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tions to the literature:
A) Benzeneselenenyl chloride 1 was found t6 react with

unsaturated acifs in a reaction of general application to

give lactones {eq. (1)) in excellent yields. Leghanist%c

(1)

F¥

details of this type of cyclization were examined and sor

of the aspects were elucidated.
X :

Evideﬁce is given for the
intervention of several inéermediétes in the reaction -
before formation of the final product and for some cases
these intermediates are identified. |

é) Phenylseleﬁcacetaldehyde (2) was fauna to ée:ve as a
useful synthetic equivalent of a Yinyl cation. 1It was ‘7
discovered that the aldehyde undergoes aldol condensations °
in afd efficient manner to afford the»eafrespaﬂﬂing

the a-vinylketone 4 (eq. (2)). Substrates such as

are

\I; -

processes which result in ring expansion tq medium or

large ring ketones. Preliminary results, ﬁsiﬁg a recent



the process depicted in efuation (2) can be developed

to the level of a repetitive ring expansion method,

y\elding macrogycles. o
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INTRODUCT2ON

' [
Organic synthesis requires, by its naturé, A readily
ayailable béttery of syﬁéhétié operations capable of - .
effecting épecific chemical transformations such that
available substratés can be transformed via a number of
.reactions into strﬁctufaily related but léss available
’ LY \] . «
"products. In order to carry out these transformations
in an efficient maﬁner it is desirable that the reagents
uéed'for the s}nthetic reactions oéerate under mild - .
" conditions and display functional, regiochemical and g
'steredzhemical selectivifyv“ln the queét for such reagents
& number of elements in the periodic table have been studied
and their ugefulﬁéss as synthetic reagenff'evaluated.
One such element which has undergone rapid dgvelop-
ment as an organic reagent and has recently been reviewedl'
is selenium. Althéugh selenium was first discoveré@ in
- the early '1800's, mofe than a century passed before aAy
of its chemistry wasvseriously examined.2 Catalyzed, in
part, by the extensive and invaluable development of
organosulfur chemistry during the last two decades, the
exploration of organoselenium chemistry is curréntly
under rigorous and intensive inv¢stjgation.
The topics within this thesis represent a further

refinement and expansion of organoselenium-based .

methodology. Since two themes are dealt with, the thesis



;far ring expa

is divided into two sections. 1In the first section, the

} .

"use of phenylselenenyl chloride to lactonize unsaturated

acids is.e7amined in detail and some of the mechanistic

aspects of the reaction are discussed. In the second

‘section the use of phenylselenpacetaldehyde as a vinyl

cation equivalent is described.¢ The use of this synthon

rocesses is examined and preliminary

o
ol

g pansion

results on the use of the~equivalent in repetitive ring

expansions are given.



LACTONIZATION

Lactones are an important class of compounds because of
their widespread éccurrence in nature and their potential
as antitumor agents. Some of the more important types
are the a-methylene lgctaﬂes,B the unsaturated lactones

(e.g., butenolides),‘ and macralides.s Procedures for the

construction of such lactones are both diversified and
numerous. A method which has proven itself repeatedly

throaahbg; the literature for the construction of lactones

f unsaturated acids.

[#]

is that iAvolving the cyclization
Gsing‘this meéthod an unsaturated acid is treated with a °
suitable elecé(ggzéle (X) fesultiﬁg in closure to the
correséonding lactone (eq. (1)). 1In principle, two
different product lactones (1 and 2 ) are passibiei

Common electrophilic reagents used to effect lactonizations

7

of this type are: lead tetraagetategs mergfiry acetate,

acia® and halogeﬁ;9 of these reagents, by far the
mast widely used is the halogen. Termed hélelgctcnizatian,

— the reaction using a halogen as an electrophile has been



carried out most often with iodine and has been the subject

of a recent review.? Generally, the reaction is performed

by-dissclving the unsaturated acid ig}aque&ué sodipm

" hydrogen carbonate and treating the résulting solution

with potassium iodide and iodine. Once formed, the
iodolactone usually separates out of solution. 1In practice,

lactonization of E;E}Er Y,6 unsaturated acids usually

B

yields v-iédalactcb,s while 6,¢ unsaturatéﬂvacids yield
ééigdglactcnes. The corresponding dehalcgeﬁated lactone
can be cbﬁaineﬂ from the igdalactage by either hydrogenolysis
or hydride reduction (eq. (2)). 1In addition, an unsaturated
lactone can,ﬁelébtéinea from the ;cdélactgne by treating
it with a base such as ?EH Qr»DBq (eq. (3)). The
unsaturated lactone formed is that which results by
removal of the most acidic hydrogen an%i-pe:iplanar to the
iodine.

Jﬁ,

Hz@ Pt

E%N , EtOAc

QrigBuBSﬁH

Lt




A;ﬁhauéh halélaetani;gtian has pfééed invaluable
in synthetic chemistry, limitZtiéﬁs=§fe eviéenta In
particular, éhe requirement of performing thg reactions
in ;queaus:b§sic media;lz and the severe conditions tq
-which éame iadala;tcnes must be subjected fa£ conversion
to other sﬁbstrgtes, have promoted the search for.
alternaﬁiveﬁﬁéihaés to effect such operations.- '

Selenium as an éléctraphile

»

In iSED de Moura CampaslB demonstrated that an
unsaturated acid could be lactonized to the corresponding
* 5-membered lactone using an aryl-substituted selenenyl

bromide (eq. (4)). Unfortunately the harsh-'conditions

required to lactonize the acid (specifically chosen because

of the’selenclact@neitseifp completely eliminated any

synthetic use of such a reaction at the time qf its

- P

h ' Ph Ph
o NS HOAC \
Q) SeBr ;E(P%)_ (4)
" :
NO, ,

Se

>

3
The advent of the selenoxide fragmentatiod in 1973,

realized in this labc:at@ryls and independently by other



wcrkersrls succeeded in giving thg'reaétiéﬂ summarized
in eq. (4) synthetic viability. Provided that milder
. means could be found to make selenolactones such as 3.,
selenoxide fragmentation of the selenide would pravidgi
an excellent alternative tc the basic elimination of

hydrogen iodide from iodolactones. 1In contrast to the .

elimination EfluﬁIQQEﬁi@diae, the selenoxide fragmenta-

tion requires a cis hydrogen for elimination and fragmenta-

tion prefers to occur away from oxygen, thus removing

the lesgs acidic proton (eq. (5)). While cyclizations

(5)

with either iodine or selenium reagents often lead to
similarly substituted compounds, subsequent conversion
to the unsaturated analogue can result in djifferent
products being formed, reflecting the mechanistic
differences between the two methods. An example of such

an occurrence is shown in equations (6 ) and (7).

H



While cyclization with iodine and eliminatiop results in-

formation of the trisubstituted olefin 4 , cyclization
using selgpium followed by selenoxide fragmentation
gives the disubstituted olefin 5.

selenolactone, such as the efficient reduction to. the

saturated lactone using triphenyltin hyaridelg (eq. (8))

(8)

SePh H

and the rapidly developing diversity of selenium

chemistry;l has served to make the selenolactone a

potentially valuable synthetic intermediate. 1In view



’
'3

of this, it was decided that a useful contribution icould
be made if an efficient method qeuld.be-demonstrated

_for the preparation of selenolactones such as i .

Results and Discussion

We have investigated the lactonization of unsaturated
acids with benzeneselenenyl chloridez0 and have found

1 N

that cyclofunétionalization2 can be effected under mild
conditiohs, resulting in moderate to high yields of the
cor}esponding lactones (eq. ( 9)).7.Furthermore we have
found that the process appears to be general in its

application to unsaturated acids.22'23

. While the experimental procedure requires exclusion

(9).

of moisture, the teéhnique is relatively simple. As

a general procedure benz;neselenenyl chloride (one
equivalent) was dissolved in a suitable solvent and the
solution was added dropwise té'a stirred solution of the
acid in the same solvent. Some of the more convenient

solvents which were employed are: diethyl ether, ethyl



2

"!g -
igetate, dichloromethane, chloroform and carbon tetra-

chloride. The }egeti@n mixture was usually stirred
overnight at room temperature prior to work-up although
some acids ( 6 and B8 ) required additional heating
(80°C, 2-4 h) to effect complete lactonigzation (TLC and/or
IR control). After lactonization was essentially complete
the solvent was evaporated and the residue was chromato-
graphed over sili;a gel. Direct chromatography of the

residue from the Ffeaction mixture is desirable since we

have observed that reactions which have not gone to

completian (IR control) can still result in high yields

24

. .. , , R T .
of lactones if chromatographed over silica gel. Since

all of the reactions went to completion if 1Dn§er reaction
times or heating were employeq, this cataljtic effect
was not examined in mé:e detail.

The preparative reSults from the cyclofunctionaliza- -
tion of various acids with benzeneselenenyl chloride are
summarized in Table I. The structures of the lactones

were deduced using spectroscopic methods and their con-
’ 3

stitutions were confirmed by elemental analysis. Most

relative configurations were determined by extensive ly-

NMR decoupling and subsequent examination of Dreiding

models. To further confirm the structures shown for 7a,
3 = § —

" 8a , 9a and 15a, the lactones were treated with triphenyltin

hydride causiny the replacement of the phenylseleno- group
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Table I: Cyclofunctionalization Products.
— e = — m— 77! e — - —

Starting Acid Product (t)’
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Table I (continued)

\ ,
14 Efi:) . snd
i3 % LLL I
on ’
s
I 16a
) -«
Y A
e

2A 1:1 mixture of isomers is formed. Cf. Bartlett, P;A;:
Myerson, J. J. Am. Chem. Soc., 1978, 100, 3950.

P9ss: corrected for impurity in 11. .

CThe starting acid 12 was an impurity in 1l and compound 1l2a
yas isolated in -80% yield (based on the amount of 12 in II. °
and assuming no isomerization, 11 - 12). i .

dCombined yield. 1Initially isolated proportions were:
l4a:14b:4:1. .

€see Adams, T.; Moriarty, R.M. J. Am. Chem. Soc. 1973, 95, \E
4071. ' - ' T T




by hydrag2ﬁ19 (eq. (B)). The resulﬁing products were

=

then identified by comparison with authentic samples.
d

The spectral data for l4a and 14b were not efinitely
éiagngstic‘ané the assignments made from our experiments
22¢

were tentative. Inéependeﬁt work has conflrmed these

.assignments,

The bicyclic lactones 7a , 8a , 9a and lf& in Table
I demonstrate that ring closure occurs in a manner so as
to give cis ring fusion. A similar effect has also been
a
observed for halolactonization, although for rings possessg-

ing more thar six carbghs, halolactonization can result

. . . . . . 2
in a4 mixture of cis and trans lactones. > For example,

while cyelgfuncﬁignalizatian of 9 gave only the cis-
9

lactone 9a , iodolactonization of gave a 1l:1 mixture

"6f both cis and trans lactaneszs (eq. (10)).

‘4I!!|'F§-ST: l)“iﬁé@jpﬂ:@

0, H 372

“2 gﬁ-@
AN

(10)
2
3)H,.Ni

NaHCO

3
54.20 45.8s

The low yield obtained for 1l6a sharply contradicts

the trend expressed by the other examples in Table 1I.

his low yield may be a reflection of the fact that ring

=

[

losure is formally proceeding through a 5-endo process

1]
L

m%‘
~Jl

which is a disfavored course according to the Rules

for Ring clcsu:ei27

et
L



During the course of this work a number of alternative
‘procedures for cyclofunctionalization of unsaturated acids

“ were examined. Treatment of esters 18 or

|
le

with
benzeneselenenyl chloride did not result in any lactone

praduct.za Likewise, the silyl ester 20 in diethyl ether

' Eﬂiﬂi N

CDEHE

or the acid salt 21 in tetréhyd:efuran failed to produce the

corresponding selenolactones efficiently when mixed with

benzeneselenenyl chléiride. The cyclofunctionalization
.

M

NN 0.5 iMe 7
_ "0,SiMe. s
, ‘ 3 CO,Na Et _NSePh
20

2
21 22 !

of acid 6 with N,N-diethylbenzeneselenenamide g§§*
was found to be extremely fast, however this reaction

was not as clean

=

s the usual procedure, résulting in



the forggzjcn of side-products which were difficult to

remove. ctone formation was observed (IR) when 6 was

treated with benzeneselenenyl trichlaride,go however

¥

Ll

this course 6f action offered no advantages over the use

of benzeneselenenyl chloride. Finally, the use of
2,4-dinitrobenzeneselenenyl Ehlc:idezl was examined;

the reaction of this refigent with 7 in chloroform

failed to produce any substantial amount 6f lactone.

Mechanistic Considerations

During our studies most of the reactions were examined
periodically for completeness by removing a small aliquot
-

from the reaction mixture and inspecting its IR spectrum.

While all of the starting materials reacted rapidly with

benzeneselenenyl chloride causing discharge of the orange

color due to the reagent, very little, if any of the final

o]

product could be detected spectroscopically (IR). 1In

m§§F cases the only carbonyl absorption in the IR spectrum,
taken ihmediately after decoloration of the selenium
reagent, was that cérreségnding to a carboxylic acid

(1710 em™ ). 1In addition to this observation, IR spectra
-takén ,eriadically‘thraughéut the reaction usually revealed

the formation of a band at ca. 1740 cm™! (see Tab!

=
(]
H\

)

1}

prior to formation of the y-lactone band of the final
product. As the reaction continued, the v-lactone band

of the final product slowly increased until, at the
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. 4
TABLE II: INTERMEDIATE IR BANDS DURING CYCLOFUNCTIONALIZA -

>

STARTING IR BANDS IN _. - SOLVENT
ACID CARBONYL REGION (cm™ 1)

. v 1710, 1742, 1770 : CHC1
1710, 1738, 1768 : QHClB

1709, 1754, 1775 - CHC1

1710, 1770, 1785 ' CHC1

1710, 1735, 1788 : CCl

ot

IP‘“H o o |~ |y
- o

1710, 1753, 1766 o CHC1

—
wn

. - . 1770 CHC1

st
ey
L]

< % |
L]
™y
Le]
"
o I

1710, (1743), 1765 CH2C12

t

1710, (1753), 1772, 1782 ) + CH,Cl,

-




Y

completion of the reaction, it was the only band present

in the carbonyl region of the IR spectrum.

In order to attempt to elucidate the apparent inter-

Q

mediates of the reaction, NMR studies were performed on

nd 10 in Table I. For all of

acids 6 ,

|~
| oo

]

the examples studied, with the exception of 6 , J;he

spectra were too complex to interpret in a decisive manner.

¥

Tﬁg NMR Epectra f@rrthe Eygléfuﬁctiéﬁalizatiﬂﬁ of 6
however, were the least complex and were amenable to
paftiél interpretation. The spectra indicate that benZEﬂé-
selenenyl chloride first adds across the double boand
kinetically to give the B-chloroselenide 24 in equation
(1I7. The selenide 24 then reéﬁfgnges to the thermo-

Ed

dynamically more stable isomer 25 prior to any formatien:

of lactone. 32 Unfortunately, subsequent alterations in.

the spectra could not be deciphered.

It is likely that for all of the examples studied
by NMR benzeneselenenyl chloride adds across the double
bond in a fashion similar to that with 6 since the immediate

loss of carboxylic acid proton was observed in each case.



Despite repeated attempts, the intermediate responsible

-1 in the IR spectrum

for the absorption at ca. 1740 cm
could not Qg isolated from any of the examp%es studied.
Therefore, the nature of the intermediate camr only be
~surmised. -

An inspection of the possibilities revealed that

a

there are two likely chromophores which could give rise

to such a band in the IR séestrum. These are the seleno-

carboxylate 26 (Ar = Ph) and the 6-lactone 27. While

. selenocarbé;:ylates :ﬂas 26 have been rep@:te¢j33
RCH,CO,SeAr AcOSePh
26 27 28

there is evidénée that these compounds are unstable.
Although the selenocarboxylate 28 has been referred to
in the literature,33a it has never been isolated and
attempts to E:epare iﬁ in this laboratory were not successful °

(eq. (12) and (13)). Acetic acid failed to react with

e

HOAc + PhSeCl %—ﬁ PhSeOAc (12)
NaOAc -
_ or + PhSeCl _ X $ PhSeOAc (13)
. AgOAc '



* -

benzeneselenenyl chloride (eq. (12)), while the product

-

isolated from the experiment summarized by equation (13)

Ing

proved to be diphenyldiselenide. When the reaction -

mixtures corresponding to equation (13) were monitored

(solution

=4

R) for the presence of 28 in solution, the

carbonyl region at 1810, 1765, and 1710 cmil; An explana~
: m I

tion for this phenomenon can be provided by examining

analogous work on phenylsulfenylcarboxylates. 'Hcgg%4 .-

has shown that the addition of sodium acetate to
| %

benzenesulfenyl chloride in carbon tetrachloride é
results in the formation of aceticianhydride and acetic

acid in addition to diphenyldisulfiae.35 It has been

suggested that these products result from the formation
- - »

and subsequent thermal decomposition of phenylsulfenyl-

acetate 29. The mechanism of this decomposition has

'been postulated to be thaf shown in Scheme I. Sinc; '

acetic anhyafide %pd acetic acid were detected spectro-

accpically!it seems reasonable that 28 is also thgrﬁally‘

unstable and therefore underg@es decomposition in a

similar fashion. )

\w‘
o B
>
N‘



19-

Ph — (PhsS-), + PhSSO,Ph

Stable sulfenylacetates can be made if the phenyl

group attached to the sulfur atom is substituted with
electron-withdrawing substituents replaced with electron-
31i

examples being 30 and 31

or

withdrawing moieties, "~
ND: SOAc CFBSDAE’:
33,37

Simila¥ compounds with selenium have also been prepared,
although the number of examples are few. One such example °*

is 32,



Unfortunately spectral data for selencacetates such as

) .. , 38 - .. .
32 have never been publishengE “As a result the IR“ESD

frequencies for this type of .chromophore could not be

0

examined. Iﬁiaﬂy case, it is unlikely that the Iva

=]

of 32 would be representative of compounds such as 2

(Ar = Ph) since dataBE collected on the corresponding

sulfenylcarboxylates reveals a high dependence of the

IR ~.q frequency on the nature of the particular substrate,
with values ranging from 1710 cm 1 to 1780 cm 1.

The apparent instability of 28 and the inert behavior
dymplayed by benzeneselénényl chloride towards acetic acid
renders the seleﬁécarb@xyléte gEE(Ar = Ph) an unlikely
candidate for the intermediate resp&nsible'far the 1740
em ! band in the IR spectrum. If the selenocarboxylate
26 (Ar = ?h)lwas being formed at least in part by direct
displacement of chlorine by the carboxylic acid then the
reaction displayed in equation (12)’'should have produced a
band in the IR spectrum at ca. 1740 em™L, This did not
occur. On the other hand, this apparent discrepancy in
reactivity between the unsaturated aéiés in Table 1

and acetic acid could be resolved if one inferred that



benzeneselenenyl chloride vas‘beihé activated towargs
nucleophilic displacement in the presence of the un:Lturated
acids. It is likely that addition of benzeneselenenyl
chloride across thé double bond, which was shown by NMR

studies to occur prior to lactonization, results in a

39

-species such as 33 in which the benzeneseleno- group

"@'/—\co H -

. 2
© se
Cl Ph

33

-

might be more susceptible towards nucleophilic displace-
>

ment. Thié‘would then account for the pos?ible formatio;
of 26 (Ar = Ph) with unsaturated acids but not with
acetic acid.

If this hypothesis is correct then the salt of an

unsaturated acid would also be expected to result in the

appearance of -an intermediate band when treated with
~benzeneseleneny1 chloride, eventually yielding the desired
lactone. However, as noted previously, the reaction of
21 with benzeneselenenyl chloride did neither. None of
the lactone 7a was detected (TLC control) and an IR
spectrum of the residue from the reaction mixture after
solvent evaporation revealed the presence of three\ggnds
in the carbonyl region at 1772, 1725 and 1702 cm Y. \R}nce

all of the benzeneselenenyl chloride was consumed during

21.



the reaction (color dissipation) it can be concluded that

use of the sodium salt 21 instead of 7 altered the

.
|

e
[

entire course of the reaction. It possible that by

using the salt 21 condensation to give 26 (Ar = Ph)
occurred, which then underwent decomposition as depicted
in Scheme I thus pradgcing;the three carbonyl bands in
the IR spectrim.

The possibility that the §-lactone 27
may be responsible for the 1740 Smil band in the IR
spectrum was shown by the cy:lafﬁﬂctiéﬂalisatien of
acids 34 , 35 and 36 in Table III. When the cyclo-
functionalizations of 34 or 35 were m@ﬂit@red ﬁging
IR spectroscopy both acids produced an intermediate band
(ca. 1738 cm'l)_ HZfeverg in contrast to the examples
in Table I, these atCids produced a very high concentration-

of the intermediate (IR control) prior to the appearance

of secondaty product. As shown in Table. III, for both
acids 34 and 35 work-up of the reaction mixtures resulted
in the :solation of the secondary product as well as the
product responsible for the intermediate band in the IR

spectrum. Confirmatibg that §-lactone 34a was responsible

for the intermediate band W htained by an NMR study of
the reaction. The study revealed the rapid appearance
of signals due to the é-lactone 34a, these then decreased

(with respect to the total aromatic signals) and there

22.
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TABLE III. Cyclofunctionalization Products.

Starting Acid » Product (%)

[ 114
n
- ]
115
FH
s

H

. o e

8combined yield. Initially igalated prapartlens were:
343-34b 2:3. Assumed (mechanistically) SEEEFﬂEhEmlstfy.

Camblned yield. In;tlally isolated proportions were:
35a:35b:3:1. Assumed (mechanistically) stereochemistry.

Stereachemlstry of the ring junctions could not be readily
determined.

was a corresponding increase in the signals due to the
y=lactone 34b (see Table 1V).

When the pure 6-lactone 34a was treated with

approximately one equivalent of HCl in dry ether, it was

n

onverted into the y-lactone 34b, thus verifying that

for the cyclofunc alization of acid 34 with benzene-
selenenyl chloride the &-lactone 34a is the kinetic pfaduct*
of the reaction and the y-lactone 34b is the thermodynamic

. 40 , L . . . T as .
product. The isolation of kinetic and thermodynamic
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Table 1IV: la-nMr Integration Values

Pime (h) ~Total  Total ) 34a 3%2 .

Aromatic—H  HOC—H PhSeC—H PhseC—H
0.12 14.19 0.89 0.90(98%)  0.02(2%)
0.58 4.18 0.89 0.84(91%)  0.08(9%)
2.0 14.14 0.92 0.74(80%) 0.19(20%)
8.0 14.17 0.91 0.54(59%)  0.37(41%)
22 14.36 0.83 0.37(45%)  0.45(55%)

*
from the cyclofunctionalization with selenium

41

observed before.. 'The examples are

For both of these examp?ffs*

(14)

eAdgents has been

equations (l4) and (lé)-

PhSeEr

' +
H ) o - ) ‘ 'iPh

HDCHzPh

M A

the kinetic product ié the 5-membered cyclic ether and

the thermodynamic product is the 6-membered cyclic ether.??

Although it is with less certainty, the cyclofunc-

tionalization of 36. in Table III also appears to proceed



&

through a 6-lactone. Bezaubcf solubility reasons the reaction
of 36 with benzeneselenenyl chloride was carried out in
dimethylsulfoxide. After stirring the reaction mixture

overnight _a white precipitate was obtained which was sub-
sequently characterized to be 36a. The formation of 36a
is probably due to the series of reactions depicted in

Scheme 11.43 )

scheme I1I

To obtain more evidence in support of the possibility
that a é-lactone is a general intermediate in the cyclo-
functionalizations of the acids in Table I, the §-lactone
41 was prepa:ed44 (Scheme III) and its properties were
examined. When the §-lactone 41 was treated (under
anhydrous conditions) with HCl in ether, substantial

rearrangement to the y-lactone 6a resulted. Evidence

25.

that the rearrangement did not occur via the B-hydroxyselenide
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® Scheme III -
4. ©
Qi Ll ==L
£1. Mo, o nCl no
3 2

BapH,

‘ PhSe PhsSe
QL YY) emm
(] o) | |
ko,

Q 0 2

-

followedtby subsequent closure-to 6a (eq. (16)) was brovided

by the experiment summarized in equation (17). Thus treat-

PhSe - HO - '
HC1 -HZO
41 ——> —> —P 6a (16)
== trace oy CO,H co —
H,0 PhSe %

ment of 42 with HCl under conditions similar to that for 41

did not result in the formation of 43.

L
CH3 (CH2)3|CHCH20H + HCl'_%—’ CH3(CH2)3('ZHCH'ZSePh (17)

SePh EtZO OH

42 43

A chemically reasonable mechanism for the rearrangement
¢ )

of 41 to 6a , assuming anhydrous conditions, is shown in

L)



Scheme IV. The reversible addition of benzeneselenenyl
. i i o v
chloride across a double bond (as indicated in Scheme IV)

Scheme IV

"PhSe . . : :
HC1 he®
——4& PhS _

has been demonstrated by the reactions summarized in

equations (18), (19) and (20) inasmuéh%isﬂggrtial exchange

/ 1l)PhSeCl, EtzQ RT. PhSE f

/ 2)cyclagénténé (10 eq).
overnight

l)PhSeCl EtZD RT,30 min 7
' - 7a (19)
=/ 2) 7 (1 eq), 17 h £

27.



. 1)PhSeCl,Et,0,RT, 75 min T
§ ’ —————® fa+ 12 : (20).
‘2) 7, overnight (trace)

was observed in all three expe:iments_:'The importance éf
HCl indicated in Scheme IV has been exemplified by the
reactions summarized in equations (21), (22) and (23).
Equations (21) and (22) demonstrate that removal of HC1

(by a nitrogen gas purge) serves to prevent formation of

|u
-
|
|
\
I
5
'
']
+
E
.
o
o—
[
et
—

PhsecCl,cC1, 7 7 o
— —_— 34a (22) v -
nitrogen gas purge

excess HC1

6a — — (23)

6a ]
EtED
- (IR control)

the thermodynamically more stable product 34b, while
equation (23) demonstrates that addition of excess HCl to

6a causes ring opening to the unsaturated acid 6. Th

-
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acidic conditions was demonstrated by 14a and 14b. oOn
storage in deuterated chloroform the individual lactones

were converted to a mixture of both isomers, presumably
P
by the presence of acid traces.
L]
While it has not been clearly established whether
39

cyclofunctionalizations occur via an episeleniranium ion
(e.g., 33 ) or by a concerted pragessié (e.ég, 44 or 45 )
i? is likely ﬁhat open ions are not involved because of

tﬁe clean antarafacial addition of benzeneselenenyl chloride

to double bonds. =

o
W
n
ot
|
wm
| mr
N
!

r
4
(

Conclusion

Cyclofunctionalization of unsaturated acids is a
reaction of general application which can be carried out
undé?émilé conditions. The high yields and versatility
of the selenolactone should make this type of reaction an
attractive process in s;nthetic methadalégy.23'46

While it was not the initial purpose of this

investigation, the mechanism of this reaction has been

examined and some of the inherent features have been



ascertained. It appears that the reaction ifivolves the
formation of several intermediates prior to formation of
the final product. For some cases these i:zéfmediates )

have been identified. It has been shown the€ the forma-

tion of a S-lactone iégmgst of these reactions is a
plausible explanation for the appearance of a band at
a, 1740 Emil in the IR spegt:umi» The kinesic formation

f a §-lactone during the cyclofunctionalization of 34
has been proven. Attempts to prepare and examine seiené—
carboxylates such as 26 and 28 were unsuccessful.
Although dnlikgly,‘the possibility that this type of
ch:@méphefe might be responsible for the 1740 cmi; band

caﬁﬁét be ruled out.

[
i
!

3°i



- '~ VINYL CATION SYNTHON

47

The vinyl anion 46 1is a readily obtainable and

_ -~ synthetically useful reagent in organic synthesis. 1In
contrast, its counterpart, the vinyl cation 47 has seen

little or no use in the preparative sense, in spite of

its synthetic valize.48

The absence of the vinyl cation
in preparative organic synthesis originates from the
instability of the substfate itself. Cations of this
type are difficult to generate, and once formed, are
extremely reactive.49 As a consequence, these species
havg only been demonstrated as inggrmediates in solvolysis
reactions. |

The increasing interest in macrolide chemistry5
in addition to theoretical and commercial interests in
"large ring compounds has served to emphasize the potential
utility of the vinyl cation as a synthetic unit. The
procedures currently.available to prepare large ring
compounds can be generally classified into three

categories: Grob-type fragmentation of smaller bicyclic

systems; cyclization of long acyclic compounds; and ring



»

expansion of existing carbocyclic rings. Of the three
procedures, the first two have demonstrated only limited

success, and the last approach is viewed as being the
most favorable.>> ‘ ' '
The known methods of ring expansion are diverse,

among which the most efficient are the Cope,51 oxy-Cope52

and Cope--Claisen53 rearrangements, since these reactions
%

involve the incorporation of four carbon_units into the
; 3>
ring—expandeé product54 (see Scheme \" ).55

-

In
addition to their'efficiency, such electrocyclic processes
have well defined and often predictable stereochemical
outcomes, thus adding to their versatility. -

In order to construct precursors such as 48 and
49 (scheme- V ) an efficient method for the construction
of a-vinylketones (formally represented as the addition
of an enolate to a vinyl catiqn, equation (24)) would be

useful. Work by Kat056 and Watanabes7 has shown that

(24)

substrates such as 50 can be prepared by treatment of
a=-chloroketones with excess vinylmagnesium chloride

(eq. (25)), however, the method is extremely sensitive to



Scheme V

33?—-
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CH,=CHMgC1 ' '
(CHa) - —  (CHy)

Cl

ring size and gives respectable yields only for six and

seven membered ketones (n = 4, 5). L : -

In response to the challenge to make vinyl cations

accessible for organic synthesis a number of authors have

examined the possibility of using.vinyl cation synthons.>®

As a result of these investigations two methods have been"

developed which display practical application to the
. % N
synthesis of substrates such as 48 and 49 .

In 1975 Koppel established that condensations between

enolates and phenyl vinyl sulfoxide could be effecteﬂ;saa

‘resulting in compounds which upon heating yielded the

desired a-vinylketone (eq. (26)). While yields were
o o) o]
- || S

S\ l) NaH
+ ﬂ/ Ph ——p
THF, reflux

2) A

COZ2Et

s
30%  (26)

modest, a recent application of this method to ring

expansion methbdology was provided by Héimgartnersab infﬁ

1979. The procedure used for the ring expansions is

34,



outlined in Scheme VI . Despite its apparent attractive-
had a serious limitation in that the

ness the procedure

Scheme VI

often resulted in very poor
the

condensation to give 51
In most of the examples studied

regioselectivity.
required isomer (51 ) was the minor product from the
condensation. As a result the yields of diene 52 and/or

53 were usually no higher than

ring expanded product

o]

-25%.
During the course of our investigation a more viable
senblum>® 9 which

vinyl cation synthon was reported by Ros

VII ,

&

employed the use of Fp (vinyl ether) complexes [Fp =
CSHSFE(CD)ZJE Demonstrated in Scheme the procedure
appears to give good yields of the olefinic material



. . Scheme VII

i) Rlsﬁz-'az‘-sﬁ _—
ii) R! = 3 = §,Rr?

o
"
b 4

iii) R! = Me,R? = R3 = §
iv) R} = R3 = Me,r? = §

(68-88%). Unfortunately, the known examples of this
method are currently restricted to the four shown in the
scheme. The only disadvantage to using this procedure
seems to be the preparation of the reagent, gisg which
requires preparation, handling and storage under an
inert atmosphere to prevent oxidative decomposition.

Phenylselencacetaldehyde

Of the several potential approaches to synthetic

equivalents for the vinyl cation, we chose to examine the



method summarized in Scheme VIII , which Teilies on the

r
substituted intermediate 55 , such that it can then be

converted into the required olefin 56 . An examination
of the literature revealed that the conversion gff

. B-substituted alcohols (HO-C-C-X) into olefins is a known

Scheme VIII

- 'process for X = Si,Sﬂ P,El -and Segla

As a result,

" we initially examined the use of aldehydes 57 , 58 and

59 , shown below.

, H23$1CH22HQ (EtD)ZPDCHZCHD PBSEEHECHD

57 58 59

Gf-the three aldehydes, 57 proved to be extremely difficult
to prepare and therefore was not suitable for further

study. Preliminary experiments to effect aldol condensa-
tions with 58 gave poor results, hence the use of this
aldehyde was also deemed to be inaéprcpziate- In contrast
to the other Examples, pPhenylselenocacetaldehyde 59 was

observed to undergo aldol condensation efficiently,
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A

resulting in the isolation of the aldol product 55 (X =

SePh) in high yields. This, together with the ease of
preparing the aldehydesz (eqj(27))‘and the!already
PhSecCl nt
;\ ,/’Et QE?C)H@E PhEECH (:H (OEt) 2 EH?E PhSE’CHZCHQ (2
3 D e

established methods for conversion of f-hydroxyselenides
into the corresponding aleflns,l served to satisfy the

criteria required for a vinyl cation synthon. Therefore,

a detailed examination of the use of phenylselenoacet-

aldehyde as a vinyl cation synthcn was carrlea out and-

the results are discussed in the fallcwlng section.

T —

Results and Discu ssi§n

In order to realize optimum yields of the ketohydroxy-

elenides 55 (X = SePh) most of the condensations

performed during our investigation were carried out using
zinc Enalateséz as this method has been shown to
displace unfavorable equilibria and reduce side reactions

such as polycondensation and dehydration. The zinc

enolates were obtained by adding a measured volume of
saturated ethereal zinc chlcridéEBa to a cold solution

of the corresponding lithium enolate. For most examples,

’

0.5 mole of zinc chloride was used per mole of lithium

enclate.

o

38.



The lithium enclates were in turn prepared by either

deprotonation of ketones using lithium diisopropylamide
or by addition of methyllithium to the corresponding

; silyl enol ethers.sl Of the two methods, the latter was

judged to be superior since the reactions of enolates
generated in this fashion were always clean and gave

high yields of the ketohydroxyselenides. 1In view of
_65

the recent interest in the use of enol borinates -~ we also

examined the feasibility of using these substrates to

effect condensations with phenylselenoacetaldehyde.

The results of the various condensations have been

summarized in Table V . As in the previous section,

thiistfuﬁtures shown were deduced using spectroscopic
methods and their constitutions were confirmed by elemental
analysis. Most relative configurations were determined

by extensive IH—NHR decoupling and subsequent examination

of Dreiding models. The silyl enol ethers 6la, 62a and

63a were prepared by trapping the enolate formed from

conjugate addition of a magnesium cuprate with chloro-

trimethylsilane (eq. (28)). The s8ilyl enol ethers were

39.

then cleaved with methyllithium to generate the correspond-

ing lithium enolates. g

l)EHziEHHQB:;Cu(i)i

2) Me Bé iC1,Et,N,HMPA
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Ketohydroxyselenide and a-Vinylketone Products.®

TABLE V:

— T
-

Condensation Product Olefin
(%) (%)

-

Starting Material

ﬁ;!iﬁ
O

HJSAE

ean

!h 51(3

!ljl.lﬁ

@

o e
e
A

52)%

Tk
ANTTIE

o
Lod
]

I5

£
Ilﬂ - !
| | .
o J
E ] =
' )
‘ | ‘
— L] o »
33 3
3 ‘
L)
-~
]
3
L)
ot

(continued...)
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TABLE V. (continuad)

B

o om ,
SePh ,

&% (173 4 5 = i
R «nk A on*

g
La)
Lo

efer to isclated material, except where indicated

Iy

a ields
EXC

or structures 62c, 63c, 67c, the formulas are not

o]

ept

intended to have stereochemical implications. bﬁixture of
diastereoisomers. CThe precursor was the crystalline

a

diastereoisomer. ’CDCLZQNEI method. Yield determined by

NMR. €973 pure by VPC. High Re hydroxyselenide used.
f99§ pure by VPC. Low R, hydroxyselenide used. 997.53% pure
by VPC. High Rf hydroxyselenide used. hcambined yield of

the separated isomers. 1>99% pure by VPC. High Rf
hydroxyselenide used. J>98% pure by VPC. Low Rf hydroxy-
selencide used. k>§8% pure by VPC. lﬂiastereaiécmeric
ixture of hydroxyselenides used. ™>99% pure by VPC.

ield determined by NMR. Cone (>97%) diastereoisomer.

m
Ty
P>974 pure by VPC. 9one (>98%) diastereoisomer. r?BSl pure

by VPC. ®After correction for recovered starting material.



‘:2&

Direct condensations of enolates derived from conjugate
66

addition with organocuprates have been demonstrated;
however we preferred to trap the enolate to avoid any
possible side products due to enolate equilibration and/or
polycondensation that have occasionally been observed

using the direct condensation methad_é7 When the synthesis
of 62b was attempted by direct condensation of the enolate
70 with phenylselenoacetaldehyde (eq. (29)), the desired
ketohydroxyselenide was obtained, however, the product
contained substantial amdunts of impurities (TLC) which
vere.nét removed after flash chromatography. 1In contrast,
the condensations using the silyl enol ether 62a were

very clean as well as efficient.

<]

, o o OH
1)CH,=CRMgBr . Cu (1)1 2) FheeCH,CHO eFh (2¢)
— - — e —. ) + 7 .
é_g  §2b, 718

For the enone 67a, 1l,4-vinylation was not an efficient

process and there was no advantage in trapping the enolate
as the silyl enol ether. Therefore the condensation with
phenylselenocacetaldehyde was carried out directly. For
large ring enones, the yield of 1,4-addition product

appears to be dependent on the sclvent,sa with high

yields being obtained in solvents of lower polarity
g



(e.g., ether) and low yields in solvents of higher polarity
=] .

(e.g., tetrahydrofuran). Unfortunately, the divinyl-

magnesium cuprate used during this investiga was not

:j\

soluble in ether, and this necessitated the use of tetra-
hydrofuran.

The condensations to g ive 64b, 65b, 68b and 69b were

‘carried out using the zinc enolates of the corresponding
ketones. For each example the enclate was prepared by
kinetic deprotonation with lithium diisopropylamide and

Except for 67band 68b, the condensations involving

e
[a]

the use

zinc enolates showed little stereoselectivity and

wr"‘

produced mixtures of both erytﬂ:é and threo aldol product
That the st%reachemistry may actually be subject to a
certain aﬁgunt;cf experimental control was shown by example
60b. Repetitive condensations of 60a to give 60b usually
resulted in a diastereoisomeric mixture of products,
however, the ratio of diastereocisomers one obtained varied
greatly from run to run. In some instances essentially
only one diastereoisomer was formed.

The condensation to give 66b was effected using the .
enol borinate 71 which was prepared as indicated in
equation (30). DODther examples involving the use of enol
borinates are shown in Table VI . For all of the examples

li i

\m\

tere

o]
[y

ted in this table mixtures of di omers were

£

=



= At 2 sLicl 1 (30)

TABLE VI: Condensations via Enol Borinates

A DT TN X RPN T "CONDENSATION - ———
STARTING KETONE PRODUCT ()

0 o OH

722 26 |

~J
| L

o

~
[es

b,d

~J
A1)
~J
L™
+
o
‘U
o

46%

o

6a 66b 784/ ¢

2Enol boripate formed using diisopropylethylamine and
Bu;EGTfEagﬂixtu:e of diastereomers. CEnol borinate formed
.Via kinetic deprotonation with LDA and addition of ClBBu;.
denol borinate formed via LDA/C1BBu, under thermodynamic
conditions (i.e., two equivalents of 73a). Ratio of
73b:60b was 1:5.2. - -

-
formed and little éte:gﬂselectivity was observed. Despite

the lack of selectivity, no attempt was made to discover

conditions under which selectivity might be attained, since
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the erythro/threo configuration of the hydroxyketone is
‘removed durindhconversion to the olefin. The usual
conditions employed after condensation to liberate the
sghydf@xyketane from the resulting oxy-borane (i.e., ‘agueous
hydrogen peroxide) could not be used in our examples

since this caused oxidation of the selenium moiety and

subsequent product decomposition. Therefore the oxy-borane
69

was oxidatively hydrolyzed using trimethylamine-N-oxide,

as shown by the general reaction in equation (31).

O  OBBu,

PhSeCHoCHO _ ™ -
’gé T

Et.0,2 h
3 - 2 )

MeOH, 18 h

For examples, é%b, 62b and 63b in Table Vv it was

possible to separate the isomeric ketohydroxyselenides and
when\wé examined such isomers individually, we noticed no

substantive difference in the ease of generating the

double bond (Scheme VIII)-7D Extensive lHEHHR decoupling of

the ketohydroxyselenides and the corresponding olefin

product$ determined that the relationship of the substituents

attached to the ring for 62b, 63b and 67b was ﬁiggng in

each case. While the vinyl and 1ahydréxy!2ﬁ(phenyl:elgﬁ@)!

ethyl groups for 61

are also likely to be trans, the



Example 69b in Table V demonstrates that phenyl-

sglénaaceténé7z can also be condensed with ketone enolate-
species to yield the ketohydroxyselenide. The good yield
of aldol product obtained for this example demonstrates

the potential synthetic utility of phenylselenoacetone

73

with zinc enolates’ since the condensation product 69b

permits the formation of an isopropylene unit which is
also an important synthon fcr the construction of numerous

74

with this aldehyde gave low yields (ca. 30%) of aldol

In view of the yields obtained with phenylselenoacet-
aldehyde the yields with methylselénaacetaldehyde were
judged to be unsagisfactary and the use Qé:this aldehyde
was discontinued.

Generation of the Double Bond

As expressed previously, conversion of B-hydroxy-

selenides into olefins is a known process,l? with a variety

g

of procedures reported in the literature. It is because

\
of this that ketohydroxyselenides (55, X SePh) possess .
important synthetic potential.-
Unfortunately, when the examples in Table Vv were

subjected to the literature procedures for formation of

46.
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the desired olefin, none of the methods proved to be useful.
Although some methods did result in the formation of the

:the product proved to be difficult and often gave low
yields of product when purification was finally achieved.

* yariations of the literature procedures as well as some
potentially new reactions were examined inythe hope of
finding a suitable procedure. The results of the various

attempts are summarized in Table VII . The general

theme behind all of the reactions listed in this table is
centered on the conversion of the hydroxy functional group
into an appropriate leaQing group such that elimination can
occur, either via an episeleniranium ion which then collapses
to the product (eq. (32)), &r by a concerted displacement

of the selenium moiety (eq. (33)). For most of the
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reactions summarized in Table VII no olefinic material

was obtained (for.many of the reactions large amounts

of starting material were ‘detected (TLC control) after
work-up). The use of strong bases such as sodium hydride
and alkyllithiums resulted in the decomposition of the
ketoh;droxy.elenide without formation of olefinic material.
The use of thionyl chloride did result in the formation

of olefinic product; however, the material could not be
easily purified. The application of silylating reagents

to effect elimination was only useful under highly acidic

conditions, under neutral or basic conditions only the

corresponding silylated product was isolated. Finally,

while the use of l-ethyl-z—fluoropyridiniuﬁ“tetfafluafG* -

A} -
borate gave promising results, with a modest amount of

olefinic material being formed, the difficulty in prepar-
ing and handling this reagent made this method inconvenient
to use.

Of the various methods examined, only one was found
to be generally useful. It was discovered that if
metﬁanesulfonyl chloride was added sléwlx at room tempera-
ture to the ketohydroxyselenide, in the presence of
triethylamine, then excellent yields of the olefinic
product could be obtained. Although the use of methane-
sulfonyl chloride and triethylamine had been previously
described,76 use of the conditions reported- in the

literature did not result in any olefinic product (TLC

59!



control), and most of the starting material was recovered
unchanged; 7
The combination of higher temperature and slower
' addition was found to be parti
efin.

cularly important to obtain
79

.

optimum yields of the ole It appears that the higher
temperature is necessary for thermal decomposition of the

sulfonate ester 74 to the product (eq. (34)) since, when

(34)

similar experiments were carried out at 0°C, large amounts
of the methanesulfonate ester could be detected by NMR.
Repetitive experiments determined éhgt the slow addition
of the starting material to the sulfonate ester. This
requirement may be due to the intermediacy of a sulfene as
the active sulfonating agent in the reactiénso (generated by
the reaction of methanesulfonyl chloride with triethyl—g
amine). Such species have been reported to be highly
reactive, unstable intermediates,gl which are capable

of reacting with excess methanesulfonyl :hlcridegglb It
would appear that the slow rate of addition serves to
increase the yield of sulfan;te ester by maintaining

low concentrations of the sulfene and methanesulfonyl
chloride, thus minimizing possible side-reactions which

¥
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might cause a depletion of the sulfonating agent.

—

The only other syntheticanzgzighi; method for
effecting elimination to the olefin was thégLinvalving
treatment of hydroxyselenides Jith phosgene in the presence
of pyridine (in ether solution). Subsequent exposure of
the derived chloroformate to sodium iodide in aceto-
nitrile usually resulted in|the formation of olefinic
product. Unfortunately, of the several cases in which we
made a comparison, only 60c and 65c were formed efficiently
by this method. It appears that this reaction may only be
applicable to substrates which possess angqular substituents
a to the carbonyl (i.e., 60b, 65b) since substrates
possessing hydrogens at that position (i.e., 66b, 69b)
yielded only traces of the corresponding olefins.

The mechanism by which the olefin is formed using the
phosgene method was not examined, however it is likely that a
chloroformate such as 75 is formed initiallyﬁ82 While |
the role that sodium iodide plays during thé decomposition
to the olefin has not been determined, the presence of
iodine in fhe reaction mixture at the completion of the
reaction suggests an oxidation/reduction reaction, possibly
involving selenium. It seems plausible tha; the SElEﬁiQﬁ»
moiety is being removed from the earbon-skeleton ifi)the |

.

form of phenylselenenyl iodide, which decempéseszf

diphenyldiselenide and iodine (eq. (35).). Prior to product
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(35)

. formation the iodide may nucleophilically displace the

adt

chlorine atom to give an unstable iodoformate lgig or
displace the chloroformate substrate to give an iodo-
__>Selenide 77 which then collapses to productw
~CQ
) 61
™ sePh

The results obtained by both the methanesulfonyl
chloride and phosgene methods to give the desired olefinic
products are summarized in Table V . Although not
obvious from the Table, the methanesulfonyl éhlaride method
of elimination always proceeded efficiently, producing
high yields of the olefinic products. Spectroscopically
determined yields have indicated that the variation in [ |
the yield of required olefin is a ccngequencg$ﬁf the
tendency gor 8,‘y-unsaturated ketones to isomerize to
the conjogated analogues and is not due to the synthetic

method per se. Examples which were particularly sensitive
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to isomerization were 66c and 68c. It was noted that the

sengitivity of such ketones to isomerization appear;d to
be directly dependent on ring size, with the larger ring
ketones being less sensitivg.a‘ In addition to this
observation it was noted that the presence of other sub-
stituents on the cyclic ketone (excluding cases where
conjugation is blocked) as in 62c, 63c and 67c, appears
to discourage is¢merizatian since these examples were
less susceptible to rearrangement. Inspection of Dreiding
models suggests that the increased stability displayed by
these examples may be attributed to steric factors. It
is prcbéble that the thermal isomerization of these
compounds occurs via a transition state involving a {1,5]
sigmatropic rearrangement of the corresponding enol (eq.

(36)). If this is correct then the stability displayed

by 62c, 63c and 67c can be explained by examining the
non-bonding interactions which disfavor the formation of
the enol for these examples. Shown in Figure I are
the two likely conformations for the enol form of 62c.

As seen in the diagrams, both conformations have serious

bl



Figure I -~

—0

non-bonding interactions involving 1,3 diaxial interactiané
or eclipsing interactions, which are not present in the
"keto form. The formation of the enol for 67c is similarly
disfavored since either eclipsing of the two vinyl pendants

results or unavoidable transannular interactions, involv-

ing the vinyl substiguent on C3, occur.

Application to Cope and oxy-Cope Rearrangements

When the diene 67c was heated at 200°C it underwent
Cope rearrangement to give 67d in 90% yield after purifica-.

tion (eq.(37)). Proton NMR decoupling of 674 established
, 2/C

3\ s
‘o

(37)
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that the configurations about the double bonds in the
‘product were trans, suggesting that rearrangement occurred
via a chair-like transition state as shown in equation (37)

85 In'contrast to this

to give the indicated product.
example, the attempted Cope rearrangement of 63c under
similar conditiohs failed to give the ring expanded
product and instead gave only products resulting from
isomerization to the a,B- unsaturated ketone (eq. (38)).

-—

- That 67c readily undergoes ring expansion while @3c fails

o 0. (o)

$3d 634’

to yield any ring-expanded product whatsocever is presumably
a consequence of medium ring transannular interactions.
Cope rearrangement of 63c involves expansion of a normal
into a medium ring system, while Cope rearrangment of 67¢
involves the conversion of a medium into a large ring
system. For 67c the overall process results in the
attendant release of transannular interactions, thus
favoring ring expansion. For 63c ring expansion would
Create transannular interactions thereby making this
process less favorable. ‘

When compound 60c was treated with vinylmagnesium

bromide two isomers, 60d and 60d' (Scheme IX), were formed.

56;
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Separation of the alcohols and oxy-Cope rearrangement of
the de:i#eé potassium alkoxides in refluxing tetrahydro-
furanszr proved to be a very facile process. Compound
ggg gave an 84% yield of 60e without any contamination
due to 60e', while the other isomer, 60d', resulted in a
'95% yield of ring exparnded product consisting of 90%
60e and 10% of 60e'. Assuming chair transition states
for the rearrangement, ;he‘prcductgdistributicns can be
interpreted as in Scheme Ixigs As shown, the isomer

possessing the pendant vinyl groups trans to one another

(604) is only capable of forming 60e. However, compound.

*is to one

]
m

r

Qo

60d' in which the vinyl substituents

another can rearrange to give either 60e or 60e'. The fact

that 60e is the major product formed suggests that the
conformation in which the oxygen substiéuent is axial

for 60d' is favored over the alternative in which’ the
methyl group is axial. The product distribution obtained
from 60d' closely approximates that expected from the
corresponding alcohol in that the difference in free
energy between equatorial and axial substituents for
hydroxy and iggbz; groups (0.6-1.5 kcal/m@le)87 suggests
a distribution of final products 75-95% in favor of 60e.

As indicated in Scheme IX the oxy-Cope rearrangement

of 604 or SQ;f:esults in the formation of an enolate
prior to protonation. 1In principle such a process is

conveniently set up for a second aldol condensation with
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phenylselenocacetaldehyde, thus making the overall sequence
v

When a mixture of. 604 and 60d"' (1:2.1, gaunteriaﬁ)

of reactions a repetitive one.

was refluxed in tetrahydrofuran and then condensed with

phenylselenocacetaldehyde, as shown in agﬁatian ‘(39), a

648 yield of the ring-expanded ketohydroxyselenide was

- 1)THF,15 min reflux
+ 604’ - - e 78 + (60e + 60e’) (39)
2) 0*C, znCl; S
3) 0*C, PhSeCH;CHO
4) HY, H;0

» L]

obtained. Despite thé aéceptable yield from the cofiensa-
tion, the concurrent isolation of 60e and 60e' is synthetical-
ly distracting since the enolates indicated in>52héné IX
may have been formed in the pregenceiéf the protonated
analogues, 60e and 60e'. Such a situation allows for

enolate equilibfgtign prior to condensation, possibly
reducings the regioselectivity of the reaction. Whether

such equilibration occurred in the reaction summarized

by equation (35) could not be ;égdily determined and the

data presently available do not discrimihate between
88

).

the possible regiocisomers (i.e., 78

f
L ¢




In an attempt to prevent enolate equilibration
prior to aldol condensation it was necessary to ensure
complete deprotonation of the divinyl alcohol prior to

oxy-Cope rearrangement.- To this effect the alcohol 1239

29

was deprotonated at -78°C using potassium diisopropyl-
amide 90 .nd the alkoxides were then subjected to the

same reaction sequence used for the alkoxides 604 and

604'. An 86% yield of the ring-expanded ketohydroxy-

selenide 807!  (eq. (40)) was igolated. The high yield

of ketohydroxyselenide obtained for this example is very

1) KDA,THF, -78°C

79 2) 13 min reflux . (40)
- 3) 0°C, IuCl, : )

4) 0°C, PhSaCN,CRO

S) ¥, M0

encouraging and the mild conditions of deprotonation

(-78°C) and the preparative ease of preparing 5292

from .the alcohol 79 serves to make this an intriguing
process from a synthetic viewpoint.

Further studies are currently in progress to accurate-

Lo

ly dete ne the regiochemical integrity of 8

and othef compounds obtained in a similar fashion.

SD!



Conclusion

Condensations of enolates with phenylselenoé;etaldehyde

can be effected to give high yields of the derived aldol
.condensation product§ (ketohydtoxyselenides). In turn,
"these products can be efficiently transformed into their
B ry-unsaturated analogues, thereby producing a variety of
a-vinylketones, a compound class which, despite its

importance, has been relatively inaccessible. The results

of these two processes, summarized in Table Vv , firmly
/éstablishes phenylselenvacetaldehyde as a vinyl cation
synthon.$3The potential use of this synthon is displayed

by example 63c, which was recently used as an intermediate
for tandem Cope-Claisen rearrangements.53a Preparation

of 63c using more classical method353a involved anbother—
wise extensive procedure, requiring at least ten syéthetic
transformations.

In addition to ité obvious utility in the synthesis
of various mono- and sesquiterpenes, the synthon is
adequately suited for ring expanpion methodology. While
the ring e#pansion process via Cope rearrangement seems
to be limited to examples where the product is not a
medium ring, application of the oxy-Cd%e rearrangement'

with this synthon appears to be particularly adapted for

the synthesis of both medium and large ring compounds.

6l1.



The recent indications that this synthon may be used
to carry out repetitive ring expansions may serve to

further expand the utility of this methodology although

FOcE
T%'; the regﬁocpemical problems for reactions such as that

summarfzed in equation (40) have not yet been fully
ianﬁtigated. .

Methods by which the possibility of enolate equilibra-
tion is avoided are currently under investigation. A
method which may resolve the problem of regiochemistry
is that involving an oxy-Cope rearrangemengt of a silyl
ether to a silyl enol ether.94 Depicted in Scheme X ,
this approach would result in a regiochemically pure
enolate after cleavage with methyllithium. The ensuing
condensation of enolates formed in this fashion has already

. béen demonstrated by examples 60a, 6la, 62a and 63a

(Table V ) to give high yields of aldol products with
phenylselénoacetaldehyde.
Finally, the ability to readily prepare numerous

aldehydes and ketones such as 81 using the method

developed by Murai 2P (eq. (41)) provides for additional
Me;SiD R? PhSeX
/ e » SePh + Me,SiX (41)
U 2 3
R° R

62.

applications of this proces§ in the area of organic synthesis.
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The condensation to give 69b followed by conversgion to
69c (Taple V ) is an example of this versatility, with
the overall result representing the condensation of an

enolate and an isopropenyl cation.

63.
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Experiments were carried out under nitrogen, purified
by passage through a ceolumn (3.5 x 42 cm) of R-31l1
catalyst95 and through a similar column of Drierite.

Glassware was dried in an oven for at 1e§st 3 h
(130°C), cooled in a desicator, quickly assembled, and
sealed with rubber septa (when applicable). Ihlet and
exit needles for nitrogen were passed through a septum
on the apparatus and nitrogen was purged through the
éystem. The exit needle was removed and the appratus was
kept under a slight static pressure of nitrogen (provided
no gas was to be generated in the reaction)y:- Materials
were quickly weighed intg dry flasks which were then
sealed with rubber septa and éu:geﬂ with nitrogen.
Transfers of moisture- and/or air-sensitive materials
were accomplished using dry, well-greased syringes wheneve
possible (solids were dissolved in a suitable solvent
prior to transfer).

Unless stated to the contrary, stirring was effected

using a dry, Teflon-coated magnetic stirring bar. Solvents

were distilled before use for chromatography or extraction.

Dry N,N-diisopropylamine, pentane, hexane, pyridine,

Me3SiCl, EtBN, MeCN, HMPA, CH2212, CHCl3 and DMSO were

distilled from CaH,, dry THF and Et,O from sodium

. A _ )
(benzophenone indifatcr)} dry EtOAc from PZGS' and dry

EXPERIMENTAL - —
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MeOH from magnesium methoxide. U.S.P. absolute Et@ﬂss
was used without further drying. Sodium iodide was dried
Where necessary, product solutions were dried over

anhydrous HgSG4. Solvents were evaporated under water-

pump vacuum using a rotary evaporator and a water bath i
(room temperature). Compounds which were isolated simply
by solvent evaporation were subjected to oil-pump
evacuéticﬁ and were checked for consistancy of weight.
Melting p@ints’%ere obtained using a Kofler block melting
point apparatus. Boiling péints quoted for products
distilled in a Kugelrohr apparatus refer to oven
temperature. ~

Silica gel used for TLC and PLC was Merck type
60-PF-254. Silica gel used for column chromatography
was Merck type 60 (7C-230mesh) and for flash chromato-
graphy, Merck type 60 (230-400 mesh). Plates for
preparative layer chromatography (60 x 20 x 0.1 cm) were
heated for 1 h at 110°C before use. Thin layer chromato-
graphy plates were examiged under UV radiation (254 nm),
treated with iodine vapor and were charred on a hot plate
aftér}beinq sprayed with stgé (6 N in methanol).

Vapor phase chramatagfaphy was executed using a
Hewlett-Packard 5830 A gas chromatograph equipped with

an FID detector. Columns uséa were Hewlett-Packard



prepacked analytical columns. The pPrincipal column used
for VPC was 6 ft, 10% DEGS, Chromosorb W, 80-100 mesh.
Infrared spectra HEIE/GEEEiﬁEﬂ using a Perkin-Elmer 297
or a Nicolet 7000 FT-IR spect;ameterkﬁ Proton NMR spectra
were obtained using Perkin-Elmer R32, Varian HA 100,
Bruker WH-200 and Brukef WH-400 spectrometers using
tetramethylsilane as an internal reference. Carbon-13
NMR spectra were acquired using Bruker WP-60, Bruker
HFX-90, Bruker WH-100, Bruker WH-200 and Bruker WH-400
spectrometers, using deuterated chloroform as an internal
reference. Mass spectra were obtained employing an A.E.I.
MS 50 mass spectrometer operating with an ionizing
voltage of 70 ev. All V.P.C.—mass spectra determinations
were obtained using an AEI MS-12 mass spectrometer’ in
ecnjunétién with a Varian-1400 gas chromatograph. The
ionizing voltage of the mass-spectrometer was 70 eV and
the column used for V.P.C. was a Hewlett-Packard 6 ft,
10% DEGS, Chromosorb W, 80-10€ mesh analytical column.

All chiral compounds were obtained as racemates.

Dihydra—s—[(phenylselenc)methyl]=2(3£)‘furan@ne. 6a 37

Benzeneselenenyl chloride (955 mg, 4.99 mmol) in
EtOAc (12 mL) was added dropwise into a cold (ca. =78°C)

98

solution of 4-pentenoic acid, 6 (500 mg, 4.99 mmol)

in EtOAc (10 mL). A further portion of EtOAc (3 mL) was



used to rinse residual PhSeCl into the reaction vessel.
The cold bath (and hence the mixture) was allowed to
attain room temperature. After an overnight period a
sample still showed carboxyl absorption (IR). The solu-
tion was réfluxeﬂ 3.5 h to, complete formation of 6a (IR
control). The solvent was evaporated and the product was
;isclatéd by chromatography over silica gel (60 x 2.5 cm)
usiga 1:2 EtOAc—2,2,4-trimethylpentane. Evaporation of
the eluate gave 6a (1.20 g, 94%) as a pale yellow, t
homogeneous (TLC, silica gel, 1:2 EtOAc—2,2,4-trimethyl-
pentane) oil: NMR (CDCl,, 400 MHz) & 1.88—1.98 (m,
centered at 1.93, 1H), 2.32—2.60 (m, 3H), 3.03 (dd,
J = 15.2, 9.6 Hz, 1lH), 3.26 (ad, J = 15.2, 7.2 Hz, 1H),
4.58—4.72 (m, centered at 4.63, 1H), 7.22—7.32 (m, 3H),
7.48—7.57 (m, 2H); IR (film) 1770 cm™!; exact mass

80

256.0002 [calcd. for C11H12GZ "S5e, 256.0003}. For

analysis a sample was distilled in a Kugelrohr: bp 120

\n\

(0.005 mm). Anal. calcd. for C11H ZQ Se: C, 51.78;

IR Study on the reactlan of PhSeCl w1th 6.

The study was carried out using a stopped-flow
apparatus constructed in the laboratory (Figure 1II).

he apparatus consisted of a conventional dual plunger

[ ]

stopped-flow mechanism (a) which could be operated with

E\

nanual forc The reagent and substrate solutions were

67.
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expelled through teflon tubing (b) into a round teflon

- disk which served as a mixing chamber (t). An exit tube
from th%s chamber was attached to a 0.05 mm IR solution
cell (d). Any excess solution that gasgea through the
another teflon tube which was attached to the upper port

of the cell and terminated with a syringe needle. The needle

was inserted into a septum closed flask. The two cylinders
on the stopped-flow apparatus were sealed with serum

stoppers (f, g) and inlet needles for nitrogen were passed

/
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‘through these septa as well as the septum (h) on the
reservoir. All three nitrogen needles were attached to
a common source (i) so as to keep the system under a
slight static pressure of nitrogen. Prior to use the
entire system was extensively flushed with nitrogen (15
min purge).

A solution of PhSeCl (383 mg, 2.00 mmol) in CHCl3
(5 mL) was placed in one of the stopped-flow cylinders. .
In the second cylinder was placed a solution of 6
(200 mg, 2.00 mmol) in CHCl3 (5 mL). The stopped-flow
Aplunger was slowly actuated£§3 as to push'the solutions
through the system and finally intb the reservoir (e)
thus removing ail of the nitrogen in the pathway to the
IR solution cell. Final adjustments were made to the
IR speﬁg;ophotométer and fhe stopped-flow apparatus was
then reset. The apparatus was then actuated in a rapid
fashion and the reaction was monitored 1, 2, 6, 11, 16,
'21, 31, 44, and 90 min after the time of initial mixing.

Three bands‘;ere observed in the carbonyl region
of the IR spectrum: 1710 cm~1 (intensity constantly
decreased); 1742 cm 1 (intensity increased and then

1 (intensity constantly increased,

1

stopped); 1770 cm
obscuring the band at 1742 cm ~). The reaction did not

go to completion.
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IR Study on the reaction of N,N-diethylbenzeneselenenamide

with 6 .

X
v , _ e . . , i
The procedure for the IR study of PhSeCl with 6

was followed using 6 (140 mg, 1.40 mmol) in CHCl, (3.8
mL) and PhSeﬁEtzzg (319 mg, 1.40 mmol) in EHEIB (3.8 mL).

IR spéctra were recorded 1, 2, 4, 7 and 18 min after
]
actuation of the stopped-flow apparatus. Two bands were

observed in the carbonyl region of the IR spectrum:
1710 emil (low intensity, copstantly decreased); 1760 cmil
(high intensity, constantly increased). The rate of

closure to the lactone was extremely fast with respect

to the use of PhSeCl.

NMR Study on the reaction of PhSeCl with-6 .

Benzeneselenenyl chloride (383 mg, 2.00 mmol) in
CDCZLB (5 mL) and a solution of 6 (200 mg, 2.00 mmo™ in
CDCIB (5 mL) were freshly prepared. Using two syringes,

portion (0.35 mL) of each stock solution was placed in

a septum sealed NMR tube which had been dried previously
and purged with nitrogen. The sample was shaken and quickly

pPlaced in the NMR sample probe. NMR spectra of the sample

were taken 0.1, 1.3, 3.0, and 9.5 h after mixing.

followed by the slower formation of chloroselenide 25

(at the expense of the former) was observed. Traces



=

of the starting acid 6 were present up to 3 h after
addition as judged by the presence of ﬁultiplets at

6§ 5.05 and § 5.83. The intensity of the carboxylic acid
proton rékgined close to unity ;hrcgghaut the experiment.
Chloroselenide 24 had inter alia: § (CDC1,, 400 MHz)

-

3.28 (-CH(SePh)CH,C1), 3.60 and 3.89 [-CH (SePh) CH,C1] .
Chloroselenide 25 had inter alia: 3§ (CECIB, 400 MHz)
3.12 and 3.37 [-CH(C1)CH,SePh], 4.08 [-CH(C1)CH,SePh].
IR Study on the reaction of PhSeCl; with 6 .

The procedure for the IR study of PhSeCl and 6

was followed using 6 _(38.1'mg; 0.381 mmol) in CHC13

30

(7.5 mL) and PhSeCl (100 mg, 0.381 mmol) in CHC1

3 3
(7.5 mL). R spectra were recorded 1, 3, 6 and 11 min

after actuation of the stopped-flow apparatus. Three

bands were observed’'in the carbonyl region of the IR

spectrum: 1710 em ! (8); 1740 em™ 1 (m); 1775 em™ 1 (w) .

The reaction appéared to stop after initiation. Spectra
5
taken after 1 min weré identical.

- o

Beﬁzen;;ulfenyi :hl@fidegg (194 mg, 1.34 mmol) in
ccl,
mmol) in CCl

(4 mL + 1 mL rinse) was added to 6 (101 mg, 1.01

4 (4 mL) at -20°C. THhe reaction was monitored

by withdrawing small aliquots of the mixture and obtaining

=
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a solution IR spectrum. The mixture was allowed to warm
to room temperature overnight Aﬁd-ahcther aliquot was

withdrawn and examined by IR spectroscopy. Since a large

amount of acid was still present, triethylamine (102 mg,
1.01 mmol) was added to the reaction vessel causing
complete lactonization (IR cantralf, The mixture was

filtered through a column of silica gel (2 x 1@ cm),

first ;sing CC14 as the eluting solvent to remove (Phs—)z
and then CH,Cl, to obtain the. lactonic material. Evapora-
tion of the CH,Cl, resulted in an oil: IR (neat) 1775 (s),
1l

1735 cm™~ (w). The NMR spectrum of the residue was

complex and not amenable to interpretation.

Reaction of PhSCl with sodium

4-pentencate.

Sodium hydrogen carbonate (258 mg, 3.07 mmol) was
added to a solution of 6 (307 mg, 3.07 mmol) in water
(3 mL). The,salutian was stirred overnight and évapa:gted
under high vacuum (0.005 mm Hg) for 3 h to give sodium
4-pentencate (366 mg) as a light, electrostatic, white
solid. é
Benzenesulfenyl chloride (145 mg, 1.00 mmol) in
Ccl4 (4 mL + 1 mL rinse) was added to sodium 4-pentenocate

(122 mg, 1.00 mmol) in CCl, (4 mL) at =-20°C. The

4
mixture was stirred at -20°C for 1 h. The cold bath was

-

then removed and the mixture was allowed to attain room



temperature while’being stirred overnight. Small aliquots

were removed at elapsed time intervals of 0.5, 3.5 and 22 h,

—

and were examined by IR spectroscopy. Four bands were
observed in the carbonyl region of the IR sp’gtrums
1 (s, intensity did not change): 1740 cm—l {(m,

intensity did not ‘change); 1760 em™! (w, intensity

decreased); 1788 cmgl (m, intensity increased).

1710 cm”~

Treatment of 6a with HCl.

Gaseous HCl was slowly passed through a solution of
6@ (200 mg, 0.784 mmol) in ether (7 mL) for 5 min. The
flask was slightly pressurized with HCl gas and stirred

for S miniéxzvapafatién of the solvent left a residue

which contagned a carboxylic acid: IR (neat) 1710 cm l.

(333,Ea,éaa)iﬁexahydréséé(pEEﬁylseleno)!Zgﬁcyclépenta[bjﬁ

furan-2-one, 7a -9'

With the exception noted’ below the procedure for 6a
was followed using 2-cyclopentene-l-acetic acid, 7 20
(252 mg, 2.01 mmol) in EtOAc fS mL) and PhSeCl (384 mg,
2.01 mmol) in EtOAc (5 mL + 5 mL rinse). After 24 h at
yYoom temperature (i.e., no reflux period) the reaction
waS ea;plete!(IR control). Chromatography over silica
gel (60 x 1 cm) using 1:2 EtOAc—2,2,4-trimethylpentane

gave Ja (412 iqgg73l) as a homogeneous (TLC, silica gel,



1:2 EtOAc—2,2,4-trimethylpentane) pale yellow o0il: NMR

(ED€l3pliOO’HES) § 1.56 (m, 1H), 1.82 (m, 1lH), 2.12—2.38

(m incorporating dd at 2.32, J = 19.3,_ 2.9 Hz, 3H), 2.80

(dd, J = 19.3, 10.4 Hz, 1lH), 3.09 (m, 1H), 3.87 (m, 1lH),
4.88 (d, J = 6.4 Hz, 1H), 7.20—7.32 (m, 3H), 7.44—7.56

(m, 2H); IR (£ilm) 1773 cm™); exact mass 282.0148 [calcd.

for C 3H 43230525 282.0159]). Material ?;ﬂm another

experiment was distilled in a Kugelrohr: bp 135°C

~y

(0.001 @m). Anal. calcd. for 2135143255' C, 55.53;

H, 5.02; O, 11.38. Found; C, 55.61; H, 5.07; o, 11.39.

IR Study on the reaction of PhSeCl Hlth 7 .

The procedure for the IR study of 6 and PhSeCl
was followed using 7 (200 mg, 1.59 mmol) in CHCl; (5 mL) .
and PhSeCl 2304 mg, 1.59 mmél) in CHCLB (5 mL). IR
spectra were recorded 30 sec, 1, 2, 6, 11, 20, 50 min,
4 h and 24 h after actuation of the stapped—flew»apparatus.
Three bands were observed in the carbonyl regiom of the

IR spectrum: 1710 Qm—l (intensity decreased), 1738 cm—l ‘ ‘

(intensity increased and then decreased), 1768 cm *
(intensity increased). The reaction did not go to

completion. a

y
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IR Study on the reaction of 2,4-dinitrobenzeneselenenyl

chloride with 7 .

The procedure for the IR study of 6 and PhfeCl

9 .
was followed using 7 (100 mg, 0.793 mmol) in CDCl3
(5 mL) and 2,4-dinitrobenzeneselenyl chloride>’ (223 mg,

13

0.793 mmol) in CDCl3 (5 mL). IR spectra were recorded
30 sec, 1, 5, 10, 25, 41, 70 min, 3 and 18 h after
actuation of the stopped-flow apparatus. Three bands

were observed in the carbonyl region of the IR spectrum:
*

1710 cm™! (s), 1740 em™ (m), 1765 cm ! (W). The intensity

of the bands did not alter after 70 min.

Reaction of PhSeCl with 21 97

Benzeneselenenyl chloride (191 mg, 0.997 mmol) in
THF (2 mL + 1 mL rinse) was added to a stirred suspension
of 21 100 (121 mg, 0.997 mmol) in THF (2 mL) at room
temperature. The mixture was stirred overnight and
monitored (TLC) periodically for the formation of 7a,
© None was detected. Filtration of the solution and
subsequent evaporation of the gclvént from the filtrate
resulted in a yellow oil: IR (film) 1772, 1725, 1702 |

cm .



(3aa, 7a,7au) Hexahydrc 7= (phenylselena) Z(BH)-benzgfuranQne

8a 597 .

Eenzeneselenenyl chloride (764 mg, 3.99 mmol) in EtOAc

(10 mL) was added into a solution of ZEEYEléhEXEﬁEEliaEEtiE

cid, 8101 500 mg, 3.99 mmol) in EtOAc) (10 mL). More EtOAc

(5 mL) was used to rinse all the PhSeCl into the reaction

1 L #
essel. The mixture was refluxed for 7 h, the solvent

<.'1

was evaporated and the residue was partitioned between

Etza aﬁd 5% w/v aqueous NaHCDB. The ﬁtza solution was

dried and evaporated. Chromatography of the residue

over silica gel (60 x 2 cm) using 2:3 EtOAc—2,2,4-tri-

methylpentane gave, after removal of solvent and Kugelrohr

distillation, 8a (975 mg, 82%) as a homogeneous (TLC,

silica gel, 1:1 EtDAc=-2 2,4-trimethylpentane) oil:

bp 125° (0.0l mm). Anal. calcd. for C14516 0,5e: C,

56.96; H, 5.46; O, 10.84. Found: C, 56.86, H, 5.47;

O, 10.88. Pure material from another experiment had:

NMR (CDClBi 100 MHz) 6 1.00—2.83 (m, 9H), 3.68 (g, J =

4Hz, 1H), 4.40 (t, J = 4 Hz, 1lH), 7.15—7.39 (m, 3H),

7.39—7.65 (m, 2H); IR (CCL,) 1790 cm }; exact mass
80

296.0317 [calcd. for o 4Hl562 "Se, 296.0315].

IR Study on the reaction - PhSeCl with 8 .

-
Benzeneselenenyl chloride (208 mg, 1. DS‘mm:l) in

_cgélg (4 mL + 1 mL rinse) was added to 8 (152 mq,

\



1.09 mmol) in QHE13 (5 mL). The reaction was monitored

periéd’cally by withdrawing samples and recording the
IR spectrum of them. Three bands were observed in the

zgrbcnylg}egicn of the IR spectrum: 1709 cm 1 (intensity

decreased), 1754 Emél (intensity increased and then
-1

decreased), 1775 cm (intensity increased).
’ A
(333,83 Saa) D:tahydra—a-(phenylselena) 2=cyclchepta[b]—

furan-2-one, 9a.

Benzeneselenenyl chloride (177 mg, D.ézi mmol) in
EtED (3 mL) was added to a solution of 2-cycloheptene-1-
acetic acid, 9%® (142 mg, 0.924 mmol) in Et,0 (3 mL).
Additional Etzé (3 mL) was used to transfer residual
PhSeCl. The reaction mixture was stirred overnight at
room temperature. The Sélvené was evaporated and the
residue was chromatographed over silica gel (60 x 2 cm)
using 1l:1 heptane—EtOAc. Evaporation of appropriate
ffactians afforded 9a (277 mg, 97%) as a viscous,
homogeneous (TLC, éilica gel, 1l:1 heptane—EtOAc) ail:

NMR (CDCl,, 400 MHz) & 1.10—2.34 (m, 9H), 2.40—3.02 .

]

(m, incorporating dd at‘fiség'ﬁ 16.8, 9.5 Hz, 2H),
3.40 (¢, J = 9.5, 8.8 Hz, 1lH), 4.60 (dd, J = 10.0, 6.2
Hz, 1H), 7.15—7.36 (m, 3H), 7.42—7.68 (m, 2H); IR
(film) 1785 cm l; exact mass 310.0473 [calcd. for
C,eH. 0. "Se, 310.0473). Anal. caled. for C15H180233=

; H, 5.87; 0, 10.35. Found: C, 58.16; H, SaéB:



78.
‘0, 10.51..

Reduction of 9a with PhBSﬁH.

Triphenyltin hydri&elgz (344 mg, 0.980 mmol) was
added from a syringe in three equal portions at 30 min
intervals to a refluxing solution of igg (202 mg, 0.653
mmol) in toluene (3 mL). Refluxing was continued for

16 h after the last addition. The reaction mixture was

applied to a column of silica gel (60 x 2 em) and

chromatography, using 1:1 heptane—EtOAc, gave

(3aa,Baa)-octahydro=-2H-cyclohepta|[b] furan-2-one (@

82%) as .a homogeneous (TLC, silica gel, lél heptgne—EtOAc)

©0il: NMR (CDC131 100 MHz) 6§ 1.00—3.04 (m, 13H), 4.65

(m, 1H); IR (film) 1780 ém-lg No trans lactcnégs was
obtained. '
i
IR Study on the reaction of PhSeCl with 9 . '
— = - i

The'procedure for the IR study of 6 and PhSeCl was

followed using 9 (100 mg, 0,704 mmol) in GHCIB (5 ﬁL)r
and PhSeCl (135 mg, 0.704 mmol) in CHEl3 (5 mL). IR
spectra were recorded 30 sec, 1, 2, 5, 10, 14, 20, 51,
and 120 min after actuation afitpe stopped-flow apparatus.
Thfee bands were observed in the carbonyl region of the

1

(intensity decreased), 1770 cmFl

1

IR spectrum: 1710 cm

(intensity iniieased and then decreased), 1785 cm

3
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(intensity increased). The reaction was not followed to

completion.

cis- and trans-Dihydro-4-methyl-5-[(phenylseleno)methyl]-

2 (3H) -furanone, l0a.

The method for 9a was followed using 3-methyl-4-

103 (500 mg, 4.38 mmol) in Et,0 (6 mL)

pentenoic acid, 10
and PhSeCl (839 mg, 4.38 mmol) in Etzo (7 mL + 7 mL rinse).
After a reaction period of 60 h chromatography over silica
gel (60 x 3 cm) using 1:1 heptane—EtOAc gave 10a (821 mg,
69%) as a homogeneous (TLC, silica gel, 1l:1 heptane—EtOAc)
0il: NMR (CDC1,, 200 MHz) 6 1.01 (4, J = 8.4, 1.5H),
1.13 (@, J = 7.2 Hz, 1.5H), 2.12—2.58 (m, 1.5H), 2.62—2.84
(m, 1.5H), 2.90—3.32 (m, 2H), 4.24 (q, J = 6.0 Hz, 0.5H),
4.54—4.68 (m, 0.5H), 7.50——7.36 (m, 3H), 7.4%——7.63 (m,
2H); IR (film) 1775 cm™ L; exact mass 270.0169 [calcd. for -
C12H1402808e, 270.0159]. Anal. calcd. for 512H14DES¢=
C, 53.54; H, 5.24; O, 11.89. Found: C, 53.57; H, 5.26;
6, 11.93. ' .

The progress of a reaction similar to the one above
was monitored using IR spectroscopy. Small aliquots of
the mixture were removed 15, 50 min, 11, 40, 48 and 58 h
after initiation of the reaction. The solvent was

evaporated and a solution (CC14);IR was obtained for each

aiiquot. Three bands were observed in the carbonyl region

o *



of the IR spectrum: 1710 cm-l (intensity decreased),
1735 cm-1 (constant, weak intensity), 1788 cm-l‘(intensity

increased). The reaction did not go to completion.

Dihydro-5-methyl-5-( (phenylseleno)methyl] - Z(BH) furanane,

lla and Dihydro-S,5-dimethyl-4-(phenylselena)!2(32)—

furanone, l2a

—

he method for 9a was followed usihg 4-methyl-4-

. 1.'I.04 105

pentenoic acid, 1 (150 mg, 1.32 mmol) in Et,0 (3 mL)

20 (3 mL + 3 mL rinse).
After a reaction period of 17 h chromatography over

and PhSeCl (252 mg, 1.32 mmol) in Et

silica gel (60 x 2 cm) using 1l:1 heptane—EtOAc gave two
lactones as hoﬁogeneoué (TLC, silica gel, 1:1 heptane—

EtOAc) oils: 1lla [301 mg, 85% (95% after correction for
presence of 12 in the starting material)] and 123 (38 mg,

10%) lla : NMR (CDC1 100 MHz) &6 1.47 (s, BH), 1.81—2.70

3'
( ), 3. 16 (s, 2H), 7.14—7.32 (m, 3H), 7. 42—-7 64 (m,
2H); IR (film) 1775 cm 1; exact-mags 270.0156 [calcd.

80
for C12H1402

C, 53.34; H, 5.22; O, 11.84. Found: C, 53.43; H, 5.21;

Se, 270°0159]f Anal. calcd. for ELEHLJDZSEE

0, 12.08. 12a: NMR (CDCly, 100 MHz), s 1.45 (s, 3H),
1.49 (s, 3H), 2.58—3.10 (m, centered at.2.85, 2H),
3.59—3.78 (m, centered at 3.68, 1H), 7.22—7.40 (m, 3H),
7.47—7.70 (m, 2H); IR (film) 1775 cm™1; exact mass

80

270.0153 !calcd for C12}11402 Se, 270.0159]a
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IR Study on the reaction of PhSeCl with 11.

——The procedure for the IR study of 6 and PhSeCl
was followed using 11 (100 mg, 0.877 mmol) in CHCl; (5

mL) and PhSeCl (168 mg, 0.877 mmol) in CHCl; (5 mL). IR
spectra were recorded 30 %ec, 1, 4, 7, 11, 21 and 25 min
after actuation of the stopped-flow apparatus. Three
bands were observed in the carbonyl region of the IR
spectrum: 1710 cmil (intensity decreased); 1753 cmgl,
this band was replaced by one at 1766 cm © (overall
intensity increased).

(1@;45,5@)&4-(Phenylsélena)Eﬁ-cxabicycla[3;2;2]ncﬂi7scne

=

3a.

The method for 9a was followed using 4-cycloheptene-

l-carboxylic acid, £§106

(250 mg, 1.78 mmol) in Et,0
(3 mL) and PhSeCl (342 mg, 1.78 mmol) in Et,0 (3 mL + 3

mL rinse}. After a reaction period of 24 h chromatography

[o IS

ver silica gel (60 x 2 cm) using 1:1 heptane—EtOAc gave
1l3a (400.0 mg, 76%) as a homogeneous (TLC, silica gel,

l:1 heptane—EtOAc) oil: NMR (EDClS, 100 MHz) § 1.56—2.40
(m, 8H), 2.66—2.88 (m, 1H), 3.42—3.70 (m, 1lH), 4.56

(broad 4, J = 4.6 Hz, 1H), 7.16—7.36.-(m, 3H), 7.40—7.64

(m, 2H); IR (film) 1742 cm™'; exact mass 296.0320 [calcd.
- 7 80_ o o
for C, . H,0," "Se, 296.0315].



13;55,63)25—(Phenflselenc)é?scxabicycla[é.zgEldegaﬁis-cne,

l4a and la,48,5a)-4-(phenylseleno)-6-oxabicyclo(3.3.2]decan-

7-one, 1l4b.

The method for 9a
carboxylic acid, 14*%7 (127 mg, 0.825 mmol) in Et,0 (3

a was followed using 4-cyclooctene-1-

L= ]

N . i . s s . i . - . .
mL) and PhSeCl (158 mg, 0.825 mmol) in Et,0 (3 mL + 3 mL
rinse). After a reaction period of 17 h chromatography
-
over silica gel (60 x 2 cm) using 1:1 he@t%PEﬂ-EtDAc gave

of B80:20

o

a mixtoure of l4a and 14b (223 mg, 88%) in a rati
(NMR) respectively. Epriched, crystalline samples of
l4a aﬁd 14b, each containing not more than 15% of the
other isomer, were obtained by Pﬁc over .silica gel using
1:1 heptane—EtOAc. l4a: mp 51—56°C; NMR' (CDCl,, 200 -
MHz) § 1.44—2.44 (m, 10H), 2.92—3.07 (m, 1lH), 3.74 (dt,
J =11.1, 4.08 Hz, IH), 4.72—4.86 (m, 1H), 7.24—7.34
(m, 3H), 7.46—7.60 (m, 2H); IR (CHC1,) 1722 em™; exact
80

mass 310.0476 [calcd. for CISHISDE Se, 310.0472].

14b: mp 35—487C; NMR (CDCl,, 200 MHz) & 1.44—2.34 (m,

*10H), 3.12—3.26 (m, 1H), 3.50—3.72 (m, 1H), 4.53 (dt,

J=7.5, 3.1, 2.5 Hz, 1H), 7.20—7.36 (m, 3H), 7.44—7.59

(m, 2H); IR (CHCl,) 1715 cm™'; wxpct mass 310.0476
= _ ' -
[calcd. for C,_H fD,SDSe, 310.0472]. A mixture of l4a .
15718%2 - =42 :

and 14b was used for combustion analysis: Calcd. for \\
1

1571872
H, 5.84; 0, 10.27.

CycH,q0,5e: C, 58.25; H, 5.87; O, 10.35. Found: C, 58.28;
v

-
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&

B—EQiQEHyﬂraxy—zééxgg(phenylsEIEﬁa)ﬁsigndgacarbéxybieyclai

[2.2;2]Qet§ne lactone, 15a.

The method for 9a was followed using bicyclo{2.2.2]oct-

5!eneéiien§g carboxylic acid, 15loa (152 mg, 1.00 mmol)

in Et,0 (3 mL) and PhSeCl (211 mg, 1.10 mmol) in EtED

M

(3 mL + 3 mL rinse). After 18 h the solvent was evaporated
from the resulting suspension and the residue was crystal-
lized twice from cyclohexane to obtain 15a (234 mg, 76%)

as a pure (TLC, silica gel, 3:2 heptane—EtOAc),

@

crystalline compound: mp 114—115°C; NMR (CDClB. 100 MHz)

§ 1.10—2.80 (m, 9H), 3.54—3.68 (m, 1H), 4.56—4.74 (m,

13

1H), 7.18—7.75 (m, SH); C NMR (CDC1 90 MHz) &§ 15.3,

3!
22.0, 28.9, 29.3, 34.7, 36.5, 45.5, 83.2, 127.6,

ﬁgs 7, 129.5, 133.0, 180.1 ppm; IR (CH Cl ) 1775

-1 __ mass 80
cm ~; exact mass 308.0316 [calcd. for ClSHISDE Se,

308.0316). Anal. calcd. for clSHlé 252; C, 58.64; H,
10.35.

~.m
(4]
LT
be o
~

o
[ ]
~J
-~
[e]

5.25; 0, 10.41. Found: C, 58.

109

Reduction of 15a with PhBSnH

Triphenyltin hydride (380 mg, 0.900 mmol) was added
to a refluxing solution of 15a (183 mg, 0.600 mmél) in

.teluéné (2 mL). Refluxing was continued for 6 h and the
cooled reaction mixture was appl ed:t a column of silica

gel (60 x 1 cm). Chromatography, using 3:2 hexane—EtOAc



followed by sublimation (100°C, 0.005 mm) gave 6-endo-

hydroxybicyclo[2.2.2]octan-2-ende-carboxylic acid lactone

110

(64.8 mg, 70%): mp 203—204°C [lit. mp 205—206°C];

NMR (CDCI,, 100 MHz} & 1.38—2.12 (m, 9H), 2.38—2.78

13

(m, 2H), 4.56—4.76 (m, 1H); C NMR, (CDC1 90 MHz)

3'
§ 15.7, 23.6, 26.1, 27.7, 33.3, 34.4, 37.4, 78.5,
181.3 ppm; IR (CH,Cl,) 1770 cm }; exact mass 152.0833

[calcd. for C9H1202. 152.08%5].

IR Study on the reaction of PhSeCl with 15 .

-

-

The procedure for the IR study of 6 and PhSeCl

was followed using 15 (100 mg, 0.658 mmol) in CHCl, (5

3

mL) and PhSeCl (126 mg, 0.658 mmol) in CHCl {5 mL). IR

3
spectra were recorded 15, 30 and 60 sec after actuation
of the stopped-flow apparatus. Due to the high rate of .
reaction only one band was observed in the carbonyl

region of the IR spectrum: 1770 cm 1.

3,4-Dihydro-3-phenyl-4-(phenylseleno)-1g-z-benzopyran-l—one,

34a and 1,3-Dihydro-1-[phenyl (phenylseleno)methyl]iso-

benzofuran, 34b. -

The method for 9a was followed using trans-stilbene-

. 3
2-carboxylic acid, 21111' (200 mg, 0.840 mmol) in Et,0

(3 mL) and PhSeCl (161 mg, 0.840 mmol) in Etzo (3 mL + 3 mL

84.
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rinse). After a reaction period of 18 h chromatography
over silica gel (60 x 2 cm), using 5:1 heptane—EtOAc,

gave a mixture of 34a and 34b (285 mg, 89%) in . a 40:60

ratio (NMR). Enriched, crystalline samples of 34a and
34b, each containing not more than 5% (NMR) of the other

isomer were obtained by PLC over silica gel using 5:1

heptane—EtOAcC. 342 : mp 121-—126°C; NMR (CDCLB, 200 MHZ)

6 4.86 (d, J = 2.4 Hz, 1lH), 5.85 (d, J = 2.4 Hz, 1lH), *

6.98—7.78-Tm, 13H), 8.05 (m, 1H); IR (CCl,) 1738 cm

exact mass 390.9317 [calcd. for ¢, H, 0,%%se, 380.0316].

34b: mp 120——127°C; NMR (CDCl,, 200 MHz) 4.65 (d, J =

14H); IR (CCl,) 1780 cm™!; exact mass 380.0315 [calcd.

for CEIHIEDE Se, 380.0315].

Reduction of 34a with Ph,SnH.

Triphenyltin hydride (265 mg, 0.75 mmol) was added
to a refluxing solution of 34a (190 mg, 0.500 mmol) in
toluene (3 mL). After 45 min (TLC control) the solvent
was evaporated and.chromatography over silica gel (60 x 1
cm) using 7:3 heptane—EtOAc gave 3,4-&ihy§r§~3iphenglil§=
2-benzopyran-l-one (90.0 mg, B0%) as a white, crystalline
:ampéund; mp 89—90°C; NMR (CﬁClB; 200 MHz) 6>3i06!!3@46
(m, 2H), 5.57 (dd, J = 12.4, 4.4 Hz, 1H), 7.24—7.64 (m,

13H), 8.16 (m, 1H); IR (CCl,) 1735 cm™!; exact mass



224.0837]. The material

224;9@37 [cgledi_fcr §l53l2§2: i
was identical to an authentic :;mplgillz %

Reaction of PhSeCl with ;Q ' Hlth nltIQgEﬂ purge.

trang—StilbeﬂEEE—earba:ylic cid, 34 (166 mg.?O 741
Eﬂﬂl) was placed in a round-bottomed flask and Cc;‘l4 (4
mL) was added. The solution'was purged wi;h nitrogen for
5 min using a neeéle which passed below the surface of
the liquid. In order to minimize solvent evapergticn:
the nitrogen was bubbled through dry 2814 before it
entered the reaction flask. A solution of PhSeCl (142 mg,
0.741 mmol) in CCl, (4 mL + 1 mL rinse) was added and
purging of the mixture with ﬁit:@gaﬁ was continued. S
Small aliquats were removed from the mixture periodica lly
and examined by IR spectroscopy. Observation of the
spectra indicated rapid lactonization to the é-la ct@ne;
34a (1738 cm_ *) with very little farmatlen of the s 1actnne,
34b (1780 cm *) Eight days after mixing, the product
distribution still favored the §-lactone, 34a (§-lactone/
vY-lactone ratio was 3:1, NMR). ) -

In a similar experiment trans-stilbene-2-carboxylic .

acid was treated with PhSeCl and é(;‘l4 without a nitrogen

gas purge. IR spectra taken of the mixture at Periodical {

intervals indicated the rapid formation of &- =lactone, 34a

which then rearranged substantially to the y-lactone, 34b.

86.
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NMR Study on the reaction of PhSeCl with 34 .

The procedure for the NMR study of :g with PhSeCl
was followed using 34 (33348, 1.48 mmol) in cpCl, (5

mL) and PhSeCl (284 mg, 1.48 mmol) in GDC1l,; (5 mL). NMR

e

spectra of t&e regptibn sample weriftaken 4, 5, lO,flS,
20; 35 min,- 2, 4.and 6 h after mixiﬁé. Closure of the
acid to lactone g}i was observed to be very r;ﬁid (iﬁyé}ﬂ
alia, 6 4.86 and ¢ 5385).' The’signa}s from this lactone
were replaged at a slower rate by those due to lactone
34b (inter alia, 6 4.65 and ¥4.87). The formation of

34b was 'not evident until 15 min after commencemenp of

the reaction.

87.
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- 4
3,4-Dihydro-3—phedyl—4-(phenylseleno);lg-Z-benzopyran—l~one,

'35a and 1,3—D{hydro—1—[phenyl(phenylseleno)methyl]isobenzo-

-

furan, 35b. -

LY T4

.The method for 23 was followed using'gig-stilbene-2—
. carboxylic acid, §§113_ (199 mg, 0.888 mmol) in Et,0 (3

mi) and PhSeCl (170 mg; 0.888,mmol) in Et,0 (3 mL +°3 mL
_rinse). After a réaction'period of¢«48 h chromatoqrabhy
over silica gel (60 x 2 cm) using 5:1 heptane—EtOAc gave

a mixture of 35a and 35b (267 mg, 79%) in a 75:25 ratio
(NMR) : mp 99—116°C; NMR ﬁcnc13, 200 MHz) & 4.60 (d,

J = 5.1Hz, 0.25 H), 4.68 (4, J = 2.7 Hz, 0.75H), 5.86 (m, -

PAl



1H), 6.85—7.65 (m, 13H), 7.85 (m, 0.25H), 8.03 (m, 0.75H);
IR (CC14) 1740 Em!l {(major}, l7?943m_l (mlnar), exact mass

380.0319 (calcd. for C, H, 0, 80ge, 380.0316]."

{lb 10b—01hydro[21b5ﬁ opyrano [4,3- c][:]benznpyranis 12-dione,

 — ‘,; —
.
Al

* B
- 7 = i

Benzeneselenenyl chloride (237 mg, 1.24 mmol) in

w .
[
I

DMSO (2 mL + 1 mL rinse) was added to a stirred “solution '
of trans-stilbene-2,2'-dicarboxylic ac;d114 115 (276§m§.
1.03 mmol) in DMSO (2 mL) at room temperature. After -a

: R 4 : -

reaction period Qf 22 h the solvent was evaporated (oil-
. ) A
pump vacuum, room temperature, 5 h) and the residue was
. e

dissolved in Et@AE (10 mL). A white solid precipitated
. S - ;
- out of solution and was placed in a flask containing EtOAc

(10 mL). The solvent was then refluxed (5 min) and

subsequently cooled. Cnllectlan of the.solid gave 363116

(240 mg,'87%)‘ mp (éhanged crystal form at 240—§25592,

began to sublime at 301° C; melted at 325— 328 C under

rapid heating); IR ( (Br) 1724 cm_l; NMR (éE!EHSG; 200 '

=

MHz) 6 6.02 (s, zﬁ), 7.62—7.88 (m, 6H), 7.98—8.10 (m,
2H) ; exact mass, g/elz 66.0579 (caled. for cl5H1604, m/e

L _ . . ) - =
266.0579) . . -Anal. caled. for C)¢H),0,: C, 72.18: H, 3.79.
Found: C, 71.86; H, 3.80.
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'.3aa,6aa)-Hexahxgro-3a—(ﬁhenylseleno);2§-cyclopenta[b]furaﬂ—

P

2-one, lé6a.

‘

Benzeneselenenyl chloride (192 mg, 1.00 mmol) in

'CH,Cl, (3 mL) was added over 3 min into a stirred solution

of l-cyclopentene-l-acetic acid, 16217 (126 mg, 1.00
mmol) in CH,Cl, (3 mL). More CH,Cl, (1 mL) was used to

rinse the residual contents of the syringe into the

reaction vessel. A‘!er 16 h the reaction was worked up

¥

although it _was still incomplete (IR control). The

solvent was evaporated and 16a was isolated by chf@maté=

Al

graphy over silica gel (60 x ‘L cpg(u51ng CfllCl3 Remﬁ&ii N
> . o
of the solvent gave léa (94.0 mg, 33%‘ as a homogengaus

(TLC, silica gel,- CHCl ) oil: NMR JCDCl ‘100 MHz) &
1. 45-2 22 (m, ea), 3.573. 02 (aa, 3= 18.5, 2.8 Hz, 2H),
4.9 (t, J = 3.5 Hz, lH), 7 18-—7 48 (m, 3H), 7.48—7.79

(m, 2H): IR (fllm) 1770 cm™!; exact mass 282.0151 (caled.

80
13 14 2

C, 55.53; H, 5.02; O, 1]1.38.. Found; C, 55.64; H, 5.02;

for C Se, 282.0159}. Anal. calcd. for C,4Hy,0,5€: -

0, 11.26.

IR Study on the reaction of PhSeCl with 16 .-

The érocedure for the IR study of‘g 'and PhSeCl was
followed using 16 (100 mg, O. 793 mmol) in CH CLzﬁig mL)

and PhSeCl (152 mg, 0.793 mmol) 1in CH2C12 (5 mL). £} spectra



were recorded 30 sec, 1,-3, 5, 15 and 45 min after actuation

of the stopped-flow apparatus. Three bands were observed

in the carbonyl region of the IR spectrum: 1710 em~ L
(1nten51ty decreased), 1743 cm =1 (intensity was constant),

1765 cm 1 (intensity increased). Monomeric acid appeared

to be present in the mixture (3500 cm %) and may be

‘responsible for the band at 1743 cm '. The reaction was

5

not followed to“completion. , B '
IR Study on the reaction of PhSECl with 23 .

The procedure for the IR study of 6 and Ph3eCl

was followed using 23°°S (200 mg, 1.43 mmgl) in CH

(10 mL) and PhSeCl (273 mg, 1.43 mmol) in ‘CH,C1, (10 mL).
IR spectra weré recorded 1, 2, 4, 9, 12, 17, 22.min and

1 -

20 h after actuation of the stopped-flow apparatus.

Four bands were observed in the carbonyl region of the
IR spectrum: 1710 cm™ ! (intensity decreased), 1752 cm’ -1

(intensity was constant), 1772 cm ! which was later °

QbSEufEd by a band at 1782 cmil (intensity iﬁcreaged).

chﬁnerlc acid gppe ared to be present in the mixture

(3500 ‘cm ) and may be resp@n51ble for the band at 17i?fc l.:'

-

The reaction did not go to ccmpletlcn.

5- (Phen yl eleno)-getrahydropyran-2-one, 41.

Ozone was E;sseﬂ through a cold (gi_ =78°C) -solution

of lsmethgxicyelépentenella (l12.8 g, 130 mmol) in MeOH

=



.

s

] . o, ) .
. _j 7- E , . ' -
(190 mL) until the solution became blue. The excess of

- ozone was remoyed by a stream of nitrogen and Me,S (16.2 g,

260 mmol) was added dropwise to the calé solution. The
coglingibagh was removed and thexﬂifture!ﬁas:left over-
'night. Evapératian of the ‘solvent gave!a résidpe ﬁﬁich
was,d?ggélved‘in CHzclé (150 mL). The sQlution was
washed with water (3 x 50 mL), dried (Na,50,) ,~ and
'evapsrdtedf .Distillatién uéing a spinning band agparétusg
gave lii (4.79 g, 34%) as a pure (VPC) liquid: NMR s

(CDCl;, 60 MHz) 6§ 1.58—2.72 (m, 6H), 3.63 (s, 3H), 975

[ ]

(t, J = 1.% Hz, 1H);

1720 cm l,

R (Eilm) 2820, 2720, 1735 iggé

T

LT

To a solution of 37 (3.25 g, 25 0 mmcl) -in EtOAc

~(100 mL) was added. PhSeCl - (5. 79 g, 30. 0 mmol) in EtC)Aci

. +(120 mL). 2a Concentrated HC1 (2 drops) was added and

thé mixture was stirred”for 17 h. The Solvent was

evaporated and the 3 llaﬁ‘:esidue was chromatographed

over silica gé' 50 x 2.5 :m} using 1:1 héptanEQ—EEQAc

'to'give 38 (1.93 g, 22%) as a hﬁmageneaus (TLC, slllca

gel, 1l:1 hEEtEDE!EEtQA§1 liquid: 1IR (fllm) BOEDE 2820,
2720, 1730 and 1700 cm.l.
Sodium b@réhydride (600 mg, 15.9 mmol) was addel in
i .

" portions to a stirred solution of 38 (1.10 g, 13.9 mmol)

inﬁMeOH (15 mL) . Fifteen min after the last addition
the mixtu;e was poured into satg:ated agueous HaHCQB s

i
¥

94,
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(15 mL) and extracted with CH,Cl, (3 x 15 mL), The organic

layer was dried (83250;) and evaporated. Chromatography

'pf'the*residue over silica gel (60 x 1 cm) using 1:1

heptaﬁéasEtDic gave 39 (580 mg, 52%) as a ?ﬁre (TBC,

silica gel, 1:1 hepﬁanEEiEtDAE) liquid: NMR (CDC1,, 100

f
MHz). 6 1. ; 2—3.82 [m {irfcluding a sharp singlet at 3. 67), .
1181, 71 15-27.40 (m, 3H), 7.42—7.72 (m, 2H); IR (film)
© 3450, 1732 Emél; exact mass 288.0264 [calcd. for xg -t
¢, ,H, g0, %se, 288.0265]. |
The methyl ester 39 (213 mg, 0.740 mmol) wasl
~énverted inta the hyd:agidé 40 by!the additiZn éfiSE% .

wAﬁ‘NHEHHEEHEQ (180 mg) in MeOH (2 mL). After stimging

the reaction mixture for 40 h (TLC Sontrol) the solvent !
was evaporated to éff@rd .40 (178 mg, 33%) as a paleé

“Yell?w oil: NMR (CDC1l4, 100 MHZ) 6 1. 64——2 52 (m, 4H),
2.92—4.06" (m, 7H*, 7.16—7.65 (m, 3H); IR (film) BQQQﬁ . .
1640 cm™ ! (broad); exact mass zsafoiéé [calcd. for - _

v

CIIHIGNZGZEDSE, 288.0377]. . -

A solution of 40 (70.0 mg, 0.240 mmol) in CH,C1,
(2.mL) was added slowly. fram a syringe to a gtirré&
suspension of Phseo, 5119 (94.0 mg, 0.500 mmol) in CH,CI, -
(1 mL). The fate cf addition was 'controlled so as to
maintain a steady rate of nitrcgen evolution. Wwhen

nltrogen evolution had ceased the mixture was itlrred

for an addlthpal 30 min. The solvent HBB evagaratads

<



A
‘and the residual yéii:v 0il was chromatographed over

silica gel (30 x 1 uéihg 1:1 heptane—EtOAc to give
; _ , ¢ _ ‘
compound 41 (33.0 mg, 54%) as a yellow, homogeneous

(TLC, silicaigel, 1:1 he?tanéﬁ—EtGAc) oil: HHR‘(CDCLB.

200 MHz) & 1.80—2.08 (m, 1H), 2.20—2.42 (m, 1H),

2.46—2.80 (2H), 3.50 (heptet, J = 4.9 Hz, 1H), 4.25 .

(ad, J = 11.6, #£6 Bz, 1H), 4.47 (qd, J = 11.6, 4.8, 1.8,

Bz, 1H), 7.22—7.48 (m, 3H), 7.52—7.72 (m, 2H); IR (CHCl,)

1735 em l; exact mass 255.9994 [c cd. for C, H 0. SD e, *

256.0002] . ' , ' S

Eg;hange ‘reaction between Z—tharé§3 (phenylgelen@)butane

and cyclopentene. ' -
x : = : = = 3 7é\ —- = 71‘
Three solutions (#1, #2, #3) of PhSeCl (316 mg,

1.65 mmel) in Et,0 (10 mL) were prepared. Into each

i+

sclutlan trans 2-butene was bubbled at a modest’ rate for

i approximately 6 min. (Three min after the gtart of. ;he

gas flow the solu ns changed color, bEEleﬂg llght
yellow from a deep Qfangejg Using a gyr;ngg, neat - 7
cyclopentene (1.12 g, 16.5 mmol) was injected into each
flask. Acetic acid (99.1 mg, 1.65 mmol) was added to
s;lgtian il and dry HCl gas was bubglea for 10 sec.
through goélution #2. Solution #3 was left as a control.

All three samples were stirred overnight at room temperatufe,

| The fesiéual acetic aCLd in solution #1, was canverted

to methyl acetate with diazomethane and aliquots frém each



solution uexé removed and the volatile éomponeni}’evqporated
120

-

94.

An NMR Bpectrum was obtained for each residue: . ) ‘T

(4
-

Solution #1 underwent 37% exchange, solﬁt§oh 2

underwent 12% exchange and solution §3 underwent 6%

' exchange. For solution,#lithe formation of 2-acetoxy-3-

(phenylseleno)bhgadé and trans-l-acetOxy-Z—(phenylseieno)-=

cyc}opeﬂtane were also'obser{ed.na ’ .

' R :
In a similar experiment using CCl4 as the sglvent

P

instead of Et,0 no exchange was observed. '

-

|

Exchange reaj;idq between trans-l-ch;oto-Z-2phenylse1en6f—

= ] \ . g .
cyclbpentane and‘2fcyclopen;ene-1—acetic‘hcid.

-Benzeneselenenyl chloride (150 mg, 0;783 mmol) in
Et20 (5 mL) was added dropwise from a.syriqge to a sdlu-

tion of cyfroﬁéntenq (107 mg, 1.57 mmol) in EtZOV(S mL);
The'resulting faintly®colored mixture was stirred for

30 min at room témperatqre and'thén 2-cyclopentene-l-acetic
acid (98.8 mg, 0.783 mmol). in Et,0 (5 mL) was added. After
; further pgriod of 17 h the solyént was evaporated_and ?
the residue wa; chrom;tqgrAPhed’over siliéa'gel (60 x 2

cm) using 5:1 heptane—EtOAc to afford a mixture (146 mg)
of trans-l-hydroxy-2-(phenylseleno)cyclopentane [formed by
hydrolysis of Egggg-l-chloro-z-(phenylselepo)cycldpentane]
and 7a. in a 60:40 ratio (NMR). The mixture had: NMR
(CDC1,, 100 MHz) § 1.20—2.40 (m, 5.8 H), 2.60—3.24 (m,

including a g centered at 2.81, J = 18.3, 10.6 Hz, 1.2H),

-



o -

38 (m, 0.4H), 3.87 (m, 0.6H), 4.12 (m, 0.4H), 4.88 (4,

3.

J =-6.3, 0.6H); IR {film) 3460, 1772 cm™ 1.

Exchange reaction between the chlorosklenide of 6 and 7.
— — — .- A

J _ - .
] . . L - .
Benzeneselenenyl chloride (239 mg, 1.25 mmol) in

Et,0 (4 mL + 1 mL rinse) was added to 6 (150 mg, 1.50

mool) in Et,0 (4 mL) at rdom tempe:atﬁréf The mixture T
-was stirred for 75 mio and 7 ‘(139 mg; 1.50 mmol) in f
Etzé (3 mL + 1 mL rinée) was,éédeﬂ.i The ;algki@n was

stirred overnight and examined by TLC. .IﬁsPectiQn @f the

plate revealed a large ‘amount of lactone Ei and only a

trace of la€tone 7a. o : _ . Vs

NMR Study on the reaction of PhSeCl with!ﬁethyl 4-pentenocate.

-
~

The procedure f@J the NMR study of 6 .with PhigC1

was followed using methyl 4-Een£engat‘12l (150 mg, 1.31 .

mmol) in CDCly (5 mL)" and PhSeCl (252 mg, 1.31 mmol)‘in

cDClB (5 mL). NMR spectra of the reaction sample were =
taken 1, 5, 60,;90 and Zgb min After mixing. -
The rapid appearance of the chloroseélenide 251122

followed by the slower farmat}cn ofs chicreselenidé:gg;
(at the Exégﬂse of the former) was observed. The double
bond of the unsaturated ester was eamplete;yiquenched
by the EhSEC}i No cyslafgncticnalizgtian took place. g (iéﬁ

Chloroselenide 24' had inter alia: (CDC1,, 200 MHz) K



3
&F

5 1.80 [-CH,CH(SePR)CH,C1]; 3.31 [-CR,CH(SePh)CH,C1];
. ,

3.62, 3.88 [-CH,CH(SePh)CH,Cl]. Chloroselenide 25' had

inter alim: ¢ 1.98 [-CH,CH(C1)CH,SePh], 3.16, 3.38.

_SePh].

[-CH,CH(C1YCH,SePh]; 4.10 [-CH,CH(C1)CH,

4-Pentenoic acid, trimethylsilyl esterglzl

!
Triethylamine (285 mg, 2.82 mmol) was added to a
stirred solution of 6 (256 mg, 2.56 mmol) in CH,Cl,

(7 mL) -, Chlorotrimethylsilane (306 mg, 2.82 mmol) wast
%
added dropwise and the mixture was stirred at room
temperature overnight. .The mixture was passed through .
F - F

a column of dry silica gel (2 x 15 cm) (130°C, 21 h)

with CH,Cl,. The chromatography was carried,out under

nitrogen. Evaporation of the elgant (protection from

moisture) followed by vacuum release to nitrogen resulted

in an oil (300 mg, 68%) which had: IR (CCl,) 1718 cm 1;
o 124 _ _ ' ,
NMR (CDCl,, 100 MHz) & 0.31 ()% %% 2.20—2.62 (m, Am),

4.90—5.24 (m, 2H), 5.54—6.08 (m, 1H).

2—(Phenylselena)hexanal—éli

. N

4 Hexanal (500 mg, 4.99 mmol) was added to a,stirred
solution of PhSeCl (1.15 g, 6.00 mmol) in EtOAc (30 mL)y
according to the literature pr@cédure_TZS Concentrated
HC1l (3 drops) ﬁii 1dd§d and the mixture was stirred for

18 h at room temperature. Evaporation of the solvent

?6-
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and,colu@n éhromatography over silica gel (3 x 60’cm)

with 14:1 heptaqpr—EtoAc gave 2-(phenylseléno)hexanai

(243 mq, 6.952 mmdl) as a homogeneous oil (TLC, silica
gel, 14:1 heptane—-EtOKc). The . 0il w;s dissolved in 95%
EtOH (7 mL) and’NaBg4 (36 mg, 0.952 mﬁél) was added.

After a—stirring perioé of 15 min (TRC control) the Exce§s’
of Nanﬂi.was quenched with acetgne (I mLY and saturated
aqueous"NaHCO3 0 mL) was added.

The organi:l:blveﬁts were évaporated and thg‘aqugﬁus

residué was extracted with CH,Cl, (3 x 25 mL). " rhe
‘organic layer was dried aﬁd evaporated. &®mlumn chfamatc;
qraphy over s;lica gel (2 x 60 cm) with 7:1. heptane—EtOAc
gave 2-(phenylseleno)hexan-1-o0l (156 mg, 0.606 mmol) as a |

homogeneous (TLC, silica gel, 7:1 heptane—EtOAc) oil:

IR (£ilm) 3400, 3070 cm 1; NMR (CDCl,, 100 MHz) 8 1f!§

(t, J = 7Hz, 3H), 1.08—1.94 (m, 6H), 2.20—2.50 (broad,

s, 1H), 3.04—3.35 (m, 1H), 3.36—3.80 (m, 2H), 7.15—7.39

(m, 3H), 7.42—7.78 (m, 2H).

*

Treatment of 2-(phenylseleno)hexan-1-0l with HCl.-

Dry HCl1l gas was pasged through a solution of
2-(phenylseleno) hexan-1-o0l (70.0 m§, 0.272 mmol) in CHZGIE
for 5 min. The reaction vessel was slightly pressurized

with HC1l gas and the mixture was stirred for 5 min at

room temperature. EvapBration of ‘the solvent gave an oil



-

¢+ which had: IR (neat) 3070-cm™';-maK (cDC1,, 100 Maz)

0.72—1.04 (m, 3H), 1.05—~2.26 (m, 6H), 3.00~3.62 ‘(m,
2H), 3.78—4.20 (m, 1H), 7.14—7.40 (m, 3H), 7.42—7.80

(m, 2H) . : C o "\

2

"Reaction' of PhSeCl with CH,CO,H. .

->

Bgnzeheseleneny;chlgride(BZD'mg, 1.67 mmol) in Ccli

F

(4 mL + 1 mb rinse) was added to CH5CO,H (100 mg, 1.67 mmol)

-

in CCl4 (4 mL) at room temperature. The mixture was
stirred for 72 h during which time aliquots were removed

periodically and examined by IR spectroscopy. Two bands

were obsgrved in the carbonyl region of the IR spectrum:
I .

1710 cm~ (s, intensity was constant) and 1764 cmil which

appégreé as a shoulder on the 1710 cmél band (w, intensity

was constant). There was also a band at 3520 cm % which
may indicate the presénce of monomeric acid.

The orange color of the PhSeCl remained in the
reaction mixture throughout the 72 h period.

Reaction of PhSeCl with NaOAc.

Benzgneselenenyl chlariﬁe (298 mg, 1.56 mmol) in
125

CCl4 (4 mL + 1 mL rinse) was added to anhydrous NaOAc
(100 mg, 1.22 mmol) in EﬁC“l‘l (4 mL) at room te§g§:ature.
Aliquots of the mixture were removed periodically . and

&xamined by IR spectroscopy. Four bands were observed,



s : i, i : H =
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in the carbonyl region of the IR spectrum: 1 710 em™1.

(m,’intensitygincrease&). 1765 cmfl (m, intensity,iﬁfregsed),
- l :

L Y

1810 cm (w, intensity increased) apéea:ed as a shoulder

on band at 1334 cm (m, intensity iﬁcreaseﬂ). The cclcr
of the reaction mixture became bright yellow over ca-z hF h

Attempted Preparatlan of Phenylsg}engacetate.

=< . x

Benzeneselenenyl chloride (200 mg, 1.04 mmol) in

i , )
CH,C1, (5 mL) was added to AgOAc (174 mg, 1.04 mmol) in

CH,Cl, (5 mL). The mixture was stirred for 15 min at

2772
room temperature. During the stirring period the color
due to PhSeCl was discﬁaréed and a fine white precipitate
formed. The résulting bright yellow liquid was transfer-
red via syringe to a dry centrifuge tube (sealed with a
septum) and wany suséendea solid was separated from the
liquid by centrifugation. A small aliquot of tﬁis
liquid was used to obtain a solution IR spectrum: IR :
(CH,Cl,) 1710 em™ (s), 1765 ecm™! (m), 1780 cm™* (w), |
he liquid was transferred to a flask and the solvent
was evaporated resulting in a yellow solid. 0il pump |
~evacuation and characterization of the residue by IR,
14-NMR and 13C-NMR identified the solid as (Phse-)

containing a few trace impurities.



ﬁepetition of this experiment using CCl4 as the

. . solvent ihstead of CHZCl2 gave similar results.

Methyl 2,4-Dinitrobenzeneselenenate.

'S’P' | ) , 1

2,4-Dinitrobenzeheselenenyl bromide 26 (150 mg,

0.460 mmol) in methanol (2 mL + 1 mL rinse) was added to

AgOAc (90 mg, 0.539 mmol) in met hafo1 (2 mL) according

to the literature prqcedure.33f

overnight (protection from light) apd filtered hot.
Cooling of the filtrate resulted .in precipitation of

orange crystals (70 mg) which had: mp 135°—136°C,

1

IR (CDCl;) 1580, 1520, 1340 cm ~; NMR (CDCl,, 90 MHz)

3
§ 4.00 (s, 3H), 8.16 (d, J = 10 Hz, 1H), 8.58 (dd, J =

10, 2 Hz, 1lH), 9.20 (4, J = 2 Hz, 1H); exact mass, m/e

277.9445 [caled. for C7H6N205808e, m/e 277.9442].

- ©

The mixture was refluxed

100.
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vy

. Treatment of 41 with HCl.

=
-

127 3 arops) was

A -saturated solution of HCl in Et,0
added to 41 (12.0 mg, 0.047 mmol) in Et,0 (1 mL) at room
temperature. Thevsalutian was stirred for 1.h before the
solvent was evaporated and IR and NMR sggctra éf the

residue were taken. An examination of the spectra revealed
-~

that caﬁyersion to 6a had occurred.

Treatment of 34a with HC1.

A saturated solution of HCl in Et28127 (2 dréps)\lés
added to 34a (37.9 mg, 0.010.mmol) in Et,0 (1 mL) at room

temperature. The solution was stirred overnight, the

solvent was evaporated, and IR and NMR speéﬁra of the

residue were obtained. 1Inspection of the spectral data

4 | ' i ! ;_-E /
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»Phenylselenoacetalaehydeg

The literature protedure 62 Las followed é;:cépi that

benzeneselenenyl chl@%ige and a large (ten-fold) excess

of ethyl vinyl ether were used. ) .

' . i3 A ) 128

(Formylmethyl)phosphonic acid diethyl ester. .
e — . N

Triethylphoséhite (25.0 g, 150 mmol) was added to a
250 mL round-bottomed flask containing :hl@réacetaldehyae
diethyl acetal- (26.4 g, 173 mmol). The flask, equipped
with a reflux condenserlz9 and a magnetic stirring bar,
was placed in aﬁ oil bath and heated (180°C) for 45 h
while being stirred. Tﬁe mixtﬁre was cooled and fractional-
ly distilled (twice) to give the diethyl acetal of
(formylmethyl)phosphonic acid diethyl ester (11.0 g, 29%),

bp (74°C, 0.015 mm), NMR (CDCl,, 100 MHz) &§ 1.08-1.50 -

n

3.90-4.30 (m, 4H), 4.88 (g, J = 6 Hz, 1H). . «

‘ 130

bowex 50 W x 12 resin {15 mL) was added to a ’

solution of the acetal (7.00 g, 27.5 mmol) in H,0 (50 mL).
The mixture was stirred for 19 h (VEC ecﬁtrgllal), filtered

and the filtrate was continuously extracted with Et,0
(100 mL) for 18 h. The ethereal solvent was th;ﬁ
evaporated, resulting in a wet residue which was dissolved

. in benzene>(100‘mL); The Eenzene!was evaporated and the
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.,
resulting residue was fractionally distilled to give 58
(1.02 g, 20%) bp (64°C, 0.025 mm) IR (film) 1725 cm 1;
NMR (CDCl;, 200 MHz) & 1.36 (t, J = 6 Hz, 6H), 3.09 (dd,
' ¢

J =.23, 3 Hz, 2H), 4.04-4.30 (m, 4H), 9.68 (td, J = 3, =

1 Hz, 1H).

Methylselenocacetaldehyde. *

' Dimethyldiselenide132 (Zquig, 10.6 mmol) was placed

~in a three neck round bottomed flask which was equipped

with a thermometer, a solid addition tube containing

.NaBH; (870 mg, 23.0 mmol) and sealed with a septum.

Inlet and exit needles for nitrogen were inserted -and ;fggff
EtOH (55 mL) was added. The flask was immersed in an

ice bath and NaBH, was added slowly while stirring the
mixture. Once gas evolution ceased and the solution was
colorless the contents of the flask was cooled to 10°C

qu chloroacetaldehyde dimethyl acetal (3.51 g, 23.0 mmol) i
i;'EtOH (8 mL + 2 mL rinse) was added. The solution was

warmed to room temperature and refluxed for 18 h (a dry
condenser‘was pPlaced on the flask). The solution was

then filtered, diluted with H,0 (200 mL) and extracted

with pentane (4 x 100 mL). The combined pentane fractions

were Qashed with saturated;gque%ps NaHCQB (50 mL), brine

(50 mL) and were then dried. The solvent was ivaparatid

and the residue flask chromatographed over silica gel



]

(5 x 13 cm) with 20:1 heptane-—EtOAC to give the acetal .
(1.50 g, 33%) as an oil. -Hydrolysis to the aldeﬂyde was
effected by vigorously stirridg the ‘acetal (1.50 g, 7.10
. mmol) in Et,0 (50 mL) and aqueous’ HC1 (0.1 N,'so mL)
'overniékt. The Etzo layer‘was isolated and the aqueous
layer was extracted with more Etéo (2 x 25 mL). The
combined ethereal fractions were-wished with Qaturated
agueous NaHCO3 (50 mL), and brine (50 mL) and were d?ied.
Evaporatioq of the solvent and distillation of the residue
gave the aldehyde (473 mg, 16% overall) asam oil (bp 83°c.}33
25 mm): IR (film) 1705 cm 1; NMR (cgci;3‘ioo MHz) §
1.88 (s, 3H), 3.11 (d, J = 4Hz, éﬂ), 9.31 (t, J = 4Hz,

80

1H) ; exact mass, m/e 137.9584 (calcd. for C3H60 Se,

A )

}‘ s

m/e 137.9584). \

H3—Etheny1=2=metﬁyl—lrcyclopenten—l-yl)oxy]trimethylsilape

6la. ' _ <

The literature procedure134 was folloyed except
commercial vinylmagnesium bromide (adjusted to 0.68 M)
in THF was used instead of’ vinylmagnesium chloride. It

is important to cool the reaction mixture (to about -70°C)

immediately after addition of Cu(I)I. 1/)‘

104.

),
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[(B—Ethgnyl l—eyclnhexen 1 yl)axy]t:;methyl;ilane 623-

The initial stages employed for 61a were followed
using vinylmagnesium bromide (34.8 mL, 0.68 M ii THF,
23.6 mmol) CulI)I (2.43 g, 12.8 mmol), cyclohex-2-enone
(1.00 Y510 Z>mmo1), Me3SiCl (3.20 mL, 25.2 mmol), HMPA
(6,60 mL) and Et,N (4.73 mI, 33.9 mmol). After the i h
ﬁa;iiup period the solution was poured into a vigorously
séirreé mixture of pentane (50 mL),VEt:D,(Sb mL) and
‘water (50 mL). The résulting mixture was filtered. ' The
organic phase was washed with :aturated agueous NaHCQB
(25 mL) and w;th brine (25 mL). It was then dried and
evaporated. The residue was distilled (bp 72°C, 3 mm)
and subjected to flash chromatography over silica gel
(2 x 15rcm)'uith 433:1 héxaﬁE“CHClB_ Appropriate
fractiéﬁs wereicambinﬁd and Kugelf@h:rdistillatien (bp
72‘22 3 mm) gave Egg (777 ﬁg, 38%) as g homogeneous (TLC,
silicéigegii 433:1 hexane—CHC1 3) éulau:less_liqgids
IR (CDCl;) 1662 cm '; NMR (CDC1,, 100 MHz) 6 0.22 (s), 2
1.1—2.1 (m, 6.H), 2.7—2.98 (br, s, 1 H), 4.7—5.1 (m,
3 éf. 5.56—5.96 (m, 2 H); exait mass m/e 196.1276 (calcd
for C,,H, 0Si, m/e 196.1283). Anal. Calcd for Cy1Hy0Sis
C, 67.28; H, 10.27. Found: C, 67.46; H, 10.25.
Satisfactory O or Si analyses could notr be obtained.

The experiment was repeated by a procedure involving the

use of a sgtaljtis amount of Cu(i)1135 but the yield was
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not improved significantly.

[3- (l-HEthylethenyl) l*cyclahexen l—yl)axy]t:imethyll;lan%
n -

136

63a

A féw drops of 2-bromopropene were added to magnesium
(537 mg, 22.1 mmol), THF (15 mL), and a crystal of iodine.
When the Grignard reaction 4iad started, more 2- -bromopropene
(total used = 3.66 g, 30. §r§hg1) in THF (5 mL + 1 mL
rinse) was added over 13 min and the reaction mixture was
then refl?ied for 15 min.. It was diluted with THF (15 ;L)
and cooled to 0°C. Anhydrous Cu(I)I (210 mg, 1.10 mmol)
was added and a solution of cyclag;xiisengne (1.00 g,
10.4 rmol) in THF (14 mL + 1 mL rMmse) was injected over
a 10 min period while stirring. The resulting mixture - .
was stirred at 0°C for an additiodal 1 h and the experi-
ment was eompletéd as for the preparation of 6la but at

0°C (instead af -60°C), using He35;c1 (3.20 mL, 25.2 mmol),

HMPA (E 60 mL), and EtBN (4. 73 mL, 33 9 mmal). After

it

being allowed to warm to room temperature for 2 h, the
mixturg was shaken in a sépa:g;ary fungel-ccntgining
pentane (100 mL) and aqueous NH,C1 (10% w/w, 50 mL). ‘The
aquéeous 13ye§ was extracted with Etza (2 x 25 mL) and the
i:@mhined pentane—Et,0 extracts were dried, evaporated,

N
and distilled to afford 63a (1.89 g, 86%) as a colorless,



—

homogeneous (TLC, silica gel, 433411igxanei?CHC1 ) liquid,

better than 98% pure by vPC analysis: bp 84°C (2.9 mm):

IR (film) 1

662 cm~L; NMR (cnc13. 100 MHz) § 0.2 (s). 24

1.24—2.2 (m, 9 H), 2.7—2.95 (br, 1 H), 4,66—4.82 (m,

3 H); exact

,4&ﬁ.1439).

mass m/e 210.1438 (calcd for Clz zzcs;, m/e

Anal. Calcd for 0123220515 C, 68.51; H,

10.54. Found: cC, 68.59, H, 10.60. satisfactory O and

Si analyses could not be obtained.

-

2-(l-H?d;oiy-z-methylselenoethyl)-4-teft§butylcyclﬁxandnefQ

4

s

3

A f**‘ “

The procedure for 66b was followed using butyllithium

(1.20 mL, 1.

52 M, hexane solution, 1.82 mmol),

diisopropylamige (277 mg, 2.73 mmol) in Et,0 (6 mL),

4-tert-butylcgxclohexanone (252 ng, 1.82 mmal) in Etza

(4 mL + 1 mL nse), chlorodibutylborane (294 mg,.1l.82

mmol) in Et

(250°mg, 1.

20 (6 mL + 1 mL rinse), methylEEIEHQacetaldehyde

82 mmol) in EtZO (7 mL + 1 mL rinse) and .

triméthylamjine N-oxide (411 mg, 5.47 mmol) in MeOH (7 mL +

2 mL rinse).

o
was flash ¢

- The solvent was evaporated and the residue ‘

hromatographed (twice) over silica gel (2 x 15 cm)

with 5:1 heptane~—EtOAc to give theyheraxyketcne(187mg;33§)

as a homogeneous (TLC, silica gel, 5:1 heptane—EtOAc)

oil: IR (film) 1710 om-l; NMR (éoc13, 200 MHz) § 0.88

and 0.90 (s

» 9 H), 1.16—1.70 (m, 4 H), 1.91—2.22 (m,
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incorporating two singlets at § 2.00 and & 2.02, 5 H),

»

.24—2.88 (m, 5 H), 4.09—4.23 (m, 1 H).

\
2- (1-Hydroxy-2-diethylphosphgnoethyl)cyclohexanone.
o J - ,

wJ

72] wag followed using ié:dum-

The procedure for

propylethylamine (266 mg, 2.06 mmol) in Etzﬂ (1 mL + 1 mL

rinse), dibutylboron triflate (512 mg,.IZSE mmol) in

E§,0 (3 mL), cyclohexanone (183 mg, 1.86 mmol) in Et,0

(22mL + 1 mL rinse), 58 (349 mg, 1.94 mmol) in Et,0

(2’mL + 1 mL rinse) and trimethylamine N-oxide (422 mg,

5.52 .mmol) in MeOH (2 mL + 1 mL rinse). The mixture

was evaporated and chromatographed over silica gel (2x 60cm)
with EtOAc to give the hydroxyketone (196 mg, 35%) as a homo-

genecus (TLC, silica gel, EtOAc) oil which solidified 7
on standing: mp, 165°C (decomposed); IR (fiim) 1708 :ﬁilé ?‘
NMR (CD,0D, 200 MHz) 6§ 1.23-1.38 (m, 6 H), 1.48—2.70

(m, 11 H), 4.00—4.22 (m, 4H), 4.24—4.43 (m, 1H); exact

mass, m/e 278.1292 (calcd for C,,H,305P, m/e 278.1283).

2-(l-Hydroxy-2-phenylselencethyl)-2-methylcyclohexanone 60b.

) Via the silyl enol ether: Methyllithium (1.47 M,
Et,0 salution, 1.71 mL, 2.51 mmol) was injected at room
temperature into a stirred solution of the silyl enol ‘\‘
ether 60a®® (463 mg, 2.51 mmol) in Et,0 (6 mL). After a

£ 1.5 h the mixture was cooled to 0°C and

further period ¢
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ZnCl, (1.82 mL of a saturated Et20 solution, 63a 1.26 mmol)
was added dropwise. The mixture was left for 10 min at
: §
0°C and phenylselencacetaldehyde (500 mg, 2.51 mmol) in

Etzé (2;5 mL + 0.5 mL rinse) was injected rapidly (main

portion added over ca. 3 sec). The sixture was stirred
for a further 5 min and was then shaken wi;h agqueous NH4C1
(10% w/w, 10 mL). The‘EEZD layer was washed with saturated
agueoug ﬁaHEDS (10 mL) and with brine (10 mL). It was
then dried and evaporated. Flash chromatography over
silica gel (5 x 15 cm) with 4:1 heptane—EtOAc gave 60b
(745 mg; 95%) as a pale yellow §é}j>mixture of diastereo-
isomers [ca. 59:41 (NHR)i which were partially resolvable
by TLC (4:1 heptane—EtOAc): IR (CDCl,) 1693 cm™}; NMR
(CDClg, 200 MHz) 6il.11 (s, 1.24H), 1.20 (s, 1.81lH),
1.50—3.18 (m, 11H), 3.96~—4.10 (m, 1H), 7.18—7.38 (m,
3H), 7.48—7.64 (m, 2H); exact mass m/e 312.0627 (calcd
for ¢, H,,0,%%e, m/e 312.0629). anal. calcd for
CycH,,0,8e: C, 57.88; H, 6.48; O, 10.28. Found: c,

1582092
57.97; H, 6.44; O, 10.40>

The oil partially crystallized upon gtﬁrage at ca.

-20°C. Dissolution of the é;terial in the minimum volume
of bciling 10:1 heptane—EtOAc gave a solution which
dép@sited the grystalline isomer [containing less than 3
mole % of the liquid isomer (NMR)}: mp 78—80°C; IR

(CDC1,) 1708—1690 cm™l; NMR (CDC1,, 200 MHz) 1.20 (s,
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3H), 1.54—2.04 (m, 6H), 2.24—2.60 (m, 3H), 2.84—3.16
(m, 2H), 4.01 (dd, J = 10.5, 2.7 Hz, 1H), 7.22—7.36 (m,
3H), 7.50—7.62 (m, 2H) ; exact mass m/e 312.0627 (calcd
for ¢, ¢H,00,%%e, m/e 312.0629). Anal. Calcd for
€15M20025% C, 57.88; H, 6.48; 0, 10.28. Found: c,
57.57; H, 6.53; 0, 9.99.

The proportion of the crystalline isomer varied from

run to rurr and sometimes it was nearly the exclusive product.

b) Via the enol borinate: Lithium diisopropylamide
was prepared following the procedure fcr‘gég using
butyllithium (357 mL, 1.52 M hexane solttion, 5.42 mmol)
and diisopropylamine (548 mg, 5.42 mmol) in Etzé (18 mL) .
The solution was cooled to -78*C and 2-methylcyclohexanone
(1.22 g, 10.8 mmcl)!in Et,0 (12 mL + 2 mL rinse) was
added rapidly. The solution was warmed to room temperature
and stirred for 1 h. After ccal}ng to =-20°C the condensa-
tion with Phenylselenocacetaldehyde was! accomplished
following the procedure for 66b, using chlorodibutylborane
(870 mg, 5.42 mmol) in Et,0 (l?&mL + 4 mL rinse), phenyl-
selenéacetaldehyde (1.08 g, 5.42 mmol) in Et,0 (20 mL +
4 mL rinse) and trimethylamine N-oxide (1.22 g, 16.3 mmol)
in MeOH (20 mL + 7 mL rinse). Flash chromatography
(twice) over silica gel (5 x 15 cm) with 4:1 heptane—EtOAc
gave a 5.2:1 mixture (NMR) of 60b and 73b (787 mg, 46%)
as a mixture of diastereocisomers (three spots TLC, 4:}4

%
=



heptane—Etoac).

3-Etheny1—2-(l-hydroxy-z-phenylselenoethyl)-Z—methylcyclo-

pPentanone 61b.

The reaction was carried out exactly as for the
pr@paration of 60b using methyllithium (1.80 M, Et,0
solution, 0.72 mL, 1.30 mmol), silyl enol ether 6la (255'
mg, 1.30 mmol) in Etzo (10 mL), chl2 (0.94 ?L of a
saturated Etzo solution, 0.65 mmol) and Phenylselencacet-
aldehyde (259 mg, 1.30 mmol) in Et,0 (3 mL + 1 mL rinse).
Flash chromatography over silica gel (5 x 20 cm) with 9:1
heptane—EtoOAc gave 61b as two apparently homogeneous
(TLC, silica ;el, 9:1 heptane—EtoAc) selenides of combined N
weight 352 mg (83%)., The material of higher Re (255 mg,

60%) was an 0il: IR (€DC1,) 1732 em™! (broad); nMr

(CDCl,, 200 MHz) § 0.95 (s, 3H), 1.62—2.50 (m, 4H),
2.90—3.32 (m, 4H5, 3.68 (dd, J = 10, 4 Hz, 1H), 5.04—

5.15 (m, 2H), 5.71—5.92 (m, 1H), 7.22—7.32 (m, 3m),
7.44—%.58 (m, 2H); 13¢ Nmm (CDCl;, 50.32 MHz) § 13.5,

24.9, 31.7, 38.0, 46.8, 54.6, 73.6, 116.9, 127.1, 129.1,
129.5, 132.7, 137.4, 222.3; exact mass m/e 324.0632 (calcd.
‘for CléﬂzoOZSOSe, m/e 324.0638). Anal. Calcd for

C1.682002$e:. C, 59.44; H, 6.24;'0,9.90. Found; c, 59’.57;»: € o

H, 6.25; 0, 9.84.



The material of lower Ry (97.1 mg, 234) -Qligif%fgxg!

when stored At -20°C: mp 88—89°C (from 10:1 hexane™—

Etoac) ;137 1R (€oCl,) 1738 cm™l; NMr (CDC1,, 200 Muz)

6§ 0.89 (s, 3H), 1.48—2.48 fm. 4H), 2.60—2.80 (Eraaé,
. . v s . . - 9 . - . _
8, 1H), 2.93 (4d, J = 12.0, 12.8 Hz, 1H), 3.12—3.28 (m,

2H), 3.84 (broad d, J = 12 Hz, 1H), 5.08—5.26 (m, 2H)),

5.76—5.98 (m, 1H), 7.16—7.32 (m, 3H), 7.40—7.56 (m,

20); 13c NMR (cDC1,, 50.32 mHz) 14.7, 25.6, 32.5, 38.0,

43&71 55ilp 74;3( lléigj 127;4, 129i3g 132;Sr 138§Bi 221-2;
exact mass m/e 324.0628 (caled for ElEHEDGEEOEEJ m/e

324.0630). Anal. calcd for clEH GESEz C, 59.44; H,

20
6.24; 0, 9.90. Found: C, 59.45; H, 6.23; O, 9.97.
'

3-Etheny1§2-(1-hydrcxy§2-phEﬁylselenceﬁhgl)cyclahexanane 62b.

The reaction was carried out exactly as for the

m
[ %]

preparation of 60b uging methyllithium (1.75 M, Et.O

. X
solution, 1.98 mL, 3.46 mmol)," silyl enol ether 6

(680 mg, 3.46 mmol) in Etzb (10 mL), ZnCl, (2.51 mL of a . y
saturated Et,0 solution, 1.73 mmol) and phenylseleno-
acetaldehyde (689 mg, 3.46 mmol) in Eézg (3 mL'+ 1 mL

rinse). Flash chromatography over silica gel (5 x 15 cm)
with 5:1 heptane—EtOAc gave 62b as two apparently 138
homéggieeus (TLC, silica gel, 5:1 heptane—EtOAc) selenides

of combined weight 1.01 -] (Béi)i The material of higher

Re (619 mg, 55¢) was an oil: IR (CDCl,) 1692 em™l,



NMR (CDCljg 200 MHz) & 1.45—2.34 (m, 6H), 2.52—2.76 (m,
2H), 3.10—3.45 (m, 3H), 3.79 (broad dd, J = 16.8, 9.7
Hz, 1H), 4.93—5.18 (m, 2H), 5.47—5.69 (m, 1H), 7.15—7.39
(m, 3H), 7.41—7.69 (m, 2m); '3c NMR (cDC1,, 50.32 MHz)
6§ 26.2, 32.3, 32.7, 43.0, 47.3, 55.9, 70.3, 116.5, 127.1,
1292, 129-5; 132.8, 139.9, 214.6; exact mass m/e 324 0628
(calcd for c,H, 0,%%e, m/e 324.0628). anal. caled for
C16HZDQESE‘ C, 59.44; H, Sizi;‘Q, 9;9@; Found: (C,
59.62; H, 6.20; 0, 9.78.

The material of lower Rf (393 mg, 35%) crystallized
on sgbrage at -20°C; mp 46.5—47°C (from 10:1 heptane— .

- EtOAc) ;
§ 1.48—2.14 (m, 4H), 2.16—2.58 (m, 3H), 2.66 (broad dad,

J =10, 5.2 Hz, 1H), 2.88-—3.46 (m, 3H), 3.88—4.16 (m,

N

1H), 4.90—5.06 (m, 2H), 5.54—5.78 (m, 1H), 7.18—7.40
(m, 3H), 7.42--7.74 (m, 2H); 13c NMR (cDCl,, 50.32 MHz)

§ 24.6, 31.8, 32. S 41.9, 45.3, 58. 5"69 92, 115.8, 127 1, ’
129.0, 133.2, 140.2, 212.8; exact mass m/e 324.0627 (calecd ;

() e 1 v e
for CIEHzoC)2 Se, m/e 324.0628). Anal. caled for

C16 ZOQESE' C, 59.44; H, 6.24;. 0, 9.90. Found: C,

59.65: H, 6.16; O, 9.80. ; -

Direct Candensatlan of Phanylselenaacetaldehyaé to ’ivé 62b .

The initial stages employed for 6la were fgllawed gﬁ”\

uling VLDylmagnesium brcmide (17.4 mL, 0. 68 M in THF,
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, . 3
11.8 mmol), Cu(I)f (1.22'g, 6.43 mmol) .and cyclohex-2-

enone (500 mg, 5.20 mmol). After addition of the€ ketone
the mixture was stirred fdr~45 min at -30°C. I« was then
warmed to 0°C (10 min) a;d phenylselenoacetal@ehyde

(1.04 g, 5.22 mmol) in THF (4 mL + \ mL riiij) was injected

rapidly. The solution was stirred for 5 wjip”and worked

t
ap as for 62b. Flash chromatography of thé product
ovex'silica_gel (5 x 15 ém) with 4:1 heptane—EtOAc gave
232 (1.{0 gé 71%) as a'mixture of diastereoisomers which
still contained iﬁpug..ﬂcs (TLC, silica gel, 4:1 heptane—
EFOAC). Further attempts to purify the product by

chromatography were unsuccessful.

2—(l-Hydfoxy-Z-phenylselenoethyl)-3-(1 methylethenyl) -

cyclohexanone 63b.

The reaction was carried out exactly as fér the
preparation of 60b using methyllithium (1.75 M, Eté@
solutién, 2.72 mL, 4.75 mmol), silyl enol ether 63a (1.00
g, 4.75 mmol) in'Etzo (11 mL), 2znCl, (3.45 mL of a
é;turated Et20 solution, 2.38B mmol) and phenylselencacet-
aldehyde (946 mg, 4.75 mmol) in Etzo (4 mL + 2 mL rinse).
Flash chromatography over silica gel (5 x 20 cm) with
5:1 heptane—EtOAc gave 63b as two apparently homogeneous 7
(TLC, .silica gel, 5:1 heptane—EtOAc) selenides of cambined‘

weight 1.43 g (89%). The material of higher Rf (907 mg,
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56%) crystallized on storage at -20°C: mp 30—31°C (fram

hexane); IR (£film) 1693 cm l; NMR (d5-DMSO, 200 MHz)

coupling at &§ 1.64, 7H), 2.10—2.34 (m, 2H), 2.54—2.74 (m,
2H), 3.10—3.38 (m, 2H), 3.73 (broad g of d, J =.6.7,

2.5 Hz, 1H), 4.66—4.83 (m, 3H), 7.18—7.3%¥m, 3H),

7.40—7.58 (m, 2H); 13C NMR (CDC13, 50.32 Myz) & 18.2,

26.5, 31.1, 32.3, 43.1, 50.7, 53.9, 70.5, 113.5, 126.9,

129.2, 129.9, 132.3, 144.9, 215.6; exact mass m/e 338.0784

(calcd for C17H2202805e, m/e 338.0784). Anal. Calcd for

C17H220288: C, 60.53; H, 6.57; O, 9.49. Found: C, 60.49;

-y
H, 6.60; O, 9.48.
The material of lower Rf (5?3 mg, 33%) also crystal:axk

lized on storage at -20°C; mp 40—41°C (from hexane); IR ﬂis\ax

(£ilm) 1697'cm-1; NMR (CDC13, 200 MHz) 6§ 1.52—1.90 (m,

including a singlet broadened by unresolved coupling at
§ 1.70, 6H), 1.92—2.12 (m, 1lH), 2.17—2.53 (m, 3H),
2.83 (48, J = 12, 4.8 Hz, 1lH), 2.96—3.43 (m, 3H), 3.72—

3.92 (m, 1H), 4.68—4.78 (m, 2H), 7.19—7.36 (m, 3H),

13

7.46—7.62 (m, 2H); C NMR (QDC13, 50.32 MHz) 6§ 18.3,

~24.9, 30.9, 32.2, 42.2, 49.0, 56.6, 70.0, 113.2, 127.0,

129.0, 130.0, 133.2, 145.0, 213.4; exact mass, m/g 338.0784
80

171220,

17H2202$e:"C. 60.53; H, 6.57; O, 9.49. Found:

C, 60.27; H, 6.52; 0, 9.45.

(calcd for C Se, m/e 338.0784). Anal. Calcd

for C

~



2,5-Dimethyl-2-(1-hydroxy-2-phenylselenoethyl)cyclohexanone

| W

o
o

4

Butyllithium (1.52 M, hexane solution, 2.48 mL, 3.77
mmol) was injected érapwise at -78°C into a stifred solu-
tion of diisopropylamine (572 mg, 5.65 mmol) in Et,0
(15'mL) containing 2 few mg of 2,2'-dipyridyl. After-
stirring for 30 min 2,6-dimethylcyclohexanone (as a
mixture of isomers, 480 mg, 3.78 mmol) in Et,0 (6 mL +
2 mL rinse) was added over é 15 min period. Stirring
was continued for 30 min and the mixture was then allowed
to warm to 0°C over about 30 min. 2Zinc chloride (2.73

mL of a saturated Et,O0 solution, 1.88 mmol) was added

2
dropwise. Stirring at 0°C was continued for 10 min and

phenylse;encacetaldehyde (787 mg, 3.96 mmol) in Etzé

(4 mL + 2 mL rinse) was injected rapidly (main portion

added over ca. sec) The mixture was stirred 5 min

:
M‘
W
m
2

and worked up as for 60b. Flash chromatography gvér
silica gel (5 x 15 cm) with 4:1 heptane—EtOAc gave 64b ®
(1L.10 g, 89%) as a mixture of diastereoisomers that were
partially resolvable by TLC (silica gel, 4:1 heptane-—

EtOAc): IR (film) 1703 cm 1

; NMR (CDCl,, 200 MHz) §
0.85—1.09 (m, 6R), 1.15—2.1 (m, 6H), 2.48—3.3 (m, 4H),
4—4.2 (m, 1H), 7.2—7.38 (m, 3H), 7.45—7.62 (m, 2H);

13c NMR (CDC1;, 100.61 MHz) 6 15.1, 17.1, 20.7, 32.5, 36.0,

37.7, 41.6, 52.7, 72.6, 127.7, 129.4, 133.4, 214.5.

L]



Signals due to a minor isomer Wesent at § 15.0,
l16.7, 20.3, 33.2, 35.9, 36.7, .8, 70.9, 133.7; exact
mass, m/e 326.0786 (calcd for C16H22028052, m/e 326.0785).

Anal. Calcd for C16§22028e: +C, 59.08; H, 6.82; 0, 9.84.

'Fourjd: C, 59.02; H, 6.78; O, X.SG. -
‘ -

2—(l-Hydroxy—Z-phenilselenoethyl)-2,5,S-trimethy;cycla—

hexanone 65b.

Butyllithium (1454 M, hexane solution, 2.45 mL, 3.77
mmol) was injected dropwise aé -78°C into a étir:e&
solution of diisopropylamine (572 mg, 5.65 mmol) in EtZD
(15 mL) containing a feW'mg.of 2,2'-dipyridyl. The
solﬁtion was kept for 30 min, then warmed to -30°C and
stirred for 30 min. 2,2,6-Trimethylcyclohexanone (528
mg, 3.77 mmol) in Et20 (6:mL + 2 mL rinse) was added
~over 15 min. The reaction mixture was kept at -30°C for
1.25 h and was then warmed to 0°C over 30 min_ Zinc
chloride (2.73 mL of a saturated Et,0 solution, 1.88 mmol)
was added dropwise and stirring at 0°C was continued for
5 min. Phenylselenocacetaldehyde (750 mg, 3.77 mmol) in
Etzo (4 mL + 2 mL rinse) was injécted rapidly (main p@fti@nl
added over ca. 3 sec). The mixture was stirred 5 min and
worked up as for 60b. Flash chromatography over silica
gel (5 x 15 cm) with 4:1 heptane—EtOAc gave 65b (966 mg,
75%) as a mixture [73:27 (NMR)] of diastereaiscm;rs thagi
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were nag resolved by TLC (silica gel, 4;l heptane—EtOAc) :
IR (£ilm) 1689 cm™l; NMR (CDC1,, 200 MHz) 6 1.03 (s, 0.8H),
1.07 (s, 2.2H), .11 (s, 0.8H), 1.13 (s, 0.8H), 1.15 (s,
2.2H), 1.22 (s, 2.2H), 1.42—2.14 (m, 6H), 2.72—2.95
(m, 0.5H), 2.96—3.14 (m, 1.5H), 3.56—3.78 (broad s,

1H), 3.83~—4.06 (m, 1H), 7.17—7.34 (m, 3H), 7.43—7.60
80

{m, 2H):; exact mass, m/e 340.0933 (calcd for Cl7H24Gr Se,

2
m/e -340.0942). Anal. Calcd for CI7H24DESE§ C, 60*l7;.

H, 7.13; O, 9.43. Found: C, 60.19; H, 7.18; O, 9.34.

2-(1-Hydroxy-2-phenylselenoethyl)cyclohexanone 66b.

LDA was prepared as in the synthesis of 65b using
. 222
butyllithium (1.52 M, hexane solution, 3.74 mL, S_Esimmel) -

and diisopropylamine (864 mg, 8.54 mmol) in Etzc (18 mL)
containing a few mg of 2,2'-dipyridyl. The solution was
warmed to -20°C over 30 min and cyclohexanone (560 mg,
5.70 mmol) in Et,0 (10 mi + 4 mL rinse) was injected over
15 min. Chlorodibutyl borane’3? (915 mg, 5.70 mmol) in
Et,0 (14 mL + 7 mL rinse) was added over 3 min and the
solution was stirred for 1 h. Phenylselenoacetaldehyde
(1.13 g, 5.69 mmol) in Et,0 (18 mL + 6 mL rinse) was
added at -30°C at a fast dropwise rate and stirring at
-30°C was continued for 2 h. The mixture was.then cooled

69

to -78°C and trimethylamine N-oxide" (1.28 g, 17.1 \

mmol) in MeOH (27 mL) was injected drcpwisé. The cold- ;ﬁ\\
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bath was removed and stirring was continued overnight.
The mixtuye was evapdrated and flash chromatography (twice)

over silica gel $5 X 15 cm) with 5:1 heptane—EtOAc gave

66b (1.33 g, 78%) as an apparently homogeneouslia (TLC,

silica gel, 5:1 heptane—EtOAc) oil: IR (film) 1704 cm };

NMR (CDC13, 200 MHz) &6 1.38—2.47 (m, 9H), 2.49—2.79
(m, 1H), 2.97—3.35 (m, 2H), 3.85—4.01 (m, 0.6H), ‘4.13—

4.28 (m, 0.4H), 7.21—7.39 (m, 3H), 7.47—7.67 (m, 2H);

exact mass, m/e 298.0481 (calcd for C14H18028052. m/e

.298.0472). Anal. Calcd for C14H18025e: Ce 56.57; H,

6.10; O, 10.76. Found: C, 56.80; H, 6.26; O, 10.61.

3-Etheny1-2-(l-hydioxy-z-phenylselenoethyl)cycl@cstaﬁcne

67b.141
Anhydrous Cu(I)ﬂ)(3.85 g, 16.2 mmol) was added from
a side-arm addition tube to a magnetically stirred solu-
tion of vinylmagnesium bromide (1.28 M, THF solution,

25.3 mL, 32.4 mmol) at -5°C. The ice- h was immediately

replaced by an acetone dry-ice bath a§ -45°C. Cyclo-

142

octenoﬁz 2.5 mL + 0.5 mL

(2.01 g, 16.2 mmol) in Et,0
rinse) was injected dropwise over 2 min and the mixture

was kept 2 h at -45°C. It was then brought to ic¢e-bath
teﬁperature (over about 10 min) and phenylselenocacetaldehyde
(3.21 g, 16.2 mmol) in Et,0 (12 mL + 1 mL rinse) was

injected rapidly (main fraction added over ca. 1l0s8ec).

s '



r - e 1>2°0

Stirring was continued for 5 min and the mixture was

partitioned between saturated aqueous NH,Cl (150 mL)

‘ T

and Et,0 (1 x 150, 2 x 25 mL). The combined organic
extract was JLshed with brine, dried, and evaporated.
Flash chromatography over silica gel (5 x 25 cm) with

4:1 hexane—EtOAc gave an oily liquid (1.84 g) and
'crystallization from hexane ;fforded 67b (1.42 g, 25%):

mp 58—59°C. 'The mother liquors and the mixed fraotions
from the flash chromatography were evaporated and flash
chromatography (5 x 20 cm) using the above system foilowed
by crystallization provided a further crop (523 mg, 9%)
©f 67b: mp 58.5—59°C. The compound had: IR (CCl,)

1

1705 cm ©; NMR (cDC1 200 MHz) 6 1.18—1.90 (m, 7H),

3'
1.94—2.59 (p, 4H), 2.60—3.00 (broad-s, 1H), 3.16—3.40

(m, 3H), 3.70—3.86 (m, 1H), 4.80—5.06 (m, 2H), 5.48—5.74

13,
(m, 1H), 7.16—7.34 (m, 3H), 7.40—7.56 (m, 2H); 13c NMR

(CDC13, 50.32 MHz) 6 22.8, 23.2, 28.5, 32.5, 33.4, 46.1,

, 46.6, 54.5, 71.3, 115.3, 127.3, 129.0, 133.3, 140.9,

80
1852402 Se.
m/e 352.0941). Anal. Calcd for C,gH,,0,Se: C, 61.53;

H, 6.89; O, 9.11. Found: C, 61.35; H, 6.85; O, 8.96.

° +218.3; exact mass, m/e 352.0936 (calcd for C

2- (1-Hydroxy-2-phenylselencethyl)cyclodecanone 68b.

Apart from the fact that the cyclodecanone was added

over 1.5 h (as opposed to 15 min) the procedure for 65b



was followed using butyllithium (1.40 M, hexane

3.47 mL, 4.86 mmol), diisopropylamine (492 mqg,

in Et.0 (13 mL), cyclodecanone (750.0 mg, 4.86 mmol)

2

Eﬁza (6 mL + 3 mL rinse), Zn 212

Etzc solution, 2.43

(968 mg, 4.86 mmol) in Et,0 (4 mL + 1 mL rinse).

chromatography over silica gel (5 x 15 cm) with 4:1

heptane—EtOAc gave 68b (1.68 g,

(TLC, silica gel,

on standing and was recrystallized from hexane:

45.5°C; IR (film) 1697 cm '; NMR (CDCl,, 200 MHz) §

1.06—1.96 (m, 14H), 2.24—2.50 (m, 1lH),

1H), 2.84—3.24 (m, 4H), 3.63—3.84 (m,

13c wMr (cDC1.,

1H),

(m, 3H), 7.45—7.62 (m, 2H):;

§ 23.3, 24.3, 24.4, 25.3, 25.4, 25.5, 26.3, 33.3, 43
56.2, 71.5, 127.4, 129.3, 133.0, 133.2, 216.9; exact

m/e 354.1098 (calcd for C..H 80

i jlaﬂzsoz SE; m/e 354-1098);

\nal. Caled for 1BHESDZSE C, 51.15; H, 7.42; 0, 9.
Found: C, 61.28; H, 7.50; O, 9.23.

2= (1 Hydrcxy—lﬁmethyl 2—phenylselencethy1)cyclchex \Nno

7.23—7.

3¢ 100.61 MHz) (j??

-9,

soclution,

4.86 mmol)

in

(3.52 mL of a saturated
mmol), and phenylselenocacetaldehyde

Flash
85%) as a homogeneous
4:1 heptane—EtOAc) oil which solidified

mp 44.5—

.63—2.83 (m,

42

MAESs,

06.

ne 69b.

LDA was prepared as described

(0.99 M, hexane solution, 5.15 mL,
amine (772 mg, 7.63 mmol) in Et2D (15

few'mg of 2,2'-dipyridyl.
R

- 65b from butyllithium
5.10 mmol) diigopropyl-
mL) contajining a

The solution was kept at -78°C



for 30 min and then warmed to =30°C over 30 min. Cycle-
hexanone (500 mg, 5.10 mmol) in Et,0 (8 mL + 2 mL rinse)
was added over 10 min. The mixture was stirred for 20
min and then allowed to warm to 0°C over 15 min. Zinc
aaded. stirring was continued for 5 min and pheﬂylselgn§§
acetone '2 (1.09 g, 5.10 mmol) in Et,0 (6 mL + 2 mL rinse)
was injected rapidly (main portion added over ca. 6 sec).
The mixture was stirred for 30 min at 0°C and then worked
up as for 60b. Flash chrama!E§r§ﬁhy over silica gel

(5 x 15 cm) with 10:1 heptane—EtOAc gave 65b (1.06 g,
67%) as a mixture (NMR) of two diastereoisomers that were
Ppartially resolvable by TLC (silica gel, 10:1 heptane—

EtOAc): IR (film) 1692 cm 1; NMR (CDC1l,, 200 MHz) 6
=75

1.29 (s, 1.7H), 1.36 (s, 1.3H), 1.39—2.4 (m, 8H), 2.55—

\

of sharp singlets, 2.46H), 4.18 (s, 0.51H), 7.18—7.35 '
13

2.72 (m, 0.44H), 2.77—2.94 (m, 0.50H), 3.0—3.55 (series

(m, 3H), 7.45—7.7 (m, 2H); C NMR (CDCl,, 50.23 MHz) §

3
24.5, 24.8, 25.1, 25.4, 27.9, 28.2, 29.5, 29.6, 39.9, ’/

43.2, 43.4, 56.3, 58.5, 73.8, 126.9, 129.1, 129.5, 132.7,

132.9, 214.0, 216.1; exact mass, m/e Sf}?OEsl (calcd for

_ 80 - e -
’ISHZOD Se, m/e 312.0629). Anal. Calcd for

C, 57.88; H, 6.48; 0, 10.28. Found: C, 57.88; H, 6.48;

0, 10.31.

[ %]
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- 4= Hydraxy-s (phenylselena)pentanii—cne 72b.

N,N-Diisopropylethylamine (165 mg, 1.28 mmol) in

(1 mL +!D.5 ml, rinse) was added to a stirred solution

tz =
of dibutylboron triflate®®® (318 mg, 1.23 mmol) in Et,0 .
at -78°C according to the literature pf@cedure.ﬁsa‘tinry

m
D\

acetBne'®? (67.4 mg, 1.16 mmol) in Et,0 (2 mL + 1 mL
rinse) was added and the mixture was stirred for 30 min

at -78°C. Phenylselencacetaldehyde (231 mg, 1.16 mmol)

in EtzD (2 mL + 1 mL rinse) was then ;njéeteﬂ and the

(]

mixture was stirred for 2 h at -J8°C. A solution o
trimethylamine N-oxide®® (262 mg, 3.49 #mol) in MeOH -
(2 mL + 1 mL rinse) was then added dropwise and after _
30 min the cold bath was remaved and the mixture was

stirred overnight. The solution was evaporated g%d
chromatographed over silica gel (2 x 60 cm) with EtOAc

to give 72b (236 mg, 79%) as a homogeneous (TLC, silica

gel, EtOAC) oil: IR (film) 1712 cm™; NMR (CDCl,, 200

MHZ) 5 2.12 (s, 3H), 2.60—2.85 (m, 2H), 2.93—3.13 (m,

28), 3 26 (gkuaé s, 1H), 4.06-—4)24 {(m, 1H), 7. 25;_7 34

(m, 3H), 7.46—7.59 (m, 2H); 3¢ NMR (cpel 4, Liiﬁs MHz)

5, 30.7, 34.8, 49.0, 67.0, 127.4, 129.4, 132.9, 208.6;

exact mags, m/e 258.0160 (calcd for cll l4628o53. m/e '

258.0159). Anal. Calcd 'for C;H,,0,Se: C, 51.37; H,
, 5¢51; O, 12.52.

5.49; O, 12.44. Found: C, 51.61;

DU -
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2-(1-Hydroxy-2-phenylselenoethyl)6-methylcyclohexanone 73b.

Butyllithium (1.32 mL, 1.35 M hexane solution, 1.78

- mmol) wasgs added dropwise to a stirred solution of

opropylamine (271 mg, 2.68 mmol)® in Etzo (6 mL) at

7
[ o
oot
/. T

~]
o0

°C. The solution (which contained 2 mg of a,a'-bi-
pPyridyl) was stirred at -78°C (10 min) and then at -30°C
(30 min). The mixture was cooled to -78°C and 2-methyl-

cyclohexanone (200 mg, 1.78 mmol) in Et,0 (3.5 mL + 1 mL

‘rinse) was added dropwise over a period of 30 min. The

solution was stirred for an additional 10 min befor

,,,,,,,,,, 20 (4.5

mL + 2 mL rinse)--was addedi“The solution was then stir-

and for 1 h at -30°C. After

2

for 15 min at -78°

(]

re-cooling the mixturerta -78°C, phenylselenocacetaldehyde
(355 mg, 1.78 mmol) in EtZD (6 mL + 2 mL rinse) was
injected and stirring was continued for 2_hbhefore
trimethylamine N-oxide (402 mg, 5.35 mmol) in MeOH (7 'mL
+ 2 mL rinse) was added. The cold bath was removed and
the mixture was allowed to warm to room temperature
vernight. After solvent evaporation, the residue was
dissolved in pentane (50 mL) and the resulting solution
was washed with saturaﬁgﬂ aqueous HaHCDZ {50 mL) and
brine (50 mL) and was then é:iea, Solvent evaporation
and ch:aggtagrgphy (twice) over silica gel (2 x 15 cm)

with 4:1 heptane—EtOAc gave 73b (234 mg, 42%) as a

—
~N



mixture of diastereeiscme:s (two spots by TLC, silica
-1

gel, 4:1 heptane—EtOAc): IR (film) 1700 cm ~; NMR
(cpCl,, 200 MHz) & 0.95 (‘E-/r?
6.4 Hz), 1.08 (d, J = 7.0 Hz), 1.09 (d, J = 7.0 Hz)

6.4 Hz), 0.96 (4, J =

total integration, 3H; 1.04—2.46 (m, 7H), 2.48—2.79"
7.42 (m, 3H), 7.46—7.68 (m, 2H); exact mass, m/e

80 .
312.0623 (calcd for ClS ZDDZ Se,sm/e 312.0628).

Treatment of 66b with Et;N and SOCl,. 75

(2 mL) at room temperature. IQ}ényl chloride (60.8 mg,
0.510 mmol) in CH,Cl, (1 mL + i mL rimse) was added . ' ‘
| dropwise to the solution and stirring was continued
overnight. The mixture was poured into CH2C12 (20 mL) ‘gaﬁj'
and the resulting solution was washed with saturated b
aqueous NaHCO, (20 mL) and brine (20 mL) andlﬁas then
dried. Evaporation of the solvent gave a residue contain-
ing the desired 2-ethenylcyclohexanone (NMR). Attempts
to purify the product however, were unsuccessful.

' Experiments similar to the one above, emplcylﬁg
low temperature (-20°C) or bases such asg pyrld;ne or
'N,N-diisopropylethylamine instead of Et,N were also
unsuccessful. While the product could be detected (NMR),



=

Treatmen;;ég 66b with butyl1ithium/ﬂai/ﬁ!§l/5@éli,

Butyllithium (0.50 mL, 1.35 M hexane solution, 0.673
mmol) was added dropwise to a stirred solution of 66b

(200 mg, 0.673 mmol) in Et,0 (6 mL) at -30°C. Sodium i

iodide (215 mg, 1.35 mmol) and HMPA (128 mg, 0.714 mmol) -
in MeCN (4 mL + 1 mL rinse) was added and the mixture .

was stirred for 5 min. ~Thionyl chloride (161 mg, 1.35
ﬂﬁ@l) in H;EH (9 mL + 1 mL ri%se) was injected dropwise

into the mixture and the resulting solution was stirred

- ?

for an additional 30 min at -20°C. Tﬁe mixture was

poured into saturated aqueous NaHCDB (20 mL) and extracted
with pe%tane (3 x 20 mL). The pentane extracts were
washed with brine (§EYmL) and dried, fesultiné in a

.Clear yellow solution. Evaporation of the solvent

yielded a residue which decomposed upon standiﬂg. No

olefinic material could be detected (TLC) in the residue.

Treatment of 66b with NaH and

j1o
[

phenylenephosphorochlor-

idite.’

Sodium hydride (16.6 mg, 50% oil disp., 0.346 mmol)
was added in one portion to 66b (103 mg, 0.346 mmol) in
THF (7 mL). The mixture was stirred for 15 min and then

o-phenylenephosphorochloridite (60.4 mg, 0.346 mmol) jn
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THF (3 mL + 1 mL rinse) was added dropwise. Thé mixture
was stirred at room temperature for 18 h. None of the

desired olefinic material was formed (TLC‘caﬁtr?l);

Treatment of 60b with H§351C1 and NaI.

O

Sodium iodide (58.1 mg, 0.388 mmol) in MeCN (2 mL
+ 1 mL rinse) was adfﬁﬁ to 60b (121 mg, 0.388 mmol) in

MeCN (2 mL). The mixture was stirred and 5335121 (84.3

mg, é;??é mmol) in MeCN (2 mL + 1 mL rinse) was aéd§d' -
dropwise at room temperature. The mixture was stirred
for 20 h and then refluxed for 17 h. The reaction was
monitored (TLC) periodically for the formation of 60c.
None was detected.

A similar experiment employing the addition of
pyridine (one éﬁuivaLEﬁt) prior to the additic; of
Me,SiCl was also unsuccessful in producing 60c.
Treatment of 60b with Et,N and:HEBSicl.

Triethylamine (390 mg, 3.21 mmol) was added to a.
stirred solution of 60b (500 mg, 1.61 mmol) in THF (6
mL) at room temperature. Chlorotrimethylsilane (183 mg,
1.68 mmol) in THF (2 mL + 1 mL rinse) was added and the
mixture was stirred for 48 h. The solvent was evaporated
and the residue flash chromatographed over silica gel

(3 x 15 cm) with 4:1 heptane—EtOAc to give 60b' (200 mg,
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0.522 mmol) as a mixture of diastereoisomers (two spots

by TLC, silica gel, 4:1 heptane—EtOAc): IR (film)

1710 cm™'; NMR (CDCl,, 200 MHz) 6 ©.16 (s, 6H), 0.18

(s, 3H), 1.04 (s, 1H), I.14 (s, 2H), 1.52—2.68 (m, 8H),
2.80—3.24 (m, 2H), 4.28—4.42 (m, 1H), 7.16—7.38 (m,
3H), 7.42—7.64 (m, 2H).

Treatment of 66b with 1-(trimethylsilyl)—lg-imidazole.
&

1-(Trimethylsilyl)-1H-imidazole (194 mg, 1.38 mmol)
was added to a stirred solution of 66b (206 mg, Q.693
mmol) in CH,Cl, (10 mL) at foom temperature. The mixture
was stirred overnight, evapbrated and the residue flash
chromatographed over silica gel (2 x 20 cm) with 10:1
heptane—EtOAc. Solvent evaporation gave 66b' (200 mg,
{8%) as a mixture of diastereoisomers (two spotsAby TLC;
silica gel, 10:1 heptane—EtOAc): IR (film) 1710 qp-l;
NMR (CDCl,, 200 MHz) & 0.11 (s, 4,5H), 0.13 (s, 4.5H),
1.42—2.44 (m, 8H), 2.46—2.81 (m, 1H), 2.84—3.30 (m,
2H), 4.18—4.41 (m, 1H), 7.15—7.38 (m, 3H), 7.45—7.64

(m,* 2H). .

Treatment of 66b with Et3N and CF3SOZC1.

Triethylamine (306 mg, 3.02 mmol) was added to 66b
(180 mg, 0.606 mmol) in Cazcl2 (4.5 mL). Trifluoromethane-

sulfonyl chloride (306 mg, 1.82 mmol) in CH2C12 (4 mL +



1l mL rinse) was injected dropwise at roem temperature

over a 15 min period. The mixture was stirred for 1 h
and then filtered through a column of silica gel (1 x 10
Evaporation of the solvents left a

cm) with CHC1,.

esidue which did not contain any olefinic material (NMR).

H

Treatment of 60b with NaH/trifluoroacetic gnﬁydriﬂe/ﬁal_77

sodium hydride (19.7mg, 50% oil disp., 0.411 mmo1l)

- was added in one portion to a stirred s@lgtian of EEE
(128 mé, 0.411 mméls in THF:MeCN (1 mL:1 ﬁL) at room
temperature. After 15 min trifluorocacetic anhydride
(86.3 mg, 0.411 mmol) was added dropwise to the mixture.
After 5 min NaI (245 mg, 1.64 mmol) was added and the
Bolution was stirred for 20 min. The solvent was then
evaporated gné the residue was dissolved in Etzc {50 mL) .
After being washed with aqueous NaHSO ﬁS%i 50 mL),

3
aqueous saturated NaHE@B (50 mL) and brine (50 mL), the

solvent was dried and the Et_O was evaporated. Inspec-

2 N
L 4
, o ) , ) i i
tion of the residue (NMR) revealed none of the desired

product, 60c. .

A similar experiment employing tert-butyllithium
instead of NaH was also unsuccessful.

Treatment of 60b with phenylselenotrimethylsilane.

Phenylselen@t:imethylsilgnel44 (102 mg, 0.445 mmol)

in THF (3 mL + 1 mL r e) was added ,dropwise to a stirred
L]



solution of 60b (116 mg, 0.303 mmol) in THF (4 mL) at
room temperature: The mixture was sﬁirred for 17 h and
monitored (TLCf periodically. Since none of 60c was
detected NaH (14.5 mg, 50% oil disp., 0.303 mmol) was
added and the solution was stirred for 1 h and then

refluxed for 2 h. No olefinic product was detected.
{

Treatment of 60b' with phenylselenotrimethylsilane.

Phenylselenotrimethylsilane (123 mg, 0.533 mmol) in
THF (2 mL + 1 mL rinse) was added dropwise to a stirred
solution of 60b' (146 mg, 0.381 mmol) in THF (4 mL) at
room temperature. The mixture was stirred for 18 h at

—
room temperature and refluxed for 2 h. The reaction

mixture was monitored (TLC) periodically for the forma-

tion of 60c. None was detected.

Treatment of 60b with l-ethyl-2-fluoropyridium tetrafluoro-.

§

gbrate.78
————————— /\v
‘ A mixture of 60b (350 mg, 1.12 mmol). and Et3N (137

mg, 1.34 mmol) in acetonel‘3113 mL + 1 mL rinse) was

added to a.stirred solution of l-ethyl-2-fluoropyridinium
tetrafluoroborate78 . (287 mg, 1.34 mmol) in acetone (1.6
mL) at 0°C. After 2 h LiI (181 mg, 1.38 mmol) was added

in one portion and the mixture was refluxed for 2 h.

2 —

130.



- NaHSO

Since starting material was still present (TLC) the
solution was refluxed for an additional 17 h. The solvent
was then evaporated and the residue was dissolved in Etze
(50 mL). The ethereal solution was washed with aqueous
3 (5% w/w, 50 mL), saturated agueous NaHCO, (50 mL)
and brine (50 mL). The solution was dried and the solvent
wasg evaporated to give a residue which was chromatographed
over silica gel (2 x 10 cm) with CHClB. Kugelrohr
distillation (bp 85°C, 5 mm) afforded 60c (40.0 mg, 26¢145)

as a homogeneous (TLC, silica gel, EHEIB) oil.

1]
[

with 4-N,N-dimethylaminopyridine and

Treatment of 82

5 . - - < - . & 3
carbonochloridothioic acid g§(3§chlgréphenyl)éster.14§

4-§,E—Dimethylamiﬁcgyridiﬁe (357 mg, 2.92 mmol) was
Plgged in a 25 mL round bottomed flask containing gzl47
(214 mg, 0.631 mmol) and carbonochloridothioic acid

O-(3-chlorophenyl)ester (131 mg, 0.631 mmol). The flask

oil bath (110°C). Once éhe mixture melted, the solution
was stirred for 2 h, then cooled. The mixture was
dissolved in Et,0 (50 mL) and the resulting solution
was filtered ané washed with saturated aqueous HQHCDB
(50 mL) and brine (50 mL). After drying the solution
the solvent was evaporated and the residue was distilled

in a Kugelrohr apparatusk(bp 116°C, 15 mm) to give



tzansacycl@dadecenelzg (90.9 mg, 86%).

Treatment of 60b with NaH and carbonochloridothioic” acid

O-(3-chlorophenyl)ester.

Sodium hydride (22.2 mg, 50% oil disp., 0.463 mmol)
was added to a stirred solution of 60b (144.2 mg, 0.463
mmol) in THF (3 mL) at room temperature. After stirring
ester (95.9 mg, 0.463 mmol) in THF (2 mL + 1 mL rinse)
was added and the mixture was monitored (TLC) periodically

for the presence of Egi* A TILC taken 2 h after addition .
of the ester indicated complete decompositiof of t;e
reaction mixture.

An analogous experime§t using 4-N,N-dimethylamino-
pyridine instead of NaH was also unsuccessful in producing
60c.

Treatment of 60b with pyridine and carbonochloridothioic

acid S-phenyl ester.

»
=

Pyridine (45.6 mg, 0.575 mmol) in CH,Cl, (1.5 mL +
0.5 mL rinse) was added to a stirred solution of 60b
Carbonochloridothioic acid S-phenyl este:ligt(ggil mg,
0

.576 mmol) in CHyCl, (2 mL + 1 mL rinse) was then added



dropwise over a 5 min period. ,The mixture was stirred
for 24 h and was monitored (TLC) periodically for the
formation of §0c. None was detected. Refluxing the

‘mixture for 17 h was also unsuccessful in forming the
desired product.
Similar experiments involving the use of

4-N,N-dimethylaminopyridine or ‘NaH instead of pyridine

2-Ethenyl- 2=methylcyclahexancne 502.149

(a) Triethylamine (2.17 mL, 15.6 mmol) was injected
into a stirred solution of 60b [crystalline (low Re)
material] (941 mg, 3.02 mmol) in CH,Cl, (25 mL). Methane-
sulfonyl chloride (1.09 g, 9.49 mmol) in CHECIZ_(S mL +
1l mL rinse) was injected over 1.5 h. The mixture was
stirred for a fufE%er arbitrary period of 10 min and

The mixture was washed

H\

then poured into CEZClz (50 mL).

with ice-cold HC1 (0.1 N, 50 mL), with saturated aqueocus
NaHCO; (50 mL) and finally with brine (50 mL). It was

dried and evaporated and,the residue was distilled twice
in a Kugelrohr apparatus (bp 83°C, 3 mm) to give 60c (344
mg, 82%) as a homogeneous (VPC) oil: IR (film) 1713 em };

NMR (CDCl.,, 200 MHz) 6§ 1.19 (s, 3H), 1.53—2.07 (m, 6H),

3'
2.26—2.63 (m, 2H), 4.95—5.20 (m, 2H), 6.01 (dd, J =

18.4, 12 Hz, 1lH). For analysis the ketone (from a different
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experiment) was converted into its 2, 4-dinitrophenyl-
hydrazone (64% based on 60b): mp 157—158°C (from 95%
EtOH). Exact mass, m/e 318.1325 (caled for C._ O,.,
s l5 B 4 4
m/e 318.1328). Anal. Calcd for C15513H4Q4 C, 56.60;
H, 5.70; N, 17.60. Found: C, 56.48; H, 5.63; N, 17.77.

(b) Use of phosgene: Pyridine (0.11 mL, 1.36 mmol)
was added to the hydroxyselenide 60b [crystalline (low
Re) material], 209 mg, 0.671 mmol) in Et,0 (10 mL). The
solution was cooled to -78°C and COCl, (ca., 80 drops)
was condensed into it. The flask was then closed with
a septum and an exit needle, attached to a bubbler, was
passed through the septum. The mixture was stirred for
18 h, during which period the cold bath attained room
temperaéure. The solvent w&s removed;under water pump
vacuum (protection from moisture) and replaced by dry
MeCN (10 mL). Anhydrous NalI (403 mg, 2.69 mmol) was
added, the mixture was stirred for 18 h and the solvent
was evaporated. The residue was stirred with Et,0 (50
mL) and the flask was rinsed with agqueous Naﬂng (10%
w/w, 5 mL) and with Et,0 (10 mL). These extracts were
mixed and the Etzo layer was separated and washed with
agqueous NaHSO3 (10% w/w, 50 mL), saturated aqueous NaHCO
(50 mL) and brine (50 mL). It was dried and evaporated.
The NMR spectrum (200 MHz) of the residue showed the

presence of 60c (78%, using an internal standard).

Ed
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In a similar experiment the reaction mixture was
refluxed for 30 min after addition of the NaI. After
work up the NMR spectrum (200 MHz) of the residue showed
the presence of 60c (84%, usin§ an internal standard).

2,3-Diethenyl-2-methylcyclopentanone 6lc (From high Re

hydroxyselenide).

a) The procedure for 60c was followed using Et,N
(0.49 mL, 3.54 mmol); 6lb (high R, material, 220 mg, 0.679
mmol) in CH,Cl, (8 mL); Hesazc1 (246 mg, 2.15 mmol) in
CH,Cl, (4 mL + 1 mL rinse, added over 1.5.h); and an
arbitrary reaction period of 1 h. The acid wash used in
the isolation of 60c was omitted from the work-up.
Kugelrohr distillation (twice) (bp 93°C, 3 mm) gave 6lc
(83.8 mg, 82%) as an oil containing ca. 3% of an impurity
(VPC) judged by VPC—mass spectral analysis to be an

isomer (presumably a geometric isomer): IR (CPC1,)

—

1735 ecm ~; NMR (cpCl,, 200 MHz) 6§ 1.00 (s, 3H), 1.73—1.97

2.88 (m, 1H), 5.07—

5.26 (m, 4H), 5.70—5.92 (m, 2H); ,3E NMR (CD213g 50.32

(m, 1H), 2.05—2.57 (m, 3H), 2.71

- |

MHz) 6 16.2, 24.3, 36.5, 49.7, 115.3, 116.6, 136.6, 140.3:
exact mass, m/e 150.1040 (calcd for C10H1 49 m/e 150.1045).
Anal. Calcd for ¢10314°= 'C, 79.96; H, 9.39. Found: /T

C, 80.15; H, 9.40. ' ¢ ’ '

/
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b) Use of phgégeﬁe: The procedure for 60c was followed
1

using 6l1b (high R, material, 193 mg, 0.597 mmol), pyridine

(0.10 mL, 1.28 mmol) and COCl, (ca., 80 drops) in Et,0

(10 mL) and NaI (179 mg, 1.19 mmol) in MeCN (10 mL). The

£y

NMR spectrum (200 MHz) of the residue showed the presence

of 6lc (53%,15D using g? internal standard). !
2,3-Diethenyl-2-methylcyclopentanone 6lc (From low R;

hydroxyselenide).

43N (0.21

mL, 1.47 mmol); 61b (low R, material, 91.1 mg, 0.282

The procedure for 60c was followed using Et

mmol) in CH,Cl, (2.5'mL); MeSO,Cl (102 mg, 0.891 mmol)

in CH,Cl, (2.5 mL + 0.5 mL rinse, added over 1.5 h); and
an arbitrary reaction period of 10 min. The mixture was
poured into 2:1 pentane—Et,0 (75 mL), washed with ice-
cold HC1 (2% w/w, 50 mL), saturated aqueous NaHCO,; (50 mL)
and finally with brine (50 mL). The organic phase was

dried and evaporated. Kugelrohr distillation (twice)

({bp 92°C, 3 mm) gave 6lc (35.7 mg, 84%) as a homogeneous

(TLC, silica gel, 5:1 heptane—EtOAc or silica gel
impregnated with 5% w/w AgNDB, EtOAc) o0il that was better
than 99% pure by VPC: IR (film) 1742 cmgl: exact mass,

m/e 150.1043 (calcd for C O, m/e 150.1044). The

10714
NMR spectrum (200 MHz) was identical to that of material

obtained from the high Re hydroxyselenide.
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g:aﬂs=2;BﬁDiethgnyicyclahe:gnane 62c (From high Rf

hydroxyselenide) . ' .

¢

The procedure for 6lc (low Rf) was followed using

e

. material, 100 mg,

o)

EtBN (0.22 mL, 1.460 mmol); 62b (high R
0.308 mmol) in GHECII (5 mL) ; HESGECI (112 mg, 0.974 mmﬂl)_ ?
: 2 | 2

in CH,Cl, (4 mL + 1 mL rinse, added over 1.5 h); and an

‘ arbitrary reaction period of 1 h. The acid wash used in
the isolation of 6lc (low Rf) was omitted from the work-
up. After evaporation of the organic extract, the residue
was filtered through silica gel (2 x 3.5 cm) using 4:1
hexane—EtOAc. Rﬁgelrahr distillation (50°C, 0.01 mm)
then gave 62c (38 mg, 82%) as an apparently homogeneous
(TLC, silica gel, 4:1 heptane—EtOAc) oil. VPC-—mass
spectral analysis of the mixture revealed two components:
62c and an isomer (probably the 2,3-cis isomer), in the

151 |

ratio of 39:1. 62c had: IR (film) 1712 cm ~; NMR

(gbclBi 200 MHz) & 1.54—2.25 (m, 4H), 2.25—2.58 (m,

3H), 2.87 (dd, J = 10.7, 8.5 Hz, 1H), 4.92—S5.13 (m, 3H),

5.22—5.34 fm, 1H), 5.64—5.90 (m, 2H); 17C NMR (CDCl.,

15.08 MHz) 6§ 25.6, 31.1, 41.5, 48.4, 60.4, 115.0, 118.6, °'
134.9, 140.7, 210.6; exact mass, m/e 150.1045 (calcd for
C

Clﬂﬂl'a’ m/e 150.1044). Anal. caled for 210H140= Y

79.96; H, 9.39. Found: C, 79.77; H, -9.49.



trans-z,ngiethgnylcyclahexangig §2§ (From low R,

L]

hydroxyselenide).

~
The procedure for g;gi(lcw Rf) was followed using
Et N (0.41 ﬁi; 2.96 mmol); 62b (low R¢ material, 184 mg,
0.569 mmol) in CH,CI, (5§mL),;HeSG221 (206 mg, 1.80 mmol)
in CH,Cl, (4 mL + 1 mL rinse, added over 1.5 h); and an
arbitrary reaction period of 10 min. After evaporation
of the organic extract, félléwing work-up as described
for 6lc (low Rf{p the residue was chromatographed over
silica gel with 5:1 heptane—EtOAc but this process did
not remove all impurities. Theimaterialf which contained

no conjugated ketone (IR control), was distilled in a

(60.7 mg, 71%). VPC—mass spectral analysis revealed

three isomeric components: 62c, probably its 2,3-cis-isomer,

and 3-ethenyl-2-ethylidenecyclohexanone, in the ratio of

9.3:1:7.4.7°17152 140 nixture had IR (film) 1712, 1689

cﬁfl. The NMR spectrum (CDCl,, 200 MHz) showed inter
alia signals at § 2.87 (44, J = 10.7, 8.5 Hz) and & 6.89
(dg, 3 = 7.5, 1.6 Hz) with areas in the ratio of 1.05:1.

~trans-2-Ethenyl-3-(l-methylethenyl)cyclohexanone 533.533

(From high Rf hydroxyselenide) .

The procedure for 60c was followed using Et,N (0.34

mL, 2.43 mmol); 63b (high R, material, 162 mg, 0.480 mmol)
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in CH,C1, (5 mL); MeSO,Cl (165 mg, 1.44 mmol) in CBZCI2
(4 mL + 1 mL rinse, added over 1.5 h); and an arbitrary
reaction period of 10 min. After the work-up specified
for 60c, the product was distilled twice in a Kugelrohr
apparatus (bp 82°C, 0.1 mm) to yield 63c (70.7 mg, 89%)
as a homogéneous (TLC, silica gel, 4:1 heptane—EtOAc)
0il, better than 99% pure (VPC): IR (film) 1711 em 1;
NMR (CDC13, 200 MHz) § 1.62—1.94 (m, including a singlet
broadened by unresolved coupling at § 1.70, 6H), 2.00—
2.207(m, 1), 2.26~2.57 (m, 3H), 3.01 (34, J = 11.4,

8.8 Hz, 1H), 4.69—4.82 (m, 2H), 4.90—5.24 (m, 2H),
5.59—5.82 (m, 1H); exact mass, m/e 164.1196 (calcd for

O, m/e 164.1201. Anal. Calcd for C,.H,.O0: C, 80.44;

C11836 1116

H, 9.82. PFound: C, 80.30; H, 9.83.

trans-2-(Ethenyl)-3-(l-methylethenyl)cyclohexanone 63c.

. (Rrom low R‘f hydroxyselenide) .

The.procedure for 6lc (low Rf) was followed using
Et3N (0.47 mL, 3.35 mmol); 63b (low Rf material, 227 mg,
0.671 mmol) in CH,Cl, (5 mL); nesozc1 (231 mg, 2.01 mmol)
in C82C12 (4 mL + 1 mL rinse, added’over 1.5 h); and an
arbitrary reaction period of 10 min. After the work—ﬁp
specified for 6lc (low Rf), Kugelrohr distillation (twice)
(bp 55°C, 0.01 mm), column chromatography over silica gel

]
(1 x 15 cm) with 5:1 hexane—EtOAc and redistillation in



.

a Kugelrohr apparatus gave 63c (89 mg, 80%) as a colbrless,
C

homogeneous (TLC, silica gel, 5:1 heptane—EtOAc, or
o .
silica gel impregnated with 5% w/w AgNO,, EtOAc) oil that
4 ;
was better than 98% pu;f~by VPC and spectroscopically

id{ifical with materialr from high Re hydroxyselenide.

\

2,6~-Dimethyl-2-ethenylcyclohexanone 64c.

-f

a), The procedure for 60c was followed using Et,N.
(0.68 mL, 4.85 mmol); 64b (a mixture of diastereomers,
. 304 mg, 0.933 mmol) in CHZCI2 {10 mL); HESGQC1 (338 mqg,
2.95 mmol) in CH,Cl, (4 mL + 1 mL rinse, added over 1.5
h); and an arbitrary reaction period of 10 min. After
the work-up specified for 60c, Kugelrohr distillaticn'i
(twice) (bp 90°C, 3.0 mm) afforded 64c (108 mg, 75%) that
was better than 98% puke (VPC). The sample consisted of
two isomers (VPC——maE;'spectral analysis) in the ratio
of 34.5:1 (VPC) and had IR (film) 1710 em !; NMR (cDCI.,
200 MHz) § 1.00 (d, J = 7.1 Hz, 3H), 1.15 (s, 3H), 1.20—
2.1% (m, 7H), 2.61—2.83 (m, 1H), 4.93—5.21 (m, 2H),
5.91—6.09 (m, 1H); '7C NMR (CDC1,, 50.32 MHz) & 14.9,
22.0, 24.5, 37.0, 40.9, 42.1, S2.4, 115.2, 142.9, 214.3;

exact mass, m/e 152.1195 (calcd for Cloﬁlégi m/e 152.1201. .

Anal. Calcd for C10H16°= C, 78.90; H, 10.59. Found:
e

C, 78.90; H, 10.55.
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b) Use of phosgene: The procedure for 60c was

followed usi 64b (323 mg, 0.994 mmol), pyridine (0.16

mL, 1.99 mmol) and cocl, (ca. B0 drops) in Et,0 (10 mL)

and NaI (298 mg, 1.99 mmol) in MeCN (10 mL). The NMR ; )
spectrum (200 MHz) of the residue showed the presence of

64c (42%, using an internal standard).

el

5¢c.

[+

.2-Ethenyl-2,6,6-trimethylcyclohexanone

a) The procedure for 60c was followed usingaEtBN

(0.78 mL, 5.60 mmol); 65b (mixture of diastereomers,
364 mg, 1.07 mmol) in CHZCl2 (10 mL) ; MeSO,Cl (389 mg,

3.39 mmol) in CH2C12 (4 mL + 1 mL rinse, added over 1.5

h); and an arbitrary reaction period of 10 min. After

the work-up specified for 6Qc, Kugelrohr di!ti¥}3ﬁi§ﬂ //§f<i;g:>

(twice) (bp 93°C, 3.2 mm) gave 65¢c (151 mg, él%) as a

homogeneous (TLC, silica gel, 4:1 heptane—Et®Ac) oil :
" that was better than 99% pure (VPC): IR (film) 1700 gmél;

NMR (CDC1 200 MHz) 6 1.10 (s, 3H), 1.12 (s, 3H), 1.16

3'

6.02 (m, 1H); 13¢ NMR- (CDCl;, 50.32 MHz) & 18.0, 26.8,
27.4, 27.8, 37.4, 40.1, 45.2, 50.9, 113.5, 142.9, 217.1;

exact mass, m/e 106.1356 (calcd for cllﬂlsc' m/e 166.1357).

Anal. Calcd for CllﬂiBO: C, 79.46; H;’ioigli Fgundé

C, 79.31; H, 11.09.



142.

b) Use of phosgene: The procedure for 60c was followed
using pyridine (0.075 mL, 0.927 mmol); 65b (mixture of
igsomers, 158 mg, 0.466 mmol) in EEZD (10 mL); CDClz (ca.

80 drops) and NaI (279 mg, 1.86 mmol) in MeCN (10 mL).
Thirty min after addition of the Nal a condenser was fitted
to the flask (under a stream of nitrogen). The mixture

was refluxed for issmin; cooled, evagaraéeﬂ. and worked up
in the specified manner. The NMR spectrum (200 MHz) of

the residug showed the presence of 65c (98%, using an

internal standard).

~
ZsEthenyl cyclo hexancne 563.149
a) The procedure for 60c was followed using Et3N T
(0.20 mL, 1.44 mmol); 66b (a mixture of diastereemers,

87 mg, 0.293 mmol) in 2342 (2.5 mL); HeSGQCl (101 mg,
0.878 mmol) in 252212 (2 mL + 0.5 mL rinse, added over
1.5 h); and an arbitrary reaction period of 10 min.
After\wark—up specified for 60c, the combined organic
extract was d:%ed and evaporated (good water pump vacuum)

to afford 66c (53% by NMR (200 MHz) using p-iodonitro-

&
benzene as an 1n§grnal standard].

-
b) Use of phosgene: The procedure for QCL was followed

using 66b (245 mg, 0.824 mmol), pyridine (0.12 mL, 1.48
mmol) and COCl, (ca. 80 drops) in Et,0 (10 mL) and NaI

(459 mg, 3.06 mmol) in MeCN (10 mL). An NMR spectrum



(200 MHz) of the residue after work-up indicated only a
trace of olefinic material.

trans=2, 3- D;ethenylcyclnoctgnaﬂe 67:.141

Triethylamine (1.858 g, 22.5 mmol) was injected into
a stirred solution of 67b (1.569 g, 4.47 mmol) in CH2C12
(20 mL). The mixture was cooled in an icerbath and

MeSO,Cl1 (1.547 g, 13.5 mmol) in CH, Cl (13 mL + 2 mL

L%

rinse) was injected over 1.5 h. The ice bath was removed
and, after 20 min (TLC control) the solution was .shaken

with a mixture of pentane (75 mL), EtED {75 mL) and water
(25 mL). Thé organic phase was washed with ice-cold

HC1 (2% y/w, 50 mL), saturated aqueous Haﬂcag (50 mL)

and with brine (50 mL). The extract was dried (Na,S0,)

and evaporated. Flash ch:amatagfaphy of the r351due over
silica gel (2013 5 em) with 33:1 hexane—EtOAc gave mater;al
which was distilled in a Kugelrohr apparatus (64°C, 0.1 -mm)..
Redistillation gave 67c¢ (517 mg, 68%) as an oil, homogeneous
by TLC (silica gel, 33:1 hexane—EtOAc) but of 97% purity

by VPC. The compound had: IR (cCl,) 1701 cm™l; NMR

(CDClgg

200 HHz)if\l.BZ——Z.EE (m, 8H), 2.30—2.70 (m, 3H),
3.20 (44, J = 11.3,

9.2 Hz, 1H), 4.93—5.20 (m, 4H),

5.47—5.90 (m, 2H); L3¢ NMR (CDC1,, 100.61 MHz) 6§ 23.4,

24.9, 27.7, 33.0, 42.3, 46.6, 59.7, 114.8, 117.1, 136.9,

141.1, 215.4; exact mass, m/e 178.1356 (calcd for cli 18



m/e 178.1358. Anal. calcd for C,,H,g0: C, 80.85; H,
10.18; O, 9.10.- Found: C, 80.54; H, 10.17; 0, 8.91.

2-Ethenylcyclodecanone 68c.

The procedure for 61Cc (low R.) was followed using
Et N (0.33 mL, 2.36 mmol); 68b (165 mg, 0.467 mmol) in
CH2C12 (5 mL); MeSO,Cl (161 mg, 1.41 mmol) in Cézclz
(4 mL + 1 mL rinse, added over 1.5 h); and an arbitrary
reaction period of 10 min. After the work-up specified
'for 6lc (low Rf) the sample was subjected to flash
chromatography over silica gel (2 x 20 cm) using 30:1
hexane—EtOAc. The solvent was removed under vacuum at
20°C and the residue was distilled in a Kugelrohr apparatus
(;0°C, 0.01 mm) to give 68c (42 mg, 50%) as a homogeneous
(TLC, silica gel, 4:1 hexane—EtOAc) oil which was pure by

VPC: IR (film) 1709 cm™}

: NMR (CDC13, 100 MHz) 6§ 1.00—
2.38 (m, 14H), 2.40—2.81 (m, 2H), 3.38—3.73 (broad t 4,
J =29, 2 Hz, 1H), 4.88—5.30 (m, 2H), 5.48—5.91 (m, 1H);

exact mass,;m/e 180.1526 (calcd for CIZHZOO’ m/e 180.1515).

-

When the progress of the experiment was monitored by

cd for C12H200: C, 79.94; H, 11.18. Found:

H, 1l.31.

-" NMR (200 MHz, internal standard) the yield of 68c was found
to be ca. 91% but the compqund was very sensitive to
rearrangement (to the conjugated isomer). Work-up and

chromatography at ca. 0°C did not improve the yield.



2-(l-Methylethenyl)-cyclohexanone 692!153

a) The procedure for 60c was followed using Et N
(0.55 mL, 3.97 mmol); 69b (mixture of diasteromers, 247 mg,
0.795 mmol) in CH2C12 (10 mL) ; HESDECl (273 mé, 2.38 mmol)
in CH2C12 (2.5 mL + 0.5 mL rin§e, added over 1.5 h); and
an arbitrary reaction period of 0.5 h. ‘The acid wash
used for the isolation of 60c was omitted from the work-up.
The combined organic extract was dried and evaporated
(good water pump vacuum) to afford 69c [62% by NMR (200
MHz), using priodonitrobenzene as an internal standard;

154 (78.3 mg,

91% after correction for starting material
31%) recovered by flash chromatography of the NMR sample
over silica gel (2 x 15 cm) with 4:1 héptane——EtDAc]_

For characterization of 69c the experiment was feéeateé
on almost the same scale and the reaction mixture was
poured into péﬂtane-—stzo and washed as described for 63c
(low Rf). The organic phase was dried and evaporated Fnd
the residue was chromatographed over silica gel impregnated
with 5% w/w AgNO, (1 x 35 cm) using 5:1 hexane—EtOAc.
Kugelrohr distillation (bp 30°C, 0.0l mm) then afforded
69c as a homogeneous (TLC, sil%ca ggl impregnated with
5% w/w AgNO;, 5:1 hexane—EtOAG) oil: IR (film) 1710 cm™};
NMR (CDC13, 200 MHz) § 1.54—2.20 (m, including a singlet
broadened by unresolved coupling at § 1.77, 9H), 2.24—

2.54 (m, 2H), 3.04 (dd, J = 11.3, 5.4 Hz, 1H), 4.70—4.B2



-

(m, 1H), 4.90—5.03 (m, 1H); exact mass, m/e 138.1046
(caled for CgH,,0, m/e 138.1045). Anal. Caled for

CgH,,0: °C, 78.21; H, 10.21. Found: C, 78.12; H, 10.16.

146.

b) Use of phosgene: The praéedure for 60c was followed

using 69b (199 mg, 0.639 mmol), pyridine (0.10 mL, 1.28

mmol) and EGCLE (ca. 80 drops) in Etié (10 mL) and Nal

(1892 mg, 1.28 mmol) in MeCN (10 mL). An NMR spectrum

(200 MHz) of the residue after work-up indicated only a

1,2-Diethenyl-2-methylcyclohexanol 604 and 60d°.

‘Vinylmagnesium braéide (0.92 M in THF, 6.10 mL, 5.61
mmol) was injected over ca. 2 min into a stirred solution
of 60c (380 mg, 2.75 mmol) in THF (1¢'mL) at -30°C. The
cold bath was then removed and, after an arbitrary period
of 30 min, the reaction mixture was partitioned between
2:1 pentanEﬁ—EtED (75 mL) and ice-cold agueous HC1l (2%
w/w, 50 mL). The aqueausilayEf was extracted with E£ED
(25 mL) and the combined organic phase was washed with
saturated aqueous NaHGGB (50 mL) and with brine (50 mL)
and was then dried. Evaporation of the extract and
Kugelrohr distillation (bp 94°C, 3 mm) gave the product
(320 mg, 70%) as a mixture of isomers. Chromatography
over silica gel impregnated with 5% w/w Agﬁ@z (2 x 70 cm)

using 1l:4 hexane—EtOAc afforded 51 mg of low Re material.

-



The other isomer from the silica gel Agﬁ@z c@lumn-uai
rechromatographed over silica gel (1 x 25 cm) using 8:1
hexane—EtOAc to yield 170 gg of high Re product.

'229: Low R, compound: IR (film) 3470, 3080, 3020.

1634 cm L; NMR (CDC1,, 200 MHz) & 1.08 (s, 3H), 1.18—1.34

(m, 1H), 1.36—2.01 (m, 8H), 4.97—5.33 (m, 4H), 5.89—6.16

m, 2H); 13c NMr (CDC1,, 50.3 MHz) 6 21.1, 21.3, 21.8,

32.0, 33.4, 43.2, 75.0, 113.1, 114.5, 142.5, 144.8; exact
mass, m/e 166.1356 (calcd for CllHl’D‘ m/e 166.1358).

Anal. Calcd for Cllﬁlgés C, 79.47; H, 10.91. Found:

C, 79.47; H, 10.85.
60d’': High Ry compound: IR (film) 3480, 3080, 3020,

1633 cm™1; NMR (CDC1,, 200 MHz) & 1.03 (s, 3H), 1.35—1.80
(m, 9H), 4.96—5.33 (m, 4H), 6.03—6.25 (m, 2H); 13C NMR

(CDC1 50.32 MHz) & 20.1, 21.2, 21.8, 34.6, 34.8, 43.3,

3'
75.4, 112.7, 113.2, 142.9, 143.9; exact mass, m/e 166.1362

(calcd for C m/e 166.1358). Anal. Calcd for

118,69

CllHIBO: C, 79.47; H, 10.91. Found: C, 7

[T ]

g{'!; H[ lo-703

6-Methylcyclodec-5-enone SQEQSEG

a) Potassium hydride (24.01% w/w in o0il, 131 mg,
0.787 mmol) was washed in a septum covered flask with dry
pentane (2 x 5 mL). Residual solvent was evaporated by a
stream of nitfogen and THF (5 mL) was added to the flask.
The alcohol 604’ (high Rf material, 109 mg, 0.656 mmol) in

THF (4 mL + 1 mL rinse) was then injected and the mixture
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was stirred at room temperature until evolution of hydrogen
ceased (ca. 15 min). The flask was purged with nitrogen

while a condenser was fitted and the mixture was refluxed

for 15 min. It was then partitioned between pentane (50
mL) and aqueous H5421 (10% w/w, 50 mL) and the aqueous

layer was extracted with Et_O (50 mL). The cgﬁﬁineé

2

organic phase was washed with saturated aqueous HaHCGB

(50 mL) and with brine (50 mL) and was then dried. Evapora-
tion of the solvent and Kugelrohr distillation of the
residue (bp 90°C, 0.05 mm) gave 60e (104 mg, 95%) better
than 97% pure (VPC). Two isomers (ca. 1:8.6)" weré
present, as judged by VPC--mass spectral analysid. They
were not separated by TLC (silica gel impregnated with .
5% w/w AgHDBf 4:1 hexane—EtOAc). The mixture had: IR
(£ilm) 1704 cm™!; NMR (CDC1,, 200 MHz) 6 1.45—2.21 (m,

including a doublet at 1.73, J 1.2 Hz, 15H), 2.27—2.51

(m, 2H), 4.89—5.05 (m, 0.9H), 5.08—5.21 (m, 0.1H);

13, (CDCl,, 50.32 MHz) & 16.0, 22.5, 25.2, 28.3, 28.4,

40.2, 42.5, 43.5, 129.2, 134.6, 212.5; exact mass, m/e

166.1356 (calcd for C) H,g0, m/e 166.1357). Anal. Calcd
llHlsDa C, 79.47; H, 10.91. Found: C, 79.32;

H, 11.09.

for C
The minor isomer, 60e’, showed a multiplet at & 5.14

and a broad singlet at 6 1.65 in its 200 MHz NMR spectrum

corresponding to the vinyl and methyl signals,

respectively. The corresponding signals for the major



isomer were at 6§ 4.97 and § 1.73. Irradiation at 6 65
aaused enhancement of éhe multiplet at § 5.14, while
irradiation at § 1.73 produced no noticeable enhancement
of the multiplet at § 4.97. This NOE experiment

for the major

establishes the double bond geometry as

jm

isomer and Z for the minor. The major isomer was identical

to an authentic specimenl55 of (5-E)-6-methylcyclodec-5-

enone.

b) The above oxy-Cope rearrangement was fepeateﬂ

60d (low Rf

mL rinse) and KH (24.01% w/w in oil, 33.2 mg,

u

51 material, 27.5 mg, 0.166 mmol) in THF

-+

ng
(2 mL

.dgfc,lés mmol) in THF (5 mL). Work-up and Kugelrohr distil-

lation gave 60e (23.3 mg, 84%) of better than 99% purity

(VPC). This material was the (E) isomer!®>

-1

and had:
IR (film) 1701 cm ~; NMR (CDCljp 200 MHz) 6 1.49—2.27

(m, including a doublet at 1.73, J = 1.5 Hz, 15H),

2.29—2.47 (m, 1H), 4.88—5.09 (m, 1H); 13¢ unﬂ‘(énelB.
] N| :

50.3 MHz) & 16.0, 22.5, 25.2, 28.3, 28.4, 40.2, 42.5,

43.5, 129.2, 134.7, 212.5; exact mass, m/e 166.1356

(caled for C 0, m/e 166.13157).

1188

(E,E) -Cyclododeca-2, 6-dienone 67d.14! -

| ]

trans-2,3-Diethenylcyclooctanone 67¢ (150.5 mgy 0.8
mmol) in biphenyl (913 mg) was heated under nitrogen for

20 min in a preheated oil bath at 200°C. The resulting

H\
" o
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mixture was applied with the aié of a little hexane to a
silica gel column (2 x 22 cm) made up in hexane. Elution
with 19:1 hexane—EtOAc gave 674 (135 mg, 90%) as a
homogeneous‘xfzz; silica gel impregnated with 15% w/w
AgN03, 4:1 hegane—-EtOAc 0il that solidified on cooling:

mp 35—36°C; IR(CCl,) 1695 cm >

; NMR (CDclf, 400 MHz) §
1.10—2.25 (m, 2H), 1.35—1.52 (m, 2H), 1.52—1.70 (m,
2H), 2.00—2.18 (m, 2H), 2.18~—2.3% (m, 4H), 2.34—2.46
(m, 2H), 5.0—5.2 [m, incorporating a BJ = ca. 15 Hz
(observed by decoupling experiments), 2H], 6.11 (4,
J = 14 Hz, 1H), 6.3—6.45 (m, 2H); Y3c NMR (CDpCl,, 100%%2
MHz) 6 23.1, 24.4, 26.3, 30.3, 31.5, 31.9, 42.5, 130.5,
/ﬁsbxo, 132.3, 144.2, 203.0; exact mass, m/e 179.1356
{calcd for C12H180' m4e 178.1358). Anal. Calcd for

C12H18O: C, 80.85; H, 10.18. Found: C, 80.81; H, 10.32.

l-Dodecene.

1

The procedure for 60c was followed using gél47 (186

mg, 0.545 mmol), pyridine (0.09 mL, 1.11 mmol) and coclz

(ca. 80 drops) in Et,O0 (10 mL) and NaI (163 mg, 1.09 mmol)
in MeCN (10 mL). After addition of the Nal the mixture

was refluxed for 30 min and then worked-up in the usual

manner. The NMR spectrum (200 MHz) of the residue showed the

) 120

presence of 1-dodecene (61%, using an internal standﬁfﬁ).

o
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Attempted Cope Rearrangement of 63c.

trans-2-(Ethenyl)-3-(l-methylethenyl)£yclohexanone
63c (78.0 mg, 0.475 mmol) was placed in a 5 mL round
bottomed flask containing biphenyl (300 mg, 1.95 mmol).
The flask was fitted with a cag;enser and the apparatus
was purged with nitrogen prior to immersion in a preheated
oil bath (200°C). Since énly minor changes were evident ’
in the mixture (VPC control) after 20 min, the oil bath
temperature was raised to 265°C. After 1 h (VPC control)
the mixture was cooled and flash chromatographed over
silica gel (2 x 15 cm). . with 10:1 hepjane—EtQAc. The
eluant was then filtered through a cblumn (1 x 15 cm) of
silica gel impregnated;with 5% w/w Agﬂ@z with 4:1
heptane—EtOAc to give 63d' (33.9 mg, 0.206 mmol) and 63d
(7.94pg, 0.048 mmol) after Kugelrohr distillation: 63d
(bp 78°C, 0.03 mm) 100% pure by VPC; IR (film) 1687 cm~};
NMR (EDClB, 200 MHz) 6§ 1.62—2.08 (m, including a doublet
at § 1.69, J = 7.6 Hz and a singlet at § 1.80 split by L
unresolved coupling, 10H), 2.17—2.59 (m, 2H), 3.42—3.54
(m, 1H), 4.50—4.59 (m, 1H), 4.82—4.90 (m, 1H), 6.82
(gd, J = 7.2, 1.2 Hz, 1H); exact mass, m/e 164.1202

(calcd for C .0, m/e 164.1201). 63d' (bp 78°C, 0.03

11836
mm) >99% pure by VPC (94.5% one isomer, 5.1% of the above

isomer); IR (CDC1,) 1687 cm™l; NMR (cDC1,, 200 MHz),

1.66—2.14 (m, including a singlet at 6 1.72 split by
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unresolved coupling, and a dd at § 1.93, J = 7.2, 1.2 Bz,
10H), 2.24—2.58 (m, 2H), 3.10—3.24 (m, 1H), 4.63—4.72
(m, 1H), 4.88—4.97 (m, 1lH), 5.73 (gd, J = 7.2, 1.1 Hz,
1H); exact mass, m/e 164.1199 (calcQ/for Cllﬂlso,-m/e

164.1201).

2- (1-Hydroxy-2-phenylselenoethyl)-6-methylcyclodec-5-enone

78 .156

Potassium hydride (24.01% in o0il, 110 mg, 0.661 mmol)
was waghed in a septum covered flask with dry pentane
(2 x 5 mL). Residual solvent was evaporated by a stream
of nitrogen and THF (5 mL) was added to the flask. A

mixture of alcohols 60d' and 60d (2.1:1 VPC, 100 mg, 0.602

mmol) in THF (4 mL + 1 mL rinse) was then injected and
the mixture was stirred at room temperature‘until evolu-
tion of.hydrogen ceased (ca. 15 min). The flask was
purged with nitrogen while a condenser was fitted and the
mixture was refluxed gsr 15 min. The solution was cooled
to 0°C and an12 (0.80 mL of a saturated Et,0 solution,
0.552 mmol) was added dropwise. The solution was stirred
for 5 min at 0°C and phenylselenoacetaldehyde (}10 mg, .
0.552 mmol) in THF (4 mL + 1 mL rinse) was injected rapidly.
The mixture was stirred for an additional 5 min and was

then poured into a flask containing pentane (100 mL) and

aqueous NH4C1 (10% w/w, 50 mL). The aqueous phase was



1 Y
further extracted with Et:D (20 mL) and the combined

organic fractions were washed with saturated aqueous

NaHCO, (50 mL) and brine (50 mL). The solution was dried
and evapératgd, resulting in a residue which was flash
chzamatégrapheé over silica gel (2 x 20 cm) with 8:1
heptane—EtOAc to give 78 as two apparently homogeneocus

(TLC, silica gelf 8:1 heptane—EtOAc) selenides of combined

weight 128 mg (63%). The material of higher Re (55.2 mg,

27%) was an oil: IR (CDCl,) 1700 cm '; NMR (CDC1,, 200

MHz) § 1.32—2.70 (m, 16H), 2.73—3.21 (m, 3H), 3.52—3.67
(m, 1H), 4.80—5.01 (m, 1H), 7.14—7.32 (m, 3H), 7.40—

7.58 (m, 2H):; exact mass, m/e 366.1101 (calcd for

. e . 80 - - 3 Eme . .
ClSHZGDE Se, m/e 366.1098). Anal. Calcd for ClQHZEDZSEi

C, 62.46; H, 7.17; O, 8.76. Found: C, 62.60; H, 7.40;
0, 8.97. ”

The material of lower Re (73.0 mg, 36%) was an oil:

IR (CDCl,) 1698 cm *; NMR (CDCl,, 200 MHz) & 1.32—2.66
(m, 16H), 2.76—3.16 (m, -3H), 3.47—3.66 (m, 0.64H), 3.80—
4.02 (m, 0.36H), 4.80—4.96 (m, 0.64H), 5.00—5.14 (m,

l1H), 7.14—7.34 (m,;BH)s o/.37—7.57 (m, 2H); exact mass,

m/e 366.1095 (calcd for ClQHZSDEBDSE, m/e 366.1098).

lQHESGESEz C, 62.46; H, 7.17; O, 8.76.

Found: C, 62.75; H, 7.25; O, B8.43.

Anal. Caled for C

In addition to the selenides, a mixture of 60e’' and

was also recovered from the flash chromatography.

Lo

The mixture was further purified by PLC chromatography
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over silica gel with 4:1 heptane—EtOAc to give 60e and

et
[
o
n‘
-
Q
3

60e' (24:1 by VPC, 27.1 mg) after Kugelrohr disti

2- (1-Hydroxy-2-phenylselencethyl #cyclohexadec-5-endhe

91

Diisopropylamine (22.1 mg, 0.218 mmol) in THF (1 mL

+ 0.5 mL rinse) was added to a stirred solution of tert-
potassium butoxide (24.5 mg, 0.218 mmol) in THF (2 mL)
at -78°C. The mixture was stirred for 5 min and butyl-
lithium (0.135 mL, 1.61 M hexane solution, 0.218 mmol)
was added dropwise over 2 min. The mixture was then
stirred for 15 min at -78°C and “the alcohol 792  (51.6
mg, 0.218 mmol) in THF (1 mL + 0.5 mL rinse) was added.
After an additional 15 min stir period at -78°C the cold
bath was r;mevgd and the solution was warmed to room

, tempe:

and cc¢

ling to 0°C was followed by addition of ZﬁClz
(0.316/mL, saturated Et,0 solution, 0.218 mmol). After
5 miﬁ;a solution of phenylselencacetaldehyde (43.5 mg,
0.218 mmol) in THF (1.5 mL + 0.5 mL rinse) was added

over ca. 3 sec and the mixture was stirred for another _

5 min. The solution was then poured into pentane (25 mL)

and agqueous HH‘CI (108, 25 mL). After the mixture had

been shaken in a separatory funnel the agueous layer was

separated gqg extracted with Et,0 (2 x 20 mL). The
o 2

L. L3

lture over 15 min. Subsequent refluxing for 15 min

-~
w
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~ combined organic fractions were washed with saturated
agqueous Naaco3 (25 mL), brine (25 mL) and were then dried.
Evaporation of the solvent left a pale yellow residue which

wags purified by flash chromatography over silica gel

(2 x 9 cm) with 4:1 heptane—EtOAc to give 2291 (81.8

mg, 86%) as a mixture of diastereoisomers (two spots by

TLC, silica gel, 4:1 heptane—EtOAc): IR (film) 1706 cm™l;

NMR (CDC13, 200 MHz) 6 1.11—2.18 (m, 22H), 2.20—2.60

. e
(m, 2H), 2.86—3.18 (m, 3H), 2.83 (d, J = 3 Hz), 3.48
(d, J = 8 Hz), 3.54 (d, J = 4 Hz) total integration = 18R,

3.69—3.96 (m, 1H), 5.19—5.49 (m, 2H), 7.19—7.35 (m,

13

3H), 7.43—7.58 (m, 2H). C NMR (CDC1 50.32 MHz) §

3'
15.3, 22.1, 22.4, 25.6, 25.9, 26.0, 26.1, 26.2, 26.3,

26.6, 26.9, 27.1, 27.2, 28.0, 29.6, 30.1, 31.6, 31.7,
33.6, 34.0, 42.8, 43.1, 52.6, 53.7, 65.8,.70.5, 70.9,
76.4, 77.2, 127.4, 129.2, 129.3,°129.5, 132.1, 132.5,
133.0, 214.4, 216.5; exact mass, m/e 436.1879 (calcd for

C24H3602895e, m/e 436.1880). Anal. Calcd for C 0.Se:

247369
C, 66.19; H, 8.33; O, 7.35. Found: C, 65.49; H, 8.50;

.

O, 7.68.
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