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The structursl elucidation of e ranqe of qu~nbnc and plyqufnsw beacd nat:zrai products 

such as the prosCa9iend~ns’, ophIoCxAna2 
3 

and tke trldoids has led, in the last ten to ffftetw 

years, to the development. of a nunber of different mthcds for the synthcsls of f&w-metired 

4 
rings . ttovevtr by comparison to the prcparatlon of cyclohexenes, which 18 dominated by the 

powerfG1 Dlels-Alder strategy, 4ccss8 to five-mmbered rfnqs hss been timlted. It has t hcrefnre 

becoma apparent that a cycloaddition strategy to cyclopentancs wuld be of yreat value and 

4 number of groups have reported upon chrlr efforts to achieve (I general (3 l ?l dnnulatlon 

re.wt:on. :SCIIWE I) 

(selienE II 

(31 01 14) 

Amongst the most interesting of these is the use of the cyclopropcnono hetal (1) in ita 

reaction with an elactron daflcicnt alkmcr, whereby CM rcactfoo 1s thought to procoad via 4 

I, I-dlpok?! k Other rcs9cnt.a which have yrovsd usctul include the stIenylsflane (21, th@ 411Yllton 
7 

camplex (%b, 8 and the allylic chloride (4). with the iormar twa aqsin underqoln9 cyclitatlon u%th 
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c 

(5) 



Precedents for 
14 

I” 1983. If It were 

Bduncttonal(3 f 21 snaulrtrng reagent 4235 

the Lcwls acid catalyeed cycllsation of keLones such ds 11’3) was reported 

possible to form this ketone directly by faact~on of an 0-silylated enolatc 

with some clectrophilic species an annulatron under one set of conditions would hc feasible. 

Similarly an ally:stlane hosed 

Cyr IQpentanr protfuct . WC heve _ 

elcctrophilc (11) could bc used to give an even mnre ctseiul 

already rcprted urn the use of the stannnne (12) rn this 

Results and Discussion . ..- -_-I-.- 



. on oec 
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the ratio of the twa inltlally formed IntermedIates, ar1a1n9 from sllylrc or direct attack at 

the unsymcLrlca1 allyllc catlot\. By uslnq the rate d~ffrrcnees for cyclrtacion there Is no 

difficulty in wpararrn9 the two products. However slthouqh both the five end six-nembtrecl rln9 

tnolr 9lve aainty LIW product arlslnq from allyllc attack, and so bfe synthetically :rseful, the 

other enolo used qivc no selectivity. Mdxtionally we hsve not yet dr??ronscrnted any lar9e degree 

of stereocontrol during attack dt the wets1 centre. T!l;s 1s in rwrked contc8st to the prcvtvusly 

reported rln analcqv to thts work in which yc ten a&levc total control o: stcreochvalstry at 

what was Init)ally the ocetal carlon. I5 
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The reaction with the carboxaldehyde derived en01 is additionally interesting since 

the cyclization stage involving attack at an aldehyde (19) occurs spontaneously in the presence 

of TMS-OTf, for the aldehyde derived from allyiic attack, so simplifying the process and allowing 

OMe 

SiMe3 
TMSOTf 

separation of the two isomers. The rate difference in cyclization presumably reflects the greater 

nucleophilicfty of the allylsilane in which the alkene is part of an en01 ether. The presence 

of the methoxy group in both cyclization products and the ring size shws that evclization of such 

as (191 does involve an allylsilane and not attack by the en01 ether. 

Although this new cyclopentannulation reaction is not as useful synthetically as the 

complementary tin reaction we have described 
15 

it does appear to be useful in reactions with 

some enols. However it does demonstrate the principle that we set out to establish. It is 

possible to design a 1,3-hifunctional reagent containing an electrophilic and nucleophile 

centre in which the two centres can be activated by one set of conditions in a controlled 

sequential manner. The regiochemical limitations do not detract from this principle since both 

regioisomers are obtained via this controlled process. Purthermore higher homologues of (13) 

in which the allylsilane and the acetal are separated by methylene groups will not suffer from 

the formation of an unsymmetrical allylic cation and we are currently suticessfully extending 

this concept to the synthesis of six and seven-membered rings. 

In conclusion this work extends the idea of using a reactive bifunctional reagent in 

ring formation to a system in which two potentially self destructive centres are activated by 

the same set of conditions and yet will undergo a controlled and chemoselective reaction. This 

illustrates graphically the degree of control available by using organosilicon chemistry. 

Acknotiledgement: Ne would like to thank SERC for support of this work. 

Experimental 

Tetrahydrofuran was distilled from sodium/benzophenone. Dichloromethane was distilled 

from calcium hydride. TMEDA was distilled under reduced pressure from potassium hydroxide. 

Triethylamfne was distilled from calcium hydride. Ether refers to diethyl ether which was 

distilled before use. Methanol was distilled from sodium, trimethylorthoformate was distilled 

from potassium hydroxide. Carbon tetrachloride was distilled from potassium hydroxide. Infra- 

red spectra were recorded on a Perkin-Elm= 1420 spectrophotometer, nmr on a JEOL PMX60 and 

GX270 spectrometers using TMS or CH2C12 as an internal standard, and mass spectra were obtained 

on a VG9090 *ass spectrometer. Magnesium sulphate was used to dry solutions of organic compounds. 
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IL’- ~Tr~m?Chylsllyl~~xy~mcl.hyll 3-ally11 trimethylsila,,e 
17 

--- _ --_ .-_ 

Fo1lowln:) n known procrdurn 
17 , into dn over-dried, IJ 

: 
flushed 3-necked 21 round bottorwd 

flask, firend with outlet to “ac”“m, inle!. to N2, 9 rubber reptum and a ~tlrrcr bar. wan placml 

n-buCylllthl~~lc).J~; Y6ml) (CAVTION). Appllcstlon of a YOC”“~, with the N 2 line closed, relruved 

.~ll of the hrxanc vll.hln 30 mln9. Thr “19cou11 011 “a9 cooled L” d” ICC-salt bath. after closure 

of the “oI:““~ lrnc and oiwnlnq of Chu W2 11~. and ether t54Oml) ~9 added VII d carrrwla. T*r)A 

(Iffi=l) “(19 added via a cannula, - followed by 2-methyl-propen-l-o1 (4Oml; 4omUl) over 20 min. 

To t.he clwdy yellow reaction mixt;lre “a:; added THF (‘40511) “id (I cannula. The fn,X:“rF Yd!: left 

to “arm to r!3”C dur1nq 3h. nnd t.hen left to 9tlr at 20°C lor 36h. Trl~thylchlorusr!anc 1i6’:nl: 

L35mol) -a9 added at G-C ulth vigorous shalrlnq. Manual shaklnq was contrnued until the qumy, 

red didnlon “as conwmed, after atma~ 3.5h. The rcsult.ant yellow Solution wd qrey precip1rar.e 

“as poured 1nt.o ether 12.511 nnd extracted nrquentrally with saturated sodrirr hydroqnn carbonatv 

9olut1on (II), WJ?CT (11). wturated copper (11) sulphate solution 12 x II), water l4OCm!: and 

brine (III. The ethereal layer -ati dried WyS04) and the wlwnt rcmved I,, v.?cuo lw~ter Luth . . -- 

tem$wrature <45*C) to ylvc dn ornnye 1iqLld. 

Thin liquid “9s dirtlllcd under reduced pressure to ylvc a colourlc*s Ilquld ISO.lq, 4881 

b.~‘. 64.66*/1.4nunHq. vmx 1645(C.(‘l, lJ4’1 LSI-CH~), 1OYC (C-0): 6, CC1 4, O.D70 v., YH, s’Me!l), 

0.10 IS, 3’1, osl~)c)), 1.4 (n, .?I#. CH2-SLHe31. 3.00 (hr s , -111. CI(201, 4.40 (br s, lH, o:cf~nlc H), 

4. 1’3 (br 9, It+, olcfin&c IO. 

A mlncz seL of slqnals (-I:)81 arc 9ometlm~9 seen and m.+y be assiynrd t.o the vrnyl?ll,w,e 

(IS), .c, CC1 4’ 3.92 (9, YII, SlPle 
3’ 

:).lO (5, 9H. 0SlHe31 2.‘:‘) (S, 311, CHJl 3.95 (br 9, III, CII 
2 

‘E.lW,), 4.90 lbr s, 1H. olcfinlc III. 

(:‘_roxymct.hyll-)-ally1 trrrthy1911ane (14! 

The ~11~1 ether (50.3~; ?33 ml) “a9 dl99olved I” TIIF (5O:Iml) and sclrred v1oorou9ly 

vlth lh’ nulphuric acid (110ml) for 0.5h when potassium cartwnatc ~a9 added until effer\*escarlc.e 

ceased. The mrxture “bs poured into ether (I .61) and ws?:cd with wdlum hydrogen cartona~e 

9o~utlon l403ml) and brine (SOOml). The ethereal layer was drled WqSO,, and the solvent renoved 

r” “acoo Co give nn orange, liquid, -. - the alcohol (14) (26.5~: WI), uhlch “8s ueed crude. 

5. CC14. 0.05 (or 9H. SMe)) I 1.45 (br 9, 7H. CH2 sl~e~l, 3.75 (br 9, 2~. CII 010 
2 

4.40 

lbrs. IH. oleflnrc 1~1. 4.X (br I, lH, oleflnlc Ii): ” max 3303 IOH), 1650 1C.C): m/r 144 (H’, 3281. 

(2-lCarboxaldeh&-J-allyl)trimethyl9llane --_-_ 

Into a” oven-drlrti, N? flushed, )-necked, 11 rourd-bottomed flask, fitted vlth a N.> line. 

rubber eeptum, vacuum line and etirrer bar, “a* placed oxalyl chloride (18.4nl: ?llarol). IIC is 

l nsentlal that the 0x91~1 chloride 19 dlstllled lsmedlecely prior to “9~. otherwlsc yields drc 

reduced) in dlchloromethanr (453ml). The 9olutlon ~a9 cooled to -18.C and dlcoethylsulp!~xlde 

01.3ml: 44J1mul) in drchloromethme (Wml) ~9 added via d csnnula over IO mtn. The redctlon -- 

was aclrred at -?B*C for IS rin when rhs crude alcohol 126.5~: 184rarol) In dichloromethaoe (IiCz1) 

YJJ added over 1% mlrl . The solut 1~1 ~21s erlrrrd (11 -18’ for RI mln whnn crlcthylamlnc (135nll 

WJ added rapidly. The white sunpen9ion “(19 stirred for 2h a9 the resctlon warmed to 20’. WJiCC? 

(IOoml) “(19 added, thr organic layer warn separated and the aqucou9 layer washed with drchlorowthanc 

(Wml I . The combined organic layer8 wr‘c uamhed with IN eulphuric acid (ISOral), saturated sodium 

Inydroqcn carbonfire wlutlon (ISDml) and brlnc (15Om11, and then drled (MqSOq) and evaporated !_? 

vacw to y1vr d green liquid (24.lq. 928). -. Vacuum dl~tillat.ion gave a colourlrnr 011 rlS.6~: 6~18 

tl.p. 5C-51*C/2.5wnMq. ” 
max 

lhU0 (C’CI . 1250 El-CH31; &Cl,, 0.05 (9N. II, Slc(e3), 1.75 OH. J. 
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CH2-SiMe31, 5.70 (lH, m, olefinic HI, 9.45 (IH, s, CHD); m/z 142 (M+). Found C, 58.97; H, 

9.85; C,H140Si requires C, 59.09; H, 9.91%. 

(2-(Dimethoxymethyl)-3-allyl)trim-sthylsilane (13) 

The aldehyde (24.09: 169mmol) was dissolved in trimethylorthoformate (20ml) and methanol 

(40ml). Collidinium p-toluenesulphonate (200mg) was added and the reaction was stirred at 

20' for 0.5h. Saturated sodium hydrogen carbonate solution (2001111) was added and the mixture 

extracted with ether (2 x 100ml). The ethereal layers were washed with brine (lOOml), dried 

(MgS04) and evaporated in vacua to give an oil (31.59) which was purified by flash chromatography -- 

using ether/petroleum ether (2:98) as eluent, to afford 22.88 (72%) of the allylsilane (13) as 

a colourless oil. 

u max 1635 (C=C); &Cl,, 0.05 (9H, s, SiMe3), 1.68 (2H, 8, CH2-SiHe3), 3.25 (6H, s, DCH3) 

4.40 (lH, brs, CH(OMe12), 4.75 (lH, m, olefinic H), 4.95 (lH, m, olefinic HI; m/z, 188 (M+). 

Found C, 57.12; H, 10.35; CgHZO02Si requires C, 57.39: H 10.70%. 

General Procedure for the Reaction of l,l-Dimethoxy-2-trimethylsilylmethylprop-2-ene (13) and 

0-Silylated Enolates 

A dry, N2 flushed, 3-neck flask, fitted with a pressure equalised dropping funnel, rubber 

septum, nitrogen inlet and stirrer bar was charged with the 0-silylated enolate (5mmol), 

allylsilane (6nnnol) and dichloromethane (12ml). The solution was cooled to -78'C and TMSDTf 

(O.OSml) in dichloromethane (2ml) was added with stirring. After 30 min. a small sample was 

removed, quenched with H20 and analysed by nmr and glc * to determine the ratio of direct to 

allylic substitution. The remainder of the solution was treated, at -78', with TiC14 (0.56ml; 

1.7 mmolesy in dichloromethane (2ml) and stirred at -7S'C to -2O'C for 3hr when H20 (3ml) 

was added, followed by vigorous stirring for 30 min. The aqueous layer was washed with 

dichloromethane LZDml) and the combined organic layers were washed with brine flOml), dried 

and evaporated to give a yellow oil. The two cyclized products were separated by automated 

flash chromatography using mixtures of ethyl acetate/petroleum ether as eluent. 

Alternatively after addition of TiC14 the solution was stirred at -7S'C for 60 mins followed 

by a similar work up to afford a mixture of two products (one cyclized) which can again be 

separated by chromatography. Work up prior to the addition of TiC14 permits isolation of the 

cyclization precursors, for use as glc standards. By this method the following annulations were 

performed:- 

a) In a representative example the reaction of 1-trimethylsilyloxycycloheptene and the allylsilane 

(13) was worked up prior to TiC14 addition to give:- 

(i) Ketone (22) 31% urnax 1710, 1620 cm -l, 6(C!DCl3), 0.05 (9H, s, SiMe31. 1.05 - 2.3 (13H, 

m, a&l), 3.1 (3H, s, OMe), 3.75 (lH, brd, CHOMe), 4.70 (2H, brs, olefinic H); m/z, 

268(~+). Found M*268.4685 C15H2S02Si requires M+ 268.4695. 

(ii) Ketone (23) 37% U 
max 

1720, 1650 cm -l, 6iCDC13). 0.13 (9H, s, SiMe)), 1.1 - 1.9 (lDH, 

m, alkyl). 2.3 - 2.25 (5H. m, ally1 and a-H), 3.45 (3H, s, OHe), 5.60 (1H. brs, olefinic 

H): Found H+268.4690 C15H2902Si requires M+ 269.4695. 

b) The reactions below were worked up after reaction with TiC14 for 3hrs irom -78" to -2OOC. 

(i) (13) + 1-Trimethylsilyloxycyclopentene. 

Alcohol (17), 4.9% Vmax 3420(OH)cm -I;6 c!DC13, 1.4 - 2.0 (7H, m, alkyl), 2.1 - 2.3 
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