeC1 

with nitroethylene leads in CHCl 3 quantitatively to the regioisomer I! after 3 days, 

while C6H5SCl produces only about 20 P of isomer 6 which moreover could not be 
- 

isolated; adduct 2 could not be detected. It is surprisinq that in acetonitrile 

adduct 8ad is obtained in only 20 $ yield. --- 
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Addition of C Ii SeCl to Ethyl Propiolate 
__-----_______6_5_---____--- ----- ------ 

-- 
In analogy to the addition of C H5SeC1 to propiolic acid 

(15) 

,1g, 

and the 

corresponding addition of C6H5SC1 we found that the addition to ethyl 

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

The structure of the isomer 21 was determined by 
13 

C-NHR spectroscopy. The value of 

the 
3 
J coupling between the carbon of the carboxylic group and the olefinic proton 

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

CH2Cl2 H w ScCgH5 H CL 
H- E-COOC2H5 + C6H5SeU + 

2ooc 
C COOC2H5 

x 
c6H# 

12 

COOC2H5 

23 
24 

- 70% (9:1) - 
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 

approaches : a) selenenylation of vlnylic carbanions (17) , b) lithiation of ketene 

selenoacetals followed by introduction of the electron-withdrawing group 
(18) I -=) 

oxidation of allylic alcohols followed by elimination (19) . An one-pot reaction 

using the pyridine/CSH SeCl reagent (equation d) appears to be confined to vinyl 
(30, ketones and aldehydes . Our synthesis 1s based on the dehydrohalogenation of the 

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

R’ 1) LDA 
R1 = alkyl, vinyl 

2) C6H5508r 
R2 

COOR2 
= alkyl 

b) 
R S&H3 1) BuLi R E 

ScCH3 2) E@ SeCH3 

R = alkyl 

E = CRO, COOH, COOCH3 

cl 

d) 

0) 

The Table 

undergoes 

the right 

KF 

- r( 

SeCgH5 
- 

16-Crown- 6 
R’ COR3 

R1 = alkyl, aryl i R2 = CH 3, Si(CH3)2C4R9-t i R 
3 = H, CH 

3 

R1 cof? kH5SeCl 

R @ 

R2 MR5 

a M = S 

1 M=Se 
VII shows that 

an elimination 

until the ellm 

lM=S tQM=S 

2 M = Se fl M = Se 

, using triethylamine as a base, 

to give 11. This in turn shifts -- 

inatlon is completed. Olefins 10 -- 

only the isomer 9 - 

the equilibrium a',? to 

are obtained III an 
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analogous manner (entries n and q). The rates of elimination expectedly depend on 

the nature of the electron-withdrawing substltuent. Thus with sulfonyl or aldehyde 

groups, the reaction is almost instantaneous but with the sulflnyl substituent, the 

reaction is complete only after 16 hours at room temperature, whereas the amide 

necessitates seflux in CHCl 3 for two hours. 

Table VII : Yield and Coupling Constants of AB systems of Oleflns :O and 11 (R2=") - 

R4 Yleld($l Ia) ZJ 
IiII("z) 

a C" CN 65(') 
3 

SeC6H5 

b H SeC6H5 CN 55 0.4 

c H SeC"3 CN 35 0.4 

d H SeC H COOCH3 57(17) 0.6 
6 5 

e H SeC6H5 COOtC4H9 53 0.6 

f H SeCH3 COOCH3 81 0.93 

9 C"3 
SeC6H5 COOCH3 B6(17), (cl 

h H SeC6H5 CONH2 96 

i Ii SeC6H5 CHO 6B(21) 1.10 

I CH3 
SeC6H5 CHO 65(17.21),u~) _ 

k H S&H3 CHO 4ofb' 

1 H set H 1.74 
6 5 

COC" 
3 

B5(21) 

m H SeC6H5 COC6H5 50(21) 1.50 

n H 
SC6"5 S(0)C6H5 

64(21) 1.4 

0 H SeC6H5 S(0)C6H5 91 1.92 

P H S&H3 S(0)C6H5 70 0.9 

q H 
SC6H5 

SO C H 
2 2 5 

75(8a,9C) 1.60 

r H SeC6H5 S02C2H5 89 1.98 

s H SeC6H5 SO C H 
2 6 5 

92 1.90 

t H SeC6H5 S02-~,lSeC6H5) 94 2.0 

C"2 

" H SeCH3 SO C H 265 89 1.71 

(a) yield based on the starting olefins : (b) isolated as a dihydrooiran 

[4+2]dimer (22) : (c) only isomer E is obtained ; (d) mixture of E and 

z isomers 

Nltroethylene adduct which contains the strongest electron-withdrawing group 

constitutes a special case. Only reglolsomer 8 is obtained which does not - 

equilibrate wit10 the captodative isomer. Consequently, the ellmlnation leads 

exclusively to the B-selenenylated nitroethylene 25 as a 1:l mixture of ~1s and -- 
trans isomers(23). 

CA.5 : trans = 1 : 1 

Studies concerning the reactivity of these olefins are in progress 111 this 

laboratory, in particular the use of B-phenylselenonitroethylene as a synthetic 

equivalent of the nitroacetylene (24,25) 
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BXPBRIHENTAL 

Boiling points are uncorrected ; melting points were measured on a Leits Wetslar HM 
LUX apparatus and are uncorrected. lH-NMR : spectra were recorded in CDCl3 solution 
,,elng TMS es internal reference at 200 MHZ on Varian XL-200 spectrometer. For 
coupling constants, see Tables in the text. 13C-NMR spectra were recorded in CDC13 
solution on Varian CFT-20 spectrometer fmultzplicity due to one-bond couplings : 
S=singlet, D=doublet, T=trlplet, 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 HAT-445 spectrometer and are given for the 80 

5% 
Isotope. Henzeneselenenenyl halides were synthesized as described zn litterature 
and methaneselenenyl bromide was formed III 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 is 

stirred at room temperature in CH2C12 or acetonitrrle (with nitriles, sulfones and 
acryloyl chloride) until discoloration 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 re9loisomers. 

Z-methyl-2-chloro-3-pheuylselenopropionamide Ba and 2-methyl-2-phenylseleuo 
3-chloropropionamide 9a : purified by chromatography on silicagel (Pet.ether/AcOEt 

= 6/41, a pale yellow oil. 
lff-NHR : 8a : 6 = 1.6Ofs,3Ht, 3.?O(d,lH,J=lO.Q6Hs), 4.ll(d,lHf, 6.66(br,2Hl, 
7.25fm,3H). 7.58ppm(m,2Hl i 9a : 6 5 1.87<~,3Hl, 3.49(d,iH,J=l2.74 Hz), 3.58(d,lH), 
6.66(br,2H), 7.25(m,3Hl, 7.58ppm(m,2Hl 
IR(film1 
740, 

: E1= 3470, 3340, 3190, 3080, 2990, 2940, 1675, 1580, 1480, 1440, 1025. 
690 cm 

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

2-Bromo-3-phenylselenopropionamide 8b and 2-phenylseleno-3-bromopropionamide 9b: 
obtained by crystallization in CH Cl as colorless crystals. 
lH-NMR : Sb : 6 = 3.41(m,lH), 3.6s(m?lHl, 4.44(m,lHl, 5.9-6.55(br,ZHl, 7.45(m,3Hl, 
7.70ppm(m,2H) ; 9b : 6 = 3.72-4.0(m,3H), 5.90-6.55(m,2H), 7.42(m,3H), 7.70ppT(m,2H1 

IR(CH CN) : u = 3440, 3235, 3040, 2955, 1690, 1610, 1560, 1415, 740, 690 cm 
M.S.($I) : m/e = 307 and 309 ; 263 and 265, 228, 157, 77, 51 

2-Chloro-3-phenylselenopropionamide 8c and 2-phenylseleno-3-chloropropiouamide 9c : 
obtained by crystallization in CH Cl as colorless crystals. 
lH-NMR : 8c : 6 = 3.32(dd,lH), 3.&[sd,lH), 4.46(dd,lH), 6.10(br,ZH), 7.36(m,3H), 

7.58ppmtm,2Hl ; Qc : 6 = 3.74-3.84fm,ZH), 4.12fm,lHl, 5.84tm,ZH1, 7.3fm,3Ht, 
7.62ppm(m,2Hl. 
IR(CH CN1 : v = 3440, 3235, 3040, 2960, 1685, 1610, 1580, 1410, 690, 740 cm-l 
M.S.(&) : m/e = 263 ; 228, 219, 157, 106, 77, 51. 

N,N-Dimethyl 2-chloro-3-phenylselenopropionamide 8d and N,N-dimethyl 2-phenylseleno 
3-chloropropionamide 9d : purified by chromatography on silicagel (Pet.ether/AcOEt: 

6/4); a colorless oil. 
IH-NMR : Bd : 6 = 2_9(s,3H), 2.93(s,3H), 3.22tdd,lHf, 3.69fdd,lH), 4.6O(dd,lH). 
7.22im.3H). 7.44ppm(m,2H) : 9d : 6 = 2.88(s,3H), 3.0(s,3Hl, 3.77(dd,lHl, 
4.14(dd,lH), 4.29(dd,lH). 7.26lm.3H), 7.52ppm(m,2Hl. 
IR(film1 
740, 

: !l= 3060, 2970, 2940, 1650, 1580, 1480, 1440, 1420, 1400, 1070, 1025, 
690 cm 

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

3-Bromo-4-phenylseleno-2-butanone Se and 3-phenylseleno-4-bromo-2-butanone 9e : 
purified by chromatography on silicagel (benzene) ; a pale yellow 011. 
lH-NMR : 8e : 6 = 2.31(s,3H), 3.25(dd,lH), 3.5l(dd,lH), 4.45(dd,lH), 7.35(1,3H), 
7.55ppm(m,ZH) J 9e : 6 = 2.37(s,3H), 3.63(dd,lH), 3.77(dd,lH), 4.0(dd,lH), 
7.32(m,3N), 7.52ppm(m,2H). 
IRffllmf = 3060, 2990, 1710, 1580, 1480, 1440, 1420, 1365, 1230, 1070, 690 cm -1 : v 
M.S.(EI) : m/e = 306 and 308 ; 227, 157, 77, 51. 

3-Chloro-4-phenylseleno-2-butanone 8f and 3-phenylseleno-4-chloro-2-butanone 9f : 
purified as above ; a pale yellow oil. 
lo-NMR : 8f : 6 = 2.32(s,3Hl, 3.24(m,lHl, 3.44(m,lHl, 4.40(m,lHl, 7.3(m,3H), 

7.57ppm(m,2H) 
IR(film) 

; 9f : 6 = 2.41(s,3H), 3.78-3.90(m,3H), 7.3(m,3H), 7.62ppm(m,ZJj). 
: ” = 3080, 2990, 1710, 1580, 1440, 1360, 1200, 1070, 1025, 690 cm . 

M.S.tEIl : m/e = 262 ; 227, 219, 157, 77, 51. 

2-Broro-3-phenylselenopropanal 8g and 2-phenyleeleno-3-bromopropanal 9g : purified 
by chromatography on silicagel (CH Cl 1 . a pale yellow oil. 
lo-NMR : 8g : 6 = 3.32fn,lH), 3.95tm.$Hl; 4.45(m,lHl, 7.30(m.3H), 7.74fm,2Hf, 
9.26ppm(d,lH) ; 9g : 6 = 3.57-4.04(m,3Hl, ?.26(m,3Hl, 7.5l(m,2Hf, 9.52ppm(d.lHf 
IR(CHC13) : 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, 157, 77, 51. 
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2_8roro_3_methy~selenopropanal 8h and 2-•ethylseleno-3-broropropanal gh : 
quantitative yield according to NhR spectrum i as unstable yellow oil. 

IH-Nt,R : 8h : & = l.go(s,3h>, 3.26-3.52(m,2H), 4.3?-4.44(=,1H), 9.30ppm(s+lH) i 9h: 
4.iCftC9~5:~aHL~2348~-~a~8!m2~~~; 97?k!?P’!d~~fH144~, 1225. 845, 690 cm-l 
M.S.(CI IS) : 231 and 233(M+H) , 153. 

2-chloro-3-phe~yleelanopropropana~ 8i and 2-phenylseleno-3-chloroProPana1 9i : 
purified by chromatography on sllicagel (CH C1 ) . a pale Yellow oil. 

lH-NMR : 8i : 6 = 3.30(m,lH), 3.40(m,lH), 4236tm,;H), 7.33(m,3H), 7.55(m,2H), 
9_59ppm(m,lN) ; 9i : 6 = 3.74-3.88(m,3H), 7.33(m,3H), 7*55(m,2H1, 9*55PPm(s*iyf 
IR(CNC1 j : v E 3080, 2990, 2850, 1725, 1580, 1480. 1440, 1070, 1025, 690 Cm 

M.S.(EI~ : m/e = 248 ; 219, 157, 91, 77, 51. 

2-chloro-3-phenylselenobutanal 8j and 2-phenylsefeno-3-chlorobutanal 9j : an 
unstable yellow 021. 
lH-NNR : Bj : 6 = 1.84(d,3H), 3.78(dd,lH), 4.32(dq.lH), 7.36(m.3H), 7.56(mv2H). 
g.44ppm(d,lk) ; 9j : 6 = 1.74(d,3H), 3.82(dd,lH).4.33(dq.lH), 7-36(m,3H), 

7.60(m.2~), 9_57ppm(d,lH). 
IR(CHCl ) 
740, 

6gd =;_y = 3060, 2990, 2940, 2830, 2730, 1710, 1580, 1440, 1360, 1145, 1025, 

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

Methyl 2-brouo-3-phenylselenopropionate 8k and methyl 2-~henyls~lem- 
3-brolopropionate 9k: purified by chromatography on sllicagel (Pet.ether/AcOEt : 
9/l) ; a pale yellow oil. 
lH-NNR : 8k : 6 = 3.28(dd,lH), 3_5(dd,lH), 3.72(s,3H), 4.32fdd.lH1, 7.57(m,3H)* 

7.78ppm(m,ZH) : 9k : 6 = 3.60-3.90fm,3H), 3.70(~,3H), 7.3Ofm,3H), ?.52PPm(m,3H) _I 
IR(fllm) : \) = 3060, 2950, 1735, 1580, 1480, 1435, 1350, 1070. 1025, 830, 690 cm 
N.S.(EI) : m/e = 322 and 324 ; 263 and 265, 243, 157, 77. 51. 

Methyl 2-bromo-3-rethylselenopropionate 81 and methyl 2-rethylseleuo- 
3-broaopropionate 91 : purified by chromatography on sillcagel (Pet.ether/AcOEt : 
S/2) ; a pale yellow oil. 
lH-NMR : 81 : 6 = 2.12(s,3H), 3.05-3.42(m,2Hl, 3.75(6,3Hl, 4.20-4.27~~m(m,lH) 

91 ; 6 = 2.12(s,3H), 3.60-3.83(m,3H), 3.75ppm(s,3H) 

IR(fllml : v = 2990, 2950, 1730, 1440, 1420, 1350, 1205, 1070, 830, 690 cm 
-1 

M.S. IEI) : m/e = 260 and 262 ; 245 and 247, 181, 165 and 167, 95. 

Uethyl 2-chloro-3-phenylselenopropionate 8r and methyl 2-phenylseleno- 
3-chloropropionate 9m : purified by chromatography on sIlicagel (Pet. ether/AcOEt : 
9/l) ; a pale yellow oil. 
lH-NMR : 8a : 6 = 3.29(m,lH), 3.46(m,lH), 3.75(s,3H), 4.39(m,lH), 7.38(m,3H), 
?.60ppm(m,ZH); 9m : 6 = 3.74(s,3H), 3.78-4.0(m,3H), 7.35(m,3H), 7.65ppm(m,2H) 
IR(film) : u = 3080, 2990, 2340, 1740. 1580, 1440, 1350, 1070, 1025, 745, 695 cm-l 
M.S.(EI) : m/e = 278 : 243, 157, 121, 77. 51. 

Tert-butyl 2-chloro-3-phenylselenopropionate 8n and tert-butyl 2_phenylseleno- 
3-chloropropionate 9n : purlfled by chromatography on silicagel (Pet. ether/AcOEt : 
95/5) ; a colorless oil. 
lo-NMR : 8n : 6 = 1.55(s,9H), 3.25(m,lH), 3.40(m,lH), 4.25(m,lH), 7.36(m,3H), 
7.66ppm(m,2Hl ; 9n : 6 = 1.50(s,9H), 3.72-3.94(m,3H), 7.33(m,3H), ?.6ppm(m,ZH) 
IR(fiim) : v = 3075, 2985, 2940, 1730, 1580, 1480, 1440, 1370. 1070, 745, 690 cm-l 
M.S.(EI) : m/e = 320 ; 285, 247, 219, 157, 77 

Hethyl 2-chloro-3-phenylselenobutanoate 80 and methyl 2_phenylseleno- 
3-chlorobutanoate 90: obtained by distillation as a pale yellow oil of b-p. : 
64-66eC/0.01 Torr (both regioisomersl. 
lH-NMR : 80 : 6 = 1.46(d,3H), 3.62(dq,lH), 3.64(s,3H), 4.23(d,lH), ?.32(m,3H), 
7.5ppmIm,2H) ; 90 : 1.7fd,3H), 3.64(s,3Hl, 3.?Z(d,lH), 4.32(dq,lH), 7.3(m,3Hf, 

7.58ppm(m,2H). 
IR(film) : u = 3060, 2985, 2950, 1735, 1580, 1480, 1440, 1290, 1070, 740, 690 cm-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 -200~ as colorless 
crystals. 
IH-NMR : 8p : 
1l.?4ppm(s,lH) 

6 = 3.3l(m,iH), 3.47(m,lH), 4.43(m,lH), 7.40(m,3H1, ?.69(m,2H), 

IR(CH Cl ) 
i 9p : 6 = 3.89-4.O(m,3H), 7.41(m,3H), 7.63fm,2Hf, 11.74ppm(s,lH) 

: Y = 3500, 2960, 1745 and 1710, 1580, 1480, 1440, 1305, 1025, 690 cm" 
M.S.(gIJ2: m/e = 264 ; 229, 219, 157, 107, 77, 51. 

2-Chloro-3-PhenylseLenopropionyl chloride 8q and 2-phenylseleno-3-chloropropionyl 
chloride 9q : a pale yellow oil. 
lH-NHR : 8q : 6 = 3.34(m.lH), 3.44(m,lH), 4.61(m,lH), 7.44(m,3H), 7.64ppm(m,2H) ; 
9q:6 = 
IRtfllmt 

3.72-3.881m,2H), 4.15(m,lH), 7.44(m,3H), 7.64ppm(m,2H) 
: U = 3080, 2980, 1770, 1580. 1480, 1440, 1070, 1025, 910, 740, 690 cm-l 

M.S.(EI) : m/e = 282 ; 247, 219, 157. 77, 51. 
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?-Broro-3-reehylselenopropionitrile 8r and 2-rathylseleno-3-broropropropionitrila 9r : 
obtained by chromatography on silicagel (pet.ether/CH2C12 : 7/3) as an unstable 

pale yellow oil. 
lH-NMR : 9r : 2.33(s,3H), 

IR(film) 

3.58-3.84 ppm(1n,3H)_~ 

: u = 2925, 2235, 1440, 1230, 900 cm . 

2-Chloro-3-phanylselanopropropionitrile 8s and 2-phenylseleno-3-chloropropionitrile 

9s: purified by chromatography on silicagel (pet.ether/AcOEt : 8/2) ; a pale yellow 

oil. 

lH-NMR : 8s : 6 = 3.29(m,lH), 3.35(m,lH). 4.42(m.lH). 7.5DDm(m.SH) : 98 : 6 = __ 

hVI?iiB 3I"63~'3o~o~p494~~5Y~so , , 1580, 1480, 1440, 1070, 1025, 745, 690 .III-~ 

M.S. (EI) : m/e = 245 ; 210, 168, 157, 77, 51. 

2-Chloro-3-phenylselenobutanonitrile Bt and 2-phenylseleno-3-chlorobutanonitrile 9t 

obtained by chromatography on silicagel (pet.ether/AcOEt = 8/2) and distillation as 

a pale yellow oil of b.p. : 7o-72oC/O.O1 Torr (both regloisomers). 

lH-NMR : Et : 6 = 1.62(d,3H), 3.8(d,lH). 4.39(dq,lH). 7.4(m,3H). 7.68ppm(m,2H) i 

9t: 6 = 1.72(d,3H), 3.98(d,lH), 4.17(dq,lH), 7.23(m,3H), 7.58ppm(m.2H) 

IR(film) : v = 3070, 2990, 2940, 2250, 1580, 1480, 1440, 1390, 1025, 745. 695 cm 
-1 

M.S.(EI) : m/e = 259 ;224, 182, 157, 77. 51. 

1-Chloro-2-phenylthioethyl phenyl sulfoxide 6u and 1-phenylthio-2-chloroathyl 

phenyl sulfoxide 7u : a colorless oil. 

lH-NMR : 6u : 6 = 3.18(m,lH), 3.58(m,lH), 4.42(m,lH). 7.l(s,SH). 7.4op~m(m,5H) i 

7~: 6 = 3.92-4.17(m,3H), 7.17(s,SH), 7.32(m,3H), 7.6oppm(m.2H). 

IR(film) : 3060, 2940, 1580, 1480, 1440, 1145, 1090, 1050, 1025, 915, 745, 690 cm_1 

M.S.(EI) : m/e = 296 ; 261, 171, 125, 109, 77, 51. 

l-Chloro-2-phenylaelenoethyl phenyl sulfoxide 8v and l-phenylseleno-2-chloroethyl 

phenyl sulfoxide 9v: a pale yellow oil. 
lH-NMR : 13v : 8 = 3.17(dd,lH), 3.58(dd,lH), 4.55(dd,lH), 7.1O(s,SH), 7.45ppm(m.5H); 

9v : 6 = 3.92(dd,lH), 4.07(dd,lH), 4.24(dd,lH), 7.42ppm(m.10Hll 

M.S.(k) 

IR(CH cl21 : 3080, 2950, 1580, 1480, 1440, 1055, 1025. 690 cm 
: m/e = 344 ; 309, 267, 219, 157, 125, 77, 51. 

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

lo-NMR : 9r : 6 = 2.92(s,3H), 3.50(dd,lH), 3.90(dd,lH), 4.08(dd,lH), 7.48(m.3H), 

7.69ppm(m,2H) 

IR(fi&rf) : u = 3060, 3020, 2930, 1580, 1475, 1440, 1080, 1040, 910, 750, 715, 

690cm 

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

l-Phenylthio-2-chloroethyl ethyl sulfone 7x : d colorless 011. 

lo-NMR : 7~ : 6 = 1.31(t,3H), 3.16-3.28(m,2H), 3.24(m,lHl, 4.26(m,lH),4.31(m,lH), 

7.36(m,3H), 7.64ppm(m,2H). 
IR(film) : ” 

-1 
= 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, 51. 

1-Phenylseleno-2-chloroethyl ethyl sulfone 9y : d colorless 011. 

lH-NMR : 9y : 1.34(t,3H), 3.2-3.46(m,2H), 3.96(m,lH), 4.22(m,lH), 4.33(m,lH), 

7.32(m,3H), 7.74ppm(m,ZH). 
IR(film) : u = 3065, 2985, 2945, 1580, 1480, 1440, 1315, 1135, 1025, 740, 690 cm-l 

M.S.(EI) : m/e = 312 ; 277, 235, 219, 157. 155, 77. 51. 

1-Phenylseleno-2-chloroathyl phenyl sulfone 92: purified by washing with pet.ether; 

a pale yellow oil. 

lo-NMR : 92 : 6 = 3.79(m,lH), 4.20(m,lH), 4.35(m.lH), 7.2-7.95ppm(m,lOH) 

IR(film) : u = 3070, 2990, 1580, 1480, 1440, 1315, 1150, 1080, 1025, 740, 735, 690 

cm 

M.S.(EI) : m/e = 360 ; 325, 282, 219, 157. 77, 51. 

1-Wethylsaleno-2-bromoetbyl phenyl sulfone 9aa : obtained by chromatography on 
silicagel fCH2C12) 

crystals of m.p. 

and crystallrzation in CH2C12/n-hexane at -20°C as colorless 

: 99-1oooc. 
lH-NHR : 9aa : 6 p 2.20ts,3H), 4.04(m,l~), 4.14(m,lH), 4.5o(m.lH), 7.6J(m,3H). 

7.95ppm(m,2H) 
IR(fllm1 : v = 3060, 2940, 1580, 1440, 1320, 1150, 1080, 780, 690 tin-1 
M.S.(EI) : m/e = 342 and 344 : 263, 247 and 249, 201 and 203, 95. 

Bie(l-phanylseleno-2-chloroethyl) sulfone 9ab : obtained by washing the crude 

adduct with pet.ether as a mixture of meso and d.1 isomers (1:l) ; a pale yellow 

oil. 

lo-NMR : 9ab : 
7.70ppm(m,4H) ; 

isomer A : 6 = 3.78(dd,2H), 4.18(dd,2Hl, S.lO(dd.2H). 7.36(111.6H). 
isomer B : 6 = 3.82(dd,2H), 4.18(dd,2H), 5.04(dd,2Hl, 7.36(m,6H), 

7.70ppm(m,4H). 
IR(fllm) : u = 3075, 2970, 1580, 1480, 1440, 1320, 1135, 1070, 1025, 790, 690 cm-l 
M.S.(EI) : m/e = 502 ; 467, 345, 219, 157, 77, 51. 
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l-Chloro-z-phenylseleno-1-nitroethane 8ad : purified by washing with pet. ether ; a 

yellow oil. 
lH-NMR : sad : 3.89(m,lH). 3.95(m,lH), 5.58(m,lH), 7.25(me3H), 7.58PPm(ms2H) 

IR(fi1m) : u = 3080, 2980, 1580, 1480, 1440, 1350, 1200, 1070, 1025. 860, 690 cm 
-1 

M.S.(EI) : m/e = 265 ; 219, 157, 77, 51. 

Ethyl 2-chloro-3-phenylselenoacrylate 24 and ethyl 2-phenrlseleno-3-chloroacrylate 

23 : obtained by stirring equimolar amounts of ethyl propiolste and C6H5SeC1 1" 

CH2C12 at room temperature for 3 days ; purified by Chromatography on sl1lcs9s1 
(cyclohexane followed by ether) and distillation as a pale yellow oil of b.p. : 
95-1oo~c/o.o1 Torr (both regiolsomers). 
1"-NHR and l3C-NMR of 23 : 6 = l.Zl(t,)H), 4.15(q,2H), 6.53(s.lH), 7.2O(m.3H), 
7.47ppm(m,2H); 13.93(Qm), 61.82(Tq), 125.15lSd), 125.47(Ds), 127.89(Sm,C-lPh), 
128.54(Dt.C-4Ph), 129.52(Dt,C-2,6Ph), 133.88(Dm.C_3,5Ph), 163.99ppm(Dt) 
IR(fllm) 
795, 

: ul= 3080, 2980, 1725, 1590, 1580, 1480, 1440, 1370, 1305. 1210, 1030, 
690 cm 

M.s.(EI) : m/e = 290 ; 261, 255, 245, 217, 157, 77, 51. 

NMR monitoring of selenium dichloride intermediates 16 : olefine 5 (0.5 mmole), 

PhSeCl (0.156 g, 0.5 mmole) and 1 ml CDCl are placed into an NMR tube. The spectra 

are recorded every 5' during the first ho?r, then every 10' during the following 

30'. The data are collected I" Table III. 

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

added into a CDCl 
3 

solution of d 1:l mixture of adducts 8f and 9f (0.5 mmole). 
$elenium drchlorl es 16f and 17f are immediately formed in a 1:l ratlo as shown by 
H-NMR (200 MHz). NMR data of 16f and 17f : see text. Later the signals of 19 (AB 

system ; 6 = 3.90, 

ppm (s))apiear after 

6 

9 

= 4.56 ppm (d, J 

0 min. Compound 2 fB 

= 11.78 Hz)) and 18 (A2 system ; 6 = 4.56 
1s observable after 4 hours (ABX system ; 

rSpj~4+;l, 6, = 3.78, Ax = 4.39 ppm (m, JAB = 11.44, JAX = 7.61, JBX = 5.47 

Synthesis of Olefins 10 and 11: Unless indicated otherwise, triethylamlne (2.539s. 

25 mmoles) in ether (10ml) 1s added dropwise into the mixture of both regloisomers 

(10 mmoles) 1" ether (20ml). After stirring for 16 hours at room temperature, 

filtration and evaporatron, the crude product is purlfled as speclfled for each 

compound. 

2-Phenylseleno-2-butenonitrile lla : purified by chromatography on sllicagel 
27 

(CH Cl ) and distillation ; pale-yellow llquld b.p. : 63-65°C/0.01 Torr. 

lH-klR2(CDC13) : 6 = 2.02 and 2.08(2d,3H); 6.87 and 6.94(2q,lHl; 7.36(m,3Hl ; 7.56 

ppm(m,lH). 
13C-NMR (CDCl ) : isomer E : 6= 19.42(Qd); 
128.73(Dt,C-4Jh) 

lOl.l4(Ds); 115.89(Sd); 127.71(Sm,C-1Ph) 
; 129.63(Dm,C-2.6Ph); 133.67(Dm,C-3,SPh); 152.55ppm(Dq) isomer 2 : 

6 = 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(fllm) : ” = 3070, 2220, 1615, 1580, 1480, 1440, 1380, 1310, 1025, 740, 695 cm-l 
M.S.(EI) : m/e = 223 ; 208, 196, 157, 77, 51 

Found : C : 53.90, H : 4.09, N : 6.31, C 
10HqNSe 

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

27 2-Phenylselenopropenonitrile llb: purified by chromatography on silicagel _ 
(Pet.ether/ACOEt:7/3) and distillation ; pale yellow liquid of b.p. : 54-56OC/O.O2 
Torr. 

lH-NMR(CDC~ 1 : 6 = 5.95(d,lH) ; J=0,4Hz) 

13C-NMRCCDC? ) : 6 = 111.13(St), 117.16(DA) 
6.35(d,lHl, 7.36(m,3H), 7.60ppm(m,ZH) 

130.45(Dm,C- 1,6Ph), 
126.84(Sm,C-lPh), 130.07(Dt,C-4Ph), 

135.54(Dm,C-3,5Phl, 135I73ppm(Ts). 
IR(Ellm) : u = 3090, 3040, 2200, 1580, 1470, 1440, 1370, 1135 cm-l 
M.S.(EI) : m/e=209 ; 182, 157, 77, 51 
Found : C : 51.79, H : 3.52, N : 6.59, 
Requires 

CgH7NSe 
: C : 51.94, H : 3.39, N : 6.73. 

2-llethri 
liquid 

selenopropenonitrile llc : purified as indicated above ; pale yellow 
of b.p. : 70-72OC/l7 Torr. 

1H-NMR (CDC13) 
IR(film) 

: 6 = 2.37(~,3H), 6.10(d,lH.J=0,4Hz), 6.42ppm(d,lH) 
: V = 3095, 3020, 2940, 2215 

M.S.(BI) : m/e = 147, 132, 120, 95, 5;. 
1575, 1440, 1380, 1280, 1155, 910cm-1 

Methyl 2-phenrlselenopropenoate lid : purif' 27 

(CH Cl ) and distillation ; pale yellow 011 
i7 

d by chromatography on slilcagei 

lH-sHR?CDCl ) 
of b.p.:65-67°C/0.01 Torr 

7.50ppm(m.Z ) a 
: 6 = 3.70(s,3H), 5.15(d,lH, J=0.6Hz), 6.45(d,lH), 7.23(m,3H), 

13C-NMR(CDC1 ) : 6 = 52.54(Qs), 124.90(Ts) 127.05(Sm.C-lPh), 129.01(Dt,C-4Ph), 
l29.78(Dm,C-1,6Phi, 135.16(Sm), 136.42(Dm,;-3,5Ph) 
IR(fllm) 

164.9Oppm(Sm). 
: ” = 2940. 1100, 1580, 1420, 1365, 1260,' 

H.S.(CI/IB) : 243(M+l) ;165, 157, 77, 51. 
1225, 1090, 1005, 900 cm-l 

Tert-butyl 2-phenylselenopropenoate lle : purified by chromatography on 
(pet.ether/AcOEt = 
b.p. 

95:5) and dlstlllation ; 
: 64°C/0.005 Torr. 

rather unstable pale yellow 011 . 
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lN-NMR (CDCl ) : 6 = 1.53(s,9H), 5.25(d,lH,J=O.6Hz), 6.55(d,lH), 7.14(m.3H) n 
7.50ppm(m,2H ? 
IR(film) : v = 3060, 2~40, 1720, 1615, 1580, 1480, 1440. 1245, 1040, 690 cm 

-1 

M.S.(CI/IB) : 273(M+l) ; 195, 157, 77, 51 

nethyl 2-~eth~~~elenopropenoate llf : purlfled by distlllatio". a" unstable Pale 

yellow liquid . 
b.p. : 55-57OC/2 Torr 

lH-NMR(CDC13) : 6 = 2.08(~,3~), 3.75(s,3H), 5.52(d,lH,J=0.93Hzl~16.67pp~(d~lH) 

IR(fllm) : ” = 3060, 2q40, 1710, 1580, 1480, 1440, 1090, 690 cm 

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

Wethyl 2-phenylseleno-2-butenoate llg : ~llmlnal+on is performed in reflUXi"g 

benzene. Distillation affords d pale yellow Oil of b.p. : 60-62oC/O.O1 Torr 

lH-NMR (CDCl 1 : 6 = 2.04(d,3H), 3.67(s,3Hl, 7.2l(m,3H). 7.36(m,2H), 7.48ppm(q.lHl 

13C-NMR (CDCg ) : = 17.7l(Qdl, 
128.18(Dm,C-2j6Phl. 

51.29(Qs), 124.49(Sm.C-lPh), 125.62(Dt,C-4Ph), 

129.82(Dm,C-3,5Ph), 130.15(Sml, 147.93fDq). 164.73~~m(Smi 

IR(fllm) : v = 3060, 2950, 1720, 1610, 1580, 1480, 1440, 1245. 1040, 690 cm 

M.S.(EI) : m/e = 256 : 197, 157, 99, 77, 51. 

2-Phe"ylaele"oprope"amide llh : Ellmlnatlon 1s done 1" refluxing CNC13 and the 

mixture 3s the" poured into water (lOOm1). 

filtration and evaporation of the so36 ent 
Extraction (CH2Cf2), drying (MgSO4) 

leaves a solid which 1.s recrystallrzed 1" 

CH cl /"-hexane(8/2), white crystals 

lHZNMji (CDC13) 

of m.p. : 108OC 

: 6 = 5.94(d,lti), 6.52(br,2H), 6.8l(d,lH). 7.28(m,3H). 7.45PPm 

(m.2H). 
13C-NMR (CDC13) : 6 = 124.27(Ts), 129.53(sm.c-lPh), 129.86(Dt,C-4L’hl, 
130.98(Dm.C-2,6Ph), 136.30(Dm,C-3.5Ph). 139.77(Sm), 170.12PPm(Sm) 
IR (CH Cl ) : y = 3500, 3390, 3090, 1680, 1590, 1580, 1565, 1480, 1440. 1390. 1130, 

1020, g902cm-1 
M.S.(EI): m/e = 227, 211, 183, 157, 77. 

2-Phenylselenopropenal l$f 

unstable pale yellow 011 

: purified by chromatography on sillcagel (CH2C12) ; 

lo-NMR (CDC~~) : 6 = 5.85(d,lH, J=l.lHz), 6.45(d,lH), 7.4(m,5H). 9.45ppm(s,#H) 
IR(film) : v = 3010, 2850, 2820, 2760, 1680, 1580, 1440. 1020, 980. 690 cm . 

2-Phenylaeleno-2-butenal llj : elimination must be effected 2.5 hrs after addltlo" 

~5 qflenenyl halide to crotonaldehyde ; purified by distillation ; pale yellow oil 

' of b.p. : 60-62°C/0.01 Torr. 

lH-NMR (CDCl ) : 6 = 2.18(d,3H), 7.21(m,3H), 7.27(q,lH), 7.36(m,2H), 9.38ppm(s.lH) 

13C-NHR (CDC? ) : 6 = 18.18(Qd,, 
128.97(Sm,C-l$h), 

126.04(Dt,C-4Ph). 128.39(Dm,C-2,6Phl, 
130.53(Dm.C-3,5Ph), 135.95(Ddq), 158.02(Dq), 189.76ppm(Dd) 

IR(fllrn1 : u = 3060, 28zp, 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. 

Z-Methylselenopropenal Ilk : El1mlnation effected at -4OOC ; this compqynd 

undergoes a very rapid dlmerlzation (15 min) to give the dihydropyrane . All 
attempts to purify Ilk led to isolation of the dlmer. 

lH-NMR (CDC13) : 6 = 2.20(~,3~), 2.56(s,3H), 6.27(d,lH), 6.65(d,lH). 9.5ppm(s,lH) 

3-Phenylseleno-3-buten-Z-one 111 : purified by flash chromatography on silicagel 

(Pet.ether/AcOEt : 9/l) gives a pale yellow oil which 58" be cryst;:liCzed from Ccl4 
at -20-c. The product is unstable at room temperature : m.p. : 0 . 
lH-NMR (CDC13) : 6 = 2.4(s,3H), 5.45(d,lH,J=1.74 Hz), 6.40(d,lH), 7.40-7.7Oppm 

(m,5H). 
IR(film) : v = 3010, 1660, 1600, 1580, 1360, 1020, 910 cm 

-1 

M.S.(EI) : m/e = 226 ; 183, 157, 77, 51, 43. 

1-Phenylselenovinyl phenyl ketone lla : sy rifled by flash chromatography on 
slllcagel (benzene), unstable yellow oil 
lH-NMR (cDC13) 

IR(film) 

: 6 = 5.87(d,lH, J=l.SOHz), 6.05(d,lH). 7.40ppm(m,10H)_l 

: ” = 3070, 1640. 1590, 1570, 1470, 1440. 1260. 1020, 910 cm . 

1-Phenylthiovinyl phenyl sulfoxide 10n : purified by chromatography on silicagel 27 

(CH2C12) and recrystallized from a mixture AcOEt/Pet.ether (2/8) at. -20°C ; 
colorless crystals ; m.p. : 46-47OC.; b.p. : 140-143oC/O.O01 Torr 
lH-NMR (CDCl ) : 6 = 5.87(d,lH,J=1.40HZ), 6.57(d,lH), 7.10(s,5H), 7.27(m,3H), 

7.57ppm(m,2H ? 
13C-NMR (CDC13) : 6 = 123.09(Ts), 125.O(Dm.C-2,6S(O)Ph), 127.29(Dt.C_4SPh), 
128.31(Dm,C-3,5S(O)Ph), 128.70(Dm,C-2,6SPh), 130.31(Dm.C-3,SSPh). 
130.92(Dt.C-4S(O)Ph), 131.25(Sm.C-lSPh1, 141.93 (Sm,C-lS(0) Ph), 149-89ppm(Sm) 
IR (CH Cl 1 : ” = 3060, 

M.S.(C /Ig) 1 
1580, 

: 521(2M+l)+; 
1480, $440, 1260, $090, 1070, 1050, 1025, 690 cm-l. 

395(M+l35) ; 261(M+l) ; 151, 135, 109. 
Found : C : 64.39, H : 4.40, 0 : 6.30, S : 25.28, C 

14'120S2 
Requlr<,s : C : 64.58, H : 4.64, 0 : 6.14, S : 24.63. 

1-Phenylselenovinyl phenyl sulfoxide 110 : recrystallization from CH2C12/Pet.ether 

(l/3) at -2ooc ; colorless crystals. m.p. : 35°C. 
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lH-NMR (CDCl,) : 6 = 5.95(d,lH,J=1.92Hz),6.85(d,lH), 7.07(m,SH). 7.17(m,3H), 

?.48ppm(m,2Hf 
13C-NMR (CDCl3) : 6 = 124.89(Dm,C-2,6S(O)Ph), 125.20(Dd), 127.25(Dt,C-4Se-Phl, 
127.64(Dm,C-3,5S(O)Ph), 128.oQ(sm,C-1SePh). 128.5l(Dm.C-2,6SePh), 

130.6l(Dt,C-4S(O)Ph), 132.63(Dm,C-3,5SePh), 141.69(Sm,;;;;(OlPh). ~~‘4;~'~;;'~~~~ 

~"sf~~t~f~~,:~~3~g~~~~;+~O~~~~l~80~ 1480, 1440, 1090, , 1050, 

Found : C : 54.81, H : 4.01, 0 : 5.31, S : 10.40, C14k120SSe 

Requires : C = 54.72, H : 3.94, 0 : 5.21, S : 10.43. 

1-Uethylsq+enovinyl phenyl sulfoxide lip : purified by chromatography on 

silicagel (CH2C12)/AcOEt : 9/l) and dlstlllatlon ; a pale yellow 011 i b.p. : 
loo-105~C/O.O05 Torr. 
lH-NMR (CDCL ) : 6 = 1.9o(s,3H), 5.91(d,lH, JzO.9 Hz), 6.67(d.lH). 7.38(m,3H). 

7.60ppm(m,2H ? 
13C-NMR (CDCl ) :6 = 7.49(Qs), 121.23(Ts), 124.52(Dm.C-3,5Ph). 127.98(Dm,C-2,6Ph), 

130.46(Dt,C-4ah), 141.96(Sm,C-lPh), 146.90ppm(Sml 
IR(film) : v = 3060, 2940, 1580, 1440, 1045, 1035, 1025, 910, 775, 690 cm 

-1 

M.S.(EI) m/e = 246 ; 151, 126, 120, 77, 51. 

Found : C : 43.86, H 

Requires : C : 44.08, 

: 4.18, CgHIOOSSe 

H : 4.11 

1-Phenylthiovinyl ethyl sulfone 1Oq : purlfled by chromatography on sllicagel 
27 

(Pet. ether./AcOEt : 9/l) and distillation : a colorless 011 Of b.p. : 
109-llO°C/O.O1 Torr. 
lH-NMR (CDCl ) : 6 = 1.30(t,3H), 3.15lq,2H), 5.63(d,lH,J=1.60Hz), 6.33(d,lH), 

7.32ppm(m,SH ? 
IR(film) : u = 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, 0 : 14.0, S : 28.12, C 
Requires : C : 52.60, H : 5.30, 0 : 14.01, S : 28.0h?H1202S2 

1-Phenylselenovinyl ethyl sulfone llr : purified by chromatography on sllicagel 
27 

(CH Cl ) and distillation ;a pale yellow oil of b.p. : 95-97°C/0.001 Torr 

lH&R'(CDCl ) : 6 = 1.30(t,3H), 
3.64ppm(m,2Hl. 

3.2(q,ZH), 5.84(d,lH, J=1.98Hz), 6.76(d,lH), 

7.40(m,3Hl, 
13C-NMR (CDC13) : 6 = 6.55(Qt), 46.18(Tq), 126.65(Sm.C-lPh1, 128.23(Dt,C-4Ph), 

129.36(Dm,C-2,6Ph), 129.58(T.s), 134.52(Dm.C-3,5Ph), 140.72ppm(Sm). 

IR(fllm) : Y = 3070, -1 
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 
Requires : C : 43.64, 

: 4.54, S : 11.61, C 10H1202SSe* 
H : 4.39, S : 11.65. 

1-Phenyleelenovinyl phenyl sulfone 11s : obtained by cristalllzation from 
diethylether ; colorless crystals ; m.p. : 68-69'C. 

lH-NMR (CDC13) : 6 = 5.98(d,lH, JE1.90 Hz), 7.0(d,lH), 7.33(m.5H), 7.63(m,3H), 8.0 

pPm(m,2H). 
13C-NMR (CDC13) : 6 = 127.53(Sm.C-1SePh). 128.41(Dm.C-2.6SO Ph), 128.79 
(Dt,C-4SePh). 128.79(Dm,C-3,5S02Ph), 129.44(Dm.C-2,6SePh), f30.48(Ts), 
133.59(Dt,C-4S02Ph), 134.17(Dm, C-3,5SePh), 138.23(Sm,C-1S02Ph), 144.08ppm(St). 

IR (CH Cl ) 
1080, 575: 

: v= -2 070, 1590, 1580, 1480, 1440, 1320, 1310, 1155, 

690 cm . 
M.S.(EI) : m/e = 324; 298, 183, 157, 141, 77, 51. 

Found : C : 51.75, H : 3.82, C 

Requires : C : 52.02, H : 3.74 
14H1202SSe 

Bis-(1-phenylselenovinyl)sulfone llt : purified by chromatography on sillcagel 27 

(Pet. ether/AcOEt : 9/l) and recrystalllsatlon from ethanol as colorless crystals. 
m.p. 49-5ooc 

lH-NMR (CDCl ) : 6 = 5.99(d,2H, J=2.0 Hz), 6.94(d,2H), 7.37(m,6H), 7.58ppm(m,4H). 
13C-NMR ICDC? ) : 6 = 127.26(Sm,C-1Ph) 129.02(Dt,C-4Ph). 129.64(Dm,C-3,5Phl, 
132.33(Ts), 134.64(Dm,C-2,6Phl, 140.87'ppm (Sm). 
IR(C~~~lal_i u = 3070, 3040, 1590, 1580, 1480, 1440, 1300, 1140, 1070, 1015, 780, 

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

Found : C : 44.82, H : 3.25, c H 0 Requires : C : 44.87, H : 3.29!6 l4 2 SSe2 

1-Methylselenovinyl phenyl aulfone llu : purified by chromatography on slllcagel 27 

(CH2C12) and recrystallization from a mixture CH2C12/n-hexane (6/4) at -20°C as 

colorless crystals. M.p. : 63-64OC. 
lH-NMR(CDC1 ) 
7.94ppm(m,2a) 

: 6 = 2.14(s,3H), 5_98(d,lH, J=1.71 Hz), 6.88(d,lH), 7.56(m,3H), 

13C-NMR(CDC1 ) : 6 = 8.65(Qs), 127.53(Ts) 127.92(Dm,C-2,6Ph), 128.64(Dm.C-3,5Ph), 
133.34(Dt.C-aPh), 138.21(Sm.C-lPh), 142.9+pPm(Sm) 
M.S.(&) IR(CH C12) : m/e : 6 = 3060, 2940, 1580, 1315, 1305, 1155, 1075, 915, 690 Cm-l 

= 

262; 121, 95, 77, 
1440, 51 
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Found : C : 41.80, H : 3.99, S : 12.53, CgH1002SSe 
Requires : C : 41.39, H : 3.86, S : 12.27 

1-Ritro-2-phanylsalenoethylene 25 : purified by chromatography on silicagel 
(cyclohexane, then CH2C12) crystallization from a mixture ether/n-hexane (2/3) 
gives the cls-isomer as yellow needles. m.p.: 69-70°C 
b.p.(trans-isomer) : 90-93°C/0.005 Torr as a yellow oil 
~H-NMR(CDC~~) : cis-isomer : 6 = 7.36(m,3H), 7.56(m,3H), 7.9lppm(d,lH, J=7.16Hz) ; 
trans-isomer : 6 = 6.6(d,lH, J=l3.40Hz), 7.22(m,5H), 8.38ppm(d,lH) 
13C-NHR (CDCl ) : cis-isomer : 6 = 129.19(Dt,C-4Ph), 129.72(Dm.C-3,5Ph), 

131.32 (Sm,C-lab), 133.14(Dm,C-2,6Ph), 133.14(Dm), 146.66ppm(Dd) 
IR (CH cl ) : \) = 3090, 3070, 1585, 1570, 1480, 1330, 1300, 1160, 790 cm 

-1 

N.S.(EI) i! m/e = 229; 183, 157, 152, 77, 51. 
Found : c : 42.10, H : 3.33, N : 6.21, 0 : 14.12, C8H7N02Se 
Requires : C : 42.12, H : 3.09, N : 6.14, 0 : 14.03. 
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