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ABSTRACT C

-

The ‘associated problems of generatxng spiro-

1

)

\

structures and quaternary carbon centres{are often

~—-4:*dlff1cult and much work has been done in/ thxs area in an

effort to develop useful synthetlc routes. In thls thesxs

—~a new and general ppocedure is descrlbed,as shown in

A
A . .
. 'y

Scheme 1. Q |
‘ Scheme 1
N ‘ [ '
. SePh - SePh :

naugl ‘A;l;
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i
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ot |

: Aldol condensatlon w1ﬂh (phenylseleno)acetaldehyde .

and radtcal cychzation ‘leads to trans-ring fused bicyclic.

. The preparation involves the dequence of |

'oompoﬁnds.
| Scheme 2. i T
X R ’ Scl;eme_ 2.'
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radical annulation .process (Scheme 3) was dévéioped.' | .
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1. INTRODUCTION

S v
A very imporcdnt aspeat of organic chemistry is the
formatiOn of c-C bonds. Most procedures used for this

purpose belong to one of four categorles.

1. concerted processes

\

2. ‘'carbanion reactions

‘ ., . .
3. carbonium ion reactions
Pt

4. free radical reactions.

of these areas, the free radical route to C-C bonds has
been ‘neglected by synthetxc organlc chemlsts until d

‘recentiy, apart, of course, from those involved in making
S : : : | ‘
polymers. . .

0 Free radical chemistry -Offers a number of useful

[

features. It Often works under‘mild and neutral

condltxons and the radxcal reactlons are usually not much
. [} _——
1nfluenCed by the nature of the solvent. _ One does not

'have to protect hydroxyl or carbonyl groups as is ‘the case

when carbanions are used. Furtbermore, some free radical

)

reactibns are noé\very sensltive to steric factors and so
they can be used to prepare sterxcally congested

molecules. Although tHin thesxs is concerned wlth the

»

development of synthetic methods based on radical

-

‘cyclzzation. the considerable literature on intdémolecular

‘ 1 oo




4

radical processes to make C-C bonds is also reviewed
briefly. This subject has been reviewed in detaill 2 ang

so, only the main featureg are summarized below.

Intermolecular Processes i

3

i

Chain reactions are terminated by combination or dis-

proportionation and, therefore the rate of reaction

“Between non radicals and radicals as in (egq. 1) should be

L] Ld

greater than the rate of termination.? For the process of

1 \ .

(eq. 1) to represent a synthetically useful process, R°
and 2 must differ appreciably in reactivity. If R* is a

a .
nucleophilic alkyl radical, then electron deficient —

alkenes such asfacrylonitrile, are suitable because the
adduct ragdical is much less nucleophilic. Thus, the

reaction shown in (eq. 2) has a rate constant 106

r

. . CN CN .
: ’ ‘ + =/ — b : eq. . 2
‘ - ' . . “ 3 ' - ’ | N

-

A



Lmol~1s~1, and that shown in (egq. 3) has k = 102 Lmo1l~1g~1

at 20°C.
CN ) CN
CN . eq. 3
O/\./ * =/ O/\E/CN
" P

The second reaction (eq. 3) is so slow that the radical 3
is trapped by tributyltin hydride (eq. 4) before it Can
react further with\?crylonitrile, the rate constant being

106 Lmol"lzs;‘1 at 20°cC.

CN CN
' [ ]
[:::]//~\7: M -SnBu, -—————-._(:::]//\\I/ + Bu;Sn . eq. 4

3

—_—

From the rates shown above, it is clear that the
concentration of acrylonitrile must be higher than that of

tributyltin hydride. However, the cofcentration.ratio

-

"~ CN .
[ ==/ - ) ;
[ BuySnH } '

~

also influences the fate of 3. If the excess of - | o—

o



<
acgylonitrile‘is too large, then 3 will react noticeably
with acrylonitrile ins£ead of with tributyltin hydride.
Therefore, it }s necessary to find the'optimumﬂ

concentration ratio

CN-
[ =/ 1

[ BusSnH ]

for a particular radical-electron deficient olefiﬁ pair.
The nature of the substituent Y in 1 exerts‘a strong
influence on the rate of addiﬁion of R*. Since R-Br and 1
(as well as other electron deficiént olefins) react at
comparable rates with Bu;Sn®, one should use R-I, which

are 10-100 times more reactive towards Bu;Sn®.

‘Genérally, cyclohexyl radicals react faster with E-
nes than with Z-alkenes, and for. terminal alkenes, the
relative reactivity as the substituent is '‘changed varies

a

as shown in Table 1.3
Bulky substituents in the @ position have little
influence on the rate (eé. 5) and (eq. 6). For, these

-COOMe
. eq. 5




. Ky coome .
N — . eq.
‘ COOMe S :
Table 1. Relative rates of reaction with Michael acceptors at 20 C.

X . Y ‘
O Y

X CHO CN  COMe COOMe ~ CONH; |
rel rate 34 24 13 6.7 113

X Ph  CI OAc H  Bu
rel rate 1 ~ 0.12 0.16 0.15 0.004

reactions kj/k, = 2.95. However, p-substitution has a

considerable 'influénpé on the ra
o | < o
104 slower than when methyl acrylate is used.

o~

te (eq. 7) which is 2 x



\‘ ' o o ) '
‘ ' I ¥

~Electron relea81ng groups (e.g. Me) attached to a radical

sxte (as in CH3CH2 versus CH3) 1ncrease the rate of

reaction, while large (1sopr0py1, _;butxll~a1ky1j  . e A

substituents at a radical site (as in EEBu—CH;) decregse

the rate of addition by exertingvavsterié%%ffecti
Unsaturated, radical—stabilizing substituents ke gi C=N,

N 4

'ﬁh{ decrease the rate of addltxon of thgt :adlcal.

Radlcal cycllzatlons, lnvolvlng double bonds have

been examined from a physical organic chemical point of
view, especially by»Beckwith.4 ‘ R L

F) °

Intramolecular Processes
. e

A longstanding problem in the intramolecular process
of (eq. 8) was the reason for formation of the éhermo—

dYnamically less stable cyclopentylmethyl radicai@

'-’U/—*O/ O‘ .

R tI’BCQ ‘

R . : a

Beckwith pr0pos‘es5 that the ease of cyclizat}oh is

detetmihed by the ease ofvaccéss of the transitioh state

shown below.

A



'end‘the‘preference for 5-exo closure (eq('@) is
interpreted in these terms, ife. theypreferredfapproach
upethway of the_radical to the doubie’oond is more eesil§‘
accommodated ty a trapsition state.leading to 5-exo
closure than by one leadlng to 6-endo closure. The
transition state 1e early, and so the thermodynam1c
" stability of the‘prOduct (in thls 1rreversable reaction)
is nog important in controlllng the regxochemlcal outcome.
The directton and relative rates of cycllzatlon of .
‘»_dxfferent hex-S-enyl radlcals have been determJ.ned.6 Sub-
stituents on the oleflnzc bond at C—(S) have a profound
effect on the rate of 1, S-cﬁclizatlon. and substltuents at
c -(6) retarded the rate of 1, 6-cyclxzation (Table 2) \
‘Entries (1 & 2) show that the substitution at C<(1) has
;only a small effect on- k1 Srel velues. Entr;es (3 & 4).

‘,-ahcw that substituents at C-(6) have a smal effect\on"

‘ kl Srel values. The last entry (5) shows that a _".




. ‘ . ! e . T A‘. . . ) . .
Table . 2. Relative rate values for k 4 5 and k, ¢ at'20 'C.
" |Entry 1,5 exo - 1,6 endo | Kyg kg
. i, ‘ ‘ : _
1 1 0,02
12 1.4 0.02 | ¢
k ! \ .
3 14, 0007
)
4 24 0011
5 0022 004 |
%‘ '

,substltuent at” C (5) ﬁas a. large effect on the val-ue cf

. Ry Siel.‘ ‘ Ll |
l e 1 Iq summary.‘, 1ntramolecu1ar add:.tion under kznetic
, eontrol 1n lower alkenyl and related spec:.es eecuxi§1
@ ‘\A/ preferenually in the exo mode.7 'I'he same ie ;rue for
! " alkynyl ‘radzcals. , Th,:.s exo mode is kmetzcally favoured, ‘



‘ﬁbecause the‘etraln generated by accommodatlon of the
triangular‘disposxtlon of centres requlred‘for homolyéic
add1t1on leadlng to_gggg_closure outweighs the thermo-

chemical and other factors dlsfavourlng the formatlon of

the thermodynamlcally less stable product.?

~

1,5 Ring closures of substituted hex—S-enyl and
related radicals are stereoselective. - This is due to

orbitjal symmetry effects on Cyclizatioﬁ of the type shown

| Iin‘(e . 9).7 o s . . o L;Q.

4

n The stereochem1ca1 consequenoes are predlcted by
essuming a chalr-llke tran81txon state w1th th(, |
’substituents preferentially equatorial.‘ Thus, bulky
; d?substituents‘should lead to pronounced stereoselect-'

)

"'fivity. The follow1ng observations - in conformlty with

Coa



'

these ideas have been mad‘e""('l“able 3)'.'9 The situation. with -

1y

" Yable 3. Relstive k valuss for cis and trans stereochemistry.

1}

Entry] N 1 ‘cls ' o tp.n. ’ ‘ kolu'”"t‘u‘il\l "‘ ‘
1 2.35

" 3.3
’

'
3 e

a .4.5

- eyclie Syetents is more ‘complléaiéd. For example, compound‘
.4 Scheme 110 gave 6, 7, 8, and 9 in the ylelds -

1nd1cated. 'I'he r1ng imposes sterlc restraxnts on the
reactlon tﬁat are not present 1n t'he acyclic case. .
Inspectlon of 5 wlth the butenyl gronp equaton.al, allows ‘
poor overlap of the semoccupled and x* orbitalo. Maxlmum;.f-,

o overlap 13 achieved when rxng closure occura throug‘h the

-



Scheme 1’

7 665 s (15%) e (4%)

conformation in wh:.ch the substltuents are axial. -This

feature leads to’ cie fusion. From an 1nspect1on of models

the stereochemlcal fate of the methyl group is not easy to
r Lo

understﬁand; ' The case ‘shown in ~Scheme »210 was also "

.examined. .

Scheme 2.

els 39%
tuns 24 9%

11

%



- In the above example, a quaternary centre is formed. The‘

as in (eq. 10). 11

As expected, the C—(S) substituents (Scheme 2)
dxsfavour 1 5-closure and the main path 13 the 6-endo '
ane. However, the 5-exo product as expected’ has the

‘

methyl group, and formal c-(4) substltuent trans.

| In sultable systems however, hlgh regxoselectxvity

can be observed in closuxe onto substltuted double ‘bonds
w O. . .

eq. 10

OH CN e
(70%)

cis r1ng Junctlon is the result of the requxred geometry

of approach of the v1ny1 rad1cal to’ the r1ng double bond.

12,

Intramolecular cycllzatlon of acetylenlc radlcals as -

in (eq 11)12 is likely to become" a useful process inv




v

! t ' -

,"double bond, which can be used as the sta:tlng point for o

further manipulatxon, such as oza§01y31s to a. ketone.

‘fLittle mechanistic work has been reported for processes of
‘the type shown in (eq. 11).. - ‘ . o
Synthetic Applications of Radical Cyclization ST

The synthetic appllcatlons of radlcal cyclxzatlon

have been rece1v1ng growing attentlon durlng the 1ast few

Lo

“years. S U o -"»"‘ L
' The initial . iso;ated §ppllcat10ns by Bakuzls (eq._ ,
12)13 - o |

S eq. 12
I.B.'U3SnH
i wittig
o ,
,}_‘ .
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Y
v

. 0N

\and the eari1er ploneer;pg stud1es (19p4 1968) of Jul;als 1

" were not followed up by ‘the chemxcal communxty ”&_AQ

In 1981 Bach116 réported the use of radicql | S
.cycllzatlon in the penxcxllxn serzes.. Shortly afterwa;ds
:Storkﬂﬁ*blxshed h;s in1t1a1 work on. v;nyl radlcal

cycl;zat;on (eq 14)11 and- Hart descrlbed the f;rst of

(72%) . Ce

. a ser;es of researches aimed - at maklng pyrrolld;ne

.\'a%§alolds by radical olosure.- | S c | L

»

wOrk 1n thls laboratory was begun in 1982 wlth the
a1m of devxsxng general ‘methods for converting read11y1
avallable compound type§ such as oleflns, ketones,'f

alcohols,\etc.,into materials thaﬁ are correctly . '

\ 0

const1tuted to undergo rf"‘
.“.alm was to make carbocycles, although th first useful

a

'results were’ in the area of heterocycles.')_:_

“

In the followxng pages, tﬁe main aynthetlc

“f:appllcatlons of radlcal cycllzation are reviewed and. in
K3 '

ifso far as gosaible,”fdassifzed according to whetber

v

"3 heterocycle or a carbocycle 18‘producedm Each .ection ia

1‘%
. . ' Y . S
SN e e ' o -

‘;cyt11;a ion. . The inxtlal

Co i .
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AN

”% 19 used as the radxcal trap.

| i

‘mﬂ‘: One of the early apgllcatlons of radical cycllzatlon

]

»,
»‘cggg in the area of 8 lactam antibiotics. 16

«

The readlly

‘accessible ﬁ—lactam 10 was converted into the chloromethy}l .

derivative 11.

[

Treatment with trxbutyltxn hydride formed

'the radlcal 12, whxch cyclized by a 7-endo pathway 12 » 13

{eg. 15). The product 13 was isolated in 34%. A

R A
0"\.‘ ' ’

) o;v;ﬂﬂ L "o;v/ﬂ :
Y ewo T Bu3SnH
o T TT _[f
0 E e " SQC'2 O o NS

o 10 11

| ( ' eq. 15
i ?l’;ﬁ" . N\
8 . R ¢ CH3

' 14 (51%) 3 (34%)
4 e ‘f
sulistantial amount (31% isolated yield) of uncycllzed

material 14 was produce¢ and no product ariéing from

o

.of:l/\)\'.

15

}'G-e*Q closure (cf. 15) was formed. On the basis of

{ S ‘/



Kidetic measurements, 6-exo (and 7-endo) cyclizations are
slower than 5-exo and so the relatively high‘proportion of
non éyélized material is understandable. Allylic H-
‘abstraction may also be involved in affording the noﬁ 4
cyclized material. It “is possible‘that‘a higher - |
lproportion‘of cyélized material wouid'résuit if the tin
hydride were added slowly during the course of the
reaction, but the reason for the preference of 7-endo over
6-exo closure is not clear. Possibly, the 4-membered ring
imposes geometric restraints on the‘relative'positiOns of

the pendants and makes the route to the 7-membered ring

[ e
T

easlier.

Bicyclicg-lactams can also be approacﬁed in"another

way.17 When the sulfide 16 was heated with tributyltin
hydride and a trace of AIBN, it gave the direct reduction
product 17 (25%) and only one cyclized product 18 (55%)

resulting from endo closure. This unusual preference for

N ”

the endo mode, again probably reflects the strain in the

. & .
exo transition structures engendered by the azetidinone

ring (eq. 16).

n

L] ‘ v ’ ‘
SPh ' ‘
‘ ' Buj3SnH l . .
—_— N N eq. 16
, 0 o

16 17 (25%) © 18 (55%)

N

16



17

ﬁighnother class of heterocycle available by radical

closure is'the y-lactone group. Work in this area done in

Qur"laboratory will be described lagtr. As shown in (eq.

17)18 the phenylseleno ester 19 gave the lactone 20 (65%)
0
on treatment w1th tributyltin hydrxde -and AIBN.

‘ ‘ Buaan . 17
eq.
SePh ,

19 2o (65%)

Evidently, the conformational preference of the esterl®

" (see 21) is not large enough to’ prevent rotation to 22

" from which S-éxo cyclization occurs. ‘ ‘ \\J
. 0=Z / o= v
' . : /O’ : O—o
4 . \
21 22
‘Another approach to lactones is illustrated by (eqg. 18),
OEt
. H
£ o0
BuySnH '
—_ oer  °% 1

(55%)



which shows one of a number of case520 that have been
publlshed. In another example,'bromo acetal 23 was ee811y
produced, as axmxxture of diastereoisomers, starting from
2—isobutoxy-Z—cycaohexenegne following reduction to the
cairbinol and reaction wlth 1, Z—dibromoethyl ethyl ether
When subjected to radical cyclization condltlons, the

A

cyclic ether 24 was formed, and oxidation using Jones'

reagent gave the corresponding lactone 25 (70%)21 (eq.

A Y
(Lo — COL, —

23 24 (91%)

cor " . T
"

0

25 (70%)

19).

19

In a related study, dihydropyran was converted into
26 by treatment with NBS in the presence of c1nnamy1

alcohol. Radlcal cycllzatxon then proceeded as shown in

i » o’ R . . - : )



o wdiie s

1)

(eq- .20) 0’22 . ' ‘ ) . . \

19

.26 . (73%) S (11%
;) ' ‘ : ‘ o=

Tertiary nitro groups have also been used as a source

of carbon radicals.vlFor example, M1chae1 addltlon of

allyl alcohol to l—nitrocyelohexene proceeded as shown.in.

(eq. 21),23

Bu,SnH ‘ eq. 21

29 (74%) "

and Henry reaction With ,formaldehyd‘é, fOII‘Owed byf"" "

acetylation afforded t'he tertlary nitro compound 27.

S

'I‘reatment with; tributyltin hydr:.de proceeded v:.a rad;cal

T
R



P LN

28, to a mlxture of tetrahydrofurans 29, epimeric at C«3,
,(74% yield). ‘

The radical undergoing|cyclization is ‘not restrfctee
to eliphatic species; aryl radicals are also suitable.’
The example shown. in (eq.‘22)24 provxdes a general‘route
to benzofurans and(also constitutes a connectlon between

radical cyclization' and ‘the area of directed 1;th1at10n,

which is the technique used to prepare the starting‘eryl

halide. . . S . )
OMe  COOE! o  OMe COOE!t
' |
/ Busan eq 22
0" | Z~0 |
| (75%)

A‘greet deal'of attention haS'been focused epon

g pyrollldlne r1ngs using rad1ca1 cycllzatlon methods.
Construct1on of C—C ‘bonds ad)acent .to nltrogen playsla
"central role in alkaloxd chemlstry and’ the use of a-amlno t‘
:and a-acylamxno radlcals for assembllng thése‘bonds has |

recently been applled 1n an exten31ve research program,

" -to the synthe51s of 1ndolizld1nes and pyrolizidines, which

'are 1mportant sub—structures found in. many alkaloids.| The
'potentlal utllity of thls method in alkaloid nynthesis is

shqwn in. (eq 23) 25



geometrlc constralnts 1mposed by the’ sp

~ SPh Bu;SnH eq. 23

31 e1%) S 32 (31%) . ‘ e

& ‘- ‘I B .“

‘Treatment of thlophenoxylactam 30 with trlbutyltln hydrlde

gave 31 (51%) and 32 (31%), whlch is an 1ntermediate in
the synthe31s of the Dendroﬁat1d alkaloxd gephyrotoxln.

It is noteworthy that no reductlon product was obtalned

and that both cycllzations proceed wlth hlgh stereoselect—'

1v1ty at the radlcal centre./ The consxderably smaller

exo endo - ratios in thls case are probably due to the
2

character at

n1trogen. A more typlcal example from the same laboratory

is glven An’ (eq. 24) 25‘ It should be noted that the .

‘-phenylthlo-acylamlno speczes are easily synthesxzed.

As wlth oxygen heterocycles, aryl rad1cals can be‘f’

+

uused to make nxtrogen heterocycles.‘ In connectzon w1th j,.

L]

work directed towards the synthe51s of the Gelsemlum f,

,Aaystem was required and. although eeveral methods are -

-

”‘Tavailable for the synthesxs of 2-ox1ndoles. none was

qudged auitable._ However. radxcal cycllzation was shown

‘.>A

26.

21,0

"

"lalkaloids. ‘a mlld method to produce the 3-sp1ro-2-ox1ndole"



eq. 24

e '_ S D (84%)

to be useful in thls regard. ‘When the bromide 33 was

cycllzed under the usual condltlons, tﬁe'product of‘S-ekQ

pSiMes"' 7 siMe; . -SiMey

“33 ‘,\-;34,]_(60%)7 R f{‘(io'/.)

closure 34 was. the predomlnant one. Thxs hlgh regio—.‘

j?,select1v1ty is- probably caused by the shorter C-N bond.7

o

22



o 80 there 1s a loss ‘of functlonallty once hydrogen .

.7_;the unsubstltuted cdmpound cyclized by the 7-endo pathway

“(eq. 27) Other examples in whlch the course of the

23

'lengths,ﬁhich, coupied‘withgthe conformational rigidity of
the acylamides,\favburs S-exo closure, despite steric
hindrance around the cyclxzatlon termlnu327 (eq. 25) .

In the<heterocyc11c compounds ment;oned above, rzng\

closureuof the radical takes place onto .a double bond and

iabstractxon has occurred. Howevevs if the radlcal closes

““onto‘a tr1p1e bond, the product‘st111 c0nta1ns

unsaturatlon and 80 further opportunxtxes ex1st for
chemlcal mod1f1cat10n. ‘
- In . one of ehe early studles 1n thls area, a side arm

contalnlng an alkyne‘functlon was used in 5 ~-lactam

chemlstry. Compound 35 gave the product of 6-exo closure.

'_as a 1 3 1 mlxture of E and Z 1somers.36 A sﬁall amount

(18%) of non fused mater1a1 37 was :Lsolated28 (eq. 26)

coosu't coosu » . coosu,

v°~.'3‘s e as (54%) o aT (18%)

]The phenyl rlng ev&éently plays an 1mportant role because

g v

p

"‘reaction xs sensxtxve to the substituent on the acetylene

"o'fare shown 1n Table 4.29 Wlth the trxmethylsilyl alkyne“

7, ‘QD'
L



- ; c“ . T f24‘
v/‘ " ! , LR ! ' "' . ’7’ n . -
e '. ‘.“ o : '
J =N eq, 27
0 ‘ _
| | N \
COOBu
(16%) S @3%)
N ) . ' . )
' .’Table' ‘4. Substitution effect o'h‘ alkyne unit. .
+

| x =" siMe;i38  38a (22%) . 38b (70%)

. CMe, :kq a0a (35%) . aob (@9%) L -

Me 39 3% (61%) . . © 39¢ (27%)

| 36g the product of S-exo closure 38b was 1solated in 70%

tﬂ yleld- w1th a methyl acetylene 39. the product 39c (27%)

' 1

‘f‘;i 7fresu1t1ng from 6-endo closure was formed and, with t-butyl a;'f

acetylene 40, the S-exo product 40b was isolated 1n 49%

1L"f.fy1eld.

lee pyrrolldxne r1ng systems. lactones can be

o / v,
‘t ;,I . '



' . generated with]anfexpcyciié'dodble'bond (eq. 28).

Ph

1 . " l | § / ‘ | N P Ph .
[ \\“\ .SePh ‘ Bu';,SnH “(\/
- ’l§ — \, —
v 07 N0 R o/\o : \

41 B '42 * T 43.(90%)

R—,

‘When phenylselenocarbonate 41,30 was treated wlth tr1—

butyltln hydrlde,‘the 5—exo cycllzed product 43 as an E/Z

mixture (52 1) was obtained in 90% yleld. “In thls case the'

) acyl radlcal 42 underwent cycl;zatlon before decarbonyl—-
ation. 31
The contribution from thls laboratory for maklng

lactone rlngs is summarlzed in Scheme 3 32

‘Scheme - .3

25

eq. 28



Cyclohexene.was converted into 44 by treatment wlth
‘phenylselenenyl chlorlde and sllver crotonate 45. When
subjected to psual radlcal cyclization‘condltions, the{‘
adduct. 44 ‘f‘ormed the lactone 46 in 63% yiem.

o . The comblned use of a trlple bond followed by
= another cycllzatlon onto a. double 'bond is shown ln the

next exarmple. When:47 wasitreated wlth tributyIltin .

o N
\/\c|

a7 | a9 (75%)

-

‘ hydride, the radical'that was forﬁednunderwent ngié;ff“
closure onto the triple bond"to produce-a vinyl radical‘
48. Th1s cycllzed in a 5-exo ‘manner - o:to the sultably
located double bond to glve 49. (75%) (eq. 29) 33 The

| cyclizat1on of the 1ntermed1ate v1ny1 rad1ca1 was

kev1dent1y much faster than hydrogen abstraction to g1ve .o

. o . K . ; NI L . . o , . o .
S0 R RO
L . T A X . , o . . - " N
. R . . R “ b ) A Lo "

F ' eq 29

26

, .
" -"‘n".\_)}n
Ll e




“FVftaccessible than the corresponding precursors to e

A cohbination of'the synthetic'potential of free radicqﬁ

reactions and the utility ‘of carbohydrates in organic

synthesis has' been explored recently by Fraser-Reid 34

‘

When sybstrate 51 was treated under the usual conditions
for radical cyclization, the‘product 52‘was obtained in
91% yield. ln this case the initial radical generated

!

underwent S—exo cyclization to give a primary radical,

-which then closed onto a CzN triple bond. After‘

hydrolysis the ketone 52 was obtained (eq 30). ,Recent.

‘eq.36‘

51 52(91%)

jpublications have enphasized the merits of\“annulated
sugars for stereocontrol syntheSis35 of optically actiye
'carbocycles, and the effectiveness of the pyranOSide ring
as an agent for controlling stereoselectiVity..‘ | ‘
It seems that formation of heterocycles by radical

'ring closure has been more exten81ve1y studied than the

\ ;formation of carbocycles. We believe. on the basis of the | )

: experience in this laboratory in both areas, that the

I_..,-..

vysituation is due to the fact that the precursors to

,. FRRRY

"”"radicals that would afford heterocycles are more readily

»

Y .

C27

[ Y
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k carboCYClesﬂ
"One, of the earlmer uses ln natural product synthesis.
 of radloal cyclxzatxon onto a double bond so as to make a

'carbocycle, is the work of Bakuzxsl3 (see page 13, eq.

12).
T ot (,,,/

" eq, 12

The trlcycllc sesqulterpene satlvene 54 and

qopacamphene 53, whlch each possess flve chlral centres,

‘were prepa by the radlcal cyclmzatlon shown in (eq.'

12). The yleld was 62% and the resultxng ketones were
transformed by Wlttlg react;on 1nto ‘54 and 53.‘ The‘

'cycllzatlon was not stereoselective and both epimers 53
.

and 54 were obta1ned after,oleflnation of the 1nit1a1

i

“ketone. Do ',”‘ R wﬁ f“, Coo .

In a 81m11ar. but much more recent example, 55 was_’

IS

>Qtreated w1th trlbutyltln hydrlde 1n toluene at reflux to
'glve a 1 1 mlxture of. p-copaene 57 and 5-y1angene 56 in

\'f16% comblned yleld (eq. 31) 36 ’These compounds were .

o ' A '
Z“Areadlly separated by preparative GC. Although the yield

. °
-

"2’8““'



%

- —

e i

eq. 31

>IIH|

56 (8%) 57 (8%)

is poor, ihis‘method is an improvement over the procedures
déed in preYiéusbéyntheses37 of theﬁcompounds. 6xidation
of g-ylangene 56 with seléhium dioxide and igf&;butyl‘
hydroperoxide gave .a 16% yield of the éntitumor agent

o/

lemnelol S8. ‘ (

e S

HO
0 gﬁﬁ@"
58 & b ()
Another example in which a multi-ring éystem is

formed is provided by the reaétion shown in (egq. ?2);38

' t
cOoOBu -

COOBu ' -

. o’ ©
: : . 60 (73%)




"

Reductive alkylation of 3-methyl benzoic acid followed by
iodolactonization gave 59, and free radical é;clization
then provided ;h efficient stereoselective'roﬁte to the
trans—perhydroidans shown, in 73% yield. The product 60

was a 7:1 mixture of diasterisomeric perhydroindans

epimeric at C-1 with 61 as the major isomer.

Viﬁyl radicals have also been. used to make
carbocycleé. Such radicals are highly reactive and will
close efficiently even onto a disuﬁsﬁituted double bqnd
terminus. The use of vinyl radicals is attractive because

it results in the formation of a ring that contains-a

double bond at a predictable position. This can then

serve as a site of further synthetic manipulations. An

example of vinyl radicallcycliiatibn is given in (eq. 33

.and‘lo)ll a direct application to natural product

Br Br
LDA

eq. 33

CN . HO CN

30



a

Br . n
‘Bu:’an eq. 10

OHCN OH CN

(70%)
synthesis, in this casé‘Seychelléne‘GZ, is summarized in
(eq. 34).39. It should be noted that the geometry of the
vinyl bromide is not signifiéant because the intermediate

P\\

vinyl radical isomerizes rapidly.39

<
0 2\ Br | - O=

/ .

Bu,SnH H, /Pd ﬂ
."—'——-——’ N
(70%) : : '
. Wittig:
‘ -~
o Hzc : eq. 34
62

»Reddgtive alkylation methodology has also been used

in conjunction with vinyl radical cyclization. For
: S . . - .
example 63 was made from 3-methoxybenzoic acid in several

steps, including reductive alkylation using 2,3-dibromo- .

N ~

31



32

Buaan

MeOOC ———— MeOOC un M eq.35

64 (91%)

\ b

propene. Tr%atmen} with éributy;tin hydride then gave tﬁe
bicycliC‘ketoke 64 in 91% yield (eq.‘35).40

Multiple gyclizationé,lénitiated by a vinyl radical,
offer a higﬁly\sonvergent route to angularlybfuﬁgef\
triguinanes. foway of illustration the sequence(&ﬁ (eq.
36)%% should be mentioned.. One of the products was

1

converted as shown into (+ )silphiperfol-6-ene 65.

eq. 36

¢
i
.

v
<

In related work, (eg. 37 .42 the linearly fused - . :
. \ o R o \

®
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<

triquinahes‘Ag(lz%lcapnellene 66 was préparéd in a Very

concise manner.
‘Aﬂother Aspect of radical cyclization méthodology -

vy

that is receiving attention is the control of

éqJ37

66 (61%)

. ( i R M
stereochemistry. Progress in this area has been made 'in .

this laboratory?’ and elsewhere.43

_Reaction.of allylic alcohol 67 with (bfomoméﬁhyl)-

chlorodimethyisilane fdllowed by refluxing with tributyl-
“tin hydri§e~ga§e the cycllc compOund 68 in 65% yiel@d.
 This was essentially one 1somer. The stereochemlstry of
'tﬁe hydrbxyl direéts the stereochemlstry at pos;tlcn 4 and
the cup shape of. the_resulting trxcyclrc tadrcal ensures
'that hydrogen abstractlon occurs. from the a-face to glve

the 1nd1cated stereochemlstry at c-(5). The removal of.

silicon (KF. 30% H202), oxidat1on of the resultlng d101



34

(NeOC;r to ketol 69, acetylation, and ennulation (ethyl

_aceﬁoacetate) gave the tricyclic . enone 70 (eq. 3g) .43

Buy;SnH
0
\ \ i
. ,S{*’ - 68 (65%) .
KF /H,0, , :
- NaOCi : eq. 38

70

\

Cyclization of w-acetylenic radicals has been studied

in this laboratory.  As shown in (eqg. 39), ozonolysis of .

178

the product affords a ketone'Which'is; of‘couree, a very

| usefui compound class. The aim of the WOrk 1n thls
laboratory has been to make the common compound classes
(oleflns, ketoﬁes, allylic alcohols) amenable to, the
-}cycllzation.l Schemes 4--744 45,46 summarlze what had been

acconpllshed in this regard before my own work was begun.::



et

_N i ={ N |
"N q\( PhC=CLI
h Hzo ".o‘ 'SQ»PII'I L O

"~ CN
—4
i NaBH,

35

Schen‘ne‘ 4

0

‘s‘

' ‘ : ‘ ' ‘,“ Y"m
P OH | . L 0 ‘ ‘
(I)c U
————
E |1 Physan-
i HO

e : CN

CeT%) (1i%)

Schigme 5

1% (ea%) .




Scheme .‘ 6

on
| P(OPh), .

O  PhCeCLI

‘g\  Br,
(96%) - Ph * .
! | 'CN :
==/
§ PhySnH
| RE

The group had been able to develop convem.ent methods for
convertxng ketones or oleflns into blcyclic compounds :

B Schéme 4 7. 44 45 46

Stheme: 7
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"Stereochemical control_remained a prOblem‘but progresé.in

ﬁhat area had also béen made. Scheme g7 shows a

. procedure for convertlng allyllc alcohols into blcycllc
compounds of pred1ctable stepeochemlstry at the rlng N
fqa1on atoms. )

Scheme 8

SePh'

| -LDA
SePh —4——
Bu MezsiCl

" ! HEEQN .'\,, - : H‘ : ! .
R AN / - (98%) , N COOSiBu Me,

97%

o - L o N L ) BuyNF
' ' "CH,N,

H coome . S COOMe o

St sy (89%)

-



-

t

Another example of stereochemical control hasrbeen

studied recently, and wlll be . descrlbed in detail in the

38

DlSCUS510n sectlon of thls work. The radxcal 71 formed as

. shown Scheme 9 48 gave after cycllzat1on, a new radlcal
72. In certaln c1rcumstances, such as that shown,'the ‘
‘rlng fu51on stereochemlstry can be’ predxcted (see

Dlscu551on sect;qn).

‘Scheme 9

OH -

- 'LDA

/ WPhSeCH,CHO
A ' “ o H ( : "
o COOMe . ... COOMe
3 e
"PhySnH.

;,‘n.

.‘.'.". ,‘,." .\ - . o . 4 "'_‘_ R . a ' N ' " .
(89%) . ' . TS e DR
. e o " . - e IR ! I e '

; . AN 3 = . . ) ' : ” ¢ : . M B L
1‘}"' . “."
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" 'Infsummary,'the‘usé‘of freé"radicals to make
carbocycles is a promxsxng technxque. wldespread adoptlon </'

of cycllzatxons based on acetylenxc radxcals depends ‘upon

v

“the development of 81mp1e and general methods of access t

J

7‘such specxes and progress 1n thls area 1s belng made

rapmdly. e X



II. RESULTS AND DISCUSSION

A. Synthesis of Spiro “Compounds

The synthe51s of the antltumor antlblotlc

frederxcamycxn A, 49 wh1ch has the unlque splro structure‘

3

shown, was be].ng undertaken 1n thls laboratory and the

o ‘ Fredericamycin A

synthetlc approach _vaewed the central problem as the

‘constructlon of . the splrocycllc system. It was felt t,hat

+
]

our research in rad1ca1 cycllzatlons was sultable to

tackle thls problem.‘ Flrst of all, 1n some senses, the

central splro um.t can be regarded as congested certalnly"

‘.

maklng that portlon 1nvolved maklng a quaternary carbon.

’ ;It 1s known that~ the trans:.t:.on state for rad:.cal addltzonw o

N

: V
‘_onto a double bond 1s an early one and so appropnate

radlcal reactlons leadmg to the generatlon of a.

N



ly. Lo \\\ \\
. U A .
.quaternary cafhon day\hot be sensxtive to sterlc»
\\"
factors. On this basié\ye planned to develop a route to,

spiro structures ‘based" o\\radlcal chemlstry. The approach

we used initiqlly is summarized in (eq. 40) ’ The A

© eq.40

\‘ * ' \ ' N ‘ I
‘ carboxyllc aczd 73 was doubly depbotOnaééﬁso and reacted
’ \ .
thh the approprlate olefxn. Howev our attempt to
:Eﬁe

‘convert ‘acid, 74 to the . derlvatlve £ a wlth 2—mercapto—‘

N\

yrid1ne-N-ox1de51 was unsuccessful so\Ne were unable, .
P e,

therefore, to try the 1ntended radlcal cy llzathn.
\ ‘.
'We next looked at the poss1b1l1ty of us;ng a nltro

| compound. elnce it Ais known through the work f Ono,\23

\ "\ \

_that tertlary nltro compounds are readlly denftrated nx

R

radical chemxstry. To thlB end, we took n1€roc§olohex§ne., o

\"deptotonated it, and catrled ‘out’ an alkylatlon wj

¢‘acetylen1c aldehyde shown in (eq. 41)'¢ Unfo;runately, j;Qtw

R T 't{ﬂpz R
N°2 “wLDAu@‘ Ce

NP equd1
Phc-c—/\cuo NS OH L S

w 8




were unable to affect thls slmple Henry reactxon and we
v R ‘
were equally unsuccessful in convertlng 2 nltropropane to

"

‘the correspondlng hydroxy alkylated specxes using a

" variety of conditions (eq. 42).
\ NOz ST LDA ,
~cHo eq. 42

‘ } At thls stage, -therefore, we turn our attention to a

slxghtly different route, summarlzed in (eq. 44). 32

N

- CHO " (pnse),,Br,
' r‘ N ‘Morpholine "

\,\\ . , 75

‘eq. 43 ,

VCfdlohexanecarboraldehyde wae converted intovthe -
(phenylseleno)carbonyl compound ‘as shown in (eq. 43) u51ng o
a standard procedure, and the product was treated with theg

‘QGrlgnard reagent 75b53 to/glve,,although in poor yield

‘“(38%), the de81red (phenylseleno)acetylene 76._ Compound ;,f

- 76 was" correctly set up for radlcal cyclxzatzon because"
,homolfsis~of”the'allphatlc C-Se bond would glve a radlcal'
that could close onto the tr1p1e bond.‘then compound;?GnV

RO ;was treated w1th trlphenyltinunydrideinbenégne;‘in!thejcxiﬂrj D




43

e
y

SiMe;,
f
CHO ' SePh
. Me;Si
SePh _ > p 76 (38%)
! , e
+ MgBr
f ! - [ OH
. 715 75b : S
! ‘ o : Ph;SnH
‘ . ‘ eq.44
HO a
|
-
SiMe; W
SiMe;

7 (T2%)

p —

3 ' -
/
/

presence of AIBN at reflux, it was/possible'to isolate the
‘ [

/
cycllc .product 77 in 72% yleid / ‘This experlment clearly
demonstrated ‘the possibility of preparing splrocyclxc
compounds that are at an pxidation 'level "suitable for

further manipulation. , fn

Having demonstrated ghe feasibility of the process.
. : C A~

we had to find a way of gaining.access to .the starting .
' ' g

meterials‘in a.‘convenient fashion.

A ' -———

It occurred to us that bis(phenylseleno)acetal
chemistry could be adapted conveniently for this
purpose. - It has been reported iﬂetvcerbonyl‘compounds can

be converted by a variety of methods to bis(phenylseleno)-

@,



- 44

acetals as shown in (eq. 45)54 and, in fact, aéveral

. o SePh '
T : eq. 4!
H{;j:r; — "SePh o >

78

'
-

reagents have been developed previouslyss’se's7 to effect

this transformation. It is known that bis(phenylseleno)-

"acetals 78, on treatment with n-butyllithium, generate a

A}

selenium-stabilized carbanion 79 (see Scheme 10). We

-~

0

Scheme 10

SePh

78 80

HO

‘SePh °

82 81

. SePh L
SePh n-Buli 17 OYZ . Ph—=— L
‘ CHO L
, 79

HO ~ | " .
— '~\l.Jﬂh§2§ J T T -Ph
Ph ) on .
' ' Ph \ o

»
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hoped that the carbanion would react with the acetylenxc
aldehyde 8060 tO«&%kOtd the de81red g-hydroxy selenide
8l1.- On the basis of the experience with our initial
experiment, this material, on treatment with tfiphenyltin
hydride, should genefate a radical that‘would undergo

cyclization. The whole sequence is then, as follows: The

)

carbonyl carbon -is converted first into a carbanion, the
carbanion is used in an alkylatlve or aldol type reactxon
to attach a pendant chain wlth a sultably located trlp]e'

bond, .and then the carbonyl carbon is COnverted 1nto a

W

. radical. The radlcal undergoes cycllzatlon onto the

triple bond to give 82. o : ) 8

S;be~é€tl¥~stages of the seguence, i.e. formatlon of
'S )

bls(phenylseleno)acetals. their cleavage to selenlum—

stablllzed carbanlons, and the use of these carbanlons for
LN

reactions with almple aldehydes was actually well knownsg\

At}

but had not been used 1n the present context. The general

‘procedure shown in Scheme lO was .easily reduced to

#

practlce and\we have. examlned a number of examples, our

results being collected in Table 5.

\
s

" THe required bis(phenyléeleno)acetals were made from
” the . correepondlng ketones by l1terature mEthods in ylelds

of about 50% 54 57 No attempt was made to optimlze thxs

Y

atandatd reaction. although itushould be noted that when

catrxed out carefully, it is possible to get high

)
)
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Seleno Acetals

'Alkylated product.

o . 46
Table 5. Alkylation and cyclization. ' .
Entry Cyclized product

: - SePh
SePh

84

SePh.
SePh
. 85
SePh.
_ SePh
t : N
Bu : ]
86 .
—-A—\'

84

SePh o
[:j><7/ﬁ\\—€EE?—Ph

OH

88 (74%)

% | .
) p

[%

91 (55

A

Ph’

OH
93 (68%)

Ph
94 (75%)

Ph

95 (86%)




yie}dé;56 \The‘carbédiooe_(c.f.'Scheme 10).were cenerated
by the‘ection'of n—butyllirﬁium'(l equiu.) in hexanes et'
.=~78°C (ca.‘S mln), and were then quencﬁed by rapid
addition of an eldehyde. S—phenylpent -4-ynal 8060 or 2-
(phenyleﬁhynyl)benzaldehyde 83. 61 The.desigZd hydroxyl'
selenides 81 were isolated after a brlef reactxon period
‘(ca. 2 min) in yields of 50-86%. .

The cycllzations shown‘ln the tabie“were carriec‘out
by our geﬁeraltprocedure: dilute behzene solutions of &
triphenyltin- hydrlde (1. 1 1. 4 mmol per mmol 81, 0.2-0.4 M)
and of azobisisobutyronitrile (0 10 0. 23 mmol per mmol 81,
0.01 M) were added simultegeously over 7-8 h (syringe
pump) to elgefluxing eolutiou of subetrate'al (0.02-0.04
M) in benzene. After‘the‘end of theleddition, refluxihg
was arbitrarily continued for.2;6 h and‘the procucts'were
'isolated in thenyields shown:‘o_ | - “ "“,

i Some comment about the stereochemLcal composxtlon of
-.the products 18 in order.‘ Compounds 93, 94, and 96 were:
two . geometrical,iSOmers reecily discernable by the »
ﬁvpresence of. two vinyl slgnals in the lﬂ NMR spectra.: The
.713C spectra~aLéE giowed the presence of two compounds” f n

‘the.case of 97 (eq. 46)athere is an addltlonal stereochem-

'~?3ica1 complication because two asymetrlc centres are

‘,Present. Although we expect 4 isomers as racemic forms.

'..only 2 were 1so\ated from the reaction mlxture.'_The

Co
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Ph

“Ph SePh

SePh | P‘h ‘
- —— . eq, 46
)<seph M_p., ‘ a4
, - ‘ \ OH .
87 o 92 (51%) Co © 97 (64%)

cyclizatiou product 95 ‘was seperated chromatographiCally
i%fo two components; 98 and 99 (39% and 47} isolated o
. ’ Y

99 ar%) . 98 (39%)

& . ' ¥

”

The chair conformations shown and the_gfgeometry for 98

are arbitrary assignments in this case. . All the'cyciized Y
prcducis wefe'acetylated and the resulting écetates‘were
subjected‘to‘ozonolysis,’to produce-ﬁue.cérrespoqdihé

e

cyclopentanones (Vmax 1740 cm’l)
In the partlcular case. of 96, ozonolysxs"was notﬂ,‘
used- 1nstead the radlcal cycllzatlon ptoduct was ox1dized o
}to cyclopentanone 108 (see Table 6)'. Acetylation of 98
‘and 99 to 102 and 103, respectlvely. proceeded smoothly and
“-'ozonoly31s gave tbe expected products to which we assign |

structures 106 and 107.‘ The yields are 89% and 80%,

respect;vexy. The acetoxy ketones are known compounds and



"Table 6. Ac‘ylat‘lon'l.nd‘ Ozonolysis / or Oxidation.

Entry

Aicohol

‘ Acetate

Ozonized or Oxidized

83

94

95

* 9 6
.

N

' Ph

 oAc
100 (94%)

 oAc .
101 (88%)

‘OAc

102 . (63%) .

103 (90%) ..

N

.

" product

. 0

. ' OAc
104 (65%)

. OAc .
105  (64%)

‘ . OAc '
106  (80%) .
107 (85%).

- Ph

. ‘108 (83%)’ o

.—‘4 - . ? B -
R - g
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our. samples had -the reported spectral characteristics.®2

| AcOi

Bu o

07 . (85%) '

S 106 (80%) -

. During .the coutse‘of’this‘study, we were concerned

\fﬁabout the nature (S-exo or '6-endo) of the radlcal

-,

cyclxzatlon. The 1solatxon of S-membered ketones as

¢

descrlbed above was undertaken in order to establish whxchﬁ

- .of these two pathways had been followed.' In the cases of
100 and 101, a further test was carried out. ‘The -

ozonolysis was conducted and the total ozonolysis m;xture.
[

before attempted 1solat10n of the products,‘was examlned -

vby high f1e1d 1y NMR. Only one aldehyde sxgnal
icorrespondlnb to the chem1ca1 sh&ft of benzaldehyde was
present in each case. Had there been any product | |
resu1t1ng from 61gggg_closure, we. would agaln have‘
'fobtalned an aldehyde slgnal, but that signal would 6;

Bpllt into ‘a’ tr1p1et because the product would have been

. of the structure‘shgwn in (eq. 47)

PQéxfh
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. e

N

The ozonolfsis experlments also served the
synthet;cally important purpose of prov1ng that the
cycllzation products are synthetli/liy equlvalent to’
‘ketones.} We had 1n1t1ally hoped that we could dete;plne
tthe S—exo 5} 61gngg_nature of the cycllzatlon by
~examination of the chemlcal shlft of the /,C vorsignel.i
'Thls proved not to be a reliable 1nd1cator of rlno size.”

,The methlne H sxgnal of cyclopEntanol occurs (CDC13) at

‘54.4 and ;he yalue for‘cyclohexanol is 53.7; :However, we .

HO H 44 . HO H 63.7

_observed 51gnals 1n the range 53 5-4. 9 for the cycllzatlon
products even though each one is . a cyclopentanol

!

derivatlve. ' ‘
v, . . ‘ ) “’ ) N . . e )
In our experlments, ‘we have.usedtpth=CA rather'than

m-C- -H or -C—C CH3 unlts, 1n order to mxnlmlze potentlal

[T

'7:gproblems due to 6-endo closure, but 1t 1s not yet clear

\

”‘fwhether thls ptecautlon is . necessary.n There are some

lffexamples 1n the literature 1n whlch radlcai cycllzatlonnﬂﬁ

e,

”ffonto an’ acetylene proceeds by 6-endo closure63 but prec1se 'j;,

"jfreason” for that are not understood. The predent Kfﬂﬁd

“fﬂtmethodology based on selenoacetals and radlcal cycllzatxon‘fpvx

,{fﬂ:xs Likely to be quite versatlle, 1t 1s certalnly not':f<ffi'-
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a

0w

llmlted to the productlon of splro—carbocycles. L ' ‘\ '

For example, it can easlly be adapted (Scheme 11)65 for

‘lsplro-lactones.
Scheme'11‘
SePh - .. SePh .. gepn

’ B DMF ~ B

‘“‘Cl“fzol"i ‘

i. Buli

; H. xs.crotonyl .
: ~|.  chiloride
) . ' SePh “ o
" AIBN e

®

Slnce the or191na1 1nteoﬁlon of our work was to""‘{
develop a methodology that could be applled to the
_synthesxs of frederlcamycin A, we were pleased to observej{“i“‘
lc]dthat the ring closure of 91 to 96 (see Table 5) proceeded .
:“ln excellent yzeld.. Presumably the rigidlty of the»system };

7-];ensures that the triple bond 1s held close to the radical

s




‘f . . h ) , .\ Y‘ . Iy ]

" .that is ‘ge‘nerated.w - In point of fact, ‘thi‘s"method has bee‘n.

‘ fdpplie‘d a‘é" shown 'in Scheme .12.66 to an Ion-goir{g" syn;th‘esis‘ |
' ho‘f 'fred,e:ricamy‘c‘in A ‘ -

———

Scheme 12

110 (76%)

PhySnH

53
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‘Wmaklng 6—membered rlngs - a process ‘that’ may be

54

Thus," the ac1d 109 was transformed by the method

)

‘summarized in Scheme 12, into (phenylseleno)ketone llO

and, on treatment w1th trlphenyltin hydrlde, it underwent,‘

Al

radlcal cyclizatxon to glve lll. Ozonoly51s then gave

dlketone 112. Thls procedure has also been adapted to

'those cases in whlch R = OMe, thereby formlng the Central.

‘portlon of the antltumor agent. B o 3 S “»g

‘Flnally,ilt should be noted that we conflned our
attentlon to acetylenes that lead after cycllzation, to

S-membered rlngs.‘ ‘We have not tested the posslblllty of

conpllcatedﬁby abstractxon of.propargylic hydrogen,“

[
N .

B. Preparation of trans Ring-fused BicYclic'Compounds

As descrlbed evxously, one of the main problems in
e

'the use of radlcal cycllzation is in .the development of

;51mp1e methods for assemblxng the precursore to the‘ N

approprlate unsaturated radzcal spec1es. It occurred to

)

j',us thagmlt should be posslble to comblne the well-

“established aldol reaction with the new technlque of
1yrgd { cxclzzatzon.T An attractlve feature of this'f_‘iglihg-‘f/
‘,rcomblnatlon was the possibility of controlling certain | |
Zilaspects of the stereochemistry or the*products. When a‘r;“

“.lbxcycllc compound is formed by a: sequence of the type;g;arﬁpgg“‘

) 3’




-~w¥shown]in‘(eq:“48) the‘stereochemistry‘of‘the ring

X "\‘,,_“.

I
i
W ' . . '

fusion can be predlcted.§7 In orde: to dlscuss ‘this, it

is useful to 1ntroduce a 51mp1e nomenclature. The r1ng

yclosure shown in (eq. 48) w1ll be descrlbed as a 5= -exo- -

-

[endo—S] process.‘ The flrst part of the name T exo" has'“‘

nthe standard deflnxtlon and 1nd1cates the formatlon of a

r

IS—membered ring by an exo trigonal cycllzatlon, The

0 ,‘ I

‘parenthetical preflx endo indlcates the status of the'

 doub1e bond .onto which the radlcal closes- in thls case,“

-

the double bond is endocycllc to a f1ve membered rang.h‘f-

1

The sequence shown 1n (eq.‘49) 18, correspondlngly, a

'

f‘»hlt turns out that prior experlence has shown that the fo

Af,formation of trans ring—fusion in the case of Saexo-[endo—:_Jf

‘ed;dg'"

b5f15] and 5-exo-[endo-6] reactions 1s sttongly disfavoured,L;taﬁfL&=fJ

e S



yhilerin‘the last eiample, 5-exo- Lgndg_7], the trans rxng-‘
-_:fusion is‘aliowed. On this basis thenpft is important to
note that radlcal cycllzatlons of the type shown in (eq. ;e
548) are processes where a bxcycllc mater1a1 ms formed in
f“such a manner that the last bond to be produced xs a bond
Tto one of the. rxng fuslon atoms. Processes like this wlll
rnvarlably 1ead, for rlng slzes 5.5 ‘and 5 6 to Eigﬂrxng—
fuslon. It occurred to us that the aldol reactionxusing
‘ﬁ(phenylseleno)acetaidehyde,68 a‘reagent thathhadjbeen
"employed in. a totally dlfferent context in this
laboratory,69 would allow us to make substances by‘radicai

[ 4 . ‘!‘ .
ring closure whxch had, elther trans or cis rlng fuslon.

The latter would 1nvolve processes in wh1ch the last bond a

‘to be formed was ‘a bond to the ring fuseyn atom whereas« S
X

v

the former would involve processes in which thatubondeas

: not one to a-ring—fusion atom. For example, organocuprate

dellvery of a v1ny1 un1t to an a g—unsaturated system is

“well known to proceed as shown Ln‘(eg. 51).5‘ ' ﬁg i |

.
! " : N " i V! . ! , ' ( '
S KR : C ' ‘ AN
L ! W L : ‘.‘_ T "" : ' ‘ “.. ' o A .
wir Do ! o . e ) ‘ .
o o .

‘mn;ﬁ-lfxi““"n - eq. 51

. C Ve

f the resulting enolate were then trapped by (phenyl-»~
selenb)acetaldehyde,‘lt should,iaccordlng to priorv

e '
"
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«

)

" experience, proceed with the stereochemical result shown,
that is to say, the two pendants would bear a trans.

relationship to one another (eq. 52).

SIM&J

SePh
eq. 52

T
-

Now the selenium unit could.be used to create a redical,

3 )
~ ‘K\‘

and this radical would undegn v,i;,S-exo closure as in (eq.

@53).

o OH

eq. 53

This type of ‘process then permits the formation of a trans
, ring—fused 5 6 bi'cy'cl»ic system. There is st-i‘ll the a
. problem of stereochemical control at the asymmetrlc centre

marked with an ast;,erxsk (see eq. 53) ‘ o -

»,

A i - T

To make c1s -fused compounds, one would beg1n wit‘n an .

ester of the type shown 1n (eq. 54) Deprotonatﬁlon "and
o . ~

DA ' N
. (S - . ‘ . 4
CH, I, ~ S fq .S
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Mo
o
, [N
" A

aldoi reaction.with (phenylseleno)acetaldehyde; agl
eumﬁarized in (332 55) would be followed by rddicallr
‘cyclizgtionrv Ring closure now is of the standard
stzéjIggggjs] typé Aqd should proceed to givedsgg_ring-
fusion. This aspect of the worky%as”beenlpursued in this

o

laboratory by D.R. Cheshire.

SePh
LDA w7
PhSeCH,CHO
2 OH
COOMe ‘ L COOMe
Phaan
\ . o ' :‘ “eq. 55
OH .
COOMe .

The aldol reagtion can be used in a d%fferent manner

A

A(g;heﬁé 13) to yield a cis-fused 'system, and this approach
was keported'recently.7q o

My own research involVeé developing £helroute to
trans ring-fused compouﬂds.. As.desgr;béd above, this
involved thg*forﬁation ofkketoheq~wi§h trans pendants, one

being. the viﬁYlic unit and’ the other one being a ﬁehdant

.derived from»(phehylséleno)acetaldehyde.

i . -1



.
Scheme 13

o OAI
PhSeAlMe, (-78CC)

o %SePh

OH

"Bu,;SnH

%ePﬁ

(80%) (68%)

i 4

"In our first exahple, divihyliithium cuprate was

aliowed to react with the 2-cyclohexenone ahd the

59

‘resulting enolate was trapped by silylation;71‘ The s11y1

enol ether was then subjected to standard condltlons
prevxously worked out in thls 1aboratory for aldol’
~condensatione with (phenylseleno)acetaldehyde 69,73 pg

‘had been found earlxer. the reaction proceeded in high

jﬂ,dyield to glve a mixture of two isomers 117a and 117b, in

both of which the pendants to the six membered rlng bear

trane relationship., The dxfferences between the two

a-



1some;s is due to the fact that they aré'eplmefxc ,at the.
hydroxyl—bearxng carbon. The‘lsomers were separaﬁed and
sub)ected to our' ‘standard . method qf radlcal cyclization,
i.e. dllu;e benzene solutions of t:iphényltin‘hydride and
of AIBN were injected sf&uitaneousiy into a refluxing
solution of cémpound 1&7a} Tﬁe aliphatic C-Se bond was
broken by homolysxs and the radlcal unézrwent cyclization
_to give 127.

We ndticed’a high deéree of stereoselectiviﬁy in this
précess and these products vaiy in terms of the

stereochemlstry marked by an asterisk in Scheme 14, the

ratlo of the 1somers belng 4:1 for 127.
/ Q

Scheme 14 .

2

127 (58%)

14 | 0 OH . | 0. oH

17b (25%) . .. 128 (56%)

P
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. 61

ﬁaVing demonstrated the feasibility of the proCessfw

wehthen;sought to extend ‘it. For the next experiment we'’

took the other isomer that had been formed from the silyl

enol ether, di.e. 117b. When eubjECted to the standard 9
oycliiation conditions, it gave a mixture of products 128
(56%) differing in‘stereochemietry at;the;marked centre.
. The isomer ratio was 9:1. = - - .

It was of 1nterest to eee what would happen if the

:peudaut group that had been added by organo copper
"Tchemistry‘was‘substituted. '?orythis purpose we treated 2-
cyc;ohexenone with_dipropenyimagmesium cuérete and'trapped
" the énolate in tﬁe‘usual way with-chiorotrimetﬁylsilane. |
The szlyl enol ether was converted into its- enolate which
was then allo&ed to undergo aldol condensatlon with
(phenylseleno)acetaldehyde. We obtained once more a
mxxture of two . isomers, eplmerxc at the. hydroxyl-bear1ng
carbon. They were ea51ly separated by chromatography and

were cyclxzed individually.. The isomer of hlgher Rf 116a

gave two.products. 120. and 121«1n 29% and 40% yleld,'

respectively. Compound 121 was a single substance but 120

/
was a: mixture of two materials in a ratio of 2: 3.

Likewlse 116b gave 122 and 123 as an inseparable mixture

oi isomers..'
R TN

The occurance of both 5-exo gnd 6—endo closure is

’understandable. It is known. through the work of



Scheme 15

121 (40%)

116b (25%) . 122 (80%)

P

‘,Beckthh 6 that a substltuent 1n the 5 pos1tion of the

”“.hexenyl rad1ca1 con81derab ; slows down the rate of. 5-exo‘

©is 1ncreased and. thls is- exactly what we observe in the

present case._ We also examined the possxb;lity of

extendlng the reaction to hlgher aldehydes apart from

(phenylseleno)acetaldehyde. Propionaldehyde was converted n

in ‘the usual manner to 2-(phenylse1eno)pr6pana1.7? wh;ch

was used in the aldol reactzon with the silyl enol ether }T

62

':closure, Consequently. the proportlon of 6-endo closure 1f.”




Schcme 16

- 126a(2%)

126b (51%) -

119b (15%)

114. Compounds 119a and 119b were formed. The former was‘
_1solated in 53% yleld as oue isomer. We dld not examlne
119b Whlch was a. m;xture of several isomers.' The slngle
; 1somer 119a underwent rad1ca1 cyclizat1on and

‘expected, the process occurred by the 5-exo—:ou$e—%o»g&ve~*"_

:cj126a. again as a mixture of two 1somers whoserdetalled “;‘um

‘.”vstereochemistry was not determlned. Another fractlon,

; f1126b. composed of another two isomers, was iaolpted in 51% -

. 153
s . ) e . "‘é"
- . . .. :

| ‘-._vyield."_ O e NG

N

Fxnally. we examined the use of cyclopentenone.'; {;'{;fuﬁf?ﬁﬁ
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However, we reellzed that in the resulting aldol

. condensatlon product 118. the trans dlSPOSLtiOn of the two
groups strongly dlsfavours 5-exo closure,‘because such
reactxon would mesult in the hlghly stralned trans 5. S
“‘fused system. ‘We antic1pated that the closure might

‘follow the 6—endo path. ,

. . Scheme 17

o " OSiMey |
‘ SePh




| In‘tne eQent. some . of the 6-endo. product 125 was formed
but only in poor yxeld.‘ The - main product that we observed

was the simple reduction product 124, whlch was partlally

e resoLved chromatographlcally. '

‘i
[

(tr1methy1511yloxy)al 3-butad1ene and (phenylseleno)—
- acetaldehyde falled to. undergo cycllzatlon and 1nstead‘

gaVe 139 and 140 1n 23% and 22% yleld, respectxvely.a

e L 13 (23%)‘ ““0‘(22%»

Clearly thls type of aldol reactlon 1n whlch the PhSe unlt

1s a to the aldehyde 1s best used w1th 81x-membered and

l

presumably w1th larger rings. Some comment about-the

stereochemrstry of the materlals shown in Table’ 7 is in.

o order.

.‘ﬁl Earller work 1nathls laboratory had 1nVo1ved

transformatlon of compound 117a 1nto the correspondlng

d1v1ny1 ketone 14169 whose 1H NMR spectrum showed clearly ;f' '

65

The hydroxy ‘selenide’ 138 obta1ned from reactlon of 2- o



' Table 7. Acylation of alcohols.

oo

~ [Entry] Atconot | 3,5 -Dinitrobenzoate

‘ollm‘lnatvofd product BRI RN

(1. | 127

2 128

3 | 120

RN T T I

5 | 1224123]

e « <o C . Lo .
« ) b} - v O p 3
R . y SRR k . .
v ﬁ : : I o s Lt
- \: e B . v n
1 o W
.
N




~precursor(115a‘has‘thelsame“stereochemistry although we'
‘did not know the stereochemlstry of the hydroxyl group
‘In_the case of ‘the radical cyclization product from thel
faster-running aldol 117a we prepared a crystalllne 3. 5— o
dinitrobenzoate. The ma]or isomer was recrysta111zed from
ethanol and a single crystal X-ray analysis then deflned
?the stereochemlstry (Flgure 1) Hence, the stereochem—
istry of ll7a and 117ﬁ@could be asslgned. In the case ofl
;120 (Scheme 15), the hydroxyl is in a 6-membered rlng, and
after conversion of 120 to 129 (see Table 7)), standard lH
‘lNMR analy318 of the approprlate coupling constants, served
(‘to deflne the stereochemlstry shown and hence also of the
o startlng material 116a»(Scheme 15) | Consequently, the |
‘opp081te stereochemlstry was appllcable to 116b. Thus, we
"can also spec1fy the stereochemlstry of 121 (Scheme 15)
.Conver31on of alcohols 121, 123. 122 (Scheme 15) and 128
“(Scheme 14) to the correspondlng 3 5-d1n1trobenzoates-

'1oproduce:"’ e ellmlnated products 130, 132, and 136 (Table‘f"

In conclusion;fA'henylseleno)acetaldehyde as well_as+._,__

»in principle'-hlg"r‘¢l(phenylseleno)aldehydes,‘can be-i

f“fﬂ;used w1th conjugat‘IVLny;iaddltion,ufldol condensatlon, “,Q'H

'@f“rfand radlcal cyc(izatlon to give in favourable cases 5 6-,'A;ﬂ

”fsystems of clearly defined geometry,,the important point

' béing that the rlng fu31on geometry is trans.¢¢};l“
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c. ‘RadioaI Annulation Reactions

During the course of ‘my studles. other work on

radical cycllzatlon was belhg pursued in the group. ' 'One

S

“process dlscovered called radlcal annulatlon, was a

t

sequence in whlch two bonds 1n ‘a newly formed rlng were

' -made by radical processes. Equatlon‘57 summarlzessa'

A

‘typical example.77 ‘I‘undertook‘to“see whether ﬁhisj

‘procedure could be applled to make 6—membered rings.‘

7uAccordingly. a number of bromides such ;s 148, 149 and ,

"j‘substances were made from the correspondlng alcohols, the

R

. a}so selenlde 151 were prepared (Table 8)., These

latter being obtalned by reaction of oxetanes, llthlum

“"prhenyl acetylide. and boron trlfluor1de etherate.78‘ The

, '*hydroxyl groups in the case of 142 and 143 were treated

~f@ff”with trlphenylphosphxte. bromlne, and pyr1dxne.79¥andv1n_‘”*

‘eqs57

69 .



n_' .““. g‘
. \v {
. Teble 8. - Preparation of Bromides and Selenide. * . L
Entry] Oxetane | ~ Alcohol | . Bromide -
1 ‘I*J I A </S\—4i55f—Ph ‘<r\\——1-=—-Ph7'
, -0 | oM ‘ Br . 1

142 (83%) - - 149 (89%)

“ - OH Br
143 (25%) - ' . 148 (60%)

2
R

EREE iz O —e=pn
i o 9 ‘ T , SePh '
151 (80%)

o
-
o

2. i/[:l .‘ — —=—Ph ~-7< \;—!ngrh

l,g@.'

the case of selenrgf 151 the etandard procedure involvxng ‘
LN \
i the reactxon between an_ alc ol and N-fphenylseleno)-

("

phthalzmide and trlbutylphésphrne was employed 80‘ The

2

“bromlde 149 was mlxed wrﬂ% a 1arge excess of acrylonitrlle

" » " @ . 4/ u . ,/‘ .
”fln benzéne at reflux and to this mixture was added 1 2 e

‘uequ1va1ents of tr1pheny1t1n hydr;de and 0 1 equivalents of ;‘3

‘uf"AIBN over 10 h.‘ It was possible to isolate the desired F‘;E”,

,“j5product 156 1n 33% y1e1d as a mzxture of geometrical

"i‘"lsomers (Table 9. Entry 1) The isomers could be ROE

“‘.'
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Table 9. Anmlatldn ‘of 1°Bromlde, Selenide and Ozonolysis.
éntry : :VStamng material ’ Cycllzod product’ Ozonized product
i » . CN CN
¢ ‘;-_; h Ph ° |
A B Ph ’ +PhCHO
Br
. 149 . i ;
) / 186 (33%) 174
).: COO!\( '_ COOMe
;
2 .. 149 Ph + PhCHO
{ | 157 (21%) 175
' \~. . ‘ ‘ .
\ W
. \ Z Y Ph
3 | 149 -7
S 188 (70%)
, ot
4 H@ 149
' 154" (33%) |
N ~\
‘. -
1 .W

%
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separated and each one, on ozonolysis, gave a reaction

mixture which was examined by 14 NMR spectroscopy. Only a

,single aldehyde signal corresponding to benzaldehyde was

observed, confirming thet the final cyclization had
: Co : 8 :

occurred in a 6-exo manner. The reactjon was extended to

the use of methyl acrylate. The product 157 was isolated

" in 21% yield (Table 9, Entry 2). Ozonoly81s and - 1H NMR

examination of the mixture confirmed the nature of the
cycllzatlon,as 6-exo. When the Michael acceptor was
changed to methacrylonicrile; xhen.the product 158 was
obtained in 70% yield as a single 1somer._ Oronolysis on a
preparat1ve scale gave the corresponding ketone 17181 rn
63% yield (TaBle'9, dntry 3). | :' 6 2
Use of methy% methacrylate gave the desired product
159 but the'ydeld'was only 33%. Again, preparAtive
ozonoiysés gave the corresponding ketoné'i738if§? in 53%
yield (Table 9, Ehtry\4)‘ In both cases 171 and 173. the
crude ozonoly51s mixture was examined (before ;
pur1f1cat1on) by 1H NMR spectroscopy to confzrm that only

penzaldehyde had been produced. It ehould be explained

‘ that if the cycllzatlon pathway was 7-endo, then ‘the

Q IS

aldehyde produced on ozonolysie would show a formyl proton

:‘}‘.,:r-:
that wouLd be split 1nto a trxplet. There was. no- evidence

for th1s. We examxned also the correspondzng primary - ™

selenlde 151.» In th;s‘case. with excess acrylonitri;e.rE
ey ST e ! . ’ ;"ﬂ




the deslred,cyélohexane c#rboﬁitrilé 158 was isolated in
66% yield (%able‘9, Entry 5). Tﬁesé experiments, show o
' therefore, .that radical annulation could be used t?ﬁmake
6-membered rings. ' _ o :fm

We next examined the secondary bromide .148 (Table 8),
which we prepared from 1l-methyl oxetane followéd by
'conversion of alcohol 143 into bromide 148 (Table 8, Entry
2). Radical annulation with acrylonitr;le gave cyclo-
hexane carponitriles 160,'isola£ed in 38% yield. This
material could be separated‘into three fra;tiohs (Table
10, Enéry i).

-

Table ™~ 10. "~ Annulation of 2 Bromide and Ozonolyslé.

Entry| Starting materlali‘ Cyclized product | Ozonized product
. ! ) ) CN T
1 .
2 \ ’.

73
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Two of then:corresponded to pure isomers and the third was
a mixture of two other isomefb. Each f?éctidﬁ was
ozonized and aéain_the‘tot51,feaction mixture was examined
by 14 NMR 5pectroscopy} Only‘the benzaldehyde siénaluwas
observed in the formYL.region:. ) |
When the secondary bromide was used iﬁicoﬁjunctioﬁ
with methyl acryihte, the product 161 was isolated\in:ZS%
. "yield (Table 10, Entryﬂi). bpon ozonolysis, the keto
ester 17284 was formedlin 25% yield;- We alsé tried té
estéblish'whether or not the benzeﬁe unit attached to the
triple bond is eésential. To tﬁis end we prepared the l

A

triisopropylsilyl acetylene 19485 (eq. 58). The use of

r

: " Br
194 150 (54%)

o r‘[:o : ‘ |
==—TIPS (\-—E—\Tlps i v eq. 58 C
the triisoprbpylsilyi unit was aictated.by the fact}that:
the synthetic route involwved reaction between an epoxide
‘and an anion 195, and it iéJknqwn that the specific anion ‘

'shown,

——==—TIPS




'-’-'.Q

?ﬁ. txme as the triphenyltin hydr1de and AIBN. By use” of -an

reacts as.such, rather than as an’ allene anion 196.85 The
bromide 150 underwent, with acrylonitrile, the standard
cyclization, and gave a mixture’of isomers 162'in'56%:

- yield (eq. 59). Some other cyclizations were attempted
o - . ©N o .
<fﬁ\~—-essf-T|Ps —  eq. 59

Br

150 . 162 (56%)

with the results collected in Table 11. Of these
experlments. only Entry 3 'led to some cycllzatlon as
\ :: L r-’

judged by the presence of vinyl signals- in the 1y NMR

‘spectrums All required starting materlals contaln&ng ‘the

-~

trllsopropy151ly1 group were prepared as summarlzed in -

Tables 12 and 13.

We made a brief attempt to optimize the onditions

“for annulation. The prlmary brom}de 149 (see/ Table' 8) was .

. ’ N
mlxed with 1 equlvalent of acrylonltrlle and the remalnlng‘

N -4 equivalents were added usxng a th1rd syrlnge at Ehe samef

i

internal standard and 1H NMR spectroscopy. the" yleld of

O’ ‘cyclized product 156 (see Table 9)iwas meas“red and found

‘.R‘f:b be 55%._ Uncyclized material 170 ammounted to 20% yleld

"‘;ble 14. Entry 1).

When the reaction was repeatedf_us1ng 2 equivalentS’g*




Table 11  Attempted. cyclization reachons. \
Entry | * Starting material - " Conclusion
1 '154‘ ‘(Toluene) | ,Stanihg material recovered
N i ‘ . Ve
1 2 154 ° (Benzene) ‘ Starting material recpverea’
( - . [ '
. k . . ‘ ) A
3 147 : Some cycllzatlon observed
. I oA e ‘n,‘ . : Ltew - s ny;
4 153 e
53 +> . Unidentifiéd olil
| : tes . -
| 166 L
5 155
W -
Y " . /.
g | 169 BujGeH:
R £ . SOgPn :
1169 =/ .
N , ,.." vny

Al 'expéi;tih'e'nlté"waé carried out under iisi:
-VV_.A'condltions with Ph,SnH and acrylonllrlle except wh
. _.»_‘-“1 see Tnble 15 tor- structure. IR

NI

al,.radleal annumlon

g% markcd (')

76
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‘ ‘Ta‘blé 12.  Preparation of starting material alcohols’ and ester. .

'Y

" |Entry “St‘artlng'material, . Alcohol

OH -

= TIPS .
144 (48%) '

| . . l- \ B ' I. ‘ . v ‘ . YOH o ' _‘ | ' .
. NI IR A by N——==—TIPS .

T . R . ' 145 (584%) < . .
OH

“.'< A i

\ .

e ==—TIPS
146 (53%) '

"W
o‘ A"' R




" Jable 13. Preparation of starting material for annulation.

t .

Entrj

'Stating Material

Product.

v 4e

145

150

Br

==—TIPS
. 150 (80%)

L:—m:'s o

" 1852 (76%)

_SePh

.

N IR ==_—TIPS
g ‘153 (50%)

& .
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Table = 1a.

L]

Varying éondltlons f'or‘ annulliatlb‘h‘ro‘actldns.‘

. 79

|Entry

Starting
material

reaction flask |

Acceptor in the

Equiv. of Michael [Equiv. of Michael
Acceptor added

Réagbnt

‘ product

Cycliiqd Uncyclized|

prodqct

2 | 149

3 | 150

| 149

"1 equiv.

"2 equiv.

2 equiv.,

over a period -

4 Q:q"ulv.‘ :

3 equiv.

3 equiv.

Ph;SnH
PhySnH

‘BuySnH

156
(55%) .,

156 -
(46%)

162 |

. v
ad
1 3

170 -
(20%)

170 .
(24%)

(24%) -
‘4‘» 150 ] . 4.5 equiv . - ‘3_939°H' . _
5 | 152 | 6.6 equiv. o Bu,SnH ‘162" i
L e S sl |
<. 7 ".i‘,"‘l o . R . . l A \ (54%)
_ B -~
A i )“ |




A

. 1 ‘l :\‘ ' . . "y
course of the reaction, the results were rat er aimilar:

gthe yle}d of 156 was 46% and of 170 24% (Ta le 14, Entry P

\

'i2) AJ authentxc sample of 170 was generated as in eq.

"[‘ S 60. It seems, on the basxs of these experlments, “that our .
Ph—‘;—\JBr P.h3s~°H“ Ph—.——.:.——\_ eq. 60 ‘ {
“."“‘, “ . . CH3 )
oo initial,condﬂtions,fi.e. additdon'of 5 equivalents of

the react1on uessel at the beginning of

..

‘We also examlneﬂ the 51lygfbrom1de 150 (eq. 59) agd
) .\ ‘b.'“ !

;carr1ed out two experlments.‘ In the fxrst, 2 equxvalents

*_4‘-‘ S

-

VOf acrylonltrlle were placed 1n the reactlon vessel WIth 3

1“ J.‘

equzvalents be&ng added durlng the reactlon{ The'yxeld of




toe
.

;14, Entry 4). Only etert1ng material was’ recovered end it

’18 euspected that there 1s a. problem in ma1nta1n1ng the.‘

Entry 5) e prtd "_H'A t

Finally tributylgermanium hydr1de was examined w1th

150 and acrylonitrile, the reactlon ‘did not work~(Tab1e

!

We then carrled out Another experlment in whlch 5—

chain reaction.

membered annulatxon was 1nvolved. When<the bromohydrln

16977 had flrst been subjected to the annulat1on

~

‘condltions 1n the presence of acrylonltrlle, the cyclized

o

product 163 was 1solated 1n 64% yleld We repeated the-

m

'd,'experlment and found the yleld of cycllzed product could
s ,

‘.be ra;sed to 73% (Table 15, Entry 1). When‘we used

‘ Tnbl'ev ‘ -15.‘ vFIve . membored ﬂng annumion.:

T

Entry| Starting material” | - Annulated product | .

81 -

i
1
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o : ‘gl . ' ' | .
methacrylohitrile the yield was 85% (Table 15,,Entry 2) .

g ‘jffi‘hbut with methyr?mefhacgylate} the yield fell to 41% (Table .

oy, Entry 3) | R S Lo -‘”-“t"

O y S ,, C ‘ ‘
fﬁ;:J‘ VL &t is clear from the above experlments that radical

.

' . Qannd'on can be used to make S-Qembered or 6-—membered

Ml rlngs and 1n the case of bromohydr1n 169, eSpeC1811Y Wlth
PN o ’ ¢’ ' .

acrylonltrlle or, better, methacrylonltrlle. the ylelds g3\‘”

LN

T are synthetlcally useful.

. The Structure of 163 was examlned in detall. The /

-

sgpstance was separated 1nto three fractlons and each&was

Lo s\bjected to 020n01y31s teq. 61) It was Poss1ble to f'M’
0, L
) e - .. . eq, 61

' DMS : “ \

-.-’: '_.v_‘ ) 163 ‘:.‘ ‘.“I.,“ . . ‘:.I“ . .i:.v. 1‘77 l.
¢ I”ISOIate 4 1somers of 177 1“ 2 fraCtlonS. eaCh fractlon L

L ‘“ﬂcontalnlng 2 1somers. Ozonolysls of the faster runn1ng "
R 'y I

.Qifractlon of the olefln 163 gave 177 1n 59% yleld (as al‘“"



ketone isomers 177 were‘obgained:

D Mppemaix . .

Cyclofunctionalxzation is an eff1c1ent route to

heterocycles conta1n1n992 93 the synthetlcally useful

(phenylseleno) group and a number of exampleé? such as

“that shown in (eq. 62) 94 had: been studled. 5

R At the time. thls work was' 1n1t1ated (1977), it was not’ oy
o fy N o “
known if cyclofunctlonalizat1on w1th selenlum reagents

.

could be used to make C-C nds,_and 80 the especxally o,

' »

favourable .case of transann,lar reactzons was studled. it .
. . L]

has been found (eq 63)95 that the reagent can be used to . i‘

e

bﬂ:i,‘make a C-C bond._ Vf.‘k.fwu'

:‘j}v‘:':?h's'd(:l AcOH |
“MeOH, H,o K,co,
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' 1

" " “ " . " .
S;nce that time several othen examples of C—C bond R L~/ R

~ .
Lo

formatlon (s. Ley)96 97 have been publishepqh We completed i

| _the: experiments that had been done, in ‘the. fqlhowing

ol

| - way. An acetlc acid solutlon of phenylselenenyl chlorxde
':was added to (IE Si)ecyclodeca~l 6~diene in acet1c acld

u‘é;;ntalnlng anhydrous sodium‘aceifte. The acetate 183 was‘uyr‘m

";;oduced in 61% yield. A exmilar reaction was carrxedlout,

and thb crude product was treated wlth methanol-water—
"\xj R

4

1

‘pota551um b;carbonate at room temperature for 16 h.‘ The,fﬂ“
‘alcohol 184 waspaeolated as‘an‘analytlcally pure solid in
: ‘ ‘ o

B -t.'58% yield (Scheme‘iB). The same procedure was used w1th

(1E, 6E) c clodeca—l 6-d1e e to e .us the acetate 182 &
Y a§ 9@? B

) t154%) and the alcohol 185'(54%) (Scheme 19) - ’er ’ ~5:’. ”
_ e }ff Alcohol 184 was subjected to normal C Se bond . >
. cleavage by treatment w1th trrbutyltln hydrlde and AIBN in
o ‘benzene to glve the alcohol 186 (87%),'wh1ch was then d “'. ; !
: . '-acetylated to produce 187 (62%) (Scheme 18) ' ",‘ o
‘ | | Aloohol 185 was also subjected to‘the C—Se homol
; klto glve alcohol 186a (87%).“and, after,acetylatlonr 187.“&h

‘h97% (Scheme 19).4, x- o 't ?. "" qup.‘iﬁi*: “‘ A

S ‘:imb Authentle samples of alcohol 18691 were made by the ';f:”ff

o . o ) ' \
' L

A B

' r“vjillterature procedure and the corregponding acetate 187 was




Scheme 18
———

\

<

DN

SePh

1331

\

H

m O

184 (58°/6)

\l‘ SePh

183 (61%)

;lllo
x

‘ -

f

O
>

| 187 (62%)
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SePh

182 (54%)

N g
LS
LN
OH
O:) 185 (54%)
§ePh
’ §
oH \
- ;& s

[D 186a (87%)

OAc

187a (97%)

86 '
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into amide 179‘(66%) by tr?atment with iodine,
A

»

acetonitrile, and diphe9y1$iselenidel After homolysis of

the C-Se bond in the usual manner 181 was formed in 5B

yield (Scheme 20).

I
-

A , . .
~ , ' Scheme 20 . ‘

NHCOCH;

,

[::::::::] | - ::::I:ii: .
‘ B / SePh . - !

, | . .
\ | 179 (66%) 181 (86%)

NHCOCH;

Similarly.'({Efﬁg)écyclodeca-lﬁ6-diene was converted
into 180 (63%) and, after homolysis, 18la (89%) (Scheme

21).

Scheme 21

NHCOCH; NHCOCH;

“ §§Ph ‘ |

180 (63%) 1818 (89%)

a3



A

On the basis of the firmly established trans mode of KQl

addition of selenenyl reagents to double bonds, the trans-

annular reactions of Scheme 2Q znd Scheme'Zl are expected

s a

"to proceed to the products indxcated and thqse

b

expectations were confirmed by spectral measurements.

A Fiﬁafly. authentic sémples of 190, 191,105 j92, and

’

193 were made by using the cis ketone 189 and trans ketone .

188, by Wittig chemistry (eq 64 and #4q. 65). Authentic
sanples of these compounds were needed to confirm the

strudtuge ofkmaterxal made by‘radxcal cycllzatlon.44

o !R - .
: . : H , *
[:%:I:::] —_—— : eq. 64

189 (79%) \ X = CHPh. 192 and 193 (15%)
, X = CH, 190 and 191 (15%)

H
eq. 65
188 (82% X = CHPh 193 (24%) )
(82%) . X=CHp 191 (15%)
N , |

L&
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E. Conclusions

o

EN

- “The results discussed in this thesis filustrate‘the
v N,
utility of free radxcal methodology for preparzng

carbocycles. S . ”‘\
. . N

. N o F .'\ :
The present work, together with,independent ahdsprior

contributions in thé\litérature, suggests that the subject
‘
is likely to develop and to acquire a slgnlflcant place in

general organic syntheeis. fw ; - . ~f

£e



I1I. EXPERIMENTAL w

Unless otherwise stated, the. follbwing‘particularS'

e

apply. Experiments were carried out under argon purified

'by passage through a column (3 S x 42 ‘cm) of R 311

90 °

catalyst98 and then through a similar column of Drierite.

A toE
Glassware was dried in an oven for at least 3 h

(l30°C), ‘Gooled in a dessicator, assembled gquickly, and
sealed-withgiubber septa (where applicable). In%et and
exit needles for argon were passed‘through septa on the.
apparatus and argon was purged through the system. The
exit needle was removed after a few minutes and the:

apparatus was kept under a slighﬁistatic pressure of argon
@

'(prov1ded no gas was to be generated in the reaction)

.Stirring was effected bm\using a dry, Teflon—coated

magnetic stirring bar.p~

- Ay \

S

Materials were. weighed quickly 1nto dry flasks whick’
» ‘

'were then sealed withvrubber septa and purged with

argon. Transfer of moisture- and/or air-sensitive

materials was accomplished using dry, well-greased
\

'isyringes whenever possible. solids being dissolved in a

:usuitable solvent prior to transfer. Solvents were

distilled before use—for chromatography or extractions.’

: Where required. solvents and reagents were dried with

O



'mlcroanalysis was carrled out.e”Meltzng points were

' suitable drying agents and distilled under argon. Dry

ether and tetrahydrofuran (THF) were distilled from
sodiumfbénzophenone ketyl; benzene and toluene were

distilled from sodium; dichloromethane, chloroform, carbon

-

'tetrachlorlde, hexane, pyridine, triethylamine, diiso-

propylamlne, acetonltrlle, and hexaméthylphosphoric
triamide (HMPA') wére distilled from calcium hydride [the
latter under reduced pressure (ca. 1D mm)]). Methanol was'

distilled from magnesium methoxide; U.S.P. absolute

N\

ethanol99 was used without further drylng.' The commercial
solutions (Aldrich) of methylllthlum in ‘ether, n4butyl-’

lithium in hexanes, vinylmagnesium bromlde in tetrahydro—
i \)

furan, "and v1ny111th1um (Lachat) ‘in tetrahydrofuran were

titrated‘beforeruse by the dxphenylacetic acid
4 . .

,method.loo Phenylselenenyl chloride}fpyrgdinium~‘7
ch}orochroqate, diphenyldiselenide (all Aldrich .
materials), were used as recelved.. Azobisxsobutyronitrlle

(AIBN) from Fastman was stored at 0 c and used without

el

further purlflcatlon. /

Products were xsolated ‘from solutlon by concentration

!/'

under water-pump vacuum at 30 C u31ng a rotary

evaporator. Where compounds wereflsolated by\slmple : ""

/

*evaporatlon of thegr solutlons,/the re31dues ‘were - kepﬁ

under vacuum {<0.1 mm) unt11 of constant welght ‘and h}
x, i

\, / )
measured using a Kofler_block,meltiﬁ@ point‘apparatus;l



£

Boiling points quoted for productsﬁdistilled in a

- -

Kugelrohr apparatus Fefer to'the‘OVen temperature}
‘\

Commerciallsilica (Merck 60F 254) thin layer, .
|

‘chromatography (TLC) plates were used. Silica gel for

flash. chromgtography was Merck type 60 (230 400 mesh)

TLC plates were examined under uv’ radiation (254 nm),
treated w1th iodine vapour, and charred on a hot plate
(

. after being sprayed w1th sulphuric ‘acid (6 N in methanol)

or: phosphomolybdic ac1d [prepared fromqphosphomolybdic ;

Jacid (3 g Moo3-2H3PO4o48H20) and ‘ceric - sulphate [0 5 g,

‘H4Ce(SO4)AJ in 190 mL of 3% aqueous HZSO4. 5

Elemental combuLtipn analyses were performed in the -

microanalytical laboratories of the Univer51ty of .

' Alberta. Infrared spectra ‘were . recorded on a Perkin-Elmer

297 spectrophotometer or a Nicolet 7000 FT-IR
1nstrument. quuids were run as neat films on pota381um':
chloride plates and solids were run as solutions in the ﬁ”"

spec1fied solvent, using 0. 5 .mim potassium chloride,

-

, >,
cells.’ Proton NMR spectra were recorded on’ Bruker WP 80

(at ab an), Bruker WH-200 (at 200 MHz), Bruker, wa-3oo (at o

?300 MHZ)- or Bruker WH—400 (at 400 MHz) spectrometers, 1n"

deuterated chloroform with tetramethylsilane (TMS) as an

‘internal standard.‘ 13C NMR spectra were recorded on

gBruker HFX-QO (at 22 6 MHz), Bruker WH-ZOO (at 50 3 MHz),v-

fBruker WH—SOO (at 75 5 MHz), or Bruker WH-400 (at 100 6

.
- ‘ ' ‘r‘ ' . ! ' o ' ’.‘ ‘\ : .
. . e Lo . . R . .
N BN et A - ' - B
v A . Lo . : . L . Lo T [ . ) .
. ¢ . Cy . e . . o . C X
. . .
.
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"‘

Mﬂz) spectrometers in deotératedchlorofo;mwith TMS 'as an
internalfstandafd;:‘The foliﬁwingcgbbreviations are used
in.the‘text;‘.sg singlet; 4, ‘doublet ; t; triélet* .
qqartet; q', quintet; m, multlplet' s', sextet J,’
"Couéling oonstant;u§,’ehemiea1 shift,n . ;
‘ Mass spectra Were reoorded on an A;Ef . Ms'éo mass
”wspectrometer at an 1on1z1ng voltagé oﬁ 70 EV All |
compounds wlth asymetr;c centres are*racemlc.-
‘1 1—Bxs(phenylse1eno)—4—(1 l—dlmethylethyl)cyclohexane
86: 56

Concentrated sulphurlc ac1d (1 mL, 18.76 mmol) was
added dropwxse to a stxrred solution of 4ﬁtg£sjbuty1cyclo-
hexanone (1 79. g, 11.6° mmol) and benzenesélenol64 (3. mL,q.
28. 4 mmol) in carbon tetrachlorlde (9 mL) . Stirring was

. { n
“contlnued for 1 h and the mlxture was then quenched w1th

B Y

93

saturated aqueous sodlum blcarbonate (30 L) and extracted

w1th ether (3.x 50 mL) The solvent was evalporated and

‘the resldue was d11utedfw1th methanol (10 mL) and treated

:,'wlth sodlum borohydride until the yellow colour had been

hdlscharged.' The * mlxture was quenched w1th 5% aqueous

"sodlum blcarbonate solutlon (10 mL) and extracted w1thv
.-'pentane (50 ﬁL) h Evaporatlon of the solvent and.

‘recrystalllzation of the re31due from hexane gave 8656

(2 72g, 52%) as;p homogeneous (TLC, . silica gel, hexane)

A

N w C i

RN . - , -



A

“solids mp . 31 -89*c, [lit. mp. -B1-89° c],56 IR (cc14) 3080
3060, 2940, 1480, ' 1440, 1370, 1025, 695 em1; 1H NMR R
(coc13, 80 MHz) 5 1.8 (s oH), 1. 25~ 2.25" (m, 9H), 7.25-7.5 -
(m, 6H)r~7.6—7.9 (m, 4H) exect mas’s, m/:J452.0504.&calcd

-

. for C2'2H288e2, 452-0504).

A
-

1 l-Bio(phenylseleno)cyclopentane 84 56
The ‘procedure employed for 86 was followed usxng
‘cyclopentanone‘(GOO mg, 7.14 mmol), benzeneselenol64 (1.5
'me; 14.2 mmol). and concentrated sulphurlc ac1d (1 mL.
'18.76 mmol) in carbon tetrachlorxde NO mL). After work
up flash chromatography of the re51due ‘over elllca gel (5

- -,

"x 15 cm) with 5% ethyl acetate—hexane followed(ﬁy
l
recrystalllzatlon from hexane gave 8456 (l 26 g, 46%) as a

»‘homogeneous (TLC. sllxca gel, hexane) sol1d mp. 73~ 75 C,"

Elit. mp. 73-75°C];56 IR (cc14) 3080, 3060, 2960,11475 A |
'v144o,‘117o,-;020, 690 ‘cm™ -1; 1y wMr (coc13; eo MHz) 5 1. 5- R
z.;p(m; gH), 7,25-7.55 (m, 6H), 7.6- 7.9‘(m, aH). |
‘1 l—Bis(phenylseleno)ethylbenzene 87-56

',, The procedure employed for 86 was - followed usrng
'“acetophenone (954 mg. 7 95 mmol). benzeneselenol64 (1 5
'fimL 14 2 mmol), and concentrated sulphurlc acld (1 mL.
18 76 mmol) in carbon tetrachlorlde (6 mL) | After work up

mwflaah chromatograPhY of the resldue over silica gel (4 x

~



15 cm) with 2% ethyl acetate—hexane gave 8756 (431 mg,

13%) as a homogeneous (TLC . silica gel, hexane) oils IR
/ . . | o

(ccy) 3080,,3060 1475, 11440, 1050, 1025, 910, 695 cm™};

1H NMR (CDCl3, 80 MHz4 5 2.1 (s, 3H), 7.1-7.25 (m, 9H),
' 7.25-7.8 (m, 6H)s /. L )
| / : ‘ SR a4
* .o
1 1-818(phenylseleno)cyclohexane 85: 54 '
Hydrogen phloride was bubbled into a cooled (O C)

. /

95

solution of cycxbhexanone (2 06 g, 21. 0 mmol)"and benzene—w

selenol64 (5 O mL, 47.35 mmol) in benzene (20 mL) for 30
min. Stirring was continued for 1 h and the mixture was’

ﬁﬁquenched by addition of saturated aqueous sodium

bicarbonate (50 mL) and extracted .with ether (3 x 100

/ I
mL)./ The combined organic extracts were'washed with brine

N

f(S mL) and dried. Evaporation of ;he'BQIQeut'and‘ o

necrYstaliization of the residue from hexaue‘gave 8554

(l 31 g, 23%) as a h6mogeneous (TLC, silica gel hexane)

f
solid' mp. 80- 82 C: IR’(CC14” 3080,A3060. 2940, 1470,

»-1445, 1435. 1250 1120J,1020f

00 en™!; 11 NMR (coc13,‘eo

' MHz) 65 1.1- l 8 (m, IOH), 7 1 7 2 (m, 6H), 7. 5~ 7 8 (m. 4H),

exact mass, m/z 395 9865 (calcd for clBHZOSeZ"

395.9895).

1- (Phenylseleno)cyclohexanecarboxaldehyde 75:52 e
Bromine (0 5 mL, 9. 7 mmol) was added dropwise to*e

P



stirred solution of dlphenyl dlselenlde (3 04 g, 9 7 mmol)’

"'in dichloromethane (30 mL) . "Stlrring was'contlnued for 10

min, morphollne (l 7 mL, 1.9 mmol) was then added slowly

and stlrring was’ contlnued for' 30 min. Cyclohexanecarbox—

. Valdehyde (2.3 mL, l 89 mmol) was added and the mlxture was

- w
Stlrred for '12-h at room temperature. The solvent was

evaporated and %he resldue was passed through a short

’

column (ca. 3 x 7 cm) of Florlsll w1th 10% ethyl acetate—

hexane (100 mL) .The flltrate was . evaporated and flash

?

chromatography of the residue over’ sxllca gel (5 x 15 cm)

with 5% ethyl acetate-hexane followed by 10% ethyl

LY

~

acetate—hexane gave 7552 (3 17 g, 62%) as. a homogeneous

(TLC, slllca gel, 10% ethyl,acetate—hexane) 011 ‘IR

" (Neat) 3080, 366'0, 2940 2860, 2720, 17oo, 1440, 1025.
745, 695 cm™1 i 1y mur (cnc13, 80 Mﬂz) 5 1 1 *2.0. (m, IOH),
7.1-7.5 (m, SH), 9.1 (s; 1H). | |

u

~(4-Pheny1 3-butyny1)-1 (phenylseleno)cyclopentane—

‘ vmethanol 88:4_, L. R
. : /;.A

n-Butylllthzum (1 79 mL, 1.55 M 1n hexanes, 2. 77

o mmol) was 1njected dropwlse into a stlrred solutlon of the_

: lselenoacetal 84 (l 05 g, 2 76 mmol) in THF (30 mL) “at

. ‘78'C. After a further period of 15 min, a solution of

¢

';1;a1dehyde 8060 (224 mg. 1. 42 mmol) 1n THF (6 mL) was added

,rapidly. Stirrxng was contxnued for a further 2 m1n and

. (N v
T e . .

96" .



the mlxture was part;tloned betWeen 10& hydrochlorlc acid

(50 mL) and ether (3 x lOO mL) The comblned organic

extracts. were washed with brine (50 mL) and dried. .o
‘CEvaporatlon of the solvent and flash chromatography ‘of &he
o . ‘)“'r’\ . ,
‘re31due over slllca gel (4 x 15 cm) with 108" ethyl o C -

N

'acetate—hexane ‘gave B8 (fOG mg,»74%) as a hombgeneous\‘ql
(TLC silica’ gel. 10% ethyl acetate—hexane) oll._ IR"‘I’
‘(cc14) .3500, 3060 2960 1950 1490, 1140.'695 em 1{f}H3
'NMR. (CDC15, 200 MHZ) b 1.6- 2.0 (m, - 10H), 2. 6 2.75 (m,43H),
3.6-3.75 (m, 1), 7.2-7.4 (m,VBH),,7.6-7.7 (m, 21); 13¢

' (CDCl,, 100.6 MHz) § 6.8, 24.5, 24.8, 31.9, 34.5,:36.1,
67.7, 75.5,.81.0, 89.8, 123 8, 127”5 128.0, 128. 1. 128.6,
- p128.8,‘l31.5; 137.7; exact mass, m/z 384 0994 (caIed for
‘C22H24580, 384.0992). Anal. calcd for C22H24Se0.‘ e,
68.92; H, 6.31:; O, 4, 17<\ Found.,'c 68.76; H, 6.19; O,
4.37. - | | e ///»

5 o . ) ' o "g«\u

- : il L

aﬁgaaPheby1;3-butYnY1);1—(Phe#Y18e1eno)é?élohexaneméthanbl
-'.‘v.\' - . B “ o . v B “ ".

The procedure employed for 88 was followed using
'selenoacetal 85 (116 mg. 0 29 mmol) 1n THF (5 mL), n-.”t

\fbutylllthlum (0 19 mL. 1. 55 ‘M 1n hexanes, 0.29 mmol), and‘J‘J‘
‘aldehyde ao (51 mg, o 32 mmol) in "THF (2 mL) _ After work;v '

'f;up fladh chromatography of the residue over silica gel (2 

iﬂ&\ls cm) w1th lO% ethyl acetate-hexane gave . 89 (76 mg,"
N R T e Yy L D ; -

W . . " . Ty g L
- Coe . ' N

agir



65%) as a homogeneous (TLé, silica gel, 10% ethyl aootate~
hexane) 6il: IR (CClg,) ?486: 3080, 3060, 2940, 1490,
1436, 1060, 910, 692 cm™}; lH NMR (CDCly, 200 MHz) & 1.4~
2.3 (m, 12H), 2.65-2.95,(m, 2H), 3.15 (br, s, 1H), 3.8 (m,
1H), 7.4-7.6 (m, BH), 7.8-7.9 (m, 2H); 13c (cpCl,, 50.3
MHz) 6 17.1, 22.6, 22.8, 26.2, 30.1, 30.8, 31:9, 64.0,
74.6, 81.0, 89.8, 123.9, '126.2, 127.5, 128.1, 128.7,
‘ 123:9, 131.5, 138.1; exact mass, m/z 398.1155 (calcd for
Cp3Hp6Se0, 398.1149). Anal. Calcd for CpgH,Se0: C,
69.51; H, 6.59; O, 4.03. Found: C, 69.62; H, 6.61; O,

0

4.04.

4-(1, 1~Dimethy1ethy1)—u (4~pheny1 3- butynyl) ~-1- (phenyl—
Seleno)cyclohexanemethanol 90: .

The procedure-employed_fo; 88 was followed using
.selenoacetal '86"‘.(636 ‘mg, | 1.41 mmol) in THF (20 mL), n-
bu"t'yldlithiu‘ﬂ (0.94 mII, '1.5"M in hexanes, 1.41 rﬁmol), and
' dldehyde 80 (249 mg, 1.57 mmo1) in THF (5 mL). After work

up fla,;h chromatography of the resxdue over silica gel (3
x 15 cm) w1th 10% ‘ethyl acetate-—hexane gave 90 (555 mg,
86$) as a homogeneous (TEC, silica gel 10% ethyl acetate-
hexane) oil: IR (CC14) BSQO, 3080, 3Q60. 2940, 1470.
'“1389. 1065, 910, 690 cm~!; H NMR (£DCl,, 200 MHz) § 0.7
S8\ 9H), 0.8-1105 (m, 1H), 1.2-1V7 (m, SH), 1.75-2.1 (m,
dH)) 2.1-2.4 (m, 20), 2.6-2.75 (m/ 21), 4.1-4.2 (m, 1H),

98



7.2-7.45 (m, 8H), 7.657.75 (m, 2t4); 3¢ (cpcl,, 100.6 Muz)

8§ 17.0, 22.6, 22.7, 26.1, 30.1, 30.8, 31.8, 63.7, 74.6,
81.0, 89.8, 123.9, 1?6 2, 127.4, 128.0, 128.6, 128.8,

131.5, 138.0; exact mass, m/z 454.1768 (calcd for e
71!51; H; 7\56,‘ O, 3-53\ Found: C, 71042: HI 7-30; O:

5.66. L4 . ]

2, 7-Diphenyl-6-(phenylseleno)hept-4~yn-501 92:

The procedure employed for 88 was fol lowed using

selenocacetal 87 (207 mg, 0.5 mmol) in THF (S5 mL), n-butyl-

lithium (0.31 mL, 1.6 M in hexanes, 0.5 mmol), and
aldehyde 80 (79 mg, 0.5 mmol) in THF (2 mL). After work

up flash chromatography of the residue over silica gel (2

x 15 cm) with 10% ethyl acetate-hexane gave 92 (107 mg,

51%) as ah apparently homogeheous (TLC, silica gel,. 10%
ethyl acetate-hexane) oil: IR (CCl4) 3500, 3060, 2940,
1490, 1430, 1270, 1050, 900, 690 cm~!; lH NMR (CDCl,, 200
MHz) § 1.45—2:0}[m; SH (includes two singlets of equal
intensitf at § 1.75 and 1.8)], 2.48—2.7'(m, 2H), 2.76 (br,
s, 0.384), 3.05 (br, s, 0.62H), 4.05 (m, 0.38H), 4.5 (m,
0.62H), 7.6—7.6 (m, 15H): 13C‘(CDC13{ 22.6 MHz) § 17.1,
29.4, 60. 3. 73.1, 89 4, 126.6, 127.6, 127. 128. 1. 128.6,
128.7, 131.5, 137.8, 143:0; exact %mss, m/z 420.0989

(calcd for C,gH,,4SeO0, 420.0993). Anal. Calcd for

99
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1’

C25H24Se0: C, 71.59; H: 5-77,‘ 0, 3-8‘- Found: C, 71-60:

H. 5.46; O, 3.96. = _ : -

2—(Pheny1ethyny1)-n~[1~(phenylaeleﬁgfafélopentyl]benzene—

methanol 91: .

The procedure employed for 88 was‘féllowed Qsing
selenocacetal q§ (307 mg, 0.8 mmol) in THF (10 mk), n-
butyllithium (0.54 ﬁL, 1.5 M in hexaneg,‘O.B mmolf, and
aldehyde 83°%1 (165 mg, 0.8 mmol) in THF (2 mL). After
work up flash chromatography of the residue over silica
gel (3 x 15 cm) with 10% ethyl acetate-hexane gave'91 (138
mg, 55%) as a homogeneous (TLC, éilica gel, 15% ethyl
acetate-hexane) oil: IR (CCl,) 3480, 3060, 2960, 1490,
1440, 1380, 1180, 1040, 690 cm~); i ‘NmR (CDCly, 200 MHz)
6 1.4-2.15 (m, 8H), 3.9 (br, s, 1H), 5.4 (s, lﬂj; 7.0 (m,
2H), 7.2-7.5 (m, 9H), 7.7-7.85 (m, 3); 13 (cDCl3, 50.3
MHz) 8§ 23.4, 31.3, 34.8; 71.2, 73.2, 87.4, 123.3, 127.1,
127.3, 127.9, 128.0, 128.3, 128.5, 128.9, 131.3, 132.2,

137.6, 139.8; exact mass, m/z 432.0993 (calcd for .

CpgHz45€0, 432.0992). RAnal. Calcd for CpgHysSeO: C,

— X
72038: H' 5&610 Found: C, 720’83; H' 5-53. A

satisfactory carbon analysis could not be obtained.
) -~
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al4~ (Trimethylsilyl ) ~3-butynyl ]—l—.(p'henyl se leno.)cyclo—
. hexanemethanol 76:

A few drops of 1,2-dibromoethane were added to a
mixture of magnesium (113 mg, 4.6 mmol) in THF (2 mL).
when the Grignard reacgion had started, a~Mixture of 75a%3
(494 mg, 3.1 mmol) and‘l,z;disromoethane (283 mg, 1.5
mmol ) ;n THF (10 mL) were added over 30 min; The reaction
mixtufé was then refluxed for 3 h, cooléd to room

temperature and then to -78°C. Aldehyde 75 (306 mg, 1.15

mmol) in THF (2 mL) was added dropwise and the mixture was

N

stirred at -78°C for 2 h. After being allgwed to warm to

Tp——

0°C, the mixture was quenched with saturated agqueous
” ammonium chloride (30 mL). The aqueous layer was
‘extracted with ether (2 x 50 mL), and the éombined organic
‘extracts werevwashed with water (20 mL) and brine (20 mlL),
and dried. Evaporation of the sblvent and flash chromato-

Q silica gel (3 x 15 cm) "with 10%

graphy of thé residue ove
éthyl acetate-hexane gave 76 (175 mg, 38%) as a homo-
géneohs (TLé; silica gel, 15% ethyl écetate-hexane) oil:

IR (cc14):f 348”0, 3060, 2940, 2180, 1450, 1250, 1050, 900,
690 cm~!; 'H NMR (CDC1l3, 80 MHz) & 0.2 (s, 9H), 1.0-1.9

(m, 12H), 2.3%2.25 (m,. 2H), 2.7 (4, J = 2 Hz, 1H), »3;3-3.6'
(m, 1H), 7.2-7.4 (m, 3H), 7.5-7.6 (m, 2H); 13c (cpcl,,

22.6 MHz) 5 0.1, 17.6, 22.6. 22:8;26+2;—30+3,—30+7,— 310, -

32.1, 64.0, 74.5, 107.2, 126.1, 128.8, 128.9, 138.1; exact
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mass, m/z 394.1231 (calcd fof C,oH;,Se0Si, 394.1231).

General Procedure for Radical Cyclization

The experiments were performed with anhydrous
solvents and oven dried apparatus. AIBN‘(Eastman
material) was used without‘purificatibh. The substrate
(0.4-1.0 mmol) was placed in a 100 mL round—bottoﬁed flask
containiﬁg a Teflon ¢o§ted magnetic stirring bar and |
equipped with a reflux condenéer closed by a rubbef
septum. The sys;em wés purged with argoﬁ for 5 min and
‘benzene (15-30 mL) was injected into the flask which was
ﬁhen immersed in an oil bath préheated to 80°C. Benzene
solutions of triphenyltin hydride (1.2 equiv., 0.05-0.07
M) and of AIBN (0.1 equiv., 0. 01 M) were then 1njected

~“simultaneously over ‘7 h by means of a double syringe
pump. During this period the reactibn mlxture was stirred
\ magnetlcally and maintained under a glight statlc p;éssure

of argon. Refluxing was continued for a further arbitrary

period of 2 h. The'mixture‘was then cooled and evapdfétedu;

under water pump vacuum. The residue was processed as

described. for the individual examples.

4-(Phen;1méthy1ene)spifo[4 4]nohan-1-ol 93:
" The .general procedure for radlcal cycllzat1on was

follcwed using selenlde 88 (159 mg, 0 42 mmol) in benzenea
)

P
c}"fh't
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»

(10 mL), triphenyltin hydride (165 ng, 0.47 mmol) in

benzene (5 mL), and AIBN (11 mg, O Rt mmol) 1n«benzene (5 P
o m o
mL) . Evaporatlon_of the solvent and. flash chromatography %

of the residue over silica gel (2 x }6¢cm)~with 10% ethyl '

fimy

‘ace;ate—heiane gave 93 (64‘mg,'68%)~as;éo.appérently
homogeneous (TLC,Msilica gel, 10% ethyl eeetate—hexane) b
oil that consisted of two isomers: IR (CC14 cast) 3360, ":
2860, 1500, 1440, 1060, 700 cm-1; lH NMR (coc13; 200 MHz) |
©6'1.25-2.1 (m, 11H), 2.3-2.8 (m, 2H), 3.7% (m, 0.77H), 3.8 &
(m, '0.23H), 6.22 (t, J = 2:5 Hz, 0.21H), 6.5 (s,. O,79H), |
1.157.4‘km. sq); 13¢ (CDCl4, 50.3 MHz) .6 25.4, 25.7, 25.8,
26.2, 27.8, 30.6, 30.7, 31.8, 31.9, 38§9,;39.3, 58.0,
79{4.’81f6, 118.8, 119.0, 120.6, 123.0, 125.8, 126;0.'
427.7, 128.1, 128.3, 128.5, 129.1, 138.7; exact mass, m/z

228.1512 (calcd for CygHpgO, 228.1514).

I
i

- 4- (Phenylmethylene)spiro[4 5]decan-1-ol 94:

A TS
The -general procedure for radical cycllzation was
folloWed:using‘selenide 89 (81 mg, 0.20 mmol) in benzene
(5 mL), tripheoyltih hydiioeu?104 ﬁg,’o 30 mmol) in o
Tgenzene (5 mL),'and AIBN (8 mg, 0. 05 mmol) in b nzene (5 s

mL). Evaporation of the solvent and flash %hromatography o
of the re81due over 8111ca gel (1 x 15 cm) with 15% ethyl
acetate-hexane gave 94 (37 mg,-75%) as an apparently

homogeneous (TLC, " Blléfq ge1,§15%‘ethy1 acetate-he*ene)

[
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oil that consisted of two isomers: IR‘(CC14)\3630, 3030,
2940, 1450, 1060, 920, 700 em™!; ln NMR (cpCl3, 400 Miz). 6
1.22-1.9 (m, 12H), 2.0-2.1 (m, 1H), 2.7-2.9 (m, 2H), 4.3
(br, s, 0;87H), 4.35‘(br, s, 0.13H5, 6.25 (br:,sp Q.BSH);
6.56 (s, 0.15H), 7.12-7.4 (m, su); 13c (cbCly, 100.6 Miz)
6 23.0, 23.3, 23.4, 23.5, 25.9,. 26.2, 28.3, '29.4, 30.3.‘
30.5, 31.5, 32.0, 35.7, 37.1, 52.4, 75.7, 121.3, 123.6,
125.8, 126.0, 127.6, 128.1,v128.4, 129.3, 138.6, 138.9,
152.5; exaot mass,~m/z 242.1668 (cdIcd for Q17H226,
242.1670). Anal. Calcd for C17H220:  C.. 84.25; H, 9.15.
Found: C, 84 00 'H, 8.94.
é-(l,l-biﬁethylethyl)-4—(pheny1methy1ene)spiro[4.S]decan;..‘

- 1-o01 95: | | ll | o
_The'genefal bnooedune‘for\radical oycliiation was
followed neingiseienibe 90 (483 mg, 1. 07 mmol) in benzene

(30 mL), tfiphenyitin_nydrioeW(SIS‘mg,-l 46 mmol) in
vbenzene (10 mL), and AIBN (17 mg, 0.1 mmol) in benzene (10
mL) . Evaporation of the solvent and flash chromatography
of the residue over silica gel (3 x 15 cm) w1th 5% ethyl
"acetate-hexane gqve 95 as two apparently homogeneous (TLC &
.sillca gel,” 10% ethyl acetate-hexane) alcohols of comblned
weight 275 mg (86%) The mater1a1 of hlgher Rf 99 (151‘
| - mg, 47%) consisted of.. two isomers and had-' IR (CC14) g

13620, 3030, 2940, 1450, 1365, 1060, 910, 700 cm~l; ln MR -

. o T T | O | T e

e : - . . ) - : &
. * . . . . . L ! o LN :

4



s 23 3, 27.0, 27 6, 28.7, 30.0, 32.5, 34.0, 48.0, 50-2m‘o_

1105 -

(CDCl 5, - 200 MHz) § 0.8-2.2 [m,vZIH‘ﬁinCIudes two singlets
at § 0.8 and § 0.9)], 2.6-2.9 (m, 2H), 4.3 (4, J\=¢1'Hz,
1H), 6.2 (br, s, 0.71H), 6.6 (br, s, 0.29H), 7.127.4 (m,
sH); 13c (coclg, 50.3‘an)‘5‘24.o; 24.4, 24.5, 24.7, 27.7,
“27.8, 28.8, 30.0, 30.5, 31.4, 31;9, 32.3,‘32,6, 32.7,
36.4) 38.3, 47.7, 48.3, 51.9, 52.6, 75.3, 78.0. 121.2,
'125{9) 126.1, 126.3, 127.8, 128.4, 128.6, 129.5, 139.0,
139.1, 150.8, 153.0; exact mass, m/z 298.2301 (caiod for
célﬁ3oo,'298,2297)f o D

. The'materiél of lower Re¢ 98 (124 mg, 39%) waé a
‘singlé.iSOmér and had: IR'(CC14)‘3620; 2940, 1445, 1365f
1075, 916, 700 cm‘l; ly NMR (coc13; 200 MHz) 5 -O. 8 1.15
fm, 10H (1ncludes a 31ng1et at § 0.9)], 1. 32 2.0 {m, IOH).”. -
2.0-2.2 (m/ 1), 2.5-2.8 (m, 28), 3.6 (s, 3 = 4 Bz, 1R),

6755 (br, s, 1H), 7. 15 7.4 (m,_sn),_13c (coc13,‘1oo 6 MHz)

‘81 3, 123 .8, 126.0, 128:1, 128.6, 138.4, 149. 3;’exac£;§
« 7
‘mass, m/z 298,2302 (calcd for C21H300 298 2296) o

R PO

2—Hethy1 2-pheny1 3-(phenylmethylene)cyclopentanol 97.

1

The general procedure for radical cycllzatzon was

jo~ -

"followed u81ng selenlde 92 (115 mg, o. 27 mmol) 1n benzenef‘

‘(10 mL), . trlphenyltln hydrlde (106 mg, 0.30 mmol) 1n .
'benzene (5 mL), and AIBN (10 mg} 0. 06 mmol) in benzene (53‘

me) Evaporation of the solvent and flash chromatography
: w o R .
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of the residue over 31llca gel (l x 15 cm) w1th 108 - ethyl
‘acetate-hexane gave 97 (46 mg, 64%) as an apparently

' homogeneous (TLC, silica gel, 10§,ethyl acetate—hexane)
oil ;hat'copsistedjof iWo isomers: IR'(CCi;) 3620, 3060,
30261‘2950 1600, 1490, 1440, 1075, 700 em—l; 1y NMR
(CDC13, 200 Hz) 6 2.18 (8,‘2 28H), 2.3 (s, O. 72H), 2. 32—
2.64 (m, 3H), 3.2-3.4 (m, 2H), 4.35 (t,,J = 4 Hz, 1H), 6 4
(br, s, 1H), 6.6 (m, 2H), 6.75 (m, '2H), 6.8-7.1 (m, 6H); .
13c (cperz, 100.6 MHz) & 17.9, 21.3, 28.2, 29. 5 30.6, |
~32.7, 81.6, 85.4, 124.9, 125.8, 125 9, 126.2, 126.7.

12 .0, 127. 3,'128 2,.i28'3, 128. 4,4128 9, 137 1, 146.9,

. 149'1 exact ‘mass, m/z 264 1513 (calcd for Cl9“200 i;@

\

\

264. 1513)

1' 3'-Dihydro—3'—(phenylmethylene)splro[cyclopentane-l 2'- |

2H-1nden]-1'-ol 96:

The general_procedure for rad1cal cycllzatlon was -
‘Vifollcwed ueing selenlde 91 (137 mg, 0 32 mmol) in benzene

(10 mL), tr:.phenyltin hydnde (157 mg, 045 mmol) in f

'benzene (6 mL), and AIBN (12 mg, 0. 07 mmol) in’ benzene (6""' "

'mL).f Evaporatlon of the solvent: and flash chromatography
»

- of the residue over s;llca gel (3 x 15 cm) w1th 10% ethyya
acetate-hexane gave 96 (81 mg, 91%) as an apparently

NS

',homogeneous (TLC, sxllca gel, 10% ethyl acetate-hexane)--

oil that c0nsisted of two 1somers-_ IR (CC14) 3600,,3030,
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2960, 1470, 1445, 1385 1050, 9101)500 em—lg‘lﬂ NMR
(CDc13, 400 MHz) 6 1.55-1.9 (m, 7H). 2.0-2.1 (m, 2H;, als ,
(4, J = 8 Hz, 0.1H), 4.68 (d, J = 8 Hz, 0. 9H), 6.5 (s,'
M), 7.0 (m, 1H), 7.1-7.42 (m, 8n) ; l3c (coc13.,1oo .6 nﬂz)

5 .25.2, 25:4, ?6.8,’29,5, 31.5, 32 1, 38.7, 39.7,761.3,
'80.5, 82.5, '120.4, 121.0,‘121,9, 124.6, 124.7, 125.5,

126.6, 126.7, 127.7, 127.8, 128.3. 128.4, 128.8, 129.1,
138.1, 138.9, 146.5, 148.1; exact mass, m/z 276.1512

(calcd for czoﬂzoo; 276.1514) . Anal,'Caiéq for 920H200= .

C, 86.92; H, 7.29. Found: C, 86.99; H, 7.02.

“r

4—t(Trimethylsilfl)methyiene]spiro[4.5]decen41}ol j7:

fhe éeneral‘procednre for radical cyclizatien'wae
.followed by uszng selenide 76 (175 mg, 0 45 mmoL) in
benzene (16 mL), trlphenyltln hydrlde (178 mg, O. 51 mmo1l)
 1n benzene (5 mL), and AIBN (10 mg, 0. 06 mmol) in benzene
(5 mL) Evaporatlon of the solvent and flash chromato-
| graphy of the re31due over 8111ca gel (2 x 15 cm) with 5% -
-ethyl acetate-hexane and then w1th 10% ethyl acetate- -
-hexene gave 77 (76 mg,n72%) as a homogeneons (TLC,‘3111ee_ﬂj~
‘gel,k10§ ethy1'aceteee-hekane) solid;~'mp. 60-62°C' IR
m(cc14) 3620, 2920, 1610, 1450, 1245,. 1050, . 860 cm -1, 1y |
"NMR (CDCLy, - 100 an) 5 0.2 (s, 9H), 1.0-2. o (m, 138), 2 4-
2.7 (m, 2H); 4.3 (br, s, J1H), 5.35 (m, 1H):.13C (coc13,v,. |
. 22.6 MHz) 6. 0 02, 23 2, 23.6, 26.2, 29.2, 30 3, 31 1,‘37 1, :



52.7, 75.6, 117.4, 168.4; exact mass, m/z 238.1749 (calcd
for C14H26810. 238.1252) . Anal. caraa for CygHpeSi0: C,
70.52; H, 10 99. Found:  C, 70.68; H, 11.02. . |

N B

4- (Phenylmethylene)sp1r0[4 4]nonan—1-ol acetate 100.
Acetic anhydrlde (6 0 mL, 63. 6 mmol) and a crystal of r‘
“DMAP were added to a stirred solutlon of alcohols 93;(213‘
”mg, 0.53 mmol) and pyridine (610 mL; 74.2‘ﬁmol). ‘The
. mixture was stirred at room teﬁperatdre‘for 1 n, quenched
with ice coId-lO%_hydrochloric acid (30 mL); and extracted
with ether (3 x 30 mL) . The comblned organlc extracts.
were washed w1th saturated agueous sodium blcarbonate (30
.mL) aqd‘br;ne (20 mL),’and,drled. Evaporat;on of the
- solvent ‘and flash'chroﬁatogxaphy of the reeidue over |
v'silica gel (2 x 15 cm) w1th 10% ethyl acetate-hexane gave
' 100 (237 mg.f94%) as an apparently homogeneous (TLC,
7‘81liCd gel,‘lo% ethyl acetate-hexane) oil that conslsted

of two isomers: IR (cc14) 2960. 1740, 1370. 1240, 1030,

’ -;'.910' 700 cm‘l lg NMR- (cnc13, 300 MHz) & 1. 43 2 2 [m, 13H

.(1nc1udes a alnglet at 52 08)], 2 7a2 9 (m, 2H),”4 .9 (m, di
~o.18m), 5.0 (m,.O .82H), 6.28 (m,,o 81H), 6.5 (br, s
©0.19H), 7.1-7.4 (m, sa),‘13c (cnc13, 50.3 MHz) 5 21. 2,
25,2, 25.4, gs.a,'za .3, 28 .5,°29.6, 31.3, 32.3, 32.8,
-(33§L6. 58.9,wéi;§, 83. stelzn 15 122,4,;125;é.j126.o, 127, 6. S

| 128.1.,128Z2,7;29.1,>138.4,‘151,3,.170;8;_exact‘méss, m/z

CE



270.161?‘(ca1cd‘for Cié”zzoz' 279.1629).‘ Anelm Celed.for
cleuzzoz:‘c; 79.96; H, 8.20. Found: C, 80.13; H, 8.01.
44— (Phenylmethylene)spiro[4 5]decan—1—ol acetate 101:

The procedure employed for 100 was. followed uslng
‘acetic anhydrxde (2 0 mL. 21.2 mmol), a crystal of DMAP;
alcohols 924 (64 mg, 0.26 mmol), and pyridlne (2.0 mL, 24.7
.mmol). After wofk'up‘flash chromatographyéof the‘residue

over silica gel (1 x 15" cm) wlth 10% ethyl acetate-hexane

gave 101 (67 mg, 88%) as an apparently homogeneous {TLC,

' 5111ca gel, 10% ethyl acetate—hexane) oil that consxsted

‘ of two 1somers. IR (CC14) 2940, 1735, 1450, 1370, 1240,:

1160; 1030,'700 em~1: g NMR (cpel g, 2oo MHz) 5 1.2- 2.2

(m, 15H (1nc1udes a 'singlet at §2. 05)]. 2 7- 2. 9 (m, 2H),

5. 4 (m,.lH), 6 28 (m, 0 86H), 6 55 (m, O. 14H), 7 1 7 4 (m,

28.8, 29. 7,‘30.0, 31.2, 35.6, 37.4, 51.3, 76.4 78 1,J"

’78,6,‘80‘1, 116.6, 120,9,,121,4,.123*§, 126 o, 126 1y

1277, 128, 3,‘128 4, 129.4, 138 7, 152 5,f170v9’ exact

-mass, m/z 284 1781 (calcd for C19H2402. 284 . 1777) Anal."

Calcd fo: C1932402 80 24 H, 8.51.~ Found.e C, 80 50~

H, 8. 67.

L]

109 .

. SH); 13c*(cnc13, 50.3 an) 6 21.3, 23.1, 23.2, 23. 3, 26. 1,
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8—(1 l—Dimethylethyl) ~4- (phenylmethylene)spxro[A 5]decan~
l—ol acetate 102- -
| The procedure employed for 100 was . followed uslng
yacetic anhydride (l 0, mL, 10.6 mmol). a-crystal of DMAP; )
aléohols 99 (34 m94 0. 12 ‘mmol), ahd pyriaihé‘cr 0 L, 12.4
,‘mmol) After work up flash chromatography of the residue,
over silica gel (l X, 15 cm) with 10% ethyl acetate—hexane
gave 102 /(25 ‘mg, 63%) as an. apparently homogeneous (TLC ‘/
silica gel, 10% ethyl acetate—hexane) oll that conslsted

':of two isomers: IR (C§}4) 2950, 1735,‘14§0.:1370, 1240,
1170, 1o;o,¢7oo cm_l; H. NMR (éDc13,féoo'mﬁz) 5 0.67 (s,
6Hl, O 78 (s, 3H)r 1.0-2.1 [m, 14H. (includes two singlets
at 52 04 and §2. 05)],‘2 .6-2.9"(m,\2H), 5.4 (t, 3 ='4 Hz,
1H), 6.25 (t J - 2.5 Hz,. u.43 H), 6.6 (s, 0.574), 7‘.1;‘—
7.4 (m, 5H); 13¢ “(¢pa1 s, ldbu6 MHz) & 23,6,f23.7;‘24.1ﬂ;
'|24 2, 27‘4,'2715}'29.5. 28.9, 2?,7,‘30;1, 31.6).32.3.[ S
32,4, 36.0, .38.1, 47.2," 47 8. 5635{ 51:1;578:2u“86;¢,7v :

' 120.4, 122. §J’125‘9; 126. 0, 127'6;"i28‘2, izs'é{vlés 2,

‘138.6, 138. 7,‘150 5~ exact mass,‘m/z 340 2401 (calcd for

't

e

C23H3202, 340 2401) " ’g,j
'u8-(1 1-Dinethy1ethy1)-4—(pheny1methy1ene)sp1ro[4 5]decan—3(
1-01 acetate 103-' , |

' The procedure employed for lOd;was followed u31ng :

Walcohol 98 (25 mg, 0.09 mmol), ‘pyridine (1 0 mL,‘12 4



4 ) ~,

mmoi) and acetlc anhydrxde (1. .0 mL, 10.6 mmol) After

ﬂxgrk up flash chromatography of the residue over silica

1
'gel (L x 15 cm) with 10% ethyl acetate—hexane gave 103 (26
'mg, 90%) as a homOgeneous {TLC, sxlioa»ge;, 10% ethyl |

acetate—hexane) OiL: IR (CC14443020 2940, 1730 1450,

1370, 1240, 1030, 700 em™1; 1y NMR (c0013; 200, MHz) 6. 0. .48

(s,‘9ﬁ), 1. Q 2 0., (m, 1;H),‘2.05 (s, 3H), 2 6- 2 8 (m,HZH)f
4.78 (da, 7 = 5.5, anz,“lﬂi, 6'52‘(t. J = 2 5 Hz, 1H), '
7.15-7.4 (m; SH), 13¢ (cnc13. 100 6 MHz) § 21.2, 22.7,
23.3, 27.5, 27.7, 29.3, 3;.4,-34.1, 47.8, 49 2, 83.3,

123.3, 126.0, 128.1, 128.6; 138.4, 148.7, 170 9; exact

. 3 A . . “ . [ :
.5? , s . i . . e

mass, m/z 340.2402'(ca1cd‘for C23H3202; 340.2403).

" :
[t}

1 3V-Dlhydro—B'—(phenglmethylene)spxro[eyclopentane—l 2"

o 2N N

fzﬂ-xnden] 1° -~one 108:.

Alcohols 96 (81 mg,.O 29 mmol) in dry dlchloromethanef L

L}

(5 mL) was’ added to &’ stlrred mlxture of pyrldinlum
chlorochromate (368 mg, 1 7 mmol) in dichloromethahe (5
mL), Stlrrlng was. contlnued for a further 1 h at rOOm |

htemperature and the mixture ‘was then poured into 20% ethyl

n“_acetaterhexane and_stlrred v1gorou81y. The resulting o

t}mlxture was : passed through a. short column of Elorlsil w1th

w"-U‘V‘VZO% ethyl acetate—hexane (50 mL) ‘Evaporation of the

”“g;solvent and flash chrOmatography of  the residue ovet

‘a3111ca gel (2 % 15 cm) wxﬁh 10% ethyl acetate-hexane gave

*
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c%hm 108 (67 mg. 83%) as an apparently homogeneous (TLC, sxlxca

AU

Q.

f

0]

"Q'

LRl

gel, 10% ethx} acetete—hexane) oil that consisted of two
isomers:- IR (cci4 cast) 5940, 1712, 1600, 1460, 770, 700
em™1; 1H NMR (coc13, 400 MHz) & 1.9-2.2 (m, 8H), 6.84 (s,
1H), 7.27~7.47; (m 8H), 7.76-7.84 (m, 1H); 3¢ (CDC} 5.,

‘so 3 an) 5 '26.9, 27.3, 36.2, 38.7, 59.8, 120.3, 122.71
1zg 6, 123.8, 124.5,~;24.7f 127.2, 127.4, 128.1, 128.3,
'128.%, 128.8, 125'1. 133.9, 136.0, 137. 6. 146.5, 146.9,:

v 202. 5‘j exact(gass,‘m/z 274. 1354 (calcd for CygH;gO0,
274.1357), Anal. Calcd for C2oM)g0: C. 87.56; H. 6.61.
Found: C, 87. 67; H, 6.54. g' |

,4—Acetoxy sp1r0[4 S)decan-1-one 105: 2

112

At L )
An ozone-oxygen stream was bubble"ﬂggough a solution .
A
. . i
of alefins 101 (51 mg, 0.18 mmol) in dry”methanol (5.0 mL)

\' o v
at -78° C until the startxng material had just disappeared

(5 min, TLC control (sillca. 10% ethyl acetate-hexane)].
Argon was passed through the solutlon for 5 min to remove.
the excess of'oione, and dimethyl sulfide (0.1 mL, 1.36
mmol) was added The cold oeth was reﬁoved and the
solution was stirred for 12 h (during which time it .
attained room temperature) Evaporatlon of the solvent,
followed by flash chromatography of the residue over
‘%ilioa gel (1 x 15 cm) with 10% ethyl acetate-hexane gave

§\105'(24 mg, 64%) as a homogeneous (TLC, silica gel, 10%
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ethyl acetate-hexane) oil: IR (CC14) 2940, 1735, 1450,

I

1370, 1240, 1030 em~}; 1y NMR (CDCl;, 200 MHz) 6 1.2-1.8 .
(m, 10H), 2.0-2.15 [h, 4H (includes a singlet at §2.1)1,
2.2-2.48 (m, 3H), 5.44-5.5 (m, 1H); *Jc (cpCly, 50.3 MHz)
5 21.0, 21.8, 22.0,}25.4, 25.8, 26.3, 31.1, 34.1, 53.1,
77.5, 170.2, 219.6; e;;ét'mass, m/z 210.%256 (calcd forl~
CyoHyg03, 210.1256). Anal. Calcd for Cy2H1893: G, 68.54;

H, 8.63. Found: C, 68.34; H, 8.60.

4-Acetoxy spiro[4.4]nonan-1-one 104:

- The procedure employed for 105 was followed using “

olefins 100 (86 mg, 0.32 mmol) in dry methanol (7 mL) and
for work up, dimethyl sulphfde (0.1 mL, 1.36 mmol).

Evaporation of the solvent followed by flash

W

chromatography of fhe residue over silica gel (1 x 15 cm)
Qith 108 ethyl‘acetate:hexane gave 104 (41 mg, 65%) as a
homogéneous.(Tﬁq, éilica gel, 10% ethyl acetate-hexane)
oil: IR (é%14) 2960, 1740, 1370, 1240, 1020 cm~1; 1H NMR
(CDC13, 200 MHz) § 1.5-1.9 (m, 8H), 2.0-2.3 [m, SH
(includes a singlet at §2.05)], 2.3-2.42 (m, 2H), 5.12-5.2
(m, 1H); 13c (cpc1y, 100.6 MHz) 5 20.9, 25.9, 26.1, 29.0,
33.5, 35.6, 60.2, 79.5, 170.2, 219.2; exact mass, m/z

196.1099 (calcd for C;;H;g03,-196.1099). Anal. Calcd for

C11H1603': ‘C, 67-32: H' 8-22. Found: Ca 67.60: ‘H' 8-19{
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A-Acetoxy-8~(1.1—dimethyiethy1)spiro[4i§jaéééﬁ:i;6hé'
106: %2 . .0 ' o
The procedure employed for 105 was followed using
olefins 102 (90‘m§, 0.27 mmol) in dry methanol (7 mL)‘énd

for work up, dimethyl sulphide (0.1 mL, 1.36 mmol).
.Evapofation of the soiyent followed by flash .
chfbmatography of the residue over gilica gel (1 x 15 cm)
with 15% ethyl‘acetate—hexane gave 10652 (57 mg, 80%) as a
homogeneous (TLC, Silica gel, 15% efhyl acetate-hexane)
oil: IR (CCl,) 2940, 1740, 1450, 1370, 1240, 1025 cm~1;
14 NMR (CDC13, 200 MHz) § 0.83~-1.4 [m, 13H (includes a .
singlet at §0.85)], 1.5-1.8 (m, 5H), 2.0-2.4 [m, 7H .
(includes a singlet at §2.08)], 5.52 (m, 1H); ¥3C (CDél3.
100.6 MHz) § 21.1, 23.0, 23.2, 26.0, 26.8, 27.4, 32.0,

32.4, 34.1, 47.2, 53.6, 76.2, 17082, 220.5; exact mass,

m/z 266.1882 (calcd for C16H2603+ 266.1882).

4-Acetoxy-8-(1, 1-dimethylethyl)spiro[4.5]decan-1-one
10%:62_ : ——

The procedure employed for 105 was followed using
olefin 103 (76 mg, 0.22 mmol) in ‘dry methanol (7 mL) and
for work up, dimethyl su;phide (O.I”mL, 1.36 mmol).
Evaporation of the solvent followed by flash
chromatqgréphy of gﬁe'residue over silicavgel (L x 15 cm)

with 10% ethyl acetate-hexahe gave 107°2 (51 mg, 85%) as a

-

\

P S — e ———
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.7
homogeneous (TLC, silica"gel. 108 ethyl acetate-hexane)

oil: IR (Cc14) 2960, 1740, 1450, 1370, 1235, 1030 cm™l;
I NMR (CDCly, 200 MHz) 5 0.82 (s, 9H), 1.2-1.43 (m, 4H),
1.5-2.0 (m, 6H), 2.03 (s, 3H), 2.2-2.45 (m, 3H), 5.0 (m,
14); 13c (CD¢13, 100.6 MHz) § 21.0, 22.1, 22.3, 25.1,
27.2, 27.5, 31.8, 32.4, 34.7, 47.6, 50.9, 81.4, 170.4,
218.4; exact mdss; m/z 266.1881 (calcd for C)eH2603

266.1881).

[3-(1-Methylethenyl)-1-(cyclohexen-1-yl)oxy]trimethyl- ,
silane 113;74'75 |

A mixture of magnesium £urnihgs (540 mg, 23.5 mmol) .
and THF (15 mL) was placed under argon in a 250'ﬁL 3-
necked round bottomed flask carrying(g reflux:condenser
and containing a magnetic stirring bar, the side necks
being cloéed~by stopéers and the cond%nser byla rubber
septum. A crystal of iodine was added to tﬁe flask, a_féw
dropé of}Z-Bromoprdpene weré'injec;dd and the s£irrér was
started. When'the reaction: had beguq (ca. 10 min), more
2-bromopropene (total used = 3.66 g, 30.3.mmol) in THF (5
mL + 1 mL rinse) was added over 10 min. The réactidn
mixture was then refluxed for 15 min, cooled to room

temperature,'and dlluted w1th THF " (15 mL) 5he of the

side stoppers was removed and a side arm addition funnel

PR

cdntaining‘copper(l) iodide\(ZlO mg, 1.1 mmol) was quickly -

]
N Ul
-



) -
. o : o
fitted in place. The reaction mixture was cooled to 0°C,

the copper salt was added in one portion (stirring), and a

vsolution of 2—cyclohexen—i-one (1.00 g, 10.4 mmol) in THF

(10 mL + 1 mL rinse) was“injécted over 10 min. Stirring

' at 0°C was continued for a furthér 1 h and chlorotri-

méthylsilane (3.20 mL, 25.2 mmol) followéq by'ﬁriethYlf
amine (4.8 mL, 34 mmol) were injectedL Twelice bath‘was’
removed, and after 2 h; the mixture was partitioneé“
between hexane (100 mL) and saturated qéuéous émmopium
chloride (S0 mL)._ The agqueous layeé was extracted yith

ether (2 x 50 mL) and the combined orgag%c extracts wére’

dried and evaporated. The resulting oil was distilled

(Kuéelrohr)”and the distillate was purified by'flash

chromatography over silica gel (3 x 15 cm) with 208 A

, chlofofbrm—hexéne. Appropriate fractibns‘(TLC)lﬁere,
”combined and Kugelrohr dlstillatlon (bp BO'C, 3 mm) -gave
11374 75 (0. 926 g. 42%) as a hompgeneous (TLC silica gél,'

208 chloroform—hexane) colourless 11qu1§= 1H NMR (CDC13,

300 MHz) § 0.2 (s, 9H), 1.3-1.4 (m, 1H), 1. 5 -2, 1 m, o

(includes a triplet at §1.7, J =1 Hz)), 2 .8 (m. 1H)," ‘4. 7"~

4.8 (m, 2H). S L

e r

; [(3-Btheny1-i-cycldhéxenél—yl)oxY]trinefhyIsilaﬁe'114-69
h Copper(I) 1odxde (2 40 g, 12 6 mmol) was added from a

.
SN Y
.

side arm addltxon tube to a cooled (- S'C) and stirred

116

0
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. solution of vxnylmagnesxum bromide: (23 ‘60 mL,. 1. 0 M in

THF,‘23 6 mmol) in THF (20 mL). ‘The‘mixture was stirred
unt11 jet black (5 min) and promptly cooled to -78°C. 2-
Cyclohexen- l—one (1 00 g, 10.4 mmol) in THF (5 mL) was
added dropwlse over 5 min. The reaction flask was

transferred to a cold{bath set at -30°C. The mixture was

‘ stirred'for 45 min and then cooled to6 -78°C. -Chlorotri-

‘methylsilane (3.20 mL, 25.2 mmol) and triethylamine (4.80

‘mL, 34.4 mmol) were added and the cooling bath was

‘removed. After 3 h the mixture was partitioned between

cm) with 12 5% chloroform-hexane and Kugelrohr

hexane (100 mL) and saturéted aqueous ammonium chloride.
The aqueous layer was extracted with ether (2 x SO mL) and
the combined hexane-ether extracts were dried, evaporated,

and dlstllled (Kugelrohr, bp 72°C (3 mm)]. . Flash

chromatography of the dlstlllate over. silica gel (3 x- 15

dlstlllatlon gave 11469 (586 mg, 28%) as a homogeneous
(TLC, silica gel, 12 5% chloroform—hexane), colourless -

llquld:' bp 72°C (3. mm) - [11t.69 bp 72'c (3 mm)]. 14 NMR

(CDC13, 80 MHz) 5 0. 22 (s), 1 1-2, 1 (m, 7H), 2 7- 2 28 (bt,»

s, 1H), 4.,7- 5 1 (m, 2H), 5. se-s 96 (m, 1H).

[(3—Etheny1-1—cyclopenten- -yl)oxy]tr1methylsilane
u5,76 77 : :
‘Vinylllthium (31.30 mL, 1.0 M in ether, 31.3 mmol)

/
’

117
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"was added to a etirred and cooled ( 78 c) suapen31on of.
copper(I) Cyanide (1 40 9 15 6 mmol) in ether (20 mL).

The reactlon vessel was transferred to an- J.c‘ bath and {

. A——

,maxntaxned at ca. 0 c unt11 the solxd dissolved (ca 3 K

min) The reactlon nuxture was recooled to -78 C and 2~u

"e

cyclopenten l-one (1 00 g, 12 2 mmol) was added. Stlrring
was contlnued for 45 min at —78 C, and chlorotrlmethyl- |
silane (3.20 mL, 25.2 mmol) and’ tr1ethylam1ne (4 80 mL,

. 34>4 mmol) were 1n3ected.u The coollng bath was removed'
and. after 2 h, the mixture was partltroned between hexane'
(100 mL) and saturated aqueous‘ammonlum chlorlde (50 mL),
the aqueous 1ayer was extracted w1th ether (2 x 50 mL)
The combxned hexane-ether etracts were dried, evaporated,
‘and dlstélled [Kugelrohr, bp 78° 'C (3 mm)] | Flash

¢

chro@atograph{ of the d1st11)ate over 5111ca gel (3 x 15
~cm) with 12.5% chloroform-hexane and Kugelrohr | '
"dlstlllatxon gave 1_1576 77 (402 mg. 18%) as -a homogeneous

'(TLC, 8111ca gel, 12. 5% chloroform—hexane) cvourless e

o jliquld. bp 78 c (3 ) ; 14 NMR (coc13,_4oo an) 5 0.22

(s, om), 1. 58 (m, 18), 2.1 ‘W' 1), 2.28 (m, 21), 325
(br, m, 1H), 4. 57 m, 1H), 4.85 (m, 1H), 4.95 (m, 1H),

'5.78 (ﬁ, 1H)
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» trang-2- [l-ﬂydroxy 2—(phenylseleno)ethyl] 3- (1-methyl-

-ethenyl)cyclohexanone 116*71

Methylllthlum (2. 60 mL, 1 7 M 1n ether, 4. 42 mmol) -
‘was 1njected at room temperature into 'a stlrred solutlon
of the sflyl enol ether 113 (926 mg,‘4 .41 mmol) 1n ether o
(10 mL) ’ After a further perlod of 1. 5 h the mlxture was "
,cooled to 0 C and zxnc chlorlde73 (3 20 mL, 0 69 M in

\x

ether, 2.21 mmol) was’ added dropw1se over ‘ca. S’mln. The

Amixture,mas left'for 10fmin at 0°¢‘Aﬁa~ 4
'(ghenylSelenofacetaldehYde68'(880 mg,'4.42 mmol) in‘ether
(5 mL + 1 mL rlnse) was 1n)ected rapxdly (main portlon \
added over. ca..3 sec) St1rr1ng was contlnued for a
further 5 mln and the reaction .was’ quenched by saturated
'aqueous ammonlum‘chlorxde solutlon (ca. 5 mL) ‘The
mlxture was transferred to a separatory funnel contalnlng
more ammonium chlorlde solutlon (total used = 30 mL) and‘
';extracted‘w1th ether~(2 x 20~mL)«\ The comblned organ1c e
extracts were. washed thh saturated aqueous sodlum f‘{,?
blcarbonate (30 mL) and w1th brlne (30 mL), and drled.‘
Fvaporatlon of the solvent and flash chromatography of the
‘re51due over 8111ca gel (5 x 15 cm) wlth 20% ethyl b |
acetate—hexane gave 11671 as two homogeneous (TLC,)silica R
gel, 20% ethyl acetate-hexane) 01ls of combined weight l 21
.“g (81%) The materlal of hlgher Rf 116a (835 mg. 56%)
: rhad:‘ 1y NMR (CDC13; 300 MHz) 5 1»5-1 85 [m. 6H (includes t

[y
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1

‘a singlet at 5. 62)]. 1,95—2.1 (m, 2H), 2.2 (m,"lH),JZ.G—
2:8 (m, 2H), 3.2-3.3°(m, 2H), 3.4 (4, J = 11.5 Hz, 1H),

3.6- 3 7 (m, 1), 4.8 (m, 18); 4.88 (br, s, 1H), 7.2-7.3

(m. 3H), 7.4-7.5 (m, 2H). o

The material of lower Rf 116b (377 mg, 25%) had. 1y

NMR (CDC13, 300 MHz) 6 1.6-1.8 [m, 6H (1nc1udes a 51nglet'

at §1.68)1, 1.95-2.15 (m, 1H), 2.2-2.5 (m, 3H), 2.8 (dda,

= 11.5,-4, 1 Hz, 1H), 3.02 (a4, J = 12, 3 Hz, 1H), 3.2

(4, J = 9.2 Hz, 1H), 3.34 (dd, J =12, 10.2 Hz, 1H), 3.8

(m, IH)04‘7 (m' ZH),L 7.2—7-3 (ml l3’l{)' '705'7.6‘[ (m, 2H)o

e

.trans-B—Bthenyl 2—[1—hydroxy -2- (phenylseleno)ethyl]cyclo—

LA

hexanone 117-69 .

. The reaction was carrled out exactly as descrlbed for
the preparatlon of 116 us;ng methylllthlum (Q.72 mL, 1. 76
‘M in ether, 1 27 mmol), 811y1 enol.. ether 114 (249 mg, 1. 27
~mmol) in ether (5 mL), zinc chlorlde (0 92 mL;" 0 69 M ih '

ether, 0. 63 mmol),‘and (phenylseleno)acetaldehyde (250 mg,

- 1.26 mmol) in ether (3 mL + 1 mL rlnse) Flash o

"chromatography over 811103 ge1‘13 x 15 cm) w1th 20% ethyl'

acetate—hexane gave 11769 as two separate and homogeneous

jt(TLC. 8111ca gel, 20% ethyl acetate-hexane) 0118 of f\,'

vcombined weight 334 mg (81%) The mater1a1 of hlgher Rf

’117a (231 mg, 56%) had- ‘IH NMR (c0013, 300 MHz) 5 1. 5- j

'<f1,7st(m, 23), 1. e—z 18 (m, 3H), 2,2-2.3 (m,‘ln), 2,6-2 97’

“ ""I'
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R

(m, 2H), 3.ie (@4, J = 12.5, 9 uz;‘xn);.a,a‘(dd;'a‘s‘lz;s.
"6 Hz, 1&);.3.35 (¢, g = 11 Hz, 14), 3.7-3.85‘(ﬁ, 1H),
4.95-5.1 (m, 2H), 5.5-5.6 (m,.lﬂ). 7.2-7.3 (5,~3é), 7.45-
7.55 (m, 2H). | |
| The‘waieriel‘ef‘lqwe; Re 117b (103 mg, 25%) had: lu
NMR-(CD013,‘300fMH2) 6.i.6-1.75 (m; 2H), 1.8-1.9 (m, 1H),
-*2.0—2.1n(m, 1H), 2.2-2.5- (m, 3n)} éL6—2L7‘(ddd}‘J‘= 11,
4.5, 2 Hz, 1&), 3.05 (a4, J = 12.5, 3.5 Hz, ln),‘allz,(d(
J = 8.5 Hz, 1H), 3,3;(dd, J = 12'5; 10 Hz, 14), 3.9-4.0
(m; 1H), 4. 9—9*21(m,‘2ﬂ); 5.6-5. 75 (m 1H), 7.2-7.3 (m, '
3H), 7.5-7.6 (m, 2H); 13 (coc13, 75.5 MHz) & 24.7, 32:0,
'32.5, 42.0, 45. 4, 8.5, 70.0, 115.8, 127.2, 129.1, 130.0,

133.3) 140.2, 212.9.

~‘;§£gggf3—xtheny1 2-[1-hydroxy 2-(phenylseleno)ethyl]cyclo-
pentanone 118:
. The feactlon was carrled ouh exactly as described forl‘,w
the. preparatlon of 116 u51ng methyllxthium (0 65 mL, 1.7 M
1nvether. 1 11 mmol), 511y1 enol ether'115 (201 mgﬁll.ll
" mmol) in ether (5 mL), zlnc chlorlde (0 80 mL, 0169 M in |
'ether. 0. 55 mmol) and (phenylseleno)acetaldehyde (224 g,
fl7}l 1. 12 mmol) 1n ether (3 mL +- 1 mL rinse) \ Flash
“chromatography over slllca gel (3 x 15 cm) with 20% ethyl
»acetate-hexane gave 118 (252 mg,_73%) as an apparently '

hhomogeneous (TLC.‘szllca gel, 20% ethyl acetate-hexane)
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oil: IR (CCl, caet)t344o, 1740, 1480, 1440, 1020, 740, 

690 cnl; g NMR (CDC13, 300 MHz) 5. 1. 5-1.7 (m, 1H), 2.1-
 2#4 (m, 4H), 2.6-2.8 (m, 1H), 3.0-3.3 (m, 3H), 3.85 (m,
0. 54), 4;2 (m, d.su), 5. o-S 2 (m, 2H), 5.7-5.9 (m, 1H),
| 7 2 (m, 3H), 7.5 (m, 2H); }3c (cpcly, 75.5 an) 5 27. 9,
" 28.2, 33.7, 34.2, 38.4, 38.7, 41.5, 44.7, 57.4, 58.0,
169.2, 69.9, 115.6, 116.1, " 127.1, 127.4, 129.1, 129;3,
i‘1§2 8,‘133 1, 140.2, 141 7, 218.5, 219. 6-.exact mass, m/z
310. 0472 (calcd for C15H188e02, 310. 0472) " Anal. Calca

for CygH)gSe0y: C, 158.26; ‘H, 5.87; O, 10.35.‘fFounc:‘ c,

. 58.00; H, 5.81; O, 10. 48.

;_5522573;Etheny1b2[l-hydroiy-Z;(phenylaeleno)propyl]cfclp—
'hexanone 119: |
;'The reaction was ca;}ied out exactly as described for

the preparation of 116/;e1ng methyllithium (1.80 mL, 1 7 M
, in ether,’3'0 mmol), silyl enol ether‘114 (585 mg, . 3.0

‘  mmol) in ether (10 mL), zinc chloride (0 16 mL, 0. 69 M 1n’
\."ether,.l 5 mmol) and 2- (phenylseleno)propanal72 (638 mg,
3 .0 mmol) in ether (5 mL -+ 2 mL rinse) Flash chromatp-f
graphy over: silica gel (3 x 2 15 cm) w1th 20% ethyl acetate—.“
hexane gave 119 as two separate and apparently homogeneous,l_}f

-,

: »(TLC. silica gel..20% ethyl acetate-hexane) oils of

combined weight 844 mg . (83%) A mixed fraction of the two5

o

i

' materiala (150 mg.alS%) was 1solated. The material of,

C L ‘ . C
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lhlgher R¢ 119a (542 mg, 538) hads IR (cc14‘¢ast)?3520,
12920, 1695, 1437, 998, 740, 698 o’ 1k 14 NMR kcnc15;'3bo‘
MHz) 5 1.45L1,§5‘[m, SH (1ncludes a doublet ‘at §l. 55, J =
7 Hz)), 1;7-2ig (m, 4H), 2.55-2.7 (m,l;ﬂ),2.95’(d,J‘=;
lluS‘Hz, 1H), 3‘2 a, J = 11 Hz, 1H5,fé 4543;7‘(m, 2H),

5.08-5.2 (m, M), 5.6-5.7 (m, 1H), 7.2 (m, 3M), 7.5 (m,
2H) ; l3c (coc13, 75.5 MHz) 6 19.1, 26. s, 32 4, 42.7, 42.9,
a7.9, 56.7, 75. 5. 116.6, 1275, 129.2, 129.5, ¥33. 5,

: 140.0 215 6- exact mass, m/z 338.0793 (calcd for

60.53; H, 6.57; 0, 9.48. ‘Found: C, 60.36; H, 6.,44.{__?{;
9?@83' P | | | .
| The terial of lower Rf 119b- (152" mg. 15%) had: . iR.
&ast) 3520, 2920, 1692, 1477 1436, 1022, 999, 740.'
692 ch}; tn NMR (CDCl, 300 MHz) § 1.2-2.1 (m, 8H), 2. 25-

m 6H), 5.0-5.2 (m, 2H), 5.5-5. ? Am, 18), 7.2 7.35
3H), 7.4-7.6 (m, 2H);'13C (coc13, 75.5 MHz) 5 14.;« N
4.9, 15.6, 16.7, '19.3, i9l4, 19,5,'20.9,-21.0, 2231,°‘
22.9, 2?76,'30.1,,56.6,N31.6; 31,7,‘3#.§;Q32}1. 32.2,
a1, 42.3, 42.6, 42'8;“427§ '43.Qf'43;8; 43{§)f&4.s,"‘
44.9, 48.3, 48.5, 48.7, 934 1; 54 4;_55ﬂ4,55$y5}_§545,* o
s6. 3L $6;8;>56 9,¥71,4, 73 2, 74 o.'74‘1;374}3,)79.7;-\,_ |
‘ 75 5,‘-175'.6‘, 117 o, 127 s. 127. 6, 127.7, #27.8;"1'28'.'1.,
‘;I128 .5, 128.9, 129. 1. 129, 2, 129.4, ;ge,sgf;34fer~i34,i;» ;E“
'135,4;1i36}i, 139.3, 139¢5}‘139;6,‘21§;§, 217;2}218;1,jf

1
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.‘218 6,/exact mass, m/z 338 0780 (calcd for C17H228e02,

338, 0785) oo e ‘\' - B

8a , 8a¢,4ap—Decahydro—8—hydtoxy S-methylnaphthalene—l—one

120 and 3a 3aa 7ap-0ctahydro—l 1-d1methy1 3—hydroxy lﬂ—

'inden—4—one 121. o B

The general procedure for radlcal cycllzatlon was

followed uslng selenxde 116a (363 mg, 1. 08 mmol) ln,”

'»benzene (30 mL). trlphenyltxn hydrlde (466 mg, 1.33 mmol)

in benzene (10 mL), -and AIBN (lO mg, 0.06 mmbl) in benzene

(10 mL) Evaporatlon of the solvent and flash

| chromatography of the re81due -over 8111ca gel (3 x 15 cm)

with 20% ethyl_aqetate—hexane followed*by 30% ethyl
aceﬁete—hexane‘and then 50% ‘ethyl acetate-heiane gaQe‘lZOg

v

“and 121 as'th separate and apparently homogeneous (TLC,

-

: eilica‘gel, 30% ethyl acetate—hexane) fractlons of

combined weight 136 mg (69%) » The materlal of hlgher Rf

(57 mg, 29%) 120 had, IR (CC14‘cast) 3SAQ+—2939+_28ﬁ5*ﬂ___

1698, 1ose‘cm‘1£ n NMR (coc13, 300 Muz) -5 0. 94 (@, J =

'
A

6.5 ﬁz, 1. 92H). 0.98" (4, J =7 Ha, 1.08H), 1. o-1 8 (m,
udva), 1. 9-2 4'tm, 6H), 3.64°(d, .3 = 4 He, O, 61H), 3.68 (@,
‘t3Jj% 4 Hz, o 39H).'3 8 (m, 13);_¥3c (cnc13, 7515 Mﬂz) 5
RYY 4, 19, 6. 26 o. 26. 1, 26 7,‘29 1,‘29.4, 30. 5.‘32 0%
fﬂ?agfz. 32 7. 37.8,. 41 9% 42~o, 45:1, 48.7, 5.6, 61 5,:‘

7f16911. 70 o, 215 o- exact mass, m/z 182. 1303 (calcd for .



f;il'u'l‘eoz','rez."i3o7'). Anal. CalCd for Cu”xeoz - C. 72.49;
_H, 9.95.07Found:  C, 72.43; H, 10%5 |

‘I’he materlal of 1ower Rf (79 mg, 40%) 121 had:- IR
(CCl, cast) 3420, 2950, 2864, 1716-, 1464, 1357, 1302,
‘11165, 1024 cm“l Iy NMR (CDC13, '300 an) 5 1.0 [s, 6H
(anludes two slnglets)], "1.4~1. 6 (m, 4H), 1. 75 1 95‘,5
‘zﬁ), 2. 1 2.4 (m, 4H), 2.55.‘(ddd, J = 13.5, 8, 1 Hz, 1H),
4.45 (m,.1H); 13 (CDCl,, 75.5 MHz) & "24.5',‘ 25.1, .21-2.
29.0, 38.5, 41.2, 48.1, 55.2, 62‘ 5, 69.0, 2i1.8; exact
‘ mass, m/z 182.1299 (calcd for C11H1802, 182. 1307) *Anelt\
Calcd for C11H1802 C, 72 A9 H, 9. 95.‘ Fonns: vC, 72.41;

H, 9.88.

1'4a¢ Ba,8a¢—Decahydro—e—hydroxy—G—methylnaphthalen—l—one B

122 and 3a.3a5 7aa—0ctahydro—l l-dxmethyl 3-hydroxy 1ﬂ—
1nden—4-one 123.» ‘ : . ﬁﬂ_(ﬁ ‘ ":‘ L ‘ “ 4‘
The general procedure for radleal cycl;zatlon was
;followed u91ng selenlde 116b (278 mg{ 0. 83 mmol) in  v
ﬂ'benzene (20 mL), trlphenyltln hydride (407 mg, 1 16 mmol)
1n benzene (10 mL),‘and AIBN (10 mg, 0 06 mmol) in benzene
(10 mL) Evaporatlon of the solvent and flash o
_chromatography of the ;e31due over slllca gel (3 x 195 cm)
:~:w1th 20% .ethyl acetate—hexane\followed by 30% ethyl

l} acetate-hexane and then 50% ethyl acetate-hexane gave 122

B

1fffand 123 (123 mg,nBI%) as an inseparable mlxture of isomers

PO

. 128
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126

%

|

that were éure by TLC, silica gel, 50% ethyl acetate~
hexane: IR (CCl, cast) 1520, 12929, 2868, 1701, 1340, 1040
"1, 1y NMR (CDCL4, 300 an) 5 0.85 (s, IH). 0.98 (d, J =
6.5 Hz), 0.99 (4, J = 7 Hz), [the signals at §0.98 and
QL?é correspond to 2H], 1.1 (s, 1H), 1.2-2.4 (m, 12H),
3;12 (¢, § = 2'Hz, 0.19H), 3.15 (&, J = 2 Hz, o.4§u), 3.54
(s, ou39uf, 4.3 (m;}O.GH), 4.5 (m, 0.4H); 13c'(coc13, 75.5
MHz) & 12.0, 19.9, 24.5, 25.2, 25.7, 26.3., 26.4, 26.5. |

27.1, 28.6, 29.2, 29.4, 29.8, 31.1, 32.0, 38.4, 39.0,

A4 4

40.4, 41.9, 42.1, 42.5, 44.7, 49.1, S52.4,-52.9, 58.4,

-

59.0, 64.3, 70.2, 214.5, 215.2; exact mass, m/z ]182.1306
(calcd for Cl}”iéOZ' 182.1307). Anal. Calcd Foi
72.49; H, 9.95. Found: C, 72.51; H, 10.05.

@7y

2—[(14Hydroxy)ethyl]—3—ethenjlcyclopenténe 124 and

Octahydro—4—hydroxy -1H~inden-3-one 125:
o
The general procedure for the radlcal cycllzatlon was

fbllowed using selenides 118 (193 mg, - O. 62 mmol) in

gbenzene (15 mL). trlpheny%thwﬂnﬁhnxhriﬂ9? mg, 0.85 mmol)

#a
in benzene (10 mL), and AIBN (10 mg, 0.06 mmol) in benzene

(10 mL) . Evaporatlon of the solqent and flash
Cot '..‘ . ‘ , ' ‘ ,
chromatography of the residue over silica gel (2 x 15 cm)

with 25% ethyl acetate-hexane gave three major

tractions. fract n 1, which-corresponds to one isomer of

f ‘
the starting material (8 mg, 4%), as a homogeneousy (TLC,



- 127

silica gel, 25% ethyl acetate-hexane) oil; fraction 2,

which corresponds to one isomer of 124 (8 mg, 8%), as a
homogeneous (TLC, silica gel, 25% ethyl acetate-hexane)
oil; fraction 3, which was a chromatographically

\

homogeneous, but unresolvable (TLC, silica 'gel, 25% ethyl

acetate-hexane) mixture (IH NMR) of the other isomer of

C}124 (6 mg, 6%; calculated from 1y NMR spectrum) and 125

(33 mg, 34%; calculated from 14 NMR spectrum).

Fraction 1 had: 'H NMR (CDCl4, 300 MHz) 6§ 1.5-1.7

J(m 1H), 2.1-2.4 (m, 4H), 2.6-2.8 (m, 1H), 3.21 (4, J = 4

Hz, 1H), 3.26 (dd, J = 13, 6 Hz, 1H), 3.32 (dd, J = 13, 7
Hz, 1H), 3.85 (m, 1H), 5.0-5.2 (m, 2H), 5.7-5.9 (m, 1H),
7.2 (m, 3H), 7.5 (m, 24); 13c (cpcl,, 50.3 MHz) & 27.8,
33.7, 38.6, 44.7, 57.4, €9.9, 116.1, 127.1, 129.1, 132.8,
140.2, 219.6; exact mass, m/z 310.0476 (calcd for -
CygHygO,Se, 310.0472). - ‘

Fraction 2 had: IR (CC14 casti 3440, 2860, 2820,
1737, 1400, 1280, 1090, 910 cm~}; ly NMRQ?CDC13, 300 MHz)
5 1.25 (d, J = 6.5 Hz, 3H), 1.55-1.7 (m, 2H), 1.98 (dad, J
= 11, 7. 1.5 Hz, 1H), 2.1-2.48 (m, 2H), 2.55-2.7 (m, 1H), --——-
3.55 (@, J = 3 Hz, 1H), 3.9 (m, 1H), 5.0-5.3 (m, 2H),
5.75-5.9 (m, 1H); 13c (cpcly, 75.5 Hz) & 21.7, 28.1, 38.2,
44.5, 59.9, 68.1, 115.7, 141.0; exact mass, m/z 154.0981
(calcd for CgH,40,. 154.0994).

Fraction 3 had: IR (CCl, cast) 3480, 2920, 2850,
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1730, 1400, 1280, 1160, 1010 cm~}; 14 NMR (CDCl,;, 300 MHz)
6§ 1.1-2.5 (m, 12H), 3.45 (s, 1H), 3.75 (ddd,‘J = 10.5,
9.5, 4.5 Hz, 1H); 13c (cpcr,, 75.5 Hz) & 24.5, 27.2, 31.4,
33.6, 37.7, 41.2, 60.9, 70.2, 250.0; exact mass, m/z

154.0994 (calcd for CgHj) 40,, 154.0994).

~.

Octahydro—l,2-d1metﬁy1—3—hyaroxy—;§;indén—4-one 126:
| The generai procedure for radical cyclization was
followed using selenide 119a (201 mg, 0.60 mmol) in
benzene (15 mL), triphenyltin hydride (256 mg, 0.71 mmol)v
in benzene (10 mL), and AIBN (6 mg, 0.04 mmol) in benzene
(10 mL). Evaporation of.the solvenﬁ and flash
chromatography of the’residue over silica gel {2 x 15 cm)
with 20% ethyl ace;ate—hexahe_followed by 40% ethyl } .
acetate-hexane gave 126 as tw; separate and apparently
homogeneous &TLC silica gel, 40% ethyl acetate-hexane)
ifractions of combined weigbt 58 mg (53%). The méte;ial:of
higﬁér Rg 126a (2 mg, .2%) had: IR (CC14 caﬁﬁ) 3520, 2950,
2929, 2871, 1711, 1440, 1370, 1240 cm~l; 1n NMR (CDC1j,
300 MHz) 6 0.85 (4, J =7 Hz, 3H), 0.95 (4, J = 6.5 Hz,h
), 1.2-2.5 (m, 9H), 2 85 (dd. J = 8, 6 Hz, 1H), 3.4B (4,
3 =6 Hz, 1H), 3.95 (ad, J = 10, 6 Hz, 1H); 13c (cocly,
75.5 MHz) § 12.7,.14.7, 22.3, 27.5, 39.0, 41.6, .43.1,
.A45'3' 54;4,681.0: exact’MEsé; m/z 182.1302 (calcd for



The material of lower Rg 126b (56 mg, 518%) had: IR
5 , ‘ .
(cc14\Fast) 3400, 2958,’ 2929, 1714 cm™}; lH NMR (CDClj.
300 MH&"T) § 0.9 (d, J = 7, Hz, 3H), 1.0 [A, J = 7 Hz, 3H

| .
(includgs two doubelts of J = 7 Hz)], 1.2-1.7 (m, 4H),

PR ) o ‘
1.9—2.55\(m, 7H), 3.85 (dd, J = 9, 5.5 Hz, O.71H), 4.42

(bx, t, J = 9 Hz, 0.29H); 3¢ (cpcly, 75.7 MHz) 6 13.3,

13.7, 14;; 16.8, 27.3, 27.5, 28.9, 29.3, 39.6, 4.3,

, v
a1.6, 43.6, 47.1, 51.1, 51.5, 63.3, 64.5, 69.4, 77.6,

211.4; exact mass, m/z 182.1303 (calcd for C;1H1802-

182.1307). Anal. Calcd for Cj;H;g0,: C, 72.49; H,

|

\ ;
9.95. Found:| C, 72.26; H, 9.93.
' jal

i
\
3a.3aa.7ap-Octépydro—3—hydroxy-l-methyl—lgfinden-4—one
' \ .
127: \

The generéi\prbcedure“for radical cyclization was

\

‘ N
followed using se&enide 117a (466 mg, 1.44 mmol) in

benzene (30 mL), t{i%henyltin hydride (690 mg, 1.97 mmol)

. in benzene ﬂlOymL).\and-AlBN (10 mg, 0.06 mmol) in benzene

with 20% ethyl acetat

(10 mL). Evaporation of the solvent and flash

chromatography of the\ residue over silica gel (3 x 15'cm)

~hexane followed by 30% ethyl

' qpetate-ﬁexane, and then 50% ethyl acetate-hexane gave 127

as an apparentiy homogeneous (TLC, silica gel, 30% étpyy

‘acétaté-hexane) oil consisting of two isomers (L42 mg,

58%):  mp. 86-90°C (after\recrys;alfization from ether);

129



IR (CCl, cast) 3245, 2937, 2840, 1713Icm"1; 1y NMR (CDC1,,
300 MHz) % 1.0 fd, J = 6.5 Hz, 3H (1ncludes another minor
doublet §1.01, J = 7 Hz)1, 1.15-1.3 (m, 1H), 1.3-1.48 (m,
1H), 1.5—1ﬂ7 (m, 2H), 1.8-2.4 (m, 7H), 2.45 (4, J = 3 He,
1H), 4.5 (m, 1H); 13c (CDCly, 75.5 MHz) & 17.4, 18.4,
26.8, 27.3, 29.0, 32.6, 37.9, 40.3, 40.7, 41.1, 41:.3,
148.0, 53.3, 60.4, 65.2, 68.7, 70.3, 210.92; exact mass,
m/z 168.1148 (calcd for C10H1602, 168. 1150) Adal Ca}cd

for CIOHIGOZ‘ C,‘71~39, H, 9.59. Found: 71 61 ‘H,

9.58. - _

3a,3ap,7ag-Octahydro-3-hydroxy-1-methyl-1H-inden-4-one

128: ' ’ ‘ oo . v
_The general procedure for radical cyclization was
. N . _ ‘ ‘ .

" followed using seleﬁide 117b (380 mg, 1.18 mmo1 ) in

‘benzene (30 mL), trlphenyltln hydrlde (515 mg, 1.47 mmol)

in benzene (10 mL), and AIBN (10 mg, O 06 mmol) in %enzene .

(lO WQ)Z Evaporatlon of the solvent and flash
chromatography of the re51due‘over 5111ca gel (3 x515 cm)'
w1th 20% ethyl acetate-hexane’ followed by 30% eekyl
acetate—hexane, and then 50% ethyl acetate-hexane _gave 128
’as'an.appafently homogeneous (TLC,.silica gel, 30% ethyl

‘ ® B

ecetaﬁe—hexane),oil (110 m§. 56%) conslstlng of two

~dsomers: IR (cCl, cast) 3520, 2950, 2927, 1698, 409 cm™L;

- 1H NMR {CDCl,, 300 MHZ) § 0.9 (@, J = 7 Hz, o. 3H). 1.1 (4.

4

130




' hexane) consisting of two isomers: mp;’l444150fC; IR

S ‘ . 131

J = 6.5 Hz, 2.7H),.1.15-1.4 (m, 2H), 1.55-1.95 (m, 3H),

2.05-2.4 (m, 6H), 3.42 (s, 0.1H), 3.55 (s, 0.9H), 4.32
(br, m, 0.1H), 4.5 (m, 0.9H); 13c (cpC1,, 75.5 mHz)
17.1, 18.6,726.7, 27.4, 29.1, 32.8, 39.1, 41.6, 41.9, '

42.0, 46.4,‘50.7, 57.9, 61.5, 64.1, 70.1, 70.7, 213. 75;

‘exact mass, m/z 168.1143 (calcd for clouleoz,'lea 1151);

\

71.14; H, 9.62.

Anal. Calcd for‘CloH1602. C. 7%ﬁ39; H, 9.59.' Found: é,

8a ;Baa . 4ap —-Decahydro-8-(3, S—dlm.trobenzoyloxy) S—methyl-—‘

,naphthalen—l—one 129:

3, S—Dlnltrobenzoyl chloride (85 mg, 0.37 mmol), and
pyridihe (0.03 mL, O. 37 mmol) were added to a stlrred
solution of 120 (40 mg, 0.22‘mmql) in benzene (3 mL). One
crystal of DMAP was added as a catalyst and the mixture -

B . B o M ' ‘ i
was stirred at room temperature for 2 h. It was then

‘*quenched with dilute hydrochloric acid (10 mL, 1 M) . The

. organic phase was extracted w1th ether (3 x 20 mL) and the

comblned extracts. were washed w1th saturated aqueous ',.
sodium blcarbonate (20 mL) and brine (20-mL),'and dried. |
Euaporatioh oﬁkthe solvent and £1ashrchtomatography of the.T
residue over silica\gel f?.x'ls cm) with 20% ethyl'
acetate-hexane gave 129 (58 mg, 70%) as an’ apparently

homogeneous solid- (TLC,~8}11ca gel.’ZO% ethyl¢acetate- -



L]

' (CHCl; cast) 1724, 1710, 1543, 1344, 1278, 1164, 730, 720

em™1; 1y NMR (coci3,*3oo'MHz) 5 1.0 (4, J = 7 Hz, 1.95H), -

1.1 (a, J = 7 Hz, 1. osu),‘1 2 I 85 (m, ™), 1.95-2.5 (m,

SH), 2.62 (t, J = 11 Hz, O. 63H), 2.76 (t, j = 11 Hz,
03375), 5.4 (t@ I =11, 4.9 Hz, 1H), 9.1 (m, 2H),'9.2 (m,
1H); 13c (cpcly, 75.5 MHz) 6 12. 6, 9.7, 25.2, 27. 1, 27. 2,

- 30.0, 30.3, 30-5, 30.8, 31.7, 32 5, 37.8,-42.3, 42. 5,

46.8, 50.5, 52.6, 58.5, 73.2, 73.6, 122.3, 159‘8, 134.8,
148.8, 162.0, 209.7, 210'4 exact mass, m/z 376.1268 °

(calcd for C18H20N207, 1376.1270).  Anal. Calcq for

CIBHZONZO'?c C, 5-7044, Ii" 5036, N' 7.44- . Found: C'
57.27; H, 5.30; N, 7.44.

4.5 6 7 7a,1—Hexahydro-1 1—dimethy1-2ﬂ-—1nden-4—one 130 and

3« 3a¢,7aa -Oct.ahydro-l 1-d1methy1-3 (3 S-dlm.trobenzoyl-

oxy)-lﬁ-;nden—#-one 131.

The reactlon was carrled out exactly as descrlbed for'

"the préparatlon of 129 .using. 3, 5-d1n1trobenzoy1 chlorlde

(140 mg, 0. 61 mmol), pyrldlne (0 05 mL, 0. 62 mmol),

..crystal of DMAP, and keto alcohol 121 (54 mg, 0. 30 mmol)
“1n benzene (3 mL) 'Flash chromatography over sxllca gel

‘(2 x 15 cm) w1th 20% ethyl acetate-hexane gave 130 (2 mg.m

nf20% ethyl acetate-hexane) oil. Compound 130 had.f IR

.~.'(_(cc14 cast) 2955.2933._2&59. 1731, 1671 cm -1y 1y R

132

‘4%) and 131 (95 mg, 84%) each as. a pure (TLC, sllica gelfl”



133 -

~

, . .
» L. [
' \

(CDCl,, 300 MHz) & LL9‘(S, 3#), 1.2 (s, 3H), 1.25-1.4;(m:
1), 1.6-1.85 (m, 2H), 2.0-2.4 (m;“4n5,'2.45q2;6§.(m((2n)p
6 65 (ad; J ="6, 3 Ha, 1H); exact mass, mfz 164.1201
(calcd “for C]fl“leo' 164. 1202) |
Compound 131 had:. IR (CHCl, cast) 1720, 1540,.1340
1276, 1156, 726, 716 em~1; ln NMR (coc13, 300 Miz) 5 1.1
(8. 6H). 1.5-1.7 (m, aH), 1.9-2. 0 (m, H), 2.15-2.5 (m,
(4H), 3.1 (4d, J = 13, 7.5 Hz, ;H), 5.65 (mi 18, 9. 1 3
=2 Hz,‘éH),‘9.2 (t, J = 2 He, 1H){"&3c(cD613{ 75.5 MHz)
6 23‘2,'25 3, 27.3, 28.0, 39.8, 41.3, 47.1,55.7, 59.7,
f73’6, 122.3, 129.4, 134. 1, 148.6, 162.0, 208.2; exact
mass, m/z 376 1257 (calcd for C18H20N207, '376. 1271)
‘Anal: Caled for CygHygNp07: C, 57.44: H, 5.36;‘N. 7.44.

Found: C, 57.43; H, 5.30; N,.7.54.

' 4,5,6,7, 7a.1-Hexahydro—1 l-dimethyl 23-1nden-4-one 130, S

L 1 2, 3 4 4a.5 6 7-00tahydro—5—methy1-naphthalen-l-one 132.

| 4aq ,8a, 8a¢ -Decahydro—B-(3 S-dlnitrobenzoyloxy)-G-methyl | o

.fenaphthalen-l-one 133 and 3u 3a¢ 7a¢-Octahydro-1 1-‘ :

‘dlmethyl 3-(3 5-d1n1trobenzoyloxy)-1H-inden—4—one 134.w

The reactlon was carrled out exactly as desqubed‘fortu

 e;.the preparation of 129-u81ng 3 5-dxn1trobenzoyl chloride |
(210 ng, . 0.91 mmol), pyrldlne {0.07 mL. 0.86 mmol). _'

'acrystal of DMAP. and the maxture of keto alcohols 122 and

'123 (78 mg. 0. 43 mmol) in benzene (6 mL). Flash



St .. 134

;” chromatography over silica gel (2 x 15 cm) w1th 20% ethyl
acetate-hexane gave 130 and 132 (24 mg, 33%) and 133 and
“ 134 (27 mg, 28%), each as an apparently homogeneous (TLC
"“silica gel,: 20% ethyl acetate—hexane) 011. The sample of
“130 and 132 consists of three 1somers. . IR (C_Cl“4 cast)
12920,‘1680, 1618, 1540, 1458, 1260, 1220 cmflr‘IH‘NMR%
"(coc13{ 300 MHz) § 0.9 (s, 1H), 1.4 (4, J. -6 Hz,,ZH),‘
--.1 12-1.4 [m, 4H (1nclud1ng a 81nglet at §1. 2)], 1 6~ 2 3
'(m} 7H), 2.45-2.6 (m, 1H), 6.65- 6.8 (m, 1H); 13c (coc13,
- 75. s MHz) & 13.1, 2031, 22.5,'23.6, 23.8,.23.9, 26.0,
- 21.8, 28. 4, 28.8; 30.5;34.8,.40.0h 44.0,’44:8,‘4];7.
'”‘55 1."122 3, 129.4,'135;7.‘136.0, 137. 8;‘139 7, 201.5;

-~ exact mass, m/z 164. 1202 (calcd for CpjH) g0, 164. 1201)

‘ "fﬁ 'I'he sample of 133 and 134 o::ons:.stzs< of three | " - . D
"isomers‘_ IR (CC14zcast) 1725, 1710, 1540, 1340, 1280,
e,1160, 715 chi }g lH NMR (cnc13, 300 MHz) 5-1.0 (s, O. aa),u,‘
B W 06 [d, : 7 Hz, 2 4H (1nc1udes another doublet‘J =6 o
%{ffj‘uz)J, 1.21 (s, 0:8H), 1.5-2.5 (m, 1zn), 5.7 (m, 13), o o
m, 2H), 9.2 (m, 1H).\13c (cnc13, 75.5 MHz) ' 12 o, 19 8,
*'=24 2, 24 4 ‘25, 5, 25.2, 25.4, 26.5, 27, 3.‘29 1, 29.3,. ‘}‘Af

N")729 4 29 6, 31.6, 33.1,.38 8, a1 0. 41. 4, 41*8(.42<°~
-~ as. 1 as. o, 59;15;'54;2; 56.4, s6. 8, 0. o.;io'i{'74.1e.-“'
| f;122 1 129. 3.'129 5, 134.7, 148, 6,.161 7, 208 9 exact‘k

'\ﬁmass, m/z 376 1273 (calcd for c18n20N207..376 1270)



v . Tass

3¢ 3aa,7ap—0ctahydro—3 (3 S—dinitrobenzoyloxy)~1-methy1—
18- 1nden-4—one 135.,‘ |

The reactlon was'cafrieo‘out‘exaétiy‘as desoribed‘for
the preparatlon of 129 using 3, S-dxnitrobenzoyl chloride 'H/Q“
(80 mg, O. 35 mmol) , pyridxne (0.03 mL, o 37 mmol), 5(1 "_},f?‘
crystal of DMAP, and keto alcohols 127 (24 mg, 0. 15 mmol) N
in toluene (2 0 mL) Flash chromatography over sllica gel,.
(1 x lS cm) w1th 20% ethyl acetate—hexane gave 135 (57 mg,
106%) as ‘an apparently ﬂimogeneous (TLC, slllca gel 20%
ethyl acetate—hexane) solid; mp. 167 168 C- IR (CC14
”éast)'1725, 1715, 1546,'1340 1280, 1160," 720 em’ ~1, 1y NMR
(coc13, 300 MHz) § 1. 05 (d, J =6 Hz..BH),”l 2-1.8 (m, T
3H), 1.9-2.1 (m, 3H), 2. 15-2.3 (m, 2H), 2.38-2.5 (m, 2H),
2.9 (a4, J = 13278‘Hz, 1H), 5.6 (dt, J'= 8, 6.5 Hz, 1H),
- 9{io(d, J =2 Hz, 2H). 9.2 (v, J = 2 Hz, 1H); 13¢, (cociy.,

75.5 Muz)‘5‘17 6, 27. 3, 29.0, .38.7, 40.0, 41.2,‘53 Se . .
'62.0, 73.5, 122V3. 129.4, 134j1;v148"6, 162.0, 207.5; | 'u,e;f?f,
.exactfmase} m/z 151. 1085 [calcd for (C17H18N207-C1H3N206),‘ . ‘tiﬁ.
151;1123] . Anal. Calcd for C17H18N207 ¢, s6. 357 H, |

- 5,00; N, 7.73. Found. '56.20; H, 5 01; N, 7. 9. x-ray
crystal structure analysxs of 135 glves a computer B
generated perspectlve°draw1ng of 135 from the flnal x-ray B ,‘§fafi

coordlnatep showing the relative stereochemistry.

L&
' i * 4 . v ) "




‘lﬂ-inden-4—one 137.

‘(180 mg, 0 78 mmol), pyrldlne (0. 06 mL, 0.74. mmol),

</ 136

A

3, 3ag, 7a¢-0¢tahydro—3 (3 S-dinxtrobenzoyloxy) l—methyl—

L

L

=7,
5

g

Q

The' reaction was carrzed out exactly as described for

the preparatlon of ‘129 using 3 5- d1n1trobenzoy1 chlorlde’

crystal of DMAP, and Keto alcohols 128 (65 mg, 0.39. mmol) 'z

4 *mLS‘ Flash chromatography over s:.h.ca gel
:" A S
W 01 20% ethyl acetate-hexane gave *pS (31 mg,

'51%) and 137 (9 mg., 6%),‘each as an‘apparently‘homogeneous

(TLC, silica gel, 20% ethyl acetate-hexane) 011 conslstlng'
of two isomeré.v 136 had- IR (cc14 cast) 2910, 1710, 1450
em™1; 1B NMR (cpc1j, 300 MHz) 6 0.86-1.3 [m, 4H (1ncludes‘,

a doublet at 50.87, 3. 7 Hz and at §0. 99, J —»7-Hz)],

1. 65 1.85 (m, 13), 2‘0-2”3 (m, SH), 2.35-2.6 (m, 3H), 6.6

(m, 1 H); l3c (cuc13, 75.5 MHz) & 18 0, 23.8, 29. 9, 39.9,

» 40, o, 43. 9, 52 6, 138 os,‘144 64, 199. 22o‘exact ‘mass, m/z;"

150.1045 (calcd for c10u14o. 150. 1045)

137 had: IR (cc14 cast) 1730. 1710. 1545, 1340..,“

,1280, 1160..720 cm‘l 1y NMR (cnc13, 300 MHz) 5 1. 0 (a, 3
ﬂ= 7‘Hz{ 3a). 1. 4-2 6. (m, 113), 5.82 (m, 0. 575), 5 95+ (m, .
"go 435), 9.08 (m,v2R). 9 2 (m, 13),_13c (cnc13, 75 5 MHz) 6

‘”116 8. 20 2, 25 3,.26 6, 26 7, 30 9, 32 4,,32 5, 33 3,

38 9, 40. s, 41m67,‘42 oo, 47 3. ‘55. 7, 56&6, 69. 7, 74 &,

 J=122 Q. 122 1. 129 3. 129 5. 134 6. 148 6. 161 7.4208 0- 
‘ “exact masa, m/z 362 1118 (calcd for 017818N20, 362 llfxr

'\'5")' '



-

- ! i

S—Hydroxy—6—(phenyiaeleno)—hex—l-en—3—0ne 138:“

, " The reaction was carried our exactly as described for
: the preparatlon of 116 us1ng methylllthium (2 46 mL, .1.55%
M in ether,-3m81 mmol), 2~ (trxmethylslloxy) 1, 3-butad1ene
(545 mg, 3.84;mmo1);pzinc chlorlde (2.78 mL,‘0,69 M in |
Hether, 1. §2 ﬁmol).and‘(phehyiseieho)aoetgidehyde (]60’mg,
“3 82 mmol) in- ether (8 mL + 2 mL rinse) Flash
chromatography over slllca gel (3 x 15, cm) wlth 20% ethyl

I
acetate—hexane gave recovered (phenylseleno)acetaldehyde"

,(161 mg,‘2l%) and 138 (166 mg. 20%) as a homogeneous (TLC,

s111ca gel, 20% ethyl acetate—hexane) 011. AIR (CC14 cast)

3440, 1676. 1478, 1402, 1022,‘737 692 cm 1; 14 NMR -

(coc13; 300 MHz) 5 2. 85 (ad, J = 18, 8 Hz, 1H)ﬂ 2.9 (ad, J

137

| é‘18p‘4 Hz, 15),,3 05 (dd J =13, 6. 5 Hz, 1H), 3.1 (aa, J-

= 12 5, G‘Hz, lﬂ), 3 32. (4, J = 3. 5 Hz, 1H),74.25 (m, 1),

W, T

5.88' (aa, 3 =10, 1.5 Hz, 14)," 6.2 (da, 3 ; 18, 1.5 Hz,

1H),‘6 3 (ad, J = 18,‘10 Hz ; 13),‘7 2-7.3.(m, '30), 7.5-7.6
ﬁ(m, 24) ; 13c (cnc13, 75.5- MHz) 5 34. 7, 44 9, 67.0, 127. 2,

129. 3. 129‘§ 129 5, 132. 7. 136.6, 200 2- exact mass,‘m/z,ﬂ‘

270.0152 (calcd for °12“14Se°2? 270. 0159) Anal..CaLcd‘

R
for c125145e02.‘ 153.54; H,‘S .24;.0, 11. 89. ' Found:

';.53 37; H, 5. 23 O, 12 45.' A satlsfactory Oxygen analysls“fh .

- could not be obta1ned.~'7

-z’



‘(16 mL),‘triphenyltin hy?ijde (315;mg, 0.89 mmol) in

- Lo (O ! '
P
\\ : . ' .

5~Hydroxy 6—(phenylse1eno) 1- (triphenylstannxo)hexan-3~one

,139 and S-Hydroxy-6-(phenylseleno)hexan—3-one 140.

The general procedure for the rad1ca1 cyclizatlon was

'followed using selenlde,138 (182‘mg, 0.67 mmol) in benzene

——

benzene (7 mL), and<AIBN“7‘m§;\ LO4 mmol) in'benzeneo(7;

| mL) . Evaporation of . the sofvent and flash chromatography

‘v‘for [C30H30028n8e~c635).‘543] ‘fg“l‘; s ‘” ’-‘ ::V “f‘l”‘

13¢ (coc13,‘75 5 MHz) 5 3.7, 34.6, 40.4, 47.6, 67.0, y"“'

“ (6. 3= 4 Hz, 1a), 4 2 (m, IH), 7. 2 7.3 (m. 3H), 7¢5ﬁ7.6§

\

of the res1due over 51110a gel\(3 x: 15 cm) w1th 20% ethyl.N ‘

acetate—hexane gave 139 (97 mg,\23% and ‘140 (42 mg H22%)
as a homogeneous (TLC 5111ca gelN 20& \lhyl acetate—,
hexane) 011.’ Compound 139 had. 1§\(CC14\&ast) 3400

2980, 1710 1580 1480 1428, 1080, fO%; 728 699 cm 1;

Ay NMR (coc13. 300 MHz) 6§ 1.5 (ra, J = 2\H§, 2H). 1.58

N
( ,.1H), 2.4 (dd, =17, 5 Hz, IH), 2,47 (da, 3= 16, 7

Hz, 1H), 3.78-2.85 (m,,4ﬁ), 3.9 (m, 1H), 752-7. 6\(m, 20H)s .

'127. 2. 128.2, 128. 5.,128 8, 128 9, 129 0, 129 2, 129 6”

132 7 136 9, 137 1. 137 3. 139 1, 211.5; m/z 543 [calcd
\\

Compound 140 had: IR (CC14 cast) 3440. 1707, 1480,

:1440, 1070, 1010, 740. 1690 cm‘l 1H NMR (cb013, 300 Miz) a‘
| \}1.02 (¢, J =7, Hz. 3H), 2.4 (q, 3 =h7 Hz, 2H), . 2. 66 (dd,
=8, 7. 5 Hz, 1H), 2 75 é?d,“ 17 5. 4 az,‘1n)h 3 01 |

”f(dd. 3= 13, 7 Hz. 1H), 3.08 (ad, J = 13, 6 e, 1H), 3 27



(m, 2H); l3c (coc13, 75.5 MHz) 5.7 4, °34.6, 36.7, 47. 5.
66.9, 127.2, 129.2, 129.4, 132.7, 137.0, 211.3; exact.

mass, m/z 272.0305 (calcd for Cj,H)¢Se0,, 272.0315).

lS-Phenylpent—A—yn—lfol‘142578 S D,
—Butyllithiom (70‘O‘mL, 1.55 M in hexanes, 108.5

'mmol) was added dropw1se to a stirred and cooled (-78°C)

solution of phenylacetylene (11.95'9. 116.99 mmol) in THF

‘(200'mL)¢‘ After.lo‘min, ‘a solutxon of oxetane (2.14 g,

36.90 mmol) - in THF (10 mL) was added dropwxse-followed by .

boron triflugride etherate (lﬁ O mL, 113.8 mmol) and

139

'stirring was tontlnued for 1 h. The.reaction‘mixtgggkﬁae
warmed tolnoom temperature, quenched with saturated
'ammonlum chlorlde solutlon (100 mL), and extracted with
‘ether (3 x 150 mL) The‘comblned organic extracts‘were
‘washed with water (100 mL),‘and w1th brine (50 mL), and.
drled. Evaporatlon/;f the. solvent and flash

chromatography of the resldue over silica gel (5 x’ 15 cm)

with - 10% ethyl acetate-hexane followed by 20% ethyl

acetate-hexane gave 14278 (4 94 9. 83%) as a homogeneoue‘

(TLC, slllca gel, 208 ethyl acetate—hexaneT 011°““IR

- (CC14) 3640. 3340. 3082, 2940, 2880, 1600,,1490, 1440.

»

© 1330, 1060, 914, 690 cm‘lg 14 NMR (CDc13, 300 Miz) 6 2. ss

(m 3H), 2. 5 (t, J = 6 Hz. ZH), 3 8 (t, J = 6 Hz. 2H).4 .

7 2- 7 5 (m, 5H),.13C'(CDCl 75 5 MHz) 5 15. 7, 31 0, 61.5,"



[ d

f
80.8, 89.0, 123.4, 127.3, 127.9, 131.2; exact mass, m/z
160.0893 (calcd for C“r‘ilzo, 160.0888).

6-Phenyl-5-hexyn-2-ol 143:101

The procedure employed for 142 was followed using 2-
methyloxeténe86 (2.20 g, 30.61 mmol), phenylacetylene

(7.01 g, 68.66 ,mnol), n-butyllithium (46.0 mL, 149 M in

hexanes, 68.54 mMmol), and boron trifluoride etherate (8.50

“mL, 69.11 mmoi) Evaporation of the solvent and flash

chromatog;aphy of the residue over silica gelf(S x 15 cm)
with 20% ethyl acetate-hexane and then 30{ ethyl acetate-

hexane gave 143101 (1.36 g, 25%) as a homogeneous (TLC,

'.8ilica gel, 30% ethyl acetéte-hexané) oil: IR (Neat)

1;360,2960, 2940, 1490, 1370, 1130, 760, 700 cm™1; lH NMR
(CDCl3, 300 MHz) 6 1.15 (d, J = 6 Hz, M), 1.7 (a3 =7
Hz, "'23), 2.0 (br, s, 1H), 2.5 (t, J = 7 Hz, 2H), 4.0 (m,
1H). 7.2-7.45 (m, su); 13c (cnc15. 75.5 Hz gy 15.9, 2~2.6,

x 2,%131.5;

exaet mass, m/z 174.1vu46 (calcd for C12H140, 174.1045).

23.4, 37.6, 67.1, 81.0, 89.5, 123.7, 127.6,

trans-2-[3-[Tr1(1-methy1ethy1)sllyllprop—z-ynyljcyclo—

hexan-1-ol 144:85 -
n-Butyllithium (9.57 mL, 1.41 M in hexanes, 13.49

‘mmol) was added dropwxse to a stirred ‘and cooled {-20°C)

solution of alkyne 194 (2 65 g, 13.50 mmol) in THF (10

140

¥

O



mL). After 15 min, a solution of cyclohexene oxide (1432

i)

g, 13.49 mmol) in THF (3 mL) was added dropwise, the cold
bath was removed, and stirrea for 1 h. The mixture was
quenched with water (30 mL), extracted with ether'kB x 40
mL) énd thé combined extracts were'washed with brine (20
mL) and dried. Evaporati;n‘of the solvent And,flash
chromatography of the residue over silica gel (5 x 15 cm)

with 20% ethyl acetate-hexane gave‘l4485 (1.94 g, 48%) as

a homogeneous (TLC, silica gel, 20% ethyl acetate-hexane)

oil: IR (CCl,) 3620, 3540, 2940, 2860, 2165, 1460, 1445,

1050, 880 cm™!; lu NMR (CDCly, 200 MHz) & 0.9-2.0 [m, 30H

(includes a doublet at §1.05, J = 4 Hz)], 2.3-2.6 (m,:?H),
3.3-3.5 (br, m, 1H), 3.68 (Sr, s, 1H); 13c (CDCl4, 75.5
Hz) & 11.4, 18.7, 23.6, 24.9, 25.5, 30.6, 35.4, as.4,
73.9; exact mass, m/z 251.1826 [calcd for (C18u340§1—h'
C3H7), 251.1831]. Anal. Calcd for C18ﬁ3405¥= c, 73.40;

H, 11.54. Found: C, 73.54; H, 11.75.

S5-[Tri(l-methylethyl)silyllpent-4-yn-1-0l 145:

Thé procedure employed for 144 waé followed using
ethylene oxide (1.0 mL), alkyne 19435'(2.62‘9, 13.38
. mmol), and n-butyllithium (8.60 mL,AlfSS M in,hexane;,
13.33 mmél) in THF (10 mL)- Evaporation of the sqlvent °
and flash chromatoéréphy of the residue over silica gel (5

x 15 cm) with 10% ethyl acetate-hexane gave 145 (1.74 g,

141

.



-

9

54%) as a homogeneous (TLC, silica gel, 10% ethyl acetate
hexane) oil: IR (CCl,) 3630, 3560, 2940, 2860, 2164,
1460, 1280, 1060, 1045, 920, 880 cm™1; 1y NMR (cDClj, 200
MHz)va 1.0-1.35 [m, 21H (includes a doublet at él.l, J =
Hz)], 1:65 (br, s,'lH), 1782 (q’,lb = 6 Hz, 2H),“2.4 (t,
= 6 Hz, 2H), 3.8 (q, J'= 6 Hz, 2H); ‘3¢ (coc15,w7sf§ He)
12.0, 17.3, 19.3, 32.2, 62.6, 81.8, 108.9; exact mass, m/
197. l362 [calcd for (C14H28051 C3H21), 197 1362] Anal.
Calcd for Cy4H,g081: C, 69.93; H, ll.741 Found: C,

\

69.48; H, 11.62.

‘trans—z [3-[Tr1(1—methy1ethyl)sllyl]prop—z—ynyl]cyclo—'

Pentan—l—ol 146: . . ‘ ’ . Lo h, -

. o

The procedure employed for 144 was followed uSLng

,.cyclopentene oxide (964 mg.,. 11.46 mmol), alkyne 19485

‘(2.6909,.13 66 mmol), "and n—butylllthlum (9.70 mL, 1.41 M

A

.in hexanes, 13 67 mmol) 1n THF (10 mL) Evaporatlon of

the solvent and flash chromatography of the residue -over

slllca gel (5 x. 15 cm) with 10% ethyl acetate-hexane gaVe_

W

'146 (2.04"q, 53%) as a homogeneous (TLC, sllxca gel, 10%

ethyl acetate-hexane) 011°‘ IR (CCL4) 3620, 3560. 2940.;
2860, 2160, 1460. l3804.1D7Q2 1010; 880.cm~!; 1H‘NMR'

(CDCl3, 400 MHz) 6§ 0.9-1.1 [m, 214, (1nc1udes a doublet at

$1.02, J = 4 Hz)], 1.3 (m, 1H), 1.5-1.6 (mi. 2H), 1. 6-1.75

_—

/
4 .

3

J

8

z

(m, 1H), 1.85-2.0 (m, 4H), 2.25 (aa, 7 =17, 7.5 Hz, 1H), .

142



. | ‘ ;143

2.4 (d4, J = 17, 5.5 Hz, 1H).”4.o‘(m,'1n)} 13¢ (coc13,
100.6 Hz) & 11.3, 18.6, 21.5, 23.4, 29.7,'34:3, 46..9,
78.4, 81.5, }07.5;‘exact mase, m/z 237.1678 [calcd for
(Cy7H3,08i~C3H7), é37.i674]. ‘Anal. Calcd for cl7n3zoé1;

C, 72.78; H, 11.49. Found: C, 72.71; H, 11.53.

-
258r0m0r1?[3—[tri(l—methylethyl)silyl]prop—z—ynyl]cyclo—

hexan-1-ol 147.

~

n-Butyllithium (2.2 mL, 1.6 M in hexanes, 3.52 mmol)
was added dropwise to a stirred and oooled (-78°C)

_solution of alkyne 19485 (685 mg, 3.50 mwol) in THF (10

mL). After 15 min, a solution of 2—brorﬁoc‘:yclohexanone87

-~

(647 mg, 3.65 mmol) in.THF (5"mL + 2 mL rinse) was added

[y

dropwxse and stirring was continued for a further 6 h.

"

Theireactlon mlxture was quenche& w1th saturated agueous

ammonlum chloride (30 mL) and extracted w1th ether (3 x 40

-~
“

mL)4 The . comblned organlc extracts were washed w1th br1ne

‘ u

(20 mL) and ered. Evaporatlon of the sokvent and flash
.chromatography of the residue over silica geLJ(B x 15 cm)
Qith lb% ethyl acetate-hexane gave 147 §803 mg, 61%) as a
homogeneous (fLC,"silioa gel,'ib%‘ethyl acetate—he#ane)
;"oil: " IR (CC14) 3550, 2940. 2860, 2165, 1440, 1350, 1180,
1120, 1065, 880 cm™'; lu NMR- (CDCly, 300 MHz) & 1.0-1.2
»[m; 2141 (1nc1udes a doublet at §1.05, J = 4 Hz)]. 1 2«1 4

Cc(m, 1H), 1.5-2.2 (m, 8H), 2.45 (4, J = 16.5 Hz, 1H), 2.7



‘144

]
(d, J = 16.5 Hz, 1H). 4.6 (m, 1H); 13c (cpCly, 75.5 Hz) &

11.%, 18.6, 20.8, 27.3, 33.8, 34.9, 35.1, 67%7. 72.8,

83.8, 104.0; exact mass, m/z 374.1468, 372.1483 (calcd for
C,gH33Brsi, 374.1463, 372.1483). Anal. Calcd for
CigH33BrSi: C, 57.89 H, 8.91; Br, 21.40. Found: C,

o

57.95: H,.8.95; Br, 21.54.’ | .
| «
S-Bromo-l-phenyl-lfhexyne 148:

Bromine (0.15 mL, 2.89 mmol) was added dropwise to a
stirred and‘cooled (0°C) solution of triphenyllphosphite79
(1.34 g, 4.;3 mmol) in ether (20 mL). After 15 min, the
reactidn mixture was cooled to.—10°C and a solution of
alcohol 143 (0.50 g, 2.é7 mmol) and pyridine (0:23 mL,
2.8§ mmol) in ether (5 mL) was -injected, st}rring was
continued at room teﬁperatdre for 3 h. The mixture was
' quenched w1th water (10 mL) andJExtracted with ether (3 x .

30 mL) The comblned orgdnic extracts were washed w1th¢ '
‘brine (20. mgp and drled. Evaporatlon of the solvent and

" flash chromatography of the reszdue over silica gel (2 x

15 cm) w1th hexane gave 148 (413 mg, 60%) as a homogeneous
(TLC, s111ca gelr_hexane) 011. IR (CCl,) 3080, 2960,

2920. 1475. 1440, 1375, 1210, 1160, 1030, 910, 690 cm'i:

1y NMR (cbc1y, 300 MHz) & 1.8 (4, J = 7 Hz, M), 2. 0-2.15

( « 2H), 2. 6 (t, J = 7 Hz, ZH). 4. 28-4 4 (m, 1H), 7 2 7 3.

(m, 3H), 7.3-7.45 (m, 2n); 13c (cuc13, 75.5 Hz) § 17. 7,



o

' mass, m/z 238.0181, 236.0201 (calcd for Cj,H;4Br,

145

25.7, 39.2, 49.4, 80.8, 87.7, 127.2,°127.63, 131.0; exact

‘238.0181, 236.0202). Anal. Calcd for C;,H;3Br: C, 60.78;

HL 5.53. Found: C, 60.47; H, 5.48.
[/ '

S-Bromo-l-phenyl l-pentyne 149:

-

The_procedure'employed for 148 was followed using
’ R .
alcohol 142 (847 mg, 5.3 mmol), triphenyl phosphite (1.98

g, 6.4 mmol), bromine (0.33 mL, 6.4 mmol), ahq pyridine

'(0.43 «mL, 5.3 mmol) Evaporation of.ghe solvent and flash,'

- chromatography of the residue over silica gel (3 x 15 cm)

with hexane gave 149 (1.06 g, 89%) as. a homogeneoué (TLC,:/

silica gel, hexane) oil: IR (cCly) 3080, 2970, 1660,

.31490, 1445, 1430, 1270, 1250. 695 Cn& H 1H NMR (CDC13. 300

MHz) & 2.1 (q, J = 6.5 Hz, 2H), 2.6 (t, J'= 6.5 Hz, 2H), -
3.6 (£, 3= 6.5 Hz, 2H), 7.2-7.3 (m, 3H), 7.3-7.45 (m,
2H); 13c (cpcr,, 75.5 Hz) & 18.2, 31.6, 32.5,:81.7, 87.9,

123.6, 127 8, 128.3, 131.62; exact mass,'m/z'224‘0023,

. 222.0047 (calcd for cllnllsr. 224, 0025, 222. oo45) Anal..

Calcd for CllﬂllBr" C, 59.22; H. 4. 97. PFound: C," 59. 3l

H. 4 98.

: S-Bromo-l-[trl(l-methylethyl)sxlyl]—l-pentyne 150:

The'procedure employed for 148 was followed using -

" "aléohol 145 (2.12 g, -9.80 mmol),. triphenyl phosphite (3.77

ER ' \
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g, 11.76 mmol);- bromlne (0. 60 mL, 11. 76‘mmol), and
pyrldine (0 79 mL, 9.80 mmol) in ether (30 .mL) .
Evaporation of . the solvent and flash chromatography of the
' residue ove} 3111ca gel (S x 15 cm) with hexane gave 150
“(2.15- g,‘BO%) as a homogeneous (TLC, s111ca gel hexane)
: oil: IR (CC14 cast) 2940, 2850 2160, 1460 1260 1100
iozo, 800 cm™1; ln NMR- (coc13, 200" MHZ) & 0.9-1.3 [m, 21H
(1ncludes a- doublet at §1. OS. Jd =4 Hz)], 2.1 (q y J = 6
Hz, 2H), 2.45 (t,~ J = 6 HZ, 2H), 3.55 (t, J =6 Hz; 2H) ;
e (coc13, 75.5,Hz) & 11, 2.i18 6, 31.6, 32.3, 81.7,
106 6; exact mass, m/z 304. 1053, 302 108? (calcd for
C, 4H57SiBr, 304. 1045, 302 1065) . Anal;‘Calcd‘for ‘
C14H2781Br. c. 55.43, H, 8.97; Br, 26.34. 'Fapﬁéel c.

55.51: H, 8.77; Br, 26.13.

“ -Phegyl-s (phenylseleno)—Cgpentyne 151._

- Solutlons of alcohol 142 (322 mg, 2.01 mmol) 1n THF -
(5 mL) and. of trlbutylphosphlne (494 mg, 2 45 mmol) in THF.V'
“(5 mL) were added to a stirred ‘and cooled (0°C) solutlon
’aiof N (phenylseleno)phthal:.m:l.de80 (871 mg, 2 55" mmol) 1n~

THF (10 mL) The cold, ath was removed and stlrrlng was

;contxnued for 12 h. Ev‘poratlon of the solvent and flash
._chromatography of the re51due over sillca gel (3 x 15 cm):i
‘iwith 10% ethyl acetate-hexane gave 151 (485 mg, 80%) as a:‘tl

fhdmogeneous (TLC, sil1ca gel. 20%. ethyl acetate-hexane)

e )
'
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oil: IR (CCl,) 3080, 3060, 2940, 1570, 1485, .1470, 1430,

1340}'1230, 1070, 1020, 910, 690 cm™}; ln NMR (CDCly, 400
MHz) 6 2.0 (q , 3 =8 Hz, 2H), 2.55 (t, J = 8.Hz, ZH),
3.05 (t, 3= 8 Hz; éﬂ), 7.2-7.3 (m, 3H), 7. 35 (m, 2H), 7.5
(n,_zu) 13¢c (cpc1,, 75.5 MHz) 20.2, 27. 5, 30.0, 82. 1,'
89.6, 124.5, 127.5, 128.4, 128.9, 1;9.8, 130.8, 132.3,
133.3; exact Wasehim/zpsoo.04l8 igalcd for‘C17ﬂlése{a
300.0418). Anal. Calcd for CjqHjgSe: C, 68.23; H

5.39. Found: 'c,‘se.zo; H, 5.33.

: S-Iodo—l-[tri(l—nethylethyl)silyl]—zepentyne 152:

| IA mixture of bromidellso (333'mg, 1.1 mmol)‘and
_sodlum iodide (l 25 g, B.34 mmol) 1n dry acetone (30 mL)
was relfux for 24 h. The solvent was evaporated and the
re51due was dlluted w1th ether (50 mL), ‘'washed w1th water.
(20\mL) and brlne (10 mL) and drled. Evaporation of the

’ solvent gave 152 (294 mg,‘76%) as’ a homogeneous (TLC L
5111ca gel,-hexane)'01l. lH NMR (CDC13, 80 MHz) 5. 0. 75~‘

N
1.5 {m, 21H, (lncludes a doublet at 6. l, J = 4 Hz)]: 1 75-

T

llizlzllml_zall_zlglinl;af= 7 Hz, M), 3.3 (t, J.= 7 Hz, 2H).

3-[2-(Phenylseleno)cyclopentyl]-1-[tri(l-methylethyl)-
sxkyl] l-propyne 153. | '; ‘
Solutlon of alcohol 146 (209 mg, 0 75 mmol) in THF (Slﬂfﬁi o

:mL) and trlbutylphosphlne (183 mg, 0. 90 mmol) in THF (5




mL) were added to a stlrred solutlon of benzeﬂEseleno—
cyanide88 (160 mg, O. 88 mmol) in. THF (5 mL) Stlrrlng wes
continued for 3 days.‘ Evaporatlon of the solvent and
iflash chromatography of the residue over slllca gel (2 x

15 cm) with 103 ethyl acetate—hexane gave 153 (158 mg.

-‘SO%) as a homogeneous (TLC,'8111ca‘gel, 10% ethyl acetate-jfa

hexane) oil: IR (cc14\) 3065,: 3060, 2940, 2860, 2165,
1470, 1460, 1030, 1626, 880 cm ..1; In nMR (cnc13, 300 MHz)
.5 O 95 1.15 [m, ZiH (1nc1udes a doublet at 1. 05, J = 4 _\
Hz)), 1.6- 1. 75 (m, 23), \1 8-1.95 (?R 3H), 2.05-2.2 (m,
1H), 2. 25 2. 4 (m, 2H), 2.45-2. 6 (m, m), 3.75 (aa, J = 10,
6 Bz, 1H), 7.2-7.3 (m,. 3H), 7.5-7.6 (m 21); 13¢ (coeiy,
75.5 Miz) § 11. 4'," 18.7, 22 4, 23. -7, 29, 8,733.5, 44.4,

49. 8, 80 8, 108 3, 126 9, 129 O. 133. 7- exact mass, m/z
420.1750 (caled for c23u368e51,,420 1751). " Anal. Calcd
‘[for C23H368e81-"C, 65,84,_H, 8v58.g Found; TC,'65.73f'H,

" e 40.

-propynyl] oxalate 154.}\.

<

148.

.

o

Mq hyl trans-cyclohexyl—2—[3-[tr1(l-methylethyl)Silyll 2-f"'

Oxalyl chlorlde (0 30 mL. 3 44“mmoi) was‘edded‘to a -

“stirred solutlon of alcohol 144 (415 mg.'l 41 mmol) at B

fﬂroom temperature.?? After 2 h,vmethanol (3 mL) was added,ﬂ‘

”~f:st1rr1ng was contlnued for 12 h. Evaporatlon of the

(

7,solvent and flash chromatography of the resldue over

s

o,
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~sxlica gel. (3 x 15 cm) with 5% ethyl acetate—hexane gave{
‘154 (31 mg, 57%) as a homogeneous (TLC slllcaﬂgel, 5%
ethyl acetate—hexane) oil: ‘IR (CC14)‘2940, 2560;‘§i70,
".1770‘ 1740 11460, 1450, 1320, 1305,tli70“§60;'886‘cm"i;

1y NMR (coc13, 300 MHz) 6 0.95- 1. 15 [m, 21H. (1nc1udes a

:fdoublet at 61.05, '3 = 4 Hz), 1.2f1.§.(m,r4ﬂ), 1.7-1. 9 (m,u

3m), 1.95—2.2 (m, 2H), 2.3-2. 5'(m,<2u); 3'9'(s, 3H), 4.8
(adq, 3 =11, 10, 4 Hz, 1) 13c (cpeiy, 75.5 MHz) 5 11. 2,
“15.6;‘22;8,‘24.4; 24.9, 29.9, 31.0, 40.7,  53.4, 79.0,
82.5, 105 3, Ise‘g 158.4; exact ;ass, m/z 337. 1835 Ecalcd
for (C21H360451-C3H7), 337 1835]. Anal. Calcd for
C21H360451.1 C, 6§:27; H, 9 46. Found. C,'66.14; H:

.9..5.10

2—Bromo—dr(phenylethani)benzenemethanol 155?

| n-Butylliihium (1.20 mL, 1. 55 M 1n hexanes,vl .86

,"-meol) was added dropw1se to a stlrred and coo;gd (- 78 C)

solutlon of phenylacetylene (190 mg, 1 86 mmol) 1n THF (20
'_;mL) After 10 min,va solutlon of 2 bromobenzaldehyde (350

‘mg, 1.89 mmol) 1n THF (5 mL + 2 mL rinse) was - 1njected

,Vi‘dropwlse and stlrring was continued for 1 h. The cold

:bath was removed and when the mixture had warmed to roomr;'

htemperature, 1t was quenched thh water (30 mL) ‘ The

.:iaqueous layer was extracted w1th ether (3 x 30 mL) and the 'h

e

a -’

combined organic extracts were washed with brine (20 mL)



and dried. Evaporation.of the solvent‘and fIash'

‘ chromatography of the resldue ‘over sllica gel (3 x 15 cm)

with 15% ethyl acetate-hexane gave 155 (276 mng, SO%) as a
homogeneous (TLC, 8111ca gel, 20% ethyl acetate—hexane)

oil: IR (CC14 cast) 3360, 1490, 1460, 1440. 1380, 1025.‘

“6_Hz; 1H), 6.0 (4, J '= 6 Hz, 1H),.7.15-7.55 (m, 7H), 7.6

™~

: f”‘placed 1n a 100 mL round-bottomed flask contalnlng a - ‘u‘;

."(m,,1n);‘7;85 (m, 1H) ; 13c:(coc13;r75.5'naz) 5 64-6, 86.7,
87. 6, 122.2, 122.7, 127.9, 128.2, 128. 6, 129.9, 131 7.

1133, 0, 139.5; exact maSs, m/z 285 9990 (calcd for R

62.74; H, 3.86; o,;s,sy. Found: C, 62.50; H, 3.86; O,

5.87.

‘(0 5-1. 0 mmol) and Mlchael acceptor (5-15 mmol) were :

Géneral Procedure for Radical Annulation .

150

L

| 755. 743, 690 cm lf.ln NMR (CDCl;, 200 MHz) § 2.68 (4, J =

“Tbe experiments“were performed‘with anhydrous . %@

. . ' s '3

solvents and oven drled apparatus. ’[AIBN (Eastman

materlal) was used w1thout purxflcatlon.] The substrate, B

Y .
[

'“*}reflux condenser closed by a rubber septum The system

~

2 ~>'/‘

ey

ﬁ;fﬁhfhf” :jugéij

‘3'Teflon coated magnetlc stirrlng bar and equlpped WLth a“Q_f

'“iffwas purged with argon for 5 min and benzene (15-30 mL) waS'r
‘:fwinjected 1nto ‘the fladk which was then immersed in an oil .

,"J:bath preheated/t;_gaxc. Benzene solutlons of tr1pheny1t1n :

N e | L
’/V“’j ‘“"fx 55; v”q.f_?;,i .f H[Wff oo 2



Al

hydrlde (1 2 equlv., 0 05-0.07 ‘M) and of AIBN (O 1 equlv.,‘
0 01 M) were. then lnjected slmultaneously over 10 h by
‘means of a double syrlnge pump. During thls period the‘
fm,reactlon m1xture was stlrred magnetlcally and malntaxned
"under a sllght statlc pressure of argon. Reflux1ng was -
contlnued‘for a further arbltrary perlod of 2 h. The
mixture was then cooled and evaporated under water pump‘.
e‘vacuum.h The re31due wae proceesed as descrlbed‘for th?‘
individual‘examplese‘ |
S 2- (Phenylmethylene) 1~cyclohexanecarbon1tr1le 156:

The general procedure for, rad1ca1 annulat1on uas‘
followed using acrylonltrxle (1. 26 g, 23. 77 mmol}, bromide -
149 (672 mg, 3. 01 mmol) in benzene (40 mbL), trlphenyltln
hydrlde (1 15. g. 3 27 mmol) -in benzene (10 mL).,and‘AIBN
(38 mg, O. 23 mmol) in benzene (lO mL) Evaporatlon of the-
ST '

solvent and flash chromatography of the residue over
’vP

. v\ﬁggllca gel (3 X 15 cm) w1th S% ethyl acetate—hexane gave‘“
o \, ‘ fﬁ? o .
S M“M 156 as two separate and. homogeneous (TLC,,sllica gel. 10%-

“h?ethyl acetate-hexane) fractlons of comblned weight 196 méfvd"
‘”(33%) The mater1al of hlgher Rf 156a (103 mg. 17 5%)

* had: ) (cuc13 cast). 2940,_2238, 1420, 920, 1740; 7oo

| "ucm 1, 1a NMR (coc13, 200" MHz) 5 1. 3-1. 6. (m, 1), 1. 75- -2. 1
(m, 4H), 2.3-2, 7 (m,. 2H), ‘4.0 (br, €, J = 24uz. 1H), - ‘

(s, m),‘ . 15 7 42 (m—~ 5H), ,13c (cnc13. 50 3 MHz) 5 22 4,\_.'

" !':
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27.3, 30.0,"33.3,‘120.5 126.7, 127,1, 1?8 2, 128.5,

,135 3, 136. 1- exact mass, m/z 197. 1200 (calcd for C14H gN; -
197.1204) . Anal. Calcd for c14H15N»’ C. 85.23; H, 7.66.
Found: C, 85.43; H, 7. 59.

]

‘The ﬁat?riél of lower R¢ 156b (93 mg, 15.68) hadf IR
(cnc13 cast) 2940, 2860, 2240, 1440 740, 700 cm ~t: u amR
7(coc13, 400 MHz) 6 1.55-1.7 (m, 3H), 1.85-2.0 (m, 2H),

2. 02 2.14 (m, 1H), 2.2-2.3 (m, 1H), 2.6-2.7 (td, 3= 13.s,

| 6'Hz; 1H), 3:8-4.5 (aa, 3 = 7.5, aHz, 1H), 6.7 (s, 1),
7.2-7.3 (m, 3H), 7.3- 7.4 (m, 25),:13c (coc13, 100.6 MHz) &
24. 2 26 9, 27. 6.°'32.3, 37.4, 120.1, 125. 6, 126. 9. 128.2,
.1 128.8, 135 6, 136. 5- exact mass, m/z 197. 1209 (calcd for
'c14ulsn, 197. 1204) Anal. Calcd for C14H15N:‘ C, 85.23;

H, 7.66. Found: c,‘85.37;Jﬁg"7Q4§.‘ - i ;

. Hethyl 2-(pheny1methy1ene) l—cycldhexanecarboxylate 157:

1 s ‘ .y

The general procedure for radical annulatlon was

';ifollowed uslng methyl acrylate (2 47 g. 28 39 mmol),
‘*bromlde 149° (550 mg, 2 47 mmol) 1nbbenzene (40 mL),H;Q

ﬁf‘trlphenyltin hydrlde (950 mg, 2. 71 mmol) in bezfene klo

mL), and AIBN (35 mg. 0 21 mmol) An benzene (10 mL). '

‘frvaaporatlon of the solvent and flash chromatography of the:

f&fresldue over s111ca geL (3 x 15 cm) wx&ﬁwS% ethyl acetate-;i

hexane gave 157 (120 mg. 21%) as an apparently bomogeneous:

'4f(TLC, 3111°ﬂ 9313 10% ethyl acetate-hexane) oil that ‘-‘33[



g (TLC 5111ca gel, 10% ethyl acetate-hexane) oxl.“ lR N _j."n

“‘@’cNeat) 2940, 2860. 2230.,1448, 1080. 750, 700 cm 1, 1H NMR

153

A

consisted'ofvtwokiéomers IR (Neat) 2934, l73l, 1432I

1;59, 1165, 1150,‘1007, 740, 700 em; 1H NMR (ch13, 200 I
‘Muz)‘é l}3~ll9l(m.-$H); 2,0—2.5‘(m, BH), 3,22 (m,lo,365),f
'3.68 (s, 0.99H), 3,7i (s, 2.01H), 3.78 km,‘0.64H)A 4;151"

(s, 0.384), 6~3$n(s' 0.62H), 7.1-7.35 ‘ﬁ"5ﬁ>? 13c (CDCISf -
1100.6 MHz) 5 22-9;,23‘6' 27.3, 27,8, 28.1, 29.7, 30.5,
\Bé-9,‘43-2, 50.9, Si.e, 51,9,.124,9;‘l25;6, 126.3, 126. 4,'“

128;0 128-2/'128-6 129:0, 137:5, 137‘6% 139 5 139. 8,

‘174 l, 174 2-‘exact mass, m/z 230 1304 (calcd for g
!

ClSHleoz, 230 1307). " Anal. Calcd for 6¢5H1802:‘ C. 78.23;
" ’ g . .
H. 7.88. ‘Found. <, 78. 53 H, 7.85. !
. . ;o ‘ . . o y . /}
P K - ‘,/w’“/, :
. / " ! .

Annulat1on of 149 thh acrylon;trlle, l-Hethyl -2- (phenyl—'

-

: methylene) l—cyclohexanecarbonltrile 158: o ;f

N The general procedure for rad1cal annulatlon was

followed u51ng methacrylonltrlle (1 44 g,.21 45 mmol)
'Qbronude 149 (658 mg,‘2 95 mmol) in benzene (40 mL), ,

. trlphenyltln hyd:lde (1 42 g, 4. 04 mmol) 1n benzene (10
nmL), and AIBN (25 mg,'O 35 mmol) 1n benzene (10 mL).

jn,Evaporatlon of the solvent and flash chromatography of the

Qi‘re51due over smllca gel (3 x 16 cm) w1th 10% ethyl f"u’-f~

“eacetate-hexane gave 158 (439 mg._?O%) as a‘homogeneous

BT R s M ' rdmees

v
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N

N

»

‘(m, 2H), 6.6 (s, 1H), 7.18-7.4 (m, S5H); 13c (cpcl,, 100.6

MHz) & 22.4, 26.3, 27.1, 35.3, 41.0, 76.9, 123.6, 127.1,
ot '

127.3,.127.8, 128.9,7137.8, 138.2; exact mass, m/z

211.1366: (calcd for C,gH 7N, 211.1361). Anal. Calcd for

CysHysN: C, 85:26; H, 8.11. Found: C, 85.16; H, 8.08:

-
\ a ¥

Methyl l—hethyl—z-(phlHj'methylene)-l—cyclohexanécarb- zﬁ

oxylate 159:

The general procedure for radlcal‘annulation was

followed using methyl methacrylate (1.89,9, 18.91 mmol),
bromi de 1?9 (571‘mg, 2.56 mmol) .in benzene (40‘mL), tri-
phenyltin hydride (1.09 g, 3.10 mmol) in benzene (10 mL),
and AIBN (20 mg, 0.12 mmol) in benzene (10 mL).
évaporétion of the solvent and flash chromatography of the
residue over éilica gel (4 x 15 cm) with 5% ethyl acgtate-
hexane "and theo 10% othyl acetate-hexano gave 159 (209 mg,
33%) as an apparently homogeneous (TLC, 5111ca gel, 10%
ethyl acetate-hexane) 011 t;at consisted of two isomers:

IR (CC14 cast) 2940, 1730. 1450, 1240, 1160, 1110. 700

em~1; 1n NMR (CDCl3, 400 MHz) 5 1.37 (s, 2. 7H), 1.43 (s.

'0.3H), 1. 5 (m, 1H), 1.6-1.8 (m, 4H), 1.96-2.05 (m, 1H),

| 2.25-2.5 (m, 2H), 3.1 (5, 2.78), 3.72 (s, 0.3H), 6.4 (s.

0.2H), 6.48 (s, 0.8H), 7.15-7.35 (m, 5H); l3c (cpcls,
100.6 MHz) § 22.0, 23.6, 24.3, 27.1, 27.7, 28.1, 36.1,
3807‘ 4804' '5103, 122-7, 125-2, 126-29 127‘-6' 128-0,

i

.
-3
5

154
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128.8, 12§.Q, 138.5, 141.6, 176.8; exact mass, m/z
244.1460 (calcd for Ci6H2002' 244.1463). Anal. Calcd for
IC16H2002: C, 78.65; M, 8.25. Folind:' C, 78.88; H. 8.10.
Aﬁnuiapion of 151 with acrylonitrile.‘1—Methy1—2—
(phenylmethylene)—l-cyclohexénecarbonitriIF 158:
‘ The generél procedure for radical annulation was
followed uginq methacrylonitrile (189 mg, 2.82 mmol),
selenide 151 (137 mg, 0.46 mmol) in benzene (15 mL), tri-
phenyltin hydride (277 mg, 0ﬁ79 mmol) in benzene (6 mL), '{
and AIBN (10 mg, 0.06 mmol) in benzene (6 mL). ” ”
Evaporation of the solvent aﬁd flasﬁ chromatography of the
residue over gilica gel (2 x 15 cm) with 10% ethyl
acetate-hexane gave 158 (64 mg, 66%) as a homoéeneous
(TLC,-silica gel;AIO% ethyl acetate-hexane) oil: IR
(CHC13“cast) 2937, é840, 2220, 1444, 1060, %;6, 700 cm~1; o
14 NMR (CDCl;, 300 MHz) & 1.35 (s, 3H), 1.55-1.88 (m, SH),
1.9-2;2 (m, 1H), 2.3-2.5 (m, 2H), 6.58 (s, 1H), 7.18-7.20
(m, 5H): 13c (cpciy; 75.5 MHz) 6 22.9, 26.7, 27.6. 35.6, \
41.5, 124.1, 127.6, 127.8, 128.3, 129.4, 138.2, 138.6:
exéct mass, m/z 211.1359 (calcd for CgH,,N, 211.1362). °
.

S-Methyl-2-(phenylmethylene)- 1-cyc lohexanecarbonitri le
160:

The general procedure for radical annulation was_ .«

Se L2
b



followéd using acrylonitrile (1.73 g, 32.66 mmol), bromide
148 (598 mg, 2.07 mmol) in benzene (50 mL), triphenyltin
hydride (911 mg, é.60 mmol).@n benzene (10 mL), and AIBN
(42 mg, 6.26 mmol) 15 benzene (iO‘mL). Evaporation;of the
solvent and flash chromatograpﬁy of ‘the. residue over
silica géi (4 x 15 cm) with 5% ethyl acetape-hexané gave
166‘asvthree separate fractions of combined weight 168 mg
(38%). All appeared to be homogeneous (TLC, silicé gel,
10% ethyl acetate-hexane) but the slowest runnlng fractlon
consisted (NMR) of two isomers. The fractlon of hlghest
Re¢ 160a (43 mg, 9.8%) had: IR (CHCl; cast) 2951, 2927,

2120, 1456, 1444, 700 cm_l; 1y NMR (CDC13, 400 MHz) § 0.98

(4, J = 6 Hz, 3H), 1.08-1.27 (m, 2H), 1.9-2.1 (m, 3H), 2.4

" (m, 1H), 2.6 (dadd, J = 15, 14.5, 4.5, 2 Hz, 1H), 4.0 (m,

1H), 6.5 (s, 1H), 7.2 (m, 2H), 7.3 (m M), 7.4 (m 20);
13¢ (cpc1,, 50.3 muz) 5 2144, 28. 9, 29.8, 33.1, 35.7,
38.2, 126.9, 127.10, 127.4, 128.5, 128.8, 134.9, 136.2;
exact mass, m/z 211.1363 (calcd for C15H17N; 211.1361). “
Anal. Calcd for. SEURLE 85.26; H, 8.11. Found: C,
85.43; H, 7.98. )

The fraction of 1ntermed1ate Re 160b (44 mg. 10 2%)

had: IR (CC14 cast) 2952, . 2925, 2240, 1444, 739, 700

em™1; 1y NMR (cDCl3, 400 MHz) & 1.32 (d, J = 7 Hz, 3H),

1.6-1.9 (m, 4H), 2.02-2.12 (m, 1H), 2.25 (4t, J = 14, 4

Hz, 1H), 2.75 (ddad, J = 14, 12, 5, 2 Hz, 1H), 3.8 (t, J =

156
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5 Hz, 1H), 6.54 (s, 1H), 7.247.32 (m, 3H); 7.4 (m, 2H);
13c (cpcly, 60.3 MHz) 6 18.9, 27.3," 27.6, 29.4, 33.0,.
35.8, 121.8, 127.2, 12%.3[\126.5, 128.66 135.3, 136.3;
exact mass,:m/z 211.1361‘(Calcd for C15H17N, 211.1361)-
Anal. Calca for‘C15H17N: C, 85.26; H, B.11. Found: C,
85.34; H, 7.88. |
- The fraction of lower R¢ 160c (72 mg, 16.4%) nad: IR

(éc14 cast) 2953, 2926, 2240, 1456, 740, 701 cml; 1 NMR
(CDC13,”290 MHz) 6§ 1.0-1.2 [m, 4H (includes a‘doublet ag‘

"§1.05, J = 6 Hz)], 1.3-1.6 (m, 1H), i.7-2.4<%m; 4H), 2.8-
3.1 (m, 1H), 3.3-3.45 (m, 0.27H), 3.55 (br, s, 0.73H),
6.48 (s, 0.73H), 6.85 (s, 0.27H), 7.2-7.45 (m, S5H): 13
(CDCly,. 100.6 MHz) § 15.1, 21.0, 21.3, 25.6, 28.2, 28.7,
32.2, 35.0, 35.1, 37.2, 39.0, 40.5, 119.6, .120.5, 124.5,
126.7, 126.9, 127.1, 128.2, 128.4, 128.7, 128.5,7134.9, ’
135.6., 136.3, 136.7; exact mass, m/z 211.1362 (caled for

- CysHjgN. 211.1361). Anal. Calcd for C;gH;yN: C, 85.26;

H, 8.11. Found: €, 85.39: H, 8.01.

Methyl S-meéhYl—z;(phenylﬁethylene)-1-cyc16hexanecatb~‘"
// . " . f

Y

) oxylate 161: N &
| S . - » :
\\ The general procedure.fof radical annulation. was

foiiowea‘hsing methfl acrylate (2;0 g, 23.26 mmol),
bromide 148 (442 mg, 1.56 mmol) in benzene (40 mL).,

triphenjltin ﬁydridé (653 mg, 1.85 mmol) in benzene (10
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mL), and AIBN (18 mg, 0.11 mmol) in benzené (10 mL).
Evaporation S8f the solvent aod flash chromatogrephy of the
residue over silica gel (4 % 15 cm) wlth 10% ethyl
aeetate-hexane gave 161 (97 mg, 25%) ‘as an apparently
ﬁomogeneous (TLC, siiica bel,vIO% ethyl acetate-hexane)
011 that con31sted of three isomers° ‘iR (CCl, cast) 2940,
2920, 1732, 1430, 1190, 1170, 700 cm~1; ln NMR' (CDCl3, 300
MHz) & 0.93;1.11u[s, 3H (incluoes‘three.singlets at 50.95,
0.97 and 0. 98)], 1.5 (m, 1H), 1e3-1.95-(m, 4H), 2.15-2.28 °
(m, 1H), 2.57%2.7 (m, 1H), 3.5 (s, 3.4H), 3.7 (s. 0.3H),
’ 3;76 (s, 0.3H), 6.08 (s,_o.oiu), 6.38 (s, 0.07H), 6.48 (s,
0.86H), 7.1-7f3e (m, 5H); 4%cu(coc15, 75.5 MHz) § 19.5,
"21.8, 22.0, 28.7, 28.8, 29.0, 29.2, 31.8, 32.5, 34.2,
34.7, 35.5; 35.8, 36.3, 36.4, 37.7, 38.1, 3§-Of 43.3,
.51.0, 51:5. 122:1, 125.4, 125.8, 126.3, 126.4, 126.5,
128.1, 128.2, 128.6, 129. p"135 4, 139.1, 174.8; exact |
mass, m/z 244.1463 (calcd for C16H2002, 244, L463) Anall
calcd for CieHa002 C: 78- 65; H, 8.25. Found: C, 78;72:f
H, 8.25. o |
2—[[Tri(l-methylethyl)silyl]methylene]-l-cyolohexanecarbo-
nitrile 162: -

| The general procedure for rad1ca1 annulation ‘was
followed using acrylonltrlle (387 mg, 7. 30 mmol), bromlde

150 (301 mg. 0.99 mmol) 1n benzene (40 mL), tributyltln

L] . 1
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[y

hyd;ide (377 mg, 1.30 mmol) in bedzene (10 mL), and AIBNV
‘(10 mg} 0.06.mm01) in benzene‘(LO mL) . Afiqr‘evaéoration
- of the solvent, benzyl.chloride (l'lfmg, 0.87 Mmol)lwas
added to the resldue and the resultlng mixture was |
examlned by 1y NMR (CDCl3, 300 MHz) to measure the yleld
‘(52%). Evaporation of the solvent dnd.flash
chvomatégraphy of_the fesidue over silica gelk(3 x 15 dm)
‘withns% ethy} aceta;e—hethe‘gave 162 as thrde ﬁ%actions
of combined weight 159 mg. Each fraction appeared to be
homogedeous by TLC (lO# ethyl acetate-hexane) but the‘
middle frdétion‘Was‘actudlly a mixture of the two othedﬂ
fractions. The material of highér‘Rf 162a (38 mg, 13%)
hdd: IR (CCl,) 2970, 2870, 2240, 1620, 1460, 1450, 885
cm~1l; 1y ﬁMR (CDC14, 200 MHz) & 0.7-2.0 [m, 26H (iﬁcludea o
a ddub1¢£'at 61.1, J = 4 Hz)], 2.02-2.68 (m, 3H), 3,55
"(br; s;41H), 5.02'(s, 1&); S?c (CDCl4, 75.5 Mhz)‘6,12;2;
- 18.9, 22.2, 28.2, 31f5;‘35.5,,$7l4; 120.5, 122.2, 151.9;
exact mass, m/z 277.2220 (calcd for ci7n31ﬁ31,'é?7;2226).
The matefial of lower Rg 162b (Sl'mg, 18%) hdd: dIR
(CC14) 2940, 2870, 2250, 1620, 1460, 1450, 870 cm™ Ah i
~NQ§~£§DC13,-200 MHz) 5 '0.8- 1 4 [m, 21R (1nc1udes a doublet

at §l.1, J = 4 Hz)], 1. 5—2'2-(m, 7H), 2 4-2 6 (m, 1H).

75.5 MHz) 5;12.1, 18.9,‘24z0. 27.3, 32.6, 33.5, 40.4,
120.4, 150.7; exact mass, m/z 277.2227 (calcd for .
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C17H31NSi, 277. 2226) . ‘ . ' o
The middle fractxon (70 mg, 25%) consxsted (1H .NMR)

A

- of the above two isomers.

Octahydro—?a—hydroxy—l-(phenylmethylene) 1H- inden—2—carbo-
nitrile 163:77

The general procedure for radicai annulagioh was
followed uslng acrylonitrlle (302 mg, 5.69 mmol), bromlde
16977 (284 mg, 1 02 mmol) in benzene (30 mL), trlphenyltln
hydride (485 mg, 1.38 mmol) in benzene (10 mL), and AIBN
(10"mg,»0@06hmmol)hin henzene (10 mL). Afterpevaooration
of‘the‘SOIVent, the residue was etirred for ca.‘2 min‘with
_potassxum fluoride (260 mg, 2 76 . mmol) in water (10 mL).
The aqueous layer ‘was: extracted with ether (3 x 30 mL) and
ithe comblned‘éxtracts were washed with brlne (20 mL) and
dried. Evaporatlon of the solvent and flash ‘w
chromatography of the resldue over- slllca gel (2 x rS cm)
.with 20% ethyl acetate-hexane gave 16377 (194 ‘mg, 73%) as f
an apparently homogeneous (TLC. 5111ca gel, 20% ethyl '
'acetate—hexane) oil that consxsted of seven 1somers. eIR

(cCl, cast) 3480; 2933, 2858. 2240, 1490, 1446;‘960. 760,
700 cm 1; la NMR (cnc13. 300 MHz) 5 1 0-1.8 (m. 9H), 1,9-

it

- 6. 65 (d. J = 2 5 Hz, 0 O7H). 6 67 (d, J --2 Hz, 0. 07H),_«

6.71 (a. 3.="2.5 az,-o ovn). 6. 79 (a.,v = 2.5 Hz, o,;su).
SR T - - A



161

6.85.(d, J = 2'Hz, 0.4H), 6.89 (d, J = 2 Hz, 0.24), 7;2- |
7.5 (m, SH),‘exact mass, m/z 253 1475 (calcd for C17H19N0.
253.1467). Anal. Caled for c17H19N0.‘nc, 80.60; H, 7.56;
N, 5.53. Found: C, 80.75; H, 7.49; N, 5.18. .
Octahydro-7a—hydroxy 2—methy1 -1- (phenylmethylene) 1H-
flnden—z-ca:bonltrlle 164- T

The general procedure for radical annulation was

L
followed usxng methacrylonltrlle (251 mg, ' 5.75 mmol),_ﬂ

du
bromlde 16977 (182 mg, 0 65 mmol) in benzene (15 mL;,
t:lphenyltln hydride (296&mg, '0.84 mmo;) in benzene (19 )
mL),oand'AIBN‘(G mg,'0;04 mmol) in benzene‘(lo‘mL)gﬂeﬂfge}:
evapOrationﬂof the solvent, the fesidue‘was Qorked uEland
chromatographed over 'silica gel (2 x 15 cm) w1th 20% ethyl
‘acetate-hexane, as descrlbed(fpr 163 to- give 164 (148 mg,-
85%)‘as an apparently homogeneous (TLC,Asllica gel, 20%‘

' ethyl acetate—hexane) 011 whlch conslsted of seven |

.y

vlsomers:' IR (cq14) 3480, 2933, 2860, 2240, 1440, 750,.700  *
cm~l; 1 NMR (CDCl3, 300 MHz) k) 1 0-2.4. [m, 15H (lncludes
'-seVen singlets at a 1.34, 1. a4, 1. 48, 1.6, 1.65, 1. 69, |
1.7)1, 6. 63'(5, o. 143),«6.71 (s, 0. 14H),,6 76[(sy 0.14H),‘

16.79 (s, 0. 143), 6.82. (s, 0.14R), 6. 85 (s, 0. 14H),.6 88

(s 0. 14H), 7 2 7 6 (m, SH), exact mass, m/z 267 1623
;‘(calcd for C18H21NO.>267 1624) Anal. Calcd for



\and AIBN (10 mg, 0 06 mmol) in benzene (10 mL) After

©2.,5= 2 9 (m, 15), 3. 4-3 7. (m, 1a), 3.75- 3 8 [s.

162

Lot

H, 7.75:"N, 5.12.

-

Hethyl octahydro—?a-hydroxy -1- (phenylmethylene) 1H—1nden—,

2-carboxy1ate 165.

\

The general procedure for rad1ca1 annulatlon was

followed usxng methyl acrylate (525 mg, 6.09 mmol),

'bromide 16977 (307 mg, 1.10 mmol) in benzene (30 mL), tri-

x

‘phenyltln hydrlde (573 mg, 1 63 mmol) 1n benzene (10 mL),

-
*

,evaporation of the 801vent the residue was worked up and

chromatographed over 31llca gel (3.x 15 cm) wlth 20% ethyl

i

‘acetate-hexane as descrxbed for 163 to give 165 (132 mg,l,fy

41%) ‘as . an apparently homogeneous (TLC, 3111ca gel, 20%

I

ethyl acetate-hexane) 011 which con51sted of sxx

‘gisomers:- IR (CC14 cast) 3440. 2934, 1735, 1440, 1167,‘

.780, 700 cm” -1 1y NMR (CD013; 300 MHz) & 1.0- 2. 4 (m, 113),

-

" (includes five sxnglets at 5. 3. 74, 3. .75, '3.96, 3 77.

.3 78)]. 6. 2 (d, J. = 1, 5 Hz. o O7H), 6 56 (br, s; o 15H).

“ ;(d, =2 Hz, 0. 18H). 6. 74 (d, 3 ="2 nz, o 155), 7.2-7.5

<

(mg SH) ‘exact mass. m/z 286 1572 (calcd for C18H2203,-

286, 1569)., ‘Anal. Calcd for claa2203.fic, 75 50; H,

7,e57ﬂ74. Found-- 75.08; n, 7.69.0
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Aﬁtenpted‘annulation’of‘154 with acrylonitrile in henzene:l
,‘ The general procedure for radlcal annulation was ”
followed u81ng acrylonltrlle (167 mg, 3. 14 mmol), ester
“154 (202 mg, 0. 53 mmol)uln benzene (15 mL), trlphenyltxn '
hydrlde (300 mg, O. 85 mmol), and AIBN (6 mg, 0.04 mmol)
“Evaporatlon of the solvent and flash chrOmatography of the
residue over 5111ca gel (3 x 15 cm) w1th 10% ethyl
acetate-hexane gave the starclng materlal 154 (107 mg;‘
52%) as a’ homogeneous (TLC, 81l1ca gel, lO% ethyl acetate—‘
hexane)‘01l. IR (Cel ) 2940, 2860, 2170, 1770, 1740,
+'1460, 1380, 1310, 1200, 1160, 1120, 910, 880 cm~1; 1l NMR
(CDCl3, 400 MHz) § 1.0-1:2 [m, .2IH (includes a doublet ;'at‘ :
181.05, 3 = 4 Hz)], 1.25-1.45 (m, 4H), 1.7-1.9 (m, 3H), |
2. 0 2.2 (m, '2H), 2,3-2.45.(m,d2H);_3:9 (s, 3H)f.4.75 (m,
"1H). | | B

.

aAttenpted annulatlon of 154 w1th acrylonltrxle in toluene.

. . v
‘ The'peneral procedure for radlcal annulatlon was'

Qfollowed us1ng—acryr0n1tr1le QSB mg, 4. 87 mol),oester
154 (258 mg, 0 68 mmol) 1n toluene (20 mL), tr:.phenylt:.n

‘a‘hydrlde (287 mg, 0 82. mmol) 1n tbluene (10 mL), and AIBN

- R

»u *g_mg, 0 07 mmol)‘%n toluene (10 mL) ‘ Evaporatxon of thef‘f.
'iAsolvent and flash chromatography of the res;due over “
sxl:.ca gel (3 x 15 Cm,) th'O% ethyl acetate-hexane gave
: startmg material 154 (108 mg. 41%) as. aomogeneous (TLC.“

. .
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‘silioa Qei)_lot‘ethyl acetate—hexane)\oilz IR (CClA)'
2040, 2860, 2170, 1770, 1740, 1460, 1450, 1320, 1305, |
1170, 960b.880‘cm_i; 14 NMR (cnc13, 300 MHz) 5 0.95-1. 15
‘[m, 21H (includes a‘doublet at 61 OS, J =4 Hz)], 1. 2 1.5
(m, 4n), 1. 7 1.9 (m, gh), 1.95-2.2 (m, 23), 2.3- 2 5 (m,‘
_2H), 3.9 (s," 38), 4.8 (ddd, J =11, 10, 4 Hz, 1H) ; 13¢
(cbc;3, 75.5 Hz) 5 11.2, 18.6,‘£2f8, 24.4, 24.9, 20.9, |
;";31'6;“40 7. 53 .4, 79. o, 82 5, 105.3, " -156.9,. 158.4; exact

‘ ,mass. m/z 337 1837 [calcd for (C21H3604SL-C3H7),.

337, 1835]

1- [Tri(l-methylethyl)ailyl] 3—cyclopenty1 l—propyne 166-‘,
The general procedure éor radical annulatlon was ;
hfoilowed u81ng‘acrylonitr11e<(219 mg, 4. 14 mmol), selenide"'
153 (324 mg, 0 77 mmol) in benzene (20 mL), trlphenyltin'
”hydrlde (354 mg. 1 00 mmol) in- benzene (10 mL), and AIBN .
‘(11 mg, 0 07 mmol) in benzene (10 mL) Evaporatxon of the B
:«solvent and flash chromatography of the residue over , J;'

:jsilica gel (3 . 15 cm) w1th hexane gave 166 (37 mg. 18%)

nd an oily mixture of unldentlfled material.o 166 had.“jf

'77QIR (cc14) 2960. 2860, 2170,,1460, 1380. 1120, ‘880’ em™l; g

L mkR (cnc13. 300 MHz) 500, 95:1.15 [m, 21H (1nc1udes a

f’w}doublet at 51 05. J = 4 Hz)J..l 2 1. 4 (m. 2a), 1. 5 1. 7 (m,“

"F,4n). 1. 7-1 85 (m,.ZH). 2.05 (m. IH), 2. 25 (a7 = 6.5 Hz.‘

'fza) 13c (cuc13. 7555 MHz) 5 11 4, 18, 7,,25 4,.25 7._31 % :
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- 39.2, 80.1, 108 6;, exact mass, m/z 264 2272 (calcd for
C17H3251, 264.2273). .Anal. Calcd for C17H3281: | ,‘77.19;‘

'H, 12.19. . Found: C, C 17 35; H, 12. 20.

d7(Pheny1etﬁyny1)benieheﬁethanol 167:90
| The general procedure for rad1ca1 annulation waa
'Vfollowed uslng acrylonxtrile (353 mg; 6.67 mmol), bromlde
155 (328 mg, 1.14 mmol)‘ln benzene (30 mL),,trlpbenyltln
.hyaride'(506;mg,.1.44‘mmol) in beniene (10 mL$ﬁ and AIBN
(12 ﬁg,‘o.o7 mﬁolj in benéeneV(lO mL) . Eveporation-of.tge
' 301vent and flash: chromatography of the” reSLdue over.
5111ca gel {3 x 15 cm) W1th 10% ethyl acetate—hexane gavel
16790 (84 mg, 35%) as a homogeneous (TLC sLl1ca gel, 108
ethyl acetate-hexane) oil: IR (CC14T 3600;‘3060, 2980,‘
2860, 1480, 1468, 1440,-1r20,‘1036;k910,'696ncm‘1¢ 1u NMR
"(coc13, 3oo]lhz) 5 2.6'(d,.J = 5.5 Ha, 1H), 6.0 (d, 3=
5.5 Hz, 1H), 7. 15-7.5 (m, an), 7.6. (m, 15), 7.85 (m, an).i
C13c (coc13, 75. 5 MHz) 5 64 7. 86.8, 87. 6, 122. e, 127, 9.
jﬂ‘128 3, 128 7, 130. 0, 131.8, l33..ﬂ 139 S;. exact mass. m/z

' 208. 0852 (calcd for ClSleo' 208. oesa)

.;1-(Pheny1ethyny1) 1-cyc1ohexanol 168-102 - ;;: . S,
The general procedure £or radlcal annulation was |

ﬂ}‘followed u81ng (ethenylsulphonyl)benzene (558 mg, 3-32 ‘

fimmol), bromide: 159 (195 mg, 0.66 mmol) ‘in, benzene (18 mL),_‘u

S
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triphenyltin hydride (324 mg, 0.92 mmol) ‘in benzene (10
mL), ‘and AIBN (7 mg,,O 04 mmol) in benzene (10 mL) ‘ ther

evaporatlon of the solvent, .the resxdue was worked up and
L]

.chromatographed over sxllca gel (2 x 15 cm) wlth 20% ethyLl

acetate—hexane as: descrlbed for 163 to glve 168102 (56 mg, .

42%) as a homogeneous (TLC. slllca ?el,-ZO% ethyl acetate-
hexane) 0112; IR (CCl4 cast) 3340 2933, 1480, 1440,
1060, 960, 755 695 cm” St lH‘ﬁMR\(CDC13;,300 MHz) 6 1.2-

i 38 (m.,lﬂ). 1 55—1 8 (m, BH) 1. 95-2.1 (m, IH). 2‘2 (s,

C1H), 7.2-7. 35 (m, 3H), 7.4-7.5 (m, 2u); 13c (coc13. 75.5

MHz) 6 23 4, 25 2, 40 1, 69. 1. 84.4. 92. 9,‘122 9, 128 1,
128.2, 131.7; exact mass, . m/z 200. 1199 (calcd for C14H16O
200.1121). ‘

. Attempted annulatlon of 2-Bromo—1 (phenylethynyl) -1-
cyclohexanol 16977 vxth tr1buty1 germanlum hydrxde

The general procedure for radical annulatlon was

S followed u81ng acrylonxtrlle (329 mg.v6 2 mmol), bromlde

‘n16977 (290 mg,vl 04 mmol) 1n benzene (30 mL), tr1buty1—' i

ugermanium hydrxde (569 mg..2 32 mmol) 1n be zene (10 mL),f

‘vand AIBN (10 mg, 0. 06 mmol) 1n bepzene (1D mL)

vaaporatlon of the solvent and flash chromatography of thef

- fresidue over szllca gel (3 x. 15 cm) wlth 10% Ethyl

"*hracetate-hexane and then 20% ethyl acetate-hexane gave .

:{?5ﬁﬁ16977 (251 mg. 86%) as-a, homogeneous (TLC. Blllca gel, 20%”""“
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’

1g NMR exﬁeriment; 1-phen1141—pentyhe 170-‘103

O

_ethyl acetate-hexane) oil: %H'NMR (éDC13,‘300 MHz) § 1.3~

1.5 (m, 1H), 1.55-1.95 (m, 4H), 2.1-2.4 (m, 3H), 2.65 (s.

1H), 4.5 (A4, J =9, 5 Hz, 1H), 7.25-7.38 (m, 3H), 7.4-7.5

(meo2m).

i
4

-

Bromlde 149 (205 mg, 0 92’ mmolé trxphenyltln hydride

(392 mg, 1.12 mmol), and AIBN (10 mg. 0.06 Jmol): in

167

benzene (20 mL) were ' refluxed for 3 h. Evaporatxon of the

solvent and examlnatlon of the resldue by 1y NMR | (CDC13,

‘400 MHz ) showed slgnals at § 1 2 (ﬁ J =8 Hz, 3H), 1.8

(!, 3 =8z, 2H), 2.55 (t, 3 = e Hz, 2H). .

»

lﬂ NMR exper}mégt, Table 14, Entry 1, 2- (Phenylmethylene)—

~

[

B

—cyclohexanecarbonitri 156
. /

With the except}on that only part of the

-

‘acrylon1trile (56 mgi 1 06 mmol) was placed in the

\\
reeetlon flask at the beglnnlng of the experiment,‘the

rema1nder (217 mg,l4 3 mmol) in benzene (10 mL) belng

added over 10 h, the general procedure for radical

annulation was followed using bromlde 149 (230 mg, 1 03 o

mmol) in benzene (30 mL),‘triphenyltln hydrlde (451 mg,

'11 28 mmol) in benzene (1Q mL), and AIBN (9 mg, - 0. 05 mmolT

AR

s ) . . . N . . , [

- 1" benzene (10 ML) Evaporatxon of the solvent, additiondn'”“”

‘of benzyl chlorzde (116 mg, 0 91 mmol) as .an internal ‘Lffp”‘}A




.standard and examination of the material .by 14 NMR (CDC13,

300 Mﬂi) showed. that the'yield of cyclized material 156

¢ S

/ : ‘
_was 55% -and the yield of uncyclized reduced material 170
s {

"was 20% ' / ‘ :
C ( o . - I3

v

cfy o ) ' R
14 Nng experiment, ‘Table 14, Entry 2, 2-(Phenylmethylene)-

- N
13 \

—cyclohexanecarbonltrlle 156:

W1?h the exception that only part of the acrylo~
nltrlle‘(l21 mg, 2.27 mmol) was placed in the reaction
flask ;9 theQbeginnihg,of fhe experiment,<}£e remainder
(170 ﬁg, 3.21‘mhol) in benzene (10 mL) beiné added over 10

‘ v
nk the general procedure for radical anqulatxon was

followed u91ng bromlde 149 (227 mg, 1.02 mmol) 1n benzene
(30 mL), trlphenyltin hydrlde (460 mg, ';31 mmol) in’
“benzene (10 mL), and AIBN (10 mg, 0.06 ﬁmol) 1n benzene
(10 mL) Evaporation of the solvent, additlon of benzyl
chloride (159 mg, 1. 26‘mmol) as an internal ‘standard and
: f; examinatlon of the material by 1H NQ{ (CDC13, 200 MHz )
,showed that the yleld of cyclized material 156 Mas 46% ‘and

ithe yleld of uncyclized reduced mater1a1 170 was 13%.

x» ¥ 2

: . B : . ' o t
P ' “
L. . . ot ) .
. FE . . , PRI
. )

2

1H uﬁR experiuent. Table 14, Entry 3, 2-[Tr1(l-.
hethylethyl)silyl]methylene-l-cycldhexanecarbonitrile 162:
With tﬁe exception that only part of the aerylo-

nitrilof(116 mg. 2. 19 mmol) was placed in. the react1on

;9 L
* . i

168"
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flask at the beginning of the experiment, the remainder
’(167 mg, 3.15 mmol).in benzene (10 mL) being added over 10
h, the general proceduﬁe;forezadical annulation was
followed‘using bromide 150 (307 mg, 1.01 mmol) in benzene
‘(36 mL), tributyltin hydride (371 mg, 1.27 mmol) in
benzene (10 mL), and AIBN (10 mg, 0.06 mmol) in benzene
(10 mL). Evaporation of the solvent, addition of benzyl
chloride (169 mg, i¢33 nmol) as an internal standard and
examination of the @aterial by 1y ﬁMR (CDC13, 300 MHz)
showed that the yieid of the cyclizeo material 162, was
24%. . |

o 7

‘ lﬂ NHR experlment, Table 14, Entry 4, S-Bromo—l—‘

[y

[trl(methylethyl)s1ly1] l-pentyne 150 . "

A
\The general procedure for radidal annhlition was
followedlusinq acrylonitrile (237 ‘mg, 4.47 mmol), bronide
150A(318 mg, 1.05 mmol) in benzene (30 mL), tr1butyl—
, germanlum hydrlde (319 mg, 1.3 mmol) in. benzene (10 mL),
- and AIBN (10 mg. 0.06 mmol) in benzene (10 mL) .
Evaporatlon of the solvent and flash~chromatography of the
-res1due over sllxca gel (3 x 15° cm) with he&ene gave 150
:‘(295 mg, 92%) as a homogeneous (TLC, silica éel. hexane)\
| 011°‘ 1H NMR (CDC13, 80 MHz) 6 0:7- -1. 2 [m, 21H (includes a.
Jdoublet at"’ 5r-0)]. 2 1 (t, 3 =6 Hz, 2H), 2. 45 (mf‘%ﬁ),

‘jw

za) DRSS " S
' :( ) ! ' ’ 2 .
’ .:J-.’}‘. ,




13 NMR experiment, Table’14, Entry 5, 2-[Tri(l-
methylethyl)ailyl]methylene—1—cyclohexenecarbohitrile l1o62:
| The general procedure for radical annulatjon was
followed using acrylonitrile (359 mg, 6.60 mmol), iodide
152 (294 mg, 0.84 mmol), in benzene (30 mL), tribuﬁYltin
hydfide (301 mg, 1.03 mmol) in benzene (lo‘mL); and AIBN
(10 mg, 0.06 mmol) in benzene (10 mL) at 50°C.

Evaporation of solvent, addition of benzyl chlori@e (113

\

mg, 0.89 mmol) as»an.internalrstandard and examination of
N - - - .

the material by H NMR (CDCl;, 300 MHz) showed that the

.

| m",‘iF-;e': ﬁé? }i;:“fi

yield of the cyclized material 162 was 158%.
- : ‘ . l. : ) .

o

14 NMR.experiment, Table 14, Entry 6,2-[Tri(l-

metthéthYl)si yl]methylénefl—cyclohexanecarbonitiile 162:
The general procedpre'for'radicai;aneulation‘wes
followed using‘acfyIOni%file'(375-mg; 7.12'mmel),"b€omide’
150 (304 mg, 1 00 mmol) in benzene (30 mL), eripﬁenyftin

hydrlde (435 mg. 1. 24 mmol) in benzene (10 mL), and AIBN

170

(10 mg, 0 06 mmol) in benzene (10 mL) Evaporatlon of X

: solvent. add1t1on of benzyl chlorlde (117 mg, 0.92 mmol)

 as an internal E‘“hdard and* examlnatlon of the mater1a1 by

1y NMR - (cnc13. 200 an) showed that the yleld of the

cyclized mater1a1 162 was 54%.

=
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! ' |
l—Hethquz—oxo-l—cyclohéxanecérbonitrile 171:81
The procedure employed for 105 was followed uaingq ' -
olefin 158 (285 mg, 1.35 mmol) in dry 20% methanol-di-
_chloromethane .(10 mL) and for work up dimethylsuléhide
| (0.2 mL, 2;72‘mmor7. EQaporatiop of the solvenf‘and
examination of the. residue by ly NMR (CDC13, 400 Mﬁz)
showed only éne aldehyde signal [at §10.2 (s)]. Flash
thoﬁatography of theé tofal reaction product over silica
gel (1 x 15 c%) gave’17l81 (115 mg, 63%)‘as,a homoéeneous'
(TLC, silieca éel,‘log ethyl acetate-hexane) oil: IR (cci,
cast) 2940, %@60, 2231, 1730, 1440, 1056 cm‘;;'lH NMR "’
(cpCl 4, 400 MHz) & 1.45 (s, 3H), 1.65-1.8 (m, 2H)," 1.85- . -
+1.94 (m, 1H), 2.02-2.2 (m, 2H), 2.35 (m, 1H), 2.5 (m, 1H), £

£ . . ) v
2.8-2.9 (m, 1H); 13¢ (cpclr,, 400 MHz) § 20.4, 22.3,-27.8,

N

3909, 40.3, 46.4, 120.7, 202.9; exact mass, m/z_137.0843
(calcd for CBHIINO, 137.0840) . o .
- Methyl S-methyldz-oxo;I-chiohgxaheCarbbiyléte1172584
' . The prgéédgré employed fof 105 was followed hsing .
olefins 161 (151 mg, 0.62 mmol) in a;; 20% mgtﬁanolé' |
“dichlbfo?ethaﬁe (S‘mL)ianq‘fér work hp dimethyiénlphide
(O;I'mn;,1;36 mmpl)._ Evaporation of the sdl?énf and

examinatlon of the residue by !H NMR (CDClj, 300 MHz)

i

showed only one aldehyde signal [at §10.2 (s)]. Flash [ . .

chrbmatogréphy of the total reéciiddégroduct.ovér silicq

- .
A o



..

. olefin 1859 (260 mg, 1.06 mmol) in dry 20% methanol-i

14
gel (lix‘IS c;} with 5% ethyl acetate-hexane gave 17284

(27 mg, 25%) as an apparently homogeneous (TLC, silica

- gel, 16%‘ethy1 acetate-hexane) oil that consisted of two

isomers: IR (CCl,) 2960, 1750, 1720, 1655, 1610, 1450,

1280, 123b,‘1210 em™1; lu NMR (CDCl;, 300 MHZ) 6 1.0-1.05,

(d, J = 6 .Hz, 3H (lncludes two doublets (J = 6 Hz) at §

1.0 and 1. 04)]. 1. 24-1 38 (m, 1H), 1 6- 1. 84 (m, 4H), 2.2-

2.5 (m, 35), 3.7-3.8 [s, 3H (includes two slnglets)] 13¢

(CDC13, 7S. 5 MHZ) 6 20.4, 21.0, 21 2, 28.5. 28. 9, 29.8,
30.7. 35.0, 37.1, 37 7, 41 1, 51.3, 51 9. 56. 7. 171.9,
172. 9-‘exact mass, m/z 170,0942 (calcd for C9H14O3,

170. 0943) Anal. Calcd for C9H1403 C, 63.51; H, 8.29.

i

Found: C, 63.33; H, 8.29.

, . e
Hethyl l-methyl--2-oxo-1-cyclohexanecarboxylate-173-82

“ The procedure employed for 105 -was followed us1ng
A

dzchloromethane (5 mL) and for work up dlmethylsulphlde

(0. 2 mL, 2.72 mmol) Evaporatlon of. the solvent and’

-examlnatlon of the res1due by 1H 'NMR (CDCl3, 300 MHz)

" showed ‘only one aldehyde slgnal [at 510 2 (s)] Flash ‘o‘
-yi_chromatography of the total reactlon product over 8111Ca

‘gel (2 x 15 cm) wmth 5% ethyl acetate-hexane and then 10%

'3dethyl acetate-hexane gave 17382 (97 mg. 53%) as a

)

172




'Anal. Calcd for C9H1403.' e, 63%51: H. 8. 29.f Found- C.

'63.26; H, 8.32.

: cyclohexanecarbonltrxle 174-

S@oleflq‘156q (4o mg,«O 17. mmol) in. dry 20% methanol-di-

. . . -., . L . . . .
. < e N - 3 " ) N : - " . . ' :
: EEP y.-. . [ P B ce . -
. i S e N e T e e R . Co L
. R . Ce T e S Sl -

C | ~ T 173

oil: IR (CCl,) 2940, 2865, 1740, 1715, 1450, 1430, 1250,
1210, 1160, 1085 cm™l; 1y NMR (CDC1;, 300 MHz) & 1.3 (s,

34), 1.4-1.55 (m, 1), 1.6- 1.8 (m, M), 1.96-2.1 (m, 1H),

2.4-2.57 (m, 3H), '3.77 (s, 3H); 3¢ (cpc1y, 75.5 MHz) 6

AN

21.3, 22.6, 27. s, 38 2, 40. 6, 52.4, 57.1, 173.6, 208.2;

By

-
-

/anct mass,‘m/z 170 0943 (calcd for C9H1403, l70 09#3)

PES
»

"\
-

1H NMR experlment on ozonolysls of 156a. 2—Oxo-l*x
cyclohexanecarbonltrlle’174 | 3 ,l”"l :_ : T -

The prOcedure employed for 105 was followed uslng

olefln 156a (107 mg, 0.47 mmol) in dry 20% methanol di-

Al

‘chloromethane (5 mL)“and for work up dlmethylsulphide (0 l

‘"mL, 1. 36 mmol) o Evaporatlon of the solvent and

¢

. examlnatlon of the re81due by 1H NMR (CDC13, 400 MHz) gave | e% B

only one aldehyde slgnal [at 610 02 (s)]
lu NMR experlment on ozonolysig of 156b, 2-Oxo—1-_n°
W ‘,‘J.

[

The procedure employed for 105 was followed uslng

',chlorome;hane (5 mL) and for work up dxmethylsulphide (0 1

1 36 mmol) Evaporatlon of the solvent and

examlnation of the residue by IH NMR (CDCl3, 400 MHz) ;;;a

o




showed'only‘one aldehyde signal‘[at'610;02 (s)].

18 'NMR experiment on ozonolys1s of 157, Methyl 2-oxo-1- .

cyclohexanecarboxylate 175. A l l
. The procedure emp(oyed for 105 was followed usxng

| oleflns 157 (102 mg, 0}44 mmol) in dry 20% methanol d1—. T

chloromethane (5 mL) and_for work up dlmethylsulphlde (0 1

mL, 1.36 mmol) Evaporatlon of the. solvent and

5exam1nat10n of the re81due by 1H NMR " (CDC13, 400 MHz).

showed only gPe aldehyde 51gna1 [at 510 02 (s)] .‘The mass‘
_spectrum of a portlon of ﬁhe reactlon mlxture ‘showed a

-

' peak w1th exact mass,‘m/z 156. 0791 (calcd for C8”1203"
156'183) o [
‘” ’ - : o '

. 15 dHR experzment on ozonolysxs of ‘160a, S-Nethyl 2—oxo-1-.
cy°1°he‘a“e"-'aﬂ!°n1tr11e 176: 1” ;'wa;“‘ L

.9""

The procedure employed for 105 was followed u51ng

olef;n lgga (66 m§; 0 31 mmol) 1n dry 20% methanol-dl- -

n_'r-

chloromethane (5 mL). and for wofk up, dxmethylsulphlde ‘ fi;if

Semneen

;,/ (6 2 mL,‘2 72 mm017 Evaporation of the solvent and ‘~nf;fi““

ot
. ¢

examlnatxon of the residue by 1H NMR (CDCl3, 400 MHz)

showed.only one aldehyde slgnal [at 510 02 (s)] w;"




IH NMR experiment“on.ononolyais‘of lsdb, 5—80thy1-2-oxo—l-
cyclohexanecarbonxtrile 176

The procedure employed for 105 was followed uq}ng
olefln 160b (27 mg, 0. 13 mmol) 1n dry 20% methanol- dl—
chloromethane (S‘mL), and for.work up, dimethylsulphide
(0.1 mL; 1.36 mmol). Evaporationhof‘the‘solventland
examlnation of‘the residue byilﬁwNMR‘(CbCl3,‘400fMH2) éave

only one aldehyde signal [at §10.02 (s)].

175

”,

1H NMR experlment on ozonolysis of 160c, S—Méghyl 2—oxo-1—

: cyclohexanecarbonltrlle 176:

The procedure employed for 105 was followed usxng
j oleflns 160c (58 mg, 0.28 mmol) in dry 20% methanol-dl—
2 chloromethane (5 mL); and for work up, dlmethylsulphide

©(0.1: mL, 1. 36 mmol) Evaporatlon of the solvent and |

' xamlnatlon of the re51due by 1H NMR (CDC13, 400 Mﬂgla

7showed only one- aldehyde 51gnal [at 610 02 (s)]

-~

1J70zonolysls of 163 fractlon 1. Octahydro—7a-hydroxy-l—oxo-'

:‘lH-1nden—2—carbon1tr11e l77a3
. Y : '
The procedure employed for 105 was followed us ni

ﬁ:“ Evaporatlon of the solvent and flash

R

: /”;7chromatography of the res1due over silica ge (l X 15 cm)vbﬂ




1

wlth 10% ethyl acetate—hexane gave l77a (27 mg,‘59%)‘ai a?‘»

'apparently homogeneous (TLC, 81lica gel 20% ethyl -* |

: acetate—hexane) oil that cons;sted (1H NMR) of two L
isomers; IR (CC14 cast) 3440, 2930, 2240,‘1760, 1440, i

1190, 1140, 980, 950 cm~!; lu NMR (cnc13, 300 MHz) § 1.2-
L2‘4v(m. lZH); 3‘09 (dd,-i = 10, 8 Hz, 0. 58H), 3 69 (dd J
=10, 2.5 Hz, 0.42H); 13¢ (cnc13, 75.5 MHz) & 19.2, 20. 3.
24.1,‘24.5, 25.3,‘25 4, 29 8, 29.9, 30°3ﬂ 32,2, 34.7, , |

'35.5, .43. 8 43 9, 75 l, 75 3. 117 2,‘117 8, 203 7. 20421' (;

exact mass, m/z 179. 0940 (calcd for C10H13N02, 179. 0947)

\
i L P .
5 . . . s } . . ' T

Ozonolysis af 163 fraction»i-

s The procedure employed for 105 was followed cSLng
‘ioleflns 163 (38 mg, 0. 15 mmol) Ln 20% methanol—dlchloro— B .
| ‘methane (5 mL), and for wmrk up,‘dlmethylsulphlde (O l mL,

1.36" mmol) Evaporatlon of the SOlVent and flash

"‘:echromatography of the residue over’ 3111ca gel (1 x 15 cm)

7rw1th 20% ethyl acetate-hexane gave l77a (18 mg, 68%) as - an“"

R apparently homogeneous (TLC. 51lica gel, 20% ethyl

acetate—hexane) 011 that con31sted (1H NMR*.bf two :

isomersz‘;:Rw(CCl4 cast) 3441, 2938, 2862, 2245, 1766.VQQQVLJ

955 eni™l; 1a NMR (cnc13, 300 MHz) 5

1450.‘1252.,11941 935.
.4 (m, 12t 3 69




—~

7

L

" 75. 3, 117.2. 117 s, 203 7, 204.1; exact mass, m/z 178.0866

Ozenoiyeisy6f7163'ffac£ion'3'
- The procedune employed for 105 was fblloweé ueing
 olefins, 163 (90 mg, 0.36 mmo;) in 20% methanolédiehloie—
methane (5 mL), and fofiwork‘hp, dlmethylsulphlde (0. 1 mL. .
1.36 mmol) Evaporatlon oé the solvent and flash |
.chromatography of the resldue over slllCa gel (2 x is cm)
”w1th Zoi‘ethyl acetate—hexane and then 40% ethyl acetate— X
hexane gave 177a (9 mg, 11%) and 177b (18 mg, 28%)‘eagh as
~an apparentlyéhomogeneous (%ib, 51lica gel, 20% ethyl
.‘acetate—hexane) oil. ﬂﬂe materlal of hlgher Rf 177a
consxsted (1H NMR) of two 1eomer3 and the material of‘

lower Rf 177b cons;sted ( M

NMR) of two lsOmers.e 177a _
hady’ IR (cc14 cast) 3440.*2928, 2240. 1763. 1288. ne,
4"f1074 em1; £ NMR (coc13, 300 MHZ) a 1 2 2.7 (m, 123),«”v‘

“u3 oa (dd, J -,10, 9 Hz, o 47H), 3. 69 (dd, 3= 9 5,12 5 uz,.;'fmﬂ” -

6. saa),‘ }c (cnc13. 75.5 MHz) 8 20.2, 24 1, 24 4, 25, 2.
5.3,1 29. 7, 300, 30 4, 34 7, 35 s, 43. 7, 75 0, 117 1-:“'

: fexact mass. m/z 179: 0910 (calcd for c10u13noz, 179 0947)
\

| ‘rtv‘ 177b hadz IR (cc14 cast) 3440. 2940. 2850. 2240, ,%{,‘55 »

21 9, 24 3, 26 1, 27 3,




178

t o -
N

-

28.0,”29 5,-29.6, 33.6. 34.3, 39 a, 40 0, 116.7, 2of51?

 exact mass, m/z 179 0919 (calcd for C10H13N02; 179. 0946).‘ L .

4
v, . ‘ . S “~.‘,

N-[lp 4¢.4aa.8aa—Decahydro—4-(phenylseleno)naphthyl]acet—“, .
amide 179, | | | |

' Diphenyl diselenlde (254 mg, O. 82 mmol) in dry
‘acetonitrile (5 mL + 2 'mL rinse) was injected into a.
ifstirred solution of (1z, SE)—cyclodbca—A S—dlene (102 mg,;d; ‘ ;.
0.75 mmol) inlacetonltrlle (5 mL) Then 1od1ne (218 mg, | ~
'.UO 86 hmol) in acetonitrile (5 mL + 2”mL rlnse) ‘was added
and stirring was contlnued for . 5 h. Evaporatlon of the
solvent and f;ash chromatography of the residue over
-sillca gel (3 x 15 cm) w1th 10% ethyl acetate—hexane and f}b
" then 85% ethyl acetate-hexane ylelded the crude product t‘ | |

il .
<A\

whlch was recrystalllzed from hexane to glve 179 (174 mg,

66%) as a homogeneous (TLC, s111ca gel. 90% ethyl acetate—;x.

»hexane) ‘solid: f"p 125-127° ¢ IR (cc13) 3440, 2930, 2660,,

\ “1720. 1500, 1450, 1370 em -1, 1a NMR (cnc13, 400 MHZ) 5.

'.1 2 1 7 ‘m, 9H). 1 72 1 85 (m. 23). e 9- (s. 3n),‘2 oz—z 2

7. s-;‘~‘ o

3H),
23, 5,_‘3?‘1v



' DN A ' “ ' : ‘ “u ‘\. ‘ . . L ,
S R e o 179
' ' o : v ' o . ' v .“‘.

v 1ﬂ6 2 16§.b' exacdt mass, m/z 351 1100 (calcd for S L
"' "-‘ . . ' N . “" R .‘ ‘ Lo

. “"‘0_ ?‘zsb]OSE, 351. 1101) \ I ‘ } . ‘, ' “, ,. ‘ <

S0 . Y ~ b oo |

’ \‘ v K ' ,/ ! .-’: N ‘:' ' ) B
r' ..» ' ! A - \ v ' " " | ' |
Qb{lc,sa,4hp Baa-Decahydro—S (phenylseleno)naphthyl]acet—’
-amide 180. B "‘~ o f. 1},,'\ “, L

Thé7procgdure emplo ed’fof lfé was‘followéd'using‘
S (1E—6E)-cyclodeca -1, 6-d13ne (187 mg, 1. 38 mmol) in dry,

o acetonltrlle (5 mL), dip enyl d1selenlde (442 mg, 1 41

' 0
’

« mmOl) in acetohltrlle (15 mL + 1'mL rlnse), and 1odLne»

r,

(390 mg, 1. 54 mmol) An acetonltrlle (20 mL 4+ 1 mL o ‘.:‘w,
[ \ . . o .
rlnse).‘ Evaporqtlon of the solvent and flash
> .] N ' B N R

' ‘chfomatography of the feéldue over Blllca gel (3 x 15 cm)
wlth 90% ethyl acetate—hexane apd then 100% ethyl acetate—-'-“
e hexane gave 180 (308 mg, 63%) as.a homogeneous (TLC,%m N
‘5111ca gel, ethyl acqtate—hexane) solld.‘ mp.;134-L36 C’.
IR (CC14Y 3440, i§40, 2860, 1680 1500, 1470,‘1440 cm -1, AR

L T - : .

n NMR (006134 100, an) 5 1 2-1. 2 [m, 17H (anludes a

{slnglet at 51 95)]. 3 2 3 5 (m,~1H). 3 7-4 0 (m, 13);f§§5fgf,"

}fﬂ"”(cnc13. 22 6 Maz) 5 18, 8, 20, 8,;23 4 24 8. 27 o;‘z7 1,

.“‘ 29 2,.41 2,‘41 6, 49 2. 51 5, 127 3. 129 1..129 8.v134 3,

169 1°‘exact mass, m/z 351 1103 (calcd for CISHZSNose'

‘Anal.. Calcd for CIBHZSNOSe' Cp 61 710

351 1101),
N Found-‘ 61 32 a, 7 17 N, 4 14.




S . 180

'Bomolysie (C—Se) cleavage of 179, N (1¢,4ap 8ap-Decahydro~‘

-naphthyl)acetamide 181‘108

Solutions of trlbutyltln hydrrde (433 mg, 1l. 49, mmo1l )

1n benzene (6 mL + 1 mL rlnse) and AIBN (18 mg, 0. ll mmol)

[y
f,

in benzene (6 mL + l mL rlnse) were lnjected consecut;vely
‘ into a stirred solutlon of selenlde 179 (403‘$§, 1.15 .

. LI .
3 ! . ' TR

nmmol) 1n benzene (4 mL) The mlxturen%as gefluxed for' 3 .
‘Affg h cooled to room temperature and eveporeted Flaen J}v“ L
“chromatography of the re51due over 5111ca gel (3 «x 15 cm)
*'“ngf\\9os ethyl‘ecetate—hexene and then ethyl acetate gave
181 (194 mg, 86%) as a homogeneous (TLC 8111ca gel, ethyl
acetate) solid: mp;. 74-178°C; IR (NUJOL) 3255 2922,
‘2854 1640, 1555, 1462 1435, 1370, 1210 1105 cm ?? iy
‘.NMR (CDC13,‘200 MHz ) 6 1. 2 2.0 [m, 19H (1ncludes a 81nglet
T at 52 o)],,3 9 (m,xIH), 5. 4 (br, 8, 1H); l3c ,(cocly, 75. 5

“MHz) s 19.8, 21 2; 23 s, 24 4, 252, ‘26.3; 26. ? 1.8,

9Vb“ﬁ35 9 39, 7 51 7, 169 0~ exact mass,vm/z 195 1622 (Calcd |

' ‘,- g . o - . " . . ’ e

”Homolyais (C—Se) cleavage of 180, N-(la,4ap,8a3-ﬂecahydro-“:{;‘

.,‘

"711-naphthyl)acetamide 181a-1°9 | Lo
The procedure emﬂloyed for 181 was followed uslng

Belenide i8O (178 mg, O 51 mmol) 1n benzene (3 ﬁL),.h,AVT'”“va o

gtriphenyltin'hydride (234 mg, 0 67 mmol) 1n benzene (3 mL




)
\

-26,9, 31.8 35 9. 39 7. 51. 7 169 .0; exact mass, m/z e

" "H, 10.89; N.. 7:29.

1a. 4ap Sa,8ap-Decahydro—5—(phenylse1eno) I—napht

+ 1 mL rinse)z Evaporatlon ‘of the solvent and flaeh '
ll
chromatography of the :esldue over 3111ca gel (2 x lS cm)
N ot Y 4 o+ ; e

‘ wlth 603 ethyl acetate«hexdhe and then ethyl acetate gave .

181a108 (88 mg, 893%) .as a homogeneous (TLC, sllAca gel,.

‘emhyllacetape)‘solld: ‘mp. 178-180°C; IR .(NUJOL) -3255,

2922, 2854, 1640, 1555)'1462.‘1435; 1570’ 1210, 1105'cm“l;-

1a R (coc13, 200 MHz) & 1.2-2. o [nn‘l9H (}ncludep a W
”slnglet at §2.0)], 3.9 (m, 1H), 5.4. (br, 1H) 13¢ s S
' ‘ , ﬁ. EX .l ~*
(coc13, 75.5 Miz) 6 ﬁ& 8, 25'2, 23.5, 24. 4, 25.2, 26. 33Tl
; .

[ER TN

1195.1622 (calda for C12“21N°' 195 1622) . ‘Anal. Calcd for
- ) A} “ 'v ; A

CyoHyiNQ:  C, 73.80; H, .10.84; N, 7.17. " Found: €, 73.69;

¢ . , " e

. bl
i‘v‘ RN . .
! Y.

-

S e 40

$:Macetate 182: 'l ST “ *“*. R v;Qn B

enylselenyl chlorlde (642 mg, 3 35 mmol) in acetlc 1

' fac1d (15 mL + 4 mL rlnse) was added dropwise over, 15 min

l..." »
PR . 3

to a stlrred solutlon of sodlum acetate (287 mg, 3 50

gﬂmmol) and (1E GE)—cyclodeca—l 6-d1ene (411 mg,13 02 mmol)

) LK -,_‘\

I

71n Acetlc a01d (15 mL) The mlxture was stirred at room.ofqﬂf‘dﬂﬁ

e The

. e
” ; [




o

' \\ [
. 1
"y

[

®

\

‘(%9 mL) and dried. Evaporation of tﬁe|solvent and flash

‘ cﬁromatography of the residue over silica gel (3 x 15 cm)

Ed

with 58 ethyl acetate-hexane and then 10% ethyl acetate-

hexane gave 182 (577 mg, 54%) as a hoﬁogeneous (TLc;
silica gel, 20% ethyl acetate-hexane) oil: IR (Neat)

3070,, 3060, 2940, 2860, 1730, 1475, 1450, 1370, 1360,

-

1240, 1030, 700.cm™}; lH NMR (CDC1,, 400 MHz) & 1.2-2.1

(m, 184 (includes a singlet at §2:0)], 3.35 (dt, J = 13, 4

]

Hz, 1H), 4.7 (dt, J = 12, 4 Hz, 1H), 7.2-7.3 (m, 3H), 7!5-
7.6 (m, 14); 13c (cpcl,, 50.3 MHz) 6 18.8, 20.7, 21.3.
23.7, '25.9, 27.0, 29.3, 40.8, 41.8, 4910. 75.3, 122.0,
127.3, 129.0, 134.2, 167.2; exact mass, m/z 352.0938
(calcd for CjgHp4058e, 352.0941). Anal. Calcd for |
CigHp40p8e: C, 61.53; H, 6.88; O, 9.11. Found: C,

61.39; H, 6.81; O, 8.74.

la,4p.433,Bap-Decahydro—4—(phenylseleno)rl-naphtﬁalenol
acetate 183: '

The procedure e@ploYed for 182 was followed using
(1E,52)-cyclodeca-1,5-diene (535 mg, 3.95 mmol) in acetic

acid (2 mL), sodiym acetate (329 mg, 4.01 mmol) in acetic

‘acid (8 mL + 1 mL rinse), and pbenylselenényl chloride

(761 mg, 3.98 mmol).in acetic acid (10 mL +1mL rinse).
Flash chromatography over silica gel (3 x 15 cm) with 5%

ethYl acefate-hexane and then 10% ethyl aéetate-hexéne

182

~
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gave 183 k859 mg, 61%) as a homogeneous (TLC, silica ggl,
20% ethyl acetate-hexane) oil: IR (Neat) 3070, 3050,
\2940, 2860,al?30, 1480, 1450, 1440, 1380, 1360, 1240,
1050, 1030, 750, 700 cm™!; ln NMR (cDClj, 400 Miz) 6 1.2~
1.7 (m, 9H), 1.7-1.8 (m. 2H), 2.0 (s, 3H),,2;05—é.2 fm,
12,4 Hz, 1H), 4.9

]

2H), 2.3-2.4 (m, 1H), 3.35 (td, J

(d&t, J = 10, 5 Hz, 1H), 7.2-7.3 (m, 3H), 7:5-7-.6 (m, 2H);

exact mass, m/z 352.0943 (calcd for C18H24625e,

<
A
)
/

352.0941). Anal. Calcd for CgH,40,Se: C, 61.53; H,

6.88; O, 9.11. Found: C, 61.66; H, 6.81; O, 8.86.

la.49.4ap,Baﬁ—Decahydro—4—(phenylselené)—l—naphthalenQI
184: '
(1E,52)-Cyclodeca-1,5~diene (205 mg, 1.51 mmol).was
added to a stirred solution of sodium acetate (121 mg,
1.47 mﬁol) in acetic acid (21 mL). Then a solution of
phenylselénenyl chloride (256 mg, 1.34 mmo() in acetic

acid (20 mL) was added over 5 min and stirring was

continued for 20 min.. The solvent was éVaporated and the

residue was treated with aqueous sodiumbpicarbonate
solution (50 mL) and extracﬁed'with ether. The combined
organic extracts were w;shed with brine (20 mL) and
dried. The solvent was évaporated énd the residue was
 stirred fbr 12 h with potassium carbonate (210 mg, 1.52

romol), methanol (15 mL), and water (3 mL). The solvent

- 183
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)
was evaporated and Qater (20 mj) was addéd. The mixgure
was extracted with ether (3 x S50 mL) and the combined’&fk
ether extracts were washed with brine (20 mL) and dried.
Evaporation‘ofIthg.solvent andﬁ?lash chromatography of .the
residde dv?{fsilica gel (3 x %5 cm) with 10% etﬁyl‘v
acetate—hexang énd then 20% eéhyl acetatemhexSne gavé 184
(277 mg, 58%) as a homogeneoui; (TLC, silica gel, 20% ethyl
acetate-hexane) solid; lmp. %5—77‘0; IR (CC14) 3640, 3078,
3060, 2940, 2860, 1555. 1450/ 1250, 1060, 1020 cm™l; ln
NMR (CDC13, 400 MH;) 6\4.2—1£85 (m, 12H), 2.0 (m, 1H), 2.1
(m, 1H), 2.3 (m, 1H), 3.2 (td, J = 12, 4 Hz, 1H), 3.7 (4t,
3= 11, 5 Hz,~ 1H), 7.2-7.4 (m, 3H), 7.5-7.65 (m, 2H); 13c
(CDCl;, 100.6 MHz) § 19.5, 21.1, 26.1, 30.3, 30.7, 33.7,.
40.9, 4175, 44.2, 72.6, 127.6, 128.4, 158.8, 135.8; exact

-mass; m/z 310.0834 (calcd for C, H,,0Se, 310.0836).

la,4aB.Sa,8a3-DecahYdro—Sf(phenylaeleno)—l-naphthalénol
185:

* The procedure employed for 184 Qaé followed using
(ngqg)-cyclodéca—l,6-diene (159 mg, 1.17 mmol), sodium
acetate (108 mg, '1.32 mmol) in acetic acid (10 mv),
phen&lselenenyl chlo;ide (233 mg, 1.22 mmol) in acetié
acid (5 mL + Z‘mL'rinse), ang for hYdrolxsis, potassium
carbonate (160 mg, 1.16 mmol) in méthanél (10 mL) and -

water (1.7 mL). Flaéh chromatography over silica gélv(3 x

/

184
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——

¢

15 cm) with 20% ethyl acetate-hexane gave 185 (196 mg,

54%)'53 a homogeneous (TLC, silica gel, 20% ethyl acetate-

v

\ ~ v
"hexane) solid: mp. 106-107°C; IR (CHC143) 3600, 3440, 2

2940, 2860, 1580, 1470, 1450, 1440, 1140, 965 cm~1; lH NMR

(CDTL,, 400 MHz) & 1.2-2 (m, 15H), 3.4 (dt, J. = 13, 4 Hz,

1H), 3.65 (dt, J = 11, 5 Hz, 1H), 7.2-7.3 (m, 3H), 7.5-7.6"

‘(m, 2H); 13c (cpcl,, 100.6 MHz) § 18.0, 20.9, 24.0, 27.2,

;o t .
29.6, 29.7, 41.4, 45.1, 49.4, 73.0, 127.2, 129.0, 134.2;

exact mass, m/z 310. 0837 (calcd for C16H2205e,
G

-~
310. 0837). Anal. Calcd for C; glipp0Se: C, 62.13; H,

7.17. Found: C, 62.20; H, 7.20. o

N » K\

185

Bomolysxs (C-Se) cleavage of 184, 1lq.4ap,B8ag-Decahydro-1- .

”

naphthalenol 186: 91

The procedure‘employed for 181'was followed‘using

«/;elenide 184 (670 mg, 2.17 mmol) in toluene (6 mL), tri-

phenyltin hydride (1.02 g; 2.89 mmol) initdldene (4 mL + 2
mL rlnse). and AIBN (20 mg, 0.12 mmol) in toluene (4 mL o+
2 mL rlnse) Evaporatlon of ‘the solvent -and fr/\h
chromatography ‘of the residue overfsilica gel (3 «x 15'cm)
with720% eth&l acetate-hexahe gave 18691 (291ng. 87%) as
a homogeneeus (THE- slllca gel, 20% ethyl acetate-hexane‘u

solid: mp. 85-9o'c- IR (cnc13) 3600, 2920, 2860, 1460,

1445, 1050, 1020, 940 em~1; lu mur (CDC14, 400 MHz) §

© 1.15-1.9 (m, 17H), 3.7 (dt, J = 11.5, 5 Hz, 1H); 13¢c

kY
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oL
(coc13, 100.6 Hz) 5 19.0, 21. 7, 24.4, 24.6, 26.4, 29.6, 9
' o, \\ i ' f

31.9, 35.9, 43. 1, 73.7; . , L oy

Bomolysxs (C-Se) cleavage of 185. 1“’4¥P Bap-Decahydro-l-

|

naphthalenol 186&-91 £ ’ lf i'\

The procedure employed for 181 was fqllowed usxng
LN

'selenxde 185 (130 mg, O. 42 mmol) in benzene-&4 mL), trx—'

phenyltin hydride (206 mg, O. 59 mmol) in benzene (3 mL + 1'

mL rinse), and AIBN (30'mg, 0.06 mmol) in benzene (3 mL +

.;

1 mL rinse). ‘Eyaporation of the solvent and fLesh ,
Ichromatogrephy of the residue over”eiliéh gel (2 x 15 cﬁ)
thh 20% ethyl acetate—hexane gave 186a91 (57 mg, 87%) as | I‘w.:
a hqmqgeneous (TLC elllca gel, 20% ethyl acetate-hexane)

'solid: mp. 86:90°C; IR (cc14) 3620, 2920, 2860, 1465,

1445, 1090, 1050, 1030, 940 cm -1, 1H NMR (coc13, 400 MHz)

5 1.1-1.9 (m, 17H). 3.65 (ae, J = 11, 5 Hz, 1H); 13c

(CDC13. 50 3, MHZ) 8 19.0, 21 6, 24.4, 24.5,'26. 4. 29. 5._

31.9, 35.9, 43.1; 73.6; exact mass, m/z 154 1356 (calcd

for C10H180' 154.1358).

‘:_ Authentic eeméie of.1¢.4ap.Bep-Decahydre-l-naphthéleeo}
| 186-91 | | . | '

An authent1c sample was prepared as described in the A-T
literaturé.9! IR (CCl,) 3620, 2920, 2860, 1465, 1445,

1090, 1055, 1030, 940 cm™!; ln NMR (CDCl,, 400 MHz) § 1.1-

¢

P



é'. _

o 187107 (220 mg. 62%) as gﬁhomogeneous (TLC, 3111ca gel, 5%

gﬁeftracte were washed with aqueous sodium bicarbonate (30%

N
i
\
;tav

1.9 (m, 17H), 3.7 (4t, J = 11, 'S uz, 1H)s 3c (cpe1y.
100.6 MHz) § 19.0, 21.6. 24.4, 24.5, 26.4, 29.5, 31.9,

‘ AN . : co ; - :
35.9, 43.1, 73.6; exact mass, m/;‘154.1352m(caLod for

\

187

C)oH g0, 154.1357). - SR - L

\

2

Acbtylation of 186, la 4ap Bap—Decahydrdil—naphthalenol

A (~‘

acetate 187-107‘

Acetic anh?ﬁfide (5.0 m>, 52.99 mmol) was added to a

‘solution of alcohol 186 (277 ng, 1.80 fmol) in pyridine

(S. 0 mlL, 61. 82 mmol) . The mixture was stlrred for 12 h,

quenched w1th cold. 10% hydrochlorlc acid (30 mL) and

‘extracted with ether (3 x 30 .mL). T&e.comb;ned organic

= s . o Lo
,+vmL) and brine (20 mL), and dr1ed. Evaporation of the
solvent and flash chromatogtaphy of ‘the resxdue over

N

silica gel (2 x 15 cm) with® 3% ethyl acetate-hexane gave

“ethyl acetate-hexane) 011., IR (dNeat) 2930, 2860, 1739.
1470, 1450, 1360, 1240, 1205, 1050, 1030 cm -l 1y ﬁMR v
(CDC13. 200 MHz) 51.1-2. 05 [m, 19H (lncludes a singlet at

82, 05)]. 4.754(at, 3.= 11, 25, 6 Hz, 1H): 13 (CDCl,, 22.6

-MHz), 6 19 7, 21 2. 23 0. 24 3, 25. 8. 26.0, 31. 5.v35 3,

"39 7. 75 a. 170 3. exact mass. m/z 137 1292 [calcd for

i (C12H2002-C2H302)¢f 37 1331] o

3

a

]

SN
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- o N o |
. Acetylation of 186a; lg.4ap.Bap—Decdhydro—I-naphthalenol‘
'acetate 187&*107 | | ' ' “

| The procedure employed for 187 was followed using

o alcohol 186a (81 mg, 0u53.mmol), acetlc-anhydrider(3.0 mL,
31.79ammol). and‘pyridine (2.6 mL, 32.15 mmol). After

work up, eyaporetion of the solvent gave 187a107 (100 mg,
97%) directly’aS'a‘homogeneouS (TLC, silicélgel, S% ethyll ;
F_ecetéte—hexane)'oil: IR’ (CCl,) 2930, 2860, 1740. 1470,

1460, 1360, 1240, 1030 cm~}; g NMR“}CDC13, 1oo MHz) 5,

1.1-2.1 [m, 19H {includes a slnglet at 62.05)1» 4.8 (dt, J

= 10, 5 Hz, 1H); 13c (cBCly, 22.6 MHz) & 19. 9, 21. 4, 24.1,

’ ‘s"
$24.5, 26.0, 26.1, 31.6, 35. 5, 40.0, 76 0, 170. 5- exact ¥
'mass,‘m/z 137.1318 [calcd for (C12H2002-C2H302), ;J .

137. 1331]

—— . y . LN . " [ " LA
. . . T * it ' ‘R

E—— P . . ,

Authentlc sample of la 4ap Bap-Decahydro—l-naphthalenol

";acetate 187 107 f:“f 3::.» ‘ . f“ . fﬂff,ﬂf
- o : s Y ! o - .
The procedure employed fOr 186 was followed uslng ' ]

“/

‘_alcohol 186 (290 mg{ l 88 mmol), acetlc,anhydrlde (3 5 FLH

“37 09 mmol),,and pyrldrne (3 0. mL,‘37 09 mmol) After

e

‘Wotk up,,evaporatlon of the solvent gave 187107 (310 mg.t':
. . / \ ’ L
-84%) dlrectly as a ho@ogeneous (TLC, 51110a gel.‘10% ethyl.,

acetate-hexane) 011-1 IR (Neat) 2920, 2860. 1735, 1450, "g“

%

1360, - 1240, 1210, 1045, 1030 cm %9 1n MR (cnc13, 1oo Maz)
8 1. 1~ 2 1 [m, 19H (1ncludes a singlet Gﬁ 52 05)]. 4 8 (dt,

e
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189

J = 10, 5 Hz, 1H); 13c (cnc13, 22.6 MHz) 619. 7 21.2,

23.9, 24.3, 25 9, 26.0, 31.4, 35. 3. 39.8, 75. 8 170 3;

exact mass m/z 137 1301 [calcd for (C12H2002-C2H302),

\
137.1331]. fb '

_EgggéfOctahydro-l(%g)-naohéhilenone 188: 105

WAlcohol 186 was'added to a solution of commercial
pyridxnxum chlorochrOmate (12.43 g, 57\6)mmol) in ary ai-
chloromethane (30 mL)\and the mixture was stirred for 2

h; . Ice cold hexase (100 mL) was added ‘stirring was

Ty
continued for 10 m1n amb the mlxture was passed through a.

e
~

short column of. Flor1511 with hexane (300.mL). -
Evaporifion of the solvent and flash chromatography of the
residue .over 5111ca gel (4 x 15 cm) w1th 10% ethyl

acetate-hexane and Kugelrohr dlstlllatlon (bp 100°C, 1.0

" mm) gave 188105 (2.16 g, 82%) as a homogeneous (TLC.

psilica gel, 20% ethyl acetate-hexane) 011' IR (CCl_4

»
+2960, 2860, 1710, 1440, 1205, 1170, 905, 805 cm-1; 13c

' 41;@, 45 0, 55. 1, 212 7- exact mass, m/z 152. 1198 (calcd |

L cis—Octahydro-l(2H)-uaphtha1enone 189-105

(CoCl3, 22.6 Mz) & 25.1, 25.5, 25.8, 26.9, 33.1, 34.4,

for °1o"16°’ 152 1201)

Coa q *

[ 4

The procedure employed for 188 was followed usxng
/alcohol 186 (1 83 . 12 2 mmol). pyrid;n;um chloﬁgghromaee'

- B . B . e e



190
(3.24 g, .15.03 mmol, prepared.hs €B the literature1°4) in .
dichloromethane (30 mL). Evaporatlon ‘of the 'solvent ahd
. .Kugelrohr dxstxllatlon (bngO'C. 0.05 mm) gave 189105
(1.47 g, 79%) as a homogeneous (TLC, s111ca gel, 20% ethyl

acetate—hexane) oil: IR (cc14).294o 2860, 1700, 1450,

———

/1240, 1230, 1155, 1005, 945 cm-1; 13¢ NMR' (CDC14, 22 22 6 o
MHz) 5 23.2, 23.6, 24.7, 25.3, 29.2; 29.3, 39.3, 40.7.. A
50.8, 213.6; exact mass, m/z 152.1199 (calcd for C10H160:

152.1201) . S : | /

¢
!

cis- and"trans—Decahydro—l-methylene-naphthalene 190 and

| 191: 106"

»

n-Buﬂyilithium'(O 41 mL, .1.6 M in hexanes, 0 66 mmo1)
was added dropwlse 1nto a solut1on of methyl trlphenyl—‘
'phosphonlum bromlde (302<mg.'0 84 mmol) in THF (10 mL).
| Stlrrlng was contlnued fon 15 mln and a solutlon of ketone
189 (100 mg. 0.66 mmol) in THF (4 mL + 1 mL rinse) wa;j*, :

added dropwlse. After a further'I h,‘theimixture was

refluxed for 3 h, cooled to room tenperature. quenched \ -

, w1th 10% hydrochLorxc ac1d (10 mL) and extracted wzth ;f‘

C -

ether (3 x 20 mL) The comblned organlc extracts were

: washed w1th btzne (10 mL) and dried. Evaporation ‘of the -
e "-‘0 ’ ‘ ‘ : ‘
solvent and flash chromatography of the residue over ’; R =

szlzca gel (1 x 1 cm) w1th hexane gave 190 and 191 (15,

’ ‘mg,"lss);as an apparently homogeneous;(TLc, ail;ea gel,

- ' C . ’--.“-o,

v



"rfftha1ene 192 and 193:

-

N .
hexane) oil that consisted—{l3c NMR) of the cis and ‘trans
isomers of 190: 1n NMR (CDCl3, 200 Miz) 5 1.0-2.4 (m,
16H). 4.45- 6.2 (m, 2H); 3¢ (cpc1j, 100. BUMHz) 5 26. 4,-
26.5, 27.5, 28.2, 29.1, 34.6, 34.8, 37.2, 37.9, 44.9,

47- 5' 103-8' '104-81 105001 10606-

—— 4~ ' " . - ,{ i
trans-Decahydro—l-methylene-naphthalene 191 106

The procedure employed for 190 was followed uSLnd
ketone 188 (104 mg, . 0.68 mmol),‘methyl trlphenylphns-
phonlum bromlde (295 mg, 0.82 mmoll, ahd[gjhutylllthlum
.(0;43 mL, 1.6 M in hexanes, 0.68 mmol} in THF (15 mL).
Flash chromatography over silica gel (1 x 15 cm) with .
henane gave 191 (15 mg, 15%) as a homogeneous égﬁc, silica
gel, hexane) 011: IR (Neat) 2940, 2860,‘1645, 1450, 895

885 cm™t: 1y NMR (cnc13, 400 MHz) & 1.0-2.0 (m, 14H), 2.0-

. 191

'2 1 (m, 1H), 2 3-2.14 (m, lH), 4.54 (s, 1H), 4 65 (s, 1H);

'13c (coe1, 22 6 MHz) 5 26 5,7 26. 6. 28.2, 29. 1, 34. 5, .
34 8, 37.1, 44. 8/ 47 4, 103.8, 153.6. BRI

B L
!

cls-trans-Decahydro—(E)— and (z)-1-(pheny1methylene)-naph-ﬂ"

The procedure employed for 190 was followed u51ng

“'uibenzyl trlphenylphosphonxum chlorlde (358 mg, 0 92 mmol)

.

'1n THF (5 mL), n-butyllithlum (o 46 mL, 1. 6 M in hexanes,ﬁﬂf'r

,"o 75 mmol). and’ketone 189 (113 mg.‘O 75 mmol) in THF (4

\



o L 192

mL). work up and flash chromatOgraphy over silica gel (1

‘,x 15 cm) with hexane gave/ 88 (37 mg, 33%) and 192 and 193
3
,(17 mg, 15%) as an apparémtly homogeneous (TLC. silica

&gel, hexane) oxl.  188‘ ad: IR (Neat) 2940. 2850, 1705, . B )
1450, 1205, 1170, 903.;305 eml; 13¢ (cpely, 22.6 miz) §
25.2, ?! 4. 25.7, 26.4,.33.0, 34i5, 41:8, 44.9, 55.0; | |
“212 . N ‘// S D o N
192 and 19?/;12 g MR (CDCL3, ‘300 Miz) 61.0-1.4
(m, 7H), 1.6- 15 (m, 8H),'2.15-2.3 (m, 0:48H), 2. 85-2.95
(m, 0.52H), 6/12 (s, 0. +48H), 6.58 (s, 0.52H), 7.1-7.3 (m,
su); t3c (CpC13, 100.6 MHz) & 26.4, 26.7, 28. o, 2.1,
30.5, 34.8, 35.1, 45.2, 48.5, 119.1, 125.7, 127.1, 128.0,'

. 128.2, 128.9, 129.1, 130.3, 137.4, 139.3.

. transzﬁicahydro—(g) and (gﬂ-;;phenylmeﬁﬁylene_naphthalene
_} . L ‘ ‘ o | S

The'pfocedure employed' r 190 was followed uslng‘

‘ benzyl trlphenylphosphonlum chl"rld (455 mg, 1;174mmol)
in THF (5 mL), n-butylllthium (0 55 mL, 1.6 M in hexanes, -
-0.88 mmol), and ketone 188 (134 mg, ‘0.88 mmol) in THE (4

mL + 1 mL rlnse) wOrk up and flash chromatography Qver

“5111ca gel (1 x 15 cm) wath hexane gave 188 (84 mg, 63%)o¢ 1-;jf1é
and 193 (48 mg, 24%) as‘an apparently homogeneous (TLC, f‘ L

5§Q 5111ca gel 10% ethyl acetate-hexane) oil. 188 had: IR A
'__(Nga;)‘29zoﬁ_28§o, 17;51 1450q,;205, 1170 ggi, 805 ?W,;t }'“,-*v

ot




. .

1.6~ 2 0 (m,- 8H). 1.95 (m, 1H), 6.16 (s, lﬂ), 7.15-7.35 m,

iael N ‘ o :y 193 B

130 (cpcl,, 22.6 MHz) 5 25. 1,‘25 5, 25.8, 26.5. 33. 1,
\

344 418 450.551 2128e : L

-

193 had. 1H NMR (coc13. 400 MHz) § 1.2-1.4 (m, 7H),

“sny; 13¢ (coc13; 22:6' MHz) 6 26.3, 26.6, 27. 8, .29 0. 30. 4

34ﬂ7, 35 0. | 45.1, 48. 4. 119.0, 125.6; 128. o"129 0, 146.7; s

exact mass, m/z 22&-1723 (calcd for c 7H22, 226. 1721)
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