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Thls the51s des&rlbes the deQelophéntcyqf the
followlng methodology. : o ! -

. R - : 1,
. . z;‘, . . |
(l) A procedure for repetltlve r1ng expan51on of«\

cyclic ketohes ‘with control 'of. regiochemistry. For
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, Kl T
membered cycloalkéhesv2 by\uée of phenylselenoacetaldehyde
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(2) A method for macroexpan51on of cycllc ketones by

o . N\ ,
elght carbons 4- (Trlmethy1511yl)but 2- ynal 3  was

- .

. developed -as a syqxhetlc equ1Valent for: the butadlenyl

[
<

carbonium ionvand was used for preparatlon of termlnal-
’ '\4

- dienes (eq. 25 and for macroexoansxon of cyéllc ketones

(eq. 3?.

(3) A method for making five-membered carbocycles,

using B—acetylenic radicals and elecﬁfon—deficienﬁ olefins

vi. \:
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'by a novel radical annulétion reaction (eq. 4).
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(4) A method for radlcal cycllzatlon that makes use-
“ o '
" of 2- (phenylseleno)acrylonltrlle, 4 (eq 5).
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CHAPTER 1.

-

" ‘RING EXPANSION ©F CYCLIC KETONES

[

:Carbocycllc R1ng Expan51on -.Introduction

The flrst research sectlons of thls the31s deal with

a method of repet1t1ve rlng expans1on of ketones by fourﬂ

‘atoms and a procedure for r1ng expan51on of ketones by

[N

e;ght atoms‘vif one cycle of operatlons. There 1is wery.

ot

little~ prlor ‘literature in the%e areas; however, by way'of-
1ntroduct10n_ to the research some 'examplesl of  ring
expan51on of carbocycles are glven below.

: The majorlty af organlc comgounds are vcycllcl and
;there are many 51tuat1ons where one ring. system is - more

acce351ble than another or has certaln des1rable features,
12

'such as those that allow stereocontrolled operatlons.v’In

&

,these cases the ab111ty to transform one r1ng inta another

by r1ng expan51on is obv1ously useful

Med1um and large r1ngs are less access1ble than smallf

°

. * %
and normal rings. A growlng number of natural productsﬂ
. ,‘, . , - oy . ' . . - ' : " . . .

- ’

The process of r1ng contractlon has found few appllc—
at1ons, because, with. currently available methodology,
there "is a greater regu1rement for elaborat1on of smaller
-to larger rlngs.-y
Rlng size claSS1f1cat10n. Small (3,4); normal (5,6,
7)¥; medium (8 = 11); large (greater than 1 members) .

*‘ *
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with both potentially' 1nterest1ng blologlcal propertigs

and medlum or large ring structures have been isolated?

and- so the requ1rement for synthetlc methods in th1s ‘area

is 1ncrea51ng. ‘;,w _ R ST ' ;
- ’ / -

: -Slnce . stereochemlcal :'control in cyclic,’ and,
.especially, polycyclic compounds,. is .often easy,' it is
worth not1ng that cleavage of a r1ng systenl affords an
acycllc ,moleeule. This_ type of approach can - lead to’

acycllc spec1es that are hlghly functlonallzed with reglo-

and stereochemlcal features.

Medlum and large rlng compounds have been studled for

‘,/bver 100 years and early preJudlce that large rlngs could
" not “exist' was set- aside by the 1dent1f1catlon in 19263 of
muscone and 01vetone as naturally occurrlng flfteen- -and
_seventeenfmembered r;ng . systems and . by :;ubsequent‘
synthetic work in the area of cyciic.conpOUnds. In ﬁore
modern times, research on medium? ang large Crindss_‘has
‘uoeenil:stimulated V'by medicinal,6v theoretlcal,7 andl
‘ comﬂmerci!jal8 dinteresti in naturally OCcurring macrocycies'

‘and in species‘such\as crown ethers9 and annulenes.10
The nain;approaches.are.(I) closure -of acyclic'chains
(1s2), (2) fragmentation of polycyclic molecules (3+4);(3)
ring expansion — by which is meant ‘attachment of .one or

, : i \

more appendages to an existing ring followed by



.cleavage (or mlgratlon) of a bond 1n the orlglnal ring so
Cas to generate a largeé’struéture. |
Ring closure‘techniques, especially for preparation ¢
of medium riﬁ@s,‘éﬁte%ﬁproceéd poorly.1d king enlargement -
has often been used in synthesis bggxhaé alﬁqét always
been restricted to,expénsfoné of one, two, threei'or four
atoms in one Oporétién. Only a limited number of methqdé B
. is avallable for conver51on, by one expan51on sequence, of
the - common rings into macrocycles of twel;e, .or more,
\members 12 Prior té our,own wofk repet1t1ve’sequences,

in. wh1ch the ‘same type of expans1on is carrled out several.

times, do not appear,tovhave been much 1nvest1gated.for
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carbochles.13r \ ‘4 - ¢

The general area of carbocyclic ring expansion has

been reviewed 'several timesl!3r14- and a brief survey of

“important procedures is as follows. -

Expansion by ‘one atom

. Expansion of ketones with diazoalkanes and diazo-

" esters is ‘a method that ‘is frequently used for ring
. N _ , ;
/ .
enfargement. Some of the current importance of the method
is due to the évailability of cyclobutanones by 2 + 2

cycloaddition.and the widespread GCurrehce of 5-membered

'jrings in natural‘products.15 The example ;zowkl6 in'eq. 1

LI

due to.

~ groups.

1! ’

S ) ’ : )
- [enc=c=0] 7 TCHAN,

~ ——P o
. €1,CHCOCI ~Cl ii Zn
Et.N © Y e AcOH »
3 83% ' : . 6 .O
(1)
OH
\ ( _ '+
{)\Nz
ci \
Cl -

."is efficient and the expansion is regiospecific (see 5)

the presence of the two electron-withdrawing

-

The sﬁarting ketone,' being ‘strainéd, is *more



[

. -

reactive than the product ‘and so multiple expansion is not
- a p;oblem.;7 In an extension of the ~technique18v'the

expansion can be linked with silicon chemistry (eq. 2).

33 .

SiMe,

| Regiochemical control, attributable to .the bulk of
¢
the reagent, 1is also possible with trimethylsilyldiazo-

methane (eq. 3).19
<

o Me SiCHN,
Me3SICH2N2u | N
— > o (3)
) ~.BF3.EF20/
69%
Ethyl diazoacetate is often preferable to

diazomethane since .multipie expansion - is not . a problem



'%& S o
with-thiSJreagent hor Hs _epoxide formation} The reaction

]

- %
. of ketones wlth ethyl dlazoacetate 1§¢cata1yzed by boron

trifluoride ethf?ate and by triethyloxonium tetrafluoro—

'borate.zo Carbon 1nsert10n occur521 on the 1ess hindered

\ggttzzjde' of the ketone carbomyl and high levels / ‘of
: egiochemical control are posé%ble by using a-halo (Cl,"

22

Br) ketones (eq. 4)-

Diazomethane has also been used?3 in the.sense shown
l ) { .

>

in eqg. 5; unfortunately re%ioselectivityﬂbis ‘poqr with

unsymmetrical ketones. |

o . —CN o - L
CH, | L
’ ' ' CH N, .
™ cooMe CN A
— [ 1 Lo
AcOH : : (%)




‘AéAnother tybe' of - oneé-caybon 'expahsion ‘iﬁvolve;
formation and 6pening"0f cyclopf§panes-24’ Foﬁ}.variatiQns
of this theme?s are ‘shown in egs. 6 — 9. In\the Ei}s¢'
three 'exémples' carbene - a¢dition ‘UJ'a double bond takes

placé, while the. last example involves intramoleculay

regrrangement of 'a carbene.:
. . ‘. , i t

/

_oH

(7

Ref. 26
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.EXpansion Dk-twg atoms . ‘ ' )

Therma) rearrangement 29 of

vinyicycloprOPahes
constitutes a popﬁiar method 6f eccéss“to -five~mgmbered
fimgs (eqs}\loi 11).
A\q . The cy;lobu;éne‘-+ butadiene rearrangement .cén “also
Fﬁi;;itoexpand rings by two atoms anq;examplesoof the
- im eméntation of this metgod are shown in eqs‘lz ,514;
L | ‘ . ‘



OSiMeg - OSlMe3
’ ?
~ lZn/Hg
| v
CH,I v 300° C
2 | H (10
Ref. 30.
OSiMe,tBy =~ ©OSiMestBu .

OSiMezth |
% -———5. - . Me,SiO
) B
—_— .
O/\H . . + _
11) -
’ Ref. 3)
\
)
COzMe

Ha Me3SiC1
__—_q




10

e C Ret:'33
v
‘ - HO .
- : ; : . (14)
Co = Co,Me v

" - 277 Ref. 34
( - Me00C— C =C— COOMe n ,
n . v Co,Me

<

"Formal 1,3-sigmaﬁropic rearrangeménts constitu@e .an
expansion by two atoms. Thus. at 240 % }00°c‘c§mppund‘6u
giVes‘a mixture of 7 and 8 (eq. 15).‘ fhe mechanism of
this process is unélear3§'énd the reaction does not seem

to have been used 1in synthésis. = It is mentioned here

2
.

because the allylic silyl ether unit is used in our own.

research on ring expansion.

N



411

(15) -
Ref. 35
7 8
o
S
1Photochemicalf’1,3—migration is also possible (eg.
16) -
~ N ] ) )
hv

: (16)

L 70% Ref. 37

,Fihally, in the context, of two-atom expansions,

mention must be made of the ffagmentation¥recdmbination

-approacb exemplified-by eq. 17.



Expansion by three atoms ’
‘Because "of the réady ;ayailability39_ of ~cyclodo—
‘ decanong and the interest of the' perfume industry in

muscone, a C-15 compound, a number of methods have:beeh

" developed for expansion by'three atoms so as:to éényert,

., éyclic C=12" ihtd"C—IS systems. Eqs. 18 to 24 show a

_humber of ,these methoeds. (In the case of eqg. 21 the

mechanism is not clear).

Ring expansion by four atoms

. ) ’ - . -
Ring. expansions by “four atoms generally involve

electrocyclic processes such. as the-chlohexadiene.I hexa-
" triene interconversion (eq. 25), electrocyclic. opening of
cyclobutanones (eq: 26), or sequences ‘based on the oxy-

Cope Qr‘Cbpé rearrangemént.-'ln the case of the

~

12



2 //

Vi

i N2H4/KOH'

ii 0X.

\.

13

. MUSCONE




g

H‘

l 4.}%’

i HPO,

. 34

(fiHy/cat.

 MUSCONE



~CO Me :
2 \
4 Me_oz(. H o |

[

15

oxy—-Cope reaction, the anionic version ' (eq.  27) ‘is

preferred since it .generally operates under very mild

conditions and gives -better yields., A me?hanistic study50

showea that it involves a concerted process predomipantiy

via a chair?l transitjon state. ~Mechanistic studies for

the-éiloxy—CQpe rearrangement of divinyl species such as 9 -

have not been reported, but related-studiessz_suggest'tﬁat

it too must follow the normal concerted chair pathway?3 of



16

the classical Cope rearrangement.

S KH/ THF
‘ o ~ % 18 —crown-6
b A N \~
"0 Znger OH . ~25°C/18 h

3

~

B different approach. to four atom expansion, and

known as the "carbon-zip- reaction", has been pUblishedS4

(eq. 28).




A

Fragmentation processes

In.the context of r1ng expan51on we mean by the term

"fragmentatlon 'process" Ca reacthn “in ‘whlch a

b1cyc11c[a.b.c] system is converted py bond cleavage 1nto
‘a monocyclic compound of (a+b) atoms. Several examples
have been mentioned"already (see -egs. 18, 20 and 21),
especxally cases ‘in whlch ‘two contlguous atoms of a rlng
.are used for annulatlon and are. then Separated by cleavage

(eq.\29) S : o s

(29)

In this section ‘we mention briefly. a few examples

that do not fit into the earlier claseifications.‘ The

'fragmentatlon deScrlbed above is illug ated by the simple

[y

reactlons shown in eqg. 30. . e

*We do not 1mply by our notatlon any order in the relatlve
numerical values of a, b, c.

<



‘OMs L
i BH,
ii~OH
(30)
(OMS (OMS Ref. 55
n .
N
B-OH D
Bt B-OH
‘ Y,

. These,.éhd related processes56 are of interest in the

~ .

conteit -of stereoelectronic effects®’ and they also

provide a route to medium ring compounds. Fragmentation

processes, beyond those closely related to pathways
mention®d in other sections, do-not' appear to have been
much used, 4t at all, for construction of large rings - and

egs. 31 — 34 represent applications in the area of medium

ring compounds.

OAc

18



.~ COOH t Li/NH, MeO,C’

11,H2Cr04 .
—- 3
i1 CHoN (32)

e ee ‘ | Y Ref. 59
o .
‘ 0

0-OH

OBs

_——
(o)

\ (34)

Ref. 61

SO,Ph
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‘EXémples‘_éuchv_as eq. 30-‘and _eq. 32 give' the
impression thét such reactions havé‘té.be incprpofaped at
an early Sﬁage into Lhevstrépegy,62 whereas proceéses §f
the annulation—qleavége type (see beq., 19) can’' be used

almost with the freedom of a . functional group

transformation. The latter case is, accordingly, more

widely applicable, while "the former, in particular
selected‘ﬁcases,- can constitute very = interesting and

céhcige_approéChes to a. synthetic target.. .

Repetitive Ring Expansions

'

~Repetitive ring expansions -can operate at two levels:

of sopﬁistication. In both ¢f them the same compound

* . .
class must be generated ,at the end of the expansion _

sequence as was used to begin the sequence. In the second
level a further requirement is met: A regiochemical bias
in the .starting material is préServed throughoht the

expansion‘sequence so that, after several applications of

the method, the precise origin of all atoms in the product

is known.,

3

Reaction of a diazo—alkane_with a ketone represents

* . .
Or a substance easily convertible to it.

20
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the first category just mentioned and also serves to”
" illustrate another point. The purpose of a repetitive
" ~seguence 1is to interpolate a number of atoms into the

”m?Peripheryv. of_,-an,"exiSEing - skeleton,;,, For maximum

ef€1c1ency, 1t 1s de51rab1e to - 1ncorporate several atoms —

. e

‘not Just one. — in each comblete set of operatlons.

The follow1ng prlor work has been done in thlS area

(Schemes 1 and 2)\ - [2 3]- SlgmatrOplc rearrangement of

‘sulfonlum ylldes, as in Scheme 1, 25 63 generates a sulfur—

contalnlng macrocycle from fwhich a carbocycle can be

produced . by . ‘use. ,of _the Ramberg Backlund rearrangement

) ;Related methodology has been used to construct the 11~

T

fmembered fcafbocycl;c portlon bofe_cytochala51n .D363ﬁ64

'based on’ the Cope rearrangement “However, because of the
: J

low y1e1d — 10-20% 'per sequence —_ with the 'Second

Voo N AL e - R e P

Mlchael reactlon belng the poor- step,: th1s method (at‘};,iﬁ

. least without further ref;nemento,-does. notﬁjrepresent:fa

useful process_of repetltlve;expan51on.

The possibility of repetitive expansionf7by'-tﬁe;

anionic- oxy Cope rearrangement . has been ment ioned ‘in the
lltetature 66 The first cycle was carried out (eq. 35).
.The potential problems with this ‘approach are discussed

with our own results./ﬁ‘ ¥

' Schemeé "2565-won-~the-‘other hand _ .Summarizes an . approach
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Scheme 2




' . 1
" .
. 0 KH (35)
, ‘ 0
—— — >
'_-‘_'>4 ,' ’ . R
g ‘ SiMe,tBu
., ‘.
'Macroéxpansionf ! 7 _ J

¢~

in eq. 36%7 but it is not known

'"macroexaanSion". - It represénts. an

»

- -+~ The overall prdcess summa

rized- in ?eq}‘,36 is termed

-

contribution to the rapid,synthesis éfllarge rings. .

P

(36)

Full -experimental details are available for. the case. shown

G

if two successive [3,3]

xﬁSigﬁatropic'rearfanéeheb£5;occun~Cr whether a single -{5,5]."

P

interesting

24
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piocess takes‘.place.mj When originaily pubiiShed, " the
preparatioh- of a-butadienyl -ketones  10‘ was a lengthy"
vprocess but now, atlleaét for.é— and 6~-membered ketones,
an elegant and’ 51mple approach is avallable68 bes1des the
‘ "méthod- reporped‘lpgthis,;hesls. Two examples (apart from
our own workf of macroexpansion are'kno§n67'6%,gaqs, 3é@a

and 37) . R T

———’H muscone

@at
a1

Our own finding 'is that the. reaction is nof'general and

- must be modified in some cases.

A thlrd example (Wender — 188th ACS meetlng, g -
Phlladelphla, August 26- 31, 1984, Abstract No. .90) may i -
- have been studled : . T
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~_ RESULTS AND DISCUSSION *
¥ ’ . ‘p

3 ) . ks

Previous work in this laboratory®? had developed the

use of -(phenylseieno)acetaldehyde" as a synthetic

. . : ' . +
equivalent for the vinyl carbonium ion, - CH,=CH. " The
reagent was used (see  Scheme 3) to convert ketones into

B,Y-unsgturated ketones. These substances are properly
e . FEEE - ‘
- ‘ ‘ - : i PR - ’ .- .
T e e o y :
| : - 0° 0 "0
Q. 1 N _sepn oH.
, « HT >~

-/

! SePh

‘:;qghSﬁitU£éd;}to AJqd€I9O qugg91 gqufcope,fg?ﬁlﬁféﬁd:wCbée—%'

Claisen’2 vreqfraﬁbemepts, "as’ shown in ‘Scheme 4.  Such
eieétrocyCIié ~processes  are, Vofv‘course,~ permanéntly
VTéggaBiishéd’M°a§m \syhthétic-- méfﬁoéé”‘”of"" ébﬁsidggabig:

,iﬁpéfﬁéﬁée? 'éﬁdf‘s;‘ e££i§iéh£ “édaiQéle%ts‘ fof bthe' vinyl

“carbonium ion69'73varg,1ikely:to be bgry QséfU%hSpeCieS,JJ

~ 26
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. Cope. .. .. " Claisen
e — : > .



wxsy

\ 5

28

We recognlzed that the anlonlc oOXy - Cope rearrangement )

could be made into a repetltlve process u51ng (pheny1l-

seleno)acetaldehyde. v The sequence ,wopld allow muitiple

o

expansion of cyclic ketones in the sense shown in. Scheme

5. S ¢

Ideally, a procedure for ring expansion of ketones in

a repetitive fashion has to satisfy two criteria: Each

cycle must regenerate a member of the same compound class,»

or a substance ea511y converted to it. This has to be so

“in order that identical ‘methodology <can be applied

again. The second requirement is -that the‘reg{ochemical\'

bias of the starting material must be preserved during the .
homologation.

In general, the simple,route depicted in Scheme 5, is

not expected todsatisfy the second reguirement because it

<z .

is known that the "~ anionic oxy-Cope rearrangement can
. Y T

.proceed with .loss of regiochemical integrity: . For

example, the rearrangement shown in. eq. 38 does not. glve a

51ngle enolate 74 The' reasons for" scrambling of the

)

enolate regiochemistry; and the generality' of the

phenomenon are not known. Potassium enolatesdo not attack

THF 75 at least at room temperature.. A very small amount

4

of attack;_however, would provide ketonic material that

~
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Scheme

- s

o

Sy

14

PhSeCH

2

CHO

29
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* could méQiate;pfotéhéttéhéﬁef‘éhd lead to-both-enolates as -

L wtiee Ty SO AN v L e w4 e

) THE/20°C/20h
-O7K" i Messict .

shown in- eg. 38. We modified Scheme, S to bypass ‘this

tegidézZmicdl problém and our | procédd:e is discussed

A}

bélow®

,The;<éﬁlyﬁ] eﬁ61i°@thef§f“of “cyclododécanone - weré

converted 4 in . 88% . yield ~1into the .diastergeomeric
oo : - : .

hydroxyseienides 12 byﬁusiﬁg_oﬁf puinshed§9 procedure as

follows:

S

[
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 The sflyl“enol ethers were treated with methylllth1um

'ahd"then, ethereal zlnC _’chlorlde76 ‘and - (phenylseleno)—

~

racetaldehyde were‘*added, E pThe, stereoohemﬁstry;;at “the =

hydroxyl bearlng carbon in the product, 12, “is not

o

»relevaht‘torthe overall transformation becausefthat centre

1S evEntually7oonverted to épz;hybridiaation. The mixture

‘:ofwaICOhols 12 "was treated w1th methanesulfonyl chlorlde"

»

h-and trlethylamlne to generate the des1red double bond (eq.
39; 12»13) IWhen compound 13 was added to v1ny111th1um in
THF " at . low temperature, the two alcohols 14 and 15 were
formej»ln moretthan 90¢% yield;in a ratio of ca. 2l3£1

Although 13 has a hydrogen that 1s both ¢ to a carbonyl
group an& allyl\c,Jwe d1d ‘noét encolnter problems due to

‘enollzatlom, by. the (ba51c) reagent, In’ contrast

V1nylmagne51um bromlde caused extensive enollzatlon. For

-

4
MO,
I,' ‘

4

14 o v U f. 15
exploratofy purposes the alcohols 14.and‘15Awere"separated

-

e
- ‘ = . - 1
v, . > .o



When we worked ' through the seduence with a methyl
- ’ 4 . o . I" - -
group preSent as' a label (see, 6), ring expansion by the

anlonlq oxy Cope method71 and condensatlon with (phenylf

33

fseleno)acetaldehyde ‘gave a small amount of mater1a1 (see- -

Scheme “6) that had obviously come from the7 Undesired»'

rregioisomer of the‘enolate. It should be stated hOWever,'

. that we d1d not relnvestlgate the reactLon ‘in order to see

if reflnement of” experlmental technique could remove ther

‘problem.i Instead we sought an alternatlve procedure.

Each of the tertlary alcohols. 14 and 15 was 511ylatedn

? 1

in DMSO by u51ng a nuxture of chlorotrlmethylsllane and

hexamethyldlsllazane 77 The* correspondlng 511yl;ethers 17

eom

“and 18" were‘_obtalhed~ in excellent: yields- (932 and’ "1y,

5.

-
3

respectively)'(eqs.~40; 41). =

g

. .. Me3Si0

Me3SiCl,tMe5Si),NH '

DMSO, RT

(S




- .
. (41)
Me,SiCl,(Me3Si),NH '

‘Each 5ilyl ether underwent siloxy—Cope Afearrange4'

- ment>2,78 upon heating (200°C) under_nitrbgen'in‘a séaled

ampoule for 15 minutes (Eee-Schemer7) to generate a -16-

[ s : > « X . .

membered rlng in the form of a 511y1 enol ether. ThlS Mo e el e

: \u '.- R I R @t Wt ¢ B L P A SR I L

‘?exactiy thé compound“class we started w1th. Also, we know
the or1g1n of all the carbon atoms 1n the large rlng ‘Theg
trans—dlvinyl ether 17jgave.grodpot,l9.(see Scheme 75 in “ru
98%-yield: ‘The) material wae‘a'eingfe 1somer on the.ta51s

of its highAfiel‘ 1H ano 13C NMR spectra. ‘Suchba result

is understandable in terms ofaa chair transition state for
the‘rearrangementf17+19 . Moreover,,salyl enol ether 19,
'on treatment with tetrabutylammonlum fluorlde in THF gave”
.(83%) (5E) - cyclohekadecen 1- one 2179 (eg.j42),3identified‘
-by its IR spectrum (970 cm } for (E) -geometry).

On the other hand the c1s d1v1nyl compound 18 gave,

¢ on thermolys1s¢ a mlxture of two prodqcts in 94% yleld

+ R . L . -
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-states (see lBa and 18b) avallable for the concerted £3,3]
5rearrangement and we»actually obtalned a 1:1° mlxture ofs

”Sllyl enol ethers 20& and 20b (see Scheme 7) . The actlon?

3

of fluorlde 1on in THF conVerted the mlxture of 20a and

2

”720b into a. “separable’ mlxture of (5E)- cyclohexadecen 1-one

2179 (a0% yield) and (52)-cyclohexadecen~1- one'2279 (48%

yield) (eq. 43). Agaln the structures were a551gned by

the respectlve IR spectra (970 cm™! for (E) geometry,‘and

720 em”! for (Z) geometry)

The next step 1n "the r1ng expansion procedure called

for r_eglospe_-c1f1c__gep.eratlon81 of the enolates from 19,

- Our data do not’ give direct evidence for the geometry

of the trisubstituté&d double bond in 19, 20a, or 20b.
‘Pascual's rules 0 suggest 64. 63 for -the (E)-isomer and
64.38 for the (Z)-isomer. The observed. values are 64. 63
for the (E)-isomer and 64.48 for the (Z) ~-isomer, -

S To SRR

“In thiS'cése there are, in prihciple, two chalr trans1t10n



,,,,,,,,
.......

- ._(-4:3. Yoo

- 20a, and ZOb. ThlS would be followed by condensétlon w1th :

/ A3
- B

(phenylseleno)acetaldehyde.

. f‘ )
Reacﬁlon of_s11yl_eno1 ether-ﬂ9 with_methyllithiUm

was too sluggish to be useful and® so we sought to medlate
the aldol reactlon with tltanlum(I\/)chlorlde.82 However
the secoﬁd double.bond‘ln 19 appeared to interfere in the
reaction és the _aiéol product contained Chléfine.
Clearly,- the double bond had'to'be removed and we tried
hydrogenation using Wilkinson's éatalyst. . The reaction

. . - \
appeared ‘to proceed 'well and it afforded a silyl enol

*This reaction was done by Dr. S. Suri.
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: :éthér"23“ 92% y1eld “iﬁkEWiSé, ‘the mixture of 511yl
benol ethers 20a and 20b gave the hydrogenated product 24

Clas a. mthura oﬁ Lsomers (96%) (eqs 44Vand 45).

“we o

B 4

— (44) .-
(Ph3P);RhCI .

PhH

_H
(Ph3P)3RhCI
PhH

20ab

' Compound 23 underwent aldol condensation in 80% yield

(23225) when treated with (phenylseleho)aceLaldehydé,

titanium tetrachloride,gl and 3R molecular Sieves, .The



y1eld (eq. 46);

Q

mixture. 24, w1thout separat10n,~was’also condensed with

'(phenylseleno)acetaldehyde to give the aldol 25 in 75%

- L : | 11’_165; _
© 23 . ...PhSeCH,CHO &«
T L 3A Sieves '

v

24

With the hydroxyselenides 25 in hand the. next steps

were straightforward. - Treatment with trlethylamlne ‘and

methanesulfonyl chlorlde generated the a- v;nyl ketone 26'

in 80% yield and reaction with v1ny111th1um proceeded
(U : '

smoothly to afford the diviny1' alcohols 27 (85%) as a

mixture of --isomers. At thls stage the sequence overlaps

with an earlier cycle: and so we terminated the whole
process by treatlng the alcohols with pota551um hydride in

warm tetrahydrofuran to obtaln, after workup, S-cyclo—

,elcosen~l—ohe 28 (78%) as a (Qg,ﬁg)-mixture (eq. 47)°

/ (a6)

39,



-, 40

' ‘28 Z, E mixture

78%

At this point the high field lH NMR sﬁfctrum of the

b

hydrogenation broduct . 23 became available. Close
‘examination ‘revealed that there may . have " been a small "

amount of ’regiochemical sdrambling of the silyl enol

ether. That 1is, the. sta:tiﬁg méteria1> 19. was a single
isomer.(lH aﬁd 13cy and héd clean (Z)-geometry (64.48) ;t
thé trisubstituted double bond, but, after‘hydfdgenatién
13— 5% of the product had (E)-geometry (64.63) for the

C(l1) — C(2) double bond. On .mechanistic grounds it is




N ?
-

11ke1y that the double bond stays in its orlglnal position

D"

but we do not have any experlmental proof of  this,

.34

"In our earller experlments we could not generate an

enolate frOm»éilylyenol'ethers of type 19 and_20a,b using

- methyllithium. Subsequently, we foundnthat it 1s indeed-

possible> to ‘make .an enolate from large ring silyl enol
"ethers 1f one uses methylllthlum in the presence of a full
‘equlvalent of tetramethylethylened1am1ne (TMEDA) . Thus,
the silyl engl ethers 19 and the mlxture .20a;b were
individually treated w1th methylllthlum in ethefain the
presence of TMEDA, and‘ the resulting enolates were
converted into the corresponding zinc enolates.’® ~ They

were then * condensed with - (phenylseleno)aCetaldehyde.

These onerations produced the hydroxyselenides 29 and 30

Na,

in excellent yields (eqgs. 48, 49).

i

i TMEDA / MelL.i
ii _ZHC|2'

~iii PhSeCH,CHO
19

41



SePh

(49)

20ap 30 92%

Both 29 and 30 were iﬁdiyiduélly subjécted to the
~early stages df the  sequence: 1 Treatment wit_
triethyiamine and methanésulfonyl chloride gaQé the
'Eofresponding 2-viny1¢y¢loakenoneé 31 (82% yigld from'2§)
-and- 32 (85% yield from 30). I3CZNMR'mé;;urements showed,
as expected, that 31 was a single éompouhd{;but that 32
was a mixggre of th isomers. |

. The aétion of vinyﬁli;hiumﬂin-THF.ati-78°C produced
the,aivinyl alcohols 33 '(89% yield from 31) as a cis/trans
pair, each having (5E)-geometry. Sample 32 gavé in
slightly lower yield (85%) the divinyl alcohols 3.

With the formation of 33 and 34,- the sequence had

been broﬁght to a stage whére, e&ceét»for the presencé ofd
endocycaié unsatura@idn, it overlaps‘>yith the first
cycle. Silylation of -33 by our usual method gave the

corresponding trimethylsilyl ether 35 (95% 'yield from 33)
: L ‘ ,

-~

42



.33 | . 34

~

43

and thermolysis_v(200°C,b 15 minutes) produced the 20-.

membered ring system 36 in 92% yield (eq; 50). The

product 37 is a mixture of isomers, but each component

' must'haQe (9E)-geometry. The corresponding stages with 34

(i.e. 34+38"+39) were effected in yields of 92% and 95%

r

respectively (eqg. 51). n B o

“Compound 32 is a mixture of (SE)- and (5Z)-isomers.

B A T i



.

- " 200%/15 min,

! 4 T \‘VZ/ 9796

¢

*Thféféompound:is,avmixture'of (5E)- andniﬁgj-isbﬁérsz_t;”

.
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undergo 'ringA_contraction 'by; [3 3] 'rearrangement‘

involving' thﬁk S/Q—diene .System; " ,[The- 1 5 dlene system -

In principie,' sySteﬁ;' of the tyde"36;3and 39 can .

" 48

would not be expected to . rearrange because, at least for_f

open chain . systems (41a)*(41b) the equ111br1um 11es .on the?

51de of 41a to the extent of 99% 83] NWe dld not detect

any ev1dence for rlng COntractlon 1nvolv1ng the 5 9 dlene

"unlt-' the hlgh field 1H and 13C NMR spectra of tne rlngi
"expanded products 36 and 39 showed no. ev1dence ior v1nyl
'groups However, we could not Separate the 1somers of " 36

vand 39 for 1nd1v1dual characterlaatlon. For tan reason,“

Coe n 83
"and ~in order to 'accommodate"situatlons-~where rmng

Il

hcoﬂtraction might océur,’we developed a varlatlon of ‘the’

‘rlng expan510n prOceSS The hydroxySelenldes 29 and 30.

'were 1nd1v1dually hydrogenated-— both in 80%1y1e}d'— 1n_

4
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~ benzene *at room temperature using Wilkinson's catalyst

-(eq. 52)“~'ﬂ Hydfogéhation"over palladium. on carbon: gave

3

mostly starting material andf'inifaé;, hydrogenation ‘of -

7 . . ’

* sulfur . and selenfum  compounds. is unusual: Sulfur .is

4 .

.landally_regarded as a catalyst poggonfand hydrogenation

QH. I
s - -
oWy
(Ph3P)3 RhCI
‘ PhH. -

fao

-Nﬂof_éelénides,appEafs to be unprecedented, The discovery

of . a satisfappoﬁf _hydfoge‘étion system may extend the
. : :

_\utilityg “ofaprganoseleniqm chemistry.

The-hydrogénafion'product 25 was identical (lH NMR,

400 ‘an) with the 'sample_ obtained wvia the titanium-

. tetrachloride indgcgd-aldoI~Cohdehsqtion, thus géne}ating
éicompound‘that had“already {see eqg. 47) been:. converted

<

LY




7

" ring systems.

into 5—cyeloeieosen-i—one 28.
o In summafy,"we had developed a repetifive four-earbqn

expan51on whlch we had carrled out -over two cycles. The

i+

overall yleld &f 5- cycloelcosen l-one 28 is 30% frqm the -

/
/ "silyl enol ethers of cyclododecanone and the overall yleld

of.'s11y1; enol ethers’ 36 and 39 ;gs-' 5%. ~vIn the"next:

section ‘'we report an -alternative appr to'Very.large

.47



- "MACROEXPANSION’

ﬁsustated above, . we now sought, to deveIOp‘an,eaéy
route to a5butadieny1 ketones in the expectation that the
method,wduld facilitate access‘to{lérge‘ring'compounds by

the yracroexpansion process summarized in eq. 533 |

Y

¥

/// Because of our 1éxperiencé69v with (phenylselenb)—
‘aéetaldehyaéi(see eg. 54), it was natural to regard the
corresponding»vinyl Hémoxogue 42 as a synthetic equiva1enE
to the butadienyl cérponium.ion. If we could prepare 42,
then aldolr condenéation 'folioWeé by reho§a1 of‘_fge
eiéments of the 'Benzenese}eﬁo—group- and hydroxyl, using
gheJ_method"that had ‘yorkéd well . with (phenylseleno)-

acetaldehyde itself, would serve to generate an a-

butadienyl;ketone (eg. 55).

48
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However, we were not able to make compound 42. Our
initial  attempt involved !reating the "known82 silyl enol

ether '43, derived . from _crotonaldéhyde, with benzene~

-

selenenyl ch}oridéf'f " The ipfoduct isolated 44 - (91%)
carried the benzeneéeleno-grodp4 at C(4); This result

ekactly parallels that reported86 for the corresponding

N

reaction ‘wjth benzenesulfenyl chloride. It should be’
noted that the usual reaction87 between extended enolates

‘(at'least those derived from ketones) and electrophiles is

reaction at the a—pbsition, tofgive-the_thermodynamically_



Et;N
MsCi
: 0SiMe, - A
- . K ' 8 " H ‘ (56)
N CiSePh . \”/\/\
. : . SePh
43 . o]

- ~ ‘ 44

less stable (i.e. non-conjugated) product.

We did not pﬁrsue the queétibn aé‘to whether 44 1is
the initial prodqét or theNrésultvbf1ﬁ#éelenatioh followed
by rééid 1{3¥migration.88 : ¢' 

The stfucture, AS'well as the,stereocheTistry of‘44,'
. was obvious from its simple 1 NMR (200 MHz)'-speg%rum
[3JHC=CH'? 16 Hz]‘and,'although the compound did not have -

" the desired structure, it could, in principle, still serve:
o~ |



v

our reqhirements- Aldol condensatlon with cyclohexanone'

proceeded eff1c1ently (82%) in the desired manner (eq. 57)
,and we expected that we would be able to remove the
; ?

. . ' H
_ ) Phs,O/W

4 O | ,
i e /
s
rd
7
7
7 .

phenyiseleno— and hydroxyl—groupe [see 45,vvarrowsi by
'treatmenf.qf the aldol with methanesulfony1 chloride and
triethy1am}ne. 1IWhenuthe experiment was performed; under
the.standard co—nditions,69 an unstable ketdne carrying a
benzeneseleno-group (NMR) and hav1ng a conjugated carbonyl
 (IR, 1690 cm 1) was formed, Presumably the material ie
.one,lor’both,.of the geometrical isomers shown in 46'

Ev1dently the v1nylogous removal of phenylseleno— and

*hydroxyl groups (see 45) is not a v1able D cess_and SO we .

examined. an alternative r0ute to aldehyde 42

Treatment of epox1de 4789 witn phenylselenlde anion,

51 -



which we generated 1in 'the normal ’waygo from diphenyl-

diselenide and sodium borohydride, gave the two alcohols

SePh OH

OH SePh ‘
we o &

48 and 49. These. were separated by flash chromatography

and characterlzed on the basis of lH NMR, IR, and mass

W o v S
measurements.‘ Thq& deégyed isomer, 49 was not - t'ﬂ
..... - -3
stable; it would. be e&pectedas to 1somerlae %o SQ /
,& ‘ l X I k)

d1d not establish this_ p01nt because attempts to Qxiﬁ

T
the compound using methodology known to be compatible w1th

91

the presence of selenium [Swern ox1di}10n

bismuth’ carbonate ;92 N- chlorosucc1n1m1de, dlmethylsulflde,

'-trlethylamlne93] were all unsuccessful. Each experiment

produced malnly dlphenyldlselenlde.

Our tinal attempt to prepare phenylseleno aldehyde 42
involved generation of the' 11th1um enolate of - methyl
crotonate. Treatment with benzeneseienenyl ghloride, once

again gave (37% yield) the .product of substitution at the

trlphenyl—

52




termihali pdsition " (eg. 59) " as judged from the 1y NMR
spectrum; if the isomeric product 51 had formed we would

hdve'subjected.it to DIBAL reduction.

. o .

, " i LDA
/%/H\OCH; A ' > - OCH,

. i1 PhSeCl.

, ' (59)
DIBAL - _CHO
ST > A/
- ‘ L SePh

*® 51

Our efforts to generate .a synthetic equivalent - for

the butadienyl carbonium ion, using selenium -cRemistry,

c
AN

did not seem very promising and so we turned our attention

8

to corresponding ideas based on the properties of silicon.
We felt that if we could prepare éldehyde 52 or. 53

then we would be able to make‘a-butadienyl ketones byia

pe .

route involving aldol condensation, because the aldols (54
L

-and 56) would be correctly constituted to undergo .,a

classical Peterson reaction94_(54455) or, ~in the case, of

56, a 'vihylogous-f counte%gart . of the * Peterson
P i . . ‘
olefination, We could find no example in” the literature

i

of . a vinyiogous Peterson reaction . but, on mechanistic

grounds (eq. 62t and« eg. 63), the transformation should
o '

53

©



54

proceed.

SiMe3

52

60)

L3

> . . . oo
The synthesis of either aldehyde 52 or 53 is likely

to be very'difficult.* The reason for this, in the case

;. P

* i o . . ) -
Neither 52 nor 53 J[or 1ts (E)-isomer]) have been reported.
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T

of 52, lies in the ease of l1,3-migration of silicon from
carbon to-oxygen95 and, in fact, a-silylated aldehydes are

not well-known species, - Combound 57 i® the best



66 " it

characterized . example: has to be pfépared under

Y

carefully defined_ conditions. and it ‘appears that the

vhindered silyl group does not allow good yields in the

Peterson olefination. 5;3—Migra§ion in 52 would be
anticipéted ﬁo be ‘especially easy‘,because of extended
conjUgatioh'in tHe’produét which is the Silyl enoi‘ether
of crotonaldehydé.

v

"Iq”the case of 53 ap exothermic electrocyclic process

(eg. 64) is easily envisioned, which results :in breakage

‘of a carbon — silicon bond" (bond 'sﬁreﬁgth = 318 kJ

mol1~1)96 and’ formation o silicon — oxygen bond (bond
strength = 531 kJ-mol—l).9 -

It 6CCurred to us that the eléétrocyclic pathway (eq.

-64) could be blocked by enforcing a geometrical change in

the molecule. It seemed unlikely that aidehyég 58 would

decompose by the.eiectrocyélic intramoleéular pathway: o

56



“' ' \\"\‘/SiMea :
. 5 g g

@

At the same tlme the compound is synthetlcally equ1valent

to . 53-— by the process of semlhydrogenatlon,”whlch would'"

v

;be carrled out at a sultable stage We recognized'that it
leght be necessary to- protect 58. agalnst 1ntermolecular
pathways —-perhaps by storing 1t in dllute solutlon — but
.we decided to attempt preparatlon of the substance.

Propargyl bromlde was’ ‘converted 1nto “the silane 59

!

(80% yleld) followlng the llterature procedure97 and was

aQ,

isolated as a 92%_ pure (v.p.c.) 11qu1d by splnnlng band

distillation We. attempted to introduce ‘the formyl group'

by the sequence shown in eq 66.98 The first step worked

in a satisfactory manner (66% yield),h but attehpts to

e

hydrolyze the acetyl function .leéd mainly to loss of the

trimethylsilyl-group as Judged by‘ ly NMR: measurements,
. Fortunately, 'a successful route to the desired aldehyde

was quickly.developed.‘ - | . “
. ) . .'?/IL : : -

.fDEprotonation of silane 59 and hydroxymethylatlon‘

,w1th paraformaldehyde generated the alcohol 60 in almost

P

~
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[ .
H—C=C-CH,Br iMeg + H-CZC-CH,SiMes

’ / - ; 59 . .

A (65)

%
. . iEtMgBr
H-C=C-CH,SiMe; — .. (CH0),CH-C=C-CH, SiMe,
- ¢ liPnocu(ock,), ”
wot = -~ -
— , OHC -C:.'C-CH,S|M33 e (66)
| 58 . -
J

80% yield as a distillable 1liquid (eq. 67). The obvious

. ~
v ¢ ®

]

7 . A'_ H .
. HC =C - CH, SiMe, , = Buli —» HO = CH,C=C ~ CH, SiMe,

e
O}— = __'/S.ivMea- :

H .s8

(67)

79% 60
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choice for oxidation of 60 is-active manganese dioxide but

. - . v b
/ . . v

the reagent did not wopy properly in - this case and

59

examination  of the/freviewf literature99, shoﬁed\~that3-

manganese dioxi often giVeS- poor (<50%).lyields with

proparg&llc//alcohols. Pyridiniuﬁ .chIOrochromateloo wasi

'thedtnext reagent examined, - ‘It effected~ thei'oXidation

nicely and the reaction seemed clean as,judged hkﬁthin

layer chromatography. ™ Aldehyde '58° appeared .to be

-

* * L )
volatile and .considerable losses were 1ncurred durlng

-

complete evaporatlon of the hexane used to extract it.

Y

Also, the aldehyde is sensitive and decomposes when stored'

overnight as’a_neat liquid, For these reasons we used the‘

following technique in the preparation: 4Tm§ oxidation‘is

carrled out in d1chloromethane and then 1norgan1c materlal

is preclpltated by pouring the ‘mlxture 1nto tce-cold
hexane. Filttation through a pad of Celite and removal of
most of the solyent' gines a .stock solution of_ the

aldehyde™™” which was stored at o0°C owgr 3A& molecular

¥

Admlttedly, an-undetermined amount of "decomp051t10n
products"'may remain at the origin of the TLC plate. .

* %
E.g. Wexmonltored welght loss under water pump ‘vacuum.

e always used an allquot of the stock solution that
would correspond to a' 3-fold excess (on the basis of
100% yield in the oxidation).

|

N



60.

-A sieves.

"Tbe 'aldebyde' Qas too unsteble“ for combustion -
analysis; ibe structure rests on the mass, infrared, and
1y " NMR spectra, the\ latter 'being very _simple and .
characteristic [(200 MHz, CDCl4) 80.05 (s, 9H), 1.65 (d, J -
= 2.0 Hz, 2H), 9.04 (t, J = 2.0 Hz, lH); IR (neat) 2200,
1665, 1250, 850 cm-1]. ' | | .

vthh the‘aldehyde in hand we,teeted itsvsuitabilfty
as a synthetlc equ1valent of the butad1enyl carbonium ion
by examlnlng, first of all, its*ﬁreaction' with Grignard
reagents.

*reatment with 2- phenylethylmagne51um chlorlde (61)

proceeded 1n the e»pected way (61»62) (eq. 68). The next

“—

1

“step 1nvolved semlhydrogenatlon of the trlple bond

\.

v 'Y
. 0 o SiMe3 .
E——/ : OH

| j MgBr H. <
Ph N ——— Ph/\»/‘\% ~_SiMe,
61 ' o %
. | 62 - 8% (68)

v / '
As shown in Scheme 8, by perfogming a semihydrogenation,’

‘1

the overall result is exactly what one would obtain if the ™

olef1n1c aldehyde 153 1tself had been used in the first

LS
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instance.- The hydrogenatlon proceeded eff1c1ent1y using

the c1a551ca1 'Lindlar catalystlo1 and, when the resulting

OH SHWe L

Scheme 8

\

b S

. * L.
alcohols 63

. . [ ]
temperature’ the hexadienylbenzene 64 was  produced in 74%

yield (eqg. 69). : > v

. .
Appropriate decoupllng experlments gave3JHC CH =.10 Hz;
hence the geometry is (Z), as expected.

Vs

. were treated with potassium hydride at room

61



In a -similar fashion, l—mefhylhndécylmagneéium

‘bromide (65) was converted (60%) intg the acetylenicr

. a
. /\/()kHjiMea . ~ KH | v | E
—_————
Ph- "= THF R.T. Ph/\/\/\ 74% c9)
S 63 15 min. 64 | |

alqoﬁol 66 and this, too, was transformed in. very. high
yieldiihto'the.(gj—oléfin 67. The latter gave terminal
diene 68 -(84%) when'éxposed to thé'aétion of potassium
hydridé at room temperature;' Each olefin, 64 and 68 was a .

pure compound. - In such cases, thin layer chromatography

~is not a reliable measure of isomeric purity; however,. the

I ; . N - ' : ‘v -
'CoH, g . ‘ GH7y o -
. 3 95%, Ho~ KH CgHlg
. Me,Si
66 o 67 - 68

(70)



1'3C ﬁMR spectra (100 6 MHz) were of. good quallty and

showed the presence of only one substance. .The 1nternal
double bond of both olefins . was assigned (E)—geometry on
the basis of the values 14 9 and 1ls. 1 Hz for 3JHC CH'V'

The above experlments establlshed that our acetylenlc

aldehydeASB d1d 1ndeed functlon as an equ1valent for the.

butad1eny1 carbonlum ion (eq. 71). and we were ready to use

the sequence for macroexpan51on.

Flrst of all we carried out an aldol condensatlon
between ‘the enolate of cyclohexanone and our acetylenlc
aldehyde. We followed. a ‘'general . procedure that has

frequently been used in thlS laboratory 69 the enolate

was generated in ether from the 511yl enol ether by the

+ o
CH:CH—CH:CH, |
Rm — N
: v
< o Vsmw
H

action of methyllithium .in the presence'of tetramethyl-
ethylenediamine*,iand the resulting 1lithium enclate was

arbitrarily converted into a zinc enolate by addition of

x . S
This additive is essent1a1 with some large ring 511yl
enol ethers: they do not react with methyllithium in its

‘absence. The additive is not needed for a 6~-Mmembered ring

but we used it to speed up the reactlon.

63



’”

zinc. chloride in ether.’6 Finally, a solution containing

64

an>ex¢ess of tﬁe;acetylenic aldehyde was added and, after -

o

a reaction period of 20 migutes at . ice-bath temperature,

it was:possible to isolate the acetylenic aldol 70 (see

.Table. 17 in 76% yield. The compound is a mixture  of .

isomers, .but this fact is of no consequence because one
stereocentre is destroyed at a later stage.

In a similar’ fashion,.the silyl enol ethers derived

~

from 7=, 12-, and 13-membered cycloal&anones were

converted 'into ‘the corresponding ac;tylenic aldols (see
. . X . \
Table 1). : A

The next step in the. sequence required semihydro-

genation of the triple bond of 70 and we used a procedure

(5% .Pd on barium sulfate in pyridine) that had.‘beén-

praised in the current literature.l02 The olefinic aldql
71 was formed in 96% yield. The“geométry shown‘(see'Tabie
2) follows from £hev observed coupling constahﬁs. ‘The
other aldols;that we "had made wefé also semihydrogenated

in the same,way and also in excellent ylields (see Table

’2)-

T4
B
£

)
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4]
' TABLE 1
ﬁntiy Silyl Encl-Ethers N fAldol Products (%)
O-SiMe, O OH
_SiMeg
1 69 , 70 (76%"
_ O- SIMO3
r
2 73
3 77
O - SIM,G3
s 81 ﬂ 82 (70%)



TABLE -2

| N

Entry’ Acetylenes ' Hydrogenation Products (%)

O OH | 0. OH SiMeg \

1 70 - 71 (96%)
"0 OH ‘ , o OH SiMeg,
_-SiMe;
2 74 o o ’ 75 (97%)

3 78 C ' 79 (96%)

4 82 . - ' 83 (95%)



When we treated compound 71 with pota551um Iugi;gde
-under the condltlons used successfully in the case of 63

and 67 we obtained a complex mixture and SO ‘we sought an

‘alternative'method‘of generatlng the dlene. Bye found that

67

olefinic alcohol ‘71 reacted smoothly in less than 10 .-

minutes t -20°C Qhen it ‘was treated with a solution of
.tinvtetﬁachloride in‘dichloromethane. The resulting a-
butaddenyl ketone 72 could be isolated in 69% 'yield.
Boron trifluoride‘ etheratenfhas been used before?? in
Peterson olefinations but - we .are not aware of 'the use of
tin tetrachloride in this ~connection. “The reaction is
general; it worked efficientiy for +the other exampies
shown in Table 3. Once ‘again, the'stereochemistry of the
internal double bond . is cleanly (Ej as judged hy ly §MR
measurements,m the diagnostically signlflcant values of

3JHC CH ranging from 15 1 ‘to 15.3 Hz. The IR spectrum in

each case showed the presence of a non—conjugated ketone.

With these results in hand, we had developed a new:

. N
route ‘to a-butadienyl ‘kétones, maklng such substances

fairly readily available for macroexpan51on. That process
had been used, at the time we did these experlments, for
expansion of compound 8% as in eq. 7267 afd we dec1ded to

apply the method to some other examples, since we had the

necessary q;butadienyl ketones. These should be
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TABLE 3

Entry

Hydroxy-silanes | _ o ‘Dienes (%3

O OH SiMeg o

1 71 . ‘ a 72 (69%)
0 OH | SiMe3

2 75 ' 76 (80%)
o OH SIMes

3

4 83 ' 84 (73%)



- 69

©
Ho | o
RN ~ _KH TN
- > c
N = - THFRT a4
85 - o / (72)

N9096

convertible, by the' action of 1—1it_hio—1,3—butadiene67

a

into appropriate substénces for macroexpansion.

‘. We initially "found the preparation of the
organometalic .to 'bé 'very' difficult. "The reported
67

procedure is shown .in Scheme 9. 1In our hands the first .

stage'(36+87) does not proceed as indibated, but produces
N Al N . ) . . ) ‘
two products as judged by thin layer chromatography.

Likewise, an analogous: literaturel®3 procedure (eq. 73)

also gives two products and not just one as reported. An

attempt to use tribUtylstannane as in eq. 74 was no more

successful. HydrostanhYlétion of propargyl alcohol itself
" , k .

had been claimedl®4 to proceed cleanly. We were‘ndf able’

to repeat such a result and the work ,104 in fact, has been

criticized in a detailed study105 of the hydro—
)
e

 stanny1ation. I1f the conditions of eqg. 75 are followed

exactly then a satisfactory ratio (17:1) of"(E):(Z)

N

stannane is obtained. The distilled total‘étannylation/
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Scheme 9

OSlMe2 Ph

H __/ ons)o H%-(_OSiMez Ph.

_ Bu,.Sn
86 . 3 87

* . o
PMHS " /AIBN/ 80

" H ‘ CHO
BaMnQ
_____» /_/_ | a____ o /_/\ |
' C92%

Bu,Sn - Bu;Sn
89
| s
H,C —PPnh : - - :
2"~ 3 H — Bul1i H —
~ BusSn’ 87% : Li
90 ‘ 91

% . .
Polymethylhydrogensiloxane
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) . - )
. B - :
__oTHP ( U3Sn)20_ H OTHP
H—=_" ‘ - — | \
‘PMHS Bu,Sn” ' (73)0
H — OTHP . BU3SI’|H. _ ol H\.. | wOTHP ; ¥
- AIBN; 80°C . o s
2 g ! ) -‘» .
& )( - i

product was used directly for the next step — oxidation to

aldehyde 89 (see Scheme 9). .VWe-found barium ‘maf;gana‘té



..

unsuitable, despite‘its‘reported use®7 for this purpose,’

In our hands commercial. active manganese d10x1de worked

L]

well ang dgave.faldehyde, 89 in 74% yleld (corrected for'

‘recovered starting~ material)v i The materlal was a 17: 1_

- miiture of 1somers w1th the requ1red (E) geometry — as
: shown by ‘a value of 19 7. Hz for 3JHc=CHl—-predominatin§;
.The flnal-chaln extenslon (see‘Scheﬁe 9{ 89+90) by Wittig
reaction. proceeded uithout ‘incident (83§ Yield) -The
mater1al appeared to be 1somer1cally pure on the basis of
its 13¢ NMR (100. 6 MHz) spectrum . -

Ketone ‘76 was then treated w1th lltth 1,3- butad1ene

derived from stannane 90 in the reported fa_sh1on.67 Some
\ o B o 1, .

"~ “enolization occurred during this process because on workup

we obtained an inseparable ‘m1xture‘ of the desired

'bls(butadlenyl)alcohol 92 and the startlng ketone 76 (eq.
76);- This mlxture was used dlrectly for the subsequent

"stages.. ' ;- : .: f;f, T ' S

| We did ‘not detect (1u hMR)"any isomer of " 52"(i;e,

;’material w1th la B stereochemistryf*lrb ~ The stereo-

“chemlstry assrgned is based o% analogy w1th the

¥
2

o

. - v .
‘S/N ratio = ca 100 for most 1ntense peak

‘.*_The senlor group (Sequence Rule) at C-1 def1nes the

ﬂ a-= face. . s

72
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v[ - _ B

corresponding reaction of Z-butadienylcyclohexanone67 and,

in the event, was -confirmed by subsequent experiments’ (see

.below).

Attempts to 1nduce macroexpanslon of 92 by treatment

under the reported67 condltlons, with thaSS}um hydrlde‘

:were unsuccessful as a complex mixture.(tlc)‘offproductsv

Qae'denerated. v our oneervatjons in the cyclododecanaone
. series wefe alse dnnromising- | \ |
. Treatment of 2- butad1enylcyclododecanone 80 with 1, 3—
butadlenylllthlum gave‘(74%) two.eas;ly separable 1some;s
-[la,2q] and 94'[1&,26] in thé ratio Of 3;1:
The:stefeochemical ase{gnments are tentative: they

are made on the basis, of analogy w1th the Japanese work79

shown in eq. 78 and on -the fact that subsequent chemlstry

_(see below) is accommodated 1n thls way, and not -if the

N

ssignments are reversed. - R .



These dlageams are not meant to 1mp1y preferred

" conformations.

(78)

74



Reaction of 93 with potassium hydridé resulted .in
disappearance of' the stafting material . but the" NMR
spectrum. of Sthe main product showed too many vinyl protons
relative to other signals (7H,Ainstead of 6H). It. was
obvious‘;hat the anionic‘hgcfbexpaﬁsion.reported in the
literature was not general;‘ A way'fpund the.difffcuity
was éought and quickly Eéund; | | |

Each of the three a1c§hdls 92, 93 and 94 was

converted into its trimethylsilyl ether. The hydroxyl

‘groups are tertiary and are iikely to'be‘hinderéd,'but'the

reactionﬂ worked well in ' DMSO with “chlorotrimethylsilane{

M

and hexamethyldisilazane.’?

75

/
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The silyl ethers rearranged smoothly' on heating under
argoﬁ in" a " sealed ampoule at 200°C for 15 minutes.

Thermblysis of 95 gave silyllenol ethér 96 (88%) (eg. 82)

94 I 102

The material - contained 8% (1H.NMR.integratiOn) of residual

95.” An ;ttémpt to convert 96 into .its parent ketone by

,. » , (
N ‘ _ , o o ‘

We did not establish whether this is the result of
incomplete rearrangement or of an equilibrium.
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treatment with tetrabutylammonlum fluoride - in THFjoave‘a
‘very complex mlxture (tlc) and we resorted to the
unconthtionaI process -qf treating jthe eomp0und"with‘
‘metayllithium in’.ether_dinv “the presenoe of 4tetramethy1—
ethylenediamine. _ Aqueous workup gave (855) the 'hon—'
conjugated ketone 97 as a 51ngle isomer (13C NMR) and on
hydrogenatlon it afforded cyclopentadecanone (Exaltone)106

98 in.95% yield (eq. 83). g

>

Snlyl ether 99 gave, on thermoly51s, 51lyl enol ether

"100 in 9i$ yleld It was a 51ngle p oduct\,. as Judged by‘

a—

13C NMR and ‘wa's converted. (79%) into the non- conjugated:ﬁ
‘ketone 101 by the acti-n of. methy111th1um and tetramethyl—"

Nethylenedlamlne followed by acetic ac1d (eq. 84)
. ; 3 _

Thermoly51s of 102 gave, in 91% yleld two isomerid
b

siiyl enol ethers which ‘we! co051der" to, have structures

103a and 103b as shown in, Schemes10. f



" Scheme 10

2

>
~

102 ' Lo 1033




.Our structural aésignments»to 92, 53;~94, 95, 96, 99,

"ido. 102, 103a, and 103b rest on ~the following
consideratibns:. o

In the case of the bis(but%dienyl;—cohpobﬁds 92, 93,
and 94, the mode of fOrmation defines the gross stgucture
but not the‘relative stereochemistry at the tyb ésymmétric

centres. _Some guidance in assigning stereochemistry was

provided an a l'ine:,of“.ar'gument.uséds1 }nlthe following .

i

context’
- A diVihylcyélohexénol;,assigned ste}eochemigtfy 164,
hnderwen{fthermél isémerizationlto ketone 105 (IR41709;
987 “em™ly, whereag:'the isomeric alcohol- 106} gave a
mixture of 107 (IR 1706, 703 cm‘l)Vand:105'(sée'5cheme

11). ' The feé&nes_were»fUlly'éharacterized.
ff one makes the':easonable assdmpﬁiothhat the oxy-

- Cope rearrangement involves a concerted process via a
: R . ¢

79
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chair transition . state, then thé stereochemical

assignments to the two alcohols 104 and 106 allow the

)

107

N ‘ o Sc_heme_(ll A



‘Stereochemistries for 105 and 107 to be rationalized.. An .

~exactly similar argument was used’? to accommodate the

{ . . . g
obseygvations summarized 'in egs. 86 and 87.

When these lines of reasoning, 'and asSumptions about

the conformation in the oxy-Cope, rearrangement, are

‘applied to our compounds then the dé ree of stereochemical

homogeneity of the thermolysis products is readily

understood. If the divinyl alcohol in the cycloheptanone

81

(87)
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cese (iig;:compogpd 92) has the stereochemlstry shown it
would be predicted to . afford (aYter ~ ation,
thermolysis, and‘desilylation) a single/ketone rather than
~a pair of geometric isomers. That ketone is expected to
have the (3E,7E, 9é) geometry ahd this .geometry is,
accordlngly a551gned to the one ketone 97 that is actually
produhed.

The major bls(butadlenyl)alcohol in the cyclododeca—

b .
_none series (i.e. 93) must, similarly, have the assigned

stereochemistry. It too gives a single thermolysis
. product. Correspondlngly, the other isomeric alcohol

should lead to two produsgs when - the derived 511yl eéther 102 /
is heated It *is not unreasonable .to expect 102 to exist -~
in two'conformations, each having one large group axial
(see eqg. 88). 'Confofmatign' 102. leads to ‘103a- and -
conformation 102b leéds_to 103b. .

It is surprising that the feported67 macroexpansion
(eq. 72) gave a single product we suspect that - the.
instrumentatidn G?gg in that work was not sensitive enough
to &etect the minor isomer. B | o -

We have not addressed the guestion. of the mechanism
of jthe‘ macroexpamgion. Oﬁf observations %re'.consiétent

with tigllgaal shifts or a single [5,5] rearrangenment,

A



!
osuuea (88)
o102 ,102b

Conclusion (

e

.7
In‘ the firsf section of this -Fhap£ér 'we.fhave
‘fdeveloped a repetitive four—cafbon‘ ring expansion
| procgdure that makes uée bf (phényiseleno)aﬁgfaldehyae and

the siloxy—Cope rearrangement. The sequence was carried
Oout over two: cycles of expansion.-and we were able to
overcome the problem of regiochemical ‘scrambling of

4

o

enolates  that occurs during - anionic oxy-Cope

-

83



rearrangement. ' R -

!

- We .haVev found, ‘in  the second part, a synthetic

equivalent for the butadlenyl carbonlum ion. It can be

used to make termlnal dienes’ w1th (E;\geometry Ehd it also

prov1des a route to a-— butadlenyl ketones, whlch are useful

for macroexpan51on. ' Macroexpan51on by ‘anionic oxy- Cope'

.84:

rearrangement is not a general reactlon and the silylation"

¥ route developed here merlts consideration -when the ionic

pathway is unsuccessful

A



 EXPERIMENTAL

Unless-.otherwise stated  the following .particularSf

;apply. Experiments were carrled out under argon that was‘

purlfled by passage through a column (3. 5 X 42 cm) of R-
311 catalyst107 and . then through a 51milar column of
. Drierite; -

Glassware was dried in an oven for at least ' 3 h

1;»(l30ﬁC), cooled in a dessicator,”guickly assembled and

sealed. with rubber"sépta (when appllcable) Inlet 1 and

[}

ex1t needles for argon werée passed through a septum on the

apparatus and argon was purged through- the. system. The

exit needle was remoVed and the apparatus was kept under a-

) sl1ght statlc pressure of argon (prov1ded no gas was to be

generated in “the react1on) _ Stlrrlng was effected" by’

\
R N ; -

/

using a dry, Teflon—coated magnetlc stirring bar.

Materlals were welghed qulckly 1nto dry PFasks whlch

uere_ then sealedv with rubber septa 'and‘ purged, with

‘argon. - Transfer of moisturef and/or air—sensitive

materials was accompllshed 'uSing dry, well-greased'

Iy
syrlnges whenever 90551ble

use ‘fd% chromatography of‘ extractions.

_ solvents -and reagents 'were drled w1th

~

_'.
i tetrahydrofuran (THF), .and béhzene ‘were dlst1%$ed

N ) E- N

85 | "

,}?br to transfer. .Solvents wereyd;s—

drylng agengﬁ and dlstllled under argon. "~ Dry

85

'f5011ds -being d1ssolved a. -



.

- from sodium~benzophenone ketyl; dichloromethaney\ chloro-

form} carbon tetrachloride, i,2—dichloroethane," toluehe,
hexane, pyridine, trietﬁ?lamine, diisopropylamide,. aceto-
nitrile, »dimethylsulfoxids ”KDMSO), and hexamethylphos—

phorlc triamide (HMPA) were dlstllled from cgic1um hydrlde

[the 1atter two™ under reduced pressure (ca..-10 mm)].
fN,N,N ,N' Tetramethylethylenedlamlne was distilled first

from d1um hydrox1de and then from calcium hydride,

A ' *
methanol was dlstllled from nmgne51um methox1de, U,S.Pp.

{ .
absolute ethanollO8‘and hexamethyldlsllazane (HMDS) were

used without further drying. 'The commercial solutions

-

(Aldrich) of methyllithium in ether, n-butyllithium \in .
. ' —_ ~ o : ‘%t,r'
" hexane,,.. and v1ny111th1um (Lachat) in THF were tltrated B

!vu-

before use by the'dlphenyfacetlo acld method\109 Sodium
“todide -and paraformaldehyde - were dried in ,vacuo fo?l at - M(({

least 12 h." -Magnesium turnings for Grignard reactions

Qere stored at\ 130°C'- Benzeneselenenyl chloride,

.0 ‘

~rpyr1d1n1um chlorochromate;“ﬁlphenyidlselenlde,,menganese—'

(IV)ox1de and . methyltrlphenylphosphonlum bromide (all
Aldrlch materlals) were used as received. A Azobisiso—

"ebutyronitrile (AIBN) from Eastman was used without further

purlflcatlon and stored at 09%€,, S e -

Feo
.a,,rr

Products were 1solated from solutlon by cOncentratlon

. Pad N

"under water pump vacuum at  30°C using a rotary
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‘treated with iodine vapour, and charred on as hot plate S

.-4 . - A . .

evaporator. Where compounds .were, isolated by simple
evaporation of their 'solutions, the residues were kept
under vacuum (<0.1 mm) until of. constant weight. Meltlng

pOLnts were measured u51ng a Kofler block meltlng poxnt

i

apparatus. B0111ng p01nts quoted for products dlstllled

ey

in a Kugelrohr apparatus’ refer to the owven temperature. ‘

e ST
(o N
Commercial s111ca (Merck 60F—254) thln layer chrom—f

A

atography (TLC). plates were used. Sll1ca gel for flash

column chromatography was Merck type 60 (230 400 mesh) _

TLC plates were examined under wuv radlathn (ZS4 nm),,

after be1ng sprayed with sulfurlc ac1d (6 N 1n methanol).
Vapour phase chromatography was performed u51hg
Hewlett-Packard 5830A gas chromatograph equ1pped w1bh .an.

FID detector. A Hewlett- Packard stalnless steel prepacked

cp}umh,(l/g"_OD x 6 ft;plO% QF-1 on Chromosorb w,‘805100,ﬁ‘“ -

mesh) was used. = v ) ) LT
. e _ t o
. :

‘Splnnlng band distillations were carri&d Kalbdd fonkﬁa_u,fff

-~
[

Y

Perkin- Elmer -15;/’annular stlll. Combuetion eleﬁqntal,._ S

analyses were performed in the microanalytical " 1&%7

oratories of ‘the University of Alberta or by Butterwo;tnl‘ 1f/“

Laboratories. Ltd, in England. Infrared spectra were’
. Pl . .

recorded on a Perkin-Elmer 297 spectrophotometer or

Nicolet 70Q0 FT-IR model. Liguids were run as neat filmsw‘fm



A

~
5

on pota551um. chlorlde plates and SOlldS were run as

solutlons in the spec1f1ed salvent, using 0.5 mm pota551um“

fchlorlde “cells. Proton’ ‘MR spectra were reﬁorded on

.

'Brg,ker wé—sov. (at. 80 MHZ), Bruker WH-200 (at 200 MHz) or

3

Bruker WH 400 (at 400 » MHz) spectrometers, in the specified-

' deuterateg «solvent ‘w1th tetramethy1311ane (TMS) "as ' an

. chemical shift, Mass spectra were recorded on an A.E.I.

~

internal”*standard. 13C NMR spectra were recorded on
Bruker HFX—?O (at 22.6 MHz), Bruker .WH- 200 (at 50.3 MHz)

or :Bruker WH-400 }at 10046 MHz) spectrometers in

deuterated chlorokorm w1th TMS -as an internal standard.

A3 ’

The folrawlng abbrewviations are"USed in the text: S,

‘singlet; d, doublet; t, triplet; g, quartet; q', quintet;

m, multiplet;  s', sextet§<’J, coupllng constant; &,

~MS50 massg spectrometer at an~1onizing voltage of 70 EV.

-~ .

N
.

General. procedure for  the preparation of trimethylsily?t

N

v

v

‘enol ethers: ;\e'diteraﬁurello procedure was followed:

Sodipmtiodide (0,13’ mol) inedry acetonitrile (125 mL) was

" added ' dropwise. -unger-- argon to a mixture' of the

correspondlng ketone (0.1 moi) triethylamine (0.12 mol)

and. chlorotr1meth§ls1lane (0.12 mol). = The resulting. -

suspen51on(was stlrred at room temperature for 12. h and

the ., solvent *was evaporated. Tﬁeiprecipitate was filtered

A v
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off and washed well'with dry hexane. Evapdratibn bf'the’

. ¢

solvent (BUch1° CaSO4 tube in line to Waterpump) and spin-

-

-nlng -band dlstlllatlon ﬁf:,the resultlng dil .gave the -

‘correspondlng 51lylenol ethers. )

- . Ca . h . C o .
. N e o - B
\ b . v

(Cyclohexen 1- yloxy)trlmethy151lane 69.82 IR (neat) 1662,

>,

1250, 850 cm-1; lm NMR (CDClj, 80 M@z)' 5 0.2 (sy 9H),
: » .' v
1.4 — 1.8 (m, 4H), 1395 — 2.35 (m, 4&), 4.0 (&, 5 = 7 Hz,

1H); bp 88-89°C (20 mm) [lit bp 75 — 80°C (20 mm)].

-

b

Y

Cyclohepten 1- yloxy)trlmethylsilane -73ﬁ111 f-*Igl'(neat) 

1660, 1250, 850 cm”l; ln nmR (cnc13, 400 MHz) § 0. 22u(s,

&

e

/.

. ) h : S 4
~5.0 (t, 0 = 7.2 Hz, 1H); 130" NMR (CDCly, 100.6 MHz) & 0.2,

'S

9H), 1.52 (m, 4H), 1.7 (m, 2H),*2.0 (m, 2#), 2.21 (m, 2H)

S

25.2, 25.3, 27.8, 31.5, 35.5, 108.5, 156.0; exact mass,

/

m/z 184.2301 (calcd for CjH,q0Si, 184.2364); bp 105-106°C,
‘ ‘ ) ‘ / T

k)

(20 mm). ..

° . . -

; (Cyclododecen—l—yloxy)trimethyisilane. 77:111 IR (neat):

1665\y}3Q§,,§?0 cm™l; lu NMR (cDCly, 80 MHZ) & 0.2 s,
‘ _ & .

9H), 1.1 = 1.5 (m, 16H), 1.8 —"2.1 (m, 4H), 4.5 (t, g, = 7.

Hz, 1H); bp 97-98°C (0.55 mm).
¥ ' .. . . t)
(gyclbtridecen—iéyloxy)trimethylsiféneel:112 IR (neat)

S

.'a\ o

EA
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o e . T ‘ o ) J - ‘ j - . _jv . . - » //,.
& 166%, 1250/f850»cm'1;31H.NMR-(CDC13,'200“MHZ) 5 0.2 (2 s,

«"§H),~]¢1»—-ﬁ 7 (m, 18H), 1. 9 — 2.1 (h; 4H), 4.4 (t,'J =

7.2 sz 0. 6H),-4 45 (t, ‘3 = 742 uz, 0. 4H), 3¢ nmr Kcoc13,

S e

'3
22 6 MHz) 6 0%02, 0 5, 2442, 24.4, 24.6} 25.3, 26.4, 26 .8,

C

28 3» 28, 8, ".29. 0, 35.6, '108.8, 110.2,

o

uk 132 5,

1 L49.8 151.1; ‘exactymass, m/z 268. 3213 " (cadcd for
| C16H32081, . 268. 3300) :Anal calcd for C1eH3208i: €,

1. 55 "H, 12.02. Found: C, 71.83; H, 11,91; bp 85-85%C
. ) 1 Lo 4, . * i .

«‘;‘ wa mm) | _ »§
C SR Lo .
N A o . , : . | C
2 {1- Hydroxy 2—(phenylseleno)ethyl]éyclododecanone 12:

Methylllthxum,.(l.Q%,M in ether, 8.2 mL, 15.6 mmol)-waén
Lnjeoted"by Syringe pumé ‘over ca.\ S\min' at room temp-.
wderatuie 1nto a stlrred mixture of 511yi enol ether 77 (4 0
"é; 15’6 mmol) in dry DME (15 SL) nghe”resultlng solutlon -

Uwas stlrred for 1 h and was then cooled in an 1ce-water
o 4

[

P 90 mmold ‘was added dropw1se over a perlod of 10

min. Stirring .at 0°C was continued for a; further 106

. min. Phenylselenoa?italdehyde69 (3.12 g, 15, 8 mmol) in

' DME (3 mL + 1 mL mlnse) was 1n3ected,rap1dly over_ca. 3

sec. .The reaction mixture was stirred for 20 min and was

.then partitioned between ether (50 mL) and saturated:ﬁ

aqueous ammonium chloride (50 mL). The organlc 1ayer was:

bath Anhydrous zinc chlorlde76 (0.69 M in ether, 11 5 :yf

NEES)
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.separated and the aqueous Qpase was extracted w1th ether .

(2 x 15 mL). ’The comblned ether extracts were ~washed w1th.
brine, dried (MgSO4), and‘ evaporaﬁed Flash chromato—
graphy of the re51due over ‘dilica gel (5 x 15 .cm) w1th 15%-

\

ethyl acetate gave hydroxyselenlde 12 (5.23 g, 88%) as a

pure (TLC,(sll1ca, 20% ethyl acet?te —-hexane) mlxture ofr. j
.diastereo¥sfmer$= IR (CCl,) 3500, 1705'cm—.k (CDCl5, 200
MHzﬂqs 1.0:— 1.9 (m, 19H); 2.34 (5, 1H), 1.6 — 1.8 (m,;% -
\ZH), 1:55 im, 2H), 3.1 (m, lH)}‘ﬁ,B (m, 1H), 7.2 (m; QH), ; ;

7.4 (m, "2H); exact mass, m/z. -382. 1401' (caled fog
CooH3gh,Se, 332f1403)' Anal. ‘aled for CypH 300256 s Cyl

, : - gy
62.98; H, 7.92; 0, 8.38. Found: cs 63.03; H, '8.097 0, ¥

" 8.69. ;?\\ e

- & ' . e e
2- Ethenylcyclododecanone 13: Triethylaminé (3 8 mL,327 O

mmol) was 1n3ected into a stirred solution of ‘hydroxy-
selenide 12 (2.1 g,‘5.5 mmol) in dichloroneehane (20 mr)
and methaneeulfonyl chloride (1.28 mL, 16.5 mmol) inw‘
dlchloromethane (10 mL ¥ 1 mL r1nse) was 1n3ected at room.

temperature over a perlod of 2 h (syringe pump)' -Ihe '

mlxture S;s stirred for a further arbltrary perlod of QO

B3

min and was then poured into hexane (30 mL) and ether (30

‘mL). ‘The prec1p1tate was'ﬁiltered off and the solvent was

evaporated." Flash chromategraphy of the ‘residue over

[ i i
) N ’ J ' il . Q9



& T . ‘
- :&cha gel %03 x _Zﬁu cm) first,. wlth hexane (to elute
' ?iphenyldiselenide),( and: then w1th i%,xethyl~ acetate —

hexane followed by Kugelrohr dlstlllatlon [bpf 55—60°C\,

(0. 004,nm)] gave ‘olefin 13 (917 mg, 80%) as a pure (TLC,

e .
5% ‘ethyl acetate -?.hexghe), colorless oilg IR (neat) -

.1705, 1636, 1470, 1450, 920 em1; 1H4NMR (coc13, 400 MHz)
;“6 1.1 —-1.55 (ﬁ;ﬁlﬁﬁ); 1.8 (m Ih), 1g95 (m, 1H),_2.4 (m,
< 1HY, 2.6 (m, 1H), 5.1 (dd, 3 =‘1o 1.5 Hz, 1H), 5.2 (da, g
= f%, 1.5 Hz, lH) L3cinmr (CD013, 5D.3 MHz) 5 22.1, 22.3,
'231fp 24.1, 2433,- 24 .5, 24.8, 25.3, 30.1, x38.1, 457.7;

(

Je ° 116.6; 136 8, ‘212. 1 exact mass, m/z 208.1827‘(ca1cd for

,\‘,4a IS . ) ’ o - . s | L‘.',l" ’
(IR* 2S*)~ - na (IR* 2R*) 1 2 Dlethenylcyclododecanol 14

B D rmsmtet gy === +

and 1579;_ Ketonet 13 (1.47_g,‘7.0 mmol') ih THF (20 mL. + 2

s .  mL rlnse)“bﬁ S ~added- drepwise at 455°Cﬂ7intq a 'stitred
solution” of vinyIlithium™(0.56 M in THF, 16.4 mL, 9.2
mhol). 'The mixture was stirred for 30 min and saturated

aqueous ammonium.chlcride (20 mL) was'added.‘ The organic

layer was seQ\Fated and the‘aqueous layen was extracted

with ether (2 %\15 mL). The‘comblned orgaﬁlc extracts
. \\ K
were washed with brine, dried, and evaporated. Column

4 : R . s N
chromatography of ‘the Yesidue over 10% silyer nitrate

‘ silica gel (5 x 30 cm) with 50% ethyl acetate — hexane



] . . ’ . . N . . '
gave the individual isomers which were each dissolved in
ether and extracted with brine (to remove traces of

. ' /- ] . R ' -
Agty. Evaporation of the solvent gave two . apparently

homogeneous (TLC, silica}gel,‘lO{ ethyl acetate;—-hexanef

‘alcohols of Cgmbined weights (l;S? g, 94%). The material
of 3igher.R% 15~ (475 mé, 28:3§) was gd oil: bp 102°C (0.2
mm). [1it.79 bp 122-3°C (0. 7{mm)]; IR (neat)\ﬁs\9 1640,
@998, 920 cn=l; lu NMR (CDC1y, 200 MHZ) /5 1.1 — 1.9 “(211),
2.3‘(t,’J = 10 Hz, 1H), 5.0 — ¥.2 (m, 4H), 5.35~— 5.60 (m,

1H), 5.95 (dd, J-= 17,-10 Rz, 1H); 3¢ (cpcly, 50.3 MHz) B

1

o

18.4, 22.1, 22.4, 22.5, 22.7, 24.3, 26.1! . 26.2, 26 3,
34.6, 48.5, 75.7, 112.3, 119.7, 139.1, 142.4; exact mass,
m/z 236.2131 (caled for C, H,g0, 236.,2133).

The material of ' lower Re¢ 14 (1.09‘g, 65.7%) Was\a
bghlte crystalllne SOlld mp 50-52°C (llt 79 mp 51-62° C)b
IR (neat) 3450,;1638, 998, -920 ¢m }; 1y NMé (CDC13, 400
MHz) & 1.1 — 2.0 (m, 21H), 2.25 (t, 3= 10wz, 1n), 4.9 —
5.3 (m, 4H), 5.5 — 5.7 (m, 1H), 5 9 (dd, J = 18, 10 Hz,
1HY; 13¢ (CDC13, 50.8 MHz) 8 20 3, 22 0 ~22.7, 22.?{ 23.0,
24.%, 26.2, 26.6, 38,0, 45.9, 76.9, 111.0, 116.0,_138,8,
'144.7; exact mass, m/z 236;2130 (calcd for C16H280’

236.2133).

93



(1R*, 28*)-[(1 2- Dlethenylcyclododeeyl)oxy]trlméthylsllane

17: Chlorotrlmethy1511ane‘ (1.55> mL, 12.2 mmol) was

injected at room temperature into a stirred solution of

alcohol 14 (1.93 g; 8.16 mTol),and hexamethbldisilazane

(2.1 mL, 9.7 mmol) in dry DMSO (15 mL). étirring was

continued for an additional 30 Tih and pentane (50 mL) was
added. The ‘mixture was shaken with water (20 mL) and the
organic layer was washed successively with 5% agueous

sulfuric acid, saturated aqueous sodium bicarbonate, and

brine, The organic -extr;ct was dried’ (MgsO,) and,

ev poratedv' 1 Flash chromatography of the Tesidue over
sjlca ‘gel (4 x 15 cm@ with hexane gave 17 (2. 31 g, 91. 6%)

as a’ pure (TLC, 5111ca, hexane) oil: IR (neat) 1640,

. |
11250, 850 em~l; lw NMR (cDCly, 200 MHZ) 5 0.25 (s, 9H),

1.0 —"1:9 (m, 19H), 2.02 (t, J = 10 Hz, 2H), 4.8 — 5.15
(m, 4H), 5.6 (m, 1H), 5.8 (dd, J = 16, 9 Hz, 1H); L3¢
(CDC1y, ';).6 MHz) & 2.9, 20.9, 22.2, 22.7, 23.0, 23.8,

24.4,7 26.4, 26.9, 37.0, 47.2, 81.0, 111.5, 114.7, 140.6,

143.9; exact mass, m/z 308.2530 (calcd for CigH3g0S1,

-

308,2533).  Anal. caled for CygH360S8i:  C, 74.03; H,

11.67. Found: C, 74.28; H, 11.94. \

o«

(1R*,2R*)—[1,2fDiethenylcyclododecyl)oxy]trimethylsilane

9

18: 'Chlorotrimethylsilane (0.:11 mL, 0.84 mmol) was

94
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-

injected at room  temperature into a stirred solution of

v

alcohol 15 (135 mg, 0.56 mmol) and hexamethyldisilazane
B RS . ‘ P B

(0.11 mL, 0.67 mmol) in dry DMSJ (2 nmL). Stirring was

continued for an additional Q.S h and pentaﬁe (Ié;mL)Jwaé

added. * The mixture was “shaken’ with water (20 mL) and the
; nl : ,

’ =
organic layer was - washed successively with 5% aqueous

sulfuric acid, saturated agueous sodjum bicarbonate, and
. / , t .

brine. The organicc:é?tract was dried (Mgso,) and
evaporated. Flash chromatography of the residue over

. [ '
silica gel (1 x 15 cm) with hexane gave 18 (16} mg, 93%)

as .a pure (TLC, silica, hexane) oil: ) IRb(neaﬁ) 1640,

1250, -850 cm™l; 1l NMR (CDCly, 200 MHz) ‘6 0.20 (s, 9H),

- ! o - ‘ ! ‘
1.0 — 1.7 (m, 19H)¢Ml§85 (m, 1H), 2.42 Yt, J = 10 Hz, 1H),

4.8 — 5.2 “(m,-
1H); exact maWg m/z 308.2530 ‘(calcd for CigH30S1,
1308.2533).  Anal. calecd for CygH3¢0Si: ¢, 73.95; n,

11.75. Found: C,"74.00; H, 11.86.

l(z),S(E)-(1,5—CyclohéxaQecadien—l—y10xy)trimethYl—

silane 19: ‘Silyl- ether 17 (500 mg, 1.62 mmol) was sealed

. : e ¢ . .
in. an ampoule under argon and immersed for 15 min in a

preheated oil batﬁ at 200°cC. Kugelrohr distillation'of
- : N ’

the resulting oil gavé silyl enol ether 19 (490,mg, 98%)

as a pure (TLC, silica, hexane) oil: , bp 95-100°C (0.05

N

95 .

B 7 n, 1)) 6.02 (ad, g = 17, 10 He,



;e

mm); IR (neat) 1670, 1250, 970, 850 cm~1; ly NMR © (CDC1;,

200 MHzZ) & 0.2/(s, 9H), 1.2 — 1/65 (m, 16H), 2.1 (m, B8H),

. . - . . '\ )
4.52%(m, 1H), S.a\(m, 28); 13c (cpcly, 100.6 MHz) & 0.7,

24.0, 25.3, 26.1, -3, 26.5, 26.9, 28.4, 31.8, 32.2,

35.2, 107.7, 130.7, "1
(calcd  for C19h360si, 308.3612). Anal; caled for
CqgH3g0Si: ~C, 73.95; H, 11.75. Found:  c, 74.04; H,

Ve

11.83. P ‘

o~

QE)—5—Cyclohexadecen—1¥ohe 21:79 Tetrabutylammonium

fiuoride (1 M in THF, 2 aropé) was added to a stirred
solution® o; 51ly1 enol ether .19 (17 mg, 0 05 mmol) in'THF
(1 mL) The resulting mixture was stirred at room temp—
erature for 30 min and water‘ (5 mL) was Aadded. ~ The
~-aqueous phase was e;tracted with ether, and the oombined
orgahac extracts were dried (MgSO4), ahd evaporated

Flash chromatography of the residue over silica gel (1 «x

15 cm% with 5% ethyl acetate —-hexane gave ketone 21 (11.7

mg, 90%) as a pure (TLC; siiica, 5% ethyl acetate —

hexane) oil: IR (neat) 1710, 970 cm™!; lu NMR (cDCly, 200
» ‘ ° .

MHz) & 1.1 — 1.4 «(m, 14H), 1.5 — 1.8 (m, 4H), 2.08 (m,

i

“4H), 2.2 — 2.4 (m, 4H), 5.20 ~ 5.45 (m, 2H).

0.9, 150.0; exact mass, m/z 308.2533
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Y

1(2),5(2)- and l(E),S(E)-(l 5- Cyclohexadecadlen -1- yloxy)—k'

.3
tr1metby1511anes 20@ and 20b. The. silyl enol ether ‘18

-~

€250 mg, 0.81 mmol) was sealed in an ampoule under argon

and immersed for 15 min. in- a preheated »oil bath at

¥

'200°C. Kugelrohr dlstlliatlon of the resultlng oil gave

-

511yl eno¥ ethers 20a and 20b (246 mg, 98%) as za,pure
mixture of " ispmers: bp 95—100°b (0.05 mh)j IR _(neét)

1665, 1250, 970, 850, 720 cm~l!; lg NMR (CDCls, 200 MHz) &

P
~e

0.22 (2 s, 9H), 1.1 — 1.6 (m, 16H), 2.1 (m, 8H), 4.2 — 5.6

(m, .1H), 6.4 (m, 28); 13c (CDCl4,”50.3 MHz) & 0.4, 0.6,

x

24.9, 25.1, '25.8, 26.1, 26.2, 26.5, 26.7, 26.8, 26.9,

27.0,° 27.1, 27.2, 27.3, %7.5, 27.6, 28.1, 28.3, 30.8,
k3

31.6, 33.4, 335.5, 107.0, 108.T, 129.8, 130.4, 130.6,

150.0, ’156.1; éxact mass, m/z 308.2537 (calcd for

ClgH3¢0S1, 308.2612).  Anal. calcd for CygHy40Si: c,

73.95; B, 11.75.° Found: C, 74.04:; H, I1.83.

(E)— and (Z)-5~ Cyclohexadecen 1-one 21 and 22:79 Tetra- -

butylammonlum fluorlde {1 M in THF, 0.5 mL," 0.51 mmol) was
added to a stirred solution of silyl enol  ethers ’20a;b
(160 mg, 0.51 mmol) in.THF?K2 mL). 'The reaction mixture

was stlrred at room temperature for 30 min and water (10

mL) was added. The mixture was eﬁﬁracted with ether (2 x

10 mL) andﬁ,the organic layer washed with brine, dried
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(Mgso,), and evaporated. Chromatography cf the re51due

over 10% silver n1trate 31lica gel (2 x 20 cm; w1th 2%
'ethyl.acetate;— hexane‘gave (E)éisomer 21?(50-mg, 40}7%)/ '
‘and,(Z)—isomer'zé‘(60amg, 49%). Bothsamp{eg’were pure. by
‘TLC'(s}lica; S%Aethylhacetatet— hexanef; (E)—Isomer 21
had: IR (neat) 1710, 970, cm™}; ln wmr (cpcl,, 200 Miz) &

[

1.1 = 1.4 (m, 14H), 1.5 — 1.8 (m,‘4H),A2.08 (m, «4H7, 2,2-—
2.4 (m, 48), 5.20 — 5.45 (m, 2é). :
/ The - (Z)-lsomer 22 had: IR'(néat; i710, 720 Cm—l;le
NMR'(CBC13,_2QO MHz ) 6 1.1 — 1.42 (m, 14H),a1.5 f?l.8 (mt,
4H), 2.01 (m, 4H), 2.4 (2 t, J =8 Hz, 4H), 5.34 (m, 2H)..

|

,(Z)—(lnyclohexadeCen—l—yloxy)trimethylsilane423:' Silyl

enol ether 19 (100 mg, 0.32 mmol) in‘degassed benaenew(Z
mL. + 1 mL rinse) was 1injected into a stirred- solutlon of
wilkinson;s ca}alystv (66 mg, 0. 071 mmol y% in - degassed
penzene (2 mh) that'had been presaturated with hydrogen
for 1 h. The reactlon mixture was st1:red at room temp—
erature for 12 h under hydrogen (10 p51) The solvent was
evapOrated and the mixture was ﬁaltered through a small
pad of Flor1511 (1 x (2 cm) u51ng 10% ethyl acetate —
hexane as a rinse. Evaporation < of the solvent and

Kugelrohr distillation 4of the .resultlng 011 gave silyl

enol ether 23 as a pure (v p.c. 10% QF—l)‘colorless oil

&



a

(109 mg, 96.6%): - bp 90-95°c'(o.o7Jmm);A1R (neat). 1665,

.1250, 850 cm~!; lh nur (CDCly, 200 MHz) 4 0.22 (s, on),

1.0 — 1.6 (m, 24h),'1'98 (m, 4H), 4.42 (t; J = 11 Hz, 1H),

(small t, 5 4. 62 correspond1ng to (E)—lsomer) exact mass,

n/z 310 2682 (calcd for C19 38081, 310 3768) _Anal. calcd
- for c19 38081 ' 73 47 H, 12.33, Found:v C, 73.21; H,
12,96, S ' A

(E)- and (Z)—(l Cyclohexadecen - yloxy)tr1methyls1lanes 24:

).
.The procedure employed for 23 was followed using silyl

,enol ether 20a b (204 mg, O. 66 mmol) 1n degassed benzene

5

(2 mL + 1°mL rlnse) and W1lk1nson s catalyst (127 mg, 0.13

mmol) in degassed benzene (5 mL), The reaction mixture
was stlrred at roon temperature for 12 h under hydrogen
;(10 p51) and worked up.b:Bvaporatlon of the solvent: and
Kugelrphr d1stlllat10n of the re51due gave the s1lyl enol
ethdrg 24 “as two apparently homogeneous (v p.c. 10% QF 1)

1somer3'(190 mg, 92. 5%): bp 70- 75°C (0.003 mm); IR (néat)

-}

1670, -1250, 850 cm™l; lu nmg (CDCl3, 200 MHz) & 0.22 (s,

9H), 1.1 — 1.8 (m, 24H), 1.9~ 21" (my 4H), 4.42 (t, J =

11'hé,‘076H); 4.63 {t, J = 11 Hz, 0. 4H) exact mass, m/z

310, 2687 (calcd for C19H38081, 310. 2682)u Anal. caled for

- 12.14.
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‘-Aldol condensatlon of silyl enol ether 23 2-[1~ Hydroxy 2-

iphenylseleno)ethyl]cyclohexadecanone 25't T1tan1um tetra-

100

chloride (0.05 mL, 0.47 mmol) was 1n3ected ‘at —78°C 1nto a

stirred solutlon of phenylselenoacetaldehyde69 (76 .6 mg,
0.387 mmol) ‘in dry dlchloromethane (2 mL) contalnlng

melechlar sieves 3A_(ca. 200 mg)./ The solution was stir-

red for 10 min and 8ilyl enol ether 23 (120 mg,'0t387

mmol) in dry dichloromethane (2 mL + 1 mL rlnse) was added

dropwlse over a period of 10 m1n (syrlnge pump) . Thé.

resultlng mixture was stirred at —78°C for 1 h and water

(10 mL) was added. - The aqueous layer was separated and‘

4

expt%cted with ether (2 x 15 mL). The comblned Organic

layers were washed with brine and dried (MgSO,) .

Evaporation of the solvent and.flash chromatography of the

residue over silica gel (1 .x 15 ecm) with 15% ethyl
acetate — hexane gave hydroxyselenldes 25 (136 mg, 80%) as
a pure (TLC,,5111ca, 20% ethyl acetate — hexane) mixture

of diastere01somers- iR (CC14) 3500, 1705 cm~ ; 1H/-MR

(CDC13, 400 MHZ) 5§ 1.0 — 1.9 (m, 26H), 2.2 — 2, 60 (m, 2H),‘

2.7 = 3.2 (m, 4H), 3.8 (m, 1H), 7.25 (m, 3H), 7.5 (m, 2H);
3¢ (cpely, 50.3 -MHZ) & 21.7,. 21.9, 26.2,- 26.4, 26.5,
26.9, 27.0, 27.5, 27.6, 27.9, 28.0, 29.0, 33.7, 34.6,
43.6, 43.7, 55.5, 55.7, 70.2, 71.6, 127.3, 127.a, 129.0,

- - \
129.,2, 132.8, 133.0, 214.5, 214.6; exact mass, . m/z

1
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438.2044 (caled 'for C,4Hy50,Se, 438.2045). Anal. calcd

Eor C,,H3g0,5e:  C, 65.89; H, 8.75; 0, 7.31. Found: c,

66.06; H; 8.57; 0, 7.23. - : e

Aldol condensation of silyl enol ethers 24; 2-[1-Hydroxy-

-

.2-(phenylseleno)ethyl)])cyclohexadecanone 25: . 'The

prceduré emp;oyéd for 23+25 was followed using titanium

tetrachloride (0.31 mL, 0.28 mmol), phenylselenoacetalde—
'hyde_(56.6 mg, 0.28 mmol), powdered molecular sieves 34
(ca. 200 mg) in dry dichloromethane (2 mL), and silyl enol

ether 24 (88 fg, 0.28 mmol) in dichloromethane (2 mL. + 1

mL rinse). The reaction mixture was stirred at -78°C for

1 h and was then wofked up. Evaporation ‘of the solvent

‘antd flash chrOmatography of the residue over silica gel (1

x., 15 cm) with . 15% ethyl acetate — .hexane gave

hydroxyselenidev 25 (94 mg, 76%) as a pure (TLC, silica,

T20% ethyl acetate — hexane) mixture of diastereoisomers:

IR (CCly) 3500, 1705 cm~l; lp wmr (CDCly, 400 MHz) §

1.10 = 1.95 (m, 27H), 4.4 (m, 2H), 2.8 — 3.2 (m, 3H), 3.8

(m, 1H), 7.3 (m, 3H), 7.5 (m, 2H): exact mass, m/z .

-

2-Ethenylcyclohexadecanone 26: 'Triethy;amine (0.19» mL,

1.39  mmol) was injectéd into a stirred solution. of

101 .
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hydroxyselenide 25 (122 mg, 0527 mmol) in dry dichloro-
methane (2 mL), and methanesulfonyl chloride ‘(0.06 mL,

, . : .
0.87 mmol) in dichloromethane (1 mL + 1 mL rinse) was

injected at room temperature over a period of I h (syringe'

pump). The mixture was stirred fér a further arbiﬁréry
petiod of 20 min aﬁd.&as thengéoured intg hexane (10 mL)
and ether (10 mL). The precipitate_&as filtered off and
the éolxent wésAevaporated. Flash thomatography of the
residﬁévover silica gel (1 x 15 cm)'first with hexaﬁe (to
elute diﬁhenyldiselenide) and then with 1% ethyl acetate —
hexane; followéd by KUgelrohf distillation, g ve‘oiefin 26
(59 mg, 80.8%) as a pure "(TLC, éilica, 5% et:al @cetate —
hexane) colquess_oil: bp 65-70°C (0;001 hm); iR (neat)
1715,'1646,'1060, 928 cm~1l; ly NMR (CDCly, 200 MHz) &
1.0 ~ 1.95 (m, 26H), 2.4' (m, 2H), 3.2 (m, 1H), 5.1 (ddd, -
= 16, 8, 1.5 Hz, 2H), 5.72 (m, 1H); 13 (cpcly, 50.3 MHz)
e} 22.8, 26.1, 26.4, 26.5, 26.9, 27.2, 27.6, 27.7, 31.2,
36.2, 40.8, 57.1, 116.7, 136.9, 211.8; exact mass, m/z
264.2450" (calcd for CygH3,0, 264.2445). Anal. .caled for

C15H320’ C, 81.75; H, 12.2. Found: C, 81.37; H, 11.98..

l,2-Diethehylcyc1ohexadecanolé 27:  Ketone 26 (314 mg,
1.18 mmol) in THF (3 mL + 1, mL rinse) was injected drop-

wise at -55°C into a stirred solution of vinyllithium

w
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5(}),S(E)—Cycloeicosen—l—one 28: Potassium hydride

(24.01% w/w in oil, 26.5 mg, 0.158 mmol) was washed in a

septum-covered flask with*dr} hexane (2 x 3 mL).

Residual

solvent was evaporated by a. stream of . dry nitrogen and dry

1,2-dimethoxyethane (DME) (5 mL) was injected into ‘the

103
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~(1.22 M in THF, 2.5 mL, 2.96 mmol).. The reaction mixture
was stirred at -55°C for 20 min and was then'pohfed»into—
saturated aqueous ammonium chloride. The équeous'layer
was extracted with esher and the Cbmbined-organic extracts
were waéhed with brine, dried (MgSO4), and evaporated. ’
Flééh chrométography of the residue over silica gel (2 x
15 cm) with 2% ethyl acetate — hexane >§ave alcohols 27
(295 mg, 85%) éq a pure (TLC, ‘silica, 5%‘e£hyI acetate — .
hexane) mixture of isomers: -IR (néat) 3480, 1640, 1000,.
920 cem™!; lu NMR (CDCly, 400 MHz) & 1.0 — 1.95 (m, 29H),
2.2 (t, J =38 Hz, 1H), 4.95 — 5.25 (m, 4H), 5.65 (m, '1H),
5.95 (dd, J = 17, 10 Hz, 1H), (small peaks at 5 2.3, 5.5
and 5.9 corresponding to isomer); 13¢ (CDClz, 22.6 MHz) &
22.6, 25.4, 25.7, 26.0, 26.3, 26.8, 27.07, 27.3, 27.7,
28.2, 39.7, 49.3, 76.6, 111.7, 116.8, 138.5, 144.6; exact
mass, m/z 292.2763 (caled for CooH3g0r 292.2757). Anal.

caled for CygH3¢0: C, 82.12; H, 12.41. Found: C, 82.48; '
H, 12.37. /
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fPask. Alcohols 27 (31 mg, 0:106 . éﬁoi) in DME (1 mL + 1

mL rinse) were 1n3ected anE\ the mlxture was stirred at

room .temperature fgr 15 min and then= reflaxed for 15

min. 'Aqueous.ammonium chloride (IO%MQ/W, 10 mL) was‘added
and th;<§53%29us phase was extracted w1th“~ether (2 x iO”

« mL)~ The combined organic extracts were}‘washed with —
brine, . dried (MgSOy4) and evaporg}ed Flash
chromatography of the res1due over silica gel (1 x 15 cm)
with 2% ethyl acetate — hexane and Kugelrohr drailllatlon

§ave ketones 28 (24.2’mg, 78%) as a pure (v,p.c.,v}O% QF -
1i mixture of isomers: .bp 68 — 72°C (0.003 mm); IRa(neaé)
1715, 975, 738 com~l ly wmr (CDCly, 200 MHz) & l.lv= 1.4
(m, 22H), 1.62 (m, 4H), 2.0 (m, 4H), 2.35 (m, 4H),’5 32
. , Ny
(m, 2H); 13c (cpcly, 50.3 MHz) & 23.4, 23.5, 23.6, ?6 6,
27.0, 27.2, 57.4, 27:5, 27.7, 27.8, 28.1, 28;3, ;
28.6, 28.9, 29.3, 29.7, 31.7; 32.2, 41.4, 41.9, 42.5,
76.3, 128.9, 129.5, 131.0, 13H29 211.3, 211.7; exazt
mass, m/z 292.2765 (calcd for C%OH360, 292.2757). Anal. @
C, 82.12; H,|12.40. Found: .C, 82.31;

calcd for CooH360

H, 12.42,
. | /
(E)=2 —[1 -Hydroxy-2- (phenylseleno)ethyl] 5-cyclohexadecen-
Methylllthlum (1. #3 M in ether, 0.86 mL, 1.32
stirred

/ .
into a

l-one 29:
mmol) was 1injected at room/ temperature
/
/
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solution of silyl enol ether 19 (410 mg, 1.32 mmol) and

tetramethylethylenediamine (0.2 mL, 1.32 mmol) in ether (8
mL) . The resulting mixture was stirred for 1 h and was

then cooled in an ice-water bath. Anhydrous zinc c¢hloride

(0.69 M n ether, 0.96 mL, 0.66 mmol) was -added dropwise
and the mixture was stirred for a further 10 min.’ Phenyl-

selenoacetaldehyde (278 mg, 1.38 mmol) in ether (3 mL + 1.

mL, rinsé) was injected .rapidly - over ca. 3 sec. Stirring
‘at 0°C was continued for a fﬁrther 20 min énd.tﬁe mixture
was then 9>rtitioned between ether (15 mL).aﬁd séturated
aqueous ammonium Chloride (15 mL). The organic layer was
separated and thé agqueous phase was extracted yith ethér

(2 x 15 mL). The combined extracts were washed with

»brine, dried (Mgso4), and evaporated, " Flash chromato;_

graphy of the residue over silica gel (3 x 15 cm) with 15%

ethyl acetate — hexane'gave_hydroxyselenides 29 (540 mg,
93%) as_gzpufg (TLC, silica, 20% ethyl acetate — hexane)
mixture of diastereoisomers: IR (neat) 3450, 1705, 1585,

750, 695 cml; lg NMR(CDCly, 400 MHz) & 1.2 — 1.45 (m,

134), 1.56 (m, 4H), 1.8 (m, 1H), 2.0 (m, 4H), 2.2 — 2.55

(m, 2H), 2.8 (d, J = 4 Hz, 0.5H), 2.9 — 3.10 (m, 3H), 3.45

v

(d,-J = 8 Hz, 0.43 H), 3.8 (m, 1H), 5.35 (m, 2H), 7.2 (m,

3), 7.5 (m, 2H); 13c (cpcly, 50.3 MHz) & 22.0, 22.3,

25.5, 25.8, 25.9, 26.0, 26.2, 26.2, 26.5, 26.8, 27.1,
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27.9, 29.5, 30.1, 31.6y }3;6, 34.0, 42.7, 43.0, 52.5,

 53.7,. 70.4, 70.9, 127.3, 129.1, .129.2, 129.4,. 132.0,

. - i
132.4, 132.9, 214.3, - 216.4; exact mass,  m/z 436.1877
(caled for C,4H3s0,Se, 436.1871). Anal. calcd for
Co4H3g0,Se:  C, 66.189; H, 8.33; O, 7.34. Found: C,

66.12; H, 8.22; O, 7.70.

- (E)- and (Z)—Z—[1—Hydroxy—2—(phenylseleno)ethyl]—5—cytlo—

hexadecen-1l-one 30: . The procedure employed for 29 was

followed using methyllithi;m (1.53 M in. ether, 0;13 mL,
0.18 mmol), silyl ‘enol ether 20a,b (56 ng, 0.18 mmol),
TMEDAl(O_OBAmL, 0.18 mmol) in €ther (2 mL), anhydrous zinc
chloride (0.69 M  in ’ether, 0.13 mL, 0.09_ mmol), and
phenylselenocacetaldehyde (38.7 mg, 0.19 mmoi)~in ether (1
mL + 1 mL rinse).‘ The feaction.mixture was stirred at.0°C
er‘ZO min and wés then worked up. Evaporation’ of the
solvent and flash chrométography of the residue ‘over
silica gel (1 x 15 cm) with 15% ethyl acetate’— hexane
gave hydroiysélenide 30 (73.L mg, 92%) as a pure (TLC,
silica), 20% ethyl acetate — hexane) mixture of isomers:
IR (CCly) 3500, 1710, 1480, 1440, 970 em™1; lu NMR (CDCl4,
(280 MHZ) 5.1.1'— 1.4 (m, 15H), 1.55 (m, 2H), 1.75 (m, 1H),
2.0 (m, 4n), 2.5 (m,.2H), 2.8 — 3.1 (m, 3H),A3.8 (£T\1H)r

5.35 (m, 2H), 7.25 (m, 3H), 1.5 (m, 2H); exact mass, m/z

e
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436.1881 (calcd for C,,H4,0,Se, 436.1871). . Anal.lcalcd
for C,4H3,0,Se:" C, 66.18; H, 8.33., Found: C, 65.89; H,

8.28.

’

(E)—2—Ethenyl—S—cyclohexadecen-i—one 31: The procedure

employed for 26 was folldwed using triethylamine (0.49 mL;
3.5 mmol), h}dfoxyselenideg 29 (307 mg, 0.705 mmol) in dry
dichlorométhané (3 mL), and methanesulfonyl chloride RO.16
~mL, 2.11 mmol)‘in dichlorome;hane (3. mL + 1 mL rinse).
Tﬁe'reaction mixtu;e was stirred for 3O‘minAét_Eoom temp-
%_efatﬁre‘and was worked up. 'Evaporation of tpe‘éblvent and
flégﬁ chgomatpgraphy of the Fesidue over silica gel (2 x

\

15 cm) first with hexane (to élute diphenyldiselenide) and

e

then with 1% ethyl acetate — hexane gave»bxefin 31 (153
mg, 82.7%)'1a§‘ a pure\ (TLC, silica, 5% ethyl acetate —
hexane) colorless oil: IR (neét) 1710, '135, 970, 920
em™!; lu NMR (cDCly, 400 Mgz) 6 1.3 (m, 14H), 1.52 (m,
3H), 1.72 (m, 1H), 1.95 (m, 4H), 2.1 — 2.55 (m, 2H), 3.21
(m, 1H), 5.1 (dd, J = 16, 9 Hz, 2H), 5.35 (m, 2H), 5.67
(de, 3 = 16, 9 Hz, 1); 13¢ (CDCly, 50.3 MHz). & 23.1,
25.8, 26.1, 26;4, 27.0, '27.1, 28.3, 29.1, 30.0, 31.8,
40.9, 54.8, 117.9, 129.7, 132.1, 136.6, 212.1; exact mass,

m/z 262.2295 (calcd for CygHyg0, 262.2291).
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(E)- and (Z)—ZFEtﬁenyl—S—éyclohexadeceh—l—one 32: The

p(gsi?ure employed for 26 was‘followed using triethYlamine
(0.25 mL, 1.79 mmol), hydroxyselenide 30 (156 mg, 0.358
mmol) in dry dichlqromethahe (2 mL), and methanesulfonyl
chloride (0.83 mL, 1.07 mmol) in dichlofomethage (1 mL + 1

mL rinse). The reaction mixture was stirred at room temp-

erature for 30 min and was then worked up. Evaporation of

the sélvent and flash chromatograph? of ythe residue over .

silica gel (2 x 15 cm) first with hexane }(£o elute

. ¥
diphenyldiselenide) and then with 2% ethyl acetate —

hexane gave olefin 32 (80 mg, BS%S as a pure (TLQ, silica,
5% eth}l.acetate — hexane) mixture of isomers:‘ IR (neat)
1711, 1635, 970, 920, 720 cm—l; ly MR (QDC13, 400 MHz) &
1.0 — 2.15 (m, 22H); 2.35 (m, 1H), 2.55 (m, 1H), 3.3 (m,
), 5.15 (m, 2H), 5.4 (m, 2H), 5.73 (m, 1#); 13c vcpery,
50.3 MHz) § 22.6, 22:7, 25.0, 25.6, 25:9, 26.1, 26.4,
26.6, 26.7, 26.8, l26.9,‘ 27.2, 27.6, 28.0, 28.8, 29.8,
31.5, 40.5, 41.0, 54.5, 56.6,_116{8, 117.5, 128.6}'159.4,
130.4, 131.7, 136.4, 136.5, 210.9, 211.3; exact mass, m/z

262.2291 (calcd for CygH340, 262.2291).

~
.

(E)-1,2-Diethenyl-5-cyclohexadecen-1-01 33: Ketone 31
(85 mg, 0.32 mmol) in THF.(B mL + 1 mL rinse). was injected
drobwise dt -78°C into a stirred solution ‘of vinyllifhium

+
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(1.63 M['in THF, 0.595»mﬁ,.0.96‘mmol). The m;xpure was
stirred for 30 min and glécia1»acetic acid_k0.0B?imLt?0.64
~mmol) was added. Thé réaction mixture was poured into
éaturated' aqueous ammonium; chléride and .extracted with
ether (2 x 10 mL). The Organié extracts were washéd with
‘brine, dried (MgsO,) and ewaporated. Flash chromatography
of phe residué over silica gel (i x 15 cm) with 2% ethyl
acetate — héxane gave alcohols 33.(84 mg, 89%).as a pure
(TLC, 5% éthyl acdetate —+7hexane) ﬁixtureﬂéf‘isomers: IR
(neat) 3500, 1640, 970, 920 cm~!; lu NMR (CDCl;, 200 MHz)
8 1.0 — 2.1 (m, 25H), 2.%5 (m, 1H), 5.6'—-45.6 (m, 7H),

5.95 (dd, J = 17, 1 Hz, 1H); 3c (cpcly, 50.3 MHz) & 21.1,

21.4, 25.5, 25.8, 26.5, 26.6, 26.8, 26.9, 27.1, 27.3,.

27.4; 27.7, 27.8, 28.2, 28.7, 29.3, 29.5, 29.8, 31.8,
'32.2, 38.2, 39.2, 47.6, 50.0, 112.0, 113.0, 117.1, 119.6,

129.8, 130.5, 131.7, 138.4, 142.3, 143.7; exact mass, m/z

290.2610 (calcd for C,3H340, 290.2601). Anal. calcd for

CpoH340: C, 82.59; H, I1.95. Found: C, 82.69; H, 11.79.

(2)- and (E)-1,2-Diethenyl-5-cyclohexadecen+l-ols 34: The

procedure employed for 33  was followed using ketone 32
(142 mg, 0.54 mmol) in THF (3 mL + 1 mL rinse)\gﬁﬁ\yinyl—
lithium (1.63 M in THF, 0.99 mL, 1.62 mmol). The .reaction

~ S .
mixture was stirred at -78°C. for 30 min and ‘glaclal acetic
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acid (p.062 mL, 1.08 mmol) was addgd., Workup and flash
chromatography of the residue over ‘silica gel (1 x 15 cm)

with 3% ethyl acetate — hexané?pave alcéhol 34 (133 nmg,
85%) as aepure (TLC,- silica, 5% ethyl acetate —‘hexanei
mixture .of isomg%sf IR (neat) 3500,‘}640,'970, 920, 720
cm™t; ly NMR (CDCly, 400 MHz) & 1.1 — 2.2 (m, 25H), 2.4
(m, 1H), 5.02 — 5.3 (m, 4H), 5.35 — 5.75 (m, 3H), 6.0] (m,
1H) ; 15@ (CDCly, 50.3 MHz), & (vinylic “signals) 111.9,
112.0, 112.9, 113.0, 117.3, 118.9, 119.6, 128.5, 129.6,
129.9, 130.5, 131.7, 138.2, 138.4, 138.6, 143.7, 1l44.6,

192.3, 235.3, 235.5?-exact mass, m/z 290.2610 (calcd for

Pl

C20H34O, 290.2601). Anal. calcd for C20H34O: C, 82.69; -

H, 11.79. Found: C, 82.67; H, 11.77.

(E)—[(l,2—Dietheny145-cyclohexadecen-1—yl)oxy]trimethyl—

silanes 35: The procedure employed for 17 was followed

using chlorotrimethylsilane (0.082 mL, 0.64 mmol), alcohol
33 (124 mg, 0.429 mmol), anq hexamethyldisilazane (0.11
mL, 0.51 mmol) in dry DMSO (2 mL); -%he reactidn mixture
was stirred at room temperature for 30 min and was ﬁhen
worked up. : Evaporatign of ' the solve;t “and flash
chromatog}aphy-oﬁ the résidue over silica gel (1 x 15 cm)

with 5% ethyl acetate — hexane gave silyl ethers 35‘(149

mg, 95%) as a pure (TLC, ‘silica, 5% ethyl vacetate.—
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hexane) mixture of isomers: IR (neat) 1640, 1250, 970,
920, 850 cml; lp nMR (CDCly, 400 MHz) & 0.1H (s, O9H),
1.0 = 2.1 (m, 24H), 2.34 (t, J = 12 Hz, 1H), 4.9 — 5.2 (n,

4H), 5.47 (m, 3H), 5.95 (m, 1H); exact mass, m/z 362.3006

(caled for C23H420$i, 362.4080).

(1,5,9;Cxcloeicosatrien-l-yloxy)trimethylsilane 36: Silyl

ethers 35 (80 mg, 0.22 mmo1l ) wefe sealéd in "an ampoule
under aréon'and immerseé for 15 min in a preheated oil
bath at 200°C; * Kugelrohr distillation of the‘reSUIting 
oil gave silyl enol ethers 36 (76.5'mg, 95.6%) as a pure
(TLC, silica, hexane) mixtﬁfg of isomers: bp 90 — 9s5°C
(0.002 mm);’ IR (neat) i670, 1250, 970, 850 cm™}; lH NMr
(CDC1y, 400 MHz) & 0.15 (s, 9H), 1.1 — 1.4 (m, 17H), 1.9 —
2.1 (m, 12H), 4.4 (m, 1H), 5.32 (m, 4n); 13c (cnc12, 50.3
MHz) &6 0.4, 0.6, 25.2, 25.6, %6:3, 26.5, 27.3, 27.5, 27;6,‘
27:8, 27.9, 128.1; 28;4, %8.6; 28.7, 28.8, 31.9, 32.0,
32;7, 32.9,+.33.1, 36.0, 108.%? 130.0, 130.3, 130.5, 130.7;
,130:9, 149.5; exact mass, m7z .362,3004 (éaLcd for.
C23H420S1, 362.4004).  Anal. calcd for 'CyyH,,08i:  C,

76.18; H, 11.67. Found: C, 76.12; H, 11.47.

5,9-Cycloeicosadien-1-one 37: Tetrabutylammonium fluoride

(1 M IN THF, 0.1 mL, 0.10 mmol) was added to a stirred



/

solution of silyl enol ethers 36 (35 mg, 0.096 mmol) in

THF. (2 mL). The resulting mixture was stirred at room

temperature for 30 min and water (5 mL) was added. The

agueous phase was ‘extractéd with ether and the combined

organic extracts were dried (MgsO,), and evaporated.

Flash chromatography of the residue over silica gel (1 x

-

15 cm) with 2% ethyl acetate — hexane gave ketones 37

(26.8 mg, 96%) as a pure (TLC, silica, 5% ethyl acetate — .

hexané),mixtufé-of isomers: IR (neat) 1705 cm_l;‘lH NMR
(CDCl3, 400 MHz) & 1.1 — 1.45 (m, 14H), 1.6 (m, 4H), 2.0l
(m, 8Hf,> 2.4 (m, _4H§, 5.4 (m, 4H); exact  mass, m/z,

290.2612 (calcd foer20H34O, 29012601).

(é}— and (g)—[(1,2—diethehyl—5—c§clohexadécen—l4y1)oxy]—,
- = —— . :
. . ) .
trimethylsilanes 38: The procedurg ~employed for 17 was

followed usipg. chlo:ot:imethylsiiahe (0.087 mL,. 0.68 °

“mmol), alcohol 34 (133 mg, 0.457 mmol), and hexamethyl-
disilazane (0.12 mL, 0.54 mmol) in dry DMSO (2 mL). The

reaction mixture was stirred -at room. temperature for 30

min- and was then worked up. Evaporation of the solvent

and flash chromatography of the residue over silica.gel (1

x 15 cm) with 4% ethyl acegate — hexane gave 'silyl ethers

«

38 (153 mg, 92%) as a pure (TLC, silica, 5% ethyl

acetate — hexane) mixture of isomers: IR (neat) '1640}

s

112
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(1250,°970, 920, 850, 720 em™l; lu NMR (CDCly, 400 Muz) 5

0.15 (4 s, 9H), 1.1 — 2.3 (m, 25H), 4.9 — 5.2 (m, 4n),
5,25 — 5.5 (m, 2H), 5.62 (m, 1H), 5.951 (m, 1H); exact
mass, m/z 362.3004 (calcd for C,y3H,,081, 362.40047- Anal,
~ caled for CpyqHy,0Six ¢, 76.18; :a, 11.67.  Found: C,

76.17; ‘H, 11.77.

(l,5,9nycloeicosatrien—l4yloxy)trimethYlsilanes ' 39:

Silyl ethers 38 (109 mg, 0.3 mmol) were sealed in an
ampoule under argon and immersedlfor 15 min in a preheated
oil bath at 200°c. Kugelrohr "distillation of the

resulting oil gave :silyl enol ethers 39 (102 mg, 92%) as a

pure (TLC,.silica, hexane) mixture of ‘isomers: bp 80 —

90°C (0.001 ﬁm); IR (neat) 1670, 1250, 970, 850, 720 cm-l;.

,lH»NMRquDCl3,‘4OO MHz) & 1.8 (s 9H), 1.1 — 1.6 (m, 16H),
2.0 (m, 12H), 4.45 (m, 0.6H), 4.72 (m, 0+4H), 5.4 (m, 44) ;
- exact mass, m/zwi 362.3004 - (calcd . fbr C23H4208i,
362.4004).  Anal. caled for ‘C23H4208i: . C, 76.18; H,
11.67. Found: C, 76.34; H, 11.83.

v i

S,9—Cycloeicosadién—1—one 40: The procedure employed for

N

37 was followed using TBAF (1 M in 'THF; 0.13 me, 0.13.

mmol) and silyl enol ethers 39 (48 mg} 0.13 mmol) in THF
. ’ . N N . ‘

(2 mL). The reaction mixture was stirred at room

ta



temperature for 30 min and was . then worked ©up.

Evaporatlon of the solvent and flash chromatography of the.

residue over silica gel (1 x 15 cm) with 3% ethyl.

acetate — hexane gaye ketones 40 (37 mg, 97%) as_ a. pure

(TLC, silica, 5% ethyl acetate — heiane) mixture ‘of
isomers: IR (peat) 1710 cm}; ln NMR (CDCly, 400 MHz) .8
1.1 — 1.4, (m, 14H), 1.6 (m, 4H), 2.02 (m, 8H), 2.4 (m,

4H), 5.4 (m, 4H); exact mass, m/z 290.2612 (calcd. for

C20H340, 290.2601).

\

Catalytic hydrogenation of (g)—hydroxyselenides‘29 with i
v
wllklnson ] catalyst —[l—Hydroxy—2—(phenylseleno)ethyl]—

cyclohexadecanone 25~w The procedure employedvfor“23‘was‘

followed using hydroxyselenide 29 (60" mg, 0.137 mmol) .in

degassed - benzene (1 mL '+ 1 mL rinse) and Wilkinson's

o

“Catalyst' (30 mg, 0.03 mmol) in degassed benzene (2 mL).
The reaction mixture was stlrred at roem temperature for
12 h under hydrogen (lO psi). As the reactlon was” judged

incomplete .(TLC, silica, 15% ethyl acetate — hexane), a
1 _

second portion of catalyst‘(30 mg) in degassed henzene (1

mL + 1 mL rinse) was added and the mlxture was stirred for
a further 13 h and worked up. Evaporatlon of the solvent

and flash chromatography of the Tresidue over silica gel

gave hydroxyselenldes 25 (49 nmg, - 80%) .as a pure (TLC,

114 -



silica, 15% ethyl acetate — hexane) crystalline solid that
was identical [IR, 1H NMR (200 MHz) and mass spectrum) to
a sample prepared by the titanium tetrachlorlde 1nduced

aldol condensatlon‘

a

Catalytic hydrogenation of (E) and (Z)—hydroxy—

selenldes 30 with W11k1nson s catalyst 2-[1-hydroxy-2-

lehenylseleno)ethyl]cyclohexadecanone 25:

Hydroxyselenldes 30 (177 mg,- 0.406 mmolj ig//degassed
benzene-(2 mL + 1 mL rinse) were injected into a stirred
solution ot Wilkinson's catalyst (77 ﬁg, 0.083 mmol) in
degaesed benzene (3'mL) that had been presaturated with
hydrogen for 1 h. The reaction mlxture was stirred at
room temperature for 12 h under hydrogen (10 psi). As the
reaction .was judged to be incomplete (TLC, dgilica, 15%

ethyl acetate — hexane), a second portion of catalyst (33

mg) in degassed benzene (1 mL + 1 mL rinse) was added and

the migture was stirred’ for a further 10 ~h at  room
‘temperature. The solvent was evaporated and the mixture

:was filtered through a small pad of Flo"

sil (1 x 2 cm)

.Using 15% ethyl acetate — hexane as a rinsel. Evaporatlon

of the solvent and flash’ chromatooraphy f the reSIdue

il
i

over'silica gel gavelhydroxyselenide 25 (143 mg, 80.8%)

that was identical [IR, W NMR (200 MHz) and mass.

—_—
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spectrum] - with a sample prepared by the titanium
tetrachloride induced aldol condensation.

L

LY

(E)-4-(Phenylseleno)but-2-enal 44: Phenylselenenyl_

chloride k3.1 g, 16.1 mmol) in ether (40 mL + 2 mL rinse)

was injected over 2.5 h (syringe pump) into a Astirred

solution of silyl enol ether i385-(2.5 g, 15.8 mmol) in
ether (25 mL) a{ -78°C. The reaction mixture was stirred
for 30> minl more and was then poured into 10% aqgueous
sodium bicarbonate (30 mL) . - The orgahic phase was

separated and the Tagqueous layer was extracted with ether
P 3 q Y

(2 x 30 mL). The combined extracts were washed with

(calcd for CioH100Se, 225.9894).

brine, dried (Mgs0oy,), and evaporated. : Flash_

chromatog:aphy of the residue over silica gel (5 x 15 cm)
first -with hexane (to elute ‘diphenyldiselenide) and then
with 15% ethyl acetate — hexane gave' aldehyde 44 (3.2 g,

91.1%) as a homogeneous (TLC silica, 15% ethyl acetate —

" hexane), pale vyellow oil: IR (neat) 1680, 1620, 1575,

740, 690 .cm™!; ln NMR (CDC1y, 200 MHz) & 3.70 (4, J = 8.4
Hz, 2H), 5.8 (dd, J = 16, 8 Hz, 1H), 6.89 (dt, J = 16, 8

Hz, 1H), 9.5°(d, J = 8 Hz, 1H); exact mass, m/z 225.9892

¥

-[(E)—l Hydroxy 4-(phenylse1eno)but 2 enyl)cyclo—

“vhexanone 45-' MethylllthLum (1 52 M in ether, 0.46 mL,

P

-
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0.69 mmol) was injected dropwise over 10 min at room temp-

erature intp;fa ‘stirred solution of silyl enol ether 69

(119 mg, 0.69 mmol) in ethey (4 mL). The reaction mixtute

was stirred for 20 min and was then cooled in an ice-water
bath. Anhydrous zinc chloride’® (0.69 M in ether, 0.5 mL,

0.34 mmol) was added dropwise and stirring at 0°C was

_continued for a further 10 min. Aldehyde 44 (172 mg, 0.76

mmol) in ether (2 mL + 1 mL rinse) was injected rapidly
over ca. 3 sec. -The reaction mixture wés stirred for 10
min at d’C and was then-par£itioned between ether (10 mL)
and  saturated aqueous ammonium chloride (10 mL). The

organic phase was separated and the agueous layer‘ was

extracted with ether (2 «x 15 mL) . The combined ether‘

extracts were washed with brine, dried (MgsO,), and

evaporated. Flash chromatography of the residue over

silica gel: (3 x 15 cm) with 15% ethyl acetate — hexane

atforded hydroxyselenide 45 as a pure (TLC, silica, 20%

\

ethyl acetate — hexane) mixture of isomers (185 mg,

©82.3%): IR (neat) 3450, 1705, 1560, 965, 740, 690 cm—l:

IH NMR (CDCly, 200 MHz) 6 1.9 — 2.4 (m, $H), 2.5~ 3.0 (m,

‘4H), 3.8 (m, 2H), 4.3 '(m, 1H), 5.3 (m, 1H), 5.60 (m, 1H),

7.1 (m, 3H), 7.2 (m, 2H); exact mass, m/z 323.2817 (calcd

~ for C16H200258, 323.2802).

117



Treatment of hydroxyselenide 45 with ‘triethylamine and

methanesulfonyl chloride: Triethylamine (0.135 mL, 0.968

[

mmol) was injected into a stirred- solution of 4% (63 mg,.

0.194 mmol) in dichloromethane (2 mL) and methanesulfonyl
chloride (0.04 mL, 0.586 mmol) in dic¢hloromethane (2 mL +

1 mL rinse) was injected over a period of 1 h (syringe

pump) . The mixture was stirred for a further arbitrary.

period of 15 min and tﬂ%n poured into hexane (10 mL) and

118

.{ther’ (10 mL). The precipitate was filtered off and the

solQent was evaporated. Flash chromatography ' of the
residue over silica gel (1 x 15 cy) first- with hexane (to
elute diphenyldiselenide), and then with 10% ethyl
acetate —/ hexéﬂe gave 5_ pale yellow o0il (31 mg)
corresponding (IR and 1ﬁ NMR)} to 46, @hich decomposed upon

standing at room xempérature.

Trimethyl—z—propynylsilane 59 .97 The 1T%erature

procedure?’ was followed: Propargyl bromide (2.0 g, 16.8

mmol) was added at rpom temperature to a mechanically

stirred suspension of magnesium (5.0 g, 0.20 mol) and

mercuric chloride (150 mg,’O.SS mmol) in dry ether (30

§

mL). An exothermic reaction occurred immediately. Ether

(30 mL) was. added rapidly_and the flask was immersed-in a -

bath at -20°c. Propargyl bromide (22.0 g,'0.184‘mol) in

-



ether (SO-mL)'waS’then added dropwise over a period of 1 h

with sufficient cooling to maintain the temperature at

-
e,

'u~20°Cn# The‘mlxture was stlrred for ‘an addltlonal 30 m1n

and t en chlorotrlmethy151lane (25.6 mL, 0.20 mmol) in

ether (50 mL) was added over l h .fihé7£155k was allowed

to warm up to room temperature overvI h. The precipitate
was filtered off and the filtrate was poured into saturat-.

ed aqqeons ammonium chloride (100 mL). . The organic layer

~was washed with waéer-tSO MLY and brine'(SO mL), and dried

'(Mgsd4)" The- solvent .was, removed at 1 atmosphe:e by sp1n4

_n1ng band dlstlllatlon and the product was. dlStllledA(bé

89 — 91°C) (lit. 97 9o C) ‘to. glve a, clear 11qu1d (18‘g,j |

“80%) " ‘The. material: was 90% pure by VPC (10% OF-1) and had

IR (neat) 3300, 2120, 1250, 850 em~l; lu wmw (CDClz, 200

MHz) 6 0.1 (s, 1H), 1.45 (d, J = 2.9 Hz, 2H), 1.80 (t, J =

T S

3 HZ, ].H). N “ \ e ‘ ; .‘ ) .»u r.olv

4#(Trimethylsilyl)—2—butyn—léol 60: The silyl acetylene

59 (4.9 g, 43.6 mmol) in dry ether (40 mL) was injected at

room temperature over a period of 1 h (syringe pump) into
a stirred solution of n-butyllithium (1.5 M in hexane,
-+
M
29.0 ml', 43.6 mmol). Stirring was contlnued for a further

0. 5 }1 and dry paraformfidehyde (1.70 g, 56.6 mmol) was

added in small portions from a side-arm addition- tube.
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Stirriﬁg was continued for 12 h-and the mixture was - then

quenched’ with saturated aqueous ammonium chloride (40

mL).  The organic layer was separated and the agueous
phase was extracted with ether (20 mL). ﬁhe' combined
extracts were dried (MgSO4) ~and ‘evaporated. Kﬁgelrohr

-——

distillation gave alcohol 60 (4.89 g, '79%). as a
homogeneous (TLC, silica, 20% ethylacetate — hexane),

colorless oil which had: bp 88 — 92°C, (11 mm); IR (neat)

3300, 2220, 1250, 850 cm™!; lH NMR (DMsSo,- 80 MHz) § 0.01

(s, 9H), 1.52 (t, J = 2.4 Hz, 2H), 4.1 (dt, J = 4.4, 2.4

Hz, 2H), 4.80 (t, J = 6 Hz, 1H).

Pfepérétion of 4—(trimethylsilyl)2—butYnal‘ 58: - This’

’aidebYGé is sensitive and.is best made and used within 24

~h. Pyridinium chlorochromatel®® (11.89 g, 56.0 mmol) was

" addéd. in small portions at 0°C to"a stirred solution of

_;he_algohbl'60‘(l.91 g; 14.0 mmol) in'dry'ﬁichlorémetﬁane,

(7dﬁﬂﬁL§ﬁ:ﬂ  Thé;hd6ld"bathv was removed and stirring was
continued for a further 1 h during which time the mixture

warmed to room temperature. The reaction was judged to be

complete (TLC, silica, 20% ethyl acetate — hexane) at this

stage and the dark brown mixture was poured into ice-cold

hexane (100 mL) and stirred vigorously for 15 min. . The %/

brown suspension. was then'qiftéred through Celite (2.5 x

P |
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10 cm), using hexane (100 mL) for washingé; The coﬁbined
filtrates were dried (Mgso4),_concentrated tOhca. 10 'mL
under wa€Erpump vacuum, and kept over 34 holecular sieves

(500 mg) at 0°C.

v

- '”

[3-(Trimethylsilyl)-1- propynyl]benzenepropanol 62: A
solution of aldehyde_58 (3 fold excess, see preparation)
in‘dry hexane (10 mL) was added dropwise at 0°C to a stir®
-red solution of:Grignard"reagent 610(1.4i M in ether, 1.42
mL; 2.0 mmol). The cold bath was removed and the mlxture
Qae stirred forf‘iS min. Saturated agueous ammonium
chioride‘ (10 ht)-.waah added and the aqueous layer was
extracted with ether (10 .mL) . The combihed organic layers.
'vwerer Qaehed “with ‘brihe,f dried (MgSO4), ‘ahd evaporated .
" Flash chromatography of the residue over 51llca gel (3 x
15 cm) w1th 12% ethyl acetate'—-hexane gave hydroxy31lahe
ézulaa a clear, hooogeneous (TLC 3111ca,->20§ ethyl
- acetate — hexane) .01l (390 mg, ‘79%): IR (neat) 3335.
2200, 1600, 1250, 850 om~!; ly nuw (CDéij]:20d’MHZ)_6 0.10
(s, 9H), 1.50 (d, g = 2'Hz, 2H), 1.70 (d, J = 8 Hz, 1H),
1.98i(m, 2H), 2776 (t, J = 10.4 Hz, 2H), 4.34 ‘(m, 1H),
7.23 (m, 5H) ; exact mass, m/z 246.1440 (calcd. for

Ci5H5,081, 246.4101.
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’

(Z)—[3—(Trimethylsilyl)—l—propenyl}benzqnepropanol 63;- A

Y

.mixturé*iof: aéetiiené‘ 52 (lGOh'ﬁé, 0.651 mmol), Llndlar
cétalystlol (40 ‘mg), and dry hexane (3 mL),was stlrred at”
'room temperature under hydrogen (50 p51) for 12" h. . The
'catalyst was removed by flltratlon through a pad of Cellte
(1 x 2 cm) u51ng.§pher (15 mL) as a- rinse. The solvent
was evaporated‘ and flqsh chromatography of the residye
over. silica gel (i &vls cm)' w1th PZ%A:eth§if aéetate —
héxane ﬁgade. the olefin 63 (153 'mg, 95%) as ﬁ{:purg' (TLC,
silica, 20% ethyl‘acetahe ;-hgxape)‘éilg ‘IR (negt)w3335,
1645, iéoo,sizébl 850.cm_i; 1y NMR,}EDC13, 200 MHz) & 0.08
(s, 9H), d;le(hfoad s, 1), 1.53 (d, J = 8 Hz, 2H),

1.65 — 2.0 (m, 2H), 2.72 (m, 2H); 4.4 (m, 1H), 5.5 [m,

122

11{incorporating a J.; :AQB;SvQHZ-”(dbééfbéd:'byhudééouplingf

experlments) 28], - 7;25"(m}--5H); exact mass, m/z (MY —

20) 230.1487 (calcd for C15H24081, 248.1410) .

(E)-3,5=- Hexadlenyibenzene 64:113 Potassium hydride

(24 01% w/w in 011,.200~mgr 1.2 mmol) was washed in a
septum—covered’flask with dry hexane (2 x 5 mL). Residual
solvent was evapofated by a stream of dry nitrogen and THF

(7 mL) was added to the flask. The hydroxysilane 63 (100

mgy 0,402 . mmol) in . THF (3 mL + 1. mL»*rfnse) was' -then

"LnJected dropw1se and - the mixture was stirred. at room



temperature for 1 h. Aqueous ammonium chloride (10% w/w,

50 mL) was added and the aqueous layer , was extracted with
‘ether (2 x 25 mL). The comblned organlc extracts were
‘washed with brine, dried- (MgSO4), “and evaporated Flash

chromatography of the residue &vér silica gel,(l x 15 cm)

with 1% ethyl acetate .in hexane‘yielded’the diene 64 (47

mg, 74%) as a homogeneous (TLC, silica, 2% éthyl aCétat?‘;

’hexane):tcolorlees oil whlch had: IR (neat) 1650, 1600,
-1000, 900 cm~ 1;.lH NMR (CDCly, 200 MHz) & 2.35 (dt, J =

12, 8. Hz, ZH); 2.7 (e, 3 = 8 Hz, 2H), 4.95(dd. . - 10.1

]

1.4 Hz, 1H), 5.10 (dd, J = 16.7, 1.4 Hz, 1R), 5.7 (dt, J =
14.9, 6.5 Hz, 1H), 6.1 (dd, J = 14.9, 10.2 Hz, 1H), 6.3

(dt, J = 16.7, 10.2 Hz, 1H), 7.2 (m, 5H); 13¢ NMR (cpcl,,.

“100.6 MHz) & 343.3, 35.68, 115.1, 125.8, 128.3, 128.4,.

'13}.5,- 134.1, 137.1, 141.7; exact mass, m/z 158.1098
(caled for CyyHyg, 158410919, - 3

S—Methyl—l—(trimethylsilyl)—2—pé£tadecyn?4—ol 66: The

procedure empioyed for 62 was. followed using"aldehyde 58

(3-fold excess) and Grignard reagent 65 (0.27 M, 1n ether,

7.4 mL, 1.99 mmol) .The, reactlon mlxture was stlrred for

© 0.5 h and then worked ups. Evaporatlon of the solvent and

flash chromatography of - the residue over 5111ca gel (Zox

-
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15 '1 w1th 5% ethyl acetate — hexane gave 66 (370 mg,f

x
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"7

60%) - as a colorlessy homogeneous (TLC, silica, 10% ethyl

acetate — hexane) oil-: IR (neat).3350, 2200, 1250, 850

-

em™h; lH NMR (CDCly, 200 MHz) & 0.10 (s, 9H), 0.7 — 1.0

(m, 6H), 1.1 — 4.0 (m, 16H), 1.45 — 1.80 (m, 4H), 4.25 (m,

\.\

1H); exact mass, m/z 310.2680-. (calcd for C1qH 35081,

-310.5826).

g

2 ’ n 7 " ) v i - o N
dg)—ﬁéMéthylfl—(trimethylsilyl)—2—pentadecen—4—ol 67: The

" praocedure employed for 63 was followed using acetylene 66

(180 mg, 0.58 mmol) and Li'n.dl.ar"catalystlo1 (50 mg) in dry

hexane (3 mL). The reaction mixture was stirfed at room
Tlftem??natute;Qndéfphyquéeh‘(SO~bSi) for712 Hjand“waS:tHénw.
workedjupﬂl Evaporation of the solvent and flash Ehromaté—
graphy of the residue over\silica gel L2 x 15 cm) with 5%

ethyl acetate — hexane gave olefin 67 (173 mg, 95.5%) as a =
N .

o ——

pure (TLC, silica, 10% ethyl acetate — hexane) colorless

©il: IR (neat) 3335, 1645, 1250, 850 cm™!; 1n NMR (CDC1j,
200 MHz) & 0.05 (s, 9H), 0.9 (m, 6H), 1.10 — 1.70 (m,
- 22W), 74018 (m, - 1H), 0 5.25 = 5170 (m; 2H)} éxact mass, m/z -

(M* — H0) 294.2742 (calcdifor CygH,0Si, 312.3924).

 Q§);54MethyfiI)3;peﬁ§é§écaﬁiéﬁe 68: The procedﬁrew
emploYéd Ibr ’64- was followed ‘using potassium hydride

(24.01% w/w in oil, 160 mg, 0.96 mmol) in THE <7 mL) and



hydroxysilane '67 (100 mg, 0.32 mmol) in THF (3 ML + 1 mL

rinse). The reaction mixture was stirred at room

temperature for 1 h and was’then worked up./? Evaporation

of the solvent and flaSH‘jéhromatography of the residue

over silica gel (1 x i5 cm) with 1% ethyl acetate — hexane.

gaQe diene 68 (60 mg , 84-.3%) as a‘@ﬁge (TLC(lsilica;’2%
-ethyl acetate — hexane) cgiorless ”621 which had: IR
(neat) 1640, 1600, 1000, 895 cm~1: lH NMR (CDCly, 200 MHz)
5 0.85 (t, J = 6 Hz, 3H), 0.98 (d, J = 7.2 Hz, 3H), 1.15
(m, 18H), 4.95 (d, J = 17 Hz, 1H), 5.10 (4, J = 10‘H%L
1H), 5.6 (dd, J = 14.4, 7.2 Hz, 1H), 6.0 (dd, J = 14.4,
9.7 Hz, 1H); 6.3 (dt,. J = 17.2, 10 Hz, 1H); L3¢ NMr
(CDC13; 10Q.6 MHz) & 14.0, 20.4, 22.7, 27.7, 29.3, 29.6,
29.7, 29.8, 31.9, 36.7, 37.0, 114.5, 129.1, 137.5, 141.5S;
exact mass, /m/z 222.2347 (calcd for C16H30, 222.2319).
Anal. calcd for C16H30: C, 86.39; H, 13.60. Eound: “C,

: 8
86.56; H, 13.56. ,

oA e
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2—[l—Hydroxy—4—(trimethylsilyl)—2-bupxnyl]chlohexanone'70: .

. : “ .
(Note: It is convenient to prepare -the enolate of 69

during the pteparafidh of aldehyde . 58.) Methyllithium

(1.56° M in ether, 3.0 mL, 4.7 mmol) was injected by

syrihge pump over ca., 5 min at room temperature into a

stirred mixture of silyl enol ether 69 (800 mg, 4.7 mmol)



énd anbydrdus tetramethylethylenediaﬁine (0.7 mL, 4.7
mmol) in'dry ether (15 mL). The resuiting sq@lution was
stirredg;for 1 h and was ‘thén cooled iﬁ an ice—watér
bath. _Anhydrqu zinc chloride’® (0.69 M in ether, 3.4 ﬁL,
2.35 mmo1l ) yas,addedAdropwisé oser a period of 10 min and
stifriﬁg at 0°cC was‘coﬁtinue for ‘a further 10 min. The
aldehyde 58 (EE;_B-fold excess is used) in ether (10 mL)
waé‘injectéd rapidly over ca. 3 sec. The reéction mixture

‘was stirred for 20 mid_and was then partitioned between

ether (30 mL) and aqueous saturated ammonium chlorape {30

mL). The organic layer was separated and ‘the agueous

" layer wasﬂexﬁractéd with ether (2 x 15 mL). The combined
ether exgracts were washedlwith brine, dried (MgSQé), and
evapér&ted. Flash chromatography. of ‘the .residue over
éilica gel (3 _.x 15 cm) with 15% ethyi acetate — hexane
afforded hydroxylsilarma.70- as a éure (TLC, silica, 20%
ethyl acetate — hexane) m}xture of diasteredispmefs (825
mg, 76%): IR (neat) 3450; 2230, 1705, 1250, 850 cm~1; ly
NMR (CDCIJ' 400 Msz 6 0.01 (2-s, “9H), 1.30 — 1.80 (m<
SH), 1.85 (m, 1H), 2.0 (m, 1H), 2.0l — 2.37 (@ 3H), 2.48
(m, 1H), 351 ¢d, J = 7.2 Hz, 0.44H), 3.3 (4, J. = 4 Hz,
0-56 H), 4.48 (m, 0.56H), 4.58 (m, 0.44H); 13c M (cpCl,,”
100.6 MHz) 5 02.1,‘7.0, 7.1, 24.4, 24.5, 26.8,.27.6, 27.8,

30.4, 42.0, 42.2, 55.6, 56.7, 62.1, 63.0, 77.5, 77.7,

126
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. C, 65.473 H, 9.30. Found: €, €5.70; H, 9.34.
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2 [1 Hydroky 4= (tr1methy1511yl)-2 butynyl]cycloheptanbne

!

127

- %307, 84.2, 212.4, 213.1; exact mass, m/z-238.1374 (caled =

‘ . ’ b N ot s X . ) . d -~.
fbn:C13EZéQZSif.238‘2€é9}ﬁ“ Anal . calcd for C13H220251. U;‘.

111 - The procedure empfbyed for " 70" was followed u51ng—ﬁ O

methyl llthlum (1.56 M in ether, '3 .2 mL, 5.0 mmol), ..

g B

silyenol ether 73 (921 mg, 5. 0 mmol), anhydrous tetra~y

TE

'methylethylenedlamlne  (0.75 mL, 5.0 nmol) in ether (20

mL),,anhydrous zinc chlorlde (0.69 M in ether, 3 6 mL, 2. 5

mmol) and aldehyde 58 (ca. 3 fold excess) in ether (10

'mLO. The. react1on mlxture was stirred at 0°C for 45 min

and was then worked up. Evaporatlon of ‘the solvent and

,flash chromatography of the residue over 5111ca gel (3 x

15 cm) with 15% ethyl acetate — hexane gave hydroxysilane

74  as a pure-(TLC; 5111ca, 20% ethyl acetate;— hexane)

. mixture of diastereoisomers (1.08 g, 85 6%) IR (neat)

3450, 2220, 1695,.1250, 850 cm™!; lH NMR (CDCl,, 400 MHz)

8 0.05.(2 s, 9H), 1.10 — 1.70 (m, 7H), 1.75 — 2.10 (m,
3H), 2.45 (m, 2H), 2.75 (m, 1H), 3.0 (d,.J = 7.2 Hz,

0.5H), 3.15°(d, J =.,7.2 Hz, 0.5H), 4.5 (m, .1H); 13c nmr

(cbcly, 100.6 MHz) & -2.0, 7.1, 7.1, 23.4, 24.0, 26.4,

28.1, 28.9, 29.0, 29.3, 30.0, 44,0, 44.2, 5734, 58.0,

64.2, 64.3, 78.0, 78.1, 83.8, 84.2, 94.7, 185.6, 215.7,



a7

. methylllthlums%l 56 M i ether; 3;0WmL, 4.7'mmol)f»51lyL\~

“ and-. was then WOrked up. Evaporatlom of--the solvent andt

128

~216aQ;'exapt»mass,-m/z 252 1535 (calcd/{or C14H24025i,

w e ar e 2o

9.58.- Founmd: C, 66 88; H, 9.53. .. -

o

'2[1 Hydroxy 4- (trlmethy151lyl)—2 butynyl]—cyclododecanone

LI PR . A ®

}ZQ% The procedure employed for 70 -\was followed u51ng

¢

enol ether‘,77_ (1,21‘_g,, 4.7 mmol), - anhydrous tetra-

methyletﬁyleﬁediami;ea(Ofi-mt,ﬁ4.5 ﬁmoi) fH ether (15 mL);

N

anhydrous zinc chloride’® (0.69 -M in'ether, 3.4 nL, 2.3;
mmol), ‘and aldehyde 58 (ca. 3-fold exCess) in ether (10

mL) . The reactlon mlxture was stlrred at 0°C for 45 min

, &
flash.chromatography of ; the re31due over silica gel (3 x

™

15 cm) w1th 15% ethyl acetate —-hexane gave hydroxy51lane
78 as a pure '(TLC 51llca, 20% ethyl acetate - hexane)'

mixture  of isomers (1,19 g, 78%): IR (neat) 3400, 2200,

-

11702, 1250, 850 cm™!; ln NMR (CDCly, 200 MHz): 5 0.10 (2 s,

9H), 1'1-— 2:0 (m, 20H), 2.1 = 3.95 (m, 4H), 4.53 (m, 1H);

3¢ nmr (cnc13, 100.6 MHz) 6 -2.1, 2.0, 21.4, 21.6, 22.0,

22.2,° 23.1, 23.4, 23.6, 23.9, 24.1, 25.5, 25.8, 26.0,
26.2, '27.2, 39.2, 58.3, 58.6, 63.0, 63.4, 78.0, 84.5,

212.7, 213.6; exact mass, -m/z' 322.2324 (caleg - for

'019H340231{ 322.3380).  Anal, calcd for CygH340, sl-tt Cr

’ \. _./
r/' -
‘ u

o ..



§

70.73; H, 10.63. Found: C, 70.06; H, 10.57.

v

-[1- Hydroxy 4—4tr1methyls1lyl)‘2 butynyl]cyclotrldecanone

jﬁg{ ‘ The procedure employed for 70 was followed using

. methyllithium (1,? M in. ether, 1.36 mL, 1.78 mmol),'silyl‘
) énéif'5£Q¢£-lsi~46479- mg, ;1.78‘ mmol),' enhydrous 'cetra—
methylethylenedlamlne.(0.26.mL1;l.78 mmol) - in ether (10.
amL),_anhydrous zlnc chloride (0.69 M in ether,llr28 mL,

' 0.89 mmol), and aldehxde‘SB:(ca. 3-fold excess) “in ether

(10 mL). The reactlon .mixture was stirred at 0°c for 20

mln and was then worked up-. Evaporation of the solvent

and flash chromatography of the residue over silica gel (3

. x 15-cm) ‘with 15%. ethyl acetate — -hexane gave sydroxy--

: L
N . o .. )
silane 82 as a pure (TLC, 5111ca, 20% ethyl acetate —

hexane) mixture of diasterecisomers (415 mg, 70%) : IR

N . B .
. . 1

(neat). 3400, 2220, 1705, 1200, 850 cm™'; lm mMrR (CDC1,,

1200 MHz) & 0.10 (2 s, 9H), 1.10 = 2.0 (m, 23H), 2.3 — 2.60

(m, 2H), 2.65— 2.90 (m, 2H),-4.50 (m, 1H); exact mass,

m/z, 336 2486 (calcd for C20 360251' 336 5801).

- . B . Y

(Zjeflif—hYdroxy;47(trimethylsilyl) 2- butenyl]cyclo—_.

\v

hexanone 71. A mixture of 51lyl acetylene 70 (590 mg, .

2. 47 mmol), 5% palladlum on barlum sulfate102 (200 mg),

—

and dry pyrldlne (12 mL)" was splrred,at,room temperature

.
1
¥

4 ’

.-



under hydrogen (10 p51) for 12 hi The catalyst was

removed by flltratlon through a pa;ibf Celite (1.5 x 2 cm)

using etHRer: (ca. 30 mL) as a rlnse The organ;c flltrate

was extracted succe551vely w1th 1ce-cold 1 M HC1 (50 mL),

- 130

saturated aqueous sodium bicarbonate (30 mL), and 'brihe

(30 mL). The ethereal’ layer',waé dried (MgSO,)- and

evaporated. . _Flash chromatography ~of vﬁhe ‘reSidue over

silica ge&.(B. x 15 cm) with 16% ethyl acetate — hexaneilw

afforded 7I as a pure (TLC{ silica, 20% ethyl "acetate —

hexane) m1xture of - dlastere01somers (572 mg, 96%) : ) IR
(neat)-3350 1700, 1650, 1250, 850 cm 1; 1H NMR (CDC1ly,

400 MHz) 5 0. 09 (2 s, 9H), 1.20 '~ 1.90 (m, £H), 2,05 (m,

2H), 2.3 (m. 3H), 2:64,(d,*J‘= 4 Hz, 0.4H), 3.36 (d, J <

2.4 Hz, 0.6H), l4.50‘xdt, J = 16, 2.4 Hz, 0.6H), 4.75 (m,

0.4H), ‘s, 2 3 o= iOsz} 0.6H), 5.33 (ty 9.4 Hz, 0.4H),

5.5 (m, 2H) 13c NMR @éoci35"106.6 MHz) & ~-1.9,° 19.0,

19.1, 24.6, 24.7,‘ 27.%, '27.2, \27.7, .30.5, 42.3,

55.6, 56,5,'65)%, 67.1, {26.9,‘i27;1,'i28.6, 129.8, 21

214.5; exact ﬁase,‘ m/z '24b;¥544, (calcd’ for C13,24025i,
| L ,

240.2825).  Anal. calcd fory Cy3H,,0,5i: °C, 64.92; H,

10.06.  Found: C, 65.10; H, 10.04.

P \

,(Zj—2-[l—Hydroxy—4—(trimethYlsilyl)~2—butenyl]cyclo—z

%

heptanone 75: The procedure employed for- 7L\was follo&ed

~
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l'using_ silyl ‘acetylene '74 .(220 mg, 0.86" mmol) and 5%

palladxunm on bar1un1 sulphate (50 mg) ‘in dry pyrldlne (2

.

mL). " The resultlng mlxture ‘was st1rred under hydrogen (10
péi) »r 12 h and then worked up»? -Byaporation of the
'solvent and flash chromatography of the residue = over

silica gel (2 x 15 cm) with "20% ethyl acetd?@fl Jhexane

- PR’

é§g§;aea;i3i§§7quﬁfe (TLC,15111ca/ 20%‘ethyl~acetate=ft
hexane) mixture of'.dlastereolsomers (572 ‘mg,p'96%): ' IR
neat) 3450, 169_0, 1250, 850 cm'll; .1H NMR -(,CDC].B,} 200 lMHz)V
5 0.09 (2 s, 9H),” 1.10 — 2.0 (m, llHl, 2. 50 ~ 2.78 i(m;
3n), 2.81 (d, J =b4‘Hz}_o.3H), 591 (4 'fd‘ ‘4" HZ,70: 2H),
4,55 (at, g“%s?léﬂz4iaz;fy55,;é“so (m, 165 - 5. 655rm, 18 5
3¢ NMR (CDC1y¢ 100.6 MHzZ) %»-1.7, 19.3, 24.1,-25.5, 29:2,
'29.6, 44.2, 57!1, egla, 127.év'129.3, 217.7; exact ‘mass,

m/z 254.1696 (calcd for C),H,e0,51, 254 2709) . Anal.

‘caled for CygH,0,8i: C, 66.07; -H, 10.30. Found:  C,
66.21; H, 10.28.

\.

(Z)_Z—[l—Hydroxyr4¥(trimethylsilYl)—24bﬁ£enyl]cyelodo—

A

decanone 79: The procedure employed for 71 was followed

s -~

using ‘'silyl acetylene. 78 (890 ng , .2.76 mmo1 ) ’and 5%

palladium on barium sulpharé (200 mg) in dry'pyridine (12

4 L
mL). - The’ resultlng mlxture was stlrred under hydrogen (10

psl),for 12 5 -h and then worked up. Evaporat1on.of~the

L R ]



. . ;I‘jl“f‘* VA £ S O N 2
. .solvent ah ‘,flash chromatography f the. re51due 0ver
silica gel (31‘{ 15 cm) w1th 15% ethyl acetate-j hexane‘> B

~afforded 79° as a pmre (TLC, 51llca,:20% ethyl acetate im - ..
‘hexane)l mlxture of diastere01somers (889p_mg, ‘96$);vtrﬁIR j;
(neat) 3400 1700 | 1650, 1600, 1250;--850” ¢m‘};‘/fh' NMR*:*f
(epely, 400 MHZ), 0.08 (2 s, 94) 1.10 —2.90 (m, 21H),
2.30 = 2. 90 “(m ,'3H)( . 53 (mq 1H), 5.3 (m;-lﬁl},s 6,km,
C1H) exact__masé;: m/z 324.2496 (calcd for C,gH;c0,S1,

F

324.3531). Anal. calcd for Ci9H340,8i¢ C, '70.29; H

i 14
~11.18.  Found: C, 70.41; H, 11.24. .. \5\\\.,.

(W»(Z) 2 11 Hydrony -45 (mrlmethy451lyl) 2- butenyl]cyolotrl— T

decanone 83. ‘The procedure employed for 71 was followed

using silyl acetylene- 82 (190 mg, 0.56 mmol) and 5%

>’palladium:onfbarium sulphate}(so mg);fh dry pyridiné (2.
‘ . < N . . IR

mL). The resulting miXture'Was‘stirred under hydrogen (10

peil  for 12 h yand then worked up 4 EvapOration’ of ""the ™"
solvent “and - flash- chromatography ;of~ the ;resgduev over
silica gel (é x 15 cm) with 15% ethyl acetate — hexane
afforded 83 as a pure {TLC, silica, 20% ethyl acetate —

v hexane) ,m1xturei of dfastere01somers lléb “mg, 95%);%TFIR
(neat) 3350, 1705, 1250, 850 cm”}; 1y nww (CDCly, 200 MHz)

6 0.02 (2 sﬁ¢9n),_1?9;¥'2.p (m, 23§),”2.z-— 2.8 (m, 3H),

4.45 (m, 1H), 5.2 — 5.64 (m, 2H); exact mass, m/z 338.5312



. (edled for’ CpoHyzoysiy - 338.5956) 0

-~

“.'j(E)—Z (1 3 ButadlenyI)CYClohexanone 72 . A solution‘of

,,p,.

Ltln(Iv)chlorlde (0 38 mL, 3 32 mmbl) 11n dry dlchLoro—a%.“ﬂ

methane (2 mL + 1 mL rlnse) was . Jnjected dropwlse at —20°

R

"1nto a. stlrred solutlon of hydroxy51lane 710400 mg, 1.66

'mmol)vln dlchloromethane §20 mL) ' The resultlng mlxture"

was stirred at —20°C.for 10 m1n and water (15 mL) ‘was

added. - - The aqueous 1ayer was extracted w1th ‘ether (25

\

mL) . The comblned organlc layers were washed succe551vely'

w1th saturated agueous sodlum blcarbonate and brlne, and

drled (MgSO4) K Evaporation 'of' the solvent ~and fLashf..

chromatography of “the resldue‘over“511lca gel (2»xA15¢Gm)~'

with 8% ethyl“acetate-—_hexane gave 72 - as a pure (TLC,

silica, 5% ethyl acetate — hexane) oil (172 mg, 69%): IR

(neat) 1705, 1600, 1010, 900 cm™); ln nmr (CDCly, 400.MHz)

P

§ 1.70 (m, 3H), 1.85 (m, 1H), 2.05 (m, 2H), 2.30<(m, 1H),.

2.43 (m, 1H), 3.08" (m,"1H),~.5. (dd, J = 10.1, 1.3 Hz, 1H),

5.15 (dd, J = 17.4, 1.3 Hz, 1H), 5.88 (dd, J = 15.4, 7.2

Hz, 1H), 6.05 (dd, J = 15.4, 10.0 Hz, 1H), 6.35 (dt, J =-

17.4,7 10.0 Hz, 1H); 13c NMrR (cpCly, 100.6 MHZ) "5 24.0,
-27.2, 33.8, 41.3, 53.2, 115.9, 131.3, 132.0, 136.6, 210.1;
exact mass; m/z 130.@044 (oalcd for C16H140; 150.1041).

Anal. calcd for Cy4Hy40: C, 80.01; H, 9,39, Found: <,



"79.80; H, 9.33.0 - - o

u(E)—'—(l 3 Butadlenyl)cycloheptanone 76-- The procedure

T A R =

2134 .

. ?.employed for 72 was, followed u51ng t1n tetrachlorlde (R 76‘“‘

6 48 mmol) in dlchloromethane (4 mL) and hydroxY31lanej

75 (825 mg, 3.24 mmql) 1n dlchloromethane (30.mL)EYATheﬁv‘r‘_

. mixture'Awae'”stirtedd‘at —20°C._for ‘10 min’ ‘and’ was ‘then

worked_ up. | Eveporaﬁidd of - thevvsolyeet and  flash
chromatography of the residue over silica'gelrfB.x 15 cm)
with 5% 'ethyl acetate — hexane gave 76 as a pure' (TﬁC,
silica, 10% ethyl acetate — hexane) colorless oil (430 mg,

80.8%)+ IR (neat) 1704, 1000, 900 .cm™!;.ln NMR_ (cpDClj,

400 MHz) 6 -1.20 — .2.0 (m, 8H), 2.45 (m, 2H)., 3.20 (m, 1H)y

5.10 {dd, J = 10.1, 1.5 Hz, 1H), 5.15 (dd, J = 16.5; 1.3 "
2, 1H), 5.79 (dd, J = 15.1, 7.6 Hz, 1H), 6.05 (dd, J =
5.19, -10 Hz, 1H), 6.30 (dt, J = 16.5, 10.1 Hz, 1H); I3c

NMR (CDClj, 100.6 MHz) & 24.7,-27.8, 29.6, .31.2, 42.3,

55.8, 116.5, 131.8, 132.5, 136.7, 213.4; exact mass,‘m/z
164.1180 (calcd. for C11H160, 164.1180). Anal. calecd for

C11H1g0t C, 80.42; H, 9.82. Found: C, 79.05; H, 9.60.

(§)42-(l,3—Butadienyl)cyclododecanone 80: The procedhre
employed for 72 was followed using tin tetrachloride (0.74

mL, 6.34 mmbl) in dichloromethane (2 mDb) and hydroxysilane



Su

9 (1.03 g, "3.17 mﬁéli'in’Aiéhioromethane (20 mL). The

mixture“wés’Stirréd at: —20°C £or 5 min and was then worked

up.- -Evaporation of ‘the solvent and flash chromatography

. .of the.re51due~over 5111ca~gel«(3ﬂx115 cm) w1th 2% ethyl

5-{acetate - hexane gave 80 .as” a pure (TLC,~51lfoa,:5%hethyl"»“7
1acetate —-hexane)ucolorlesg Oll (580)mg,47§%)§t'1ﬁ,khéat){"‘

© 1708, 1645,71600L LOQ5p_903“Cm 1; 1y nMr (CDC13, 200 MHz)f

5 1.0 — 2.0 (m, 18H), 2.3 — 2.60 (m, 2H), 3.3 (m, 1H),

5.05 (dd, J = 9.6, 1.8 Hz, 1H), 5.15 (dd, J = 16.5, 1.8

Hz, 1H), 5.60 (dd, J = 15.3, 8.7 Hz, 1H), 6.08 (dd, J
15.3, 9.6 Hz, 1), 6.25 (dt, J = 16.5, 9.6 Hz, 1H); 13¢
NMR (CDCly, 100.6 MHz) & 22.26, 22.24, 23.3, 24.3, 24.6,
24.7, 25.0, 25.5, 30.5, 38.5, S4.6, 116.7, 132.3, 132.7,

136.5, 211.7; exact mass, m/z 234.1983 (calcd for Ci6H260,

1 234.1960). . Anal. calcd for C ¢Hye0:  C, 81.98; .H,”

11.18.  Found: C, 81.74; H, 11.19.

v

A\

(E)—Z—(1,3—Butadienyl)cyolotridecahone‘84ﬁ ' The procedure

employed for 72 was followed usino tin tetrachloride
v(0.025. mL, 0.22 mmol) 1in 'dichloromethane (1 mL) and
hydroxysilane 83 (38 mg, 0.11 mmoel) in dichloromethane (3
mL) . The mixture. was stirred at -20°C for 5 min and’ was

then worked up. Evaporation of the solvent and flash

ohromatography of the residue over silica oel (1 x 15 cm)

\
- .

135



R

“with 1% :ethyl acetate — hexane gave 84 as a pure (TLC,
silica, - 5% ethyl acetate — hexane). colorless 0il (20 g,
G 2R : ; TORAERS

73-2%): " IR (nmeat) 1705, 1650, 1600, 1005, 901 cm~t; lm

(NMR. (CDC13, 200 MHz) 5 1.0 — 1.98 (m, 20H), 2.2 — 2.75 (m,

28}, ~3.25. (dt, 3 = 9.5, 4.0 Hz, 1H), 5.05 (dd;, J = 9.5,

| ‘ e , R R
1.8 Hz, 1H), 5.15 (dd, J = 16.4, 1.8 Hz, 1H), 5.65.(dd, - J

=415.1, 8.6 Hz, 1H), 6.09 (dd, J = 15.1, 9.5 Hz, 1H), 6.25
(dt, J = 16.4, 9.4 Hz, 1H);:exact mass, m/z 248.2141

(calcd for CysH,gQ; 248.2110).

(E)- and (Z)—3—(Trijg;butylstannyl)—2—propen—1-ok 85:}05

The literature procedure105 was followed: A mixture of 2-

propyn-1-ol (4.0 g, 7.14 mmol),. tfijgfbutyltin hydride

(25.0 mL, 9.28 mmol), and AIBN (60 mg, 0.36 mmol) was
‘heated bndeg argon at‘é0°C for 2 h.' Distillation of the
resulting solutign afforded alcohol 88 (20.0 g, 80.6%) as
a mixture of (2) and (E) isomers: bp 110.— 115°C (0.1 mm)
[1it.67 bp 120 = 125°C (0.25 mn)); IR (neat) 3350, 1600,
1160, 990, 960 cm™; 1y NMR-(cDCl3) 6 0.8 = 0.99 (m, 1o0H),

1.5 = 1.9 (m, 18H), 4.20 (m, 2H), 6.20 (m, 2H).

~

(E)= and'(ZJ—B—(Trijgfbutylstannyl)—2—propen—1—al 89:67

Manganese(IV)oxide (8.87Fg, 100 mmol) was added at room

temperature to' a solution of alcohol 88 (3.53 g, 10.1

136



-mmol) in dichlorometbane (SO'mL) The reactiod mixture

was stlrred for 15 h and was then’ filtered through Cpllte

137

. (4.% 6 cm) u51ng ether as a rlnse Evapogatlon of the -

.solvent and flash chromatography_ of the résidue over

silica gel (5 x 15 cm) with 2% ethyl acetate T—hexaﬁe gave
‘aidehyde 89 [1.40 g, 74%, based on recovered starting
material (.1.6.g)]: - IR (neat) 1690, 1460 .‘cr;\"lg h MR
(CDCly, 200 MHz) & 0.81 — 1.60 (m, 27H), 6.60° (dd, J =
19.7, 7.8 Hz;,lH), 7?5‘(d, J =v19.7_Hz, 18), 9,3§ﬁTd, J =
7.8 Hz, lH)..

\

(E)—l,3—Butad{enyltributylstannane 90:67 The literapure

procedureb” waérfollowed: Nn-Butyllithium (13.8 mL, 22.0
7,mﬁol)' was minjeéted dfopwise at  0°C into a stirred
. suspension of methyltrlphenylphosphonlum bromlde (14,2 g?
40.2 mmol) in- THF (125 mL). The coollng bath was removed
and stlrrlng was continued for 2 h.. Aldehyde 89 (6.98 g,
20.2 mmol) in THF (10 mL + 2 mL rinse) was added dropwise
over a period of 15 min and the reaction mixture was stir-
_ged at room temperature for 2 h more. Saturated agueous
/ émmonium chloride (100 mL) was added and the aqueoqs“phase
- was  extracted with ether (2 ? 50 mL). The combined
N . :
organic extracts were washed with brine, dried (MgSO4),
and evaporatéd. Flash chromatography of the residue over

r

<



silica gel (5 x 15 cm) with hexane _ gave stannane 90 (5.8

g, 83.7%) és a pure (TLC,. silica, Hexane), colorless -

oil: IR (neat) 1560, 1010, 905 em~l; 1y NMR (cDCly, 400

‘MHz) 5 0.95 (m[¢14H),_1.34 (m, 6H), 1.52 (m, 7H), 5.02 —

5+3 (m, 2H), 6.15 — 6.61 (m, 3H); 3¢ NMr (cDC13, 100.6

MHZ) & 9.5, 13.6,.27.2, 29.1, 15.6, 134.6, 140.2, 147.5,

’[1a,1(E),28(2)]—l,2—di—l,3~Butadienylcycloheptanol;92:
S %

n-Butyllithium (1.6 M in hexane, 1.37 mL, 2.2 mmol) was
- SN :

injedEedithopwise‘\at -78°C into a stirred solltion of

stannane 90 (1.12 g, 3.3 mmol) in ‘THF (25 mL). The
ﬁixture was stirred for'anNadditiQnal 15 min and ketone 76
(180 mg, 1.1 mmol) -in THF (2 mL ; 1 mL rinse) was then
added dropyisé over several minutes; Stirring at -78°C
was continued for 30 min. Saturated aqueous ammonium
chléride (15 mL) "Qas‘ added and the aqueous lphaée was
extracted with ethe: (2, x 15 mL). The combined organic
extracts . were washed with brine, dried (MgSO4), and
evaporated. Flash ”chromatography of the residue over
silica gel . (3‘X‘15 cm) with 5% eEhyl acetate — hexane gave
an 1nseparable mixture consisting of alcohol 91 and ketone

76. The mixture was used directly for the next step.
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[1&,1(§),2a(§)]— and [1a;1(§),23(3)]—1;2-di+1,3-buta-

-dienylcyclododecanol 93 and- 94: The procedure empibyéd

for 91 was féllowedlusing_Ejbutyllithium'(1.6 M in hexane,
0.4; mL, 0576 ﬁmoL),rstannane'90 (514 mg, l.5vmhol) iA’THF
(15 mLY, and. ketone 86 (120 mg, 0.51 mmol) in THF (2‘mL’+
1 mL rinse). The reaction mixture was stirred at -78°C
for. 30 min and -was then worked up. EVaporat;on of the
solvent and flash chromatography of‘ the residue over
silica gel (3. x 15 cm) with 5% ethyl acetate —-hexéne gave
94‘ (27 mg, 18.3%)‘ as a pure (TLC, silica, 10% .ethyl_
aceﬁate — hexane), colorless 0il and the other.
\diastereoisomer'93 (83vmg; 56.5%) as a pure (TLc; silica,
10% ethyl acetate — hexaqe), crystglline solid..'Compoupd
'94 had: IR (neat) 3540, 1650, 1600, 1000, 950, 900 cm-l,
1y NMR (CD‘!g:l3," 400 MHz.) 5 1.05 — l.'64 (m, -19H), 1.79 (m,
involviﬁg a singlet, 2H), 2;41#(t, J = 8.8 Hz, 1H), 5.03

(dda, J = 9.7, 4.4, 1.4 Hz, 2H), 5.18 (ddd,lJ = 16, 7.6;

1.4 Hz, 2H), 5.35 (dd4, J = 15.2, 9.7 Hz, 1H), 5.8 (4, J =

15.2 Hz, 1H), 6.10 — 6.40 (m, 4H); 13c NmR (cpcly, 100.6

MHz) 5 18.5, 22.1, 22.5, 2277, 26.2, 26.3, .27.4, 29.6,
Zim/*€4.9, 47.7, ‘76.0,‘ 116.4, 128.9, 134.6, 136.0, 136.4,
' 136.6, 138.5; exact méés, 288.2313 (calcd for ChoH350,
288.2430).  Anal. calcd for C,gH3,0:  C, 83.26; H,

11.18. Found: C, 83.19; H, 11.25.



Isoﬁer 93 had: IR~'(CC14) 3610, 1800, i640, 1600,
1000, 950, 900 em™1; 1y Nur ((cpcly, 200 MHz) 6 1/1 — 1.60
(m, 19H), 1.80 (m; 1H), 2.01 (m, 1H), 2.30 (t, J = 8.5 Hz,
1), 4.9 — 5.3 (m, 4H), 5.53 (dd, J = 15.6, 8.4 Hz, 1H),
5.78 (d; J = 15 Hz, 1H), 6.0 (dd, J = 15.6, 10.8 Hz, 1H),
6.10 — 6.42 (m, 3m); 13c nur (CDCly, 100.6 MHz) § 20.5,
22.1, 22.7, 22.8, 23.1, 23.6, 24}2, 26.3, 26.6, 38.2,
45.3, 77.0, 115.1, 116.2, .127.9, 132.6, 135.2, 136.8,
137.2,-140.5; exact mass, m/z 288.2462‘kcalcd for CnyH;3,0,
288.2430).  Amal. calcd for CogH3,0:  C, 83.26; H,

11.18. 'Found: C, 83.Q7; H, 11.18.

Attempted rearrangement of 92 with potassium hydride;

1,3,7,9-qyclopentadecatetraen-l—ol, potassium salt 92a:

Potassium hydride (24.01%~w/w in oil, 103 mg, 0.60 mmol)-

was washed in a septum-covered flask with dry hexane (2 x

3 mL). Residual solvent .was evaporated by a stream of dry

nitrogen and THF (5 mL) ‘was added to the flask. Alcohol

&

92 (50 mg, 0.23 mmol) in THF (1 mL + 1 mL rinse) was added
dropwise and the mixture was stirred at room temperature

for 1 h. ‘Aqueous ammonium chloride.(IO% w/w, 5 mL) was
) - »

added and the aqueous 'layer was then extracted with

'

ether. The combined organic é§tracts were washed with

b

g : S .
brine and dried (Mg§04). “ Evaporation of the solvent
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;

ylelded a 'residue that ,was a' complex ‘mixture by TLEC
(silica, 5% ethyl acetate —-hexaneé

‘.‘ ) . N 8 . N “ r N B
: . rEo
@ Ly /H,(,,

Attempted rearrangement " of 93 with potassaum« hydrlde

1,3,7,9- Cycloelcosatetraen -1- ol, potasélum salt 93a- The

procedure employed for 92a wasvfollowed usnng potassium

N

hydride (24.01% w/w in 0il, - 48 mg, . 0. 29~mmol) in THF (3

mL) and alcohol 93 (28 mg, 0.097" mol) in THF (1 mL + 1 mL
rlnse) | The ireactlon mixture was stlrred at room
temperature for 2 h and- was then worked up. Evaporation
of the so}vent and’ flash chromatography of _the residmb

2 o
over Silica‘gel-(l x 15 cm) with'2%;ethy17aCEtate.-heXane
gave an oil (21 mg): IR (n€at) 1705, 990, 1970 cm~1;71H

NMR (CpCl3, 200 MHz) § 1.1 — 2, 80*(m, 25H), 4.89 — 6.4 (m,

'7 v1nyl H); exact mass, m/z 288 2430 (calcd for C28H320,,'

288.2430. e

R

~

" . S o {

[la l(E),2B(E)],[(1 2=di-1,3- Butadlenylcycloheptyl)—

’ .oxy]trlmethy151lane 95- ' Chlorotrlmethy151lane (0 14 mL,:

1.09 mmol) was imjected at room tempeggture 1nto a stlrred"7

solution. of -alcohol 92 (1§O mg, - 0.733 mmo1l) and.“hexasg:

vmethyldlsllazane (HMDS) (0. 185 mL, 0.87 mmol) in dry DMSO .

(5 mL). HStirring,a@s continoed'for aqmadditional 30 min =

and pentane (20 'mL) waS‘added: 'The'mixtUre was shaken



Q

with water (10 mL) and the organlc layer was’ washed suc—

At

ce351vely with 5% aqueous sulfurlc ac1d saturated aqueous]

) .
sodlum blcarbonate, and br1ne The organlc extract was

dried (MgSO4) and evaporated. Flash chromatography of the

residue over silica gel (2 x 15 cm) w1th hexane gave 95 as
a pure (TLC silica; hexane), colorless 0114(170 mg, 53%

based on ketone 76) . (neat) 1645, - 1600 1250 1000,

900, 850 cm”l; . lH MR (CDC13, 400 MHZ) 5 0.05 (s, oH),

1.2 — 1.60 (m,f4HJ,‘1.65_—-1.8§ {m, 5H), 2.0 (m},aa), 4.92

(dd, J = 10, 1.7 Hz, 1H), 's. 01 (dd, J = 9.5, 1.7 Hz, 1H),

5909 (dd, J = 1629,

1.8 Hz), 5017 (dd, g ;.ieLS» 1.7 Hz;
S1H), 5.85 (m,. 3H),\5.98 (dd,‘J«;!lS.A}_lO Hz, 1h0,_6 30
(m,'za)v 13c'Nma (ChX

29;0,'29 2, 39. 4,_54 6, 78.9,’114,2, 116. 4 127 6, 130 1,

137.2, 137.7, 138.3, 141.8;" exact mass,.‘m/z 290 2070

. 100.6 MHz) .6 2 4 21'8 27 9

142

(calcd far CigH 30051, '290,3478)p‘ : Anal caled | for.

‘ ' ' - ) v b . . . N ‘
'Clsﬂzoosif-'-cr 74, 39 Hi 10.41. Found _c,.75,25;wa,
" 10.55. S -

Al(E),B(E),7(E),9(E)—(l 3 7 19— Cyclopentadecatetraen 1--

'yloxy)trlmethy151lane 96" The 51lyl ether 95, (lOO my,

0.37- mmol.) 'was sealed ‘inffan\ ampoule under argon and

~

" immérsed formvls m1n in’ a preheated 011 bath at 200°

Kugelrohr distillation of . the reSult1ng 011 gave 511yl
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L A a o - . o . ! N .
e . - , . - X : oy . . ”
\énol ether 96 (97 mg, 88%) as a colorless oil: . bp 80 —'

‘85°C'(0;04’mm)-? ¥ (neat)~1652, 1600m, 1250 850 em~1; 1y
Soe

14
*

NMR (CDC13, 400 MHz) 5 0. 10‘(3, 9H), . 15-— 1. 60 (m, 6HY ,

2.0 (m, 4H), 2.18 (m, 4H),.5.0 ~5.20 (m, 3H), 5.40..(dt, 3

Cw co . . .1 - , .

"= 16, 6.4 Hz,“;ﬂﬁ; 5.68 (dd, g 2 16, 8 Hz, 1H), 5.9 (m,

2H), (small “ipeaks .at & 1.8, +4.9, 6.08, and, 6.3
.acorrespondlng to startlng materlal 2 95); 'exact.tmaés, .m/i

290 2071 (ca;cd foraclsHjcosl,_290.34]8).

‘3(E) 7 E) 9(E)-3, 7 9~ Cyclopentadecatrlen 1 one 97

.

s

((Methylllthlum (1 56 M 1h'ether, 0. 32 mi, 0.49,mmol).was, "
jlnjected dropw1se at " room temperature.'into a ’stirred
.ﬁsolutlon/bf 81lyl enol ether 96 (130" mg, 0.447 mmol). and
hretramethylethy enedlamlne (0.067 mL, 0.447 mmol) in dry
: epher CS-mL), The mlxturé was stirred for 45 min and was
:thoh'oouréd into dllute"fetlc a01d‘(1 M, .5 mL) . _Thé
aqueOus phase was extracted.w1th erher (2 x 10 mL).and thé
comblned organLc extracts were 'washed .with satorated
‘aqueous sodium blcarbonate and brlne, and dried (MgSO ).
*Evaporatlon of the solvent and flash chromatography of the
re51due»_over.'5111ca gel '(3 x 15 em) with 5% ethyl
acetaté'—- hexahe affordéd fkerone 97 .as a  pure -(TLC
‘silica, 10% ethyl acetate ;?hexane) oil-(83 mg,'BSg). IR

(peat) "1705, 990, 970 em™!; W NMR (CDCly, 200 MHz) &



1.10 — 1.70 (m,’ 6H), 2.04— 2.30 (m, 6H), 2.35 (t, J = 7

Hz, 2H), 3,0 (d, J = 5.5 Hz, 2H), 5.15 — 5.61 (m, 4H),

5.72 — 6.04 «(m, 2H); 3¢ NMR (CcDCly, 100.6 MHz) & 22.8,

s

-144

26.4, 27.4, 31.2, 31.8, 32.3, 41.5, 47.2, 124.2. 130.7,

131.3%. 132.1,. 132.4, 133.8, 209.4; exact mass, 218.1669"

- . . e L
(caled for 'CygH,,0, 218.1665). Anal.'ce;éd\forvqlsH220r

C, 82.50;°H, 10.16." Found: €, 82.45; H, 10.23.
-~ . . P ' . .

-~

- Lo 4 .o L
Cyclopentadecanone 98-106 A mlxture of olefln 97 (54 my,
’0.247 'mmol)' and 5% palladlum on' carbon '(10 mg) ‘in dry

) ethyl acetate (5 mL) was stlrred at room temperature under

hydrogen (10 p51) for 2 h. The cetalyst was removed by

filtration through a pad of Cellte (1-x 2 cm) u51ng ether
(10 mL) as a rﬂnse,_‘_ Evaporatron ofy -he zsolvent gave
Exaltone 98106 (53 mg,'.95%)v aS»‘a pure"(TLC! silica,” 5%
ethyl' acetate — hexane and ,V;P:CL; lO%_“QF—i) bwhfte,
crystalline solid:* IR (Cél4) i705.cm:;; 1H NMR (CDC14,
200 MHz) & 3.34 (m, 20H), 1.67 (m, 4H), 2. 42 (t, 3 < 6.6
bz, aH); 13c nMR (CDC13{ 100.6 MHZ) & 23.4, 26.4,‘2625;
26;8, 26.9, 27.6, 42 0, 212.1; exact mass, m/z 224.2141

(calcd for C15H280, 224. 2133)

{la, l(E)LZa(E)l,[l 2 di-1, 3 butadlenyl 1- cyclododecyl)

\oxy]trlmethy151lane 99: The procedure employed for 95 ‘was



a1 _Q.

followed using chlorotrimethylsilane (0.10 mL, 0.81 mmol),.

alcohol 93 (158 mg, 0.54 mmol), and hexdmethyldisilazane

(0.138 mL, 0.648 mmol) in dry DMSO (5 mL). The neaction

mixture was stirred ‘at room temperature for 30 min and was

gﬁenv worked up. - Evaporation éf £hef’solvént and flash
:¢hroma£ography ofﬂfhe‘residue over silica.gel (1 x 15 Em&
. with. hexane gave 99 (194 ng, 98%5 éé é pure (TLC, silica,
héxané), colerless, oil: IR (neaﬁ) 1600, 1250, 1000,‘970,

900, 850 cm™l; lu NMR (cDCl,, 200 MHZ) 6 0.15 (s, 9H) ,

1.0 —1.70 (m, 18H), 2.2 (m, 3H), 4.95 (ddy J = 9.9, l.&"

" Hz, 1H), 5.0 (dd, J LY 1.8 Hz, 1H), 5.05 (dd, J =

16.5, 1.8 Hz,‘lHL,'S.IS (dd, J = 16.5, 1.8 Hz, 1H), 5.52
(dd, .3 = 15.4,4é.§ Hz, 1H), 5.70 (d, J = 4.8 Hz, 1H),
6.05 — 6.41 (m, 4H); 13c~NMR7(Coc13, 100.6 MHz) & 2.8,
15.2, 21.0, 25.4,' 22.8, 23.0, 23.1, 24.0, 24.9, 26.4,
26.9( 37.1, 46.4, 65.8, 80.5, 114.1, 115.7, 128.6, 131.8,
13770, 137.1, 137.5, 139.9; ‘exact mass, m/z 260.3920

(caled for Cy3H,008i, 360.3810).-  Anal. - calcd for

- Cy3HygOSis €, 76.58; H, 11.18. Found: C, 76.74; H,

1115,

1(2),3(E),7(E),9(E)-1,3,7,9-Cycloeicosatetraen-1-yloxy)-

[

trimethylsilane 100: The silyl ether 99 (125 mg, 0.346

mmol) was. sealed in  an ampoule under argon and.. immersed

145
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S

f A

~ for 15 ﬁin in a preheated 0il bath at 200°C; _Kupelxohr
distiilatioh of the resulting oil gabe’sily1~enol ether.
100 ‘(120 mg, 96%) as a pure '(TLC,_ siiica Hexane),
colorless oil: bp 105 — 115°c (0.04 mm); IR (neat) 1655,.
16, 1250, 850 cm~l; lu nMr (cpelsy, 200 MHzZ) & 0.3 (s, 1H),

. N .
1.1 ="1.70 (m, 16H), 2.0 — 2.4 (m, 8H), 5. 10 — 5. 60 (m,

\’7

25.8, 27.2, 27.7, 28.3, 28.4, 28.5, 28.6, 28.7 1.8,

48), 5.8 — 6.3 (m, 38); 13c NMR (cDCly, 100.6 M 5 0.7,.

32.1, 32.2, 35.9, 104.7, 110.6, 125.5, 128.6, 131.2,
131.3, 131.5, 131.9, 149.9; exact - mass, m/z 360.2845

(calcd for C23H4OOSi, 360.3920)- o i A

B(E),7(§),9(2)—3,7,9—Cycloeicosatrien-1—one 101: . The .pro-

"

cedure employed for 97 Qas followed ueing methyllithium»
(1,5@&g'in ether, Of24 mL,.O.374 mmol), silyl enol eeher
100 (125 mg, 0.346 mmol), and tetramethylethylenediamine
(0.052 mL, 0.346 mmol) in ether (5 mL). The reaction
mlxture was stlrred at room temperature for 45 mln and was
then worked up. Evaporation of the solvent and flash
chromatography of the re51due,over silica gel (2 x 15 cm)
with,K 5% ethyl acetatei;? hexane .afforded 101 as a pure
iTLC, silica, 10% ethyl acetate — hexane) colorless 511'
(79 mg, 79%): IR (neat) 1708, 989, 970 cn~}; lH NMr

(CDC13, 200 MHz) & 1.10 — 1.65 (m, 16H), 2.0 — 2.29 (m,
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6H), 2.42 (t, J = 7.5 Hz, 2H), 3.05 (m, 2H), 5.48 (m, 4H),
5.98 .(m, 2H); L3¢ ~mR (épc13, 100.6 MHz) & 23.5, 26.4,
27.0, 27.3, 27.5, 28.0, 28.5, 31.0, 31.2, 31.7, 41.7,
47.0, “123.3, 130.6, 130.8, 131.3, 132.0, 134.2, 209.6;
éxact ‘mass, m/z 288.2453 (calcd for C20H32O, 288.2430).
Anal. calcd-for CyoH320: C, 83.26; H, 11.18. Found: C,

83.43; H, 11.26.

Lla,l(ﬁ),ZB(E)],[1,2—di—1,3rButadieny1cyélododecyl)oxy]-

trimethylsilane 102: The procedure'empfoyed for 95 was

lfollowed using chlorotriméthylsilane (0.013 mL, 0.10
mmol), alcohdl gﬁ. (20 mg, 0.069 mmol), and hexamethyl-
disilazane (0.02 mL, 0.09 mmol) in. DMSO (2 mL).  The
reaction mixture was.stirred ét room temperature for 20
min and Qas then worked wup. Evaporation of the solvent
and flash chromatography of the residue oVér silica gél (1
x 15 cm) with héxane gave 102 (24 mg, 96%) as a pure (TLC,
silica, hexane), colorless oil: IR (néat) '1650, IGOO,
1005, 965, 905 cm~!; li NMR (CDClsy, 400 MHz) & 0.01 (s,
98), 1.0 — 1.61 (m, 19#), 1.85 (m, 1H), 2.5 (broad t, J =-
8.8 Hz, 1H), 4.95 (dd, J = 9.8, 1.8 Hz, 1H), 5.0l (dd, J =
16.3, 1.8 Hz, MH), 5.02 (dd, J = 9.8, 1.8 Hz, 1H), 5.20
(dd, 3 = 16.3, 1.8 Hz, 1H), 5.60 (ad, J = 15.5, 8.1 Hz,

-
’

1H), 5.79 (d, J = 15.5 Hz, 1H), 6.05 (m, 2H), 6.3 (m, 2H)

t
RS : : he



‘exact mass, m/z 360.3819-(calcd for Cp3H40Si, 360.3920).
. | L4

0 1,3,7,9- Cycloelcosatetraen lfyloxy)trlmethy151lane 103a b:

The 51lyl ether 102 (22 mg, 0.06 mmol) was: sealed in an
ampoule under argon and 1mmersed for 15 min in a .preheated
0il "bath at 200°C ‘ Kugelrohr distillation of the
resulting oil gave 31lyl enol ethers 103a and 103b (20 mg,

91%) as a pure (TLC, 5111ca, hexane) oil: bp 100 — 115°C

(0.06 mm); IR (neat) 1660, 1620, 1250, 850 cm~} lg NMR

(CDCl3, 400 MHz) & 0.09 (2s, 9H), 1.09 — 1.54 (m, 16H),
2.0 — 2.25 (m, 8H), 5.10 — 5.70 (m, 4H), 5.95 (m, 2H),

6.21 (m, 1H); !3c NMR (cDCly, 100.6 MHz) & (olefinic

signals) 109.7, 110.5, 125.4, 127.0, 127.2, 127.3, 128.4,

12901, 129.9, 130.7, '13%.1, 131.6, 133.0, 149.9, 153.7;

exact mass, m/z 360.2829 (calcd for Co3H,400Si, 360.3920).
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CHAPTER 2

. ) & .
~ RADICAL ANNULATIONS AND CYCLIZATIONS

§ynthetic‘Methodology Based on Radical Cyclization
S T , . {

Of the fouf mechanistic domains-bf chemiétry based on
éarbonium ions, carbanions; concérted,procegses, and free
radicals,' the latter”has been ,neglected by synthetic'
éhemists — apart from those involved in the preparation of

_polymers — as a way of making Earbaon —-carboq.bonAS. This
state of affairs is surprising becﬁuse'there;is a huge
litérature on~ free radical chemistry and the cycliéation

.
process depic;ed in eq. 1 has been studied extensively by

- mechanistic chemists so that the subject of radical ring

closure hag hardly been an obscure one. Moreovet, free
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radical chemistry has a‘number of. obvious advantages and
features that could be put to gobd use 1in the area of
synthesis. These are: (1) It represents a type of method
tﬁat operates often undef mild and neutral conditibns
which are very different from those used in most existing

approaches to the formation of carbon — carbon bonds.  1In

this regard free radical” methods generate opportunities

for avoiding masking of certain functional groups, that in

coﬁQentional ‘methodology would need protection —
deprotectioh sequences, and /forthandling compounds with
.étructural‘ features ‘that " render standard metbo@s
‘inapplicable. (2) The stereochemical aﬁd/or regiochemical
% ‘consequenes of 'ring-formin§' reactions based on radicals
J are likely eo differ in some respects froﬁ those tHat
Characterize ionic reactions. 1In this way, radical—baeea
chemistry could provide sol&‘}ods to epecific problems: of
steredchemieal or regiochemical control. Intramolecular
radical - reactions appear to be less subject: to
interference from steric effects than ionle processes.
"Although the emphasis of oer research is on.radical
‘cyclizations, ordinary intermolecular radical processes

are also involved and a review of that portion of the

literature is appropriate.
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Intermoiedular Proce;bes

~

Intermolecular radical additions to n-systems are, of

course, ‘part.»of industrial polymefization processes{
Mechanistic studies and synthetic‘ applications (outsidé/////
the area of polymer science) in which one carbon — carbon '
bond ‘is formed have been the subject o% re&ent pidneefing
work and detailed reviey.! The main points relevant to

our own research afe'as__foll‘ow:1

(1) For the'process shown in eqg. 2, in which R® is

an alkyl radical and X is an electron-withdrawing group,

4

X | X

(87 B, : .
] . R .
v . . ' /

-+

more than 98% of tbe attack occuré‘at the a-position 'and
the relative ratés_vary1 in the order listed in Tabie 1.
Alkyl radicals are nucleophilic as shown by the rate
increase as x;eeq. 2) becoméé‘more electron-withdrawing.
(2)A (E);Alkenes react faster with the cyclohexyl
radical ﬁhan do (Z)-alkenes: For the seqgtuence of eqg. 3,

for example, kg/kz is 1.4 if Y is methyl, and 5.0 if y is

~
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TABLE 1
. “ .
E )
D ‘Relative Rate of Addition to H2C=CHXa
N
X ' CHO N comd COOH COOMe CONH,
Rel. Rate 34 24 13 --" T 6.7 1.1
']
X Ph Cl OCOCHy - H Bu OEt
Rel. Rate 1 .12 . 016 0.15 0.004 -

3Reactions at 20°C using CgHyp -
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phenyl.

(3) Bulky substituents in the p-position have little

“influence on the rate: For the reactions summarized bhy

'

eq. 4 and eq. 5, k;/k, is only '2.95.

(5)




]
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By . contrast, bulky substituents at the a-position haGe an
end&moué retarding effect. Attack of cyclohexyl ‘radicals
on 1 is 2 x 104 times slower at 20°C than on methyl

acrylate.

3

(4) Electron-releasing groups attached to a radicaj}
” ,
. . $ : ..
site 1increase the rate of attack on an electron-deficient

olefin (cf. eqs. 6 — 8).

N T L AA(0)(okt), 6
- -40°C __l- o

. . 3, -1 -
k=%.0 X 10 L.mol.1s !




f 4
k=5.9 x 10 -

"'(52 Large (isopropyl, tert-butyl) alkyl substituents
at a rad{cal site decrease the rate of addition by
exerting a steric effect. . |

(6) Raaicals react faster with ‘alkenes than with

alkynes. The SOMO* of the radical interacts with the LUMO

of the alkené: . v ©

4 -
v "! ‘\ '.:, . LUMO
. A

.
. N .,

*SOMO = singly occupied molecular bital,

167
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The LUMO of C=C is higher, and-the HOMO lower than for
alkenes. tHenée, the interaction SOMO — LUMO is less
~favourah1e“iﬁ the casé_of a triple bondmané radicals react
.faster with ‘élkenés fhan with alkynes, thodgh the rate,
ratio is small LEEL 2.5).

(7) Steric'éffects can exert control over stereo-

selectivity as in the example shownl

in eqg. 9

/\ 3
=~ “cN
b .
(9)
<. .
‘Me
(8) Stereocelectronic effects also determine .

stereochemistry as illustrated by, eq. 10.2




169

A number of synthetlc appl1cat10ns of intermolecular
‘rad1Ca1 reactlons have been publlshed 3 that shown in eq.
113d will serve as an example as ‘it ;s_representetlvebof
all the publlshed work and it is’ relevan; to our .own

LY

fstudles.

Bu,SnH
4»
AIBN
__~
= (11)
co'zMe ‘
cone
. L " 65% X= B
. o 1% X=SePh

\‘.

Intramolecular Processes?

Reactloﬁs of - the 5- hexenyl radlcal 2. have attracted

X con51derab1e attentlon over many years from mechanistic

X
~——
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éﬁemiéts.5 . They .concefned themselves with establisﬁing
the troe identity of fhevihitial proddct'ae'tﬁe primary
radical 3, and then .with explalnlng the productlon of 3
rather ehan the thermodynamlcally more stable 4. Speoles
4 .yould,'be the result of attack at the less hindered:
'teroinus.of the double bond and factors of ring strain
would also favour productlon of 4. Nevertheless, it is
not formed except in’, spec1al cases (éee below). The
poesibleblnterventlon‘of equlllbrla, e.g..4:2£3 was éleo
examlnedoln detall.6 Iin thie regerd it‘was foqndT that
radicals -of type - 5 (X,Y =: elecron-withdrawing groups)

r

undergo reversible'oycliéation.‘ Thus, radicals 6 and 7,

[ —
S——

Ty

‘when prepared independently,v gave the same equilibrium

mixture of methyicyolopentyl- and cyclohexyl-products, and

the'ratio'wés_i ntical “to thaﬁdobtained by closure of the



: _ <
acyclic radical 5. Some significant results bearing on

this subject are collected in Table 2.62,8 Tﬁese-resuits
ﬁ- ) . . R ‘ .
are understandable in terms of kinetie 5-exo- closure for

X =Y = H and, if the closure is made reversible by
suitable adjustment of X and Y, then the phefmodynamic

- products, i.e. those resulting from 6-endo cyclization,

are formed. The extent of endo closure is sensitive to

171

steric factors as the following results8 show (eqg. 12 and’

eq. 13):

(12)

(13)

%

1

s

. Cyclization of well-stabilized radicals, as tﬁe data

of Table 2 show, is often not highly regioselective. 1In
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"TABLE 2

Cyclization of the S—hexenyi radical.

“ ___.,_» -
X , , y -Relaﬁive":{ieldsi (%)
« H H 100 0
Ph H ' 90 10
COOEt COOEt 70 30
COOEL | oN 16 84
=0 | o 100




our research we. are concerned with non-stabilized

radicals.

.By the‘mid-nineteeh—seventies it was fecogniied“that,

the'initially puzzlihg results WIth thé'S-hexenyl radical
are accommodated by 1deas of stereoalpctronlc control

The structure of the trans1t10n state for alkyl rad1ca1

‘addltlons to double _boads is believed9 té havé “the

geometry shown in 8.

o+ -~
—_— ?‘\~.
LN “ * ‘.6- )
\C--.,-----.------v._-C/,o
- N
gy

~x

~The initial interaction occurs between the singly ‘occupied’

2p orbital of ‘the radical and one lobe of the =* orbital

~of the olefin.
.In the cyciization of S-hexenyl rédicals the extent
of 5- exo and 6-endo closure,ls determlned by the relatlve

'

ease of accommodatlng the t:ansrtlon state 8, ahd an

173

inspection of_molecplar models suggests that the p;anérw

" array ghown. in 8 is’ more " easily accommodated .for the

1
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process of 5-exo closure than it is for .the 6-endo
pathway. For example, the reactions of radicals 910 ang
: 3

1011 (see egs. 14 and 15) are considered to be under

(kinetic) stereoelectronic ¢ontro1.

24% | 4'.3%"" (14)

_35% 36%
" Rel. Yields

(15) .

. - : & . H .
.10 ST {174 2%

- ‘ Rel. Yields

The operation of stereocelectronic control is clearly

- . L 4

-~

"demonstrated by the results!? shown in egs. 16 ang 17. *
Dreiding molecular models show that the bonds  broken in
the transformdtions il&lz'and 13+14 are those most nearly

colinear With thé singly occupied p-orbital.

I'd

S
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P .

5-Hexenyl radicals are re'garded13 as preferentially
undergoing, cyclization via & conformation similar to a
: —\ cyclohexané chair (eq. 18).
. ;
! ‘ ‘ ‘ ! . | g . . o .
) | . . » . ‘ ) c- . ,A\ . ¢ .l r M .
2 —— — (18)
RN : . ? T
4 . ) R J
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ConseQuently“ the stereochemical result when substituents

! . A

~are present may be. predicted by assigning, as far as is
: v

possible, to each substituent in the transition state, an

equatorial conformation. Thus, cyclization of 15 is

predictedl4 to give 16 and this is understandable in

15 16

térms_of the conformational diagrams of eq. 19. -

4

A set .of guidelines is availab1e14'to'help predict
) ' T ' s S -
the outcome of radical cyclizations: '

(1) Radical cyclizations onto C=C and C=C Dbonds



: e
under kinetic control occur pfeferentially in the exo mode
(eq. 20) for 3 <n < 5. For ﬁ > 5, the flex1blluty of the

chaln allows endo closure and this pathway, which 1nvolves

attack at the less substltuted terminus of the

°F;A;B I .

-5 ;7

n-system (cf. intermolecular additions), can _beCOme_:the 

(20) °

preferred pathway;:::::§, for systems under thermodynamic
. : - , =
control endo cyclie=mti®tn products are isolated. B

(2) Substituents on a double bond retard the rate of

e

éttaék atf that position and can even lead to total
reversél éf the dsualfregiOSéiectiVity. |

(3) " Substituted 5-hexeny1 radlcals undergo stereo-
selectlve ring closure. Systems substltuted at C-1 or C-3
give m;inly Cis products; system; substituted at C-2 or
C-4 give mginly trans products. |

The. above guideiine§ apply to éYclization of acyclic

species. If a ring is alreadyfpresent,utﬁbn these simple

b

P

guidelinii//gge not absoiutely followed., For example,

177
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radieal .lb (eq. 21) is formally a 1,2-substituted 5&-
hEXenyl radical. The-guidelines sugéest that 20 where the
methyl group is Eié_todthe C-1 "substituent™ and trans to
i.the C=2 "substituent” ehduld'be the favoufed product. 1In

fact, the main product is 18, and its formation is

Vs
evidently due to the steric constraints imposed ‘ the
six-membered ring. Dre1d1ng models of 23 and 24 show

clearly that when the pendant is in an axial conformatlon,

NooY

O — Qs

10 17 211% ~ 18 56.3% 19 15.9%.

(21)

7

H
. | 20 3.7% 21 1.3% 22 0.7%
as in 24, the preferred planar arrangement of radical and
n—sYstem (see 8) is much more easily accommodated .than

- when the pendant is equatorlal (as in 23)., Henc¢e cis

r1ng fu51on is expected. The major product actually

-

0 J
-~



»
observed is 18, but the reason for the prefgqrence of 18

over 19 1is not obvious from an ‘inspection of Dreiding

~

models. The 6-endo pathway (see 21 and 22) is followed to

a small extent.

23 R \ 24

Sk S
Radical cyclizations onto triple bonds have received

less attention from mechanistic chemists. Exo cyclization
leading to 5- and 6-membered rings is kinetically
preferred over the endo mode. The reactions shown in eqgs.

22 — 24 are from a detailed stud?&é of regidchemistry.

-~

Ph

Br i s (22)

179
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Ph.
-
-
“(23)
25
-
g
_ ~CsHn ~CsHyy
Br . = e S (24)
4
—-‘_>

Cyclizatidn takes place in a stereoselective fashion
(eq. 25)16, Evidently in this case, the cyclized radical’ ~

25 does not‘undergo‘rapid isomerization.

w

?E‘ R OEt’ .

L OEt EtO
i ' BusnH il 6 %
{(25)
D AIBN D-7|\)
D

Rel.% %6 . : -4



OEt

- NG
‘25 S | 3

In the case of a 'phenyl—substituted alkyne, where

delocalization of the unpaired electron into the benzene

ring can occur, ‘there is nol’ stereoselectivity (eg. 26)

Ph H '

Ph Ph - H
P e M BusnH D b
.D — . ~ (26)
© ABN D / * o
o 1 1

- L

L

Carbon radicalsrsalso undergo 5-exo closure onto the'

triple bond of nitrile,groups as theydatalBAih Table 3

establish. _ !

- THe relative rates of-S5-exo cyclization onto double

. ( o ‘ .
andr triple bonds are collected in Table 4.19/20 The value

€ v
.
-

181
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'TABLE 32

Cyclization onto the triple of nitrile'groups._

(cHa), —
[
CH,
Relative Yields (%)
n =2 0 . 1lo0
‘'n =3 94 “ 6
n =4 | 29 TN
‘n =5 o ' 3 - 97,
\

3
|

8Absolute yields are 65475%; The radicals were genermted
\ , ' g . .
from carboxylic acids. s

/™
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TABLE 4 o
13 :.‘ ‘ B ~‘
Relative rates of 5-exgQ cyclization or;t:oY double and triple  Bbnds.
(i) 5.3 x 10° seEQ\\BO"C
[ :
. a,
(ii) ° ”I 1.2 x 102 i
o
(1ii) Y s mmeem N
, | o
"o ".\.
Eiv) - 4.0 x 104 v
L = o I
- > . oo» .
Y \"l -
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x

for the‘ phenyl substltuted acetylene (entry iii)  is

hlgherzo than 1.2 x 105 sec—l- S ' L

Ny etic Appiiéatébhs of Radical Cyclization \
\» 7 N . . C -
\ Unti‘l three or four y‘ears . ago th utility
\.. N = - - R 1 . . . )

. i’nt\rampleculér radical cyclizations did Mot seem to have\

.Br.ee'n ré;:ogn‘irzgd' by synthetic bi‘gar_lic chemists.? . ‘This
situation  has now changed . ‘and a. growing number of

. heterocycles has. been made by radical rTing closure ontoV

'ééuble ‘bo’n‘ds‘-.- “Represéntative; exalfnplés “from the  main

1aborator1es involved in such work.are summarized in eq.

27-—-34

oAl
LT T icko
c’)ép?NH ‘“SOCIL'64

- . ‘ /J
/.
OH -  “ OEt ¥ /
Bu SnH -0 .
Q/ \[ Oi)wost
B' AlBN ' i o
. _ H _' (28) ¥
B' 55%
s , v Réf. 22 -
§, ;

~



NH

i NaBH,

-Q—P L

ii PhSH/H

~

++

N

-

i

PhSeCl -
rﬁ '
A C00Ag NG

O

@

" SePh

Yy

,"‘“‘ '
o]
Lo)

N ' .
T BH, -
' / 4
.07

__._>

HgOAc
NaBH

PhaSnH

185 .

0

8% (30)

Ref..24

-
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‘fné last entry iép”fronv-barlief 'wbrk'f'n“'thiénf )
1ab§patory bnd will be ubed to- 111ustrate some 1mp0rtéhf )
features df thls t}pe of radlcal‘feactlon. ;Firgt of'aLJZA“ ﬂ
‘the . reason. u%y formatlon of heterocycles' by ‘radibal‘ tg'

| chemlstry has been studled is that the start1n§ mater1al§ N
necessary {or the rlng closufe are& in geneg;l mucn-more ’
s v ‘ w g

readlly : accesslole_ than correspﬁndlng ~all | carbonﬁ

. . . N . B . 1,/“; :4

xsystems, For -example, in the context‘of.éq. 32, addition
. ' VB

of a benzeneseleno—gfoup and~a carboxylate across a doublo

: : B ‘ “ . . Q
'bond is ‘an  easy and _Well known27 reactlon;"howéver

adstlon of a benqeneseleno group and’ a'carbon Chaln to

.ﬁ the termlnl of a‘double bond is more dlfflcuIt 28 and has :

not been achleved in anwlntermolecular’case 29”f>
-~ . o
The 'stereoChemical.u‘outcome . of . eq. 3@' is of
. o . S :
?'tn;orékibal v'interest‘mﬁas; there  is ~:éVidenlly' ,aﬁ
.btereoeiéCtrénia-factdr that reéults 1n-5%g££:closure3og
_;atbér ‘than 6-endos. Iﬁ.wag also’eétablisbgaitnat.ring
‘closure is not rQVefsibie. : ) "‘ ) 4; _ o

PN -

Very recentlykﬁwo methods,’ 1nvolv1ng agaln formatlon
: e . \

1§4/j\ff heteropycles,¢£;t using_an ;nﬁermolecular process as

thé firét_stage,'have been reported (egs. 33, 34). ng‘

-

o
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Although access, from readily avallable ;@tartlng A r‘§\
P T ’ - l‘
matefials, to approprlate m*oleflnlc radicals is generally

i -’l 1

difficult, a few cases are known in whlch.“w—oleflnlc

radicaly have been used to make carbocytleg,' and
representative examples are summarized in'eqs._35 — 40.

-

> /

0 :Bg SnH

WE )
. - AIBN,hv
O sBr f T
CN « T I
3 0



 (36)

o Ref. 22a, 38 T

(37
B,
“Ref. 35,36 .

L
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(egs. 35-—-40) functlonallty 1s lost " in progresslng frOm”

. l}( kS

e the«oleflnlc ‘radical to the rlng blosed product. Such is
A o
A\
not tbe case in the cycllzatlon of acetylenes bedause the

Ve e . e

product contains a double bond and\?}onoly51s leads to'a

A P R

ketone (eqn. 41) —-Aeu compound ‘class that offers ﬁany

£ S 6:

¢

”(oooortunltles for further manlpulatlon ‘ A

i ' . . - s
A

26 . .- . 27 |
oo N ‘ . Co ' | P

» transformatlon 26+27 15,16, 17 20 'Exc1u51ve 5 -exo closure

Tt should be ndted‘that in. alfvof tﬁese reactioné

(a1),

A few mechanlstlc srudres have been reoorted for thef

189

‘was observed for 26 (R = Ph) and the’ process is 39 tlmes-‘

“faster thar the case in which R = Bu}2Q The number of



‘ being those represented by egs. 42 — 46.

°

~

synthetic applications. is wvery small.. Again, more cases

are known for heterocycle formation, the main examples

i

190



In the case of carbdcycles, besides work in this

laboratory (see egs. 48 — 50), the main example is that

shown in eq. 47.

(47)

Ref. 45, 46
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;It wouldllappear that the poteﬁtiai utility of w=,

-

acetylenic. radicals for making carbocycles has not been

’ * ‘ o : - . . . i . .
properly recognized, and hardly any aptqmpt has been made
to dévise. uSeful general solutions to the problem of
gaining easy .acgess to su1tab1e startlng materlals. These

subjects are being dellberately tackled in this laboratory

:Sd routes have been found (see eqs. 48 —-50) for adapting
etones ‘and Cggeflns for radlcaf cycllzatlon onto sp-

hybrldlzed carb n. T )k
' f

2 . . k >
Im = imidazolyl

- o

lm\//s ' 0

C aPh SnH ' (49)
/’“\ ||H30* _ '

Ref. 47
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o y

’ N N .

RN || SR 0 ’
JOH _—~ oC
U =0 =
— )
"ngCl H . .

Ref. 47

-

The yields in the cycllzatlon step are USually in the

L
range 65 —- 79%. 47 The now classical enamine chemistry 48

and the more recently developed deoxygenation proceSs.zl_9
were crucial to the development of the reaction schemes

gShown in egs. 48 - 50.

Anilonic Radical Closures

4

~

A number of processes, beliéved .to proceed via

rad;ca1<anlons, azé related to the radical cyclizations
already %lscussed Equations 51 —fé3 show these types.
: i .
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. & 'xl . v
oy .
(52)
: OH Ref. 51 °

Zn/Me,SiC1
M

HZO

It should be noted that, at 1least for the . last

exampley, it 1s n0t~yet-proven_tﬁat‘the species C—OsiWe3 is

involved, rathe; than E\OSiMe3-

-In  sumMary, .thé use of free rad-ic'als 'to' make
carboéycles is a véry promising.technique‘but widespréad'
adoption of <«yclizations based on m;acétylenic ;adiCalé
will d%pend Oﬁ‘kl) the‘devélppmeht of siﬁple and general

- . .
methods of aceéss to such species and (2) an exploration

N

of the versatility of ihi}e and related radicals.



‘o ' RESULTS AND DISCUSSION \
Sy ‘.

. ) . .
‘.

T ) . _, e Sy e e
As. -explained in . the previous section, .cyclization-

methods based on radical 'fing closures are potentially
-useful_iﬁ'thé field'of ofganic syg;%esis and we decided to

& .
.

v

195

continue some studies in this -area that had already been

initiatea?®:47 in our”laboratory. v 6

A main problem to  be overcome was the develo?ﬁent of
. : N ” L e
a method for converting readil§-accessible compounds into

materials that were properly constituted to .undergo

radical ring‘-cyosure. A straightforward syntheéis was

- ~

" needed of a class of .compounds' in which were . present - a

pendant acetylenic group -and aisuitabﬁe functionality‘that-
A )

could be used to generate a carbon radical. The latter

has to be. in. an appropriate position - to ‘undergb. ring

closure onto the triple bond'(Scheme_l).

3

|
! x Il
)
S ~

Scheme 1

At . ~

, 195
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. éxtensive investigation.

N

- L _ . . #//)
a . : M ™

N

e

. We tried several possibilities, which -are deéscribed

briefly below, before finding a’ system that warranted
Ouf'initial plan was to use.a,sfunsaturated nitro-
compounds, whlch ‘¢an be made. eas1ly from oleflﬁs 53 such

nitro- compounds are known53 to undergo Michael addltlon

196

with “organometalLlc spec1es. However, with ,tli B

nitrocyclohexene as a test case, we were not successful in

obtalnlngfa satisfactory- y1e1d of Mlchael adduct u51ng the

acetylenlc Grlgnard reagéht 28 (eq.;54). ' Our best yield

S:Me
H | . °

NO:”I

NO, |
=+ CHySI—C=C— (CH,) MgCl ———>
- . 28 |

.29

was 48%, Moreoverf*the product 29 is ‘not vyet properly

constructed for the generation of radicals because it 1is

hY

'known54 that- only tertiary nitroecompounds, ‘apart from

S

those bearing an a—activating group,,undergo homolysis of

) »

'the carbon —-nltrogen bond It was necessary, therefore,

to trap the 1n1t1al conjugate adstlon product, i.e. 30,f.

~

but we weére unable to do thls even using the yery reactive

- ' ‘o
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electrophile;”benzyl bromide. = Examination of the

e X VI ' T|SiMeé .

A

30

llterature55 56

shoWed that,_indeed .alkylation on carbon
of secondary nltro compounds is generally not a high-yield
process. When we treated compound 29 with LDA and
benzeneselenenyl chlqride the desired producc 31*;was not-
) obtained, only starﬁing materiai 29 was.recovered. This"

observation stands in contrast to the feported57'

~

phenylselenation of prima;y niﬁro—compounds.

| We . next éried to carry out cortesponding:bxperiments
with the a,B-unsaturated sulfone 32.58 Notw%phstanding a
number of, example559 of conjugate addition to sulfones, we‘

found that this 'substance .does not react with Grignard

'reagent 28 in the presence of COppef(I)‘iodide (eq; 56).

-

[N

* - ‘ . \ . i
We believe that either the C — SePh or .the C —-N02 bond in
31 could be:homolyzed in the presence of Ph3sn but we do
not know which would be preferred. . ,

!
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( SiMe
SePh |
No, !l o
29 (55)
30 : 31
J
SO,Ph .
2 28
Cul
32

[We had -planned to trap the h;ntermediate anion with
benzehesélenenyi:chioride in order to place é PhSe-group
at C(1) .in 33. 'This would be necessary in qigér to be
able to generate a radical at C{(l) since we had found ih
'an‘ihdepéndent experiment that cyclohexyl_phenyl su}fone
is not homoleed by'treAQment with triphenyltin hydride in
the presence of AIBN. In the.event, the failure of the
conjugate addition prevented us from exploring the>

phenylselenation of 33.)



' ieomers) in 86% yiéld. Unfortunately, we were unable to -

v
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The next approach thatowe tested was based on aldol

" condensation oﬁ»cyclohekanene with aldehyde 34 (eq. 57).

SlMe3 : , S|Me3

~ 'H.\n’/\\ L ol
TR . 4
. —

34 '. . 57)

When +the resulting ~aldal 35, which was isolated in 63%

!
chloride and triethylamine it was p SSlble to obtain the

fyield,‘ was 'exposed ~to the 'acthm§ of methanesulfonyi

correspondlng dehydrat;onA product 36 (aé a mixture of

hydrogenate the double bond selectively. We had hoped
thak, the bulk of the trimethylsilyl gréup would protect

the triple bond, but  catalytic hydrogenation over

"pelladium on carbon did not give the desired substance as

ketone 37, but only in 58% yield.

'shown by\IU2 and NMR measurements on the total reaction

‘\pfoduct. Use of llthlum in 11qu1d ammonia did produce

With the - aldoL. 35 available we did, of course,

examine the possibiiity of\éarrying out a radical ring



SiMQ3 1

o ll

37

. closure with simhltaneous,rémoval of the unwanted hydroxyl

(see 3B, starred position). Reduction, of 35 with lithium

aluminum& hydride gave the diol 38 in near quantltatlve

—~—

yleld and. we examined the p0551b111ty of acylatlng bouh(ol

the hydroxyl groups individudlly with thlocarbonyidl-

imidazole (38+39; egqg. 58). . If each hydroxyl could be
. (

protected independently as in 39 then treatment with a

" stannane might serve to generate the diradical 40, which
d

[

SlMe3 'm\cﬁs SlMes
. » H”| o III
35 ——»E:C(‘ (l’) - (58)
| | . II‘
38 | | 39 S

could undergo, among other processes, the desired ring

e

260 -
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closure, followedrﬂby hydrﬁgen  abstraction” (40+41) (eq.

59).

(59)

.42

*The individual radi¢a1 centres shown in 40 could, of
course, be generated (and could react) sequentially.:

[
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\

Likewise, when diol 38 was treated successively wiﬁh.
butyllithium, carbon d\isu"ifi.de, and methyl iodide, the
‘same product 42 was forhed. | |

At ‘this stage we turned to previous work in this
labonatoryso in ' which it had been shown that  use of
,homoailyiic ﬁalides(to alkylate ketone enolates proqeedsv

in fairly good yields (72%). By contrast, corresponding

work with homopropargylic halides resulted maiHly in

dehydrohalogenation of. the alkylating aggnt. ~0On - this "

basis, the homoallylic halide 43 (see Scheme 2) could
‘ofper the benefits of the allylic'series‘ih the alkylation
step and, at the same time, provide, on ‘cyclization, a

double bond. This latter possibility arises 1in the

fashion summarized in Scheme 2, for which there exists

" precedent.3®

The,réquired'tin>¢ompoundv43-was madeqleventuallyh in
a fairly straightforwérd manner that ’is'fsgmeriéed' in
Scheme 3. Alcohol 48 was made from:hydfbxybromide 45,
" which is a‘ﬁ&qownGl compound.  The yielév of 48 was 83%
(from 45) . érebaration of the iodide (48»43)Jprod¢édéd in
§3% yield.
As anticipated, the anion of E;cyclqhexylidenecyclo-

hexanamine reacted smoothly (79%) with iodide 43.(eg. 60).
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Scheme 2

-
»
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. _OWEt NHBr. oo | . OTHP.
H-c=c—/ v _/_J DHP/H" ; /_/

—_——— ;
CH,C1 \ - —/\
2 2 : N CBI' L
44 . Br
40.C 45 . 46
-~ : . -

| i 2tBuL1/Et20/-78 C

. S I ',§u3spc1-
. 4 oo OH OTHP ,
S e TOMSCUEEN g ¢ o~ o
s nBu, - 11 Kl/Acetone . '\SnB TsOH.H.0 ™\
‘ o \ ‘ nBu, "~ 2 SnBu,
43 ' . 48 47

Scheme 3
, {
Reduction' to  the alcohol ahd derivatizatioq with
thiocarbonyldiimidazole were also efficient (97% "and Bé%
yields, respectively) (eg. 60). When the final product 49

was treated under standard conditions?’ "for deoxygenation

\

we did not observe any ring~closed product and, in fact,

[aid
L]
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— v
el a
|
. 0.
NCgH,, X -SnBu,
;______.7
N\ SnBu, : : L (60)
“ B . 49 )
a3 o
1 o
l : ) Im = imidazdyl

’ o N

-

Finally, we prepared iodide 50 bhecause a current
62 '

.

report in the literature showed that it could be used to

alxylate anions derived from amides and in very high
yields.

S
Z

SiMe3

50

th this iodide shéuld not suffer-dehydroiodination fé not
clear but, of.course, éhe basicityvaqd nucleophilicity of
a carbanion stabilized bY an amide cérﬁonyl ére differentvﬂ
from those of a Ketone- or imine-stabilized carbanion.

+
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Nonetheless, the favsurable repqrt>invthe amidé alkylation
prompted "us tQ'ﬁfy the éamé idﬁidé in our own wofk}'and
indeed we were ablé to‘obtaid the'desiréa éroduct‘ﬁl in
64% yield (eq. él);' However, we did not feel that this
represented an adequately' efficient proéess »td merit
detailed study. . Instead we took the éofresponding
chloride 52, ffomrwhich the iodide is actually.hade, and
prepared again the Grignard geagent>28.’ This reagent, in

the presence ﬁﬁ a catalytic amount of copper(I)iodide,

r

SlMEs N
) N . B
NCeHy i EiMear = = o ||
i - 3 (61)
- 50 : 51
iii dii- HCI v v '

A

reacted with cyclohexene .oxide to give the ring-opened

W

product in 55% yield (eg. 62). This yield again was not
satisfactory for our purpdses,'but the experiment had the
important role of drawing our attention to the opening of

.époxides by organdmetallic reagents and it so happened

~

that there were two ;eports63'54 in the current literature

o
®
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v SiMe, : SiMeg
|- o
y 111 Mg HHl i Cul
cn . Maci  * E)o
52 28

on the reaction of ‘acetylenic carbanions with epoxides.

It occurred to us .that this reaction could.be put>to good

L.y .

use in the following sense.

If an epoxide were opened with the anion from

phénylacetyléne (53+54; Scheme 4) then the resulting’

re

hydroxyl group (see 54)vCOdld serve as a precursor of the

carbon radical 55. We planned to generate that radical in

’
the presence of a * Michael acceptor, such as methyl
acrylate. It is known from extensive mechanistic studies! .

that, for e%ample, cyclohexyl radicals, add ﬁo methyl
acrylate in the reqﬁired manner (eq[ 63). Apﬁl;ing this
process to the case in hand; we hoped to trap the.initial
adduct 56 by an intramolecular ring closuré"(56»57),r a

15,47 rhe resulting

process for whic¢h there was precedent.
species (57) would abstract hydrogen from triphenyltin

o
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Scheme 4
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hydride (57+58). | : -~

‘ . . . .
Me . ' .

2 . : D
[o iy ¥aile o

——
(63)
«’( .

It  was a simple "fatter to test this idea:
Cyclohexene oxide. was added{fééc9rding to the literature ‘o
_prd;éduré,64 to a mixture of li;ﬁium phehylacetylide and‘
boron‘trifluoride etherate in THF at -78°C. The resultlng
'trans alcohol 54 (92%) was. ea311y derivatized (eq. 64) by{
'heatlng in dlchloroéthane w1th thiocarbonyldiimidazole to

give the thiocarbamété 59 in'BO%fyiéld. Treatment of this

p

>

compound in refluxing benzene with €ripheny1tin hydridé in



2
: ~

the presehce;ofia fifteen-fold excess of methylacrylate

‘..and-a gnaceiéf AIBN gave an unstable product.‘ It quickly
became  obvious that the material was not the. desired
substance. First of all it was unstable —VaquOperty&@ot

- expecdted of ester 58 (see Scheme: 4). Secondly, the IR

spectrum did not show carbonyl absorption. An accurate

mass measurement suggested the_moiecular formula,ClsHlaos
and examination of.the H NMR spectrum suggested structure

60.

60

We were able .to proQé'this structure and to define the
stereochemistry ‘'shown. As expected on the basis of

structure 60, the same product is formed if .the original

experiment is ' repeated (i.e. treatment of 59 with

triphenylfin hYdridé) :but in” the absence of methyl "

acrylate.

In order to establish the structure of 60, we treated

our product with benzeneselenenic anhydri_d'e65

L

the f—lactoné 61 with IR carbonyl absorption at 1775 em~ 1,

and obtained

210
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We then took a sample of the kndwn66 bicyciic<1actode
62, 'deprotongted ‘it with LDA aéqdrding to .a’ published
method®? and treated. the carbaniorn ‘with bénzyl bromide

(eq. 66). The resulting substance w§$-différent°from our

original lactone- 61, but could be converted .into it. by
C - | ‘ 1

deprotonation with LDA, followed by reprotonation. . On the’

. 68,69 _ ) L
basis of. analogy ' =~ we considered that the initial
benzylation product has. the stereocﬁémistri'showh in 63,

which is the result of electrophilic attack from the same

-

face as Hy, (see 63). 1In the deprotonation — reprotonation

iLDA
B PRI~

iiPhCHzBr

211
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sequgﬁce the p;oton has aléé approached from that‘face.
These consideratiﬁhs define the stereochéﬁiéﬁr& of our
thionolactone as that given in 60; with-£hé~pfovisb~that
our stereochemical aséignmeht to 63 is based on anafogy:
‘attempts to:gain‘confirmaﬁory'evidence.by NOE experiments
were not definitive.

During our triphenyltin hydride reduction of 59 it is
evident that'thg initially—formed radical 64 is daptured

intraholecularly at a higher rate than it decomposes to 55

(see Scheme 5). Radical species of general type 65 have
S—SnBu,
RSN
RO—C—N
. — ~
65
70

been tfapped by’ hydrogen _abstraction and have Dbeen

detected spectroé¢opically;71' The present case (Scheme 5)

is - the first' one to our- knowledge in:which_trapping-by
A} | ) n
_.carbon has béen found; the mecHanistic proposal for the
. . o ,
conversion of 64 into 60 is specylative.

w

It is clear from our observations that, at least for

the cyéiéhexy} system (cf. p. 225 ), the hyéfoxYl_

group is .

1212
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Scheme 5 .
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- .not a suitable precursor to radical 55 and so we replaced .
. the hydroxyl by halogen.

-

TreatmefAt  of acetylenic  alcohol 54 with

tri yY1lphosphite-bromine \complex72 " gave . the desired.

~

~ebromide 66 in which the cis stereochemistry was clear from
. the 33 values. The yield of bromide was.only 50%, the

byproduct being the olefin 67 (eq. 67).

i

" OH . - Br
0 (Pho),P.Br, < 4
. ’ e \§\ (67)
B RN Ph -
RN - Pph , A
54 _ ‘ 66 - - 67

- ' _ A *
We examined a number of other halogenating agents, , but

noe was more sdécessful, and we decided to accept ;hé

result with the triphenylphosphite-bromine complex. o
With thé--bromide in hand, wé repeated our initial

experimeﬁk, that |is fo say, we mixed the brbmide with a

fifteen-fold excess of methyl acrylate .in refluxing

*x L "o =
(CgHg) yP/DEAD/2nCl,, '3 PPSE/Nal,’* Phyp/cCl,,”>

MeySiCl/LiBr.’®
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benzene and we added slowly to this mixture two dilute

solutions: one of triphenyltin hydridé in bénzéne:and the‘
othef a very small ambunt of AiBN in the same solvent. 'At.
tiré end of the, experiment it was possible to isolate the

desired biéyclic compound.SB (eq. 68) in 38% yield.

Y \

Br Ph;SnH
' AIBN .COZMG (
_ €68)
S~ \\ (/ COzM e . ) !
\~\~ph P
66 - 58
71 1

.. The elemental composition of our product was defined
by the mass spectrum and the grosiFstructure was shown to

‘be 58 or 68 by the 1y NMR' spectrum.

N

~Ph

68

The product was clearly a mixture of isomers, - as



-t

expected. . This was obvious, not only from the

spectrum but also -from the 13¢ spectfum. Product 58 is

1y NMR-

. the'reSuIt of -a 5-exo closure (see 56 in Scheme 4) while

68 is the product of 6~ endo closure, (see 69). o

N

R

A

“synthesie4b!34.ﬁ£d' support the bellef that ‘5-acé£y1éﬁléi

L
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There exists | carefully obtained mechanistic
evidencel® . as well f.as“ examples_ from _;heterocycle

radlcals would undergo exclu51vely 5~exb closure and we . °

were able to prove structure 58 by ozonolysis. . This.

experlment gave a mixture of cyclopentanones70 in ©77%
i : . L

yielad" (eq 69). S .

*Admittedly, f&r material could have contained 23% of 68,
but this is unllkely from ev1dence with other compounds
glven later. : |



CoMe o, Co,Me

- ii (Me0),P

. | s | - __,(69)'

58 s ' ‘ | 70

Although the yield in our radical.anAQLapion 6é+58 is
Qniy; j8%, it should be pointed out that two carbon —
carbon bonds are formed'in a single stagé; We took the
éraqsformaéiqné as validating our initial idea shown in

£

Scheme 4 and we regarded them as providing a prototype for

an interesting) method = of forming carbocycles.
Accordingly, we * decided to investigate the process
further. Our. finding is that the method is a general one

1

- and it .. is convenlent to descrlbe our observatlons in a,

 retrospect1ve fashlon as they can DBe dealt with more

o

‘economically by this means.

The procedures used w;th cyclohexene oxide were

217

applied with equal success g\\\the compounds llsted in

Table 5. Each alcohol was converted into its bromide
M N - . \\ .
~using triphenylphosphite and bromineqla As can be .seen,
- N N \ .

"the yields are in the range 41% to 61§\@nd,'obvious}y,

13

some alternative method will have to be fouﬁd in the

future to improve these yieids. In each case the major
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ENTRY EPOXIDES

ALCOHOLS

BROMIDES OLEFINS

1

'

(o
53

{ Do

Y ) U

O

75 -

79 .

@x

>

e

' 53

OH

26%
Br |
§$\ .H' L. d . “\%\'C H
(:5 h ) D . 5
) < 85
- 57%
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byproduct was the non- conjugated olefln that would arise
from the 1ntermed1ate phosphonlum salt ‘as shown in eq. 70.

. o
/(P(oph)a.»”_f
o 70
_—__»
« o SSpp
, BaSe .
The only ' eiception,< understandably, was in  the %

transformatlon 80+81, in which the conjugated enyne 82 was
gormed ‘
Each “bromide llsted in Table ‘5 was tfeated 'Undérwphe
conditions used previously; with trlphenyltln hydridefand”
<a ﬁracé of AIBfolmhis-wéélagne;in @ﬁe pré$enceiof a ten-
- . to 'fiéteen—fold excess of a Michael acceptor. AThree
acéeptérs were st@died: methyi acrylate, acrylonitfile,
and phgnyl vinyl sﬁlfone. The last one wa; chosen because
“a sulféne groﬁp is readily removable once it “has serveg
its purpose. It will be recalleg, ﬁhat the aim- of the
expériments was not to make benzylidene dérivatives but to
regard tﬁogér-@erivétives -as masked,fketdhés. "In_ each-
éxperimeht‘we'dbtaiﬁéévé:%¥xtqfé of isomers (see Table;é)_

- - . 3
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"TABLE 6
o . ‘ X
ENTRY BROMIDES = - _TzéRQDUCTs. COOMe  CN SO,Ph
T . ‘\—/ - — i .
Br H 58 -~ 86 -87-
1 38% 57%  52%
| ° 88 89 90 -
2 31%  38%  28%
91 92 93
3 “443° 543 38%.
- 443
. B 94 95 . .96
4 j::::I~,\;~ 40%  46%  20%
-~
| g1 Ph
./.'
) e /‘Br 97
5 - [:::l~ 343
T, ) ‘$\
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-
that we could not separate by TLC or HPLC. T?é materials

7
gave what we take to be molecular ion peaks at a m/z
X 4 .

.ratios corresponding to the indicated structures and the

'lH NMR spectra were consistent with those assignments.

The vinyl region usually showed 5 to 7 peaks (a maximum of
8 isomers is expected for 5-exo closure). In the case of

.\ R .
the esters 58, 88, 91, and 94, several methoxy signals

were also detected. “The 13c NMR spectra in all case% were

extrémely‘»COmplicated bééause of the  number of isomers
present. o . =
In the case q; compounds 58, 87,488, 93, and 97 (see

Table 6) we carried out ozonolysis experfments and

3

Jthqingd‘the anticipated five-membered ketones in yields.

listea in Table 7. The compounds.all showed IR absorbtioﬁ
at 1740 cm_l; In the specific cases of 98, 929, and 100 ‘we
examined the crude ozonoiygis mixture by lH NMR at 400 MHz
and could detect only the aldehyde éignal attributable to
benzaldehyde. [Any annulation'product résulting from 6-

endo closure (cf. 68) would give a formyl signal split

221

g . (
- into a doublet; the signal Qg_benzaldehydexisfa singlet,]}'»

Because of the podr,.yields<.in the conversion' of
] ’ .

. .
alcohol to bromide (see Table 5) we decided to investigate

' ."alternative "radical precursors. - We-.converted hyaxdky—"

“acetylene 54 ‘into the _bdrréspondinQ"selénide' 102 By”
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TABLE 7

ENTRY  OLEFINS ' CYCLOPENTANONES NG

1 58
2 87
13 88 . COZMB
-4 -93

101 - 44%
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\ o
treatment with phenylselenocyanate"and tributylphospﬁine.‘
(eq. 7i).77 " The reactioq_pfoceeded slley but, after 3°
days, the desired ;elenide 102 cofild be iéolated inc76%
yield. | [wWhen corrected for .recovered alcohol 54, the

o

yield was quantitative.]

» A9
OH \ ( ' ,SePh -
PhSeCN - ‘ E
I, ' (71)°
N Bu,P . Ny
Q\ 3 ) s~
\\\ h ' \}
P _ \“Ph
54 102

-Selenide 102 also serves as a precufsor to radical 55 but,
the yields of annulation products were lower than with the

corresponding bromide (eq. 72).%,

_SePh
Ph_ SnH

.. AIBN

-,

/

/4

Ph

102 55
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Our next approach ‘was to take » -bromocyclohexanone
: 103 and treat. 1t*w1th 11th1um phenylacetyllde to generate

bromohydrln 10¢* (eq. 73). - - o ' [ T

r o .
B iPh-=-1it+
& - X
i H,0 _ (73)
2 R
| OH ™ “pp,.
03 ,_ 104 81%
5 .Bromohydrln 104 underwent the radical annulation (eq 74)

in 64% yleld with acrylonltrlle as the Mlchael acceptor.

105  64% .

It should be noted.that the presence of the hydroxyl

group will facilitate production of the required radical
and may alter its reactiv'i,ty..—l9
‘It will be recalled that ﬂn an earlier experlment the

hydroxyl group -in: the simple cyelohexyl case (54) was

N

N

T

* o . . .. .
The stereochemistry is assigned on the basis of

.78 precedent.

-1 j‘terature



found not to beja suiteble -precursor for the radical 55

(Seejpf'2l2).. We' 1nvestlgated the cyclopentyl system (seei

"72+88’ Scheme 6)” 1n the* expectatlon that geometrlcal

%

Y
&

‘factors would 1nh1b1t closure of 107 onto the trifle bond -

and render formatlon of . 108, and hence, pf 88" the fa§oured

'pathway. - In the» event, wtreatﬁent- of eleohol 72 with

thiocarbonyldiimidazole gave thiocarbamate 106 (90%) and,

when this. was subjected to the usual radical annulation

conditions, in theepfesence of a fifteen-fold excess df.

acrylonitrile, ‘benzylidenes 88 were . isolated  .in . 26%. -
L T sl & TN . ®or . O e . K ; .

- yield. .These observations suggest that where appropriate

’

. *Jf . Lo -.;' C- _v . . . s . .
factors {in this example they are geéometrical). operate,
then direct use of alcohols in our annulation sequence is
possible.

Finally, we  decided to determine whether we could

take  advantage of " the reactlon . reported in © the.

llteratureBd;and summarlzed in eq. 75.

PhSeCN | . .
- .
SnC{A b '
o {75)
*The presence of a oxygen funct10n7% may also. fa0111tate

collapse of the. raE{cal intermediate’ and this. p0551b111ty

is under 1nvestlgatlon. S
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K4

-Scheme 6

T

Wi

. 801

N\ . OH U~ , L
o+ 1 I..U”Olcﬁ ! .




1

J s . . s ‘

» . ) ovd ' ‘ .
In thls,process,~a;ben%§heseleno—group and a carbon unit
. T . RN

in the form of a nitrile are added in high yield (90%) to

the termini of . a double: bond. However, ; when we treated
109 under the usual annulation conditions in the presence-

of methyI'acrylate wefdid~not detect any‘chgfactefizablé

-_products.
While the experiments on radical annulation were

. being carried out, we gave further thought to the general

préblem‘ of devising easy .foutes to compounds that can -

“undergo radical -.cyclization and we. dgép:ibe5;belbwuﬁa

straightfofward general ‘synthesis that fequines_ simple
startingk materials) provides exactly -Ehe_' class of
compouﬁds:needed, and works efficiently. -

R 2

Our 'plan was 'to start with the. known8l

2-phenyl- -

"selencacrylonitrile 110, which. is easily made by the route. -

'sﬁown in‘eq.-76: : N
/" CN  _iPhseBr - . "
. b ' = i
- T EtgN. SePh

N 10, E

(76)



"studied, ring closure_OCCurre,"“
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/

Compound 110 was expected to react w1th enamines 111

in a Mlchael fashlon48 Lsee Scheme 7) to give ketonitriles

.j112.; oIt wasA anticipated‘ that treatment ofh these
ketonltrlles w1th laﬁmlum phenylacetyllde would generate
hydroxyselenldes 113 whlch are properly constltuted to

,undergo ‘the radlcpl ring closure to benzylldenes 115.

“This sequence, as applled to cyclohexanone is, shown

o

;ﬁp Scheme B.t o Mlchael ‘addltlon ;pﬁa;cyclohexandne v

i PEEDE w . ®
[ - ;

'iﬁpyrrolldlne enamlne 116 to 2 phenylselenoacrylon1tr1le 110

in THF at room temperature for 3 h gave QEEBN1trlle 117

(91%) as a mlxture of two 1somers, whlch on treatment with

t

: phenylacetyllde,‘ afforded alcohols 118 in 93%, yield.

Radlcal4 119 ,was generated ‘in the usual manner and ‘it
underwerit rlng closure in excellent (94 %) yield On the
bas1s Q\ prlor analogy we a531gn the. structure. as’ 105 ‘ We

have carrled out a nhumber of experlments along the above

llnes and’ Our results are summarlzed ln Table 8. The data

show that cycloaIkanones ‘dre ea51ly transformed in hlghﬂ

yields 1nto substrates 113, _and that, in all caSes

good yields. e

b 3

* “The above fpreliminary_lekphriments show ~ that 2-
phenydselenocacrylonitrile ‘110
S T ‘ o o« \

-

.

is/ a ‘suitable . reagent for
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- _ . '
TABLE 8- ..
,’éTARTiNGf' KETPO-: " S '
- MATERIALS. NITRILES?; . " - .ALCOHOLS .. BENZYLIDENES
' Sy (2)P ‘r;_* - (%) o (%)
[:::Lb IIIIE:\W/ : 'IIII,§
117 ST 118
- (91%) (93%)
- ~_CN - CN
. 4 e
° ° . " HO \\;Ph : _
T 120 ' 121 o ‘122 C
- (94y)¢ (683)d . (893)
. _CN CN . .
<::::l§: <C:::I;:\\£:Ph ' SePh | e
- T HO Ph
123 124 125 . v
(75%) ' (94%) (91%)
N _CN
\;::::l§ \;::::];:?;M1 ' \s.Ph
o o : : :b\wm
. HO
126 127 I 128
(77%)¢€ (80%) (79%)
8prepared via the pyrrolidine enamine.
ineld based on enamine.
CThe material was not pure.
doverall from enamine. , : ol
’ ePrepared via the morpholine enamine. A ~
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ﬂichgel accepiof%faéicélAcyglization: Further_e%ﬁeriments
.éré Gﬁd§rQé§T£é vérify the structurelof §roduct$ }Q54'122,
lA.25,~ érid .1"2'8.- -of. cburs;e', .o,t_-_‘ner'_‘ ;.l‘vl’i_chael':»acceptors- will "
 é#éO'b; ;;;Igdfgﬁi ﬂ .

L e

LR

P -~

Conclusion

The eXéefimeﬁﬁé;aéécribed iﬁv£hig’éection’support the
viéQ that méthpdology baéed on radical cyclization is a
synthetically promising approach.to carbocycles.
| ‘The present workj together'witﬁ independent .and prior
contributions in the“liferaturé,‘suggests that the subject
is likély‘to develop ip the néar futﬁre and to acQuire a

significant place in general organic synthesis.

-



EXPERIMENTAL

' L§7G¢neral Techniques

See Chapter 1, experimental section (p,.85),A

N

trans—2—hPhenylethynyilcYclohéxén85'54;64_'The_literature

-

pyoceduré,64;w%s followed: A solution of n-butyllithium
in hexane (1.5 M, 40.7 ‘mL, 61.0 mmol) was added to phenyl-
acetylene (6.24 g, 61.1 mmol) in THF (60 mL) at -78°C and
the‘migture was stifred for 15 min.‘ Boron trifluoridé
etherate (6.26 mL, 50.9 mmol) was added dropwise to the
solugioh and stirring was continued fof 10 min at -78°C.
fhen‘7—oxabicyclo[4.l.O]heptane (4.0 g, 407 nmol).in THF
(10 mL + 2 mL rinse) was ‘added dropwise and, after
~stirring for 30 min more at =-78°C, the reaction was
quenched Dby addition of aqheoug saturated ammonium.
. chl®ride (50 mL). Tﬂe organic layer wa's separated and the
aqueous Phase was extracted with ethyl acetate (2 x 30
mL). The combined organic extracts were dried (MéSO4) and
evaporated. Flash chromatography of the residue over
siliva gel (5 x 15 cm) with 15% ethyl acetate — héxaﬁe
yielded the pure (TLC, silica, 20% ethyl acetate —-hekane)

alcohol 54 (7.84 g, 96%): IR (neat) 3400, 2230, 1600,

233
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1570, 760, 698-cm™l; 1y WMR (CDCly, 400 MHz) & 1.10 —'1.5
(m, 4H), 1.75 (m, 2H), 2.05 (m, 2H), 2.45 (m, 1H), 2.55
(s, 1H), 3.55 (m, IH), 7.26 (m, 3H), 7.40 (m, 2H).

Lﬂ}lmidazole—l—carbdthioate 59,_9f2+(Phenylethynyl)cyclo—"'

hexyl 59:  Alcohol 54 (0.740 g, 3.7 mmol) ‘and 1,1'-
céxrbon‘ot]'fioyl‘r.)is—-lH—'imidaz'ole"e‘2 (lb6 g, 9. O mmol) were
placed in a "flask and covered with dry l,2-dichloroethane
'(13 mL). The resultlng solution was refluxed under érgon
.for 20 h. Evaporatlon of the solve/ﬁ\and flash chromato—
graphy of the residue over silica gel (3 x 15 cm) with 20%
ethyl acetate — hexane gave pufe (TLC, silica, .30% ethyl
\
écetate‘—-~hexane) 59 [800 mg, 86.6% corrected .for on
'recove;ed starting material (100>mg)}£ IR (neat).l6bof
1530, 760, 695 cm~l; ly ymg (CDC13,‘4OO MAz) & 1.30 — 1.95
(m, 6H), 2.15 (m, 1K), 2.35 (m, 1H), 3.05 (m, 1n), 5.60
(dt, 16, 4 Hz, 1H),” 7.05 (s, 1H),. 7.30 f{m, SH), 7.70
(broad s, 1H), 8;4 (s, le; exacﬁ mass, m/z .310.i147
(caled for C18H18NZOS' 310.2087). Anal. calcd for
CigH1gN,OSe  C, 69.63; H, 5.84. Found: C, 69.62; H,

' 5.82. '

\

General procedure for radical annulations: {Oven-dried

apparatus and anhydrous solvents were used. AIBN (Eastman
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material) was used yiﬁhout purificatioq.} Ehe<sgb§trate

(0;5 — 1.0 mmol) and the Michael a¢cépgor (afls;folq‘molari

excess) 'wefé plédéd in"a 100 mL round-bottomed flésk

' wcbntaining .a Teflon-coated magnetic sfirring bar and

equippeleWith a reflux condenser closed by a ;ubber

septum.  The system ‘was 'pu?éed ‘with .érgén .for 5 min.

Benzene (30 — 40 mL) wasvihjected into the flask thch was

~ then immersed in ‘an oil bath preheated to 80°C. Benzene

solut%Pns-of triphen&ltin hydride (1.2-—-155 mmol per mmol

substrate, 0.07 — 0.1 M) and of ‘AIBN (0.05 — 0.1 mmol per

'mmol substrate, 0.008 M) were.added simultaneously ovef 10

h by means of a double syringé pump. Reflﬁxing .under

argon wés continued. throughout the addition_ and for a
further- arbitrary period of 2 h. The mixture was then

cooled and evaporaied .under’ water pﬁmp vacuum. The

residue was précessed_ as described for the individual

examples.

Attempted annulation of alkoxythiocarbonylimidazole 59

'

with acrylonitride; (38,3aR,7aa)-Hexahydro-3-(phenyl-

methyl)-2(3H)-benzofuranthione 60: The general procedure"

for radical annulation was followed using alkoxy-
-thiocarbonylimidazole 59'(166 mg, 0.535 mmol) and freshly

&lstilled methyl acrylate (690 mg, 8.02 mmol) in benzene

l :



o

(30° hL),‘ triphéﬁyltin hydride (280 mg, 0.80 mmol)‘ in
benzenét(lo mL), and AIBN'(IS mg, 0.097 mmol) .in benzene
(lO;mL)Q Evaporation ;f-the‘solveﬁt ana flash c¢hromato-
graphy of the residue over silica gel (1 x 15 cmf with 5%
éthylbécetéte ; he%ane gaQ;'pure (TLC, silica, 5% ethyl
acetaté — hexane)’go (40“mg, 30%): IR (neat) 1600, 1495,
1445 1250, 700 cm-l,'lg NMR (CDCly, 400 MHZ) & 0.96 (8q, J
- 9.6, 4 Hz, 1H), 1.10 (tg, J = 9.6, 4 Hz, 1H), i.3'(m,
2H), 1.55 (m, 3H), 1.88 (m, 1lH), 2..28 tdqg, J~=:ll, 3.6 Hz,
M), 2.75 (m, 2H), 3.66 (m, 1H), 3.97 (dt, 10.4, 3.6 Hz,

1H), 7.23 (m, 5H); exact mass, m/z 246.1070 (calcd for

CycH g0S, 246.1953).

Reduction of alkoxythiocarbonylimidazole 59:. (38,3aR,7aaq)-

Hexahydro~3—(phenylmgthyl)—2(3&)—benzofuranthiode 60:

Triphenyltin hydride (422 mg, 1.2 mmoly in benzene (10 mL)

and AIBN (16 vmg, 0.097 mmol) in benzene (10 mL) were

injected simultaneously (doublg syringe pump) over 10 h
~into a refluxing solution of alkoxythiocarbonYlimidazole
59 (325 mg, 1.04 mmoi) in benzene (10 mL). Refluxing- was
continued for a further arbiirary: period of 2 h. The
mixture was theq cooled and evaporated. Flash
chromatograbhy of the residue bver silica gel ﬁ2 x 15 cm)

>

with 5% éth?l acetate — hexane gave pufe (TLC, silica, 10%
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ethyl acetate — hexane) 60 (140 mg, b55%) which was

~identical [IR, ly NMR (400 MHz), mass spectrum] - with  a

sample 'isolated from the attempted radical annulation of.

—(3ﬂ,3a8,7ad)—Hexqﬁydro—B—(phenylmethyl)—2(3§lfbenzo4

furanon 61: Thiolactone 60 (53 mg, 0.215 mmol) and

benzeﬁeselenihic aﬁhydride65 v(77 mg, 0.215 mmol) were
placed in a flask and covered with THF {5 mL). The
resulting ‘solution. was stirred ‘under argon at room

\

temperature for 0.5 h. Water (10 mL) was added -and the

=
‘mixfure was extracted with .ether (2 x 10 mL). The organic
phase was washed with brine, dried (MgSO4) and
evaporated. Flash chromatography of the fesidue over

-
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silica gel (1 x 15 cm) first with hexane (to elute

diphenyldiselenide) and then with 10% ethyl acetate —

héxane_yieldéd‘the pure (TLC, silica, 10% ethylacetate —
hexane) lactohe 61 (40 mg, 80%).as a pale yellow oil: IR
(neat) 1780, 1600, 700 cm™l; 1y NMR (cDCl;, 200 MHz) s

0.95 — 1.67 (m, -7H), 1.80 (ms 1H), 2.13 (m, 1H), 2.53

(ddd, J = 12.2, 7.4, 4.9 Hz, 1H), 2.75 (d4d, J = 13.6, 8

Hz, 1H), 3.2 (44, J = 13.6, 4.4 Hz, 1H), 3.65 (dt, J =

: T - 13
11.5, 10.8,%4 Hz, 1H), 7.5 (m, 5H): 13c NMR (cDCly, 100.6

MHz) & 23.7, 24.9, 27.6, 29.9, 34.3, 47.5, 49.4, 82.5,

1

o
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126.3, 128.3, 128.8, 138:3, L37 6; exact mass, m/z
) "\. ) . . -
230 1307 (calcd for CISH 802' 230 1302) Anal. calcd for

C15H1802 78.21; H,f71887‘ Found: C, 78.31; H, 7.73. .

LA
2
o,

(3a,Baa,7aa)—Hexahydro—3—(phep?lmethYl)—é(3&)—benzo_

furanone 63: . n—Butylllthlum (1.33 M, vhexahe sokution,
l.65me, 2.2 mmol).was injected dropwise at 0°C into a,
stirred solution Ofldiisopropylamine’(0.42 mL, 3.0 mmol)
;in,THF'(é mL);v After beéag etirredvfo;iiszm;hfat)0°c, the

ﬁolution was cooled to‘-78°b and’lactone 6266 (280 mg; 2.0

mmol) in THF (4 mL ¥ 1 mL rlnse) was added over a perlod
LS.

of 1 h.- Stlrrlpg waé continued- for 30 'mln. Benzyl

bromlde (376 mg, 2 2 mhol) and hexamethylphosphortrlamlde.

(HMPA) (0.38 mL, _2 2 mmol) in THF (4 mL + 1 mL rlnse) were

added dropw1se ' Th temperature was ralsed to ca. -40°C
. )

and stlrang was contlnued for 2 hf- The reaction mixture

'was quenched byaadd;tioh of 10% HCl (20.mB);ahd extracted
with ether'(2 x'20 mL); The comblned extracts were washed

)

w;th ‘aqueous saturated sodlum'blcarbonateJand brlne, drled

'(M9§O4) and evaporated. ‘ Flash chromatography of the

I3

residue OVef"Slllca' gel. (2 " x 15' cm) w1thl ~10% ethyl

acetate - hexane gave' the 'pure (TLC, 51llca, 15%

‘ uethyT’Eétate —-hexane) lac&one 63 [230 mg, 73 6% ‘based on

0

recovered startlng materlal - (90 'mg)] as - 4 white



N

crystalline solid: IR (neat) 1785, 1600; 1500, 1450 cm~l,

HNmR (CDC13, 200 MHz) & 1: 0 —-2 35’ (m, 9H), 2,95A0m, BH)

4.0 (at, J = 11.;; 3. : Hz, 1H),’7.26 (m, 5H); 13c” iR

A

'(CDC13, 100(6 MHz) 5 23.7, 25 2, .25.3, 30.6, 31.3, 45.0,

47.6, 81.8, 126. 3 128.2, 128.3, 138.2, 178.1; exact mass,

m/z 230.1307 (calcd for 015”1802';230'1302);

o

)
s

Isomerization of lactone 63- (38 3aﬁ 7aa) Hexahxdro 3-

'

R(phenylmethyl) 2(3H) benzofuranone 61 LDA was_prepared

. S
,as,ln the synthesls"of 63,using E;butyllithium (1.33 M,

hexaue:solutiou;'0:489 mL, 0.651-hmol[_ahdfdiisopropyl—,

Taminei(OWlZ mL, Oﬂ868 hmol) in'THF (57mL), ‘The ' solution .

"was cooled to —78 'C and lactone 63 (lOO mg;f0;434 mmolf in

i Cot Do

C( THF ,(2‘gmL + 1 mL rlnse) was 1n3ected over "1 h. »The

solution Qas sﬁirfed aﬁ-—78 C ﬁor 30 min and poured 1nto
aqueous saturated ammonluo chlorlde (10. mL). pThe»mlxture
wasxextracted w;th‘etheh (fo lO mL), washed uithvbrlne,
and:orie&“KMgso4). Evaporatxon of - the solvent and: flash
chromatography of the re51due over sillca gel (ligblS cm)

w1th lO% .ethylacetate - hexane gave lactone 61 (92 mg,

’92%) as & colorless, homogeneous (TLC, silica, 15% ethyl.

(CDC13, 200 MHz) 5 o 95 — 1.67 (m, 7H), 1.80 (m, 1H), 2.13

(m, 1H), 2. 53 (dada, J 12.2, 7.49, 4.9 Hz, 1H), 2.75 (da,
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13, 6, 8 Mz, 1H), 3.20 (dd, 3'=.13.6, 4.4 Hz, 1H),

cdt, J =\11.5, 10.8, 4 Hz, 1, 7.23 (m," SH);
B . ' i :
- (cpely,’ 100 6 MHz) .6’ 2? 7, 24 9 27.6,°29.9, 34.3
49.4, 82.5, 126.3, 128. 3, 128.8 138.3, 177.6.
; : IR ' o .
. - w

A ' . \‘
cis- 1 -Bromo- 2 (phenylethynyl)cyclohexane 66-’ Bromine: (2.0

i

5 . . ° ;
'th 38 9 mmol) was added dropw1se to a stlrrﬁd solutlon of

trlpheﬁyl phosphpte (14, 5 g,-46 7 mmol) in dEy ether (100

¥

ﬁL) at 0°C. A mlxture of alcohol 54 (7. 8 g, 38 9 mmol)

i
‘

and dry pyr1d1ne (3.1 mL, 38‘9 mmdj) in ether (15 mL) was

added drOpwlse and the resultlng white slurry\:@s stlrred

-

for 15 h at room temperature. The mlxture was pouredvlnto

water (50 mL) and'extracted with ether (2 x 30 mL). The -

comblned extracts were washed with brine, dried (MgSO4),_.

and(evaporated; Flash chromatography of the residue over

silica gel_(th'2d-cm) with hexane gave pure (TLC, silica,

'hexane) bromide - 66 (4.5 g, 50%) and pure (TLC, silica,

e @l . : ' '
hexaneY 3-(phenylethynyl)cyclohexene 6783 (2.23 -g,.

35.5%). - Bromide 66 had: IR (neat) 2230, 1595, 1485,

1440, 760, 690 cm~!; ly NMR “(CDC1;, 200 MHz) & 1.60 (m, .

S 2H), 1.99 (m, 3H),‘2.21.(m, 2H), 2.42 (m, 1H), 3.33 (m,

1H), 4.55 (dt, J = 8.7, 3.5 Hz, 1H), 7.25 (m, 3H), 7.40

(m, 2H):-13c NMR (CDCl3, 100.6 MHz) & 22.2, ‘24.5, 30. 6,

33.9, 37.6, 55.0, 83.7, 89.9, 123.7, 127.7, 128.1, 131.7;



. 7

exact mass, m/z (264.0340 (calcd  for -C14H1581Br,

264.0241).  Anal. calcd for Cy,H ,Br: .C, 63.87; H,

.5.74., Found: C, 63.76; H, 5.78.

olefin 67 had: IR (neat) T2220, 1598, 1487, 1440,

756, 721, 695 cm™!; W NMR (CDCly, 200 MHz) §°1.50 — 2.20

(m, 6H), 3.33 (m, 1H), 5.80 (m, 2H), 7.25 .(m, 3H), 7.42

. . R ’ ‘ ] -
“(m, 2nj; Y3c NMR (cpCly, 100.6-MHz) & 20.6, 20.7, 24.6,
28.0,29.4, 80.3,.92.7, 124.0, 127.1, 127.3, 127.8, 128.0,

[

131.5; exact mass; m/i 182.1094 {calcd fpr

Y

| ‘ . Cigfhg
'182.1092). 'Anal. calcd for Cy,Hy,:., C, 92.25; H, 7.74.
Foynd: C, 92.19; H, 7.86.. |

Y

¢

-Annﬁlatiqﬁ of" . bromide éql with methyi acrylate; "Methyl

oétahydro—l;(phenylmpthyien@)r}ﬁ;indehe—z;carboxylate 58: .~

“The general'prOCQdure'for radical annulation was followed
‘using bromide 66 (0.200 g, 0.76 mmol), freshly distilled

methyl acrylate (1.47 g, 17.1 mmol) ‘in benzene (40 mL),

triphenyltin hydride (0.400° g, 1.14 mmol) in benzene (10 -

mL), and AIBN (16 mg, 0.097 mmol) ‘in benzene (10 mL).
After evaporation of the solvent the residue was dissolved
in" ether. (25 mL) and stirred vigofoQSly at room

Atempératuré' for 15 min with a solution of . potassium

fluoride (0.50 g, B8.61 mmol) in water (20 .mL).  The

precipitate (triphenyltin fluoride) was filtered off ‘and
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“ K | ° : v .
washed well with ether.  The combined filtrates were

separated and the ether layer was washed with brine, dried

'(MgSQ4),' and evaporateé. Tﬁe residue was dissolved in '

_éhlbrofbrm (5.mL) and silica gel (ca. 2.5 4q) was added.
The solvent waé then evaﬁorated at room temperature and
the resulting -mixtdrg was | loaded I\onto; a flash
chpgmafdgraphy’Column [sflica gél, (2 x 15 cm)] that had
'a'vsufficient head ’of  501vent to cover the added
‘material. Elution witﬁ 5% ethyl écetatéx; hexane éa§e Sé
(70 mg, 35%), as a‘fdxture of isoﬁers, and (é?cibhéxylj
’;thynyl)benéene;ﬁ84’ (iO mg, 7%). 4ﬁach ‘sample .was
homogeneous by TLC (silica, 5% ethylacetate — hexane) .
Mixture 58 had: IR (neat) 1725, 1430, 736, 695 cm™1; ly
,NMRA(CDcls, 200 MHz) 6 0.95 — 2.30 (m; 12H), 3.30 — 3.88
(5. s, 4H), 6.20 — 6.72 (6 broad s, 1H), 215 — 7.40 .(m,
su); 3¢ NMR (CDCl3, 100.6 MHz) & (carbonyl signals)
1748, 174.9, 175.0, 175.2, 176.4, ;77.0} exact mass, m/z
270.1619 (calcd for CygHy,0y, 270.1619). Anal. calcd for

CigHpp0p: C, 79+95; H, 8.20. - Found: C, 80.21; H, 8.23.

JOzonoleis of Oyéfins 58; Methyl octahydro-l-oxo-1H-

CUNEL B

indene~2-carbox§jﬁ%e 70: An ozone — oXygen stream was’

"~ bubbled through a solution of olefins 58 (80 mg] 0.291

mmol) in dry methanol (5 mL) at -78°C until the stafting
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-material had .just disappeared ;[5;_mih; .TLC‘ (silica, 10%
" ethyl aeetate-— hexane)]; Argon was passed through the

'saietion for ’5 Amln tod remove the eXceSS of ozone, and
trlmethyl phosphlte {o. 05 mL 0‘40 mmol)‘ was’ 1njecte§L,//
The cold bath was removed and the solution was stlrred for
12 h. (during which tlme it attalned reonJ temperature)
EvapQratioh of 'the solvent, follo&ed by flash chromato-
graphy of the residue over. 5111ca geiﬁ}l x 15 cm) witth 10%'
ethyl acetate — hexane gave 70 (43 mgﬂ 77%) as a mixture
of isomers that was homogenéous by%TLC (silica,” :0% ethyl
"acetate ——~hexane): IR (neat)- 1%50,' 1720 ‘em~l; g NMR
(cpely, - 200 Mﬁéi %>o.95'—-2.6o'(m;~12H)ﬁ 3.05 — 3.50 (m,
1H), 3.75 (ég, 31); 3¢ NMr (cDCly, 100.6 MHz) & (carbonyl
signals) 16§.9, 17031,‘170.3, 269.8( 209.9, 211.6; exact
mass, m/z 196.1106 (calcd for CllHIGOj' 196.1095).

»

trans—27(Phenylethynyl)cyclopentanol‘72: The procedure

1employed for 54 was followed using ;E}hgtyilithium in
hexane .(1.5 ﬁ; 34.0 mL, 21.6 mmol)t phenylacetylene (2.20
g,.2I.6 mmoi) in fHF (30 mL), boron trifluoride etherate
k2.2»mL, 17.7 mmol), and’é-oxasicyclo[3,1.OJhexané'(1.21
g, 14.4 mmol) in THF (5 mL + 1 mL rinse).A'wOrkup'and

flash chromatography of the residue over silica gel (4. x

15 cm) with 17% ethyl acetate — hexane gave pure (TLC,
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siliéa,VZO% ethyl acetate — hexane) alcohol 72 (2.64 g,

98%): IR (neat) 3350, 2220, 1600, 1490, 1442, 760, 695

em™l; 1 NMR (cDC1l;, 200 MHz) & 1.5 — 2.3 (m, 7H), 1.8 (m,
S 3 e ( ,

1H), 4.3 (q, J = 6 Hz, 1H), 7.2 = 7.6 (m, 58); 13c nr

(cpcly, 100.6 MHz) & 21.8, 31.0, 33.5, 40.2, 79.2, 81.8,

91.7, 123.7, 127.5, 128.0, 131.4; exact mass, m/z 186.1038
(calcd for Cj3H;40, 186.1041).  Anal. calcd for CjsHp40:

C, 83.82; H, 7.58. Found: C, 83.88; H, 7.52.

cis—l—Bromo-Z—(phenylethynyl%cyclOpentane 73} The pro-

cedure employed for 66 was foliowed using bromine (1.27

mL, 24.9 mmol), triphenyl phosphite (8.45 g, 27.2 mmol),

in ether (125 mL), alcohol .72 (4.24 g, 22.7 mmol), .and

A

pyridine' (1.83 mL, 22.7 mmol) in ether (15 mL). . The
reaction mixture was sgirred for 12 h<and was then Qorked
up. EVaporatiOn of the solvent and flash chromatography
of the. rgsiaue over silica ggl (6“x 20 cm) first with
hexane (to elute the olefinic acetylene) and then with 5%
eﬁhyl acetate — hexane gave pure (TLC, silica, 5% ethyi
acetate %-hexane) bromide 73 (2.5 g, 44.2%)\and 3—@$henyl—
ethynyl)cyclopentene 74 (1.15 g,HBO%).. Bromide 73 had:

IR (neat) 2230, 1600, 1570, 1490, 1443, 760, 695 cm~1; lu
' /

NMR (CDCly, 200 MHz) & 1.50 — 2.40 (m, 6H), 3.0 (dt, J ‘=

J

8.3, 4.3 Hz, IH), 4.50 (m, '1H); 7.25 (m, 3H), 7.42 (m,

’

T .
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2H); 13c wMRr' (cDcly, 100.6 MHz) & 21.5, 30.1, 36.1, 39.2,

g%.ok 83.0, 89.9, 123.5, 127.6, 128.0, 131.4; exact mass,
m/z 250.0180 (calcd for CyHp38lBr, 250.0160). : Anal.
célcd for €y3Hy3Br: C;V62w64{ H, 5.26. ?oﬁndt C, 62.09;
H, 5.17. ) I i ///

Olefin 74 had:' IR (neat) 2220, 1598, 190: 690 cm™1;
ly NMR‘(CDClB, 206 MHz) & 1.80 — 2.80 (m, 4H), 3.75 (m,
1H), 5.70 — 6.0 (m, 2H5}‘7,3o (m,t}ﬁ),.71§5 (m,2H); exact
mass, m/z 168.0931 (calcd for C13Hlé, 168769567-v

i

Atrans—2—(Phenylethynyl)cycloheptanol 76: The procedure

o

employed for 54 was’ followed using n-butyllithium in
hexane (1.6 M, 31.7 mL, 50.8 mmol), phenylacetylene_(5;19

.9, 50.8 mmol) in THF (50 mL), boron triflubride‘etheraté

(4.58 mL, 37.3 mmol) and 8—oxabicycld[5.l.Ojoctane (3.80
g, 33.9 mmol) in THF (10 mL + 1 mL rinse). Workup and

flash chromatography of the residue over silica gel (5 x

: ( .. :
20 cm) with 10% ethylacetate — hexane gave pure (TLC,

silica, 20% ethyl  acetate — hexane) lcohol 76 (5.9 g,

81%): IR (neat) 3390, 2220, 1598, 1488% 755, 690 cm™!; lH

NMR (GDClj, 400 MHz) 6 1.40 — 1.85 (m, 8H), 2.00 (m, 2H),

’

245.

2.?5 (s, 1), 2.70 (m, 1H), 3.75 (m, 1H), 7.28‘(m;'3H),,

7.40 (m; 2#): !3c 'NMR (CDCl,, 100.6 MHz) & 21.7, 25.2,

27.0,. 29.6, 34.4, 41.2, 75.5, 82.8, 91.9, 123.3, 127.6,

K
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128.0, 131.4; exact mass, m/z 214;1363'(ca1cd for C15H180,
214.1353). Anal. calcd for CygH gO: C5 84.06; H, &.47.

‘Found: C, B4.36; H, B8.45,.

cis—l-—Bromo-Z—(phenylethynyl‘)cycioheptane' 77:" The pro-

‘ce'dure'emplc')yed“ for 66 was followed using ”bziom‘ine (0.89
mL, 17.38 mmol), triphenyl phosphite (6.86 g, 22.0 mmol)
in éthéFA (125 mL), alcohdl 76 (3.4 g, 15.8 mmol), -and
 wge py?idin;@%{igé;LmL} ¥5.8 mmol) in ether (15 mL).  The.
. mixtu‘r_él ‘was stirred for 15. h and_wvas_ th'e'n- worked up
Eva'por.at'io_’r'l_ Qf-_ﬁ;»fﬁé*.sol_veht and flash chromatography of the

residue pvef"%&cagel (6 x 25 cm} first with hexane (to
R ST Rrst wATh gene o
£lute the olefinic T;“é‘cg.ty lene) and _,thkenf"-?—zﬁ;i t"i};; w 't

X

S .

acetate — hexane gave : purd d (TLC, silica, ° 5%
; : & Py

acetate — hexane) bromide 77 (2.7 g, 61.6%) and 3-—(phefﬁyl—

¥

ethynyl);:yclohept-ene 7885 (380 | mg, Al.,.,l-»z'Z%)" Bromide 77
had: - IR (neat) 1595, 1485, 1438, #23, 690 cn~); lm NMR
(CDC1y, 400 MHz) 6 1.40 — 1.90 (m, 7H), 2.0 (m, 1H),
2.10 —-2.42'(m, 2H), 3.38 (m, 1H), 4.30 (dq, J -.9:4, 4.0,
3.4 Hz, 1H), 7.5 (m, 3H), 7.45 (m, 20); Y3c NMR (CDCl,,
100.6 MHz) & 24.3, 25.2, 25.9, 31.6, 37.0, 40.9, 57.5,
84.1, 89:3, 123.6, 127.6, 128.0, 131.5; exact mass, m/z
278.0489 (calcd for c15H17818£, 278.0366). Anal. calcd

for CygHj;Br: C, 64.97; H, 6.18. Found: C, 65.13; H,
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6.23.

Olefin 78 had: _ IR (neat) 2220, 1598, 1488, 1440,
751, 689 cm~l; ly NMr kCDc13,\Aoo Mﬁz);é 1.40 — 1.83 (m,
4H), 1.92 (m, 1H), 2.08 (m, 2H), 2.25 (m, 1H), 3.47 (g,
8.8 Hz, 1H), 5.83'(m, 2H), 7.23 (m, 3H), 7.40 (m, 2H); 13c
NMR (CDCl,, 100.6 MHz). & 26.6, 28:2, 29.4, 32.4, 35.5,
80.6, 9g;8, 123.9,  127.3, 128.0, 131.4, 132.4, 133.2;

?

exact mass, m/z 19'6.12J55 (calcd for CisHigr 196.1248).

s

(i)—(33*,4_12_*)'—l—Phenyl—?—propyl‘hept—l—yr}e—4—ol 80: The

.trifluor.ide' etherate (4.46 mL, 35.29 mmol), and (z)-4,5-

procedure employed for 54 was followed using i—butyl—_
lithium jin hexane'(l.S'M, 2.81 mL, 42.2 mmol), phenyl-

acétylene (6.24 g, 61.1 mmol) in THF \ (60 mL), boron:

epoxyoctane®® (4.0 g, 40.7 hmol) in THF (10 mL “+ 2 mL
rinse). Workup and flash chromatograp’hy of the resiaue
over silica gel (5 x 15 cm) -.with lO%le.thyi acetate —
hexane gave pure (TLC, silica,& 15%. ethyl acetate — hexane)
alcohol 80.. (5.64 g, 87%): IR (neat) 3400, 223{,0,«* 1598,

1480, 755, 690 cm™}; 1y wME (cpcly, 400 MHZ) § 0.97 (m

6H), 1.30 — 1.80 (m, 9H), 2.65 (m, 1H), 3.58 (m, 1H), 7.28

“(m, 3H), 7.40 (m, 2H); '3c NMR (cDClj., 100.6 MHz) & 13.8,

13.9, 19.0, 20.8, 33.9, .37.8, 39.6, 73.0, 94.3, 89.4,

123.5, 127.5, 128.1, 131.6; exact mass, m/z 230.1665

f
{

o



(calcd for C16H550, 230.1665). Anal. calcd for-él6H220:

C, 83.41; H, 9.63.. Found: C, 83.65; H, 9.65.

'(i)—(3§f,4§f)—4—Bromo-1iphenyl—3—propylhebt—l—yne 81:

The procedure émployed\for 66 was followed using bromine,

(1.2 mL, 23.4 mmol), triphenyl phosphite (7.93 g, 28.5
; . o

mmol) in ‘ether (125 mL), alcochol 80 (4.9 g, 21.3 mmol),

‘and pyridine (1.72 mL, 21.3 mmol) in ether (15 mL). The

\ ~

reaction mixture was stirfed for 12 h and was then worked

up.”  Evaporation of the solvent and flash chromatography

of . the residue over silica gel (6 x 20 cm) with hexane

gave pure (TLC, silica, Bexéne) bromide 81 (3.3°g; 60%)

and f(Z)—1—phenyl—3—pfopylhept—3—ene¥l-yne 82 (1.20 g,>
) )

26.5%). Bromide 81 had: IR (neat) 1598, 1488, 755, 690

em™l; 1y NMR- (cDCly, 200 MHz) 5 0.95 (m, 6H), 1.30 — 1.88
| : ’

(m, 6H), 2.0 (m, 2H), 2.95 (m, 1H), 4.09 (m, 1H), 7.30 (m,

3#), 7.43 ‘(m, 2#); 13¢ wMrR (cDCly, 100.6 MHZ) & 13.3,
/

13.8, 20.4, 20.8; 35.4, 38.3, 40.7, 59.2, 84.1, 89.6,

-

123.6, 127.8, 128.1, 131.6; exact mass, m/z  294.0811

(calcd for C16H2181Br, 294.0678J . Analyp calcd for
D '
CygHpyBr: C, 65.51; H, 7.22. Found: C, 65.91; H, 7.22.

Olefin 82 had: IR (neat) 1590, 1483, 750, 689 cm™l;

‘

1y NMR (CDCly, 200 MHz) & 0.95 (m, 6H), 1.52 (ds', J = 8.8

Hz, 1K), 2.18 (t, J = 6 Hz, 2H), 2.32 (g, J = 8.4 Hz, 2H),
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5.75 (t, 8 Hz, 1H), 7.34 (m, 3H), 7.45 (m, 2H):; 13c wnMRr

o

<o

(CDC13, 100.6 MHz) 6 13.36, 13.7, 21.7, 22.4; 32.6, 39.1,

88.4,\93.2, 123.4, 124.0, 127.6, 128.1, 131.3, 137.7;
exact mass, m/z 212.156}, (calcd for CygHyg, 212.1560).

AN B e B '4-): G

1

trans-2-{1-Heptynyl)-cyclohexanol 83?'*%he‘pro§edure\em—.

ployed for 54 *was féilowed ysinglgjbutyllithium in hexane
(1.55 M, 40.1 mL, 61.0 mmol), l-heptyne (5.87 g, 6i.0
mmol) in THF (50 mL), b6ron trifluéride etherate (4.1 mL,
33.5 mmoi)? ahé cyclohexene oxide (3.0 g, 30.5 mmol) in
THF (10 mL + 1 mL rinse). Workué and flash chromqtégraphy
" of the residue over silica gel (5 x 15 cm) with 10% ;thyl

acetate — hexane yielded the'pure (TLC, silica, 15% ethyl

-acetate — hexane) alcohEl 83 (4.1 g, 69%): IR (neat)

3400, 1450, 1068; lu NMR (CDCl,, 200 MHz) & 0.88 (m, 3H),

1.00 — 2.25 {m, 17H), 2.38 (s, 1H)%°. 3.4 {(m, 1lH): 13c"NMR

(cpcly, 100.6 MHz) & 13.8, 18.6, 22.2, 24.8, 28.6, - 30.9,

31.3, 32.9, 39.0, 73.7, 81.1, 82.6: exact mass, m/z
194,1665 {calcd fbr Ci3H220' 194.1665). Anal. calcd‘for

 Cy3Hp00: C, 80.34; H, 1.41.° Found: C, 80.51; H, 11.35.

cis-1-Bromo-2-(l-heptynyl)cyclohexane 84: The précedure

employed for 66 was followed using'bromine_(0.83 mL, 16.4

mmol), triphenyl phosphite (6.95 g, 22.4 mmol) in ether

L o

R e Y
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(100 mL), alcohol 83 (2.90 g, 14.9 mmol), an pyridine
(1.2 mL,. 14.§ ‘mmol) in ether (15 mL).. ?he‘ reaction
mixture was stirred for 12 h and wlaé;’1 then worked' up.
ﬁvapofation of the solvent and flash chromatography of the
residue over silica gel (5 x 20 cm) with hexane gave pure
(TLC, silica, hexane) bromide 84 (1.6 g, 41.7%) and 3F(1;
-heptynyl)cyéloh_exene85 (1.5 g, 5755. Bromide 84 had: IR
(neat) 1440, 1250, 1188, 980, 720 e, 15 MR (CDCly, 200
MHz) & 0.89 (m, 3H), 1.20 — 2.0 (m; 13H), 3.0 — 3.30 (m,

-

3H),-3.88 (m, 1H), 4.30 (dt, J = 8.5,,3.25+ 3.2 Hz, 1H):

13c NMR tCDCly, 100.6 MHz) & 13.9, 18.7, 22.1, 24.5, 28.6,

30.§, 33.7, 37.0, 55, 80.0, 83.6; exact mass, m/z
258.0787 (calcd for CjhH,,8lBr, 258.0678). Anal. calcd
'for'c13H213r: C, 60.69; H, 8.28. Found: C, 60.99; H,
8.09. | | |
Olefin 85 had: IR (neat) 1450, 725 om-l; lg _NMR
(CDCly, 200 MHz) 6 0.85 (m, M), 1.10»—!2.20 (m, 14H),#3.0
(m, 1H), 5.68 (m, 2H); 13Cc NMR (CDCl;, 100.6 MHz) & 13.8,
18.7, 20.6, 22.1, 24.6, 27.4, 28.8, 29.8, 31.0, 80.0,
82.9,,127.1,v128;1; exaét maés,'m/z 176.1565 (calcd for

Cy3Ho0 s 176.1560). Anal. calcd for Cy3Hyp: C, 88.55; H,

11.44. Found: C, 88.15; H, 11.49. ;
‘/ i - L) k3

N

n
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Annulation of.- bromlde 66 with acrylon1tr11e~ Octahydro 1-
(phenylmethylene) -1H- 1ndene 2~carbon1tr11e 86: The @ °
general~ procedure for radlcal annul >1on, was foIlowed
. , -

using bromide 66 (0.200 g, 0:76 e

*eshly distilled

V.acr§lonitrile (0.604 g, 11.4 mmol)’*in benzene (40 mL),’

triphenyltin hydride (0.400 g, L.14 mmol) in benzene (10

mL), and AIBN (16 mg 0.097 .mmol) in benzene (10" mL).

After evaporatlon of the solvent the re51due was worked up £

’as descrlbed for 58.- Flash %hromatography,:ln the manner

K2 \ B

indicated, using 5% ethyl acetate — hexane .gave 86 (100

mg, 56.8%), as a mixture of isomers, and (cyclohexyl-

ethynyl)benzeneg4 (5 mg,  3.5%). Each sample was

homogenedus by TLC (silica, 5% ethyl acetate — hexene)Q'
Mixture 86 had: IR (neat) 2235, 1446, 795 cm™l; lp nMmr

(CDci3, 200 MHz) & 0.55 — 2.70 -(m, 12H), 3.40 — 3.90 (m,

1H), 6.28 — 6.82 (7 broad t, J = 2.9'Hz, 1H), 7.30 (m,“
SH) ; 'exact ;mass, m/z  237.1516 (calcd for Cy7HoN,

237.1549). Anely_calcd for CpsH1gN: C, 86.01; H, B.07.

Found: '-C, 86.18: H, 8.00.

P 4
-y
~

Annulatlon of bromide 66 with (ethenylsulfonyl)benzene,87

7<

Octahydro l1-(phenylmetHylene)-2~ (phenylsulfonyl) 1H-

L -

-1ndene 87: The general procedure for_radical annulation

was followed using bromide 66 (205 mg, O0.77. mmol),

~
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RV (etﬁenylsulfonyl)oenzene (1.96 g, 11.6 rmol) in l@hkede
"(30° mL)," triphenyltin hydride (314 mg, 0.89 mmbl) in
,n‘benzene.GlQ mL), and AIBN (20 mg, 0.12 mmol) in.benienek
(lO'ﬁL): After evaporatlon of the solvent the resrdue
wes_worked up as descrlbed for‘58. .Flash chrometography,
id £he mahner indicered, using'20%‘ethy1.acetqre —ihexane
gave 87 (145 hg, 52%) ‘as a ndxture of isomers thar s
ﬁomogedeods by?TLC (silica, 30% ethyl' acetate - hexane):

*

IR (neat) 1585,- 1300, 1145, 744, 698 cm™'; lu NMR (cDCl,;
'200 MHz) 5 0.40 — 2.50 (m, 12H), 4.15 (m, 1H), 6.0 — 6.70 .
(s broad.d, J = 2.4 Hz, 1H), 7,10 — 8.95 (m, 10H); exact
. ‘.mess, m/z (M+‘—-‘SOZC6H5) 211.1488 ‘(calcd' for CjigHygq,
p~;ﬂ//§ll.l482)1‘& AnaI.h‘calcd’ffor‘ C22H24028,:' C, 74.94;. H;
6.86; S, 9.10. Found:,' C, 73.57; H, 6.64; S, 9.17.

. Annulation ' of bromide 73 with methyl acrylate; Methyl

octahydro 1- (phenylmethylene)pentalene 2-carboxylate 88:

1The general procedure for radlcal annulatlon was followed
_u51ng brom}de 73 (249,‘mg, 1.0 mmol),' freshly distilled
~ methyl acrylate (l;29e§t 1.50 mmol) . in benzene (30 mL),"
tp‘ripﬁehy-l'tin.vhydride. (526 mg, 1.5 mmol) in benzene '(_1"05
mL) , . aﬁd ATBN (20 mg),- O.lé ‘mmol) in benzene (10 le.
After'evaporatlon ofbthe eolvent, the fésldde was worked
, up. as .descriped for 58.~ Flash ohromatography,"in the

'manner;indicated, using‘2% ethyl acetate — hexane gave 88
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.+ (80 mg,-3i%5, éé a ndxture‘of isomersu Theiséméle was
ﬁomdgeneoﬁs by.TLC'(éilicé,‘SS‘etﬁyl éce£éte —fﬁexageffirf‘
‘Mixture 88 had: - IR (neat) }730,'1600; 1492, 758, 700
em™l; 1 wMr (cpcly, 200 MHz) 5.9.86‘—.2.i5_(m” 108), .
3.25 — 4.20 (7 s, 4H)," 6.20 f-6l6bj(ém; 1H), 7;25 (m,.SH)ﬂ
13c nMr (CDCLé,..IOQ.6 MHé)v 6 ,(carbonyl éignals) 174?4,-“

’i?4,55 174.7, 174.73, 174.75, '174.87; egacéymas;,‘256.1455'

(calcd for Cy7H,05: 256.1458). ~  Anal. ‘Caiéd for

w

Cy7Hyg05: C, 79.64, H, 7.86. Found: C, 79.70; H, 7.86.

Annulation of bromide 73 with acryloﬁitrile; Octahydro-1-~

‘iphenylmethylgné)pentalene—2—carbonf};ile 89: The general '
progedufe for + radical -annuiation “was 'followéd .using'
;bromide 73 (é49‘mg, 1.0 mmol), freshly distilled aérylb—
Aitfile' (iéS 'mg, 15.0 mmol) in benzene ‘(30 mL),
triphenyltin 'hyaride (526 mé,' 1.5 mmol) in benzene Q;Qw_

| mL)1 and ~ AIBN (20 mg,‘ 0.12,4mm61) vin benzene (10 mg)l
After'evapofamioh of the solvent the fesiéue waévworked'up
as described for 58. Flash chrométography, in the maﬁner
indicaéed, uéing é%véthyl acetate — hexane gayéJBQ (85 mé,
38%), as a mixture bf iéomers. The sémﬁfe-was homogeneous
bf TLC (silica, 5% ethyliaéetate — hexane). Mixture B89
had:. IR (neat) 2230, 1600, 1495, 1440, 758, 698 cm™1; 1
NMR (CDCly, 200 MHz) & 0.70 — 2.95 (m, 10H), 3.20 — 3.90

(m, 1H), 6.31 — 6.75 (5 m, 1H), 7.29 (m,_SH); exéct mass, -, 

«
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m/z 223.1361 (calcd for CieH37N, 223.1393). Anal. calcd
for CygHy9N: C, 86.04; H, 7.67. Found: C, 85.69; H,
7.73. o R o

Annulation of bromide 73 with (ethenylsulfonyl)benzene;

Octahydro-1-(phenylmethylene)-2-(phenylsulfonylpentalene

90: The general procedufe for rédical anniulation was
followed using bromidél 73 (249 mg,r' 1.0 'mmol),
(éthenylsulfbnyl)benzedég(2.01; g, 12.0 15501) ﬁxivbenzene
(30 UQL)yV triphenyléiﬁ~ hydride (526 mg} 1.5 mmol) in
 benzene'(lO mL)f and AIBN (30-59; 0.12 mmol) in benzene
(10 mL). * After evaporation'o%>the’solvent the residue was

worked up as described for. 58. Flash chrématography in

Ay

the manner indicated, using 15% ethyl acetate — hexéne,
gave 90 (95 mg, 28%) as a 1nixture of isémers thét. was

homogenééué by TLC (silica, 20% ethyl acet — hexane):
\ IR (neat) 1590, 1445, 1302, 1145, 735, 6§§uj;*1} 1h wMR
(CDC14, 200 MHz) & 0.59 — 2.50 (m, 1dﬂ), 4.30 — 4.60 (m,

-

1H), 6.05 — 6.80 (4 d, J.= 3.2 Hz, 1H), 7.0 — 8.10 (m,
.lOH); exact mass, m/z . 338.1292 (calcd for CyyH,5D,S,
338.2214). Anal. calcd for CyH,,0,5: C, 74.50; H, 6.55;

S/ 9.478. Found: C, 74.67; H, 6.43; S, 9.32.
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Annulation of bromide 77 with metﬁyl ‘acrylate} _Methyl

—décahydrq;l—(phenylmethylene)dzulene—z—cafboxylate - 91:

The general procedure for radical annulation was fqllowed

using bromide 77 (277 mg, 1.0 mmol), freshly ‘distilled

methyl acrylate (1.30 g, }5.0 mmol) in benzene {30 mL),

triphenyltin hydride (386 mg, 1.10 mmiol) in benzene (10 .

mL), .énd AIBN (20‘ mg,. 0.12 mmol) in benzéne (iO~ mL) .
After evaporatio# of the solvent the residue was worked up
as described fdr 58. Flash chromatography, in the manner
indicated, using 3% éthyl acetate — hexane gave 91 (125
mg, 44%) as a mixture of isomers that was homogeneous\by
TLC (silica, 5% ethyl acetate — hexane): IR '(cc14) ‘17_35,'

1600, 1490, 750, 695 cm '; W NMR (cDCly, 200 MHz) 6

1.10 —'2.60 (m, 14H), 3.30 — 3.95 (6 s, 4H), 6.30 — 6.60

(6 m, 1H), 7.30 (m, 5H): 13c NMR (cDCly, 100.6 MHz) &

"
(carbonyl signals) 17.2, 175.3, f&5.9, 176.0, 176.5;. exact
mass, m/z 284.1773 (calcd for’C19H2402, 284.1770). Anal.

caled for CloMys0g: C, 80.23, H, 8.51. Found: , 80.37.;.

H, B.46.

Annulation of bromide 77 with acrylonitrile; Decahydro-1-

(phenylmethylene)azulene-2-carbonitrile 92:  The general’

procedure for radical annulation - was followed wusing
bromide 77 (277 mg, 1.0 mmol), freshly distilled acrylo-
. S

nitrile (795 mg, 15.0 mmol) in Dbenzene (30 mL),

[
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£riphenyl£in hydride (403 m%, l.;S mmol) in benzene (10 ‘
'mL), and. AIBN (20 mg, 0.12 mol)W
After'evaporation of the solvent the residue was worked up
as described fof»58. Flash chroﬁatography, in the manner
indicated, 'using 5% ethyl acetate — hexane gave 92 (135
' . \

mg, 53.7%), as a mixture of isomers, and (cycloﬁeptyl~
‘ ethynyl)benzene .(13 mg, 6.5%). Each sample : was
homoéeneous by TLC (silica, 5% ethyl acetate — hexane).
The acetxlépe;had: 1y NMR (CDC13, 200 .MHz) 610.83-— 2.0
(m, 12H), 2.80 (m, 1H), 7.23 m, 3H), 7.35 (m, 2H); exact
mass, m/z 198.1409 (caldd for c15H18,.198,1464).

‘Mixture 92 had: IR (CCl,) 2230, 1600, 1490, 1449,
755, 695 cm™l; lm ‘wmMr (cpcly, 200 Miz). 6 1.10 — 2.50 (m,
14H), 3.65 (m, lH),'6.38-—.6.70'(4 m, 1H), 7.30 (m; 5H) ; |
exact mass,*m/z'251.1673 (caled for ClgHle;,251.17OS). X

Anal. calcd for C gH, N: C, 85.99; H, 8.42. Found: C, J

86.27; H, 8.39.

. ’ ‘ : &

Annulation of bromide 77 with (ethenylsulfonyl)benzene;8”

Decahydro-1-(phenylmethylene)-2-(phenylsulfonyl)azulene 93:

The general procedure for radical annulation was followed
using bromide 77 (277 mg, 1.0 mmol), (efhenylsulfonyl);
‘benzene8’ (2.52 g, 1$;GL mmol ) :in benzene (30 mL);
triphenyltin hydride-(4d3wﬁg,'1.15ymmol) in benzene ilO

mL), and AIBN (20 mg, 0.12 mmol) in benzene (10 mL).
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After evaporation of the solvent tﬁé residﬁe was workéd up
as described fof 58. Flash ch;ométbgraphy, in the manner -
indicated, using 20é‘ethyl acetaﬁé-— Hexane'ga;é 93 (140
mg, 38%) as a mixture of isomers théf was - homogeneous by
TLC (silica, 25% ethyl acetate'—;ﬂegahe): .IR_(C¢14) 1445,
1301, 1145, 760, 695 cm™!; R (cpCls, 200 MHz) é

”

0.95 — 3.10 (m, 14H), 3.9 — 4.5 (m, 1H), 5.8 — 6.8 (7
broad s, 1H), 7.0-—18.0 (m, 10H) exact mass, m/z (MY —
'SO,CgHg) 225.1649 (calcad for SZt%éifa 225.1638). Anal.
calcd for CygHpg0,S:  C, 75.35; H, 7.15; s, 8.75.
Found: ; C, 53.99; H, 6.96: S, B.97.

5 o . L

~ v

Annulation of bromide 81 with methil acrylate; Methyl-2-

(phenylmethylene)-3,4-dipropylcyclopentane-l-carboxylate . = °
94: The géneral procedure for radical annulation was

collowed using bromide 81 (250 mg, 0.853 mmol), freshly

~e

distilled methyl écfylate (1.46 g, 17.1 mmoi) in benzene

(30 mL), triphenyltin hydride (450 ‘mg, 1.27 mmol) in
benzene (10 mL), and AIBN (18 mg, 0,11 mmol) in benzene
(10 mL). After ‘evaporation of the solvent the residue was

worked up as described for 58. Flash‘éhromatography, in

the manner indicated, using 3% ethyl acetate — hexane .gave

94 (100 mg, 40%) as a mixture of isomers, and l-phenyl-2-
propyl-l-heptyne (47 mg, 25.1}). Each sample was

homogeneous by TLC (silica;fS% ethyl acetate — hexane).
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Mixture 94 had: "IR (neat) 1730, 1600, 1490, 750, .700

»

'

em~l; lg NMr (Cpely, 200 MHZ) 6 0.70 — 2.40 (m, 18H),
3.20 — 3.80 (6 s, AH), 6.20 — 6.60 (5 broad s, lH),‘7;28
(m, SHj; 13c nMr (CDC13, 100.6 MHz) § (carbonyl signals)
17413, 174.9, 175.0, 175.2, 175.3, 175.4; exact. mass, m/z
300.2090 (calcd for c2OH2802[ 300.2082). Anal. calcd for

C20H2802 €, 79.94; H, 9.39. ?ound: C,. 79.91; H, 9.22.

-

Annulation of bromide 8l with acrylonitrile; 2-(Phenyl-

methylené)—3,4—(dipropyl)cyclopentanecarbonitrile 95: The

general proceduré for radical annulation. was followed

using bromide 81 (240 mg, 0.81 mmol), freshly distilled

acrylonitrile (651 mg, }2.1 mmol) in benzene (30 mL),

triphenyltin hydride (0.343 g, 0.977 mmol) in benzene (10

mL), and AIBN (18 mg, O0.11 mmol) in benzene (10 mL) .
After evaporation of the ‘solvent the residue was worked up

as described for 58. Flash chromatography, in the manner

indicated, with 5% ethyl écetate — hexane gave 95 (100 mg,

46.2%)'as a mixture of isomers, and l phenyl 3-propyl- 1—

heptyhe (45%% mg, 26%). Each sample was. homogeneous by

TLC (silicah 5% ‘ethyl acetate-— hexane) The acetylene

258

had: 14 NMR - (cpCly, 200 MHz) 6 1.0 (m, 6H), 1.10 — 1.80

xm, 10H), 2.58 (m, 1H), 7.29 (m, 3H), 7.46 (m, *2H); exact
mass, m/z 214. 1723 (calecd for C16H22, 214.1716).

‘

Mixture 95 had: IR (neat) 2230, 1450, 750, 695 cmfl-



'H NMR (CDCl;, 200 MHz) & 0.80 — 2.60 (m, 17H), 3.70 (m,

1H), 6.40 — 6.80 (5 'broad s, 1H), 7.30 (m, 5H): exact
mass, m/z 267.1990 (calcd for CygHsgN, 267.2017). Anal.
calcd for CygH,gN: C, 85.32; H, 9.42. Found: C, 85.63;

7

H, 9.44.

37

Annulation of bromide 81 with (ethenylsulfonyl)benzér,e;

2-(Phenylmethylene) -1- {(phenylsulfonyl )-3,4-dipropylcy -lo-

pentane 96: The general procedure for radical annule:ion

. was followed using bromide 81 (250 mg, 0.853 mmo. ).
(ethenylsulfony1§benzene '(1.72. g, 10.2 mm_ol) in benzene
(30 mL), ;t;iphényltin hydride (0.449 g, 1.27 fmﬁbl)_ in
‘-benzene (10° mL), -and AIBN (18 mg, 0.1l mmol)' in'benz:ene
(10 mL). After evap,orat‘ion of the sb,l"\rent the residue was
worked up as described for 58. Flasﬁ chfométograp‘ny, in
the manner inaiclated, using 14% ethyl acetate — hexane
gave 96 (6_3» mg, 26%), as a mixture of‘ Aisomers, and 1-
phenyl-3-propyl-1l-heptype (i40 mg, 76%). Each 'sample was
homogeneous by TLC (silica, 5% ethyl acetate — hexane).

Mixture 96 had: IR (neat) 1302, 1144, 730, 698 cm~1l, ly

NMR (CDCl;, 200 MHz) & 0.55 — 3.10 (m, 18H), 4.20 (m, 1H),

6.0 — 7.0 (6 m, 1H), 7.0 — 8.20 (m, 1l0H): exact mass, .

m/z(M* — S0,CgH5) 241.1959 - (calcd for CygHpg, 241.1950).
Anal.. caled for C,,H3p0pS: C, 75:33; H, 7.90; s, 8.38.

Found: C, 75.61; H, .7.63: S, 8.53.

259
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Annulation of bromide 84 with acrylonitrile; Octéhydro—l—

'vhexylideneqyﬁfihdene42—carbonitrile.97: The general -
procedpre fof radical 'annulation was followed using
bromi de 84 (257 mg, 1.0 rmol), freshly distilled acrylo-
‘nitrile (795 mg, 15.0 mmol) in benzene (10 mL), triphenyi—
tin hydride (526 mg, 1.50 mmol) in benzene (10 mL), and
AIBN kZO mg, O0.12 mmpl) in benzene' (1b mL) . After
evaporation of theISOlveAt, the residue was worked up as
described *for 58. . Flash Chromatography, in "the manner
indicated, u;ing 3% ethyl a?etate{—-hexane'gaVe 97 (79 mg,
34%)vas.a mixture of isomers that was homogeneous by TLC
(silica, 5% ethyl acetate — hexane): IR (neat) 2235,
1448, 1380 cnl; 1y wr (CDCly, 200 MHz) & 0.60 — 2.80 (m,
23H), 3.20 — 3.60 (m, 1H), 5.20 — 5.70 (w, 1H); exact
ﬁass, m/z 231.1991 (caled for CygHpgN, 231.2017). Anal.
calcd for‘C16H25ﬁ’ C, 83.04:; H, 10.89. Found: 'C, 83.08;,
H, 10.69. | :
4 N t

Ozonolysis of olefins .87; Octahydro—l—oxo—2—(phenyi—

sulfonyl)—Lﬂfindene 90: The procedure employéd for 70 .

was followed using olefins 87 (157 mg, 0.445 mmol) in dry
methanol (8 mL) and trimethyl phosphite (0.073 mL, 0.623

mmol) . Evaporation ,of the _solvent, followed by flash



chromatography of the residue over silica gel (1 x 15 cm)

with 30% ethyl acetate — hexane gave Wepones 98 (100 mg,

v

81%), as a mixture of isomers that was homogeneous by TLC
(silica, 30% ethyl acetate — hexane): IR (CC14) 1748,
1449, 1309, 1149, 735, 688 cm_l; 1y NMR (CDC13, 200 MHz)

1.0 — 2.60 (m, 12H), 3.80 (m, 1H), 7.65 (m, 3H), 7.90 (m,

. - :
28); 13c nMr (CDCl53, 100.6 MHz) & (carbonyl signals)

204 .4, 205.2; exact masé, m/z 278.0945 (calcd for

C15H18038, 278.1851).

Ozonolysis of olefins 93;‘\’Décahydro—l—oxo—2~(phenyl-

‘;sulfonyl)azulenevIOO: The précédure employed for 70 was

followed usidg olefins 93 '(75. mg, 0.20 mmol) in dry
methanol (5 mL) and trimethyl phosphite (0.033 mL, 0.28
mmol). Evaporation of the solvent  and flash

éhromatography of the residue over silica gel. (1 x 15 cm)

with 30% ethyl acetate. —-hexane gave kbtones 100 (48 1 mg,‘

83%), as a mixture of isomers thet was homogeneous. by TLC
(silica, 30% ethyl ‘acetate — hexane): IR (CCl4) 1740,
1445, 1320, 1150 cm™1; ly mmr (CDC13; 200 MHz) 61.0 — 2.8
(m, 14H), 3.68 — 4.1 (m, 1H), 7.1 —;7:95 (m,.sH); 13c nMr
(CDC13, 100.6 MHz) ‘6 (carbonyl gignals) 20774, 209.2,
209.3, 214.3; exact mass, m/z 292,1137 (caled for

Ci1gHo003S 292.2007).
¢
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Ozonolysis of olefins 97; Oétahydro—l—oxq—ig;indene—z—

cérbonitrile 101

‘The procedure employed for 70 .was

3

fo}lerd using olefins 97 (57:‘mg,, 0.54 mmol) in dry
dichloromethane (S:mL) andftrimethyl”phosphité (.04 mL,
.0.34 mmol). . Evaporation éf thei solvent and flash
chromatography of the‘resiaue over silica gel (1 x 15 cm)
with 20% ethyl acetate-—'héxane gave Xetones 10{ (18 mg,

44.7%), as a pure (TLC, silica, 20% ethyl acetate —

hexane) mixture of isomers: IR'(CC14) 2240, 1752, 1440,

700 cm~! lp NMR (cDCly, 200 MHZz) 60.8 — 2.7 (m, 12H),
©2.95 — 3.5 (m, 1H); exact mass, m/z 163.1001 (cal:d for

C1oH13N0, 163.1030).

Cis'i'(Phénylethynyl)—2—(phehylseleno)cyclohexaﬁe 105% a

solution of phenyl selenbcyanate88 (688 mg, 3.78 mmol) in

THF (3 mL + 1 mL rinse) was injected into a stirred:

solution of the alcohol 54 (630 mg, 3.15 mﬁol) and tri-n-
. butyl phosphine (0.94 mL, 3.78 mmol) in THF (15 mL). The
mixture was ~stirred at foom- temperature for- 72 h.
Evaporation of the solvént,gnd flash chromatégraphy of the
residue ovet silica gel (3 x 15 cm) first with hexane (to
. N

elute  diphenyldiselenide) and then with 10% ethyl

acetate — hexane gave the selenide 102 [845 mg, 94%, based

on recovered starting material (105 mg)]. Selenide 102

Vad

&
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had: IR (neat) 2230, 1600, 1580, 760, 695 cm~)l; lm wMr
(éDc13, 200 MHz) & 1,29 — 2.20 (m, 8H), 3.25 (m, 1H), 3.40
(&t, J = 10, 4 Hz, 1H), 7.30 (m, 6H), 7.5 (m, 2H), 7.65
(m, 28); 13c wMR (cDCly, 100.6 MHz) & 21.7, 26.4, 30.8,
32.0, 35.0, 47.4, 83.9, 90.5, 123.8, 127.2, 127.5, 128.8,
130.0, 131.6, 134.4; exact mass, m/z 340.0719 (calcd for
CooHygSe, 340.0705). Anal. calcd for C,gHpgSe: C, 70.57;

H, 5.92. Found: C, 69.22; H, 5.77.

Annulation of Selen£§e 102 with methyl acrylate; Methyl

octéhydro—l—(phenylmethylene)—yﬁfindene—z-carboxylate_53:

-

The‘general procedure for radical Eﬁnulation was followed
using‘selénide 102‘(155 mg, 0.457 mmol)f freshly distilled
‘methylAacrylate_(472 mg, 5.48 mmol) in benzene (30 mL),
triphenyltin hydride'(240_mg, 0.685 mmol) in benzene (10
mL), and .AIBN (20 hg, 0.12 mmol) in benzene (10 mL).
After evaporaﬁibn of the solvent, flaéh:chromatography of
the residue o&er silica 'gel (2 x 15 cm) with 5% ethyl
acetate — hexéne gave‘ﬁé (43 mg,x35.3%)—a&,a mixture df
isomers that was homogéneous by TLC (silica, 5% ethyl
'
acetate —.heiane): 1y NMR (CDC13, ZOG/MHZ) 5 0.95 . — 2.30
(m, 12H), 3.30 — 3.88 (5 s, 4H), 6.20 — 6.72 (6 broad s,

1H), 7.15 — 7.40 (m, 5H).



Annulation of selenide 102 with acrylonitrile; Octahydro-

1—(phenYlmethyiene)—lﬂ;indene—Z—carbonitrile 86: The

general procedure for ‘radical.'aﬁhulation wag followed
using sglenide 102 (330 mg, 0.97 ﬁmol), freshly distilled-
acryldnitrile (939 mg, 17.7 mmol)_ iﬁ benzene (30‘ mL),
tripheﬁyltin hydride (SQQ_hg, 1.42 mmol) in-benzeﬁe (lQ
mp);’ and AIBN (20 mg, -0.12 mmol) in beﬁzene (10 mL){
After.evaporation of the SOIVentM flaéh chromatography of
the residue over silica gel (2 x 15 cm) witﬁ 5% ethyl
acetate — hexane gave 86 (69 mg, 30%) asi a mixture of
isomers -that was homogeneous by TLC (silica, 5% ethyl
‘acetate — hexane): lu NMR (CDCly, 200 MHz) & 0.55 — 2.70

(m, 12H), 3.40 — 3.90 (m,. 1H), 6.28 — 6.82 (7 broad t, J =

K3

A

2.9 Hz, 1H), 7.30 (i, SH). T

cry

o

2-Bromo-1-(phenylethynyl)cyclohexanol 104: B;Butyliithium

in hexane (1.6 M, 3.53 mL, $. 65 mmol) was added to phenyl-
acetylene (692 mg, 6.78 mmol) in THF (15 mL) at -78°C and
the mixture was stirred for 15 min. 2-Bromocyclohexanone

10389 (1.0 g, 5.65 mmol) in THF (6 mL + 1 mL rinse, was

added dropwise to the solution and, after stirring for 30

min more at -78°C, the reaction mixture was quenched by

addition of A saturated ammonium chloride (15 mL). The

'

organic layer was separated ‘and the aqueous phase was-
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extracted with ether (2 x 15 mL). The combined B%ganic
extracts wer; washed with Dbrine, »dried (MgSOA), and
evaporated. Flas% chromatography of £he ’residgé_ over
silica .gel (3 x 151cm) with 8%  ethyl acetate — ﬁgk&qgl
gave pure (TLC, silica, 10%"ethyl acetate —. hexane)

alcohol 104 (1.28 g, 81.3%): IR (neat) 3460, 2230, 16Q0,

1490, " 1445, 760, 695 cm™l;. ln NMR (cDCi;, 200 MHz) &

1.19 — 2.35 (m, 8H), 2.70 (s, 1lH), 4.50 (dd, J = 8.8, 5.2

265

Hz, 1H), 7.35 (m, 3H), 7.51 (m, 2H): !3c NMrR (cDCly, 100.6°

MHz) & 20.7, 24.7, 32.6, 37.4, 63.1, 69.4, 84.2, "91.0,

k3

122.2, 128.2, -128.3, 131.6; exact mass, m/z 280.0287

“(caled for ' Cy4H,58'Bro," 1280.0159)."  Anal. calcd for
CycHgBrO: C, 60.21; H, 5.41. Found: C, 60.38; H, '5,41.
4 ”ZJ“

' .

Annulation ‘'of bromide 104 with acrylonitriié) Octahydro-

7a—hydroxy—1—(phenylmethylene)-ljﬂfindene-2-carbo—

7

nitrile®105: Phe general procedure for radical annulation

" was followed using bromide 104 (279 mg, 1.0 mmol), freshly
‘distilled acrylonitrile {795 mg, 15.0 mmol) in benzene {15

"mL), triphenyltin hydride*(421 mg, 1.2 mmol) in benzene

(10 mL), and AIBN (20xmg, 0.v2 mmol) in benzene (10 mL)-.

After evaporation of the solvent the residue was workedﬂup
as described for 58. Flash chromatography, in the manner

“indicated, using 16% ethyl acetate — hexane gave 104 (164

e
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hg, 64.8%) as a mixture of isOmers-i IR-(neat) 3480 2220

700 cm™1, lH NMR (coc13,‘4oo MHz) & 0.79 — 2. g8 (m, 12H),

2.40 — 2,85 ﬂm, lH),‘6 50 — 6.90 (6 broad s, lH), 7.33 (m,

SH) exact mass, m/z 253.1472 (calcd .for CyyH, oNO,

253.1498). . T e

lﬁfiﬁidazole—lhcarbdthioic_acid,_9f2—(phehylethynyl)—'

cyclopentyl ester. 106: Alcohol 72 (700 mg, 3.76 mmol) and

,1 l'—carbonothio?lbis-lﬂ—imidazole82 (1 6 g, 9.0 mmol) -

were placed in a flask and covered with dry 1,2- dlchloro—

‘lethane (15 mL) The resulting sdlution was refluxed under

~ o . ]

argon for 16 . Evaporatibn of the solvent and flash

'7chromatography of the res1due over 51llca gel (3 X 15 cm)
: w1th 25% ethyl . acetate - hexane gave pure (TLC, 5111ca,

1253 ethyl ‘acetate ~ hexane) 106 (1.01 'g,” 90.6%): IR

(neat)f2220 1598, 1530, 760, 695 cm~l; lu NMR (cpcly, 200

_ MHz) & 1.70 i'z_."gs.o (m, ,GH), 3_,30 \_('m, 1H), 5'..85 v(dt, i’q .
‘6.4,.2.8 Hz,élﬁl,:7 05 (5,713), 5 30‘(m, 3H), 7:.43 (m,
2H), 7.63:(tt~j~= 2 Hz, l?), 8. 32 (s, lH) exact mass, m/zd-l.
‘296 0977 (calcd for C17H16OS, 296 193L) _ Anallicalcd for

. C17H1608- C, 68.87: fi, 5.44. . Found: C, 68.52; H, 5.41.
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Annulation bf'alkoxythiocarboqylimidazole 106 with acrylo-

,ﬁitrilev | Octéhydro—l—(phénylmethylene)pentalene—Z-carbo—

< r

AsolQent, flash chromatograpﬁy of the residue jover silica

nitrile 88:; The geqenal'procedure for radical annqlatiop
was followed usfng-‘alkoxjthiocarbonylihidazolé 106 (200
mg, 0.675 mmol). and freshly distilled acrylonitrile (537

/
mg, 0.1 mmol) in benzene (30 mL), triphenyltin hydride

(355 mg, 1.01 mmol) in benzene (10 mL), %¥nd ‘AIBN (16 mg,.

0.097 mmol) in benzene (1@ mL). After eVaporatidn_of the
gel (2'x 15 cm) with 6% ethyl acetate =~ haxane gave pure
(TLC, silica, 10% ethyl acetate — hexane) ) (40 mg, '26%)

as .a mixture of iéoméfs: lg NMR (CDC13, 200 MHz) &§.0.70 —

2295 (m, 10H), 3.20 —3.90 (m, 1H), 6.30 — 6.75 (5 m, 1H),

7.29 (m, 5H); éxact"mass,'m/z 223.1361 (calcd for CigH17N,
223.1390).

-

24(Pheqylseleno)-2—propenenitrile 110:81 The. .literature

!

prodedure81 was followed: 2—Propenenitriléz(2;0 g, 38.0
mmol) in dry dichloromethane (12 mL) Was, added to a

stirred SOlution of bhenylselenenyl bromider (8.12 g,

32:0 mmol) in dichlorémethane (50 mL). The resulting

mixture was refluxed under é;gon for 18 h' and cooled to

1 rbom temperature. Triethyiamine (6.09 mL, 48.0 mmol) in

dry benzene (100 mL) was‘thenladded and stirring at room

‘temperature was = continued for a further 15 h. The

-
O
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suspension .was ‘filtered using he%ane. as a rinse.
'Evapofation of the solvent and flash.chromatograpﬁy of the
residue over silica gel (4 x 15 cm) first wiﬁh 1% hexane
) ! o
(to elute diphenyldiselenide) and then with 5% ethylf
acetate — hexane gave 110-(2.0 é, 308) as a pale yellow 
oil:" IR (neat) 2220, 1690, 740, 690 Crrll_l“,;.‘j‘H' NMR (CDCly,
>80 MHz) §&6.1 ‘(s, 1), 6.55 (é} 14), 7;2 — 7.55 (m, 5H).

x

The compound was used immediately for the next stage.

l;(14Cyclohexen4l—yl)pyrrblidiné 116:°1 The literature
91

pfocedure was followed: A sOluéion of cyclohexanone
(23.4 é, 0.238 mol) and pyrrolidihé (20 mL, 0.238 mol) in
pénzené (50 mL) ,was; refluxed using a Dean—Sﬁark trap.
After 3 h no mofe water was produéed. 'Thé'solvent:was
evapbpatgd and the residue was distilled to give the
enamine 116 (31.6 g, 88%)5 bp 100 —-lQS°C (5 mm) [lit.91
bp 64'—!é5°c (0.5 mm)]. Tﬁé-coﬁpound was used immediately

for the next'stage.

a

‘ 2—(Okocyglohexyl)—2¥(phenyiéé;eho)propahenitrilé'117: 2-
'Phenylseleno—2;ﬁfopenénit;ilei110 (275 mg, 1.31 ﬁmol)-in
dryATHF (? mL + 1 mL rinse) was injected'drépwise at roomt
temperétﬁré into a stirred:sOlution of enamine 116 (180
mg, 1.19 mmol) in .THF k6.ﬁL). . The resﬁlting mixture was
étirred for 3 ﬁ, Qatgr (10 mL)‘was_added, ana.stirring at

: \
v ’ : \

I'd

,v
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room temperature was .continued for 30 min. The mixture

was extracted with ethér (2 x'15 ml) énd-the combined
extracts were washed with brine and dried (MgSOZ).
Evaporation of the solvent and flash chromatography of the

residue over silita gel (2 x 15 cm) with 20% ethyl

‘acetate — hexane gave ketone 117 (335 mg, 91%) as a pure

(TLC, silica, - 20%° ethyl acetate — hexane) mixture of

isomers: IR (neat) 2220, 1705, 750, 695 cm-l; lH NMR

- , : )
(CDC1l3, 200 MHz) 61.2 — 2.15 (m, 7H), 2.2 — 2.45 (m, {30),

l

:
2.5 ~ 2.75 (m, 1H), 3.8 (dd, J = 8.8, 7.6 Hz, O.5H),’3.98
(aq, J = 12,‘6 Hz, O;SH),'7.4 (m, BH{Lﬂ]l7 (m, 2H); exact
hass,‘m/z 307.0463 (calédvfor Cisﬁi;NOSg; 307.0507 ;' The
substance waéltoo thtable for‘combq5£ionwanalysis.'

g \

[2—Hydroxy—2—(pheqx}ethynyl)cxg}ohexx}]—Zfiphenylséleno -

propanenitrile 118: n-Butyllithium (1.6 M in hexéﬁéff?iég

mL, 1.39 mmol) was 5injectéd. dropwise at -78°C. into a

solution Of‘phenylacepylene (163 mg, 1.6 mmol) in THF (5

mL) and the

. g

(330 mg, 1,05

=T |
dropwise over 10 min and the resulting solgtion was
: _ . . . [

stirred at -78°C for 30 min. Saturated aqueous ammonium

L

- ether (2 x 15 mL). The combined organic gxifécts were

washed with brine, dried‘(MgSO4X, and evaporated. Flash

mixture was stirred for 15 min. 1Ketbne 117

;%in,@ﬁf-(3 mL, + 1 hL rinse). was .added

chloride was added and the mixture was extracted with
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chfomatography of‘thé residue over silica gel (2 x 15. cm)
with,20%'ethyl acetate — hexane gavé 118 (4l4vmg. 94.7%)
as a pure (TLC, silica, 20% ethyl acetate — hexane)

mixture of isomers: IR .(neat) _3450, 2240, 1590, 1570,

745, 695 cm™l; lu NMR (CcDCly, 200 MHz) 1.2 — 2.15 (m,’

11H), 2.2 — 2.6 (m, 1H), 3.8 —"4.2 (m, 1H), 7.3 (m, 835.
. 7.7 (m 2H): 13c ' NMR (CDC_1'3, '100.6- MHz) - 5 (aromatic
sign$1s) 119.8, 120.1, 120.4, 120.6, 122.2, 122.3, 125.8,
126.0, 126.1, 128.0, 128.1, 128.18, 128.2, 128.3, 128.4,
129.2, 129.3,-129;33; 129.4, 131.5, 131.6, 136.1, 135516;
136.3, 136.4; exact méss, m/z 409.0952 (caled for
C23H23NSeO,.40910970); satisfactory C aﬁéiyéis,could not
be obtained. Anal. calcd for C23H23N05e: CL 67.46; H,
5.66; N, 3.42. Found: C, 64.95; H, 5.41: N, 3.37.

\

General procedure for radical cyclizations: [Oven-dried

apparatus and anhydrous sdlvents‘were,used. AiBN (Eastman‘
material) w#é used without purificatién.] - The substratef
(0.4 — 1.0 mmol) was placed in a ioq‘mL rdundfbottomed
flask containing a Teflén—coated ﬁagnetic étirring bar -and
equipped Qith a reflux condenser élosed' by‘ a fubber
"sebtqm. " The ,systeh_ was pqrged ,yith .arQOn for ‘5 min.
Benzene (15 —-2Sme) was.injected ihto the fiask which was
vthen immerséd in an oil bath'éreheated to‘8¢fc.- Bénzene
solutions of triphenyltin hydride (1.2 equiVaients{_O.os —

’
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0.07 M) ‘and AIBN (9.1 equivalent, 0.01 M) were then
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injected 'simultaneously over 10 h by means of a double .

syringe pump. Refluxing .under - argon was continued

‘throughout the addition and for a further arbitrary period'

of 2 h. The mixture wasaihen cooled and evaporated under
water pump vacuum. The resldue was, processed as descrlbed
for the 1nd1v1dual examples

gyclizatioh of selenides 118; Octahydro 7a—hydroxy 1-

-(phenylmetbylene) -1H-indene- 2- ~carbonitrile 105: ‘The

general procedure for radlcal cycllzatlon)>was followed_

using selenldes 118 (180 mg, 0.44 mmol)"in benzene (15

" :

mL),eﬁriphenyltin hydride (175 mg, O.SO*mmol) in benzene'

(7 mﬁf-3and AIBN (20 mg, 0.1l mmol) in benzene (7-mL)

Evap atlon of the-” solvent and flash chromato raph of the_
g y

re51due over silica gel (2 x 15 cm) with . 20% ethyl

~

acetate — hexane Jjave 105 (101 mg, 91%) as a pure. (TLC

5111ca 20% ethyl" acetate —-hexane) mixture of 1somers 'IR
i :

S .
(cc14) 3450, ° 2250, “1590, - 1550, 750, 700 cm~l; lH NMR
| .

(cbcly, 200 MHz) 80.9 — 2.5 (m} 12H), 3.4 — 3.85 (m, 1H), .

6.5 — 6.9 (5 broad s, 1H), 7.4'(m,-5H)f exactvmass, m/z

“ 253.1473 (calcd for C17H1gNO, 253.1498). Anal. calcd for -
o . ' .

Cy7HjgNO: .C, 80.58; H, 7.56; N, 5.53. Found: €, 79.58;

o
. . I
H, 7.47; N,_5.42. '

Y2



i(l—CyClbpentenfl—y1)éyrrolidine 129:48,60 procedure

employed for 116 was'followédfuéing.cyclopentanone (5.2 g,

61.8 mmol) and pyrrolidine (5.66 mL, 67.9 mmol)- in benzene

(50 mL). " The reaction mixture was feflﬁxed for 4 n.

Distillation of the residue gave enamine 130 (6.52 g,

77%):  bp 90 — 95°C (11 mm) [1it.48,60 p g1 _ g3°c (9

mm) J. The ciaéound iwas used immediately for the ‘nexf
'stage{
2—(dxocyclopentyl)—2—(phehylseleno)propanénitrile' - 120:

' The procedure employed for 117 was lelowed qsin§ '2f

phenyiséleno—2~propenenitrile 110'(325 mg, 1.56 mmol) in

-dry THF (2‘mL.+'1-mL rinéé) and‘enamine 129 (178 mg,rl;3

room temperature for 3 h .and was then Vw¢rked1.up;

-

Evgpogatioh of the solvent and flash ghromatography of the

Y

residue over 'silica "gel (2 x 15 em)’ with 20% ethyl

agétété-f- hexane _gé?e-Aketones 120 (360 mg, 94%) as_/a

mixture of isomers. The sample contained trace impurities

as judged by 4 ang 13¢ NMR: IR (CCly,) 2220, 1735, 1570,

740, 690 cm™!; 'H NMR (CDClj, 400 MHz) 61.5 (m, 1H), 1.8

(m, 2H), \2.0 — 2.50 (m, 6H), 3.93 (dd; J = 8, 6 Hz, . 0.4H),

3 , ) . .
4.03 (dd, J = 9.6, 6.3 Hz, 0.6H), 7.43 (m, 3H), 7.72 (m,

28); 3¢ NMr (cpely, 100.6 MHz) $20.2, 20.3, 23.5, 23.7,
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‘mmol) in THF (8 mL). The reaction mixﬁure was 'stirred at



23.8, 29.1, 29;5, 32.6, 33.2, 37.3, 46.5, 46.6, 47.2,
53.7, 129.2, 129.3, 129.35, 129.4, 129.5, 136.1, 1356,
218.4, 218.7% exact mass, o/z 293.0320 (calcd for
Ci4H1gNOSe, -293.0351). The sample was too_unstable for

combustion analysis.

[2-Hydroxy—2—(pheqylethynyl)cyclopentyl]—2—(phenylseleno)—

grooanenitrile 121: The procedure employed for 118 was

followed using n—butyliithium (1.6, M in hexane, 1.53 mL;
i

2. 46 mmol), phenylacetylene (376 mg, 3.69 mmo%) in THF (8

mL) and ketones 120 (360 mg, 1. 23 mmol) An THF (3 mL + Y

mL rlnse) - The reaction mixture was stirred at -78° C for

1 h and was then worked up. Evaporatlon of the solvent,

and flash chromatography of the residue” over silica gel (2

L

x 15 cm} with 20% e;hy} acetate f-hexane gave alcohols 121

.as a  pure (TLC, silica, 20% ethyl acetate — hexane)

_,mixture"'of isomers (350 mg, 8% overall ~from enamine

130): IR (neat) 3520, 2225, 1600, 1570} 750, 700 cm~l, 1y
AMR (cDCly, 200 MHz ) 81.2 — 2.5 (W, 10H), 3.75 — 4.05, (m,
1H), 7.35 (m, 8H), 7.72 {(m, 2H)7 exact mass, m/z 395.0792

(caled for . Cy,H, NOSe, - 395.0819). ‘Anal. calcd fo

CpoHoNOSe: C, 66.98; H, 5. 36 N,‘ 3.55. Feound: C;‘

65.65; H, 5;36; N, ;.59. Statlsfactory C analy51s co%&d
not be obtained. Anal. calc3 for CpjHpNOSe: C, ‘/6/98

H, 5.39; N, 3.55. Found: C, 65.65; H, 5.49; N,N3.59.

')

\
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Cyclization of selenides 121; Octahydfo-Ga—hydroxyil:

gphegylmethylene)pentalene—thafboniﬁrile 122: The

genefal groceduref for radical cyélization was fob? ed
using sefgnides -121 ‘(164 'mé, 0.42 mmol) in benzene® (15
mL), triphenylgin hydride (175 mg,“O.SO mmol) in beniéne'
(7 mL), ana'AIBN-(2O mg,” 0.11 mmol)-in benzene Q? mL) .
Evaporation of the solvent and flash chromatogfaphy of the'
residue over silica gel (20 x 15 cm) with 30% ethyl
acetate — hexane"gave péntaleneS' 122 (8§ mg, 89%) as a
pure (TLC,'silica,f30% ethyl adeﬁéﬁe —-hexéhe) mixture of

isomers: IR (neat) 3450, 2240, 1600, 760, 698 cm~l; lH
R - c ’ . ‘
@coc13, 200 MHz) 51.0 — 2.8 (m, 1QH), 3.5 — 4.95 (m,
- including broad t, J = 8 Hz, 1lH), 6:7 — 6.93 (4 broad s,
“1H), 7.10 — 7.80 (m, S5H); exact mags. m/z 239.1311 (calcd
for CygH;7NO, 239.1342). "Anal. calcd fo; CigH17WO= = C,
80.28; H, 7.16; N, 5.85.  Found: .C, 79.53; H, 7.09; N,

P

5.73. | ' [ e

\i—(l—Cyclohépten—l?yl)pyrrolidine 130:69'92 The procedure

employed for 116 was followed using cycloheptapone (7.12
g, 63.5 mmol) and pyrrolidine (5.0 g, 70.0 'mmol) in -

pénzene (30 mL).

~

The ésxture was refluxed for 4 h and the
solvent was evaporated. Distillation of the residue

afforded enamine 131 (8.1 g, 78%): fp 76 — 78°C (0.8 mm)



[1it.%9 pp 93 — 95°c. (2.2 mm)]. The compound was used

immediately for the next stage.

J |

2—(Oxocycloheptyl);2—(phenylseleho{propanenitrile ‘ 123:
The procedure employed qu »1{? \was followed using 2-
phenylseléno—2~propenenitrile 1Y
" dry THF (2 mL + 1 mL riﬁse)’and.enamine 130 (200 mg, 1.21
mmol) in THF (8 mL). The reaction mixﬁurebwéé stirred at
room températﬁre for 3 Vhs;and was tbén worked' up .
Evgporation of the solvent and flash chromagogfaphy of the
residue éver, silica gel (2 "x. 15 cm) with 15% ethyl
acetate — hexane ga§e'ketones'123 (291 mg, 75%)has é pure
“{TLC, silica,‘ 20% .ethyl acetate — hexane) miktuge‘ of
isomers: = IR (neat) 2230, 1698, 745, 695 cm”l; lH NMR
(epe1y, 200 MHz) 61.1 — 2.02 (m, 9H), 2.2 — 2.7 (m, 33*)',
2.8 — 3.1 (m, 1H), 3.75 (m( 14), 7:25 (m, 3H), 7.7 (m,
2H) 1‘?C’NMR (cDCl3, 100.6 MHz) 615.1, 23.3, 23.4, 23.5,
24:2, 28.6, 28.65, 28.7, 28.8, 31.1, 32.0, 34.2, 35.3,
43.1, 43.3, 48.8, 49.8, 65.6, 119.6, 119.8, 125.5, 125.7,
. 129,3, 129.4;:129.5, 136.1, 213.7, 213.8; exact mass, m/z
‘321.6638 (calcd:fOr'C16H19NOSe, 321.0§63)._ The substance

. was too 'unstable for combustion analysis.

0 (278 mg, 1.33 mmol) in
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[l—Hydroxyer(phénylethynyl)cycloheptjl]#Z—(phenyiseleng)—

‘propénenitrile 124: The proceduré employed for 118 w§

o | . : | j \

i
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followed using n-butyllithium (1.6 M in ?exane, 1.36 mL,
2.19 mmol), éhﬁnylaqgtylene (298“&9, 2.92 mmol) in THF (10
mL), and'kétoneé,123 (470 mg, lt46 mmol) in THF (3 mL + 1
mlL, rinse). The reactlon mixture was stirred at_—78°C for
>45'min and was worked up. AEvaporation of'theFSOIVeﬁt and
flash chromatogréphy of the residue over silica gel (2>x
15 qm?Awith 15% ethyl acetate — hexane 'gave alcohols 124
(585 mg, 94.6%) as a pure (TLC, silica, 20% ethyl
acetate — hexane mixturé of isomers: VIRV'(neat) 3450,
2230, 755, 740, 700 em-l; ly NMR (CDCly, 200 MHz) 6.2 —
"2_.25 (m, 13H), 2.3% 2.55 (m, 1H), 3.8 — 4.05 (m, 1H),”
7.3 - 7.7 }m,‘ 2H)% exact mass, m/z 423.1106“ {calcd for
Co4HpgNOSe, 423.1131).  Anal. calcd for C,,H,cNOSe: C,

68.06; H, 5.95; N, 3.31. Found: c, 68.07; H, 6.13; N,

3.44. : g 3

Cyclization of selenides 124; Decahydro-8a-hydroxy-1-

(phenylmethylene)azulene—2-carbonitrile 125: The general

>

procedure for radical cyclization was followed uéing‘
selenides 124 (230 mg, 0.54 mmol) in benzene (20 mL),
triphenyltin qﬁj{dride (19 mg, 0.62 mmol) in benzene (7

mL)T”:;d AIBN (20 mg, —O,li mmol) in benzene (7 mL).

c
v

Evaporation of the solvent and flash chromatography of the
residue over silica gel: (2 x 15 cm) with 20% ethyl

acetate — hexane géve 125'(152 mg, 91.7%) as a pure (TLC,

B3

%,
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silica, 25% ethyl acetate — hexane) mixture of isomers:
IR (CCly) 3460, 2230, 740, 698 cm~l: ln NMR. (cDCly, 200
MHz) 61.1 — 2.6 (m, 14H), 3.4 — 3.85 (m, 1H), 6.7 — 6.95
(5 s, 'lH), 7.2 — 7.7 (m, §H); exact mass;~ m/z  267:1628
(cdlcd  for CygH, NO, 267.1654).  .Anal. calcd for

C, 80.84; H, 7.92; N, 5.24. Found: C, 80.44:

4—(1—Buty1—lepentenyl)—(E)—morpholine 131:60 The

v

litefature procedure60 was followed: 5-Nonanone (2.85 g,
0.02 mol) and horpholine (6.10 g, 0.07 mol) in dry benzene
(3O ﬁL) were cooled  to O°C under argon. Titaﬂium
tetrachloride (1.21 mL, 0.0ll_mol)\in benzene (20 mL)'wés
add?d dropwise over 20 min and the mixture waé stirred for
15 h at room température. The resulting slurry was
filtered by suction through a pad of Celite (2 x 4 cm) and

A \ 7 . ‘
-the solvent was evaporated. Kugelrohr distillation of the

residue afforded the enamine 132 (3.6 g, 85%): bp 90 —
95°C (0.7 mm) [1it.®0 pp 105 — 115°C (0.9 mm)].  The

compound was used immediately for the hext stage.

«

u5—Oxo—2—(phehylseleho)—4—propylnonanenitrile 126: N The
procedure, employed for -117 was followed using 2=

phenylseleno-2-propenenitrile 110 (325 mg, 1.56 mmol) in

b
3
t
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THF (2 mL + 1 mL rinse) and enamine 131 (274 mg, 1.3 mmol)

278

in THF (8 mL). The reaction mixture was stirred at room

temperature for 3 h and was then worked .up. Evaporation
of the solvent and flash chromatography of',the_ residue
over silica gel (2 x 15 cm) with 6% ethyl acetate — hexane

gave ketones 126 (352 mg, 77%) as a pure (TLC, silica, 10%

ethyl acetate — hexane) mixture of isomers: IR (CCl,)

-1. 1 '
2225, 1709, 1580, 745, 690 cm *; fH NMR (CDCl,, 400 MHz)
/ N 3 )

150.9 (m, /6H), 1% — 1.8 (m, 9H), 2.25 (m, 1H), 2.2 (m,
m t .
2H), 2.8 (m, 1H), 3.6 (m, 1H), 7.4 (m, 3H), 7,7 (m, 2H);

¢

13c WMR (CDCly, 100.6 MHz) 813.7, 13.8, 13.9, 19.8, 19.9, .

22.1, 23.4, 24.2, 25.5,%32.7, 33.3, 34.0, 42.0, 42.1,
49.0, 49.9, 119.5, 119.6, 125.5, 125.7, 129.3, 129.4,
129.5, 136.1, 212.1, 212, 4; ~exact mass, m/z 351.1109

(caled for CygH,3NOSe, 351.1131).

5—Hydroxy—2—(phenylsele;no)—5—-(phenylet}'xynyl)--4--p1:opyl-—.k

nonanenitrile, 127: The procedure employed for 118 was

followed using n-butyllithium (1.6 M in hexéne, 1.19 mL,

1.91 mmol), phenylacetylene (293 mg, 2.86 mmol) in THF (8

mL), and ketones 126 (335 mg, 0.956 mmd1) in THF (3 mL + 1

mL rinse). The reaction mixture was stirred at -78°C for

1 h and was then worked up. Evaporation of the solvent
and flash chromatography of the residue over silica gel (2
: , .

% 15 cm) with 10% ethyl acetate — hexane gave alcohols 127
C , : »



as a pure (TLC, silica, 15% ethyl acetate — hexane)

mixture of isomers: IR (neat)- 3450, 2230, 1580, 755, 740,

690 cm™l; .1y mMr (CDCl;, 400 MHz) 60.92 (m, 6H), 1.05 —

1.8 (m, lQﬁ),» 1.95 (m, 2H), 2.05 (m, O.5H), 2.11 (s,

025H), 2.2 = 2.4 (m, 1H), 4.0 (m, O.5H), 4.15 (m, 0. SH),

7.35 (m, 8H), 7.72 (m, 26); 13c NMR (cpcly, 100.6 wHz) 6

(aromat1p~ 51gnals) 120.2, 120.5, 122.2, 122.3, ‘126.2;
126.4, 128.2, 128.3, 128.4, 128.45, 128.5, 129.1, 129.2,
129.3, 129.4, 131.5, 131.6, 135.9, 136.0, 136.1, 136.2;

exact mass, m/z 453.1581 .(calcd for CzéﬂélNOSe,

279 \‘

453.1599).  Anal. calcd for. C,gH3iNOSe: cL_’ss.ss; H,

6.89; N, 3.09. Found: C, 69.13; H, 6.90; N, 3.10.

gxellzatlon of selenldes 13)‘/§:§uty1 3- hydroxy 2 (phenyl—

methylene) -4- proPylcyclopentane ~1- carbonltrlle 128:  The

residue overm Br11c>

general procedure for radical cycllzatlon was followed -

-

using .selenides 127 (145 mg, 0.32 mmol)'in benzene (10

mL), tripnenyltinﬁhydride (134 mg, 0.38 nmol) in benzene
o AR L s
(6 mL), and AIBN Ale mg, 0.097 mmol) in benzene (6 mL)

Evaporatlon of the solvent and flash chromatography’ of the

(2 x-15 cm) w1th 20% ethyl

ﬁe gave-128 (75 mg, 79%) as a pure (TLC,

' ' ?
20% ethyl acetate — hexane) mﬁxture of isomers:

peat) 3460, 2240, 1690, 1595, 755, 698 cm'1K*1H NﬂR

N i \ 1]
’

.
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S |
‘_66—-702(4d J=6Hz,‘lH),715—755(m,/

S5H); , exact
‘mass, m/z 297. 2095 (calcd)for C20H27NO, 297. 2122) Anal.

N calcd for CopH,9NO: 'c, '80.75; H, 9.15; N, 4.71. Found:

c, 79.97; H, 9.1% N, 4.4. ° | R ~
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