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methylimidazo{1,5-a]-1,3,5-triazin-4-one (1g), mp 192 °C
dec.

The analogy between C8 substitution in 1d and le, as ex-
amples, and N9 substitution on hypoxanthine and guanine,
respectively, suggests further applications of the intriguing
cyclization—rearrangement sequence.
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Organoselenium-Induced Ring Closures: Cyclization
of Dienes with “PhSeOH” to Form Cyclic Ethers

Summary: "PhSeOH” converts dienes to cyclic ethers; use
of the reaction in the synthesis of eucalyptole, {(£)-linalool,
cis-terpin, a “cage” ether, and a prostacyclin analogue is de-
scribed.

Sir: In connection with our continuing programs!~* directed
at developing new synthetic methodology employing novel
selenium reagents, we have observed that a variety of simple
and structurally complex dienes afford cyclic ethers in good
to excellent yield when subjected to treatment with
“PhSeOH”, a new reagent recently independently introduced
by Sharpless® and Reich.87 This reaction represents a novel
and simple procedure for the construction of complex oxy-
gen-containing heterocyclic systems with simultaneous in-
troduction of two phenylseleno (PhSe) groups. The high fre-
quency in which oxygen heterocycles oceur in nature and the
synthetic potential of the phenylseleno group® should make
this new cyclization process an extremely powerful synthetic
method.

This novel selenium-induced cyclization of dienes is illus-
trated in Scheme I. Specifically, treatment of 1,5-cycloocta-
diene (I) with “PhSeOH "5 in CH,Cl; at 25 °C afforded the
bis(phenylseleno)oxabicyclo[4.2.1]nonane derivative II? in
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Scheme I
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90% yield.!0-11 Subsequent oxidation (O3, CH,Cls, —78 °C)
followed by syn elimination!? of the derived selenoxide fur-
nished the known bicyclic diene ITI'3 (73% yield!?), thus
confirming the skeletal structure assigned to II. The stereo-
chemistry of II follows both from mechanistic considerations
{vide infra) and the observation of a single resonance in the
77Se NMR spectrum.!4 Finally, reduction of II with tri-n-
butyltin hydride [PhCHj, 110 °C, traces of azobis(isobuty-
ronitrile)] led to the known saturated tetrahydrofuran de-
rivative IV15in 80% yield.

To explore both the generality and utility of this new
methodology, a series of dienes was subjected to the cyclization
process. As indicated in Table I, good yields of cyclic products
were obtained from a wide variety of dienes, thereby clearly
demonstrating the potential of this method as a ring-forming
reaction.!8 In general, highly substituted dienes and those
conformationally fixed enter into this reaction with increased
rates and yields, the final products depending on the precise
diene substitution as well as the relative stability of the de-
rived products. Such characteristics are beneficial in that
selectivity is often observed (see Table I).

The reported cyclization process is presumed to proceed via
initial Markownikoff’s addition of “PhSeOH” across the more
highly substituted olefinic bond to generate a 8-hydroxy-
selenide which subsequently undergoes cyclization with
participation of a second molecule of “PhSeOH”. The latter
reaction is quite reminiscent of the cyclization of unsaturated
ethers induced by phenylselenenyl chloride.!b In cases where
cyclization is not favored, good to excellent yields of mono
and/or bis(hydroxyselenides) are obtained.”

To demonstrate the utility of this selenium-based meth-
odology for construction of natural and other complex struc-
tures, we report here a number of facile approaches to such
systems. Thus, reductive removal of the phenylseleno groups
(Raney Ni, THF) from 10a!® furnished eucalyptole (V) in 80%

PhSe
Tk Foh

0] HO VI
Vv V1

yield, which was identical in all respects with an authentic
sample. (+)-Linalool (VI) on the other hand was obtained in
45% overall yield from either 8a or 9a by: (i) cleavage of the
acetate (LiAlH,, THF, 2 h); (ii) elimination of the 8-hydrox-
yphenylselenide functionality (MsCl, EtaN, CH»Cl,);2! and
(iii) reductive cleavage of the derived cyclic ether (VII) (Na-
liquid NH3, 10 min).22 Facile formation of complex cage-type
systems is illustrated by the preparation of VIII in 85% yield
via treatment of 12a with n-BusSnH in toluene (110 °C, 2 h)
in the presence of trace amounts of azobis(isobutyronitrile).23
Finally, oxidative (m-CPBA, CHCls) removal of the phen-
vlseleno groups from 13a afforded the interesting cage pros-
tacyclin analogue 1X2b:24 in 96% yield.

The ability of “PhSeQH” to functionalize readily available
starting materials such as dienes to form cyclic ethers ac-
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Table I. Cyclization of Dienes with “PhSeQH”¢

diene reaction time, h

cyclic product?® yield, %10

)

24
2,Ri=Ry=H R, R, 24
3R, = R, = CHg Y 24
4, R1 = CHg; R2 =H 36
5,R=H R R 144
6,R = CHj had 48
QAc
7 ﬁ/kk 72
8 q/OAC 48

OAc

10 24

~

= R
11, R = (CH5)3COOCH; é//\ 7

12,R = H " 144
13, R = (CH2)3CO0CH; \‘<:|:>=\ 72
R

,®\ la 90
’ “SePh

PhSe’
R, R, 2417 64
PQK 3al7 59
PhSe SePh 1a 4
B 5a 42
R SePh 6a (24%)17 60
o
Phse
PhSe\><></SePh 6b (349%)17
OAc
7a18 56.5
)
PhSe SePh
PhSe
8a 58
o OAc
SePh
PhSe
9a 49
Y 0OAc
SePh
PhSe
10al® 47
SePh
)
R
PhSe
0 SePh 1la 30
12a 34
PhSe o SePh  13a 18
R R

@ Reactions were carried out on 0.1-1.0 mmol scale and products isolated by column or preparative layer chromatography on silica

gel.
COOCH,

VIII @
N

COOCH,
X

companied by the simultaneous introduction of two phenyl-
seleno groups into the organic substrate adds considerably,
we believe, to the synthetic scope of organoselenium chemis-
try.2% The syntheses reported here are the first examples of
the simplification this powerful cyclization reaction brings to
the construction of relatively complex frameworks. Ongoing
research in our laboratories is directed toward future appli-

cations of this novel process to the synthesis of highly oxy-
genated natural products as well as to the construction of
theoretically interesting molecules.26
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Stereocontrolled Cis Addition of Organocopper
Reagents RCu'BR/'; to a,3-Acetylenic
Carbonyl Compounds

Summary: The reagent RCu-BR’; adds to «,(-acetylenic
carbony! compounds with a high stereospecificity at reason-
ably low temperatures (=70 to —20 °C), which cannot be
achieved with reagents previously available.

Sir. Conjugate addition of organocopper reagents to o,B3-
acetylenic esters and acids is one of the most ubiquitous and
useful methods to prepare various tri- and tetrasubstituted
olefins! and is frequently employed for the natural product
synthesis.? Since the reaction presumably proceeds through
the carbon—copper enolate, the yield and the geometry of the
products highly depend on temperature and duration of re-
action before quenching.?3 No attempts have yet been made
to control the stereochemistry of this reaction by developing
a new reagent with wide applicability. We now wish to report
that the use of organocopper-organoborane complexes
(RCu-BR’3) solves some of the inherent problems associated
with these highly useful bond construction reactions (eq 1).

Coy
N, 7
C=C

R/ N

HO

—(=(CY + RCu:'BR; ——> — (1

I H
0
Y=0R”.0OH.C.H

Previously, we reported that the alkenylborane-alkylcopper
complexes underwent facile thermal dimerization to give the
corresponding (E,E)-1,3-dienes with high stereospecificity.*
The dimerization proceeded with greater stereospecificity
than that of the free alkenylcoppers or the tri-n-butylphos-
phine complexes.5 This observation suggested that the vinyl
carbon-copper bond of the organocopper-organoborane
complexes® might be more configurationally stable than that
of normal organocopper reagents.” To test this idea and to
develop a new methodology to influence the stereochemistry
of the conjugate addition, we examined the reaction of various
RCu-BR’; complexes with «,3-acetylenic esters, acids, ke-
tones, and aldehyde. The results are summarized in Table
L

Completely stereospecific addition to «,3-acetylenic esters
and acids can be realized by using RCu-BR’; (entries 1-3 and
10-14). Such a high specificity at the reasonably low tem-
peratures cannot be achieved with reagents previously
available. Since the stereospecificity via methylcopper re-
agents is generally greater than that via n-butylcopper re-
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