Tetrahedron VoI 44, No 1), pp 3831 10 1868, 1988 0040402088 3100+ 00
Printed 1n Great Bntan {1988 Pergamon Prew pk

STERREOSRLECTIVE CYCLIZATIONS oOF

ALLYILSITILANES AND —STANNANES
Dieter Schinzer*, Christos Allagisnnis, and Sabine Wichmann

Institut fiir Organische Chemie der Universitit, Schneiderdberg 1B, D-3000
Hannover 1, W-Germany

(Recewed in UK 12 December 1987)

Summary: The syntheses and additions of allylsilanes, and -stannanes to enones

and dienones forming spiro- and fused-bicyclic products are described. The ste-
recselectivity observed is dependent on the Lewis acid used. The tin terminator
reverses the sterscselectivities in the bicyclo[d4.l.0]lnonanone cases.

Introduction

We have been searching for routes to synthesize spiro- and fused-bicyclic
compounds in a stereoselective way by the use of intramolecular additions ot
allyl- and propargylsilanes to enones and conjugated dienocnes! .*.3.4.8%,

In previous papers we reported ring-size selectivity governed by the
choice of the terminator or the Lewis acid in the addition to dienocnes! *:*.
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In this account we describe syntheses and stereoselective cyclizations of
allylsilanes leading to spirof{¢.5)decsnones, fused(4.3.0)lnonanones, and, for
the first time, intramolecular additions of allylstannanes* to enones and
dienones.

Our general strategy to construct the precursors is based on the use of
vinylogous ester chemistry?.
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Re ¥, He:; R'= H, He, Bty M= Li, AL,

Compounde of the type 9 and 3 can be synthesized sither by addition of
srgsnonetsllic resgents to the compound 1 and subsequant hydvolvels {(type @) ov
by alkyiation of the compound 1 and resction with an organopetallic reagent
followed by hydvolysis {type 3).

The desived side chains containing the terminsting group van be easily
synthesized by the usse of propargylailsne oy 3-butya-i-olf as shown in Scheme 1
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Resulte

We first focused on spiro-cyclizations using compounds of the type 2. Our
sarly attempts failed to promote cyclization using Lewis acids 1like BP, and
SnCle. The only product detected was the protodesilylated compound 4:

SiMe,

R R
2

I
TS

A sacoth reaction takes place with RtAlCl: as the catalyst!, forming the
desired spiro compound in good chemical yield:

ELAICH,
———

oo

da : k= H: 2b : K= Ne.
The compound 5 contains two asymmetric centers and the ratio of diastereo-
mers obtained is dependent on solvent and temperature as shown in Table I.

Table I

Conditions Por The Conversion of 2 to 5, Ratio Of Diasteromers Sa and 5b,
and Yield.

COMPOUND CONDITIONS Sa : 5b YIELD &
2a CHiCls, -~78°C 2 :1 85
2a toluene, 0°C 3 77
28 toluene, -78°¢C 7 : 72
2b toluene, 0°C 5 : 1 75
2b toluene, -78°C 7.5 : 1 70

‘In addition to the two diastereoners shown a third one of unknown struc-
ture was obtained (5:1:0.8%8).

The najor diastereomer results from s synclinal transition state, favored
on sterecslectronic grounds as demonstrated by Denmark and co-workers®.
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The minor disstersomer is produced wis an antl transition state which is

digfaveorsed on stersoelectronic grounds®.

R= Me.

Scheme 2

The NOE observed for the wmethyl group is ambiguous. Based on steric in-
teractions, the stereochemistry shown in 5a should give rise to the majoyr pro-
duct. The more stable chair conformation with the eguatorial methyl group can
eplain the NOE between the methyl group and the B H at carbon atom 9.

The cyclization of compounds of the type 3 yvields fused-bicyclic gsystems.

Again, coyclizstion procesds smoothly using ®tAiCls as the catalyst in tolusne

8t low temperature. The results are summariged in Tebles II.
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3 : MRe= SiNes; 10 : MRs= 3nBus, SnMes; R'~ H, Me, Bt.
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Table II

EWNTRY LEWIS ACID | & L] RATIO 6a : 6b YIBLD &
1 BtAlCls H Me, S4 4 21 92

2 BtAlCl:s Me Me; S1 3 1 77

3 BtAlCls Bt Mes Si 2:1 86

4 BtAlCls Me Bus Sn 1 : 2 54

-] TiCl, Me Bus Sn 1 : 158 60

6 TiCla Me Mes Sn 1 : 1% a

As shown in Table II the cyclization to form hydrindanones of the type 6
starting with allylsilanes 4is less selective than the spiro cyclizations de-
scribed before. In this cyclization we have to invoke two synclinal transition
states (3a and 3b), which presumably reflect the low selectivity.

Again, stereochenical assignments are based on NOE difference spectra:
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Scheme 3

We have also investigated the additions of structurally identical allyl~
stannanes.

The desired allvlistannanes had to be synthesized by & differsnt route, be-
causs the tin group is sassily cleaved by nuclsophiles®.

EtO., O 14 OH
PCC
8
o ®
prp=="" “SnR, N g
SnR,
10

R'= He, CH=CH:.

Again, & similar strstegy wss employed: alkylation of & vinylogous ester
followed by hydrolysis, and addition of an organometallic reagent. Finally.
construction of the tin terminating group by & modified Wittig resction was
usedi®

Reaction of the compound 10 with Lewis scids resulted in the isoclation of
the other disstereomer as the major product. (see Table II)

The enhanced opposite selectivity could be & result of 8 transmetallation
combined with double bond isomerization!! which makes the synclinal transition
state 3b much more sccessable. The effect observed is independent of the alkyl

group at the metal {(same selectivity with BuaSn- and HMesSn-).
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We next studied the intramolecular addition of an allylstannane to com-
pound 10 (R'= vinyl). Upon reaction in CH:sCls with TiCl. as the Lewis acid ca-
talyst the compound 11 was isolated {n 578'%, arising from facile 1,6 addition.
No product resulting from 1.4 addition could be detected.

R'=s CH=CHs
Finally, we have examined the cyclization of the sterically hindered com-
pound 14, which was prepared (from the vinylogous ester 12. Alkylation with a

functionalized iodide!?®, and subsequent addition of methyllithium yielded the
desired enone 14:

0 o EtO o
LDA. L/ Meli
l\\~/JL\¢//ﬂNo. S“‘O,

12 3
© Bu,NF
—_—
ﬁ/ﬂ\/s‘""
2]

The compound 1% represents the basic ring skeleton of pinguisone, and

deoxo-pinguisone, which are tricyclic terpenes containing four B-methyl groups
and a furan ring'*.

IS

Lewis acids, like EtAlCl:s or TiCl. failed to promote cyclization. However,
in the presence of Bu«NF in THF, the hydrindanone 15 was obtained as a single
diastereomer under thermodynamic conditionst?®.

The requirement for fluoride ion suggests a “push and pull mechanisa” via
an anionic intermediate!*, and the failure of Lewis acids in this particular

cyclization reaction could be a result of conformational strain in the overlap
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of the cationle intermediate (examination of models and conformational analysis
with force field calculations {(PC Model) clearly indicate this affect).

The methods described herein offer & versatile and useful procedurs to
synthesize spiro- and fused-bicyclic compounds. The simplicity of constructing
the precursors combined with good chenical vislds in the £inal cyclizstion re-
actiong, provide sn advantage over classical Michsel additions. Alsoe, the rsac~
tion 4is highly stereoselective for the additions of allylstannasnes. We are cur-
rantly exanining some intermedistes for the total synthesis of natural pro-

ducts.

Acknowledgemants: We would like to thank Dr. Victor Wray., Gesellschaft fir
Biotechnologlische OCesellschafy (GBF), Braunschwelg-Stéckhelm, for carrying out
the NORE diffsrence spesctra. This work was supported by the Deutsche Porschungs-
gemeinschaft, the Fonds der Chemlschen Industrie, and the Volkaswagen-Founda-
tion.

Experisental Part

High resolution mass spectra were cbtained on a Finnigan MAT 312 spectro-
meteyr. IR spectrs were recorded on a Perkin Blmer 580 spectrometer. NMR spsctra
were taken on Bruker WH 90, WP 200, AM 300, and WH 400 spectromaters.

211 reactions were run under inert gas {(nitrogen) and pure products are
obtained after flash chromatography using the solvent system ethyl acte-
tate/petroleum ether {80-T0°C).

- {Trimethyleilyl) ~4~hexyn-1-ol

Te & solution of 14.2g {(126mmol} propargylsilane!? in 1déml of THF is ad-
ded at -78°C 80ml (120mmol) of a 1.5M solution of butyllithium in hexans over a
pericd of 30min, After stirring for 40min 20.2ml (11S5=mmol) of HMPA is added in
ona portion, and after 10min. 31.1g (11%mmol) of l-iodo-(2-tetrahydropyranyl)~
J-oxy-propane is added via a syringe pump in 30min. The resction mixture is
warmed to room temperature and stirred overnight. The mixture is poured into
400ml of a saturated solution of ammoniumchloride in ice-water and was ex-
tracted three times with 150ml of ether. The combined orgenic layers are washed
with 100ml of brine, dried over MgS0s, and the solvent is removed under raduced
pressure. The crude product is dissolved in 150ml of MeOH and 12.5p of pyridi-
nium tosylats is added. After stirring for three hours the smolvent is removed
under reduced prsssure and the crude product is dissolved in 100ml of esther.
washed with 100ml of brine, dried over MgSO:. and the solvent is removed under
reduced pressurs. The crude product i chromatographed with 30% ethyl ace-
tate/petroleun ether to yield 7.09%g (36%) of pure product.

IR{£4i1Im) ¢ 3500; 22230; 1350; 1050; 850 cm*.

tH-NMRI{CDCLs b 0.18 (&,9H); 1.51 {t, J=3.5 Hz, 2H): 1.81 {quintet, J=6.0
Hz, 2H); 2.35 (m, 2H); 3.83 (t, J=6.0 Hz, 2H}: 4.77 {8, 1 H}.

High resolution mass spectrum, caled for CeMieOSi: 170.1126: found:
170.1138.
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6~ (Trimethylsilyl)-4-hexen-1-0l

To a solution of 3.4g (20mamol} of 6-{(trimethylsilyl}-é-hexyn~i-ol in 50mil
of EtOH is added 20m1 of a hydrogen saturated solution of EtOR contsining 300mg
of Lindlar catslyst. The hydrogenation is stopped after the addition of €¢40ml
{20mmel) of hydrogen, and the rsaction mixture is filtered through & short path
of florisil. The solvent is removed under reduced pressure to yield 3.16g (99%)
of pure product.

IR(L4i1m}: 3350: 1640; 1250:; 115%0: 8%0 cm ',

PH-NMR{CDC1s): 0.1% (s, SH); 1.60 (4, J=7.5 Hz, 2H): 1.78 (m, 2K, s, 1 H}:
2.21 (m, 2H); 3.79 (t, JI=6.5 Hz, 2K); 5.23%5-6.0 (m, 2H).

5~ {Trimethylsilyl}-3-penten-1i-~ol

The compound was obtained in 98% yield using the same procedure.

IR{film): 3340:; 1630: 1350; 1050; 850 com .
PH-NMR{CDCls): 0.1 (s, 9H); 1.5 (d, J=8.0 Hz, 2H); 2.4 (m, 2H): 2.9 (br s,
1H): 3.6 (¢, J= Hz, 2H); 5.0-5.9 (m, 1H}); 6.2-6.6 (m. 1H).

1-{3-Pentenyl-5-(trimethylsilyl) ] -sethanesulfonate

To & solution of 6.0g {(37.%0mmol) of S5-(trimethylsilyl)-3-penten-i-ol and
7.36m1  {52.95mmol) triethylamine in 100ml of CH:Cly is added at -30°C 2.93ml}
{37.90mmol} of methanesulfonyl chloride. The mixture is stirred for 12 hours at
-30°C, 1is poured into 100ml of a saturated solution of NaHCO;., extracted two
times with 50ml of CHsCl:, washed with 100mal of brine, and is dried over MgSO..
The solvent is removed under reduced pressure and the c¢rude product is kugel-
rohred {70°C;: O.lmbar) to yleld 8.5g {(95%) of pure product.

IR(film): 2980; 1640; 1360: 1180; 101S5; 980; 925; 850 cm ¢,

PH-NMR{CDCls): 0.07 {s, 9H); 1.5% (4, JI=8.0 Hz, 2H); 2.53 (m, 2H): 3.08
(s, 3H); 4.29 (v, J=7.0 Hz, 2H): 5.16-6.0 {m, 2H).

1-Iodo-5~trimethylsilyl-3-pentens

A mixture of 200ml of dry acetone, 9.8¢ {(41.1immol} 1-{3-pentenyl-S-trime-
thylsilyl)-methanesulfonate, and 12.38¢g (82.56mgatom) of Nal is refluxed for 6
h. The reaction mixture is poured into 250ml of ice-water, extracted three ti-
mes with 100ml of pentane, washed with 200ml of brine, and is dried over MgSO«.
The solvent is removed under reduced pressure and the crude product is chroma-
tographed with 208 ethyl acetate/petroleum ether to yield 7.9g (70%) of pure
the compound.

IR{film): 2960; 1620; 1250; 8%0 cw!.

PH-NMRICDCIs ) : 0.11 (s, 9H); 1.55 (d, J=8.0 Hz, 2H): 2.71 (m, 2H): 3.20
(v, J=7.0 Hz, 2H); 5.1-6.3 (m, 2H).
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i-Bromo-é-{trimsthylsiliyli-&é-hexene

Te a solutien of Jg {17.4mmol) of &-{trimethylisilyl)-d-haxsn-i-0l in &0ml
of acetonitril sre added st 10°C §.84g {(26mmel}) of triphenviphosphine., and
86.3g {26mmol) of CBre. The reaction mixture is astirred for two hours and Tig

of florisll is added. The solvent is removed and the perticipate is extracted
five times with 50ml of pentane. The solvent is removed and the cruds product
is distilled via a Rugelrohr (40-60°C; O.imbar}) to yield 3.3g {81%) of the pure
product.

IR{ELIm) : 164%3; 1250; 1180; 850; 650 om1.

PH-NMRICDCIs b s 0.11 {a, 9H}; 1.858 ({4, JI=8.0 Hz, 3HI: 3.11 (=, 48}; 3.49
it, J=6.0 Kz, 2B} 5.44 (m, IH}.

3-[4-Pentenyl-8-{trimethylsilyl} ] —oyclohex-3~en-1~one 3Is

Te & sclution of 2.0y {14.3pmol} of J-ethoxyovelohsxenons in 15ml of THF
is added 20mmol of a freshly prepaved OSrignard-solution of 1-bromo-6-
{trimethylsilyl)~4d~hexene in THF. The reaction mixture is stirred overnight st
room temperature and 15 vefluxed for an additional h. The mixture is poursd
into 100ml of a saturated solution of ammonium chleride and is extracted three
times with 50ml of ether, washed with 100l of brins, dried over HgsS0e, and the
solvent is removed under reduced presssure. The crude product is chromastographed
with 25% ethyl acetste/petroleum ether to yield 1.32¢ (37%) of the pure pro-
duct.

IR{E4Im): 1660; 1618; 1240; 850 cm-t.

PH-NMRICDCIs ) 0.05 (s, 9H}: 1.45 ({4, J=8.0 Hz, 3¥): 1.63 (m, 3H}; 1.96
{m, 2H}; 2.3% {m, 2BY; 2.35% {m, 3HM); 5.19 {m, 1H}:; 5.45 {(m, 1H); 5.89 (m, 1¥H};
5.8% (s, 1H}.

’ PIC-NMRICDCIa b 199.5; 166.2; 128.2: 126.1; 128.5; 37.5%; 37.2:; 3%.5; 26.9;
26.8:; 22.6; 18.3: -1.9.

High resolution mass spectrum caled for CisHaeDSi: 350.17852;: found:

250.,1753,

3~ {d-Hexenyl~6~{trimethyisilyl}}~éd-methyl~cvoclhex-3~en-1~one 2b

Resction under the same conditions provided 3.15g {(423%) of the purs com
pound.

IBR{€ilm}: 16350; 1810;: 850 owm .,

TH-NMR{CDCIs ) 0.04 (s, 9H): 1.237 {4, I=T7.0, 2M); 1.4% {4, I=7.5 Hz, 23Hl:
1.8-2.66 (m, 10H); 5.21 {m, 18H}; 5.41 im, 1H): 5.96 {(br s, 1H}.

P3C~NMRICDCIs ) : 198.90:; 168%.76; 126.231; 124.87: 35%.03: 34.06; 33.%%1:
3G.15; 237.16; 26.46; 18.37; 17.64; -1.84.

High vresolution masy spectrum celed for CrsHasOS8i: 284.1909; found:
264.1%08,
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Reaction of 3-{4-hexenyl-6-{trimethylsilyl))-cyclohex-2-en-1-one 3a with
BP, -Et2 O

To a solution of SOmg (0.19mmol)} of 2a in 20ml of CHaCls is added 0.023ml
(0.2mmo0l) BF; -Bt:0 at =-78°C. The reaction mixture is warmed to room tempera-
ture, is stirred overnight, and quenched with 10ml of a saturated solution of
NaHCOs . The organic 1layer is dried over MNgSO« and the solvent is removed to
yield 30mg (88%) of protodesilylated material 4.

IR(film): 2950; 1650; 860 cm-'.

tH-NMR(CDCls ): 2.0-3.5 (14 H); 5.0 (m, 2H); 5.78 (m, 1H); 5.86 (s, 1H).

High resolution mass spectrum calcd for CeHi90: 178.1357; found: 178.1356.

Standard Procedure PFor S8piro Cyclizations With EtAlCls As The Lewis Acid- .
Catalyst

(1R8,5SR)-1-Ethenyl-spiro(4.5)decan-7-one Sa and (1SR,5RS8)-1-ethenyl-
spiro[4.5)decan-7-one 5b

To a solution of 165ag (0.66mmol) 2a 1in 10ml of toluene is added at 0°C
0.1m1 (l1.1eq.) of EtAlCly. The mixture is stirred for 25min at 0°C and is quen-
ched with 20ml of ice-water, and extracted two times with 3J0ml of ether. The
combined organic layers are washed with 50ml of a saturated solution of NaHCOs.
S0ml of brine, and is dried over MgSO«. The solvent is removed under reduced
pressure and the crude product is kugelrohred (70°C: O.1lmbar) to yield 90.5mg
(77%) of & 3:1 mixture (5a:5b).

IR(£4i1m): 1715; 920 cm-*.

'H-NMR(CDCls): 1.1-2.5 (15 H); 5.1 (m, 2H): 5.7 (m. 1H).

Sa: 13C-NMR(CDCly): (major): 212.4 (s): 138.6 (d); 138.5 (d): 116.4 (t):
115.9 (t); 54.7 (d); 54.4 (d); 52.7 (t); 50.2 (s): 47.0 {(t); 41.2 (t); 35.8
{t): 35.5 (t); 35.3 (t):; 29.7 (t); 23.5 (t): 233.6 (t); 21.9 (t}: 21.4 (¢).

High resolution mass spectrum calcd for CisHie0: 178.1357; found:
178.1372.

The intensities of the lines in the !?C-spectrum show a ratio of diaste-
reomers of 3 : 1. The major diastereomer is identical with Oppolzers compound

synthesized by a different route'® .

(1RS,5RS,108R)-1-Bthenyl-10-nethyl-spiro(4.5)decan-7-one Sa and
(18R,5RS,108R) -1-ethenyl-10-methyl-spiro(4.5)decan-7-one 5b

Reaction under the same conditions provided 263mg (75%) of pure product.

IR(Lilm): 1715: 920 cm-!.

'H-NMR(CDCls): 0.98 (major) (4, J=6.5 Hz, JH): 1.04 (minor) (4, J=7.0 Rz,
3H):; 1.16 (minor; unknown structure) (d, J=7.0 Hz, 3H): 1.2-2.% (14H): 4.98
(dddd, 2H): 5.06 (4444, 2H): 5.67 (4444, J=8.0 Hz, J=18.0 Hz, 1H); 5.83 (ddad,
J=9.0 Hz, J=19.0 Kz, 1H).

13IC-NMR(CDCly): (major): 211.86 (s); 138.20 (d): 137.74 (d4); 116.09 (t):
114.96 (t); 52.20 (e): 49.28 (d); 47.08 (t); 40.98 (t): 34.92 (t); 32.29 (t):
38.92 (t); 28.32 (t): 21.03 (t); 14.58 (q).

High resolution mass spectrum calcd for CisHieO: 192.1514; found:
192.15%20.
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J~Bthoxy~6~[I-pentenyl-B~-{trinethyleiliyl) I~crelohen—3-an~1-one

To & solution of 3.5ml {(25.0mmol! of diiscopropylamine in 10ml THP is added
at 0°C 18.6m1 of & 1.35M sclution of butyliithium in hexsns. The mixturs is
stirred for 10 min, is cooled to -78°C, and 3.5¢ (2%5.0mmol} of J-sthoxy-cyclo-
hax-2-en~l-one is added via a syringe pump over 45 min. After 10 min stirring
§.7nl (50.0mmol) of HMPA iz added in one portion, the mixture is stirrsd for
another 10 min, and 6.70g (35.0mmol}! i-icdo-S~{trimethylsilyl)-3-pentens is ad-
ded in one portion. The reasction mixture ias allowed to warm Lo room tempera-~
ture, is stirved overnight. and is poured into 200ml of a saturated solution of
NHeCl. 7The solution is extirected thrae times with 50nl of sther and the combi-
ned organie layvers are washed five times with 100ml of water, 150ml of brine,
and are dried over MgSOs. The solvent i removed under reduced pressure and the
crude material is chromstographed with 10% ethyl acetate/patroleunm ethsy to ob-
tain 1.%98g (28%) of the pure compound.

IR{£im) s 1685; 1605; 1250; 1190; 850 cm-? .,

PH-NMRI{CDCIa ) : 0.08 (s, 9H): 1.43 {¢, J=7.0 Hz, 3H); 1.45-3.66 (11H}; 3.9%
{@, J=7.0 Bz, 2H}; %.38 {a, 1¥, », 2¥).

L3C-NMR{CDCIle b 201.5; 176.5; 126.7; 102.1; 63.9; &4.6; 29.4; 27.8; 26.1;
24.4; 18.3; 14.0; ~1.9.

High vresolution mass spectrum cslcd for CisHze08i: 280.1858; found:s
280.18%8,

3-Bthoxy~-2, 6~dinathyl-6~ {2~ {(methyvltrimethvieilyl) ~2-propenyli] ~orcichex~3~

en-i-one 13

Compound 13 wag obtained in 45% yileld using the same procsdure.

mp.: 28.35°C,

IR{Liim): 2960; 1630; 1140: 850,

PH-NMR{CDC1la}: 0.01 (s, 9S¥); 1.08 (s, 3H}; 1.35 {(t, U=7.0 Hz, 3H)}; 1.45
{4, J=4.0 Sz, 2H): 1.70 v, JI=1.0 Hz, 3H); 1.680-2.40 (&¥}:; 2.55 {m, 3IH}; 4.05
{gg, I=7.0 Hz, 2H); 4.5%0 {», 1H}:; 4.60 {m, 1H}.

t2C-NMR{CDCLs ) :  202.7 {(s); 168.7 (e); 144.1 {a}; 113.5 {(s); 111.2 (t};
B3.1 {ty; £4.9 (t); 42.9 {s): 31.6 {(t); 28.% {(£); 23.3 lqgi; 22.3 (t); 15.3 {(q):
8.0 {gl; ~1.4 {q).

High resolution mass spectrum calod for Ci-HseOeS1i: 284.2015;

found: 294.2015.

§~-{3~Pentenyl-S~{trimethylailyl}]~cycliohex—3-an~-i-one 3a

To a sclution of 1.0¢ {3.%mmol} of J-ethoxy-6~{3-pentenyl~5~
{trimsthyleilyl) ~cyclohax-2-en~i-one in 10ml of tolusne is added at ~TE®C
3.5m1 of 1.0M solution DIBAY in toluene. The solution is stirrsd for 3 h at -
78eC, is guenched with 10ml of a saturated solution of NHeCl, is extracted two
times with 30ml of sther, and the combined organic lavers are washed with d0mi
of 1.08 HCl. The organic layver is washed with 40ml of brine, is dried over
MgS0s, and the sclvent is removed under reduced pressure. The crude product s
chromatographed with 5% ethyl acetats/ pestroleum ather to yield 584mg {(E7%) of

pure product.
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IR(film): 1650; 1600: 850 cm ! .

'H-NMR(CDC1l3): 0.16 (s, 9H): 1.64 (4, J=7.5 Hz, 2M): 1.65-2.77 (9H); 5.49
(m, 2H); 6.11 (dd, J=10.0 Hz, J=2.0 Hz, 1H); 6.90 (d4dd, J=10.0 Hz, J=2.0 Hz,
Jel,0 Hz, 1H).

High resclution nass spectrum calcd for Ci«H2408i: 236.1596;: found:
236.15%96.

3-Methyl-4-(3-pentenyl-5-(trimethylsilyl)])-cyclohex-2-en-1-one 3b

To & solution of 2.92g (10.41mmo01l) of J-ethoxy-6-(3-pentenyl-5-
(trimethylsilyl))-cyclohex-2-en-1-one in 25al of THF is added at 0°C 6ml of a
1.8 eolution of methyllithium in ether. The mixture is stirred for 15 min at
0°C., is poured 4into 30ml of a saturated solution of NH.Cl, is stirred for 10
min, and is extracted two times with 50ml of ether. The organic layer is dried
over MgSO«, evaporated under reduced pressure, and the crude product is chro-
matographed with 10% ethyl acetate/petroleum ether to yield 2.39g (92%) of pure
product.

IR(film): 1665; 1250; 860 cm-!'.

PH-NMR(CDCl3): 0.11 (s, 9H); 1.55 (4, J=8.5 Hz, 2H); 2.04 (4, J=1.0 Hz.
3H):; 1.60-2.55 (9H); 5.38 (m, 2H); 5.88 (s, 1H).

High resolution mnass spectrum calcd for CieH1e08i: 250.1752; ftound:
250.1753.

4-(2-(Methyltrimethylsilyl)-2-propenyl])-2,3,4-trimethyl-cyclohex-2-en-1-

one 14

Compound 14 was obtained in 61% yield using the same procedure.

IR(f41m): 3010; 2960; 1650; 1625; 1605: 1250; 850.

LH-NMR(CDCls): 0.01 (s, 9H); 1.13 (s, 3H):; 1.49-2.65 (8H): 1.75 (4, J=1.0
Hz, 3H); 1.86 (d, J=1.0 Hz, JH): 4.56 (m, 1H):; 4.66 (m, 1H).

19C-NMR(CDCls): 197.65 (s); 160.54 (s): 143.28 (s): 130.83 (s): 110.94
(t); 45.59 (t); 39.31 (s):; 33.85 (t):; 33.29 (t); 29.76 (t): 25.84 (q): 16.55
(Qq): 11.31 (q): -1.60 (q).

3-Bthyl-4-{3-pentenyl-5-(trimethylsilyl))-cyclohex-2-en-1-one 3c

Compound 3c was obtained in 90% yield using the same procedure.

IR(f41m): 1665; 1250; 855 cm-?.

'H-NMR(CDC1l3): 0.09 (s, 9H); 1.18 (t, J=7.5 Hz, 3H): 1.27 (4, J=8.0 Hz,
2aH); 1.3-2.55 (11H): 5.38 (m, 2H): 5.89 (s, 1H).

t3IC-NMR(CDCls): 198.0; 170.0: 126.6: 126.1; 124.3; 37.9: 233.5; 30.7; 28.6;
25.9; 25.3; 18.6; 11.5; -1.7.

High resolution mass spectrum calcd for CieHseOSi: 264.1909; found:
264.1908.
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{1R3, 680,988} ~9-Bthenyl~1-nethrl-bloyelo (4. 3. 0l nonan-3~one and
{1RS, 688, 9RY} ~9~pthenyl~1-methyl-bloyelold. 3. 0)nonan~3~onse

s & solution of of 1.82g {7.36mmol! 3b in 100ml of toluens ls added at
6e¢  1.98n1 {7.286mmol} of BtAlCle {1:1 solution in hexans)}. The reaction mixture
38 atirred for 30 min at 0, is guenched with 50ml of watey, sxtracted two td~
mes  with 80m1 of ether, washed with 50ml of brine, and is dried over HgSOe. The
solvent is removed under aspirator pressure and the crude product ig chromsto~
graphed with 5% ethyl acetats/petroleum ether to yield 950mg (74%) of the pure
conpound .

IR(E4Im): 1710; 900 owmt.

tH-NMR{CDCIa ¥ 0.88 (minor) (s, 3H}: 0.97 (major} (4§, J=0.57 Hz, W-cou-
pling, 3H}: 1.5-2.0 (7TH); 2.1-2.4 (SH): £4.9-5.0 (m, 2W}; B.58 (im, 18},

$aC-NMRICDCLs ¥ {mader): 212.70 ({s}; 137.44 {4); 118.04 (t); 55.91 (d}:
48.41 (mi:; 44.52 (£); 44.4% {d): 38.34 {v); 27.40 (v); 26,55 (t}; 25.30 {vh:
24.5¢ {g.

High resolution mass spectrum calcd for CieBesO: 178.1357; found:s
178.1382.

{iRg,68R, 99} ~9-BEthenyl~-bicyocliol4. 3. 0]nonan~3~one and
{1RS,65R, 988} ~-%-ethenyl-bicvclo 4. 3. 0lnonan-3~ons

The compounds were obtalned in B86% yield using the same procedure at -
T8%C,

IR{E1Imi: 1715;: 900 omr .

LH-NMR{CDCIg ) 1.0-2.55 (13R}; 5.0 {m, 2H}: 5.66 {m, 1H}.

High rasclution mness spectyumr caled for CisHisO: 164.1301; fLound:
184.12302.

The ratioc of diastereomers (§:1 mixture} wes dJdetsrnined by capillary go
{OW 101, 110°C).

{1iR%,68R, 95R) -9-Bthenyl-l~ethyl-bleyclo{d. 3.0l nonan~3~ons and
{1R8,58%,9R8) ~9~sthenyl-1~sthyi-bicyeleld. 3. 0lnonan~-3~one.

The compounds were obtained in 88% yileld using the same provedure.

IR{film): 1710; 800 om i,

IH-NMRICDC1s )2 0.84 (mejor} (v, J=8.0 Hz, 3H): 0.86 (minor} (v, I=5.5 Hz,
3H}: 1.3-2.8 {(14H): 5.0 {m, 2®}: 5.6 {m, 1M}.

12 o-NMRICDCIa )2 (msdori: 138.0%:; 115.7; 50.9: £4.5: 40.3; 36.4; 238.5:
27.%; a7.8: 27.3; 35.6.

High resolution masgs gpectyun caled for CiaHse0: 182.1514; found:
192.1515,

Crolization of 14

To a molution of TO0mg {0.26amol) of 14 in Snl THF is added at -78°C 0.2%ml
{0.29mmol) of &8 1.0M spolution of Bu«NF in THF. The mixture is sllowed to warm
te room temparature overnight, snd is poursd into 30ml of a saturated solution
of NHaCl., The mixture iz extractasd two times with 50ml of ether, washed with
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S0ml of water, 50ml of brine, and is dried over MgSO«. The solvent is removed

under reduced pressure and the crude product is chromatographed with S\ ethyl

acetate/petroleun ether to give 16mg (32%) of the pure compound.

IR(film) : 2960; 2940; 2880); 1705; 1650 cm-!.
'NMR(CDCla): 0.9 (s, 3H): 0.96 (4, J=7.0 Hz, 3H); 1.02 (s, 3H): 1.08-2.63
(9H); 4.87 (m, 2H).
Mass spectrum: (relative intensities): 192 (M*, 2%); 18¢
(6%): 142 (100%); 120 (12%): 107 (15%); 100 (44%N); 57 (13%): 42 (23w).
High resolution mnmass spectrum calcd for CiaHieO: 192.1514: found:
192.1513.

Synthesis of the allylstannane precursors

3-Bthoxy-6-({2-tetrahydropyranyl-3-oxy-propyl)-cyclohex-en-1-one

To

added
tion

a solution of 27 ml
120 =1
is cooled to -78°C and 25.8 g (184 mmol) of 3-ethoxycyclohexenone 7 in 20
THF is added slowly. After stirring for 1 hour at -78°C 35 ml (184
is added. After additional stirring for 90 min. 50 g (184 mmol) of 1l-iodo-
is added portion at -78°C
slowly overnight. Then 200 ml NH«Cl was added
extracted three times with 200 ml of ether. The organic layers

(184 mmol) diisopropylamine in 200 ml THP at 0°C is
butyllithium (1.6 M solution in hexane). After 10 min. the solu-
ml

HMPT

mnmol )

(2-tetrahydropyranyl)-3-oxy-propane in one and the

mixture was allowed and

the

to warm
mixture was
washed three times with 300 ml of water,
MgSOs .
ethyl acetate/petroleum ether to yield 24.6 g (48%) of pure product
IR(CDClsy}: 2990; 1660; 1610; 1380: 1190; 1030 cm-!.
'H-NMR(CDCls): 1.2-2.6 (16 H): 3.3-3.9 (6H): ¢.1
1H); 5.27 1H) .

are 100ml of brine,

crude product

and are dried over

The solvent is removed and the {s chromatographed (20%

(q, J=7.0 Hz, 2H):; ¢.5

(s, (s,

3-Methyl-4-(3-hydroxypropyl) -cyclohex~2-en-1-one

To a solution of ¢ g (14.1 mwol) of alkylation product in 50 ml THF at 0°C
added 15

to warm

is ml methyllithium (1.12M solution in hexane). The mixture was allo-
addition of 50 ml of NH(Cl

removing the solvent 50 ml

wed
the

to room temperature overnight and after

mixture was extracted with 100ml of ether. After

methanol and 0.5 ¢ pyridinium
50°C for Methanol
organic washed with
MgSOs .
ethyl acetate to yield 2 g (84%N)
IR(CDCly): 3450: 2970: 1660;

'H-NMR(CDCla}: 1.1-3.2 (11H)

at 5 hours.
layer was

The solvent is removed

High resolution mass spectrum calcd for Ci;eHie¢Or:

found: 168.11504.

tosylate were added and the mixture was heated
ml of ether was added. The
100ml

crude product

removed and 100
100m1 of
and the

was
water, of brine and dried over
is chromatographed with
pure product 8a.

1110 cm-!t .

; 3.0 (s, 3H); 1H) .

168.11503;

5.9 (=,

J-Ethenyl-4- (3-hydroxypropyl)-cyclohex-2-en-1-one 8b

Reaction under the same conditions with vinyl magnesiumbromide (1.0 M so-
lution in hexane) provided 8b in 368 yield.

IR(CDCls): 3440: 2970; 1660; 13%0: 1050 cm-!.
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PH-NMR(CDCIa b 1.1-3.1 {11H): 5.4-5.8 (m, 2H); 5.9 {8 1H); 6.2-6.5 {(m,
1H} .

J-Methyl-4-{3~oxo~propyl) ~cyclohex-2~en~1-one 9a

To & solution of 11.5 g PCC in 100 ml CHeCle 4.2 g (24.9 mmol) 8a was ad-
ded and the mixture was stirved for 5 hours. The mixture was filtered over flo-
risil and chromatographed with 20% ethyl acetate/petroleum sther to yield 2.06
g {50%}) the pure product %a.

IR(CDCIa ) s R28TS; 2715; 1740:; 1720; 1665; 1380; 1250; 1080 cm .

TH-NMR{CDC13): 1.4-2.7 (9H); 2.0 (s, 3H); 5.9 {8, 1H): §.9 (s, 1H).

High resolution mass spectrum caled for CieMie«Op: 166.09338;

found: 166.08337.

3-Ethenyl-4~ {3-oxo~propyll-cyclohex~2-sn-1~one 9b

Reaction under the same conditions provided 8b in 42% vield

IR(CDCla): 2960; 1720; 1660 cm-?,

PH-NMR{CDCls}: 1.2-2.9 (SH): 5.4 (& J=10Hz 1H}; 5.8 (4 J=10Hz, 1H): 5.9
(s, 1H); 6.4 (m, 1H}; 9.85 (v, J=1.0 Hz, 1H).

3-Hethyl-4-{3-pentenyl-5~tributyltin) ~cyclohex-2~en-i-one 1Qa

To & slurry of 3 g triphenylphosphoniummethyl iodide in 80 ml THP at 0°C
was added 5.3 ml butyllithium (1.4 M soclution in hexans). The orange coloured
solution was added te a solution of 2.26 g {7.4 mmol) tri-butyltinmethyl iodide
in 50 ml THF at 09C. The mixture is stirrved for one hour and then 7.4 mmol LDA
was added. The deep red solution was stirred for two hours and then cooled to -
78°C. Compound %a (7.4 mmol} was added and the mixture was allowed to warm
overnight. After NH«Cl addition the mixture was extracted three times with 100
ml ether. The combined organic lavers were washed with 150ml of watsr, 100ml of
brine and dried over MgSOs«. The chromatography with 10% ethyl acetate/petroleunm
ether provided 720 mg (25%) pure product 10a.

IR{CDCL: ) :2960; 1710; 1450; 1380; 1250 cmt,

tH-NMR{CDC1s ) :0.7-2.6 (38H):; 1.8% (4, J=2Hz, 3H); 5.0 (m, 1H): 5.6 (m,
1H}; 5.9 (s, 1H).

3-Hethyl-4-[3-pentenyl-5-{trimethyltin} ] ~crclohex-32-en-1-one 10b

Reaction of compound &b under the same conditions with trimethyltinmethyl

iodide instead of tributyltinmethyl leodide provided 10b in 22% yield.

TH-NMR(CDCls): 0.22 (s, 9H}; 1.1-2.6 ({(11H); 1.95 ({d, J=32Hz 3H); 5.0 (m,
1H): 5.6 {m, 1H): 5.9 (s, 1H).

3-Bthenyl-4~[3-pentenyl-5-{trimethyltin} J-cyclchex—-2~en—1l-one 10¢

Reaction of compound 9b under the same conditions provided 10c in 25%

yield.
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IR(CDCLls ) : 2970; 2930; 1660; 1380; 1265; 910 cm-?',
PH-NMR{CDCla}: 0.22 (s, 9H):; 1.0-2.5 {(11H); 5.3-5.8 (m, 2H); 5.9 (s. 1H):
6.4 (m, 1H).

Cyclizations with Allylstannanes

{1RS.68R,9RS8) -9-Ethenyl-1-methyl-bicyclo{4.3.0lnonan~3~-one

To a solution of 250 m»g 10a&a (0.%35 mmol) in 20 ml CH3Cls at ~10°C was ad-
ded 0.1 ml TiCle and the mixture was stirred for 90 ain. Then 20 ml NH«Cl was
added and the mixture was extracted three times with 20 ml CH:Cl:. The combined
organic layers were washed with 50ml of water, 100ml of brine, and was dried
over MgSO¢. The crude product was chromatographed with 5% sethyl ace-
tate/petroleum ether to yield 59 =g {(60%) as a 15:1 mixture of diasterecmers
{6b: 6a) .

IR{CDCls}: 3080; 2930; 1705; 1600 cm-t.

LH-NMR(CDCly): 0.86 (s, 3H); 1.0-2.3 (12H); 4.8-5.0 (m, 2H): 5.4-5.8 (m,
M),

High resoltion mass spectrum calcd for CisHieO: 178.1357;

found: 178.1356.

Reaction of 10b under the same conditions provided 6 in 41% yield.

The reaction of 10c under the same conditions provided 11 in 57% yield.

IR(CDCIy ) : 2930; 1662: 1611 cm! .

TH-NMR({CDCla): 1.1-2.7 (15H): 4.85-5.05 (m, 2H); 5.6-5.85 (m, 1H): 5.9 (4,
J=2.0 Hz, 1H).

High resolution mass spectrum calcd for CisHis0: 190.1357:
found: 190.1356.
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