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Abstract: A scries of novel 3-camphor-based diselenides, differing in substitution at C-2, was
prepared. The corresponding allyl selenides were used as protecting groups for the diselenide
moieties in several subsequent transformations. The diastereoselective methoxyselenenylation of
alkenes was achieved with methanolic selenenyl triflates derived from the camphor diselenides, of
which the 2-keto analogue proved the most effective. Diastereoselective electrophilic cyclizations of
unsaturated alcohols, carboxylic acids and amides were most effectively performed with the corres-
ponding selenenyl chloride, containing a spiro-oxazolidinone moiety at C-2 of the camphor residuc.
The absolute configurations of several products were determined by reductive deselenization.
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Selenenyl chlorides and certain other electrophiles of general structure RSeX undergo 1,2-additions
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to olefins and related unsaturated substrates.” 1ypically, these reactions proceed via bridged seleniranium
ion intermediates resulting in the stereospecific anti incorporation of the moieties RSe and X. When the
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ion, resulting in its incorporation into the product instead of the original leaving group X (Scheme 1).? The
regiochemistry of such processes with unsymmetrical olefing generally favours formation of the
corresponding Markovnikov adduct (where X or the external nucleophile attack the more substituted olefinic
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carbon atom).z'3 Furthermore, when a nucleophile is tethered to the alkene substrate, intramolecular attack
upon the seleniranium ion takes place, leading to a cyclized product™ (Scheme 2). The term
cyclofunctionalization has been employed to denote such processes.® Removal of the selenium residue in the
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final step can be accomplished reductively, or oxidatively by selenoxide syn-elimination, affording saturated
or unsaturated products. The synthetic usefuiness of these processes is well-established.”**
A recent variation of this chemistry consists of using a chiral moiety R* instead of R in the original

selenium electrophile to control the stereochemistry of new chiral centers developed during the process. This
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deselenized products. Thus, asymmetric methoxyselenenvlations 6 where the external nucleonhile ig
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methanol, and asymmetric cyclofunctionalizations™ """’ have attracted considerable recent interest, using a

variety of chiral selenium electrophiles. We considered that the camphorseleno moiety might be particularly
suitable for these types of reactions for several reasons. Both antipodes of camphor are commercially
available and we recently reported the efficient preparation of diselenide 1a in one step from (R)-(+)-
camphor and elemental selenium.® The 2-keto group of 1a also provides the opportunity to modify the
structure by, for example, introducing bulky substituents, groups capable of coordinating with the selenium
atom at the adjacent site, or groups that can preorganize the reactants by hydrogen-bonding with the
nucleophile. Moreover, the diselenide functionality can be used for conveniently generating a series of more
powerful electrophiles. We now report the preparation of several modified camphorseieno diseienides, their

conversion mto selenemc electrophiles and an evaluation of their efficacy in methoxyselenenylations,”'°
9%

Preparation of Camphor Diselenides

Diselenide 1a was prepared on a scale of 50-100 g and was used as the starting material for
diselenides 1b-1g. The vigorous conditions required for the reduction of ketone and nitrile functions at the C-
2 position in subsequent transformations (vide infra) resulted in simultaneous cleavage of the C-Se bond
when the diselenide moiety was present. To prevent this, an effective method for protecting the diselenide
moiety'' as the corresponding allyl selenide was devised and is shown in Scheme 3. Deprotection was
achieved by oxidation, spontaneous {Z, “]sigmatropic rearrangement of the resulting selenoxide'? and

reductive workup. Thus, diselenide 1a was protected as the allyl selenide 2, followed by cyano y

formation and reduction with lithium aluminum hydride (Scheme 4). The resulting amino alcohol 3 was then

-acetylated to 4 or cyclized to the corresponding spiro-oxazolidinone § with N N’-carbonylbis(imi 7nle\
ctylated the correspondin g sp? zolidinone 3 w dazolc)

Deprotection was achieved by oxxdatlon with m-chloroperbenzoic acid (MCPBA), followed by a
]Shlﬁ and workup with hydrazine to afford the desired modified diselenides 1b and le¢. The modified
dlselemde 1b contains an endo nucleophilic amido group in close proximity to the endo selenium atom.
Coordination between electrophilic selenium centers and nucleophilic heteroatoms such as N or O have been
shown to play a key role in the stereoselectivity manifested by other chiral auxiliary groups used in selenium
chemistry.®®*®" On the other hand, the rigid spiro-oxazolidinone moiety at C-2 of 1¢ blocks access to one
side of the selenium substituent at C-3. Thus,
selenemc electrophlles derived  from
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Scheme 3 which afforded acetates 7 and 9, respectively.

Deprotection of the allyl selenide group in the usual manner provided diselenides 1d and 1f, which afforded

le and 1g after saponification (Scheme 4). Comparison of the stereoselectivities afforded by exo and endo

alcohol isomers (or their acetates) was expected to reveal the effects of O-Se coordination, since the endo
isomers are more suitably oriented for such interactions.
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Methoxyselenenylations

A comparison of the different camphorseleno groups shown in Scheme 4 in asymmetric methoxy-
selenenylations was performed under a standard set of conditions in order to determine the best candidate
for further optimization. Diselenides 1a-1g were converted in situ into the corresponding selenenyl triflates
10a-10g in dichloromethane-methanol at -78°C, followed by the addition of frans-5-decene (Scheme 5). The
results are shown in Table 1. Under these conditions, the triflate 10b failed to react with the alkene to afford
the adduct i1, but underwent cyclization to the corresponding selenenamide 12, which is a stable, isolable
compound that has been reported prev10usly The endo-acetoxy and -hydroxy mﬂates 10f and 10g,
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nucleophilic groups suitably positioned for formmg intramolecular covalent bonds with the selemum atom of
the camphorseleno triflates are incompatible with methoxyselenenylation. In contrast, the remaining
selenenyl triflates 10a, 10c, 10d and 10e afforded the corresponding adducts 11a, 1lc, 11d and lle,
respectively. Moreover, Table 1 indicates that triflate 10a provided both the highest yield of the correspon-
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1.Br,
R'seSeR* =299 5 RegeOTs
1a-1g 10a-10g
R*SeOTt Me
NN D /\/\/\/\/
Z CH,Cl, ,
-78°C R*Se
11a, 11c, 11d, 11e

ding adduct, as well as the highest diastereomeric ratio (d.r.). Since the parent diselenide 1a was nroduced in
& $t kS by WP WAL MUOVAVILGY R VYOS PV WVG L
Jjust one step from camphor and selenium, its superior effectiveness in this process is especially fortunate.

Attempts at optimization of the diastereoselectivity of the reaction with electrophiles derived from 1a
with cis- and trans-5-decene are shown in Table 2. An increase in the temperature to -42°C lowered the d.r.
significantly compared to -78°C, while lowering it further to -95°C had little effect. Ether and toluene as
cosolvents gave comparable d.r.’s to those obtained in dichloromethane. The selenenyl chloride and bromide
derived from 1a produced more complex product mixtures and the reaction with the relatively sluggish
chloride had to be carried out at room temperature. The corresponding selenenyl tetrafluoroborate and
hexafluorophosphate (generated in situ by use of AgBFs and AgPF, instead of AgOTf in Scheme 5) were
comparable to the triflate 10a. Based on these results, we chose the conditions of entry 1 in Table 2 for

further experiments with other alkenes.
N
Table 1.2 Methoxyselenenylation of trans-5- Table 2. Methoxyselenenylation ,p\,H
ith di i of cis- and trans-5-decene with
decene with different selenenyl triflates ’7\<\Sex
isolated yield
entry R*SeOTf of 11 (%)  drbe o ab
entry X geometry solvent temp.°C d.r.
1 10a 88 94.:6 1 OTt  trans CH.Cl, -78 946
2 i0b d 2 OTf trans CH,Cl, -95 95:5
3 10c 65 66:34 3 OTf  ftrans CH,Cl, -42  83:17
4 10d 683 R2:18 a OT$ tranc Et. 0O .78 an.n
| 1508 D2 (e w0 b (N (LR =1R 1= A i bo Vit o
5 10e 51 85:15 5 oTf trans PhMe -78 937
6 10t e 6 BF, trans CH)CI, -78 928
7 10g e 7 OTf cis CH,CI, -78  75:25
(a) All reactions were performed in dichlorome- & BF, o CHCl, 78 77:23
thane at -78°C. (b) d.r.=diastereomeric ratio. (c) 9 PF, cis CH,CI, -78  78:22
Measured by NMR integration. (d) Triflaie 10b Br trans CH,Cl, 78

—
-

cyclized to 12. (e) No methoxyselenenylation

occurred under these conditions. Cl trans  CH,Cl, 23

(a) d.r.=diastereomeric ratio. (b) Measured by NMR inte-
gration. (c) A complex mixture was obtained
Table 3 shows that the procedure provides moderate to high d.r.’s with a series of alkyl-, aryl-,

mono-, di- and trisubstituted alkenes. As observed previously with other chiral selenenic electro-
Nt ﬁafsh ,6h.61

b3, - R | A PR T
phiies, frans-olefins gave superlor dr.’s compared to cis olefins [SCC entry 1 vs. 2 and enir y 3 vs. ‘+)
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hand, identical seleniranium ions are formed from attack of the electrophile upon the two faces of a
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Table 3.2 Methoxyselenenylations of olefins with 10a symmetrical cis-olefin, and the diastereoselectivity is
isolated thus determined by the site of attack by the
entry  substrate product yield (%) d.r.°¢  nucleophile upon the seleniranium ion in the product-
MeO Bu forming step
UV Bu>_<SeF!’ 88 946 In each exampie in Table 3, the mixture of
diastereomers was isolated by chromatography and
2 Bu\_-=/Bu B“HB” gg 7525 the d.r. was determined by 'H or "Se NMR integra-
MsO SeR" tion. In the case of cis-stilbene (entry 4), the product
MO on could not be separated from a small amount of
3 NP H g5 84:16  diselenide 1a that was formed as a byproduct and the
Ph SeR" reported yield is based on NMR integration of the
R Ph Ph. Ph B isolated mixture.
4 \=/ n? N 06 6931 The absolute configuration of the new stereo-
""'OMa o center_ in thx_a a(_id_uct de}‘ivgd frqm styrene (entry 5)
5 on o SeR* 27 7426 was determined by reducnve deselenization to 15
with triphenyltin hydride'” (Scheme 6). Comparison
/k\ \>0Q"Ie of the product by GC analysis on a chiral Cyclodex B
6 PR ph o SeR 88 8317  column with authentic (R)-methyl ether 15, derived
OMe from the O-methylation of (R)-1-phenylethanol, indi-
- A A A-J\ _SeR* - o cated that the major enantiomer from the deseleni-
7 o™ 0T 71 8119
) zation also had the R-configuration. Therefore, the
SeR* . . .
e Y \_/ g9 g7-13  corresponding stereocenter in the major diastereomer
) ) MeO/ \ of the adduct had the § configuration. There was an
P A~ OMe excellent correlation between the d.r of the adduct
9 L | k /L 71 75225  (74:26) and the enantiomeric ratio (e.r.)) of the
~ ~ TSeR” deselenized product (72:28). The absolute configu-
| _OMe rations of new stercocenters in the other products in
Ct 90 84:16  Table 3 are not known with certainty at this time.
SeR”
g Ph,SnH

(\POMG iy
79 aa-1 OMe AIBN OMe
K/k o Q.

/\i’ o 4 ,
’ * toluene, A
K) SeR* R Se\)\Ph - /LPh

{a) All reactions were a*rf rmed in dichloromethane at -78°C. (S) (A)-15
(b) d.r. = diastereomeric ratio. (c) Measured by *H- or 7"Se- e o 7000
NMR integration. (d) The product contained a small amount ©l.= fesb
of diselenide 1a after r‘hmmatmranhv The vu:ld is hased on Scheme 6

NMR integration of the isolated product m|xture

Cyclofunctionalizations

The cyclofunctionalization of unsaturated alcohols and carboxylic acids was also investigated. These
reactions can be performed with selenenyl chlorides 16, derived from the corresponding diselenides 1 with
sulfuryl chloride, and generation of the more reactive triflates proved unnecessary. In order to evaluate the
efficacy of various camphorseleno moieties, we performed cyclizations of two test substrates under identical
condmons, in dichloromethane at -78°C. The esults wnth 4- penten 1-0l and 4- pentenoxc acid are shown in
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(entry 5 and 6), but not in the former. Additional expenments revealed emperatures
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Table 4.2 Cyclization of 4-penten-1-ol and 4.  Tesulted in lower d.r.’s while further cooling to -95°C gave
pentenoic acid with selenenyl chlorides 16 comparable, or in some cases improved, diastereoselectivity.

R*SeCl The use of ether, toluene or methanol as the solvent gave
o~ -0H 18 X O

Y 2 'v\SeR' inferior results and the inclusion of triethylamine resulted in

b4

X more complex product mixtures. With this information in hand,
wa mrennaadad ta imvactionta tha Avalicaticnn ~F o
iSO'ated WU PLULLLULU WU LIVOSULE, .lC uiv Lyllildaiiun O1 Ul.u.t:l uuadu.uawu
entry R*SeCl X _yield (%) d.r.pbc alcohols and carboxylic acids in dichloromethane at
. -95 °C, using the selenenyl chloride 16¢. The results are shown
1 16a H.H 57 58:42 -
o A a o in Table 5
2 o] 87 53:47 R .
n eh HUW an 2150 Table 5 shows that d.r.’s ranging from modest to
) TN L L VN LT T~ . . . - . -
4 o 73 73:07 excellent are available with a wide variety of substrates. In
5 16c  H.H 89 90:10 general, mono- and 1,2-disubstituted alkenes gave the best
6 0 85 937 results. In contrast to the methoxyselenenylations effected with
7 16e  H,H 99 52:48 10a, and to cyclofunctionalizations reported with other chiral
8 0] 81 51:49 seienium electrophiies, 6a70  iis-aikenes gave comparable or
9 16g HH 82 65:35 better d.r.’s than trans-alkenes.
N M 1NN oA-n Tom aanaral tha vanatinns 17mea macdiead ¢ OLUMN £ AL
v v [AV.V) U4%4.00 111 gCHTlal, WIT 1CabliVis Wl poriOIHICU al =Yoo U 101 40
min, after which time the colour of the selenenyl chloride had

(a) All reactions were performed in dichlorome- : :
thane at -78°C. (b) d.r. = diastereomeric ratio. disappeared. The mixtures were then warmed to room tempera-

(c) Measured by NMR integration. ture and subjected to chromatography over silica-gel. Longer
reaction times were required for the consumption of the selenenyl chloride in entry 7 (4 h at -95°C) and 13 (8
h at -95°C and 12 h at room temperature). In several examples, NMR analysis of the crude mixture prior to
chromatography indicated the presence of different products from the ones listed in Table 5. Thus, in entry
10. the corresponding 1,2-addition product (see Scheme 2) was tentatively identified, but it reacted further
during chromatography to form the expected lactone shown in the Table. In entries 3 and 11, NMR spectra
of the initial crude materials indicated mixtures of exo and endo cyclization products (see Scheme 2). In
eniry 11, equilibration to the exo-lactone shown in the Table again occurred during chromatography, whiie in
entry 3, treatrnmt w1th a catalytlc amount of p-toluenesulfonic acid was requlred in order to complete the

3’
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3
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3
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products in Scheme 2 is/are ultimately formed. This step requires low temperatures for optlmum diastereo-
selectivity. Subsequent product formation via either the 1,2-addition pathway or via endo or exo cyclization
is stereospecific (anti attack upon the seleniranium ion) and reversible. Thus, equilibration between the three
products proceeds via the same seleniranium ion diastereomers, whose ratio remains unchanged. The
diastereoselectivity is therefore established in the first step at -95°C, while the nature of the final product
(1,2-, exo or endo) is determined subsequently and under therrnodynam1c control in the above protocol. Only
the major products were isolated, characterized and shown

The absolute configurations of two represe“u-“trve products in Table 5 from entries 2 and 10 were
determined by tin hydride deselenization to afford products 17 and 18, which have known specific rotations.
~ n.Ri CnH ~ Thus, it was established by polarimetry that the mmnr enan-
(0] TrouUgDia U FJor 7
( \r/\Se. » AIBN (" Y”  tiomer of 17 and 18 in each case had the S- conﬁguratron, and
- CeDe. 2 o therefore the corresponding stereocenters in both selenides
H (o)-17 N - .
er= 91-9 were R. (Scheme 7). There was again excellent agreement
0 n-Bu,SnH between the e.r.’s of the products and the d.r.’s of their selenide

— TN e

0 0. o
7' “geR* _ABN U§( 7" precursors. As with methoxyselenenylations, the extrapolation
_ of these results to obtain the absolute configurations of new
1\

(5)-18 stereocenters in other products in Table 5 cannot be made with
Scheme 7 e.r.=973 .
certainty.
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Table 5.2 Cyclizations of alkenols and alkenoic acids with 16¢

isolated
entry  substrate product yield (%) d.r.bc
(o]
NN (Y " SeR* 96 87:13
1 i Ny
A~ oH ° SeR* 87 84:16
2 v :
~ |
\)
e VO OH ( 7/]\ SeR” 92 85:15
[} | —
A oL
4 N N7 OH

( 7 SeR 80 95:5
0

5 Y~ oH (Oser 93 7129
0
6 ~~Xg, XY s 6 84:16
un /
SeR*
7 m (Lo 73 57:43
H
Z~ O 2L
s o ] 93 928
=2 Q/_\Seﬂ'
g A~ C0H O“f&?’\ SeR* g7 91:9
0=.©
10 NCOQH Q'(_r\SeR* 81 >85:5
11 <~ CONH O“‘"\O‘/L,Seﬁ* 80 8911
o |
12 N~ O0H Ox Oy Ngn 7s g1
\_J/
SeR”
i3 (] coH =0 66  67:33
N ~To
H

ann ro noarfarm
\a) r\n u;ahuulla were PO

diastereomeric ratio. (¢) Measured by NMR i
7 where diastereomers were separated.

We also investigated the cyclofunc-
tionaiization of amide 19 and urethane 24
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lapte 1ng affarded athar meadnste
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dependent upon the conditions. Thus, under

neutral conditions, the unstable 1,2-addition
product 20 was obtained. When the reaction
was performed in the presence of p-toluene-
sulfonic acid, or when 20 was exposed to
silica-gel, the product was the lactone 22,
identical to the product in entry 10 in Table 5.
Finally, when the reaction was repeated in the
presence of potassium t-butoxide, the hydroxy
nitrile 23 was isolated. x:vmt”:i‘lﬂ‘y' the ambi-
dent amide nucleophile cyclizes through the
carbonyl oxygen atom and
iminium ion 21, which undergoes hydrolysis
or elimination to afford 22 and 23, respec-
tively. It is noteworthy that all three products
were obtained with very high d.r.’s (Scheme
8). Urethane 24, on the other hand, cyclized to
the corresponding lactam 25 as expected.
Unforunately, the d.r. could not be determined
accurately by NMR mtcgranon because of

atom and genprafpc thp

nradiist wage enhianta A Adacalamizafinnm and
yxuuuul Wad SuUut/juvuiud U uloviduviiiZativil ailidg
the e.r. of the lactam 26 was determined by
GC with a Cyclodex B column (Scheme 8).

Conclusions

In conclusion, these experiments show
that camphor-based selenium electrophiles are
useful reagents for asymmetric transforma-
e ML £ N DU
L1011S. 10ICY 411014 maodaest 1o CXLCIICUL Uldblc-
reoselectivity in both methoxyselenenylations
and cvclofu

2 Ad

depending on the

TP eriniiig Vi iy

nctionalizations
alizatio

nclion CALES,

While methoxyselene-

nature of the substrate. W.
nylations require selemum reagents with non-
nucleophilic counterions (e.g. triflate), cyclo-

functionalizations proceed efficiently with the

corresponding selenenyl chlorides, although equilibration of the initial product mixture is sometimes
required to obtain optimum results. Both types of reaction give considerably higher diastereoselectivity at
low temperatures. Furthermore, these mechanistically related processes place surprisingly different demands
upon the C-2 substituent of the camphor moiety. Thus, while the 2-keto moiety of 10a gave the best results

o oer

in methoxyselenenylations and the spiro-oxazolidinone group of 16¢ proved ineffective, the converse was

3197
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true for cyclofunctionalizations. Further work is in progress to ascertain more precisely the role played by the
C-2 substituent, which may include steric, coordination and/or hydrogen-bonding effects, in determining the
stereoselectivity, and to extend this work to other types of asymmetric selenium chemistry.

. L - hn | Cl
R 3 Ui
A~ ~__-NH, I Se_ NM I J\ ~_ NH,
< S < l‘ﬂ’lz T
o —| 7 — L7
19 (0] | o) SeR O
20
' d.r. 955
Ccl-
[ TP AL N H.O* + -I e DY N e _
~ N\ N il H.N “ RU-BU AN .
SeR* -—— 2 ser' | — Y\SeR
OH o
29 QQo/ 23 67%
22 88% 21 d.r. 95:5
d.r.>95:5

¢
n-Bu,SnH N

N
//’\/\/NHCOZMQ + 16¢ ——mtm OASeR* _AIBN g+ &
toluene, A i

Experimental Section

ool

NMR spectrd were recorded ruker ACE 200 or AM 400 spectrometer in CDC13 solutlon unleﬂs

e AN o 1

m Cyclodex

W A Ve vas
prepared by treatmg (R) 1 phenylethano (Aldnch Chemlcal ) with NaH and methyl 1od1de in THF. It had
an e.r. >98:2 when analyzed by GC on a chiral column. Other reagents were purchased and purified as
required. Organic solutions were dried over anhydrous Na,SO; or MgSO,.

Allyl endo-3-camphoryl selenide (2). Sodium borohydride (4.14 g, 110 mmol) was added in
portions to an ice-cooled solution of diselenide 1a (10.0 g, 21,7 mmol) in 200 mL of ethanol. The reaction
mixture was stirred for an additional 1 h at room temperature. Allyl iodide (8.0 mL, 88 mmol) was added and
stirring was continued for 45 min. The mixture was poured into 500 mL of ether, washed with 5% HCI
solution, three times with water and brine, and was dried and concentrated in vacuo. The residue was

A ata romn s

cnrumdmgr“apﬁeu (elution with 10% cmyl acetate-hexanes) to afford 10.9 g(92%)of Zas a pale yeliow oii:

IR (film) 1735, 1630 cm™; 'H NMR & 6.04-5.83 (m, 1 H), 5.13-5.01 (m, 2 H), 3.64-3.61 (m, 1 H), 3.57 (dd,

J=12.0,8.6 Hz, | H),3.30(ddd, J=11.4,7.5,0.7 Hz, 1 H), 2.17-2.13 (m, | H), 1.94-1.40 (m, 4 H), 1.02 (s, 3
H), 0.93 (s, 3 H), 0.90 (s, 3 H); mass spectrum, m/z (relative intensity) 272 (42, M*), 231 (3), 152 (82), 41

(100). Anal. calc’d. for C3HOSe: C, 57.56; H, 7.43. Found: C, 57.59; H, 7.39,

Amino alcohol 3. A mixture of selemde 2 (18.9 g, 69.8 mmol), trimethylsilyl cyanide (10.2 mL, 76.5
mmol) and Znl, (2.23 g, 6.99 mmol) was stirred for 2 days. The mixture was diluted with 300 mL of ether,
washed twice with water and brine, dried, filtered through Celite and concentrated in vacuo to afford 24.8 g
(96%) of the corresponding cyanohydrin trimethylsilyl ether, which solidified on standing: mp 49-53°C; IR
(film) 2228, 1630 cm™; "H NMR 5 5.94-5.85 (m, 1 H), 5.08-5.04 (m, 1 H), 5.00-4.98 (m, 1 H), 3.45 (dd, J=
3.7, 1.9 Hz, 1 H), 3.22 (d, J= 7.5 Hz, 1 H), 3.20 (d, /= 8.1 Hz, | H), 1.84-1.81 (m, 1 H), 1.77-1.53 (m, 4 H),
1.07 (s, 3 H), 0.96 (s, 3 H), 0.95 (s, 3 H), 0.27 (s, 9 H); mass spectrum, m/z (relative intensity) 371 (8, M"),
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330 (2), 250 (62), 151 (13), 95 (84), 83 (100). Anal. calc’d. for Ci7H29NOSeSi: C, 55.12; H, 7.89; N, 3.78.
Found: C, 55.39; H, 7.54; N, 3 90

mmol) in 100 mL of anhydrous ether was added over | h to an
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iCE-COO0IEd suspension of 12. n 100 mi. of ether. The mixture was refluxed for 9 h
and cooled to room temperature. Water (13 mL), 4 N NaOH solution (13 mL) and water (39 mL) were added
cautiously with vigorous stirring. The mixture was filtered, the aqueous layer was removed, and the ether

layer was dried and concentrated in vacuo to afford 20.1 g (100%) of 3 as a colourless oil: IR (film) 3395,
3305, 1630 cm™'; 'H NMR 6 5.97-5.84 (m, 1 H), 5.11-4.99 (m, 2 H), 3.39-3.36 (m, ! H), 3.23-3.17 (m, 2 H),
2.96 (d, J= 12.4 Hz, 1 H), 2.53 (d, J= 12.4 Hz, 1 H), 1.80-1.75 (m, 1 H), 1.69-1.27 (m, 4 H); 1.21 (s, 3 H),
0.90 (s, 3 H), 0.83 (s, 3 H). The crude product was employed without further purification in subsequent
procedures.

Acetamide 4. Amino alcohol 3 (5.20 g, 17.1 mmol) was stirred in 30 mL of a 2:1 mixture of of
pyridine and acetic anhydride at room temperature for 16 h. The mixture was poured into 100 mL of ether,
washed twice with 5% HCI solution and K,COjs solution, dried and concentrated in vacuo. The residue was

chromatographed (elution with 60% ethyl acetate-hexanes) to afford 4.98 g (84%) of 4 as a yellow oil: IR
(film) 3309, 1649 cm™; '"H NMR & 6.22 (br s, 1 H), 6.05-5.84 (m, 1 H), 5.15-5.01 (m, 2 H), 3.81 (dd, J=

14.3,7.8 Hz, 1 H), 3.43-3.39 (m, 1 H), 3.28-3.10 (m, 4 H), 2.04 (s, 3 H), 1.84-1.80 (m, 1 H), 1.66-1.22 (m, 4
- . . . . + .

H), 1.14 (s, 3 H), 0.95 (s, 3 H), 0.89 (s, 3 H); mass spectrum, m/z (relative intensity) 345 (3, M"), 304 (7),
224 (41), 109 (63), 72 (68), 43 (100). Anal. calc’d. for C;sH27NO,Se: C, 55.81; H, 7.90; N, 4.07. Found: C,

Diselenide 1b. A suspension of 2.17 g (7.2 mmol) of 57% MCPBA in 10 mL of dichloromethane
was added to a stirred solution of acetamide 4 (1.42 g, 4.13 mmol) in 50 mL of dichloromethane at -78°C.
The mixture was warmed to -40°C over 25 min, and diethylamine was added until the mixture became
homogeneous (ca. 4 mL). Ethyl vinyl ether (3 mL) was added and the mixture was maintained at -28°C for 4
h with occasional swirling. Hydrazine (0.65 mL, 20.7 mmol) was added and the mixture was stirred at room
temperature for 30 min. The solution was diluted with 50 mL of dichioromethane, washed twice with 1.5 N
NaOH solution, water and brine, dried and concenirated in vacuo. The product was chromatographed

1 At anatata) o affnrd 1 12 o {ON0/N ~F A P, e g
{elution with 10% methanol-ethyl acetate) to afford 1.13 90%) of 1b as a yellow foam: IR (Nujol) 3291,
L

1635 cm™'; "H NMR & 6.18-6.07 (m, 2 H), 4.03-4.00 (m, 2 H), 3.70 (dd, J= 14.4, 7.2 Hz, 2 H), 3.55 (s, 2 H),
334(dd,J=14.4,4.7Hz, 2 H), 2.04 (s, 6 H), 2.08-2.03 (m, 2 H), 1.67-1.26 (m, 8 H), 1 d7(s,6H),094 (s, 6
H), 0.90 (s, 6 H); mass spectrum, m/z (relative intensity) 608 (1, M), 305 (10), 287 (16), 206 (64), 109 (65),
43 (100). Anal. calc’d. for CasHaaN2O4Ser: C, 51.48; H, 7.31; N, 4.62. Found: C, 51.22; H, 7.23; N, 4.55.
Oxazolidinone 5. Amino alcohol 3 (980 mg, 3.24 mmol) and N,N’-carbonylbis(imidazole) (579 myg,
3.57 mmol) were stirred in 5 mL of dry THF for 7 h at room temperature, The solution was poured into 50
mL of ether, washed with 5% HCI solution and brine, dried and concentrated in vacuo. The residue was

chromatographed (elution with 60% ethyl acetate-hexanes) to afford 849 mg (80%) of 5 as a white powder:

mp 112-113°C (from ethyi acetate-hexanes); IR (fiim) 3381, 1714, 1631 cm™; '"H NMR & 5.91 (brs, I H),
5.95-5.73 (m, 1 H), 5.09-5.00 (m, 2 H), 4.07 (d, J= 9.2 Hz, 1 H), 3.67 (dd, J= 3.8,2.5Hz, 1 H),3.55(d, J=
9.2 Hz, 1 H), 3.26-3.16 (m, 2 H), 1.96-1.92 (m, 1 H), 1.82-1.18 (m, 4 H), 1.14 (s, 3 H), 0.93 (s, 3 H), 0.91 (s,
3 H); mass spectrum, m/z (relative intensity) 329 (100, M"), 288 (16), 228 (21), 164 (23), 126 (27), 41 (36).
Anal. cale’d. for C,sHo3NO,Se: C, 54.88; H, 7.06; N, 427 Found: C, 54.58; H, 6.96; N, 4,25,

Diselenide 1c¢. The productlc was prepared in 75% yield from 5 by the same procedure as ernployed
in the preparation of 1b: mp 278-282 °C (from ethanol); IR (Nujol) 3262, 1748 cm™; '"H NMR & 5.59 (br s, 2
H), 4.15 (dd, J= 3.9, 2.2 Hz, 2 H), 3.85 (d, J= 9.5 Hz, 2 H), 3.57 (d, J= 9.5 Hz, 2 H), 2.12-2.08 (m, 2 H),
1.64-1.25 (m, 6 H), 1.17 (s, 6 H), 1.11-1.04 (m, 2 H), 0.94 (s, 12 H); mass spectrum, m/z (relative intensity)
576 (11, M), 369 (3), 208 (100), 164 (48), 147 (42), 41 (56). Anal. calc’d. for C4H36N204Ses: C, 50.18; H,
6.32; N, 4.88. Found: C, 50.34; H, 6.25; N, 4.90.

exo-Alcohol 6 and endo-alcohol 8. Sclenide 2 (5.01 g, 18.5 mmol) in 40 mL of dry ether was added
over 5 min to an ice-cooled suspension of LiAiHs (2.11 g, 55.7 mmoi) in 20 mL of dry ether. The mixture
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was stirred for 4 h at room temperature. Water (2 mL), 4 N NaOH solution (2 mL) and water (6 mL) were
cautiously added with vigorous stirring. The mixture was filtered, dried and concentrated in vacuo. The

residue was chromatographed (eiution with 20% ethyl acetate-hexanes) to afford 1.54 g (30%) of the endo-
alcohol 8, followed by 3.00 g (59%) of the exo-alcohol 6, each obtained as a colourless oil.
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(9) 95 (34) 83 (90) 41 (100) Anal calc’d for C13H 208e C,57.14

endo-Alcohol 8: IR (film) 3448, 1631 cm™'; 'H NMR § 6.00- 5.79 (m, 1 H), 5.10-4‘99 (m, 2 H), 3.73-

3.71 (m, 2 H), 3.13 (d, J=7.7 Hz, 2 H), 1.93-1.89 (m, 1 H), 1.83-1.55 (m, 2 H), 1.36-1.13 (m, 2 H), 0.95 (s, 3

H), 0.91 (s, 3 H), 0.89 (s, 3 H); mass spectrum, m/z (relative intensity) 274 (21, M"), 233 (8), 153 (15), 95
(41), 83 (100), 41 (71). Anal. calc’d. for C;3H»OSe: C, 57.14; H, 8.11. Found: C, 57.34; H, 7.91.

exo-Acetate 7. Alcohol 6 (3.70 g, 13.6 mmol) was heated at 105°C in 50 mL of a 2:1 solution of

pyridine and acetic anhydride for 14 h. The solution was cooled, poured into 100 mL of ether, washed three

times with 5% HCI SOlU[lOl’l water and Dnne dried and concentrated in vacuo to afford 4.24 g (‘)9‘70) of 7 as

AMlmcsy A1 TR F6510-) 1929 1470 ~na-l JET NIMID S 2 01 € 0 Y §04.406(m 1 MY 496-493 {m |
a yellow oil: IR (film) 1732, 1670 cm™; 'H NMR § 6.01-5.80 (m, 1 H), 5.04-4.96 (m, 1 H), 4.96-4.93 (m, 1

H), 4.82 (d, /=4.0 Hz, 1 H), 3.44-3.42 (m, 1 H), 3.17 (d, J= 7.7 Hz, 2 H), 2.06 (s, 3 H), 1.86-1.84 (m, 1 H),
53 (m, 3 H), 1.38-1.21 (m, 1 H), 1.04 (s, 3 H), 0.90 (s, 3 H), 0.79 (s, 3 H). The crude

(m, 3 I he crude product was

-1
loved without further ounﬁcatlon in subseauf;m procedures.
endo-Acetate 9. Product 9 was obtained in 99% yield as a colourless oil from alcohol 8 via the same
procedure used in the preparation of 7. IR (film) 1740, 1631 cm’™'; '"H NMR § 5.91-5.74 (m, 1 H), 5.06-4.94
(m, 3 H), 3.66 (ddd, J=9.6, 4.2, 2.3 Hz, 1 H), 3.08 (d, /=7.8 Hz, 1 H), 3.06 (d, /= 7.5 Hz, 1 H), 2.14 (s, 3 H),
1.89-1.62 (m, 3 H), 1.35-1.22 (m, 1 H), 0.99 (s, 3 H), 0.95 (s, 3 H), 0.82 (s, 3 H). The crude product was
employed without further purification in subsequent procedures.
Diselenide 1d. Productld was prepared in 68% yield from 7 by the same procedure as employed in
the preparation of 1b: yellow solid, mp 114-116°C (from ethanol); IR (Nujol) 1730 cm . 'HNMR 8 4.7 70 (d,

_ A" L AT 2T QT /AT T A1 1T AIIS A IN IN0T /e A1 100 1Q8 /1 2 LIV 1 7Q FAP 2 & A
J= 4.4 AZ, £ 1), 2.6/ (a4q, J=— 4.1, ‘f.l, 141z, £ 1), £VU/ {§,0n), 1.y¥-1.¥5 (0, < 1), 1./0-1.55 (M, 0 ),
192110 7m» PN 1067 Y 001 /e §HY N70 (¢ £ H) magg gnectrum /7 (relative intengity) S50 (1)
1.£0-1.17 {ill, &4 I1), 1.UO D5, U Il}, V.71 Dy UV L1l), V.7 713 VU LiJ, 11IADD SPWV UL ULLLy 7T/ & \IVIQU VL THIIVISILY J OOV (1 &,y
M. 135 (94). 42 (100). Anal. cale’d. for C, +H3304Se;: C, 52.56; H, 6.98. Found: C, 52.39: H, 6.76

Jo LJC NI Ty T\ AV L2 VAW Nae ~2 oy 1y .70 LB TOR RO N

Diselenide 1e. Compound 1d (1.68 g, 3 06 mmol) was heated at 70°C for 6 h in 35 mL of dioxane
and 20 mL of 1 N aqueous NaOH solution. The mixture was concentrated in vacuo, the residue was taken up
in 100 mL of ether, washed with water and brine, dried and evaporated to afford 1.31 g (92%) of le as a
yellow solid: mp 125-129°C (from ethanol); IR (Nujol) 3341 cm’; "H NMR & 3.83 (ddd, J= 3.9, 3.9, 2.3 Hz,
2 H), 3.73-3.71 (m, 2 H), 3.03 (s, 2 H), 2.03-1.99 (m, 2 H), 1.67-1.47 (m, 6 H), 1.10 (s, 6 H), 1.40-1.00 (m,
2 H), 0.89 (s, 6 H), 0.88 (s, 6 H); mass spectrum, m/z (relative intensity) 466 (10, M™), 296 (8), 135 (90), 83
(100). Anal. calc’d. for C20H340,Se5: C, 51.73; H, 7.38. Found: C, 51.66; H, 7.11.

Diselenide if. Productif was prepared in 50% yieid from 7 by the same procedure as employed in

194 1320~ /0 el o AN 17 TY ATAAD & &

the preparation of ib: yellow solid, mp 124-125°C (from ethanol); IR (Nujol) 1731 cm™; 'H NMR &6 5.16

(dd, J= 9.8, 2.0 Hz, 2 H), 4.10 (ddd, J= 9.7, 4.1, 2.6 Hz, 2 H), 2.10 (s, 6 H), 1.97-1.93 (m, 2 H), 1.87-

1.74
trum,

(m, 4 H), 1.70-1.64 (m, 2 H), 1.35-1.20 (m, 2 H), 1.01 (s, 6 H), 0.97 (s, 6 H), 0.8] (s, 6 H); mass sp
m/z (relative intensity) , M™), 135 (67), 43 (100). Anal. calc’d. for C"AH’I O4Sco , 52.56; H, 6.98.

Found: C, 52.27; H, 6.71.

Diselenide 1g. Product 1g was prepared in 92% yield from 1f by the same procedure as employed in
the preparation of le: yellow solid, mp 126-130°C (from ethanol); IR (Nujol) 3487 cm™; '"H NMR 8 4.25
(ddd, J=9.2,4.2,2.5 Hz, 2 H), 3.96 (d, /= 8.9 Hz, 2 H), 2.71 (br s, 2 H), 2.03-1.99 (m, 2 H), 1.87-1.74 (m, 2
H), 1.66-1.40 (m, 4 H), 1.29-1.14 (m, 2 H), 0.95 (s, 6 H), 0.92 (s, 6 H), 0.88 (s, 6 H);, mass spectrum, m/z
(relative intensity) 466 (17, M), 296 (3), 135 (69), 95 (100). Anal. calc’d. for C20H340,8e>: C, 51.73; H,
7.38. Found: C, 51.55; H, 7.07.
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Methoxyselenenylations in Tables 1-3. The same general procedure as given for entry 1 of Table 3
below was employed in Tables 1 and 2, using cis- or trans-5-decene, with the variations indicated in the
Tables. D.r.’s were measured by integration of 'H NMR signals from protons at C-3 or C-4 of the camphor
moiety, which were generally well-separated for the two diastereomers, or by integration of the methoxy or

PRSI iU rs OIS S U [P PR | ™ _11

camphor methyl signals. In entry 7 of Table 3, the respective ''Se NMR signals were integrated.
Spectroscopic properties for the other adducts in Table 3 are given below. Assignments of *C NMR signals
are tentative because of frequent coincidence between signals from the two stereoisomers and the low
intensity of peaks from the minor products.

Methoxyselenenylation of trans-5-decene (Typical procedure, Table try 1). Diselenide 1a

(50 mg, 0.11 mmol) and 100 mg of 4 A molecular sieves were stirred in 3 mL of drv dichloromethane. A 1
M solution of bromine (0.11 mL, 0.11 mmol) in tetrachloromethane was added dropwise at -78°C under
nitrogen, with stirring. After 15 min, a 0.70 M methanol solution of silver triflate (0.45 mL, 0.30 mmol) was
added, followed after another 15 min by zrans-5-decene (0.10 mL, 0.53 mmol). Stirring was continued for 1
h at -78°C. The reaction was quenched with aqueous NaHCOs solution, diluted with 10 mL of dichloro-
methane, washed with water and brine, dried, filtered, and concentrated in vacuo. The residue was

chromatographed (elution with 5% ethyi acetale -hexanes) to afford 78 mg (88%) of the addition product as a
pale yellow oil: IR (film), 1738 (C=0) cm™’; 'H NMR major diastereomer: 8 3.78 (d, /= 4.7 Hz, 1 H), 3.42

(s, 3 H), 3.49-3.32 (m, 2 H), 2.21-2.19 (m, | H), 1.86-1.25 (m, 16 H), 1.02 (s, 3 H), 0.93 (s, 3 H), 0.92 (s, 3
H), 0.92-0.89 (m, 6 H); minor diastereomer: 5 3.99 (d, J= 4.8 Hz, | H), 3.39 (s, 3 H); '*C NMR major
diastereomer: 6 218.5, 85.4, 58.4, 58.2, 48.9, 47.0, 46.6, 46.0, 31.7, 31.4, 30.9, 30.6, 28.5, 23.7, 23.1, 22.8,

19.8, 14.3 (two signals), 14.2, 10.0; minor diastereomer: & 85.8, 57.9, 30.7 (two signals), 23.5, 19.8; mass
spectrum, m/z (relative intensity) 402 (21, M"), 370 (19), 230 (50), 151 (65), 101 (100), 69 (99). Exact mass
calc’d for C; H330;8e: 402.2040. Found: 402.2059.

Methoxyselenenylation of cis-5-decene (Table 3, entry 2). IR (film) 1738 cm”'; "H NMR, major
diastereomer: & 3.65 (d, J= 4.6 Hz, 1 H), 3.40 (s, 3 H), 3.48-3.25 (m, 2 H), 2.25-2.21 (m, 1 H) 1.91-1.01 (m,
16 H), 1 02 (s, 3 H), O 93 (s, 3 H), 0.91 (s, 3 H) 0 99-0.61 (m, 6 H); minor diastereomer: 3 3.75 (d, J= 3.4
2.18-2.17 (m, 1 H); NMR, major diastereomer: & 218.6, 84.9, 58.4, 57.9, 49.0,
i ( 6, 28.9 3. .8, 19.8 (iwo sxgnaJS), 14.3 (two mgnalb), 10.0;
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), 230 (14), 171 (29), 151 (17), 101 (100). Exact mass

.0, 47.0,

spectrum, m/z (relatlve mtensny) 402 (10, M"), 3

calc’d for CsH3g05Se: 402.2040. Found: 402,_0_ 5.

Methoxyselenenylation of trans-stilbene (Table 3, entry 3). The adduct could not be separated

from a small amount of diselenide 1a, and the yield as well as the d.r. given in Table 3 is based on 'H NMR

integration: "H NMR, major diastereomer: & 7.55-7.13 (m, 10 H), 4.71 (d, /= 9.3 Hz, 1 H), 455 (d, J=9.2

Hz, 1 H), 3.12 (s, 3 H), 2.72-2.69 (m, 1 H), 2.04-1.26 (m, 5 H,), 0.88 (s, 3 H), 0.83 (s, 3 H), 0.51 (s, 3 H);
minor diastereomer: 8 3.11-2.99 (m, 3 H), 0.60 (s, 3 H).

Methoxyselenenylation of cis-stilbene (Table 3, entry 4). IR (film) 17" 5 'H-NMR, ma

t reomer: & 7.23-7.09 (m, 10 H), 4.87 (d, /=9.4 Hz, 1 H), 4.55 (d,/=94 Hz, 1 H), 3.27 (s, 3 H), 3.

m, 1 H), 2.00-0.93 (m, 5 H), 0.88 (s, 3 H), 0.84 (s, 3 H), 0.54 (s, 3 H); minor diastereomer: & 3.29 (

092 (s, 3 H); B(" NMR, maior diastereomer: 8 139.5. 120.6. 1283 (two signals), 128.0, 1 2
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127.3, 88.2, 57.3, 56.7, 49.0, 48.4, 46.3, 30.8, 24.1, 23.3, 20.0, 19.4, 9.9; mmordlastereomer o129
51.5,47.0, 46.9, 19.8, 19.6, 10.0; mass spectrum, m/z (relatlve intensity) 442 (5, M™), 410 (10),
211 (41), 121 (60). Exact mass calc’d for C2sH300,Se 442.1415. Found: 442.1423.
Methoxyselenenylation and deselenization of styrene (Table 3, entry 5). IR (film) 1735 cm™; 'H
NMR, major diastereomer: 6 7.37-7.26 (m, 5 H), 4.48 (dd, J= 8.6, 4.5 Hz, 1 H), 3.56-3.54 (m, 1 H), 3.27 (s,
3 H), 3.26-2.96 (m, 2 H), 2.14-2. IO(m I H), 1.82-1.38 (m, 4 H), 0.99 (s, 3 H), 0.91 (s, 3 H), 0.81 (s, 3 H);
minor diastereomer: 8 4.39-4.42 (t, /= 7.1 Hz, 1 H), 3.25 (s, 3 H), 2.06-2.04 (m, 1 H), 0.98 (s, 3 H), 0.89 (s, 3
H), 0.79 (s, 3 H); *C NMR, major diastereomer: & 218.7, 141.4, 128.7, 128.2, 126.8, 84.4, 57.2, 48.6, 48.5,
9 8 i 6, 31.2,

A"I‘II’ AAQ 2.0 30.7. 29, 235 198 (two c;nna!) v X 178 2 1’)7”) {4
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30.7, 23.5, 19.7; mass spectrum, m/z (relative intensity) 366 (9, M"), 334 (16), 230 (11), 121 (100). Exact
mass calc’d for C9H260,Se: 366.1100. Found: 366.1063.
A mixture of AIBN (10 mg) and triphenyltin hydride (192 mg, 0.55 mmol) was added dropwise to a

-fl. PRI S I _L‘_ )’1[\[\

ing solution of the above product (100 mg, 0.27 mmol) in 2 mL of toluene under nitrogen. After 2 h,
1 38 +
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ether-hexanes). The solvent was removed by 19t111at10n followed by Kugelrohr distillation of the residue
(bp 70-90 °C, 130 mmHg) to afford the methyl ether 15 as a colourless oil, the e.r. of which was determined
to be 74:26 by GC on a Cyclodex B column. The absolute configuration of the major enantiomer was
assigned by comparison with an authentic sample of the (R)-enantiomer. The NMR spectrum of the product
was identical to that of the authentic sample. )
Methoxysclenenylation of o-methylstyrene (Table 3, entry 6). IR (film) 1740 cm™; 'H NMR,
major diastereomer: & 7.39-7.14 (m, 5 H), 3.31-3.05 (m, 3 H), 3.06 (s, 3 H), 1.95-1.93 (m, 1 H), 1.65 (s, 3
H), 1.72-1.26 (m, 4 H), 0.89 (s, 3 H), 0.79 (s, 3 H), 0.66 (s, 3 H); minor diastereomer: 5 3.04 (s, 3 H), 1.89-
1.85 (m, 1 H), 1.63 (5, 3 H), 0.87 (5, 3 H); °C NMR, major diastereomer: & 218.6, 144.0, 128.4, 127.5,
126.5, 79.6, 79.2, 58.3, 51.1, 48.3, 46.8, 46.6, 38.2, 30.7, 23.4, 23.2, 19.8, 9.8; minor diastereomer: § 127.6,
126.7, 58.2, 51.1, 48.4, 46.8, 38.0, 30.6, 23.5, 19.7; mass spectrum, m/z (relative intensity) 380 (6, M™), 348
(5), 135 (100), 43 (47). Exact mass calc’d for CZQHZSOZSe 380.1257. Found: 380.1271.
Methoxyselenenylation of ethyl vinyl ether (Table 3, entry 7). IR (film) 1746 cm™’; '"H NMR,
major diastereomer: 6 4.70 (t, /= 5.5 Hz, 1 H), 3.89 (dd, J= 4.4, 1.9 Hz, 1 H), 3.76-3.71 (m, 1 H), 3.59-3.54
(m, 1 H), 3.37 (s, 3 H), 3.01 (dd, J=12.8, 5.8 Hz, 1 H), 2.91 (dd, J= 12.8, 5.2 Hz, 1H), 2.21-2.20 (m, 1 H),
1.80-1.40 (m, 4 H), 1.21 (t, J= 7.1 Hz, 3 H), 1.01 (s, 3 H), 0.92 (s, 3 H), 0.90 (s, 3 H); minor diastereomer: &
3.36 (s, 3 H), 0.93 (s 3 H); *C NMR, major diastereomer: & 218.5, 104.6, 62.5, 58.4, 53. 8 48 5,47.2,47.0,

. {two SlgﬂalSJ, 15.5, 9.9, minor diastereomer: 3 62. 7, 53.5, 29.9, be NMK, ma_]or
191 6; minor diastereomer: & 193.7; mass spectrum: m/z (relative intensity) 334 (1, M™), 302
3
7

AN T N g AN

36.7, 26.8, 23.5
diastereomer: &
6

,..-
O‘D

Ay G (100 61 (5 Exact mass calculated for C.:H5.0:Se: 324.1049. Found: 334 1058

\‘T’, A\ g \LV\’/ 1 \J AW L LIZUMOU VALV ULIGLWLWYG LV IDIAZUVJUU STl T /. 1 NN, JJUTT 1O
Methoxyselenenylation of trans-2-butene (Table 3 , entry 8). IR (film): 1729 cm™; 'H NMR,

major diastereomer: & 3.77 (d, J= 4.8 Hz, 1 H), 3.38-3.72 (m, 2 H), 3.37 (s, 3 H), 2.21-2.20 (m, 1 H), 2.05-

1.50 (m, 4 H), 1.46 (d, /=7.0 Hz, 3 H), 1.21 (d, J= 6.2 Hz, 3 H), 1.03 (s, 3 H), 0.93 (s, 3 H), 0.92 (s, 3 H);
minor diastereomer: & 3.95 (d, J= 4.6 Hz, 1 H), 3.36 (s, 3 H), 1.02 (s, 3 H), 0.91 (s, 3 H); '*C NMR, 218.7,
80.9, 58.3, 57.0, 49.0, 47.1, 45.7, 41.0, 30.7, 23.8, 19.9, 19.8, 17.4, 16.8, 9.9, minor diasterecomer: & §1.5,
56.9, 49.0, 46.2, 41.1, 41.0, 23.6, 19.8, 18.4, 16.8, 16.4; mass spectrum, m/z (relative intensity) 318 (5, M"),
230 (8), 152 (33), 87 (46), 41 (100). Exact mass calc’d for Ci5H¢0,Se: 318.1100. Found: 318.1078.
Methoxyselenenylation of cyclohexene (Table 3 , entry 9). IR (film) 1739 cm™; '"H NMR, major

nn Ar\’ll
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p—
[N
[\
—
1
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N

diastereomer: & 4.09-4.07 (m, 1 H), 3.38 3 H),3.36-3.18(m, 2 H 5

0.92 (s, 6 H); minor diaatmeomer § 3.99-3.40 (m, 1 H), 1.01 (s, 3 H), 0.90 (s, 6 H); °C NMR, major
diastereomer; & 218.2, 83.6, 58.3, 56.5, 48.8, 47.1 (two signals), 43.0, 31.4, 30.8, 30.1, 25.5, 23.6, 23.3,
20.0, 19.9, 9.9; minor diastereomer: & 85.0, 56.8, 49.2, 47.3, 44.5, 32.6, 31.0, 26.3, 24.0, 23.7, 20.0, 19.8;
mass spectrum, m/z (relative intensity) 344 (8, M%), 312 (11), 230 ( 2) 151 (11), 113 (78), 81 (100), 45 (53).

Exact Mass calc’d for C;7H30;Se: 344.1257. Found: 344.1242.
Methoxyselenenylation of 1-methylcyclohexene (Table 3 , entry 10). IR (film) 1734 ¢cm™'; 'H
NMR, major diastereomer: 8 3.91 (d, J= 4.7 Hz, 1 H), 3.57 (dd, /= 9.1, 3.9 Hz 1 H) 3.26 (s 3 H), 2.23-2.17
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Methoxyselenenylatmn of l-phenylcyclohexene (Table 3, entry 11). IR (film) 1737 em™: 'H
NMR, major diastereomer: 8 7.50-7.21 (m, 5 H), 3.14-3.01 (m, 1 H), 2.99 (s, 3 H), 2.69-2.36 (m, 2 H), 2.32
(dd, J=4.5, 1.4 Hz, 1 H), 2.10-1.00 (m, 11 H), 0.93 (s, 3 H), 0.77 (s, 3 H), 0.48 (s, 3 H); minor diastereomer:
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$3.76-3.57 (m, 1 H), 2.96 (s, 3 H), 2.29-2.19 (m, 1 H); *C NMR, major diastereomer: 8 216.9, 143.8, 128.2,

128.0, 127.5, 80.8, 58.2, 50.6, 49.1, 48.7, 47.4, 46.5, 30.8, 30.2, 25.4, 23.0, 22.2, 21.1, 20.4, 19.8, 9.7; minor
diastereomer: 6 144.1, 128.1, 127.4, 80.6, 58.1, 51.0, 50.5, 48.5, 46.8, 46.7, 30.6, 30.0, 25.4, 25.3,23.4, 22.2,

10.5, 9.8; mass spectrum, m/z (relative intensity) 420 (28, MJ" 388 (303, 269 (100}, 189 (56}, 91 (97). Exact
mass calc’d for C;3H1,0,Se: 420.1570. Found: 420. 1552.

Cyclizations in Tables 4-5. The same general procedure as given for entry 1 of Table 5 (vide infra)
was employed in Table 4, using 4-penten-1-ol and 4-pentenoic acid as substrates, with the variations
indicated in the Table. The same procedure was also used for the other examples in Table 5, with variations
as indicated below. D.r.’s were measured by integration of 'H NMR signals from protons at C-3 of the
camphor moiety, which were generally well-separated for the two diastereomers, or of signals from protons
attached to oxygen-substituted carbon atoms. Assignments of “C NMR signals are tentative because of
frequent coincidence between signals from the two stereoisomers and the low intensity of peaks from the

PG ST SN
minoL pi OQucts.

MNuolizatinn nfF& _havan_1_nl Mahla & antew 1) Culfiry] chlarmida 714 0T N 17 smasmand) wrnn addad ¢4 o
o FLRILAUIVIE U2 JTIIVALIITITUI {1 GIJAL Jy LIt AJ. DUILUL Y1 WARIVIIUL {177 Mi, V.17 HLHIIVE)] Wad auusud o a
mixture of diselenide 1e (995 meo. 0.17 mmol) and ca, 20 mo of 4 A molecular cievec in § ml. of
DAIARRIC O QISUITinnas S 72 I, H 0 L. 2V g O S REVL GRSV YeS i O s Un

dichloromethane, and stirring was continued for 15 min. The resulting orange mixture was cooled to -95°C,
46 pL (0.38 mmol) of 5-hexen-1-ol was added and the orange colour was immediately discharged. The
mixture was stirred for an additional 45 min at -95°C and was then filtered through Celite and concentrated
in vacuo. The residue was chromatographed (elution with ethyl acetate) to afford 129 mg (96%) of the
corresponding cyclic ether diastereomers as a colourless oil: IR (film) 3285, 1756 cm™'; '"H NMR, major
diastereomer: & 5.41 (s, 1 H), 4.08 (d, J= 9.2 Hz, | H), 3.99 (dt, J= 11.2, 1.9 Hz, 1 H), 3.77-3.76 (m, 1 H),
3.54 (d, /= 9.2 Hz, 1 H), 3.47-3.40 (m, 2 H), 2.79 (dd, /= 12.0, 7.7 Hz, 1 H), 2.64 (dd, J= 12.0, 4.6 Hz, 1 H),
2.03-2.01 (m, 1 H), 1.87-1.79 (m, i H), 1.71-1.68 (m, 1 H), 1.67-1.26 (m, 7 H), 1.i3 (s, 3 H), 1.06 (ddd, J=

13.3,9.1, 4.1 Hz, 1 H), 0.93 (s, 3 H), 0.92 (s, 3 H); minor diastereomer: & 5.46 (s, 1 H), 2.74-2.70 (m, 1 H);
BANMD  mmnine dinctaranmar S 1801 021 £Q 7 4Q £ 5555290 521 48 AL £ 2V N ftrm cignalo) 70 ©

L 2 1‘1\'11\, 1 ldJUl Uiadinvivuiiivi . O lJ’.l, 7.).1, voO. l’ VO.VU, , , LTS Y 'PU-I, 'YU.U, T T \lWU Dls lalb} Q.0
25.8, 233,225,204, 201, 10.9; minor diastereomer: 8 48,1, 31.0; mass spectrum, m/ (relative intensity)
387 (13, M1, 343 (12), 288 (61), 208 (62), 85 (100). Exact mass cale’d for C;3H2oNO;Se: 387.1313. Found
387.1305

Cyclization and deselenization of 4-penten-1-ol (Table 5, entry 2). IR (film) 3273, 1768 cm™’; 'H
NMR (C¢Ds), major diastereomer: & 6.78 (br s, 1 H), 4.05-3.99 (m, 1 H), 3.93-3.92 (m, 1 H), 3.86-3.76 (m, 2
H), 3.63-3.57 (m, 1 H), 3.10 (d, J= 9.4 Hz, 1 H), 2.80 (dd, /= 12.1, 5.8 Hz, 1 H), 2.69 (dd, J=12.2, 5.8 Hz, |
H),18’5183(m 1H),181 1.24 (m, 7H),115(s 3 H), 1.10-1.00 (m, 1 H), O74(s 3H),065(s 3H);

diastereomer: & 160.2, 92. zs, 94 68.6, 56.4, 53 3, 52.8, 48‘5, 471, 32. . 30. , 29. ) 20 3.0, 20.8, 20.6,
< rv\ (2] [e V2N | Py o B-4 Er "N N~ AD £ ~mN A N O b Ya W Ia ke Bie ] ~ A 1.

11.1, mmor uldut.reomcr. O Y£.8, 8U.1, 00.0, J0.4, DL./, 40.3, J4.4, JU.0, DU.ID, £/.3, £L4.1, mass bpeurum,

aanfom Fenlnéizrn tsmbénemost=) T (1L MY 100 742 ANQ 0O 71 S1NM DCwant smanaa Aanla’d Fae O LT NM. QA

m/c \lGldl.lVC uucuau_y} /10 \IU, 1vy ), L0000 \UJ}, &VO \07,, /1 {1uu). LAAGL 111add Lalv U 11Ul U 7H127INU 300

373.1156. Found: 373.1175.

A mixture of AIBN (10 mg) and tri-n-butyltin hydride (039 mL, 1.45 mmol) was added to a
refluxing solution of the above product (240 mg, 0.643 mmol) in 1.5 mL of C¢Ds under nitrogen. After 2 h,
additional AIBN (5 mg) and tri-n-butyltin hydride (0.19 mL) were added and heating was continued for 1 h.
The mixture was distilled and only the fraction with bp 75-79°C was collected. A second distillation afforded
a C¢Ds solution of 17 with no contaminating camphor or tin residues (NMR). Trichloroethylene was added to
serve as an internal standard and the concentration of 17 was determined by NMR integration. [a]p +22.1° (¢
1.7); 1it.'” [a]p +27.01 for the S-enantiomer. This corresponds to an e.r. of 91:9 (cf. d.r.= 84:16 in entry 2 of
Table 5 and 90:10 in entry S of Table 4.

Cyclization of (E)-4-hexen-i-oi (Tabi

h(b

P T

thai the crude prouuu was dissoived in 5 mL of

Al b cnisdas b3 afFnrd tha neadiat as o oalanrless Im) 21282, 1747 M...". Iy
duu lUl 1‘1 u pl lUl 1o uluuumlugapu_y t0 anora uie PRrUGULL Ad 4 VUIVULILVOD Olil N \ 131 A/ JLOT, LT LIy, X1
NMR, major diastereomer: & 5.85 (brs, 1 H), 3.95 (d, J/= 9.1 Hz, 1 H), 3.96-3.89 (m, 1 H), 3.74 (dd, J= 3.8,
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2.7 Hz, 1 H), 3.57 (d, /= 9.2 Hz, 1 H), 3.46-3.31 (m, 2 H), 2.67-2.60 (m, 1 H), 2.24-2.19 (m, 1 H), 1.97-1.95
(m, I H), 1.74-1.57 (m, 3 H), 1.36 (d, /= 6.1 Hz, 3 H), 1.49-1.24 (m, 3 H), 1.16 (s, 3 H), 1.07 (ddd, J= 13.5,
9.2,4.2 Hz, 1 H), 0.93 (s, 6 H); minor diastereomer: & 5.80 (br 5, 1 H), 3.82 (dd, J= 3.9, 2.5 Hz, 1 H), 3.57
7 ( 1 LT 37 (d )’ n rv\; l3C ‘f‘.R, ma]or
545,529,5 8
. stere : 77.8,
mass spectrum, m/z (relatlve 1nten31ty) 387 (20, M),
for C13H2NO;Se: 387.1313. Found: 387.1329.
Cyclization of (Z)-4-hexen-1-ol (Table 5, entry 4). IR (film) 3282, 1754 cm™; '"H NMR (C4Ds),
major diastereomer: 8 6.37 (br s, 1 H), 3.98-3.97 (m, | H), 3.85-3.74 (m, 2 H), 3.77 (d, /= 9.2 Hz, 1 H), 3.65
(m, 1 H), 3.13-3.07 (m, 1 H), 3.03 (d, /= 9.3 Hz, | H), 1.85-1.83 (m, 1 H), 1.80-1.51 (m, 4 H), 1.49 (d, J=
7.1 Hz, 3 H), 1.37-1.31 (m, 2 H), 1.17 (s, 3 H), 1.13-1.00 (m, 1 H), 0.74 (s, 3 H), 0.74-0.68 (m, 1 H), 0.66 (s,
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3 H); minor diastereomer: § 6.28 (br s, 1 H), 4.20-4.19 (m, 1 H), 3.69 (d, J= 9.3 Hz, 1 H), 1.92-1.90 (m, 1
H), i.43 (d, J= 7.1 Hz, 3 H); '°C NMR, major diastereomer: o 158.9, 93.1, 83.2, 68.6, 53.0, 52.9, 52.7, 46.6,
40.6, 30.2, 29.7, 28.8, 26.1, 22.7, 20.4, 20.1, 19.5, 10.9; mass spectrum, » "( elative intensity) 387 (13, M"),
288 (39), 208 (65), 148 (74), 41 (100). Exact mass calc’d for CygHyoNO:Se: 387.1313. Found: 387.1318.
Cyclization of 4—methy!—4-pe'!teq -1-ol (Table 5, entry 5). IR (film) 3297, 1755 cm™; 'H NMR
(CsDs), major diastereomer: § 6.46 (brs, 1 H), 4.14-4.12 (m, 1 H), 3.79 (d, J= 9.3 Hz, 1 H), 3.88-3.69 (m, 2
H), 3.05 (d, /=9.3 Hz, 1 H), 2.82 (d, /= 11.8 Hz, 1 H), 2.74 (d, /= 12.3 Hz, 1 H), 192 1.90 (m, 1 H), 1.85-

1.60 (m, 4 H), 1.52-1.47 (m, 1 H), 1.38-1,37 (m, 1 H), 1.32 (s, 3 H), 1.18 (s, 3 H), 108100(m 1 H), 0.73
(s, 3 H), 0.71-0.69 (m, 1 H), 0.65 (s, 3 H); minor diastereomer: 8 6.53 (br s, | H), 3.92-3.90 (m, | H), 2.85
(d, J= 11.3 Hz, | H), 1.29 (s, 3 H), 1.16 (s, 3 H); °C NMR, major diastereomer: & 159.2, 93.1, 82.4, 67.8,
55.9, 55.6, 52.9, 52.0, 48.0, 46.6, 37.2, 36.9, 28.8, 26.3, 22.4, 20.4, 20.0, 10.8; minor diastereomer: 3 28.8;
mass spectrum, m/z (relative intensity) 387 (5, M"), 288 (6), 208 (8), 149 (25), 129 (33), 85 (100). Exact
mass calc’d for C gHoNO;Se: 387.1313. Found: 387.1315.

o~ a

Cyclization of 2,2-dimethyl-4-penten-1-ol (Ta

_....-_,l notnranmmar: R &2V e s TENN A 10 A 19
J( UIASLCICUTNCE. O .04 (U1 D, 1 1), F.10-9%.1 4

T (
(d, /= 9.1 Hz, 1 H), 2.82-2.71 (m, 2 H), 2.14-2.0
1.54 (m, 1 H), 1.48-130(m,2 H), 1.26 1.09 0. 1),
0.92 (s, 3 H); minor diastereomer: § 5.29 (br l H) 3 90 3 88 (m I H) 1 27 (s 3 H) Bc NMR major
diastercomer: & 159.3, 92.9, 81.4, 78.4, 77.9, 55.1, 52.8, 51.8, 46.5, 38.5, 32.0, 30.7, 29.1, 28.7, 27.9, 22.3,
20.4, 20.0, 10.8; minor diastereomer: 8 81.4, 55.5, 52.8, 51.9, 48.0, 38.4, 32.1, 31.0, 29.1, 27.9; mass
spectrum, m/z (relative intensity) 401 (17, M™), 288 (43), 208 (70), 99 (79), 43 (100). Exact mass calc’d for
Ci9H3;NO;3Se: 401.1473. Found: 401.1450.

Cyclization of 2-(1-cyclohexenyl)ethanol (Table 5, entry 7). The procedure of entry 1 was
foliowed, except that 4 h at -95°C was required to discharge the colour of the selenenyi chioride.
Chromatography (clution with 60% ethyl acetate-hexanes) afforded the separated diastereomers.

,_.
o

M o ton s an flace melar)e TR (£ilmn) 29Q4 17864 ~m-le 1LY NOMBR: & £ 00 (hr « )y 10%.1%7

Minor diasiereomer (1€8s poiar): IR (Iuif) 5264, 1 /56 Cimi ; 0 NMR: O J.Uo (OF 8, 1 1), 3.908-5.67

(v THN 27A. 774 (m 1 HY R RA (dd =IR 28 H> 1 Y IR0 (A J=Q02H7z 1T HY 24221 (m 1 H
Ly, 2 21)y J./UTI 7T\, 4 AR )y JIUU (UG, O JUy LU LEBL, A ALfy YUV My W Y T B Y 47 L 1fy Lo TT4eoked \1XRy 1 L1,
2.15 (ddd, J= 122, 7.8, 4.2 Hz, | H), 1.92-1.90 (m, 1 H), 1.90-1.81 (m, 1 H), 1.75-1.33 (m, 10 H), 118 (s, 3
H), 1.10-1.06 (m, 1 H), 0.94 (s, 6 H); B3¢ NMR: § 159.0, 92.6, 80.7, 650 53.8, 53.1,49.9, 48.1, 46.8, 41.5,
33.9, 28.7, 26.2, 22.9, 22.3, 20.4, 20.1 (two signals), 10.9; mass spectrum, m/z (relative intensity) 413 (5,

M™), 228 (10), 208 (8), 125 (100). Exact mass calc’d for CoH3 NO3Se: 413.1473. Found: 413.1479.
Major diastereomer (more polar): IR (film) 3232, 1761 cm™’; 'H NMR: & 5.07 (br s, 1 H), 3.97-3.86
(m, 3 H), 3.76-3.74 (m, 1 H), 3.66 (dd, J= 3.8, 2.9 Hz, 1 H), 3.61 (d, /= 9.0 Hz, | H), 2.31-2.24 (m, 1 H),
2.16 (ddd, J= 12.4,7.8,4.4 Hz, | H), 1.91- 189(m 1 H), 1.85-1.81 (m, 1 H), 1.75-1.33 (m, 10 H), 1.18 (s, 3
H), 1.07 (ddd, /= 13.5,9.3,40Hz, 1 | (s, 6 H); ’LNMR:8159., 92.6, 80.9, 65.1, 53.8, 53.1, 52.9,
2, Z2U.1

1 H),
50.1, 46.8, 41.4, 33.3, 29.7, 28.7, 26. .1, 10.9; mass spectrum, m/z (relative
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intensity) 413 (6, M), 228 (16), 208 (10), 125 (100). Exact mass calc’d for CoH3; NOsSe: 413.1473. Found:
413.1477.

Cyclization of 2-(3-propenyl)phenol (Table 5, entry 8). IR (film) 3298, 1747 cm™'; 'H NMR, major
Al cbosee KT 1A TNE fene VITY £ 0O £ ML faen DEIN & OA bae o 1 TIY A AL £ *ou_u L s - YT TN A e
QIasCIeomer. o /.14-/.U5 {in, < 1), 6.60-0./6 (iM, £ 1), .04 (0T 8, 1 M}, 4.40 (qum(el J~ 0.0 Nz, i 11), 4.Ul
(A =08 2 1 Y 2782 7im THY 382/ 7= 0A > 1 1Y 22K fAd 7= 12Q £ 1 0. 1 LI\ 2 N7 N 0OQ
My v Feod KRy L K1jy F i IST T T\, L X1, J.JT Uy v 7. R4, L K1), J.0U (W4, v 1.0, U.} 114, 1 11), O.U/-L.70
(m,ZH) 293 (dd, /=139, 7.3 Hz, | H), 2.00-1.98 (m, 1 H), 1.61-1.55 (m, | H), 1.43 (ddd, /= 12.7, 12.7
4.3 Hz, 1 H), 1.32 (ddd, J= 13.0, 8.9, 4.2 Hz, 1 H), 1.10 (s, 3 H), 1.03 (ddd, J= 13.4, 9.2, 4.0 Hz, 1 H), 0.91

(s, 3 H), 0.90 (s, 3 H); minor diastereomer: 3 5.80 (br s, | H), 4.40-4.38 (m, 1 H), 4.11 (d, J=9.4 Hz, 1 H),
1.95-1.93 (m, 1 H), 1.11 (s, 3 H), 0.92 (s, 3 H), 0.88 (s, 3 H); *C NMR, major diastereomer: § 154.4, 131.8,
128.3, 123.9, 120.1, 115.7, 109.4, 93.6, 61.8, 56.2, 52.8, 51.7, 48.1, 46.7, 39.3, 32.8, 28.7, 22.4, 20.3, 19.9,
10.7; minor diasterecomer: & 131.6, 126.3, 120.2, 116.0, 35.5, 20.2, 20.0, 10.8; mass spectrum, m/z (relative
intensity) 421 (32, M), 377 (19), 288 (27), 244 (77), 208 (27), 131 (94), 91 (94), 44 (100). Exact mass
calc’d for C3H7NO3Se: 421.1127. Found: 421.1159.

Cyclization of 5-hexenoic acid (Table 5, entry 9). IR (film) 3277, 1756 cm™; 'H NMR, major
diastereomer: 6 6.28 (br s, 1 H), 4.04 (d, /= 9.1 Hz, 1 H), 4.05 4 02 (m 1 H), 3.69-3.68 (m i H), 3.60 (d, /=
9.4 Hz, 1 H), 3.07 (dd, J= 12.7, 5.6 Hz, 1 H), 2.95 (dd, J= 12.8, 7.8 Hz, | H), 2.47-2.33 (m, 2 H), 2.15-2.10
(m, | H), 2 05-2.03 (m, 1 H), 1.94-1.77 (m, 1 H), 1.75-1.60 (m, 3 H), 1.47 (ddd, J=12.9,12.9,43 Hz, | H),
1.29 (ddd, J= 13.3, 8.9, 44H7 1 H), 115(‘: 3 H), 1.07 (ddd, J= 13.5,9.3,4.1 Hz, 1 H), 0.94 (s, 3 H), 0.93

(s, 3 H); minor diastereomer: 4 4.12 (d, /= 9.8 Hz, 1 H), 3.77-3.76 (m, 1 H); Be NMR, major diastereomer:
8 171.0, 159.1, 92.8, 79.7, 56.5, 52.9, 52.0, 48.1, 46.6, 29.5, 29.3, 28.7, 27.6, 22.4, 20.3, 19.9, 18.2, 10.7;
minor diastereomer: & 79.6, 56.8, 52.8, 52.2, 46.6, 29.8, 29.4, 27.8, 18.3 {(two signals), 18.2, 10.7; mass
spectrum, m/z (relative intensity) 401 (8, M%), 287 (19), 208 (44), 113 (45), 55 (69), 41 (100). Exact mass
calc’d for C3H;7NO4Se: 401.1124. Found: 401.1108.

Cyeclization and deselenization of 4-pentenoic acid (Table 5, entry 10). IR (film) 3321, 1732 em’™;
"H NMR (CDCl;3-C¢Ds 1:1), major diastercomer: 8 4.72 (br s, 1 H), 4.27-4.21 (m, 1 H), 3.68 (dd, J= 3.6, 2.7

n"rr

Hz, 1 H), 3.62 (d, J= 9.3 Hz, lﬂ),jU/(G J=9.3 Hz, 1 H), 2.61-2.53 (m, 2 H), 2.21 (ddd, ./'=i7.8,9.8,4.7
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Hz, 1 H), 2.11-2.02 (m, 1 H), 1.89-1.87 {(im, 1 H), 1.84-1.76 (m, 1 H), 1.51-1.38 (m, 2 H), 1.29-1.14 (m, 3 H),

1.12 (s, 3 H), 0.78 (s, 3 H), 0.76 (s, 3 H); °C NMR, major diastereomer: § 176.5, 159.2, 92.9, 79.3, 56.6,
52.9, 52.0, 48.2, 46.7, 42.9, 29.3, 28.8, 27.7, 22.4, 20.3, 19.9, 10.8; mass spectrum, m/z (relative intensity)
387 (19, MM, 288 (15), 208 (100), 83 (98). Exact mass calc’d for C;7H5sNQ4Se: 387.0951. Found: 387,0951.
No signals that could be attributed to the minor diastereomer were observed in either the 'H or >C NMR
spectra.

A mixture of AIBN (10 mg) and tri-n-butyltin hydride (0.40 mL, 1.49 mmol) was added to a
refluxing solution of the above product (257 mg, 0.66 mmol) in 2 mL of toluene under nitrogen. After 2 h,
additional AIBN (5 mg) and tri-n-butyltin hydride (0.20 mL) were added and heating was continued for 1 h.
The mixture was concentrated and chromatographed (elution with 10%-50% ether-hexanes, followed by pure
ether). The solvent was removed by dlstlllatlon from the fraction eluting with 50% ether-hexanes and the
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afforded 122 mg (88%) of vpzro-oxamhdmone 27 (vzde mﬁ a)
Cychzatmn of (E)-4-hexenoic acid (Table 5, entry 11). IR (film) 3263, 1767 cm™'; 'H NMR, major
diastereomer: & 5.69 (br s, 1 H), 4.53 (m, 1 H), 3.98 (d, /= 9.2 Hz, 1 H), 3.87-3.86 (m, 1 H), 3.59 (d, J=9.3
Hz, 1 H), 3.28-3.11 (m, 1 H), 2.67-2.50 (m, 2 H), 2.39-2.30 (m, 1 H), 2.12-2.01 (m, 1 H), 2.00-1.98 (m, 1 H),
1.64-1.55 (m, 1 H), 1.55-1.49 (m, 1 H), 1.45 (d, /= 7.3 Hz, 3 H), 1.25 (ddd, J= 13.2, 9.1, 4.5 Hz, 1 H), 1.17
(s, 3 H), 1.06 (ddd, J= 13.6, 9.3, 3.8 Hz, 1 H), 0.93 (s, 3 H), 0.92 (s, 3 H); irradiation of the m at & 3.28- 3 11
collapsed the d at 8 1.45 into a s; minor diastereomer: & 3.81-3.80 (m, 1 H), 3.58 (d, /= 9.1 Hz, 1 H); *

-

NMR, major diastereomer: & 176.6, 159.6, 92.8, 83.2, 55.5, 52.7, 52.4, 48.0, 46.8, 40.5, 28.8, 28.6 25.3,
22.4,20.1, 19.8, i8.5, 10.7; minor diastereomer: & 176.7, 159.4, 92.6, 83.4, 54.2, 52.8, 52.5, 46. 6, 46.5, 39.8,
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28.5, 24.8, 22.5, 20.2, 19.8, 18.1, 10.7; mass spectrum, m/z (relative intensity) 401 (11, M™), 288 (11), 208
(48), 55 (100). Exact mass calc’d for C;gH,;7NO4Se: 401.1108. Found: 401.1115,

Cyclization of (Z)-4-hexenoic acid (Table 5, entry 12). IR (film) 3300, 1755 em™; 'H NMR
£ TY N nnnimew Arricbmemrsevenee % £ A™ flaee o 1 1IN A 10 7131 I— = A AN AN LT TI\ ™ ON "~ DO 7 171 -
L elre ), INAJOI QIdSIETCOMET: 0 0.4/ (0T §, | 1), 4.1¥ {4a4q, v~ /.4, 4., 4.U 11z, i ), 3.8¥-3.88(m, 1 H), 3. 63
(d EF0AH 1THYINDAIA I—m0AH7 1THY 2704 (An T=70 AAH>: 1 IIN 190907 feen 2 LIV 104 1 O
ALy 7.9 ThLy & KXJy J.UU (U, J .7 14, 1 A1), L. \U\, v FaUy U 112, L A1)y L.LT-LVT M, £ 1), 1.09-1.04
(m, 1 H), 1.78-1.61 (m, 2 H), 1.34 (d, J= 7.1 Hz, 3 H), 1.32-1.21 (m, 2 H), 1.20 (s Y 103/(ddd 1= 179
L L s < S Lijy L4044 L ZRje ES A O Aify R.VUJ (MG, 0 L7,y

3 {
1), 34, 1H 2 3 (

12.9, 4.8 Hz, 1 H), 0.73 (s, 3 H), 0.70-0.68 (m, | H), 0.65 (s, 3 H); irradiation of the dq at & 2.94 collapsed
the d at 3 1.34 to a s; minor diastereomer: 6 6.34 (br s, 1 H), 4.09-4.04 (m, 1 H), 3.67 (d, /= 9.4 Hz, 1 H),
2.88-2.85 (m, 1 H), 1.88-1.86 (m, 1 H); "*C NMR, major diastereomer: & 176.7, 159.2, 92.8, 83.2, 54.4, 53.0,
52.5,48.2, 46.7, 39.2, 28.9, 28.7, 25.1, 22.6, 20.3, 20.0, 18.4, 10.8; minor diastereomer: & 83.7, 29.0, 22.5;
mass spectrum, m/z (relative intensity) 401 (9, M™), 288 (5), 208 (39), 83 (53), 41 (100). Exact mass calc’d
for C13H27NO4SCZ 401.1108. Found: 401.1120.
Cyclization of (1-cyclohexenyl)acetic acid (Table 5, entry 13). The procedure of entry 1 was

~ O

followed, except that 8 h at -95°C, followed by 12 h at room temperature, was required to discharge the

c1. D /L1 -1, ler wrn r

colour of the bClCl’lcnyl chloride. IR (Illm) 33 16, 17 /4, 1760 cm , AN IV]K major alaswreomer o 5. 75 (Dr,

s, 1 H), 4.45-4.41 (m, 1 H), 3.83 (d, J= 9.3 Hz, | H), 3.63 (d, /= 9.3 Hz, 1 H), 3.60-3.58 (m, 1 H), 2.81-2.67
(m, 2 H),2.04-1.45 (m, 11 H), 1.35-1.21 (m, | H), 1.18 (s, 3 H), 1.07 (ddd, J= 13.7, 9.4, 4.1 4

11 1
11 - ARy e A4 Adjy LedsT EU \Dy < L], A adna et 1. s 1 ll’, .77
(s, 6 H); minor diastereomer: 8 5.68 (br s, 1 H), 3.78 (d, J= 9.4 Hz, 1 H), 3.56-3.55 (m, 1 H), 0.95 (s, 3 H);
3 6,

3¢ NMR, major diastereomer: & 174.8, 165.7, 923,827, 53 5,53.4,53.0,48.2, 46.9, 46.8, 4 3,33.8, 28.
5.

34.3, 26.2, 22.8, 21.3, 20.4, 19.8, 10.7, mass spectrum, m/z (relatlve 1ntensny) 427 (8, M ), 228 (32), 208
(20), 148 (72), 41 (100). Exact mass calc’d for C0H29NO4Se: 427.1266. Found: 427.1299.

Reactions of 4-pentenamide (19) with selenenyl chloride 16¢. Diselenide 1¢ (50 mg, 0.087 mmol)
was dissolved in 3 mL of dichloromethane at 0°C. Sulfuryl chloride (6.9 pL, 0.087 mmol) was added and
stirring was continued for 10 min. The resulting solution of 16¢ was cooled to -78°C, amide 19 (21 mg, 0.21
mmol) was added, and the orange colour was disc‘narged immediately. The mixture was stirred for an

lani A teentad e e men A wrnens | PO DT P e ey iy S bt )
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to afford 37 mg (ca. 50%) of the crude chloride 20 as a colourless oil with d.r. 95:5 (NMR integration),
which was converted into lactone 22 upon prolonged standing or slow chromatography; IR (film) 322§,
1752, 1668, 751 cm™'; '"H NMR, major diastereomer: § 6.25 (br s, 1 H), 6.01 (br s, 2 H), 4.14-4.05 (m, 1 H),
4.02 (d, /= 8.9 Hz, 1 H), 3.58 (m, 2 H), 3.13 (dd, J= 13.1, 5.1 Hz, | H), 2.93 (m, 1 H), 2.50-2.43 (m, 2 H),
2.18-1.23 (m, 7 H), 1.15 (s, 3 H), 0.94 (s, 3 H), 0.93 (s, 3 H); minor diastereomer: 8 6.18 (br s, 1 H).
Diselenide 1c (100 mg, 0.17 mmol) was converted into the selenenyl chloride 16¢ as in the preceding
procedure. The resulting solution was cooled to -95°C, amide 19 (41 mg, 0.41 mmol) was added, and the
orange colour was discharged immediately. After 1 h, the mixture was warmed to room temperature and p-
toluenesulfonic acid (10 mg) was added. After 10 h, the solution was concentrated in vacuo, and the residue
was chromatographed (elutxon with ethyl acetate) to afford 118 mg (88%) of lactone 22, obtained as a

A T o1 B anvm ida tr thnca ~Ff tha camnla
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The reaction of amide 19 and selenenyl chloride 16¢ (generated from 0.17 mmol of le¢) was
performed as in the above procedure. After 1 h, the mixture was warmed to room temperature and potassium
t-butoxide (117 mg, 1.05 mmol) was added. After 4 h, the solution was concentrated in vacuo, and was
chromatographed (elution with ethyl acetate) to afford 90 mg (67%) of 23 as a colourless oil: IR (film) 3360,
2247, 1749 cm’'; 'H NMR 8 5.71 (br s, 1 H), 4.06 (d, J= 9.3 Hz, 1 H), 3.85 (br s, 1 H), 3.77 (dd, /= 3.9, 2.4
Hz, | H), 3.59 (d, J= 9.4 Hz, 1 H), 3.09-3.07 (m, | H), 2.84 (dd, J= 12.6, 5.1 Hz, 1 H), 2.70 (dd, /= 12.6, 7.4
Hz, 1 H), 2.54 (dd, J= 7.7, 6.7 Hz, 2 H), 2.07-2.00 (m, 1 H), 1.97-1.21 (m, 6 H), 1.16 (s, 3 H), 0.94 (s, 3 H),
0.93 (s, 3 H); '*C NMR (CeDy) 8 160.2, 120.5, 93.2, 70.0, 57.2, 53.2, 53.0, 48.6,47.2,33.2,32.6,29.2, 23.0,

20.6, 20.5, 14.1, 11.1; mass spectrum, m/z (relative intensity) 386 (16, M"), 288 (34), 208 (77), 83 (i00).
Exact mass calc’d for Cy7H26N203Se: 386.1102. Found: 386.1102. Only one diastereomer was detected.
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Cyclization and deselenization of methyl N-(5-pentenyl)carbamate (24). Diselenide 1¢ (100 mg,
0.17 mmol) was converted into the selenenyl chioride 16c as in the preceding procedure. The resulting
solution was cooled to -78°C, carbamate 24 (60 mg, 0.42 mmol) was added, and the orange colour was

Aicnhneaad srmemadiatalyy AfPae 1 I tha ariws $n mmom namn i amm e e saa PR

H H warmad
GisCnarged immdiaiairy. ANSr 1 1, uie MiXiuie was warmea 10 1o0in emperalure and blllbd—gtﬂ UUU mg)
(ol

wag added to the mixture. thnn wag continued gvernicht
uxure g was conunuet ¢ i
a

dried and chromatographed (elution with 80% ethy 101 8§ as
a colourless oil: IR (film) 3377, 1774, 1701 cm™; '"H NMR, m major diastereomer: 8 5.50 (br s, 1 H); 4.09-3.95
(m, 3 H), 3.71-3.65 (m, 3 H), 3.55 (d, J= 5.1 Hz, 1 H,), 2.00-1.20 (m, 13 H), 1.15 (s, 3 H), 0.92 (s, 6 H);
minor diastereomer: 5.72 (br s, 1 H); BC NMR (C¢Dg), major diastereomer: 8 170.0, 155.5, 88.0, 59.1, 51.6,
51.3, 50.8, 48.5, 47.9, 47.2, 34.2, 30.7, 30.6, 27.8, 24.0, 23.9, 21.3, 20.1, 11.8; minor diastereomer: & 58.8,
58.3, 52.1, 51.1, 493, 48.2, 47.4, 31.5, 29.3, 24.1, 23.8, 23.2, 20.9, 20.1; mass spectrum, m/z (relative
intensity) 430 (5, M), 288 (15), 208 (10), 128 (100). Exact mass calc’d for C;sH3N,04Se: 430.1374. Found:

430.1366.

17, 1
vernigh
cetate-hexanes) to afford

2 222

A mixiure of AIBN {10 mg) and iri-n-i utyitin 'nydxide (138 pL, 0.52 mmoi) was added to a reﬂuxing
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hydride (69 pL, 0.26 mmol) and AIBN (5 mg) were added, and heating was continued for 1 h. The reaction

mixture wag senarated bv chromatogranhv (elution with hexanes followed bv 10-50% diethvl ether-hexaneg)
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to afford 8 mg (20%) of carbamate 26" as a vellow oil, followed by 49 mg (91%) of spiro-oxazolidinone 27.
The e.r. of 26 was determined to be 72:28 by GC on a chiral Cyclodex B column. Compound 27: mp 148°C
(from benzene-hexanes); IR (Nujol) 3246, 1744 cm™; '"H NMR 5.75 (br s, 1 H), 3.70 (d, J= 8.2 Hz, 1 H),
3.25(d, J= 8.6 Hz, 1 H), 2.40 (ddd, J= 13.9, 4.4, 3.2 Hz, 1 H), 1.85-1.81 (m, | H), 1.77-1.37 (m, 3 H), 1.07
(s, 3 H), 1.23-0.99 (m, 2 H), 0.90 (s, 3 H), 0.89 (s, 3 H); mass spectrum, m/z (relative intensity) 209 (8, M"),
194 (10), 148 (29), 95 (100). Anal. calc’d. for C2H gNO;: C, 68.87; H, 9.15; N, 6.69. Found: C, 69.12; H,
9.26; N, 6.65.
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