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Introduction 

Ye have beon se8rching for route8 to 8yntheafte Spiro- and fueed-bicyclic 

coapounds in a etermo8elective rap by the use of intraaolecular addition8 of 

allyl- and propergylsilenes to enones and conjugated dienones'**.**'.*. 

fn previous papers we reported ring-size selectivity governed by the 

choice of the terrinstor or the Lerir acid in the addition to dienonesl.**'. 
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SXNCX.8 RIXGXO- AND STtRU)ISOnER 

xn this account we describe syntheses and stereoeelective cyclisation8 of 

allylsilane8 le88ing to 8pfroil.Sldec8none8, fused(i.J.O]nonanones, and. for 

the firet tine. intramoleculer l d4itiohe of l llylstannaneeb to enones and 
dienones. 

Our general strategy to construct the precursor8 ia bared on the u8e of 

vinylogous aster chesietry'. 
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3 : ml- sin..: 10 : bmm= SnBua * SnBb; It’- 8, ne. Et.. 

Tablo II 

_I LEWIS ACID II' I( MT10 Ca : 6b YIELD 8 

1 ItAlC II nets1 4:l 92 
2 ItAlC ne norsi 3:l 77 
3 BUlCll It U.tSi 2:l 06 
4 BtAlClr ne BurSn 1:2 54 
5 TiCl, no BurSn 1:15 60 

6 TIC14 no NorSn 1 : 15 41 

As shown in Table II the cycliration to form hydrlndanonas of the type 6 
starting with l llyloilanem ia lomm l elective than the l plro cyclizations de- 
scribed before. In thim cycliration we hwo to invoke two l ynclinal tranmltion 

statom (3a and 3b), which presumably reflect the low l oloctlvity. 

Again. l tareochonical 8mignmonte are bud on NOK difference spectra: 
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We next l tudied the intramolecular addition of an l llylatannane to COB- 

pound 10 (11’1 vinyl). Upon reaction in CBsClr with TIC14 am the Leria acid ca- 

ta1yat the compound 11 warn iaolatsd in 57811, l riaing from facile 1.6 addition. 

No product reaulting from 1.6 addition could ba detacted. 

11’1 CNIcEa 

Finally, we hava examined the cycliration of the l terlcally hindered com- 

pound 14, which was prepared from the vinylogoua eater 11. Alkylation with a 

functionalirad iodide”, and l ubaequent addition of methyllithium yialded the 

desired enone 14: 

The compound l!j repreaenta the basic ring l keleton of pinguiaone, and 

dsoxo-pinguieona, uhich are tricyclic terpenea containing four O-methyl groupa 

and a furan ring’* . 

Leria acids. like IttAlC or TIC14 failed to prowta cyclization. However, 

In the presence of BI&NF in TM, the hydrindanone 15 warn obtained am a l ingle 

diaatereoxsr under thermodynamic conditionals. 

The requirement for fluoride ion l uggeata a ‘push and pull mechanism’ via 

an anionic intermodiatel’, and the failure of Leria acida in thia particular 

cyclization reaction could be a result of conforrational strain in the overlap 
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To a 8olution 02 3.4~ ~2OmmolI of 6-lttin4thyl8ilylt-4-h4xyn-l-ol in 50~1 
of XtOA ia added 2081 of a hydrogen 48turrted l olution of EtOR containing 300~ 
Of Lindlar c8t8ly8t. Th8 hydrogenation i8 etopgsd 8Lter tha rdditioa of 44Onl 

(2Gmmol) of hydrogen, and the reaction mixture i8 filtered through 8 8hort p8th 
of florinil. Tha 8olvent is reaoved under reduced pressure to yield 3.36g (99%) 
of pure product. 

IRffilml: 3350: 1660: 1250: 1150: 850 cm-l. 
'X-NnRICDClr ): 0.15 (8, 9X); 1.60 (d. Jr7.5 Hz, 2H1: 1.78 ta, 2H, 4, 1 HI: 

2.21 (m. 2H): 3.79 (t, J-6.5 Hz. 2X); 5.25-6.0 Im, 2H). 

The compound ~88 obtained in 98b yield uring the same procedure. 

XR~film): 3340: 1620: 1250; 1050; 650 CII-~. 
lX-NMRICDClr I: 0.1 (8, 9N1: 1.5 (d, J-8.0 Hz. 2H): 2.6 (m, 2X): 2.9 (br s, 

II): 3.6 (t, J- wz, 2x1: 5.0-5.9 (n, 1fft; 6.2-6.6 (n, 1Hf. 

To 4 8olution of 6.0~ 137.90~011 of J-~trimethylsily~~-3-pent4n-l-ol and 

7.36rl (52.95!~molI triethyleaine in lOOa1 of CH,Clr i8 8dded 8t -3O*C 2.93mal 
i37.9Onaol) of meth8neQulfonyl chloride. The mixture is stirred for 12 hour8 8t 
-3o*c, is poured into 100~1 Of 8 88tur8t4d 8OlutiOn of N~KOS. extracted tW0 

tiR.8 with 50811 of CHsClt, washed with lOOa of brine, and is dried over MgSOI . 
The 8olvont i8 removed under reduced prer8ure and the crud4 product ir kugel- 
rohred t7OV; O.laber) to yield 8.5g (95%) of pure product. 

Ilffilra): 2980: 1640: 1360: 1160: 1015: 960: 925; 650 cm-L, 
*H-NMR fCDClr): 0.07 (4. 9Hf: 1.55 (d, J-8.0 Hz, 2Hf: 7.53 fn, 2H): 3.08 

(8, 3H1: 4.29 (t, J-7.0 Hz, 2N1: 5.16-6.0 (a, 2Ht. 

A aixture of 200~1 of dry acetone, 9.8g f6l.lnuaol! I-(3-pentenyl-?Ptrime- 
thyl8ilyl)-aothen48ulfonete. 8nd 12.38g (62.56mgatom) of NaX is refluxod for 6 
h. The reaction mixture ia poured into 25Onl of ice-water, 4Xtr8cted three ti- 
ace with 100x11 of pentene, w88hed with 200~11 of brine, and i8 dried over XqSO*. 
The solvent f8 removed under reduced prmaure 8nd the crude product i8 chrom- 
tographed with 20% ethyl acetate/petroleum ether to yield 7.9g (708) of purr 
the compound. 

ER(filml: 2960: 1620: 1250: 8SO cm-t. 
‘If-NMR(CDCl* I: 0.11 18, 9H) ; 1.55 (d. J-8.0 Hz, 2Hl: 2.71 tm, 2H1: 3.20 

(t, J-7.0 Hz, 2H): 5.1-6.3 fm, 2H). 
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Reaction of 3-[6-buoay~-6-(triuthy'lailyl)I-cyclohu-2-on-l-ono aa with 

BI# -It10 

To l solution of SOBJ (0.19maol) of 2a in 2011 of CtiC11 ia addad 0.023rl 

(O.lmDol) BFr *Et10 at -76.C. Tba reaction mixture ia rarrod to room tompera- 

ture. im stirred overnight, and quenched with 10al of a l aturatod l olution of 

NaHC(k. The organic layer la driad ovar NQSOI and the l olvant ia removed to 

yiald 3Oeg (888) of protodoailylated aatorial 6. 

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

IX-NMR(CDCla): 2.0-3.5 (14 N); 5.0 (m, 2H): 5.78 (n, 1H): 5.86 (a, 1Hl. 

High resolution maaa l pactrum calcd for CIHI~O: 178.1357: found: 178.1356. 

Standard Procedure For Spiro Cyclirationa With ItAlC Ra The Loria Acid- ' 

cata1y.t 

~lRS,5SR)-l-lthenyl-apiro[6.5ldocan-7-ono Sa and (lSR,SRS~-l-ethonyl- 

l piro[6.5]docan-7-one 5b 

To a l olution of 165mg (0.66~~01) 2a in lOm1 of toluano is added at O°C 

O.lBl (l.leq.1 of St.AlClr . The mixture ia stirred for 25min at O*C and la quan- 

ched with lOa1 of ice-rater, and l xtreted two tine8 with 30al of ether. The 

combined organic layers are waahad with SOml of a l aturatod l olution of NaHCOa, 

SOal of brine, and in dried over MJSOI. The l olvant ia rasoved under reduced 

praaaura and the crude product ia kugolrohrod (70.C: 0.lmb.r) to yield 90.5mg 

(778) of l 3:l mixture (5a:Sb). 

IR(film): 1715; 920 cm-'. 

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

Sa: **C-NI¶R(CDCla): (major): 212.4 (a); 138.6 (d); 138.5 (d): 116.4 (t): 

115.9 (t): 54.7 (d): 56.4 (d); 52.7 (t); 50.2 (0): 67.0 It); 41.2 (t): 35.8 

(t): 35.5 (t); 35.3 (t); 29.7 (t); 23.5 (t): 22.6 (t); 21.9 (t): 21.4 (t). 

High roaolution Dama l pactrw calcd for CI~HI~O: 178.1357: found: 

178.1372. 

The intonaities of the linoa in the 'SC-•poctrum ahow a ratio of diaata- 

reommrm of 3 : 1. The major diaateraoaer la identical with Oppolzora co8pound 

l ynthoaized by a different route". 

5a and 

Reaction under the aame conditiona provided 263~9 (758) of pure product. 

IR(film): 1715: 920 cm-a. 

'H-NMR(CDClr 1: 0.98 (major) (d, J-6.5 Hz. 3H): 1.01 (minor) (d, J-7.0 Rr, 

310: 1.16 (minor: unknown l tructurs) (d, J-7.0 Hz, 3H): 1.2-2.5 (l(H): 4.98 

(dddd. 2H): 5.06 (dddd. 2H): 5.67 (dddd, J-E.0 Hz, J-18.0 Hz, 1R); 5.83 (dddd, 

J-9.0 Hz, J-19.0 Xz. 1H). 

'aC-NMR(CDClr,: (major): 211.86 (a): 136.20 (d): 137.74 (d); 116.09 (t): 
114.96 (t); 52.20 (a): 49.28 (d): 47.08 (t); 60.96 (t): 34.92 (t): 32.29 (t): 

28.92 (t): 28.31 (t): 21.03 (t); 16.58 (q). 
High raaolution Baa. l poctrum calcd for CI~HI~O: 192.1516: found: 

192.1520. 
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IR(fila): 1650: 1600: 850 CB-'. 

'H-N?U(CDClr ): 0.16 (m, 91): 1.64 (6, J-7.5 Hz, 2HI: 1.65-2.77 (9H,; 5.49 

(a. 2H): 6.11 (dd, J-10.0 Rz. J-2.0 Hz, 1H): 6.90 (dddd. J-10.0 Hz, J-2.0 Hz, 

J-1.0 Hz, 1X). 

High rwolation I~.. 8pectrw calcd for CtrEr4OSi: 236.1596; found: 
236.1596. 

3-~othyl-~-~3-~ntonyl-S-~trlwthyl~ily1~l-cyclohox-2-eo-l-one 3b 

TO a solution of 2.92g (10.4lmmol) of 3-sthoxy-6-[3-pentenyl-5- 

(trimethylsllyl)l-cyclohox-l-en-l-one in 25al of TEI im added at O*C 6ml of l 
1.8U solution of methyllithium in ether. The mixture is stirred for 15 min at 
ooc. is poured into 30ml of a maturated solution of HHaCl, io stirred for 10 
min. and 1~ extracted two timem with 50rl of ether. The organic layer ia dried 
over ngso4 , evaporated under reduced premmure. and the crude product is chro- 

natographod with 102 ethyl acetate/petroleum ether to yield 2.390 (928) of vure 

product. 

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

IH-HMR (CDClr 1: 0.11 (s. 9H): 1.55 (d, J-8.5 Hr. 2H); 2.04 (d, J-1.0 Hz. 

3H); 1.60-2.55 (9H): 5.38 (m, 2H); 5.88 (a, 1H). 

High resolution maw l pectrua calcd for CI~HI~OS~: 250.1752; found: 

250.1753. 

~-[2-~Wetbyltrirethyl~ilyl~-2-~ro~nyll-2,3,~-trirathyl-cyclohex-2-en-l- 

one 14 

Compound 14 wa8 obtained in 618 yield wing the same procedure. 

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

'H-NNR(CDCl# 1: 0.01 (s, 9H); 1.13 (a. 3H): 1.49-2.65 (8H): 1.75 (d. J-1.0 

Hr. 3H); 1.86 (d, J-1.0 Hz, 3H): 4.56 (m, 1H): 4.66 (m, 1H). 

"C-NHR(CDClr): 197.65 (0); 160.54 (6): 10.28 (a): 130.83 (s): 110.94 

(tl: 45.59 (t.1: 39.31 (0); 33.85 (t); 33.29 (t); 29.76 (t): 25.86 (~1: 16.55 

(cl): 11.31 (q); -1.60 (q). 

3-Bthyl-~-[3-~ntanyl-5-~trirethyl~ilyl~]-cyclohex-2-ea-l-one 3c 

Compound 3c warn obtained in 908 yield using the sane procedure. 

IR(flla): 1665; 1250: 855 cm-'. 

'H-HMR (CDCls): 0.09 (s. 9H): 1.18 (t. J-7.5 Ht. 3H): 1.27 (d, J-8.0 Hz, 

2H); 1.3-2.55 (11H): 5.38 (m. 2H): 5.89 (6, 1H). 

"C-Nm(CDClr 1: 198.0; 170.0: 126.6: 126.1: 124.3; 37.9: 33.5: 30.7: 28.6; 

25.9: 25.3: 18.6; 11.5: -1.7. 

High roaolution ma** xpoctrum calcd for CI~HIDOSI: 264.1909: found : 

264.1908. 





SOal of water, 5Oal of brine, and is dried over lfgSO4. The solvent is rsaoved 

under reduced pressure and the crude product is chromatographed with 58 ethyl 

l cetate/pstroleun ether to give ldmg (322) of the pura compound. 

IR(filml: 2960: 2940: 2000): 1705: 1650 CD-'. 

'Nlm(CXlr ): 0.9 (s. 38): 0.96 (d. J-7.0 Hz, 3Hl; 1.02 (s, 3H,: 1.06-2.63 

(98): 4.87 (I, 2H). 

Mass spectrum: (relative intensities): 192 (?I*. 281: 166 

(68): 162 (1008); 120 (128): 107 (158): 100 (648): 57 (1381: 42 (238). 

High resolution mass spactrun calcd for Cl rlh*O: 192.1514: found: 

192.1513. 

Synthesis of the l llylstarrnano procursors 

To a solution of 27 al (106 mmol) diisopropylamine in 200 ml THP at O°C is 

addod 120 ml butyllithium (1.6 N solution in hoxane). Aftor 10 min. the solu- 

tion is cooled to -7VC and 25.8 g (184 mmol) of 3-ethoxycyclohoxonone 7 in 20 

ml THF is added slowly. After stirring for 1 hour at -7SOC 35 ml (184 mm011 

HUPT is added. After additional stirring for 90 min. 50 g (184 mmol) of l-iodo- 

(2-tetrahydropyranyl)-3-oxy-propano i8 addod in one portion at -78OC and the 

mixture was allowed to warm slowly overnight. Then 200 al NH4Cl YSS added and 

the mixture was extracted three times with 200 ml of ether. The organic layers 

are washed three times with 300 ml of water. 100x11 of brine, and are dried over 

UgSOI. The solvent is removed and the crude product is chroaatographed (208 

ethyl l cotate/petroloua ether to yield 26.6 g (488) of pure prOdUCt . 

IR(CDClr): 2990; 1660: 1610; 1380: 1190; 1030 cm-'. 

'H-NMR(CDClr 1: 1.2-2.6 (16 H): 3.3-3.9 (6H): 6.1 (g. J-7.0 Ht. 2H): 4.5 

(s. 1H); 5.27 (s. 1H). 

To a solution of 4 g (16.1 mwl) of alkylation product in 50 ml THP at O°C 

is added 15 ml nothyllithium (1.1234 solution in haxano). The aixtura was allo- 

wed to warm to room temperature overnight and aftor addition of 50 al of NHeCl 

the mixture was extracted with 100ml of ether. After removing the solvent 50 ml 

methanol and 0.5 g pyridiniua tosylata ware added and the mixture was heated 

at 50°C for 5 hours. Nethanol was reaoved and 100 ml of ether was added. The 

organic layer was washed with loom1 of water, 100~1 of brine and dried over 

noso . The solvent is removed and the crude product io chromatographed with 

ethyl acetate to yield 2 g (848) pure product Sa. 

IR(CDClr 1: 3450: 2970: 1660: 1110 cm-l. 

'H-NlfR(CDClr): 1.1-3.2 (11H); 2.0 (s, 3H): 5.9 (0, 1H). 

High resolution mass spectrum calcd for CIOHI~~~: 168.11503: 

found: 168.11504. 

3-Ethonyl-4-~3-hydroxypropyl~-cyclohox-l-en-l-one Sb 

React ion under the same conditionm with vinyl magnesiumbromide (1.0 I4 so- 
lution in hexana) providad 8b in 368 yield. 

IK(CDClr 1: 3460: 2970: 1660: 1150: 1050 cm-l. 
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xu(cDCl1): 2970: 2930; 1660: 1380: 1265: 910 cm-'. 

'E-NHRtCDClr 1: 0.22 (s, 9Rf: 1.0-2.5 fllH); 5.3-5.8 (P, 2H): 5.9 (8. 1HI: 

6.6 (a, 1H). 

Cycliratione with ~11ylstrnaui.s 

~11S,681.91S~-9-~tk~Byl-l-rrthyl-biCyC~O~~.3.0~nOB~-3-On~ 

To a solution of 250 ag lOa 10.535 mm011 in 20 ml CH~clr at -IO*C was ad- 

dad 0.1 ml TIC14 and the mixture wee stirred for 90 min. Then 20 al NH+Cl was 

added and the mixture was extracted three time8 with 20 ml CHsClr. The combined 

organic layerr were washed with 5001 of water, lOOm1 of brine, and warn dried 

over ngS01. The crude product wae chroaatographed with 5t ethyl ace- 

tatelpstrolcum ether to yield 59 mg (6081 au a 15:l aixtura of diastereomsrs 

(6b:6a). 

IRfCDClt): 3080: 2930: 1705; 1600 cm-'. 

'H-NMR(CDCla 1: 0.86 (m, 3H); 1.0-2.3 (12H); 4.8-5.0 (a, 2H): 5.4-5.8 (a, 

1H). 

High resoltion mass 8pactrum celcd for CttXt*O: 178.1357: 

found: 178.1356. 

Reaction ot lob under the l arne conditiona provided 6 in 41% yield. 

The reaction of 1Oc under the sa8e conditions provided 11 in 57* yield. 

IR (CDCla): 2930: 1662: 1611 cm-‘. 

’ H-HnR (CDClr 1: 1.1-2.7 (15X): 4.85-5.05 (m, 2Hf: 5.6-5.85 (a, 1H): 5.9 fd, 

Y-2.0 Hz, 1H). 

High resolution maea spectrum calcd for c~~H~,o: igo.1357: 

found: 190.1356. 
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