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Addition of Electrophilic Organoselenium
Reagents to Alkenes
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Chiral Non Racemic Selenenylating Agents

Give Two Diastereomeric Seleniranium intermediates A and B
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Chiral Non Racemic Diselenides
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Selenenyl Triflates

Selenenyl Sulfates
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In analogy with the production of phenylselenenyl sulfate from diphenyl diselenide

M. Tiecco et al. Tetrahedron Letters, 1989, 30, 1417



Methoxyselenenylation of Alkenes

H MeQ -—CO,M
Ph, H - 5 SeX MeQ £ CoMe N\ I ozve
Hi CO,Me CH;0H H  Ser* Ph°  SeR*

Effect of the Counteranion

X °C | Time (hr) | Yield | D.r.
Cl 0 4 49% |40:60
Br 0 2 56% |35:65
TfO 0 5 77% |42:58
HOSO;| 25 24 94% |85:15

M. Tiecco, L. Testaferri, C. Santi, F. Marini, L. Bagnoli, A. Temperini Tetrahedron Lett. 1 998, 39; 2809

Methoxyselenenylation of Alkenes
with Camphorselenenyl Sulfate at 20 °C? or Triflate at - 78 °C?

MeO H MeO R
R H SeX s R VL
— (8] _ LI + * k2
= g R-H H"">__<
H R CH3OH H SeR* R Serr
With Sulfate at 20 °C With Triflate at - 78 °C
Alkene - %Yield D.r. %Yield D.r.

Methyl styrylacetate 94 85:15
Methyl E-3-hexenoate 79 90:10
E-3-Pentenenitrile 76 88:12
E-4-Octene 78 86:14
E-5-Decene 88 94:6
Cyclohexene 73 75:25 71 75:25
Ciclooctene 82 83:17
Styrene 91 65:35 77 74:26
o-Methylstyrene 86 75:25 88 83:17

a) M. Tiecco, L. Testaferri, C. Santi, F. Marini, L. Bagnoli, A. Temperini, Tetrahedron Lett. 1998, 39, 2809
b) T. G. Back, B. P. Dyck, S. Nan, Tetrahedron, 1999, 55, 3191




Hydroxyselenenylation of Alkenes
with Camphorselenenyl Sulfate at 40 °C

(NH4)23208
Se)z MeCN SeOSO3H
o) 70°C
= R*SeX

R H HO H HO R H

° =R k3

* — <40 °C * % > * k>

R*SeX + H>_<R H20 Ry Hivy
H SeR* R SeR*

M. Tiecco, L. Testaferri, C. Santi, F. Marini, L. Ba

Eur. J. Org. Chem 1998, 2275-2277

Entry Alkenes Reaction Addition %Yield D.r.
Time (h) Products
CH C.H SeR* S
! A=, 36 o 80 " 91:93d
CoHs HO  CyHs
CiHy C3H; SeR*
2 = 39 89  94:6d
C3H7 HO 03H7
3 Me Me SeR* be
= 60 60 90:10™
L\—CN HO>—<—CN
Me OH
10  90:10P€
R*Se CN
SeR*
! O 37 (I 68  78:22%4
OH
SeR*
° O\ 31 _ 75 90:10%9
OH
SeR*
° O 45 50  81:19%¢
OH
Ph Ph SeR*
! \= 28 N’ 68 653584
HO
Ph Ph  SeR
8 — arcd
\ 40 HO) < 62 65:35

gnoli, A. Temperini, C. Tomassini,

a) The two diastereomers
were separated.

b) The minor isomer was
not obtained in a pure
form.

¢) The two diastereomers
were detected by GC-MS.

d) Determined by GC-MS.

€) Determined by preton
NMR.




Secondary Products from the
Hydroxyselenenylation of E-3-Pentenenitrile
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One-Pot Sequential Selenenylation - Deselenenylation Reactions
Catalyzed by Phenylselenenyl Sulfate
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M. Tiecco et al., Tetrahedron 1988, 44, 2273




Examples of One - Pot Sequential
Oxyselenenylation - Elimination Reactions
Catalyzed by Phenylselenenyl Sulfate

SePh R EWG
PhSeSePh N
R EWG ———» R v, EWG ____
a) NN (NH,),S,05 \(l W 7):1\/
EWG =CO,Me,CN  R,OH = MeOH, HOCH,CH,OH, H,0
MeO,C MeO,G.  SePh MeO,C
PhSeSePh \ : —
b) Rit, Ry Rie
hy OH Rz  (NH,),S,04 R o~ 'R; RY 07 VR,
R ) R SePh R
) O/Z—\\\ PhSeSePh i—g 042-_—_)\
c —_— —_—
H fo) Ry (NH,);S,04 O fo "Ry o R4

a) M. Tiecco et al., J.C.S.Chem Commun., 1993, 632.

b) M. Tiecco et al.,Pure Appl.Chem. 1993, 65,722: M. Tiecco et al ,Eur.J.O.C. 1999, 797
‘c) M. Tiecco et al.,Synlett, 1993, 798.

One - Pot Sequential g
Oxyselenenylation - Elimination Reactions

of B,y - Unsaturated Esters and Nitriles
Promoted by Camphorselenenyl Sulfate

SeR*

- Ry ~~ EWG
R*SeSeR
25 L Ry ). EWwe
R~ EWE — ﬁ) i 1;\,
R1OH OR1

EWG =CO,Me,CN  R,OH = MeOH, HOCH,CH,OH, H,0

M. Tiecco, L. Testaferri , F. Marini, C. Santi, L. Bagnoli, A. Temperini
Tetrahedron Asymm. 1999, 10, 747




Al;

xyselenenylation - Elimination in Methanol

Time (h) Products % Yield %ee R/S

Entry Alkenes
Ph X _-CO.Me
Pha~_COMe 3¢ E\/ 72 65 R
e
Et - COMe
Et\ _2~_ CO,Me 24 71 86 S
OMe
- ) Me X _-COMe
Me ~_ CO;Me 72 60 70 S
OMe
: Me X _CN
Me_~_CN 27 j);\/ 6 70 S
e

Alkoxyselenenylation - Elimination
. —= in Ethylene Glycol

Entry Alkenes Time (h) Products Y% Yield %ee R/S
Ph X _-CO,Me
Ph._~ CO,Me 20 87 40 R
NI OCH,CH,OH
Et x_-CO,Me
Et = CO,Me 46 46 46 A
NI OCH,CH,OH
Me X _CN
Me = CN 30 57 64 \)
g OCH,CH,OH

Tetrahedron: Asymmetry, 1999, 10, 747




Hydroxyselenenylation - Elimination

in Acetonitrile and Water

Entry Alkenes

Time (h) Products % Yield %ee R/S

1 Ph\y\/COZMe

2 Et\//\/ CO,Me

3 Me —>~_CN

Pha_~x_CO,Me
22 \Q\’ 55 60 R
phr@o 33 40 R

) " Et X COMe
26 33 60 S

OH
Me x _CN
45 b 70 46 )

OH

Tetrahedron: Asymmetry, 1999, 10, 747

SeR* R*Se

R ‘R%‘K"COZMe /Z_\A\ .
\INCOMe — T — R 0 R/*&O
OH 0 o]

Ph .~ COZMG
OCH,CH,OH

ee 40%

Et\o X _CO,Me
OCH,CH,0H
ee 46%

COZMe
NaH, THF ,
’  Phe, X transicis 11
-20°C 0O trans : ee 40%
o cis : ee 40%
67%
COzMe
NaH, THF Et .~ transicis 1/1
'—Z—OTD o trans : ee 46%
) O cis : ee 46%
73%

Tetrahedron: Asymmetry, 1999, 10, 747




" Chiral Non Racemic Diselenides
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(crystal structure determinations, nmr spectroscopy and theoretical
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Two New Sulfur Containing Chiral Diselenides
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Syntheses
2-[(1S)-1 -(Methylthio)ethyl]phenyl Diselenide (SD)

1. TsCl, KOH -
(o) (+)-DIP-Ci OH ether, - 20 °i SMe
Br THF, - 20 °C 2. MeSNa
Br EtOH, 40 °C Br
) 90% 64%
1. t-BulL.i, THF :
78 °C SMe
—————————— e—
2.Se, 0°C = (Ar*Se),
3. dil. HCl, air Se),
76% Tetrahedron Letters, 2000, 41, 3241

6-Methoxy- 2-[(1S)-1 -(methylthio)ethyl]phenyl Diselenide (MSD)

1. t-BuLi, hexane

SMe 78 °C SMe
—_ T = (Ar*Se),
. Se, 0°C Se),
3. dil. HCI, ai
OMe OMe f R alr OMe
75% 85%

Seleno Methoxylation and Hydroxylation Reactions with
the Triflate of the Sulfur Diselenide SD

Seleno . Seleno .
. . Time D.r. . Time D.r.
' __EE"""Q Alkenes| Methoxylation h  (Yield) Hydroxylation h  (Yield)
= (at-78°C) (at20°C)
Ph  SeAr . Ph  SeAr ]
Styrene >_/ 9 96;4 >__/ 6 95;5
MeO ®80%) | Lo (75%)
Ph SeAr* Ph SeAr*
) ( 96:4 96:4
B-Methyistyrene 6 . >-—< 6
MeG  Me 8% nwd' W (72%)
Ph SeAr* Ph SeAr*
. g 90:10 4 90:10
a-Methyistyrene )(—J (80%) >Y—/ (80%)
MeO Me HO Me
E-5-Decene C,H,>__<SeAr* g 90:10 C4H9>_<SeAr“ ¢ 88:12
0,
MeO  CgHo T6%) [ we' g (79%)
SeAr X _
Cyclohexene 7 82:18 =
) (75%) -
one Ar*Se = @\/\SMe
Methyl ”">_<“’i“" 47 90:10 Se
tat o,
styrylacetate | o cO,Me (87%) SD
C SeAr*
Methyl 2 .
3-hexenoate H}—Q‘ 24 Wiw| Tetrahedron Letters, 2000, 41, 3241
MeO CO,Me




Seleno Methoxylation and Hydroxyiation Reactions
at -30 °C with the Sulfate of the Sulfur Diselenide MSD

. Seleno Time D.r. Seleno Time D.r.
Starting Alkenes| \ thoxylation (Yield)| Hydroxylaton  h (Yield)
Ph SeAr* Ph SeAr* 98:2
98:2 .
Styrene >—/ 24 st >_/ 24 (550
MeO HO
Ph SeAr* Ph SeAr*
B-Methylstyrene >—< 19 98:2 >_< 20 98:2
MeO  Me (76%) HO We (70%)
Ph SeAr* Ph SeAr*
-Methyistyrene 24 955 24 98:2
a-Methylsty X (58%) X (73%)
MeO Me HO Me .
2,4,6-Trimethyl Me;CsH SeAr* 24 99:1 Me:,Cs . SeAr* 25 99:1
styrene Me 0> (60%) HO) (75%)
C4H; SeAr* . C4H SeAr*
E-5-Decene ¢ >__< 4 96;4 ¢ 9>__< 3 97:3
(Triflate at -78 °C)| meq  C,H, (70%) HO  CyHs (79%)
SeAr*
Cyclohexene 5 919 =
(Triflate at -78 °C) (77%) :
OMe SMe
¢ 3
Ph SeAr* Ar'Se ==
Phenyl € 98:2
24 Se
cyclohexene Me (60%)
omMe |[MSD

Reactions with Different Diselenides

Diastereomeric Ratios in the Methoxyselenenylation :

| '-’S;CH3 SCHs OH
] Seleno . Se), Se), Se)
Starting Alkenes{ Methoxylation o) Se), 2
Products OMe OMe
Sulfate@ | Triflateb | Sulfate¢ | Triflated
At20°C | At-78°C | At-30°C | At-78°C
Ph SeAr*
65:35 96:4 98:2 98:2
Styrene >—/ (91%) (80%) (72%) (55%)
MeO
Ph SeAr*
96:4 98:2 92:8
B-Methyistyrene — (78%) (75%) (51%)
MeO Me
Ph SeAr*
75:25 90:10 95:5
o-Methylstyrene >TJ (86%) (80%) (58%)
MeO Me )
CaHay  SeA™|  g6.14 90:10 96:4
E-5-Decene >——< (78%) (76%) (70%)
MeO C4H9
SeAr*
75:25 82:18 91:9
Cyclohexene C[ (73%) (75%) (77%)
OMe

a) M. Tiecco ef al., Tetrahedron Lett. 1998, 39, 2809; b) ibid., 2000, 41, 3241;
¢) Present work d)T. Wirth et al.,, J. C. S. Chem. Commun, 1998 1867




Diastereomeric Ratios in the Hydroxyselenenylation
Reactions with Different Diselenides

, ~g cH, SCH;3
Seleno Se), Se)
Starting Alkenes | Hydroxylation ) Se), ?
Products Otte
Sulfate@ Triflated Suifate®
At 40 °C At 20°C At-30°C
Ph SeAr*
65:35 95:5 98:2
Styrene HO>_/ (68%) (75%) (65%)
Ph SeAr”
65:35 96:4 98:2
B-Methylstyrene >—< (62%) (72%) (70%)
HO Me
Ph  SeAr
. 90:10 98:2
a-Methylistyrene )Vj (80%) (73%)
HO Me
CH SeAr :
94:6 97:3
E-5-Decene g)—( (78%) (70%)
HO C4Hg
SeAr*
78:22 72:28
Cyclohexene C[ (68%) (85%)
OH

a) M. Tiecco et al., Eur. J. O. C. 1998, 2275; b) Tetrahedron Lett. 2000, 41, 3241; c) Present work.

Acetamidoselenenylation of Alkenes
with Phenyiselenenyl Chloride

L, In MeCN and H,0 in the presence of CF,SO;H

PhSeCl +
R H
H& =
PhSe
+

A. Toshimitsu, S. Uemura etal. J. C. S, Perkin Trans. 1, 1986,343 .




Asymmetric Acetamidoselenenylation of Alkenes
with Camphorselenenyl Sulfate

ettt
Se), MeCN Se0SO3H
o) CF3S0O3H
20°C =R*SeX
R HCOMe
R H . " RH'- HCOMe
" + a— 20 C Wik 3 = * *
R*SeX H> <R HZO > 'llgH + ""R
R*Se R R*Se H
Major Minor
Diastereocisomer Diastereoisomer

Acetamidoselenenylation of Alkenes
with Camphorselenenyl Sulfate at 20 °C.

s D

Entry  Alkenes Time Addition Products Yield p.

(h) (%)
C,Hs NHCOCH
1 E-3-Hexene 23 2 5)—< 82 7327
R*Se C2H5
' CsH;  NHCOCH,
2 E-4-Octene 24 )-( 78 75:25
R*'Se  CgH,
CHy  NHCOCH,
3 E-5-Decene 24 H 80 80:20
R*Se C4H9
CeHs  SeR*
4 Styrene 30 7—/ 50 53:47
NHCOCH,
NHCOCH,
5  Cyclohexene 26 C[ 61  65:45
SeR*

NHCOCH,
6 Cyclooctene 25 86 60:40
SeR"*



The acetamidoselenenylation of alkenes occurs with moderate to
poor facial selectivity.

However, the two diastereomeric addition products can be easily
separated by column chromatography and can be converted into
enantiomerically pure derivatives by deselenenylation.

From the Optically Pure Major Diastereomers

R NHCOMe R \ NHCOMe
HG H,0, Oxidative
I \'H Deselenenylation
R*Se

R R
ee > 98% HCOMe
R3SnH, AIBN RCH,~L . Reductive
X-Y 'H - .
R Deselenylation

R NHCOMe
HG : Nu- N HCOMe .
. qr B . Deselenenylation

R*Se\ R R'H RH with Substitution?
X Y

The Optically Pure Minor Diastereomers gave the enantiomeric compounds

a) M. Tiecco et al., J.C.S. Chem. Commun., 1994, 1883; J.Org. Chem., 1996, 61, 7085.

Stereospecific Conversions of Acetamido Selenides
into 4,5-Disubstituted Oxazolines

S
;o

From the Optically Pure Major Diastereomer

R NHCOMe HR_O NH X
H PhSeOTf =
\7—4"H - +7_‘/\"'H R4/ \U'H
R*Se R R*Se\ R H R
ee > 98% SePh TfO" ee > 98%
$0,Cl, Me
R NH
HG
B . 'y ‘H
R*Se\ R
Cl Ccr

X
N
The Optically Pure Minor Diastereomers gave the enantiomeric oxazolines H"H' R

R H
ee > 98%




4,5 - Disubstituted Oxazolines

A Y Y N U |

Major 0
Isomers h ) A \__/ \__/ \_/
HsC; CHs H;C;  CjH; HeC; C,H, Fh S 2
? A4
%Yield: PhSeX 75 60 72 70 55 72
' S0,Cl; 98 95 93 85 81
[o] -49° -24° -63° 187 L +28°
Minor N o 4L 4L 4Lo N4Lo N4Lo

N
Isomers )——7_) u }——f )__/
H5C2 C2H5 H7C3 C3H7 Hg 4 -C4H9 Ph

%Yield: PhSeX 84 68 70 75 55 45
SO4Cly 95 90 97 82 78
o
[o] +49° +24° +63 +16 .32 -28°

Conversion of
Trans - 4,5 - Dialkyl Oxazolines
into Cis - 4,5 - Dialkyl Oxazolines

7B
’> 5

H  NHCOMe

HCI 2% H HCOMe socl, R
Ru" 1 AR R!"4 QT —_— My H'"Y MH

H R H R O\ R R 2
Major ,S"' o
Enantiomers ci
X 7
N HCl 2% H HCOMe _ HR.___ NHCOMe 2
H‘". .'.R H".. ."R -—_2.’ 7—Q|R ——>R|l" 'IIR
R H R H O\ H H \
Minor s=0
Enantiomers o ;

R = CoHs, €3Hy, CaHg

R. A. B. Bannard et al., Can. J. Chem. 1971, 49, 2064




Formation of Vicinal Aminoalcohols
from 4,5 - Dialkyl Oxazolines

By Treatment with HCI 25% at 50 °C

R' 'H'H H'H;H

H R

Major Major
Enantiomers Enantiomers

HQ NH, HQ NH,
R,n" V' IH H.l" U
R R

H R
R = CzHs, C3Hy, C4Hg

X
H'H'R

H

Minor
Enantiomers

|

HQO NH, H H,
H'4d \'R R/ \'R
R H H

H

X

H

N
R"H'R

H

Minor

Enantiomers

|

Selenium Promoted Cyclization Reactions of
Alkenes Containing Internal Nucleophiles
(Cyclofunctionalizations)

e

+

SeR
RSeX

NuH R1 NuH R1

Ry

. E—,)\SéR
4-exo-trig .
/ Nu
5-endo—tng Z ; WR

1

S-exo-trig [j\(
Z_\\\ RSeX [WR /
@m OlseR

Nu "'R1

eR

Favored

Disfavored

Favored

Favored

s eyt e




Diastereomeric Ratios in the

with Different Diselenides

Selenolactonization Reactions

Et H H H
Seleno " OH SCH, SCH;
Starting Alkenes Lactonization o Se), Se). Se),
)y e)2 €)2
Products Se), ONe oMe
Triflated Triflateb TriflateC Suifate¢
At - 100 °C At-78°C At-78°C At-30°C
SeAr*
] ﬂ 71:29 96:4 95:5 98:2
@41% 54% 75% 72%
HO,Q\\Ph oA e ) (54%) (75%) (72%)
SeAr*
ﬂ 90:10d 92:8
nod, e | o e % | %)
/E\( &CHZSeAr* 87:13 90:10
54% 959
Ho N6 Ph 007" ph (54%) (95%)

‘a) T. Wirth et al ,Eur.J.O.C., 1998, 1361; b) T. Wirth et al., J. C. S. Chem. Commun, 1998, 1867.
c¢) Present work; d) M. Tiecco et al., Tetrahedron Lett. 2000, 41, 3241.

Diastereomeric Ratios in the
Selenoetherification Reactions

P o

Et

o ~OH :
Seleftd "on SCH, SCH,
Starting Alkenes Etherification Se), Se),
Se), Se),
Products OMe OMe
Triflated TriflateD Triflate€ Sulfate€
At-100°C | At-78°C At-78°C At -30°C
SeAr*
[_\\\ d 84:16 93:7
(87%) (88%)
OH Ph o Ph ]
SeAr*
>(-\\\ 93:7d 96:4
(88%) (69%)
OH Ph o Ph
SeAr*
L—\\\ 50:50 60:40 80:20
(60%) (42%) (56%)
OH Et ; o Et
CH,SeAr*
o [ >< 80:20 91:9
OH 0" Ph (45%) (73%)
SeAr*
| >(\/E 94:6
OH “Ph 0" Ph (79%)

a) Wirthetal EurJ.O.C., 1998, 1361; b) T. Wirth et al., J. C. S. Chem. Commun, 1998, 1867.
c :ent work; d) M. Tiecco et al., Tetrahedron Lett. 2000, 41, 3241.




Asymmetric Syntheses of Nitrogen Heterocycles

. _ SMe
Ar'Se = S Triflate at - 78 °C
e

SD

N-Acetyl Pyrrolidines

SeAr
L (- (B — G
s ———
NH Ph —_— ' Ph ?ilH Ph
Come COMe COMe Come
70% yield 40% yield
D.r. 94:6 D.r. 90:10
N-Hydroxy y-Lactams
SeAr* SeAr*
\ —
'I‘JH Ph e N Ph
OH 6H
70% yneld 7% yleld
D.r. 91:9 D.r. 75:25

Conversion of O-Allyl Oximes into Isoxazolidines
Promoted by Phenylselenenyl Sulfate

e

SePh

+
NH,),S,0, / RZSePh
O/::\\\R (NH,),S,04 3

O +
PhSeSePh N R > > R

R1/U\R1 e R1/lLR’1 R1/U\R

SePh

O
H,0

I—

M. Tiecco et al. J. C. S. Chem. Commun., 1995, 235




. l_geAr*
O/_\'liR
R1/U\R1
;SeAr*
+ O
Ry ¥

SeAr*

Diastereomeric Ratios of Isoxazolidines

SeAr*

o‘\N g...R

——
f
H
Major Minor
R R4 %Yield D.r.
Me n-Pr 58 90:108
Et n-Pr 93 88:12a
Ph n-Pr 77 93:7a
Ph n-Pr 70 96:4b
S|
b) Ar*Se== Ve

a) Ar*Se == <I\ Shie
S Triflate at - 50 °C

Se ‘Sulfate at - 30°C
OMe




Conversion of Isoxazolidines into 1,3-Aminoalcoho_ls

HO ~ _SeA™ R%l
o)
Zn iph HN Ph
HzN 1
MeCO,H CH,Ph

97%
:SeAr* °

r}l Ph
H

wn ) .
EtN SeAr* o
CH,CI e
D.r. 96:4 = PhySnH, ABN_ j‘
RN Ph CeHgrefux . O~ Ph “Wecon Ph

1

CH,Ph CHzPh CHzPh

65% 85% 97%
e.e. 92%

a) T. Fujisawa et al., Heterocycles, 1997, 45, 1883
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