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The selenohydroxylation of readily available 1,2-allenyl phosphine oxides with PhSeCl in MeCN/H,0
afforded 3-hydroxy-2-phenylselanyl-1(E)-alkenyl diphenyl phosphine oxides in good yields with very
high regio- and stereoselectivities including the high efficiency of the axial chirality transfer. The
E-stereoselectivity is believed to be determined by the neighboring group participation effect of the
diphenyl phosphine oxide functionality.
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1. Introduction

Phosphorous-containing compounds show important biological
activity.! In addition to the biological potential, this type of com-
pounds also plays an important role in organic synthesis.> On the
other hand, 1-alkenyl selenides are important organic inter-
mediates,*®P particularly in synthesizing carbonyl compounds>©9
and stereoselective preparation of functionalized alkenes.>¢f Thus,
development of new methods for the highly selective synthesis of
2-phosphoryl-1-alkenyl selenides is highly desired.

Recently, we have developed the halohydroxylation of 1,2-
allenyl sulfides,*> selenides,® sulfoxides,” sulfones,® phosphine
oxides,® and 3-aryl-1,2-allenes.!® In all the cases, the halogen atom
has been introduced to the center carbon atom of the allene moiety
while the hydroxyl group is connected to the 3-position of the
starting allenes referring to the carbon atom connected to
the heteroatom. The stereoselectivity depends on the nature of the
functional group: for sulfides and selenides the Z-products were
formed*-® while for other cases E-products were produced.”~® Re-
cently, we also studied the selenolactonization of 2,3-allenoic
acids'! and 2,3-allenoates.'>' Similarly, the reaction of 1,2-allenylic
phosphonates, phosphinates, phosphoric acids with RSeCl and
RSeBr was also reported to afford 4-selenyl-2,5-dihydro-1,2-oxa-
phosphole 2-oxides.'4~20 Furthermore, the selenohydroxylation of
1,2-allenylic sulfoxides with PhSeCl has been reported by this
group.?! Due to the similarity between the phosphine oxides and
sulfoxides or sulfones, we show interest in the selenohydroxylation
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of 1,2-allenylic phosphine oxides. Herein, we wish to report the
realization of selenohydroxylation of 1,2-allenyl diphenyl phos-
phine oxides affording (E)-3-hydroxy-2-phenylselanyl alkenyl
diphenyl phosphine oxides with high regio- and stereoselectivity.

2. Results and discussion

After some screening, it is observed that the reaction of 1a with
1.5 equiv of PhSeCl in CH,Cl; at rt afforded the expected product E-
2a as the only stereoisomer in 41% yield (entry 1, Table 1). The re-
action in CH3NO,, afforded E-2a in 62% yield (entry 2, Table 1). The
solvent effect is obvious: the yields for the reaction in toluene, ethyl
acetate, and MeCN are much higher (entries 3-5, Table 1). Since the
formed hydroxyl group may have something to do with the water
present in the reaction media, H,O was added as the cosolvent to
MeCN and the yields were improved to 96% (entries 6-10, Table 1).
With 1.2 equiv of PhSeCl, the yield is lower (entry 10, Table 1). No
reaction was observed in aqueous acetone while the reaction in
aqueous THF, EtOH, or DMF afforded the product E-2a in 82-90%
yields (entries 12-14, Table 1).

With the optimized reaction conditions in hand (entry 7, Table
1), the scope of this selenohydroxylation reaction was demon-
strated (Table 2). The reaction is very general: for 3-mono-
substituted diphenyl phosphine oxide, the yield is good (entries 2
and 3, Table 2); the reaction of 3,3-disubstituted substituted (en-
tries 4-6, Table 2), 1-monosubstituted (entries 7 and 8, Table 2),1,3-
disubstituted (entries 9 and 10, Table 2), and fully substituted
(entry 11, Table 2) 1,2-allenyl diphenyl phosphine oxides all worked
smoothly and cleanly to afford the corresponding E-selenohy-
droxylation products. The regio- and stereochemical outcome was
further established by the X-ray diffraction study of E-2b (Fig. 1).22
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Table 1
Selenohydroxylation of 1-phenylocta-1,2-dienyl diphenyl phosphine oxide (1a) with
PhSeCl*

o

Il 9 HO
Pgh_/P CoHi1-n solvent Ph—R CsHy4-n
>:':< + PhSeCl —rt> Ph" Y—
Ph H 15 equiv PR SePh
1a E-2a

Entry Solvent T (h) Yield of E-2a®
1 CH,Cl, 3.5 41
2 CH3NO, 1.2 62
3 Toluene 30.2 75
4 Ethyl acetate 30.4 82
5 MeCN 12 82
6 MeCN/H,0=40/1 0.65 92
7 MeCN/H,0=20/1 0.25 96
8 MeCN/H,0=10/1 0.6 87
9 MeCN/H,0=5/1 12 80
10¢ MeCN/H,0=20/1 0.6 84
11 Acetone/H,0=20/1 445 od
12 THF/H,0=20/1 16 90
13 EtOH/H,0=20/1 28 82
14 DMF/H,0=20/1 17 85

2 The reaction was carried out using 0.2 mmol of 1a, 0.3 mmol of PhSeCl, and
4.0 mL of organic solvent.

b NMR yield based on 1a using CH,Br; as the internal standard.

¢ PhSe(l (1.2 equiv) was used.

4 Compound 1a (91%) was recovered.

However, in the case of R'=R?=H, R3=alkyl group (except for
methyl group), the reaction is not clean, i.e., 3-chloro-2-phenyl-
selanyl-1(Z)-alkenyl diphenyl phosphine oxides were formed as the
by-product (entries 12-16, Table 2). In addition, it is interesting to

Table 2
Selenohydroxylation of differently substituted 1,2-propadienyl diphenyl phosphine
oxides 1 with PhSeCI*

% O HO L2
Ph=R R? MeCN/H,0 = 20/1  Ph—R R
PH 5:.:< + PhSeCl —— 2", 'py >:2<R3
R' R®  15equiv : R'  SePh
1 E-2
Entry R R? R® T (min) Isolated yield
of E-2 (%)
1 Ph H n-CsHy; (1a) 14 91 (2a)
2 H H Me (1b) 12 82 (2b)
3 H H Ph (1c) 28 85 (2¢)
4 H Me Me (1d) 19 89 (2d)
5 H n-Pr n-Pr (1e) 18 80 (2e)
6 H (CHa)s (1f) 10 84 (2f)
7 n-C4Ho H H (1g) 16 67 (2g)
8 Ph H H (1h) 14 80 (2h)
9 Et H Me (1i) 10 90 (2i)
10 Ph H Et (1j) 5 88 (2j)
11 n-C4Ho Me Me (1K) 10 65 (2k)
12 H H i-Pr (11) 20 76 (21)°
13 H H H (1m) 16 13 (2m)°
14 H H Et (1n) 20 82.5 (2n)?
15 H H n-CgHys (10) 30 64 (20)°
16 H H Bn (1p) 15 64 (2p)

2 The reaction was carried out using 0.3 mmol of 1a, 0.45 mmol of PhSeCl, 6.0 mL
of MeCN, and 0.3 mL of H,0.

b The reaction also afforded 3-chloro-4-methyl-2-phenylselanyl-1(Z)-pentenyl
diphenyl phosphine oxide (Z-31) in 7% isolated yield.

¢ The reaction also afforded 3-chloro-2-phenylselanyl-1(Z)-propenyl diphenyl
phosphine oxide (Z-3m) in 61.5% isolated yield.

4 The reaction also afforded 3-chloro-4,-2-phenylselanyl-1(Z)-pentenyl diphenyl
phosphine oxide (Z-3n) in 6% isolated yield.

€ The reaction also afforded 3-chloro-2-phenylselanyl-1(Z)-nonenyl diphenyl
phosphine oxide (Z-30) in 6% isolated yield.

f The reaction also afforded 3-chloro-4-phenyl-2-phenylselanyl-1(Z)-butenyl
diphenyl phosphine oxide (Z-3p) in 14% isolated yield.

Figure 1. ORTEP representation of E-2b.

observe that the stereochemistry for the formation of the chlorides
3l-p is different from that for the selenohydroxylation product E-2.

In order to further confirm this difference, E-30 was prepared
from the sequential tosylation?> and chlorination’* of E-20
(Scheme 1). It is still not clear why the formed allylic chloride is in
Z-configuration. After further screening, it was observed that when
reaction of 11 was conducted in MeCN/H;0 (2:1) at 70 °C, the yield
of E-21 and the ratio of E-21/Z-31 is much higher (compare entries
1-6, Table 3).

Some typical results of selenohydroxylation of 3-mono-
substituted or the simple allenyl phosphine oxides under this new
set of reaction conditions are summarized in Table 4.

As optically active 1,2-allenyl phosphine oxides are easily
available from the corresponding optically active propargylic al-
cohols,>>?% we also investigated the possibility of synthesizing
optically active selenohydroxylation product by means of the
present method. The experimental results showed that the axial
chirality in allenyl phosphine oxides could be transferred to the
central chirality of the products with high efficiency (Scheme 2).
The absolute configuration of the products was determined by
X-ray diffraction analysis of S-(E)-2b by using the selenium atom in
the molecule as a reference (Fig. 2).%”

In order to study the reaction mechanism, we carried out
this selenohydroxylation reaction of 1h using water and '®0-
labeled water. The normal product E-2h and the '80-labeled
product E-2h* were isolated and studied by ESI-MS technique

O HO 0 TsQ
Ph—R CgHq3-n DMAP Ph—R CgHiz-n
PH + TsCl ———— P \=
SePh CH,Cl,, 50 °C SePh
E-20 86% E-40
o LiCl | DMF, 50 °C
I
Ph-R  SePh 60%
Ph = Cotoan O a
H 63 Ph—R CeHizn
H g Ph
NOE SePh
Z-30 E-30
Scheme 1.
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Table 3
Selenohydroxylation of 4-methylpenta-1,2-dienyl diphenyl phosphine oxide (11)
with PhSeCl

(o}

Ph-R Pr-i b e i
_ r-i )
s solvent Ph—R Pr-i  Ph—R SePh
PN \==(  + phsecl — Ph/\zg’ R W
emp, time
H  1s5equv o SePh Pr-i
Cl
11 E-21 Z-3l
Entry Solvent Temp (°C) T (h) Yield of Ratio of
(MeCN/H,0) E-21 (%) E-21/Z-31°
1 20/1 rt 0.50 64 90/10
2 10/1 It 0.37 76 91/9
3 5/1 It 0.60 84 94/6
4 2/1 It 134 89 97/3
5 11 It 65.7 77 98/2
6 2/1 70 0.57 82 97/3

2 NMR yield based on 11 using CH»Br; as the internal standard.
b The ratio of E-21/Z-31 was determined by "H NMR analysis of the crude product.

(Figs. 3 and 4). The ESI-MS/MS spectra showed that the [M+H]"
ion of E-2h at m/z=491 fragmented to yield the daughter ion at
m/z=473 (Fig. 3c). While that of E-2h* at m/z=493 displayed
the same fragmentation chemistry to yield the corresponding
daughter ion at m/z=475 (Fig. 4c). These results indicated that
180 atom was bound to phosphorous, and the oxygen atom of
the hydroxyl group comes from the phosphine oxide function-
ality in the starting allene. Similarly, the reactions of 1c and 1e
with PhSeCl in the presence of H}®0O were also conducted with
the results being summarized in Scheme 3 (for the MS spectra,
see Supplementary data).

Based on these results, a possible mechanism was proposed®
(Scheme 4). In the first step, the selenium intermediate 5 is afforded
by the reaction of the relatively electron-rich carbon-carbon dou-
ble bond with PhSe™. Subsequently, a five-membered cyclic in-
termediate 6 is formed via neighboring group participation of the
oxygen atom of the diphenyl phosphine oxide functionality, which
is similar with what was observed in the iodohydroxylation of
allenylic sulfoxides’® and phosphine oxides® or the bromohydroxy
lation of allenylic sulfones.?? Finally, the H}*0 molecule attacks at
the positively charged phosphorous atom to cleave the P-O bond,
which forms the final product E-2+ (Scheme 4). Of course, it is
difficult to exclude other possibilities since the 80 incorporation is
still low (69.5%) for E-2ex.

This reaction mechanism may also be used to explain the
chirality transfer observed in Scheme 2 (Scheme 5).

Table 4
Selenohydroxylation of differently 3-monosubstituted 1,2-allenyl diphenyl phos-
phine oxides with PhSeCl

Ph—R H N Ph g SePh
- =2/1Ph=-R R Y e
PR y—e( + Phseci MOS0 = 2TTG A, + PN \=
H R3 - 70 °C R3
1.5 equiv H SePh c
|
1 E2 z-3
Entry R® Time (min) Isolated yield Ratio of E-2/Z-3?
of E-2 (%)
1 i-Pr 34 82 (21) 97/3
2P H 540 52.5 (2m) 79/21
3 Et 21 78 (2n) >99/1
4> n-CeHs 70 74 (20) 98/2
5 Bn 105 77 (2p) 96.5/3.5

2 The ratio of E-2/Z-3 was determined by '"H NMR analysis of the crude product.
b The ratio of MeCN/H,0 in the solvent was 1/1.

1% O Ho
Ph—R H - Ph—R
N CH3CN/H,0 = 20/1
PH \:-:\ + PhSeCl I T e PH \—
rt, 12 min
1.5 equiv 86% SePh
S-(+)-1b, 99% ee S-E-(+)-2b
99% ee
Ph (IP? H 2 Ho
” s CHaCN/H,0 =201 Ph—R Et
Ph >::\ + PhSeCl =22 "7, 82 PH >:2;
rt, 8 min
PR Et 1.5 equiv 049, Ph SePh
S-(+)-1j, 99% ee S-E-(+)-2]
99% ee
9 Q Ho
Ph—R CeH1z-n CH<CN/H,O = 2/1 Ph=R —CgHq3-n
% 3 = 6H13
PR N + PhSeCl ———2-"2 . 'py \=
H A ~70°C,30 min SePh
1.5 equiv 79%
R-(-)-10, 97% ee R-E-(-)-20
97% ee
Scheme 2.

3. Conclusions

In conclusion, we have established an effective and practical
method to synthesize 3-hydroxy-2-phenylselanyl-1(E)-alkenyl
diphenyl phosphine oxides with high regio- and stereoselectivity
and observed the neighboring group participation effect of the
diphenylphosphinyl group by ESI-MS using H3®0 as the probe. Due
to the presence of carbon-carbon double bond, carbon-selenium
bond, and the hydroxyl group, this reaction will be useful in organic
synthesis. Further studies in this area including the factors de-
termining the stereoselectivity for the formation of Z-30 are cur-
rently being carried out in our laboratory.

4. Experimental
4.1. Starting materials
Known compounds 1b-d, 1f, 1h, 1i, and 1n were prepared

according to the known procedures.”® New compounds 1e, 1g, 1j,
1k, and 1p were also prepared according to this procedure.?® Due to

Cl4 C15

Figure 2. ORTEP representation of S-E-2b.
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Figure 3. (a)ESI-MS spectrum for E-2h, (b) ESI-SIM-MS spectrum for the precursor ion of
E-2h at m/z=491, and (c) ESI-MS/MS spectrum for the precursor ion of E-2h at m/z=491.
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Figure 4. (a) ESI-MS spectrum for E-2h~, (b) ESI-SIM-MS spectrum for the precursor
ion of E-2h+ at m/z=493, and (c) ESI-MS/MS spectrum for the precursor ion of E-2h+ at
m/z=493.

the coupling between 3C and >!P, the '>C NMR is very complicated
and the spectra are provided in Supplementary data.

4.1.1. 1-Phenylpenta-1,2-dienyl diphenyl phosphine oxide (1j)
General Procedure 1. To a dried three-necked round-bottom flask
were added with 1-phenylpent-1-yn-3-ol (2.4336 g, 15 mmol),
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. 180 —64 °C according to General Procedure I. After warming up to rt, the
Ph—R 18~ _ Ph—P H reaction mixture was heated to reflux within min an (ept
i CH3CN/H,'80 = 20/1 ,” o J i heated fl ithin 30 mi 1d }

>I + PhSeCl T Bmnsn Ph = under reflux for 30 h to afford 1e (1.3731 g, 28%) as a liquid. '"H NMR

Ph 15equiv et P SePh (300 MHz, CDCl3) 6 7.78-7.65 (m, 4H), 7.50-7.37 (m, 6H), 5.81-5.70
1h E-2h* (m, 1H), 1.84-1.64 (m, 4H), 1.30-1.12 (m, 4H), 0.77 (t, J=5.6 Hz, 6H);
"80% incorporation: 94.5% 13C NMR (75 MHz, CDCl3) 6 209.9, 132.8 (d, J,c=104.3 Hz), 131.4 (d,

C 0 Hq Jpc=2.6 Hz), 131.2 (d, Jpc=9.6 Hz), 128.0 (d, Joc—11.9 Hz), 106.2 (d,

PR CH,ONH,"%0 = 2011 PR _ )—Ph Jo=13.7Hz), 853 (d, Jpc=107.6 Hz), 333 (d, Jpc=5.9 Hz), 20.3
Tt PRSeCl T e (d, Joe=1.4Hz), 13.6; 3'P NMR (121.5 MHz, CDCl3) ¢ 25.8; MS (EI,

Ph 1.5 equiv SePh 70 eV) mjz (%) 325 (M'+1, 1.45), 324 (M*, 3.08), 202 (100); IR v

1c o B2 (neat, cm~') 1949, 1591, 1437, 1380, 1199, 1119. HRMS calcd for

o O% incorporation: 88.4% C1H,50P: 324.1643. Found: 324.1645.

18

i O HO Pr-n
Pgh—/P\ (Pr'” + PhseCl CH3CN/H, "0 = 20/1 Ph—/lg Pr-n 4.1.3. Hepta-1,2-dien-3-yl diphenyl phosphine oxide (1g)

3 : rt, 41 min — e reaction of hept-2-yn-1-o . g, mmol), Ets
Pri 15 d Th f hept-2-yn-1-ol (1.6865g, 15mmol), EtsN
> equ SePh (210 mL, d=0.73 g/mL, 153 g, 15mmol), and Ph,PCl (2.75 mL,

-2€ =1. g/mL, 5. g, mmol) Iin mLo 201 101 /. arforae
Te E-2e* d=1.20g/mL, 3.30 g, 15 1) in 45 mL of CH,Cl, for 7.5 h afforded

80% incorporation: 69.5%

Scheme 3. Reactions conducted in the presence of H0.

Et3N (2.10 mL, d=0.73 g/mL, 1.53 g, 15 mmol), and 40 mL of CH,Cl,.
A solution of chlorodiphenylphosphine (2.80 mL, d=1.20 g/mL,
3.36 g, 15 mmol) in 5 mL of CH,Cl, was then added dropwise at
—64 °C within 30 min. After being warmed up naturally to room
temperature, the reaction was monitored by TLC (petroleum ether/
ethyl acetate=1:1). Upon complete conversion of the alcohol, the
reaction was quenched with 20 mL of water. The organic layer was
separated and the aqueous layer was extracted with 20x3 mL of
CH,Cly. The combined organic layer was washed with 20 mL of
brine and dried over anhydrous Na;SO4. After evaporation of the
solvent, chromatography on silica gel (eluent: CH;Cly/ethyl
acetate=10:1) of the crude product afforded 1j (2.1617 g, 41%) as
a liquid. "H NMR (400 MHz, CDCl3) é 7.77-7.67 (m, 4H), 7.59 (d,
J=7.6 Hz, 2H), 7.45-7.30 (m, 6H), 718 (t, J=7.4Hz, 2H), 7.09 (t,
J=7.2 Hz, 1H), 5.28 (dt, J;=10.8 Hz, ],=6.6 Hz, 1H), 1.85-1.71 (m, 2H),
0.74 (t, J=7.6 Hz, 3H); >'P NMR (121.5 MHz, CDCl3) 6 30.2; MS (EI,
70 eV) mjz (%) 345 (M +1, 12.26), 344 (M, 47.54), 201 (100); IR »
(neat, cm~1) 1939, 1593, 1493, 1437, 1304, 1190, 1117. Anal. Calcd for
C23H»10P: C, 80.21; H, 6.15. Found: C, 80.25; H, 6.19.

The following compounds were prepared according to General
Procedure I.

4.1.2. 3-Propylhexa-1,2-dienyl diphenyl phosphine oxide (1e)

The reaction of 3-propylhex-1-yn-3-o0l (2.1020 g, 15 mmol), EtsN
(210 mL, d=0.73 g/mL, 153 g, 15 mmol), and PhyPCl (2.80 mL,
d=1.20 g/mL, 3.36 g, 15 mmol) in 45 mL of CH,Cl; was conducted at

1g(2.6667 g, 60%) as a liquid. "H NMR (400 MHz, CDCl3) 6 7.77-7.63
(m, 4H), 7.52-7.46 (m, 2H), 7.45-7.38 (m, 4H), 4.67 (dt, J;=11.2 Hz,
J>=3.2 Hz, 2H), 2.28-2.15 (m, 2H), 1.53-1.40 (m, 2H), 1.35-1.24 (m,
2H), 0.82 (t, J=7.4 Hz, 3H); 3C NMR (100 MHz, CDCl3) ¢ 211.0 (d,
Jpe=71Hz), 131.8 (d, Jpc=103.9 Hz), 131.7 (d, Jpc=5.0 Hz), 131.6 (d,
Jpc=8.9 Hz), 128.2 (d, Jpc=11.9 Hz), 97.6 (d, Jpc=99.9 Hz), 77.4, 30.2
(d, Jpc=5.5 Hz), 26.8 (d, Jpc=6.1 Hz), 22.1,13.7; *'P NMR (121.5 MHz,
CDCl3) 6 29.5; MS (EI, 70 eV) m/z (%) 297 (M*+1, 3.53), 296 (M*,
12.30), 201 (100); IR » (neat, cm™!) 1937, 1590, 1483, 1466, 1438,
1379, 1310, 1193, 1118, 1102. HRMS calcd for C1gH2;0P: 296.1330.
Found: 296.1331.

4.14. 2-Methylocta-2,3-dien-4-yl diphenyl phosphine oxide (1k)

The reaction of 2-methyloct-3-yn-2-0l (2.0734 g, 15 mmol), EtsN
(210 mL, d=0.73 g/mL, 1.53 g, 15 mmol), and PhyPCl (2.80 mL,
d=1.20 g/mL, 3.36 g, 15 mmol) in 45 mL of CH,Cl, for 15 h afforded
1Kk (21277 g, 44%) as a liquid. "H NMR (400 MHz, CDCl3) 6 7.72-7.60
(m, 4H), 7.50-7.35 (m, 6H), 2.23-2.13 (m, 2H), 1.48-1.35 (m, 8H),
1.35-1.20 (m, 2H), 0.85-0.78 (m, 3H); '3C NMR (100 MHz, CDCl3)
02074 (d, Joc=6.4 Hz), 132.5 (d, J,c=102.6 Hz), 131.4,131.3,128.0 (d,
Jpc=11.8 Hz), 98.4 (d, Jpc=14.6 Hz), 96.4 (d, Jpc=102.2 Hz), 30.4 (d,
Jpe=6.2 Hz), 27.1 (d, Jpc=8.4 Hz), 22.1,19.1 (d, Jpc=5.9 Hz), 13.8; >'P
NMR (121.5 MHz, CDCl3) 6 31.9; MS (EI, 70 eV) m/z (%) 325 (M"+1,
5.97), 324 (M*, 3.35), 282 (100); IR v (neat, cm~!) 1955, 1590, 1483,
1437, 1376, 1193, 1118. HRMS calcd for C»1H250P: 324.1643. Found:
324.1645.

4.1.5. 4-Phenylbuta-1,2-dienyl diphenyl phosphine oxide (1p)

The reaction of 4-phenylbut-1-yn-3-0l (2.1919 g, 15 mmol), EtsN
(220 mL, d=0.73 g/mL, 1.61 g, 15 mmol), and Ph,PCl (2.80 mL,
d=1.20 g/mL, 3.36 g, 15 mmol) in 45 mL of CH,Cl; for 12 h afforded

) ’ R? O HO 2
I PhSeCl 0 R? . R I R
Ph=R R? -K H,"%0! Ph=R Ph-
I — \\‘ P SR 2 PR V= — PN Y= R®
1 3 1 Se 1 1
R R cr R \Ph R SePh R SePh
1 5 6 E-2*
Scheme 4. The proposed mechanism.
2
C , PhSeC (o~ R w0 8R Q HO R?
Ph—R R\ PR N\ H'%0! PhoR PoR N
PH’ S S Ph Y=« [IR PH \— . C A
R R® o R Se\Ph R'  sePh R!  SePh
1 5 6 2

Scheme 5. Rationale for the axial chirality transfer observed in Scheme 2.
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1p (2.3521 g, 47%) as a liquid. TH NMR (300 MHz, CDCl3) 6 7.68-7.57
(m, 4H), 7.55-7.46 (m, 2H), 7.46-7.37 (m, 4H), 7.25-7.18 (m, 3H),
6.97-6.90 (m, 2H), 5.87-579 (m, 1H), 544 (dq, J;=10.8 Hz,
J»=6.8 Hz, 1H), 3.30-3.20 (m, 2H); 3'P NMR (121.5 MHz, CDCl3)
024.5; MS (El, 70 eV) m/z (%) 331 (M"+1,8.27), 330 (M, 33.90), 201
(100); IR » (neat, cm~1) 1954, 1494, 1452, 1437, 1383, 1174. HRMS
calcd for Cy3H19OP: 330.1174. Found: 330.1175.

4.2. Compounds 1a, 11, 10, S-(+)-1j, and R-(+)-10

These compounds were prepared according to a known pro-
cedure described as General Procedure I1.2° It should be noted that
conducting the preparation of R-(+)-10 according to General Pro-
cedure I led to an ee value of R-(+)-10 at the level of 60% from the
optically active propargylic alcohol (99% ee).

4.2.1. 1-Phenylocta-1,2-dienyl diphenyl phosphine oxide (1a)
General Procedure II. To a dried three-necked round-bottom
flask was charged with 1-phenyloct-1-yn-3-0l (3.0038 g, 15 mmol),
triethylamine (3.3 mL, d=0.73 g/mL, 2.41 g, 22.5 mmol), and 50 mL
of THE. A solution of chlorodiphenylphosphine (4.30 mL, d=1.20 g/
mL, 5.18 g, 22.5 mmol) in 10 mL of THF was then added dropwise at
—64 °C within 22 min. After being warmed up naturally to room
temperature, the reaction was monitored by TLC (petroleum ether/
ethyl acetate=1:1). Upon complete conversion of the alcohol, the
reaction was quenched with 20 mL of water. The organic layer was
separated and the aqueous layer was extracted with 30x3 mL of
Et,0. The combined organic layer was washed with 15 mL of brine
and dried over anhydrous Na,SO4. After evaporation of the solvent,
chromatography on silica gel (eluent: petroleum ether/ethyl
acetate=5:1 to 2:1) of the crude product afforded 1a (4.1912 g, 73%)
as a liquid. "TH NMR (300 MHz, CDCl3) 6 7.84-7.67 (m, 4H), 7.61 (d,
J=7.8 Hz, 2H), 7.54-7.35 (m, 6H), 7.31-7.10 (m, 3H), 5.30 (dt,
J1=10.5 Hz, J,=7.1 Hz, 1H), 1.92-1.70 (m, 2H), 1.30-1.02 (m, 6H),
0.84 (t, J=7.1 Hz, 3H); 3'P NMR (121.5 MHz, CDCl5) 6 30.1; MS (E],
70 eV) mfz (%) 387 (M +1, 6.83), 386 (M*, 25.81), 201 (100); IR »
(neat, cm™1) 1940, 1595, 1492, 1438, 1387, 1319, 1190, 1182. Anal.
Calcd for CygH,70P: C, 80.80; H, 7.04. Found: C, 80.80; H, 7.09.

4.2.2. S-1-Phenylpenta-1,2-dienyl diphenyl phosphine
oxide (S-1j>26

The reaction of S-(—)-1-phenylpent-1-yn-3-ol (0.6390¢g,
4.0 mmol, 99% ee), Et3N (0.83 mL, d=0.73 g/mL, 0.61 g, 6.0 mmol),
and Ph,PCI (1.10 mL, d=1.20 g/mL, 1.32 g, 6.0 mmol) in 25 mL of THF
for 2.0 h afforded S-(+)-1j (0.6290 g, 46%) as a liquid. '"H NMR
(300 MHz, CDCl3) ¢ 7.84-7.68 (m, 4H), 7.61 (d, J=7.5 Hz, 2H), 7.55-
7.33 (m, 6H), 7.28-7.12 (m, 3H), 5.33 (dt, J;=10.5 Hz, J,=6.3 Hz, 1H),
1.93-1.75 (m, 2H), 0.79 (t, J=7.4 Hz, 3H); HPLC conditions: Chiralcel
OD-H, hexane/i-PrOH=95:5, 0.7 mL/min, n=230 nm, tg 14.8 (ma-
jor), 16.3 (minor); [a]8” +20.72 (c 0.74, CHCls).

4.2.3. 4-Methylpenta-1,2-dienyl diphenyl phosphine oxide (11)

The reaction of 4-methylpent-1-yn-3-ol (2.0619 g (contami-
nated with THF, purity: 95%), 20 mmol), EtsN (4.20 mL, d=0.73 g/
mL, 3.07 g, 30 mmol), and PhyPCl (5.50 mL, d=1.20 g/mL, 6.60 g,
30 mmol) in 55.5 mL of THF for 12 h afforded 11 (2.4698 g, 44%) as
a solid. Mp 63-64 °C (Et,0). "H NMR (400 MHz, CDCl3) 6 7.79-7.70
(m, 4H), 7.55-7.41 (m, 6H), 5.91-5.84 (m, 1H), 5.24 (dt, J;=10.8 Hz,
Jo=6.4 Hz, 1H), 2.27-2.15 (m, 1H), 0.81 (d, J=6.8 Hz, 3H), 0.80 (d,
J>=6.8 Hz, 3H); 3C NMR (100 MHz, CDCl3) ¢ 210.3, 132.6 (d,
Jpc=105.9 Hz), 132.3 (d, Jpc=105.9 Hz), 131.6 (d, Jpc=2.7 Hz), 131.4
(d, Jpc=8.8 Hz), 131.3 (d, Jpc=9.7 Hz), 128.2 (d, Jpc=1.5 Hz), 128.1 (d,
Jpc=1.8 Hz), 99.8 (d, Jpc=13.5 Hz), 86.4 (d, Jpc=105.9 Hz), 27.2 (d,
Jpc=52Hz), 22.1 (d, Jpc=3.6 Hz), 21.8 (d, Jpc=2.6 Hz); 3P NMR
(121.5 MHz, CDCl3) 6 24.9; MS (EI, 70 eV) m/z (%) 283 (M*+1, 6.22),
282 (M, 25.02), 201 (100); IR » (KBr, cm 1) 1945, 1592, 1464, 1440,

1284, 1189, 1120. Anal. Calcd for CigH19OP: C, 76.58; H, 6.78.
Found: C, 76.56; H, 6.74.

4.2.4. Nona-1,2-dienyl diphenyl phosphine oxide (10)

The reaction of non-1-yn-3-ol (2.1046g, 15 mmol), Et3N
(3.20 mL, d=0.73 g/mL, 2.34 g, 22.5 mmol), and PhyPCl (4.20 mL,
d=1.20 g/mL, 5.04 g, 22.5 mmol) in 45 mL of THF for 3.5 h afforded
10 (3.0060 g, 62%) as a liquid. "TH NMR (400 MHz, CDCl3) 6 7.81-7.66
(m, 4H), 7.56-7.36 (m, 6H), 5.83-5.74 (m, 1H), 5.29-5.17 (m, 1H),
1.88-1.80 (m, 2H), 1.32-1.07 (m, 8H), 0.89-0.77 (m, 3H); *C NMR
(75MHz, CDCl3) ¢ 2115, 132.6 (d, Jpc=105.8Hz), 1325 (d,
Jpc=105.5Hz), 131.6 (d, Jpc=2.6 Hz), 131.3 (d, Jpc=9.7 Hz), 128.2 (d,
Jpc=12.2Hz), 92.8 (d, Joc=13.5 Hz), 85.1 (d, J,c=105.9 Hz), 31.4, 28.7
(d, Jpe=3.2Hz), 28.5, 271 (d, Jpc=5.3 Hz), 22.3, 13.9; 3'P NMR
(121.5 MHz, CDCl3) 6 24.2; MS (EI, 70 V) m/z (%) 325 (M"+1, 2.06),
324 (M, 3.15), 201 (100); IR » (neat, cm~1) 1949, 1590, 1483, 1465,
1437, 1379, 1311, 1189, 1120, 1104. HRMS calcd for Cp1H50P:
324.1643. Found: 324.1645.

4.2.5. R-Nona-1,2-dienyl diphenyl phosphine oxide (R-10)

The reaction of R-(+)-1-nonyn-3-ol (0.9757 g, 7.0 mmol, 99%
ee), EsN (1.45 mL, d=0.73 g/mL, 1.06 g, 10.5 mmol), and Ph,PCl
(1.95 mL, d=1.20 g/mL, 2.34 g, 10.5 mmol) in 25 mL of THF for 3.0 h
afforded R-(+)-10 (1.2900 g, 57%) as a liquid. "TH NMR (300 MHz,
CDCl3) ¢ 7.81-7.66 (m, 4H), 7.56-7.36 (m, 6H), 5.83-5.74 (m, 1H),
5.29-5.17 (m, 1H), 1.94-1.80 (m, 2H), 1.32-1.07 (m, 8H), 0.85 (t,
J=6.3Hz, 3H); HPLC conditions: Chiralcel OD-H, hexane/
i-PrOH=90:10, 0.7 mL/min, n=230 nm, tg 10.1 (major), 13.1 (minor);
[]3” —123.8 (c 1.21, CHCl3).

4.3. Reaction of multi-substituted allenyl phosphine oxides
with PhSeCl

4.3.1. 3-Hydroxy-1-phenyl-2-phenylselanyl-1(E)-octenyl diphenyl
phosphine oxide (E-2a)

General Procedure I11. To a solution of PhSeCl (58.1 mg, 0.3 mmol)
in 3 mL of MeCN was added 0.2 mL of H,0. Then a solution of 1a
(77.7 mg, 0.2 mmol) in 1 mL of MeCN was added and the resulting
mixture was stirred at room temperature for 14 min. After com-
plete consumption of the starting material as monitored by TLC
(eluent: petroleum ether/ethyl acetate=2:1), the mixture was
quenched with 5 mL of H,O, extracted with 20x3 mL of diethyl
ether, washed with 5 mL of brine, and dried over anhydrous
Na,S04. Filtration, evaporation, and flash chromatography on silica
gel (petroleum ether/ethyl acetate=3:1 to 2:1) afforded E-2a
(102.3 mg, 91%) as a liquid. 'H NMR (400 MHz, CDCl3) ¢ 7.82-7.73
(m, 2H), 7.61-7.50 (m, 3H), 7.49-7.40 (m, 3H), 7.40-7.24 (m, 7H),
7.16-7.08 (m, 2H), 7.00-6.92 (m, 1H), 6.92-6.83 (m, 1H), 6.78 (d,
J=10.8 Hz, 1H), 6.52 (d, J=7.6 Hz, 1H), 4.37 (t, J]=9.8 Hz, 1H), 2.22-
2.03 (m, 1H), 1.91-1.76 (m, 1H), 1.54-1.37 (m, 1H), 1.29-1.14 (m, 2H),
1.12-0.95 (m, 3H), 0.83 (t, J=7.4 Hz, 3H); 3'P NMR (121.5 MHz,
CDCl3) 6 32.4; MS (ESI) mjz (%) 561 (M*(80Se)+1, 3.49), 546
(M*(82Se)+1—-0H, 6.10), 544 (M*(8%Se)+1-OH, 45.35), 542
(M*(’8Se)+1—OH, 16.86), 545 (M'(3%Se)-OH, 27.33), 543
(M*(39Se)—0OH, 100), 541 (M*(’8se)-OH or M*(’’Se)+1—OH,
56.40), 540 (M*(7’Se)-OH or M*(’®Se)+1-0OH, 24.42), 539
(M*("®se)—OH, 30.23); IR » (neat, cm~!) 3280, 1560, 1473, 1437,
1168. Anal. Calcd for C3H330,PSe: C, 68.69; H, 5.94. Found: C,
68.67; H, 5.91.

The following compounds were prepared according to General
Procedure III.

4.3.2. 3-Hydroxy-2-phenylselanyl-1(E)-butenyl diphenyl phosphine
oxide (E-2b)

The reaction of 1b (77.0 mg, 0.30 mmol) and PhSeCl (87.1 mg,
0.45 mmol) in 0.3 mL of H,0 and 6 mL of CH3CN for 12 min afforded
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E-2b (106.3 mg, 82%) as a solid. Mp 145-146 °C (hexane/ethyl ac-
etate). '"H NMR (400 MHz, CDCl3) & 7.62-7.27 (m, 15H), 5.98 (d,
J=72Hz, 1H), 559 (d, J=20.4 Hz, 1H), 5.05-4.92 (m, 1H), 1.55
(d, J=5.6 Hz, 3H); >C NMR (100 MHz, CDCl3) 6 170.4, 136.7, 133.4
(d, Jpc=105.4 Hz), 133.1 (d, Jpc=105.1 Hz), 131.62 (d, Jpc=4.3 Hz),
131.59 (d, Jpc=4.5 Hz), 130.7 (d, Jpc=10.0 Hz), 130.6 (d, J,c=9.8 Hz),
129.7, 129.2, 1284 (d, Jpc=12.0 Hz), 127.5, 112.8 (d, Jpc=96.1 Hz),
69.9 (d, Jpc=6.7 Hz), 23.5; 3'P NMR (121.5 MHz, CDCl3) 6 23.7;
MS (El, 70 eV) mjz (%) 386 (M*(32Se)+1—CH3CHOH, 1.68), 384
(M*(8%Se)+1—CH3CHOH, 2.32), 382 (M*(”8Se)+1—CH3CHOH, 1.92),
380 (M*(7%Se)+1—CH3CHOH or M*(7’Se)—CH3CHOH, 0.75), 385
(M*(82Se)—CH3CHOH, 4.83), 383 (M*(39Se)—CH3CHOH, 5.09), 381
(M*(78Se)—CH3CHOH, or M*(7’Se)+1—CH3CHOH, 2.16), 379
(M*(76Se)—CH3CHOH, 0.58), 271 (100); IR » (KBr, cm~1) 3300, 1591,
1566, 1477, 1436, 1360, 1273, 1172, 1119, 1104. Anal. Calcd for
CyoHy10,5PSe: C, 61.83; H, 4.95. Found: C, 61.85; H, 4.96.

4.3.3. 3-Hydroxy-3-phenyl-2-phenylselanyl-1(E)-propenyl
diphenyl phosphine oxide (E-2c)

The reaction of 1¢ (94.9 mg, 0.30 mmol) and PhSeCl (87.1 mg,
0.45 mmol) in 0.3 mL of H,0 and 6 mL of CH3CN for 28 min afforded
E-2¢ (125.5 mg, 85%) as a solid. Mp 163-164 °C (ethyl acetate). 'H
NMR (300 MHz, CDCl3) 6 7.60-7.23 (m, 20H), 6.33 (d, J=6.6 Hz, 1H),
6.00 (d, J=5.4 Hz, 1H), 5.80 (d, J=19.5 Hz, 1H); '3C NMR (75 MHz,
CDCl3) 6 168.0, 140.7, 136.7, 133.1 (d, Jc=106.0 Hz), 133.0 (d,
Jpe=107.0 Hz), 131.76 (d, Jpc=12.4 Hz), 131.72 (d, Jpc=12.0 Hz), 130.9
(d, Jpe=14.9Hz), 130.7 (d, Jpc=16.1 Hz), 129.8, 129.3, 128.6 (d,
Jpe=12.0 Hz), 128.5 (d, Jpc=12.2 Hz), 128.2, 128.1, 127.8, 127.0, 115.6
(d, Jpc=96.2 Hz), 74.9 (d, Jpc=7.1 Hz); 3'P NMR (121.5 MHz, CDCl3)
6 23.8; MS (ESI) m/z (%) 492 (M*(8Se), 9.30), 491 (M*(3%Se)+1,
43.72), 489 (M*(78Se)+1, 20.35), 476 (M*(32Se)+1—O0H, 6.98), 474
(M*(8%Se)+1—-0H, 29.94), 472 (M*(’8Se)+1—-OH, 12.79), 470
(M*(7’Se)—OH or M*("Se)+1-OH, 19.19), 475 (M*(82Se)—OH,
26.74), 473 (M*(3°Se)-OH, 100), 471 (M*(’8Se)-OH or
M+(77Se)+1—0H, 51.16), 469 (M*("6Se)—OH, 14.83); IR » (KBr, cm ™)
3275,1592, 1571, 1493, 1474, 1439, 1274, 1186, 1173, 1118. Anal. Calcd
for C27H;30,PSe: C, 66.26; H, 4.74. Found: C, 66.25; H, 4.77.

4.3.4. 3-Hydroxy-3-methyl-2-phenylselanyl-1(E)-butenyl diphenyl
phosphine oxide (E-2d)

The reaction of 1d (81.0 mg, 0.30 mmol) and PhSeCl (86.4 mg,
0.45 mmol) in 0.3 mL of H,0 and 6 mL of CH3CN for 19 min afforded
E-2d (118.6 mg, 89%) as a solid. Mp 103-104 °C (hexane/ethyl ace-
tate). '"H NMR (400 MHz, CDCl3) 6 7.51 (d, J=7.2 Hz, 2H), 7.47-7.24
(m, 13H), 7.02 (s, 1H), 5.47 (d, J=18.0 Hz, 1H), 1.65 (s, 6H); 13C NMR
(100 MHz, CDCls) 6 173.4, 136.9, 133.1 (d, Jpc=106.5 Hz), 131.5 (d,
Jpe=2.5Hz), 130.8 (d, J,c=9.0 Hz), 129.9, 129.3, 128.9, 1284 (d,
Jpe=12.3 Hz), 113.0 (d, Jpc=96.6 Hz), 75.0 (d, Jpc=5.7 Hz), 29.8; 3'P
NMR (121.5 MHz, CDCl3) 6 25.9; MS (ESI) m/z (%) 445 (M*(52Se)+1,
21.43), 443 (M*(39Se)+1 or M*(82Se)—1, 100), 441 (M*("8Se)+1 or
M*(80Se)—1, 48.41), 440 (M*(7’Se)+1 or M*("8Se), 18.25), 439
(M*(7%se)+1 or M*("’Se) or M+("8se)—1, 15.87), 444 (M*(52Se),
24.60), 442 (M*(3%e), 14.29); IR v (KBr, cm~') 3242, 1583, 1568,
1438, 1358, 1190, 1160, 1117, 1097. Anal. Calcd for Ca3H,30,PSe: C,
62.59; H, 5.25. Found: C, 62.54; H, 5.31.

4.3.5. 3-Hydroxy-2-phenylselanyl-3-propyl-1(E)-hexenyl diphenyl
phosphine oxide (E-2e)

The reaction of 1e (97.3 mg, 0.30 mmol) and PhSeCl (85.5 mg,
0.45 mmol) in 0.3 mL of H,0 and 6 mL of CH3CN for 18 min affor-
ded E-2e (119.7 mg, 80%) as a liquid. 'TH NMR (400 MHz, CDCls)
6 7.55 (d, J=6.8 Hz, 2H), 7.47-7.36 (m, 7H), 7.35-7.28 (m, 6H), 6.53
(s, 1H), 5.71 (d, J=18.4 Hz, 1H), 1.90-1.70 (m, 4H), 1.53-1.32 (m, 4H),
0.91 (t, J=7.4 Hz, 6H); 13C NMR (100 MHz, CDCl3) § 172.1, 137.2,
134.0 (d, Jpc=107.2 Hz), 131.2 (d, Jpc=2.4 Hz), 130.7 (d, Jpc=9.3 Hz),
129.9, 129.3, 128.6, 1282 (d, Jpc=11.8 Hz), 115.8 (d, Jpc=97.4 Hz),

80.7 (d, Joc=5.4 Hz), 44.4, 16.6, 14.4; 3'P NMR (121.5 MHz, CDCl3)
0 24.9; MS (ESI) m/z (%) 484 (M*(®2Se)+1—OH, 14.91), 482
(M*(8%Se)+1—-0OH, 58.19), 480 (M*(’8Se)—OH-+1, 28.65), 478
(M*(75Se)+1—0H or M*(7’Se)—OH, 46.78), 476 (M*(74Se)+1—0OH,
1.75), 483 (M*(32Se)—OH, 47.37), 481 (M*(8%Se)—OH, 100), 479
(M*("8Se)—OH or M*(7’Se)+1—0H, 83.63), 477 (M*("6Se)—OH or
M*(77Se)—H,0, 39.18), 475 (M*(74Se)—OH, 4.68); IR v (neat, cm™ ')
3212, 1571, 1473, 1435, 1313, 1168, 1121, 1099. Anal. Calcd for
Cy7H310,PSe: C, 65.19; H, 6.28. Found: C, 65.28; H, 6.21.

4.3.6. 3-Hydroxy-3,3-pentamethylene-2-phenylselanyl-1(E)-
propenyl diphenyl phosphine oxide (E-2f)

The reaction of 1f (93.3 mg, 0.30 mmol) and PhSeCl (87.5 mg,
0.45 mmol) in 0.3 mL of H,0 and 6 mL of CH3CN for 10 min afforded
E-2f (122.9 mg, 84%) as a solid. Mp 134-135 °C (hexane/ethyl ace-
tate). 'TH NMR (300 MHz, CDCl3) 6 7.51 (d, J=7.8 Hz, 2H), 7.48-7.24 (m,
13H), 6.68 (s, 1H), 5.45 (d, J=18.3 Hz, 1H), 2.04-1.76 (m, 6H), 1.76-1.54
(m, 3H), 1.32-1.12 (m, 1H); 3C NMR (100 MHz, CDCl3) 6 174.6 (d,
Jpe=2.1Hz),136.9,133.3 (d, Jpc=107.5 Hz), 131.4 (d, Jpc=2.3 Hz), 130.7
(d, Jpc=9.8 Hz), 129.8, 129.2, 129.1, 128.3 (d, Jpc=12.1 Hz), 113.0 (d,
Jpc=972Hz), 762 (d, Jpc=5.4Hz), 366, 253, 215 3P NMR
(121.5 MHz, CDCl3) 6 26.1; MS (EL 70 eV) m/z (%) 402 (M*(77Se)—CgHs
or M*(’8Se)-CgHs—1, 2.82), 401 (M*(7®Se)—CgHs, 9.01), 386
(M*(82Se)+1—CgH1gOH, 0.77), 384 (M*(8%Se)+1—CgH1gOH, 4.41),
382 (MT("8se)+1-CgH1o0H, 1.30), 381 (M*(7’Se)+1—CgH100H
or M*(’8se)-CgH10OH, 1.57), 380 (M*("8Se)+1-Ce¢H1gOH or
M*(77Se)—CgH10OH, 0.87), 385 (M*(82Se)—Ce¢H1oOH, 1.90), 383
(M*(8%e)—CgH19OH, 8.00), 201 (100); IR » (KBr, cm~') 3182, 1561,
1543, 1443, 1435, 1168, 1155, 1117, 1097. Anal. Calcd for CygHp70,PSe:
C, 64.87; H, 5.65. Found: C, 64.87; H, 5.66.

4.3.7. 1-Hydroxy-2-phenylselanyl-2(E)-hepten-3-yl diphenyl
phosphine oxide (E-2g)

The reaction of 1g (88.9 mg, 0.30 mmol) and PhSeCl (86.6 mg,
0.45 mmol) in 0.3 mL of H,0 and 6 mL of CH3CN for 16 min afforded
E-2g (94.6 mg, 67%) as a solid. Mp 113-114 °C (hexane/ethyl ace-
tate). 'TH NMR (300 MHz, CDCl3) 6 7.78-7.43 (m, 12H), 7.41-7.28 (m,
3H), 5.61 (t, J=7.5 Hz, 1H), 4.22 (d, J=7.5 Hz, 2H), 2.37-2.15 (m, 2H),
1.10-0.90 (m, 4H), 0.60 (t, J=6.5 Hz, 3H); 3'P NMR (121.5 MHz,
CDCl3) 6 32.9; MS (ESI) mjz (%) 473 (M*(%%Se)+1, 19.25), 471
(M*(3%Se)+1 or M*(82Se)—1,100), 469 (M*(”8Se)+1 or M*(39Se)—1,
49.37), 468 (M*(7’Se)+1 or M*(’8Se), 20.08), 467 (M*(7®Se)+1 or
M*(77Se) or M*(’8se)—1, 21.76), 472 (M*(®%Se), 25.94), 470
(M*(8%Se), 30.13), 466 (M*(7Se) or M*(7’Se)—1, 19.25): IR » (KBr,
cm™1) 3307, 1577, 1548, 1466, 1440, 1167, 1145. Anal. Calcd for
Cy5H2702PSe: C, 63.97; H, 5.80. Found: C, 63.98; H, 5.82.

4.3.8. 3-Hydroxy-1-phenyl-2-phenylselanyl-1(E)-propenyl
diphenyl phosphine oxide (E-2h)

The reaction of 1h (95.3 mg, 0.30 mmol) and PhSeCl (88.6 mg,
0.45 mmol) in 0.3 mL of H,0 and 6 mL of CH3CN for 14 min afforded
E-2h (117.9 mg, 80%) as a solid. Mp 138-139 °C (hexane/ethyl ace-
tate). '"H NMR (400 MHz, CDCl3) 6 7.68-7.52 (m, 6H), 7.51-7.42 (m,
2H), 7.41-7.29 (m, 7H), 7.18-7.06 (m, 3H), 6.84 (d, J=8.0 Hz, 2H),
5.94 (br's, 1H), 4.40 (s, 2H); 3'P NMR (121.5 MHz, CDCl3) 6 30.5; MS
(ESI) mfz (%) 493 (M*(32Se)+1, 16.23), 491 (M*T(3%Se)+1 or
M*(82Se)—1, 100), 489 (M*(’8se)+1 or M*(80Se)—1, 52.27), 488
(M*(77se)+1 or M*(78Se), 21.75), 487 (M*(76Se)+1 or M*("’Se) or
M*("8se)—1,16.23), 492 (M*(82Se), 33.44), 490 (M*(¥%Se), 17.86); IR
v (KBr, cmfl) 3325, 1576, 1558, 1474, 1440, 1160. Anal. Calcd for
Cy7H2304PSe: C, 66.26; H, 4.74. Found: C, 66.24; H, 4.79.

4.3.9. 5-Hydroxy-4-phenylselanyl-3(E)-hexen-3-yl diphenyl
phosphine oxide (E-2i)

The reaction of 1i (90.3 mg, 0.30 mmol) and PhSeCl (87.1 mg,
0.45 mmol) in 0.3 mL of H,0 and 6 mL of CH3CN for 10 min afforded
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E-2i (130.6 mg, 90%) as a liquid. 'H NMR (300 MHz, CDCl3) é 7.80-
7.62 (m, 4H), 7.62-7.41 (m, 8H), 7.36-7.27 (m, 3H), 6.62 (br s, 1H),
4.64-4.52 (m, 1H), 2.55-2.21 (m, 2H), 1.49 (d, J=6.6 Hz, 3H), 0.44 (t,
J=7.2 Hz, 3H); 3'P NMR (121.5 MHz, CDCl3) § 33.7; MS (ESI) m/z (%)
459 (M*(82Se)+1,21.01), 457 (M*(89Se)+1 or M*(32Se)—1,100), 455
(M+(78se)+1 or M*(8%Se)—1, 54.62), 454 (M*(7’Se)+1 or M*(’8Se),
17.65), 453 (M*(7%Se)+1 or M*("’Se) or M*(78se)—1, 18.49), 458
(M*(52Se), 26.89), 456 (M*(30se), 14.29), 452 (M*(’®Se) or
M*(77Se)—1, 21.01), 439 (M*(8°Se)—OH, 13.87); IR v (neat, cm™ ')
3240, 1576, 1557, 1476, 1437, 1363, 1167, 1117. Anal. Calcd for
Ca4H250,PSe: C, 63.30; H, 5.53. Found: C, 63.33; H, 5.57.

4.3.10. 3-Hydroxy-1-phenyl-2-phenylselanyl-1(E)-pentenyl
diphenyl phosphine oxide (E-2j)

The reaction of 1j (103.7 mg, 0.30 mmol) and PhSeCl
(87.8 mg, 0.45 mmol) in 0.3 mL of H,O and 6 mL of CH3CN for
5min afforded E-2j (137.8 mg, 88%) as a liquid. '"H NMR
(300 MHz, CDCl3) & 7.74 (dd, J;=12.5 Hz, J,=7.4 Hz, 2H), 7.61-
7.22 (m, 13H), 7.16-7.07 (m, 2H), 7.01-6.90 (m, 1H), 6.90-6.79
(m, 1H), 6.74 (d, J=11.4Hz, 1H), 6.51 (d, J=7.2 Hz, 1H), 4.22 (t,
J=9.5Hz, 1H), 2.22-2.01 (m, 1H), 1.98-1.82 (m, 1H), 0.80 (t,
J=7.4 Hz, 3H); 3'P NMR (121.5 MHz, CDCl3) § 32.3; MS (ESI) m/z
(%) 504 (M*(%%Se)+1-OH, 8.77), 502 (M*(8%Se)+1-OH or
M*(82Se)—H,0, 56.14), 500 (M*("8Se)+1—0OH or M*(8%Se)—H,0,
42.69), 503 (M*(32Se)—0OH, 38.60), 501 (M*(89Se)—OH, 100), 499
(M*("8se)—OH or M*(”’Se)+1-0H, 72.81), 498 (M*(’’Se)—OH
or  M*(’%Se)+1-OH or M*("8Se)-H,0, 43.27), 497
(M*(7%Se)—OH or M*(7’Se)—H,0, 35.07), 495 (M*(7*Se)—OH,
2.92); IR » (neat, cm™!) 3422, 1560, 1550, 1473, 1437, 1380, 1160,
1116, 1098. Anal. Calcd for Co9H270,PSe: C, 67.31; H, 5.26. Found:
C, 67.27; H, 5.28.

4.3.11. 2-Hydroxy-2-methyl-3-phenylselanyl-3(E)-octen-4-yl
diphenyl phosphine oxide (E-2k)

The reaction of 1k (95.5 mg, 0.30 mmol) and PhSeCl (86.2 mg,
0.45 mmol) in 0.3 mL of H,0 and 6 mL of CH3CN for 10 min afforded
E-2K (94.7 mg, 65%) as a liquid. "H NMR (400 MHz, CDCl3) 6 7.71-
7.61 (m, 4H), 7.56-7.49 (m, 2H), 7.48-7.40 (m, 6H), 7.34 (s, 1H), 7.30-
7.20 (m, 3H), 2.25-2.12 (m, 2H), 1.65 (s, 6H), 1.05-0.95 (m, 2H),
0.85-0.73 (m, 2H), 0.51 (t, J=7.2 Hz, 3H); >*C NMR (100 MHz, CDCl3)
6 163.1 (d, Jpc=4.6 Hz), 136.1 (d, Jc=78.8 Hz), 133.4 (d, Jc=1.9 Hz),
132.8 (d, Jpc=104.2 Hz), 132.1 (d, Jpc=10.1 Hz), 131.8 (d, Jpc=2.6 Hz),
129.9,129.3,128.3 (d, Jpc=12.0 Hz), 126.6, 77.2 (d, Jpc—4.9 Hz), 38.1
(d, Jpc=14.9 Hz), 31.3, 30.4, 22.5, 13.3; >'P NMR (121.5 MHz, CDCl5)
0 373; MS (ESI) mjz (%) 484 (M*(52Se)+1—OH, 17.58), 482
(M*(39Se)+1—0H or M*(82Se)—H,0, 72.73), 483 (M*(5%Se)—OH,
61.82), 481 (M™(®%Se)-OH, 100), 479 (M*(’%Se)-OH or
M*(7’Se)+1—0H, 91.82), 477 (M*("°Se)—~OH or M*(7’Se)—H,0,
57.58), 475 (M*(74Se)—0H, 5.45); IR » (neat, cm~1) 3209, 1576, 1534,
1476,1437,1354, 1186, 1164, 1116, 1095. Anal. Calcd for C7H310,PSe:
C, 65.19; H, 6.28. Found: C, 65.21; H, 6.30.

4.3.12. 3-Hydroxy-4-methyl-2-phenylselanyl-1(E)-pentenyl
diphenyl phosphine oxide (E-21) and 3-chloro-4-methyl-2-
phenylselanyl-1(Z)-pentenyl diphenyl phosphine oxide (Z-31)

The reaction of 11 (422.6 mg, 1.5 mmol) and PhSeCl (431.8 mg,
2.25 mmol) in 1.0 mL of H,0 and 20 mL of MeCN afforded a crude
mixture, which was purified by flash chromatography on silica gel
(eluent: CHaCly/ethyl acetate=40:1 to 3:1) to yield E-21 (525.5 mg,
76%) and Z-3l (less polar, 52.1 mg, 7%). E-21/Z-31=92:8. Compound
E-21: solid. Mp 149-150°C (n-hexane/ethyl acetate). 'H NMR
(400 MHz, CDCl3) 6 7.59-7.52 (m, 2H), 7.52-7.27 (m, 13H), 5.71 (d,
J=7.6 Hz, 1H), 5.65 (d, J=20.4 Hz, 1H), 4.60 (t, J=7.2 Hz, 1H), 2.22-
2.10 (m, 1H), 1.07 (d, J=6.4 Hz, 3H), 0.92 (d, J=7.2 Hz, 3H); °C NMR
(100 MHz, CDCl3) ¢ 168.9, 136.8, 133.7 (d, Jpc=105.9 Hz), 133.5 (d,
Jpc=105.8 Hz), 131.4, 130.6 (d, Jpc=6.5 Hz), 130.5 (d, Jpc=6.5 Hz),

129.7,129.2, 128.32 (d, Jpc=12.7 Hz), 128.30 (d, J,c=11.6 Hz), 127.7,
113.9 (d, Jpc=96.8 Hz), 78.5 (d, Jpc=5.3 Hz), 34.6,19.7, 18.5; 'P NMR
(121.5 MHz, CDCl3) 6 22.6; MS (ESI) m/z (%) 482 (M*(32Se)+Na+1,
5.88), 480 (M*(3%Se)+Na+1, 25.21), 478 (M*(78Se)+Na+1, 12.61),
481 (M*(%%Se)+Na, 21.85), 479 (M*(8%Se)+Na, 100), 477
(M+(’8se)+Na or M*(7’Se)+Na+1, 51.68), 476 (M*("’Se)+Na or
M*(75Se)+Na+1, 15.97), 475 (M*("®Se)+Na, 9.24), 459
(M*(82Se)+1, 8.40), 457 (M*(8%Se)+1, 36.13), 455 (MT("3Se)+1,
17.23), 458 (M*(82Se), 11.76), 456 (M*(8%Se), 3.36), 454 (M*("8Se) or
M*(77Se)+1, 9.66), 453 (M*("’Se) or M*(76Se)+1, 8.40); IR » (KBr,
cm~1) 3299, 1592, 1578, 1570, 1437, 1288, 1172. Anal. Calcd for
Ca4H250,PSe: C, 63.30, H, 5.53. Found: C, 63.34; H, 5.54. Compound
Z-3I: liquid. "TH NMR (300 MHz, CDCl3) 6 7.93-7.83 (m, 2H), 7.83-
7.73 (m, 2H), 7.60-7.43 (m, 6H), 7.43-7.23 (m, 5H), 7.10 (dd,
J1=21.3 Hz, J=0.9 Hz, 1H), 4.28 (dd, J;=3.2 Hz, /,=0.9 Hz, 1H), 2.49-
2.31 (m, 1H), 0.87 (d, J=6.6 Hz, 3H), 0.82 (d, J=6.6 Hz, 3H); >°C NMR
(75MHz, CDCl3) 6 1570 (d, Jpe=14Hz), 136.0, 1341 (d,
Jpc=106.2 Hz),133.1 (d, Jpc=105.8 Hz), 131.7 (d, Jpc=2.8 Hz), 131.6 (d,
Jpe=2.7 Hz),131.3 (d, Jpc=10.1 Hz), 130.8 (d, Jpc=9.5 Hz), 129.4,129.1,
1286 (d, Jpe=12.5Hz), 1284 (d, Jpc=12.2 Hz), 126.9, 1235 (d,
Jpe=105.9 Hz), 703 (d, Jpc=14.3 Hz), 32.7, 20.7, 15.3; 3P NMR
(121.5 MHz, CDCl3) 6 21.5; MS (ESI) m/z (%) 479 (M*(82Se*’Cl)+1,
420), 477 (MT(®%se®c)+1 or MT(8%e*’cl)+1, 39.50), 475
(M*(3%ecl)+1 or M*H(78se3’Cl)+1, 100), 471 (M*(77se3>Cl) or
M*(765eCl)+1 or MT(74se¥’Cl)+1, 13.45), 478 (M*(¥2se>’Cl),
10.08), 476 (M*(325e>>Cl) or M*(8%Se37Cl), 25.21), 474 (M*+(8%se3>Cl)
or M*("8se%’cl), 15.13), 473 (M*(77se>’Cl) or M*("8se33Cl)+1 or
M*(765e3’Cl)+1, 43.70), 472 (M*(765e3Cl) or M*(785e3>Cl), 12.61);
IR » (neat, cm~!) 3056, 2967, 2929, 2871, 1560, 1476, 1437, 1195.
Anal. Calcd for Co4H24CIOPSe: C, 60.84; H, 5.11; Cl, 7.48. Found: C,
60.86; H, 5.13; Cl, 7.31.

4.3.13. 3-Hydroxy-2-phenylselanyl-1(E)-propenyl diphenyl
phosphine oxide (E-2m) and 3-chloro-2-phenylselanyl-1(Z)-
propenyl diphenyl phosphine oxide (Z-3m)

The reaction of 1m (71.8 mg, 0.3 mmol) and PhSeCl (86.6 mg,
0.45 mmol) in 0.3 mL of H,0 and 6.0 mL of MeCN afforded E-2m
(15.7 mg, 13%) and Z-3m (less polar, 79.4 mg, 61.5%). E-2m/Z-
3m=17.5:82.5. Compound E-2m: solid. Mp 136.7-137.6 °C (petro-
leum/ethyl acetate). '"H NMR (300 MHz, CDCl3) 6 7.64-7.31 (m, 15H),
6.11 (t, J=7.2 Hz, 1H), 5.79 (d, J=21.0 Hz, 1H), 4.52 (d, J=5.1 Hz, 2H);
13C NMR (100 MHz, CDCl3) ¢ 164.3, 136.4, 132.9 (d, J,c=106.1 Hz),
131.8 (d, Jpc=3.1 Hz), 130.7 (d, Jpc=10.4 Hz), 129.8, 129.4, 128.5 (d,
Jpe=12.1Hz), 127.3, 114.6 (d, Jpc=95.8 Hz), 64.3 (d, Jpc=6.8 Hz); 3'P
NMR (121.5 MHz, CDCl3) 6 25.1; MS (ESI) m/z (%) 417 (M*(3%Se)+1,
19.83), 415 (M*(8%Se)+1 or M*(82Se)—1, 100), 413 (M*(’8Se)+1 or
M*(80Se)—1, 6.47), 416 (M*(3%Se), 18.53), 414 (M*(80Se), 14.22), 412
(M*(78se) or M*(77Se)+1, 17.24), 411 (M*("’Se) or M*("8Se)—1 or
M*(76Se)+1, 15.52), 410 (M*(76Se) or M*(7’Se)—1, 14.66); IR » (KBr,
cm~1) 3231, 1567, 1439, 1279, 1169, 1121, 1105, 1076. Anal. Calcd for
Cy1H190,PSe: C, 61.03; H, 4.63. Found: C, 61.11; H, 4.55. Compound
Z-3m: liquid. "H NMR (300 MHz, CDCl3) 6 7.89-7.74 (m, 4H), 7.60-
7.42 (m, 8H), 7.40-7.24 (m, 3H), 7.02 (dt, J;=21.0 Hz, J=1.7 Hz, 1H),
4.06 (t, J=15Hz, 2H); 3C NMR (75 MHz, CDCl3) ¢ 152.6 (d,
Jpe=2.0 Hz),136.7,133.2 (d, Jpc=106.0 Hz), 131.8 (d, Jpc=2.9 Hz), 131.1
(d, Jpe=9.3 Hz), 129.4, 129.3, 128.6 (d, Jpc=12.0 Hz), 125.8, 121.2 (d,
Jpc=105.1 Hz), 48.7 (d, Jpc=16.4 Hz); 3'P NMR (121.5 MHz, CDCl3)
6 221; MS (ESI) mjz (%) 437 (M*(82se*’Cl)+1, 5.88), 436
(M*(32se37Cl), 7.56), 435 (M*(3%se®>Cl)+1 or M*(8%Se*’Cl)+1,
42.86), 434 (M*(®se®>cl) or M*(®%se¥cl), 18.49), 433
(M+(8%se3>Cl)+1 or M*H(78se*’Cl)+1, 100), 431 (M*(7’Se>’Cl) or
MH(78se3>Cl)+1 or M*(7%Se’Cl)+1, 45.38), 430 (M*("®se3’Cl)
or M*(78se3>(l), 18.49), 429 (M*(7’Se*Cl) or M*(7%Se*Cl)+1 or
Mt(7#se¥’Cl)+1, 16.81); IR » (neat, cm™!) 3054, 1589, 1560, 1475,
1437, 1261, 1183, 1118. Anal. Calcd for C;H;gCIOPSe: C, 58.42; H,
4.20; Cl, 8.21. Found: C, 58.31; H, 4.25; Cl, 8.08.
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4.3.14. 3-Hydroxy-2-phenylselanyl-1(E)-pentenyl diphenyl
phosphine oxide (E-2n) and 3-chloro-2-phenylselanyl-1(Z)-
pentenyl diphenyl phosphine oxide (Z-3n)

The reaction of 1n (321.0 mg, 1.2 mmol) and PhSeCl (345.3 mg,
1.8 mmol) in 0.9 mL of H,O and 18.0 mL of MeCN afforded E-2n
(436.1 mg, 82.5%) and Z-3n (less polar, 33.9 mg, 6%). E-2n/Z-
3n=93:7. Compound E-2n: solid. Mp 146.5-147.5 °C (hexane/ethyl
acetate). "TH NMR (300 MHz, CDCl3) § 7.64-7.31 (m, 15H), 5.71 (d,
J=9.0 Hz, 1H), 5.64 (d, J=20.1 Hz, 1H), 4.67-4.51 (m, 1H), 2.00-1.80
(m, 2H), 1.01 (t, J=7.4 Hz, 3H); 13C NMR (75 MHz, CDCl3) § 169.3,
136.7, 133.5 (d, Jpc=106.4 Hz), 133.2 (d, Jpc=105.8 Hz), 131.6, 130.7
(d, Jpc=8.6Hz), 130.6 (d, Jpc=9.8 Hz), 129.7, 129.3, 1284 (d,
Jpe=11.9 Hz), 127.6, 113.3 (d, Jpc=96.9 Hz), 75.4 (d, J,c=5.3 Hz), 30.6,
10.7; 3'P NMR (121.5 MHz, CDCl3) 6 23.6; MS (ESI) m/z (%) 468
(M*(82Se)+Na+1, 4.17), 466 (M*(3Se)+Na+1, 20.00), 464
(M*(78Se)+Na+1, 7.08), 467 (M*(32Se)+Na, 20.00), 465
(M*(39Se)+Na, 100), 463 (M*(78Se)+Na or M*(7’Se)+Na+1, 50.83),
462 (M*("’Se)+Na or M*(7Se)+Na+1, 18.75), 461 (M*(7%Se)+Na,
18.33), 445 (M*(82Se)+1, 10.00), 443 (M*(8%Se)+1, 41.67), 441
(M*(78se)+1, 25.42), 439 (M*("’Se) or M*("8Se)+1, 6.67), 444
(M*(3%se), 14.58), 442 (M'(%%se), 4.58), 440 (M*("8Se) or
M*(77Se)+1, 6.25); IR v (KBr, cm™!) 3342, 3072, 3049, 1605, 1584,
1568, 1435, 1302, 1274, 1173, 1117, 1098. Anal. Caled for
Cy3H2302PSe: C, 62.59; H, 5.25. Found: C, 62.61; H, 5.26. Compound
Z-3n: liquid. 'TH NMR (300 MHz, CDCl3) 6 7.94-7.83 (m, 2H), 7.83-
7.72 (m, 2H), 7.58-7.44 (m, 6H), 7.44-7.24 (m, 5H), 712 (d,
J=21.0Hz, 1H), 4.25 (dd, J;=8.0 Hz, J,=3.5 Hz, 1H), 2.14-2.01 (m,
1H), 1.90-1.73 (m, 1H), 0.87 (t, J=7.4 Hz, 3H); >C NMR (75 MHz,
CDCl3) & 1579, 1359, 1340 (d, J,=1059Hz), 1332 (d,
Jpc=106.0 Hz), 131.7 (d, Jpc=2.8 Hz), 131.6 (d, Jpc=2.7 Hz), 131.4 (d,
Jpe=9.5 Hz),130.9 (d, Jpc=9.5 Hz), 129.5,129.1,128.6 (d, Jpc=11.6 Hz),
1285 (d, Jpe=12.2 Hz), 127.1, 1231 (d, Jpc=105.2 Hz), 65.4 (d,
Jpc=14.0 Hz), 31.7,10.5; >'P NMR (121.5 MHz, CDCl3) 4 21.6; MS (ESI)
mfz (%) 465 (M*(825e¥7Cl)+1, 6.03), 464 (M*(82se3’Cl), 11.21), 463
(M*(8%2se3>C1)+-1 or MT(8%Se37Cl)+1, 44.83), 462 (M1(325e3°Cl) or
M*(8%se37Cl), 25.86), 461 (M*(39Se>>Cl)+1 or M*(78se37C1)+1,100),
459 (M*(77se¥’Cl) or M*(785e*>Cl)+1 or M*(7®se3’Cl)+1, 50.86),
458 (M*(78se3Cl) or M*("8se3>Cl) or M*(77Se3>Cl)+1, 16.81), 457
(M*(77se®>Cl) or M*(755e*>C1)+1 or M*(™Se¥’Cl)+1, 15.95); IR v (neat,
cm 1) 3055, 1567, 1476, 1458, 1437, 1381, 1306, 1194, 1118. HRMS calcd
for Co3H,CINaOPSe™ (M+Na)*t: 483.0162. Found: 483.0139.

4.3.15. 3-Hydroxy-2-phenylselanyl-1(E)-nonenyl diphenyl
phosphine oxide (E-20) and 3-chloro-2-phenylselanyl-1(Z)-nonenyl
diphenyl phosphine oxide (Z-30)

The reaction of 10 (649.3 mg, 2.0 mmol) and PhSeCl (575.4 mg,
3.0 mmol) in 1.5 mL of H,0 and 30 mL of CH3CN for 30 min afforded
E-20 (642.2 mg, 64%) and Z-30 (less polar, 61.2 mg, 6%). E-20/Z-
30=91:9. Compound E-20: solid. Mp 104-105 °C (hexane/ethyl
acetate). 'TH NMR (400 MHz, CDCls) 6 7.62-7.43 (m, 8H), 7.42-7.31
(m, 7H), 5.75 (br s, 1H), 5.64 (d, J=20.0 Hz, 1H), 4.70-4.58 (m, 1H),
1.95-1.75 (m, 2H), 1.60-1.48 (m, 1H), 1.41-1.17 (m, 7H), 0.85 (t,
J=7.0Hz, 3H); '3C NMR (100 MHz, CDCl3) 6 169.3, 136.7, 133.6 (d,
Jpe=105.1 Hz), 133.3 (d, J,c=107.6 Hz), 131.6, 130.8 (d, Jp=10.0 Hz),
130.7 (d, Jpc=9.1 Hz), 129.8,129.3,128.5 (d, Jpc=12.3 Hz), 127.7,113.4
(d, Jpc=97.0 Hz), 74.3 (d, Jpc=6.2 Hz), 37.4, 31.7, 28.9, 26.1, 22.5, 14.0;
31p NMR (121.5MHz, CDCl3) 6 23.3; MS (ESI) m/z (%) 501
(M*(82Se)+1, 13.45), 499 (M*(39Se)+1 or M*(82Se)-1, 68.13), 497
(M*(78se)+1 or M*(8%Se)-1, 31.87), 500 (M*(3%Se), 26.32), 498
(M*(8%Se), 10.23), 496 (M*(78Se) or M*("’Se)+1, 10.06), 495
M*(7’se) or M'("%Se)+1 or M*(78Se)-1, 8.48), 484
(M*(82Se)+1—0H, 15.20), 482 (M*(8%Se)+1—0H or M*(82Se)—H,0,
65.79), 480 (M*(’8se)+1-OH or M*(8%Se)-H,0, 32.16), 483
(M*(32Se)—OH, 53.22), 481 (M*(%°Se)-OH, 100), 479
(M*(’8Se)—0OH or M*("7Se)+1—0H, 70.76), 478 (M*(’’Se)—OH or
M*(76Se)+1—OH or M*("8Se)—H,0, 27.19), 477 (M*(7%Se)—OH or

M+(77se)—H,0, 23.10); IR » (KBr, cm~ 1) 3330, 1590, 1560, 1437, 1187,
1118. Anal. Calcd for C,7H310,2PSe: C, 65.19; H, 6.28. Found: C, 65.21;
H, 6.19. Compound Z-30: liquid. 'H NMR (300 MHz, CDCl3) § 7.93-
7.73 (m, 4H), 7.58-7.23 (m, 11H), 7.11 (d, J=21.0 Hz, 1H), 4.29 (dd,
J1=9.0 Hz, J,=3.3 Hz, 1H), 2.08-1.96 (m, 1H), 1.82-1.66 (m, 1H),
1.47-1.32 (m, 1H), 1.31-1.02 (m, 7H), 0.85 (t, J=6.9 Hz, 3H); 13C NMR
(75MHz, CDCl3) & 1585 (d, Jpe=13Hz), 136.0, 1339 (d,
Jpe=106.1 Hz),133.1 (d, Jpc=105.8 Hz), 131.7 (d, Jpc=2.6 Hz), 131.6 (d,
Jpe=2.9 Hz), 131.3 (d, Jpc=9.9 Hz), 130.9 (d, Jpc=9.7 Hz), 129.4, 129.1,
128.6 (d, Jpc=9.7 Hz), 128.5 (d, Jpc=104Hz), 127.0, 122.5 (d,
Jpc=105.5Hz), 63.9 (d, Jpc=14.9 Hz), 38.6 (d, Joc=1.6 Hz), 31.4, 28.2,
26.1,22.4,14.0; 3'P NMR (121.5 MHz, CDCl3) 6 21.7; MS (ESI) m/z (%)
556 (M+(8%se35C1)+K* or Mt(78se3’Cl)+K™, 3.35), 535 (MT(80se3>
C)+NHf or M*("8se¥Cl)+NHi, 8.37), 533 (M*(77se*Cl) or
M*(78se3>Cl)+NH4 or M*(755e37Cl)+NH4, 16.74), 521 (M*(3%se’’
Cl)+1, 4.60), 519 (M*(32se3>Cl)+1 or M*(8%se®’Cl)+1, 53.56), 517
(M*(8%e3>Cl)+1 or M*(78se*’Cl)+1, 100), 515 (M*(7’se3’Cl) or
M*(78se35Cl)+1 or M*(76Se*’Cl)+1, 50.21), 513 (M*(7’Se3>Cl) or
M*(76se33Cl)+1 or M*(7se*’Cl)+1, 14.23), 520 (M*(®%se¥’Cl),
13.81), 518 (M(32se*>Cl) or M*(8%se3’(l), 15.06), 516 (M*(8%Se3>Cl)
or M*(78se3Cl), 18.41), 514 (M*(76se3’Cl) or M*(78se*3Cl), 16.32);
IR» (neat, cm™1) 3055, 1567, 1476, 1437, 1196, 1118, 1104. Anal. Calcd
for C,7H30ClOPSe: C, 62.86; H, 5.86. Found: C, 62.88; H, 5.77.

4.3.16. 3-Hydroxy-4-phenyl-2-phenylselanyl-1(E)-butenyl diphenyl
phosphine oxide (E-2p) and 3-chloro-4-phenyl-2-phenylselanyl-
1(Z)-butenyl diphenyl phosphine oxide (Z-3p)

The reaction of 1p (200.2 mg, 0.60 mmol) and PhSeCl (172.2 mg,
0.90 mmol) in 0.6 mL of H,O and 12 mL of CH3CN for 15 min
afforded E-2p (196.4 mg, 64%) and Z-3p (less polar, 43.5 mg, 14%). E-
2p/Z-3p=82:18. Compound E-2p: solid. Mp 177-178 °C (ethyl ac-
etate). 'TH NMR (300 MHz, CDCl3) 6 7.65-7.36 (m, 15H), 7.35-7.17 (m,
5H), 5.71 (d, J=19.8 Hz, 1H), 5.52 (d, J=8.1 Hz, 1H), 5.15-5.04 (m,
1H), 3.31-3.14 (m, 2H); 3'P NMR (121.5 MHz, CDCl3) 6 23.3; MS (ESI)
m/z (%) 507 (M*(82Se)+1, 23.03), 505 (M*(8%Se)+1 or M*(3%Se)—1,
100), 503 (M*("8Se)+1 or M*(8%Se)—1, 50.91), 506 (M*(32Se),
28.48), 504 (M*(8%Se), 15.15), 502 (M*("8Se) or M*(7"Se)+1, 20.00),
501 (M*("7Se) or M*("Se)+1 or M*("8Se)—1, 16.36); IR » (KBr,
cm™!) 3209, 1564, 1496, 1437, 1306, 1177, 1119. Anal. Calcd for
CasH250,PSe: C, 66.80; H, 5.01. Found: C, 66.86; H, 5.01. Compound
Z-3p: liquid. "TH NMR (300 MHz, CDCl3) 6 7.89-7.79 (m, 2H), 7.75-
7.64 (m, 2H), 7.58-7.41 (m, 8H), 7.41-7.35 (m, 1H), 7.35-7.27 (m,
2H), 7.22-7.15 (m, 3H), 7.07 (d, J=20.7 Hz, 1H), 6.90-6.82 (m, 2H),
4.56 (dd, J;=8.7 Hz, J,=3.9 Hz, 1H), 3.41 (dd, J;=14.7 Hz, J,=3.9 Hz,
1H), 2.92 (dd, J;=14.4 Hz, Jo=8.7 Hz, 1H); 13C NMR (75 MHz, CDCl3)
6 156.9 (d, Jpc=13 Hz), 136.4,136.2,133.7 (d, J,c=106.1 Hz),133.0 (d,
Jpc=105.2 Hz), 131.8 (d, Jpc=2.7 Hz), 131.7 (d, Jpc=2.8 Hz), 131.3,
1312, 1309 (d, Jpc=9.6Hz), 129.7, 1293, 129.2, 1286 (d,
Jpe=11.8 Hz), 128.5 (d, Joc=12.4 Hz), 1282, 126.9 (d, Jpc=2.3 Hz),
123.4 (d, Jpc=104.9 Hz), 64.0 (d, Joc=14.0 Hz), 44.2 (d, Jpc=1.3 Hz);
31p NMR (121.5MHz, CDCl3) 6 21.9; MS (ESI) m/z (%) 539
(M*(77se¥’Cl)}+NHZ or M*(78Se3C1)+NH or M*(765e*’Cl)+NH{, 10.88),
527 (M*(82se3Cl)+1, 837), 525 (M+(8%5e®>Cl)+1 or M*(8%e3Cl)+1,
34.31), 523 (M*(3%e®>Cl)+1 or M*(78se’Cl)+1, 100), 521 (M*(77se’Cl)
or MT("8se®Cl)+1 or M*("se¥’Cl)+1, 31.80), 519 (M*(77se3>Cl) or
M*(765e33Cl)+1 or MT(74Se3’C1)+1,11.30), 526 (M*(82se3(l), 6.69),
524 (M*(8%2se3Cl) or M*(8%se3’Cl), 22.18), 522 (M*(3%se>Cl) or
M*(78se37Cl), 16.74), 520 (M*(755e37Cl) or M*(78se3>Cl), 8.37); IR v
(neat, cm 1) 3056, 1565, 1495, 1476, 1437, 1307, 1195, 1118. HRMS
calcd for CogHo5CIOPSet (MT+H): 523.0480. Found: 523.0491.

4.3.17. Synthesis of 3-chloro-2-phenylselanyl-1(E)-nonenyl
diphenyl phosphine oxide (E-30)

4.3.17.1. 3-Tosyloxy-2-phenylselanyl-1(E)-nonenyl diphenyl phos-
phine oxide (E-40).>> To a solution of E-20 (152.7 mg, 0.31 mmol),
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p-TsCl (235.0 mg, 1.24 mmol) in 1.0 mL of anhydrous CH»Cl, was
added dropwise 4-dimethylaminopyridine (225.5 mg, 1.86 mmol)
in 1.0 mL of anhydrous CHCl, under the atmosphere of N. Then
the resulting mixture was refluxed at 50 °C for 2.5 h. After evapo-
ration, purification by flash chromatography on silica gel (petro-
leum ether/ethyl acetate=3:1 to 2:1) afforded E-40 (172.2 mg, 86%)
as a solid. Mp 130-131°C (n-hexane/ethyl acetate). 'H NMR
(300 MHz, CDCl3) 6 7.82 (d, J=8.4 Hz, 2H), 7.58-7.29 (m, 15H), 7.17
(d, J=8.1Hz, 2H), 6.66 (dd, J;=8.4Hz, J,=4.2 Hz, 1H), 5.47 (d,
J=19.8 Hz, 1H), 2.37 (s, 3H), 2.01-1.86 (m, 1H), 1.80-1.66 (m, 1H),
1.31-0.93 (m, 8H), 0.81 (t, J=6.9 Hz, 3H); *C NMR (75 MHz, CDCls)
6 162.7,144.4,137.1,133.7 (d, Jpc=104.1 Hz), 133.6 (d, Jpc=105.4 Hz),
133.1, 1316 (d, Jpc=2.7Hz), 1315 (d, Jpc=2.8 Hz), 130.9 (d,
Jpc=9.5Hz), 130.5 (d, Jpc=9.6 Hz), 129.8, 129.45, 129.41, 128.49,
12847 (d, Jpc=14.9 Hz), 128.43 (d, Jpc=14.3 Hz), 126.9, 115.8 (d,
Jpc=93.9 Hz), 80.6 (d, Jpc=6.3 Hz), 36.3, 31.5, 28.5, 24.8, 22.3, 21.6,
14.0; 3'P NMR (121.5 MHz, CDCl3) 6 20.8; MS (ESI) m/z (%) 694
(MT(3%Se)+K+1, 7.55), 692 (MT(8%Se)+K+1, 16.55), 690
(M*(78se)+K+1, 9.71), 693 (M*(82Se)+K, 22.66), 691 (M*(8%Se)+K,
51.08), 689 (M*(78Se)+K or M*(77Se)+K+1, 32.37), 688
(M*(77se)+K or M*(78Se)+K+1, 9.35), 687 (M*(7®Se)+K, 8.63), 678
(M*(32Se)+Na+1, 10.07), 676 (M*(39Se)+Na+1, 34.17), 674
(M*("8Se)+Na+1, 19.78), 677 (M*(3%Se)+Na, 28.78), 675
(M*(8%Se)+Na, 100), 673 (M*(’8Se)+Na or M*(77Se)+Na-+1, 50.36),
672 (M*("’Se)+Na or M*(75Se)+Na+1, 24.10), 671 (M*(7Se)+Na,
17.63), 655 (M*(3%Se)+1, 25.90), 653 (M*(3%Se)+1, 87.77), 651
(M*(78Se)+1, 41.01), 650 (M*(’8se) or M*(7’Se)+1, 20.86), 649
(M*(”7Se) or M*(’®Se)+1, 8.63), 654 (M*(3%Se), 26.62), 652
(M*(3%Se), 15.11); IR » (KBr, cm™~ ') 3060, 1595, 1572, 1440, 1361, 1311,
1283, 1190, 1175, 1118. Anal. Calcd for C34H3704PSSe: C, 62.67; H,
5.72. Found: C, 62.74; H, 5.75.

4.3.17.2. 3-Chloro-2-phenylselanyl-1(E)-nonenyl diphenyl phosphine
oxide (E-30).** To a solution of tosylate E-40 (80.4 mg, 0.15 mmol) in
1.5 mL of anhydrous DMF was added anhydrous LiCl (53.7 mg,
1.20 mmol) at the atmosphere of N,. Then the resulting mixture was
stirred at 50 °C for 29 h and quenched with 5 mL of water. The aqueous
layer was extracted with 20x3 mL of Et,0. The combined organic layer
was washed with 5 mL of H,0, 5 mL of 5% diluted aqueous HCl and
5 mL of saturated brine, and dried over anhydrous Na,SOg4. After fil-
tration and evaporation of the solvent, chromatography on silica gel
(eluent: petroleum ether/ethyl acetate=3:1) of the crude product
afforded E-30 (38.1 mg, 60%) as a liquid. "TH NMR (300 MHz, CDCls)
0 7.65-7.56 (m, 2H), 7.56-7.31 (m, 13H), 6.24-6.15 (m, 1H), 5.70 (d,
J=19.8 Hz, 1H), 2.10-1.94 (m, 2H), 1.57-1.41 (m, 1H), 1.37-1.12 (m, 7H),
0.86(t,]=6.9 Hz, 3H); *CNMR (75 MHz, CDCl3) 6 164.5,137.0,133.6 (d,
Jpe=105.2 Hz), 133.5 (d, Jpc=105.5 Hz), 131.7 (d, Jpc=2.7 Hz), 131.6 (d,
Jpc=2.8 Hz),130.7 (d, Jpc=12.4 Hz), 130.6 (d, Joc=11.6 Hz), 129.9,129.4,
12855 (d, Jpe=124Hz), 128.46 (d, Jpc=12.0Hz), 127.5, 118.5 (d,
Jpc=93.2 Hz), 60.5 (d, Jpc=6.9 Hz), 39.0, 31.5, 28.6, 26.5, 22.4, 14.1; 3'P
NMR (121.5 MHz, CDCl3) 6 20.4; MS (ESI) m/z (%) 559 (M*(82Se3"Cl)+K,
466), 557 (M*(®%se®Cl)+K or MT(3%se’’Cl)+K, 2151), 555
(M*(8%Se>C1)+K or MT(785e¥Cl)+K, 46.59), 553 (M*(7se>’Cl)+K or
M*(785e35Cl)+K, 19.35), 551 (M*(7se3>Cl)+K or M*(™se¥’Cl)+K,
6.09), 558 (M*(8%se®Cl)+K+1 or M*(8°Se*’Cl)+K+1, 5.73), 556
(M*(®%e®Cl)+K+1  or  M*("8se¥Cl)+K+1, 1326), 554
(M*(775e¥7C1)+K or M*(785e35C1)+K+1 or M*(7°5e3”Cl)+K+1, 8.60),
552 (M*(77se®>Cl)+K or M*(76Se*>Cl)+K+1 or M*(™Se¥Cl)+K+1,
753), 543 (M*(32Se¥’Cl)+Na, 3.58), 541 (M*(¥%Se®Cl)+Na or
M*(395e37Cl)+Na, 20.43), 539 (M*(8%Se>>Cl)+Na or M+(785e*”Cl)+Na,
4194), 537 (M*(®se*’Cl)+Na or M*("®se®Cl)}+Na, 22.58), 535
(M*(7%se35Cl)+Na or M*(™se*’Cl)+Na, 7.17), 542 (M*(82se>Cl)+
Na+1 or M*(8%Se*’Cl)+Na+1, 5.38), 540 (M*(3%Se*>Cl)+Na-+1 or
M*(785e37Cl)+Na+1, 11.47), 538 (M(77’Se>’Cl)+Na or MT(78se>>Cl)+
Na+1 or M*(’%Se¥’Cl)+Na+1, 7.89), 536 (M*(’’Se*>Cl)+Na or
M*(7se*>Cl)+Na+1 or M*("se*’Cl)}+Na+1, 7.89), 521 (M*(325e37Cl)+1,

6.45), 519 (M*(®2se®c)+1 or MT(®%Se®’Cl)+1, 41.58), 517
(M+(8%e33Cl)+1 or M*(78se37Cl)+1, 78.85), 515 (M*(7’Se3’Cl) or
M*(78se3Cl)+1 or MT(7®se’Cl)+1, 32.26), 513 (M*(77Se3>Cl) or
M*(78se33C1)+1 or M*(74se3Cl)+1,11.47), 520 (M *(825e%7C1),10.75),
518 (M*(82se3>Cl) or M*(8%Secl), 22.94), 516 (M*(8%Sse®>Cl)
or MT(78se*cl), 13.62), 514 (M*(’%se®’Cl) or Mt(’8se33Cl),
14.70), 506 (M*(32Se)+Na—Cl, 2.15), 504 (M*(3%Se)+Na—Cl, 10.39),
502 (M*("%Se)+Na—Cl, 6.45), 505 (M*(82Se)+Na—HCl,
7.89), 503 (M*(8%Se)+Na—HCl, 42.29), 501 (M*(’8Se)+Na—HCl or
M*(77Se)+Na—(l, 20.07), 500 (M*(”7Se)+Na—HCcl
or M*(7%Se)+Na—Cl, 6.45), 499 (M*(’%Se)+Na—HCl, 8.24), 484
(M*(®%Se)+1-Cl, 3.58), 482 (M*(3%Se)+1-Cl, 21.51), 480
(M+(’8se)+1-Cl,  14.70), 483  (M*(®%Se)-Cl,  19.00),
481 (M*(8%e)—Cl, 100), 479 (M*(’8se)—Cl or M*("’Se)+1-Cl,
50.18), 478 (M*("’Se)-Cl or M*("Se)+1-Cl, 19.00), 477
(M+(78Se)—Cl, 14.70); IR » (neat, cm 1) 3057, 1585, 1574, 1466, 1437,
1274, 1195, 1117. Anal. Calcd for Co7H30CIOPSe: C, 62.86; H, 5.86.
Found: C, 62.85; H, 5.89.

4.3.18. Synthesis of 80-labeled 3-hydroxy-1-phenyl-2-
phenylselanyl-1(E)-propenyl diphenyl phosphine oxide (E-2h+)

The starting material 1Th was dried in vacuo over P,05 for one
day. MeCN was firstly heated with CaH, under reflux in an argon
atmosphere for 24 h. Then the distilled MeCN was treated with
P20s5 under reflux in an argon atmosphere for another 24 h. After
distillation, the generated anhydrous MeCN was stored in a bottle
with molecular sieves and placed in the glove box under nitrogen
atmosphere. H0 (96%) was bought from J&K Chemical LTD. All the
operation was carried out in the glove box under nitrogen
atmosphere.

A solution of PhSeCl (87.1 mg, 0.45 mmol) in anhydrous CH3CN
(2.0 mL) and H}0 (0.1 mL) was stirred at rt for 262 min. Then
asolution of 1Th (95.1 mg, 0.30 mmol) in anhydrous CH3CN (2.0 mL)
and HX0 (0.2 mL), which had been stirred at rt for 259 min, was
added subsequently. Anhydrous CH3CN (1.0 mLx2) was used to
wash the container for 1h and transferred into the reaction mix-
ture. After being stirred at rt for 10 min, the reaction mixture was
directly purified with flash chromatography on silica gel (eluent:
petroleum ether/ethyl acetate=2:1) to afford 124.8 mg (84%) of E-
2h+ (94.5% of 180 incorporation) as a solid. Mp 142.5-143.3 °C (n-
hexane/ethyl acetate). '"H NMR (300 MHz, CDCl3) 6 7.68-7.52 (m,
6H), 7.51-7.42 (m, 2H), 7.41-7.29 (m, 7H), 7.18-7.06 (m, 3H), 6.87-
6.81 (m, 2H), 5.97 (t, J=7.6 Hz, 1H), 4.39 (dd, J1=7.6 Hz, J,=0.9 Hz,
2H); 3'P NMR (121.5 MHz, CDCl3) é 30.6; MS (ESI) m/z (%) 518
(M*(82se)+Na+1, 5.02), 516 (M*(8%Se)+Na+1, 10.60), 514
(M*(78Se)+Na+1, 7.10), 512 (M*(7’Se)+Na or M*("®se)+Na+1,
8.27), 517 (M*(¥2Se)+Na, 9.52), 515 (M*(39Se)+Na, 36.16), 513
(M*(’8se)+Na or M*(”’Se)+Na+1, 20.01), 511 (M*(7®Se)+Na,
8.07), 495 (M*(8%Se)+1, 22.58), 493 (M*(3%Se)+1, 100), 491
(M*(78Se)+1, 56.66), 489 (M*(”’Se) or M*("®Se)+1, 20.64), 494
(M*(®%Se), 28.07), 492 (M*(%Se), 18.08), 490 (M*("3Se) or
M+(77Se)+1, 21.55); IR v (KBr, cm ™) 3431, 3055, 3022, 2926, 1577,
1560, 1474, 1439, 1388, 1311, 1252, 1138, 1116, 1088, 1064, 1021.
HRMS caled for Cp7H240'80PSe™ (M*+1): 493.07161. Found:
493.07115.

According to the MS spectrum of this product (page S113, in
Supplementary data), the relative abundances of 489.05, 490.06,
491.04, 492.06, 493.02, 494.04, 495.02 are 20.64, 21.55, 56.66,
18.08, 100, 28.07, 22.58; according to the simulated MS spectrum
of E-2h* with 100% of 80 (page S112, in Supplementary data),
their relative abundances should be 18.561, 20.515, 52.147,
14.585, 100, 29.099, 21.547; according to the simulated MS
spectrum of E-2h (page S111, in Supplementary data) their rel-
ative abundances should be 52.134, 14.631, 100, 29.134, 21.739,
5.580, 0.837. If x and y represent the amount of E-2h* and E-2h,
respectively, then
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0.2064 = 0.18561x + 0.52134y

0.2155

0.20515x + 0.14631y

0.5666 = 0.52147x + 1.00000y

0.1808 = 0.14585x + 0.29134y

1.0000 = 1.00000x + 0.21739y

0.2807 = 0.29099x + 0.05580y

0.2258 = 0.21547x + 0.00837y

which can be written as

0.2064 0.18561 0.52134
0.2155 0.20515 0.14631
0.5666 0.52147 1.00000
0.1808 | = | 0.14585 0.29134 [x}
1.0000 1.00000 0.21739 | LY
0.2807 0.29099 0.05580
0.2258 0.21547 0.00837

By using MATLAB 5.3 (by the MathWorks), we know that
x=0.9873, y=0.0573. Thus, the incorporation of 0 % in the
product=x/(x-+y)=0.945.

The following compounds were prepared according to this
procedure.

4.3.19. Synthesis of 80-labeled 3-hydroxy-3-phenyl-2-
phenylselanyl-1(E)-propenyl diphenyl phosphine oxide (E-2c*)

The reaction of 1c (94.8 mg, 0.30 mmol) and PhSeCl (87.2 mg,
0.45 mmol) in 0.3 mL of H¥0 and 6 mL of anhydrous CH3CN for 37 min
afforded 126.0 mg (85%) of E-2¢+ (88.4% of 180 incorporation) as a solid.
Mp 163.2-163.6 °C (ethyl acetate). '"H NMR (300 MHz, CDCls) 6 7.51—
7.09 (m, 20H), 6.00 (s, 1H), 5.79 (br, 1H), 5.68 (d, J=20.1 Hz, 1H); 3C
NMR (75 MHz, CDCl3) 6 168.3,140.7,136.7,133.0(d, Jc—105.4 Hz),132.9
(d, Jpc=107.9 Hz), 131.8 (d, Jpc=2.5 Hz), 131.6 (d, Jpc=2.9 Hz), 130.8 (d,
Jp=14.9 Hz),130.7 (d, Jpc=15.6 Hz),129.8,129.3,128.5 (d, Jpc—=11.8 Hz),
128.4 (d, Joc=12.2 Hz), 128.1,128.0, 127.8, 127.0, 115.3 (d, J,c=94.3 Hz),
74.7: 3'P NMR (1215 MHz, CDCl5) 6 23.9; MS (ESI) m/z (%) 515
(M*(8%Se)+Na, 20.60), 513 (M*(’8Se)+Na or M*(7’Se)+Na+1, 14.05),
511 (M*(78Se)+Na, 11.07), 512 (M*(7’Se)+Na or M*(7®Se)+Na+1,8.61),
495 (M*(82Se)+1, 23.14), 493 (M*(8%Se)+1, 100), 491 (M*("8Se)+1,
63.09), 489 (M*("’Se) or M*(7®Se)+1, 25.10), 494 (M*(3%Se), 28.85),
492 (M*(8%Se), 19.78), 490 (M*(’8se) or M*(”’Se)+1, 22.01), 476
(M*(®%Se)+1-0OH, 6.07), 475 (M*(3%e)—OH, 20.55), 473
(M*("8se)—OH or M*(”’Se)+1—0H, 14.54); IR » (KBr, cm 1) 3274, 1592,
1571,1474,1439,1332,1274,1157,1147,1117,1093, 1047. HRMS calcd for
Co7Hp40'80PSe™ (M*+1): 493.07161. Found: 493.07085.

According to the MS spectrum of this product (page S119, in
Supplementary data), the relative abundances of 488.96, 489.98,
490.93, 491.98, 492.91, 493.94, 494.93 are 25.10, 22.01, 63.09,
19.78, 100, 28.85, 23.14; according to the simulated MS spectrum
of E-2c* with 100% of 130 (page S118, in Supplementary data), their
relative abundances should be 18.561, 20.515, 52.147, 14.585, 100,
29.099, 21.547; according to the simulated MS spectrum of E-2c
(page S117, in Supplementary data) their relative abundances
should be 52.134, 14.631, 100, 29.134, 21.739, 5.580, 0.837. If x and
y represent the amount of E-2¢* and E-2c, respectively, then

0.2510 = 0.18561x + 0.52134y

0.2201 = 0.20515x + 0.14631y

0.6309

0.52147x + 1.00000y

0.1978

0.14585x + 0.29134y

1.0000 = 1.00000x + 0.21739y
0.2885 = 0.29099x + 0.05580y

0.2314 = 0.21547x + 0.00837y

Similarly, by using MATLAB 5.3 (by the MathWorks), we know
that x=0.9759, y=0.1282. Thus incorporation of 80 % in the
product=x/(x+y)=0.884.

4.3.20. Synthesis of '80-labeled 3-hydroxy-2-phenylselanyl-3-
propyl-1(E)-hexenyl diphenyl phosphine oxide (E-2e*)

The reaction of 1e (97.2 mg, 0.30 mmol) and PhSeCl (85.9 mg,
0.45 mmol) in 0.3 mL of H®O and 6 mL of anhydrous CH3CN for
41 min afforded 127.7 mg (85%) of E-2e+ (69.5% of 80 in-
corporation) as a liquid. "H NMR (300 MHz, CDCls) 6 7.52-7.42 (m,
2H), 7.42-7.20 (m, 13H), 5.75 (br, 1H), 5.62 (d, J=18.3 Hz, 1H), 1.85-
1.58 (m, 4H), 1.47-1.23 (m, 4H), 0.83 (t, J=7.2 Hz, 6H); 3C NMR
(75MHz, CDCl3) & 1722 (d, Jpe=14Hz), 1372, 1340 (d,
Jpc=107.4 Hz), 1312 (d, Jpc=2.9 Hz), 130.7 (d, Jpc=9.7 Hz), 129.9,
129.3, 128.6, 128.2 (d, Jpc=11.9 Hz), 115.7 (d, Jpc=98.0 Hz), 80.7 (d,
Jpc=5.5 Hz), 44.4,16.7,14.4; 3'P NMR (121.5 MHz, CDCl3) § 24.9; MS
(ESI) m/z (%) 503 (M*(82Se)+1, 19.12), 501 (M*(8%Se)+1, 100), 499
(M*(78se)+1, 86.67), 497 (M*("’Se) or M*("®Se)+1, 37.28), 495
(M*(7se)+1, 9.41), 502 (M*(3%Se), 28.34), 500 (M*(8°Se), 27.52),
498 (M*(78Se) or M*(7’Se)+1, 25.25), 496 (M*("5Se), 8.78), 483
(M*(3%Se)—OH, 8.88), 481 (M*(%%Se)-OH, 13.03), 479
(M*(’8se)—OH or M*(”’Se)+1—0H, 5.58), 482 (M*(8%Se)+1—OH,
3.65); IR v (neat, cm’l) 3336, 1580, 1556, 1462, 1437, 1376, 1337,
1306, 1274, 1154, 1140, 1115, 1088, 1067, 1021. HRMS calcd for
Cy7H3,0'%0PSe™ (M*+1): 501.13421. Found: 501.13349.

According to the MS spectrum of this product (page S125, in
Supplementary data), the relative abundances of 495.04, 496.06,
497.02, 498.04, 498.99, 500.03, 500.98, 502.00, 502.98 are 9.41,
8.78, 37.28, 25.25, 86.67, 27.52, 100, 28.34, 19.12; according to the
simulated MS spectrum of E-2e+ with 100% of 80 (page S124, in
Supplementary data), their relative abundances should be 1.755,
0.520, 18.559, 20.529, 52.158, 14.631, 100.00, 29.187, 21.571;
according to the simulated MS spectrum of E-2e (page S123, in
Supplementary data) their relative abundances should be 18.542,
20.514, 52.146,14.677,100.00, 29.222, 21.763, 5.999, 0.842. If xand y
represent the amount of E-2e+ and E-2e, respectively, then

0.0941 = 0.01755x + 0.18542y

0.0878

0.00520x + 0.20514y
0.3728 = 0.18559x + 0.52146y
0.2525 = 0.20529x + 0.14677y
0.8667 = 0.52158x + 1.00000y

0.2752

0.14631x + 0.29222y
1.0000 = 1.00000x + 0.21763y

0.2834 = 0.29187x + 0.05999y

0.1912 = 0.21571x + 0.00842y
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Similarly, by using MATLAB 5.3 (by the MathWorks), we know
that x=0.9100, y=0.3994. Thus incorporation of 80 %=x/
(x+y)=0.695.

4.4. Reaction of mono-substituted 1,2-allenyl phosphine
oxides with PhSeCl

4.4.1. 3-Hydroxy-4-methyl-2-phenylselanyl-1(E)-pentenyl diphenyl
phosphine oxide (E-2I)

Typical procedure IV. To a solution of PhSeCl (55.6 mg, 0.2 mmol)
in 2 mL of MeCN and 1.5 mL of H,O was added a solution of 11
(57.3 mg, 0.3 mmol) in 1 mL of MeCN at room temperature. Then
the resulting mixture was stirred at 70 °C for 34 min. After com-
plete consumption of the starting material as monitored by TLC
(eluent: dichloromethane/ethyl acetate=10:1), the mixture was
quenched with 5 mL of H,0, extracted with 20x3 mL of diethyl
ether, washed with 5 mL of brine, and dried over anhydrous
NaySOg. Filtration and evaporation afforded the crude product,
which was analyzed by 'H NMR study to show an E-21/Z-31 ratio of
97:3. Flash chromatography on silica gel (dichloromethane/ethyl
acetate=10:1, then 5:1) afforded E-21 (73.8 mg, 82%) (E-2l1/Z-
31=97:3).

4.4.2. 3-Hydroxy-2-phenylselanyl-1(E)-propenyl diphenyl
phosphine oxide (E-2m)

The reaction of 1m (72.5mg, 0.30 mmol) and PhSeCl
(86.4 mg, 0.45 mmol) in 3.0 mL of H,0 and 3.0 mL of CH3CN at
70°C for 9 h afforded E-2m (65.6 mg, 52.5%) and Z-3m (17.8 mg,
14%) (E-2m/Z-3m=79:21 by 'H NMR analysis of the crude
product).

4.4.3. 3-Hydroxy-2-phenylselanyl-1(E)-pentenyl diphenyl
phosphine oxide (E-2n)

The reaction of 1n (81.1 mg, 0.30 mmol) and PhSeCl (86.8 mg,
0.45 mmol) in 1.5 mL of H,0 and 3 mL of CH3CN at 70 °C for 21 min
afforded E-2n (104.6 mg, 78%) as a solid (E-2n/Z-3n>99:1 by 'H
NMR analysis of the crude product).

4.4.4. 3-Hydroxy-2-phenylselanyl-1(E)-nonenyl diphenyl
phosphine oxide (E-20)

The reaction of 10 (96.8 mg, 0.30 mmol) and PhSeCl (85.5 mg,
0.45 mmol) in 1.5 mL of H,0 and 3 mL of CH3CN at 70 °C for 70 min
afforded E-20 (110.6 mg, 74%) (E-20/Z-30=98:2 by 'H NMR analysis
of the crude product).

4.4.5. 3-Hydroxy-4-phenyl-2-phenylselanyl-1(E)-butenyl diphenyl
phosphine oxide (E-2p)

The reaction of 1p (101.0 mg, 0.30 mmol) and PhSeCl (87.4 mg,
0.45 mmol) in 2.3 mL of H,O and 2.3 mL of CH3CN at 70 °C for
105 min afforded E-2p (118.1 mg, 77%) (E-2p/Z-3p=96.5:3.5 by 'H
NMR analysis of the crude product).

4.5. Reaction of optically active 1,2-allenyl phosphine oxides
with PhSeCl

4.5.1. S-3-Hydroxy-2-phenylselanyl-1(E)-butenyl diphenyl
phosphine oxide (S-2b)

The reaction of S-(+)-1b (76.2 mg, 0.30 mmol) and PhSeCl
(86.7 mg, 0.45 mmol) in 0.3 mL of HyO and 6 mL of CH3CN for
12 min afforded S-(+)-2b (110.5 mg, 86%) as a solid. Mp 150-151 °C
(n-hexane/ethyl acetate). "H NMR (300 MHz, CDCl3) § 7.62-7.28 (m,
15H), 5.88 (d, J=8.4 Hz, 1H), 5.62 (d, J=20.1 Hz, 1H), 4.96-4.82 (m,
1H), 1.58 (d, J=6.6 Hz, 3H); HPLC conditions: Chiralcel AD-H, hex-
ane/i-PrOH=80:20, 0.8 mL/min, n=230 nm, tg 12.6 (major), 17.3
(minor); [a]&® +22.5 (c 1.01, CHCl3).

4.5.2. S-3-Hydroxy-1-phenyl-2-phenylselanyl-1(E)-pentenyl
diphenyl phosphine oxide (S-2j)

The reaction of S-(+)-1j (103.8 mg, 0.30 mmol, 99% ee) and
PhSeCl (88.5 mg, 0.45 mmol) of in 0.3 mL of H,0 and 6 mL of CH3CN
for 8 min afforded S-(+)-2j (146.8 mg, 94%, 99% ee) as a liquid. 'H
NMR (300 MHz, CDCl5) 6 7.75 (dd, J;=12.3 Hz, /,b=7.2 Hz, 2H), 7.54
(dd, J;=17.1 Hz, Jo=6.9 Hz, 3H), 7.48-7.22 (m, 10H), 7.16-7.07 (m,
2H), 7.00-6.90 (m, 1H), 6.89-6.80 (m, 1H), 6.75 (d, J=11.4 Hz, 1H),
6.52 (d, J=6.9 Hz, 1H), 4.24 (t, J=9.8 Hz, 1H), 2.22-2.05 (m, 1H),
1.98-1.83 (m, 1H), 0.80 (t, J=7.2 Hz, 3H); HPLC conditions: Chiralcel
AD-H, hexane/i-PrOH=90:10, 0.7 mL/min, n=230 nm, tg=25.7;
[«]3° +103.1 (c 0.96, CHCl3).

4.5.3. R-3-Hydroxy-2-phenylselanyl-1(E)-nonenyl diphenyl
phosphine oxide (R-20)

The reaction of R-(—)-10 (97.6 mg, 0.30 mmol, 97% ee) and
PhSeCl (86.9 mg, 0.45 mmol) in 1.5 mL of H,0 and 3 mL of CH3CN at
70°C for 30 min afforded R-(—)-20 (118.2 mg, 79%, 97% ee) as
a liquid. 'TH NMR (300 MHz, CDCl3) 6 7.64-7.31 (m, 15H), 5.78-5.57
(m, 2H), 4.70-4.58 (m, 1H), 1.97-1.73 (m, 2H), 1.66-1.45 (m, 1H),
1.44-1.13 (m, 7H), 0.86 (t, J=6.2 Hz, 3H); HPLC conditions: Chiralcel
OD-H, hexane/i-PrOH=95:5, 0.7 mL/min, n=230 nm, tg 11.7 (ma-
jor), 13.5 (minor); [«]&® —25.15 (c 1.05, CHCl3).
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